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01.04.03 - "Pa,n;HOcpH3HKa" 

ABTOPE<l>EPAT 

EPEBAH - 2024r. • 



Uuihltw~numpiwlt phtfwlt hwuuiwuitJ.ht t Z.Z. <±UU f1.w11Jm:t>P.ciF1.J.wiP. l.i 
tihl.J.uipnlt'[l.qwJP- '[1.ltuuip.uimuimtf: 

<±p.uiwqwlt q hqwtJ.wp' :ti.tf.q.I)., ui.pn:t>hunp U . U . Z.m~tt!Jmb 

'llw2uinltwqwlt ]!ltl)I}'[l.tfw~ulthp ' ui.q.I)., UJ.pn:t>hunp U. 8. UJtlm<tJUib 

ui.q.p., I)Ilghhui l.. U. l.mpn1mb 

Unw2wuiwp qwqtfmq hpUJ.mpimu' bphmbp UJ. h111mqmb hmum1umpmb 

'llw2uiui.whmp1mltJ! 1.J.wiwuw1m t 2024 p. I)hquihtfphpp. 26-p.h <hutfJ! 14:30-p.u tpliwhp. 
UJ.huiwqwh hwtfw1uwpwup. 049 :t>P.ciFl.J.wiP. tfwuhwq'[l.uiwqwlt ~phpl)'[l. h'[l.uuinttf: 
i.wugh' U . Uwhm4.Jwh 1, tphwh 0025: 

Uuihhw~nuntp]WUJ! qwphJJi t bwhnpwhw1 t'lli. qpwl)wpwhnttf: 

Uhqtfwq'[l.ph wnwptJ.wb t 2024 F · hn]htfphpp. 26-'[1.lt: 

Uwultwq'[l.uiwqwh ~phpl)'[l. 
qp.uiwqwh pwpuimqwp ffe :ii.u .q.p., I)Ilghuui 

"{. '11. ~1mbpmp1mh 

TeMa ,n;HccepTau;HH yTBep)f(,n;eHa B EpesaHCKOM rocy,n;apcTBeHHOM YHHsepcHTeTe. 

Ha)"IHl>IH pyKOBO,D;HTeJI1>: 

O<l>m.~HaJI1>H1>1;e onnoHeHThI: 

Be,n;yiu;rur opraHH3au;m1: 

,n;.<t>.M.H., npo<I>eccop A. A. AxyKKB 

,n;.T.H., npo<t>eccop M. ll AABa3J1B 
K.T.H., ,n;ou;eHT 0. C. ApoJm 

EpeB8Baadi: rocy,n;apcnem.dt ymmeparer 

3aiu;HTa ,!l;HCcepTau;HH COCTOHTCl! 26 ,n;eKa6pH 2024 r . B 14:30, Ha 3ace,n;aHHH 

cneu;HaJIH3HpoBaHHoro coseTa 049 no <l>H3HKe EpesaHcKoro rocy,n;apcTBeHHoro 
YffHBepcHTeTa. A,n;pec: A. MaHyKHHa 1, 0025, EpesaH. 

C ,n;HccepTau;Heii MO)f(HO o3HaKOMHTl>Cl! s 6H6JIHoTeKe ErY. 

AsTOpe<l>epaT pa3ocJiaH 26 HOH6pH 2024 r. 

Y'leHhlii ceKpeTap1> ~ 
cneu;HaJIH3HpOBaHHOTO COBeTa: ~ . 
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K.<t>.M.H., ,n;ou;eHT 

B. II. l<aJiaHTapJm 

UtluUSU'l.A!PC'L~l.U'Ln~rP'\..,~~U<±PCC 

U2}umuimbPh mp.nhmJimhntFJntbn 

ctwtfwltwqwqp.g wltuihltwi'[l.lt l.i DWI)WJlWJ'[l.lt uih~lt'[l.l.J.wimtf, hhnwhwqnpl)wqgmpiwu 

l.i WJl n1npuilthpmtf whhpwdh2ui hlt plihnwgtfwh t:t>:t>hl.J.uip.tj_ qhqwtJ.wptfmh uimpphp 

<±PL. l.i wtJ.hJJi pwp&p hw6'.m~wiP.u ui'[l.pm]phhpmtf: '\..,tfmh ~hl)'[l.plthpp. tmbtfmh hmtfwp 

'[1.phhg mpI)JmltmtJ.huintp]wtfp Wll)F hh ]!hqhmtf wphhuuimqmlt tf'[l.2wtJ.wiphpJ!' 

tfhuimh]mphp]! [1), npnltp pmJt hlt uiwJJiu qhqwtJ.wphtplihnwgmtflt J!UUl I)}ltj_mb ~hl)pp. 

ui.mhmlt2lthp'[l.: 

Uiuop hhuimqnuinqlthpp. Ill.2Ull)I1Ill.FJU1lt qhltuipnhnttf hh uiwpmuihumq tfhuimqwnmg­

tJ.mbplthpp. &l.iwtJ.nptfmh ~hl)'[l.phhp]! , npnhp qwpnq hh t:t>hl.J.uip.tj_nphh 4'[1.pmntJ.ht 

ti hquipmtfwqlt'[l.umqmlt mJJiplthpp. uimpphp phntpmqphpp. qmnmtJ.wptfmh hmtfwp: 

fipUJ. hu qmhnlt tfhuiwqmnmgtJ.mbphhp]! qwtf tfhuiwltimphp]! pmq qwgmb hlt 

I)'[l.ti hquipp.q-tfhuimq hmtJ.mpmbmlthpntJ., npnltg nhqnltmhuw1'[1.lt phntpmqphp]! hltwpw­

tJ.np t hmtfm1mph1 hhuiwppppnq hm6'.m~mp]Iltltlthpp. uip.pmwmtf, h]mphpp. tihl.J.uipm­

I)'[l.hwtf'[l.q hmuiqmpimltlthpp. l.i hpl.J.pm~wt!J.wqmlt phmpwqphp'[l. hwtfwui.wuiwu~wlt 

J!ltuipmpJmtfp: Umqw]h UlJI) tfhuimhJmphpJ! mhhh up. npn2m4'[1. phpmp1mltlthp, I)pwhp 

~hh qwpnq 4'[1.pwntJ.ht w2~wuimhpm1'[1.h tfhb hqnpmpimhhhp'[l. I)huipmtf, pmhp. np 

tfhuiwqwqmlt t!J.nppm~wt!J. (tf'[l.1.J.pnup. ~wt!J.) nhqnltmuinplthpp. tfh2, npnhp mlthlt tfhb 

pwpnpwqmp1mlt, qmuimqtJ.wb thhpq'[l.mlt UnLJUUJ.hu quipmq tfhbwhnttf t l.i 

wnm2mhnttf hlt I)Ul2uihp, npnltp phpmtf hh hhqhqm]'[l.h hphnt]phhpp.' bwqtJ.mtf hh, 

t!J.~mltmtf (I}'[l.tihl.J.uipp.qp. hmuiqmp]mhlthpp. t!J.nt!J.n~mp]mlt tfhb I)Ul2U1hpp. mqI)hgm­

FJWtfp): Up.1.ihnt]lt <hutfmltmq WJI)UJ.'[1.up. qmnmgtJ.m~plthpp. wpuiwp'[l.h ti hquipmtfwq­

lt'[l.umqwh I)Ul2UlF hhui ~p.uui nhqnltmltuw1P.lt t!J.n~wql)hgmp1wlt mpl)Jmhpmtf 

hw6'.m~mp1mltlthpp. m2~muimhpm1'[1.h ui'[l.pmJFJ! ~p.uui hhqmhnttf l.i umhtfwhmt!J.mq t 

I)Wnhnttf: Uiu'[l.ltph llliJUU12hpui m tfhb hqnpmp]wtfp uwpphpp. hmtfwp, npnhp hwltl)'[l.­

UJ.mtf hlt 2wui 4'[1.pmnmp]mltlthpmu' wpmqmgmgp.~lthpmtf, DUlI)Ulpuhpmtf l.i UlJlU, 

npuihq qm tfhb hqnpmp]wtfp 6'.mnmqm]phhpp. I]_ hqwtJ.wptfmlt mlthpmdh2uintp]mlt, 

lttfwlt tfhuimqwnmgtJ.mbplthp]! 4'[1.pmnhJJi ~hlt: Oui.ui'[l.qmqmlt ui'[l.pnt]pmtf tWJhnphh 

4'[1.pmntJ.mtf hlt wh'[l.qnuipnUJ. tf'[l.2mtJ.mJphp]!, p.uq <±PL. uip.pmwmtf WJI)UJ.'[1.up. lt]mphp 

~qmlt qmtf 2wui pp.~ hh l.i mlthh 2wui tfhb I)'[l.tihl.J.uipp.q pmt!J.mltghJJimpJmlt, np]! 

uwhtfwltwt!J.wqmtf t I)pmhg 4'[1.pmnmtf]!, '[1.lt~ui.hu hwb. I)dtJ.wpmghnttf t hmtfw&m]lthg­

tfmlt ~ltl)'[l.p]!, op'[l.ltwq ui'[l.uimhp.mup. hpqopu'[l.I}]! (Ti02), npp. . I)'[l.tihl.J.uipp.q 

pmt!J.whghJJimpJmUJ! hmuhnttf t 100-p. hm6'.w~w]'[l.h tmJlt 2hpuimtf hmtfmi\.m]lthgmtf 

mui.whntJ.htJ! I)Wnhnttf t whhltwp'[l.lt: 'lhp]! lt2tJ.mb ~hl)'[l.plthp]! qmphJJi t hwl]_Fmhwph1 

qp.pwnh1ntJ. mphhuuimqmlt u'[l.tfhuip'[l.mintJ. tfh~p, lifiliMJ! MW:J!!!'t!R•~Jlil\(f 

·etbn~r.at• ~·tus1.s1:ris:i HtH.1-t·~ 
3 16Hon11GreHa&J>11sw'feimorcMncrniyra. 
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ajiqhquipp.q b.Jmphpp.g hb. qwqi.I1Jmo' uwl.J.wih uiwpphp ajiqhquipp.qwqwb. hwuiqm­

p]mhb.hpntJ. [2] : 

U11111wup.b. hb. uiwuiqwb.mu b.wti bwqnuiqhb. wphhuuiwqwb. 11P.qhquipp.qb.hpg: '-lh112P.li 

cluiuwb.wqhhpu wt!p11IJ.2wl.J.wb. ajiqhquipp.q i.Ihuiwb.1mphpg hhuiwqnU1Il:qb.hpp. uho 

Ill2Ul11J1Illp]ntb.b. lib. qpwtJ.hi, P. zhnphp_it Ul]b. WnwtJ.htntp]Ulb. IlJl ~hb. UJ.UlJlillb.WqntU 

t!huiw:qwqwb. pWIJ.UlllJlF~ ti qhpo hb. 1111whgntJ. UJ.W]Uwb.wtJ.nptJ.wo tJ.hpg b.ztJ.wo 

phpmp1mhb.hpp.9, UJ.WU1J1WUU1Uwb. uihuwqhuip.g uihluhntnajlwuihu wnwtJ.ht UJ.WJlq hb., 

opp.b.wq' 1111whp qwphlJi t uuiwhwt 3D UlUJ.P.~ntJ., owqnuiqhb. qwnmgtJ.wopntJ. ti WJth: 

Uuihhwlunum.pJmb.mu mun1.i.Ib.wup.ptJ.wo t owqnuiqhb. ajiqhquipp.q qwnmgtJ.wopb.hpp. 

tJ.wppg wpuiwpp.b. qhquipwi.Iwqb.p.uwqwb. 11wzuip. wq11hgmp1wh b.hppn . gm19 t uiptJ.wo 

1111whg i.IP.2ngntJ. qhquipwi.Iwqb.p.uwqwb. wlJipb.hpp. :qhqwtJ.wpuwb. (uiwpwouwb. 

m:q:qmp1wh qwnwtJ.wpmu, ptihnwguwb. uiuinqui , 11wzuip. uih:qw1hwgmu) hb.wpwtJ.n­

pmp1mhg hwll:wlump1mhb.hpp. tWJb. uip.pn1.1pmu: Y:wphnp t b.zht. np hwll:wluntp]ntb.­

b.hpp. lUlJb. uip.pnt]pmu wphhuuiwqwb. owqnuiqhb. ajiqhquipp.qb.hpp. t:}>:}>hquip.it 

ajiqhquipp.q pwip.wb.gh1Jimp1mhg [3] :qhqwtJ.wptJ.mu t owqnuiqhb.p. hpl.J.pw~wip.wqwh 

uihupp. (l.J.tnp, m:q:qwb.1.J.Jmb., pwnwqmup.), up.uhuipP.w1P.. luuimp1wh i.IP.2ngntJ.: U]Il 

uihuwq huip.g zwui qwphnp t UlJilUJ.P.uP. qwnmgtJ.wopb.hpp. ajiq hquipp.q pwip.wb.gh-

1Jin1.p1wh phb.qnpp. p. hWJUl phpn1.i.Ig: 

Uzluwuiwb.pmu hhuiwqnuitJ.wo hb. WJ1l owqnuiqhb. 2D qwnmgtJ.wopb.hpg m:q:qwb.1.J.Jmb. 

wb.gphpntJ., quib.tJ.wo t 1111w wb.p.qnuipnu1Jiw1P. ouiuiP.ilwt tmomug: 

Uuib.hw}!munLpJWh UUJ.WlllWJm 

.Z.hmwqnuiht 2D wb.p.qnuipnUJ. wphhuuiwqwb. wi.Ipn:q2ntJ.P-b. ajiqhquipp.q owqnuiqhb. 

i.IP.2wtJ.w1phpmu ptihnwguwb. uiuiuiuwb. hphn1.ipg hwll:wluw1P.li tWJb. uip.pmJpmu, 

p.b.~UJ. hu b.wti 1111w :q hqwtJ.wpuwb. UJ.pnghug: 

tJwqnuiq hb.p. hwztJ.p.b. uiwuipwuuiht uiwpphp &hp. qwnmgtJ.wopb.hp ti hnqb. 

qwnmgtJ.wopmu mb.hhwt uiwpphp ajiq hquipp.q pwip.wb.gh1Jlmp1mhb.hp, p.b.~g hb.wpw­

tJ.npmp1mh t uiwlJiu qwnmght gwb.qwgwo 111M ajiq hquipp.qwqwb. uwpp, opp.b.wq. 

quip.~. nhqnb.wU1Ilp ti WJth: 

<+hmwqwh hnpnt.JPI! 

.Z.w1uihwphptJ.ht t , np hwuhuwuiwpwp gwop WJ111Jntb.wpwp ajiq hquipp.q pwip.wb.­

gh1Jimp1wup (E<4), wlJipP. hpqwpntp]Wh qwpaji ~wip.hpntJ., IlJlUJ. hu UJ:iU1Ulb.]ntp 

OUlilUl]IlIJ. 2D wb.p.qnuipnUJ.ntp]WUp hwpp owqnuiqhb. zhpuig qwpn:q t ownw1ht IlJlUJ.hU 

2112n:q ptihnwguwup nuuih1wl.J.w1P.li wb.uihb.w: .Z.wpp ajiqhquipp.q nuuih1wl.J.g qwphlJi t 

1.J.p.pwnht S.Z.g ti p.b.:}>pwqwpup.p uip.pnqpb.hpmu g~1.b.p.~b.hpp. qqw1lin1p1mhg 

pwp&pwghhtm hwi.Iwp: UzwqtJ.wo ptihnw2112P.~b.hpg 1.J.wPilIJ. hb. 1.J.p.pwntJ.ht 
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hwll:wlump1mhb.hpp. tWJh uip.pm]pmu, nUlllwpb.hpp. ti hqnp ll:wnwqwipP.~hhpp. 

ptihnwguwb. qwpqwtJ.npp.~b.hpp. uh2: bph owqnuiqhb.p. wb.gphpp. ~wip.g zwui uwl.tp lJil.tP. 

m hhnwtJ.npntp]ntl.tg wlJipp. hpqwpntp]ml.tp.g zwui ip.npp 1Jib.p. m uho luuimp1wup, 

UlllJ.Ul Ul]l.t qphph 011t11wnhn1.U' E=l , hph owqnuiqhl.t ~t, UlllJ.Ul E=Ed, UlJ1l 1lhUJ.JlilLU, hpp 

qnl.tghb.uipwgp.wb. i!i-nlumil hl.tp, WUJ.Ul t:}>:}>hquip.it ajiqhquipp.q pwip.wl.tghlJimp]ntl.tg 

qwphlJi t :qhqwtJ.wpht 1-p.g up.1.t~ti Ed, UlJUP.l.tpl.t owqnuiqhl.tl.thpP. luuimpJWUp Ill ~wip.hpntJ. 

ajiq hquipp.q pwip.wl.tgh1Jimp1ml.tg qwphlJi t IJ. hqwtJ.wpht tWJl.t uip.pm]pnti.I: 

tJwqnuiqhl.tp. ~wip.hpg i!i-nluhtntl qwphlJi t uuiwhwt uiwpphp ~wip.hpp.­

hwuU1IlLp]ntl.tl.thpp. zhpuiwtJ.np ilP.2wtJ.WJp, p.uq npnzwl.J.p. ~wip.p. cluIUwb.wq UUlUll.tWt 

:}>nuinb.p.q wpqhttJ.WO qnuip., UlJUP.l.tpb. p.pwqwl.twgl.tht Uljl.tUJ.P.UP. 1>FlU1J1, npp. up. 

hwuitJ.wog pwg qpllIJ.b.P. i.IP.w11.t uhq UJ.P.uiwb.p. hwll:wlump]ntl.tl.thp ti l.J.UJ.UlUlp. 

ptihnwgmi.Ig, p.uq i11mu hwuitJ.wog qwb.11Jlw11wp&1.tp. hwll:wlump1mhb.hpg, p.b.~UJ. hu l.twti 

nuui1.t1wl.J. 1.J.wPilIJ. t lJihht. wiuP.b.pl.t g~1.1.tp.~mu qqmi.IwptJ.p. p.b.uihl.tup.itmp1mhg: 

<l-npob.wqwh wpdb.m 

I1pUJ. hu owqnuiqhb. ajiq hquipp.q uhuiwl.t1mpp. b.umz t oquiwqnpotJ.b.t 1.J.n1111P.b.pp.uip. 
hp.uwl.t tl.Jlw owqnuiq hl.t qwnmgtJ.wopg: .Z.w1ui1.tp. t np qnpajihpp.uip. 2hpilw1P.li g~wp­
&wquwb. qnpowl.J.p.gg pwtJ.wqwl.t ip.npp t. p.u.w wp11Jml.tpmu uiwpwgi.Iwl.t hhuitiwl.tpntJ. 

11h:}>npi.Iwgp.w1.thpp. wuuip.ll:wl.tg zwui gwop t. p.u.~g qwphnp t hwuwqwpqp. phn1.­
pwqphpp. l.J.w1mlin1.p1wh uihuwl.tl.J.Jml.tp.g: 42w1.tp. np pwp&p hqnpn1.p1ml.tl.tb.pp. 11hUJ.PmU, 
npnl.tp qwpllIJ. hl.t hwuliht uiwul.tiwl.J. Y:'{ui-p., b.umzg 1.J.wPilIJ. t uiwpwl.twi, npp. 

wp11Jml.tpmu 1.J.i!i-nlutJ.hl.t l.ti.Imzp. ~wip.hpg, npl.t q l.J.phpp. gwl.tgp. hwuuiwuiml.tp. 
i!i-ni!i-nluilwhg, qnpajihpp.uig qhpo t l.tuwl.t phpmp1ml.tp.9 ti 2hpuwuuip.ll:wl.tp. i!i-ni!i-nlu­
uwup qwnmgtJ.wopp. ~wip.hpg UhnLU J:il.t wl.tip.nip.niu, hhuitiwpWJl M-g hWUU1UlU1Ill.b. t : 

<l-uil.ttJ.ht hb. wnl.t~mp]ml.tl.thp, npnl.tp pmJl hb. uiwlJiu OUJ.uiP.i.IP.qwgl.tht ptihnwz112P.~l.thpg, 
p.1.t~UJ. hu l.twti tmuwpwl.ttJ.wo hl.t w1.tp.qnuipnuiP.w1P. wpdhpl.thpp. tJ.wppg 1.J.wlutJ.wo 1.9uwb. 
qnpowqgp.g ti hp.ul.twqwb. b.Jmpp. ajiqhquipp.q pwip.wb.gh1Jimp1mhp.9: .Z.wll:wlump1ml.t­
b.hpp. tWJl.t uip.pnqpp. hwuwp' (22-77)C±.z.g, uuiwgtJ.ht hb. WJ111Jmb.pb.hp, npnb.p qwpn:q hb. 

oquiwqnpoht t:}>:}>hquip_it ptihnW2J12P.~l.thp UJ.UlUlJlUlUUll:itnt hwUwp, hwuil.J.WUJ.hU UJ:io 
hqnpmp1ml.tl.thpp. hwuwp: 
UJ111Jmhpb.hpg uuiwgtJ.wo hl.t, hpp l.ti.Imzg quil.ttJ.ht t ti' pwg uiwpwomp1wl.t uh2, ti ' 

qtwl.tw&ti wlJipwuiwpmu: bpp b.i.Imzg qtwl.tw&ti wlJipwuiwpmu t, w111 11hUJ.pmu 
ptib.nwgi.Iwl.t 1.J.wuiwqhpomug humhn1.u t up.1.t~ti 22dB, p.uq qnpmuuil.thpg ~b.Wl.t hl.t p. 
zhnphp.it wilt pwl.tp., np l9uwl.t qnpbwl.J.p.gg ip.npp t ti l.t]mpg qnpajihpp.uip.g t , npl.t ml.tp. 
zwui ip.npp qnpmuuil.thp: bpp b.umzg pwg uiwpwontp]Ull.t uh2 t, npg b.zwl.twqmu t . np 
uwhuwl.twip.wqmul.thp ~ml.thl.tp, ptihnwguwl.t 1.J.wuiwqhpomug hwuhn1.u t 32dB-P.: Uiu 
uiwpphpmp1ml.tg uuiwgtJ.mu t. pwl.tp. np qtwl.tw&ti wlJipwuiwpmu E-p. n"i.cluiqohpg qnp 

hl.t, npnl.tg i!i-nluptihnwguwl.t l.J.wuiwqhpomug zwui wtJ.hlJi tJ.wui t lJilrmu, pwl.t 
m:q:qwl.tl.J.Jmb. wlJipwuiwpp. Uilllhpp. 11hUJ.pmi.I: 
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'llw:zuiw,wbnl.PJWU hhvJlw1w9'Jnn hbtfuwkwh !IDil1-JJl!Uhp. 

1. fiw11wpb.hpnuI, wpwqwgmgJ:i.~b.hpnuI, UJ.lwqtiwuipnb.b.hpnuI ti WJl tiho hqnpmp1wb. 
UlllFJmpb.hpmtI &hwtJ.nptJ.wo <lwnwqw]ptiwb. qwnwtJ.wptiwb. hwtiwp wb.hpwcth2ui 
qw1mb. ti 11J:i.tiwgqmb. ptihnwgmgJ:i.~b.hp]! qwph\li t uuih11oht owqnuiq hb. wphhuuiwqwb. 

q hpwtIJ:i.qwqwb. qnp11J:i.hpJ:i.uiJ:i.g, npb. wwJ:i. t ]!b.qb.mtI tlmPP 1llitt hquip):i.q qnpmuuib.hpntJ. 
ti 2hptiw1J:i.b. J!b.11wp&.wqtiwb. qnpowqgntJ.: 

2. '1J:i.qhquipJ:i.q pwpwq tIJ:i.w2hpuihpntJ. qwph\li t qwnmgh1 hwtiwqwpq, np):i. tIJ:i.2ngntJ. 
hb.wpwtJ.np t uuiwb.wt qhpn1-1111nP1ltJ.wompJD.1-b.: 

3. Uphhuuiwqwb. qhpwtIJ:i.qwqwb. qnp1l!ihpJ:i.uiJ:i. hJ:i.tiwb. tJ.pw uui~OtJ.wo 

nuui.b.1wqb.hp]! hb.wpwtJ.npmpJmb. hb. uiw\liu hwtiwuih11ht tfliqpnw\lipJ:i. lJ.liqwqhuin1-UJ! 
ptihnwgtiwb. 2p2tiwb. hhui: 

4. Utipn112ntlJ:i.b. 1l!iq hquip):i.qwqwb. tihuiwb.1mpJ:i. oqb.mp1wtip J:i.pwqwb.wgb.htntJ. 
hpqpnp11w1J:i.b. W11FJntpb.hpJ:i. 1}i.m1whwtiwO.w1b.hgtJ.wo pw21umtI, qwph\li t uuiwb.wt 
wnw2b.w1J:i.b. <lwnwqwiptiwb. n1-I\11np11tJ.womp1mb.J! ti hnup):i. }uuimp]ntb.]! qhpwqwb.gn11 

n1-I\11np11tJ.wo <lwnwqw1pmtI: 

U:zluwuiwhpb hhvJlw1wgmtin, 

U 2}uwuiwb.p]! b.hpqw1wgtJ.ht t 

«Microwave & THz Technologies, and Wireless Communications (IRPhE 2018)» 

tIJ:i.2wqqw1J:i.b. qnlt'j>hpwb.umtI, 2018p. lw1wuuiwb. (U11tJ.hpwb.), 

«Infrared, Millimeter and Terahertz Waves (IRMMW-THz)» 44-pl} tIJ:i.2wqqw1J:i.b. 

qnb.:phpwb.unl.tI , 2019p. l>pwb.uJ:i.w (<Dwp):i.q). 

«Microwave & THz Technologies, Wireless Communications and OptoElectronics (IRPhE 

2022)» tIP.2wqqw1P.li qnb.:ptpwb.unttI, 2022p. lw1wuuiwb. (bpliwu): 

.£,pww,wnwhmtihhzm 

Uuitb.w}ununtp]wb. pttiwintJ. uiui.wqptJ.tl th 3 qliuiwqwb. w2}uwuiwb.pb.hp, 

npnb.g):i.g 1-g b'lll qliuiwqwb. wtiuwqphpmtI, J:i.uq 2-]! tIJ:i.2wqqw1J:i.b. qliuiw~ntJ.b.tp):i. 
~ntJ.womb.hpmtI , J:i.b.~ui.tu b.wti qhqmgtJ.ht tb. 3 tIJ:i.2wqqw1J:i.b. qliuiw~ntJ.b.tpmtI: 
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Uuihhwbmunl.PJWU kwnm91lwbpn, 

Uuihb.w}unun1-pJmb.J! pw11 qwgwo t b.hpwomp1mb.J:i.9, hp hp qtm}ub.hp):i.g , 
hqpwqwgmp1mb.J:i.g ti 73 ~mu UJ.Wpmb.wlJ.Illl qpwqwb.mp1wb. gwb.lJ.lig: U2}uwuiwb.p):i. 
j!lil}hUlb.mp OUltj_UllJ! 103 t2 t ti UJ.Ulpntb.wqmtf t 46 b.qwp ti 3 Ull)JillUWq: 

USb~U~fiUfll>.{c}SU~Pn~u~'1Uqfi~{c}Sfll>.\,C 

~hpwomp1wh tih2 hJ:i.tib.wtJ.nptJ.wo t wuihb.w}unun1-p]wb. wp1l!iwqwb.mp1mb.J!, 
huuiwq O.tiwq hpui.tJ.wo hb. w2luwuiwb.p):i. b.ui.wuiwqb.hp]!, }ub.1llipb.hpb. m ui.w2uiui.wb.m­

p]wb. b.hpqw1wgtJ.Ill\ hJ:i.tib.wqwb. l}Pnt]pb.hp]!: :Pb.~UJ.hu b.wti b.2tJ.wo t uuiwgtJ.wo 
wpl}]ntb.pb.hp):i. qliuiwqwb. b.npnqp]! ti qnpob.wqwb. wpcthp]!: 

<±tm}u 1-mtI b.hpqw1wgtJ.wo t owqnuiqhb. b.1mpj!, np):i. hwtiwp quib.tJ.wo t 

t:p:phquilitJ. 11J:i.qhquip):i.q pwi}i.wb.gh\limp1wb. tinuiwpqmtib.hp, uuiwgtJ.wo hb. wnb.~m­
p]mb.b.hp, npnb.p lJ.wui.mtI hb. 11J:i.tt hquip):i.q pwi}i.wb.gh\lintp]Ulb phb.qnpj! owqnuiq hb. 
qwnmgtJ.wopJ:i. ui.wpwtihuiphpJ:i. hhui ' hJ:i.tib.wqwb.nLtI 19tiwb. qnpowqg):i. hhui: 

1.1 uiwpwqpw:pmtI b.hpqw1wgtJ.wo t tiwuhpJ:i. uipnhtJ.wo hb.pwhwtiwqwpqhp, 
npuih11 hwpp w\lipJ:i. (4, 5] uiwpwotiwb. ctwtiwb.wq E-ti. ' ptihnwgmtI]!, n1-I\11mp1mb.b.hp):i.g 

qw}utJ.wo t , wiuJ:i.b.pb. twqwb. b.2wb.wqmp1mb. mb.J:i. uitl.Jwt hwtiwqwpqli 
UJ.Wpphpntp]Wb]! qmqwhhn t uiwpwOtJ.mtI , ph n1-I\11whw1wg: 

'1)1.uiwpqtJ.ht t 11hlJ.ntiui.nqJ:i.gJ:i.w1J:i. tihpill}J! m oquiwqnpotJ.ht t t:p:phquilitJ. 
1l!iqhquip):i.q pwi}i.wb.gh1mp]ntb.]!: '1)1.uiwpqtJ.ht t tIJ:i.w~wi}i. UJ.Wpphpwqwb. hpqm 
qwnmgtJ.wopb.hp, npnb.g 11hUJ.pmtI UJ.Wpphpwqwb.mp1mb.b.hp]! uiwpphp hb.: 

<±uib.tJ.ht t 11J:i.q quip):i.q UJ.WUlhpJ:i. n1-I\11whw1wg ti qmqwhhn qntIUJ.nb.hb.uib.hpJ:i. Eqntq ti 
En•qq 1l!iq hquipJ:i.q pwi}i.wb.gh\limp]ntb.b.hp]!. J:i.b.~ hwtiwp oquiwqnpotJ.ht t 
11hqntIUJ.nqJ:i.gJ:i.w1J:i. tihpnl}j!: Unwb.O.J:i.b.-wnwb.O.J:i.b. quib.tJ.ht hb. Eqn•q ti Emqq ti qwph\li t 

uuiwb.w1 wb.J:i.qnuipnUJ. hwtiwqwpqli 1l!iqhquip):i.q pwi}i.wb.gh\limp1mb.j!: OquitJ.hb.p 
hhuiti1w1 pwb.wO.tihpJ:i.g 

Eqmq= f. Gd . (2- J)+ (J - J), (1) 

(l-J) ·&d 
Encqq=/·&d+ f+(l-J)·cd (2) 

npuih11 J -1! 19tiwb. qnpowlJ.ligb. t, np]! gm19 t uiw\liu pt nppwb. tiwub. t 1l!iqhquip):i.q]! 

ti nppwb. ' Ol}J!. Ed-b. hpq~wip. 1l!iqhquip):i.q UJ.Wpptpwqwb. qwnmgtJ.wopntJ. b.tim2J:i. 
1l!iq hquipp.q pwi}i.wb.gh\limp1mb.b. t : • 

• 
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1.2 UJ.UlpUlqpW:t>nuf ajrn1wpqtJht t UJ.Wpq tfpw~U11.F uib.pqntnpllUJ. ajiqhqtnppq 
u}l.2uitJ.uiJp'[! . hhtnuiqntntJ.ht t ajiqhqtnp}l.q puipwq 2hptnhp}l. uib.}l.qntnpnUJ. huitnqm.­
p]mhb.hpg. npnb.p pwchub.tJ.uib hb. tnuipphp ajiqhqtnp}l.q huiutnuitnm.b.ntJ. puipuiq 
2hptnhpntJ.: Bm.m t tnptJ.mb, np uib.p.qntnpnUJ. huitnqm.p1m.hb.hpg uinui2uigh1 hb. tnmpmb­
uuib. hpqm. tnuipphp t!Ill}hp}l. UJ.uitnAurnntJ.: 

1.3 UJ.Ulpwqpw:t>nt.tl b.hpqui1uigtJ.uib t hp~uiip. ajiqhqtnp}l.q 2hptnntJ. u}l.2uitJ.ui1p}l. 
T:::t>:t>hqtn}l.tl ajiqhqtnp}l.q pui$uib.ghl}lm.p1mh phb.qnpg: Uhl}Puil}uiO. t quitnuiptJ.ht 
mb.}l.qntnpnUJ. u}l.2uitJ.ui1php}l.b., ajitnuipqtJ.ht hb. tl}l.uinuib.gpmb.p. 1.t hpquinuib.gpuib.p. 
p]mphIJ.b.hp: !lrnm.ub.uiu}l.ptJ.ht 1.t u2uiqtJ.h1 hb. 1.llJUUJ.}l.u}l. umpphp, npnb.p h}l.tlb.tJ.uib hb. 
mb.}l.qntnpnUJ. ajiq hqtnp}l.q pui$uib.ghl}lmpJU1Up hp~mip. ajiq hqtnp}l.q UJ.uipphpuiqmb. 
qmnm.gtJ.uibpb.hp}l. tJ.pui: L.uiumqmpqg, npg uiuitnpuiutntJ.uib t u}l.b.phtn}l.q qnPl}hp}l.tn}l.g 

[6] (2Mg02Ah035Si02), ajiqhqtnp}l.q pui$uib.ghl}lmp1mb.g' 5 d -b., huitJ.uiuuip t 4-p. 1.t 

ui]b. m.b.}l. llUJ.IJ.uihui]uig 1.t qm.quihhn UJ.uipphpuiquib.mp]mh, uiiu}l.b.pb. qui Eqntq 1.t Emqq 
ajiqhqtnp}l.q pui$uib.ghl}lmp]mb.b.hp: q.tnb.tJ.ht t Eqntq 1.t Enuiq, }l.b.~UJ.hU b.uili hui2tJ.uipqtJ.h1 t 
l}Puihg tnuipphpmpJmb. uinuitJ.h1uiqnL]h uipdhpg, fl.E-g 

fl.E=Eqntq - Enuiq (3) 

1.t quinm.gtJ.ht t ui1hui}l.u}l. huiuuiqmpq, np utnuigtJ.ht t &-p. uinuitJ.h1uiqnt.]b. uipdhp, np}l. 
l}hUJ.pmu huiuuiquipq}l. uib.}l.qntnpnui}l.uib. uhb t . p.uq 11ui h2uihuiqm.u t , np up.uitJ.np 
hpquipnLpJuib. tJ.pui plihnmgtluib. uipuiq UJ.tnlll..]tn t utnuigtJ.m.tl: \.,quip 1-m.u 
b.hpqui1uigtJ.uib t hp~uiip. UJ.uipphpmquib. quinm.gtJ.uibntJ. huiuuiquipq: 

\.,qwp 1. '1}1.qhqtnp}l.q hpq~uiip. UJ.1.llpphpuiqmb. qmnm.gtJ.uibntJ. huiuuiquipq: 
1- hum.2P. uib.gphp, 2-11P.ti hqtnp}l.q UJ.mtnhp 

'1}1.tnuipqtJ.uib huiuuiquipqg puinuiqmup. t m. X 1.t Y llUJ.IJ.lll..pJmb.b.hpntJ. 
l}}l.qhqtnppq UJ.uitnhpp tf}l.21.t hIJ.uib hhnuitj_npmpJm.b.g b.m.]b. t, ui]Upb.p\J. UJ.1.Upphpm.­
p]m.b.\J.hpg hm.1hh hb.: \.,um.2m.u l}}l.qhqtnp}l.q UJ.uitn}l. huiutnnLpJmti.g' t = 0,3tltl, p.uq 
l}}l.qqtnp}l.q UJ.uitnhp}l. u}l.21.t hIJ.mb hhnuitJ.npm.p1m.ti.g' a =luu, }l.uq l9uuib. qnpbwq}l.gg' f­
l!· npn2tJ.m.u t ui1u puib.uib.ntJ. 
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t . 
f = a+t · (4) 

L.uitluiO.ui1h ui1u puib.ui0.1.tp. f = 0,23 : <I>npO.hpb. uiptJ.ht hb. (20-24)<±z.g tn}l.pm.1pm.tl, 

puib.p. np X 1.t Y nUJ.IJ.mp1m.b.b.hpntJ. UJ.uipphpm.p1m.hb.hpg 2mi.n uitJ.hl}l t}l.npp hb. , a =luu, 

pmb. "A uil}lp}l. hpquipm.p1m.hg, npg huitJ.uiuuip t 1,Suu-p., utnuigtJ.m.u t , np A >>a, 

ui1u}l.b.pb. uiiutnhIJ. m2Jtiuitnm.tl hb. uib.}l.qntnpnUJ. hmtnqm.p1m.b.b.hpg: btJ. quiphl}l t tltngb.ht 

t:tihqtn}l.tl ajiqhqtnp}l.q pui$uib.ghl}lm.p1uih quiIJ.ui$uipg: L.uipq t b.2h1. hph A>> a 

uiuiiuuib.g ~l}lb.}l., uiUJ.ui ui111 11hUJ.pmu uinui2 hb. quil}lu :t>ntnnb.p.q uipqh1tJ.mb qntnntJ. 

t:ti:t>hqtnb.hpg: 

q.tnt.}tl 2-m.u b.hpqui1uigtJ.uib t plihnuiguuib. huippm.p1uib. UJ.tnnt.]tng: '1}1.tnuipqtJ.ht t 
plihnuiguuib. huippmpJuib. UJ.tnnt.Jtnl! mb.}l.qntnpnUJ. u}l.2uitJ.m1pm.u, uilil}pm11wpO. t uiptJ.ht 
huipp uil}lp}l. tnuipuibumb. uhpnajib.: 

2.1 UJ.Wpwqpw:t>nu! b.hpqui1uigtJ.uib t plihnwgumb. huippm.p1mh UJ.tnllt.Jtnl! 
uib.}l.qntnpnUJ. u}l.2uitJ.ui1pm.u: 

!lrnm.Ulimu}l.ptJ.ht t (22-24)q.L_g hmAui}tlm1}l.b. tn}l.pnt.]pg: UtnuigtJ.uib hb. 
uib.}l.qntnpnUJ. ajiq hqtnp}l.q pm$uib.ghl}lm.p1m.hb.hp, npnb.p quiphl}l t oqtnmqnpbht 
plihnmgtluib. huippmpJmb. UJ.tnnt.]tn}l. hmtluip: 

2.2 UJ.Wpuiqpw!l>nt.tl b.hpqui1uigtJ.mb t plihnuiguuib. hwppmp]mb. UJ.tnllt.Jtnl! q1np 
uil}lpmtnmpnt.tl: '1}1.tnmpqtJ.ht t h}l.Ulimquib. tnP.UJ.P. TE11 uil}lpg q1np uil}lpuitnmpm.u: 
'lhpgtJ.ht t 15uu tnpuitluiqbntJ. q1np uil}lpuitnmp, npg l9tJ.mb t hIJ. ht hp~uiip. qmnm.gtJ.mb­
p m.b.hgllIJ. qnnpajihp}l.tn}l.g UJ.uitnpuiutntJ.uib b.um.2ntJ.: '1}1.tnuipqtJ.ht t plihnmguuib. 
huippmpJuib. UJ.tnlll..Jtnl!, np}l. hmuuip oqtnuiqnpbtJ.nIJ. uuipphp}l. p1nq u}tlhtluib. 
b.hpqui1uigtJ.mb t (ti.quip 2)-m.tl: 

1 2 5 

\.,qwp 2. <I>npO.}l. u}tlhtluib.: 1 - tlmtnpui]}l.b. IlUJ.IJ.uib.llJm.b. uil}lpui\nuip, 2 -
IlUJ.IJ.uib.llJm.b. uil}lpuitnuip}l.g 11hUJ.P. q1np uil}lpuitnuip}l. uib.gm.u, 3 - uhUJ.ui0.1.t 

huiuuiO.ui1hhgmgp.~, 4 - q1np ml}lpuitnuip, l9tJ.uib hpq~uiip. UJ.uipphpuiquib. qnpl}}l.hp}l.tn}l.g 
l}}l.q hqtnp}l.qntJ., 5 - tJ.hp1mbllI]_ ml}lpmtnuip: 

• 
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'1w2tnl! tnp'1_ht t umtnpw])lll nUJ.IJ.WU'll]mll wtJ:ipwtnwpnlj_, hp~w$ UJ.W)lphpwqwll 
qnpajihp)ltn)lg aj1qhqtnp]lq lium2l! tnb.IJ.w:qptj_wb t l.J.tnJl wtJ:ipwtnwpmu, nUJ.IJ.Wllll]mli li 
l.J.tnJl wlJ:ipwtnW)lb.)1)1 u)12li qw hwuw0.W]Uhg\j_wb w\.igmu, J:!h:qnt.U)l}_ UWUnt.U tnb.WIJ:)ltl_ht 
t nUJ.IJ.Whw1wg wtJ:ipwtnwp, npnlj_ qp.wligtJ.ht t plihnwguwli UJ.tnnl.Jtnl!: <I>npO.J:! 
qwtnwptl_ht t n}_ u)lWJU UUnt.2J:! UJ.tntnhtntl_ )1)1WJ1 OJ1Fnqnllwt hWIJ.npaji}_ li J:!h:qnt.U)l}_ 
nUJ.IJ.WU'llJnt.U wtJ1pwtnW)1UG)1)1 u)12li, WJtli )1)1WJ1 qmqwhhn hWIJ.np:q)l}. l.i J:!UIJ:nt.U)l}_ 
nUJ.IJ.Wllll]mli wtJ:ipwtnwplihp)l UJ12li: bpqm :qhuipmu q umwgtj_mu t plihnwguwli 
hWJ1Fnt.FJWU UJ.tnnl.]tn, npnlig hwuw:qptj_wb qp.w:PJ11.J.l! lihpl.J.w1wgtj_wb t (liqwp 3)-mu: 

ow~~w~=-~~~==~=~=-~ 
0 - I Jaia l w;I; I *' - 1.....U I wzi I .... I i4f 0 

-2 -2 
-4 -4 

!g -6 -6 
-;;; -8 -8 

-10 
-12 

Sh -10 
·;;; I -12 

-14 
-16 

~ 

~ 
-14 
-16 

0 

:~~ f 2 =11 ~ • v u v v ]:~~ 
1 ~ ~ 1 

input linear polarization angle, degree ( q>) 

\..quip 3 . .Plihnwguwli hwpFnt.FJWll uitnmJtnJ:!, hpp liumw l.J.tnJl wtJ:ipwmwpmu t : 
1 - hwIJ.npaji}_J:! li J:!li:qnt.ll]l}.J:! qmqwhhn, 2 - hwIJ.npaji}_J:! li J:!li:qnt.ll]l}.J:! nUJ.IJ.Whw1wg: 

2.3 uiwpwqp.w:pnu.f lihpl.J.w1wgtj_wb t plihnwguwli hwpFnt.FJWU UJ.tnnl.]tnll wqwtn 
mwpwbnt.FJnt.ltmu li 2p2wliwO.li plihnwgmul! [7] : Ul.J.qpmu ajitnwpq'1_ht t plihnwguwli 
hW)lFnt.FJW~ UJ.tnnl.]tnJ:!. wqwtn tnwpwbnt.FJWU uh2 tnhIJ.WIJ:]1'1_ht t qnpajihp)ltn)lg 2D 
UJ.W)lphpwqwli ajiq hqtnp)lq quinmgtJ.wbpntJ. lium2J:!, np)l hpqwpnt.FJnt.UJ:! 8 uu t: 

<I>np0.)1 chuuwliwq, hpp hw:qnpaji}.ll m J:!li:qnt.ll]l}.J:! nUJ.IJ.Whw1wg hli )lpwp, :qw 
li2wliwqmu t, np WJU $wq t li wq:qwli2wli }_)1 wliglimu, w1u)llipli' qtnlitJ.ht t qpn1wl.J.wli 
ajippmu, UJ.tntnhtm :qhuipmu, w1u)llipli, hpp pwg t, umwg'1_ht t mdhIJ.wgmu, npli w1u 
:qb.UJ.pmu qwqumu t untn 32dB: <I>npO.J:! qwtnwptJ.ht t n}_ u)lw1li lium2l! UJ.tntnhtntJ. 
nUJ.IJ.WhWJUl9 hWIJ.n)l:qnIJ. l.i J:!li:qnt.hnIJ. wlJ:ipwtnW)lUb.)1)1, WJlli qmqwhhn hWIJ.n)l:qnIJ. l.i 
J:!ll:qmlinIJ. wtJ:ipwtnwplihp)l u)12li: bpqm :qb.UJ.pmu q utnwgtJ.ht t plihnwguwli 
hWJ1Fnt.FJWU UJ.tnnl.]tn, li hwlfwlJ:)l\j_wb qp.w:PJ11.J.l! lihpl.J.w1wg'1_wb t (liqwp 4)-mu: 
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input linear polarization angle, degree ( q>) 
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L.qwp 4 . .Plihnwguwli hW)lFnt.FJWU UJ.tnnt.]tnll wqwtn tnwpwbnt.FJWU uh2: 
1- Umtnpw1)1li nUJ.IJ.WUl.J.Jmll uitJ:ipwtnW)lJ:! qmqwhhn t wliwtJ:iqwtnnp-wtJ:ipwtnwp)lli, 

2- Umtnpw])lll nUJ.IJ.Wllll]mli wtJ:ipwtnW)lJ:! nUJ.IJ.Whw1wg t wliwtJ:iqwtnnp­
uitJ:ipwtnwp)lli: 

Cp2wliwO.li plihnwguwli utnwgmul! li mumuliwu)lpnt.Uli )1pwqwliwg'1_ht t 
hpq}.w$ UJ.W)lphpwqwli wphhutnwqwli wli)lqntnpnUJ. ajiqhqtnp)lq UJ12wtJ.w1pmu [8,9], 
np)l hwuwp oqmwqnpb\j_nIJ. uwpphp)l u}uhuwm)lq liqwpwqp.mFJnt.UJ:! lihpl.J.w1wgtJ.wb t 
(liqwp 5)-mu: <I>npO.hpli )lpwqwliwgtJ.ht hli (22-24)q.L,g hw6:w}uw1)1li tn)l)lnt.JFnt.u: 

E 

t 6 2 

~)4' 
·- _ _) 

L.qwp 5. <I>np0.)1 u}uhuwli. l-Umtnpw1)1li nUJ.IJ.WU'll]mli wtJ:ipwtnwp, 2-fiUJ.IJ.WU'll]mli 
wtJ:ipwtnwp)lg :qhui)l l.J.tnJl mtJ:ipwtnwp)l wligmu, 3-UhuimO.li hwumO.w1lihgmg)1}_, 4-

litnJl wlJ:ipUltnW)l, np)l\.i UlU)lWg\j_wb t G)l~W$ UJ.W)lpG)lWqw\.i qnpajihp)ltn)lg 
ajiqhqtnp]ll.J.J:!, 5-fiUJ.IJ.WU'll]mli wtJ:ipwtnwp, npli wupuigtj_wb t '1.hittmbnIJ. 

wtJ1pwtnwpw1)1li UJ.tntn\j_nIJ. hwuwqgtJ.wb (rotary joint) hwuwqwpq)lli, np)l bw]phpnt.u 
plihnwgmul! tnwpphp t, 6-litnJl wtJ:ipuitnwp: 
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\,quip 7. I:t hqmpwqwb. qwzmp. tmpqwbmFJWb. tCnqnq}l pwzium .. tCg a)-d) yz b. e)-f) 
xy hwpFillFJillb.b.hpm.tC, qtmb.w1P.b. qp.q_ hqmpp.q mwtlimtwltti. lJ.pw hwpF wtJipp. 

wb.qtCwb. qhuwm.tC (wtJipg mwpwbqm.tC t z IlUJ.IJ.Ill.FJWUp) mwpphp mpwtCwqbhpp. 
uiwpwqw1m.tC: a,e) qp.q_ hqmpp.q mwtlimtwltti. D mpwtCwq}lbg hwqwuwp t 4tCtC, b,f) D= 8 

tCtC, c,g) D= 16 tCtC , d,h) D= 20 tCtC: Cb.qb.nq hwpF wtJipp. hpqwpm.F1m.b.b. t 4 tCtC, 
mwtlimtwltti. qp.q hqmpp.q FWl}i.wb.ghlJintFJill.b.J:!' 2.2 (mhltnb.), mwtlimtwltti. 

hWUUlillFJm.b.g ' 2 UU: 

2.wpq t b.zht, np b.qwpm.tC phpqwb yz hwllliltJFl! wb.gb.m.tC t qtuib.w1P.b. mwl}i.n­
qwqp. qhb.mpnb.nq, p.uq xy hwpFill.FJmb.g qhpgqwb t wb.tCJi2wuihu mwtlimtwltti. hqpm.tC, 
npmhIJ.ti.g wtJipg qm.pu t qwtJiu: 

Cl,n1m.F1mu m.b.p. npnzwqp. mp.pntJF· npmhri gb.qb.nq qwzmg qm.mwqqmtC­
lnqm.uwb.nttC t: Cb.q npm.tC W]q mp.pm.F1m.tC qwzmp. tmpqwbntFJWb. wpdhpg qwiulJ.wb 
t qp.q_ hqmpp.q mwtlimtwltti. mpwtCwqbp. u gb.qb.nq wtJipp. hpqwpm.FJWb. l}i.nluhwpwph­
pwqgm.FJmb.p.g b. wnqw t w1q hwpwphpwqgntFJWb. ouimP.tCmt mp.pntJF• opp.b.wq 
b.qwpnttC uiwmqhpqwb c) qhuwP.b. hwtCwuiwmwuiuwb.: 'llhmp t b.zht. np lnlJ.m.uwgtCwb. 
mp.pmJFP. ajip.pg b.ntJb.lll hu qwlulJ.wb t mpwtCwqbp.g, b. nppwb. tChb t mpwtCwq}lbg 
WJb.pwb. wqhtJi hhnm. t W]q qti.ppg: \,qwp 7-mtC uiwmqhpqwb xy hwpFntFJmb.nttC 
qwzmp. pwzlutCwb. lmb.qgp.nb.uit mhupp. uiwpqwpwb.tCwb. hwtCwp uiwmqhplJ.ht t 
FlJ.w1P.b. hwzqwpqb.hpnq umwgqwb nwqp.wl lJ.wiulJ.w®tFJWb. qwppg b. hwtChtCwmlJ.ht 
wuipnpup.tCwgqwb Phuuhuwb. lmb.qgP.w1P. hhm: Phuuhuwb. lm.b.qgp.wb. gb.mlJ.ht t 
hwzlj_p. wnb.htnlJ. hwtCwqwpq}l qtmb.w1P.b. up.tChmpp.wb.: Umwgqwb hwtChtCwllliltFJmb.g 
b.hpqw1wgqwb t b.qwp 8-mtC: 

14 

0 ,8 , - 84'stel_functlon(JO) =-1 
o. 

1.s '·' 

0.6 

\,quip 8. f<hlw1P.b. hwzqwpqb.hpp.g umwgqwb qhqmpwqwb. qwzmp. tmpqwbm.FJWb. 
nwqP-wuwziulJ.wbm.FJWb. mhupg b. qpw hwtChtCwllliltFJmb.g PhuuhtJi qpn]wqwb. 

lm.b.lJ.gP.w1P. hhm, wb.tCP.2wui hu qp.q_ hqmpp.q mwtlimtwltti. tCwq hpb.ntJFP.b.: 

f'b.~ui hub. uuiwuqm.tC tp, pwzlutCwb. lm.b.qgp.wb. pwqwqwb.p.b. tmlJ. wuipnpup.tCwg­
qm.tC t PhuuhtJi qpn1wqwb. qwpq}l lmb.lJ.gP.w1nlJ., hwzlj_p. wnb.htnlJ. qtmb.w1P.b. 
up.tChmpP.w1P. wnqw1m.F1m.b.g: 2.hmwppppwqwb. t b.wu mum.tCb.wup.pht mwtlimtwltti. 
lnlJ.muwgtCwb. hwmlJ.ntFJmb.b.hpp. lJ.wiulJ.wbm.FJntb.g qpw qp.q hqmpp.qwqwb. FWl}i.wb.­

ghtmFJmb.p.g, b.qwp 9: 
Cl,n1m.F1m.b. mb.P. 11P.qhqmpp.q FWl}i.wb.ghlJintFJWb. wpdhpb.hpp. npnzwqp. wzluw­

mwb.pw1P.b. mp.pm.JF• npm.tC qp.mqm.tC t lnqm.uwgtCwb. hpb.ntJFl!= U1u hwb.qwtCwb.pg 
pwgwmpqm.tC t b.pwb.nq, np l}i.npp qp.q hqmpp.q FWl}i.wb.ghlJintFJWUp tCJi2wlJ.w1pnq 
wb.gb.htJiu (phqqhtJiu b. gpqhtJiu hqphp}lg) b.wlu gb.qb.nq hwpF wtJipg mb.hb.nttC t l}i.npp 
wb.qpw11wpcmttCb.hp b. hplJ.pnpq' twui hu ~ l}i.nl}i.nlulJ.mtC P.11 qwppg wb.gtCwb. nhdp.tCm.tC: 
'lp.q hqmpp.q FWl}i.wb.ghtJim.FJWb. tChbwgm.tCg phpm.tC t b.pwb., np wqhtJi humwq hb. 
0..1.iwqnpnttC :bphb.htJi qnmp.b.hpg qp.q_ hqmpp.q tCP.2wlJ.w1pm.tC: 

,_. 

l .S 

2S 

1.5 

o.s 

\,quip 9. I:thJimpwqwb. qwzmp. tmpqw®tFJWb. tCnqnttJi pwziumtCg yz hwpFm.F1m.b.nttC 
qtmb.w1P.b. 11P.qhqmpp.qp. mwpphp 11P.qhqmpp.q FWl}i.wb.ghlJintFJmb.b.hpp. 11huipm.tC: 
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bQf'UqU8fi1'~n~~~bI' 

UIDhb.w]unumFJlllU 2P2wb.wqb.h)llluI qwIDuiptJ.wo hhIDwqnIDnt.FJnt.b.b.hpg gm]g 

h\J. IDtl_ht. np OwqnIDqh\J. l}pqhqIDppq quinmgtj_uiop\J.hpp hpUUlU lJ.pui quiphlJi l: UJ.UlID­

JlUlU\Ilhl t:p:phqIDPlJ. phnw2P2P~· tlpti\mt.]b. duitlwb.wq gm]g l: IDptj_wo, np \mqb. qwnmg­

tj_wopb.hpp tlp2ngntj_ qwphlJi l: qwnmght hwpF nuUJ.b.Juiqb.hp ti ppwqwb.wgb.ht pb.IDhqp­

tlwb. qnp(Tgb.Fwg, UIJUUJ.puntj_ tip qwnmgtj_wopmtl hwtlwIDhIJ. ht q hqIDpwtlwqb.puwqwb. 

wUipb.hpp IJ.hqwtj_wptlwb. IDwpphp qnpouinnt.JFb.hp pb.nJlll2 nuUJ.b.Juiqb.hppb., ptihnwzp-

2P~b.hppb. ti, qIDp~b.hppb. : 5nt.]9 l: IDptl_ht, np hhIDuiqnIDtj_IlIJ. owqnIDqhb. qwnmgtj_uiopb. 

UlUJ.WhntJ.mtl l: ptihnwgtlwb. UJ.illnt.JIDP wtJ.hlJi tlho wb.ll]mb. IDllJmt tlp2wtJ.w1pntJ. wlJipp 

wtJ.hlJi '1ml211 6:wb.uiUJ.uiph wb.gb.htm UJ.U1pwqw1mtl p hwtlhtlui\fl wtj_wlil}wqwb. 

ptihnw2112p~b.hpp p hwzM 1!PqhqIDppq FWl}lwb.ghlJint.FJUlU Fhb.qnpp gwb.qwUi 

wuptlhIDppq qnb.:ppqnt.puigpwb.hpp UlUJ.Ulhntj_tlwb. zlinphPtJ.: UIDwgtJ.ht l: b.wli 

2112wb.w&ti ptihnwgmtl, npg zwID qwp\mp l: tlpqpnwUii;iw1pb. IDppmwmu, hwIDquiUJ.hu 

quiUJ.p ntnp\flllt.U, pb.~UJ. hu b.wti wppwb.1wqw1pb. quiUJ.p hwtlwp: ZmJIDUUlphptJ.ht l:, np 

hwtlhtlwIDwpwp gwop uip1lJmb.wpwp 1!PqhqIDppq Fwl}lwb.ghlJint.FJWUp (E<4), wUii;ip 

hpquipnt.FJUlb. qwpqp ~wl}lh)llltj_, npUJ.hu tlhIDmb.Jnt.F OwnUlJilIJ. 2D wb.pqnIDpnUJ.nt.FJU1Up 

hwpF owqnIDqhb. zhpIDg quiPilIJ. l: OUlnUlJht npUJ.hU 2Jl2nIJ. ptihnwgtluitlp nUUJ.U]Ulqui]pb. 

wb.IDhb.w: L.wpF l}pqhqIDppq nuUJ.b.Juiqg qwphlJi l: qppwnht SL.g ti pb.:ppwqwptlpp 

IDppnt.JFb.hpmtl gb.l}nt.b.p~b.hpp qqui]b.nt.F]nt.b.g pwp&pwgb.htm hwtlwp: 

OwqnIDqhb. 1!PqhqIDppqb.hpp owqnIDqhb.b.hpp luIDnt.FJUlU l}ln$nJunt.FJU1U 

tlp2ngntj_ qwphlJi l: IJ.hqwtj_wpht hwtlwqwpqg, gb.l}hui\mt.p t:p:phqIDPlJ. 1!PqhqIDppq 

FUll}lwb.ghllint.FJUIU Fhb.qnpt!, hw6:wlunt.FJnt.b.b.hpp LWJU IDppnt.]Fnt.U: OwqnIDq hb.p 

~wl}lhpg '1mluhtntJ. qwphlJi l: U\flUlUUll IDU1pphp ~wl}lhpp-hUlu\flnt.FJnt.b.b.hpp zhpIDwtj_np 

tlp2wtJ.w1php, puq npnzwqp ~wl}lp duitlwb.wq uIDwb.uit :pn\flllb.pq wpqhttJ.uio qnIDp, 

w1upb.pb. ppwqwb.wgb.ht UlJb.UJ.Pup :PPLIDJl, npp tip hwIDtj_wog pwg \iFilIJ.b.p tlpui]b. tlhq 

UJ.pIDwb.p hw6:uiJunt.FJnt.b.b.hp ti qUJ.IDIDp ptihnwgmtlg, puq uimu hwIDtj_wog 

qwb.l}pw11wp&b.p hw6:uiJunt.FJnt.b.b.hpg, pb.~UJ. hu b.wti nuUJ.b.Juiq quipllIJ. l: lJib.ht. UI]upb.pb. 

gb.l}Ilt.b.p~mtl qqnt.tluiptJ.P pb.IDhb.uPlJ.nt.FJnt.b.g: 

UtlpnIJ.2nlJ.Pb. 1!Pq hqIDppqwqwb. tlhIDuib.Jnt.FP oq\mt.FJUltlp ppwqwb.wgb.htntJ. 

hpqpnp11wJlib. UlIJ.P]nt.pb.hpp l}lnqwhwtlw&ui]b.hgtj_wo pwzlumtl, qwphlJi l: U\flUlUUll 

wnw2b.w1pb. 6:wnwquiJFUUlb. nLIJ.IJ.np11tJ.womFJnt.b.g ti hnupp luIDnt.FJnt.b.g qhpwqwb.gllIJ. 

nLIJ.IJ.n1111tJ.wo 6:wnwqw1Fmtl: 

fiUll}Ulpb.hpmtl, wpwqwgmgp~b.hpmtl , UJ.lUlqUuiIDpnb.b.hpmtl ti Ul]l tlho hqnpm­

FJUlU UlIJ.P]nt.pb.hpmtl &tiwtj_nptj_wo 6:wnwqw1Ftlwb. qwnwtj_wptlwb. hwtlwp wb.hpw­

dhz\fl qui]nt.U ti 1!Ptlwgqmb. ptihnuigmgp~b.hpg qwphlii l: UillhIJ.Oht owqnIDqhb. 

uiphhUIDUlqUlU qhpuitlpquiqui\J. qnp1!PhppIDpg, np\J. U1Wp l: g\J.q\mt.U $npp 1!PqhqIDppq 

qnpmuIDb.hpntJ. ti 2hptlw1pb. glil}wp&wqtlwb. qnpowqgntj_: 
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CAPfCJIH APMEH 

l1CCJIE,ll;OBAH!1E ,ll;BYMEPHbIX ,ll;l13JIEKTPl1qECKI1X TIEPl10,ll;l1qECKI1X 

CTPYKTYP ,ll;JIR Ml1KPOBOJIHOBbIX TIPl1MEHEHl1YI 

AHHOTA~l1JI 

l1ccJie,llOBaHHJI, rrpoBe,lleHHble B paMKax ,llHCCeprau;HH, IIOKa3aJIH, 'ITO Ha OCHOBe 

rropHcnrx .z:IH3JieKTPH'!eCKHX CTPYKTYP MO)l(HO co3.z:1an, 34>4>eKTHBHblii: rrorurpH3aTop, B TO 

JKe BpeMH rroKa3aHo, 'ITO c HCIIOJih30BaHHeM Tex JKe CTPYKTYP MO)l(HO IIOCTPOHTh IIJIOCKHe 

JIHH3hI H ocyru;ecTBHTh rrpou;ecc HHTerpau;HH, o6'he,llHHHB TaKHM o6pa30M B O.z:IHOH 

CTPYKrype pa3JIH'!H1>re cpyttKIJ;HH KOHTpoJIH 3JieKTpOMarHHTHblX BOJIH, xapaKTepH1>re ,l\JIH 

JIHH3, IIOJIHPH3aTOpoB H cpHJihTpoB. 

TioKa3aHO, 'ITO HCCJie,llOBaHHaJI rropHCTaJI CTp)'Krypa o6ecrre'!HBaeT 6oJihIIIHH yroJI 

IIOBOpoTa IIOJIHPH3au;HH rrpH 6oJiee KOpOTKOM rryTH BOJIHbl qepe3 ,llaHH)'IO cpeey IIO 

cpaBHeHHIO c TPa.z:IHIJ;HOHHhIMH IIOJIHpH3aTopaMH 3a C'leT 06ecrre'leHHJ1 JKeJiaeMblX 

aCHMMeTPH'!HhIX KOHcpHrypau;Hii: TeH30pa ,llH3JieKTPH'leCKOH rrpOHHu;aeMOCTH. 

TaKJKe IIOJIY'leHa KpyrOBaJI IIOJIHpH3aIJ;Hll, 'ITO O'leHh BaJKHO B CBq-,llHarra30He, ,llruI 

crryTHHKOBOH CBJl3H, a TaKJKe B aHTeHHax CBJl3H. 

06HapYJKeHO, 'ITO .z:IBYMepHbIH aHH30TpoIIHhIH IIJIOCKHH rropHCTblH CJIOH c 

OTHOCHTeJibHO HH3KOH 3cpcpeKTHBHOH ,llH3JieKTpH'leCKOH rrpoHHIJ;aeMOCThlO (E<4), 

pa3MepaMH rropH,llKa ,llJIHHhI BOJIHhI, ClIYJKaIIIHH MeTaMaTepHaJIOM, MOJKeT CJIYJKHTh 

JIHH30BOH aHTeHHOH o6paTHoii: IIOJIHPH3aIJ;HH. 

TIJIOCKaJI ,llH3JieKTPH'leCKaJI JIHH3a MO)l{eT 6b!Th HCIIOJib30BaHa ,llruI IIOBblIIIeHHJI 

qyBcTBHTeJI1>HOCTH rrpH~HHKOB B Tfu; H HHcppaKpacHOM ,llHarraJoHax. 

3a C'!eT H3MeHeHHJI IIJIOTHOCTH rropHCThIX ,llH3JieKTPHKOB CHCTeMa MOJKeT yrrpaBruITh 

TeH30pOM rroJfHOii: 3<l><l>eKTHBHOii: ,llH3JieKTPH'!eCKOH rrpOHHu;aeMOCTH B IIIHpOKOM ,llHaIIa30He 

'!aCTOT. 

l13MeHJIJI pa3Mep rropHCTa, MO)l(HO IIOJiyqHTh CJIOHCThie cpe,llbl pa3Hb!X pa3MepoB H 

TO~HH, a rrpH orrpe,lleJieHHOM pa3Mepe IIOJIY'IHTh cpOTOHttylO 3arrpem;eHtty10 30tty, TO eCTh 

peaJIH30BaTh TaKOH <i>HJihTP, O,llHa qacn, KOToporo 6y.z:1eT BhI,lleJIJITh TOJihKO IIO,llXO,llJIID;He 

HaM qaCTOThI H 6y,lleT BpaillaTh IIOJIHpH3aIJ;H10, a ,llpyraH qacn 6y.z:1eT OTP~Th qacTOTbl, B 

TOJKe BpeMH MOJKeT CJIYJKHTh KaK JIHH3a, TO eCTh HHTeHCHBHOCTh Ha rrpHeMHHKe 6y.z:1eT 

CYMMHpoBaT1>CJ1. 

PeaJIH30BaB CHHxpoHHOe pacrrpe,lleJieHHe BTOpH'IHblX HCTO'!HHKOB c IIOMOID;blO 

IIOJIHOCThlO ,llH3JieKTPH'leCKOrO MeTaMaTepHaJia, MO)l(HO IIOJIY'IHTh HarrpaBJieHHOe 

H3JIY'leHHe, rrpeBb!IllaIOID;ee HarrpaBJieHHOCTh H IIJIOTHOCTh IIOTOKa rrepBH'lHOrO H3JIY'leHHJI. 

20 

CTa6HJI1>H1>re H ,llOJiroBe'lHhie IIOJIHPH3aTop1>r, Heo6xo,llHMhie ,llruI yrrpaBJieHHe 

H3JIY'leHHJI B pa.z:1apax, ycKOpHTeJIHX, rrJia3MOTpoHax H ,llpyrHx HCTO'lHHKax 60JihIIIOH 

MOID;HOCTH, MOryT 6b!Th H3rOTOBJieHbl H3 rropHCTOro HCKYCCTBeHHOro KepaMH'lecKoro 

KOp,llHepHTa c HH3KHMH ,llH3JieKTpH'!eCKHMH IIOTepllMH H K03cpcpHu;HeHTOM TeIIJIOBOro 

pacIIIHpeHHll. 
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INVESTIGATION OF 2D DIELECTRIC PERIODIC STRUCTURE FOR MICROWAVE 

APPLICATIONS 

ANNOTATION 

The research conducted within the framework of the dissertation showed that an 

effective polarizer can be created based on porous dielectric structures, at the same time it 

was shown that using the same structures it is possible to construct flat lenses and 

implement the integration process, thus combining in one structure various functions of the 

controling of electromagnetic waves, characteristic of lenses, polarizers and filters . 

It was shown that the studied porous structure provides a larger angle of polarization 

rotation with a shorter wave path through a given medium compared to traditional 

polarizers due to the desired asymmetric configurations of the dielctric permittivity tensor. 

Circular polarization was also obtained, which is very important in the microwave 

range, for satellite communications, and in communication antennas. 

It was found that a two-dimensional anisotropic flat porous layer with a relatively low 

effective permittivity (e<4), with dimensions on the order of a wavelength, serving as a 

metamaterial, can serve as a reverse polarization lens antenna. 

A flat dielectric lens can be used to increase the sensitivity of receivers in the THz and 

infrared ranges. 

By changing the density of porous dielectrics, the system can control the tensor of the 

total effective permittivity in a wide frequency range. 

By changing the size of the porous, it is possible to obtain layered media of different 

sizes and thicknesses, and at a certain size to obtain a photonic band gap, that is, to 

implement su~h a filter , one part of which will select only the frequencies suitable for us 

and will rotate the polarization, and the other part will reflect the frequencies, at the same 

time it can serve as a lens, that is, the intensity at the receiver will be summed up. 

By implementing a synchronous distribution of secondary sources using a fully 

dielectric metamaterial, it is possible to obtain directed radiation that exceeds the directivity 

and flux density of the primary radiation. 

Stable and durable polarizers required for radiation control in radars, accelerators, 

plasma torches and other high-power sources can be made from porous artificial ceramic 

cordierite with low dielectric losses and thermal expansion coefficient. 
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