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AUTOMATED VISUALIZATION OF FACTOGRAPHIC CONTENT
OF PROCESS CONTROL SYSTEMS

1 sdzdh 2S 5. 1 .¢. d.0d&czndse
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Y.V. Polishuk A.S. Valgusnoy
FSBEW t A" Or enburg state universityo,
Orenburg, Russian Federation

e-mail: youra_polishuk@bk.ru

O dzdzsls O JWe.OB SIS twOMMBsIsStej dz M sss 0o lstsBOL
WOSCIktseteOWduyud M ses Ctsdzlsy dzgs© duwuv u©vl, (bt 2
OdzOdzdL HOdzdzts?2 MmdMmlsj dzr . lted dMftsd L so Odedd Gt
ftosBdzj B3O dnhn Y tSHH| to)y Odeddvd , 0 IsGXCls ZCORE' ditpleiie Hfddidstds®
B4 dzv s MW Mts ot d3jdzj 5. YvJjd& Bt "] d Mmdsydjj
dL 3 dzgj dzd2 o ctOWdyud MS By UtGJHﬁ]lSOSdZJdZdJ [ dzw
dMf sdz’ L 59 Ols! WOClktseteOW dyj MS s s dmM®dedbizd Md Ml
(dde¥ stedzgOyd® BB 9 fMjn 4dsz34lesO.-. d fpewrLwgn d3j )
CeOWdui ME et ftojHMIsOoadzj dzgdv dL HOdzdzsets 5§ dMOC
Wisted3sOls RtcOdzj dzedV IsOCtsets XML d MOzl s fdzts g igtf " o fytf s oz
XML-fpr j &3 Hdzw fteseo jtcCd HOdESes SfdmMOddwy dO ft
S to s d3 ktsets, f5C OL Odzts HShT sy 5o Puzf{ 5B o OL 5 & ¢
WOCksecteOWdyj MSséts SHMI f Bdedzvizy dads © o hH | W St d3Ols
ZOMh IsOB dtolz § B3BBG d ¢ tff BBWdrfzCyd] dzd we OV dgjyidesess s toj H Ml
Qo lssBOIsdL dtetso O dzdzts 2 md Mmilsj o3 Ef tcOo dzj dad W |
t O d3OIsted o O Ismw f sdzj L dztsfyls B Mistets 2 G J dzj tc O
ftoj ddgzh j Mls oXBIL W R BOE PMOdzd W MdMmisj 8/God ¢ Pdzy fipls o § ¢
CtcOWdquifigy sBé)s 0o dzj dzd v .

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 express analysis of this system. When using graphical sshefrautomatic 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 repres@natTo 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 frothis 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,
theuse 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 artu$sedisihe
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.

sdzt yjor j ofaiztkedd@zd L Oydw Ctsdzls]j dzls O, MWuQE Isusic,tc OW c
XML, XSD, XSLT.

Keywords: content visualization, factographic content, APCS, XML, XSD, XSLT.
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[ dzv toj OdzdL Oydd rtwOdzj dzdvw WOCItseaOWdyud MmEdn
XML[ 2] . s ftojddikzh jMlso O3 HOdzdsects Wisted3OISO sy d
¢ tsdzls jXtigls-H s € Iz dzj dzls s 0 0] Is @sCiynjdats digsiasdi 2 Mmilsfo 5 d dzfls to
tcj OdzdL s9 Odzdz' = dzO jGEts5 BMdatso j§ .

RMf sdzt L EWXME B0 lstf  MOdzedw W OCIsseteOW dyj ME s@
EHsBdets ftcj HMIsOoadls! o© o9dH] GctOWO.

I Astsds MmMdzzyoj JJ sfdmOddj ftjHMlsOs dvjlilshw
<elements ) d MmaswCinks? ) ( 834z H Iz dzd d3d .

v 0¢ COC dMmMitd ¢t 1 dzj B3 destseo Maj d@3F dBseclkls |
yd dzt ¥ dmSEdzr yjdedvw HEZBdZJqtetse Odzed W , f sHtctsB dztsy ¢
(Bdzmbdelss) , O {1 dzj igi dgls™ Mma j 3" MmMmr omebls My dzO0 dzd -

ltedd3i o sfdmMOdedwy f jteor a Istejnrn L dzj Bj delstse fmn J

<?xml versior="1.0"' encoding"utf-8"?>
<root>
<models
<modelid="MzelaxX' class"communicatioh>
<name» J dzOILifm/name
<l0>
<portid="0" iface="RJ}45"'/>
<fio>
</modeb
<modelid="Mpc" class="pc'>
<name’l s</name
<I0>
<portid="0" iface="RJ}45"'/>
<portid="1" iface="RJ}45"'/>
<fio>
</modeb
<modelid="Mswitch" class"communiation'>
<name-Ethernet Switck/name>
<io>
<portid="0" iface="RJ}45'/>
<portid="1" iface="RJ45"'/>
</io>
</modeb
</models
<elements
<elementd="zelax modek"Mzelax'/>
<elementd="pc' modek"Mpc"/>
<elementid="switch' modekE"Mswitch"/>
</elements
<links>
<link from="zelaxX' from-port="0" to="pc" to-port="0"/>
<link from="pc" from-port="1" to="switch' to-port="0"/>
</links>
</root>

t dMez2zasC) e d3j 6 S dMOdedWw f jteo" n Isted 1
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) oo jodls! CttejCldsiis! WOSCksSEtOW ML MS d -
- 4 &SD) [3].

(kO MAj B0 6§ dnXMLOJEE Lih elstOs sl § ©  H Odzdz =
@O ded R GEteOded yj dzd v .

U OC yXSDlMls Odz0o dzd o O sMw fMoewiL d dsjyHE 1 dzj d3j dzls
ffr dsydizs yj shlsdshls! d cOwOdsdoss OKML-sIshElsf
Vdzj B dzlsT .

) od dMie-E j 57, ©Y dMr o @ndigb? f &4 G5 @az3.dz0 tod ik d

<xs:complexTypeaame"Tmodel'>
<xs:annotatior
<xs:documentatior] § d MOdzed J d3tsH j<dixsfdodnrndsteticr?
</xs:annotatior
<xs:.sequence
<xs:elemenhame"name type="xs:string/>
<xs:elemenhame="descriptiori type="xs:string’ minOccurs"0"/>
<xs:elemenhame="url" type="xs:anyJRI" minOccurs"0"/>
<xs:elemenhame"io">
<xs:complexType
<xs:sequence
<xs:elemenhame="port' type="Tport' maxOccurs"unboundety>
</xs:sequence
</xs:complexType
<xs:uniquename="Portld'>
<xs:lectorxpath="port'/>
<xs:field xpath="@id"/>
</Xs:unique
</xs:elemer#
</xs:sequence
<xs:attributename="id" type="xs:ID" use="required/>
<xs:attributename="class$ use="required>
<xs:simpleType
<xs:restrictionbase"xs:string >
<xs:enumerationalue="pc'/>
<xs:enumerationalue="communicatioty>
<xs:.enumerationvalue="control'/>
<xs:enumeratiorvalue="sensot/>
</xs:restrictior»
</xs:simpleType
</xs:attributer
</xs:compleType>

t dMEz3sC) b3 fed MOdzd W disHJ dzd EMlstets?2 Misea O ¢

[ dzv ftej HMMIsOo dzj dzgdV  sdzkzyj dedets?2 Ma j di3FF v U}
XSLT[4] 1 "L "¢ {ftojtsBtOL 50 Odzd™  KML.o ff dz 2 Qfcti=fiLoCsyigvdj IS
Is te O dzf ¥ s tc KMlicists Disezj dzls' L SHdSEE W stekOlO o Htk
Wsted3Ols O ff toj tsB toc OL SWGERHEY s tedfifiPtsts dr'j IS s jsdg dzts 2 ctcOW d € d
Cltstets? dipgMsdz L k2 j Isfw
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dbzcstedlsdz stcOdMW stedz3OYydd ftosnasHdls & HOO 1 IsO

1) sftejHjdzjded SCtsteHddzOls oMmjna 1 dzj d3j dzlstse Mma

) fsimstesjdedj MRj s 5 fsdzzyy deder &3 S tststcH d dzO|

[ Odzdzr 2 ftSHAtSH © e OddL Oydd sy MNMO IsteOC
jets LWWiChdodats? BtsHjtedzdL Oydd fted dzj 5B R SHJ s
dL { sO0Ylspuyd O dzj ftsodzdwjls dzO Htekzc 2.

] tod d¥SKT-" OB dztsdzO@ H dzv  ff sfplstetsj dzgdv EZU.dzO ctcOW O

<xsl:templatematch="element mode="ElementToSvi>
<xsl:variablename="id" select" @id"/>
<xsl:variablename="coord' select"$coords/coord[@eid=$iti}>
<xsl:variablename"x" select"$coord/@X/>
<xsl:variablename"y" select"$coord/@y/>
<xsl:variablename="modelld' select" @model/>
<xsl:variablename="clas$ select"//model[@id=$modelld]/@clast>
<svg:textx="{$x + 15}" y="{$y} " class"modetnamé>
<xsl:valueof select"//model[@id=$modelld]/nanié>
</svg:text
<xsl:choose
<xsl:whentest"$class='"communicatidh®
<svg:rectx="{$x - 5}" y="{$y - 5}" width="10" height="10"/>
</xsl:whery
<xsl:whentest"$class="sensdp
<svg:polygonpoints="{$x},{$y - 5} {$x + 5},{y + 5} {$x - 5},{$y + 5}"/>
</xsl:wherr
<xsl:whentest"$class="contrdl>
<svg:polygonpoints="{$x},{$y - 5} {$x + 5},{$y} {$x + 3},{Sy + 5} {$x - 3},{y + 5}
{$x - 5},{$y} "/>
</xsl:wherp
<xsl:otherwise
<svg:circlecx="{$x} " cy="{$y} " r="5" class"ecls-{$class}'/>
</xsl:otherwise
</xsl:choose
</xsl:template

t d MEz42ESLT-h OB dzsdz dzO § sMistetsj dzdv kL dzO 6 to

] LOoadMmMddiismMisd ls ¢ dzOMMO 1 dzj A3 dzls O, 9" Bt
ftcj HiNlsOotajLdiddr . IsAlIsj Hdzw [1t dzjecyj Btdjdsdtotse Ok
d Stdzyj destcdtetse Ols! o ded B3Oded § Istsdz! S5 dzO dzgkzy dzg' =

1l sdzzyj dedetsj o tejLizdz IsOIsj ftoj sBtcOL ts9 OdgdW G f
f 5C 0L Odgs &0 tod fiylz dz$ §

dlstezC IsktedzOVY fMnaj B3O j ¢lasa®V u Wz0 5,dEm{dE)izddiOty d e 59 O dz
QolstsBOIsdyj MSd d f LIUGMIsOo dzj dzO W stcd3OIs s

s ftjddkzh jMmMlso O3 HOddktscets ftojHMISOo dzj dzd W  d3t
(134sB) d oftsL i3y detsmls: odej Mj ded™¥ HEs sdzdzed Isj dz' dz" =
cteOWdud MSdr tnkseaPdleb stctso ¢ OC
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m 3enakc M-25

RJ-45 — R]-45

[

RJ-45 — RI-45

m Ethernet Switch
R1-45 — RJ-45

m Tiny Bridge 100
RS5-232 —» R5-232
m Tiny Bridge 100
RJ-45 — R1-45

{Prot.: IP)
MOXA EDS-205

RJ-45 — RI-45
{Prot.: IP)
ControlWave MICRO
RS-232 — RS-232
T-965R

SMA — SMA SMA — SMA SMA — SMA SMA — SMA SMA — SMA SMA — SMA SMA — SMA SMA — SMA
(Prot.: radio) (Prot.: radio) (Prot.: radio) (Prot.: radio) (Prot.: radio) (Prot.: radio) (Prot.: radio) (Prot.: radio)
T-96SR T-96SR T-96SR T-965R T-96SR T-965R T-96SR T-96SR

RS-232 — R5-232 | RS5-232 —RS-232 | RS-232 —»RS5-232 | RS-232 —+RS-232 | RS-232 —»RS-232 | RS5-232 —RS-232 | RS-232 —»RS5-232 | RS-232 —RS-232

ControlWave MICRO ControlWave MICRO ControlWave MICRO ControlWave MICRO ControlWave MICRO ControlWave MICRO ControlWave MICRQ ControlWave MICRO

RS-485 — R5-485
(Prot.: ModBus)
KoHTp. peknoysepa

{ dMESesCdo s dBOd Ui MSd Mcjdsjtedteso Odzdzsj GOV d 1

RS-485 — R5-485 | RS5-485 — analog RS-485 — analog R5-485 — analog
(Prot.: ModBus)

KoHTp. peknoyzepa CK3 CK3 CK3

Il T oatsHT

vOCdds BBKOL A3, GYtojHzsYJjdd 2 o wWOBSIS] MY sh
dbev WisLoeotdw jls f tsdzzyOls: dr o9dLEZOM dtsy ftcf HMI
sBtOBBISEd dr WOCkBetOWdudi MEdres HOddz" n, ybts ('t
MtckzSCktes?2 d MoMlsOoetsdys ftcd dzgj sBrtsHd BsMIsd, 0]
ol OdzdL s o tsLOEAETIHSf L d jedsts Odzdzts?2 BtOBSISC (), (
BsHjtedzedL Oydd ovuv ul.

[ dlsjtcOlkztcO

1. Il sdzdh 2€ 5. 1. soO0OLdMstkzSIsktedtetse Odzdz" 2 €t
narsy dg d5d bR U e ddd Nd il SO bRt s
| A .

2. World Wide Web Consortium. Extensible Markup Language (XNILY. dzj € Is tc ts dzdz’ 2
tej Mztem] [/ /1 thtipg/dwlyy. w3 sdMXdMiz/f @.OlSO BtON jddw: 05. 023

3. World Wide Web Consortium. XML Schemp.C dzj S Istetsdzdzr 2 toj MiztcMm]
H ts ) Is KthsPwww.w3.orgg XML /Schemg H OlIs© BtOM jdzedw: 05.03. 202

4. World Wide Web Consortium. The Extensible Stylesheet Language Family (XSL).
[ Cdzj CIstetsdzdz 2 toj fylz thitpls//wivi.w3iorgy StydetkSLA(sHisl@ Gs B ts O N j dac
05.03.2020)

5. Scalable Vector Graphics (SVG) [ Cdzj § Istctsdzdz 2 tej Mztcm] /1

https/mwww.w3.0rgTRISVG/ ( H OISO BtOh jddw: 05.03.2020)
6. Inksfrppe OV dyjmMe&d2 tjHOSIBte. [ € dzj € Istetsdadz
https://inkscape.org/rf/ H OIs© BB ON jddw: 05.03.2020)
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DISTANCE-LEARNING TECHNOLOGIES
AS A MEANS OF ORGANIZING INDEPENDENT
WORK OF STUDENTS
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d dzdzts Is Oyt avtc j d3j dedetsj] Bt OL tso Oded j s j zdgsidste afdv =
stcjBkjls tls EyjBdtsets ftosyj MMO dgj sBrtsHdBsMisd o
MomtsMistswiIsj dz' dets, f sMistsw dedets tsMizh j Mo dzv v MOBEE
fsHAatSH] € MOMBsSSBteOL tso Odzd & sdzed MBSkl o' tcOF
dzO0 € d , Cslstster j Missc lzls fted d3d dzd Is ) CoOyj mis:
ftesW j Mid s dzO dz! dzts 2 Hd Wlisj dzi dztsfls (. ] fMlsOls! j tc O
st j dedesls j 2 sy MO stecOddL Oydd MOdsMmistsw s
uyjBded » LO9JHjddY . & ®ded¥ tedhfplf 8 dzidad Hat@hdp® fozj Hfisd fn
COyjMmbseaj dslsdoOydd LHjM! or MskzfOjls Ctodlsjted Oc

dlssetsots?2 sy dzb | (tejLzdz sOIsj ) . 1 sdzEyde dItsls (e
9" AatHWIS dzO Ctsda¥ § o dzy-q ¢ d dztf s ndey i fips o  3d B ©to gnls j
L dzO0ded v 3 f Hwkzed®Bd EYyohdkdmw.  OMMdOlstedo OF
COyd mMsots jet MeEbBC Btcln, ¥ @ d3fs Oz Of talzs ~dtdrdd Ists W dzC
1T dzd dqrikzyjdzgr {dzj Clstesdade §  dzOlsW sted3r ftheadfr]f
Smartnati on; Coll ege. Snati on; BilimLand,; 1
1 ®ej L zdzdidr@ndidg s Odzd W dech fMH ] &ZOdz" o atsHT™ , Ylsts
dhd Btdziy WWJjClIlsdo dzts dmMdzd tjekzdzWwicdzts - ML H O¢
dg ssHdud msdj QB%UWJQMr Cewemr, fdddvy ¢j2
ftotsctcOBA" .

Abstract. Modern educationin the conditionsof distancetechnologies requires the
learning process to learn independently, constantly exercisingaselol and seltorrection.
They can use professional qualities and skills that can be used as specialists in future
professional activities. The article consslenotivation 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 usdéthe motivation here is criterdased assessment, which will
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affect the finalassessment (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 structurgsamwhat mode

it takes place, are considereahline or offline.Electronic platforms and services were studied,
such as: Sova. ws; Smartcommunity Smartnat.i
ParagraphBilim; Kundelik.kz; Platonus. Based on the restittse 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.

sdzs yjor | GEASOPED @2 fsyjmh, HJMsOdydsd
Bslsdo Oydy, MOBshsswls d d&ZOW ©OB kO

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

I d&Ofswh jj otwjd¥ o bkfdssdw: kojdduydse O
SLEOMOs h j2 tsdd ,L dslzdPej[flsH Oo Olsj dzj 2 d Mk
Bjded] ftesHEZCIsdodes tstcd OdzgdL s9 Ols' ftetsyj M §f sSHG
sOdso sy bdjdedj BSBwLOBGkOl! §sdkyj ddzt Jdis
sdz L. | 1tk OMijCHKjodkiOeBcOkske BigE g s Gsto
OBsflscwisjd ds?2 fsHeslsaSj § kyjBd &3 L OdvIsdWw

[fMsB j dzdzs s ¥ ftesyj MMO MOBsMissWIlsj dz' des?2 0O
slsdo Oydw fMiskhjdlstse, YjlSt khmsOdss dzj dedz’ j ftsts
OHOdzd Vf,J Wi delegififiis dr- dzdlsj Ozt .

RMMdzj HEw ddzlsj eOCIsdody j IsjrRdesdzsedd B EZYj dz

Ctsdzlsj SMlsdese s sBkzyjddy ¢. ¢. JjteBdyStsets [ 3; 4]
fteddeydy fsdz] HS9 Ols ] dz' dzse s dEsH | dzd tetso Odzd v )
MtsH J oy Oded v , ¥ sted3 d Emdzseo d 2 ftes¥W j Mind 5 dz0 &
ftesW j M sdzOdzr dzr § COyjMmlso® BEHENjEe M JydOdzo
dimf sdz! L s9 Ols! dzso ' | sjirndesdzsedd ftod §sdmcd d
sBtcOBBISSCd o §totsyd MMy tBLEyYJ ddv.

tlzh jMmisglze Mfdej HE s dzC d HdMIsOdzyd tsdzdzts G 5 tsB L
HsMIsOlssydes dzj HOoO dgs ®Isj yj Mise j dadz" &3d Eyj dzr &3 [ !
sj rdesdzsedd [ 6] d Mtsydodz dzrj Mmilksd [7; 8], 0O Is

Ylsts MilskzH jdalsr, COCj Ol tarts, ¢ sif P PAlAgHNE dz® H d Mmis
sO¢ C0O¢ k ddr djHMsOsydts MY sttddteses OdzO ¢ sls
stftej Hjdzj dedets? dBslsdoa Oydd d SCtdstesdzw kZyjsBdeasets

sBEUjddW BEHjI 2O oW Bkzs bus@ashij s s fmdzj HEs 0
ifsmistswdzdes] oL OddssH j2Mlsead] ftoj f tsHO8 Olsj dzw
i fsiistsw dzdzOWY Bt Ols dzOW fypo w L ! fsftecj HiMlso sd3
Isd dzd o dL d tsdzdz" § -Is jiiR dsty dacog}e thdzVC)jt@ MpaTulpef O dzOdz" , A [t ;
i fteddsj dzaj dzdj fjHOGKGEdUis® B o bsyjndizts dzth ¢s ¢k 234 to
Colsso dztsmisd € MOBStsBtcOL 59 Oded ¥ .
lted ftetseo jHjddd dmMmdzj H tsPlabbdeg v " d ff fotef dzdad 2 '€ g q

ylsts flskHjddst foswodvels colstodsmls! o OSCkded
o' f tsdzdzj dzd ¥ L OH Odzd v , ifmdd MCttjSlkdto Odz
MY stz zdetso Odzs Yy sCt5, wWhdes, d&jsmw M & d
Bsisdo Oydod fiplsHziffipj s Ctedlsjted Odz! detsy tsyd dzd o Odeq J ,
syjdCj (LjLbkd Oj). lodkyds d&slsde s Oddets
CtsdaW j tej dzaydd, § stwsg dztiplspdedyy ,z orojndzy kv  fedsete] s,
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Htekeddd Eyoh disdmw MOl 8@ dds.e j ulslH delsdztse d J o Iz L
ftojHYfBYlsjdedy dd3d dedets 1 ssdBz fteddzsy jdeds, d o o
sy dz@ d3j Hdzj dedets, yYlsts Emazsydzw jls Eyisde 2 ftetsyd M
stsdz' ¢ts ots otcjdZY EkZyjBdzr » L OdgvIsd?2.

1 sH dBtslsd oHOjydflgt®e fids@ OCIsdo dzz MOBsMIssW s j dz! dak
Mo S 2 dats s WOCItstets o, MsdBzdzdtclzs " dr d  tsBI
COCHaB Hj2Mlse dw ) tcOd3C On s toj HJ dzj dzdzts 2 H

SHdso o) digj dedes dzj MSEC sdz! C BB dBslsdo Odzd .
MOtcOCIsjtedL etsynmdze?2 HdMisOdzyd sdzdesd3 toj 3 d dzd ,
MOodksMistswIs j dz dzOW tcOB 5Is O d i Btsdzj j 4WWJleq’a
HstcOB OlsT 9 Ols L dzpdg jlddatsHdgdz] j2f € B U J BSdEsBY dzj € My Clztof
Isj ndesdztse d d, o dzj HioW Is! sBEzyowd lsmwW tc dtf ®dgpdpd Is j
Misd Bz dztsdz Hdzw MlskH j dzlstse fted T sHEBsoaC] ¢ MO
sBEyoOs hdj mw MOBsMistswIsj dz' degs dBsckzls o' BtOIs! d
ftslsj dzydOdz o sL diIsy desfyls j 2, HOI! BI jCIsdodzz® sy
1 ted s tc 6 P dzdH OO dzy d ts dzdzs 6 t5 sB lzyd ded w ftoj s
o' fsdzdgv Is! MmdzjHEzshdj o©dH' HjWIsjdz detsfplsd o tORS
1.J/teeOdzdL Oydw EZyjBdesets O] tgd O del frgtf telzj wijj Blrikwizg
BOjtedOZzZO BiYHE OkZHdItstods?2 ttOBBIs2 d L OdvIsd,j
2.l Odzd L Oydvy HtesybmMnHO sGBEHEddYHSs HjWI] dz

HdMisOdeyd sdedaets? Wtstedz3r . [ ftojHjdzwelsiqw HJHOSIsd Y4 f
tcjh Ols! © ABH] OkZHdIkttdats? tOBISTr, d LOHOYd, ¢
W stcdzlz .

3. Jtec GzAdLY kZyjBdets?2 HJjWIsjdz' detsflsd j tsB 51y @OT df a3
My ydW¥W dS 2 tOBtslsr o HdMOdydsdadzes?2 Wstedsi d o
Codzstescdzy d MOBES s dzls tets dzw .

4.l teceOdedL Oydw 1 €Mt J,tcldsdatg? SouPjLdeSOR SISt @ tod Is §
stjHjdzjdd 1 WWjSkdeodestsmisd SktthMO © yjdzsds d or B

5 AasttdRdese Odedj bkmlss2 ydes? &t da God @ s itk d
HiWilsjdz, desmisd BSftejHjdzjdd k2 Jjj Wottddtese Od

I MmewiLd Mt efmjsBhdd §jtj rsSHBER ¢GBSEdEE O da
tcOB tsilsr zO MmMlskHjdsss dasydlsmw Ho 52 dzOW  dzOG e kz
&j Cydsdedz 2 d §0CkduimMed?2 ddi dzisBotsHdBE dLEyY
otejd3djded s 9 dHOMB EZyjBdzs?2 ©OBBIS" dzf SBrBHJ &S o

JcOdzedL 89" 9 OW L OdawlgddMIs o J digdzsss - fsta te HiFIS A3 OASO Jj G
wdzjHEjl EZyjfmls:, ylsts {W¥WjiSlkdodgsMmls! L OdvIsdw daj
sdes f o dgaz@Bdz d dzd ¥ dzO?2 da.

Il LOoedmddismlsd &l Mfshsedsmisd §tjfsHOo Olsj
Cdstesd COYJ My PsHOBOR BRI ™ Mistesdls! Mot 6t
LYWW iClkdodets d d3j-wgiasd dgj , skz@@Xdgdls 1 WW,jCldo dsfyls!
flskH j dzls © a3 .

stdasj dzls Ha&OdesH®2 dztsdzy j dz BT IS tH g le s Is I td dffg
L OH Odzd W ZO L Of sdzd dzOdzd j odiioCdats wjAdjjLdzd 2O 0 r 8Q
fsMisOdso sydtsects otftesMO dz® L dzOdedj ¢ ksmmOtdw
SOCts] LOHOdd]j, yYbtB' MlskHjdas MO fteddsj dad dz L ¢
1i Mmbtsdls LOHOoOls! fMiskHj dsOod ¢ do mfndejHns dg & o
ftesBdzj Bz, HE dhsddr Stbtts? d Hdyjd HE2l
LOHOddkts? ftojfcHOoOjdzjd Isjd kyjsds?2 HdMmydy d

Il Mmotsjd3 HECEBrZY j &Y diutd difdsd dzd Mistc B WOL SO Oded
SOLONMsOdz dME Ol ¢2 B30 OB dedsis® Y didO o b g mldzts coty daft to
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fijHOGCECEOd d MmskHjdsO® BlHjls ftjHshisOs djd H
COuifmlsej ddmstekbdsj dels©® BERHEI §tod k) dzj OB BED Sk

sdk@Xdefr . S d hOW OBskO fosoky kMYl s L
Csdsf dzj SMse, Isjfmlsses, yditse' m SBLOLSo Olsj d' dz
f ZO¥ steds d MjteodMmr, SCSolsstrj o Bdd$OMWs,jj ot

Smartcommunity Smartnation CollegeSnation BilimLand;, 1 ' dz'; ®B&@agraphBilim
Kundelikkz; Platonugf I&.. H

[ &zv dzOdBtsdzj j BJjLBtSAZj L dzj dzdzsets ff jtoj m SH dzO H

d:

ot jtco ™ A, gdzr 2 (st stcOlsdoadzr 2 HER d&BiHE
vt jfMis!, CEHO o fMjjmwdsHzisdd M siddzj ISl t©Osdzdz'f jte ff dzt
20 MmMjetsHdWhded?2 HJ dz gd3j J sw oL Bsy detsfls dmt
dzd ydzr = ftsyksser s OHtj Mo ;

io®lsster n, dOdZdyd] 4§ ZOLWsteds™ HAW ki tcOo dzj dz
Googl e Classroom ( HHEctizjcdFH ") , M { 15t tc wddedsh r ji3sh
fsLotsdzvehd] tttcOdzdL s9 Ols! COyjMmlse jdader 2 Ekyj B dg

[ dzv sz yj dedv sz dlsj dz' desets tojL kzdz' sOO
SBOLS90OISjdz dgf » ISjnrndesdzscd?2 o Mmdzsydoah j2mw fnq
ftod d3j dzv Is'  czlz yP telg ts t e O Sstg SH{ZO G O Is o jHEM dj okL ' |
Ctozf dzj 2" dr o kLis® OLsERL RS Odz®y  sdzOdz! dzr 2 - kdzedo j
ANOtOB MYy sdzr L 2jls ddzlsj ¢ tc Gpdts O L]twaN AsldcidzD ydfisXzdlfsdzO Is W s
2.0e d MdMmilsj 3" EftOodzj dedvw tsBEZYjded] d3 Moodl e

s Mlsj B3O cuvdzdojte 2. 0¢é tGOLtGOBISLsOdzO 9 sOLOAM
BOL Jj 1Ists?2 f dzOIlsW tstcd3 Bsy dets W s tc Y jdssmHOYsY J M S B &

—_

Csdsf dzj Sfse HIMydy dzd dz; U’thSE)tSHC{ISJ qdzndo (HE Oz
L OHOdzd vV, lisfjdzj ) d endsldzH j dizls Oalzdff s dedgdj daffe Ols+  Misj § 4
Hicketsj. 1 tscteOdidmlsr HOddksets EZdde jthmdlsjlso dc
BOMh kOB dzr 2 'l HdMsOdydddsets sBEZyj ddy Hdv

Il T 9BHT

sOCdds SBLOL 5B, o dd datsH dshipls @dingfd tsdzdREREO v ts ds
fMlskzn jdastse EkyjBdes?2 HdMydfdzddej o obkLj wWeodwjls
LWWiClsdodes?2 MOBsMistswWisj dz dets? tcOBSlIsr o bkMmdzse dw

ddzj HS9 Olsj dz! dets, oL OddBsMoawL Odzdzr 3 d oL Od Bists
BlzH N j ¢ sdzdfiflsjOy dvee dzw ¢ Isfqw 5B jHddzj dedj Efmddzd?2 o
ftcj] f sSHOOOIsj dzj 2 d BKeOddL Oststetses kyJjBdsets ftcfs
tcj OdzdL Oyde ftojHBjIsder 7 ftescteOBRBB BEZYJ ded W .

RiMMMdzi Hise Odzdj o' f Bdzdzj dets fted WddzOdemse ts2 f ts1
t i dzd S d ddzsO2 o OB OARIZGDBYdsets ftosj $IsO

[ dlsjtcOllztcO

1. AjHjtoOdz dzgr 2 LOCtsdz ¢[B BBOLtSoOdzedd o i
2012 @6-A)1. 273

2. 1tcdCOL [ ddedMmMlstc® BtOL o Odedw d deOESCd t 4 f
2015 GSHO ~ 137 clelodlss s Pded JOydd kyd B dats«
HdMsOdzyd sdedz" &3 tsSBtcOL 59 Olsj dz! dgr d3 Isj - desdzse dw d3e .

3. ljweBdysd? d. ¢ . ANsted3d tetseo Odzd § f sL dzOe Ols j
cslsde Oydd MiskzH jldglstdssod y9 d2 . duv. o1 [ 1 :0zO g Qs ds
dimMmdzi His9 OlIsj dz MSC d2 d defOFilslzIsf . b4 8BNhfj.2 " Ctsdzr .

[14]



rrRev ol ARSIV Javuvyrrrrp: sf{1vArdArRc, frulr{fL4rRCc, v m

4. 1 jtesdysSd?2 ¢. ¢. [ dudzsmisde 2 d SCtdi3fjIsj dzlsdats
ftetsBdzj B ddzsjcteOydd / ¢. ¢if .J:] tfBEfcyiEsy326, 2 B(1L2.. |

5. mzktstemC 52 Olf im0 C Isd yd M< dj ftoj HY s dzC d
fjHOEBEdSd / [IsCit2004.67) 2 idp. tc®BLOS o Odzd | .

6. ujdZBijteBJ CSO0O0 ¢. ¢. RMfsdz LsoOdzedd MmMylsjor na
okLO / ¢S kOd dF j otsfttsmr o dOES] d ftOlIlsd¢s
g Y HEZ Ot H dathf B O WOF W pAsS 52 CdeW jtoj dzyd e OGOBOW.j ot
l13y. 3 oW 0O: RLH. [ipgdzHnd®,6 2019.

7. vjBJteB i SS90 . 0. , skHnteweoyjo 1. 1. R
COyd mMlseaj ddzlsj 6OCIsdo dzsc ts fr]tGJHﬂjlg;Jr]@dzc[sQalqugzttfs\ff]Qﬂ
ctsMikzH OtcMmise j dzgdese s kdzd o j efmdlisj IsOi.” ulj(tHAEYOT 1 J
4. 2547

8. uvjBjteBj Cs0 0 . 0. l1tcOCIsdC O dMmf sdz L s9 Odad
d dzdztso Oyd sdzdetsects tsBtcOL 59 Olsj dz! detsets tw§ gdzicig@tc/ , ¢ .
tsB tc OL Bip200ddd™v.. ~T 4l (18927) .

[13]



RUAJEIOARIVLV I vrmu S LARrRR 1 1 oUusr, Jator[l o1 RrRrR R 1 [R

RY AT
[

{1130 vermiff 4
{1 . R t frY

¢ AR
b1 {1 dP1RR R
UDC 004:378.147

STUDY OF TRANSITION PROCESSES ON THE PHASE PLANE IN MULTISIM
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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 syatean
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 dssilpility 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 secondrder autonomousystems. 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 onlya qualitative, but also a quantitative description of the processes based
on the waveforms obtained usiWgiltisimis shown. The results of a qualitative analysis on the
phase plane of transients in secamder electrical circuits can be used in the educational
process in the study of electrical engineering, electronics and other technical disciplines.
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Transients occurring in various technical systems (for example, in electrical circuits)
can be considered in various coordinate systems. The bebaviany 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 therocesses 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 tfe phase plane, the studied quantifgurrent, voltage, charge,
flux linkage) is usually laid aside, and on the ordinate axike derivative of the studied

quantity% =y
dt 7

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 plduephase trajectoryThe
initial position of the image point is determined by the initial coodgx(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 timit cycle

The phasérajectory of a nofperiodic process is an open line.

Many phase trajectories are callg@thse portraiture

Points on the phase plane for which a vagﬁ(ezg is not defined are callesingular
y

points

Distinguish singular points of sevétgpes corresponding to different types of roots of
the characteristic equation:

I center(two imaginary roots);

T stable focugcomplex conjugate roots with the negative material part);

T unstable focugcomplex conjugate roots with the positive material part);

T stable nodé€negative material roots);

T unstable nodé¢positive material roots);

i saddle(positive and negative material roots).

We used the software package for modeling and analysis of electrical dvicltitsm
from National Instrument$1] in this work to study transients on the phase plane. Circuitry
modeling on a computer using virtual laboratories is currently an esseatialof the
educational process at technical universities, Biudtisim takes a worthy place among a

[17]



RUAJEIOARIVLV I vrmu S LARrRR 1 1 oUusr, Jator[l o1 RrRrR R 1 [R

number of modern software packages, such as PSPICE, MATLAB, Electronics Workbench and
others [2, 3].
The software package has a wide selection of settimgsallow you to configure

modeling parameters differently and present the results.
Figure 1 shows a serial seceontier electrical circuit connected to a constant voltage

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

Oscilloscope tool is useida two-channel virtual oscilloscope.
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Figure 1. Virtual circuit ifMultisim

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

components:

I Current Probel a sensor that emulates a real current sensor that converts a current
signal into an output voltage signal;

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

derivative of the input signal.
In the Timebasesetings of the oscilloscope, the A/B button is activated, switching its

axes to show the dependence of one signal on another (in this %'ase i).
t

As an example, we obtain the phase trajectories for the cuftennhder 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.

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

The imaging point makes periodic movements along an ellipse around a singular point
i the center 0. The resulting ellipse corresponds to undasimesbidal 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) Resistancd) <r < 2\/%.

The resulting phase current path is shown in Figure 3.
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Figure 3. Phase trajectory of dampmstillations

The imaging point makes periodic spiral movements, striving for a singular point at
the origini a stable focus. The resulting spiral corresponds to damped sinusoidal oscillations.
The current decay rate is characterized by the logarithndedeent 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 2 2\/E :
C

The phase trajectory of the current is shown in Figure 4.
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Figure 4. Phase trajectory of the limiting aperiodic process

The imaging point moves along a parabola to a singular pairstable node 0, making
less than a half revolution around it. Tesulting 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 oscillatiorey @nd an aperiodic proceds.(
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— =
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Figure 5. Phase trajectories

Findings

The apparatus for studying electrical circuits, that used inMh#isim software
package, is quite extensive and includes modern analysis methods, which makes it a convenient
tool for programmatic description and immediate subsequent teShngughto Multisim, the
study of transients in electrical circuits using the phals@e 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 Wwadn a real laboratory, teaching them the methods of planning and
conducting experiments [4].
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The results of a qualitative analysis on the phase plane of transients in-set®nd
electrical circuits can be used in the educational process in the staligciical engineering,
electronics and other technical disciplines
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Abstract. Recently, due to the increase in production volumes and the incnetse |
quality of the obtained products, technological processes have been complicated many times.
Therefore, many of them are complex, mulihnected systems that need weined
specialists. In order to train specialists of high level, simulaionsilators 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, inehhihe 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) modelingthniques 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
simulatorssimulators of complex objects involves the use of hufmandly simulation
environmentgo reduce the probability of errors in calculations. A suitable type for this task is
graphical modeling environmenighis article discusses the main software products that can be
graphically modeled and highlights their main advantages and disadvantages.

s dzt yJ o J: SimaiztkpSBnInTech, VisSim, BPWin, DWSINYniSim, HiSys.
Keywords: Simulink, SimInTech, VisSim, BPWin, DWSIMJniSim, HiSys.
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BsH J dzd tetso Odzed W d MY s dMatlals o O dGs fy Ciifsfd I jzd30 Mat | ab
9" M sftesdLotsHdIsy dzt dgr o3 WL " Stscd3 HdAdzW Is§ = ded ud ME
or ydmdzj dzgdw, odLEZOddL Oyds d ftesctOBBdtcss Odzd §
pr CON®s o Witedsj, BdadLSE2 € (kO] BOISdYjMSs2.
BisH j d&zd b5 o Oded Matlah, fiednlsty Apitsls Odzdzgs e s 6 SBECOL 59 O
fMH j dzOIs ¢ 9" 9 SH s Istsds, Ylsts HOdzdz 2 ftoj SBGOL 5
ftoj Hdzts) j dedz” A3 OdzG Sted Is B YR} " dz©OBls['d3 Yt ted) Hsjdzlad W  d
BsHj detso OdzedY Lotk jls fjtej2lsd ¢ ML HOMS
Yyomkssisr .

Abstract. Development of new devices requires research of their properties and
operating modes. The development of information teauies 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 sieégphase 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 ahcorrectness 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,zasoali
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 dmge@er 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.

sdzs yjor g gt g Gz tctso Odzd § , Mat !l ab, ftcj Bt
d d3d Is Oy d ts dzdzCz'dzSd3fsoHty o dz! dgOw M~ j d30.

Keywords: simulation, Matlab, frequency Converter, simulation model, functional
diagram.
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Abstract. Results of application studies on receiving a thager metalmatrix
structural composite in different temperature conditions of welding by pressure are presented.
The possibiliy of using as aeinforcing element of a structural composite layer of titanium
alloy with nanocrystallinestructure was shown. Metallographic researches showed that when
receiving a composit e aeinforaingeleenanpgeowta ofrainseo of 90
the microcrystallicsizedi t h a decrease in temperature to
thereinforcinge | e ment was not det ec iplease,slighly ibhcteasedg h i t
The geometrical changes of micropores in the gatiese compound zor{8SJ) the dynamics
of growth and the spatial arrangement of grains was desciibhedesults tests confirmed that
the strength of the composieocessedit a t emper ature of 700AC c.
the compositgrocesseditat e mper at ur e fractureseherdeoithe compasite in
the SSJ zonevas studied by tensile testiagjroom temperatur&hree stages dfacturewere
identified and thenatureand the mechanism @factureof the composite were analyzethe
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 lesstrong,but moreplasticlayer was achieved, a sharp increase in plastic deformation
was observed in compositehich has drakingeffect on the development of crack, which also
changeshe propagatiortrajectory.

sdzs yjorj Eddse@se 2 dzOhisdndses KoHisd , d sfjo O S O
HOo dzj,dzdsjod tcH BW OL dztsfpts iz il dzj dztff zOMmiIsd ydetsmils+ |,  d3d -

Keywords: titanium aloy, nanostructurecomposites,solid phase joint, pressure
welding, strength, plasticity, mechanical properties.
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