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ol.ncbShL' Zruutnruurht .tthhrnpu'Iurqrrfrutullurrr urflrprrhpfr \urnrur{urpn'ip
nhqnhruhuuJhh, hhpuurflrpru3]rr.r ururpnhpnrl \runnr-grlrubptrhpnr{, phrlurlnrl
urtnhhurlunuurlurh ur2furu'.utrpfr rlhpurphplul uurnph 2rupur4pr{rub

\rupE[pp:
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Znrlhtutrhhu uurtf{hflr zrupnlurrrfr h1nt1pp *dh\'rpuriuqrrfuur\rutr uftrptrhpf
\runrur{tupnuip nhqnhurtruulhtr, hhpunuflrpuJhh tnrupphpn{

\urnnrgr{rubphhpnrl, U.04.03 "f}ur4}rnSfrqlr\*, rluruhruqfrtnnrplrurlp

sfrqlrltutituphilru'rfr\ur\url.r qfrurnrp3nrrrrrhplr 4n\urnpfr ql^nur\utr
ururnlrdurhfr hurl grlurh uru hhurfu nunrpl urh rlhpurphpl ur1.

bhpurlrpur2ullrur3frh h qltuqrlnhurllrtr llurnnrgr{urEphhpfr ri}r2ngntl t1h\urpu,luqhfruur\ruh
+tu2nhpfr \urnur{urpnufh nthfr urnruhgpur3}rh tr2urtrur\nrplnrtr ph' h}nihurpup qbmnrplruh,
lrnpruqnrl h urh]utrnlnq]rurhhpfr qurpqurgrlurL hulftup:
h ururpphpntplnttr ur{urh4ur\rutr oqtnfr\ur\url.r h ri}r\pnurfrprulhh hulfur\rupqhFh, npnhg
htrtuptutlnpnrplnthhhpp fuurnnphtr \ru2\tutr4{rub hh afrppuqghnb 2hrlnr{, ..,lu hnpurprupur\rutr
\runnrgtlubptrhpp rdnLJL hrr rnurflru 2p2rurr9h1 rr2rlrub Fhqhh*\-rr rupqhpp' tuqruhnrrhlnr{ hu
4tu2nhplr url'rhurfuru4hq tnhqurlt^ugntr-I lohr- hhpurfrpur2u{rulfrrr h hutrmfuru2''upurlfrtr
bun{rufrhpnr-rf:

Lriurh hurilu\urpqhpn.I qPqnqn{ purqrlurqurh nhqnhurhuurJhb rln4hpp purgn'I hh hu urdrph
hf*ihurlurh qurpu^ihuphplr turfqfl*nn4|r, rlrnrftr, phhnurgrlurh rr ururpurbtiurh nllqnlldJulh qhpd2qpfrur
{hpurhu\ilurh hhnurhllurlhhn' durhurqurph hrupphlnr{ +hqh qhp\nriu'u\ur h rup43nthu^lhtn
uurppu2frhntplnth: uqhillh, qlurqrlnhurJfrh nhqnhurhuhhplr 2hnphlrrl +ur2,.'h lohr* rnhrlur3hurgnrilp
nr-dhqrughnuf k o1nt3u-h3ntpu tnluurq4hgnrplrutr |rhurhhulrtlnrp3nrhp, |rh2p \hhuu\urh h2uhurlntplnttr
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nthfr qhpqqurlnth uhtrunphhpfr, hurhnlurqhptrhpfr, |rtr2qhu trurh n2qbtu3frtr oqrnfr!*th l, ptlrutlnrulfrtr

Qntnntrfr\ur1 ]r urnur2ur4hti \|rprunnrpl mhhhplr hrutirup:

bhpufirpur2un]rurl]rtr nhqntrunnnptrhpp rihuurtrlnrrohnh h rihtnurr,fur\hphnrlphhpfr purqurlfrtr tnurpphptr

hh: '{hp2frhhhpu phdhnnul hh urltrq}rulr t\qnur}r\ h1h\rnpuliurqtrfruurlurh hphnr_lfulrhph ]rpuqnpbriruh
htrurpurlnpntplnth, hlrfoftuftp hh purguruur\urh ph\nuip, Qunnurplurl \lurhnufp tr rufrphhpfr ruhmlurl

urh4pur4urpdn.Ip, npnhp umlnpurpurp phntpJruh rih2 2hh hurtr4|rqnuf :

Uluqlruml, hhpurfrprululfrurl|rh h qlurqrlntrurlfrh \unnrgr{urbphhpfr rlfr2ngn{ flh\rnpu^iurqtr]ruur\urh

4u2uhpfr r1h\turlurpnufh urnurhgpurl|rh tr2tuhurlntpSnrh nthlr hnp uhphrl|r Sntnntrurl|rh, uhhunpuJph,

hhnurhur{np4ur\gur\urh h qunn\hpun{nprfurh (imaging) urh}uhnpqhurhhph qurpqrugriurh qnpbmrf:

Lhp\urlurgr{nq uurhhur}ununtpJurh rlhZ hurilurllnryiurhfrnphh hhururqmnrlhl hh qluqrrnhruSfrtr
huniur\urpqhpnr-rl h ilhrnur\runntgrlurbphhpnuf dh\rnpurfurqhfruur\urh 4tu2urhplr urhr*ulhrugrfurh nr
llurnur{urpilurtr Sfrqfrl|u\urtr runruhd.hurhtuur\mplnrtrhhpp, hlrfn }oh"ur rup4}rur\urtr h U'rurgr{urb
tuprynthphhplr hfriltutr r$ur ri2ur\r{h1 b runu2urp\tlh1 hb hnpurpurpur\urh llurnnrgrlurbpu3}rh

lntbntrfhhp' Smnntnul|rh h rflr\pnurtp*ttl, duliruhtu\ru\lrg uurpphpnul rlhp2|rfrfrhpfru runtur{h1

urp4; nrhurtlhu \|rptunrftuh trqurtnurln{:

U2|uunnurtrpfr ph4hurhnrp bur{urp \ruqrfnrti t 253 t2: Ulh purrl\urgurb t :npu qlnr}utrhplrg,

h qpru\ru gntp3 nrhfrg 1r 47 r tuhnrh qurpnrtrur\"q qn-huhnrp3 urh grurr\]rg :

Urnhhurlununtplurh hfrilhur\urtr urp4;nthptrhpl urqurqpr{h1htr 21 qfrurur\urh ur2}uurtnurhptrhpnll h

qhllnrgr{h1 hh 1 1 rlfr2urqqurl frh qfrunudnrlntlhhp}r [r1 mphpmrf:

uurhtrurlunumPlurtr trhpurhnqalurtr rlhg hl'Ihu^lnprlurb

up4f.ul|uhnrpSnrhp, d,trtullhpqtlurb htr ur2|uurururtrpfr hqu^nurltr

hhp\urlurgrlub hh urnurgtlurb urp4lnrtrphhpfr qfnnur\urh hnpnt3pp,

trurhqur2tnqurhmplurh trhpllurlurgqnq hhilhru\urtr 4pnt3phhpp:

k hhtnurqnurrlnrl philurl]r

nL unuprr+l{urb }uh4frphhpp,

qnpbhurllurh updhpp, frh2qhu

trburp\rlt1 hh qlurhtulfrh ulnihurlhru:n{ ururpulnhurull
qlurqrlnhurlfrh rilr\pnnhqnhururnphhl, hhp\ur3urgr{h1 hh 4purtrg 4}ruqhpufrnh urnb2ntplmhhhpp h



rin4url|rh \urnntgr{urbpp h\rupruqpnrl tnhuur\rutr nt p{ur1}rtr hur2tlurp\tiruh rfhpn4trhpp: 3nr1g t tnprlhl
nP utnpnlr4tul h V-urd'h ur\nuurtlnp nhqntrunnnptrhpnnl 4ur2urh lohr- hhpurfrpurlul{rur1}rtr

urhlurltrurgrlurh (il]rtr2h rutrptr hp\urpnrplurh tih\ ururuhhpnfr+p) hurZ{htr hurqhu urdnul h uqntnnurh
durnurqurlpnulp ptrnrpurqpnq tlurpuhfr qnpbnhp, nFh nqhq hu^IhrJu.nru\urh t nhqnhururnph

pupnpurlnrplurh h rinqur3frh brur{urfr hurpurphpntplrutrp: U1u hrutrquliruhpp trtlurh \runntg{rubphhpfr

\|rpurnriurh lurlh hhnurh\urphhp t purgmrl lntSulr urqplmphhpntil, uhhunphhpnnf, ]rh2qhu hurh

p{urhrnurl}rh }rhQnpriurghur:h rf2ur\riurtr Smnntrurl}rh hu'iru\urpqhpmil:

U2|uurururhpnui urnur2urp\rlhL t Furpdp purpnpur\ntp3unip \|ruruqlurhurlfrh rllrllpnnhqnhururnplr

hnp \urnntgrlur8p: 'Ipurhnril u\frh-2hpurh lr*pqh hururnmplulip hurpp ilhurur4urlurh purqurhplr

\frpurnntilh urqruhnr{ntil k nhqnhunnnph urprynrhun{hur qpqnmti h{urtrhughhur \urqfr (evanescent

coupling) tflr2ngml' ph\trnq h*Fp urtrplr \unf ruflrpunnurpurl|rh iln4|r hhrn rfnluruq4hgmplurh

qulilruhhhpnul:

Zflihurt{nprlhL t hurh, np \}ruurqlurtrurl}rtr rf}r\pnnhqnhururnpnul u22h2rugnq upurhfr, (whispering

gallery) rin4hplr &hrurlnptiurh phpurgpnul $rupplr-tlhpnl]r nhqntrurhuurl|rh qurliurhfr ]rpurqnpbnrrih
urqurhmlnul t huniur\ulFqb Furp&F prupnpur\mp3mh (tifrtr2h 2.5xl0a) h nhqnhurunplr hrl
tiru\hphnt3pfr hp\urlhpml 4ur2tnlt lulr"* tnhrlurShurgnrrf: Uur hhurpurtlnpnrplnrh t phdhnnui tn{ru1

\urnntgr{ur8pl hhp*nh1 npqhu qhpqqurlnrh uhhunpu{hh huniur\urpq, nlh mhur\ h qpurhghlnr
urprnurplrh rifr2unlurlplr ph\tiurh gnlglh rlrmlrnlunr-p3mtrtrhpp rilrh2tr 10-a d2qprnntplullp:

hrftrp{urb t qlurhurd.h h 2hpurunlnp rlhrnuluyrnilhhpnll

4puhnpr{n4 l|unntg{urbpurl}rh nhqnhurhu}r hphnrlp}r purgurhur3uu.turtrh nL rlhplnrEnrp3urhp:

Zhururqnur{[ hh qpurS]rtnurl]rh hunlhlnttltrhn".l il]r\pn2hpurhnlrg \ruqti{urb huliu\urpqtnl,
il[\pnrufrPu{bh urp&ruqurhp}r rlrntltu3}rtr \urnunlurpriurtr rlh}urutr}rqilhhpp: tr*g}r ur34 rlhplnrbr{h1 htr

hhpruurfrpurl|rh rnurpphpfr hfrtiutr rlpru uurh4brlurb tfhuur\urnnrgtlurbptrhpnul prltrur2hprn h

\urnufl{urphfir \lurtnfurh qurSrfurtrhhpp: Zfnihurtlnprlhf t, np ur2]uruururhpurlfrl, *Dph hp\rupntplurh
hurilhtlurtnntplturlp qhppurpur\, qlurtrur&h kutri 2hprnunlnp hurrlnp4fr2 ururpphpfrg 11urqrf{urb

ilhtnuliur\hphntlphhpp' ri]rurtlnF F2h2hhpmil qpqntlnq \urnmgt{rubpurl}rh nhqnhruhulrhrrh 2rrnphfll



nrhur\ hh urqurhntlhlnt urp4lnthur{hur |uJtrur2hpur \lurhnuf [h\urpunftuqhfruur\urh uqh\up]r
ilf\pnruftpuJhh, urhpruhhpgu{bb tr oq'r}r\tullurh tn}rpnrlphhpnril:

uuuhrurlnpruqhu, \urtnruprlurb hhuruqnurnrplnthhhlh dfr2ngnq uururgr{h1 hL hhrnhlurl
urnurhgpur3 |rh urp41 nrhphhpp.

' ultllltruflrpurlfrh'rfrpnt1pntil. 3nt3g k urp{h1 np npqhu tfhurunftu\hphnrlplr purqtulfrh ,,,,,p'
hurtr4hu h\"tt qpurSf'nurlfrh 2hpuhplr llurhrlurh Su3htu\urh hururnrlpp rlnur 22 urtrqu^I
qhpurqurhgnul t 4purhg hp\pur2ullrur\urh hunnmlplrtr: .IF* urp43nrhpn*I g_.12 aZg
hurdurlurulfrh 

'rfrpnrlpnuf urqruhmlt{nuf t hu^tur2un]r \lurhnui (O.g2-frg FruF&F qnpbur\gnr{)'
urh4pur4rup&rfurh h ruhgrlurh ilhzhL qnpbur\|rgtrhpfr hunftuulurnuuluurhurpurp 0.13 h 0.05
urpdhptrhphg g*bn urpdhphhplr qurliurhtrhpnui:

' ShFurhhpgulhL (sZg) rnFpntlpnuf. uqrugnrgrlhlk,np r{urhruqfrnuf}r hp\opufr4h ryor) 2hprnhpfrg
\ruqil{ub ilhuru^iru\hptrnrlpfr h ruh4pur4urpd.hnq nulgur purqrutrpfr hu^Iu4pnrtfp'
nurprutr2ururt{ub 35 dqil huruurmp3unip 4frklhh-phllrrrl, 4puhnpnui t 0.9_p qhpurquhgnrl
Qprhnui 0'66-1'84 sZg hurdrulo*lhlt ufrpmlpmri: ufrurdurtiruhur\, hfnfLrur{np.lhL t \1urt^iurtr
titu\urp4urlfr ru[t"h{ \urnurr{urptiurh hhurpurtlnpnrplnthp' hf.Itr{urb voz-fr
hruqnp4rullutrntp3 urrr 2hprftuu'rfrdrutrur3|rtr \urlurlurbmp3 urtr r$ru:

' hh$Pur\*p'iltn urlrpnt3pnr-ri. trrugurhurlrn4hr h, nF hlr\h1h durqun{hhlrhrrhg \urqr1{urb
rfhuru.Iur\hphntlpp, npp tihlntuurgrlurb t ru\pur4rup&hnq hhqhth h-pro h\purhfrg Sioz-fr l.g
rf\ri huruuntpSurtip 2hprnn{, urqurhmlnlrf h 0.9-Fg Fun^F qhplurltrur2hlrur (g.2-1g rI\rI) \1urtrn.I:
ulu hptrntlpp qur3rfurhu^{np{urE t hhllhft 2hprnhpnril gurEF purpnpur\nrp1u'Ip nhqnhurhuur3}rh
iln4hpfr urp4lnrhturlhur qpqnilrurfp:

ti2ur\t{h1lrurnur2rup!{h1hlrilurqlr}ruur+hhLhh.op|rl1lr1ntphp|rlr

\|rutuqtr4rud'h nhqnhu[nnptrhpfr hruriur\grfurtr r$ur h]nfh{urb hnprupurptullurh rfntnhgnulhhp, npnhp
rdnLJL hh rnurfiru trur]uruqbhl [hllupur\urhuqhu trpp, uurllulh Furp&p rup4;nthurtlhnnrplu^ip h
ltulhu2hptnnrplrurlp odntlrub urhurhhtuhhp:



Zhtntuqntnnrplnthtrhpn{ hfnfhur{np{h1 t, np rfurqtr}ruu4frklh\uFhq hlnrphpfr Lrqunnur\ur3frh

\frpurnntdtr urqruhn{nuf k urtnnhhtul}r hp\pur2ur}rur\rutr 2un}rhpfr !rnpnt\' 2nrp2 7 urhqu^I htlruqhgnul,
h rifrurdrutirut[ul1 rdnLJL t ururflru rlmn 6 urhqurti ptr41ur1hh14pur rdnqurp\riurh hurdrufuurl*ur^ulfrh 2hpurp:
Lriurh hurfurflrp rlnurhgmrlp hur2nrlntplunlp hurrlpurhrupnnl t h1h\urpur\urtrurqhu t.pl,
urhrnhhrutrhplr hrufuurqbrlurh hfriltnupurp uurhrfurtrunfnuQnulp,nFh urlurtr4urprup qulilurtru^{nptlurb t
{hp2 frtrhhp}ru 2ullrur quhg purpdp Furlrnpur \ntp3 ullp :

tr*gh urJ4, gnlJg t rnprlhl np rifr\pn2hpurru3|rh urhurhtrurlfr {pur urh4ur4pr{urb \fruruqh4urdh
riurqtrlruur+hhhlrtnrrlr\ nhqnhu.nnphhpnr-ri qpqn{nq o22h2urgnr1 upurh}r> nhqnhuhuruSfrh rin4hpfr
2lmphlrtl hhurpun{np t huruLrhl up4lnttrun{hur durnurqurlpriurh hurqhu ur{hfr gurbp hurdur}uur3}rh
tnfrpnr-3pnttf: uuuhullnpruqhu, hunfur\upqfr nhqnhurtrutulfrh hrudtufunrplnrhp hur]uhur\ruh l3 aZg-
fg rn\ru2urpdtlhL t +h"lh 2'5 aZg urfrpnr-1p ft{urqhlm{ u[n,r 5 ruhqrurf)' Drrlh1 qurhquhhlnrl
urt[nhtrurlfr ntdhqrugriruh qnpbur\g]rqnpbhru\urtrnrr-t ptr4nttrhfr tr purpdp urpdhphhpp:

lmuurpurhrlhl hh qhppurp&phurdurlurul|rh (qtrZ) h
tnhpruhhpgu{hh (sZg) urbpntJphhpnul grubp ohilru\urh \npntuurhhF.l, u^firufrhp]r r]rn]uurtrgriurrr
qhptlhb ulFurqnlrdJnthhhp h lurll.nu2hpur nhqntrurhurul|rtr rup&uqurhp uruluhn{n1 huriruU*pgh'h
ti2rultiurtr u\qpnrhphhpg: {I1u hunfrullurpqhpfr hfrilpnni ptrl1rub t hbpurfrpur2rur}rur3frtr htuqnp4fr2
qbhpnul gmlhpShl4fr riur\hphntpurl|rh urfphhpfr qpqntiurh h rnurpurbrfurl-r Sh+llurllurh rfhfuruhfrqilp:

Zflihrur{npr{h1 t, nF hhpurflrpur2unlrurlfrh hurqnp4]r2 dnrlhpnui htrupur{np t qpqnhl
rfur\hphnrprulfrtr urfirptrhp' d'r^utlnphrml urluqhu \n|r{rub entpnlfr (Goubau) qbhp: .{hp2frrrrrhpu rr2r{rub
hurdurluurS|rh urlrpnr-1phhpntil urqurhntlnui hh 4|ruqhpufru{h h ohilur\urh \npntuurhhp}r }ufurn gurbp
tiur\urp4urh' hlt:p htrurpru{npntpJnth t ph&hnmr,i +lurbp [ultrnphtr \]rpurnhl [h\urpunfurqtrfruur\urh
uftphhplr ilruhlrqntlugriurtr h tuq4urh2urtrhhplr qhpurpurq rf2ru\riruh qnpbptrpurgtrhpnuf: 3nrlg k urpr{h1
[[uh' np qurpphpur\rutrnphtr 4ruuurlnp{rub htrptufrpru2unfrulfrb anqhpbg Furqqugur6 hurdurk*nqhlp
gntgruphpntil hh purqilurnhqnhurLuurl|rlt rl-lp. purF&F lurpqhpmrf qpqnrlnrl n2durnurqtulpur,frh rln4hpp
hquuurntti hh 4u2urh lott"- urhqrultrurgriurhp h hqnp nhqnhruhuurJfrh ptrnrpuqlrhpb &htur{npriurtrp:

opqhu ur2fuu[nruhp]r urnrutrgprul]rtr qfrtnru\urtr hnpnr-1p' purgtuhurlur.lhr t, rlurhpuliruuhnphh
ulurpqurFurh{h1 k hurqnp4frl aoqhphg \ruqrir{urE hp\2hpu rlhrnunftullhphmlphhpnul urhnrlurl }ufruur



4fuqhpufrnh urtrgrlurh hphntSpp: 'tlurpq{h1t, np tffr\pnurfrpru1frtr qur2rnfr urq4hgntp,u^ip dnqhph .lrr*
qnlruhntil hh rtur\hptrntpurl|rl'r liluhqnttr urflrphhp, npnhp qurltftutrur{npnuf htr rfnururl*u 4ru2tnhp}r
(near-field) frhurhtrulrtl t"loutq+hgmplnrtrp tifr2&nqurlfrh tnfrpnrlptrhpnul: Zuruurunntlhlt, np hru\ur4frp
2hpurhpnril rnhqtu\urlrlrub ururpnhplr rllr2tr lluqlr qnpbur\|rgp \pnrti t \nrfqlhpu phntlp. 4pur \hqb
tiruulr runQtu3ntplnttrp hurhqhgtrnrti t nhqnhuhuurlfrh qbh luhuu uruflihtnph-th l, prurlrtuhghfrnrplurLr

\'rpnt\ rlrnrfrnfunrplnthhhpfr: 'Ihpnh2uL 0hqhlr*\ruh u\qpnrhptrhpfr \frprumiu.Ip' gnrlg t urp{h1
oqurfr\urlurh, rlnur frtrSpu\urr'Ilrn h SZg rnlrpnr3phhpn*i 1u1hur2hp'r nr Qurpqur{n^lnrt
utpqhluillrurhnq qurlrlrhpfr (stop-band filters) |rpruqnpbrfurh qnp8hur\urh hhurpu^lnpntplntlp:

bqrtullurgntHruh rlhg ulirlrmln{urE hh ur2}uurururhpmtf urnurg{urE hfnlhurllurir urp4lnrtrphhpp:

uil{mr}rh1ml \*nttt t hqpur\urgbhL nF u^nhtrur}unuur\urh ur2}uururuhpntil uu''gr{h1 hlr
urhuru\urh h qnpbtrur\urtr (\frpurnurllurtr) ilhb h2ruhtu\nrplnttr nthhgnq fufrutn rupdhpurt{np nL
hnprupurpru\urh urprynthphhp: urnhLurlununrplurh uhrllurqhpn Ir hhqhbu\h qr{rlhg hputnurpurhrl*s
qfrtnrullurh ur2fuurururhphhpp fturpdhpnphtr urprnurgnlnul hh hhuurqntnnrplurh hl^it^ulurh
pn{rutr4ur\ntpl nrhh nL ulu2rrrulurrmpl urtr trhp\urlurgr{nq 4pnrlprrhpp:

uuhhurfununtp3nthp luh"- urpdhpunlnp t, uur\urlh qhpb 2t hurh npn2 phpntplnthhhpfrg.

1' unur2|rtr qfuntil +h-*tt\4ub t rut^{hp2 hp\urpnrpluilp qlurhurlfrrr h l1}ruruqltutru{hh
nhqnLurtnnp: ?hh phtrurpll{ht hnruhurtr' tlhp2rurlnp hpllurpnrplurtip nhqn6uurnphhp h

4purtrgmrl rln4hpfr pur2|unttip' \urfu{urb nhqntrururnnh hn\urnntp3nrrr}rg:

2' bPFtttt4 qlfuntti 4frururp\rlurb urtnnhtrurlfr 2unlrunfnupprugilurh tfhpn4nrd' hf*h{rub
ilfr\pn2hprnur{np rutrtnhtrurl}r {pur urhqtu4p{urb rfurqtrfruur+t hhl1rnrrhlr nhqnhurtnnp}r

\|rpurnrfu^ip, th hf.ihru{npr{urb \fruurqh4ur&h hp\pur2u^]rnrplurh phupnrpjuh
urtrhprudh2urntpl mhp/hqurtnur\urhurprfurpntpl nrhp:

3' ?nppnp4 qlfuntil 4|rururp\{urb hp\2hprn tlhrnur\runmgrlur8pnuf qurpq lt rah 4}ruqhpufrntr
urhgnulp lrh,qhu t \urfurlurb 2hpurhpnril dnqhph trlo+-uunlnp{urbntp3nthfrg, upqln p
utrhpudh2ur k, nF ilhtntu\tunnr-grlurbpfr nurIrFE urhqtulriurh Llrlrlr dnqurd.h:



4' Uurhhurlununtplurh rih2 h uhqtfurqpnul urn\ur htr npn2 n2 huurur\ &hur\hpqnrilhhp h

{p}rqur\trhp:

L2r{urE phpntplnthhhpp, uur\ur1h, :hl, \pnuf u[qpnthpurlfrh phnrSp h )hl, huhrlurghnrtl
u2luruururhplr rupdhpp: u2]ururnurhpntil uururg{urb uprgnrtrphhpfr hur{urutn}rntplnrhp lluru\rub 

'frhurpntgnnl:

unhhurfununtp3urh ruprynthptrhpp h*pntt hh oqrnurqnpb{h1 bphurh}r qhrnrullurh
hullurluurpurhh Shqh\-:h |rtruurfrurnunnul, U gUU fluralrnSlrqh\_fh b [t\urpnh]r\ur1fr
|rhurnlrurnttnnttr, ZZ quu Shqltlr*lr-h hhururqnnnr-plnrhhhpfr |rhuurlnnnunnlf h urllnrp:

urnhhurfunumplmhtr hrt urp4frur\urrrnr-p1urtrp, bur{ur1n{, qfrurur\urrr rrnpnrp*uilp,
&hurllhpqrfunfp, hfnihunlnpilurilp h hfrilhur\urh urpqlnrtrphhplr \tuphnpnrpJurilp
hurilurquflnurufuurtrnril k22 trqqq-h U"qrfhg 4n\rnnpru\tuh ururhtrurfununtplnrhhhpfrh trhpllur3urgrlnrl

qurhurh2trhplrh:

Uurhtrurlunump3urh hfrilhur\urh 4pnrlphhpp hpurqrupru\r{h1 hh

u2|uurururhphhpn^i: uhr[ftuqhpp u^ipnq2nqhL hruilurqu^nuru]uurhnttf

tuprntugnlmil k +pru hfnfhur\rutr 4pnr1phhpp:

hhqhhur\h 32 qlrtnur\urtr

t ururhhtulununtpSutrp h

bqrurtrugmplnth

uiltfn{rh1n{ {hpn2urpurqllJurlE h*nhfr t hqrur\rughhl nF zn{hutrhhu zurpnltutrfr
uurhhrulunuurllurh u2fuuilnurhpntil dhnp hh phprlhr qfruruqnpbtrurllurh rlhb tr2tuhurllntplnrh nthhgnq,

\|rpurnurliluh h hfrilhurpurp urp4lnrhphhp, npnhp ll-Frrt hh qqurflrnphh hquru'rh1

[hlurpuiliurqhfruru\urh durnurqurlprlurtr \urnur{urprfurh, frh2qhu hurh qlurqrfnhurl}rh
ilfr\pnnhqnhururnphhph It tihurur\urnnrgrlurbptrhpfr ri2ur\rlurh phurqur.l*rh qrupqurgrfurhp:

Zhrnurqnurntplnttrhhplr pbpurgpnui uururgr{urE rnrlurfrhp}r h hqpruhurhqmrlhhpf
hurtluruurfrntp3nthp nFhk \uru\urb $ hurpnrgntil: u2|uurunuhpntil tr\unnrlurb urnurtrd,]rtr



phpntplmtrtrhptr nt ftfrqruhtrhrrn lhrr !pn.I u\q:nttrpur3|rrr prrnrlp h
u2|uutnurtrpfr qfrnurllurh urpdhpp:

Uurhhurlununtp3ruh uhqriurqfrpp ilr"rlht
pnrlurb4urlntp3tuhp h d2qpurnphh urpuurgnpul I
4pnr3ptrhpp:

b1hh1n{ r{hpnh2urfrg' qnhnnl ht p, np Zn{hurhtrhu Zurpnlurhfr uhlhhurFurtiurqh[uurlurh
ufirphhpfr \urnur{urpn.Ip nhqnhurhuurlhL, hhpuurflrpu{hh rnurpphpnr{ \urnnrgr{urbphhpnrl,
tlhphurqpntl ur.ohtrurfununtplnrhh ru{ruptnnth, qf'^u\utr purp&F rfur\urp4urllnr{ \urnurp{urb
ur2furuururhp t, nFE ilr"rllrl, pur{urpupn'I t U trqqq_h qrrq,ihs 4nlrnnpur\ruh
rutnhhurlununtplnttrhhphtt hhp\rulrugrlnq qruhurtr2trhphlr, hrh htqlrhur\tr urpdurhfr h u.04.03'
*ftur4|rnSlrqhhur" riuruhurqlrrnntplu^Ip Sfrqfrlurtiuphilruurfr\ur\uLr ql'nnrplnrhtrhpfr 4n\'rnp]r
qlnnru\urh uruurfrduhfr 2hnphilrutrp:

trupblrpp 
\ruqrihg'

ZZ qUU fhu4frn$frqhhr"f t, h fth\rnpnlrhh-f l, ]rhuur]rtnnun]r
trfrptunurlurh nur4|rn$hqhtfurfh LruFnlrurunfrtnuth qhllurt{up, Q.ri.q.p.

,ei u.Z,uurQup3urh

U. Z. Uur\tupSruhfr uurnpuqlrntp3nrbp huruunuurnui hr_t.

ZZ qUU flur4]rnSfrqh\tth h fth\upnt hlf*lh frhuurlrrnnrur]r

qlrurpurpurnlqurp, S.rj. q.fu. U. Lhpuhulurh

tutihtrhlrtr 2hh truhilugtrnril

hurtiruqunnruufuurhnr_tf h ru2furutnurtrplr

ulur2rnulurhnrplurh hhp\ur1urgr{nq hhilhur\urh
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