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Abstract. This article reviews the literature, the main surveys and the international antecedents and the 

adaptation to national policies to better analyze the primary information on the self-assessment that citizens have 

about their perception of electronic government. in the city of Tijuana, Baja California, Mexico. Having as main 

element the use of Information and Communication Technologies (ICTs) whose main objective is to improve the 

quality of public services of a particular government and the challenges of local governments. In this case, we 

sought to answer certain questions such as the following: What is the most common procedure? How long does it 

take to complete a procedure? What population prefers to complete the procedures online and how many prefer to 

go personally to the offices? Do you know the procedures offered by the local government online? These are some 

questions that were addressed to users who went to government offices and that through the research project 

"Analysis and Opportunities in Baja California: Reaches and Opportunitiesò, With the application of a survey in 

the months of August to November 2017 in all the municipalities of the entity, an answer was given to them, this 

time it is intended to analyze the data obtained from the municipality of Tijuana. 

Keywords: Electronic government, Information and Communication Technologies, Technological literacy. 

 

Introduction  

The technological transformation has been adapting to different aspects of everyday life, even if it could not 

be affirmed if technological pressure also changed everyday aspects, what can be affirmed is that the main structure 

is the government structure, sence these are ones must generate institutionals innovations that be visibles to the 

users of the technologies of the information. For Mexico the advance has not been very satisfactory, in the report 

of 2018 from United Nations of the leading countries in electronic government, who despite having support from 

the United Nations fund to launch the program " digital prosper" and having a good impact in the promotion of 

maternal and child health, efforts have not been reflected in other areas.  

Therefore it can be assumed that continue like a subject pending in terms of search challenges and the e-

government consolidation, more for the politic discontinuity than the unwillingness, this mainly due to the short 

time of the municipal administrations. 

The differents contributions has been made respecto to the e-government theme, have allowed start from a 

generalization having as mainly pillar the use of technologies, therefore is necessary analyze different definitions: 

the electronic government is the aplication of Information and Communication Technologies (ICT) of public sector 

operation, with the objetive of increase the efficiency, the transparency and citizen participation [1].  

The electronic government it can define also with a shape that the governments can use the Information and 

Communication Technologies, that are based on internet aplications, to provide to the citizen and companies an 

access more convenient to the information and gubernamental services, to make better the quality of the services 

and bring opportunities to partipate in institutions and democratic processes [2]. The World Bank define the e-

government as ñthe use of Information and Communication Technologies to improvethe efficiency, the 

effectiveness, the transparency and government accountabilityò [3].  

The definitions mencioned by differents organizations and authors, coincide in the aplication of e-government 

through the ICT, the government will result in greater efficiency and quality of services before citizens. 

Knowing the electronic government 

Types of electronic government 

Alshehri & Drew [4] mention that electronic government can be classified into four categories:  

Government to citizen (G2C): corresponds to the initiatives of electronic government that are intended to 

provide administrative services and the informations to the citizen through the use of ICT, that is, it can perform 

any service where it have access and at any time, saving time and money. 
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Government to companie (G2B): are the initiatives of electronic government to provide administrative 

services and information to the companies through the internet. 

Government to employee (G2E): is an opportunity for the profesionalization and attention of public officials, 

can be considered as an important element so that an electronic government integration is posible. 

Government to government (G2G): refers to online communication to share databases between gubernamental 

organizations, departments and agencies. 

Stages of development 

In the electronic government an evolutionary process is presented that allows classifying it, according to their 

level of maturity and ther degree of development, in wich there are five stages [3]: 

Emergent: is the commitment of develop an electronic government, but only provide basic information 

through of internet. 

Expanded: the quantity of websites is more is wider and it provide interaction through of more sophisticated 

means as the search in its websites or the interaction through e-mail. 

Interactive: exist more presence of gubernamental organizations in the web, and services are offered with 

interaction more sophisticated such as filling and sending electronic forms. 

Transactional: is when the State offered complete secure transactions safe as the obtaining of visas and 

passport, born and death certificates, payment of fines and taxes, among others. 

In this work it analyze the citizen Approach about the electronic government in Tijuana city, taking into 

consideration the stages of development, this municipality could posicionate in the stage four ñtransactionalò, 

because the local government portals give information, in the web tab give it the option to redirectionated to the 

websites of others local institutions, allow filling forms to acces to the information, besides performing some 

online formalities, in the section 4.1 Some examples of procedures that can be done through the portal of the 

municipality of Tijuana will be shown. 

Historic context of e-government in Mexico 

Background 

The electronic government it has its beginnings thanks to the internet creation, in which it had its first record 

of social interactions through a series of memorandum written by Licklider in 1962, he described his concept of 

ñgalatic networkò. Some important events were the following: in 1961 the first paper on packet switching theory 

was published; in 1965, the TX-2 computer in Massachusetts was connected to the Q-32 in California, using a 

low-speed switched telephone line, creating the first wider network; in 1966 the ARPANET (Advanced Research 

Projects Agency Network) plan was created and published in 1967; in 1969 the first host was connected (computer 

that functions as the starting and ending point of data transfers), later on, there were four hosts connected to 

ARPANET and the internet began its trajectory; and in the years from 1971 to 1972, network users were able to 

start developing applications, it was in 1972 when the first application that was email was introduced [5]. 

The internet opened to generate new technologies, in this case Information and Communication Technologies 

(ICT) that are developed from scientific advances in the field of computer science and telecommunications. 

The informations technologies has its background previous to the decade of 40Ës, some Examples are: 

invention of telephone by Bell in 1876 and, the radio by Marconi in 1898. Years after World War II there were 

stages of innovation in three technological fields that are interrelated, all based on electronics: microelectricity, 

computers and telecommunications [6].  

Ćvila [7], define the ICT as ñthe set of tools, supports and channels developed and supported by the 

technologies that allow the acquisition, production, storage, treatment, communication, registration and 

presentation of information, in the form of voice, images and data, contained in signals of acoustic, optical nature 

or electromagnetic in order to improve people's quality of lifeò 

The first backgrounds of electronic government in Mexico were in the seventies, by Petr·leos Mexicanos 

(PEMEX), Comisi·n Federal de Electricidad (CFE) y Nacional Financiera (NAFIN), which consisted mainly of 

the use of electronic computing services that was provided by the Universidad Nacional Aut·noma de M®xico 

(UNAM), subsequently the use of computers were extended to federal administrations. [8].  

In federal administrations the changes and the introduction of programs related to the modernization of the 

administration began to be notorious, during the six-year period of 1995-2000, the National Development Plan 

gave rise to the Program of Modernization of Public Administration, this program were coordinated by the 

Secretary of the Comptroller and Administrative Development, and the Program of Informatic Development, 

coordinated by the Instituto Nacional de Estad²stica, Geograf²a e Inform§tica (INEGI). With this program, national 

computer projects of an interinstitutional nature began, the School Information Network stands out, the Red 

Satelital de Televisi·n Educativa (EDUSAT) and the electronic government procurement system Compranet. 

While the next period of Vicente Fox (President of Mexico) in the years 2000-2006 there were more significant 

advances in e-government, from the construction of infrastructure and the availability of services and procedures 

online, two years later the Presidential Agenda of Good Government had a digital government approach, a short 

time later the Council of Existing already existed e-Mexico. [8] 

In the year 2002, was published the Federal Law on Transparency and Access to Government Public 

Information, in its Article 1Á stipulates its purpose of ñproviding what is necessary to guarantee the access of all 
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persons to information held by the Powers of the Union, autonomous constitutional bodies or with legal autonomy, 

and any other federal entityò [9].  

In 2003, the Electronic Government and Information Technology Policy Unit was created (UGEPTI), whose 

purpose will be to promote and consolidate the use and exploitation of ICTs through proper coordination of the 

actions proposed by the Ministry of Public Administration. In summary, this six-year period sought to link the use 

of ICT in public management to improve the efficiency and performance of government services and procedures. 

[10]. 

In 2006-2012 during the period of Felipe Calder·n, in his National Development Plan, he mentioned the 

inclusion of technology to open enormous opportunities for staff improvement through access to information, and 

in its axis 2 called Competitive Economy and Employment Generation, technology for economic growth was 

included for the purpose of sustainable development [11]. In the next administration of Enrique Pe¶a Nieto in the 

period of 2012-2018, on November 2013 its published the National Digital Strategy, from which progress, 

achievements and challenges were measured, with the purpose of increasing the digitalization of Mexico to 

maximize its economic, social and political impact for the benefit of people's quality of life [12]. 

To the end of his period as a president National Digital Strategy brought some results in Mexico, as the 

following: in the matter of Open Data, more than 37 thousand databases of 267 government institutions have been 

published; the National Single Window has more than 5500 digital services and had 34 federal government mobile 

applications; In 2018, the service of Birth Certificate online, and in it the procedure of the Professional Certificate 

[13].  

Mexico's performance in the result of international indexes, such as the E-Government Development Index 

(EDGI) since its application in 2001 until its last survey in 2018. 

 

 
FIGURE 1. PERFOMANCE OF MEXICO IN EDGI 2001-2008. 

*Nota: in 2001, the quantification was base don a numerical scale from 1 to 5, 

representing the score of 5 as the largest presence of electronic government. 

Source: own elaboration based on UN EDGI, 2001-2018.  

 

The result of EDGI show that in 2018 the presence of the electronic government in Mexico increased, 

however its position in the low ranking from 59 to 64, thus that it does not mean that Mexico has not improved on 

the theme of electronic government, but that other countries have achieved greater progress on the theme and 

achieve a better result in their index. For example, the countries that are in the first places are: Denmark (0.9150), 

Australia (0.9053) and Republic of Korea (0.9010).  

3.2 Impact of ICT 

Nowadays the Information and Communication Technologies are present in all areas, such as in the education, 

Jobs and the hospitals. An example of them is the schools, recently the students at school have knowledge about 

the use of these tools, so new generations are presented who become experts in the field and can be called digital 

natives. [14]. 

D²az et al [15], they mention the accelerated development that has occurred in telecommunications and 

information technology and the proliferation of the Internet, which has influenced all human activities. With this 

the digitalization spread throughout the world and now it is important to reduce the separation between those who 
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have and those who don't have access to technologies, with a digital divide in society. Emerging from this a 

phenomenon of "the social distance that separates those who have access to information and communication 

technologies (ICT) from those who don't" [16]. 

Tello [17], considers since the beginning of ICT they were perceived as a social impact that would have an 

impact on those who have access and those who don't have it, creating differences in development opportunities 

in the population within all areas. It can see the difference in access in the following graph:  

 

 
FIGURE 2 ICT EQUIPMENT IN THE HOMES OF MEXICO, 2017. 

Source: own elaboration based on ENDUTIH [18]. 

 

Almost 100% of population of Mexico has electric power, 93.2% has TV, 91.9% has telephony, and as regards 

the internet connection only half of the population has access to it, in addition to that only 45.4% have a computer 

in their homes. The latest figures mentioned show the digital divide that exists in the entire Mexican population 

towards access to information and communication technologies. 

. Technological literacy 

From the digital era, the social, economic and cultural environment of citizens around the world has been 

changing with computer technology. The emergence of these technologies such as access to multimedia, networks, 

commerce, mobile telephony and the services offered by the Internet are causing citizens to have new training 

needs for knowledge [19]. 

The UN [20], recognizes that digital skills can help digital inclusion, therefore, these skills must be taught in 

schools and public officials must also continue to improve their electronic skills. Even the National Human Rights 

Commission (CNDH), on International Literacy Day 8 in September 2018, published a statement calling for 

inclusive digital literacy for more than 4.7 million people who are illiterate. The CNDH points out that ñinequality 

and inequity are directly linked to illiteracy, since this situation occurs mostly among people living in poverty, 

especially indigenous women, this literacy process implies the inclusion of men and women to ICT [21]. 

It is recommended that for an educational model to be comprehensive and work to technologically literate, 

the development of the following dimensions is required [22]:  

. Instrumental dimension: it is related to the technical domain of practical knowledge of the hardware and 
software used by each medium. 

. Cognitive dimension: it is the acquisition of specific knowledge and skills that allow searching, selecting, 
analyzing, understanding and recreating the enormous amount of information that is accessed through new 

technologies. 

. Attitudinal dimension: the development of a set of values and attitudes towards technology so that it does not 

fall even in a technophobic position (which rejects them only because they are considered evil). 

. Political dimension: it is the awareness that information and communication technologies are not aseptic or 
neutral from a social point of view, but that they significantly influence a cultural and political environment 

of society. 

An example in Mexico of literacy program carried out in the year 2014 was the Inclusion and Digital Literacy 

Program (PIAD), whose purpose was to strengthen the education system by delivering personal devices by 

promoting the reduction of the digital divide and the use of ICT in the teaching and learning processes [23].  
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 Electronic government in the municipality of Tijuana, Baja California 

. Electronics services 

On the website of the City of Tijuana, in its online procedures section, where 35 procedures are shown with 

its requirements, however there are still failures on its website or the information is not complete. 

Online procedures [24]: 

. Revalidation of operation license 

. Building permit 

. Revalidation of firefighters 

. Proof No property 

. Certification of descriptive data of the property 

. Completion of work 

. Expansion or remodeling license 

. Citizen assistance 

. Operating license 

. Quick business opening system 

. Land use 

. Firefighters 

. Notice of immediate opening of companies 

. Proof of non-debt (revalidation of plates)  

. Payment of traffic fines 

. Payment of parking meter fines 

. Payment of property tax 

. Printing multiple receipts 

. Fastlane-agile crossing 

. Letter of residence and proof of address 

. Electronic invoice 

. Job bank 

. Payment inquir² to suppliers 

. Citizen complaint 

. High E-purchases of suppliers 

. Acceptance and release of social service 

. Credential application (municipal libraries) 

. Official number 

. Environmental Protection Directorate 

. Adopt a pet 

. Provisional permit (DAU) 

For 2018, for the most part, each online procedure the web page redirects to another tab where it only shows 

the requirements that are needed to carry out the procedure or if it gives the option to pay online, but they are not 

concluded and it have to go personally to the offices to finish the process, only with the exception of some such as 

citizen attention, citizen complaint, electronic invoice, payment of fines if concluded by this means. But in general 

it is observed that its continue working on its website because when it wants to access a section, an error appears 

or they simply don't direct to another tab. 

Also on the website are the following federal (Mexico) and state procedures (Baja California) [25]: 1) the 

Birth Certificate, 2) the Single Population Registration Key (CURP), 3) National Electoral Institute, 4) Affiliation 

to Popular Insurance, 5) Passport Information, 6) Driver's License, 7) License Plate Revalidation, 8) Vehicle 

Verification Program, 9) Proof of Criminal Record.  

 

Table 1. 

Advance of Online Procedures 

Advance Number of procedures 

It only provides requirements and information 4, 7*, 9** 

Generate a date to the procedure 3, 5, 6, 8 

It concludes online 1, 2 

7* It gives the option to pay online but it also has to go to the offices. 

9** There is the option to pay at the ATMS of State government but it also has to go to the offices. 

Source: own elaboration based on website [25]. 

As can be seen in Table 1, the online procedures are not yet as present as in other countries, since only two 

procedures can be concluded through their website.  

. Knowledge of citizen (Results) 

Through the E-Government Analysis Project in Baja California: Scope and Opportunities, primary 

information was collected to know the opinion of citizens in the municipality of Tijuana. With the information 
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collected, knowledge was obtained regarding the willingness of citizen-users regarding the use and understanding 

of technologies to carry out a procedure. 

The different results that were obtained for the municipality of analysis that is Tijuana will be shown below: 

 

 
FIGURE 3. PROCEDURE MORE REALIZED IN TIJUANA 

Source: own elaboration with data from Analysis Project in Baja California: Scope and Opportunities.  

 

The procedure that was most carried out in the municipality of Tijuana was the Criminal Record Letter, which 

as mentioned above is not a procedure that is in its portal; However, if the requirements that are needed to do it 

appear and the payment of this can be carried out at an ATM in the state. 

 

 
FIGURE 4. TIME IT TOOK TO COMPLETE THE PROCEDURE 

Source: own elaboration with data from Analysis Project in Baja California: Scope and Opportunities.  

Related to the time it took them to conclude some procedure, as shown in graph 4, 34.1% took from 0 minutes 

to 10 minutes, expressing satisfaction for the short time used, even those who took 10 to 20 minutes that was a 
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15.5% of the citizens surveyed expressed the same feeling. Being 24.2% that took more than a day to complete 

their procedure, they said that this time could be reduced with the introduction and adaptation of technologies in 

the procedures. 

 

 
FIGURE 5. POPULATIONN WILLING TO USE TECHNOLOGICAL MEANS VS POPULATION THAT 

PREFERS TO GO THE OFFICES PERSONALLY 

Source: own elaboration with data from Analysis Project in Baja California: Scope and Opportunities.  

 

The 88.8% of the population of Tijuana is willing to use electronic media, this could give a good start to 

electronic participation and improve the relationship between the government and the citizen. However, there were 

another 55.0% of people who answered YES, to prefer to go personally to the offices to carry out their procedures, 

this phenomenon can be due to different factors: ignorance of the use of technology, lack of confidence in the 

servers of the web, or simply the preference of each person. 

 

 
GRAPH 6. KNOWLEDGE OF ONLINE PROCEDURES 

Source: own elaboration with data from Analysis Project in Baja California: Scope and Opportunities.  
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must continue working to promote the interest in them. While 52.2% do know at least one to four procedures that 

can be done through technological tools. 

 

 
GRAPH 7. POPULATION THAT HAS INTERNET 

Source: own elaboration with data from Analysis Project in Baja California: Scope and Opportunities.  

 

Another fact that stands out is that 85.7% of the population of Tijuana has internet in their homes, this is 

another important factor to continue advancing the construction of an electronic government through citizens, and 

14.2% who don't have access to internet, mechanisms should be sought to include them in this age of technology 

and promote technological literacy through incremental policies, taking into account that ICTs should be used 

intelligently and management should be aware that not everyone has the same skills or the same access to 

technology. 

 

 
GRAPH 8. POPULATION THAT IS FACILITATED TO USE TECHNOLOGICAL MEANS 

Source: own elaboration with data from Analysis Project in Baja California: Scope and Opportunities.  

 

Another positive response is that 90.4% of the population of Tijuana is facilitated to use technological means, 

having only 9.6%, to the population that responded negatively to this question. The latter were asked the following 

question: Would you be willing to take a short course on how to use technological means, so that you learn to use 

them and can perform some of the procedures from the connection point you want? In response to last question, 

58.6% was positively obtained and while 41.3% answered no. 

. Conclusions 

Although the advancement of information technologies, they are allowing to redefine social, political and 

business conditions, as regards the the field of public administration there is a lot of work pending. 
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On the one hand, political phenomena spread mostly and have more social impact, but on the other, they have 

failed to move in all cases to instruments or mechanisms that make good wishes tangible. For Mexico, according 

to the results of ENDUTIH in 2018, in its section of ICT equipment in homes, the main changes appear in the 

internet connection that went from 50.9% to 52.9%; pay television under 49.5% to 47.3%; and the low radius from 

58.6% to 56.2%. Even if the changes don't look very high, other political and migratory factors that can generate 

entropies should also be taken into account when analyzing the data produced by INEGI, however in the case of 

Tijuana, with an 85% population with internet access, the demand for access to electronic public services are 

significant and is a challenge for future local administrations. In theoretical terms, incrementalist public policies 

could be a viable option to give continuity regardless of the political changes experienced by the City of Tijuana, 

since recently almost the entire country has taken a 180-degree turn, and governments have positioned themselves 

with nuances left-wing policies, however, for public services, these political conditions must represent public 

improvements and non-stagnations, so that confidence in the good quality of public services will be increasingly 

strong if they are accompanied by elements of social ties, such and how information technologies are being 

converted with the support of cyberspace. 

 

References: 

[1] Organization of American States (OEA). (s/f). Guide of Mechanims for the Promotion of Transparency 

and Integrity in the Americas. Available in: www.oas.org/es/sap/dgpe/guia_egov.asp 

[2] Fang, Z. (2002). E-Government in Digital Era: Concept, Practice, and Development. International journal 

of the Computer, the Internet and management, 10(2), 1-22. Available in: 

unpan1.un.org/intradoc/groups/public/documents/apcity/unpan016377.pdf 

[3] Naser, A., & Concha, G. (2011). Electronic government in public management. CEPAL. Available in: 

repositorio.cepal.org/bitstream/handle/11362/7330/S1100145_es.pdf?sequence=1&isAllowed=y 

[4] Alshehri, M., & Drew, S. (2010). E-government fundamentals. In IADIS international conference ICT, 

society and human beings. Available in: https://research-

repository.griffith.edu.au/bitstream/handle/10072/37709/67525_1.pdf 

[5] Leiner, B et al (2009). A brief history of the Internet. ACM SIGCOMM Computer Communication 

Review, 39(5), 22-31. Available in: 

https://www.researchgate.net/publication/220195043_A_Brief_History_of_the_Internet 

[6] Castells, M. (1999). The information technology revolution. The era of the revolution: economy, society 

and culture, 1. Available in: https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-

_La_revolucion_TIC.pdf?response-content-

disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-

Algorithm=AWS4-HMAC-SHA256&X-Amz-

Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-

Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-

Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da 

[7] Ćvila, W. (2013). Towards a historical reflection of ICT. Findings, 10(19), 213-233. Available in: 

www.redalyc.org/pdf/4138/413835217013.pdf 

[8] Gil, J., Mariscal, J., & Ram²rez, F. (2008). Electronic government in Mexico. Working document of the 

Public Administration Division of CIDE, (214). Available in: repositorio-

digital.cide.edu/bitstream/handle/11651/794/93338.pdf?sequence=1&isAllowed=y 

[9] DOF. (2005). Agreement that aims to permanently cr®ate the intersecretarial commission for the 

development of electronic government. Official gazette of the federation on December 9, 2005. Available in: 

www.dof.gob.mx/nota_detalle.php?codigo=2101617&fecha=09/12/2005 

[10] DOF. (2015). Federal la won transparency and Access to government public information. Official gazette 

of the federation on June 11, 2002. Available in: 

www.cofemer.gob.mx/documentos/marcojuridico/rev2016/LFTAIPG.pdf 

[11] Presidency. (s/f). National development plan-description of the five axes. Available in: 

www.cenidet.edu.mx/docs/pnd_2007_2012.pdf 

[12] Government of the Republic. (2013). National Digital Strategy. Available 

in:www.gob.mx/cms/uploads/attachment/file/17083/Estrategia_Digital_Nacional.pdf 

[13] Government of the Republic. (2018). 6th Government report 2017-2018. Available in: 

http://sil.gobernacion.gob.mx/Archivos/Documentos/2018/09/asun_3730635_20180901_1535843813.pdf 

[14] Amar, V. (2009). Information and Communication Technologies, Society and Education. Madrid: T®bar. 

[15] D²az, J., P®rez, A., & Florido, R. (2011). Impact of information and communications technologies (ICT) 

to reduce the digital divide in today society. Tropical crops, 32(1), 81-90. Available in: 

scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0258-59362011000100009 

[16] Cort®s, J. (2009). What is the digital divide? An introduction to the new face of inequality. Library 

research, 23(48), 233-239. Available in: www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-

358X2009000200011 

http://www.oas.org/es/sap/dgpe/guia_egov.asp
http://unpan1.un.org/intradoc/groups/public/documents/apcity/unpan016377.pdf
https://repositorio.cepal.org/bitstream/handle/11362/7330/S1100145_es.pdf?sequence=1&isAllowed=y
https://research-repository.griffith.edu.au/bitstream/handle/10072/37709/67525_1.pdf
https://research-repository.griffith.edu.au/bitstream/handle/10072/37709/67525_1.pdf
https://www.researchgate.net/publication/220195043_A_Brief_History_of_the_Internet
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
https://s3.amazonaws.com/academia.edu.documents/31335392/Castells__M._-_La_revolucion_TIC.pdf?response-content-disposition=inline%3B%20filename%3DLa_Revolucion_de_las_TIC_de_Castells.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20191023%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20191023T185916Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=80ec919a39b9087a65cc1937e7b1773a2d0be8754d7062f388ecd13f13ece1da
http://www.redalyc.org/pdf/4138/413835217013.pdf
http://repositorio-digital.cide.edu/bitstream/handle/11651/794/93338.pdf?sequence=1&isAllowed=y
http://repositorio-digital.cide.edu/bitstream/handle/11651/794/93338.pdf?sequence=1&isAllowed=y
http://www.dof.gob.mx/nota_detalle.php?codigo=2101617&fecha=09/12/2005
http://www.cofemer.gob.mx/documentos/marcojuridico/rev2016/LFTAIPG.pdf
http://www.cenidet.edu.mx/docs/pnd_2007_2012.pdf
http://www.gob.mx/cms/uploads/attachment/file/17083/Estrategia_Digital_Nacional.pdf
http://sil.gobernacion.gob.mx/Archivos/Documentos/2018/09/asun_3730635_20180901_1535843813.pdf
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0258-59362011000100009
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-358X2009000200011
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-358X2009000200011


14 

[17] Tello, E. (2007). Information and communications technologies (ICT) and the digital divide: its impacto 

n Meican society. International Journal of Educational Technology in Higher Education (ETHE), 4(2). Available 

in: www.raco.cat/index.php/Rusc/article/viewFile/78534/102611 

[18] INEGI. (2017). National Survey on Availability and Use of Information Technologies in Households 

(ENDUTIH). Available in: www.beta.inegi.org.mx/temas/ticshogares/ 

[19] Moreira, M. (2002). Equal opportunities and new technologies. An educational model for technological 

literacy. Educate, (29), 55-65. [Online]. 

[20] United Nations. (2018). Survey on E-Government 2018. Promote E-Government to Support 

Transformation towards Sustainable and Resilient Societies. Nueva York. Available in: 

publicadministration.un.org/egovkb/Portals/egovkb/Documents/un/2018-Survey/E-

Government%20Survey%202018_Spanish.pdf 

[21] CNDH. (2018). CNDH demands inclusive digital literacy for more tan 4.7 million people who can't read 

and whrite, with Access to ICTs, so that they can realice their fundamental rights. [Press release]. Available in: 

www.cndh.org.mx/sites/all/doc/Comunicados/2018/Com_2018_258.pdf 

[22] Bosco, A. (2008). Information and communication technologies in teacher training: guidelines, current 

and prospective. Reason and word, 13(63). Available in: https://www.redalyc.org/pdf/1995/199520798002.pdf 

[23] Digital Mexico. (2014). Inclusion and Digital Literacy Program (PIAD). Available in: 

www.gob.mx/mexicodigital/articulos/programa-de-inclusion-y-alfabetizacion-digital-piad 

[24] Tijuana City Hall. (2019). Online Procedures. Available in: 

http://www.tijuana.gob.mx/index.aspx#tramites 

[25] Tijuana City Hall. (2019). Federal and State Procedures. Available in: 

http://www.tijuana.gob.mx/index.aspx#tramit 

  

http://www.raco.cat/index.php/Rusc/article/viewFile/78534/102611
http://www.beta.inegi.org.mx/temas/ticshogares/
http://www.cndh.org.mx/sites/all/doc/Comunicados/2018/Com_2018_258.pdf
https://www.redalyc.org/pdf/1995/199520798002.pdf
http://www.gob.mx/mexicodigital/articulos/programa-de-inclusion-y-alfabetizacion-digital-piad
http://www.tijuana.gob.mx/index.aspx#tramites


15 

ȗȐȏȓȡȓȘȜȕȓȐ ȘȋȞȕȓ 
 

SPECIFICITY OF THE C LINICAL COURSE OF TH E INITIAL STAGES OF HYPERTENSION IN 

ARID ZONES OF UZBEKI STAN AND NON-DRUG APPROACHES TO TREATMEN T 

 

Narzulaeva Umida Rakhmatulloevna1, 

Samieva Gulnoza Utkurovna2,  

Ismatova Marguba Shaukatovna3 

1.Assistant of the Department of Normal and Pathological Physiology, 

Samarkand state medical institute, 

2.Doctor of medical sciences, 

Chef of the Department of Normal and Pathological Physiology, 

Samarkand state medical institute, 

3. Assistant of the Department of Normal and Pathological Physiology, 

Samarkand state medical institute, Samarkand, Uzbekistan 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʵʪʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʝʯʝʥʠʝ ʠ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʛʠʧʝʨʪʦʥʠʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʚ ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ. ʆʙʦʙʱʝʥʳ ʜʘʥʥʳʝ ʦ ʧʘʪʦʛʝʥʝʟʝ ʛʠʧʝʨʪʦʥʠʠ ʠ ʵʬʬʝʢʪʘʭ 

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩʠʤʧʘʪʦʘʜʨʝʥʘʣʦʚʦʡ ʠ ʨʝʥʠʥʘʥʛʠʦʪʝʥʟʠʥʦʚʦʡ ʩʠʩʪʝʤ. ʅʝʤʝʜʠʢʘʤʝʥʪʦʟʥʦʝ 

ʣʝʯʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʫʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʟʜʦʨʦʚʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ ʨʠʩʢʘ. 

Abstract. The article describes the etiological factors, the course and risks of the development of hypertension 

in the early stages in a hot climate. The data on the pathogenesis of hypertension and the effects of pathogenetic 

variants of the sympatho-adrenal and renin-angiotensin systems are summarized. Non-drug treatment is proposed 

by observing a healthy lifestyle in patients at risk. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ, ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ, ʬʘʢʪʦʨʳ ʨʠʩʢʘ, 

ʩʠʤʧʘʪʦʘʜʨʝʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʩʩʦʨʥʳʝ ʬʘʢʪʦʨʳ, ʜʝʧʨʝʩʩʦʨʥʳʝ ʬʘʢʪʦʨʳ, ʪʨʦʤʙʦʵʤʙʦʣʠʯʝʩʢʠʝ 

ʦʩʣʦʞʥʝʥʠʷ 

Keywords: hypertension, arterial hypertension, risk factors, sympatho-arenal system, pressor factors, 

depressor factors, thromboembolic complications. 

 

Hypertension and its complications are considered to be one of the most pressing and social problems not 

only in the field of cardiology and therapy but also in medicine today. According to statistics, more than 1 billion 

people in the world suffer from hypertension. Hypertension is the leading cause of disability and mortality among 

diseases of the cardiovascular system. The incidence of dangerous complications such as myocardial infarction 

and stroke is high in hypertension. Hypertension remains the leading cause of chronic heart failure[1,p.2119; 

2,p.1365] 

The symptoms of the disease have been known since ancient times. Abu Ali ibn Sina, one of the founders of 

medical science, wrote about hypertension in his book, The Laws of Medicine. According to the book, rapid and 

irregular heartbeat is the main symptom of hypertension. According to the World Health Organization, today in 

the top ten causes of death worldwide, ischemic heart disease ranks first with 12.2%, followed by stroke with 

9.7%. Complications of hypertension and myocardial infarction and stroke as a result of the disease are also 

common in people under 40 years of age. Based on this, it can be said that the age of onset of hypertension is also 

getting younger. After the age of 60, every second person has hypertension. The coexistence of hypertension with 

dyslipidemia and hemorrhagic disorders increases the incidence of dangerous complications such as myocardial 

infarction and stroke. 

To date, the effect of meteorological factors on the level of arterial hypertension in patients suffering from 

diseases of the cardiovascular system, especially in patients with hypertension, is widely recognized and confirmed 

in a number of studies and studies. Studies have shown that climate change, such as sudden increases or decreases 

in air temperature, changes in atmospheric pressure, and increased humidity, lead to an increased risk of acute 

myocardial infarction and stroke and an increase in patient mortality.[3,p.15] 

The problem that is the main focus of the International Medical Association in today's focus is this global 

temperature rise. A 2007 report by the IPCC noted that climate change would lead to an increase in morbidity and 

mortality due to extreme weather conditions, as well as an increase in the incidence of cardiovascular disease, 

including hypertension. 

The European Recommendation for the Diagnosis and Treatment of Hypertension noted for the first time that 

seasonal changes in arterial pressure are important, and that this condition is often associated with climate change. 

[4,p.1158; 5,p.305] 

This leads to the development of diseases of the cardiovascular system, including hypertension, and the 

deepening of pathogenetic mechanisms in arid and hot arid zones of Uzbekistan. Yu.M. According to Petrov's 

book on Samarkand's climate and weather, the average daily air temperature and maximum air temperature will 

be higher during the summer months due to dry and hot air flows entering Samarkand through the Karakum and 
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Kyzylkum deserts. According to the Uzbek Hydrometeorological Center, the average summer temperature in 

recent years has been 33 degrees Celsius. Dry and hot climates, on the other hand, naturally lead to a deterioration 

of blood rheology, an increase in blood viscosity, and an increase in erythrocyte aggregation. This leads to 

microreological and macroreological disorders. It also increases the formation of aggregates from blood-forming 

elements and the risk of thromboembolism. It is known that the volume flow rate is related to vascular and 

rheological factors. Changes in blood pressure usually have a high level of blood viscosity. Also, the higher the 

arterial blood pressure, the higher the blood viscosity. However, in dry and hot climates, a further increase in blood 

viscosity levels in the early stages of hypertension leads to the occurrence of microreological and macroreological 

disorders. In the early stages of hypertension, overweight patients are characterized by hyperlipidemia. This leads 

to atherosclerotic damage to the arteries, increased vascular stiffness, and subsequent damage to the target 

organs.[6,p.1630] 

Although the etiology of hypertension remains unknown to date, a number of risk factors that predispose to 

the development of the disease have been studied. These include: hereditary predisposition, decreased physical 

activity - hypodynamics, obesity, excessive salt intake, excessive alcohol consumption, smoking. 

According to the epidemiological survey, the majority of patients with hypertension have grade 1 arterial 

hypertension, and an increase in arterial hypertension from 115/75 mm Hg to every 20/10 mm Hg doubles the risk 

of possible complications in the cardiovascular system.[8,p.199] 

In the early stages of hypertension, the activity of the sympatho-adrenal system increases. In 30-40% of 

patients there is an increase in the amount of norepinephrine and adrenaline in the blood. 

It is important to form and follow a healthy lifestyle in patients in the early stages of hypertension. effective 

selection of drug and non-drug treatment prevents thromboembolic complications. This is of great importance in 

reducing disability and mortality rates. adherence to a healthy lifestyle is one of the most important non-drug 

treatments. Proper and rational nutrition: in the early stages of hypertension should follow the norm of salt intake. 

Salt should not exceed 5 grams in the daily ration. Regulate the consumption of strong foods that cause high blood 

pressure, ie horse meat, mutton, eggs, pastries, control blood pressure after consumption of such foods and take 

antihypertensive cocaine tinctures, if necessary, take medication on the advice of your doctor. should be done. The 

daily intake of fruits and vegetables in the daily diet should be 200-400 g, depending on the season. Strictly limit 

animal fats in the diet and consume vegetable fats in moderation as well. In the case of hypodynamics and 

overweight, of course, it is necessary to follow an active physical lifestyle, start the morning with light exercise 

and end the day with a walk after dinner. An active lifestyle is considered beneficial not only for diseases of the 

cardiovascular system but also for the musculoskeletal system. Typically, what type of exercise to engage in in the 

early stages of hypertension is chosen individually for each patient. Patients should be supervised by their 

physician when exercising: The patient's heart rate should not exceed 120-140 beats per minute during exercise, 

and physical activity should begin slowly. Exercise should be stopped immediately if the patient develops 

symptoms of shortness of breath, sweating and discomfort in the heart area. The most convenient method for 

patients is walking, it is advisable to walk at a fast pace of 120 steps per minute and of course not less than an hour 

a day. Strict adherence to an active physical lifestyle is not only beneficial for patients with overweight and obesity, 

but also helps them to normalize body weight. Physical activity gives the expected effect when taken in conjunction 

with a diet. According to the data, the decrease in excess weight by 1 kg is 2 mm wire of arterial blood pressure. 

ust. leads to a decrease in Abandoning harmful habits altogether has a positive effect not only on the patient but 

also on his family members, both physically and mentally, leading to an improvement in social aspects. Given the 

increase in blood pressure in adverse climatic conditions, including dry and hot climates, it is advisable for patients 

to sit at home as much as possible in unfavorable climates and monitor blood pressure frequently on those days, 

taking antihypertensive drugs on the advice of the treating physician.[9,p.98] 

In the early stages of hypertension, the following non-drug effective treatments can be used: 

1. Lifestyle changes and strict adherence to the healthy lifestyle mentioned above; 

2. Regular consumption of various medicinal herbs (deer grass, lemon grass, mint) and fruits with hypotensive 

and hypolipidemic properties with the help of folk medicine, such as lemon, shotut fruit is highly effective in the 

early stages of hypertension. 

3. Autotraining and hypnosis using psychological methods are especially helpful in hypertension caused by 

an increase in sympathetic tone. Psychological methods are also a great help in giving up harmful habits, 

overweight problem and increasing resistance to daily stresses. 

4. Reflexology, ie acupuncture, is also very effective in some patients 

5. Diet (to prevent metabolic syndrome and atherosclerotic complications). 

Of course, it is advisable to carry out non-drug treatment in combination with drug treatment in each patient, 

depending on the nature of the disease. Especially in patients with overweight, dyslipidemia and a tendency to 

hypercoagulability. Hypotensive drugs are selected according to the pathogenic variants of the disease. The use of 

small doses of beta-blockers is effective if the onset of hypertension in the pathogenesis of the disease begins with 

an increase in the activity of the sympatho-adrenal system. If the renin-angiotensin-aldosterone system is the main 

link in the pathogenesis of the disease, the use of angiotensin converting enzyme inhibitors together with 

hypotensive efficacy prevents left ventricular myocardial hypertrophy. 
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Conclusion: Thus, in the early stages of arterial hypertension, which develops in dry and hot climates, a 

number of hemorrhagic and dyslipidemic changes occur, although the target organs are not damaged. This, in turn, 

requires timely correction of these changes. In this case, the use of non-drug treatments can greatly help to prevent 

the development of complications. 
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ȝȐȠȘȓȢȐȜȕȓȐ ȘȋȞȕȓ 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄɸ ʆʎɽʅʂʀ ʅɸʇʈɸɺʃɽʅʀʗ ʇʈʀʍʆɼɸ ʉʀɻʅɸʃɸ  

ʅɸ ɹʆʈʊʆɺʋʖ ɸʅʊɽʅʅʋʖ ʈɽʐɪʊʂʋ ʃɸ ʀ ʂɸ 

 

ɻʨʠʱʝʥʢʦ ʉʝʨʛʝʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ʅʘʯʘʣʴʥʠʢ ʮʝʥʪʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ɸʆ çʅʇʂ çɺʊʠʉʉè 

127083, ʈʌ, ʛ. ʄʦʩʢʚʘ, ʫʣ. 8 ʤʘʨʪʘ, ʜʦʤ 10, ʩʪʨʦʝʥʠʝ 1 

ʃʷʜʦʚʘ ɽʣʝʥʘ ʌʝʜʦʨʦʚʥʘ 

ɻʣʘʚʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʢʘʯʝʩʪʚʫ-ʚʝʨʠʬʠʢʘʪʦʨ ʅʊʎ-2 ɸʆ çʅʇʂ çɺʊʠʉʉè 

ʊʨʫʙʘʯʸʚ ɸʣʝʢʩʝʡ ɻʝʦʨʛʠʝʚʠʯ 

ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʅʊʎ-2 ɸʆ çʅʇʂ çɺʊʠʉʉè  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʥʘ ʙʦʨʪʦʚʫʶ ʘʥʪʝʥʥʫʶ ʨʝʰʸʪʢʫ ʣʝʪʘʪʝʣʴʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

Abstract. This article discusses the modeling of the algorithm for assessing the direction of arrival of a signal 

to the on-board antenna array of aircraft and spacecraft. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʙʦʨʪʦʚʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʸʪʢʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ 

ʩʠʛʥʘʣʘ, ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 

Keywords: antenna-feeder system, on-board antenna array, signal direction of arrival, aircraft, spacecraft. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʘʢʪʠʚʥʦʡ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ 

ʨʝʰʸʪʢʠ ʜʣʷ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʜʠʘʧʘʟʦʥʘ Ku ʥʘ ʥʠʟʢʦʡ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ [1, c. 56-61]. 

ʇʘʨʘʣʣʝʣʴʥʦ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [2 c. 67-70]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ (DOA ï 

direction of arrival) ʧʦ ʩʠʛʥʘʣʫ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ.  

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ [3, ʩʪʨ. 15-16]: 

Å ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ: 32ʭ32 ʚʦʣʥʦʚʦʜʥʳʭ ʠʟʣʫʯʘʪʝʣʷ; 

Å ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ: 40 ʄɻʮ; 

Å ʧʦʣʦʩʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ: 10 ʄɻʮ; 

Å ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʢʘʥʘʣʘ: 30 ʜɹ; 

Å ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʣʫʯʝʡ: 1..8; 

Å ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʘʟʠʤʫʪʫ ʠ ʚʦʟʚʳʰʝʥʠʶ: Ñ65 ʛʨʘʜʫʩʦʚ; 

Å ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʥʘʧʨʘʚʣʝʥʠʷ: beamscan estimator ʠ MVDR (minimum variance distortionless response, 

Capon). 

ʇʘʨʘʤʝʪʨʳ ʫʛʣʦʚʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʫʯʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʩʪʘʭ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ʇʘʨʘʤʝʪʨʳ ʫʛʣʦʚʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʫʯʝʡ 

ʂʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ 
ʇʘʨʘʤʝʪʨʳ ʫʛʣʦʚ ʣʫʯʝʡ, ʛʨʘʜʫʩʳ 

(ʩʪʨʦʢʘ 1: ʘʟʠʤʫʪ, ʩʪʨʦʢʘ 2: ʚʦʟʚʳʰʝʥʠʝ) 

1 [20; 30] 

2 [0 20; 0 30] 

4 [0 -10 20 -15; 0 -20 30 25] 

8 
[0 -10 20 -15 12 35 -35 -33; ... 

 0 -20 30 25 -10 0 5 -23]; 

 

ʉʧʝʢʪʨ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʜʥʦʛʦ ʣʫʯʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 
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ʈʠʩʫʥʦʢ 1. ʉʧʝʢʪʨ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ 

 

  
ʈʠʩʫʥʦʢ 2. Beamscan 

 

  
ʈʠʩʫʥʦʢ 3. MVDR 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʜʚʫʭ ʣʫʯʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5, ʜʣʷ ʯʝʪʳʨʸʭ 

ʣʫʯʝʡ ï ʥʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7, ʜʣʷ ʚʦʩʴʤʠ ʣʫʯʝʡ ï ʥʘ ʨʠʩʫʥʢʘʭ 8 ʠ 9.  
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ʈʠʩʫʥʦʢ 4. Beamscan 

 

  
ʈʠʩʫʥʦʢ 5. MVDR 

 

ʉʨʘʚʥʝʥʠʝ ʰʠʨʠʥʳ ʣʫʯʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʣʫʯʘ ʠ ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ (ʜʣʷ ʩʣʫʯʘʷ ʩ 8 ʣʫʯʘʤʠ): 

1) ʣʫʯ ʚ ʮʝʥʪʨʝ (ʘʟʠʤʫʪ 0, ʚʦʟʚʳʰʝʥʠʝ 0), ʨʠʩʫʥʢʠ 10 ʠ 11; 

2) ʣʫʯ ʚ ʩʝʨʝʜʠʥʝ (ʘʟʠʤʫʪ -10, ʚʦʟʚʳʰʝʥʠʝ -20), ʨʠʩʫʥʢʠ 12 ʠ 13; 

3) ʣʫʯ ʥʘ ʢʨʘʶ (ʘʟʠʤʫʪ 20, ʚʦʟʚʳʰʝʥʠʝ 30), ʨʠʩʫʥʢʠ 14 ʠ 15. 

 

 
 

ʈʠʩʫʥʦʢ 6. Beamscan 
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ʈʠʩʫʥʦʢ 7. MVDR 

 

 
 

ʈʠʩʫʥʦʢ 8. Beamscan 

 

 
 

ʈʠʩʫʥʦʢ 9. MVDR 
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ʈʠʩʫʥʦʢ 10. Beamscan ʠ MVDR 

 

  
ʈʠʩʫʥʦʢ 11. Beamscan ʠ MVDR 

 

  

ʈʠʩʫʥʦʢ 12. Beamscan ʠ MVDR 
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ʈʠʩʫʥʦʢ 13. Beamscan ʠ MVDR 

 

 

 

ʈʠʩʫʥʦʢ 14. Beamscan ʠ MVDR 

 

  

ʈʠʩʫʥʦʢ 15. Beamscan ʠ MVDR 

 

ɺʳʚʦʜʳ ʧʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ: 

1) ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʤʝʪʦʜʦʚ: 

beamscan ʠ MVDR. ʇʨʦʚʝʨʝʥʳ ʩʮʝʥʘʨʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʣʫʯʝʡ ʦʪ 1 ʜʦ 8. ʆʙʘ ʘʣʛʦʨʠʪʤʘ ʥʘʜʝʞʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ; 

2) ʘʣʛʦʨʠʪʤ beamscan ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʦʢʦʣʦ Ñ4 ʛʨʘʜʫʩʦʚ ʚ ʮʝʥʪʨʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ Ñ6 ʛʨʘʜʫʩʦʚ ʥʘ ʝʝ ʢʨʘʷʭ. ɽʩʣʠ 

ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʫʯʘʤʠ ʤʝʥʝʝ 2..3 ʛʨʘʜʫʩʦʚ, ʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʩʤʦʞʝʪ ʠʭ ʨʘʟʜʝʣʠʪʴ ʠ ʚʦʩʧʨʠʤʝʪ 

ʢʘʢ ʦʜʠʥ ʣʫʯ; 
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3) ʘʣʛʦʨʠʪʤ MVDR ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʦʢʦʣʦ Ñ1 ʛʨʘʜʫʩʘ ʢʘʢ ʚ ʮʝʥʪʨʝ, ʪʘʢ ʠ ʥʘ ʢʨʘʷʭ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʄʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʧʨʦʪʦʪʠʧʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ; 

4) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʨʠ ʫʭʫʜʰʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʦ 10 ʜɹ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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2. ʂʦʯʢʘʨʦʚ ɸ. ɸ. ʠ ʜʨ. ʆʮʝʥʢʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʦʚʝʜʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ / ʂʦʯʢʘʨʦʚ ɸ. ɸ., ʊʠʤʦʰʝʥʢʦ ɸ. ɺ., 

ʃʠʪʚʠʥʦʚ ɸ. ɺ., ʃʷʜʦʚʘ ɽ. ʌ., ɻʘʡʯʫʢ ʖ. ʅ. // ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ. ï 2019. ï 

 ̄8. ï ʉ. 66-71. 

3. ʇʣʦʪʥʠʢʦʚ ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʪʝʥʥʳ. ʆʪʯʸʪ ʦ ʅʀʈ. ï ʄ.: Huawei, 2014. ï 65 c. 

References: 

1. Development of the design of the spacecraft satellite communications system. Scientific and technical 

report. ñMKA-Svyazò code. - M.: SPO named by Lavochkin, 2014. ï 371 p. 

2. Kochkarov A.A. et al. Assessment of the continuity of information interaction and communication in 

monitoring systems with a dynamic structure / Kochkarov A. A., Timoshenko A. V., Litvinov A. V., 

Lyadova E. F., Gaychuk Yu. N. // Electromagnetic waves and electronic systems. ï 2019. ï No. 8. ï P. 66-71. 

3. Plotnikov P. Modeling of the antenna. Report on research. ï M .: Huawei, 2014. ï 65 p. 

 

ɺʃʀʗʅʀɽ ʀʉʂɸɾɽʅʀʁ ʅɸ ɼʀɸɻʈɸʄʄʋ ʅɸʇʈɸɺʃɽʅʅʆʉʊʀ ɹʆʈʊʆɺʆʁ  

ɸʅʊɽʅʅʆʁ ʈɽʐɪʊʂʀ ʃɸ ʀ ʂɸ 

 

ɼʘʚʳʜʦʚ ɸʣʝʢʩʘʥʜʨ ɹʦʨʠʩʦʚʠʯ 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʅʊʎ-2 ɸʆ çʅʇʂ çɺʊʠʉʉè 

127083, ʈʌ, ʛ. ʄʦʩʢʚʘ, ʫʣ. 8 ʤʘʨʪʘ, ʜʦʤ 10, ʩʪʨʦʝʥʠʝ 1 

ʂʫʟʠʥʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʀʥʞʝʥʝʨ ʅʊʎ-7 ɸʆ çʅʇʂ çɺʊʠʉʉè 

ʗʢʦʚʣʝʚ ʂʦʥʩʪʘʥʪʠʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʈʕɿ ʅʊʎ-2 ɸʆ çʅʇʂ çɺʊʠʉʉè  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʩʢʘʞʝʥʠʡ ʥʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʦʨʪʦʚʦʡ 

ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʣʝʪʘʪʝʣʴʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

Abstract. This article discusses the effect of distortion on the directional patterns of an onboard antenna array 

of aircraft and spacecraft. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, 

ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 

Keywords: antenna-feeder system, radiation pattern, aircraft, spacecraft. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʜʫʰʥʦʛʦ ʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ [1 c. 67-70]. 

ɹʝʟʫʩʣʦʚʥʳʡ ʧʨʠʦʨʠʪʝʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʦʪʜʘʸʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʘʟʠʨʦʚʘʥʥʳʭ 

ʘʥʪʝʥʥʳʭ ʨʝʰʸʪʦʢ. ʍʦʪʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ, ʧʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʥʝ ʚʩʝʛʜʘ 

ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʦ ʩʪʦʠʤʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [2, c. 30-35, 

3, ʩ. 148-153, 4, ʩ. 59-68, 5, ʩ. 216-226, 6, ʩ. 227-237]. 

ʉʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʥʘ/ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʙʦʨʪʦʚʳʤ 

ʘʥʪʝʥʥʳʤ ʨʝʰʸʪʢʘʤ ʃɸ ʠ ʂɸ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʸʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʟʘ ʩʯʸʪ ʫʯʸʪʘ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʠʩʢʘʞʝʥʠʡ ʥʘ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ. 

ʄʦʜʫʣʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʢʦʥʝʯʥʫʶ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ʕʪʦ 

ʢʘʩʘʝʪʩʷ ʢʘʢ ʘʥʘʣʦʛʦʚʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʥʦʩʠʪʴ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʩʠʛʥʘʣ, ʪʘʢ 

ʠ ʮʠʬʨʦʚʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʚʳʯʠʩʣʝʥʠʷ ʚ ʢʦʥʝʯʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ ʠ ʜʦʙʘʚʣʷʶʪ ʰʫʤʳ 

ʢʚʘʥʪʦʚʘʥʠʷ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʮʝʩʩʦʨʘ ʩ ʪʳʩʷʯʘʤʠ ʣʫʯʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʢ ʚʦʟʤʦʞʥʳʤ ʠʩʢʘʞʝʥʠʷʤ. ɽʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʠʩʢ, ʯʪʦ ʥʘʣʠʯʠʝ ʠʩʢʘʞʝʥʠʡ ʩʧʦʩʦʙʥʦ ʫʭʫʜʰʠʪʴ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʝʰʝʪʢʠ ʠ 

ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʦʜʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʡ, ʦʩʦʙʝʥʥʦ ʦʪ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ. 

ʇʨʷʤʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʮʠʬʨʦʚʳʭ ʙʣʦʢʦʚ, ʘʥʘʣʦʛʦʚʳʭ 

ʪʨʘʢʪʦʚ ʠ ʘʥʪʝʥʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʢʦʩʚʝʥʥʳʡ ʧʦʜʭʦʜ: 

1) ʚʥʝʩʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ beamforming, ʤʦʱʥʦʩʪʴ ʠʩʢʘʞʝʥʠʡ 

ʟʘʜʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; 
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2) ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʝʰʝʪʢʠ ʩ ʠʩʢʘʞʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʩʨʘʚʥʝʥʠʝ ʝʝ ʩ 

ʠʩʭʦʜʥʦʡ ʜʠʘʛʨʘʤʤʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʥʝʠʩʢʘʞʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ; 

3) ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʪʝʨʘʮʠʡ ʧ. 1 ʠ 2 ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ). 

ɺ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʚʭʦʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ OFDM 

ʧʦʜʥʝʩʫʱʝʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ beamforming, ʧʦʵʪʦʤʫ ʚʥʝʩʝʥʠʝ ʦʰʠʙʢʠ ʚ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʢʘʢ ʠʩʢʘʞʝʥʠʝ ʩʠʛʥʘʣʘ.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ [3, ʩʪʨ. 15-17]: 

Å ʝʜʠʥʠʯʥʳʡ ʠʟʣʫʯʘʪʝʣʴ: ʜʚʫʭʤʦʜʦʚʳʡ ʚʦʣʥʦʚʦʜʥʳʡ ʠʟʣʫʯʘʪʝʣʴ, ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʠʟ HFSS ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ phi-pheta ʚ ʩʠʩʪʝʤʫ 

azimuth-elevation; 

Å ʨʝʰʝʪʢʘ: ʢʚʘʜʨʘʪʥʘʷ 32*32 ʵʣʝʤʝʥʪʘ, ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʦʡ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʷʤʠ 

ʨʘʚʥʷʝʪʩʷ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ; 

Å ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ: ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ 10 ɻɻʮ, ʧʦʣʦʩʘ ʩʠʛʥʘʣʘ 20 ʄɻʮ; 

Å ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʘ: ʧʦʜʧʦʣʦʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘ ʦʩʥʦʚʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ (subband phase shift 

beamforming), ʨʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ 64 ʧʦʣʦʩʳ (ʩʭʝʤʘ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʜʚʠʛʫ ʬʘʟ ʧʝʨʝʜ FFT ʚ ʧʝʨʝʜʘʪʯʠʢʝ 

ʠ ʧʦʩʣʝ FFT ʚ ʧʨʠʝʤʥʠʢʝ); 

Å ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (SNR): 0..20 ʜɹ; 

Å ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 100; 

Å ʧʘʨʘʤʝʪʨʳ ʪʝʩʪʦʚʦʛʦ ʣʫʯʘ: ʘʟʠʤʫʪ 30Á, ʚʦʟʚʳʰʝʥʠʝ 10Á. 

ʀʩʭʦʜʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩ beamforming (ʜʣʷ ʥʝʠʩʢʘʞʝʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ (ʩʣʝʚʘ) ʠ ʤʥʠʤʘʷ (ʩʧʨʘʚʘ) ʯʘʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ beamforming (ʬʨʘʛʤʝʥʪ, ʧʦʢʘʟʘʥʘ 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2-5. 

ʉʝʤʝʡʩʪʚʦ ʛʨʘʬʠʢʦʚ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ (ʜʣʷ 100 ʠʪʝʨʘʮʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7. 

ʉʨʘʚʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (reference - ʩʠʥʠʡ) ʩ ʫʩʨʝʜʥʝʥʥʦʡ ʠʩʢʘʞʝʥʥʦʡ 

(average - ʢʨʘʩʥʳʡ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʩʢʘʞʝʥʥʦʡ (max hold - ʟʝʣʝʥʳʡ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 8 ʠ 9. 

ʋʩʨʝʜʥʝʥʥʳʝ (average) ʠʩʢʘʞʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 10 ʠ 

11. 

ʄʘʢʩʠʤʘʣʴʥʳʝ (max hold) ʠʩʢʘʞʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 12 ʠ 13. 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1. ʀʩʭʦʜʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩ beamforming 
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ʈʠʩʫʥʦʢ 2. SNR = 0 ʜɹ 

 

 
 

ʈʠʩʫʥʦʢ 3. SNR = 5 ʜɹ 

 

  

ʈʠʩʫʥʦʢ 4. SNR = 10 ʜɹ 
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ʈʠʩʫʥʦʢ 5. SNR = 20 ʜɹ 

 

  
ʈʠʩʫʥʦʢ 6. SNR = 0 ʜɹ ʠ SNR = 5 ʜɹ 

 

  

ʈʠʩʫʥʦʢ 7. SNR = 10 ʜɹ ʠ SNR = 20 ʜɹ 
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ʈʠʩʫʥʦʢ 8. SNR = 0 ʜɹ ʠ SNR = 5 ʜɹ 

 

 
 

ʈʠʩʫʥʦʢ 9. SNR = 10 ʜɹ ʠ SNR = 20 ʜɹ 

 

  

ʈʠʩʫʥʦʢ 10. SNR = 0 ʜɹ ʠ SNR = 5 ʜɹ 

 

 
 

ʈʠʩʫʥʦʢ 11. SNR = 10 ʜɹ ʠ SNR = 20 ʜɹ 
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