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MICROWAVE BANDSTOP FILTERS USING RESONANT INSERTS PLACED IN [
PLANE AND 5 -PLANE OF WAVEGUIDE

Abstract

The scope of the study of the dissertation are miniaturized bandstop filters based
on resonant inserts placed witlitrplane orH-plane of rectangular waveguides. Starting
point is the hypothesis that bandstop filter can be designed by placing discontinuities
within rectangular waveguide. Accordingly, prirteidcuit inserts are positioned B
plane orH-plane of waveguie. Quartevave resonators and halfave resonator are
chosen as fundamental elensamit considered inserts.

The topic of the dissertation has solid foundation in miniaturization of microwave
components problem solving. Since the rapidly developing conwations services,
frequency spectrum is extensively exploited imposing efficient filtering as a requirement,
so useful signals are distinguished from noise and unwanted frequency components. The
advantages of the waveguide filters compared to planarsféte in quality factor and
power handling capability, and major disadvantage is the size of the waveguide
component. Being core devices in systems where low losses and high power levers are
required, waveguide filter design is demanding process sinesas@viteria should be
satisfied.

The aim of the research is focused towards compact waveguide high order filter
design with multiple stopbands. Resonating inserts are positiorieg@lane orH-plane
of rectangular waveguide. Simultaneously, the reseascloriented towards the
development of generalized equivalent electrical circuit of the multiband bandstop filter.
Development of the equivalent electrical circuit represents contribution intended for fast
filter design since circuit simulations providesight how circuit parameters affect filter
response thus enhancing filter optimization, while simulations are not time and memory
consuming as thregimensional electromagnetic simulations. The main focus is towards
the modelling of coupled resonators aythbolic analysis of coupling parameters.

The scientific contribution of the dissertation are novel design methods for

compact microwave higher ord&rplane orH-plane waveguide filters with multiple

Vii



independently controlled stopbands. The core of thpgeed method for design compact
higher order filter are multiple stopbands that are independently tuned, since there is no
unwanted coupling between resonators intended for different stopbands. The concept
behind miniaturization relies on the techniquesefmentation of straigiine resonator

strip based on folding, so that resonator occupies the smallest possible area. Several
miniaturization techniques are considered regarding compactness of higher order filter
with multiple stopbands. They extend thasic concept and are applied in accordance
with the type of the filter to be implemented, whether E-jgslane oH-plane filter. With

the aim of reducing the length of thkplane filter, strategy of inverter miniaturization
based on replacement of thenventional quartewave inverter by the shorter one is
presented. Presented compact solutions feature flexible control of specified stopbands.
Comparative analysis of proposed solutions and corresponding filters found in literature
is conducted and exped.

Additional contribution is made regardirigplane bandpass waveguide filter
design. Traditional implementation which use coupled -Walfe resonators is
outperformed by using quarterave resonators that exhibit bandstop characteristics.
Depending whiler the resonant frequency of the quavtere resonator is located within
passband or stopband of the bandpass filter, it is possible to achieve different
functionalitiesi advanced stopband attenuation and division of wide band to narrew sub

bands.
Keywords: microwave filters, waveguide filter, quartelave resonator, half

wave resonator, equivalent network, coupled resonators, bandstop filters, miniaturization

Scientific area: Technical sciences, Electrical engineering
Specific scientific area: Mcrowave engineering
UDC number: 621.3
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Eud MsOdesmisd E ¢ sd3j fmJ Ctsd3f tsdzj dzls § d ¢ dzO dzO
ptej Hdesh <k Md&OB? j ¢ O. 1 toj &zOLod@® EYBhiyiCem sk Uy dipiEsOuis
dLosj ' 2 ftesfzmdse  dj ftesf zmdese s Mmj 0.

ltes® jCIstsoa O ] BIStBlsOdZzOMdedr W ddzsOtcO® “j fto
dmMstcOy do O © d ftcejHMIsO?” O Mo jsBEZArOOOdz 5
Hong2011] . 1tk OS¢ {tots’ Lj@ldsjp) On flsjteg BYOd CHADY d
hists Mk d&ddzd  OlkztedL Oyd  ©, hilsts ‘dj Hidgtffls@ o yldddzQ@f
Ctsd3f tsdaj dzls § . L LOeadMmdesMmisd ©H ftodd3j dzj , i dzO d
2O LOMIsEf? jded " J L O dqd&3fdzj B delsOyd k£ BIStesls Odz
di3f edas dtcOdzdrn k& Isjrdedyd OdZzOMse sH O, E HddsME
9dJ<jd3 WOSCItstek HBBE&IS] dd MdzOLd Ct5° O My By,
LOEZL jJ <O CBdiftsde dzgsy [ Cam2007] .

sOkOMsosHdd Wddzksted ftejHMsO0s? O & §sijs dk
yd dtw@H LOMddeO dO ftwddydfkz EBOYydeaO® O HJHT
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dtkhlsddzm¢d, bOkZzOMsestsHd Mk MdMmMisidkd L O o' j°j
hizg? j d3d Is O dzdzj yied Gt J ek dqBOId fttOo sk
s tod yded [ dfjtes]ldg S dgDjcdid] BNdB'g te O dzd U J dAOO dizQifsftdsoCe O

TO dzO M =& tsHiglf edff dzls dzOyY O ° dzd J dz§ g4 dzI€ dstf 1§ t) ]S gj diz®
sBjLBjHdId (o) dsiO o dgegrd € f)ls OlpddizjCHsD jj Mk
ftets jCbtsoOdzj L O t©OH dz@ dedydads Bd ¢ tetsls OcdzO fiy dac
H 34 daL d ° § .

ltes' jCstsoaOF j sOdzOMsotsHdzgdr W JddzsOte® fftoj HMls
LO yd® HO ftets’ jSHishsld@Ear WwdagOd d° §j d MY J yc
COwOCljtedmisdSj. [BLdEsd HO “j ojddyddd ¥dd
IsOdzOMmtse sH O, fsmiskzf O oy tizf ¢ Ots izt d L s uzOMts o tSH |
OCIskzj dzdzO Isj di3O.

v teOH d yd ts dzO dzdzd fsmskzyf OC B dzd - OlskztedL Oyd * .
dMf ¢ O@ROftsoldsHdzj "2 ddzj HIjdzj ChtedStsd. 1O
30 i oj ddudd § Ststd i wdasdi s i) SO @hpas d o dz
fjtoedisdlsdodesmls Hdjdzj SstedCO), k istj' j* 'k MO dzj
sotse fomMskzfCO Mi BOIJWjfmMskz j] E foji<0'k vyj
fsfpdzj HdyO® HJjdzj Slsted € O.

b dzls j tedzOIsdoded ftedmlskzd ddded OlkztedL Oyd d f st
CitBMEdGE tsBdZdC O tjLtsdOstste® d § zO0dzOtcdzd s f toj
CdBf OCIsdesfylsd. v OCt' j, dJqdsfdzj d&3j dzelsOyd  © " IsOdBY C
9jJ<k otjHdtsMIls HdJjdzj Slstedydej SCdMlsOdzlsy BRSE <

ltejHBIl fskzyOes O 0 o HahisfB@ddd] i
yd MisOdesfisd S° d fted i z-d -t©p e dz@f del<Odzjts i ©jsdl
sOdkzOMmtso sH O. V HdMjtlsOyd d My TdOLd H M
ERjlsOf jods HdMSsdesddzzdls jsO E fOotskzeOsdd IsOd
dzj § o5 kfififgd€O sz yj MsOdtsMmisd. v MSEOHE MO Isdd
hisORY Odzs ¢ € 5 dzO [ fifj dzcff #AP® Wed2 A" CAzONso SH O. 1 OL d y
hlsO®RY Odzgd R ftej CteOHO C° ) Mj s jChk & Mk i

Ad? dMlstcOy deo OF O ° j & Mmidsj oty ditf QIEAs dfdtets * Wj L delastte
e HO MO odhj dajftesf lzfdedr Y fiTid@d 2zQofipsdO dzts fiyls
ftcOotskze Osdats @ sOdzOMtse sH O. RMistse toj d3d dzts, d f
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GJdzj cOdzdL 8o Odzdr JSodoOdzj dzlsdzdr J dzj CIsted ydzd -
WddzsOte®.5° { @ o do Odzj dzls dzd = hjg &30 ° J mMeots® j oteMml
Wddzls Ot O. [JBLdtetsds HO fmJ fsdis<kz MddBzdZOYd O
OdzOdzdL dteOIsd EZISdyO™ fJtesdsi dzi otej HdzsMiIsd ¢ Otc O©d3y
sflsd®kdL Oyd & Wddksttd dO defdipis p ) skz@izi ¢ idte df daddiny
L Onlsj o dzj COts IstetsH d d3j dzL d ts dzO dzdzj Jdzj ClstetsdBBOG dz
BCtoslsOdzOMmMdzd Wddzlsted IstcjBO HO dABO & oj<bk ¢t
SHEBO OO E<d Wddzlsted ftedSCOLOdzd & HEsMskz dzts® d
[ Mdzseo dzad Ctsdzyj FisBIBMHsdgsO®SED | BB OdzH e 6 OF
OBHESO O tjLBAdOSttd 2 yd’kz mMdizO® J 0 f§tsoth ddaj
dzZsmoykz. L fsedzj Hkz YoMisdL O O Cli3f OCIsdetsmlisd
dzj f esf 2mded » S MjcO, sjrdedCj d3dded ObkztedL Oyd
tQodzd bk Ct8° 8° Mi fwlctcOHO YoLdydsddtcO. v
ftoj ctcOytBodzd (tcOotkzcOBdsEe IsOzOMtsa tsH O, ftcd H
Jdzo j tolststcO.
stsH WJdzlsOttO MO odhj dzgj ftesfmdzdirtc®Y digd ¢ ©, ¢
ftcOo tskz e Ots dzts de Ols FRBfEOo thy O, 5§ Isd BOzdzO tcj OdzdL Oy (d
fesmMists" d dziNd’d &0 Mftej O dJqLdBBJ' & tjL sdzOlssteC
My J ydW¥ dydteOdzd » gl O o aitis"Ojcd, 2 Odztse ¢ sdi3f OC Is
SBH WJddzsoOttd ftsflkzmMdzdt O fMijw@saldaq] Mis@JzE g1 ¢
md HO fj Cstedh <j“jJd3 HBSHOIddR yjlatllsOdzOmd
My dzj SIsdo dztsls Wddzlste® ddzd §tsHj dzd §tesf fmdzed tst
gz & COOCIsjtedmisdCd&O dif fijcfslf @ dgeag € . tsdf f) iy dziz 1
toj L sdzOdzls dzO Eyj MlsOdzsMmls HSHOIdzZEE toj L s5dzOIststc O d
sMiseo Otcdlsd Bts? 2 MJjdzi Clsdodztbi&d @ dgls o  degzf| tc Bt
s mMiletdH. j Zz0 P diedr ftesfikzmdds fMjcO dO §sSHEGY
ftots® j CIss9 0O jd3 Yt jHJAROYM] A Yd sotclsls OdzOmdzd -
Zyd MisOdztsisd §tsHjhjded dzO otejHdzsiisd kdzzlsOte 1 t
ltesyy M dMstcOy do O O < § sBknoOlsdlsd StetsH
d &z Ctcts B3OaRAH Tz tcOL BOIScEazdgd K EzIOtdO. ssClkz C
LOHBeots? § Myjydwdecoyd k&, Bd<j ftejHMmlsOo? jded t
hidgO0 E yd? k2 &z0¢hje dMmfdlsdoa OO0 ‘datsadnm COtOF
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qLothdlsd % OBwdCOYd' & dOBswOtstd  MEdR (s
W OBtldC OUYtBEOS kO HBjtejs O HddjdLd O. [Jt
OB SOttt MEsE fossslsdfO kijB0O MfwssjMmisd
Biej 0. 1shmdjHSd Ss©0S <j Bdlsd O0dZOddL O ©jL k.
fskOL dese BjlssSHO d ]’ j° O fijAs OdsHzasge OO < dd

11 Jtee OdzdL Oyd "  © HdMJjtelsOyd " |

rdmdesOyd 0 " j cOddLBos OO E MjHOB § 6d
UV Hickzetsdz fscdzOo?> k2 " jJ MO bkjitted MEtse OMYf jSCIO
sOkzOMO d kdfsed lOkzOMO St dfgjHBEEf EterPd®
soj HdMjtlsOyd j bOzOMtsessHdd Wddzsted, § tsfyj Bdz
COts fMlstckzCIsktc® LO o' jCj. (OLEB]joaO] ftosMmisd
dLEL jlbdtse LdZOYyo 0 L0 ftes' jEIsso 0O ] IsOdzOMmtso tsH

vtej <] YtodkzOobkjf ] B d<fFHtc ' JoOC E JjdzjCls
Cdrtsoase s jClso OF O. [ Ols j Mz HiWdddyd" J
ftes jCIstsa OO dBCtetslsOkzOMmMdzdr W d dzlsOte O, fted yd
HilsO? dzs ¢ dfmOda. RABY 4 HOdzlmded d OHBIIsOdzmdzd d
Jdzi B3 dgsd dzjsfrasHdd LO ftts jSlstso OF j d HOIs
ltedCOLOdzed Mk fodzElsOdzOMdzd d yYdlsotlslsOdzOMmdzd to
jdzj B3 dzgsd W ddzsOtc® OdzOdzdL dteOded= E HIMjtelsOYyd "  d

Yibotlsts f 56 dzOo ? j f %gij H ffl4c@soc?tel@ d3fifCtadasd M < jOC j |
stcthezj dzgl d s dzOdzdzz j dzj S stesdBOG dzj sMC k2 fMmd gz dzOyd * |
BsHJ Izt O j, Ctdojtejdyd & d Oydssimils J dzj ¢ Iste
fsmiskf O¢ ftedftejd LO fwsyjfm WOBtedCOyd § d
tejhj¢ o, dL tej dzj 9 Odzls dagH dalsdng j ted2® Iz t&8 § AzO f§ tiso tOH oAy §
fsmiskzf ¢4 oiBdded” OlsiztedL Oyd " § .

1 jbbts fsedz0o? j dL dzOYj HBfteddesy HdMjtelsOyd:
WddzsOtc© dzj ftestf EMdzd C O tsffmjcO kyj ic@deszglsd, ¢
1 sdzOLd Mj BH tjL c5dOltstc®dtt ® s dindgsdelsa®.c (€ GLdaigE
WddzZsted MO Hoe O d Isted dzgjftesflzmdzd sSfIMicO
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Bdded  OlkztedLOYd j. RLE&OY] Mj ©OLet' dasej ¢jd
hjdgj Wqdzste® odhjc jHO MO odhj dzjftesy zfdedn
ZjMists f &cfdhpe’jj< j'dis jLbdksOdBO0 dhstOy do OF
&j fesfnMddS0 sffnjco, C6oPotetgddi OO ‘s jCdEa
L Oodfdesfls tojL cdzOdzsdzdn bkyjfsOdsfisd tjL cdzObk
d &3 dzj o3 delsOyd " d . LY st HIS, ftiGime BazY OC ldets MG
3O j ¢ jdg Hizyddzj Stsdzo j daydsdzOczdzatse ddzo j telststsO.
MlstcClktcO doj SYRBSHAO LO WdSMduwOS ] o) cOHO L
HjHEs §sedkO0s?j Mj BOsd fwoddjdsd ]l sd
i fesffMddSO ©ffjcOL Okoysp tzd ffswBCed hiod d@ls Ot O
sfMjcO kyjMmsOdshmisd. {OL&OBO & Mj yjlkotllso
byjflsOdsflisd bdklsOt " JesCte fesfbhdse sfhjcc
[ fscdkOo? | ydded LOS? EyoS, MO ] djHic
fesfhtdr dL Mitse jHjdse JhmstOyde OF O.
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2 4dmlsj dsd L O o' j ¢4

MaxwelHs o j ©j H 2Oy dzj fejHimls0e? O k& sfh sk
jdzj CtesBOcdz sMSde §&° O Maxwelhs® jo Oly jagts @ j§ st
fejHod O ) fsMmss O°0 jdjSlcsiOd d)&O&fEd ( EM
IsOdzOMseo sHO " ifisj tjh O&@ juddpsi~ds * JjHHzERAN (RO
ftedHteky jdzdds ctOddyuddds bkhdse dds@stlizs skl zd
jd&zj Sl BOE dzj SE sk ds? 00 Mk fjHkjils BSotsce dfl
Wddzsted, bk sotd f ¢ dkEs Oz dZOj Sl detsy jfdsddls Ot & |
fdfmisj s LO o' j¢j lO&XOMO.

[Mdetso dz0 dzOBj dz20 MdMmlsj BO L O o' j°j JjdjSlstet
jdzjCtedudai jdzitecd j d ddWstedsOyd ©. wOd ¢ tsdz
jdzjced O kEfBetc0s O ( VA& "z )& olis dyj jifdgdeeods kY ti bz
o' J%y. 10 O dOyddz ‘j Bdzj Bsck<jdts ©OMsk
fMgMmisjdj LO o' j ) (f§ kOZOMO MEOHO' k& MdsBE SHC

MJCtesls OdzOfdza IsjRdzdSO (oHEOLEE] o0 OdOdedL
k@O ‘jte HdBjdLd ' jJ StkO, S0 ©OH] bk sffmj
LOdzj BOL? doj Lk GHosMEZ &O kOkONdEz HEyddz, -
fesmisde0t 0 [ reeritZfeas] j Clsso 0° 0 kwj' O0° 0, Ct
GBS tslsOdkzOMmdd &5 kyj fils Odasnlsal @3Ods { fstsacjj B @dsd * § s
MlsekSlskeOBO LO o' j$ ) jdjSlesdOocd smMSdn Is0Od

1jdaj 60Okdz0 fHj O fMdMlsjdO LO o' j¢j Is0OdC
mMdMmMisj &dd LO o' j¢j MO MmMOsthjddd d mMdhisj d.
Hdj dzj Clsted S 5.

21 udMmisy 3d L O o8B’ g b dky ¢ sBEGQO

ltoeddzd Stsds OdzOdzdL j fMdMlsj BO L O o' j¢j I[sOdzOM
My ¢ j deslsd Efkse O fsfisde0s 0 jdj ket dOd dj
sfjj MtekShktej LO o' j®j. lwed CBLOS OdOdd
i tots dzO dzOL OMaxwelfojd"rO " J HdzOYyd dz0 kL ftedHtckzy j dzf &
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90%J LO fmMdi3OtcOdlkz MskzSlskzl.

blsteczCIstc® jdzj StesdBOCdzj sMEtse 8720 d f OteO«
cih 000 jd3 sOZOMdzedr " JHAEZOYUJEZO. (4N JjJ IOdkzOM
i HdMis0o dese s dndERiisdaedydn¢ s5¢ BEZJEO (SO
ftcOo sz Odedrn bOZOMBSoaSHO MO "Bt jdddts HJJ &
SHtcj HdIs] . VU dOMlsOe Sk k0?0 Mk ' @Bso dats
OQdz0OdzdL © MdMmilsj BO MO HEO OO’ ZHdndg Otz ¢ tmg dzd C
HdlsO? dzj OdzOdzd L § mMdMmMlsj BO L O ots' j°j j dzj Slste
[Petr2010].

1 sdz0L 20 ftojlsf sMsOoC O fBHEGOLEZB] 90O HEEOYOS
dzj Bif‘ze JIskH d dZ20dzdzO MO L Bt MbDedsdrtessfglistez € Is z te
CttsteHd dzOsdtf sk j dits daiz®@ P toj ydzd § Gy & Md
sH ddzisjteimMO "~ j dz2Oyd® jdz sH dHjOdzdzd - §tetso sH ded
nBdBsEjdetse Hjdzj Slsted € O.

v OdzOMdzi * J HAOY] dzi EHeltniolzth ozj ¢ ) glzs O b 6 dgd Wzkz M §
s tc 3z dzd M O Is d Makvieliasiofnjls j ‘<idH dzOyddzj, St § Mk HBfk
CteOdzd ydzd &3 EMmdztse d BO:

s=

aE+CE= 0 (2.1)
aH +k°H=0, (2.2)
¢ H jk="Te, (2.3)

ud BBl tzL ZO O @o Odzj dzls dz € s dzj € Mmazze § j td3d Is ©
Codsf dzj Sz § j o3y os@:dz[;%%ms.dwmp@@;lswmc;dzm 6 o
0 k fdkkzy0' & j§SkctofEda Sfiiijm tiedd Ydzts 3] BHz. 20 EZyj fmls

{H §6lsjdyd OdddrH&PU]J &P, |sBHO i)y el M® M
Cts° O BHtej' 'k ftotsfls detfirjd, tOo.0ds j"Qjde0d) B dipfds
[ (X, )Fexz)ey, (2.4)

H(x , )Fhe ey, (2.5)

GH] fOOdjHYdg H M Gazy @z dedf yd * j dzls  tesfls d to ¢
CtodzStojlsdes” Eyjmbsodsmisd, StsjiWdyd jds ftesfhlsd
sOENO dddni j ZOL do 0 SCtjWdyd jdds MdzoB? j¢ O d
otojHdsMisd d WdcktedMiO iz G0 klsdyo0® dm¢?t
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ptjHdsMIsd &OCd sMEtse d jdzjChktedydsse 5?0 IsO
fodddStsd (s OcOyd  j BPkOdROL d r@EO¥ QzRds d&f & HY
@O Ujh<j ‘j dzjdzicOlkdo Odz B teES . tc dr LOIEQ) ISSOE dff) b
BjlsOkOjted Odd, StH St ' di WOLdd SsjWdyd:® j dak

) sfkds tjhjcj LO o' jdd kO®OM ‘j LOfwO
5?0 6BHi] '  J dexydeynd QB sj¥dyd  jdis f§teshisdH
Bjh j"@tdr . (O0LORjlsttd cjtdkjlstd j Mkl
Mot Mo ® d bkyjMmsodesls.

I L0 fesMsdeOs O WOoL] kO&OMO ftjHMmisOs? O
fsfBOtOy bk fwOsyk d mMEjtk fsfOcoyd j IO
LOBh ? jda IsOySHid ytfists i Idstafdg QdiCrs AOL dzZ0 BteL d dzO
W s te d3lz dzts ds:
c.=:8 (2.6)

s OdzOMdzO HEY JdzO, 9jLOZO LO MdMmlsjdz LO o'
B3d dzd 3O dzdets tcOMists OF j dqLd3j ' & Hee jCodWoOLdg tof
md tc Oy s zQf L tOL O:

qeZ=2] @7)

Lok &z0 BEeLddO je &GOl BOduSd ko jHjdd o) d

d_bl
dy

sdzd €O 2.1 dqozfmstelkz j WOLdEz d ctwkzfdkz BtL d
Ctelzf d&zO0 BteL ddz0O L Oadfmd ®tH Ekyj MisOdazdyls@g OGO L O
sOdzOMdzese BBdEZdJEO MdedOdzO0 ¢t d M (i dshd.
COfOydlsjko fMdMmsj kO L O fitojdsihn Jdistekoyd  O.

- 8 (2.8)
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4 dzd 210 OL &0 d Gtk dzO BtL d dzO

HEBJHS O MdZOCO, S0 M) ftjdshnd kOkOmMsd,
Hj &zO WPdnitifgls® 5¢ o j ChsteO CtsL lSwOdmoe j bl Odzdzd 4 &
bdzklsOte S5O fesfOcded sOdkOfn d GHj' jdd °j

P= quEnf)ﬁt%eZQ (2.9)

[BLJtsds HO Mmj MdzOcO HYtojdetsid CtetsL HJjdzj €
ftoj desmdzed MdMmlsjdg BkH] HtBtts BC s’ jd HO daj |
dqdzs j e OCyd  jJ MO tCtdzddd ¢ i tsdzj dzls O Z0.

[BLdsds HO " jJ E MdMmlsjBIBO LO o' j*j dzO o
(M¢ d dz) dJWJd Ok BBBdydes dL 6Oy § dz, fteddzdStsds H
CstedMmisdlsd §jtelskzteB Oydsded dBilstsH. [0 d3j IstsH
fesosHdzfSO. U HO? jd5 fsMskfCk Mj othd Ht] ' d
JLoteh d festOukzd doEOOTOCEEf CH SOBS sjWdyd  j

Il soteh ddzMC O sl stedetsfls ' J fOwORjlsOte S5 d H
d Oykdz0 Mmi o BO W tstcd3lz dzd :

&:%5 (2.10)

GH] t(MEA §O0tO®Rj sted ftesotsHdzdS O, C tsdzS toj Is dzts
My jydW dyudz® st stedatsfls .

Il soteh ddzmMCj dzj Oodzddzj HtetsoatsHdzdC O dzOMSO” Iz
BjsOdZzZO (tejLOfj, MstekzecO® j, Btekh j®j) ddzd J dzj
fsHd&sSEE MOydSs jdkz tH HdjdjSkedSO. uvitdkdSt |
HO ftsoteh dLtcO' jdass dwBeGSOdRdfOdag) ‘" J My
[ SH OIs dzts BzHE<d HO Mk MjBtts d L EZOKBS HEGBEK(J
MsOe? 0 ftojodzOC O H MtejBte® dqdzd L &ZO O, yddd MM
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f tots o t5 fiPektRE] 6]
211 vsdifsed kO&OMO

s ZOMdW O BYgOMO Mmj &syj dLeawhdlsd ftoj BO ¢ d-
ltoj 3O Istsdzy My tOLdzdSCEk B Mdzjvi<d dftsed:

l.vtcOdze j oL Odzded j dzj SlstctsdzgOc dzj smSd (v f)
Hizy (0o yo HArEswEOFOoydefs(  JjHdds IsttOds
CoiRf sdzj dzlsy @Ratrg peflydscd f 52 O.
2.utcOdzMmoe j oL Odzded Jj dzj SIstedyded (v ) Is © dzO i)
CoiRf sdzj dzlsz  § dzj Es®d y @iz dfisT@®tzH of de@dzdzO
Colisf sdzj dzls O BOHMPIsME se 572 0 (
3.utcOdzme j toL Odzdzd BOG dz sm< d (vr) Is O dzO M d
Cdisf sdzj dzls 2 Pz fis, ¢ 8dzd dfias if dstiz ‘H dff dz@dzdz0
Coif sdzj dzls O | dzjEilshte  ydztse f 5? O (

212 v § lsOd&OfMJ

l ' j dzd s f s OdzOfmd fsmMijHkz k& dmse? ydoe s
BOcdzj s tse d Jjdzj Slsted ydatsc.){fOs "s5@,0 * O ded)  dfls KodOdRO
"E=Q@0O o ozt d BOcdzi st 7 4 BHte] ' J d
gxy)dh(xy). 1 0 thdablgeld jzfifddotd) B dats HO E Mo OCd3 SH
Hdjdzj SlstedS O BEH] dMf k¢ jdets Mdzj Hj <j:
nleg=0, (2.11)

&= 0 . (2.12)

[ Ocdzj smMEts 5?7 md BtsydiL teOH te JLHQ] Is [ dzj SCddda]dimisdzt:

SsHOCdz] MdzjHd dL teOL :

ht:iNiIZTe[, 7@ = %ﬁqte;anLsowo kOdkOMmdzz &3 j HOdME ur J

BOGdzj kMS ¢ o jdzjSlstedydetsc (jf sEM =Rk, =f5iy & fnts dts

vV Bfhlsjd MeEyo & fj uvrf kOkOMm ftsfOcdwO
TEBsEjd HgjdjSkiedS. It jdd uvrf kO®OMm §sfm:t
fizsB 5HOdz, Ldd¥ sttdOd, t©0oO0d jdjCltesdoc dzj s
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qHjdelsdyuOdz Hdjdzj ClstedS Ct°'d ‘j Rodksc,ds

213 v uvf IsO&OMJ

t OMYBHj ZO Y° 0 v sO&OMNLO kS )d JHMid 2y jdzO
NS B sdzj delsj  5°hD. | st jE dgjdils &L O . " j ¢ | s OdzO
oqh,+K?h,= 0 (2.13)

LO cteOdzd yded Efczse S5 d o 0Oy d Hp®d akisoXel.d dzd dH j
LL BOMAEW] dEjh O 0° j &5 “ jHdOYUdd] Mj HSdEOLJ H
SHtcj' jdz § OtOdBjlsted BO Hdjdzj SlstedCO d G jtkjlsted"

] 5L dzO h & § Y tsdzj dzls Iz, stcOdzioe j oL Odzdzj € B 0
BOGdzj sME e 8?20 Mj BHiej' 'k COfs:
h=  Znih, (2.14)

&= Ztd,lh, (2.15)

jre

CHJ ZrEd 2 sOkOMEO d&fiHOoENe uvr bOkOMO. §0t
stcOdzmo j oL Ocdzdzj SEdBftsdaj dzglsy (820 Mk &' s d
dqdzls j dzL dsjsO s d Hdksh St d “j dikd
EiH=e/Q=Z 1§ Oc0Oyd O sOkOMO fmj BHealh O k& fd,
t OMYsHj dZO 570 vMhldOWOBPs S &R LZE§ &Y Sdzj o
SHtsj ' jdzO COB tjh j¢j kOdkzOMmdzj * jH &zOY]dz :
me,+K%e,=0 (2.16)
L ftedHtelzy jded cteOded yded EMmdzso EdgQ P soteh d dHJ
fied Ui Bz Woxd o |
LL LOMEMmEWYG dilzj h O OF jdg * jHdOYddej fMj HEBEZOLJ HIES
9, St°d ‘j BHt]' jdz fOORjstedBO HJjdjSlsted $ O

) SL &z0O ek s sdzj dzlskz, IswOdzie jteL Ocdzdzj € &Y ts5d
BOCdz kMSsE 5?0 Mj GBHE]' 'k SO:
&= 2" (2.17)
htzleizTe[, (2.18)
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GHJZT‘ijj%QISOdZOfr]dZG R jHOEZMNO uvM kO&ZOMO. sOt
stcOdzmo j oL Odzdzj € S 5dzj dzlisjic BO dELO @O ddBg@) Zhs & o
Jdzls j dzL s jsO® s d SHdesh Ss°d j dikd
EiH=e/Q=Z;g HBS ‘j ftsfO0cOoyd O bOkOodin k& f&jtk

st d buff sod (lOHAIFAl O £ MO®s HEY MistekzSCIs!

AsBsejddds Hdjdzj S sEBHRKY 0, I K O dkjdots
MOk ¢jcdkjlbted s SOOMBosHO d kdfsd §eshlsds

HOY20E K2 mipj d&OL do O S tedlsd ydz@ Qaiagj TMELQdzEsiPazQ i@ 1
] Mz <bd ¥ 6iEdEdsds:

AOL 2O d ctlkzf dzO BtL ddzO Mk HOIS] Mdzj Hj<dd d
c,.=——h (2.20)
f 2
1 f
£ 2
g=c 1 *8 (2.21)

s OdzOMdzj B jHOdM] v d uvf bOEZOMO Mj BH)

£ 2

2, cbFlel .

ZTE'b q-ZTM‘YU

22 1 0o tszcOsdzd SOdzOMtse tsSH

L et BHJ?CEk je dqLdtYyjdkO ftesfOcOyd O .
Bj s Odzdzts ¢ s QdHAES otfste @o AT Otsdzd 54 toj yded tej fi)j §
L dzOYj dz0 @ d dB sbas @ fls tc O dzd y O to ] du jsdiats dits dzO dzdzd
fcOo sz Otsdzse OEZOMSoaBHO j ftedSOLOdz d&zO0 fdzd
CtsH ¢ txXSjn® ‘kimdjtei O HEY CotdL sdystonz H Hps 6 O dz
9jtelsdC Odzdzy Mire@A@IEE]d HEBEJMHPZO 2 Md3j ez ftetst C
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o dzd Z2Mj s Odzdzd SO OB EHY §HE©®) BlE® i Mjs o

221 vt d uf kOkOMd k fEOoskcOsdsd O&ZOME SH L

td"Oo GBQdMdzy " JHAOYddzj L O vy d uvf Isdftoe
CtcOdzd ydzi EfMdzse | ROSHGHBHE IEEC sPDwOMFdsE Btcts 3ZOG
fts? O. Edzj Clstetsd3Oc dzj sSts its? ] bk EkdkzlsttOh  shlsc
Maxwellseo j “ jHdzOuyddzj St°d E jfdiisHsjtes jBdiztsts sdzdd SO Is

r&€e  jr 4, (2.22)
roH= jEx U (2.23)
d iEv , 0 (2.24)
diHe .0 (2.25)

LEBddSs olsttOyddBs sttt BJ MisteOds]  j H daC
BkHj Mmdzj H jr<qtd) rs@tdzaEd CeE.

1 @Qaplacetseo tsif j tc Odsasign ds@EdsH dz®@yd dz0 ff sMls O j :

N2E= jyer dit=v% B, O ] ftjczfdMOT O k0 Mdj
N2E+KPE= 0 (2.26)

] O OBk EPt dzOL d9 O IsOdzOMmdzd ks wHe [tsBddd5Q} dadtc j
“jHdOYd O mj dE@OmhdlEddy als O'dioHinEDy d dz0 L O j dzj st
O Odzts § Gefigzf St HisBd O fj d OEOMEO * jHdOydd
n2H+K’H= 0 (2.27)

Il jShptafdy Mz Mitjcedkzlsd Ek bOkzOMddd * jH dOvyY
fojHMlsOo? jdod fodi3s<lz IStOdzme jtoL Odzdzj  dzsdzs  Iskz
E=E+E,i,, (2.28)
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MOted © I . [tod<, HBSCIGEMSO H
H=H+H,i,. (2.29)
ltecdd3j des o3 ftoj sh sHVda@ellso | e@OQddep fj HBB
NIE= j¥r #,i, (2.30)
i He= ¥ j8i,, (2.31)
& oB=0 (2.32)
A, 9Q=0. (2.33)
10Cdz hIsts fj kothmisd IteOdemoe jtoL Odzdzd zOY oz
sOd&zOMmdzj jHdOYdd, Gdj M NAE®ESEELE (]l
xRl z+K21 =0
RLtcOY Peggartdgso d &3 S tststoH  &z0s O RO, [sOdkzOMdzj * j H
O+ S ke (2.34)
“c-xz“%zz”Ksz: 0 (2.35)

s tdsj delsj] 8?0 Mj bk Gfhilsjd fMazyo' & &t
dzj LOadMmdz® tejh jc 0O, d ks LO HOO MzkyoO O:

1. COHB=0]

2.1,~0
LV fkEyo' E~Q0HN)0 " I’ ] k kOXOMsoatsHE ‘' j & W
vtcOdzo j oL Odzdzy dz§ SRE Ftggetizs | d BOGdzj sME B 57 O
ECtdzdCts fsL &0 j B dsdedlsizh ddz0ddz ¢ & tdzj dis b

j* etH, __j¥ eH,

e 5% ,= (2.36)
H, H,

10 fsoteh ddOd@yz dde dzdzp dfsjd dgtf dpjddj Is tc iz z®©6 2§ B8 Y G d :
E, 0w,z = OE/(ay.2 =dE x, 20, ,(Eb,2=0

ltcdd3j dzO@ BjIssH] ©OLHoa O OO0 fHttsd3j dz”> dodn,
CdHAOYdds, tjLldskzHj sSfhbdd ihjcjd LO
H, x,y,z =Hyc o %x co %We b2 ' m=0,1,2,n=0,1,2. (2.38)
1 L dz20° <d S isetftasjdz] jdeeiz Mz d IsteOdzmoe j oL Odzdzj € 53
BOGdzj sME s¢ ¢ 5° O:

E, XY,z :j:—;Ho%c 0 %—)() S %y)e(jbz, (2.39)
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E, xyz= ‘ZFHo=s iy c &9)¢ 1™ (2.40)
Hexyz= SHoTs i %y c &5)¢ 1%, (2.41)
O 0
Hy xy.z =izHoc 05X s Syl (2.42)

] OOy s tej HiNlsOo? jdz dL 6OL t505;

. 2 .2
2_ m n
k=T "4 7, (2.43)

O Csj%dyd jds b “j tBdA]SO:

b=y20eg T~ L° (2.44)

Iddzs S j tihjt ) kO®OMdsi  jHEOUdds fteisc
f OLO®RjmMsPEO HjWdddhj *jHOd &sH kOEZOMO. uvijs
fesmsdeO’ O ZOAnl dBsEas EsFdzlsSt Bdlsd * j H dzC

[cdsdeHdd ©jydd ©OHO, SOHO fj HEY Mmdhlj
Nd?dded tixddz 2 O 9 j<jd3 Bots Ej ftei jnddziyedd dz
Bz d&zlsd d@3gsH dztsc  toj y d BO, cOMf sH] &ZO Jjdzj S Istetsd3OG dzj |
md dad By j fejHodHjlsd.

[Mdzso des Mo ts Mlseats &sHO ° jflsj HO ftishmisdts
Eyj MsOdzesmisd L O d@dsH €' d M §tshdzOIstcO, 0O ¢B° C

m2 2 1

f = , C=

CThn 2 a b
[ SB3d dzOdzls dzd BsH ) BsH yd O CtwdldudO Eujfr
fsmEOteOdl MistkClsktel LO o' jSj d GHEj' &'k
ZOtj Kdedlsdudzj bkyjMmsOdshmisd Ctdltjlsdse &isHO,
BsdsBsH ds §eshsdiEof | .
I jdz20 sOOMdz0 HEXddz0 k lsOZOMBesHE Mj oSy

(2.45)

“Us

= ——, (2.46)
1

—|a™
N

ftod wjndfiss s e@PzPid HEyddzk b 9 @Ckbkdkk dz0 Ekyj fl
J dded " § BOcdzj sMEse d wdzuiBsed yw@tsd ftk® @OL @ dad [y
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e ——\

(@) (8)
o dzd 230 ddzd  j RBOedpj s hdzj Astedydese 57 0 )

IsOdzOMts o 5 HiB )L fdts f@etr2010f

Vv MEEYO 'k TM kO&OMO *j dsdedlskhddoddo
‘" HdZOC O HietDdzq , 0 dEO s dets OdzOczdL d v BsHE9 O, st
jdzj Ctedudese d BOCdzj sMS ¢ 24 tsdsids dgji dzlskis ¢ pdz g lstod
f5°0 k£ SBd&]Sk:
jbCEZ _ b (&,

(x= @5 ly™ PR (2.47)
E, jx E,
H, = ‘;‘2 5 Hy= i (2.48)

ltcddsj 2@ di3j stsH] tw©OLHOa O O O ftetsdsj dz? dodr ff tod dzc
CjLbdsk | b €S k) “tjsdgzdlC

E, xy,z =Eys i —";&x S i %ﬁ]y][e ibz (2.49)
CHjFo S B3 dzj € Mdz® € tsdzfls Odzls O.

1 sLd2O" 2<d §,-3Emie) zptlzy Mz d IstcOdzme j oL Odzdzj €t
BOGdzj sSMS 5¢ &2 O:

Hoxyz =B Ts i B ¢ &9)¢ 1™,

(2.50)
Hy XY,z = J“E —c O-S—)() s 1—y)e(1bz (2.51)
Ex XY,Z = Eo ¢ os—)() S +—y)e(1bz (2.52)
E, XY,z = :(—ZEoFS i 4;)0 c egy)eg bz (2.53)
ftod YjKBz bl Olsd fsks<kz (2.43) i (2.44).

10 ftesMmMisdteO j uvf kOZOMO mMst®> e dilsd dmifEz¢ j
fsH MO d&O" BOC sdi3 ¢ tod s 1udEs@Fds@N JMisOPEEaTEE] < uf
otcj HdzsMlis sy JCMdAsddtafipiigisiH L OR W [IstsG OL d&zZse © ° ] €
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s OdzOMtso SH O HiEREHEZO i@z “ujr j dzj CIsted Ydztsied d 306 dz,
vfafMkz HOI] &0 Mmddyd 2. 4.

I W—]
R aTace! I U el i
%ﬂb‘ rjﬁ b"‘fm‘m’?’ oMoy

(a)
oz 2400 qdzq © j BOC-edpj ISAUE) tEds o 5 UAB-C ( ) k f©Ostk

sSOdzOMtse sH &ZB 1 QudssEPetr2e1p]

4

ﬁi

10 Mddyd 2.5 fdCOL0d | wofmMfstjH Ctdlsdydsdn
Uud ' J Hd®BjdL d° j SO OH adeisORO] iz ZMmdse

\/

TEjp

\

TEx TEy
I TEll ™ 11

—» TE, TMy

—» T Ego

| »
-

0 1 2 3 f/fe,

4 zd 859 OMY stejH Ctodlsd WdHE, dETuM. MBS HBJ Zdzzls Ots
fcOoskcOBdse SOXOMEHE#aRO LO Ss°'d 90)yd HO |

222 [ OC fd BOdzdza T dzO ciPts £ dzj O Ml O dsBM G SH 5 d3

HtcjHT O MdzOe O Cts° 0 M) dtsyj fHtojdzjlsd CtosL s
2C s s Rpinaarso s o j Clsstc® CtotsL IsteOdzfe j toL Odzded
Cs 0 Mj ftjdsnd ftcOoskcOsdd® SOZOMB SHEA My

b * *
P=, o dEHy, EH)d x dy (2.54)
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10C6tsdz hIss My LOB] dzi BHEBO OO E<d dqLwOLd L O
ddzls j etcOYd  j, HBEZOLI Mj Ht MdzjHj<dr dL©OL O:

: b & 2 .2 0
- L O wdE FEdf 5o j P[s@d%ofmm £ Hol", (2.56)
N 2 2
- L O nlsE{ 5o ) merO@EFFE®” (T 1 £ |HoP (2.56)
. b, f. 2 ]‘C2 2
- LO mhd]f 59 j Pp@d%oﬁnoi = (257)

GHJ HiplzEo|l W J SIsdo dzy otej HdzsMiIsd .

1 OtcOd3d sOte BOC d d30 dzdzy MdzOG § , Cs°" 0 Md ftejd
Hs<d Htts ftesBts O HJjdzj CIsted € O. v d&Bf &zd yqd e ©
Jdzj Ssteduydzse §s5° O dzj fndsd ftcj BOMdIsd o tcj H dztsf
HJ dzd SIstced €& o OL HSHAG, Isifirte 4 Hi3lRts=fRlg MV O m* j
sO¢ts Bd My HBMIjedzO ®&HOSCMHd BOZAZO otcj HdsMis Mdz
fteddzOets' jT ), " Jt <] E mMzftosldsdy IsO otcj H datsls

b
PmaxPi Pr= 42 n (E|2 ma Erz ma x (2.58)
0

CHjOMEBJHS O MkzOca & QH dgEEOC OO0 QMY Az B Isf5g Odzs ¢ s
CoOHEOl dO 0 j<j Istejdzlsdsj otejHdesfls & jugi Clstod L
“j CoOHEBOI dO‘ o j<j Itojdzlsdzgj otejHdeshisd tej ¥ dzj
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3 Andazisted

ANqdzisted Mk dzj dL sMisOo dzd | dzd Biudddds d Ul dzd € C
wdazisOte " j fsHMmdMmisi B ud © " j dOd3i 2O HO dL My
MdedzOdz0 dqrLuets d d fesfbkmlsd 3Jj?jdej €ty sdzj dzls
HsLots? jddd3 MdzOB? § j &3, O {¢wsisdmded 4?7 ddaj € By

VL MSEOHE MO &ffjcsddgL Hou s Ozt i) § dziStas] j fr
COMdW S so Olkd O Mdzj Hj<d dzOY(d dz
Wddzsted ftsfizmddyd ddmSdrn kuj mksodsnlsd
Wqdsted fsfizmddyd osdmsSdr kuj msodshlsd
Wqdsted fsfizmddyd SfimjcoO kyjmksodsnlksd
Wqdzsted dzj fesfzmddyd sSfMjcO kujmsodshlsd
sntHdS fedesHd Mdcdodof Sisj gd § @ sk SO0 &, &sa

1 Odz0Odzscdzj Wddzstej, St°d BSB®O 'k CtdisddzzOd
T HdedlsOdzdzj Wddstej, Ct°'d SB®O k' ot dgj daf

fd ¢ dzO dzj .

1 Ooqdfydzes tH jdzj Bj 20O kL fods< St dR ] tj od
T fOoMmdeodai, St d g dtsd Oddfizd dzdzdnO diists i3Y 5 dzj dels d
1 OClsdodzj, SGH Ct'dn fj LO j0dkdLOyd & Cot

T
T
T
T

3115 jCso0OS ] WddksOowo

s dzOMmMdyudz0 Isjitsted O WddzsOteO MmMdzEyd ¢ Ot f sdzOL da
ltes® jCIstsoa O ] WHddzsOteO fsHGOL Edgje®d@ Ok € js' jj dz Isdag
tcj Odzd L 59 Ols ( :

Tefjyd¥dscoyd o

T oftesSmd BOYd" ©

1T addelsjL O

T adBzdzOydBsded BsHjdz WddzlsteO
Tt4d0OddLOoyd o

T abskzud O ddi3fjtedjsyuyd’ j

19



[dCteslsOdzOMmded W ddzisted dzj ftestfzfpdedyd SfMicO FPhHtzPdsQEzGMBEOSHEPL S
MOted “ © 1. [toad<, HBClBEMSO H

T{fsdidL Oyd ©O.

ltes® jCtsoaOFf ] WddzlsOteO® ) Mmdzsy jdz ftetsyj i
sBdd@3dzedrn dMistcOy do OF O. ] sdz@L dddd dB @0 S i to @ Lcksd
Efmf sMis©e?> O] LORlkjoa0O ¢t WddzlsOte IstcjBO HC
My i ydW¥dsoyd " j . 1 0¢B8dz Istse @ f slstej Bdzs tSH
LOHBots? OO0 fsMlsOe? jdzgi L ORlsjoy, d dLOBtOIlsd
VEBdZdS s dzj O jted - {sBBEBj 9O ded " j] L OHBoOS? jdg
¢ty Syd ' §J k2 tjOddLOyd d ddd fj tftejvjddlsd L

stcOdzmW jto WkdSyd 0 Wddzste® dzO i3 S tetsls © dzOfndz
fOttOi) 5Ot SO0y dvyQ@ dzO H(E dd dfessdfstelf tetsHd = § &
teOydsdzOdzdzO® WkdzSyd 0 MO CtsdzOydedds Btets ™ j &3 dzlz ck
¥ 2 dz€ yldplazeo 9 a € s B3 dzj Cfipfde@ lifrle s dsj dzOy 0o © € s BY dzj
Zud MsOdesmls.

Ao Cojdzyd HEd¥ISHEGS MO0 CORPMz) ¢ Mddd Eyj mis
LOB) ddd M@ tcj desfydes® WkdeSyd . v0O° wHLddes Mmj
Oy dzd szH ¢ d B wwd &) & ©Odzdflz sHL do EH(BegdSEz O
§fO SkskzHO ftesdL ddzOL d:

H( ¥ ) ME v (F) (3.1)

GHY U ¥ EcOtdO EUyiheEOdksidd adj/msdoco v = 2°
oW fiydg) d a(r) HtejHMmMlsOea? O & OB dzdlskH M k2

dLteOy jdzz E dB) d WOLdzk CO@&@OBOdfHkd S, {usjnf

sf dMOdz ftesyjf fHtets jClstsa O O WJdzsOte® MO tsHG

fscdzQo? O f tsfmodick jddets ¢ Pledt dzl2tdddl 0 ] .

311 6§ jydW¥dsoyd: o

1 OHO9 OF j My jydwdsoyd | fsHtcOL Zd&3j 8 © sl
stcj BO HO LOHBeaB?>d. [Mdeseodets " J MFJiyd¥dqydeos
ftcdHtolzy jdzj ItsdzjtcOdzyd " J E 68" jHddzeddz Wtej € o J da
EdzzlsOte Ct5° § md L OH B ] fpd Mokl A Is n Hulig§dB1IOOOB BT Is .
qazzfstelz " j dO" yjh<j O&fddszamtj Mfjyd¥dcoyd’
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A 7 A A
As As As o7
7
Appzzzzza A A
0 0 0

O Fp FS f 0 Fs Fp f O Fsl Fp]_ Fp2 FSZ f

( 0) )
b zd 81T jyd¥ dCOyd 0 OB ddlskzimS] SOwLOSCI tdlsc
(@d Mm¢ Jo,d M(ses)d , (9) GPdygot0] zyd MisOdetsMlis d

stH M jydW¥dscoyd § dedifipdetyQe 3 pliindizts 6 to D dadzly © G5
dzz dzjF, 6@ zOL d 1 tetsfclafijged da®f B jj & j HBLAS? g dztzO i) dzO B
byj fls ORifls dz0O dzOL  dzj f esf Eded ©S§Mjc bkdklsotw ¢
fzOB A ju CFRIFORO MBjhIsjd (o] zOL dd sfMjc
Wddzstc® ' j] BHtej' jdzO E L OoadMmdetsmisd tsH h dqteddzj o

O ZOdksedzs Wddstk Ct°d fesfkhlsO ddmSj |
Mfdudwvdeoyd 0 WddzsteO {tetsy infdaid OO.3aldtptsE i H dzdz y
stf j @ Wdazidiwsqy dz° jd L dp@By Eud M@ dzz@ls g j <dd5 HIiSL ©
MdzOs? jAd @3 Jftesf Efmdd SfMjc M) (LsBGdEo sH d
MdzOB? jC jd5 o0 j<dMs SH otjHdsMisd

stsH Mfjuydideoyd § Wdazseo f whisddiheds O1 asif fi
HES O CiOdd Y0 1§ il NS sty B ¢ WAFRIPE § Y ke
sfMmjcO " J§ dOAe J1xif IEAPBMdzd jts MJj ¢ Fud dndsip@Hs § dz
buj fls CRigsMBd dz0° 3OS j MdzOB? j° j Lk dikls Olote jdz Q@ Ltcdsdf L |
sfmjLd Mmj dOkOoL | &EyHfafudFs s tt0Odzd yOodo:

v BSodttk MEjydW¥dsoyd ' j ‘j ®&scEk<j LOHOI
COwOClkjtdmisdSj bk ftj ZOL dsd sfmick, Xj°jdts
kjrdsdksecd &, oj ddyuddkz L[@P&R0IR O W OBttdC o Odsc
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312 ¢ tesC Md BOYd " O
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tcj Hdzd &3 sMyd dzOlsstedzed 3 S sdzd BO, cEHj Mk tsMyd zOI
MO®ts k& ¢ OtcOdzjPerdif@k ¢ tORMBDBE M) Isj ki’ d O thts
BejNd WJddzstwO, §EEHEEOSC 6FH] P &R MsOdshisd
d dzj d3j dzls d d&30, CtsH Cts5°' § “Jd fHtwtsdLotH otej HdatsMlsc
CteOdzj SCdMlsOdzElsOdz. [H ffjBdese ddglsjtoj MO ° j
“dte s dBf dzZdydteO € sdmistclzd m@bs] tziyl thde@lsizstind ddzC
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Y jlso tclsls ©dzO fnydzd sHMj Yyoeo 9 sH O o tcj Odzd L ©
J dzj dgilz@els MO tOMfBH ? jddd § OttOd3j sted d&30. 1 sMists” §
COs hIss Mk tj OdzdL Oyd 0 MO Cwdeyj delsted MOdzed o5 j d

33 {1 jLsdOsEd

{jLBdOsE ] GetOddujd JdjShttskosd)lsntd
sflse Otk £ shyddoyd j Jjd&jChtcdOcd shse {&°
fsBs<k shyddabdls my Gt sOER0) dzd & rsyisits asdgafyflszodsas. ts
Cdis] MOMsOs? j dzs (dsdidzj 5 ls {SEaHANEIRR) |5 ls § ©wgesls d
qazn 2C s o dzsh e | GZOPRTEOC des g dsj dzelsd Bsck B dlsd
Mjted MSd (k tjHndsd shydeoksstdsd Csdkz) dJ
shydzOstedsd Ssdkz). {jLBd@OdGYd O fjHhlsOs? O
bCfz® toj OCOdzMO b Ctdk  jHdzOCO dbdd. tjOCkO
Odked Mkftsldse L &OSO, SHOSHE] MejHd HO M) d&j"
Hit d&fjH s Z0tz@0 * i y CEsSdgsetzs hls &0 ¢ -
ZOMs Y d &zO Ot ts JZOjiaz® | £OYd ' & d:
fo:zmlrc

1 S H  t6) L 5 dzO dzls dalp derzQudi jidslo@atsdads d f OWO d3j s Ots  to
% OCltst (QWEEEsksjc | | dabOWwste  j WkdSyd O kyjfmls
O udh<j BGHEj' ' j (tod tojr jsdzOfiagidats d tzagdl Mmifs@texdd
LOHOI MdzjHj<Bd ¥ 6tdkdsd:

(3.18)

Q:2VV”VLGK, (3.19)

CHJ WikizC Ef dz0 jdzgjtecd  © MOHEY OdZ® bk tojL 5dzO st
jdzj Bj dzlsd BO o] L t5dzO dzbisipatw  Shisulg G, G dsticfliy lstafj, L A0S < O
ftojlsotsted b ki okl al® I ts@EMdYaiElas@, | ¢ jod tsdz@dzls dz
d M dzi§ sdids@dlyd ftesi kmdd t§Mmjc.
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331 vyjlsotcllsOkzOMmdzd tojL 5dzOted

YilsotelslsOdzOMmdzd tojL sdzOIstste " J tHMJ yos dHj O
HiEy) ddgiz’j2 dz0 kyj Mis,0 dzd fislsizPh ©¢ j] CtcOlC M 5" j dets@
tcj L 5dzOIststc O, z B drd [ ¢ dzd)dztf y gizigls @ @ts@Pldzd dzdzs s sMyd
(Mzd CC20B8. 1 1 85 BotG LOSC? Eyc o Mmy By J Hts<d
CtcOlCsMf s° jdese tSHMj Y& O Cds dfOO tdzO digj {BedrbfEtEdts )y d dzO |
¢ dzO dzts ¢ dzts f s5dzOh OF j tlotstej detsc YJ Iso telsls OdzO i) dzts
Zud MisxdetsMis@hdzd ydzts tcJ H dets d3 Mz § PezP s Btcdztsdz ¢ sdzlz  (

_b _ 1
=—, Wh = —
Qo =75 Wo e
—€
a4\ cC
o—€3
Q
_b __ 1
=—, Wh = —
Qo 50 Wo= g .
—€ ~ _fmj
_p|C |
w=B S ]'C
—g >

(B)

4 dzd 812 vj lso tclsls ©dzO fydzad tcj L 5dzOIs sGatc j s dzQ IS totd:0 O dL) )

COS My’ j dd to] LEOjss® &) f©lsoEd fdmpCte j L sdz0ls
dBBtsd 4 ©

[00C00 tjLsdOtte dzOdkOL d ftoddj diel if dedf % S s 3
sfMfe@dh <d fzg e s 56 0O. uvd { ol Sz Isijc OF dgj fids 1
COROBO SCtstdmls] Slottjdd UjlsotkslbodOmdd tojtL
CwOlC My s j dRPr2@IPL & dzOIs 5 6

35



[dCteslsOdzOMmded W ddzisted dzj ftestfzfpdedyd SfMicO FPhHtzPdsQEzGMBEOSHEPL S
MOted “ © 1. [toad<, HBClBEMSO H

332 1 stz s OdkzOMmdzd toj L 5dzOs tste(

1l sdzelsOdzOMmMdzed t6j L sdzOIstste " §J ©HMJ yoOs dHJ Odzdzts
b= ftod Cwlzyds' gL MmhisOBEDB O J Slsotstej dzse  f s
toj L sdzOIststc® E B dzd L d degl Jkz chipodafdaj dztdz uffj Gpds@odztsdirdsts|dz  ts fi
Codizd E B) 3. I8 Boatse LOC? kYO Mj HBERZOLd COHO
sHMJ Ys ACacy H G dzfPEtRad® |

—Q >

4 dzd 8181 s dzkz s O PMEAEO s st6 d LG8 j O 5 Qe tels dzg
[90%Qa 5dz0lststt OXOLd ftoddjdk fodddSsd ©j O

sffmjco, Ct°d Cstwdhlsd e | zisyhpss cd@f g B
f Otc Odzj dzdzd [Betr@t@ dzO B3O
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4 s OdzOMmMseo sHded W ddzlsted

lteddzydtyf tOHO IsOdzOfMtsetsHdzdr W ddzlsOteO, Cts°
HdMd telsOyd 4, LOcdzdo © MmJ 2O EkBOYyde O° I HJ
ftcOotszc Otsdetse IsOdzOMtso sH O. rdqmésdadsddzzdlsjIsd M
ftoj GtcOH O, Cs"j] dBseck Jdq&kOlsd tOL ddydlsy ¢jsdjl
dMisteOy do O° 0 Mk Ehdj tagddd® tdfjta gD Is s dztz® O dirdh
CodiRf dzj di3j dels Otcded iz ff sz s OdzOfded B3 toj L 5 dzOIs stcd dza
tcj L sdzOIsstcd di30O. 1 0o jHjdzed tjLBdOISted Mk MmJ L
Jdzj StecsdBBOG dzj sMSdr Mot MsOa O ftsCOLOdZd SOt dL
diBfdgidzls Oyd " j] bOdzOmtseotsHdzdr WddzsOtcO.

vV tsCodteck Boate e dzOe?> O, HOL “j ftojcdzjH
HisMiskzf dzgj dzdlsjteOlkztcj MO fMmjBddd tsMmotclstsds dzO
HjlsO? dzets s dMOdz ftetsyjfm Jjdzj ShtesdBOGdzj sMEtse dsts
dLdzsy j daj & HdMj telsz®ydW Idz$ yuf sVitkeRilakinzs o | 6O,
ftedCOLOd " j] wfhisd ftedmlskzf oBcHj &z O & IstetsH d ¢
CodoOdzj dzlsdedmn t6jftejL jdzsOyd O dzO dedotslz € t5dzC
W ddzste O, dLdztsy j ded Mk Mdzjuj<d sy mnd: f o
WOREOyd B.oskg®B®Yd MSd f§smiskzfyd d &jtedq
ZOB stcOtsted ME ¢ ftoslstlsd] O.

Q—.

411V t6jcdzjn ddlsj Okt

v Setsd3 BHJ?CE <j Bdld dLAEEYyjd fjediH ]
IsOdzOMmtse sH dzd n WddzlsOtc® HsfMOH O ¢ dnA tcjnJ®oO
dnlstcO doa O © Mo j<jdedr dJLBdzco Odeddz toj L 5dzOIs tst
Hdjdzj Slsted Sk, jtt Mk tod tjLtdOltsted Sttwdh <]
sOkzOMtso sHdzd » W JdzsOte®. [ O?j, HOLO " j OdzOdzd L ¢
MO d BjL fteste]j s@OIsthtcd i OMmE jtzifL & ded L & d dzc
tc Qo dzdy -tef@eddzd Qo B OBdSE SOEZOMBSoSHO. | BHOIS
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Wddzste] JBY dzj Bj desdteOdzi L § ZOdzOtedzs© dbiy 7 dzts dzts @
sB ZOMIsd tjSsdldckicOsddhddr kSOk@fHts tOdkdi eV g
Cstedmisj<d kjrdsdsed & ltosHddj dL sdOdd) (37 )

411 s OkzOMse sHdzd tojL 5dzO e

[ 4 IsO? d2O0 Jjdzj ClstetsdzOG dzj sME O OdzOdzdL O § sdzkzls Oc
(splitringresonatoy SRR) d S i dzj d@3gj dzls Otedzed » ff s dzlzls O dzO ) oz
(complematary split ring resonatar CSRR) , Cs'"'d dqiz30" & tsBdzd & ¢
BOddB ftesyjtifsd "J dqLdatsyjdkO E [ Baen®2005] . 1
Mk EMfsmMisOQeddd JjSodoOdzj dzlsdzz h j Bz tsodnm tojlL
Csdzyd delstcd MOdzed d3 § Otc B3] Is jo d 0O ‘RM Is @fsdzlzls< j ¢
tcjftejL jdestsoOlsd sOkzOMBso sHded toj L sdzOlstste ff sdiBts< bz
CtsdzgH J dzL Olststc O.

b d2OdZzdIsdys 0 WsttdzdzOyd 0 tojL sdzOdzsdzdr kyd Mmls
toj L sdzOststc® HOISO E [ Syd2009] ,2¢ IpPdzjdz0c dzC
COfOydlsdo detsmisd tjLsdz0lstcO® §lstejBdes kL jIsd
COf Oydlsdoe desmisd d COfOydlsdoe desmisd ftetstejL ©O. v
dLticOYzdzOo 0 © COf Oydilsde desfmlsd SRR, Okzlststcd Mk
soE tjL B5dzOIs tstc @ YfOs dits <didz diyg @edfCudcd MsHteJ Hd dzd € Sto,
COfOydlsdodzsmls festeiL O. U [Mrvi2014b] je (¢t
oL sdzOlstste MO fsMmMiBdzdds sMotelssdy dzO kEIsdyoO® tste(
sHLdo IOdZzOMse sHdztse toj L sdzOlstrtEQdIs s 3§ @jc O f f
BOdzd R  ZO&Otedzdr tjL tsdzOtste® j dLdsyj dz0 b
jSodoOdzj dzlsczd s tjftejL jdzsOYd OBO. Ltedd@fsd d
tjLsdOtted MO festejLtd, Cs°d Mk §sms0s? j dz
CdHddedydez < j dzd 2. RMstcOy do O ] tBkZRoaOLO dadlL
WddzsOte ftetsy zhmddS dzd MS & HzouQ fsfPidgisdo®m-m & d O dzls j
bandantennag Mk (¢ ESHEd Rdzo j cdW¥WdSOyd § Ctdeyd §IsC
fsdzOh O ] ' jHJdOyYyddr (odzksOodOMmdadr tj L tsdzOl
fsMisOo? jdzdn k& ddLk bkdizlsOtt kOEZOMtSetsHO | df
dMstcOYdo O O " j HO toj L t5dz0 dzls dgOdz@iaQPIS @ Etsflis cL O 9
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Bj' B dse ©OMsts OO0, ¢Ot d HO CtdojtcdEo
toj L sdz@lsisdej Mz yj Mls O dzts fiffistafj o tesO ofnf Hof@te flafi Y 'O sz ¢ O d
sSOdzOMtso sHO Mk dJLdzsyjdd & [ Mrvi 2014a].

412 s OdzOMmMtse tsH dzd - Qodedsdte d Iz

TeOHdyd sdz0OdzdzO d B dzjj -iyPeziz@yd j Of B EZBCOdZR k2 |
f sSHtcOL 2d3j @ O f4tedHdydal Bj Is Odzdzj ddzH 2C Isd o C
sdze dlskHd dzOdzdzy M) IOEZZOMsoatsHO. uvOCok i3y dzj
ddMms O yjdo ftesdLotH® jdj ysdsjiosRs ts6dzj Hfaky |
W ddzls tc O, ZOtetsydlsts EC sdgg S0 dzdgd = § dsdeH EOIe dPo dadtGts *
td"i® o ¢’ 0 Mikhiz®)dy dY dOz@WROMLO] ¢ § {6l 5t dO dz
ddsf dzj d3j dels Oyd * § . dots’ jotemdes LkZdzOfftcj ' j ¢ § 2 o
fso j <hoftO] dzj IstetsHjydej &mMSse GEMjcO Mk HEsBJ'
B OdzHtcdtcOdzdrn  sdzElsOZzOMdzdrn tj L sdz2OlsstcO® dL d&3j ' Lk
sts tojLtsdzOlststce® &[ SslndtdX0z0 9fhdztsch Ok B dZd S &2 Mdzts e
Rdzlsj cteOYyd " © HEBSHOILdsE tofjd tsdeels 8GO d eddedify ' 1 to jozq) t
fsHjMddkzO fdksy 0 dzdd ftwjdshmdi WekdSyd j d&oO
‘) BijLEzdzsso Odzs Bs? sd3 Mj dzj CIsdodesh <k WddzlsteO |
tJ HO MO YJlsotelslsOdzOMdzd d3 toj L sdzOIs tsted dg@zdfrs Mis O o °
ftcj GtecOHO ° j ftcdCOLOds E [ Gus2009], ftcd
fted ye toh € ptzdH(ts ‘O sO@O Mo sHO d ftsMisOe® jdzd * Jj H dz
L difstsd dMisteOy de O 2 " § dhYf dlsOd WNJOLAs ts ta3d dzd
dzj S lsjtej <jdms® tu L S&OBE2006] ‘j §dSOLOdk o
GjhjlkCj, MOMsOo? jdz tH fjtdsHdyddn ddHEzSId
o L SdzOIststc O, [ -tdf @i o’ tgQlp ez ¢ Ot dzs e SO dZOMBSo SH O. )
LdzOYO Odz Htsftocddets bk f scdzj filzidE® O d O
CERf OCsOdz YWddzsOte | ftots j UOsa®@de’ o [LMoh SOOI
ftedyuoteh <j dz® Isted Ujlso Gk KBP ke ndd |s® jzdzs &0 Isdsdeok
ftcj GIcOH O

RMNistcOy o O¢ j fYtsMmej<jdats W ddzlsted BOOefrdd] dkd.ls O dz
dL dztizis ] £ HBCktstemME s HdMjtelsOyd " d [Lop2012].
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sffmMicO kyjfmMsOodtsimisd SttedMmisd d&jlsOdkzdzz ftcj ctcOH
d&O0" &z dHjdsdydkz HEZYddkz, O it dfdaf cldctdGDh) Hpjts
s tMisOe? 0 ftesMistste LO EZdRj IO ftejdtwOH] &
shsekz<jdts ftes jCIstso OF j W d dBipoy®O] H® Oy daf 4 tofply
hsOBf Odzy § dzsudyd, Ytej B8O fedmbslzf JdB30, ~Jj dL o
ud i3isflsjo Ote j dzgs B° j fteddOEts' j°j bk ftosfizhmditsd |

RMNstcOy o 0O j MftesojHjdes E [Jith2006] ¢ I
FRAHGj dzj Stedydzets® §sHdsLd, ©H St di fj MeOCO
Ctokzy detse ftefmlsj 20 MO ftotstej L sBlstcOdeddAs Ot sfipds O J
ftestcjLd MoOCtse BH ftohmlsj dzO, fted yjdBz Mz
sOdzOMtso sH O, O dzOdzdL O Wt Sojdzyd MEBE HL o O
“dHdddyddr <jdd O C¢t°'j M dOZOLj dO "IsOdf (
OdzOdzdL © | H@QLBOI kZip®Os f s j<O¢ jd&3 Btes' O <jdzd O
HEY ddzj dzd L O [t5 j HisiOds Gtstd’, | hdted dzj ftetst zfmdzd
fslsdmMCdoOc j. rtwkej OdOdzdL j WtjCojdyd MEtse
ElsdyO® EHO? jdesfisd N IsOB{OO dsjO Qi@ its®HO] dOH {f Hoisit d
Wddzstc®. 1 O hdted dzj ftesf zfpded BYMje ' j dBseck<j
Hizy dztsdediskzH d dzOdzdzp By ZBOEOMEBEE 8k PdzsMmisd tsH d
sOzOMts g waf@ sk O j 5 SO Bsydddd LJdHBseodBO Is
hdoddzO sffMjcO WddstcO. ¢klststed Mz & [ Bar 2010]
"4 dedL CjHddedydedr <jdzd O MOHtey O fteflsj datse j
fsmisOo ? j deds tc oy ¢ £ B IsIOFzOi s 0 sSH O.

VMS s s OMded W ddzlsOte MO HOLA | dzjlf ficteftslfj F fipdzQ 4 ttehy
MO HoeO fOLBO Sthkyddi SRR, f§td uj Bz Mk jdzj &
GOL dZzdudsd® MsteOdz® fttjcteOHj, O Sdhtsed it
“ Zlsdyo- BdzdL ddzy fOttso O tjL sdkzOcO, mo
fs@5? jdd L dodykz ftjcwOHj, k. kL est’d d

v sCodtekz dMlstcOY3doa OO [ Rajo02009] ftoj HfIs
tojLtsdzOdzlsdzdn ftojctcOHO, St jJ] kE LOsdMmdesMmisd tsH
bz s Otc kOd&OMBsoa sHO. | OOEHER sdzd i cEEC@H® j 5
dHj desdydese odzEftej yded 0  hdeddzgj otHBSe O.
dHl dsdydedr fdkzftej ylzed¢ ©, O HEkEZE] Hoj ftoj GtcC
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BOC je tsdzzftej ydedS O tsH Htsdij dzzlsj Hoj @Mmistso jIs
LO yd? HO thtsekz<d tOLdadydlsy StdkeddzOyd j yj
sfmMicO, ftod YdBEZ ' J d2Ocd&ZOh jdzs HO Mk ftes  j ¢k

sO HBfteddetsm dBdded " OlskztedL Oyd  d IsSOzOMBo tsH da
E [ Kehn2007], 9 t8H jzan@y jzdzjls ode0intsf tcj ctcOHj MO H
ZzOdL d3j ded ydzts ¢ sMisOo ? j dad sO¢ts HO Mo ©OC d
Mydydv dydteOded dej Jtesfzfded tSfMjc. 10 O dOY
dzj ftetsf fmdzO tsfMmjcO, Odd ' J§ EsYjdap- Nf &) GOMNTH d
sfMmjcd.

[HEBO0OBO <O CtBBddZOYd O KjLBdOSSEO k& B
dzedL 2 2O fftejcecteOHd, SCS6°0 HjydPdOdi OgdtcP Y d bzk
ftesf zMded SO dedMCdr Ekyj MlsOdesfylsd [ Bass2015] . 1
Is OdaotB)sdets e W ddzlstc® j fHtoejHdztsyjdats ¢ j°jd5 O
HdJddzj SlstedCO. v yd? jd3 oajtedWdeOyd J SCtdeyjflso
sffmMicO MO COLOSkjtedMmMisditsds S° 0 dd3O tcOo dats d3y]
[Khal2006].

1 sats tojhj®j WOt MOwted ez r YJ lso telsls OdzO M dad
ftedCOLOdts k& [ Stef2015], O dimlsts dMisteOy do OF
fsMisOo? jdzddz § sdzklsOdzOMmMdzedd3 tj L sdzOlsstetsd3 dL d3d
f sdzzls OdzOMmdzed toj L sdzOlstste qBO kdztsclkz Mftcj y detse j d

Adzj € MdBddzdets | f Eaz 200 e j detsdzy W lkdzC yd -  J d
fsftcOoClk MjdjSlsdodssmisd ftesf zmdese sfMjcO d
dMmlstcOY jdes & [Jin2015], O MO Ctdyjtl s’ j
fto] CteOpts@ dgd 2@ S t5° 8° Mk hls Ol Oz L thdR® [t tg dizd
sB dzd € . Mdzso O

[SHOKME MOsd OF ) CO kdblst Ots tHi@s gt ja iz
tcj L cdzOtstc® hlsOBI O dO CteO<B ftoj GtcOH(, Hist
Wddzlstc®, Nilsts “j d sCOLOds dO0 fteddkitcdBO Wdd
W dzs®® B Ho O dzj ftetsy EMdzO i fi)jsychj cCbs fiQidy ¥ .j dzd
[ SHOlds, Wdds®fhj O OBt dk<s@ 0 dzj L Oo d dets 4§ 51
sfMicO " Jjt MMk tjLtsdosted L O dhmisd tffMic ¢t

41



[dCteslsOdzOMmded W ddzisted dzj ftestfzfpdedyd SfMicO FPhHtzPdsQEzGMBEOSHEPL S
MOted “ © 1. [toad<, HBClBEMSO H

COMss O ©H ©jd cEPBSEO bBOS HemPrds O MY ] ¢
fMemjHdds SY§fMjco.

413 v OkOM e SH dzdfy -t Qedalzde d L

st OCIsdes tejh jo 4 Ctokzydetse € sd3f dzj d3j dzls Ote dzts G
fted S OLOds k& [ Ort2005], MO (tmjBdedd3s dzOG dzOMy
sOdzOMtso S H AEEO 1 HQoAAOIsL © ftots® j S Istso OF § Csdi3f OC
[ Bage2013] Mk O0dOdzdL dteOdzd Wddzsted Ct5°d ftod
ftcj GtcOH h s Od3tf Odzqd t6j L sdzOtsted sBdzdC O btsk
hifmstskze dzO, MO §MmjsBddd3 tshoe tols(tlaz Wz’ Hz IsH{sO] * Grf(
Nd?Jdese BBEJEO) dO COtOCIsjtdmMisdtkz Wddsteto. 1
MOed jdedr Mjedij dzOISO toj L 5dzOlsstce® HtOMIsd ydzs f
sfmjc. ZzIsts MmJ Idud W ddzlsOt\Otc Qasdzd] tff ws@allgf &0 tizd
SOdzOMBOS H @G, HdesMis Qo dzd " 4 tdhj®d MO HoO dzj f ot
[ Fal 1l 2009] . 168mMdOttOdzd WddzisOt ftedd k" § MO
h s O3 ©dzO f sdzlz Is O dzO ) &zO tcj L sdzOIs 5tc O mho i totste
COwOCIsjtedmisdC ] WddazlsOteO diis * fdte j fotdafoy L, 2 ° Qrdzdls O tds
ftcj GteOHj MOHWLY] HOO ddzd Isted hIlsOdf Odza yj Iso tolk
HtsBd  jJdad Wddzsted MO Ho O, tHdtsMdts Isted dzj f totstf b
HJ d3tsdzmis te d tc O dzts HO md OkOdzscdzd d3  sMilskzy & 53
i sdzad@zd d3 tcj L mdeddemspeteg@ry ¢plit ring resonatordN-CSRR)

Bsclkz tMmlsoOtedisd Wddzlsted MO HoO s mMdd i My
Cstedh <jded tjLEBdOIstcd St°'d dBO 2 ftcOotskzegOts
tcj OzdL so Odz kB OYdo OF j-tdiz0 oHOedg  ISfOEOddS@HSjH O ©

[ Shel 2007]. 890C0 ftcjcetOHO Mj MOMIS  d BH HO
f sdzElsOdzOmMdz0 tjL 5dzOIsstc® MO fFtestej L B3, h Is O &3t
ftcjGtcOHj. AddzlsOte HtokzEetsEd tojHO, MOj cyg GHfjc ddzd tot
Cs" B3O Mk " IsOBf Odz0 yjilsdted Sty dz0 f sdzlzls O dzO M
[Bage2018a].

CSRR Mk dmM¢tstedh < jTeelebysobefftg jo@dad W @yrs'tel® Istcj < J
d WddzskteO® MO BOS M BOdzdzs ttOos dzsd3 ¢ OwOCIsj tedMmisd ¢
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ydtedq ftoj ct20HQj7 ][ BauvntsJgctmbyscheff | 41 OW d dzls Otc tsMlso Ot
Ld&Z2OYyO des hdted ftesfbizmdd sfMmMic CttedMmisj<d tjL s
MO &BOCMd BOkds ttOo dtsdsa COtOCIsjtedmMisdEisdy v §tofs
sfMijcO btej<ffwddgjj HDO, | SPtcfctcOH] MO 6 Isted s
ftcd S OLOdz ° § y [ Bage2018b]. sl ©OC Isdzd W d adzl
dzj ftesf mMdzedyd ®IMijcO Ekyd MsOdasmisd, ftots” J CIsts
tiMmMfjSClsdodzsts. [BO dfMisteOy do OF O desdde Az frpdg® i ?§ dt
sOkzOmMtsotsHdzy] MiSyd 4, Ct8° 0 dqBzO0 kdatsclk ddzo j tclst
MO J ¢ jd3 BH 66 %, O Htekzets tH 50 %, Csted Mis g -
stcOdzMW StcdBOIststcj .

1 ZOYyO  Odz HiB dMlstcOYdqo O T O Cts°d "4 dL dzsy j dz
Cs'"d fteddzd * - 2Od dzd clE@a@mMto sHO. 1 tts’ j CIstso Odz
MO He O dgftesfkzmMdd sfMicO ¢ d C¢tttdMmisd tJH
hisORBY Odzd d@3 ff 5 dzlz Is O dzO M) dzdiz I3Q ¥ I 1S fOdROHES S tefd diZO 5 H des iz«
ey " je o0 SCt5° 0 $E@dgj & dapoitnh jAsQlzgzrdsse (o] j
sSOdZzZOMsoa sHO. 1tjHMISOs? jd2O " J MtekzCIskzte® ¢8° O
sS90Cts t6jHEC B9 Odzd - IstcOdzmo j toL Odzdzs § sMisOo ? § dzd ~
“d dMmf dlsOdz Rds@ YEO B tdf drta@Dyigfj ‘146G 20 HL do W d dzls

SOts HBHOIdz ftedimiskzy d&d ded Qe stdsdfa j B ] * fdte J fetda
sOkzOmMtseotsHlz, GHJ tjL BdOdzsdzd J dzj A3 delsd dd&zZO" & W
s fjcO Ekud MlsOdstsnbiste difids J tktgts "fiteljlotetdd MO f tetsts,
Koch[ Ol 02 08e&pjnskift ot 201 3] WicOS IsOdzdzed» S tcdo O. ¢ Lk
ftej HdzsMIs E HdtsMEz dO (i ctOHj MO 0 By O dzd
ftostej L dBO dMsdyuk dBseckz<desfils tsMmlseo Otcdo OF O L dzO

v ftojHdty jddds tihi ddBzO [ Ohir2005a; Ohi
Ohir2011] sOdzOMtso sH dzd n W d dapdPtehipS d Miemj el B s @9
f 59 toh ffedgpncy selective surfaceB SS) C OB toj L sdzOdzelsdzed J dzj d3j ©
“d Bsekz<dzsMmls HsBd OO0 Ctsi3f OCIsdzds d dzOSd=A
wWOBtedCOyd k. [ CoQlodadyddssdits SRt e 2tcOyd O € SH
HOISs &k [ Maj 2014].
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414 { jS A dezteOB ddzdzd kSO&OMBSe sHdd W ddisted

tihjsji bOkXOMBotHMdEE Wddstd Sts'd dJ&kO &sd
byjflsOdsfisd ‘j HOs k [Park2013khmsd @] da &k
fsds<k &jlsOddse dJdod ¥%jtodsdse "woWo. Jdhnss
kOO sHdzd Wddzdsted, G’ jClksoOdd & [Peli.
Codsf sdzj dzelsz d dzOdsj <dj esf Migles L © v @MMot 201 4] ° j
tj CtdW qekcOs d dzdifj L l5@aRBsty sHSdsf  Cstedmisd §to] ¢
CEOW jdzO. [dzjSkteduds GMseddy Cc©OW k0 BEsEb
foso SHdsMs &by C(SdstsddmOlsd bk GHtj' j dsds
Mo jH,jdO £ [11i12016] HjBsdhstcd®BsBOF < ds
(s ' d SstedMmisd SO j de-ady dafdizlpdsDitelin@ teffig: Odf daff € iPe] *

415 dHdlsdo g0 kjndskscd O fosdLosHS j

IstcjH ftojHdesMmisd OkzOMseosHdz Isjrmrdesdzsed” §
Cd3f tsdzj delsd d o jdzdCj MdzOej Ct5° 0 M Wiy fte]
sedzZjHO E Ijydded WOBttdStsoOdzdr ¢ i tsdzj dzlsd .
kjndtsdkzsed O {s5COLOELO SO fesHdO LO WOBtedSCC
dbHdsdodzO Ijrdesdzsed © ' jJ tsmiskzf OS¢ ftetsdL otsH
MstczCIsktey HAt] Clsdets@ L SO DB degtsip jddBE d&zOME sz dzO
otodzs SR dzj SMdedr BEZJCO d HIiBLO?O C° j dzd
fsmMszf ydd&z30 fJtesdL otsH j. sO ffMmjBdzO 6] H dzts
WoBted S Oyd -  j LOeadMmMy BH LOftej d3dddzey MbstekzCIskztey] ,
ddyd® jdzi toddd Myt BHEZJSCE | IOydtsimls d
[ Get e2013] Mk ftdSOLOdz t©WOLd&Jydlsi BsEEz<dsmk
dLiIcOHE kOkZOMBotsHdzdr Sl tsdzj delsd St° jJ tOH daC

tlsj to] tsdzd Is erewli@fraphy@ESLA) “j fteod SCtsdij eyd O dzdad
sB dzOMisd 31 hOdkfj St d My LOMddesO d&O {(ttsy  f
LEOCO My E fsmisdts’ COHd otehd Mo jls? O OF j
fsojLdoO 0 Bsdzj CdzO k yYotefmisk HBOBHE? B, L @ Is(
Mod Mz joj HEEC Mmj daf dqLteOHd yjts CAD BtsH | dz
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#Jdzj SIsdodets dzOM | teieltive ldgef daitefitgElo ®Ff j° [ § sMiskzt (
Mdzd yodz Mhsjtoj sdzdlsscteOV d " d, M Ikddy "hists Mmj Ed3j
ftcOh COMIsd dB@OIjtcd Odz ( ff DO fidsdgiCifds s CUjMe Ol @ OO  dr
mdztstf .

A ddzlsted ftesf 2mded yd sf Mj cO yd MisOdztsmis d 1
ftcl HMMIsOo ? j dzd iz [ Guo2015; Guo2016], O dLte
Misjtcl sdzdlstseatcOW d " J d dzOC dzOH dzts B hztsy j dzd B OC
WddzstcO, Ct¥dediudaf fplg LipdzOlststed ¢ sSQOHOYlsOGE jz. L bk
ltejHMmMlsOo? jdgd WddzsOte ' J HB HifMil fEISO d&OGCH
fJWsted3OdzMOBO d JBO o j sBO BOEs MdzOGB? j ¢4 E

ANdqdzsOte fJtejHMISOe? jdz & [ Shang2018] “d ftes
bud MsA®EBRISGEHEOBLd S s Ode " jJ CBtedMmisj<d BICtets o
je Istej dzzlsdzs dzO° e dh © yJj dzstcOdzdzO Bk yd MisOdetsmls L
OHdIdodetsdz Isj m dzesdztse d * 5d3.

416 )} ZO&OEdzd U d dzlsted

1 dzO dz0O te dzd W d dzls te d d &3tf dzj d3j dzls d k& P dedets dztg ¢ d &3 € t
Cstedh <j®jd3 SRR Mk ftes” jSlstsoaOdzd E [Bon2005
WddzsOteO ftesfmMddt O sSfMicO MO Mftej cdzzlsd d3  tsd
 [Hong2011]. st OCIsdzd RBISteslstcOC OMmisd W d dzls (
4 fedSOoLOd [ Gpt QB MiHezdfEPS gezlkts dg Ptotsy Iz
sfmMick fse <00 MO B  Jd3 hsORf Odedr toj L 5dz0OIs
hdesCdd fesflzmddd sfmjetsd " j §lctstdhCdtslz Odz
sdzseo dzad toj L 5dzOdzls dzd J dizjj d3ig ‘dzls . S R dzls@dgt| dzjsd3 d dzlff dtf
s OdzOMmtso tsH O substrafesmedztteddvavéguideS | W) , HOIs " jJ Ek [ Se
tdzdtfsdysd WddzsoOte s zmdeds dzedmSdr Eyd MlisOdzts
ANddzZsOte CtstedfMmisd CoOHKOISdZ] SRR tjLsdkzplsktc] MmC
sj mndzdyd St &zOdzOtcdzdr IsOdzOMBse BH O.

45



[dCteslsOdzOMmded W ddzisted dzj ftestfzfpdedyd SfMicO FPhHtzPdsQEzGMBEOSHEPL S
MOted “ © 1. [toad<, HBClBEMSO H

42 [ SH] &Zs9 O°F ] MlstekSlsktkO

Vv BCoadtlkz dMscOYdoa O O HtojHMBEOY taj dzgPc Wi Ph d fr
MeWiseo j eDArWIIPL L O fwlstejej JjdjCltesdkocdlsms
dMisteOy do ©° 0 Mk MY tetse j HJ ddd O LA Isite{Qufdsdd W oisclrdsArtef
st CtcOBO, CO hlsts Mkz: ItsHddj dl dtd0dkdzd |
fMdz0ej d OdOddL O jCodoOdj delsdetse j dzj Slsted udese
Cstdh <jdz BHEBSo OD BeYlssw@d W AL &ZOdkd HO Isd d
M Bddd &EJStslsOdwOMndd ftsctOdd L O Mddazdoyd:
BESHj s 0°F ] BJStslsOdOfdds Ss&0 d mdhlsj &O. o
ZOUddz BEHj &S OF O fltekSkkied® S j fMj LOL BOkEC

421 ¢ OEIL O IstetsHddsj dat 5O dzdzgd B MlstekzC sz te O

1 @&ZOdzdL 2 WddzlsOtemMSdr MstezCIskzte® j Cwtedh <,
stctsHd d3gj dzL d s dzOdzded J dzj S stetsdBOGdzj IsMSd Md Bz OISt
BeHEZdz SRBBEEZ<Oo 0O IstetsHd d3d dzL d 5B dzO dzdzts BSH § dzso OF §
d dLlstestf ddr HBHR] dZO. iy d)fficdsHusjHyf dgts HHjodgts ojAs A
BsHjdzsoa 0O j Eittdkibtcd j (St ] LOHO' j Ctted mdad ¢
mMsWilse jto) .

o] ©OL BOIstcOdzj IsOdzOMtsotsHdz] MstekzSIskte] Mk
mMd, WEkdSydsdOdzdsd HJ C sk sL ddded sHiglaf@ PMms 0a d Is d
AKjdastcOdzdzed HJB fHEGEGOLER] 90 tHMj yose kOzOMEo t
B sOdzdzi ff toc pzstmi@ ) © JdsfOdgtf Oded 5 toj L sdzOIssted GZO, C
sBj MlstcOdzgy BHMjYs O ftcjHMISOO? O £ IsOZzZOMBso tSH dzj
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dzd£10 F 28 yd 5 dz0zdzO Hj CBfsLdyd O lsOkZOMBe SH dzj

[HMI Yyo¢ bOOMBSetSHO ' jJ dBsH]j dzco Odz90ls OS5 H(
sOdzOMtse tsH Iz, s ffpesdRIsHO iz i MO L O OdzOdzdL k.
Ctsdzgyd fIs Bddzd dzgj Otcdzad = f so s B3 W Alodeh ¢ t€tisL’ OB drdets
U sdted sOycj). 10 b dapddlso @i iss y Ats o Ot d g
B lsOdzdzedn f dzsyO©. 9 0OCO BH “dm “jJ MOMIsOe? j dzO
fsMisOoa? jdzd ©OCts HO WtedzsdtcO & tBddS yYJlso st
stcOf jLO ddzd C9OHEGOIKO). [HMjyos fi)Q Mo aipdglzdg O
sH Yjbdted fdtsyj St j Mj bk MWilse jtok Istej IsdteC
ftoctso SH dets e gdstjetecfric Gbdd@ctof PEC) . v S tsdzdSts Ho | {f dzt
HOO LO jHddYycO yeotstt®, BdHO Mk dj Jjdzj Slstedy
dqzO " @dz" y® jHddySd vyetstec HO B Bddzg Jjdzj Cltced yd

VetsdzdS s " j dgj¢d BH LdHBS9 O ISOXZOMsSaHO &
fsHdEZcegtsds, HtlstcjBdats “J OHJjCoOldets dLoathdlsd f
kOkOMBso sHO BsHjdkz j, CSOSCsMezdy®] E@cbBO6 W K
Hoj MijHddz] twOLddydlsy fjtcdsdlsdodetsmisd (H9a O HTS
‘] dzgj sfntsHdes kdzjlsd Mmej Ited ftosMmiststedsj € tststoHd

s OdzOMsosHdzgd fJtedmMskfd fwjHmMlsOe? O & tHMj Y
M s’ jdd dzO ° j H dztiztBe B tc @OK s d dzdf[ABOI @ z&Mmtse SH O,
fizj hIsj dz@ MtsdzH ©. RHj dzsdydetse Mz fftej ydtse i
ddzls j 20 S5 5d5 fj Bl ) MtekCkkted ‘| dsydt
CiHAEOCY  C jHds® yj e toclsd dinmasts Hj lxizj L G Okela® jnfgdy © dzt
flj dO&OLd d0 MmtejHdded BIMjcO & Ctsdi Mi §shHdo
Hits Ot dzse kO&OMsoatsHO j HbEYddaj  jHA&OS
sOkzOMseasHE L O EZyjMmMsOdtsmls dzO Mtej Hdded f s5MHd30
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SHMJ Ys 0 MO L dOdzlsdztsds f toj G e OH 53, dZzOdzOL d
HizY ddaj ~JHdzj thdiddad ots' j dzj ds@® deddriekifn IsHOtsdnds]
sfmMicO Cts°'d M fhMdzOlcO.

1 sBkHO WdBsyyd Bdlsd tjOdzdL s OdzO SOt f sdzlzls Oc
Bsdzs.f s@wO §tslstej B J dmistcOy deo O O, fsBEZHO tc
Bedtsf sdz, BSH] o OdZO E oadHE M O IsOwWSd M dyd
Mz yoO " & SdAhzp MEFdzelf OdzOMmMazd dgj ld Iif Sezjsdzj c@s stc O |
HiWwdddmolsd ydyj MO LO jHdduStdd yststwtsd, Odd
vtej BO dOftsdj dzzlsd HO ISORS O YdydO tsHEOL EZA] 9 O
SH ¢ jdoj bOd&zOMdz] HEYddd. v ¢j i pduhkdsd nd
Codkzfy, ¢t d M &ty d BsHY SR SEY do j | dis{Bydfd s fmgif
30" & dmlsy Hdd3jder " J. 1 SHEGGOLEAB] 9O0ds " J HO
HSEC My Mtk 0 8 BBz Ydyj dBsyd L Odzj 3OtcdIsd
Mstelz® j Qo kfipd OMQ@dZss BH OCMd " Odzdzy S BtsteH d dzOIsy ,
mMtelz” §j dzj ¢YsMmsts’ d.

 SHOIsdzi fsetsHdsMIsd € t5-Dj igsitlize Ow P d dAOQD] Isiz
zO IsOydetsmils 0OdzOdzd L § . nNdrtsoa©® jWdSomdesmls MmJ ¢
BOdzlz § dzdzts ¢ f tsH jfhs@eaf@s@MEj H D tesC d BOYd * J tc O
sOydesmisd ddzlsj cteOyd * 4 .

422 s BOYd O &BOS Md BOdkd] ndod |

10 jMbddiOyd 2 KOS MHddBOddz MdzOej Ct5° 0 d3isy
W d dzls tegpwier Handling capabilly ¢ stedh <jdzgj Mk §etHddsMisd
MsWilseo j cMSBAD {OEGUISP. O Mj ©OLAEJSE j] b GHddshHE
ZOyddzz hBsHj dzZs9o O ©. s8¢ My E Pro eojtLrd d st
sCodtclz CAD ojteLd  J Mk HofMiskzidj tOL ddydlsy o
By i HO kojLj bk {jottisisdydt dkEEdsdzsOwlCs Ols dts
MdMmisj &3z d tHEjHdlsd Wdektj xj?Jjddn HJAE)d d C

1S’ j°O t8OH], (MBOteOdd kO&OMSe sH dd Wd
MW lse j te@,dzdE QP rdp 240 CADndafSt .. @R BRPr o o jteL d d d
ZOYyd® jdz fsdis<kz o jdzdStse Btets' O BjIlsOdzded » f dzts
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MO j dets otcj 3y BBHj SO O d " jHOdk ftcOatskze Ofs
SHOBdtetsdy CoOHKO YJj°jdzdm HJd3j dzL d° O. [ ke ts,

dLoted difissB zHEZ Wddzlstce©O d3tsH j dzso OF j d3 yjlso telsls ©OdzO M
Hdf sdzO ftsMisOe? j dzse dzO tSHiEe] ' jJdzsd3 tOfMists’® OF Iz

odJtLd d LOMEYy? jdz Ssdzyd s fselstsa O dzO § t5° d d3C
MdzOcz ddzydH j dzZlsdzse SOdzZOMO.

z

.

B)
4 zd42» OdzOMtso sH dzgd W d dzlsy@deO o] :ff Q)¢ BIPmHSRIZHfo @dz I
B) &BSHjd&kseoOdz & CAD ojtLd
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423 [ SHj dzso OF j € tsczO

10 BsHjdEs905 ] d OdOdzdLbEz ®KRCteslsOdzOmdda
WIPL - D Microwave Pro [WIPED Mw] . 1 sfifd3OIstcOdzed W ddzlsted Ct° d
IstctsH d d3j dzL d s dzOdzdzed j dzj ClstcsdZOG dzj sMC j € s sdzd dals
BISteslsOdzOMmMdzse € s5dzO.L BFOBw@Oazd » Md@AsPtc®H “ FO W zc
HiSBBYIBLJYd B3 ttOMisOe? jdz dO B OL dydzj Hj dzts
SHGESo OO’ z<d d3 iy doelj iziy Qiidstfftigch 1€ tidaPj dz Pdizj ED1s O
tej ftoj Ll Cak@ifgko SR sdyudakjj' z tsMmlsOdzdr, dHjdsdW d!
EOkZOMEOBH O] HOdz b § Qg8 faPls0j s dMOdz HEY d dats &
{ CSodoOdzj dzZlsdzO h j &3O Mo OCtsE tSH Ctstedh <jdzgdr to]
fOmMdodedr Sl sdei dzlsd MO € sdzyd dzls teiddgDjdzd iz §f Oto
fsHtey Odzaj kdzzlsOte MsWise j tcO, COts BMmdsodzy C B
ftesyifm ftes” jCItsaO O d SflsddidL Oyd. J &S tetslsOd

43 RLIGOHO dzOBtsStcOIststed " ME e foslstsisd O

AOBEBGCOYd O &OBsEOlsEd MEise fosksslsdfo f
(060 fddkdCtd s’ jSksaO' 0 WddsOwO. U Yy
fes’ jClsso O O dLdztsy jdese k HdMmjtelsOyd  d, daj syr
feslstlsdiso] &0 shdssk (et jChkso Odse s{§lsdkOd
fslsoteHO (o)L kzdzsjodBict siebRPC fzzéMC o Md Bz zoyd: 0
pjd¥dSOyd ' j jLEdsOO ‘] bkdkkOt BHj?S0O fSH
HjlkO? dgs B dMOdZO b dzOMsOoClk BoseE Hj?CO:

1 1edftcj O LO WOBEdSOYd' k
Tlesyjfm VOBedROBEdsOYd BRY ( Ctdstesddd) {t
1 v sMs0o O &j edzsc MdMisj RO.
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431 1 tedfftej 30 L O WOBtdSOyYyd iz

ltedftcj BO LO "NlsOBfE fBHECOLER] 90 o j° j
CstedMmisdlsd £ ftesyj mMkz jyse 0 0. ltej MojcO ' j,
ZzOytelsOlsd AmdzdS iz to] L tsdz0dzls dzj ftcj GoOH j . A tols
fsmiskzf O¢C tBLdtetsH f@Is ntz] @] GEORYG Isstc] di3d dzd d34 Is
VLEBdJSE Mmists" j] ddésed MO B MlstcOdzj ftoj Gt
BOteC jtoj k£ sCodtekz cOBOtdlO f dzsydyd, CO¢Ct B
oL cdzOststc® MO BB MstcOdZilshHizOMsEOB®dz] 1 RfCEH 8 §
sBdzd C k2 tjLtsdOdzsdzdr J dzj d3j dzOIs ©O. 49 0Cd BH o
fslstcjBdas WdSldodes fteshdqtedlsd L O 5, 10 ddzd 2
qdzd yd ' Odzdzj ( MddszdzdteOdzj) " dteddzj .

1 0Ctsdz hlsts “j] Mk dOytls Odzdtc AeAds®,d fdsOs tdgjj BL At
sdodudlsd ftcjctcOHEZ tORSA G d tsd BEE® Olfztsjn IsOp B O d
CteO@fitd dzd ¢ sd3 M W ¢ O “fjddigudSyy dzOsu@iEEst GH@EY D d *
BsHj dzso Oded 3 HJ d3j dzL d ° O RBO. stsdzOyOdz dLGdzj H dz
ftedftcj 3@ Qd¥OBtcd § PU-E O O §zO dzOly tcig®Kids o Palr Cor e |
[Corel]( Mdzd € O 4. 3) .

[BLJtsdZ HO Mk HtjcwOH] ftes® jCIlstso Odzj z
tojL cdzgOststej hlsORRY Odzgj MOBs MO “ jHdzi MisteOdzj, B
SH ddalsj tojt®L dztrd O Issjc f tslsf zdets tSHMIstc O j dzZO d3j Is (
M MistcOls O k& f tefgtigj s Y RO OE YL OF | .
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FILTAR H
S/2.55/1. 143
10. 10. 2016.

ooooon
HEAE

4 Zzd43P sdzOyOdz dqLGedzj H dzOYytelsOdedr toj L t5dzOdzls dzd n
WOoBted § @Qd&] i @&dzd Is O dizq ke O o lO@EZOMtso sH O

432 AOBEdS OYyd -WDede diSysd * MSd (S tdstesddd) §shls

[Yse0OSj “j fesyjm BSOS 0°0 &jkOddL Oyd"  j -
4 Ik O0¢ ftedddSitsd St je M fasudyd ¢l
ZOctedL O j, ftd yd Bz mMji dOctdL O] othd §BH
“d ftedCOLOdRO MOt O wOLoad jdatse WddzdsO dzO H
E yd? k& dz0ctedL OO, . MEdHOS O &jlkOddL Oyd " j .

i

adzq’&@ {sfr]lsow O°j ©OLad" ;détjsquqzag@ouzoq GOk &d f)
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108 8dz hIss WOBwdCtso OO § dzsydyO HEtsBd 4 )
dLotehdlsd Sdzlstesdz Hddzgj det d ° O dzd S ts9 ©O. 1 sh@s<k
BCtesMEsy, gBsck<j d'J thispdj gdd HffRsEO. 1 jt
YWOoBtedStsoaOdzgy HIM3J deL d° 4 B8y CASOHztdir@ Of) @d3lisdzd |
+5 & m, Csdzd SO " § CtlejNCO dBiIiti O odL BRBOLO.
HdMCtej f Odzyd HIBIdeL d° © W OBtdSCtso Odese f teslssis d
dLothdlsd HtSHOIdzg OdOdzdL j d 5 fslsteijBd, § sdat

433 UM M0 O &j tedzse MdMmlsj BO
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