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Abstract: Today, one of the main features of all major networks is that they are designed with a monitoring system. Monitoring 

systems are essential for network security and maintenance in various electrical engineering fields such as building automation 

or energy management. This is no different in the case of optical networks, where most systems are equipped with fibre 

surveillance systems. With the help of it, we can easily monitor the optical network, increase network utilisation, availability 

and cost efficiency. There are a number of reasons to invest in such a system. It increases the security and stability of the 

network, facilitates fault detection and makes the system cost-effective, as well as meeting various legal obligations. For the 

reasons mentioned above, all telecom companies use some form of fibre monitoring system. Familiarity with these systems is 

particularly important for university students and technicians, as in most cases, they will encounter similar equipment in the 

real working environment. Our measurement environment aims to transfer this knowledge to students. During the 

measurement, they will be introduced to a deployed fibre monitoring system, where they will also gain experience with the 

process of connector cleaning, VFL fault locator light and AD-HOC measurements. The fibre monitoring system will be an 

EXFO-RTU-720, which allows AD-HOC measurements in live networks at 1625 nm. In our presentation, the measurement 

environment and the associated tasks will be presented. 

 Keywords: monitoring system; optical technology; EXFO; OTDR; measurement 

1 Introduction  

In this article, I present a measurement task implemented with an EXFO fiber monitoring tool that I 

developed. 

The project's goal was to create a measurement system and develop measurement tasks that would 

help students understand OTDR measurements and fiber monitoring systems. The main component 

of the measurement system is the fiber monitoring system, around which I will design various 

measurement solutions, new measurement tasks, and accompanying documentation. The setup of 

the measurement task is built using modern optical components still in use today, such as optical 

connectors, splices, attenuators, a VFL measuring device, and the EXFO fiber monitoring tool itself. 

Practical knowledge of these optical tools is especially important for students, as their use is critical 

in modern measurement environments. My objective is to create a comprehensive educational 

package that includes the measuring toolsτin this case, the OTDR fiber monitoring systemτa list of 

equipment and cables required for the measurements, measurement instructions with tasks, and a 

sample measurement report. The developed measurement system can be used within the 

framework of the Optical Networks course but is also suitable for demonstrating optical 

measurements in other courses due to its portability. The current design of the fiber monitoring 

system, which forms the core component of the system, enables further development, the 
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integration of new measurement objects, or the addition of online measurement capabilities in the 

future. 

Additionally, I will prepare a sample report appendix featuring a specific solution, which will assist 

students in their measurement work in the future. This report will be included as an appendix at the 

end of my work. 

2 The Role of Fiber Monitoring Systems in FTTH Networks 

Fiber monitoring systems are specialized tools designed to oversee optical networks and their entire 

infrastructure. These systems provide continuous monitoring of the optical network, ensuring 

immediate detection of potential issues. Typically, these monitoring devices operate alongside 

central OLT (Optical Line Terminal) units, forming an indispensable pair of supervisory and 

operational systems. For communication service providers, investing in such systemsτwhether for 

new network deployments or existing infrastructuresτoffers significant advantages [1]. 

¶ Fault Detection and Localization: Fiber monitoring systems continuously track the signal quality within 

optical fibers and immediately report issues such as signal degradation, cable breaks, or other 

malfunctions. This enables precise fault localization, significantly speeding up repair processes. 

¶ Optimized Maintenance and Operation: These systems allow providers to schedule maintenance 

activities in advance and take preventive measures to avoid potential failures. This proactive approach 

reduces downtime and ensures uninterrupted service delivery. 

¶ Monitoring Network Capacity and Performance: Fiber monitoring systems enable providers to keep 

track of network performance and utilization. This data helps identify peak load times and capacity 

bottlenecks, supporting better network planning and optimization. 

¶ Rapid Fault Recovery: By swiftly identifying and localizing faults, providers can drastically reduce the 

time required for on-site repairs. This improves service quality and enhances customer satisfaction. 

Additionally, Hungarian regulations set by NMHH mandate that providers address reported faults within 

72 hours, making efficient fault management essential [3]. 

3  Theoretical Background of Fiber Monitoring Measurements 

In this chapter, I aim to provide readers with the theoretical foundations of the measurement 

techniques to be used in future examinations. By understanding the content of this section, readers 

will find it easier to conduct and evaluate subsequent tests. Moreover, the chapter offers 

comprehensive knowledge that can also be applied to the use of equipment from other 

manufacturers. 

3.1 Theoretical overview of VFL measurement 

The Visual Fault Locator (VFL) is a technique used for troubleshooting faults in optical fibers. As 

mentioned in section 2.2, data transmission in optical fibers occurs via light pulses carried through 

the fibers. When a fault occurs in the fiber, such as a crack or a break, light leaks out of the fiber, 

resulting in signal loss. The VFL uses a red laser light with a wavelength of 650 nm, which is visible to 

the human eye. The laser light propagates through the fiber, and at the point of fault, the light 

becomes visible as it leaks out. This allows for the precise identification of the problematic section in 

the optical fiber. 
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The VFL device functions as a simple laser source that emits low-power, continuous, or pulsed light. 

The pulsed mode is particularly advantageous, as it makes fault locations easier to detect during field 

inspections. 

 

1. Figure VFL light demonstration 

Despite its usefulness, VFL measurement has several limitations. It is most effective over short 

distances, typically up to a few kilometers. For longer spans, OTDR devices are better suited for 

accurately measuring performance losses and pinpointing faults. Additionally, VFL is only applicable 

for faults involving physical damage, such as breaks and bends. Subtler issues, like splice losses, may 

not be detected using this tool [2]. 

3.2  Theoretical Overview of Optical Fiber Inspection Cameras 

An optical fiber inspection camera is a specialized device designed to examine the connectors of 

optical fibers to identify potential damage, contamination, or manufacturing defects [3]. The 

cleanliness and integrity of the fiber ends (connection points) are critical for maintaining data 

transmission quality, as even minor contaminants or damages can result in significant light loss and 

signal degradation. This inspection process helps identify three primary types of issues: 

 

¶ Cracks: Minor damages at the connection points caused during manufacturing or usage. 

¶ Breaks: Severe damage that completely impairs the fiberôs functionality. 

¶ Contamination: Dust particles or other debris on the optical connector that block the light path, causing 

signal loss. 

The following steps are required for the camera measurement: 

1. Fixing and testing the fiber:The end of the fiber is fixed in the camera through the optical interface of the 

fiber inspection camera. The focus and illumination of the device must be adjusted to achieve the perfect 

image 

2. Re-inspection: If it has been determined the exact extent of the defect or contamination, it is necessary to 

confirm the success of the cleaning. 

3.3  Theoretical Overview of Optical Time Domain Reflectometer (OTDR) 

The Optical Time Domain Reflectometer (OTDR) is a specialized optical measurement device that not 

only displays a numerical value for attenuation but also provides a graphical evaluation on the 

instrument's monitor. Additionally, it reveals various important parameters. The primary function of 

the OTDR is to analyze a network segment or fiber by breaking it into distinct "events" through 

backscattering, enabling precise determination of attenuation values for individual components [4]. 

OTDR devices are beneficial in multiple scenarios, such as: 

¶ Precise determination of attenuation values in optical cables 

¶ Identifying faults in optical fibers 
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¶ Accurately locating fault points 

¶ Measuring attenuation and reflection values of specific connections 

Rayleigh Scattering and Fresnel Reflection 

During the operation of an OTDR device, two main optical phenomena are utilized: Rayleigh 

scattering and Fresnel reflection. The difference between the two phenomena is that Rayleigh 

scattering is present uniformly along the entire length of the fiber due to the material properties of 

the fiber. Therefore, if there is a break somewhere, it can be easily identified that the fiber has been 

physically impacted, for example when the test light exits it. In contrast, Fresnel reflection occurs 

only at the point where the optical fiber meets air or another different medium. Such situations can 

occur at splices, mechanical connections, and other connections. [3] 

In the case of optical return loss meters, the dynamic range is extremely important, as it determines 

the maximum fiber length that can be measured with the instrument. This also affects whether it is 

suitable for examining a particular network. A high dynamic range provides a better signal-to-noise 

ratio, enables more accurate event detection, and results in a more precise attenuation curve. 

However, determining the dynamic range is challenging, as there is no standard that specifies its 

value; it depends entirely on the device manufacturer [4], [5]. 

Operating Principle 

An OTDR measuring instrument sends laser pulses into the connected section at a predefined 

wavelength. For multimode fibers, these wavelengths are 850 and 1300 nm. For single-mode fibers, 

the wavelengths are 1310, 1550, and 1625 nm, although 1650 nm can also occur. The device allows 

us to measure even in the upstream direction, in which case we use the 1625 nm wavelength. For 

live fibers, it is much more advisable to use the 1625 and 1650 nm wavelengths, as we can avoid 

potential interference with traffic around 1310 and 1550 nm. [4] After specifying the correct 

wavelength, the OTDR instrument measures the light pulse reflected from the fiber faults. Finally, the 

reflected signal is separated from the input signal and then converted into an electrical signal. This 

step is performed by the device and then evaluated for us in graphical form [4], [5]. 

Evaluation of Measurement Results 

By analyzing the graph, we can read the attenuation of the specific optical network elements 

vertically and the distance from the test point horizontally, usually given in kilometers. By evaluating 

the graph, it can be precisely determined how far from the beginning of the measurement the 

attenuation is and how large it is. In many cases, the graph can even be downloaded in Excel format, 

which shows the attenuation at each point. 

4 Physical Implementation of the Measurement 

Given the variety of fiber optic monitoring systems, the goal was to create a measurement setup that 

provides a comprehensive overview of the basic principles of equipment usage rather than focusing 

on a specific type. The measurement setup utilizes optical cables with various connection types, as 

both the measurement box and the fiber optic monitoring system are constructed with different 

connectors. Additionally, familiarity with the appropriate connectors is an essential requirement for 

students, allowing them to gain insight into this aspect as well. 
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4.1 Physical Setup 

The fiber optic monitoring device and the measurement station designed for it are in Room 220 of 

.ǳƛƭŘƛƴƎ . ŀǘ ǘƘŜ ¢ŀǾŀǎȊƳŜȊǃ ǳǘŎŀ ǎƛǘŜΣ ƛƴ ǘƘŜ ƻǇǘƛŎŀƭ ƳŜŀǎǳǊŜƳŜƴǘ ƭŀōƻǊŀǘƻǊȅΦ 5ǳǊƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ƛǘ 

was particularly important that all equipment be in one place, for which the laboratory provided the 

space and area. Since this is a physical measurement, the presence of the student is indispensable, 

but as I will mention in the further development possibilities section, there is an opportunity to 

create a measurement setup through which the student could perform the measurement online. 

However, in this case, the VFL measurement and the fiber camera inspection would be omitted from 

the list of measurement tasks, as they cannot be performed online. 

4.2 Measurement Arrangement and Presentation 

In this section, I present the three separate optical network structures that were measured and 

examined during the experiment. For easier understanding and presentation, I illustrate these 

measurement sections with schematic diagrams. In addition, a detailed material list is provided, 

indicating the type and quantity of components found in the device. Of course, after the 

presentation of each network structure, a brief description will also be provided to give the reader a 

more accurate understanding of the measurement tasks. 

4.2.1 Measurement 1 

In this setup, one end of the cable is simply connected to a splice, while the other end is located on 

the front panel of the box above the splice. By attaching our VFL light source to the individual 

connectors, the front panel of the box will illuminate, demonstrating the operation of the device and 

the integrity of the cable. The essence of the measurement is for the student to become familiar with 

the operation of the VFL device and to obtain a visual result. 

4.2.2 Measurement 2 

In this measurement, the student must perform a complex measurement. The 1st port of the fiber 

optic monitoring system is connected to the 2nd port of the optical measurement box, where a 1/2 

splitter is located. The optical splitter is a device that divides the signals of optical fibers into multiple 

outputs, in this case, halving it. In the upper branch, after the connector, there is a 1 km SM type 

optical cable and a 36 m cable, separated by an optical splice. After this, the 3rd connection point of 

the optical measurement box is connected to the 2nd port of the EXFO fiber optic monitoring system 

via a patch cable. During the setup of the measurement, it was extremely important to create a 

connected network, so the 1st port of the EXFO had to be connected to the 2nd port of the EXFO as 

well. 

The lower branch has a similar structure; it also contains a fiber splice, but the cable is much shorter 

than in the upper branch. Since the branch is shorter, the student will be able to clearly distinguish 

the difference between the two during the OTDR measurements. The attenuation values of the 

splices are 1.17 dB and 1.29 dB, which are quite high values [6]. The primary goal of this 

measurement point is for the student to learn how optical splitters work and to visually see how they 

function using the diagram drawn by the OTDR. In most FTTH networks [7], the split ratio is not 1/2 

but much larger, such as 1/64 or even 1/128. However, by understanding how a 1/2 splitter works, 

the student will have no trouble recognizing larger splits. Due to the two branches, the measurement 

can be divided into two parts: in one measurement, the network between EXFO ports 1 and 2 is 

measured, and then the network between ports 1 and 3. During the measurement, the person 

performing the measurement must be able to identify the difference between the two networks 
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(which is the 1km section) and determine the signal loss caused by the splice and the splitter. Since 

both events cause a noticeable loss, the magnitude of the loss can be easily read and recorded in the 

measurement protocol. 

4.2.3 Measurement 3 

In this setup, between two SC-UPC connectors, there is a network containing a 5 dB optical 

attenuator and a 20 km section. The 4th port of the EXFO fiber optic monitoring device is connected 

to the 5th port of the optical box, where there is an attenuation in a short section. After the 

attenuation, the 6th port of the box is connected to the input of a 20 km long section, and finally, the 

output of the section is connected to the 5th port of our device, creating a complete network. 

The main goal of this measurement point is for the student to see the magnitude of the inserted 

attenuation and the Rayleigh scattering in the 20 km section. During the OTDR measurement, both 

the attenuation and the scattering will be visible, which will need to be recorded. 

The structures of all the measurements mentioned above have been designed so that each type of 

passive network element from today's FTTH networks is present. Thus, in future measurements, the 

measuring person can examine these network components in a controlled environment. 

4.3   Physical implementations of measurements 

In this subsection, I would like to present all the measurements that have been performed. For each 

measurement or examination, a brief description can be found explaining what needs to be done 

during the measurement or examination. Additionally, the actual, physical results can be seen in the 

attached photos, along with a few lines of measurement evaluation. The complete task description 

and detailed evaluation of the measurement cannot be found in this section, as these are included as 

appendices. 

4.3.1. VFL Inspection Implementation 

In the first inspection, we used a visual fault locator (VFL) to verify the operation of the measurement 

setup number 1, to ensure that the optical cable is indeed intact and not broken. For this, we 

connected a patch cable to the SC-APC type connector, and then connected the other end to the VFL 

meter. After turning on the instrument, we pressed the VFL button for a long time, which 

immediately activated the red inspection laser. With another press of the button, the device sends 

out continuous pulses.  

4.3.2. Fiber Inspection Camera Inspection Implementation 

In the second inspection, we will use a fiber inspection camera. In this description, I only examined 

measurement setup number 1, but it should be used for all measurement setups. This is necessary 

because the optical connectors can very easily become contaminated, and with this camera, it can be 

determined if there is any contamination on the ferrule surface. During the inspection, I connected 

the optical fiber above measurement number 1 to the probe part of the fiber inspection camera. I 

turned on the device and adjusted the focus using the focus button so that there was a suitable 

contrast on the device screen.  
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4.3.3. Evaluation of Measurement 1 

The obtained measurement image shows that our instrument measured a 1.05 km section, which is 

the correct value. In the figure, the OTDR shows us the events in detail as points. The plotted 

function shows that between points 1 and 2, the decibel value was halved (thanks to the power 

splitter), and then the signal magnitude decreased again minimally due to the connector inserted 

into the fibre. There is also a splice in the 1 km section, which our device also shows and estimates it 

to be approximately 1.5 dB, which is correct based on previous measurements. Finally, at the end of 

the section, our signal ceases as the measurement reaches its end. 

 

 

2. Figure OTDR measurement 1 

 4.3.4. Evaluation of Measurement 2 

Based on the measurement results, the drawn measurement structure and all its network elements 

can also be seen. At the first event, the signal level dropped from 31.875 dB to 25.500 dB, which is 

due to the inserted 5 dB attenuation and the connector. Leaving the box, the connected 20 km 

section can be seen, where the system also detected two minor faults. This is a fault in the optical 

cable, as it often happens in such a long section that the scattering is not uniform everywhere. When 

it comes to Rayleigh scattering, the signal value decreases evenly over the 20 km section. 
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3. Figure OTDR measurement 2 
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Conclusions 

I believe that in my current article, I have managed to design and implement a complex 

measurement package suitable for demonstrating modern FTTH networks. The measurement setups 

in the completed study can be easily and seamlessly replaced, modified, or developed at any time. In 

terms of physical appearance, I have created a clean measurement that can even be performed in an 

online format, which meets all optical safety factors, considering the laser hazard warning sign or the 

warnings provided in the measurement description. In addition, my work provides a general 

understanding of the operation of fibre optic monitoring systems, making it easily understandable for 

everyone. I have supplemented my current work with a separate measurement guide specifically 

designed for the designed setups.  

I believe that the created measurement environment and the measurement guide form a unit. The 

environment can be considered a finished measurement, during the use of which the measuring 

individual can easily measure the optical passive elements and the network built from them and 

apply what they see during the measurement. Among the appendices, there is a developed protocol 

as a reference for easier and faster evaluation of measurements in the future. 

Considering the above, my work provides a well-developed, detailed, and easily understandable 

insight into the world of fiber optic monitoring for future students. During my studies and work, I 

have encountered fiber optic monitoring systems several times, and my experiences have reinforced 

how important it is to acquire this knowledge.  

Thanks to this, I believe that with this measurement package, I will greatly facilitate the work of my 

future fellow students or colleagues, because if they choose to work in this area, they will be able to 

easily solve similar measurement tasks and problems. 
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Abstract: Common collaboration methods and appeared in work culture and trends that are slowly becoming standard in 

industrial IOT networks require remote access to the plant's production line equipment. We examine the information technology 

security and vulnerability of these devices and services that how provide remote access and show what kind of threats these 

services can keep to the active elements and system-level services of the internal IT network related to production. In order for 

OEM machine manufacturers and their engineers to access the systems of installed production equipment, they use solutions 

developed for remote access, which reduce the cost and time of possible on-site work. Additional advantages and possibilities 

of this system are that maintenance can be scheduled based on the information obtained from the production equipment, they 

can intervene in a possible program process, and thus the availability time of the production systems can be improved. 

However, it is important that the protection of the data stored in the central system is fully realized with the available set of 

tools or that a solution is sought that does not violate the integrity and leakage or violation/loss of the data. Furthermore, we 

need to illustrate the extent to which a company's support network and the infrastructure serving it are exposed to cyber security 

threats from systems that may originate from the manufacturing network layers. Compliance with IT security risks becomes an 

important part of an automotive manufacturing company's TISAX, IATF16969 and NIS2 regulations. Therefore, during the 

auditing and regulation of remote access methods, security issues may arise that may have a risk factor. 

Keywords: VPN Gateway, Industrial remote access, Industrial Equipment & IIOT risks, Data Center risks on industrial remote 

access 

1. Introduction of possible solutions 

The importance of the topic proves that communication system tools developed for this purpose are 

freely available [1] on the ƳŀǊƪŜǘ ŀƴŘ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ŀƴȅ ǇǊƻŘǳŎǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘΩǎ 

TCP/IP based network. 

These (router, GW) devices can be automatically connected to the Internet via our own 

infrastructure. There are also some devices that connect to the OEM's dedicated cloud via the 

prepaid internet service with an Internet subscription linked to a SIM card and a WWAN unit. For all 

WAN-WWAN-LAN connection forms, it is true that the establishment and use of the connection 

cannot be monitored and partially untraceable due to encryption. It is also not necessary to use the 

internet connection of the existing local infrastructure, because virtual private network (VPN) routers 

can be easily connected to devices with a SIM card and internet subscription, even without the 

knowledge and/or permission of the device owner. 

We cannot implement the "direct" VPN data traffic monitoring or inspection solutions provided in 

the network of our production line, as it uses unique and unobtainable encryption keys to build the 

encrypted tunnel. In basic cases, VPN connections are provided by the service provider by purchasing 

separate licenses, and can only be used by one owner, -if they do not hand over their identifiers to 

others. It is a serious problem if the OEM or support wants to independently monitor these 
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communication systems, as well as the device configuration [2] and cloud side. It is up to the OEM to 

decide how to build the VPN system and how to use the security features of the system. 

This is a figure example of remote solution [3]: 

 

Figure 1 

Schematic diagram of the industrial system providing remote access 

The previously used remote access procedures and traditional VPN solutions lost their flexibility in 

many cases, and many security solutions had to be introduced that rather limited the execution of 

the desired tasks. It should be emphasized that the operation of these support systems requires 

considerable IT expertise and resources. For system installation and security settings, in many cases, 

even a security-conscious and experienced background cannot provide adequate security without a 

meticulous protection approach.  

In order to create an adequate level of protection, it is necessary to be aware of the range of systems 

and services operating in the infrastructure, as well as the capabilities of the existing security systems 

and their potential obsolescence. Considering the circumstances of the task, compromises have to be 

made in many cases from the IT security side, and because of this, a critical system cannot withstand 

the consequences of a targeted or covert cyber-attack and collapses. 

The monitoring methods of VPN accesses, the multitude of explicit rules, the authorization and 

regular review of information security according to the regulations pose challenges for industrial 

companies. Last but not least, the continuous supervision and monitoring of the systems, the analysis 

of the triggered incidents and the repair of damages can entail a serious investment of resources and 

a financial burden. 
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2. Real situation with data center  

In accordance with today's expectations, the information of the manufacturing factory lines installed 

in industrial companies and the systems of the automatic equipment operating them are to be 

analysed in an integrated manner in a data processing system. From experience, a cloud storage 

option of central processing systems instead of on-premis, provides an additional protection aspect, 

but a well-hidden infected system by attackers uses security gaps and weaknesses to access a system 

providing data center services or wants to use the vulnerabilities of other network elements in order 

to achieve additional malicious goals.  

This is a figure example of remote solution added with on-premis data center: 

.  

Figure 2 

Schematic diagram of the industrial system providing remote access with Data Center 

Our data stored in the cloud is similarly exposed to a cyber-attack, (on the) on-premise site as well. 

The physical location of the data center system is a completely negligible issue, since the device 

triggering the attack is activated in the production line network. 

The OEM client that wishes to establish a connection with our endpoint is sufficient to connect to its 

dedicated cloud and use the cloud settings to access the devices operating in our manufacturer's 

subnet with the desired technology, but not necessarily only our devices there, because with the 

network address translation (NAT) rules set in gateway router (GW) or the by falsifying the router's 

internal network IP address, the data center services provided to production are also available. From 

this point on, it is impossible to monitor whether the VPN system is used by an authorized or 

unauthorized user and with which endpoint computer equipped with protection systems to access 

the manufacturer's network and the data center services operating behind it. 

It is important that the protection of the data stored in the central system is maximally realized with 

the available set of tools or that a solution is sought that does not violate the integrity and leakage or 

violation/loss of the data. Furthermore, we need to show how much of a cyber security threat an 

enterprise support network and the infrastructure that serves it are exposed to from systems that 

can originate from the manufacturing network layers with such remote access. The advantage of this 

system is that data is exchanged via a VPN (encrypted) data connection and unauthorized persons 

cannot obtain important information, but the end-point security systems of the end-point device 

using that connection are not monitored by the company in many cases. The VPN user connects 

directly to the network system of the production line and is provided with the range of services 

available from the network, can collect data and influence the operation of the control system [4]. 

Regarding the OEM's end-point device used for maintenance, clauses can be regulated in the 

contract, but this does not provide enough security either, because the device is not only used for 
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the maintenance of the systems installed at the customer's site, and it can maintain even hundreds 

of customers, of which only one is enough where the device suffers an infection. In this publication, 

we do not address the IT security issue of maintenance/support systems and tools, and especially not 

those that are used in foreign networks, because that would exceed the scope of the current 

framework and our topic. It is also not entirely clear whether all elements of an automatic 

manufacturer segment must be supervised by the OEM, because e.g. a sensor, camera, controller, 

etc. can come from another supplier and its maintenance is not the responsibility of the OEM, and of 

course vice versa this statement is true. The wide variety of data center systems and services brings 

with it many cybersecurity issues. Highlighting a few, e.g.: SQL-based services, application systems 

(SCADA, WEB, API, SOAP, JAVA, etc.) and proprietary software and communication protocols (e.g.: 

Siemens TIA Portal) [5] are all exposed to critical attack algorithms. 

3. Zero Trust in industrial equipmentôs network  

We can monitor these data center connections with a new-generation firewall or traffic analysis and 

anomaly detection systems and use these systems to analyze whether an intrusion or service-level 

attack has occurred or is occurring. It can be seen that we have built such a security infrastructure as 

if we were providing services to a completely public network that we would never normally do. It is 

essential that according to the zero trust security principles, only devices and users that are certified 

and transparent to our compliance criteria connect to the subnet and the services available in it. 

Also, the creation and application of only state-full firewall rules used in the past is not sufficient 

against today's modern threats.  In an industrial network where automated systems that are weak in 

terms of security operate, the risk of attacks increases significantly, as they are easily exploitable and 

vulnerable. Therefore, we do not in any way assume that the network user or devices are reliable 

and it is of utmost importance that their authentication and identification takes place using some 

security and modern target device. Because for the sake of the regulatory requirements discussed 

below and our own safety, it is extremely important to tighten our network protection according to 

the principle of zero trust at today's technological level. 

Some important elements of the zero trust principles, which were also published at the CISCO 2024 

Techtorial [6]: 

 

Figure 3 

Zero Trust network access recommendations 
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4. Compliance in IATF 16969, TISAX, NIS2 standards  

How thought-provoking it is that the IATF 16969, TISAX, NIS2 standards require us to prove how 

protected our systems are with renewed penetration tests for all our public services accessible from 

the Internet. Here, the question arises, how much of a subnet to which we provide access to foreign 

systems and partners is an internal network, and how much should it be treated as a "foreign 

network"?! Furthermore, to what extent is the principle of Zero Trust enforced in the introduction of 

these systems and are they transparent enough according to supervisory aspects?! Issues of trust 

also arise significantly in this topic, because the OEM or support can also access information that may 

violate the information protection and security regulations and policies of the production line owner, 

and incidents may occur that violate safe operation/production and availability.  

 

What is important to highlight is that NIS2, the European Union's cyber protection rule, requires 

continuous monitoring and identification of the client's compliance in accordance with information 

protection aspects, and access and monitoring systems must be made completely transparent.  

 

 

Figure 4 

NIS DireŎǘƛǾŜ ǎǘŀƴŘǎ ŦƻǊ άbŜǘǿƻǊƪ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ {ŜŎǳǊƛǘȅέ [7] 

TISAX was developed primarily for the automotive industry, which emphasizes the protection of 

information security between suppliers and partners. At several points, the regulation overlaps with 

the NIS2 recommendation, but it is an automotive certification. (TISAX) focuses primarily on 

information protection and is based on the DIN EN ISO/IEC27001 standard, and its regulations also 

cover many organizations within the company. On the contrary, questions and expectations arise 

here at a similar level as with the NIS2 regulation.  

IATF 16969 is also automotive, an international automotive regulation that governs its quality 

management system. It is important to point out that on the information security side, it overlaps 

with the expectations of NIS2 and TISAX and emphasizes the identification, management and secure 

data management of risks. 

 

Conclusions 

There is a wide range of tools for remote access. An outstanding question is to what extent the range 

of page visibility and access to data center services can be limited with these technologies and who is 
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responsible for the supervision. If the owner of the production lines supervises the system, he must 

use the necessary expertise and limit his access to each system component. Installation and 

configuration of OEM proprietary remote access systems should be avoided. Furthermore, you must 

log and document what systems you can connect to. I will not address the issue of logging in this 

documentation because the options depend on the technical and information security (readiness) of 

the organization. 

For existing issues, we recommend considering the following and also we continue to research these 

security issues. However, we cannot guarantee that we can provide a comprehensive solution for 

every case that arises in the network of production, as different infrastructure solutions are also 

created. 

Á Never lose or transfer your control on devices that supporting remote access solution to 

external supporters (eg.: OEM) 
Because who knows what rules have been configured in this case. It is completely untraceable 
(what happens) and absolutely goes against all safety requirements. 

Á There is no security based on trust  
In principle, there is no trust. 

Á It is important to choose the right system for your security goals 
It is necessary to involve the internal operation and, if possible, coordinate with the suppliers. 

Á Four eyes principle, use of collaboration tools, corporate devices and systems 
In IT, this has been a common practice for a long time, especially for systems that are critical. 

Á Discuss security issues with suppliers and supporters implement better solution 
Where possible, discuss with accredited IT security experts and suppliers. 

Á Implementation of multi-level next-generation firewalls strategy at protection levels 

Á GB-TB traffic appearance, anomaly, logging and behavior analyses 
 

In the last period, we observed some manufacturers developments in the field of industrial networks 

that take it into consideration the management of these challenges and the construction of secure 

infrastructures [8]. It is therefore justified that other mansufacturers prioritize the development of 

more reliable systems in the production network of PICRA (Process Industry Control and 

Automation). 

The question arises whether the remote access providing routers that are discussed above provide a 

satisfactory solution to all these security regulations.  

In short: no, because network routers are not security devices. 
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!Ȋ ŜƎȅŜǎƝǘŜǘǘ ŜƴŜǊƎƛŀǊŜƴŘǎȊŜǊŜƪ  - ƝƎȅ ŀȊ ŜǳǊƽǇŀƛ ƛǎ ŜƎȅǊŜ ƛƴƪłōō ƴǀǾŜƪǎȊƛƪ Σ ŜƳŜƭƪŜŘƴŜƪ ŀ ȊłǊƭŀǘƛ 

ǘŜƭƧŜǎƝǘƳŞƴȅŜƪ ǎȊƛƴǘƧŜƛ Φ bǀǾŜƪǎȊƛƪ ŀȊ ƛƎŞƴȅ ŀ ȊłǊƭŀǘƛ ǘŜƭƧŜǎƝǘƳŞƴȅŜƪ ŀǳǘƻƳŀǘƛƪǳǎ ƪƻǊƭłǘƻȊłǎłǊŀ ŀȊƻƪ  

ǘǀǊǘŞƴŞǎŜƪƻǊ Şǎ ǎȊǸƪǎŞƎŜǎ ǵƧ ŜǎȊƪǀȊǀƪ ōŜǾŜǘŞǎŞǊŜ   ŀ ƘŀƎȅƻƳłƴȅƻǎ ǾŞŘŜƭƳƛ ǊŜƴŘǎȊŜǊŜƪ ƘŜƭȅǘŜƭŜƴ 

ƳǼƪǀŘŞǎŞƴŜƪ ƳŜƎŀƪŀŘłƭȅƻȊłǎłǊŀ ŀȊ łǘǾƛǘŜƭƛ ǎȊƛƴǘǼ ǎǘǊŜǎǎȊƘŜƭȅȊŜǘŜƪ ŜƭƭŜƴΦ tŜǊǎǇŜƪǘƛǾƛƪǳǎƴŀƪ ƭłǘǎȊƛƪ 

ŀȊ ŜƴŜǊƎƛŀŜƭƭłǘƽ ǊŜƴŘǎȊŜǊŜƪ ǎŞǊǸƭŞƪŜƴȅ ǘŜǊǸƭŜǘŞǘ ŀ ta¦-Ǿŀƭ ŦŜƭǎȊŜǊŜƭǘ ōǳǎȊƻƪ ǎŜƎƝǘǎŞƎŞǾŜƭ 

ŀȊƻƴƻǎƝǘŀƴƛΣ ŀƘƻƭ ŜƎȅ ȊłǊƭŀǘƛ ŜǎŜƳŞƴȅǘ ƪǀǾŜǘǃŜƴ ŀ ƭŜƎƴŀƎȅƻōō ŀ ŦŜǎȊǸƭǘǎŞƎ ƳŀƎƴƛǘǵŘƽƧłƴŀƪ ǘƻǊȊǳƭłǎŀΦ 

A PMU-ŀƭŀǇǵ ǊŜƴŘǎȊŜǊōǃƭ  ƎȅƻǊǎƳǼƪǀŘŞǎǼ  ǊŜƴŘǎȊŜǊǘ ƪƝǾłƴǳƴƪ ƪƛŘƻƭƎƻȊƴƛ  ŀ ǾƛƭƭŀƳƻǎŜƴŜǊƎƛŀ-

ǊŜƴŘǎȊŜǊōŜƴ ǘŜƭŜǇƝǘŜǘǘ ta¦-ƪ ǎȊłƳłƴŀƪ ƻǇǘƛƳŀƭƛȊłƭłǎłǊŀ ŀ ȊłǊƭŀǘƪƻǊƭłǘƻȊłǎƛ Şǎ ǾŞŘŜƭƳƛ ƳŜƎƪǀȊŜƭƝǘŞǎ 

ǘŜƪƛƴǘŜǘŞōŜƴΦ  

Yƛ ǎȊŜǊŜǘƴŞƴƪ ŘƻƭƎƻȊƴƛ ŀ ta¦-ǎ ŀƭłƭƭƻƳłǎƛ ǎƝƴŜƪ ƘƛōŀŞǎȊƭŜƭŞǎ ƪǳƭŎǎŦƻƴǘƻǎǎłƎǵ Ƴǳǘŀǘƽƛǘ Φ {ȊǸƪǎŞƎŜǎ 

ƭŜǎȊ ŜƎȅ  ŜƎȅ ǘŜǊƘŜƭŞǎ-łǊŀƳƭłǎ ŀƭŀǇǵ ǎŞƳŀ ƛǎ ŀ ȊłǊƭŀǘƻƪ Ǉƻƴǘƻǎ ƳŜƎƪǸƭǀƴōǀȊǘŜǘŞǎŞǊŜ ŀ ǘŜǊƘŜƭŞǎƴǀǾŜƭǃ 

ŜǎŜƳŞƴȅŜƪǘǃƭΦ  

! ƘŀƎȅƻƳłƴȅƻǎ ǾŞŘŜƭƳƛ ǊŜƴŘǎȊŜǊ ǊǀƎȊƝǘŜǘǘ ōŜłƭƭƝǘłǎƛ ǇŀǊŀƳŞǘŜǊŜƪƪŜƭ ǊŜƴŘŜƭƪŜȊƛƪΦ !Ȋ ǸȊŜƳƛ 

villamosenergia-ǊŜƴŘǎȊŜǊŜƪ ƴǀǾŜƪǾǃ ōƻƴȅƻƭǳƭǘǎłƎŀΣ ŀȊ ŜƭŜƪǘǊƻƴƛƪǳǎ łǊŀƳŦƻǊǊłǎǵ ƳŜƎǵƧǳƭƽ ŜƎȅǎŞƎŜƪ 

όt±  ΦΦǎȊŞƭ ύ  ƴǀǾŜƪǾǃ ŀǊłƴȅŀΣ ŀ ȊłǊƭŀǘƻƪ ƘŜƭȅŜǎ ŞǎȊƭŜƭŞǎŞƘŜȊ ǎȊǸƪǎŞƎŜǎ ǊǀǾƛŘȊłǊƭŀǘƛ łǊŀƳ ƘƛłƴȅŀΣ 

ǾŀƭŀƳƛƴǘ ŀ ƳŜƎƴǀǾŜƪŜŘŜǘǘ ƘŀǊƳƻƴƛƪǳǎƻƪΣ ŀƳŜƭȅŜƪ ǘŞǾŜǎŜƴ ŀƪǘƛǾłƭƘŀǘƧłƪ ŀ ǾŞŘŜƭƳƛ ŜǎȊƪǀȊǀƪŜǘΣ Σ 

ƪǸƭǀƴōǀȊǃ ƪƛƘƝǾłǎƻƪ ƳŜǊǸƭƴŜƪ ŦŜƭ ŀ ǾŞŘŜƭƳƛ ƪǀǾŜǘŜƭƳŞƴȅŜƪ ǾłƭǘƻȊƽ ǸȊŜƳƛ ƪǀǊǸƭƳŞƴȅŜƪ ƪǀȊǀǘǘƛ 

ǘŜƭƧŜǎƝǘŞǎŜ ǎƻǊłƴΦ  

! ǎȊƛƴƪǊƻƴƛȊłƭǘ ŦłȊƛǎǎȊǀƎ ƳŞǊŞǎŜƪ ƧŜƭŜƴǘǃǎ ŦŜƧƭǃŘŞǎŜƴ ƳŜƴǘŜƪ łǘ ώтΣуΣф ϐΦ {ȊłƳƻǎ  ǵƧ ŀƭƪŀƭƳŀȊłǎǘ ƧŜƭŜƴǘ 

meg -ƝƎȅ ǇŞƭŘłǳƭ Υ ŀȊ łƭƭŀǇƻǘōŜŎǎƭŞǎΣ ŀ ŦǊŜƪǾŜƴŎƛŀōŜŎǎƭŞǎΣ ŀȊ ƛƴǎǘŀōƛƭƛǘłǎ ŜƭǃǊŜƧŜƭȊŞǎŞǘ Φ !  /отΦмму L999 

ǎȊŀōǾłƴȅ ώфϐ ōƛȊǘƻǎƝǘƧŀΣ ƘƻƎȅ ŀ ƳŜƎŦŜƭŜƭǃ ŦłȊƛǎƳŞǊǃ ŜƎȅǎŞƎŜƪ ƳƛƴŘŜƴ ŦłȊƛǎǘ ǳƎȅŀƴŀȊƻƴ ƪƻƴǾŜƴŎƛƽ 

ŀƭŀǇƧłƴ ƧŜƭŜƴǘǎŜƴŜƪ ŀ ŦłȊƛǎǎȊǀƎ ƳŞǊŞǎŞǊŜΣ ƪǸƭǀƴǀǎŜƴ ŀƪƪƻǊΣ Ƙŀ ŀȊ ŀƭŀǇǳƭ ǎȊƻƭƎłƭƽ ǾƛƭƭŀƳƻǎŜƴŜǊƎƛŀ-

ǊŜƴŘǎȊŜǊ ŦǊŜƪǾŜƴŎƛłƧŀ ƴŞǾƭŜƎŜǎ - ƛƎŀȊ Σ ƘƻƎȅ ŜŘŘƛƎ ƴŜƳ Ǿƻƭǘ ǎȊŜƳǇƻƴǘΦ !ƴƴŀƪ ŜƭƭŜƴŞǊŜΣ ƘƻƎȅ ŀ 

ŦłȊƛǎƳŞǊǃ ŜƎȅǎŞƎŜƪ όta¦-k) mai ǘŜƭŜǇƝǘŞǎŜ ƪƻǊƭłǘƻȊƻǘǘ ŀ ƭŜŦŜŘŜǘǘǎŞƎ Şǎ ŀ Ǿłƭƭŀƭŀǘƛ ƪƻƳƳǳƴƛƪłŎƛƽǎ 
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ǘŜƭƧŜǎƝǘƳŞƴȅ ǘŜƪƛƴǘŜǘŞōŜƴΣ ŜƎȅŞǊǘŜƭƳǼΣ ƘƻƎȅ ŀ ǘŜŎƘƴƻƭƽƎƛŀ ƎȅƻǊǎŀƴ ŦŜƧƭǃŘƛƪΣ Şǎ ƧŜƭŜƴǘǃǎ ŜƭǃƴȅǀƪƪŜƭ 

ƧłǊΦ ! ta¦-ƪ ǎȊŞƭŜǎ ƪǀǊǼ ŀƭƪŀƭƳŀȊłǎŀΣ ŀƳŜƭȅ ōƛȊǘƻǎƝǘƧŀ ŀ ǎȊƛƴƪǊƻƴƛȊłƭǘ ƳŞǊŞǎŜƪ ƳŜƎŦŜƭŜƭǃ 

peƴŜǘǊłŎƛƽƧłǘ Şǎ ǊŜŘǳƴŘŀƴŎƛłƧłǘΣ ƪǳƭŎǎŦƻƴǘƻǎǎłƎǵ ǘŞƴȅŜȊǃΦ LƭȅŜƴ ǎȊŞƭŜǎ ƪǀǊǼ ŀƭƪŀƭƳŀȊłǎ ŞǊƘŜǘǃ ŜƭΣ Ƙŀ ŀ 

ta¦ ŦǳƴƪŎƛƽǘ ƳƻŘŜǊƴ ƳƛƪǊƻǇǊƻŎŜǎǎȊƻǊ ŀƭŀǇǵ ǊŜƭŞƪōŜ ƛƴǘŜƎǊłƭƧłƪ - Ƙŀǎƻƴƭƽŀƴ ŀ ƳŞǊŞǎΣ ŀ ƘƛōŀǊǀƎȊƝǘŞǎ 

Şǎ ŀȊ ŜǎŜƳŞƴȅ-ǵƧǊŀƪłōŜƭŜȊŞǎƛ ƪŞǇŜǎǎŞƎŜƪ ǎƻǊǊŜƴŘƧŞƴŜƪ ǊŜƭŞƪ ƛƴǘŜƎǊłƭłǎłƴŀƪ ǘǊŜƴŘƧŞƘŜȊΦ ! ta¦-

ŦǳƴƪŎƛƽƪ ǾŞƎǊŜƘŀƧǘłǎŀ ŀȊƻƴōŀƴ ǵƧ ƪǀǾŜǘŜƭƳŞƴȅŜƪŜǘ ǘłƳŀǎȊǘ ŀ ǾŞŘŜƭƳƛ ŦƻǊƳłƪƪŀƭ ǎȊŜƳōŜƴΦ ! 

legfontosabb, hogy a PMU-ƪ ƳŜƎƪǀǾŜǘŜƭƛƪ ŀ ƘǳƭƭłƳŦƻǊƳŀ Ƴƛƴǘłƪ ƪƻǊǊŜƭłŎƛƽƧłǘ ŀ Ǝƭƻōłƭƛǎ 

ƘŜƭȅƳŜƎƘŀǘłǊƻȊƽ ǊŜƴŘǎȊŜǊ όDt{ύ łƭǘŀƭ ǾŜȊŞǊŜƭǘ ŀōǎȊƻƭǵǘ ƛŘǃǾŜƭΣ Şǎ ŀ ƳŞǊǘ ŦłȊƛǎƻƪŀǘ ŀȊ ƛƭȅŜƴ ŀōǎȊƻƭǵǘ 

ƛŘǃǊŜ ǾƻƴŀǘƪƻȊǘŀǘǾŀ ƪŜƭƭ ƧŜƭŜƴǘŜƴƛΦ ! ƘŀƎȅƻƳłƴȅƻǎ ǾŞŘŜƭƳŜƪ ŀǎȊƛƴƪǊƻƴ ƳƽŘƻƴ ƳƛƴǘŀǾŞǘŜƭŜȊƛƪ ŀ 

ōŜƳŜƴŜǘƛ ŦŜǎȊǸƭǘǎŞƎŜƪŜǘ Şǎ łǊŀƳƻƪŀǘ Φ ! ǾŞŘŜƭƳŜƪ  ŀȊ ŀƭŀǇǾŜǘǃ ǾŞŘŜƭƳƛ ŦǳƴƪŎƛƽƪŀǘ  ōƛȊǘƻǎƝǘƧłƪ  ŀ 

PMU-ŦǳƴƪŎƛƽƪ  ǵƧ ƭŜƘŜǘǃǎŞƎŜƪŜǘ ƴȅƛǘƘŀǘƴŀƪ  ŀ ǾƛƭƭŀƳƻǎŜƴŜǊƎƛŀ-ǊŜƴŘǎȊŜǊ  ǾŞŘŜƭŜƳ-automatikai 

ƪƛŀƭŀƪƝǘłǎłōŀƴΦ  

A jelenlegi  PMU-ƪ  ŜƎȅ Ǝƭƻōłƭƛǎ ƘŜƭȅƳŜƎƘŀǘłǊƻȊƽ ǊŜƴŘǎȊŜǊ όDt{ύ ǾŜǾǃōǃƭΣ ŜƎȅ ŀŘŀǘƎȅǼƧǘǃ ŜƎȅǎŞƎōǃƭ 

Şǎ ŜƎȅ ƪƻƳƳǳƴƛƪłŎƛƽǎ ƛƴǘŜǊŦŞǎȊōǃƭ łƭƭΦ ! Dt{-ǾŜǾǃ ƪǀȊǀǎ ƛŘǃǊŜŦŜǊŜƴŎƛłǘ ōƛȊǘƻǎƝǘ ŀ ta¦ ǎȊłƳłǊŀΣ Şǎ 

ōƛȊǘƻǎƝǘƧŀΣ ƘƻƎȅ ŀ ƳŞǊŞǎŜƪ ǎȊƛƴƪǊƻƴƛȊłƭǾŀ ƭŜƎȅŜƴŜƪ ŀ ƘłƭƽȊŀǘƻƴΦ !Ȋ ŀŘŀǘƎȅǼƧǘǃ ŜƎȅǎŞƎ ŀ ŦŜǎȊǸƭǘǎŞƎ Şǎ 

ŀȊ łǊŀƳ ŀƴŀƭƽƎ ƧŜƭŜƛǘ ŘƛƎƛǘłƭƛǎ Ƴƛƴǘłƪƪł ŀƭŀƪƝǘƧŀΣ Şǎ ŘƛǎȊƪǊŞǘ CƻǳǊƛŜǊ-ǘǊŀƴǎȊŦƻǊƳłŎƛƽǎ ό5C¢ύ 

ŀƭƎƻǊƛǘƳǳǎǎŀƭ ƪƛǎȊłƳƝǘƧŀ ŀ ŦłȊƛǎƻƪŀǘΦ ! ƪƻƳƳǳƴƛƪłŎƛƽǎ ƛƴǘŜǊŦŞǎȊ ŀ ŦłȊƛǎŀŘŀǘƻƪŀǘ ŜƎȅ ƪǀȊǇƻƴǘƛ ƘŜƭȅǊŜΣ 

ǇŞƭŘłǳƭ ŜƎȅ ŦłȊƛǎ ŀŘŀǘƪƻƴŎŜƴǘǊłǘƻǊōŀ όt5/ύ ǘƻǾłōōƝǘƧŀΣ ŀƘƻƭ ŀȊ ŀŘŀǘƻƪ ŦŜƭŘƻƭƎƻȊƘŀǘƽƪ Şǎ 

ŜƭŜƳŜȊƘŜǘǃƪΦ [ŜƘŜǘǎŞƎŜǎ Σ ƘƻƎȅ ŀ ǾŞŘŜƭƳƛ ŀƭƪŀƭƳŀȊłǎƻƪƘƻȊ ǵƧ ǘƝǇǳǎǵ ta¦ -ŜƎȅǎŞƎŜƪǊŜ ƭŜǎȊ ǎȊǸƪǎŞg - 

ŜƭǎǃǎƻǊōŀƴ ŀ ƳǼƪǀŘŞǎƛ ǎŜōŜǎǎŞƎŜǘ ƛƭƭŜǘǃŜƴΦ ŀȊ ŜŘŘƛƎƛ ŦŜƧƭŜǎȊǘŞǎŜƪƴŞƭ ƴŜƳ Ǿƻƭǘ ǎȊŜƳǇƻƴǘ ŀȊ ǳƭǘǊŀƎȅƻǊǎ 

- ƳƛŎǊƻǎȊŜƪǳƴŘǳƳ ƴŀƎȅǎłƎǊŜƴŘǼ ƳǼƪǀŘŞǎ ƘƛǎȊ ŀƭŀǇǾŜǘǃŜƴ ƳƻƴƛǘƻǊƛƴƎ Şǎ ȊŀǾŀǊƝǊƽ ǎȊŜǊǼ ƳǼƪǀŘŞǎ 

Ǿƻƭǘ ƳŜƎŎŞƭƻȊǾŀ Φ ! ǾŞŘŜƭƳƛ ǊŜƴŘǎȊŜǊŜƪ ƪƛŀƭŀƪƝǘłǎłƘƻȊ  ŀ ƎȅƻǊǎ ƳǼƪǀŘŞǎ ŜƭǎǃǎȊłƳǵ ǇǊƛƻǊƛǘłǎΦ 

A PMU-ƪ ǎȊłƳƻǎ Ŝƭǃƴȅǘ ƪƝƴłƭƘŀǘƴŀƪ ŀȊ ŜƴŜǊƎƛŀǊŜƴŘǎȊŜǊ ŦŜƭǸƎȅŜƭŜǘŞōŜƴ Şǎ ǾŜȊŞǊƭŞǎŞōŜƴΣ ǇŞƭŘłǳƭ ƴŀƎȅ 

ŦŜƭōƻƴǘłǎǘ Şǎ ǇƻƴǘƻǎǎłƎƻǘΣ ǎȊŞƭŜǎ ƭŜŦŜŘŜǘǘǎŞƎŜǘ Şǎ ƭłǘƘŀǘƽǎłƎƻǘΣ ǾŀƭŀƳƛƴǘ ŦƻƪƻȊƻǘǘ ŦǳƴƪŎƛƻƴŀƭƛǘłǎǘ Şǎ 

ǊǳƎŀƭƳŀǎǎłƎƻǘΦ ¨Ƨ ŀƭŀǇƻƪǊŀ ƘŜƭȅŜȊƘŜǘǃƪ ŀ ǾŞŘŜƭŜƳ-automatƛƪŀƛ ǊŜƴŘǎȊŜǊŜƪΦ CƻƪƻȊƻǘǘ ŦǳƴƪŎƛƻƴŀƭƛǘłǎ  

Şǎ ǊǳƎŀƭƳŀǎǎłƎ ŞǊƘŜǘǃ Ŝƭ Σ ŀƳƛƪƻǊ ǇƭΦ  ƴŜƳ Ŏǎŀƪ ŜƎȅ ǘłǾǾŜȊŜǘŞƪ ƪŜǘǘǃ ǾŞƎŞƴ ƳŞǊƧǸƪ ŀȊ ƛƳǇŜŘŀƴŎƛłǘΣ 

hanem egy-ŜƎȅ ƪǀǊȊŜǘŜǘ ŜƎȅǎȊŜǊǊŜ ŞǊǘŞƪŜƭŜƪ ƪƛ Φ 9ƘƘŜȊ  ƪǀǊȊŜǘŜƴƪŞƴǘ  ǾŀƎȅ ƻǊǎȊłƎƻƴƪŞƴǘ - esetleg  a 

ǘŜƭƧŜǎ ŜǳǊƽǇŀƛ ǊŜƴŘǎȊŜǊƴŜƪ ǎȊǸƪǎŞƎŜ ƭŜǎȊ ŜƎȅ ǎȊǳǇŜǊ-ǎȊłƳƝǘƽƎŞǇǊŜ Σ ŀƳŜƭȅǊŜ ōŜŦǳǘƴŀƪ ŜƎȅǎȊŜǊǊŜ ŀ  

PMU -ŀŘŀǘƻƪ Şǎ ŀȊƻƪ ƻǘǘ ƪŜǊǸƭƴŜƪ ƪƛŞǊǘŞƪŜƭŞǎǊŜΦ       
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1 Alkalmazott v®delmi elvek 

 

! ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻƪ ƘǳǊƪƻƭǘ ƪƛŀƭŀƪƝǘłǎǳƪ Ƴƛŀǘǘ ƛƳǇŜŘŀƴŎƛŀΣ ǾŀƎȅ ǘłǾƻƭǎłƎƛ ǾŞŘŜƭƳŜǘ 

ŀƭƪŀƭƳŀȊƴŀƪΦ 9ƴƴŜƪ ŜƭǃƴȅŜΣ ƘƻƎȅ ŀ ƘǳǊƪƻƭǘ ƘłƭƽȊŀǘōŀƴ Ŧƻƭȅƽ łǊŀƳƻƪ ƴŀƎȅǎłƎŀ ƘŜƭȅŜǘǘ ŀ ƘłƭƽȊŀǘ 

ƛƳǇŜŘŀƴŎƛłƧłǘ ƳŞǊƛƪ Şǎ Ƙƛōŀ ŜǎŜǘŞƴ ŜƴƴŜƪ ŀ ƳŜƎǾłƭǘƻȊłǎŀ ŀƭŀǇƧłƴ ŀǾŀǘƪƻȊƴŀƪ ōŜΦ 9ōōŜƴ ŀ ŦŜƧŜȊŜǘōŜƴ 

ŀ ƧŜƭŜƴƭŜƎ ŀƭƪŀƭƳŀȊƻǘǘ ǘłǾƻƭǎłƎƛ ǾŞŘŜƭƳŜƪŜǘΣ ǾŀƭŀƳƛƴǘ ŀ ǘƻǾłōōŦŜƧƭŜǎȊǘŞǎƛ ǇƻǘŜƴŎƛłƭǘ ƳŀƎłōŀƴ 

ǘŀǊǘŀƭƳŀȊƽ ta¦ ŜƭǾŞǘ ŦƻƎƧǳƪ ƛǎƳŜǊǘŜǘƴƛΦ 

1.1 T§vols§gi v®delmek [1][6] 

 

! ǘłǾƻƭǎłƎƛ ǾŞŘŜƭƳŜƪ ŀ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘ ŜƎȅƛƪ ƭŜƎƎȅŀƪƻǊƛōō ǾŞŘŜƭƳŜΦ !ƭŀǇŜƭǾŜΣ ƘƻƎȅ ŀ Ƙƛōłƪ 

ǎƻǊłƴ ƳŜƎǾłƭǘƻȊƛƪ ŀ ƘłƭƽȊŀǘ ƛƳǇŜŘŀƴŎƛłƧŀ Şǎ ŀ ōŜłƭƭƝǘƻǘǘ ƪŀǊŀƪǘŜǊƛǎȊǘƛƪŀ ŀƭŀǇƧłƴ ƳǼƪǀŘŞǎōŜ ƭŞǇ ŀȊ 

ŜƭǎǃŘƭŜƎŜǎΣ ǾŀƎȅ ƳłǎƻŘƭŀƎƻǎ ŦƻƪƻȊŀǘŀΦ 9Ǝȅ ƳƻŘŜǊƴ ŘƛƎƛǘłƭƛǎ ǘłǾƻƭǎłƎƛ ǾŞŘŜƭŜƳ ƳǼƪǀŘŞǎƛ 

ƪŀǊŀƪǘŜǊƛǎȊǘƛƪłƧłǘ ŀȊ όмΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛ 

!Ȋ όмΦłōǊŀύ ŀƭŀǇƧłƴ ƭłǘƘŀǘƽΣ ƘƻƎȅ ŀ ǾŞŘŜƭŜƳ ǘǀōō ŦƻƪƻȊŀǘǘŀƭ ƛǎ ǊŜƴŘŜƭƪŜȊƛƪΣ ŜƳƛŀǘǘ ŜƎȅǎȊŜǊǊŜ ǘǳŘ 

ƳǼƪǀŘƴƛ ƪǀȊŜƭƛ Şǎ ǘłǾƻƭƛ ȊłǊƭŀǘƻƪǊŀΦ  

1.Ćbra 

T§vols§gi v®delem karakterisztik§ja[6] 
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1.2 F§zorm®rŖ egys®g mŤkºd®si elve [5] 

 

! ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ŀƭłƭƭƻƳłǎƻƪƻƴΣ ƪǸƭǀƴǀǎŜƴ ннл- Şǎ плл ƪƛƭƻǾƻƭǘƻǎ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘŜƪŜƴ ǵƎȅƴŜǾŜȊŜǘǘ 

ŦłȊƻǊƳŞǊǃ όta¦ύ ŜƎȅǎŞƎŜƪŜǘ ƘŜƭȅŜȊƴŜƪ ŜƭΦ 9ȊŜƪ ŀȊ ŜƎȅǎŞƎŜƪ ŀ IEEE C37.118 ǎȊŀōǾłƴȅ ǎȊŜǊƛƴǘ 

ƳǼƪǀŘƴŜƪΦ ! ƳǼƪǀŘŞǎƛ ƭƻƎƛƪłǘ ŀ όнΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

! ta¦ ƳǼƪǀŘŞǎŞƴŜƪ ƭŞƴȅŜƎŜΣ ƘƻƎȅ ŀȊ ŀŘƻǘǘ ƳŞǊŞǎƛ Ǉƻƴǘōŀƴ ƳŜƎƳŞǊƛƪ ŀ ƘłƭƽȊŀǘ ŦŜǎȊǸƭǘǎŞƎŜƛǘ Şǎ 

łǊŀƳŀƛǘΦ ! ƳŞǊǘ ŀƴŀƭƽƎ ŞǊǘŞƪŜƪŜǘ ƪƛŞǊǘŞƪŜƭƛƪ Şǎ ŦŀȊƻǊƻƪƪł ŀƭŀƪƝǘƧłƪ ǃƪŜǘΦ ! ƪƛŞǊǘŞƪŜƭǘ ŦŀȊƻǊƻƪ 

ǊŜƴŘŜƭƪŜȊƴŜƪ ŀƳǇƭƛǘǵŘƽǾŀƭ Şǎ ŦłȊƛǎǎȊǀƎƎŜƭΦ ! ŦłȊƛǎǎȊǀƎŜǘ ŀ Dt{ ƪƻƳƳǳƴƛƪłŎƛƽǾŀƭ ƪŀǇƻǘǘ ǊŜŦŜǊŜƴŎƛŀ 

ƧŜƭƘŜȊ ƪŞǇŜǎǘ ƳŜƎǾƛȊǎƎłƭƧłƪΣ ƘƻƎȅ ŀȊ ŀȊƻƴƻǎ ƛŘǃōŞƭȅŜƎƎŜƭ Ŝƭƭłǘƻǘǘ ŞǊǘŞƪƘŜȊ ƪŞǇŜǎǘ ǎƛŜǘΣ ǾŀƎȅ ƪŞǎƛƪ ŀ 

ƳŞǊǘ ŦŀȊƻǊΣ ƝƎȅ ŜƭǃƧŜƭƘŜƭȅŜǎŜƴ ƳŜƎƪŀǇƘŀǘƽ ŀ ŦłȊƛǎǎȊǀƎΦ 

! ta¦ ŀƭƪŀƭƳŀȊłǎŀ ŀȊ ŀƭłōōƛ ŜƭǃƴȅǀƪŜǘ ǘǳŘƧŀ ŜǊŜŘƳŞƴȅŜȊƴƛΥ 

 ! ŦŀȊƻǊƻƪ Ǉƛƭƭŀƴŀǘƴȅƛ łƭƭłǎłōƽƭ ƳŜƎłƭƭŀǇƝǘƘŀǘƽΣ ƘƻƎȅ ŀ ǾƛȊǎƎłƭǘ ǊŜƴŘǎȊŜǊ ǎǘŀōƛƭƛǘłǎŀ ƳŜƎŦŜƭŜƭǃ-e. 

 ! ŦŀȊƻǊƻƪ ƭŀǎǎǵ ƳƻȊƎłǎłōƽƭ ƭŜƘŜǘ ƪǀǾŜǘƪŜȊǘŜǘƴƛ ŀ ǎǘŀōƛƭƛǘłǎ ŎǎǀƪƪŜƴŞǎŞǊŜΣ ƝƎȅ ŀ ƘłƭƽȊŀǘ ōƻƴǘłǎŀ Ŝƭǃǘǘ 
ƪŞǇŜǎŜƪ ƭŜƘŜǘǸƴƪ ŀ ōŜŀǾŀǘƪƻȊłǎǊŀΦ 

 ! ŦŀȊƻǊƻƪ ƎȅƻǊǎ ƳƻȊƎłǎŀ ȊłǊƭŀǘǊŀ ǳǘŀƭƴŀƪΦ !Ȋ ŀƳǇƭƛǘǵŘƽ Şǎ ŀ ŦłȊƛǎǎȊǀƎ ƳŜƎǾłƭǘƻȊłǎłōƽƭ ōŜƘŀǘłǊƻƭƘŀǘƽ 
ŀ Ƙƛōŀ ƪǀȊŜƭƝǘǃ ƘŜƭȅŜ Şǎ ƧŜƭƭŜƎŜΦ  

2.Ćbra: 

PMU egys®g m®r®se[5] 
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2 Alkalmazott modellek 

 

Yǳǘŀǘłǎŀƛƴƪ ǎƻǊłƴ ǘǀōō ƘłƭƽȊŀǘǎȊłƳƝǘƽ ǇǊƻƎǊŀƳƻǘ ƛǎ ƳŜƎǾƛȊǎƎłƭǘǳƴƪΣ ǾƛǎȊƻƴǘ ŀ ǊŜƭŜǾłƴǎ 

ǎȊŜƳǇƻƴǘƻƪŀǘ ǀǎǎȊŜƎŜȊǾŜ ŀ aŀǘƭŀō-{ƛƳǳƭƛƴƪ ƪǀǊƴȅŜȊŜǘ ƘŀǎȊƴłƭŀǘŀ ǘǼƴǘ ŀ ƭŜƎŎŞƭǎȊŜǊǼōōƴŜƪΦ 9ƎȅǊŞǎȊǘ 

ŀ ǇǊƻƎǊŀƳ ƭŜƘŜǘǃǎŞƎŜǘ ƴȅǵƧǘ ŀ ǘŜƭƧŜǎƝǘƳŞƴȅłǊŀƳƭłǎ ǎȊƛƳǳƭłŎƛƽƧłǊŀ Şǎ ŀ ƪŀǇƻǘǘ ŀŘŀǘƻƪ ƪƛŞǊǘŞƪŜƭŞǎŞǊŜ 

Şǎ ǾƛȊǳŀƭƛȊłƭłǎłǊŀΣ ǾŀƭŀƳƛƴǘ ŀ ƪŜȊŘŜǘōŜƴ ƘŀǎȊƴłƭǘ ǀǎǎȊŜǎ ǎȊƛƳǳƭłŎƛƽǎ ƳƻŘŜƭƭ ŀ ǊŜƴŘŜƭƪŜȊŞǎǸƴƪǊŜ łƭƭΦ ! 

Simulink-{ƛƳǎŎŀǇŜ 9ƭŜŎǘǊƛŎƛŀƭ ƳƻŘŜƭƭ ŀ ǘǀōōƛ ƘłƭƽȊŀǘǎȊłƳƝǘƽ ǇǊƻƎǊŀƳƘƻȊ Ƙŀǎƻƴƭƽŀƴ ƎȅƻǊǎŀƴ Şǎ 

pontosan adja ŀ ǾƛǎǎȊŀ ŀ ǎȊƛƳǳƭłƭǘ ƘłƭƽȊŀǘ ǇŀǊŀƳŞǘŜǊŜƛǘ ώнϐΦ YŜȊŘŞǎƴŜƪ ŦŜƭǾŜǘǘǸƴƪ ŜƎȅ ǘŜǎȊǘ-hurkolt 

ƘłƭƽȊŀǘƻǘΣ ŀƳŜƭȅ ŀ όоΦłōǊŀύ ǎȊŜǊƛƴǘ ŞǇǸƭ ŦŜƭΦ 

 

! ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴ ǘǀǊŜƪŜŘǘǸƴƪ ŀǊǊŀΣ ƘƻƎȅ ŀ ǾŀƭƽǎłƎƴŀƪ ƳŜƎŦŜƭŜƭǃ ƳƻŘŜƭƭǘ ǾłƭŀǎǎȊǳƴƪΣ ƝƎȅ ƧŜƭŜƴ 

ŜǎŜǘōŜƴ ƛǎ ŜƎȅ ǘǀōō ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘǘŀƭ ǊŜƴŘŜƭƪŜȊǃ ƘǳǊƪƻƭǘ ƘłƭƽȊŀǘƻǘ ǾƛȊǎƎłƭǘǳƴƪ ƳŜƎΦ 

! όоΦłōǊŀύ ŀȊ ŀƭłōōƛ ŜƭŜƳŜƪŜǘ ǘŀǊǘŀƭƳŀȊȊŀΥ 

 Three-tƘŀǎŜ ǎƻǳǊŎŜΥ IłǊƻƳŦłȊƛǎǵ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ 

 Three-tƘŀǎŜ .ǊŜŀƪŜǊΥ IłǊƻƳŦłȊƛǎǵ ƳŜƎǎȊŀƪƝǘƽ 

 Three-Phase V-I MŜŀǎǳǊŜƳŜƴǘΥ CŜǎȊǸƭǘǎŞƎ Şǎ łǊŀƳ ƳŞǊŞǎƛ Ǉƻƴǘ 

 Three-tƘŀǎŜ tL {ŜŎǘƛƻƴ [ƛƴŜΥ #ǘǾƛǘŜƭƛ ƘłƭƽȊŀǘ 

 Three-tƘŀǎŜ tŀǊŀƭƭŜƭ w[/ [ƻŀŘΥ Yƻƴǎǘŀƴǎ ǘŜƭƧŜǎƝǘƳŞƴƴȅŜƭ ƳǼƪǀŘǃ ŦƻƎȅŀǎȊǘƽ 

 Three-tƘŀǎŜ CŀǳƭǘΥ ½łǊƭŀǘƛ Ǉƻƴǘ  

3.Ćbra 

Fel®p²tett Matlab-Simulink modell 
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2.1 Bet§pl§l§si pont [4] 

 

! ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ōƛȊǘƻǎƝǘƧŀ ŀ ǾƛȊǎƎłƭǘ ƘłƭƽȊŀǘ ǎȊłƳłǊŀ ŀ ǘŜƭƧŜǎƝǘƳŞƴȅ ŜƎȅŜƴǎǵƭȅǘΦ ! ōƭƻƪƪ ŀ 

ƘłƭƽȊŀǘǎȊłƳƝǘłǎōŀƴ ƛǎƳŜǊǘ ά{ƭŀŎƪέΣ ǾŀƎȅ ƭŜƴƎǃ ŎǎƻƳƽǇƻƴǘƪŞƴǘ ŦǳƴƪŎƛƻƴłƭΣ ƳƛǎȊŜǊƛƴǘ ǃ ƳŜǊŜǾŜƴ ǘŀǊǘƧŀ 

ŀ ōŜłƭƭƝǘƻǘǘ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘŜǘΣ ǾƛǎȊƻƴǘ ǘŜƭƧŜǎƝǘƳŞƴȅōŜƴ ŀ ǎȊǸƪǎŞƎŜǎ ƳŜƴƴȅƛǎŞƎŜǘ ǘłǇƭłƭƧŀ ōŜƭŜΣ ǾŀƎy 

ƘŀǎȊƴłƭƧŀ ŦŜƭ ŀ ƘłƭƽȊŀǘ ƳǼƪǀŘŞǎŜ ǎȊŜƳǇƻƴǘƧłōƽƭΦ 

tŀǊŀƳŞǘŜǊŜƛ ŀ ƪǀǾŜǘƪŜȊǃƪΥ 

 bŞǾƭŜƎŜǎ Ǿƻƴŀƭƛ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘƧŜΥ мон ƪƛƭƻǾƻƭǘ 

 bŞǾƭŜƎŜǎ ŦǊŜƪǾŜƴŎƛłƧŀΥ рл IŜǊǘȊ 

 wǀǾƛŘȊłǊłǎƛ ǘŜƭƧŜǎƝǘƳŞƴȅŜΥ мллл ƳŜƎŀǾƻƭǘŀƳǇŜǊ 

 LƳǇŜŘŀƴŎƛłƧłƴŀƪ ά·κwέ ǾƛǎȊƻƴȅŀΥ т 

2.2 Megszak²t· [4] 

 

! ŦŜƭƭŞǇǃ Ƙƛōŀ ƳŜƎǎȊǼƴǘŜǘŞǎŞǊŜ ƘłǊƻƳŦłȊƛǎǵ ƳŜƎǎȊŀƪƝǘƽ ƳƻŘŜƭƭǘ ŀƭƪŀƭƳŀȊǘǳƴƪΦ ! ƳƻŘŜƭƭ ƭŞƴȅŜƎŜΣ 

ƘƻƎȅ ŀ ȊłǊƭŀǘ ōŜƪǀǾŜǘƪŜȊǘŜ ǳǘłƴ Ŏǎŀƪ ŀ Ƙƛōłǎ ά!έ ŦłȊƛǎǘ ƭŜƪŀǇŎǎƻƭƧŀΦ aƛǾŜƭ ŀ ƘłƭƽȊŀǘƻƴ ǘŀǊǘƽǎ ȊłǊƭŀǘ ƭŞǇ 

ŦŜƭΣ ƝƎȅ ŀ άǾŞŘŜƭŜƳέ ŜȊǘ ŘŜŦƛƴƛǘƝǾ ƪƛƻƭŘłǎƪŞƴǘ ƴŜƳ ŦƻƎƧŀ ǾƛǎǎȊŀƪŀǇŎǎƻƭƴƛΣ ƘŀƴŜƳ άǎłƴǘŀǸȊŜƳōŜƴέ ŦƻƎ 

ǘƻǾłōō ƳǼƪǀŘƴƛ ŀ ƘłƭƽȊŀǘΦ 

2.3 Ćtviteli h§l·zat [4] 

 

!Ȋ łǘǾƛǘŜƭƛ ƘłƭƽȊŀǘƻǘ ǊŜǇǊŜȊŜƴǘłƭƽ άtL ǎŜŎǘƛƻƴ ƭƛƴŜέ ŜƎȅ ǎȊƛƳƳŜǘǊƛƪǳǎ ƘłǊƻƳŦłȊƛǎǵ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ 

ǾŜȊŜǘŞƪǊŜƴŘǎȊŜǊǘ ƪŞǇŜȊ ƭŜΦ ! ƳƻŘŜƭƭ ǘŀǊǘŀƭƳŀȊȊŀ ŀ ǾŜȊŜǘŞƪ ǎƻǊƻǎ ǇƻȊƛǘƝǾ Şǎ ȊŞǊǳǎ ŜƭƭŜƴłƭƭłǎŀƛǘ Şǎ 

ƛƴŘǳƪǘƛǾƛǘłǎŀƛǘΣ ǾŀƭŀƳƛƴǘ ŀ ŦǀƭŘƘǀȊ ƪŞǇŜǎǘ ƳŞǊǘ ƪŀǇŀŎƛǘłǎƻƪŀǘΦ {ȊƛƳǳƭłŎƛƽ ǎƻǊłƴ ŀ όоΦłōǊŀύ ǎȊŜrint az 

ǀǎǎȊŜǎ ǾŜȊŜǘŞƪ ƳƻŘŜƭƭ-ōƭƻƪƪ ǇŀǊŀƳŞǘŜǊŜƛ ŀȊƻƴƻǎŀƪΦ 9Ǝȅ ōƭƻƪƪƴŀƪ ŀ ǇŀǊŀƳŞǘŜǊŜƛ ƪǀǾŜǘƪŜȊǃƪΥ 

 .ƭƻƪƪ ƘƻǎǎȊǵǎłƎŀΥ нл ƪƛƭƻƳŞǘŜǊ 

 9ƎȅǎŞƎƴȅƛ ƘƻǎǎȊǊŀ όhƘƳκƪƛƭƻƳŞǘŜǊύ ƭŜǾŜǘƝǘŜǘǘ ǇƻȊƛǘƝǾ Şǎ ȊŞǊǳǎ ǎƻǊǊŜƴŘǼ ŜƭƭŜƴłƭƭłǎ [ 0.01273 0.3864]  

 9ƎȅǎŞƎƴȅƛ ƘƻǎǎȊǊŀ όIŜƴǊȅκƪƛƭƻƳŞǘŜǊύ ƭŜǾŜǘƝǘŜǘǘ ǇƻȊƛǘƝǾ Şǎ ȊŞǊǳǎ ǎƻǊǊŜƴŘǼ ƛƴŘǳƪǘƛǾƛǘłǎ [ 0.9337e-3  
4.1264e-3]  

 9ƎȅǎŞƎƴȅƛ ƘƻǎǎȊǊŀ όCŀǊŀŘκƪƛƭƻƳŞǘŜǊύ ƭŜǾŜǘƝǘŜǘǘ ǇƻȊƛǘƝǾ Şǎ ȊŞǊǳǎ ǎƻǊǊŜƴŘǼ ƪŀǇŀŎƛǘłǎ [12.74e-9 7.751e-
9] 

2.4 Fogyaszt§si pont [4] 

 

! ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘ ŀ ƘłƭƽȊŀǘǎȊłƳƝǘłǎōŀƴ ƛǎƳŜǊǘ άtvέ ƳƻŘŜƭƭƪŞƴǘ ƳǼƪǀŘƛƪΣ ǾŀƎȅƛǎ ǃ ŜƎȅ ƻƭȅŀƴ 

ŜƭŜƳƪŞƴǘ ƪŞǇŜȊƛ ƭŜ ƳŀƎłǘ ŀ ƘłƭƽȊŀǘōŀƴΣ ƘƻƎȅ ŀ ŦŜǎȊǸƭǘǎŞƎ ŞǊǘŞƪŞǘǃƭ ŦǸƎƎŜǘƭŜƴǸƭ ƪƻƴǎǘŀƴǎ Ǿŀƭƽǎ- Şǎ 

ƳŜŘŘǃǘŜƭƧŜǎƝǘƳŞƴȅǘ ǾŜǎȊ ŦŜƭ ŀ ƘłƭƽȊŀǘōƽƭΦ ! ŦŜƭǾŜǘǘ ǘŜƭƧŜǎƝǘƳŞƴȅ ƧŜƭŜƴ ǎȊłƳƝǘłǎ ǎƻǊłƴ мл ƳŜƎŀǿŀǘǘ Şǎ 

4 megavoltamper-ǊŜŀƪǘƝǾ ǾƻƭǘΦ 
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2.5 M®rŖk ®s hib§k 

 

! όоΦłōǊŀύ ǎȊŜǊƛƴǘƛ ƘłƭƽȊŀǘōŀƴ ŀ ƪŜȊŘŜǘƭŜƎŜǎ ta¦ ŀƭŀǇǵ ƘƛōŀōŜƘŀǘłǊƻƭłǎ Ƴƛŀǘǘ ƴŜƳ Ŏǎŀƪ ŀ ōŜǘłǇƭłƭłǎƛΣ 

ŘŜ ŀ ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘōŀƴ ƛǎ ƘŜƭȅŜȊǘŜƳ Ŝƭ ƳŞǊǃ ŜƎȅǎŞƎŜǘΦ 9ȊŜƪ ŀȊ ŜƎȅǎŞƎŜƪ ƳŞǊƛƪ ŀ ŦŜǎȊǸƭǘǎŞƎŜƪ Şǎ 

łǊŀƳƻƪ ŀƳǇƭƛǘǵŘƽƛǘ Şǎ ŦłȊƛǎǎȊǀƎŜƛǘΦ WŜƭŜƴ ǇŞƭŘłōŀƴ Ŏǎŀƪ ŀ ŦŜǎȊǸƭǘǎŞƎ ŦŀȊƻǊƻƪƪŀƭ ŦƻƎƭŀƭƪƻȊǘǳƴƪΣ ƳƛǾŜƭ 

ƘƛǇƻǘŞȊƛǎŜƛƴƪ ǎȊŜǊƛƴǘ ŀ Ƙƛōŀ ƧŜƭƭŜƎŜ Şǎ ƘŜƭȅŜ ƳŜƎƘŀǘłǊƻȊƘŀǘƽ Ŏǎŀƪ ŀ ŦŜǎȊǸƭǘǎŞƎ ŦŀȊƻǊƻƪ ƛǎƳŜǊŜǘŞǾŜƭΦ  

 

! ƘłƭƽȊŀǘƻƴ όоΦłōǊŀύ ŜƭƘŜƭȅŜȊŜǘǘ Ƙƛōŀ ƧŜƭŜƴƭŜƎ ŀȊ Ŝƭǎǃ- Şǎ ƳłǎƻŘƛƪ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ƪǀȊǀǘǘƛ ƘłƭƽȊŀǘƻƴ 

ƘŜƭȅŜȊƪŜŘƛƪ ŜƭΣ ŀȊ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘǘƽƭ нлΣ ŀ ƳłǎƻŘƛƪǘƽƭ нϝнл ƪƛƭƻƳŞǘŜǊǊŜΦ ! Ƙƛōŀ ƛŘŜŀƭƛȊłƭǾŀ ǾŀƴΣ 

ǾŀƎȅƛǎ ŀ ƘƛōŀƘŜƭȅƛ ŜƭƭŜƴłƭƭłǎǘ ŜƭƘŀƴȅŀƎƻƭǘǳƪΦ ! Ƙƛōŀ ƧŜƭŜƴƭŜƎ ŜƎȅ ŀǎȊƛƳƳŜǘǊƛƪǳǎ ŜƎȅŦłȊƛǎǵ ŦǀƭŘȊłǊƭŀǘƻǘ 

ƪŞǇŜȊ ƭŜ ŀ ǎȊƛƳǳƭłŎƛƽǎ ƛŘǃ ŦŜƭŞōŜƴΦ ! Ƙƛōŀ ŦŜƭƭŞǇŞǎŞǘ ƪǀǾŜǘǃŜƴ млл ƳƛƭƭƛǎȊŜƪǳƴŘǳƳ ƳǵƭǾŀ 

ƭŜƪŀǇŎǎƻƭƴŀƪ ŀ ƳŜƎǎȊŀƪƝǘƽƪΣ ƝƎȅ ƭłǘƘŀǘƽŀƪ ƭŜǎȊƴŜƪ ŀȊ łōǊłƪƻƴ ŀ Ƙƛōŀ ƳŜƎǎȊǼƴǘŜǘŞǎŞǘ ƪǀǾŜǘǃ ŞǊǘŞƪŜƪ 

ƛǎΦ !Ȋ ŀǎȊƛƳƳŜǘǊƛƪǳǎ Ƙƛōłƴŀƪ ŀȊ ŜƭǾƛ ƘŜƭȅŜǘǘŜǎƝǘǃ ƪŞǇŞǘ ŀ όпΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

3 PMU alkalmaz§si lehetŖs®gei 

 

! όоΦłōǊŀύ ǎȊŜǊƛƴǘƛ ƘłƭƽȊŀǘƛ ƳƻŘŜƭƭǘ ƳŜƎǾƛȊǎƎłƭǘǳƪ ǸȊŜƳǎȊŜǊǼ łƭƭŀǇƻǘōŀƴ Şǎ ŀ ƪŀǇƻǘǘ ŞǊǘŞƪŜƪōǃƭ 

όŦŜǎȊǸƭǘǎŞƎ Şǎ łǊŀƳύ ŀǊǊŀ ŀ ƪǀǾŜǘƪŜȊǘŜǘŞǎǊŜ ƧǳǘƻǘǘǳƴƪΣ ƘƻƎȅ ŀ ƳƻŘŜƭƭ ƳŜƎŦŜƭŜƭǃŜƴ ǊŜǇǊŜȊŜƴǘłƭ ŜƎȅ 

ƘǳǊƪƻƭǘ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻǘΦ !Ȋ ŜƭƭŜƴǃǊȊŞǎǘ ƪǀǾŜǘǃŜƴ ŜƭƘŜƭȅŜȊǘǸƪ ŀ ƘłƭƽȊŀǘōŀƴ ŀ όнΦŦŜƧŜȊŜǘōŜƴύ 

ǘłǊƎȅŀƭǘ ŀǎȊƛƳƳŜǘǊƛƪǳǎ ǎǀƴǘƘƛōłǘΣ ƳŀƧŘ ƳŜƎǾƛȊǎƎłƭǘǳƪ ŀ ƳŞǊŞǎƛ Ǉƻƴǘƻƪ ta¦ ŞǊǘŞƪŜƛǘΦ WŜƭŜƴ ŦŜƧŜȊŜǘ 

ŜȊŜƪƴŜƪ ŀȊ ŞǊǘŞƪŜƪƴŜƪ ŀ ƪƛŞǊǘŞƪŜƭŞǎŞǾŜƭ ŦƻƎƭŀƭƪƻȊƛƪΦ 

3.1 ElsŖ bet§pl§l§si pont m®r®si ®rt®kei 

 

!Ȋ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ ǇƻƴǘΣ ŀƳŜƭȅ ŀ όоΦłōǊŀύ ǎȊŜǊƛƴǘƛ άōŀƭ ŦŜƭǎǃέ ƻƭŘŀƭƻƴ ǘŀƭłƭƘŀǘƽΣ ŀȊ όрΦłōǊŀύ ǎȊŜǊƛƴǘƛ 

fazorokat kaptuk. 

4.Ćbra 

H§l·zaton fell®pŖ egyf§zis¼ fºldz§rlat helyettes²tŖ k®pe[3] 
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! ƴƻǊƳłƭ ǸȊŜƳłƭƭŀǇƻǘƻǘ ǊŜǇǊŜȊŜƴǘłƭƽ άōŀƭέ łōǊŀ ǎȊŜǊƛƴǘ ŀȊ ŜƎȅŜǎ ŦŀȊƻǊƻƪōŀƴ ƳƛƴƛƳłƭƛǎ ŦłȊƛǎŜƭǘƻƭłǎ 

ǘŀǇŀǎȊǘŀƭƘŀǘƽ ŀ ƳǀƎǀǘǘŜǎ ƘłƭƽȊŀǘƻƪ ōŜƭǎǃ ƛƳǇŜŘŀƴŎƛłƧǳƪ ƳƛŀǘǘΦ !Ȋ ŜƎȅŜǎ ŦŜǎȊǸƭǘǎŞƎŜƪ ŞǊǘŞƪŜƛǊŜ 

мммΦрпм ƪƛƭƻǾƻƭǘƻǎ ǎȊƛƴǘŜǘ ƪŀǇǘǳƴƪΣ ŀƳƛ ŀ мон ƪƛƭƻǾƻƭǘƻǎ ƘłƭƽȊŀǘ ŜǎŜǘŞƴ ƳŞǊǘ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎ όтсΦнм 

ƪƛƭƻǾƻƭǘύ ŎǎǵŎǎŞǊǘŞƪŜΦ 

aƛǳǘłƴ ŜƭƘŜƭȅŜȊǘǸƪ ŀ ȊłǊƭŀǘƻǘ ŀ ƘłƭƽȊŀǘōŀƴΣ ŀ ȊłǊƭŀǘ Ǉƛƭƭŀƴŀǘłōŀƴ ŀ όрΦłōǊŀύ ǎȊŜǊƛƴǘƛ άƧƻōōέ ŦŀȊƻǊłōǊłǘ 

ƪŀǇǘǳƪΦ [łǘƘŀǘƽΣ ƘƻƎȅ ŀ Ƙƛōłǎ ά[мέ ŦłȊƛǎ ŦŜǎȊǸƭǘǎŞƎŜ ƭŜŎǎǀƪƪŜƴǘ уΦмуо ƪƛƭƻǾƻƭǘƻǎ ǎȊƛƴǘǊŜΦ 9Ȋ ŀ ƪŞǎǃōōƛ 

ƘƛōŀōŜƘŀǘłǊƻƭłǎ Şǎ Ƙƛōŀ ǘƝǇǳǎ ƳŜƎƘŀǘłǊƻȊłǎ ǎƻǊłƴ ƪƛŜƳŜƭƪŜŘǃŜƴ Ŧƻƴǘƻǎ ƭŜǎȊΦ  

5.Ćbra 

ElsŖ bet§pl§l§si pont norm§l (bal) ®s hib§s (jobb) fazor§br§ja 
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3.2 M§sodik bet§pl§l§si pont m®r®si ®rt®kei 

 

! όоΦłōǊŀύ ǎȊŜǊƛƴǘƛ Ƴƛƴǘŀ ƘłƭƽȊŀǘ άƧƻōō ŦŜƭǎǃέ ƻƭŘŀƭłƴ ǘŀƭłƭƘŀǘƽ ƳłǎƻŘƛƪ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŀȊ Ŝƭǎǃ 

ǇƻƴǘƘƻȊ Ƙŀǎƻƴƭƽŀƴ ά{ƭŀŎƪέ ƳƻŘŜƭƭƪŞƴǘ ƳǼƪǀŘƛƪ ŀ ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴΣ ƝƎȅ ŀ ƘƛōŀƳŜƴǘŜǎ łƭƭŀǇƻǘōŀƴ 

ŀȊƻƴƻǎ ŦŜǎȊǸƭǘǎŞƎ ŀƳǇƭƛǘǵŘƽ Şǎ ǎȊǀƎƘŜƭȅȊŜǘ ŞǊǘŞƪŜƪŜǘ ƪŀǇǘǳƴƪΦ IƛōŀƳŜƴǘŜǎ ǸȊŜƳōŜƴ ŀ ǾƛȊǎƎłƭǘ ά[мέ 

ŦłȊƛǎ ŦŜǎȊǸƭǘǎŞƎŞƴŜƪ ŞǊǘŞƪŜ мммΦрпм ƪƛƭƻǾƻƭǘΣ ŦłȊƛǎŜƭǘƻƭłǎŀ ŀ ǊŜŦŜǊŜƴŎƛŀ л-ƘƻȊ ƪŞǇŜǎǘ -3.332 fok.  

 

! ƳłǎƻŘƛƪ ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘ ƘƛōŀƳŜƴǘŜǎ Şǎ Ƙƛōłǎ łƭƭŀǇƻǘŀƛƴŀƪ ŦŀȊƻǊłōǊłƛǘ ŀ όсΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

 

!Ȋ ŀǎȊƛƳƳŜǘǊƛƪǳǎ ŜƎȅŦłȊƛǎǵ ȊłǊƭŀǘ ƪƛŀƭŀƪǳƭłǎŀ ǳǘłƴ ŀ Ƙƛōłǎ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎ ƴŀƎȅǎłƎŀ ƭŜŎǎǀƪƪŜƴǘ мнΦрлм 

ƪƛƭƻǾƻƭǘƻǎ ŞǊǘŞƪǊŜΦ Lǘǘ ƳŜƎŦƛƎȅŜƭƘŜǘǃΣ ƘƻƎȅ ƳƛǾŜƭ ŀ όоΦłōǊŀύ ǎȊŜǊƛƴǘ ŀ ƳłǎƻŘƛƪ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘǘƽƭ 

ǘłǾƻƭŀōō ƘŜƭȅŜȊƪŜŘƛƪ Ŝƭ ŀ ƘƛōŀƘŜƭȅΣ ƝƎȅ ŀ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎ ƭŜǘǀǊŞǎŜ ƛǎ ƪƛǎŜōō ƳŞǊǘŞƪōŜƴ ƧŜƭŜƴǘƪŜȊƛƪΣ Ƴƛƴǘ 

ŀ ƘƛōłƘƻȊ ƪǀȊŜƭŜōō ŜƭƘŜƭȅŜȊƪŜŘǃ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ ǇƻƴǘΦ  

! Ƙƛōłǎ ά[мέ ŦłȊƛǎōŀƴ ǘŀǇŀǎȊǘŀƭƘŀǘƽ ŜƎȅ ƪƛǎŜōō ƳŞǊǘŞƪǼ ŦłȊƛǎǎȊǀƎ ŜƭǘƻƭƽŘłǎΦ ! ƘƛōŀƘŜƭȅƘŜȊ ƪǀȊŜƭŜōō 

ŜƭƘŜƭȅŜȊƪŜŘǃ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŜǎŜǘŞƴ ŀ ŦłȊƛǎǎȊǀƎ ƴŀƎȅƧłōƽƭ мΦно Ŧƻƪƻǘ ŎǎǀƪƪŜƴǘ ŀ ƪŜȊŘŜǘƛ 

ŦłȊƛǎǎȊǀƎƘǀȊ ƪŞǇŜǎǘΣ ƳƝƎ  ŀ ǘłǾƻƭŀōō ŜƭƘŜƭȅŜȊƪŜŘǃ ƳłǎƻŘƛƪ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŜǎŜǘŞƴ ŜȊ Ŏǎŀƪ лΦтс ŦƻƪΦ  

6.Ćbra 

M§sodik bet§pl§l§si pont norm§l (bal) ®s hib§s (jobb) fazor§br§ja 
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3.3 Fogyaszt·i pont m®r®si ®rt®kei 

 

! ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘǳƴƪōŀ -ŀƳŜƭȅ ŀ όоΦłōǊŀύ ǎȊŜǊƛƴǘ άƪǀȊŞǇŜƴέ ǘŀƭłƭƘŀǘƽ- ŜƭƘŜƭȅŜȊŜǘǘ ŦłȊƻǊƳŞǊǃ 

ƘƛōŀƳŜƴǘŜǎ ǸȊŜƳōŜƴ ŀƭŀŎǎƻƴȅŀōō ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘŜǘ ƳŞǊǘΣ Ƴƛƴǘ ŀ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘƻƪōŀ ŜƭƘŜƭȅŜȊŜǘǘ 

ƳŞǊǃŜƎȅǎŞƎŜƪΦ 9Ȋ ŀ ŦƻƎȅŀǎȊǘƽ łƭǘŀƭ ŦŜƭǾŜǘǘ łǊŀƳ ƻƪƻȊǘŀ ƘłƭƽȊŀǘƛ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎǊŜ ǾŜȊŜǘƘŜǘǃ ǾƛǎǎȊŀΦ  

 

aƛǾŜƭ ŀ ǾƛȊǎƎłƭǘ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘ ƘǳǊƪƻƭǘ ƪƛŀƭŀƪƝǘłǎǎŀƭ ǊŜƴŘŜƭƪŜȊƛƪΣ ƝƎȅ ƪƛǎŜōō ƳŞǊǘŞƪōŜƴ 

ƧŜƭŜƴǘƪŜȊƛƪ ŀ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎΣ Ƴƛƴǘ ŜƎȅ ǎǳƎŀǊŀǎ ƪƛǎŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘ ŜǎŜǘŞōŜƴΦ ! ŦƻƎȅŀǎȊǘƽƴłƭ ƳŞǊǘ 

ǾƛȊǎƎłƭǘ ά[мέ ŦłȊƛǎ ŦŜǎȊǸƭǘǎŞƎŞƴŜƪ ŞǊǘŞƪŜ ƛǘǘ мммΦрнс ƪƛƭƻǾƻƭǘΦ  

 

! ƘƛōŀƳŜƴǘŜǎ Şǎ ȊłǊƭŀǘƻǎ ǸȊŜƳōŜƴ ƳŞǊǘ ŦƻƎȅŀǎȊǘƽƛ ŦŜǎȊǸƭǘǎŞƎ ŦŀȊƻǊƻƪŀǘ ŀ όтΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

 

! ȊłǊƭŀǘ ōŜƪǀǾŜǘƪŜȊǘŜƪƻǊ ŀ ǾƛȊǎƎłƭǘ ά[мέ ŦłȊƛǎ ŦŜǎȊǸƭǘǎŞƎŞƴŜƪ ŞǊǘŞƪŜ ƭŜŎǎǀƪƪŜƴǘ млΦстм ƪƛƭƻǾƻƭǘƻǎ 

ǎȊƛƴǘǊŜΣ ŀ ŦŀȊƻǊ ŦłȊƛǎǎȊǀƎŜ ǾƛǎȊƻƴǘ ƳŜƎƴǀǾŜƪŜŘŜǘǘ -оΦсн ŦƻƪǘǊƽƭ -мΦсф ŦƻƪǊŀΦ ! ƪŀǇƻǘǘ ŞǊǘŞƪŜƪ ƛǘǘ ƛǎ ŀǊǊa 

ŜƴƎŜŘƴŜƪ ƪǀǾŜǘƪŜȊǘŜǘƴƛΣ ƘƻƎȅ ŀ ƘłƭƽȊŀǘƻƴ ŀȊ ά[мέ ŦłȊƛǎōŀƴ ǘǀǊǘŞƴǘ ƘƛōŀΣ ƘƛǎȊŜƴ ŀ ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘōŀƴ 

ƛǎ Ŏǎŀƪ ŜȊ ŀ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎ ŎǎǀƪƪŜƴǘ ƭŜΦ  

7.Ćbra 

Fogyaszt§si pont norm§l (bal) ®s hib§s (jobb) fazor§br§ja 
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3.4 Ki®rt®kel®s 

 

! ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴ ƪŀǇƻǘǘ ŞǊǘŞƪŜƪŜǘ ǀǎǎȊŜƎŜȊǘǸƪΣ ƘƻƎȅ ƪǀǾŜǘƪŜȊǘŜǘŞǎŜƪŜǘ ǘǳŘƧǳƴƪ ƭŜǾƻƴƴƛ ŀ 

ƘƛōŀƳŜƴǘŜǎ ƴƻǊƳłƭ łƭƭŀǇƻǘƘƻȊ ƪŞǇŜǎǘ ǘǀǊǘŞƴǃ ǾłƭǘƻȊłǎƻƪōƽƭΦ 

aŞǊǘ ά[мέ ŦłȊƛǎ ƴŀƎȅǎłƎŀƛƴŀƪ ǾłƭǘƻȊłǎŀΥ 

 9ƭǎǃ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŦŜǎȊǸƭǘǎŞƎǾłƭǘƻȊłǎŀ мммΦрпм ƪƛƭƻǾƻƭǘǊƽƭ уΦмуо kilovoltos szintre. 

 ałǎƻŘƛƪ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŦŜǎȊǸƭǘǎŞƎǾłƭǘƻȊłǎŀ мммΦрпм ƪƛƭƻǾƻƭǘǊƽƭ мнΦрлм ƪƛƭƻǾƻƭǘƻǎ ǎȊƛƴǘǊŜΦ 

 CƻƎȅŀǎȊǘƽƛ Ǉƻƴǘ ŦŜǎȊǸƭǘǎŞƎǾłƭǘƻȊłǎŀ мммΦрнс ƪƛƭƻǾƻƭǘǊƽƭ млΦстп ƪƛƭƻǾƻƭǘƻǎ ǎȊƛƴǘǊŜΦ 
 

! ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘŜƪ ǾłƭǘƻȊłǎŀƛōƽƭ ƳŜƎłƭƭŀǇƝǘƘŀǘƽΣ ƘƻƎȅ ŀ Ƙƛōŀ ƧŜƭƭŜƎŜ άмCbέ ŜƎȅŦłȊƛǎǵ ŦǀƭŘ ǊǀǾƛŘȊłǊ 

Ǿƻƭǘ ŀȊ ά[мέ ŦłȊƛǎōŀƴΦ 9Ȋǘ ŀ όуΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΣ ƘƻƎȅ ŀ ǘǀōōƛ ŦŜǎȊǸƭǘǎŞƎ ŀƳǇƭƛǘǵŘƽƧłōŀƴ ƴŜƳ ǘǀǊǘŞƴǘ 

ŞǊȊŞƪŜƭƘŜǘǃ ǾłƭǘƻȊłǎΦ  ! ŦŜǎȊǸƭǘǎŞƎ ƴŀƎȅǎłƎłƴŀƪ ǾłƭǘƻȊłǎŀ ŀȊ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘōŀƴ Ǿƻƭǘ ŀ 

ƭŜƎƴŀƎȅƻōōΣ ƝƎȅ ŀ ǾłƭǘƻȊłǎ ƴŀƎȅǎłƎŀ ŀǊǊŀ ŜƴƎŜŘ ƪǀǾŜǘƪŜȊǘŜǘƛΣ ƘƻƎȅ ŀ Ƙƛōŀ ŀȊ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ ǇƻƴǘƘƻȊ 

Ǿƻƭǘ ŀ ƭŜƎƪǀȊŜƭŜōōΦ 

 

! ŦłȊƛǎǎȊǀƎŜƪ ǾłƭǘƻȊłǎŀƛ ǎƻǊłƴ ƛǎ ŀȊǘ łƭƭŀǇƝǘƘŀǘƧǳƪ ƳŜƎΣ ƘƻƎȅ ŀȊ ά[мέ ŦłȊƛǎōŀƴ ŜƎȅŦłȊƛǎǵ ŦǀƭŘ ǊǀǾƛŘȊłǊ 

ǘǀǊǘŞƴǘΣ ƳƛǾŜƭ Ŏǎŀƪ ŀ Ƙƛōłǎ ά[мέ ŦłȊƛǎǎȊǀƎ ǾłƭǘƻȊƻǘǘ ƳŜƎ ŀ ƳŞǊǘ ǇƻƴǘƻƪōŀƴΦ 9Ȋǘ ŀ όуΦłōǊŀύ ƛǎ 

ǎȊŜƳƭŞƭǘŜǘƛΣ ƘƻƎȅ ƘƻƎȅŀƴ ǾłƭǘƻȊǘŀƪ ƳŜƎ ŀ Ƙƛōŀ ŜƭǃǘǘΣ ƪǀȊōŜƴ Şǎ ǳǘłƴ ŀ ŦłȊƛǎǎȊǀƎŜƪΦ 

aŞǊǘ ά[мέ ŦłȊƛǎ ŦłȊƛǎǎȊǀƎŜƛƴŜƪ ǾłƭǘƻȊłǎŀΥ 

 9ƭǎǃ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŦłȊƛǎǎȊǀƎŜ ŀ ƪƛƛƴŘǳƭłǎƛ  -оΦоо ŦƻƪǊƽƭ -пΦрс ŦƻƪǊŀ ǾłƭǘƻȊƻǘǘ ŀ Ƙƛōŀ ƘŀǘłǎłǊŀΦ 

 ałǎƻŘƛƪ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŦłȊƛǎǎȊǀƎŜ ŀ ƪƛƛƴŘǳƭłǎƛ -оΦоо ŦƻƪǊƽƭ -пΦлф ŦƻƪǊŀ ǾłƭǘƻȊƻǘǘ ŀ Ƙƛōŀ ƘŀǘłǎłǊŀΦ 

 CƻƎȅŀǎȊǘƽƛ Ǉƻƴǘ ŦłȊƛǎǎȊǀƎŜ ŀ ƪƛƛƴŘǳƭłǎƛ -оΦсн ŦƻƪǊƽƭ -мΦсф ŦƻƪǊŀ ǾłƭǘƻȊƻǘǘ ŀ Ƙƛōŀ ƘŀǘłǎłǊŀΦ 
 

Lǘǘ ƛǎ ŀȊǘ ŦƛƎȅŜƭǘǸƪ ƳŜƎΣ ƘƻƎȅ ŀȊ Ŝƭǎǃ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŜǎŜǘŞƴΣ ŀƘƻƭ ƪǀȊŜƭŜōō Ǿƻƭǘ ŀ ƘƛōŀƘŜƭȅΣ ƻǘǘ 

ƴŀƎȅƻōō ƳŞǊǘŞƪōŜƴ ǾłƭǘƻȊƻǘǘ ƳŜƎ ŀ ŦłȊƛǎǎȊǀƎΣ Ƴƛƴǘ ŀ ƘƛōŀƘŜƭȅǘǃƭ ǘłǾƻƭŀōō ƭŞǾǃ ōŜǘłǇƭłƭłǎƛ ǇƻƴǘōŀƴΦ 

! ŦƻƎȅŀǎȊǘƽ ŜǎŜǘŞƴ ŜōōŜƴ ŀ ǎȊƛƳǳƭłŎƛƽōŀƴ ŦłȊƛǎǎȊǀƎ ƴǀǾŜƪŜŘŞǎǘ ǘŀǇŀǎȊǘŀƭǘǳƴƪΦ   
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!Ȋ ŀƳǇƭƛǘǵŘƽƪ Şǎ ŦłȊƛǎǎȊǀƎŜƪ ƛŘǃōŜƭƛ ǾłƭǘƻȊłǎŀƛƴŀƪ ǀǎǎȊŜǎƝǘǃ łōǊłƧłǘ ŀ όуΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

aŜƎŦƛƎȅŜƭƘŜǘƧǸƪΣ ƘƻƎȅ ƘƻƎȅŀƴ ŀƭŀƪǳƭǘŀƪ ŀȊ ŜƎȅŜǎ ŞǊǘŞƪŜƪ ŀ Ƙƛōŀ ōŜƪǀǾŜǘƪŜȊǘŜ Ŝƭǃǘǘ ό· ǘŜƴƎŜƭȅ ŞǊǘŞƪŜ 

ƪƛǎŜōōΣ Ƴƛƴǘ нύΣ ŀ Ƙƛōŀ ōŜƪǀǾŜǘƪŜȊǘŜƪƻǊ ό· ǘŜƴƎŜƭȅ ŞǊǘŞƪŜ ƴŀƎȅƻōōΣ Ƴƛƴǘ нΣ  ŘŜ р-ƴŞƭ ƪƛǎŜōōύ Şǎ ŀ 

ƳŜƎǎȊŀƪƝǘƽƪ ƭŜƪŀǇŎǎƻƭłǎŀ ǳǘłƴ ό· ǘŜƴƎŜƭȅ ŞǊǘŞƪŜ ƴŀƎȅƻōōΣ Ƴƛƴǘ рύΦ 

¥sszefoglal§s 

! ŎƛƪƪƘŜȊ ƪŀǇŎǎƻƭƽŘƽ ƪǳǘŀǘłǎ ǎƻǊłƴ ƳŜƎǾƛȊǎƎłƭǘǳƪ ŀ ƧŜƭŜƴƭŜƎ ƘŀǎȊƴłƭǘ ǾŞŘŜƭƳŜƪŜǘ ŀƳƛƪŜǘ ŀ 

nagyfesȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻƪƻƴ ŀƭƪŀƭƳŀȊǘŀƪΦ  

CŜƭǾŜǘŜǘǘǸƪ ŀ ta¦ ǾŞŘŜƭŜƳǘŜŎƘƴƛƪŀƛ ŀƭƪŀƭƳŀȊłǎŀƛƴŀƪ ƭŜƘŜǘǃǎŞƎŜƛǘΣ ǾŀƭŀƳƛƴǘ ŀ ǎȊƛƳǳƭłŎƛƽƘƻȊ 

ŜƭƪŞǎȊƝǘŜǘǘǸƴƪ ŜƎȅ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘǳǊƪƻƭǘ ƘłƭƽȊŀǘƻǘ aŀǘƭŀō-{ƛƳǳƭƛƴƪ ƪǀǊƴȅŜȊŜǘōŜƴΦ  

! ƳƻŘŜƭƭōŜƴ ŦŜƭǾŜǘǘǸƴƪ ŀ ǎȊƛƳǳƭłŎƛƽƘƻȊ ǎȊǸƪǎŞƎŜǎ ƘłƭƽȊŀǘƛ ōƭƻƪƪƻƪŀǘ Şǎ ŜȊŜƪŜǘ ŦŜƭǇŀǊŀƳŞǘŜǊŜȊǘǸƪΦ ! 

ƪƛŞǊǘŞƪŜƭŞǎŜƪ ǎƻǊłƴ ŀȊǘ ǘŀǇŀǎȊǘŀƭǘǳƪΣ ƘƻƎȅ ŀ ta¦ ƳŞǊǘ ŞǊǘŞƪŜƛōǃƭ ǵƎȅΣ Ƴƛƴǘ ŀȊ ŜƎȅŜǎ ŦłȊƛǎƻƪ 

ŦŜǎȊǸƭǘǎŞƎŜƛƴŜƪ ŀƳǇƭƛǘǵŘƽƛ Şǎ ŦłȊƛǎǎȊǀƎŜƛ ŀ Ƙƛōŀ ƧŜƭƭŜƎŞǊŜ ŜƴƎŜŘƴŜƪ ƪǀǾŜǘƪŜȊǘŜǘƴƛΦ  

! ƘƛōŀƘŜƭȅ ōŜƘŀǘłǊƻƭłǎ ǘƻǾłōōƛ ƪǳǘŀǘłǎƛ ǘłǊƎȅłǘ ƪŞǇŜȊƛƪΦ 

 

  

8.Ćbra 

Fesz¿lts®gek amplit¼d·inak ®s f§zisszºgeinek idŖbeli v§ltoz§sai 
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A villamosenergia-rendszer fogyaszt§sa ®vrŖl ®vre egyre jobban nºvekszik. Ennek egyik magyar§zata a jelentŖs 

meg¼jul· energiaforr§s megjelen®se ®s az elektromos aut·k tºmeges elterjed®se. A nºvekvŖ ig®nyek a h§l·zatok 

ñsŤrŤsºd®s®tò okozz§k. Ennek kºvetkezm®nye a z§rlati §ramok szintjeinek folyamatos nºveked®se a nagy- , kºz®p- 

®s kisfesz¿lts®gŤ h§l·zatokon egyar§nt. A sz¿ks®ges v®delmi berendez®sek cser®je a magas kºlts®gek miatt nem 

megoldhat·, emiatt gondoskodni kell a m§s megold§sokon. 

Kulcsszavak: Z§rlat, Korl§toz§s, Smart, Kºz®pfesz¿lts®g, Kisfesz¿lts®g 

1 A fŖeloszt· h§l·zatok  z§rlati §ramkorl§toz§sa 

A villamosenergia-rendszerek ƘǳǊƪƻƭǘ ŀƭŀǇƘłƭƽȊŀǘŀ όннл Şǎ плл ƪƛƭƻǾƻƭǘƻǎύ   ŦƻƭȅŀƳŀǘƻǎŀƴ ōǃǾǸƭΦ 

9ƎȅǊŜ ǘǀōō ннлκмонΣ ǾŀƭŀƳƛƴǘ пллκмон ƪƛƭƻǾƻƭǘƻǎ ŀƭłƭƭƻƳłǎ ƭŞǘŜǎǸƭΦ 9ƎȅƛŘŜƧǼƭŜƎ ŀ ǎȊƻƳǎȊŞŘƻǎ 

ƻǊǎȊłƎƻƪƪŀƭ ƛǎ ŜƎȅǊŜ ǘǀōō плл ƪƛƭƻǾƻƭǘƻǎ ƪŀǇŎǎƻƭŀǘ ƛǎ ŞǇǸƭ ƪƛΦ ! ƳŀƎŀǎŀōō ƘǳǊƪƻƭǘǎłƎ ƴǀǾŜƪǾǃ ȊłǊƭati 

ǘŜƭƧŜǎƝǘƳŞƴȅ-ǎȊƛƴǘŜƪƪŜƭ ƧłǊΦ WŜƭŜƴƭŜƎ ŀ ȊłǊƭŀǘƛ łǊŀƳƻƪ ŜƳŜƭƪŜŘŞǎŜ ŀ ммл - мпр ƪƛƭƻǾƻƭǘƻǎ ŦǃŜƭƻǎȊǘƽ 

ƘłƭƽȊŀǘƻƪōŀƴ ƻƪƻȊ ǇǊƻōƭŞƳłƪŀǘΦ IŀȊłƴƪōŀƴ ŀ ƴŞǾƭŜƎŜǎ ŦǃŜƭƻǎȊǘƽƛ ƘłƭƽȊŀǘ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘƧŜ мнл 

ƪƛƭƻǾƻƭǘ Ǿƻƭǘ ƪƻǊłōōŀƴΣ ŀƳŜƭȅ мон ƪƛƭƻǾƻƭǘǊŀ ƭŜǘǘ ƳƽŘƻǎƝǘǾŀΦ     

CŜƭƳŜǊǸƭƘŜǘ ŀ ƪŞǊŘŞǎΣ ƘƻƎȅ ŀ мон ƪƛƭƻǾƻƭǘƻǎ ŦǃŜƭƻǎȊǘƽ ƘłƭƽȊŀǘ ǀǎǎȊŜǎ ŜƭŜƳŞƴŜƪ ȊłǊǘΣ ǎƻƪǎȊƻǊƻǎŀƴ 

ƘǳǊƪƻƭǘ łƭƭŀǇƻǘłǘ ŦŜƴƴ ƭŜƘŜǘ-Ŝ ǘŀǊǘŀƴƛΚ 9Ǝȅƛƪ ǊŞǎȊǊǃƭ ŀ мон ƪƛƭƻǾƻƭǘƻǎ ȊłǊƭŀǘƛ ǘŜƭƧŜǎƝǘƳŞƴȅŜƪ 

ŦƻƭȅŀƳŀǘƻǎŀƴ ŜƳŜƭƪŜŘƴŜƪΣ Ƴłǎƛƪ ƻƭŘŀƭǊƽƭ ƪŞǎȊǸƭŞƪ ǎȊƛƴǘŜƴ ƎŀȊŘŀǎłƎƻǎŀƴ ƴŜƘŜȊŜƴ ǳǊŀƭƘŀǘƽƪΦ 

9ƭƳŞƭŜǘƛƭŜƎ ŜƭƪŞǇȊŜƭƘŜǘǃ ƭŜƴƴŜΣ ƘƻƎȅ ƳƛƴŘŜƴ ннлκмон Şǎ пллκмон ƪƛƭƻǾƻƭǘƻǎ ŀƭłƭƭƻƳłǎƴŀƪ ŀ ǎŀƧłǘ мон 

ƪƛƭƻǾƻƭǘƻǎ ƪǀǊȊŜǘŜ ƭŜƎȅŜƴΣ ŀȊŀȊ ŀ мон ƪƛƭƻǾƻƭǘƻǎ ƪǀǊȊŜǘŜƪ ŜƎȅƳłǎǎŀƭ ƴŜ ƭŜƎȅŜƴŜƪ ƪŀǇŎǎƻƭŀǘōŀƴΣ ŘŜ ŜȊ 

ŀȊǘ ƛǎ ƧŜƭŜƴǘŜƴŞΣ ƘƻƎȅ ŀƭŀǇƘłƭƽȊŀǘƛ ǸȊŜƳȊŀǾŀǊƻǎ łƭƭŀǇƻǘƻƪōŀƴ ŀ ŦǃŜƭƻǎȊǘƽ ƘłƭƽȊŀǘ ƴŜƳ ǘǳŘƴŀ 

ǎǀƴǘǎȊŜǊǼŜƴ ōŜǎŜƎƝǘŜƴƛ ŀȊ ŀƭŀǇƘłƭƽȊŀǘƴŀƪΦ Iŀǎƻƴƭƽ ƘŜƭȅȊŜǘ ŀƭŀƪǳƭƘŀǘ ƪƛ Ƙŀ ƴŀƎȅ ǘǊŀƴȊƛǘ-

ǘŜƭƧŜǎƝǘƳŞƴƴȅŜƭ ǘŜǊƘŜƭǃŘƛƪ ŀȊ ŀƭŀǇƘłƭƽȊŀǘ Σ ŀƳŜƭȅƴŜƪ ƛƭȅŜƴƪƻǊ ƳŜƎƛƴǘ Ŏǎŀƪ ŀ ŦǃŜƭƻǎȊǘƽƘłƭƽȊŀǘ ƪŞǇŜǎ 

ǘŀǊǘŀƭŞƪƻǘ ōƛȊǘƻǎƝǘŀƴƛΦ  
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! ƘŀȊŀƛ ǊŜƴŘǎȊŜǊ ŦǀƭŘǊŀƧȊƛ ŜƭƘŜƭȅŜȊƪŜŘŞǎŜ Ƴƛŀǘǘ ƧŜƭŜƴǘǃǎ ǘǊŀƴȊƛǘ-ǘŜƭƧŜǎƝǘƳŞƴȅŜƪŜǘ ǾƛǎŜƭ ŜƭΦ !Ȋ 

ŜǊŜŘŜǘƛƭŜƎ ǘŜƭƧŜǎŜƴ ǀǎǎȊŜŦǸƎƎǃ Şǎ ŀ ƭŜƘŜǘǎŞƎŜǎ ƭŜƎȊłǊǘŀōō łƭƭŀǇƻǘōŀƴ ǸȊŜƳŜƭǃ мон ƪƛƭƻǾƻƭǘƻǎ 

ƘłƭƽȊŀǘƻƴ ŜƎȅǊŜ ǘǀōō Ǉƻƴǘƻƴ ŀ ȊłǊƭŀǘƛ ǘŜƭƧŜǎƝǘƳŞƴȅŜƪ ǎȊƛƴǘƧŜ ŜƭƪŜȊŘǘŜ ƳŜƎƘŀƭŀŘƴƛ ŀȊ ƻǘǘ ōŜŞǇƝǘŜǘǘ 

ƪŀǇŎǎƻƭƽ ōŜǊŜƴŘŜȊŞǎŜƪ ƳŜƎǎȊŀƪƝǘłǎƛ ƪŞǇŜǎǎŞƎŜƛǘ όпллл ƳŜƎŀǾƻƭǘŀƳǇŜǊ ύΦ WŜƭŜƴƭŜƎ ƛǎ ƳŜƎƻƭŘŀƴŘƽ 

ǇǊƻōƭŞƳŀƪŞƴǘ ƧŜƭŜƴƛƪ ƳŜƎ ŜȊŜƴ ǎȊƛǘǳłŎƛƽƪ ƪŜȊŜƭŞǎŜΦ 9Ȋ ŀ ǇǊƻōƭŞƳŀ ŜǊǃǘŜƭƧŜǎŜƴ  ƻƭȅŀƴ ǾłǊƻǎƻƪƴłƭ 

jelentkeznek , ahol naƎȅ ƪƻƴŎŜƴǘǊłƭǘ  ŜƴŜǊƎƛŀŦƻƎȅŀǎȊǘłǎ Ǿŀƴ ό.ǳŘŀǇŜǎǘ-5ŜōǊŜŎŜƴ Şǎ DȅǃǊ ύΦ  

¢ƻǾłōōƛ ǇǊƻōƭŞƳłƪŀǘ ǾŜǘƘŜǘ ŦŜƭ ŀȊ ŜƎȅǊŜ Ƨƻōōŀƴ ƪƛǘŜǊƧŜŘǘ .ǳŘŀǇŜǎǘƛ ƘǳǊƪƻƭǘ мон ƪƛƭƻǾƻƭǘƻǎ 

ƪłōŜƭƘłƭƽȊŀǘΣ ŀƳŜƭȅōŜƴ ŀ ȊłǊƭŀǘƛ łǊŀƳƻƪ ǎȊƛƴǘƧŜ ƛǎ ŜƳŜƭƪŜŘƛƪ ς ǳƎȅŀƴŀƪƪƻǊ ŀ ƪłōŜƭ-vonalak 

impedanŎƛłƧŀ ƛƎŜƴ ŀƭŀŎǎƻƴȅΦ aŞƎ ŀ ǘŜƭƧŜǎƝǘƳŞƴȅ ŜƭƻǎȊƭłǎ ƪŞȊōŜƴǘŀǊǘłǎŀ ƛǎ ƴŀƎȅƻōō ŦƛƎȅŜƭƳŜǘ ƛƎŞƴȅŜƭΣ 

Ƴƛƴǘ ŀȊ ƻƭȅŀƴ ƪǀǊȊŜǘŜƪōŜƴΣ ŀƘƻƭ Ŏǎŀƪ ƭŞƎǾŜȊŜǘŞƪŜǎ ƘłƭƽȊŀǘƻƪ Ǿŀƴƴŀƪ мл-ол ƻƘƳƻǎ ǾŜȊŜǘŞƪ 

ƛƳǇŜŘŀƴŎƛłƪƪŀƭΦ   

{ǇŜŎƛłƭƛǎ ǇǊƻōƭŞƳłǘ ƧŜƭŜƴǘ ŀ мон ƪƛƭƻǾƻƭǘƻǎ ƪłōŜƭŜƪ łǊƴȅŞƪƻƭłǎłƴŀƪ ƪŜȊŜƭŞǎŜ ς ŀƴƴŀƪ Ƙŀǘłǎŀ ŀ ƪłōŜƭ 

ǇƻȊƛǘƝǾ- Şǎ ȊŞǊǳǎ-ǎƻǊǊŜƴŘǼ ŜƭƭŜƴłƭƭłǎłǊŀΦ !Ȋ łǊƴȅŞƪƻƭłǎ ƧŜƭŜƴǘǃǎ Ƙŀǘłǎǎŀƭ ōƝǊ ŀ ƪłōŜƭ ƛƳǇŜŘŀƴŎƛłƧłǊŀ Şǎ 

ƧŜƭƭŜƳȊǃ ƳƽŘƻƴ ŀ ƎȅłǊǘƽƪ ƴŜƳ ǘǳŘƴŀƪ ƪƻǊǊŜƪǘ ŀŘŀǘƻƪŀǘ ŀŘƴƛΣ ƝƎȅ ŀ ǎȊłƳƝǘłǎƛ ƳƻŘŜƭƭŜƪōŜ Ǉƻƴǘŀǘƭŀƴ 

ŀŘŀǘƻƪ ƪŜǊǸƭƴŜƪ be. [1]  

bŜƳ ƴŜƘŞȊ ōŜƭłǘƴƛΣ ƘƻƎȅ Ƙŀ ŎǎǀƪƪŜƴǘƧǸƪ ŀ ŦǃŜƭƻǎȊǘƽ ƘłƭƽȊŀǘ ƘǳǊƪƻƭǘǎłƎŀΣ ŀƪƪƻǊ ŀ ȊłǊƭŀǘƛ 

ǘŜƭƧŜǎƝǘƳŞƴȅŜƪ ŎǎǀƪƪŜƴƛ ŦƻƎƴŀƪΦ aƛƴŘŜƴ ǵƧ ōƻƴǘłǎƛ Ǉƻƴǘ ǾƛǎȊƻƴǘ -ǘǀǊǾŞƴȅǎȊŜǊǼŜƴ- ŀ ƘłƭƽȊŀǘƛ 

ǾŜǎȊǘŜǎŞƎŜƪ ƴǀǾŜƪŜŘŞǎŞǾŜƭ ƧłǊΦ ałǎƛƪ ƻƭŘŀƭǊƽƭ ǾƛǎȊƻƴǘ ŎǎǀƪƪŜƴ ŀ ǘŜƭƧŜǎ ǊŜƴŘǎȊŜǊ ƳŜƎōƝȊƘŀǘƽǎłƎŀ ƛǎ 

ƳƛǾŜƭ ŀƭŀŎǎƻƴȅŀōō ǘŀǊǘŀƭŞƪƻƭłǎǘ ƧŜƭŜƴǘ ŀ мон ƪƛƭƻǾƻƭǘƻǎ ƘłƭƽȊŀǘ ŀȊ łǘǾƛǘŜƭƛ ƘłƭƽȊŀǘ ŦŜƭŞΦ ¢ƻǾłōōł ŀ 

ŦǃŜƭƻǎȊǘƽ ƘłƭƽȊŀǘǊƽƭ Ŝƭƭłǘƻǘǘ ŦƻƎȅŀǎȊǘłǎ Ŝƭƭłǘłǎƛ ōƛȊǘƻƴǎłƎŀ ƛǎ ŎǎǀƪƪŜƴΦ        

! ǘŜǊǾǎȊŜǊǼ ƘłƭƽȊŀǘōƻƴǘłǎƻƪ ŦƻƭȅŀƳŀǘŀ ƘŀȊłƴƪōŀƴ ŀ Ωтл-Ŝǎ ŞǾŜƪ ƳłǎƻŘƛƪ ŦŜƭŞōŜƴ ƪŜȊŘǃŘǀǘǘ Ŝƭ Şǎ 

ƧŜƭŜƴƭŜƎ ƛǎ ŀƭƪŀƭƳŀȊƻǘǘ ƳŜƎƻƭŘłǎΦ 9ȊŜƴ ǇǊƻōƭŞƳŀ ƴŜƳ Ŏǎŀƪ ƘŀȊŀƛ ǎŀƧłǘƻǎǎłƎ ŜȊŞǊǘ ƪƛǘŜƪƛƴǘŞǎǘ ǾŞƎȊǸƴƪ 

ŀ ƪǸƭŦǀƭŘƛ ƎȅŀƪƻǊƭŀǘƻƪǊŀ ƛǎ ώнΦ Şǎ оϐΦ 

IŀȊŀƛ ǎȊƛƴǘŜƴ ŀ ƘłƭƽȊŀǘ ƭŀȊƝǘłǎ ƪŞǘ ƳƽŘƧŀ ŀƭƪŀƭƳŀȊƘŀǘƽ   мон ƪƛƭƻǾƻƭton : 

 ! ƘłƭƽȊŀǘƛ ŎǎƻƳƽǇƻƴǘƻƪ ōƻƴǘłǎŀ 

 IǳǊƻƪłƎŀƪ ƴȅƛǘłǎłǾŀƭ ōƻƴǘƻǘǘ ƝǾŜƪ ƭŞǘǊŜƘƻȊłǎŀ 
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/ǎƻƳƽǇƻƴǘ ƭŀȊƝǘłǎǘ ƭłǘƘŀǘǳƴƪ ŀȊ όмΦ łōǊłƴύ Σ ŀƘƻƭ  ŀȊ ŜƎȅŜǎ ǎƝƴŜƪǊŜ ƪŞǘ  ǘłǾǾŜȊŜǘŞƪ ŎǎŀǘƭŀƪƻȊƛƪ  Şǎ ŜƎȅ 

ǘǊŀƴǎȊŦƻǊƳłǘƻǊΦ !ƭŀǇƘŜƭȅȊŜǘōŜƴ ŀ ǎƝƴłǘƘƛŘŀƭƽ ƳŜƎǎȊŀƪƝǘƽ ƴȅƛǘƻǘǘΦ !ƳŜƴƴȅƛōŜƴ ōłǊƳŜƭȅƛƪ ǾŜȊŜǘŞƪ 

ƪƛŜǎƛƪ  ŀ ȊłǊƭŀǘƛ ǘŜƭƧŜǎƝǘƳŞƴȅ ƭŜŎǎǀƪƪŜƴΣ ŜƪƪƻǊ  ŀ ǎƝƴłǘƘƛŘŀƭƽ  ŀǳǘƻƳŀǘƛƪǳǎŀƴ ōŜƪŀǇŎǎƻƭƘŀǘΦ 

 

! ōƻƴǘƻǘǘ ƝǾŜƪ ŀƭƪŀƭƳŀȊłǎŀ ǾƛǎȊƻƴȅƭŀƎ ōƻƴȅƻƭǳƭǘŀōō ŦŜƭŀŘŀǘΦ 9ƭǾƛƭŜƎ ŀ ōƻƴǘƻǘǘ ƝǾŜƴ ōłǊƘƻƭ ǘŀǊǘƘŀǘƧǳƪ ŀ 

bontłǎƛ ǇƻƴǘƻǘΣ Ŏǎŀƪ ŀȊǘ ƪŜƭƭ ōƛȊǘƻǎƝǘŀƴƛΣ ƘƻƎȅ ŦŜǎȊǸƭǘǎŞƎǾłƭǘƽƪƪŀƭ ŦƛƎȅŜƭƧǸƪ ŀ ǘłǾǾŜȊŜǘŞƪŜƪ łƭƭŀǇƻǘłǘ Şǎ 

ȊłǊƭŀǘƪƻǊ ȊłǊƧǳƪ ŀ ōƻƴǘłǎƛ Ǉƻƴǘƻǘ Şǎ ŀ ǾŞŘŜƭƳŜƪ ŀ ȊłǊƭŀǘƻǎ ǎȊŀƪŀǎȊǘ ƪƛǾłƭŀǎȊǘƧłƪ Şǎ ƭŜƪŀǇŎǎƻƭƧłƪ ƳŀƧŘ 

ǾƛǎǎȊŀƪŀǇŎǎƻƭƧłƪ ŀ ƪƛŜǎŜǘǘ ŀƭłƭƭƻƳłǎǘ ƛǎ όнΦłōǊŀύΦ 

EƭǃŦƻǊŘǳƭƘŀǘΣ ƘƻƎȅ ƴŜƳ ǘŀǊǘƘŀǘƧǳƪ ƴȅƛǘǾŀ ŀ ǎƝƴłǘƘƛŘŀƭƽ ƳŜƎǎȊŀƪƝǘƽǘΦ   

!Ȋ ŀǳǘƻƳŀǘƛƪǳǎ ȊłǊƭŀǘƪƻǊƭłǘƻȊłǎǊŀ ŀ όоΦłōǊŀύ Ƴǳǘŀǘ ǇŞƭŘłǘΦ !Ȋ ŜǊǃǎŜƴ ƘǳǊƪƻƭǘ мнл ƪƛƭƻǾƻƭǘƻǎ ƘłƭƽȊŀǘ 

ƪƻƴŎŜƴǘǊłƭǘ ŎǎƻƳƽǇƻƴǘƧłǘ ƪŞǇŜȊǃ ŜǊǃƳǼ ƎŞǇŜƎȅǎŞƎŜƛǘ Şǎ ŀ ŎǎŀǘƭŀƪƻȊƽ ǾŜȊŜǘŞƪŜƪŜǘ ƪōΦ ŦŜƭŜ-fele 

ŀǊłƴȅōŀƴ ƳŜƎƻǎȊǘƧłƪ ŀ ƪŞǘ ƎȅǼƧǘǃǎƝƴ ƪǀȊǀǘǘΦ !Ȋ {-ƧŜƭǼ ǎƝƴłǘƘƛŘŀƭƽ ƳŜƎǎȊŀƪƝǘƽ ƴƻǊƳłƭƛǎŀƴ ȊłǊǘΣ ǘŜƘłǘ ŀ 

ƪŞǘ ǎƝƴǘ ǀǎǎȊŜƪǀǘƛΦ ! ǎƝƴłǘƘƛŘŀƭƽ łǊŀƳǾłƭǘƽƛƘƻȊ ƻƭȅŀƴ ƛƎŜƴ ƎȅƻǊǎΣ ƳŀȄΦ мл ƳƛƭƭƛǎȊŜƪǳƴŘǳƳƻƴ ōŜƭǸƭ 

ƳǼƪǀŘǃ ǘǵƭłǊŀƳǊŜƭŞƪ ŎǎŀǘƭŀƪƻȊƴŀƪΣ ŀƳŜƭȅŜƪƴŜƪ ƳŜƎǎȊƽƭŀƭłǎƛ łǊŀƳłǘ ǵƎȅ łƭƭƝǘƧłƪ ōŜΣ ƘƻƎȅ ŀȊ ŜǊǃƳǼ 

ƪǀȊŜƭŞōŜƴ κŀ ǎȊŀƎƎŀǘƻǘǘ Ǿƻƴŀƭƭŀƭ ƘŀǘłǊƻƭǘ ǘŜǊǸƭŜǘŜƴκ ŦŜƭƭŞǇǃ ƳƛƴŘŜƴ ǊǀǾƛŘȊłǊƭŀǘǊŀ ŀȊƻƴƴŀƭ ƪƛƪŀǇŎǎƻƭƧłƪ 

ŀȊ { ǎƝƴłǘƘƛŘŀƭƽǘΦ   

1.Ćbra 

Csom·pont laz²t§sa 

2.Ćbra 

Bontott ²vek m·dszere 
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Az AB vezetŞƪ ōŜƧŜƭǀƭǘ ƪǀȊŜƭƛ ȊłǊƭŀǘłƴłƭΣ ŀƳŜƭȅƴŜƪ łǊŀƳŀ ŀȊ !-ƳŜƎǎȊŀƪƝǘƽ ƭŜƪŀǇŎǎƻƭłǎƛ ƪŞǇŜǎǎŞƎŞǘ 

ƳŜƎƘŀƭŀŘƧŀΣ ŀ ǾŜȊŜǘŞƪ ōƻƴȅƻƭǳƭǘ ƪƛŞǊǘŞƪŜƭŞǎŞǘ ǾŞƎȊǃ ǘłǾƻƭǎłƎƛ ǾŞŘŜƭƳŜ ŦŜƭǘŞǘƭŜƴǸƭ ƪŞǎǃōō ŀŘ ƪƛƻƭŘƽ 

ƛƳǇǳƭȊǳǎǘ ŀȊ ! ƳŜƎǎȊŀƪƝǘƽƴŀƪΣ Ƴƛƴǘ ŀȊ ŜƎȅŜǘƭŜƴ ŦǳƴƪŎƛƽǘ ǾŞƎȊǃ ŜƎȅǎȊŜǊǼΣ ŘŜ ƎȅƻǊǎ łǊŀƳǊŜƭŞ ŀ 

ǎƝƴłǘƘƛŘŀƭƽƴŀƪΦ NƎȅ ŀȊ { ǎƝƴłǘƘƛŘŀƭƽ Ŝ ǊŀƧǘŀ łǘŦƻƭȅƽ łǊŀƳƻǘ ƳłǊ ƳŜƎǎȊŀƪƝǘƻǘǘŀΣ ŀƳƛƪƻǊ ŀȊ ! 

ƳŜƎǎȊŀƪƝǘƽōŀƴ ŀ ǘŞƴȅƭŜƎŜǎ ƝǾƻƭǘłǎǊŀ ǎƻǊ ƪŜǊǸƭΣ ŜȊŞǊǘ ǳǘƽōōƛ ƳłǊ ŎǎǀƪƪŜƴǘŜǘǘ łǊŀƳƻǘ ǎȊŀƪƝǘ ƳŜƎΦ ! 

ǎƝƴłǘƘƛŘŀƭƽ ǾŞŘŜƭƳŞƴŜƪ ƎȅƻǊǎŀōōŀƴ ƪŜƭƭ ƳǼƪǀŘƴƛŜ όғмл ƳƛƭƭƛǎȊŜƪǳƴŘǳƳύ ŀȊ ! ƳŜƎǎȊŀƪƝǘƽ ǾŞŘŜƭŜƳ 

ǎȊƻƪłǎƻǎ ǘłǾƻƭǎłƎƛ ǾŞŘŜƭŜƳƴŞƭ Ҕ нр-ол ƳƛƭƭƛǎȊŜƪǳƴŘǳƳΣ ƝƎȅ ŀ ǎƝƴłǘƘƛŘŀƭƽ ƳƛƴŘŜƴƪŞǇǇŜƴ ƎȅƻǊǎŀōōŀƴ 

ǘǳŘ ƳŜƎǎȊŀƪƝǘŀƴƛΦ 

 

 

  

3.Ćbra 

Automatikus z§rlati korl§toz§s 
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! ŦǃŜƭƻǎȊǘƽ ƘłƭƽȊŀǘƻƪ άƭŀȊƝǘłǎŀέ ƪŞƴȅǎȊŜǊŘǀƴǘŞǎΣ ŀƳŜƭȅ ƴŜƎŀǘƝǾŀƴ ōŜŦƻƭȅłǎƻƭƧŀ ŀȊ ŜǊǃƳǼǾŜƪ Şǎ ŀ 

ƘłƭƽȊŀǘƻƪ ƳŜƎōƝȊƘŀǘƽǎłƎłǘΦ bŜƳŎǎŀƪ ŎǎǀƪƪŜƴǘƛ ŀ ǊǀǾƛŘȊłǊƭŀǘƛ łǊŀƳƻƪŀǘΣ ƘŀƴŜƳ ŜƎȅƛŘŜƧǼƭŜƎ ŀ ƘłƭƽȊŀǘ 

άƳŜǊŜǾǎŞƎŞǘέ ƛǎ - ƴǀǾŜƭƛ ŀ ŎǎƻƳƽǇƻƴǘƻƪ ƳŞǊŞǎǇƻƴǘƛ ŜƭƭŜƴłƭƭłǎłǘ ς ŀƳƛ ƴŜƳ ƪƝǾłƴŀǘƻǎΦ 9ƘƘŜȊ ǀǎǎȊŜ 

kell egyeztetni a ƘłƭƽȊŀǘƛ ǎǘǊǳƪǘǵǊŀ ǾłƭǘƻȊłǎŀƛǘ ŀ ŦŜƴƴǘŀǊǘƘŀǘƽǎłƎ ƪŞǊŘŞǎŞǾŜƭΦ ±ŀƭƽƧłōŀƴ ŀȊ ŜǊǃƳǼǾŜƪ 

ƳǼƪǀŘŞǎƛ ǎǘŀōƛƭƛǘłǎŀ ǎȊŜƳǇƻƴǘƧłōƽƭ ŀȊ ŜƭǃłƭƭƝǘƽ ŦƻǊǊłǎƻƪ Şǎ ŀ ǊŜƴŘǎȊŜǊ ƪǀȊǀǘǘƛ łǘǾƛǘŜƭƛ ǊŜŀƪǘŀƴŎƛŀ 

ƪƻǊƭłǘƻȊƻǘǘΦ !Ȋ ŜǊǃƳǼǾŜƪ ǇŀǊŀƳŞǘŜǊŜƛǘǃƭ ŦǸƎƎǃŜƴ ƴŜƳ ƘŀƭŀŘƘŀǘ ƳŜƎ ŜƎȅ ōƛȊƻƴȅƻǎ ŞǊǘŞƪŜǘΦ ! 

ƘłƭƽȊŀǘƻƪ ƭŀȊƝǘłǎŀ ŀȊ ŀƪǘƝǾ ǘŜƭƧŜǎƝǘƳŞƴȅ ǘŜǊƳŞǎȊŜǘŜǎ łǊŀƳŜƭƻǎȊƭłǎłǘ ƛǎ ƳƽŘƻǎƝǘƧŀΣ ŀƳƛ ŀ 

villamosenergia-ǊŜƴŘǎȊŜǊ ǘŜƭƧŜǎƝǘƳŞƴȅ- Şǎ ǾƛƭƭŀƳƻǎŜƴŜǊƎƛŀ-ǾŜǎȊǘŜǎŞƎŞƴŜƪ ƴǀǾŜƪŜŘŞǎŞƘŜȊ ǾŜȊŜǘΦ 

! ŦŜƴǘƛŜƪ ŀƭŀǇƧłƴ ƳŜƎłƭƭŀǇƝǘƘŀǘƽΣ ƘƻƎȅ ƳŞƎ ƴŜƳ ǾƛȊǎƎłƭǘłƪ ƪŜƭƭǃƪŞǇǇŜƴ ŀ ǊǀǾƛŘȊłǊƭŀǘƛ łǊŀƳƻƪ 

ƪƻǊƭłǘƻȊłǎłƴŀƪ łǘŦƻƎƽ ƘŀǘŞƪƻƴȅǎłƎłǘ ŀ ƘłƭƽȊŀǘƻƪ ƭŀȊƝǘłǎłǾŀƭ Şǎ ŀƴƴŀƪ ŀȊ ŜƴŜǊƎƛŀǊŜƴŘǎȊŜǊǊŜ ƎȅŀƪƻǊƻƭǘ 

Ƙŀǘłǎłƴŀƪ ŦŜƭƳŞǊŞǎŞǾŜƭΦ ! ƘłƭƽȊŀǘ ƭŀȊƝǘłǎŀ ŀȊƻƴōŀƴ ŜƎȅ ƘŀǘłǊƻƴ ǘǵƭ ƳłǊ ƴŜƳ ƧłǊƘŀǘƽ ǵǘΣ ƳŜǊǘ 

ŜƎȅǊŞǎȊǘ ŎǎǀƪƪŜƴǘƛ ŀȊ ǸȊŜƳōƛȊǘƻƴǎłƎƻǘΦ ƳłǎǊŞǎȊǘ ŀȊ ǸȊŜƳłƭƭŀǇƻǘ ƳŜƎǾłƭǘƻȊǘŀǘłǎŀ ƴŀƎȅǎȊłƳǵ 

ƪŀǇŎǎƻƭłǎǘ ƛƎŞƴȅŜƭΣ ŀƳƛ ƴǀǾŜƭƛ ŀ ǘŞǾŜǎȊǘŞǎ ƭŜƘŜǘǃǎŞƎŞǘΣ ŀȊŀȊ ǎȊƛƴǘŞƴ ŀȊ ǸȊŜƳōƛȊǘƻƴǎłƎ ŎǎǀƪƪŜƴŞǎŜ ŀ 

ƪǀǾŜǘƪŜȊƳŞƴȅΦ 

! Ωфл-Ŝǎ ŞǾŜƪ ƳłǎƻŘƛƪ ŦŜƭŞōŜƴ Ŧƻƭȅǘŀƪ ƳŞƎ ƧŜƭŜƴǘǃǎ ǾƛȊǎƎłƭŀǘƻƪ ŀ ōǳŘŀǇŜǎǘƛ ŦǃŜƭƻǎȊǘƽ ƘłƭƽȊŀǘōŀƴ мнл 

ƪƛƭƻǾƻƭǘƻǎ ǎƻǊƻǎ ŦƻƧǘƽǘŜƪŜǊŎǎŜƪ ōŜŞǇƝǘŞǎŞƴŜƪ ƭŜƘŜǘǃǎŞƎŞǾŜƭ ώпΦ рΦϐ ŀ ǎƻǊƻǎ ŦƻƧǘƽƪ -ƳƛƴǘŜƎȅ ƳŜƎƴǀǾŜƭƛƪ 

ŀ ǘǊŀƴǎȊŦƻǊƳłǘƻǊƻƪ ŘǊƻǇƧłǘΣ ŀƳƛ łƭǘŀƭ ŎǎǀƪƪŜƴ ŀ мнл ƪƛƭƻǾƻƭǘƻǎ ƘłƭƽȊŀǘ ȊłǊƭŀǘƛ ƛƎŞƴȅōŜǾŞǘŜƭŜΦ  

мнл ƪƛƭƻǾƻƭǘƻƴ ŀ ȊłǊƭŀǘƛ ǾƛǎȊƻƴȅƻƪŀǘ ǎǵƭȅƻǎōƝǘƧŀΣ ƘƻƎȅ ŀȊ ·лκ·м ǾƛǎȊƻƴȅ ƧŜƭƭŜƳȊǃŜƴ ƪƛǎŜōō м-ƴŞƭΣ ǎǃǘ 

ŜƎȅŜǎ łƭƭƻƳłǎƻƪƴłƭ лΣорΦΦΦлΣр ƪǀȊǀǘǘƛ ŞǊǘŞƪŜƴ ƛǎ ƭŜƘŜǘΣ ǘŜƘłǘ ŀ ȊłǊƭŀǘƻƪ флΧфр ǎȊłȊŀƭŞƪłǘ ƪƛǘŜǾǃ Cb 

ȊłǊƭŀǘƛ łǊŀƳƻƪ млΧнр ǎȊłȊŀƭŞƪƪŀƭ ƴŀƎȅƻōōŀƪ ŀ оC ȊłǊƭŀǘƛ łǊŀƳƻƪƴłƭΦ YƛǘŜǊƧŜŘǘ ǾƛȊǎƎłƭŀǘƻƪ ƪŞǎȊǸƭǘŜƪ 

ŜƎȅŜǎ ŎǎƛƭƭŀƎǇƻƴǘ ƭŀȊƝǘłǎƛ ŜǎȊƪǀȊǀƪƪŜƭ όŎǎƛƭƭŀƎǇƻƴǘƛ ŦƻƧǘƽΣ ŎǎƛƭƭŀƎǇƻƴǘ ǎȊƛƎŜǘŜƭŞǎŜύ ƳƛƭȅŜƴ ƳŞǊǘŞƪōŜƴ 

ŎǎǀƪƪŜƴǘƘŜǘǃ ŀ ŦǀƭŘȊłǊƭŀǘƛ łǊŀƛƴ ƴŀƎȅǎłƎŀ ŀȊ ŜƎȅŜǎ ŀƭłƭƭƻƳłǎƻƪōŀƴΦ !Ȋ Cb ȊłǊƭŀǘƛ łǊŀƳƻƪ ŎǎƛƭƭŀƎǇƻƴǘƛ 

ŦƻƧǘƽǾŀƭΣ ƛƭƭΦ ŀ ƴŀƎȅǎȊłƳǵ ŦƻƎȅŀǎȊǘƽƛ ǘǊŀƴǎȊŦƻǊƳłǘƻǊ ŎǎƛƭƭŀƎǇƻƴǘƧłƴŀƪ ǎȊƛƎŜǘŜƭŞǎŞǾŜƭ Ǿŀƭƽ ƴŀƎȅ 

ƪǀƭǘǎŞƎƎŜƭ ƧłǊƽ ƳŜƎƻƭŘłǎ Şǎ ƴǃƘŜǘ ŀ ƳŜƎǎȊŀƪƝǘƽƪ ǾƛǎǎȊŀǘŞǊǃ ŦŜǎȊǸƭǘǎŞƎŜΣ ŀƳŜƭȅ ŎǎǀƪƪŜƴǘƛ ŀȊ 

ǸȊŜƳōƛȊǘƻƴǎłƎƻǘΦ ¦ƎȅŀƴŀƪƪƻǊ ōŜŞǇƝǘŞǎǊŜ ƪŜǊǸƭǘŜƪ ŀƭŀǇƘłƭƽȊŀǘƛ ǘǊŀƴǎȊŦƻǊƳłǘƻǊƻƪ ŎǎƛƭƭŀƎǇƻƴǘƧłōŀ -pl. 

jŎǎłƴ- ŦƻƧǘƽ ǘŜƪŜǊŎǎŜƪΦ  
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! ƘŀȊŀƛ ƎȅŀƪƻǊƭŀǘōŀƴ ŀ ǎƻǊƻǎ ŦƻƧǘƽƪ ŀƭƪŀƭƳŀȊłǎŀ Şǎ ōŜǾŜȊŜǘŞǎŜ ŀ ƘŀȊŀƛ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻƴ 

ŜƎȅŜƴƭǃǊŜ ǾłǊŀǘ ƳŀƎłǊŀ ŀ ōŜǾŜȊŜǘŞǎŜΦ !Ȋ ώм-2]-ōŜƴ  ŦƻƎƭŀƭǘŀƪ ǎȊŜǊƛƴǘ ǘǀǊǘŞƴǘ ȊłǊƭŀǘƛ ǎȊłƳƝǘłǎ ŀȊ 

!ƭōŜǊǘŦŀƭǾŀƛ ннлκмнл ƪƛƭƻǾƻƭǘƻǎ ŀƭłƭƭƻƳłǎōŀƴ  ǵƎȅ ǎƻǊƻǎ Ƴƛƴǘ ŎǎƛƭƭŀƎǇƻƴǘƛ ŦƻƧǘƽƪ ōŜŞǇƝǘŞǎŞǊŜ ό пΦ łōǊŀύ 

  

4.Ćbra 

Az Albertfalvai al§llom§s soros ®s csillagponti fojt·kkal 
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! ǎȊŜǊȊǃƪ łƭǘŀƭ ǾŞƎȊŜǘǘ ǎȊłƳƝǘƽƎŞǇŜǎ ǾƛȊǎƎłƭŀǘƻƪ ŀƭŀǇƧłƴ ς ŦƛƎȅŜƭŜƳōŜ ǾŞǾŜ ŀ ǘŜƭƧŜǎ ƘłƭƽȊŀǘƻǘ ŀȊ Cb 

ȊłǊƭŀǘƛ łǊŀƳƻƪŀǘ ŀ мс ƻƘƳƻǎ ŦƻƧǘƽƪ -3 %-alŎǎǀƪƪŜƴǘŜǘǘŞƪΦ 9ƴƴŜƪ ƳŀƎȅŀǊłȊŀǘŀ ŀȊΣ ƘƻƎȅ ŀ 

ȊŞǊǳǎǎƻǊǊŜƴŘǼ ƘłƭƽȊŀǘ ǎƻƪ ǇłǊƘǳȊŀƳƻǎ łƎōƽƭ łƭƭ Şǎ ŀ ƴŀƎȅǎȊłƳǵ ŦƻƎȅŀǎȊǘƽƛ ƴŀƎȅ- κ ƪǀȊŞǇŦŜǎȊǸƭǘǎŞƎǼ 

ǘǊŀƴǎȊŦƻǊƳłǘƻǊ ǎǀƴǘǀƭǃ Ƙŀǘłǎŀ ŜǊǃǎŜƴ ƳŞǊǎŞƪƭƛ ŀ ƪŞǘ ƴŀƎȅƻōō ȊłǊƭŀǘƛ łǊŀƳǵ ƴŀƎȅǘǊŀƴǎȊŦƻǊƳłǘƻǊƻǎ łƎ 

csillagponti fojǘƽǾŀƭ ŜƭŞǊǘ ǊŜŀƪǘŀƴŎƛŀ ƴǀǾŜƪŜŘŞǎŞƴŜƪ ŀ Ƙŀǘłǎłǘ ό.ŀǳŎƘ-ǇŀǊŀŘƻȄƻƴ ƧŜƭŜƴǎŞƎύΦ 

A soros 8 ohmos Xf -Ƙŀǘłǎŀ ƧŜƭŜƴǘǃǎŜōōŜƴ ŞǊǾŞƴȅŜǎǸƭƘŜǘ ƳƛƴŘ ŀ оC Şǎ Ƴƛƴǘ ŀȊ Cb ȊłǊƭŀǘƻƪ 

ǾƻƴŀǘƪƻȊłǎłōŀƴΦ 9ƪƪƻǊ мп Şǎ мо ǎȊłȊŀƭŞƪƻǎ ŎǎǀƪƪŜƴŞǎŜƪŜǘ ǎƛƪŜǊǸƭǘ ŜƭŞǊƴƛΦ LƭȅŜƴ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ 

ŦƻƧǘƽǘŜƪŜǊŎǎŜƪŜǘ ǎȊŞƭŜǎ ƳǼǎȊŀƪƛ ǾłƭŀǎȊǘŞƪōŀƴ ŀ D9 łƭƭƝǘ ŜƭǃΦ   

 

! ǎȊŜǊȊǃƪ łƭǘłƭ ǾŞƎȊŜǘǘ ǎȊłƳƝǘłǎƛ ŜǊŜŘƳŞƴȅŜƪ ƛƎŀȊƻƭǘłƪ ŀ ƪƻǊłōōƛ ǾƛȊǎƎłƭŀǘƛ ŜǊŜŘƳŞƴȅŜƪŜǘΣ ƘƻƎȅ ŀ 

ŎǎƛƭƭŀƎǇƻƴǘƛ ŦƻƧǘƽ ŜƭǎǃǎƻǊōŀƴ ŀ ǘłǇǇƻƴǘƻƪōŀƴ ŎǎǀƪƪŜƴǘƛ ƧŜƭŜƴǘǃǎŜōōŜƴ ŀȊ Cb ȊłǊƭŀǘƛ łǊŀƳƻƪŀǘΦ ! 

ŎǎǀƪƪŜƴŞǎ ƳŞǊǘŞƪŜ ŀȊ ŀƭŀǇƘłƭƽȊŀǘƛ ǘłǇǇƻƴǘƻƪōŀƴ łǘƭŀƎƻǎŀƴ ƳŜƎŦŜƭŜƭ ŀ п ƻƘƳƻǎ ǎƻǊƻǎ ŦƻƧǘƽǾŀƭ 

ŜƭŞǊƘŜǘǃ Cb ȊłǊƭŀǘƛ łǊŀƳƪƻǊƭłǘƻȊłǎƴŀƪΣ ŘŜ ŀ ǎƻǊƻǎ ŦŀƧǘłƪ ŀ оC ȊłǊƭŀǘƛ łǊŀƳƻƪŀǘ ƛǎ ƳŞǊǎŞƪƭƛƪΦ ! 

ǘłǇǇƻƴǘƻƪǘƽƭ ǘłǾƻƭƻŘǾŀ ŀȊƻƴōŀƴ ƧŜƭŜƴǘǃǎŜƴ ƴŀƎȅƻōō ȊłǊƭŀǘƛ łǊŀƳƪƻǊƭłǘƻȊłǎ ŞǊǘƘŜǘǃ Ŏƭ ŀ ǎƻǊƻǎ 

ŦƻƧǘƽƪƪŀƭΦ !Ȋƻƪōŀƴ ŀȊ ŀƭŀǇƘłƭƽȊŀǘƛ łƭƭƻƳłǎƻƪōŀƴΣ ŀƘƻƭ ƴƛƴŎǎ мнл ƪƛƭƻǾƻƭǘƻǎ κ ƪǀȊŞǇŦŜǎȊǸƭǘǎŞƎǼ 

ǘǊŀƴǎȊŦƻǊƳłǘƻǊ όDǀŘύΣ ŀ ŎǎƛƭƭŀƎǇƻƴǘƛ ŦƻƧǘƽ Ƙŀǘłǎŀ ƳŜƎƪǀȊŜƭƝǘƛ ŀ у ƻƘƳƻǎ ǎƻǊƻǎ ŦƻƧǘƽ ȊłǊƭŀǘƪƻǊƭłǘƻȊƽ 

ƘŀǘłǎłǘΦ ! у ƻƘƳƻǎ ǎƻǊƻǎ ŦƻƧǘƽ ŀ ǘłǇǇƻƴǘƻƪōŀƴ пΧмп ǎȊłȊŀƭŞƪƪŀƭ ƴŀƎȅƻōō ƳŞǊǘŞƪǼ Cb ȊłǊƭŀǘƛ 

łǊŀƳŎǎǀƪƪŜƴŞǎǘ ŜǊŜŘƳŞƴȅŜȊΣ Ƴƛƴǘ ŀ ƪƻǊłōōŀƴ ƧŀǾŀǎƻƭǘ ŎǎƛƭƭŀƎǇƻƴǘƛ ŦƻƧǘƽƪ Şǎ ƪǀȊŜƭ ŀȊƻƴƻǎ ƳŞǊǘŞƪǼ ŀ 

оC ȊłǊƭŀǘƛ łǊŀƳ ŎǎǀƪƪŜƴŞǎŜ ƛǎΦ 

 

  

5.Ćbra 

Nagyfesz¿lts®gŤ GE fojt·k 
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2.Kºz®pfesz¿lts®gŤ z§rlati korl§toz§s 

 

! ƪǀȊŞǇŦŜǎȊǸƭǘǎŞƎŜƴ ŜƭǎǃǎƻǊōŀƴ ŀ ǾłǊƻǎƛ мл ǾŀƎȅ нл ƪƛƭƻǾƻƭǘƻǎ ƪłōŜƭƘłƭƽȊŀǘƻƪōŀƴ ƧŜƭŜƴǘƪŜȊƛƪ ŀ 

ƪƻǊƭłǘƻȊłǎƛ ƛƎŞƴȅ Σ ǳƎȅŀƴƛǎ ƳƛǾŜƭ ŀ  млΦΦнлκлΦп ƪƛƭƻǾƻƭǘƻǎ  ŀƭłƭƭƻƳłǎƻƪ  ƭŜƎƛƴƪłōō  ŞǇǸƭŜǘŜƪŜƴ ōŜƭǸƭ 

ƪŜǊǸƭƴŜƪ ƪƛŀƭŀƪƝǘłǎǊŀ Σ ŀƘƻƭ ƪƻǊƭłǘƻȊƻǘǘ ǎȊƛƴǘǼ ȊłǊƭŀǘƛ łǊŀƳƻƪ ŜƴƎŜŘƘŜǘǃƪ ƳŜƎ ς ez hazai szinten  5 

kiloamper . 

¦ƎȅŀƴŀƪƪƻǊ ŀ мл ƪƛƭƻǾƻƭǘƻǎ ƘłƭƽȊŀǘƻǘ ōŜǘłǇƭłƭƽ ǘǊŀƴǎȊŦƻǊƳłǘƻǊƻƪ пл Şǎ со ƳŜƎŀǾƻƭǘŀƳǇŜǊ 

ǘŜƭƧŜǎƝǘƳŞƴȅǼŜƪΣ ŀƳŜƭȅŜƪ ȊłǊƭŀǘƛ łǊŀƳŀ нл -Şǎ ол ƪƛƭƻŀƳǇŜǊ ŦŜƭŜǘǘƛŜƪΦ bȅƛƭǾłƴǾŀƭƽΣ ƘƻƎȅ ŀ ƪƝǾłƴǘ 

ȊłǊƭŀǘƛ ǎȊƛƴǘŜǘ Ŏǎŀƪ ǎƻǊƻǎ ŦƻƧǘƽƪƪŀƭ ƭŜƘŜǘ ŜƭŞǊƴƛΦ 9ȊŜƴ ŦƻƧǘƽƪ лΦс-лΦу ƻƘƳ ƴŀƎȅǎłƎǊŜƴŘǼŜƪΦ Lǘǘ 

ŦŜƭƳŜǊǸƭƘŜǘ ŀȊ ǳƴ ƪǀȊǇƻƴǘƛ ŦƻƧǘƽ ŀƭƪŀƭƳŀȊłǎŀΣ ƭŜłƎŀȊłǎƻƴƪŞƴǘƛ-, csoportos-Σ ǎƝƴłǘƘƛŘŀƭƽǎ Şǎ ƛƪŜǊŦƻƧǘƽǎ 

ƳŜƎƻƭŘłǎ όсΦ łōǊŀύΦ 

 

 

! ƪǀȊǇƻƴǘƛ ŦƻƧǘƽȊłǎ ŀȊǘ ƧŜƭŜƴǘƛ ƘƻƎȅ ƳƛƴŘŜƴ ǘǊŀƴǎȊŦƻǊƳłǘƻǊ ƪǀȊŞǇŦŜǎȊǸƭǘǎŞƎǼ ƻƭŘŀƭłƴ ƪŜǊǸƭ ōŜ ŀ 

ŦƻƧǘƽǘŜƪŜǊŎǎ ς ŀƳŜƭȅƴŜƪ ƴŞǾƭŜƎŜǎ łǊŀƳŀ ƳŜƎŜƎȅŜȊƛƪ ŀ ǘǊŀƴǎȊŦƻǊƳłǘƻǊ łǊŀƳłǾŀƭΦ 9Ȋ ŀ 

ƭŜƎƎŀȊŘŀǎłƎƻǎŀōō ƳŜƎƻƭŘłǎ ς ƳƛǾŜƭ ŀ мл ƪƛƭƻǾƻƭǘƻǎ ƎȅǼƧǘǃǎƝƴ ȊłǊƭŀǘŀƛ ƛƎŞƴȅōŜǾŞǘŜƭŜ ƛǎ ƭŜŎǎǀƪƪŜƴΣ 

ŀȊƻƴōŀƴ ƧŜƭŜƴǘǃǎ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎ Ƨǀƴ ƭŞǘǊŜ ŀ ŦƻƧǘƽƴ Σ ŀƳƛ ƴŜƳ ǳǊŀƭƘŀǘƽ ƳłǊ ŀ ǘǊŀƴǎȊŦƻǊƳłǘƻǊ ŦŜǎȊǸƭǘǎŞƎ 

ǎȊŀōłƭȅȊƽƧłǾŀƭΦ 9ƘƘŜȊ Ƙŀǎƻƴƭƽ ƳŜƎƻƭŘłǎ ŀȊ ǳƴΦ ƴȅǵƧǘƻǘǘ ŘǊƻǇǇǵ ǘǊŀƴǎȊŦƻǊƳłǘƻǊΦ LƭȅŜƴ ƳŜƎƻƭŘłǎǘ 

ƪƛǎŜōō ǘŜƭƧŜǎƝǘƳŞƴȅŜƪƴŞƭ ŜƭƪŜȊŘǘǸƴƪ ŀƭƪŀƭƳŀȊƴƛ ς ŘŜ ŀ ŦŜǎȊǸƭǘǎŞƎ ǇǊƻōƭŞƳłƪ ǳƎȅŀƴǵƎȅ ƳŜƎƧŜƭŜƴƴŜƪ 

ό±łǊƻǎƭƛƎŜǘƛ ŀƭłƭƭƻƳłǎύΦ !Ȋ ŜƎȅŜŘƛ-ƪłōŜƭ-ǾƻƴŀƭŀƴƪŞƴǘƛ ŦƻƧǘƽ ŀ ƭŜƎƧƻōō Ƙŀǘłǎǵ ŀ ŦŜǎȊǸƭǘǎŞƎǘŀǊǘłǎ 

ǎȊŜƳǇƻƴǘƧłōƽƭΣ ŘŜ ƛƎŜƴ ƪǀƭǘǎŞƎŜǎ ŀ ŦƻƧǘƽƪ ƴŀƎȅ ǎȊłƳŀ ƳƛŀǘǘΦ YǀȊōŜƴǎǃ ƳŜƎƻƭŘłǎ ŀ ŎǎƻǇƻǊǘƻǎ ŦƻƧǘƽ 

ŀƳƛƪƻǊ нΧп ƪłōŜƭ-ƭŜłƎŀȊłǎ Ǿŀƴ ŜƎȅ ŦƻƧǘƽƴΦ ! ƘŀȊŀƛ ƎȅŀƪƻǊƭŀǘōŀƴ ƴŜƳ ǘŜǊƧŜŘǘ Ŝƭ ŀȊ ƛƪŜǊŦƻƧǘƽ ς amely 

ƪǾłȊƛ ƪǀȊǇƻƴǘƛ ŦƻƧǘƽΣ ŘŜ ŀ ƪŞǘ ǘŜƪŜǊŎǎ ƪǀȊǀǘǘ ƪǀƭŎǎǀƴǀǎ ƛƴŘǳƪǘƛǾƛǘłǎƴŀƪ ƪǀǎȊǀƴƘŜǘǃŜƴ ŀ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎ 

ŎǎǀƪƪŜƴǘƘŜǘǃΦ ! ǎƝƴłǘƘƛŘŀƭƽǎ ŦƻƧǘƽȊłǎ ƛǇŀǊƛ ǸȊŜƳŜƪōŜƴ Şǎ ƪƛǎŜōō ŜǊǃƳǼǾŜƪōŜƴ ōŜǾŜǘǘ ƎȅŀƪƻǊƭŀǘΦ  

6.Ćbra 

Kºz®pfesz¿lts®gŤ z§rlati korl§toz§s 
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3.Speci§lis z§rlati §ram korl§toz·k 

 

! ǾƛƭƭŀƳƻǎ ƘłƭƽȊŀǘ ƳƛƴŘŜƴ ŜƭƻǎȊǘƽōŜǊŜƴŘŜȊŞǎŜ ǊŜƴŘŜƭƪŜȊƛƪ ōƛȊƻƴȅƻǎ ƳŜƎŜƴƎŜŘŜǘǘ ǊǀǾƛŘȊłǊƭŀǘƛ 

ŜƭƭŜƴłƭƭłǎƛ ƪŞǇŜǎǎŞƎƎŜƭΦ !Ȋ ǸȊŜƳ ōǃǾƝǘŞǎŜΣ ŀȊ łǊŀƳŦƻǊǊłǎ ƘƻȊȊłŀŘłǎŀ Şǎ ŀȊ ŜƭƻǎȊǘłǎƛ ǘƻǇƻƭƽƎƛŀ 

ǾłƭǘƻȊłǎŀƛ ŀ ǊǀǾƛŘȊłǊƭŀǘƛ ƘƛōŀǎȊƛƴǘ ƴǀǾŜƪŜŘŞǎŞǘ ƻƪƻȊȊłƪΣ ŀƳƛ ƳŜƎƘŀƭŀŘƧŀ ŀ ōŜǊŜƴŘŜȊŞǎ ŜƭƭŜƴłƭƭƽ 

ƪŞǇŜǎǎŞƎŞǘΣ Şǎ ŀȊ Ŝōōǃƭ ŜǊŜŘǃ ŘƛƴŀƳƛƪǳǎ όŎǎǵŎǎ ǊǀǾƛŘȊłǊƭŀǘƛ łǊŀƳύ Şǎ ƘǃŦŜǎȊǸƭǘǎŞƎŜƪ ǾŜǎȊŞƭȅŜǎ 

ƪǀǾŜǘƪŜȊƳŞƴȅŜƪƪŜƭ ƧłǊƴŀƪ ŀ ōŜǊŜƴŘŜȊŞǎŜƪǊŜΣ ŀ ǎȊŜƳŞƭȅȊŜǘǊŜ Şǎ ŀ ƪǀǊƴȅŜȊŜǘǊŜΦ 

{ȊǸƪǎŞƎ ƭŜƘŜǘ ƻƭȅŀƴ ƪƻǊƭłǘƻȊƽƪǊŀΣ ŀƳŜƭȅŜƪ ƳǼƪǀŘƴŜƪ ƳłǊ ŀȊ Ŝƭǎǃ łǊŀƳŎǎǵŎǎ ŜƭŞǊŞǎŜ Ŝƭǃǘǘ ς ahogy ez 

az olvaŘƽ ōƛȊǘƻǎƝǘƽƪ ŜǎŜǘŞōŜƴ ƛǎ ƳŜƎŦƛƎȅŜƭƘŜǘǃ ώтΦ łōǊŀϐΣ ƘƻƎȅ ŀȊ  ƴŜ ƭŞǇƧŜ ǘǵƭ ŀ ƪŀǇŎǎƻƭƽ ōŜǊŜƴŘŜȊŞǎ 

ƳŜƎŜƴƎŜŘŜǘ ŘƛƴŀƳƛƪǳǎ Şǎ ǘŜǊƳƛƪǳǎ ƘŀǘłǊŞǊǘŞƪŜƛǘΦ 

 

MillƛǎȊŜƪǳƴŘǳƳƻƪƻƴ όƳǎŜŎύ ōŜƭǸƭ ŜƭƪǸƭǀƴƝǘƛƪ ŀ ƘłƭƽȊŀǘ ƘƛōłǾŀƭ ŞǊƛƴǘŜǘǘ ǊŞǎȊŞǘΦ aŜƎƪǀƴƴȅƝǘƛƪ ŀ 

ǊǳƎŀƭƳŀǎ ŜƴŜǊƎƛŀŜƭƻǎȊǘłǎǘΣ ŀȊ ŜƴŜǊƎƛŀǊŜƴŘǎȊŜǊ ōǃǾƝǘŞǎŞǘΣ ŀ ŦǸƎƎŜǘƭŜƴ ŜƴŜǊƎƛŀǘŜǊƳŜƭŞǎǘΣ ŀ 

ǊŜŀƪǘƻǊŎǎŜǊŞǘ Şǎ ƳŞƎ ǎƻƪ Ƴłǎ Ƙŀǎƻƴƭƽ ŀƭƪŀƭƳŀȊłǎǘ ŀƴŞƭƪǸƭΣ ƘƻƎȅ ŀ ōŜǊŜƴŘŜȊŞǎ ǊǀǾƛŘȊłǊƭŀǘ-ŜƭƭŜƴłƭƭƽ 

ƪŞǇŜǎǎŞƎŞǘ ƪƻǊƭłǘƴŀƪ ǘŜƪƛƴǘŜƴŞƪΦ  

  

7.Ćbra 

Az olvad·biztos²t· §ramkorl§toz· hat§sa 
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Ilyen az ABB Is-ƭƛƳƛǘŜǊŜ ŀƳŜƭȅ ƧŜƭŜƴƭŜƎ ŀ ƭŜƎƘŀǘŞƪƻƴȅŀōō Şǎ ƭŜƎƎȅƻǊǎŀōō ŜƭǘŜǊƧŜŘǘ ȊłǊƭŀǘƪƻǊƭłǘƻȊƽ 

ŜǎȊƪǀȊ ώ!..-¢ƘŜ ǿƻǊƭŘ ŦŀǎǘŜǎǘ ƭƛƳƛǘƛƴƎ ŀƴŘ ǎǿƛǘŎƘƛƴƎ ŘŜǾƛŎŜϐ όуΦ łōǊŀύ 

EgyŜǘŜƳǸƴƪǀƴ ƛǎ ŜƭƪŜȊŘǃŘǘŜƪ ƻƭȅŀƴ ǘƝǇǳǎǵ ŦŜƧƭŜǎȊǘŞǎŜƪΣ ŀƳŜƭȅōŜƴ ŀ ŦƻƧǘƽ Şǎ ǘŜƭƧŜǎƝǘƳŞƴȅŜƭŜƪǘǊƻƴƛƪŀƛ 

łǊŀƳƪǀǊ ƪƛŜƎŞǎȊƝǘŞǎǎŜƭ ƪŞǎȊǸƭƴŜ ŜƎȅ ƻƭȅŀƴ ƪƻǊƭłǘƻȊƽ ŜǎȊƪǀȊΣ ŀƳŜƭȅ ƴƻǊƳłƭƛǎ ǸȊŜƳōŜƴ ƴŜƳ ƻƪƻȊ 

ŦŜǎȊǸƭǘǎŞƎŜǎŞǎǘΦ !Ȋ ŀƭŀǇƎƻƴŘƻƭŀǘ ƭŞƴȅƎŜΣ ƘƻƎȅ ŀ ŦƻƧǘƽƴ ƴƻǊƳłƭ ǸȊŜƳōŜƴ ŜƎȅŜƴłǊŀƳ ŦƻƭȅƧƻƴΣ ƳƝƎ ŀ 

ȊłǊƭŀǘ Ǉƛƭƭŀƴŀǘłōŀƴ ŀ ŦƻƧǘƽ ǸȊŜƳƳƽŘƧŀ !/-Ǌŀ Ǿłƭǘ łǘΦ 9Ǝȅ ƛƭȅŜƴ ŦƻƭȅŀƳŀǘƻǘ ƭłǘǳƴƪ ŀ  фΦłōǊłƴΦ ! 

ǎȊƛƳǳƭłŎƛƽǎ ǾƛȊǎƎłƭŀǘƻƪŀǘ a!¢[!.-ōŀƴ ǾŞƎŜȊȊǸƪΦ      

8.Ćbra 

ABB IS korl§toz· 
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4.Z§rlatkorl§toz§s szimul§l§sa 

 

bŀǇƧŀƛƴƪ ȊłǊƭŀǘƪƻǊƭłǘƻȊłǎłƴŀƪ ƳŜƎƻƭŘłǎłƘƻȊ ŜƭŜƴƎŜŘƘŜǘŜǘƭŜƴ ŀ ƪƻǊǎȊŜǊǼ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ 

ŀƭƪŀƭƳŀȊłǎŀΦ WŜƭŜƴ ŦŜƧŜȊŜǘōŜƴ ŀ ƪƻǊłōōŀƴ ǘłǊƎȅŀƭǘ ŎǎƻǇƻǊǘƻǎ Şǎ ŜƎȅŜŘƛ- ŦƻƧǘƽǘŜƪŜǊŎǎŜǎ 

ƪǀȊŞǇŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻƪŀǘ ǾƛȊǎƎłƭǘŀƳ ƳŜƎΦ mǎǎȊŜǎƝǘŜǘǘŜƳ ŀ ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴ ƪŀǇƻǘǘ 

ŜǊŜŘƳŞƴȅŜƪŜǘΣ ƳŀƧŘ ŀ ƪŀǇƻǘǘ ƪǀǾŜǘƪŜȊǘŜǘŞǎŜƪŜǘ ŞǊǘŞƪŜƭǘŜƳΦ ! ǎȊƛƳǳƭłŎƛƽ aŀǘƭŀō-Simulink 

ƪǀǊƴȅŜȊŜǘōŜƴ ǘǀǊǘŞƴǘΦ 

4.1.Fojt·tekercs alkalmaz§sa le§gaz§sonk®nt 

9ƭǎǃ ƭŞǇŞǎƪŞƴǘ ƳŜƎǾƛȊǎƎłƭǘŀƳ ŀȊǘ ŀȊ ŀƭłƭƭƻƳłǎƛ ƪƛŀƭŀƪƝǘłǎǘΣ ŀƳƛōŜƴ ƳƛƴŘŜƴ ŜƎȅŜǎ ƭŜłƎŀȊłǎƛ Ǉƻƴǘ 

ǘŀǊǘŀƭƳŀȊ ŜƎȅ ƪǸƭǀƴ ŦƻƧǘƽǘŜƪŜǊŎǎŜǘΦ 9ƴƴŜƪ ŀ ǎŜƳŀǘƛƪǳǎ ǾłȊƭŀǘłǘ ŀ όфΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

! όфΦłōǊŀύ ŜƎȅ ƘłǊƻƳ ƭŜłƎŀȊłǎǎŀƭ ǊŜƴŘŜƭƪŜȊǃ ƪǀȊŞǇŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻǘ ǎȊƛƳōƻƭƛȊłƭǘΦ ! ƪŞǇŜƴ ŀȊ 

ŀƭłōōƛ ƳƻŘŜƭƭŜƪ ŦƻƎƭŀƭƴŀƪ ƘŜƭȅŜǘΥ 

 Three-tƘŀǎŜ {ƻǳǊŎŜΥ IłǊƻƳŦłȊƛǎǵ ōŜǘłǇƭłƭłǎƛ ǇƻƴǘΣ мл ƪƛƭƻǾƻƭǘƻǎ Ǿƻƴŀƭƛ wa{ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘǘŜƭΦ 

 Three-tƘŀǎŜ {ŜǊƛŜǎ w[/ .ǊŀƴŎƘΥ IłǊƻƳŦłȊƛǎǵ ǎƻǊƻǎ ƛƳǇŜŘŀƴŎƛŀ ŀƳƛ ŀ ǾŜȊŜǘŞƪ Şǎ ŀ ŦƻƧǘƽǘŜƪŜǊŎǎ 
ƛƳǇŜŘŀƴŎƛłƧłǘ ŦƻƎƧŀ ƳŜƎŀŘƴƛΦ 

 Three-tƘŀǎŜ ǇŀǊŀƭƭŜƭ w[/ ƭƻŀŘΥ IłǊƻƳŦłȊƛǎǵ ŦƻƎȅŀǎȊǘƽƛ ǇƻƴǘΣ ŜȊŜƪ ŦƻƎƧłƪ ŀŘƴƛ ŀ ƪƻƴǎǘŀƴǎ ǘŜǊƘŜƭǃ 
ǘŜƭƧŜǎƝǘƳŞƴȅǘΦ 

 Three-Phase V-L aŜŀǎǳǊŜƳŜƴǘΥ IłǊƻƳŦłȊƛǎǵ ŦŜǎȊǸƭǘǎŞƎ- Şǎ łǊŀƳƳŞǊǃ Ǉƻƴǘƻƪ ŀ ƪƛŞǊǘŞƪŜƭŞǎŜƪƘŜȊΦ 

 Three-ǇƘŀǎŜ CŀǳƭǘΥ ½łǊƭŀǘƛ ƘƛōŀƘŜƭȅΦ 

9.Ćbra 

Le§gaz§sonk®nti fojt·tekercs s®ma 
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9ƭǎǃ ƭŞǇŞǎƪŞƴǘ ƳŜƎǾƛȊǎƎłƭǘŀƳ ǸȊŜƳǎȊŜǊǼ łƭƭŀǇƻǘōŀƴ ŀ ƘłƭƽȊŀǘƻǘΦ ! ƪŀǇƻǘǘ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎŜƪ 

ŎǎǵŎǎŞǊǘŞƪŞǘ ŀ όмлΦłōǊŀύ ǎȊŜƳƭŞƭǘŜǘƛΦ 

!Ȋ łōǊłƴ Ƨƽƭ ƭłǘƘŀǘƽΣ ƘƻƎȅ ŀ ōŜǘłǇƭłƭłǎƛ Ǉƻƴǘ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎŞƴŜƪ ŎǎǵŎǎŞǊǘŞƪŜ όŦłȊƛǎŦŜǎȊǸƭǘǎŞƎ мΦпмп 

ŞǊǘŞƪƪŜƭ ǘǀǊǘŞƴǃ ǎȊƻǊȊŀǘŀύ умсп ±ƻƭǘƻǎ ŞǊǘŞƪŜǘ ŀŘƻǘǘΣ ƳƝƎ ŀ ŦƻƎȅŀǎȊǘƽƪƴłƭ a jelenlegi 10 Ohmos 

ŦƻƧǘƽǘŜƪŜǊŎŎǎŜƭ ттнн ±ƻƭǘƻǎ ǎȊƛƴǘŜǘ ƪŀǇǳƴƪΦ ! ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘƻƪ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎŞƴŜƪ ƳŜƎƘŀǘłǊƻȊłǎŀ 

ŀȊ όмύ ŜƎȅŜƴƭŜǘ ŀƭŀǇƧłƴ ǘǀǊǘŞƴƛƪ 

 

 ɝὟρ
χχςςὠ

ψρφτὠ
ρππϷωτȢυψϷ (1) 

 

±ŀƎȅƛǎ ŀ ƭŜłƎŀȊłǎƻƴƪŞƴǘƛ ŦƻƧǘƽǘŜƪŜǊŎǎŜƪ ŀƭƪŀƭƳŀȊłǎłǾŀƭ ŀ ǘłǇŦŜǎȊǸƭǘǎŞƎ фпΦру ǎȊłȊŀƭŞƪłǘ ƪŀǇƧǳƪ ƳŜƎ 

ŀȊ ǀǎǎȊŜǎ ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘ ŜǎŜǘŞƴΦ !ƳŜƴƴȅƛōŜƴ ȊłǊƭŀǘ ƭŞǇ ŦŜƭ ŀ ό±-L aŜŀǎǳǊŜƳŜƴǘмύ ǇƻƴǘōŀƴΣ ǵƎȅ ŀ 

Ƙƛōłǎ ƭŜłƎŀȊłǎ [м ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎŜ ƭŜǘǀǊƛƪ όммΦłōǊŀύΣ ǾƛǎȊƻƴǘ ŀȊ ŞǇ ƭŜłƎŀȊłǎƻƪ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎŜƛ ƪŞǇŜǎŜƪ 

ǘŀǊǘŀƴƛ ŀ ƴŞǾƭŜƎŜǎ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘƧǸƪŜǘ ƛǎΦ aƛǾŜƭ ŀ ȊłǊƭŀǘƛ łǊŀƳ Ŏǎŀƪ ŀ Ƙƛōłǎ ƭŜłƎŀȊłǎƻƴ Şǎ ŀƴƴŀƪ ŀȊ ŜƎȅ 

ƭŜłƎŀȊłǎƴŀƪ ŀ ŦƻƧǘƽǘŜƪŜǊŎǎŞƴ ƳŜƎȅ łǘΣ ƝƎȅ ŀȊ ŞǇ ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘƻƪ ƪŜǾŞǎōŞ ŞǊȊŞƪŜƴȅŜƪ ŀ ȊłǊƭŀǘ 

ƘłƭƽȊŀǘǊŀ ƎȅŀƪƻǊƻƭǘ ƘŀǘłǎŀƛǊŀΦ 

 

 

  

10.Ćbra 

Le§gaz§sonk®nti fojt· fesz¿lts®ges®se 
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4.2 Csoportos fojt·tekercs alkalmaz§sa 

 

! ǇŞƭŘŀ ƪŜŘǾŞŞǊǘ ŀ ƘłƭƽȊŀǘ ǘƻǇƻƭƽƎƛłƧłǘ Şǎ ŦƻƎȅŀǎȊǘłǎŀƛǘ ƴŜƳ ǾłƭǘƻȊǘŀǘǘŀƳ ƳŜƎΣ ŜƎȅŜŘǸƭ ŀ 

ŦƻƧǘƽǘŜƪŜǊŎǎŜƪŜǘ ǾŜǘǘŜƳ Ŝƭ ŀȊ ŜƎȅŜǎ ƭŜłƎŀȊłǎƻƪōƽƭ Şǎ ŜƎȅ ŘŀǊŀō ŎǎƻǇƻǊǘƻǎ ŦƻƧǘƽǘ ƘŜƭȅŜȊǘŜƳ Ŝƭ ŀ 

όмнΦłōǊŀύ ǎȊŜǊƛƴǘΦ ! ŦƻƎȅŀǎȊǘƽƪ ŞǊǘŞƪŜƛΣ ǾŀƭŀƳƛƴǘ ŀ ȊłǊƭŀǘ ǘƝǇǳǎŀ ƴŜƳ ǾłƭǘƻȊƻǘǘ ŀ ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴΦ 

! ǎȊƛƳǳƭłŎƛƽǘ ƭŜŦǳǘǘŀǘǾŀ ƳŜƎłƭƭŀǇƝǘƘŀǘƽΣ ƘƻƎȅ ŀ ŎǎƻǇƻǊǘƻǎ ŦƻƧǘƽǘŜƪŜǊŎǎ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎŜ Ƴƛŀǘǘ ŀȊ 

ǀǎǎȊŜǎ ƭŜłƎŀȊłǎ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘƧŜ ŎǎǀƪƪŜƴ ŀ όмоΦłōǊŀύ ǎȊŜǊƛƴǘΦ 

12.Ćbra 

Csoportos fojt·tekercs s®ma 

11.Ćbra 

Le§gaz§sonk®nti fojt· z§rlat eset®n 



  

 

49 
 

/ǎƻǇƻǊǘƻǎ ŦƻƧǘƽǘŜƪŜǊŎǎ ŀƭƪŀƭƳŀȊłǎŀ ŜǎŜǘŞƴ ŀ ƭŜłƎŀȊłǎƻƪ όǎȊƛƳƳŜǘǊƛƪǳǎ ƧŜƭƭŜƎǸƪ Ƴƛŀǘǘ ŀȊƻƴƻǎ ǎȊƛƴǘŜƴ 

Ǿŀƴƴŀƪύ ŦłȊƛǎŦŜǎȊǸƭǘǎŞƎŜƛƴŜƪ ŎǎǵŎǎŞǊǘŞƪŜ сфсс ±ƻƭǘΦ  

9ōōŜƴ ŀȊ ŜǎŜǘōŜƴ ŀ ŦƻƎȅŀǎȊǘƽƪ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎŞƴŜƪ ƳŜƎƘŀǘłǊƻȊłǎŀ ŀ όнύ ŜƎȅŜƴƭŜǘ ŀƭŀǇƧłƴ ǘǀǊǘŞƴƛƪΦ 

 ɝὟς
φωφφὠ

ψρφτȢωχὠ
ρππϷψυȢσρϷ (2) 

 

! ǎȊƛƳǳƭłŎƛƽǾŀƭ Şǎ ŀ ƪŀǇƻǘǘ ŞǊǘŞƪŜƪ ŀƭŀǇƧłƴ ƳŜƎłƭƭŀǇƝǘƘŀǘƽΣ ƘƻƎȅ ŀ ŎǎƻǇƻǊǘƻǎ ŦƻƧǘƽǘŜƪŜǊŎǎ 

ŀƭƪŀƭƳŀȊłǎŀ ŀȊȊŀƭ ŀ ƴŜƎŀǘƝǾ Ƙŀǘłǎǎŀƭ ƧłǊΣ ƘƻƎȅ ŀ ŦƻƎȅŀǎȊǘƽƛ Ǉƻƴǘƻƪōŀƴ ǳƎȅŀƴŀƪƪƻǊŀ ǘŜǊƘŜƭŞǎ ƘŀǘłǎłǊŀ 

ƪƛǎŜōō ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘŜǘ ƪŀǇǳƴƪΣ Ƴƛƴǘ ŀƳƛƪƻǊ ƭŜłƎŀȊłǎƻƴƪŞƴǘ ŀƭƪŀƭƳŀȊǳƴƪ ŦƻƧǘƽǘŜƪŜǊŎǎŜǘΦ ½łǊƭŀǘƛ 

ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴ ŀ όмпΦłōǊŀύ ǎȊŜǊƛƴǘƛ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘŜƪŜǘ ƪŀǇǘŀƳΦ aŜƎłƭƭŀǇƝǘƘŀǘƽΣ ƘƻƎȅ ŎǎƻǇƻǊǘƻǎ 

ŦƻƧǘƽǘŜƪŜǊŎǎ ŜǎŜǘŞƴ ŀ ƴŜƳ Ƙƛōłǎ ƭŜłƎŀȊłǎƻƪ ŦŜǎȊǸƭǘǎŞƎǎȊƛƴǘƧŜƛ ƛǎ ƧŜƭŜƴǘǃǎŜƴ ƭŜŎǎǀƪƪŜƴǘŜƪ ŀ 

ƭŜłƎŀȊłǎƻƴƪŞƴǘƛ ŦƻƧǘƽǘŜƪŜǊŎǎŜǎ ŜƭǊŜƴŘŜȊŞǎƘŜȊ ƪŞǇŜǎǘ  

13.Ćbra 

Csoportos fojt·tekercs fesz¿lts®gszintek 

14.Ćbra 

Csoportos fojt·tekercs z§rlata 
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¥sszefoglal§s 

 

IŀȊłƴƪōŀƴ ƛǎ Ŧƻƴǘƻǎ ǇǊƻōƭŞƳŀ ŀ ȊłǊƭŀǘƛ łǊŀƳƻƪ ƴǀǾŜƪŜŘŞǎŜ ŜƎȅŀǊłƴǘ ŀ ƴŀƎȅ- Σ ƪǀȊŞǇ- Şǎ 

ƪƛǎŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘƻƪƻƴΦ 9ƴƴŜƪ ŜƎȅƛƪ ƻƪŀ ŀ ƳŜƎǵƧǳƭƽ ŜƴŜǊƎƛŀŦƻǊǊłǎƻƪ ƛƴǘŜƎǊłƭłǎŀ ŀ ƘłƭƽȊŀǘōŀΣ 

ǾŀƭŀƳƛƴǘ ŀ ƴŀƎȅŦŜǎȊǸƭǘǎŞƎǼ ƘłƭƽȊŀǘ ƘǳǊƪƻƭǘǎłƎłƴŀƪ ƴǀǾŜƭŞǎŜΦ DŀȊŘŀǎłƎƛƭŀƎ ƴŜƳ ƳŜƎƻƭŘƘŀǘƽΣ ƘƻƎȅ ŀ 

ƘłƭƽȊŀǘōŀƴ ǘŀƭłƭƘŀǘƽ ƳŜƎǎȊŀƪƝǘƽ ōŜǊŜƴŘŜȊŞǎŜƪŜǘ ŜƴƴȅƛǊŜ ǊǀǾƛŘ ƛŘǃƛƴǘŜǊǾŀƭƭǳƳƻƴ ōŜƭǸƭ ƭŜŎǎŜǊŞƭƧǸƪ 

ƴŀƎȅƻōō ǘŜƭƧŜǎƝǘƳŞƴȅǼ ŜƎȅǎŞƎŜƪǊŜΣ ƝƎȅ Ƴłǎ ƳŜƎƻƭŘłǎōŀƴ ƪŜƭƭ ƎƻƴŘƻƭƪƻȊƴƛ ŀ ƘłƭƽȊŀǘ ǾŞŘŜƭƳŜ 

ŞǊŘŜƪŞōŜƴΦ ! ƧŜƭŜƴƭŜƎ ŀƭƪŀƭƳŀȊƻǘǘ ŎǎƻǇƻǊǘƻǎ ŦƻƧǘƽǘŜƪŜǊŎǎŜƪ ƪŜȊŘŜǘƛ ōŜǊǳƘłȊłǎƛ ƪǀƭǘǎŞƎŜƛ 

ƪŜŘǾŜȊǃōōŜƪ ŀ ƭŜłƎŀȊłǎƻƴƪŞƴǘƛ ŦƻƧǘƽǘŜƪŜǊŎǎŜǎ ƪƛŀƭŀƪƝǘłǎƘƻȊ ƪŞǇŜǎǘΣ ǾƛǎȊƻƴǘ ŀ ǎȊƛƳǳƭłŎƛƽ ǎƻǊłƴ Şǎ ŀ 

ƎȅŀƪƻǊƭŀǘōŀƴ ŜƎȅŀǊłƴǘ ƳŜƎƳǳǘŀǘƪƻȊƴŀƪ ŜƴƴŜƪ ŀ ƪƛŀƭŀƪƝǘłǎƴŀƪ ŀ ƘƛōłƛΦ ! ƭŜłƎŀȊłǎƻƴƪŞƴǘƛ ŦƻƧǘƽǘŜƪŜǊŎǎ 

ŀƭƪŀƭƳŀȊłǎŀ ŜƭǃǎŜƎƝǘŜƴŞ ŀ ƘłƭƽȊŀǘ ƳƛƴǃǎŞƎƛ ǇŀǊŀƳŞǘŜǊŜƛƴŜƪ ƧŀǾǳƭłǎłǘΦ 
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Energiaell§t§s kiberv®delmi k®rd®sei rep¿lŖtereken 

D®r Attila1,2 , Ady L§szl·1,2, Rajnai Zolt§n1, Schuster Gyºrgy3 

 

1 jōǳŘŀƛ 9ƎȅŜǘŜƳ .ƛȊǘƻƴǎłƎǘǳŘƻƳłƴȅƛ 5ƻƪǘƻǊƛ LǎƪƻƭŀΣ bŞǇǎȊƝƴƘłȊ ǳǘŎŀ уΦΣ 1081 Budapest, 
aŀƎȅŀǊƻǊǎȊłƎ 

н bŜȄǘ¢ŜŎƘƴƻƭƻƎƛŜǎ YŦǘΦΣ {ǳƎłǊ ǵǘ ппΣ ннопaŀƎƭƽŘΣ aŀƎȅŀǊƻǊǎȊłƎ 

о jōǳŘŀƛ 9ƎȅŜǘŜƳ YŀƴŘƽ YłƭƳłƴ YŀǊΣ ¢ŀǾŀǎȊƳŜȊǃ ǳǘŎŀ мтΦΣ млуп .ǳŘŀǇŜǎǘΣ aŀƎȅŀǊƻǊǎȊłƎ 

A rep¿lŖterek kulcsszerepet j§tszanak a glob§lis l®gi kºzleked®s infrastrukt¼r§j§ban, biztos²tva a g®pek ¿zemeltet®s®hez 

sz¿ks®ges felt®teleket. A l®gi ir§ny²t§si ®s biztons§gi rendszerek kºzpontjak®nt biztos²tj§k a rep¿l®s biztons§g§t ®s 

hat®konys§g§t. Az energiaell§t§s kiberv®delmi k®rd®sei rep¿lŖtereken rendk²v¿l kritikusak, hiszen a folyamatos energiaell§t§s 

elengedhetetlen a rep¿lŖt®r infrastrukt¼r§j§nak mŤkºd®s®hez, bele®rtve a navig§ci·s rendszereket, a vil§g²t§st, a biztons§gi 

rendszereket ®s az adatkommunik§ci·t. A rep¿lŖterek energiaell§t§si rendszerei monitorozottak ®s automatiz§ltak, hogy 

biztos²ts§k a folyamatos ®s megb²zhat· mŤkºd®st[1]. Ezek a rendszerek SCADA platformokon kereszt¿l val·sulnak meg. Ezek 

megzavar§sa, ak§r kibert§mad§s, ak§r rendszerhiba kºvetkezt®ben, s¼lyosan befoly§solja a rep¿lŖt®r alapvetŖ funkci·it. Ez®rt 

kiemelten fontos meg®rteni a SCADA rendszerek kock§zatait, mint p®ld§ul a sebezhetŖs®gek kihaszn§l§s§t, a rosszindulat¼ 

behatol§sokat ®s az adatmanipul§ci·t [2]. Az elh§r²t§si m·dszerek kºz® tartozik a h§l·zati biztons§gi int®zked®sek 

megerŖs²t®se, mint a behatol§s®rz®kel®s, tŤzfalak haszn§lata, a rendszerek elk¿lºn²t®se, a biztons§gi friss²t®sek rendszeres 

alkalmaz§sa, valamint az incidenskezel®si tervek kidolgoz§sa ®s gyakorl§sa. Ezenk²v¿l sz¿ks®ges a szem®lyzet megfelelŖ 

oktat§sa ®s a redund§ns rendszerek kialak²t§sa, hogy a t§mad§sokkal szemben is biztos²tani lehessen a zavartalan mŤkºd®st. 

V®g¿l r§vil§g²tok, hogy a gyors ®s prec²z reag§l§s enn®l a kritikus infrastrukt¼r§n§l is elengedhetetlen felt®tele az ¿zembiztos 

mŤkºd®snek. ĉgy a kiberv®delmeket is, mint m§s egy®b v®delmeket ¼gy kell megtervezni, illetve a m§r megl®vŖt §talak²tani, 

hogy semmilyen kºr¿lm®nyek kºzºtt se lass²tsa az elv§rt reakci·idŖt. Fontos elv§r§s az ¿zemeltetŖktŖl, hogy kialak²tsanak egy 

erre az §gazatra ki®lezett elj§r§srendet, amely a t§mad§s elh§r²t§sa ut§n az esem®nyeket megfelelŖen ki®rt®keli. Tov§bb§ 

rendelkezik egy saj§t esem®nykezelŖ csapattal, Biztons§gi esem®nykezel®si szab§lyzattal ®s tervezettel.[3] [4]  

Kulcsszavak: kiberbiztons§g, rep¿lŖt®r, l®gikºzleked®s, energiaell§t§s. 

 

.ŜǾŜȊŜǘŞǎ 

! ƪǀȊƭŜƪŜŘŞǎ ŦƻƴǘƻǎǎłƎŀ ŜƎȅ ƻǊǎȊłƎ ŞƭŜǘŞōŜƴ ƴŜƳ ǎȊƻǊǳƭ ƳŀƎȅŀǊłȊŀǘǊŀΣ ƴŜƳ ǾŞƭŜǘƭŜƴǸƭ ŀ ƪǊƛǘƛƪǳǎ 

ƛƴŦǊŀǎǘǊǳƪǘǵǊŀ ƻǎȊǘłƭȅƻȊłǎłƴ ōŜƭǸƭ ƛǎ ƪƛŜƳŜƭǘ ǎȊŜǊŜǇŜǘ ƧłǘǎȊƛƪ ŀ ǾŞŘŜƭƳŜΦ ! ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎŜƴ ōŜƭǸƭ 

megkǸƭǀƴōǀȊǘŜǘǸƴƪ ǇƻƭƎłǊƛ Şǎ ƪŀǘƻƴŀƛ ŎŞƭǵ ƭŞƎƛΣ ŦǀƭŘƛ Şǎ ǘŜǊƳƛƴłƭ ŜƎȅǎŞƎŜƪŜǘΣ ǾŀƭŀƳƛƴǘ ŀ ǇƻƭƎłǊƛ 

ƪǀȊƭŜƪŜŘŞǎ ƛǎ ƪŞǘ łƎǊŀ ƻǎȊƭƛƪ ǘŜƘŜǊǎȊłƭƭƝǘłǎ Şǎ ǎȊŜƳŞƭȅǎȊłƭƭƝǘłǎΦ 9ōōŜƴ ŀ ŎƛƪƪōŜƴ Ŏǎŀƪ ŀ ǇƻƭƎłǊƛ ŎŞƭǵ 

ǊŜǇǸƭǃǘŜǊŜƪ ŜƴŜǊƎƛŀŜƭƭłǘłǎłƴŀƪ ƪƛōŜǊǾŞŘŜƭƳŞǘ ǾƛȊǎƎłƭƧǳƪΦ ! ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎ ƭŜƎŦƻƴǘƻǎŀōō ŦǀƭŘƛ 

ƛƴŦǊŀǎǘǊǳƪǘǵǊłƧŀ ǘŜǊƳŞǎȊŜǘŜǎŜƴ ŀ ǊŜǇǸƭǃǘŞǊΣ ŀƘƻƭ ŀ ƭŞƎƛ ƛǊłƴȅƝǘłǎƻƴ ƪŜǊŜǎȊǘǸƭ ŀ ǊŜǇǸƭǃƎŞǇŜƪ 

ǸȊŜƳŜƭǘŜǘŞǎŜΣ ƭŜ Şǎ ŦŜƭǎȊłƭƭłǎŀ Şǎ ŀȊ ǳǘŀǎŦƻǊƎŀƭƻƳ ȊŀƧƭƛƪΦ !Ȋ ƻǊǎȊłƎƻƪ ŦŜƧƭǃŘŞǎŜ Şǎ ƎŀȊŘŀǎłƎƛ 

ƴǀǾŜƪŜŘŞǎŜ ǎȊŜƳǇƻƴǘƧłōƽƭ ŀ ǊŜǇǸƭǃǘŜǊŜƪŜǘ ŀ ǾƛƭłƎ ƪŀǇǳƧłƴŀƪ ƛǎ ǘŜƪƛƴǘƛƪΣ ƳƛǾŜƭ ŀȊ ǳǘŀȊƽƪ Şǎ ŀȊ ǸȊƭŜǘƛ 

ŞƭŜǘ ǎȊłƳłǊŀ ƴŀƎȅ ƧŜƭŜƴǘǃǎŞƎƎŜƭ ōƝǊƴŀƪΦ ! ǊŜǇǸƭǃǘŞǊ ƭŜƎƪǊƛǘƛƪǳǎŀōō ǊŞǎȊŞǘ ƪŞǇŜȊƛ ŀ ƭŞƎƛ ƛǊłƴȅƝǘłǎ Şǎ ŀȊǘ 

ƪǀȊǾŜǘƭŜƴǸƭ Şǎ ƪǀȊǾŜǘŜǘǘ ƪƛǎȊƻƭƎłƭƽ ōƛȊǘƻƴǎłƎƛ ǊŜƴŘǎȊŜǊŜƪΦ !Ȋ ƛǊłƴȅƝǘƽ ǘƻǊƴȅƻƪōŀƴ ǘǀǊǘŞnik a 

ǊŜǇǸƭǃƎŞǇŜƪ ǊŜǇǸƭŞǎŞƴŜƪ ƪƻƻǊŘƛƴłƭłǎŀ Şǎ ŀȊ ŜƘƘŜȊ ǎȊǸƪǎŞƎŜǎ ŦƻƭȅŀƳŀǘƻƪ ǾŜȊŞǊƭŞǎŜΣ ƛƭƭŜǘǾŜ 

ǎȊŀōłƭȅƻȊłǎŀΦ   
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!Ȋ ŜƭƳǵƭǘ ŞǾǘƛȊŜŘŜƪōŜƴ ƳŜƎŦƛƎȅŜƭƘŜǘǃΣ ƘƻƎȅ ŀ ƭŞƎƛ ǎȊŜƳŞƭȅǎȊłƭƭƝǘłǎ ƪŀǇŀŎƛǘłǎŀ egyre nagyobb 

ƳŞǊǘŞƪōŜƴ ƴǀǾŜƪǎȊƛƪΦ 9ƴƴŜƪ ŜǊŜŘƳŞƴȅŜΣ ƘƻƎȅ ŀ ǊŜǇǸƭǃǘŜǊŜƪŜƴ ŜƎȅǊŜ ƴŀƎȅƻōō ƳŞǊǘŞƪōŜƴ Ǿŀƴƴŀƪ 

ƧŜƭŜƴ ŀ ƳŜƎƴǀǾŜƪŜŘŜǘǘ ǳǘŀǎŦƻǊƎŀƭƻƳ ƪƛǎȊƻƭƎłƭłǎłǘ ƳŜƎƪǀƴƴȅƝǘǃ ƛƴǘŜƭƭƛƎŜƴǎ ŜǎȊƪǀȊǀƪ Şǎ ƻƪƻǎ 

ƭŞǘŜǎƝǘƳŞƴȅŜƪ ǊŜƴŘǎȊŜǊŜΦ 9ȊŜƪƘŜȊ ŀȊ ǵƧ ƪƛƘƝǾłǎƻƪƘƻȊ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎƴŜƪ ǎȊǸƪǎŞƎǎȊŜǊǼŜƴ 

ŀƭƪŀƭƳŀȊƪƻŘƴƛŀ ƪŜƭƭΣ Ƴƛƴǘ ǇŞƭŘłǳƭ ŀȊ ƛǇŀǊƛ Lƻ¢ όLƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎύ ƛƴǘŜƎǊłƭłǎŀ ŀ ǊŜǇǸƭǃǘŞǊƛ 

ƭŞǘŜǎƝǘƳŞƴȅŜƪōŜΣ ǾŀƭŀƳƛƴǘ ŀȊ ƻƪƻǎŜǎȊƪǀȊǀƪ ŦƻƪƻȊƻǘǘ ƘŀǎȊƴłƭŀǘŀ ŀȊ ǳǘŀȊƽƪ Şǎ ŀȊ ŀƭƪŀƭƳŀȊƻǘǘŀƪ 

ǊŞǎȊŞǊǃƭΦ[5] !Ȋ ǵƧ ƭŞƎƛƪǀȊƭŜƪŜŘŞǎƛ ƪƻǊǎȊŀƪ ǎȊŀōłƭȅƻȊłǎƛ ǊŜŦƻǊƳƧŀ ŘǊłƳŀƛ ŦƻǊƎŀƭƻƳƴǀǾŜƪŜŘŞǎǘΣ 

ǎƻƪǎȊƝƴǼǎŞƎŜǘ Şǎ ǾłƭŀǎȊǘŞƪƻǘ ŜǊŜŘƳŞƴȅŜȊŜǘǘ ŀ ƭŞƎƛ ǳǘŀǎƻƪ ǎȊłƳłǊŀΦ aƛƪǀȊōŜƴ ŀ ƭŞƎƛǘłǊǎŀǎłƎƻƪ 

ŦƛƴƻƳƝǘƧłƪ ƳǼƪǀŘŞǎƛ ƳƻŘŜƭƭƧŜƛƪŜǘΣ ƘƻƎȅ ŀ ƴǀǾŜƪŜŘŞǎǘ ŀ ƘŀǘŞƪƻƴȅǎłƎƘƻȊ ƛƎŀȊƝǘǎłƪΣ ŀ ǊŜǇǸƭǃǘŜǊŜƪ ŜȊȊŜƭ 

ǇłǊƘǳȊŀƳƻǎŀƴ ŦŜƧƭǃŘƴŜƪΣ ƘƻƎȅ ƘŀǘŀƭƳŀǎ ŎǎƻƳƽǇƻƴǘƛ ƘłƭƽȊŀǘƻƪŀǘ Şǎ ƛƴǘŜƭƭƛƎŜƴǎ ǊŜƴŘǎȊŜǊŜƪŜǘ 

ƘƻȊȊŀƴŀƪ ƭŞǘǊŜΣ ŀƳŜƭȅŜƪ ŜƎȅǸǘǘŜǎŜƴ ŜƎȅ ƘŀǘŞƪƻƴȅ ƭŞƎƛƪǀȊƭŜƪŜŘŞǎƛ ǀƪƻǎȊƛǎȊǘŞƳłǘ ƘƻȊȊŀƴŀƪ ƭŞǘǊŜΦ  [1] 

[6] 

wŜǇǸƭǃǘŜǊŜƪ ŦƻƴǘƻǎǎłƎŀΣ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎ ƛǊłƴȅƝǘłǎŀ 

! ƪǊƛǘƛƪǳǎ ƛƴŦǊŀǎǘǊǳƪǘǵǊłƪ ŜƎȅǊŜ ƴŀƎȅƻōō ƳŞǊǘŞƪōŜƴ Ǿŀƴƴŀƪ ƪƛǘŞǾŜ ƪǸƭǎǃ ǘŞƴȅŜȊǃƪƴŜƪΣ ŜȊŞǊǘ ŀ ƪǊƛǘƛƪǳǎ 

infrastrǳƪǘǵǊłƪ ǾŞŘŜƭƳŜ ŜƎȅǊŜ ƴŀƎȅƻōō ŦƛƎȅŜƭƳŜǘ ƪŀǇ ŀ ōƛȊǘƻƴǎłƎƛ ƪǳǘŀǘłǎƻƪōŀƴΦ ! ǾŞŘŜƭƳƛ 

ƳƽŘǎȊŜǊŜƪ ƪƛŘƻƭƎƻȊłǎłƘƻȊ ƛǎƳŜǊƴƛ ƪŜƭƭ ŀ ƪǸƭǎǃ ǘŞƴȅŜȊǃƪ ƪǊƛǘƛƪǳǎ ƛƴŦǊŀǎǘǊǳƪǘǵǊłƪǊŀ ƎȅŀƪƻǊƻƭǘ ƘŀǘłǎłǘΦ 

wŜǇǸƭǃǘŜǊŜƪƴŞƭ ƘłƭƽȊŀǘ ǎǘŀōƛƭƛǘłǎłǘ Şǎ ŀ ƪƛōŜǊŦŜǊǘǃȊŞǎ łƭƭŀǇƻǘłǘ ƪŞǘ ŜƭƭŜƴǃǊȊǃ ǎȊŀōłƭȅƻȊłǎƛ 

ǾƛǎǎȊŀŎǎŀǘƻƭłǎƛ ƘǳǊƻƪƪŀƭ ŜƭƭŜƴǃǊȊƛƪΦ 9ȊŞǊǘ ŀŘƻǘǘ ƻōƧŜƪǘǳƳǘŜǊƘŜƭŞǎƛ ǘŜƭƧŜǎƝǘƳŞƴȅ Şǎ ƘłƭƽȊŀǘƛ 

ǀǎǎȊŜƪǀǘǘŜǘŞǎŜƪ ƳŜƭƭŜǘǘ ŀȊ ƛƴŦǊŀǎǘǊǳƪǘǵǊŀ ǊŞǎȊŜƛƴŜƪ ƳǼƪǀŘǃƪŞǇŜǎǎŞƎŜ ƪǸƭǀƴōǀȊǃ ŦƻǊƎŀǘƽƪǀƴȅǾŜƪ 

ŜǎŜǘŞƴ ŜƭǃǊŜ ƧŜƭŜȊƘŜǘǃΣ Şǎ ŦŜƭƘŀǎȊƴłƭƘŀǘƽ ŀȊ ǳǘŀǎłǊŀƳƭłǎƛ ǎȊƛƳǳƭłŎƛƽƪ ǾŀƎȅ ƎŀȊŘŀǎłƎƛ ŜƭǃǊŜƧŜƭȊŞǎŜƪ 

ōŜƳŜƴŜǘŜƪŞƴǘΦ [3] 

!Ȋ ƛƴŦƻǊƳłŎƛƽ- Şǎ ƪƻƳƳǳƴƛƪłŎƛƽǘŜŎƘƴƻƭƽƎƛŀ όLY¢ύ ƻƭŘŀƭłǊƽƭ ŀ ǊŜǇǸƭǃǘŜǊŜƪŜǘ ƪŞǘ ŦŞƭe csoportba lehet 

sorolni az egyik a Legacy-ǊŜƴŘǎȊŜǊŜƪ Şǎ ŀ Ƴłǎƛƪ ǇŜŘƛƎ ŀ {ǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ǘŜŎƘƴƻƭƽƎƛłƪ ǊŜƴŘǎȊŜǊŜΦ ! 

ƭŜƎŀŎȅ ǾŀƎȅ ǀǊǀƪǀƭǘ ǊŞƎƛ ǊŜƴŘǎȊŜǊŜƪ Ŧǃōō ƧŜƭƭŜƳȊǃƛΣ ƘƻƎȅ ǎȊƛƎŜǘǸȊŜƳƽŘōŀƴ ƳǼƪǀŘƴŜƪ ǾŀƎȅ ƳǼƪǀŘǘŜƪ 

ŜƭǎȊƛƎŜǘŜƭǾŜ ŀ ƪǸƭǾƛƭłƎǘƽƭΦ 9ȊŜƪ ŀ ƘƻǎǎȊǵ ŞƭŜǘŎƛƪƭǳǎǵ ǊŜƴŘǎȊŜǊŜƪ ŜƭŀǾǳƭǘ ǘŜŎƘƴƛƪłǘ ŀƭƪŀƭƳŀȊƴŀƪ Şǎ 

ƪƛōŜǊōƛȊǘƻƴǎłƎƛƭŀƎ ǇŜŘƛƎ ŜƎȅłƭǘŀƭłƴ ƴŜƳ ƳŜƎŦŜƭŜƭǃ ǎȊƝƴǾƻƴŀƭǵŀƪΦ bȅƝƭǾłƴ ƴŜƳ ƛǎ ƪŜƭƭ ǾŀƎȅ ƪŜƭƭŜǘǘ 

ǊŜƴŘŜƭƪŜȊƴƛǸƪ ƴŀƎȅ ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ƪŞǇŜǎǎŞƎƎŜƭΣ ƳƛǾŜƭ ŀ ƭŞƎƛ ƛǊłƴȅƝǘłǎƛ ǎȊƻƭƎłƭǘŀǘłǎƻƪ ŀ ǘǀōōƛ 

ǊŜǇǸƭǃǘŞǊƛ ƛƴŦǊŀǎǘǊǳƪǘǵǊłǘƽƭ ƛǎ ŜƭǎȊƛƎŜǘŜƭǘŜƴ Şǎ Ƴƻƴƻƭƛǘƛƪǳǎŀƴ ƳǼƪǀŘƴŜƪ ǾŀƎȅ ƳǼƪǀŘǘŜƪΦ ±ƛǎȊƻƴǘ 

ƴŀǇƧŀƛƴƪōŀƴ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎ ǎȊƻƭƎłƭǘŀǘłǎƛƴŀƪ ƪƛǘŜǊƧŜǎȊǘŞǎŞǾŜƭ ŀȊ ƛƴǘŜǊƴŜǘ ǀǎǎȊŜƪŀǇŎǎƻƭłǎłǾŀƭ Şǎ 

ƭŜƎƪƻǊǎȊŜǊǼōō ǘŜŎƘƴƻƭƽƎƛłƪ ŀƭƪŀƭƳŀȊłǎłǾŀƭ ŜƎȅ Ƴłǎƛƪ ǊŜƴŘǎȊŜǊ ǎȊǸƭŜǘŜǘǘ Ƴeg, amelyet legmodernebb 

ǘŜŎƘƴƛƪŀ ŎǎƻǇƻǊǘƧłƴŀƪ ƴŜǾŜȊƘŜǘǸƴƪΦ 9ƴƴŜƪ ŀ ŎǎƻǇƻǊǘƴŀƪ ƪŞǘǎŞƎǘŜƭŜƴ ŀ ƳǼƪǀŘŞǎƛ ƘŀǎȊƴƻǎłƎŀΣ ǾƛǎȊƻƴǘ 

ŀ ƪƛōŜǊǾŞŘŜƭƳƛ ǎŜōŜȊƘŜǘǃǎŞƎŜ ƴŀƎȅǎłƎǊŜƴŘŜƪƪŜƭ ƳŜƎƴǀǾŜƪŜŘŜǘǘ ŀ ƭŜƎŀŎȅ ǊŜƴŘǎȊŜǊŜƪƘŜȊ ƪŞǇŜǎǘΦ [7] 

! Ƴłǎƛƪ ŎǎƻǇƻǊǘƻǎƝǘłǎŀ ŀ ǊŜǇǸƭǃǘŜǊŜƪƴŜƪ ǎȊƛƴǘŞƴ LY¢ tŜǊŜŘȅ ½Σ ±ŜƴŎȊŜƭ aΦ ǎȊŜǊƛƴǘƛ ƪƛŀƭŀƪƝǘłǎōŀƴ ŀ 

ƪǀǾŜǘƪŜȊǃΥ 

άω ƘŀƎȅƻƳłƴȅƻǎ ǊŜǇǸƭǃǘŜǊŜƪΣ ŀƳŜƭȅŜƪ ŀ ƭŜǎȊłƭƭłǎƻƪΣ ƛƴŘǳƭłǎƻƪ Şǎ ŜƎȅŞō ƭŞƎƛ ƧłǊƳǼǾŜƪ ōƛȊǘƻƴǎłƎƻǎ Şǎ 

ƘŀǘŞƪƻƴȅ ƪŜȊŜƭŞǎŞƘŜȊ ǎȊǸƪǎŞƎŜǎ ƪŞǇŜǎǎŞƎŜƪǊŜ ǀǎǎȊǇƻƴǘƻǎƝǘŀƴŀƪΣ ŀƭŀǇǎȊƛƴǘǼ ǎȊŜƳŞƭȅǎȊłƭƭƝǘłǎƛ 

ǎȊƻƭƎłƭǘŀǘłǎƻƪ ƴȅǵƧǘłǎłǾŀƭΤ 

ω ŀƎƛƭƛǎ ǊŜǇǸƭǃǘŜǊŜƪΣ ŀƳŜƭȅŜƪ ŀƭƪŀƭƳŀȊƪƻŘƴŀƪ ŀ ǾłƭǘƻȊƽ ŘƛƎƛǘłƭƛǎ ƪǀǊƴȅŜȊŜǘƘŜȊ ŀȊłƭǘŀƭΣ ƘƻƎȅ αǘŜǎǘǊŜ 

ǎȊŀōƻǘǘέ ǎȊƻƭƎłƭǘŀǘłǎƻƪŀǘ ƪƝƴłƭƴŀƪ ŜƎȅ ƪǀȊǀǎ ǇƭŀǘŦƻǊƳƻƴΤ 

ω ƛƴǘŜƭƭƛƎŜƴǎ ǊŜǇǸƭǃǘŜǊŜƪΣ ŀƳŜƭȅŜƪ ǘŜƭƧŜǎ ƳŞǊǘŞƪōŜƴ ƪƛƘŀǎȊƴłƭƧłƪ ŀȊ Lƻ¢- Şǎ ŀ ŘƛƎƛǘŀƭƛȊłŎƛƽǎ 

ǘŜŎƘƴƻƭƽƎƛłƪ ƭŜƘŜǘǃǎŞƎŜƛǘΣ Şǎ łǘŦƻƎƽŀƴ ƪƻƳōƛƴłƭƧłƪ ŀȊƻƪŀǘ ŀ ōƛȊǘƻƴǎłƎƛ ŜƭŜƳŜƪƪŜƭΦ ! Ǿŀƭƽǎ ƛŘŜƧǼ 

ƛƴŦƻǊƳłŎƛƽŎǎŜǊŜΣ ŀ ǎȊŞƭŜǎ ƪǀǊǼ ŜƎȅǸǘǘƳǼƪǀŘŞǎ Şǎ ŀ ǊŜǇǸƭǃǘŞǊƛ ŦƻƭȅŀƳŀǘƻƪ ƛƴǘŜƎǊłŎƛƽƧłƴŀƪ 
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ƪǀǎȊǀƴƘŜǘǃŜƴ ŀȊ ƛƴǘŜƭƭƛƎŜƴǎ ǊŜǇǸƭǃǘŜǊŜƪ ƧŜƭŜƴǘǃǎŜƴ ƧŀǾƝǘƧłƪ ŀ ƳǼƪǀŘŞǎƛ ƘŀǘŞƪƻƴȅǎłƎǳƪŀǘΣ ŀȊ 

ǳǘŀǎǎȊƻƭƎłƭǘŀǘłǎ ǎȊƝƴǾƻƴŀƭłǘ Şǎ ŀ ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ǎȊƛƴǘƧǸƪŜǘΦέ (bŜƳȊŜǘƪǀȊƛ ǊŜǇǸƭǃǘŜǊŜƪ 
ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ƪƛƘƝǾłǎŀƛύ [8] 

wŜǇǸƭǃǘŜǊŜƪ ŜƴŜǊƎƛŀŜƭƭłǘłǎŀ 

!Ȋ ŜƴŜǊƎƛŀŜƭƭłǘłǎ ƪƛōŜǊǾŞŘŜƭƳƛ ƪŞǊŘŞǎŜƛ ǊŜǇǸƭǃǘŜǊŜƪŜƴ ǊŜƴŘƪƝǾǸƭ ƪǊƛǘƛƪǳǎŀƪΣ ƘƛǎȊŜƴ ŀ ŦƻƭȅŀƳŀǘƻǎ 

ŜƴŜǊƎƛŀŜƭƭłǘłǎ ŜƭŜƴƎŜŘƘŜǘŜǘƭŜƴ ŀ ǊŜǇǸƭǃǘŞǊ ƛƴŦǊŀǎǘǊǳƪǘǵǊłƧłƴŀƪ ƳǼƪǀŘŞǎŞƘŜȊΦ !ƭłƭƭƻƳłǎκƻƪ 

ƴŀƎȅǘŜƭƧŜǎƝǘƳŞƴȅǼ ǘǊŀŦƽƪ όǇŞƭŘłǳƭΥ ±ŜŎǎŞǎ омΣр a±!ύ Ƴłǎƛƪ ǾŀƎȅ ǘǀōō ƛǊłƴȅōƽƭ ƪƛŞǇƝǘŜǘǘ ŦǸƎƎŜǘƭŜƴ 

ǘŀǊǘŀƭŞƪ łǊŀƳŜƭƭłǘłǎ ŜƭŜƴƎŜŘƘŜǘŜǘƭŜƴ ŦŜƭǘŞǘŜƭŜ ŜƎȅ ǊŜǇǸƭǃǘŞǊ ƳŜƎŦŜƭŜƭǃ ōƛȊǘƻƴǎłƎƻǎ ǸȊŜƳŜƭǘŜǘŞǎŞƘŜȊΦ 

A kritikus inŦǊŀǎǘǊǳƪǘǵǊłƪƘƻȊ Ƙŀǎƻƴƭƽŀƴ ŀ ƭŞƎƛƪǀȊƭŜƪŜŘŞǎōŜƴ ƛǎ ƳŜƎǘŀƭłƭƘŀǘƽƪ ŀȊ LǇŀǊƛ ŜƭƭŜƴǃǊȊǃ 

ǊŜƴŘǎȊŜǊ όLƴŘǳǎǘǊƛŀƭ /ƻƴǘǊƻƭ {ȅǎǘŜƳΣ L/{ύΣ Ƴƛƴǘ ŀ t[/ ǾŀƎȅ {/!5!όŦŜƭǸƎȅŜƭŜǘƛ ŀŘŀǘƎȅǼƧǘǃ Şǎ ŜƭƭŜƴǃǊȊǃ 

rendszereken) 

LŘŜ ǎƻǊƻƭƘŀǘƧǳƪ ƳŞƎ ŜƴŜǊƎƛŀŜƭƭłǘłǎƘƻȊ ǎȊƻǊƻǎŀƴ ƪŀŎǎƻƭƽŘƽ [ŞƎƛŦƻǊƎŀƭƳƛ ƭŞǘŜǎƝǘƳŞƴȅŜƪŜǘΣ 

ƧŜƭȊǃŦŞƴȅŜƪŜƪŜǘΣ ǊŜǇǸƭǃǘŞǊ ƭłǘłǎ ǳǘłƴƛ Şǎ ǊłŘƛƽƴŀǾƛƎłŎƛƽǎ ƭŞǘŜǎƝǘƳŞƴȅŜƛǘΣ ŀȊ ǀǎǎȊŜǎ ŀƪŀŘłƭȅŦŞƴȅŜƎȅǎŞƎΣ 

ōŜǾŜȊŜǘǃ-Σ ŦǳǘƽǇłƭȅŀ- Şǎ ƎǳǊǳƭƽǵǘ-ǾƛƭłƎƝǘłǎǘΤ ƳŜǘŜƻǊƻƭƽƎƛŀƛ ōŜǊŜƴŘŜȊŞǎŜƪŜǘΤ ŀƭŀǇǾŜǘǃ ƭŞƎƛƪǀȊƭŜƪŜŘŞǎ-

ǾŞŘŜƭƳƛ όǎŜŎǳǊƛǘȅύ ŦŞƴȅŜkeket. [9] 

! ǊŜǇǸƭǃǘŞǊƛ ǾƛƭłƎƝǘłǎƛ ǊŜƴŘǎȊŜǊ ƳƛƴŘŜƴ ǊŜǇǸƭǃǘŞǊ ŜƭǾłƭŀǎȊǘƘŀǘŀǘƭŀƴ Şǎ ƪǀǘŜƭŜȊǃ ǊŞǎȊŜΣ ƴŜƳ ŦǸƎƎ ŀǘǘƽƭΣ 

ƘƻƎȅ ŀ ǊŜǇǸƭǃǘŞǊ ǾƛȊǳłƭƛǎ ǾŀƎȅ ƴŜƳ ǾƛȊǳłƭƛǎ ƳŜƎƪǀȊŜƭƝǘŞǎǼΦ 9Ȋ ŀȊǘ ƧŜƭŜƴǘƛΣ ƘƻƎȅ ŀ ǊŜǇǸƭǃǘŞǊƛ ǾƛƭłƎƝǘłǎƛ 

ǊŜƴŘǎȊŜǊŜƪŜǘ ƪǸƭǀƴōǀȊǃ ǘƝǇǳǎǵ ƳŜƎŜƴƎŜŘŜǘǘ ƳŜǘŜƻǊƻƭƽƎƛŀƛ ƪǀǊǸƭƳŞƴȅŜƪ ƪǀȊǀǘǘ ƳǼƪǀŘǘŜǘƛƪΦ A 

ǊŜǇǸƭǃǘŞǊƛ ǾƛƭłƎƝǘłǎƛ ǊŜƴŘǎȊŜǊ ǎȊłƳƻǎ ƛƴŦƻǊƳłŎƛƽǘ ƴȅǵƧǘ ŀ ǊŜǇǸƭŞǎ ƳƛƴŘŜƴ ŦłȊƛǎłōŀƴ ŀ ǊŜǇǸƭǃǘŞǊ 

ǘŜǊǸƭŜǘŞƴΣ ŦǃƪŞƴǘ ŀ ƳŜƎƪǀȊŜƭƝǘŞǎ Şǎ ŀ ƭŜǎȊłƭƭłǎ ŦłȊƛǎłōŀƴΦ ałǎƻŘǎȊƻǊΣ ōƻƴȅƻƭǳƭǘ ŀȊ ŜƴŜǊƎƛŀŜƭƭłǘłǎΣ 
ƳŜǊǘ ŀ ǾƛƭłƎƝǘłǎƛ ǊŜƴŘǎȊŜǊ ŀȊƻƴƻǎ ƧŜƭŜƴǘŞǎǼ ǊŞǎȊŞōŜƴ ǳƎȅŀƴŀȊǘ ŀ ŦŞƴȅŜǊǃǎǎŞƎŜǘ ƪŜƭƭ ŦŜƴƴǘŀǊǘŀƴƛΦ 9Ȋǘ 

ƪǀǾŜǘǃŜƴ ŀ ǊŜǇǸƭǃǘŞǊƛ ǾƛƭłƎƝǘłǎƛ ǊŜƴŘǎȊŜǊ ǊŞǎȊŜƛǘ ōƻƴȅƻƭǳƭǘ Şǎ ŘǊłƎŀ łƭƭŀƴŘƽ łǊŀƳǵ ǎȊŀōłƭȅƻȊƽƪƪŀƭ 

ό//wύ Şǎ ǎȊŀōǾłƴȅƻǎƝǘƻǘǘ łǊŀƳƳŀƭ όсΣс ǾŀƎȅ уΣо!ƳǇŜǊύ ƭłǘƧłƪ ŜƭΣ ŀƳŜƭȅŜƪŜǘ ǎǇŜŎƛłƭƛǎ ƪłōŜƭŜƪƪŜƭ ǎƻǊƻǎ 

ƘǳǊƪƻƴ ƪŜǊŜǎȊǘǸƭ vezetnek. [10][5] 9ȊŜƪ ŀȊ ŜƭŜƪǘǊƻƳƻǎ ǊŜƴŘǎȊŜǊŜƪ ǘǀōōǎȊǀǊǀǎŜƴ ƛǎ ǘǵƭ Ǿŀƴƴŀƪ 

ōƛȊǘƻǎƝǘǾŀΦ 

aƛƭȅŜƴ ƪƛōŜǊǘłƳŀŘłǎƻƪ ƭŜƘŜǘƴŜƪΚ  

55h{ ŜƭƻǎȊǘƻǘǘ ǎȊƻƭƎłƭǘŀǘłǎƳŜƎǘŀƎŀŘłǎƛ ǘłƳŀŘłǎΣ ŀƳŜƭȅƴŜƪ ǎƻǊłƴ ŜƎȅ ōŜƘŀǘƻƭƽ ǘǀōō ǎȊłƳƝǘƽƎŞǇŜǎ 

ŜǎȊƪǀȊǘ ŜƎȅ ŜƭǊŜƴŘŜȊŞǎōŜ ŦƻƎƭŀƭΣ ƳŀƧŘ ŜƎȅƛŘŜƧǼƭŜƎ ƪŞǊŞǎŜƪŜǘ ƛƴǘŞȊ ŜƎȅ ǎȊŜǊǾŜǊƘŜȊ ǾŀƎȅ ǎȊŜǊǾŜǊŜƪ ŜƎȅ 

ŎǎƻǇƻǊǘƧłƘƻȊ ŜƎȅ ŀŘƻǘǘ ǎȊƻƭƎłƭǘŀǘłǎǊŀ ǾƻƴŀǘƪƻȊƽŀƴΣ ŜȊłƭǘŀƭ ǘǵƭǘŜǊƘŜƭƛ ŀ ǎȊŜǊǾŜǊǘΣ ƘƻƎȅ ŦƛƎȅŜƭƳŜƴ ƪƝǾǸƭ 

ƘŀƎȅƧŀ ŀ ǾŞƎŦŜƭƘŀǎȊƴłƭƽƪ ƧƻƎƻǎ ƪŞǊŞǎŜƛǘΦ ! 55h{ ǘǵƭǘŜǊƘŜƭŞǎŜƪ łƭǘŀƭłōŀƴ ŀ ǊŜǇǸƭǃǘŜǊŜƪ ƛƴǘŜƭƭƛƎŜƴǎ Lƻ¢ 

ŜǎȊƪǀȊŜƛǘ ŞǊƛƴǘƛ ŀ ƭŜƎƛƴƪłōōΦ [11] 

aŀƭǿŀǊŜ ƪłǊƻǎ ǾƝǊǳǎƻƪΣ ƪŞƳǇǊƻƎǊŀƳƻƪΣ ŦŜǊǘǃȊǀǘǘ ǎȊƻŦǘǾŜǊŜƪ ƪƻƳƻƭȅ ŦŜƴƴŀƪŀŘłǎƻƪŀǘ ƻƪƻȊƘŀǘƴŀƪ ŀ 

ǊŜǇǸƭǃǘŞǊ {/!5! ŦŜƭǸƎȅŜƭŜǘƛ ǾŜȊŞǊƭǃ Şǎ ŀŘŀǘƎȅǼƧǘǃ ǊŜƴŘǎȊŜǊŜƛōŜƴΦ {ǵƭȅƻǎ Ƙŀǘłǎǎŀƭ ƭŜƘŜǘ ƳŞƎ ŀ 

ǊŜǇǸƭǃǘŞǊƛ ƛƴŦǊŀǎǘǊǳƪǘǵǊłǊŀ ƛǎΣ ƳƛǾŜƭ ŀȊ ƛƭȅŜƴ ǎȊƻŦǘǾŜǊŜƪ ǊƻǎǎȊƛƴŘǳƭŀǘǵŀƴ ǾƛǎŜƭƪŜŘƴŜƪΣ ǾƛǎǎȊŀŞƭǾŜ ŀ 

ƪǀǊƴȅŜȊŜǘƛ ƧƻƎƻǎǳƭǘǎłƎƎŀƭ ŀȊƻƴ ŀ ǎȊłƳƝǘƽƎŞǇŜƪŜƴΣ ŀƳŜƭȅŜƪǊŜ ǎƛƪŜǊǸƭ ŦŜƭǘŜƭŜǇƝǘŜƴƛ ŀ ǾŜǎȊŞƭȅŜǎ 

ƪƽŘƻƪŀǘΦ  

IłƭƽȊŀǘƛ Şǎ YƻƳƳǳƴƛƪłŎƛƽǎ ǘłƳŀŘłǎΣ ŀƘƻƭ ƪŞǘŦŞƭŜ ŦƻǊƳłƧŀ ƭŜƘŜǘ ŀȊ ŜƎȅƛƪ ŀŘŀǘǎȊŜǊȊǃ ŀ Ƴłǎƛƪ ǇŜŘƛƎ ŀ 

ƪƻƳƳǳƴƛƪłŎƛƽ ƳŜƎȊŀǾŀǊłǎŀΦ ! ǾŜȊŜǘŞƪ ƴŞƭƪǸƭƛ ƪƻƳƳǳƴƛƪłŎƛƽ ƭŜƘŀƭƭƎŀǘłǎŀΣ ŀȊ ŜƎȅƛƪ ƭŜƎƴŞǇǎȊŜǊǼōō 
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ǘłƳŀŘłǎƛ ŦƻǊƳŀ ǊŜǇǸƭǃǘŜǊŜƪŜƴΣ ǇŞƭŘłǳƭ ŀ ƭŞƎƛ ƛǊłƴȅƝǘłǎ ǊłŘƛƽƧŜƭŜƛƴŜƪ ōŜłǊƴȅŞƪƻƭłǎŀ ǾŀƎȅ 

ƳŀƴƛǇǳƭłƭłǎŀΦ [12] 

{ƻŎƛŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ǇǎȊƛŎƘƻƭƽƎƛŀƛ ƳƽŘǎȊŜǊŜƪŜƴ ŀƭŀǇǳƭƽ ƳŀƴƛǇǳƭŀǘƝǾ ǘłƳŀŘłǎƻƪ ǎƻǊƻȊŀǘŀΣ ŀƳŜƭȅŜƪ 

ŎŞƭǇƻƴǘƧŀƛ ŀ ǊŜǇǸƭǃǘŞǊƛ ŀƭƪŀƭƳŀȊƻǘǘŀƪΦ CǃƪŞƴǘ ŀŘŀǘƘŀƭłǎȊŀǘ ǊƻǎǎȊƛƴŘǳƭŀǘǵ Ŝ-ƳŀƛƭŜƪ ŦƻǊƳłƧłōŀƴ 

ǇǊƽōłƭƴŀƪ ōŜƧǳǘƴƛ ŀ ǊŜƴŘǎȊŜǊŜƪōŜ ŀ ƘŀŎƪŜǊŜƪΣ ƘƻƎȅ ƪƛŎǎŀƭƴŀƪ ƛƴŦƻǊƳłŎƛƽƪŀǘ ŀȊ łƭŘƻȊŀǘƻƪǘƽƭ ǾŀƎȅ 

ƭŜǘǀƭǘŜǘƴŜƪ ǾŜƭǸƪ ǾŀƭŀƳƛŦŞƭŜ ƳŀƭǿŀǊŜ-t.  

IƛǘŜƭŜǎƝǘǃ ŀŘŀǘƻƪ ƳŜƎǎȊŜǊȊŞǎŜ ŀ ǘłƳŀŘƽƪ ƪŞǇŜǎŜƪ ƭŜƘŜǘƴŜƪ ƘƛǘŜƭŜǎƝǘǃ ŀŘŀǘƻƪ ƳŜƎǎȊŜǊȊŞǎŞǊŜ Şǎ ŀ 

ƧƻƎƻǎǳƭǘǎłƎƛ ƧƻƎƻƪ ƪƛǘŜǊƧŜǎȊǘŞǎŞǊŜ ŀ ǊŜǇǸƭǃǘŞǊ ōłǊƳŜƭȅƛƪ ǊŞǎȊŞƴΣ ŀǘǘƽƭ ŦǸƎƎǃŜƴΣ ƘƻƎȅ ƳƛƭȅŜƴ 

ƪƛǘŜǊƧŜŘŞǎǼ ƧƻƎƻǎǳƭǘǎłƎƎŀƭ ǊŜƴŘŜƭƪŜȊƛƪ ŀ ƪƛǎȊŜƳŜƭǘ ŀƭƪŀƭƳŀȊƻǘǘΦ #ƭǘŀƭłōŀƴ ǇƘƛǎƘƛƴƎ ƳƽŘǎȊŜǊǘ 

ŀƭƪŀƭƳŀȊȊłƪ ŀȊ ŀƎǊŜǎǎȊƻǊƻƪΣ ƘƻƎȅ ŀ ǎȊłƳǳƪǊŀ ƳŜƎŦŜƭŜƭǃ ƧƻƎƻǎǳƭǘǎłƎƎŀƭ ǊŜƴŘŜƭƪŜȊǃ ƳǳƴƪŀǾłƭƭŀƭƽǘ 

ƳŜƎǘŞǾŜǎǎȊŞƪΣ ƘƻƎȅ ŜƎȅ ƪŀǘǘƛƴǘłǎǎŀƭ ǳǘŀǘ ƴȅƛǎǎƻƴ ŀ ƪŞƳǇǊƻƎǊŀƳƧǳƪƴŀƪΦ ! ŦŜƭǘŜƭŜǇƝǘŜǘǘ ƪŞƳǇǊƻƎǊŀƳ 

ŀƪǘƛǾƛȊłƭƧŀ ƳŀƎłǘ Şǎ ŦŜƭǘŞǊƪŞǇŜȊƛ ǘƛǘƻƪōŀƴ ŀȊ łƭŘƻȊŀǘ ƧƻƎƻǎǳƭǘǎłƎŀƛǘΦ ! ƪŞƳǇǊƻƎǊŀƳ ǘƛǘƻƪōŀƴ 

ŦƻƭȅŀƳŀǘƻǎŀƴ łǘƪǸƭŘƛ ŀ ōŜƘŀǘƻƭƽƪƴŀƪ ŀ ǎȊǸƪǎŞƎŜǎ ŀŘŀǘƻƪŀǘ Şǎ ƧƻƎƻǎǳƭǘǎłƎƻƪŀǘΣ ŀƳŜƭȅŜƪƪŜƭ 

ƘƻȊȊłŦŞǊƘŜǘƴŜƪ όƴȅƛƭǾłƴ ƧƻƎƻǎǳƭǘǎłƎ ŦŀƧǘłƧłǘƽƭ ŦǸƎƎǃύ ŀ ǊŜǇǸƭǃǘŞǊ ǎȊŜǊǾŜǊŜƛƘŜȊΣ ŀŘŀǘōłȊƛǎŀƛƘƻȊ Şǎ ŀ 

ƭŜǾŜƭŜȊǃ ǊŜƴŘǎȊŜǊƛƘŜȊ ƭłǎŘ мΦ łōǊłƴΦ ! ƪǀǾŜǘƪŜȊǃ ƭŞǇŞǎōŜƴ ƳłǊ ŀ ǎȊŜǊǾŜǊŜƪ Şǎ ŀȊ ŀŘŀǘōłȊƛǎƻƪ 

ŀŘŀǘŀƛōƽƭ ƳŜƎǎȊŜǊŜȊƘŜǘƛƪ ŀ ǘŜƭƧŜǎ ōŜƭǎǃ ƘłƭƽȊŀǘƛ ƘƻȊȊłŦŞǊŞǎǘΣ ŀƳŜƭƭȅŜƭ ƳłǊ ƪŞǇŜǎǎŞ Ǿłƭƭƴŀƪ ƘƻȊȊłŦŞǊƴƛ 

ŀ ǊŜǇǸƭǃǘŞǊ ƻƪƻǎ ŜǎȊƪǀȊŜƛƘŜȊΣ Ƴƛƴǘ ǇŞƭŘłǳƭ ōƛȊǘƻƴǎłƎƛ ƪŀƳŜǊłƪ ǾŀƎȅ ǇƻƎƎȅłǎȊǎȊƪŜƴƴŜǊŜƪ ǎǘōΦ [1] [13]    

! ōŜƭǎǃ ǾŀƎȅ ŜƭōƻŎǎłǘƻǘǘ ŘƻƭƎƻȊƽƪ ǎȊłƴŘŞƪƻǎŀƴ ǾŀƎȅ ǾŞƭŜǘƭŜƴǸƭ ƛǎ ƻƪƻȊƘŀǘƴŀƪ ŀŘŀǘǎȊƛǾłǊƎłǎǘ ŀ 

ōƛȊŀƭƳŀǎ ƛƴŦƻǊƳłŎƛƽƪ ƪƛŀŘłǎłǾŀƭΦ bŀƎȅ ƎƻƴŘƻǘ ƻƪƻȊƘŀǘƴŀƪ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎōŜƴΣ ƻƭȅŀƴ {ǇŜŎƛłƭƛǎ 

ƛƴŦƻǊƳŀǘƛƪŀƛ ƪŞǇŜǎƝǘŞǎǼ ŎǎŀƭƽŘƻǘǘ Ǿƻƭǘ ƳǳƴƪŀǾłƭƭŀƭƽ ƛǎΣ ŀƪƛ Ƨƽƭ ƛǎƳŜǊƛ ŀ ǊŜǇǸƭǃǘŞǊ ōƛȊǘƻƴǎłƎƛ 

ǊŜƴŘǎȊŜǊŜƛǘ ǾŀƎȅ ŜǎŜǘƭŜƎ Ŝƭ ƛǎ ǊŜƧǘŜǘǘ ōŜƴƴŜ ƪłǊƻǎ ƪƽŘƻƪŀǘΦ  

 

мΦ łōǊŀ ! ǘłƳŀŘƽƪ ƧƻƎƻǎǳƭǘǎłƎƘƻȊȊłŦŞǊŞǎŜ ƪŞƳǇǊƻƎǊŀƳƳŀƭ[1] 

Milyen Biztons§gi int®zked®sekkel tal§lkozhatunk a rep¿lŖtereken? 

! Ŏƛƪƪ ǘŜǊƧŜŘŜƭƳŞǊŜ ǘŜƪƛƴǘŜǘǘŜƭ ǊǀǾƛŘŜƴ ŀ ǘŜƭƧŜǎǎŞƎ ƛƎŞƴȅŜ ƴŞƭƪǸƭ ōŜƳǳǘŀǘƧǳƪ ŀ ƭŜƎŦƻƴǘƻǎŀōō ǾŞŘŜƭƳƛ 

ƳƽŘƻƪŀǘ ƪƛŦŜƧŜȊŜǘǘŜƴ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎ ǎŀƧłǘƻǎǎłƎŀƛǊŀ ǀǎǎȊǇƻƴǘƻǎƝǘǾŀΥ 

I#[j½!¢L .L½¢hb{#DΥ ! ǊŜǇǸƭǃǘŜǊŜƪƴŞƭ ƛǎ ƴȅƛƭǾłƴǾŀƭƽ ŀƭŀǇǾŜǘǃ ƛƴǘŞȊƪŜŘŞǎŜƪŜǘ ƳŜƎ ƪŜƭƭ ǘŜƴƴƛΣ Ƴƛƴǘ 

ǇŞƭŘłǳƭ ŀ ǘǼȊŦŀƭŀƪ ōŜŞǇƝǘŞǎŜΣ ǎȊƻƭƎłƭǘŀǘłǎƻƪ ƭŜǘƛƭǘłǎŀΣ ƪƛŜƳŜƭǘ ǇƻǊǘƻƪ ōƭƻƪƪƻƭłǎŀ ǾŀƎȅ ǎȊǼǊŞǎŜΣ  ŦƛȊƛƪŀƛ 

Şǎ ƭƻƎƛƪŀƛ ǎƝƪƻƴ ŜƭƭŜƴǃǊȊǀǘǘ ŦǊƛǎǎƝǘŞǎŜƪ ŜƭǾŞƎȊŞǎŜ ǎǘōΦ !Ȋ Lƻ¢ ōƛȊǘƻƴǎłƎƛ ƪƻŎƪłȊŀǘŀƛƴŀƪ ƪŜȊŜƭŞǎŞǊŜ ŀ 

ǊŜǇǸƭǃǘŜǊŜƪ ŀ tŀƭƻ !ƭǘƻ bŜǘǿƻǊƪǎ ƳŜƎƻƭŘłǎŀƛƘƻȊ Ƙŀǎƻƴƭƽ ƘłƭƽȊŀǘƛ ǎȊŜƎƳŜƴǘłŎƛƽǘ Şǎ Ǿŀƭƽǎ ƛŘŜƧǼ 

ŦŜƴȅŜƎŜǘŞǎ-ŦŜƭƛǎƳŜǊŞǎƛ ƪŞǇŜǎǎŞƎŜƪƪŜƭ ǾŞŘŜƪŜȊƴŜƪΦ ! ōƭƻƪƪƭłƴŎ ǘŜŎƘƴƻƭƽƎƛŀ ōƛȊǘƻƴǎłƎƻǎ Şǎ łǘƭłǘƘŀǘƽ 
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ŀŘŀǘǘłǊƻƭłǎǘ ƪƝƴłƭ ŀ ƪǊƛǘƛƪǳǎ ƭŞƎƛƪǀȊƭŜƪŜŘŞǎƛ ƛƴŦƻǊƳłŎƛƽƪΣ ǇŞƭŘłǳƭ ŀȊ ǳǘŀǎƴȅƛƭǾłƴǘŀǊǘłǎƻƪ Şǎ ŀ ǊŜǇǸƭŞǎƛ 

ŀŘŀǘƻƪ ǎȊłƳłǊŀΦ [14][15] 

Ih½½#C;w;{-9[[9bpw½;{ .ŜƘŀǘƻƭłǎ ƳŜƎŦƛƎȅŜƭǃ ŜǎȊƪǀȊǀƪǀƴ ƪŜǊŜǎȊǘǸƭ ŀ ōŜƘŀǘƻƭłǎ ŞǎȊƭŜƭǃ Şǎ 

ƳŜƎŜƭǃȊǃ ǊŜƴŘǎȊŜǊŜƪ ŎŞƭƧŀ ŀ ǾŞŘŜǘǘ ƘłƭƽȊŀǘōŀƴ ƭŞǾǃ ŜǎȊƪǀȊǀƪƘǀȊ Ǿŀƭƽ ƧƻƎƻǎǳƭŀǘƭŀƴ ƘƻȊȊłŦŞǊŞǎ 

ŞǎȊƭŜƭŞǎŜΦ L5t{Υ LƴǘǊǳǎƛƻƴ 5ŜǘŜŎǘƛƻƴ ŀƴŘ tǊŜǾŜƴǘƛƻƴ {ȅǎǘŜƳ όōŜƘŀǘƻƭłǎ ŞǎȊƭŜƭǃ Şǎ ƳŜƎŜƭǃȊǃ ǊŜƴŘǎȊŜǊύΤ 

IPS: Intrusion Prevention SystŜƳ όōŜƘŀǘƻƭłǎǘ ƳŜƎŜƭǃȊǃ ǊŜƴŘǎȊŜǊύΤ L5{Υ LƴǘǊǳǎƛƻƴ 5ŜǘŜŎǘƛƻƴ {ȅǎǘŜƳ 

όōŜƘŀǘƻƭłǎ ŞǎȊƭŜƭǃ ǊŜƴŘǎȊŜǊύ 

!bha#[L!-;w½;Y9[;{ ƎŞǇƛ ǘŀƴǳƭłǎ ǎƻǊłƴ ǊŜǇǸƭǃǘŞǊŜƴ ƳŜƎǘŀƭłƭƘŀǘƽ ǀǎǎȊŜǎ ǾŞŘŜƴŘǃ ŜǎȊƪǀȊ ƴƻǊƳłƭ 

ǘŜǾŞƪŜƴȅǎŞƎŞǘ ƳŜƎǘŀƴǳƭƧłƪ ŀ ƪǸƭǀƴŦŞƭŜ ŜǊǊŜ ŀ ŎŞƭǊŀ ǘŜǊǾŜȊŜǘǘ  - ǇŞƭŘłǳƭ ŀ /ƻƴǾƻƭǳǘƛƻƴŀƭ bŜǳǊŀƭ 

Network CNN vagy a  Long Short Term Memory Neural Network (LSTM) - modellek, amelyek ezen 

ƛƴŦƻǊƳłŎƛƽƪ ŀƭŀǇƧłƴ ƳƛƴŘŜƴ ŜƭǘŞǊŞǎǘ ǘłƳŀŘłǎƪŞƴǘ ŞǎȊƭŜƭƴŜƪΦ 9ƎȅŜǎ ƪǳǘŀǘłǎƻƪ ǊŜǇǘŞǊƛ ƪǀǊƴȅŜȊŜǘƘŜȊ Ƨƽƭ 

ŀƭƪŀƭƳŀȊƘŀǘƽ ŜǊǃǎŜƴ ƻǇǘƛƳŀƭƛȊłƭǘ 5ŜŜǇ CŜŜŘŦƻǊǿŀǊŘ bŜǘǿƻǊƪ ŀƭŀǇǵ L5{ ƳƻŘŜƭƭǘ ǘŀǊǘłƪ ŜƎȅ 

ƭŜƘŜǘǎŞƎŜǎ ŀƭǘŜǊƴŀǘƝǾłƴŀƪΦ[16] 

Lb/L59b{w9!Y/Lj-¢9w±9½;{ ! ƪǊƛǘƛƪǳǎ ƛƴŦƻǊƳŀǘƛƪŀƛ ŜǎȊƪǀȊǀƪ ƳŜƎŦŜƭŜƭǃ ǎȊƻƭƎłƭǘŀǘłǎƛ ǎȊƛƴǘǊŜ ǘǀǊǘŞƴǃ 

ƘŜƭȅǊŜłƭƭƝǘłǎłǊŀ ǾŞǎȊƘŜƭȅȊŜǘ ŜǎŜǘŞƴ ǘŜŎƘƴƛƪŀƛ ŜƭƧłǊłǎƻƪŀǘ ƪŜƭƭ ƪƛŘƻƭƎƻȊƴƛΣ Ƴƛƴǘ ǇŞƭŘłǳƭ ƪŀǘŀǎȊǘǊƽŦŀ 

ǳǘłƴƛ ƘŜƭȅǊŜłƭƭƝǘłǎƛ ǘŜǊǾΦ 

±;Dthb¢.L½¢hb{#D ½ŜǊƻ ¢Ǌǳǎǘ ŞǊŜǘǘǎŞƎƛ ƳƻŘŜƭƭ ƳŀƎŀǎǎȊƛƴǘǼ ƪƻƴŎŜǇŎƛƽƧłƴŀƪ ƪƛǘŜǊƧŜǎȊǘŞǎŜ ŀ ƭŞƎƛ 

ƪǀȊƭŜƪŜŘŞǎǊŜΦ 

!5!¢¢L¢Yh{N¢#{ TLS: A kvantumkulcs-ŜƭƻǎȊǘłǎƛ όvY5ύ ǇǊƻǘƻƪƻƭƭƻƪ ƪƛƘŀǎȊƴłƭłǎłǾŀƭ ŀ ǊŜǇǸƭǃǘŜǊŜƪ 

ǇłǊŀǘƭŀƴ ǎȊƛƴǘǼ ŀŘŀǘōƛȊǘƻƴǎłƎƻǘ Şǎ ŀŘŀǘǾŞŘŜƭƳŜǘ ŞǊƘŜǘƴŜƪ ŜƭΦ[17]  

¢ǊŀƴǎǇƻǊǘ [ŀȅŜǊ {ŜŎǳǊƛǘȅ ǘƛǘƪƻǎƝǘłǎƛ ǇǊƻǘƻƪƻƭƭΣ ŀƳŜƭȅ ŀȊ ƛƴǘŜǊƴŜǘŜƴ ƪŜǊŜǎȊǘǸƭƛ ƪƻƳƳǳƴƛƪłŎƛƽƘƻȊ 

ōƛȊǘƻǎƝǘ ǾŞŘŜƭƳŜǘΦ ! ¢[{ ŀȊ {{[ ǳǘƽŘŀΦ ! ¢[{ Şǎ {{[ ǇǊƻǘƻƪƻƭƭƻƪ ǘƛǘƪƻǎƝǘƧłƪ ŀ ƘłƭƽȊŀǘƛ ƪŀǇŎǎƻƭŀǘƻƪ 

ǎȊŜƎƳŜƴǎŜƛǘΦ {{IΥ {ŜŎǳǊŜ {ƘŜƭƭ tǊƻǘƻƪƻƭƭΣ ŀƳƛǘ ŜƎȅ ƘŜƭȅƛ Şǎ ŜƎȅ ǘłǾƻƭƛ ǎȊłƳƝǘƽƎŞǇ ƪǀȊǀǘǘƛ ōƛȊǘƻƴǎłƎƻǎ 

ŎǎŀǘƻǊƴŀ ƪƛŞǇƝǘŞǎŞǊŜ ŦŜƧƭŜǎȊǘŜǘǘŜƪ ƪƛΦ 

.L½¢hb{#DL !¦5L¢hY ;{ ¢9{½¢9[;{ ! ǊŜƴŘǎȊŜǊŜǎ ŀǳŘƛǘƻƪ ŀǾŀƎȅ ŀ ǊŜƴŘǎȊŜǊŜƪ ǘŜƭƧŜǎ ƛƴŦƻǊƳŀǘƛƪŀƛ 

łǘǾƛȊǎƎłƭłǎŀ Şǎ ǘŜǎȊǘŜƭŞǎŜ ǎŜƎƝǘŜƴŜƪ ŦŜƴƴǘŀǊǘŀƴƛ ŀ ōƛȊǘƻƴǎłƎƛ ǎȊƛƴǘŜǘ Şǎ ōƛȊǘƻǎƝǘŀƴƛ ŀ ƭŞƎƛƪǀȊƭŜƪŜŘŞǎ 

ƛƴŦƻǊƳłŎƛƽōƛȊǘƻƴǎłƎłǘΦ 

9D¸«¢¢a¯Ym5;{ YL.9w.L½¢hb{#DL {½!Y;w¢pYY9[ bŜƳȊŜǘƪǀȊƛ tƻƭƎłǊƛ wŜǇǸƭŞǎƛ {ȊŜǊǾŜȊŜǘ ŀȊ 

ICAO/A39 is komolyan foglalkozik a rendszeres infƻǊƳłŎƛƽŎǎŜǊŜ ƪƛŀƭŀƪƝǘłǎłǾŀƭ ƻǊǎȊłƎƻƪ ƪǀȊǀǘǘƛ 

ǎȊƛƴǘŜƴΣ ƘƻƎȅ ƘŀǘƘŀǘƽǎŀƴ ǀǎȊǘǀƴǀȊȊŞƪ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎ ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ǎǘǊŀǘŞƎƛłƧłǘΦ [12] 

{½!.#[¸h½#{L a9DC9[9[;{ ! ǊŜǇǸƭǃǘŜǊŜƪ ŀ ммпκнллуκ9Y ŜǳǊƽǇŀƛ ǳƴƛƽǎ ƛǊłƴȅŜƭǾ ǎȊŜǊƛƴǘ 

ƭŞǘŦƻƴǘƻǎǎłƎǵ ƛƴŦǊŀǎǘǊǳƪǘǵǊłƴŀƪ ƳƛƴǃǎǸƭƴŜƪΦ aŜƎ ƪŜƭƭ ƳŞƎ ŦŜƭŜƭƴƛǸƪ ŀ IłƭƽȊŀǘƛ Şǎ LƴŦƻǊƳłŎƛƽǎ 

wŜƴŘǎȊŜǊŜƪ όbŜǘǿƻǊƪ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳύ bL{ н ƛǊłƴȅŜƭǾŜƪƴŜƪΣ 9bL{! LƴǘŜƭƭƛƎŜƴǎ ǊŜǇǸƭǃǘŜǊŜƪ 

ŦǳƴƪŎƛƽƛ Şǎ ŜǎȊƪǀȊŜƛ ŎƝƳǼ ŘƻƪǳƳŜƴǘǳƳŀƛƴŀƪΣ  bŜƳȊŜǘƪǀȊƛ wŜǇǸƭǃǘŜǊŜƪ ¢ŀƴłŎǎŀ łƭǘŀƭ ŀ 

ǎȊŀōǾłƴȅƻǎƝǘƻǘǘ ǿŜōǎȊƻƭƎłƭǘŀǘłǎƻƪǊŀ ǾƻƴŀǘƪƻȊƽ ǊŜƴŘŜƭŜǘŜƛƴŜƪΣ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎƛ ƪǀȊǀǎǎŞƎ łƭǘŀƭ 

ŀƧłƴƭƻǘǘ ƛƴŦƻǊƳłŎƛƽǎ ǎȊƻƭƎłƭǘŀǘłǎƻƪǊŀ ό!/L - !/wL{ύ ǾƻƴŀǘƪƻȊƽ ŜƭǃƝǊłǎƻƪƴŀƪ ǎǘōΦ[18] 

![Y![a!½h¢¢!Y Y;t½;{9 ŀ ƪǀǾŜǘƪŜȊǃ ŦŜƧŜȊŜǘōŜƴ ƭŜǎȊ ǊŞǎȊƭŜǘŜǎŜōōŜƴ ƪƛŦŜƧǘǾŜΦ  
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Szem®lyzet oktat§sa 

aƛǾŜƭ ŀ ǊŜǇǸƭǃǘŞǊ ōƛȊǘƻƴǎłƎŀ ǘŜƪƛƴǘŜǘŞōŜƴ ƛǎ ƪǳƭŎǎŦƻƴǘƻǎǎłƎǵ ǎȊŜǊŜǇŜǘ ƧłǘǎȊƛƪ ŀ ƘǳƳŀƴ ŦŀƪǘƻǊΣ ƝƎȅ ŜƎȅ 

ƪǸƭǀƴ ŦŜƧŜȊŜǘŜǘ ǎȊŜƴǘŜƭǘŜƳ ŜƴƴŜƪ ŀ ǘŞƳłƴŀƪΦ CƻƴǘƻǎΣ ƘƻƎȅ ŀ ƳǳƴƪŀǾłƭƭŀƭƽƪ ƳŜƎŞǊǘǎŞƪ ŀ 

ƪƛōŜǊōƛȊǘƻƴǎłƎ ƭŞǘƧƻƎƻǎǳƭǘǎłƎłǘ Şǎ ǎŀƧłǘ ǎȊŜǊŜǇǸƪŜǘ ŜōōŜƴ ŀ ǎȊƛǎȊǘŞƳłōŀƴΦ YǊƛǘƛƪǳǎ ƛƴŦǊŀǎǘǊǳƪǘǵǊŀ 

ǘŜƪƛƴǘŜǘŞōŜƴ ŦƻƭȅŀƳŀǘƻǎ ƪŞǇȊŞǎŜƪ Şǎ ǎȊƛƳǳƭłŎƛƽǎ ƎȅŀƪƻǊƭŀǘƻƪ ƴŞƭƪǸƭǀƴǀȊƘŜǘŜǘƭŜƴ ŜƭŜƳŜƛ ŀ ŦǀƭŘǀƴ Şǎ 

ŀ ƭŞƎǘŞǊōŜƴ Ǿŀƭƽ ōƛȊǘƻƴǎłƎ ŦŜƴƴǘŀǊǘłǎłƴŀƪΦ ! ǘƻǾłōōƛŀƪōŀƴ ƪƛŜƳŜƭƴŞƪ ŀȊ ƻƪǘŀǘłǎ ƪŜǊŜǘŜƛƴ ōŜƭǸƭ ŜƎȅ-

ƪŞǘ ƪƛƘŀƎȅƘŀǘŀǘƭŀƴ ǾŞŘŜƭƳƛ ŜƭŜƳŜǘΦ 9ƭǎǃƪŞƴǘ ƳŜƎŜƳƭƝǘŜƴŞƳ ŀ YŞǘŦŀƪǘƻǊƻǎ ƘƛǘŜƭŜǎƝǘŞǎ Şǎ ŀ 

ōƛƻƳŜǘǊƛƪǳǎ ŀȊƻƴƻǎƝǘƽƪ ƘŀǎȊƴłƭŀǘłǘΣ Ƙŀ ƭŜƘŜǘ ƪǀǘŜƭŜȊǃ ƧŜƭƭŜƎƎŜƭΦ 9ōōŜ ƴȅƛƭǾłƴ ōŜƭŜǘŀǊǘƻȊƛƪ ŀ ƧŜƭǎȊŀǾŀƪ 

ōƻƴȅƻƭǳƭǘǎłƎŀΣ ŀƘƻƭ - ŀ ƧŜƭǎȊƽ ƪƽŘƻƭłǎłǘ ǾŞƎȊǃ ŀƭƎƻǊƛǘƳǳǎǘƽƭ ŜƭǾƻƴŀǘƪƻȊǘŀǘǾŀ όǊŜƴŘǎȊŜǊŦǸƎƎǃύ - a ƧŜƭǎȊƽ 

ƘƻǎǎȊłǘƽƭ Şǎ ƪƻƳōƛƴłŎƛƽƧłǘƽƭ ŦǸƎƎ ŀ ǊŜƴŘǎȊŜǊ ŦŜƭǘǀǊŞǎŞƴŜƪ ƴŜƘŞȊǎŞƎŜΦ  

IŀǘłǎƪǀǊǀƪ ƳŜƎŦŜƭŜƭǃ ŜƭƘŀǘłǊƻƭłǎŀΣ ǎȊƛƎƻǊǵŀƴ Ŏǎŀƪ ŀȊȊŀƭ ŀ ƘŀǘłǎƪǀǊǊŜƭ ǊŜƴŘŜƭƪŜȊȊŜƴ ŀ ƳǳƴƪŀǾłƭƭŀƭƽΣ 

ŀƳŜƭȅŜǘ ǊŞǎȊŞǊŜ ƳŜƎƘŀǘłǊƻȊƻǘǘ ŀ Ƴǳƴƪłƭǘŀǘƽƛ ƧƻƎƪǀǊ ƎȅŀƪƻǊƭƽƧŀΦ !ƳŜƴƴȅƛǊŜ ƭŜƘŜǘ ŜȊŜƪ ŀ ƘŀǘłǎƪǀǊǀƪ 

L¢ ōƛȊǘƻƴǎłƎōƽƭ ƛǎ ǇǊŜŎƝȊŜƴ ƪǀǊǸƭ ƭŜƎȅŜƴŜƪ ōłǎǘȅłȊǾŀΦ ! ǊŜǇǸƭǃǘŞǊ ƛƴŦƻǊƳłŎƛƽǎ ǊŜƴŘǎȊŜǊŞƘŜȊ Ǿŀƭƽ 

ƘƻȊȊłŦŞǊŞǎ ŜƴƎŜŘŞƭȅŜȊŞǎŜ Ŝƭǃǘǘ ŀ ƧŜƭǀƭǘŜƪŜǘ ŎŞƭǎȊŜǊǼ łǘǾƛƭłƎƝǘŀƴƛ Şǎ ǇǊƽōŀƛŘǃ ŀƭŀǘǘ ŎǎǀƪƪŜƴǘŜǘǘ 

ƘŀǘłǎƪǀǊǘ ŀŘƴƛ ǊŞǎȊǸƪǊŜΦ 

Cƻƴǘƻǎ ƳŞƎ ŀ {ƻŎƛŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ǘłƳŀŘłǎƻƪǊŀ Ǿŀƭƽ ŦŜƭƪŞǎȊƝǘŞǎ ŀȊ !ƭŀǇǾŜǘǃ ǾŞŘŜƭƳƛ ƛǎƳŜǊŜǘŜƪ ƳŜƭƭŜǘǘΦ 

IŀƴƎǎǵƭȅƻȊƴƛ ƭŜƘŜǘƴŜ ŀ ǘƛǘƪƻǎƝǘłǎ ƛǊƻŘŀƛ ǇǊƻƎǊŀƳŎǎƻƳŀƎƻƪōŀƴ ǊŜƧƭǃ ƭŜƘŜǘǃǎŞƎŜƪ ƎȅŀƪƻǊƭŀǘƛ 

ŀƭƪŀƭƳŀȊƘŀǘƽǎłƎłǘΦ ! ǎȊłƳƝǘƽƎŞǇŜƛƪƪŜƭ ƪŀǇŎǎƻƭŀǘōŀƴ ƭŞǾǃ ƭŜǾŜƭŜȊǃ ǇƻǊǘƻƪ ƭŜǘƛƭǘłǎŀ ǾŀƎȅ ǎȊǼǊŞǎŜΣ 

ƛƴǘŜǊƴŜǘ ƘŀǎȊƴłƭŀǘłƴŀƪ ǘŜƭƧŜǎ ȊłǊƻƭłǎŀ ǾŀƎȅ ŀ ǿŜōƻƭŘŀƭŀƪ ƪƻƳƻƭȅ ǎȊǼǊŞǎŜΦ ! ƳǳƴƪŀǾłƭƭŀƭƽƪ ǎŀƧłǘ 

ŜǎȊƪǀȊŜƛƴŜƪ ŜƭƭŜƴǃǊȊŞǎŜ ŀ ƳǳƴƪŀƘŜƭȅƛ ƘłƭƽȊŀǘǊŀ Ǿŀƭƽ ŎǎŀǘƭŀƪƻȊłǎ ŜǎŜǘŞƴ ŀǳǘƻƳŀǘƛƪǳǎ ƭŜǾłƭŀǎȊǘłǎŀ ŀ 

ǊŜƴŘǎȊŜǊǊǃƭ ǎǘōΦ 

Elj§r§srend kidolgoz§sa 

!Ȋ ŜƭƧłǊłǎǊŜƴŘ ƪƛŘƻƭƎƻȊłǎŀ ƪƻƴǘƛƴŜƴǎŜƴƪŞƴǘ Şǎ ƻǊǎȊłƎƻƴƪŞƴǘ ƴŀƎȅ ŜƭǘŞǊŞǎǘ ƳǳǘŀǘƘŀǘΦ 9ƴƴŜƪ 

ŜƭƭŜƴǎǵƭȅƻȊłǎłǊŀ ǘǀōō ǎȊŜǊǾŜȊŜǘ ƛǎ ƭŞǘǊŜƧǀǘǘΣ Ƴƛƴǘ ǇŞƭŘłǳƭ ŀ bŜƳȊŜǘƪǀȊƛ wŜǇǸƭǃǘŜǊŜƪ ¢ŀƴłŎǎŀΣ ŀƳŜƭȅ 

ƪǸƭǀƴŦŞƭŜ ƧƻƎƛ Şǎ ŜƎȅŞō ǎȊŀōłƭȅȊƽƪ ǎŜƎƝǘǎŞƎŞǾŜƭ ŜƎȅǎŞƎŜǎŜōōŞ ǘŜǎȊƛόƪύ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎ ōƛȊǘƻƴǎłƎłǘ Şǎ 

ƳŜƎōƝȊƘŀǘƽǎłƎłǘΦ !Ȋ 9ǳǊƽǇŀƛ ¦ƴƛƽōŀƴ ǎȊŜǊŜƴŎǎŞǊŜ ƴŜƳ Ŏǎŀƪ ŀ ǇƻƭƎłǊƛ ƭŞƎƛ ǎȊłƭƭƝǘłǎ łƭǘŀƭłƴƻǎ 

ōƛȊǘƻƴǎłƎƛ ŀǎǇŜƪǘǳǎŀƛǘ ǎȊŀōłƭȅƻȊȊłƪ ǘǀǊǾŞƴȅƛ ǎȊƛƴǘŜƴΣ ƘŀƴŜƳ ƪƛŦŜƧŜȊŜǘǘŜƴ ŀ ƪƛōŜǊōƛȊǘƻƴǎłƎ ƻƭŘŀƭłǊƽƭ ƛǎ 

ŀȊ ŜƭƳǵƭǘ ŞǾŜƪōŜƴ ƪƛƧǀǘǘŜƪ ƪƻƳƻƭȅ ƛǊłƴȅŜƭǾŜƪΦ ! ƭŜƎŦƻƴǘƻǎŀōō ǳƴƛƽǎ ŘƛǊŜƪǘƝǾŀ ŀ нлнпΦмлΦмуΦ-ǘƽƭ 

ƘŀȊłƪōŀƴ ƛǎ Ƙŀǘłƭȅƻǎ IłƭƽȊŀǘƛ Şǎ LƴŦƻǊƳłŎƛƽǎ wŜƴŘǎȊŜǊŜƪ όbŜǘǿƻǊƪ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳύ bL{ нΣ 

ŀƳŜƭȅ ǊŞǎȊƭŜǘŜǎŜƴ ǎȊŀōłƭȅƻȊȊŀ ŀ ƪǊƛǘƛƪǳǎ ƛƴŦǊŀǎǘǊǳƪǘǵǊłƘƻȊ ǘŀǊǘƻȊƽ ǎȊŜǊǾŜȊŜǘŜƪ  ƪƻŎƪłȊŀǘƛƴŀƪ 

ŦŜƭƳŞǊŞǎŞǘ ƛƴŦƻǊƳłŎƛƽōƛȊǘƻƴǎłƎƛΣ ŀǳŘƛǘƻƪ Şǎ ŜƎȅŞō ƪƛōŜǊōƛȊǘƻƴǎłƎƛ  ƪŞǊŘŞǎŜƪŜǘΦ !Ȋ ŜƭƧłǊłǎǊŜƴŘ ƪŜȊŘŜǘƛ 

ƭŞǇŞǎŜƪŞƴǘ Ŧƻƴǘƻǎ ǘƛǎȊǘłȊƴƛ ŀ ǊŜǇǸƭǃǘŞǊ ƪƻŎƪłȊŀǘƛ ǘŞƴȅŜȊǃƛǘ ƳƛƴŘ ƘŀǊŘǾŜǊ Şǎ ǎȊƻŦǘǾŜǊ ƻƭŘŀƭƻƴΦ 
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нΦ łōǊŀ YƻŎƪłȊŀǘƛ ŘǀƴǘŞǎƘƻȊŀǘŀƭƛ ƪŜǊŜǘǊŜƴŘǎȊŜǊ ƛƴǘŜƭƭƛƎŜƴǎ ǊŜǇǸƭǃǘŜǊŜƪ ǎȊłƳłǊŀΦ [15] 

9Ȋ ƪǀǾŜǘƘŜǘƛ ŜƎȅ ƘƛłƴȅƻǎǎłƎƻƪŀǘ ŦŜƭǘłǊƽ D!t ŀƴŀƭƝȊƛǎΣ ŀƳŜƭȅ ŀ ƪǀǾŜǘƪŜȊǃ ŜƭŜƳŜƪŜǘ ǘŀǊǘŀƭƳŀȊȊŀΥ 

¶ ƘŀǘłǎƪǀǊǀƪ ƪƛŀƭŀƪƝǘłǎŀ ŀ ǊŜǇǘŞǊŜƴ Şǎ ƪǀǊƴȅŜȊŜǘŞōŜƴΣ 

¶ ƳŜƭȅ ƪŀǘŜƎƽǊƛłōŀ ǘŀǊǘƻȊƛƪ ŀ ǎȊŜǊǾŜȊŜǘΚ 

¶ ōƛȊǘƻƴǎłƎƛ ŜƭǾłǊłǎƻƪ ŀȊƻƴƻǎƝǘłǎŀΣ 

¶ ƪƻŎƪłȊŀǘƻƪ ƳŜƎƘŀǘłǊƻȊłǎŀ ŀ ƭŞƎƛ ƪǀȊƭŜƪŜŘŞǎōŜƴΣ 

¶ ƳŜƎƻƭŘŀƴŘƽ ǇǊƻōƭŞƳłƪ ǘŜǊǾŜȊŞǎŜΦ 
Ennek az eƭŜƳȊŞǎƴŜƪ ŀȊ ǀǎǎȊŜŦƻƎƭŀƭłǎłōƽƭ ŜƎȅ ŦƻǊƎŀǘƽƪǀƴȅǾŜǘ ƪŞǎȊƝǘŜƴŜƪΣ ŀƳŜƭȅ ŀ ǊŜǇǸƭǃǘŞǊ ǘłƎŀōō 

ƪǀǊƴȅŜȊŜǘŞǘ ƛǎ ŦƛƎȅŜƭŜƳōŜ ǾŞǾŜ ŀ ƘƛłƴȅƻǎǎłƎƻƪŀǘ Şǎ ŀȊ ŜƭƪǀǾŜǘƪŜȊŜƴŘǃ ŞǾŜƪǊŜ ǎȊƽƭƽ ŀƪŎƛƽǘŜǊǾŜǘ όǇƭΦ 

ŦƻƭȅŀƳŀǘƻƪ ǎȊŜǊǾŜȊŞǎŜΣ ƳǼƪǀŘŞǎ ŘƻƪǳƳŜƴǘłƭłǎŀ ǎǘōΦύ ƛǎ ǘŀǊǘŀƭƳŀȊȊŀΦ !ƳƛƪƻǊ ŜƭƪŞǎȊǸƭǘ ŀ 

ŦƻǊƎŀǘƽƪǀƴȅǾΣ ŀƪƪƻǊ ŀ Ƙŀǘłƭȅƻǎ ƪƛōŜǊǾŞŘŜƭƳƛ ƧƻƎǎȊŀōłƭȅƻƪ Şǎ ǎȊŀōǾłƴȅƻƪ ŜƭǾłǊłǎŀƛǾŀƭ ǀǎǎȊŜ ƪŜƭƭ 

ŜƎȅŜȊǘŜǘƴƛΣ Ƴƛƴǘ ǇŞƭŘłǳƭ ŀȊ ǵƎȅƴŜǾŜȊŜǘǘ ǘŜŎƘƴƛƪŀƛ ƪƻƴǘǊƻƭƭƻƪ ōŜŞǇƝǘŞǎŜ bL{ н ƛǊłƴȅŜƭǾŜƪ ǎȊŜǊƛƴǘΦ  

! ǾŞŘŜƭƳƛ ƛƴǘŞȊƪŜŘŞǎŜƪ ōŜǾŜȊŜǘŞǎŜ ǘŜǊŞƴ ƳŜƎŜƳƭƝǘŜƴŞƳ ŀȊ ƻƪƻǎ ǊŜǇǘŜǊŜƪŜƴ ŀƭƪŀƭƳŀȊƻǘǘ 

ƳŜǎǘŜǊǎŞƎŜǎ ƛƴǘŜƭƭƛƎŜƴŎƛŀΣ ŀ ƎŞǇƛ ǘŀƴǳƭłǎΣ Şǎ ŀ ƳŞƭȅ ǘŀƴǳƭłǎ ƻǇǘƛƳłƭƛǎ ƳŞǊǘŞƪǼ ŦŜƭƘŀǎȊƴłƭłǎłǘΣ ŀŘŘƛƎ 

ƳƝƎ ŀ ǊŜƴŘǎȊŜǊŜƪǊŜ ƎȅŀƪƻǊƻƭǘ Ƙŀǘłǎǳƪ ƎȅƻǊǎ Şǎ ƳŜƎōƝȊƘŀǘƽ ƳǼƪǀŘŞǎŞǘ ǎȊŀǾŀǘƻƭƧłƪΦ 

YǸƭǎǃΣ ŦǸƎƎŜǘƭŜƴ ǎȊŀƪŞǊǘǃƪ ōŜǾƻƴłǎłǾŀƭ ŜƎȅ ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ƪƻŎƪłȊŀǘƪŜȊŜƭŞǎƛ ǇǊƻƎǊŀƳ ŘƻƭƎƻȊƘŀǘƽ ƪƛΣ 

ŀƳŜƭȅ ƳŀƎłōŀƴ ŦƻƎƭŀƭƧŀ ŀ ǎȊłƭƭƝǘƽƪ όōŜǎȊłƭƭƝǘƽƪΣ ŀƭǾłƭƭŀƭƪƻȊƽƪύ ŦƻƭȅŀƳŀǘƻǎ ŘƛƎƛǘłƭƛǎ ƴȅƻƳƻƴ ƪǀǾŜǘŞǎŞǘΣ 

ŀ ƪƻŎƪłȊŀǘƻƪ ōŜŀȊƻƴƻǎƝǘƘŀǘƽǎłƎłǘΣ Ƙŀǘłǎŀƛƴŀƪ ƳƛƴƛƳŀƭƛȊłƭłǎłǘ Şǎ ŀ ōŜƪǀǾŜǘƪŜȊŞǎǸƪ ƳŜƎŜƭǃȊŞǎŞǘ 

YƛƘŀƎȅƘŀǘŀǘƭŀƴ ǀǎǎȊŜǘŜǾǃƪ ŀȊ ŜƭƧłǊłǎǊŜƴŘōŜƴ ŀȊ łƎŀȊŀǘǎǇŜŎƛŦƛƪǳǎ ǊŜǇǸƭǃǘŞǊƛ L.Lw-rendszernek 

όƛƴŦƻǊƳłŎƛƽōƛȊǘƻƴǎłƎƛ ƛǊłƴȅƝǘłǎƛ ǊŜƴŘǎȊŜǊύ ƪƛŞǇƝǘŞǎŜ Şǎ ƳǼƪǀŘŞǎƛ ŦŜƭǘŞǘŜƭŜƛƴŜƪ L{h нтллмΣ bL{¢ {t 

800-ро Şǎ улл-см ǎȊŀōǾłƴȅƻƪ łƭǘŀƭƛ ŜƭǃƝǊłǎƻƪ ōŜǘŀǊǘłǎłǾŀƭΦ ¢ƻǾłōōł ŀȊ ƛƴŎƛŘŜƴǎŜƪ ƘŀǘŞƪƻƴȅ 

ƪŜȊŜƭŞǎŞōŜƴ ƴŀƎȅ ǎȊŜǊŜǇŜǘ ƧłǘǎȊƘŀǘ ŜƎȅ ƪƻǊǎȊŜǊǼ ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ƳƻƴƛǘƻǊǊŜƴŘǎȊŜǊ ƪƛŞǇƝǘŞǎŜ ŀȊ ŜƎŞǎȊ 

ǊŜǇǸƭǃǘŞǊ ǘŜǊǸƭŜǘŞƴΦ 9ȊŜƪ ŀȊ ƛƴǘŞȊƪŜŘŞǎŜƪ Şǎ ƪƛōŜǊōƛȊǘƻƴǎłƎƛ ŦƻǊƎŀǘƽƪǀƴȅǾŜƪ ŀ ǊŜǇǸƭǃǘŞǊƛ 

ƪŞƴȅǎȊŜǊƘŜƭȅȊŜǘƛ ǘŜǊǾŜȊŞǎǎŜƭ Şǎ ŀȊ L/!h wŜǇǸƭǃǘŞǊƛ {ȊƻƭƎłƭŀǘƻƪ YŞȊƛƪǀƴȅǾŞǾŜƭ ƪŀǊǀƭǘǾŜ ƪŜƭƭΣ ƘƻƎȅ 

ƪƛŀƭŀƪƝǘǎŀƴŀƪ ŜƎȅ ǵƧ Şǎ ƳŜƎōƝȊƘŀǘƽ ǊŜƴŘǎȊŜǊǘΦ [19] [20] 

ºsszefoglal§s 

{ȊǸƪǎŞƎŜǎ ŀ ǎȊŜƳŞƭȅȊŜǘ ƳŜƎŦŜƭŜƭǃ ƻƪǘŀǘłǎŀ Şǎ ŀȊ ŜƭƪǸƭǀƴƝǘŜǘǘ ƛƪŜǊ ǊŜƴŘǎȊŜǊŜƪ ƪƛŀƭŀƪƝǘłǎŀΣ ƘƻƎȅ ŀ 

ǘłƳŀŘłǎƻƪƪŀƭ ǎȊŜƳōŜƴ ƛǎ ōƛȊǘƻǎƝǘŀƴƛ ƭŜƘŜǎǎŜƴ ŀ ȊŀǾŀǊǘŀƭŀƴ ƳǼƪǀŘŞǎǘΦ .ƛȊǘƻǎƝǘŀƴƛ kell, hogy a 

ǊŜǇǸƭǃǘŞǊƛ ƛƴŦƻǊƳŀǘƛƪŀƛ ǊŜƴŘǎȊŜǊŜƪƘŜȊ ƘƻȊȊłŦŞǊŞǎǘ ƛƎŞƴȅƭǃ ǎȊŜƳŞƭȅŜƪ ƳŜƎŦŜƭŜƭǃ ƘƻȊȊłŦŞǊŞǎƛ 

ƳŜƎłƭƭŀǇƻŘłǎƻƪŀǘ ƝǊƧŀƴŀƪ ŀƭłΣ ƛƭƭŜǘǾŜ ƘŀǊƳŀŘƛƪ ŦŞƭ ǎȊƻƭƎłƭǘŀǘƽƧłǊŀ ǾŀƎȅ ōŜǎȊłƭƭƝǘƽƧłǊŀ ǾƻƴŀǘƪƻȊƽ 

ǎȊŜƳŞƭȅƛ ōƛȊǘƻƴǎłƎƛ ƪǀǾŜǘŜƭƳŞƴȅŜƪ ƳŜƎƘŀǘłǊƻȊłǎǊŀ ƪŜǊǸƭƧenek. [12] 

! ƎȅƻǊǎ Şǎ ǸȊŜƳōƛȊǘƻǎ ǊŜŀƎłƭłǎ ŜƴƴŞƭ ŀ ƪǊƛǘƛƪǳǎ ƛƴŦǊŀǎǘǊǳƪǘǵǊłƴłƭ ƛǎ ŜƭŜƴƎŜŘƘŜǘŜǘƭŜƴ ŦŜƭǘŞǘŜƭŜ ŀȊ 

ǸȊŜƳōƛȊǘƻǎ ƳǼƪǀŘŞǎƴŜƪΦ 

! ƪƛōŜǊǾŞŘŜƭƳŜƪŜǘ ǵƎȅ ƪŜƭƭ ƳŜƎǘŜǊǾŜȊƴƛΣ ƛƭƭŜǘǾŜ ŀ ƳłǊ ƳŜƎƭŞǾǃǘ łǘŀƭŀƪƝǘŀƴƛΣ ƘƻƎȅ ǎŜƳƳƛƭȅŜƴ 

ƪǀǊǸƭƳŞƴȅŜƪ ƪǀȊǀǘǘ ǎŜ ƭŀǎǎƝǘǎŀ ŀȊ ŜƭǾłǊǘ ǊŜŀƪŎƛƽƛŘǃǘΦ 

Cƻƴǘƻǎ ŜƭǾłǊłǎ ŀ ǊŜǇǸƭǃǘŜǊŜƪ ǸȊŜƳŜƭǘŜǘǃƛǘǃƭΣ ƘƻƎȅ ƪƛŀƭŀƪƝǘǎŀƴŀƪ ŜƎȅ ŜǊǊŜ ŀȊ łƎŀȊŀǘǊŀ ƪƛŞƭŜȊŜǘǘ 

ŜƭƧłǊłǎǊŜƴŘŜǘΣ ŀƳŜƭȅ ǾŀƎȅ ƳŜƎŜƭǃȊƛ ŀ ǘłƳŀŘłǎƻƪŀǘ ǾŀƎȅ ŀ ƳłǊ ōŜƪǀǾŜǘƪŜȊŜǘǘ ƪłǊƻƪ ŜƭƘłǊƝǘłǎŀ 

ŦƻƭȅŀƳŀǘłōŀƴ ǾŀƎȅ ǳǘłƴŀ ƛǎ ǸȊŜƳƪŞǇŜǎŜƴ ƪŜȊŜƭƧŜ ŀ ǊŜƴŘǎȊŜǊ ƘŜƭȅǊŜłƭƭƝǘłǎłǘ Şǎ ŀȊ ŜǎŜƳŞƴȅŜƪŜǘ 

ƳŜƎŦŜƭŜƭǃ ǘǀǊǾŞƴȅƛ ǎȊŀōłƭȅƻȊłǎƻƪ ǎȊŜǊƛƴǘ ŘƻƪǳƳŜƴǘłƭƧŀΣ ƛƭƭŜǘǾŜ ƪƛŞǊǘŞƪŜƭƧŜΦ ¢ƻǾłōōłΣ Ƙŀ 
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ƭŜƘŜǘǃǎŞƎŜƛƪōǃƭ ŀŘƽŘƛƪ ŀƭŀƪƝǘǎŀƴŀƪ ƪƛ ŜƎȅ ǎŀƧłǘ ŜǎŜƳŞƴȅƪŜȊŜƭǃ ŎǎŀǇŀǘƻǘΣ ŀƳŜƭȅ ƴŀƎȅƳŞǊǘŞƪōŜƴ ƘƻȊȊł 

ŦƻƎ ƧłǊǳƭƴƛ ŀ ǘłƳŀŘƽƪ ŜƭƭŜƴƛ ǎƛƪŜǊŜǎ ǾŞŘŜƪŜȊŞǎƛ ƳƻŘŜƭƭŜƪ ƎȅŀƪƻǊƭŀǘƛ ŀƭƪŀƭƳŀȊłǎłƘƻȊΦ 

YǀǎȊǀƴŜǘƴȅƛƭǾłƴƝǘłǎ 

YǀǎȊǀƴŜǘ ŀ bŜȄǘ¢ŜŎƘƴƻƭƻƎƛŜǎ ƪǳǘŀǘƽǾłƭƭŀƭŀǘƴŀƪ Şǎ ŀȊ jōǳŘŀƛ 9ƎȅŜǘŜƳ 9ƎȅŜǘŜƳƛ Yǳǘŀǘƽƛ mǎȊǘǀƴŘƝƧ 

tǊƻƎǊŀƳƧłƴŀƪΣ ŀƳŜƭȅ ƴŞƭƪǸƭ ƴŜƳ ƧǀƘŜǘŜǘǘ Ǿƻƭƴŀ ƭŞǘǊŜ ŀȊ α9ƴŜǊƎƛŀŜƭƭłǘłǎ ƪƛōŜǊǾŞŘŜƭƳƛ ƪŞǊŘŞǎŜƛ 

ǊŜǇǸƭǃǘŜǊŜƪŜƴέ ŎƝƳǼ ƪǳǘŀǘłǎΦ 
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Abstract: Additive Manufacturing (3D printing) and Artificial Intelligence (AI) are two powerful tools that are changing the 

way we make things. While AI has already transformed many industries, its potential in 3D printing is just beginning to be 

realized. 3D printing generates a wealth of data, making it a perfect playground for machine learning. By analysing this data, 

AI can help us optimize the printing process, improve the quality of the final product, and even design entirely new products. 

In this paper, we'll dive into the exciting world of AI and 3D printing, specifically focusing on powder bed fusion technology. 

We'll explore the different types of data generated during the printing process, the complexities associated with this data, and 

how we can leverage AI to overcome these challenges. In the end, we will also show the capabilities of Machine learning by 

predicting the Strength of a Metal additive manufactured product with the help of Supervised Learning models. 

Keywords: Additive Manufacturing; Machine Learning; Artificial Intelligence; Metal Additive Manufacturing  

1 Introduction  

The concept of artificial intelligence (AI) was first introduced by John McCarthy [1], who defined it as 

the ability of machines to demonstrate intelligence. Prior to McCarthy, Alan Turing, a British 

mathematician and computer scientist, delved into the idea of intelligent machines [2]. Through his 

famous imitation game, Turing proposed a logical step-by-step process for analyzing information to 

make decisions that resemble human intelligence. Even earlier, McCulloch and Pitts [3] laid the 

foundation for neural networks by combining their understanding of how neurons work with ideas 

from propositional logic, developed by Russell and Whitehead in Principia Mathematica [4], and 

¢ǳǊƛƴƎΩǎ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǘƘŜƻǊȅΦ 

AI is broadly divided into two main approaches: symbolic (or traditional) intelligence, which focuses 

on solving problems using reasoning and knowledge [5], and computational intelligence, which relies 

on examples and previous data to make decisions [6]. As per IEEE Computational Intelligence Society, 

computational AI includes fields like artificial neural networks, fuzzy systems, and evolutionary 

programming [7]. 

Both symbolic and computational approaches can be developed through methods like machine 

learning (ML), often involving experiments or simulations. AI also branches into areas like automated 

reasoning [8], where computer programs enable machines to presumably reason, enabling them to 

act independently or almost independently. 

Sometimes, machines need to make decisions under uncertain conditions [9, 10]. In such cases, 

decision-making becomes probabilistic rather than deterministic, and advanced methods like fuzzy 

logic [11] and Bayesian statistics [12] play a crucial role in navigating these complexities. 

The most common form of AI is designed to simulate human cognitive characteristics and 

continuously improve its performance over time. While learning and improving come naturally to 

mailto:israr_junaid@yahoo.com
mailto:borsos.doniz@kvk.uni-obuda.hu
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humans, these abilities are the result of millions of years of cognitive and physiological evolution, 

making them incredibly complex processes. For machines to achieve general intelligence, three key 

elements are essential: the capability to handle complex computations, sufficient memory, and 

access to data for learning (Figure 1) [13]. 

 

 

Figure 1 

Factors in AI 

 

For humans to learn, three factors are crucial: memory, computational capability, and access to data. 

Our brains naturally provide the first twoτmemory and the capacity to execute complex 

computations. Similarly, both AI and the human brain rely on data to process information and 

develop learning. 

 

²Ŝ ƻŦǘŜƴ ǘƘƛƴƪ ǿŜΩǾŜ ǊŜŀŎƘŜŘ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ ŎǊŜŀǘƛƴƎ ǘǊǳƭȅ ƛƴǘŜƭƭƛƎŜƴǘ ƳŀŎƘƛƴŜǎ ƛǎ ǇƻǎǎƛōƭŜΦ 

IƻǿŜǾŜǊΣ ǿŜΩǾŜ ƻƴƭȅ ƳŀƴŀƎŜŘ ǘƻ ŀŎƘƛeve weak AI so far, falling short of general or strong AI and 

artificial superintelligence [14]. Modern computers are incredibly fast and capable of handling 

complex computations, as well as storing and recalling the results. Additionally, with the rise of 

digitization, the internet, and media, dataτthe third essential ingredient for AIτis more abundant 

than ever. 

 

Since the idea of AI was first introduced, remarkable progress has been made, thanks to the 

combined efforts of experts from various fields. Philosophers have drawn thought-provoking 

comparisons between the mind of a human and intelligent computing systems. Physiologists, 

neuroscientists, and cognitive scientists have shed light on the way the brain handles information. 

Simultaneously, computer scientists have developed the algorithms, logic, and mathematical tools 

necessary to turn these concepts into reality. 

 

Lƴ ǘƻŘŀȅΩǎ ǿƻǊƭŘΣ ǿŜ ŦǊŜǉǳŜƴǘƭȅ ŎƻƳŜ ŀŎǊƻǎǎ ǘŜǊƳǎ ƭƛƪŜ Řŀǘŀ ǎŎƛŜƴŎŜΣ !LΣ ŀƴŘ a[Σ ōǳǘ ǊŜŎƻƎƴƛȊƛƴƎ ǘƘŜ 

differences between them is crucial. Data science is a broad, interdisciplinary field that uses scientific 
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methods, processes, and algorithms to extract knowledge from data [15]. While it plays a critical role 

in AI, data science has applications far beyond AI. As shown in Figure 2, data science forms the 

foundation for developing data analysis techniques, which are essential for advancing AI. 

 

Figure 2 also highlights machine learning (ML) as a subfield of AI. For machines to become intelligent, 

they need to learn, making ML a critical component of AI. ML is further divided into supervised, 

unsupervised, and reinforcement learning [16]. Within the ML domain, numerous learning algorithms 

exist, with deep learning algorithms being among the most famous and is also a key subset of AI 

development. 

 

 

 

Figure 2 

Factors in AI 

 

Machine learning (ML) can be divided into supervised and unsupervised learning, depending on the 

type of data used. [17]. It involves classifying labeled data and using it to predict trends, which 

determines the output of the model. On the other hand, unsupervised learning works with 

unlabeled, open-domain data, using techniques like data clustering to identify patterns and 

groupings [18]. Reinforcement learning combines aspects of both supervised and unsupervised 

learning, allowing models to learn through trial and Supervised learning relies on labeled historical 

data to train models, enabling them to make predictions and interpret new inputs error based on 
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rewards and penalties [19].  Figure 3 shows a graphical description of the types of Machine Learning 

techniques used.  

 

 

 

Figure 3 

Types of Machine Learning 

 

 

AI has made significant strides across various fields, including speech recognition, autonomous 

vehicles, robotics, gaming, computer graphics, cybersecurity, and spam detection. Manufacturing is 

set to experience transformative changes driven by AI.  

 

!LΩǎ ǊƻƭŜ ƛƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛǎ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǎƳŀǊǘ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǿƘƛŎƘ ǳǎŜǎ ǎŜƴǎƻǊǎ ǘƻ 

gather real-time information. One advanced concept within smart manufacturing is the Digital 

Twinτa digital representation of a physical system. This dynamic, two-way process connects the 

real-world system to its digital counterpart, creating a comprehensive digital footprint of machines, 

processes, or parts [20]. Initially applied to additive manufacturing (AM), the Digital Twin has been 

utilized for process modeling, enabling better predictability and system optimization [21]. For 

instance, Knapp et al. developed a first-generation Digital Twin for laser-based additive 

manufacturing, focusing on factors like temperature, cooling rates, and material deposition geometry 

[22]. Integrating cyber-physical systems with Digital Twin technology has further enhanced ML and AI 

applications in manufacturing. 

 

Additive manufacturing (AM), a fully digital process, stands to benefit significantly from 

advancements in data science, ML, and AI [23]. Every stage of AM, from design to preparation and 

printing, generates vast amounts of data that are difficult for humans to analyze and interpret due to 
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ǘƘŜ ǇǊƻŎŜǎǎΩǎ ŎƻƳǇƭŜȄƛǘy, speed, and enclosed environment [24]. ML can help visualize and model 

this data, improving image recognition and system analysis to enhance process understanding. It also 

supports automating labor-intensive tasks in preparation and post-processing stages, enabling 

smarter planning and decision-making. 

 

For example, ML and AI can optimize process quality by reducing defect rates and enhancing 

feedback controls, which improve overall production. They also facilitate concurrent design, where 

information gathered during manufacturing is used to adapt and refine designs in real time. This 

adaptive approach can achieve goals like reducing residual stress, minimizing weight, and 

strengthening specific areas where defects occur, thereby leading to superior quality. Given the 

highly digital and model-driven nature of additive manufacturing (AM), the application of AI is 

particularly relevant.  

 

1.1 The Machine Learning process 

 

 

 

 

 

 

 

Figure 4 

The Machine Learning process 

 

The machine learning process involves a systematic process in which models are taught to learn from 

data and thereby make predictions or decisions [25]. While it sounds technical, it essentially mirrors 

how we humans learn and improve with experience. A process flow of the Machine learning process 

can be seen in Figure 4. Here's a simplified, humanized breakdown as well [25]: 

1.1.1 Understanding the problem 

Before diving into data or algorithms, it's crucial to define what you're trying to solve. Is it the 

prediction of house prices, identification of  spam emails, or recommendation of movies? Clarifying 

the goal is the foundation of the entire process. 

 

1.1.2 Gathering Data 

Just like a student needs good study materials, machine learning models require quality data. This 

data could come from surveys, sensors, online activity, or historical records. The more relevant and 

diverse the data, the better the model can learn. 
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1.1.3 Data Preparation 

Raw data is rarely perfectτƛǘΩǎ ƻŦǘŜƴ ƳŜǎǎȅΣ ƛƴŎƻƳǇƭŜǘŜΣ ƻǊ ƛƴŎƻƴǎƛǎǘŜƴǘΦ ¢Ƙƛƴƪ ƻŦ ǘƘƛǎ ǎǘŜǇ ŀǎ ǘƛŘȅƛƴƎ 

up before starting a project. Missing values are filled in, outliers are handled, and data is transformed 

into a format the model can understand. You might also pick out the most important pieces of data 

(features) to focus on. 

1.1.4 Choosing models 

Choosing the right machine learning algorithm is like selecting the right tool for a task. For example: 

¶ LŦ ȅƻǳΩǊŜ ǇǊŜŘƛŎǘƛƴƎ ǎƻƳŜǘƘƛƴƎ ǎǇŜŎƛŦƛŎ όƭƛƪŜ ƎǊŀŘŜǎ ƻǊ ǿŜŀǘher), a supervised learning 
algorithm might work best. 

¶ LŦ ȅƻǳΩǊŜ ƎǊƻǳǇƛƴƎ ǎƛƳƛƭŀǊ ƛǘŜƳǎ όƭƛƪŜ ŎǳǎǘƻƳŜǊ ǘȅǇŜǎύΣ ŀƴ ǳƴǎǳǇŜǊǾƛǎŜŘ ƳŜǘƘƻŘ ƭƛƪŜ ŎƭǳǎǘŜǊƛƴƎ 
could be the answer. 

¶ For learning through trial and error (like a robot navigating a maze), reinforcement learning is 
ideal. 

1.1.5 Train the Model 

This is where the magic happens! The model is fed training data, and it starts recognizing patterns 

and relationships. Think of it as a student practicing problems to learn the subject. The goal is for the 

model to improve with each iteration. 

1.1.6 Fine-Tune for Perfection 

Even the best students need some guidance, and models are no different. Adjusting certain settings 

(called hyperparameters) can significantly improve performance. This process is akin to refining a 

recipe by tweaking ingredient quantities until it tastes just right. 

1.1.7 Putting the model to work 

Now comes the exciting partτdeploying the model to solve real-ǿƻǊƭŘ ǇǊƻōƭŜƳǎΦ ²ƘŜǘƘŜǊ ƛǘΩǎ 

recommending songs on a streaming platform or detecting fraud in banking transactions, this is 

where the model makes an impact. 

 

In essence, machine learning is like teaching a very smart student who learns from data instead of 

books. With the right guidance and practice, it can become a reliable decision-maker in countless 

applications. 

1.2 Metal Additive Manufacturing process 

Metal additive manufacturing (AM) can be subdivided into three main types: Powder Bed Fusion 

(PBF), Binder Jet Printing (BJP), and Directed Energy Deposition (DED). From these, Powder Bed 

Fusion is the most widely used and will be the primary focus of discussion here. Powder bed additive 

manufacturing (AM) technologies involve using a laser or electron beam to melt powder layer by 

layer, forming a part based on a computer-aided design (CAD) model. These processes have been 

evolving for decades. The concept of powder bed technologies began in the mid-1980s when Dr. Joe 

Beaman and Dr. Carl Deckard who were working at the University of Texas at Austin, introduced laser 

sintering techniques to the world [26]. Over time, notable progress has been made, particularly 

because of advancements in laser technology, which led to the development of selective laser 
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melting (SLM). European innovators also explored using electron beams instead of lasers for the 

melting process. 

The process starts with a CAD design, which is input into machine software that slices the model into 

layers and creates necessary support structures. Typically, a powder is spread across the build plate 

with a rack, sometimes compacted with a roller. Next, a laser or electron beam heats and melts the 

powder. There are several improvements have been made to refine the process, such as preheating 

the base plate in electron beam machines to reduce part stresses. While additive manufacturing 

ideally creates parts with minimal post-processing, additional steps often become necessary to 

finalize the part for its final application. These steps can include removing the component from the 

foundation plate, taking off support structures, and sometimes polishing or heat treating to alleviate 

any residual stresses. 

 

2 Machine learning in Metal Additive Manufacturing  
The implementation of AI and machine learning (ML) in additive manufacturing (AM) can be better 

understood by dividing it into three stages: pre-process, process, and post-process [27]. The 

categorization is also visible in figure 5. 

In the pre-process stage, ML plays a significant role in areas like design space (which includes 

geometrical design and topology optimization), raw material design, and understanding powder 

properties. For raw material design, recent advancements in ML have enabled accurate predictions 

of material properties and even development of new materials. These advancements make it 

ǇƻǎǎƛōƭŜ ǘƻ ƭŜǾŜǊŀƎŜ !aΩǎ ǳƴƛǉǳŜ ŎŀǇŀōƛƭƛǘƛes to create designs previously impossible. 

However, while ML has shown promise in raw material design, its application in other pre-process 

areas like geometrical design, topology optimization, and powder property analysis is still in its early 

stages. Among these, powder properties remain the least explored field. Each of these aspects will be 

discussed comprehensively in subsequent sections. 

In the processing stage, ML applications can be broadly categorized into two areas: 

1. Experimental work focusing on process monitoring and optimization, and 

2. Simulation studies aimed at achieving similar goals. 
Process monitoring and optimization through experiments have been the focus of thorough 

research. This includes using ML to monitor key parameters and improve the quality and efficiency of 

the AM. 

Use of ML in post-process analysis is a relatively new frontier. Most research in this area has focused 

on linking post-process data (such as final part properties) back to the processing conditions, helping 

to refine and improve the overall manufacturing process. However, this area has not yet been 

extensively studied. A brief overview of ML applications in post-process analysis is provided in the 

subsequent sections. 

By structuring AI applications in AM into these stages, it becomes easier to comprehend how ML 

models are being used to solve the problems of the manufacturing process [28]. 
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Figure 5 

Machine Learning stages in Metal Additive Manufacturing 

 

2.1 Machine Learning in Pre-Process 

At the pre-process stage, machine learning (ML) has already made important strides in the fields of 

materials design. To ease up things, the material design area is often grouped under the broader 

materials domain. Much of the advancement in materials design is driven by the Materials Genome 

Initiative (MGI), a program launched by the U.S. government [29]. The MGI aims to accelerate the 

discovery and design of new materials with specific properties, and ML has played a key role in 

enabling these advancements. MGI applies to a wide range of materials, including the metals and 

alloys commonly used in additive manufacturing (AM) processes. For a deeper dive into how ML is 

transforming materials design, there's an extensive review available in [20]. 

Thanks to databases that house vast amounts of materials data, the field has access to a wealth of 

information, thus, making it convenient for researchers and engineers to predict material behaviors 

and design new materials more effectively. 

Coming to the design space, which includes digital design tools, computer-aided design (CAD), and 

related areas, ML has the potential to revolutionize two key aspects: 

1. User interaction with machines ς AM is expected to become more accessible, even for people 
with little technical experience, from school students to professional engineers [30]. For this 
to happen, the way users interact with AM machines must be simplified, and ML can make a 
big difference. 

2. Design software improvements and integration ς ML can enhance the software used for 
designing and modeling, integrating process characteristics to make the design-to-
manufacture process smoother. 

In particular, ML and AI can change how humans interact with machines, offering more intuitive ways 

to communicate with technology. With the help of image and voice recognition, users could control 

AM machines using verbal commands or visual inputs, rather than relying on complex programming 

steps. This would not only make it convenient for everyday users to engage with AM technology but 

could also expand its applications in fields like medical devices and consumer goods. This kind of 

interaction would make AM more accessible, helping bridge the gap between advanced 

manufacturing and broader societal use. 

AI can play a significant role in improving the use of databases which are online for CAD models. With 

the help of AI, users can easily access and pull designs (such as STL and other CAD files) from the 

internet, leveraging the power of the Internet of Things (IoT) and digital platforms to find available 

designs. This can streamline the design process by making a wider range of resources easily 

accessible. Regarding design software, AI can enhance how software is developed to take full 

advantage of the unique capabilities of additive manufacturing (AM), such as microstructural design 

and the ability to build from the ground up. For example, AI can help create more informed design 

processes that make the most ƻŦ !aΩǎ ŀōƛƭƛǘȅ ǘƻ ŎǊŜŀǘŜ ǇŀǊǘǎ ǿƛǘƘ ǘŀƛƭƻǊŜŘ ƻǊ ŘƛǊŜŎǘƛƻƴŀƭ ǇǊƻǇŜǊǘƛŜǎΦ 

This could lead to a revolution in design optimization, enabling the development of software that can 

automatically adapt designs for better performance. 
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In more recent advancements, the concept of parallel design has emerged, where the design is 

continuously adjusted during the manufacturing process. This approach allows the design to adapt in 

real-ǘƛƳŜ ǘƻ ǊŜŘǳŎŜ ƛǎǎǳŜǎ ƭƛƪŜ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƻǊ ŘŜŦŜŎǘǎΦ ¢ƻ ƳŀƪŜ ǘƘƛǎ ǿƻǊƪΣ ƛǘΩǎ ŎǊǳŎƛŀl to examine 

the impact of different design parameters on their development. Additionally, an in-situ process 

monitoring feedback loop is essential, allowing the process to gather real-time data and inform 

design adjustments on the fly. This integration of AI, real-time monitoring, and design optimization 

has the potential to significantly enhance the capabilities and efficiency of AM. 

2.2 Machine Learning during Process 

Like in many other fields, applying AI to the additive manufacturing (AM) process relies on having 

well-developed machine learning (ML) programs and access to quality data for training. In-situ 

monitoring and process learning in AM is a relatively recent development. Today, several companies 

and equipment providers offer systems capable of capturing real-time monitoring data during the 

AM process. 

On the research side, ML has been applied to various aspects of process optimization, control, and 

customization. Key areas of focus include reducing defect density, identifying and addressing local 

defects, managing internal stresses generated, ensuring design and dimensional accuracy, and 

understanding microstructural variability, among others. 

Managing these parameters is no easy task, as countless variables influence the outcome. While 

process parameters like temperature, speed, or laser power can be adjusted, factors such as part 

geometry, material type, design complexity, and environmental conditions play important roles. 

Many of these variables are difficult to control and often act as "noise" or secondary factors, with 

their effects only becoming visible over time through accumulated data and analysis. 

The scientific literature contains a wealth of data on how these variables interact and impact the AM 

process [31-32]. ML can be a tool for unravelling these complex relationships, enabling us to predict 

outcomes more accurately by learning from both controllable and uncontrollable variables. This 

ability to integrate vast data and uncover patterns makes ML indispensable in pushing AM toward 

more precise and reliable results. 

In additive manufacturing (AM), various types of algorithmsτsupervised, unsupervised, and 

reinforcement learningτhave all been applied to optimize processes [33-37]. Unsupervised and 

reinforcement learning algorithms are capable of learning from the process in real time, detecting 

patterns and modifying parameters during the build process to minimize errors, reduce defects, or 

customize the material's microstructure. For this to work effectively, local monitoring and real-time 

data processing are critical, as they allow immediate feedback and adjustments during the 

manufacturing process. 

This approach requires the collection of vast data, rapid analysis, and substantial storage capacity. 

Additionally, in cases where deterministic methods (predictable, rule-based approaches) fall short, 

statistical analysis might be necessary to make decisions on probabilities. While this process can be 

challenging due requirement for high-speed data collection and analysis, it can however be a good 

way to optimize processes. Using local data collection and real-time corrections can help eliminate 

inconsistencies that arise from machine-to-machine differences or test-to-test variations. 

However, certain factors, like the spatial distribution of powder, are inherently unpredictable and 

cannot be precisely replicated. Quantifying these random variables can be quite difficult. Despite 

this, the ability to analyse and adapt in real-time offers a promising way to explore new processes, 
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materials, and manufacturing techniques, paving the way for innovations in areas that were 

previously unexplored or difficult to approach. 

Supervised learning can also be employed in additive manufacturing (AM) by utilizing historical, 

labelled data to optimize and fine-tune the process. However, several challenges persist in this area, 

particularly regarding the types of data used, how it is standardized, and issues surrounding data 

storage and sharing. While machine manufacturers often have access to vast databases that could 

aid in process optimization, the proprietary nature of this data limits its widespread sharing with the 

research community. 

In addition, there is variability in data being collected, which can lead to inconsistencies in reliability 

and accuracy. This variability makes it difficult to replicate results or apply it to process learning 

across a wide range of machines and materials. 

Over the past decade, the field of in-situ monitoring in AM has grown significantly. This is because 

the process itself is dynamic and has the potential to improve during the build. In-situ monitoring can 

provide useful insights in two main ways: first, by offering data to gradually improve the process over 

multiple runs, and second, by enabling real-time adjustments within a single build, provided the data 

can be processed quickly enough to provide feedback to the machine. 

 

Most research in in-situ monitoring focuses on improving the quality of final parts. Numerous review 

articles [38-39] have been published in recent years, summarizing the extensive body of literature in 

this area. One notable example is from the National Institute of Standards and Technology (NIST) 

highlights the measurement science requirements for real-time control in additive manufacturing, 

with a particular focus on powder bed fusion processes [40]. 

Process improvement is a critical concern in industries like aerospace, where the quality of parts is 

important. One of the challenges being addressed through in-situ improvements is the occurrence of 

discontinuities during the manufacturing process. Moreover, surface roughness and the mechanical 

properties of the finished part are key considerations. Given the intricacy of additive manufacturing 

(AM), especially in powder bed fusion processes, more than 50 parameters have been recognized as 

factors influencing the final result [41]. 

Numerous studies have concentrated on experimentally optimizing the AM process, aiming to 

develop a holistic optimization strategy [41]. However, substantial variability among machines and 

operators makes it challenging to implement these optimizations universally [42]. Another 

challenge is that every new material requires its own optimization process. This makes it difficult to 

generalize the results of one optimization study to other machines, materials, or users. 

²ƛǘƘ ǎƻ Ƴŀƴȅ ǾŀǊƛŀōƭŜǎ ŀǘ Ǉƭŀȅ ŀƴŘ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƳŀŎƘƛƴŜǎ ŀƴŘ ƻǇŜǊŀǘƻǊǎΣ ǘƘŜǊŜΩǎ ŀƴ 

increasing need for monitoring systems that can work alongside machine learning to continuously 

adapt and improve processes on the spot. This is especially crucial when it comes to creating 

consistent standards. For example, materials used in aerospace have to meet much higher quality 

standards compared to those in other industries, ensuring safety and reliability. 

In powder bed fusion processes, a significant portion of research has been dedicated to in-situ 

temperature measurements using various technologies [43]. Many of the techniques currently in use 

rely on thermal or optical imaging methods. Many of the techniques used today depend on thermal 

or optical imaging methods. One of the most cutting-edge approaches is ultra-fast synchrotron x-ray 

imaging, which provides valuable insights into both the surface and internal structure of the material 
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as it undergoes processing [44]. Other studies have focused on measuring surface quality or 

dimensions of the parts. To simplify this discussion, these research areas can be divided into specific 

categories, which are explored in detail in the subsequent sections. 

1. Defect Detection and Correction: This involves identifying and addressing issues like cracks, 
voids, or other imperfections that can arise during the build process. Detecting these defects 
early allows for immediate corrections, leading to improved part quality and performance. 

2. Reducing Residual Stresses and Failure During and After Build: Residual stresses, which form 
during the AM process because of temperature gradients, can cause parts to warp or fail. By 
keeping track of and managing these stresses, we can enhance the structural integrity of the 
final part, both during production and afterward. 

3. Microstructural Design: This focuses on tailoring the internal materials structure to achieve 
desired properties, such as strength, flexibility, or thermal conductivity. By controlling factors 
ƭƛƪŜ ŎƻƻƭƛƴƎ ǊŀǘŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭ ŘŜǇƻǎƛǘƛƻƴΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛƳǇǊƻǾŜ 
the final part's performance. 

These categories represent key areas where advancements in in-situ monitoring and machine 

learning can greatly enhance the quality, performance, and reliability of parts produced through 

additive manufacturing. 

2.2.1 Defect detection and reduction 

Detecting and correcting defects is a major area of research in additive manufacturing (AM), 

particularly for critical applications like aerospace, where defects could cause early failure or even 

catastrophic damage. In AM, defects can be identified and prevented in real-time during the build 

process, thanks to its bottom-up nature, which allows for in-situ monitoring [45]. One area of 

particular interest has been monitoring the temperature of the molten pool, as it is closely linked to 

the generation of defects. For years, manufacturers and researchers have aimed to measure this 

temperature, and with support from the U.S. government, companies have developed tools like 

infrared (IR) cameras to measure the temperature of the molten pool during the process. However, 

while temperature data is valuable, it doesn't directly indicate defects; instead, it must be correlated 

with defects through process learning. 

For instance, image processing methods have been applied to detect defects during the build 

process. Gobert et al. applied layer-wise images and linear support vector analysis to categorize 

pixels as "flaw" or "nominal" formation [37]. After the build, CT scan images were used to link these 

flaw locations to the images taken during the process. However, this method faces challenges, like 

the difficulty in accurately aligning the coordinates of flaws from in-situ images with those from post-

build scans, particularly when residual stresses cause the part to expand after being removed from 

the machine. 

Another approach was demonstrated by Caggiano et al., who used a bi-stream deep convolutional 

neural network (DCNN) instead of a binary classifier [34]. This method analyzes images taken before 

and after powder spreading and after each layer of selective laser melting (SLM), allowing for a 

deeper understanding of the surface irregularities in the powder spread. Their system achieved 

99.4% accuracy in detecting defective conditions. 

In addition to optical imaging, some researchers have turned to infrared imaging and melt pool 

dimensions to detect defects. By combining infrared cameras with machine learning algorithms like 

K-nearest neighbor (KNN), support vector machines (SVM), and decision trees (DT), these systems 

can monitor the melt pool and identify potential porosity in parts. In one study, KNN was found to be 
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the most accurate at classifying molten pools as either defective or non-defective, while DT 

performed better at predicting false positives (normal melt pools mistakenly classified as defective).  

Further research has also looked at plume and splatter characteristics to determine the melt pool 

geometry and defects [46]. By using a Deep Belief Network combined with near-infrared imaging, 

researchers were able to identify five distinct melting states with 83% accuracy. 

Another innovative approach involves using acoustic emission signals in conjunction with 

convolutional neural network (CNN) analysis to assess part quality [47]. Researchers varied machine 

settings to produce different pore densities and then collected the acoustic emissions during the 

process. These signals were transformed into images, which were then used to train the network. 

The results revealed classification of accuracies of 83%, 85%, and 89% for poor, medium, and high-

quality parts, respectively. 

As evident from these examples, there are many different ways to detect defects in AM, with some 

methods using direct measurements (like acoustic emission) and others using indirect measurements 

(like temperature). Direct defect quantification has the benefit of reducing the errors that come from 

interpreting and processing data. When selecting machine learning algorithms for defect detection, 

researchers must consider factors such as accuracy, speed, requirements of memory, and time of 

traning [48]. Algorithms like SVM, linear regression, and some neural networks can make quick 

predictions, while more complex methods like KNN and ensemble models may require more time but 

offer greater accuracy [49]. Choosing the right method is essential for developing effective machine 

learning models for AM defect detection [48]. 

2.2.2 Reducing residual stresses 

Detecting physical defects like voids, cracks, or un-melted powder, imaging and acoustic methods 

have proven to be reliable techniques [50]. However, identifying stresses and strains that develop in 

the material is much more challenging, as these are not visible through visual inspection. Stresses 

themselves cannot be directly measured; only strains, which are a result of these stresses, can be 

quantified. In AM processes, measuring these strains is especially challenging due to high 

temperatures, fast process speeds, vibrations, and other factors that influence the material during 

production. Traditional strain measurement methods, like strain gauges or extensometers, require 

direct contact with the part, which can be problematic in the AM environment. 

Non-ŎƻƴǘŀŎǘ ƳŜǘƘƻŘǎ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǎǘǊŀƛƴΣ ǎǳŎƘ ŀǎ aƻƛǊŞ ƛƴǘŜǊŦŜǊƻƳŜǘǊȅ ώрм], digital image 

correlation [52], laser measurements [53], x-ray diffraction [54], convergent electron beam 

diffraction [55], and neutron diffraction [56] (which measures residual stress by assessing lattice 

distances in strained materials), have been used in conventional manufacturing. However, these 

methods have not yet been widely applied to additive manufacturing. This gap highlights the 

requirement for new approaches and innovations to measure and manage stresses and strains in AM 

parts, given the unique challenges present. 

These measurement techniques are often highly sensitive to environmental factors such as 

temperature and vibration, which can make accurate readings difficult. Currently, No strain 

measurement methods specifically adapted for in-situ use within the AM build chamber are 

available. Among the techniques mentioned, x-ray diffraction and electron beam diffraction show the 

most promise, particularly in laser powder bed and electron beam powder bed processes, since 

lasers and electron beams are already used to melt the material in these methods. 

Given the challenges and limited experimental data regarding stress and strain measurements during 

the AM process, the most likely path to effective and accurate machine learning (ML) applications in 
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this area is through simulation and modelling or by leveraging historical data from post-process 

measurements. Simulations have proven to be valuable, especially when direct experiments are not 

possible. High-fidelity, physics-based simulations can help us understand the impact of different 

process parameters on the formation of solid structures, residual stresses, and material deformation. 

The insights gained from these simulations can inform and refine ML algorithms. The effectiveness of 

these simulations can be validated by comparing the predicted stresses or deformations with 

experimental results. A continuous improvement loop combining computational simulations and 

experimental data will help train the ML algorithms more efficiently and accurately. 

Over the past decade, the capabilities of simulation in manufacturing have greatly advanced, 

allowing for multi-physics and multi-scale modelling of processes [57]. We can now simulate the 

elastic and plastic behaviour of materials at various temperatures and integrate this with models of 

metallurgical changes and phase transformations. This progress offers valuable insights, helping to 

lessen the dependence on experimental testing. 

An emerging area of research is simulation-assisted machine learning (ML), which aims to reduce the 

need for experimental data by using simulations to train ML algorithms [58]. This approach has 

garnered significant attention in multiple fields, such as biomedical applications, gaming, and 

manufacturing. 

There are two main approaches when combining ML and simulations. The first involves using 

simulations as a data source to improve training, particularly when the available data is either limited 

or unrepresentative [59]. This approach is usually used to augment datasets for better model 

performance. In the second scenario, the process is reversed: ML is used within simulations to 

optimize and save computational resources. For example, simpler surrogate models can replace 

more complex simulations. In manufacturing, a study focused on weld distortion used a surrogate 

model to approximate weld behaviour. This approach was designed to avoid running a full simulation 

ŦƻǊ ǘƘŜ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǇƻǘŜƴǘƛŀƭ ǿŜƭŘ ƻǊƛŜƴǘŀǘƛƻƴǎΦ ¢ƘŜ ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭΩǎ Řŀǘŀ ǿŀǎ ǘƘŜƴ ŎƻƳōƛƴŜŘ 

with the full simulation to identify factors contributing to weld distortion, demonstrating how ML can 

streamline and enhance simulation processes. 

2.2.3 Microstructural Design 

When parameters are not intentionally controlled to influence the microstructure of parts made 

through powder bed additive manufacturing (AM), the resulting microstructure typically forms as a 

columnar structure [60]. This occurs because of the re-melting and solidification of successive layers, 

with grains growing in alignment with the build orientation due to the epitaxial growth process. 

However, one of the important advantages of the AM powder bed process is the ability to control 

temperature and thermal gradients, which directly influence the grain growth and orientation. By 

adjusting these factors, it becomes possible to deliberately control the microstructure of the parts 

being produced [61]. 

Studies have been conducted to alter this columnar microstructure, aiming to produce a more 

equiaxed structure by adjusting the thermal gradient-to-solidification rate ratio during the build 

process. Additionally, recent studies have focused on controlling the formation of specific phases 

during the additive process, offering another unique opportunity for fine-tuning the material 

properties. A comprehensive review on metallurgy and mechanistic models used in AM and machine 

learning (ML) highlights how these technologies can be leveraged to create unique parts [62]. This 

includes single crystal metallic parts, such as turbine blades, which are crucial for high-performance 

applications, and for parts with tailored properties like crankshafts (soft core with a hard surface) or 

metal matrix composites that balance ductility and strength [63] . 
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The ability to design and control microstructure is one of the benefits of AM, particularly in powder 

bed processes. This is especially important in applications that involve cyclic loading and high 

temperatures, such as turbine blades in jet engines. In these applications, controlling the 

microstructure to produce single crystal materials is essential for minimizing fatigue and creep 

damage, which enhances the component's lifespan. Traditionally, production of single crystal 

materials is a costly and complex process, but AM offers a more efficient alternative. Early on, 

researchers recognized that AM's ability to precisely control microstructure could revolutionize the 

production of single crystal turbine blades. 

By varying process parameters locally, researchers can also control site-specific grain growth, 

tailoring the material's properties exactly where they are needed. This concept was first explored in 

depth by scientists at Oak Ridge National Laboratory, where they successfully manipulated the 

process parameters to control the local microstructure, allowing for the producing of parts with 

highly customized material properties [64]. 

A recent breakthrough study has demonstrated that single crystal materials can now be produced 

using additive manufacturing (AM), specifically through advanced scanning strategies, geometry 

control, and ŀ ǎǇŜŎƛŀƭ ǇŀǊŀƳŜǘŜǊΣ ҡ-Helix setting in electron beam melting (EBM) machines [65]. The 

ҡ-Helix parameter is a variation of the multi-passing technique, enabling the control of the 

solidification process by forming paths that resemble a microscopic helix at the micrometre scale. 

As AM machine technology continues to evolve and processes become more controllable, the 

potential for integrating machine learning (ML) into the design and creation of new grain structures 

grows. However, monitoring grain structure in real-time during the build process remains a 

significant challenge. Traditionally, grain orientation is assessed using electron backscatter diffraction 

(EBSD), a highly detailed and complex microscopic technique. Due to its meticulous nature, EBSD is 

not yet good for in situ monitoring that could feed unsupervised learning data into ML models. 

Other technologies, like x-ray microscopy, hold promise for in situ grain structure monitoring, but 

they are limited by factors such as specimen size view of the field [66]. As a result, the necessary data 

for ML applications aimed at refining and designing grain structures can currently only be gathered 

through post-build characterization of microstructures of the parts. This data is crucial for supervised 

learning, allowing ML algorithms to improve and optimize the design of microstructures in AM 

processes. 

2.3 Machine Learning during Post-Process 

Usage of machine learning (ML) and artificial intelligence (AI) in post-processing of AM parts has 

been limited. This is due to the fact that once the parts are built, opportunities for in situ control and 

improvement are essentially lost. However, information from the post-processing stage can still be 

useful to optimize future builds. Factors like defect density, surface roughness, dimensional accuracy, 

and reliability indices such as fatigue strength can often be tracked to the initial design, material 

choices, and process conditions. 

Cyclic fatigue, especially thermo-mechanical fatigue, is a key reliability concern in many AM 

applications. For instance, parts used in jet engines, which experience cyclic loading, are highly prone 

to fatigue failure. As AM is more and more used in aerospace, fatigue becomes an even more critical 

factor. To tackle this, some researchers have used ML to optimize the long-term behaviour of 

materials by analysing the process parameters. As an example, an adaptive neuro-fuzzy inference 

system was trained using literature data to predict the fatigue strength of stainless steel [67]. Other 
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studies have focused on using ML to predict the fatigue of AM parts based on theoretical models and 

the defects formed during the manufacturing process [68]. 

Fatigue life of parts is significantly influenced by the microstructure and the defects that form during 

production, such as porosity and surface defects. Powder bed processes are particularly susceptible 

to these types of defects, which has led to numerous studies examining porosity as an important 

quality indicator. X-ray tomography is now mainly used to check porosity and defect density. Much of 

the research at this stage has focused on applying ML algorithms to optimize the generation and 

interpretation of X-ray tomography images [69]. For example, one study used micrographs of 

metallic parts made with laser powder bed processes to train an ML algorithm to classify different 

types of porosity [70]. 

To address the limitations and costs of in situ monitoring tools, some researchers have use statistical 

analysis to find the relationship between downstream mechanical properties and the process inputs. 

One study found that the part location and post-chamber pressure drop had a significant impact on 

the mechanical properties of the finished parts [71]. 

Given the importance of surface roughness and microstructural variations in the long-term 

performance of AM parts, there is potential for applying ML in evaluating these process outcomes. 

However, research in these areas is still limited. 

 

3 Summary and Conclusions 
Additive Manufacturing (AM) has great potential to benefit from the integration of machine learning 

(ML) and artificial intelligence (AI). While some advancement has been made, the widespread 

integration of AI into AM processesτmaking them as commonplace and efficient as other 

manufacturing techniquesτis still a long way off. AI can drive improvements in process optimization, 

design correlation, design enhancement, defect reduction, and microstructural design in AM. While 

the current approaches developed for other manufacturing processes can certainly benefit AM, the 

biggest challenge at present lies in the availability and reliability of data needed to train ML 

algorithms. 

The experimental data available from the research community or AM manufacturers are often 

inconsistent, and in a lot of cases, not publicly accessible. To develop effective ML algorithms for AM, 

it is crucial to establish reliable systems for data collection, storage, and sharing. There are significant 

discrepancies in the types of experiments being conducted and the data generated, so it is important 

for the manufacturing community to create a single platform for storing and sharing data. For the 

data to be truly useful and for ML algorithms to perform effectively, the conditions under which the 

data is generated needs to be documented and shared. This should include key information such as 

parameters, detailed specifications of raw materials (e.g., powder or feedstock), material properties 

(e.g., flowability of powder, particle size), and machine types used, as well as any other relevant data 

to help recreate and label the data accurately. 

Moreover, the inherent challenges of AM, such as high temperatures and high-speed processes, 

make it difficult to monitor the process effectively. Most existing technologies rely on thermal or 

optical imaging to check the surface of the material; however these methods often fail in providing 

information about the material's depth. There is a pressing need for advanced tools that can monitor 

a multiple range of parameters and conditions in real time with high accuracy and speed. For 

instance, defect detection, ability to produce 3D images of the build during the process, and 

monitoring of microstructure and grain orientations remain areas that are not completely realized 
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yet. These challenges present exciting opportunities for a dedicated and innovative community to 

address. 
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Absztrakt: 

Az elŖzŖ, 2023. ®vi XXXIX. Kand· konferenci§ra ²rt ĂEgy kihalt mesters®g ï A v²zimoln§rokò cikkem folytat§sak®nt a mostani 

elŖad§somat a v²zimoln§rok legfontosabb eszkºzeirŖl ®s szersz§mair·l sz·l. Az elŖzm®ny cikkben a moln§rmesterek tud§s§t 

16 pontban foglaltam ºssze. E tapasztalat §tad§s§hoz, az oktat§s§hoz is ®rteni¿k kellett. A gyakorlati oktat§s mindig a 

szersz§mok eszkºzºk ismeret®vel kezdŖdºtt, mivel, ha a mester elk¿ldte az inast, vagy tanoncot a kritikus pillanatban a 

Lºscheimer-®rt (olt·veder®rt), akkor annak tudnia kellett mi az ®s hol keresse. A munkafolyamatok megismer®se ®s elsaj§t²t§sa 

gyakran ®vekbe, ®vtizedekbe telt. Mire mesterei lettek a szakm§nak ®s elk®sz²tett®k a mestermŤvet valamint sikeresen letett®k 

a mestervizsg§t, elsaj§t²tott§k ®s ismert®k a munk§t ®s a haj·®p²t®st, malom¿zemeltet®st, karbantart§st, eszkºz ®s 

szersz§mhaszn§lat fort®lyait. A v²zimoln§rok a v²z hajtotta ŖrlŖ ®s szit§l· berendez®sen k²v¿l, szinte kiv®tel n®lk¿l 

k®ziszersz§mokat, eszkºzºket haszn§ltak. EgyszerŤ g®peiket is saj§t maguk hajtott§k. A v²zimoln§r-mesterek a munk§juk ®s a 

malmuk elk®sz²t®s®hez haszn§lt eszkºzºket megbecs¿lt®k, mivel gyakran apjuk, nagyapjuk szersz§mait haszn§lt§k. 

ƪǳƭŎǎǎȊŀǾŀƪΥ ǎȊŜǊǎȊłƳƻƪΣ ǾƝȊƛƳƻƭƴłǊΣ ƛǇŀǊǘǀǊǘŞƴŜƭŜƳ 
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1 Bevezet®s 

9ƭǃȊǃ ŎƛƪƪŜƳōŜƴ ƭŜƝǊǘŀƳ ŜƎȅ ƪƛƘŀƭǘ ƳŜǎǘŜǊǎŞƎ ŀ ǾƝȊƛƳƻƭƴłǊƻƪΣ ǾŀƭŀƳƛƴǘ ŀ ƭŜƎŦƻƴǘƻǎŀōō αƪŜƴȅŞǊŀŘƽέ 

szeǊǎȊłƳǳƪ ŀ ƘŀƧƽƳŀƭƻƳ ǘǀǊǘŞƴŜǘŞǘΣ ŀ ǎȊŀƪƳłƧǳƪ ŦŜƧƭǃŘŞǎŞǘΣ ǘǸƴŘǀƪƭŞǎŞǘ Şǎ ƪƛƘŀƭłǎłǘΦ 

WŜƭŜƴ ŎƛƪƪŜƳōŜƴ ŀ ǘƻǾłōōƛ ŜƳƭŞƪłƭƭƝǘłǎ ƳŜƭƭŜǘǘ ǊŞǎȊƭŜǘŜǎŜƴ ƭŜƝǊƻƳΣ ƘƻƎȅ ŀ ƘŀƧƽƳŀƭƻƳ ƪŞǎȊƝǘŞǎŞƘŜȊ Şǎ 

ǸȊŜƳŜƭǘŜǘŞǎŞƘŜȊΣ ƪŀǊōŀƴǘŀǊǘłǎłƘƻȊ ƳƛƭȅŜƴ ǎȊŜǊǎȊłƳƻƪŀǘ ƘŀǎȊƴłƭǘŀƪΣ ƳŜǊǘ ŜƎȅ ƛƭȅŜƴ ǎȊŜǊǎȊłƳ ƴŜƳ 

Ŏǎŀƪ ŜƎȅΣ ŘŜ ŀƪłǊ ǘǀōō ƴŜƳȊŜŘŞƪƴŜƪ ƘŀǎȊƴłƭŀǘłǳƭ ǎȊƻƭƎłƭǘΦ ! Ƴŀƛ ƛŘǃƪōŜƴΣ ŀƳƛƪƻǊ ŀ ǎȊłƳƝǘƽƎŞǇΣ ŀ 

ǘŜƭŜŦƻƴΣ ŀ /b/ ƎŞǇŜƪ ŀ ƳŜǎǘŜǊŜƪ ŜƭƘŀƎȅƘŀǘŀǘƭŀƴ ŜǎȊƪǀȊŜƛΣ ŀ ǾƝȊƛƳƻƭƴłǊƻƪ Ŏǎŀƪ ƪŞȊƛ ŜǎȊƪǀȊǀƪŜǘ 

ƘŀǎȊƴłƭǘŀƪΦ 

aƻǎǘ ŜƎȅ ƪǳǘŀǘłǎǎŀƭ ōƛȊƻƴȅƝǘƻǘǘΣ ŘŜ ƳŞƎƛǎ ƪƛǘŀƭłƭǘ ǘǀǊǘŞƴŜǘŜƴ ƪŜǊŜǎȊǘǸƭ ǎȊŜǊŜǘƴŞƳ ōŜƳǳǘŀǘƴƛ ŀ 

ǾƝȊƛƳƻƭƴłǊƻƪ ǎȊŜǊǎȊłƳŀƛǘ 

1.1 A tºrt®nelmi h§tt®r 

A Pallasz Nagylexikon szerint: 

ά! ƳƻƘłŎǎƛ ǾŞǎȊ ǳǘłƴ ŀ ǘǀǊǀƪǀƪ ŀ ƭŀƪƻǎǎłƎ ƭŜƎƴŀƎȅƻōō ǊŞǎȊŞǘ ƪƛǇǳǎȊǘƝǘƻǘǘłƪΦ 9ƪƪƻǊ 9ǎǘŜǊƘłȊȅ LǎǘǾłƴ 
ōƛǊǘƻƪłōŀ ƪŜǊǸƭǘ ŀ ǎȊƛƎŜǘΣ ƪƛǘǃƭ мсфрΦ IŜƛǎȊƭŜǊ ǘłōƻǊƴƻƪ нр ллл ŦǊǘƻƴ ƳŜƎǾŜǘǘŜΤ ǘǃƭŜ о ŞǾ ƳǳƭǾŀ {ŀǾƻȅŀƛ 
WŜƴǃ ƘŜǊŎŜƎ ǾŜǘǘŜ ƳŜƎ ур ллл ŦǊǘƻƴΣ ŀƪƛ ŀƴƴȅƛǘ ǘŜǘǘ ŀ ǎȊƛƎŜǘ ŜƳŜƭŞǎŞǊŜΣ ƘƻƎȅ Ǌƽƭŀ 9ǳƎŞƴ-szigetnek is 
ƴŜǾŜȊǘŞƪΤ ŜƪƪƻǊ ƴȅŜǊǘŜ ŀ ǎȊƛƎŜǘ ǎȊŜǊō Şǎ ǎǾłō ƭŀƪƽƛǘΣ ƪƛƪ ƪǀȊǸƭ ŀ ǎȊŜǊōŜƪ ŀȊƻƴōŀƴ ƳłƛƎ ƴŀƎȅƻƴ 
ƳŜƎŦƻƎȅǘŀƪΦ {ŀǾƻȅŀƛ WŜƴǃ Ƙŀƭłƭŀ ǳǘłƴ LLLΦ YłǊƻƭȅ ǀȊǾŜƎȅŜΣ 9ǊȊǎŞōŜǘ ǾŜǘǘŜ ƳŜƎΣ ŜƴƴŜƪ Ƙŀƭłƭŀ ǳǘłƴ 
ǇŜŘƛƎ ałǊƛŀ ¢ŜǊŞȊƛŀ ƳŀƎłƴŀƪ ǘŀǊǘƻǘǘŀ ŦŜƴƴ Şǎ ƪŜȊŜƭŞǎŞǘ ŀ ƳŀƎȅŀǊ ƪŀƳŀǊłǊŀ ōƝȊǘŀΦ мтулΦ ałǊƛŀ 
YǊƛǎȊǘƛƴŀ ƭŜǘǘ ōƛǊǘƻƪƻǎŀΣ ŀƪƛƴŜƪ Ƙŀƭłƭŀ ǳǘłƴ όмтфлύ ŦŞǊƧŜ !ƭōŜǊǘ ǎȊłǎȊǘŜǎŎƘŜƴƛ ƘŜǊŎŜƎ ƪŜȊŞōŜ ƪŜǊǸƭǘΦ 
Iŀƭłƭŀ ǳǘłƴ όмуннύ ƛǎƳŞǘ ŀ ƪƛǊłƭȅƛ ŎǎŀƭłŘǊŀ ǎȊłƭƭƻǘǘΣ ƳŜƭȅ Ƴƻǎǘ ƛǎ ōƝǊƧŀΦ мупуΦ ǎȊŜǇǘΦ олΦ DǀǊƎŜƛ !ǊǘǳǊ ŀ 
ǎȊƛƎŜǘŜƴΣ [ƽǊŞƴ ǾŞƎŜȊǘŜǘǘŜ ƪƛ ½ƛŎƘȅ mŘǀƴ ƎǊƽŦƻǘΣ ŀȊ ŜƭƭŜƴǎŞƎƎŜƭ Ŧƻƭȅǘŀǘƻǘǘ ōŜƴǎǃ ǾƛǎȊƻƴȅŀ ƳƛŀttΦέ  

όŦƻǊǊłǎΥ tŀƭƭŀǎ bŀƎȅƭŜȄƛƪƻƴ ƘǘǘǇǎΥκκǿǿǿΦŀǊŎŀƴǳƳΦŎƻƳκƘǳκƻƴƭƛƴŜ-kiadvanyok/Lexikonok-a-pallas-
nagy-lexikona-2/cs-60BB/csepelsziget-631B/) 

1.2 A tºrt®net kezdete 

±ŀƭŀƳƛƪƻǊ ŀ ·±LLΦ ǎȊłȊŀŘōŀƴ ǾƝȊƛƳƻƭƴłǊ ǃǎŜƛƳŜǘ ŀ ƳłǊ ŜƳƭƝǘŜǘǘΣ /ǎŜǇŜƭ ǎȊƛƎŜǘ ǳǊŀ 9ǎǘŜǊƘłȊȅ LǎǘǾłƴΣ 

ǾŀƎȅ ƪŞǎǃōō ŀ ·±LLLΦ ǎȊłȊŀŘ ŜƭŜƧŞƴ {ŀǾƻȅŀƛ WŜƴǃ ƘƝǾǘŀ ǃǊǀƭƴƛΣ ŀ ǎȊƛƎŜǘ ƭŀƪƻǎǎłƎłǘ ƭƛǎȊǘǘŜƭ ŜƭƭłǘƴƛΦ  

pǎŜƛƳ ŀ /ǎŜǇŜƭ-ǎȊƛƎŜǘ ƴȅǳƎŀǘƛ ǊŞǎȊŞƴΣ {ȊƛƎŜǘǵƧŦŀƭǳōŀƴ ǘŀƭłƭǘłƪ ƳŜƎ ƭŜǘŜƭŜǇŜŘŞǎƛ ƘŜƭȅǸƪŜǘΣ ŀ 5ǳƴŀ 

ƳŜƭƭŜǘǘΦ LŘŜ ǾŀƭƽǎȊƝƴǼƭŜƎ Ŏǎƽƴŀƪƻƴ ǾŀƎȅ ŜƎȅŞō ǾƝȊƛ ƧłǊƳǼǾǀƴ ŞǊƪŜȊǘŜƪ ŎǎŀƭłŘƻǎǘǳƭΣ Şǎ мтмл-ben 

ŀƴȅŀƪǀƴȅǾƛƭŜƎ ōƛȊƻƴȅƝǘƻǘǘŀƴΣ ƛǘǘ ǎȊǸƭŜǘŜǘǘ ƳłǊ .ŀǊōŀǊƽ όǾŀƎȅ .ŀǾŀǊƻύ [ǳŘƻǾƛŎǳǎ ŦƛǳƪΦ 

1.3 A malom®p²t®s elŖk®sz²t®se. 

aǳƴƪłƧǳƪƘƻȊ /ǎŜǇŜƭ ǎȊƛƎŜǘ ŀƪƪƻǊƛ ǳǊłƘƻȊ ŦƻǊŘǳƭǘŀƪΦ !Ȋ ǵǎȊƽƳŀƭƻƳƘƻȊ ŀƭŀǇŀƴȅŀƎƻǘ ǎȊŜǊŜǘǘŜƪ volna 

ƪƛǾłƎƴƛΦ !Ȋ ǳǊŀǎłƎ ōŜƭŜŜƎȅŜȊŜǘǘΣ Şǎ ŀȊ ƛƴǘŞȊǃƧŜ ƪƝǎŞǊŜǘŞōŜƴ ƪƛƳŜƴǘŜƪ ŀ /ǎŜǇŜƭ ǎȊƛƎŜǘŜǘ ōƻǊƝǘƽ 

ŜǊŘǃǎŞƎōŜ όƪƛǊłƭȅƛ ǾŀŘłǎȊǘŜǊǸƭŜǘ Ǿƻƭǘ ǎƻƪłƛƎύΦ  

!Ȋ ƛƴǘŞȊǃǾŜƭ ŜƎȅŜȊǘŜǘǾŜ ƳŜƎƧŜƭǀƭǘŞƪ ŀ ǎȊǸƪǎŞƎŜǎ ƳŜƴƴȅƛǎŞƎŜǘΣ Şǎ ƴŜƪƛŦƻƎǘŀƪ ŀ ƪƛǾłƎƴƛ ŀ ŦłƪŀǘΦ ! 

mester megjeƭǀƭǘŜ ŀ ǾłƎłǎ ƘŜƭȅŞǘ Şǎ ŀ ǎŜƎŞŘŜƪ ƴŜƪƛƭłǘǘŀƪ ƪŜǊŜǘŜǎ ŦǼǊŞǎǎȊŜƭΣ ōŀƭǘłǾŀƭΣ ŦŜƧǎȊŞǾŜƭ ƪƛǾłƎƴƛ 

ŀ ƳŜƎƧŜƭǀƭǘ ǘǀǊȊǎǼŜƪŜǘΦ 9ƘƘŜȊ ŀ ƪǀǾŜǘƪŜȊǃ ǎȊŜǊǎȊłƳƻƪŀǘ ƘŀǎȊƴłƭǘłƪΥ 
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мΦ ƪŞǇΥ ƪŜǊŜǘŜǎ ŦǼǊŞǎȊ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

 

нΦ ƪŞǇΥ ŦŜƧǎȊŜ όŦŜƭǎǃύΣ Şǎ ōŀƭǘŀ όŀƭǎƽύόŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

 

оΦ ƪŞǇΥ ƪŜǊŜǘŜǎ ŦǼǊŞǎȊŜƪ ǎȊŞǘǎȊŜǊŜƭǾŜ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

 

! ƪŜǊŜǘŜǎ ŦǼǊŞǎȊǘ ǎȊŞǘǎȊŜǊŜƭǾŜ ǾƛǘǘŞƪ ƳŀƎǳƪƪŀƭΣ Şǎ ƻǘǘ łƭƭƝǘƻǘǘłƪ ǀǎǎȊŜΦ 

! ƪƛǾłƎƻǘǘ ŦłƪǊƽƭ ƭŜǾłƎǘłƪ ŀȊ łƎŀƪŀǘ Şǎ ƎŀƭƭȅŀƪŀǘΣ Şǎ ƭŜƪŞǊƎŜȊǘŞƪ ǾƻƴƽƪŞǎǎŜƭΦ YŞǊŜƎǘŜƭŜƴƝǘŜƴƛ ŀȊŞǊǘ 

ƪŜƭƭŜǘǘΣ ƳŜǊǘ ŀ ƎŀǘǘŜǊƻǎΣ ŀ ŦǼǊŞǎȊŜ ǾŞŘŜƭƳŞōŜƴ Ŏǎŀƪ ƝƎȅ ŦƻƎŀŘǘŀ ŜƭΦ ! ǘǀǊȊǎŜǘ ŀ ƳŜƎŦŜƭŜƭǃ ƘƻǎǎȊǵǎłƎǵ 

ǊǀƴƪǀƪǊŜ ŦǼǊŞǎȊŜƭǘŞƪΣ Şǎ ƭƽǾƻƴǘŀǘłǎǎŀƭ ǎȊŜƪŞǊƘŜȊ ǾƛǘǘŞƪΣ ƳŀƧŘ ǊłŜƳŜƭǘŞƪΣ Şǎ ŜƭǎȊłƭƭƝǘƻǘǘłƪ ŀ 

ƎŀǘǘŜǊƻǎƘƻȊΣ ŀ ǾƝȊƘŀƧǘłǎǵ ŦǼǊŞǎȊƳŀƭƳƻǎƘƻȊ ƎŜǊŜƴŘłƪŀǘΣ Ǉŀƭƭƽƪŀǘ Şǎ ŘŜǎȊƪłƪŀǘ ǾłƎŀǘƴƛΦ ! 

ƳŀǊŀŘŞƪƻƪōƽƭ ŀ ǘŜǘǃȊŜǘǊŜ Ǿŀƭƽ ȊǎƛƴŘŜƭȅǘ ƘŀǎƝǘƻǘǘŀƪΦ !Ȋ ŜƭƪŞǎȊǸƭǘ ŦǼǊŞǎȊłǊǵǘ ǇƛƘŜƴǘŜǘǘŞƪΣ ǎȊłǊƝǘƻǘǘłƪΦ 
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пΦ ƪŞǇΥ ǾƻƴƽƪŞǎ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

1.4 A malom®p²t®s. 

! ƳŀƭƻƳƘŀƧƽ ǘŜǎǘŞǘ ƎŜǊŜƴŘłƪōƽƭ łŎǎƻƭǘłƪ ŜƎȅōŜΦ ! ŦŜƭŦǼǊŞǎȊŜƭǘ ƎŜǊŜƴŘłƪŀǘ ƎȅŀƭǳǾŀƭ ŜƎȅŜƴƎŜǘǘŞƪ Şǎ 

ǎƛƳƝǘƻǘǘłƪΦ 9ƘƘŜȊ ƪǸƭǀƴŦŞƭŜ ƴŀƎȅƻƭƽ Şǎ ǎƛƳƝǘƽ Ǝȅŀƭǳƪŀǘ ƘŀǎȊƴłƭǘŀƪΦ aƛƴŘŜƴ Ǝȅŀƭǳƴŀƪ ƳŜƎ Ǿƻƭǘ ŀ 

ǎŀƧłǘƻǎ ǎȊŜǊŜǇŜΦ 

! ƎŜǊŜƴŘłƪ ƳƛƴŘŜƴ ƻƭŘŀƭłǘ ǎƝƪōŀ ƎȅŀƭǳƭǘłƪΣ ŘŜ ŀ ōŜƭǎǃ ƻƭŘŀƭłƴ ƪǸƭǀƴ ƭŜŎǎŀǇłǎǘ Ŏǎƛƴłƭǘŀƪ ŀ ǘǀƳƝǘŞǎ 

ǊŞǎȊŞǊŜΦ 

 

рΦ ƪŞǇΥ Ǝȅŀƭǳ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 
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сΦ ƪŞǇΥ Ǝȅŀƭǳƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

 

тΦ ƪŞǇΥ Ǝȅŀƭǳƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

! ƎŜǊŜƴŘłƪŀǘ ƪŜǘǘŜǎŞǾŜƭ ǎȊƻǊƝǘƽōŀƴ ǀǎǎȊŜŦƻƎǘłƪΣ Şǎ ƪŜƳŞƴȅŦŀ ŞƪŜƪƪŜƭ ǊǀƎȊƝǘŜǘǘŞƪΦ  

!Ȋ ǀǎǎȊŜǎȊƻǊƝǘłǎƘƻȊ ƪŞǘ ƛƭȅŜƴ ŜǎȊƪǀȊǘ ƘŀǎȊƴłƭǘŀƪΣ ŀƳƛ ŀ ŦŀƛǇŀǊƛ ǎȊƻǊƝǘƽ ǃǎŜ ǾƻƭǘΦ 
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уΦ ƪŞǇΥ ǎȊƻǊƝǘƽ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

! ƎŜǊŜƴŘłƪŀǘ ŦŀǎȊŜƎƎŜƭ ŎǎŀǇƻƭǘłƪ ǀǎǎȊŜ ǎȊǸƪǎŞƎ ǎȊŜǊƛƴǘ ǘǀōōŜƭ ƛǎΦ 

! ǎȊŜƎŜƪŜǘ ŜǎȊǘŜǊƎłƴ łƭƭƝǘƻǘǘłƪ ŜƭǃΦ 

 

фΦ ƪŞǇΥ ƭłōōŀƭ ƘŀƧǘƻǘǘ ŦŀŜǎȊǘŜǊƎŀ όŦƻǊǊłǎΥ https://mek.oszk.hu/02100/02115/html/1-2023.html) 

 

млΦ ƪŞǇΥ ŦŀǎȊŜƎŜƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

https://mek.oszk.hu/02100/02115/html/img/1-735b.jpg
https://mek.oszk.hu/02100/02115/html/1-2023.html
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! ǎȊŜƎŜƪ ƘŜƭȅŜƛǘ ŀ ƎŜǊŜƴŘłƪōŀƴ ŜƭǃŦǵǊǘłƪ ƪŞȊƛ ŦǵǊƽǾŀƭ όŎƛƎłƴȅŦǵǊƽύΣ ǾŀƎȅ ŦǳǊŘŀƴŎŎǎŀƭΦ 

 

ммΦ ƪŞǇΥ ŦǳǊŘŀƴŎǎ ŦǵǊƽǎȊłǊ ƴŞƭƪǸƭ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

 

12. ƪŞǇΥ ŦǵǊƽǎȊłǊŀƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 
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мнΦ ƪŞǇΥ ƪŞȊ ǾŀƎȅ ŎƛƎłƴȅŦǵǊƽƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

 

мнΦ ƪŞǇΥ ǘƻǾłōōƛ ƪŞȊƛ ǾŀƎȅ ŎƛƎłƴȅŦǵǊƽƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘŜƳŞƴȅύ 

! ƎŜǊŜƴŘłƪŀǘ ƳŜƎǎȊłƳƻȊǘłƪΣ ƳŀƧŘ ǀǎǎȊŜǎȊƻǊƝǘłǎ Şǎ ǀǎǎȊŜŦǵǊłǎ ǳǘłƴ ŜƎȅŜǘ ǀǎǎȊŜǎȊŜƎŜȊǘŜƪ majd a 

ǇłǊƧłǘ ŀ ƪǀǾŜǘƪŜȊǃǾŜƭ ƳŜƎƛƴǘ ǀǎǎȊŜŦǵǊǘłƪΣ Şǎ ƳŜƎƛƴǘ ǀǎǎȊŜǎȊŜƎŜȊǘŞƪΦ ! ƳŀƭƻƳƘŀƧƽ ŀƭƧŀ ƴŜƳ Ǿƻƭǘ 

ǘǵƭȊƻǘǘŀƴ łǊŀƳǾƻƴŀƭŀǎΣ ǎƝƪƻƪōƽƭ łƭƭǘ ǀǎǎȊŜΣ ŀ ŦŀǊŀ ǇŜŘƛƎ ǎƝƪōŀƴ ǾŞƎȊǃŘǀǘǘΦ 

! ƘŀƧƽǘŜǎǘōŜƴ ōŜƭǸƭǊǃƭ ŀ ƎŜǊŜƴŘłƪ ƭŜǘǀǊŞǎŜƛǘ ǇłǊƘǳȊŀƳ ƧŜƭǀƭǃǾŜƭ ƪŀǊŎƻƭǘłƪ ōŜΣ Şǎ ƎȅŀƭǳǾŀƭ Ƴǳƴƪłƭǘłƪ 

meg. 
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моΦ ƪŞǇΥ ǇłǊƘǳȊŀƳ ƧŜƭǀƭǃƪ όŦƻǊǊłǎΥ ǎŀƧłǘ ƎȅǼƧǘΦύ 

 

! ƎŜǊŜƴŘłƪ ƭŜǘǀǊŞǎŜƛōŜƴ ŀ ǘǀƳƝǘǃŀƴȅŀƎƻǘ ŜƎȅ Şƪ ŀƭŀƪǵ ŜǎȊƪǀȊȊŜƭ ŘǀƴƎǀƭǘŞƪΣ ƳŀƧŘ ŜƎȅ ƭŞŎŎŜƭ ƭŜȊłǊǘłƪΣ 

Şǎ ƛǎȊƪłōŀ ǎȊǀƎƎŜƭ ǊǀƎȊƝǘŜǘǘŞƪ ŀ ƭŞŎ ƪŞǘ ƻƭŘŀƭłƴΦ !Ȋ ƛǎȊƪłōŀ ǎȊǀƎŜǘ ŀ ƭŞŎōŜ ƴŜƳ ǾŜǊǘŞƪ ōŜƭŜ Ŏǎŀƪ ŀ 

ŦŜƧŞǾŜƭ ǎȊƻǊƝǘƻǘǘłƪ ŀ ƘŜƭȅŞǊŜΦ 

 

мпΦ ƪŞǇΥ ǎȊƛƎŜǘŜƭŞǎ ŘǀƴƎǀƭǃ (ŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ ƳǵȊŜǳƳύ 

 

мрΦ ƪŞǇΥ ƛǎȊƪłōŀ ǎȊǀƎŜƪ ōŜƳǳǘŀǘłǎŀ ƪǸƭǀƴΣ ƴŜƳ ŀ ƘŜƭȅǸƪǀƴ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 
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15. k®p: iszk§ba szºg vasb·l, forr§s: https://bencsik.rs3.hu/a-sarki-jeg-a-2020-as-evekben/234-hajok-toertenete-a-kelet-mediterraneum-a-

minosziak-a-huekszoszok-es-a-tengeri-nepek-hajoepitese-az-i-e-1100-as-evekig.html 

 

16. k®p: Iszk§ba szºg haszn§lata a kºz®pkorban, forr§s: https://bencsik.rs3.hu/a-sarki-jeg-a-2020-as-evekben/234-hajok-toertenete-a-kelet-
mediterraneum-a-minosziak-a-huekszoszok-es-a-tengeri-nepek-hajoepitese-az-i-e-1100-as-evekig.html 

!Ȋ ƛǎȊƪłōŀ ǎȊǀƎŜƪ ōŜǾŜǊŞǎŞǾŜƭ ŀ ƘŀƧƽƳŀƭƻƳ-ƘłȊƘŀƧƽ ŀƭƧłƴŀƪ ǾłȊŀ ŜƭƪŞǎȊǸƭǘΦ 

! ǾǀƭƎȅƘŀƧƽ ǘŜƭƧŜǎŜƴ ƳŜƎŜƎȅŜȊŜǘǘ ŀ ƘłȊƘŀƧƽ ŀƭƧłǾŀƭΣ ŘŜ ŀ ƘłȊƘŀƧƽǊŀ ŀȊ ǃǊƭǃōŜǊŜƴŘŜȊŞǎ Şǎ ƘłȊǊŞǎȊ 

ƳŜƎǘŀǊǘłǎłǊŀ ƪƻƳƻƭȅ ƎŜǊŜƴŘŀŦŜŘŞƭȊŜǘŜǘ ƪŜƭƭŜǘǘ łŎǎƻƭƴƛΦ 

9ȊǳǘłƴΣ ƳƛƴŘ ŀ ƪŞǘ ƘŀƧƽǎȊŜǊƪŜȊŜǘŜǘ Ǉŀƭƭƽƪƪŀƭ ǀǎǎȊŜŜǊǃǎƝǘŜǘǘŞƪΣ ǵƎȅ ƘƻƎȅ ŀ ǾƻƴǘŀǘłǎΣ ƧŀǾƝǘłǎ ƛŘŜƧŞǊŜ 

ǎȊŞǘǎȊŜǊŜƭƘŜǘǃ ƭŜƎȅŜƴΦ !Ȋ ǀǎǎȊŜłŎǎƻƭłǎ ŜƎȅŦŜƭǃƭ ŀȊŞǊǘ ǎȊǸƪǎŞƎŜǎΣ ƘƻƎȅ ŀ ǾƝȊƪŜǊŜƪŜǘ ŜƎȅ Ǿƻƴŀƭōŀƴ ŀ 

ŎǎŀǇłƎȅŦŞǎȊŜƪōŜƴ ǘŀǊǘǎłƪΣ ƳłǎŦŜƭǃƭΣ ƳŜǊǘ ŀ ƪŞǘ ǎȊŜǊƪŜȊŜǘŜǘ łǘƧłǊƘŀǘƽǾł ƪŜƭƭŜǘǘ ǘŜƴƴƛΦ !ȊŞǊǘΣ ƘƻƎȅ ŀ 

ǾƝȊƪŜǊŞƪ ǘŜƴƎŜƭȅŞǘ ƴŜ ƪŜƭƭƧŜƴ ŦŜƭŜǎƭŜƎŜǎŜƴ ƳŜƎƎȅŜƴƎƝǘǾŜ ƳŜƎǾŞǎƴƛΣ ŀ ƪǀǾŜǘƪŜȊǃ ƪǸƭƭǃŀƎȅŀǘ ǎȊŜǊŜƭǘŜk 

ŦŜƭ ŀ ƪǸƭƭǃƪŜǘ ǘŀǊǘŀƴƛΥ 

 

мтΦ ƪŞǇΥ ǾƝȊƪŜǊŞƪ-ƪǸƭƭǃŀƎȅ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 
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! ǾƝȊƪŜǊŞƪǊŜ ŘŜǎȊƪłōƽƭ ƪŞǎȊǸƭǘ ŦŀƭŀǇłǘƻƪŀǘ ǎȊŜǊŜƭǘŜƪ ŀ ǾƝȊ ǎƻŘǊłǎłƴŀƪ ƳŜƎŦŜƭŜƭǃŜƴΦ 

! ǾƝȊƪŜǊŞƪ ŜƎȅ Ƙŀǘ-ƘŞǘ ƳŞǘŜǊ ǎȊŞƭŜǎ ŀ ƪŞǘ ƘŀƧƽ ƪǀȊǘ ŦƻǊƎƽ ǎȊŜǊƪŜȊŜǘΣ ŀƳŜƭȅ ŀ ǾƝȊ ŜƴŜǊƎƛłƧłǘ ŀ ŦƻǊƎłǎłƴ 

ƪŜǊŜǎȊǘǸƭ ŦŀŦƻƎŀǎƪŜǊŜƪŜƪŜƴ ŀŘǘŀ łǘ ŀȊ ǃǊƭǃƪǀǾŜƪƴŜƪ ŀ ƳƻȊƎłǎǘΦ ! ƪǀǾŜǘƪŜȊǃ łōǊłƴ ƭłǘƘŀǘƽ ƳŜƎƘŀƧǘłǎ 

ƳłǊ ƳƻŘŜǊƴŜōōΣ ƳƛǾŜƭ ŀȊ ǃǊƭŞǎ ŜƴƴŞƭ ƘŜƴƎŜǊǎȊŞƪŜƴ ǘǀǊǘŞƴik.  

! ǎȊƛǘłƭłǎǘ ƛǎ ƛƴƴŜƴ ƪƛƘŀƧǘǾŀ ƎŞǇŜǎƝǘŜǘǘŞƪ ǎȊƛǘŀǎȊŜƪǊŞƴȅōŜƴ ƭŞǾǃ ǎȊƛǘŀƪŜǊŜǘŜƪŜƴΦ  

 

муΦ ƪŞǇΥ Ŧŀ ŦƻƎŀǎƪŜǊŜƪŜƪ ƪƛŜƎŞǎȊƝǘǾŜ ƳƻŘŜǊƴŜōō ŦŞƳ ƪŜǊŞƪƪŜƭ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 

 

 

! ǾƝȊƪŜǊŞƪ ǘŜƴƎŜƭȅŞƴŜƪ ƳƛƴŘƪŞǘ ƘŀƧƽōŀƴ ŎǎŀǇłƎȅŦŞǎȊƪŜǘ ŞǇƝǘŜǘǘŜƪΦ 
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19Φ ƪŞǇΥ ŎǎŀǇłƎȅŦŞǎȊŜƪ ŀ ƘłȊƘŀƧƽōŀƴ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 

 

! ƘłȊƘŀƧƽ ŦŜŘŞƭȊŜǘ ŦŜƭŜǘǘƛ ǊŞǎȊŞǘ ƪƛǎŜōō ƎŜǊŜƴŘłƪōƽƭ ǾŀƎȅ Ǉŀƭƭƽƪōƽƭ łƭƭƝǘƻǘǘłƪ ǀǎǎȊŜΣ ŀ ƘŀƧƽ ŀƭƧłƴŀƪ ŀ 

Ǿƻƴŀƭłǘ ƪǀǾŜǘǾŜΦ ! ŦŜƭŞǇƝǘƳŞƴȅǘ ŀƧǘƽǾŀƭ Şǎ ŀōƭŀƪƻƪƪŀƭ ƭłǘǘłƪ ŜƭΦ ! ƘŀƧƽ ƻǊǊłōŀ Şǎ ǘŀǘƧłōŀ ƭŞǾǃ 

ǘŜǘǃƎŜǊŜƴŘłȊŀǘǊŀ ƘŀǊŀƴƎƻǘ Şǎ ǇŜǘǊƽƭŜǳƳƭłƳǇłǘ ŦǸƎƎŜǎȊǘŜǘǘŜƪΦ 

  

нлΦ ƪŞǇΥ ƘŀƧƽƘŀǊŀƴƎ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 

 

нмΦ ƪŞǇΥ ǇŜǘǊƽƭŜǳƳ ǾƛƘŀǊƭłƳǇŀ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 

¦ƎȅŀƴŎǎŀƪ ŀ ƘŀƧƽ ƻǊǊłōŀ Şǎ ǘŀǘƧłōŀ ǊǀƎȊƝǘŞǎƛ Ǉƻƴǘƻǘ ƎŜǊŜƴŘłōƽƭ ƪŞǇŜȊǘŜƪ ƪƛΣ ŀƘƻƭ ŀ ƘŀƧƽǎȊǀƎƴŜƪ 

ƴŜǾŜȊŜǘǘ ŀ ŦƻƭȅƽłƎȅōŀ ƭŜǾŜǊǘ ƎŜǊŜƴŘłƪƘƻȊ ƪǀǘŞƭȊŜǘǘŜƭ ǊǀƎȊƝǘŜǘǘŞƪ ŀ ƘŀƧƽǘΦ YŞǎǃōō ƛŘŜ ƪŜǊǸƭǘŜƪ ŀ 

ƘƻǊƎƻƴȅƻƪ ŀ ƭłƴŎŎŀƭ ŜƭƘŜƭȅŜȊŞǎǊŜΦ 

 

ннΦ ƪŞǇΥ ƘƻǊƎƻƴȅƻƪ ƭłƴŎŎŀƭ Şǎ ƪǀȊŞǇŜƴ ŀ ǊǀƎȊƝǘŞǎ ŎŞƭƧłǊŀ ŦŀǊŀƎƻǘǘ ƎŜǊŜƴŘŀ όŦƻǊǊłǎΥ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳύ 
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! ƘŀƧƽƳŀƭƻƳ ŦŀƭŀƛǊŀ ƎŜǊŜƴŘłȊŀǘōƽƭ ŞǇƝǘŜǘǘŜƪ ƴȅŜǊŜƎ- ǾŀƎȅ ǎłǘƻǊ-ǘŜǘǃǎȊŜǊƪŜȊŜǘŜǘΣ Şǎ ŀ ƭŞŎŜȊŞǎǊŜ 

ŦŀȊǎƛƴŘŜƭȅŜƪŜǘ ǊǀƎȊƝǘǾŜ ƪŞǎȊǸƭǘ Ŝƭ ŀ ǘŜǘǃƘŞƧŀȊŀǘΦ 

 

ноΦ ƪŞǇΥ !Ȋ ŜǊŜŘŜǘƛ ǊłŎƪŜǾŜƛ ƘŀƧƽƳŀƭƻƳ  

όŦƻǊǊłǎΥ włŎƪŜǾŜ ǾłǊƻǎ ƘƻƴƭŀǇƧłǊƽƭ http://onkormanyzat.rackeve.hu/48-statikus/253-hajomalom.html) 

 

нпΦ ƪŞǇΥ !Ȋ ǵƧƧłŞǇƝǘŜǘǘ ǊłŎƪŜǾŜƛ ƘŀƧƽƳŀƭƻƳ  

όŦƻǊǊłǎΥ tŜǎǘƳŜƎȅŜ ƘƻƴƭŀǇƧłǊƽƭ ƘǘǘǇΥκκǿǿǿΦǇŜǎǘƳŜƎȅŜΦƘǳκŜǊǘŜƪǘŀǊκƘŀƧƻƳŀƭƻƳ-rackeve) 

NƎȅ ŞǇǸƭǘ ŦŜƭ ǃǎŜƛƳ ƘŀƧƽƳŀƭƳłƴŀƪ ǾłȊŀΣ Şǎ ōŜǊŜƴŘŜȊŞǎŞƴŜƪ ŜƎȅ ǊŞǎȊŜ ƛǎΦ 

! ǘƻǾłōōƛ ŜǎȊƪǀȊǀƪΣ ǎȊŜǊǎȊłƳƻƪ Şǎ ōŜǊŜƴŘŜȊŞǎŜƪ ōŜƳǳǘŀǘłǎŀ ŀ ƪǀǾŜǘƪŜȊǃ ŎƛƪƪŜƳ ǘłǊƎȅłǳƭ 

ǎȊƻƭƎłƭƴŀƪΣ ƴŜƳ ŀȊŞǊǘ ƳŜǊǘ ƪŜǾŞǎōŞ ŦƻƴǘƻǎŀƪΣ Ŏǎŀƪ ƴŜƳ ŦŞǊǘŜƪ Ŝƭ ŜōōŜ ŀȊ ŜƭǃŀŘłǎƻƳōŀ Şǎ ŎƛƪƪŜƳōŜΦ 

http://onkormanyzat.rackeve.hu/48-statikus/253-hajomalom.html
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¥sszegz®s 

A ǘǀǊǘŞƴŜǘŜǘ ŀ ƘŀƧƽƳŀƭƻƳ-ŞǇƝǘŞǎ ƪŜŘǾŞŞǊǘ ǘŀƭłƭǘŀƳ ƪƛΣ ŀ ƪŞǇŜƪŜǘ ǘǀōōǎŞƎŞōŜƴ ŀ ŎǎŀƭłŘƛ ǀǊǀƪǎŞƎōǃƭΣ 

ƛƭƭŜǘǾŜ ŀ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳōŀƴ ŦƻǘƽȊǘŀƳΦ  

! ŎǎŀƭłŘƻƳƴŀƪ ƪǀǎȊǀƴŜǘŜƳŜǘ ŦŜƧŜȊŜƳ ƪƛΣ ƘƻƎȅ ǊŞǎȊŜƳǊŜ ƳŜƎǃǊƛȊǘŞƪ ŜƳŜ ƪƛƴŎǎŜƪŜǘΗ 

YǀǎȊǀƴǀƳ ŀ włŎƪŜǾŜƛ IŀƧƽƳŀƭƻƳ aǵȊŜǳƳ ƎŀȊŘŀƎ ǎȊŜǊǎȊłƳ Şǎ ŜǎȊƪǀȊ ōŜƳǳǘŀǘłǎłǘΗ 
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Abstract One of the most important features of electricity networks is security and reliability. Today, the continuous 

development and modernisation of substation systems is a key issue. In order to ensure efficient and seamless communication, 

various standards and protocols have been developed to enable fast, accurate and secure data transmission between 

substations and between substation equipment. The aim of our work is to present standards and communication protocols used 

in electrical substations, industrial automation and power distribution. We will analyse in detail the IEC61850 standard, which 

is the basis for substation automation. The differences between IEC61850 and a conventional system will be presented. Since 

the smallest failure can cause a serious malfunction with serious consequences such as power outages, network disruption or 

even financial loss, we will show why network redundancy is important for operation. Special attention will be paid to RSTP 

(Rapid Spanning Tree Protocol), PRP (Parallel Redundancy Protocol) and HSR (High-availability Seamless Redundancy) 

protocols, showing their operation, advantages, disadvantages and applications in the substation environment. 

 Keywords: substation, IEC61850, redundancy, RSTP, PRP, HSR 

1. Protocols 

Protocols are very important in the life of both information communication and high-current 

electrical substations, especially in industrial automation and in the distribution of electricity, as they 

ensure reliability, fault tolerance and availability. 

But what are protocols? Protocols are sets of rules that define how different participants or systems 

within a network establish communication links with each other. So, we can say that the protocol is 

the "language" of the network itself. They define how information is described and conveyed.  [1] 

Types: 

Å Network protocols: The protocols that define the route and labeling of data packets 

within the network, such as IP (Internet Protocol). It is the defining protocol of the 

Internet. 

Å Transport protocols: Their role is to ensure that data reaches its destination correctly 

and without damage. For example: TCP (Transmission Control Protocol). This 

guarantees the correct sequence and completeness of the data packets. 

Å Data-link protocols: They regulate the transmission of data in the physical layer of the 

network (e.g. on Ethernet). 

Å Application protocols: These protocols would serve higher level protocols. For 

example, viewing web pages (HTTP), sending e-mails (SMTP), and transferring files 

(FTP). 
In the substations we use different types of protocols, for example: 
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Å International standards (e.g. IEC60870-5-103, IEC60870-5-101/4, DNP, Modbus, 

RTU) 

Å Manufacturer specific protocols (e.g. ABB-SPA) 

1.1. Disadvantages of "traditional" communication protocols used in substation 

environments: 

Of course, for all the good things, there are also disadvantages to the protocol. They can only be used 

in a narrow, so-called functional domain. Their extension can be very difficult, and the number of 

devices used is limited. Even today, specialised serial communication devices are still needed, which 

are highly sensitive to changes and developments in infocommunication technologies. Compliance 

with the standard is not fully defined in protection and control technology, we can find too many 

different solutions to the same problem, which can also be very expensive. 

1.2. IEC 61850 

The solution was created by developing a standard that allows unconditional data transfer between 

different manufacturers, products and devices. It is essential that it can be used in the long term and 

is independent of the rapid evolution of data transmission technologies. This standard became the 

IEC61850. The main differences between the traditional system and the IEC61850 system are 

illustrated in the table below: 

1. Table differences between the traditional system and the IEC61850 system 

 

 
There is no doubt, therefore, that the basis for automation and communication in electrical 

substations is IEC61850. We have already mentioned above that its aims include standardisation - so 

that devices from different manufacturers can communicate with each other - and safety. The 

standard covers the entire data model, which applies to all the functions and devices of the 

substation. So, it applies to both protections and relays, as well as various communication and 

energy monitoring devices. 

 

1.2.1. IEC61850 data model 

One of the most significant innovations of IEC 61850 is the use of an object-oriented data model, in 

which the participants in substation communication and the functions of the participants have clearly 

identified data structures. This data model allows all devices in the system to communicate directly 

with each other and share data in real time. This real-time communication enhances the 

responsiveness and efficiency of the network, especially for protection and control functions. In the 

standard, devices, also known as IEDs (Intelligent Electronic Devices), are modelled in such a way that 

they contain the status, quality, alarms, commands, and other relevant data of the devices. [2] 
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 4. Figure IEC61850 data model of 

the circuit breaker 

Each object has mandatory and optional data. As you can see in the example above (Figure 1), a 

circuit breaker has a separate "code", which is given by the standard. For example, mandatory data is 

the local/temporal status. The status indication and the ability to operate are also mandatory, for 

example to save human lives. 

1.2.2. Hierarchical structure of IEC61850 

IEC61850 is a very well-structured standard. It uses a very well-organized multi-layered approach, in 

which all devices, all data models and serving communication are fully separated. The hierarchical 

structure can be divided into several main levels, in which each level performs a different task or 

function: [3] 

Å Physical layer (Physical Layer) 

Å Device layer (IED ï Intelligent Electronic Devices) 

Å Logical layer (Logical Nodes and Logical Devices) 

Å Data service layer (Data Services and Communication Services) 

 
5. Figure Hierarchical structure of IEC61850 

 

The physical layer includes all physical devices and equipment, such as switchgear, relays, sensors, 

etc. They perform measurement, protection or control functions. All physical devices are referred to 

as IEDs in IEC61850. They are smart electronic devices that measure, manage and communicate data 

with other devices. Their main functions include, for example, controlling relays, monitoring 

networks or operating equipment. All physical devices (IEDs) are made up of logic devices (LDs), 

which can be further broken down into smaller logic nodes (LNs) in further interpretation. These 

logical nodes represent equipment functions such as measurement, control or protection functions. 

A physical device can consist of several logical devices, as each LD fulfills its own specific role. It can 

be a protection logic device, a control device or a communication device. Logic nodes are even 

smaller units representing more specific functions, such as circuit breaker control (CSWI), 

measurements (MMXU) or protection functions (PTOC). One such logical node is shown in the figure 

above, where the circuit breaker is marked as XCBR. [4] 
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2. REDUNDANCY 

The main purpose of redundancy is to increase system reliability and reduce the chance of failure. 

The simplest way to explain this is if, for example, there are several independent paths or 

communication connections for a data transmission, and one path might fail, the system would 

switch to another working line automatically, quickly, preferably without error or data loss. We can 

see that this is extremely important in the case of substations, since the operation must be 

continuous, because in the event of an interruption of the energy supply, both the infrastructure, the 

industry and the population can be in a critical situation. 

The first edition of the IEC61850 standard did not address the issue of redundancy. Later, the 

working committee realized that, for the sake of interoperability, the redundancy solution should be 

included in the standard. The second edition (IEC61850 Edition 2) already includes redundancy. At 

the same time, a separate standard was defined for PRP/HSR solutions, the name of which was 

IEC62439. [5] 

2.1. RSTP (Rapid Spanning Tree Protocol) 

RSTP is currently one of the most widely used topologies. It implements redundancy by creating 

logical network loops. It does not immediately use parallel paths, which is one of its major 

drawbacks. This problem is solved by HSR and PRP. [6] 

 
6. Figure Structure of RSTP 

As soon as RSTP detects that a route fails in the network (case 1), it reconsiders the network and 

activates a backup line (case 2, the dashed lines become "liquid" lines). This backup is only activated 

if the primary route fails. This way, your data packet will reach its destination even if some routes 

fail. It redesigns the network relatively quickly (in less than a second), but this time is more than 

enough to lose important packets. So the recovery time is fast, but not with zero latency. Its huge 

advantage is that it supports all topologies (tree, star, ring, meshed). 

2.2. PRP (Parallel Redundancy Protocol) 

One of the key features of PRP is zero data loss. This protocol complies with the IEC62439-3 

standard. It can be used in several network architectures, but is most common in star topology. The 

point is that there are two completely independent networks. In this design, the devices supporting 

redundancy are called DANP (Double Attached Node implementing PRP), because these devices are 

connected to both independent networks. 

1. 

2. 
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7. Figure Structure of PRP 

On both networks, we send the same packet that we want to forward to the receiver. If there are no 

errors in the routes, the receiver receives the desired data package via both networks. It processes 

the first one, the one it received first, and discards the second one. 

 
8. Figure PRP dataflow 

The figure above illustrates the process very well. The data frame is sent to both LAN A. and LAN B. 

Of course, the data packets arrive at the receiver with some delay. Before they arrive at the receiver, 

the controller between the network layer and the network interface filters out duplicated data 

packets, as it is responsible for handling the data flow. The two directions are completely equal, with 

no privileged path between them. Of course, in the event of a failure on one path, the receiver will 

continue to receive data packets from the other path without failure. As we mentioned at the 

beginning, the main advantage of this application method due to this parallel path is the zero 

transmission delay. In PRP, both network interfaces have the same IP address and physical address 

(MAC address). In summary, the advantages of PRP include support for different topologies, network 

design independent of IEDs, flexible speeds (up to 1 GB/s). As it uses standard Ethernet-based 

building blocks, no special equipment is required. The entire bandwidth can be used and memory 

does not saturate quickly due to duplication filtering. Recovery time is zero, so there is no data loss. If 

an IED were to fail, there would be no impact on network operation. It is also possible that there are 

devices in the network that do not support redundant communication. Fortunately, with this 

protocol, this problem is solved, as they can be connected directly to the network, or another 

possible method is to insert so-called "RedBoxes". With a "RedBox" you can connect them to both 

networks at the same time. Besides the many advantages, there are of course also disadvantages. 

The main disadvantage of the system is the high installation cost due to switches and cabling. 

2.2.1. IEC62439-3 PRP ï Filtering out duplicates 

The question may arise as to how duplicates are filtered out by the network interface. The same 

method is used for PRP and HSR (discussed in the next unit), so we will now discuss it. Each data 

packet sent by PRP and HSR protocols has special fields appended to it that characterize the path. 
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9. Figure Filtering out duplications in the case of PRP, HSR 

Each standard Ethernet-based data frame is accompanied by a sequence number, a line pointer, a 

size, and the FCS (Frame Check Sequence, IEEE 802.3 cyclic redundancy check) field. This is the 

information that is located at the end of the data frame, after the "useful" data. This makes them 

almost transparent when analysing network traffic. The sender's packet in both directions has the 

same sequence number. If a new data packet is sent into the system, the sequence number bit will 

be incremented by one. The receiver keeps a database of serial numbers and physical addresses of 

the sources. If a data packet with the same sequence number arrives at the receiver from the same 

physical address, but from a different network, the receiver simply drop the frame. The node list of 

the other network is logged in each node, so the error can be easily filtered out. [7] 

2.3. HSR (High-availability Seamless Redundancy) 

HSR, like PRP, is a redundancy protocol with zero data loss. This protocol can only be used in ring 

topology. The naming of the communication devices that support redundancy is similar to PRP, 

except that they are called DANH (Double Attached Node implementing HSR) instead of DANP. Here 

we are also talking about two independent networks, and the devices are connected in series.  

 
10. Figure Structure of HSR 

 

HSR provides a parallel path for the data, i.e. the transmitters send data packets in both directions 

("frame A", "frame B"). Data packets sent over two independent networks are received by the 

receiver through both ports, of course with some delay. If no error occurs, the first data packet is 

processed and the second data packet is discarded. How the HSR filters duplication has already been 

discussed in section 3.2.1. In case of any network failure, the other network automatically transmits 

the data to the receiver, so the system works continuously without interruption. It is important to 

think ahead when designing such networks, and to consider the principle of single fallback (N-1). 

DANH nodes also perform the function of a bridge between their ports in the network. 

The advantages of HSR are zero recovery time and a low budget, as it does not require switches and 

extra cabling. Unfortunately, this method of solution has more negatives. It can only be used in a ring 

topology, because the IEDs and their ports are an integral part of the network. Special tools are also 

required, as it does not only contain standard Ethernet-based building blocks. It has a fixed network 

speed, usually 100 MB/s, but may be slightly higher. The usable bandwidth is reduced to only half of 
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the full bandwidth due to the parallel data flow. Similar to PRP, we can use "RedBoxes" here, but this 

is the only way to connect devices that do not support redundancy to the network, we cannot 

implement them directly into the network. If two or more IEDs fail at the same time, our 

communication link may be broken, with a high probability that the data packet will not get from the 

sender to the receiver. 

 

2.4. Application examples with experiences 

In recent years, looped Ethernet networks based on the RSTP topology have become increasingly 

popular. This is probably the most cost-effective solution, as it only provides redundancy of the 

interconnection between devices. In the event of a failure, it is unlikely, but data loss may occur. The 

recovery time was around one second when the topology was first developed, but has now been 

reduced to around 100ms for about 20 devices. 

 
11. Figure Designing a redundant network in practice 

If special functions such as lock, enable, disable, release commands are used in the network, in that 

case it must be ensured that the recovery time is limited to a maximum of 4ms. Well-known 

multinational companies have now started experimenting with the introduction of PRP and HSR. 

ABB, and later, after the transformation, Hitachi Energy, use PRP in many projects, with which they 

guarantee a high level of reliability and availability at substations. Relion series of protection devices 

support PRP, which enables parallel redundant communication. Relion devices thus ensure that 

continuous communication is maintained with the control centre and other devices in the event of a 

network failure. Long-term, intensive testing is ongoing to date at Hitachi Energy's test centre in 

Switzerland. 

 

 
12. Figure Hitachi Enegy Swiss test center 

Although the configuration requires minimal extra work because redundancy has to be handled at 

the hardware level. 
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Conclusions 

We can see that the room for improvement is there, it is money that is the limiting factor in building 

state-of-the-art networks. The table below summarises the advantages and disadvantages of the 

redundant networks discussed in this thesis: 

 

 
 

As we have already mentioned several times, one of the most common solutions is RSTP, but at the 

rate at which technology and IT are developing, it could be that after tomorrow we'll be using PRP or 

HSR as standard, or even some newer, better, faster method. 
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Szimul§ci·s kºrnyezetek alkalmaz§sa a gyakorlatorient§lt 

villamosm®rnºk oktat§sban 
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H²rad§stechnika ®s Infokommunik§ci· Tansz®k, Elektronikai ®s Kommunik§ci·s Rendszerek Int®zet, Kand· 

K§lm§n Villamosm®rnºki Kar, čbudai Egyetem, B®csi ¼t 96/B, Budapest, 1034, HUN 

juhasz.gergo@kvk.uni-obuda.hu, fazekasbalazs5@gmail.com 

Absztrakt: A gyakorlatorient§lt villamosm®rnºk oktat§sban a szimul§ci·s kºrnyezetek alkalmaz§sa lehetŖv® teszi a hallgat·k 

sz§m§ra, hogy elm®leti ismereteiket a gyakorlatban is kipr·b§lj§k ®s fejlessz®k. Az čbudai Egyetem Kand· K§lm§n 

Villamosm®rnºki kar§n sz§mos szimul§ci·s kºrnyezetet ®s szoftvert alkalmaznak az alap- ®s mesterk®pz®sek kurzusain. Ilyenek 

p®ld§ul a Matlab, Tina, Ansys, AutoCAD ®s GNU Radio szoftverek. A szimul§ci·s kºrnyezetek alkalmaz§sa a gyakorlatorient§lt 

villamosm®rnºk oktat§sban jelentŖs elŖnyºkkel j§r, mivel lehetŖv® teszik a hallgat·k sz§m§ra a val·s vil§gbeli probl®m§k 

szimul§ci·j§t ®s megold§s§t. Kutat§saim sor§n megvizsg§lom a k¿lºnbºzŖ szimul§ci·s kºrnyezetek alkalmaz§s§nak 

lehetŖs®geit az egyes tant§rgycsoportokban ®s k®pz®si ter¿leteken, illetve kit®rek a szimul§ci·s kºrnyezetek alkalmaz§s§nak 

hat®konys§g§ra. ElŖad§somban bemutatom a Kand· K§lm§n Villamosm®rnºki Karon jelenleg, az egyes tant§rgyak 

oktat§s§ban elŖfordul· szimul§ci·s ®s tervezŖ programokat, amelyekrŖl elŖzetesen k®rdŖ²ves felm®r®st v®geztem a Koll®g§im 

kºr®ben. R®szletesen besz§molok ezen szoftverek elŖnyeirŖl ®s h§tr§nyair·l, haszn§lhat·s§gukr·l, tov§bb§ a k®rdŖ²vekrŖl ®s 

ki®rt®kel®s¿krŖl. Ilyen, a tanul§st ®s az oktat§st elŖseg²tŖ szimul§ci·s programokat haszn§lunk a Villamoss§gtan 

laborat·riumban is. A XXXIX. Kand· Konferenci§n ismertettem azt a folyamatot, melynek sor§n az F tanterv keret®ben a 

m§sodikb·l az elsŖ f®l®vbe elŖrehozott Villamoss§gtan laborat·rium m®r®seit, berendez®seit ®s tematik§j§t meg¼j²tottam. Az 

eddigi, kiz§r·lag hagyom§nyos mŤszeres m®r®sek mellett sz§m²t·g®pes szimul§ci·s programokkal (MatLab ®s Tina) 

elv®gzendŖ feladatokat tal§ltam ki. Most ï egy m§sod®ves hallgat·mmal, Fazekas Bal§zzsal egy¿tt ï szeretn®nk bemutatni, 

milyen eredm®nyekkel z§rult a megreform§lt Villamoss§gtan I. m®r®s. Ehhez k®rdŖ²veket k®sz²tett¿nk ®s tºltett¿nk ki a tavalyi 

F, illetve a harmad®ves £ tanterves hallgat·kkal. A kapott eredm®nyeket ki®rt®kelt¿k a felhaszn§lt szimul§ci·s kºrnyezetek 

hat®konys§g§r·l, tov§bb§ meghat§roztuk a jºvŖbeli fejleszt®si lehetŖs®geket, amelyeket elŖad§sunkban ismertetni fogunk. 

Kulcsszavak: szimul§ci·s kºrnyezet, innovat²v oktat§s, villamosm®rnºk k®pz®s, villamoss§gtan 

1 Szimul§ci·s kºrnyezetek ®s jelentŖs®g¿k 

1.1 Szimul§ci·s kºrnyezetek fogalma 

! ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ ƻƭȅŀƴ ǎȊłƳƝǘƽƎŞǇŜǎ ǇǊƻƎǊŀƳƻƪΣ ŀƳŜƭȅŜƪ ƭŜƘŜǘǃǾŞ ǘŜǎȊƛƪ ǎȊłƳǳƴƪǊŀΣ ƘƻƎȅ 

ŜƎȅ ŀŘƻǘǘ ǇǊƻōƭŞƳłǘ ǾŀƎȅ ƧŜƭŜƴǎŞƎŜǘ ǾƛǊǘǳłƭƛǎ ǘŞǊōŜƴ ƭŜƪŞǇŜȊȊǸƴƪ Şǎ ƳŀƴƛǇǳƭłŎƛƽƪŀǘ ǾŞƎŜȊȊǸƴƪ ǊŀƧǘŀΦ 

! ǎȊłƳƝǘłǎǘŜŎƘƴƛƪŀ ŦŜƧƭǃŘŞǎŞƴŜƪ ŜǊŜŘƳŞƴȅŜƪŞƴǘ ŀ ǎȊƛƳǳƭłŎƛƽǎ ǇǊƻƎǊŀƳƻƪ ǊŜƴŘƪƝǾǸƭ ǎƻƪǊŞǘǼǾŞ Şǎ 

ƴŀƎȅ ƪŀǇŀŎƛǘłǎǵǾł ǾłƭǘŀƪΣ ƝƎȅ ƪŞǇŜǎŜƪ ǀǎǎȊŜǘŜǘǘ ƧŜƭŜƴǎŞƎŜƪ Şǎ ŦƻƭȅŀƳŀǘƻƪ ǾŀƭƽǎłƎƘǼ ƭŜƪŞǇŜȊŞǎŞǊŜΦ 

9ȊŜƪƪŜƭ ŀȊ ŜǎȊƪǀȊǀƪƪŜƭ ŀ ŦŜƭƘŀǎȊƴłƭƽƪ ƪǸƭǀƴŦŞƭŜ ǎȊłƳƝǘłǎƻƪŀǘ ǾŞƎŜȊƘŜǘƴŜƪΣ ƳƻŘŜƭƭŜȊƘŜǘƴŜƪΣ ǘƻǾłōōł 

ŜƭŜƳȊŞǎŜƪŜǘ Şǎ ǎǘŀǘƛǎȊǘƛƪłƪŀǘ ƪŞǎȊƝǘƘŜǘƴŜƪ ǊǀǾƛŘ ƛŘǃ ŀƭŀǘǘΣ ƪƛǎ ŜƴŜǊƎƛŀōŜŦŜƪǘŜǘŞǎǎŜƭΦ ! ǎȊƛƳǳƭłŎƛƽƪ 

ŜƭǾŞƎȊŞǎŜ ǳǘłƴ ŀȊ ŜǊŜŘƳŞƴȅ ǎƻƪŦŞƭŜ ƭŜƘŜǘΥ ŀŘŀǘƻƪΣ ǾƛǊǘǳłƭƛǎ ƳƻŘŜƭƭŜƪΣ ŘŜ ŀƪłǊ ƪŞȊȊŜƭŦƻƎƘŀǘƽ ǘłǊƎȅŀƪ 

ƛǎΣ ŀƳŜƴƴȅƛōŜƴ ǾŀƭŀƳƛƭȅŜƴ ǇŜǊƛŦŞǊƛłǘ όƴȅƻƳǘŀǘƽΣ о5 ƴȅƻƳǘŀǘƽΣ /b/ ƳŀǊƽύ ŀƭƪŀƭƳŀȊǳƴƪΦ ! ǎȊłƳƝǘłǎƛ 

ŦƻƭȅŀƳŀǘ ƪǀȊōŜƴ ƭŜƘŜǘǃǎŞƎǸƴƪ Ǿŀƴ ŀ ǇŀǊŀƳŞǘŜǊŜƪ ŘƛƴŀƳƛƪǳǎ ƳƽŘƻǎƝǘłǎłǊŀΣ Şǎ ǵƧ ǇŀǊŀƴŎǎƻƪ 

ƪƛŀŘłǎłǊŀΦ 

9ȊŜƴ ǎȊƻŦǘǾŜǊŜƪ ƳǼƪǀŘŞǎŞǘ ŀȊ ŀƭłōōƛ ŦƻƭȅŀƳŀǘłōǊŀ ƳƻŘŜƭƭŜȊƛΥ 
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мΦ łōǊŀ 

{ȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ ƳǼƪǀŘŞǎŞƴŜƪ ŦƻƭȅŀƳŀǘłōǊłƧŀ 

CƻǊǊłǎΥ ǎŀƧłǘ ǎȊŜǊƪŜǎȊǘŞǎ 

1.2 Szimul§ci·s kºrnyezetek jelentŖs®ge az oktat§sban 

! ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ ŀƭƪŀƭƳŀȊłǎŀ ǎȊłƳƻǎ ŜƭǃƴƴȅŜƭ ƧłǊ ƳƛƴŘ ŀȊ ƻƪǘŀǘłǎōŀƴΣ ƳƛƴŘ ǇŜŘƛƎ ŀȊ 

ƛǇŀǊōŀƴΦ Cƻƴǘƻǎ ƳŜƎŜƳƭƝǘŜƴƛΣ ƘƻƎȅ ŀȊ LǇŀǊ пΦлΣ ƛƭƭŜǘǾŜ ŀȊ Lƻ¢ όLƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎύ ŜƎȅƛƪ ƭŜƎŦǃōō 

ŀƭŀǇǇƛƭƭŞǊŞǘ ƪŞǇŜȊƛƪ ŜȊŜƪ ŀ ǇǊƻƎǊŀƳƻƪΣ ƛƭƭŜǘǾŜ ƘŀǎȊƴłƭŀǘǳƪ Şǎ ōŜłƎȅŀȊłǎǳƪ ŀ ƎȅłǊǘłǎƛ ŦƻƭȅŀƳŀǘƻƪōŀΦ ! 

ƭŜƎŦƻƴǘƻǎŀōō ŜƭǃƴȅǸƪ ŜƎȅŞǊǘŜƭƳǼŜƴ ŀ ōƻƴȅƻƭǳƭǘ ǇǊƻōƭŞƳłƪ ŜƎȅǎȊŜǊǼōō Şǎ ƪǀƭǘǎŞƎƘŀǘŞƪƻƴȅŀōō 

ƳŜƎƻƭŘłǎŀΦ 9Ǝȅ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊǊŜƭ ǾŞƎȊŜǘǘ ŀŘŀǘŦŜƭŘƻƭƎƻȊłǎ ǎƻƪƪŀƭ ƎȅƻǊǎŀōō Şǎ ŜŦŦŜƪǘƝǾŜōō ƭŜƘŜǘΣ 

mint a ƘŀƎȅƻƳłƴȅƻǎΣ ǇŀǇƝǊƻƴ ǾŞƎȊŜǘǘ ǎȊłƳƝǘłǎƻƪΦ ! ŘƛƎƛǘłƭƛǎ ƪǀǊƴȅŜȊŜǘōŜƴ ŜƎȅǎȊŜǊǼŜƴ ƳƽŘƻǎƝǘƘŀǘƽƪ 

ŀ ǇŀǊŀƳŞǘŜǊŜƪΣ ŀƪłǊ ǎȊłƳƝǘłǎ ƪǀȊōŜƴ ƛǎΣ ƛƭƭŜǘǾŜ ƭŜƘŜǘǃǎŞƎŜǘ ƪŀǇǳƴƪ ŀ ǇǊƻōƭŞƳłƪ ǘǀōōƻƭŘŀƭǵ 

ƳŜƎƪǀȊŜƭƝǘŞǎŞǊŜΦ ώмϐ 

! ǎȊƻŦǘǾŜǊŜƪ ƛƴǘŜƎǊłŎƛƽƧŀ ŀ ƪǸƭǀƴŦŞƭŜ ƛǇŀǊƛ ŦƻƭȅŀƳŀǘƻƪōŀ ƴŜƳŎǎŀƪ ŀ ǘŜǊƳŞƪŦŜƧƭŜǎȊǘŞǎǘ ƎȅƻǊǎƝǘƧŀΣ 

ƘŀƴŜƳ ƘƻȊȊłƧłǊǳƭ ŀ ŦŜƴƴǘŀǊǘƘŀǘƽōō Şǎ ƛƴƴƻǾŀǘƝǾŀōō ƧǀǾǃ ƪƛŀƭŀƪƝǘłǎłƘƻȊ ƛǎΣ ƳƛǾŜƭ ƪǀƭǘǎŞƎƘŀǘŞƪƻƴȅ 

ŀƭǘŜǊƴŀǘƝǾłǘ ƧŜƭŜƴǘŜƴŜƪ ŀ ǾŀƭƽǎłƎōŀƴ ŜƭǾŞƎȊŜǘǘ ƪƝǎŞǊƭŜǘŜƪƪŜƭ Şǎ ƳŞǊŞǎŜƪƪŜƭ ǎȊŜƳōŜƴΦ ¢ƻǾłōōłΣ ŀ 

ǇǊƻƎǊŀƳƻƪ ŜƎȅƳłǎōŀ łƎȅŀȊƘŀǘƽŀƪΣ ŜȊŞǊǘ ƘŀǎȊƴłƭŀǘǳƪƪŀƭ ƻƭȅŀƴ ƧŜƭŜƴǎŞƎŜƪ ƛǎ ƳƻŘŜƭƭŜȊƘŜǘǃŜƪΣ 

ŀƳƛƪƘŜȊ ƴŜƳ ǊŜƴŘŜƭƪŜȊǸƴƪ ƪŞȊȊŜƭ ŦƻƎƘŀǘƽ ŜǎȊƪǀȊǀƪƪŜƭΦ ώнϐ 

9ȊŜƴ ƻƪƻƪōƽƭ ƪƛŦƻƭȅƽƭŀƎ ŀ ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ ŀƭƪŀƭƳŀȊłǎŀ ǊƻƘŀƳƻǎŀƴ ƴǀǾŜƪǾǃ ǎȊŜǊŜǇŜǘ ƪŀǇ ŀȊ 

ƻƪǘŀǘłǎōŀƴ ƛǎΣ ƪǸƭǀƴǀǎŜƴ ŀ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪ ƪŞǇȊŞǎōŜƴΦ 9ƴƴŜƪ ƻƪŀΣ ƘƻƎȅ ŀȊ ƛǇŀǊ ƻƭȅŀƴ ŜƭǾłǊłǎǘ 

ǘłƳŀǎȊǘ ŀȊ ŜƎȅŜǘŜƳŜǘ ŜƭǾŞƎȊǃΣ ŦǊƛǎǎ ŘƛǇƭƻƳłǎ ƘŀƭƭƎŀǘƽƪƪŀƭ ǎȊŜƳōŜƴΣ ƳŜƭȅ ǎȊŜǊƛƴǘ ŀ ƳƻŘŜǊƴ 

ƳŞǊƴǀƪǀƪƴŜƪ Ƨƽƭ ƪŜƭƭ ƛǎƳŜǊƴƛǸƪ ŀ ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪŜǘΦ 9ȊŞǊǘ ŀȊ ŜƎȅŜǘŜƳŜƪƴŜƪ ŀ нмΦ ǎȊłȊŀŘōŀƴ 

elengedhetetleƴ ŦŜƭŀŘŀǘŀΣ ƘƻƎȅ ƻƭȅŀƴ ƪŞǇȊŞǎǘ ƴȅǵƧǘǎŀƴŀƪΣ ŀƳŜƭȅ ŜƴƴŜƪ ŀ ƪǀǾŜǘŜƭƳŞƴȅƴŜƪ ƳŜƎŦŜƭŜƭΣ 

Şǎ ōƛȊǘƻǎƝǘƧŀΣ ƘƻƎȅ ŀ ƘŀƭƭƎŀǘƽƪ ƪŞǎȊǎŞƎǎȊƛƴǘŜƴ ŜƭǎŀƧłǘƝǘǎłƪ ŜȊŜƪƴŜƪ ŀ ǇǊƻƎǊŀƳƻƪƴŀƪ ŀ ƪŜȊŜƭŞǎŞǘΦ ώоϐ 

! ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ ōŜǾŜȊŜǘŞǎŜ ŀȊ ƻƪǘŀǘłǎōŀ ǘǀōō Ŝƭǃƴȅǘ ƛǎ ƘƻǊŘƻȊΦ 9ƎȅǊŞǎȊǘ ƭŜŜƎȅǎȊŜǊǼǎƝǘƛ Şǎ 

ŦŜƭƎȅƻǊǎƝǘƧŀ ŀȊ ƻƪǘŀǘłǎ Şǎ ŀ ǘŀƴǳƭłǎ ŦƻƭȅŀƳŀǘłǘΣ ƳƛǾŜƭ ŀ ǇǊƻƎǊŀƳƻƪ ǊŞǾŞƴ ŀ ƘŀƭƭƎŀǘƽƪ ƻƭȅŀƴ ƪǸƭǀƴōǀȊǃ 

ƳŞǊŞǎƛ Şǎ ǎȊłƳƝǘłǎƛ ŦŜƭŀŘŀǘƻƪŀǘ ǘǳŘƴŀƪ ŜƭǾŞƎŜȊƴƛΣ ŀƳŜƭȅŜƪ ƳłǎƪǸƭǀƴōŜƴ ŀ ǾŀƭƽǎłƎōŀƴ ōƻƴȅƻƭǳƭǘŀƪ 

ǾŀƎȅ ƪƛǾƛǘŜƭŜȊƘŜǘŜǘƭŜƴŜƪ ƭŜƴƴŞƴŜƪΦ 9ȊŜƴ ŦŜƭǸƭ ŀ ƘŀƭƭƎŀǘƽƪƴŀƪ ƻƭȅŀƴ ŦŜƭŀŘŀǘƻƪ ƛǎ ŀŘƘŀǘƽŀƪΣ ŀƳŜƭȅŜƪŜǘ 

ƻǘǘƘƻƴ ƪŜƭƭ ŜƭǾŞƎŜȊƴƛǸƪ ŀ ǇǊƻƎǊŀƳƻƪ ǎŜƎƝǘǎŞƎŞǾŜƭΣ ŜȊȊŜƭ ƳŜƎǎȊƛƭłǊŘƝǘǾŀ ŀ ƪǳǊȊǳǎƻƪƻƴ ƳŜƎǎȊŜǊȊŜǘǘ 

ǘǳŘłǎǘΦ !Ȋ jōǳŘŀƛ 9ƎȅŜǘŜƳ ǎȊłƳƻǎ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊƘŜȊ ǊŜƴŘŜƭƪŜȊƛƪ ƭƛŎŜƴǎǎȊŜƭΣ ŀƳŜƭȅŜƪ ǊŞǾŞƴ 

ƪǸƭǀƴŦŞƭŜ ǘŜǊǸƭŜǘŜƪŜƴ όłǊŀƳƪǀǊǘŜǊǾŜȊŞǎΣ ƛƴŦƻƪƻƳƳǳƴƛƪłŎƛƽǎ ƘłƭƽȊŀǘƻƪΣ ƎȅłǊǘłǎŀǳǘƻƳŀǘƛȊłƭłǎύ 

ƪŀǇƘŀǘƴŀƪ ŀ ƘŀƭƭƎŀǘƽƪ ƛƴƴƻǾŀǘƝǾ Şǎ ƪƻǊǎȊŜǊǼ ǘǳŘłǎǘΦ ! ƳŜƎǎȊŜǊȊŜǘǘ ƪŞǎȊǎŞƎŜƪ ŀƭŀǇǾŜǘǃŜƪ ƭŜǎȊƴŜƪ 

ǎȊłƳǳƪǊŀ ŀ ƪƛƘƝǾłǎƻƪƪŀƭ ǘŜƭƛ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪƛ ǇłƭȅłƴΣ ŀƘƻƭ ŜƎȅǊŜ ǘǀōō ǎȊŀƪǘŜǊǸƭŜǘŜƴ ƪŜƭƭ ƘŜƭȅǘłƭƭƴƛǳƪΦ 

[4] 
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нΦ łōǊŀ 

A KVK-n leggyakrabban alkalmazott szoftverek 

CƻǊǊłǎΥ ǀǎǎȊŜłƭƭƝǘƻǘǘŀ ŀ ǎȊŜǊȊǃ 

2 Szimul§ci·s szoftverek bevezet®se a Villamoss§gtan laborat·riumban 

2.1 Alkalmazott szoftverek ®s hasznuk 

! ŦŜƴǘŜōō ƭŜƝǊǘŀƪ ŦƛƎȅŜƭŜƳōŜǾŞǘŜƭŞǾŜƭ ƪŜǊǸƭǘ ōŜǾŜȊŜǘŞǎǊŜ нлноΦ ǃǎȊŞǘǃƭ ŀ ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ 

ƘŀǎȊƴłƭŀǘŀ Şǎ ƻƪǘŀǘłǎŀ ŀȊ jōǳŘŀƛ 9ƎȅŜǘŜƳ YŀƴŘƽ YłƭƳłƴ ±ƛƭƭŀƳƻǎƳŞǊƴǀƪƛ YŀǊłƴŀƪ ±ƛƭƭŀƳƻǎǎłƎǘŀƴ 

ƭŀōƻǊŀǘƽǊƛǳƳłōŀƴΣ ŀƳƛ ŜƎȅ ƳŜƎǵƧǳƭłǎƛ ŦƻƭȅŀƳŀǘ ŜƎȅƛƪ ŀƭŀǇǇƛƭƭŞǊŜ ǾƻƭǘΦ !Ȋ ǵƧ C ǘŀƴǘŜǊǾ ŞǊǘŜƭƳŞōŜƴ ŀ 

ƘŀƭƭƎŀǘƽƪƴŀƪ ŀȊ Ŝƭǎǃ ŦŞƭŞǾōŜƴΣ ŀȊ ŜƭƳŞƭŜǘƛ ǘŀƴŀƴȅŀƎƎŀƭ ǇłǊƘǳȊŀƳƻǎŀƴ ƪŜƭƭ р ƳŞǊŞǎǘ ǘŜƭƧŜǎƝǘŜƴƛǸƪΣ 

ŜȊłƭǘŀƭ ǎȊǸƪǎŞƎŜǎǎŞ Ǿłƭǘ ŀ ǊŞƎƛ ƳŞǊŞǎŜƪ Şǎ ŀȊ ǵǘƳǳǘŀǘƽƪΣ ƛƭƭŜǘǾŜ ŀ ǘŀƴŀƴȅŀƎ ǘŜƭƧŜǎ łǘŘƻƭƎƻȊłǎŀΦ 9ȊŜƪ 

ƳŜƭƭŜǘǘ ƪŜǊǸƭǘ ǎƻǊ ŀ ǘŀƴǘŜǊŜƳ ǘŜƭƧŜǎƪǀǊǼ ŦŜƭǵƧƝǘłǎłǊŀΣ ƛƭƭŜǘǾŜ ŀ ƳǼǎȊŜǊŜƪ ƳƻŘŜǊƴƛȊłŎƛƽƧłǊŀ Şǎ ŀ t/-k 

ōŜǎȊŜǊȊŞǎŞǊŜΦ 

! ǎȊłƳƝǘƽƎŞǇŜƪŜǘ ŜǊŜŘŜǘƛƭŜƎ Ŏǎŀƪ ƧŜƎȅȊǃƪǀƴȅǾ ƝǊłǎǊŀΣ ƛƭƭŜǘǾŜ ŀ aƻƻŘƭŜ ƻƭŘŀƭ ŜƭŞǊŞǎŞǊŜ ǎȊŜǊŜǘǘǸƪ Ǿƻƭƴŀ 

ƛƎŞƴȅōŜ ǾŜƴƴƛΣ ǾƛǎȊƻƴǘ ŀ ƪƻǊǊŀƭ ƘŀƭŀŘǾŀ ōŜǾŜȊŜǘǘǸƪ ŀ ƳƻŘŜǊƴ ǎȊƛƳǳƭłŎƛƽǎ ƳŞǊŞǎŜƪŜǘ ŀ ǊŞƎƛ 

aƴŀƭƽƎƻƪƪŀƭ ǇłǊƘǳȊŀƳƻǎŀƴΣ ŜȊȊŜƭ ƧŜƭŜƴǘǃǎ ŜƭǃǊŜƭŞǇŞǎǘ ǘŞǾŜ ŀ ƪƻǊǎȊŜǊǼΣ ƎȅŀƪƻǊƭŀǘƻǊƛŜƴǘłƭǘ ƻƪǘŀǘłǎōŀƴΦ 

!Ȋ ǵƧ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ ŀƭƪŀƭƳŀȊłǎłǾŀƭ ŀ ƘŀƭƭƎŀǘƽƪƴŀƪ ƭŜƘŜǘǃǎŞƎǸƪ Ǿŀƴ ŀǊǊŀΣ ƘƻƎȅ ǎȊłƳƝǘƽƎŞǇŜǎ 

ǇǊƻƎǊŀƳƻƪ ǎŜƎƝǘǎŞƎŞǾŜƭ ƛǎ ƭŜƳŞǊƧŞƪ ŀȊ łǊŀƳƪǀǊǀƪŜǘΣ Şǎ ŀ ƪŀǇƻǘǘ ŜǊŜŘƳŞƴȅŜƪŜǘ ǀǎǎȊŜƘŀǎƻƴƭƝǘǎłƪ Şǎ 

ƪƛŞǊǘŞƪŜƭƧŞƪΦ ώрϐ 

!Ȋ łǊŀƳƪǀǊǀƪ ƳǼƪǀŘŞǎŞǘ ŀ ¢Lb! ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊǊŜƭ ƳƻŘŜƭƭŜȊƘŜǘƛƪΣ ƳƝƎ ŀ aŀǘ[ŀō ǎŜƎƝǘƛ ŀ 

ƘŀƭƭƎŀǘƽƪŀǘ ŀ ƳŀǘŜƳŀǘƛƪŀƛ ƳǼǾŜƭŜǘŜƪ Şǎ ŀ ƎǊŀŦƛƪǳǎ łōǊłȊƻƭłǎƻƪ ŜƭǾŞƎȊŞǎŞōŜƴΣ ŀƳŜƭȅ Ŧƻƴǘƻǎ ǎȊŜǊŜǇŜǘ 

ƧłǘǎȊƛƪ ŀȊ ŜǊŜŘƳŞƴȅŜƪ ƪƛŞǊǘŞƪŜƭŞǎŞōŜƴΦ ¢ƻǾłōōł ƳƛƴŘƪŞǘ ǇǊƻƎǊŀƳ ƭŜƘŜǘǃǎŞƎŜǘ ƴȅǵƧǘ ŀ ƘŀƭƭƎŀǘƽƪƴŀƪ 

ŀǊǊŀ ƛǎΣ ƘƻƎȅ ƘŀǎȊƴłƭŀǘǳƪƪŀƭ ŀƪłǊ ƻǘǘƘƻƴ ƛǎ ƎȅŀƪƻǊƻƭƧŀƴŀƪ Şǎ ǎŀƧłǘ ǇǊƻƧŜƪǘƧŜƛƪŜƴ ŘƻƭƎƻȊȊŀƴŀƪΣ ŜȊȊŜƭ 

ŦŜƧƭŜǎȊǘǾŜ ŀ ǇǊƻōƭŞƳŀƪǀȊǇƻƴǘǵ ǘŀƴǳƭłǎǘΦ ώсϐ 

 
оΦ łōǊŀ 

! ƳŞǊŞǎŜƪŜƴ ¢ƛƴłōŀƴ Şǎ aŀǘ[ŀō-ōŀƴ łōǊłȊƻƭǘ .ƻŘŜ-diagramok 

CƻǊǊłǎΥ ǎŀƧłǘ ǎȊŜǊƪŜǎȊǘŞǎ 
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2.2 Hallgat·i k®rdŖ²vek ®s ®rt®kel®s¿k 

!Ȋ C ǘŀƴǘŜǊǾŜǎ ƘŀƭƭƎŀǘƽƪ Ŝƭǎǃ ǎȊŜƳŜǎȊǘŜǊŞƴŜƪ ǾŞƎŞƴ ƪŞǊŘǃƝǾŜǎ ŦŜƭƳŞǊŞǎǘ ǾŞƎŜȊǘǸƴƪ ŀ ƘŀƭƭƎŀǘƽƛ 

ŜƭŞƎŜǘǘǎŞƎ ƳŞǊŞǎŞǊŜΣ ƳŜƭȅƴŜƪ ŀȊ Ǿƻƭǘ ŀ ŎŞƭƧŀΣ ƘƻƎȅ ƳŜƎǘǳŘƧǳƪΣ ƳŜƴƴȅƛǊŜ Ǿƻƭǘ ŎŞƭǊŀǾŜȊŜǘǃ ŀ 

ƭŀōƻǊŀǘƽǊƛǳƳƛ ƪǀǊƴȅŜȊŜǘ ƳŜƎǵƧƝǘłǎŀΣ ƛƭƭŜǘǾŜ ŀ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ ƘŀǎȊƴłƭŀǘłƴŀƪ ōŜǾŜȊŜǘŞǎŜΦ 

¢ƻǾłōōłΣ ƧŀǾŀǎƭŀǘƻƪŀǘ ǾłǊǘǳƴƪ ŀ ƘŀƭƭƎŀǘƽƪǘƽƭ ǘƻǾłōōƛ ŦŜƧƭŜǎȊǘŞǎŜƪǊŜ Şǎ ƧŀǾƝǘłǎƻƪǊŀΦ 9ƘƘŜȊ ŀ DƻƻƎƭŜ 

CƻǊƳǎ ǊŜƴŘǎȊŜǊŞǘ ŀƭƪŀƭƳŀȊǘǳƪΣ ŀƳŜƭȅ łǘƭłǘƘŀǘƽ ǇƭŀǘŦƻǊƳƳŀƭ ǊŜƴŘŜƭƪŜȊƛƪΣ ŜȊȊŜƭ ŜƭǃǎŜƎƝǘǾŜ ŀ ƪŀǇƻǘǘ 

ǾłƭŀǎȊƻƪ ƎȅƻǊǎ Şǎ ǎȊŜƳƭŞƭŜǘŜǎ ƪƛŞǊǘŞƪŜƭŞǎŞǘΦ ! ƪŞǊŘǃƝǾōŜƴ ŜƎȅŀǊłƴǘ ŀƭƪŀƭƳŀȊǘǳƴƪ м-5-ƛƎ ǎƪłƭłƴ 

ǇƻƴǘƻȊłǎǘ ƪǸƭǀƴōǀȊǃ ǎȊŜƳǇƻƴǘƻƪ ǎȊŜǊƛƴǘΣ ƛƭƭŜǘǾŜ ƪƛŦŜƧǘŜƴŘǃ ƪŞǊŘŞǎŜƪŜǘΦ ! ƪƻƴƪƭǵȊƛƽƪ ƭŜǾƻƴłǎłhoz 

ǎȊǸƪǎŞƎǸƴƪ Ǿƻƭǘ ǾƛǎȊƻƴȅƝǘłǎƛ ŀƭŀǇǊŀΣ ŜȊŞǊǘ ŀ ŦƻǊƳǳƭłǘ ŀȊ ŜƭǃȊǃΣ ; ǘŀƴǘŜǊǾŜǎ ƘŀƭƭƎŀǘƽƪƪŀƭ ƛǎ ƪƛǘǀƭǘŜǘǘǸƪΦ 

[7] 

 

2.2.1 Az £ tanterves hallgat·k v§laszai 

! ƘŀƭƭƎŀǘƽƪ ƪǀǊŞōŜƴ ǎȊłƳƻǎ ǇǊƻōƭŞƳŀ ƳŜǊǸƭǘ ŦŜƭ ŀ ƳŞǊŞǎŜƪ ƪŀǇŎǎłƴΦ .łǊ ŀ ǎȊǸƪǎŞƎŜǎ ƳǼǎȊŜǊŜƪ 

ǊŜƴŘŜƭƪŜȊŞǎǊŜ łƭƭǘŀƪΣ ŀȊƻƪŀǘ ŜƭŀǾǳƭǘƴŀƪ ƝǘŞƭǘŞƪΦ YƛŜƳŜƭǘŞƪ ŀ ǎŜƎŞŘŀƴȅŀƎƻƪ ƘƛłƴȅłǘΣ ǾŀƭŀƳƛƴǘ ŀȊ 

ŜƭŜƪǘǊƻƴƛƪǳǎ ƧŜƎȅȊǃƪǀƴȅǾŜȊŞǎ ōŜǾŜȊŜǘŞǎŞƴŜƪ ǎȊǸƪǎŞƎŜǎǎŞƎŞǘΦ ! ǎȊƛƳǳƭłŎƛƽǎ ƳŞǊŞǎŜƪǊŜ ǘŜǘǘ ƧŀǾŀǎƭŀǘ 

vegyes fƻƎŀŘǘŀǘłǎōŀƴ ǊŞǎȊŜǎǸƭǘΥ ŜƎȅŜǎ ƘŀƭƭƎŀǘƽƪ ƘŀǎȊƴƻǎƴŀƪΣ ƳƝƎ Ƴłǎƻƪ ŦŜƭŜǎƭŜƎŜǎ ƛŘǃƘǵȊłǎƴŀƪ 

ƝǘŞƭǘŞƪ ŀȊƻƪŀǘΦ ¢ƻǾłōōł ǘǀōōŜƴ ƧŀǾŀǎƻƭǘłƪ ŀȊ ƽǊŀǎȊłƳ ƴǀǾŜƭŞǎŞǘΣ ƛƭƭŜǘǾŜ ŀȊ ŜƭƳŞƭŜǘƛ Şǎ ƎȅŀƪƻǊƭŀǘƛ 

ǘŀƴŀƴȅŀƎ ŜƎȅǸǘǘ ŦǳǘłǎłǘΦ 

 

2.2.2 Az F tanterves hallgat·k v§laszai 

! ƳŜƎǵƧǳƭǘ ±ƛƭƭŀƳƻǎǎłƎǘŀƴ ƳŞǊŞǎŜƪ ŀȊ C ǘŀƴǘŜǊǾŜǎ ƘŀƭƭƎŀǘƽƪ ƪǀǊŞōŜƴ ǎȊłƳƻǎ ǇƻȊƛǘƝǾ ǾłƭǘƻȊłǎǘ 

ŜǊŜŘƳŞƴȅŜȊǘŜƪΣ ǇŞƭŘłǳƭ ƪƛŜƳŜƭǘŞƪ ŀȊ ŜƭƳŞƭŜǘƛ ƽǊłƪ Şǎ ŀ ƭŀōƻǊƎȅŀƪƻǊƭŀǘƻƪ ǇłǊƘǳȊŀƳƻǎǎłƎłƴŀƪ ŀȊ 

ŜƭǃƴȅŞǘΦ ! ƳǼǎȊŜǊŜƪƪŜƭ ƪŀǇŎǎƻƭŀǘōŀƴ ƭŞƴȅŜƎŜǎŜƴ ƪŜǾŜǎŜōō ǇŀƴŀǎȊ ŞǊƪŜȊŜǘǘΣ Ƴƛƴǘ ƪƻǊłōōŀƴΣ ǘƻǾłōōł 

ŀȊ ŜƭŜƪǘǊƻƴƛƪǳǎ ƧŜƎȅȊǃƪǀƴȅǾŜȊŞǎǘ ƛǎ ǇƻȊƛǘƝǾŀƴ ŦƻƎŀŘǘłƪΦ !Ȋ ŜƭƪŞǎȊǸƭǘ ǎŜƎŞŘŀƴȅŀƎƻƪ ƘŀǘŞƪƻƴȅƴŀƪ 

ōƛȊƻƴȅǳƭǘŀƪΣ ǾƛǎȊƻƴǘ ƛƎŞƴȅǸƪŜǘ ŦŜƧŜȊǘŞƪ ƪƛ ǘƻǾłōōƛΣ ŦǃƪŞƴǘ ŀǳŘƛƻǾƛȊǳłƭƛǎ ǘŀƴŀƴȅŀƎƻƪǊŀΦ ! Ǿŀƭƽǎ 

ƳǼǎȊŜǊŜǎ Şǎ ŀ ǎȊƛƳǳƭłŎƛƽǎ ƳŞǊŞǎŜƪ ŜƎȅǸǘǘŜǎ ŀƭƪŀƭƳŀȊłǎŀ ŜƭǃƴȅǀǎƴŜƪ ōƛȊƻƴȅǳƭǘΣ ŦǃƪŞƴǘ ŀȊ 

ǀƴŜƭƭŜƴǃǊȊŞǎ ǎȊŜƳǇƻƴǘƧłōƽƭΦ  

 

2.2.3 A k®rdŖ²v konkl¼zi·ja 

! ƳŜƎǵƧǳƭǘ ±ƛƭƭŀƳƻǎǎłƎǘŀƴ ƳŞǊŞǎŜƪ ǎƛƪŜǊŜǎŜƴ ƘƻȊȊłƧłǊǳƭǘŀƪ ŀȊ ŜƭŞƎŜŘŜǘǘǎŞƎ ƴǀǾŜƭŞǎŞƘŜȊΦ !Ȋ 

ŜǊŜŘƳŞƴȅŜƪ ŀƭŀǇƧłƴ ǎȊǸƪǎŞƎ Ǿŀƴ ƳŞƎ ŀ ƧǀǾǃōŜƴ ǘƻǾłōōƛ ǎŜƎŞŘŀƴȅŀƎƻƪ ŜƭƪŞǎȊƝǘŞǎŞǊŜΣ ƪǸƭǀƴǀǎ 

ǘŜƪƛƴǘŜǘǘŜƭ ǾƛŘŜƽƪǊŀ ŀ ƳŞǊŞǎŜƪǊǃƭΦ ¢ƻǾłōōłΣ ƧŀǾŀǎƻƭǘ ŀȊ ƽǊŀǎȊłƳ ƳŜƎƴǀǾŜƭŞǎŜΣ ƛƭƭŜǘǾŜ ǘƻǾłōōƛ 

ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ ōŜǾŜȊŜǘŞǎŜΦ 
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пΦ łōǊŀ 

wŞǎȊƭŜǘ ŀ ƘŀƭƭƎŀǘƽƛ ƪŞǊŘǃƝǾōǃƭ 

CƻǊǊłǎΥ ǎŀƧłǘ ǎȊŜǊƪŜǎȊǘŞǎ 

3 K®rdŖ²v a Kand· K§lm§n Villamosm®rnºki Karon alkalmazott 

szimul§ci·s kºrnyezetekrŖl 

3.1 A k®rdŖ²v 

!Ȋ ŜƭǃȊǃŜƪōŜƴ ǎȊŜǊȊŜǘǘ ǘŀǇŀǎȊǘŀƭǘƻƪōƽƭ Şǎ ǾƛǎǎȊŀƧŜƭȊŞǎŜƪōǃƭ ƭŜǾƻƴǘŀƳ ŀ ƪƻƴƪƭǵȊƛƽǘΣ Şǎ ŀǊǊŀ ŀ 

ƪǀǾŜǘƪŜȊǘŜǘŞǎǊŜ ƧǳǘƻǘǘŀƳΣ ƘƻƎȅ ŞǊŘŜƳŜǎ ƭŜƴƴŜ ŜȊǘ ŀ ƪǳǘŀǘłǎƻƳŀǘ ŀ ǘŜƭƧŜǎ YŀǊǊŀ ƪƛǘŜǊƧŜǎȊǘŜƴƛΣ Şǎ ŜƎȅ 

globłƭƛǎ ƪŞǇŜǘ ǀǎǎȊŜłƭƭƝǘŀƴƛ ŀǊǊƽƭΣ ƘƻƎȅ ŀ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪ ƻƪǘŀǘłǎƘƻȊ ƧŜƭŜƴƭŜƎ ƳŜƭȅ ǎȊƻŦǘǾŜǊŜƪŜǘ 

ŀƭƪŀƭƳŀȊȊłƪ ŀƪǘƝǾŀƴ ŀȊ ƻƪǘŀǘƽ YƻƭƭŞƎłƪΦ 9ōōŜƴ ŦǃƪŞƴǘ ŀȊ ƳƻǘƛǾłƭǘ ŜƴƎŜƳΣ ƘƻƎȅ ǘƻǾłōōƛ ǀǘƭŜǘŜƪŜǘ Şǎ 

ƧŀǾŀǎƭŀǘƻƪŀǘ ǎȊŜǊŜȊȊŜƪ ŀǊǊƽƭΣ ƘƻƎȅ ŀ ƧǀǾǃōŜƴ ƳŞƎ ƳƛƭȅŜƴ ǇǊƻƎǊŀƳƻƪ ƘŀǎȊƴłƭŀǘłǾŀƭ ǘǳŘƴłƳ ƪƛōǃǾƝǘŜƴƛ 

ŀȊ ƻƪǘŀǘƽƛ ƳǳƴƪłƳ ǎǇŜƪǘǊǳƳłǘΦ ¢ƻǾłōōł ŀ ŎŞƭƻƳ ŀȊΣ ƘƻƎȅ ŀ ƪǳǘŀǘłǎƻƳ ǎƻǊłƴ ǎȊŜǊȊŜǘǘ ŜǊŜŘƳŞƴȅŜƪŜǘ 

Şǎ ŀŘŀǘƻƪŀǘ ǎȊŞƭŜǎ ƪǀǊōŜƴ ŜƭǘŜǊƧŜǎǎȊŜƳ ŀ YŀǊƻƴΣ ŜȊȊŜƭ ƛǎ ŜƭǃǎŜƎƝǘǾŜ ŀ ǇǊƻōƭŞƳŀƪǀȊǇƻƴǘǵ 

ǾƛƭƭŀƳƻǎƳŞǊƴǀƪ ƻƪǘŀǘłǎ ŦŜƧƭǃŘŞǎŞǘΦ  

Ehhez ŜƎȅ ƪŞǊŘǃƝǾŜǘ ƪŞǎȊƝǘŜǘǘŜƳΣ ŀƳŜƭȅƴŜƪ ƪƛǘǀƭǘŞǎŞōŜƴ ŀ YŀƴŘƽ YłƭƳłƴ ±ƛƭƭŀƳƻǎƳŞǊƴǀƪƛ YŀǊƻƴ 

ƻƪǘŀǘƽ ƪƻƭƭŞƎłƪ ƪǀȊǊŜƳǼƪǀŘŞǎŞǘ ƪŞǊǘŜƳΦ ! ƪŞǊŘǃƝǾŜǘ ŀ DƻƻƎƭŜ CƻǊƳǎ ŦŜƭǸƭŜǘŞƴ łƭƭƝǘƻǘǘŀƳ ǀǎǎȊŜ ƳŞƎ 

нлнпΦ ƴȅŀǊłƴΦ ! ŎŞƭƻƳ ǇŜŘƛƎ ŀȊ ǾƻƭǘΣ ƘƻƎȅ ŦŜƭǘŞǊƪŞǇŜȊȊŜƳΣ ƘƻƎȅ ŀ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪ ƘŀƭƭƎŀǘƽƪ 

ǘŀƴƝǘłǎłōŀƴ ƳƛƭȅŜƴ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪŜǘ ƘŀǎȊƴłƭƴŀƪ ŀȊ ƻƪǘŀǘƽƪ ŀȊ ŜƎȅŜǘŜƳƛ ƭŀōƻǊŀǘƽǊƛǳƳƻƪōŀƴΣ 

Şǎ ŜȊŜƪŜǘ ŀ ǎȊƻŦǘǾŜǊŜƪŜǘ ƳƛƭȅŜƴ ǘŀƴǘłǊƎȅŀƪƘƻȊΣ ŞǾŦƻƭȅŀƳƻƪƘƻȊ Şǎ ƪƻƴƪǊŞǘ ŦŜƭŀŘŀǘƻƪƘƻȊ ƪǀǘƛƪΦ ! 

ƪŞǊŘǃƝǾ ƳŀȄƛƳǳƳ о ŘŀǊŀō ǇǊƻƎǊŀƳ ŦŜƭǘǸƴǘŜǘŞǎŞǘ ǘŜǘǘŜ ƭŜƘŜǘǃǾŞ ƪƻƭƭŞƎłƴƪŞƴǘΦ ώуϐώфϐ 

! ƪŞǊŘǃƝǾ ŀ ƪǀǾŜǘƪŜȊǃ Ŧǃōō ǇƻƴǘƻƪǊŀ ǘŞǊǘ ƪƛΥ 

- ! ǎȊƻŦǘǾŜǊ ƴŜǾŜΥ ŀȊ ŀƭƪŀƭƳŀȊƻǘǘ ƪǀǊƴȅŜȊŜǘ Ǉƻƴǘƻǎ ƴŜǾŜΦ 

- ¢ŀƴǘłǊƎȅƛ ŀƭƪŀƭƳŀȊłǎΥ ƳŜƭȅ ƪǳǊȊǳǎƻƪƻƴ ƪŜǊǸƭ ŀƭƪŀƭƳŀȊłǎǊŀΚ 

- IłƴȅŀŘŞǾŜǎ ƘŀƭƭƎŀǘƽƪ ƘŀǎȊƴłƭƧłƪΚ 

- !ƭƪŀƭƳŀȊłǎƛ ǘŜǊǸƭŜǘΥ aƛƭȅŜƴ ǘƝǇǳǎǵ ǘŜǾŞƪŜƴȅǎŞƎŜƪǊŜ ƘŀǎȊƴłƭƧłƪ ŀ ǎȊƻŦǘǾŜǊǘ όǎȊłƳƻƭłǎ κ 
ŦŜƭŀŘŀǘƳŜƎƻƭŘłǎ κ ǘŜǊǾŜȊŞǎ κ ƳƻŘŜƭƭŜȊŞǎ κ łōǊłȊƻƭłǎύΚ 
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3.2 A kapott v§laszok ºsszefoglal§sa 

!Ȋ ŜƭǃȊǃ Ǉƻƴǘ ōŜƳǳǘŀǘƻǘǘ ƪŞǊŘǃƝǾǊŜ ǎȊłƳƻǎ ǾłƭŀǎȊǘ ƪŀǇǘŀƳΣ ŀƳŜƭȅŜƪŜǘ ŀȊ ŀƭłōōƛ ǘłōƭłȊŀǘ ŦƻƎƭŀƭƻƪ 

ǀǎǎȊŜΥ 

 

Szoftver 

neve: 
CŜƭƘŀǎȊƴłƭłǎŀΥ ¢ŀƴǘłǊƎȅΥ ;ǾŦƻƭȅŀƳΥ 

TinkerCAD 
±ƛǊǘǳłƭƛǎ !ǊŘǳƛƴƻ 

ǇǊƻƎǊŀƳƻȊłǎ 
tǊƻƎǊŀƳƻȊłǎ нΦ 2. 

TINA #ǊŀƳƪǀǊǎȊƛƳǳƭłŎƛƽ 

5ƛƎƛǘłƭƛǎ ǘŜŎƘƴƛƪŀΣ 

Elektronika, 

±ƛƭƭŀƳƻǎǎłƎǘŀƴ 

мΦ Şǎ нΦ 

MatLab 

{ȊłƳƻƭłǎΣ 

łōǊłȊƻƭłǎΣ 

ƧŜƭŀƴŀƭƝȊƛǎΣ 

rendszerek 

ǎȊƛƳǳƭłƭłǎŀ 

LƴŦƻƪƻƳƳǳƴƛƪłŎƛƽΣ 

WŜƭŀƴŀƭƝȊƛǎΣ !ǳǘƻƳŀǘƛƪŀΣ 

Matematika, Fizika 

Mindegyik 

ŞǾŦƻƭȅŀƳ 

Neplan 
±ƛƭƭŀƳƻǎ ƘłƭƽȊŀǘƻƪ 

ƳƻŘŜƭƭŜȊŞǎŜ 

±ƛƭƭŀƳƻǎ ƘłƭƽȊŀǘƻƪ 

ǎȊłƳƝǘłǎŀ Şǎ 

ƳŞǊŜǘŜȊŞǎŜ 

MSc-s 

ŞǾŦƻƭȅŀƳƻƪ 

Picoscope 
hǎȊŎƛƭƭƻǎȊƪƽǇ 

ǎȊƛƳǳƭłŎƛƽƧŀ 
YŀǇŎǎƻƭłǎǘŜŎƘƴƛƪŀ - 

WireShark 

IłƭƽȊŀǘƛ 

ǇǊƻǘƻƪƻƭƭƻƪ Şǎ 

łǘǾƛǘŜƭ 

ǘŀƴǳƭƳłƴȅƻȊłǎŀ 

IƝǊŀŘłǎǘŜŎƘƴƛƪŀΣ 

LƴŦƻƪƻƳƳǳƴƛƪłŎƛƽ 
нΦ Şǎ оΦ 

LabVIEW 
±ƛȊǳŀƭƛȊłŎƛƽΣ 

ǎȊƛƳǳƭłŎƛƽ 
WŜƭŦŜƭŘƻƭƎƻȊłǎ мΦ Şǎ нΦ оΦ Şǎ пΦ 

wokwiki.com #ǊŀƳƪǀǊǎȊƛƳǳƭłŎƛƽ 
tǊƻƎǊŀƳƻȊłǎΣ 

Projektmunka 
1-3. 

LTSpice 
#ǊŀƳƪǀǊƛ 

ƳƻŘŜƭƭŜȊŞǎ 

¢ŜƭƧŜǎƝǘƳŞƴȅŜƭŜƪǘǊƻƴƛƪŀ 

Şǎ ŜƭŜƪǘǊƻƴƛƪǳǎ 

łǘŀƭŀƪƝǘƽƪ 

MSc-s 

ŞǾŦƻƭȅŀƳƻƪ 

Eagle b¸#Y ǘŜǊǾŜȊŞǎ 
Elektronikai 

ǘŜŎƘƴƻƭƽƎƛŀ 
2. 

CAD 

szoftverek 

¢ŜǊǾŜȊŞǎΣ 

łōǊłȊƻƭłǎΣ 

ƳƻŘŜƭƭŜȊŞǎ 

hǇǘƛƪŀƛ ƘłƭƽȊŀǘƛ 

ǘŜŎƘƴƻƭƽƎƛłƪΣ 

YŀǇŎǎƻƭłǎǘŜŎƘƴƛƪŀ 

3. 
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MPLAB-X 
Mikrokontroller 

ǇǊƻƎǊŀƳƻȊłǎ 

5ƛƎƛǘłƭƛǎ ƧŜƭŦŜƭŘƻƭƎƻȊłǎΣ 

.ŜłƎȅŀȊƻǘǘ 

ǎȊƻŦǘǾŜǊŦŜƧƭŜǎȊǘŞǎ 

3. 

 

4 Szoftver ï tant§rgy m§trix ºssze§ll²t§sa 

YǳǘŀǘłǎƻƳ ŜƎȅƛƪ Ŧǃ ƳŞǊŦǀƭŘƪǀǾŜ ŀȊ ŜƭǃȊǃ ŦŜƧŜȊŜǘōŜƴ ǀǎǎȊŜƎȅǼƧǘǀǘǘ Şǎ ŜƭŜƳȊŜǘǘ ǎȊƻŦǘǾŜǊŜƪōǃƭ ŜƎȅ 

szoftver ς ǘŀƴǘłǊƎȅ ƳłǘǊƛȄ ǀǎǎȊŜłƭƭƝǘłǎŀΦ 9ƴƴŜƪ ǎƻǊłƴ ŀȊ C ǘŀƴǘŜǊǾ ǘŀƴǘŜǊǾƛ ǘłōƭłȊŀǘłōŀƴ ǎȊŜǊŜǇƭǃ 

ŀƭŀǇƪŞǇȊŞǎŜǎ ƪǀǘŜƭŜȊǃ ǘŀƴǘłǊƎȅŀƪŀǘ ŦƻƎƻƳ ŜƎȅ ǘłōƭłȊŀǘōŀƴ ǀǎǎȊŜǇłǊƻǎƝǘŀƴƛ ŀȊƻƪƪŀƭ ŀ ǇǊƻƎǊŀƳƻƪƪŀƭΣ 

ŀƳƛƪŜǘ ŞǊŘŜƳŜǎ ƭŜƘŜǘ ŀȊ ƻƪǘŀǘłǎǳƪ ǎƻǊłƴ ŀƭƪŀƭƳŀȊƴƛΦ ώмлϐ 

WŜƭŜƴƭŜƎ ŜƎȅ ǀǎǎȊŜƪŀǇŎǎƻƭƽ ǘłōƭłȊŀǘƻǘ ƪŞǎȊƝǘŜǘǘŜƳ όƭłǎŘΥ ŦŜƴǘŜōōύΣ ŀƳŜƭȅ ŀ ǘŀƴǘłǊƎȅŀƪŀǘ Şǎ ŀ 

ƪŞǊŘǃƝǾōŜƴ ƘƻȊȊłƧǳƪ ǊŜƴŘŜƭǘ ǎȊƻŦǘǾŜǊŜƪŜǘ ǘŀǊǘŀƭƳŀȊȊŀΦ ! ǘƻǾłōōƛŀƪōŀƴ ŜȊǘ ǎȊŜǊŜǘƴŞƳ ƪƛōǃǾƝǘŜƴƛ ŀȊ 

ŀƭłōōƛ ǎȊŜƳǇƻƴǘƻƪ ǎȊŜǊƛƴǘΥ 

- ¢ƻǾłōōƛ ƪŞǊŘǃƝǾŜƪ ƪŞǎȊƝǘŞǎŜΣ ŦǃƪŞƴǘ ŀ ƘŀƭƭƎŀǘƽƪ ƪǀǊŞōŜƴΦ 

- ! ƘŀƭƭƎŀǘƽƪ ŜǊŜŘƳŞƴȅŜƛƴŜƪ ŦŜƭƳŞǊŞǎŜΣ ƪƛƘŀƴƎǎǵƭȅƻȊǾŀ ŀ ŦŜƭƘŀǎȊƴłƭǘ ǎȊƻŦǘǾŜǊŜƪ ƘŀǎȊƴłǘ Şǎ 
ƧŜƭŜƴǘǃǎŞƎŞǘΦ 

- ¢ƻǾłōōƛ ǎȊƻŦǘǾŜǊŜƪ ŦŜƭǘŞǊƪŞǇȊŞǎŜ Şǎ ƘŀǎȊƴłƭŀǘǳƪ ŜƭŜƳȊŞǎŜ ŀȊ ƻƪǘŀǘłǎōŀƴΦ 
! ŎŞƭƻƳ ŀȊΣ ƘƻƎȅ ŀȊ ƝƎȅ ƳŜƎǎȊŜǊŜȊŜǘǘ ƛƴŦƻǊƳłŎƛƽƪ ōƛǊǘƻƪłōŀƴ ŀ ƳłǘǊƛȄƻǘ ƪƛōǃǾƝǘǎŜƳ ǘƻǾłōōƛΣ ŜŘŘƛƎ 

nem alkalmazott szoftverekkeƭΣ ƛƭƭŜǘǾŜ ƻƭȅŀƴ ǘŀƴǘłǊƎȅŀƪƘƻȊ ƛǎ ǘłǊǎƝǘǎŀƪ ǎȊƛƳǳƭłŎƛƽǎ ǇǊƻƎǊŀƳƻƪŀǘΣ 

ŀƳŜƭȅŜƪƴŞƭ ŜŘŘƛƎ ƴŜƳ ŀƭƪŀƭƳŀȊǘłƪ ǃƪŜǘΦ !Ȋ ŜƭƪŞǎȊǸƭǘ ƳłǘǊƛȄƻǘ ŀȊ ŜƎȅŜǎ ǘŀƴǘłǊƎȅŀƪ ǘłǊƎȅŦŜƭŜƭǃǎŜƛǾŜƭ 

ǎȊŜǊŜǘƴŞƳ ŀ ƧǀǾǃōŜƴ ƳŜƎƻǎȊǘŀƴƛΣ ŜȊȊŜƭ ŜƭǃǎŜƎƝǘǾŜ ŀ ƎȅŀƪƻǊƭŀǘƻǊƛŜƴǘłƭǘ ƻƪǘŀǘłǎǘΦ 

 

Konkl¼zi· 

! ƪǳǘŀǘłǎƻƳ Ŝƭǎǃ ƭŞǇŞǎŞǘ ǾŞƎǊŜƘŀƧǘƻǘǘŀƳΣ ƘƻƎȅ ŦŜƭǘŞǊƪŞǇŜȊȊŜƳ ŀ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ ǎȊŜǊŜǇŞǘ Şǎ 

Ƙŀǘłǎłǘ ŀ ƎȅŀƪƻǊƭŀǘƻǊƛŜƴǘłƭǘ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪ ƻƪǘŀǘłǎōŀƴ ŀ YŀƴŘƽ YłƭƳłƴ ±ƛƭƭŀƳƻǎƳŞǊƴǀƪƛ YŀǊƻƴΦ ! 

ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ ƧŜƭŜƴǘǃǎ ƳŞǊǘŞƪōŜƴ ƘƻȊȊłƧłǊǳƭƴŀƪ ŀ ƘŀƭƭƎŀǘƽƪ ǘǳŘłǎłƴŀƪ ŜƭƳŞƭȅƝǘŞǎŞƘŜȊ Şǎ 

ƎȅŀƪƻǊƭŀǘƛ ƪŞǎȊǎŞƎŜƛƪ ŦŜƧƭŜǎȊǘŞǎŞƘŜȊΦ ! ƪǳǘŀǘłǎ ǎƻǊłƴ ŜƭƪŞǎȊƝǘŜǘǘ ƪŞǊŘǃƝǾ ǎŜƎƝǘǎŞƎŞǾŜƭ ŀŘŀǘƻƪŀǘ 

ƎȅǼƧǘǀǘǘŜƳ ŀȊ ƻƪǘŀǘƽƪ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊƘŀǎȊƴłƭŀǘƛ ǎȊƻƪłǎŀƛǊƽƭΣ ǘŀƴǘłǊƎȅǎǇŜŎƛŦƛƪǳǎ ŀƭƪŀƭƳŀȊłǎŀƛƪǊƽƭΣ 

valamint az eƎȅŜǎ ǎȊƻŦǘǾŜǊŜƪ ƻƪǘŀǘłǎƛ ŎŞƭǵ ŦŜƭƘŀǎȊƴłƭłǎƛ ǘŜǊǸƭŜǘŜƛǊǃƭΦ 

! ƪǳǘŀǘłǎ ǎƻǊłƴ ǀǎǎȊŜƎȅǼƧǘǀǘǘ ŀŘŀǘƻƪ ŀƭŀǇƧłƴ ŀ ǎȊƛƳǳƭłŎƛƽǎ ǎȊƻŦǘǾŜǊŜƪ ƻƪǘŀǘłǎōŀ Ǿŀƭƽ ƛƴǘŜƎǊłƭłǎŀ 

ǎƻƪǎȊƝƴǼ Şǎ ǎȊŞƭŜǎ ƪǀǊǼ ŀ YŀǊƻƴΦ ! ǾłƭŀǎȊƻƪ ǊłǾƛƭłƎƝǘƻǘǘŀƪ ŀǊǊŀΣ ƘƻƎȅ ŀ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪƛ ƻƪǘŀǘłǎōŀƴ 

ezŜƪ ŀ ǇǊƻƎǊŀƳƻƪ ƴŜƳ ŎǎǳǇłƴ ŀ ǎȊłƳƝǘłǎƻƪ ŜƭǾŞƎȊŞǎŞǊŜ ǎȊƻƭƎłƭƴŀƪΣ ƘŀƴŜƳ ƳƻŘŜƭƭŜȊŞǎǊŜΣ 

łōǊłȊƻƭłǎǊŀ Şǎ łǊŀƳƪǀǊǘŜǊǾŜȊŞǎǊŜ ƛǎ ŀƭƪŀƭƳŀȊȊłƪ ǃƪŜǘΦ ! ǾłƭŀǎȊŀŘƽ ƻƪǘŀǘƽƪ ŜƎȅŞǊǘŜƭƳǼŜƴ ƪƛŜƳŜƭǘŞƪΣ 

ƘƻƎȅ ŀ ƘŀƭƭƎŀǘƽƪ ƪǀƴƴȅŜōōŜƴ ƳŜƎŞǊǘƛƪ ŀȊ ŜƭƳŞƭŜǘƛ ƛǎƳŜǊŜǘŜƪŜǘΣ Ƙŀ ŀȊƻƪŀǘ ǎȊƛƳǳƭłŎƛƽƪ ǎƻǊłƴ 

ǎŀƧłǘƝǘƘŀǘƧłƪ Ŝƭ Şǎ ǇǊƽōłƭƘŀǘƧłƪ ƪƛΦ  

mǎǎȊŜǎǎŞƎŞōŜƴ ŀ ƪǳǘŀǘłǎ ŜǊŜŘƳŞƴȅŜƛ ŀƭłǘłƳŀǎȊǘƧłƪΣ ƘƻƎȅ ŀ ǎȊƛƳǳƭłŎƛƽǎ ƪǀǊƴȅŜȊŜǘŜƪ ƘŀǎȊƴłƭŀǘŀ 

ƧŜƭŜƴǘǃǎ ǇƻȊƛǘƝǾ Ƙŀǘłǎǎŀƭ Ǿŀƴ ŀ ǾƛƭƭŀƳƻǎƳŞǊƴǀƪƛ ƻƪǘŀǘłǎǊŀΣ Şǎ ǎȊłƳƻǎ ƭŜƘŜǘǃǎŞƎŜǘ ōƛȊǘƻǎƝǘ ŀ 

ƎȅŀƪƻǊƭŀǘƻǊƛŜƴǘłƭǘ ǘŀƴǳƭłǎ ǘłƳƻƎŀǘłǎłǊŀΦ  
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A LĉTIUM-ION AKKUMULĆTOROK ¥REGED£SE 

Novothny Ferenc 

 
!Ȋ ŜƎȅǊŜ ƴǀǾŜƪǾǃ Ǝƭƻōłƭƛǎ ŜƴŜǊƎƛŀƛƎŞƴȅ Ƴƛŀǘǘ ŦƻƴǘƻǎΣ ƘƻƎȅ ŀȊ ŜƴŜǊƎƛŀǘłǊƻƭƽ ŜǎȊƪǀȊǀƪ ƘƻǎǎȊŀōō ƛŘŜƛƎ 

ƳŜƎōƝȊƘŀǘƽŀƴ ƳǼƪǀŘƧŜƴŜƪ ŀƴŞƭƪǸƭΣ ƘƻƎȅ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ƪŀǇŀŎƛǘłǎŀ ƧŜƭŜƴǘǃǎŜƴ ŎǎǀƪƪŜƴƴŜΦ 

aƛƴŘŜȊŜƪ ŜƭƭŜƴŞǊŜ ƳƛƴŘŜƴ ŀƪƪǳƳǳƭłǘƻǊ ŜƭǀǊŜƎŜŘǃ ƳŜŎƘŀƴƛȊƳǳǎƻƪ ǎƻǊłƴ ƳŜƎȅ ƪŜǊŜǎȊǘǸƭΣ ŀƳŜƭȅŜƪ 

ƪƻǊƭłǘƻȊȊłƪ ŞƭŜǘǘŀǊǘŀƳłǘ Şǎ ŜȊłƭǘŀƭ ƘŀǎȊƴłƭŀǘłǘΦ  

!Ȋ ǀǊŜƎŜŘŞǎƛ ƳŜŎƘŀƴƛȊƳǳǎ ǘǀōōŦŞƭŜ ƻƪǊŀ ǾŜȊŜǘƘŜǘǃ ǾƛǎǎȊŀΣ ŀƳŜƭȅŜƪ ǎȊłƳƻǎ ǘǀƭǘŞǎƛκ ƪƛǎǸǘŞǎƛ Ŏƛƪƭǳǎ 

ƪǀǾŜǘƪŜȊǘŞōŜƴ ŀ ƪŀǇŀŎƛǘłǎ ŦƻƭȅŀƳŀǘƻǎ ŎǎǀƪƪŜƴŞǎŞƘŜȊ ǾŜȊŜǘƴŜƪΦ !Ȋ ŀƭłōōƛŀƪōŀƴ ŀȊ ǀǊŜƎŜŘŞǎ ƪǸƭǀƴŦŞƭŜ 

ƻƪŀƛǘΣ ƳŜŎƘŀƴƛȊƳǳǎŀƛǘ ƳǳǘŀǘƧǳƪ ōŜ Şǎ ŜƭŜƳŜȊȊǸƪΦ 

! ƭƝǘƛǳƳ-ƛƻƴ ŀƪƪǳƳǳƭłǘƻǊ łƭǘŀƭłōŀƴ ǘǀōōŞ-ƪŜǾŞǎōŞ ƪƻƳƻƭȅ ǀǊŜƎŜŘŞǎƛ ŦƻƭȅŀƳŀǘƻƴ ƳŜƎȅ ƪŜǊŜǎȊǘǸƭΦ 

bŀƎȅƻƴ Ŧƻƴǘƻǎ ǘŞƴȅŜȊǃ ǘǀōōŜƪ ƪǀȊǀǘǘ ŀȊ ǵƎȅƴŜǾŜȊŜǘǘ {9L ƪŞǇȊǃŘŞǎ ό{9LΤ ǎƻƭƛŘ ŜƭŜƪǘǊƻƭȅǘŜ ƛƴǘŜǊǇƘŀǎŜύΣ 

ŜȊ ŜƎȅ ŜƭŜƪǘǊƽŘłǘ ǾŞŘǃ ǊŞǘŜƎΣ ŀƳŜƭȅ ŀȊ ŜƭŜƪǘǊƽŘłōƽƭ Şǎ ŀȊ ŜƭŜƪǘǊƻƭƛǘōƽƭ ǎȊłǊƳŀȊƽ ōƻƳƭłǎǘŜǊƳŞƪŜƪ 

ƘŀǘłǎłǊŀ Ƨǀƴ ƭŞǘǊŜΦ 9ƴƴŜƪ ŀ ǊŞǘŜƎƴŜƪ ŀ ƭŜƘŜǘǃ ƭŜƎǎǘŀōƛƭŀōōƴŀƪ Şǎ ŀ ƭƝǘƛǳƳ-ƛƻƴƻƪ ǎȊłƳłǊŀ ƳŞƎƛǎ 

łǘŜǊŜǎȊǘǃƴŜƪ ƪŜƭƭ ƭŜƴƴƛŜΦ aƛƴŘŜƴ ǘǀƭǘŞǎƪƻǊ Şǎ ƪƛǎǸǘŞǎƪƻǊ ŀȊƻƴōŀƴ ǾŀǎǘŀƎƻŘƘŀǘ ǾŀƎȅ ǾŞƪƻƴȅƻŘƘŀǘΦ 

!Ȋ ŜƭŜƪǘǊƽŘŀŀƴȅŀƎ-ŜƭŜƪǘǊƻƭƛǘ ǊŜƴŘǎȊŜǊōŜƴ ƭŞǾǃ {9L ǊǳƎŀƭƳŀǎǎłƎłǘƽƭ Şǎ ǎǘŀōƛƭƛǘłǎłǘƽƭ ŦǸƎƎǃŜƴ ŀȊ 

ŀƪƪǳƳǳƭłǘƻǊ ƎȅƻǊǎŀōōŀƴ ǾŀƎȅ ƭŀǎǎŀōōŀƴ ǀǊŜƎǎȊƛƪ 

ώмϐ ώнϐΦ 9Ǝȅ Ƴłǎƛƪ Ŧƻƴǘƻǎ ǀǊŜƎŜŘŞǎƛ ǘŞƴȅŜȊǃ ŀ ƭƝǘƛǳƳ-ŦŞƳƭŜǊŀƪƽŘłǎΣ ƭƝǘƛǳƳ ōŜǾƻƴŀǘ αtƭŀǘƛƴƎέ ƪŞǇȊǃŘŞǎŜΦ 

! ƧŜƭŜƴǎŞƎŜǘ ǇŞƭŘłǳƭ ƴŀƎȅ łǊŀƳŎǎǵŎǎƻƪ ǾŀƎȅ ǘǵƭ ŀƭŀŎǎƻƴȅ ƪƛǎǸƭŞǎƛ ŦŜǎȊǸƭǘǎŞƎ ǾłƭǘƘŀǘƧŀ ƪƛΦ ! ōŜǾƻƴŀǘ 

ƪŞǇȊǃŘŞǎ ǎƻǊłƴ ŀ ƭƝǘƛǳƳ τ ǘǼ ŀƭŀƪǵ ƪǊƛǎǘłƭȅƻƪ τ ǵƴΦ ŘŜƴŘǊƛǘŜƪ ŦƻǊƳłƧłōŀƴ ǊŀƪƽŘƛƪ ƭŜ ŀȊ ŜƭŜƪǘǊƽŘłƪ 

ŦŜƭǸƭŜǘŞƴΣ ŀƳŜƭȅ łǘƘŀǘƻƭƘŀǘ ŀ ǎȊŜǇŀǊłǘƻǊƻƴ Şǎ ŜȊłƭǘŀƭ όƳƛƴƛύ ǊǀǾƛŘȊłǊƭŀǘƻǘ ƻƪƻȊƘŀǘΣ ŀƳƛ ƴŀƎȅ 

ƘǃŦŜƧƭǃŘŞǎƘŜȊ Şǎ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ƎȅƻǊǎ ǀǊŜƎŜŘŞǎŞƘŜȊ ǾŜȊŜǘ ώоϐ ώпϐΦ  

9ȊŜƴ ǘǵƭƳŜƴǃŜƴ ŀ ƭƝǘƛǳƳ ǊŜǾŜǊȊƛōƛƭƛǎ ǘłǊƻƭłǎŀ Ƴƛŀǘǘ ǘǀƭǘŞǎłǘǾƛǘŜƭƪƻǊ ƴŀƎȅ ǘŞǊŦƻƎŀǘǾłƭǘƻȊłǎ ƪǀǾŜǘƪŜȊƘŜǘ 

ōŜ ŀȊ ŞǊƛƴǘŜǘǘ ŜƭŜƪǘǊƽŘłƪƻƴΦ ! ŦƻƭȅŀƳŀǘ ŜƭŜƪǘǊƽŘłōŀƴ ǊŜǇŜŘŞǎŜƪŜǘ ƻƪƻȊƘŀǘΣ ŀƳƛ łƭǘŀƭ ŀȊ ŞǊƛƴǘƪŜȊŞǎ 

ŦƻƪƻȊŀǘƻǎ ŎǎǀƪƪŜƴΦ !Ȋ ŞǊƛƴǘƪŜȊŞǎƛ ŦŜƭǸƭŜǘ ŎǎǀƪƪŜƴŞǎŜ ŀȊ ŀƪǘƝǾ ŀƴȅŀƎ ŜƭǾŜǎȊǘŞǎŞǘ Şǎ ƝƎȅ ŦƻƭȅŀƳŀǘƻǎ 

ƪŀǇŀŎƛǘłǎǾŜǎȊǘŞǎǘ ƧŜƭŜƴǘΦ ! ƭŜƎŦƻƴǘƻǎŀōō ǀǊŜƎŜŘŞǎƛ ƳŜŎƘŀƴƛȊƳǳǎƻƪŀǘ ǾłȊƭŀǘƻǎŀƴ ŀȊ мΦ łōǊŀ ƳǳǘŀǘƧŀ ōŜΦ  

!Ȋ ǀǊŜƎŜŘŞǎ ƻƪŀƛǘ ŜƭǾƛƭŜƎ ƪŞǘ ŎǎƻǇƻǊǘōŀ ǎƻǊƻƭƧłƪ ǵƳΦΥ Ŏƛƪƭƛƪǳǎ ǀǊŜƎŜŘŞǎŜƪǊŜ Şǎ ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎŜƪǊŜΦ ! 

ciklikus ǀǊŜƎŜŘŞǎ ŀȊ ŜƎȅƛƪ Ŧǃ ƻƪŀ ŀƴƴŀƪΣ ƘƻƎȅ ŀ [ƛ-ƛƻƴ ŀƪƪǳƳǳƭłǘƻǊƻƪ ƛǎƳŞǘƭǃŘǃ ǘǀƭǘŞǎŜ Şǎ ƪƛǎǸǘŞǎŜ 

ƧŜƭŜƴǘǃǎŜƴ ōŜŦƻƭȅłǎƻƭƧŀ ŀȊ ŞƭŜǘǘŀǊǘŀƳƻǘΦ aƛƴŘŜƴ ǘǀƭǘŞǎƛ Şǎ ƪƛǎǸǘŞǎƛ Ŏƛƪƭǳǎōŀƴ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽƪ ƭŞǇƴŜƪ ŦŜƭΣ 

ŀƳŜƭȅŜƪ ŀȊ ŜƭŜƪǘǊƽŘłƪōŀƴ ƭŞǾǃ ŀƪǘƝǾ ŀƴȅŀƎƻƪ ƭŜōƻƳƭłǎłǊŀ ǾŜȊŜǘƴŜƪΦ LŘǃǾŜƭ ŜȊ ŀ ŦƻƭȅŀƳŀǘ ŎǎǀƪƪŜƴǘƛ ŀȊ 

ŀƪƪǳƳǳƭłǘƻǊ ƪŀǇŀŎƛǘłǎłǘ Şǎ ƴǀǾŜƭƛ ŀȊ ŀƪƪǳƳǳƭłǘƻǊƻƪ ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎłǘ ώрϐΦ 

 aƛƴǘ ƭłǘƘŀǘǘǳƪ ŀȊ ŀƪƪǳƳǳƭłǘƻǊƻƪ ƘŀǎȊƴłƭŀǘǳƪ ƪǀȊōŜƴ ǾŜǎȊƝǘŜƴŜƪ ǘǀƭǘƘŜǘǃǎŞƎƛ 

ƪŞǇŜǎǎŞƎǸƪōǃƭΣ ŀȊƻƴōŀƴ ŀ ƎƻƴŘ ŀȊΣ ƘƻƎȅ ƴȅǳƎŀƭƳƛ łƭƭŀǇƻǘōŀƴ ƛǎ ŜƭǀǊŜƎŜŘƴŜƪ ς ŜȊǘ ŀ ƧŜƭŜƴǎŞƎŜǘ 

ƴŜǾŜȊȊǸƪ ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎƴŜƪΦ 9ōōŜƴ ŀ ǎȊŀƪŎƛƪƪōŜƴ ŀȊ ŀƪƪǳƳǳƭłǘƻǊƻƪ Ŏƛƪƭƛƪǳǎ Şǎ ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎŞǘ 

ǾƛȊǎƎłƭƧǳƪΣ ŜƴƴŜƪ ƻƪŀƛǘ Şǎ Ƙŀǘłǎŀƛǘ ŜƎȅŀǊłƴǘ ŦŜƭǘłǊƧǳƪΣ Şǎ ƻƭȅŀƴ ƳŜƎƻƭŘłǎƻƪŀǘ Ƴǳǘŀǘǳƴƪ ōŜΣ ŀƳŜƭȅŜƪ 

ƧŀǾŀǎƭŀǘƻƪ ŀȊ ŞƭŜǘǘŀǊǘŀƳ ƳŜƎƘƻǎǎȊŀōōƝǘłǎłǊŀΦ 

 

Napt§ri ºreged®s 

 

!Ȋ ŀƪƪǳƳǳƭłǘƻǊƻƪ ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎŞǘ ƧŜƭŜƴǘǃǎŜƴ ōŜŦƻƭȅłǎƻƭƧŀΣ ƘƻƎȅ ƳƛƭȅŜƴ ƘǃƳŞǊǎŞƪƭŜǘŜƴ Şǎ ǘǀƭǘŞǎƛ 

łƭƭŀǇƻǘōŀƴ ǘłǊƻƭƧłƪΦ ! ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎǘ ŀȊ ƛŘǃǾŜƭ ōŜƪǀǾŜǘƪŜȊǃ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽƪ ƻƪƻȊȊłƪΣ ŀƳŜƭȅŜƪ ƳŞƎ 
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ŀƪƪƻǊ ƛǎ ōŜƪǀǾŜǘƪŜȊƴŜƪΣ Ƙŀ ŀȊ ŀƪƪǳƳǳƭłǘƻǊǘ ŜƎȅłƭǘŀƭłƴ ƴŜƳ ƘŀǎȊƴłƭƧłƪΦ 9ȊŜƪŜǘ ŀ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽƪŀǘ 

ǘǀōō ǘŞƴȅŜȊǃ ƛǎ ōŜŦƻƭȅłǎƻƭƘŀǘƧŀΥ 

Cƻƴǘƻǎ ōŜŦƻƭȅłǎƻƭƽ ǘŞƴȅŜȊǃ ŀ ǘłǊƻƭłǎƛ ƘǃƳŞǊǎŞƪƭŜǘΦ ! ƴŀƎȅ ƘǃƳŞǊǎŞƪƭŜǘ ƪŞƳƛŀƛ ƳŜƭƭŞƪǊŜŀƪŎƛƽƪŀǘ Ǿłƭǘ 

ƪƛΣ ŀƳŜƭȅ ŀȊ ǀǊŜƎŜŘŞǎ ŦŜƭƎȅƻǊǎǳƭłǎłƘƻȊ ǾŜȊŜǘƘŜǘ ώсϐΦ !ƭŀǇǎȊŀōłƭȅΣ ƘƻƎȅ мл Y-Ŝǎ ƘǃƳŞǊǎŞƪƭŜǘ-ŜƳŜƭƪŜŘŞǎ 

ŀȊ ǀǊŜƎŜŘŞǎƛ ǎŜōŜǎǎŞƎ ƳŜƎƪŞǘǎȊŜǊŜȊǃŘŞǎŞǘ ŜǊŜŘƳŞƴȅŜȊƛ όнΦ łōǊŀύΦ !Ȋ ŀƭŀŎǎƻƴȅ ƘǃƳŞǊǎŞƪƭŜǘ ŎǎǀƪƪŜƴǘƛ 

ŀ ŦŞƳ ŘƛŦŦǵȊƛƽƧłǘΣ Şǎ ƳŜƎǾłƭǘƻȊǘŀǘƘŀǘƧŀ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ƪŞƳƛłƧłǘΦ 

9Ǝȅ Ƴłǎƛƪ ōŜŦƻƭȅłǎƻƭƽ ǘŞƴȅŜȊǃ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ǘłǊƻƭłǎŀ ǎƻǊłƴ ŀȊ ŀƪƪǳƳǳƭłǘƻǊŎŜƭƭłƪ ǘǀƭǘǀǘǘǎŞƎƛ łƭƭŀǇƻǘŀ 

ό{h/Τ {ǘŀǘŜ ƻŦ /ƘŀǊƎŜύΦ !Ȋ {h/ ŀ ƳŜƎŦŜƭŜƭǃ ŜƭŜƪǘǊƽŘłƪ ƭƝǘƛǳƳ-ƛƻƴ ǘŀǊǘŀƭƳłǘ ƧŜƭŜƴǘƛΦ ! ŎŜƭƭłƪ ǳƎȅŀƴŀȊƻƴ 

ŀ ƘǃƳŞǊǎŞƪƭŜǘŜƴ ƪǸƭǀƴōǀȊǃ ƪŞǇǇŜƴ ǀǊŜƎǎȊŜƴŜƪΣ Ƙŀ ŀȊ ŜƭŜƪǘǊƽŘłƪ {h/-ƧŜΣ ǘǀƭǘǀǘǘǎŞƎƛ łƭƭŀǇƻǘŀ 

ƪǸƭǀƴōǀȊǃΦ 9ƭǾƛƭŜƎ ƴŀƎȅƻōō ŀƪƪǳƳǳƭłǘƻǊǊƻƳƭłǎ ŦƛƎȅŜƭƘŜǘǃ ƳŜƎ ƴŀƎȅƻƴ ƳŀƎŀǎ Şǎ ƴŀƎȅƻƴ ŀƭŀŎǎƻƴȅ {h/ 

ƳŜƭƭŜǘǘΣ ƭłǎŘ ŀ оΦ łōǊłǘΦ #ƭǘŀƭłƴƻǎǎłƎōŀƴ ŜƭƳƻƴŘƘŀǘƽΣ ƘƻƎȅ ŀ ƴŀƎȅƻƴ ƴŀƎȅ Şǎ ƴŀƎȅƻƴ ƪƛŎǎƛ {h/ ƴŀƎȅ 

ǇƻǘŜƴŎƛłƭƛǎ ŜƎȅŜƴǎǵƭȅƘƛłƴȅǘ ƻƪƻȊ ŀȊ ŜƭŜƪǘǊƽŘ-ŜƭŜƪǘǊƻƭƛǘ ƘŀǘłǊŦŜƭǸƭŜǘŜƴΣ Şǎ ŜȊłƭǘŀƭ ŜƭǃǎŜƎƝǘƛ ŀ 

ƴŜƳƪƝǾłƴŀǘƻǎ ƪŞƳƛŀƛ ƳŜƭƭŞƪǊŜŀƪŎƛƽƪŀǘΣ ŀƳƛ ŦƻƪƻȊƻǘǘ ǀǊŜƎŜŘŞǎƘŜȊ ǾŜȊŜǘΦ ! ƪǀȊŜǇŜǎ ǘǀƭǘǀǘǘǎŞƎƛ łƭƭŀǇƻǘ 

ŜȊŞǊǘ ƻǇǘƛƳłƭƛǎ ŀ ƭƝǘƛǳƳ-ƛƻƴ ŀƪƪǳƳǳƭłǘƻǊƻƪ ǎȊłƳłǊŀ ώтϐ ώуϐ ώфϐΦ 

!Ȋ ŀƪƪǳƳǳƭłǘƻǊ ƪŞƳƛłƧŀ ƛǎ ōŜŦƻƭȅłǎƻƭƧŀ ŀȊ ǀǊŜƎŜŘŞǎǘΣ ƳƛǾŜƭ ŀ ƪǸƭǀƴōǀȊǃ ŜƭŜƪǘǊƽŘŀŀƴȅŀƎƻƪ τ 

ŀƴȅŀƎǎǇŜŎƛŦƛƪǳǎ ǘǳƭŀƧŘƻƴǎłƎŀƛƪ Ƴƛŀǘǘ τ ƪǸƭǀƴōǀȊǃ {h/-ƪ ŜǎŜǘŞƴ ŜƭǘŞǊǃŜƴ ǾƛǎŜƭƪŜŘƴŜƪΣ Şǎ ǀǊŜƎǎȊŜƴŜƪ 

[5] [10] [11]. 

 

A napt§ri ºreged®s csºkkent®se 

 

 ! ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎ ŎǎǀƪƪŜƴǘŞǎŞƴŜƪ ƳƽŘƧŀƛ ƪǀȊŞ ǘŀǊǘƻȊƛƪ ŀȊ ƪƛǎŜōō ǊŜŀƪŎƛƽƪŞǇŜǎǎŞƎǼ Şǎ Ƨƻōō 

ǎǘŀōƛƭƛǘłǎǵ ŀƴȅŀƎƻƪ ŦŜƧƭŜǎȊǘŞǎŜ ώрϐΦ  

 tŞƭŘłǳƭ ŀ ƘǼǘǃǊŜƴŘǎȊŜǊŜƪ ƘŀǎȊƴłƭŀǘŀ ǎŜƎƝǘƘŜǘ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ƘǃƳŞǊǎŞƪƭŜǘŞƴŜƪ 

ǎȊŀōłƭȅƻȊłǎłōŀƴΣ Şǎ ƝƎȅ ŎǎǀƪƪŜƴǘƘŜǘƛ ŀ ƴŀǇǘłǊƛ ǀǊŜƎŜŘŞǎŞǘ ώсϐΦ  

 Cƻƴǘƻǎ ƛƴǘŞȊƪŜŘŞǎ ŀ ƴŀƎȅ ǘǀƭǘǀǘǘǎŞƎƛ ǎȊƛƴǘ ŜƭƪŜǊǸƭŞǎŜΣ ƪǸƭǀƴǀǎŜƴ ŀȊ ƻƭȅŀƴ ŜǎȊƪǀȊǀƪ ŜǎŜǘŞōŜƴΣ 

ŀƳŜƭȅŜƪ ƎȅŀƪǊŀƴ ŎǎŀǘƭŀƪƻȊƴŀƪ ŀ ƘłƭƽȊŀǘƘƻȊΣ ƛƭȅŜƴŜƪ ǇŞƭŘłǳƭ ŀ ƭŀǇǘƻǇƻƪ ƛǎΦ aŀ ƳłǊ ǎȊłƳƻǎ ŜǎȊƪǀȊ 

ŜƴŜǊƎƛŀƎŀȊŘłƭƪƻŘłǎłōŀƴ ōŜłƭƭƝǘƘŀǘƽ ŀ ƳŀȄƛƳłƭƛǎ ǘǀƭǘŞǎƛ ǎȊƛƴǘΣ ŀƳƛ ŀȊ ŜǎȊƪǀȊ ŞƭŜǘǘŀǊǘŀƳłƴŀƪ 

ƳŜƎƘƻǎǎȊŀōōƻŘłǎłǘ ƛǎ ƧŜƭŜƴǘƛΦ 

 
A ciklikus ºreged®s 

 

 ! Ŏƛƪƭƛƪǳǎ ǀǊŜƎŜŘŞǎ ŀǊǊŀ ŀ ŦƻƭȅŀƳŀǘǊŀ ǳǘŀƭΣ ŀƳŜƭȅƴŜƪ ǎƻǊłƴ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ǘŜƭƧŜǎƝǘƳŞƴȅŜ ŀȊ 

ƛǎƳŞǘŜƭǘ ǘǀƭǘŞǎƛ Şǎ ƪƛǎǸǘŞǎƛ ŦƻƭȅŀƳŀǘƻƪ ƪǀǾŜǘƪŜȊǘŞōŜƴ ƛŘǃǾŜƭ ŎǎǀƪƪŜƴΦ ! Ŏƛƪƭƛƪǳǎ ǀǊŜƎŜŘŞǎǘ ƛǎ ǎȊłƳƻǎ 

ǘŞƴȅŜȊǃ ōŜŦƻƭȅłǎƻƭƧŀΥ 

 !Ȋ ŀƪƪǳƳǳƭłǘƻǊ ǘǀƭǘŞǎŜ Şǎ ƪƛǎǸǘŞǎŜ ǎƻǊłƴ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ǊŜŀƪŎƛƽƪ ƭŞǇƴŜƪ ŦŜƭΣ ŀƳŜƭȅŜƪ ƪŞƳƛŀƛ 

ǾŜƎȅǸƭŜǘŜƪ ƪŞǇȊǃŘŞǎŞƘŜȊ ǾŜȊŜǘƴŜƪΦ 9ȊŜƪ ŀ ǊŜŀƪŎƛƽƪ ŀȊƻƴōŀƴ ƴŜƳ ǘŜƭƧŜǎŜƴ ǊŜǾŜǊȊƛōƛƭƛǎŜƪΣ Şǎ 

ŦƻƪƻȊŀǘƻǎŀƴ ǾƛǎǎȊŀŦƻǊŘƝǘƘŀǘŀǘƭŀƴ ƪŞƳƛŀƛ ǾŜƎȅǸƭŜǘŜƪ ƛǎ ƪŜƭŜǘƪŜȊƴŜƪΣ ŀƳŜƭȅŜƪ ŀȊ ŜƭŜƪǘǊƽŘŀ ŀƴȅŀƎłƴŀƪ 

elvesztŞǎŜ Ƴƛŀǘǘ ŎǎǀƪƪŜƴǘƛƪ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ƪŀǇŀŎƛǘłǎłǘΦ  

 ! ƪƛǎǸƭŞǎƛ ƳŞƭȅǎŞƎ ό5h5Τ 5ŜǇǘƘ ƻŦ 5ƛǎŎƘŀǊƎŜύ ǎȊƛƴǘŞƴ ƧŜƭŜƴǘǃǎ Ƙŀǘłǎǎŀƭ Ǿŀƴ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ 

ǀǊŜƎŜŘŞǎŞǊŜΦ !Ȋ ŀƪƪǳƳǳƭłǘƻǊ ǸȊŜƳŞōŜƴ ŀ ƧŜƭŜƴǘǃǎ ƳŞƭȅƪƛǎǸƭŞǎƛ ό5h5ύ ŞǊǘŞƪ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ 

ǘŜƭƧŜǎƝǘƳŞƴȅŞƴŜƪ ŜƭǾŜǎȊǘŞǎŞǘ ƻƪƻȊȊŀΦ 9ƴƴŜƪ ƻƪŀ ŜƭǎǃǎƻǊōŀƴ ŀ ǇƻȊƛǘƝǾ ŜƭŜƪǘǊƽŘŀ ŦƻƎȅłǎŀ Şǎ ŀ ǎȊŜǇŀǊłǘƻǊ 

(SEI) τ ŀ ƴŀƎȅƻƴ ƳŀƎŀǎ Şǎ ƴŀƎȅƻƴ ŀƭŀŎǎƻƴȅ ǘǀƭǘǀǘǘǎŞƎƛ łƭƭŀǇƻǘ ό{h/ύ Ƴƛŀǘǘƛ τ ŘŜǎǘŀōƛƭƛȊłŎƛƽƧŀ ώмнϐΦ !Ȋ 

ǸǊƝǘŞǎƛ ƳŞƭȅǎŞƎ Ƙŀǘłǎłǘ ŀ ƳŀȄƛƳłƭƛǎ ƭŜƘŜǘǎŞƎŜǎ ŎƛƪƭǳǎǎȊłƳǊŀ ŀ пΦ łōǊa mutatja. 
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 ! ƳŜƎŦŜƭŜƭǃ ǘǀƭǘŞǎƛ Şǎ ƪƛǎǸǘŞǎƛ ǾŞƎŦŜǎȊǸƭǘǎŞƎŜƪ ōŜǘŀǊǘłǎŀ Şǎ ŀ ƴŀƎȅ łǊŀƳŎǎǵŎǎƻƪ ŜƭƪŜǊǸƭŞǎŜ 

ǎȊƛƴǘŞƴ ƪǳƭŎǎŦƻƴǘƻǎǎłƎǵΦ #ƭǘŀƭłƴƻǎ ǎȊŀōłƭȅΣ ƘƻƎȅ ŀ ƳŜƎƴǀǾŜƭǘ ǘǀƭǘŞǎƛ ŦŜǎȊǸƭǘǎŞƎ Şǎ ŀ ƴŀƎȅ łǊŀƳŎǎǵŎǎ 

ƧŜƭŜƴǘǃǎ ŜƴŜǊƎƛŀǘǀōōƭŜǘŜǘ ǾŀƎȅ ŜƴŜǊƎƛŀ ŦŜƭǎȊŀōŀŘƝǘłǎǘ ŜǊŜŘƳŞƴȅŜȊ ŀȊ ŀƪƪǳƳǳƭłǘƻǊōŀƴΦ 9ȊŜƪ ǾƛǎȊƻƴǘ 

ƳŜƎƴǀǾŜƪŜŘŜǘǘ ƘǃƳŞǊǎŞƪƭŜǘŜǘ ƻƪƻȊƴŀƪΣ ŀƳŜƭȅ ƴŜƳƪƝǾłƴŀǘƻǎ ƳŜƭƭŞƪǊŜŀƪŎƛƽƪŀǘ Ǿłƭǘ ƪƛΣ Şǎ ƝƎȅ ŀȊ 

ŀƪƪǳƳǳƭłǘƻǊ ǘƻǾłōōƛ łƭƭŀǇƻǘǊƻƳƭłǎłǘ ƻƪƻȊȊłƪΦ ! ƴŀƎȅ łǊŀƳƻƪ ǾƛǎȊƻƴǘ ǘǵƭŦŜǎȊǸƭǘǎŞƎŜǘ ƻƪƻȊƘŀǘƴŀƪΣ ŀƳƛ 

ŜƭǃǎŜƎƝǘƛ ŀ ƭƝǘƛǳƳ ŦŞƳŜǎ ƭŜǊŀƪƽŘłǎłǘ ŀ ƴŜƎŀǘƝǾ ŜƭŜƪǘǊƽŘłƴ όƭłǎŘ ŀ ŘŜƎǊŀŘłŎƛƽǎ ƳŜŎƘŀƴƛȊƳǳǎƻƪŀǘύΦ !Ȋ 

ŀƪƪǳƳǳƭłǘƻǊ ǘŜƭƧŜǎƝǘƳŞƴȅŞƴŜƪ Şǎ ŞƭŜǘǘŀǊǘŀƳłƴŀƪ ōƛȊǘƻǎƝǘłǎłƘƻȊ ŜȊŞǊǘ ŜƭŜƴƎŜŘƘŜǘŜǘƭŜƴ ŜȊŜƴ 

ǇŀǊŀƳŞǘŜǊŜƪ ǇǊŜŎƝȊ ǎȊŀōłƭȅƻȊłǎŀΦ  

 9Ǝȅ Ƴłǎƛƪ ǘŞƴȅŜȊǃ ŀȊ ŀƴȅŀƎŦłǊŀŘłǎΦ ! ǘǀƭǘŞǎƛ Şǎ ƪƛǎǸǘŞǎƛ Ŏƛƪƭǳǎƻƪ ǎƻǊłƴ ƪǸƭǀƴǀǎŜƴ ŀȊ 

ŜƭŜƪǘǊƽŘłƪōŀƴ ƭŞǾǃ ŜƭŜƪǘǊƻƪŞƳƛŀƛƭŀƎ ŀƪǘƝǾ ŀƴȅŀƎƻƪ ŘŜŦƻǊƳłƭƽŘƘŀǘƴŀƪΣ ŀƳƛ ǊŜǇŜŘŞǎŜƪƘŜȊ Şǎ ŜȊłƭǘŀƭ 

ŞǊƛƴǘƪŜȊŞǎƛ ǾŜǎȊǘŜǎŞƎŜƪƘŜȊ ǾŜȊŜǘΣ ŀƳŜƭȅ ƪŀǇŀŎƛǘłǎŎǎǀƪƪŜƴŞǎōŜƴ ƴȅƛƭǾłƴǳƭ ƳŜƎ ώмоϐ ώмпϐΦ 

 

A degrad§ci·s mechanizmus 

 

! α{ƻƭƛŘ ŜƭŜƪǘǊƻƭȅǘŜ ƛƴǘŜǊǇƘŀǎŜέ {9L ǇŀǎǎȊƝǾǾłƭƽ ǊŞǘŜƎ ƪŜƭŜǘƪŜȊŞǎŜ 

 

!Ȋ ŜƭŜƪǘǊƻƭƛǘƴŀƪ ŀȊ ŀƴƽŘǇƻǘŜƴŎƛłƭƭŀƭ ǎȊŜƳōŜƴƛ ƛƴǎǘŀōƛƭƛǘłǎŀ Ƴƛŀǘǘ ŀȊ ŀƴƽŘ ŦŜƭǸƭŜǘŞƴ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽ ƭŞǇ 

ŦŜƭΣ ŀƳŜƭȅƴŜƪ ǎƻǊłƴ ŜƎȅ ǇŀǎǎȊƛǾłƭƽ ǊŞǘŜƎ ƪŞǇȊǃŘƛƪΣ Şǎ ŜȊ ƳŜƎŀƪŀŘłƭȅƻȊȊŀ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ǘƻǾłōōƛ 

degrŀŘłŎƛƽƧłǘΦ 9Ȋ ŀȊ ǵƎȅƴŜǾŜȊŜǘǘ {9LΣ ŀƳŜƭȅŜǘ Ŝƭǃōō ŜƳƭƝǘŜǘǘǸƴƪΣ ƭŜƘŜǘ ƛƴǎǘŀōƛƭ ǾŀƎȅ łƭƭŀƴŘƽŀƴ ǾłƭǘƻȊƽΣ 

ŀƳƛ ǾƛǎȊƻƴǘ ŦƻƪƻȊƻǘǘ ŜƭŜƪǘǊƻƭƛǘǊŜŀƪŎƛƽǘ Şǎ ŜȊłƭǘŀƭ ŦŜƭƎȅƻǊǎǳƭƽ ƪŀǇŀŎƛǘłǎǾŜǎȊǘŞǎǘ ŜǊŜŘƳŞƴȅŜȊΦ ! ƭƝǘƛǳƳ-

ƛƻƴ ŀƪƪǳƳǳƭłǘƻǊƻƪ ŞƭŜǘǘŀǊǘŀƳłƴŀƪ Şǎ ǘŜƭƧŜǎƝǘƳŞƴȅŞƴŜƪ ƴǀǾŜƭŞǎŜ ŞǊŘŜƪŞōŜƴ ŀ {9L ƪŞǇȊǃŘŞǎŞƴŜƪ 

ŜƭƭŜƴǃǊȊŞǎŜ Şǎ ŦǳƴƪŎƛƽƧłƴŀƪ ƳŜƎŞǊǘŞǎŜ Ŧƻƴǘƻǎ ǎȊŜƳǇƻƴǘ ŀȊ ŀƪƪǳƳǳƭłǘƻǊǘŜŎƘƴƻƭƽƎƛłōŀƴΦ CƻƭȅŀƳŀǘƻǎŀƪ 

ŀȊƻƪ ŀ ƪǳǘŀǘłǎƛ ŜǊǃŦŜǎȊƝǘŞǎŜƪΣ ŀƳŜƭȅŜƪ ŀ {9L ǊŞǘŜƎ ƪƛŀƭŀƪǳƭłǎłƴŀƪ Şǎ ǾƛǎŜƭƪŜŘŞǎŞƴŜƪ ǎǘŀōƛƭƛȊłƭłǎłǊŀ 

ƛǊłƴȅǳƭƴŀƪΣ ƘƻƎȅ ŀȊ ŀƪƪǳƳǳƭłǘƻǊƻƪ ŞƭŜǘǘŀǊǘŀƳŀ ƳƛƴŞƭ ƘƻǎǎȊŀōō ƭŜƎȅŜƴΦ 9Ǝȅ ƎǊŀŦƛǘŜƭŜƪǘǊƽŘłƴ ƪŞǇȊǃŘǃ 

{9L ǎŜƳŀǘƛƪǳǎ ŦŜƭŞǇƝǘŞǎŜ ŀȊ рΦ łōǊłƴ ƭłǘƘŀǘƽΦ 

 

[ƝǘƛǳƳ ōŜǾƻƴŀǘ 

 

[ƝǘƛǳƳ-ƛƻƴ ŀƪƪǳƳǳƭłǘƻǊƻƪ ŜǎŜǘŞōŜƴ ŀ ǘǀƭǘŞǎƛ ŦƻƭȅŀƳŀǘ ǎƻǊłƴ ŀ ƭƝǘƛǳƳ ŦŞƳŜǎ ƭŜǊŀƪƽŘłǎŀΣ ŀȊ ǵƎȅƴŜǾŜȊŜǘǘ 

ƭƝǘƛǳƳ-ōŜǾƻƴŀǘ αtƭŀǘƛƴƎέƪŜƭŜǘƪŜȊƘŜǘΦ  

9Ȋ ŀȊǘ ƧŜƭŜƴǘƛΣ ƘƻƎȅ ŀ ƭƝǘƛǳƳ-ƛƻƴƻƪ ƴŜƳ ǾłƴŘƻǊƻƭƴŀƪ ǾƛǎǎȊŀ ŀ ƴŜƎŀǘƝǾ ŜƭŜƪǘǊƽŘłƘƻȊΣ ƘŀƴŜƳ ŦŞƳŜǎ 

ŦƻǊƳłōŀƴ ǊŀƪƽŘƴŀƪ ƭŜ ŀȊ ŜƭŜƪǘǊƽŘŀ ŦŜƭǸƭŜǘŞƴΦ  

9Ȋ ŀ ƭƝǘƛǳƳ ŦŞƳ ƘŜƎȅŜǎ ǎȊŜǊƪŜȊŜǘŜƪŜǘΣ ǵƎȅƴŜǾŜȊŜǘǘ ŘŜƴŘǊƛǘŜƪŜǘ ƪŞǇŜȊƘŜǘΣ ƴǀǾŜƭǾŜ ŀ ǊǀǾƛŘȊłǊƭŀǘƻƪ 

ƪƻŎƪłȊŀǘłǘ Şǎ ǘƻǾłōō ǊƻƴǘǾŀ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ǘŜƭƧŜǎƝǘƳŞƴȅŞǘΦ ! αtƭŀǘƛƴƎέΣ ƭŜƳŜȊƪŞǇȊǃŘŞǎǘ ŀ сΦ łōǊŀ 

ƳǳǘŀǘƧŀ ǾłȊƭŀǘƻǎŀƴΣ Şǎ ƳŜƭƭŜǘǘŜ ƻƭǾŀǎƘŀǘƽ ƪŀǇŀŎƛǘłǎŎǎǀƪƪŜƴŞǎǊŜ ƎȅŀƪƻǊƻƭǘ ƘŀǘłǎŀΦ ! ŦŞƳŜǎ ƭŜǊŀƪƽŘłǎ 

ƪǸƭǀƴǀǎŜƴ ƛƴǘŜƴȊƝǾ ƴŀƎȅ łǊŀƳ Şǎ ŀƭŀŎǎƻƴȅ ƘǃƳŞǊǎŞƪƭŜǘ ƳŜƭƭŜǘǘΣ Şǎ ƎȅŀƪǊŀƴ ŦƻǊŘǳƭ Ŝƭǃ ƻƭȅŀƴ 

ŜƭŜƪǘǊƽŘŀŀƴȅŀƎƻƪōŀƴΣ ŀƳŜƭȅŜƪ ŎŜƭƭŀǊŜŀƪŎƛƽƧŀ ŀ ƭƝǘƛǳƳ ŦŞƳŜǎ ƭŜǊŀƪƽŘłǎłƴŀƪ ŦŜǎȊǸƭǘǎŞƎƘŀǘłǊłƴŀƪ 

ƪǀȊŜƭŞōŜƴ ƳŜƎȅ ǾŞƎōŜΦ 

! ƴŜƎŀǘƝǾ ŜƭŜƪǘǊƽŘłƪƘƻȊ ƎȅŀƪǊŀƴ ƘŀǎȊƴłƭǘ ƎǊŀŦƛǘ ƪǸƭǀƴǀǎŜƴ ŞǊȊŞƪŜƴȅ ŀ αtƭŀǘƛƴƎέ ƪŞǇȊǃŘŞǎǊŜΣ 

ōŜǾƻƴŀǘƻƪǊŀΣ ŜȊŞǊǘ ƘŀǎȊƴƻǎ ƭŜƘŜǘ ŀƭǘŜǊƴŀǘƝǾ ŀƴȅŀƎƻƪΣ ǇŞƭŘłǳƭ ƭƝǘƛǳƳ-ǘƛǘŀƴłǘ ŀƭƪŀƭƳŀȊłǎŀ ώмрϐΦ 

 

α/ǊŀŎƪƛƴƎέ όwŜŎŎǎŜƴŞǎύ 
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! αtŀǊǘƛŎƭŜ /ǊŀŎƪƛƴƎέ ǊŞǎȊƭŜƎŜǎ ǊŜǇŜŘŞǎ ŜƭŜƪǘǊƽŘłƪōŀƴ ƭŞǾǃ ŀƪǘƝǾ ŀƴȅŀƎǊŞǎȊŜŎǎƪŞƪ ƳŜŎƘŀƴƛƪŀƛ 

ƛƎŞƴȅōŜǾŞǘŜƭ Ƴƛŀǘǘƛ ƳŜƎǊŜǇŜŘŞǎŞǘΣ ƳŜƎǊƻǇǇŀƴłǎłǘ ǾŀƎȅ ǘǀǊŞǎŞǘ ƧŜƭŜƴǘƛ όтΦ łōǊŀύΦ 9Ȋ ƪǸƭǀƴǀǎŜƴ ŀƪƪƻǊ 

ŦƻǊŘǳƭ ŜƭǃΣ ŀƳƛƪƻǊ ŀ ǘǀƭǘŞǎƛ łƭƭŀǇƻǘ ό{h/Τ {ǘŀǘŜ ƻŦ /ƘŀǊƎŜύ ƳŜƎǾłƭǘƻȊƛƪΣ ŀƳƛƴŜƪ ƪǀǾŜǘƪŜȊǘŞōŜƴ ŀȊ ŀƪǘƝǾ 

ŀƴȅŀƎΣ ƪǸƭǀƴǀǎŜƴ ŀȊ ŀƴƽŘ ǘŞǊŦƻƎŀǘŀ ǾłƭǘƻȊƛƪΣ Şǎ ƳŜŎƘŀƴƛƪŀƛ ŦŜǎȊǸƭǘǎŞƎŜǘ Ǿłƭǘ ƪƛΦ !Ȋ ŀƪǘƝǾ ŀƴȅŀƎ 

ǘŞǊŦƻƎŀǘǾłƭǘƻȊłǎŀ ŀȊ ŀƪǘƝǾ ŀƴȅŀƎ ƪǊƛǎǘłƭȅǎȊŜǊƪŜȊŜǘŞƴŜƪ ƴŜƳ ŦƻƭȅŀƳŀǘƻǎΣ ƘŀƴŜƳ αǳƎǊłǎǎȊŜǊǼέ ǾłƭǘƻȊłǎŀ 

Ƴƛŀǘǘ ƪǀǾŜǘƪŜȊƛƪ ōŜΦ  

! αtŀǊǘƛŎƭŜ /ǊŀŎƪƛƴƎέ ŜƭǃŦƻǊŘǳƭłǎŀ ŀ SOC-ǘƽƭ Şǎ ŀ ƪƛǎǸƭŞǎƛ ƳŞƭȅǎŞƎ ǾłƭǘƻȊłǎłǘƽƭ όɲ5h5ύ ŦǸƎƎΣ ŀƳŜƭȅōŜƴ 

ŀ Ŏƛƪƭǳǎ ȊŀƧƭƛƪΦ ! ƳŜŎƘŀƴƛƪŀƛ ƛƎŞƴȅōŜǾŞǘŜƭ ƴǀǾŜƪŜŘƘŜǘ ŀȊ ŜƭŜƪǘǊƻƭƛǘ ƪƻƳǇƻƴŜƴǎŜƪ όŘŜƴŘǊƛǘŜƪύ 

ŜƭŜƪǘǊƽŘłōŀ Ǿŀƭƽ ōŜƘŀǘƻƭłǎłǾŀƭΣ ŘŜ ƎłȊƪŞǇȊǃŘŞǎǎŜƭ ƛǎΣ ƪǸƭǀƴǀǎŜƴ ƳŀƎŀǎ ƘǃƳŞǊǎŞƪƭŜǘ Şǎ ƴŀƎȅ 

ŦŜǎȊǸƭǘǎŞƎ ŜǎŜǘŞƴΦ ! ƴŀƎȅ ƳŜŎƘŀƴƛƪŀƛ ǘŜǊƘŜƭŞǎ ƳŜŎƘŀƴƛƪŀƛ ŦŜǎȊǸƭǘǎŞƎŜƪŜǘ ƻƪƻȊ ŀȊ ŀƪǘƝǾ ŀƴȅŀƎōŀƴΣ Şǎ 

ŜƴƴŜƪ ƪǀǾŜǘƪŜȊǘŞōŜƴ ƘƻȊȊłƧłǊǳƭ ŀ ǊŜǇŜŘŞǎŜƪ ƪƛŀƭŀƪǳƭłǎłƘƻȊ Şǎ ǘŜǊƧŜŘŞǎŞƘŜȊΣ ŀƳƛ ǾƛǎȊƻƴǘ ŀȊ ŀƪǘƝǾ 

ŀƴȅŀƎ ŎǎǀƪƪŜƴŞǎŞƘŜȊΣ ŜƭǾŜǎȊǘŞǎŞƘŜȊΣ Şǎ ŜƴƴŜƪ ƪǀǾŜǘƪŜȊǘŞōŜƴ ƪŀǇŀŎƛǘłǎǾŜǎȊǘŞǎƘŜȊ Şǎ ŀ ǎȊƛƭłǊŘ 

ŜƭŜƪǘǊƻƭƛǘ ƛƴǘŜǊŦłȊƛǎ ό{9Lύ łǘŀƭŀƪǳƭłǎłƘƻȊ ǾŜȊŜǘ ώмоϐ ώмсϐΦ 

 

! Ŏƛƪƭƛƪǳǎ ǀǊŜƎŜŘŞǎ ŎǎǀƪƪŜƴǘŞǎŜ 

 

.łǊ ŀ Ŏƛƪƭǳǎƻǎ ǀǊŜƎŜŘŞǎ ŜƭƪŜǊǸƭƘŜǘŜǘƭŜƴ ŦƻƭȅŀƳŀǘΣ Ǿŀƴƴŀƪ ƳƽŘƻƪ ŀȊ ŀƪƪǳƳǳƭłǘƻǊƻƪ ŞƭŜǘǘŀǊǘŀƳłƴŀƪ 

ƳŜƎƘƻǎǎȊŀōōƝǘłǎłǊŀΦ  

 9Ȋ ƳŜƎǘŜƘŜǘǃ ǇŞƭŘłǳƭ ŀ ǘǀƭǘŞǎƛ ŦƻƭȅŀƳŀǘ ƻǇǘƛƳŀƭƛȊłƭłǎłǾŀƭΦ 9Ȋ ŀȊǘ ƧŜƭŜƴǘƛΣ ƘƻƎȅ ƪǸƭǀƴǀǎŜƴ ŀ 

ǘǵƭǘǀƭǘŞǎǘ ǾŀƎȅ ŀ ƳŞƭȅƪƛǎǸƭŞǎǘ τŀȊ ƛǊǊŜǾŜǊȊƛōƛƭƛǎ ƪŞƳƛŀƛ ǾŜƎȅǸƭŜǘŜƪ ƪŞǇȊǃŘŞǎŞƴŜƪ ŎǎǀƪƪŜƴǘŞǎŜ 

ŞǊŘŜƪŞōŜƴ τ Ŝƭ ƪŜƭƭ ƪŜǊǸƭƴƛΦ  

 !Ȋ ǵƧ ŦŜƧƭŜǎȊǘŞǎǼ ŀƴȅŀƎƻƪ ƘŀǎȊƴłƭŀǘŀ ŀ ŎŜƭƭŀǊŜŀƪŎƛƽ ǊŜǾŜǊȊƛōƛƭƛǘłǎłǘ όǾƛǎǎȊŀŦƻǊŘƝǘƘŀǘƽǎłƎłǘύ ƛǎ 

ƧŀǾƝǘƘŀǘƧŀΣ Şǎ ƝƎȅ ƭŀǎǎƝǘƘŀǘƧŀ ŀȊ ǀǊŜƎŜŘŞǎƛ ŦƻƭȅŀƳŀǘƻǘΦ 

 

Az ºreged®s m®rt®k®nek meg§llap²t§sa 

 

9ƭƭŜƴǃǊȊǃ ǾƛȊǎƎłƭŀǘ ό/ƘŜŎƪ-up-Tests)  

 

!Ȋ ŀƪƪǳƳǳƭłǘƻǊƻƪ ǀǊŜƎŜŘŞǎŞƴŜƪ ƳŜƎŞǊǘŞǎŞƘŜȊ Şǎ ǎȊłƳǎȊŜǊǼǎƝǘŞǎŞƘŜȊ łƭǘŀƭłōŀƴ ŜƭƭŜƴǃǊȊǃ 

ǾƛȊǎƎłƭŀǘƻƪŀǘ ό/ƘŜŎƪ-up-¢Ŝǎǘǎύ ǾŞƎŜȊƴŜƪΦ 9ȊŜƴ ǾƛȊǎƎłƭŀǘƻƪ ŜǊŜŘƳŞƴȅŜƛǘ ŀ ǇŀǊŀƳŞǘŜǊŜƪ ŀȊƻƴƻǎƝǘłǎłǊŀ 

ŀȊ ŀƪƪǳƳǳƭłǘƻǊ ǇŀǊŀƳŞǘŜǊŜƪ ǎȊłƳǎȊŜǊǼ ŞǊǘŞƪŜƛƴŜƪ ƳŞǊŞǎŞǊŜ ƘŀǎȊƴłƭƧłƪΣ Ƴƛƴǘ ǇŞƭŘłǳƭ ŀ ƪŀǇŀŎƛǘłǎΣ ŀ 

ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎ Şǎ ŜƎȅŞō ǘŜƭƧŜǎƝǘƳŞƴȅƳǳǘŀǘƽƪΦ ! /ƘŜŎƪ-up-Tests-ōŜ ǘŀǊǘƻȊƛƪ ǇŞƭŘłǳƭ ŀȊ ǀƴƪƛǎǸƭŞǎ 

ƳŞǊǘŞƪŜΣ ŀ ŎƛƪƭǳǎǎȊłƳ ǎȊŜǊƛƴǘƛ ŞƭŜǘǘŀǊǘŀƳ Şǎ ŀ ƘǃǘŜǊƳŜƭŞǎ ƳŜƎƘŀǘłǊƻȊłǎŀ ƛǎΦ 

 

YŀǇŀŎƛǘłǎƳŞǊŞǎ 

 

!Ȋ ŀƪƪǳƳǳƭłǘƻǊ ƪŀǇŀŎƛǘłǎŀ ŀƭŀǇǾŜǘǃ ǇŀǊŀƳŞǘŜǊΣ ŀƳŜƭȅ ƧŜƭȊƛΣ ƘƻƎȅ ƳŜƴƴȅƛ ŜƴŜǊƎƛłǘ ƪŞǇŜǎ ǘłǊƻƭƴƛΦ 

! ƪŀǇŀŎƛǘłǎƳŞǊŞǎ łƭǘŀƭłōŀƴ ǵƎȅ ȊŀƧƭƛƪΣ ƘƻƎȅ ŀȊ ŀƪƪǳƳǳƭłǘƻǊǘ ƳŜƎƘŀǘłǊƻȊƻǘǘ ŦŜǎȊǸƭǘǎŞƎǊŜ ŦŜƭǘǀƭǘƛƪΣ ƳŀƧŘ 

łƭƭŀƴŘƽ ǘŜǊƘŜƭŞǎ ƳŜƭƭŜǘǘ ƪƛǎǸǘƛƪΣ ƳƛƪǀȊōŜƴ ƳŞǊƛƪ ŀ ƪƛƴȅŜǊǘ ŜƴŜǊƎƛłǘΦ ! ƪŀǇŀŎƛǘłǎ ƛŘǃǾŜƭ ǘǀǊǘŞƴǃ 

ŎǎǀƪƪŜƴŞǎŜ ŀƴȅŀƎǊƻƳƭłǎǘ Şǎ ŜƎȅŞō ǀǊŜƎŜŘŞǎƛ ƳŜŎƘŀƴƛȊƳǳǎƻƪŀǘ ƧŜƭŜȊƘŜǘΦ ! ƪŀǇŀŎƛǘłǎƳŞǊŞǎŜƪ ŀ ǘǀƭǘŞǎƛ 

ƘŀǘŞƪƻƴȅǎłƎ Şǎ ŀ ǘŜƭƧŜǎƝǘǃƪŞǇŜǎǎŞƎ ŞǊǘŞƪŜƭŞǎŞǊŜ ƛǎ ƘŀǎȊƴłƭƘŀǘƽƪΦ 

 

! ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎ ƳŞǊŞǎŜ 
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!Ȋ ŀƪƪǳƳǳƭłǘƻǊ ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎŀ Ŧƻƴǘƻǎ ƳǳǘŀǘƽƧŀ ǘŜƭƧŜǎƝǘǃƪŞǇŜǎǎŞƎŞƴŜƪ Şǎ ǀǊŜƎŜŘŞǎŞƴŜƪΦ ! ƴŀƎȅƻōō 

ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎ ƳŜƎƴǀǾŜƪŜŘŜǘǘ ǾŜǎȊǘŜǎŞƎŜǘ Şǎ ŎǎǀƪƪŜƴǘ ǊŜŀƪŎƛƽƪŞǇŜǎǎŞƎŜǘ ƧŜƭŜȊΦ ! ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎ 

ƳŞǊŞǎŜ ǵƎȅ ǘǀǊǘŞƴƛƪΣ ƘƻƎȅ ƛǎƳŜǊǘ łǊŀƳƻǘ ǾŜȊŜǘǸƴƪ ŀȊ ŀƪƪǳƳǳƭłǘƻǊōŀΣ Şǎ ƳŞǊƧǸƪ ŀ ŦŜǎȊǸƭǘǎŞƎŜǎŞǎŜƪŜǘΦ 

! ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎ ƛŘǃōŜƭƛ ƴǀǾŜƪŜŘŞǎŜ ŀȊ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ǊŜƴŘǎȊŜǊ ǾłƭǘƻȊłǎŀƛǘΣ ŀȊ ŀƪǘƝǾ ŀƴȅŀƎƻƪ 

ŎǎǀƪƪŜƴŞǎŞǘ ǾŀƎȅ Ƴłǎ ǀǊŜƎŜŘŞǎƛ ƳŜŎƘŀƴƛȊƳǳǎǘ ƛǎ ƧŜƭŜȊƘŜǘΦ 

 

9ƭŜƪǘǊƻƪŞƳƛŀƛ ƛƳǇŜŘŀƴŎƛŀǎǇŜƪǘǊƻǎȊƪƽǇƛŀ ό9L{ύ 

 

!Ȋ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ƛƳǇŜŘŀƴŎƛŀǎǇŜƪǘǊƻǎȊƪƽǇƛŀ ŀȊ ŀƪƪǳƳǳƭłǘƻǊƻƪ ƧŜƭƭŜƳȊŞǎŞǊŜ Şǎ ŜƭŜƪǘǊƻƪŞƳƛŀƛ 

ǘǳƭŀƧŘƻƴǎłƎŀƛƪ ƳŜƎƘŀǘłǊƻȊłǎłǊŀ ǎȊƻƭƎłƭƽ ƳƽŘǎȊŜǊΦ !Ȋ ŀƪƪǳƳǳƭłǘƻǊǊŀ ǎȊƛƴǳǎȊƻǎ ǾłƭǘŀƪƻȊƽ ŦŜǎȊǸƭǘǎŞƎŜǘ 

ǾŀƎȅ łǊŀƳƻǘ ƪŀǇŎǎƻƭǾŀΣ Şǎ ŀ ŦǊŜƪǾŜƴŎƛłǘƽƭ ŦǸƎƎǃ ƛƳǇŜŘŀƴŎƛłǘ ƳŞǊǾŜ ƪŀǇƘŀǘǳƴƪ ƛƴŦƻǊƳłŎƛƽkat a 

ǘǀƭǘŞǎłǘǾƛǘŜƭǊǃƭΣ ŀȊ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ǊŜŀƪŎƛƽƪǊƽƭ Şǎ -ƘŀǘłǎƻƪǊƽƭΦ !Ȋ 9L{ ƭŜƘŜǘǃǾŞ ǘŜǎȊƛ ƻƭȅŀƴ ǀǎǎȊŜǘŜǘǘ 

ŀƪƪǳƳǳƭłǘƻǊǇŀǊŀƳŞǘŜǊŜƪ ƳŜƎƘŀǘłǊƻȊłǎłǘΣ Ƴƛƴǘ ŀ ǘǀƭǘŞǎłǘǾƛǘŜƭƛ ŜƭƭŜƴłƭƭłǎΣ ŀ ƪŞǘǊŞǘŜƎǼ ƪŀǇŀŎƛǘłǎƻƪ Şǎ 

ŀ ŘƛŦŦǵȊƛƽǎ ŦƻƭȅŀƳŀǘƻƪ ώмтϐ όуΦ łōǊŀύΦ 

 

¢ƻǾłōōƛ ǇŀǊŀƳŞǘŜǊŜƪ ƛŘŜƴǘƛŦƛƪłƭłǎŀ 

 

A Check-up-¢Ŝǎǘǎ όŜƭƭŜƴǃǊȊǃ ǘŜǎȊǘŜƪύ ŀ ƪŀǇŀŎƛǘłǎƻƴ Şǎ ŀ ōŜƭǎǃ ŜƭƭŜƴłƭƭłǎƻƴ ƪƝǾǸƭ Ƴłǎ Ŧƻƴǘƻǎ 

ǇŀǊŀƳŞǘŜǊŜƪ ŀȊƻƴƻǎƝǘłǎłǊŀ ƛǎ ƘŀǎȊƴłƭƘŀǘƽƪΦ 

! ƳŞǊŞǎŜƪŜǘ ƪƻƳōƛƴłƭǾŀ ǊŞǎȊƭŜǘŜǎ ƛƴŦƻǊƳłŎƛƽƪ ƴȅŜǊƘŜǘǃƪ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ łƭƭŀǇƻǘłǊƽƭ Şǎ ǀǊŜƎŜŘŞǎƛ 

ƳŜŎƘŀƴƛȊƳǳǎŀƛǊƽƭΦ 
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Ćbrafeliratok: 

1. §bra. ¥reged®si mechanizmusok illusztr§l§sa 

2. §bra. Az akkumul§tor relat²v kapacit§scsºkken®se az idŖ f¿ggv®ny®ben, ha hŖm®rs®klete 40 ÁC, 45 

ÁC ®s 50 ÁC 

3. §bra. Az akkumul§torcella ºreged®si sebess®g®nek sematikus §br§zol§sa a tºltºtts®gi §llapott·l 
f¿ggŖen 

4. §bra. Sematikus p®lda a ciklussz§m kis¿l®si m®lys®gtŖl f¿gg®s®re (DOD; Depth of Discharge) 

A ciklusok maxim§lis sz§ma a tºlt®si §llapot ciklusonk®nt bekºvetkezŖ v§ltoz§s§t·l f¿gg. A tºlt®s 

kis v§ltoztat§sai tºbb ciklust tesznek lehetŖv®, mint a teljes tºlt®si ®s kis¿t®si ciklusok 

5. §bra. Egy passziv§l· r®teg, az ¼gynevezett Ăszil§rd elektrolit interf§zisò (SEI) sematikus kialakul§sa 

grafitelektr·d§n 

6. §bra. ĂPlatingò ®s ĂDendritò k®pzŖd®s 

7. §bra. ĂParticle Crackingò egy grafit elektr·d§ban 

8. §bra. Egy l²tium-ion akkumul§torcella diagramj§nak sematikus §br§zol§sa az egyes ter¿leteknek az 

akkumul§torfolyamathoz hozz§rendel®s®vel  
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Abstract: In recent decades, the rapid development of intelligent technologies has opened up new dimensions in many areas of 

everyday life. Smart devices and IoT (Internet of Things) applications have made it possible for our homes, workplaces and 

social spaces to become smarter, more energy efficient and more conveniently controlled. In our article, we discuss the spread 

of smart networks and their deployment options. In the article, we analyse in detail the spread of smart homes and its trend in 

comparison with our previous 2021 poll and our latest 2024 poll, which already dissects the topic of the spread of smart 

buildings among the respondents. In our work, we present the construction options that are common in home use, which we 

can develop in our own image, and I also describe the professional solutions that are less modifiable. Solutions used in smart 

buildings, which already comply with strict regulations, will also be presented. We also describe the development and areas of 

use of KNX, one of the most widespread systems used in building automation. Through an example, we describe in detail the 

network of the room of the smart building we designed, which is specifically tailored to the needs of a modern gym. We selected 

the lighting and shading control and temperature (HVAC) control system of a gym room, in which system the communications 

are implemented uniformly via KNX bus. 

Keywords: intelligent building, network, communication, automation, KNX bus  

1. Introduction of possible solutions 

In recent decades, the rapid development of smart technologies has opened up new dimensions in 

many areas of everyday life. Smart devices and IoT (Internet of Things) applications have made it 

possible to make our homes, workplaces and community spaces such as gyms smarter and more 

efficient. In my thesis, I will present a design for a smart grid that is specifically tailored to the needs 

of a modern gym. The network design involves the design and demonstration of a light, temperature 

and air quality control system for a room in a potential gym. 

My aim is to illustrate how a gym can be made not only more comfortable for the users, but also 

more environmentally friendly and cost-effective through the use of smart technologies. 

I will also address the technical and ethical issues involved in the design and implementation of smart 

grids, and suggest directions for future developments and extensions. 

1.1 Communication network technologies between industrial devices in the lighting 

control system 

For the automation of lighting control, the following network technologies can be used and after a 

thorough examination of these, I decided to use KNX communication technology. 

KNX is an open standard, integrated network communication protocol widely used for building 

automation, including the automation of lighting systems. Its advantages include wide support and 

interoperability, compatibility and flexibility between different systems. These features were decisive 

in the design of the gym room network. [1] [2] 
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The DALI standard is specifically designed for lighting control. It has the advantage of being able to 

accurately control and monitor devices, and is easier to install, and configure, not to mention that it 

is widely supported. In my design, I did not choose DALI as the basis for lighting automation, as it 

avoided the need to use two different communication protocols within the building, one for lighting 

and the other for the other automation processes, this type of solution would also mean a large 

increase in cost in terms of deployment costs and would greatly increase the payback time for this 

automation investment. [3] [4] [5] [6] 

The DMX512 is used to automate lighting in parks, events, festivals, stages and concert halls to a 

greater extent, and is also suitable for the proper illumination of exhibits in museums. Due to its 

better integration and reliability, the KNX system is more suitable for the lighting of a gym room and 

can also be used to automate the whole gym. [7] [8] [9] 

The DC (0-10 V) system is suitable for simpler lighting control, but not for complex automation, so it 

is not an optimal choice for automating the lighting of a gym room, as it is not possible to integrate 

intelligent devices and sensors, and remote control is not feasible on the DC (0-10 V) system. 

Moreover, the installation and maintenance of the system is much more complex and complicated, 

so this solution was not chosen. [10] [11] 

1.2 Communication network technologies between industrial devices in a temperature 

control (HVAC) system 

The following network technologies could have been used for the automation of the temperature 

control and I chose the KNX technology. 

Wired communication provides higher transmission speeds and higher reliability and stability than 

wireless BAS solutions. 

KNX is a peer-to-peer communication system in which there is no need to control the central server 

centrally, as the devices can communicate directly with each other, speeding up the reaction of the 

devices to each event. [1] [2] 

Overall, I chose KNX for the HVAC and shading automation of my gym room because it is sufficiently 

fast, flexible, interoperable and as I mentioned earlier in my thesis, I wanted to implement the 

lighting and HVAC automation on a single communication system. [1] [2] 

BACnet is a client-server based communication system in which the central server centrally controls 

the devices. It is mainly used to control the temperature and air quality of HVAC systems in large 

commercial and industrial environments. It is designed for large systems with excellent integration 

capabilities and high reliability. It would have been an excellent alternative for me, but an important 

aspect to be considered was the use of unified communication technology for lighting automation. 

[1] [2] 

Like BACnet, LonWorks is a client-server based communication system in which the central server 

centrally controls the devices. In terms of use, they are most suitable for temperature and air quality 

control in automated systems. Since LonWorks is designed for large systems and this technology is 

not in demand anymore, its use was not the optimal choice for me. [12] [13] 

Modbus, like BACnet and LonWorks, is a client-server based communication system in which the 

central server centrally controls the devices. It is mainly used in industrial automation for simple, 

non-complex building automation processes where you want to exchange data and perform 

command and control. The main feature of Modbus is its simple implementation and configurability. 
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It is also important to note that Modbus devices are typically priced more favourably than their 

peers. However, for me, this communication technology would not have been the best choice for 

gym automation. [13] [14] [15] [16] [17] 

Wireless BAS solutions offer a number of advantages over wired BAS solutions, such as easier 

deployment, as there is no need to install cables and connectors in the wall. Another advantage over 

wired solutions is that the system is more flexible and adaptable, and it is much easier to integrate 

new devices into an existing system. 

Like KNX, Zigbee is a peer-to-peer communication system that does not require central control of a 

central server, as devices can communicate directly with each other. In terms of application, Zigbee is 

mainly used in home automation systems, for applications with lower data rates and short ranges. 

They are also ideal for battery-powered devices as they have low power consumption. They are not 

the best choice for gym automation, but are an excellent choice for residential home automation. 

[18] [19] 

Similar to Zigbee and KNX, Z-wave is a peer-to-peer communication system that does not require 

central control of a central server, as devices can communicate directly with each other, increasing 

reliability and range. It is also similar to Zigbee in terms of its application area, as it is mainly used in 

small and medium sized residential systems. Their low power consumption also makes them ideal for 

battery-powered devices. 

Devices using Z-wave and Zigbee are typically lower in price, thus reducing deployment costs. Like 

Zigbee, this communication technology is more suitable for home automation. [20] [21] 

Similar to Zigbee, Z-wave and KNX, EnOcean is a peer-to-peer communication system that does not 

require central control of a central server, as the devices can communicate directly with each other. 

EnOcean is optimised for use in buildings. It is suitable for office use where devices are located in a 

smaller area. It can control lighting wirelessly, as well as HVAC systems, shading and security systems. 

EnOcean could be a suitable choice, but I opted for wired KNX technology. [22] [23] [24] [25] [26] 

2 The Gym room control system 

Based on my ideas, I would like to equip the lighting control of the gym room with presence sensors, 

as these sensors not only detect motion but also static conditions, unlike motion sensors which only 

have a PIR sensor and therefore only react to motion. 

I also want to control the amount of light in the room optimally for better energy efficiency. To 

change the brightness of the lighting, I need a sensor to measure the amount of light and a 

motorised shutter system to shade the windows. Shading with blinds also contributes to a more 

efficient HVAC system. 

The following diagram shows the network and communication system of my proposed system. 
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Figure 1 

Schematic diagram of the gym room network 

Source: My own schematic diagram based on my own idea 

As illustrated in the previous figure, the KNX network communicates with the multifunction sensor, 

the dimmer for lighting control, the actuator for the motorised shutter for shading control, the 

dashboard for visualisation and the air ventilation system. 

The air handling unit communicates with the local server computer via Ethernet, creating an 

integration point between the KNX network and the Ethernet connection. Cloud-based data storage 

can be implemented by having the air handling unit send data to the server machine, which in turn 

sends data to the cloud. 

2.1 List of devices used for gym room control 

Philips LED dimmable ceiling lamp SCENE SWITCH LED/12W/230V 4000K: 

The dimmable ceiling lamp allows you to adjust the intensity of the light as required and to ideally set 

the colour temperature. In addition, the LED technology makes it energy efficient and long-lasting, so 

maintenance costs are low. [27] 

Siemens universal dimmer N 528/31: 

Since the ceiling lamp itself is not able to communicate via KNX, a dimmer capable of communicating 

via KNX is required to set the desired brightness. [28] 

Siemens universal sensor: 

I chose the multifunctional passive infrared presence sensor because it communicates via my chosen 

communication technology, KNX, and is capable of measuring temperature and relative humidity in 

addition to presence detection.  

In addition, the sensor can also measure the amount of light and is equipped with a built-in CO2 

sensor and air quality monitor. Other important factors were the ability to be ceiling mounted and to 

ŘŜǘŜŎǘ ƳƻǾŜƳŜƴǘ ƛƴ ослϲ ƻŦ ǘƘŜ ŀǊŜŀΣ ŀƴŘ ƻŦ ŎƻǳǊǎŜ ǘƻ ǇǊƻǇŜǊƭȅ ŀƴŘ ŎƻǊǊŜŎǘƭȅ ŎƻƭƭŜŎǘ ƛƴŦƻǊƳŀǘƛƻƴ 

about its environment. 

In the present case, a sensor in the centre of the room is sufficient, as the layout of the gym room is 

rectangular and therefore clearly visible. [29] 
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Smart shutter system with Siemens actuator 5WG11184AB01: 

I chose to implement the shading technique with the motorised shutter because it not only helps to 

create the right lighting conditions, but also provides physical protection. It also plays an important 

role in temperature control. 

As motorised shutters cannot be connected to the KNX network, an actuator is required to enable 

central control of the motorised shutters. [30] 

Wolf Comfort domestic ventilation system CWL -2-325: 

I chose this ventilation system because of its extremely low power consumption and its heat recovery 

efficiency of up to 99% due to the counter-current heat recovery. It does this by opening the bypass 

shutter when the indoor and outdoor temperatures are sufficient and allowing outside air to enter 

the room by bypassing the heat recovery. It also helps to control the humidity in the room by 

incorporating a special membrane heat transfer surface, which ensures a perfect separation of fresh 

and used air, while still allowing moisture transfer between the two air streams. As the unit is 

equipped not only with a humidity sensor but also with a CO2 sensor, it is able to control the air 

quality and filter the fresh air intake through G4 and F7 pollen filters, thus benefiting allergy 

sufferers. [31] [32] 

The Siemens power supply unit device is necessary for the operation of the KNX network. The 29 V 

DC voltage output and 160 mA current provide enough power to connect the desired devices to the 

KNX network. [33] 

The central control panel (Siemens dashboard UP 588/23) allows the user to control the gym room 

lighting, temperature and other automations. Changes to the physical touchscreen interface are 

quickly and easily accessible to users. The dashboard communicates via KNX network. [34] 

¢ƘŜ b!{ 5ƛǎƪ{ǘŀǘƛƻƴϯ 5{ннпҌ ǎŜǊǾŜǊ ǿŀǎ ǘƘŜ ōŜǎǘ ŎƘƻƛŎŜ ŦƻǊ ƳŜ ŦƻǊ ǎǘƻǊƛƴƎ Řŀǘŀ ƻƴ ǘƘŜ ƭƻŎŀƭ ŎŜƴǘǊŀƭ 

server, as it has strong security features. Remote access can also be provided on demand by 

connecting to the internet. NAS servers have built-in RAID technology, which is a great help in case of 

hardware failures, as it stores data on multiple drives, so that even in case of unexpected events, the 

data is safe. It is suitable of giving different users access to data according to their job role. [35] 

Data can be transferred to cloud storage via the NAS server. This optional solution allows remote 

access to the data by the owners. One of the big advantages of this solution is that it allows for lower 

hardware costs, as it is not necessary to install a local server machine with storage space. 

Controlling the amount of light in the gym: 

The LED ceiling light is set to the desired values by the dimmer. You can also adjust the desired light 

levels and lighting scenes via the dashboard. As the chosen device is multifunctional, the light 

quantity and the scene detection are continuously measured via a sensor. This allows the system to 

automatically adjust the luminous intensity of the lamp and the amount of external shading by 

moving the blinds, based on the expected values between 200 lux and 400 lux. 

Temperature control in the gym room: 

The multifunction room sensor continuously measures and collects data on temperature, humidity 

and C02 levels. According to the preset values, the system controls the room temperature via the 

heat recovery ventilation system. Of course, the temperature can also be slightly adjusted on the 

dashboard, for example by up to +/-оϲ/ ƛƴ ƛƴŎǊŜƳŜƴǘǎ ƻŦ лΦрϲ/Σ ōǳǘ ǿƛǘƘƛƴ ŀ ŦŜǿ ƘƻǳǊǎ ǘƘƛǎ 
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adjustment will be cancelled and the system will control the room temperature based on the original 

ǎŜǘǘƛƴƎǎΣ ǿƘƛŎƘ ƛǎ нмϲ/ ōȅ ŘŜŦŀǳƭǘ ƛƴ ǘƘŜ ŎƻƭŘŜǊ ǿƛƴǘŜǊ ǎŜŀǎƻƴ ŀƴŘ ноϲ/ ƛƴ ǘƘŜ ǿŀǊƳŜǊ ǎǳƳƳŜǊ 

season. 

Humidity control in the gym room: 

Humidity control is one of the most important aspects as my chosen room is a gym, which is more 

humid by default. In order to maintain the required humidity of 45-60%, the humidity is controlled by 

using a multi-function sensor to obtain real-time data on the humidity in the room and the HVAC 

system automatically controls it according to the range of set values. 

Air quality control in the gym: 

The CO2 level in the gym room is measured by the multifunctional sensor and, if necessary, fresh air 

is blown in through the HVAC system and the maximum 800 ppm value is set, thus improving the air 

quality in the room. 

Central control of the gym room: 

The communication of the above listed devices in the boiler room via KNX is ensured by a KNX power 

supply unit, which supplies the KNX network with the required voltage and current. All 

environmental parameters can be controlled and monitored in one place on a central dashboard, so I 

decided to place it in the office for easy accessibility. 

The following picture shows my idea of the layout of the rooms in the gym. Upon entry, you reach 

the reception area, from where guests with active privileges can swipe their cards and proceed to the 

other rooms and changing rooms. The reception area opens into the office, where only employees 

have access, and the server room, where only the owner and the IT manager have access. 

I plan to place the dashboard in the office and the server machine in the server room. 

 

Figure 2 

Layout of the gym 

Source: My own schematic diagram based on my own idea 

The room included in my design is Gym I, which is the room used for cardio training. 
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3 Opportunities for Development 

The first further development option for the smart gym is to equip every room of the gym with the 

automation capabilities presented so far. As this is a smart gym operating 0-24 hours, it is also 

necessary to automate the automatic access system and the opening and closing of the lockers. 

Security in such a complex is also of high importance, so in the following paragraphs I will describe 

these solutions, as well as some sustainable and environmentally friendly technologies. Access card 

readers and even biometric IDs increase the security and efficiency of gyms. The automatic access 

system allows you to enter the gym outside opening hours when no one is at the reception. You can 

enter through the side entrance via the facial recognition system, and then through a second door 

that opens after using the access card. You will then be taken to the corridor, where you will have 

free access to the changing rooms and the gym. 

These automatic systems not only make the gym more comfortable to use, but also significantly 

increase security, as access is strictly controlled and restricted to authorised persons. With this 

system, the gym can be open around the clock, allowing members to work out whenever it is 

convenient for them, without requiring the constant presence of staff. This not only improves the 

user experience but also reduces labour costs. The opening and closing of lockers can be fully 

automated and secure thanks to the RFID access cards. As gym members can easily access the 

lockers, they only need to touch their access card to the right place. Not only does this make use 

convenient, it also ensures that only authorised persons have quick and easy access to their personal 

belongings, while also maximising security. 

In a smart gym, a range of security systems can be used to protect visitors and equipment, and to 

restrict access to certain rooms, whether they are server rooms or offices for the owners. Security 

systems are particularly important in the gym, as the external camera system monitors the gym 

perimeter and parking areas, while the internal camera system records what happens inside the gym. 

The alarm system is activated outside opening hours in the reception, office and server room. The 

CO, smoke and fire alarm system is also an important part of the security measures, but should only 

be designed by a suitably qualified professional. In addition to these safety-enhancing systems, panic 

buttons can be installed at various points in the building to provide a rapid emergency alarm and 

rescue call for occupants. These systems not only increase safety, but also improve the visitor 

experience, as users know they can play sports in a safe environment. 

In a smart gym, energy efficiency systems and solutions are key to sustainable operation and cost-

effectiveness. However, the use of renewable energy is also key to a smart and environmentally 

conscious gym. Energy management systems monitor and optimise energy use, and solar panels on 

the roof or in the parking area can generate their own renewable energy. Battery energy storage 

systems efficiently store and release electrical energy, and electric car chargers installed in the 

parking lot of the smart gym are a great way to further enhance sustainability and increase visitor 

convenience. These charging stations can even be integrated into an existing energy management 

system so that the energy generated by the solar panels can be used to charge cars. This solution can 

further reduce energy consumption and operating costs, while further underlining the gym's 

commitment to the environment. In this way, the gym not only serves its visitors inside, but also 

outside, in the car park, with smart and sustainable solutions. 
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Conclusions 

In my article, I explored the extensive possibilities for building a communication network for a smart 

gym. I focused on the implementation of KNX technology, presenting a detailed design and 

demonstration of a lighting, temperature, and air quality control system tailored for a possible gym 

setting. Through this design, I aimed to showcase how smart technologies could enhance user 

comfort, promote environmental sustainability, and achieve cost-effectiveness. 

My analysis delved into the various technical considerations involved in deploying smart grids, 

highlighting potential challenges and solutions. I also proposed directions for future advancements 

and expansions in this field. Overall, the article aimed to provide a comprehensive overview of how 

smart technologies could revolutionize gym environments, making them more efficient and user-

friendly. 
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Abstract: The rapid pace of technological development, especially artificial intelligence (AI) its rise fundamentally 

transforms the content and methods of education. The introduction of the teaching of algorithms into primary and 

secondary education is increasing becomes more important as they form the foundations of the digital world. The 

algorithms are based on a series of logical steps that provide a solution to a given problem, critical thinking and 

structured can help with this to develop problem solving. Algorithmic thinking is not only a in programming, but 

also useful in many areas of everyday life, since it helps to break down complex problems into simpler parts and 

is systemic understanding. The application of artificial intelligence in education offers many new opportunities 

offers, among other things, in terms of teaching algorithms. It is based on AI systems make it possible to tailor 

learning processes to tests, since they can adapt to the individual needs, pace and interests of students. The 

Development of adaptive educational platforms using AI algorithms they constantly analyze the students' 

performance and shape the curriculum difficulty situation. This promotes deeper understanding and your students 

increasing motivation, as students can progress at a pace that this is the most appropriate. 

1 Algoritms  

 

Algorithms are an integral part of our lives, from writing pseudocode activities to finished and tested 

programs. If we were to define the concept of an algorithm, we could say that an algorithm is a 

sequence of process activities with conditional branches, cycles and iterations. When we write a 

program, we first look at the specification, this is the description that tells us what the program must 

do, i.e. what activities it must perform with the help of the executable environment. The program 

becomes a program with the help of algorithms, which must also comply with syntactic and semantic 

rules. The program is primarily designed using a flowchart, which  can provide insight into the 

planned events of the algorithms and the output depending on the input data and operations. 

Preconditions and postconditions are also important when designing a program. It is necessary to 

choose a programming language for the given specification (during the program description), with 

the help of which we will decode, run and test the program. It can be important to refactor the 

program, which means that the program composition of the coded specification and the 

improvement of its implementation, which can help the readability of the code, make potentially 

complicated algorithm operations simpler and clearer, which can lead to easier maintainability. 

1.1 Teaching an algorithm 

 

Imagine a classroom where students sit and monitor the current progress of thelesson. The 

instructor explains the definition of the algorithm and the basic concepts. A flowchart shows the 

steps in which the instructions are executed in the given program. E.g. In the .ordering algorithms 

programming lesson, we present a specific algorithm to the students, considering the operation of 
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pseudocode, illustrating it with a flowchart, using presentation and animation, and showing practical 

examples. We can also use a visual display during the presentations, draw io also offers this option, 

which is suitable for drawing flowcharts thanks to the graphical GUI display, or by presenting the 

given algorithm simulation in the form of a video. E.g. Quicksort sorting algorithm. Students have to 

solve problems from everyday life, for which they can also write a program.E.g.: application of a 

ƎǊŀǇƘ ŀƭƎƻǊƛǘƘƳ ǘƻ ǘƘŜ YǀƴƛƴƎǎōŜǊƎ ōǊƛŘƎŜǎ ǇǊƻōƭŜƳΦ {ǘǳŘŜƴǘǎ ǿƻǊƪ ƛƴ ǘŜŀƳǎ ƻƴ ŎƻƳǇƭŜȄ ǘŀǎƪǎ ŀƴŘ 

apply their knowledge. Mentoring was mentioned in the previous point, but in this section I describe 

the learning methods that, based on my experience, have shown effectiveness in teaching the 

algorithm. In the first round, the programming items must be taken over with the students, such as 

counting theorem, decision theorem, maximum and minimum selection theorem. After taking over 

the programming items, the students understood the program's operation better, I illustrated what I 

had to say with a graphic diagram, on which they could follow the operation of the algorithm. An 

important key aspect is the program specification,which describes how the program should work, i.e. 

what activities it should perform. eaching the algorithm is not minis a simple task, since students 

have different abilities. Some people need more time to understand and understand the topic, some 

people need a shorter time. First of all, write the algorithm or present it to the student with the 

option of a presentation ppt. During the explanation, let's use an animated presentation of the 

discussed algorithm. With the help of the visualization, the students will have a visual idea of the 

operation of the discussed algorithm. During my years of education, I have experienced that we first 

describe the algorithm's input and output, precondition and post-condition criteria. When we have 

clarified this with the students, we can continue to write the algorithm on the board, illustrating the 

operation of the algorithm with animation, and then we give them practical tasks. 

 

Algorithm: 

Proceedings 

S:=0 

Cycle from I=1 to N 

S:=S+A(I) 

End of cycle 

Who: S 

End of procedure 

 

 

Example 

print('This program calculates your average.') 

print('If you don't want to enter more tickets, write 0!') 

print('---------------------------- ---------------') 

piece = 0 

amount = 0 
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mark = int(input('Enter the first mark: ')) while 

mark != 0: 

piece = piece + 1 sum = 

sum + mark 

grade = int(input('Enter the following grade: ')) 

if piece != 0: 

print('Average of your marks: ', amount / piece) 

else: 

print('You haven't entered a single ticket!') 

Source:https://sulipy.hu/alapveto_algoritmusok/osszegzes?tab=peldak 

 

Gamification is a playful activity that helps students master the given topic. Playful learning can make 

learning interesting, almost so that the student learns without noticing, e.g. The english words. 

Which can be a word duel or a playfulword-guessing game in a group format and in the process you 

learn new words or previously learned words can come to the fore. Another goal is to make the 

session effective, to make the tasks interesting by putting them in a playful form. During the session, 

players can feel as if they are being challenged by something that gives meaning to completing the 

tasks. Goals are important, so it is worth paying attention to the goal points in the given task. The 

level of the tasks must be defined and prepared according to the age, the load level of the tasks must 

also be taken into account for the given age group, and last but not least, the reward system must 

also be established. The student's initial experience of success is an important determinant of the 

further output, which can encourage the student to continue playing, and in the meantime acquire 

new knowledge thanks to the given scope of tasks. At the beginning of the game, we involve the 

student in playful learning, initially with small goals towards big goals. It is recommended to divide a 

complex end goal into several smaller goals, so that the experiences of success can be denser, which 

can give the student additional motivation. Until we reach the end goal for the student, it is 

important to have dynamics and optimally balanced tasks The so-called flow state appears, which 

can also be the key to successful experiences, this is present when there is a balance between the 

teacher and the student in playful learning, in operational activities gamification in the framework of 

However, there is also a need for a so-called feedback, i.e. a feedback system, which is both 

rewarding and punishing, aimed at the student. We have to find the right proportions when creating 

and applying the task, but especially when assigning it to the students. The player prioritizes learning 

in the form of gamification, playful activities and the operation of a given value system. There are 

many educational games with which the student can gain new knowledge, whether it is a simple 

paper-based (e.g. card) game or an educational software game program. The playful activity is 

characterized by the use of a points system classified according to certain aspects, which can be used 

to make learning effective on the part of the student, since presumably, if the student has delved a 

little into the gamification activities, he can start collecting points and, knowing that,,to redeem the 

points for rewards. This can also give motivation to the student. The other view is that failure is more 

avoidable for the student, since a poorly completed task does not mean an insufficient grade, here 

he only receives fewer points if the given part or topic of the task solution is not good. I think the 

point system is also good because it is possible to track the degree of development in the case of a 
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given student and the student receives immediate feedback on what he did well and what area or 

part of the task he should practice. We can introduce not only feedback, but a good example could 

be the seal you once received in elementary school, which if you did not do well in the task you 

received a fox, if you did the task well, then you received a bunny seal, which we also collected once. 

This was in 1984. Some where it was applied, some where not. I don't know about that. One thing is 

for sure, this acted as a motivating force for me as a former student. If you want to organize a playful 

programming lesson with an interactive interface, I have revealed the following possibilities. 

(Gamification in educationKozma, Laszlo2016) 

1.1.1 Application program for students  

I have found some famous program wich help to imporove to algoritms thiking.  The program can work without a 

physical robot. With its help, we can introduce the students to robot programming in a playful way in a visual 

environment, they learn the basic algorithms and test the instructions in a visual environment. Below are some 

robot simulator diagrams showing the current position of the robot. It can give visual enviroments under the learn. 

The webots program is suitable for learning the basics of robotics, and is capable of C++ and Python 

implementation. I mostly use the Python language in the program, since the Python program is dominant in public 

education as well and in vocational training there are also programming tasks in the IT industry exam. I also looked 

at several other programs that are free and prioritized webots. During the running of the program, it was important 

to have a visual display, trying out the source code program. Considering the costs, it showed efficiency during 

the teaching of the algorithm, which was also due to the visual display. The program has many virtual sensors that 

we can use to create our robot project. We use the so-called Open Dynamic engine for simulating the movement 

of the virtual body and recognizing possible collisions in time, but it also includes light and touch sensors and 

servo motors. 

 

 

Figure 1 Webots car.  

In the next diagram, we see the micromelon vola tracking simulation. The distance between the two 

points using the formula below. 

5ҐҞόȄм-x2)-(y1-y2) 

Line tracking is one of the standard robot movements, adding complexity to the robot's direction. 
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Figure 2. Folowline 

   

1.1.2  Competition-based learning 

In the case of competition-based learning, students can compare their skill and speed. In the case of 

an algorithm, they must find the algorithm that is more efficient and faster to solve the given task. 

This can be in the case of a school house competition or participating in a national competition. Of 

course, this also requires a preparatory teacher, as the student or students intending to compete 

need to participate in preparatory sessions held by the competition preparatory teacher. There are 

many contests available that are advertised in a given period. I would like to present two competition 

options. 

An example is the Wordskills competition. 

https://skillsit.hu/worldskills-hungary/ 

WordSkills an opportunity in which the student learns to show his ability, logical 

thinking, depending on which a solution to a given task can be created. 

Competitors can compare their skills in several professions, and most importantly, this is an 

international competition, where foreign students from more than 60 countries can also participate. 

The main aspect is the care of talented students and the creation of experience- based tasks for them 

by the task makers. As far as I know, Skills IT, as a professional partner, organizes selections and 

preparations in the following three categories: 

- IT system operator web 

- developer 

- software developer 

There are many competitions where students can measure their current knowledge, which can help 

them get an idea of what it's like to be part of a competition, whether we look at it from a 

programming or system operation point of view. In Hungary, the international competition, which is 

ƻǊƎŀƴƛȊŜŘ ǳƴŘŜǊ ǘƘŜ ƴŀƳŜ bŜƳŜǎ ¢ƛƘŀƳŞǊΣ ƛǎ ƛƴ ǘƘŜ ŦƻǊŜƎǊƻǳƴŘΦ ¢ƘŜ Ƴŀƛƴ goal of the competition, 

so that primary and secondary school students can show their existing knowledge and skills and test 

themselves in the framework of an international IT competition, which is preceded by a preparation 

period with the professional support of a preparatory teacher. 
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The competition consists of three rounds. 

Roound 1 

This is the round of the school competition, from which the winner can go to the regional 

competition round 

Round 2 

This is the regional competition round, the best performers can advance to the finals. 

Round 3 

The best from the regional round can go here, who can take part in the final. 

 

On the occasion of the first round, the contestants' ability to analyze will be needed, the contestants 

will be given a detail taken from a program, a description of the algorithm, and they will have to put 

it to the test. The following questions are usually asked: 

What will be the result of the program if it were to run? But it may also happen that a certain detail 

has been cut out of the given algorithm and the competitor has to think about what is missing in 

order to run the program. Or they receive a program specification in a text version and have to 

create the algorithm that performs the given task specification. Synthesizer in the second roundsthey 

have to solve a task, in the form of source code, they have to write a program. In this case, the 

program checking system only examines the run result, not the written program. The third 

competition round is similar to the 2nd competition round, only here there is a more complex task 

and the solutions prepared by the competitors must be entered into an online system. The goal of 

the competition organizers is obviously to emphasize problem solving, algorithmic thinking and, 

depending on it, the ability to solve the given task and write programs. Several programming 

languages are also available, from which the contestant can choose, for example: Python or C# 

programming language.Participating in and preparing for the above competition takes time, but it 

can give the student a great experience that will make them more motivated in life. After all, he 

tested himself in an acute situation, which allowed him to gain experience and routine. 

1.1.3  Consultation and mentoring 

The consultation can also be an important key role in teaching the algorithm, where it is customary 

to ask the mentor questions that are not yet clear or only partially understandable to the student. I 

believe that there is no shame in asking questions, as the answers received during the consultation 

can be an important point for the student, this plays a key role especially when the consultation is 

preceded by a thesis or an exam. The consultation does not mean that the course material will be 

submitted again, but when the student has read the course material but has questions, he can get 

answers from his teacher. Mentoring in public education can be imagined as following and helping a 

given student or students throughout the study process. I myself took part in the Teach Hungary 

ŎƻǳǊǎŜ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ jōǳŘŀΣ ǿƘƛŎƘ ƘŜƭǇŜŘ ƳŜ Ǝŀƛƴ ƛƴǎƛƎƘǘ ƛƴǘƻ ƳŜƴǘƻǊƛƴƎ ǿƻǊƪ ǇǊƻŎŜǎǎŜǎΦ 

Depending on the field in which he performs this work, the mentor must also have experience that 

he can pass on to the younger generation. When, in the first round, the mentor and the student 

meet, it is also an assessment of the mentored student. For example, what kind of studies are you 

pursuing and where are you currently at, and if so, what future prospects does the mentee have. 

Students studying at the technical school can have different knowledge levels, which also determine 

their academic performance. During mentoring, the mentored student receives individual attention, 
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so it is possible to develop in the given area almost individually. They also receive advice on how to 

achieve their personal goals in terms of academic life or even career. It is important for the student 

to have goals, if there are no specific ones goals, then this should be helped in the first instance, so 

that there is something for him that needs to be defined together. Around the 10th grade, a sectoral 

exam can be expected for the students in the technical school, where the building of competences 

must already begin, even in the context of ICT project work.The student can be assured that there is 

someone to turn to, someone to discuss learning difficulties with, and the mentor can help the 

mentored student by applying learning methods. This is not only in higher education, but there can 

also be a mentor program at the level of public education, which I personally experienced during my 

mentoring work. It was quite a coincidence that I did his mentoring on the topic of algorithms, with 

students who had difficulty with programming. I helped the students, who formed a group of 6 

people, but I also dealt with them separately. In the first round, we reviewed the programming 

items, such as summary, maximum, minimum, search, decision, which they needed. Henneman-

Egbert, 2013)  

Mentoring was mentioned in the previous point, but in this section I describe the learning methods 

that, based on my experience, have shown effectiveness in teaching the algorithm. In the first round, 

the programming items must be taken over with the students, such as counting theorem, decision 

theorem, maximum and minimum selection theorem.After taking over the programming items, the 

students understood the program's operation better, I illustrated what I had to say with a graphic 

diagram, on which they could follow the operation of the algorithm. An important key aspect is the 

program specification, which describes how the program should work, i.e. what activities it should 

perform. Teaching the algorithm is not minis a simple task, since students have different abilities. 

Some people need more time to understand and understand the topic, some people need a shorter 

time. First of all, write the algorithm or present it to the student with the option of a presentation 

ppt. During the explanation, let's use an animated presentation of the discussed algorithm. With the 

help of the visualization, the students will have a visual idea of the operation of the discussed 

algorithm. During my years of education, I have experienced that we first describe the algorithm's 

input and output, precondition and post-condition criteria. When we have clarified this with the 

students, we can continue to write the algorithm on the board,illustrating the operation of the 

algorithm with animation, and then we give them practical tasks. 

1.1.3.4  Application of artificial intelligence in public education 

Artificial intelligence is one of the great achievements of our time, which has become part of our 

lives. By using artificial technologies, we can participate in a more effective and interactive 

education, which in this case also supports subjects about programming. It's not about copying the 

task to the AI and it will solve it in its entirety. The code must be written by the student with the help 

of the teacher's explanation, if the student participates in a practical class. The use of artificial 

intelligence can show effectiveness in education during practice, when the student can ask for the 

help of AI in a task that is difficult for them to solve, e.g. in writing a function.Personalized learning 

means that it is based on the individual development possibilities of the given student, and can cover 

the topics that the student needs to develop. After assessing the student's current ability, AI can 

provide tasks based on the given topic. Let's take it as an example if the given student programming 

is difficult, then you can give him tasks starting from the easy level, a previously discussed 

programming topic in detail, e.g. function topic. If the MI considers that the student is doing better in 

solving the task, then it can issue a more difficult set of tasks for the task to be solved. The student 

can also check himself during a task he has solved with the AI. But we must know that the AI can only 

help the student if he is prepared for this and his knowledge base includes the tasks. 
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In the case of personalized learning for the student, it is advisable to carry out a subject-specific 

survey for the student, so that we get an idea of his cognitive abilities, which can establish the level 

of development, but I think it is important to take into account the student's goals and needs. Each 

student can work at his own pace, completing the assigned task in an individual period of time 

depending on the given subject. From the survey previously written by the student, we can find out 

which type of task goes better and which one less. The AI can collect data on the student's actions 

and the result of the task solution, being aware of this, set the assignment of tasks according to the 

student's current level and publish examples to illustrate. If MI sees that the student is not doing well 

with a specific task, it can provide help and clues to solve the task. Presumably, the AI is also capable 

of solving the task after the student has submitted e.g. the solution of the task of the programming 

exercise to the AI, the AI reviews and evaluates it, it can also give some explanation for the wrong 

task, what would have been correct, and it can monitor the student's progress in percentage form.  

But what happens when the student feels overwhelmed after a given amount of work?  

In this case, the AI's algorithm detects from the student's activity that the student makes a mistake 

while solving the task, so knowing this, the AI can decide to do practice tasks published for the 

student, and then after the practice, he conducts a survey again in the form of a percentage, and if 

the MI judges that the student has already learned the topic and copes well with the obstacles in the 

practical part, he either assigns a more difficult task or, if he has already assigned it , then move on to 

a new topic. 

1.1.3.5 Application of artificial intelligence in classes and improvement of teacher's work 

Artificial intelligence is one of the achievements of our time. Even as an instructor, the current 

technologies have a noticeable effect, which is developing at a very fast pace, which is why it is worth 

watching the events. Artificial intelligence can be found in many areas of life. We have to prioritize 

the instructors in the given class, since they are one of the key players in the class, and the other is 

the students. Let's look at artificial intelligence as an educational aid that helps in the case of 

programming students with suggestions during code writing using a chat environment, which offers 

suggestions on what would be appropriate to include or modify in the existing source code. AI can 

bring considerable efficiency from the point of view of teacher administration, starting with entering 

lessons in an automated system based on the existing curriculum, which reduces the administrative 

workload. The instructor could use the freed time for class preparation or work-related activities. The 

students' cultural interest is important, and the instructor can build on it. As before, the instructor 

plans his lesson in advance, prepares the tools, and thinks about the course of the lesson during the 

planning. It is possible to have a system that helps the instructor in his work, e.g. looking for 

educational resources. The AI is able to assess the student's individual abilities, so it knows what the 

student is not doing well. It is possible to use artificial intelligence in the classes, which can help in 

the development of a program in this case. I consider it expedient to present the intended use to the 

student during the development of a program. In Hungarian public education, the Python 

programming language is mostly used in programming classes, In Visual Studio development 

environment. In this development environment, we can apply AI-based programming. AI helps the 

student to generate code, make function suggestions, by examining the code of an existing program 

in the current state, it can continue or complete the creation of the program in a given programming 

language, based on the existing current program code or the specification, or when the student 

reaches a piece of code that it was solved by someone else before, you can help in understanding it. 

One of them solve to use AI the Copilot. The copilot can help both the student and the teacher during 

the development of the program. In the case of a thesis, it may be worth using a plagiarism checker 
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software, which can show the extent of one's own work in the case of a thesis or exam. Install the 

copilot in the visual Studio development environment for use. 

 

 

Figure 3 Copilot  

After installation, the copilot function becomes available, which can be useful during program 

development. After installing it in the Visual Studio Code development environment, we can see how 

it works. We can communicate in a similar environment as the interactive Chat GPT For example, we 

create a class called Triangle. Coopilot will suggest a function for it, which calculates the perimeter 

and area of a triangle. The suggestion offered by the AI can be accepted by pressing the tab key. 

 

 

 

Figure 3 Copilot ask for questions 

 

But we can also use Coopilot in other areas, such as digital image processing. We can also subject our 

program code to refactoring, which means that we improve and adapt our existing code to a version 

that works more optimally. During AI-based refactoring, AI can offer AI code to our current program 

that we are currently writing, which, if accepted, will be integrated into the existing source program. 

When using Coopilot, we keep in touch via an interactive chat interface. Writing the program we also 

use the built-in compiler, which compiles the program we write in a form that the machine can 

understand 

1.1.3.6 Teaching with artificial intelligence 
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In the older era, the teacher teaching the given subject prepared for the lesson, used a paper-based 

textbook, from which he taught, and wrote the current announcements and practical examples on 

the blackboard with chalk, e.g. in the case of mathematics, they were common and individual 

problem solutions in class. Depending on the class, some people used the projector to present, as I 

still do to this day. But there are those who only use blackboard felt or chalk as a writing tool. The 

sudden onset of the pandemic has significantly changed education. We didn't know what to expect, I 

followed the coronavirus epidemic on the Internet or learned about the current developments from 

the TV news. The event significantly transformed education and moved it into the online space. 

Electronic interfaces were opened for teachers and students, e.g. MS Teams, Google ClassRoom). 

These are educational technology applications that have significantly facilitated the possibility of 

online education. In the meantime, AI assistants appeared, which helped e.g. access to customer 

service even when the clerk was not physically available. The and in terms of education, Chat GpT 

gave help with lesson examples and topics, help with lesson planning. AI assistants help the teacher 

plan lessons or initiate other actions. There may be an event where AI helps students solve their 

homework. The AI, if it is prepared for it, may even be able to make a note about the given student, 

which task the student did not get along with during the exercise, which one he asked for a lot of 

help with. The teacher can use the note if he needs to prepare a report on a specific student for the 

parent based on the students' work so far. The AI can also prepare a note for the teacher, in which he 

describes which curriculum he needs to review in the context of the given subject, if he specifies the 

topic, and to receive customized tasks from the AI for the lesson. AI can help prepare class materials, 

and instructors can help customize what types of assignments students receive. AI can help prepare 

class materials, and instructors can help customize what types of assignments students receive. Chat 

GPT You can use T to create quiz questions based on a given topic, and you can use them to check 

students' knowledge. We can even ask for practical examples with solutions, which can be useful in 

the practical lessons. In English class, the student can communicate in the given foreign language for 

practice. 

 

1.1.3.7 Summary 

 

My TDK work az I wrote about teaching algorithms and the application of artificial intelligence. 

During the writing of the TDK work, those topics came back, which I dealt with before and gained 

experience. I highlighted those points in my TDK work, which can be supported by MI in this case as 

an instructor. I also focused on teaching methods of algorithms, e.g. gamification, problem. 

Basedtand competition-based learning, which is very important when creating a program from the 

student's point of view, not least mentoring, which I consider very important in building the students' 

professional qualifications. I presented these methods in this work in the name of efficiency and the 

use of artificial intelligence possibilities. I experience itt I also wrote about teaching algorithms, 

illustrated with examples. Based on my teaching period and experience so far, I highlighted the topic 

of robotics in the framework of the ICT (Information Communication Technology) subject, which also 

gives the student a visual experience while writing the program, for which I chose the Webots 

program, which also showed effectiveness among students. Advantage, that the program is free and 

can also be used in education. In addition, I also discussed the possibility of a physical robot, called 

Smart Robot Car, the robot can also be programmed in Python. In the following, I took artificial 

intelligence as a basis, which not only helps the teacher to compile tasks and hold a more efficient 

and interactive lesson, rather,it can be helpful for the student as well, but it is recommended to use 

it sensibly. I used the Visual Studio program as a basis, which,the MI can make a proposal for the 
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code written by the given student, which, if accepted, can be rewritten for the given code block of 

the program, and we can also get optimized code. The topic of teaching and learning using artificial 

intelligence was also discussed, from teacher lesson planning to student support in class. 

 

Conclusions 10 pt 

In this article, I pointed out what possibilities and methods can be used in public education. As we 

can see and experience, artificial intelligence can also appear in high schools, which can be a very 

important tool for both teachers and students.In teaching, there must always be goals, a course, and 

a lesson plan, on the basis of which the pedagogical method can be adapted depending on the age 

group.In the development of algorithmic thinking, problem-solving sessions can give the student a 

developmental effect, where he can acquire knowledge and improve his task-solving skills. I would 

also draw attention to the importance of student consultation as a mentor, which can be a helpful 

tool for the student. Mentoring status can guide a student throughout his life. The future generation 

is important for everyone, as they can determine the future life for humanity.And with pedagogical 

methods, we can also help students catch up in their studies 
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Seg²ts®g, Moodle feladatokat kell k®sz²tenem! Az MI 

asszisztensem seg²t - 1. r®sz. 

Papp J·zsef 

čbudai Egyetem Kand· K§lm§n Villamosm®rnºki Kar MŤszertechnikai ®s Automatiz§l§si Tansz®k, 

TavaszmezŖ utca 17., 1084, Budapest, Magyarorsz§g, papp.jozsef@uni-obuda.hu 

Abstract: A digit§lis oktat§si tananyagokhoz tartoz· ellenŖrz®sek k®sz²t®sekor a Moodle platformon tºrt®nŖ feladatk®sz²t®s 
hat®konyabb§ v§lhat a nagy nyelvi modellek alkalmaz§s§val. Ebben a cikkben bemutatom, hogyan lehet megfelelŖ promptok 

seg²ts®g®vel k¿lºnbºzŖ - a tananyagnak megfelelŖ - tesztfeladatokat gener§lni Moodle form§tumban. A c®lspecifikus promptok 

saj§tos fel®p²t®s®hez tartozik a minta, a specifikuss§g ®s a kontextus megad§sa, amelyek lehetŖv® teszik a relev§ns ®s pontos 

feladatok l®trehoz§s§t. A helyes promptokkal a modellek k®pesek v§ltozatos k®rd®st²pusokat gener§lni, mint p®ld§ul 

feleletv§laszt·s, igaz-hamis, vagy sz§mol§sos k®rd®sek. A cikkben gyakorlati p®ld§kon kereszt¿l illusztr§lom a promptok 

mŤkºd®s®t, ®s mint§kat osztok meg, amelyekkel egyszerŤs²thetŖ a Moodle feladatk®sz²t®si folyamat, ²gy az oktat·k idŖt ®s 

energi§t takar²thatnak meg, mikºzben a hallgat·k gyakorl§si lehetŖs®get kapnak, ami a lemorzsol·d§s csºkkent®s®t seg²theti. 

Keywords: MI, Moodle, Nagy nyelvi modellek, Feladatk®sz²t®s, Prompt k®sz²t®s, Digit§lis oktat§s, Tesztfeladatok 

1 Bevezet®s 

A tananyag ƳŜƎǘŜǊǾŜȊŞǎŜ Şǎ 

ŜƭƪŞǎȊƝǘŞǎŜ ǎƻǊłƴ ƎȅŀƪǊŀƴ ǎȊŜƳōŜǎǸƭǸƴƪ ŀȊȊŀƭ ŀ 

ǇǊƻōƭŞƳłǾŀƭΣ ƘƻƎȅ ƘƻƎȅŀƴ ƪŀǇŎǎƻƭƧǳƪ ŀ ǘŀƴǳƭłǎƛ 

ǘŀǊǘŀƭƻƳƘƻȊ ŀ ƳŜƎŦŜƭŜƭǃ ŜƭƭŜƴǃǊȊŞǎƛ ƳƽŘǎȊŜǊŜƪŜǘΦ 

aƛŞǊǘ ƧŜƭŜƴǘ ǇǊƻōƭŞƳłǘ ŜȊΚ !ȊŞǊǘΣ ƳŜǊǘ ŀȊ ŜƭƭŜƴǃǊȊŞǎ 

ƴŜƳ ŎǎǳǇłƴ ŜƎȅ ŀŘƳƛƴƛǎȊǘǊŀǘƝǾ ŜǎȊƪǀȊΤ 

ŎŞƭƧŀΣ ƘƻƎȅ ōƛȊǘƻǎƝǘǎŀ όƘǳƳłƴǳǎŀƴΣ ŘŜ ŜƎȅōŜƴ 

ǎȊƛƎƻǊǵŀƴΣ ƛƎŀȊǎłƎƻǎŀƴύ a Řƛłƪƻƪ - Ǿŀƭƽōŀƴ 

ŜƭǎŀƧłǘƝǘƻǘǘ - 

ƪƻƳǇŜǘŜƴŎƛłƛƴŀƪκǘǳŘłǎłƴŀƪ ƳŞǊŞǎŞǘΦ !Ȋ ŜƭƭŜƴǃǊȊŞǎ 

ŦƻƭȅŀƳŀǘŀ Şǎ ŀȊ ŀǊǊŀ ǘǀǊǘŞƴǃ ŦŜƭƪŞǎȊǸƭŞǎ ŀȊƻƴōŀƴ ƛŘǃƛƎŞƴȅŜǎΣ ƪǸƭǀƴǀǎŜƴ ƴŀƎȅ ƭŞǘǎȊłƳǵ ƪǳǊȊǳǎƻƪ 

ŜǎŜǘŞōŜƴΦ !Ƴƛƽǘŀ ƳƻŘŜǊƴ άǘǀƳŜƎέ ƻƪǘŀǘłǎ ƭŞǘŜȊƛƪΣ ŀȊƽǘŀ ŀȊ ƻƪǘŀǘłǎ ŦƻƭȅŀƳŀǘŀ ŜƎȅ ƴŀƎȅƧłōƽƭ 

ǎȊǘŜƴŘŜǊŘ ǎȊŀōłƭȅƻȊłǎƛ ŦƻƭȅŀƳŀǘƻǘ ƧŜƭŜƴǘ όмΦ łōǊŀύΣ ŀƳŜƭȅōŜƴ Ƙŀ b9a ƳŜƎŦŜƭŜƭǃ ŀ άƪƛƳŜƴŜǘέ όŀƳƛǘ 

ŜƭƭŜƴǃǊȊŞǎǎŜƭ ƳŞǊǸƴƪύΣ ŀƪƪƻǊ άǾƛǎǎȊŀƪǸƭŘƧǸƪέ ŀ ƘŀƭƭƎŀǘƽǘ ŀ ŦƻƭȅŀƳŀǘ ŜƭŜƧŞǊŜΣ ƭŜƎȅŜƴ ŀȊ ŜƎȅ ǘŀƴǘłǊƎȅƻƴ 

ōŜƭǸƭƛ ƳƻŘǳƭΣ ƭŜŎƪŜΣ ǾŀƎȅ ŀƪłǊ ŀȊ ŜƎŞǎȊ ǘłǊƎȅΦ ώоϐ ώпϐ ώрϐ 

bŀƎȅƻƴ ǎƻƪ ŦŀƧǘŀ ŜƭƭŜƴǃǊȊŞǎƛ ƳƽŘ łƭƭ ǊŜƴŘŜƭƪŜȊŞǎǸƴƪǊŜ Şǎ ƳƛƴŘŀƴƴȅƛŀƴ ǘǳŘƧǳƪΣ ƘƻƎȅ ƳƛƭȅŜƴ 

ƪǀǊǸƭƳŞƴȅŜƪƪŜƭ ƪŜƭƭ ƳŜƎƪǸȊŘŜƴǸƴƪ ŜȊŜƪ ƭŜŦƻƭȅǘŀǘłǎŀ ǎƻǊłƴΦ ! ƴŀƎȅ ƭŞǘǎȊłƳǵ ƪǳǊȊǳǎƻƪΣ ŀ Ŏǎŀƭłǎ 

ƳƛƴƛƳŀƭƛȊłƭłǎŀ Şǎ ŀ ƘƛǘŜƭŜǎ ŞǊǘŞƪŜƭŞǎ ōƛȊǘƻǎƝǘłǎŀ ōƻƴȅƻƭǳƭǘ ŦŜƭŀŘŀǘΦ 5ŜΣ ǾŀƧƻƴ ƘƻƎȅŀƴ ƭŜƘŜǘ ŀ Řƛłƪƻƪŀǘ 

ǵƎȅ ǀǎȊǘǀƴǀȊƴƛΣ ƘƻƎȅ Ǿŀƭƽōŀƴ ǘŀƴǳƭƧŀƴŀƪΣ Şǎ ƴŜ ŎǎǳǇłƴ άłǘƳŜƴƧŜƴŜƪέ ŀ ǾƛȊǎƎłƪƻƴΚ ! ƪǀǊǸƭƳŞƴȅŜƪ 

ŞǾǘƛȊŜŘŜƪ ƽǘŀ ǾłƭǘƻȊŀǘƭŀƴƻƪΣ ŀȊŀȊ ƘŀΣ ǎƻƪŀƴ ǾŀƎȅǳƴƪ ŜƎȅ ǘŜǊŜƳōŜƴΣ ŀƪƪƻǊ ƳƛƴŘŜƴƪƛ ŀ Ƴłǎƛƪŀǘ ƭŜǎƛΦ IŀΣ 

ǎƻƪŀƴ ǾŀƎȅǳƴƪ ŀ ǎȊłƳƝǘƽƎŞǇ ǘŜǊŜƳōŜƴΣ ŀƪƪƻǊ ƳƛƴŘŜƴƪƛ ŀ Ƴłǎƛƪ ƪŞǇŜǊƴȅǃƧŞǘ ƭŜǎƛΦ ¦ƎȅŜ ŜȊŜƪ ǘŞƴȅŜƪΦ 

Iŀ ǎƻƪ ƘŀƭƭƎŀǘƽ ȊǎǵŦƻƭƽŘƛƪ ǀǎǎȊŜΣ ŀƪƪƻǊ ǎƻƪ ŦŜƭǸƎȅŜƭǃ ǘŀƴłǊǊŀ Ǿŀƴ ǎȊǸƪǎŞƎΦ pƪŜǘ ǎȊƻƪǘłƪ ŀ Řƛłƪƻƪ 

άƪŜǎŜƭȅǼƪƴŜƪέ ƴŜǾŜȊƴƛΣ ŀƪƛƪ ƻǘǘ ƪǀǊǀȊƴŜƪ ŀ ǘŜǊŜƳōŜƴ Şǎ ŀȊǘ ŦƛƎȅŜƭƛƪΣ ƘƻƎȅ ƪƛΣ ƳƛƪƻǊ ŦƻƎ άŎǎŀƭƴƛέ 

όǘƛǎȊǘŜƭŜǘ ŀ ƪƛǾŞǘŜƭƴŜƪύΦ {ǃǘΣ Ǿŀƴƴŀƪ ƻƭȅŀƴ ƻƪǘŀǘƽƪΣ ŀƪƛƪ ƳŜƎ Ǿŀƴƴŀƪ ƎȅǃȊǃŘǾŜ ŀǊǊƽƭΣ ƘƻƎȅ ŀȊ ǃ 

ƪŞǊŘŞǎŜƛƪ ǎƻƘŀ ƴŜƳ ƪŜǊǸƭƴŜƪ ƪƛ ŀ ǘŜǊŜƳōǃƭΣ ŀƳƛ ƭłǎǎǳƪ ōŜΣ ŀ Ǝƭƻōłƭƛǎ ƪƻƳƳǳƴƛƪłŎƛƽǎ ƘłƭƽȊŀǘƻƴ 

1. §bra: Az oktat§si folyamat sematikus 
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ŀƭŀǇǳƭƽ ǾƛƭłƎǳƴƪōŀƴ - ŀȊǘ ƎƻƴŘƻƭƻƳΥ ƴŜƳ ƭŜƘŜǘ ŜƎȅ ŞǊǾŞƴȅŜǎ ŦŜƭǘŞǘŜƭŜȊŞǎΦ YŞǘǎŞƎ ƴŜ ŦŞǊƧŜƴ ƘƻȊȊłΣ 

ƘƻƎȅ ŀ ƪŞǊŘŞǎŜƪ ƪƛƧǳǘƴŀƪ ŀ άŦŀƭŀƪ ƪǀȊǸƭέΣ Şǎ ōƛȊǘƻǎΣ ƘƻƎȅ ŀ ƪŞǎǃōōƛŜƪōŜƴ ƳŜƎǘŀƭłƭƘŀǘƽŀƪ ƭŜǎȊƴŜƪ ŀȊ 

ƛƴǘŜǊƴŜǘŜƴ Şǎ ŀȊ ƛǎ ōƛȊǘƻǎΣ ƘƻƎȅ ƳŜƎƻǎȊǘłǎǊŀ ƪŜǊǸƭƴŜƪΦ 9ōōŜƴ ŀȊ ŜǎŜǘōŜƴ ŀƪƪƻǊΣ Ƴƛ ƭŜƘŜǘ ŀ ƳŜƎƻƭŘłǎΚ 

tŞƭŘłǳƭ ŀȊΣ Ƙŀ άƘŀǘŀƭƳŀǎέ ƳŜƴƴȅƛǎŞƎǼ ŦŜƭŀŘŀǘƻǘ ƪŞǎȊƝǘǸƴƪΦ aŜƎƧŜƭŜƴƛƪ ƳŀƧŘ ŀȊ ƛƴǘŜǊƴŜǘŜƴΚ 

¢ŜǊƳŞǎȊŜǘŜǎŜƴΦ ώоϐ ώпϐ ώрϐ 

¢ŀƴǘłǊƎȅŀƛƳƘƻȊΣ ƻƭȅŀƴ ƪŞǊŘŞǎōŀƴƪƻƪŀǘ ƪŞǎȊƝǘŜǘǘŜƳΣ ŀƳŜƭȅŜƪōŜƴ ǘǀōō ŜȊŜǊ - ŜǎŜǘŜƴƪŞƴǘ ǘǀōō 

ǘƝȊŜȊŜǊ - ƪŞǊŘŞǎ ǘŀƭłƭƘŀǘƽΦ 9ȊŜƪŜǘ ŀ ŦŜƭŀŘŀǘƻƪŀǘ ƳŜƎƻǎȊǘƻǘǘŀƳ ŀ ƘŀƭƭƎŀǘƽƪƪŀƭΦ {ȊŀōŀŘƻƴΦ bȅǳƎƻŘǘŀƴΦ 

aƛƴŘŜƴ Řƛłƪ ǎȊłƳłǊŀ ƪǀǘǀǘǘǎŞƎŜƪ ƴŞƭƪǸƭ ŜƭŞǊƘŜǘǃŜƪΣ Şǎ ƭŜƘŜǘǃǎŞƎŜǘ ŀŘƴŀƪ ŀ ŦƻƭȅŀƳŀǘƻǎ ƎȅŀƪƻǊƭłǎǊŀΦ 

9ōōŜƴ ŀȊ ŜǎŜǘōŜƴ ǾŀƭƽŘƛ ŎŞƭ ǾŀƭƽǎǳƭƘŀǘ ƳŜƎΥ ŀ ǘŀƴǳƭłǎ Şǎ ƴŜƳ ŀȊ ǎȊłƳƝǘΣ ƘƻƎȅ άƪƛΣ Ƴƛǘ ƭłǘƻǘǘ ŜƭǃǊŜέΣ 

ƘŀƴŜƳ ŀȊΣ ƘƻƎȅ ŀ ƪƻƳǇŜǘŜƴŎƛłƪ ŜƭƳŞƭȅǸƭƧŜƴŜƪΣ Şǎ ŀ ǘǳŘłǎ Ǿŀƭƽōŀƴ ƘŀǎȊƴłƭƘŀǘƽǾł ǾłƭƧƻƴΦ CŜƭƳŜǊǸƭ ŀ 

ƪŞǊŘŞǎΥ ŘŜ ƘłǘΣ ŀƪƪƻǊ ƳŜƎƛǎƳŜǊƛ ŀ ƪŞǊŘŞǎŜƪŜǘΗ ;ǎΣ ŜȊȊŜƭ ǾŀƭƽƧłōŀƴ Ƴƛ ŀ ōŀƧΚ 9Ȋ ŀ ŎŞƭΣ ƴŜƳΚ όƘƛǎȊŜƴ ŀ 

feladatok ǀǎǎȊŜǎǎŞƎŜ ǘŜƭƧŜǎŜƴ ƭŜŦŜŘƛ ŀȊ ŜƭǎŀƧłǘƝǘŀƴŘƽ ǘǳŘłǎǘ Şǎ ƪƻƳǇŜǘŜƴŎƛłǘύ 9Ȋ ŀ ƳŜƎƪǀȊŜƭƝǘŞǎ 

ƳŜƎǾłƭǘƻȊǘŀǘƘŀǘƧŀ ŀȊ ƻƪǘŀǘłǎōŀƴ ƳŜƎǎȊƻƪƻǘǘ ƧłǘŞƪǎȊŀōłƭȅƻƪŀǘΥ ŀȊȊŀƭΣ ƘƻƎȅ ŀ Řƛłƪƻƪ ŜƭǃǊŜ 

ƳŜƎƛǎƳŜǊƘŜǘƛƪ ŀ ƪŞǊŘŞǎŜƪŜǘΣ ƴŜƳ ƎȅŜƴƎƝǘƧǸƪΣ ƘŀƴŜƳ ŜǊǃǎƝǘƧǸƪ ŀ ǘŀƴǳƭłǎƛ ŦƻƭȅŀƳŀǘƻǘ. [3] [4] [5] 

! ƪƻǊłōōƛ ŞǾŜƪōŜƴ ƛƭȅŜƴ ƪŞǊŘŞǎōŀƴƪƻƪ ŦŜƭŞǇƝǘŞǎŜ ŞǾŜƪŜǘ όǎȊŜƳŞƭȅŜǎ ǘŀǇŀǎȊǘŀƭŀǘƻƳ ǎȊŜǊƛƴǘ н-3 

ŞǾŜǘύ ǾŜǘǘ ƛƎŞƴȅōŜΣ ƳŞƎ ŀƪƪƻǊ ƛǎΣ Ƙŀ ǘǀōō ƻƪǘŀǘƽ ŘƻƭƎƻȊƻǘǘ ǊŀƧǘŀ ŜƎȅƛŘŜƧǼƭŜƎΦ 9Ȋ ŜƎŞǎȊŜƴ ŜƭƪŞǇŜǎȊǘǃŜƴ 

ƘƻǎǎȊǵ ƛŘǃ Şǎ ƴŜƳŎǎƻŘŀΣ Ƙŀ Ŝƴƴȅƛ ƳǳƴƪłǾŀƭ ŜƭƪŞǎȊǸƭǘ ŦŜƭŀŘŀǘƻƪŀǘ ƴŜƳ ǎȊƝǾŜǎŜƴ ƻǎȊǘǳƴƪ ƳŜƎ ŀ 

ƘŀƭƭƎŀǘƽƪƪŀƭΦ нлнп-ǊŜ ŀ aŜǎǘŜǊǎŞƎŜǎ LƴǘŜƭƭƛƎŜƴŎƛŀ ŀƭƎƻǊƛǘƳǳǎƻƪΣ ƧŜƭŜƴ ŜǎŜǘōŜƴ ŀ bŀƎȅ bȅŜƭǾƛ aƻŘŜƭƭŜƪ 

ǘŜŎƘƴƻƭƽƎƛŀƛ ǎȊƝƴǾƻƴŀƭŀ ǎŜƎƝǘǎŞƎŞǾŜƭ ŜȊ ŀ ŦŜƧƭŜǎȊǘŞǎƛ ƛŘǃ ƭŜǊǀǾƛŘƝǘƘŜǘǃ - ŀƪłǊ ς ƴŞƘłƴȅ ƘŞǘǊŜΦ NƎȅ ǘǀōō 

ƛŘǃƴƪ ƳŀǊŀŘ ŀǊǊŀΣ ƘƻƎȅ ŀȊ ƻƪǘŀǘłǎ ƪǊŜŀǘƝǾ Şǎ ƛƴǘŜǊŀƪǘƝǾ ǊŞǎȊŜƛǊŜ ǀǎǎȊǇƻƴǘƻǎƝǘǎǳƴƪΦ  

! ŎƛƪƪǎƻǊƻȊŀǘ ŎŞƭƧŀΣ ƘƻƎȅ ōŜƳǳǘŀǎǎŀΣ ƘƻƎȅŀƴ ŀƭŀƪƝǘƘŀǘƧǳƪ łǘ ŀ ǘŜǎȊǘ ƪŞǎȊƝǘŞǎǘ ŜƎȅ ƘŀǘŞƪƻƴȅŀōōΣ 

ǎǘǊŜǎǎȊƳŜƴǘŜǎ ŦƻƭȅŀƳŀǘǘłΣ ŀƳŜƭȅ ŘƛłƪƧŀƛƴƪ Şǎ ǎŀƧłǘ Ƴǳƴƪłƴƪ ŜǊŜŘƳŞƴȅŜǎǎŞƎŞǘ ƛǎ ǘłƳƻƎŀǘja! 

2 Felk®sz¿l®s a tºmeges feladat gener§l§sra 

aƛŜƭǃǘǘ ōŜƭŜǾłƎǳƴƪ ŀ aƻƻŘƭŜ ŦŜƭŀŘŀǘƻƪ ǘǀƳŜƎŜǎ ƎŜƴŜǊłƭłǎłōŀΣ ŞǊŘŜƳŜǎ ƴŞƘłƴȅ ŀƭŀǇǾŜǘǃ 

ƪƛŦŜƧŜȊŞǎǘ ǘƛǎȊǘłȊƴƛΦ !Ȋ Ŝƭǎǃ Şǎ ƭŜƎŦƻƴǘƻǎŀōō ŘƻƭƻƎΣ ƘƻƎȅ ƳŜƎƛǎƳŜǊƧǸƪ ŀ ƪŞǊŘŞǎŜƪ 

ŦŜƭŞǇƝǘŞǎŞǘκǎȊŜǊƪŜȊŜǘŞǘΦ 9Ȋ ǘŀƭłƴ ƴŜƳ ƘŀƴƎȊƛƪ ƛȊƎŀƭƳŀǎƴŀƪΣ ŘŜ ƘƛƎƎȅǸƪ ŜƭΣ ŜȊ ŀ ƪƛǎ ōŜŦŜƪǘŜǘŞǎΣ 

ǊŜƴƎŜǘŜƎ ƛŘǃǘ ǎǇƽǊƻƭƘŀǘ ƳŜƎ ŀ ƪŞǎǃōōƛŜƪōŜƴΦ  

! aƻƻŘƭŜ ŜƎȅƛƪ ƭŜƎŜƎȅǎȊŜǊǼōō ŦƻǊƳłǘǳƳŀ ŀ DLC¢Σ ŀƳŜƭȅ ǎȊŀōǾłƴȅƻǎ ƪŜǊŜǘŜǘ ŀŘ ŀ ƪŞǊŘŞǎŜƪƴŜƪΦ 

9ƴƴŜƪ ƘŀǎȊƴłƭŀǘłǾŀƭ ŀ ǘŜǎȊǘŦŜƭŀŘŀǘƻƪ ƪǀƴƴȅŜŘŞƴ ƛƳǇƻǊǘłƭƘŀǘƽƪ Şǎ ŜȄǇƻǊǘłƭƘŀǘƽƪΦ 5Ŝ ƘƻƎȅŀƴ 

ƪŀǇŎǎƻƭƽŘƛƪ ŜƘƘŜȊ ŀ ƳŜǎǘŜǊǎŞƎŜǎ ƛƴǘŜƭƭƛƎŜƴŎƛŀΚ bƻǎΣ ŀ ƴŀƎȅ ƴȅŜƭǾƛ ƳƻŘŜƭƭŜƪ ƪŞǇŜǎŜƪ DLC¢ 

ŦƻǊƳłǘǳƳƴŀƪ ƳŜƎŦŜƭŜƭǃ ŦŜƭŀŘŀǘƻƪŀǘ ƎŜƴŜǊłƭƴƛΣ Ƙŀ Ǉƻƴǘƻǎŀƴ ƳŜƎŀŘƧǳƪΣ Ƴƛǘ ǾłǊǳƴƪ Ŝƭ ǘǃƭǸƪΦ Lǘǘ Ƨǀƴ 

ƪŞǇōŜ ŀ άǇǊƻƳǇǘ ƪŞǎȊƝǘŞǎέ ƳǼǾŞǎȊŜǘŜΣ ŀȊŀȊ ŀ ǇǊƻƳǇǘ ŜƴƎƛƴŜŜǊƛƴƎΦ ! ǇǊƻƳǇǘ ƴŜƳ ƳłǎΣ Ƴƛƴǘ ŜƎȅ 

ƎƻƴŘƻǎŀƴ ƳŜƎŦƻƎŀƭƳŀȊƻǘǘ ǳǘŀǎƝǘłǎΣ ŀƳŜƭȅ ƳŜƎŀŘƧŀ ŀ ƎŜƴŜǊłƭǘ ŦŜƭŀŘŀǘƻƪ ǎȊŜǊƪŜȊŜǘŞǘΣ ǘŀǊǘŀƭƳłǘ Şǎ 

ƘŀƴƎǾŞǘŜƭŞǘΦ Iŀ Ƨƽƭ ŘƻƭƎƻȊǳƴƪΣ ŀȊ aL ŀƭƎƻǊƛǘƳǳǎ ƪŞǇŜǎ ƭŜǎȊ ǊŜƭŜǾłƴǎΣ Ǉƻƴǘƻǎ Şǎ ǇŜŘŀƎƽƎƛŀƛƭŀƎ 

ƳŜƎŦŜƭŜƭǃ ŦŜƭŀŘŀǘƻƪŀǘ ƪŞǎȊƝǘŜƴƛΦ ! DLC¢ ŦƻǊƳłǘǳƳƻǘΣ Ƴƛƴǘ ŜƎȅ άǎǘƝƭǳǎ ƪŜǊŜǘŜǘέ ƳŜƎŀŘǾŀΣ ŀ aL 

ǎȊƻƭƎłƭǘŀǘłǎ ŀǳǘƻƳŀǘƛƪǳǎŀƴ ƛƳǇƻǊǘłƭƘŀǘƽ ŦƻǊƳłǘǳƳōŀƴ ŦƻƎƧŀ ƴŜƪǸƴƪ ƎŜƴŜǊłƭƴƛ ŀ ƪŞǊŘŞǎŜƪŜǘ Şǎ ŀ 

ǾłƭŀǎȊƻƪŀǘΦ ¢ŜǊƳŞǎȊŜǘŜǎŜƴ ŀ ǎȊŀƪƳŀƛ ƪƻƴǘǊƻƭƭǘ ƴŜƪǸƴƪ ƪŜƭƭ ōƛȊǘƻǎƝǘŀƴƛΣ ŀƳƛ ŀȊǘ ƧŜƭŜƴǘƛ ƘƻƎȅ ƳƛƴŘŜƴ 

felŀŘŀǘ ŜƭƭŜƴǃǊƛȊŜƴŘǃΦ YƛǾŞǘŜƭ ƴŞƭƪǸƭΗ ώнϐ 

9Ȋ ƴŜƳ ŎǎǳǇłƴ ŀȊŞǊǘ ŦƻƴǘƻǎΣ ƳŜǊǘ ŀ ƳƻŘŜƭƭŜƪ ƛŘǃƴƪŞƴǘ άƘŀƭǳŎƛƴłƭƘŀǘƴŀƪέ όŀȊŀȊ ƘŜƭȅǘŜƭŜƴ 

ǾłƭŀǎȊƻƪŀǘΣ ǾŀƎȅ ƛƴŦƻǊƳłŎƛƽƪŀǘ ƎŜƴŜǊłƭƘŀǘƴŀƪύΣ ƘŀƴŜƳ ŀȊŞǊǘ ƛǎΣ ƳŜǊǘ ŀȊ ƻƪǘŀǘłǎƛ ƪƻƴǘŜȄǘǳǎ ƳƛƴŘƛƎ 

ǎȊŜƳŞƭȅǊŜ ǎȊŀōƻǘǘ ŦƛƎȅŜƭƳŜǘ ƛƎŞƴȅŜƭΦ {ȊŜƳŞƭȅŜǎ ǘŀǇŀǎȊǘŀƭŀǘƻƳ ŀȊΣ ƘƻƎȅ ƳŜƎŦŜƭŜƭǃ ǇǊƻƳǇǘƻƪ 

ŀƭƪŀƭƳŀȊłǎŀ ŜǎŜǘŞƴ ƪōΦ фр-97%-ƻǎ ǇƻƴǘƻǎłƎǵ ŀ ƎŜƴŜǊłƭǘ ŦŜƭŀŘŀǘƻƪ ƳƛƴǃǎŞƎŜΦ Iŀ ƴŀƎȅƻƴ Ǉƻƴǘƻǎ 
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ǳǘŀǎƝǘłǎǘ όǇǊƻƳǇǘƻǘύ ƪŞǎȊƝǘǸƴƪΣ ŀƪƪƻǊ ƭŜƘŜǘǃǎŞƎǸƴƪ Ǿŀƴ ƻƭȅŀƴ ŦŜƭŀŘŀǘƻƪŀǘ ƛǎ ƎŜƴŜǊłƭǘŀǘƴƛΣ ŀƳŜƭȅŜƪ 

ƳŜƎƻƭŘłǎŀ ƳŞƎ ŀȊ ƻƪǘŀǘƽƪƴŀƪ ƛǎ ƪƛƘƝǾłǎǘ ƧŜƭŜƴǘƘŜǘΣ ƳŜǊǘ ŀƴƴȅƛǊŀ ǊŞǎȊƭŜǘŜǎΣ ƻƭȅŀƴ ŀǇǊƽ ƪǸƭǀƴōǎŞƎŜƪŜǘ 

ŀƭƪŀƭƳŀȊ ŀ ǾłƭŀǎȊƻƪōŀƴΣ ƘƻƎȅ Ŏǎŀƪ ŀȊΣ ŀƪƛ ƴŀƎȅƻƴ Ǉƻƴǘƻǎŀƴ ƛǎƳŜǊƛ ŀ ƳŜƎƻƭŘłǎǘΣ ŀȊ ǘǳŘƧŀ ŀ ǾłƭŀǎȊǘΦ 

! DLC¢ ŦƻǊƳŀ ǇǊƻƳǇǘōŀƴ ƳŜƎƧŜƭŜƴǃ ŀƭŀƪƧłƘƻȊ ǊǀǾƛŘŜƴ ŀƴƴȅƛǘ ƘƻȊȊłǘŜƴƴŞƪΣ ƘƻƎȅ ŀȊ άέ ƧŜƭŜƪ 

ƪǀȊǀǘǘƛ ǎȊǀǾŜƎ ǾłƭǘƻȊŀǘƭŀƴ ŦŜƭŞǇƝǘŞǎǘ ƧŜƭŜƴǘ ŀȊ aL ǎȊƻƭƎłƭǘŀǘłǎ ǎȊłƳłǊŀΣ ƳƝƎ ŀ ғҔ ƧŜƭŜƪ ƪǀȊǀǘǘƛ ƪƛŦŜƧŜȊŞǎ 

ŜƎȅ ǾłƭǘƻȊƽΣ ŀȊŀȊ ǾłƭǘƻȊǘŀǘŀƴŘƽ ŞǊǘŞƪŜǘ ƧŜƭŜƴǘΦ bŜƳ ǎȊŜǊŜǘƴŞƳ ǘƻǾłōō ŦŜƭŜǎƭŜƎŜǎ ƛƴŦƻǊƳŀǘƛƪŀƛ 

ƛǎƳŜǊŜǘŜƪƪŜƭ ǘŜǊƘŜƭƴƛ ŀ ƪŜŘǾŜǎ ƻƭǾŀǎƽǘΣ ŜȊŞǊǘ ŜƭǘŜƪƛƴǘŜƴŞƪ ŀ ƎƛŦǘ ŦƻǊƳŀ łƭǘŀƭłƴƻǎ ŀƭŀƪƧłƴŀƪ 

ƳŀƎȅŀǊłȊŀǘłǘƽƭΦ aƛƴŘŜƴ ŦŜƭŀŘŀǘ ǘƝǇǳǎ ŜǎŜǘŞƴ ŀȊƻƴōŀƴ ƳŜƎŀŘƴłƳ ŀ ŦŜƭŞǇƝǘŞǎ Ŧƻƴǘƻǎŀōō ǊŞǎȊƭŜǘŜƛǘΗ 

Iŀ ŦŜƭƪŞǎȊǸƭǘǸƴƪ ŀ ƪŜǊŜǘŜƪ ƳŜƎŞǊǘŞǎŞǊŜΣ ŀ ǇǊƻƳǇǘƻƪ ƳŜƎƝǊłǎłǊŀ Şǎ ŀȊ ŜƭƭŜƴǃǊȊŞǎǊŜΣ ƳłǊ Ŏǎŀƪ ŜƎȅ 

ƪŀǘǘƛƴǘłǎ ǾłƭŀǎȊǘ Ŝƭ ƳƛƴƪŜǘ ŀǘǘƽƭΣ ƘƻƎȅ ŀƪłǊ ǘǀōō ǎȊłȊ ŦŜƭŀŘŀǘƻǘ ƎŜƴŜǊłƭƧǳƴƪ ς ƳƛƴŘŜȊǘ ƳƛƴƛƳłƭƛǎ 

ƛŘǃǊłŦƻǊŘƝǘłǎǎŀƭΦ YŜȊŘƧǸƪ Ŝƭ ŜƎȅǸǘǘΣ Şǎ ǘŀǇŀǎȊǘŀƭƧǳƪ ƳŜƎΣ ƘƻƎȅ ŀ ƳŜǎǘŜǊǎŞƎŜǎ ƛƴǘŜƭƭƛƎŜƴŎƛŀ 

ŀƭƎƻǊƛǘƳǳǎƻƪ ƘƻƎȅŀƴ ƪǀƴƴȅƝǘƘŜǘƛƪ ƳŜƎ ŀȊ ƻƪǘŀǘƽƛ ƳƛƴŘŜƴƴŀǇƧŀƛƴƪŀǘΗ 

3 Igaz-hamis feladatok 

Az igaz-ƘŀƳƛǎ ǘƝǇǳǎǵ ƪŞǊŘŞǎŜƪ ŀȊ ŜƎȅƛƪ ƭŜƎŜƎȅǎȊŜǊǼōōΣ ƳŞƎƛǎ ǊŜƴŘƪƝǾǸƭ ƘŀǘŞƪƻƴȅ ƳƽŘƧłǘ ƧŜƭŜƴǘƛƪ 

ŀƴƴŀƪΣ ƘƻƎȅ ƎȅƻǊǎŀƴ Şǎ Ǉƻƴǘƻǎŀƴ ŜƭƭŜƴǃǊƛȊȊǸƪ ƘŀƭƭƎŀǘƽƛƴƪ ǘǳŘłǎłǘΦ bŜƳ ǾŞƭŜǘƭŜn, hogy a Moodle 

ǊŜƴŘǎȊŜǊōŜƴ ƛǎ ŀȊ ŜƎȅƛƪ ƭŜƎƴŞǇǎȊŜǊǼōō ŦŜƭŀŘŀǘǘƝǇǳǎΦ !Ȋ ŜƎȅǎȊŜǊǼǎŞƎǸƪ Ƴƛŀǘǘ ƪǀƴƴȅŜƴ ƎŜƴŜǊłƭƘŀǘƽƪΣ 

Şǎ Ƙŀ Ƨƽƭ ƘŀǎȊƴłƭƧǳƪ ǃƪŜǘΣ ƪƛǾłƭƽ ŜǎȊƪǀȊǀƪ ƭŜƘŜǘƴŜƪ 

a tananyag alaposabb ƳŜƎŞǊǘŞǎŞƘŜȊΦ !Ȋ ƛƎŀȊ-

hamis feladatok gift ŦƻǊƳłƧłƴŀƪ ŦŜƭŞǇƝǘŞǎŞǘ 

mutŀǘƧŀ ŀ нΦ łōǊŀΗ  

!Ȋ łōǊŀ ŀƭŀǇƧłƴ ƭłǘƘŀǘƽΣ ƘƻƎȅ ŀȊ Ŝƭǎǃ ǎƻǊ ŜƎȅ ƴŜƳ 

ŦŜƭǘŞǘƭŜƴ ǎȊǸƪǎŞƎŜǎ ŜƭŜƳΦ 9Ȋ ŀ ƪŞǘ άκέ ƪŀǊŀƪǘŜǊōǃƭ ƪǀǾŜǘƪŜȊƛƪΣ ŀƳƛ - ōƛȊƻƴȅƻǎ ǇǊƻƎǊŀƳƻȊłǎƛ 

nyelvekben - ŀ ƳŜƎƧŜƎȅȊŞǎΣ ǾŀƎȅ ϦƪƻƳƳŜƴǘϦ ƧŜƭǀƭŞǎŜΦ Iŀ ŦŜƭŀŘŀǘƻǘ ŜȄǇƻǊǘłƭǳƴƪ ŀ aƻƻŘƭŜ-ōǃƭΣ ŀƪƪƻǊ 

eƎȅŞōƪŞƴǘ ŀ ǊŜƴŘǎȊŜǊ ƛǎ ŀǳǘƻƳŀǘƛƪǳǎŀƴ ƘƻȊȊłƝǊƧŀ ŜȊǘ ŀ ǎƻǊǘΦ #ƭǘŀƭłōŀƴ ŀȊŞǊǘ ƘŀƎȅƧǳƪ ŀ ƪŜǊŜǘōŜƴΣ Şǎ 

ŀȊŞǊǘ ƎŜƴŜǊłƭǘŀǘƧǳƪ ƭŜΣ ƘƻƎȅ ƪŞǎǃōō ŀ ŦƻǊǊłǎŦłƧƭΣ ǘŜƘłǘ ƳŀƎŀ ŀȊ łƭƭƻƳłƴȅΣ ŀƳƛǘ ŜƭƪŞǎȊƝǘΣ ŀȊǘ ƪǀƴƴȅǼ 

ƭŜƎȅŜƴ ƻƭǾŀǎƴƛΦ ¢ƻǾłōōł ƭłǘƘŀǘǳƴƪ ŜƎȅ ǎƻǊǎȊłƳƻǘΣ ŀ ŦŜƭŀŘŀǘ ƴŜǾŞǘ Şǎ ǎȊǀǾŜƎŞǘΦ Iŀ ƛƎŀȊ ŀ ŦŜƭŀŘŀǘ 

ǎȊǀǾŜƎŞōŜƴ ƳŜƎŦƻƎŀƭƳŀȊƻǘǘ łƭƭƝǘłǎΣ ŀƪƪƻǊ ŀ ƪŀǇŎǎƻǎ ȊłǊƽƧŜƭ ǳǘłƴ Ϧ¢w¦9Ϧ ƪƛŦŜƧŜȊŞǎ ƪŜǊǸƭΣ Ƙŀ ƴŜƳ ƛƎŀȊΣ 

akkor "FALSE" -ƻǘ ƝǊǳƴƪΣ Ƴƛƴǘ ŀƘƻƎȅ ŜȊǘ ŀ ǎȊŜǊƪŜȊŜǘƛ łōǊŀ ƛǎ ƳǳǘŀǘƧŀ όнΦ łōǊŀύΦ ! ǎƻǊǎǎȊłƳƻȊłǎǘ ƴŜƳ 

ƴŜƪǸƴƪ ƪŜƭƭ ƳŜƎƻƭŘŀƴƛΣ ŀ ǇǊƻƳǇǘōŀƴ ǊǀƎȊƝǘƧǸƪΣ ƘƻƎȅ ŀȊ ŜƎȅ ǎƻǊǎǎȊłƳΣ Şǎ ƻƴƴŀƴǘƽƭ ƪŜȊŘǾŜ ŀȊ 

ŀƭƎƻǊƛǘƳǳǎ ǘǳŘƴƛ ŦƻƎƧŀΣ ƘƻƎȅ ŀ ƎŜƴŜǊłƭǘ ŦŜƭŀŘŀǘƻƪƴłƭ ŀȊ ŞǊǘŞƪŜǘ ƭŞǇǘŜǘƴƛκƴǀǾŜƭƴƛ ƪŜƭƭΦ ! IŀǎƘǘŀƎ-ek 

ǳǘłƴ ƘŜƭȅǘŜƭŜƴ ǾłƭŀǎȊ ǾƛǎǎȊŀƧŜƭȊŞǎŜΣ ƳŀƧŘ ŀ ƘŜƭȅŜǎ ǾłƭŀǎȊ ǾƛǎǎȊŀƧŜƭȊŞǎŜ ƪŜǊǸƭΦ ώнϐ 

9Ǝȅ Ƨƽƭ ƳŜƎŦƻƎŀƭƳŀȊƻǘǘ ǇǊƻƳǇǘ ŀƭŀǇƧłƴ ŀ ƳƻŘŜƭƭ ƎȅƻǊǎŀƴ ƭŞǘǊŜƘƻȊȊŀ ŀ ƪƝǾłƴǘ ƪŞǊŘŞǎŜƪŜǘΣ Şǎ ƳŞƎ 

ŀǊǊŀ ƛǎ ƪŞǇŜǎΣ ƘƻƎȅ ŀǳǘƻƳŀǘƛƪǳǎŀƴ ƳƻǘƛǾłƭƽ ǾŀƎȅ ƳŀƎȅŀǊłȊƽ ǾƛǎǎȊŀƧŜƭȊŞǎŜƪŜǘ ǘłǊǎƝǘǎƻƴ ƘƻȊȊłƧǳƪΦ 

tŞƭŘłǳƭ ƘŜƭȅŜǎ ǾłƭŀǎȊ ŜǎŜǘŞƴ ŘƛŎǎŞǊƘŜǘƧǸƪ ŀ ƘŀƭƭƎŀǘƽƪŀǘΣ ƘƻƎȅ αYƛǾłƭƽ ƳǳƴƪŀΗ 9Ȋ ǘŞƴȅƭŜƎ ƝƎȅ ǾŀƴΗέΣ ƳƝƎ 

ƘŜƭȅǘŜƭŜƴ ǾłƭŀǎȊ ŜǎŜǘŞƴ ƛǊłƴȅƳǳǘŀǘłǎǘ ŀŘƘŀǘǳƴƪΥ αaƻǎǘ ƴŜƳ ǎƛƪŜǊǸƭǘΣ ŘŜ ƴŞȊŘ łǘ ǵƧǊŀ ŀȊ ώ·¸ ŦƻǊǊłǎǘϐΣ 

Şǎ ǇǊƽōłƭŘ ƳŜƎ ƛǎƳŞǘΗέ ώмϐ 

2. §bra: Igaz-hamis feladat szerkezeti 

fel®p²t®se 
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tǊƽōłƭƧǳƴƪ ƪƛ ŜƎȅ ƴŀƎȅƻƴ ŜƎȅǎȊŜǊǼ ǇǊƻƳǇǘƻǘ - ŦŜƭƘƝǾǾŀ ŀ ŦƛƎȅŜƭƳŜǘ ŜƎȅōŜƴ ŀǊǊŀΣ ƘƻƎȅ ϦǇŜǊǎƻƴŀϦ 

ǎȊŜƳǇƻƴǘōƽƭ ƴŜƳ ǘǀƪŞƭŜǘŜǎ ŀȊ ǳǘŀǎƝǘłǎΦ !ƴƴŀƪ ŜƎȅŜǘƭŜƴ ŎŞƭƧŀ ŀ ϦǎǘƝƭǳǎ-ƪŜǊŜǘϦ ŀƭƪŀƭƳŀȊłǎłƴŀƪ 

ōŜƳǳǘŀǘłǎŀ όоΦ łōǊŀύΗ  

 

! ǇǊƻƳǇǘ ƪƛŀŘłǎŀ ǳǘłƴΣ 

ŀ ǾłƭŀǎȊǘ ŀ пΦ łōǊŀ ƳǳǘŀǘƧŀ 

;ǎ Ƴƛ ŀ ƘŜƭȅȊŜǘ ŀ 

ƳƻǘƛǾłŎƛƽǾŀƭΚ {ƻƪǎȊƻǊ 

ŜƭǃŦƻǊŘǳƭ ŀȊΣ ƘƻƎȅ ƳƛƴŘ ŀ 

helyes, mind pedig a 

ƘŜƭȅǘŜƭŜƴ ǾłƭŀǎȊƻƪ 

ƳŜƎŀŘłǎŀ ŜǎŜǘŞƴ 

ǎȊŜǊŜǘƴŞƳ ōłǘƻǊƝǘŀƴƛ ŀ 

ŦŜƭŀŘŀǘ ǾŞƎȊǃǘΦ 9ōōŜƴ ŀȊ 

esetben ez azt jelenti, hogy 

minden ŦŜƭŀŘŀǘōŀƴ ŀ ϦƘŜƭȅŜǎ ǾłƭŀǎȊ ǾƛǎǎȊŀƧŜƭȊŞǎŜϦΣ 

ƛƭƭŜǘǾŜ ŀ ϦƘŜƭȅǘŜƭŜƴ ǾłƭŀǎȊ ǾƛǎǎȊŀƧŜƭȊŞǎŜϦ ƘŜƭȅŞǊŜ ŜƎȅŜŘƛ ǎȊǀǾŜƎŜǘ ŀƭƪƻǘƻƪΦ !Ȋ ƛƎŀȊƛ ƪƛƘƝǾłǎǘ ŀȊ ƧŜƭŜƴǘƛΣ 

ƘƻƎȅ Ƙŀ ƳƛƴŘŜƴ ƪŞǊŘŞǎƘŜȊ ƪǸƭǀƴōǀȊǃ ǾƛǎǎȊŀƧŜƭȊǃ ǎȊǀǾŜƎŜǘ ƪŞǎȊƝǘŜƴŞƴƪΣ ŜǎŜǘƭŜƎ ǳǘŀƭłǎƻƪŀǘ ǘŜƴƴŞƴƪ 

ŀǊǊŀΣ ƘƻƎȅ Ƙƻƭ ǘŀƭłƭƘŀǘƧŀ ƳŜƎ ŀ ƘŜƭȅŜǎ ǾłƭŀǎȊǘΦ 9Ȋ ŀ ƪƛŜƎŞǎȊƝǘŞǎ ƳŜƎƛƴǘ Ŏǎŀƪ ƘƻǎǎȊǵ ƛŘǃǘ ǾŜƴƴŜ ƛƎŞƴȅōŜΣ 

ŘŜ ŀȊ aL ǎȊƻƭƎłƭǘŀǘłǎ ŀƭƪŀƭƳŀȊłǎłǾŀƭ Şǎ ŀ ƪƻǊłōōƛ ϦǎǘƝƭǳǎ-ƪŜǊŜǘϦ ƪƛŜƎŞǎȊƝǘŞǎŞǾŜƭ ŜȊ ŜƎȅ ƪŀǘǘƛƴǘłǎǎŀƭ 

ƳŜƎƻƭŘƘŀǘƽΦ ałǊ ƴŜƳ ƪŜƭƭ ǘŜƘłǘ ƳƛƴŘŜƴ ƪŞǊŘŞǎƘŜȊ Ƴŀƴǳłƭƛǎŀƴ ƳŜƎƝǊƴƛ ŀ ǾƛǎǎȊŀƧŜƭȊŞǎŜƪŜǘΣ ƘŀƴŜƳ 

ŜƎȅ ǇǊƻƳǇǘ ǎŜƎƝǘǎŞƎŞǾŜƭ ǎȊŜƳŞƭȅǊŜ ǎȊŀōƻǘǘΣ ƛƴŦƻǊƳŀǘƝǾ Şǎ ŀƪłǊ ƘǳƳƻǊƻǎ ǸȊŜƴŜǘŜƪŜǘ ƛǎ ƎŜƴŜǊłƭƘŀǘǳƴƪΦ 

9Ȋ ƴŜƳŎǎŀƪ ŀ ƘŀƭƭƎŀǘƽƪ ƳƻǘƛǾłŎƛƽƧłǘ ƴǀǾŜƭƛΣ ƘŀƴŜƳ ŜƎȅŦŀƧǘŀ ǇłǊōŜǎȊŞŘŜǘ ƛǎ ƪƛŀƭŀƪƝǘ ƪǀȊǘǸƪ Şǎ ŀ 

tananyŀƎ ƪǀȊǀǘǘΦ ώмϐ 

 

4 P§ros²t· feladatok 

! ǇłǊƻǎƝǘƽ ŦŜƭŀŘŀǘƻƪ ƳƛƴŘƛƎ ƛǎ ŀ ƪŜŘǾŜƴŎŜƛƳ ƪǀȊŞ ǘŀǊǘƻȊǘŀƪΣ ƳŜǊǘ ƴŀƎȅǎȊŜǊǼŜƴ ǀǘǾǀȊƛƪ ŀ ƭƻƎƛƪŀƛ 

ƎƻƴŘƻƭƪƻŘłǎǘ ŀ ǘŀƴŀƴȅŀƎ ƳŞƭȅŜōō ƳŜƎŞǊǘŞǎŞǾŜƭΦ 9Ȋ ŀ ǘƝǇǳǎǵ ŦŜƭŀŘŀǘ ǊŜƴŘƪƝǾǸƭ ǎƻƪƻƭŘŀƭǵΣ Şǎ ƪƛǾłƭƽŀƴ 

ŀƭƪŀƭƳŀȊƘŀǘƽ ŦƻƎŀƭƳŀƪΣ ŘŜŦƛƴƝŎƛƽƪΣ ǀǎǎȊŜŦǸƎƎŞǎŜƪΣ ǾŀƎȅ ŀƪłǊ ǇŞƭŘłƪ ǘŀƴƝǘłǎłǊŀΦ 9ƎȅǎȊŜǊǼǎŞƎǸƪ 

ŜƭƭŜƴŞǊŜ ƛƎŀȊłƴ ƪǊŜŀǘƝǾ ƳŜƎƻƭŘłǎƻƪǊŀ ŀŘƴŀƪ ƭŜƘŜǘǃǎŞƎŜǘ ς ǊłŀŘłǎǳƭ ŀ aƻƻŘƭŜ ǊŜƴŘǎȊŜǊ ƛǎ ƪƛǾłƭƽŀƴ 

ǘłƳƻƎŀǘƧŀ ǃƪŜǘΦ ! ǇłǊƻǎƝǘƽ ƪŞǊŘŞǎŜƪ ŦŜƭŞǇƝǘŞǎŜ όрΦ 

łōǊŀύ ƴŀƎȅƻƴ ƭŜǘƛǎȊǘǳƭǘΥ ōŜƴƴŜ ƳŜƎǘŀƭłƭƘŀǘƧǳƪ ŀ - ƳłǊ 

ismert - statikus elemeket, ƛƭƭŜǘǾŜ ŀ ǎǇŜŎƛłƭƛǎ 

elemeket, amelyekben az ŜƎȅƛƪ ƻƭŘŀƭƻƴ ǘŀƭłƭƘŀǘƽ 

ŜƎȅ ŦƻƎŀƭƻƳΣ ǾŀƎȅ ƪŞǊŘŞǎΣ ƳƝƎ ŀ Ƴłǎƛƪƻƴ ŀ ƘƻȊȊł 

ǘŀǊǘƻȊƽ ǾłƭŀǎȊΦ ! ƪŞǘ ŜƭŜƳet ŜƎȅ ƪǀǘǃƧŜƭ Şǎ ŜƎȅ 

ƪŀŎǎŀŎǎǃǊ ƪǀǘƛ ǀǎǎȊŜΦ IƻƎȅŀƴ 

ƳǼƪǀŘƛƪ ƳƛƴŘŜȊ ŀ ƎȅŀƪƻǊƭŀǘōŀƴΚ 9Ǝȅ Ƨƽƭ ƳŜƎŦƻƎŀƭƳŀȊƻǘǘ 

ǇǊƻƳǇǘ ǎŜƎƝǘǎŞƎŞǾŜƭ ŀȊ aL ƴŜƳŎǎŀƪ ŀ ǇłǊƻǎƝǘŀƴŘƽ 

ŜƭŜƳŜƪŜǘ ƎŜƴŜǊłƭƧŀΣ ƘŀƴŜƳ ƳŜƎƘŀǘłǊƻȊƘŀǘƧǳƪ ŀ ǇłǊƻǎƝǘłǎƻƪ ǎȊłƳłǘ Şǎ ōƻƴȅƻƭǳƭǘǎłƎłǘ ƛǎΦ tŞƭŘłǳƭ 

ōŜłƭƭƝǘƘŀǘƧǳƪΣ ƘƻƎȅ ōƛȊƻƴȅƻǎ ŜƭŜƳŜƪƴŜƪ ƴŜ ƭŜƎȅŜƴ ǇłǊƧǳƪΣ ƝƎȅ ƳŞƎ ƴŀƎȅƻōō ƪƛƘƝǾłǎǘ ƧŜƭŜƴǘ ŀ ŦŜƭŀŘŀǘΦ 

9Ȋ ŀ ƳŜƎƻƭŘłǎ ƪǸƭǀƴǀǎŜƴ ƘŀǎȊƴƻǎ ƭŜƘŜǘΣ Ƙŀ ŀȊ ƽǊłƴ ŀ ƪǊƛǘƛƪŀƛ ƎƻƴŘƻƭƪƻŘłǎǘ ǎȊŜǊŜǘƴŞƴƪ ŜǊǃǎƝǘŜƴƛΦ ώнϐ 

3. §bra: Igaz-hamis feladatot gener§l· 

prompt  

4. §bra: Az MI szolg§ltat§s §ltal ny¼jtott v§lasz 

5. §bra: P§ros²t· feladat szerkezeti 

fel®p²t®se 
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NƳŜ ŀ ǇǊƻƳǇǘ όсΦ łōǊŀύΥ 

 

6. §bra: P§ros²t· k®rd®st gener§l· prompt 

! ǾłƭŀǎȊǘ ǇŜŘƛƎ ŀ тΦ łōǊłƴ ƭłǘƘŀǘƧǳƪΦ {ȊłƴŘŞƪƻǎŀƴ ǾłƭŀǎȊǘƻǘǘŀƳ ǳƎȅŀƴŀȊǘ ŀ ǘŞƳŀƪǀǊǘΣ ƳŜǊǘ ƛǘǘ ƛǎ ŀ 

ǎȊŜǊƪŜȊŜǘƛ ŘŜŦƛƴƝŎƛƽ ōŜƳǳǘŀǘłǎŀ ŀȊ ŜƭǎǃŘƭŜƎŜǎ 

ŎŞƭΦ !ƳŜƴnyiben azt ǎȊŜǊŜǘƴŞƴƪΣ ƘƻƎȅ ǎƻƪ 

ŜƭŜƳ ƭŜƎȅŜƴ ŀ ǇłǊƻǎƝǘŀƴŘƽƪ ƪǀȊǀǘǘΣ ŀƪƪƻǊ ŀ ǇǊƻƳǇǘ-

ōŀƴ ǊǀƎȊƝǘŜƴƛ ƪŜƭƭ ŜȊŜƪ ǎȊłƳłǘΦ ! ǇłǊƻǎƝǘƽ 

ŦŜƭŀŘŀǘƻƪƴłƭ ƛǎ ƭŜƘŜǘǃǎŞƎǸƴƪ Ǿŀƴ ŜƎȅŜŘƛ 

ǾƛǎǎȊŀƧŜƭȊŞǎŜƪŜǘ ŀŘƴƛΦ 9Ǝȅ- ŜƎȅ ƘŜƭȅŜǎ ǇłǊƻǎƝǘłǎ 

ŜǎŜǘŞƴ ŘƛŎǎŞǊƘŜǘƧǸƪ ŀ ƘŀƭƭƎŀǘƽƪŀǘΣ ƳƝƎ Ƙƛōłk 

ŜǎŜǘŞƴ ŦƛƴƻƳ ǵǘƳǳǘŀǘłǎǘ ƴȅǵƧǘƘŀǘǳƴƪΦ tŞƭŘłǳƭΥ 

αYƛǾłƭƽΣ ŀ ŦƻƎŀƭƻƳ Şǎ ŀ ŘŜŦƛƴƝŎƛƽ ǀǎǎȊŜƪŀǇŎǎƻƭłǎŀ Ƙƛōłǘƭŀƴ ǾƻƭǘΗέ ǾŀƎȅ α9ƭƭŜƴǃǊƛȊŘ ǵƧǊŀ ŀȊ · ǘŞƳłǘΣ 

ƳŜǊǘ ŜȊ ŀ ǇłǊ ƴŜƳ ƛƭƭƛƪ ǀǎǎȊŜΦέ ώмϐ 

9Ȋ ŀ ǘƝǇǳǎǵ ŦŜƭŀŘŀǘ ǊŜƴŘƪƝǾǸƭ Ƨƽƭ ŀƭƪŀƭƳŀȊƘŀǘƽ ƳƛƴŘ ŀƭŀǇ-Σ ƳƛƴŘ ƘŀƭŀŘƽ ǎȊƛƴǘǼ ǘŀƴŀƴȅŀƎ ŜǎŜǘŞƴΣ Şǎ 

ŀȊ aL ǎŜƎƝǘǎŞƎŞǾŜƭ ŀ ŦŜƭŀŘŀǘƻƪ ǎƻƪŦŞƭŜǎŞƎŜ ǾŞƎǘŜƭŜƴΦ tǊƽōłƭƧǳƪ ƪƛ ŀ Ƴƛƴǘłƪŀǘ ōłǘǊŀƴΗ ;ǎ ŀƳƛ ŀ ƭŜƎƧƻōōΥ 

ŀ aƻƻŘƭŜ ǊŜƴŘǎȊŜǊōŜƴ ŜȊŜƪ ŀ ŦŜƭŀŘŀǘƻƪ Ǉƛƭƭŀƴŀǘƻƪ ŀƭŀǘǘ ōŜǾŜǘƘŜǘǃƪΣ ƝƎȅ ǘǀōō ƛŘǃƴƪ ƳŀǊŀŘ ŀǊǊŀΣ ƘƻƎȅ 

ŀ ǘŀƴǳƭƽƪ ǘłƳƻƎŀǘłǎłǊŀ ǀǎǎȊǇƻƴǘƻǎƝǘǎǳƴƪΗ 

5 Felelet-v§laszt·s (egyszeres) feladatok 

A felelet-ǾłƭŀǎȊǘƽǎΣ ŜƎȅǎȊŜǊŜǎ ǾłƭŀǎȊǘłǎǵ ƪŞǊŘŞǎŜƪ ǘŀƭłƴ ŀ ƭŜƎƛǎƳŜǊǘŜōō Şǎ ƭŜƎƎȅŀƪǊŀōōŀƴ ƘŀǎȊƴłƭǘ 

ǘŜǎȊǘǘƝǇǳǎƻƪΣ Şǎ ƴŜƳ ǾŞƭŜǘƭŜƴǸƭΦ YǀƴƴȅŜƴ ŞǊǘŞƪŜƭƘŜǘǃƪΣ Ƨƽƭ ǎǘǊǳƪǘǳǊłƭƘŀǘƽƪΣ Şǎ ǊŜƳŜƪǸƭ ŀƭƪŀƭƳŀǎŀƪ ŀ 

ƘŀƭƭƎŀǘƽƪ ǘǳŘłǎłƴŀƪ ƎȅƻǊǎΣ łǘŦƻƎƽ ŜƭƭŜƴǃǊȊŞǎŞǊŜΦ ¦ƎȅŀƴŀƪƪƻǊ ǘǳŘƧǳƪΣ ƘƻƎȅ ŀ Ƨƽ ŦŜƭŜƭŜǘ-ǾłƭŀǎȊǘƽǎ 

ƪŞǊŘŞǎ ƳŜƎŀƭƪƻǘłǎŀ ƛŘǃƛƎŞƴȅŜǎΥ ƪǸƭǀƴǀǎŜƴ ŀ 

ƳŜƎŦŜƭŜƭǃ άǊƻǎǎȊέ ǾłƭŀǎȊƻƪ ƪƛŘƻƭƎƻȊłǎŀ miatt. Ez az a 

pont, ahol a nagy nyelvi ƳƻŘŜƭƭŜƪ ƽǊƛłǎƛ 

ǎŜƎƝǘǎŞƎŜǘ ƴȅǵƧǘƘŀǘƴŀƪΦ 9Ǝȅ Ƨƽƭ ƳŜƎǎȊŜǊƪŜǎȊǘŜǘǘ 

ǇǊƻƳǇǘ ǎŜƎƝǘǎŞƎŞǾŜƭ ƴŜƳŎǎŀƪ ŀ ƘŜƭȅŜǎ ǾłƭŀǎȊǘΣ 

ƘŀƴŜƳ ǊŜƭŜǾłƴǎΣ ŜǎŜǘƭŜƎ ƳŜƎǘŞǾŜǎȊǘǃŜƴ ƘŀǎƻƴƭƽΣ 

ƳŞƎƛǎ ƘŜƭȅǘŜƭŜƴ ƻǇŎƛƽƪŀǘ ƛǎ ƎŜƴŜǊłƭƘŀǘǳƴƪΦ 9Ȋłƭǘŀƭ 

a hallgŀǘƽƪ ƴŜƳ ǇǳǎȊǘłƴ ŀ 

ǎȊŜǊŜƴŎǎŞǊŜ ōƝȊȊłƪ ŀ ǾłƭŀǎȊǘłǎǘΣ ƘŀƴŜƳ Ǿŀƭƽōŀƴ 

ƎƻƴŘƻƭƪƻŘłǎǊŀ ƪŞƴȅǎȊŜǊǸƭƴŜƪΣ Şǎ ŜƭƳŞƭȅƝǘƛƪ ŀ ǘŀƴŀƴȅŀƎ ƳŜƎŞǊǘŞǎŞǘΦ 

7. §bra: Az MI szolg§ltat§s §ltal gener§lt 

v§lasz 

8. §bra: Felelet v§laszt·s feladat szerkezeti 

fel®p²t®se 
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! DLC¢ ŦƻǊƳłǘǳƳ ƘŀǎȊƴłƭŀǘłǾŀƭ όуΦ łōǊŀύ ŀ ŦŜƭŜƭŜǘ-ǾłƭŀǎȊǘƽǎ ƪŞǊŘŞǎŜƪ ǎȊŜǊƪŜȊŜǘŜ Ƨƽƭ 

ƳŜƎƘŀǘłǊƻȊƻǘǘΥ ǘŀǊǘŀƭƳŀȊȊŀ ŀ ƪŞǊŘŞǎ ǎȊǀǾŜƎŞǘ - ǳƎȅŀƴǵƎȅΣ Ƴƛƴǘ ŀ ƪƻǊłōōƛ ǎȊŜǊƪŜȊŜǘŜƪōŜƴΣ ŀ ƘŜƭȅŜǎ 

ǾłƭŀǎȊ ƧŜƭǀƭŞǎŞǘΣ ƳŜƭȅ ŜƎȅ άҐέ ƪŀǊŀƪǘŜǊǊŜƭ ƪŜȊŘǃŘƛƪ Şǎ ŀ ƘŜƭȅǘŜƭŜƴ ǾłƭŀǎȊƻƪŀǘΣ ƳŜƭȅŜƪ άϤέ ƪŀǊŀƪǘŜǊǊŜƭ 

ƧŜƭǀƭǸƴƪΦ !Ȋ aL ǎŜƎƝǘǎŞƎŞǾŜƭ ŜȊŜƪ ŀȊ ŜƭŜƳŜƪ ƎȅƻǊǎŀƴ Şǎ Ǉƻƴǘƻǎŀƴ ƎŜƴŜǊłƭƘŀǘƽƪΦ !Ƴƛ ƪǸƭǀƴǀǎŜƴ 

hasznƻǎΣ ƘƻƎȅ ŀ ƎŜƴŜǊłƭǘ ƪŞǊŘŞǎŜƪ ŀȊƻƴƴŀƭ ōŜƛƭƭŜǎȊǘƘŜǘǃƪ ŀ aƻƻŘƭŜ ǊŜƴŘǎȊŜǊōŜΣ ƝƎȅ ŀ ƪŞǊŘŞǎōŀƴƪƻƪ 

ōǃǾƝǘŞǎŜ Ǉƛƭƭŀƴŀǘƻƪ ŀƭŀǘǘ ƳŜƎǾŀƭƽǎƝǘƘŀǘƽΦ ώнϐ 

NƳŜ ŀȊ ŀƭƪŀƭƳŀȊƻǘǘ ǇǊƻƳǇǘ όфΦ łōǊŀύΥ 

 

9. §bra: A felelet-v§laszt·s feladat gener§l· prompt 

A ǾłƭŀǎȊ ǇŜŘƛƎ ƝƎȅ ƴŞȊ ƪƛ όмлΦ łōǊŀύΥ 

Fontos kiemelni, ƘƻƎȅ ŀ Ƨƽƭ ƳŜƎƝǊǘ άǊƻǎǎȊέ 

ǾłƭŀǎȊƻƪ ƪǳƭŎǎŦƻƴǘƻǎǎłƎǵŀƪ ŀ 

kompetencia-ŀƭŀǇǵ ŞǊǘŞƪŜƭŞǎƘŜȊΦ bŜƳ ŜƭŞƎ 

άōǳǘŀǎłƎƻƪŀǘέ ƪƛǘŀƭłƭƴƛ ς olyaƴ ƻǇŎƛƽƪŀǘ ƪŜƭƭ 

alkotni, amelyek ǾŀƭƽŘƛ ƎƻƴŘƻƭƪƻŘłǎǘ 

ƛƎŞƴȅŜƭƴŜƪΣ Şǎ ƳŜƎƳǳǘŀǘƧłƪΣ ƘƻƎȅ ŀ Řƛłƪƻƪ 

ƳŜƴƴȅƛǊŜ ŞǊǘŜǘǘŞƪ ƳŜƎ ŀȊ ŀƴȅŀƎƻǘΦ ώмϐ 

 

¥sszefoglal§s 

bŀǇƧŀƛƴƪōŀƴ ƳŜƎ Ǿŀƴ ŀ ƭŜƘŜǘǃǎŞƎ ƻƭȅŀƴ aL ŀǎǎȊƛǎȊǘŜƴǎŜƪ ŀƭƪŀƭƳŀȊłǎłǊŀΣ ŀƳŜƭȅŜƪ ŀ ƘƻǎǎȊǵΣ ƛŘǃǘ 

Ǌŀōƭƽ ǊŜǇŜǘƛǘƝǾ Ƴǳƴƪłǘ ŜƭǾŞƎȊƛƪ ƘŜƭȅŜǘǘǸƴƪΦ YǸƭǀƴǀǎŜƴ ƪƛ ƪŜƭƭ ƘŀƴƎǎǵƭȅƻȊƴƛΣ ƘƻƎȅ Ŏǎŀƪ Şǎ ƪƛȊłǊƽƭŀƎ 

ǎȊŀƪƳŀƛ ƪƻƴǘǊƻƭƭ ƳŜƭƭŜǘǘΦ ! ŎƛƪƪōŜƴ ōŜƳǳǘŀǘƻǘǘ ǇŞƭŘłƪ ǎŜƎƝǘǎŞƎŞǾŜƭ ŀƪłǊ ƘŜǘŜƪ ŀƭŀǘǘ ŦŜƭŞǇƝǘƘŜǘǃŜƪ 

ŀȊƻƪ ŀ ƪŞǊŘŞǎōŀƴƪƻƪΣ ŀƳŜƭȅŜƪ ƪƻǊłōōŀƴ ŞǾŜƪŜǘ ǾŜǘǘŜƪ Ǿƻƭƴŀ ƛƎŞƴȅōŜΦ ! ǇǊƻƳǇǘƻƪ ŦƛƴƻƳƝǘłǎŀ ǎƻǊłƴ 

ǊǀƎȊƝǘƘŜǘƧǸƪ ŀȊƻƪŀǘ ŀ ƪƛŦŜƧŜȊŞǎŜƪŜǘΣ ŀƳŜƭȅŜƪŜǘ ŜǎŜǘƭŜƎ ƴŜƳ ǎȊŜǊŜǘƴŞƴƪΣ ƘƻƎȅ ŀȊ ŀƭƎƻǊƛǘƳǳǎ 

ƘŀǎȊƴłƭƧƻƴ - ŜȊȊŜƭ ƛǎ ǳǘŀǘ ƴȅƛǘǾŀ ŀ ǘǀƪŞƭŜǘŜǎŜōō ǾłƭŀǎȊƻƪ ŦŜƭŞΦ 

aƛƴŘŜƴƪƛǘ ŀǊǊŀ ōǳȊŘƝǘƻƪΣ ƘƻƎȅ ōłǘǊŀƴ ǇǊƽōłƭƧŀ ƪƛ ŀ ōŜƳǳǘŀǘƻǘǘ ǇǊƻƳǇǘƻƪŀǘΣ ŀƭŀƪƝǘǎŀ ŀȊƻƪŀǘ ǎŀƧłǘ 

ǘŀƴŀƴȅŀƎŀƛƘƻȊΣ Şǎ ƻǎǎȊŀ ƳŜƎ ǾŜƭŜƳ ǘŀǇŀǎȊǘŀƭŀǘŀƛǘΗ aŜǎŞƭƧŜ Ŝƭ ǎƛƪŜǊŜƛǘ Şǎ ƪǳŘŀǊŎŀƛǘΣ ƘƻƎȅ ƪǀȊǀǎŜƴ 

ǘŀƴǳƭƘŀǎǎǳƴƪ ŜƎȅƳłǎ ǇŞƭŘłƛōƽƭΦ ! ƪǀǾŜǘƪŜȊǃ ǊŞǎȊōŜƴ ǵƧŀōō ƘłǊƻƳ ŦŜƭŀŘŀǘǘƝǇǳǎǘ ǎȊŜǊŜǘƴŞƪ 

ƳŜƎƳǳǘŀǘƴƛΣ ŀƳŜƭȅŜƪ ǘƻǾłōō ōǃǾƝǘƛƪ ŀ ƭŜƘŜǘǃǎŞƎŜƛƴƪŜǘ ŀ aƻƻŘƭŜ ǊŜƴŘǎȊŜǊōŜƴ ŀƭƪŀƭƳŀȊƻǘǘ ƪŞǊŘŞǎŜƪ 

ǘŜǊŞƴΦ Iŀ ƪƝǾłƴŎǎƛ ŀ ŦƻƭȅǘŀǘłǎǊŀΣ ǘŀǊǘǎƻƴ ǾŜƭŜƳΗ 
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A subtle relation between Karnaugh maps used in engineering  

and magic squares known from mathematics is presented and discussed. 

 

 

  

Lƴ ǘƘŜ мфрлΩǎ YŀǊƴŀǳƎƘ ƳŀǇǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘƘŜ ƳƛƴƛƳƛȊŀǘƛƻƴ ƻŦ .ƻƻƭŜŀƴ ŀƭƎŜōǊŀƛŎ 

expressions in the Bell Laboratories (Murray Hill, USA) and also in the Harvard Computational 

Laboratory [1]. At the same time a related map was introduced by Veitchs [2]. Bell laboratories, dubbed 

ŀǎ ǘƘŜ άƛŘŜŀ ŦŀŎǘƻǊȅέ ōƻŀǎǘǎ ǘŜƴ bƻōŜƭ ǇǊƛȊŜǎ όǘƻ ŎƻƳǇŀǊŜ ǿƛǘƘ ŜΦ ƎΦ ǎŜǾŜƴ ŀǿŀǊŘŜŘ ǘƻ ǘƘŜ Dǀǘǘƛngen 

University in Germany, an other iconic scientific institution).  

For an even number of variables, n = 2k, the Karnaugh map is a square 2n cells, filled with 

integers from 0 to 2n  - 1 encoded in binary Gray code on the surface of a toroidal ring. Besides being a 

tool in the design of switching and digital circuits, it has several other applications, e.g. in the design of 

the layout of solar panel systems, etc.  

An n-by-n magic square is an array containing the integers from 1 to n2, arranged so that each 

of the rows, each of the columns, and the two principal diagonals has the same sum, called the magic 

sum.  

The magic sum Sn can be expressed as  

 

   Sn = (1+n2)n/2  

 

i. e. its value is 15, 34, 121 and 260 for n = 3, 4, 6 and 8 respectively. 

Magic squares predate recorded history, they can be found in several cultures, geographic 

areas and historical periods, and are also present in our era.  

Chinese legends refer to the 3x3 Lo Shu magic square, with the magic sum of 15 [  ]. An ancient 

/ƘƛƴŜǎŜ ƭŜƎŜƴŘ ǘŜƭƭǎ ƻŦ ŀ ǘǳǊǘƭŜ ŜƳŜǊƎƛƴƎ ŦǊƻƳ ǘƘŜ [ƻ ǊƛǾŜǊ ŘǳǊƛƴƎ ŀ ŦƭƻƻŘΦ ¢ƘŜ ǘǳǊǘƭŜΩǎ ǎƘŜƭƭ ǎƘƻǿŜŘ ŀ 

very unusual pattern ς a three-by-three grid containing various numbers of spots (Fig. 1.) Of course, 

we do not have any eye-witness accounts, so we can only imagine that the turtle looked like the figure 
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here. Each of the three rows, the three columns, and the two diagonals contain a total of 15 spots. 

References to Lo Shu and the Lo Shu numerical pattern occur throughout Chinese history. 

The ancient 3x3 Chinese Lo Shu square of the first nine consecutive integers shown in Fig. 1. is 

the smallest magic square and, apart from rotations and reflections, there are no others this size or 

smaller. In the 3x3 magic square the magic sum is 15. 

 

 

 

 

Fig. 1. The Lo-Shu magic square on the turtle shell. 

 

The best statement that can be made about its age is 2500-1500 years! While the middle figure 

may be most appropriate, the hardest evidence gives just the lesser, while legends claim the older. 

Magic squares most likely traveled from China to India, then to Arab countries and Japan. 

Finally, from the Arab (Islamic) world they journeyed to Europe too [  ]. 

Some famous magic squares will now briefly mentioned. 

The 4x4 Jaina square (Fig. 2.) can be found in the 10th century (945 AD) Jain Temple, Khajuraho, 

Northern India [  ]. 

 

 



  

 

151 
 

 

Fig. 2. The Jaina magic square 

 

The Jaina square is a perfect magic square, all rows, columns and the two main diagonals 

exhibit the magic sum of 34. 

In Europe following some Byzantian and Italian works, during the Renaissance in about 1510 

Heinrich Cornelius Agrippa wrote about magical squares, presenting seven magic squares of the order 

from 3x3 to 9x9 [8]. The 3x3 magical square in AgǊƛǇǇŀΩǎ ǿƻǊƪ ƛǎ ƻŦ ŎƻǳǊǎŜ ƛǎ ǘƘŜ Lo Shu magic square. 

¢ƘŜ пȄп ƳŀƎƛŎ ǎǉǳŀǊŜ ƛƴ !ƎǊƛǇǇŀΩǎ ǘǊŜŀǘƛǎŜǎ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ƻƴŜ ŘŜǇƛŎǘŜŘ ƛƴ 5ǸǊŜǊΩǎ ŦŀƳƻǳǎ ŜŀǊƭȅ 

16th century engraving Melancholia shown in Fig. 3 [9]. 

 

 

 

CƛƎΦ оΦ 5ǸǊŜǊΩǎ ŜŀǊƭȅ мс th century magic square. 

 

¢ƘŜ пȄп ƳŀƎƛŎ ǎǉǳŀǊŜ όǿƛǘƘ ǘƘŜ ƳŀƎƛŎ ǎǳƳ ƻŦ опΣ ǎŜŜ CƛƎΦ оΦύ ƛƴ 5ǸǊŜǊΩǎ ŜƴƎǊŀǾƛƴƎΣ ŘƛǎǇƭŀȅǎ ǘƘŜ 

ȅŜŀǊ мрмпΦ 5ǸǊŜǊΩǎ όŦƻǊ ǳǎ !Ƨǘƽǎƛ 5ǸǊŜǊ !ƭōǊŜŎƘǘύ ŦŀƳƛƭȅ ƻǊƛƎƛƴŀǘŜŘ ƛƴ ǘƘŜ ǎƛƴŎŜ ŘƛǎŀǇǇŜŀǊŜŘ ƳŜŘƛŜǾŀƭ 

ǾƛƭƭŀƎŜΣ !ƧǘƽǎΣ ǘƘŜ ǊŜƳŀƛƴǎ ƻŦ ǿƘƛŎƘ ƘŀǾŜ ōeen found and excavated in the outskirts of Gyula (a town 

in the south of Hungary close to the Romanian border).  

Before arriving to our modern era, perhaps the 8x8 and 16x16 magic squares discovered by 

the American statesman and scientist Benjamin Franklin (1706-1790) might be noted [5].  

Finally, in our era the 4x4 magic square on the Passion facade on the Sagrada Familia Cathedral 

in Barcelona (depicted in Fig. 4.) is perhaps the most famous one [9]. 
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Fig. 4. The Sagrada Familia Cathedral (Barcelona) magic square. Josep Maria Subirachs sculptor 

and Antoni Gaudi builder. 

 

The numbers in the cells of the Sagrada Familia magic square have been changed, the numbers 

12 and 16 are missing, they have been are replaced by 10 and 14 respectively. The resulting (modified) 

ƳŀƎƛŎ ǎǉǳŀǊŜ ŜȄƘƛōƛǘǎ ŀ ƳŀƎƛŎ ǎǳƳ ƻŦ оо ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ έŎƭŀǎǎƛŎέ ǾŀƭǳŜ ƻŦ опΦ ¢ƘŜ ƳƻŘƛŦƛŜŘ ƳŀƎƛŎ ǎǳƳ 

has an obvious symbolic Biblical meaning.  

It can be shown that the 2n x 2n (n=2k) Karnaugh maps can be transformed into magic squares 

[10]. Thus Boolean algebraic expressions, logic circuits, etc., can be seen in the context of magic 

squares. On the other hand, for applications such as information hiding, arithmetic properties of magic 

squares can also be used. 

The transformation algorithm is baǎŜŘ ƻƴ ǘƘŜ ŜǾŜƴ ƻǊ ƻŘŘ ǇŀǊƛǘȅ ƻŦ ǘƘŜ мΩǎ ƛƴ ǘƘŜ ōƛƴŀǊȅ ŎƻŘŜ 

of the minterm or maxterm cell numbers. Below the appropriate algorithm is shortly described [10]. 

 

First step. Transfer minterm decimal indices with EVEN number of 1s in their binary code 

UNCHANGED  

Second step. Transfer minterm decimal indices with ODD number of 1s COMPLEMENTED 

Third and last step. Add 1 to the numbers in each cell. 

The transformation procedure is illustrated here using the example of the four-variable 

minterm Karnaugh map. 
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Fig. 5. The four-variable minterm Karnaugh map, showing the decimal indices of the cells with 

ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ōƛƴŀǊȅ ŎƻŘŜǎΣ ōƭŀŎƪ ŀƴŘ ǊŜŘ ŎƻƭƻǊǎ ƛƴŘƛŎŀǘƛƴƎ ŜǾŜƴ ŀƴŘ ƻŘŘ ƴǳƳōŜǊ ƻŦ мΩǎ ƛƴ ǘƘŜ ōƛƴŀǊȅ 

forms..  

 

 

 

CƛƎΦ сΦ 5ǸǊŜǊΩǎ ƳŀƎƛŎ ǎǉǳŀǊŜ όƳƻǊŜ ǇǊŜŎƛǎŜƭȅ its equivalent) as the result of the transformation 

of the four variable minterm Karnaugh map 

 

As far as the present author knows, only the appropriate transformation of the four variable 

4x4 minterm Karnaugh map can be found in the literature. 

The analogue transformation for the 4x4 maxterm Karnaugh map, and appropriate 

transformations of the six-variable 8x8 minterm and maxterm Karnaugh maps to magic squares have 

been derived and given in explicit forms. 

As final word it can be said that it is amazing to see and contemplate on this connection 

between the Karnaug maps, practical tools used in engineering, and numerical magic squares spanning 

four millennia, several geographical regions and cultures of the world. 
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Abstract 

 

The results of a comprehensive analysis and interpretation of the observed differences  of 

the thermal and optical ionization energies of zinc (Zn) acceptors in gallium phosphide 

(GaP)) are presented. on the basis of own measurements and relevant theoretical models. 

 

 

1. Introduction 

 

Gallium phosphide (GaP) is an important member of the family of III-V compound 

semiconductors. Zinc (Zn) is the commonly favoured acceptor dopant in the III-V compounds, and p-

type GaP is mostly prepared by Zn-doping. One of the basic characteristics of a dopant or impurity is 

its ionization (activation) energy. The ionization energy of Zn acceptors in GaP as determined by optical 

methods is about 70 meV, about two and a half times greater than the equivalent thermal energy at 

room temperature (26 meV). However, as in other semiconductors, the reported values of the thermal 

ionization energies of Zn acceptors in GaP are significantly lower and depend also on the acceptor 

concentration as well as on the compensation. For device operation, however, the thermal ionization 

energy of the dopant is the relevant parameter, because it controls the degree of the actual ionization 



  

 

156 
 

of the dopant atoms, and in this way it determines the available free carrier densities, doping 

efficiency, etc. For this reason it is important to understand and model these dependences. In this 

paper the results of a comprehensive analysis and the interpretation of the observed differences of 

the thermal and optical ionization energies in GaP:Zn on the basis of the relevant theoretical models 

will be presented and discussed. 

At first a short overview of the various theoretical models is presented, then experimental 

results on the hole concentration versus temperature data (published and unpublished as well) 

obtained from temperature dependent Hall effect measurements in the temperature range from 77 K 

to 400 K on a large number of GaP:Zn crystals will be analyzed and discussed in terms of the various 

models. It will be shown that the observed dependence of the of the thermal ionization energy of Zn 

acceptors on the concentration of dopants (impurities) can be well described by using a simple 

electrostatic interaction model between the charged centres. 

 

2. Overview of the theoretical models 

 

It is well established that the thermal ionization energy of impurity and defect centres as 

deduced from Hall data analysis is generally smaller than the optical one. Furthermore the thermal 

ionization energy usually decreases with increasing concentration of the impurity and defect centres, 

and depends also on the compensation degree. In the literature several physical models have been 

considered to describe these phenomena [1-7]. For the sake of definitiveness let us consider the case 

of acceptors. A general model description for the dependence of the thermal ionization energy EA on 

the acceptor concentration NA and on the compensation degree K has been formulated by Shklovskii 

and Efros [5,6] as  

 

EA=EA(NA,K)=EAo-f(K)(e2/4pereo)NA
1/3         (1) 

 

here EAo is the ionization energy of the acceptors at infinite dilution, NA is the acceptor concentration, 

K is the compensation degree (K = ND/NAύΣ ʶo is the vacuum dielectric permittivity vacuum, and er is 

the static dielectric constant of the host semiconductor. f(K) is a (dimensionless) function, the exact 

form of which depends on the details of the concrete mechanism leading to the reduction of the 
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thermal ionization energy. EAo can also be identified with the optical ionization energy as determined 

e.g. from photoluminescence measurements, and the coefficient containing the dielectric constant 

sets the energy scale. 

Several theoretical models support the generic expression given by Eq. (1) but with different 

functional forms of the f(K) coefficient [3-8], see the appropriate plots in Fig. 1. Notably, according to 

tŜŀǊǎƻƴ ŀƴŘ .ŀǊŘŜŜƴ ώмϐ ŦόYύ Ґ мΣ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ŜōȅŜ ŀƴŘ /ƻƴǿŜƭƭ ŦόYύ Ґ мΦспсόпˉκоύ1/3K1/3 = 

2.6533K1/3Σ ŀŎŎƻǊŘƛƴƎ ǘƻ aƻƴŜŎƪŜ Ŝǘ ŀƭΦ ώтϐ ŦόYύ Ґ ɱόнκоύόпˉκоύ1/3K1/3 = 2.1828K1/3, and according 

to Lien and Shklovskii [4] f(K) is a more complicated function with the value of 1 at K = 0, then increasing 

slowly up to about 1.4 for K = 0.4 - 0.6, and dropping more sharply for K > 0.8, and even changing sign 

above K = 0.93. In most cases the electrostatic interaction model yielding an f(K) proportional to K1/3 

[2,7-12] gives the best description. Then with ND = KNA and  

a = 31.4x10-5/er (meVcm) [7] or a = 38.2x10-5/er (meVcm) [2,9] (the numerical factor depends slightly 

on the details of the assumptions in the models) the above equation can be rewritten as 

 

  EA = EAo - aND
1/3                         (2) 

 

here the term aND
1/3 represents the electrostatic interaction energy, decreasing the thermal 

ionization energy of the defect centre. 

The electrostatic interaction model suggests that the values of a for various centres in the 

same host should be equal with each other, and for different semiconductors they should scale with 

the reciprocal of the static dielectric constants, which contention has been confirmed analyzing the 

available large amount of data for group IV, III-V, and II-VI semiconductors [8-12].  

 

3. Experimental results and data fit 

 

Zn-doped epitaxial GaP layers and solution grown GaP platelets were studied. The crystal 

growth and the measurements were performed in the laboratories of the (then) Research Institute for 

Technical Physics of the Hungarian Academy of Sciences. The room temperature hole concentration of 

the crystals was 1017ς1018 cm-3. The measurements were performed on samples with typical 
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dimensions of 4 to 6 mm in the Van der Pauw configuration. Temperature dependent Hall effect 

measurements were performed in the temperature range from 77 to 400 K. A simple glass cryostat, 

using liquid nitrogen as a coolant, designed to cover the temperature range from 77 to 400 K was used. 

The cryostat could be fitted into the 35 mm airgap of a relatively small electromagnet. The cryostat is 

basically similar in design to the first one described in [13]. For further details see [14-17]. 

A set of representative hole concentration versus reciprocal temperature data are presented 

in Figs. 1 and 2. 

The measured hole concentration versus reciprocal temperature data were fitted with the 

standard statistical model based on one acceptor, one compensating (donor) centre 

 

   p ( p + ND) 

 ½½½½½½ = b-1 Nv exp(-EA/kT)                           (3) 

 (NA ς ND ςp) 

 

here p, NA, and ND are the hole, acceptor and compensating donor concentrations respectively, EA is 

the (thermal) ionization energy of the acceptor, Nv (  ́T3/2) is the density-of-states in the valence band 

and b is the acceptor level degeneracy factor. In calculating Nv the hole effective mass was taken as 

mh/mo = 0.6, mo being the free electron mass; and b = 4 was used, these values are generally accepted 

in the literature. The obtained fit parameters are shown in Tables 1 and 2 for the two sets of samples. 

The lines in Figs. 1. and 2. represent the results of this fitting.  

From this fit the values of NA, ND and EA, as well as of the compensation degree  

K = ND/NA was extracted. The extracted values of the thermal activation energy for the epitaxial layers 

and solution grown platelets were found in the range of (20-35) meV and (20-55) meV respectively. 

 

4. Model fitting and discussion 

 

In the spirit of the theoretical models, as the extracted value fexp(K) versus the compensation 

degree (c.f. Eq. (1)), also as EA versus ND1/3 (c.f. Eq. (2)). In the case of Eq. (1) the literature data for 

optical ionization energy of Zn acceptor (69.7 meV) was used. It is established that the electrostatic 
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model of Debye and Conwell fits rather well the extracted data. With reference to Eq. (1) the fitted 

value of the numerical constant figuring in this formula fexp(K) 7= 2.96 ° 0.05, and the parameters 

figuring in Eq. (2) , i. e. the acceptor energy at infinite dilution and the numerical constant describing 

the strength of the electrostatic interaction are 66 ° 6 meV and ς(3.5 ° 0.5)x10-5 meVcm, close in 

acceptable agreement with the relevant experimental and model values respectively.  

If we suppose the a priori applicability of the Coulomb interaction model to the experimental 

data, as the validity of this assumption is being corroborated by the results of analysis of a great 

amount of data, then using the relationship ND = KNA the model equation can be rewritten as 
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              e2 

  EA = EAo - 2.6533  ½½½ ND
1/3 = EAo - aND

1/3      (3)   

          4pereo  

  

with a theoretical value of a = 38.2x10-5/er meVcm in the approximation of Debye and Conwell [18] 

and a = 31.4x10-5/er meVcm in the approximation of Monecke et al. [18]. Here aND
1/3 is the Coulomb 

interaction energy. 

Further on, the results of this analysis are supported too by the hole concentration versus 

temperature data for this system available in the literature. 

The analysis and modeling method discussed here was extended and successfully applied to 

several sets of data collected from the literature on Zn, C, and Mg acceptors in GaP. Further on, similar 

measurements and analysis has also been performed on n-type GaP liquid phase epitaxially grown with 

S, Te, and Si donors in our Institute. 

Other semiconducting materials, among others cadmium sulphide (CdS) and gallium 

antimonide (GaSb) crystals grown in our institute, and indium phosphide (InP) were also studied, 

resulting in similar results. 

Only one important case is emphasized here, the case of space-grown GaSb crystals ό9ǀǘǾǀǎ 

Programme) . 

The measurements referred to above were performed in cooperation with Dr. K. Somogyi and 

aǊǎΦ bΦ błŘƻǊΣ ǿƛǘƘ ǘƘŜ ŀǎǎƛǎǘŀƴŎŜ ƻŦ aǊǎΦ ½Φ tǸǎǇǀƪƛΣ ŀƴŘ ǘƘŜƛǊ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ŀōƻǾŜ ǊŜǎǳƭǘǎ ƛǎ 

gratefully acknowledged.  
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Figure captions 

 

Fig. 1. GaP samples with typical dimensions of 6 to 10 mm, with Van der Pauw contact configuration. 

The magnetic field is perpendicular to the sample plane. 

 

Fig. 2. Glass cryostat and sample holder. 1 ς sample block (copper), 2 ςthermal bridge (brass rod with 

heater), 3 ς lead through (heater), 4 ς electrical leads to the sample,  5 ς thermocouple (copper-

constantan), 6 ς copper rod, upper glass Dewar, 8 ς lower glass Dewar. 
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CƛƎΦ оΦ {ŀƳǇƭŜ ŎƘŀƳōŜǊΣ άŜȄǇƭƻŘŜŘέ ǾƛŜǿΦ м ς copper cover with bore to the thermocouple wires, 2 ς 

insulating inlay (teflon), 3 ς copper frame, 4 ς sample holder frame (teflon) with six pins for contacts, 

5 ς insulating cover (teflon) with six holes for the contact pins, 6 - copper cover, 7 ς thermal bridge 

(brass rod) with heater. 

 

Fig. 4. Hall effect results: epitaxial layers: hole concentration vs reciprocal temperature. Insert: data 

fit results, discussed in the text. 

 

Fig. 5. The extracted values of the fexp(K) numerical parameter figuring in Eq. (  ) vs the compensation 

degree (K). Theoretical curves based on the four models discussed in the text are also shown for 

comparison. 
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Table 1 

Extracted parameters oF the solution grown GaP:Zn platelets 

 

Sample NA (cm-3) ND (cm-3) K = ND/NA EA (meV) 

55/2 4.54x1017 7.60x1016 0.168 49 

6 6.52x1017 2.28x1017 0.350 41 

5 6.84x1017 1.24x1017 0.182 52 

46/1 7.17x1017 1.00x1017 0.140 55 

2 1,95x1018 3.70x1017 0.190 40 

44/1 4.60x1018 1.59x1018 0.346 22 

 

 

Table 2 

Extracted parameters of the epitaxial GaP:Zn layers 

 

Sample NA (cm-3) ND (cm-3) K = ND/NA EA (meV) 

10Cu4 3.11x1018 8,40x1017 0.270 33 

9VP2 3.26x1018 1.44x1018 0.441 25 

10VP1 5.34x1018 9.42x1017 0.177 33 

11VP1 8.19x1018 2,28x1017 0.278 21 
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Figures 
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Fig. 2.  

 

 

Fig. 3.  
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Fig. 4. 
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Fig. 5.  
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Napelemes oktat§sunk jubileuma 

 

Nemcsics Ćkos 

Mikroelektronikai ®s Technol·gia Tansz®k, Kand· K§lm§n Villamosm®rnºki Kar, čbudai Egyetem; 1084 

Budapest, TavaszmezŖ utca 17. 

Abstract: Az čbudai Egyetemen a napelemes oktat§s 25 ®ves m¼ltra tekint vissza. Ennek approp·j§n tekintj¿k §t az elm¼lt 

idŖszakot. Jelen dolgozatban elŖszºr a teljes-f®l®ves tant§rgy programj§t mutatjuk be. A tematika §ttekint®se ut§n az a 

negyedsz§zad sor§n el®rt eredm®nyeket taglaljuk. 

Keywords: napelem; oktat§s; alkalmaz§s; 

1 Bevezet®s 

 

 

Az čbudai Egyetemen ill. jogelŖdeiben, a Budapesti MŤszaki FŖiskol§n ill. a Kand· K§lm§n Villamosipari 

MŤszaki FŖiskol§n imm§r 25 ®ve folyik napelemes oktat§s. Az id®n negyedsz§zados tant§tgy elsŖ kurzusa 1999-

ben ker¿lt ind²t§sra. A Napelemek c²mŤ tant§rgy ill. kurzus egy teljesf®l®ves oktat§si program, ami az·ta is 

tºretlen¿l r®sze az oktat§sunknak. A tant§rgy a napelem mŤkºd®s®nek fizikai alapjait·l a napelem fajt§k 

bemutat§s§n §t az alkalmaz§sok k¿lºnbºzŖ aspektuasinak t§rgyal§s§ig terjed. Ezzel a teljesf®l®ves, a szakter¿let 

minden r®sz®t t§rgyal· tematik§val orsz§gosan mindenk®ppen egyed¿l§ll·ak vagyunk az oktat§si palett§n, de 

val·sz²nŤ, hogy nemzetkºzi kitekint®sben sem tal§lni sok ilyen §tfog·tematik§j¼ teljesf®l®ves k®pz®st. 

A k®tezres ®vek elŖtt n§lunk m®g nem volt nagy publicit§sa a meg¼jul· energi§k kiakn§z§s§nak, k¿lºnºsen nem 

a napelemes alkalmaz§soknak. Ilyen tekintetben is ¼ttºrŖ jelentŖs®ge volt ill. van az eml²tett tant§rgynak. Az 

oktat§st seg²tendŖ, a kurzus tantervbe ker¿l®s®vel egyidŖben egy tankºnyv is megjelent [1]. A FŖiskola 

gondoz§s§ban kiadott tankºnyvet p§r ®vvel k®sŖbb kiss® §tdolgozott form§ban az Akad®miai Kiad· is 

megjelentette [2] (1. §bra). Az idŖben elkezdett oktat§sunknak is kºszºnhetŖ, hogy a k®sŖbbiekben egyre 

szaporod· napelemes v§llalkoz§sok, beruh§z§sok, szakhat·s§gok stb. szakemberei tºbbnyire az egykori 

napelemes hallgat·ink kºz¿l ker¿ltek ki. B§tran kijelenthetj¿k, hogy haz§nkban a napelemek kutat§sa, oktat§sa ®s 

alkalmaz§sa ter¿let®n Egyetem¿nk megker¿lhetetlen tud§skºzponnt§ v§lt. 

 

 

 
мΦ łōǊŀ 

A tantárgyhoz tankönyv is készült, amelyet átdolgozott formában az Akadémiai Kiadó is megjelentette. 
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2 A tant§rgy tematik§ja 

2.1 A napelemmŤkºd®s fizikai h§ttere 

 ! ǘŀƴǘłǊƎȅ ƛƭƭΦ ǘŜƳŀǘƛƪłƧŀ ƘłǊƻƳ Ŧǃ ǊŞǎȊǊŜ ǘŀƎƻƭƽŘƛƪΦ !Ȋ Ŝƭǎǃ ǊŞǎȊōŜƴ ŀ ƴŀǇŜƭŜƳ ƳǼƪǀŘŞǎŞƘŜȊ 

ǎȊǸƪǎŞƎŜǎ ǘǳŘƻƳłƴȅƻǎ ƘłǘǘŜǊŜǘ ŀƭŀǇƻȊȊǳƪ ƳŜƎΦ ! ƴŀǇŜƴŜǊƎƛŀ Şǎ ƘŀǎȊƴƻǎƝǘłǎŀ ƪǸƭǀƴƭŜƎŜǎ ƘŜƭȅŜǘ 

foglal Ŝƭ ŀ ƳŜƎǵƧǳƭƽ ŜƴŜǊƎƛłƪ ƪǀȊǀǘǘ, uƎȅŀƴƛǎ ŀ ƭŜƎǘǀōō ƳŜƎǵƧǳƭƽ ŦƻǊǊłǎ ǾƛǎǎȊŀǾŜȊŜǘƘŜǘǃ ŀ 

ƴŀǇŜƴŜǊƎƛłǊŀΦ ! ƴŀǇŜƴŜǊƎƛŀ ƘŀǎȊƴƻǎƝǘłǎŀ ƛǎ ŦŜƭƻǎȊǘƘŀǘƽ ŀƪǘƝǾ Şǎ ǇŀǎǎȊƝǾ ƳƽŘǊŀΦ A napsugłǊȊłǎ 

ǎǇŜƪǘǊǳƳŀ Şǎ ŀ ōŜƴŀǇƻȊłǎ ƪŞǊŘŞǎŜ ƛǎ Ŧƻƴǘƻǎ ŀ ǎȊłƳǳƴƪǊŀΦ 

! ŦŜƴǘƛŜƪ ōŜƳǳǘŀǘłǎŀ ǳǘłƴ ƪǀǾŜǘƪŜȊƛƪ ŀ ŦƻǘƻǾƻƭǘŀƛƪǳǎ Ƙŀǘłǎ Şǎ ŀ ƴŀǇŜƭŜƳ ŦŜƭŞǇƝǘŞǎŞƴŜƪ ǘłǊƎȅŀƭłǎŀΦ ! 

ƴŀǇŜƭŜƳ ƛǎ ŜƎȅ ƻƭȅŀƴ ŦŞƭǾŜȊŜǘǃ ŜǎȊƪǀȊΣ Ƴƛƴǘ ŀ ŘƛƽŘŀ ǾŀƎȅ ŀ ǘǊŀƴȊƛǎȊǘƻǊ Ŏǎŀƪ ŀ ƭŀǘŜǊłƭƛǎ ƳŞǊŜǘŜƛ 

nagyobbakΣ ŜȊŞǊǘ ŀ ǘŜŎƘƴƻƭƽƎƛłƧŀ is ŜƭǘŞǊǃΦ ! ǘłǊƎȅŀƭłǎ ŀȊ ŜƭŜƪǘǊƻƴƛƪŀƛ Şǎ ŦƛȊƛƪŀƻƪǘŀǘłǎunkra alapoz, de 

ǘǀōō ǎȊŜƳǇƻƴǘōƽƭ ǘǵƭ ƛǎ Ƴǳǘŀǘ ŀȊƻƴ. A fizika- Şǎ ŜƭŜƪǘǊƻƴƛƪŀ-ƻƪǘŀǘłǎ ŀ ŦŞƭǾŜȊŜǘǃƪ ǘƛƭƻǎ-ǎłǾƧłǘ ƛǎƳŜǊǘŜǘƛΣ 

ŘŜ ŀƴƴŀƪ ǎȊŜǊƪŜȊŜǘŞǘ ƴŜƳ ǘłǊƎȅŀƭƧŀΦ Lǘǘ ƧŜƭŜƴǘǃǎŜƴ ǘǵƭƭŞǇǸƴƪ ŀ ƪƻǊłōōƛ ƛǎƳŜǊŜǘŜƪŜƴΣ ƘƛǎȊŜƴ ƛǘǘ ŜƎȅ 

ƻǇǘƛƪŀƛ ŜǎȊƪǀȊǊǃƭ Ǿŀƴ ǎȊƽΣ ƳŜƭȅƴŜƪ ƳǼƪǀŘŞǎŞǘ ŀƭŀǇǾŜǘǃŜƴ ōŜŦƻƭȅłǎƻƭƧŀ ŀ ŦŞƭǾŜȊŜǘǃ ŜƴŜǊƎƛŀǎłǾ-

ǎǘǊǳƪǘǵǊłƧŀΦ LƎȅ ǘłǊƎȅŀƭƧǳƪ ŀ ŘƛǊŜƪǘ Şǎ ƛƴŘƛǊŜƪǘ ŦŞƭǾŜȊŜǘǃƪŜǘΦ !Ȋ ŀƭŀǇƻƪƴłƭ ŀȊ ŜƎȅǎȊŜǊǼ Ǉƴ-łǘƳŜƴŜǘŜǎ 

ǎǘǊǳƪǘǵǊłǘ ǾŜǎǎȊǸƪ ŀƭŀǇǳƭΦ ¢łǊƎȅŀƭƧǳƪ ŀȊ ŜǎȊƪǀȊ ƪŀǊŀƪǘŜǊƛǎȊǘƛƪłƛǘΦ ! ƪƛǘǀƭǘŞǎƛ ǘŞƴȅŜȊǃǘΣ ŀ ƘŀǘłǎŦƻƪƻǘ ǎǘōΦ 

(2Φ łōǊŀύΦ 

! ƪǊƛǎǘłƭȅǎȊŜǊƪŜȊŜǘΣ ŀ ƪǊƛǎǘłƭȅƘƛōłƪ ŜƴŜǊƎŜǘƛƪŀƛ ƘŀǘłǎŀΣ ŀ ƘŀǘłǊŦŜƭǸƭŜǘŜƪΣ ŀ ƘŜǘŜǊƻłǘƳŜƴŜǘŜƪ ƧŜƭŜƴǘǃǎ 

ǎȊŜǊŜǇŜǘ ƪŀǇƴŀƪ ŀ ƴŀǇŜƭŜƳƳǼƪǀŘŞǎ ƳŜƎŞǊǘŞǎŞōŜƴΦ ! ǊŜƪƻƳōƛƴłŎƛƽǎ ƳŜŎƘŀƴƛȊƳǳǎƻƪΣ ŀ 

ƪƻƴǘŀƪǘǳǎƻƪΣ ŀȊ ŀƴǘƛǊŜŦƭŜȄƛƽǎ ǊŞǘŜƎŜƪ ƳǼƪǃŘŞǎŞƴŜƪ ƳŜƎŞǊǘŞǎŜ ǎȊƛƴǘŞƴ ƴŀƎȅ ƧŜƭŜƴǘǃǎŞƎƎŜƭ ōƝǊΦ ! 

ƪǾŀƴǘǳƳōŜƘŀǘłǊƻƭłǎΣ ŀȊ ŀƭŀŎǎƻƴȅŘƛƳŜƴȊƛƽǎǎ ǊŜƴŘǎȊŜǊŜƪ ŀȊ ǵƧŦŀƧǘŀ ǎǘǊǳƪǘǵǊłƪƴłƭ ƪŀǇ ŦƻƪƻȊƻǘǘ 

ƧŜƭŜƴǘǃǎŞƎŜǘΦ 

 

 

нΦ łōǊŀ 

(Aύ ŀȊ łǊŀƳ-ŦŜǎȊǸƭǘǎŞƎ ƪŀǊŀƪǘŜǊƛǎȊǘƛƪŀΤ ό.ύ ŀȊ ƛŘŜłƭƛǎ Şǎ ŀ ǊŜłƭƛǎ ƪŀǊŀƪǘŜǊƛǎȊǘƛƪŀΤ ό/ύ ŀ ōŜǎǳƎłǊȊłǎ-ŦǸƎƎŞǎΤ ό5ύ ŀ ƭŜǾŜƘŜǘǃ ƳŀȄƛƳłƭƛǎ 

ǘŜƭƧŜǎƝǘƳŞƴȅ 

. 

2.2 A napelemfajt§k 

 ! ƪǀǾŜǘƪŜȊǃ Ŧǃ ŜƎȅǎŞƎ ŀ ƴŀǇŜƭŜƳŦŀƧǘłƪ Şǎ ǘŜŎƘƴƻƭƽƎƛłƧǳƪ ǘłǊƎȅŀƭłǎŀ. A napelemeknek igen sok 

ŦŀƧǘłƧŀ ǾŀƴΦ ±ŀƴƴŀƪ ŀ ǘǀƳōƛ ŀƴȅŀƎƻƴ ƪŞǎȊǸƭǘŜƪ Şǎ Ǿŀƴƴŀƪ ŀ ǾŞƪƻƴȅǊŞǘŜƎ ƴŀǇŜƭŜƳŜƪΦ !Ȋ ŀƭŀǇŀƴȅŀƎƻǘ 

ǘŜƪƛƴǘǾŜ Ǿŀƴƴŀƪ ŀȊ ŜƭŜƳƛ ŦŞƭǾŜȊŜǘǃƪōǃƭ Şǎ Ǿŀƴƴŀƪ ŀ ǾŜƎȅǸƭŜǘ-ŦŞƭǾŜȊŜǘǃƪōǃƭ ƪŞǎȊǸƭǘŜƪΦ ! ƪǊƛǎǘłƭȅƻǎ 

ǎȊƛƭƝŎƛǳƳ ŀƭŀǇǵ ŀ ƭŜƎƛǎƳŜǊǘŜōōΦ ! ǇƻƭƛƪǊƛǎǘłƭȅƻǎ ŀȊ ŀƭŀǇŀƴyag-ǘŜŎƘƴƻƭƽƎƛłōŀƴ ǘŞǊ ŜƭΦ !Ȋ ŜƭǃłƭƭƝǘłǎ ƧƽǾŀƭ 
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ŜƎȅǎȊŜǊǼōōΣ ƳƝƎ ŀ ƘŀǘłǎŦƻƪōŀƴ ƳƛƴƛƳłƭƛǎ ŀ ŎǎǀƪƪŜƴŞǎΦ ! ǾŞƪƻƴȅǊŞǘŜƎ ƴŀǇŜƭŜƳŜƪ ƭŜƎƛǎƳŜǊǘŜōō 

ƪŞǇǾƛǎŜƭǃƧŜ ŀ ƘƛŘǊƻƎŞƴŜȊŜǘǘ ŀƳƻǊŦ-ǎȊƛƭƝŎƛǳƳ ƴŀǇŜƭŜƳΦ 9ƴƴŜƪ ŀōǎȊƻǊǇŎƛƽǎ ǘǳƭŀƧŘƻƴǎłƎŀƛ ƪƛǾłƭƽŀƪΦ 

9ƴƴŜƪ ŀ ǘǳƭŀƧŘƻƴǎłƎƴŀƪ ŀ ƪǀǾŜǘƪŜȊƳŞƴȅŜƪŞƴǘ ŀ ƴŀǇǎȊŀƪǊŀ Şǎ ŀ ƳŜǘŜƻǊƻƭƽƎƛŀƛ ǾƛǎȊƻƴȅƻƪǊŀ ƪŜǾŞǎōŞ 

ŞǊȊŞƪŜƴȅΦ 

aƻǎǘŀƴłōŀƴ ŜƎȅǊŜ ƛƴƪłōō ŦŜƭƧǀǾǃōŜƴ Ǿŀƴnak aȊ ǵƴΦ ƪŀƭƪƻƎŜƴƛŘ ŀƭŀǇǵ ƴŀǇŜƭŜƳŜƪ ƪǳǘŀǘłǎŀΣ ƎȅłǊǘłǎŀ 

Şǎ ŀƭƪŀƭƳŀȊłǎŀΦ Lǘǘ ŀ /ǳLƴDŀ{Ŝ2 Şǎ Ƙŀǎƻƴƭƽ ƴŀǇŜƭŜƳŜƪŜǘ ƪŜƭƭ ƳŜƎŜƳƭƝǘŜƴƛ. A napeleƳŜƪ ƪǀȊǀǘǘ 

ƪǸƭǀƴƭŜƎŜǎ ƘŜƭȅŜǘ ŦƻƎƭŀƭƴŀƪ Ŝƭ ŀ Dŀ!ǎ Şǎ Ǌƻƪƻƴ ŀƴȅŀƎƻƪōƽƭ ƪŞǎȊǸƭǃ ƴŀǇŜƭŜƳŜƪΦ !Ȋ ƻǇǘƛƳłƭƛǎ 

ŜƴŜǊƎƛŀǎłǾǎȊŜǊƪŜȊŜǘ ƻƪłƴ ŀȊ ŀƴȅŀƎ ǘǀƪŞƭŜǘŜǎ ŀ ƴŀǇŜƴŜǊƎƛŀ ƪƻƴǾŜǊȊƛƽǊŀΦ Napjainkban a ǾƛƭłƎǼǊōŜ Ŏǎŀƪ 

ilyen ŀƭŀǇŀƴȅŀƎōƽƭ ƪŞǎȊǸƭǘ napelemeket juttatnak ki. Alacsony-ŘƛƳŜƴȊƛƽǎ ǎǘǊǳƪǘǵǊłƪŀǘ ōŜŞǇƝǘǾŜ ŀ 

ƘŀǘłǎŦƻƪ ŘǊŀǎȊǘƛƪǳǎŀƴ ŜƳŜƭƘŜǘǃΦ ! ƘŀƎȅƻƳłƴȅƻǎ ǎȊƛƭƝŎƛǳƳ ŀƭŀǇǵ napelemek ƘŀǘłǎŦƻƪŀ нл҈ ŀƭŀǘǘƛΦ 

EzeknŞƭ aȊ ǵƧŦŀƧǘŀ Dŀ!ǎ-ŀƭŀǇǵ napelemeknŞƭ ŀ ƘŀǘłǎŦƻƪ ƳŀƎŀǎŀƴ ǎȊłǊƴȅŀƭ (40 ς 60 ς 80%). 

CŜƭƳŜǊǸƭƘŜǘ ŀ ƪŞǊŘŞǎΣ ƳƛŞǊǘ ŦƻƎƭŀƭƪƻȊǳƴƪ ƛƭȅŜƴ ƴŀǇŜƭŜƳŜƪƪŜƭ ŜƎȅ ƪǀǊƴȅŜȊŜǘōŀǊłǘ ǎȊŜƳƭŞƭŜǘǼ 

ǘŀƴǘłǊƎȅōŀƴΚ ! ǾƛƭłƎǼǊƛ ŦŜƭƧŜǎȊǘŞǎŜƪ Ŝƭǃōō-ǳǘƽōō ƳŜƎƧŜƭŜƴƴŜƪ ŀ ƘŞǘƪǀȊƴŀǇƧŀƛƴƪōŀƴ ƛǎΦ 9ƭŞƎ Ŏǎŀƪ pl. a 

ǘŜŦƭƻƴǊŀ ǳǘŀƭƴƛΦ 9ƎȅŞōƪŞƴǘ ŀ ŦŜƴǘŜƳƭƝǘŜǘǘ ŀƭŀŎǎƻƴȅŘƛƳŜƴȊƛƽǎ ǎǘǊǳƪǘǵǊłǘ ǘŀǊǘŀƭƳŀȊƽ napelem-ǘƝǇǳǎ ƳłǊ 

ƳŜƎƧŜƭŜƴǘ ŀ ŦǀƭŘƛ ŀƭƪŀƭƳŀȊłǎōŀƴ isΦ ! ƴŀǇŜƭŜƳŦŀƧǘłƪ ƪǀȊǀǘǘ ǘłǊƎȅŀƭƧǳƪ ŀȊ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ƴŀǇŜƭŜƳŜǘΣ 

ŀƳŜƭƭȅŜƭ ƴŜƳŎǎŀƪ ŜƭŜƪǘǊƻƳƻǎǎłƎΣ ƘŀƴŜƳ ƘƛŘǊƻƎŞƴ ƛǎ ŜƭǃłƭƭƝǘƘŀǘƽΣ ƳŜƭƭȅŜƭ ŀȊ ŜƴŜǊƎƛŀǘłǊƻƭłǎ 

ǇǊƻōƭŞƳłƧŀ ƭŜƴƴŜ ƳŜƎƻƭŘƘŀǘƽΦ ¢łǊƎȅŀƭƧǳƪ ƳŞƎ ŀ ǇƻƭƛƳŜǊ-alapǵ ƴŀǇŜƭŜƳŜƪŜǘΦ ¢ƻǾłōōł ŀȊ ƛƎŜƴ 

ǾŞƪƻƴȅ Şǎ ƘŀƧƭƝǘƘŀǘƽ ƘƻǊŘƻȊƽǊŀ ŦŜƭǾƛƘŜǘǃ ƴŀǇŜƭŜƳ ǎǘǊǳƪǘǵǊłƪŀǘ ƛǎ. 

 

2.3 A napelemek alkalmaz§sa 

 ! ǘŀƴǘłǊƎȅ ǘŜƳŀǘƛƪłƧłƴŀƪ ƘŀǊƳŀŘƛƪ ƴŀƎȅ ǘŜǊǸƭŜǘŜ ŀȊ ŀƭƪŀƭƳŀȊłǎƻƪŞΦ ! ŀǇŜƭŜƳŜǎ ǊŜƴŘǎȊŜǊŜƪŜǘ 

ƘŀǎȊƴłƭƘŀǘƧǳƪ ǎȊƛƎŜǘ-ǸȊŜƳƳƽŘōŀƴ Şǎ Ƙłƭƽzatra-ƪŀǇŎǎƻƭǘ ƳƽŘōŀƴ ƛǎΦ !Ȋ ŜƭǃōōƛƴŞƭ ŀȊ ŀƪƪǳƳǳƭłǘƻǊ 

ǘǀƭǘŞǎǘ ƪŜƭƭ ƳŜƎƻƭŘŀƴƛΣ ŀƘƻƭ ŀȊ ƛŘǃƧłǊłǎ- Şǎ ƴŀǇƧłǊłǎ-ŦǸƎƎǃ ƪƛƳŜƴŜǘƛ ǘŜƭƧŜǎƝǘƳŞƴȅǾłƭǘƻȊłǎ ŀ ƪǀǊƴȅŜȊŜǘƛ 

ŀŘƻǘǘǎłƎΦ aƝƎ ŀ ƳłǎƻŘƛƪ ŜǎŜǘōŜƴ ŀ ǾłƭǘŀƪƻȊƽ łǊŀƳǵ ƘłƭƽȊŀǘǊŀ Ǿŀƭƽ ŎǎŀǘƭŀƪƻȊłǎ ŜƎȅ ǵƴΦ inverteren 

kerŜǎȊǘǸƭ Ǿŀƭƽǎǳƭ ƳŜƎΦ 9ȊŜƪ łǊŀƳƪǀǊƛ ƳŜƎƻƭŘłǎŀ ǎȊƛƴǘŞƴ ƳŞǊƴǀƪƛ ŦŜƭŀŘŀǘΦ !Ȋ ŀƭƪŀƭƳŀȊłǎƻƪ ŜǎŜǘŞƴ ŀ 

ƴŀǇŜƭŜƳ ƪŜǊǸƭƘŜǘ ǘŜǘǃǊŜ ȊŀƧǾŞŘǃ ŦŀƭǊŀ ǎǘōΦ !Ȋ ŞǇƝǘŞǎȊŜǘƛ ŀƭƪŀƭƳŀȊłǎƻƪ ŜǎŜǘŞƴ ƪǸƭǀƴ ƪŀǘŜƎƽǊƛŀ ŀ 

ƘƻƳƭƻƪȊŀǘǊŀ ƪŜǊǸƭǃ ǵƴΦ ŦǸƎƎǀƴȅŦŀƭŀǎ ƳŜƎƻƭŘłǎΦ bŀǇŜƭŜƳ ƪŜǊǸƭƘŜǘ ƳŀƎŀǎǘŜǘǃǊŜ Şǎ ƭŀǇƻǎǘŜǘǃǊŜ 

ŜƎȅŀǊłƴǘΦ ! ƳŀƎŀǎǘŜǘǃǎ ƳŜƎƻƭŘłǎƴłƭ ƭŜƘŜǘǎŞƎŜǎ ŀȊ łǘǎȊŜƭƭǃȊǘŜǘŜǘǘ ŜƭǊŜƴŘŜȊŞǎΦ IŞƧŀȊŀǘƪŞƴǘ ƛǎ 

ƘŀǎȊƴłƭƘŀǘƽΦ ;ǊŘŜƪŜǎ ŀƭƪŀƭƳŀȊłǎƛ ƛǊłƴȅzat ŀ ǇƛƪƪŜƭȅŦŜŘŞǎƪŞƴǘ Ǿŀƭƽ ŦŜƭƘŀǎȊƴłƭłǎΦ #ƭǘŀƭłōŀƴ ƴŜƳ 

ǎȊƻƪǘłƪ ǘłǊƎȅŀƭƴƛΣ ŘŜ ƴŀƎȅƻƴ Ŧƻƴǘƻǎ ŀǎǇŜƪǘǳǎ ŀȊ ŜǎȊǘŞǘƛƪŀΦ ! ƴŀǇŜƭŜƳŜƪ ǳǘƽƭŀƎƻǎ ƛƴǎǘŀƭƭłƭłǎŀ ƳŜƭƭŜǘǘ 

ŜƎȅǊŜ ƛƴƪłōō ǘŜǊƧŜŘΣ ƘƻƎȅ ƴŀǇŜƭŜƳƳŜƭ ǘŜǊǾŜȊƛƪ ŀ ƘłȊŀǘΦ ! ƴŀǇŜƭŜƳ ǳƎȅŀƴǵƎȅΣ Ƴƛƴǘ ǇƭΦ ōłǊƳŜƭȅ 

ǎȊƛƭƛƪłǘƛǇŀǊƛ ǘŜǊƳŞƪΣ ŞǇƝǘǃŜƭŜƳŜ ŜƎȅ ƭŜƘŜǘǎŞƎŜǎ ƘłȊƴŀƪΦ Iŀ ŀȊ ŞǇƝǘŞǎȊ ŜǎȊǘŞǘƛƪǳǎƴŀƪ ǘŀƭłƭƧŀΣ 

ōŜƭŜǘŜǊǾŜȊƛ ŀ ƘłȊōŀΦ Lǘǘ ƪŜƭƭ ƳŜƎŜƳƭƝǘǎǸƪ ŀȊ ŀƳƻǊŦ-ǎȊƛƭƝŎƛǳƳ ƴŀǇŜƭŜƳŜǘΣ ŀƳŜƭȅ ǎŜƳƭŜƎŜǎΣ ǎȊŞǇ 

ŦŜƭǸƭŜǘŞǾŜƭ ƪǸƭǀƴǀǎŜƴ ŀƭƪŀƭƳŀǎ ŜǊǊŜ ŀ ŦŜƭŀŘŀǘǊŀ. 

 

3 Napelemes eredm®nyeink 

3.1 Tudom§nyos eredm®nyek 

 ! ƴŜƎȅŜŘǎȊłȊŀŘƻǎ ŦǳǘŀƳƛŘǃ ŀƭŀǘǘ ǘǀōō ƴŀǇŜƭŜƳŜƪƘŜȊ ƪŀǇŎǎƻƭƽŘƽ ǘǳŘƻƳłƴȅƻǎ ǇǊƻƧŜƪtjeink voltak, 

ƳŜƭȅŜƪŜǘ Ŏŀǎƪ ǘŜƳŀǘƛƪŀ ǎȊƛƴǘƧŞƴ ŜƳƭƝǘƧǸƪ ƳŜƎ. Az egyik az amorf-ǎȊƛƭƝŎƛǳƳ ǘŜŎƘƴƻƭƽƎƛłƘƻȊ ƪǀǘǃŘƛƪΦ A 

jŜƭŜƴƭŜƎ ƘŀǎȊƴłƭǘ ǘŜŎƘƴƻƭƽƎƛłǾŀƭ όŎƘŜƳƛŎŀƭ ǾŀǇƻǳǊ ŘŜǇƻǎƛǘƛƻƴύ ƎȅłǊǘƻǘǘ ƴŀǇŜƭŜƳŜƪƴŞƭ ƳŜƎŦƛƎȅŜƭƘŜǘǃ 
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ŜƎȅ ōƛȊƻƴȅƻǎ Ŧƻƪǵ ƘŀǘłǎŦƻƪ-ŘŜƎǊŀŘłŎƛƽΣ ŀƳƛ ƛŘǃǾŜƭ ǘŜƭƝǘŞǎōŜ ƳŜƎȅΦ 9ƴƴŜƪ ŀȊ ŜŦŦŜƪǘǳǎƴŀƪ 

ƪƛƪǸǎȊǀōǀƭŞǎŞǊŜ ŜƎȅ Ƴłǎƛƪ ǘŜŎƘƴƻƭƽƎƛłǾŀƭ όǎǇǳǘǘŜǊƴƛƎύ ǾŞƎŜȊǘǸƴƪ ƪƝǎŞǊƭŜǘŜƪŜǘΦ 9Ǝȅ ƪǀǾŜǘƪŜȊǃ ƪǳǘŀǘłǎƛ 

ǇǊƻƧŜƪǘǸƴƪ ŀȊ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ƴŀǇŜƭŜƳŜƪƘŜȊ ƪǀǘǃŘƛƪΦ 9ȊŜƴ ǘƝǇǳǎ ƴŀƎȅ ǇǊƻōƭŞƳłƧŀ ŀ ŦƻǘƻƪƻǊǊƽȊƛƽΦ 

Amelyik anyag elleƴłƭƭ ŜƴƴŜƪ ŀ Ƙŀǘłǎƴŀƪ ŀȊ łƭǘŀƭłōŀƴ ƴŜƳ Ƨƽ ƴŀǇŜƴŜǊƎƛŀ ƪƻƴǾŜǊȊƛƽƴŀƪΣ ŀƳƛ Ƨƽ ƭŜƴƴŜ 

ŀȊ ŜƭƪƻǊǊƻŘłƭΦ YƻƭƭŞƎłƪƪŀƭ ǘŀƭłƭǘǳƴƪ ŜƎȅ ŀƴȅŀƎƻǘ ό/Ř4GeSe6ύΣ ŀƳƛ ŜƴƴŜƪ ŀ ƪƻǊǊƽȊƛƽƴŀƪ ŜƭƭŜƴłƭƭ, de itt 

ŜƭǃłƭƭƝǘłǎƛ ǇǊƻōƭŞƳłƪ ǾŀƴƴŀƪΦ !Ȋ ŜƎȅƛƪ Ŧǃ ǘǳŘƻƳłƴȅƻǎ ŀƪǘƛǾƛǘłǎǳƴƪ ŀ Dŀ!ǎ ŀƭŀǇǵ ǎǘǊǳƪǘǵǊłƪƪŀƭΣ 

napelemekkel kapcsolatos.  

Itt ŜƳƭƝǘŜƴŘǃ ŀ aŀƎȅŀǊ bŀǇŜƭŜƳ Şǎ bŀǇƪƻƭƭŜƪǘƻǊ {ȊǀǾŜǘǎŞƎƎŜƭ ǘǀǊǘŞƴǘ ƎȅǸƳǀƭŎǎǀȊǃ 

ŜƎȅǸǘǘƳǼƪǀŘŞǎǸƴƪΣ ƳŜƭȅƴŜƪ ƪǀǾŜǘƪŜȊƳŞƴȅŜΣ ƘƻƎȅ ǘǀōō ŀƭƪŀƭƻƳƳŀƭ ƛǎ EƎȅŜǘŜƳǸƴƪ ŀŘƻǘǘ ƘŜƭȅŜǘ ŀ 

{ƻƭłǊ YƻƴŦŜǊŜƴŎƛłƪƴŀƪΦ 

3.2 MŤszaki ®s oktat§si eredm®nyek 

 ! ǘŀƴǘłǊƎȅƘƻȊ ǘǀōō ƘŀƭƭƎŀǘƽƛ ƛƭƭ ƳǼǎȊŀƪƛ ǇǊƻƧŜƪǘ ƛǎ ƪŀǇŎǎƻƭƽŘƻǘǘΦ !Ȋ ŜƭǎǃΣ ŀƳƛǘ ŜƳƭƝǘǸƴƪΣ ǘŜŎƘƴƻƭƽƎƛŀƛ 

ƧŜƭƭŜƎǼΦ ! ǘŀƴǘłǊƎȅǳƴƪ ōŜǾŜȊŜǘŞǎŞǾŜƭ ǎȊƛƴǘŜ ŜƎȅ ƛŘǃōŜƴ ƧŜƭŜƴǘ ƳŜƎ budapesti telephellyel egy egykori 

ƘłȊƎȅłǊ ŞǇǸƭŜǘŞōŜƴ ŀȊ ŀƳŜǊƛƪŀƛ-ƳŀƎȅŀǊ ǘǃƪŞōǃƭ ƛƴŘǳƭƽ ƳŀƎȅŀǊ ǎȊŀōŀŘŀƭƳƻƴ ŀƭŀǇǳƭƽ ƴŀǇŜƭŜƳ ƎȅłǊΦ ! 

ǘŜƭŜǇƝǘŞǎǘ ƪǀǾŜǘǃŜƴ ŀ ƎȅłǊǘłǎ ƛƴŘǳƭłǎłǘ ƳŞƎ ŞǾŜƪƛƎ ǘŀǊǘƽ ŦŜƧƭŜǎȊǘŞǎŜƪΣ ƪƝǎŞǊƭŜǘŜƪ ŜƭǃȊǘŞƪ ƳŜƎΦ 9Ȋ Ǿƻƭǘ 

az amorf-ǎȊƛƭƝŎƛǳƳ ŀƭŀǇǵ ǘŀƴŘŜƳ ƴŀǇŜƭŜƳŜƪŜǘ ƎȅłǊǘƽ 5ǳƴŀǎƻƭłǊ bŀǇŜƭŜƳƎȅłǊǘƽ wǘΦ Lǘǘ voltak Ƨƽ 

szakmai kapcsolataink, ahol hŀƭƭƎŀǘƽƛ ǸȊŜƳƭłǘƻƎŀǘłǎƻƪŀǘ ǎȊŜǊǾŜȊǘǸƴƪΣ ill. bekapcsoƭƽŘǘǳƴƪ ŀ 

ŦŜƧƭŜǎȊǘŞǎŜƪōŜΦ ¢ǀōō ǎzakdolgozat is ƪŞǎȊǸƭǘ ŀ ǘŞƳłōƽƭ ǾŀƭŀƳƛƴǘ ǾŞƎȊŜǘǘ ƘŀƭƭƎŀǘƽƛƴƪ ǘŀƭłƭǘŀƪ ƛǘǘ 

ƳǳƴƪłǘΦ Iŀǎƻƴƭƽŀƴ Ƨƽ ƪŀǇŎǎƻƭŀǘƻƪŀǘ ƛƭƭΦ ǸȊŜƳƭłǘƻƎŀǘłǎƻƪŀǘ ŀƭŀƪƝǘƻǘǘǳƴƪ ƪƛ ŀ ǊłŎƪŜǾŜƛ YƻǊŀȄ 

DŞǇƎȅłǊǘƽ ƴŀǇŜƭŜƳŜǎ ǀǎǎȊŜǎȊŜǊŜƭǃ ǊŞǎȊƭŜƎŞǾŜƭΦ ¢ƻǾłōōł ŀȊ ŜǎȊǘŜǊƎƻƳƛ {ŀƴȅƻ ƴŀǇŜƭŜƳƎȅłǊōŀƴ ƛǎ 

ǊŜƴŘǎȊŜǊŜǎ ƭłǘƻƎŀǘƽƪ ǾƻƭǘǳƴƪΣ ŀƘƻƭ ǎȊƛƭƝŎƛǳƳ-ŀƭŀǇǵ ŀƳƻǊŦκƪǊƛǎǘłƭȅƻǎ ƘŜǊŜǘƻłǘƳŜƴŜǘŜǎ ŜǎȊƪǀȊǀƪŜǘ 

ƎȅłǊǘƻǘǘŀƪΦ Iŀǎƻƴƭƽŀƴ ŀƪǘƝǾ ƪŀǇŎǎƻƭŀǘƻǘ łǇƻƭǘǳƴƪ ŀ YCYL ǘŜƭŜǇƘŜƭȅŞƴ ǘǀōō ƪǳǘŀǘƽŎǎƻǇƻǊǘǘŀƭΦ 

! ǘƻǾłōōƛ ƘŀƭƭƎŀǘƽƛ ǇǊƻƧŜƪǘŜƪ ƛƴƪłōō ŀȊ ŀƭƪŀƭƳŀȊłǎƘƻȊ ƪǀǘǃŘǘŜƪΦ ±ŜȊŞǊƭǃΣ ǘǀƭǘǃ Şǎ ƛƴǾŜǊǘŜǊ 

ƪŀǇŎǎƻƭłǎƻƪ ǘŜǊǾŜȊŞǎŜ ƳŜƎǾŀƭƽǎƝǘłǎŀ ǘǀōō ǎƛƪŜǊŜǎ ǎȊŀƪŘƻƭƎƻȊŀǘ ǘŞƳłƧŀ ǾƻƭǘΦ /ǎŀƭłŘƛ ƘłȊŀǎ Şǎ ƛǇŀǊƛ 

ƳŞǊŜǘǼ ƴŀǇŜlem-ƛƴǎǘŀƭƭłƭłǎƛ ŦŜƭŀŘŀǘƻƪŀǘ ƻƭŘƻǘǘŀƪ ƳŜƎ ƘŀƭƭƎŀǘƽƛƴƪΣ ƳŜƭȅŜƪ ǘǀōō ŜǎŜǘōŜƴ ƛǎ 

ǎȊŀƪŘƻƭƎƻȊŀǘ ŦƻǊƳłƧłōŀƴ ǀƭǘǀǘǘŜƪ ǘŜǎǘŜǘΦ !Ȋ ǳǘƽōōƛ ƴŞƘłƴȅ ŞǾōŜƴ ŀ ȊǀƭŘƳŜȊǃǎ ƴŀǇŜƭŜƳ-ŜǊǃƳǼǾŜƪ 

ŜƭǎȊŀǇƻǊƻŘłǎłǘ ǘŀǇŀǎȊǘŀƭƘŀǘǘǳƪ ƳŜƎΦ YŞȊŜƴŦŜƪǾǃƴŜƪ ƭłǘǎȊƻǘǘ ŜȊŜƪ ŞǇƝǘŞǎƛ ŦƻƭȅŀƳŀǘŀƛōŀ ōŜǘŜƪƛƴǘŞǎǘ 

ƴȅŜǊƴƛΦ «ȊŜƳƭłǘƻƎŀǘłǎƻƪ ǎƻǊłƴ ǎƻƪ ǘŀǇŀǎȊǘŀƭŀǘƻǘ ǎȊŜǊŜȊǘǸƴƪΦ ! ƪƛǾƛǘŜƭŜȊŞǎ ǎƻǊłƴ sajnos ǘǀōō 

ŀƴƻƳłƭƛłǘ ƛǎ ƳŜƎǘŀǇŀǎȊǘŀƭƘŀǘǘǳƴƪΣ ŀƳƛ ƴŜƳ ŜǊǃǎƝǘŜǘǘŜ ŀ ƎŀȊŘłƪ ǘŜŎƘƴƻƭƽƎƛŀ ƛǊłƴǘƛ ōƛȊŀƭƳłǘΦ 

Itt egy napelem-ŀƭƪŀƭƳŀȊłǎƛ ōǸǎȊƪŜǎŞƎǸƴƪŜǘ ƪŜƭƭ ƳŞƎ ƳŜƎŜƳƭƝǘŜƴǸƴƪΦ ! ŦŜƴǘ ŜƳƭƝǘŜǘǘ Dŀ!ǎ-ŀƭŀǇǵ 

nano-ǎǘǊǳƪǘǵǊłǎ ƪǳǘŀǘłǎŀƛƴƪƴŀƪ ƪǀǎȊǀƴƘŜǘǃŜƴ ƪŀǇǘǳƴƪ ŜƎȅ ƳǼŜƎȅŜǘŜƳƛ ŦŜƭƪŞǊŞǎǘΦ ! Ƴǳƴƪŀ ŀ 

ƴŜƳȊŜǘƪǀȊƛ ƘŀƭƭƎŀǘƽƛ ŎǳōŜ-ǎŀǘ ǇǊƻƧŜƪǘǘŜƭ ƪŀǇŎǎƻƭŀǘƻǎΦ ! aǼŜƎȅŜǘŜƳ ƪƻǊłōōƛ ǎƛƪŜǊŜǎ ǎȊƝƭƝŎƛǳƳ-

ƴŀǇŜƭŜƳŜǎ ƳǼƘƻƭŘ-projektje (MASAT 10x10x10 cm3) ǳǘłƴ ƳŜƎ szeretett volna ǇǊƽōłƭƪƻȊni aȊ ǵƧŀōō 

ƎŜƴŜǊłŎƛƽǎ рȄрȄр ŎƳ3 ƳŞǊŜǘǼ ό{ahDύ ƳǼƘƻƭŘŘŀƭΦ ! ǎƻƪƪŀƭ ƪƛǎŜōō ŦŜƭǸƭŜǘ ƴŀƎȅƻōō ƘŀǘłǎŦƻƪǵ 

ƴŀǇŜƭŜƳŞǊǘ άƪƛłƭǘƻǘǘέΦ ! ŦŜƭŀŘŀǘǊŀ ŀȊ ƛƎŜƴ ƴŀƎȅ ƘŀǘłǎŦƻƪǵ  kvantum-ǾǀƭƎȅŜǎ GaAs napelem volt a 

ƳŜƎƻƭŘłǎ. Ennek instalƭłƭłǎłōŀƴ ƪŞǊǘŞƪ ŀ ǎŜƎƝǘǎŞƎǸƴƪŜǘΦ ! ǇǊƻōƭŞƳŀ ǎƛƪŜǊŜǎ ƳŜƎƻƭŘłǎłǾŀƭ ŀ ƳŀƎȅŀǊ 

ƳǼƘƻƭŘ ƭŜǘǘ ŀ ƴŜƳȊŜǘƪǀȊƛ ƳŜȊǃƴȅōŜƴ ŀ legsikeresebb, valamint a leghosszabb ideig maradt fent az 

ǼǊōŜƴ όоΦ łōǊŀύ. Ezzel a projekttel nemcsak ƘŀȊłƴƪnak, de ŀȊ jōǳŘŀƛ Egyetemnek is eliǎƳŜǊŞǎǘ 

ǎȊŜǊŜȊǘǸƴƪ. 
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оΦ łōǊŀ 

! ƘŀƭƭƎŀǘƽƛ /¦.9 {!¢ ǇǊƻƧŜƪǘΦ ! ƳǼƘƻƭŘ ƻƭŘŀƭłƴ ŀȊ łƭǘŀƭǳƴƪ ƛǎƴǎǘŀƭƭłƭǘ Dŀ!ǎ-ŀƭŀǇǵ Ƴǳƭǘƛ-quantum-ǿŜƭƭ ƛƎŜƴ ƴŀƎȅ ƘŀǘłǎŦƻƪǵ ƴŀǇŜƭŜƳ 

 

¥sszegz®s ®s kitekint®s 

A fentiekben a negyedsz§zados napelemes tant§rgyunkr·l ®s a hozz§ kºtŖdŖ oktat§si ®s tudom§nyos 

aktivit§sunkr·l sz§moltunk be. A tant§rgyunk nem csak ¼ttºrŖ volt a maga nem®ben, de a tematik§j§val ®s annak 

m®lys®g®vel m§ig egyed¿l§ll· a hazai felsŖoktat§sban. A tant§rgy m·dosulata a nano-strukt¼r§s napelemek 

s¼lypontba helyez®s®vel angol nyelvŤ prezent§ci·-sorozatban is elk®sz¿lt (TĆMOP projekt keret®ben). A 

napelemekhez kºtŖdŖen tºbb anyagtudom§nyi munka is sz¿letett. Tal§n ennek az aktivit§snak is kºszºnhetŖ, hogy 

a nemzetkºzi Szol§r Konferencia sorozatnak tºbb ²zben is Egyetem¿nk volt a h§zigazd§ja. Az egyik legut·bbi 

sikeres projekt¿nk a hallgat·i cube-sat volt, ahol a napelem-install§l§s sikeres megold§s§val hozz§j§rultunk a hazai 

felsŖoktat§s ®s kutat§s nemzetkºzi elismerts®g®nek nºvel®s®hez, egyben ºregb²tett¿k Egyetem¿nk h²rnev®t is. Itt 

eml²tendŖ meg, hogy r®szben a napelemes oktat§sunk szolg§lt alapul a kºzelm¼ltban ind²tott napelemes 

szakm®rnºki k®pz®s¿nknek is. Napelemes szakdolgozatok mellett a doktori iskol§inkban is megjelent¿nk 

napelemes t®m§kkal. A napelemes aktivit§sunk elismer®se COST projektbe val· megh²v§sunk, doktori b²r§latokra 

val· felk®r®seink. A napelemes projektek kºr¿l kialakult csapat a biztos²t®k, hogy lesz folytat§sa eddigi 

munk§nknak. 

Kºszºnetnyilv§n²t§s 

A ǎȊŜǊȊǃ ƪǀǎȊǀƴŜǘŞǘ ŦŜƧŜȊƛ ƪƛ ŘǊΦ ¢ǳǊƳŜȊŜƛ tŞǘŜǊƴŜƪΣ ŀƪƛ мффф-ōŜƴ ŘŞƪłƴƪŞƴǘ ǘłƳƻƎŀǘǘŀ ŀ ǘŀƴǘłǊƎȅ 

ōŜǾŜȊŜǘŞǎŞǘΦ ¢ƻǾłōōƛ ƪǀǎȊǀƴŜǘ ƛƭƭŜǘƛ ŀ ǘŀƴǘłǊƎȅ ƘŀƭƭƎŀǘƽƛǘΣ ŀƪƛƪ ŞǊŘŜƪƭǃŘŞǎǸƪƪŜƭΣ ƪŞǊŘŞǎŜƛƪƪŜƭ 

ƘƻȊȊłƧłǊǳƭǘŀƪ ŀ ǘŀƴǘłǊƎȅ ŦƻǊƳłƭƽŘłǎłƘƻȊΦ ¢ƻǾłōōł ƪǀǎȊǀƴŜǘ ƛƭƭŜǘƛ ŀ ǘǳŘƻƳłƴȅƻǎ Şǎ ƛǇŀǊƛ 

ǇŀǊǘƴŜǊŜƛƴƪŜǘ ƛǎ ŀƪƛƪƪŜƭ ŀ ƴŜƎȅŜŘǎȊłȊŀŘ ŀƭŀǘǘ ǎȊŀƪƳŀƛ ƪŀǇŎǎƻƭŀǘōŀ ƪŜǊǸƭǘǸƴƪΦ 
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25 ®ves az ¥kologikus mŤszaki konstrukci·k c²mŤ tant§rgy 

 

Nemcsics Ćkos 

Mikroelektronikai ®s Technol·gia Tansz®k, Kand· K§lm§n Villamosm®rnºki Kar, čbudai Egyetem; 1084 

Budapest, TavaszmezŖ utca 17. 

Abstract: Az čbudai Egyetemen az ¥kologikus mŤszaki konstrukci·k c. tant§rgy 25 ®vvel ezelŖtt ker¿lt bevezet®sre. A kerek 

®vfordul· kapcs§n bemutatjuk a tant§rgyat ®s §ttekintj¿k az elm¼lt idŖszak alatt a hozz§ kapcsol·d· tudom§nyos ®s oktat§si 

projektjeinket. A tant§rgyhoz tºbb k¿lsŖ-helysz²nesprojekt is tartozott, melyek kºz¿l kiemelkedik a h¼sz even §t tart· ºko-t§bor-

sorozatunk, melynek k¿lºn fejezetet szentel¿nk. 

Keywords: kºrnyezetbar§t megold§s; ºkol·giai l§bnyom; anyag takar®koss§g; energiahat®konys§g, fenntarthat·s§g 

1 Bevezet®s 

!Ȋ mƪƻƭƻƎƛƪǳǎ ƳǼǎȊŀƪƛ ƪƻƴǎǘǊǳƪŎƛƽƪ ŎƝƳǼ ǘŀƴǘłǊƎȅ ŀȊ jōǳŘŀƛ 9ƎȅŜǘŜƳŜƴ ƛƭƭΦ ƧƻƎŜƭǃŘƧŜƛōŜƴ нр ŞǾŜǎ 

ƳǵƭǘǊŀ ǘŜƪƛƴǘ ǾƛǎǎȊŀΦ ! ǘŀƴǘłǊƎȅ ŀ YŀƴŘƽ YłƭƳłƴ ±ƛƭƭŀƳƻǎƛǇŀǊƛ aǼǎȊŀƪƛ Cǃƛǎƪƻƭłƴ ƛƭƭΦ ƪŞǎǃōō YŀǊƻƴ 

ƪŜǊǸƭǘ ōŜǾŜȊŜǘŞǎǊŜΦ 

Az 1999-ben ƛƴŘǳƭǘ ǘŀƴǘłǊƎȅ ƪŞǎǃōō ŀȊ 9ƎȅŜǘŜƳǸƴƪ ƛƭƭΦ ƧƻƎŜƭǃŘƧŜ ǘǀōō ƪŀǊłƴ ƛǎ ŀȊ ƻƪǘŀǘłǎ ǊŞǎȊŜ ƭŜǘǘΦ 

!Ȋ Ŝƭǎǃ ƪǳǊȊǳǎ ƛƴŘǳƭłǎłƴŀƪ ŞǾōŜƴ ǘŀƴƪǀƴȅǾ ƛǎ ƪƛŀŘłǎǊŀ ƪŜǊǸƭǘ ώмϐΦ ! ǘŀƴƪǀƴȅǾ ŜƎȅ ǘǀōō ǊŞǎȊŜǎǊŜ 

ǘŜǊǾŜȊŜǘǘ ǀƪƻƭƽƎƛŀƛ ǎȊŜƳƭŞƭŜǘǼ ǎƻǊƻȊŀǘ ŜƎȅƛƪ ǘŀƎƧŀΦ ! ǎƻǊƻȊŀǘ ƭƻƎƽƧŀ ŀ ǾƛƭƭłǎƪǳƭŎǎƻƪōƽƭ Şǎ ŎǎŀǾŀǊƻƪōƽƭ 

Ŝƭǃłƭƭƽ Ŧłǘ ǎȊƛƳōƻƭƛȊłƭ όмΦ łōǊŀύ. ! ƪǀǊƴȅŜȊŜǘōŀǊłǘ ƳŞǊƴǀƪƛ ǎȊŜƳƭŞǘŜǘ ƪƛŀƭŀƪƝǘłǎŀ ƳƛƴŘƛƎ ƛǎ Ŧƻƴǘƻǎ 

ǎȊŜƳǇƻƴǘ Ǿƻƭǘ ŀȊ ƻƪǘŀǘłǎǳƴƪōŀƴΦ ! ǘŀƴǘłǊƎȅ ŀ Ǝƭƻōłƭƛǎ ŦŜƴƴǘŀǊǘƘŀǘƽǎłƎ szempontƧŀƛǘƽƭ ŀ ƳŜƎǵƧǳƭƽ 

ŜƴŜǊƎƛłƪ ƪƛŀƪƴłȊłǎłƴ łǘ ŀ ōƛƻƭƽƎƛłōƽƭ ŜƭƭŜǎƘŜǘǃ ŀ ƳǼǎȊŀƪƛ ŞƭŜǘōŜƴ is ƘŀǎȊƴƻǎƝǘƘŀǘƽ ŎŞƭǎȊŜǊǼ 

ƪƻƴǎǘǊǳƪŎƛƽƪƛƎ ǘŜǊƧŜŘΦ ! ƳŀƎȅŀǊ Şǎ ŀƴƎƻƭ ƴȅŜƭǾŜƴ ƻƪǘŀǘƻǘǘ ǘŀƴǘłǊƎȅƘƻȊ ǘǀōō ƘŀƭƭƎŀǘƽƛ ǇǊƻƧŜƪǘ ƛǎ 

ǘłǊǎǳƭǘΦ ! ƎȅŀƪƻǊƭŀǘƛ ƻƪǘŀǘłǎ ƧŜƎȅŞōŜƴ ǸȊŜƳƭłǘƻƎŀǘłǎƻƪŀǘΣ ǘŀƴǳƭƳłƴȅƛ ƪƛǊłƴŘǳƭłǎƻƪŀǘ Şǎ ǘǳŘƻƳłƴȅƻǎ 

projekteket ǾŀƭƽǎƝǘƻǘǘǳƴƪ ƳŜƎΦ ! ƭŜƎƛǎƳŜǊǘŜōō ǇǊƻƧŜƪǘǸƴƪ ŀ ƴȅłǊƛ ǀƪƻǘłōƻǊ-sorozatunk.  

 

мΦ łōǊŀ 

(!ύ ! aǼǎȊŀƪƛ mƪƻƭƽƎƛŀ ǘŜǊǾŜȊŜǘǘ ǘŀƴǘłǊƎȅ-ǎƻǊƻȊŀǘ ƭƻƎƽƧŀΤ ό.ύ !Ȋ mƪƻƭƻƎƛƪǳǎ ƳǼǎȊŀƪƛ ƪƻƴǎǘǊǳƪŎƛƽƪ ŎΦ ǘŀƴǘłǊƎȅƘƻȊ ƪŞǎȊǸƭǘ mƪƻƭƻƎƛƪǳǎ ς 

ƪǀǊƴȅŜȊŜǘōŀǊłǘ ŞǇƝǘŞǎ ŎΦ ǘŀƴƪǀƴȅǾ 
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2 A tant§rgy fel®p²t®se 

! ǘŀƴǘłǊƎȅ ŀ ƧŜƭƭŜƎŞōǃƭ ŀŘƽŘƽŀƴ ǎȊŜƳƭŞƭŜǘŦƻǊƳłƭƽ Şǎ ǘǀōō ŘƛǎȊŎƛǇƭƛƴłǘ ƛǎ ŞǊƛƴǘΦ A Ǝƭƻōłƭƛǎ ƪǀǊƴȅŜȊŜǘƛ 

ǇǊƻōƭŞƳłƪ ǘłǊƎȅŀƭłǎłǾŀƭ ƛƴŘǳƭ ŀ ǘŜƳŀǘƛƪŀΦ ! Ǝƭƻōłƭƛǎ ǘǀǊǘŞƴŞǎŜƪƪǀǊƴȅŜȊŜǘƛ ǾƛǎȊƻƴȅƻƪ ƳŜƎǾƛȊǎƎłƭłǎŀ 

ǎƻǊłƴ ŜƭǃƪŜǊǸƭ ŀ wƽƳŀƛ Yƭǳō ƧŜƭŜƴǘŞǎŜΣ ŀȊ ǀƪƻƭƽƎƛŀƛ ƭłōƴȅƻƳ ǎȊłƳƝǘłǎłƴŀƪ ƪŞǊŘŞǎŜ ƛǎΦ ! Ǝƭƻōłƭƛǎ 

ǊŜƴŘǎȊŜǊŜƪƴŜƪ ŜƎȅǊŞǎȊǘ Ǿŀƴ ŜƎȅ ŘŜǘŜǊƳƛƴƛǎȊǘƛƪǳǎ ǾƛǎŜƭƪŜŘŞǎŜ, melyet ŜƎȅ ŜƎȅŜƴǎǵƭȅƛǘƽƭ ǘłǾƻƭƛ Ƙŀǘłǎ 

ǇŜǊǘǳǊōłƭΦ 9ƴƴŜƪ ƪǀǎȊǀƴƘŜǘǃΣ ƘƻƎȅ ŀ ƭƻƪłƭƛǎ Şǎ Ǝƭƻōłƭƛǎ ƛŘǃƧłǊłǎ ƘƻǎǎȊǵ ǘłǾǊŀ ƴŜƳ ŜƭǃǊŜƧŜƭŜȊƘŜǘǃΦ 9Ȋ 

ŀȊ ƻƪŀ ǘƻǾłōōł ŀ ǎȊŜȊƻƴłƭƛǎ Şǎ ŀ ƳŞƎƴŀƎȅƻōō ǘłǾǵ ƛƴƎŀŘƻȊłǎƻƪƴŀƪ ƛǎΦ 9ȊŞǊǘ ƴŜƘŞȊ ŀȊ ƛŘǃƧłǊłǎƛ 

ǘŜƴŘŜƴŎƛłƪŀǘ όǇƭΦ Ǝƭƻōłƭƛǎ ŦŜƭƳŜƭŜƎŜŘŞǎύ ōƛȊƻƴȅƝǘŀƴƛΦ ¢ŜǊƳŞǎȊŜǘƛ ƪǀǊƴȅŜȊŜǘǸƴƪ ǾłƭǘƻȊłǎłǘΣ ǇǳǎȊǘǳƭłǎłǘ 

Ƴłǎ ǎȊƛƳǇǘƽƳłƪ ƛǎ ƧŜƭȊƛƪΣ ōƛȊƻƴȅƝǘƧłƪΦ 9ȊŜƪ ǘłǊƎȅŀƭłǎŀ Şǎ ƳŜƎŞǊǘŞǎŜ ƴŀƎȅ ǊŜǾŜƭłŎƛƽ ŀ ƘŀƭƭƎŀǘƽƪ 

ƪǀǊŞōŜƴΦ 

! ǘŀƴǘłǊƎȅ ǘŜƳŀǘƛƪłƧŀ ŀȊ ŀƴȅŀƎǘŀƪŀǊŞƪƻǎΣ ƎƻƴŘƻȊłǎƳŜƴǘŜǎΣ ŜƴŜǊƎƛŀǘŀƪŀǊŞƪƻǎ ƪƻƴŎŜǇŎƛƽ Şǎ 

ƳŜƎƻƭŘłǎƻƪ ǘłǊƎȅŀƭłǎłǾŀƭ ŦƻƭȅǘŀǘƽŘƛƪΦ LŘŜ ƪŀǇŎǎƻƭƽŘƛƪ ŀ ƳŜƎǵƧǳƭƽ ŜƴŜǊƎƛłƪ ƪƛŀƪƴłȊłǎŀΦ Lǘǘ 

ǾŞƎƛƎƳŜƎȅǸƴƪ ŀ ŜƴŜǊƎƛŀŦŀƧǘłƪƻƴ Şǎ ƪƛŀƪƴłȊłǎƛ ƭŜƘŜǘǃǎŞƎŜƛƴΦ YǀǊƴȅŜȊŜǘōŀǊłǘ ǎȊŜƳǇƻƴǘōƽƭ ǊŀƴƎǎƻǊǘ 

łƭƭƝǘǳƴƪ ŦŜƭΣ Ƙŀ ǊŜƴŘŜƭƪŜȊŞǎǊŜ łƭƭƴŀƪ ŀƭǘŜǊƴŀǘƝǾłǘΦ tŞƭŘłƪƪŀƭ ƛǎ ƛƭƭǳǎȊǘǊłƭƧǳƪ ŀȊ ŜƎȅŜǎ ƪƛŀƪƴłȊłǎƛ 

ƭŜƘŜǘǃǎŞƎŜƪŜǘΦ ! ǇŀǎǎȊƝǾ ƴŀǇŜƴŜǊƎƛŀ-ƪƛŀƪƴłȊłǎ ŀȊ ǸǾŜƎƘłȊƘŀǘłǎƻƴ ŀƭŀǇǳƭΦ 9 Ƙŀǘłǎ ŦŜƭƘŀǎȊƴłƭłǎłǾŀƭ 

ǇŀǎǎȊƝǾ ƳƽŘƻƴ ƴŜƳŎǎŀƪ ŦǼǘƘŜǘǸƴƪΣ ŘŜ ŀ ǾŜƴǘƛƭƭłŎƛƽ ƪƛƘŀǎȊƴłƭłǎłǾŀƭ ƘǼǘŜƴƛ ƛǎ ǘǳŘǳƴƪΦ 

! ŦŜƴǘƛŜƪƘŜȊ ƪŀǇŎǎƻƭƽŘƽŀƴ ŀ tŜƳŀǘƛƪłōŀƴ ƘŀƴƎǎǵƭȅƻǎ ǎȊŜǊŜǇŜǘ ƪŀǇ ŀȊ ŞǇƝǘŜǘǘ ƪǀǊƴȅŜȊŜǘǘel, valamint 

ŀȊ ŜƎȅŞƴ łƭǘŀƭ ƪǀǾŜǘƘŜǘǃ Ƴƛƴǘłƪƪŀƭ ƪŀǇŎǎƻƭŀǘƻǎ ŀǎǇŜƪǘǳǎƻƪΦ Fontos szempont ŀ ƎƻƴŘƻȊłǎƳŜƴǘŜǎΣ 

ƴŀƎȅŦŀƧƘǃƧǼΣ ƴȅƻƳŀǘŞƪƳŜƴǘŜǎ ǎȊŜǊƪŜȊŜǘŜƪ ŀƭƪŀƭƳŀȊłǎŀΦ {ȊŜȊƻƴłƭƛǎ ƘǃƛƴƎŀŘƻȊłǎ ƪƛŜƎȅŜƴƭƝǘŞǎŞǊŜ 

ŜƭǃŘŜƛƴƪ ŞǇƝǘŞǎƛ ƪǳƭǘǵǊłƧłōŀƴ όǘǀǊǘŞƴŜƭƳƛ ƛƭƭΦ ƴŞǇƛ ŞǇƝǘŞǎȊŜǘ) ƛǎ ǘŀƭłƭǳƴƪ ǎȊłƳǘŀƭŀƴ ƪǀǾŜǘeƴŘǃ ǇŞƭŘłǘΦ ! 

ƪƻƴǾŜƪŎƛƽΣ ŀ ǘŜǊƳŞǎȊŜǘŜǎ ǾŜƴǘƛƭƭłŎƛƽ ŜƎȅŀǊłƴǘ ƪƛŀƪƴłȊłǎƛ ƭŜƘŜǘǃǎŞƎŜƪ ŀȊ ŜƴŜǊƎƛŀ ƘŀǘŞƪƻƴȅǎłƎ 

ǘŜƪƛƴǘŜǘŞben. ¢ŜǊƳŞǎȊŜǘŜǎ ƳƽŘƻƴ ŀŘƧŀ ƳŀƎłǘ ŀƭƪŀƭƳŀȊłǎǊŀ ŀ ŦǀƭŘΣ Ƴƛƴǘ ƘŜƭȅƛ- Şǎ ƴŀƎȅŦŀƧƘǃƧǼ 

ŞǇƝǘǃŀƴȅŀƎΦ 9ƴƴŜƪ ŀ ƳŜƎƻƭŘłǎƴŀƪ ŜƎȅƛƪΣ ƴŀƎȅ ƘŀƎȅƻƳłƴȅƻƪǊŀ ǾƛǎǎȊŀǘŜƪƛƴǘǃ ǾłƭŦŀƧŀ ŀ ǾłƭȅƻƎ-

ŞǇƝǘŞǎȊŜǘΦ 

VłǊƻǎƛ ƪǀǊƴȅŜȊŜǘōŜƴ ƪǸƭǀƴǀǎŜƴ ŀƪǘǳłƭƛǎ ǘŞƳŀ ŀ ƘǳƭƭŀŘŞƪ Şǎ ǎȊŜƴƴȅǾƝȊ ƪŜȊŜƭŞǎŜ όнΦ łōǊŀύ. A άƪŜȊŜƭŞǎέ 

helyett ƪƛŀƪƴłȊƘŀǘƽ ŀƭǘŜǊƴŀǘƝǾłǘ ƧŜƭŜƴǘ ŀ ƘǳƭƭŀŘŞƪƳŜƴǘŜǎ ƎŀȊŘłƭƪƻŘłǎ Şǎ ŞƭŜǘǾƛǘŜƭΦ ! ƪƻǊǊŜƪǘ 

ǎȊŜƴƴȅǾƝȊƪŜȊŜƭŞǎ ŀƭŀǇǾŜǘǃ ŦƻƴǘƻǎǎłƎǵ ŀ ŦŜƭǎȊƝƴƛ Şǎ ŦŜƭǎȊƝƴ ŀƭŀǘǘƛ ǾƛȊŜƛƴƪ ŜƭǎȊŜƴƴȅŜȊǃŘŞǎŞƴŜƪ 

ƳŜƎŀƪŀŘłƭȅƻȊłǎłōŀƴΦ ! ƴŀƎȅǸȊŜƳƛ ǘƛǎȊǘƝǘłǎ ƳŜƭƭŜǘǘ ƪƛǘŞǊǸƴƪ ŀ ƪƛǎǘŜƭŜǇǸƭŞǎƛ Şǎ ŜƎȅŞƴƛ ƳŜƎƻƭŘłǎƛ 

ƭŜƘŜǘǃǎŞƎŜƪǊŜ ƛǎΦ 

! ǘŀƴǘłǊƎȅ ǘŜƳŀǘƛƪłƧłƴŀƪ ŜƎȅƛƪ ŞǊŘŜƪŜǎ ǘŜǊǸƭŜǘŜ ŀ ōƛƻƭƽƎƛłōƽƭ ŜƭƭŜǎƘŜǘǃΣ ŀ ƳǼǎȊŀƪƛ ŞƭŜǘōŜƴ ƛǎ 

ƘŀǎȊƻƴƴŀƭ ŀƭƪŀƭƳŀȊƘŀǘƽ ƪƻƴǎǘǊǳƪŎƛƽƪ ǘłǊƎȅŀƭłǎŀΦ !Ȋ ŜƎȅƛƪ ƭŜƎƛǎƳŜǊǘŜōō ƪƻƴǎǘǊǳƪŎƛƽǎ ǇŞƭŘŀ ŀ 

ǘŜǊƳŞǎȊŜǘŜǎ ǾŜƴǘƛƭƭłŎƛƽǾŀƭ ǊŜƴŘŜƭƪŜȊǃ ǘŜǊƳŜǎȊǾłǊΦ !ƴȅŀƎǘǳŘƻƳłƴȅƛ ŀǎǇŜƪǘǳǎōƽƭ ŀ ƪƻƳǇƻȊƛǘ 

ŀƴȅŀƎƻƪƴŀƪ ƳŜƎŦŜƭŜƭǃƧŜ ŀ ǎłǊōƽƭ Şǎ ƴǀǾŞƴȅƛ ǎȊłƭŀƪōƽƭ łƭƭŀǘƻƪ łƭǘŀƭ ŞǇƝǘŜǘǘ ŦŞǎȊŜƪ, lakhelyek. Ezekhez 

Ƙŀǎƻƴƭƽ ƪƻƴǎǘǊǳƪŎƛƽƪ ƳŜƎǘŀƭłƭłǎŀ ƳŜƎƭŜƘŜǘǃǎŜƴ ƴŀƎȅ ƪǊŜŀǘƛǾƛǘłǎǘ ƛƎŞƴȅŜƭΦ ! ƘŀƭƭƎŀǘƽƪ ƴŀƎȅƻƴ 

ǎȊƝǾŜǎŜƴ ǾŜǘƛƪ ōŜ ƳŀƎǳƪŀǘ ƛƭȅŜƴ ƪƻƴǎǘǊǳƪŎƛƽƪ ƪŜǊŜǎŞǎŞōŜΦ 
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нΦ łōǊŀ 

!ƭǘŜǊƴŀǘƝǾ ǎȊŜƴƴȅǾƝȊƪŜȊŜƭŞǎ ό!ύ ǎȊƛǾłǊƻƎǘŀǘƽǎΣ ό.ύ ƎȅǀƪŞǊȊƽƴłǎΣ ό/ύ ǎȊŜǇŀǊłŎƛƽǎ 

1 Hallgat·i projektek 

1.1 F®l®ves vagy rºvidebb projektek 

A tant§rgy jelleg®bŖl ad·d·an nemcsak ismeret§tad§s a c®lja hanem megfogni habitu§lisan is a hallgat·s§got, azaz 

r§vezetni Ŗket az ºkologikus szeml®letm·dra. Ezt seg²tik a gyakortalok ®s k¿lsŖ l§togat§sok. A tanul§son, 

meg®rt®sen t¼l a habitu§lis meg®rint®s, meggyŖz®s egyik kiemelkedŖen hat®kony m·dja a szem®lyes 

megtapasztal§s. Ez legegyszerŤbben szakmai kir§ndul§sok r®v®n val·sulhat meg. Az elŖad§sokon t¼l a 

gyakorlatok lehetŖs®get biztos²tanak egy-egy ter¿let r®szleteiben val· elm®ly¿l®sben ill. hallgat·i megoszt§s§ban. 

Fontos ®szrevenn¿nk a fejlŖd®si st§tuszunkat. Nem kis revel§ci· volt megtapasztalni, hogy az elm¼lt sz§zad 

fordul·j§n a nagyv§rosi szennyv²z ®s hullad®k kezel®st illetŖen m®g a vil§g ®lvonal§ban voltunk. Ennek 

megfelelŖen kir§ndul§st tett¿nk a Cs®ry-telepre ®s a Ferencv§rosi szennyv²ztelepre. A h§zi szennyv²ztiszt²t§st 

illetŖen l§togat§sokat tett¿nk mŤkºdŖ ilyen rendszerekben [2 - 5]. 

1.2 A szemesztereken §t²velŖ, h¼sz®ves projekt¿nk 

! ǎȊŀƪƳŀƛ ƪƛǊłƴŘǳƭłǎƻƪƻƴ ƪƝǾǸƭ ƘŀƭƭƎŀǘƽƛ ƪŜȊŘŜƳŞƴȅŜȊŞǎŜ ōŜƭŜƪŜȊŘǘǸƴƪ ŜƎȅ ǘŜǊƳŞǎȊŜǘƛ ƪǀǊƴȅŜȊŜǘōŜƴ 

ƳŜƎǾŀƭƽǎǳƭƽ ǀƪƻǘłōƻǊ-sorozatba. A sorozat 2003-ōŀƴ ƛƴŘǳƭǘΦ ! ǘłōƻǊ ƛƴŦǊŀǎǘǊǳƪǘǵǊłǘƽƭ ƳŜƴǘŜǎ 

ƪǀǊƴȅŜȊŜǘŜ Ƨƽ ƭŜƘŜǘǃǎŞƎ ŀ ƪǀǊƴȅŜȊŜǘōŀǊłǘΣ ǘŜǊƳŞǎȊŜǘƘŜȊ ƛƎŀȊƻŘƽ ŞƭŜǘƳƽŘ Şǎ ǾƛǎŜƭƪŜŘŞǎ 

ƳŜƎǘŀǇŀǎȊǘŀƭłǎłǊŀΦ ! ǘłōƻǊ ŞǾŜƴǘŜ ƪōΦ ǘƝȊ ƴŀǇ ƪƛǾƻƴǳƭłǎǘ ƧŜƭŜƴǘŜǘǘΦ !ƘƘƻȊΣ ƘƻƎȅ ŦŜƴƴƳŀǊŀŘƧƻƴ ŀȊ 

ŞǊŘŜƪƭǃŘŞǎ ŜƎȅ ǘłōƻǊƻƪƻƴ łǘƝǾŜƭǃ ǾŜȊŞǊŦƻƴŀƭŀ ƛǎ Ǿƻƭǘ ŀ ǎƻǊƻȊŀǘƴŀƪΦ ! ǘłōƻǊƴŀƪ ŀ ǾŀŘǊŜƎŞƴȅŜǎ DŜǊŜŎǎŜ 

ƘŜƎȅǎŞƎ ŀŘƻǘǘ ƘŜƭȅǎȊƝƴǘΦ ! ǘłōƻǊǳƴƪ ƪǀȊŜƭŞōŜƴ ŜƎȅ ƪǀȊŞǇƪƻǊƛ Ŧŀƭǳ ŦŜƭǘłǊłǎŀ ȊŀƧƭƻǘǘΦ ! ƪǀȊŞǇƪƻǊƛ Ŧŀƭǳ 

ƪǀǊ ŀƭŀǇǊŀƧȊǵ ǇƭŞōłƴƛŀǘŜƳǇƭƻƳłƴŀƪ ŀǳǘŜƴǘƛƪǳǎ ǊŜƪƻƴǎǘǊǳƪŎƛƽƧłǘ ǾŞƎŜȊǘǸƪ ƪƻǊŀōŜƭƛ ǘŜŎƘƴƻƭƽƎƛłǾŀƭΦ A 

ǘǳŘƻƳłƴȅƻǎ ƘłǘǘŞǊǊŜƭ ǊŜƴŘŜƭƪŜȊǃ ǊŜƪƻƴǎǘǊǳƪŎƛƽǎ ǘŜǊǾŜǘ ŀ ǎȊŜǊȊǃ ƪŞǎȊƝǘŜǘǘŜ ώсϐΦ ! ǊŜƪƻƴǎǘǊǳƪŎƛƽ 

ŞǇƝǘǃƳŜǎǘŜǊŜ ŀ ƪƻǊŀōŜƭƛ ƪƛǾƛǘŜƭŜȊŞǎŜƪƘŜȊ ƛƎŀȊƻŘǾŀ ƳŀƎŀ ŀ ǘŜǊǾŜȊǃ Ǿƻƭǘ ώтϐΦ   aǳƴƪłƴƪƪŀƭ ŀƳŜƭƭŜǘǘΣ 

ƘƻƎȅ ŀ ŦŜƭǾłƭƭŀƭǘ ƪǀǊƴȅŜȊŜǘƴŜǾŜƭŞǎƛ ŎŞƭƪƛǘǼȊŞǎŜƛƴƪƴŜƪ ŜƭŜƎŜǘ ǘŜǘǘǸƴƪΣ ƳŞƎ ǵƧ ǘǳŘƻƳłƴȅƻǎ 

ŜǊŜŘƳŞƴȅŜƪǊŜ ƛǎ ǎȊŜǊǘ ǘŜǘǘǸƴƪΦ !Ȋ Ŝƭǎǃ ŞǾōŜƴ ŀ ǘŜǊŜǇǊŜƴŘŜȊŞǎǎŜƭ Şǎ ŀȊ ŀƭŀǇłǊƻƪ ƪƛłǎłǎłǾŀƭΣ ŀȊ 

ŀƭŀǇƻȊłǎǎŀƭ ǾŞƎŜȊǘǸƴƪΦ !Ȋ ŜƭƪǀǾŜǘƪŜȊǃ ŞǾŜƪōŜƴ ŀ ƘŜƭȅƛ ƪǃōłƴȅłōƽƭ ǎȊłǊƳŀȊƽ ƳŜƎƳǳƴƪłƭŀǘƭŀƴ 

ƪǀǾŜƪōǃƭ ŜƳŜƭǘǸƪ ŀ ŦŀƭŀǘΦ !Ȋ ŞǇƝǘŞǎ ŀȊ ŜƎȅ ƳŞǘŜǊ ǎȊŞƭŜǎ ŦŀƭŀƪǊƽƭ ǘǀǊǘŞƴǘΦ !Ȋ ŞǇƝǘŞǎ ƳłǎƻŘƛƪ 

ƘŀǊƳŀŘłǘƽƭ ŀȊ ŀǇǎȊƛǎ Şǎ ŀ ƘŀƧƽ ōƻƭǘƻȊłǎŀ ƻƪƻȊƻǘǘ ƴŀƎȅƻōō ƪƛƘƝǾłǎǘΦ нлнн-re lett szerkezet-ƪŞǎȊ ŀȊ 












































































































