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UlllbuwtunumraJWU rabt.lwu hWUlllWllllj_b[ t bruwup LI.jblllw4wu hWUW[UWJ1WUmt.1: 

c+plllw4wu 11b4wlJ.wr' '.p.t.l.q..fl.., LI.jJ1n'.pbunr U. ct. Pwpw2wbjwb 

'l)w2lllnuw4wu (!Uf1.f1.pt.lwtunuubr' lll.q..fl.., L4J1n'.pbunr lf. S. ll.Jtlwcuwb 
lll.q..fl.., LI.jJ1n'.pbunr '-l. <. Utlli111pujwb 

Unw2wl11WJ1 4wqt.lw4bJ1LI.jnLfUJnLu' << q.uu rl-w11'1n~pqjl4wJp 11 tLli411111nbji4wJp 
pbu111p111m111 

'l)w2llll.4wumraJmu[! 4wJwuwtm t 2022ra 11-b4lllbt.lpbrji 1 o jiu ctwt.I[! 12:00 jiu bruwuji 
LI.jblllw4wu hwt.lwtuwrwumu q.nron11 Pnlj-ji 049 '.pjiqji4wJji t.lwuuwqjilllw4wu 
tunrhr11-ji ujiulllmu: <:::wugb' U. Lfwum4Jwu 1, bruwu 0025: 

UlllbuwtunumraJWU[! 4wrbtji t owunrawuwl b'l).:'.: q.rw11-wrwumt.I: 

Ub11uwq.jiru wnwulJ.wo t 2022 ra. unJbt.lpbrji 1-jiu: 

Lf wuuwq.jilllw4wu tunrhr11-ji 
q.jilllw4wu JJWJ1lllnLf1WJ1' ~ '.p.u.q..ra .• 11-ngbulll 

'-l. "' · .f!wLwbpW(ljWb 

TeMa J1HCCepTa1.u,111 yrseplKJ1eHa B EpesaHCKOM rocyJlapcTBeHHOM yttHBepcHTeTe. 

Hay'IHb1.i1 pyKoBOJ\HTenb: 

Oq>Hl\HlUibHble onnotte11Tb1: 

BeAYtnaJJ oprarm3al\HJI: 

Jl.<j>.M.H., npocj>eccop A. JK. 6a6Mll\3HHH 

,n.T.H., npo1peccop M. n;. AiisaJHH 

,U.T.H., npoljleccop B. r. ABeTHCHH 
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cnel\HMH3Hposam1oro coseTa BAK 049 no cj>HJHKe npH Epesa11cKoM rocy1wpcToc11110M 
y1msepCHTeTe. AJJ.pec: A. MaHyKJ11rn 1, EpesaH 0025. 
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AsrnpeljlepaT pa:30cnaH I HOll6pll 2022 r. 
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K.ql.M.11., Jl01\CllT 

B. n. KaJJaHTapHH 

UthJUSU"L.f!t> C"L'l-<U"Ln "r P"LnMcU q.ttrc 

U2tuw111wtipb wrmbw~wtim@Jmbn 
c+jilllnLfOJWU qwrq.wguwu ctwuwuw4w4pg tnbuf1.bugubJ1Q hwuq.bgunul un r 111 

4btJuwlJ,wtJ LI2WLIWljnLf3JnLU mubgnri. wnwug UbJ1[0WlflWUguwtJ (non inva~tv<~) 

hbtnwqntnuwu ubranf1.UbJ1p wuhrwctb2tnrnjUJWU: t:tb4tnJ1Wt.lwq.ujiuwljwlt lll (ppl1l pl1 
LjjirwrmLU(! LI. upljJ1nWLPJ2WJpLI UlpJ1nLJjanLU q.nron11 nbqnuwUlnJ1uupp 1.l7L11 lp111l p 
ULI.jWUl11nLU bu wnwug ubrrawl{lwuguwu, tirwljwu ctwt.lwuw4mt.1 ul.lu un rld1p l1 

qwrq.wguwur.: Uuhwrctb2U1nLf3JnLU t fl.WJ1Clb[ mubuwl ubo [nLOmuwlj nquJLULlp 

wulj_uwu f1.pLI1wrljuwu hwuwljwrq.br, nrnup 44tirwml,bu WJuL4tiuti ntnr1J1t1L.p n11l, 

titi2l.4rutiu bu pct24mraJmuf:!, uuu11-ti wr11-JmuwpbrnqaJmLi[! u WJLu [1] : 
Swrpbfl br4rw2wlfiwljwu Ljwnmglj_wouubpnlj_ upljpnwltipwjptl nbqnuwu1n puhpp 

4wpn11. bu hpup hWUf).pUWUW[ µct2Ljwljwu ubuunpubpp u2wljuwu hwuu.p UJll 
U1buw4ti ubuunpubp[! Ljwpn11 bu ownwjb[ npL4bU WUhLI.jnLU q.um4mlulllp Lp, LI. r111wt•r. 

Ljwpunp u2wuwljmraJmu mtibu 2w12wrwtutnnlj_ hplj_wu11-ubrti iiwdwr: bpp 
tJjiljpnWLPJ2Wjpu nbqnUWl11nJ1Ub!1Q Oq_U1Wqnrolj_mtJ bu nrl.4bU ubtw 11 pul1p, 

l{lnpClwpljll,nrt UJnLfUQ, nrQ LI.jbU1j;l t 2wl{1Ll,'1. 2lfilJ.mu t nbqnuwU1nrji qqwjtuljwl! 4 1H1H ll 

hbU1 u, hbU1uwpwr. nbqnuwtiuw1tiu hw6wtumraJwti U1b11w2wpd[! u hu.uwlj u1pqji 
l{lntuwtiguwu u WU!1Wf).WpMwu LI.jW!1WUbtnJ1bl1Q l{lntulJ.mu bu ' Ljwtul{wo lJllm/11 
h WLI1ljmra1mti'ubpp l{lnl{ln tu mraJm'upg: 

U2tuwLI1w'upnul wnw2wrlj4.bL bu nbqnuwU1nrtibr. nrntii;i mubu wnw2tiu LjU111qt1 
.:::PLPb!1U1JWU 4nrn4_, pwnwljmuw1pu, Ljplj'uwljp i;iwnwljmuwjp'u u LI.jWpn111wl\li 

b11Ljrw2wl{lwljwu Ljwnmglj_wo12ub11: Unw2wrljlJ.n11. ujilj11nwLti12wJji'u nbqnuwtnnrt1l1p p 
OL4U1pujiqwg4_bt bu ljbuuwpwuwljw'u tmbmJranul q.umljnqwJr tuLI1nq.1J1 11l1 

2wlfimutibrmu pwrClr qq.w1mumraJmti uU1wuwtm hwt.lwr : U1111-Jmti12ub11Q gn1J9 uli 
U1WLPU, np WJU U1buwljp nbqnuwtnnrub!1[! U lJ,ppwnl{nfl Ub[anf1.Ub!1Q Ljwrnfl till 

'uL4wuLI1bL wnwug 'tJbprawlfiwugt.lwu q.umljnubU1pbr'1 qwrq.wguwu[!, jiulj pd2U,n1r.11tul1 

Ub2 ubpljWJpU q.umljnt.lbll1!1bJ1Q Ljw[lnrt bu lflntuwrptJqbL tirwljwu cJWULUuUJljnlll 
2wl{lmt.l'ubp Ljwtnwrnrt wlJhUjmt.l u wlJ.bLti hwruwr q.umljnubU1rbrmt: 

t°'pwljw'tJ cJWUWUWLjnLU t[bljU1J1WUWq'tlpUWLjWU (t:lf) fl.W2U1b!1ji qpw\.igtlu1l1 
wnwug lJbp13wl{lwugt.lwu 2b11t.lwwnwClq.wljwlJ OLI.jll1pljwljwu pUl")pljwu111111Hj 

uwurwf1.pl11WljQ (QUOl">Lf) htiwrwl{nrmraJmlJ t l11WLPLI mumuuwujirLt lJ 

WJ1U1WlljWU1ljbrbL up 2wr12 Ljwpunp u2wtiwljmra1mu mubgn11 UJnqalirl1 [1 

Ljwnmglj_wopubrti tfintuwfl.bgmraJm'uQ tLblJtnrwt.lwq.ujiwljw'u 11-w2tnbrji ht11n , 

upljpnwtti12w1tiu LTlpl1nLJ[3nLU: QUOrlf-'1 wnw'uCltiwhwLI1LjmraJm'uubr'19 t.lblju LUJll I,, np 

hwuwljwrc+r:! huwrw4.nrmra1mu t LI1wLtiu tirwljw'uwg'ubL w'uhLI.jmt.l qnuriwllnp1111l 

hw6wtumra1muuarr LWJu tnppm1ranul, tiu2u J; Pfi htir~ro WlljWnnq~m 

tiwunljwnmglJ.woptibrti lJ.wri;iti wlJ.blti uwurw4 m~r.f:T!tlll1t'e~ r G .: 

611611KG16Ha4>i:31i~8CLOr 

.J/6 (/J · ·· O) 
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hbmwqnmnqaJmuubrnuI umwglj_wo Wfll').Jmupubrr hpuwu 4.Jiw huwrw4.nr t QULnflbL 

Lnl{jW[ uwunl.jwrimglj_wopubrr hwuwr UWU[lWl').pLnuwu wubUWW[11').JnLUW4_bm 

hll;l6wtumraJntu[l_: 

Uju w2tuwmwupmtJ uwuuw4_nrw1.4bu hbmwqnm4.hL bu wotuwouwjpu 

tJwurwrabLbrn4. l.jntJuinqwpLnwJpU UJmrar wupqmnrn1.4pwu, q.rw~pmb 

UjWflpbrwl.jwu h4Juwl.jwrq. mubgnri. UJmrar LI. LnW[lpbr 4mr4_wopubr mubgnri. 

pUIJ.~mtJ-wuwq oi;iur'l-P (f-IUO' ITO) . pwrw4 rawri.wuraubrmu tlJ 11-w2mr 

pw2tu4.womraJmuubrQ: <wml.jw1.4bu wotuwouwjpu tJwurwrabLbrpg l.jntJuinqpmWJPU 

UJmraQ ubr4wJwgumtJ t hbmwnrnrmraJmuubrr LWJU 2r2wuw4' 4wui4_wo 11-rw 

wupqnmrnu.i tLb4mrwl.jwu LI. ubtuwupl.jwl.jwu hwml.jmraJmuubrtJ hbm: 

¢n[10W[1W[1Wl.jwu u Unl').bLW4.nruwu W[11').jntUpUb[1p hpuwu 4.Jiw hWULnWLT14_bL t, nr 

LltJ4rriw[tJs;iwJru 11-w2111r pw2tuuwu ubtuwupqtJQ ubowuibu 4wtu4_wo t wotuwouwJpu 

uwurwrab[b[lp wul.jjmuwjpu l.jnri.tJunrn2npupg, LI., hb111U.wpwf1, l.jnuuinqp111wjpU UJnL(a[! 

tJpl.j[lnWLflQUJJpU LnflflnLJ(anLU q.nromu t nruibu tlJ pubnwgmgpl l.jwu t4rwuwgmu: 

tlJ 11-w2mr uti2ngn4_ UJmrar hw111l.jmraJmuubrQ 4.brwhu4bLm muwl.jmraJntU[! filnLJL t 
LTIWLPU u2w4bl ri.h4w4.wr4.nri. UjW[1WUbLT1[1bf1n4. uwrnbr , ruluirurn bu 

ufil.jrnw[tJQWJflU ~flllTl[lb[lb[l[!, nrnugmu UW[ls;lb[lp w2tuwLnWUQWJpU UjW[1WubLn[1b[1[! 

4wrq.w4_nrhLr w 4rrwn4_wo ri.h4w4.wrt{nri. W[1111Ws;lflU uwq.upuwl.jwu 11-w2111r 
up2ngnt{: f'1 2unrhfit{ ubo [ntOmuwl.jmrawu u pw[10[1 qq.wjntUnLf3JWU QUOJ-ilJ-[! uwu 

tJbo ubrmc:t t gmgwpbrmtJ q.rw~rmb uiwrphrw4wu 4wnmgt{wos;iw1ru uJmrabrr 

uti4rnwltJnwJru 4Lwuuwu ubtuwupquubrr pwgwhwJmLlwu tuuri-rrubrmu hwuwr: 

q.rw~plTlp UjW[lpbrwl.jwu l.jwnmglj_wbp[! 4wrnri. t OWJ1WJbL nr1.4bu LW4. 

Llpljrnw[tJs;iwJru 4Lwurl riwquwl.jwu 4rrwnmraJmuubrmtJ, nrmbri. nw11wrubrr 

4lwu1111 'UJnqabrQ (rl-~1./ RAM) unt{nrwpwr oq.mwq.nrot{mu opJbl.jm[! nw11-wrubrr 

hWJLTIUwr-t:rrmtJpg (aWQgUb[nt hwuwr: Qb[lUnL(aJWU U tlJ l').W2LnP pw2tumu[l_ [!ULT! 

L{inrl\wrwrwl.jwlJ Wf1f1JnLUput:rrr. tJti4rnw[tJpwjpU mrrmJramu tutium Ljinl{intu4.mtJ t' 
L1wtut{wo f-IUO-r l.jmrt{wos;iubrr wnwtJOuwhwml.jmraJmuubrtJg: 

nt2Wf1[1nL[3JWU bu wrc:twu[l uwu ublTIWl'J.Wl.jwu lJwunuwuu[ll.jub[1[!, nrnup p[1bug 

ntiutiw4wu upwgmraJmuubrr hbm upwupu mubu l.jwrunr 11hr UW[lf'lnL orq.wupqumu: 

Ur'l-r pc:t24mraJm'umtJ rrwl.jwuglj_mu bu pwquwrar4. hbmwqnmmraJmuubr LnW[1pb[1 
tH:iinwri.ubrfi uwunuwuu[ll.jubrn4. [ntOntJ(aUb[l[l pmc:tfll hw111l.jmra1muubrfl 4_brwpbf1JW[, 

uwuuwt{nrwu.ibu wrowrar uwunuwuu[ll.jubrfi 6[12Ln tuLnmraJwLlp 2f1WJtiu [ntOntJ(a[! 

mup pmc:tfil u wtumwhwutil hwml.jmraJmU: Urowrar uwunuwuupl.jubrnt{ 2f1WJ[lu 

LnLOnLJj<l[! wrwq.wgumu t UW[lf'}nL uwruur 4.rw t{brnorti pmc:tuwu u.irngbu[l_: liuwu 

hwml.jmraJmuubrQ ubo hbmws;irs;irmraJmu bu wnw2wgumu wrawrar 

uwunl.jwnmgl{ylonubrnt{ 2f1WJflU [ntOmJralJbrfl mumuuwufiruwu lJl.jwmuwup: 

brl.Jwrati Li gpul.jp uwunuwuu[ll.jlJbfl[! UntJuu.ibu Llbo u2wuwl.jmraJntU mubu 21'1P 
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UWQ[1UUJU q.nramu: t-irbug bqwl.jr wnwuCluwhwml.jmraJmUubrr UjUJLn6wnntl br4wrar 

uwunLiwuupl.jubrQ [wJunrbu 4rrwn4_mu bu 2rmu awur ub111wri.ubrp hbnwgtlwu 

hwuwr: Pwquwrart.l mumuuwuflrmraJmuubr gmJg bu mlj_b[, nr g[ll1l1t1 

uwlrntJwutJ[ll.jubrr hwl.jwpwl.jLnbrrwL wl.jLnp4_mraJmDQ u.inLnbtigrwt 4rrwnmraJn1l1 

mur 2rr uws;iruwu q.nromu' pwrbtwt.lbtn4. 4bl'J.ll1W2f1brr nrwl.j[l_: 4.brnhp2JW[ le, I 
Lt Ag liwtJnuwutJpl.jtibrQ mtJbtJ Qti11hwtimr 4rrwnmraJmtJ' 4wu.i4_wo 2rwJrti tmbmiral1 

hblTI, Lt, hbLnuwpwr. 4wrunr tuti11tir l.jw 62q.f1plTI nrn2btm ri-rwtig tul/lnLjajntl.JtJupr 

2rwJ[ltJ tmamJraubrmu wtihu.imu ubran11ubrn4_: 

LfbLnwri.wl.jwtJ tJwtJnuwuupl.jtibrn4. [mOmJrar L{intuwqri-bgmraJmDQ tLJ riw2mLpl1 

hbLn htiwrw4.nr t mumutJwuflrbt ufll.jrnw[tJs;iwJrtJ nbqnuwlllnrtibrr lJ. .QUOrU 11 

ur2ngnt{ [3]: Oq.LT1Wlllq.nro4_wa q.nrorgwl.jwqu[! htiwrw4.nrmraJmtJ t LnWil1U 

WfllTIWLljWllll.jbrbL 2f1WjptJ [nLOnLJ(aUO[lnLU UOLTIWrJ.Wl.jwtJ uwtJnuwuurl.jtJbuupti 

tummraJw'u LjinljintumraJwt.Ip u.iwJt.Iwuwt{nr4.wa tlJ 11-w2mti ptJ111btiur4.mraJwl1 

L{inl{intumraJml.i[!, fll.Jl1.4bu tiwu turawumu t rrwl.jwtJ c:twwuwl.jmu wtJhuinu\ 

ubl.Junrtibrp umbri.Mwl.J[l_ nrntip l.jwrnri. btJ nrn2bt ublllWl'J.wl.jwtJ lJwlJnuwutitil.jtJLpt1 

tulllnLf3JnLD[! 2f1WJfll.J [nLCnLJf3Unrmu: 
ULT1btJwtunumraJwtJ ub2 tibrl.jwjwglj_wa btJ LnW[1pb[1 tJwtJnl.jwnmglj_wagtJbrti ' pwpq 

l.jbtiuwhbri.m4tibrr. tiwtintJwuurl.jubrr 2rwJrti tmamJra'ubrr Lt pwri.wri11Ju11 

l.jnuu.inq[llllWJ[ltJ DJmrabrr hb111 ur4rnw[tJQWJpU lll[l[lntJrar tlJ 'l-W2llllipr 
L{intuwq11bgnt[3JWD mumutJwuflrmraJmU[!: <:btnwqmnnt[3JWD htiutJwl.jwtJ qnrotip I. 

hwtJ11[luwgb[ uba [nLOmtJwl.jmraJwup lJ. hw6wtumraJmuubrfi [WJU llltlflnLJj'Clnttl 

w2f1JwLT1nl'J. QUOrlJ hwuwl.jw[lq.[!, flulu.ibu l.Jwu hblllwqntnnt(aJWU [!U[3wgpmu 

4rrwnlj_b[ btJ ur4rnwtrnwJrtJ nbqntJwLT1nrtibrn4. ur4rn2brtnw4.nr ubtJunrubr . 
nrnugn4_ rrwl.jwtJwgt{b[ bu l.jbtJwupwtJwl.jwtJ hwuwl.jwrq.brr wnwuy 

ubrrawl{iwtJguwtJ qntJ11w4.nrmu: 

Umhbwfunumpjwb biywmw~n 

ULT1btiwtunumra1wu tJu.iwlllwl.jtJ t u2w4bt LTIW[lpbr br4rwlwl{int[3JWU[1 

ur4rnw[tJpwj[ltJ Wf1f1JnLUwlj_blll nbqnl.Jwlllnrtibr 2rmu [nLat{wa DJmrabrr (q.um4nq, 

4brw4rr Wl'J. lJ. wnti) lJ. ublllWrJ.Wl.jwtJ tJwtJnuwutJ[ll.jtibrr (Ag, Fe, Zn) wnwu 

tibrrawl{iwtJguwtJ mumutJwurrmraJWU hwuwr: Smjg lllW[ 11-rwtiy 

Wf11').JnLDwt{blllnLf3JnLD[! nru.ibu uba [nLOntl.Jwl.jmraJWUp wnwug ubrrawl{iwuguwlJ, 

rrwl.jwlJ c:twuwtJwl.jnul ~rqrl.jwl.jwtJ lJ. l.jbtJuwpwuwl.jwtJ ll14_tiltibr : 

<blllwqnlllb[ l.jnuu.inqp111wJrti DJmrabrr wlJ[iqnlllrnu.i hwLnl.jmraJmtJtJLip11 

2bf1UWWnw/lq.wljwu Oll.Jlllpljwl.jwlJ UWD[1Wf1fllllwl.jnt{ U LljW[lqb[ 1")[1WD(j 

l.jprwnbltJmraJmU[l_ q.p111nLJClJWU lJ. lllbtuti[lljwj[l u[l 2Wf1Q ptJwq.wlj_wntJbrmu: 

nwmtJtJwutirbt Ublllwri_wl.jwtJ tJwunuwurtJ4tJbrn4. hW[1UlI1Wgt{wa hbri.ml.jtJLpti 

uwunl.jwnmgt{wapwjpu hwllll.jntJC!JnLDUbfl[! QUOrlJ lJ. Llti4rnw[pQwJtitJ nbqnuwtnnrti 
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oq.UnL[GJWUp' gmjg IJlW[nLl_ ljprwm{wo ubran11-ubrp wr'lJnLUWl{b1.11m13JmU[! nrUJbu ubo 
tmbmuwljm[aJWUp wnwug ubrrawl{lwuguwu qnu11-wl{nrnri. hwuwljwrq.br : 

q.b111w~wti tinpmJtal! 

LJbr 4nri.urg u2wljl{wo Llr4rnwtrRwJru Llr4rn2br1.11wJpu nbqnuw1.11nrubrr 

4rrwnuwup rrwljwuwg4_bt t 2rwJru tmbmJraubrmu q.umljnqp tu1.11mraJwu wnwug 
ubrrawl{lwuguwu Lin1.11wljw-11-w21.11wJpu 11-r1.11wrljmu: Oq.1.11wq.nrbbtn4. uum2r 

l{lntuwq11-bgmraJmu[! ttb41.11rwuwq.uruwljwu 11-w21.11brr hb1.11 , hb1.11wqn1.114.bt bu 2rwJru 

tmbmJramu q.umljnqti tu1.11mraJmuubrrg 4wtul{wo l:!u11-hwumr tmbmJrar tLJ 
hw1.11ljmraJmuubr[!: U1.11wg4_wo wr11-JmupubrQ hw4_wu1.11mu bu 4rrwnl{wo ubran11-r 

wr11-Jmuw4_b1.11mraJmU[! nrUJbU q.LJmljnqp Libo tmbmuwljm13JWUp LI. hw6wtumraJmuubrr 
[WJU 1.11prmramu u21.11w11-p1.11wrljuwu hwuwljwrq.br : .:'.:wuwljwrq.2WJpU uuwuwljuwup 

l.tu hpuuw4_nr4.bt t 1.114Jwt ubuunrubrr wr11-Jmuw4_b1.11mraJmU[! Lt 4rrwnbltimraJmU[!: 
lJt:;r ljnri.urg uwtuwq.ol{wo .QUOl">LJ-p Llr2ngn4_ hb1.11wqn1.114_t:it bu pwri.w'lrJWL 

UJmrabrr Lt t:LJ 11-w21.11brr l{lntuwq11-bgmraJwu wnwMuwhw1.11ljmraJmuubr[!: 

LJwuuwl{nrwUJbU hb1.11wqn1.114_bt t wotuwour uwurwrabtbrn4. pwri.w'lrJWL UJmrar 
2brLiwJpu Lt ttb41J1 r wljwu hwri.nr11-muwljmraJmuubrr wupqn1.11rnUJ hw1.11ljm13JmuubrQ: 

Cu1.11 l{lnrllwrwrwljwu Lt un11-btw4.nruwu wr11-JmuQubrr . Llr4rnwttinwJru 11-w21.11r 
pw2tuuwu ubtuwupqLI[! ubbwUJbu ljwtul{wo t wotuwouwjpu Liwurwrabtbrr 
wuljjmUWjpu ljnri.uunrn2mupg: UjUUjpunl{, pwri.w'lrJWL UJnL[G[! q.nromu t nrUJbU tlJ 

11-w21.11 r pl.tbnwgmgr2 ljwu t4rwu , Lir4rnwtrPwJru 1.11rrmJramu: q.rw~p1.11b 

UJwrµbrwljwu ljwnmgl{wopr Llr4rnwttipwJru 4twumLI[! wr1.11wUJw1.114br4.bt t 
wuhUJmLI bri.wuwljnl{' 4rrwnbtn4. .QUOrlJ-Q: Cu1.11 l{lnrllwrwrwljwu wr'lJnLUQubrr' 

Llr4rnwttipwJru 4twuuwu ru1.11buupl{mraJmUQ turu1.11 l{lnl{lntul{mu t ' 4wtul{wo 
q.rw~r1.11r UJwrparwljwu 4wnmgl{wonr Lt 6wnwq.wirauwu wri.pimrr 

hbnwl{nrmraJmurg Lt ljnri.uunrn2murg : UJu 1.11btuurljwu 4wrnri. t 4wrunr q.nrorR 
ttiubt hb11whwri.nr11-wljwumraJwu, 1.11bri.nrn2uwu Lt hwJ1.11uwpbruwu tuu11-rrubrmu: 

.QUOrLJ-r u. ur4rnwtrRwJru Lir4rn2br1.11wJru 11bqnuw1.11nrubrr 4rrwnuwup 
rrwljwu ctwuwuwljmu Lt wnwug ubrrawl{lwuguwu rrwljwuwg4_bt bu ub1.11wri.wljwu 

uwunuwupljubrnl{ hwru1.11wgl{wo 2rwJru tmbmJraubrr Lt t:LJ 11-w21.11r 
l{lntuwq11-bgm[GJWU mumuuwurrmraJmuubr : U1.11wgl{wo wr'lJnLUQubru hwu1.11w1.11mu 

bu 4rrwnl{nri. Lib13n11ubrr wr11-Jmuw4_b1.11m13JmU[! pwrllr tmbmuwljm13JwLip Lt 
hw6wtuwljwumtaJWU [WJU 1.11prmJramu Lib1.11wri.wljwu uwunuwuupljubrp tu1.11mtaJWU 

nrn2uwu tuu11-rrubrmu: <Pnrllwrwrwljwu ubran11-ubrr 62q.r1.11mraJmUQ hw4_wu1.114_bt 
bu uwU. ljw1.11wrl{wo hwuwljwrq.2wJru uuwuwuljmuubrnl{: 
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q.np6tiw~wti wpctbp[! 

U1.11buwtunum13JWU ub2 ubrljwjwgl{wo tuu11-rrubru mubu Libo 4r rw11wl1 wl1 

u2wuwljm13JmU Lt UjWhwu2wrlj 1.11wrpbr ntnr1.11ubrmu: lJwuuwl{nrwUJbU wnw2pt1 

q.ttumu Quuwrljl{wo 2rwJru tmbmJraubrmu Lt ljbu11-wup orq.wupquubrmu qu mljn<.!11 

ubo tmbmuwljmraJwLip upljrnwtrQwjpu qnu11-wl{nruwu ubran11-ubr[! huwrw l{nrnqaJnil1 

bu 1.11wttiu wnwug l{uwuuwu hb1.11wqn1.11bt 1.114Jwt ljbuuwpwuwljwu u2wuwlj mraJuil1 

ljbu11-wup orq.wupquubrt:! Lt 2rwJru tmbmJraubrQ Lir4rnwttipwJru hw6wtumraJmuubrr 
[WJU 1.11prmJ13mu: flU2UjbU uwl.t prwljwuwg4_bt t 4bu11-wup orq.wupqumu q.u m4n4J1 

tu1.11m13JWU nrn2uwu 2wl{lmuubr : U1.11wgl{wo wr'lJnLUQubru l{ljwjmU bu 1.114J u1t 

ubran11-ubrp ljprwnb[pnL[GJWU Ujn1.11bugpwtti Liwupu , orpuwlj , pct2ljwljwu ntnr1.11 mu: 

4prwnwljwu 1.11buwu4Jmupg hb1.11wpr12rr bu uwl.t wotuwouwJpu LiwurwralitLrnil 

4wnmgl{wo12r Lt q.rw~r1.11r UJwrpbrwljwu hwLiw4wrq.r ' Llr4rnwtr12wJru t:LJ 11-w;>1.11r 

hb1.11 l{lntuwq11-bgm[GJWU tuu11-rrubr[!: S4Jwt uum2ubr[! rrbug ljw11mgl{wopwJi 1u 
wnwMuwhw1.11ljm13Jmun4_ UjWJUWuwl{nrl{wo 11-ruunrmu bu unr LU 

hw1.11ljmraJmuubr , pu~ubt ubowgumu t urwug 11-br[! Lt ljprwnbtrm[GJWU ntn ru1p 

UuJUJbu, q.rw~p1.11b UJwrpbrwljwu hwuwljwrq.nl{ uJmrabrQ ljwrnri. bu 4r rwm[t 11 

nrUJbu LipljrnwtrQWJpu 4twup2ubr , ~rt1.11rbr , pulj wotuwouwjpu LiwurwraLi tLrm( 
pwri.w'lrJWL UJmtabr[! ljwrnri. bu hwu11-puuwt nrUJbu l{lm[WJPU ljwrq.wl{nrnq 

hwuwljwrq.ar Lt t:LJ pl.tb11wgmgr2uar ljwu t4rwu: 
-'2uuwr44.wb ub1.11wri.wljwu uwunuwuupljubrn4. hwru1.11wgl{wo 2r wJpl1 

tmbmj13ubr[! prbug Jmrwhw1.11mlj ppupw-~pqpljwljwu hw1.11ljm13Jmulibrr 2unrhl1L( 

mubu ljwrunr 4rrwnmraJmuubr ljbu11-wupubrr Lt uwr11-m orq.wupqumu: Urri l1 

pct2ljm13Jmumu rrwljwugl{mu bu pwquwrar4. hb1.11wqn1.11m13Jmuubr 1.11w r pLip 
ub1.11wri.ubrr uwunuwuupljubrn4. tmbnyraubrr pmctr2 Lt wtu1J1wh wu1 1} 
hw1.11ljmraJmUut:irp l{brwpbrJW[, uwl.t' 2rP uwnruwu q.nromu: .:'.:b1.11l.twpwr , ljwrunp 

tuu11-rr t 11-rwug tu1.11m13Jwuubrr wuhUJmLi ubran11-ubrn4. nrn2mLI[! 2rwJpl1 

tmbmJraut:irmu: Unw2wrljl{wo t brljm ubran11-ubru tt hw2nri.mraJwLip 4rrwn4_bt lil1 
2rwJru tmbmJraubrmu ub1.11wri.wljwu uwunuwuupljuubrr tu1.11mraJmU [! nrn2L.tn1 

hwuwr : 

lflW2U1UJWbmraJWtJ tJbp~WJWglj,nq hblllJw~wtJ 'l[!nL[ratJbp 

1. U11w2wr44.bt t 1.11wrµbr br4rw~wl{lmraJwLip Llr4rnwttif2wJru Llr4rn 2br1.11LuJl1u 
nbqnuw1.11nrubr pWfl.W'lrJWL ht:iri.mlj up2w4_wJrr hw1.11ljmraJmuubr[! hb1.11wqn1.11b 1ni 

hwuwr: .:'.:ptpbr1.11JWU ljnrr 1.11bunn4_ Lipljrn2br1.11wl{nr nbqnuw1.11nru brp up 2ngn1j 

2wl{l4.bt t q.um4nqr tu1.11mraJmUQ 0-250 uq./11-t 1.11rrmJramu 1.92 uq./11-t ul{wqw4 nql1 
hWJl.11UWpbr4_nri. tu1.11m[aJWUp: 4rljuwljp mri.ri.wu4Jwu 1.11bunn4_ Lipljrn2br1.11 wL(np 

nbqnuw1.11nrubrr ur2ngn4_ rrw4wuwg4.bt t wrbwrar Lt br ljuq.1!1 

uwunuwuupljubrr 2rwJpu tmbmJrar hb1.11wqn1.11mraimu : Urow rar Lt bpljuq.1!1 
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uwlmuwuurljubrr ul{wqwq.mJu ~w4Jbl)i tutnmraJmuubr[!' 
hwUWUjWtnwutuwuwpwr untn 1 uljq/[ i.J. 1.4 uljq/[, 2 LI[ owl{w[nl{ uum2'1 hwuwr: 

2. LJrljrnWL)ij2WJtiU ljrljuwljr UjW[lnLJ[lWJtiU tnbUJ2nl{ urljrn2b[ltnWL{n[l nbqnuwtnn[l[! 

gmgwpbrmu t pwl{wrwr qq.wJUnLtaJnLU ljbu11wur orq.wurqumu (in-vivo) 

q.umljnqr tutnmtaJWU nrn2uwu 4Jnrc'lbrmu wnwug ubrraw4Jwuguwu (non-invasive) 

untnwljw 'lW2tnr urljrnwL)i)2WJru ubrq.nromtaJWU ur2ngnl{: q.umljnqti 
ul{wqwq.mJU hwjtnuwpbrl{nri. tutnmtaJnLU[! bri.bL t 10 uq/'l[: 

3 . LJti4rwL)i12wJru tnrrmJramu 2bruwwnwc'lq.wljwti uwurw11rtnw4r 4rrwnuwup 

hbtnwqntnl{b[ wotuwoUWJPU PW'l.W'lJWL UJmramu untnwljw 'lW2tnr 

pw2tul{womtaJnLU[!: .Qbruwhwri.nr11muwljmraJmU[! uwurwrabLbrr mri.ri.mtaJWUp 

Untn 4.6 wuq.wu q.brwqwugb[ t 'l[lWUg nl'l.'l.WhWJW9 nl'l.'l.nLtaJWUp 

2bruwhwri.nr11muwljmtaJWU[! : LJrljrnwL)i)2WJpb 'lW2tnr pw2tuuwu ubtuwurqu[! 

ubOWUjbU ljwtul{wo t wotuwouwJru uwurwtab[b[lr wuljjnLUWJtiu ljnri.uunrn2uwu 

4Jn4JntumraJmurg . i.J. ljnuUjnqrtnwJru UJnLta[! q.nromu t nrUJbU tLJ 11w2tnr 
pi.J.bnwgmgrr 

4. .Qbruwwnwc'lq.wljwu uwurw'lrtnw4r 4rrwnuwup wnwug ubrraw4Jwuguwu , 

urljrnwL)i)2WJtiu hw6wtumraJmuubrr [WJU tnrrmJramu (8-14 q.(.g) hbtnwqntnl{wo 

wrowrati . brljwrar i.J. grurljr uwunuwuuruubrnl{ hwrutnwgl{wo 2rwJj1u [nLOmJrati 

tLJ hwtnljmraJmuubr[! tuutnnrbu ljwtul{wo bu LmomJramu WJ'l uJmrabrr 

tutnmraJmurg: '.2w4Jl{wo ul{wqwq.mJu hwJtnuwpbrl{nri. tutnmtaJnLU[!, nr[! hruul{wo 

t nrn2uwu q.nrowljrgr l{rw (R2) , Fe, Zn i.J. Ag uwunuwuuj1ljubrj1 hwuwr 

hwUWUjWtnwutuwuwpwr bri.bL bu Untnwl{nrwUJbU 1 uljq/[, 0.7 uljq/[ i.J. 0.6 uljq./[: 

U2fuwUlwupb bbp4wJwgnuin 

UlTlbuwt-unumraJwu hruuwljwu wr 11Jmu12ubr[! qbljmgl{bL bu bruwur 1.4blflwljwu 

hwUW[UW[lWUti '-trrwnwljwu t[bytn[lW'lj1uwurljwjj1 i.J. un'lb[wl{nruwu wuprnur , 

rJ.w11rn'.J:>tiqtiljwJr i.J. tLb4tnrnur4wJti wuprnuti, Ubml)i Unq.wuq. hwUW[UW[lWuti 

'.J:>rqrlJwJr '.j:iwljnL[lTlbtnr wnljw i.J. hbnwl{wr ubuj1uwrubrmu: 

<owwwow4muubp[! 

UlTlbuwt-unumraJWU rabUWJn4. lT1UjWq.r4.bL bu 13 q.tiUlwljwu w2t"uwtnwu12ubr. nrrg 
8-[!' uti2wqq.wJru q.tiUlwljwu hwu11buubrmu: 

UU1bbwfunum~1wti 4wnmg!J.wbp[! 

UtnbuwtunumraJmU[! pwri.ljwgwo t ubrwomraJmurg , brb12 q.Lmtuubrrg , 

bqrwljwgmraJmurg . hw1.4wl{mul.Jbrr i.J. 121 wl.Jml.J UJwrmuwljnri. q.rwljwumraJwb 

gwbljbrrg : U2tuwtnwu12mu wnljw bu 49 q.rw'.J:>rlj/Uljwr i.J. 4 wrumuwlj, j1ulj 

[!'tl11hwumr bw4.ww ljwqumu t 101 t2: 
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USbl.UtunUnf\.'3-3Ul. Pn4.Ul.'l-Ultnf\.f3-anf\.l.~ 

l.bpwbmpJmbnuI ubr4wJwgl{wo t ljwtnwrl{wo w2t"u wu1w\q1l1 

wr11rwljwbmtaJnLU[!, UUjWtnwljubru m tuu11prub[1[!, 1.4w2tn1.4wbmtaJWU bb[lljWJUtyljnq 

hruuwljwu 'l[lnLJ(UUb[l[!, utnwgl{wo W[l'lJnLUgubrr q.rtnwljwu unrnyra[! i.J. q.nrot111il1111l1 

wrctbgubr[!: 

Unw2pb cntunuI mumuuwutir4.bL bu 2rwJru [ntOmJraubrmu i.J. lj bl1 rp11l1!1 
orq.wupquubrmu q.umljnqti wnwug ubrraw4Jwuguwu urlJrnwL)igwJru qnu111mj np1l111l1 

ubo [nLOmuwym(UJWUp ubran11ubr[!. nrnu12 huwrwl{nrmraJnLU bu tnwl)iu UH1tt1l1q 

l{uwuuwu hbtnwqntnb[ tn4JWL ybuuwpwuwywu u2wuwynt(UJWU lj bliq111l1!1 

orq.wupquubr[! i.J. 2rwJtiu [mOmJraubr[! utilJrnwL)igwJru hw6wt"umraJmuubr ti 11•1Jl1 

tnrrmJramu [1 -SJ: 

1.1 UIWJlWqpw~nuI ubrljwjwgl{wo t ubrwowljwu wljuwr4 ur4rnwlfl pu 11!1lt 

tnprmJramu tlJ 11w2tnp 4tirwnmraJmuubrp uwuru : 

1.2 UIWJlWqpw~nuI uljwrwq.rl{mu t q.umljnqr lTIW[lpbr tutnmraJmul1 li p1111 

2[1WJpU [nLOmJraubrp hwuwr uwtuwUlbul{wo 4Jnrc'lwrwrwljwu utubuwu l1 
oq.Ulwq.wrol{wo q.nrotigwljwqu[! (l.lj. 1 ): 

PC 

1.4. 1: <Pnrc'lwpwpwljwu uwpgwlJ.nruwu ljwnmgl{wogwJru ljnu'.pj1q.mrwgrwu : 

q.umljnqti tutnmraJwu 4Jn4Jntuuwu[! qmq.[!urawg , 4Jntul{mu 2rwJru [mbn111.1l1 

ljnu1.4[bgu 11titLb4Ulrp raw4JwugbltimraJmb[!, nrt:! rr hbrraru pbrmu t hwuw4w 11q l1 
uj1yrnwttigwJru wrc'lwq.wugp 4Jn4JntumraJwU: VNA (Vector Natwork AnalyLc1) 11 
up2ngn4_ wpc'lwuwq.plJ.mu t hwuwljwpq.r wupw11wpMwu S11 i.J. wuguwl1 <.; ,, 
urljpnwttigwjpb 1.4wpwubUlpbp[!: <wuwljwpq.r upljpnwLtigwJpu wpc'lwq.wup[! gnqq I. 

tnlJ.bL ywtulJ.womraJmu uwi.J. uum2ti owlJ.wltig i.J. 2bpuwuUlr6wurg : 

1.3 U1Wf1wqpw~nuI uywpwq.p4_mu t ybu11wur orq.wurqurmu qur11 ltq l1 

tuUlnL(UJWU q.uwhwUluwu u1.4wtnwyn4_ uwtuwq.o4_wo 4Jnpc'lwrwrwljwu ut°u bll u1l1 11 
oqmwq.wpolJ.wo q.npopgwljwqtl[! (1.ilj . 2): 
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i..4. 2: ¢nrllwrwrw4wli ynu!j>pq.mrwgtiw1ti [!li11hwumr lllbUQ[! (uywu 1..4nrn): U2 
ubr11tirl:! gmjg t lllwttiu hwuwyw[lq.}WJPU uuwuwyuwu Unl'}b[!, WJUlLfUU 
tiui1..4bu w1u Wf1lllWlLfWlll4hrlJ.mu t HP HFSS-ti 1..4wlllmhwumu 

li4wr 2-ti ubr11tirmu 1..4wlllybrlJ.wo t u2wy4_wo uti4rnwLtiQw1tiu 1..4wrm1rwllLL 
nbqnuwlllnfl[! LL hwuwywrq.iw1tiu un11btw4.nruwu uywp[!: ¢npllmu uum2 t 
hwu11tiuwgbL Ljinpllwpwywu uywu 1..4n}[!: <wuwywpq.p upypnwLtiQwJpli wpllwq.wliQ[! 
LjintulJ.mu t ywtulJ.wo uyWU[! ubrwr44.wo q.umynqti iWLj'lWQWUwypg: Unw2wrylJ.wo 
nbqnuwlllnp[! gm1g t llllJ.hL pwlJ.wrwr qq.w1mumra1mli[!' 10 llq./'l[, opq.wupqumu 
q.ltiybutiw1ti uwywr11wy[! q.uwhwlllbtm hwuwp: 

1.4 1..4w11wq.11w~nuI lllbuywunrbu punqawq.rlJ.wo t upypnwypQWJpll lllppmJramu 

LIJnqap ynl11..4[bQu 11titthYllll1W4wll rawt.jiwugbltimra1wu LL hwuwypq.p upynpwltiQWJpli 

1..4wpwublll[lbpp up2LL yw1..4[!: PwuwllLL (1) mu ubpywjwglj_wo t 211WJPLI [mOmJrati 

ynl11..4[bQu 'lPtthYllll1w4wli rawt.jiwugbltimra1wu ywtulJ.womra1mli[! tmolj_wo UJmrati 
tulllmra1mupg 

Es(w) = (i:b + c8') - j (i:b' + c8" ) = (i:b - ji:b' ) + c(8' - j8" ), (1) 

nplllbfl, Es-LI lium2ti ynu1..4[bQU hwpwpbpwywu 11titLhlllpy rawt.jiwugbltimra1mu t . c-u 

tmolj_wo u1mrati tulllmra1muu t . 8 = 8' - j8" -u 11tittb4lllrwywu rawt.jiwugbltimra1wu 
w6u t , b[lp tmom1rati tulllmraJmllu[! w6mu t 1 upwlj_npnlj_: q.umynqti hwuwr' 

o;; = o.00577 mg/dl-1
, o;; = o.00015mg/dl-1

, tiu4 4hrw4rti w'lJ'l hwuwr' 8~ = 
0.00695 mg/dl-1 , 8~ = 0.00019 (mg/dl)- 1 : liywr 3-mu pbpqwo t q.uwhwllllj_wo 

ymlUj[UQU 11titth4lllflWYWU rawt.jiwugbltimra1wu hw6wtuw1tiu 4.WflQ[! LL q.umynqti 
tulllmra1mupg ywtuLJ.womra1muubp[!: 
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I reqm.·ncy (Gl l1l < c•11 l.(" r 1ratk.l11 fin· • ~m 

1..y. 3: a) <w2qwpyqwo yntl1..4[bQu 11titthYlllflW4wli rawt.jiwugbltimra1wu tirwL1u1l1 
(ilwtu Wt1WUQ) LL 4bri.o (w2 Wt1WUQ) uwubrti hw6wtuw1tiu 4.WflQ[! : (b) l°' pwlp11l1 
LL ybri.o 11tittb4llll1w4wli rawt.jiwugbltimra1wu ywtuqwomra1muubp[! qun1l1nql1 
tulllmra1mupg: 

1.5 111w11wq11w~nuI pbpqwo bu (p[pbfllllJWU ynpp lllUUQnlj_ upypnw[ppw1l1l1 

upypn2bplllwqnp nbqnuwlllnpnlj_ }Wt.jiqwo q.umynqti tulllm(aJmllubp [! 9p1u1!1l1 

tmom1raubpmu LL ybu11wup opq.wupqumu: Uju 1..4wpwq.pw!j>mu ubpyw1wglj_wo b\J t1111l1 

hwuwywpq.~wjpu unl'}b[wqnpuwu Wfll'}JmliQubp[! : 

,;, 

-~ 

! B i 

5. 7 :;_t( 5.9 6 6 I .;;n :oo J "ll 'no _:<i.11 
I rcquc111. ) 1Ci ll 1..1 Conn.·111mtK1n !my Jll 

i..4. 4: (a) lJpypnwltiQWJPU wuguwu S21 q.npowygp Ljinrllti Wfll'}JmUQU bfl [! 9J1P 11 
q.umynqti 2rw1tiu tmom1rati hwuwr 50- 250 uq./11L tulllmra1muuhrr lllpp m1r<>n1ll , 
(ubr11tirmu un11btw4.nruwu wr111mu12ubpu bu): (b) '.:lwt.jilj_wo LL unl'}b[wlj_npllt rn~ 

upypnwltiQWJPli wpilwq.wuQp ywtulJ.womraJmli[! q.umynqti tulllmra1mupg 6 GI It 

11bqnuwuuw1tiu hw6wtumra1wu 11bl412mu: 

liywp 4(a) mu lLfWlllybpqwo t upypnwltiQWjp'ti wuguwu S21 q.n pbu1l1ql1 

Ljinpllwpwpwywu I.!. UOl'J.b[wqnpuwU: b'4. Ljinpilwpwpwywu, LI.' un11b tw lJ.npLj1tH~ 

ynpbpu mubu S21-p uqwqwq.mJ'ti wpctbQ[! 6 q.(g nbqnuwuuw1tiu hw6wtumra1n1lm11l 

hwuwr (6,07 q.(g [!liri.r~bu 6,01 q.(g-p): Uuguwti S21 LLfwrwuhlllfl[! gm1g l l/1Lu1l111 
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uqwqn11. t.l.WflQWqpb, brp qum4nqp tuurnLraJmUUQ w6nu.I t: S21 1..4wrwubuirbrti 

wnwqb[wqmJu uiwrpbrmraJmUQ 2rti LL 250 uq/ru qum4nqp tuuimraJwup. tmbmJrati 
11bummu b11.bt t unui 4.3 11P. 6.07 q.(.g itinrllti LL 4.6 11P, 6.01 q.(.g' hwuw4wrqlwJpu 

uuwuw4uwu 11b1..4Qmu: S21-p LL qum4nqp tuuim(UJWU uj12LL 4WL4Q qbwjpu t 

tuuimraJmuubrti WJU uitirmJramu, tiulQ 4wrLLnr t tmbmJramu qum4nqp tuuimraJwu 
62qrj1ui t.l.brtmbm(UJWU hwuwr: Uju 1'].b1..4mu uqwqwqmJU hwjuiuwpbrt.l.n'l 

tuuimraJmuQ' Cmin 4wrbLJi t nrn2bt' (2) hwqwuwruwu uj12ngnt.I. 

5R 

Cmin = t:.S
21

/t:.c' (2) 

nruib11. t:..c-Q tuuimraJmuubrp uiwrpbrmraJmuu t, t:..S21-Q' t:..c-nq 1..4wjuwuwqnrt.l.wb S21-

p itinitintumraJmUQ, pu4 SR=0.,03 !].P' itinrllwrwrw4wu hwuw4wrqti 
tmbmuw4mraJmUQ: q.um4nqj1 uqwqwqmJu hwjuiuwpbrt.l.nl'J. tuuimraJmUUQ quwhwuiqb[ 

t 1. 92 t.lq/11L LL 165 uq/!].L thwt.lw1..4wuiwutuwuwpwr itinrllti LL un'lbtwt.l.nruwu hwuwr 
(uit.!J wtubru wuipnipqwb bu wrumuw4 1 mu) : 

Urumuw~ 1: ¢>nrlluw4wu LL un11btwt.l.nruwu Wfll].JmUQubrti hwubuwuimraJmUQ: 

Sensor Parameter Measurement Simulation 

0 ) n.:i m1c r.:inge tor S21 4.3dl:l 4.6dB 
Rc,,l}nanl treq uenC) 6.07GHz 6.01 GHz 
!>cn.~ i ll\ ity tor .'.>21 0.0156 dl:l/(mg/dL) 0.0182 dB/(mg/dL) 

Mim mum de lectable 
1.92 mg/dL J.65 mg/dL 

concen!ra lion 

Ubtiunrti uti4rnwLtiQwJrli wrllwqwUQQ 4wtu4.wb t uwLL tmbmJraP bwt.l.wltig LL 
2bruwuuij16wtipg: Lmomirati owt.1.wLti w6pu qmqtirawg , hwuw4wrqti up4pnwLJlQWJj"ili 
wtiguwu qnpbw4P9Q uqwqmu t upulLL 500 u4L LL hbuin w6mu t: "2wup np ~wipuwu 

qqw1mtimra1mtiu wubuwp.wrllru t 500 u4L bwt.l.wtn4. uum2ti 1].b1..4j:!mU WJf'). pu4 

1..4wui6wnn4. pn[np lwitimutibrQ 4wuiwpt.l.hL hbug WJ'l bwlj_wLJl 11b1..4Qmu: LmbmJraP 
2bruwuuij16wtip w6pu qmqtirawg hwuw4wpqp S21 -[! w6b[ t upulLL 35 °C: UJU 

4wtut.1.womra1wu qowitiu rab!2mra1mu£! 50 uq/'lL qum4nqp tuuimraJwu flb1..4Qmu 0.22 
f').P/°C' LL 0,006 11P/ °C-t' ,hwuw1..4wuiwutuwuwpwr p.wrllr LL gwbp 

2bruwuuij16wuubrti 11b1..4Qmt.I: 
1'4wr 6-mu p.b[lqwb t p.uw4wti L4WJWUwuubpmu 4bli11wup opqwupqumu 

qum4nqp tuuim(UJWU ipnipntumraJwli up4f1nWLPQWJj"ili 1..4wpmjpw/ILL nbqnuwuinpnlj_ 

qnu11wt.1.nruwu Wfll'}JmUQO[lQ: l.i4wr 6-Q gmjg t uiwLtiu lwiti4.wb Su uti4rnwLtiQWJPU 
wu11rw11wrMwti 4nrbrti hw6wtuwJpli uibuQbflQ 8 4blif1.wum hwuwp: q.um4nqj1 

tuuimraJmlipg wu11rw11w11Mwu qnpow4gp qowitiu 4wtu4.wbmraJwu 'lP!:lmraimuQ' 
t:..S11/ t:..c = -0.11 dB/(uq/11L) 4.14 q.(.g-p f').b1..4QmU LL (0.01 f').P/(uq/11L) 4.89 q.(.g-p 
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11b1..4Qmu 4wu /J.Su/t:..c = -3 x 10-4 1/(uq/11L), 4.14 q..:::g-p 11b1..4Qmu LL 3 x 10- 4 

1/(uq/l'].L) 4.89 q.(.g-p 11b1..4Qmu' qbwjpu uwu2uiwp.nq: Qwipqwb up2pu QWnw4muwjpu 

4.j16w4wqrw4wu w11.um4ubrp uw4wr11w4Q S1i-P hwuwr 4wqubt t unui 10-5 qbwJpu 

uwu1111.w4nt.I. (10): Qwipqwb wq1].wu2wu-w11.um4 hwrwpbrw4gmraJmUQ (UU(.) b11.bt l 
SNR = 20 log(3 x 10-4110-5) :=::: 30 11P: tuuim(UJWU wubuwipnQ[l lWlPbLJl 

ipnipntumraJmUQ [!UUl SNR=30 l].P quwhwuiqb[ t unui 10 uq/!].[: 

"~· 

v" 

.J(I .......,. < < I :C:::: :> I >HA ;> ;> y I 

10 

1 I! 

\ " 

111~1 .. 1 A 0 .tnr 

~ ~ -- .:>i' 
,, 2 .. . - f ' 

0 " 

9 1 ;.:: • ' ' flo -
lit\."'\.-;\: J.@J'-'\t.,C 1.0: ... "U' . 

... __ .1 ~-.J..--·- --- l 

I H• I~ · 1.~ t I ~ s l.; 
I n:1 1u~-i 1t ·;.. rllt 

· h ,...,,,....,,,--,--.,-,--,..,,"-,.-~---~ 

'" 

., 

5: LJti4rnwLJlQWJPU wu11rw'lwrMwu Su qnrow4gp hw6wtuwJtiu uibuQbflQ 8 
u4ubrti hwuwr (a) 4.12-4.3 q..:::g LL (b) 4.8-5.8 q..:::g uti2w4wmmu: uhr11rrQ 
gmJg t uiw[lu pumrawqrw4wu 'ltiuwf').flmraJwu' t:..Z (llwtu wnwugQ) LL 
nbqnuwuinrti p.wrnrw4mraJwu itinitintumraJmLIQ t:..Q (w2 wnwtigQ)' 
4wtut.l.wbmraJmUQ ubrt.lmbqwb qum4nqj1 tuuimra1mupg' (a) 4.14 q.(.g LL (b) 4.89 
q.(.g hw6wtumraJmuubrti f').h1..4Qmu (unui 7 Ohu uib11.w2wrctn4.) : <no qobrQ 
qbwjpu unuiwp4uwu qwpQbpu bu: 

(.wuw4wpqlWJPU Unf').bW[qnpuwu uj12ngn4_ ubr4w1wgqb[ t t:LJ f').W2U1P 
itintuwq!].bgmraJmUQ up4pnw[lQWJj"iu ubuunpubflp LL uiwrp.bp tuuimraJwp q[m4nqp 

211WJj"iu tmbmJraubpp uj12LL: 1'4wr 6-Q gmjg t uiwLJiu ttb4uirwuwqupuw4wu 
itintuwqf').bgmraJwu pw2tuuwu unf').b[wqnpqwb 1..4wui4bpubpQ nbqnuwuinrj"i LL uum2j1 

uj12LL (a), (b) ttb4uirw4wu LL (c), (d) uwqtipuw4wu 1].W2U1bpp hwuwr: q.um4nqp 

tuuimraimuQ (a), (c) -mu 0 uq/!].L t. LL ( LL (b) , (d)-mu 250 uq/f1.L t : ULL 2r2wtiw4Q gmJg t 

uiw[lu uum2ti 'lPflQQ: bflp. qum4nqj1 tuuimraJmuQ w6mt.I t. LL' ttb4uirw4wu , LL' 
uwqlipuw4wu 1].W2U10j1p puuibuupqm(UJmUubp[! w6mu bl! : t:tb4uipwuwqlipuw4wu 

f1.W2U1P p.w2tuuwu ipnipntumraimuubpQ 1..4w1uwuw4.n114.wb bu qum4nqp tuuimraiwu 
ipmpntumra1wu hbui [mOmJ(UP QUl'].hwtimr 'lPttb4uirw4wli rawitiwugbLJlmrctJWU 

itinitintumraJwup: u2buQ, nr tmbmJrati ttb4uirwhw11.nr11muw4mra1wu itinitintumraimuQ 
0.6 U/U 4wpqp t 0-pg urulLL 250 uq/f1.L qum4nqp tuuimra1wu itinitintumraiwu 

f').b1..4Qmt.I: 
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1..4. 6: <wuwljwp2w1ru un11bLlJ.npuwu wr111mui;iubp[!. (a) , (b) tLhlJlllpwljwu LL (c), (d) 
uwq.upuljwu f1W2lllbpp pw2fulJ.wom,aJmU[! Mm2p LL llllJ.P2P h1.4uwu 
hwrramraJmumu: q.umljnqj'l fulllmraJmu[! brtbL t (a) , (c) O uq/11L (ranrwo 2mr) LL 
(b), (d) 250 llq/flF 

1..4. 7: HFSS ur2wlJ.w1rmu uuwuw4qwo (a), (b) tLblJlllpwljwu LL (c), (d) uwq.upuw4wu 
11w2l/lr pw2fulJ.womraJmuubp[! 4.89 ~g hw6wfumra1wu l).b1.412mu' (a) , (b) 2rr 
Li. (c), (d) 300 Lfq/l).L fulllmra1wup q.um4nqj'l 2rwJpu LnLOmJrar hwuwr : 

liljwp 7-[! gmJg t lllwltiu (a), (b) tLhlJlllpwljwu Li. (c) , (d) uwq.upuwljwu f1W2lllP 

pw2fumuubp[! (a) , (c) 2rr Li. (b), (d) 300 uq/'lL q.umljnqj'l ful/lmra1wup 2rw1ru LmbmJrati 

11b1.4i;inu.I 4.89 q.<g nbqnuwuuwJpu hw6wfumra1mu hwuwr: bpp q.umljnqj'l 

14 

fulllntfaJnLU[! 0-pg wlJ.bLwgbL t upu2Li. 300 uq/ru, Mm2r ppwljwu 'lrtLblJlllppljwljwu 

,awljiwugbltimraJmU[! ubowgbL t 0.174-nq, pulj tLhlJlllpwljwu f1W2ll1 P 

pulllbuuplJ.mraJnLU[!' 15 '1'-1/u-pg uru2Li. 29 '1'-1/u wnwlJ.bLWq.nLJU[!, WJUru1N unlll 1.9 

wuq.wu: Lfpli.um1u ctwuwuwlj uwq.upuwljwu f1W2ll1P pulllbuuplJ.mra1mu[! 68 UJU-tig 

w6bL turu2li. 117 U/u wnwlJ.bLwq.mJU[!, WJUtiuiN unlll 1.7 wuq.wu: 

1.6 uiwrwqriw~nuI wuljinljilJ.bL t wnw2ru q.tlumu ubpljw1wgqwo q.umljnqj'l 

lllwppbp fulllmraJmuubpnq 2flWJpu LnLOmJ,aubpp LI. ljbu11wup opq.wupquuubpp 
,abu,awqnpuwu hpuuwljwu wr111mui;iubp[! : 

brt4rinri'l qiJunuI mumuuwuppqwo t q.pw!pplllwJru hpui;inq ljnllUjnqj'lwlllwJpu 

UJm,abpp LI. tlf f1W2ll1P ljinfuwq11bramra1mu[!: ¢>npc'lwpljmuubp[! ppwljwuwglJ.hL t 
~UQl°'Lf hwuwljwpq.p-p up2ngnq ru2UjbU uwU. ljwlllW[llJ.bL t hwuwljwpq.}Wjpu 

un11bLwlJ.nrimu [6-8]: 

2.1 uiw11wq11w~nuI ubpljw1wgqwo ~ ~UOl°'Lf-r w2fuwlllwui;iw1ru uljqpmui;i[! Lt 

ljinpc'lwrwrwljwu hwuwljwrq.[!: UjU UjW(lWq.pw!pmu ubrljwjwgqwo bu uwli. 

nrnr2w4r 4rrwnwljwu wr11Jmui;iubp[!: 

I 1-0 light 'iioun.:\! Len' Pnl:m1\'.r ) .. J \\uH·pl•~lc 
(/, 'lOnm) (90'1 145 1 

•\1r g~1p 

\ 
\fu.: rcl\\ :l\l" 
,,111n.·1: ,. 

~ 

\ tlJ)\/,'I ( l) , .j5 '\ 

\ 
llf'llti.:.1l 111da. ~ll 1tr~l / ()l 

45' <rl , l ii I~.) 

i..4. 10: ~UOl°'Lf-r ljwnmgqwouw1ru ljnu!ppq.mpwgpwu: '1wuw2 q.obp[! gmJg bu 
lllWLPU LnLJUP lllWpwMwu mrttiu . pulj t LtiL4uubp[! gmjg bu lllWLPU LnLJUP 
w2wuwc'lli. Li. tltiUJUWJPU pli.bnwgmuubp[!: LmJUP W'lPJnLflP hwuwr 
oq.lllwq.npolJ.bL t Lntuw6wnwq.WJfaWJpU 'lP"'l (LED, ;\ = 530 '!JU): 

OUjlllpljwljw't.i tiu11ti4wllln[l[! (01°') tirbupg ubpljwjwgumu t WUjWljp , nrti 4.rw 

UUlllbgqwo t uwunublllpwljw't.i hWUlllnLfaJnLU mubgnrt tlf 6wnwq.WJfanLU[! 4LWUnrt 

2bplll: Culjunrt LnLJU[! uljqpmu q.ow1ru pli.bnwgqmu t hwrra pli.bnwgmgp2nlJ., WUjW N4 
rarrabrtnlJ. unlJ.mlwgqmu t W2 ljwu c'lwfu 2r2wuwjpu pli.bnwg4_wo wltii;ip : 

l°''t.il).pljwlllnpn4_ wuguhLmg hhllln 4Lwup2 2bplllpg hwll14mraJmuubpp ljinljinfumraJwu 

hblllLLwuun4. WLPil[! ljinfumu t rr pLLbnwgmLI[! 2r2wuw1tiurg t ltiL4lllP4r : Ujl')-
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ifinifintunqaJmU(! qpwugqnu.I t CCD U1buwtug'14'1 up2ngnq p 2unphpq [!u4un11. LntJup 
puU1buuptl.mraiwu iflnifintumraiwu: 

2.2 UjW(lWq(lw~j>nui u4wpwqpqmu t ~UOt'>lJ hwuw4wpqnq iwifluwu 

ubran'lnlnqpwu watuwouwiru UWU[lWJUbLbrntl. PW'l.Wfl[lJWL UJnLJUP hwuwr: t'>UiL4bU 
uwll ubr4wiwgqwo t wupn11.2 qplllwiflnpllp hwLlw4wrqiwJpu LlnflbLwtl.npmLI[!: 

¢np/lbp[! 4WU1W[lqbl bu UUnL2P U1Wflpb[l wu4Jmuubpp flbL4J2nLU (0°-90°)' 15° QWJLnq: 
u4Wfl 11 (a- c) 9nLJ9 bu UlWL iflnp/luw4wunpbu W[lU1WL4WU14bf1qWO uwqupu4wu 

f1.W2ll1P pw2tumuubp[! 11 'l-<g hw6wtumraJwu f1.b1.412mu, pu4 -u4. 11 (d- f) ' 14 'l-<g 

hw6wtumraJwu f1.b1.412mu : a =0°-mu tLb4U1flW4wu f1.W2ll1P pllbnwgmLI[! m11.11.whwjwg t 
wotuwouwjpu uwupwrabLbflpU (u4. 11 (a) , (d)) Lt U1WU1Wuqmu t y wnwugnp 

br4wiunntl.: t:::LJ wLtinubpp ubo uwuu wugumu t wupqnU1pn1.4 uum2r up2nt1., nwup nr 

pw11.w'lf1JWL uimral! tLb4ll1rw4wu f1.W2ll1P pllbnwguwup m11.11.mraiwup 2wll1 gwor 
tLb4U1f1Whw11.nr'lmuw4mraJmu mup: lJwqupu4wu f1.W2ll1P pw2tumuu mup 
wubuwpwpll[l puU1buupqmJUJnLU(! WJU 4n11.uunpn2uwu f1.L4bJ2mLI : 

0.8 

0.6 

0.4 

O.:! 

0.0 

0.8 

0.6 

0.4 

0.2 

0.0 

1'4.11: 1'um2mu uwqupu4wu f1.W2ll1P pw2tut1.wamraimul! bpp wotuwouwipu 
uwurwrabLbrr 4n11.uunrn2uwu wu4Jmuubr!! (a) , (d) a =0°, (b) , (e) a =45°, (c), (f) 
a=90°' (a-c) 11 Cl-<g Lt (d-f) ' 14 'l-<g hwuwp: U1.4pll1w4 m11.11.wu4Jmu[! gmig t 
UlWLPU WLPJ2WU1W[lp 'lPf112!!= 

UjU f1.b1.412mu uwqupuw4wu f1.W2U1P y PW'l.WflflPil! qrn t. ru4 uwqupuw4wu 
f1.W2ll1P pllbnwgmLI[![! qllluqmu t xz hwrramraimumu: LJwqupuw4wu f1.W2ll1P 4n11.upg 

wn.w2wgwo hnuWUQ(! wuu2wu t, QWUp np tLb4U1flW4wu hw11.nf1f1.nLUW4nLJUJnLU(! 2WU1 

iflnnr t y m11.11.mraiwup: <blllllwpwp, 1'um2!! lllwnwumu t m11.11.whwiwg pllbn.wgqwo 

tLb4U1f1W4wu f1.W2U1P 1.4wll16wn.nq, nru m11.11.whWJW9 t UWUf1WJUbLbf1pu: 

Linu1.4nqpll1wJru 4wn.mgqwo121! t4rwuwtl.nrtl.mu t pllbnwgqwo tLb4ll1flW4wu fl.W2ll11! 
Lt UU1b11.omu t Uflf14WJPU hnuwunubr y wn.wugnr bfl4WJUJ2ntl.: lJpUiflbrl 01">-u 
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J 

) 

hpuuw4wumu t4pwuwqn[lnLU t UWqupuw4wu l).W2U1[!, pu4 2bf1UnLJUJWU 

U1b11.wpw2tumLI[! hpuuw4wumu 1.4wiuwuwt1.nrtl.wo tqwLtiu t ITO 2bflll1P 
Llw4brumirawiru hnuwunubpnq: 1'4wr 12-[! gmig t lllwLtiu t:::LJ f1.W2ll1bflp pw2tuuwu 

Llnl).bLwtl.nruwu Wflfl.Jmunubr!! 14 'Kg l).b1.412mu: <ruutl.bLntl. wiu Wflf1.Jmunubr'1 tl.rw, 
4wpbl'1 t WUbt. np tLb4U1flW4wu U uwqupuw4wu f1.W2U1b[lp pw2tuuwu 
O[lpUWiWlflnLJUJnLU(! uuwu bu a =0° U a =45° p l).b1.412mu, pu4 a =90°-p l).b1.412mu 

tLb4U1flW4wu U uwqupuw4wu f1.W2U1bf1[! qqwltinpbu UlW[lpbpqmu bu: 

ISOl.I 

---~-..... -~ ·: ... 900 

f t{)O 

lOO 

o, 
O r )' O L l_o, Jomm ~\· IOmm o, IOmm 

0 

icltJ 
Ill} 

(d) (c) (I) 

.If-\,; I ~ 

l.C 

Oji 

0.h 

o_, .,.o ,, __ I """'~"-" .. _.. 
u=90 ' lOmm 

1'4.12: <wLlw4wrqiwJpu Llnl).bLwtl.nruwup ulllwgqwo tLb4ll1rw4wu f1.W2ll1P 

(a) 

pw2tut1.womraimu[! uum2mu 14 GHzp f1.b1.412mu , bpp wotuwouwjpu 
uwupwrabLbflp 4n11.unrn2uwu wu4Jmuubp[! (a) a=0°, (b) a =45° Lt (c) a =90° 
bu, Lt uwqupuw4wu l).W2ll1P pw2tut1.womraJmU(! uum2mu bpp wotuwouwipu 
uwurwrabLbflp 4n11.unrn2uwu wu4Jmuubpu bu (d) a =0°, (e) a =45°, (f) a=90°: 

1.0 -- 9(;111 
(b) 

1.0 - llGl11 
-- lOGll< -----

£ U.8 ==----=':::. 
~ 
.:· 06 

5 
-- t:!CiHF 
-- 13GllL 
-- 1H,1l1 
-- 150111 

·~ OA ,,,, 
t < 0.:! 

--- ~1rnulat1\)n 

-- I \pcrnn..:nl 

0.0 ...._~...__....._~_.._~__..~__..__.__, u.o ._ _ _,_ _ __,..__...._ _ _._~.._~....J 
15 30 45 60 75 '10 0 15 30 45 60 75 ·~· 

Angk (deg.) Angie (deg.) 

1'4.13: (a) Qwifiqwo uwqupuw4wu fl.W2ll1P up2puwgqwo puU1buupqmraJwu 4wtumLI[! 
uum2mu UWU[1WJUbLbf1p 4n11.uunrn2uwu wu4Jmupg' 9-15 Cl-<g U1ppmramu: (b) 
11 'l-<g Lt 14 Cl-<g up2puwgqwo puU1bupqmraJmuubpp hwubuwlllmJUJmu: 
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liljwp 13.(a)-p ljnpbp(l }wipqwlJ pnlnp hw6wtumraJm'tiubpp l).bumnul mubu 'timJ'ti 

qwpQwq.plJ(l: U1.11wgqwlJ ipnpiiwpwpwljwu U. unl).bLw4.npuwu wpf).JnLUQ'tibp(l LW4. 

hwu(l'tiljumu bu (lilj . 13. (p.)) : UJUUjpunq, wlJtuwllup uwupwrabLP UjlllnLJlll[l ipntumu t 

tLblJ1.11pwuwq.upuljwti 'lw21.11r u. ljnu1.11nqj11.11wJp'ti 'tiJmrar ilintuwql).bgmraJw'ti 
ubtuwupqU[l, ublJw1.11bu ljwtuqwlJ t wlJtuwlJ'tiwjp'ti uwupwrabLbpp wu4Jm'tiwjp'ti 

ljnriuunpn2uwu ipnipntumraJm'tipg, U. ljnu1.11nqj11.11wJp'ti UJnLfa(l hw'til).bu t q.wLPu np1.11bu 

tlf ti 'lw21.11r pubnwgmgp} upljpnWLPQWJp'ti ppmJramu: 

2.3 wuiw11wcww~nuI ~UOt"tlf-r 4rrwnuwup hb1.11wqn1.114.bL t q.pw!pp1.11b 

1.11wpp.bpwljwu hwuwljwpq.p U. tlf 'lw21.11r ilintuwql).bgmraJw'ti 

wnwMuwhw1.11ljmraJm'tiubp(l, ljw1.11wp4.bL t uwu hwuwljwpq.}Wjp'ti uuwuwljmu: 

LfpljpnwLPQWJp'ti 4Lwuuwu ru1.11buur4.mraJm'ti(l tuu1.11npbu ipntui.t.mu t' ljwf\JqwlJ 

q.pw!pp1.11p 1.11wpp.bpwljwu ljwnmgqwlJQp U. 6wnwq.wJrauwu WrtPJn1.f1p 

hbnwqnpmraJm'tipg' UjWJUwuwqnpqwlJ ljwnmgqwlJQp 1.11wpwub1.11pbppg: 

l..~. 14: Lfwq.upuwljwu 'lw21.11r pw2tu4.wlJmraJm'ti[l (a) , (c) wnwug uum2 U. (b) , (d) 
uum2n4. 11 GHz mu: U2 uljwpmu pbpqwtu t uum2p ljwnmgqwlJQWJp'ti 1.11buQ(l: 

2.4 uiw11wq11w~mu ~UOt"tlf-r 4rriwnuwup mumuuwurr4.hL t 1.11wpp.bp 

bpljpw}wipwljwu Ciup ITO Ot"t-r (Indium-tin-oxide) u tuu 'lw21.11r ipntuwql).bgmraJm'ti(l: 

U1.11wgqwg wrirumu12ubrll 4.4wJmU bu np, tlf 'lw21.11r p.w2tu4.wlJmraJm'ti[l turu1.11 

4wtu4.wlJ t Ot-i-r hwrinri'lP} 2bri1.11r bpljpw}wipwljwti iiuw}wippg: 
b1111n111J. qlfunuI ubpljwjwgqwlJ bu 1.11wpp.bp ub1.11wriwljwu uwunuwuupljubpnq 

LntllmJra'tibpp qwpQ(l upljpnWLPQWJp'ti l').W2lllbpp wql).bgmraJw'ti 1.11wlj : UJUUjpup 
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ipntuwql).bramraJm'ti[l huwpwqnp t mumuuwuppbL upljpnWLPQWJp'ti nbqnuw1.11npubpp u 

~UOt"tlf-p up2ngnq: Oq.1.11w1.11q.nplJqwlJ q.nplJpQwljwqu[l huwpwqnpmraJm'ti t lllWLPU 

Wf'llllWUjWlllljbpbL 2f'lWJPU LnLllnLJfaUOpmu ub1.11wriwljwu uwunuwuupljububpp 

tu1.11mraJw'ti ipnipntumraJwup. UjWJUwuwqnpqwlJ tlf 'lw21.11r pu1.11buur4.mraJw'ti 

ipnipntumraJm'tiubp[l, p'tl}Ujbu uwu ljwrinrt t hpuQ hwu11ruw'llwL ppwljwu d-wwuwljmu 

wuh1.11mu ubuunpubpp u1.11briMw'ti(l (9-11 ): 

3.1 UjWpwqpw~nul, npUjbU ubpwlJmwljwu uwu, uljwpwq.pqwlJ bu ub1.11wriubpp 

uwunuwuupljubpp ljwpl.J.np 11bp(l ljb'til).w'tip opq.wupquubpmu: libpljwjwgqwlJ bu 

f).pwug Up QWUp ljwpl.J.np ljppwnmraJm'tiubp , uwuuwqnpWUjbU Wpf).p p.d-2lJmraJWU U02 

1.11wppbp ub1.11wriubpp uwunuwuupljubpnq LntllmJra'tibpp wtu1.11whw'tip} u pmd-p} 

hw1.11ljnLfaJnLUUbpp qbpwp.bpJW[, UWUUWqnpWUjbU wplJWraP UWUnUWUUpljubpp 6p21.11 

tu1.11mraJwUp. 2PWJp'ti LntllmJra!l mup p.md-p} u wtu1.11whw'tip} hw1.11ljmraJm'ti: bpljwrar 1.J. 

gpuljp uwunuwuupljubp(l 'timJ'tiUjbU ublJ u2wuwljni.raJm'ti mubu hw1.11ljw1.11bu 2PP 

uw12riuwti q.npomu: t"tpbug bqwljp wnwMuwhw1.11ljmraJm'tiubpp Ujw1.116wnn4. bpljwrar 

uwumlwuupljubp(l LWJ'tinpbu ljppwnqmu bu 2rimu lJwup ub1.11wriubpp hbnwguwu 

tutil').ppubpmu: Pwquwrar4. mumuuwuppmraJmuubp gmJg bu 1.114.bb np gpuljp 

uwunuwuupljubpp hwljwpwlj1.11bppwljwu wlj1.11pqmraJm'ti[l 1.11n1.11bugrwL ljppwnmraJmu 

mur 2rir UWQf'lUWU q.nplJmu' P.Wf10LW4.bLn4. ljbri1.11w2pbpp npWlj(l: 4.bpnhp2JWL Ze, Fe 
u Ag liwunuwuupljubp(l mubu [lUl').hwump ljppwnmraJmu 2PWJp'ti LntllmJraubpmu u, 

hbllluwp.wp, ljwpll.np tuu11pp ljw w'tihUjmU ubran11ubpnq npn2bLm f).pwug 

tu1.11mraJm'tiubp(l LmllmJramu: 

Lfw12ulJ.bL - q.wpub1.11p Unl').bL[l uljwpwq.pmu t hwrinri'lP} uwuupljubp UjWpmuwlJnrt 

11rtLblJ1.11pwljwu ur2w4.WJf'lP Wf'll').JnLUWf'lWf'l 11rtLblJ1.11pwljwu rawirwugbLPnLfaJnLU(l: 
'trtLblJ1.11pplj up2w4.wJpmu ubpumlJqwlJ q.u11wiiu ub1.11wriwljwu uwunuwuupljubpp 

hwuwp un11bLP UjWpqbgqwlJ Ciuu mup hblllUJWL 1.11bUQ(l' 
Eeff = Ew + 3f(EAg-Ew) 

EAg+2£w ' 
(3) 

np1.11brt Ew -[} 2rir hwpwp.bpwljwu rawirwugbLPnLfaJnLUU t. EAg - [} wplJwrar 

hwpwp.bpwljwu ljnu1.11LbQu rawipwugbLPmraJml.Ju t , pulj f-!l' Ag uwunuwuupljubpp 

lJw4.wLwJru p.wctrull LmllmJramu: Upllwrar ljnuUltbQu hwpwp.bpwljwu 'lrttblJ1.11pwljwu 
rawipwugbLPmraJm'ti(l uljwpwq.pqmu t np1.11bu' 

() 
I •II I ·~ 

EAg W = EAg - )EAg = EAg - } , 
WEo 

(4) 

np1.11brt E~9 u E~~ wplJwrar ljnll1.11tb12u 'lrttblJ1.11pwljwu rawiliwtigbLPmraJw'ti rriwljwu u. 
ljbrtlJ UWUbpl.J bu, <1Ag -(} WplJWfap hwrtnf'll').WljnLtaJnLUU t, Eo -(} qwljmmup 

11rtLblJ1.11pwljwu rawiliwugbLPmraJmuu t. pulj w -u' w2tuw1.11w'tiQwJp'ti hw6wtumraJm'ti(l: 
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3.2 UjWf1Wq.f1W~nuf 'tJbfl4WJWglj_wb b'CJ U0111W11.W4W'CJ 'tJw'tJnuwu'tJtJ4'tJ'tJbf1nlj_ 2flti 

hwru111wguw'CJ 1.4rngbu[!, "fl[! tirw4w'tJwglJ.bL t LWqbrw1ti'tJ wptitJlwgtiw1ti uti2ngnlj_ u 
tfinf1<'IWf1WflW4w'tJ hwuw4wq.bf1[! nrn'tig lltJ2ngnlj_ mumu'tJwutJrlJ.bL b'CJ t:lJ l'].W2111tJ u 

ub111w11.w4w'CJ 'tJw'tJnuwu'tJti4'tJ'tibrn4. hwru111wglj_wb 2rw1ti'CJ tmbmJra'tibrti 

tfintuwql'].bramra1m'CJ'tibf1[!: 
3.3 uiwpwq.pw~md 'tibr4w1wglj_wb wrbwrap (Ag), br4wrati (Fe), u gp'CJ4p (Zn), 

'tiw'tinuwu'tip4'tibrn4. hwru111wglj_wb 2rw1ti'ti tmbmraJ'tibrti u t:lJ 'lw2111ti 
tfintuwq1'].bramra1wup wnw'CJ<'l'tiwhw1114mra:1m'CJ'tibf1[!: li4wr 19 (a)-mu pbrl{wb t 
lwtfilj_wb uti4rnwtJl12w1ti'tJ W'tll'].flWl'].WflMW'tJ q.nrbw4gti 4wtul{wbmra:1m'ti[! Ag 
'tJw'tJnuwu'tJti4'tibrti tu111mra1m'titig un111 2 q.<g nbqn'tJw'tJuw1ti'tJ hw6wtumra1w'CJ 

1'].b1.412mu: Ag 'tJw'tJnuwu'tJp4'tJbrti tu111mra1m'CJ'tibf1p b11.bL b'CJ 0 ll4q./L. 12.5 ll4q./L, 25 ll4q./L. 

37.5 ll4q./t. 50 ll4q./F S11 w'tl1'].f1Wl'J.Wf1Mw'CJ q.nrbw4gp q.bw1ti'CJ 4wtul{wbmra1w'CJ 

'lP12mra1m'ti[! 'tiw'tinuwu'titi4'tibrti tu111mra1w'ti tfintfintumra1w'CJ hwuwr 4wqumu t 0.03 
l'].P/(ll4q./L): <wllw4wrq.ti lwtfilj_wb qq.w1'timra1m'ti[! 0.03 l'].P t, 'tJlj_wqwq.mJ'ti 

hw1111'tiwpbrb!P tu111mra1m'ti[!' 1 ll4q./F li4 . 19 (b)-mu 1.4w1114brlJ.wb t lwtfilj_wb 

llp4f1nWtJlJ2WJtJ'ti W'til'].flWl'].Wfl<'IUW'tJ q.nrbw4gtJ 'tJlj_wqwq.mj'tJ Wflctb)2'tibf1p 

4wtulJ.wbmraJm'ti[! Mm2ti 2bruwu111tJ6w'titJg un111 2 q.<g nbqn'tJw'tJuw1p'tJ 

hw6wtumra1wu 1'].b1.4nmu (1) 2rti u (2) 50 ll4q./L tu111mra1wup wrbwrati 

uwunuwu'titi4ubrti tmbmJrati hwuwr : 

J < 

I~ 

C:::: ()I) .., 
~Oh 

0' 

a 

--.-1 mdop.: 
0 I \f1Cri1th..'UI 

10 :zn m .io <o 
l · rcqucnc~ . GI I ~ 

-10 ~~~-~~~~-~-..-~-, 

~5 JO " 40 45 SO 
'lcmpcrnturc . "C 

l.J4. 19: '.2wtfilj_wb llp4f1nWtJlJ2Wjp'tJ W'til'].flWl'].Wfl<'IUW'tJ q.nrbw4gp 4wtulJ.wbnL(UJnLU[! (a) 
Ag 'tJw'tJnuwu'titJ4'tibf1p tu111mra1mutJg u (b) Mm2ti 2bruwuµitJ6w'tJpg un111 2 q.<g 
1'].b1.412mu: 

li4 . 20 (a)-mu 'tibr4w1wglj_wb t lwtfilj_wb llti4rnwtJl12w1p'tJ w'til'J.f1Wl'J.Wf1<'1Uwu S11 

q.nrbw4gp u nbqn'tJw'tJuw1ti'tJ hw6wtumra1w'CJ 4wtulJ.wbmraJm'ti[! Lntbm1ramu Fe 

uwunuwu'titJ4'tibrti tu111mraJm'titJg : S11 wr<'lwq.wu12ti q.bw1tiu ljwtul{wbmraJw'ti 
'lti12mra1mu[! uwunuwu'titJljubrp tu111mra1w'CJ tfintfintumra1w'CJ hwuwr 4wqllmll t 0.0352 
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l'].P/(ll4q./L): <wllw4wrq.ti lwtfilj_wb qq.w1'timra1m'ti[! 0.05 l'].P t. 'tJlj_wqwq.mJ'ti 

hw1111'tiwpbrblti tu111mra1m'ti[!' 1.4 ll4q./F 

Urbwrap u br4wrap uwunuwu'tipljubrp 2rw1pu tmbm1raubrti hwuwr nbqn'tiw111nrti 

w'til'J.f1Wl'J.Wf1Mw'CJ Su q.nrbw4ti9C! lJwtulJ.wb t uwu tmbmJrabrti bwlj_wtJlg u 
2bpllwu111p6w'titJg (lilj . 20 (b)): '.2wtfimll'tibf1[! ljw111wplJ.bL b'CJ 2 LIL bwlJ.wLnlJ. 'tillm2ti 

hwUWfl , J2W'titJ nr WJU 1'].bLljJ2nLU nbqn'tJw111nrtJ qq.WJUnL(UjnLU[! wub'tJwubb'tJ t : 

..\.~ ,,.d i! 

1..1 

1. 2 

<>' .... ...... 

1.0 

IJ.h 

11.0 

114 

t!.j. \1H, -22 

l 2b a/ _,4 121> -

,. ~ 24 ~ -26 
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eS 
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...1nX 
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.l 8°'o 
o, AA~A A A~8 O 

_ 000.;0°
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0 

30l-oo o ooJ°
00 

--6S11 ',h~ 20 
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-lb 

-l It. 

o~ 
., a 
9 

0 08 
38 Q 

0 4 ~ 12 lh 20 
t ·on'-'.l:1Hr.11ion. µg/L 

25 30 J> 40 45 so 
Tcmpcr.Uul'\7, C 

i.,4, 20: (a) '.2wtfilj_wb lltJljf1nWltJJ2WJtJ'ti W'til'].flWl'].Wfl<'IUWU q.nrbwljgp U nbqn'tJw'tJUWJtJ'ti 
hw6wtumra1w'CJ lJwtulJ.wbmra1m'ti[! br4wrati 'tiw'tinllwu'tiplj'tibflp tu111mra1m'tipg 
un111 1.7 q.<g nbqn'tJw'tJuw1ti'tJ hw6wtumra1w'CJ 1'].b1.4nmu: (b) '.2wtfilj_wb 
lltJ4f1nWtJlJ2WJtJ'ti W'til'].flWl'].Wfl<'IUWU q.nrbwljgtJ Wflctb)2'tibfltJ 4wtulJ.wbnL(UJnLU[! 
'tium2ti 2bruwu111ti6w'titig lln111 1.7 q.<g nbqn'tiw'tiuw1ti'ti hw6wtumra1w'CJ 
1'].b1.412mll' (1) 2flP , (2) 10 lllJq./L u (3) 20 ll4q./L br4wrap uwunllwuutJljubrti 
tu111mra1wllp tmbm1rati hwllwr: 

t"tu11.4bu brumu t li4. 19 (b)-tig u 20-(b)-tig. hwubuw111wpwr pwr<'lr 
2bpuwu111ti6w'CJ'tibpmu (>36°C) ub111w11.w4w'CJ 'tJw'tJnuwu'tJti4'tJ'tJbrnlJ. ljwqlllj_wb 

ljwnmglj_wb12'tibf1[! 4wqllw12w'til'].l{mu bu u 'lflW'tignlj_ 1.4w1llwuwl{wrl{wb 

4wn.mglj_wb12w1ti'CJ wnwM'tJwhw1114mra1m'ti[! l{brw'timu b'CJ : UJ'l tiu4 1.4w1116wnnlj_ 

pwr<'lr 2bruw111ti6w'tiubpmu ub111w11.w4w'CJ 'tJw'tJnllwu'tJp4'tJ'tJbrn4. 2flP u UWJ2nLfl 2rti 
2bpllwu111tJ6w'tiw1ti'tJ l{wr12wq.bbfl[! q.pbrab hwll[!'ti4'timu b'CJ : 

lJwq.'tJpu4w'tJ l'].W2111tJ U UblllW'l.Wljw'tJ 'tJw'tJnuwu'tJtJ'tJ'tJbflnlj_ hWflUlllWglj_wb 2flWJti'tJ 

tmbntj(U'tiUbfltJ tfintuwql'].bgnt(Ujnt'ti'ti[! WfllllWLljWlllljbfllJ.bL t ~UOl"tlJ ti lltJ2ngnlj_: li4Wfl 

21 (a)-mU 1.4w1114bfllj_Wb t 11 q.<g hw6wtunL(UJWUp lltJ4pnWtPJ2WJti'tJ W'l.PJnLflti 

wnw2grwb l'J.W2111[! wnw'tig uum2ti u 111wppbf1 Ullm2'tibrn4.' (b-e): U'l.PJmrti U. 'tium2ti 

llp2u hbnwl{nrmra1m'ti[! 011.bt t 1 uu: U1.4p111w4 q.bti br4Jw'ti12n4. llwq.upuwljwu 'lw2111ti 
LWJuwljwu hw111m1rati 4111pqwb12'tibf1[! pbrl{wb bu li4 . 22 (a)-mll: 
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Incide nt 111 icrow:wes DI -water Fe Zn 

1.0 

0.8 ·c: 
::::; 

0.6 ~ 
0 -I .;:· . .r 

c:: 
'1J 

0.2 c 
0 

1'4. 21: (a) linpuwqnpqwb uwq'tipuw4wti 'lW2lllP pwztulJ.womraJm'ti[! wnwtig tiUmzp, 
Li. tiUmzn4.' (b) 2mp, (c) Fe, (d) Zn, (e) Ag tiwtinuwu'tifl4libpn4. hwpulllwgqwo 
2f1WJp'ti tmbmJra: zSwnwqwJrauwti W'lJlJnLflP hw6wtumraJm'ti[! bri.bt t 11 q.(.g : 

liwtinuwulifl4'tibf1p hwri.nr11mtiw4mraJw'ti ubbwguwli hblll ub4lllh'l. (Fe' 9.9 LfU/u, 
Zn' 16.8 LfU/u, Ag' 61.4 LfU/u) , uwq'tipuw4wti 'lW2lllP p'tilllb'tiuplJ.mraJm'ti[! w6mu t 
(unlll 2.1 w'tiqwu Fe-pg Ag): t'>'tiiuibu brl.i.mu t li4 . 22 (p)-pg, uwq'tipuw4wti 'lW2lllP 

uf12titi p'tilllb'tiuplJ.mraJm'ti[! gmJg t llllJ.hL w6nri. LJ.wrnwqpb, bflp tmbnLJJanLU 

tiwtinuwutip4titibrti tulllnLJaJnL'tili w6bt t. PWJ9 JnLf1WJ2W'ti"mr ublllw'l.ti hwuwr 
lllWf1pbf1 Wf1WqnLtaJWup' 0.0333 (u4q!t)-1, 0.0381 (u4q!t)-I, 0.0547 (u4q!t)-I, 

hwuwuiwlllwutuwtiwpwp Fe, Zn, Ag hwuwr : Qwipqwb 'tiqwqwqmJ'ti hWJlll'tiwpbplJ.nri. 

tulllmra.Jm'titi, nrI:! hpUliqwb t nrnzuwti qnrow4pgp 4.flw (R2) bri.bt t unlll 0.6 i14q/t. 0.7 

i14q/L I Li. 1.0 i14q/L hwuwuiwlllwutuwtiwpwr Fe, Zn Li. Ag-ti hwuwr : 

I. II r 

.£! O . ~ f-

f()·'' 
~ 
-::; 0 .4 .. 

-~ 
§ 0. 2 

} 

(:t) 

I) 1 21..i ~c,-~ 

f) l'lallCC . llllll 

_ 0.91 r 

§ 
~ o.9o i 

.f () S'I 
;;! 

-::; 
~ O.\S 

; 0 \ 7 ' 

(h) 

• Fw 
-- Fit 

II 12.5 25.0 r.s "J.O 
\ lctal na11npar11clc '011,cntr.111011. mg/ I 

"4· 22: (a) uwq'tipuw4wti 'lW2lllP LWJ'tiw4wti hWlllnLJJati 4lllf1lJ.WOQ'tibp[! lllWf1pbf1 
tiwtinuwu'tifl4tibrfl 11hui12mu: (b) Lfwq'tiflu4wti 'lW2lllP uf12flliwgqwb 
p'til1lb'tiup4_mtaJW'ti 4wtunLU[! UblllW'l.W4W'ti 'tiwlJnuwu'tip4'ti'tibf1p lulllnLJaJnL'tipg , 
lllWflpbp UblllW'l.'tibflp hWUWfl 11 q.(.g hw6wtumtaJnL'ti 'lbUjJ2nLU: 
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b:2ru~usni-.ra-sm"" 

Swrphf1 hr4rwiw4iw4wti 4wnmgqwontihrn4. tiwtuwqbqwb Li. ouilllflupqwgqwb 

up4f1nWtrJ2Wjp'ti iJp4f1nzbf1lllWqnf1 nbqn't1Wlllnp'tibf1[! 4Wf1n'l. b'ti hw2n'l.nLtaJWUp 
bwnwJhL nruibu !ppqti4w4wti LI. 4bliuwpwtiw4wti ubtiunrtihr' 'tiJmJabflp l::Lf 

hwlll4mraJm'ti'tihf1[! wtihuimu hri.wliw4n4. ptimrawqrbtm hwuwr: Ulllwgqwo 

wr11Jm'ti12'tihf1[! gmJg hti lllw!Pu , nr wnw2wr44.wo uti4rnwiPnwJfl'ti nbqn'tiwlllnf1'tilihrI:! 
mtibti uhb qqwjm'timraJm'ti Li. 4wrnri. hti hflun hwti11tiuwliwt wtihuimu Li. wn.w'tig 

'tibprawipwtiguwti 4bliuwpwtiw4wti iWtPP9 uwrnbflp (qum4nuhlllf1) hwuwr : 

.QUOt>Lf-p 4flrwn.uwup mumUliwuflrlJ.wb wotuwo'tiwjp'ti 4nuuinqplllwjp'ti 

4wnmgqwontihrti uti4rnwiPnwJti'ti 'lW2lllP hblll 4intuwq11hgmraJw'ti Wf1'lJm'tinti'tihf1[! 
gmjg hti lllWtPU np , l::Lf 'lW2lllP pw2tuuw'ti uhtuwtipqu[! ubowuibu 4wtulJ.wb t 
wotuwo'tiwjp'ti uwtirwrabthrti w'ti4Jm'tiwjp'ti 4nri.utinrnzuwti ipnipntumraimtipg Li. 

4wnmgqwonwJtiti wn.wMtiwhwlll4mraJm'titihrrg: Lfti4rnwiPnwJp'ti 4twtiUwti 

p'tilllh'tiuplJ.mraJm'ti[! tuflulll 4intulJ.mu t' 4wtulJ.wb 4nuuinqplllwJp'ti 't1Jmran4. 

uiwpphrw4wli 4wn.mgqwonti Li. 6wn.wqwirauwti W'lJlJnLflP hbn.wlJ.nrmraJm'tipg : UJu 

uhran'l[! 4wrnri. t 4wrl.i.nr qnrotin !Pliht uf14rnw!PnwJp'ti 4tw'tifli'tihrti LI. !l:iPLlllflhflp 
tiwtuwqMwti wztuwlllw'tintihrmu: 

.QUOt>Lf-p Li. ufl4f1nWtrQWJp'ti up4pnzbf1lllWJp'ti n.bqn'tiwlllnp'tihf1p 4flrwn.uwup 
pf1W4W'tiwgqw0 UblllW'l.W4W'ti 'tiw'tinuwu'tip'ti'tibpnq hWf1UlllwgqwO 2f1Wjp'ti 

tmbmJra'tihrti wn.wtig tibrrawipwtiguwti unlllw4w-11w2lllwJp'ti 4intuwq11bgmraJw'ti 

Wf1'lJnL'tiJ2'tihf1[! hwqwulllnLU hti 4flf1wnqwb uhran11'tibf1p Wfl'lJnL'tiwqhlllnLJajnL'ti[! nruibu 
ublllw'l.w4w'ti 'tiw'tinuwu'tifl4li'tibf1p 2f1Wjp'ti [nLOnLJJa'ti'tibrmu uhb [nLOm'tiw4mJaJWUp Li. 

hw6wtumraJm'titihrti LWJ'ti lllpf1mramu uzlllw'lfllllwf14ilwti hwuw4wrqhr: 

<rw1nwpw4tlwb w2fuw1nwti12til:ip~ gmgw4 

I . L. Odabashyan, A. Babajanyan b, Zh. Baghdasaryan, B. Friedman c, K. Lee, "Glucose 
Aqueous Solution Sensing by Modified Hilbert Shaped Microwave Sensor", Armenian 
Journal of Physics (Proceedings of the Int. Conference on ·'Microwave and THz 
Technologies and Wireless comm."), 2018, vol. 11 , issue 4, pp. 214-222. 

2. L. Odabashyan, A. Babajanyan, Zh. Baghdasaryan, S. Kim, J. Kim, B. Friedman, J. H. Lee, 
K. Lee, "Real-Time Noninvasive Measurement of Glucose Concentration Using a Modified 
Hilbert Shaped Microwave Sensor", Sensors, 2019, vol. 19, issue 24, pp. 5525. 

3. B. Hovhanisyan, D. Hambaryan, L. Odabashyan , A. Babajanyan "Real-Time Sensing The 
Glucose Concentration by Quadratic-Shaped Microwave Sensor", Proceedings of The 
YSU: Physical and Mathematical Sciences, 2019, vol. 53 , issue 2, pp. 132-137. 

4. B. J. Minasyan , L. A. Odabashyan , Zh. A. Baghdasaryan , A. Zh. Babajanyan , K. Lee, 
"Computer Modeling of Microwave Stripline Resonator for Non-Invasive Sensing'" 
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Proceedings of The YSU: Physical and Mathematical Sciences, 2019 , vol. 53, issue I, 
pp. 60-64. 

5. A. Babajanyana, B. Minasyana, L. Odabashyan, S. Kim, J. Kim,J.-H. Lee, B. Friedman, and 

K. Lee. "Noninvasive in Vivo Evaluation of Mouse-Blood Glycemia with a Microwave 
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OMEAJIDIH JIEBOH 

llCCJIE,ll,OBAHHE PACilPE,ll,EJIEl-lllli MllKPOBOJIHOBbIX EJII1)1{Hl1X ITOJIEH 
B )1{11,ll,KHX I1 KOMI103HTHbIX MATEPHAJIAX 

AHHOTA~HJI 

CoBpeMeHHble TeH)leHUIHI B MHpe nopOJK)la!-OT noTpe6HOCTb B HOBblX JKH3HeHHO BaJKHblX 

He HHBa3HBHblX MeTO)laX HCCJJe)lOBaHHll. B 'laCTHOCTH, cym:ecrnyeT 60JJblliOH HHTepec TIC 

TOJlbKO B HOBblX He HHBa3HBHb!X MeTO)laX 30H)lHpOBaHHll HaHOCTPYKTyp, HO B TO JKe BpeM51 H B 

HOBblX MeTO)laX )lJJll TO'lHOro HCCJJe)lOBaHHll HaHOCTpyKTyp. Bo3HHKJla Heo6XO)lHMOCTb HMeTb 

He HHBa311BHbJe CHCTeMbl MOHllTOpHHra c Bb!COKHM pa3pewe1rneM, KOTOpble 6yJlyT 

11cnOJ1b30B3TbCll B T3KllX o6nacrnx, KaK Me)ll!UHHa, n11m:esall npOMblWJJeHHOCTb II ,'Ip. 

Ha11ocTpyKTypw llBJIJllOTCll BaJKHhIMH KOMnoHeHTaMH 'lenoseqecKoro opraHH3Ma, no::iToMy 11x 

TO'lHOe 113Y'-leHHe llBJllleTCll )f(JBHeHHO BalKHblM. B pa3JIH'IHbIX paCTBOpax II B KOMrl0311THblX 

MaTepHanax HaHO'-!aCTllUbl B33HMO)leHCTBYIOT c 3JleKTpOMarHJHHblMll (3M) noJJllMH, II 

perHCTpauHll HMeHHO 3TOfO B33HMO)leHCTBHll H ero aHaJIH3 n03BOJlll!OT H3Y'l3Tb HX. B pel!rnMC 

peanhHOro speMeHH He HHBa3HBHoro perncTpau1110 pacnpe)leneHJrn 3M none» MOJKHO H3ylfan 

c noMOWb!O MHKpOBOJJHOBblX pe30HaTopoB H TepMoynpyroro onTHlfeCKOro llH)lHKaTOpHoro 

MHKpOCKona (TYOHM). 

B HallieM llCCJJe)loBaHHll Mbl npe)lJJaraeM MHKpOBOJIHOBble pe30H3TOpbl Ha OCHOBe 

pa3I1HlfHb!X reOMeTpH'-!eCKHX cjiopM. Ilpe)lJJaraeMble M!!KpOBOJIHOBbJe pe30H3TOpb1 

ODTHMH3HpOB3Hbl )lJIJI IlOJIY'-!eHl!ll Bb!COKOH '-IYBCTBl!TeJlbHOCTll K KOHUeHTpau1rn rITIOK03bl B 

6ttonorn'lecKoM pacTsope. Pe3yJJhTaThI noKa3hIBaJ-OT, '-ITO 3TOT THn pe30HaTopa 11 

np11MeHlleMhJe MeTO)lhl MOfYT crroco6cTBOBaTb pa3BHTHIO HeHHBa3HBHblX rITIOKOMeTpOB, a B 

Me)lHUHHe KOMMeplfeCKHe rJJIOKOMeTpbl MOfYT 6h1Tb 3aMeHeHbl HeHHBa3HBHblMll H 6onee 

YJl06HhIMH rnJOKoMeTpaMH peanh11oro speMeHH. Pa3pa6oTaHHhJe pe3oHaTOpbl !!Mell MaJlhIC 

pa3Mepbl c pa3JJHlfHblMH reoMeTpH'leCKllMH cpopMaMH o6ecrre<mBaJOT 3cpcpeKTHBHOe TIC 

HHB3311BHOe 30H)lHpOB3HHe B lliHpOKOM JlH311a30He lfaCTOT. ,ll,m1 )leMOHCTpau111-1 

::i<jJ<jleKTHBHOCTH pe30H3TOpOB 6hrno BbinOJIHeHO KOMnhJOTep11oe MO)leJ111posam1e, a TaKJKC 

H3MepeHl!ll c noMOIUb!O npOTOTHna B peanhHblX ycJJOBHllX. c IlOMOJUb!O rrpOTOTHna 113yqaJ1HCL 

He TOJlbKO paCTBOpbl, HO H 6b!JIO BbinOJIHeHo He llHBa311BHOe H3MepeHHe 113MeHeHlrn 

KOHUeHTpau1111 rITIOK03bl B JKHBbIX opralll!3M3X. 

Hccne)lOBaHHe aHll30Tpon1111 KOMn03HUHOHHblX MaTepHMOB, TaKHX KaK yrnepOJl II 

HCCJ1e)lOBam1e MHKpOBOJIHOBOe nornom:eHHe 11epHO)lH'-!eCKOH CTpyKTypbl rpa¢11rn, MOJKeT 
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OKa:JaTb 6onbUIOe BTIHl!HHe Ha HayKy. B tJaCTHOCTH, KOMil03HTHbrH MaTepttan H3 yrnepO,LIHOro 

sonoKHa npe.11cTasm1eT UIHpory10 o6nacTb HHTepecoB a OTHOUiemrn 11ccne.11osaHHll ero 

mrn3oTponHb!X :rneKrpH'leCKHX H MexaHH'leCKHX csottCTB. Bo3MOlKHOCTb ynpa0n11Tb 

csottcrnaMH MaTep1rnnos c noMO!llbJO cjJH3W·IeCKHX npo1.1eccos no3BOJ1l!eT pa:ipa6aTb!BaTb 

HaCTpaHBaeMble ycTpOMCTBa, TaKHe KaK THnbI MHKpOBOTIHOBb!X cjJHnbrpOB, B KOTOpblX 

ycTpOMCTBa HacTpaHBaJOTCl! nyreM npHllOlKeHHll KOHTpOllHpyeMoro BHeUIHero ManJHTHoro 

llOTil!. rpacjJHTOBal! nepH0.11H'leCKal! CTpyKTypa MOlKeT CJIYlKHTb XOpOUIHM nornOTHTeneM B 

TeneKOMMYHHKal.\HOHHbIX npHJIOlKeHHl!X, r.11e pa,LIHOnornO!llaIOlllHe MaTepHanbl o6bl'IHO 

HCilOTib3yJOTCl! B HeBH,LIHMb!X TCXHOJIOrHl!X, 'IT06bl CKpb!Tb o6beKT OT o6HapylKeHHl! pa.z:1apoM. 

TYOHM 6brn Hcnonb30BaH .LIJil! 11ccne.z:100aHHl! aHH30TponHH yrncpo,LIHoro KOMn03HTHoro 

MaTepHana H MHKpOBOTIHOBOro nornomeHHll nepHO.llW!eCKOM rpacj:JHTOBOM CTpyKTypbl. Ha 

OCHOB3HHH pe3yTibT3TOB JKcnepHMeHTOB H MO,LlenHpOBaHHl! 6binO 33Me'leHO, 'ITO MexaHH3M 

pacnpe.11eneHHll MHKpOBOTIHOBoro flOTill CHTibHO 3aBHClfT OT H3MeHeHHll yrnoBOM OpHeHTfil.lHH 

yrnepO,LIHb!X BOTIOKOH, H, TaKHM o6pa:JOM, KOMfl031ffHb!H MaTepHan .11ettcrnyeT KaK 3M­

nomlpH33TOp B MHKpOBOTIHOBOM ,LIHana:ioHe. vfHTeHCHBHOCTb MHKpOBOJIHOBOro nornomeHHl! 

CHJlbl!O Mel!lleTCll B 3aBHCHMOCTH OT paCCTOllffilll MelK.LIY rpatlJHTOBOM nepHO,LIH'JeCKOM 

CTpyKTypoM H HCTO'IHHKOM H3JJY'leHHll. 

3acnylKHB3JOT BHHMaHHl! TaKlKe HaHO'laCTHI.\bl MeTanJlOB, KOTOpble BMeCTe c HX 

XHMH'!eCKHMH coe,LIHHeHHllMH HrpaIOT B3lKHyJO ponb B opraHH3Me 'lenoseKa. B cospeMeHHOM 

Me,LIHI.\HHe npOBO,LIJ!TCl! o6UIHpHbie J.ICCJle,LIOBaHHl! neqe6Hb!X CBOHCTB pacrnopoB c 

pa:JllH'lHblMH l-TaHO'l3CTJ.IU3MH MeTanJlOB. TaKHe CBOHCTBa Bbl3b!BaIOT 60J1bIIIOM HTHepec K 

H3y'!eHmo BO.llllbIX pacrnopoB c HaHOCTPYKTYP3MH cepe6pa. B3aHMO.L1ettcrn11e pacrnopa c 

HaHo'!aCTHUaMH MernnnoB (Fe, Zn, Ag) c 3M nonl!MH Hccne.110BanHcb c noMO!llbJO 

MHKpoBOJIHOBbIX pe3oHaTopoB H TeXHHKH TYOl1M. 
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ODABASHY AN LEVON 

INVESTIGA TfON OF THE MICROWAVE NEAR-FIELDS DISTRIBUTIONS IN LIQUID 

AND COMPOSITE MATERIALS 

ANNOTATION 

Modern development trends in science lead to the need for new and vital non-invasive 

research methods. The application of the electromagnetic (EM) waves and the development of 

miniaturized devices operating in the microwave ranges are promoting to development of non­

invasive sensing techniques. Nowadays, non-invasive microwave sensing is a promising 

technique. It is used in plural applications such as environmental monitoring, healthcare 

industry, food industry, etc. Important benefit of noninvasive sensing technique lies in its real­

time, non-destructive and safe character, particularly, in the healthcare industry. 

The microwave resonators with various types of geometric structures can serve as a 

prototype for the development of biosensors. This type of biosensor can be used as non-invasive 

glucometers, and they are helpful for diabetic patients. When the microwave resonator is acted 

as a sensor, the material under test (MUT) to be measured is brought into contact with the 

sensing zone in the res~nator and, therefore the resonant frequency shift and transmission and 

reflection parameters of system change depending on the complex relative permittivity of the 

MUT (for nonmagnetic materials). These parameters can be easily measured using a 

commercial vector network analyzer. 

In our study we propose microwave resonators which based on different geometrical 

structures. The proposed microwave resonators are optimized to obtain high sensitivity to the 

glucose concentration in a biological solution. The results show that this type of resonator and 

the applied methods can contribute to the development of non-invasive glucometers, and in 

medicine, commercial glucometers can be replaced by non-invasive and more convenient real­

time glucometers. 

The investigation anisotropy of the composite materials such as a carbon and microwave 

absorption of graphite periodical structure can be great impact in science. Especially carbon 

fiber composite material represents a wide area of interests regarding the investigation of its 

anisotropic electric and mechanical properties. The ability to control material properties through 

physical processes allows the development of tunable devices, such as microwave filter types, in 

which the devices are tunable by applying a controlled external magnetic field. The graphite 

periodic structure can be served as a good absorber in telecomunication applications where 
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radar absorbing materials (RAM) are commonly used in viewless technology to hide an object 

from radar detection. 

The thermos-elastic optical indicator microscope (TEOlM) visualization technique was used 

to investigate the anisotropy of thermal and electrical conductivity of a unidirectional 

carbon/PEEK composite material and the microwave absorption of the graphite periodic 

structure. Based on the experimental and simulation results it was observed that the microwave 

field distribution mechanism strongly depends on the variation of the angular orientation of the 

carbon fibers and thus, the composite material acts as an EM polarizer in the microwave region. 

The microwave absorption intensity is strongly changed depending on the distance of the 

graphite periodic structure and radiation source. 

Metal nanoparticles (NPs) also deserve attention, which, together with their chemical 

compounds, play an important role in the human body. In modern medicine, many studies are 

being carried out on the medicinal properties of solutions with nanoparticles of various metals. 

Such properties are of great interest for studying aqueous solutions with metal nanostructures. 

The interaction of a solution with metal nanoparticles (Fe, Zn, and Ag) with EM fields was 

investigated using microwave resonators and TEOlM visualization system. 
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