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[Ipen Hac € IOOHAEHHOTO 50-ro usnanne Ha 'ogHIIHHKA Ha HalIaTa
MHHHAa U reonoxkka Aama Marep.

B roguHuTE, C pa3BUTHETO Ha HAIIIETO BUCIIIE YYHUAUIIE, C PA3BUTHETO HA
F€OAOrOIIPOYYBATEAHOTO OEAO W MHUHHATa IIPOMHIIACHOCT, CE pa3BUBaA U
FopuimHUK BT Ha MUHHO-TeOoAOXKKUS yHUBepcuTeT “CB. Ban Puacku”.

OT BpeMmeTo, KOraTo MH3AHW3a II'BPBOTO H34aHHE, ChABbpXKAIO 12
nybAMKaIli Ha y4YeHHTe, OCHOBaTeAM Ha YHUBepcuTeTa, [OAUITHUKBT
IIpEeTHhPIIIBa CHIIECTBEHU MpoMeHH. HapacrBa OposaT Ha y4YaCTHHIIUTE,
HapacTBa OpodT M KadyeCTBOTO Ha HAYYHUTE H3CA€OBAHUS U IIyOAMKAaIINU.
[TogBaBaT ce IBPPBUTE YyKAECTPAHHU yYaCTHUIIM, 3a Aa C€ OOCTHUTHE [0
JHEITHUS My BH[, CbCTOSII] CE OT YETUPU CBHUTHKA, IOKPUBAIIN HAYIHOTO U
HH(POPMAIIMOHHOTO O0CAy:KBaHe Ha oOTpachad, CBIBpPKAIM cpenHo 125
mybaukanuu Ha 200 aBTopa.

C gect u ropmoct orbeasszBame, ye B Te3u SO u3maHUs ca IMyOAUKYBaHU
Han 3500 HayyHH Tpyda, IpeacTaBdaInU u3caeaBaHusaTa Ha Han 6000 Hamimu
aBTopa - y4eHH U IpoudBoracTBeHUI. B 450 ot Te3u Tpyma ca mIpen-
craBeHn Han 590 kKoaerm ot uyxkOumHa. [lyOAMKyBaHM ca CcTaTUH 3a
nu3nrbAHeHUW Han 5500 HaUMOHAaAHU W MEXAYHAPOAHU HAYYHOU3CAEIO-
BaTEACKH HPOeKTH, oT kouto 2700 ca BHeapeHHU B HPOU3BOACTBOTO. OT-
reyaTaHu ca IIyOAMKAaIlMHM, CBBP3aHH C YCHEITHOTO 3aiuraBaHe Ha 530
AVcepTaluy Ha JOKTOPH U ATH.

[duec, yecTBaliku TO3Uu 00mAeeH ['OOUITHUK, ce MIPEKAAHSIME C IIOYUT U
IIPU3HATEAHOCT IIpen MOEAOTO Ha y4YeHUTe, TBOPHUAM U H3CA€OBaAU IIpenu
Hac, IIpeJ TeXHUTE IMPUHOCH M aKTHBHA IIpopeCHOHaAHAa OEHHOCT, Ch3OaAHu
YCAOBUSITA 3a IIPEBPHIIAHE Ha HAIIUg YHUBEPCUTET B CHBPEMEHEH
KOMIIAEKCEH y4yebeH U H3CAeJOBATEACKH IIEHTHP C aBTOPUTET y Hac, B
pEeruoHa u cBeTa.

Llou. 0-p Benyucnas Hearos

3am. Pekmop



This is the jubilee SO edition of the Annual of our Mining Alma Mater
in front of us.

During the years, with the development of our higher school, of the
geological exploration and mining industry, the Annual of the University of
Mining and Geology ST. IVAN RILSKI has developed as well.

Since the moment, when the first issue containing 12 publications of the
scientists - founders of the University has been printed, the Annual
undergoes significant changes. There is a growth in the number of
participants and in the quality of the scientific researches and
publications, the first foreign participants appear, so its current description
consisting four scrolls covering the scientific and informational service,
comprising 125 papers by 200 authors on average is obtained.

With honor and pride, we record that over 3500 scientific papers,
representing the researches of more than 6000 authors of ours - scientists
and engineers have been published in these 50 issues.

Publications about the implementation of more than 5500 national and
international scientific and research projects, 2700 of which have been
introduced in practice, are published. Publications, connected with the
successful defenses of 530 PhD and DSc dissertations have been printed.

Today, celebrating this jubilee Annual, with respect and gratitude, we bow
down to the contributions and active professional activity, to the life-work
of the scientists, who have created and researched before us creating the
conditions for the transformation of our University into a modern complex
educational and research centre, prestigious in Bulgaria, the region and
the world.

Assoc. Prof. Dr. Ventzislav Ivanov

Vice-rector
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DEVELOPMENT AND PRESENT STAGE OF CONTROL STRATEGIES COMPUTING
ARCHITECTURES FOR A MOBILE ROBOT IN MINING PROCESSES

Stoian Anne-Marie, Pop Emil,

University of Petrosani, Petrosani, Romania

ABSTRACT: In this domain more and more researches from all over the world, especially in universities, brings new proves of mobile robot’s importance.
The paper present the most important aspects of control computing architectures of wheeled mobile robots and the possible applications in mining industry for

exploration of dangerous zones, where people haven't access.

PA3BUTUE U CbBPEMEHEH ETAIN HA CTPATEIMX 3A YNPABNEHUE APXUTEKTYPATA HA NOABWXEH POBOT B

MWHHWUTE OEAHOCTH
AnHa-Mapu CmosiH, Emun [Ton
lMempowat+cku yHusepcumem, [lempowiaHu, PymbHUs

PE3IOME: B Ta3n obnact ce u3BbplUBaT BCe MOBEYE M MOBEYE HAy4HW M3CNEeABaHUS MO LEnus CBAT M 0COOEHO B YHWUBEPCUTETMTE, KOETO € [OKa3aTeNcTBo 3a

3Ha4YeHUEeTO Ha NOABMXKHUA pOGOT.

B cratusta ca pasrnegaHi Hail-BaxHUTE acrieKTu, CBbP3aHu C KOMMIOTHPHO YrpaBrieHWe Ha [BUXeL ce Ha korerna, poBoTu, KakTo M Bb3MOXHUTE HEroBu
NPUNOXEHUS B MUHHATA UHOYCTPUS NPU NPOYYBaHE Ha OnacHH, TPYAHO AOCTBIHM 33 XOpaTa, 30HM.

1. GENERALITIES

Mobile robots represent an incited field because of the
different parts involved: software, electronics and mechanics.
The study presents some special models of computing control
architectures for mobile robots, holding count about few
requirements which the architecture have to satisfy:
modularization, sustenance, adaptability and generalization.
This means that it has to be compounded from some
independent modules, capable to incorporate easily new
characteristics. Because of these characteristics, the mobile
robots necessitate special architectures, capable to convert the
low level signals, generated of sensors in high level
information, which is processing on her base making decision
and executing specific actions.

In sense of definition, a mobile robot is an embedded real-
time system which has sensors for the perception of
environment, execution elements for the actions about
environment and a control system for the perception in action.
The perception, the action and application between them are
most important aspects which define a robot mobile.

The most known type of mobile robot is Automated Guided
Vehicle, being used by large scale in industry, even mining
industry for material transports. Because such kind of mobile
vehicle operate in pre-programated environments, its are
inflexible and fragile in operating, any unforeseen modification
of route being able to run at compromising of entire mission.
Alternative represent the build of mobile robots with autonomy
in movement. The autonomy means ability of mobile robot to

move in environment for complete different tasks, ability to
adapt to modifications of environment, ability to learn from
experience and to change his behavior (the way to action).
Also, autonomy means ability to built internal representations
of environment able to be used for making decisions
processes. These characteristics allow the use of these
structures as applications for transport, supervision,
orientation, evolution in heavy environments or hostile human
operators like robots from mining industry.

2.THE STRUCTURE OF A MOBILE ROBOT

The structure of mobile robots correspond to general
architecture of robots, having two parts:
e Mechanical structure which determine the technical
performances.
e  Electronical structure, (command and control) which
conditions the qualitie of performances.

The mobile robot interaction with environment
through by his mecanical structure, assuring the gripper
movement, position and orientation. The mechanical structure
contains:

- Locomotion system (with caterpillars or wheels)which assure
the locomotion of robot on a working surface.

- Manipulation system which assure gripper position and
orintation.

The locomotion system with caterpillars (fig.1) allow onwards
and backwards movement, a rotation on horizontal plan and
allow to robot to effect the left and right yaws.



Fig.1.The locomotion system with caterpillar

The locomotion system with wheels allows the greater
locomotion speed than the locomotion system with caterpillar,

Fig.2. Locomotion system with neorientable and orientable wheels.

The selection of the most appropriate locomotion technique
for a robot system was carried out by evaluating the most
promising techniques by comparing certain criteria e.g.
reliability, rough terrain performance, suitability for purpose,
etc. Eight techniques were evaluated; Tracked, Purely
wheeled, Articulated and Cartesian walking robot, Frame
walker, Hybrid ‘legs with wheels”, Flying (Fixed wing and
rotary) and a Wheeled rover with High adaptive chassis. The
initial selection was based on performance criteria derived from
the user requirements, from this the most suitable concepts
were under further review. The final contenders for the
locomotion system were: Wheeled Rover with High Adaptive
Chassis, Hybrid “leg with wheels” and Tracked Robot. These
techniques have the potential to meet the requirements.
Walking systems are, in fact, best suited for rough terrain but
are too slow and difficult to control. Flying robots need
complicated control systems and the high payload requirement
to carry all the scientific instruments would make the flying
robot solution very expensive.
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having movement possibilities over smaller obstacle than the
other case. Both of them are used in mining applications in
function of demands and circumstances.

The kinematic of mobile robot is defined by the number, type
and arranging wheels of mobile platform.
The mobile robots can have different type of wheels:
-conventional ~ wheels, which can  be
orientable,centrated orientable or orientable(fig.2).
-wheels with caterpillar;
-spherical wheels (Maxwheel wheels).

ne-

E

Roti diferentiale Roti libere

Roti centrate orientabile Roti orientabile ne-centrate

Hybrid systems are very promising, since they should have
both the advantages of wheeled and legged machines. Though
some successful results were obtained, in some situations the
drawbacks of wheeled systems (low traction) and of walking
systems (unstable and difficult to control) were apparent. The
final selection of the most suitable concept was achieved by a
qualitative assessment against key criteria. The criteria being
that the solution be; able to achieve the user requirements and
specifications; robust and reliable; easy to use and maintain;
and have exploitation potential (cost effective). The favoured
vehicle concept was a six wheeled chassis with a large range
active or passive suspension. It is expected that differential
steering will be adequate for the specified requirements and
improve robustness and reliability.

3. BASE CONCEPT OF CONTROL AND DYNAMIC
MODELLING OF ROBOTS MOBILE MOVEMENT

From functional point of view, classical control scheme of a
mobile robot h3ave a appellation of ,sense-think-act cycle”,
which the control system is decomposed in 5 functional blocs:



—»

A 4

A 4

perception modelling

Sensors

planning

motors
control

A 4

—»

A 4

execution

gripper

Fig.3. Control scheme of a mobile robot

Perception bloc is seeing about the dates processing from
robot sensors, dates which are used for the implement some
environment models where robot works (modelling
bloc).Planning bloc uses the environment model for decide an
action plan of robot in function of the robot tasks. The
execution and control will execute the proposal actions.

For realise a model environment where robot works we have
to find the matrix equation of the real-time robot control, which
can be written in this way:

V(t)=T(t) =Q(t) = X (t)

maps building

A 4

exploration

A 4

sensors
—_—

—>

Y

navigation

A 4

avoiding

nhctarlac

Fig.4.A behavior-based control architecture.

A control architecture completely different was proposed by
Rodney Brooks and then Ronald Arkin. This architecture
(behavior-based) (fig.4) proposes the usage of levels set, each
level containing a control program able to work in speed which
may produce changes in environment.

4.DEVELOPMENT OF CONTROL
ARCHITECTURES FOR MOBILE ROBOTS.

The major purpose of fundamental research in elaboration of
control architecture for a robot represent the development of a
control for the command in real-time of robot's movement
having the locomotion system compound from wheels actuated
of electric motors, so that the robots to be capable to realize
tasks of navigation in different type of working spaces, under
the action of different control and operate modes:
teleoperating, quasi-autonomous and autonomous.

gripper
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Such a model can be applied to mobile robots which are to
perform simple operations while the parameters which
expresses the functional accuracy exhibits low values.

The real structure of a robot demans a severe analysis of
the matriceal equations resulting from above, as it follows:

- l:(t) =f (\7 (t)) - represents the dynamic matrix equation
of the driving system;

- Q(t) = f(T'(t))- characterizes the dynamic matrix
equation of transmission;

- O(t) = f (Q(t)) - the dynamic matrix equation of the robot
mechanical structure.

- X = f(é) represents the matrix equation defining the

robot geometrical model, influenced by the elasticity and mass
distribution corresponding to the mechanical structure links.

For the realization of this objectives, will be scanning the
following research stages:
1. Cinematic and dynamic modulation of mobile robots class
having the locomotion system compound from combinations of
wheels.
2. Specification of internal sensors and external multiple
sensors with ultrasound and visual of type video camera and a
method and algorithm of acquisition and purveyance of
information.
3.Comparative studies of description method of working space,
concordant of structure level and nature of obstacle (parking
mobile), the choice and implementation of general
normalization of unknown zone’s description.
4. Elaboration the method and localization algorithm based on
odometrics principle: the specification kind of map based on
the breaking down in spatial cells, their maintenance and
updating with information help from external sensors.
5.Formulating problem of desired purposes. The design of
system in real-time, with the avoiding of dynamic obstacles and
mainlining global cost functions.



6.The define of behavior classes of robot system:

-principle;

-security;

-preventive.
7. The choice of control architectures and elaboration of
algorithm and implementation programs of elementary
behavior modules.

A classification of control architectures may be done after
following criterions:

1.Criterion “control system complexity”: mobile robots by Alpha
type (simple reflexive structure), Beta (with storage locomotion
vector), Gama (with anticipation capacity).

2.Criterion “control philosophy” :hierarchical architectures,
reactive architectures and hybrid architectures based on
behaviors.

Among hierarchical architectures, the most representative is
NASREM (NASA Standard Reference Model) suggested by
James Albus for manipulator control from spatial stations.
Reactive control architectures have affiliated the reflexive
process concept, which means that a learnt trajectory may be
executed in reflex mode, in similar conditions.

Control architectures based on behaviors appeared like
solutions at problems by lack of precision. Its combine the
qualities of two preceding structures: the classic hierarchical

User
interface

A

Y
Control bloc

¢

Communication

¢

Communication

\ 4

A 4

odulator
environmet

A

<

\ 4

4

Reactive

\ 4

control
bloc

Supervisor

A 4

A

architectures precision and reaction capacity of reactive
architectures, by deliberately judgment mechanisms.

Analyzing these two proposals of methodologies, it can finish
a global proposal of design and implementation of one control
architecture for a mobile robot:

The defining of movement command problem and
principal purpose: autonomous navigations with

adaptation at environment dynamic  (mobile
obstacles, identificaton and interest objects
localization).

The specification of functional conditions and
demands for control system.

Analyze of command problem and method
determination which it have to be solved by system
by decomposition in elementary tasks and specifying
necessary hardware and software mechanisms.
Define software components in real-time of control
system.

Base concepts for movement control of mobile robots chose
methodology will be used for design a control software
architecture for mobile robots which move in non-stationary
environments.

The following figure presents the control system scheme,
with user interface and mobile robot environment.

Sensors

.

Electric -mechanic
interface

Fig.5.Control system scheme

The function of user interface consists in robot movement
supervisor. In this purpose, interface have to receive and type
following informations:

a). all previous parameters and confirmed by each task
execution.
b). current translation and rotation speed, current position
and orientation robot relating to reference system defined
by user;
c). dates caused from sensors;
d). current stage of battery charge from mobile robot
platform.

Control bloc will contain following specialized
modules:
-environment modulator;
-control unit;
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-communication modules;

-supervisor;

reactive control unit.

The advantage of dual reactive control scheme, in
comparison to developed solutions means that exists situations
which global system hasn’t free necessary time for estimate in
real time, on base of sensor’'s information, next command
actions.

Such cases are determinate by situations of imminent
crash danger, which for the immediate protection of robot is
important in comparison to standard actions of navigation
regime.

In return, if system is in a safe zone, control bloc will
select and apply a determine action through by control unit.



Deliberate action base on environment knowledge, will help
of one map which model it.

Modulator of environment; analyzing the different proposes
for last years in present, in mobile robotics for modulation of

environment  (typology map and on-line methods) and will
adopt in current researches, the quad trees environment map.

supervisor

> Behavior 1

A 4

v

Manager

Behavior 2

Behavior 3

Behavior n

A

A

A

Fig.6.Reactive control architecture

In last years, in Robotics has appeared the concept
“Behavioral Engineering” which major purpose is the ensemble
of methodic and technical solutions for development adaptation
and intelligence level of autonomous mobile robots.

Because of limitations in applications determined by
established routes and the risk in dangerous spaces like a
mine, dynamic mobile robots, these going to minor
ameliorations of function autonomy. From these reasons the
entire world researches have regarded creation some control
and perception more efficient systems which give intelligence
robot mobiles behavior, in their principal function navigation,
with generation in real-time of self-routes.

One of the most important tasks of a mobile robot control
system is the trajectory planning (fig.7). The main goal for such
a control algorithm is a collision free trajectory that leads to the
desired target point. In achieving this goal, the quality of the
robot - environment interaction, especially the environment
model accuracy is the key.

Fig.7.The determination of a mobile robot trajectory

For the obstacle avoidance behavior, a classification engine
is to be created, one that can recognize either simple or more
complex shapes. For this purpose a competitive neural
network is chosen. Its output units are formally divided in
classes. The first class comprises the simple competitive units
that become active with one only neuron of the correlation
layer active, meaning there is only one reflection source
present in the investigated environment.

The surrounding environment features are strongly related to
the brain activity patterns, and a correlation between this two
can be created. In other words, it is possible to cluster the
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incoming sensorial patterns in classes, because there is a
univocal relation between the fired class and the spatial
position. Having in mind this biological example, the proposed
structure for the obstacle avoidance behavior is distributed on
three different levels.

The first level processes the ultrasonic sensorial information
recorded by a biaural transducer system. The first level
processor is a simple perceptron. It correlates the incoming
ultrasonic field levels with known patterns stored as the
perceptron weights. The perceptron neurons are spread over
the inspected area, in front of the mobile robot. As already
previously mentioned the second level achieves a clustering
job. A simple competitive neural network is used to recognize
the mobile robot spatial position based on the images
generated by the first level. The last level, the third, decides
the mobile robot azimuth correction as a function of the
recognized situation and a set of empirical inferred rules.

From a historic perspective, the mobile robot control systems
started with the hierarchical architecture, based on the sense-
plan-action control cycle. Specialized literature provides
several other names for this control paradigm: high level
control systems, coded behavior or analytical method.

The most defining characteristic of these systems is the
serial style processing cycle. First the robot acquires
information from the environment and updates the internal
environment model. Then the robot is reasoning about the
necessary steps that should be taken in order to achieve the
goal. And, in the last stage the robot executes one by one the
tasks in the list resulted from the second phase.

The three steps described above form the sense-plan-action
cycle which is repeated indefinitely, and is invoked each time
the current action set stops matching the reality. Another main
characteristic of the hierarchical control system is their global
environment model. Unfortunately, such a model which should
represent as many environmental details as possible, is very
hard to conceive and maintain up to date. Even if idealy such a
global model would be available, it is impossible to use an
enormous data quantity for real time control.



These totally disappointing results moved the mobile robot
field researchers to other new directions, to develop new and
faster robot control algorithms. Thus, in the second half of the
'80 the behavioral control theory is born.

The one that first proposed the new idea was Brooks (1986)
who proposed to assign a specific motor action to a specific
stimulus for satisfying the present demand. In the new
emerged theory the connection between stimulus and its action
is called behavior. By means of using behaviors the robot is
able to respond quickly to the environmental conditions, in a
reflex manner. If multiple behavioral connection coexists, an
apparent intelligent robot behavior may merge. In the new
control approach the environment model is avoided by
purpose. It is advocated the idea that the environment is the
best model for itself .

The behavioral mobile robot control has gained a lot of
interest in the last years. Nowadays, behavior such desire,
intention and emotion are studied. The most important features
of an efficient mobile robot control system are:

* Reliability;

« It should be easily adapted, or even better to adapt itself, to
the environmental and sensorial system performances
changes;

* It should be able to learn from it past experiences, and even
to generalize from its already gained knowledge;

+ It should react quickly in order to work in real time.

Recommended for publication by the Editorial board
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5.CONCLUSIONS

The control and command of a mobile robot in an incert and
unknown environment like a mine represent a priorital
orientation in robotics.First of all, using real mobile robot in
mining experiments imply not only high expenses but also long
experimenting time periods. In contrast, if a sufficiently reliable
environment model could be conceived, then substantial
amount of time and money can be saved with the simulations.

A mathematical model could be used to generate such data.
Performing simulation in such cases could even contribute to a
better understanding of the environment. In a real case some
other features could be added to the robot action and behavior
in order to obtain a more intelligent control system.
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ABSTRACT. Underground mining of minerals and the consecutive vertical transport are high level Czech Republic. The up-to-date pieces of knowledge of the
science and research for technical innovations including the operation use are utilized.

MHOBALIUA HA CMUPAYHATA CUCTEMA HA MOOEMHA MALLMHA B PEMYBITUKA YEXUA
Xatinex Mpeyex,! 3deHek Monya?, Mupocnas Tenbpdu?

TTexHu4yecku yHusepcumem, Ocmpaga, @akynmem no MalUHHO UHXEHEPCMB0

2TexHuyecku yHusepcumem, Ocmpasa, @akyimem no Memanypaus Ha Mamepuanume

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

PE3IOME: Moa3eMHMAT J0OMB Ha MWHEpamnHW CypOBMHM M CBBbP3aHWS C HEro BepTUKaneH TPaHCMOPT Ca Ha BUCOKO paBHulle B Penybnuka Yexus. HayyHo-
TEXHUYECKWS NPOrpec U3MCKBa NpumaraHe Ha MHOBALWMOHHM PeLLeHIs B YCTaHOBEHAaTa NpaKTuka OT JeHOCTH.

1. Introduction
2.2 With regards to the necessity to preserve the safe

operation of hoisting machine for next 20 years, it has been
decided to modernize the breaking system. In addition to
that on the jaw’s breaks (the delivery of Skoda Plzef) the
fatigue crack has been revieled (on the front jaw), which has
been immediately repaired by stiffening of the jaw (the repair
has been done by company Hudeczek, Ltd.) Leadership of
Darkov mine has organized the selection treatment (draft)

On OKD, a.s., mine Darkov, plant No. 3 (formerly the plant
9. mai) is operating the hoisting machine, marked Su-Sto Il
(formerly PG 1ll). This installation is working under the
following parameters:

a) double-acting cage

©) mining depih (g?: frIT;or) for the innovation of break system, and this project has been

c) hoisting machine type 2B4516 won by the company BASTRO, J. S. C. Iq thg year 2906 has

d) drive power been signed the agreement. The modernization consisted of
tyristors following points (from the drawing No. 8209 0360.00)

e) power 1000 kW a) Manufacture of 4 pcs jaw’s — Drowing No. 8209 0361.00

f) loading mining =5t 40 passengers from 40
to87.5kg=3.5t

b) Manufacture of the wooden brake lining — Dr. No. 8209
0369.00
¢) Manufacture of 18 pcs pins

f mini f
ﬁ; ;Fl)ﬁliz ?;a?ll‘;lng and of transport 26X rgﬁ)mm d) Manufacture of 10 pcs of casings
PN 22-286 57 e) Delivery of 4 pcs of Teflon casings for the lower pins
i) 2x shoe brakes and 2x braking machines BV48 f) Delivery of brake lining — Dr. No. 8209 370.00

g) Transregulation of stands and pull rods

h) Dismounting the present brake jaws

i) Mounting the wooden brake lining

j) Finishing the flanges

k) Mounting the jaws

l) Fitting the wooden brake lining

m) Mounting the brake lining and brakes

n) Adjustment, the partial tests with the graphical storage,
the pilot operation

For all the new pins, casings and the pull rods of jaws we
have used the steel 14220.3 (55SiCr6.4) and in final state

(SKODA Plzer)
2. Innovation requirements

21. The hoisting machine has passed the former
modernization, i. €. the exchange of asynchronous drive
(SKODA Plzefi). The present innovation has been carried out
by INCO engineering, Ltd., i.e. double drum hoisting engine
with drum of 4.5 m diameter and of width 1.6 m, which is
drived by electric engine of 1MW power, supplied by the
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tyrristor transducer with the controller CKD 2300.

The continuous operation of hoisting machine was agreed
by the director of mine on the 20 May 1991, the permanent
operation of container for long products on the 20. 11. 1992.
Passenger transport has started on 28. 5. 1991 by the
decision OBU No0.3253/1991. Further, three-years revisions
of hoisting machines have been organized according to CBU
No.12/1982.

and the brake has to show at the highest static strength the 7
section (16). It is valid that the safety measures are strong
times higher tensile strength value.

In the previous Digest No. 12/1982 the safety has been
quoted as at least 5. To hold the specific strength and weight
parameters, it has been necessary to use the imported steel
material StE 690V (according to DIN) or S690QL (according
to EU Standards).

Tablel  Mechanical properties of the steel materials
Plate thickness Yield stress Tensile strength Ductility AS

(mm) (MPa) (MPa) (%)
<63 >690 760 — 940 >15
>63 >620 690 — 900 >14

The delivered 20 and 40 mm plates were always provided by
the atest of the producer. At the manufacture we have
verified the strength values by measuring the hardness by
the Equotip 2 device (measuring the hardness and
calculation of tensile strength).

Table Il + Material list

the steel 14220.4 (Q+T) with the resulting values Re = 600
MPa and Rm = (750 - 900 MPa).

To keep the values of static and dynamic friction
parameters on the same level we have designed the change
from up to now used lining YU555 to the lining COSID C190
(see Table II).

The welding has been carried out in the workshop OKD
BASTRO, a.s. in the protection atmosphere at the accuracy
according to EN ISO 13920 using the welding rod material
OK AUTROD 13 - 19 (12 — 64). After the welding the whole
steel structure was stress relieved. The list in the Table Il
summarizes the disassembly and assembly works.

o) Transport of deliveries
p) Technical documentation

In the cooperation with OKD BASTRO, a.s. we have
worked out the complete technical documentation,
respecting already the Czech Law (Public notice No.
415/2003 of the Digest). From this title it has been
necessary to accept the new measures in the production of
new jaws (4 pcs).

For the construction and the production of new brake jaws
we were not able to use the material 11523 (St52) and
11453 (St45) regarding the new Digest § 22 — brakes,

Product No asbest brake lining

Material Special textile of fibrous character, resisting the see water

Use At the ship construction, in the logistic, also in underground mining

Properties Material with the flexibility useable with no regards to radius and angle of lining

Dependence of the coefficient of friction on the pressure on the lining, velocity and temperature

I B m S [ N
Pressure on the lining Velocity , Temperature ,
04 : : o
; : s - !
]
1 | Nl
0.3 4 : : : ; - : : N
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Table lll - The exchange of breaking jaws in the Unit No. 3, Mine Darkov

Activity 1.day, 2.day 3.day 4.day 5.day

Disassembly of the present breaking system XX

Assembly of the new break jaws X | X

Tuning of breaking mechanism X

Welding the rasps on the left and the right breaking ring to rasp
the back jaws

Rasping the left back jaws X

Grinding down the rasps

Welding the rasps on the left and the right breaking ring rings to
rasp the front jaws

x| X XX

Rasping the left front faws

Disassembly of jaws XX

Grinding down the rasps X

Co-drilling the ferrodo and the wooden lining XX

Sticking the ferrodo and srewing it by screws X

Assembly of the jaws and the breaking mechanism, bringing the
system to breaked state

Age hardening of the epoxy resin X| X[ X

Cleaning the breaking ring of the sticking stuff X

Adjustment of the breaking mechanism X

Proof testing of breaks X

References: PfeCek, H., Folta, Z. Analyza napéti na jamové vystroji. In

Sbornik mezindrodniho seminafe Nejnovéjsi poznatky z
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Fola Z, Pretek H. The Pit Equioment Working Life jamach hiubinnych dold, ISBN 80-7225-007-8, 3. a 4. 12

; : ; - 1998 VSB-TU Ostrava, s. 48...50 - dotisk.
Prolongation. In Proceedings the 14t internationam _ > )
conference on automation in mining ICAMC2001, Helsinki Precek, H., Folta, Z. The limiting terms of the traffic subsystem

university of technology, 2001, Finsko, s. 341 ... 346, ISBN mine hosting vessel - shaft steel equipment. In Sbornik
951-22-5615-0. Y ' ’ mezinarodni védecké konference k 50. zalozeni FS, zafi
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ALTERNATIVE SOLUTIONS TO OIL USE - GREEN ENERGIES
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ABSTRACT: The increase in oil price, together with estimates according to which the existing know oil reserves will be reduced by half in the next 15 years, forces
the developed country to consider the regenerative energy resources. Almost the whole world depends on oil for the energy production. It's a prejudice to believe that
we can not live without oil.

Using of a large scale power generators based on aeolian power or photovoltaic cell, fields, ulterior directly linked with the energetic net work or indirectly used to
produce hydrogen for cars, world do the something. Using only some y these solutions, the level of gas emissions that produce the greenhouse effect could stabilize
by 2050.

The main solution to limit the environmental factors pollution is decreasing oil dependence by replacing it with regenerative energy sources with no or very low
pollution effects — green energies.

ANTEPHATUBHU U3TOYHULIN HA EHEPTUA - 3ENEHWU EHEPIMKX
leopae MamaHevu?, PokcaHa abpuena Mona2, AHdpeli Monecky?
"YHugepcumem ,KoHcmarmu bparkywu”, Twpey Xun, Pymbrus, ing@utgjiu.ro
2YHusepcumem ,KoHcmanmu Bpankywu”, Tepey Xun, PymbHus, ing@uitgjiu.ro
3[lempowaHcku YHugepcumem, lNempowaHu, PymbHUS

PE3IOME: HapacTBaHeTo Ha LieHUTe Ha neTpona, kakto 1 NpeABmkAaHNsTa OTHOCHO CbLLECTBYBALUMTE METPONHM PECYPCH, Lie HaManu HeroBoTo noTpebneHne
MnoYTM HanonoBuHa npes crieasawyTe 15 roguHn. ToBa 06CTOATENCTBO MPUHYXAaBa Pa3BUTUTE CTPaHM Aa MOMUCTIAT 33 anTepHaTUBHU EHEPTUAHN N3TOYHULM.
[Mo4TH LenMAT CBAT pasyuTa Ha neTpora KaTo eHEPreH M3TOYHWK W TOBa BOAM A0 YOEKAEHNETO, Ye HUe He MOXeM Aa xuBeeM 6es Hero.

CBeTbT, 0baye NpaBK HeLLO, KaTo WU3MON3Ba MOLLHW EHEPrUHN reHepaTopyu Ha Ba3aTa Ha BATBPHU MOLLHOCTW UNu CibHYeBM GaTepuu, obnacr, kosTo B 6baelue
npsko Le Obae CBbp3aHa C eHepruitHaTa Mpexa Uni MHANPEKTHO, 3Non3BaHa 3a NPOM3BOACTBO Ha BOAOPOA 3a aBToMobunuTe. MpunaraHeTo camo Ha Hskou OT
TE3M MPUNOXKEHNS LLe HaMann HYBOTO Ha ra3oBUTE EMUCIM, KOWTO Ca NPUYMHA 3a NApHUKOBUS eekT, U KONTo Moxe Aa Obae ctabunuanpan go 2050 ..

OCHOBHOTO pelLeHIe 3a orpaHiyaBaHe (haKkTopuTe, 3aMbpCsBaLLM OKOMNHaTa Cpea € HamansBaHe 3aBUCMMOCTTa OT NMETPONa Ype3 3amsHaTa My C anTepHaTUBHU
€HEPrUHN U3TOYHNLIX, KOWTO Ca C NO-Marnko 3aMbpCsBaLy ehekT — T.H. 3eNeHN eHeprim.

Introduction regenerative energy resources. Romania wants the electric
energy consumption to reach a value of 33%, of the interval

The oil is a non-regenerative resource whose quantity will be aprox. 28% and exclusively relying on the energy produced in
higher and higher until it reaches a maximum point, called the ~ hydroelectric power stations. Almost the whole world depends
oil peak, followed by an inevitable decrease in extraction. on oil for the energy production. It's a prejudice to believe that

we can not live without oil.

Energie

nucleara )
Energie

o O The advantages are huge: no more massive expenses for

~  solara,

L eoias prospecting and extraction, no more oil dependence in the
"hot” areas lower pollution; avoiding some climate changes.

y
7 Biomasa
1%

The simple, correct heating, cooling or illuminating the
buildings or the application of a large scale of the euro
procedures that can double the efficiency of fuels in cars could
dramatically reduce oil consumption. Using of a large scale
power generators based on aeolian power or photovoltaic cell,
fields, ulterior directly linked with the energetic net work or
indirectly used to produce hydrogen for cars, world do the

Fig. 1. Percentage between non-regenerative and regenerative energy something. Using only some y these solutions, the level of gas
. o . ) . emissions that produce the greenhouse effect could stabilize
The increase in oil price, together with estimates according to by 2050.

which the existing know oil reserves will be reduced by half in
the next 15 years, forces the developed country to consider the
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The costs are high, but it is essential that these
technologies already exist. It has been demonstrated that such
methods, used in an organized way, can produce high
quantities of regenerative and non-polluting energy and can
bring at the some time an immense stimulus for economy,
being efficient in long-term costs.

Similarly, the main solution to limit the environmental factors
pollution is decreasing oil dependence by replacing it with
regenerative energy sources with no or very low pollution
effects — green energies.

Alternative solution that can be applicable in
order to replace oil.

”Synthetic” oil obtained from coal.

Coal can be used to produce synthetic oil by a process called
"gasification”. But synthetic oil will only attenuate the close
energetic crash resulting from: insufficient resources (coal
reserves are not very high, according to some estimation for
only 250 years more this prediction means the utilization of all
types of coal from lignite to anthracite; the use of coal to
produce other fuels will rapidly reduce this estimate to a few
years; we lose an important part of the cool to produce
synthetic oil , coal production will reach it maximum in 20 year
at the most ); twice more energy will be needed to extract coal
than the one given by the coal; to use coal on such a large
scale will lead to a dramatic global warning.

Thermal depolymerization

This intriguing solution implies the obtaining of il from waste
materials, but as most of the raw materials (rubber, plastic
objects) need important oil quantities to be produce, it's more
like an in high tech'oil recycling, than a solution to its
permanent crisis.

Solar energy

Solar energy is the most natural, abundant, and
inexhaustible on a time scale, the most available, the cleanest,
being the only type of non — pollutant, waste less energy.

Solar energy results from solar radiation which produces
eclectic energy based on photovoltaic technology or thermo
energy through thermo-solar conversion methods. This, it can
be used on a large scale to the as thermo energy and electric
energy.

Thermo solar energy can be exclusively used for worming
the homes and the running water. The deviant for a termic
capitation of solar energy is placed on south — oriented roofs,
the ideal inclining of the solar captators varying, between 450
to 600 (aprox. equal to the place’s geographic latitude. The
simplest thermo solar captators are made of a black plastic
carpet ("solar carpet”’) which transfer the heat absorbed from
the sun (usually water and antifreeze ).The thermo agent
continuously circulates through blackened copper pipes
displayed wader the carpet and protected on the superior part
by a glass board which creates the greenhouse effect. ( fig.2.)
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Fig. 2. Advantages and disadvantages for using active and passive solar
energy for room-heating.

The conversion of solar energy in to electric energy can be
done through direct conversion (when solar radiation incident
on a certain material-silicon-produces through photovoltaic or
thermoelectric effect , the release of valence electrons from it's
and makes it's participation to electric conduction.

Photovoltaic cells are lees efficient: all solar bands in the
world results in (the) (an) the energy of a coal thermoelectric
station (500MW). In every photovoltaic cell, a lot of technology
is invested(rare metals extraction, silicon), a technology that
used oil. Reality shows that more energy is needed for creating
a photovoltaic cell (fig.3,4)
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Fig. 3. Advantages and disadvantages of using photovoltaic cells to
obtain electric energy
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Fig. 4. Advantages and disadvantages of using solar panels to obtain
electric energy and heat

Aeolian energy

It results from transformation and delivery into the energetic
system or directly from local consumers of electric energy that
comes from the energetic potential of wind.

Geographically speaking Aeolian energy world have a strong
impact because the wind is free and inexhaustible.



But, the energy produced by Aeolian energy does not
generate the some electric energy as a thermoelectric
PowerStation (13000 Aeolian turbines are needed to generate
the some electric energy a thermoelectric PowerStation of
500MW).Moreover, Aeolian and solar energy in not a type of
transportable energy like the one given by oil and under no
circumstances can it ensure the present transport network:
trucks, ships, planes (fig. 5)
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Fig. 5. Advantages and disadvantages of using wind to produce electric
energy

Biomass
It represents the bio fraction of products, forestry or linked

industrial sectors, including vegetarian and non-vegetarian
matter, as well as the industrial and urban waste. (fig. 6.)
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Fig. 6. Advantages and disadvantages of using biomass
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Bio fuels (bio diesel, ethanol, and methanol) are obtained
from agricultural waste, technical plants.

Drained oil, burnt kitchen oils the ethanol obtained from
cereals , sugar cane or fruit fermentation can gradually replace
oil as a source of energy for the world’s energy.

Bio diesel(produced from rapeseed) is considered to be
better than the Ethanol, but with a rate of returned energy of 3
to 1 which cannot compare to oil which has a rate of 30 to
1.These fuels from plants don't ask for a change in the
technology auto engines production(like the hydrogen or the
solar energy).

Agricultural waste available for the conversion of ethanol
include waste such as wheat straws, maize, rice etc — which
contain significant quantities of sugars, especially amidon -
while whole waste include recovered wood, wood waste.

Using this agricultural waste(wooden)as well as the ones
from the household for the ethanol production led to a higher
decrease than other fuels of greenhouse gas emissions.
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Hydrogen

Auto vehicles are the main pollutant factor of the air. Oil
resources, auto fuels are based on, are limited (fig.7.)
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Fig. 7. Advantages and disadvantages of using hydrogen as fuel for
vehicles and heat and electric energy production

Because of some inconvenience regarding the lack of the
necessary resources for the proper functioning of internal
internal combustion engines, as well as because of the
environmental pollution, auto vehicles propelled by electric
engines powered by lead batteries appeared. Even if the
battery is a convenient source of electricity used in multiple
purposes, it is consumable end has to be changed after a
relatively reduced number of charge-recharge cycles.

An electric engine based on lead batteries has the
advantage that the pollution level is low, easy to use and
maintain while battery charging doesn’t need sophisticated
devices.

The drawbacks of electric storage in batteries electrically
propelled vehicles can be diminished by generating electricity
from fuel cells. Further research led to the idea that vehicles
with hydrogen based fuel cells can be a pertinent alternative.
Fuel cells work by combining hydrogen and oxygen in a
chemical reaction to generate electricity not needing
conventional pollutant engines. Vehicles with fuel cells have
the following characteristics:

- Fuel cells don’t have mobile components to need
lubricants.

- Noise is lower while functioning being determined
only by the air compressor and the cooling ventilator.

- They are much more comfortable than conventional
vehicles as they lack gears.

- Energy production is no longer limited in the Carnot
cycle.

This new direction of car industry was followed by big car
manufacturers such as General Motors. Honda , Toyota, Ford,
Opal .

The main drawback of this propulsion for vehicles is storing
hydrogen which can only be done in pressurized recipients.
Creating a distribution of hydrogen of the air.

Geothermal energy
It results from the energy stored in subterranean hydro

geothermal deposits, exploitable in conditions of economic
efficiency (fig. 8)
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Fig. 8. Advantages and disadvantages of using geothermal energy to
produce electric energy

It can be obtained in powerful hydro energetic stations
(>10MV / unit hydro) a less powerful (<10 MV / unit hydro) as
follows :

- Powerful hydro energetic stations (34.000 W / year)
- Less powerful hydro energetic stations (6000 GW /
year).

Conclusions

Using oil has to main disadvantages:

1) ltis a limited natural resource

2) ltis polluting

Because the industry is mainly based on oil it is difficult to
replace it in s short time. But the practice has proven that there
are many alternatives just waiting to be put in use.
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Not all the alternative sources of energy are 100% non
polluting because somewhere energy is needed to produce the
equipment that produces the energy.

Solar energy is the most natural, abundant, and
inexhaustible on a time scale, the most available, the cleanest,
being the only type of non — pollutant, waste less energy.
Unfortunately solar panels are very expensive equipments.

Aeolian energy results from transformation and delivery into
the energetic system or directly from local consumers of
electric energy that comes from the energetic potential of wind.

Bio fuels (bio diesel, ethanol, and methanol) are obtained
from agricultural waste, technical plants.

Fuel cells work by combining hydrogen and oxygen in a
chemical reaction to generate electricity not needing
conventional pollutant engines.

These “green” energies are not at all 100% ecological but
they represent strong alternatives to be considered when
thinking of reducing the use of oil.
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EXPERIMENTAL MODEL FOR COMPLEX AUTOMATION AND DISPATCH OF A PUMPING
AGGREGATE USED FOR WATER DRAIN IN ROSIA MINING PIT

Luminita Popescu

Automation Department, Faculty of Engineering, ,,Constantin Brancusi” University, Targu-Jiu

ABSTRACT: In this paper is presented an experimental model for automatization and dispatch of water’s evacuation from open mining pit. Proposed model:
- Pump’s automatically working regime depends of necessary water quantity that will be evacuated;
- Supervision of energetically working regime of electrical motors for pumps driving;
- Control of technical state of pump aggregates.

EKCNEPUMEHTANEH MOAEN HA KOMMNNEKCHA ABTOMATU3ALUKUA 1 BOOOOTNUBEH NOMMNEH ArPErAT, U3NON3BAH
MPU OTBOAHABAHE HA PYOQHUK , POLLA”

Jlymunuya Monecky

YHusepcumem ,KoHcmaHmuH bpaHkywu”, uHxerepeH ghakynmem, kamedpa ,Aemomamusayusi”, Tepey Xusn, PymbHUS

PE3IOME: B foknaaa e npeAcTaBeH ekcnepumMeHTaneH Moaen Ha aBToMaTi3aLms v BofooT/IMBHA ypeaBa 3a OTBOAHSBAHE Ha OTKPUT pyaHuK. MpeanaraHus mogen
BKINIOYBA:

- ABTOMATU3MPAHNAT PEXIM Ha paboTa Ha NOMMNEHWs arperaT 3aBucK OT KOMMYECTBO BOAA, KOETO & HeoBX0MMO 1a Bb/ie U3TErNeHo;

- KoHTpon Bbpxy paGoTaTa Ha MoMneHnTe enekTpoBUraTeni npy akTUBEH PexiM Ha paboTa;

- KOHTPON Ha TEXHUYECKOTO CLCTOSHIE HA MOMMEHUTE arperatu.

1. Introduction

As | showed in other articles, in lignite mining pits from Oltenia’s coal basin appear different problems because of the high
amount of water resulted from infiltrations and rain. These water quantities are collected in jomps and then evacuated into a guard
channel and then sloped into the river Jiu (figure 1). To evacuate the amount of water there are used pumping aggregates whose
number depends on the area of the pit and of the estimated quantity of water from that pit. The electrical energy consumption of the
aggregates is very high, almost 10% of the total electrical energy in Rosia Mining Pit.

Figure 1. Mining pit - general view
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Maijor objectives of this application are;

1. Pumps working in automated regime function of the
necessary water quantity to be evacuated;

2. Monitoring the energetic working regime of the electric
engines which command the pumps;

3. The control of the technical state of the pumping
aggregates.

2.1. Performance of the pumps in automated regime

At this point it has been followed the correlation between the
performance of the pumps with the water level in the collector
basin. For this, we measured:

1. water level in the basin — hi[m];

2. clogging level in the basin — hz[m];

3. warning level (defined as minimal level of the water in

the basin at the breathe in of each pump) hs [m]

4. depressurization in the breathe in column of the pump 1
p1[bar];

5. depressurization in the breathe in column of the pump 2
p1z[bar];

6. pressure in the breathe out column of pump 1 p21 [bar];

7. pressure in the breathe out column of pump 2 p21 [bar];

8. evacuated volume measured on the breathe out column
of pump 1 Qi[mc/h];

9. evacuated volume measured on the breathe out column
of pump 2 Qz[mc/h].

In figures 2a, 2b and 2c is presented the way that are
mounted the sensors used for measuring the quantities
mentioned above.

)

Figure 2. Mounting of the sensors: a) Mounting the volume and pressure transducer on the breathe out pipe; b) Mounting the level sensor with
ultrasounds and which also warns at the pump's breathe in; c) Mounting the depressurization sensor.

2.2. Monitoring the functioning regime

At this point we try to obtain a maximum energetic effective
power at the pumping aggregates. For this, we measured:

1. absorbed current of the engines which operate the
pumps, i1 [A], iz [A].

2. supply voltage of the operating engines U [V].

3. phase difference between current and tension, cos @.

These parameters are measured, administrated and
transmitted to the process computer by the acquisition and
protection module SEPAM 1000.

Also, we identified the state of the switching equipments:
switches, separators, fuses, contractors:
- separators: - general separator SG
- interrupt separator Sio
- motive separators Sm1, Sm2
- station general interrupt 10
- meltable fuses: Sigm1, Sigmz (at both operating engines)
- void contactor: Cm1, Cm2 (at both operating engines).
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For off position we have logical ,1”. For on position we have
logical ,0".

- contact — tension presence, with logical ,1” for presence
and logical ,0” for absence;

- state of protections.

Also there are monitored the environmental conditions with
the following sensors:

1. temperature sensors inside box

2. temperature sensor for exterior temperature-
initializes the anti freezing regime

3. sensor level for precipitations.

Also, close to the pumping aggregates was installed a box
destined to the installation of the field point and of the data
acquisition board for vibrations.

2.3. Control of the technical state of the pumping
aggregate

At this point we followed the identification of the working



state of the pumping aggregate through the evaluation of the
frequency specter and of the vibrations amplitude, vibrations
which exist in the roll-over bearings at the pump and at the
engine. For this, the vibrations were measured with some
vibration sensors mounted on the engines and on pumps also,
to deduce the following frequency specters:

- frequency specter Afp1 (kHz) - at pump 1;

- frequency specter Afp2 (kHz) - at pump 2;

- frequency specter Afm1 (kHz) - at engine of pump 1;

- frequency specter Afm2 (kHz) - at engine of pump 2;

- amplitude of the spectral components at the pumps, A&,
A&p2 and at the engines., A§m1, A§ma.

3. Data acquisition system

The general presentation of the data acquisition system and
the module in which the informatics application is structured is
presented in figure 3.

The system for acquisition and control is based upon three
levels:

Hierarchy level 1

This is at the level of th pumping aggregates (box) with the
role to take over signals from the sensor for level, breathe out
pressure, depressurization, breath in, evacuated volume.
These signals are converted into digital information by the
FP2015 module and sent to the process computer from the
electrical house. At this level we can also find the acquisition
board for vibrations which takes over the signals from the 4
vibration sensors and sends them as digital information
through the RS485 interface towards the process computer.

At this level there are the field equipments responsible with
the acquisition of the main analogical signals. So Real-Time
Field point (RT FP2015) will take over the analogical signals
(4..20mA) for flow, pressure, depressurization, level, signals
which will be numerically converted on 12 bits and transmitted
to the process computer from the electric house. Also, it has 16
digital output channels and 16 digital input channels used for
different operations at the level of the pumping group. For
example, a lamp mounted on the hood of the box will lit
intermittent, which indicates the fact that the communication
part of all distributed equipments is ok. In box the lamp
remains in a state, on or off, it means that there are problems
with the communication and the system is possible not to work
anymore. The other digital inputs read the state of the off, on
and other buttons, which will be used after in the data base to
see the working profile of that pump.

In this panel is also positioned the vibration board, which
takes over 4 signals of vibrations (2 pumps and 2 engines) in a
buffer, with a frequency till 50kHz. These signals are
memorized in the board memory and after that are transmitted
at the process computer's (which is in the electric house)
demand for processing. It was decided that the board to be
placed close to the vibration sensors, because the vibration
signal can be easily be perturbed through its analogical
transmission at distance.

Hierarchy level 2
At this level (electrical house), the process computer is
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positioned. It will communicate with the computer at the
dispatcher through radio communication system, using the
TCP/IP protocol.

The process computer from the electrical house is
configured as master, which means that it must function
continuously for process administration. In the situation that the
computer does not work from various reasons, the process
functions are realized manually. The master configuration was
choosed because the process must be treated with priority
compared to other operations which will be made at distance
(e.g. communication with the dispatcher).

At this computer there are connected through a 5 channel
switch the following equipments: the SEPAM, the radio
antenna and the Fieldpoint (FP 2015 which is placed in the box
near the pumps). At this computer is also connected through a
RS485 port the 4 channel acquisition board of the vibrations
which is placed in the box near the pumps.

The process computer NI PXI RT8187 is a product of the
National Instruments, built especially for real time applications
and so, besides the hardware configuration for the industrial
environment it disposed of an operating systems with powerful
real time facilities. At this computer there is another acquisition
and control board, made with microcontroller, placed in the
electrical house, and connected through a RS485 port which
takes over the digital signals from the states of the fuses,
states of the contactors, and also it controls the on and off
states of the two engines of the pumps.

The role of the process computer is:

1) to take over and administrate the information from all
the systems at level 1;

2) to create a data base which contains information
regarding:

- state of the pumps: function/stop;

- number of functioning hours for the pumps at a day, a
month, a year;

- consumed energy by the pumping aggregates for a day, a
month, a year;

- evacuated water quantities for a day, a month, a year by
each pumping aggregate;

- faults which appear in functioning of the pumping
aggregates;

- effective power of the pumping aggregates;

- water quantities evacuated function of where it came from.

Observations: The kept values in the data base are
cumulated.

3) to elaborate the following commands:

3.a. command to work for the pumping aggregates so
that.

- to ensure a balanced use of the pumping groups;

- to ensure the work of a number of groups function of the
quantity of precipitations and the water level from the collecting
basin;

- taking over the tasks of an out of order pumping
aggregates group by the other available ones;

- start of anti freezing program if temperature decreases
below — 30C and adaptation of this regime with outside
temperature;



3.b. elaboration of warning signals in the following
situations:

- protection start;

- mechanical fault appearing (resulted through processing
information from the vibration transducers) at the engines and
pumps;

- appearance of precipitations;

- exceed of the clogging level of the basin;

- touch of the warning level of the water in the basin;

- appearance of hydrodynamic faults at the pumps

4) transmitting the information to the dispatcher in two
ways:

- usual (consumed energy, instant power, information about
availability for work of the aggregates, number of pumps which
work, level of water in the collecting basins, number of worked
hours for the pumps);

- at demand (any other information from the data base).

Hierarchy level 3

The role of this system is:

1) It takes over the information from the process computers
(hierarchy level 2) placed in all the electrical houses;

2) makes a global data base at the level of the whole mining
pit;

3) informs the human operator about the abnormal situations
transmitted through warning signals from the inferior level;

4) keeping a list with all the hours of working on each
pumping aggregates group, the dispatcher must elaborate
warnings for the maintenance cycles and inform upon the
faults which appear;

5) makes decisions to force the function or stop.
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Figure 3. The structure of the acquisition and control system

This level is represented by the computer in the dispatcher
room, the computer which is connected through radio
communication system with the equipments in the electrical
house of the pumps (level 2). At this computer are also
connected directly through the RS232 serial port the
acquisition board built as a core with microcontroller which
takes over the signals from the precipitation transducer and the
environment temperature transducer. These transducers have
been placed at the dispatcher level to have valid global
information in the whole pit.
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4. Informatic application

The application is organized like a distributed and
hierarchical system. The distribution refers to the spatial
positioning of the acquisition and command systems, and the
hierarchy refers to the vertical organization of the circulation
and presentation of the acquisitioned data.

5. Conclusions
1.The main interaction of the operators with the automated
process is through the computer from the dispatcher. There is



a graphical interface organized under a very intuitive synoptic
scheme. With the help of the interface is presented the whole
information received from the sensors.

2.Through monitoring the value for the water flow for a pump
by the dispatcher, conclusions may emerge about the increase
of the pump’s usage, or that pump 2 on the same column was
started. Also, the decrease of water flow can be caused by the
clogging in the pump.

3.The level information is used by the operator to periodically
calibrate. This thing is used because of the fact that the
position of the level transducer isn't fixed (the architecture of
the jomp is modified, the height of the breathe in is modified,
the pumping system is moved into another jomp) and the initial
calibration is invalid. In this way, the dispatcher can periodically
introduce a zero reference (reference valid only at that time)
and after that to follow the increases and decreases of level
comparing to that reference.

4.Using the information from the precipitation transducer,
more pumps can be started with anticipation so that the
increase of the level isn't waited and after that the pumps to
start.

5.Using the information given by the temperature sensor
from the box, the heating installation is started to maintain the
temperature in the box at low values, for the components to
function.

6. Using the information given by the environment
temperature sensor from the dispatcher, the anti freezing
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regime for work can be started and it assumes starting the
pumps at some time intervals, function of the temperature of
the environment to avoid their freezing.

In the following numbers there will be presented details
about the way the application was conceived.
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MONITORING SYSTEM FOR OPEN PIT EQUIPMENTS
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ABSTRACT: The functioning of open pit equipments is very difficult to be monitored considering the complexity of equipments and their spreading area. For the
efficiency of this process it was designed and implemented a monitoring system SCADA of type.

In the same time with the designing and implementing of monitoring system for the functioning of open pit equipment, can be also monitored and controlled the
technological operations, and the system is offering information about the profit maximization and for the minimization of losses and by this it can become a decision
center. At the issuing of this, we had in view the obtaining of a maximum flexibility, in the sense of modulation, and the programmability of monitoring system.

CUCTEMA 3A MOHUTOPWUHI HA CbOPBXXEHUATA B OTKPUT PYOHUK
Bacune Kosma’, JaHuena bap6y?, MaHyena-Meone ®puy TpaHka3, Eemum Kbpyenux*

"YHusepcumem ,KoHcamHum Bpaxkywu”, Tepey-Kun, PymbHus

2MuHucmepcmeo Ha UKOHOMukama u puHaHcume — Cekmop "MunepanHu pecypcu” — eHepaneH dupekmop, bBykypew, PymbHus

3S8.C. I.C.M. S.A. Tupey Xun, PymbHus

“MunHo-2eonoxku yHusepcumem ,Ce. MeaH Puncku”, Cogbusi, bbreapusi

PE3IOME: PaGoTata Ha CbOpbXeHUsITa B €41H OTKPUT PYAHUK & MHOro TPYAHo Aa Gbae MpocriefeHa, Kato ce UMa MpeaBua CIOKHOCTTa Ha MalUMHUTE, KaKTo 1
LWMpOKNs 06XBAT Ha TAXHOTO [EACTBUE B pailoHa Ha pyAHMKA. 3a U3MbIHEHWETO Ha To3u npouec Gelue NPOeKTUpaHa 1 OCbLUECTBEHA CUCTEMA 338 MOHUTOPHHT OT

Tnna SCADA.

l4[)63 OCbLLEeCTBABAaHETO Ha MOHUTOPUHroBaTa CUMCTema 3a pa60TaTa Ha CbOpPBXEHUATA B OTKPUTUA PYAHWK, TEXHONMOrMYHMTE Onepauumn Cbllo morat da 6bpar
npocneaeHn U KOHTpONMpaHW, Kato cuctemata npeaoctaBa MH(bOpM&LlMﬂ OTHOCHO YyBenun4yaBaHe Ha pobuBa W HamansiBaHe Ha 3ary6MTe. B 1031 cmucen
npegnaraHata cucrema Hanopo6siBa T.H. KOMaHAEH LEHTBP. Kato cnepacrsue oT BCuuko ToBa CblLECTBYBa Bb3MOXHOCTTA 32 MakCMMalnHa r-BKaBOCT Ha npoueca, u

Bb3MOXHOCT 3a NporpaMmmMpaHe Ha MOHUTOPKUHroBaTa cuctema.

1. MOTIVATION FOR CREATING THE
MONITORING SYSTEM OF EQUIPMENTS

The open pit production activity is very difficult to be
monitored and administrated.

In a classical approach, the monitoring of open pit
equipments was made by placing in key points of technological
chain, of some measurement instruments and by forming field
teams that had the role to read the values displayed by
instruments or to make measurements with portable
measurements equipments, to communicate the values to
responsible persons and to execute the operations requested
by them.

The communication of read values towards the open pit
leadership, and reverse sense was made by phone, or by
sending receiving stations, a proceeding that was very slow
and that needed supplementary personnel due to the necessity
of going to different measurement points, respective execution
elements (bucket-wheel excavator, belt conveyors, spreaders).
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For the efficiency of values reading and for making of
some operation from distance, there were introduced tele-
measuring technologies, respective remote controlling

This thing is possible due to development and to the
decreasing of numerical instruments prices, due to the
availability of modern means of communication and of
calculation equipments, that became more and more
performant and cheaper, allowing the development of such a
system.

In the same time with the issuing and implementing of such
a monitoring system of open pit equipments, the operations
can be monitored and controlled and the system is offering
information that can be used for increasing the profit and
reducing losses, by this is becoming a decision center.

Because the monitoring system allows the receiving and
transmitting of information, all the persons that are using it can
beneficiate a view of entire ensembly, for instaling and
functions of system.

Such a system can lead to the reducing of personnel
number and decreasing of physical effort.



The monitoring system was designed as an architecture of
SCADA type, being considered a pilot application, used a base
for all measuring, acquisition, testing and monitoring systems,
that can be implemented in all open pits were is necessary the
monitoring of equipment functioning.

When drawing up this system, one of the targets was the
obtaining of maximum flexibility from modulation point of view
and the programmability of monitoring system.

2. GENERAL ARCHITECTURE OF
MONITORING SYSTEM - EQUIPMENTS

The functions of monitoring system of equipments driving
(Picture 1), system that is containing components of different
nature, connected between them and conceived as a
monitoring and administrating system of equipments driving,
are:

- taking over the parameters that are characterizing the
functioning of monitored equipments: power supply, absorbed
current by the equipment driving motors, status of relay
contacts, stretching force of the belt, stretching force of the
mechanic cable, temperatures in the bearings of gear boxes of
belt conveyors, temperatures in the bearing of gear box of
bucket wheel, instant flow of the excavated material and
optionally active and reactive power for each equipment;

- permanent visualizing and in real time of the parameters
took over from the equipments driving systems;

- visual and sound alarming in the case of surpassing the
normal functioning values for the monitored parameters;

- information registration in a data base, ensuring by this way
the possibility of processing them any time is necessary;

- statistical analysis of the data for the issuing of prognosis
and strategies on long and average term;

- interconnection with energetic controller for completing the
information referring to power consumption for each driving
system,

- interconnection in a computer net;

- data transmitting to a central controller that can monitor the
entire assembly of equipments driving from the monitored open
pits;

The component for  extracting the information are
represented by franslators for electrical and non-electrical
parameter, that together with the conditioning circuits have the
role to translate the measured parameter in a unified signal.

The subsystem is designed for data collecting and is
represented by data collecting equipments (ECD) that have the
role to:

- take over all parameters (currents, voltages, contacts
status, stretching forces, temperatures) from the monitored
driving systems;

- primary processing of collected data;

- information transmitting from the local equipment level to
superior level (controller) using a main data communication
line or a radio modem.

Controller subsystem with the following main functions:
- visualizing of technological chain at the level of open pit
operations;
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- monitoring a set of electrical parameters for each
equipment that is at the base of the diagnosis for equipment
defect;

- monitoring
interruptions;

- selecting an equipment an respective of electrical
or mechanical parameters;

- obtaining of specific reports, momentary or on
specified periods of time;

- monitoring the power consumption for each equipment
(optionally).

the causes of equipment functioning

Hardware components will offer the processing, storing,
introducing, displaying, graphical and printing support for data,
using different equipments and the role of each one is well
determined. From safety reasons, there is optionally the
possibility of doubling of some elements for preventing the data
loss or the interruption of functioning.

Software components are offering on one side the support
for processing (operating systems, program running
environment) and on the other side are ensuring the
monitoring, visualizing, processing means of the data.

he communication components are ensuring the connection
means between different components, that can be radio, but
considering the complexity and costs, there are used physical
channels of connections. In the central processing system, that
contains interconnected equipments by a local net (LAN -
Local Area Network), in situation that these are placed in a
central headquarter and the connection between the central
processing system and the remote elements (measuring
components, local decisional equipments) is made by other
communication means: serial communication lines type RS
485 or radio modems.

3. BASIC REQUIREMENTS FOR THE
MONITORING SYSTEM

From the basic requirements of monitoring system we can
mention:

Opening that consists in the possibility of cooperation with
other systems as enterprise informantic system, the system of
engineering programs, invoicing system for consumption,
distribution and command system, management system,
modeling system of processes, optimizing system, etc. and the
possibility of functionality extension. The opening have to
presented from hardware point of view (different hardware
platforms),  software  (different  operating  systems)
communications, (international standards), but also fro the
point of view of data administration (standards respecting) and
of applications (different possibilities for interface and the
support offered for other programs).

Adaptability meaning the possibility to configure the
components according to concrete requirements, even in the
case when these requirements are changing during the system
life, the possibility of connecting new equipments or programs
to the existing system.

Putting at disposal the necessary data in a useful time is
another important requirement, by which, can be taken useful
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Picture 1 Scheme of the equipment monitoring system

measures and in time, for avoiding the eventual accidents or
unpredicted situations.

Security and safety of data consists in preventing the
entrance of unwanted information in the systems, which can
lead to the revealing of highly confidential information. Also, is
necessary the setting into functioning an archiving system, that
will allow the consulting of data and the issuing of reports.
Hence, the data that were archived can be erased and will be
obtained a new space for the data system.

The collected data will have to be necessary ones and most
reduced possible, by this way the system will not overloaded
with useless data. In the same tome, the collected data will
have to be able to offer a most complete image over the status
and events from the system.

The possibility of rapid identification of defects and also their
most  precisely localization, that represents another
requirement for the monitoring system. Also, have to be able to
offer all the necessary data about the possible elements
involved in the fixing of defect.

Recommended for publication by the Editorial board

Simple and comfortable interface with operators, and the
elements with similar functions or that are referring to similar
thing to be grouped.
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U3BOP HA E®EKTUBEH HAYUH 3A PA3AHE MPU OBPABOTBAHE HA BIIOKOBE OT
MPAMOPEH BPEKYOKOHI'TIOMEPAT OT HAXOAWLLEE ,,ABbITA YCOUKA”

Unus Noyee

“Pydmeman” ALl , 4960 ep. Pydosem

PE3IOME: B poknapa ca CbnocTaBeHu ABa OCHOBHUM HAuMHa Ha psidaHe — C AMCKOBa pesadka U ratep. 3a Tean BapuaHT Ca CPABHEHW Hall - BOKHUTE TEXHNYECKMN
W TEXHONMOTWYHW MapameTpy KaTo paHAeMaH, MPOW3BOAMTENHOCT, CreundnyeH pasxod Ha AuamaHT U cneundnyeH pasxod Ha enektpoeHeprus. Ha 6asa Ha
MoNyYeHuTe pesynTatu € HanpaBeH W3BOA 33 MKOHOMUYECKM Mo-eHeKTMBHUS HAuWH 3a psisaHe npu obpaBoTBaHe Ha MpamopHUTE GrOKOBE OT KOHKPETHOTO

HaxoguLe.

CHOICE OF AN EFFECTIVE WAY CUTTING AT PROCESSING BLOCKS OF A MARBLE BRECCHA CONGLOMERATE FROM

THE “DALGA USOIKA” DEPOSIT
llia lochev
»Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSRACT. In the report two of the basic of a way cutting - by means of disk the cutting machine and the gang saw are compared. These parameters are efficiency,
productivity, the specific charge of diamond and the specific charge electric energy. On the basis of half-scientific results the conclusion about more effective a

method cutting blocks of a marble is made.

BuBepeHue

BB Bpb3ka C m3rpaxgaHe Ha Lex 3a obpaboTBaHe Ha

mMaTepuana [JOBMT OT Haxoguwe 3a  MpamoOpeH
OpekyokoHrnomepat Jbnra ycomka’, Bb3HMKBA Mpobrem
cBbp3aH € u3bopa Ha HEOOXOAMMOTO  MaLUMHHO
obopyzagaHe.

Psa3aHeTo Ha ckanHu 6rokoBe Ha MoYM e Han-ckbnata
TEXHONOTMYHa onepauunst npu obpaboTBaHe Ha MpPaMOpPHU
maTepuanu. /3BbplieHnTe pasxoan npu Tasn onepaums
ca OCHOBHMAT hakTop, KOWTO onpegens obwara
cebeCcTONHOCT Ha NPON3BEAEHUTE MIIOYM W Ca CBbP3aHu C
pexewarta  MalluHa,  JUAMAHTEHWUS  MHCTPYMEHT,
BOXEHNUTE eHeprus u Tpya. [Mopagn Tasu npuymHa
1300PBT HA HA4YMH M MalLMHA 3a Psi3aHEeTO € Heobxoaumo
ga ce pasrnega no-noapobHo M cneuymanHo 3a
BrnokoBeTe JobuTK OT Haxoguwe ,[bnra ycorka".

Heobxogumo e fga ce noguyeptae, 4Ye u3bopbT Ha
HaW-noaxodsWy MeTo4 W MallMHa 3a psi3aHeTo Ha
BbNPOCHUTE OnOKOBe € CMoXHA 3afava, 3aBucella OT
MHOTO (haKTOPW -TEXHUYECKM, TEXHONOTUYHU, UKOHOMUYECKM
U (hakTopy CBBP3aHW C eKkcrnrnoaTtauusTa Ha MmalluHaTta,
nopagu koeto e HeobxoamMmo nNogpobHO aHanuaupaHe Ha
7031 Npobnem. MpeLn3HUaT aHanus Ha ropecrnomeHaTuTe
takTopn ce Hanara u OT 06CTOSTENCTBOTO, Ye BCSIKO
peLUeHne pasnnyHo OT ONTUMANHOTO € CBbP3aHO Hail-061L0
C HeomnpaBAaHa egHOKpaTHa WHBECTULMSA 3a 3aKynyBaHe
Ha MalWuHaTa M MOCTOSIHHO HeonpaBAaHW MPOMycHaTM
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non3un Npu ekcnnoatayusTa i, Npu HEONTUMAneH NpoLec Ha
psi3aHe Ha ckanHuTe 610KoBE.

M3BecTHO e, 4Ye psA3aHETO Ha ckanHW Onokoee oOT
CPEAHO TBBPAM CKalHU MaTepuanu, KbM KOWTO cragat W
OpekyokoHrnomepatHuTe 6Grnokoe OT Haxoguwe Jbnra
ycoika", B HaCTOSILLUMSA MOMEHT CTaBa OCHOBHO Ypes ratepu C
HOXOBE C [AWAaMaHTEHU CErMEHTM WM C OPTOroHamnHM
JVCKOBW pe3ayky, KaTto AMCKOBETE CbLUO Ca C AMAMAHTEHM
CErMEHTH.

MpegumcTBaTa npW  M3NON3BaHe Ha OPTOrOHanHaTa
ONCKOBa pesayka B CpaBHeHWe C raTep npu psisaHe Ha
OnokoBe 3a NoYK ca CNeaHuTe:

e  BB3MOXHOCT 3a psi3aHe Ha 6NOKOBE C MHOTO
ronemu pasmMepu - AbiKWHA 8O 3 M, BUCOYMHA
[0 2,2 m W WwupoymnHa go 2,4 m;

e [OCTOSIHHA UM BWCOKA CKOPOCT Ha ps3aHe
(nepudbepHa ckopoCT Ha auncka);

e  [MaMaHTEHWUTE 3bpHA OT CETMEHTUTE Ha AncKa ce
oroniBaT €4HOCTPAHHO, [OKAaToO Mpu  ratepute
Ce Oronear M OT ABETE CTpaHK, KOeTo crnomara
3a Mo-NIECHOTO um OTKbpTBaHE.
ToBa obcCTOATENCTBO OMpPeAens  Mo-Mankus
pasxod Ha AuMamaHT Ha AuckoBaTa pe3ayka B
CpaBHEHMe C raTtepa, camo Mpu YCroBue, Ye
WMPOYMHATA Ha MPOPE3NTe Ha ABETE MALUMHM ca
€[HaKBM, KOETO € Bb3MOXHO Npu OUCKOBE C
anameTsp go 500 mm;

e [MHaMuKaTa Ha [MCKOBaTa pesadyka € MoCTOsHHA M
MHOMO no-6naronpusTHa B CpaBHEHWe C Tasn Ha



ratepa, KOSTO Ce XapakTepusupa C Bb3BPaTHO-
MoCTbNaTenHo [BUKEHWE Ha HOXOBETE;

e MacaTa Ha KOHCTPYKUMSTa Ha OpTOroHanHata
AMCKOBa pe3ayka e 3HauWTeNHO Mo-Manka, KOoeTo
obCToATeNcTBO onpedens W no-Mankata i LgHa B
CpaBHeHVe C ratepa;

e ofcnyxeaHeTo npes BpemMe Ha  pabota,
MoAABbPXKAHETO U PEMOHTA Ha AMCKOBATA pe3ayka e
3HAYNTENHO MO-NIECHO B CPaBHEHME C  Teau
[AeIHOCTI Ha raTepa.

B HacTosiuMs OOKMazd € M3MNOoXeH CPaBHWUTENEH aHanus
Ha TeXHWKO-TEXHONOrM4YHUTE NokKasatesin Ha ABaTta OCHOBHU
HauMHa Ha psisaHe — ¢ ratep ( ¢ 50 — 60 Hoxa) u ¢
opToroHanHa puckoea pesadka ,Ctpyma 1200". Tesu ase
MaLLMHWA Ca HAaMEPUII Hal — LUMPOKA NPUIIOXKEHNE Y Hac.

Mpuema ce, Ye brnoka ¢ pasmepu 250cm x 160cm x 140 ¢cm
(CbOTBETHO ObMKMHA X BUCOYMHA X LWMPOYMHA) we Obae
pa3ps3aH 3a NPOM3BOACTBO Ha Nnouw ¢ gebenuHa 20 mm.

TeXHMKO - TeXHONOrMYHa OLieHKA Ha psi3aHeTo
Ha Onok c ratep

3a no-ronsma HarmegHocT OnoKeT e MpeacTaBeH
CXeMaTU4HO Ha cur. 1, KaTo ca OTPaseHW IMHUUTE Ha
npopesute. lpuema ce, 4ye cTpaHuTe Ha 6noka umar
HepaBHOCTKM, gocTurawm o 40mm, Taka Ye uaeanHusT
Brok, koiTo we 6bae pasps3aH Le uma ,4nucTu", ObmkuHa

L,, uwmpouma B,u Bucounna /4, u3paseHn upe3
CriefiH1Te TPU 3aBUCUMOCTA.
L =L-2b,,m (1)
KbaeTo L e HommHanHaTta AbmkvHa Ha 6noka, m;

b,, - nebenuHara Ha HepaBHUS CTIOV Ha CTEHUTE, M.

B,=B-2b,,m 2)

H,=H-2b,,m (3)

OnpepnensiHe Ha paHZeMaHa npy ps3aHe Ha 6rioka ¢ ratep
Mpu ps3aHeTo Ha Groka MOCPECTBOM raTep C HOXOBE C
OMaMaHTEeHN CerMeHTH, MakcumanHata  LUMpoYMHa  Ha

npopeaute b, noctura o 5 mm.

ToraBa b6posaT Ha cnaboBeTe, KOMTO ce nony4yasar OT
cpsi3BaHeTo Ha Onoka ce onpesens no opmynarta:

— Bl_bHP 6p.

bHP

Ny (@)

b, +

KbJEeTO bC .7 © AebennHata Ha cnabosete, M;

b, - WnpounHata Ha npopeaute, M.

py6aTa nnolw Ha eanH cnab ce onpegens no gopmynara:

Seyp =H.Lim?

528p crodobe
536p npapesa

®ur. 1. Cxema Ha psi3aHe Ha cKaneH Gnok ¢ ratep

Yucrata nnow Ha eanH cnab SCJY.LI e!

Seny = Hl'Ll’m2 (6)
O6wara rpy6a nnow Ha 6post cnaGose N, nonyyey ot
pA3aHETO Ha bnoka Le bbae:

2

(7)

SOEZLI.C./T.FP. = SC./T.FP N cr.,M

Obwata uucta nnoly Ha 6posi cnabose N -, nonyuenm ot
ps3aHeTo Ha b6noka Lwe bbae:

SOEZL(.CH.LI. = SC/].LI'NC/Z.’mZ (8)

PaHpgemaHbT npu rpy6o obpsisaHute cnabose R,y ., €:

S
_ Josuy.CIL.IP. ’mz m? ©)

Qur

kbaeto Q ., e 0GembT Ha Broka,m?.

RFP.CJ?.

PaHaemaHbT Npy uncto obpsizaHuTe cnabose Ry ., e:

S
Ry oy = —L m? Im® (10)

Qur

OnpepgensiHe Ha NPOW3BOAUTENHOCTTA Ha raTepa
EkcnnoatauuoHHaTa MPOM3BOAMTENHOCT Ha ratepa ce
Onpeaerns oT CrieaHNTe TEXHMYECKM NoKasaTenu Ha MalumHaTa
1 PEXMMHI NOKa3aTenu Ha NpoLieca Ha psizaHe Ha broka:
e  Opoit Ha HOXOBETE;
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e  CpedHaTa CKOPOCT Ha psidaHe, W3MeHsla ce 3a
BCEKW XOf Ha MofBuxHaTa pama ¢ HoxoseTe oT 0-3
m/s;
X0A Ha nogswxHata pama (500 — 700mm);
Opoi Ha [BOVHWTE XOOOBE Ha NOABMXHATA pama
Bapupaly, ot 90 go 120mint;

e  oNTUMarHa CKOpPOCT Ha MoAaBaHe Ha pamarta Wim
Brnoka (250 — 350mm/h 3a cpegHO TBBPAM CKaMHW
maTtepuanu);

e [EOMETPUYHM pa3mepu Ha broka.

TpsibBa ga ce uma npeaBwa, Ye pasps3BaHeTo Ha Grioka no
BMCOMMHA CTaBa C pasnMyHa CKOPOCT Ha MoAaBaHe, a
MMEHHO: CKOPOCT Ha MofaBaHe Mpu 3aps3BaHe Ha broka (3a
Bpeme 11, CKOPOCT Ha nojaBaHe MpU OCHOBHOTO psi3aHe Ha
Brioka (3a Bpeme f2) W CKOPOCT Ha MofaBaHe NMpy OTPSI3BAHETO
Ha [onHuLWETo Ha broka (3a Bpeme ts).

3apssBaHeTo Ha Onoka 3anoyBa C HamaneHa CKOpOCT Ha
nogasaHe(50 % oT onTumanHaTa), OOKaTo HOXoBeTe (C
wupoymnHa 180 mm) He ce BpexaT HambnHO B 6noka. Tosa
Ce Hanara c Len npefoTepaTtsaBaHe Ha M3KPUBSBAHETO Ha
NpopeanTe 1 MOBPEXAAHETO Ha HOXOBETE.

KoraTo [0 OKOH4aTENHOTO paspsidBaHe Ha Groka ocTaHe
yyacTbk ¢ BucouuHa okono 300 mm, ckopocTTa Ha
nogasaHe CblLo ce Hamansea Ao 50 % oT HoMMHanHara.

Toraea BnokbT Lie Gbae paspsidaH 3a BpemeTo T:

T=t+t,+t;,5 (11)
EkcnnoartauuoHHata nponseoauTenHoct Ha ratepa [1 ce
onpeaena cbrnacHo n3pasa:

17 = SOELZ[.CJY.F ,mz /h

12
T (12)

CneuuncmyeH pasxop Ha AUaMaHT

Toan nokasaten fAaBa WHGOPMaLMs, KOMKO AMaMaHT ot
CErMEHTUTE Ha HOXa Ce M3pasxodBa 3a Cps3BaHETO Ha 1 m2
nnova. KonmyecTeeHaTa OLeHKa Ha TO3M MoKasaTen M3NUCKBa
onpegeneH 0o6eM eKCnepUMEHTamNHU M3CrefBaHns, HO 3a
criyyas MOXe [a Ce M3ron3Ba CpaBHUTENHa (OTHOCWTENHA)
UHcbopmaLms.

Kakto Be otbensisaHo npu onpeaensHeTo Ha paHaeMaHa npw
psisaHeTo Ha Onoka, npopesuTe, kouTo Ce obpasyeaT OT
CETMEHTUTE Ha HOXa Ca C LUMPOYMHA brp. = 5 mm. Toraga 3a
cpsisBaHeTo Ha 1 m2 cnab (nnoya) oT Bnoka npu WMpoYMHa Ha
nposopela bmp = 5 mm, Konu4ecTBOTO Matepuan ot bnoka,
KOWTO LLe CE U3TPME (OT AMaMaHTEHUTE 3bpHA) € Qu.np. = 500 cmd,
Ako ce npueme, Ye 3a cps3BaHeTo Ha obem ot 1000 cm3 ot
ckanHua Onok ce m3pasxogsa okonio 1 ct aMamaHT (koeto
KONMMYECTBO € PpearHo 3@ CPESHOTBLbPAN  MpPaMOpHM
MaTepuanu), Toraea Credga, Ye CneunduuHns pasxop Ha
JMaMaHT 3a cpsi3BaHeTo Ha 1 m2 cnab e D = 0,5 ct/m?.

CneumdmyeH pa3xop Ha eneKTpoeHeprus
Toau nokasaTen MOXE Aa CE M34MCIW C JOCTaTbyHa 3a
cryyasi TOYHOCT My CMIeAHITE YCIOBUS U AaHHN:
e 13pa3xodBaHa MOLUHOCT OT [NaBHUS ABUraTen

M 7 © OKOro 90 Kw (3a cbBpemeHHUTe raTepu, C

noaBwkHa pama cbopbkeHa ¢ 50-60 Hoxa);
e  BpeMe Ha cpsi3BaHeTo Ha brioka T=7,23 h.
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CneunduynuaTt pasxog Ha enektpoeHeprus Er ce

onpeaens no copmynara;

E - MwT

r

,kW.h/m?

SOE[H.C/I.FP

TeXHUKO - TEXHONOrMYHa OLIeHKa Ha pA3aHETO Ha
onok ¢ OpPTOroHasjiHa AUCKOBa pe3ayka

3a oueHkaTa ce nma npegBug OpTOroHanHaTa AMCKOBa
pesauka ,Ctpyma 1200", ¢ [gBa BepTMKanHu [aucka c
avameTbp 1200 mm v euH XOPU3OHTaNEH AUCK C AMaMeTbp
450 mm. lMprema ce, Ye ONOKBLT Lie CE pexe Ha WMBMLM C
wupoumHa 30 cm u gebenuHa 20 mm.

W3BecTHO €, Ye psA3aHeTo Ha 6ok ¢ OpTOroHanHa AUcKoBa
pesayka Ce W3BbpLIBA Ha HSKOMKO TEXHOMOrMYHWM eTana, a
VIMEHHO:

e OfpaBHABAHETO Ha ropHaTta  XOpW3OHTanHa
CTpaHa Ha Onoka T.e. OTCTpaHsiBaHe Ha HeilHaTta

HEpaBHOCT;
e CblUMHCKO psidaHe Ha  6noka, Koeto  ce
M3BbPLIBA Ha HSKOMKO npoxofa. [1poxoabT e

onepauus no OTPs3BaHETO Ha MBMUKM OT
BMCOYMHATa Ha Bnoka Ha OnpeaenieHo paBHuLLe Mo
usnata My paBHWHa, KaTo LUMPOYMHATA Ha MBULMTE
ce fBABa BWCOuYMHA Ha npoxoga. Korato no
BUCOYMHATA Ha 6noka ce M3BbPLIAT Bb3MOXHUAT
Opoii npoxoaa 3aBbpLLBa pa3psi3BaHETO My.

Pa3smepuTe Ha 6noka 3a cryyas ca aHanorMyHn Ha Tesu
Ha Onoka ps3aH C ratep 4 3a no-ronsma npernegHocT
pa3psi3BaHeTO € NoKa3aHo CXemMaTuyHo Ha dur. 2.

PasaHeto Ha 6noka C Tasu MawwHa npuTexaBa enHa
cneumdmyHa  ocobeHocT. TMpu  psidaHeTo Ha  MBUUMTE OT
nocrnegHus npoxog, TpsbBa Aa ocTaHe 4yacT 0T OCHOBaTa Ha
Broka ¢ BucounHa okono 15 cm, kosTo TpsibBa Aa ocurypu
npy psi3aHeTo CTabWnHOCT Ha Tasu ocTaHana 4act oT Broka.
Ako He ce ocurypu Heobxogumata cTabunHoCT, psi3aHeTo MoXe
Ja Ce OCbLIECTBM NPW Hanu4yne Ha ronemu Bubpauum Ha
Oucka, pecn. Ha OMaMaHTeHWUTEe CEerMeHTU, KOeTO PA3KO
yBennyaBa pasxofa Ha AnamaHT.

Mo Tasn mpuuvHa uMCTaTa BUCOUMHA Ha ps3aHe Ha Oroka
TpsbBa ga ce Hamanu ¢ 15 c¢m, KOMKOTO e BHCOYMHATa Ha
yyacTbka OT 6510Ka, OCurypsiBaL, CTabuiHOCT Npu psi3aHeTo Ha
MBULM OT NnocnegHna npoxoAa. ToraBa uMcTaTta BUCOYMHA Ha

6roka H e:

H,=H-Db, —h.,m (14)

kbgeto N, e BucowHata Ha ydacTbka OT 6roka
ocurypsiBalL, CTabUnHoCT npu psisaHe,m .

Ocrananute pasmepn L, n B, ca egnaken c Teau npu
psizaHe Ha broka cratep.



430p ubuyy

Ocmams e y<90cmbk

®ur. 2. Cxema Ha psi3aHe Ha CKarneH 610K Ype3 OpTOroHanHa AuckoBa
pe3ayka : 1- BepTUKaneH AUCK, 2 — XOPU3OHTamNeH AUCK, 3- MpamopeH
6nok

OnpepensiHe Ha paHgemaHa npu psA3aHe Ha 6noka c
OpTOroHarnHa AMCcKoBa pe3ayka

PssaHeTo Ha 6noka C pesaykata Ce M3BbpWBa C
BEPTUKaNHU M XOpU3OHTamnHu npopesu. [ebenuHata Ha
CErMeHTUTe Ha BEPTUKamNHUTe OUCKOBE e 8 mm, HO nopaau
BubpaLumTe 0T enactuyHuTe AeopmaLmm Ha CTOMaHeHNs
KOpryc Ha [/cka ce momyyaBa pasliMpeHne Ha mpopesa C
okoro 1 mm oT fgBeTe My CTpaHW, Taka 4Ye peanHarta

WupounHa Ha npopesa b, , =10mm .

[lebenuHata Ha CEerMeHTUTE Ha XOpU3OHTaNHUs auck e 4
mm, HO NPy psi3aHe ce NoMyyaBa CTPaHUYHO pasluMpeHue
no 0,5 mm, Taka ye obLiaTa pearnHa LMPOYMHA HA Npope3a

B,,p . AocTUra fo 5 mm.

Bposit Ha npoxoaute N ;. ce onpenens no opmynara:

_ Hl_bHP..X. 6p

hI/IB. + bHP.X.

N,, (15)

kbaeto N, = 30cm e BucouMHaTa Ha Npoxogda (BUcouMHaTa
Ha uBuMLaTa).

OT ropHata hopmyna crefga 13Boga, Ye Npu psA3aHeTo Ha
Broka no yucTaTa My BMCOYMHA Lie Ce peanmaupat Lsano
YuCNO MPOXOAM U LUe OCTaHe OCTaTbyeH Y4acTbK C

BUCO4YMNHa hOCT.’ KOMTO OCTaBa Heusnonaeaem. ToBa ce

ObIDKM Ha 06CTOSTENCTBOTO, Y€ BUCOYMHATA HA NPOXOAUTE
He € KpaTHa (MpOomopUMOHanHa) Ha uMcTaTa BUCOYMHA Ha
Broka.
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OcBeH ToBa HEM3MOM3BaeM C BUCOUMHA (ebenuHa) okono

15 cm e 1 yyacTbka, KONTO ocurypsia ctabunHocT Ha
Onoka npu ps3aHETO Ha nocredHws npoxog. Teaw
obcTosTencTBa  HamansBaT 3HAYMTENHO paHOeMaHa npw
psidaHeTo Ha 6noka C OPTOrOHanHW AWCKOBW pe3adku, HO
TOBa Ca TEXHOMOMUYHUTE Bb3MOXHOCTM Ha TO3W METOA Ha
psisaHe Ha brokose.
OuyeBMpHO €, Ye OT OCTATbYHMSA Y4acTbK MoraT da ce
nonyyar usuuwW, Hanp. ¢ wupoumnHa 15 u 10 cm, HO Te He
moraT aa 6baat obpabotenu cnen ToBa. Vma ce npeasua,
ye Te3aW uBMUM He MoraT fa Obaar WnMcoBaHM MK
nonupaHn nopagu TOBa, Ye LUe Ce CYHyMST MpW HaTucka Ha
LWMOBBYHNS MHCTPYMEHT. Heobxoaumo e aa ce oTbenexu,
ye craHgaptHute uBuun (30 M 40cm) oTtpsisaHM  OT
OVMCKOBUTE pe3auykum ce lWnudoBaT Ha CneuuanHu
MalUMHU C NTUMUTMpaHa LWKMpOYMHA Ha paboTHaTa nnowy ot
30 mnm 40 cm .

BposiT Ha cpsizatuTe usmuuy ot eauH npoxod N, ;1p €

bHJ]. + bHP.B.

(16)

N 11B.1IP.

kbaeto Db, e wnpounHara Ha nnovara (veuuara),cm.
OBwwmsT Bpoit cpsizaHn 1BMLM OT Broka Le 6bae:

N 505 =N p s -Nyp 0P (17)

Ipy6aTa nnoLy Ha efHa UBMLa Ce onpeaens no u3pasa:

~Lh,, ,m? (18)

SI/IB.FP.

Yucrara nnowy Ha usuuarta e:

SHB.‘I. = Ll-hmwmz

Obwara rpyba nnowy Ha UBULMTE NONYYEHN OT CPA3BAHETO
Ha broka e:

(19)

2
SOELL[.]/IB.FP. = SI/IB.FP. ) NI/IB.OE. M (20)

OBwara yncTa Nnow, Ha MBMLMTE MOMYYEHN OT CPSI3BAHETO
Ha broka e:

2
SOELL(.]/IB.'—I - SI/IB.’-I. ) N HUB.Ob.? m (21)

PaHaeMaHbT npy rpy6o oGpsizaHnTe UBMLM €:

S
RFP.HB. = LB ’mz /m? (22)
Qxn
PaHpeMaHbT npu YuCcTo 00psizaHnTe UBULN €:
R _ SOEu(.HB.q. 2 3
y.HB. = —,m"/m (23)
Qur.



OnpepensiHe Ha NPOU3BOANTENHOCTTA HAa AMCKOBATa
pesauka

Hait-o6wwo npoussoputentocTTa /7, Ha opToroHanHute

[UCKOBM Pe3ayky 3aBMCM OT MHOTO (pakTopu, HO Mpeam
BCWUYKO OT Opos Ha BepTMKanHWTe AuckoBe. M3BeCTHO
e, Ye MMa MaLVHW M C NOBeYe JMCKOBE, HO B cryyas
,CTpyma 1200" nma gBa BepTukanHu aucka. OnpegensHeTto
Ha MpOM3BOAMTENHOCTTA Ha Te3W MaWWHM € 3aTPYAHEHO,
nopagn TOBa, Ye MpM CPSA3BAHETO Ha [dajeHa nopuus
WBMUM, psi3aHETO ce cnupa 3a Ja ObaaT ceaneHu
uBuunTe OT 6noka. Mopagu Tasu npuumHa 3a cnyyas ce
npuMema ekcnnoaTaluoHHaTa NpoU3BOAUTENHOCT, KOATO Ce
faBa OT cupmarta npoM3BOOMTEN HA MaluHaTta U e
8,5m?/h, npu psizaHe Ha MpaMOPHU MaTepuan.

CneumncuyeH pasxog Ha guaMaHT

Mo aHanorus c onpefensiHeTo Ha TO3K NokasaTen
npu raTepHOTO psisaHe Ce NpuUema, de CreunduyHms
pa3sxof Ha AWamaHT 3a Cpsi3BaHeTO Ha nnoya ¢ nnow, 1 m?2
ce onpepens ot obema Ha cpsizaHua (oTpaboTeHus)
MaTepuan OT LWWpOYMHATa Ha npopesa Npu AWCKOBOTO
psi3aHe T.e. Qu.np. = 1000 cm?

ToraBa cneundpuyHMAT pasxod Ha [guamaHT 3a
cpssBaHeTo Ha 1 m2cnab e D. = 1.0 ct/m?.

CneunduyeH pa3xoa Ha enekTpoeHeprus
Toan nokasaten ce onpegens Bb3 OCHOBA Ha CliegHNTE

LaHHu:
e  KOHCyMMpaHa MolWHOCT Ha mapuratermte M I
sagpwkealm guckosete - 90 kW (mHctanupaHata
MOLLHOCT Ha MaluHaTa e 96 kW;

e BpeMe 3a pa3ps3BaHeTo Ha 6noka T, KOETO MOXe
[Ja ce onpegenu no dopmyrnara:

T = SOEH[.HB.FP. h

(24)
11,
ToraBa CneuutnyHUST pasxod Ha eHeprus e:
M,.T ,
E,=—2— kWh/m (25)
SOELZ[.]/IB.FP.

HopmanHo e B TO3X Cnyyain ga ce Mofayym no - rofsm
crneundnyeH pasxol Ha €Heprus, KOeTo Ce [AbkM Ha
0BcToATENCTBOTO, Ye 3a pa3ps3BaHe Ha broka ce paspyluasa
no-gebena mBnUa matepuan OT Ta3u Npu raTepHOTO psi3aHe.
OcBeH TOBa cynopTa 3aefjHO C AUCKOBETE M3BBLPLUBA paboTeH
¥ MpaseH X04 W Npe3 BPEME Ha CHEMAHETO Ha CpsA3aHuTe
MBULUM OT pesayvkata [UCKOBETE Ce BbPTAT, Tb KaTo
HeNpeKbLCHATOTO M BbPTEHE Ce MPEenopbyBa BMECTO YECTOTO
WM CMpaHe W NyckaHe.

Pesynratu u ussoau

C uen no-gobpo u3yyaBaHe Ha  TEXHWYECKATE U
TEXHOMOTMYHUTE MOKas3aTenu Ha Mpoueca Ha psidaHe Ha
ckanHuTe 6noKoBe MO ABaTa pasrmexgaHu cnocoba, ca
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M3BBPLUEHN ONUTK B MPOU3BOACTBEHM YCroBua B ,bymap” Al
- ¢.CtpymsHm n ,Pogonn Mapmekc” EOOL rp. Kbpmkanu.

Pesyntatute OT M34MCRIEHMsITA CbIMACHO MU3MOXEHUTE
3aBMCUMOCTK B HACToALLMA OOKNaA U U3BBPLUEHUTE ONUTU 3a
psi3aHe Ha MpaMOpHMX 6MOKOBE OT KOHKPETHOTO HaxoauLle He
Ce pasnuyaBart CbLLUeCTBEHO 1 ca 0606LieHN B Tabn. 1.

Tabnumua 1.
TeXHUKO - MexHOM02U4YHU NOKa3amesu npu psasaHe Ha
cKasnHu briokose ¢ 2amep U opmoz0oHanHa 0uckosa pe3adka

TeXHUKO — TEXHOMOrMYHM NoKasaTenu
Hauun b = <
o © =
Ha = s S
= © (5]
psi3aHe . 5 5. T 3%
- & =y T © £ T © =
T ~ g S TS S Is
= @ g B840 | B
() (32} = o = o X<
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HuckuaT paHgemaH npu OUCKOBOTO psi3aHe, AOCTuraly
Jo 60 % OT raTepHOTO psi3aHe Ce AbMXW, KakTO Ha
LUMPOKNTE NPOPE3N Ha BEPTUKANHUTE AWUCKOBE, Taka W Ha
noflyyaBaHeTo Ha OCTaTbYeH Y4YaCTbK MpW  Henponop-
LIMOHANHOCT Ha MPOXOAMTE CMpsSMO 4YucTaTa BUCOYMHA Ha
fnoka ¥ 3agbIPKUTENHOTO OCTaBSHE Ha Y4yacTbk OT
OCHoBaTa Ha 0Onoka, ocurypsiBaw, cTabunHocT npw
PSA3aHETO Ha nocneaHUst NPOXOA.

Heobxogumo e ga ce otbenexw, Ye NPOU3BOAMTENHOCTTA Ha
JMCKOBOTO psidaHe upes ,Ctpyma 1200" ce oTHacs 3a paboTa
C BepTUKanHu aguckose ¢ gumametsp 1200 mm u ako ce
u3nonssat  OMCKOBE C  AMAMETHP 1600 mm
NpOW3BOAMUTENHOCTTA WM LUE CE YBENMYM, HO He MHOro
cbliectBeHo. Ako obaye 3a pssaHeTo Ha OnokoeeTe ce
M3MoN3BaT OPTOrOHanHM [MCKOBM pe3aykyt MpOK3BOACTBO Ha
PEHOMMPaHM (rpMKM OT YyxOMHA, KOMTO Ca KOHCTpyMpaHu C
no-ronsim Gpoii guckoBe (HO CbC cblute avameTpu 1200 n
1600 mm), npousBoguTenHocTTa we Obae no-ronsma.
3a cera Te3M OpTOrOHaMHM [OWUCKOBM pesayku ce
npousBexaat 0OMKHOBEHO C YeTUPU BEPTUKANHW AucKa, Hali-
4ecTo ¢ avametsbp Ha anckoseTe 1200 mm u no-psako ¢
1600 mm.

Ot 1abn. 1. e BUOHO, Ye pasxO4bT 3a AWAMAHT 3a Cps3BaHe
Ha 1 m? nnoya npu AMCKOBOTO psi3aHe e ABa MbTW NO-TONsAM B
CpaBHEHWe C raTepHOTO psi3aHe, KOEeTO € CbLEeCTBEHO M
necHo obscHumo. To3u mokasaTen € OCHOBEH 3a
opmupaHeTo pasxogute 3a paboTeH  UHCTPYMEHT
OTHeceHM cblwo 3a 1 m2 nnovya. 3a onpefensHe Ha



pasxoauTe 3a WHCTPYMEHT TpsbBa Aa ce vWMa npeasug U
CPeAHUst TEXHUYECKM PECYPC Ha raTepHUs HOX U Ha
BEPTUKANHMTE [OWCKOBE W XOPU3OHTANHUS  TaKbB.
CbBpEMEHHUTE MHCTPYMEHTU C [MaMaHTeHU CErMeHTy
npu pssaHe Ha GNOKoBe OT CPEAHOTBLPAN CKANHW MaTe-
puanu umat TEXHUYECKU pecype KakTo cneasa:

e raTepeH HOX C [AWaMaHTEHW CErMeHTU npu
HopMmanHa ekcnnoatauus cpssea ot 600 go 800
m2  nnoYu, KaTo crned M3HOCBAHETO Ha
CEerMeHTUTE € Bb3MOXHO HEKONKOKpaTHO (40 5-6
MbTK) 3aN0sIBaHE Ha HOBW CETMEHTM;

e auck ¢ gumametbp 1200 mm npu HopmanHa
ekcnnoataumst cpsisea okono 2000 m2 nnoun,
KaTo cnej M3HOCBAHETO Ha CerMeHTuTe e
Bb3MOXHO A0 2-3 MbTW 3an0SBAHETO Ha HOBM
cermeHTn. Heobxogumo e ga ce otbenexw, uye
AunckoBe ¢ gmameTbp Hag 1000 mm, cTomaHeHaTa
yacT Ha aucka e okono 30 % ot obwata um LeHa,
KOETO € 3HAUMTENHO MOBEYEe B CPABHEHME CbC
CTOMaHeHaTa 4yacT Ha raTepHUS HOX;

e guck ¢ gnametbp 450 mm (KakbBTO € XOpu-
30HTaMNHUA OUCK) NMa TEXHUYECKN PECYPC OKONO
500 m2 cpsizaHa NOBBbPXHUHA.

FonemusT cneuudnyeH pasxoh Ha eHeprus npu
LMCKOBOTO psidaHe ce AbNXW Ha 06CTOATENCTBOTO, Ye
psi3aHeTO Ha CPEHO TBLPAM CKaMHW MaTepuani cTasa npu
BUCOKa CKOPOCT Ha pssaHe (o1 35 pgo 50 mis),
OoCblleCTBABaHa C ronaMa MOLWHOCT Ha ABuratens, KOWTO € B
pexum Ha pabota He camo npes paboTHMS X04 Ha
BEPTUKaNHWUTE AUCKOBE, HO M Npu 0BpaTHUS XOA, KaKTO U
npe3 BPEMETO Ha CHEMaHeTO Ha WBWUMTE (MnouuTe) OT
Brnoka 1 npu gpyru cnomaratenHy onepawym.

Mo raTepHns HaumH paspsiseaHeTo Ha 6Groka ce
OCbLUECTBSIBA C HEMPEKLCHATO psi3aHe M B ABaTa xoAa Ha
MofBMXHATA pama W BedHbX MycHar B paboTa, ratepsT
paboTW HErpekbCHaTO [0 paspsi3BaHETO Ha Ornoka, KOeTo

MpenopbyaHa 3a nybnvkysaHe
oT KaTegpa “MexaHusaums Ha Munute” , MEM®
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onpedensi BMCOK MPOLEHT Ha BPEMETO Ha onepauusiTa
CblUMHCKO psisaHe B obwaTta NPOABLIKUTENIHOCT Ha
TEXHONOTMYHaTa onepawus paspsissaHe Ha Groka.

IMpu ueHm 3a auckosata pesayka ,Ctpyma 1200” — 62 000€
n 3a ratep ¢ 50 Hoxa Ha dmpmarta ,Barsanti” -200 000€, un
kaTo NpremMeM, Ye MalLMHUTE HAMbJHO Le Ce amopTuaupaTt
3a 10rop., ce nony4aea, Ye NOKynHaTa LieHa OCKbMsSiBA BCEKM
kB. MeTbp npoaykums ¢ 0.181 € npu guckoBaTa pesadka U
0.17 € npw ratepa ( npu 16 4acoBO AHEBHO HaTOBapBaHe ).
Buxga ce, ye Te3n napameTpu ca NpuUBRM3NTENHO PaBHM,
HE3aBMCMMO OT 3HAUMTENHO MO-BMCOKATa LieHa Ha ratepa.
Tosn dhakT ce 00siCHSBa CbC 3HAYUTENHO MO-BUCOKATA
NPOU3BOAMUTENHOCT HA ChLUMA.

Cnep v3BbpluBaHe Ha 0BCTOEH aHanu3 Ha pesynTaTute 3a
TEXHUKO — TEXHONMOMNYHUTE NOKasaTenu Mnpu raTepHOTO
psi3aHe W Ha psA3aHeTO C OpTOroHanHa AMCKOBa pesauyka
CneaBa, KaTeropuuHWst W3BOA, Ye raTepHOTO  psi3aHe
NPeBb3XoXaa 3HAYMTENHO MO BCWUYKM  MOKasaTenu
KOHKYPEHTHUSI MeTOA. FaTepHOTO psisaHe Ha 6rokoee 3a
NPOW3BOACTBO Ha nnoun ¢ gebenuHa ot 15 go 50 mm,
kakTo 1 Ha febenocTeHHu u3genusa (Macusi) TpsibBa ga ce
cunTa 3a OesanTepHaTUBHO peLUeHue 3a CkarnHuTe Brokoe OT
Haxoguwe [bnra yconka".

Nutepatypa

Mbpxos H. B. 2003. O6paboTka Ha AeKOpaTUBHIUTE CKaNHM
matepuanu. C., TexHuka.

http://www.pellegrinispa.it

http://www.tyrolit.com

http://www.barsantimacchine.it
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EKCMNEPUMEHTAINHO U3CNEABAHE U ONTUMU3UPAHE HA METOAUKA 3A
NPOEKTUPAHE HA XWPOENIEBATOP 3A BOAOOTNMUBHU YPEABU HA NOA3EMHHU

PYOHWULIA
Unus Uoues

“Pydmeman” ALl , 4960 ep. Pydosem

PE3IOME: B goknaga e 3noxeHa 1 aHanuavpaHa CbLyecTByBalLa METOAMKA 3a NMPOEKTUPaHe Ha XUAPOENeBaTOPHI YCTPOINCTBA ( HapUYaHW OLLE CTPYWHW NOMMK ).
MpoekTupaH 1 n3paboTeH e XuapoenesaTop 3a KOHKPETHU [aHHW. VI3BbPLUEHN Ca U3NUTaHWS B pearHi NPOU3BOLCTBEHN YCOBMS. YCTAHOBEHM Ca 3aBUCHMOCTM
MEXay OCHOBHW reOMETPUYHW NapameTpu Ha YCTPOICTBOTO W pabBoTHUTE My XapakTepucTuki. Ha 6asa Ha momyyeHuTe pesyntaTii ca HampaBeHW Mpenopbki 3a
OTCTPaHsiBaHe Ha HeAOCTaTbLMTE Ha ChLUECTBYBALLaTa METOANKA 3a NPOeKTMpaHe. HanpaseHu ca 13Boay 3a eheKTMBHOTO NPUNOXEHIE Ha XMLPOENeBaTOpUTE BbB

BOZOOTNMBHUTE YPeAdy Ha NOA3EMHUTE PYAHULM.

EXPERIMENTAL RESEARHC AND OPTIMIZATION OF THE TECHNIQUES ABOUT DESIGNING THE JET PUMP FOR

WATERTIDE INSTALLATION OF UNDERGROUND MINES
llia lochev
»Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSRACT. In the report the method for designing jet pumps is rearranged. Then it has been analysed. The project is made and the pump is then made jet is
appointed for concrete conditions. Tests in real industrial conditions are lead. It is established that some geometrical parameters of the jet pump, very much strongly
influence its performance data. On the basis of the received results, are made conclusions about improvement of a method designing. Are made conclusions about

effective application of jet pumps on watertide installation of underground mines.

BbuBepeHue

XuOpoeneBaTopuTe, HapW4YaHW Owe CTPYMHW MoMMu,
Hamupat NpuroXeHue B NOA3EMHUTE PYAHULM B Ka4eCTBOTO
Ha 3aboiHM nomnu, NoMnu 3a 3ymncdoB BOJOOTINB UMK NpU
OTBOAHSIBAHE Ha HABOLOHEHW XOpuU3oHTU. EHO BescnopHo
TAXHO MPEAMMCTBO € KayecTBOTO WM Ja yBenuyasar
CMyKaTenHaTa BMCOYMHa Ha Typbonomnu. 1o To3u HaunH npw
HOpPMasnHW CTOMHOCTK OKONo 6 m, e Bb3MOXHO Aa Gbaar
NOCTUrHATW CTOMHOCTU Ha To3n napameTsbp 80 — 100m.

[lencTBMETO Ha CTpyMHUTE MOMMAW  Ce OCHOBaBa Ha
npeobpa3yBaHETO Ha MOTEHLMANHaTa eHeprus B KUHETUYHA 1
00paTHO NMpu NpeMMHaBaHETO Ha BofaTa MOCNEAOBATENHO
npe3 CBMBALLM Ce W pasLLMpsiBaLL CE AH03M.

B xwppoenesatopute BOgata ce nogaea Mnog rofisiMo
HanmsraHe no Tpvbata 1 (dur. 1) , cneg ToBa npes
CTECHSBALLOTO COMMO 2 C AK3a W C  BMCOKA CKOpOCT
nocTbMBa B CMECUTENHATa kamepa 3.

CbrnacHo ypaBHeHWeTo Ha bepHynu 3a ugeanHata TeYHOCT,
(Mak n gp., 1959), cbopbT OT cneundmyHaTa NoTeHUManHa
€Heprus 1 cneumuyHaTa KUHETUYHA eHEpPris € MOCTOSHEH W
paBeH Ha MbIHUS Hanop — 3aBucumocT (1).

Mopagu psisKOTO yBenuyaBaHe Ha ckopocTTa V B Al03aTa

Nnpyn NOCTOAHEH MbNeH Hanop H, HandraHeto P B
CMecuTenHata Kamepa Hamansea UM CTaBa MO — Manko oT
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2
H :£+V—:c0nst. (1)
y 29

atMoccpepHoTo.  [pu  ToBa BOgAaTa OT  KrageHeua
nocpescTBOM CMykaTenHata Tpbba 6 ce 3acmyka B
CMecuTenHaTa kamepa, KbeTo Ce U3BbpLUBA CMECBAHETO Ha
notoynte. PaboTHUAT NOTOK OTAaBa 4acT OT eHeprusiTa cu
Ha BojaTta nocTbhBawa oT knageHeua. [lo-HaTaTbk
CMECEHWS NOTOK Mpe3 MbpioBMHATa 4 nocTbnea B Audysopa
5.

Connoto 2 ¢ pwosata chiyxu 3a npeobpasyBaHe Ha
€HeprusiTa Ha HansraHe B CKOPOCTEH Hanop. B cMecuTenHata
kamepa eHeprusiTa Ha paboTHUsS NOTOK Ce npefaBa Ha
3acMykaHaTa Bofa. 'bpnoBuHaTa 4 wrpae BaxHa pons 3a
paBHOMEPHOTO 3ambfiBaHe Ha Audysopa. HeiHute dopma,
TEOMETPUYHN pa3MeEPU W Pa3NoOXeHWe ChpsMO COMNoTo
OkasBaT ~ CWNHO  BNMSHWE  Bbpxy  pabotata  Ha
xuapoenesatopa. [udysopbT cnyxu 3a npeobpasyBaHe Ha
KMHETWYHATA EHEprUsi Ha TEYHOCTTA B MOTEHLMANHA EHEprus
Ha Hansraxe.

OcBeH CrnomeHaTUTE NpeauMCTBA Ha XWapoeneBaTopuTe
TpsbBa Aa fobaBuM bakTa, Ye NUMCBAT ABMXKEWM Ce W
CneaoBaTeNHO GbP30M3HOCBALLM CE YaCTH.

Te3n ycTpoiicTBa ca B CbCTOsHWE @ PaboTAT HagEXOHO
J0pY NpK CUIMHO 3aMbPCEHN TEYHOCTU 1 4eCTO Ce npunarat
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®ur. 1. Xuppoenesarop: 1- HarHeTaTenHa Tpbba Ha paboTHUA NOTOK,
2-conno ¢ A3a, 3 - cMecuTenHa kamepa, 4 - rbpnoBUHa,
5-nudby3op,6 -cMmykaTeneH TpbOGonpoBoa, 7- NpUeMHa kamepa

KaTo CbOPBXEHUs 3@ MOYMCTBAHE Ha 3ymMndoe OT CUTEH
CKarneH v pygeH matepuan ¢ pasMepu Ha yactuuure go 2 - 3
mm.

3acMykBaHeTO Ha Bb3JyX MNpU M34epnBaHe Ha Bogata B
CMyKaTenHus KrafeHey Mo HWKaKbB HauMH He Moxe Aa
noBpeau YCTPONUCTBOTO.

OcHOBEH HedoCTaTbK, KOWMTO  OrpaHMYaBa  LIMPOKOTO
NPUNOXEHWe Ha CTPYMHWUTE noMmnu, e TexHWaT Hucbk KI[.
Crnopen epuH  nutepatypeH uatouHuk (Mak m gp., 1959)
cronHocTuTe Ha KM ca B rpanuuute 0.17 — 0.2, a cnopeg
apyr (Becenos 1956) — 0.2 - 0.35.

OueBMOHO TE3M CTONHOCTU Ca HUCKM W Ci 3acnyxaBa aa bbae
pelleHa efHa 3ajaya CBbp3aHa C U3SICHABAHE Ha YCroBMATa,
MpW1 KOUTO Te Ca MaKCUMarHu.

Ha 6asa Ha cbllecTByBalla MeTodMka 3a NpOeKTMpaHe
(Becenos 1956) e npoekTupaH M U3paboTeH XMapoenesaTop
C Bb3MOXHOCT 32 BapupaHe C NMoOLTa HAa CEYEHUETO Ha
CMecuTenHaTa kamepa (pecn. CeYeHUeTo Ha rbproBrHaTa) B
ceyeHne A — A . 10 TO3M HauMH CbLUECTBYBA BH3MOXHOCT 3a
NPOMsiHA Ha OTHOLUEHWETO Ha MNOLTa Ha TOBA CEYEHUe U
NMOLITA HA HaNPeyHOTO cevyeHue Ha Atozata. OnuTHO Lwe
Obae notbpceHa Bpb3ka Mexay ToBa oTHoweHue 1 KI[ Ha
Xugpoenesaropa.
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MeToaukaTa 3a npoeKkTUpaHe Ha
Xugpoenesartop

CblUHOCT Ha MeToAMKaTa

3aBucumoctute 2 — 17 nO CblUeCTBO npeacTaBnssat
METOAMKa 3a NPOEKTUPAHE Ha XMAPOENEBATOPHO YCTPOWNCTBO,
KOSITO € n3noxeHa BbB Becenos 1956.

[TbAHMAT Hamop Ha XugpoenesaTopa Ce onpegens CbC
3aBucumocTTa (cur. 1):

H=H,+h +h, m ()

kbaeTo H , e reogesnuHara BucoumHa, m;
h, - sary6ure B HareTatenHus TpbBonposog, m;
h, - sary6ute B Ancysopa,m .
Mo excnepumentaniu garknh, = (0.2+0.3)H ., a h,

MOXe [da Ce W3YACIW MO M3BECTHM 3aBMCMMOCTM 33
onpegensiHe Ha 3arybu B HarHeTaTeneH Tpbbonposog unm aa

ce npveme: h, = (0.06 +0.10)H ..

HeobxogumusTt paboTeH Hanop B CONMOTO C Ar03aTta ce
onpegens no 3aBMCUMMOCTTa:

H,=(3+35)(H —h,)m

Heobxogumuat paboteH gebut n3tnyaly ot Arosara ce
Onpeaens CbrMacHO CNEeAHOTO YpaBHEHME:

Q,=[.7+2)Q,m°/h

kboeto QQ e Npou3BOAMTENHOCTTa Ha XuppoenesaTopa,
md/h.

CkopocTTa Ha paboTHaTa BoAa Ha 13xofa Ha Atosarta Lue
Obae:

v, =4.43/H ,m/s

3a AnameTbpa Ha Al3aTa ce nonyyasa:

(9)

d,=0.019 &,m
Vl

CKOpOCTTa Ha BOJaTa B rbprioBunHata Le Obae:

v. =4.43JH,m/s )

[nametbpbT
3aBNCUMOCTTA

Ha TIbpnoBuMHaTa Ce onpegend no

d,=0.019 |2 m
\"

2l

(8)

kbaeto Q, e pasxombT Ha BoZa Mpes rbproBMHaTA U Ce
onpeaens no ypaBHEHNETO:



Q,=Q+Q,,m*/h 9)

3aBucumocTTa Mexnay AnameTbpa Ha rbpnoBuHaTa U T03n
Ha Al3arta TpFI6Ba [a yooBneTsopsABa yCloBUETO:

d,=18d,m (10)

[ObrmkuHaTa Ha bpJioBUHATA Ce onpenena CbrnacHo
3aBMCUMOCTTa:

l,=1,2.d,,m (11)

Mankuat guameTsp Ha audysopa e paBeH Ha AnameTbpa
Ha TIbpnoBMHATa, a TroNneMmaTr - Ha [Juametbpa Ha

HarHeTatenHus Tpvbonposog D,. CkopoctTa Ha Bogata B
T031 TpBBONPOBOA V ;, TpAGBa Aa e rpaHuyuTe 1,5 — 2,5 M/,

a ¢ Len HamansaeaHe Ha 3arybute, brbibT Ha paskpuBaHe Ha
Aycysopa ag (brbfl Ha KoHyca) ce npuema B rpaHuuuTe 6 -
100,

ObmkuHata Ha pudysopa ce  onpegens  CbrnacHo
3aBMcMMOCTTa:
D, —-d
3 3
ly = m-(12)
Ay
2tg- 4
2
CkopocTTa Ha 3acMykeaHaTa Boga B KPbIOBOTO
MPOCTPaHCTBO ~ Ha CMecuTenHata kamepa ce npuema B

rpatuymure V, <3m/s.

MnowTa Ha NPbCTEHOBMAHOTO MPOCTPAHCTBO OKONIO Ato3aTa
(nrowTa, Npes KOSATO MpeMUHaBa 3aCMYKAHOTO KOMMYECTBO

soga Q) we ce onpeseny karo:

(13)

I'Inou.wa Ha HanpeyHoTo ceYvyeHue Ha AK3aTta (nnouna, oT

kosiTo u3TMda paGotHoTo KomuyecTBo Boga Q,) ce
onpepena cbrnacHo n3pasa:
2
.d
f =21 m? (14)
1
4

3a Huckopasnonoxest auametsp O, Ha cmecutentara
kamepa nonyyasame:
d,=113/f +f,,m (15)
LpyrvsiT aMameTbp Ha CMecuTenHaTa kamepa e paBeH Ha
[vameTbpa Ha rbpriosuHara d .

[bmkuHaTa Ha cmecuTenHaTa Kamepa ce onpegena
CbrnacHo 3aBUCMMOCTTa.

|, =4.75(d, —d,),m (16)
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Koeu1UMEHTHLT Ha NoNe3Ho AeNCTBUE Ha XuapoenesaTopa
€ OTHOLLIEHWe MeXay nore3HaTa eHeprust Ha TEYHOCTTa KbM
BMOXeHaTa TakaBa :

(H.+h)Q

=t (17)
QP'HP

AHanu3 Ha meTogmkata

Kakto Beue Bele cnomeHato, hopmata M reoMeTpUYHUTE
pasmepn Ha rbproBMHATA, KaKTO M pPa3noNOXeHUeTo 1
CMpsIMO CONMOTO OKa3BaT CUMHO BNMSHWE BbpXy paboTtaTa Ha
Xvapoenesaropa.
3aBncumocTute (5) 1 (7) ca nony4yeHu kato e npeobpasyBaHo
ypaBHeHueTo Ha Topuuenn (FeHyeB w gp., 1971)3a ckopoct
Ha U3TU4YaHe OT CbOBE:

v=gp2.g.H,m/s

KaTo nsHecem 2 . g npen KBaapaTHUS KOPEH MoyyYaBame:

(18)

v:go.4,43\/ﬁ,m/s (19)
KbeTo § e 3eMHOTO YCKOpeHue, m/s? ;
(0 - CKOPOCTHUSIT KOE(ULIMEHT.
Cnopeg (Fenyes u gp., 1971):
1
p= (20)

Ja+é

KbETO & e KOE(ULMEHTBLT Ha KMHETUYHATaA EHeprUs;
& - KOEULMEHTBLT Ha MECTHOTO CbNPOTUBMEHNE Ha

0TBOpA, Npes KONTO M3THYa TeYHOCTTa.
Cowo cnopen (FeHueB w gp., 1971) cToMHOCTUTE Ha
CKOPOCTHUS: KOBCHULIMEHT (D BapUpaT B CPABHUTENHO LLMPOKA

rpaiuuy - @ = 0,80+ 0.97 n 3aBucat ot focta daktopu

kaTo xapakTepa Ha TEYEHWNETO (MaMUHapHO Mnu TypbyneHTo),
(hopmaTa Ha OTBOpA Ha M3TUYaHE, HauMHA Ha CKOCSBaHE Ha
pbboBeTe Ha 0TBOPA,4MCro Ha PelHonac v ap.

CregoBaTenHo aBTOpbT Ha MeToAWKaTa 3a NpOeKTUpaHe Ha
XMAPOeneBaTop C rofiaMo NpubNMKEHWe € NpUen CTOMHOCTTa

Ha koetmumeHta @ =1.

OcseH ToBa OT 3aBucumoctute (3) — (6) ce Bmkaa, 4e
CTOAHOCTUTE 3a AMaMmeTbpa Ha Al3ata Ce mnoryyasaT B
LWMPOK Anana3oH B 3aBMCUMOCT OT npuetute CTOMHOCTU Ha

Q, v H . lebutute Ha u3tnvawata npe3 oTBopuTe Boja
3aBUCAT olWe OT koeduuneHTMTe Ha pebuta L, Ha

KOHTPaKUMS & W CKOPOCTHWS KOE(ULUWMEHT W caMo B
WaearnHns crydvait UMaT BiUAa KaTo CbOTBETHUTE 3aBUCMMOCTH
OT MeToAMKaTa.

Beuukn u3bpoeHn obcTosTeNcTBa O TyK NOKa3Bgar, ye 3a
[Ba OCHOBHW enemeHTa — IbproBuHATA W Al3ata, ce
nonyyaBaT [0CTa HETOYHM pe3ynTaTu. ToBa OT CBOS CTpaHa
BIMsie BbpXy eheKTUBHOCTTa Ha paBoTa Ha XuapoenesaTopa.
OnuTHO Lie TbPCUM BAMSIHUETO Ha OTHOLIEHUETO " Mexay



MMOLMTE Ha HaNPeYHWTE CEYEHWS Ha Te3u [Ba enemeHTa
Bbpxy KM Ha ycTpoicTBOTO.

OnuTHa NocTaHOBKa U pe3ynTaTi oT
eKkcnepumeHTa

Ha cur. 2 e nokasaH HauMHa Ha CBbP3BaHe Ha nomna u
XWOPOENeBaTop, TEXHUYECKUTE XapaKTePUCTUKM Ha KOWTO ca
0606LeHu B Tabn. 1.
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®ur. 2. CbBMecTHa paboTa Ha xugapoeneBaTop ¥ nomna:
1-xmppoenesatop , 2- MaHOMeTbP, 3- nomna ,,LIHC 180/170,

4 - kpaH, 5 - obpateH knanaH, 6 - pasxogomep, 7- (UNTHP,

8- cMyKaTeneH Kol ¢ knanaH, 9- maHomeTpu, 10 — Bakyymmep,
11 - KkpaH.
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Tabnuua 1.
TexHuyecka xapakmepucmuka Ha Xudpoesesamop U nomna
npedHa3HayeHU 3a cbemecmHa paboma

MapameTbp | [Mpom3BoauTeNHOCT , Hanop,m B.CT.
md/h
PaboteH | Mpoussoaun- | Meopes PaboteH
YCTPOWCTBO™ | nebut TENHOCT BWCOYMHA | Hanop
Xupoe- 70 35 35 134
nesatop
Momna 180 170

TpsbBa pa 6baoe YTOYHEHO, Ye CHbOPbKEHWATa ca
MOHTMpaHu B LWaxTa ,fonam nanac” rp. Pygosem. Llenta e ga
ce pelwu npobnema, Bb3HUKHAN BbLB Bpb3Ka C YECTUTE
aBapuu Ha nomnute TMn 11 TIB 25X5” u3nonseauu 3a
3ymncoB  BOAoOTNMB. [lpuumHnTe 3a YecTute asapuu e
CbCTaBbT Ha M3YepnBaHaTa BOAA, @ WMEHHO rOMAMOTO
CbbpXaHue Ha CkanHuW W pygHu kbcoe. C mpeanoxeHarta
cxema ca NocTUrHaTi CrejHuTE NpeammcTBa:

e BbamoxHocT 3a pabota € BOgA C  BMCOKO
CbbpKaHne Ha abpasvBHN YacTULK;

e 3anasBaHe Ha ronam BogocbopeH obem( uenus
obem pgo xop. 190), mopagn BB3MOXHOCTTA 3a
3acMykBaHe Ha BOfa OT nomnara OT ronsma
AbnboynHa, paBHa Ha reOAe3nyHWs Hamop Ha

xungpoenesaTtopa,
. Bucoka eKcnnoaTaunoHHa CUrypHOCT.
ManutBaHuaTa ca MU3BbPLUEHN  CbIMMacHO  MeToauKa

usnoxena B poses n OBbpeteHoB (1985).

dur. 2 otpasssa HopmanHaTa paboTta Ha CbopbXeHusiTa B
pexuMm Ha BogooTnme. CneumanHo 3a ekcnepuMeHTa ca
M3BbPLUEHN NpPOMeHW, npu kouto nomnata LHC 180/170”
3acMyKBa Bofa OT LUaxTaTa, a He 0T Xuapoernesaropa.

PaboTHusT febut ce namepsa nocpeacTBoM pasxogomep 6
(BOmOMEp), a MPOM3BOAMTENHOCTTA Ha XugpoenesaTopa ce
“3MepBa MOCPEACTBOM M3NOMMBaHE Ha  MpeaBapuTeriHO
opa3smepeH 06eM 3a efiHMLA BPEME.

3a u3MepBaHe Ha HansraHusTa B XapaKkTepHU CevyeHus ca
MOHTUPaHU CNegHUTE ypeau:

e MaHomeTbp — Ha Bxofa Ha f103aTa;
o  MaHomeTbp — Ha U3xoAa OT Andysopa;
e Bakyymmep - Ha BXoJa Ha npuemHaTa kamepa.
lMapametpute Ha nomnata (LIHC 180/170) ce perynupat
upe3 wubbpn 4 n 11.

XugpoenesaTopbT e M3paboTeH C AMameTbp Ha fAtosata
22mm 1 YeTUpK PasnUYHN CMECUTENHU KaMepu C MbproBUHN
1 Auy30pn KOMMIEKT, KOUTO Ce pasnuyasaTt no Avamerbpa
Ha IbpPMoBUHUTE (031, 38, 44, d49), «kato
U34MCNUTENHAaTa CTOMHOCT NO MeToaukKaTa e h38mm.

[Mo TO3K HauMH ocuUrypsiBame OTHOLLEHUS ,f Ha NnoLuTe Ha
HanpeyHUTE CEYeHUs Ha MbPIOBUHUTE KbM TOBA Ha [to3aTa
Ha CbOTBETHO 2, 3, 4, 5.

B uapasa (17) cymata H , +h, npeacraensea nonestus

Hafop, KOWTO ce onpedens kaTo pasnMka  Mexay
cneuMdmyHaTa €eHeprisl Ha TeYeHMeTo Ha u3xoda Ha
Andysopa M Bxoja Ha nmpuemHaTta kamepa. Onpegens ce
CbITIaCHO 3aBUCMMOCTTA:

HH=MH+V+HCK,m

KbAETO M i ,IN € NOKa3aHNeTo Ha MaHOMETbPa Ha U3xoda

(21)




0T Anchu3opa;
V ,m - nokasaHUeTo Ha BakyyMMepa Ha BXofia Ha
npuemHaTa kamepa ;

V-V,
H m - CKOPOCTHUSAT NMONEe3eH Hanop ;
CK ' p p 3
V= 3 m/s - cpeaHaTa CKOPOCT Ha TEYEHNETO Ha
a.r
n3xofa Ha andy3opa;
2
Sﬂf , M” - nnowTa Ha HaNPe4HOTO CeYeHne Ha U3xoaa Ha
nudysopa(npu anametsp D );
V, = —— m/s- CpeiHaTa CKOPOCT Ha TEYEHNETO Ha

2
BXOAa Ha npuemMHaTta kamepa.

PaboTHuAT Hanmop e pasnukata Mmexgy cneuuduyHaTa
eHeprus Ha BXofga Ha Al3ata W u3xoga oT Audysopa.
HeobxoaumuTe CTOHOCTU CE OMpeaensT CbIfnacHo u3pasa:

H,=M ,-M,+H,,,m (22)

kbpeto M 13 /M € N0Ka3aHMEeTO Ha MaHOMETbPa Ha BXoAa
Ha Al03ara;
M 1 /T € NOKa3aHNeTo Ha MaHoMeTbPa Ha U3XoAa
OT Andysopa;
2,2
\" w—v a
H ., = ————",m-CKOPOCTHUSAT (AMHAMUYHNST) HaNop;
29
Vi = —% m/s- cpefiHaTa CKOPOCT Ha TEYEHMETO Ha
A3

BX0Aa Ha [lo3aTta;

f

2
3 M"™ - nnowyTa Ha HaNpPe4yHoTO CeYeHne Ha BXoAa Ha

Al03aTa (B Cyyas NioLyTa Ha CeYEHMeTO Ha
TpbbonpoBoaa Ha paboTHNS MOTOK)

Cnep M3BbpLUEHUTE W3MEpPBaHWS W ornpeaensHeTo Ha
CTOMHOCTUTE HA paboTHMs Oebwut, nonesHus  aebut
(NpousBoguTenHocTTa) , paboTHUS Hanop W MONesHWsi Hanop
ca NOCTPOEHN pabOoTHUTE XapaKTEepUCTUKM W3passBaly B

racmien Bug sasucnvocire - 7= F(Q,)

H, = f(Q;) -dur.3.

OT rpadukute ce BWkga, 4Ye C YBENMYaBaHEe Ha
OTHOWeHueTo f Ha NNOWWTe Ha HanpeyHUTe CevyeHus Ha
rbPMOBUHWTE KbM TOBA Ha [i03aTa Ce Hamansea nonesHus
Hanop, HO Ce yBenuyaBa cymapHus gebut Q3 3a cmeTka Ha
yBenMYaBaHe Ha  npou3BoguTenHoctta  Q Ha
Xugpoenesaropa.

C yBennuaBaHe Ha OTHowweHueTo f' oT 2 §o 4, HapacTBa
KMNO Ha xugpoenesatopa. [lpu yBenuyaBaHe Ha TO3W
napametsp oT 4 Ha 5 K[ cnaga, npu 3HaUMTENHO
HamansiBaHe Ha NoNesHUs Hanop.

Hait-Bucoka ctonHocT Ha KM — 0.33 Ha xugpoenesaTopa ce
nonyyasa npu ,f* =4,
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®ur. 3. PaboTHU XapaKTepuCTUKM Ha XuapoeneBaTop

N3Boau

Mopagn Huckma KM Ha xugpoenesaTopute, THAXHOTO
MPUNOXEHNE B MUHHATa MPOMWLLIIEHOCT € LenecbobpasHo
Cef 134eprBaHe Ha Bb3MOXHOCTUTE Ha ApYriTe TEXHUYECKM
cpeacTaa.

lMopagu cBOMTE NMpeauMmcTBa — MPOCTO YCTPOWCTBO, NECHO
n3paboTBaHe M BbL3MOXHOCT 3a pabota ¢ abpasnBHM
TEYHOCTM, XMAPOENEBATOPUTE HAMMPAT NPUIOXKEHUE OCHOBHO
B CMEQHUTE Cyyam:



e Mpu OTBOAHSBAHE Ha HABOOHEHW pYyOHULM W
XOPU3OHTH;
e npn 3ymncdhoB BOJOOTNMB;
e npu HeobxogmmocT oT yBenuyasaHe 4o 80 — 100m
Ha cMykaTemnHaTa BUCOYMHa Ha Typbonomnu.
lMpoeKTpaHeTo Ha XMOPOENeBaTop MOXe Aa CE W3BbpLUM
Bb3 OCHOBA Ha METOAMKATa U3NOXeHa B HACTOALWMA [OKNaf,
kato makcumaneH KI[ ce nonyyaBa npu OTHOLIEHWE Ha
MMOLLTa Ha HaMPEYHOTO CeYeHMs Ha MbPMOBMHATA KbM TOBA
Ha Jto3ata yeTupw.
Cbwo ¢ uen nocturaHe Ha MakcumaneH KL Ha xuapo-
ernesartopa, B 3asucumoctute (3) n (4) e Heobxogumo fa ce
13MON3BaT HUCKUTE CTOMHOCTM Ha YUCMOBUTE KOEHULINEHTM.

MpenopbyaHa 3a nybnukysaHe
oT kaTegpa “MexaHusaums Ha Munute” , MEM®
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BEPU®UKALIUA HA PABOTHATA OBJTACT HA HAKOU CNELIUAITHU
TEH3OMETPUYHN YCTPOUCTBA 3A HUCKOYECTOTHU BUBPO-U3MEPBAHUA

LjeemaH [JamsiHos

Munto-leonoxku YHugepcumem “Ce.MeaH Puncku”, 1700 Copus

PE3IOME: B pa6oTaTa e U3BbpLUIEHO M3CTEABAHMS Ha KMHEMATUYHUTE NapamMeTpy Ha U3MepuUTENHa cucTema , 6asupaHa Ha KOH30MEH TEH30METPUYEH
AnHamomeTbp. Cb3faneH e AByMacoB MexaHo-MaTeMaTuYeH Mofen Ha U3MepuTenHa cuctema, afjantupaHa KbM KOHKPETHA NPUMOXHa 3afjaqa — u3crneaBaHe
MexaHu4yHuTe Konebanus Ha barep Rs 2000 . C uHcTpymeHTUTe Ha nporpamata ITI Sim 2,2 e pelueHa npuMepHa 3apada npy Bb3byxnaHe Ha NpUHYAEHU TPENTEHUS
Ha poTOpHaTa cTpena Ype3 CUoBO CMYLLEHWE OT CbNPOTUBMEHNETO Ha konaeHe. MomnyvennTe pesyntati npeunusnpat obnactTa Ha 13non3saHe Ha Takbs TUM
M3MEPUTENHM CUCTEMI 3 HUCKOYECTOTHMS AnanasoH ( 0 - 10 Hz) Ha BubpaLoHHO HaToBapaBaHe Ha TEXKUTE MUHHI MaLLVHA.

WORKING ZONE VERIFICATION FOR SOME SPECIAL TENSOMETRICAL LOW - FREQUENCY VIBRATION MEASUREMNT

DEVICES
Tsvetan Damyanov’,

"University of Mining and Geology — Sofia, Dep. Mining Mechanization, E-mail, zId47@mgu.bg

ABSTRACT: This work represents a research of the kinematical parameters of measurement system based on the console strain gage dynamometer. The system
is modeled like a two point mass system and it is adapted for examination of the mechanical oscillations in excavator Rs 2000. One example of the forced oscillations
is solved with the tools of the computer program ITI - SIM 2.2 using the force excitation in the rotor — wheel outrigger. The results precise the field of usage of
tensometrical measurement systems for low — frequency (0 — 10 Hz) vibration phenomena examination in the heavy mining machines.

1. MpepnocTaBku

TeH3on3MepuTeNHUTE YCTPOWCTBA Ce mpunaraT ycnewHo B
MHOTO  obrmacTu  Ha  TeXHWYECKUTE  M3MEPBaHUS.
MpeobnagaBalio e TAXHOTO MPUNOXEHUE B CUCTEMMTE 3a
“3MepBaHe W KOHTPON Ha Aedopmauuu W HanpexeHus , a
MHOrO 4eCTO U 3a yCUnus Ha OMbBaHe UMK HaTWUCK. Takuea
€reMeHTU BCe MO LUMPOKO Ce pasnpocTpaHsBaT W npunarar B

pasnW4YHM  M3MEpWUTENHWM  YCTpOiCTBA  BbB  BWA  Ha
TEH30OMETPUYHM MOZYNMW C MHOTO BWUCOKW W TrapaHTupaHu
KayecTea, KkaTo TOYHOCT, TOMMWHHA  CTAbumHOCT Ha

napameTpute, [obpa 3awuTa CPeLly MexaHWyHu U Opyru
Bb3aencTBus u p. Ha TakaBa 6asa ca OCHLLECTBEHM YCMELLH
onntn (JamMsHOB W [Op.) 3a WM3MEpBAHETO Ha MEXaHWYHM
konebaHus Ha pasMNYHM TEXKA MalUMHU MPEeauMHO  OT
MWHHaTa MexaHu3auusi. ToBa Ce Ob/KM Ha Bb3MOXHOCTTA
ype3 TaKkMBa M3MEepUTENHM YCTPOWCTBA [a Ce OCbLUEeCTBsBAT
M3MEPBaHWS HA MexaHuyHu konmebaTenHu npouecu B
HuckouecToTHaTa obnact ot 0 go 4--5 Xu, KoATO He ce
MOKpMBA  OT  MWE30ENEKTPOHHUTE  akcenepometpu. B
UuUTMpaHaTa no-rope pabota 6sxa AoKa3aHW Ypes TeOPETUYHO
1 eKCepUMEHTaIHO 13crnefBaHe Bb3MOXHOCTUATE 3 YCMeLLHO
NPUNOXeHWe Ha Tean W3MEPUTENHU CUCTEMU B OMUCAHMTE
cnyyai, NpeauMHO OT MWHHaTa npakTuka. Anpobauusita Ha
pesynTatute Oelle OCHLYECTBEHA Ype3 W3rons3BaHe Ha
pasnuyHu MEeToAM, kaTo 0bekTUTe Ha u3cneaBaHe Osxa KakTo
MaTemMaTU4eckn 1 KOMMIOTbPHW MOLENW Ha MEeXaHW4Hata
CUCTeMa, Taka M peaneH (umanyeckn obpasel, Ha TakbB
U3MepuTENEH eneMeHT — KOH30MeH Tensogatumk. Obuwlo 3a
BCWYKM MATEMaTUYECKM M CUMYNALWMOHHN M3cneaBaHus e, ye
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MeXaHo-MaTemaTuieckuaT mogen 6Oele Cb3gageH  kato
NpvBEAEH €QHOMACOB, @ CMYLLABALLOTO BbHLUHO Bb3AEACTBME
felwe npueTo 3a  KMHEMATUYHO, ToBa npuHyZeHo
KMHEMATUYHO CMYLLEHWE € NMPUNOXEHO KbM Da30BOTO 3BEHOTO
Ha Mofena , KOeTo € CBbpP3aHO C penaThBHaTa KOOpAMHaTHa
cuctema. To3u cnyyaii € BepeH, HO no-o6Lu.

B w3cnegeaHeTo, koeTo e 6bge M3BbpLIEHO, Ce
npeuusMpa MOAENbT C LUen fa ce OTpasu no-gobpe
CbOTBETCTBMETO MY C KOHPETHA MalUKHa, Ha KOATO B NO-KbCEH
eTan, wWwe ObaaTr U3BBLPLUEHN NPOMULLIEHN EKCEPUMEHTAMHM
u3cnedBaHMs Ha MexaHwdyHuTe konebaHus. OTHaca ce Ao
AVMHAMUYHOTO HATOBApBAHe Ha ENEMEHTUTE OT MexaHWyHaTa
KOHCTPYKUMSt Ha poTopHaTa cTpena Ha 6Garep Rs 2000,
paboTeLy B ycrnousita Ha MuHu ,Mapuua — natok” EAL. Tasu
MallMHa NpefcTaBnsiBa MHOTOMAcoBa MEXaHWyHa CUCTEMa,
KOSTO Cb3AaBaT TPENTEHWS, KAaKTO B aBapueH (HeLonycTumo
npeTtoBapeaHe  mopagu  TOMSIMO  HapacTBaHe  Ha
CbMpOTUBIEHMSATA NPY KOMAeHe ) Taka U B HopManeH paboTeH
pexum. Hait-yecto Tes3u konebaHus umart ronsma amnnutyna
M HWUCKa YeCTOTa, Mopagn KoeTo He MoraT fa ce u3mepsat
WHCTPYMEHTW 6asupaHu Ha WHTErpanHu  nue3oMeTpUYHM
akcenepoMTpum.

Ha ¢ur.1 e nokasaHa CTPyKTYpHO (byHKUMOHanHaTa Onok
puarpama Ha MexaHuyHaTa 4acT OT POTOPEH MHOrOKOGOB
Barep Rs 2000 c nameputenHata cuctema , MOAenupaHa ¢
WHCTPyMEHTUTE Ha nporpamata Tl Sim 2,2, kosdATto €
npegHasHayeHa 3a W3CMedBaHe Ha  AMHAMUYHUTE U
KMHEMATUYHU NapaMeTpu Ha MEXaHW4YHW CUCTEMM CbC
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CbCPeoTOdeHN Macy . [pagnBHUTE ENEMEHTH, BPBb3KUTE
MEXTY TAX U HAKOM XapaKTepHW mapameTpu ca AafeHu no-
J0Iy KaKTo cneasa:

1 - TBbpAA OasoBa onopa, CBbp3aHa C KOOpPAMHATHAaTa
cuctema KG;

2 - potopHa ctpena, m 2 =100 000 kr.;

3 — Touka Ha M3MepBaHe M TeH304aT4MKk ¢ Maca My = (
0.075-1.39kr);

4 — BBHLHA cuna Ha KomaeHe, CunoBo cmylleHne, Fi= (0
—-200 000 H);

5 — curHan reHepatop Ha yHkumusTa Fk(t) cbec cnyyaeH
XapakTep ;

6 — emacTuyHo — pemncpepupaly Oycep Ha poTopHaTa
cTpena ¢ napameTpm :

C=1400000 H/m n B=5.5H.c/m;

7 — enactuyHo — femndepupaly 6ydep Ha TeH3ogaT4MKa
C napameTpy

C=140000H/m n B=55H.c/m;

lMokasaHaTa Ha (purypata Grok-guarpama € Ha [ABYMacoB
MexaHo-MaTemaTWiyeH MOAEen C edHa CTeneH Ha csoboga u
NWHeHO npemecTBaHe(dur.2), KbaeTo Macute miq M m 2 ca
CBbp3aHM B OTBOPEHA KMHEMATMYHA BEpura Ypes enactu4Ho-

Aemndepupaym

x1(t)

meH3o8amyuk >> | M1
| |
I
b1 D% Cr
|X2(t)
pomopHa cmpena >> | M2
] ¢Fk(t)

b2 |_‘J%'_|% C:
T

Pur. 2
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Bb3nMn C

nemndepupate b. ( Msaros )
MpuHyaeHaTa CMyljaBalla cuna e MpuUioXeHa KbM Bb3ena

koeduymeHT Ha enactyHoct C u - Ha

Mgz — poTopHaTa cTpena.

lMpuHyaeHuTe konebaHWs Ha cucTemarta, Bb3HUKBALM Mog
LENCTBME HA CMylaBaliaTa cuna Fy(f) morat ga ce onuwat
upes audepeHLmanHuTe ypaBHeHUs B MaTpuiHa opma kakto
cnepga:

(1) M3+B.i+Cx= R (t)
KbAeTo

(2) x= [ x()
KoopAMHaTH

(3) M,Bwu C camatpuuute Ha macuTe, gemndepupaHeTo 1
KopaBWHaTa ;

x2(t) |7 e Bekopa Ha 060GlieHUTE

Fk(t) € BEKTOpa Ha CMyllaBallata cuna Ha

CBMPOTUBIIEHUSTA NPY KOMAEHE.

UncneHoTo pelueHne e Gbae NOMyveH C MHCTPYMEHTUTE
Ha nporpamata ITI Sim 2,2, kosto nosgonsisa ga 6wbaar
MPELCTAaBEHN W CPaBHEHW (yHKUMUTE Ha amnnuTydata,
ckopoctute 1 yckopeHusta - s(t) , v(t) wun a(t) B obw
rpacuyeH npo3opeL.

[ebuHupaHaTa no TakbB HauWH 3agaya Lie Obae pelleHa
3a HAKONKO XapaKTepHU Cryyas .

2. XapMoHMYHa cMylLaBalla cuna

3a pa ce wm3cnegBa BMMSIHWETO Ha YecToTaTa Ha nepuo-
[u4HUTE KonebaHus BbpXy (PYHKUMUTE HA KUHEMaTU4YHWUTE
napameTpu Ha MacoBMTe Bb3NW OT CUCTEMATA, B Ta3u YacT OT
pabotaTa we Obae reHepupaHa cmyluaBala CUHycomaarnHa
NepuoLMYHa CINa Ha KOMaeHe, Ha KOSTO MOXe [1a Ce NPOMEHs!



yecToTaTa Ha konebanusita B amanasoHa ot 0 go 10 Xy Cneg
aKTUBMPaHETO M  KaTo MpUHydeHa CMyljaBalia cuna
npuroxeHa KbM pOTOpHaTa cTpena, e ObaaT u3MepeHu

CTOAHOCTUTE HA HaW-rofemMuTe  OTKMNOHEHMS Aa mexay
aMmnnnTyanTe Ha YCKOPEHWETO Ha pPOTOpHaTa CTpena B

TOYKaTa Ha u3mepeaHe — az(f) U Ta3n Ha TEH30M3MEPUTENHUS
enemMeHT — as(t) 3a pasnuyHM MO roNeMMHa  MHEPLIMOHHM
mMacu (M1) Ha CbLLMS eNEMEHT.

Binner Force - SyprotivitULISilati(Kopaene

g

Fal

m1=0.0752
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®ur. 3

. AHanuabT Ha pesynTatiTe Le Gbae HanpaseH Ha 6asata Ha
dyrkumsta Az = ( my, ), koato e (yHKums oT faBe

M1k 0,075 0,690 1,390
f,Hz Az, m/s?

1 06 3 15
2 06 2 32
3 07 1 4
4 07 6 6
5 08 58 10
6 08 59 1
7 0.9 6 13
8 0.9 65 16
9 1 7 13
10 11 85 12

He3aBMCUCMM NPOMEHITVBM .
Ha ¢our. 3 e npeacraseHa rpauyHo cunata Ha konaeHe F(t)

3a nepuof 0T 5 ¢. npu Maca Ha Tensoenementa My = 0.075
2., a Ha cur.4 B obw rpacnyeH mpo3opel yHKUMUTE Ha
YCKOPEHWETO Ha TOuKara Ha u3MepBaHe BbpXy poTOpHaTa
cTpena - aft)

B Acceleration - m1- Tenso
mis? W Acceleration - m2[i[JRotorStrela

my=0.0752

& ait)

01
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V

LB L I
1 2 3 4 5

0.2

©

0.3

Pur. 4

47

W TOBA Ha TEH30M3MepUTENHUS enemeHT - as(t) . Buxga ce ,
ye [BeTe rpauyHu NWHUM CbBMNAdaT HambriHO, a crnej
yBENWYeHne Cbec nyna B obnactute A morar ga craHar
BMAMMM CbBCEM MarnkuTe pasnuyust  ( He noseye ot £ 0.0015
M/C? ) Mexgy (yHKUMUTE Ha W3MEPUTENHWS ENEMEHT W Ha
YCKOPEHWETO B TOYKAaTa Ha M3MepBaHe OT poTopHaTa CTperna.
(BvX Our.5) .

® Acceleration - m1- Tenso
® Acceleration - m200RotorStrela

3

u‘uasé mis = 00752

u\;ﬁé f= 1Xu <— aslt)
u:::é Paﬂ”

U.DSS? Aa

T M M T )

dur. 5

B Tabnuua 1 ca 0600LieHmn 1 cucTemaTnanpaHi pesyntatute
OT M3MepBaHETO Ha MaKCUManHuTE  CTOMHOCTW Ha
otknoHermneto Aa = | as(t) - ax(t) |, xouto ce nonydasar B
EKCTPEMYMUTE Ha (PYHKUMATA Ha YCKOPEHMETO Ha poTopHaTa
ctpena. Kakrto 6ewle yTouHeHo no-rope, Macata e BapupaHa C
TP CTOWMHOCTM, @ YecToTaTa Ha TpenteHusaTa npes 1 Xy ot 1
no 10 Xu. Mo-sucokn cromHoctvt 3a  f ot 10 Xy He ca
MPUEMNMBH, Thbil KAaTo € ycTaHoBeHO ([amsHoB u fp.) , ye
npegasatenHaTa (yHKUMA OT auarpamarta Ha boge msvepnea
NIMHEHOTO €W MOBefEeHWe A0 YecToTa okono 12 Xu. FAcHo
3paseHo e Markoto oTkroHeHne Aa KoeTo MaMepuTenHUAT
TEH30€NEMEHT WUMa Mpy M3MepBaHe Ha YCKOpPeHWe C Ham-
Mankata cobctBeHa uHepuuoHHa maca — 0.075 r. Tosa
03HauaBa, Ye U3MepUTENHAaTa cuUcTema Lie paboTi Hal-TOUHO
B Ta3u KoHGMrypauus, u 1 TpsbBa Aa ce NpeanoynTa BUHaru

KoraTo ~ YyBCTBUTENHOCTTAa  Ha  TeH3onpeobpasyBaTens
Mno3Bonsga.
Tabnmua 1
Aa=(m1,f)

OTKnoHeHune,
A*10%e-3 ,
m/c2

m1=0,69 kg
m1=0,075 kg

Om1=0,075kg Om1=0,69 kg Bm1=1,39 kg

®ur.6

HanpaBeHuTe 13BOAM Ca BU3yanmaupaHW MO-ACHO Ha wr.6,
KbAeTo u3creasaHaTa (PyHKUMS e npefcTaBeHa rpauyHo B
TPUMEPHA KOOpAMHATHA cUCTeMa.



3. YoapHo npomeHsiwa ce cuna Ha npuHyaeHuTe

CMyLUeHunA

Tasu vacT 0T u3cnegBaHeTo NPeAcTaBnsiBa CYMynaums Ha
YAapHO HapacTBaHe Ha curata Ha KonaeHe , KOeTo Moxe Aa
Bb3HMKHE Npu pabota Ha Oarepa B cpega C TBbPAM
BKIIOYEHMS. TakbB PeXUM Ce XapakTepuaupa ¢ MHOro 6bp30
(MuMrHoBeHO) HapacTBaHe Ha cunata Fi(f) u nma cnydvaeH
XapakTep Ha Bb3HWKBaHE, KaTo MPETOBApBaHETO Ha LsnaTta
MexaHU4Ha CUCTEMa MHOrO0 YeCTO HagXBbprs AONyCTUMMTE
SIKOCTHW HOpMU. B TOBa M3cnepBaHe yaapHOTO NpeToBapBaHe
we 6bAe CUMYNMPaHO KaTo efHOKPATEH MUK B HAYanoTo Ha
npoueca 4Ype3 MUTHOBEHO HapacTBaHe Ha CTOMHOCTTa Ha
cunata Fg(t) ot 0 go 50 000 H. Camata ¢yHKUmMs e nomnyyeHa
ype3 reHepupaHe Ha CryyalHu CTOMHOCTM 3a Fy(f) B
avanasoHa go 200000 H, cnen koeTo e npunoxeHa cnnanH
anpOKCUMMPaHK .

Ha ®ur.7 e nsobpaseHa taau yHKUMS, KOSTO NO amnIuTyaa
M yYectoTa Ha konebaHusiTa oOTpassBa npaBgonofobHo
HaTOBapBaHETO Ha MEXaHW4yHaTa CucTema B [ENCTBUTENHU
paboTHW yCroBus.
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BDisplacement - m1- Tenso
mDisplacement - m20 ORotorStrela
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Ha cbur.8 ca nokasaHn gyHKUMUTE Ha NIMHENHO NpemMecTBaHe
Ha ToyKaTa Ha W3MepBaHe OT pOTOpHaTa CTpena W ToBa Ha
MacoBWs LIEHTbP Ha TEH30enemMeHTa, Ha ¢ur.9 — yHKuuMTe
Ha ckopocTuTe, a Ha ur.10 — yHKLMUTE Ha yCKOpeHusTa 3a
cblyuTe ToukM. Moxe aa ce yCTaHOoBM, Ye Npu Te3n yYCroBus 3a
npemMecTBaHusTa U  CKOPOCTUTE  CbOTBETCTBMETO  Ha
(yHKUMMTE 3a ABeTe TOukKM € abcomoTHO 3af0BONUTENHO, a
3a YCKOPEHWSITa MMa 3HaYMTEeNHO OTKMOHeHMe B obnacTTa A
- (Bwx cpur.10). Ha cour.11

W Acceleration - m1- Tenso
mis* W Acceleration - m20 DRotorStrela

me= 00751
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W Acceleration - m1- Tenso
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ce BuxaaT pobpe cnen yBenWueHWe € nyna 3aTuxealyuTte
XapMOHMYHM KonebaHusi Ha YCKOpeHueTo, KoeTo npuzgobuea
MHEepLMOHHAaTa Maca Ha TEeH30M3MepUTENHUS eneMeHT. Tasu
0CODEHOCT Ce [AbIKM Ha  MUrHOBEHOTO  CKOKOOBpasHO
HapacTBaHe Ha yckopeHusaTa ot 0 go 0,55 m/c2, Ho Tbil kaTo

dyHkumata @1(f) uma cumeTpudeH xapakTep CnpsMo Tasu ot
npuHyaenuTe konebaxua az(t), T4 moxe aa ce duntpupa .

® Acceleration - m1- Tenso
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