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INVESTIGATING THE ROLE OF OBJECT AND CLOUD STORAGE IN MODERN 

STORAGE TECHNOLOGIES  

 

Abstract. The present article describes the functioning of object and cloud storage 

technologies. It further investigates the differences between object storage, file-based and block-

based storage. The article also examines how object storage is correlated with cloud 

implementations and what is the role of these technologies in modern storage systems.  

While hardware provides capacity for storing data and compute resources for determining 

how fast the data can be read or written, the way that data is stored also characterizes its 

accessibility. Whereas file or block level storage are quite familiar approaches to storing data, when 

we are talking about scalability and data analytics, object storage comes into play.  

Object storage is a way of storing data as a set of diverse instances or units called objects. All 

objects are collected and kept within a single pool. To get a better understanding of the benefits of 

object storage, letôs first take a look how it is different from file and block storage.  

File storage keeps data as a single piece of information (file) in a folder, helping to organize it 

among other data and creating what is called a hierarchical storage.   

Block storage segregates a file into blocks of data and then stores these blocks as separate pieces. 

Each block has a different address, which means that there is no need in a file structure. 

Object storage, on the contrary, keeps pieces of data as an object. To be more specific, object is 

comprised of: 

- Pieces of data that makes up an object 

- Metadata of the data in the object 

- Extended metadata to the object itself 

- Unique identifier    

The extended metadata is what brings the most value to object storage comparing to other 

approaches of storing data. Since this metadata can be set by a user, provides a great deal of 

simplicity and flexibility when it comes to storing and structuring large amounts of unstructured 

data (i.e. media files) and holding data analytics. 

In addition to the ability to perform custom analytics on the data set, object storage as a unified pool 

with a single namespace allows it to be easily scaled by adding more storage to the pool becoming a 

perfect fit for cloud storage.  

Object storage can be implemented at the device level (object-storage device), the system 

level, and the interface level. When it comes to interfaces, these can be directly programmable by 

the application, for example, Amazon S3 API. 

Taking the benefits of structuring large amounts of unstructured data and simple scaling into 

account, object storage found its implementation as a basis for cloud storage. Basically, clouds 

utilize the RESTful API, an object storage protocol, to store a file and its associated metadata as a 

single object. The REST application program interface allows to get, put, post, and delete data over 

HTTP. As an example, Amazon S3 API, the Simple Storage Service provides a web services 

interface to store objects by utilizing the Amazon online storage infrastructure.  

mailto:7ckngm4d@gmail.com
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Storing large amounts of data and moreover, serving it to multiple users, is a challenge that 

canôt be simply resolved by traditional file or block storage systems. On the other hand, object 

storage, by keeping data in a form of diversified objects each containing its metadata and unique 

identifier, allows scaling as far as needed whereas maintaining simple data structure. In the era of 

cloud determining infrastructure, object storage becomes its backbone.    
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INVESTIGATING THE INFLUENCE OF SOFTWARE -DEFINED STORAGE, ERASURE 

CODING AND HYPERCONVERGENCE ON STORAGE SYSTEMS DEVELOPMENT  

 

Abstract. This article investigates the nature of Software-Defined Storage, Erasure Coding 

and Hyperconvergence technologies, their main features and characteristics. It further examines 

how these technologies influence the development of storage systems as hardware. The article also 

provides a conclusion of what is expected from hardware storage in the modern era.        

The concept and requirements of storage are changing rapidly as new technologies appear. 

While primarily, storage hardware must hold your data, itôs new and most important characteristic 

is to make it available. Taking a look several decades back, when it came to storage (and data) 

availability, it was all about the physical hardware regarding the capacity, compute power, and 

network interconnections. So, to provision more storage to more users, you needed more hardware 

components to interconnect the servers properly. When it comes to scalability, for, example an 

infrastructure comprised of different x86 servers makes the process complicated as each hardware 

piece is managed with different software. Moreover, combining different hardware may become a 

challenging task to make all components work in conjunction with each other.  

A great deal in simplifying storage accessibility was brought by the introduction of 

Software-Defined Storage (SDS). As the term presumes, the technology abstracts the software layer 

to define the hardware availability. Basically, SDS grants the control over storage requests to 

https://www.techrepublic.com/article/why-data-center-managers-shouldnt-overlook-object-storage-backends/
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software. This provides the ability to flexibly manipulate how and where data is stored regardless of 

the underlying hardware. To achieve this, SDS virtualizes data paths (block, file, or object) to 

support applications requests going to the storage and talks various communication protocols 

(iSCSI, Fiber Channel, iSER) to achieve interoperability. The part of SDS, Software-Defined 

Networking allows achieving the same goal on the networking layer. The abstraction of 

communication between various servers to software part where VLANs, virtual switches are 

responsible for interconnection is what allows administrators to focus on the ñfrontendò application 

and virtual machines needs first instead of managing the networking hardware. Ultimately, SDS 

brings in manageability and flexibility when it comes to storage availability.   

Back in the 80s, the availability of the data stored on storage systems war determined by the 

hardware. The introduction of RAID technology (Redundant Array of Independent/Inexpensive 

Disks) allowed ensuring that data remains safe even when one or more (depending on the RAID 

level) disks fail. However, with the growing demand on storage capacity, cutting it in half, for 

example with RAID 10, becomes simply inefficient. To increase storage efficiency and decrease the 

data reconstruct time, Erasure Coding has been introduced.  

Erasure Coding is a software technology that is independent of the underlying hardware and 

thus, can be implemented almost on any systems. The mechanics behind EC are to partition data 

into sectors, expand them and encode with redundant data pieces and further store across a set of 

different storage media ï both nods and disks. Erasure coding takes original data and encodes it so 

that, when the data is needed to be restored, only a subset of the pieces is required to recreate the 

original information.  

In mathematical terms, the protection offered by erasure coding can be represented by the following 

equation: n = k + m where: 

- ñkò is the original amount of data.  

- ñmò is the redundant data pieces (chunks) that are added to provide protection from 

failures.  

- ñnò is the total number of chunks created after the erasure coding.  

The EC is usually provided as a code rate ñk/nò. For example, if we EC 3/6, this means that 

three extra chunks (m) would be added to the 3 original chunks (k). The 6 data fragments (n) would 

be spread across 6 drives or nodes. The original file could be reconstructed from 3 verified 

fragments. This technology grants higher storage capacity efficiency while delivering redundancy. 

Additionally, the restoration process is faster comparing to RAID. However, the biggest limitation 

of erasure coding is that it requires a lot of CPU resources for calculation, which translated in higher 

latency and lower performance during the restoration process.  

The evolution of SDS allowed taking approach to the overall infrastructure one step further 

from traditional compute and storage separated to a hyperconverged infrastructure. The idea behind 

hyperconvergence is to provide both compute and storage capacity under a unified SDS-based 

management in a single box. The real benefit of HCI starts when combining multiple nodes in a 

single cluster. Due to SDS, the all the resources are combined in a single shared resource pool with 

centralized management. Such approach makes it much easier for system administrators to 

distribute both compute and storage among various VMs or applications without having to deal 

separately with storage, compute power and networking stack independently.   
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While software technologies are evolving, the main storage hardware function ñdegradesò to 

serve just a media for your data. Primarily, SDS grants the flexibility and simplicity that hardware 

lacks. With software, determining the storage availability, the standard x86 hardware can be revived 

to serve the needs of modern IT infrastructures. Basically, advanced software technologies 

determine the direction in which hardware vendors should develop their offerings ï capacity and 

speed while resiliency, availability, and management are fully covered by the software frontend.   
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METHODS AND PROTOCOLS OF LOCAL SENSOR NETWORK DESIGN  

Abstract. The purpose of this article is to provide an analytical review of existing protocols 

and methods to develop recommendations for their use in local sensor network design, to classify 

them according to a key criterion. To effectively achieve this goal, it is necessary to consistently 

identify the features of the protocols, the stages of their interaction, the key features of the 

classification. 

             We live in a time of continuous development and wide opportunities, when every day more 

and more new inventions appear. As a result, most areas of life are forced to move to a new level - 

the level of information technology, so as not to disappear as outdated. Now, almost everything can 

be done or learned using the Internet. Smart devices using the technology of Internet of Things have 

been created that based on local sensor networks. 

  It should be noted that smart devices are sensors or actuators equipped with a real-time OS 

microcontroller with a protocol stack, memory and communication device embedded in various 

objects, such as electricity meters or gas meters, pressure sensors, vibrations or temperatures, 

switches and other . Smart objects can be organized into a computer network of physical objects 

that can be connected via gateways (hubs or specialized IoT platforms) to the traditional Internet. 

Computing networks of physical objects consist of smart sensors and actuators connected to a 

computer network (personal, local and global) and controlled by a central controller (gateway or 

IoT Habs, or IoT platform). 
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  The IoT applies the technologies of wireless computing networks of physical objects with 

low energy consumption, which include networks of small, medium and long-range (WPAN, 

WLAN, LPWAN). 

  Common LPWAN long-distance network technologies include: LoRaWAN, SIGFOX and 

Cellular Internet of Things (CIoT). 

  One of the widely used technologies is LoRa, which is designed for long-range networks, 

in order to transmit telemetry data of various metering devices (sensors of water, gas, etc.) over 

long distances. LoRa is a modulation method that defines the physical layer protocol of the OSI 

model. The LoRa modulation technology can be used in networks with different topologies and 

various data link layer protocols. Effective LPWANs are LoRaWAN networks that use the 

LoRaWAN link layer protocol (MAC link layer protocol), and LoRa modulation is used as the 

physical layer protocol.The LoRaWAN network consists of end nodes (transceivers or LoRa 

modules) connected wirelessly to hubs / gateways or base stations, an operatorôs network server, 

and an application service provider server. The network architecture of LoRaWAN is client-server. 

LoRaWAN operates at OSI model level 2. 

  Two-way communication is used between the end nodes-server components of the 

network. The interaction of the end nodes of the LoRaWAN LAN with the server is based on the 

data link layer protocols. As the address, unique identifiers of devices (end nodes) and unique 

identifiers of the application on the application server are used. 

  The physical layer of the LoRaMAC protocol stack of the ñend nodes - gatewayò network 

segment, which operates at the second level of the OSI model, is LoRa wireless modulation, and the 

link layer MAC protocol is LoRaWAN. LoRa gateways connect to the server of the provider or 

operator using standard Wi-Fi / Ethernet / 4G technologies that are related to the interface layer of 

the IP network (physical and data link layer of the TCP / IP stack). 

  The data received from the end nodes is stored, displayed and processed on the application 

server (on a stand-alone Web site or in the ñcloudò). Big Data methods can be used to analyze IoT 

data. Users using client applications installed on a smartphone or PC can access information on the 

application server. 

  SIGFOX technology is similar to LoRaWAN technology, but it has some differences. The 

main difference lies in the modulation methods that define the protocols of the physical layers of 

these networks. SIGFOX and LoRaWAN technologies are competitors in the LPWAN market. 

  Competitors in the LPWAN market are CIoT and G5 technologies. They are designed to 

build wireless LPWAN cellular networks based on the existing infrastructure of cellular operators. 

  WPANs include wireless sensor networks based on 6LoWPAN technology. These 

networks are self-organizing and self-healing mesh networks with routing that have a mesh 

topology. RPL (Routing Protocol for Low-Power and Lossy Networks) is used as a routing 

protocol. 

  The essence of the work of computer networks of physical objects in IoT based on the 

6LoWPAN protocol stack is as follows: data from the sensor is input to the microcontroller (MK), it 

processes the data coming from the sensor based on the application program (End Nodes 

Applications), which was created by the network developer API specialized OS microcontroller. 

To transfer the processed data to the network, the End Nodes Applications application 

accesses the application layer protocol of the microcontroller OS protocol stack and transfers data to 

the physical layer through the stack of protocols 6LoWPAN. This will ensure the connection of 

"smart" devices with low power consumption to the Internet by routers, and not by specialized IP 

gateways. Since low-speed networks with the 6LoWPAN protocol stack for devices with limited 

capabilities are not transit networks for IP network traffic of traditional Internet, they are the final 

networks in IoT and are connected to the Internet via Border routers or Edge routers. The border 
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router interconnects the 6LoWPAN network with the IPv6 network by converting the IPv6 headers 

and fragmenting messages in the adaptation layer of the protocol stack. 

  It should be noted that in IoT, along with the use of cloud technologies, cloud computing 

technologies are used. This is due to the fact that in the cloud model used in IoT, the weak point is 

the bandwidth of the communication operators' channels, through which data is exchanged between 

the cloud and smart devices of computer networks of physical objects. The concept of cloud 

computing involves the decentralization of data processing by transferring some of the work of 

processing them and making management decisions from the "cloud" directly to the computing 

networks of physical objects. 

Conclusion 

Local sensor networks in the Internet of Things is a promising concept that has already been 

actively disseminated, but this is a concept about which there is no single view, hence a series of 

barriers to its development .The Internet of Things and its applications involve a large number of 

devices involved, which imposes restrictions that traditional communication protocols are not ready 

for. The descriptions of the protocols clearly illustrate the noticeable differences between them. The 

presented example of classifications by key parameter - directivity - is primary. Given that there are 

overlapping protocol application areas, it is possible to use different approaches to benchmarking 

protocols. 
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PRINCIPLES OF HETEROGENEOUS SENSOR NETWORK INTEGRATION  

Abstract. The paper considers the issue and principles of heterogeneous sensor network 

integration. Wireless sensor networks, unlike conventional computing (wired and wireless) 

networks, have many advantages as total absence of any cables - electrical, communication, etc.; 

the possibility of compact placement or even integration of mots into environmental objects; 

reliability of both individual elements and, more importantly, of the whole system; in some cases, 

the network can operate with only 10-20% of sensors (mots) in good condition. 

Network topology 
The presented topology corresponds to the message design pattern, called publisher-

subscriber (pub / sub). Such a scheme introduces the notion of a publisher - a source of information 

- and a subscriber - its recipient. The term "subscription" is associated with a specific operation 

performed by the participants of the template in order to obtain information by the subscriber from a 
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particular publisher, as well as to streamline the collection of information - the parameters of the 

periodicity of acquisition and similar (depending on the implementation) indicators. 

 
Figure 1ï Sensor network topology 

 

In this case, the situation is considered when the sensor node combines information from 

several sensors and sends it according to the parameters of the subscription either upon request, 

either independently with a specific time interval or after an event occurs to the server. Usually the 

sensors themselves are rather primitive; their tasks are reduced to the constant transmission of 

information about the monitored parameter. Therefore, it becomes necessary to combine the sensors 

into nodes equipped with microcontrollers, which will be responsible for reading the measured data 

and sending them using predetermined algorithms further to the server. This topology is also 

designed to include a broker. A broker is a server that receives information from publishers and 

transfers it to the appropriate subscribers. In complex systems, it can also perform various 

operations related to the analysis and processing of incoming data. A broker can prioritize messages 

and form queues for message transmission. Thus, the broker organizes the transfer of messages, 

their storage and filtering. 

Touch node - touch node 

DDS (Data Distribution Service) protocol is used to ensure communication between sensor 

nodes / sensors. The DDS protocol distributes data between devices. DDS implements direct bus 

communication between devices based on the relational data model. The DDS protocol implements 

a multicast system using UDP. This protocol is oriented to the publisher-subscriber pattern, while 

the transmission of messages is made via the bus using the request-response method. The operations 

performed by the protocol are defined by thirteen classes (Entity Class, WaitSet Class, Condition 

Class, Publisher Class, DataWriter Class, Subscriber Class, DataReader Class, ReadCondition 

Class, QueryCondition Class and others). 

DDS is designed to communicate sensor nodes / sensors, combining them with a direct bus 

connection and providing a multicast system. 

Touch node broker 

Several tasks are implemented in this area, for example, such as registering a sensor node; 

node configuration and settings; transmission and distribution of information, etc. The following 

two protocols can be used on this network segment. 

Relatively small personal networks use the XMPP protocol. 

XMPP (Extensible Messaging and Presence Protocol) is an extensible messaging and 

presence protocol. 
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For networks with limited resources, low power consumption is more suitable protocol 

COAP. 

COAP (Constrained Application Protocol) is a specialized transmission protocol developed 

by the IETF working group - CORE, created for networks and devices with limited resources, M2M 

applications, etc. COAP can be considered as an addition to HTTP, but unlike HTTP COAP is 

intended for use in devices with certain limitations. COAP uses UDP transport protocol. 

Broker server 

The MQTT (Message Queue Telemetry Transport) protocol is, as the name implies, 

intended for telemetry and remote monitoring. It is used to exchange messages between devices on 

a ñpublisher-subscriberò basis, allowing devices to send and receive data when a certain event 

occurs. MQTT is a binary messaging protocol that involves publishing / subscribing using TCP 

transport. For networks using equipment from different platforms and allowing the use of a simple 

messaging protocol, you can use STOMP. 

STOMP - Simple (or Streaming) Text Oriented Message Protocol is a simple messaging 

protocol that involves extensive interaction with many languages, platforms, and brokers. 

Summarizing this section, we note that you can use both of the MQTT and STOMP. It is only 

necessary to clarify that the MQTT protocol provides "end-to-end" communication, both from 

broker to sensor nodes, and from broker to server, whereas STOMP protocol is focused only on the 

broker's interaction with the server. 

Server application 

At this site, tasks related to user and system interaction are performed: obtaining information 

from the server; configuration of parameters by the user (frequency of obtaining information, 

activation / deactivation of sensors and nodes, etc.) and others. 

For a distributed computing environment, for Web services, the most commonly used protocol is 

SOAP, since this protocol has an RPC (Remote Procedure Call) access mechanism, which is 

responsible for remote function calls. 

SOAP (Simple Object Access Protocol) - a protocol for exchanging structured and arbitrary 

XML messages in a distributed computing environment 

SOAP supports two access mechanisms - SOAP RPC and SOAP Message. 

With just a few messages (Get; SOAPAction, SOAPAction-Response) implying a request-

response, the protocol can be used with any application-level protocol: SMTP, FTP, HTTP, and 

HTTPS. 

Conclusion 

Based on the analysis we can draw the following conclusions about integration of 

heterogeneous sensor networks. Most of the protocols considered use TCP transport, which 

provides the necessary level of reliability. DDS protocol provides control of the "viability" of 

network elements, the detection and use of resources, as well as synchronization. MQTT protocol 

supports quality of service, provides verification of message delivery. XMPP supports searching for 

names in the huge Internet of Things database, but its addressing method is more suitable for small 

networks. 

At the moment there is no possibility to draw any conclusions or assess the requirements of 

each of the protocols to the physical level of the implementation system; unfortunately, similar 

aspects are not reflected in the specifications. It can be assumed that this is due to the diversity of 

possible topologies of the Internet of things, the lack of implementation frameworks and the unified 

standardization as a whole.  
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DEVELOPMENT OF INFRASTRUCTURE AS CODE IN AWS CLOUD  
 

Abstract. Work calls to the problem of development of code for an infrastructure, using a 

common language so that you can describe and provide all resources of infrastructure in the 

environment of cloud. Cloudformation allows to use a simple text file you for an automatic and safe 

design and to provide all resources that need you for your applications in all regions and accounts. 

This file - only source of true for your environment of cloud. 
How it works 

 

 

 

 

 

 

 

 

 

 

         

  

Amazon AWS IaaC Services. Maintenance of Orchestration provides the orchestration 

based on templates, to describe regional application, starting Openstack API, rings, to create the 

current appendixes of cloud. Software unites other main components of Openstack in the only 

template system. Templates allow creating the most types of resources of Openstack you, as for 

example standards, floating addresses of IP, volumes, groups of safety, and users. It also provides 

the extended functional possibilities as for example high fitness (ʍɸ), automatic calculation of 

copy, and inlaid stacks. It allows to the main projects of Openstack to get the greater amount of 

users. Service is included for integration with maintenance of orchestration directly or through the 

special expansions. 

Maintenance of orchestra consists of the following components:  

¶ Heat is a command line of client of a cloudformation 

¶ heat - CLI, that binds to heat - api, to manage API Cloudformation AWS 

http://standards.ieee.org/innovate/iot/stds.html
mailto:thundew@gmail.com
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¶ heat - cli, that is associated with heat - api, to manage API Cloudformation AWS 

¶ heat is an ary component, - Openstack is native REST of API, that processes the queries of 

API sending them to the engine of heat, using the feature of Remote Procedure (RPC) Call.  

¶  heat - api is a cfn component  

¶ AWS Query of API, a compatible with AWS Cloudformation is Processed by the queries of 

API sending them in RPC heat machine 

           Example of code to build a part of ifrastucture with help of CloudFormation. 

 
"AWSTemplateFormatVersion": "2010-09-09",  

"Description": "This template create a lambda function and use it to create interface VPC endpoint",  

"Metadata": {},   

"Parameters": {  

  "VPC": {  

    "Description": "VPC ID",  

    "Type": "String"  

  },   

  "Subnet": {  

    "Description": "Subnet ID",  

    "Type": "String"  

  },   

  "SecurityGroup": {  

    "Description": "Security group ID",  

    "Type": "String"  

  },   

  "Servicename": {  

    "Description": "Service name to create inetrafce endpoint",  

    "Type": "String"  

  }   

},   

"Resources": {  

  "LambdaRole": {  

    "Description": "IAM role to allow Lambda permissions to create interafce endpoint",  

    "Type": "AWS::IAM::Role",  

    "Properties": {  

      "AssumeRolePolicyDocument": {  

        "Version": "2012-10-17",  

        "Statement": [{  

          "Effect": "Allow",  

          "Principal": {"Service": ["lambda.amazonaws.com"]},   

          "Action": ["sts:AssumeRole"]   

        }]   

      },   

      "Path": "/",   

      "Policies": [{  

        "PolicyName": "root",  

        "PolicyDocument": {  

          "Version": "2012-10-17",  

          "Statement": [{  

            "Effect": "Allow",  

            "Action": 

["ec2:CreateVpcEndpoint","ec2:DeleteVpcEndpoint","logs:CreateLogGroup","logs:CreateLogStream","logs:PutLogEvents

"],  

            "Resource": "*"  

          }]   

        }   
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      }]   

    }   

  },   

  "LambdaFunction": {  

    "Type": "AWS::Lambda::Function",  

    "Properties": {  

      "Code": {  

        "ZipFile": { "Fn::Join": ["\n", [  

          "import boto3",  

          "import json",  

          "import os",  

          "import cfnresponse",  

          "def lambda_handler(event, context):",  

          " client = boto3.client('ec2')",  

          " responseData = {}",   

          " responseValue = client.create_vpc_endpoint(",            
In this example, Using AWS Lambda and CloudFormation Custom Resources we can go 

around this limitation, allowing the creation of the VPC interface endpoint from within a 

CloudFormation Stack.I nterface VPC endpoint enables you to connect to services provided by 

AWS PrivateLink. By default, CloudFormation doesnôt support creation of interface endpoints. 

 

Figure 1. Creation of infrastucture with help of cloudformation 
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The suppliers of decision of Cloud allow strengthening you internet-based calculable power 

and space on a disk. Benefits from this approach - availability (an user pays only for resources that 

need him) and ability flexibly to measure. Clients are facilitated from a necessity to create and 

support their own calculable infrastructure. According to experts, the use of technologies of cloud in 

many cases can shorten expenses two three times comparable with maintenance of his developed 

this own structure. NIST the USA set obligatory descriptions of the following of cloud is Self-

service on demand (self-service on demand), a consumer independently determines and changes a 

calculable necessity without co-operating with the representative of supplier of services 

Conclusion  

Infrastructure as service (Iaas, Infrastructure as Service). In this level, a consumer can 

independently construct the Infrastructure of IT in a cloud and manage this. For example, create 

virtual networks, add a virtual equipment (servers, depositories, databases), install the applied 

software and necessity of the operating systems for work, id est, use a cloud as if it were the real 

infrastructure of IT of educational establishment. Most famous Iaas - solution: Amazon 

CloudFormation, Google Compute Engine, Windows Azure. 

Literature  

1. Programming Amazon EC2 (Paperback), Jurg van Vliet, Flavia Paganelli, March 2011  

2. çAWS Certified Solutions Architect Official Study Guide: Associate Examè, by Joe 

Baron. 2017 

3. https://docs.aws.amazon.com/AWSCloudFormation ï Official documentation AWS. 

 

UDK 004.4 

K. Pundyk. A. Yegoshyna 

ONAT n. a. A. S. Popov  

konstantin.pundyk@gmail.com 

 

THE SOLUTION  FOR MONITORING  THE ACTIVITIES  OF CALL  CENTER 

OPERATORS 

 

Abstract. The paper considers the issue of monitoring the activities of call center operators. 

Proposed software allows any type of enterprise that uses IP PBX telephony to monitor the call 

agents related information, both real-time data and historical statistics, which helps to measure and 

improve the call center performance. 

 Call center monitoring is the continuous process of data collection, analysis, and feedback. 

First, you gather data pertaining to your call centreôs performance (employee efficiency, customer 

attrition, speediness of execution, etc.), then gain insight from it, and then implement change 

relative to that insight. Finally, you start over from the top. 

 A successful call center monitoring strategy directly affects customer satisfaction, employee 

retention, and your bottom line. 

In this paper, we propose a solution that allows exporting call agent and CDR data from an 

IP PBX based on Asterisk-like core to pretty much any desired reporting tool, transforming and 

parsing it in the process. 

Pros: 

-  Flexibility - Logstash pipelines allow parsing and modifying data in any way desired, 

according to the needs of the client. End user can then select a preferred UI (reporting tool) that 

fulfills  theirs requirements; 

https://docs.aws.amazon.com/AWSCloudFormation
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- Security - a complex authorization process involving a third party mentor and SSL 

certificate based connection guarantees the safety of information. All  components are located in 

AWS cloud involving their breach proof networking and access points; 

- Variability - numerous available monitoring tools for the end customer that utilize SQL  or 

Elastic backend. 

Cons: 

- The complexity of configuration and use for non-advanced users (although weôre making 

progress transforming the solution in to a óblack boxô service). 

Features of the solution strongly depend on the reporting tools used, but here are some 

examples: 

- Dynamically add call group members; 

- See the actual SLA for each call group based on the parameters that you have set up and 

the average waiting time; 

- Monitor the presence and activity status of each call group member; 

- Receive the information on the number of agents in a call group (total number, number of 

users who are free, paused and talking on the phone) and on the total number of treated calls; 

- See the idle time and conversation time for each group member; 

- See the information on active calls with relative conversation and waiting time, and the 

number of calls in queue; 

- See the information on each caller (both for active calls and calls in queue). 

 
 

Figure 1 ï Feature stack structure 
 

Conclusion. Rapidly overtaking the market, cloud based IP telephony requires modern 

monitoring solutions that are foolproof, secure, versatile, scalable and have a wide variety of 

available functions. All  of the requirements mentioned above are met in the described solution.  

References 

1. https://www.voip-info.org/wiki/view/Asterisk+manager+API - Asterisk manager API 

2. https://www.elastic.co/elk-stack -ELK stack description 

3. https://www.elastic.co/products/logstash - Logstash main page 



20 

 

4. https://www.elastic.co/products/beats/filebeat - Filebeat main page 

 

ʋɼʂ 621.395.7 

ʌʝʜʦʨʝʥʢʦ ʄ.ɸ. 

ʆʅɸɿ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ 

nickolayqwerty@gmail.com 

ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʢ.ʪ.ʥ., ʜʦʮ. ʅʽʢʽʪʶʢ ʃ.ɸ.  

 

THROUGHPUT AN ALYSIS OF THE MIMO COMMUNICATION CHANNEL IN 

MODERN COMMUNICATION SYSTEMS W ITH IT DIFFERENT CONFIGURATIONS  

Annotation. In this work the problem of increasing throughput is investigated by increasing 

or decreasing the number of antennas at the input or output in different communication systems. 

The main trend of today is the receipt by users of multimedia services and access to the 

Internet at any time in any place using different radio access networks. The main problem of 

realizing current trends in wireless communication is the problem of increasing the data rate in a 

radio channel. These methods include the use of MIMO technologies, which involve the use of 

multiple antennas on the transmitting and receiving sides of a radio channel and the use of different 

methods of signal diversity such as, for example, angular, polarization, spatial. In conditions of 

multipath propagation of radio waves and a limited frequency resource, it is important to search for 

ways to increase the information transfer rate without increasing the bandwidth of wireless systems.  

The purpose of this work is to increase the throughput of communication MIMO channel 

by different antenna configuration. 

This goal is achieved by solving the following research tasks  

-Achievement max throughput parameter value in MIMO systems. 

-Analysis of modern MIMO communication systems. 

-Achievement max throughput parameter value in different communication systems. 

-Ecological sphere (green communications). 

Operators can use the knowledge gained from analyzing scanning receiver MIMO data to 

improve conditions in the current network through antenna and eNodeB adjustments. Scanning 

receiver data can also be used to evaluate the performance of UEs and eNodeB MIMO mode 

selection. Finally, accurate data on multipath conditions in existing LTE networks can lead to better 

planning of future MIMO-capable networks. This knowledge will become increasingly valuable as 

more users depend on LTE to provide the data rates they need for wireless applications from mobile 

banking to high-definition video streaming. Operators that maximize the performance of MIMO in 

their LTE networks will be able to provide the best service to these users with the smallest amount 

of infrastructure investment, providing a clear competitive advantage in both price and quality of 

service. 

Where there are more than one antenna at either end of the radio link, this is termed MIMO - 

Multiple Input Multiple Output. MIMO can be used to provide improvements in both channel 

robustness as well as channel throughput. 

mailto:nickolayqwerty@gmail.com
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Table 1. SIMO, MIMO, SIMO, MISO formulas with channel matrix on transmission side 

 

In modern communication systems, for example, in cellular communication systems, high-

speed local area networks, etc., there is a need to increase throughput. Bandwidth can be increased 

by extending the bandwidth or increasing the radiated power 

 

NĬM NĬM NĬM 

1Ĭ1 1Ĭ1 1Ĭ1 

2Ĭ2 1Ĭ2 3Ĭ1 

3Ĭ3 1Ĭ4 5Ĭ1 

4Ĭ4 1Ĭ6 7Ĭ1 

 

Table 2. ï The configuration of antennas on the transmitting and receiving radio link side for 

LTE standard 

 

For calculation MIMO cannel capacity with N = M can be used formula 

( )SNRMfCMIMO += 1log2ch , bps, 

Nevertheless, the applicability of these methods is limited due to the requirements of 

biological protection, limited power of the power source (in mobile devices) and electromagnetic 

 Channel matrix  on transmition side 

SISO 

 

 

MIMO 

  

SIMO 

 
 

MISO 
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compatibility. Therefore, if in the communication systems these approaches do not provide the 

necessary data transmission speed, then the use of adaptive antenna arrays with weakly correlated. 

Denote the channel transfer function of between the N-th transmitting antenna and the       

ʄ-th receiving antenna as , then the MMO-channel transfer function can be described by the 

matrix H with dimension  NĬM : 

 

 

 

In this work throughput parameter is considered. Throughput of communication system is a 

maximum transmission speed of information with which the lowest error probability is obtained. It 

can be established by increasing number of antennas on transmitting and receiving side. In this 

work throughput of LTE, HSPA and Wi-Fi MIMO communication system is considered. We can 

see that by increasing the number of antennas from 3 to 4 on receiving and transmission sides 

throughput of MIMO communication channel increased from 20 till 28% for optimal value as SNR 

in 20 dB. And this percentage is the same as for different values of SNR with fixed frequency band 

and vice versa, for different values of frequency band with fixed SNR.  As we can see in Wi-Fi 

case, that by increasing the number of antennas from 3 to 4 on transmission side, throughput 

increased on 27% for 20 dB of SNR. 
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ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʅɸɼɸʅʅʗ ʇʆʉʃʋɻ ɺ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʄɽʈɽɾɸʍ 

 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢ̔ʩʪɹ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ 

ʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʜʝʷʢʦʾ ʟʘʛʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʦʚʦʤʫ ʤʝʪʦʜʽ ʢʦʤʫʪʘʮʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʢʦʤʫʪʘʮʽʾ ʢʘʥʘʣʽʚ ʪʘ 

ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ. 

http://www.cambiumnetworks.com/blog/what-is-massive-mimo/
http://www.cambiumnetworks.com/blog/what-is-massive-mimo/
http://www.radio-electronics.com/
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ʋ ʨʝʢʦʤʝʥʜʘʮʽʾ ITU Y.1540 [1] ʚʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʪʫʧʝʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ 

ʤʝʨʝʞʽ/ʤʝʨʝʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʪʨʠʤʢʘ ʪʘ ʚʘʨʽʘʮʽʷ ʟʘʪʨʠʤʢʠ, ʚ̔ ʜʩʦʪʦʢ ʚʪʨʘʯʝʥʠʭ ʧʘʢʝʪʽʚ, 

ʞʠʚʫʯʽʩʪʴ)  ʚʽʜ ʦʜʥʦʛʦ ʩʪʠʢʫ ʢʦʨʠʩʪʫʚʘʯ-ʤʝʨʝʞʘ User Network Interface (UNI) ʜʦ ʽʥʰʦʛʦ 

ʩʪʠʢʫ ʢʦʨʠʩʪʫʚʘʯ-ʤʝʨʝʞʘ UNI). 

ɿʘʟʥʘʯʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞ ̔ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʚ IP-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʨʝʞʘʭ, ʦʜʥʘʢ ʙʫʜʫʯʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʦʥʠ ʥʝ ʚʽʜʜʟʝʨʢʘʣʶʶʪʴ 

ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʫ ʨʦʟʫʤʽʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʙʘʟʫ ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ ʧʦʩʣʫʛ, ʚʦʥʘ ʧʦʚʠʥʥʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʩʧʨʠʡʥʷʪʪʷ ʧʦʩʣʫʛ QoE (Quality of Experience), ʷʢʠʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʫ QoS(Quality of Service) ʨʠʩ. 1.  

 

ʈʠʩ.1. ɿʘʛʘʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ QoE 

QoE  ï  ʮʝ ʩʫʙóʻʢʪʠʚʥʘ ʦʮʽʥʢʘ ʧʦʩʣʫʛʠ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ ʨʽʚʥʽ. QoS  ï  

ʥʘʙʽʨ ʪʝʭʥʦʣʦʛʽʡ ʤʝʨʝʞʥʦʛʦ ʪʘ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʝʨʝʜʘʚʘʯʽ ʧʦʪʦʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ QoE [2]. 

ʆʙóʻʢʪʠʚʥʽ  ʤʝʪʦʜʠ  ʦʮʽʥʶʚʘʥʥʷ  ʷʢʦʩʪʽ  ʜʦʟʚʦʣʷʶʪʴ  ʚʠʣʫʯʠʪʠ  ʣʶʜʠʥʫ  ʽʟ  ʧʨʦʮʝʜʫʨʠ 

ʦʮʽʥʢʠ, ʘ ʦʪʞʝ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ. ʆʙóʻʢʪʠʚʥʽ  ʤʝʪʦʜʠ  ʧʦʜʽʣʷʶʪʴ  ʥʘ  ʘʢʪʠʚʥʽ ʪʘ ʧʘʩʠʚʥʽ. ɺ 

ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʘʭ ʦʮʽʥʢʘ ̫ʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ  ʧʦʨʽʚʥʷʥʥʷ  ʝʪʘʣʦʥʥʦʾ  ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ʽʟ  

ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʷʢʫ  ʙʫʣʦ ʩʧʦʪʚʦʨʝʥʦ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʤʝʨʝʞʝʶ. ɼʦ ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴ:  

-  ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T P.862  ï  PESQ (Perceptual Evaluation of Speech Quality) ï ʦʮʽʥʢʘ 

ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʨʘʜʽʦʤʦʚʣʝʥʥʷ;  

-  ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T BS.1387 ï PEAQ (Perceptual Evaluation of Audio Quality) ï ʦʮʽʥʢʘ 

ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʟʚʫʢʦʚʦʛʦ ʤʦʚʣʝʥʥʷ:  
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-  ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T J.247  ï  PEVQ (Perceptual Evaluation of Video Quality) ï ʦʮʽʥʢʘ 

ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ. 

ɼʦ ʧʘʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ:  

-  ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T P.563  ï  PSQM  (Perceptual Speech Quality Measurement) ʘʣʛʦʨʠʪʤ 

ʧʘʩʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʪʝʣʝʬʦʥʥʦʛʦ ʟʚ'ʷʟʢʫ; 

-  ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T G.107 E-model ʦʮʽʥʶʻ ʷʢʽʩʪʴ ʪʝʣʝʬʦʥʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ R-

ʬʘʢʪʦʨʘ;  

-  ʨʝʢʦʤʝʥʜʘʮʽʾ ITU-T G.1030 G.1040 ʦʮʽʥʢʘ ̫ʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɺʠʩʥʦʚʢʠ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʘ QoE ʻ ʦʮʽʥʢʘ MOS.  ʎʷ ʦʮʽʥʢʘ ʻ 

ʫʩʝʨʝʜʥʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʦʮʽʥʦʢ ʢʽʣʴʢʦʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʠʢʠ ITU-T ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧóʷʪʠʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʦʮʽʥʢʠ QoE ʦʮʽʥʶʶʪʴ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟóʻʜʥʘʥʥʷ; ʯʘʩ ʨʝʘʢʮʽʾ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ; ʟʘʚʤʠʨʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ; ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ; ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʚʫʢʦʚʦʛʦ 

ʩʫʧʨʦʚʦʜʫ; ʯʽʪʢʽʩʪʴ ʪʘ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʟʚʫʢʫ. ʇʨʦʪʝ ʤʦʜʝʣʴ MOS ʥʝ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʪʠʧʦʚʠʭ ʜʣʷ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛʠ.  

ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʴ MOS ʟʘʙʝʟʧʝʯʫʻ ʦʮ̔ʥʢʫ ʷʢʦʩʪʽ ʚ ʩʠʤʧʣʝʢʩʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ, ʘ ʥʝ ʚ 

ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ ʨʝʘʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʪʘʢʦʞ ʻ ʪʝ, ʱʦ ʨʽʟʥʠʡ ʪʠʧ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ-ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʫʷʚʣʝʥʥʷ ʘʙʦʥʝʥʪʘ ʧʨʦ ʷʢʽʩʪʴ ʥʘʜʘʥʦʾ ʧʦʩʣʫʛʠ ʜʦʩʪʫʧʫ 

ʚ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʄʉʕ-ʊ Recommendation Y.1540. IP Packet Transfer and Availability Performance 
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2. ETSI, ˈHuman Factors (HF); Quality of Experience (QoE) requirements for real-time 
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ʄɽʊʆɼʀ ʄʆɼɽʃʖɺɸʅʅʗ ʉʇʆʊɺʆʈɽʅʔ ʉʀɻʅɸʃʋ ɺ 

 ʃɯʅɯʁʅʀʍ ʊʈɸʂʊɸʍ ɺʆʉʇ 

 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʫ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ (ɺʆʉʇ) ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʽʨʦʛʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ ʥʘ ʙʘʟʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ  

ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʷʜʨʘ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ. 

 ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ (ɺʆʉʇ) ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʷʜʨʘ ʤʝʨʝʞ ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ (ʉʇʇ). ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɺʆʉʇ ʽ 

ʤʝʨʝʞ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʦʮʽʥʢʘ ʷʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ. 

ɺʥʘʩʣʽʜʦʢ ʚʥʝʩʝʥʥʷ ʦʧʪʠʯʥʠʤ ʚʦʣʦʢʥʦʤ ʣʽʥʽʡʥʠʭ ʽ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʜʘʥʝ ʟʘʚʜʘʥʥʷ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʌʫʨ'ʻ ʤʝʪʦʜʫ ʨʦʟʱʝʧʣʝʥʥʷ ʧʦ ʬʽʟʠʯʥʠʤ ʬʘʢʪʦʨʘʤ [1].  

mailto:nanasbas@yahoo.fr
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʦʧʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʝ ʯʝʨʝʟ ʡʦʛʦ ʽʪʝʨʘʮʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚ'ʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ [2, 3]. ʋ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʽ ʚʠʨʘʟʠ ʜʣʷ ʷʜʝʨ 

ɺʦʣʴʪʝʨʨʘ ʧʝʨʰʦʛʦ, ʪʨʝʪʴʦʛʦ, ʧ'ʷʪʦʛʦ ʧʦʨʷʜʢʽʚ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʾʭʥʽʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʦʢʨʝʤʠʭ ʟʘʚʘʜ, ʚʠʢʣʠʢʘʥʠʭ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ. ʆʜʥʘʢ ʦʜʝʨʞʘʥʥʷ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʘʛʘʻ 

ʟʘʣʫʯʝʥʥʷ ʷʜʝʨ ɺʦʣʴʪʝʨʨʘ ʟ ʚʠʩʦʢʠʤ ʧʦʨʷʜʢʦʤ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʌʫʨ'ʻ ʤʝʪʦʜʦʤ ʨʦʟʱʝʧʣʝʥʥʷ ʧʦ ʬʽʟʠʯʥʠʤ ʬʘʢʪʦʨʘʤ. 

 ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʘ 

ʧʦ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʫ ʥʘ ʙʘʟʽ ʤʝʪʦʜʘ ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʷʜʝʨ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ. 

 ʆʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷʤ ʐʨʝʜʠʥʛʝʨʘ [1]: 
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ʜʝ ( , )A z t  - ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ z  ʚʽʜ 

ʧʝʨʝʜʘʚʘʯʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ; a ʽ 2b  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʽ ʜʨʫʛʘ ʧʦʭʽʜʥʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʰʠʨʝʥʥʷ ( )b w ʚʦʣʦʢʥʘ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

g - ʢʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʩʪʽ ʆɺ. 

 ʆʩʥʦʚʦʶ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʩʧʝʢʪʨʦʤ ʚʭʽʜʥʦʛʦ ( )X w  ʡ 

ʚʠʭʽʜʥʦʛʦ ( )Y w  ʩʠʛʥʘʣʫ ʫ ʚʠʛʣʷʜʽ ʚʠʨʘʟʫ [2]: 

 ( )1 1 1 1

1

( ) ... , ... , , ...n n n

n

Y H
¤

- -

=

w = w w w-w - -w ³äñ ñ   

 1 1 1 1 1 1( )... ( ) ( ... ) ...n n nX X X d d- - -³ w w w-w - -w w w, (2) 

ʜʝ ( )nH  - ʷʜʨʦ ɺʦʣʴʪʝʨʨʘ ʧʦʨʷʜʢʫ n  ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

 ʆʩʢʽʣʴʢʠ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ ʥʝ ʚʥʦʩʠʪʴ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ, ʚʠʨʘʟ 

ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʙʘʟʽ ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ ʜʣʷ ʧʝʨʰʠʭ ʧ'ʷʪʠ ʷʜʝʨ ʤʘʻ ʚʠʛʣʷʜ [2]: 

 

 1 3 1 2 1 2( , ) ( , ) ( ,0) ( , , )A z H z A Hw = w w + w w w-w +w ³ññ   

 
*

1 2 1 2 1 2( ,0) ( ,0) ( ,0)A A A d d³ w w w-w +w w w + 

 ( )5 1 2 3 4 1 2 3 4, , , ,H+ w w w w w-w +w -w +w ³ññññ   

 
* *

1 2 3 4 1 2 3 4 1 2 3 4( ,0) ( ,0) ( ,0) ( ,0) ( ,0)A A A A A d d d d³ w w w w w-w +w -w +w w w w w, (3) 

ʜʝ ( ,0)Aw  ʠ ( , )A zw  - ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʘʤʧʣʽʪʫʜ ʚʭʽʜʥʦʛʦ (z=0) ʽ ʚʠʭʽʜʥʦʛʦ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʗʜʨʘ ʧʝʨʰʦʛʦ ʡ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ ʤʘʶʪʴ ʚʠʛʣʷʜ 

 ( )
2 30

1 2 3
1( ) 2

1 ,
j j j z

G z
H z e e

aå õ
- - bw+ b w - b wæ öw ç ÷w = = ,  (4) 

 ʪʘ 

 

( )*
1 1 1 2 1 3

1 1 2 3
( ) ( ) ( ) ( )

3 1 2 1 2 3 1 2 3 *
1 1 1 2 1 3 1 1 2 3

( , , ) ( , , )
( ) ( ) ( ) ( )

G G G z G z
e e
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G G G G

w + w + w w -w +w
-

w w w-w +w = w w w ³
w + w + w - w -w +w

,  (5) 



26 

 

ʜʝ 
2

0 2
1 1( )

2 2
G j j

a b w
w =- + bw+  ʪʘ 3 1 2 3( , , )G jw w w = g. 

ʂʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʚʽʨʦʛʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʬʦʨʤʠ ʩʧʝʢʪʨʽʚ ʚʭʽʜʥʦʛʦ ʽ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʽʚ. ʅʘ ʚʭʽʜ ʤʦʜʝʣʽ ʧʦʜʘʚʘʚʩʷ ʽʤʧʫʣʴʩ ʛʘʫʩʽʚ, ʷʢʠʡ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ 

ʦʧʠʩʫʻʪʴʩʷ ʚʽʜʦʤʠʤ ʚʠʨʘʟʦʤ ʚʠʜʫ [1] 

 
2 2

2 0
0 0(0, ) 2 exp

2

T
A P T

å õw
w = p æ öæ ö

ç ÷

,  (6) 

ʜʝ 0P  - ʧʽʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʽʤʧʫʣʴʩʫ; 
2

0T  - ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ. 

ʅʘ ʨʠʩ. 1, ʘ-ʚ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ (6) ʧʦ 

ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʜʝʨ ʧʝʨʰʦʛʦ 1( )H
 
ʪʘ 

ʪʨʝʪʴʦʛʦ 3( )H
 
ʧʦʨʷʜʢʫ. ʉʫʮʽʣʴʥʦʶ ʽ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʷʤʠ ʚʽʜʧʦʚʽʜʥʦ ʧʦʢʘʟʘʥʽ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʭʽʜʥʦʛʦ ʚʭ( )P t  ʽ ʚʳʭ( )P t  ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʦʧʝʨʘʮʽʡ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʚʽʜ ʚʝʣʠʯʠʥ ( ,0)Aw  ʽ ( , )A zw . ɼʣʷ ʟʨʫʯʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ, ʘʤʧʣʽʪʫʜʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʢʘʟʘʥʘ ʟʙʽʣʴʰʝʥʦʶ ʚ zea  

ʨʘʟʽʚ. ɿʽʩʪʘʚʣʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʘʚʠʱʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʥʘ ʨʠʩ. 1, ʛ ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʧʦʤʠʣʢʠ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ 

 ʚʳʭ

ʚʭ

(0) 10
.

(0)

zP

P

aÖ
d=   (7) 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ ʚʠʢʦʥʘʥʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʛʥʦʨʫʚʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʷʜʝʨ 

ʧ'ʷʪʦʛʦ ʽ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʠʭ ʚʽʜʭʠʣʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜ 

ʨʝʘʣʴʥʠʭ. ʋ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʟ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʜʝʨ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ. 
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ʛ) 

 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ ʥʘ ʙʘʟʽ 

ʨʷʜʽʚ ɺʦʣʴʪʝʨʨʘ (a =0,2 ʜɹ/ʢʤ; 2b=2Ŀ10
-24

 ʩ
2
/ʢʤ; z=100 ʢʤ): 

ʘ) ʯʘʩʦʚʘ ʬʦʨʤʘ ʧʨʠ / =0,001 ɺʪ; 

ʙ) ʯʘʩʦʚʘ ʬʦʨʤʘ ʧʨʠ / =0,01 ɺʪ; 

ʚ) ʯʘʩʦʚʘ ʬʦʨʤʘ ʧʨʠ / =0,02 ɺʪ; 

ʛ) ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʧʦʛʨʽʰʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

 ʃʽʪʝʨʘʪʫʨʘ 

1. Agrawal G.P. Nonlinear fiber optics / Agrawal G.P. - London: Academic Press, 2007. -

534p. 

2. Peddanarappagari K.V., Brandt-Pearce M. Volterra series transfer function of single-

mode fibers  / K.V. Peddanarappagari, M. Brandt-Pearce // Journal of Lightwave Technology. - 

1997. - Vol. 15, ˉ 12. - P. 2232 - 2241. 

3. Peddanarappagari K.V., Brandt-Pearce M. Volterra series approach for optimizing fiber-

optic communications system designs / K.V. Peddanarappagari, M. Brandt-Pearce // Journal of 

Lightwave Technology. - 1998. - Vol. 16, ˉ 11. - P. 2046 ï 2055. 
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 ʉʪʘʱʫʢ ʆ.ʄ. 

ɹʦʡʢʦ ɺ.ɺ. 

ʆʜʝʩʴʢʘ ʅʘʮʽʦʥʘʣʴʥʘ ɸʢʘʜʝʤʽʷ ʟʚôʷʟʢʫ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʚʠʢʣʘʜʘʯ ʉʪʘʱʫʢ ʆ.ʄ. 

 
ɺʇʃʀɺ ʌʆʊʆʇʈʋɾʅʆʉʊɯ ʅɸ ɼɯɽʃɽʂʊʈʀʏʅʋ ʇʈʆʅʀʂʅɯʉʊʔ 

ʆʇʊʀʏʅʆɻʆ ɺʆʃʆʂʅɸ, ʋʂʃɸɼɽʅʆɻʆ ʋ ʉʇɯʈɸʃʔʅʋ ʃɯʅɯʖ 

 
ɸʥʥʦʪʘʮʽʷ: ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ, ʚʠʢʣʠʢʘʥʠʭ ʚʠʛʠʥʘʥʥʷʤ ʦʧʪʠʯʥʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʩʧʽʨʘʣʴʥʫ ʣʽʥʽʶ ʧʦʩʪʽʡʥʦʛʦ ʢʨʦʢʫ ʪʘ ʨʘʜʽʫʩʘ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ (ɺʆʉʇ) ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʣʠ ʧʨʠʩʪʨʦʾ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʠʭ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ. ʊʘʢʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʻ ʬʦʪʦ ʧʨʫʞʥʽ ʦʧʪʠʯʥʽ ʚʦʣʦʢʥʘ (ʆɺ), 

ʥʘʧʨʘʚʣʝʥʽ ʚʽʜʛʘʣʫʞʫʚʘʯʽ, ʧʦʣʷʨʦʾʜʠ, ʢʦʤʧʝʥʩʘʪʦʨʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, 

ʤʦʜʫʣʷʪʦʨʠ ʩʚʽʪʣʘ, ʧʨʠʟʤʠ ʪʘ ʽʥʰʽ [1, 2, 3, 4]. ʆʧʪʠʯʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ 
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ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʪʘ ʾʾ 

ʧʦʣʷʨʠʟʘʮʽʾ. ɺʦʥʘ ʦʙʫʤʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʶ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʥʘʧʨʷʤʢʫ. ʇʦʚʥʘ ʘʥʽʟʦʪʨʦʧʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʽʟʦʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ 

ʘʪʦʤʽʚ ʘʙʦ ʤʦʣʝʢʫʣ ʽ ʟ ʘʥʽʟʦʪʨʦʧʽʾ ʾʭʥʴʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʥʘʜʘʥʥʷ ʆɺ ʘʥʽʟʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʫʢʣʘʜʘʥʥʷ ʡʦʛʦ ʚ ʩʧʽʨʘʣʴʥʫ ʣʽʥʽʶ ʧʦʩʪʽʡʥʦʛʦ ʢʨʦʢʫ 

ʪʘ ʨʘʜʽʫʩʫ [5]. 

ʌʫʥʢʮʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʫʢʣʘʜʝʥʦʛʦ ʫ 

ʩʧʽʨʘʣʴ ʆɺ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʢʨʠʚʠʟʥʠ ʪʘ ʢʨʫʯʝʥʥʷ ʆɺ ʚ ʦʙʝʨʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʪʘ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʽʟ ʬʫʥʢʮʽʡ ʜʣʷ ʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ ʦʙʝʨʪʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ [6, 7]: 
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ʜʝ r, ű ï ʢʦʦʨʜʠʥʘʪʠ ʦʙʝʨʪʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ; Ů(r) ï ʬʫʥʢʮʽʷ (ʧʨʦʬʽʣʴ) 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʥʝʥʘʧʨʫʞʝʥʦʛʦ ʆɺ; c, n ï 
ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʠʟʥʘ ʪʘ ʢʨʫʯʝʥʥʷ ʦʩʽ ʆɺ [6, 7]. 

ɿʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʣʷ ʦʙʝʨʪʘʣʴʥʦʾ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ [6, 7]: 
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ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ůij ʫʢʣʘʜʝʥʦʛʦ ʧʦ ʩʧʽʨʘʣʽ 

ʆɺ ʚʠʧʣʠʚʘʻ ʟʽ ʟʚôʷʟʢʫ ʾʭ ʟ ʬʫʥʢʮʽʷʤʠ ʝʣʝʤʝʥʪʽʚ ʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʽʡ, 

ʟʫʤʦʚʣʝʥʠʭ ʢʨʠʚʠʟʥʦʶ ʪʘ ʢʨʫʯʝʥʥʷʤ ʩʧʽʨʘʣʽ [6, 7]. 

ɿʘ ʚʠʨʘʟʦʤ (1) ʧʨʦʚʝʜʝʥʦ ʦʙʯʠʩʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʩʝʨʮʝʚʠʥʠ ʩʧʽʨʘʣʴʥʦ ʫʢʣʘʜʝʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʆɺ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʈʘʜʽʫʩ ʩʧʽʨʘʣʴʥʦʛʦ ʫʢʣʘʜʘʥʥʷ R = 5 ʤʤ, ʢʨʦʢ ʩʧʽʨʘʣʽ ʨ = 40 ʤʤ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ɚ = 1,625 ʤʢʤ. ʂʦʦʨʜʠʥʘʪʠ ʦʙʝʨʪʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ r = 1 ʤʢʤ, ű = 0Á. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʆɺ: ʉʝʨʮʝʚʠʥʘ ï 100 % SiO2, ʦʙʦʣʦʥʢʘ ï ʆʙʦʣʦʥʢʘ ï 1 % F, 99 % SiO2.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ Ůzz) ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʢʨʫʛʦʚʫ ʜʽʘʛʨʘʤʫ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʻ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʫ ʪʝʥʟʦʨʘ Ůzz ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ű. ɼʘʥʘ ʜʽʘʛʨʘʤʘ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1. 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ůzz 

ʧʨʠ ʟʤʽʥʽ ʢʦʦʨʜʠʥʘʪʠ ű ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ = 1,625 ʤʢʤ 

 

ʂʦʦʨʜʠʥʘʪʘ 

ű, Á ʂʨʠʚʠʟʥʘ ʆɺ ɢ ʂʨʫʯʝʥʥʷ ʆɺ ɜ Ů(r) 

ɿʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʫ 

ʪʝʥʟʦʨʘ Ůzz 

0 0,0762548531 0,0971399403 2,082573 1,945315 



29 

 

15 0,0762548531 0,0971399403 2,082573 1,950122 

30 0,0762548531 0,0971399403 2,082573 1,964293 

45 0,0762548531 0,0971399403 2,082573 1,987076 

60 0,0762548531 0,0971399403 2,082573 2,017209 

75 0,0762548531 0,0971399403 2,082573 2,052927 

90 0,0762548531 0,0971399403 2,082573 2,09201 

105 0,0762548531 0,0971399403 2,082573 2,131872 

120 0,0762548531 0,0971399403 2,082573 2,169719 

135 0,0762548531 0,0971399403 2,082573 2,202758 

150 0,0762548531 0,0971399403 2,082573 2,228448 

165 0,0762548531 0,0971399403 2,082573 2,244748 

180 0,0762548531 0,0971399403 2,082573 2,250334 

195 0,0762548531 0,0971399403 2,082573 2,244747 

210 0,0762548531 0,0971399403 2,082573 2,228447 

225 0,0762548531 0,0971399403 2,082573 2,202756 

240 0,0762548531 0,0971399403 2,082573 2,169717 

255 0,0762548531 0,0971399403 2,082573 2,13187 

270 0,0762548531 0,0971399403 2,082573 2,092008 

285 0,0762548531 0,0971399403 2,082573 2,06759 

300 0,0762548531 0,0971399403 2,082573 2,017207 

315 0,0762548531 0,0971399403 2,082573 1,987075 

330 0,0762548531 0,0971399403 2,082573 1,964292 

345 0,0762548531 0,0971399403 2,082573 1,950121 

360 0,0762548531 0,0971399403 2,082573 1,945315 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

zʁz ,˒ 

ϲ 

ʈʠʩʫʥʦʢ 1 ï ʂʨʫʛʦʚʘ ʜʽʘʛʨʘʤʘ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʘ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ  Ůzz 

ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ű ʚ ʉʆʄʆɺ 



30 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆɺ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ 

ʧʨʠʢʣʘʜʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʆɺ, ʚ ʷʢʦʩʪʽ ʷʢʦʾ ʧʨʠʡʥʷʪʦ ʩʧʽʨʘʣʴʥʝ ʫʢʣʘʜʘʥʥʷ ʆɺ ʟʘ 

ʅʂʋ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʆɺ. ʇʨʠ ʧʘʨʘʤʝʪʨʘʭ ʩʧʽʨʘʣʴʥʦʛʦ 

ʫʢʣʘʜʘʥʥʷ R = 5 ʤʤ, ʨ = 40 ʤʤ ʤʘʻ ʤʽʩʮʝ ʘʩʠʤʝʪʨʽʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʆɺ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʘʨʘʤʝʪʨ Ůzz ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ, 

ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ű = 180Á ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ű = 0Á. ɼʘʥʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʚʠʩʪʫʧʘʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʠʮʽ ʬʘʟʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʰʠʨʝʥʥʷ ʜʚʦʭ 

ʚʟʘʻʤʦʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʦʜʥʽʻʾ ʤʦʜʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʜʠʩʧʝʨʩʽʶ [8, 9, 

10]. ʄʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ 

ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʧʨʫʞʥʦʩʪʽ ʆɺ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʝʥʩʘʪʦʨʽʚ ʜʠʩʧʝʨʩʽʾ 

ʥʘ ʙʘʟʽ ʘʥʽʟʦʪʨʦʧʥʠʭ ʆɺ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʜʦʮ. ɼʦʤʨʘʯʝʚ ɺ.ʄ. 

 

ʐɸɹʃʆʅʀ ʇʈʆɽʂʊʋɺɸʅʅʗ ɺ ʆɹôɭʂʊʅʆ-ʆʈɯɭʅʆɺɸʅʆʄʋ ʇʈʆɻʈɸʄʋɺɸʅʅɯ.  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐɸɹʃʆʅɯɺ ʇʈʆɽʂʊʋɺɸʅʅʗ ɼʃʗ ɺɽɹ-ɼʆɼɸʊʂɸ ñʉʃʋɾɹɸ 

ʊɸʂʉɯò 

 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʰʘʙʣʦʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ 

ʚʝʙ-ʜʦʪʘʪʢʫ ñʉʣʫʞʙʘ ʪʘʢʩʽò, ʷʢʠʡ ʙʫʜʝ ʥʘʧʠʩʘʥʠʡ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʤʫʚʘʥʥʷ Java. ʆʩʢʽʣʴʢʠ 

Java ʷʚʣʷʻʪʴʩʷ ʦʙô̒ ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʦʤʫ ʧʨʠ ʥʘʧʠʩʘʥʥʽ ʜʦʜʘʪʢʽʚ 

ʟ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʨʦʟʨʦʙʥʠʢ ʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʰʘʙʣʦʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʨʦʙʦʪʽ ʚ ʢʦʤʘʥʜʽ, ʫ ʢʦʞʥʦʛʦ ʨʦʟʨʦʙʥʠʢʘ ʙʫʜʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʩʪʠʣʴ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʥʠʢʠ ʙʫʜʫʪʴ ʜʫʞʝ ʙʘʛʘʪʦ ʯʘʩʫ 

ʚʠʪʨʘʯʘʪʠ, ʱʦʙ ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʯʫʞʦʤʫ ʢʦʜʽ. ʊʦʤʫ ʻ ʰʘʙʣʦʥʠ, ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʜʦʜʘʪʢʽʚ ʚ 

ʦʙô̒ ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦʙ ʟʘʜʘʪʠ ʩʚʦʾʡ ʧʨʦʛʨʘʤʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɺ ʜʦʜʘʪʢʫ ñʉʣʫʞʙʘ ʪʘʢʩʽò ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʰʘʙʣʦʥʠ, ʷʢ Command, Singleton, 

AbstractFactory ʽ Factory Method, MVC, DAO. 

ʇʘʪʝʨʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ - ʮʝ ʛʦʪʦʚʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʰʝʥʥʷ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʟʘʜʘʯ. ʎʝ ʥʝ ʢʣʘʩ ʽ ʥʝ ʙʽʙʣʽʦʪʝʢʘ, ʷʢʫ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʧʨʦʝʢʪʫ, ʮʝ ʱʦʩʴ 

ʙʽʣʴʰʝ. ʇʘʪʝʨʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʧʽʜ ʟʘʚʜʘʥʥʷ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. ʉʣʽʜ, ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʪʘʢʠʡ ʧʘʪʝʨʥ, ʙʫʜʫʯʠ ʟʘʩʪʦʩʦʚʘʥʠʤ ʥʝʧʨʘʚʠʣʴʥʦ 

ʘʙʦ ʜʦ ʥʝʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ, ʤʦʞʝ ʧʨʠʥʝʩʪʠ ʯʠʤʘʣʦ ʧʨʦʙʣʝʤ. ʇʨʦʪʝ, ʧʨʘʚʠʣʴʥʦ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʧʘʪʝʨʥ ʜʦʧʦʤʦʞʝ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʣʝʛʢʦ ʽ ʧʨʦʩʪʦ. 

ʊʠʧʠ ʧʘʪʝʨʥʽʚ:  

- ʧʦʨʦʜʞʫʶʯ;̔ 

- ʩʪʨʫʢʪʫʨʥʽ;  

- ʧʦʚʝʜʽʥʢʦʚʽ. 

ʇʦʨʦʜʞʫʶʪʴ ʧʘʪʝʨʥʠ ʥʘʜʘʶʪʴ ʤʝʭʘʥʽʟʤʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ, ʜʦʟʚʦʣʷʶʯʠ ʩʪʚʦʨʶʚʘʪʠ ʦʙ'ʻʢʪʠ 

ʟʨʫʯʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʉʪʨʫʢʪʫʨʥʽ ʧʘʪʝʨʥʠ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʢʣʘʩʘʤʠ ʽ ʦʙ'ʻʢʪʘʤʠ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ 

ʧʨʘʮʶʚʘʪʠ ʩʧʽʣʴʥʦ. 

ʇʦʚʝʜʽʥʢʦʚʽ ʧʘʪʝʨʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʧʨʦʩʪʠʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʩʫʪʥʦʩʪʷʤʠ. 

ʇʦʨʦʜʞʫʶʯʽ: 

- Singleton (ʆʜʠʥʘʢ) - ʦʙʤʝʞʫʻ ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʧʨʠʤʽʨʥʠʢʘ ʢʣʘʩʫ, ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʫʧ ʜʦ ʡʦʛʦ ʻʜʠʥʦʛʦ ʦʙ'ʻʢʪʫ. 

- Factory (ʌʘʙʨʠʢʘ) - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʢʦʣʠ ʫ ʥʘʩ ʻ ʩʫʧʝʨʢʣʘʩ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʧʽʜʢʣʘʩʘʤʠ ʽ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʥʷ, ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʦʚʝʨʥʫʪʠ ʦʜʠʥ ʟ ʧʽʜʢʣʘʩʫ. 
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- Abstract Factory (ɸʙʩʪʨʘʢʪʥʘ ʬʘʙʨʠʢʘ) - ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʫʧʝʨ ʬʘʙʨʠʢʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʬʘʙʨʠʢʠ, ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʪʚʦʨʝʥʫ ʬʘʙʨʠʢʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʽʚ. 

- Builder (ɹʫʜʽʚʝʣʴʥʠʢ) - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʠʭ ʦʙ'ʻʢʪʽʚ. ʇʦʩʪʫʧʦʚʦ ʚʽʥ ʩʪʚʦʨʶʻ ʙʽʣʴʰʠʡ ʦʙ'ʻʢʪ ʚʽʜ ʤʘʣʦʛʦ ʽ ʧʨʦʩʪʦʛʦ 

ʦʙ'ʻʢʪʘ. 

- Prototype (ʇʨʦʪʦʪʠʧ) - ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʠʪʠ ʜʫʙʣʴʦʚʘʥʠʡ ʦʙ'ʻʢʪ ʟ ʢʨʘʱʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʟʘʤʽʩʪʴ ʥʦʚʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʚʝʨʪʘʻʪʴʩʷ ʢʣʦʥ ʽʩʥʫʶʯʦʛʦ ʦʙ'ʻʢʪʘ. 

ʉʪʨʫʢʪʫʨʥʽ: 

- Adapter (ɸʜʘʧʪʝʨ) - ʮʝ ʢʦʥʚʝʨʪʝʨ ʤʽʞ ʜʚʦʤʘ ʥʝʩʫʤʽʩʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʪʝʨʥ ʘʜʘʧʪʝʨʘ, ʤʠ ʤʦʞʝʤʦ ʦʙ'ʻʜʥʘʪʠ ʜʚʘ ʥʝʩʫʤʽʩʥʠʭ ʽʥʪʝʨʬʝʡʩʫ. 

- Composite (ʂʦʤʧʦʥʦʚʱʠʢ) - ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʜʠʥ ʢʣʘʩ ʜʣʷ ʧʦʜʘʥʥʷ ʜʝʨʝʚʦʚʠʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. 

- Proxy (ɿʘʩʪʫʧʥʠʢ) - ʷʚʣʷʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʽʥʰʦʛʦ ʢʣʘʩʫ. 

- Flyweight (ʣʝʛʢʦʚʘʛʦʚʠʢʽʚ) - ʟʘʤʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʭʦʞʠʭ ʦʙ'ʻʢʪʽʚ, 

ʦʙ'ʻʢʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʪʦʨʥʦ. 

- Facade (ʌʘʩʘʜ) - ʙʝʩʧʝʯʽʚʘʝʪ ʧʨʦʩʪʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʢʣʽʻʥʪʘ, ʽ ʢʣʽʻʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʩʠʩʪʝʤʦʶ. 

- Bridge (ʄʽʩʪ) - ʨʦʙʠʪʴ ʢʦʥʢʨʝʪʥʽ ʢʣʘʩʠ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʢʣʘʩʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʪʝʨʬʝʡʩʫ. 

- Decorator (ɼʝʢʦʨʘʪʦʨ) - ʜʦʜʘʻ ʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʶʯʦʛʦ ʦʙ'ʻʢʪʘ ʙʝʟ 

ʧʨʠʚ'ʷʟʢʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ. 

ʇʦʚʝʜʽʥʢʦʚʽ: 

- Template Method (ʐʘʙʣʦʥʦʚʠʡ ʤʝʪʦʜ) - ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʫ  ̔ ʜʦʟʚʦʣʷʻ 

ʩʧʘʜʢʦʻʤʮʷʤ ʧʝʨʝʚʠʟʥʘʯʠʪʠ ʜʝʷʢʽ ʢʨʦʢʠ ʘʣʛʦʨʠʪʤʫ, ʥʝ ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʚ ʮʽʣʦʤʫ.  

- Mediator (ʇʦʩʝʨʝʜʥʠʢ) - ʥʘʜʘʻ ʢʣʘʩ ʧʦʩʝʨʝʜʥʠʢʘ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʚʩʽ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ 

ʨʽʟʥʠʤʠ ʢʣʘʩʘʤʠ.  

- Chain of Responsibility (ʃʘʥʮʶʞʦʢ ʦʙʦʚ'ʷʟʢʽʚ) - ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʞʦʨʩʪʢʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʧʨʘʚʥʠʢʘ ʟʘʧʠʪʫ ʚʽʜ ʡʦʛʦ ʦʜʝʨʞʫʚʘʯʘ, ʧʨʠ ʮʴʦʤʫ ʟʘʧʠʪ ʤʦʞʝ ʙʫʪʠ ʦʙʨʦʙʣʝʥʠʡ 

ʢʽʣʴʢʦʤʘ ʦʙ'ʻʢʪʘʤʠ.  

- Observer (ʉʧʦʩʪʝʨʽʛʘʯ) - ʜʦʟʚʦʣʷʻ ʦʜʥʠʤ ʦʙʴʝʢʪʘʤ ʩʪʝʞʠʪʠ ʽ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʜʽʾ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʽʥʰʠʭ ʦʙ'ʻʢʪʘʭ. 

- Strategy (ʉʪʨʘʪʝʛʽʷ) - ʘʣʛʦʨʠʪʤ ʩʪʨʘʪʝʛʽʾ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʠʡ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ. 

-  Command (ʂʦʤʘʥʜʘ) - ʽʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʠ ʦʛʦʣʦʰʫʻ ʤʝʪʦʜ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ ʜʽʾ.  

- State (ʉʪʘʥ) - ʦʙ'ʻʢʪ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʩʪʘʥʫ.  

- Visitor (ɺʽʜʚʽʜʫʚʘʯ) - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ ʫʛʨʫʧʦʚʘʥʥʷʤʠ 

ʧʦʚ'ʷʟʘʥʠʭ ʦʙ'ʻʢʪʽʚ.  

- Interpreter (ɯʥʪʝʨʧʨʝʪʘʪʦʨ) - ʚʠʟʥʘʯʘʻ ʛʨʘʤʘʪʠʢʫ ʧʨʦʩʪʦʛʦ ʤʦʚʠ ʜʣʷ ʧʨʦʙʣʝʤʥʦʾ 

ʦʙʣʘʩʪʽ. 

-  Iterator (ʀʪʝʨʘʪʦʨ) - ʧʦʩʣʽʜʦʚʥʦ ʟʜʽʡʩʥʶʻ ʜʦʩʪʫʧ ʜʦ ʝʣʝʤʝʥʪʽʚ ʦʙ'ʻʢʪʘ ʢʦʣʝʢʮʽʾ, ʥʝ 

ʟʥʘʶʯʠ ʡʦʛʦ ʦʩʥʦʚʥʦʛʦ ʫʷʚʣʝʥʥʷ.  

- Memento (ʍʨʘʥʠʪʝʣʴ) - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ, ʧʽʟʥʽʰʝ ʮʝʡ 

ʩʪʘʥ ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ. 

ʐʘʙʣʦʥʠ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ: 

- Model View Controller ï ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʢʦʥʪʨʦʣʣʝʨ 

- Model View Presenter 

- Model View ViewModel 

ʈʦʟʫʤʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʜʫ, ʦʩʢʽʣʴʢʠ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʭʦʨʦʰʠʤ ʨʽʰʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ 
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ʧʨʦʙʣʝʤʠ, ʧʘʪʝʨʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʽʟʥʘʥʽ ʽʥʰʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʱʦ ʟʤʝʥʰʫʻ 

ʯʘʩ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʝʚʥʠʤ ʢʦʜʦʤ. 

ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʰʘʙʣʦʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʚʝʙ-ʜʦʜʘʪʢʫ ñʉʣʫʞʙʘ ʪʘʢʩʽò. 
ʂʦʤʘʥʜʘ (Command) ï ʧʦʚʝʜʽʥʢʦʚʠʡ ʰʘʙʣʦʥ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʠʡ ʦʧʠʩʫʻ ʜʽʶ ʽ ʾʾ 

ʧʘʨʘʤʝʪʨʠ. ʄʝʪʘ ʩʪʚʦʨʝʥʥʷ ʜʘʥʦʛʦ ʰʘʙʣʦʥʫ ï ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʜʝ ʢʣʘʩ-ʚʽʜʧʨʘʚʥʠʢ ʽ ʢʣʘʩ 

ʦʜʝʨʞʫʚʘʯ ʥʝ ʟʘʣʝʞʘʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʧʨʷʤʫ. ɺ ʧʨʦʝʢʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʽʷ 

Servlets (Java), ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʩʴʦʛʦ ʦʜʠʥ ʩʝʨʚʣʝʪ ʠ ʚ ʥʴʦʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʘʨʤʝʪʨʽʚ HTTP-ʟʘʧʨʦʩʫ ʤʠ ʚ ʪʦʤʫ ʩʝʨʚʣʝʪʽ ʦʪʨʠʤʫʚʘʣʠ ʜʽʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ. ɺ 

ʧʨʦʝʢʪʽ ʩʪʚʦʨʠʣʠ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʦʧʠʩʫʻ ʜʘʥʫ ʜʽʶ, ʪʘʢʦʞ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʢʣʘʩʽʚ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ ʜʦʜʘʪʢʫ ʽ ʮʽ ʚʩʽ ʢʣʘʩʠ ʨʝʘʣʽʟʫʚʘʣʠ ʽʥʪʝʨʬʝʡʩ ʥʘʰʦʾ ʢʦʤʘʥʜʠ. ɯ ʮʝʡ 

ʩʝʨʚʣʝʪ ʚʠʢʦʥʫʚʘʚ ʢʦʤʘʥʜʫ, ʜʝ ʢʦʞʥʘ ʢʦʤʘʥʜʘ ʧʽʩʣʷ ʜʽʾ ʧʦʚʝʨʥʝ ʥʘʤ ʥʘʟʚʫ ʩʪʦʨʽʥʢʠ, ʥʘ ʷʢʫ 

ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ. ʄʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʢʦʤʘʥʜʠ, ʷʢ ʙʨʦʥʶʚʘʥʥʷ ʪʘʢʩʽ, ʨʝʛʽʩʪʨʘʮʽʷ 

ʢʣʽʝʥʪʘ, ʚʭʽʜ ʚ ʦʩʦʙʠʩʪʠʡ ʢʘʙʽʥʝʪ, ʚʠʭʽʜ ʟ ʦʩʦʙʠʩʪʦʛʦ ʢʘʙʽʥʝʪʫ ʽ ʪ.ʜ. 

ʌʘʙʨʠʯʥʠʡ ʤʝʪʦʜ (Factory Method) ï ʧʦʨʦʜʞʫʶʯʠʡ ʰʘʙʣʦʥ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ, 

ʢʫʜʠ ʤʠ ʧʝʨʝʜʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʠʭ ʧʘʨʤʝʪʨʽʚ ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʰ ʦʙôʻʢʪ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʡʦʛʦ, ʢʦʣʠ ʦʪʨʠʤʫʚʘʣʠ ʢʦʤʘʥʜʫ. ɺ ʧʘʨʘʤʝʪʨ ʤʝʪʦʜʫ 

ʧʝʨʝʜʘʚʘʣʦʩʴ ʩʪʨʦʢʦʚʝ ʟʥʘʯʝʥʥʷ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʤʠ ʦʪʨʠʤʫʚʘʣʠ ʢʦʤʘʥʜʫ. ʊʘʢʦʞ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʝʡ ʰʘʙʣʦʥ, ʥʘʧʨʠʢʣʘʜ ʥʝʦʙʭʽʜʥʦ 

ʦʪʨʠʤʘʪʠ ʘʚʪʦʤʦʙʽʣʴ ʧʦ ʪʠʧʫ ʢʫʟʦʚʘ, ʪʘʢʠʤ ʯʠʥʦʤ ʚ ʧʘʨʘʤʝʪʨ ʧʝʨʝʜʘʻʪʴʩʷ ʪʠʧ ʢʫʟʦʚʘ 

ʘʚʪʦʤʦʙʽʣʷ ʽ ʤʝʪʦʜ ʥʘʤ ʚʝʨʪʘʻ ʧʝʨʰʠʡ ʟʥʘʡʜʝʥʠʡ ʚʽʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʮʴʦʛʦ ʪʠʧʫ ʢʫʟʦʚʘ. 

DAO (Data Access Object) ï ʮʝ ʰʘʙʣʦʥ, ʷʢʠʡ ʟʚôʷʟʫʻ ʥʘʰʫ ʙʽʟʥʝʩ ʤʦʜʝʣʴ ʽ ʙʘʟʫ ʜʘʥʠʭ. 

ʊʦʙʪʦ ʤʠ ʜʦʙʘʚʣʷʻʤʦ ʚ ʙʘʟʫ ʜʘʥʠʭ ʥʘʰ ʦʙʲʝʢʪ, ʘʙʦ ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʽʟ ʙʘʟʠ ʜʘʥʠʭ 

ʟʘʧʠʩʫʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ ʚ ʦʙô̒ ʢʪ. ɺ ʧʨʦʝʢʪʽ ʤʠ ʩʪʚʦʨʶʚʘʣʠ ʜʝʢʽʣʴʢʘ ʢʣʘʩʽʚ ʧʽʜ ʨʽʟʥʽ ʤʦʜʝʣʽ 

ʜʘʥʠʭ ʽ ʚ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʢʣʘʩʽʚ ʙʫʣʠ ʤʝʪʦʜʠ ʜʣʷ ʚʩʪʘʚʢʠ, ʦʥʦʚʣʝʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʽ ʚʠʙʦʨʢʠ 

ʜʘʥʠʭ. ɺ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ JDBC API. 

ʆʜʠʥʦʯʢʘ (Singleton) ï ʮʝ ʧʦʨʦʞʜʫʶʯʠʡ ʰʘʙʣʦʥ, ʷʢʠʡ ʧʦʟʚʦʣʷʻ ʥʘʤ ʩʪʚʦʨʠʪʠ ʚ 

ʥʘʰʦʤʫ ʜʦʜʘʪʢʫ ʪʽʣʴʢʠ ʦʜʠʥ ʦʙô̒ ʢʪ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ, ʥʝ ʙʽʣʴʰʝ. ɺ ʧʨʦʝʢʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʩʷ Singleton, ʷʢ ʨʝʛʽʩʪʨʘʮʽʷ JDBC-ʜʨʘʡʚʝʨʘ ʙʘʟ ʜʘʥʠʭ, ʪʘʢ ʷʢ ʢʦʞʥʘ ʨʝʛʽʩʪʨʘʮʽʷ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʦʜʘʪʢʫ, ʪʘʢʦʞ ʯʝʨʝʟ ʥʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʦʙʤʝʞʝʥʥʷ 

ʜʦʩʪʫʧʫ, ʷʢʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʙʘʛʘʪʦ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʣʷ ʢʦʥʪʨʦʣʶ ʚ ʢʦʥʢʨʝʪʥʠʡ ʯʘʩ ʚ 

ʙʨʦʥʶʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ. 

ɸʙʩʪʨʘʢʪʥʘ ʬʘʙʨʠʢʘ (Abstract Factory) ï ʧʦʨʦʜʞʫʶʯʠʡ ʰʘʙʣʦʥ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʤʠ ʥʘ 

ʨʽʚʥʽ ʘʙʩʪʨʘʢʮʽʾ ʦʪʨʠʤʫʻʤʦ ʥʘʰʽ ʦʙôʻʢʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

DAO (ʜʣʷ ʢʣʽʻʥʪʘ, ʘʚʪʦʤʦʙʽʣʷ, ʩʠʩʪʝʤʠ, ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ ʽ ʪ.ʜ.). ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʢʣʘʩ DAOFactory, ʷʢ Singleton (ʦʜʠʥ ʦʙôʻʢʪ) ʽ ʯʝʨʝʟ ʥʴʦʛʦ ʤʠ ʦʪʨʠʤʫʚʘʣʠ DAO-

ʦʙôʻʢʪʠ ʯʝʨʝʟ ʨʽʟʥʽ ʤʝʪʦʜʠ. 

ɺʠʩʥʦʚʢʠ 

ɿʘʚʜʷʢʠ ʰʘʙʣʦʥʘʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʝʡ ʚʝʩʴ ʦʙô̒ ʤʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʦʜʘʪʢʘ ʩʪʘʻ ʚ ʙʽʣʴʰ 

ʜʦʩʪʫʧʥʦʤʫ ʜʣʷ ʯʠʪʘʥʥʷ ʚʠʛʣʷʜʽ. ʇʝʨʰʝ, ʱʦ ʢʠʜʘʻʪʴʩʷ ʚ ʦʯʽ ï ʮʝ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʽʚ Command, 

ʩʘʤʝ ʪʦʤʫ ʮʝʡ ʰʘʙʣʦʥ ʙʫʣʦ ʦʧʠʩʘʥʦ ʩʧʦʯʘʪʢʫ. ʊʘʢʦʞ ʟʘʚʜʷʢʠ ʡʦʤʫ ʤʠ ʩʢʦʨʦʪʠʣʠ xml-ʬʘʡʣ 

ʢʦʬʽʛʫʨʘʮʽʾ web.xml ï ʷʢʠʡ ʦʧʠʩʫʻ ʚʝʙ-ʢʦʥʪʝʡʥʝʨ. ɿʘʚʜʷʢʠ ʰʘʙʣʦʥʫ DAO ʪʝʞ ʚ ʜʦʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ ʤʠ ʦʧʠʩʘʣʠ, ʷʢʠʡ ʦʙô̒ ʢʪ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. ɺ 

Factory Method ʧʝʨʝʜʘʚʘʣʘʩʴ ʩʪʨʦʢʘ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʤʝʪʨʫ HTTP-ʟʘʧʨʦʩʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʠ 

ʦʪʨʠʤʫʚʘʣʠ ʢʦʥʢʨʝʪʥʠʡ ʦʙô̒ ʢʪ. ɸ ʦʩʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ DAO, ʤʠ ʦʪʨʠʤʫʚʘʣʠ ʡʦʛʦ ʽʟ 

ʟʘʛʘʣʴʥʦʾ ʬʘʙʨʠʢʠ, ʷʢʘ ʫ ʥʘʩ ʙʫʣʘ, ʷʢ Singleton. 

ɯʟ ʮʴʦʛʦ ʚʩʴʦʛʦ ʤʠ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʘʙʣʦʥʠ ʪʘʢʦʞ ʜʫʞʝ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʷʢ ʤʠ ʯʝʨʝʟ ʬʘʙʨʠʯʥʠʡ ʤʝʪʦʜ ʦʪʨʠʤʫʚʘʣʠ ʢʦʤʘʥʜʫ, ʘʙʦ 

DAOFactory ʫ ʥʘʩ ʽʩʥʫʚʘʣʘ ʪʽʣʴʢʠ ʚ ʻʜʠʥʦʤʫ ʝʢʟʝʤʣʷʨʽ, ʷʢʘ ʧʦʩʪʽʡʥʦ ʩʪʚʦʨʶʚʘʣʘ ʦʙô̒ ʢʪʠ 
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ʥʘʰʠʭ DAO. ʎʝ ʧʦʢʨʘʱʫʻ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ ʽ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʷʻʤʦʜʽʾ ʤʽʞ 

ʦʙô̒ ʢʪʘʤʠ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʫ ʥʘʰʦʤʫ ʜʦʜʘʪʢʫ. 
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ʄɽʊʆɼʀ ʂʆʄʋʊɸʎɯɰ  ɺ ʆʇʊʀʏʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ʄɽʈɽɾɸʍ 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʦʤʫʪʘʮʽʾ ʚ ʦʧʪʠʯʥʠʭ ʤʝʨʝʞʘʭ. 

ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʜʝʷʢʦʾ ʟʘʛʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʽʚ ʟʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ʜʘʻ ʟʤʦʛʫ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ 

ʜʝʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ ʦʧʪʠʯʥʠʤ ʚʦʣʦʢʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʪʠʯʥʽ 

ʥʝʩʫʯʽ ʟ ʨʽʟʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ. ʊʝʭʥʦʣʦʛʽʷ WDM ʜʘʻ ʟʤʦʛʫ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʻʾ ʡʦʛʦ ʦʧʪʠʯʥʦʾ ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥʷ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʽ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ WDM ʪʝʭʥʦʣʦʛʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʦʜʥʦʤʫ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʙʘʛʘʪʴʦʭ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʠʭ ʢʘʥʘʣʽʚ, ʚ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ 

ʤʦʞʥʘ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ ʟ ʙʫʜʴ-ʷʢʠʤ ʬʦʨʤʘʪʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʠʤ ʦʧʪʠʯʥʠʤ 

ʚʦʣʦʢʥʦʤ ʤʦʞʥʘ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʩʠʥʭʨʦʥʥʽ, ʘʩʠʥʭʨʦʥʥʽ ʽ ʘʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ, ʽ ʥʝʤʘʻ 

ʧʦʪʨʝʙʠ ʚ ʻʜʠʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʠʛʥʘʣʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʯʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʢʘʥʘʣʽʚ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʤʫʪʘʮʽʾ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʧʦʚʥʽʩʪʶ ʦʧʪʠʯʥʠʭ ʤʝʨʝʞ WDM, ʻ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʦʧʪʠʯʥʘ ʢʦʤʫʪʘʮʽʷ ʧʘʢʝʪʽʚ 

ʽ ʦʧʪʠʯʥʘ ʢʦʤʫʪʘʮʽʷ ʙʣʦʢʽʚ.   
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ʄʝʪʦʜ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  ʜʦʚʞʠʥ ʭʚʠʣʴ  ʚʽʜʧʦʚʽʜʘʻ  ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʮʽʷʤ ʪʨʘʜʠʮʽʡʥʠʭ 

ʤʝʨʝʞ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ. ɺ ʤʝʨʝʞʘʭ ʟ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʧʦʚʥʽʩʪʶ ʦʧʪʠʯʥʠʡ 

ʢʘʥʘʣ ʟʚôʷʟʢʫ, ʪʘʢ ʟʚʘʥʠʡ ʧʨʦʟʦʨʠʡ  ʢʘʥʘʣ, ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ  ʤʽʞ ʨʝʙʨʘʤʠ ʤʝʨʝʞʽ  [1]. 

ʉʚʽʪʣʦʚʠʡ ʢʘʥʘʣ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ ʢʘʥʘʣʫ ʜʦʚʞʠʥ ʭʚʠʣʴ ʥʘ ʢʦʞʥʽʡ ʣʘʥʮʽ  ʟʘ 

ʦʙʨʘʥʠʤ ʰʣʷʭʦʤ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʚʽʪʣʦʚʠʡ ʢʘʥʘʣ ʟʚʽʣʴʥʷʻʪʴʩʷ ʽ ʩʪʘʻ 

ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʽʥʰʠʭ ʩʝʘʥʩʽʚ ʟʚôʷʟʢʫ  [2].  ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ  ʟʘ  ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 

ʟʜʽʡʩʥʶʶʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʭʽʜʥʦʛʦ ʧʦʨʪʫ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ.   

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʨʝʞʽ, ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

ʜʚʘ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ ï ʮʝ ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ, ʜʨʫʛʠʡ  ï  ʤʝʪʦʜʠ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ. ʆʧʪʠʤʽʟʘʮʽʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʩʝ ʱʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʽʜʝʘʣʴʥʽʡ ʦʧʪʠʯʥʽʡ 

ʤʝʨʝʞʽ, ʪʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʰʣʷʭʦʤ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ 

ʢʦʥʚʝʨʩʽʻʶ ʜʦʚʞʠʥ ʭʚʠʣʴ ʪʘ ʙʝʟ ʥʝʾ.  ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦʚʞʠʥ ʭʚʠʣʴ,  

ʩʚʽʪʣʦʚʠʡ ʢʘʥʘʣ ʧʦʚʠʥʝʥ ʟʘʡʤʘʪʠ ʪʘʢʫ ʞ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʥʘ ʚʩʽʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ, 

ʯʝʨʝʟ ʷʢʽ ʚʽʥ ʧʨʦʭʦʜʠʪʴ [3].    

ɿʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʣʦʛʽʯʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʚôʷʟʢʽʚ 

ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ. ʅʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʜʘʥʽ ʟôʻʜʥʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʪʘʢʦʤʫ ʞ ʩʪʘʥʽ 

ʧʨʦʪʷʛʦʤ ʚʽʜʥʦʩʥʦ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʰʣʷʭʽʚ, ʷʢʠʤʠ ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʧʘʢʝʪʠ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʥʘ 

ʬʽʟʠʯʥʫ ʪʦʧʦʣʦʛʽʶ, ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʙʝʟʣʽʯ ʟʚ'ʷʟʢʽʚ, ʧʨʦʙʣʝʤʘ 

ʩʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʢʘʥʘʣʫ ʰʣʷʭʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʧʨʠʩʚʦʻʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ 

ʢʦʞʥʦʛʦ  ʟ'ʻʜʥʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʧʨʦʙʣʝʤʦʶ  ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 

(RWA  ï  Routing  and Wavelength Assignment).  

ʄʽʥʽʤʽʟʘʮʽʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʝʢʚʽʚʘʣʝʥʪʥʘ ʚʩʪʘʥʦʚʣʝʥʥʶ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʚʽʪʣʦʚʠʭ ʰʣʷʭʽʚ ʜʣʷ ʜʘʥʦʛʦ ʥʘʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʟʘʧʠʪʽʚ ʪʨʘʬʽʢʫ. 

ʂʨʽʤ ʪʦʛʦ, ʤʽʥʽʤʽʟʘʮʽʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚ ʤʝʨʝʞʽ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʧʝʨʝʜʘʚʘʯʽʚ ʪʘ ʧʨʠʡʤʘʯʽʚ.  ʋ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʦʣʦʢʦʥ, ʘ ʤʝʪʘ ʟʘʜʘʯʽ ʧʨʠʩʚʦʻʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭ ʢʽʣʴʢʽʩʪʴ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʤʝʨʝʞʽ ʟ WDM ʧʨʠ 

ʦʙʤʝʞʝʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʆʜʥʘʢ  ʝʬʝʢʪʠʚʥʽʩʪʴ  ʨʽʰʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʰʫʢʫ ʚ ʧʝʚʥʽʡ ʧʽʜʤʝʨʝʞʽ, ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʙʫʜʝ ʥʘʡʢʨʘʱʦʶ. ʆʧʪʠʤʽʟʘʮʽʷ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʣʠʰʝ ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʚ ʦʙʣʘʩʪʽ, ʚʠʟʥʘʯʝʥʽʡ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 

ʊʝʭʥʦʣʦʛʽʷ ʦʧʪʠʯʥʦʾ ʢʦʤʫʪʘʮʽʾ ʙʣʦʢʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʽʥʪʝʨʥʝʪ-ʤʘʛʽʩʪʨʘʣʽ. ʇʨʦʪʝ, ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ  

ʢʽʣʴʢʦʭ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʨʝʞʝʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ, 

ʧʽʜʪʨʠʤʢʘ QoS, ʬʦʨʤʫʚʘʥʥʷ ʙʣʦʢʫ, ʢʦʥʪʨʦʣʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʫ, ʤʦʥʽʪʦʨʠʥʛ ʚʠʢʦʥʘʥʥʷ, 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʽ ʨʦʟʤʽʨʽʚ ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʧʠʪʘʥʥʷ ʫ 

ʨʦʟʚʠʪʢʫ OBS ʤʝʨʝʞ. 

ʆʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʠʪʘʥʴ ʚ ʤʝʨʝʞʘʭ ʟ ʦʧʪʠʯʥʦʶ  ʢʦʤʫʪʘʮʽʻʶ ʻ  ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʬʣʽʢʪʽʚ. ʂʦʥʬʣʽʢʪ  ʚʠʥʠʢʘʻ,  ʢʦʣʠ ʤʥʦʞʠʥʥʽ ʧʘʢʝʪʠ ʜʘʥʠʭ ʢʦʤʫʪʫʶʪʴʩʷ  ʥʘ ʦʜʥʘʢʦʚʽʡ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʽ  ʧʨʠʟʥʘʯʝʥʽ ʜʽʡʪʠ ʥʘ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʚʠʭʽʜʥʠʡ ʧʦʨʪ. ʊʦʙʪʦ,  ʧʨʦʙʣʝʤʘ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʘʢʝʪʥʠʭ ʢʦʤʫʪʘʪʦʨʘʭ. ʎʝ ʚʽʜʦʤʦ ʷʢ ʟʦʚʥʽʰʥʻ ʙʣʦʢʫʚʘʥʥʷ. ʋ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʢʝʪʥʠʭ ʢʦʤʫʪʘʪʦʨʘʭ ʨʦʟʙʽʞʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʙʫʬʝʨʠʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʟʘʧʘʤôʷʪʦʚʫʶʯʦʾ ʧʘʤôʷʪʽ (ʆɿʇ); 

ʧʨʦʪʝ, ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʆɿʇ ʱʝ ʥʝ ʜʦʩʪʫʧʥʘ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ.   

ɺʠʩʥʦʚʢʠ 

 ʆʩʥʦʚʥʠʤ  ʟʘʚʜʘʥʥʷʤ  RWA  ʻ ʩʪʚʦʨʝʥʥʷ  ʩʚʽʪʣʦʚʠʭ ʢʘʥʘʣʽʚ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʟ'ʻʜʥʘʥʴ, ʩʪʚʦʨʝʥʠʭ ʚ ʤʝʨʝʞʽ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ  ï  ʪʦʙʪʦ, ʟʚʦʜʷʯʠ ʜʦ ʤʽʥʽʤʫʤʫ ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʫʚʘʥʴ ʟ'ʻʜʥʘʥʥʷ. ɼʘʥʽ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʝʨʝʞʽ ʟ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʜʦʚʞʠʥ ʭʚʠʣʴ,  ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʝʣʝʢʪʨʦʥʥʦʾ/ʦʧʪʠʯʥʦʾ ʢʦʥʚʝʨʪʘʮʽʾ,  ʙʫʬʝʨʠʟʘʮʽʾ ʽ ʦʙʨʦʙʢʠ  ʚ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʘʭ.  ʎʝ ʨʦʙʠʪʴ 

ʤʦʞʣʠʚʠʤ 

  ɿôʻʜʥʘʥʥʷ  ʟ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʜʦʚʞʠʥ ʭʚʠʣʴ  ʻ ʜʦʩʠʪʴ ʩʪʘʪʠʯʥʠʤʠ ʽ ʥʝ ʤʘʶʪʴ ʟʤʦʛʠ 

ʚʤʽʱʫʚʘʪʠ  ʰʚʠʜʢʦ ʟʤʽʥʥʠʡ ʽ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢ ʝʬʝʢʪʠʚʥʠʤ ʯʠʥʦʤ.   
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ɯʅʊɽʈʌɽʈɽʅʎɯʁʅɯ ɿɸɺɸɼʀ ɺ ʉʇ ɿ ʆɻʉ ʋɿɸɻɸʃʔʅɽʅʆɻʆ ʂʃɸʉʉʋ 

 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʟʘʩʘʜ ʚ ʩʠʩʪʝʤʘʭ 

ʧʝʨʝʜʘʯʽ (ʉʇ) ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ xDSL ʜʦʩʪʫʧʫ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʟʘʚʘʜ ʚ ʉʇ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʛʘʨʤʦʥʯ̔ʥʠʤʠ ʩʠʛʥʘʣʘʤʠ (ʉʇ ʆɻʉ). 

ɿʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʉʇ ʆɻʉ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʬʦʨʤʦʶ ʦʙʚʽʜʥʦʾ ʡ ʩʠʛʥʘʣʘʤʠ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʣʘʩʫ ʟ ʦʧʪʠʤʘʣʴʥʦʶ ʬʦʨʤʦʶ ʦʙʚʽʜʥʦʾ ʛʨʫʧʦʚʦʛʦ ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʉʇ ʆɻʉ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ADSL2+. 

ɿʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ ʣʶʜʩʴʢʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ʚ ʟʙʽʣʴʰʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ 

ʚʠʢʣʠʢʘʶʪʴ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʜʘʚʘʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʫ ʩʚʽʪʽ ʚʠʜʦʤ ʐɼ ʻ ʜʦʩʪʫʧ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʙʨʝ 

ʨʦʟʚʠʥʝʥʦʾ ʤʝʨʝʞʽ ʘʙʦʥʝʥʪʩʴʢʠʭ ʣʽʥʽʡ (ɸʃ) ʪʝʣʝʬʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ 

(ʊʄɿʂ) ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ xDSL (DSL - Digital Subscriber Line) ʟʛʽʜʥʦ ʟ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ (ʄʉɽ-ʊ) G.991 ī G.993. ɿ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦ ʙʣʠʟʴʢʦ 57 % ʚʽʜ ʫʩʽʻʾ ʢʽʣʴʢʦʩʪʽ ʣʽʥʽʡ 

ʬʽʢʩʦʚʘʥʦʛʦ ʐɼ ʫ ʩʚʽʪʽ. ʊʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʚʘʥʥʷ xDSL ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʠʩʪʝʤʠ ʆɻʉ 

[1]. 
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ʉʠʩʪʝʤʘ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʛʥʘʣʽʚ (ʆɻʉ), ʟʘʜʘʻʪʴʩʷ ʜʽʡʩʥʠʤʠ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ: 

{ }=ltltl ,sin,cos 00 ww 0, 1, 2, é N-1,                                         (1) 

                                        w0 =  2pF0 , 0 Ò t<Ű 0, ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʽ Ű 0 

ʜʝ F0 ï ʨʦʟʥʝʩʝʥʥʷ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʩʫʩʽʜʥʽʭ ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʬʫʥʢʮʽʡ (1); Ű 0ï ʽʥʪʝʨʚʘʣ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ, N ï ʯʠʩʣʦ ʬʫʥʢʮʽʡ. 

ʉʧʝʢʪʨʠ ʩʠʛʥʘʣʽʚ (1) ʪʝʦʨʝʪʠʯʥʦ ʥʝʩʢʽʥʯʝʥʥʽ ʧʦ ʯʘʩʪʦʪʽ ʽ ʫʙʫʚʘʶʪʴ ʟ ʯʘʩʪʦʪʦʶ ʟʽ 

ʰʚʠʜʢʽʩʪʶ, ʧʨʦʧʦʨʮʽʡʥʦʶ 1/w. ʇʨʦʪʝ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʽʚ ʟʦʩʝʨʝʜʞʝʥʘ ʚ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 2w0, ʱʦ ʥʘʜʘʻ ʩʠʛʥʘʣʘʤ (1) ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʟʴʢʦʩʤʫʛʦʚʦʩʪʽ.  

ʆʧʝʨʘʮʽʾ ʤʦʜʫʣʷʮʽʾ, ʧʨʠʡʦʤʫ ʽ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʽʚ (1) (ʙʫʜʝʤʦ ʥʘʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʦʩʪʽ 

ʥʘʟʠʚʘʪʠ ʾʭ ʪʨʘʜʠʮʽʡʥʠʤʠ) ʥʘ ʽʥʪʝʨʚʘʣʽ Ű0 ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʟʙʽʣʴʰʠʪʠ ʯʠʩʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ-ʧʝʨʝʥʦʩʥʠʢʽʚ. 

ʆʜʥʘʢ ʪʨʘʜʠʮʽʡʥʽ ʆɻʉ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ  

ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʽʚ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 2w0, ʱʦ, ʚ ʧʨʠʥʮʠʧʽ, ʟʥʠʞʫʻ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʥʦʞʠʥʠ ʆɻʉ. 

ɺ [2] ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʆɻʉ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʣʘʩʫ (ʆɻʉ ʋʂ): 

{ }0

1

0
0

0

1
( ) ,  - ,  

2 2

N
il t

l

T T
u t e t

F

-
w

=
¢ < t =,                                        (2) 

ʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʥʘ ʽʥʪʝʨʚʘʣʽ ʊ: 
2

0 0

2

1,  
( ) ( )

0,  

T

T

il t ik t
l k

u t e u t e dt
l k

w w

-

-
=ë

=ì
¸í

ñ ,                                        (3) 

ʜʝ T ï ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʪʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ (ʬʫʥʢʮʽʡ), u(t)  ï ʦʙʚʽʜʥʘ. ʇʘʨʘʤʝʪʨ ʊ >t0 ʥʘ 

ʚʝʣʠʯʠʥʫ ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ʉʠʩʪʝʤʘ ʆɻʉ (2) ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʬʦʨʤʠ ʩʠʛʥʘʣʫ u (t) ʤʦʞʝ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʘ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʰʠʨʠʥʠ ʩʧʝʢʪʨʘ (ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʥʝʨʛʽʾ 

ʩʠʛʥʘʣʫ ʚ ʦʙʤʝʞʝʥʦʶ ʩʤʫʟʽ ʯʘʩʪʦʪ). ɺ [2] ʜʦʚʦʜʠʪʴʩʷ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤʠ ʻ ʆɻʉ, ʫ ʷʢʠʭ 

ʩʠʛʥʘʣ u (t) ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʟ ʢʦʩʠʥʫʩʢʚʘʜʨʘʪʠʯʥʠʤʠ ʬʨʦʥʪʘʤʠ. 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʟʘʚʘʜ ʚ ʉʇ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʛʘʨʤʦʥʯ̔ʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʽ ʆɻʉ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʣʘʩʫ ï ʆɻʉ 

ʋʂ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʟʘʚʘʜ  ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʪʨʘʜʠʮʽʡʥʠʭ ʉʇ ʆɻʉ (ʉʇ-1) ʽ ʉʇ ʟ ʆɻʉ ʋʂ (ʉʇ-2) ʥʘ ʧʨʠʢʣʘʜʽ ʉʇ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ADSL2+. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʧʦʢʘʟʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʨʠʩ. 1 ʽ 2. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ l-ʛʦ ʢʘʥʘʣʫ ʪʨʘʜʠʮʽʡʥʦʾ ʉʇ ʆɻʉ (Cʇ-1) 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ l-ʛʦ ʢʘʥʘʣʫ ʉʇ ʟ ʆɻʉ ʋʂ (Cʇ-2) 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʉʇ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ADSL2+ ʪʘ ʣʽʥʽʾ 

ʟʚôʷʟʢʫ: 

ï ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ (n) ï 479; 

ï ʥʦʤʝʨ ʧʝʨʰʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ (m) ï 33; 

ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʽʥʪʝʨʚʘʣʫ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ (N) ï 512; 

ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ (L) ʚʠʙʠʨʘʣʘʩʷ 32, 64, 128; 

ï ʣʽʥʽʷ ʟʚôʷʟʢʫ ï ʪʝʣʝʬʦʥʥʽ ʢʘʙʝʣʽ ʪʠʧʫ ʊʇʇ ʟ ʜʽʘʤʝʪʨʦʤ ʞʠʣ 0,5 ʤʤ; 

ï ʜʦʚʞʠʥʘ ʣʽʥʽʾ (lʣ) ʚʠʙʠʨʘʣʘʩʷ 1, 2, 3, 4, 5 ʢʤ; 

ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʘʜʠʪʠʚʥʠʭ ʟʘʚʘʜ ʟʘʜʘʚʘʣʘʩʷ ʨʽʚʥʦʤʽʨʥʦʶ (ɸɿʈʉɻʇ) 

ʚ ʤʝʞʘʭ ï ʤʽʥʫʩ 140éʤʽʥʫʩ 120 ʜɹʤ/ɻʮ; 

ï ʚʠʜ ʦʙʚʽʜʥʦʾ ʧʦʩʠʣʢʠ ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ï ʪʨʘʜʠʮʽʡʥʠʡ (ʇ-ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ) ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʣʘʩʫ ʟ ʦʧʪʠʤʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ (ʟ ʢʦʩʠʥʫʩ ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʬʨʦʥʪʘʤʠ) [2]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʰʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʟʘʚʘʜʠ ʽ 

ʩʠʛʥʘʣʫ  hl % ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʦʤʝʨʫ ʢʘʥʘʣʫ l, ʧʦʯʘʪʢʫ ʦʙʨʦʙʢʠ ʧʦʩʠʣʢʠ ʩʠʛʥʘʣʫ kT ʪʘ 

ʜʦʚʞʠʥʠ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʜʣʷ ʉʇ-1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʨʠʩ. 3, ʘ ʜʣʷ ʉʇ-2 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4. 

 
kT 

l 

hl, % 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ hl ʚʽʜ ʥʦʤʝʨʫ ʢʘʥʘʣʫ ʉʇ-1 ʪʘ kT 

(lʣ = 3 ʢʤ, ʊʇʇ 10 Ĭ2 Ĭ 0,5 ʤʤ, ADSL2+, L = 64) 
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ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ hl ʚʽʜ ʥʦʤʝʨʫ ʢʘʥʘʣʫ ʉʇ-2 ʪʘ kT 

(lʣ = 3 ʢʤ, ʊʇʇ 10 Ĭ2 Ĭ 0,5 ʤʤ, ADSL2+, L = 64) 

 

ʅʘ ʨʠʩ. 5 ʪʘ 6 ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʟʘʚʘʜ hl ʧʦ ʢʘʥʘʣʘʭ ʉʇ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ kT ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ L.  
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ʈʠʩʫʥʦʢ 5 ï  ɿʘʣʝʞʥʽʩʪʴ hl  ʚʽʜ l ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ kT 

(ʊʇʇ 10 Ĭ2 Ĭ 0,5 ʤʤ, ADSL2+, L = 32, 64, 128, lʣ= 2 ʢʤ) 
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ʈʠʩʫʥʦʢ 6 ï ɿʘʣʝʞʥʽʩʪʴ hl  ʚʽʜ l ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ kT 

(ʊʇʇ 10 Ĭ2 Ĭ 0,5 ʤʤ, ADSL2+, L = 32, 64, 128, lʣ= 3 ʢʤ) 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʟ ʨʦʩʪʦʤ ʜʦʚʞʠʥʠ ʢʘʙʝʣʶ ʟʨʦʩʪʘʻ ʚʽʜʥʦʰʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ 

ʟʘʚʘʜʠ ʽ ʩʠʛʥʘʣʫ.  

- ʚʽʜʥʦʰʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʟʘʚʘʜʠ ʽ ʩʠʛʥʘʣʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʤʦʤʝʥʪʫ kT ʧʦʯʘʪʢʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʚ ʧʨʠʡʤʘʯʽ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʪʘʢʪʦʚʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʉʇ ʆɻʉ. 

ʇʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʉʇ ʟ ʆɻʉ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʣʘʩʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʉʇ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʆɻʉ. 
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ɻʘʮʝʥʢʦ ʆ.ɯ. 

ʆʜʝʩʴʢʘ ʅʘʮʽʦʥʘʣʴʥʘ ɸʢʘʜʝʤʽʷ ʟʚôʷʟʢʫ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʩʪ. ʚʠʢʣʘʜʘʯ ʉʪʘʱʫʢ ʆ.ʄ. 

 
ʊɽʅɿʆʈ ɼɯɽʃɽʂʊʈʀʏʅʆɰ ʇʈʆʅʀʂʅʆʉʊɯ ɸʅɯɿʆʊʈʆʇʅʆɻʆ ʆʇʊʀʏʅʆɻʆ 

ɺʆʃʆʂʅɸ ɿ ɺʇʆʈʗɼʂʆɺɸʅʆʖ ʆɹɽʈʊɸʃʔʅʆʖ ʄɯʂʈʆʉʊʈʋʂʊʋʈʆʖ ʉʂʃɸ 

 
ɸʥʥʦʪʘʮʽʷ: ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚʽʜ ʢʨʦʢʫ ʦʙʝʨʪʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘ. 

ʅʘʨʘʟʽ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ (ɺʆʉʇ) ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʪʨʠʤʫʶʪʴ ʧʨʠʩʪʨʦʾ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ. ɼʦ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜʥʦʩʷʪʴʩʷ ʬʦʪʦʧʨʫʞʥʽ ʦʧʪʠʯʥʽ ʚʦʣʦʢʥʘ (ʆɺ), 

ʥʘʧʨʘʚʣʝʥʽ ʚʽʜʛʘʣʫʞʫʚʘʯʽ, ʧʦʣʷʨʦʾʜʠ, ʢʦʤʧʝʥʩʘʪʦʨʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, 

ʤʦʜʫʣʷʪʦʨʠ ʩʚʽʪʣʘ, ʧʨʠʟʤʠ ʪʘ ʽʥʰʽ [1, 2, 3, 4].  
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ʉʢʣʦ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʆɺ ʻ ʦʧʪʠʯʥʦ ʽʟʦʪʨʦʧʥʠʤ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʤʦʣʝʢʫʣ ʪʘ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ, ʦʨʽʻʥʪʘʮʽʷ ʦʩʝʡ ʜʘʥʠʭ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʻ ʭʘʦʪʠʯʥʦʶ. ʄʽʢʨʦʩʢʦʧʽʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ ʚ ʪʘʢʠʭ ʆɺ ʟʛʣʘʜʞʫʻʪʴʩʷ ʣʠʰʝ 

ʩʪʘʪʠʩʪʠʯʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʚʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ (ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʘʙʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ), ʱʦ ʩʪʚʦʨʶʻ ʬʽʟʠʯʥʦ ʚʠʜʽʣʝʥʠʡ ʥʘʧʨʷʤ ʚ ʧʨʦʩʪʦʨʽ, ʪʘʢʝ ʩʝʨʝʜʦʚʠʱʝ ʩʪʘʻ 

ʽ ʤʘʢʨʦʩʢʦʧʽʯʥʦ ʘʥʽʟʦʪʨʦʧʥʠʤ. ɯʥʜʫʢʦʚʘʥʠʡ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʜʥʦʨʽʜʥʠʤ ʟʦʚʥʽʰʥʽʤ 

ʧʦʣʝʤ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʘʥʽʟʦʪʨʦʧʥʦʾ ʤʦʣʝʢʫʣʠ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʚʧʦʨʷʜʢʦʚʫʶʯʦʛʦ ʧʦʣʷ. ʊʦʤʫ ʽ ʚʠʥʠʢʘʻ ʤʦʤʝʥʪ ʩʠʣ, ʷʢʠʡ ʣʦʢʘʣʴʥʦ ʧʦʚʝʨʪʘʻ ʤʦʣʝʢʫʣʫ ʚʽʩʩʶ 

ʥʘʡʙʽʣʴʰʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʚʟʜʦʚʞ ʧʦʣʷ. ʉʚʽʪʣʦʚʽʡ ʭʚʠʣʽ ʟ ʣʦʢʘʣʴʥʠʤ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ 

ʥʘʧʨʷʤʢʦʤ ʢʦʣʠʚʘʥʴ ʫʟʜʦʚʞ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ (ʥʝʟʚʠʯʘʡʥʽʡ) ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʥʽʞ ʭʚʠʣʽ ʟʚʠʯʘʡʥʽʡ, ʱʦ ʧʦʣʷʨʠʟʦʚʘʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 

[5]. 

ɺ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʽʥʜʫʢʮʽʾ D
C

 

ʟ ʚʝʢʪʦʨʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ E
C

 ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [6, 7, 8, 9, 10]: 

 

                                             
)(0 zzxyxyxxxx EEED e+e+ee=
, 

                                             
)(0 zyzyyyxxyy EEED e+e+ee=
,                                                            (1)     

                                             
)(0 zzzyzyxxzz EEED e+e+ee=
, 

 

ʜʝ 0e ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʘʢʫʫʤʫ. 

ɼʝʚ'ʷʪʴ ʝʣʝʤʝʥʪʽʚ ije (i = 1...3, j =1é3) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʝʥʟʦʨ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʦʩʽ x, y, z ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʘʙʦ r, j, z ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʧʦʟʥʘʯʝʥʽ ʮʠʬʨʦʚʠʤʠ ʽʥʜʝʢʩʘʤʠ 1, 2, 3 ʚʽʜʧʦʚʽʜʥʦ [6, 7]: 

 

                                              

333231

232221

131211

0

eee

eee

eee

e=e . (2)                                                                   

 ɯʟ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʩʣʽʜʫʻ ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ, ʪʦʙʪʦ ije = jie . ɺ ʦʜʥʦʨʽʜʥʦʤʫ ʢʨʠʩʪʘʣʽ ʤʦʞʥʘ ʨʦʟʚʝʨʥʫʪʠ ʦʩʽ ʢʦʦʨʜʠʥʘʪ x, y, z 

ʜʦ ʾʭ ʟʙʽʛʫ ʟ ʜʝʷʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ X, Y, Z  ʪʘʢ, ʱʦʙ ʪʝʥʟʦʨ ʩʪʘʚ ʜʽʘʛʦʥʘʣʴʥʠʤ, ʪʦʙʪʦ xxe   ̧0, 

yye   ̧0, zze   ̧0, ʘ ʚʩʽ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʜʦʨʽʚʥʶʚʘʣʠ ʥʫʣʝʚʽ. ɼʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ xxe , yye , 

zze  ʤʘʶʪʴ ʥʘʟʚʫ ʛʦʣʦʚʥʠʭ ʟʥʘʯʝʥʴ ʪʝʥʟʦʨʘ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʘ ʚʽʜʧʦʚʽʜʥʽ 

xxxxn e= , 
yyyyn e= , 

zzzzn e=  ï ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ ʪʘ ʜʦʨʽʚʥʶʶʪʴ 

ʛʦʣʦʚʥʠʤ ʥʘʧʽʚʦʩʷʤ ʝʣʽʧʩʦʾʜʘ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ X, Y, Z. ʎʝʡ ʝʣʽʧʩʦʾʜ ʚʠʟʥʘʯʘʻ ʧʦʚʝʨʭʥʶ 

ʧʦʩʪʽʡʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʪʘ ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʽʧʩʦʾʜʦʤ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ [1]. 

ɺʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ ʆɺ ʟ ɺʆʄʉ 

ʤʘʶʪʴ ʚʠʜ: 

 



42 

 

                                                exx = eyy = e(r);  

                                                exz =  ezx = ny = nr sin j;  

                                                eyz = ezy = ïnx = ïnr cos j;  

                                                ezz = e(r) + n
2
r

2
,             (3)                                                                             

  

ʜʝ ɜ ï ʢʨʫʯʝʥʥʷ ʆɺ; 

         r ʪʘ ű ï ʢʦʦʨʜʠʥʘʪʠ ʦʙʝʨʪʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ; 

e(r) ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʆɺ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʘʥʽʟʦʪʨʦʧʽʾ (ʽʟʦʪʨʦʧʥʦʛʦ 

ʆɺ), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʨʠʯʣʝʥʥʠʤ ʚʠʨʘʟʦʤ ʉʝʣʤʝʡʻʨʘ [11]. 

ʇʽʜʙʠʨʘʥʥʷʤ ʢʨʦʢʫ ʦʙʝʨʪʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʢʣʘ ʆɺ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʝ 

ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʙʝʟ ʚʥʝʩʝʥʥʷ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʚʠʢʣʠʢʘʥʠʭ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ. ʊʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʪʝʥʟʦʨʘ ezz ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʙʠʨʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙʝʨʪʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʢʣʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʝʥʩʘʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ [12].  

ɿʘ ʚʠʨʘʟʦʤ (3) ʚʠʢʦʥʘʥʦ ʦʙʯʠʩʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ 

ʆɺ ʟ ʚʧʦʨʷʜʢʦʚʘʥʦʶ ʦʙʝʨʪʘʣʴʥʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʩʢʣʘ (ɺʆʄʉ), ʩʝʨʮʝʚʠʥʘ ʷʢʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ 100% SiO2 ʜʣʷ ʦʙʝʨʪʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʢʦʦʨʜʠʥʘʪʽ r, 

ʨʽʚʥʽʡ ʨʘʜʽʫʩʫ ʩʝʨʜʝʚʠʥʠ ʆɺ ʪʘ ʢʦʦʨʜʠʥʘʪʽ ű = 90
0
. ʋʩʪʘʥʦʚʣʝʥʦ ʚʠʜ ʪʝʥʟʦʨʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ: 
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ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʣʷ ʟʥʘʯʝʥʴ ʢʨʦʢʫ 

ʦʙʝʨʪʘʥʥʷ ɺʆʄʉ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10 ʜʦ 200 ʤʢʤ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣ.1.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʫ ʪʝʥʟʦʨʘ Ůzz ʚʽʜ 

ʢʨʦʢʫ ʦʙʝʨʪʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʢʣʘ (ʨ). ɼʘʥʠʡ ʛʨʘʬʽʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ  ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ 

ʆɺ ʟ ɺʆʄʉ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ ʨ  

ʨ ɜ Ůxz  =  Ůzx Ůyz  =  Ůzy Ůzz 

10 0,628319 2,827433 -1,73Ŀ10
-16

 10,07958 

20 0,314159 1,413717 -8,66Ŀ10
-17

 4,083799 

30 0,20944 0,942478 -5,77Ŀ10
-17

 2,973468 

40 0,15708 0,706858 -4,33Ŀ10
-17

 2,584853 

50 0,125664 0,565487 -3,46Ŀ10
-17

 2,404979 

60 0,10472 0,471239 -2,89Ŀ10
-17

 2,30727 

70 0,08976 0,403919 -2,47Ŀ10
-17

 2,248355 

80 0,07854 0,353429 -2,17Ŀ10
-17

 2,210116 

90 0,069813 0,314159 -1,92Ŀ10
-17

 2,1839 

100 0,062832 0,282743 -1,73Ŀ10
-17

 2,165148 
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110 0,05712 0,257039 -1,57Ŀ10
-17

 2,151273 

120 0,05236 0,235619 -1,44Ŀ10
-17

 2,140721 

130 0,048332 0,217495 -1,33Ŀ10
-17

 2,132508 

140 0,04488 0,20196 -1,24Ŀ10
-17

 2,125992 

150 0,041888 0,188496 -1,15Ŀ10
-17

 2,120735 

160 0,03927 0,176715 -1,08Ŀ10
-17

 2,116432 

170 0,03696 0,16632 -1,02Ŀ10
-17

 2,112866 

180 0,034907 0,15708 -9,62Ŀ10
-18

 2,109878 

190 0,033069 0,148812 -9,12Ŀ10
-18

 2,107349 

 

 

 
 

 

ʗʢ ʚʠʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʛʨʘʬʽʢʘ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʨʦʢʫ ʦʙʝʨʪʘʥʥʷ ɺʆʄʉ ʟʥʘʯʝʥʥʷ 

ʝʣʝʤʝʥʪʫ Ůzz ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽʟʦʪʨʦʧʥʦʛʦ ʆɺ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨ, ʟʤʝʥʰʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʬʦʪʦʧʨʫʞʥʦʩʪʽ ʆɺ, ʩʚʽʪʣʦʚʽʜ ʚ 

ʤʝʥʰʽʡ ʤʽʨʽ ʧʽʜʜʘʥʠʡ ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʽ ʟʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʽʟʦʪʨʦʧʥʦʛʦ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚ ʆɺ ʟ ɺʆʄʉ 

ʤʘʻ ʤʽʩʮʝ ʘʩʠʤʝʪʨʽʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋʤʦʚʠ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ 

ʚ ʜʘʥʦʤʫ ʆɺ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʾ ʧʦʣʷʨʠʟʘʮʽʾ. ʉʪʫʧʽʥʴ ʘʩʠʤʝʪʨʽʾ ʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʢʨʦʢʫ 

ʦʙʝʨʪʘʥʥʷ ɺʆʄʉ. 
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ʽʥʥʦʚʘʮʽʡ ʚ ʛʘʣʫʟʽ ʟʚôʷʟʢʫ, ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚʠʤʘʛʘʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʙ ʟʘʜʦʚʦʣʴʥʷʣʠ ʨʷʜʫ ʧʦʩʪʘʚʣʝʥʠʭ ʚʠʤʦʛ, ʟʦʢʨʝʤʘ, ʪʘʢʠʭ, ʷʢ ʚʽʜʪʘʥʴ 

ʧʝʨʝʜʘʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ, ʷʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ, ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ, ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʪʘ ʽʥ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ (ɺʆʉʇ) ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʷʜʫ ʜʘʥʠʭ ʚʠʤʦʛ ʪʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ 

(ʣʽʥʽʡ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ), ʪʘʢ ʽ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ  ʟʦʥʦʚʠʭ, ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʦʙôʻʢʪʦʚʠʭ ʤʝʨʝʞ. ʆʜʥʘʢ ʤʘʶʪʴ ʤʽʩʮʝ ʪʘʢʦʞ ʽ ʥʝʛʘʪʠʚʥʽ ʷʚʠʱʘ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ (ʆɺ) ʧʨʠ ʧʝʨʝʜʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ. ɼʦ ʪʘʢʠʭ ʷʚʠʱ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʭʚʠʣʝʚʽʜʥʘ ʜʠʩʧʝʨʩʽʷ ʩʠʛʥʘʣʫ, ʷʢʘ ʻ ʩʢʣʘʜʦʚʦʶ 

ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ [1, 2, 3]. 

ʇʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʧʦʣʷʛʘʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʬʘʟʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʰʠʨʝʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʭʚʠʣʽ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. ʈʦʟʨʘʭʫʥʦʢ ʧʠʪʦʤʦʾ 

ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ (W(ɚ)) ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʚʠʨʘʟʦʤ [4, 5, 6, 7, 8, 9]: 

                                      ()
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,
2

2

1

V

Vb
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W

µ
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l                                                               (1) 

ʜʝ ȹ ï ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʮʝʚʠʥʠ ʡ ʦʙʦʣʦʥʢʠ;                                                                                                                                              
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2

V

Vb
V
µ
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 ï ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʬʽʣʶ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʆɺ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʛʨʘʬʽʢʦʤ ʨʠʩ. 1 [5]; 

V ï  ʥʦʨʤʦʚʘʥʘ ʯʘʩʪʦʪʘ, ʨʘʜ; 

N2 ï ʛʨʫʧʦʚʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʦʙʦʣʦʥʢʠ. 

ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʜʣʷ ʆɺ, ʨʽʟʥʠʭ ʟʘ ʭʽʤʽʯʥʠʤʠ ʩʢʣʘʜʘʤʠ 

ʩʝʨʮʝʚʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ ʜʣʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 1,3, 1,55, 1,595  ʤʢʤ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 1. 

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʠʪʦʤʦʾ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʆɺ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ 
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V
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 ʚʽʜ ʥʦʨʤʦʚʘʥʦʾ ʯʘʩʪʦʪʠ: 1 - 

ʜʣʷ ʦʜʥʦʤʦʜʦʚʦʛʦ  ʩʪʫʧʝʥʝʚʦʛʦ ʆɺ; 2 - ʜʣʷ ʛʨʘʜʽʻʥʪʥʦʛʦ ʆɺ; 3 - ʜʣʷ ʆɺ ʧʨʦʬʽʣʷ W-ʪʠʧʫ 
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ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ 
( )

2

2

V

Vb
V
µ

µ
 

ʆɺ ʉʢʣʘʜ 

ʩʝʨʮʝʚʠʥʠ  

ʉʢʣʘʜ 

ʦʙʦʣʦʥʢʠ 

ɼʦʚʞʠʥʘ 

ʭʚʠʣʽ ɚ, ʤʢʤ 

ʅʦʨʤʦʚʘʥʘ 

ʯʘʩʪʦʪʘ, V 

ʂʦʝʬʽʮʽʻʥʪ 

ʭʚʠʣʝʚʽʜʥʦʾ 

ʜʠʩʧʝʨʩʽʾ 

( )
2

2

V

Vb
V
µ

µ
 

 

1 

 

100% SiO2 

1% F,  

99% SiO2 

1,3 2,398104 0,23 

1,55 2,09961 0,38 

1,595 2,03717 0,39 

 

2 

2,2% 

GeO2, 

3,3% B2O3, 

94,5% SiO2 

13,5%BeO2, 

86,5% SiO2 

1,3 2,25235 0,3 

1,55 1,96931 0,4 

1,595 1,92943 0,42 

 

3 

3,5% 

GeO2, 

96,5% SiO2 

3,3% GeO2, 

9,2% B2O3, 

87,5% SiO2 

1,3 2,39901 0,3 

1,55 2,40405 0,3 

1,595 2,33995 0,3 

 

4 

9,1% P2O5, 

90,9% SiO2 

7% GeO2, 93% 

SiO2 

1,3 2,37652 0,3 

1,55 1,85358 0,43 

1,595 1,77135 0,45 

 

5 

7,9 % 

GeO2, 92,1 

%Si O2 

5,8 % GeO2, 

94,2 % SiO2 

1,3 2,15037 0,36 

1,55 1,79738 0,45 

1,595 1,74585 0,45 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ  ʆɺ ʨʽʟʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʆɺ ʉʢʣʘʜ ʩʝʨʮʝʚʠʥʠ  ʉʢʣʘʜ ʦʙʦʣʦʥʢʠ ɼʦʚʞʠʥʘ 

ʭʚʠʣʽ ɚ, 

ʤʢʤ 

ʇʠʪʦʤʘ ʭʚʠʣʝʚʽʜʥʘ 

ʜʠʩʧʝʨʩʽʷ W(ɚ), 

ʧʩ/(ʢʤĿʥʤ) 

 

1 

 

100% SiO2 

1% F,  

99% SiO2 

1,3 2,778831891 

1,55 3,806854612 

1,595 3,788544217 

 

2 

2,2% GeO2,  

3,3% B2O3,  

94,5% SiO2 

13,5%BeO2,  

86,5% SiO2 

1,3 2,88219986 

1,55 3,519550717 

1,595 3,653997193 

 

3 

3,5% GeO2,  

96,5% SiO2 

3,3% GeO2,  

9,2% B2O3,  

87,5% SiO2 

1,3 4,582323178 

1,55 2,35636015 

1,595 3,832421945 
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4 

9,1% P2O5,  

90,9% SiO2 

7% GeO2,  

93% SiO2 

1,3 3,181525126 

1,55 3,323051816 

1,595 3,271295161 

 

5 

7,9 % GeO2,  

92,1 %Si O2 

5,8 % GeO2,  

94,2 % SiO2 

1,3 3,130368623 

1,55 3,274295315 

1,595 3,181924492 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʟʘʩʚʽʜʯʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʠʪʦʤʘ ʭʚʠʣʝʚʽʜʥʘ 

ʜʠʩʧʝʨʩʽʷ ʜʣʷ ʟʘʜʘʥʠʭ ʩʢʣʘʜʽʚ ʆɺ, ʧʨʠ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ɚ = 1,3 é 1,595 ʤʢʤ ʧʨʠʡʤʘʻ 

ʚʠʢʣʶʯʥʦ ʜʦʜʘʪʥʻ ʟʥʘʯʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʧʦ ʤʽʨʽ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʜʘʥʠʭ ʆɺ [10]. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ 

ʭʚʠʣʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʠʪʦʤʦʾ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ 

ʩʢʣʘ ʩʝʨʮʝʚʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ ʆɺ: ʜʣʷ ʆɺ 1 ʪʘ ʆɺ 2 ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʭʚʠʣʽ 

ʚʧʣʠʚ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʜʘʥʠʭ ʨʝʮʝʧʪʽʚ 

ʩʢʣʘ ʛʨʫʧʦʚʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʥʽʞ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʮʝʚʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ, ʟʨʦʩʪʘʻ ʪʘʢʦʞ 

ʽ ʢʦʝʬʽʮʽʻʥʪ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ 
( )

2

2

V

Vb
V
µ

µ
 ʽ ʤʥʦʞʝʥʥʷ ʥʘ ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʾ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʚ ʮʽʣʦʤʫ. ɼʣʷ ʆɺ 3 (ʩʝʨʮʝʚʠʥʘ ï 3,5% GeO2, 96,5% 

SiO2; ʦʙʦʣʦʥʢʘ - 3,3% GeO2, 9,2% B2O3, 87,5% SiO2) ʧʠʪʦʤʘ ʭʚʠʣʝʚʽʜʥʘ ʜʠʩʧʝʨʩʽʷ, ʥʘʚʧʘʢʠ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ 

( )
2

2

V

Vb
V
µ

µ
 ʜʣʷ ʜʘʥʦʛʦ ʩʢʣʘʜʫ ʩʢʣʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ ʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʨʽʟʥʠʮʽ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʮʝʚʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʠʪʦʤʘ 

ʭʚʠʣʝʚʽʜʥʘ ʜʠʩʧʝʨʩʽʷ. ɼʣʷ ʆɺ 4 (ʩʝʨʮʝʚʠʥʘ ï 9,1% P2O5, 90,9% SiO2; ʦʙʦʣʦʥʢʘ - 7% GeO2, 

93% SiO2) ʟʤʽʥʘ ʧʠʪʦʤʦʾ ʭʚʠʣʝʚʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʧʨʠ ʟʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʤʘʻ ʩʢʣʘʜʥʠʡ 

ʭʘʨʘʢʪʝʨ: ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ = 1,3 é 1,49 ʤʢʤ ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʠ ɚ = 

1,49 é 1,595 ï ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʆɺ 5 (ʩʝʨʮʝʚʠʥʘ ï 7,9 % GeO2, 92,1 %SiO2; ʦʙʦʣʦʥʢʘ - 5,8 

% GeO2, 94,2 % SiO2) ʧʠʪʦʤʘ ʭʚʠʣʝʚʽʜʥʘ ʜʠʩʧʝʨʩʽʷ, ʷʢ ʽ ʜʣʷ ʆɺ 1 ʪʘ ʆɺ 2, ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ 

ʧʦ ʧʨʠʯʠʥʽ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ N(ɚ) ʪʘ 
( )

2

2

V

Vb
V
µ

µ
. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉʪʘʱʫʢ ʆ.ʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʦʧʪʠʯʝʩʢʠʭ 
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ʆʎɽʅʂɸ ʇɸʈɸʄɽʊʈʆɺ ɸʅʊɽʅʅʓ ɹɸɿʆɺʆʁ ʉʊɸʅʎʀʀ ʅɸ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʄʆɹʀʃʔʅʆʁ ʉɽʊʀ ʈɸɼʀʆɼʆʉʊʋʇɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥ 

ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. ʆʧʨʝʜʝʣʷʪʩʷ ʚʣʠʷʥʠʝ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʘʥʪʝʥʥʳ ɹʉ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ɹʉ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʥʪʝʥʥʳ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʩʦʪʦʚʦʡ ʩʝʪʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʠ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʧʝʨʝʜʘʪʯʠʢʦʤ ʤʦʙʠʣʴʥʦʡ ʩʪʘʥʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪ ʘʥʪʝʥʥ (Smart antenna) ʠʣʠ 

çʫʤʥʳʭè ʘʥʪʝʥʥ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʝʤʢʦʩʪʴ ʩʠʩʪʝʤʳ.  

ʉʦʪʦʚʘʷ ʩʝʪʴ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ (ʉʉʇʉ) ʨʘʟʚʠʚʘʝʪʩʷ ʦʯʝʥʴ ʩʪʨʝʤʠʪʝʣʴʥʦ ʠ ʩʝʡʯʘʩ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ [1, 2]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ ʚ ʉʉʇʉ ʚʦʟʤʦʞʥʦ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ɹʉ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʥʪʝʥʥ (Smart Antenna). 
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Smart antenna - ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʝʢʪʦʨʥʳʭ ʘʥʪʝʥʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʣʫʯʝʥʠʷ 

ʨʘʜʠʦ ʩʠʛʥʘʣʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʫʤʥʳʭ ʘʥʪʝʥʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʦʡ ʩʪʨʫʢʪʫʨʝ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʦʥʠ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʚʦʶ ʜʠʘʛʨʘʤʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʣʝʜʦʤ ʟʘ ʧʝʨʝʤʝʱʝʥʠʝʤ ʘʙʦʥʝʥʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʝʩʪʴ çʩʣʝʜʠʪʴè ʟʘ 

ʘʙʦʥʝʥʪʦʤ. Smart antenna ʬʦʨʤʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʣʫʯʝʡ, ʜʘʣʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʙʦʥʝʥʪʘ ʣʫʯ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʠ ʬʘʟʳ ʤʝʥʷʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɸʜʘʧʪʠʚʥʳʤʠ ʘʥʪʝʥʥʘʤʠ (ɸɸ), ʠʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ 

ʘʥʪʝʥʥʘʤʠ, ʥʘʟʳʚʘʶʪ ʘʥʪʝʥʥʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

(ɼʅ). ʏʘʱʝ ʚʩʝʛʦ ɸɸ ʧʦ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʘʜʘʧʪʠʚʥʳʤʠ ʘʥʪʝʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ (ɸʈ), 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʣʘʙʦʥʘʧʨʘʚʣʝʥʥʳʭ ʚʠʙʨʘʪʦʨʦʚ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʧʨʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʢʦʛʝʨʝʥʪʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʨʫʛʠʤ ʵʣʝʤʝʥʪʘʤ. ɼʅ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ, ʠʟʣʫʯʘʝʤʳʭ 

ʵʣʝʤʝʥʪʘʤʠ. ɽʩʣʠ ʠʟʣʫʯʘʪʝʣʠ ʠʜʝʥʪʠʯʥʳ ʠ ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ, ʪʦ ɼʅ ʘʜʘʧʪʠʚʥʳʭ 

ʨʝʰʝʪʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟʦʪʨʦʧʥʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ɼʅ ɻ ʣʝʤʝʥʪʘ ʨʝʰʝʪʢʠ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʥʦʞʠʪʝʣʴ ʨʝʰʝʪʢʠ. ʊʘʢʘʷ ɸɸ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ. ʆʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ï ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ / ʰʫʤ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʫʣʝʡ 

ɼʅ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʤʝʭ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʫʯʝʡ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʣʫʯʦʤ ʚ 

ʩʝʢʪʦʨʝ; ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ɸʈ; ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ ʵʣʝʤʝʥʪʦʚ ɸʈ; ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʚ 

ʨʘʜʠʦʪʨʘʢʪʘ; ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʰʠʨʠʥʳ ʩʝʢʪʦʨʘ [1, 3]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ɸɸ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ; ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ; 

ʚʳʩʦʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʇʨʠ ʘʜʘʧʪʘʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʦʪʥʦʰʝʥʠʷ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ / ʧʦʤʝʭʘ 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʤʦʱʥʦʩʪʴ ʩʫʤʤʘʨʥʳʭ ʧʦʤʝʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʚʤʝʩʪʝ ʩ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ. 

ɸʜʘʧʪʘʮʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʠʣʴʥʦʡ ʧʦʤʝʭʠ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʭʦʜʘ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʣʴ ɼʅ (ʨʠʩ. 1)[3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʘʷ ɸɸ ʯʘʩʪʦ ʧʝʨʝʩʪʨʘʠʚʘʝʪ ʩʚʦʶ ɼʅ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʤʝʭʦʚʦʡ 

ʩʠʪʫʘʮʠʠ, ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʘʢʢʫʤʫʣʷʪʦʨ ʤʦʙʠʣʴʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʙʫʜʝʪ 

ʙʳʩʪʨʦ ʨʘʟʨʷʞʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
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ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ɗ0 ʥʘʢʣʦʥʘ ɼʅ ʘʥʪʝʥʥʳ ɹʉ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʘʧʧʘʨʘʪʫʨʝ ʄʉ ʘʙʦʥʝʥʪʦʚ, ʫʯʠʪʳʚʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʪʳ [4,5]. ɸ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

                                              (1) 

 

ʜʝ  - ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʙʦʥʝʥʪʦʚ ʥʘ ʧʣʦʱʘʜʠ ʩʦʪʳ;   - ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʈʇʋ ʘʙʦʥʝʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ɹʉ;  m - ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ ʩʢʦʧʣʝʥʠʷ ʘʙʦʥʝʥʪʦʚ 

ʚ ʩʦʪʝ[4]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʅʘʰ ʠʩʭʦʜʥʳʡ ʩʣʫʯʘʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 2, ʥʘ ʢʦʪʦʨʦʤ ʦʪʤʝʯʝʥʳ ʪʨʠ ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ ʩʢʦʧʣʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʚ ʩʦʪʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʦʙʦʟʥʘʯʠʤ ʠʭ ʄ1, ʄ2 ʠ ʄ3.  

 
ʈʠʩʫʥʦʢ 2 ï ɺʦʟʤʦʞʥʳʝ ʧʦʣʦʞʝʥʠʷ ɼʅ ʘʥʪʝʥʥʳ ɹʉ 

 

ʆʙʳʯʥʦ ʵʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠʩʯʠʩʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ 

ʦʜʥʦʤʝʨʥʦʛʦ ʧʦʠʩʢʘ [3]. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʩʨʝʜʝ MATLAB ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʷ min ʩ ʜʚʫʤʷ ʚʳʭʦʜʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ. 

ʢʦʤʘʥʜʘ>>[m,k]=min(tarFun), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ tarFun, ʥʦ ʠ ʥʘʟʚʘʪʴ ʝʛʦ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʥʘʰʘ ʧʨʦʛʨʘʤʤʘ. ʊʘʢ ʢʘʢ ʚ ʥʘʰʝʤ 

ʧʨʠʤʝʨʝ ʝʩʪʴ ʪʨʠ ʟʦʥʳ ʩʢʦʧʣʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʘʙʦʥʝʥʪʦʚ, ʪʦʛʜʘ m = 3. ʕʪʠ ʟʦʥʳ ʩʢʦʧʣʝʥʠʷ 

ʘʙʦʥʝʥʪʦʚ ʫʜʘʣʝʥʳ ʦʪ ɹʉ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r1 = 0,3 ʢʤ; r2= 1,2 ʢʤ; r3 = 2,4 ʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʄ1, 

ʄ2  ʠ ʄ3; ʚʳʩʦʪʘ ʢʨʝʧʣʝʥʠʷ ʘʥʪʝʥʥʳ ɹʉ ʥʘ ʤʘʯʪʝ ʥʘ ʚʳʩʦʪʝ h = 72 ʤ, ʘ ʪʘʢʞʝ ʜʣʠʥʘ ʚʦʣʥʳ ɚ = 

0,33 ʤ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ɹʉ ʈʧʨɹʉ = 6,3Ŀ10
-10

 ɺʪ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥ 

ɹʉ ʠ ʄʉ ʩʦʩʪʘʚʷʪ Gm = 10;  Gʧʝʨ ʄʉ = 1,64 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ MATLAB. ɼʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʡ ʟʦʥʝ 

ʩʢʦʧʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʫʜʝʪ 20 ʘʢʪʠʚʥʳʭ ʘʙʦʥʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʣʘʚʥʦʡ ʣʝʧʝʩʪʦʢ 

ɼʅ ʘʥʪʝʥʥʳ ɹʉ 

 

ʂʘʢ ʚʠʜʠʤ ʠʟ ʨʠʩ. 3 ʧʨʦʛʨʘʤʤʘ ʩʘʤʘ ʟʘʧʠʩʳʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʠ ʜʣʷ 20 

ʘʢʪʠʚʥʳʭ ʘʙʦʥʝʥʪʦʚ ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʥʘ                       

ɗʦʧʪ = ï 13,29Á. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʦʡ ʩʝʪʠ ʠ 

ʧʨʦʯʠʝ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʚ ʩʦʪʝ. ʊʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, ʘ ʪʦʯʥʝʝ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʩʭʦʜʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʤʦʙʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  
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