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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ɸʉʋ ʊʇ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʃʇʈ ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ɸʉʋ ʊʇ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʠʭ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʏʝʤ ʙʦʣʴʰʝ ʠ ʩʣʦʞʥʝʝ ʩʠʩʪʝʤʘ, ʪʝʤ ʚʳʰʝ ʩʣʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ɸʉʋ ʊʇ ʚ ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʝ 

(ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʠ ʩʚʷʟʷʭ ʤʝʞʜʫ ʥʠʤʠ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʛʝʥʝʨʘʮʠʶ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟ ʜʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʦʪʜʝʣʴʥʦ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʠ 

ʬʦʨʤʘʪ ʭʨʘʥʝʥʠʷ ʪʘʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ XML  ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

XML -ʩʭʝʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʬʦʨʤʘʪʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ XSLT ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚ ʚʠʜʝ XML -ʜʦʢʫʤʝʥʪʘ ʚ ʬʦʨʤʘʪ ʨʘʟʤʝʪʢʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʛʨʘʬʠʢʠ SVG ʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʝʟʥʦʩʪʴ ʙʳʩʪʨʦʡ ʛʝʥʝʨʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʦʨʤʘʪʘ XML  ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʠ ʧʣʶʩʳ ʬʦʨʤʘʪʘ SVG ʚ ʢʘʯʝʩʪʚʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

 

Abstract. The paper considers a method for automated visualization of the factographic 

content of an automated process control system, which allows decision makers to implement 

an ex-press analysis of this system. When using graphical schemes of automatic process control 

systems, the problem arises of keeping them up to date, since the structure of the system can 

change over time. The larger and more complex the system, the higher the complexity of 

making changes to the graphical representation. To solve this problem, you can use the 

factographic description of the automatic process control system in text form (information 

about all the elements and the relationships between them) and the automatic generation of a 

graphical representation from this description. The work separately describes the method and 
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format for storing such a description using the XML language and the possibility of using an 

XML scheme to check this description for compliance with the established format. In addition, 

the use of XSLT language for converting a factographic description in the form of an XML 

document into the markup format of scalable SVG graphics and obtaining the final graphical 

representation of an automated process control system is shown. The article discusses the 

usefulness of quick generation of graphical representations, the advantages of XML format for 

describing the system and the advantages of SVG format as a graphical representation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʥʪʝʥʪʘ, ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʝʥʪ, ɸʉʋ ʊʇ, 

XML , XSD, XSLT. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

(ɸʉʋ ʊʇ). ʇʨʦʮʝʩʩ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʫʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ 

(ʃʇʈ), ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [1]. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʃʇʈ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʭʦʨʦʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ ɸʉʋ ʊʇ ʠ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ. ɼʣʷ ʙʳʩʪʨʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ 

ʩʠʩʪʝʤʦʡ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʩʭʝʤʫ ʚʩʝʭ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ. 

ʆʜʥʘʢʦ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʩʪʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʩʭʝʤʳ ʠ ʜʘʣʴʥʝʡʰʝʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤ ɸʉʋ ʊʇ ʧʦ ʠʭ 

ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɸʉʋ ʊʇ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʉʋ ʊʇ 
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[7] 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ɸʉʋ ʊʇ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʘʪ 

XML  [2]. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʬʦʨʤʘʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʜʦʙʩʪʚʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʢʦʥʪʝʥʪ XML -ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʘʪ XML  ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ɸʉʋ ʊʇ 

ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʙʦʨʦʚ ʚʝʨʰʠʥ (ʙʣʦʢ 

<elements>) ʠ ʩʚʷʟʝʡ (ʙʣʦʢ <links>) ʤʝʞʜʫ ʥʠʤʠ. 

ʊʘʢ ʢʘʢ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʝʣʴʶ, ʪʦ, ʩ 

ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʜʫʙʣʠʨʦʚʘʥʠʷ, ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʚʳʥʝʩʝʥʦ ʦʪʜʝʣʴʥʦ 

(ʙʣʦʢ <models>), ʘ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ ʩʩʳʣʘʶʪʩʷ ʥʘ ʥʠʭ ʯʝʨʝʟ ʘʪʨʠʙʫʪ çmodelè. 

ʇʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʧʝʨʚʳʭ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʧʝʨʚʳʭ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ 

<?xml version="1.0" encoding="utf-8"?> 

<root> 

  <models> 

    <model id="Mzelax" class="communication"> 

      <name>ɿʝʣʘʢʩ M-2ɹ</name> 

      <io> 

        <port id="0" iface="RJ-45"/> 

      </io> 

    </model> 

    <model id="Mpc" class="pc"> 

      <name>ʇʂ</name> 

      <io> 

        <port id="0" iface="RJ-45"/> 

        <port id="1" iface="RJ-45"/> 

      </io> 

    </model> 

    <model id="Mswitch" class="communication"> 

      <name>Ethernet Switch</name> 

      <io> 

        <port id="0" iface="RJ-45"/> 

        <port id="1" iface="RJ-45"/> 

      </io> 

    </model> 

  </models> 

  <elements> 

    <element id="zelax" model="Mzelax"/> 

    <element id="pc" model="Mpc"/> 

    <element id="switch" model="Mswitch"/> 

  </elements> 

  <links> 

    <link from="zelax" from-port="0" to="pc" to-port="0"/> 

    <link from="pc" from-port="1" to="switch" to-port="0"/> 

  </links> 

</root> 
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[8] 

ʇʨʦʚʝʨʠʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ XML -

ʩʭʝʤʳ (XSD) [3]. 

ʕʪʘ ʩʭʝʤʘ ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ XML -ʜʦʢʫʤʝʥʪʘ, ʪʠʧʳ ʜʘʥʥʳʭ ʠ ʥʘʢʣʘʜʳʚʘʝʤʳʝ 

ʥʘ ʥʠʭ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʊʘʢʞʝ ʚ XSD ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ 

ʩʩʳʣʦʯʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʩʳʣʦʢ ʥʘ ʥʝʩʫʱʝʩʪʚʫʶʱʠʝ XML -

ʵʣʝʤʝʥʪʳ. 

ʇʨʠʤʝʨ XML -ʩʭʝʤʳ, ʦʧʠʩʳʚʘʶʱʝʡ ʵʣʝʤʝʥʪ <model>, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ XSD ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ɸʉʋ ʊʇ 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʭʝʤʳ ɸʉʋ ʊʇ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʠʩʧʦʣʴʟʫʝʤ 

XSLT [4] ï ʷʟʳʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ XML . ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ XML -ʜʦʢʫʤʝʥʪʳ ʠʟ ʦʜʥʦʛʦ ʬʦʨʤʘʪʘ ʚ ʜʨʫʛʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ 

ʬʦʨʤʘʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤ SVG [5] ï ʬʦʨʤʘʪ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʠ, ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ XML . 

<xs:complexType name="Tmodel"> 

  <xs:annotation> 

    <xs:documentation>ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ</xs:documentation> 

  </xs:annotation> 

  <xs:sequence> 

    <xs:element name="name" type="xs:string"/> 

    <xs:element name="description" type="xs:string" minOccurs="0"/> 

    <xs:element name="url" type="xs:anyURI" minOccurs="0"/> 

    <xs:element name="io"> 

      <xs:complexType> 

        <xs:sequence> 

          <xs:element name="port" type="Tport" maxOccurs="unbounded"/> 

        </xs:sequence> 

      </xs:complexType> 

      <xs:unique name="PortId"> 

        <xs:selector xpath="port"/> 

        <xs:field xpath="@id"/> 

      </xs:unique> 

    </xs:element> 

  </xs:sequence> 

  <xs:attribute name="id" type="xs:ID" use="required"/> 

  <xs:attribute name="class" use="required"> 

    <xs:simpleType> 

      <xs:restriction base="xs:string"> 

        <xs:enumeration value="pc"/> 

        <xs:enumeration value="communication"/> 

        <xs:enumeration value="control"/> 

        <xs:enumeration value="sensor"/> 

      </xs:restriction> 

    </xs:simpleType> 

  </xs:attribute> 

</xs:complexType> 
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[9] 

ɸʣʛʦʨʠʪʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ: 

1) ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ; 

2) ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤʳ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʜʠʥ 

ʠʟ ʵʪʘʧʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʜʨʫʛʦʡ. 

ʇʨʠʤʝʨ XSLT-ʰʘʙʣʦʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʟʣʘ ʛʨʘʬʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

ʈʠʩʫʥʦʢ 4. XSLT-ʰʘʙʣʦʥ ʥʘ ʧʦʩʪʨʦʝʥʠʷ ʫʟʣʘ ʛʨʘʬʘ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʵʣʝʤʝʥʪʘ, ʚʳʙʠʨʘʝʪʩʷ ʩʧʦʩʦʙ ʝʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʃʇʈ ʣʝʛʯʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʥʘ ʥʫʞʥʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʇʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɸʉʋ ʊʇ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʉʋ ʊʇ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 5, ʩʛʝʥʝʨʠʨʦʚʘʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘʪʦʤ SVG. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʛʦ ʢʦʤʧʘʢʪʥʦʩʪʴ 

(13.4 ʂʙ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ ʢʘʢ Inkscape [6]. 

 

 

 

 

<xsl:template match="element" mode="ElementToSvg"> 

  <xsl:variable name="id" select="@id"/> 

  <xsl:variable name="coord" select="$coords/coord[@eid=$id]"/> 

  <xsl:variable name="x" select="$coord/@x"/> 

  <xsl:variable name="y" select="$coord/@y"/> 

  <xsl:variable name="modelId" select="@model"/> 

  <xsl:variable name="class" select="//model[@id=$modelId]/@class"/> 

  <svg:text x="{$x + 15}" y="{$y} " class="model-name"> 

    <xsl:value-of select="//model[@id=$modelId]/name"/> 

  </svg:text> 

  <xsl:choose> 

    <xsl:when test="$class='communication'"> 

      <svg:rect x="{$x - 5}" y="{$y - 5}" width="10" height="10"/> 

    </xsl:when> 

    <xsl:when test="$class='sensor'"> 

      <svg:polygon points="{$x},{$y - 5} {$x + 5},{$y + 5} {$x - 5},{$y + 5} "/> 

    </xsl:when> 

    <xsl:when test="$class='control'"> 

      <svg:polygon points="{$x},{$y - 5} {$x + 5},{$y} {$x + 3},{$y + 5} {$x - 3},{$y + 5} 

{$x - 5},{$y} "/> 

    </xsl:when> 

    <xsl:otherwise> 

      <svg:circle cx="{$x} " cy="{$y} " r="5" class="ecls-{$class}"/> 

    </xsl:otherwise> 

  </xsl:choose> 

</xsl:template> 
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ʈʠʩʫʥʦʢ 5. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɸʉʋ ʊʇ 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʩʧʦʩʦʙ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ 

ɸʉʋ ʊʇ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʭ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʧʫʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʠʭ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʃʇʈ ʙʳʩʪʨʦ ʦʟʥʘʢʦʤʠʪʩʷ ʩ ʠʭ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʘ ʭʨʘʥʝʥʠʝ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʨʝʘʣʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʘʭ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ɸʉʋ ʊʇ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʪʨʝʙʫʝʪ ʦʪ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʫʤʝʥʠʷ ʫʯʠʪʴʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʦʩʪʦʷʥʥʦ ʦʩʫʱʝʩʪʚʣʷʷ ʩʘʤʦʢʦʥʪʨʦʣʴ ʠ ʩʘʤʦʢʦʨʨʝʢʮʠʶ. ʇʨʠ ʘʢʪʠʚʥʦʤ 

ʧʦʜʭʦʜʝ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ, ʦʥʠ ʩʤʦʛʫʪ ʚʳʨʘʙʦʪʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʠ 

ʥʘʚʳʢʠ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʧʨʠʤʝʥʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʙʫʜʫʱʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʪʠʚʘʮʠʷ, ʢʘʢ ʦʜʥʘ ʠʟ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʚ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ Platonus. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʪʠʚʘʮʠʠ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʦʮʝʥʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʨʘʟʠʪʩʷ ʥʘ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ (ʨʝʟʫʣʴʪʘʪʝ). ʇʦʣʫʯʠʚ ʤʦʪʠʚʠʨʦʚʘʥʥʦʝ ʟʘʜʘʥʠʝ, ʩʪʫʜʝʥʪʳ ʦʭʦʪʥʦ 

ʚʳʭʦʜʷʪ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ zoom-ʧʨʠʣʦʞʝʥʠʷ, ʜʝʣʷʪʩʷ ʧʨʠʦʙʨʝʪʝʥʥʳʤʠ 

ʟʥʘʥʠʷʤʠ ʩ ʜʨʫʛʠʤʠ ʫʯʘʱʠʤʠʩʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʥʷʪʠʷ, 

ʢʘʯʝʩʪʚʦ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʚ ʢʘʢʦʤ ʨʝʞʠʤʝ ʦʥʦ ʧʨʦʭʦʜʠʪ ï ʦʥʣʘʡʥ ʠʣʠ ʦʬʣʘʡʥ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʩʝʨʚʠʩʳ, ʪʘʢʠʝ ʢʘʢ: Sova.ws; Smartcommunity; 

Smartnation; College.Snation; BilimLand; ɹʽʣʽʤʘʣ; ParagraphBilim; Kundelik.kz; Platonus. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ 

ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʝʩʣʠ ʨʝʛʫʣʷʨʥʦ ʩʦʟʜʘʚʘʪʴ, ʜʦʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʫʨʩʳ, ʧʨʠʤʝʥʷʷ ʢʝʡʩ ʪʝʭʥʦʣʦʛʠʠ, ʚʥʝʜʨʷʪʴ ʦʙʫʯʘʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ. 

 

Abstract. Modern education in the conditions of distance technologies requires the 

learning process to learn independently, constantly exercising self-control and self-correction. 

They can use professional qualities and skills that can be used as specialists in future 

professional activities. The article considers motivation as one of the features of the process of 

organizing independent work of students in higher educational institutions. During the study, 

the Platonus system was used. The motivation here is criteria-based assessment, which will 
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affect the final assessment (result). After receiving a motivated assignment, students willingly 

go to conferences using the zoom application and share their knowledge with other students. 

The questions of the organization of the lesson, the quality of its structure, and also what mode 

it takes place, are considered - online or offline. Electronic platforms and services were studied, 

such as: Sova.ws; Smartcommunity Smartnation College.Snation; BilimLand; Bʽlʽmal; 

ParagraphBilim; Kundelik.kz; Platonus. Based on the results of the study, it was concluded that 

independent work will be even more effective if you regularly create, modify electronic 

educational and methodical complexes, courses, using a case technology, and introduce training 

programs. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʤʦʪʠʚʘʮʠʷ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ. 

 

Keywords: educational process, distance technologies, motivation, independent work. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʠ ʟʥʘʥʠʡ [1; 2], ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʪʨʝʙʫʶʪʩʷ 

ʫʤʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. ɺʘʞʥʳʤ 

ʩʪʘʥʦʚʠʪʩʷ ʫʤʝʥʠʝ ʦʙʨʘʙʦʪʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʠʚ ʠʟ ʥʝʝ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʦʣʴʟʫ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʠʪʘʪʴ ʠ ʚʳʨʘʙʦʪʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʢ ʫʯʝʙʥʳʤ ʟʘʥʷʪʠʷʤ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʤʦʪʠʚʘʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʯʝʪʢʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ, ʢʦʛʜʘ ʦʥʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʠʪʴ ʠ ʩʜʘʪʴ 

ʟʘʜʘʥʠʷ, ʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠʭ ʣʠʪʝʨʘʪʫʨʦʡ. 

ʀʩʩʣʝʜʫʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ, ʤʳ ʦʧʠʨʘʝʤʩʷ ʥʘ ʢʦʥʮʝʧʮʠʶ 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ɸ.ɸ. ɺʝʨʙʠʮʢʦʛʦ [3; 4], ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʚʳʜʝʣʷʝʤ 

ʧʨʠʥʮʠʧ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʮʝʣʦʩʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ, ʬʦʨʤ ʠ ʫʩʣʦʚʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʘʟʚʠʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʫʤʝʥʠʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʦʠʩʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʝʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʜʦʩʪʘʪʦʯʥʦ ʥʝʜʘʚʥʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʫʯʝʥʳʤʠ [5], ʚʢʣʶʯʝʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʩʝʪʝʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ [6] ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ [7; 8], ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩʪʫʜʝʥʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʘʟʘʣʠʩʴ ʥʝ ʛʦʪʦʚʳ ʢ ʧʝʨʝʭʦʜʫ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʛʦʪʦʚʥʦʩʪʴ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʙʝʟ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʪʠʚʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʦʙʫʯʝʥʠʷ ʙʫʜʝʪ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʝʪʴ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

ï ʧʦʩʪʦʷʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ; 

ï ʧʦʩʪʦʷʥʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʣʝʚʠʟʠʦʥʥʳʝ, ʩʝʪʝʚʳʝ ʠ ʢʝʡʩ-ʪʝʭʥʦʣʦʛʠʠ, zoom-ʢʦʥʬʝʨʝʥʮʠʠ, YouTube ʢʘʥʘʣʳ, ʎʆʈ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʛʦʪʦʚʥʦʩʪʠ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ Platonus, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʩʪʫʜʝʥʪʳ ʧʨʦʷʚʣʷʶʪ ʛʦʪʦʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ ʢ ʙʳʩʪʨʦʤʫ ʠ ʢʘʯʝʩʪʚʝʥʥʦʤʫ 

ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʥʠʷ, ʝʩʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʘʜʝʢʚʘʪʥʳʝ ʩʨʦʢʠ, ʟʘʜʘʥʠʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʯʸʪʢʦ, ʷʩʥʦ, ʠʤʝʶʪʩʷ ʩʩʳʣʢʠ ʥʘ ʫʯʝʙʥʫʶ ʣʠʪʝʨʘʪʫʨʫ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʪʠʚʘʮʠʠ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʦʮʝʥʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʨʘʟʠʪʩʷ ʥʘ ʠʪʦʛʦʚʦʡ 

ʦʮʝʥʢʝ (ʨʝʟʫʣʴʪʘʪʝ). ʇʦʣʫʯʠʚ ʤʦʪʠʚʠʨʦʚʘʥʥʦʝ ʟʘʜʘʥʠʝ, ʩʪʫʜʝʥʪʳ ʦʭʦʪʥʦ ʚʳʭʦʜʷʪ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ zoom-ʧʨʠʣʦʞʝʥʠʷ, ʜʝʣʷʪʩʷ ʧʨʠʦʙʨʝʪʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʩ 



ɼʀʉʊɸʅʎʀʆʅʅʆɽ ʆɹʋʏɽʅʀɽ: ʂʆʅʎɽʇʎʀʗ, ʄɽʊʆɼʆʃʆɻʀʗ, ʊɽʍʅʆʃʆɻʀʗ 

 

[13] 

ʜʨʫʛʠʤʠ ʫʯʘʱʠʤʠʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʫʩʘ ʦʪʤʝʪʠʤ, ʯʪʦ ʤʥʦʛʠʝ ʚʫʟʳ ʩʪʨʘʥʳ ʦʪʜʘʶʪ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʤʝʥʥʦ ʵʪʦʤʫ ʧʨʠʣʦʞʝʥʠʶ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʫʟʢʠ, ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ 

ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʩʥʠʞʘʝʪ ʩʪʫʜʝʥʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ. 

ʇʦʜ ʤʦʪʠʚʘʮʠʝʡ ʩʪʫʜʝʥʪʦʚ ʥʘ ʘʢʪʠʚʥʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʠ ʧʦʙʫʞʜʘʶʱʠʭ ʯʝʣʦʚʝʢʘ ʢ ʩʦʚʝʨʰʝʥʠʶ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʙʫʞʜʘʶʱʝʡʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʪʠʚʘʤʠ. 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʝʩʣʠ ʨʝʛʫʣʷʨʥʦ ʩʦʟʜʘʚʘʪʴ, 

ʜʦʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʫʨʩʳ, ʧʨʠʤʝʥʷʷ ʢʝʡʩ 

ʪʝʭʥʦʣʦʛʠʠ, ʚʥʝʜʨʷʪʴ ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ. ɺʩʸ ʵʪʦ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʩʪʠʤʫʣʦʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʘ, ʪʘʢ ʢʘʢ 

ʦʙʫʯʘʶʱʠʝʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʦʛʫʪ ʚʳʙʨʘʪʴ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʮʝʥʠʪʴ ʩʚʦʡ 

ʧʦʪʝʥʮʠʘʣ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʜʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʩʚʦʠʤ ʟʥʘʥʠʷʤ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʨʝʜʤʝʪʘ 

1. ʆʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʯʝʙʥʦʤ ʢʫʨʩʝ, ʪ.ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʘʫʜʠʪʦʨʥʦʡ ʨʘʙʦʪʦʡ ʠ ʟʘʥʷʪʠʝʤ. 

2. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʪ.ʝ. ʚʳʙʦʨ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʯʥʦʡ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʳ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ 

ʨʝʰʘʪʴ ʚ ʭʦʜʝ ʘʫʜʠʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʚʳʥʝʩʪʠ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʫʶ 

ʬʦʨʤʫ. 

3. ʆʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʢʫʨʩʝ, ʪ.ʝ. ʦʟʥʘʢʦʤʣʝʥʠʝ ʩʦ 

ʩʧʝʮʠʬʠʢʦʡ ʨʘʙʦʪʳ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʝ ʠ ʚ ʚʳʙʨʘʥʥʦʡ ʦʙʦʣʦʯʢʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤ 

ʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ. 

4. ʆʨʛʘʥʠʟʘʮʠʷ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʢʫʨʩʘ, ʪ.ʝ. ʨʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʫʨʩʘ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʫʨʩʘ ʚ ʮʝʣʦʤ ʠ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʘ ʢ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʝʡ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩʦ ʚʩʝʦʙʱʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʙʝʟ ʘʫʜʠʪʦʨʥʦʡ 

ʨʘʙʦʪʳ, ʥʘ ʩʪʫʜʝʥʪʦʚ ʣʦʞʠʪʩʷ ʜʚʦʡʥʘʷ ʥʘʛʨʫʟʢʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʤʘʪʝʨʠʘʣ, ʠ 

ʣʝʢʮʠʦʥʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʚʩʝ ʥʦʨʤʳ 

ʚʨʝʤʝʥʠ ʧʦ ʚʠʜʘʤ ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ. 

ʆʨʛʘʥʠʟʦʚʳʚʘʷ ʟʘʥʷʪʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʜʫʤʘʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʥʷʪʠʷ ʥʝ ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʨʝʞʠʤʝ 

ʦʥʦ ʧʨʦʭʦʜʠʪ ï ʦʥʣʘʡʥ ʠʣʠ ʦʬʣʘʡʥ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʦʪ ʫʤʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʳʩʪʨʦʠʪʴ ʩʚʦʡ ʢʦʥʪʝʥʪ ʪʘʢ, ʢʘʢ ʵʪʦ ʙʫʜʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʤʝʥʥʦ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ, ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ 

ʩʪʫʜʝʥʪʘʤʠ. 

ʂʦʥʪʝʥʪ ʜʣʷ ʦʥʣʘʡʥ-ʟʘʥʷʪʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʧʦ-ʜʨʫʛʦʤʫ. ɺʩʝ 

ʟʘʜʘʥʠʷ ʥʘ ʟʘʧʦʤʠʥʘʥʠʝ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʧʨʦʚʝʨʢʫ ʯʝʨʝʟ ʥʘʚʳʢ. ɺʤʝʩʪʦ 

ʧʦʩʪʘʥʦʚʦʯʥʦʛʦ ʚʦʧʨʦʩʘ ʥʘ ʟʥʘʥʠʝ ʛʣʦʩʩʘʨʠʷ ʠʣʠ ʪʝʨʤʠʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʜʘʪʴ 

ʪʘʢʦʝ ʟʘʜʘʥʠʝ, ʯʪʦʙʳ ʩʪʫʜʝʥʪ ʩʘʤ ʧʨʠʤʝʥʠʣ ʟʥʘʥʠʷ ʠ ʦʪʚʝʪʠʣ ʥʘ ʟʘʜʘʥʠʷ ʠʣʠ ʚʦʧʨʦʩʳ. 

ʅʝ ʩʪʦʠʪ ʟʘʜʘʚʘʪʴ ʩʪʫʜʝʥʪʘʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʣʫʯʰʝ ʧʦʩʪʘʚʠʪʴ ʧʝʨʝʜ ʥʠʤ 

ʧʨʦʙʣʝʤʫ, ʜʦ ʠʩʪʠʥʳ ʢʦʪʦʨʦʡ ʦʥ ʜʦʣʞʝʥ ʜʦʡʪʠ ʧʫʪʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʪʝʤʳ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. 

ɺ ʩʚʦʝʤ ʜʦʢʣʘʜʝ ʥʘ ʧʨʝʩʩ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʠʥʠʩʪʨ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ɸʩʭʘʪ ɸʡʤʘʛʘʤʙʝʪʦʚ ʟʘʚʝʨʠʣ: çɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʝʤ 
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ʧʝʜʘʛʦʛʘʤ ʠ ʩʪʫʜʝʥʪʘʤ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥ ʜʦʩʪʫʧ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʧʣʘʪʬʦʨʤʘʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʚʠʜʝʦʫʨʦʢʠ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʦʥʣʘʡʥ-ʨʘʙʦʪʘ, 

ʦʥʣʘʡʥ-ʢʫʨʩʳ. ɹʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʟʘʛʨʫʟʢʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʪʝʩʪʦʚ, ʮʠʬʨʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʄʆʅ ʩʦʚʝʪʫʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʣʘʪʬʦʨʤʳ ʠ ʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʙʝʩʧʣʘʪʥʦ: Sova.ws; 

Smartcommunity; Smartnation; College.Snation; BilimLand; ɹʽʣʽʤʘʣ; ParagraphBilim; 

Kundelik.kz; Platonus ʠ ʪ.ʜ.è. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʙʝʟʙʦʣʝʟʥʝʥʥʦʛʦ ʧʝʨʝʭʦʜ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ʚʫʟʘ ʚʘʞʥʳ ʪʘʢʞʝ: 

ï ʚʦ-ʧʝʨʚʳʭ, ʝʜʠʥʳʡ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʜʫʭ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ. 

ʊʦ ʝʩʪʴ, ʢʦʛʜʘ ʚʩʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʦʱʘʜʢʠ, ʢʦʪʦʨʳʝ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʚʤʝʩʪʦ 

ʣʠʯʥʳʭ ʧʦʯʪʦʚʳʭ ʘʜʨʝʩʦʚ; 

ï ʚʦ-ʚʪʦʨʳʭ, ʥʘʣʠʯʠʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ (Canvas, 

Google Classroom ʠ ʜʨʫʛʠʝ), ʵʪʦ ʤʠʨʦʚʳʝ ʙʨʝʥʜʳ ʩ ʭʦʨʦʰʠʤʠ ʤʦʱʥʦʩʪʷʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ 

ʧʨʠʤʝʥʷʪʴ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʚʝʜʫʱʠʝ ʚʫʟʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʚʫʟʦʚ ʂʘʟʘʭʩʪʘʥʘ ï ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʣʴ-

ʌʘʨʘʙʠ ï ʠʩʧʦʣʴʟʫʝʪ ʠʥʪʝʛʨʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ çʋʥʠʚʝʨ 

2.0è ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ Moodle. 

ʉʠʩʪʝʤʘ çʋʥʠʚʝʨ 2.0è ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʂʘʟʘʭʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʅʘ 

ʙʘʟʝ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʢʫʨʩʳ ʠ ʙʘʟʫ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʮʠʧʣʠʥ; ʧʨʦʚʦʜʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʣʠ ʛʨʫʧʧʦʚʳʝ ʣʝʢʮʠʠ; ʜʘʚʘʪʴ 

ʟʘʜʘʥʠʷ, ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ; ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʢʫʨʩʘ ʠ 

ʜʨʫʛʦʝ. ʇʨʦʛʨʘʤʤʠʩʪʳ ʜʘʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʪʝʛʨʠʨʦʚʘʣʠ ʜʚʝ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʝʨʚʳʡ 

ʤʘʩʰʪʘʙʥʳʡ ʦʧʳʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʩʪʫʜʝʥʪʦʚ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʚ ʚʫʟʝ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚ ʪʘʢʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʷʚʣʷʶʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʫʩʠʣʠʡ ʚ ʩʠʩʪʝʤʥʦʤ ʨʝʰʝʥʠʠ ʨʘʙʦʪʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʜʛʦʪʦʚʢʫ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʧʨʝʜʤʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ20-413-04003. 
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Abstract. In the modern world, the computer technology development, including the 

field of education, is one of the priority tasks. The calculation of the designed device optimal 

model is often a rather difficult task. Moreover, the behavior of many dynamical systems at a 

particular moment in time can be qualitatively represented in the form of curves in the plane. 

This allows you to clearly demonstrate and facilitate understanding of the dynamic processes 

taking place in this system. In this paper, we consider the possibility of using the popular 

Multisim software package and its capabilities in the study of dynamic systems. The analysis 

of transients in electrical circuits shows the possibility of plotting trajectories and phase 

portraits of second-order autonomous systems. The instrumentation and modeling technique 

used to obtain phase portraits of the system when there are undamped and damped sinusoidal 

oscillations, an aperiodic and extremely aperiodic transition process are described. The 

possibility of not only a qualitative, but also a quantitative description of the processes based 

on the waveforms obtained using Multisim is shown. The results of a qualitative analysis on the 

phase plane of transients in second-order electrical circuits can be used in the educational 

process in the study of electrical engineering, electronics and other technical disciplines. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ. ʈʘʩʯʝʪ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʨʠʚʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠ ʦʙʣʝʛʯʠʪʴ ʧʦʥʠʤʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʭʦʜʷʱʠʭ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʣʷʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Multisim ʠ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʪʨʘʝʢʪʦʨʠʡ ʠ ʬʘʟʦʚʳʭ 

ʧʦʨʪʨʝʪʦʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʆʧʠʩʘʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ ʤʝʪʦʜʠʢʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ ʩʠʩʪʝʤʳ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʥʝʡ ʥʝʟʘʪʫʭʘʶʱʠʭ ʠ ʟʘʪʫʭʘʶʱʠʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, 
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ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʧʨʝʜʝʣʴʥʦ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ Multisim ʦʩʮʠʣʣʦʛʨʘʤʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʮʝʧʷʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. 

 

Keywords: transient, electric circuit, modeling, phase plane, phase trajectory, special 

points. 
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Transients occurring in various technical systems (for example, in electrical circuits) 

can be considered in various coordinate systems. The behavior of many dynamical systems at 

a particular moment in time can be represented in the form of curves in the plane. This allows 

you to clearly demonstrate and facilitate understanding of the processes taking place in this 

system. 

For a qualitative study of the processes described by differential equations of the first 

and especially second order, a widespread image of the process on the phase plane gives an idea 

of its nature without solving the differential equation in its final form. 

On the abscissa axis of the phase plane, the studied quantity x (current, voltage, charge, 

flux linkage) is usually laid aside, and on the ordinate axis ï the derivative of the studied 

quantity y
dt

dx
= . 

Each state of the circuit corresponds to a point on the phase plane. The change in the 

state of the circuit is depicted by a certain line on the phase plane ï the phase trajectory. The 

initial position of the image point is determined by the initial conditions x(0), y(0). 

The type of phase trajectory depends on the circuit configuration of and the relationship 

between the parameters of the elements. If the process is periodic, then the phase trajectory is 

a closed curve and called the limit cycle. 

The phase trajectory of a non-periodic process is an open line. 

Many phase trajectories are called phase portraiture. 

Points on the phase plane for which a value 
0

0
=

dy

dx
 is not defined are called singular 

points. 

Distinguish singular points of several types corresponding to different types of roots of 

the characteristic equation: 

ï center (two imaginary roots); 

ï stable focus (complex conjugate roots with the negative material part); 

ï unstable focus (complex conjugate roots with the positive material part); 

ï stable node (negative material roots); 

ï unstable node (positive material roots); 

ï saddle (positive and negative material roots). 

We used the software package for modeling and analysis of electrical circuits Multisim 

from National Instruments [1] in this work to study transients on the phase plane. Circuitry 

modeling on a computer using virtual laboratories is currently an essential part of the 

educational process at technical universities, and Multisim takes a worthy place among a 
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number of modern software packages, such as PSPICE, MATLAB, Electronics Workbench and 

others [2, 3]. 

The software package has a wide selection of settings that allow you to configure 

modeling parameters differently and present the results. 

Figure 1 shows a serial second-order electrical circuit connected to a constant voltage 

source. 

To obtain phase portraits of the circuit under study in transition mode, the 

Oscilloscope tool is used ï a two-channel virtual oscilloscope. 

 

 
Figure 1. Virtual circuit in Multisim 

 

The sources of signals fed to inputs A and B of the oscilloscope XSC1 are the following 

components: 

ï Current Probe ï a sensor that emulates a real current sensor that converts a current 

signal into an output voltage signal; 

ï Time Derivative Block ï voltage differentiator. Its output signal is equal to the first time 

derivative of the input signal. 

In the Timebase settings of the oscilloscope, the A/B button is activated, switching its 

axes to show the dependence of one signal on another (in this case ï 
dt

di
on i). 

As an example, we obtain the phase trajectories for the current i(t) under zero initial 

cnditions (the capacitor is not previously charged). 

It is known that, depending on the value of the active resistance r, the transient in the 

circuit in question can be of a different nature. We consider three characteristic cases. 

1) Resistance 0=r . 

The phase trajectory of the current is shown in Figure 2. 

The imaging point makes periodic movements along an ellipse around a singular point 

ï the center 0. The resulting ellipse corresponds to undamped sinusoidal oscillations. 

The amplitude of the current oscillations is equal to the horizontal axis of the ellipse. 

The angular vibration frequency is equal to the ratio of the vertical axis of the ellipse to the 

horizontal. 
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Figure 2. Phase trajectory of undamped oscillations 

 

2) Resistance 
C

L
r 20 << . 

The resulting phase current path is shown in Figure 3. 

 

Figure 3. Phase trajectory of damped oscillations 

 

The imaging point makes periodic spiral movements, striving for a singular point at 

the origin ï a stable focus. The resulting spiral corresponds to damped sinusoidal oscillations. 

The current decay rate is characterized by the logarithmic decrement of oscillations 

equal to the natural logarithm of the ratio of the two subsequent amplitudes of the same sign 

(horizontal axis for cursors 2 and 1). 

3) Resistance 
C

L
r 2² . 

The phase trajectory of the current is shown in Figure 4. 

0 

Movement direction   

of the image point 

Movement direction   

of the image point 
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Figure 4. Phase trajectory of the limiting aperiodic process 

 

The imaging point moves along a parabola to a singular point ï a stable node 0, making 

less than a half revolution around it. The resulting parabola correspond to the limiting aperiodic 

process. 

For comparison, Figure 5 shows the phase trajectories of the transient current for the 

case of slowly damped oscillations (a) and an aperiodic process (b). 

 

Figure 5. Phase trajectories 

 

Findings 

The apparatus for studying electrical circuits, that used in the Multisim software 

package, is quite extensive and includes modern analysis methods, which makes it a convenient 

tool for programmatic description and immediate subsequent testing. Through to Multisim, the 

study of transients in electrical circuits using the phase plane method can be simple and 

intuitive. 

This software tool allows you to visualize the study of the theoretical part of various 

sections of the course of electrical engineering and electronics in a modern technical university 

and prepare students for work in a real laboratory, teaching them the methods of planning and 

conducting experiments [4]. 

Direction of movement  

of the image point 

 

0 

0 

       ʘ       b 
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The results of a qualitative analysis on the phase plane of transients in second-order 

electrical circuits can be used in the educational process in the study of electrical engineering, 

electronics and other technical disciplines 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʣʦʞʥʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ, 

ʤʥʦʛʦʩʚʷʟʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʭʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʨʝʙʫʶʪʩʷ ʪʨʝʥʘʞʝʨʳ-ʠʤʠʪʘʪʦʨʳ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʴʶ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʟʫʯʘʝʤʳʡ ʧʨʦʮʝʩʩ, ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʀʟʫʯʝʥʠʝ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʜʝʣʠʪʩʷ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʯʘʩʪʠ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ 

ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʠʭ 

ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜʳ ʛʨʘʬʠʯʝʩʢʦʛʦ (ʚʠʟʫʘʣʴʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥʠ ʫʧʨʦʱʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʪʨʝʥʘʞʝʨʦʚ-ʠʤʠʪʘʪʦʨʦʚ ʩʣʦʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʥʳʭ ʠ ʧʦʥʷʪʥʳʭ ʯʝʣʦʚʝʢʫ ʩʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʨʘʩʯʝʪʘʭ. ʇʦʜʭʦʜʷʱʠʤ ʪʠʧʦʤ ʜʣʷ 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 
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ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʩʨʝʜʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʠʤʝʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʠʭ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

 

Abstract. Recently, due to the increase in production volumes and the increase in the 

quality of the obtained products, technological processes have been complicated many times. 

Therefore, many of them are complex, multi-connected systems that need well-trained 

specialists. In order to train specialists of high level, simulators-simulators with sufficiently 

accurate and adequate model describing the studied process, for implementation of which deep 

analysis of the investigated object is required. The study of complex systems is most often 

carried out by the decomposition method, in which the complex system is divided into simpler 

parts. However, in order to fully understand the essence of the process, it is necessary to 

determine the correct relationships between the parts of the system and their structure. 

Graphical (visual) modeling techniques are the most appropriate means to solve this issue. They 

make it easier to represent the elements of a complex system. Therefore, the creation of 

simulators-simulators of complex objects involves the use of human-friendly simulation 

environments to reduce the probability of errors in calculations. A suitable type for this task is 

graphical modeling environments. This article discusses the main software products that can be 

graphically modeled and highlights their main advantages and disadvantages. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Simulink, SimInTech, VisSim, BPWin, DWSIM, UniSim, HiSys. 

 

Keywords: Simulink, SimInTech, VisSim, BPWin, DWSIM, UniSim, HiSys. 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʥʘʞʝʨʦʚ-

ʠʤʠʪʘʪʦʨʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʉ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʶʪ ʛʨʦʤʦʟʜʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʫʱʝʥʳ ʦʰʠʙʢʠ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʦʣʫʯʠʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʜʭʦʜ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʨʝʘʣʴʥʳʡ 

ʦʙʲʝʢʪ ʚʠʟʫʘʣʴʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʧʦʣʫʯʠʪʴ ʷʩʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

Simulink (Matlab) 

Simulink ï ʵʪʦ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʠ ʧʦʤʦʱʠ ʙʣʦʢ-ʜʠʘʛʨʘʤʤ ʚ ʚʠʜʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʛʨʘʬʦʚ, ʩʪʨʦʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʚʢʣʶʯʘʷ ʜʠʩʢʨʝʪʥʳʝ, ʥʝʧʨʝʨʳʚʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ ʠ ʨʘʟʨʳʚʥʳʝ ʩʠʩʪʝʤʳ [1, 

ʉ. 164]. 

ɼʦʩʪʦʠʥʩʪʚʘ [1, ʉ. 164-170]: 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʙʠʙʣʠʦʪʝʢ ʛʦʪʦʚʳʭ ʙʣʦʢʦʚ; 

ī ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ ʛʦʪʦʚʳʭ C/C++, FORTRAN, ADA ʠ MATLAB-ʘʣʛʦʨʠʪʤʦʚ 

ʚ ʤʦʜʝʣʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ī ʫʜʦʙʥʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʨʝʜʩʪʚʘ ʥʘʩʪʨʦʡʢʠ 

ʠ ʟʘʜʘʥʠʷ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ī ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʭʦʜʠʪʩʷ ʩʦʙʠʨʘʪʴ ʩʣʦʞʥʳʝ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʙʣʦʢ-ʩʭʝʤʳ, ʥʝ ʧʦʢʘʟʳʚʘʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ; 
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ī ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʢʨʳʪʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʥʝ ʜʘʝʪ ʧʦʥʷʪʠʷ ʦ ʪʘʤ 

ʢʘʢʠʝ ʜʦʧʫʱʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʠʭ; 

ī ʜʦʨʦʛʦʚʠʟʥʘ ʧʨʦʜʫʢʪʘ. 

 

SimInTech 

SimInTech ī ʩʨʝʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʩʯʸʪʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ [2, ʉ. 56]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ī ʩʘʤʦʝ ʙʳʩʪʨʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ; 

ī ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ ʧʨʦʝʢʪʦʚ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʦʨʛʘʥʠʟʘʮʠʠ; 

ī ʦʧʪʠʤʘʣʴʥʘʷ ʛʝʥʝʨʘʮʠʷ ʢʦʜʘ; 

ī ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ. 

 

VisSim 

VisSim ï ʵʪʦ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʚ ʣʶʙʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3, ʉ. 34]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

ī ʧʨʦʩʪʦʪʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʣʦʞʥʳʭ ʩʠʩʪʝʤ; 

ī ʟʘʥʠʤʘʝʪ ʦʯʝʥʴ ʤʘʣʦ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ī ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

 

BPWin 

BPWin ī ʩʧʦʩʦʙ ʩʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʝʣʦʚʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʜʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦ ʥʘʙʣʶʜʘʪʴ ʩʭʦʜʩʪʚʦ ʩʪʨʫʢʪʫʨʳ ʙʠʟʥʝʩʘ, 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ ʩʪʨʦʛʠʤ ʠ ʠʟʤʝʥʷʶʱʠʤʩʷ ʥʫʞʜʘʤ ʵʢʦʥʦʤʠʢʠ 

[4, ʉ. 210-213]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ī ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ; 

ī ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʧʦʩʪʨʦʠʪʴ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʳ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ, ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ī ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʚʠʟʫʘʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʟʘ ʩʯʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʤʦʜʝʣʝʡ; 

ī ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʨʝʜʩʪʚʦ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ī ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ. 

 

ARIS 

ARIS ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʪʠʨʘʞʠʨʫʝʤʳʡ ʧʨʦʛʨʘʤʤʥʫʶ ʩʨʝʜʫ, 

ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ [5, ʉ. 10]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʤʫ ʢʨʠʪʝʨʠʶ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʘ; 

ī ʧʨʠʩʫʪʩʪʚʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ; 

ī ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ī ʜʦʨʦʛʦʚʠʟʥʘ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʚʥʝʜʨʝʥʠʷ; 
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ī ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʜʦʚ ʠʣʠ ʙʘʟ ʜʘʥʥʳʭ; 

ī ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

 

DWSIM 

DWSIM ī ʵʪʦ ʩʠʤʫʣʷʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, 

ʩʦʚʤʝʩʪʠʤʳʡ ʩ CAPE-OPEN, ʜʣʷ Windows, Linux ʠ macOS. 

DWSIM ʥʘʧʠʩʘʥ ʥʘ Visual Basic ʠ ʩʦʜʝʨʞʠʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʜʜʝʨʞʢʫ ʨʝʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʬʪʠ ʠ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ [6]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

ī ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩʦ ʤʥʦʛʠʤʠ 

ʬʫʥʢʮʠʷʤʠ, ʨʘʥʝʝ ʜʦʩʪʫʧʥʳʤʠ ʪʦʣʴʢʦ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʤʫʣʷʪʦʨʘʭ (ʨʠʩʫʥʦʢ 1);  

 

 
ʈʠʩʫʥʦʢ 1. ʈʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ DWSIM 

 

ī ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ, ʠʟʫʯʠʪʴ, ʢʘʢ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʦʚʝʨʷʪʴ ʢʦʜ ʥʘ ʦʰʠʙʢʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

 ī ʥʝ ʠʤʝʝʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʚʩʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ; 

ī ʥʝʪ ʧʣʘʥʠʨʦʚʱʠʢʘ ʩʦʙʳʪʠʡ, ʤʦʜʝʣʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. 

 

UniSim Design 

UniSim Design ī ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʢʦʥʪʨʦʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʥʝʬʪʝʭʠʤʠʠ [7, ʉ. 78]. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ī ʙʳʩʪʨʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʚʘʨʠʘʥʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

ī ʧʦʠʩʢ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʞʝʣʘʝʤʳʭ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

ī ʥʘʙʣʶʜʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. 

 

ASPEN HiSys 

ASPEN HiSys ī ʵʪʦ ʩʨʝʜʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ, ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ 

ʘʢʪʠʚʘʤʠ ʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ, ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʚʦʟʜʫʭʦʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʝʡ [8, ʉ. 15]. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

ī ʨʘʟʚʠʪʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʨʠʩʫʥʦʢ 2); 

 

 
ʈʠʩʫʥʦʢ 2. ʈʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ASPEN HiSys 

 

ī ʵʬʬʝʢʪʠʚʥʳʝ ʧʘʢʝʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; 

ī ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ, ʚ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

ī ʩʦʯʝʪʘʝʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʬʪʝ- 

ʠ ʛʘʟʦʧʝʨʝʨʘʙʦʪʢʠ; 

ī ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʝʢʪʘ ʠ ʧʦʚʝʨʢʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ; 

ī ʚʦʟʤʦʞʥʘ ʦʮʝʥʢʘ ʤʦʜʝʣʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʚʦʜʘ 

ʝʸ ʚ ʧʨʦʛʨʘʤʤʫ Icarus Process Evaluator ʠʣʠ Icarus Project Manager ʦʪ AspenTech; 

ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ. 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʨʝʜ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʦ ʩʢʦʨʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʜʫʢʪʳ ï SimInTech, 

VisSim, ʧʦ ʫʜʦʙʩʪʚʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʟʨʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ ï ʧʘʢʝʪ 
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Simulink (ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ Matlab) ʠ ASPEN HiSys. ʊʘʢʠʝ ʩʨʝʜʳ ʢʘʢ BPWin ʠ ARIS 

ʨʘʩʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ. 

ʆʩʦʙʝʥʥʦ ʚʳʜʝʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʡ ʧʨʦʜʫʢʪ DWSim, ʠʤʝʶʱʠʡ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

 

[27] 

ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʞʜʝ ʯʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Matlab 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʦʜʥʦʬʘʟʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʦʩʥʦʚʝ ʥʝʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʜʘʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʘʟ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ, ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ Matlab. ʇʦʩʢʦʣʴʢʫ Matlab ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʷʟʳʢʦʤ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. Matlab ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʳʯʠʩʣʝʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʫʜʦʙʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʟʘʜʘʯʠ ʠ ʨʝʰʝʥʠʷ 

ʚʳʨʘʞʘʶʪʩʷ ʚ ʬʦʨʤʝ, ʙʣʠʟʢʦʡ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Matlab, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ. 

 

Abstract. Development of new devices requires research of their properties and 

operating modes. The development of information technologies allows you to analyze the 

operation of devices based on simulation models before implementing them. This article 

discusses the use of the Matlab information system in the design of frequency converters. The 

principle of frequency conversion of a single-phase signal was proposed. Based on it, a single-

phase frequency Converter circuit is developed. Changing the frequency of the signal at the 

output of this Converter is performed by changing the phases of the input signal. The study of 

the properties and correctness of the proposed scheme was carried out as a result of simulation. 

The Matlab system is used as an information system for modeling. Because Matlab is a high-

performance language for technical calculations. Matlab includes calculations, visualization, 

and programming in a convenient environment where problems and solutions are expressed in 

a form that is close to mathematical. As a result of the simulation in the Matlab system 

developed by the frequency Converter, it can be concluded that this Converter works in 

accordance with the proposed algorithm. Thus, the success of the simulation allows you to 

move on to creating a real model of the frequency Converter. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, Matlab, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, 

ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ. 

 

Keywords: simulation, Matlab, frequency Converter, simulation model, functional 

diagram. 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʞʜʝ ʯʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʧʨʝʜʣʦʞʝʥ ʦʜʥʦʬʘʟʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ [1]. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ (ʨʠʩʫʥʦʢ 1) ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʙʣʦʢʘ ï ʌʋ1 ʠ ʌʋ2, ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ ʙʣʦʢʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʋʀʅ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ɺʋ, ʧʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʇʋ, ʙʣʦʢ ʜʠʦʜʦʚ VD1 ï 

VD4, ʟʘʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ɿʋ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʤ ʢʣʶʯʝ ʂ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ɺʋ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʫʣʝʚʦʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʚ ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʌʋ1 ʠ ʌʋ2. ʊʘʢʞʝ ʚ ʧʦʨʦʛʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ ʇʋ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʦʤʢʥʫʪʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʶʯʘ ʂ. ɺʳʭʦʜʥʘʷ ʯʘʩʪʦʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʜʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ɿʋ ʧʫʪʸʤ ʟʘʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U ʚ ʙʣʦʢʘʭ ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʋʀʅ, ʢʦʪʦʨʦʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʙʣʦʢʝ ɺʋ. 

ʇʨʠ ʵʪʦʤ ʨʘʙʦʪʘ ʜʠʦʜʥʦʛʦ ʤʦʩʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɿʘʜʘʥʥʦʝ ʚ ʙʣʦʢʘʭ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʋʀʅ ʥʘʧʨʷʞʝʥʠʝ U ʚʦ ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʧʦʣʫʚʦʣʥʳ ʟʘʧʠʨʘʝʪ ʜʠʦʜʳ VD1, VD3 ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘʧʨʷʞʝʥʠʝ )(teʚʭ  ʥʝ ʧʨʝʚʳʩʠʪ 

ʟʥʘʯʝʥʠʝ U. ʕʪʦʪ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʩ ʥʫʣʝʚʳʤ ʚʳʭʦʜʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝ. ɼʘʣʝʝ ʜʠʦʜʳ VD1, VD3 ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʥʘ ʚʳʭʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʧʦʣʫʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ )(teʚʭ  ʜʦ ʟʥʘʯʝʥʠʷ U (ʧʨʠ )(teʚʭ <U 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʨʳʪʠʝ ʜʠʦʜʦʚ VD1, VD3). ʆʙʨʘʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʫʯʘʩʪʦʢ ʩ ʥʫʣʝʚʳʤ 

ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ )(teʚʭ  ʜʦ 

ʟʥʘʯʝʥʠʷ ïU ʦʪʢʨʳʚʘʶʪʩʷ ʜʠʦʜʳ VD2, VD4 ʠ ʥʘ ʚʳʭʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʧʦʣʫʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ )(teʚʭ  ʜʦ ʟʥʘʯʝʥʠʷ -U (ʧʨʠ )(teʚʭ >-U 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʨʳʪʠʝ ʜʠʦʜʦʚ VD2, VD4). ʀ ʪ.ʜ. 

ʅʘʧʨʷʞʝʥʠʝ U ʙʣʦʢʦʚ ʋʀʅ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʘʤʧʣʠʪʫʜʫ, ʪʘʢ ʠ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʫʚʦʣʥ ʚʳʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʫʚʦʣʥʳ t ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ U 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ʛʜʝ T ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʠ ʵʪʦʤ U ʜʦʣʞʥʦ ʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ [ )0;0 EUÍ . ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U ʚ 

ʙʣʦʢʘʭ ʋʀʅ ʟʘʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʣʦʢʘ ɺʋ, ʢʦʪʦʨʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʫʝʤʦʡ 

ʯʘʩʪʦʪʦʡ (ʟʘʜʘʥʥʦʡ ʟʘʜʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ɿʋ) 
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ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

 

[29] 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝ U, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪ ʚ ʙʣʦʢʘʭ 

ʋʀʅ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʦʡ w ʠ ʥʘʧʨʷʞʝʥʠʝʤ U ʚʳʪʝʢʘʝʪ ʠʟ ʬʦʨʤʫʣ 
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ɿʘʜʘʯʝʡ ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʌʋ1 ʠ ʌʋ2 ʷʚʣʷʝʪʩʷ ʧʦʦʯʝʨʸʜʥʳʡ ʩʜʚʠʛ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʣʫʚʦʣʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ )(teʚʭ  ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʤʝʞʫʪʢʦʚ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʚʳʭʦʜʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʦʣʞʝʥ ʧʦʷʚʠʪʴʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ )sin()( 0 tYtyʚʳʭ wÖ= ʩ 

ʯʘʩʪʦʪʦʡ w. 

ʇʨʠ ʵʪʦʤ ʨʘʙʦʪʘ ʌʋ1 ʠ ʌʋ2 ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘʤʳʢʘʥʠʝ ʢʣʶʯʘ 

ʂ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʫʧʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʧʦʣʫʚʦʣʥʘ. ɺʦ ʚʨʝʤʷ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 

)(teʚʭ >U ʦʪʢʨʳʚʘʶʪʩʷ ʜʠʦʜʳ VD1, VD3 (ʜʠʦʜʳ VD2, VD4 ʟʘʢʨʳʪʳ) ʠ ʥʘʯʠʥʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

t. ʇʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʇʋ ʬʠʢʩʠʨʫʝʪ ʥʘʯʘʣʦ ʝʸ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʦʙʱʘʝʪ ʦʙ ʵʪʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ɺʋ. ʂʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʜʚʠʛ ʬʘʟʳ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʬʘʟʦʩʜʚʠʛʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʌʋ2 ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʟʘʢʨʳʪʠʠ ʜʠʦʜʦʚ 

VD1, VD3 (ʪ.ʝ. ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʌʋ1 ʜʦ ʟʥʘʯʝʥʠʷ U) ʦʪʢʨʳʣʠʩʴ ʜʠʦʜʳ 

VD2, VD4 (ʪ.ʝ. ʥʘ ʚʳʭʦʜʝ ʌʋ2 ʩʠʛʥʘʣ ʫʤʝʥʴʰʠʣʩʷ ʜʦ ʟʥʘʯʝʥʠʷ ïU). ʇʨʠ ʵʪʦʤ ʥʘʯʠʥʘʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʧʦʣʫʚʦʣʥʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʥʘ 

ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʨʦʛʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʇʋ ʠ ʧʝʨʝʜʘʸʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ɺʋ. ɺʋ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʚ ʫʩʪʨʦʡʩʪʚʝ ʌʋ1 ʠ 

ʧʨʠ ʟʘʢʨʳʪʠʠ ʜʠʦʜʦʚ VD2, VD4 ʥʘ ʚʳʭʦʜʝ ʌʋ1, ʙʣʘʛʦʜʘʨʷ ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ, )(teʚʭ  

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ U ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʢʨʳʚʘʶʪʩʷ ʜʠʦʜʳ VD1, VD3. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ɼʘʣʝʝ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʣʶʯʘ ʂ ʧʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʇʋ ʧʝʨʝʜʘʸʪ ʥʘ ɺʋ ʩʠʛʥʘʣ ʦ 

ʨʘʟʤʳʢʘʥʠʠ ʢʣʶʯʘ ʂ. ɼʘʣʝʝ ɺʋ ʦʙʥʫʣʷʝʪ ʩʜʚʠʛʠ ʬʘʟ ʥʘ ʌʋ1 ʠ ʌʋ2 ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ 

ʧʦʚʪʦʨʥʦʤ ʟʘʤʳʢʘʥʠʠ ʢʣʶʯʘ ʂ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʥʘʯʘʣʘ. 

ʌʘʟʦʚʳʝ ʩʜʚʠʛʠ ʜʣʷ ʢʘʞʜʦʡ ʧʦʣʫʚʦʣʥʳ ʢʨʦʤʝ ʧʝʨʚʦʡ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʌʘʟʦʚʳʝ ʩʜʚʠʛʠ ʜʣʷ ʢʘʞʜʦʡ ʧʦʣʫʚʦʣʥʳ 
ˉ ʧʦʣʫʚʦʣʥʳ 1 2 3 é 

ʌʘʟʦʚʳʡ ʩʜʚʠʛ jD  ʜʣʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ) 

ʧʦʣʫʚʦʣʥʳ  

ö
÷

õ
æ
ç

å
-tw

2
0

T
 

( )tw 20 -T  ( )tw 20 -T  ( )tw 20 -T  

ˉ ʧʦʣʫʚʦʣʥʳ 2 3 4 é 

ʌʘʟʦʚʳʡ ʩʜʚʠʛ jD  ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʦʪʨʠʮʘʪʝʣʴʥʦʡ) 

ʧʦʣʫʚʦʣʥʳ 

( )tw 20 -T  ( )tw 20 -T  ( )tw 20 -T  ( )tw 20 -T  

 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʳ ʢʘʢʠʤ-ʣʠʙʦ ʬʘʟʦʩʜʚʠʛʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢ ʧʨʝʜʳʜʫʱʝʤʫ 

ʟʥʘʯʝʥʠʶ ʬʘʟʳ ʧʨʠʙʘʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʩʜʚʠʛʘ ʬʘʟʳ ʜʣʷ ʠʟʤʝʥʷʝʤʦʡ ʧʦʣʫʚʦʣʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 1. 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

 

[30] 

ʊʘʢ ʥʘ ʚʳʭʦʜʝ ʌʋ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʠʛʥʘʣ ʚʠʜʘ: 

 

( )äD+= jwx tEt 00 sin)(  

 

ʅʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʠʛʥʘʣ: 

 

)sin()( 0 tYtyʚʳʭ wÖ= ,    (4) 

 

ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ: 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ Matlab 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ MatLab [2, 3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʦʱʝʥʥʘʷ (ʙʝʟ ɺʋ, ɿʋ, ʇʋ) ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʚ Matlab, 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʜʠʦʜʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʩʭʝʤʝ 

VD 1 ï VD 4, ʬʘʟʦʩʜʚʠʛʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ FU 1, FU 2, ʘ ʪʘʢʞʝ ʙʣʦʢʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ UIN. 

ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʟʘʜʘʸʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ AC Voltage Source. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʥʠʤʘʝʪʩʷ ʩ ʥʘʛʨʫʟʢʠ, ʟʘʜʘʥʥʦʡ ʚ ʚʠʜʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Series 

RLC Branch. 

ʅʘ ʦʩʮʠʣʣʦʛʨʘʬʝ Scope ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ FU 2. 
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ɼʠʩʧʣʝʡ 1 (Display 1) ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʢʘʢʫʶ ʚʝʣʠʯʠʥʫ ʧʦ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʜʚʠʥʫʪʴ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʧʦʣʫʚʦʣʥʫ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʦʤʝʞʫʪʢʘ 

ʤʝʞʜʫ ʥʠʤʠ. 

ɼʠʩʧʣʝʡ 2 ʧʦʢʘʟʳʚʘʝʪ ʢʘʢʦʡ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

jD  ʬʘʟʦʩʜʚʠʛʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ FU 2, ʘ ʜʠʩʧʣʝʡ 3 ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʥʫʣʷ ʠ ʧʦʣʶʩʘ 

FU 2, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʚʠʜʝ ʥʝʤʠʥʠʤʘʣʴʥʦ-ʬʘʟʦʚʦʛʦ ʟʚʝʥʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ jD . 

 

ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩ ʘʤʧʣʠʪʫʜʦʡ 220 ɺ ʠ ʯʘʩʪʦʪʦʡ 50 ɻʮ (ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʨʘʚʝʥ ʥʫʣʶ). ʅʘ ʫʧʨʘʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʥʘʧʨʷʞʝʥʠʷ UIN ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ -100 ɺ. ʇʨʠ ʥʫʣʝʚʳʭ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʘʭ ʥʘ FU 1 ʠ FU 2 (ʟʥʘʯʝʥʠʝ ʥʫʣʝʡ ʠ ʧʦʣʶʩʦʚ ʨʘʚʥʦ ʥʫʣʶ) ʥʘ ʚʳʭʦʜʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʥʫʣʝʚʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ 

 

ʅʘ ʚʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʘ ʚʳʭʦʜʝ FU 2 ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʠʜ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ʉʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʘ ʚʳʭʦʜʝ FU 2 

 

ʊʘʢ ʢʘʢ ʧʝʨʚʘʷ ʧʦʣʫʚʦʣʥʘ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

(ʨʠʩʫʥʦʢ 3), ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʩʜʚʠʛʘʪʴ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʣʫʚʦʣʥ, ʪ.ʝ. ʩʠʛʥʘʣ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʬʘʟʦʩʜʚʠʛʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ FU 2 (ʨʠʩʫʥʦʢ 2). ʇʨʠ ʵʪʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʨʘʥʸʥ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʧʝʨʚʦʡ 

(ʧʦʣʦʞʠʪʝʣʴʥʦʡ) ʠ ʧʝʨʚʦʡ (ʦʪʨʠʮʘʪʝʣʴʥʦʡ) ʧʦʣʫʚʦʣʥʦʡ. ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʜʣʷ ʧʝʨʚʦʡ 

ʧʦʣʫʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʪʘʙʣʠʮʳ 1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʚʦʡ (ʦʪʨʠʮʘʪʝʣʴʥʦʡ) 

ʧʦʣʫʚʦʣʥʝ: 
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ɿʥʘʯʝʥʠʝ t ʠʱʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʚʳʯʠʩʣʝʥʦ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ U, ʟʘʜʘʚʘʝʤʦʝ ʚ ʙʣʦʢʘʭ UIN, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ w 

(ʬʦʨʤʫʣʘ 3). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʜʚʠʛ ʧʦʣʫʯʠʣʩʷ ʨʘʚʥʳʤ ȹű=54,07. 

ʇʨʠ ʧʦʚʝʜʝʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ 2. 

ɿʥʘʯʝʥʠʝ ʥʫʣʷ ʠ ʧʦʣʶʩʘ FU 2 ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ 3 ʠ ʨʘʚʥʦ 108,4. ʆʜʥʘʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ FU 2 ʵʪʦ ʟʥʘʯʝʥʠʝ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʚʥʳʤ 155. ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʚ ʙʣʦʢʝ FU 

1 ʨʘʚʝʥ ʥʫʣʶ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʩʜʚʠʛʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

1. ʉʠʛʥʘʣ, ʚʦʟʥʠʢʘʶʱʠʡ ʢʘʢ ʥʘ ʚʳʭʦʜʝ FU 1 ʪʘʢ ʠ ʥʘ ʚʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 5. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ FU 1 

 

2. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ FU 2, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩʫʥʦʢ 6. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ FU 2 

 

3. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 7. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʨʚʘʷ ʚʦʣʥʘ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʧʦʦʯʝʨʸʜʥʦ ʤʝʥʷʷ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʚ ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ FU 2 ʠ 

FU 1, ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ. 
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ʈʠʩʫʥʦʢ 7. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Matlab, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʨʘʙʦʪʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʧʝʰʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʨʝʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʪʨʝʭʩʣʦʡʥʦʛʦ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʣʦʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʩ 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 
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ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʡ ʩʪʨʫʢʪʫʨʦʡ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ ʚ ʫʧʨʦʯʥʷʶʱʝʤ ʵʣʝʤʝʥʪʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʟʝʨʝʥ ʜʦ ʤʠʢʨʦʢʨʠʩʪʘʣʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 700Áʉ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʚ ʫʧʨʦʯʥʷʶʱʝʤ ʵʣʝʤʝʥʪʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, 

ʭʦʪʷ ʨʘʟʤʝʨ ʟʝʨʝʥ Ŭ-ʬʘʟʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʨʦʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ. ʆʧʠʩʘʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʧʦʨ ʚ ʟʦʥʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʝʨʝʥ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 700Áʉ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ. ʀʟʫʯʝʥʘ ʩʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʚ ʟʦʥʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʜʝʣʝʥʳ ʪʨʠ 

ʵʪʘʧʘ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʭʘʨʘʢʪʝʨ ʠ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʘʨʢʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʨʘʟʚʠʚʘʷʩʴ ʧʦ ʥʦʨʤʘʣʠ ʢ ʥʠʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʝʥʝʝ ʧʨʦʯʥʦʛʦ, ʥʦ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʦʛʦ 

ʩʣʦʷ, ʚ ʢʦʤʧʦʟʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 

ʪʦʨʤʦʟʷʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪ ʪʨʘʝʢʪʦʨʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

Abstract. Results of application studies on receiving a three-layer metalmatrix 

structural composite in different temperature conditions of welding by pressure are presented. 

The possibility of using as a reinforcing element of a structural composite layer of titanium 

alloy with nanocrystalline structure was shown. Metallographic researches showed that when 

receiving a composite at a temperature of 900ÁC in the reinforcing element growth of grains to 

the microcrystallic sizes. With a decrease in temperature to 700ÁC, a change in the grain size in 

the reinforcing element was not detected, although its size in the Ŭ-phase slightly increased. 

The geometrical changes of micropores in the solid-phase compound zone (SSJ), the dynamics 

of growth and the spatial arrangement of grains was described. The results tests confirmed that 

the strength of the composite processed at a temperature of 700ÁC can exceed the strength of 

the composite processed at a temperature of 900ÁC. The fracture scheme of the composite in 

the SSJ zone was studied by tensile testing at room temperature. Three stages of fracture were 

identified and the nature and the mechanism of fracture of the composite were analyzed. The 

analysis of the results has shown that mechanical behavior depends on the welding temperature. 

The fracture begins under the action of the main stresses, developing along the normal to them. 

When a less strong, but more plastic layer was achieved, a sharp increase in plastic deformation 

was observed in composite, which has a braking effect on the development of crack, which also 

changes the propagation trajectory. 
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ʊʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ. 

ʇʦʚʳʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʤʝʶʪ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʩ ʅʂ ʩʪʨʫʢʪʫʨʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʄʂ ʩʪʨʫʢʪʫʨʦʡ [1]. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ [2]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 
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ʩʦʟʜʘʥʠʝ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʫʣʫʯʰʝʥʠʠ ʝʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [3]. ʎʝʣʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʤʳʰʣʝʥʥʳʡ ʜʚʫʭʬʘʟʥʳʡ 

ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ Ti-6Al-4V ʪʦʣʱʠʥʦʡ 1,5 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʟʷʣʠ 

ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ6 ʩ ʅʂ ʩʪʨʫʢʪʫʨʦʡ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ/ʩʫʙʟʝʨʝʥ ʦʢʦʣʦ 0,3 

ʤʢʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʪʨʝʭʩʣʦʡʥʳʡ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʡ ʢʦʤʧʦʟʠʪ ʩ ʄʂ 

ʠ ʅʂ ʩʪʨʫʢʪʫʨʘʤʠ. ʉʦʝʜʠʥʝʥʠʝ ʣʠʩʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, 

ʩʦʙʨʘʥʥʳʭ ʚ ʧʘʢʝʪ, ʚʳʧʦʣʥʷʣʠ ʚ ʰʪʘʤʧʦʚʦʤ ʙʣʦʢʝ, ʚʢʣʶʯʘʶʱʝʤ ʩʠʣʦʚʳʝ ʧʣʠʪʳ ʠ 

ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ [4]. ʉʚʘʨʢʫ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 700 ʜʦ 900ʦʉ ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥ ʧʨʠʣʦʞʝʥʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʈ=5 ʄʇʘ). ɻʣʫʙʠʥʘ ʚʘʢʫʫʤʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʥʝ 

ʤʝʥʴʰʝ ʈ=2,0Ĭ10-3 ʇʘ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ çTESCAN MIRA3 LMUè ʚ ʨʝʞʠʤʝ SE. ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʘʰʠʥʫ ʬʠʨʤʳ çʀʥʩʪʨʦʥè ʤʦʜʝʣʠ 5982 ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʨʘʩʪʷʞʝʥʠʷ v=1 ʤʤ/ʤʠʥ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫʧʨʦʯʥʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʫʢʨʫʧʥʠʣʘʩʴ ʜʦ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʨʘʟʤʝʨ ʟʝʨʝʥ ʚʳʨʦʩ ʧʨʠʤʝʨʥʦ ʥʘ 5 ʤʢʤ ʠ ʧʦʩʣʝ ʩʚʘʨʢʠ 

ʟʦʥʘ ʩʦʝʜʠʥʝʥʠʷ ʄʂ ʠ ʅʂ ʩʧʣʘʚʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʷʚʣʷʝʪʩʷ [5]. ʉ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʘʨʢʠ ʜʦ 700Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʟʝʨʥʘ ʩ ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʟʦʥʝ ʊʌʉ 

(ʨʠʩ. 1ʘ), ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʙʦʣʴʰʠʤ ʨʘʟʣʠʯʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʚ ʩʦʝʜʠʥʷʝʤʳʭ ʣʠʩʪʦʚʳʭ 

ʟʘʛʦʪʦʚʢʘʭ ʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ ʫʧʨʦʯʥʷʶʱʠʤ ʵʣʝʤʝʥʪʝ ʚʳʨʦʩ ʚ ʩʨʝʜʥʝʤ ʜʦ 1,2 ʤʢʤ, 

ʘ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʄʂ ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ ʥʝ ʠʟʤʝʥʠʣʩʷ, ʭʦʪʷ ʝʛʦ ʨʘʟʤʝʨ ʚ Ŭï ʬʘʟʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʨʦʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ [6-10]. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʧʦʨ ʚ ʟʦʥʝ ʊʌʉ ʩʦʩʪʘʚʠʣʘ 0,18. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʧʨʦʯʥʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩ ʅʂ ʩʪʨʫʢʪʫʨʦʡ ʚ ʟʦʥʝ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʊʌʉ ʪʠʪʘʥʦʚʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ: ʘ) ʧʦʩʣʝ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ ʧʨʠ 700ʦʉ, 

ʙ) ʟʦʥʘ ʊʌʉ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʄʂ ʠ ʅʂ ʩʣʦʷʤʠ, 

ʚ) ʟʦʥʘ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʧʨʦʯʥʷʶʱʠʤ ʵʣʝʤʝʥʪʝ ʠʟ ʅʂ ʩʧʣʘʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʝʯʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʚ ʟʦʥʝ ʊʌʉ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

 

 
ʘ 

 
ʙ 

 
ʚ 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

 

[36] 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʟʦʥʝ ʊʌʉ: 

ʘ) ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʜʝʬʦʨʤʘʮʠʠ, ʙ) ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʧʨʦʯʥʷʶʱʝʤ ʵʣʝʤʝʥʪʝ ʩ ʅʂ ʩʪʨʫʢʪʫʨʥʦʡ, 

ʚ) ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. 

 

ɺ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʣʦʩʢʫʶ ʛʨʘʥʠʮʫ 

ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʄʂ ʠ ʅʂ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʨʠʚʦʜʷ ʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʩʦʩʪʦʷʥʠʝʤ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ (ʨʠʩ. 1ʘ ʠ 2ʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʤʠʢʨʦʧʦʨ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʠʟʤʝʥʠʣʠʩʴ. ʊʘʢ ʢʘʢ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʨʘʟʥʫʶ ʜʦʣʶ ʅʂ/ʄʂ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʯʝʚʠʜʥʦ, ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʢʘʢ ʨʘʟʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʩʣʦʝʚ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʷʤʦʯʥʳʡ ʚʠʜ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ 

(ʨʠʩ.1ʙ ʦʙʦʟʥʘʯʝʥ ʩʪʨʝʣʢʦʡ). ʅʘʨʷʜʫ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʠʢʨʦʧʦʨ ʊʌʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʩʙʣʠʞʝʥʠʝ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʨʘʟʚʦʨʦʪ ʟʝʨʝʥ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʜʚʫʭ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʧʦʣʦʩ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʧʦʜ ʫʛʣʦʤ 45ʦ ʢ ʦʩʠ ʨʘʩʪʷʞʝʥʠʷ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʨʘʟʚʝʚʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʧʨʦʯʥʷʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʩ ʅʂ ʩʪʨʫʢʪʫʨʥʦʡ. ʕʪʦʡ ʩʪʘʜʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ 

ʧʘʨʥʳʝ ʟʦʥʳ ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʣʠʥʠʷʤʠ ʬʨʦʥʪʘ 

ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʟʦʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʚ ʮʝʥʪʨ ʦʙʨʘʟʮʘ ʜʦ ʠʭ ʩʦʝʜʠʥʝʥʠʷ (ʥʘ ʨʠʩ. 1ʚ ʠ 2ʙ ʦʙʦʟʥʘʯʝʥʳ ʩʪʨʝʣʢʘʤʠ). ɺʠʜʥʦ, ʯʪʦ, 

ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʫʧʨʦʯʥʷʶʱʝʤ ɻ ʣʝʤʝʥʪʝ ʚ ʩʨʝʜʥʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʤ 

ʩʣʦʝ ʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʩ ʄʂ ʩʪʨʫʢʪʫʨʘʤʠ. ʊʨʝʱʠʥʳ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʤʝʜʣʝʥʥʦ ʧʨʦʨʘʩʪʘʶʪ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ (ʨʠʩ. 2ʚ). 

ɸʥʘʣʠʟʠʨʫʷ ʭʘʨʘʢʪʝʨ ʠ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʨʘʟʚʠʚʘʷʩʴ ʧʦ ʥʦʨʤʘʣʠ ʢ ʥʠʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʝʥʝʝ 

ʧʨʦʯʥʦʛʦ, ʥʦ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʦʛʦ ʩʣʦʷ, ʚ ʪʘʢʦʤ ʩʣʦʠʩʪʦʤ ʢʦʤʧʦʟʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ 

ʨʦʩʪ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʪʦʨʤʦʟʷʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʪʨʝʱʠʥʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪ ʪʨʘʝʢʪʦʨʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti-6Al -4V ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 
 

 

 
ʘ 

 
ʙ 
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʟʦʥʝ ʊʌʉ: ʘ) 

ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʜʝʬʦʨʤʘʮʠʠ, ʙ) ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʧʨʦʯʥʷʶʱʝʤ ʵʣʝʤʝʥʪʝ ʩ ʅʂ ʩʪʨʫʢʪʫʨʥʦʡ, ʚ) 

ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ˉ ʊʩʚʘʨʢʠ, ʦʉ P, ʄʇʘ Ű, ʯʘʩ. s0,2 ʄʇʘ sʚ ʄʇʘ d,% ʇʨʠʤʝʯʘʥʠʝ 

1 ɺ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ 

- 

- 

- 

- 

1234 1271 6 ʅʂ 

2 1010 1080 12 ʄʂ 

3 900 4 2 894 955 19 ʄʂ +ʅʂ+ʄʂ 

4 750 5 2 1015 1039 15 ʄʂ +ʅʂ+ʄʂ 

5 700 5 2 1036 1058 14 ʄʂ +ʅʂ+ʄʂ 

 



ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

 

[37] 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʩʣʦʠʩʪʦʛʦ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʫʧʨʦʯʥʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩ ʅʂ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʣʫʯʝʥʠʝ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʅʂ 

ʩʪʨʫʢʪʫʨʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʜʘʚʣʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ 

ʩʣʦʠʩʪʦʛʦ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700ʦʉ, ʥʦ ʧʨʠ 

ʤʝʥʴʰʝʤ ʜʘʚʣʝʥʠʠ ʩʚʘʨʢʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʢʨʦʤʝ ʮʝʧʦʯʝʢ ʧʦʨ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʧʣʦʰʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ ʚ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʤ ʢʦʤʧʦʟʠʪʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʝʚ, ʪʦ ʝʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʝʜʠʥʝʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʫʧʨʦʯʥʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʟ ʅʂ ʩʪʨʫʢʪʫʨʦʡ ʚʦʩʧʨʠʥʠʤʘʶʪ ʦʩʥʦʚʥʫʶ ʜʦʣʶ 

ʥʘʛʨʫʟʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʟʜʘʚʘʷ ʨʘʟʣʠʯʥʦʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʦʯʝʪʘʥʠʝ 

ʩʣʦʝʚ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

 

ɺʳʚʦʜʳ 

1. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʅʂ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʠʟ ʣʠʩʪʦʚʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti-6Al -4V. 

2. ʋʧʨʦʯʥʷʶʱʠʡ ʵʣʝʤʝʥʪ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti-6Al -4V ʩ ʅʂ ʩʪʨʫʢʪʫʨʦʡ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʥʘʛʨʫʟʢʠ, ʘ ʩʣʦʠ ʩ ʄʂ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʠʜʘʶʪ ʢʦʤʧʦʟʠʪʫ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʨʝʜʦʭʨʘʥʷʶʪ ʝʝ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

3. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʪʨʝʭʩʣʦʡʥʦʛʦ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʚʘʨʢʠ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʅʂ, ʄʂ ʩʪʨʫʢʪʫʨ ʚ ʩʣʦʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

5. ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʇʉʄ ʈɸʅ. 
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