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Summary

At the given stage, the problem of energy conservation is one of the urgent
problems of the development of power industry and national economy as a whole,
since saved energy is by more than an order cheaper than newly-generated one.

Direct saving consists not only in the electric power saving, but it also in-
cludes useful life of energy-saving light bulbs. To analyze, develop and apply tech-
nical equipment and activities in the field of energy conservation, it is necessary to
take account of all components of electric power losses as well as their causes, par-
ticularly, the current and voltage unsinusoidality.

The current and voltage unsinusoidality in energy supply, first of all is asso-
ciated with the number of the domestic electrical receivers having non-linear
loads and with the increase of the installed capacity.

Such a current waveform significantly is very different from the standard
sinusoidal shape and comprises the spectrum of higher harmonics that negatively
impacts on the power system parameters, electric power quality and operating
conditions of other electrical receivers.

Since the introduction of semiconductor technologies in lighting engineeri-
ng there was started the development of light-emitting diode light sources, which
are characterized by the electronic starting-regulating equipment with non-linear
volt-ampere characteristics. The problem of electric power quality is conditioned
by the influence of current higher harmonics components on the operation of en-
ergy supply systems of customer.

Chapter 1 of dissertation dwells on the results of literature review, which
first of all contains the general data on the lighting systems. There are numerous
different lighting systems, which differ from one another by their purpose, func-
tioning principle, technical characteristics and efficiency. There is given brief des-
cription of the most common lighting systems.

Based on the analysis of data of literature review, it has been determined
that replacement of incandescent light bulbs and other low-efficient lamps is a ba-
sic energy-saving measure.

Chapter 2 deals with the methodology for assessment of the efficiency of
replacing the low-efficient lamps and light bulbs by the energy-saving bulbs.

The presence of the excessive various high-efficient light bulbs in the mar-
ket causes the necessity of developing the methodology for assessment of the effi-
ciency of replacing the low-efficient lamps and light bulbs by the energy-saving
bulbs, which will enable us to assess both the natural positive effect and financial
effect as well. There are shown the basic conditions, which must be fulfilled when
developing the methodology for assessment of the efficiency of replacing the lamps
and light bulbs by the energy-saving bulbs.

Chapter 3 describes the modes of networks with low-voltage non-linear
loads, distortion powers and the issues of their analysis.

In recent years, the problem of electric power quality in the low-voltage
electrical circuits has become of essential importance. In the modern energy sup-
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ply systems, this is caused, first of all, by those modern widely applied electrical
receivers, which clearly and essentially distort supply-line voltage.

There is described the model of low-voltage network, which in contrast to
the well-known models, allows determining the distortion magnitudes of har-
monicity of the current and voltage curves on the clamps of the electrical receivers
switched on in any point of this simulated network. The calculated magnitudes
allow assessing and comparing the levels of current and voltage higher harmonics
in any considering equivalent circuit under of the network component with vari-
ous versions of the composition of the electrical receivers and its performing.

Based on electric circuit theory, there has been obtained the equation for
calculating the power distortion on the basis of the results of dividing the current
and voltage into the Fourier series without pre-determination of total active and
reactive powers that allows for determining the distortion power in the electric
circuit in accordance with the results of dividing into the Fourier series directly
from the current and voltage oscilloscope displays.

Chapter 4 of the rserach dwells on the issues of calculation, control and
monitoring of the modes of lighting networks.

If the network has unsinusoidality, as an alternative method for calculating
the steady-state modes there is proposed the method based on the quadropole the-
ory, which allows for using the so-called “black box” at the place of modeling the
complex controlling device. At that moment, the required data are the input and
output current and voltage.

There is also presented the SCADA system installed in the power supply
systems of Georgian Technical University, which controls eleven parameters of the
electric energy in the automatic and continuous mode.

Chapter 5 shows the results of practical experiment for the lifgt sources.
There have been determined economic efficiency of various domestic-purpose light
bulbs and conformity of characteristics declared by manufacturer to the real ones.

There is also shown the example of a practical use of LED bulbs for exterior

lighting, the expert judgement on which is made by the author of this dissretation
and her scientific adviser Professor T. Museliani, and which has had a significant
effect.
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©5H3060m3900L {O33030 @S 5MHOHR030 JE)bggdOL MsbsBIMIOMDS.

3909290, 505053030 330030l Jmbg ©odswo dsd30lL Jugerol
990, 36000 ImEaEgdoLsgsb asblbgsggdom, Lodwmowgdsl 0dgrggs o0
dmgo®gdmwo  Jugol  6gdoldogh  fodGHowdo  Bsdormwo  gargd-
G®M300090900L  8mIF)MHgdBg  gobolobgmml Dgbgdols ©s  dsd3900L
d6Mq00L LObMLMOWMOHMIOL Tsbobxgdols 60369 MdYdO. AS6YIMOTY-
600 JoEgdmwo  3603369cmdgd0  Lodmogdols  0deg3s  F93985LM” O
39350090Mmm 9MmMIsbgoml ©gbgdolls s dsd39d0L doerqlio 35G3Mbo3gdols
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©Mbggd0 Jugerol gergdgb@ol Bgdoldog® gobloboeggar Bsbszzwgdol Liggdsdo
9099dGH®M300090900L  J9a960mdols @y dobo JguM¥)ergdols bbgsolibgs
39560056 0b OMU.

595Lm5bs39 b  R930mM35¢olfobmm  BHMsoEoYIo  IMmEYwHdo,
O0dwgddoz  9MHOR030 ©OGH300m3900  ImEgdmeos  dswerglio
3560mb03900L ©gbols Hysmrmgdoom. bsb.3.3-Bg dm3gdmeos Bsbosazargdol Ldgds
Mdoeglo 35603mb03900L ©abol (gomrmgdom gMMFsBs 356M0sBEHT0, Jugarol
9w9996¢39d0bs Qo BH3060HmM30L L03gBHOOMEXMdOL 533900l
390035¢00LH0obgdom, MHMIgEoE Tggbodsdqds bsb.3.2-Bg dmEgdme asdwo
Bobo33€0900L Lidgdsb.

L) Ié@_l Za
T Il(n) I:(n) ¢ 13(,,)
Ul(n) Uz(n) Cﬁ Uj(n) @

65b.3.3. Bsbsggamgdol Lggds »dsmenglio 3503mb03gd0L gbols
Pgsmgdoo.

5d Li(n),I2(n),I3(n) — s®ob F9bmdoL doIMHO OGHIFOMMZOLS S Y39ed
3obomgdol  Boloae®ol n-mMo  356MImbozol  BIBWGo  ©9bgdo.
Ui(n),U2(n),Us(n) - 9gbodsdolo, n-mmo 356M3mbozol  g3sbmdo  dsdgz9000
396030L 805356 4535650 9dgE BsOBY, obomgdol Jugarols godsbsfoergdgen
RBoOYBY @ 2oblsbowrggmo  xamnol dmdFgeadby. Z1(n),Z:(n),Z3(n) -
d9L50530bo@, n-MMo  35MIMBO3OL 933035 gbBHMMO  Foboswmdgdos: oty
93390530 Jugarol, oo losdol gladsdolio dBols s XFMBMOO Jugerob.

65b.3.3-Bg FoMdmygboo hsbsgzwgdol bdgds dgodergds sofig®ml
3990920 3956@MEgd5ms LolEBgdoo:
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/

Uy = = limy + Loy + Baei [ 230 (3.1)
< Uatw = Usee) = [ Do) + B | 220 (32)
Ustny = Uzy — Bagm) Zagmys (3.3)

\

Do03m©a9boo gsdmbisbmegdols sbseroBo Bodvowgdsl g35derga3l Ro-
Bo33egdol Lggdob 9wgdgb@gdol Jomzswoljobgdom gwgd@EHMIemo Jugarols
6900Ld0gH IBHZ0MMME 3356d00 A9BOLIBOZIO™L dsd30L IOHEOL Lobmem-
0©OMBO0L Esdobobxgdol 89dsboBdo s FoxmMIoMmgdgo dygbgergdo [22].

(3.1) 290mbobmEd0Eb Bsbl, MHMI 003560 505bsHowrgdgwr BoMBY
35030l Aol LObMLMOEMOMBOL  sTobobXJds A9BOLIBOZMYdS Bogwo
496030l 56M5)OR030  99dBHOMIMIHTSMGIGOoL  ©Ybgdol Mo glio
35603mbozgdom 45dm{i3gmero 356M9dg 93300530 Jugwrol a®dog Hoboswmdgdby
35030l 350mb9d00.

(3.2) 350mbobEgd0sb Bsbl, MM 2535650 gdge gs®BY dsdgz0l
360l LObMLMOWOHMIOL EsbObX GBS F9BOLIBOZIMGdS FOZ56 oTsbsfo-
WadgE BoOHg dsd30L IOOL  LObMLMOEWOMIOL  Tsbobxgdoms o
39bboboggero MOl sOHOR030  9EgdEBHOHMIMILIsMGOgdoL  ©9bgdol
MBsglo 3560HIMbo3gd0m 299mfi3gmeo MOl Jgbodsdol wMdsbBy aMdog
$0bs0Md90%Dg dsd30l 35Mbgd0.

(3.3) 299mbobegd0@IB RBL, HMT A56LObO39w0 X aMBOL gegdEHOm-
909090900l ImIF)M9gdbg dod30L IOl LObMLMOWOHMIOL ITobObYgdS
3960LsBP3MNdS A5FbsfogdgE RsOBY dsd30L GOl LobrlimoEMOMdOL
©53bobxgdoms s 98  XAMBOL  9E9d@GOMIMIBIsMOgdoL  ©9bgdoL
Mdoeqlo  356H3Mbozgdom  453mfizgmeo X3RO0 Jugerol  Gglodsdobo
MdboL bsbol aMdog Hobswmdgdbg dsdz0l 350Hbgd0.

300900 9093900 04393956 o 06EHIMHGLL 56O FoOGHM MYMOOMEO

565990 36543030 M35ELOBOOLOM. FMEOIMEOMGIMIO ©EJOIGOGOOL
dobggzom  890dgds  9353Mm  9M5(OR03 99 BHM™I0d0gd9d0560
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3M6309@ Mo ds3meGH0sbo Jugarol  6gdoldogMo 339560l Fomgds@o-

3760 dmEYeo.

5960950, 35deoo Bsbs3gwqdol bdgdol Lsx3dz9w By Jgygboos
Q5o 35030l Jugerol  Fomgdodn3zmMo dm@gwro Ldgdol  9wgdgb@gdols
350m35¢0olfobgdom. MmIomsg 9ergdGOeo Jugerols 6gdolidog® oEH3Z06-
o) 3356d30 90dwgds gobolisDwg®mmlb dsdgz0l dMol LobmlimoIMHMdOL
©535b0obxgdol d94sboBdo.

3.2. ©535b0bxgd0L LoAdEszMg s LOTAgMOL sB335MYYd0 gergdE e

Jugergddo

99dOOw  Jugewgddo ©bs35MEIBOL  BgdzoMgdobs s JLrgdBHO™-
969600l bsGolbOL  5Fogdol  3MMdMgds  gM-gMmo  860d3bgarmzsbos

96962©5BMY30L  M35eLIBOOLOM. FoJLOTsWMOO  5dGHoMMmO Lo H3MOL
390053995 HomBMygbl 9wgdB®wo Jugwol godmygbgdols dsb396909m.
3b™d0ow0s, MHMI 0o F9dmbggzsdo Lowy3gmalim dmIbTsMmYdgdos ob
©H3060™M3900, OHMIgd03 dmobdsdmgb Lmxzms Lobmlmom® ©9bL. dsa®sd
39651369 B6gddo Lodommzgwmdo dwogh go0BscmEs sMMR030 dma-
b3s6gdgdol  (3m33099EHIMY00, Je0TsB3MbEHMHMEgdo, UPS-gd0, 3deszto
390050039900, HMIWIO0E 2959M0Ygbgd0sh Ig@Eswdyome IM9H39wmdLs
@5 63060306 BHGMBL3MOE DY, 565990MM3g 50MY6INbEZ0L BommBgdo s
bbgs) ©ogbgzo o LoddErsgdg, MMAWIdOE ,900bdwMEMI096*  gugd@ e
Juoegdl  Mdsaglo  Gogol  35603mboggdom s  999MgLgdgb  gargdGHerm-
9696200l bo®olbl [5], Mg Momymzom go3wgbsls sb9bgb gugd@Mmamasts-
3900L LobEgdgdDg, 93BHMI>BH030L, BH9w9dgdebozols s 395380650 MdOL
LobBHYIgdoL FMTomdIBY, 993009096 JargdBHOMIMFYMdOWMBdOL LsoTgEMdsls
@5 09995mdol bobaMderogmdol 35ol, 0(39390 @G JO0 ©HS3MRIOL

AG®9bLRMOsGHMMG0do, 99dBHO Bsbgobgdls s gargdBHOe Jugwrgddo
[23].
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5003M3  9bs39MMm3g  9MfR030  WIGHZ0MMZGOL  Mob szl
L53M9GH39 M LEGIOTMMS ggdEHOMIMToM59d0L LobE)dgddo dsdzol IGOolb
©535bobxgdol  3600369m3zsb0  2odmgzegbs, 5353 obs3omMds  sbowo
15393b0gMHM-39460379M0 3MIMdEGIoL - 8339053 Jugerdo Bsglo MoyoL
35603mbo3zgdols  @d  @OBHZ0MM30L 9GO MsboB Mo 153V9dEMdOL
36MdE9gdolb HomBdmImds.

Bggbo  FoBsbos  ghmo  3mb3OgEHMEo  mdogd@ol  Fogowomby
3960LsBEOZOML  Jugwol LM Loddwszdmgdo sdobObxgdoL Loddesgzmol
fowo s dol doge 259m390o 9e9dBOM9bgero0l b 35MYqdO.

999 BHMMGH9J6030L6  MgmOomo  bogwdzwrgdol  3MGLOESE  [24]
3b™d0w0s, HMI v Mol gargdgb@ g dmgdggdl Lobmlmomo dsdgs:

u = UnSin(wt + Pu) (3.4)

95906 dolo dmddgo 3608369 Mmds GHme0os:

1 T
U- f;fﬂ wrdt =U, /N2 (35)

LobMLbMoMEOO dsd30L Jgdmbgzgzsdo Mol gugdgb@do godsgzoeo
@960l dyobs 3603690 Mds 3560LEBOZMYGOS BMOIMOom:
1 = ImSin(wt + i) (3.6)

bemem 58 ©9gbols dmgddgo 3609369 mds gobolisBmzMgds gm&mBmeoo:

[+ T.
I ;fu izdt =1_/\2 (3.7)

dsd30bs o 9bols dgolls 3608369 ™dgdOL BsdMsgwro Fo®mdmowyqbl
dgols bLoddgnogcql:
p(t) = u(t) i(t) (3.8)
dgobio LodAEs3MOL Lodwyoem 3603369 MdLL LMo 39M0MmEOl
39685303590 54300 Lo 30 9HMGdS s J9BOLIBOZMGdS BMEOIMEO):

= J, p(£)dt = UT-Cose (3.9)

5dBHoweo P 1Loddwsgz®mol 9398 0geolbdgds gbgeyool ol ®omgbmds,
dgwog 9mobds®mgds dmdbdomgdrols dogH @OMOL gOHmgredo. s5g§@ovIeo
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L0ddEs36g  Pob30MHMBYOME0s  TbMErMmE ©Ibol 306390 3sHIMbozom,
SO gOL  LoboMRGO™M  FMFomdoll s 939300600 JE9JBHOIO
969600l Lbgs Lobol 9bgeygds (89dobozMMo, MOMO, Lobsmerol s Lbgy)
39659absLsb.

3905 59BH0MmO LOAIWH3MOLY, LOBMLBMOIOHO Ybol HMgwgddo g3543L
31939 ©959BHoIero LoddErsgMg Q, MHMIgoE sHsLOIMYdL 9bgemyools Mbggzol
06@96L03MdsL  3MPbGO LobJomoom 53 9egdgbEobs s Mgl IbsMRgbO
9w99963900L  99dG®MAsb0GHMO 39l FmMoL. 59GH0OO LT SZOHOLSR
3obLb35390000 M959dE0Iwo LTI H3EY 56 SLEIMEIGOL LOLIMIRGOIEIM F)TomdS,
020  359m0ygbgds  dFbmem©  0bdzome  8080gd9ddo (549009,
90994 GHOMIM539000, GHMBLBMOTGHMOGOLS s bbgs) dsabo@m®o 39eolbs s
©> H93°QYO 000dYdT0 (3. 3MBEYBLIGMOIBT0) JErgdHOYO 3gLob
395ddbgero ©d 379T035© 539IBL F0OIYLFOL JIIHOILO JHgOEOOL
D 9oy s 8080gdl dmmob.

3905 9dBHoWMO s M9odB0Io LoddEsgMggooly (33¢s©o  ©gbols
06909930 235436 LEMEPo LOAdWs36Y, HMIGEOE odMOLOIbYdS BMEOIMEO0):

S=U-1=,PZ+ @2 (3.10)

LOMEo LoddEegmOL (36900l 390 0yEPolbIGRS yzges ol LoddErsgMY,
Odgbsg dmobdoml dmdbdsmgdgwo s 9903936, OMAMOG 9dGHome, obg
957 HON 90pIbIL.

090l goblolsbE3gMz5, ™) ModEgbs  IBIIBHWMI®  A9TIM0Ygbgds
9099dGHOMgbgeyool  fgommlb  LEmeo  Loddweg®g, 9w adGOMGH9Ibogsdo
399m@obowos  LoddogMol  3m9x303096GOL  Cosp-b (36905,  MMIgEos
3960LsB3MNBS 5JE0IMO LOAIW 3L BIOOMBOM LB LOTAES3MGLMSE:

Cos @=P/S (3.11)

3930060 53BHone P 6godBome Q s OV S LoddgregMgl dmGol
39900bobgds 999JA0 ITMIO0IOIGOGOOM:

P =S-Cosg = U-Icosp (3.12)
Q = S-Sing =U-I-Sing (3.13)
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OmEs  9egddHOe  Jugendo: Cosy =1, 85806 a35d3L 0O
d9dbg939; Cose = 0,95 — 39605; Cosep = 0,9 - ©53530594MB0gd90s; Cosp =
0,8 s J398mm MsMYmu00m0 35B396989w0s.

©530d35m,  OHMI POgool 65039  gwgdgbBHdg  IMmEgdME0s
5650bMbmoEMMo  dsd3zs,  GMmIwwol  dyols 360336 gerMds  A5TMOLIbYdS
BOINoo: U(t)=U,, sin(wt+a,)+U,, sin2(at+a, ) +U,, sin (3ot + o, ) +...

beeom dobo Imgdgo 3b0dzbgermds GHmaeros [1]:

U= JUZ + U2+ Uz + U2 - (3.14)
50 9w9dgbBHTdo  gods35¢mo  @gbols  dgoby 3600369 Mds  29TMOoLbYdS
RMOINO:
i(t)=ly,sin(at+o—)+1,,sin(20t +a, —, )+ 15, sin (3ot +a; — ) +... (3.15)

beeom dmddgo 3609369c0mds Gmeo 0gbgds:

I= 12+ 12+ 12412 (3.16)
LobMLMmoMOHO ©9bol HMggdol Abgogls sMLOEMLMmoEMMO ©9bol

069099303 dyobs Lo 309 49B0LIBOZMYDS (3.8) godmbobryengdoom.
59EH0M0 LoddEs36MY obOLIBPZMDS Qodmbobregdom:

T .
= ; fﬂ p(t)dt = % f;u(t] * ((t) dt =Uolo + Uilicos@i+ Uzlacos2 + Uslscos@s+ -+

=Po+Pi1+P2+Ps+ - (3.17)
(3.17') 259mLobwyargd0sb Bsbl, HmA sGoliobmlimowmo gbols sd@owco
LoIdWH36Y BHMWOS (5390 350HTMb030L 5dGH0ME LoAAESZMYMS X STOb.
P=Po+Pi+P2+P3s+ - (3.18)
5M5L0bMLMOMOHO  EIBoL  MgodBHomwro  LoddEegmg  AbOLIBWIMYdS
59BH0om0  LoAIWH3MOL  SBIEMPOWMEMS®, OHMYMOF (35¢399I0  35MMbo3oL
695430 LoAAES3MYDS SERGOOYIEO K ST0:
Q = Uilisingi+ Uzlzsing:2 + Uslssings+ - = Q1 + Q2 + Q3 + -+ (3.19)
099 LobMlomMOHo Ibol iMgEqddo 9bgMHPoolL Mbgzs FoMdmgds ghHmo
©S 03039 ® 3JMNobymo Lobdo®om, s®LobMLMmoEOHo ©gbol §Gmggddo
9696200l M®bg3s Fomdmgdl Lbgssbbgs Lobdo®oo.
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LobMLBMOoMOHO bl §Mggddo LEWME LA sgmg A5BOLIBEOIMIGOS
m60 P s Q 900969wgd0om (3.10). s65L0bmlmomdo ©gbols Mgwogddo dsom
9053905 535b0bxgdol Loddgsgmoll T dygbgro s OO Loddws3zMy
359m0olsbgds BmOHIMom:

S=yP2+Q*+T? (3.20)
boo3: Q = 9ol dzmoL Mgod@ovIemo boddwsg®Mg. 0go FoMdmowygbl
954300 BoddszMolL bsfowl, MHMIgEoa sboliosmgdl gbols s dsd30L
96»bs0mo  LobJoMmOl  350m3mb03900L  MMPOYOHNJI)Id00  FoB30MHMDYd™
360Hm3qlgdlb. T — 960L  ©odsbobxgdol  Loddwogyg. o0go  FoMdmowyqbl
954300 BoddszMolb bsfowl, HMIgEog sboliosmgdl gbols s dsd30L
Lbgoslbgs LobdoGmol 3560HIMb03gd0L MOHMNO0IOHMJI)EId0m Q9B30MMIYGdIM
36m39LgdL;
©535bobxgdol Lodds3zMg T 49B30MHMDYIMW0S IGHZOOMZ0L SMHORO-

30005 5 9JgdGHOmImfymdowmdoll doge Jugmosb ©gbol wdswerglio
600l 3063Mb039d0l dmbds®mgdom. Q s T Loddws3Mggdo A590bJd0SE o

999dGHOo Jugeol 9egdgb-3Hgddo, 039396 oo sdGHomEmo Loddersgzmol
5935390000 ©6535MR90L. ©sbobxgdol T LoddgrsgMgl Fgwderos 1939
39900{30m dsd30L sFob0bKGdS. A5 5Tobd 58 BLOAIWH3(YgOOL RSSO~
690930 583069896 9 9dEHOMYSI3gIoL boBoby @S GHOMIBLRMOsEHMEMGOOL
399G96M9656056MAL, MHOL 2odmE 039 gdMWHO 5M0D ADIMEMB 1535d9WM
bsBgool 339000 s J93350Mb sOBYOIEO FHGMIBLRMOTsGHMGOd0 dg@o bmdo-
Boerm@®o bLoddsg™ol AJmbg BHEGBLBMMTsEMEMgdom [25].

JugEol bO BoddesgMgdo oTsbobxgdol LoddEregMols foobs o
dol doge A59m{39M0 9egdBHOHMgbgm00l obs356Mgd0L goblsBrzmolsm-
30L B39bl FogH Bogoomol Lsboom d398mm [omdmygboos gbHmo 3mb-
36930 oL BsdMs™m OO0 dMbs(399900L 53MbsgM0o Lods®rmnggumls
399603796 Mb039MOLOGYEHT0 ©dMbEAE 1900 JargdGHO™AMTsMoygd0l dmbo-
GM6H0b0L LolBgds SCADA-L bos®Jogm dmbo399980@sb. 50b0odbrEo dmbsi3g-
9900 9329360l MmO 3H9350MM0 bolosmol (330G IOo Fgdbozols
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S 30005¢-3MbGHOMgdol), U939 06MI30Mo  boLosmMOL (oG EHIOOL
d653900L5 S WdobglizgbEoMo BsmMMHgdOL) Mg5dEGHOMWO IGHZ0OMZ0L
dgmbg gem-9Mm LobHogE™m 3MO3MLL.

Lobi@gds SCADA-L dmbs3gdgd0m: P = 36,95 33¢); Q = 1,01 3356; S = 54,14
339 €os@2=0,68. 53 9mbs390900s6 boomo BsbL, G™I Jugwwdo 23543l
©535b0bxgdol LoddwszMy. M3 8B30EIds 0dom, MM 56 3059MBOW YOS
LObMLMOOHO Yool TgLodsdolo LG Loddws3MoL (3.10) AsdmMBsbmegds:

S, = JP2+Q? = /36,952 + 1,017 = 36,96 # 54,14 335

©535b0bx 930l LOIdEsz3MOL LoWOY F9BOLEBOZMYdS (3.20)

3990bbY 9006

T-,/S? — P2 — Q2-,/54,14* — 36,952 — 1,012 -39556 33
©535b0obxgdol LOAIWH3MY 5©gdsHgos ©Ybol 30Mm3gwo 356MHImbozol LW
Loddeogeql [26].

9mb5(399900056 906036905 9M0 9390 LEObEHIMILM God@o. 3gMIm,
doMbgs3s5 0dols, OHMI 3MH3MLJo Mol 0bwdsomo s BHY33aO
bobosmol ©75dGH0M0 HEAZ0MM39d0 s Fo00 MM0YHM3IMI39bLoMGdOL
3909250 ©95dBHowo  Boddwszmg sdGHomed LoddwszMgbmsb TgsMgdom
9go6gs  (Q=1,013350) @5 53 675dBHoMwo  ©IGH30MHM30L  glvdsdolo
Lodd 3oL 3mgR03E06EH0 90bodbmw Jugardo Mbs 0gml doeosb Jowawo:
P 36,95

Cosp1— — = ~
? 5, 36,96

052658  ©53sbobxgool LI s3EMOL  HOLYIMIOL  godm, LoddgrsgcMols

309803096G0 5056 sds0

Cosare B = 3855 _ 0 oo
0Sp2= = = =0,
¢2 5 54,14

3963L5BMzOM®  Jugardo  BodIOzMOL  OBs39MYJOOL  LoEog. V)
JB9eo E30MMo  0d690Mm@S 0lgMO JE9EOMPIBIYIMGO0m, Brndgen-
0o Cosgi=1, 35d0b P=36,95 333 LoAdEo3M0L 49sLo39gds@ Us = 380 3 Jugerols
bsBmo dsdz0lL 99dnbz93580 IMmombm3z90M©S BsBMMO sdEHowcmo gbo
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P 36950
V3U, 1,73+380

l,=

=562 (3.21)

MmEs cos@2=0,68, 35806 03039 99BH0MMO LoAIESZMOL  YoILSEYTI®
(3.21)  259mlobmengdsdo  domgdero  SdBHomo  ©abol 3603369 MdsL

59953905 300093 ©95dBGH0Io ©9bo. 53 d98mbzg3zsdo OO ©gbo GHmeo
0g690s:

| = = =826 (3.22)
COS@o 0,68

5699 ©9boll LoEoY F90BIMEs 1,47-%9M. F9IPI© 0DBOYds LI H3MOL
©565356900.

93999 99dmbgg35d0 M9sdEHomeo gbo GHmeo 0dbgds:
|6 = Issing> =1-H|' (1— cos2 ) =82,6/(1—0,687)=82,6°0,73=60,3 (3.23)
5699 ©95JGH00 960 509d53gds 99BH06 ©gbL.

39358358Mm» LOIAEWHZOHOL I65356MYJd0, MHMIGdoE FJodEgds SEY-
0MdIL gobbo o Jogoomgdols d98mbggzsdo.

L5IBIBS IBSYIMIYOTO LOTAESZOHOL LOGMHDM ID5356YJOO B!

05399350 59GH09M0 LT SZOHOL LEYGOHDM E6535MY)d0 AP, Cospr = 1-
ol MM J9o9bL LOHXYOo LoddE szl 5%-U, s6vy

APy =0,05 *S = 0,05 *54,14 = 2,7 335.
b 56H0L 65350930, MMIgoE 3odm{39ME0s Ybol Fbmerm

593060 |; 89bgwom, 569 AP. =2,7 333.
30303 960l 5g@BHoMMo s MgodBHomwo dqbwgdom 2sdmfi3g-

M0 Bs35MYgd0, MM cosez = 0,68. 53 F9dmbgzgzsdo LMo Ibo FHME0s;
I
cosg, 0,68

| = S

=1471s

©960L HdgdGHoNwo 3pIbgwo GHrwos:
lo = /(17 —15)=/(1,471,)* — I7) =1, /1,16 = 1,081,

@960 5dBHomMo dygbgerom 259m)39wo ©bs3sMR900 APs = 2,7 33 03039
©5MBgds, boem Jugerdo LoddesgzMobL LogMM B 39MAIO0 FHMeE0 04b9gds:
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AP =3eI’R=3(1,47 «,)’R=3+2,16 *I] » R=3+2,16°AP= 6,48+2,7 = 8,1 336
9.0. 3m399Me 9argdBHOe Jugedo BLoAdWHs3MOL HS3MPIDO Qo0DIMS 3-
X96. 99L53580L5, JE9IBHOMIBIOHO0L Bs35MRIOOG FIOBOYdS 3- X 6.

9525W0mo©, LBSIMO™ME Yo 10 Lysmol As6ds3W™dsT0 gegd@EMm-
9696200l dmbdsgdobsl, 130l (30 EOOL) gsbdsgEmdsdo gugd@Mmgbgtyool
565350900 99500390U:

6Omas APs = 2,7 333-b, 569 cose1 =1, 8500b:

AW1 = 2,7x 10x 30 = 810 33¢.boo;
Mmas AP = 8,1 333U, 5649 cosp2 =0,68 , 35906
AW:2 = 8,1x 10x 30 = 2430 33¢).Lov;

59 H5mgbmdoL Lo H3MOL  OB3MRJOOL  Tgbodsdolo  gargdBHO™m-
9696200l 0309600 653500 8-L5500sb0 BsTMFsm 22 EEOL Fobs3EIMdSTo
d950096L:

AW =8,1+8422 = 14256 335 oo/ on3980

59 165350 gd0L  0MYOMgds  LE-do  sMLYIMWO  53x5d0bgeo

GoMoxom (T=0,1489 s6o /33@.bon) 3990 TgogbL:
C=AWeT =1425,6 «0,1489 = 212,23 ¢ufo,

50396050, 9w9dB™M9bgerool  dmbo@mMmobyol  LobGgds SCADA-L
3090496gd00 @>@LGYOPIwo 0bs 3mbzMydE MmdogddHob grgddOIw
JB9egddo ©sTobobxgdol LoddesgzMOL SOLYIMDS. FoBLEBOZIOo 0dbs 5d
@©535bobxgdol  LoddEs3zMol ooy ©s 53 LOIIWszMO!  QSIM39gMwo
54300  LoddWHs3zMOLy s  JE9JBHOMIbIOFOOL M30MMH0  IBIMYIOO

9339053 99O N Jugerdo.

3.3. ©38sbobyxgdol LoddEsgMol goblabrgms dsdgols s ©gbol
d6rgdol Bmeogl 95300350 ©s8eols G990l sgwydzgmby
999dGH®M9bg6M93H03590 M0 gMHMbRM0LHMM9d0L dobBbom doeosh
36003690mg5600 OHMamGE  BoddEogMols s JE9dGOMIbgeyool gobmags,
51939 9e9dBHO™9bgMF00L bodolbol sbserobo.
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DRI J9JBHOMIBIHR00L bsGoLbL F95d3L 300MT0Egds AoLEBMI0
1odd 3Ol LooEgLby s LYBMIo bgwlsfiymgdol ddsmdsdo. sdodmad
5506 MLMOMOHO YbgdoLs s ds03900L ML LOTAEISZMYMS FOBMIZ0L
d90obgg3zsdo  dbg39wmdsdo  mbs  dogzo0mm  Mdseegbo Mool
3563b03gdolL 253wgbs 5dGHowme, Mgogd@o s LOHYI Loddws3mHBY.

09 999G ({690Dg ImEadIos 330l WgMdol Lodg@®Morero
550600 dsd35, 3590 SBgmO dsd3s 96 Tgo393L 3oz d9bYEL
dolo dyobs 3609369 ™dS godmolobgds BmEmIME00):

u(t) = UmmSin(wt + 1) + UanSin(2wt + o) + UsmSin(3wt + as) +- - - (3.24)
bom §690do 358535¢00 5MsLobmlmomMo gbols dgols 360dzbgemds
0g690s:

i(t) = IimSin(wt + c1—@1) + mSin(20t + oe—@2) + uSin(3wt + oz — @3) + --+(3.25)
59 3068603900l 353305 s bl dmddgwo 3b0dzbgeMdgdo Mo 04bgds:

U= |Xr_ Us= JU?4UZ+UZ (3.26)

[ = |ZpoIf = JE2+I2 412 (3.27)

boog k- 30M3mbogol b6mdgMos; Ux o Ik — dsd30Ls s qgbols
3563mbo3zgdol dmgdgo 3609369 mdgd0s.
dgolo LoddEogMY p(t) oboLLBEZMOS BMYMO3 dsd30Ls s Ybol dyols
360083690 mdsms B53MS3w0, FMOIMEom:
p(t) = u(t) . i(t) (3.28)
LEMWo  BoAIWszmy S oboloBE3Mds 0lg3g OMmmOE  LobMbmoGOo
09530908 OML - dsd30Ls s Ybol Imddg 503z6gwMdsMs bTIMSZ3EOm,
RMOHINWOo:
S=U.I (3.29)
5JBHoweo  LoAdWszmg  2obolaBw3zMgds,  MmymeE  39©doz0
90p9bgoms s (39039990 3503030l 5gE0O LOTIWs3MJMS K ST00:
P=Pi+P2+Ps+- (3.30)
5b65¢Ma0M5, ©195dGH0o LOTAWSZOY BHMOL:
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Q=Q1+Q2+Q3+ - (3.31)

LobMLMOMOHO Ybol [Mggdol T9gdmbgzgzsdo SJGH0MO, MgoJEOrE
5 BEOME Lo H3MYJIL TGOl SMLYIMBL F90IR0 WITMI0WIOIMWYDS:

S2=P+Q? (3.32)
3650bmLmMoEMMO 9bol d9dmbggzsdo
S? = P2+Q? (3.33)

5dols  49dm  9MOlObMLMmoEMHo  ©Ibol  MgmMosdo  dgdmEebogros
©535b0obxgdol LoddesgMol T 3bgds. 99 OML LEwwo LoddwsgMg Asbo-
LoBO3MGOS RGN0 [24]:

s=PT+0Q%+T? (3.34)
Los3 P - 9d@Homeo Loddwsgz®mgs, Q - Mgod@GHomwo Loddwsgzmyg, T - sdo-
bobyx 900l Loddgogey.

50239605, 9M3LObMLMOMOO 6oL gwgdBHOM (MHggddo LEvy-
wo  LOIIWH3Eg  0bIOXOS 9GO0, MJSJGHOMNWO @S TsbobxgOOL
LoddWHs36M99d0L  F9dabsBg. 3bMmdOWos MAswwglo 3563Mb03gdOL  SOBYDdM-
o0l  OML  5dBHoWMmo s  M95JBoIro  Lodds3MYgOOL  FIBLEBOZMOL
390mbsbMgdqgdo (3.30) s (331). bmem ©sdobobxgdol Loddwsghyg o3
OML 2obolsbEzMds (3.34) 25dmbobegd0b:

T=,52—pPl— Q2 (3.35)

0v) (3.35) godmbobrmengdsdo S, P s Q LoddgrsgMggol Bogfhigto
Mdomerglo  3560Hdmbozqgdool dmddgwo 960336gcrmdgdom, 95d0b doz00gdm
3990bObMgdsl  sTob0bx OOl LoTdEs3MOL  AoBLIBLIMmOLIMZ0L  LEWMwo,
59BHom0 @S 99dBH0MEo Lodds3zMggdols Fobslifa®o goblsbrz®mol yotg-
d9.

©535bobxgdol  LoddEsgMol 0B  SLgmo  FJoEMds  3bMdOWS,
05658 030 99Mm0Yygbgds dbMErM© 39Mdm Fgdmbggzsdo ©9gboly s dsd30L
dm39do 356G3dmborro dgygbomdol oMb [27].

J300m®  gobboemos  Bmao  dgdmbggzsdo  odsbobyxqgdol T
oI H3MOLIMZOL SBYM03g G030l oMb MEGdOL godmy3zsbolL fglo.
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@©9bols @5 dsd30L  dmddgo 3600369 mdgdol  Jobgz0m  gogz0-
562900990 OO BOAIH3MOL 335MOEL [28]:
§*= (U=DN)*= (T, U7) = (T, 1) = ZL,(UL)* + E, Zfi(”z{nj: (3.36)

LoO3 1 s j 350IMbo3zgdol bmdgmos, n- 356M3Mb039d0L MoMm©gbmds.
3930m35¢objobmm, ©®md  (Ogol  sdBHowmemo s  ®95dEGHoMwo
LoddEO3Mg  BHMWOS MOMMIMo  35MIMBOIOL  5BHOMO s  MgodEHorew
oW H3MYMS X5ToL, 303M3Mm 53 LOAIEISZMYMS 3390EMSEHJOOL X sd0:
P2+ Q= (Py+Py+ Py +Py+B) + (Q+Qy + Qs +Qy +---Q,)% =
=PI QAP F QI AP F Qr F PRI Qb BE Q0
+2 TR (PR + Q:Q)) (3.37)
0] 35300035¢00bfiobgdm,OI:
P, =Ucosp,; P, =U,Lcosg,; P, =Ulcosp,; P, =ULicosg;  (©o..
B, =U,l cosp,;
Q) = Uplysingy;  Q, = Uplysing,;  Q; = Ulsing; Q= ULsing,  wo.
@, =U,l sing,,,
85806 (3.37) 259mbobyemgds F0omgdlL Lobgl:

PP+ Q% = i (U, = 1)* + 2 T, X7y (U LU Licosg cosg; + U LU, sing;sing,;)
(3.38)

(3.36) 5 (3.38) 399mbobmargdgdo Bogligom (3.35) 2o9mlsbmengdols

33900653 do, 3030090m:

T2 = E?ZIZFE[UE.[}.)E -2 E?:l E?ZI[UEIE.LI’}.%coscpicoscp}. + Ui[illfj.j;.sinq:isincp}.:] =
= Z?:1E?=_'-_[Ui * {1)2 —2 E?:lE?zl[”ifiUj{f[msqjems% + Si“@e-?i“@j] (3.39)

952650 3MH0aMmbMIgEHM00L 39MOLOIL (36MdO s, HMA:
cos@cos;tsing, sing; = cos (;, — rp}-j (340)

(340) 258mbsbyagdol gom3z5¢olfobgdoom (3.39) doowgdls Labgl:

T? = E:n:1zfi[”z[;)z -2 X%, E?=1(UEIEL{;I'{;I'CDS (; — ‘P}':] (34D

39L50530b0 oMEsddbgdolL 999 J03009dM;
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T*= Xi=y Xi=q UL[U L — UsLicos (@; — @y, UL [UL — UiLicos (@; — @)y
(342)

Bd@oG @; o @; ©JboLs d dsd30L Gglsdsdolo 35Mdmboggdol §sBYdos.

(349) 258mbobmeEgd0sb dgodergds gobzlsbegmmo sdsbobyxqdols Loddwrsg-
69, RMOHIMO!:

T = wflE;’:lZ;?:l UL [UL; — Ul cos (@; — @4 UL [Usl, — UiLicos (@, — @y
(343)
(343) 259mbobmemgdol 39610090 mdols d90mfidgdobsmgol asbgobowmm

3550mO.

65b.3.4 -Bg 2odmbobyyen gMgmen gemgd@eme §O9bg dmddgogdls
396000 5MH5L06MLMOEMOO dsd3s:
u(t)=101,9sin et + 34sin 3ct + 20,4sin St

06900l 35615993M9d0s: 11=8 ™mdo, =7 mdo, r=3 mdo, L=0,016 36, C=
400 933. 963LsBP3OM™M  MgEolL  Tobobxgdol Loddgwsgeg (3.35) o
(343) 259mbsbmemgdgdol 30bg3000 O 89350sMMm 9OHMTSbgmL.

r, L
1 ]
—
Ifcot)
I
ufcot) |:| I,
C

bsb.3.4. dgmgmaro gargdBHereo (idgoo
dsd30Ls s 9bol ImJdgo 360d3bgeMdIdO BHmeroo:

2 2 2 2 2 2
U :\/Ulm ENE =\/101,9 L34 204

=7733
2 2 2 2 2 2

2 2 2 2 2 2
Iz\/lﬂ+Lﬂ+lﬂ:\/8'93 +1’9 +0’73 =6,485

2 2 2 2 2 2
3963L0BOzOM®m  dsd3z0Ls @S ©YboL 3563mbozgdol  dmddgo
960093690 md9d0:
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U,, 34 Usn _ 204, o

U, 1019
U, =0 """ 7230 U, =1 =" =241 U, = =
YT 141 U N RV L N T

Ilm —879326730; I = I3m = 1,9 :113507 IS :Iﬂ:%:o,5180
2 14

|, =2 = =_sm _ 77
o2 14 P2 14
3963L5BM3zO™M®m Izl 3MPbggdo dsd3z0Ls S ©IboL geHMbsoMo
o0l 35603Mmbo3qdL mMol:
P =Y —V,=0-237"=237"; ¢ =y, —y; =0-555° =555°;
Ps =Wus ~Vis :O_(_680>= 68°
0690L LOMWo LTS3 BHMEO.:
S=U-1=773-6,48=500,9 g..
39930Ygbmm, 356>3mb03900L 59BHoMe s MgodGHome LoddwsgMgms

3900bobMgdqd0:
P, =U,l,cosp; P, =U,l,cosp,; P, =U,l,cose;

s P =U_l, cosg,;
Q =Ulising;; Q, =U,l,sing,;: Q =Ulising;; Q; =Ul;sing,

P, =U,l,cosp,

s\DO Qn :UnInSin¢ln
3963L5BO3OM” OO 5JBH0IMHO s MYodB0Eo Loddws30Mggdo.
0690 5dEH0mMo Loddws3zMg BHMEOo:
P=P+P,+PR, =U,l,cosg, +U,l,cos g, +U,l cos g, =72,3-6,3-c0s 23,7° +
+24,1-1,35-c0s55,5° +14,5-0,518- cos 68° = 437,7 vt
0690b H95J@0eo LoddwszMg BHMOoo:
Q=Q, +Q,+Q, =U,l,singp, +U,l,sing, +U,l,sinp, =72,3-6,3-5in23,7° +
+24,1-1,35-sin55,5° +14,5-0,518-sin 68° = 216,4 var

(3.35) 259mLobmmgdom 29bLsbL3MHo Esdsbobxgdol LoddwsgMg GHMEos:
(3.44)

T =/S?—P? —Q? =4/500,9? — 437,72 —216,4° =111,76 .
3930562500dmm MHgol sdsbobxqgdol bLoddgrsgtg (3.43) sdmbsbmegdol

dobggzom:

U1|3[U1|3 —U3|1COS(¢1 _§03)]+U3|1[U3|1 _Ullacos((”l _¢73)]+

T= UIIS[UlIS _Usllcos((”l _(Ps)]"‘usll[usll -U, I COS((Pl _(Ps)]+:
Usls[U3|5 _U5|3COS((P3 _¢75)]+U5|3[U5|3 —U3ISCOS(¢3 _(/’5)]
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72,3-1,35(72,3-1,35—24,1-6,3¢0s(23,7° ~55,5° )|+
241-6,3[241-6,3—72,3-1,35c0s(23,7° - 55,5 |+

= |+72,3-0,518[72,3-0,518-14,5-6,3c0s(23,7° - 68° ) +
24,1-0518[24,1-0,518-14,5-1,35cos(55,5° - 68° |+
14,5-1,35[14,5-1,35 - 24,1-0,518 cos(55,5° - 68° |

= /(-3040)+10487 +(~1047,2)+ 5892 + (- 82,5) +147 = /12356,3 =111,16 ga.

OMAMOE 399603909005 23083965 [29] ©sBsbobxgdol Loddersgzy,
OMIgoE 3obLIBOZOIos LMo, S5JBHOMO0 ©S  M9odGomwo Loddwsgz-
9900L dobgz0m (3.35 2o0MLsbmqds) GHmeros 111,76 3.5-0l, bmwm ©sds-
bobxgdol Loddws3zmy, GMIgGoE FIbLLDBOZMMEOs 30MPI30M dsd30Ls
@960l gMMogl 8H3M035 296585¢wols  dobggzom, LEWMwo, SdBHomMeo s
6959300 bLoddws36M9gd0lL FobobfoMo gobloBOZMOL gocgdg (3.43 godm-
Lobengds), GHmeos 111,16 3.5-0b. 999gagdol sbgmo Losbarmgg 435deg3ls
(3.43) 24590bobEgdol EHYsMo@ 3BMBOL Lodmoegdsl.

5960g5©, 9J9gdBHMmeo §69wgdol mgm®ool Lsxgdzguby dowgdwo

0965 ds030L5 s ©Ibol FMMogl MO390 Tl F9ga 0oL Lyxdz9w By
©535b0obxgdol  LOTAEOZOOL  2obsbYIMOTYdgO  F5TMBIbMEgds,  LEHYYEO

59300 ©s 095dBH0MEo boddEsgcmgqadol Hoboslfstro 2sblsbwz®mol As69dg,
o3 Bodogdsl 0dwgzs ggddHOMe iMgdo  ©Tsbobxgdol LoddwsgzMy
3960L5BOZOML 30MH306 dsd30L5 s IBOL MB3OEMAEMSTIB0O TGOl
303603500 ©sdeol J9gagdol dobgzom.

(3.43) 590bobmEgdol 130M5GJLMdS (3.35)-056 Fgocgdom sGObL obs, HMI
030 04935 9w9ddOMw  Mgodo 808obstg  3MMm3gLgdolL  SBsEOBOL
BoGo6900L L5 gdsL. FoQ9E0M5Q, (3.43) godmbobgd0b 3bswo RbL,
Omd  ©odsbobxgdol Loddwszmg beol GHmeros 0d Fgdmbggzsdo, MM
©960Ls @5 030l 35MH3Mb03gdoL Lofiyolo GoBgdo gMMIsbgmol  EHmenos
@; = @; ©d 5939 08 Fgdmbgg3s803, OMES dd30Ls @ ©IHOL 3oMdmbo Y-

u;  Uj
o0l dmgddgo 3603369emdIOOL RoMEMBS GHME0.: r—z = I—J
j i
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0930 IV. 35653980L Jugemgdol 97503900l 255685008905, oGNS

©5 ImboGm®mobyo
4.1. Bmys500 36mdgdo

3969 295650m900L 65 YPIMGOO Joeodgdols s ILEBEGdMEo 396-
JB9gd0l ghm-ghmo 3603369wm3zs60 9ugdgbBos. olbobo d93Gs  MHBOHMb-
390094396 93@MEGHMBL3IMOE0LS s Bgbom FMLOIOMEgmS FMIMIMIOL WLsg3-
MObMYISL, JhgdoLy s Imgbgdol LogME)do ssdnsbgdols Ibgzgwrmdom
609635305, 516939 VST Bs59dT0 ILIBGOMEO 3Y6JEHOL AIGAD Lobgl.

5055950 3939w mdol Bgdoldogmo @IMROL  G9gdbozMMo ©mbg go-
BolsbEg®mgds doldo 459mygbgdmeo gwgdBH®m™mbozol Mosmgbmdom. gargd-
GOMbMwo 458830-050930MJOI0 535M5GHMM0BS s J9BsmMYdOL B30l
Lob39dgdol Jgddbol Hyowmdom s0fym 9wgdB®Mbolzol GFotmmm IbgeY3s
39090580, 853  F0a3094396s  Lobsmo  bgwlisfiymgdol  35659EHM9dOL,
3obomgdol  boGmolbol  LHGmsg  aomAxmdglgdslomsb ©s  gargdGHemgbgtyool
9306m305Lmb. Joesdols gobomgdsdo Absglo dmfymdowrmdgdo 5dmoygbgds
399930-0569290MdJ0o  339MGHMMOL  Loboo  wdobgb3gbgom® s
390U 3MPMGd 3MB35dBHM Bobgl39bE0IO, boBM0T0sb, {MyOMOsb s
99900m©6 Bomvmgddo. dbo3bo ©sbMY3s Fob3oMmMdYdME0s 0dom, Grmd
g439ws  bgdmom  Rsdmmzeowo  LBobsmeol  §ysmmgdo  LoFoMHmgdgb oG
BGObIOGHME 220 3 dsd35L, 505890 B3YF0SIMSE JoMJIBOL.

Bsbg35659BHOMo  39dbmemy0gdol 39630ms6M9dLMb ghmo 3bo-
@O0 3bs, OMI 4569 2obsmgdsdo gargdBHMmgbgMaools bobrxol dgd306M9ds
d9L5dgdgE0s 565 TBMEMEO 496Gl IBSYIMGdTO Lobsomeols {igs-
900l 65HoMdMH030 96 0560 Q9FMOMZ0m, (1539 MROM FoMOg39d-
A0 Lobsmeolb {igo®mmgdols s Mo30Mmboscrmemo 89dasbsHowgdols djmby
Lobomgdol sbgeyzol aBomsg.

Sbgm Jmmbmgbgdl doglodscrMs FgqLodsdgd0sb Fmdoomweo Uo-
Bomgdo. 9gs®mEsbosbo bobgzs6sdBHomwo Lobsmerol (ystmgdo  dmddégd-
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603590, HMaMmOE gobomgdol bawlisfiymgdol 3arsbo, by sbaEsbsb 8930b96.
3530 B5DOBY 25dMPBIbs 9FMbZS B0 sMLfE GOl M.

39653690 s gmgddo Lobsmwol FmdoomEdo  [gstrmgdols
30o63mgdegdds  doomhogl 3600369e0m3z96  Fo®mBo@gdgdl, Mol 9993
505505 B399 gdcm030 35603565 bommMol Fg33ws 8v)dom©mMo Bobsmoo
50 356933690 RbFHILEGH030L  bLRgM@L.  FMJomMo  Babsmgdol
doMOMOO  306M5GHJMdYd0  dEPMIdMGMOL  bobyMdwozo OMOL 256353~
©Md580 (s9bmgdom 70 000 bo) dmgEgdbolzmMo Bsbsolinsmgdegdols 99bs6-
B6905d0, 9dL3EMEGE05d0 MBOBYBMOST0, 0bosEGIOMdSTo s SBowMmYO-
160 LobsmeEol fgsmrmgdol Lbgs dsb39690egdols G9bseBmMbadolsm3z0l odsw
dmbds®qdme LoddeogMgdo.

056589000m39 899Joom©Mo Lobsomwol 453935 dF0MOME© dowgsb-
wm3zs 100 wd/3@ b0odbmel, Go3 Lodwmomgdsl 0dwgls 3mb3MGm9bios
3ofomb obgm dmfjobsgg Lobosmwol fgsmrmgdl, HMYMMGdoEss 3MB3sdGHYIM0
30b9L396G0M60 s IHaT @odol boommEmgdo.

©5099d9mo 2007 fierosb Hmbgmdo dogards Gogds 3mA3s6090ds
Lobgedfogm Mbo@s@me ©shgligdmergds ,,0mbbggd -06 gemo ©s0fygl
399900 MH0 Bobsmgdol 3353905  JMPol gobosmgdolomzol. s8 otydo
000939605 33356050 ,.3OMbMREGHTS” 2007 Ferol dmEmb  AsbsbmGE0gws

3999000MmMH0 LobsmMgdol Jofimqds dofiolid3z98s osboligergergddo ILoYg-
Bgdsco.

L3O gud3eo@S300L 3MMmEgldo ABY-25 #odol 8v1doomome
Lobomgdby, GMIWIdo3  ©odBsYdos Cree Xlamp GHo3ol ddewsgo
399900Mm©gdol 05BsDY, dMTomdsdo 96O oym AsdIM3Egboro LgBombmeo
Bo3ermgz9690900 s 890dgds ©e359BH303M®, G®Mmd Abasglo FwydoomIOO
Lobomgdo  Jgodegds  as9mygbgdeo  0dbsl  Joawsdol  qobsmgdolismgol.
3990090 b500x05 JMBol 08 Lobsmgdol 3063000 odM(33Ws, MMIMWGIOE3
3990g9gbgd0s 4HBgdoL S GHOMEHMMIOOL JobsmMgdOLIMZ0L 6-8 T-0b Loy-
96900l  999mygbgdom. dmb3zmzol GHIM0GHMM05Hg ©®IoLsmzol  ALAS3LO
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doBb7d0LsM30L  JOMOMIEI©  49dMmYgbgdmeos AHaT-150 s  [AHaT-250
Go30b  BomMgdo. 50539 ©OML  9MLYdIM  FMJEO0MEMO  BIEIMYIOL
95JL0oEME (9510080 4966050 FgLsdsdobo 90 s 120 3¢).

gmpol  BooMgdosbo  Lsbsmgdols  FMdommMom T3¢0l
3520omgdo 339  9MLYIMBL.  Y39wsby MBOHM  3bmdowo  3OHMmgd@o
»3990Mm©MM0 Joewsdo” (LED CITY) $83-do [30], MmIgandos gobbmobrmemos
BO©OoWwMm  3560HMmobol 9Bo@ol  ©gEIdosd OHMEol JmErosbo  gooy3sbs
399900 O 256500905D9. ALo3L0 BoMICMTSBT 00560 3MM9]Egdol dglobgd
ALMREWoMmdo XJORIOMDO0 A5(3b5IINMWO 56 SMOL, Foacmsd sMLYdIMBL JmBol
39653098580 b5 E@M9g00560 LEBsMGdOL F)JEOMPMIMHOM WMIsEMHO J9i3eol
43069 30Mm9d@900. bob.4.1-Bg bsbg9bgd0s  0@sool Jogrsd 356HTob oM 3oL
399900mH0  BomMgdom  gobomgdol  BFMEHMAMSB0S. o5 ©oYgbgdmwo
399900mMo  Lsbsmgdol  860d3bgEM3z560  MBOMOEJLMBSS  M3EH03MEMO
bobBH9ds, GMIgoi  0dwggzs  LBodMOgdsl  Jowgdmwo  0dbsl  JmPols
LBsgdOLHMZ0L LEObIMEH00 IMmMbM3bowo Lobsmeols dserols IHYEo.

399900MmH0 LEBIMYdO oYgbgdMEos 4 3-0b Lodswergby, dsom GOl
©odmE9gds  F9ogbl 24 3-U. 58 Lobsogdoom  MBOHMBlgymzOowo
3905090 MdoL LyFMowm EM™by 8950096l ssbarmgdom 10 gomdul 0,57
5596350 M3bMdOL O™, gl LsbsgdO dMobTs®gb 20 3¢ LoAdErsgzcMl o
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