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4 Nikolay lvanov Stoimenov

The results included in the dissertation were presented and discussed at an extended
session of the Department of Embedded Intelligent Technologies, 1ICT-BAS, onJuly 15, 2016.
It was decided that dissertation defense should take place.

The full volume of the dissertation is 144 pages. It consists figures, tables,
applications. The list of references contains 112 titles.

The Defense of the PhD thesis had been held on September 29, 2016 at 14:30 in room
507, Block 2, 1ICT-BAS.
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Introduction

An example of an investigation/study about the movement and interaction of bodies with
different shape can be considered in ball mills. Changes in the shape and size of the grinding
bodies and the material for grinding can be observed in the ball mills. The bodies and the
grinding material affect also on the internal modules of the ball mill.

In dissertation is analyzed the types of mills, their inner lining and the workflow. The

regimes of ball mills, charging and discharging, characteristics of the grinding media are
examined.

Experimentally equipment is examined, which can help for detailed knowledge
contributes to proper operation. Attention is paid to nano particle sizer, thermography is
examined. Attention is paid to a software working on discrete element method, and different
modules which can be used for various simulations.

Methodologies are implemented and are used for the necessary equipment, attention is
paid to the basic functions influencing the measurements. A methodology is implemented and
is used as a base for research which made the movement, interaction and shape of bodies with
different shape.

Finally results are exposed, achieved by research and studies in production. An analysis
of the distribution of particles in the types of cements is made. Temperatures of rotary furnace
for ball mill are presented.

Simulations are implemented with software running onthe method of discrete elements
for movement of the grinding bodies in alaboratory ball mill. Innovative parameters of grinding

modules are proposed (lifters for a ball mill) to obtain the best parameters of the ground
material.
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6 Nikolay lvanov Stoimenov

Aim and tasks of the thesis

To achieve the aim and tasks of the thesis, attention is paid to movement and interaction
of different shape bodies in grinding processes. Objectives in this work is to study possibilities
for realization of high-quality and energy-efficient grinding processes using modern research
methods and innovative production tools.

To achieve the objective of thesis, the following tasks are formulated:

1. To analyze the different methods and devices for grinding of natural materials.

2. To propose approaches for theoretical study of different means and methods for
implementation of the grinding processes.

3. To justify the use of specialized software for modeling the movement and interaction
of bodies in a laboratory environment.

4. To conduct experiments on the shape, size and movement of the grinding bodies and
grinding media.

5. To determinate methodologies for investigation the composition of the products,
obtained by grinding, also the parameters of means of production.

6. To propose modules with an innovative form for improving the quality and
efficiency of the relevant processes.

Chapter 1
OVERVIEW OF THE MAIN RESULTS IN THE FIELD

Minerals with sufficient content of useful minerals are fuel, ore and gangue. They are
processed in order to increase the rate of the useful substance and to be obtained so called initial
material. The effectively carrying out of the enrichment process requires an initial product to
undergo the technological processing for averaging the mineral and chemical composition of
the product [1].

1.1.Types of Crushing

Crushing is a necessary process to reduce the ore pieces by applying external forces
that cause mechanical crushes of the ore. Most ores consist of solid and sturdy rocks which
need to be broken, facilitating the extraction of minerals. Fragmentation is performed in
stages. In the initial stage (up to 150 mm) are used devices named jaw crushers. The next
stage is secondary crushing performed in the cone crushers. The ore is crushed to 15mm in
diameter and enters in the mill [2].

In reference [2] classification of crushing, depending on the size of the material is
proposed.
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Table 1.1. Classification of crushing [2]

Average size of incoming material Average size of output
Name .
[mm] material [mm]
Coarse crushing 1500-300 350-100
Crushing 350-100 100-40
Fine crushing 100-40 30-5
Milling 30-5 1-0,07

1.2.Type of Mills

Depending on the field of application and its purpose, ball mills may differ in
dimensions and design features, also in terms of the parameters of the ongoing working process.
In [4] are presented generally three types of mills with horizontally positioned cylindrical drum.

In a constructive attitude the main parameters, characterizing the mill are its dimensions
- length and diameter (or their attitude) of the cylindrical body type feeder and discharge system.
The ratio length /diameter can vary within wide limits defining the tubular lining or the shape
of the mill. Most often this respect is in the range from 0.5to 3.5. The feed assembly typically
includes a spiral or double spiral line, which during the rotation of the mill charges raw material.
The discharge system of the mill may be of overflow or diaphragm type.

1.3.Inner lining of mills (Lifters)

Overall feature of some ball mills is the lifters (lifters) representing bars, disposed
longitudinally along the inner lining of the mill body [5, 6]. Liner may have various profiles
and serves to resist the wear of inner wall of the mill. Upon rotational movement, the lifters are
designed to lift to a desired higher level the contents of the mill before it falls back to the bottom,
thus provides a better crus of the material. In some cases, lifters may be helically positioned
along the mill, which achieves smooth movement of digestible material. The number of
deployed lifters proportion depends on the diameter of the cylindrical body of the mill.

Especially important is the fast repair and removal of damaged or worn lifters. To ensure
high reliability, design of lifters must provide an easy installation, removal and replacement.

For fine grinding of the material, [7] proposes the use of smooth lining - Fig. 1.5,
designed to provide a milling.

Fig. 1.5. Smooth lining [7].
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8 Nikolay lvanov Stoimenov

The most commonly used form of lifter shape includes head, edges and face (Fig. 1.6)
[8]. Lifters are located in the inner surface of the cylindrical shell of the mill, rigidly mounted.
The head lifter body is exposed to friction surface with a non-linear profile. Also, there are three
linear parts: the top of the lifter head, a lower portion to the lifter base, a middle portion between
the upper and lower part, and upper part with flat end and a smaller size.

Fig. 1.6. The most commonly used form of lifter [§].

Also, other shape of lifter is investigated — inverted trapezoid, shown on Fig. 1.7.
Narrow side of lifter is in contact with the inner wall of the mill (drum). Thus, the trapezoid
shape and pockets on the sides of the trapezoid allow to the material to elevate higher. F. The
pockets are placed on the both sides of the lifter. This enables rotation of the mill in both
directions (clockwise and counterclockwise). In this variant, the material for grinding and the
grinding bodies are elevated to a higher angle. Consequently, the material falls in the central
part of the mill and falls on the filling material and grinding bodies [9].

Fig. 1.7. Lifter with inverted trapezoid shape [9].

The shape and profiles of liners used for protective plates and lifters have a significant
impact on productivity and efficient milling of starting material. Different profiles of liners and
lifters have a different point and surface contact that they make with the material for milling
and grinding bodies. Fig. 1.8 shows a new type of lifters, patent application by Dimitar
Karastoyanov and Nikolay Stoimenov from IICT BAS, LIFTER, Reg. Ne 112 174, priority
14.12.2015 [10]. Lifters consists of body, head and base. The head is atriangle with spheroidal
countries and pointed tip, which will achieve more efficient grinding provided by the new form.
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STUDY OF MOVEMENT AND INTERACTION OF DIFFERENT SHAPE BODIES 9

Lifters type of spheroidal tetrahedron Reloe can be used for autologous and SAG mills, as

well as in ball mills. The shape of the body includes a spheroid shape with slightly rounded
edges.

The advantage is that the output material, achieved of the device with new lifter shape, has

an increased crushing of the material. The main crushing will be accompanied by the entry of
material grinding on the sharpened edge.

Another advantage is that the spherical surfaces contribute to the dissipation of energy
produced by the impact of material grinding lifters, to avoid damage of the lifter edge.

Fig. 1.8. New type of Lifters.
1.4.Working process.

Workflow has the following main parameters characterizing the ball mills. These are
the coefficient of reduction, production capacity and power consumption of the mill. Reduction
factor is the ratio of the particle size of the incoming material to the particle size of the milled
product at the outlet of the mill. In various applications it varies within wide limits, they may
be from 20: 1 to 200: 1, [4, 6]. Production capacity is measured in tons of output per hour, and
power consumption is reported in kilowatts. Other important parameters are also the rotation
speed, the weight of the grinding media and the medium weight of the mill.

1.5.Grinding media.

Most commonly used grinding media, described in [4, 6, 23, 24] are:
» Metal rolls with rounded ends (cylpebs);
» Ceramic balls with normal or high density;

> Steel or another kind of metal balls.

The above grinding media are shown in Fig. 1.9. Examined catalogs [23-26] provide additional
information on various parameters of grinding bodies.
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10 Nikolay Ivanov Stoimenov

a) b)
Fig. 1.9. Types of grinding media: a) cylpebs [23], b) ceramic balls [25], c) steel balls [26].

In [26] an examples are given for the cost of the grinding process (enrichment) of ore.
Electricity are separated 50%, for grinding bodies about 30%, about 10% of lining (lifters) and
10% for labor and other costs shown in fig.1.11.

Grinding Costs.

O1. Electricity ®2. Grinding Media @33. Lifters ®4. Other

Fig. 1.11. Grinding costs [26].

1.6.Working regimes of ball mills.

The ball milling process can be considered as a process of increasing the total area of
the particles of the digestible material. This is can be achieved by reducing the particle size as
a result of collision with the grinding bodies and the subsequent crushing and grinding of the
material. The kinetic energy of the grinding media depends on the rotational speed of the mill
and grinding the mass of bodies as in terms of speed of rotation are possible three main modes:
cascading (fig 1.12), waterfall (fig. 1.13), and centrifugal regime (fig. 1.14).
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STUDY OF MOVEMENT AND INTERACTION OF DIFFERENT SHAPE BODIES 11

Fig. 1.14. Centrifugal regime.

1.13. Conclusion.

From the review of the literature it can be concluded that are discussed research in the
area of ball mills, affecting the factors influencing the process of crushing and grinding of
various materials. Attention is paid to primary and secondary processes, also crushing machines
are discussed. Also the basic types of mills, as well as their method of loading and unloading
are investigated. Great attention is paid to the inside construction of the ball mill, as are
discussed existing patents with various forms lifters and benefits of their form. Types of modes
(regimes) of ball mills, speed and etc.
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12 Nikolay Ivanov Stoimenov

Chapter 2
EXPERIMENTAL EQUIPMENT

The grinding of ore and minerals is an expensive and complicated process. For research
into practice is necessary to interrupt the production process of enterprises, working on a plan
and strict adherence to schedule and contracts with other companies.

Therefore it is not appropriate to interrupt the production process and to do experiments
with existing equipment in practice.

This requires the use of experimental equipment, methods and means for research
workflow of mills, predictions and control of the starting material in a production.

For this purpose it is considered an equipment and software, which are intended to
support the quality, energy efficiency, optimization and unwanted repairs in the process.

Attention is paid to:

» Laser nano particle sizer from Fritsch, model Analysette 22 NanoTec plus;
» Thermal imaging camera FLIR P640;

» 3D scanner Creaform HandyScan VIU Scan,
» Software, working on discrete element method — EDEM Software.

2.3. Conclusion.

From the examination of experimental equipment can be concluded that its use
contributes to research, optimization and quality control grinding processes.

Studies of the size of the starting material contribute to quality control and offered
products.

The investigation of the temperatures can be monitored for emerging issues and their
timely removal before stopping unexpectedly the manufacturing process.
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Chapter 3

METHODOLOGIES FOR IMPLEMENTATION OF THE STUDY

Compilation of methodologies is extremely important to conduct study. Attention must
be given to a number of factors for different studies.

3.1. Methodology for investigation the size distribution of cements.

Main parameters and set up:

Y

VVVYVVYVYYYYVYYVY

Determining the method of measurement — dry;

Setting the SOP model;

Setting the pump (used for mixing material) - 6;

Setting operation of the ultrasound (used to separate the particles) - 10;
Determining the position of lasers and scope of the instrument;

Setting waiting times between the number of sample surveys;

Setting the number of measurements of the sample (recommended at least 3);
Determining the method of calculation - is selected Fraunhofer theory;
Determining the amount of fluid needed for testing;

Clear cell sample preparation for subsequent study.

3.2. Methodology for investigation the temperature in rotary furnace for ball mill.

The methodology and experimental study the temperature of rotary furnace for ball mill
is held in conditions of production in the following sequence:

>
>

>

>

Object for investigation. Rotary furnace for ball mill.

Determination of: factors, parameters and addictions, determining the main
qualities of the rotary furnace for ball mill.

Analyzing the results, if it is necessary to make some recommendations in the
daily operation of the rotary furnace.

Aim of the study: Check the functionality and parameters that will operate the

rotary furnace, maximum performance, minimum heat loss, high quality of executed operation,
high reliability and low cost, analyze cooling system. One of the important elements are the
bearings. Study cooling system around the bearings.

» Understanding the specific design of the furnace.

» Terms and devices for carrying the study.

» To present a scheme of the investigated object.

3.3. Methodology for simulating the grinding process.

To investigate the movement and behavior of bodies with different shape type by
simulation modeling, it is necessary to carry out successively the following tasks:

>
>

Understanding the need for simulation and expected results.
Identify and set the required model - Hertz-Mindlin (no slip), that will be carried
out for the simulation.

Abstracts of Dissertations 3 (2016) 3-20



14 Nikolay Ivanov Stoimenov

YV VYV YV

Determining the necessary connections between particles or particles/geometry.
Setting gravity.

Setting parameters of the materials.

Setting links between different materials.

Determination of the size of the particles, material, volume etc.

3.4. Methodology for analyzing and investigating the data provided from the
simulation modeling.

The methodology for the study of grinding bodies allows for the reporting of the main
factors that determine the grinding process such as:

VVVYVVYVYVYYVYYVY

Reporting size of the grinding bodies and materials;
Reporting dimensional geometric objects, materials;
Reporting speeds affecting geometric bodies;
Angle separation of the grinding body;

Angle of incidence of the grinding body;

Angular velocity of the grinding body;

strength Milling body;

Acceleration grinding body;

Speed Milling body and others.

The following methodology can be accounted for and to compare results from different
simulations from a similar character by changing some basic key factors, such as speed, shape,

size and more.

3.5. Reengineering of grinding media.

>

YV VYV YVYVYYVY

Calibration of the 3D laser scanner;

Setting power of the laser beams;

Setting up of light;

Requirements object of study;

Positioning the object of study;

Positioning retro-reflecting markers;

Processing of the scanned object using specialized software;
Export image post-processing surveys.

3.6. Conclusion.

Observance of developed methodologies in the study the size of the cement contributes
to obtain fast and accurate results when measuring the starting material.

Research and monitoring of temperatures in rotary furnaces for ball mills contributes to
the proper operation of the cooling system, preserving the basic elements such as bearings and
furnace housing.

The simulation of grinding processes and analyzing and testing of grinding bodies, also
analyzing the presented data is of key importance to understanding the processes occurring in
the movement of bodies.
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Chapter 4
EXPERIMENTAL STUDIES AND RESULTS

The results were obtained due to observance the composed methodologies for setting,
reporting, optimizing and analyzing the data required for carrying out the experimental studies,
related to the movement and interaction of bodies of variable shape.

4.1. Implementation of study the starting material size from ball mills.

Size of the starting material is important for both quality and energy efficiency of a ball mill.
To achieve fine-starting production, the grinding process needs to be more prolonged. Particle
size depends not only on the time of grinding, but also on the size of the grinding bodies.

4.2. Investigation the temperature rotary furnace.

The temperature along the entire length should be uniform with a normal variation. An
example of uniformity is "Ar2" of Fig. 4.4. The temperature in that area is in the range of 212,5
° C (blue marker) to 259,4 ° C (red marker). Furnace itself is provided with coolers in its lower
part (Fig. 4.3, item 2) to keep an uniform distribution of these temperatures.

442.4 °C

r400

r 300

r 200

r 100

36.8

Fig. 4.3. Furnace, 1 — base, Fig. 4.4. Thermography of rotary furnace.
2 — coolers, 3 — furnace, 4 — bearing

The studies, made with the thermal camera FLIR P640 showed an uneven distribution
of heat in the bearing section of the furnace (Fig. 4.4).

4.3. Study the movement and interaction of bodies with different shape.

In literature review of the thesis, it is clear, that the mills for grinding divided into at
least 5 species contained subspecies and subtypes. To get a better idea of all existing mills
attempt was made to classify these milling machines. Most attention has been paid to drum ball
mills.

4.3.1. Constructive characteristics of a drum ball mill.

Construction characteristics of ball mill drum usually are three chamber sections with
different width belts - 150, 100 and 50mm. This allows to obtain 7 different regimes. Side
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16 Nikolay lvanov Stoimenov

panels are transparent, protected with metal grille. This allows monitoring of different modes
of grinding and capturing the grinding bodies. The mill has the ability to add lifters, their
number is up to 24. The drive is infinitely variable.

To carry out the investigation is needed the mill to be modeled on 3D CAD product, in
one of the following formats - * .igs, * .iges, * .stp, * .step, * .msh, * .stl. 3D CAD model is
shown in fig.4.9.

Fig.4.9. 3D CAD model of laboratory ball mill.
4.3.3. Analysis of data, obtained from the simulation of spherical grinding bodies.

Angle of separation — 210,61 ° ' Angle of incidence —50,97 °

Fig.4.12. Determination angle of separation Fig.4.13. Determination angle of incidence.

Results of the simulation are particularly important to track the entire process of
movement of the bodies. It is expected when changing key factors (changing the diameter and
the number of balls, changing the speed of the mill, changing the type and number of lifters) to
change the values given from the simulation.

4.3.5. Analysis of data, obtained from the simulation of spherical tetrahedrons.

At arandom moment of time of the simulation is taken a randomly body. The trajectory
of this body is traced. Angle of separation and angle of incidence of this body are considered.
Coordinate X" is considered to 0 °. On that basis it is determined angle of separation from the
shoulder of the mill, which i this case is 208,85 ° (fig.4.19). The angle of incidence is 56, 72
° (fig.4.20).

Abstracts of Dissertations 3 (2016) 3-20



STUDY OF MOVEMENT AND INTERACTION OF DIFFERENT SHAPE BODIES 17

Fig. 4.19. Determination angle of separation Fig. 4.20. Determination angle of incidence.
4.3.6. Comparative analysis between different shape grinding bodies.

A comparative analysis between two bodies with different shapes was provided using
EDEM Software. Grinding spherical body and spherical tetrahedron with same mass. Angle of
separation from the shoulder of the mill and the angle of incidence are determined. During the
simulation, which is 30 seconds is compared and the number of "successful" rises to achieve
the desired mode of operation (cataract mode) of the two units described in previous reports.

Fig. 4.22. Determination angle Fig. 4.23. Determination angle of incidence
of separation of spherical tetrahedron. of spherical tetrahedron.

From the obtained data it is clear that the angle of separation of the spherical tetrahedron
is 233,94°, in contrast to that of the spherical body, which is 229,56°. The angle of incidence of
the tetrahedron is 57,39° and that of the spherical body is 59,19°. Due to the larger angle of
separation, the body has a greater height fall, correspondingly gets greater force when falling.

4.4. Lifters type of spheroidal tetrahedron Reloe.

The in-depth study of the processes occurring in ball mills led to the creation of a patent
application relating to the lifters for crushing, grinding and milling to the required particle size
of the material and will find application in mills in the mining industry.

The new lifter shape for SAG and autogenous mill is designed for lifting, separating the
grinding bodies (at SAG mill) and the material for grinding to the required level. The new
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18 Nikolay Ivanov Stoimenov

design of lifter shape helps for fragmentation and crushing material in order to achieve the
required particle size.

The new body form aims to achieve a high degree of crushing and grinding material for the
mining industry.

Lifters type of spheroidal tetrahedron Reloe can be used for autologous and SAG mills, as
well as in ball mills. The shape of the body includes a spheroid shape with slightly rounded
edges.

The advantage is that the output material, achieved of the device with new lifter shape, has
an increased crushing of the material. The main crushing will be accompanied by the entry of
material grinding on the sharpened edge.

Another advantage is that the spherical surfaces contribute to the dissipation of energy
produced by the impact of material grinding lifters, to avoid damage of the lifter edge.

The lifter, shown in Fig. 4.34 consists of body 1 with head 2 and base 3. The head 2 is a
triangle with spheroidal walls 4 and pointed tip 5. The base 3 is of a smaller size than the head
2 and the head 2 ends with a perpendicular wall 6 to the base 3. The space between the wall of
the base 3 and the perpendicular wall 6 forms a pocket 7. Axially on forehead 8 of the base is
made a hole 9 for fixing the lifter to the drum of the mill through a hole 11 in the drum 10.

a) b)

Fig. 4.34. Schematic view of Lifter patent application.

4.5. Conclusion.

An analysis of particle size of various types of cement was made. In analytical
calculations could be minimized the wide range of particles. This can be achieved by the timely
replacement of the grinding bodies.

In thermography made the furnace, providing the warming of the ball mill in cement
plant was inaugurated problem with a higher temperature than that contributes to a fast
amortization of the bearings and damages the coatings of the furnace itself both inside and
outside. The problem can be solved when choosing a more efficient cooling topology of the
coolers.

From studies made with different forms of grinding bodies (spheres and spherical
tetrahedrons) and comparative analysis between them is established that: the angle of separation
of tetrahedrons is greater than that of the spherical body. This means that at the same rotational
speed tetrahedron rises to greater height, as a result of which the force at the landing is larger.
This means that will produce more efficiently grinding and for less time. The angle of incidence
is also different.
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CONCLUSION

In this thesis was made an overview, analysis and systematization of methods and means
for implementation of the grinding processes (crushers, grinding bodies and environments,
process parameters of crushing and grinding).

Methods and algorithms for modeling and analysis of milling processes, grinding bodies
and grinding media, and the resulting product have been proposed.

Experiments were performed with specialized software for 3D modeling working with
discrete elements method used for the simulation movement and interaction between different
types of grinding bodies.

With a laser nano particle sizer was investigated the particle size distribution for types
of cements in different working regimes.

With a thermal camera were studied thermal regimes of furnaces, also internal structure
and wear of grinding bodies were investigated.

Innovative parameters of grinding modules (lifters in the lining a of ball mills) to obtain
the better parameters of the grinding material.

The exact selection and implementation can significantly improve product quality and
increase energy efficiency, which actually reduce time and costs in production.

SCIENTIFIC AND APPLIED CONTRIBUTIONS:

Based on the aim and tasks of dissertation work and the results obtained in the course
of the study, can be formulated following claims of scientific and applied contributions:

1. Analyzed and systematized in its entirety different methods and means for the
implementation of crushing processes, grinding and enrichment.

2. An approach for theoretical study of movement and interaction between bodies and
grinding environments with different shape.

3. Numerous experiments for 3D modeling and analysis of the movement and
interactions between grinding bodies of different shapes were performed.

4. The results of the experiments are verified, analyzed and optimized in order to
improve product quality and energy efficiency.

5. A methodology for assessing the properties of the obtained materials in different
parameters of milling processes.

6. Modules in grinding devices with an innovative shape and form were proposed. The
structure and density of the resulting products were studied
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O01a XapakTepUCTUKA HA TUCEPTANUOHHUS TPY/

AKTYaJIHOCT Ha mpodJema:

B chBpemMeHHHTE MPOU3BOJICTBEHU YCIOBHS TOMKOBUTE MEJIHULIM MTPEICTaBISIBAT €IUH
HIMPOK KJIac OT MAlllMHHU, IpeJHa3HadeHH 3a pa3ApoOsBaHe, CMUJIaHE W/WIM CMECBaHE Ha
MaTepuaiy, Karo 3a IeNlTa Ce€ H3MOJI3BaT METalHU WM APYr BHJ CPEpUYHU Tela B
KayecTBOTO Ha paboTHa (Menema) cpeda. 3a pas3jiuKa OT CJIOKHHUS XapakTep Ha paOOTHHS
nponec B TOIIKOBAaTa MCJIHUIA, B KOHCTPYKTUBHO OTHOIICHUC T NPCACTABIIABA OTHOCHUTCIIHO
MPOCTO YCTPOWCTBO C MpOCTa KOHCTPYKIHSA. OOMKHOBEHO, TOBAa € IMJIMHIPUYECH CbHI,
MOHTHPAH BbPXY MOAXOASI] GyHIAMEHT, KOWTO MO3BOJIIBA OCHUIECTBSIBAHETO HA BbPTEIINBO
JIBUKEHHE Ha ChJa MOCPEICTBOM 3aJBUKBAHE OT EJIEKTPUYECKU JBUTaTeNl ChC ChOTBETHA
Tpancmucus. Cren 3apexaaHe ¢ Marepuaia, IMpelHa3HaueH 3a CMHJIAHE U BBPTEHE C
orpeziesieHa CKOPOCT, MPOIEChT Ha CMUJIAaHE C€ OCHLIECTBSIBA OyiarolapeHre Ha KWHETUYHATa
CHCPIHUd Ha JABUKCIIATA CC B MCJIHUIIaTa MCJICIIA Cpcaa.

O0eKT u 00J1aCT HA U3CJIEABAHETO:

E,Z[I/IH HpI/IMep 3a MHU3CJICABAHC JIBUXCHUCTO U B3aHMO,Z[€I>'ICTBI/IeTO Ha TcCJla C
npoMeHMBa popMysia MOXe Ja ce ObJie pasriieiad NMpy TOMKOBU MeTHUIM. [Ipu TomkoBuTe
MEJTHUIIA ce HaOJI0/1aBaT MPOMEHH Ha ¢opMara U pa3Mepa KakTo Ha MEJICHIUTE Teja, Taka u
Ha Matc€puajia 3a CMUIIAHC. Tenara u Marc€puajia 3a CMHUJIIAHEC OKas3BaT BJIMAHHE M Ha
BBTPCIIHUTE MOJYJIM HAa TOIIKOBHUTC MCITHUIIH.

Cbabp:kaHue HA THMCEPTALMATA:

JlMcepTalMOHHUAT TPYA ChIbp)Ka YETHUPU TJIaBH, CIIUCHK Ha JMTepaTypa cbc 112
3arnaBusi. O6eMbT My € B pasmep Ha 144 cTpaHWIM TEKCT, BKJIIOYBAIN TaOauIM, GUTypH,
dopmynu, npunoxenus. Homepanusra, ¢purypute u GopmynauTe € 3ama3eHa B HACTOSIIUS
aBTopedepar.

B T'JIABA 1 ca aHanmu3upaHd THUIIOBET€ MEJHHWIIA, BBTPEIIHATA WM OOJIMIIOBKA,
pa0GotHus npouec. Pasrienanu ca pexumure Ha paboTa Ha TONIKOBU METHMIM, 3apeXIaHETO
1 0cOOEHOCTHTE Ha MeJellara cpesa.

B TJIABA 2 e pa3rienaHo eKCIEpUMEHTAIHO 00OpylBaHEe, KOETO JIETaiIHO
MO3HaBaHe JIONpUHAcA 3a IMpaBUWIHAaTa My ekciuioaTanus. OObpHATO € BHUMaHHUE Ha ypen 3a
M3MEpBaHEe eApUHaTa Ha YaCTHIIMTE, pasriefaHa € tepmorpadusara kato usio. [logpoduo e
pasraenan copTyep, paboTelr Mo MeTo/la Ha IUCKPETHUTE eIEMEHTH, KaKTO U MOJIEIHTE, 110
KOUTO paboTH.

B T'JTABA 3 ca cbcTaBeHH METOOMKH, IO KOUTO Ja CE€ HM3MOJ3BAT HEOOXOIUMMTE
ypeau, oObpHATO € BHUMAaHUE Ha OCHOBHU ()YHKIIMH, BIUSACINN HAa U3MepBaHUATa. ChcTaBeHa
€ MeToJuMKa Ha 0a3a Ha KOATO ca OCBUIECTBEHH H3CIEIBAaHMUATA Ha JIBHKCHMETO,
B3aMMOJICHCTBHETO U (hopMaTa Ha Tella C IPOMEHIINBa Gopma.

B T'JIABA 4 ca u3noXXeHU pe3ynTaTuTe, MOCTMIAaHUW OT HAayYyHU H3CIECABAHUSA U
u3CcJeIBaHMs B IPOM3BOJACTBOTO. HampaBeH e aHanu3 Ha pasnpeaesieHHeTo Ha YaCTULIUTE BbB
BUZIOBE LUMEHTH. OTYETEHH ca TeMIIepaTypuTe Ha POTALMOHHA IEMl 32 TONKOBAa MEIHHULIA.
OCBhIIIECTBEHU Ca CUMYJIAIMUA ChC codTyep, paboTel] Mo METo/1a Ha JUCKPETHUTE €IIEMEHTH
3a ABMI)KEHHETO Ha MeJIeIlU Tejla B Ja00opaTOpHA TONKOBA METHHIIA.
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Iea u 3agaum HA AUCEPTANUATA

B mnpenocraBeHuss nucepTaliMOHEH TPYA CE€ Pas3riexaarT MpoOJIeMH, CBBP3aHH C
JIBUKEHHE W B3aMMOJCHCTBHE MEXAY Tejla MPH CMUJIATENHU MpPOLECcH, KblaeTo (popmara u
pa3MepuTe Ha Tenara ce mpoMeHsAT. [locTaBeHuTe LEnM B TO3M TPYA € Jla Ce€ H3CIeaABar
BB3MOXXHOCTUTE pealin3alusi Ha 3a KAuyeCTBEHU U CHEPruilHO e(PEeKTUBHU CMUJIATEIIHU
MPOLIECH TOCPECTBOM MOJEPHH M3CJEI0BATEICKM METOIU W MHOBATUBHU NMPOU3BOJICTBEHU
CpeaCTBa.

OTtunTaiiku U3BBbPUICHHS aHAJIN3 U MIOCTaBeHaTa 11eJ ca (GopMyIHpaHu CIETHUTE 3a4a4u:

1. [Jla ce ananmu3upaT pazIUYHUTE METOJU U CPEICTBA 3a pa3apoOsiBaHEe, CMUJIAHE U
oboraTsiBaHe Ha MPUPOIHHU MaTEPHUAIH.

2. Jla ce mpemiokar MOAXOAW 33 TEOPETUYHO H3CIIEIBAHE HA Pa3IUYHH METOIU U
CpeJiCTBa 3a peajin3alus Ha CMUJIATEIHH MPOIIECH.

3. Jla ce 060cHOBE MOJI3BaHETO HA CHEIUAIM3HPaH coTyep 3a MoIeTTUpaHe Ha
JBUKEHHETO M B3aUMOJICHCTBUETO Ha MHOKECTBO Tena B JabopaTopHa cpeja.

4. Jla ce mpoBenaT ekcriepuMeHTH 3a ¢opMaTa, pa3MepuTe U IBUKEHHETO Ha MEJEIIN
TeJa U MeJelly CPpeIu.

5. Jla ce ompenensiT METOOUKH 3a H3CJIEIBAaHE HA ChCTaBa Ha MPOIYKTHUTE, MOJY4YECHU
ype3 CMUJIaHe, KaKTO U apaMeTPUTE Ha MPOU3BOACTBEHUTE CPEICTBA.

6. Jla ce mpemiokar MoOaynu ¢ WHOBAaTWBHA (opMa 3a IMOBHUIIIABAHE KayeCTBOTO M
eHepruitHaTa e(eKTHBHOCT Ha Pa3TIICKIAHUTE MTPOIIECH.

AnpobGanus Ha pe3yJTaTuTe

Pesynratu, BKIIOYWEHM B JAWCEpTalUsITa, Ca JOKJIAABAaHU Ha: MEXIyHApOIHA
koHbepenims B uyxouna Fifth International Symposium on Business Modeling and Software
Design, Milan, Italy, 6-8 July 2015, ISBN: 978-989- 758-111- 3.

Yact or pesynrarure ca mpenactaBeHu Ha ciegHute kKoHpepenmuu: XXIII, XXIV,
XXV MHTK AsBromaruszauuss Ha AHCKpeTHOTO npousBoacTtso ,,A/lII” KOuu, Cosomnon
2014r., 2015r., 20l6r., B cmnucanue ,IlpoOGnmemMu Ha TexHHYECKaTa KHOEpHETHKA U
poboTtukara‘““ u zip.
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Tnasa 1
JUTEPATYPEH OB30P

JIoGUTOTO MOJIE3HO M3KOMAEMO C JTOCTAThYHO ChIbPKAHME HA TOJE3HHM MUHEPANIU Ce
00paboTBa M ce MoJTydaBa T.Hap. U3X0JICH MPOAYKT.

OcpliecTBABaHETO Ha ePEKTHBEH OOOTaTHTEICH MPOIEC W3UCKBA M3XOTHHS MPOIYKT
Ja TIPEThPIHM TEXHOJOTMYHA IpepadOTKa 3a OCpPEeJHSBAHE HAa MHHEPAIHUS M XUMHYHHSA
chcTaB Ha mpoaykra [1].

CMmunlaHeTo Ha Pa3IMYHM MaTepHaIM TPEICTABIsIBA BAKCH WHAYCTPHAJIECH IPOILEC,
IpU KOMTO MaTepuala ce HaTpOIlaBa M CMUJIA J0 ONPEEIICH MPeIBapUTETHO JKEIaH pa3Mep.
TOnKOBHUTE MEITHUIM HAMHPAT MIMPOKO MPUIOKEHHE B PA3IMYHH MPOM3BOACTBEHU O0JIACTH
KaTo TJIaBHO TOBa Ca METalyprusTa, MHHHAaTa WHIYCTpUs U 00paboTKaTta Ha MUHEPAJIH,
MPOM3BOACTBOTO HA IUMEHT, XMMUYECKaTa IIPOMUIIUICHOCT, (hapMaleBTHKaTa i KO3METHKATa,
KepaMuKara, 1a00paTOpHH M3CIEeIBAaHHUS U APYTH. B 3aBUCHMOCT OT KOHKpETHaTa 00JIacT Ha
NpUIOKEHHE, 00pabOTBAaHUTE MATEPHAIM CE Pa3IMyYaBaT MO TBBPIOCT, pasMEpH, XUMHUYCH
CBCTaB M CTPYKTypa, KaTO MPHUMEPH B TOBA OTHOIICHHE MPEJCTABIABAT PA3TUYHUTE BHOBE
pyAH, MUHEpaIU, BApOBHUILIU U APYTH.

1.1. TunoBe TpOMIAYKH

Martepuanure, MOJyYeHH MPU JOOMB OT 3€MHATa KOpa, IMPEACTaBIsABAT KHCOBE C
pasmepu ot 0,1 mo 1500mm. 3a na 6baaT U3MOI3BaeMH, KCOBETE TPsIOBA Ja ce pa3aApoOsT 10
ompejesicHu pasMepd. TpOIIEHETO € MpoIec, MPU KOWTO € HeoOXOIUMO Jia ce HaMau
pa3Mepa Ha pYIOHHTE KBbCOBE, Upe3 IMpWJIaraHe Ha BBHIIHU CHIH, NPEIU3BHKBAIIH
MEXaHHMYHOTO UM pa3TporuiaBaHe [2].

B [2] ¢ npeanoxkena kinacupukaius Ha TPOIICHETO B 3aBHCUMOCT OT Pa3MEpHTE Ha
MaTepuana.

Tadoamua 1.1. Kinacudukanus Ha TporeHero [2]

Cpenen pazmep Cpenen pazmep
HanmenoBanue
Ha IMOCTBIIBAIIKSA MaTepran [mm] Ha roTOBHs MaTepuan[mm]
Enpo tpomene 1500-300 350-100
CpenHo TpolieHe 350-100 100-40
JlpeOHo TporeHe 100-40 30-5
CwMutane 30-5 1-0,07

1.2. Tunose MeJHHUIH

B 3aBucumoct oT cdepara Ha MPHIOKEHHE U CBOETO IMpEeAHA3HAuYEHUE, TOIKOBUTE
MEJIHUIM MOTaT Jia ce pa3jindyaBaTr KakTo M0 TadapuTH U KOHCTPYKTUBHH 0COOEHOCTH, TaKka U
0 OTHOIIIEHUE Ha MapaMeTpUTe Ha nMpoTtuyamus paboter mporec. B [4] ca npencraBenn Haii-
001110 TPH TUIIA METHUIU C XOPU30HTAIHO PA3MOI0KEH IIHIUHAPHYEH OapabaH.

B KOHCTPYKTHBHO OTHOILIEHHE OCHOBHU MapaMETPH, XapaKTepU3UpaIld MEIHULATa Cca
HeifHUTe rabapuTH, ONpeeNsaiy ce OT AbDKMHATA U TUAMEThpa (UM TAXHOTO OTHOLICHHUE)
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Ha IWIMHIPUYHOTO TAJO, THUIIA Ha 3axXpaHBallMs MeXaHu3bM (puilabp) M cucreMaTa 3a
u3Ipa3BaHe Ha cMIIeHUs MaTepuas. OTHOUICHUETO JBIDKUHA/IMAMEThp MPAKTUYECKU MOXKe
Ja Bapupa B UIMPOKH TpaHHIM, OmNpeaessamo OapabaHHata uiau TpbOOooOpa3Ha ¢opma Ha
MenHunara. Hali-uecto ToBa oTHowmeHue € B rpanunure ot 0,5 mo 3,5. 3axpanBaiusar
MEXaHU3bM OOWMKHOBEHO BKIJIIOYBA CIUpPajooOpa3Ha WM JABOMHA CHUpPANIOOOpa3Ha JIMHUS,
KOSITO IPHU BBPTEHETO Ha MEJHMIATa 3apexnaa cypoBuHaTa. Cucremara 3a M3Mpa3BaHE Ha
MEJIHUIATa MOJKE J1a € OT IPEeIUBEH WK AuadparMeH TUIl, KaTO OTBOPA 3a U3TUYAHE MOXKE Ja
MMa LWIMHIPUYHA WIK KOHWYHA (hopMa.

HanuyHy ca MenHUIM, IPU KOUTO LUIMHIPUYHOTO TSIJIO HA MEJTHMIIATA € CeapupaHo
MOCPEJICTBOM PEIIETKH Ha OTAEJCHHS, KOUTO MPOIMYCKAT YACTUIIMTE C pasMep MO-MaIbK OT
OTBOpUTE Ha pelIeTKaTa M HE I03BOJIIBAT Ha TMO-TOJIEMHUTE YacTULM Ja NpPEMHHAT B
cnenBaioro oraencuue [4, 6]. ToBa mo3BosiBa B pa3IMUHUTE OTICICHUS HAa MEIHHLATA Ja
Ce OCBIIECTBSABA CMUJIAHE Ha Pa3MyeH MO Pa3MEpH MaTepHall ChC CHOTBETHO pPAa3JIMUeH
pasmMep Ha Menemure c(EepUyYHM Tela B Pa3jIMYHUTE OTIENM Ha MenHunara. To3u Tun
MEJIHUIY [103BOJIABAT OTAEISHETO HA O-TpyOus MaTepuai 3a MeJleHe OT Mo-(UHMs, KaTo MpH
TAX OTBOPBT 3a M3Mpa3BaHE HAa CMISIHOTO ChAbP)KAHME HA MEJHHUIAaTa OOUKHOBEHO €
KOHHYEH. MEJIHUIMTE OT TO3U THII €a ¢ O-MaJIbK TOHAX U rabapuTH.

1.3.BpTpenina o6aumoBka Ha meJHuu (JIudrepu)

KoHcTpykTHBHa 0OCOOEHOCT Ha HSKOM TONKOBH MEJIHHUIM € HAJIMYUeTO Ha Taka
HapeueHuTe MoBAUTaun (MUQTepu), MpeacTaBIsBaIll IPEId, Pa3MoIOKEHU HAMIBXKHO IO
BBTpEIIHATA OOIIMBKA Ha TsUIOTO Ha MenHmmara [5, 6]. Camara oOmmBKa MOXe Ja UMa
pasnuaHy TPOoGIIIH U CIYXKH Ja Tpea3Ba OT U3HOCBAaHE BHTPEIIHATA CTEHA HA METHUIIATA.
[Ipu BBPTENMBOTO ABMKEHHE THPTEPUTE MMAT 3a IEJ Ja MOBAWTaT HA IMO-BHCOKO HHBO
ChIBPKAHUETO HA MEJHUIIATA TIPEIH TO J1a agHe 00paTHO HA ABHOTO, KATO MO TO3W HAYHH Ce
ocurypsiBa mo-mo0po pa3apoOsiBaHe Ha Marepuana. B Hskou ciydan audTepuTe mMoraT na
ObJaT COUPAJIOBHUIHO PA3MOJIO0KEHH MO IBbJDKMHATA Ha MENHUIATA, C KOETO C€ MOCTUra Io-
IUIaBHO JABM)KEHHE Ha cMuiIaeMusi MaTepuai. bposT Ha pasmosnoxxeHuTe AudTepu 3aBUCH
MPOIMOPLIMOHAIIHO OT AUaMeThpa Ha HWJIMHAPUYHOTO TSJIO Ha MEJIHUIIATA.

OT ocobeHo 3HaueHue € ObP30TO PEMOHTHpAHE, OTCTpPAaHSIBaHE Ha MOBPEACHH WU
M3HOCEHHW IM@dTepu. 3a a OCUTypsiBa BUCOKA HAACKIHOCT, KOHCTPYKIUATA Ha JTUdTEpUTE
TpsIOBa J1a OCUTYPSIBA JIECEH MOHTAXK, IEMOHTAX U TIOMSHA.

3a puHO cMHMIaHe Ha MaTepuaia, [/] mpeanara U3Moa3BaHETO Ha IJajKa OOJUI[OBKA —
¢ur. 1.5, nmaiua 3a 1en 1a ocurypsiBa CTpUBALIO JEHCTBUE.

®ur. 1.5. 'nagka obaumoska [7]

Jluteparypata mpemyiara ¥ Ipyrd BUIOBE OOJWIIOBBRYHHU Ioud u Jmdrepu [8] c
¢dbopMma, chabpkalia ryiaBa, ppbOoBe M yuie. TO3UW TUN € PasNoiokKeH BbB BHTpEIIHATA
MOBbPXHUHA HA LUWIMHIPUYHUA Kopmyc Ha menHuua. Jludrepsr, mokazan Ha ¢ur. 1.6 ce
ChCTOM C€ OT TPH JINHEHHU YacTH: TOPHA YacT, J0JIHA YacT U CpeHa YacT.
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W3Becten e u apyr tum nudrep, nmokasan Ha ¢pur. 1.7 [9] — o6bpHar Tpamen. Toii e
CTECHEH OT CTpaHaTa, KOHTAaKTyBallla ¢ BRTPEIIHOCTTA Ha MenHuIara (bapabana), a B ropHaTa
cu yact e pasmupeH. [1o To3u HaumH QopmaTa MO3BOJSIBA M3IUTaHE HAa MaTepuaia 10 Io-
BHCOKO HHMBO Ha OTJCISHE Ha MaTepualia OT CTeHaTa Ha MEJHHIATa. 3a MO-BUCOKOTO
U3MraHe criomMarat W JpKoOOBe IO cTpaHWTe Ha Tpamena. /[koOoBeTe ca OT JIBETe CTpaHH,
KaTO TOBa IM03BOJIIBA MEJHHIIATA J]a C€ BBPTH B JIBETE MOCOKH (10 YaCOBHUKOBATA M 0OPAaTHO
Ha YaCOBHUKOBaTa cTpeiika). [Ipu TO3W THI MaTepHaTbT 3a CMUJIAHE U MEJCIIUTE TeNa Ce
U3MraT 10 MO-BUCOK brbj. CleACTBHE HAa TOBa MaTepHalbT Maja B IEHTpaJIHATa 4acT Ha
MEJTHHIIATA U TOMaja BbPXY MIbJIHEKA OT MAaTEpUall U MEJICIIN Tea.

2y <N T 7,
208 LT A [ARyal Zl”/;,.

08

Py ~
zo‘c‘%“\Q,‘\E " D>

®ur. 1.6. JIudrep [8] ®ur. 1.7. JIudrep [9]

dopmara u npoduauTe Ha OONMIIOBKUTE, HW3IMOJ3BAHM 3a MpPEANa3HH IUIOYH |
TUQTEpH OKa3BaT ChHINECTBCHO BIHMSIHHE BBPXY MPOU3BOJAUTEIHOCTTA W €()EKTUBHOTO
CMHJIaHE Ha M3XOJHUS MPOIYyKT. PaznuunuTe npodmim Ha OOTUIIOBKUTE M JTUPTEPUTE UMAT
pa3nMYeH TOYKOB W TOBBPXHOCTEH KOHTAKT, KOWTO T€ OCBHIIECTBSIBAT C Marephaia 3a
cmmiane U menemure Tena. Ha ¢ur. 1.8 e mokasana HoBa ¢opma Ha nmudTep, 3asBeHa 3a
nareHT oT Jumutsp KapactossnoB u Huxonait CroumenoB ot UMKT-BAH, JIN®OTEP, Per.
Ne 112174, npuopurer ot 14.12.2015 [10]. JludrepbT ce cbCTOM OT TSJIO, TJ1aBa U OCHOBA.
['maBara mpencTaBisiBa TPUBI'BIHUK ChC CHEPOUTATHA CTPAHH M 3a0CTPEH BPBX, C KOETO IIIe
Cce MOCTHUTra no-e()eKTUBHO CMUJIAHE, OCUTYPSIBAHO OT HOBaTta (hopma.

@ur. 1.8. JIudrep HOB TUIT
1.4. PaGoTeH npouec

PaGotHus poriec uMa CiIeIHUTE OCHOBHH MapaMeTPH, XapaKTEPU3UPAIH TOMKOBUTE
MenHud. ToBa ca KoepHUIIMEHTHT HAa PEAYKIHS, TPOU3BOJCTBEHHUS KalalHUTEeT |
KOHCYMHpaHaTa MOIIHOCT Ha MenHumara. KoepuiueHThT Ha peayKIus MpeAcTaBiIsIBa
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OTHOIICHHUETO Ha pa3Mepa Ha YaCTULIMTE Ha BXOJAIIUS MaTepuaia KbM pa3Mepa Ha 4acTULIUTE
Ha CMJIGHHS MPOAYKT Ha M3XOJla Ha MeNHUIaTa. B pa3auyHuTe MpUioKeHus TOW Bapupa B
IIMPOKK TpaHWIM, KaTo Te morar ma ca ot 20:1 mo 200:1, [4, 6]. IIpou3BoacTBEeHHST
KalaluuTeT ce U3MEPBA B TOHA MPOU3BEAECHA NPOAYKIHMS 32 4ac, a KOHCYMHpaHaTa MOLIHOCT
ce OTYMTa B KWJIOBaTH. BaxkHM mapaMeTpu ca ChIO Taka CKOPOCTTA Ha BbPTEHE, TErJIOTO Ha
MeJeniaTa TONKoBa cpeia u TErJIoTO Ha MEJTHULIATa KaTo 1sJI0.

1.5. Meaema cpena

B kadecTBOTO Ha Menelia cpeia WM MeEJeld Tela B ChBPEMEHHUTE TOIKOBUTE
MEJIHUIY Hal-ueCcTO OMUCAHUTE 3a U3IOJI3BaHe B iuTepatypure [4, 6, 23, 24] ca:
» MeranHu UIMHAPUYHY TeJla Che 3a001eH Kpauia (cylpebs);
» KepamuuHU TONKYU ¢ HOpMaTHA WU BUCOKA IUIBTHOCT;,
» CTOMaHEeHH WU APYT BU]l METAITHU TOIKH.
I'openszbpoenute Mmenemmu Tema ca nmokazaHu Ha ¢ur. 1.9. Pasrnenanure gpupmenu
karano3u [23-26] npeaocTaBsIT W IOMBIHUATEIHA WHOOPMAIMS 3a Pa3IUYHU IMapaMeTpu Ha
MEJICHINTE TeIa.

a) 0) B)
®ur. 1.9. Bunose menemum tena: a) cylpebs [23], 6) kepamuunu Tonku [25], B) cromaneHu
Tonkwu [26]

B noBeueTo OT MpoMHUIIUIEHUTE MPHUIIOKEHUS Ha TOMKOBUTE MEJIHULIU, TUAMETHPHT HA
M3IIOJI3BaHUTE MeTaHu cepu He Haasumana 130 mm [21]. [To ganuu ot [4], mIbTHOCTTA Ha
MeTaHaTa MeJlellla cpesia IPU CPeIHO TRBPIM pyau e 4650 kg/m?®, a npu o Mexn pynan nim
Ipyrd MaTepualid Moratr jaa ce usnoisBar kepamuuHu tonku (90% Al2O3), mpu koeto
TAXHATA ITBTHOCT € mpuommsurenso 2200 kg/ m3. Tpsa6Ba na ce MMa IpeaBHU, Ue B IPOLECA
Ha pabora, Mernemara cpefa ce U3HOCBA, KOETO Ce M3pa3siBa OCHOBHO B 3aryba Ha Terjo H
HapylIiaBaHe Ha MOBBPXHOCTTA U (popmara Ha MeneniuTe Tena. ToBa ce OTpassiBa KakTO Ha
MIPOU3BOIUTEIIHOCTTA HA MEJTHHIIATA, TaKa M Ha KA4eCTBOTO Ha M3XOAHHUsS MPOoAyKT. B [26] ca
Ta7cHd TPUMEPHHU DPa3xoly 3a Tpoieca Ha cMmuiaHe (obOorarsBaHe) Ha MeIHa pyaa. 3a
enekTpoeneprus ca orneneHu 50%, 3a menemu tena okoso 30%, okono 10% 3a o6imoBKa
(mudrepn) Ha menuuuute U 10% 3a Tpyn U ApYrH pa3xoau, nokazanu Ha ¢ur.1.11.

HezaBucumMo oT Tuna Ha U3MOA3BAHUS MaTepHall, ChIECTBYBAT HAKOJIKO BaXKHU 00N
MpaBmJIa, KOUTO CJIE€BA a c€ KOHTPOJIUPAT BbB BCUUKH CIy4aH.

» Mennaumara TpsiOBa na ObAe 3apeleHa ¢ JOCTaThYHO KOJIWYECTBO MaTepual,
npeaHa3sHaueH 3a CMUJIaHe, KOWTO Ja MOKpHBa MejemaTa cpeaa [25].
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Pa3zxoou npu cmunane.

O /. Enekmpoenepeuss B 2. Menewu mena B 3. Jlugpmepu B4. Tpyo u op.

®ur. 1.11. Pasxoau npu nporec cMuiane [26]

» Ilo oTHOmICHWE Ha pa3Mepa Ha MeEJCHIMTE Telia CJeJBa BUHATH Ja CE H3II0JI3Ba
BB3MOXHO Hai-Majkus pasMep. [IpuauHUTE 32 TOBA ca Ha HAKOJIKO, KaTo Ha MIBPBO MCTO €,
9e MO TO3W HAYMH C€ IMOCTUIa MaKCHMaJlHa KOHTAaKTHA ILION[ MEXIYy MeJieniara cpeaara u
CMHJIaEMUS MaTEPHUaI M Ha BTOPO MSCTO, HE CE Ch3/1aBa U3JIUIIIHA CHEPTUs Ha CMHUJIaHE, KOSTO
HE CaMo, 4e HE MOXKE JIa C€ OMOI30TBOPH, HO BOJIM JI0 HEXKEIIAHO TPErpsBaHe HA METHHUIIATA U
M3HOCBaHE Ha Menemara cpefa. Kato HemocTaThKk Ha M3MOJI3BAaHETO HA MEJEIIM Teja C To-
MaJbK pa3Mep MOXE Ja C€ IMOCOYM IM0-0aBHOTO W3Mpa3BaHEe HA CMIICHUS MaTepuall OT
MCEJIHUIIaTa.

» Bpemero Ha paboTHHUs Tpolec TPsAOBa Jia ce CICAM BHUMATEIHO, 3a Jia ce HW30erHe
HEXeJIaHO MPeKoMepHO cMmiiaHe. ChINO Taka W U3JTUIICH Pa3Xxo] Ha eJICKTPOSCHEPTHS.

» He tps0Ba na ce momycka MOBHINIABaHE HA TeMITepaTypara M 3arpsBaHe Ha MEITHUIIATa
HaJ JOIMycTHMOTO. [IperpsBaHeTo MoXe Ja ce M30erHe 4ype3 HaMassBaHE Ha CKOPOCTTa Ha
MEJHHIIATa, KOETO o0ade yIbbKaBa BPEeMETO M HamalsBa e(PEeKTHBHOCTTa Ha TpoIleca.
Hopa):[n Tasu HpI/I‘II/IHa B KOHCprKI_[I/ISITa Ha HSIKOU MCJIIHUIIU € Hpe[[BI/II[eHa CUcreMa 3a
OXJIaXKIaHE.

1.6. Pe:xxuMu Ha padoTa HA TONMKOBH MEJHULH

[IporiechT HA CMUIIaHE B TOTIKOBUTE MEITHUIIM MOKE JIa C€ Pa3riiexk/ia KaTo MpoIec Ha
MOBUIIIABAHE HA CyMapHaTa IUION] HAa 4YacTHIIMTE Ha CMHJIaeMHusi marepuan. ToBa ce
OCBIIECTBSIBA YpE3 HAMAJISIBaHE pa3Mepa Ha YaCTUIIUTE BCIIEICTBUE HA COIBCHKA C MEJICIIUTE
TeJNa W TMOCIIEABAIOTO pa3apo0siBaHe W CTPHBAaHE Ha MaTepuaia. KnHeTnyHara eHeprusi Ha
MeJieniaTa cpea 3aBHCH OT CKOPOCTTa Ha BBPTEHE Ha MENHHIIATA M MacaTa Ha MEJCIIUTe
TeNa, KaTo 1Mo OTHOIICHUE Ha CKOPOCTTa Ha BBPTEHE ca Bb3MOXKHU TPH OCHOBHH PEKMMa Ha
pabora: KackaJieH, BOAOIA ICH, IIEHTpOoyrupaHe.

[Tpu manka brioBa ckopoct Ha OapabaHa Ha TOMKOBATA MEITHUIA, HATMYHUAT ITBIIHEK
OT MeJIeHIM Teja ce IMpeMecTBa MO IMOCOKAa Ha BBbPTEHETO Ha OapabaHa HAa MEIHMLATA.
MGJ'IGH_II/ITG TCJIa HC CC U3UTraT BUCOKO, IIPU TAX CC U3BHPIIBA NPUILIIB3BAHC U CTPUBAHC U HC
C€ OTACIAT OT CT€HATa Ha MEJIHUIIATA. HOTGHI_II/IaJIHaTa U KMHCTUYHA CHCPIrusA Ha MEJICHIaTa
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cpeda UMaT HUCKU CTOMHOCTH. TO3M peXKUM ce Hapuya KacKaJeH PeKuM, NTOKa3aH € Ha (ur.
1.12. Tlpunara ce OCHOBHO TPH MPHTOBU METHUIIM, CHIIIO TaKa M B HIKOW TOMKOBU MEITHUIU
IIpY BTOPH U CJIENIBAIM CTAAUU HAa cMuiiaHe. [Ipon3BoauTenHOCTTa € MaKa Ipu padoTara Ha
TO3H KacKaJieH PEKUM. 3aTOBa TO3U PEXHMM HE ce U3Moi3Ba uecto [1, 2, 4, 7].

®@ur. 1.12. Kackanen pexum Ha paboTa IpHu TONKOBH MEJTHUIIH

C noBumIaBaHe Ha BIIIOBaTa CKOPOCT Ha OapabaHa Ha METHHIIATA, YaCT OT MEJICIINTE
TeNa, Pa3loJOKEeHN B Hal-BBHHITHHUTE CIOEBE CE OTACNAT OT OapabaHa M 3amovBar 1a ce
JBIDKAT 1O TTapabomyHu TpaekTopuu. OCTaHAINTE TONKH PaOOTAT B KACKAJICH PeXUM. T03H
PCSKUM Ha JBM)KEHHE HA CMUJIAIATa Cpe/ia ce Hapuia cMeceH pexum [1, 2, 7].

BoponaieH pexuM Ha CMHJIAHE € TO3H, ITPU KOWTO MEJICIUTE Teja OT BCHYKH CIIOCBE
(BBHILIHU W BBTPEIIHH), H3AUTAHKU ce 3aeIHO ¢ OapabaHa 10 MO-BUCOKO, H3TyOBaT KOHTAKT C
Oapabana. CneicTBHE Ha TOBA c€ OTKBHCBAT M MPEMUHABAT B ChCTOSIHHUE Ha ,,CBOOOICH MOJIeT",
Clie/i KOETO OTHOBO CE MPH3EMsBAT Ha JbHOTO. [lOTEHIMAIHATA ¥ KMHETUYHA CHEPTUs Ha
MeJIeniara cpeja ca ¢ mo-BUCOKH CTOHHOCTH B CpaBHEHHUE C KacKaaHOTO MeieHe. CMUIIaHeTO
Ha MaTepualia TIPU TO3U PEXKUM, U3BECTEH OIIe KAaTO KaTapaKTeH PEKUM, CTaBa TJIAaBHO 4pe3
ylap ¥ 0T4acTH 4pe3 cMuiiane. ToBa e Hall-pa3lpoCTPaHCHUAT PEXKHUM B MIPAKTUKATA, TOKA3aH
e na ¢ur. 1.13. [1, 2, 4, 7].

@ur. 1.13. KarapakTeH pe:KuMH Ha paboTa P TOIKOBU MEITHUIIH

Koraro wriosara CKOpPOCT Ha MCJIHHULATA CTAaHC TOJIKOBA TroOJigMa, Y€ HAJIMUHC
KpUTHYHATa, LEHTPOOEKHATA CHJIa JeiCTBalla Ha MEJNCHIUTE TeJia JIOCTUTHE IO-ToJsMa
CTOHHOCT OT TpaBUTAIIMOHHATA CHJIA M 32 HAW-BHTPEIIHUAT CIIOW OT TOMKH, IEJIHST TOIKOB
IIBITHEXK C€ pasnpesenst paBHOMEPHO 1o nepudepusita Ha OapabaHa M 3aMoyBa J1a ce ABUKH C

Aemopeghepamu na ducepmauvuu 3 (2016) 21-60



WM3CNEABAHE HA OBMXKEHMETO M B3BAMMOOENCTBMETO NPU TEJIA C MPOMEHNBA ®OPMA 33

Hero. To3m pexum, mokazaHn Ha ¢ur. 1.14 ce Hapuya pexUM HA MaxoOBO KOJEIIO
(uentpodyrupane) [1, 2, 4, 7].

@ur. 1.14. Pexxum Ha paboTa — HeHTpO(yrupaHe Npu TOIKOBU METHUIIH

KOFaTO ‘bIJIOBATA CKOpOCT Ha MCJIHHULIATa CTAHEC paBHa WJn 1mo-rojsiMa oT KpI/ITI/I‘IHaTa,
TOIMKUTE 3aIll0YBaT Ja Ce JBHXKAT 3aeAHO ¢ Oapabana. MelHHIIaTa C€ HAMUPA B PEKUM C HaJl
KPUTUYHU 000poTH. TO3M PEKUM CE XapaKTEPU3Upa C MMOBHUIIIEHO H3HOCBAHE HA OOIUIIOBKATA
Ha OapabaHa, BCIIEACTBHE Ha KOCTO Ts TpsiOBa ja Obe moameHeHa [1, 2, 7].

JIOKOJIKOTO TJIaBHATA KpaiiHa 111 Ha Ipolieca Ha CMUJIaHE € PedyIMpaHe Ha pasMepa
Ha YAaCTHIIMTE HA CMUJIAEMHsS MaTepuall, TO TOBA PEAyLUPaHE 3aBHCH OT CIEAHUTE (HAaKTOPH
[4].

» XapakTepHUCTHKH Ha MaTepWajga, Karo Maca, o00eM, TBBPAOCT, ILIBTHOCT,
pasmpeje/icHre Ha pa3Mepa Ha YaCTUITUTE.
» XapakTepHCTHKH Ha Mejellara cpea, KaTo mMaca, IUTbTHOCT, Opoii U pasmpeiesicHue

Ha MEJICIIUTE Tea.

» CKOpOCT Ha BbPTEHE Ha METHHIIATA.
> HH’BTHOCT NI BUCKO3UTCT HA CyCHeH3I/I}ITa B MCJIHULIATa HpI/I MOKpO MCJICHC.

1.7. ToBap u 3ape:kaaHe HA MeJIHUIIATA

ChabpKaHUETO B MEJHHUIATA, CHCTOSIO CE OT MaTepHaa, peHA3HAUCH 32 CMUJIAHE
3ae/IHO C MeJellara Cpea Oompenelis MbJIHeKa WIM TOBapa Ha MenHuiara. M3BecTHo e, ue
KakKkTO MPETOBAPBAHETO, TaKa U HEM03aPSIKIAAHETO HA MEITHHIIATA BOJST 10 HaMalsBaHE Ha
CKOpOCTTa Ha pas3Apo0sBaHE HA MaTepuaia, KOETO B KpallHa CMETKa HamallsiBa
MPOU3BOJICTBEHHSI KalalMTeT W BJIOIIaBa eHepruiiHata epekTUBHOCT Ha mpoieca. [lopaau
Ta3d TPUYMHA OT CHINECTBCHO 3HAYCHHE Ca BBIPOCHTE, CBBP3aHU C H3MEPBAHETO U
KOHTPOJIMPAHETO Ha TOBAapa Ha MEJTHMIIATA 110 BpeMe Ha mporieca [29-31].

ChlIlecTBYBAT MPOCTH 3aBUCUMOCTH, M3pa3siBall 00EMUTE 3aeMaHu OT Marepuala 3a

MeJIEHE M MejielaTa cpeia B MPOICHTH ChOTBETHO OT oOema Ha Mmennuiara. Ciaenpaiiku [4],

aKo C VR CC O3HA4Y1 NpOoUCHTA OT obema Ha MCJIHULIATa, 3a€MaH OT CMUJIACMUA MaTCpHrajl, TO

V, = M\R/—/prlOO, (1.1)

M
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KbJ1IeTo MR U pr Ca CHOTBETHO MacaTa W IUTBTHOCTTAa MaTepuana, a Vum e obema Ha
MeJHuIaTa. AHaJIOru4HO, 00eMbT VB, 3a€MaH OT Menelnara cpeaa B MPOIeHTH OT obeMa Ha
MEJIHUuIara €

V, = Ms /P8 100, (1.2)

M

KbJIeTo Mg M ps ca CHOTBETHO Macara W ITBTHOCTTa Ha Mmenenute Tena. OOmusr
o0eM, 3aeMaH OT TOBapa MOXKE Jla Bapupa B W3BECTHU TPAHUIIM B 3aBUCHMOCT OT THIa Ha
MCEJIHUIIaTa. KaTO HpaBI/IJIO, HpI/I TOINKOBUTC MCJIHHUIIU OT HpeHI/IBGH THUIT TOBap’bT HC 6I/IBa aa
HagBumiaBa 45% ot o0ema Ha MENHHWIIATa, a IPH MEIHUIM OT AuadparMeH THUIl TOBaPbHT
3aeMa 0koi1o 50% ot obemMa Ha MeJIHHIIATA.

N3BecTeH € equH ynoOeH HAUYMH 3a ONpPEeIIssiHEe Ha MPOIEHTa Ha 00mus ooem V ma
TOBapa B 3aBHCHMOCT OT JMaMeThpa Ha MEJHHUIIATAa W BHCOYMHATA Ha MhiIHEka. B [32] 3a
MHOKECTBO BHJIOBE MaTepUalH € OTpe/elieHa CTATHCTUYECKaTa 3aBUCUMOCT:

V =(1,13-1,26Q/ D)x100, (1.3)

KbAeTo D e BbTpemHus quaMeTbp Ha MeTHHUIATa, a Q € pa3cTOsIHMETO MO BepTUKaIa
OT HUBOTO Ha IBJIHEXKA JI0 BETPEIIHATA BpbXHA TOUKA HAa MeJHULaTa, ¢ur. 1.17.

[ [

HuBo Ha mbiIHEKA Q

@ur. 1.17. HuBo Ha ObJIHEXK HA TOKOBA MEJIHUIA

VYpaBuenue (1.3) ¢ ymoOHO 3a MPaKTHYECKH LIEIH, HO JOKOJIKOTO TO TMPEICTaBIIsABA
€IHa OCpEeIHEHA 3aBMCHUMOCT, HETOBO M3IIOJI3BaHE 3a OIpeJeisHe Ha obOema Ha ToBapa B
OTpeAeNiCHN CIIy4au MOXE Ja BOAU JI0 HETOYHH pE3ylTaTH. 3a MPEoAOJsSBaHE Ha TO3U
HEJOCTaThK Ca MPEIJIOKEHU IMO-TOYHH, HO CBHIIEBPEMEHHO W IO-TPYIHU 3a peaau3aius
METOJIM 3a OompeleisiHe Ha oOema Ha ToBapa. [IpyM M3BECTHH pa3MepH Ha MEJHHIATA U
METAJIHATE TOIKU CHIECTBYBAT CHIO Taka W rpauHN METOIHM 3a ONpe/eiITHEe Ha oO0eMa Ha
MeJenaTa cpeia Kato IpoIeHT OT O0IMs 00eM Ha MEJTHUIIATA.

1.8. OcoGeHocTu Ha MeJielaTa cpeaa

1.8.1. Paszmepu na memannume monku

Pa3mepbT Ha MenenuTe Tesa € BaKEH apaMeThp Ha pabOTHUS MpoLeC B MEITHHUIIATA,
Mopajid KOETO ca MPaBeHU Ppa3IMYHHU H3CJIEIBAaHUS 32 M300p Ha ONTHMAIHUS pa3Mep Ha
METaJIHUTE TONKH B TonkoBuTe MeaHuIM [33-38]. KaTo 1510, OposT u pa3MepbT Ha TOIKUTE
KakTo M o0IllaTta Maca Ha MeJelIara cpesia 3aBUCAT OT TBBPIOCTTa U pa3Mepa Ha YaCTULIUTE
Ha MaTepuala, mpegHazHaueH 3a cMuiane. OT 3HaUeHHE € ChINO Taka JaJid MeJemaTa cpeaa
Ce M3I0JI3Ba B HAYAJIOTO HA IpOIleca WM CE 3apekJa B MEJIHHUIIATa HA OMPENENIeH €Tal OT
mporeca C el 1a Ce TIOAMEHIT M3HOCCHUTE MEJICIIH Tela.
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Pasmepa Ha MeTanHUTE TONKM MpH 3apeXJaHe Ha Menenara cpeia B HAyaloTO Ha
mpolieca 3aBHCH Hail-Beue OT MAKCUMAIHHS pa3Mep Ha YaCTHIIMTE HAa Marepualia, Karo
EMIIUPUYHO € YCTAHOBEHA ClieIHAaTa 3aBUCUMOCT [4].

d, =0,4K+F, (1.4)

KbAeTO OB € Jauamerbpa Ha MeTainHata Tomnka B cantumerp, K e xoeduumeHT Ha
cmmiaeMocT U F e pa3smepa B caHTUMETpU HAa YaCTUIUTE Ha CMHJIAEMHUS MaTepHal.
CroitnocrTa Ha K 3aBucu ot Matepuana, kato ooukHoBeno K=37,4 3a TBepau pyau u K=29,8
3a MEKH PYAH, HO 3a KOHKPETHHUTE CIy4dau ca BB3MOXXHHM M JIPYTM CTOWHOCTH, HallpuMep
K=55 3a pasnmuunu Bumoe kBapu u K=35 3a gomomut. KoehuueHTHT Ha CMHIAEMOCT
o0eauHsIBAa BaXHM NapaMeTpH KakKTO Ha MaTepuana, NMpeAHa3HaueH 3a CMUJIAHE, Taka U
napaMeTpu Ha MEJTHUIIATa.

[To oTHOWIEHUE HA MaTepHala Te3U mapaMeTpH ca:

e PaboreH nHIexc

e MakcumaneH pa3Mep Ha YaCTHIIUTE

e CnenuduvHO TErJIO Ha MaTeprala U IIIBTHOCT Ha CYCIICH3UATA TIPU MOKPO MEJICHE.
[To oTHOMIEHNE Ha METTHHIIATA TOBA Ca

e Bwbrpemen guamersp

e (CKOpOCT Ha BbPTEHE, OTHECEHA KbM KPUTHYHATA CKOPOCT HA MEJIHUIIATA.
C orunTaHeTo Ha ropHHTE MapameTpu B [4, 32, 38] e mocoucHa ciieHaTa 3aBUCHMOCT

3a OIIpelelIsiHE Ha JUaMeThpa Ha METAIIHUTE TOIIKU
0.5 0,33
F

0, =254 Fio SG xW, _
k 100x S, x(3,281D)"

(1.5)

KBJIETO!
ds - auamersp Ha TOmKara B Mmuiaumerpu, Fgo - 80% mpexoneH pasmep Ha
YJACTHIIUTE HAa BXOJIHHS MaTepuall B MHKPOHH, K - eMmupuyHa KOHCTaHTa, SG - crenupuaHo
Terno Ha mMatepuana, Wi - paboTeH HHACKC HAa MaTepuaia B KujoBaryaca Ha TOH, S¢ - CKOPOCT
Ha BbPTEHE, OTHECEHA KbM KpPUTHUYHATA CKOPOCT, D - BbTpelieH quamMeTsp Ha METHULIATA.

1.8.2. Usznoceane na menewama cpeoa

[To Bpeme Ha pabOTHHS MpOIEC B MEIHHIIATA MEJCIIUTE Tela CE€ H3HOCBAT H
HaMaJsIBaT pa3Mepa CH, KOETO C€ OTpa3siBa Ha XapaKTEPUCTUKHUTE Ha TpoIeca KaTo IsJIO.
W3HoCcBaHeTO 3aBHCH OT MHOTO (DaKTOpH, KaTO CKOPOCT Ha BBPTEHE M JAUAMETHp Ha
MEJIHUIATa, CIIEUU(UIHO TErJI0 U paboOTeH WHAEKC Ha CMWJIAEMHUS MaTepuai, BbTpEIIHATa
OOIIMBKA HAa MEJTHUIATA, TBBPJOCTTa Ha MeTalTHUTE ToNKH, pH-(hakTopa mpu MOKpo cMuJIaHe
u np. M3HOCBaHeTO Ha Mejemara cpela W HEeroBHAT eeKT BBbpPXY Ipolieca Ha MEJICHE ca
W3y4aBaHH B peauia uscnenBanus [42-46]. OOMKHOBEHO, M3HOCBAHETO CE€ OIpenens B
3aBHCHMOCT OT JBa (hakTopa: MpOMsiHA B pasMmepa (IuaMeThbpa) Ha METATHUTE TONKH U
MPOMSIHA B MacaTa Ha METATHUTE TOIKH.

1.9. IlunaMuka Ha IBHKEHHETO HA TOBApa B MeJIHMIIATA

JIBUKEHHETO Ha MEJIHUYHOTO ChIbpXKaHHE IO BpeMe Ha pabOTHHs Mpolec Hma
CIIOXEH XapakTep, OT KOWTO MPSKO 3aBUCH KAaKTO MPOU3BOACTBEHHUS KalallUTET, Taka M
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eHepruiiHata e(peKTUBHOCT Ha MenHuuara. V3cineaBaHusTa, HACOUEHU KBM OMHCAHUETO U
XapPaKTCPU3HUPAHCTO HA NWMHAMHKATAa Ha TOBA JABHKCHHC 3aIll0UBAT B HAYAJIOTO HAa MHUHAJINA
BEK, KaTo 3a IIeiTa Ce M3IMOJI3Ba IJ1aBHO amapaTa Ha Kllacudeckara MexaHuka. [IbpBoHadaiHo
pa3paboTeHUTEe MOJENH Ha AMHAMHKATa HAa IMPOLIECUTE B MEIHUIIATAa Ca OMPOCTEHH, KaTo
OGHKHOBGHO HC CC OTUUTAT CHJIMTC Ha TPUCHC MCKAY YaCTUIIUTC Ha MaTCpuajia MoOMECKAY UM
U ChC CTEHAaTa Ha MEJIHMIIATA, a Taka ChIIO M e(eKTa OT B3aUMOJECHCTBUETO MEXKIY
pa3IMYHUTE TPACKTOPUH HA OTACIIHUTE KOMIIOHEHTH Ha MaTepuaia u Menemara cpena [47]. B
CHBPEMEHHHUTE YCIIOBUS CHIICCTBYBAT MHOKECTBO mM3cieaBanus [ 48-54], 6asupaiu ce KakTo
Ha TEOPETUYHUTE METOJIU 32 MOJeNIMpaHe Ha IBKEHUETO Ha METHHYHOTO ChAbpIKaHUE, TaKa
U Ha MOCTWIKCHUATA HA U3UYUCIUTCIIHATA TCXHUKAa U YHUCJICHOTO CUMYJIMPAHC HaA IpoLcca.
BaxxHo MsCTO B Ta3u 00JIACT 3aeMaT U €KCIEPUMEHTATHUTE U3CIEABAHMS, 32 IPOBEKIAHETO
Ha KOWTO C€ M3MOJ3BAT CIEIUATHO KOHCTPyHWpaHU u3nuTarenHu MenHwunw (2D-mennwuia,
MEJHHIIA C MPO3PayeH KOPIYyC M Ip.), KAKTO U JOMBIHUTEIHA CICIHATU3UpaHa anaparypa
(dboTo-meTeKTOpPH, PEHTTEHOBU JIbYM, €JICKTPOHHHW JAaTYWIIM), I[I0O3BOJISABAINM Ja CE
Ha0JI0/1aBaT M MO-TOYHO J1a C€ OMMILAT IPOIECUTE Ha B3aUMO/ICHCTBUE Ha MeJlellara cpesia u
cvunaemus matepuan [30, 55-60].

1.9.1. Cxopocm na svpmene na bapabana Ha MerHUYAMA

IIpu mokauBaHe Ha OOOPOTHUTE Ha TOMKOBaTa MEJHUIA C€ yBEJIUYaBa W
MHTCH3MBHOCTTA Ha Tpolleca Ha MeJeHe (CMUJIaHE) M ChOTBETHO MPOW3BOAMUTEIIHOCTTA Ha
menHunara. Ckopoctra TpsioBa 1a 0bJie MpecMeTHaTa, 3alll0TO IPU CKOPOCTH HAJl OpeesieHa
CTOHHOCT, ChABPIKaHUETO Ha MEJTHHIIATa TIPUIICTIBA KbM CTCHATA Ha MEJTHHIIATA U 3all04yBa J1a
neHTpodyrupa, mpu KoeTo epeKTa Ha CMUJIaHE ce HaMalsiBa, KOHCYMHpaHaTa OT METHHIATA
eIIEKTPOCHEeprus ce MoBuInaBa. [lopamy Ta3uW MpUYMHA CKOPOCTTA, NMPHU KOSITO MEITHUIATA
paboTH ¢ MakCMMaJlHa MOIIHOCT W HaJ KOSATO TOBapbhT 3alo4yBa Ja LEHTpodyrupa ce
orpenens Kato KpuTuuHa ckopoct [1, 2, 4, 7]. TonkoBUTe MEIHHUIM HA MPAKTHKA PabOTST
P CKOPOCT Ha BHPTEHE MO/I KpUTHYHATA.

1.9.2. Jlunus u vewva Ha omkoca
B mponeca Ha BbpTEHE, Hail-BUCOKAaTa M Hall-HHCKA MPECEYHU TOYKM HA TOBapa C
BBTpPEIIHATA CTpaHa Ha MEJIHUIIaTa Ce 03HayaBaT ChOTBETHO KaTO pamo U MeTa Ha ToBapa, a
JIMHUATA, KOSITO TM ChEAUHSBA C€ Hapuya JUHUSA HAa OTKOCA. brbJIbT HA JMHUATA HA OTKOCA
MOXKE JIa C€ OMpeleNH KaTo Ce W3IMOJ3BAaT CUjlaTa Ha TEKECTTa W IIeHTpoOe)HaTa Cuia,
JeiicTBallly Ha MEeTaJHaTa TOIKa B paMOTO Ha TOBapa.

1.9.3. Tpaexmopus na menewu mena
AHanu3a Ha JBHKCHHETO Ha MEJICHIMTE Tejla, KAKTO M Ha TOBapa B MEJTHHIATA KaToO
IS710 € OT CHIIECTBEHO 3HAYCHHE 3a OLIEHKATa Ha BAKHU MapaMeTpu Ha MPOU3BOJCTBEHUS
polec Karo:
» KamanureT Ha METHHIIATA U pa3Mep Ha YACTHUIINTE HA CMIICHUS MaTepUa;
» PasmnpeneneHue Ha yecToTaTa Ha YAApUTE MEXAY MEJNEIIMTE Tela W Marepuaia u
eHepruiiHaTa e()eKTUBHOCT;
» H3HOoCBaHe Ha MEJICIIUTE TeJla M BBTPEIIHATA OONIMBKA HA MEITHUIIATA.
MeToauTe, CHINECTBYBAIM 3a M3CIICJBAaHE HA JBM)KCHHETO HA ChIBPKAHHETO HA
MEJTHUIIUTE, Hal-00II0 MOXKe Ja ce pazaenu Ha: TeopetudHu [49, 51, 54|, ekciepuMeHTaTHA
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[36, 37, 52, 56, 57] u cumynanuonnu [62-64]. KaTo mpaBmio ce H3MOI3BAT METOAM MU
MOAXOM OT BCSKA €HA OT TE3W TPYIHU, a MOJYYCHHUTE PE3yJTAaTH B3aHUMHO C€ CPaBHSIBAT U
anamusupar [31, 43, 53, 55, 57]. Pa3paborenu ca Mojenu, ONMUCBALIN ABMKEHHUETO KaKTO Ha
OTAeNTHO chepruIHO Menelo Tsyio [61], Taka v Ha IBUKCHHUETO HA IEITUSAT TOBAp OT CHEPUIHU
Mmerteru Tena [65].
1.9.4. Jlsuosicenue na mosapa 8 mearHuyama

Ot 3HavyeHHME 3a e(h)eKTHMBHOCTTA HA Ipolleca Ha MEJCHE ca Mo3uIusATa, Gopmara u
JTMHAMHKATa Ha JIBUKCHHUE HA TOBAapa KaTo IS0 M B YACTHOCT HA OT/ICITHU HETOBH 00JIACTH 110
BpEME Ha BHPTEIMBOTO JBHKCHHE HA MEITHUIIATA.

3a menuTe HA MOJCIHMPAHETO W HW3CICABAHETO Ha JIBMDKCHHETO HAa METHHUYHOTO
ChABpXKaHUE ca Pa3padOTeHH MHOXKECTBO CHUMYJIAIMOHHU Metoau [43, 62-64, 71-75], kouto
B OCHOBAaTa CH HW3MOJ3BaT M3BECTHHUS METOJ Ha JUCKPETHHUTE elleMeHTH [76]. MeroasT ce
M3I0JI3Ba 32 YHCICHO MOJCIMpPaHe Ha Pa3IUYHH (U3HYECKU CHCTEMH, B KOUTO MHOMXECTBO
TBBPAM Teja JWHAMHYHO 3aryOBaT KOHTAKT WM (OPMHUPAT HOBU KOHTAKTH IOMEXKIY CH.
[TpuitoskeHHeTO HAa METOJ]a Ha JUCKPETHHUTE CIEMEHTH KOHKPETHO B 00JIAaCTTa HA TOIKOBHUTE
MEJIHHUIIU CE Cpellla B JiBa BapuaHTa — qeynsMmeper win 2D meronu [31, 64, 65] u tpun3mepeH
i 3D metoau [64, 72].

1.9.5. Bausanue na ¢oopmama na menewume mena

Biusianero Ha (opmara Ha MeENCHIUTE Tella BbPXY MPOU3BOICTBEHHS KalalUTeT U
e(EeKTHBHOCTTAa HA TpoIleca Ha MEJICHE ca 3HAYUTEITHO 1MO-C1a00 M3CIICBAHN B CPAaBHEHHE C
BIMSIHAETO Ha JPYTHTE TapaMeTpd Ha MeJemara cpega (Temio, pasMep, IUTBTHOCT) H
napamMeTpu Ha paOOTHUS Tpolec (MOIIHOCT HAa MEJTHHIIATa, CKOPOCT HAa BBPTEHE, CYXO HIIH
MOKpPO CMHJaHe W J1p.). B myOnuKyBaHWTE H3CIEABaHUS 1O Te3u BbIpocu [67-71] ce
CpaBHSIBAT OCHOBHO TPHU THUIIA MEJICIU Telia 10 OTHOIICHHWE Ha TsAxHara (Gopma: chepuaHu
TOTIKH, IWIMHAPUYHHU Tela ChC 3ao0sieHu kpaumia (Cylpebs) u u3Hocenu cdepuunu Tena. B
[6, 23] ca mpencraBeH naHHM 3a CBOMCTBara M pa3MepHTE Ha Hail-4ecTO H3IOJI3BAHUTE B
MpPaKTUKaTa [WIMHIPUYHNA MEJCIU Tela, MPU KOUTO ABJDKHHATA M TUAMEThPhT UMaT PaBHU
croitnoctu. Ilo oTHOmICHME Ha CKOpPOCTTa Ha pasapobsBane B [67] ce mocouBa, ue
MWIMHAPUYHUTE TeJa JaBaT Mo I00bp pe3yiTar MpH €JHAKBU YCIOBHS Ha CPAaBHEHHE ChC
chepuunn tornku. B [68, 69] ca m3cieaBaHM 3aBHCHMOCTUTE HA IMO3HUIMATA HA PaMOTO U
meTara Ha TOBapa, a ChIO Taka M Ha MOIIHOCTTA HAa MEITHUIIATa 32 BCEKH OT TPUTE THUIA
MeJely Tella. YCTaHOBEHO €, Y€ MaKCMMalHaTa MOIIHOCT Ha METHHUIaTa ce JOCTHUTa TpHU
pa3IMYHU CKOPOCTH 3a TpUTe u3cienBanu Gopmu. B pesynrar ot naboparopuu tecrose B [70]
€ HampaBeH M3BOJIa, Y€ B €Tala Ha MO-rpy00TO CMIUIaHE IWIMHIPUYHUTE Tella JaBaT MaJIKO
o-100pH pe3yNTaTH Mo OTHOIICHUE HA pa3MEPHUTE Ha CMIIEHUTE YaCTHIIM, JOKATO B €Tara Ha
¢buHOTO CcMmIIaHe chepHUHUTE TONKH W IMIMHAPHYHUTE TeJa AaBaT MPAKTHUYECKU €ITHAKBU
pe3yIITaTH.

Haii-061m0 mo otHomenue Ha ¢opMaTa Ha MEJICIIUTE Tela MOXKE J1a C€ OTOCIIeKH, Ue
paznuyHara Gopma onpeaess pa3InyHUs MOBbPXHOCTEH, INHECH W TOYKOB KOHTAKT, KOUTO TE
OCBIIECTBSABAT MOMEX]Y CH U ChC cMUIaeMusi Marepuall. ChIlo Taka paznuyHara ¢opma BOIU
70 Pa3IUYHU CHOTHOILEHHS MEXIy MOBBPXHOCT, 00EM W TEIIO Ha Melemmure Tena. Te3u
pa3nuuus B €IHA WIM JpPYyra CTENEH OKa3BaT CBOETO BIHSIHHE BHPXY MpOIlEca Ha CMUJIAHE
KaTo LsJI0.

Aemopedhepamu na ducepmauvuu 3 (2016) 21-60



38 Hwukonai MiBaHoB CToMmeHOB

ABtopute Ha [21] mpeanaratr HOBa opMa Ha MEJEHIOTO TSJIO, OMpeaesieHa KaTo
“cepuuen terpaeasp”’, ¢ur. 1.23. 3a u3cienoBaTeNCKU MU ca npousBeneHn okoso 1000
kg. menemu Tena ¢ TakaBa opma, Kato ca MPOBEICHU SKCIIEPUMEHTH MPU MEJICHE Ha MEJIHA
pyla ¢ MakCHUMaJIeH pa3Mep Ha 4YacTULMTE Ha maTepuana 1o 16 mm. 3a cpaBHeHHE, NpU
paBHU TEXHOJIOTUYHU W KOHCTPYKTUBHH YCIIOBHS, Ca TPOBEIECHU U EKCIEPUMEHTU ChC
chepuyHHM Menemu Tena ¢ guameTsp 80 mm. PesyntaTtuTe OT €KCIIEpUMEHTHTE MTOKa3BaT, 4e
MeJemuTe Tena ¢ popma Ha chepuueH TeTpaeabpp MO3BOISABAT MO-700pO CMUJIAHE JI0 pa3Mep
0,08 mm Ha yacTUIIMTE B CMJICHHUSI MaTepHajl U IMOBUIIIABAT MPOU3BOJICTBEHATa €(DEeKTUBHOCT
Ha MeJIHULIATa.

®ur.1.23. Menemro 10 ¢ popma Ha cheprudeH TeTpacaIbp

AKTyaTHOCTTa Ha MPOOJIEMUTE, CBBP3aHU C OMpPENeISTHETO Ha onTUMaiHa Gopma Ha
MEJICIUTE TeNa MPOU3THYA OT TMOTEHIMATHUTE BH3MOXKHOCTH 3a IMOCTHTaHE Ha IMO-I00pu
mapaMeTpd Ha CMIICHUS TPOAYKT, TIIOBUIIABAaHE HA TPOM3BOACTBEHHS KalalUTeT U
eHepruiiHata eeKTUBHOCT Ha MenHHUIaTa. JokonkoTro paboTata Ha TOMKOBUTE MEIHUIIU B
MIPOMUIUIEHU YCIIOBHUS CE€ OTJIMYaBa C BUCOKA KOHCYMalls Ha €HEeprusi, TO MOBUIIABAaHETO Ha
MIPOU3BOJICTBEHATA U €HEPruifHa e(peKTUBHOCT JOPU U C MaTbK MPOLEHT BOAM JI0 CHIIECTBEHO
mo100psiBaHe HAa MKOHOMUYECKUTE IMOKA3aTelly Ha Mpolieca KaTo Isiio.

1.10. IIpou3BoACTBeH KamamuTeT HA MeJIHHIATA

B mpomunuienn yciaoBusi MPOU3BOJCTBEHUST KamallMTeT HAa TONKOBUTE METHHUIM ce
ompezienss B TOHOBE MpOM3BENEHA MNPOAYKLHMA 3a 4Yac. Toll ce ompenens OT CIEIHUTE
napamertpu [32, 39]:

e Pa3mepu Ha MenHUIIATA — ABDKUHA U TUAMETHD;

e Tum Ha MeJTHMIIATA — IPEJIUBEH WU TuadparMeH;

e CKOpOCT Ha BbPTEHE;

e (O0em Ha TOBapa;

° Pa3MepH Ha YaCTUIIMTC HA BXOJAHUA MAaTCpHal U Ha U3XOAHHUA ITPOAYKT,
e Pa0oreH nHACKC Ha MaTepHana;

e MoImHOCT Ha Bajla Ha MEJIHUIIATA,

e [lrbTHOCT Ha MeJelmuTe Tena.

1.11. 3aBucHMOCT HA MPOU3BOJCTBEHUS KaNalUTET OT pa3Mepa Ha MeJTHUIATA

C men mo-TOYHO M3YMCISBAaHE Ha TPOU3BOJICTBEHHUS KamalUTeT Ha TOMKOBHTE
MmenHuIy, B [31] ca pasrienanu aBa ciydast B 3aBHCHMOCT OT pa3Mepa Ha MEJTHHIIaTa.

1. 3a MenHUIM ¢ auaMeThp Nmo-Manbk OT 3,81 mMeTpa, MPOU3BOACTBEHUAT KalaluTeT
ce ompenens OT u3pasa:
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2. 3a METHUIM C AUAMETHP MO-TOJsIM OT 3,81 MeTpa, MPOU3BOACTBEHUST KAITalIUTET CE
ompesens OT u3pasza
01S,

33 L _ 2 __7TC
8,01D (D)pb(\/B 0,937VB)(SC o105, (1.25)
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1 1
CFWi,TEST 10[\/5 - \/Ej
CMUCHIBT Ha O3HAYCHUATA B TOPHHUTE JIBA M3pa3a € CHIIUAT, KaKTo U B ypaBH. 1.19,

KaTo TYK JONBJIHUTETHO ce sBsiBa koegunueHTsT Cg, mpencTaBisBall KOMOWMHHUpPaH
Koperupaiy ¢aktop. Tol BKIIOYBA BCHYKH KOPEKIMHM, KOMTO C€a HEOOXOOUMH 3a
omnpenensaHeTo Ha Wi, KaTo TyK c€ OTYUTAT:

e  MoOKpO UM CyX0 CMUIAHE;

e Mokpo cMHIIIaHE B OTBOPEH KOHTYP M MOKPO CMUJIAHE B 3aTBOPEH KOHTYD;

e OTKIOHEHHE B pa3Mepa Ha YaCTULIUTE Ha MaTepHaa.

1.12. MopenupaHe Ha padOTHHS Npolec

Kakro Oemre orbens3aHo, MPOU3BOACTBEHMSI IPOLEC B TONKOBUTE MEITHHUIM MOXE /1a
CE OCBIIECTBSABA B €MH WM HAKOJKO paOOTHU LIMKBJIA, KOUTO MOTaT Ja ca OT OTBOPEH WU
3aTBOPEH THUII, KATO BCEKH OT TAX € BB3MOXHO J1a BKJIKOYBA HAKOJIKO Pa3iIMYHU YCTPOWCTBA,
KaTo MEJTHHMIM, KiIacu(uKaTopu, TpaHCHOPTHM auHMUM U Jp. [lopaam Tasu npuumHa
MOJICJIMPAHETO Ha IPUIOCTHUS Ipolec oOXBallla ChCTAaBIHETO HAa CHOTBETHU MOJENHM Ha
OTJEJTHUTE MPOU3BOJACTBEHU YYacTbLU U TAXHOTO OOEIMHSBaHE B OOLI MOJEN Ha Ipoleca.
ITpu Bcuuku ciaydan OT Hail-BaXKHO 3HaYEHHE € MOJICIIMPAHETO Ha MPOLIECUTE B MEJIHULATA U
T€3U B Pa3JIMYHUTE BUJOBE KIACU(UKATOPH.

[IponechT Ha pazapobsBaHe ce ChCTOM OT UMKIMYHO NpUiIaraHe Ha MEXaHUYHU CHJIH
Ha yJap ¥ TPUEHE BbPXY YaCTULIMTE Ha MaTepuaia, B pe3yjiTaT OT KOETO Ha BCEKH LIUKBI T
HamaJsiBaT CBOMTE pa3Mepu. MoenupaHeTo M ONTUMHU3UMPAHETO HA TO3M IPOLEC ca OT
CBIIECTBCHO 3HAYCHHE 32 MPOU3BOIUTEIHOCTTa M €(PEKTUBHOCTTAa Ha MenHuuara [4, 6, 77-

81].
1.13. 3axkiaouyeHue

Ot nHampaBeHMs JUTepaTypeH 0030p MOXKE Ja ce 3aKIIo4M, 4Ye ca pasriiefaHu
u3cieBaHus B 00JacTTa Ha TOMKOBUTE MEJTHUIIM, 3acsraliy (pakTopuTe BIUACINN Ha Ipoleca
Ha/JipoOsiBaHE M CMUJIAHE HA DPA3IW4HU BUAOBe MaTtepuanu. OObpHAaTO € BHUMAaHHE Ha
I'bPBUYHUTE U BTOPUYM IIPOLIECH, KATO Ca pa3riielaHu MallluHU 3a HaapoOsBaHe. Pasrienanu
ca OCHOBHHUTE BHUJIOBE MEIHHUIM, KAKTO M TEXHUAT METOJ Ha 3apeKIaHe U HU3IpPa3BaHE.
OObpHaTO € BHMMAaHUE pa3TOBApPBAaHETO WM. PasrienaHa € BBTPEIIHOCTTa Ha TONKOBHTE
MEJIHUIM, KaTO ca pas3rjielaHd ChIIECTBYBAIIM MATEHTH HA pazauuHu (HopMu dudTEpH H
moji3aTa OT TAXHaTa opMa. BUAOBETE PEKUMH Ha paboOTa HAa TONKOBU MEITHHIIM, CKOPOCTTa
Ha BBPTEHE U JIIp.
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Tnasa 2
EKCIIEPUMEHTAJIHO OBOPY/IBAHE

CMuiaHeTo Ha pyIHH W HEPYIOHH H3KOMAeMH € CKbBII W CIOXEH mporec. 3a
M3CJIeBAaHMUS B MPaKTUKaTa € HeoOXOIUMO Jla Ce MPEKBhCHE MPOWU3BOACTBEHUST IMKBI Ha
NpeanpusATHs, paboTeny Mo TUIaH W CTPUKTHO CHa3Balid TpaduK W JOTOBOPH C JAPYTH
bupmu.

[Mopaau Ta3u mpuymHa € Helellecho0pa3Ho Jla Ce MPEKbCBa MPOU3BOICTBEHUS POLIEC
U J1a ce MPABAT M3CIEIBAHMS ChC CHIIECTBYBAIIOTO 00OPY/ABaHE B MPAKTHKATA.

ToBa Hajara M3MOJI3BAHETO HAa EKCIIEPUMEHTAIIHO 000pYABaHE, METOJHM M CPEICTBA 32
u3cieBaHe Ha paOOTHHS MPOIEC HA METHHIUTE, MPEABMKIAHUS W KOHTPOJI Ha M3XOTHHUS
MPOAYKT B €THO TIPOU3BOJICTRBO.

3a Tasm men e pasmienaHo oOopyaBaHe W codTyep, KOMTO HMarT 3a el Ja
MOJIMOMOTHAT KaueCTBOTO, CHEPTruitHaTa €)eKTHBHOCT, ONITUMHU3AIUATA U HEXKEIIAHH PEMOHTH
IPH TIpoIIeca KaTo LsUIO.

Pasrnenanure ypenu ca:

Jlazepen HaHO rpanynoMep Ha ¢pupma Fritsch, monmen Analysette 22 NanoTec plus;
Tepmanna nngpauepsena kamepa Ha pupma FLIR monen P640;

3D ckenep 3a pururanusupane Ha ooextu Ha Creaform, mogen HandyScan VIU Scan;
Codryep, padoTel mo Meroa Ha quckpetHute enementu — EDEM Software.

YV V VY

3akjao4yeHue

OT pasriexnaHeTo Ha EKCHEPUMEHTATHOTO 00OpyIBaHE MOXE Ja ce 3aKII0uu, 4e
M3IIOJI3BAHETO MY JIOIPUHACS 3a MU3CJEBAHUs, ONTUMHU3AIM U KOHTPOJ HA KA4eCTBOTO IMpPH
MeEJIeIH IPOLIECH.

W3cnenBanusiTa Ha egpuHAaTa HAa HM3XOJHMAT IMPOAYKT JONPHHACAT 32 KOHTPON HA
Ka4eCTBOTO M IpeAJIaraHaTa mpoayKIus.

[Tpn u3cnenBaHeTo Ha TEMIIEPAaTYpH MOXKE J1a Ce CIICAN 3a BB3HUKBAIIU MPOOJIEMHU U
HaBPEMEHHOTO MM OTCTpaHsBaHE, HpeAd aa Obae CIpSH HEOYaKBAHO INPOU3BOJICTBEHUST
IpoLec.

CodtyepbT cnomara 3a mo-go0poTo pa3OupaHe Ha IMPOLECUTE NMPH U3MEHEHUE He
caMo Ha ¢opmara W pazMepuTe Ha MeJeIUTe Teja M MaTepuaja 3a CMHJIaHe, HO U IpHU
IpoMsHA Ha KJIIOYOBH (pakTopH mpu paboTaTa Ha TOITKOBH MEITHHIIH.
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Tnasa 3
CBCTABSIHE HA METOJIMKU 3A ITPOBEK/IAHE HA
HN3CJIEJIBAHMUS

ChCTaBsIHETO HAa METOAMKH € M3KIIIOYMTETHO BAXKHO 32 MPOBEXKJAHE HA M3CIICIBAHMUA.
HeoOxonumo e na Obxe oObpHATO BHUMaHME Ha peauna (GakTOpH 3a pPa3TUYHUTE
U3CIICIBAHMS.

3.1. ChcTaBsiHe HA METOMKA 32 U3CJIeABaHe eIPUHATA HA IMMEHTH

MeTtoaukarta mpu ONpENeIsIHETO eApuHaTa Ha IUMEHT 4pe3 M3IO0JI3BaHe Ha Ypen
FRITSCH ANALYSETTE 22 NanoTec Plus, omrican B ri1aBa 2 € KJI040Ba 3a IoJy4aBaHe Ha
HaJIeXIHU U Obp3u pesynratn. HeoOxoaumo € wu3ciaeaBaHUSAT OOEKT Ja OTroBaps Ha
M3HUCKBaHUATA, OIMpENeJeHH OT MPOM3BOJAUTENS 3a €JpUHaTa Ha Marepuasa, MOCThIBall B
ypena 3a uzMmepBane. CrenBaiiara cThbIIKa € ONpeAesHETO Ha U3MEPBATEIHUIT MOAYI — CYXO
WM MOKpPO M3MepBaHe. 3a Ta3u el € HeoOXOJMMO 3al03HaBaHe ¢ OCHOBHHUTE CBOWCTBA Ha
Matepuana. [Ipy HUMEHTHTE, MOKpPOTO H3MEpBaHEe € 3a MpearoYuTaHe, ThH KaTo ca
HEepa3TBOpUMH BBB Boja. Cien n3bupane Ha MOJyJIa, € HEOOXOAUMO YTOUHSIBAHE HA HY)KHOTO
KOJMYECTBOTO mpoba 3a ochIIecTBsIBaHE HA M3MepBaHeTo. [Ipu cyxure mpobdu € He0OXOAUMO
MO-TOJISIMO KOJIMYECTBO MP0o0a, T0KATO MPU MOKPUTE, KOJIMUYECTBOTO € 3HAYUTEIHO MO-MaJIKO.
TpsibBa na ObmaT moAOpaHU MPaBHIIHUTE MapaMeTpu Ha ypena W aa ObaaT choOpa3eHu C
MaTepuaa.

MatepuanbT 3a U3Cle[BaHE € MPEAOCTaBEH OT MPOU3BOJICTBEHO MPENNpPUITHE, KATO
TaM eJpuHaTa My € OMpelesieHa, Ype3 MpecsBaHe C Pa3jIMdHU CUTA U M3TOTBSHE HA CUTOB
aHanu3. OuakBaHHITA 32 €IpUHA HA YacTUIIUTE € 32 muMeHT 32,5 ot 100m u 3a HUMEHT TUT
52,5 ot 80pm B 3aBHUCHMOCT OT Ka4eCTBOTO Ha IIMMEHTa, KaTo 52,5 € ¢ mo-100po KayecTBO
CTHIOpE TPOU3BOIUTEISL.

Crnen ompenensHETO Ha HY)KHHUTE MapaMeTpH, NoKa3zaHUTE Ha (urypara ce ch3jaBar
SOP mopenu 3a m3cneaBane. 3a uicienBanetro ca reHepupanu 3 SOP moxena — 3a Bceku OT
MPeIOCTaBeHUTE TPU TUIA MaTepual. BeqHbx ch3ganeHu, Morat fa ObJaT W3MoI3BaHu MpU
MocieABalld H3MEepBaHUA C TakbB TUIl Marepuanud. Kamo na nwpeo macmo
uzmepeamennama Kjiemka mpaoea oa 6voe 0oope novucmena,

OcHoBHHTE MapaMeTpH 3a HACTPOWKa HA ypesa ca:

OmnpenensiHe MeTO1a HA U3MEPBAHE — CYXO

HactpoiiBane na SOP mozena;

N30upane Ha HY>KHUTE TOKJIA/IH;

HacrpoiiBane paborara Ha rmommara (M3I0JI3Ba Ce 3a pa30bpKBaHe HA Marepuana) — 6;
HacrpoiiBane paboraTta Ha yaTpa3ByK (M310JI3Ba ce 3a pa3aensHe Ha yactunute) — 10;
OmnpenensiHe MO3UIUATA HA JTa3epUTe U 00XBaTa Ha ypena;

3aaBaHe Ha BpeMEHa 3a M3UaKBaHe MeX 1y OposIT U3clieBaHus Ha npodara,
3anaBane Ha Opoil u3MepBaHus Ha pobaTa ( mpenoprUBa ce 1a ObAaT MUHUMYM 3);
OmnpenensiHe MeTO1a HA KaNKyIupane — u3dpana e reopusra Ha Opaynxodep;
OnpenensiHe KOMUYECTBOTO (QIIyH], HEOOXOAMMO 32 U3MEPBAHETO;

W3uucTBaHe Ha KJIeTKaTa OT rpodaTa U MOAT0TOBKA 3a MOCJIEBAIIO U3CIe/IBaHE.

YVVVYVYVVVYYVYYVYYVY
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3.2. ChcTaBsiHe HA METOAMKA 32 H3CJIeIBaHe HA TEMIIEPATypa NP POTALHOHHA
e

CrnesieHeTO Ha TeMIeparypaTa MPH TONKOBHTE METHHUIM € OT M3KIIOYUTEITHO BaXKHO
3HaUeHUE 3a KpaWHUAT mpoaykT. [Ipu To3u mporec Ha paboTa Ha TONMKOBU MEIHHUIU CE
rmojyiaraT Ha M3CJIEABaHE OCBEH CaMUTE MEJHMIM CBIO TaKa M IEIIUTE, KOUTO B HIKOH
ciydaili ca HeoOXOIWMH 3a TMPOU3BOJACTBOTO HA U3XOMHHUAT NPOAYKT (HAmpUmep
IIMMEHTOIIPOMU3BOJICTBOTO). MeToIMKaTa M MporpaMara 3a eKCIICpUMEHTAIHOTO H3CJIC/IBaHE
TeMIIepaTypa Ha POTAIMOHHA Iel] 32 TONMKOBAa MEITHHIIA CE€ MPOBEXIa B MPOU3BOJCTBCHH
YCIIOBUS B CJIETHATA ITOCIICIOBATEITHOCT:

> Obexm 3a uszcieosarne. PoTanoHHa el 3a TOIIKOBa MEJIHHUIIA.

» Onpeoensane na: HaKTOPUTE, TAPAMETPUTE U 3aBUCUMOCTHUTE, ONPEACIIAIIN OCHOBHUTE
KauecTBa HAa POTAIMOHHATA TIEN] 32 TOMKOBA MEITHUIIA.

» AHanu3upaHe Ha IMOJYYCHHUTE PE3YJTaTH, aKO € HEOOXOJMMO Ja Ce HANpaBsIT HIKOH
MIPETIOPBKY MPH SKETHEBHATA SKCIUIOATAIIHS HA POTAI[MOHHATA TICTIl.

» Ilen na uscnedsanemo: IlpoBepka Ha (QYHKIMOHATHOCTTA M ITAPAMETPUTE, MTPH KOUTO
me paboTH poTalMOHHATA Tell, MaKCUMalHa MPOU3BOJUTEIIHOCT, MUHUMAIIHUA 3aryOW Ha
TOIUIMHA, BHCOKO KayeCTBO Ha H3BBbpIICHATA OIepalys, BUCOKAa HAJCKIHOCT W HHUCKA
ce0eCTOMHOCT, aHAM3WpaHe OXJAJAWTENTHAaTa cucreMa. EAWH OT BaXKHUTE EJIEeMEHTH ca
narepute. M3cneaBane oxJiaguTesHaTa CHCTEMa OKOJIO JIarepHTe.

» 3ano3nasane ¢ KOHCMPYKMUGHUME 0CODEHOCMU HA newyma.

» Vcnosus u anapamypa 3a npogexcoane Ha u3cieo8anemo.

» Jla ce mpecTaBy NPUHIMITHA CXeMa Ha M3CJICIBAHUS O0CKT.

C momorira Ha TopecrioMeHarara kKamMepa MoXke Jia ObJie ONMpeesieHO ChCTOSHUETO Ha
00JIMIIOBKATa Ha IIEIITa, CHCTOSHUETO Ha OXJIAAUTEIHATA CHCTEMA M0 IBJDKMHATA Ha IIEINTa,
ChCTOSHUETO Ha JIarepuTe, KAKTO W OXJIATUTENHAaTa CHCTeMa B O0JIacTTa Ha JIarepure.
[IpenopbuBa ce na ObAe HANPABEHO CJENCHE B pPealHO BpeMe Ha TeMIleparypaTa Ha BCEKH

jarep, KakTo U Ha BCUYKH OXJIaJUTEIH.
3.3. ChcTaBsiHe HA METOAMKA 32 CUMYJIMPAHe HA CMUJIATETHH NPOLecH

3a u3cnenBaHe IBMKEHUETO U MOBEJCHUETO Ha Teja C MPOMEHIHBa (hopMa U3CICIBAHETO
4ype3 CUMYJIAIOHHO MOJISIHpaHe € He0OXO0IMMO Ja C€ U3BBPINAT MOCIEI0BATEITHO CICAHUTE
3aJa4u:

» 3amno3HaBaHe ¢ HEOOXOAMMOCTTA OT CUMYJIAIHSI U OYaKBAHUTE PE3YJITATH.

» OrmpenensHe u 3anaBane Ha HeoOxomumusT moaen (Hertz-Mindlin (no slip), Hertz-
Mindlin (no slip) with RVD Rolling Friction, Hertz-Mindlin with JKR, Hertz-Mindlin
with bonding, Hertz-Mindlin with heat conduction, Hysteretic Spring, Linear
Cohesion, Linear Spring), mo Ko#To 1iie ce OChIIECTBU CUMYJIAIHUSTA.

Omnpenensine Ha HEOOXOUMUTE BPB3KH MEXKAY YaCTULIM WIIM YACTULIA U T€OMETPUSL.
3ajaBaHe Ha IpaBUTALIMS.

3ajaBaHe HA MaTepUAIIH.

3agaBaHe CBOMCTBA HA MAaTEPUAIIUTE.

3azaBaHe Ha BPB3KU MEX]y pa3IUYHUTE MaTepUaIH.

VVVYVYVYVYY

OmnpenensiHe pa3MepUTE HA YaCTUIUTE, TOBLPXHUHUTE UM, MaTeprai, 00eM, MOMEHTH
Ha uHepuu o ocu X, Y, Z.
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» Mopaenmupane Ha 3D reoMeTpUYHE MOJICIH, HEOOXOIMMU 33 CUMYJIAIUATa 1
OTpesieiTHe Ha Pa3MEPHUTE UM.

» Wmmnoprupane Ha 3D monenuTte, 3aaBaHe Ha MaTepualia UM, ONpeIeNITHE Ha EHThpa
Ha Macara.

» 3anaBaHe Ha TUHAMUYHH XapaKTEPUCTUKHU (JIMHEHHA TpaHCIIalUs, JIMHEHHA pOTaIHs,
CUHYCOM/IaJTHA TPAHCIIAIUS U CHHYCOMJIATHA POTalns). 3aJaBaHe Ha
MIPOIBJDKUTEITHOCT Ha JICHCTBUETO.

» OnmnpenensiHe Mmocokara Ha jaeiictsue 1o ocu X, Y, Z.

» OnpenensiHe Ha HEOOXOUMUAT OPOU YaCTHIIH, BPEMETO 3a KOETO IIIe C€ OCHIIECCTBH
TeHEpUPAHETO UM, Maca, Opoii. Bpeme OT K0eTo 11ie 3arovHar Ja ce TeHepupar.

A\

3ajaBaHe Ha MapaMeTpy HA YACTUIUTE KAaTO THUII, pa3Mep, MO3UIIHS, CKOPOCTH,
OpHUEHTAlLIMs, BIII0BA CKOPOCT U JIp.

3anaBaHe Ha BpeMe, HEOOXO0JMMO 33 U3BBPIIIBAHE HA CUMYJIAIUATA.

OmnpenensiHe Hy)KHaTa I'bCTOTA HA KJIETKUTE, KOUTO U3BBPIIBAT MPECMATAHUATA.
3anbp1004eHO aHATM3UpaHe Ha OChILIECTBEHATa CUMYJIALUSATA.

Excrioptupane Ha U3XO/IHU JaHHU OT CUMYJIAIUSATA KATO CKOPOCTH, YCKOPEHHUS,
BPB3KH, B3aUMOJCHCTBHUS, CUIIH U JP.

OnpenensiHeTO U U3M'BJIHEHUETO Ha MOCTABEHUTE 33aJjaul € CTPOro MHAMBUAYAIHO 32

YV V V

BCCKU THII CUMYJIALUA. FopenocoquHTe 3agadyyd Ca KIIIOYOBHUTC, OT KOHUTO CJ€Ba
pasmiupsiBaHEC Ha HAKOU METOJU U Ch3/JaBaHC HAa HOBH.

3.4. ChcTaBsiHe HA METOAMKA 32 aHAJIM3UPaHe W M3CJeABaHe HA MeJIellH TeJja C
MOJIy4eHH JAHHU OT CUMYJIAIIMOHHO MO/IeTHPaHe

MeToaukara 3a HM3CICIBAHE Ha MeEJICIIM Tella JaBa BB3MOXKHOCT 3a OTUHMTAaHE Ha
OCHOBHUTE (paKTOPH, OT KOUTO 3aBHCHU IPOIleca Ha CMUJIAHE KaTo:
OtunTane pazMepuTe Ha MEJICIH Tela U MaTeprana uM;
OtuuTaHe pazMepuTe Ha TCOMETPUYHHUTE TeJla, MaTepHalia uM;
OTunTaHe Ha CKOPOCTH, BIUSCIITN HA TCOMETPUYHHUTE TEJa;
'‘brei1 Ha OTAEHSAHE Ha MEJIELIO TAIO;
‘brei1 Ha magaHe Ha MEJENOo TAJIO;
‘briioBa ckopocT Ha MeJewo TsUIO;
Cuita Ha MeEJIEIO TSIO;
Y ckopeHne Ha Meello TAI0;

YVVVVVVYVYYYVYYVY

CkopocT Ha MeJenio TS0 U Jp.

[Ipn cmazBaHeTo Ha METOAWMKATa, MOTaT Ja C€ OTYHTAT M CPaBHSABAT PE3YJITATUTE,
MOJTYYEHH OT Pa3IMyHH CHMYJAIMU C MOJOOCH XapakTep, Karo ce NMPOMEHAT CaMO HSIKOU
OCHOBHH KIIIOUOBH (DaKTOpU KaTo CKOPOCTH, GopMmu, pazMepu u aAp. ToBa JaBa BB3MOXKHOCT
3a aHAJTM3UpaHe Ha eeKTa OT CMsATaHa Ha Te3H (PaKTOpH BBHPXY IpoLeca KaTo LsJIo.

3.5. PenH:KeHEPUHT HA MeJlellH TeJa

Meroanka npu AUTHTAIH3ANNS HA chepHIHI MEJICIH Tea:
» KamubOpupane Ha 3D na3epHHST CKEHED;
» Hactpoiika cuiiata Ha Ta3epHUTE JTBYU;
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Hacrtpolika Ha cBeT/IMHATA;

3aro3HaBaHe ¢ 00EKTa 3a U3CJIEIBaHE,

W3uckBaHus KbM 00€KTa 32 U3CIICABAHE;

[To3unmonupane Ha 0OEKTa 3a U3CIIEABAHE;

Pasnonarane Ha peTpopeIeKTUBHUTE MapKEPH;

OcpliecTBsIBaHE HA CKAHUPAHETO;

O06paboTka Ha CKAaHUPAHUAT OOCKT Upe3 CrenuaIu3upan codhryep;
Excnioptupane Ha n300paxeHHUETO 3a MOCIIeIBAIINA 00paOOTKH, N3CIICIBAHNUS.
Beue aurutanu3mpaHuTe MeENEIIM Telda ca MmokasaHu Ha ¢urypa 3.6. IIpeacrou na

YVVVYVVVYYVYYVY

Ob/lc HAIIPABEH CPABHUTEJICH aHAIN3 MKy HOBAaTa M PA0OTHIIMTE MEJICIH Tela, 3a 1a Ob/e
YCTAHOBEHO /IO KakBa CTEMeH ca u3HoceHH. ChII0 Taka HAIMYMETO HA HE PabOTHUIIOTO
MeJIeIIOo Ts10 Moxe 1a ce cbroctaBu ¢ 3D CAD mopen (m.unap. Quality control).

a) 0) B)

@ur. 3.6. Jlururanuzupanu MeJenu Tena: a—paboTuiao, 6—HOBO, B—pab0TOJIO MENEIIO TSIIO0

3.6. 3akiaouenue

Cna3BaHeTo Ha pa3pabOTEHHTE METOAMKU MU H3CIEIBaHE €IpHHATa Ha IUMEHTHU
JIOTIPUHACS 32 TOJYYaBaHETO Ha OBpP3M M JOCTOBEPHU pPE3yNATaTH, MPU HU3MEPBAHETO HA
W3XO0JIHA TIPOAYKIIHS.

N3cnenaBaHeTo u cieeHETO HA TEMIIEPaTypPHUTE MPH POTAIMOHHH MEIIH 332 TOMKOBH
MEJHMIM JONpPUHACSA 3a MpaBUIHA EKCIUIoaTalusi Ha OXJaxjaliara cucTeMa, 3alas3Baila
OCHOBHUTE €JIEMEHTH KaTo Jarepu U KOpIyc Ha Meu[ra.

CumMmynupaHeTo Ha CMUJIATeNIHW TPOLECH U AaHATU3UPAHETO U M3CIEBAHETO Ha
MeJely Tejla, KaKTO M aHaJU3WpaHeTO Ha IMOJYYeHHM JaHHU € OT KJII0UOBO 3HaueHue Mpu
pa3bupaHeTo Ha MPOLECUTe, BH3HUKBAIIM MIPH JIBUKEHUETO Ha TeJa.
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Tnasa 4
EKCIIEPUMEHTAJIHUA N3CJIEABAHUS U PE3YJITATH

Pesynrarure ca moONlydeHW CIEJACTBHE Ha CIIa3€HUTE CHCTABEHH METOIMKH 32
HACTpPOWKa, OTYMTAHE, ONTHMHU3HUPAHE U aHAJIM3UpaHEe HAa HY)XHHUTE JaHHU 32 MPOBEKIAHETO
Ha EKCTICPUMCHTAITHUTE M3CIICABAHUS, CBBP3aHU C JIBIDKCHHETO W B3aMMOJCHCTBUETO Ha Teja
¢ mpoMeHnBa opma.

4.1. OcbuecTBIBAHEe HA HU3cCJeABaHe 3a eJIPpUMHA Ha M3X0JAeH MNPOAYKT OT
NMPOM3BO/JCTBEHA TONMKOBA MEJHUIA

Enpunata Ha W3XOMHHUSA TPOAYKT € OT HM3KIIOYMTEITHO BAXKHO 3HAUYEHHE KaKTO 3a
KauecTBOTO, Taka M 3a CHepruiiHata eQeKTUBHOCT Ha eJHa TONKOBa MeENHHUIA. 3a
MOCTUTAaHETO Ha (pMHA U3XOHA MPOAYKIHS € HE0OXOAUMO MPOLECHT Ha CMUJIaHE /1a ObJe 1o-
MpoabJDKUTENEH. EnpuHaTa 3aBUcH HEe caMO OT BPEMETO 3a CMUJIaHE, HO U OT TOJIEeMHHATa Ha
MeJeIuTe Tea.

B moBedeTo 3aBoju ce M3MON3BAT CUTa 32 KOHTPOJIMpPAHE HA U3XOJHATA MPOAYKLHA.
Curara oTcsiBaT IPOAYKIMSTA KaTO HE NMPOITYCKAT pa3MepH, O-TOJIeMH OT ThpCeHaTa eApuHa.
He Moske 1a ce yCTaHOBH HAJIMYUETO HA MO-MaJIKK pasmepH. [6, 23, 24, 103, 104]

[IepBust tun nuument 52,5. Komnonentu: kiauHkep ot 95 no 100% u qombiHUTETHI
kommoHeHTH OT 0 mo 5%. 3a perynmpaHe Ha BpEeMETO Ha CBBP3BaHE c€ J00aBs KaJIUeB
cyndar. Becuuku komnonentu otroapst Ha BJIC EN 197-1 1.5. [103, 104]

[Ipenumcraa:

e BHCOKOSKOCTEH [TUMECHT,

e Hucko o6eMHO pa3mmpenue,

e bbp30o HabMpaHe Ha SIKOCT.

["apanTupanaTa BUCOKa paHHA SIKOCT Ha HATHUCK IO3BOJISIBA MO-0Bbp30 AekopupaHe u
oOpbIIaeMocT Ha (HOPMHUTE TIPH MPOU3BOJICTBO HA OCTOHHH M CTOMaHOOCTOHHH U3CIUS U T10-
Obp30 MOCTHraHE Ha HEOOXOAWMHUTE MapaMeTpu IMpHU MPOU3BOJICTBO HA CYXU CTPOUTEITHU
CMECH.

VYnorpeba chIiIacHO yKa3aHMATA Ha CIIEIHATICTA, IPOSKTUPaT OETOHA WM Pa3TBOpa:
Ha MPOU3BOJUTEINTE Ha TPAHCIIOPTOETOH ce mpenopbyBa u3nonsBanero Ha CEM 1 52,5 npes
3UMHHUTE M CTYJIEHUTE MECEIM Ha TOAMHATa, TOpaau TapaHTHpaHA BHCOKA PaHHA SKOCT Ha
Hatuck — HaJ 30 MPa Ha 2-1HeBHa Bb3pacT.

OO6nacTu Ha IPUITOKECHHE:

® CTpPOMTEJICTBO HAa MOCTOBE, BUAIyKTH, TYHEIU H Ip.,

e (GyHIAMEHTH Ha CTPaJH,

® Kele300€TOHHU KOHCTPYKLUHU B CTPaJU U MPEIBAPUTEIHO HAIIPETHATH KOHCTPYKIIHUH,
¢ MOHOJUTHHU KOHCTPYKIIMH B TPAXKAAHCKOTO M MPOMHUIIUICHOTO CTPOUTEIICTBO,

® [IPOM3BOJICTBO HA CyXU CTPOUTEIHU CMECH.

Pesynrature oOT wu3MepBaHuATa, HampaBeHM ¢ HaHo-rpanyinomepa FRITSCH
Analysette 22 NanoTec plus noka3sar, e enpuHarta Ha IpoaykTa Bapupa 83,2 um, 83,6 um.
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4.2. M3caenBaHe HA TeMIepaTypa NpH POTAIIMOHHA Mell

[Ipon3BOACTBOTO Ha IIUMEHT C€ ChCTOM OT HSIKOJIKO eTamna. ENWH OT Te3u eramu e
memra. llemra e mpeaHa3HaueHa 3a TOCTUTaHE Ha MaKCHMallHa €QEeKTUBHOCT Ha
TOIUIONPEJAaBaHETO OT TOPUBOTO KbM CYpOBHMHATa. B TomiaooOMeHHaTa Kyjla CYpOBHHHTE
O0bp30 ce HarpsBar g0 okojgo 1000°C, kaTto BapoBHKBT oOpa3yBa HeraceHa Bap. B
poraunoHHaTta neny temneparypara goctura go 2000°C. Ilpu Tasum BHCOKa TemmepaTrypa
MUHEpAJIUTE C€ CTAalsAT U CMECBaT, Karo oOpa3yBaT KPUCTAIU ¢ Mpeo0sasaBaiio KajilhueBo-
CHJIMKATCH ChCTaB — IUMEHTOB KimHKep [9, 14].

CeriacHo meTojaukaTa B TaBa 3, T. 3.2 (CbCcTaBsiHE Ha METOJWKA 3a M3CJICJBAHEC Ha
TeMIIepaTypa Mpy pOTAlMOHHA T1e1I), € HE0OXOJUMO 3aIl03HaBaHe ¢ KOMIIOHCHTHUTE Ha IMeNITa,
[I0Ka3aHU Ha ¢ur. 4.3 B peaigHa eKCIIoaTalusl.

Temnepatypata mo Isuiata Ab/DKMHA TpsiOBa na ObJe paBHOMEpHAa C HOPMAaJlHU
oTkJioHeHus. [lpumep 3a paBHOMepHOCT € ,,Ar2“ ot ¢ur. 4.4. Tam Temmeparypata € B
nuanazona ot 212,5°C (cun mapkep) a0 259,4°C (uepBen mapkep). Camata meny € cHabieHa
C OXJIQAUTENIH B ToTHATa cH JacT (¢ur. 4.3, mo3unmsi 2), KOUTO J1a MO AbPKAT PaBHOMEPHOTO
pasnpeeneHue Ha Te3u TeMIepaTypHu.

[MogabpxaneTo Ha TeMiiepaTypara B 3a/laJlcHd TPaHUIU U PABHOMEPHOCT € OT
0coOeHa BaKHOCT 3a MpaBUIIHATA EKCIUIpOATAIHs U 32 BPEMETO Ha >KUBOT Ha KOMIIOHEHTUTE
Ha Tenra (B 9aCTHOCT HOCEIUTE Jlarepu ). HempaBuTHOTO pa3noyioKeHne U PeKUM Ha paboTta
Ha OXJIQJAWTENIUTE BOAMU JO MpPErpsiBaHe W MOHMIKAaBaHE XMBOTA M KaueCTBOTO Ha JIarepure.
TepmorpadckoTo wH3cCieqBaHE IO MpEeAJIoKeHaTa METOJUKa HMa 3a LeJd ONTHMAaIHO
pasmosiaraHe U peXuM Ha paboTa Ha OXJIAJUTENUTE, KaKTO M MepHOoArYeH KOHTpoi. ChIo
Taka Ha KOHTPOJI MOJUIeKHU U OOJIUIIOBKATa Ha MEMITa, Thi KaTo MpHU JePEeKTH U U3THhHIBAHUS
TOBA MOXE J1a C€ PErHUCTpUpPa Ype3 MPOMsIHATA B TEPMOKAPTHHATA.

-

442.4 °C

r 400

r 300

r 200

r 100

36.8

®@ur. 4.3. [lem, 1 — pyrnameHr, ®@ur. 4.4. Tepmorpadus Ha pOTallMOHHA TIEI 32
2 — oxJjaauTenu, 3 — ment, 4 — jarep TOIKOBA MEJIHUIIA OTCEK 1

HanpaBenutre wu3cnenBanus ¢ TepmanHata kamepa FLIR P640 moka3Bar
HEPaBHOMEPHO paslpelelieHHe Ha TOIUIMHATa mpu Jarepa Ha rmemra (®dur. 4.4).
MakcumanHaTa TemMneparypa, 1ocTurama mnpu yarepa Temp:max 455,9 °C (uepBeH Mapkep) €
TBBpP/E BUCOKA. BucokaTa TeMmeparypa mpu jlarepa criomara 3a rno-onp3ata My aMOpTH3aIusl.
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4.3. H3caeaBaHe IBM:KEHHETO M B3aHMO/IeiiCTBHETO Ha TeJia ¢ MPOMeH/IMBa (popma

[Ipn HampaBeHHST JUTEPATYpPEH 0030p CTaBa SICHO, Y€ MEIHUIIUTE 32 CMUJIAHE CE
JeNAT Ha TIOHE 5 BHJA, ChIBPIXKAIIM TOJ BHJIOBE W IOJ TUIOBE. 3a Ja ce jo0ue mo aoopa
MpeicTaBa OT BCUYKM HAJMYHM MEJHMUIM € HalpaBeH ONUT 3a Kilacu(uKaluus Ha Te3u
MaluHA 3a cMmuiaHe. Haii-ronsiMmo BHHUMaHWe € oOBpHaTO Ha OapaGaHHUTE TOMKOBU
MEJTHHIIN.

Onwucanata B riaBa 3, T. 3.3 (CbcTaBsiHe Ha METOIMKA 3a CUMYJIMPAaHE HAa CMUJIATEITHA
MPOIECH) HM3MCKBA MOCTPOSIBAHE HA TEOMETPHUCH MOJICN. 3a TaKbB MOJICN Ca B3ETH Pa3MepH
Ha peayHa J1abopaTopHa TOMKOBAa MEIHHUIA ChC CICAHHUTE Pa3MEpU: BBTPEUICH TUAMETHP
D=305mm wu amemxkuHa oT L=305mm. Ta3u MenmHUIIa MaKCHMamHO ce 00IImkaBa J0
rabaputute Ha MenHuna Ha BOH/I.

4.3.1. KoucmpykxmusHume xapakmepucmuxku Ha Oapabanua monkoea mMeiHuyd

KoHCTpyKTUBHUTE  XapakTepuCTUKM Ha  OapabaHHaTa  TOMKOBa  MEJIHHIIA
IIpEeICTaBIsIBAT TPU KaMEpPHAa KOHCTPYKLHUS C pa3inyHa mupuHa Ha nosicute — 150, 100 u
50mm. ToBa gaBa BB3MOXHOCT 3a NOJy4yaBaHE Ha 7 pa3nuyHu WHUpuHU. CTpaHUYHUTE
Karaiy ca mpo3payHy, Mpena3eHy ca ¢ MeTajgHa pemeTka. ToBa 1mo3BosisiBa HabJI0aBaHe Ha
pa3IMYHUTE PEXUMH HA CMWIAHE M 3aCHEMaHE Ha CMUJAIIMTE Tena. MenHunara uma
BB3MOXKHOCT 3a J00aBsiHe Ha JUQTEpPH, KaTO TEXHUAT Opoil e no 24. 3aIBHKBAHETO €
0€3CTeNneHHoO.

3a /1a ce OChUIECTBH M3CIEABAHETO € HEOOXOAMMO ropernocoyeHara MeJHuIa 1a obae
Mozenupana Ha 3D CAD mpoayKT, MO3BOJISIBAII 3alMCBAaHE B HAKOW OT clieqHUTE opMaTu —
*.1gs, *.iges, *.stp, *.step, *.msh, *.stl. 3D CAD moaensbT e nokaszax Ha ¢ur.4.9.

®ur.4.9. O6m Bua va 3D CAD mojnen Ha 1abopatopHaTa METHHIIA

MonensT € pa3zeneH Ha TpM OCHOBHHM KOMIIOHEHTA, IIoka3aHu Ha ¢ur. 4.10.

a) 0) B)
®@ur. 4.10. OCHOBHU KOMITONIEHHTH Ha TOIKOBA JIAOOpAaTOpHA MEJIHHIIA: a — Karally,
0 — mudTepH, B — KOXKYX
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PaBI[eJ'IHHeTO Ha KOMIIOHCHTH II03BOJIABa II0-JICCHA IIpOMsHA Ha IIapaME€Tpu KaTo

IBIDKAHA U IMAMEThp, KakTo U Opoii u ¢popma Ha nudrepure.

KOWUTO

[Ipenn na ce mpeanpuemMe cuMysnanus, TpsOBa ga ce YCTaHOBH OposT Ha JU(TEpUTE,
B ciydas € 12, KOJMYECTBOTO MeEJELId Tejla, HM3MOJ3BaHU 3a 3allbJIBAHETO Ha

MEJHMIATA — 110 JInTepaTypHu AaHHU 30% U qUaMeThpbT HA MEJICLIUTE TeNa, KOUTO € 25mm.

Omnpenenena e KpUTHYHATA CKOPOCT Ha MeJIHULIATa 1o (hopMyiaTa:

V., = % = 8,02 rad/s = 76 rpm Edem Software Manual

Ksaero:

Ver — KpUTUYHH 0O0OPOTH HA MEJTHUIIATA

g — 3€MHO YCKOPEHHUE;

R — BpTpemen paanyc Ha OapabaHa

MenHuLMTE B MOBEUYETO Ciydan paboOTAT CbC CKOPOCT OT 65 10 85% oT KpuTHUYHUTE

o0opoTH. 3a To3u O0EKT Ha M3Cclie[[BaHe ce M3Mnon3BaT 75% or kpuTuuHuTe. TyK ce JocTura
710 Hal-M3MOJI3BaHMSI PEXKUM Ha pPab0Ta — KAaTapaKTeH PEIKUM.

10.
11.

12.

13.

4.3.2. 3aoasamne na 6xXx00HU OAHHU 3a CUMYTUPAHENMO HA ChepuyHU Melewu meid
Ot onmcaHaTa METOIMKA CJICABA JIa Ce 3afadaT CIACAHUTE BXOIHH JTaHHU:
OmnpenensiHe U 3a7aBane Ha HeoOXxoaumusaT mozen - Hertz-Mindlin (no slip)
OmnpenensHe HA HEOOXOIUMHUTE BPB3KU MEXKTY YACTHUIU HIIH YACTHIIA U TEOMETPHUS —
n30paHa e Bph3Ka MEXTy BCHUYKH O0OCKTH, y4acTBAIIlM BbB CUMYJIAIIUATA, Thid KaTO
BCEKU €IMH O0CKT OKa3Ba BIIMSHUE.
3ajaBaHe Ha TPABUTAIMS — TPABUTAIUATA € HaHeceHa 1o oc Z = 9,81 m/s?,
3amaBaHe HA MaTepHalv — 32 33/1aBaHETO HA MATEIMAIIUTE Ca U3MOI3BAHU PEATHUTE —
CTOMaHa 3a MEJICIIA TeJla, KAKTO U CTOMaHa 32 TEOMETPHITa Ha MEJTHULIATA.
3aaBaHe CBOWCTBA Ha MaTepUaINTE — OlpeieeHn ca koeduiueHT Ha [loacow,
ITBTHOCT Ha MaTEPUAIIHTE.
3ajaBaHe Ha BPB3KH MEXKTY PA3IMYHUTE MaTEpUAIN — 3a/1aJICHHA Ca BPB3KU MEXKITY
TeJaTa ¥ TEOMETPHSITA.
OmpenensHe pa3MepuTe Ha YaCTUITUTE, TOBBPXHUHUTE UM, MaTepHas, 00eM, MOMCHTH
Ha uHepuuu 1o ocu X, Y, Z
Nmnoprupane Ha 3D MomenuTe, 3a1aBaHe Ha MaTepualia UM - CTOMaHa, ONpPECIIsTHe
Ha IICHThpa Ha MacaTa.
3ajaBaHe HA IMHAMUYHY XapaKTEPUCTUKH (JIMHEWHA poTauus — 57 rpm). 3aaBane Ha
MPOIBKUTEIIHOCT Ha JICUCTBUETO.
OnpenensiHe mMocokaTa Ha JIEUCTBUE MO OC X.
Omnpenensae Ha HEOOXOAUMUAT Opoit yacTui — 30% ot obmKs o0eM Ha METHHUIIATA,
BpPEMETO 3a KOETO III€ C€ OCHIIECTBH reHepupaHeTo uM — 1S. Bpeme ot koero 1ie
3amoyHar aa ce reaepupar 0S.
3aaBaHe Ha MapaMeTPH HA YaCTUIIUTE KATO TUII - CTAaHAAPTEH, pa3Mep - HEIPOMEHEH,
MIO3ULIMSA - CIIy4alHa.
3ajaBaHe Ha BpeMe, HEOOXO0IMMO 3a U3BBPIIBaHE Ha cumyarusara — 10s.

Aemopeghepamu na ducepmauvuu 3 (2016) 21-60



WM3CNEABAHE HA OBMXKEHMETO M B3BAMMOOENCTBMETO NPU TEJIA C MPOMEHNBA ®OPMA 49

4.3.3. Ananusupane oanHume om CUMyIAYUAMA HA chepudHy Menewu mena
Ha 6a3aTa Ha Te3u 3aJaJJeHU JaHHH € OCBIIECTBEHA CHMYJIAIHS CaMO C MEJICIIH Tea,
C IIeJI ]a Ce OTYETE BI'bJI HAa OTJCISHE OT PaMOTO Ha MEITHHIIATA, BI'BIBT Ha aJaHe U CHUJIaTa
Ha ynap npu najaase, ¢ur. 4.12 — 4.14 [105-108]..

broi va otgensane — 210,61 ° brei na nagane — 50,97 °
—

®ur.4.12. OnpenensiHe projia Ha OTIACISHE ®ur.4.13. OnpenensHe proia Ha NaJaHe.
e (Cwuna Ha yJap npu IajiaHe.

: ‘«;‘mu] Force () Normal Force - Time
712208

sh1061|
« J H . ]
S5 it / it X

| |

®ur.4.14. Pa3nipenesieHre Ha CUJIaTa 3a IsU1aTa CUMYJIaIus

[MocTurnatute pe3yaTaTu OT CUMYJIALUATa ca OT 0COOEHO 3HAUEHHE 3a MPOCIIeAsIBaHe
Ha ISJIOCTHHUS TPOIIEC HA JBIDKEHWE Ha Tenara. O4yakBa ce MpU MPOMSHATA HA KIIOYOBU
dakTtopu (mpomsiHA TUAMETbpa W OpOs HA TOMKHUTE, MPOMsSHA OOOPOTHTE HA MEITHHIIATA,
nmpoMsiHa BuJa W Oposi Ha JHUQPTEpHUTE) Ja CE TPOMEHAT U CTOHHOCTHTE, OTYETCHH OT
CHUMYJIAIUSTA.

4.3.4. 3aoasane na 6x00HU OAHHU 34 CUMYIUPAHEMO HA Chepuyer mempaeovp
OT onmcaHaTa METOJUKA CIIE/IBA J]a c€ 3a7alaT CISIHUTE BXOJIHU JaHHH, OJU3KH JI0
TE3H MPHU CUMYJIALUS ChC CPEPUIHH METICIIN Tea:

1. OmpenensiHe u 3agaBane Ha HeoOXxoaumusT Moaen - Hertz-Mindlin (no slip)

2. OmnpenensHe Ha HEOOXOAUMHUTE BPB3KU MEXK/1y YACTHUIIU HITH YACTHIIA U TCOMETPHUS —
n30paHa € Bpb3Ka MEX1y BCHUKH OOCKTH, y4acTBAIM BbB CUMYJIAIIUATA, Thil KATO
BCEKH €IMH O0CKT OKa3Ba BIMSHUE.

3. 3agaBaHe Ha 'paBHUTAIUS — IPABUTALMATA € HaHeceHa o oc Z = 9,81 m/s?,

4. 3amaBaHe Ha MaTepHaIH — 32 33JJaBAHETO HA MATEJIHAIUTE Ca U3IIOI3BAaHH PEATTHUTE —
CTOMaHa 3a MeJICIIN Tella, KAKTO ¥ CTOMaHa 3a TeOMETPHUATa Ha METTHHIIATA.
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5. 3anaBaHe CBOWMCTBA HAa MaTEPHAIIUTE — OMpeJIeeHH ca KoeduineHt Ha [loacos,
IUTBTHOCT Ha MaTepUaIHTE.
6. 3agaBaHe Ha BPH3KHU MEXKAY PA3IMYHUTE MAaTEPHAIU — 3a/1aJICHH ca BPH3KU MEXKITY
TeJaTra u TeOMETPHUAITA.
7. OmpepensHe pa3MepuTe Ha YACTHUIUTE, TOBbPXHUHUTE UM, MaTeprall, 00eM, MOMEHTH
Ha WHepIuu 1o ocu X, Y, Z, uMIopTupane Ha Gopma.
8. Mmmoptupane Ha 3D monenute, 3aaBaHe Ha MaTepuasia UM - CTOMaHa, OIpeeNsiHe
Ha IIeHThpa Ha MacarTa.
9. 3anmaBaHe Ha MMHAMHWYHH XapaKTEPUCTUKH (JTMHEHHA poTanus — 57 rpm). 3aaBane Ha
MPOIBIDKUTEITHOCT Ha JICHCTBUETO.
10. OnpenensHe mocokaTa Ha AEHCTBHE MO OC X.
11. OnpenensHe Ha HEOOXOAUMHAT Opoii yacTuim — 30% o1 o0mmus 00eM Ha MeTHUIIaTa,
BPEMETO 32 KOETO IIIE CE OCBIIECTBU reHepupaHeTo UM — 1S. Bpeme oT koeto 111e
3anoy4HaT aa ce reaepupart 0S.
12. 3anaBane Ha mapaMeTpH Ha YaCTULIUTE KaTO THUII - CTaHAApPTEH, pa3Mep - HEIPOMEHEH,
MO3UIMS - CIy4daifHa.
13. 3amaBane Ha BpeMe, HEOOXOIMMO 3a U3BBPIIIBaHE HAa cuMynamusaTa — 10s.
Cneunduxara npu Tasu cumynauus e ¢opmata Ha Menemoro Ts10. Cnopen
auTeparypHu u3toununu [21], ToBa TsU10 MMa 1o-100pa €PEeKTUBHOCT, HO HE € M3CIIEABAHO
KaKTO C(epUYHUTE MeJNleln Tena. ToBa Hajara M3CieIBAaHETO MY, KOETO HE € MPOCTO KaTo
npu chepuaHUTE MENIeTH Tella, Mopaau crenudukara Ha padoTa Ha copTyepa.

3a 51a ce OCBIIECTBH CHUMYIMIUSA, IBPBO TSUIOTO TpsAOBa aa Obae moxaenupaHo B 3D
copryep (pur. 4.16).

[TocTpoeHuaT MozEn ce UMIOPTHPA B cOPTypa, KaTo ISUIOTO MY ChIbp>KaHUETPsIOBa
Jla ce 3aIrbJIHU C ToJisaM Opoii chepu. Besika chepa TpsiOBa na Ob/1e mocTaBeHa BbB MOJIENNa U
opuentupana o XYZ. [IponecwT € moka3an Ha ¢ur. 4.17.

®@ur. 4.16. 3D mozen Ha chepruucH ®@ur. 4.17. Umnoptupan Mojen B
TETpacIbP. EDEM Software.
3a 3ambpiaBaHe Ha MEJIHMIATA OTHOBO ce m3moi3Bar 30%, 3a ma Moxke Ja Obaar
CpPaBHEHU CUMYIAIUUTE.
[Mopamu cnenmduunara ¢popMa Ha TO3HM THUIT MEJIEIIO TUIO € HEOOXOAUMO ChCTABSIHE
Ha METOJIMKa 32 OTYUTAHE HA PE3YIATATUTE MY.
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3a u3cneBaHe MOBECHUETO HA CPepruyHUs TeTpaeabp MpH ABHKEHUE B JIabopaTopHa
MEJIHHUIIA CE M3I0JI3Ba CUMYJIAIMOHHO MoJienupane B codryepHa cpena EDEM Software.
TexHuueckaTa peanau3alys Ha METOJIMKATa € B CJIEHATA ITOCIEI0BaTEIHOCT:
1. OnpenensHe pazmepuTe Ha CPEpUUHUS TETPACTBP.
2. TlocrposiBaHe Ha ChepUUHUS TETPACTBP.
3. 3amaBaHe Ha CTOWHOCTUTE Ha TTAPAMETPUTE:
3.1.ITocoka Ha BBPTEHE.
3.2.060poTH Ha J1abopaTopHaTa MEITHHIIATA.
3.3.IlporeHTHO 3ambiiBaHe ChC CHepUUHU TETpACIPH Ha JJabopaTopHaTa METHHIIA
4. OmpenensiHe Ha ,,KOHTAKTHOTO METHO MEXy C(EPUUHHS TETPACIbp U BbTPEIIHATA
MOBbPXHUHA HA MEJTHHIIATA.
5. OmnpezensHe Ha bI'bJla HA OTAEISHE YpE3 KOHTAKTEH BEKTOP.
6. OmnpenensHe Ha BI'bJIAa HA NIA/1aHE HA CHEPUUHUS TETPACTBP.
6.1 mamane BpXy NOBbPXHUHATA HA MEJITHUIIATA;
6.2.magane BBPXy JIudTED;
6.3 majane BbpXy APYro MEJIEUIo TAIO.

4.3.5. Ananusupane oannume om CUMYIAYUAMA HA Chepudnu mempaeopu
B mpowusBoieH MOMEHT OT BpEMETO Ha CHUMYJIAlUsTa € B3€TO IMPOU3BOIHO TsUIO.
[Ipocnenena e TpaekTopusita Ha ToBa Ts10. ONpeiesieH! ca bI'bJIbT Ha OTIEISHE U BI'BIIBT HA
najgaHe Ha ToBa Tsuo. Koopamnarara ,,x“ ce Bb3npuema 3a 0° CnpsiMo HEro ce ompenessT
BI'BIBT Ha OT/ICNISIHE OT PAMOTO Ha MEJTHHIIAaTa, KOWTo B cirydas ¢ 208,85° (¢pur.4.19). breast
Ha magane ¢ 56, 72° (¢pur.4.20).

@ur. 4.19. OnpenensiHe proyia Ha @ur. 4.20. OnpenensHe projia Ha Ma1aHe
OTJAEJSIHE OT PaMOTO

Crnen onpenenssHeTO Ha BIJIMTE TPSOBA J]a C€ HAMEpH 3aBUCUMOCTTA HA CHJIAaTa, KOSTO
JIECTBA HA AaJICHOTO Ts10. B MOMEHTa, KOMTO € oNpeeneH bIrbAbT HAa NaJaHe, TOBA TAJIO HE
rajia Ha CTeHAaTa Ha METHUIATa WM Ha JU(TEP, a KOHTAKTyBa ¢ apyru Tena. Ha ¢ur.4.21 e
M3BaJicHA CujaTa, KOSATO JCWCTBA Ha TAJIOTO Mpe3 IeNus Mepuoa Ha cumynanusara. [la ce
HaIpaBU aHAJU3 Ha MMaJIaHeTO Ha TSUIOTO CTIOpe]] cuiiata B rpadukara.

IIpu uk 1 ot rpadukara, cunata mosydyeHa B MOMEHTa Ha yaapa rnpu Bpeme t = 5,8 S
e F = 4,22 N. TTony4aBa ce koHTakT Mexay 3 Tena. [Ipu muk 2,t = 7,9 S, cunata F = 12,03 N,
KOHTakTa € ¢ apyru 2 tena. U npu tpetust muk t = 10,3 S, cumara F = 42,82 N, ocbiiecTsiBa
Ce€ KOHTAKT C JPYTO TSJIO.

Aemopedhepamu na ducepmauvuu 3 (2016) 21-60



52 Hwukonai MiBaHoB CToMmeHOB
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@ur. 4.21. Cwiia Ha yaap Ha u30paHa yacTuia

[Ipu npomsiHa Ha pa3MepUTEe HA MENEHIUTE Tela, KAaKTO U MPOMsSHA pa3MepUTe Ha
MEJIHUIUTE, a ChIIO U 00OPOTHUTE, T€3H BIJIM ce MPOMEHAT. TpsAOBa ga ce ThpcH ONTHUMAJICH
BapI/IaHT HA CbOTHOLICHHC Me)KI[y TE3U TpI/I HapaMeTI,pa.

O‘-IaKBaHI/ITe IIOCTUTHATHU pGSyJ'ITaTI/I J0 HU3BCECTHA CTCIICH CC€ HOTB’pr[I/IXEI. Te e
6’bI[aT KaTo 621321 Ha IIO-HATATBIIIHUTC eKCHepI/IMeHTaJIHI/I Hn3CjIeABaHusA HpI/I HN3I10JI3BAHCTO HaA
CHMYJIAIIMOHHOTO Mojeupane ¢ momoira Ha EDEM Software.

4.3.6. CpasHumenen ananusz mexcoy paziuiHu Gopmu meieuu meid

B EDEM Software e nampaBeH cpaBHHTEIEH aHAIW3 MEXKIy IBC Tejda C pa3indyHa
dbopma. Chepruuno menemno Tsu10 U cheprudeH TeTpaeabp. /[Bere Tena ca B eHa METHHUIIA U ca
c enHakBa Maca. OmpeneneH € BI'bJ Ha OTIENSHE OT PaMOTO HA MENHHUIATa U BI'BI Ha
nanane. [lo Bpeme Ha cumynanusara, koaro € 30 CeKyHaH € CpaBHEH M OposT Ha ,,yCIEIIHUTE
W3IMTaHMsI IO TIONy4aBaHE HA JKENAHUSAT PeXHM Ha padora (KaTapakTeH peXHM) Ha JBETE
Tena, onucan B ['aBa 1 (¢ur. 4.22 — 4.32) [109-112].

BposT Ha u3muraHusATa Ha TETpaeabpa € 26, a OposT Ha chepuaHOTO TsuIO ca 21.

Ortuetrenu ca: ‘brioBa ckopoct Terpaenbp; briioBa ckopocTt chepuyno Tsuio; Cuna
terpaeabp; Cuna chepudHo TAI0; YCKOpPEHHE TeTpaeabp; YCKopeHue chHepuyHO TsUIO;
Ckopoct Tetpaenbp; CKoOpocT chepryHO TsUIO.

®@ur. 4.22. OnpenensHe pI'bja Ha ®@ur. 4.23. OnpenensiHe brbjia Ha
OTJIENISTHE Ha TeTpaeabp. najaHe Ha TeTpaeabp.
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®ur. 4.26. briioBa CKOpPOCT TeTpacIbp
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®ur. 4.30. Cuna TeTpaebpp
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®ur. 4.32. CKOpOCT TeTpacIbp
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OT noxy4eHuTe JaHHU CTaBa SICHO, Y€ BI'bIBT HA OTHENSIHE Ha CHEpUUHHS TETPaCIbp
e 233,94°, 3a pa3nuka OT TO3U Ha CPepUUHOTO TS0, KOiTO € 229,56°. 'breabT Ha MajgaHe Ha
Terpaenbpa € 57,39° a To3u Ha chepuaHOTO TS0 € 59,19°. CriencTBUE HA MO-TOJEMUST BI'BI
Ha OTJHEJNsSHE, TSUIOTO MMa IMO-TOJsIMa BHCOYMHA Ha MajjaHe, ChOTBETHO C€ IOJIydaBa IIo-
rojsiMa cuia npu nanase. Cunara, noimydyena npu chepuunus terpaeasp € 77,06 N, ¢ 14,92
N mo-romsima ot Tasu Ta chepuunoro Tsio (62,14N). MakcuMmaniHo OTYeTeHaTa BIJIOBa
ckopocT Ha cepara e 855,248 rpm, Tasu Ha Terpaeappa € 755,738 rpm. MakcumMaiHOTO
yckopenueto Ha cepara e 0,151421 Nm, a ToBa Ha cepuunus trerpaeasp € 0,455943Nm.

4.4. JIndrep Tun chepounanen rerpaeabp Ha Pejio

3aap1009€HOTO HM3CIICBAaHE HAa NPOLECHTE, BB3HUKBALIM IPU TOIKOBH MEITHUIH
JIOBEZIe 10 Ch3JaBaHETO Ha 3asBKa 3a MATEHT, OTHACSIl ce 10 JudTep 3a HaTpoIlIaBaHe,
pa3npobOsBaHe W CMHIaHE [0 HeoOXoaWMmara e€ApHMHAa Ha MaTepHajla M IIe HaMepH
MPUIIOKEHNE B METTHUIIUTE B MUHHATA UHAYCTPHSL.

3agayara Ha M300PETEHHETO € Ja ce Cch3hanae audrep, ¢ KOWTO Pa3TPOIIaBaHETO H
CMMJIAaHETO Ha MaTepHaja Jia cTaBa mo-0bp30 U Mo-JECHO.

3amgayara e pemieHa ¢ JUQTEp, ChCTOSI] Ce OT TS0, T1aBa U OCHOBA, KaTo IjaBaTa
MPEJCTaBIABA TPUBI'BJIHUK ChC CPEPOUTATHU CTEHU U 3a0CTPEH BPBX, MIPU KOETO OCHOBATA €
C MO-MaJTbK pa3Mep OT TIJlaBaTa, a IJlaBaTa 3aBbpIIBA C MEPICHIMKYISIPHA CTEHA KBbM
OCHOBAaTa, KaTO MPOCTPAHCTBOTO MEX]y CTEHAaTa Ha OCHOBAaTa W MEPIECHAUKYISIpHATA CTEHA
oOpazyBa 1x00.

[IpenumcTBO Ha NU@dTEpa € MOBUIIEHOTO HATpPOILIaBaHE Ha MaTepualla, KaTo OCHOBHO
HATPOIIIABAHETO CTaBa IPH IOTAJaHe HAa MaTepHala BbPXY 3a0CTPEHUS BPbBX.

Jlpyro mpenuMcTBO Ha JH(TEpa e, ye € MOo-37paB, Mopaau TOBa, Ye CHEepOHATHUTE
CTEHH Ha TJaBaTa IPEIa3BaT 3a0CTPEHHS BPBX OT CUyNBaHE IOpaad pasceiiBaHe Ha
CHeprusTa.

Jludrepst, nmokazan Ha ¢ur. 4.34 — a npencrasisABa paspe3 Ha nudtepa, O -

Mpe/ICTaBjIsIBa HAMPEUYeH pa3pe3 Ha MEeJHUIaTa U Pa3MoJIoKEHUTE B Hes TU(TEpH.

2

a) 0)
®ur. 4.34. Cxema Ha MaTeHTHA MPETESHINS 3a JUPTEP.

JIudprepsT ce chcTtom or Tamo 1, TiaBa 2 u ocHoBa 3. 'maBara 2 mpencraBiisiBa
TPUBI'BIIHUK ChC CHEPOUIATHU CTEHU 4 U 3a0CTpeH BPbX 5. OcHOBaTa 3 € C mMo-MalIbK pa3Mep
OT TJIaBaTa 2, a IJiaBaTa 2 3aBbplIBa C NEPHEHIUKYJsSIpHA cTeHa 6 KbM OCHOBaTa 3, Karo
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MPOCTPAHCTBOTO MEXIY CTEHaTa Ha OCHOBaTa 3 W MepIeHAUKYJspHaTa creHa 6 oOpaszyBa
mx00 7. OceBo Ha yenoTo 8 Ha ocHoBarta 3 e u3paboTeH oTBOp 9 3a 3akpenBaHe Ha aUdTEpa
KbM Oapabana 10 Ha MenHuIaTa pe3 orBop 11 B 6apadana 10.

JlelicTBMETO Ha YyCTPOWCTBOTO CE€ OCBHLIECTBSBA IO CIEAHUS HA4YMH: IIPE3 OTBOpA 3a
3axpaHBaHe Ha MeEJHMILATa ce IojaBa MaTepuayn 3a cMmwiane. Cropea Tuma MelHHUIA
3aXpaHBaHETO C MaTepuan Moxke Ja ObAe C MpeKbCHAaT M HEeNpeKbCcHAT IUKBI. llpu
JBIKEHHUETO Ha Oapabana 10 Ha MeTHHUIIATA C ONPEACIICHH 00OPOTH, MOCTHITUIINS MaTepHall
3aroysa Jia ce BbPTHU 3aeHO ¢ MenHunara. C nomourra Ha audTepuTe, MaTepUaTbT Ce U3Ura
70 AaJieHa BHCOYMHA, CJIEJ KOETO ce OTHeNs OT cTeHara Ha Oapabana 10 Ha menHunaTa u
roraja BbB BbTpeIHocTTa Ha Oapabana 10. [Ipu monananero cu BbpXy JudTep MaTepUAIBT
ce HarpomaBa W cMmia. Criopen >kellaHaTa M3XOJHA eIpUHA Ha MaTepuana 3a CMUJIaHE ce
OIIpeJielis U BpEMETO 32 BbPTEHE Ha METHULIATA.

I'maBata 2 Ha nudTepa M 3a0CTPEHUAT BPBX 5 CIOMarar 3a HATPOIIABAHETO Ha
Matepuaina. [HkoObT 7 3ambpka MaTepualia U crioMara 3a U3JUTIaHeTo Ha MaTepuaia 0 Io-
BHCOKO HMBO, KOETO OT CBOSl CTpaHa IOBHUIIaBa Mpou3BoauTenHocrra. OcHoBata 3 ce
MOHTHpa KbM Oapabdana 10 mpe3 otBop 9 u otBop 11.

1. larentnara npereHumns ce ¢hCTOM B TOBa, ue JIudrepst, cherosm ce ot Tswio (1),
riiaBa (2) v ocHOBa (3), XapakTepHu3upaill ce ¢ TOBa, 4e riaBata (2) mpeacTaBisiBa TPHbI'bITHUK
chbC cheponaaHu cTeHu (4) u 3a0CTpeH BPbBX (5), KaTo ocHoBarta (3) € ¢ Mo-MarbK pa3Mep OT
rinasara (2), mpu KoeTo riiaBara (2) 3aBbpIBa ¢ MEPHEHIUKYISIpHA CTeHa (6) KbM OCHOBAaTa
(3), a mpoCTpaHCTBOTO MEXIy CTEHaTa Ha ocHoBara (3) W mepHneHIuKy/IsipHaTa creHa (6)
obpazysa 1x00 (7).

4.5. 3akn0uenue

HanpaBeH e mbjeH aHaM3 HA eIpUHATA HA YACTHIIUTE HA PA3IMYHH BUIOBE IIUMEHT.
[To aHAMUTUYHU WU3YHCICHHS IIE C€ CBEAC 0 MHHUMYM IIMPOKHS JWANa30H HA YaCTHIIUTE.
ToBa Moke Ja ce MOCTUTHE Ype3 HaBPEMEHHA MOIMsIHA Ha MEJIEIIUTE Tela.

[Ipu nanpaBeHara Tepmorpadusi Ha MEIITa, OCUTypsBallla 3aTOIUITHETO Ha TOMKOBA
MEJTHHIIA B 3aBOJIa 32 IIMMEHT O0€ OTKPUT MPOOJIEM ¢ MO-BUCOKA TeMIIepaTypa, KOSITO OCBEH ue
crioMara 3a mo-0bpp30TO aMOPTHU3UpPAHE Ha JIaTepUTE, HAPYIIaBa U TOKPUTHUATA HA camarta Iel|
KaKTO OTBBTpE, Taka U OTBBH. [Ipo0iaeMbT Moke a Ob/ie perieH npu u30op Ha Mo-ePEKTUBHO
OXJIaXKJIaHE € Ja CE MPOMEHH TOTIOJIOTHUATA Ha CAMHUTE OXJIAAUTEIH.

OT HampaBeHUTE HW3CJIEIBaHHWS Ha pa3nuuHute Gopmu Mejiemm Tena (chepu u
cepuvHN TETpaeipH) U CPABHUTEIHUAT aHAIU3 MEXKIY TAX CE YCTaHOBH, 4Ye: BI'BIBT Ha
OTJICIIAHE € IIO-T'OJIAM OT TO3M Ha C(bepI/I‘-IHOTO Ts510. ToBa O3Ha4daBa, 4¢€ Mpu €aHa U Chlla
CKOPOCT Ha BBPTEHE TETpaeAbpa CE€ M3JIWUra Ha MO-TOJsiMa BHUCOYMHA, CJIECICTBHE HA KOETO
cuiaTa Mpu MpHu3eMsiBaHe € Mo-TosiMa. ToBa OT CBOsI CTpaHa O3HAYaBa, 4Ye IE HATPOIIaBa
npoayKIuAaTa 3a CMUJIAHC HO-e(beKTI/IBHO U 3a MMO-MaJIbK MEPHUOA OT BPEMC. ‘brenst Ha ImaaHe
CBIIIO € pa3IHyeH.
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3AK/IIOYEHHUE

B paspaborenara mucepranus ca HampaBeHU 0030p, aHAIU3 W CUCTEMaTH3alMs Ha
METOJIM M CPEICTBA 3a pealu3alMsl Ha CMUJIATENIHU MpoLecH (METHUIM, MENElM Tela U
MeJIelH CPey, MapaMeTpy Ha MPOILIECUTE Ha pa3ipo0siBaHE U CMUJIAHE).

[IpennoxkeHn ca METOOUMKM M alTOPUTMH 32 MOJEIMpaHE U HU3CIeABaHEe Ha
CMIJIATEIHUTE TMPOLIECH, MEJICHIUTE Tela U MeJEeUUTe Cpelu, KaKTO M Ha IMOJIy4YeHHs
MIPOJYKT.

M3BbpiIeHn ca eKCIIEpUMEHTH Che crenuanusupan codryep 3a 3/] moxenupane mo
MeTon Ha IUCKPETHUTE €JIEMEHTH Ha JABM)KEHHETO U B3aMMOJECHCTBHETO MEXIY BHIIOBE
MeJEely Tena.

C nasepeH HaHO TpaHYJOMEp ca M3CJIEJBAaHU €ApUHATAa Ha YAaCTULUTE 3a BUAOBE
LIMMEHTH MPU PA3INYHU PEKUMHU Ha padoTa.

C TepMokamepa ca HU3CIEABaHM TOIUIMHHUTE PEXMMU Ha TNeEIIM, H3CIEBaHa €
BBTpPEIIHATA CTPYKTYpa U U3HOCBAHETO HA MEJICIH TeNa.

[IpennoxkeHn ca MHOBAaTUBHMHU IMapaMEeTpU HAa CMIJIATEIHH MOAyNIU (JudTepu Mo
o0JIMIIOBKATa Ha TOIKOBA MEJHMIIA) C 1IeJ1 MMOoJIydyaBaHe Ha Hail-moOpy mapaMeTpu Ha CMIICHUS
MaTepua.

TounuaT UM moaOOp M HpUJIaraHe MOTaT 3HAYMTENHO Ja MOBHIIAT KAaueCTBOTO Ha
OPOAYKIUATA M Ja MOBHUIIAT €HepruiiHaTa e(eKTHBHOCT, C KOETO peajHo Ja ce HaMmajsT
BpEMEHATa U Pa3XOAUTE B IPOU3BOJCTBOTO.

HAYYHO-ITPUJIOKHHU ITPUHOCH:
B pesynarar Ha pabotara, U3BBpIIEHA B AUCEPTALUATA U PE3YNITATHTE, MOIYYEHH B X0/a
Ha M3CIEIBAHETO M W3JIOKEHU MO-TOpe, MoraT Ja ObaaT (GopMyaupaHU CIEIHUTE HAyYHO-
MIPUIIOKHU IPUHOCH:

1. AHaJII/IBI/IpaHI/I U CUCTCMATU3HPAHU Ca B CBOATA MBJIHOTA PA3JIMYHUTEC MCTOAU U
CpCACTBA 3a p€ajin3alrsd Ha IpOUCCHU Ha pa3;[p06;IBaHe, CMHJIaHE M o0oraTsBaHE.

2. IlpemnoxeH e Moaxoj 3a TEOPETUYHO M3CIEABAHE Ha JIBI)KCHHE W B3aMMOJICHCTBHE
MEXy TeJla ¥ MEJICIH CPEAH C MpoMeHInBa (hopma.

3. IlpoBegenu ca penuma exkcrnepuMeHTH 3a 3] MomenupaHe | H3CIeABaHE Ha
JBIDKEHUETO M B3aMMOJICHCTBUETO MEXKy MEJICIITU Tela ¢ pa3andyHa ¢popma.

4. Pe3ynaTaTtuTe OT €KCIEPUMEHTHUTE ca BepUPUIIMPAHH, aHAIM3UPAHN U ONTHMHU3HPAHU C
11€J1 IOBUIIIABAHE KAY€CTBOTO HA MPOAYKIIUATA U eHepruiiHaTa e()eKTHBHOCT.

5. PazpaboreHa e meroaMKa 3a OIICHKa CBOMCTBAaTa Ha IOJyYCHHTE MaTepHald MpU
Pa3IUYHM TapaMEeTPU Ha CMHJIATEITHUTE MPOLecH

6. IlpemnoxeHnn ca MOAyIM B CMUJIATENIHW YCTPOMCTBAa ¢ HMHOBaTHMBHa (opma u ca
u3cneaABaHu Gopmarta, CTpyKTypaTa U INIbTHOCTTA HA MOJIYY€HUTE MPOAYKTH.
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BJIATOJAPHOCTH

Nmax yecrtTa 1a paboTs moa ppbKoBOACTBOTO Ha npod. a-p Aumutsp KapactosiHOB, KOiTO Me
HNOJKpEeIsIe W IoMmaramie Ipe3 TOJUHUTE - ChpJAEYHO Oslarojapss 3a IOMOLITa U 3a
HEYCTOMMOTO 4YBCTBO 3a XyMOp.

Crpio Taka uckam jaa omarogaps Ha npod. amH ["ans AHrenaoBa 3a BB3MOXKHOCTTA Jla paboTs ¢
YHHUKAQJIHA U MOJIEPHA HAYYHO-U3CJIeIOBATENICKa arapaTypa B paMKHUTe Ha ToisiM EBponeiicku
MIPOCKT.

Pazbupa ce, Oux uckan ga u3Kaxka OmarogapHocTd W Ha gou. a-p Tomop IlenueB 3a
METOIMYECKUTE YKa3aHHUsI U HACOKUTE, KOUTO MH JaJI€.

brnarogapst cweimo Ha pod. a1-p Tomop HemkoB u Ha moru. a-p Jlroben KimoukoB oT kareapa

AT xkbMm M® Ha TY-Codus 3a moakpenaTa mpe3 BCUIKUA T3 TOAUHH.

Cobpneuno biarogaps na Bcuuku !!!
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