LIJIMAN3IATML GIIBENIIMN
J6N3IMLNGIDN

1922 5NEV6

bogo sU3s60dg

994 EHMMEo 9bgMaool batolbol gsdsmsmgligdgero
3dbdsm9gdegd0l 009bEH0803s30s ©s Is00

393egbol I9Bmy3z0L bgMbgdo s aBbgdo

0o63my9b00s Mmd@EHMm®mob 53509d009M0 babobbols Imlisdm3zgdes©
LoMdEHMOM 3OMYM5ds: ,9690Ma9E035 s 99dEHOM0b70bgMOs*
dog®o: 0713

LogoOM3ge ML 39d603996M0 9b039MLOEIE0, 1Md0EoLO, 0160, LyJsGmMzgerm

2022 6.

1553GHMOM MRWgds © 2022 9o, MJGMObEGH0 bogs sb3sbodg



LsdsGm39wmUL gdbozmmo vbogzgmlodgdo

B3N AIGO: J6IOFIE030

396, 939069 bgaroldmd[g®bo 35sLEHMMIOm, M 93935600 bogs slidsbodols
30gM  dgbOmEgde  LEEOLYMESE0M BIAOMAL  SLEbYgdom: ,,9e9dEHEo
96963008 bsGolbol  gsdsmoMgligdgero  dmIbAsMYOEgdol 0©IbEHO0BOISE0s ©S
35000 531960l 89BME30L byhbgdo s aBgdo“ s 350¢g300 MH93mI9bEOL
LogoOm3germl 3946037960 bogzgMbodgBHol LsobgobMm, &gdbmemyomemo s
L50bgd0LIYBHY39 ™ Bob039OLOEIG™M LOOLIMEIEOM LodFmTo dob gobbongsls
©MJAHMO0L 53500930M0 boobbols Imladmg9dws.

bodg 36096 bgerddmazsbgwo/bgerddmgsbgwrgdo: &ad. 99ib. 3960sG0 3. Fobs®sdy

9396%96¢0:

69396%96G0:

LAJIMIIINMUL GIIENIIMN 2
J6N3DMLNOION
1922 BEMIDIG




LsdsMm39wmUL gdbozmmo wbogzgmlodgdo

2022 .

533mMo: 603s s13s60dg

3lsbgErgds: ,99dBHMI0 goIMAOOL boMOLLOL YodswscMgligdgEro dmabIsMHYdLGdOL
090G0R035(305 s 3500 2531960l FgBM30L bydbgdo s ybgdo*

LscomgGHetm 30maMds: ,9696M93035 s 9EgdGMMmobgobgmos®
30560390900 335¢083035305:  9696MAgBH0I0L S JEgdEHM0bI0bgMOOL MIGHMMO

Uboomds Bodoeos:

0b030MsE Mo 3063699900l o6 0bLEGOGHGHJOOL dog®
B90mImY356000  sLEHYWIOOL  EOLYOHEHOIEO0L A53bMdOL Fobbom Immbmgbols
d9dobgg35do dobo 9653mIgM30MEo JoBbgdom 3m306MH9d0Ls s 3039 gdOL

Mi3Egds 80603900 5943b Lodo@mzgwml 39dbozme Mbogg®lo@gdl.

53¢ ™6OOL bgedm{gMs

33GMM0  0b5MBMBJOL  ©obs®BE  LoasdmIgdcrm  MBgdGdL s O3
3000560 B5IOMAOL s 563 FoLO Fow3gNIo 333MbBYBEHYIOL 2oodYF3s 96 Lbgs
5009 dgMmEom  MH93OHMEYJ300  ©19d3909w0s  93GMMOL  FgMHowmdomo
6905030l go®m9dy.

533™6M0 06(j0m69gds, HMI b5IOMITo 259myqbgdeo Bss3EHMOM MREGdgd0”
O3 BsLoegd by Jowgdos Jglisdsdolo bgdsmm3s (FoM©s 08 93069 Bmdob
GOGSGHJO0LY, HMIYd0E FMmombm3zgb FbmErm B3xE0B0IM J0T>MYISL O EYMS-
GO0l 30GH0M90530, MMM gb 0MgdEos Lsdgboghm bsMMIgdOL JglBrvenyg-
doLOL) S Yz9es 350969 00gdL 35LvbOLITYGOELMASL.

LAJIMIIINMUL GIIENIIMN 3
J6N3DMLNOION
1922 BEMIDIG




Mgbomdg

LoobgM@Hsgom 098530  gsbbowymos mbsdgtmgg  AmBEoMl
99JGHOMLOLEHYTGOOLsMZ0L  sbowo AsIM(3935 g gdBHOMwo 9bgMHPooL boGolbols
dmboEmMobaol aHgdo. dmboEmMobaol 99waq00L godmygbgdol bLygdm s dolbo
15O dOm  JgdBHOMIbIMAOEH03Mo  LobEHJIolb  9gergdgb@gdol  3MbEHOMEOl
0mbolidogdgols 0909493539000 bgdbgdo. 536939 DomImagboros
909dGH™M9bgeaool  bo®olbol  Jgdi3060900Ls @S AoJOHMdOL  ©9339bo309d0.
5659900M™m3g dbmxzwomdo  gugd@BmHmgbgcygdozmwo  Lol@gdgdol LHGsxo  ©s

R96O0MI5IBH900560 39630069001 BMEDY  vME0Egdgo  Asbs g9 o
969600l  bosdolbol  3mbGHMmeo.  Fglodsdobs,  dgoddbs  L3gEosEMEO

33¢)M3oE0HD0MGO0 o3mbEHOMMgdw0 LobE)dgdo, HMIGE™MS JOMOMEO 5dM (356
3°bs 99dBHMMEo 9bgMA00L boGolbol 35659E™Mgdol dmbo@mEmobyo s sbserobo.
99dGH™MLoLEHYIOL 29630056930l 30M39w  9BI3DY g gdBHEMEo  9bgdaool
bs®olbol 956396900 gds  2560boggdms Fbmem@ ™mMo 3sMdgEmo: Lobdoy
Jugedo s 4035 JugErol mommgnen 3356d30. I3, OMMS Q96Ts3eMdSTO
9 M9gdGHM™9b9MHAgEH0I M0 Lobgdol 3963005609356 IOMNSQ©
9 99GHOMIMIBASMGOGEOMS dmMob 250mbhbb9b 5M5L039gEHMOMEO,
3O5L0bMLMOEMOHO s 3390M (3390900  FMbToMdoL dJmbg 9wqdgbEHgdO.
d9L5d5ToLOE  LyFoMm  Asbs TbHg3germdsdo  Jogrm®  JgdBeOo  gbghyool
bs®olbob 9gbogzoligdes ©sds@gdomo dsbz9bgdergdo.

Do60magboe Loolgh@ssom bsdmMmddo sbsbwmeos gugd@®m 9bgMaool
bs®olbolb 3mbEHMMEol 39d560Baol ghHm-gMmo Fogoe000. b5dOM0 dmoEsgl bwom
dO0mo© boffols HMmIgerms 9HmMd0Mmds3 Jabol Lods@mgzgwml 110 33 dsdzoLs
LOggHYOHOL  9OM-9OH® Y39sHg FoMM Jmbdocmgdol IJmbg mGo  J3qloamcol
909G 96960300L HsMOLLOL BBl s JMBEGHOMU. Bo@o®madmero bsdmdomls
doBobl  HoMdmagbl Lo33¢930 396M0YBHMOL 9 gBOwo 9bghrool bostolbols
5806dM9go0l MboL goblsBwg®s, ImbEgl Jugwol Esdsbobxgdols dsdmadfz930
d0BgBdOL  50IMPYBs (Fomo sOBYOdMBOL FgdmMb3z935d0) s HoermBobwgl mbolidgdgdo
99JGH®MboLEHYIOL  Jugerdo boGolbol  ©sd0bdwMmgdol MBoL FqlodEoMmgdes©
660l RoM9dd0 96/s LOEsE 50IMLORLIMWS.

dgmMg 930  dMmodogL  bsdMMIoL  doMomo  bofoerls s  3sldo

LOgYHYOHIOMH0Z5© A9BLOEME0s WOEFIMIEHMMS 9GO o 9bgMAo0L bsGoLbol
3965393900l dgbobgd.  5©0bodbmeo  MgMmMoo  13oMbgdL  Mob  sbemogls

»domsm 33930l 3909390 J00gddME0 3M9d303w0 0b6Rm®mTs300 sBbmzwgdo.
Bo0MYse0d90m0s  MOMMIMWO 35039 HMOL  (©Tsbobxgdol)  Ho@mdmImdol,
299m33930Ls @5 odmbfim®gdol  Jglobgd  0bgm®dszos.  39Mdm©  99d9a0
3065093HM900:  30M3Mbozmwo  ©sdsbobxgdgool LMo  Loby:  OHMEMIGOZM
3503mbozgdo, xsdM®O  35M3MbozMeo  ©odsbobxgds,  0bGHYMH3sMIMboIMEo
535b0bxgds s Ld35MIMb03MWo TobObKGS; dsd30L BIEBLMBS; Lobsoeols
3093030 Mdg3gMom@osbo (PLT) @s dm3wgdghommosbo (PST). bLobdo®olg o
dolo  FoMEMIOMO  Q5IbMY; dsd30L  (33¢0gds  (39M05305) (voltage variation);
dsd30Ls s 9Bl LoBMLMOOL sbMTsErogdo (sag, swell, notch) s dsd30L §9y39¢)
(Voltage interruptions). sgM9gm39 gobboemos K god@m®mo, Hmdgeog fo®dmogqbl
@960l 356H3Mb03gdol 2030960l 3095303096GL EHOIBLFMOTSGHMMOL 2oIbMYdsDY.

LAJIMIIINMUL GIIENIIMN 4
J6N3DMLNOION
1922 BEMIDIG



909dGHOMo  9bgcyool bsGolbol 33935 BRo@oM©s LoobyMGsEoM  bsdMToml
33930l ™d09d3HJdbg.  dmiEgdo  bsddM@dol  33¢0g30L  doMoms  JoBbsbL
DoM08mo9bL Lodo®mM3zgermdo, Jowsd mdoobol d9dmysmgbdo gugd@mmboldgdols
110 33 95330l Loggbwmol Jugerol gwgd@®wo 9bgMaool bsGolbol  xsdmeo
©535bobxgdol  mbol  go8m33waggzs.  9Ju3gm0dgbGH Mo 4oBMBz900  BodeMms
993 5GHSE30530 AYymey momb  Jugboa®do. 33930l Jobsbos  LodsGmggarmdo
g439wodg  0F0OM©®  iLobgdwo @ FoommE  0bEMLEHMOMGdMOo
A9IO0GHMMH00L  gagdBHmeo  9bgMaool boolbol M3s 33w9g3s s bodolobol
©535b0bxgdoll  bmMToL  QobLIBOZMS.  JOMPOMMMOE  g39gws  J39LoyMMTdo
39b6bmM 309 BodoMmzgwmlb  gargdBHOmlbob@gdsdo 2021  Herol  Bogbwyerols
396000l 30399600 ©sB30M0mM30L MM, 39MdME 030l ™3980 S LyJosMMNZGE ML
99dGHOMLoLEGHYIsdo 2022 Farol BsdmMol 39H0M©OL 3032900 IGH3Z0MHMZ0L OMU,
306dm© 0063006  ™3980. yzgws  Imfymdowrmds 33930l 3gMom@do  ogm
LobJOHMboBoMYGOMO. BMmboBHMMOBAOLMZ0L Asdmynbgdremo 0dbs Jomawo LobMLEol
3wsbol  99dBHOMwo  gbgeaool  BsMoLbol  Bsdmbodm®mobym  dmfymodommdgds
Omdgwog  dmbo@Gm®obyl  sbm®Eogwgdl EN50160 U@obod@Hol  Lsdwmswgdoom.
535b056539 994L39M03g3HOL 9IRS F0WJIMYo 9YRJ00 FgRsLRs 2014 (ol 17
3360l LodsMmzggarml 9696my9BH030Ls s §godmBomoggdol oMy EoMgdgELo
96m36mwo 3mdolool Ne 10 aygboergdoom domqdyer ,,Jugwol §qlgdl”, Gmdgeos
d9L53530LOE F9BLEBOZMIZL LoJsOMZg ML gergdBH®™ LobiEgdol dmbsffocrgms dog
39005933990 JugeEols 256300056M9d0L, BsGM30L, bgedobs)zmMdOLs s YBsgOMb®
LOMRAIOXMBOL 3OMEIOYMIOL, 306MHMOJIL, 3M0BE0390Ls s LEIBIMEJOL. 331930l
39092900 339999005 O0saM53900L Lobo. MOMMYMEO OYMTs IMOE3I3L LEWE
06836353056 oMo bsMolbol  3o6M5dg@GHEmoL  Tglobgd.  dglsdsdolis
393 900LY35M9® FoMDY IEHIB0W0S JegdEHHIo 9BgMRO00L ba®olbol Bw3zdgdo
5 bm®3d900 ,,JLgerol Falgdo -l FgLodegdEMdd0Ib 35dmIEobatg.

d9Lsdg 3930 IM393L LogMHMSTMOOLME F0WYdIY ©930I96OE0JOL MMIEGOO3
399Mm0yggbgds  gugd@BHemeo  gbgeaool  bos®olbol  ©sdsbobyxqdol  mbols
09L5930090sE.  ©93mI9bs30gd0L  dobgzom  sMbodbMwo  Lszombol
2590bSLHMOGIS© 45dM0Yygbgds Lb3oLHIS JergdBHOMPIBIYIMIO0, BOEEHMJIO
565039 BHMOE0 ©SBH306MHmM900L LHmOo 390565HoEgds, OMIwgdo3
BO63900gmR9b BogmmsTmOOLM bEObIMEJd0m ImmMbmzbowro goblsbrztmewo
6®3gdol  ©o335L.  gugbos  2osdgEBHId30LA0  TESZ0  FMfYMdOEEMds,  dsd30L
93O GHMOJO0, 25MTZ5w0 3OM(39LOLYSL (339, LOBIESZMOL 3MmgB0E096EOL
3oLHmE9ds,  LObJOMbMo  3mIZ9BLOGHMMGOOL  2odmyggbgds,  9MOFIBOMmYOIMWO
53H3060m3900L  LEBOWNMHGds, 35MTMb0IMEO BOWEMID0, LESGHOIMNOMO 356
3003965@ ™00 ©s LobdOHMbo LEE0IMEMO 3000396LOEMMNdO.

dgmmbg 930 Im393L LodosMmzgwrmdo dgdsMg gergd@GHm M 35¢me Mgy
0m0M8539 9O-9OmMo  Jodbbol ™G 330600560 Tgagdo  bogbmeol  3ozmeo
©SAH3060Hm30L  39MH0mdo. gl JoMbobs  s©FMO3wos  LobdOHmbmwo  LESGHIMMO
3M3396LoGME0,  OMILSE  9gal  BsIgbgdmo  35MBMbozMwo  BowEHMYO0S.
9mboBmMobaol 30M39w 33060500 9EgdBHOMO 3OO JoObsbs ddomds ool
06:00 Lo5»0@H LoEsdml 18:00 Lss™EY. bmeom IgmEg 330600l A56d53¢PMdST0
L5sdmb 18:00 Lo5»0WB EOEPOL 06:00 Lss™EY. 50LBOTBSZ309, OMA 5T MO 33060l
39600do Joebsbs 3m8smd©s LOHVIO OGHZOMMNZ0m. 5356 30 LT gds BMYZE3o

5339b65bs M5 353e0gbsl sbIbL gegdBHOMO 35O JoMbbs 9wgd@®mMmboLgdsy

LAJIMIIINMUL GIIENIIMN 5
J6N3DMLNOION
1922 BEMIDIG



LobdOHMbMo  BEGIGHIMOO  3m339bLOGHMGOOOL  Fdomdol  30MHMdYddo  ©s  dolo
390mO0  9MIoMgMdsdo  ymabol ©OML.  s©0bodbmwo  33wg30 dobgzom
5306y, ®MI LobJOHMbMEo UBEIGH03MOO 3mA3GBLOEGMOOL F/Fomds  JoObbO
Lo GH990Bg SBbMME0ggdL ggdBHH38o 9bgMrool boGolbol Mo 3565d9@ MOl
Lobomeools  3083080Ls s 35M3mbogmeo  B3gdBHMol 93s80m  Fgd30MgdL
535b0x g0l Mbols G993060M9gdsL.

65dO™MIol  oliggmobomo  foffocro ImoEogl MIMswm@ 03 F9gagdL o
93039653090 MMIWMdOE  I0LLby  BoGoMgdmwo 33930l dobgzom.
909dGHOMwo  gbgeyool bsolbol  3mbEMmMm@Ol  gsblsgoma®mgdmo 98 93H93bHY
5300098905 ©53w9ds3wgL S F90gddbsl bE9bIMEHJd0, BMIWgdoz ImMmYgdMwo
096905  LodoOmz9wmlb  gargdBHmmImdsmoggool  Lol@gdol L3gEoB03sLmsb.  dslido
Bomgro by 0gmlb  2oblsbEgmwo  ©sTobobxgdol wodo@gdo. opo Mbo
©59%30309L Logodmnggeomls 9696293 030L5 QO 09500MTs6599d0L
956093009390 ghmgbmwo  3mdobool dogh. 530l 9999y LBEIBWIOEHYIOL
L593vd39w B ImbaL 9E9gdEGOM JugErol bsfforgdol 3mbEMmmero.

LAJIMIIINMUL GIIENIIMN 6
J6N3DMLNOION
1922 BEMIDIG



Resume

The dissertation discusses a new challenge for electrical systems in the modern
world, ways to monitor the power quality. Recommendations for reducing and
disappearing power quality are also presented. In the modern world, against the
background of rapid and large-scale development of power systems, it has become
necessary to control the quality of electricity. In the first stage of the development of the
electrical system, only two parameters were considered as indicators of power quality:
frequency in the network and voltage in each node of the network. However, over time,
with the development of the power system, asymmetric, non-sinusoidal, and variable
consumption elements have emerged among power consumers. It was therefore necessary
to take into account additional indicators to assess the power quality.

The presented dissertation presents one of the examples of electricity quality
control mechanism. The paper includes five main parts, the combination of which creates
an analysis and quality control of electricity of two substations with one of the most
widely consumed 110 kV voltage levels in Georgia. The aim of the work is to determine
the level of pollution quality of the electricity perimeter of the study perimeter, to
identify the causes of grid distortion (if any) and to present measures to reduce the level of
quality pollution in the grid within the norm and / or eliminate it completely.

The second chapter covers the main part of the paper and discusses step by step the
literature on electricity quality parameters. These theoretical issues are accompanied by
practical information obtained directly from research on inflammation. Information on
the origin, investigation and correction of each parameter (distortion) is established. In
particular, the following parameters: Complete type of harmonic distortions: Rogonic
harmonics, total harmonic distortion, interharmonic distortion and subharmonic
distortion; Voltage imbalance; Light flicker long-term (PLT) and short-term (PST).
Frequency and its relative deviation; Voltage variation; Voltage and current sinusoidal
anomalies (sag, swell, notch) and voltage interruptions (Voltage interruptions). The factor
K is also considered, which is the coefficient of influence of current harmonics on the
overheating of the transformer. Electricity quality research was conducted at dissertation
research facilities. The main purpose of this paper is to investigate the level of total
distortion of the quality of electricity of the 110 kV voltage grid of the electrical system in
the suburbs of Tbilisi, Georgia. Experimental measurements were performed at four
operating power plants. The aim of the research is to conduct an in-depth study of the
quality of electricity in the most densely populated and widely industrialized area of
Georgia and to determine the norm of quality distortion. Simultaneously in all substations
during the peak load of the summer period of 2021 in the Georgian power system, in
particular in July, and during the peak load of the winter period of 2022 in the Georgian
power system, in particular in January. All devices were synchronized during the study
period. Power quality monitoring device was used for monitoring, which is monitored by
EN50160 standard. In addition, the results of the experiment were evaluated by the
"Network Rules" adopted by Resolution 10 of the Georgian National Energy and Water
Regulatory Commission on April 17, 2014, which defines the procedures, conditions,
principles and principles of transmission network development, management, access and
safe use.
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The third chapter contains the generally accepted recommendations that are used
to reduce the level of distortion of the quality of electricity. According to the
recommendations, various electrical installations, filters and correct distribution of
asymmetric loads are used to correct this issue, which ensure compliance with the norms
required by international standards.

The fourth chapter covers the two-week components of one of the factories
operating electric arc furnaces in Georgia during the peak summer period. This plant is
equipped with a synchronous static compensator, which also has built-in harmonic filters.
During the first week of monitoring, the electric plant operated from 06:00 in the
morning until 18:00 in the evening. And for the second week from 6:00 pm to 6:00 am. It
is noteworthy that during these two weeks the factory was operating at full capacity. This
allowed us to see the effect that the power plant has on the electrical system during the
operation of the synchronous static compensator and when it is off.

The concluding part of the paper includes directly the results and
recommendations that were drawn according to the research conducted. In order to
develop quality control of electricity at this stage, it is necessary to develop and create
standards that will be adjusted to the specifics of the Georgian electricity supply system. It
must clearly define the distortion limits. It must be approved by the Georgian National
Energy and Water Regulatory Commission. After that, the parts of the electricity network
should be inspected based on the standards.
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603MdM030  35M3Mbo3gdol  LEwwo  L3gdGHMo.  9Ju3gM0dgbEol  3gMHomeols
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5MHYMBoM0 56 6em3zs60 308g3MMdOL ©gbgdoL 0bgdoL 5dm.

dsd30L  OLBYEESBLO Fgodgds godmofjzoml LodxmsBs Jugedo Lbgssbbgs
735D5Hg ©9BHZ0MOMZ0L 5M5MIBBIMTS 29b65H0gd5d. 530939 9 9dGOMLOLEHYISBY
dogMmM9dME0 dM93900 Fg0dEgds M35 2obbgb dsd30L MBI IBLMBOL gotrm.
5JBHommo @5 0bMIBH0MOO0  IGZ0OMZIO0L MBI IBLMdS  gargdBHG™  dMogol
S0 FMMH30™dsdo 0fj3938 ©gbols s dsd30L  WBIHBLMBSL. gargdBHB™ IM539d0l
06980, dmIF)M9dBg 96 ULEHIGHMOMOOLS ©s OMGHMOOL 46Msabowgddo, dgodwgds
©939d3900 259m0f30mL BsHYOT0 1YBd5EsblMdOL 30OHMdYdTs.
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LMo dsd30L  FogLoToMIMO  2oEIbMS  oBgdol  3B0T3Z69wMdYGOOLYSE,
39535600900 15do FoBoL dsd30L Lodmswm 3608369 MdLML, 3GM396E9dd0.
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2B6HMb39gmBoo 0yml 59dE0IMHo Loddwsgzmol MHxHBIM30L sGLYGdMdIOL 306HMdYdTO.
93O bobBHgdsdo ML gmzger dmdgbGdo bs ogmb YBOHYBIgLYmgowo
99JGHOMLOYMOOL  2969M5G™MGdOL  LOTAEEZMNIOLS S WIGHIMMZgo0l  FJoge
dmbdocmgden  LoddErsgMggol ImMOL  GHMEMds  (05¢sblo) gargdBHOme  Jugerdo
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3993056569 LogoMM39eml BHIM0EBHMM05Bg dobo BmiEHo 36033bgemdOl owygbs
bbgs 99 GHOMBLoLEGILmD LobdMmbmmo dmdsmdols sEIbol 30MMdgddo 396
dmbgMbgds.

2.5 95030l (33¢r0e0gds (35605305) (voltage variation)
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3965f0gdol Jugarolb botzgHgdols s sGH30MHM30L 3MHMdEYIYOUL.
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90050Ggdsdo,  Mog  990dEgds  2odmfzgMwo  ogml  dgyzsbol  Loddszmol
(339¢905MOOM,  OIGZ0OMZJOOL (3395 gdoEMBOM  (Top.  dMOZGOOL 533909,
396930900  LoLEBHYTS) 96 LoLEHGIOL  QoMToMICSMBOLYSD.  dsd30L  (335¢JdSMdOL
5396m39bo 5oL gbgeyool batobbol JMM-gMmo Fmo35Mm0 3MMdYTs, o0 5356
390dgds 498mofjzomb gargd@cmm/gugd@®mbrwo dmfgmdowmdgdol sbosbgds s
31939 3608369c0m3z960 5®99539]EHO™ds [10].
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(59d9Bo©) ©> 9993306090000 (05¢ASD3ZS), MMIwgdoz bogds dgdmbggzom,
bsbgMdwogmdom, OGMIGoE 033egds  OM™s  296353wmdsdo  LolEgdol
3060MdJOMIB O ggdBHMM 25650 gdslmsb s393d06Mmgdom [21].

2.6 ds030U (9399 (Voltage interruptions)

306309@M F9OE0wgddo dsd30L (Y3930 0bgbl 003l, GmEglsg 860d3bgwmds
93995 Bm3obser®ol 10 %-08g s MBOHM b53¢gdbg 39M0Mm©osb (0,02 §sdo) 60

$odo9g 0b3gMz5cnTdo. Fo0dmgdbol JoBgHgdos: 0BMESE00L F9MPZg3s, §99dsMHM30
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dsd30L 60993900 5oL 96gM00l bo®olbol 8myz35M0 3MMdETs, HMIgLya SfiYygds
PV-%g ©0533mdbgdmewo 300M0o@vero boli@gdgdo dbolb godmbboggdool bsbdmzwg
(3390905MO0L  A5dM. 5356 sbgzg TFgodegds 3995 BHOMIOML  LHEOLEHMOd(30M
AOBLRMOToGHMOIODY  295FoMVJOME0  93BMTdGHOO  Mmb3sboL gz, Mo
3930965l 95bgbls BHGMbLRMEOTsGHMEMOL LogmEbaol bsbyMdwozmdsHy s FoBOOL
Peron® 394603796 bobrxgdl. LobGgdMMo derm30Mgds dgodwgds dmbgl Jugerdo
39bsbaMA0399Mo dsd30lL AodMm, MMdgwog (oMmBdmoddbgds doosh dswswo PV
2990353500 39MQEBOL  aodm.  JgmOgl  IBGOZ, IAMIO oo dsd39d0
3O5LObIMBOGM 453w gbsl bbbl  Jugerol  s®FMM30@dOL  Lomabarols
bsba®d03m05%g. PV bobdgdgdosb §os®dmddboero 05030l d96yggmds” d9odergds
3wo0R0E0MEIL dsd30L EOLBSESBLIE S dsd30L ofj935, Mg 0fi393L 9ol 3w
Bo3ol [29]. Jugerol dsboliosmgdegdo sB939 293gbsls sbgbl gbgMgool baGolbol
153000bBY, MO0 5330l oEHgds bgds 35806, ML 3OOl Fo0oro Fobswmds PV
399035350l O MYObwmgl dmIBY Bgs GHOBLRMOSGHMOL ImEMOL. MrmEgbsg PV
3990353500 LHOIRs© 0BOHEGds LYLE LobEGdsdo POXBEEOL IMIMSMIOL godm, dsd3s
Log®om Fggemgdol F9hGHowwdo 0BMmEYds ©s 30M0Jom. dsd30L (335¢gdSMBOL
23930965 M@POM  OTsd  do  dsd30L  B0d[hMmYdEgddo  Lodmeerm  dsd30L
00990 gdmsb  Fgscmgdom, Mosb X/R-ol 9603369wmds 8  935651369e
d9000b3935d0 MBOM Foo0s. gEgdBHHMH™mabgMaool LodoMmol3oMm bs35olL Lszombo
Dom3m0ddbgds  F00fm©adgerdo  dsd30L  OLBSEIBLOL  A5dm, o3 2odmf3geos
dodhmgdgedo PV §o®dmddbsls o dmmbmgboll dmMol  oldowrsblols  godm.
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90DxHgd0s 58060, Im3wgE BsM®M35, LOLEJIOL 2osGHZ0MMIS 303996 MBIy s
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390009090l s 0Ly 9MIRbg390s MTS 33¢09393000L FoGHIMYOOL Focgdy. Boasd
9500 ©5Mm9bMdOL M3MBGHOMWMm s YHBMINE HBOEs 339 3003000 LoxOHDbY
359900 39350090 LoE530900L  Fo®mdmbogdbgero 96 300y  935M0mE0
QOGYYS3E00L 2ol53d50MGOES.

33w930L 39Momdo B d39Lsa®do sxodboMm@s 129 dsd3zoLs s gbols
LObMLMOEIOOL  SBMTo0s  9J9gIB 03wWwolol ™3980 oym  sxojloMgdo 72
3990bg935 begom 056300l 03900 57. G d9gbgds A J39L5OL 05630l M39d0
5530JboMs 61 Jgdmbgzgzs, 0563MOL M39d0 30 24 J9dmbggzs xoddo 85. dmyzsbogro
LAoGOLEH030L Jobgz00 930005 3MI3sm, MM 53 gBHO3HBY ©Ibols s dsd30L
LObMLMOIOOL S6MTo0gdOL MOMYbMdS Fglsdhbggos oGs o 96 JJmATOSD
65039 253965 dMIBObMB g g@HOMLOLEYISDBY. F9dgao MFobgbm BMEs 30
6590305 JqlodEgdgE0s 2obIL oMM gdgdoL Ho®dmddbols dobgbo.
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2.7.1 35330l Lobmlmool wMHoBmgdo (voltage notch)

dsd30L  LObMLMOoOL VOHOBMGdO Fg0odEgds SVOHIOML, OMAMOE AMGIMIOS
MOMEOYLYE  (33Wo©o  dsd30L  Loog  939ds by 9306y  39Momol
3960530 Md530 (3999 900L53906 J03MMHodqdol 496353 Mdsd0).

399ma()3930 d0BgHydO:

dsd30L  Lobmlmool  WMHoBRMgdo  M30MZ9wgl  ymzwol  Asdm{3gos
L53BIBOSBO  dMAMMO  A9BTsOMZgEo 96 3MB39OGHMOO  HMAWgdoiE  Homdmddbosd
dmdog ©IbL.  sbodbme  Fmggbsl  SEYoo 53l Lbbgoslbgs  Bsbgdol
©53930060930LSL O BBsMIMMOL  IMIgIgPM3900L  EOML. QoM sdols
Lo®dolgmeo Bs35M©Bs LobiEgdol bgdoldogH HgHEowdo 0bwdEomeo gogwgbol
9909205. dgLods30LO© sdob0bXJOOL Bsg356M@bOL 3Mmbyg Bogmzs™mo 3mBmES300L

30obg.

w=cos *(cosa— (X + X)) — a

LooG3: M - 3MINGHoEool 3mombgs; a - dgmol 3mombgs; Xs - Lol@gdol
095300 §obspmds 3mb39MEHMMOL  05Bsbg ghmgmedo; X: - 3mb39MEGHMOOL
AOBLRMOTEHMOOL MgodEH0Mwo Fobspmds 30mb39MEHMMOL d5BIBY 9O mEdo; Tdc -
9103030 ©9bo 3Mmb39OEGHMMOL B3BIBY gOHMYMgddo; Ex - HgowrmMo dwdogo
d5030U; Eao - 00gm&omewo d99dogo dsdgzs [6].

989JH9d0:

dodz0L  LobMbmool  WO®ORMGdO  HoMTMoIbL  39MIMbogMe o
565356>3Mb0 3o LobJoMggdl HMIWIOOE MBOM FsMOE0s 30O 0bo GMIWgdoE3
50dmBgboos oo dsd30L  LobBgdgddo. B3gmMEgd®mog gl LobdoMggdo G006
Moom LobdoMggdols dsB3969d9edo, MHMIEgdoi 0(39390 “Woymzom 9339dEH9goL
OMYMO900355 BogbsErol TgxgHbgds WMA0396 s bd3mdMbo3szoMm Ldgdgddo.
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2.7.2 350300 9993560 Bo3gds G58mgbodg 3gMomols 968s3enmdsdo (voltage swell)
dod30L  MgEs®o  F5BHgds  HoMmBmoygbl  bmdobswrmo 9609369 md0©I6

dgoboge  BeMs dgodg bsba®Iwogmdom. g B39MWgdMo3  25dm{)39os

53mIO™M39egdoLs s 39dN0d39cgdol dmddggdol 99wgae® A9dM{3gero MIseols

sborgdom.

2.7.3 353300 9993560 B350M©bs Mo0gbodg 3gHomols 3968s3emdsdo (Voltage sag).

d5d30L 93900 B35MEbS FoMmoyqbl goM339mw d3060g 396100056 dsd30L
36003690md0ol  Lsdsm 3603369 MmOl Pog35MmBIL, GMIol Bogs®bol mbg
9d969ggmdL  bmdobsgrm@mo 96033969emdol 10%-sb 90%-0g IEEE ULEobos®@ol
dobgzom (bmerm EN 50160 U@obosd@Hol dobgwogzom 1%-sb  90%-0g
Bmdobsgrm@o  dsd30lL). dod30 93900  B35MEBOL  bobaMdogmds dgMygmds Y2
39600056 (0,01 §s80) 1 {mmsdg. glsdsdobo dsd30 BsBbgdzol boba@dwogmdsls
4mg396 LD 35BHJRMO0S.

L. dgologco - Y2 3960m©0sb 30 39M0m@ob bsbaMdeogmdols;

2. Dmoogeo - 30 396m©0sb 3 (odsdg bobamdogmdol;

3. QOMYO0mO - 3 §530096 1 {90989 boba®derogmdol.

dod30 939600 Bo35MmbsT Fgodegds 2obLo3MmMMGOME0 453cgbs dmobobmls
339030 ©s  0bEMlEGMmomE  dmdbdsmgdwgddg. 030  Tdgodwrgds  gobgls
0bMLEGHMOoMwo 3OMmEgLOL Bosd®Mmdol dobgboi 30, dowmbgwsgs 0doby, M@ ol
00mgdol 56 9909hbg3zs gobsmgdol LoliEgdgddo GMmAMmME 309300s®. s3Mgm3g dol
d9Lsdem  9839dBHO© 09230005 BI3MZ9mm  gargdBHO™m  LoLEgIol BodMmds
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