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Abstract

In the current era, amid the global energy crisis, it is vital to provide electricity
consumers with internationally recognized quality standards. Furthermore, there is a
growing necessity to boost the energy performance and efficiency of power supply systems
and electrotechnological devices utilized by electric consumers.

To ensure the electromagnetic compatibility of electric consumers, including
various devices and complexes, within the power supply system, it is crucial to understand
their operational principles and modes. Their requirements for electricity supply reliability
and electromagnetic compatibility vary significantly. These devices create diverse
electromagnetic obstacles and dynamic processes in the power supply network.

To enhance power supply system reliability, energy efficiency, and electromagnetic
compatibility, a comprehensive scientific investigation of electromagnetic dynamic
processes in power elements is essential. This research should also focus on identifying the
electromagnetic environment created by these processes.

The integration of advanced and technologically sophisticated electrotechnological
installations into urban power supply systems is a growing trend. This adoption of new
technologies brings about significant changes in the electromagnetic environment and
quality parameters of electricity at the network distribution device terminals. As a result,
ensuring electromagnetic compatibility among consumers becomes increasingly
challenging.

Hence, it becomes crucial to conduct a thorough investigation of the
electromagnetic dynamic processes generated by all integrated electrotechnological
installations when designing power supply distribution devices for new network
construction or expansion-reconstruction projects. This investigation should analyze the
electromagnetic fields generated and their impact on power quality indicators, based on a
physical model of the power supply load.

The objective of ensuring electromagnetic compatibility and improving power
supply system reliability involves conducting scientific research on electrodynamic
processes in power elements and electrotechnological installations. This research aims to
identify the electromagnetic environment and detect widespread obstacles within the
network.

This paper presents an analysis of the electromagnetic environment within the
distribution devices of four 110/(6-10) kV step-down substations in the Tbilisi power supply
system. Through experimental research, it has been observed that the electromagnetic
dynamic processes vary across the individual phases of the network. Furthermore, the
findings support the notion that there are differences in the extent of distortion in the load
current curve shape as it passes through each phase, the parameters of the high-order
harmonic spectrum, the electromagnetic environment generated in each phase, as well as
the nature and characteristics of electromagnetic interferences.

The study determines that the electromagnetic dynamic processes in power supply
network elements are primarily influenced by three factors: the instantaneous switching on
and off of large active and reactive loads connected to the 6-10 kV voltage distribution
devices of the substation, the electromagnetic dynamics resulting from the operation modes
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of high-power electric arc installations and complexes, and short-circuits occurring within
power consumers and power supply networks.

It is crucial to note that the network is predominantly characterized by the
asymmetry of active and reactive load currents, as well as the generation of high-order
harmonics in individual phases. Additionally, the reactive power coefficients of individual
phases are considerably lower.

The paper investigates the use of "physical models of power supply loads" in the
planning and design of expansion-reconstruction projects for new power supply networks
and desalination devices. It argues that the existing load models are inadequate since they
fail to adequately consider the examination of electromagnetic processes occurring in
individual phases of the network and the determination of the resulting electromagnetic
disturbances. As a result, the paper justifies that the use of these existing load models is
unacceptable.

The paper proposes use of "physical model of power supply network loads", which
allows us to preliminarily investigate the electromagnetic static and dynamic processes
developed in each phase of the network as a result of the operation modes of the
electrotechnological installations and complexes connected to the distribution devices.
Define the electromagnetic environment and identify the emerging electromagnetic
obstacles. Accordingly, based on the results of the studies, we can draw up an optimal
scheme in terms of power supply network, power supply reliability, electromagnetic
compatibility of power consumers, energy indicators and energy efficiency of the network
and consumers, determine the parameters of individual elements of the network.

The physical model of the proposed load involves the development of a one-line
diagram representing the power part of the system. Additionally, a microprocessor control
system, based on a programmable controller manufactured by "Schneider Electric," is
incorporated. The control system consists of independent control blocks for active,
inductive, and capacitive cells of each phase.

To further analyze and characterize the load, step-by-step day-night profiles of
active and reactive loads are generated at hourly intervals. Mathematical representations
are also employed to determine the parameters of individual cells within the system. These
efforts contribute to a comprehensive understanding of the load's behavior and aid in
optimizing the performance and efficiency of the power supply network.
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9099GH®M30dmgdols 33®3IbMd0sOHMdOL doboliosmgdgero, 356dmbogzols
9993000 90Hg B9dmddggdol 9539dGHO™dOL 3m9530:3096¢0 s HBydmddggdols
9939d30.  0990mm535H90wos  b3gdAH®do  Fgdsgoo  356MHImbozgdol  xsdwmEo
©99mgd99d0L 99399BH0L LosbIMOTM AoTMbEbUYENdS.

bbgoolbgs  65d6MM3do  090mmogz0HDgdmeos  Fomdmddbogro  dM3-9d0l
3990530 BoGHMJdoL 198900 s M3 MG 0MHGOOL FoMrN30L LoLEHYIYdO.
Doe0mpqbowos ,99dBHMM9bgMHR00L boeolbol dsb39690gdol 30bGHGME LS @
50M03b30L“ BEHYbDBY RoBIMYPIMO gdu3gM0dYE IO 250M33E)3930m TJOWIOIIEO
39092900 ©5 LIOMYOME0S, M GEgdEMHMIMIBISOYOOL OEZ0MM30L Ibols
990930 Jugwdo (omdmddboro dsd3z0l IM3-gdol L3gdBHEMOlL ymgzgwo Lobdoty
033000605  godmbsGero  S0TgGHMOIMOOm  bobosMYds s LsFoMmS 00
39035¢0L{0bgdme 0465L BowrGHMYdOL T9960009d0L Bgdgdol Tgagbolsl.

6030  bs8GMmdo 9dwgbgds  GgoddHomwo  LoddwszMoL  Ly3MI3gblsgom
9mfymdo@mdgdol  293cgbsl 99 dBHO™MIMTsMgdol  Jugewdo  dodobatg

909dBHM™MIsgbodem  3GmEglgdls s  §aMdmddboer  gegdBH®™Asabodmeo
©50MH3MgdgdL. Homdmygbowo gdu3gMHodgb@vero 33eg30L Fobogrgdol sbswrobols
L5339 DY 39390093 0s LOMIbIM OL3369d0. WOYIbOs, MMI 9dl-9ddo
954300 boddEsgmOL 1b3md3gbLsEGOM FMPYMdOEMBYOOL Foge gobzoMIMgdmwo
36390900  398Mf39Mos  306EIBLOGHMOMS  B3BHMGJIOL  BoBMZs - 2oTMOMZOL
390595350 3MM(3969d0L  IboL  d0dYJOOm. OYPIBOWs, GMT  BsBIMZoLOL
doMH0m5©O© bobdm3mg gowsdsd3s @MI0boMgdl, bomeom 2sdmMm3z0Lsl 3o - dsd30l
Lo®AoLgMEo  Bo35MEBs.  5853OMMESE  ILYONMYOI0S,  MHMT  Sboo
BofoMdmgdol  gargd@GH®mMaMTscsgqdol  Jugargdol  36mgdEomgdolsl, dmmbmgbowo
695dBH0o boddwsgzMmggdol 3:md39bLsEooLsm30L, 30BIBIgfmbowos 4sdmygbgdmem
0d69L,  BHMBBoLGHMOME  FoONZ5YBY  sRMIbIOMEo, FM3Mg MY GdOL
LobGgdom s0FMMmz0eo Ls3ma3gblogom dmfymdommdgdo. 3609369wm3zs60s, GM™I
299mdg399469dmem OB IMS5GHMMS50 Bogegdoqss Do63mopqboro

999 GHOMIMTG52900L  IGHZ0MM39d0L  250M33¢g30L  BoH03ME  FMEIXGOMO
0539390693990 Ls30mbgdo.
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530 1. 9¢94&MMBMIs6sg 900l Lolidgdols gengdgb@gddo
9¢93BOME 600 ©B©YIMIOIOL Fogh gs630m5M9d Mo
9e9dBHMMsgb0GHMo 3Grr3glgdoL 3sdmIzeng3s

1.1. geogdG&®HmBmBstmoggdols LoliBgdol gangdgb@gddo gumgdG®mmasabodm®o
36m39l9d0L FoMmBmgdbols doMmomoo {igsmmgdo s Bsmo gogamgbs Jugemols

993963009

L1.1  gegd@®mimBstoggdols  bolEgdgddo dodwobstg  gugdd®mdsabo@m®o
065903960 3Mm3gligdolL gsdm33ea3s s 39dmdf3930 30BYBYdOL oEAGDs

999 GH®MIM65900L LobBHGds IM35¢ Bb3sOLBZs dsd30Ls s LT L3Ol
59993 JLgLOAMMGOL FMO393L, MMIWYdOE MOPOIMM S JugdEMmbolEgdobomsb
Ubgoolibgs Log®mdols s 396033390l Bo3dsghm gargdBHOMmysd(39d0 baHgdomss
05393006939 o0. 36003690mg5600, (OIuYs! 9994 GHOM059390 bsHyoL
3obLbge390Mo  5dBHoMo, 0bIomdo s 935 MM0  fobsswdgamdgdo
309Bb0sm. 5353 OMMNMWOE, JEgdBHOHMIMTMsRq00L  LBoLEBHYIOL  J39LoYMOGdIOL
3005bsfoegdgem 9mfigmdoEmdgdmsb 80960900 56056
99dGH®MIMIbAsOgOgd0,  OMIWIdoE  s0FNNMHZ0wbo 9606 goblbgeggdmem
9mgd99d0ol 3006303P9 ©oRdbgdwo sdMTsmdol Mgm0d0l ddmbg Lbgsslbgs
A94bmemyomco ©560369d0l 965350 999dGHOMGH9dbmwmyom®o
565905 s 9E9JBHOMEJIBMWMYoMGO 30033cgJlgdom (Ersmdzowro, 2006).

d9LsdST0LOE, 9 gdBHOMAMIsMoggdol  Jugol GorzgMe  dbgddo
39630056090 9egd@GHOHM™IsaboGe 3OHMELYOL s 9ddbog gangd@BHMmadsabo@m®
39M99ml 4535650 gdge  dmfymdoEmdslmsb  doghmgdmwo  Egdbmermyomemo
5659M900  29653060HMdYBL.  s1939, JE9gdBHOMIsAboGMOO  3OMEgLYdOL  doge
$o8mddbowo gagd@®mmdsabo@ Mo sdMHMEgd9d0l $33¢ro@ e 860d3bgumdsl
53300308 6ol Lo s JugEol 3561599BHMYO0 JobLLBPIMO3L (Barun I'.A.,
Jlockyros A.B., CeBocTpanOB. A.A., 2004).
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b5 500603bML, HMI ym3z9w 9e9d@GHMHMEGHIIBMWMA0MG ©IbsYIML Jugerdo
3OLYOMEO  ggdBHOMIogboBH Mo IOMIMEGOgdoL  FodsMm  goblibgsgzgdwo

9303bMB0sMMBS  qoBbosm.  FgLodsdobo,  2odsbshowgdger  Imfgmdowrmdol
LOE3ggdBg 9OLYIMEO G 9dBOMAsRBOGHMMO oMgdmb dodstmrm  Joblbgs39dMEo
dmmbmgbgdo gosBbosm.

0505L55dg,  9E9dBHOMIMTGR00L  Jugeol  Bgdoldoge  Mmbgby,
90004039 Lo @gLosb 90960900 9099 GOMIMIBAsM9dE9gd0L
99dGH®™3sxbo G Mo 05309050 MdOL MBEOHMB39gmymaolsmzol LoFo®mms

399339 0gbsl  g3zges  30gHm9gdo  gdbmemyomMo  sbsysmol dog®
Jugwdo Foedmgdboro gwgd@®™BsabodmMo ©obsdozmmo 3MHmEgLlgdo, oygbo
0g65b 894dboco gengdBH®mdsabo@meo go6Mm9dm s ©sgbow 0ddsl Ho@dmgdbogro
©> Jugerdo g53MEILIRNO JI-9do.

1.1.2  9e9d@®mdmabdstmgdegdol dogm gmgdd®vmo  9bgtaool  bsdolbolisdo
9996900 doMomoo dmmbmgbgdo

909dGH™MIMs659008  Jugewdo  BsmMEo  gargdGHOm@gdbmemaomemo
©65YoMGO0Ly @ 3mI3gJugdol  BEYMOE S QYT oML,

&9Jbmwmyomcmo  3OHmEgbol  doGm3zol  LoBMLEIL, Bmdomdol  LogdudEsGsEOM
b6 MI03m0dL, 969M39¢03Mw0 35639690 gdols s 95xMAMIBIIEHMOMBOL ™Mbl
0 o5 JugEosb dofimrdmwo gugdEMmgbgeyool bsGolbo dsbs3oMmdgdl
(Dugan R. C., McGranaghan M.F., Santoso S., Beauty H. W., 2012). 585306Meo,
JU9gEol 203565f0wgdge Imfiymdowmdgdmsb d0g9Mmgdmwo gugd@EH®mdodmqdgdols
999G 5b0GHIMH0 93B905MdS INEP0sb5 5030l borolbBYs EodM 30 YOMEO.
31939, 99030l boGolbBgs  ©8M30IOMO  99dBHOMMAsM3gd0l  LoliEgdol

GO390 ggdgb@gdol  2sdsMmo  3MFomds o 969MHMgB9JBHVIOMDdS
0595@0005@: JugEol 3339 JegdghGHIOOL HIIIO0 330V LY gHOYOMBS,
330IBMB0sMMdS @S LHMRImMJdggds; gargd@HOMmabg®aools smMoiEbgol Lolidgdol
LOBNLE Y OL3YEPIOMWO FoMM30L LOLEGIGOOL FodosMMMEo FMTomds; dsd30l
©9bols s 1LOIIWH3MYgdOL FoBMAZ0Ls @S FMBBHMMEOL LolEgdgdol LoBMLE9
(Perera S., Elphick S., 2022).
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5306 b3, 9e9dGOMIbgmaool bsMoLlbL doMmomMoI© dsd30L MmIMEgbody

356599 BHM0L,  obwg  Fsh39690wgdol  dobgz00m  gobloBPg®sgzgh @y  5xxsLYd96.
dmIbdoM9d9bg doirggdo 9egdGmMm9bgeaool (dsd30L) boeolbl doHomso
399090 35639690¢900l dobgz00 583519396 (draxosa A.®. Makcumos B.K., Bopuco
P.K., 2004):

@ 35030l bm3oboremo 3609369306 goIb®S — SUpsdy;

® d5d30L Obg3zs (My9g3s) —SU:;

® d5030L 3093000L (BarozgMol) dmgargbs — P,

¢ 45030l IOEOL LObMLMOEIWYIOHMBOL EssbobXGOOL 3Mm9gn303096¢)0 — Kuy

® 350300 n-)M0o 35MHIMboveo 3 96gwol 3mgz03096¢0 — KUM);

® 693560 30dY3MMdOL dsd30L 3mgnoazogbdo — KOU;

@ 35030l 5M5039xEMO0MMdS 39908 Y3M™dOL dygbgerols Jobgzom — K2U;

¢ 35030l 56MH5L0xEHM0MEMds bem3zsbo 08g30mdol dqbgwol dobgz00m
— KOU:

® LOLJOMOL FOoIHES MBI MEMO 860369 MdOEIE — A% ;

* 35030L B3560b0b bsba®dmogmds — Ats;

® 033l dsd30L 3608369emds — Uods ;

® OMHMYBIOMNO 35535030l 3mgB03096EGH0 — 6Lk ;

50Ls60db5300, MMI gE9dGOMIbgmrool bstolbol BsB3969degdols Jgg3aligds
939990 63900l Jobgz00 FoMdmgdl 24 Lyom0sb LssbsM0dm 39MH0MPOLHM3O0L.

360083690 mg5605, M3 gegd@BHOMmgbgtyool  d5B3969d9d0  LogMmsdmMobm
3960mb3gdmdomss bon®mdomgdero (Muhammad Zaki, 2012). 399mo dm39999c00s
9360m30l EN 50160 UL@sbo@@GHqdoom domgdrieo dM3-ob bodwmswem 8603369wmdols

Bm®3gdo.

39530 Mool 3s6:3mbo3gd0lsmzol o Gogolb 35G3Mb.
LoAOL 5MORIOOIPO Lodols x9SO
35603mbozol | 356Imbo3ol | 356G3Mmbozol | 3503mbozol | 3sG3mbozol | 3063mbozols
6020, y ds039, % 000,y ds039, % 000,y ds039, %
5 6 3 5 2 2
7 5 9 1.5 4 1
M e 24




11 3.5 15 0.5 6-24 0.5
13 3 21 0.5
17 2 - - - -
19 1.5 - - - -
23-25 1.5 - - - -
9094 GHOMIMoM089d0L LobEgdols 939L5AM9gddo d0dg0bstg

999 GHM™IsgboGcmo 3MM(399d0L )Y FOMOMsI© B0 Lsbols 9dp-9d0
Do03m0ddbgds (Axelberg P., Bollen H.]., 2002):

e 1 33-%Bg 9gBHo 0950306  godsbsfoegdger  dmfymdowmdgddo  doffabomob
§o6dmddbogro 93-b (©sdofgdol) dggas© Homdmddbowro dsdgzs s 9bo;

o 25056500 gdger  dmfymodomdgddo  3mIMEHsgoolbs s 88 -ob  dggyo©
Pom8mddbowo 0839wbvMo gosdsd39d0 (99-00);

*  99dGHOHMIMTsM53900L Jugeol 9engdgb@gdBg sGHIMLBYIOMIWO gobdMbEH3900
(89bol ©s39) 9o Homdmddboro 033wlvymo 9d;

*  M50mbobIoMOl 0s35HBMbol gargd@mmdsgbo@®o 39wgdo;

e 0339wlm©o doabo@co 39w9d0;

e 39dbmmyom®o 3MmEgLgdol 93EGHMIdEHMO FoMm30lL LobEgdgdol 33900l
09o6ml dog® Fo6dmddboro 90-900;

*  JIIHOOLHIGHOINO0 3obbBH3gBO.

1.1.3 gawgd&mmdmabdsmgdergdol 398smdol Mgz0398000 Jugedo gsb300msGgdmmo
99dBHMIsxb0EwMo 3MmEgligdo s 3500 393egbs gamgddmmgbgMyool bamolbby

olgmo  3d3M0, 9MGOR030, SML0TIEHMOMWo s LIRS (33909050
QIBH30MmMO0L  FoMonMm  20dmygbgdsd  IM9)39wmdsdo, OMIgerme3  8999dwosm
d9L59R69350 H5TobObXMb 9g9dBHOMwo Jugwol doMoMsEO  BsbsolinsmgdEgdo,

0039396 9e9dBHO™B5260EOHO0 531905 MdOL 3OMd9IsL gargdGHOIen Lob?dgddo.
999G 54b0EHMH0 93L9d5MdOL J398 0gEPolbdgds Im{iymdOMdgdOL Mbseo,
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6Omd 3500 bmM3oe Mo 0x3bd30mboMMb s 96 F9o@sbmb Jugwdo smMmIzgdgwo
535b0b% 98900, MHMAO03 05308 FbM0g Lb3s ImIbAsMdEgdL MO MEgdgb dmds
396M90mU.

©MHM3979w0 9e9gd@OH™Isb0M0 393L9dsEMdOL 30MMdYdT0, 306MH39wW Moo,
93060©9ds @5 BoMOW@gds  gwgdBHOImo  gbgeool  bosMobbo,  GmamO3
36093690 m3569b0  3OHMMJHOL. 9GO MIMTsGa900L  LobBHYIJPO o
909dGH®Mmd0dmgdgoo  IguOHgdmeo 9oL oby,  Omd  m3G0doMHO©
053bd30mbo®mml 35356, MmEs olbobo 339056 009096  GOHPRIBS b LoBGIBY
LodgEH©0o LoliEgagdoLoYSD, HMIGEms dsd35 LobMLMoEMMOs s B0MOMYOYIEO
5930@MOL BE35MHT0 K05, brrgrm Lobdomg 8g50agbL 50 39OHEL. MwBEs, Mo ME
999G Lol gdgddo bbgsolbgs gegd@®madsabo@wemo bazgHgdol 4odm begds
306 0©YIXMOO  350589FGHMO0LOYRD,  Mog  ™ogz0L  ABGOZ 9OVl
909dGHOMIM[YMd0Mmdgdol dmdsmdol 300MmdgdL, gl ymzqgerozg 3o o3l 0Bgbl
399603996-93mbm303M9M0  BoMOErol  Fgg3eligdolols  (Kaprames WM.M., Tymasckuit
B.H.,IlTamanos P.T., 2006).

Jugedo  9w9dGH®MIR60GHMOO  IdMIMGdGOoL  [oMdmddboo dsdm{zgmeo
909dHOMo  gbgeyool  boGolbol  8sB39600egdol  IMM393s  YIMYMBOMOS©
80J3ggdl OMRMOE (5@3IIW JLIJOOY F0degdgdby, 293y J6IORMLOLEGHIIOL

B®3scrm® R3MbJ30mboMmgdsby. gwgd@me LolEGgdgddo gwgdBOwo gbgeyool
bs6oLboL J9(3060905L Msb sHEH3L F9dJR0 MMYMBOMO §9Yy)O0:

—

929 HOIo Jugerob g3gers 9egdgb@do @sbsgsGpgdol BOW.;

2. 306MHbs30  Bsb4obgdol  2oobrMgds,  0BmEIsEgool  0bGHYbLoMMo  (339ms,
994 GHM®IM[YMd0™mdgdol  LogdudemodsEom  8vdomdols bsby®mdwogmdols
3903060905 S Moy 99dmbgz935d0 IHYmdM0IB 2odmligans;

3. 9wgdBHOMmo 9bgMaool ImbIsmgdols s 9ugd@MMIMHYmdoE™MdIdoLIM30L
59930009990 LI S3MOL BOHY;

4. OHggmGo ©5330Ld 5 93GMBsBH030L 9gdgbBgdol ddsmdols 30MHMdYOOL
QIMM3935 O MY 9J30IM0 59mJdgYdY;

5. 533060 s M95dGH0Eo LI s3MOLS S GoIMFOOL OBIPYIMYGOOL YoM

9696293030 95639690 gd0Ls s 969MHRMgB9JEHMOMdOL 99306 9ds.
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969620mbobGHYIgOolL gPMAbJOMB g gdBHOImo  393d0M0L  SOBYOMDS
SO O 9RIMMMIOL GegdEMMgbgeool, MMAMOE 3OMmEMJ@ol  bsMolbol
390306M900L  MOMYMBOMO 253960l dmddggool  BMmbsl, Gomoi  59(35390L
99dBHO®A5b0GHWMO 15319d5EMBOL 3OMdYIsl (Kemesko, I0.C. , 1991).

g4m39wo3g Hgdmo  0g8MoEsb  godmdobstryg, godmBbs  gugd@mwo
9696200l bsobbol 3mbGHOMEols s JgxsLYOOL 530 GIWMBS MO TbMmE MmO
9mdbdoM9dol 9egd@HMMIMITM989d9 MEORIB0DIE0LMb dogMmgdol fodEHowdo,
95509039 9LIIOOIO Jugerol bbgsstbgs figd&owgddo.

929dOO™gbgHo0L  baMolbob - arggdyymBal  gwaddOIwo  Jugergdols
9935 5E00LOL 803453500 3600 9L0MYOS© 56039390056
99dGH®MIMIbAsOgOgdol  gargdBHOo  9bgMro0m  IMTMoQqgd0LS O
90998080 90900L 39)FomdOl 30MMIGOOL IMM393500Y.

999G 9bgM0s, HMYMEE 3OM©MIE0, ®0go B393080329M0 M30L9d09d0L
3535690 9w0s. 030 93w95¢MmE Fodm0Yygbgds Lbzs Lobol 3HM©MJ@gdol dgbsddbgws

5 3608369356 g53c9bsls sbgbl Homdmgdmeo 30300l oMgdIEgdsls 0wy
bsobbbgy.  g9dBOmwo  gbgtyool  bsdolbol 36905  aoblbgsggds  Lbgs

36 BH00LYSD, M6 gargdBHOmo 9bgMaool boolbo ©dM30EIOIEOs
994 BHO®IMTBTMOgd0L Fwdomdols Mg70090bg (Kexenenko, 1.B., 2005).

3bmdoos,  O®mId  Imgmdowmdol,  gwgdHOwo  Jugwgdol o
9099 GHOMIMT6529000L LoliEgdgdol dgscgd00 9239JE IO BMbI0mboMgdolsm3z0L
LoFoOMms  dsd35 0gml  bmdobsery®o  Looobs ©@s  LobMmomEo  FmEOIOL,
BmdobsgrmMo  Lobdo®ol 306:M09ddo. g9  LyYMYdTdo  9E9dBHOIWO
9696200l Fo6dmgds bgds bmIobserm®msb dosbermgdmeo dsh3969dwgd0m, o3
356589G®900L  45obMSL  0fi393L 9GO MYbIMYO0L  gos3gdol  3MmEgbo s
39bLO3MPMGP0® g 9dBHOMMB0PVGIJGOoL  J0ge  gugd@BHMMmgbgeool  dmbds®mgds-
39M0ddbs Lbgs Lobol gbgeyos@. 98 GHodolb dmdbdomgdwgdl 8093903690056
3050608030, 5MHLOTYEHMOMEo ©s LHOIRI© (339900 dobsbosmgderols ddmbg
Bobg39699BHOMmO  490MsdJdbgwgd0, M35 MMO  omMmbloEbmdo  ©MIgargdo,
3900900l 535653900 s BLB35OLBZS 300 IBIWYIMYOOL 5TdES30 LOLEHYIYdO.

by MM, 9gwadAOMwo gbgeyool  boGolbo  bsbosmgds  gargdGHOMEo
LoLEBHYIGIOL 339609030 ©9:10d0l  3565F9BHMJIOM.  0YITVIMHO  356589EHMIO06
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3905661 (29bMOL  bobosmo,  0bGHIBLOYOMDS s bobaMdogzmds)  Sbgbl
365LoLM3ge  Bgdmddggdsl s 9gdBHOMIMFYMIOWMDYIDBY, 93EHMIoEH030L
LoLEBHYIPILS s  MYGMOHO 93308 IM{YMIOWMBGODBY. 58 439woRIMOL J034s35MIN
095909, ™A 33060905 9e9gGMMIM652900L L0TJOMMBY, OBOYdS JE9dEOO
9696200l 6535602900, MoMLYOYds gugdEMmgbgeyool bsGolbo s zMoEyds
359383909910 36MMYJ300L MHOMEIbMd.

1.14  9gdd®mdmds®sggdol bodgdol sd@ommo s M95GHoMmo ©sE30003900L
0530590Md560 5 WIEHZ0M39d0L 55303930

909dGH™MIMs65900L  LOLEBHIIOL 59BHOMMO S MJodBHOMWO IGHIOOMZYO0
990303 (3350935MdIL 296030l s 0go 296306MHMBYGOMWos Jugedo BsGWwo
Ubgoolibgs LoddEsgMols s goblibgsgzgdmwo  GHgdbmemyom®o ©sbodbwyergdols
999G G936 MP0MH0 ©sb5YIMGIOLS S 3MB3egdugdol 3Tomdol M19:089d00
(IIupnosckuit A.K., XKexemenxko M.B., INusuax I'.I., 2012). 8609369crmgsbos, ¢ma
©5A300mM3900L  (335g35MO0L  [Fobslfotr BMLEGHO  QoBLEBEZMS  3MEH0IMWO©
399190905, M50 olobo 965835530Mm Wmyo3z0L 3M0630390L 99300 YdMGdS
(31062 M.A., Cadoros B.I1.). G9lsd5d0bo©, 9e09d@BHMMwo ©oG300m3900L Fobolfom
36MabmBoMmgds o 2obLsBP3MS FMIBAsMYdGEMs TR MbIdgr s boGolbosbo
999G 96960000 IMTsG52900L 4o6MbEH0L HotBmoygbl.

999 GH™MIMG52900L Jugerol gargdgb@gdol 9bgeagEo3wwo dsb39690egdols
239BLsBO3MOLS s 969MYMIRIIBWIOMIOL SYJHOL 5FMFBOL AoY39BS dgBH0MGO
5 ©95dBH0MWO IGHZ0MOMZ0L MY-WSFMNMHO S FoMGOO 3655303900l b5EP0BOL
15891590055 FgLlsdeErgdgero.
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1 5 + - - - -
2 10 - + - - -
3 15 + + - - -
4 20 - + - -
5 25 + - + - -
6 30 - - - + -
7 35 + - - + -
8 40 - - - - +
9 45 + - - - +
10 50 - + - - +
11 55 + + - - +
12 60 - - + - +
13 65 + - + - +
14 70 - - - + +
15 75 + - - + +
16 80 - - + + +
17 85 + - + + +
18 90 - - + + +
19 95 + - + + +
20 100 - + + + +
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i=1
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Pac= fac(t),
Pooe = fose(t),
Pr= fr ()
Qae = fac(t),
Qoo = fooel(t),
Qoo= foolt),
Qc= fc(t)
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LObMLMOMPMOO - ITSbObKJIM0s. olobo LbgssLb3s LoboMmol 35(dMb03gdolL
x59L Fodmopqbl.

ROHo9L 3H3M03900 BHMOMbMIGE®OE m™MIsdo F90ga0 Laboo Bsofigegds [8]
flx) = az—o +(ajcosnx+bisinx)+ (azcosnx+basinx)+..+ (ancosnx+bnsinx)=
=431 (ancosnx-+brsinx),
boQS3
ao== " f()dx;
n =% ffnf(x)cos(nx)dx ;

bn=% f_nn f (x)sin(nx)dx;
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3.2. 9e09d G900l ol gdsdo 80dwobstyg gergd@®m©obsdozrn®o
36mi3glgdol 9dudgmodgbdwero 3s8m33¢g30L LMeymaogro dmeguols
9030l LoliBgdol sdmdsggds
3.2.1 Zelio Logic SR2A201FU - 3G:05906905000 ¢oma0349M0 3mbGMmmato

36OHMYM5d0M93500 WMA03MNM0 3MmBGHOMEGMHO s TJLsdsdolo  FMMYMITMEO
MBOHM6390gmRs  2obbmGmEogwgdmos  Zelio soft -ob Lsdmoegdom, G™IgEos
0o60Mo9bl  3m335605 Schneider Electric-ol 36Hm@d@L. dobo  Lodwswrgdoom
063 99d@He®o  3OHMaMsdoMmgdoo  Mgeggdol  bgool  Zelio  logic-ol
36353039MH0M935 O 3MMYMTJOss GUodgdgo. 53 GH030L M9geE9qd0 259Mm0Ygbgds
3o &030 Qo Lo EM Lo mmEols Lob39dgdols domM30L Qo
333)MB5GH0B0MGOOLHMZ0L. 0l 25dM0Ygbgds 93EMI>EGHMOO 496FgMmEMgdomo BsGm30U,
39bsmgd0l, 83069 s LETMSEIM BsFoMTmbs s Bbgs AMsz5eo ALRS3LO LOLEYTgdOL
dsmm30U, 933MIo@Gobogools s Bmbo@GmMmobaolsmzol.  3MMyMmedmwo
BHMB3ggmgs, FoMmdmybowo 3MMmaMms306M9dso 3MbEGMmMEgMol dgdmbggzsdo,
U539 gdsll 335993l F9g3500Q0bmm 9w9-3mb6@SIBHMOMo  Uggds 240
LGHO0gmbsdy, @odmz09ygbmo 28 ©OHMOL MWy 9MH™MTBYMOLYSD goblbgsggdmwo
OM-©Y6H0  Bsbollosmgdeom. sbgg dga3z0deros 28 dmgzwgmolbs s 56-0g
53b3oMg M9g900L 0bEHIMm0M9ds (Product data sheet, 2023).

Zelio soft-ob Lsdosegdom B396 993090 306306 JmgMTo ©o35330MID
M9gwgdo  BsGzommmmo  Bggdol d/domdsls 56 dbmm©  Mgwgbg  dogMHmgdol
39000b3935d0, 5605990 ©OLEBEFMMI© M3BH03MNO0 s GSM 353060l sGbgdOL
399mggbgdols  qbom, 9sbmsb, FMomdoLOL B39Ol  9dmbgbols dgdmbggzsdo
39230005 ©OLEGBE0MMs© F93hYy30GH™M® FJodobstg 3MMmEglo s 8930EbMmm
LobYOZILO FZLOLYEIOO.

d390mm  BoboBYg  Imyzsboos  sMOLYIMO  IEHZ0MM3900L  BFoDO3MEO
990l LoBsMmoz35 A9dMmYgbgdo  0bGHYgBHPW MM 3OHMYMST0MYOSO
3mbGOmeg®o  Zelio Logic SR2A201FU o dsbdo Bo@300mwmo  seoam®omdo.
000Mg 53 3Ho3oL Mgl 9d3L 8 Mg A5TMUBLLZEIE0, HMIGEMS BIOMZS-
390mmmM30L  LsdMsegdomsi bgds B3gbmzol LomMzgaro LIHsMIML sEHZ0MHM30L
3058303056 J0sbermgdmEo, 030EH0MGdMWwo bsdmdsm Mgg0d0L 894dbs. dmygzsboros
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69009-30635dGHMOMo bdgdob Bz9bl JogH 38939890 24 Lysm0sbo FsGM30L
9OIODO 55 000. BsdMmddo dmyzs60w0s 9939600896@0L Bo@oMgdol d9w9ao©
90090 M9oIMH0  O0SYMTYd0, MHMIGEoE 3MbEGHOMWgOHdo Bs®EGH30M00Wwo
36HMaMsdol  Igbodsdobo ©53300m30L  030BH0MIOOL  B0BOIME  dmEgwby
9O gd Fsb03)Es309dL Slobagl.

Lt .
File Module Zelio2COM Transfer Display Directories 7

Select the module category

4DISCR  4(0-10v) 4RELAY  Yes Yes  FBOAD SR2B1ZIBD
4DISCR  4(0-10v) 4DISCSTATICYes  Yes  FBD/LD SR281228BD

8DISCR - 4RELAY  Yes Yes  FBDAD SR2B121B

8 DISCR 4RELAY FBD/LD | SR2B121FU

1 | »

Ready AR

Bob. 52. Zelio soft - 30590l 0bEgHgEgoLo
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Program diagram
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Bob. 55. Zelio Logic SR2A201FU - Zelio soft -lsgzgbm®mgzsbo ds®ogol bigdgds 11T

Physical inputs

3b®. 9. Zelio soft - 3s60130L Lggdol gemgdgb@gdol 6mdgbzmsdm®s I

No Symbol Function Lock Parameters Location of (L/C) Comment

1 tﬂ ‘ Discrete inputs | -—- No parameters (1/2) START

12 $ Discrete inputs | -—- No parameters (1/1) STOP
Physical outputs

No Symbol Function Latching Location of (L/IC) Comment

Q1 jDiscrete outputs No (17/6) KM1

Q2 ‘(:7' ;Discrete outputsy No  (23/6) KM2

Q3 _k Q ;Discrete outputss  No 4(30/6) KM3

Q4 iDiscrete outputs No (39/6) KM4

Q5 | r jDiscrete outputs No  (46/6) KM5

Configurable functions

bd
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No  Symbol Function Lock Latching Parameters Location of (L/C) Comment
M1 1 Auxiliary relays | --- No Noparameters (1/6) (2/2) M1
™ g Timers No Yes |See details below (2/6) (3/5) (201) M
T2 ‘ Timers No Yes See details below (3/6) (4/5) (27/1) T2
T3 ﬂ Timers No Yes |See details below (4/6) (5/5) (36/1) (T3
T4 m Timers No Yes |See details below 8{2)1 §6/5) (211) T4
15 Timers | No | Yes (See details below éggj} ﬁfg,ﬁ’f’ N s
6 | (Yl Tmes | No | Yes Seedetais below g’z‘ﬂ %59)121)7({‘52/1) T6
T7 m Timers No Yes |See details below gggﬂ ﬁf’o) ,22)3/1) T7

Function

Lock

Latching

Parameters

Location of (L/C)

Comment

: ; (9/6) (10/5) (31/1)
T8 Timers No Yes |See details below @1/1) (48/1)
: - (10/6) (11/5) (24/1)
T9 Timers No Yes |See details below (3211) (49/1) T9
TA Timers No Yes |See details below (11/6) (12/5) (25/1) [T1
B Timers No Yes |See details below (12/6) (13/5) (33/1) T2
TC Timers No Yes |See details below (13/6) (14/5) (42/1) TS
: . (14/6) (15/5) (18/1)
D Timers No Yes See details below (34/1) (43/1) (46/1) T5
(15/6) (19/1) (26/1)
TE Timers No Yes See details below (35/1) (44/1) (45/1) T6
(47/1)

bd

3b®. 10. Zelio soft - 9sGn30L Lggdol gegdgbBHgdol bmdgbzwsdws 11
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31336900

6sd®™Ido  Bo@9MgdMo  Loddomgdol, Lsxdz9w by Tgodargds  go3539mMm
39000930 ©s13369%0:

1. J. d0@0obob 9wgd@®MIMTs652900L LolEGHIIoL mmbo sdf9g30 J39LsYMOOL
6-10 33 05330l Q535bsfiorgdgero  Fmfymdoegdgdol MxXMggdoL  (x9FMGO
390935¢00  bsHgdolL)  BZ0M™M30L  ©9bgdol  AsTIM33g30L  Logwydzgwy
QLSO YOME0s, MMI Jugwol gegdgbgddo Foedmgdbowro gargd@HMmadsabom®o
Q9963009390006 OO0 MIOBoMIOL B39O BsDBYdOL 9JBHOMMO
099d3H0Mo  ©A3003900L8 9600l  LESGHO3MMO @S  ©obsdozmeo
3655039 BHM0EMdS, (3903979 B3HYOTO 2535350 IGHZ0MM30L ©Ybgdol GOl
ROl Esdsbobxgd0m  2o6306MHMBYOMWO,  OE  Os3sDMBTo (33509050
356589@®900L Bo0o0o Mool 356HIMb0 3900l L3gdBMo s 860d36gem3gbs WdswO
954300 oddEsz3MOl 3M953030963)0;

2. 5396005, HMI 99dGOMIMTs653900L Jugeols 9ergdgb@gddo dodobsty
983-00L {o6mBmddboll doMoms dobgbBL Jg8gao Lsdo 5MBTRMMYOIWO BoJGMEO
3965300Mm390L  J39L5MEOL 6-10 33 dsd30L godsbsfogdger ImfYmdOWMdJIMD
QOO 5JBH0MO S ©959dBH0I0 IGHZ0OM39d0L FYobogMHO RIS O JoFMOMZS S
9099dGHOMGH9IbM@MA0MH0  IBIYIMIOOLS S  GEgdBHOMMAMTsMSYgd0L  Jugergdols
90999639030 Ho6dmgdboro dm3wgdgHm39d0;

3. 5330030l BoH03MHO0 IMYgdol Jgbfogerols Laggmdzgebg oagbowos,
O3 GH30MmM30L  sOLYOME0  IMYGdo  F0YMYdIE0s,  MoYSD, obobo 339G
MBOHM63900gmR9b 39w 39N BsHgddo Jodobscyg 9d3-gdby s dso doge Jugwrols
9999639030 453039090 §I-9d0L Q9035¢0bfobYdSL;

4. Bo@SMYOME0 33193900 399093900L 995358900l Bog3mdz9wby,
050935390905 ,909JGHOMIMTM3900L  JugEEol  IGHZ0MMZgd0L  BoDBOIMGO
3o, HMmIGEoa B3 gdsl 935d¢q3l, gaL-0l OB S Lsdwsem dsdzol
39739000 Y05-6093bLEOMJ300LS s SBsEo Jugagdol 3GIMgdEHOMYIOLSL, Rogsdstrmm
ULOHYEYMRBOEEO  A9TIM3IZE930  #93sbsfowgdgo  dmfymdoEmdgdIMb JogMHmgdIEo
999 EHOMGHbMmmaom®o  3033¢gdlgdol  FMdomdol  Mgx009d0L  T9IROW,
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000Mg) 135Ddo FoMdmgdbowro 9d3-900 s Jugwrols §ergdgbEgddo 253MEIXIOIEO
9900-909%0;

5. 909dGHOMIMTs653900L  Jugerol gobozmGo  ImEgwol  Fow3gLICno
3309900Lsm30L  Fgagbowos  sdBHowmo @S MJodBHOoMWo  ©IGHZ0M™M3900U,
9ONB5500560 06EgMH350l, LorgbMHM3560, MY-WIBMEMO FMS3303900;

6. 990m535%9890 BH3060H™M30L 530037960 9dmgeobysmzols
0509995390905 doeMo bsfool 3oebsBmgzsbo bdgds s do3MM3MM3gLMOMEO
9sOmm30L  LoLEQDs.  FoMM30L  LobGHGds  FguEOMEgdMEeos  3Mm33sbos 8690
999 BHM03oL* dog6 Do00mgdmeo 36HMyM53069d50 3MbGmMEgMHol
(06 9e9d@ Mo Mgarg Zelio Logic -ob) badwyswqdoom. dsemzob LobiEgds Imo3ogL:
5JHoY®0,  0bEYIgoNOo @ GIZPENOO  IXOIEIOOL  FAXIIIWO  BobYool
©59M¥)3000939 FoOHMZ0L dEM3GOUL;

7. 9094356539008 JugEEol  EsGH30MM3900L  BobogMEO  dmEob
BOM39Mo YR OIool 306599 BHEMdoL  goblaBrzMolsmzol  Fgygbowos
350935& 037160 459mbobmemqd9gd0;

8. ©oLsdMMYPIMO0s, GMI  F90MM35HJOMEO  IGHZ0MMZJO0L  BODBOIMMO
9mgo  1BdMegdsl  2353¢93L  BogsBHOMM® 909G MIMTG900L  JugErol
BoWw3g BsHgddo d0dobotg 983-900L dglfogwrs, dsm doge Homdmgdbowro s
Jugol gergdgb@gddo 33MIFILIINWO J8E-gdIBOL LONWYINFOWO 3dIMIZLI30,
©5350306Mmm 9d-930L bollosmOo, 356599BHMYO0 s HoMmdmddbol JobyHgdo Jugwol
985030l Bo0dgEMMdOLy s BEYMIMIOL, 9bgeygBH03Mwo BsB39690gdols s

9696293394 GHMOMDBOL 5350930l Jobo®{gzo.
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