fwiweovrtevl ] [d4)]wosr w 1 ¢uvsRrR vLSTt ¢
YrtitwlprpA?2srRB 1 0AwW[1¢f ?1RE ULy wl({w
wfriw oftwe Arr?sflryo

so0dz W' COy" 2 dzO0 ¢
ftcOyw dz0 ftcOo On

tfdrofrA? 1ol L aArrftllry

vrs 621. 391

IRs{trRevOI1VC Jri 11 ovrRIVRM frudfdurt
lrterodoéovvce, fdruvfcAhAwwy vo Awf 20t ¢ A w

172i Is j dzj S ts o5z dds @ OmOH ' slsj N dz' S O
(hd¥Wt dZOL 9O M jy' Odz' detsfyls’

17¢r dzj Slstesde §$O O Isj dzj € sz dz’ € C
(EO&EL ') L dzO dz’

1 sHO' Is! Mw d2O0 LHBBERILW d&OECtsoatters Miskzy j daw
rdmitloy' v & fisdls! tjLbd sOkd o &OMnded -
CjLbd O s ' IkjShis's 'd"dr Oslktt' o &OHIs
[ 65Blzdzj y' I1tOwodefsy A J H S

1 OzSCtsod?2 Cjto" oded € :
HsCIlstste Isj mdz’ ydzd s dzO
fesy j st )} sd kOdMm’ ¢

Y j todzi 202"



1 [ we v

b JuvdAwg 5
l vl 19

tdryrwf 1. f1fcr Jwusrtovsuotl rRm 28
11s ZOMdW ' SOy ' v &Oljt' Od o. [ j 28

1.2. ) totd) 8@afOspts’ Odd 31
121f SHjd& hlskydes' § &zOL &g 33
1.22) esfststeso © HdMY j e’ w 35

1.23) SH Oo dzj dgdz? fesmststesoa s’ HJM 36
131 Oflstsikzo Odzdz® kO toj Oz’ L Oy' w 37
1.3.1. ulstekClke® 'L f OtOdj d dzd 37

1324 bteClskzte® 'L ftso HdedC o, 40
147 OMissmikze Odzdz?y SO t6j Odz' L Oy' w 42
l dimdzeso € d HB tetsLH' dzlz 1 47

tdrrw 2 ¢f1Jwsorvr ¢ [flruvfcAuwc

Lot fJ1rwyrrm vo rrortfu 1o RrRmw
4Rl ¢ wl 49

210 B dz' sH 20 BsSHERZYY' v 6 Otedi3ssd
HEf sdi3icdisOf @ OcOS Isstedzse s H ' tSHE49

2. 2. 1] OltOdi3j Isted €' dz2 yjoadrm tojl
BsHEzdYy' W OdOdseseodn fdc dzOdz o 50
2. 3. [ SH J dz¥ 9 Odzdz" t s{ dzO o Odzls ©
L 3" dedzed d3 L dzOyJ dzdzv d3 52

24, Sy jtcdd3j dels Odz! dz HBfMdz' HY j €55
2411 dL dz2Oyj dzdz? ttsBtsyYytsets H' Of OL

9 OtcOSC Isstcdzd 3 H' BHB3 55
2421 sdz' HY J dgdz? ftesyj Mz d3sH Ez dzv - 58
25, Sy jtcdd3j dals Odz! dz HEfMdz' HY j c68



Il dMmdzso §d 26 L H' d&b 73

Td1TrTwONGEH rtrfrRsdL1C rJcC
Awf2ustolorrc/ ArRat LI w o1 wlouf
fwstdmlIr[201 L4 Twoédrdryfr1v You
IrRsftRrReUOG LI CS st 4
3.1. s j tolz 9 Odzdzv tod L sdzOdzfmdad dsd Mis (
CRdz’ Mdzd - J dziodgfdds * it s dz2' - O

dz' dz' - f jtoj HOo Odadaw BsHW ' Ctso
BOd' § zdzv y' 74
32 teddzydtf tj Odz' L Oy" °’ Ho SntofsL
ydWttsodns Mdc dzOdz' o 81
331 tOC IsdydzO® toj Odz' L Oy' v i 1S
MsOdz' @ 1 st 90
ldimdese € d HEts tetsL H' dzz 3 97

tdyrwf 4. rrtrrélorrc 1¢0tfd1u
tovut fhgmt ér1? Y[rtryl wuvtuvsuvu

Yot ofof?Pirm It L] wrlRrRswl 9
411 jtoj HO9 Odgdgy Jjdzj e’ ~ [ MmMdc dz

Yyomistsis 99
42) jtoj HOo Odzdz" ¢ Oteditsdzs ydzd 7 fd ¢ 103
431 jtoj HOo Odadz” G Ot dz’ ydad n 106

t MY jtod d&3d dzlsOdzr dz2' HEMdz' H Y j dzdzv

4. 4. VYieddyd( tc @ fjlEEE@a@ded@y j &2 110
hJesC sk H' Of OL sdz yYOfmlstsls

45.f sSH j dz¥ 9 O dzdav Is © J Sy jted d3 120
hJesC BMdk ¢ o 56 6Oy tars BERBDdiday | -
H' Of OL sdz yOmissls

Il dimdeseo € Mts tetsL H' dzkz 126



Irev {1 srR 1 TRe[tUOAwBL Jw t 1128
gl R s IRS{IIRHUGT RM Jwurtouvvui 131

[ BHOLEBC 1 143



dbvJuvdAuwc

[ SBigdz 1. ARrRsS{IREBUOLLC {ridirri1ouvr.
frvof ouvrt wof wl rfc lrterol o e, [
Awf 20t dAwwy HdRgPOEWE ' COyYy' 2dz20 dzOEZzC O O
S s dmiz.

rdmjtlsOy" v dzO0 LHBBERZIBKE ISthkOB ¢ B0 Gast) ts ¥
My Jy" OdA78zT ndsY dzj C sz dz’ OO YBEP AlHO O Wig H t6 O
tcOH ' Blsjrndz ¢d s©O ' deW stedzOy ' 2 dats’ BJLTJGC
Edz' o jtemdIlsj sk " &g dz2@ St L. AjH!I Cs80dylO, Y|

[ilsOBOIj t6' Odzd sBO' Clstsdz HBMdz HY J &
s dz2 €d otsdzd o' Hdcfd Ot ©Mis toflHo OdiAs y dz O
dzj f tcd tetsH dz' o zOMmisd e tsfmilsw d3 z h JtetsC tsd3
tcOH' snoddz sotsets HES t ®8Hls d U s e8] - aa] Myd
ftodMlstets’™ o By s Bklsd oHtME sdzOdzj dz )
otftcso OHY j dada? 3 Is Ofisuc® Cts@Ackz dztOC dig s, Is szt
&zOB OG Olsts d3j dzh ' , dz' y HBoYyddz0 ~rodzlz, dzC
B34 sts¥ HIMJ ls OYyts B 1das( tc jedzap'ts IsW iz dz$ y ' 5 dzO dz! dzo
okLdz' 9 LOMBB 9 LobOWLECE dO Whdkslet z oCO dedz
BSHEZEZY WHWEEWMHY B ¢ Oteditsdz’ ydzd e SO H ] IsJ ted3
HdzZw " »n fJjtejHOoOdedzy yjtejL MbekzSIskzted 'L
Mzl y O J 1y H" OfOL sdzO~ YyOMmilstsis.

[ d&zv HBMYW edzad dzdzv d3d Isd B Iz dztsh tf tsendsd2ee i) vd
tesL tetsB dzj dzdz? s O H sz’ dpjygpsiadzvdzy igf S MSO H j 3
OdzOdztsc ts9 d n ‘ ydWttse dn mMde dzOdz' o, O Is
COtedisdz’ ydzd s Mde dzOdz" @ yJted L Miste'zC jsdzde
wedna o ¢ dz quOts tisq frels @ @y ¢ Ols d o dzd A Bids OMis to |
ftcJ HMIsOo dzw ¢ s s jtsds’ b dstidsuyjdas fidsdad o dzO s



LEflste’ yoOs s v o ftodesHd & &EOljtk' Od o
L dzOyj dedz? &8 H' j dzj Clsted ydets® SO KOC dz' Is dats’
) e flstets” B H E dzv gidzj ¢ Cds@f o defifidzts od5j Is © BEC
] Oxp Qaik" T sd3 o d S tsted ) IO dizy j 18 ] 2t 'tolj dzdszO s &
dzOo Odzls Oy j dzd - ‘d3dz’ mded d3d 4 dzj d3d dzls O d3d , L
" Rdetsfls ' LbOdjOIfiEsMiss o' H fted S ZOH j dzgs’  H &
LOBJL Y Jyd dedaw Bsy dzd o 5° L d3° dzd C dgdzts s
O o O dzls @y jif dzdev tco dasd ® ZOIOENG , ¥ Y7 BsY j BLIS
H' BH, (esOdizOdizjof@ldaf) td3 digszz o Y OO M B s dzkz Is

TOLOSIsjtedmlsdSk (st. Aj HBLobdY' tjOd
BsHEdYy'¥ OOdEscso i MJcdOd 9. U EEBE
ftedMistss b Odgt &z’ BsHEdw y' ~  d&0 sfhdsse' s

9 0O sBstcdzgsets H  BHE LOHO" Is! Mw LO LOCEt
OOz sotsets (" deW stcd3gOYy"' 2 dese ) fMd e dzO dzlz .
v ftesyd ' Hisfdz' HY j dz f8C0OL Odets 3J Ists
tesBtsYd?2 H' Of OLtsdz yYyoOfmlssls ¢ dzr yjodnr tod Lt
H' SHtSd Qe Pd3j ISed sO wW¢ odBdttOlsd L dzOy
Codzdo Pzl 2 dzj Ctdzdo Odzdzy ff SHIOC 59 W BZ@ dsdz'T I
tcORBE solz Odzlsj dzlz, hts oL O d@gsH ' & Is Y teg L
stsdzdo Odzdzy, hts oaddedC O Is! 9o Cwdalskzte" t st
ZzOf tclzc (lstsBIsts dzj f j toj tco dats L o3 dzdzts G ts
o OtcOC sstcdes gz H ' tsBS H 2 dZd geP@iaR’ IsLlz@iHfsdz’ 2
dets ' 2 dats ¢ tsu GEdEddz0 ezl dzts o3, hdzw atsd3 f sHOY' (
Odzlsjdzz 1 vy MdedzOdz' 9 E hduesCsdiizdz H' Of OL 50
Yyomlsssls, HJ ®BOcdz IsdzO oL O digsH " v * OB’
H' Of OL tsdz' pEnflsoidasédfmd@x 9 511y devld3” dz' L dzO Y J ¢
o telzc d, hts ftodC dzOH O Isigifjt Umisn é& OO Is 15 t
4, 0¢3,0dzv ftsHOd "dr HBMdz HY jdz@ O dz' Lk
MdecdzOdz'" © odBtOdzes YOMls ESdsZ07)detoyy’ AodsBastds © ¢

6



fc5C O @dztyj fd OBy oz SkEHds® dsHEdYY' °~ Hof
S Bkdzd Mzt HOd d¢'| \nd & deHdafdz | Qif o sl t
YOMmlstslsd " dgW stekOY ' 2 dzgs ¢ s fd ¢ dzO dziz s
nOOSCsjtedMsdCORd odCtsttdmissolzo Oded: o Ots
ffcdzOdz’ © Bbdzd Hjljteds daso Odz R Oskdyds
LO2KBOdd hdusSk BEheck yOmssls HE 4

Az dzS y' 5 dzOD iz st dzts o Oczse s f tod fyls tots
h v DA &2 L yOfiseadt: H' OCkOd O M jClkiC
¢ OdzO dz’ LooOwL Clz. l ' Hdzts 9 dzj dzdz" " daW st d3O Yy
fMststesds o' HBRZo Odzsf)! L O -4 POzl detsy ' H s dst
shdetso yomtse dn H' OctcOds IO fnf OUiste O dz
By dzdo ' M tjCdhstekzsSy' ° Mdcdod .

t jOdz LOY' ¥ ftedmlstess &Ods fdvy' ° yd
sfdigsdw " COy'~ d&' d&° f§JitjHOs Odedey 1y M
s'dz yjod2?2 tjL sdzOlststc totsL d3-fhsjdredsd 2 Lots dF
‘L ‘e df jtejHOo Odzdz SO E odfOHSE §jtejHOs
YOMmlstslsd "Stsets M af OHO' L' L dzOyj dedz” o3
fdec&Ods Istce® lsdzjnv EBY k5 j EBE®Oedzd 251" tod flst
YOfMmlstsls On 9" H M dzdzd o' H MY@EOsdsd disp Lzt
fjtejHOoOdMm! yjtej,l MU & Cifj oy dz@q Odkaiaw
YOMSBE EREOC I jtodMisd S d Ha dfdsf & lsuomigisss Is0dz0
TOtOSjtedMisds O MdedzOdkz * fH' Bdas®E  H
CjYjShstodtsets W' dz lstckz.

vOCdd3 yddetsegp j b gzezBlzsdze t st WOH' t5j dzj o3
HdMC tej Is dats L d&3' dz¢ 9 Olsd L dzOy 4 dzdzv ¢ d3dats iy
bogsy dzdo dzs ‘ st v toj Odz' L OY' W ftod Mlsistds ,
hdzw sy fsfdz Hisadats™ L 3" dad o5 3 yddsd Hots
ftedmistes BLHEjSELOOBSMjISOBE dzgj HJjlsjClkko
fsHO soRMWHddaP? ¢Ystls. v LOCBSHBZ odf OHSE

7



] d aggloff-f(j toj BS,0dz@™ | v Mmdedg@cdz, hts §shd
f jtcjHO9 Odadz" , dRSHEZA® ' Is! MW LcE'  Hdets L OC tsdz
t sistsBlsts B"Is" 9 ¢c0é OBt ¢cle.

VU CEROYts] cdopnzE HIEQ dts §dnlst' 2
L & CORIBBO vV ZOBY ] ' € sifY s iBicBdERE
By dzde ' M §jtj S Odadz® o5 ¥ to' L dzd dsd L oz
tdsL f Sw'daRyj dz@ ¢ tc Qi ¢ izifftassyp ditztziglstctso Odets o
By A&z dg s @i QetAadsis TI63BS jf Lis@izCddn Iy O iy s &
o' Hd3" dedz' 2 o1 800 [ tpapOdafdla H dats h s dz0@ Y
LBEHYEZE IS MW CBdzdo Odzdzy (st IO L H' 2Mmde °
fjtcjHO ' MY o' H fjtcjHOo Od desets ficlsk 1
f stols’ o' HiMkIsdz' 2 Mmdc dzOdz, stsBiIsts L H' 2 fydz
dzOo .OC d

1B dzt M jdzdzy tetsL oW H dzsfls’ ftedmstoss Bt
¢' & Sfls’ tst, "t BsHW' Ckslk! d d ¢
By dzd o' Ms! wiGlr@yEs’ Hadlj & " &V T sk
Bis H | dzs 0 OlsiAizl Isth H O o Odzdz"  § 49BEB«OIERAE 2Is @ * dsT beé
[dzv  yiotOc s HHiz@ s o B OddgGn'o ' HEPE Ol J dd © * H S+
sOC" 2, hse kddSdzlsd oL 0" &idsH' &' 3 dad d3
hj 2 Isdd®, hts MM Hdz Glese ' HdZ & § tofsh)dk
b feslsd® oL "', lsO©bdsts,] dpff ks dsdo of Loff aetfis OF ts 3
o' HUOSy HHttdaR U j dz' CtOH' * dzsbkz 1 0POcCizdly dztste '
B'ksodh Ctsde' &zOy' 2 LOHOo Odtsf)! S tdss' dz
Cudsf sdzgj dzs' ©, wSddd (dz0o OdglsOy ko Odzd i’ ¢
MsOdetsoddz® , 4, 383, sOts o  Hftseo' HOdzd ' dz' a3l
L Odzj ¥ d8sH) @D d3j 18,84 084lsdB®2 |,y o' HY So ' H dats.

10 shdkse' jShfjtddj sOd ddr HEfd
fteddzydyf d topydfd’jic@ WdC Odzdz ~tsd3 ¢ jtej Bd¢ Od
"t ldesmisj 2 L O Hftdksesr B fsdzvtcdsets IstcO

8



Hef sdisea s jtod d3d € Odzdzy L dzOyJ deds'd o' jSRdpst Is
n Med B Jodzi S bterfada ¢ fidd dyfl ff t5p Bd ¢ O dadz”
MisOdz" 9 Isjmadz yYydzs L Odzjydls! 9" H hoadHCBMIS
fjtehtsdkdz o dfOHSE) yd' oPREIOS lsslcdacas sk = ° jsd
Hickz e BBl OH.C I S QP d= ¢ stcd Mistsea Zo OdzOM! o
HsfMdz' HY j dedzv  tod Mistets® iz jtog 2 KBOEZA[ O LusizRizy j A
dSMyjteddz dzlsOdzr dedr toj L zdz sOIs’ o Y ¢ ts

NsOkO®d SO sy dds ' fls! % HjiljClko Odadz” .
[SHEZd Bo Od MdcdOdd, " &e ddmfondslze dsh ji
Mfsmse' & &sHEdYy' ', (sl jBlksIls] Yot s

totsL totsB dzj dadaw SO Htsfdz' HY j dadaw odSted Mis C
ftetso Hdza S ® (ul1), hiUslzjas Osdgte iMaf(l5: fRy lSHOEZ0
kO * Htfdls! s kzdvtedy B iinglcH Go Ol S o b
hdiesSshdzesoadn MdedzOdz 9 SO L sBKOY j dz
L HOIsdz Mmiss |

v tcsB tsils LOf e sdztso Odzs o dS tsted Mistse
f j toj H OpjCodzozlly dSGZO dz' o st Gzis @ @ jpdesdizdtES OF w1 )
ftod WNHBEHOE|FE] H OLBEY BKO2 OISRz ¢ yamissis
[tsfqdz HY j dzdz? § 5C OL Oczd Bsy dzd o * Mls! o Ocdz' L
fMezpl vy (9  H 104, )5 151G 104 81 U9 ° RYCfiisds tsH 32] dzdzW
h ts ftotso sH ddzd i) h dzw 5 5 o3 Codstf & Is j tcdzats @
iCMY isPdgi dzts, §BCOLOd], "t HYjtej O fMmddc
CosCtsd3 tc" adzgdd3 9o HMNIsOdz' d3' ¥ HoatsBO ¢ B3 f
#ll wWC BOCOLBCOdOM dzz ftetseo " Hdzz dz' dz' &6 L

10 tsMmdztse ' § jtod HO9o Odzdz? 6 Oteditsdz’ ydzd =
¢ Ote Bis dz' fifddOBds 0 d i3 4§ 5C OL Odes’, Y jntay LY ted 1 "z
o detsmdls! Mw dz' W< dr dajddezQ@iz 2udzd § to tptf jHisjodats |
M jClteOd dzde S O0O®OSIjtedMmisdS fted2dwisd?a
4l 1] HBLOoBMEY' CodhlsOlkzsOld k2 WOSCl,



sy O L o jdzdSddy t' adzgj &3 Istsydetsfls’ Hylsd €
ydJtedLr wll.

VL HdMjtelsOy' 2dz' 2 ttsBBIlIs' ftedo jHjdzts SO
Odz0Odzsetsodnrm IO yYydWtttsodr Mde dzOdz' o, O IscC
MckCIskzclz, h s Z dssy dzd o dgE s = g @Kj HAO o @dEdzy
SHARsyOmdzts 5 §f OtcOdzj dz dedr S B3 & On wll

S dz6 Yytso ' mMdzs o O

[ JsO0OIsj o' Odzd , tesL e’ Ldd?2 ¢ dz ydod?2
f OtceOdzj dz' dzd n fteso' Hdzd G ' o (al11), O i3
BOdz" §f WV g W @EZPdMs G ts9 sO ydWwttse® Mmdc dzO:
Yyofmistsis.

sfdmMse fkedz" COY' 2 LHBBEZOOYO
ledz COYy' ' £k dOkzCtsoeadrmr WORBOdR ¢
1.1 soykz€l ytoj WOo Odzdz? G Otdstsdz’ ydzedrs mMd e dz
f OtcOdzj dz' dzd = | tcdso ' th Hed K1z & | 8B Iz 'dA dgcsL v
cslweée. wjte'w ¢t OH BIsjndz20@8. @ISO Ots (
2. ] soykz¢ ey J Shstc Odzr dz' nOtcOCIsjted Mmisd ¢
fdtejHOs s MW yjtjL sy Hded ¢ Bash yuBllsORisy
J oA ) sdz ls. Oz (SE[ERE dgdad & . mE3E dzis dadz@y * 15 dz20O dz
Zdz o jtemdIlsjlskz. wjte' W: |Isj "ldixl4fdzs dzOEzGCd. =
31 sdz' sOdz C@MIstfMmMine. Odedzy ftotso " Hdzed € 58 (
tcOH' Slsjrdz Yydzdres L OMsBOR HdAdV f jtc]j HOs Odzd
(sedzfun. / V tsdz' IsOdzf! ¢ d2, [ . o . l s ykz ¢,
1. A Bl YMded S 1" dzdzed y? S8 ftsdz' Isjmdz’ y
Isj mndz ydz' d&OkSCd. 102 0. ~3(275). o .
4.1 sBzdz) &/ ) tod Misdgts R 2 dzO wpO tzts cas@te[dBts dz' y dzd -
fd ¢ dzOdzizvor iz f j to J tote flaisle dzé of GV d3j Us'tedzioy J o d n

10



] L 5dzOlisas. e 58 b dzjdyl 5o wgSy Odzd .1 sz’ s Odziy! €
1" Mded S mBj dz' dedy’ SEts dzOy' SdOd dsets b dz
" 4 ( 2 8.7188191, 2020.

1 2B dz' CLOAK B te Hzts dzdzd = off dj Htd® disdrvWdmy dzd
1. Vovchuk D. Frequency Modulation Approach Basad SplitRing
Resonator Loadely Varactor Diode / D. Vovchuk, S. Haliule. Robulets
L.Pol i tanskyi. | PARR-G/OS . 2020. -~ 3.

1 B dz' ©OPtgs B O Y= QtedCclss) to Iz

1. Vovchuk D. Simple principles of antensamodification based on
metamaterials (survey)D. Vovchuk, S. Haliuk, M. Khobzei arfd. Robulets//
Proceedings of International Scientific aRdr act i c a l Conf erenc
l nfocommuni cati ons. Science . HKhaliv, Tec hr
Ukraing October9-12, 2018f . 277280. (Scopug

2.t sBlzdzd y! vt j S IstcO@dz@dfRtats y i ©] H O O dzdz"
L 5Bt Oyj 2 otso * H oggljClsiids tc kz K .As . Izftetizs Iz dzf 4.
Il soydn.l sdz' s Odzff): 0% d " Moudaff * ¥ dz0 tc Sdz@AsS-5 9 S
i e OC Is dhumsiaal | tc ndzy ' €55 t5 dzts ozt de'sg aZf g5t d H Q@ & O dzdzw
tSB o s B digQzdzy tc ' G Galzdztc dgO izl s € 5 A3z dz' g Gs'g dztad -
(PREDT2018),y j tc dz'8-40yiZzd s s201B.u.G3.

3. Vovchuk D. Development of requency modulator with splitng
resonator loaded by varactor diodB. Vovchuk,P. Robuletsand S. Haliuk
Proceedings of 15 International Conference on Advanced Trends in
Radioelectronics, = Telecommunications and Computer  Engineering
( TCSET 6LlVi0-3lavike, Ukraine, February 29, 2020 t. 536-539.
(Scopug

4.1 soyk 9. vy OMms sifda®lz dzvep te'd3ts dz' igdzfleodz’ o
9 d¢ sted mls@zizdzOdg d o3gzts © B IO ®@ dzis O » LPdOE s s tc dzd d

11



H' BHtdo ks, t sB z djay, mtsB Lfj.f2.,) § dz' dzfy:1C d 2
rdtedodMmMdelS B @ o' dzj 7 dz® dzO to rQ@IEE-fste &S Is  y dzO
C Bdat j to gdiap O tizts B dZj 63 MW ¢ daj clbaricIOH ' SIs] - dz2' €
Is 4 dzj & 5 d3lisd2" d&W Gsue dP0layj -2 dispdisIGO RS tg, U § 'O 07idz0

09y 59 I2020.4.19-20.

12



ABSTRACT

RobuletsP. F. USAGE OF SINGLENEGATIVE METAMATERIALS
FOR TRANSFER, MODULATION AND FILTERING OF SIGNALST
Quialifying scientific work on the rights of a manuscript

The thesis submitted in fulfillment of the Ph.D. degree in technical sciences
on specialtyl727 fiTelecommunicatiorand Radio Engineeringyi Department
of Radio Engineering and Information Securityyairiy Fedkovych Chernivtsi
National University, Chernivtsi, Ukraine, 2021.

Metamaterials are an object of research for many scientists because they
make possible a lot of applications due to their unnatural properties at a width
frequency range from microwave up to optics and higher. A number of the
existing radio devices can Iaproved or completely changed by metamaterials
or metaatoms. It is possible due to their sizes are more less than their operational
wavelength. Therefore, the aim of the thesis is expansion of functional
possibilities of components of communication medrased on sphting
resonators for filtering, modulation/demodulation of harmonic and deterministic
chaotic signals in order to their transfer through wire media at wid&si#and
GHz frequency ranges.

A number of tasks were defined to achieve the aihmose include a
development and investigation of approaches and methods of modulation and
demodulation of analog and digital signals as well as the transfer of harmonic
oscillations through a wire media. The solutions of such tasks were found by
usinge- ard Unegative metamateriaishich are artificial materials with unusual
properties (negative values of permittivity and permeability).

The modulation device is based omegative metamaterials and can be
realized by using sphting resonators (SRR) that is loaded by capacitive
component which can change its capacitance value under the applied voltage. In

the case ofcontinuous timduning of capacitance of capacitive ekm (a
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varactor diode can be exploited for that) there is the possibility to provide the
continuing timev ar i ance of SRRO0s amplitude an.
allows supporting an amplitude or frequency modulation of analog sidres.
issue of ralization of amplitude modulation device is considarethis workby
using the varactor diode possibility of capacitance value in accordance with
analog (information) signal oscillations.
The approach and methodology of the picking up of the operation
frequency range and carrier signal are shown in the work thiSpgiameters
as aresponsef SRR The carrier signal feeds SRR via an additional loop antenna
due to strong magnetic neteld coupling. The oscillations that appear in the
SRR are amplitudenodulated at the previously defined carrier signal. Thus, the
frequency range where the interaction between SRR and additional loop antenna
Is much possible can be found by feeding the loop antenna by HF signals step
by-step in a wide frequency range athéé t ect i ng SIRWS definede s p o n
that such frequency rangeaggtE= f mi n£f a 9 5GHZ forltde bias
voltage variation pU= Umi néeé Umax 4,0 &.3 Fod the further
investigations of amplitude modulation of analog signals the frequency of carrier
signalf. =1,07GHz was selected.
Two types of signals were considered for modulation. They are the sine
signal with the frequency value up to BHz and he deterministic chaotic one
with up to 4kHz frequency band. Thinctionality of the suggested device
shown by time diagrams and spectral characteristics of signals in the channel. The
signal s6 recovering i n -demoduabneschenger wer ¢
The realization of digital signals modulation is carried out based on the HF
signal (carrier ondyansmission line modification by SRR. SRR is plaastlose
as possibléo the transmission line in order to provide strong 1fie¢d coupling.
In the case of the same values of resonance state of SRR aradtritbesignal,
the last one ifiltered by SRR and the output signal cannot be detected. However,

it can be detectetbr the case when resonance frequency of SRR and carrier
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signal frequency are not the samé&he obtained amplitudgequency
characteristics isthe sametophsand f i |l ter ds one. Thus,
capacitive component with the possibility taaolge its capacitance between two
states, there is the possibility to realeealevice which operates in keyode.
Time-variation of these two states there is the possibility to detect two different
states at t he modluid thetprinopte ofde/offswitohiogs o u t
that is applied here for the digital modulatemd those two states correspond on
i nformation .bits A00 and A10

The device 30 by 22 mm dimensions was suggested and investigtted
work. The switching between different values aapacitance was shown by
simulations. The interaction of transmission line and SRR was demonstrated by
distributions of magnetic fieldt the resonance frequenicy635 MHz and non
resonance onk 800 MHz. One can see that the SRR oscillations appedndor t
resonance frequency and filtration happens. The HF signal from the input port is
blocked and the signal at the output port is absent which corresponds the
i nformation bit A00 and vice versa.

Theincreasng of a bit depth is possible through timereasing of number
of SRRsfor the transmission line modification. It is shown here the possibility of
2-bit depth modulator realization by simulations which allows transfer of bits
combinations A000, NAN0106, NAN100 abd fAl1l1l:q
4 mm distance to avoid an interaction between them. However, an interaction is
almost absent due to the current directions of the adjacent microstrips of such
SRRs are opposite. It is clearly seen fraistributions of magnetic field
Difference bit corbinations are possible through different capacitance values of
components by which SRRs were loadedthe investigations 4, 3 and 2.4 pF
capacitances were used which correspond the minima-pb&&meters at 0.74,
0.84 and 0.92 GHz, respectively.

Two principles of on/offswitching circuits realizations were presented by

experimental investigations. There are the circuit based on bipolar transistor
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which can switch two capacitors and optical control for changing of a varactor
diode capacitance. The switrp frequency of the SRR resonance states depends

on t he transistoros base characteris
characteristics of a varactor diode and pbotoponent (for the second case). The

carrier signals were picked up from s@Gibiz frequency range. It is clearly seen

the switching of two resonance states and the possibility of their detection that is
demonstrated by experiment.

The previously obtained modulated signedguire broadband channels.
Thewire medium (WMthat is an array of parallel metallic wires included into a
dielectric matrix Bnegative metamaterialyas considered and developedisit
quite topical among scientists for the EM power transfersobwavelength
imaging.

In the paper WM was proposed tise for the transfer of a few signal
simultaneously via parallel nodes (the area between four adjacent wires).
Nevertheless, such signals can be broadband. The investigations shown the
possibility of such device realization that can operate at th&sid(from 0.45
to 0.8 GHz) and GHz (from 1 to 2 GHz) frequency ranges. The simulation and
experimental studies demonstrated the possibility of locations of sources at the
nodes with step of double length of lattice period. It allows to use such structure
as nultichannel waveguide.

It was shown that therare absent any nonlinear distortiofsr signal
transfer with one and several harmonic components through WM. The analysis
was performed based on spectral characteristics at the receiving side.

In thethesis the principles of modulation of analog and digital signals were
suggested and investigated as well as the structure was studied which makes

possible to transfer of a few broadband signals of different types simultaneously.
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11.s ZOfMdW "  COY' v ®KROLjtc' Oz 9. [ jlsOBOIl
[ jbOBOIjtc' OzOB] d&OL do O Is! h sz ydats
Mf st MsekzClsktess Odz MjtejHsadh O,
jdzj SbtetsdBOG dz' Is dad B (tf) sMse dzd o sflsw d3
Isj rdesdzse " ydzgddz h dzwv e sd3z, OBfts y IsG3.", h s
l sdgWIslsw  ¢cdaj Lo dyuO2ds o dzOMisdosMmls' & 3
ZOMiskzy d S ZOMd¥OSC Qg Gl dkz qeane SO fj to]
h Is iz ydz sO ftodtctsH dz Mitcj HSa QPzp y digisf 120 ¢
iWiSlkdedzdn L dzOyj ddls O B0 detipjtalegz® e sl &, iz
I fwdtesHds tjuyutsesdde ROwOCIs jlgls@:is: mw
o MzE,n sCtc' B UsIPUQbRREO®RjIsted B dz' W tsHdd
tctsL to' L dgWw B Is4
1 sHe  2dets Twjgtsggdef U> 90 6§ @R, kO
ftoesLtstcddsd Hdzvw ([ R"Reddz, wWChits odzzlste’ h dz
{ Hdzts  dzj icloyfmedd dzdls 6 c@EBHLR SO 99030
hts 8 kOSHdA tjuyseddOn [ fnedd jSMfsdzjd
B' dzt h @, dz' ¥y R OEOfHIiS F tziztOHstizeRs (f fReod
toj ytse ddzd ff tsUozj dzvOHsisfiejdztsoe ez Is @-dzj ¢ Olsid o dz'
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Hi¥gel GOH® Odzt dzO ff dzOL di3so © yYOMmMissls O, h s
tcj ytsoe d dzd , Mosets tHE tc J L 3 dz@d2fidztsts Oy ¢
L BEzHY J dzdaw .

VU o9dt OH ¥z ¥, dddddy dodz® Ists Mmjtej Hisoa dh j
HdzZw ftotsatsSHY jJdedgw [ [ R~oddz . ~w didts s lslz] dz jdzisdet
tesLftsofmMs HYy ko OdMm! Cto' L' MmMjtejHsodh,j. 1
MC ZOHtsoa dr MstczSIskzted dz0OB Oc Olsts  d3j dz" d d
LsoMm" &3 desea " o d&zOMlsdotsmls® = MtezSCskztcO® Ml

[ sUdzj ¢ Ols dfig jotefjrn so dh By dzO@ o' Hdzj Misd
MstckzC skztclz, hs ftoj HiMlsOo dzv° mMtsB 58 dzO B
tc' odetseo ' HHOdMzj dzgdr tSHJddz ' H BHdSE s Ols sdzS (-
[6,10-15].

[ Bedzj cOIsdpda BC Iskz tc o' HdgsfmwlIss mw o' L
Mistczq Isiztco " HO ' ddetss BOGdz' Isdets®s ftetsdad ¢ dz' fls
Mlso stej dadzg? hlskzydagdes H' jdzj SlstedC " © f{Bcd o d¢
16-17]. 102B ' dz b ftesMmisdds f o ¢ GZOH tsdff tsfimlots 2
C'dz2 yjod?2 tjLtsdzOIlststel.ls (fIpd o juH j AR 2dz0M Idd
C Bz Mils! B Y HeBABO €' d yvaikd S&fjdhiz s
BOG dz' Is dzj i tsdzj L fjtef jdzh S zdzw tcdzd d3 H &
O tckzy jdetsfls® , LBRHYE' ftdzj, hts o L Odzj Y
MstckzClskzted, | Stefsmidgiz,’ MFO ¢ s fig dzgzs f syOls¢
ftoeslsdH' ' 2tz SO ftcdLosHdIs! H®B HBSH OIS dzt

O ZOZsecd tetsL G dzv dzgzlsts’™ MlstekzCIskzted * IsC
Wstcd3sz* Is' v L O HBf sdBsess dOStkzylzeo Odadaw ¢
dz0B " 6 pdzj d3glsiasd d30 dzd n LOoHWEd i jtc]j ydsz
Mistclz ¢ IBWOc 13, 18] . v wesfls' IsOC drls Ofdspd3j dz
odCtstcd Mis setfemHOIseddy: , yShisddz¢ d OBt f§ tew B3¢ L
2O thmdtseo® wCdr f sBEHTLAMDHI, BRU Odzts s dzj dat
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odf OfiBh o' 2dts fiktekX»@EED ¥ stedlz’ Is! B OL dzw
e-dzj G Ols N8 deP R s edcfie dpj ISEOHE ® 6l fips [6, ©, @3]
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1.2. ltwso' HdzdE B9 " dBJIsOdi3OIsj to* Odzd

ltocso ' Hdzd S s’ B sOBOIs] to' Odzdh Idf ey dadrids © o
Jdzj StcsdzdOcdz Isdedr MlstckzCIskzte, Mt dsy ks
BOMde ofsteWHECtSoOdzdr BISOdzj oda Hlotso ' H
Mfshtsedy k& H' j dzJl01S5R42G]dzz s gt R € Isd o dz'
ftcso Hdzgd S tsoadrmr dBjlsOBB KiK' @dzHd Of Ot tstzz dzfb:
L odyo? ded &zd B dz' i Istetse d d&zd ud mize &3
ftotseo ' Hdzd € O3] . [ dzv ftese " Hdzd S tsoadrm d3d sOd
sOCddd Jjdzj &3 dz2lsOdsd * ftetse' Hded S dd&sd 3 ¢
Odesf tectso ' Hdzgd G d o ' Isticlks o @AzUAS ' 3y B O fif ISStEliAS |
odHdBsets H'  OfOLBd 9 yYOMmlstsis. ]l etso * Hdzd ¢
smMsedzde d2, Odzj hdesCd?2 ¢dzOfm d&GjlsOROIs] to
hdJuesStsets M j ¢ 16124, 26280 s sififdpjpdéde' s, M s d3j Is C
By zls! BisloPdab ] O HBH sBsEss " dh dr € st
B3 sOdz' 9; okzcdzj yjoeo' dOdslstezetd d&BOE s |
s lsdada®@dfls dedlzH H' jdzj SIstedC " ©8 o H' Of OL 5dzO
Hzyjd odmtsCO. v s d3lz, GOt e B dztdrpisdclz ¢ @ tzisls B
SsHdzdd3 "L 90t Odzls’ 9 toj Odz' L OYy2930. 4 tctso * H dac

gjtoj His df O 9 " HdzfjS "dOf(dueld) f tetse " Hdzgd & ' o
MdBJd W GdedsH datseed * dqgdzd 2 BOIs jte® Odz, yd' {
odMmMtsC sy Issydeizmis j dzin® wA®dg dzH * j dzj C[BRE).y dzts
1dLodyo?dz 8 izOMmisy p slndets BaPigtsd3 d3° ¥ HB9 ) (
ftoetso ' Hdzd € " & (L dzOydets® o' HdzsMdes Hts9 ) d dzd
o' HdzsMdzets HS9[31Y dzdu OF 8 d dE J)tsd3d Iste d ydz smtsB
L 2Oy dzts™ dzde” fRle o dzOfMisdotsMmisj 2 ddIsOdzk IsO H
HtsS dzOHL o dyuO2des’ tsflsdydes’ Odzg' L sl " " |
Hl vjtejHBHJMOB O d3ded d3d 34 IsOBOIsS | t6° O dzO d3(
B CtesME " yddkdd §sdvdkd, d&OftedSs zOH, {§ dzt
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GOl jte" Oz * ®Hdz ‘5 ‘L Sz ysedn Ctsdayy
rdmste]lsdz flstezCkzted, 50¢" we WSt
nOLOSCsjtedL o OdMY yYjtejL §OLO®Rjlsted &OIs
BiGkOls j tot 10dz] o By kls! Blklsd ©Hdst' Hdddgd.
f OOk ks, s sfidhmkz: 5 [ odoOfkdst
ftotsded ¢ dz' Mils . Il sdzO L OLOdyo?2 toj L zdz Ist
Jdzj B4 dzlsd Bj sOBOIJ 6’ Odzz IsO &) et Bdz  dg"
Hsoy ddzO 3F o daEf dfp % jiSlsdodesets MmjtjHe d!
bwe dzj dedzgd f tots s QiR 2 S b Bt izd I8 dddE v
LOCOd desdBBz SOC' fMjtjHBsadh O ftojHmsOo d
f OtcOdzj dz' dgts tetsL &3 M [ e & (e dflid@ o ' HUzG & 5 b H dzd

MjtcjHsoadh o ' ' Lobesfdddd k& §dashdd ,
B Cshodd Sotsdz H' OfOLsde MjtejHsadh O
dzOo Odzls Oy j dz' "dzH 2 S Is d o dzd ds, Cdgdz’ mdzd &3 yd

LO' Hdgz®¥ Is' fteseo ' Hdzd C § df tsfisdzHh HA dis ([ddPtc thaj
LO" HdzOdz' d37]y Unsefis@t9OdEj dz! dats (f tetse ' H dzad € «
J dzj d3j dzB8P 3 ) |

I dBsecO hisHis §lsdalzsd’ cdedylsHa@L ‘v das g Is
L dzOyj dzdz? fjt6' SHE tad Bdidy ! tEesbd H dadf
Mstek§ sotfdzdsf BEld flsdudsts HEYJ Istdg ddd
ftotsded C dz' Mls! Ok Is: Mw "L ftedflzh jdedgv, N
ojdzdsd®d. v ftOClsduddn L Ow@@PYPadey to
Hiso ) ddagiio g daayd dedzv Istse i  dzd { thedsjo d3jH dHds[Q t6 dzlz
sBO' dgdzz jWjSldodzz H' jdzj CSlsted ydzez 1 toetsdzd € d
Psse, hts Wistedskzs s Mw34]. dels j el j 2 OB h Ots" «
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1.21f sHjdz' hIskydes®  &zOL d&3d

ltocs e HesRB asdgticbsyY e sets YyOMiz -16EE o d 9 Y.
tesCOn k oadeHZWHE] PiIstzdUZdss "L o  HO' dgdzd o3 L
ftetse " HdzsMmiIs® ("PlszydzO  dzOL BO) H dzw oL t
H' Of OL tsdzz yOmbstsis, O IsOCtsy Hddzw MmMddalsj L k
Cltozo Odzdzy tcj OC Isd o dzd 19, 3&43|s tc s d3 tc tf dsiodg"dzch V]
MstezC Iskz te B Ctetsmnoddz sossdesd o dGO®L sidzlz 9 d
Istsydz Mmiss , stsBlss wWC " HJOM d', JsdkGilsted y
tesL G dzW H O dzts fiy wC BHdAOf tew d3dzj dzed 2 d3OIs j t
UjdaL st 9" Hdesfdes™ H' jJ dzj CIstcd g0 ‘ st tdryvdzdvCCc

T T 0

m - T h - P =
o 9 (1.2)

L 9adteOL" (1) o' M! xodBttOdO IsOC, s
Gin' jdzj Clsted ydzO { tots dzkfiChda’ dffiplls ' ts onj ' juoefjfrfdistte dHS' G
s®= fcinoddz s8] yYdmads, hts o' Wi sof i G5o Of
Coli3f sdzj dzls© Isj dzL stz H' jdzj Clsted ydets®™ ff tots
dzj BOGdzj sdL s OdzO ff dzOL dzO, hts HBBWG] o ' H
ftodf 2M¢ O¢rk<a, P slsOCtsd3sz odf OHS 2 | dglsds SG s
s deL stelz H ' j dzj € s thidpy dats tc Of tb ts LS dBt3 M Ig 'C B Ezd L
tetsL G dzv dzgzlsd yYOMmistsisdz H® Of OL tsdzd 2) dedlziHy”
ftocjHMIsOoa dzWwIsd MtsBtss vl WwWC BjLGC" daj ydad?
Re(l)<0, o IstsRe@y®f w¢

[WJSlsdodzO f dzOL i3soa © YOMsslsO L Odzj ydlIs
ftotseo Hdzd €' o @&} ISOAHS tddzhif Hs iizftcals ot ‘HLdefE = odz' Is j |
HY J o] dzOn By dzO L df0 2Hisdgy tdg o Ldis O~z Bz 4! s
f Otc O BUABMEZ B 45 ] Hdzw CoOHEOIdsects d3OMmd
ftocseo ' Hrdg@ % p Htcdo jHJ des dzOMiIskzy dzz W s tc d3lz dzkz
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wdzh © W tste 3z dzO, hts sy BERISd LOMstsmt
fteseo " Hdzd & " o, L BYf] tc s §f fowlzts & ®REfF ¢z t5H d Is H
fsodkzsroddzr sosets Yydmj dz detse 5 3B H P dzcO@atialz
tcsB 58Q@3 [BLdzd teBLedvdzkzIsd Rreoddz , hts ftshc
we* Y LOBBtesdzi &z HB f &zOL d@3se s’ wmMistsisd
MjtejHtsoadhj ' MmedlitdetsL ' s 9 Odz dz

wdzls jtejfm, odCdzdC Odzd?2 Ht -200fctsB P8, o h B¢
fsoO0WLOdts "L tosLodlsCdz i3 IsOBRBOIsj tc’ Odz' o
H' jdzj Slsted ydats”’ SO dBOGdz Isdats’ f etsdzd ¢ dzts s
tesL G dzW H Q9 Mw  wiClls @ ts FR-480z20 W' ®ifry pdzdzd W o d dzts
ojdzdSkz ¢ dz ¢ Mlsy y' COodrfwpPpdh, dzOo ' Is!

[ BB ydz obktcOld E s Hdzd$ 049 |sOFL tsy
ftcdojH)] HB Wtetd3zdzd tekzH] Hdzv oltcOIlsd &

Ko, (1.4)
" o

H] YOmtse O exp@rdtj)tyfi2 dgisls © HKs= I OGC G f SO H O
L ¢ OMOdzdzs vy © s sis d

[ SH ) ez} 3" € tcuscoty] d SO OL sz yOmesils ¢
fd 6j Hise "N 6" § jteBtsdz ydets® HdMYJjem' ¢ ud
MitcjHse §OSPdzd 1[OG2B " dz' h 9 Oy dzd o 58 o &zOMmlis d

‘IT# Ty ¢ X U

GOl jte' Odz' @ * ¢ fjteeod Yydd WstdkOd ' A
o &zOfilsdoe ' Mis! L OL dz20YyOd&zOMm'L Ok¥ f @oudirly' SO ls
fed b . l eslsj, 5! 500 Ctifsdd BOO 5o

fjtelf j deh d € &z dzv tc dz' G s i3 16 tzlp dely fidzds® B&E s 9j¢
LOdzdh O s v toj Odz dzedd3d & odf OHSE o' Hifizl
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1.22) etslsstesoa © HdMY j ey w
it sLedzvH ftotsyj Mk oh dtoj dzdew =" oddzr [k
sy IO MjtjHd B3z wy H' Of OL sdzORr YOMIsts
wWCeO Mmddz des 9" Htc' L dg¥ 'tclg vt d o) H ' 3w dz'j
HdMY jem' VHetsH | B dhistetso Odzts, h s sj st |
FOtcOCIsjtedL iz Is! Mw MmMlstese 58 ftoesmMiststotso 58
YomlstsRP-n [t ) wg  dgj st s9d?2 BOIsjt6' Odz
WEzdSy' Q= 0@ dzj zsC Odzr dzO (9 L Odzj y dzsls”
sM! s 0 C i sdzj dzls O:
- 1 hQ ko) (1.5)
—- P @

Hike T XC BB tsdzj dzls© rn o dizktso s@BB 'adg'Shis s O dz
odMmdzsea C OB fesmMiststoso 5° Hd MY j ey’ °
jdzj Clstetsd3OG@ dz' Is dz’ (v {) dzj L © d yO2 dz' (oL C
BtsH(J . A o dzO fn dz’ BssH df s dredscf s oMW L "o L M
J S99 o90dzj dzls dzts & hodHCBMIS® Mo " IsdzO k& H" | «
~noddz dsykls! dOLdeOkdmw osHORd dz' dz'
gl ' BOGOLB ffttso HdStsotss dz' dz@ ' ¥ Loodw
dzts ¢ Odz' dzd o3 fiolgj tasjfry deaddhdO 3 ' L. dzOHL 9 d yO2 dats s
O MOy, :

H 1T 1 5

m - T h H

m T -

(16)

s’ B3 -vgdad L L dOypradad’ &Y 0 mos)isd s dzda
BO* JoOdzi mMyjdzlsdz dzjLoadyuo2dz r~roddz i
Bsykzls! a@OgEdoddisd Hdzv o  HBJdoO Odedz? IsO { §
odL dzOyj ded s L dzOyJ dzdzgw d3 Istso N dvdédl . 4 2 ) udl foje
ftosmlssets #] Bbkdas Mi&YOSE ftojHMsOs dzj da
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1.23) sHO9 dzj dgdz" ftetsMmlsstesots’™ HdMY jte' ’

1 0cOd &z0 Witz dzO Hdv H' j dj S lstedydzs
ftetsded C detsfyls bt} WA sijess cdBtsy j BEkld EEMESHs o
Yyomlstslsdzse s H' OfOLtsdzgz ('L GteOded yd dzd Iz
ckmMlsddz f jto' sHEz ttsbIB M jdedew fftotso " Hded C° ¢
(17)

~

Q

— P g o @
[ dzv ' Hj Odz! detsets | dzjx=9E @ daisc A M tolisdyts 81 @zd & C
ZO2B' dz2 b MtcsesBz 90t Odzslz ftotsMiststcso t
odMmMsC 58 ftotseo " Hdz Miss 2 & Ctesnoddz tso 5
5B a3 > § dAayy ' dzils O dzO y dzdkedp L dED yudatzO W jkaBde'g o ) iz
[54] . [ BY RO LttsBdlsd odmdese ¢, hs E H'C
HdMY § e’ ¥ulcj Ol gags\@dsts &

razw  f j tctffifig § Jsg  tc s ) sHydztEfipls ‘Is+ Mw  Mistetse O
HdMY 4 e’ v, 6ME' d Re (=)0 s @O dO dey/nf drj@z00Z d
odCdz¢ Yo Is! f totsls e ts o) 6L 2Oty LAFiSdz0 difiidlz 2 [ €
tc' o dp{ldddz W tstc d3lz dzd ftod HMIsOo dzj dz' H oW Ho St
Mjtj HsoldN Pteseo * Hdzd € ' oH jL 8O @R d &Bd3,C
JC9o' 90dzj dzls dzO ' dzH Iz € IodjoHdg’ fHIts {lssi O adeiddg' dhylisy
HdMY § chOH Odzdfla® u j dedew d3 f tetso " H detsMls” ftocso
ftoslsstesots’™ HJMYy kdfic d L oHdBW] I to tHfifds tdselts 5, h
i By we 2 hn'BijsdisYlsadd ¢ ‘L 9 HO " dgdzd d3 L dz
ftoctseo ' HdztsMls' (f dzOL 3O) . ] SHOo9 dzj dzdzv ff tetsH
admMdelz §OtOdzj dzz dzgdr S OtBtsdzsodr dzOdesIlstclz
H' Of OL sdz24p yOfmilstsils |

[Isy i, ftoesmMisstcsoa ® HdMY Jtem'™ w o wl Bt
fedtesHdd 3d W' Ldyudeddd JwjSlsodd (odmst
shdats o dets @ s MjtjHutsadh O, 1Q " dzj'ls d yhdd®k y dzdd
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BsHdW SOy wddd, hdzvrotsdz dz0o Odzls Oy j dzdzgv o}
Blzlsd tetsL H' dzj dz’ dzO Hoe' Gtelzt d: = L

[ Mls O dzdav Ctelzf O ( Hdzw odf OHC Iz ftotsMmisd n
dzj o dL d&zOyj dzgd = dBOIsj t6' Odz' 9.

131 Oflssfkzo Odzdz 5O toj O’ L OY' W flstelzCIs
1.3.1. ubtokSlkiO 'L §OwLOd d ddt ftse
411 "L LOHOdd&] L Oy dzdiv e’ @EPG i Hzd

f4jte' sSsHEZ '~ mabectH 'dy drjjSostwd ydz' 2 dOIstedy’ , dzC
( te dLft@ [11,24, 31, 54.

1 jteh L O ofj, g1 1 hdJesCtts HtsMdz HYE
fjtoj HOo Odzadz L sBtcOy j dz' . CS YCO0LOds [

By dzdodd3 dz0 YOMmis sISIOF te tis | i) lis tEEEEEIE) to ff mdodg tc' |
ftod S dzOH ' 9 ftod d.390§190%zd 2 1 @ dzgd ). esBBISd &
hts Odzlsj dzO, weO &GO Wtstcdzz B Oy Odzts” H dzw
ZOo ftotslsd ff jtojHds sSEts " dalsjteWj2fmkz vl dz
L dzOyjdedz?  jto' SHEZ tLIsOh o Odzdzy H5ftso * H dz
ftcde j Hj dzts o a ki sPBHY j tod d&3§ dzls Ozt dzd -
B Ctesnoddz sotsd3dz H' Of Oy tHiz. YOMbBEB das8 9 4
tesLfsH" dZ' @ Jjdzj Slstcdydedr § sdz' 9, hs W' ¢
(ted®p- ftcOo d 2 o Jton dzg 2 sO ftcOo d?2 dzd ¥ dz'
Wikzde€ y'lsfdzlzlo ' Odz € d dzO toj L sdzOdedz’ 2 @ yOMmlssis
ftcdo jH]dO M@y O o dzg ybkz Iste dbf .
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fJtiHOo Odadgy J dgj t6G " ° tf{ ~odd 9" H' GteO
tcsLodlsCkz LOMtsB " 9 | ABIEO6OE St 1. fmis OtzG B t51H)E
LOf el sSdztso Odzts”’ CtodemistelzC y' MisdjodzyH 8ME s Iz
o Bsdzlstso zo Odzts iy z fstedmisd?2 Uesa25) Isd dzj «
o zOMiIsdo sfls wEIsEts HiSL o tsdzw & Is st |
sjtcOcjtoyseodn uvyOlstsisl d(e0y jodgddy ff sC OL Odzqd
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