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Abstract

Problem is higher order harmonics in part of electromagnetic compatibility in
electric networks. On the one hand according to a strong increase of the development
new technologies in recent years, which has growing up consumption and makes
distortions in the electric circuit (converting machinery, electric arc steel melting
furnaces, etc.). On the other hand - the technological processes of the electronic
automated systems wide distribution, which are sensitive to voltage and current
distortions of form.

In recent years, transmission of electricity for the long distance widely used
HVDC, HVDC has important role of connecting two countries power system, which
is required for interstate transmission of electricity to commercial agreements strict
performance. The HVDC has got as merits as number of deficiencies. One of the flaw
is having powerful valve converters, which is sources of the voltage and current
higher order harmonics. Existence Higher order harmonics in the load nodes brings
substantial material damage and further reduces the work of the electric equipment's
technical and economic indicators.

Therefore HVDC's connected to networks in the 40th row of harmonics

including interstate standards (I'OCT 13109-97) is strictly regulated by the higher

vii



order harmonics of normal and maximum permissible values. We should note that the
HVDC network connector of different states, current and voltage rates are component
of quality standards for electricity conditions, which are regulated under the relevant
agreements, so that their failure to comply may lead to certain economic sanctions.

The dissertation research work is one of the main object of the powerful
electricity supplier and the largest source of harmonics - Akhaltsikhe 500/400/220 kV
voltage and 700 MW HVDC substation and a 220 - 0,4 kV voltage networks
connected thereto, and the higher order harmonics of the existence and compliance of
norms. Urgent work is conditioned Akhaltsikhe HVDC's purpose, namely, the
transfer of commercial electricity from Georgia to Turkey and vice versa, where the
higher order harmonics should be strictly rationed.

The first chapter contains a literature review results, there is discussion of the
AC and DC current away from the distance of transmission of the general
characterization and comparative analysis of the DC power, usage areas of DC current
transmission, critical lengths of power lines, which determine economy of
transmission of the DC and AC currents, transforming substation elements and their
working principles, external characteristics of the inverter and rectifier, DC current
transmission technology development trends, DC electricity transmission structural
and principal schemes.

The second chapter is dedicated to the quality of electricity, certification and
technical regulations, which are considered legal documents, technical regulations
and certification of electricity issues, the necessary legal framework for certification
and the requirements of technical regulations for the protection of state supervision
role.

The third chapter is devoted to the higher order harmonics and distortion of
powers in electrical systems, including the causes, analysis methods and tools to cut.

In particular, system according to the three phase network nonsinusoidality SCADA-s
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archival and non-linear distortions of the power and importance of this case, the load
capacity of the power losses caused by the increase of the power and features of the
method of determination.

Also, higher order harmonics of the Standardization of foreign developed
countries. The fourth chapter is devoted to the work of the dissertation is the main
object of the study, one of the major electricity supplier and the largest source of
harmonics - Akhaltsikhe 500/400/220 kV voltage and 700 MW HVDC substation and
a 0.4 kV voltage networks connected thereto, and 220 and the high order harmonics
in the establishment and compliance.

The purpose of this chapter is given rectifier - inverter substation in
Akhaltsikhe or a HVDC short description, HVDC transmission systems HVDC
classification issues; Akhaltsikhe substation 500, 220, and 0.4 kV voltage busbars of
the total distortion ratio and the higher order component Harmonics study, when the
HVDC is disabled, as well as the bus voltage of 500 kV substation in Akhaltsikhe total
distortion ratio and the higher order component Harmonics when the HVDC works
in a different mode. Discussed electrical crown, as higher order harmonics source. The
same chapter also presents Processing facilities: Pharavani HPP and comparison

Ortachala HPP on the experimental measurements.
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3mbg bl s dsd35L FmEOob (3.5) — (3.10) go3mbisbwyegdg00sb 35dmobatg
3960L5BE3Mds 90 gabsoMo:

I v
@ = arctgg = :;rr-ct:.gf‘—ﬁ — {.11"(71':.{;?m (3.11)

4 il

099 36mdoEros dzMol 3Mmbg ©gbls o dsd35L JmMob, d58ob sgows©
3960LsBE3MNdS oo J9gbgegdo.

LObMLBMOoEMOO FOHIIOOLIRID Foblibgsggdom sMILObMLMmOoMOO ©9bol
06909000, GMmIgeros 903936 M9godBHomE 9wgdgbgdl L o C-U, 35306 (3.4)
©53M 300939 gds 56 LEMEIdS QO

§? > P2+QQ? (3.12)

59 39B6GHMgdol  dosblolomgol, dox39bs  bofordo  FgdmEsbowros
©535390s - T - @i3sbobxgool Loddsg®mg. gl s6MHOL FomgdsBolzmdo (3690s,
OMIgoi sbsbosmgdl u(t) dsdgzols o i(t) @gbol IMHEIdoL BMMIGOL dmMol
396Ub353900L bseOLBLL S LEWMEEO LOTAWs36Y 2oMOLOIbYdS BMOTMWOo:

S?=P+Q*+ T? (3.13)
boosbog T2 = S2-P2-Q? (3.14)

B30bL obsdg @ooligs Logombo: mv) Lobmbmowmo ©gbol {Mggddo
3MLgdme LA LoddWszbgl (S, P o Q) FmMol 3538060l  49magEHMomwo
06@9M369BHo30s  Ho0dmygboos  dsmm3mbs  Losdzmmbgoom  (6sb.3.1) s
06900l gargdBHOMH™maba®agB03o  Fosbosloosmgdgdo  2obolsbwg®mqdosh  5d
Lod3mobgEol a39M©gdom,  3sdob  Tglodwgdgeros Yy 9Md, OMJ
5506 MLMO0MOHO YboL Mg gddo sGBYdIME Mmmb LoddwsgzmgL (S, P, Q s T)
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dmOoL  303d060L  39mIgBHMoMEo 0bGHIM3MgGHIE0s FoMdmoyobogl bsb.3.4-Bg

dm399Mwo 396930390 O 3960 gg3039oL  39MIYEHM0E0
356599@H900m, HMIWJIOEG 9539305 SJGOMMO0, MJoJGHOMO S Tsbobxgdol
LOddWH30gd0L  FMbs33gMI00m, o  0dwg3096 M 8OO BodMoegdSL

9O»IbgMb ©5353938060m 999 GH®MIMbIs6Mgd0L 96962930390
35653936900, 51939 399M3530bMmm 3507 IMOOL sboero 3530060. gobgzlsbrzBM™
3565¢99303900L MOMMYE0 339MHPOOLS S OsRMBIOL BoDO NGO SGUO.

Lo H3MYMS  39MOWgwg3odgdo: P - s6ol  §Mgool  o@ormeo
o336, OMIgGoE 39B30MHMDYIMWOs SMLOBMLoMm©MMHO ©Ibols {Mggddo
©9bols 5 dsd30L gMmO s 00539 MoPoL 35MHAMb03Yd0M S PobOLLBEOZMIdS
RMOIMwoon [32]:

P =" Ulcosg; (3.15)

Q - §M90b H9godGHowwo Loddwszmgs, HMIgEos sBY3g 39B30MMBdYdIMOoS
©9b0Ls s dsd30L gMmo s 08539 Mool 350HMb03Yd0M O PobOLLBOZMNdS
RMOIMwoon [32]:

0 =21, U.Ising; (3.16)

65b.3.4. Lo 3D 35M9WGg30390

Wo@IOGHMMS  [33]-0b  Jobgzom,  @Tsbobxgdol  Loddgregztg
2960L5BE3MdS BMOTME00:

TZ — ¥y (UPIE,_ +UZ _ 12— 20Uy, LL,, ;cos(g,—@,, ;) (3.17)
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Qo - §O90b LOHYEo HYodEoIEo LoddEsgcMgs, HMIGE03 PobolsbL3MYdS
RMOHINWO:

Q. = V§? — P? (3.18)

Sq -900L P oo Q Loddw 3699000 29bLsbEgMo LtrmEro Loddgregtyg
@5 2960LsDBPZMHYOS BMOIMWO:

5,= JPT 1 QP (3.19)

3905 (3.14)  259mbobamgdols,  ©oBsbobxgdol  Loddwsgzmyg  slig3g

3960L5BM3MNdS Mg5dGH0MEo LoddE536Mggd0L Lo gdOm
-Joi-¢@ (320)

St-960L P s T Loddesg®ggdom goblsbwg®wo Mo Loddersgmy
5 2560L5HBPZMGdS BMOIMO:

5, = VP2 + T2 (3.21)

B39bL §obsdg sb9g3g o0Lgs Logombo, s3gbs 0deg3s L5TNSEGOSL
10ddEO3MJMS 396G 3039T0  99dBHOMIbgMRIE03ME  FobsLSMYOLYOL
dm6mob dmygzsbogro (3.13) - (3.20) ©s9M300Jd9d0, OME  15305Mm© FoMEGH035©
399BsoBEIL  99dBHOMgbghaool dmbds®mgdol qls vy ol FbsMy (3GmEglol
954 GH0MEMdS, 53535b0obx 9390 BogEMmMgd0 s Lb3ZY).

31939,  93539300MHM®  gMMIsbgmmeb  Lbgoolbgs  Lsobgm®dsgom -
Lobmdo  3mI3egdugdom  aobmdowo  ggdBHemgbgMaool  Imbdomgdols

9994 GHOM9b9M 9303990 Asboliosmgdegdo.
50  doBbom, 306z  Moado  LoAIWOZMIMS  396ONYII3039POD

3963L5BM3Mgm  IZMOL  3MMbggdo 9 9dEHOMIbgM)BH0ZM  FoboliosmgdegdL
dm6O0b. dz360l 3Mmbyg Jugwrol O S s 99GH0E P Loddws3Mggdl ImEOU:

oz D2
o

— arctg 'T (3.22)

= e

_ _ Q
w — arctg
2
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dgmob 39mbg ©sdsbobx gd0m godmfzgmye LG St LoddEs3MGLS 50
P LoddgnogMggol dmmols:

T ‘J{_q%_pZ
@ = arctg , = arctg

(3.23)

o
dzmob 390bg 9HMO S 08039 0oL 350HTIMB03gd0m 45dMfi39Ee LM Sq
Lo H3MLS S 9GO P LoddEreg®mgls Fmeols:

EE
JS6F

f = arcta ? = arcta (3.24)

dgmob 39mbg Jugerol bOe HgodEoe Qo Loddws3zMgls s GOHMO
09039 ®0ogob 356H3dMbo3zgdom 459m{i3gme Q LoddeszMgl mMols:

02 -p2
T -QQO _Q
Yy — arctga — arctg o (3.25)

dgmob 39mbg JugErol LEME S S STIbObK O™ J5dM{3gmeE LWy - St
Lodd 5369l FMEOU:

[ -2 e
SJ ] -ST

58— a.?'ctg; — arctg (3.26)

dgmob 39mbg Jugerol O S S YOO S 03039 H0YOL 35G3Mb03Jd0M
39903999 LOYE Sa LddE szl FMEOOU:

—
- 1S2-55

6 = arctg — = arctg (3.27)
SQ ST

LobMLbmoMGo ©gbol (MHggddo LoddErsgcmgms Lsd3MmMbgol ygzgws
33900l 9Dy 2oymgzom dogz00gm dsd39d0L Lsd3MMbgo, bmem dsd3z5%bg
3994mx30m - ©9bgd0L LodzMmbgwo. 91939, dm30d9E30m SOILObMLMOoOHO ©gbol
0690900l d90mbgzg3z5do3. 39699303900l g3zgams  339MH©OoLS o
©053Mbsgd0L 490359 F9gmBom FoMdm3z50y0bgm ©abgdol oMoy g30390
(65b.3.5), benerm ©g6%y gogmBom-dsd3900l 35659303900 (65b.3.6).
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65b.3.5-0056 Bsbl, O™ 56H5L0bMLoMMOHO gbols fMgdo gsds35¢0 gbols
dmddgo 3603369cmds GHmenos:

- J,rg +IZ42 (3.28)

To Y
}“'\
\_——7—" ~ L
_\ ] ,/ hY lr
‘- AT
PR A I \
Nl l

65b.3.5. 96900l 35659930390 65b.3.6.d5839000 3565993039000

boem  65b.3.6-sb  BsblL, OMI  sMsLobmlommMo  ©9bol  §MHgby
39090 dsd30lL dmgddgo 3608369 mds GHmos:

b J U2 + U% + UZ, (3.29)

0¢) 00300900, MOMI LoBMIo UBsdsegd9d0L LMo  (36MdOWOS
3506 MLMOoEMOHO bl [Mgdo 453350 9bols dmddgo dbodzbgemds I,
35306 (3.22) - (3.27) 250mLobmengdgdols dobgzom, goblobrgMmemo dzmol
3ombggdol  obdsmgdom  6sb.3.5 -sb 3LoBM3IMZ30m  ©gbol  dYgbgEgdL
(BmLEHO© 965MA0MS© 2oboLsBPZMGds dsd30L dYgbgergdo bsb.3.6-sb, vy
3B™B005 5ML0BMLMOEMMHO EIboL Mg By ImEgdmero U dsdg3s):

06980 25053500 ©IboL  5dBHOMEO, M95JBHOMWO S sTobobx OOl
9009969900 4560L5B3MGd06 ZMEOIMEgdom:

I, = Icosg; Ie =1sind; o = Isin®. (3.30)
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5650bMbMoEMOHO0  ©gbol  FMggool  sbsoBobsmzgol  LoddgrsgMgms
35659930390l 99dmegdols s  dob  Lyxrxdzgw by,  Lbzsolbgs
Lo0bBMMT>30M - LoBMIo 3MI3WgJugdom AsBMmIowo gargbgMaool dmbdsmgdols
999 GHOMgbgma9BH039o  Fobsbosmgdgdol  4obLEBOZIMOL oMM GOMEXMBOL
©5L593303g0ws©  B3gbl  FogH  °sMgdME  0gdbs  Lodo@mgzggwml  3gdbozmeo
1603960LboGHYGHOL 9 gbgMrool dmbodm®mobyol LobEgds SCADA-L g9Hmo ©®9-
©odol dmbs3999d0:

Uas = 372,33; Usc =376,33; Uca =377,8 3; 14 =53,06 5; Is = 64,83 o; Ic =73,70 o;
P =28,95 33¢); Q=2,03356;S =415 335 W =714,9 33¢.Lo;
V=105,4 3356.bo; cosp=0,705.

Pomdmygbowo dmbs3gdgdom 3039w MHodo 2o63LsBOZMIm dod30Ls @

960U Lodmsem 3609369 MdGdO:
Uuso = (Uas +Usc + Uca/3 = = 375,5 3=0,3755 33
Iuso= (Ia + Is + Ic)/3 = 68,86 o;

500L 99909, B3z9bl dogm (3.18)-(3.21) 250mLsbvyegdgdol Logdzgenby

39bLsBEZOME 0dbs LoddesgzMgms 89090 dygbggdo:

1. @, =VsZ—P7= /41,57 — 28,952 =29,73 3356;

2. 5,=4P%+ Q%= /28,952 4+ 2,02 =29,0 335

3. T = JQF — @%*=/29,737 — 2,02 =29,66 335®

4. S, =VP1+T2=,/2895% + 29,667 = 41,44 335

LoddWHs3Mgms  FYIOJGdIOL  goblobgdol  T9dgy (3.22) - (3.27)
3990bsbY9d900m gob3LoBO3Mgm dzMol 3mmbgqdo:

rotz1037 = 45380

| J————
. @ = arctg

1w |
(]
40
1
(=]

2. a = arctg — = arctg iéf = arctgl, 746 = 45,7°
B =R

57

3. B= ﬂT'Cth = ﬂ-?‘i‘-tﬂ% = arctg0,07 = 4°
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T 29,66
— — arctg

4. v = arcta — — arctgl4.83 — ge.1°

7
=

a
Q@ _
5 = arctg

5.8 = arctg = arctq0,0483 = 2,76"

41.44

29,66
o

6. 8 — arctyg SL = grctg = arergl,023 = 45,67
0

dgmob 31mbggdol oblyBMzMoL 899wy 3LoBW3M3m LsdMsEm ©gbol

59BHo6, 995G 5 ©Tsbobxgdol dygbgergdl (3.30) AsdMUsbmegdol
bog3)dz3gwdy:

I, = Iwscosp = 68,86 cos 45,8° =48,0 o;

Is = Iwsasind = 68,86 sin2,76°=3,32 s;

Io = Iusasin® = 68,86sin 45,6°= 49,2 ».

3995625009900 Lobfim®mg 99350mfdmo (3.25) F5dmBobmEgdol bygmdzgeHy:

—
lina= x'l 12412 +12=,/48,0% + 3,327 + 49,22 68,82,

Lob3gds SCADA-U 9mbs39990056 235d3L, O™ 9HMO E®Y-©sdoL, 64y
t=24 Uosmol  256353cmdsd0  dmbdo®mgdrends  5dBHo®mds  gegdGHO™mgbgtyosd
0950090065 - W= 7149 333.bo; borenm 095d¢0eds 9e09d@®mgbgdaosd - V= 105,4
3396).Lo.

W= 7149 333.bo  ©H50m@gbmdol  osdBHomdo  99dEHOmgbgdaools
bbb 9dE0® 24 LHSMOL YobTogMdST0 s FoMM 59EH0IMO LIS BMEVOY:

w 7148

=T = =29,8 330

[ A

59BHomemo  LBoddsgMol gl Imbszgdo sbewms LolLEgds SCADA-U doge
©5830JL0MGdIM Jmbs3gdmsb (29,8 33¢% = 28,95 333) ©o QobLbgzegqds 2,9 %
390d9ds Bsomzsmb bgwlisfiymb 300m80¢gd5;

beem V= 105,4 33560.b0. G5sm96mdol Hgod@omwmo  gugd@dmgbgtyool
AmbobFoMgds© 24 LHsMOL 256353 MdsT0 LyFoOMm MgodBHomwo  Loddwsgzmy

GHMoo:
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OmamOE 93 9909300 BbL, ®95dBHomo gagbgMaool dmbdstmgdsdo
dmbsfogmdl s FoOGHM ©95dBH0MO, 96539 ©odsbobxgdol Loddesgzmols
Bofforos, ®oaob ©gbols s dsd30L ghmo s 03539 Mool 356MHImbozqgdom
3963001900 iMgol Mgsd@orwo Q Loddwsgzg 2,2-x g6 bozangdos.

OMd 565 M9odBHOMEo s J9BLH3MMJO00 Tsbobxgdol LoddesgMols
3096 (69006 dmmbmzbowo ©gbol LydMswm 360d36gemds, (Iws = 68,86 o),
P= 28,95 33¢ Loddws3m0ol MBOMB3gLogmBs© 339006 HgomrmEsb dmmbmgbowo
09690M5 35300900 b3 900 LoOEOL qbo.

39600dm, ©sdsbobxgdol LoddEregzMol 96 sMLYdIMIOL EOML  LolLEgds
SCADA-b 8mbs399990L 30bgz000 LoddsgzMol 39530309630 250DMOYdMOS
cos@1= 0,705 -5b cospz= P/Sq=28,95/29,0 = 0,998.

50 LOIdWH3MOL 3M9R03096EGHOL Fgdmbgazsdo Jugwosbd P = 28,95 336
Lodd 53Ol FobOwgds© Jugedo 2535350 Ybol 360369 MBS oboloB3MOS
3990bsby9d0Ib:

P=1,73. Uuss.Iusa. cosepz.= 28,9533

599096

z 28,95
Iwa = = - =44,65 5
1.73U;,.2c05¢@, 1.73.0.2755.0.998

39bUbge3900d dgoa0bs 24,21 5, 53 99dBO Jugwls s Jugerols
9999639030 0fj393L 9 9dG®M9bgmyo0l 3609369 ™M356 b 35MYOL.

506050, 9 9JGHo 690900l 09mOHOoOL 1553999390 bY,
999 GH™M9bgh9gBH0 3 Joboliosmgdegdls dmMob domgdyew 0gb6s
©53M 3000909 gdsbo, HMIgdos  Lodwmogdsl 23539396 Lb3T9m© FoMEH035©
39355bs¢obmm 99dGHOMIMbIsMgdol gbs vy ol dbs6ggdo  (3OHMEgLOL
95dGH0MEMdS, ©93535b0bxJOI0 BoJBHMOgdo ©s Lbgs), slg3g 9OHMTbgNH
©53539306Mmm Lbbgoslbgo LoBmdo Lobgdgdoom 2oBmdoo
9994 GHOMIMbI>H5d0L 969M39E 030 Fobslosmgdargdo [34,35].
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3.2. @o3sbobxgdol Loddszmol gobloBzmol dgmm©o3s
55L03g B0 O 3MIFOR030 OGZ0OMZ0L IJmby
b9g35Bs 9EIAOVE Jugwgddo

OMamO3  36Mm000s,  5MLOTYBHOMOME  ©O  9MHOR0Z  IBHZ0MOMIIL
003953560 9w9d@®e Jugwgddo ©9gbgdols s dsd3900L LobMlmoB™MdOL
©OQE ©335b0bxg09dMB. 53 OML, 3603369eM3z56 LogomMbs YGds LIRSS
Jugdo LEMEro LOoddEIegMOLS S FoLo 9dEH0MMO WS MYsIE0o dEYgbgEgdols
UfmMo  49Bmdgzol  bsgombo,  980GHMA  doosh  sdEHmocy®o  bggds
3M5L039BHM0ME0 O 3MOR030 IBHZ0MMZ0L dJmbg LsdBIBs gEgd@Ewo
B9 900L 356589FGHMYOOL oBMBZ30L F9ggd0L MEYSMO Fgnsligdol s5dm3bs.

©90LsM30L, Jugerdo LEMEro Lo H3MOL FoBLEBOZIMOLIMZOL FosMMMO
39000gy9gbgds Mo doymds. 306390 doamdom Jugwol LOHYwo boddgsgtg
3960LsB3MOS HMAMOE B5BYOOL LE¥E LOAESZOHIMS SEYJOMHYO K STO:

535, =XU_I, (3.31)

LS5 Ug, Iy - 99L50530bs@, BsBMMO ©gbgdols s dsd3900lL dmddgo
360093690 md900s. sLgmo JoEAMIom, obloBzMME O LoddwsgzMgl Jugeols
5MH0m393H039 e LoddEszMGL Mfmqd9b.

d9mMg doamdom, KOO LoddWs3Mg ASBOLIBOZMYGdS HMAMOE Jugwol
59EH0M0 s M95dE0o Lo s3M99d0L 4gMIGEHMOMEO (39dEHMOWW0) X 5T0:

S,= P2+ @2 (3.32)

booss P o Q - JgLodsdolo Jugerols sg@oMmo s MgsdEHowmwo
LoddWH3Mggd0s s LBEAGIDs  Jugwdo,  Fgbsdsdolo®  FIBOLIBOZMYGd0D
RMOINIO0m:

P=Pa+Ps+Pc = Ua.Ia.Cos@a + Us.Is.Cos@®g + Uc.Ic.Cos@Qc
Q=Qa+Qs+Qc = Ua.Ia.Sin@a + Us.Is.Sin@p + Uc.Ic.Sin@c

bowlsfiymms s gotsdddbgerms «MaMogwglmds,  GHMIWwgdos HBmdsgzgb

L59gYBS 9GO Jugegdol 356599EHMIIL, MMbLOIb0sE Jugwdo LG
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LoddWH3ML 2obLEDPZMs396 (3.31) BMOIMEom, brmerm LsdLyEIBos6 Jugerdo,
596 BIHBMMO dsd3900L dmddgo 360d3bgemdgdOL AsBMIzs F9dergdgwros,
Dmd5396 (3.32) gemGHIMmom.

Sbgo  JoEMIs LEFsMIMO0sb0s OR300 LoTgBHMOIO  IGZ0MM30L
dJmbg 9 9dBHOM Jugwrgddo, 35d0b: S1= Sa.

5958056539, BMYs 89dmbg935d0: S1 = S2

LObgEOMOM, d5039d0Ls s IHJdOL LOBMLMOYMHMOOL EsTobobx gdol
3060009330,  sMOMIGHOZNWO  ©S  3JMIgEHMoWwo  LOHMo  BoddEsgzmggdol
AMEMds  IMM399w0s Jugol LBOYo boddgregmols dgbsdg dygbgeols -
©535bobxgdol T boddEsgMol s9m3zwgbols godm. @Bsbobxgdol Loddwsgztg
396300M0gdM0s  Foowo  Gogol  3560HIMbB03gdoL MO0 O3 gbom.  ©d
09000b393500, (3.32) gm®IMems 0©gdl bobgl [36]:

5=JE+HFELT (333)

L5 F0OMS 5ObOBML, GMI gegdEHOMIMTsG52900L LobEYIgddo sMHMFOZ0
©SHZ0MM3900L  BoOOME  9dMmygbhgdol  asdm,  dsd3900Ls @S ©9HYdOL
LObMLMOOHMIOL  ETobobxJ0gd0 339 2obs 93039 gdMo  Tm3Egbo.
5303HMd  5MLOBMLMOMOMIOLS @S IMYOROZMOOL  30OMdYGdTo  Jugeols
35653939008 3mEMgdBH o 2sbmdzol  Lsgombl oo  3Mog@03o
3603369 mds 205Bb00.

39bL53MPMHGd0m, 9e9dBHOMIBIMR00L B 39MYIOOL ZoblsDBOZOOL POMU.
SMH0mMIYBH03MNWo ©d  39JHMOMEo  LOMo  Boddwszmol  2sblsbL3zmOL
G®50030w0 8900MEJooL doM0MIE boMzgbl FoMdmoagbl ob, Mm@ Jugwols
56550619MOEMMHO s SMOR030 IMGHIMMNZ0L 30MM3JdT0 OLOLO 56 SLsboggh
LEOHYo  BoddEsgMol FMOz96  M30LgdSL:  gEgdBHOME  Jugerdo  LoddesgMob
565356900 LOO LOAIWH3EMOL SOM3MO30)IC0s [37].

5M5L0bMBMOEMMHO S 9MFOROZ0 OBHZ0MMOL  30HMdYdT0, LMo
Lozl ASBMIgolomgol IEEE 1459-2010 LEsbo®@o [38] 230035Bmdl
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159D Jugwol OO B3Ol  FoFMMOZWSL 9.0. 9B9IJGHMOO OO
LoddWH3M0OL Syg Lobom, BMEOIMEOM: Syg =3 Ugy . Lyg, oS3 Usg - 9G0L L9k

Juool  989JBHMOO  dsd35 @S Lodbogbosbo  JugErolomzgol  0sbyIMOTGdS
RMOHIMWO:

| b | 2 | b
_ |Yis | Usc | Ugy
] | G

*

bl gb0sbo JugErolsmzol - RGN oo:

| 5 o e o % . 2
U — (3.(Uf + U3 + UZ) + UZ; + Ui, +UZ,

23 |
\ 13

Ly - 960l ULsdggsds Jugwol 9x39dGHMO0 ©gbo @s  LodLowgbosbo
JB9Eolsm30L 056356008905 BMMOIMWom:

iz +12+ 12

= |
N 3

bbb 0sbo Jugeolsmgzol Bm®mImwoo:

[

_|g+@+@+@

58
N| 3

B30BL  LoOLgMESE0M Bsdwmdsmgdol dgltrmegdol 3Gmgbdo 303900
©513365009, M LsIRsDBs JugEol sHILOTYGHOOMO s SMIBOBMLMOOHO
©SH306MM30L OOHML OO LoddEs3zMOLy s dolo IYIBIIOOL 2oDMAzs
399629000905 439y MRO®  FoMEH030 s  IMbobgObgdgEos  gEgbgMaools
dmboBmmobaol  msbsdgdmgg LobGHgds SCADA-U  59mygbgdom, M™Igwos
Bmdogb o 9MJogzdo 0bobogl gwgbgMaool MgOHMIgPEH 35M0dgEHOL. LHimGg,
©535b0obxgdol Lo s3MOL FSBLEBMZMOL 3 ToMEGH03 S FmbgObgdmw bgMbl
3003503 0b5dgdomg Lodwydsmdo.
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3bM0wo 3.1.5dmb5(9gM0 Lol gds SCADA-L 56§0300056.

Sees, Sios,
N P, 33% | Q, 3396 0 15 T,335 | COSPsost | COSPuob
1 2 3 4 5 6 7 8
1 16,90 3,80 22,40 17,32 14,22 0,75 0,98
2 17,80 2,60 23,6 18,00 15,26 0,75 0,99
3 18,60 3,73 23,97 18.97 14,65 0,79 0,98
4 19,60 2,78 25,40 19,79 15,92 0,77 0,99
5 20,04 2,53 26,85 20,10 17,80 0,75 0,99
6 21,02 2,53 26,65 21,15 16,21 0,79 0,99
7 27,67 10,75 40,74 29,68 27,85 0,68 0,93
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