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Umbuwtununt[OJWU [abt.lwu hwumwmt{b[ t bpuwup 1.4bmwywu hwUW[UWf1WUmU: 

q.pmwywu ri.b4w4.wri' ~.u.q.I').., 1.4pn~bunp U. c:t. Pwpw2wbJwb 

"1w2mnuwywu Qurwtiuwtunuubp' ~.u.q.I').., 1.4pn~bunp tu. 4.. l..b114w11w11Jwb 
~.u.q.I').., 1.4pn~bunri <. U. Uwriqujwb 

Unw2wmwri ywquwybp1.4mraJmti' << q.uu O.w'ltm~flq}l4wJfl IJ. l;1b4mrinbfl4wJfl 
flbumflrnnun 

"1w2m1.4wumraJnLUQ YWJWUW[nL t 2022 ra hnlpnlnlpbf1p 22 tiu ctwU[! 12:00-pu 
bpuwup 1.4bmwywu hwt.lwtuwpwunu.l qnponq r'fllj ti 049 ~pqflywJti 

uwuuwqpmwywu tunphf1'lP upummu: <::::wugb' U U uilm1luwtJ I, Lpuwu 0025: 

UmbuwtununLfOJWUQ ywpbtJ1 t crwunrawuw[ b'TJ(. qpw11wpuil11111l 

Ubri.uwqppu wnwpt{wcr t 2022 ra. ub1.4mbupbf1p 12-pu: 

LI wuuwqtimwywu tunrihri'lti 
qpmwywu pwpmmri.wri 

'lul q .JJ ., qnyl.rum 
•L ''l . P.u1twltrctw11Jwb 

Te~rn JlHcccprn1vrn yrnepJKne1rn B EpeBaHCKOM rocynapcTBe11110M \ 1111111: 11< 111 CH' 

I lay'1HblH PYKOllOJll1TCJlh: 

04JHUHaJlbllhlC OllllOllCHTbl: 

Be.11y11.1m1 opra111tHllVrn : 

n.cji.M.H., npocjieccop A. IK. l1Mn11 11lt\111rn11 

n.cp.M.H., npoqieccop X. B. 111•1111:111111111111 

11.<ji.M.11 .• npoqiccwp A. A.(' 11111 n111 

U11c11nyT Pan110~>11111ic11 11 1;1eKTpoH11K11 HAH PA 

3lllllH!a JlHCCCpl<lllfllt COCTOHICJI 2) 0Kll16pll 2022 I . B 12:00 'laCOB, Ha 3aCCJlaHHl1 
c11c1u1an11111po11a111101 o cosen1 Bl\11. 0·19 no <l>11JHKC 11p11 Epesa11cKOM rocynapcrseHHOM 
)llf1tlcpc111c1c. Aipcc : A. Ma1t)'KJ1llil I l ·.pcna11 0025. 

c JlllCCcp Jalll1CH MOlKllO 0311l1KOMll I lol JI II (111(i Iii() I CKC ErY. 

Asrnpe<l>epaT pa30CJJa11 12 ce1m16p1120221 . 

Yc1e11b1H ceKpeTapb 
cneuHaJJH3Hposa1111oro coseTa: 

it 

1-:, 111 M II., l\OUCHT 
lk 11. K11J1a11Tapsrn 

,.rt ~·f.Pr:•J 
Y. 

uetuusul..,gt> el..'l<Ul..nl'r Pl..nMauq.t>re 

U2tuwmwbpb wrmbw~wtimpJmbl! 
UmbuwtunumraJntUQ ut{tipqwcr t upypnwtJipwJpu unmwyw 'lw2mbpt1 

Wf1U1WlljWUlljb[1UWU tuul').pf1Ubf1ptJ , npp [!DfOW9QnLU tJwtJn~wipwywtJ UbUlW'l_WywtJ 
pwpwy rawri.wtiratibpQ oqmwqnpolJ.bL bti np1.4bu 01.4mpywywti ptJl').pywmnptiLr. 
¢np<'IWf1Wf1WljWtJ U mbuwywu Ub[anl').tJbpnq hbmwqnmqb[ btJ t[bympwuwqtJpuwywtJ 
(t:LJ) l').W2Ulbf111 pw2tulJ.wOnL('OJnLU[! wupqnmpn1.4 uwunywnmgqwoptibpnll.l 
wphbumwywti ubmwujnl('ilUf1P 9 1.4wmpwumqwcr tinp ywnmgqwoptibp qmbbtni 
tJ1.4wmwynLJ., npntip Lfwrnq bti yppwnqb[ np1.4bu ubtiunptibp: ULJ.btJiti . 
UbmwuwybplJ.mj[3Dbf1t1 ht1unt1 l(f1W tJwtuwqoLj_wcr ptJl').pywmnpubp[! oqmwqnpoqb[ btJ 
ubcr tmomtJwym('OJWUf1 U1[1tnt1Hijwtnl1bpuwti yppwnwywti hbmwqnmmraJmbtJbpmu: 

l.Jwtu. ubpljWJWCJl (h1 I, 9hp1lwjfltJ Wf1U1WlljWU1ljbpuwti tinri bri.wtiwy[! , np [! 
hpuuLJ.wcr t 2briuwun1111tlq111l1wl1 01.4mrlfwljwti titi'lti4wmnrin4. uwuriw'ltimwlfti 
(QUOt"iLJ) 4.flw (1 J: U h1o1nql1 tx prnuqn(lomu t 01.4mpyw1.4bu rawitiwugpy DJmrabf1 npnug 
crwnWJnLU bti nr111l111 vl1p1\uiwnw<lq wywu pul').pywmnptibp: Sb'l_Wl').f1btn4. 
ptJl').pywmnpQ munu.luu111t1plj 11q 11111rip t1 (n 1U) ~riw' !pnmnwnw<'lqwywti t~bymr 
qb[l[nLOnL[OJWD up2n<Jfllj hl111111111111111lt111l I, lllituwupywywu [W[lqwomraJWU 
pw2tulJ.wcrmraJWD itimrnt111111.11111l1p,: U1l111tl1l1111l1, lll(1l11WUjWlllljbpqmu t t:LJ unmwyw 
l').W2UlP pw2tuLJ.wcrmraJnilJp i.>lq11\11ql1l1 1111p1j111c~n1r,)Jntuubf1l1 qbp[momraJwtJ up2ngnq: 
UmJD mumutiwutipm('OJWlJ Jp~111l1111l1l1lcp1111l 2wm pwp<lf1 qqwjmtJmraJwt.lp u 
01.4mpywywu tmomtiwl111q.111111lp 111p1111uu1wmybplJ.bt bu ttb4mriwywti lJ. 
uwqupuwywti unmwyw 1p11J111t1r1u' oqwwq.npobtn4. unLJ.nrwywti pubnwguwti 
UWDf1Wl').pU1wlj l.t. UU1WDl').Wf1111 111111111l1t1 11pp ownWJnLU t np1.4bu 2bpuwwnw<'lqwywtJ 
ptJl').pywmnp: Ut{btJiti, QUOt•I I h1111l111l1111p4p up pwtip optitiwytibpQ u qnpotiwywti 
4tiriwnmraJmbtibpQ gmJg lili 11111111111, nri WJU mbtuurlf wtJ w1.4whnqmu I. 
Lll14rinwtJ1pwjptJ 6wnwqWJ('Oll1111lp 111ql)tlnri. uwppmu lJ. UJmramu mb'l.11 mul19nl) 
2briuw1titi qnpcrQtirawgtibpp ptimr,,uiqp1lwu u u2mwl').pmuwti qnpotiwljwti bri.wtiwl.j : 

bpypnf1'l uwumu ubu12 QUOt"ilf hwuwywpqp hwuwp tiwtuwqbbt btip 
t[OYU1f1WYWU l').W2Ull1 Unf1 tiul').rywmnptJbf1 , npntJp htiuuqwcr t LljWf1pbf1Wlj1Ul1 
ubmwri.wywti ywnmgqwoptibrti 4.riw: UJU tinri titi'lti4wmnpbb[1[! ywrinri. uti 
wnwti<'lpti-w<'lwti<'lpti wpmw1.4wmybpb[ ttb4mriwywti l').W2UlP pw2tuLJ.wcrmraJwb utiwJu 
x- ywu y- pwri.w'lrti~tibpQ : Upmw1.4wmybplJ.bL bti nw'ltinhw6wtuwJtiu (n-q ~titmrlirt1 
UpypnwtJ1pwjptJ Unmwyw t[bympwywu U uwq.tJpuwywu l').W2Ulbf1tl 
pw2tu4.womraJmtitipQ: Pntnri ipnp<'lwpwpwywti Wf11').JmbptibpQ ummqqb[ bu 
hwuwywpq2wJtiti Unl').b[wqnpmutibriti uti2ngnq, npntip [Wq hwuw<'IWJUnL[OJnLD ub2 lJll 
~wipmutibpp hbm: Pwgp WJI')., 'lw2mbpp bnw~wip 1.4wmybrtibrQ 4.brwywnmgl11111 
ti1.4wmwynq, QUOt"iLJ hwuwywpqp hwuwp umbri.oLJ.bt t tinp ubran'l: ll111 
ptJl').pywmnptJbp[! w1.4wqwjnLU ywpn'l_ bti qnpcrtiwywti yppwnnL[OJnLD mulcu1111 
~Lj_tiwunri. (non-invasive) qpwugmuubpp ntnrimmu: Pwgp WJI'). , 'lf1WDQ ywpnri. l1l1 
hpwtiwtJ1 tmcrmu tJibb[ nrn2w4ti wnw2w'lriwtiptibpp hwuwp , titi21.4pupp bu npn2 
upwgmraJmtitibpp hwuwp Llb4-ratiriwtuwJptJ qpwtigmutibpQ: Uw unp 01.4mpywywti 
titi'lti4wmnp (Ot"i) t. npQ hpt.IULJ.wcr t 1.4wppbpwywti ubmwri.wywti ywnmgqwcrptibrl1 
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L[rw u QUf')nll.1wlj t pumrawq.rbtm mwrpbr ft.( uwrpbrti u UJnqabrti tLJ 
hwmymraJmuubrQ u mrwuw11-rbt mbuwubLJi mb11.bljwmL[mraJmu tLJ 11-w2mti 
pw2tiJL[womraJWU uwutiu : Pwgti Wjf'), WJU ubranrt-Q wnw2 t pbrmu 
ubmwljwnmgL[wopti hbm tPntJ.!wq11-n11. tLJ 11-w2mbrti wrmw1.4wmljbruwu unr 
L[brtmbwljwu b11.wuwlj : 

Llbr2mu gmJg t mrL[wo, nr QUOt">LJ mbtiJutiywu ywrn'l. t pumrawq.rbt pwr11-
hb11.my tiJwnum11-w1tiu tmomi raubr Q: Swrpbr tJ.!mmraJmuubrnL[ D-q.umynqti u 
uwmrtimuti mnrtirt-ti tmOntj (Oubr Q wnwuot1u tP nrobrti QU[Owgpmu burawrljL[bt bu 
utilJrnwLJipwitiu 6wnwq.w1rauwu : Uru1wu1uHnl1t1r1ll.11 bu utiLJrwLJipwJtiu unmwljw 
11-w2mbrti (LJULJ't-) pw2tiJL[wonL(OJnLUt.' lj inpp u1p uHlw4onL[ L4twumti4 tJ.ln11.nL[wyti 
2mr2Q, nrmb11. tJ.ln11.nL[wljQ oq.mwqnro1[l11 I. 11p1ql 111 hl 11\n it1ti mwrw: 'l)wrqL[bL t, nr 
utilJrnwLJipwJtiu f')W2lllti tiumbuutiL[mr<>JrHUfl t1111lllll u10 I, tmbL[wo UJmrabrti 
tJ.lmm[OJWLUtig : 5mjg t mrL[wo, nr WJU hltu1wqrn11r1q.1 1111l1p WUjWq WJnLU ljwrn'l. t 
mubuwl pd-2ljwljwu 4tirwnmraJmu zL[uwun11. '1l1wqlJrn 1111l1l11111 t1 ntnrmmu: nr1.4bu 
ortiuwlj lju2bup wrJwU in-situ «mb11.mu» zwl[1ntllt.1l1pp lip1 11t1lil1pl1 2mr2. nrnug 
zwtPubrQ hwubuwmbLJi bu tPnromu 4tirwnL[wo L4twu1111111 l1111q111 ju1l1ubrti zwtPubrti 
hbm: Uw mwrpbr pwrrt- hb11.mljubrti tLJ hwmljmr.11r11l1lil 1pl1 pllllt f1lwqr uwu unr 
ubranrt- tu w1.4whnL[mu t mb11.bljwmL[mraJmu utiLJrnwttJpulip111I f111111111<pt1Jf<ll[n11. hb11.mlj 
uti2wL[wJrti L[wrpti uwutiu: Uju mbtiJutiywu umb11.omu I, 1q1 11p11111l1q1l u1lwuwmti1.4 
zL[uwun11. q.rwugmuubrti hbmwq.w mumuuwutirmraJmUultpl1 l11111l111p . 

Umht.iwtununL~t.iuiwmwJm 

• l.J wtJ.lwq.obt u q.nrowr4bt tLJ unmwljw 11-w2u1lipl 1 111p111u.1uiwmljbruwl:J 
mbtiJutiywu u gmJg mwt urw q.nrouwljwl:J 4tirwnmraJntl1l1l1pfi.: 

• nwmul:Jwutirbt U LI2WYbl l:Jnr mti1.4ti Olljllltiljwljw\1 ltl1qltlf1Ulllnrubr , nrnup 
htiuuL[wo t ubmw11.-11-tittb4mrti4 1.4wrpbrwljwu ljwnniq1j 1111~pl1 Lj_rw u ljwrn11. bu 
ownwib t nr1.4bu ttb4mrwljwu u uwq.utiuwljwl:J 11-w2mlipl1 l1l111!1l1wmnrubr : 

• CCD mbuw tiJgti4ti L[rw htiuuL[wo QUOrLJ wrmwup11111l1liruwu mbtiJutilJwJti 
uti2ngnL[ zwtPbt q.umynqti u tiwmrtimuti i;nnrr'll ' ypwJtiti tmbmJratibrti 
tiJmmraJmutibrQ tmomiraubrmu: 

• QUOt">LJ hwuwljwrq.ti q.nrouwljwl:J 4tirwnmr<lJm'Uu br ' uwurwuwul:J 
uywrwq.rmraimutibrnL[, titi21.4tiutiu bu ortitiwlj ' uimrabrti z4.uwun11. 
mumul:JwutirmtaJnLU , 6wQbrti U rc>lirmtaJnLUubrti hWjlllUWpbrmu, 1.4wrpbrwljwl:J 
LjwnmgL[wo12ubrti ummq.mu, ubrljwnmgL[wo ubmw11.wljwu uimrabrti 
hwJlllliwpbrmu u pd-2ljwljwu 4tirwnmraimuubr: 

q.bmw~wt.i t.inomma 
• U2tiJwmwupmu ubrLJwiwgL[wo t w1.4wljb mw4rt-tirubrti Lj_rw l:JumbgL[wo titirt-timu­

wuwq. oputi11-w1tiu (t">UO) pwrwlj raw11.wu13ubrti ttblJmrwljwl:J 11-b'.j>bljmubrti 
hWJlllUWpbruwl:J unr Olljllltiljwljwl:J ubranrt-: UntjU ubranrt-Q htiuuL[wo t 
utilJrnwLJipwJtil:J mwpwguwup UjWJUWuwL[nrL[wo 2bruw1tiu pw2tJ.!uwl:J 
wrmw1.4wmljbruwl:J htiuwu L[rw , nrQ wnw2wumu t f')b'.j>bljmubrti 2mr2' t">UO 
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raw11.wurati w1.4wljb mw4rt-tirti 2brLlwJti'U twrL[womraJm'Uubrti pw2tiJmumj 
1.4wJLlwuwL[nrL[wo: 

• Unw2wr44.bt t 11-tittblJmrwljwu uti2wL[w1rmu ubrljwnmgL[wo hw11.nr11-ti2 Opjblj lllti 
wrmw1.4wmljbruwu unr ubranrt-. nrQ htiuuL[wo t QUOrLJ-ti uti2ngm[ 
tirwljwuwgL[wo utiLJrnwLJipw1tiu wrmw1.4wmljbruwu L[rw: UntJl:J ubranf'l [l 
htiuuL[wo t LJULJ't- pw2tiJuwu wrmw1.4wmljbruwu L[rw , nrQ q.bubrwgL[mu l 
rt-tittblJmrwljwl:J uti2wL[wJrmu l:Jbrljwnmglj_wo hw11.nrrt-tiz Opjbljmti ljn11.utig: 

• ttblJmrwljwl:J f')W2lllti wrlllWUjWlllljbruwl:J hwuwr l:JwtJ.!wq.o4_bt bl:J l:Jnr mti1.4ti 
Olljllltiljwljwl:J tiurt-tilJwmnrubr , nrnup htiul:Jlj_wo bl:J 1.4wrpbrwljwl:J rt-tittblJmrtilJ 
ubmw11. ljwnmgL[wo12ubrti Lj_rw: LiwtiJL[wo ljwnmgL[wopti ljn11.uunrn2mutig' uuwti 
ubmwuwljbrunyrati htiupti Lj_rw umb11.0L[wo tiurt-tilJwmnrubrQ [OnLJl bu lllWLtiu 
tirwrtig wl:JljwtiJ wrmw1.4wmljbrbt l:Jmjl:J hwrramra1wu ub2 q.ml:JL[n11. ttblJmrwljwl:J 
11-w2mti E, u E1 pw11.w11-rti2tibrQ: 

• QUOt">LJ ti uti2ngnL[ tirwljwl:JwgL[wo unr Olljllltiljwljwu ubran11-nL[ huwrwL[nr t 
b11.bt nrn2bt () CllJ nLljnqp lJ uwmrrmur Ptnrtif'lti tJ.IU1nL[OJnLUUbrQ 2rw1titi 
tmomiraubrnul. 

q.npbbw~wb wrdbpo 
• LJti4rnwLJipwJtiti (11 11 11111111111r·11l111l1 1111111 llf1wu f1l:J oq.mwq.nrobtn4. unL[nrwljwu 

pubnwguwu UWU(lllllflllll llll fp 11111111 <Jnljg blip mL[bt. nr WJU ubranrt-Q n2-
ljnumwljlllWJf1U u zl[l111111 11q 1ll1Y.11q 1. 11 (OnLJL t mwLJiu hWjllluwpbrbt fOWtPwl:Jgf1lj 
hw11.nrf')f1z pwrwlj (OUH]lllllf•l lt f,iltlflilf1tllljWl:J f')b'.j>bljml:JbrQ' Uf1UzU 1 LIU '!Jlj_wqwq.nyl:J 
brlJwrmraJwLlp, f1u2u1li11 1111111 •10 10 uu2 uwljbrbunL[ pw2tiJL[wo ttblJmrwljwu 
f')b'.j>bljmubrQ: Uju ubranql1 1\111~ 11111'1t11liwljm13JmUQ u qq.wjUnL[OJWUp hwu11-tiuwumu 
t q.rw4.f12 b11.wuwlj qtiti1l111l1 1rn1111<plwu mbtiJ'Untnq.tiwtibrmu 4tirwnmraJml:Jubrf1 
hwuwr: 

• QUOrLJ ubranrt-f1 oq.mwqnp1~1l1111lp UJf'llllW UjWlllljbrL[b[ t uf1ljrnwLJipwJtiti f')W2lllti 
pw2tiJL[womraJml:JQ hw11.nrql1> u111lil1u1 1.4wrmuwljn11. 11-tittblJmrwljwl:J uti2wL[wJrti 
uwljbrllmJrati unm , brp Wjli lturawr yL[mu t utilJrnwLJipwJtiU 6wnwq.WJJOUWU 
( w11.nr11-ti2 opJb4mti 2mr2 wnljw md-b11. LJULJ't--Q hwJml:JL[mu t 11-tittblJmrwljwl.1 
uti2wL[wJrti wrmwptiu uwljbrllmJratiu , u 11-rw tiumbuutiL[mraJml:JQ ljwtiJL[wo l 
6wnwq.wJraL[n11. utiLJrnwLJipwJtil:J wq11-wu2wuti hw6wtiJmraJmtitig u pubnwguwu 
nL'l.'l.nqajmutig: Urmw1.4wmljbrbtn4_ 1-5 Liu tJ.!nrmraJwl:J L[rw ubrljwnmgL[wb 
mwrpbr hw11.nr11-ti2 q.obr' nrnup ml:Jbl:J 1 Liu LWJUnLJOJnLU u 4-10 Liu mwrpLp 
brljwrnLJOJnLUUbr , 9nLJ9 t mr4_bt, nr WJU UbJ3nf')Q ljwrn'l. t Olljllltiljw1.4bu 
WUJOWtPWUg 11-tittb4mrti4 uti2wL[wJrmu ubrljwnmgL[wo hw11.nr11-ti2 q.obrti Lt 
ljwnmgL[wopubrti hwuwr LJilibt zL[uwun11. u nz-ljnumwljmwJtil:J hWjllluwpbruwt1 
q.nrouwljwl:J uti2ng : 

• QUOt">LJ mbtiJutilJwJti uti2ngnL[ wrmw1.4wmljbrL[bt t GPS tPWz wumbl:JwJti LJULJ't 
ti pw2tiJmLIQ 1.575 q.(g w2tiJwmwtipwJtiti hw6wtiJmrawti 11-b1.4pmu: Ul:Jmbuw1l1 
6wnwq.wJraLlwl:J wrmw1.4wmljbruwl:J tirwljwl:JwgmLIQ ramJL t mwLJiu pumrawq.rbt 
tLJ f')W2lllti tiumbuutiL[mraJnLUQ u pw2tJ.lmUQ ljwtiJL[wo wumbl:JwJti uwljbrumirati lJ 
Olljllltiljwljwl:J tiurt-tilJwmnrti uti2u b'l.WO hbnwL[nrmfOJnLLitig: 
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• <wunu1n.4.wo wotuwoUWJPU UWU(lW[Ob[b(l/ll.(ntJibrabr b13b(1 4bumu ('flbbli) 
wupqm1111nll.( pwrl_W'l(lJWL UJnt[Ob(lp 2b11uwJpu Lt t:Lf hwm4mraJmuub(1Q 
mumuuwup(lbtm hwuwr 4wmw114.bt t b114m Y,nr<'l: QUOl">Lf-p up2ngnlj_ 
wrmwll.(Wlll4br4.bt t mwgwglj_wo wotuwopu/l'f\bbli 2b11mmu wn.w2wgwo 
2b(1UWJPU pw2tumu[!: ru2ll.(bU uwl.t QUOl">Lf-r ur2ngn4. W(llllWll.(Wlll4br4.bL t 
wotuwopu/l'f\bbli 4null.(nqpmwJpu 2b11mr LfULf'l--p pw2tumu[!: Lfr4rnwtJigwJpu 
mwgwguwu ubtuwupqLIQ Lt LfULJ'"l p pw2tumu[! ubowll.(bu 4wtulJ.wo bu t:Lf 
11w2mr pltbn.wguwu Lt wotuwouw1t1u UWU(lW[<lb[b(lp nLrl_rl_nL[OJWU hwrwpbrw4wu 
4n11_uun11n2mupg: 

• liwtuwqolj_b[ t ubmwuw4bf1UnLJli>Ub(lll tjpw hlttltHlwo wupqnm(lnll.( Oll.(lllp4w4wu 
unr ru11r4wmn11, nrQ 4wrn'l. t qn11ob1 np111ln1 11l1lt r•1t1r1utuwJru ubuunr: 

• Lf2w44.bt t 4buuwpwuw4wu hb11_m4uurn11l l1u1111pt11111ll1 mnrr'lr Lt qum4nqp 
tummraJmuubrr u2mw11rmuwu unr b11_wuwt1' uq1111111p1p1'>lqmj CCD ubuunr, nru 
muw4 t wn.wug lllbUWO(lUWU W(lll1Wll.(Wlllljlapl11 1.lJ r)W2lllb(1[! pW(l'l 

tmom113un11mu: 

l'f\w2mwwtmLpJw'o 'obp~w1wgi!nn hbU'ow~w'o nom1ptill11 
1. 5mJg t lll(llj_b[, nr ur411nwtJigub11n4. 6wn.wqw1ra4.n'l. I •lJO 1111q111l1'11 l.tl14mrw4wu 

rJ.b~b4mub(1[! 4wrbtJ1 t hw1muwpb(llj_b[ QUOl">U liq111l1111ltJ111' p 2un11hplj_ 
ttb4mrw4wu 11b~b4mub11r 2m112 wn.w2wgwo mbri_w1ln11q1l1111'l 1lu1l1u11umrawJru 
hnuwugubrr : 

2. Oll.(lllp4wll.(bU wurawljiwug 11rttb4mrr4 ur2w4.WJ(lnLU ul1pljlllllfll!JllWO hw11_n1111r2 
opJb4mubrQ huwrw4.nr t hwJmuwpbrbt QUOl,IJ 111p111wll.(wm4bruwu 
mbtuur4wJr ur2ngnlj_: U(1LnWll.(Wlll4brbtn4. 11rttb4111pl1ltl1 l1lipumu qmulj_nrl_ 
hw11_n(l'lP2 OpJb4mr 2nl(19P wn.w2wgwo LfULf'l-· p p111Jl11nul[!' 4wrbtJ1 t 
hw1muwpb11bL n2-4numw4mw1l1u Lt 24.uwun11_ b11_wuw4ml 

3. QUOrlf wrmwll.(wm4bruwu hwuw4wrqQ romn t 11111111111 hbmwqnmbt GPS 
wumbuwjp ll.(W(lWUblll(lb(l[! 11 lllW(lWOw4wu pumr,1u1qplipp, n(lp 2un(lhplj_ 
huwrw4.nr t Oll.(lllpupqwgul11 wumbuw1r uwtuwqouu1l1 It w2tuwmwugwjpU 
wn.wU<'luwhwm4ntroJnLuubrQ: 

4. <wunu1.11.4.wo wotuwouw1ru UWU(lW[Ob[b(lp 4.flw hpuuLlwb PW'l.W'l(lJW[U UJmrar 
ttb4mrw4wu Lt 2b11uw1ru wupqnm(lnll.(pwu 4wrbtr t pumrawq(lbL QUOl">Lf 
hwuw4wrqp oqum(OJWLip, nrr up2ngnlj_ mumuuwup(llj_b[ Lt quwhwmlj_b[ bu 
PW'l.W'l(lJWL UJnL[OnLU ttb4mrw4wu 11w2mr' UnLJU hW(l(OnL(OJWU ub2 qmulj_nrl_ 
pwri.w11r112ub11r Lt 2b11uw1ru pw2tulJ.womra1muub11Q: 

5. QUOrlf mbtuur4w1r up2ngn4. rrw4wuwg4.bt t 11< ~Pllll(lb(lp ur4rnwttigwJru 
ttb4mrw4wu Lt uwqupuw4wu unmw4w 11w2mb11p pw2tulJ.wom13Jmuub11p 
wrmwll.(wm4brmuQ: Pwgr WJ'l· 4.brw4wn.mglJ.bL bu LfULf'l--p pw2tuuwu bn.w2wY, 
ll.(Wlll4b(1Ub(1Q' gmjg lllW[nL hUJUW(l rJ.W2lllP pumbuuplj_m[OJWU U pw2tuuwu 
4wtulJ.wom131muQ rK ~PllllflP uw4brl.tmJfOP9 b11_wo hbn.wlJ.nrmraJmupg: 

6. Q11w1ru tmom1ramu tmolJ.wo qum4nqp Lt uwmrrmur 12tnrr11r tummra1muub11D. 
u2mw11pmw1144.bL bu CCD ubuunrr up2ngnlj_: QUOl">Lf-Q QUrJ.muw4 t mbuwubtr 
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mb11_b4wm4.mra1mu m11wuw1111bt pw1111 hb11_m4ub11mu tmolj_wo u1mrau1111 
tummraJmuub(lp uwupu Lt quwhwmbt rJ.(lWUg ur4rnwtJigwjpu 4twumu[!: 

U2fuwmw'opb 'obp~wjwgmU(! 
UmbuwtununL[OJWU hpuuw4wu rJ.(lnLJ[OUb(lU m W(lrJ.JnLUJ2Ub(1Q guuwr44.llL u'tJ 

bruwtir ll.(bmw4wti hwuwtuwrwtir «Lir11wn.w4wti ttb4m11n11rtiwur4w1r l1 
un11btw4.n11uw'u wuppn'up» ubup'uw(l'ub(lnLU, Ubmtr Unqw'uq hwUW[UW(lw'ut1 
«Lfp4(1nWtrQWJp'u ~nmn'up4wJp [Wpn(lwllln(lpWJnLU» Lt up2wqqwjp'u qpmwctn11_nlj_ub11l1 

ctwuw'uw4: 

<owwwpw~mutibol! 
UmbuwtunumraJw'u 13buw1n4. lllll.(Wq(llJ.bL b'u 13 qpmw4w'u w2tuwmw'ug'ub(1 . 

nrn'ugpg 9-Q ur2wqqwJp'u qpmw4w'u wuuwqrbrmu, Lt 3-Q ur2wqqw1ru 
qpmwctn11_nlj_'ub(lp ctn11_nlj_wom'ub(lmLI: 

Umb'owfunump1w'o ~wnnUJt(!ub12n 
Umbtiwtunum(OJnt'u(l r1wql1wc1w<'> I. uurwomroJm'upg, b(lbg q[mlu'ub(lpg , 

bqpw4wgm131m'upg lJ 171 hqn11l 1q111rir11l11ul1r111 411w4wum131w'u gw'u4pg: U2tuwmwugl1 
[!DrJ.hWUnL(l owlj_w[[! 108 1.9 I, li 1q111pr11l1111lpHU l 46 'u4w(1/q(1W~p4 U 1 Wl')JnLUW4: 

USbl.Utunun"ruBUl.1 Pn•l llVllll11lM() 301'1..C 

libflwbmiaJwb ub2 hl11ll11111l11p1j1u<'> l wmbtiwtunumraJw'u w1111rw4w'um131m'u[! , 
humw4 Cll.tw4bf1ll.(lj_WO uti 11111uuu11w'ugp Dll.(WlllW4'ub(1[! , tuti11r11tib11'u m 
ll.(W2lllll.(WDnL[OJWD '!Jb(14WJW<Jljllq hl11lliw4w'!J rJ.(lnLJ[ODb(l[!: l°'D2ll.(bU '!JwlJ. '!J24_wo t 
umwglj_wo w11111m'ugtib11r q.pu11ul1111l1 l11111mJraC! Lt qnrotiw4w'u wrctbgQ: 

q.Lmfu 1-mu 'ubf14WJwglj_wb I, w111buwtunum13Jw'u hpugmu Q'u4wo QUOl">Lf p 
w2wtuwmwtigr u4qpm'ugQ Lt purlJ.wo b'u tirw 4rrwn.mraJm'uubrQ mwrpur 

ntnrmubrmu: 
1.1 UJW(lWq(lW~nLU Ubf14WJWglj_wo t up4(1nWtrQWJp'!J W(lll1Wll.(Wlll4bf1UWU 

QUOl">Lf hwuw4w(lqQ, n(lQ u2w44.bt t pw(l<'l(l qq.wJm'um13JwLlp LfULf') 
pw2tulJ.wom13Jm'u'ub(lp W(lll1Wll.(Wlll4bf1UW'u hwuwr: QUQl">Lf-Q Oll.(lllp4w4wu ub13nl') l 
Lt w1'u' 2wY,4_wo ~n1J1nwn.w<'lq.w4wti ll.(Wm4brtibrr 4.b11tmomro1wu t.1r2ngmt. 
W(llllWll.(Wlll4bf1nLU t DJnL[Ob(lp U t:Lf WlPQDb(lp lj"lntuwqrJ.bgm[OJWD hbmlJ.w'!Jgm~ 

wn.w2wgwo 2b11uw1ru pw2tumuQ: 
li4wr 1 (a)-mu pbrlJ.wo t QUOl">Lf 2wY,muub11r hwuw4wrqr utubuwmrlt 

ll.(Wlll4bf1[!, nrQ p(lb'upg 'ub(14WJWg'umu t pltbn.wglj_wo [nLJUP UWU(1WrJ.plllw4 (1-31 
li4wr 1 (b)-'u gmJg t mwttiu QUOl">Lf-p w2tuwmw'ugp u4qpmug[!: b(lp n1U-Q q.m'ulj_nul 
t w2tuwmw'ugwJru n.bctpumu WJ'u 6wn.wq.w1ramu t t:Lf 11w2m, Lt 1111w'ug QUlll(lnrl_muwl1 
4bflll.(n4. 4Lwulj_mt.I bu Or-ti 4n11_upg' 4wtulJ.wo urw 4tw'uUwu hwll14mra1mupg: Litw'unri_ 
13w11_w'u13p 4nri.urg wn.w2wgwo 2b11um131m'uQ tib1113wlj1w'ugmu t 2b11uwwn.w<'lq.w4wu 
up2wlJ.WJ(1 (wll.(w4b mw4'lPl1) Lt t.lp2wlJ.WJ(1P 'ubrumt.I wn.w2wgumu t 2bf1LIWJpl1 
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_wruJ.womraJmuubp : bpp 2r2wuwou pubnwglj_wo [nLJUU wugunnI t [W[llj_womraJmuubp 
.UU1[1ntuw4nri_ Llp2wll_WJ[1nlj_ upw pubnwgLlwu 4.ti6w4[! ipntull_mLI u 11-wnumLI t 
~ltiU1UWOU pubnwglj_wo' 4wtu4_wo Llti2w4.WJ[1P [Wplj_womraJWU wnwugppg u UJmrati 
hwl114mraJmuubppg : 

! (b) 
\1r w.l1p 

Thcm1o--clas1ic m1:dium 

l<cl1a.1~d hght 
(Glas...) 

: II lll11tn.Jll) pulJ1ued) · o RF de\> kc 

[\t J 
raJ11tl10 

((( -· r\nJl)L.Cr 

45" 

" \ / \ llo o· A1 q~:.1p 

Glass subS1mtc 

"Lyw11 1. (a) QUONJ-ti Ltinrowrwrw4wu uwrpti utulnl u11 11 j1l1 1q111111tilip[!: -'2wnnr11 
wltipp JO PJ<lbrt[! u qowjpu pubnwgmgp2[! QU4unri_ [nLJU[! Lj111! 11111l1hp11p111l bu 2f12wuwou 
pubnwgLlwu 4_p6w4ti: Or -pg wu11rw11wro4_wo [nLJuti pulm111q1li11l1 11!16UJ4Q nrn24_mLI 
t 0° 4wL1 45° 4n ri_Llunpn2mLI mubgnri_ 4.brtmoti2ti Llti2ngnq , 11 p111liq CCD ubuunrt:! 
q pwugmLI t LnLJUp pulllliuupll_mraJmUQ wLlbu U1PJ;!Ul.i~1 111111\iup (b) QUOrlJ 
hwLlw4wpqp q pwuguwu u44pmu12r utubLlwlllp4 U1Wlllljb[1[1 Cpv111 l11111'1l1 [1llbnwglj_wo 
[!Uyunri_ [nLJU[! OU1l11P4 w4wu pu11pljwlllnf1p ~nlllnwnwc'iq111lp11l1 UJq11bg m13JWU 
hbllluwupnlj_' npu wnw2wun 11l I. 9bpLlwjpu [Wplj_wom13Jnil1l1l1pl u1 , 1j111lu4_mLI t Pfl 
pubnwgmLI[! 11wnuwtn4. tLtiui uwc'ill QbpLlwJru twr4_womraJmt1l1l1pp 1q111plwtJw4_np4_wo 
bu Or-uJmrar u ntU pg 6w11wqwJra4.wo tth4lllf1wLlwql1l 111111lp11l1 wttipuhrti 
Lti ntuwq11bgmraJmupg wnw2wgwo l.1l14lllf1WLlwqupuwywu wpu1qtl1 111lp 

1.2 ~w11wq11w~nuJ ubp4UJJ UJglj_wo bu QUOrlJ hw1lw4wp4p qpwugwo 
U1Wllllj hpuhpp Ll2wyLlwu uu1<1n11uhp[!: QbpLlwjpu [Wfllj_womraJmuuhpp 
4.brtmomraJmutig 4wrhlti t qlllubt 2brLlmraJwu wri.pJmrti ulllhri_owo 11w2lllr pw2tumLI[!' 
ip nponlj_ qpwugwo qowjpu hpljpbyLlwu lj_bp[momraJwu Llp2ngn4_, np[! ywpblti t 
UlllWUW[ hblllUJWL pwuwoup oqumraJwLlp 

q(x,y) = 2 a2/32(x,y) + a2/31(x,y) - a2f32(x,y) 
c axay axz ayz ' 

(1) 

np lllbri_ C-u hwulllwlllmu t' 4wtu4_wo tmJuti wLtipti br4wrmraJwupg u Or-ti 
~pqpljw4wu hwl114mraJmuubppg , ru4 (11 -Q u (12 -Q qowJru hr4ph4Llwu 
U1W[1WLlbl11[1b[1U bu: U2fuwl11WUj;!nLLI puuwr44.bt bu uwu Or-ti tLJ 4twuLlwu 
hwlllljnt13jmuubp[!: "Lbp4wJwglj_b[ t , tab PU2U1PUP 4twULlwu hwl114mraJmuubpn4_ U1bl11Q 
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t Od-llllj_Wo Ltiup Or-[! n[1U1bUqp huwpwlj_np Ltiup W[1l11WU1Wl114bflb[ ttb4lllf1W4wu 4wLI 
Llwqupuw4wu 11w2lllbf1[!: 

1.3 ~w11wq11w~nuJ ubr4wJwg4_wo t wl11w4b lllw411rrubrti 4.rw uulllbglj_wo 
rUO pwpw4 13wri_wu13ubf1p ttb4lllf1W4wu 'lb~b4lllubpp hWjllluwpbpLlwu UU1Wlll w4n4_ 
ppw4wuwglj_wo hwLlw4wf1qlj_wo hblllwqnlllnLfOJnLU[!: '1-pl11Wf14lj_b[ bu lll Wfl pbp 
2witiubrr 11b~b4l11ubf1, 4wtu4_wo Qu4unri_ tLJ wttipubrti pubnwgLlwu mri_ri_nqaJmutig L1 
hw6wtunLfOJnLUpg , npU1bUqp U1Wf1q4.ti ttb4lllf1W4wu 'lb~b4l11Ub[1p hWJl11UW pb[1UWU 
twll_wqmJu U1WJLlwuubp[!: '.2wipmLlubrr wr11Jmu2ubrrg btubtn4. gnyg t lllpll_bt. np 
qrqnnri_ tLJ wLtipr br4wrmraJmurg 2wl11 wll_blti ipnpp ttb4lllrw4wu 11b~b4lllu hr Q 
4Wf1blti t W[1l11WU1Wl114bflbt b[Ub[blj_ WJU hwuqwLlwuppg , np 'lb~b4lllp 2nlf1 2 
u4wllllj_mLI bu 2bpLlwjpu tupulll lllbri_wjuwglj_wo pw2tumL1ubp: 

li4Wf1 2-mLI Ubf14WJWglj_wo bu ttb4lllf1W4WU 'lb~b4l11Ub[1p (a) OU1lllp4w4wu U 
(b) 2brLlwJtiu pw2tuLlwu U1wl114brubp[! : '.2wipmLlubrti wr11Jmupubrrg 4wrblti t 
lllbuub[, np 'lb~b4l11Ub[1p hWJlllUWpbpLlwu lllbUW'lW2l11[! 4wrnri_ t hwuUb[ Llpu2u 4x3 

uLl2 Llw4bf1bup: li2bup, nJl WJU lllbUW'lW2lllnLLI pn[n[l ttb4lllf1W4WU 13b[1nLfOJnLUUb[1[! 
hWJlllUWpbplj_b[ bu LlpwctwLlwuw4: Uw hwu11tiuwumLI t ubr4wJwg4_wo Llbran11ti 
wnwll_btmraJmUQ, u tir Wfll11WU1Wl114brLlwu wrwqwqwromraJwLlp qbpwqwugmLI t 
lJlbuworLlwu Llbran11ubrtiu: 

(a) 

1i4wf1 2. fl)wppbrw4wtJ l.1l 1lp11p111lp11l1 ql1'l1lil1111l1l1p j1 (a) ou1Lnpywljwu u (b) 2bpLlwJru 
pw2tuLlwu U1Wlllljhrulipp ''1111111l1l1pl1hpl1 )trn j1ubru m U1PJ;!Ub[Ubf1[! 
hwLlwU1wlllwutuwuwpwr 43 3) 1lil 11 I <WI 11111 lsti 5 LILI br4wrmraJwup ul11rlllwlj 
hno qobp[! hwLIWU1Wl11WUtuwumu l q ls'~u lj lllUU [lp b[1y Wf1 nLfOJnLUUb[1pU U ppw4wu 
Llw2lllwppu: 

1.4 ~w11wq11w~mi1 ubr4wJwg4_wo bu QUOrLJ-ti qnrouw4wu 4rpwnmLI[! 
OU1l11P4WU1bU wurawitiwug 11rttb4lllf1P4 Llti2w4.WJ[1nLLI ubr4wnmglj_wo hwri_nr11ti2 
opJb4lllr hwJllluwpbrLlwu UU1Wlllw4n4_: Oqlllwqnpobtn4. rUO-nlj_ U1Wllllj_wo wl11w4ti. 
Wf1l11WU1Wl114br4.bt t Llwqupuw4wu LJULJ'"l-, nr t:! hwJlllulj_mLI t hwri_nr11r2 opJb4l11 
l11wrmuw4nri. 11rttb4lllf1P4 UJmrar Llw4brllmJratiu: libr4wnmg4_wo hwri_nr11r2 
opJb4lllubrti hwJllluwphpLlwu OU1lllliLlwt U1WJLlwuubr qlllubtm ul11wlllw4n4. 
itinrowr44.bt bu lllwflpbr 2witibrti hwri_nr11r2 qobr u 11-rwup QUONJ hwLlw4wrqti 
Llp2ngn4_ W[1l11WU1Wl114brll_b[ t' 4wtu4_wo QU4unri_ tlJ 'lW2l11P puhnwgLlwu 
mri_ri_mraJmupg u hw6wtumraJmupg: '.2wipmLlubrti wr11Jmupuhrrg Llbup gmJg bu 
lllwltiu , np 'lPttb4lllf1W4wu UJntfOp Llw4bpllntj13pu hwjlllulj_wo Llpljpnwttipwjpu 
Llwqupuw4wu 'lW2l11P pw2tumLlpg 4wrblti t lllhri_nrn2bt OU1l11P4WU1bU wurawitiwug 
11rttb4lllflr4ubrti Llh2 ubr4wnmg4_wo hwri_nr11ti~ opJb4ubp[!: 
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b OGHz 6.2GHz 6.4GHz 66GHz 6.8GHz 

7.0UHt 7.2UHz 
1.2•104 

0.0 

"L4wp 3. (.wl'1.nr11-r2 q.op o~mr4w4wli ~wml1lipp l1 t111w uwq.l:Jpuw4wti LJULJ't-p 
p.w2tuuwl:J ~wm4bpl:Jbp[!, npnti12 2wlj1Ll_bt bl:J ~UOt•ll hwuw4wpq.n4_' 6.0-8 .2 q.(.g 
hwtiwtuw1rti mti11m113mu: '11wm4bptiorr 1w1t11111.11111up LL p.w11C111mra1ml:JQ 
hwuw~wmwutuwl:Jwp.wp 40 uu LL 30 uu bl:J : 

np~bu opptiw4, ljlnpCI t wpLl_bt hWjlilliwpbpl11 l1lp11p 3 ntu ~wm4bpLl_wo 
4wnmgLl_wo12n4. hwl').n1111-r2 q.po[!: Uw LW4. opptiw4 l ql1l.1lil1111p l1ll1wti ur2w4.w111mu 
l:Jbp4wnmg4_wo hwl').nf11').WLWf1bf1n4. ptimbq.[lWLWJpli 2'1J<>u1l1lipl1 11> l1ntanw4mw1rti LL 
24.l:Jwu nl'). mumul:Jwuti11mra1ml:Jl:Jbpp hwuwp: Qwljlmul:Jbpp q11qq lil:J mwttiu, nr 
wpmw~wm4briLl_wo uwq.tipuw4wti LJULJ'I- p.w2tumutib11l1 7l111phl11I l11uqn1111-ti2 q.obpQ 
p.wLl_w4wlipl:J humw4 mbuwl:Jblti bl:J 6.4-7.4 q.(.g hwtiwju11q.11111l1l1lipl1 1lp2w4w112mu 
opp. tim1titiu4 hwl'1.n1111-ti2 q.poQ owo4Ll_wo t 1 uu hwuumq.111111lp t1tirwup4w4wti 

13p13bl').nq: 
1.5 ~wpwqpw~nul l:Jbp4w1wgLl_mu t QUOt">lJ-p uti2nlJ111I l1p111lp11l:Jwg4.nl'l GPS 

ljlw2 wl:Jmbl:JWjp mumul:Jwuppm(OjnLl:J[!: u2bl:JJ2, np JnLflWQWlJ>lfllfl C.l 1'1 wpp.Wl:JJ W4p 
4nl').upg m4.Jwtlibpp ljlntuwtigmu[! ppw4wtiwgLl_mu t hbmLLJUlf l1111 l1111!1mq.11ml:Jl:Jbpn4_' 
1575.42 LJ(.g (Ll), 1227.60 LJ(.g (L2) LL 1176.45 LJ(.g (L5): uti111l1l1111111 1l1JJltll11LLm1rarg 
mwppbp hbnwLl_npm131ml:Jl:Jbpp 4.f1w wpmw~wm4bpLl_bt l l JI 1l J' I 11 pwztumu[!: 
lJpLLl:JmJli ctwuwtiw4, ljlnpClnLI_ umwgLl_wo Wf11').Jmli12tibpp hw1ll11l1111111 lwl:J l:J~wmw4n4. 
UlilOl').OLl_l..t t hwuw4w11q.2wirti un11-bt' hpul:JLl_btn4. pp1.ul1 wu GPS wl:Jmbliwjp 

4wnmgLl_wow1rti 2wljlubpp 4.f1w : 
li4wri 4 (a) ti gmJg l uiwLtiu 2wljlnull:Jbpp wpl').Jmli12tibp[! , npnti12 

hwuw~wmwutuwtimu bl:J 1.575 q.(.g hw6wtumra1wup uwq.l:Jpuw4wti LJULJ't-p 
p.wztuuwl:JQ wl:Jmbl:Jwjp hwp13m131wti ub2, bpp. 01">-p LL wl:Jmbl:Jwjp up2LL bl').WO 
hbnwLl_npnqaimtiQ bl').bL t 0 uu, 2 uu , 4 Liu LL 6 uu: t">ti2~bu mbul:Jmu bti12 ti4wpl:Jbppg , 
tiu11-r4wmnpp LL ntU-p up2LL hbnwLl_npm13JmliQ ubowgtibttiu , uwq.l:Jpuw4wti lJUlJ'l--p 
pwztuuwl:J up2pti pl:Jmbl:Jupqnt(Ojntli[! l:JLl_wqmu t, LL l').W2lilP lilOl').WjliwgLl_wo p.wztumu[! 
Clwtu LL W2 bqpbppg uibl').wljlntuLl_mu t uw4bpLLntj(Op 4bl:Juipnl:Jw4wti hwmLl_wo[!: 
1.ibpq.oLl_wo mpLl_wq.poQ gmJg t mwttiu ljlw2 wl:Jmbtiwir b11411w2wljlw4wti CILLQ, ru4 
wpmw12titi mpLl_wq.poQ gm19 t uiwttiu wtbhw4.w12ti 11-rttb4mrw4wli mw411-r11r mbu12Q: 
uljwp 4 (b)-l:J gmjg t lilWtPU hwuw4wpq.2wjpl:J Unl').btwLl_npuwl:J W[11').jnLl:JJ2l:J0[1(! , npnl:JJ2 
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Ujml:Jw4l:Jbpml_ hwuW~WlilWUfuwl:Jnu1 bl:J u4Wf1 4 (a)-mu ~wm4bpLl_wo uwq.l:Jpuwljulll 
LJULJ'l--bpp p.w2tumul:Jbppl:J mwpp.bp hbnw4.n11mra1mtitib11r 11-0~12mu : 
(a) 

Omm 2mm 4mm 

BB B 0 
I • I t I I 

(b) 
Omm 2mm 4mm 

O~ un..!il,. I O~ 1111 ;~ Cl 7' O~ un.!!.L 0.5 O~ u~ 0 .1 

"L4wp 4. 1.575 q.(.g hwtiwlun1r.11wl1 11tiummu umwgLl_wo' uwq.l:Jpuw4wl:J LJULJ').. bpi 
p.w2tumutib11ti (a) ljlnpOW[lW[lUJljlUU LL (b) un11-btw4.n11uwl:J ~wm4bpl:Jbpp 
pti11-ti4wmnpp U. wl:Jmbliwjp uwl1hplm111<>ti up2LL bl').WO mwppbp hbnwLl_npm131ml:Jl:Jbpl 

l').O~J2nLU (0 LIU, 2 Liu , 4 LIU Lt 6 u1l) 

1.6 i.qwpwqpw~nul l:Jbp4w1wgl:Jmu t hwuntl').l').qwo wotuwopl:J/'11bl, 
4nu~nqtimw1titi ti1mrati 2011uwititi LL l:::Lf hwm4mra1mtil:JtibpQ p.l:Jnqawq.pl1tn 
4tirwnw4wl:J bl').wtiw4, nrti Qlirawgpmu oq.mwq.npoLl_bt t QUOt">lJ: u1mrati Lt l.l 
11-wzmr ljlntuwql').bgm131wl:J mumUl:Jwupm13jml:Jl:Jbpp hwuwp WJli hwti11-ruwl:Jmu t hqn 
q.npopp: UjU mumul:Jwuti11mra1wti ub2 hWUnLl').l').qWO wotuwol:Jwjpli uwl:Jpwrabtbrn1 
[1Wl'\Wl'\f1JWL zbplll[! lilWJ2WgLl_bt t 20f1UnL(OjWl:J 4blilWjpl:J Wl').PjnL[lnLI_ U 20f1UWJ!ij 
wqqllgnt(3JWU q.nmpl:J mumul:JwuppLl_mu t QUOt">lJ-p up2ngn4_: 

Qbptlw1rti wq11-bgm(3JWU qnmm mumul:Jwwuppmra1wl:J 2tinphp4_ q.l:JwhwuiLl_bt b 
wotuwol:JwJlll:J f1UJl'\Wl'\f1JWL lijnt(Op wl:Jpqnmpnut 9b[1UWjpl:J hwm4nt(Ojntl:Jl:Jbp[!: t°>l:J2~b 
tiwiu 4wmwp1lll1 l tpw9mqti2 ljlnpotiw4wu mumutiwuppm131mti ~wpqbtm hwuw 
pwl').Wl').[lJWL l.Jjnt(3ntU lJUlJ'I- ti pwzlu1lwl:J ubtuwtipqul:Jbp[! 9-15 q(., 
hwtiwtumra1ml:Jl:Jbpp up2w4wJ12mU: ntumLluwuppLl_bt bl:J wl:Jpqnmpn~ ttb4rw4w 
hwui4mraimtitibpn4. oduiLl_wo p.wl').wl').f1JWL tiimrar 4.rw Qli4linl'l l:::Lf w1l11 
pLLbnwgmupg 4wtuLl_wo ljlntuwq11-bgmra1ml:Jl:Jbp[! Lt 12tititiw1144.bt bl:J WJI'). bpum1rautip1 
4rrwnuwti huwpwLl_npmraimtiubpQ: 
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Experiment 

I 2 3 4 5 6 7 
Di~tnnce (mm) 

l..ljwr 5. (a) LibmwJru WfLPJmrn4. mwRwguwu 11 1Jurnmu 2brumraJwu mfLfLw4r 
pw2tuuwu 1.4wmljb[1[! wotuwopu/'Tlbbli ljnu1.4nql11nw1!1u Ujnqap lj_pw' bpljWJUWljWu ll 
LWJtlw4r hwmuwu mfltiubpnq: Libmwq.obrC! gmig l u1w 111u 9LiruwJrti wqf'}bgm(OJWU 
q.nmm umJti 2bruwump6wun4. tlti1.4uwall hwL111j1uop QbpLlwJrti pw2tuuwu 
q.rw~r4ubrC! br4wiuwljwti (ljw1.4m1m q.ro) lJ 1w1t1wt1r (4wrurr q.po) 
mfLflnL(OJmtlubpnq hwuw1.4wmwutuwuwpwr (b) unqb1uujnp1lwu Lt (c) 4inror 
rtb1.4pmu: RL -[! Lt Rr- [! 2bruw1ru wqf'}bgmraJWU q.nmni l1rl11u1tiwl1wu Lt LWJUWljwu 

2wn.wi.t.rfLubru bu : 

uljW[l 5 (b) l.t (c) LljWUlljb[l[! gmjg t UlWltJU Ulp lllllllljWUlljb[lqWO l.t 
Ll nrtbLw4.nri.t.wo 2brumra1wu pw2tumuubp[! br4wiuwljwu (ljwu11111111 11110) b. LWJtiw4r 
(ljwrurr q.po) nLfLflnL(3Jmtlubrn4.' ru21.4bu gmJg bu m11lj1110 l1l1u1p 5 (a)-mu: 
Cwuwljwrq.2w1ru LlnrtbLmu br4wiuwljwu 11 LWJuwljwu 
2b11uwhwfLnrrtmuwljmra1muubru hwuw1.4wmwutuwuwpw11 ql 1111l 11111111JIJL bu 4.5 
4.m/{Ll·li) Lt 0.67 4.m/{Ll ·li) : I"> 4.b112n huwrw4.nr t bflbL 4in11auwl1111l111plil1 4uwhwmbL, 
nr b11ljw1uwljwu 2bruwhwfLnrrtmuwljmra1mu[! unmwlj_npw111l H1 4 6 wuq.wu 
q.b r wqwugmu t LWJUWljwu 2b11uwhwfLn[lf'}nLUWljm13JWU wrdbpp 

1.7 lljW(lWq.(lW~nLlf hwuwn.nlil Ub(lljWjWgqwO bu W(U l!t llHHll ()UUW [1 lj qWO 
QUOt'>LJ hwuwljwrq.nq wrqwo pnLn[l muwuuwuprmraJmuubpl1 w11111niupul.I(1[! : 

Q.Lmtu 2 mu ubr4wiwglj_wo t QUOl">LJ-r WJL[!UU1(1UJU j:lWJtiU 4tirwn.mraimuubru m 
huw11w4.nr mJ<>J muub(1 [!' hpuuwljwu nt2Wf'f[lnL(3JnLU [! f'}Wf'lOUbLnlJ. 01">-ubpp unr 
mbuwljr uwtuwq.M wu wuhpwctb2mm)OJWU hwpgbrru: UjU unr rurtr4wmnpub[l[! 
LljWLil[lWUUllj_bL bu uwun2w4iwljwu hwunL(OJWUp ubmwuwljb[1l.tmJ)OUb[lp hpupp Llflw ll 
mubu wupqnmrn1.4 l::;LJ hwmljmraimuubr: 

2.1 111w11wq.11w~nuI ubr4wiwgqmu t tLb4mrwljwu rtw2mbrr 
W(1UlWLljWLilljb[1UWU mwpwoqwo ub13nf'}Ub(1[!, t">u21.4bu tiwl.t tLbljlI1[1Wljwu f'}W2LI1P 
rurtr4wmnrubr LljWLil[lWULilbLm hpuuwljwu tutirtrrub[l[!: Uni.t.nrwljwu t'>UO 
JOWfLWU(Onq 1.4wmqwo w1.4wljpubp[! hpwuwlti puf'}pljwmnpubp bu uwq.upuwljwu 
f'}W2LI1P W[llilWLljWLilljb[lUWU hwuwp , uwljWJU rtd4.wr t q.mubL ll UUlbfLObL 
puf'fpljwmnpubr , npnup ljmubuwu pwrar rtrtLb4mrwljwu 4nrmumubp , tit.ii[! ramJL 
ljmw W[llilWLljWLilljb[lbL tLbljlI1[1Wljwu f'}W2Ulb(1[! : (.bmwqnmm(OJnLU[! ubrljwjwgumu t 
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WJU mbuwljr rtirtr4wmnrubrr LljWUl[lWUUlUWU hb2m LnLOnLU, Lt WJU hpuulj_wo I, 
1.4wppbpwljwu ljwnmglj_wopubrr Llflw: l:::Lb4mrwljwu rtw2mr wrmw1.4wmljbr uwti 
hwuwr t">UO w1.4wljpubpp Llflw uwtuwq.olJ.bL t nln[lWLljlilnLJLil 2'1JOWJnl l 
ubmwuwljbpllmJra (meander chain metasurface (MCM)): LJ2wljlj_wo ubmwuwljbplrn1J1c1 !1 
4.rw hpuulj_wo 01">-ubrC! ljwrnfL bu C!umrnfLwpwr wrmw1.4wm4brbL tLb4mrw4uiti 

rtw2mr \ E,\ Lt \ Ey\ pwfLwrtrr2ubrC!: 
2.2 lljW(lWq.(lw~nuI ubpljwjwgqwo bu tLbljmpwljw'cJ ll uwq.upuwljwu l')W2LI1Uf1l1 

puf'fpljwmnpubpp l::;lJ 4Lwumuub(1p ubtuwupquubp[!: u24.bL t, (Ob wn.w2wf14Lln q 
ubranrt[! ru21.4bu t hb2mwgumu tLb4mrwljwu rtw2mr rurtr4wmnpulirl1 
LljWLil[lWUUlnLU[!: Qmq.whbnubp bu LI1W(1qbL WJU '!.mp Ub(Onf'}p ll uwtunpq 
W11W2W[lljqwo LljWLil[lWULilUWU bfLWUWljubpp up2l.t: 

2.3 lljW(lWq.(lW~nLU ubpljwjwgqwo bu upljpnwltipwjpU 6wn.wq.WJ(3Uwti 
wqf'}bgnt(OJWU mwlj q.muqnfL uwtuwq.oqwo puf'}pljwmnpubpp LlwljbpllmJ ra l1ti 
UUlbfLOqwo l::;lJ f'}W2Ulb[lp pw2tuqwOnL(3JnLUUb(1p ll l::;lJ 4Lwumuubppg wn.w2wgwo 
2bruwJru pw2tut.1.womraJmuubrr wrrtimupubrC! [!ULil hwuwljwrq.2w1!1l1 

LlnrtbLw4.nrmuwu: 
2.4 111w11wq.11w~mu puuwr4i.t.wo bu QUOt">lJ hwuw4wrq.n4. wmwgqwo 

W[ll'}JnLUj2Ub[l[! nrnup hwumwm4.bL bu hwuwljwrq.2w1ru LlnrtbLw4.nruwup umwgqwo 

Wflf'fJnLUj2ubrr hbm: 
uljwp 6 (d-f)-[! gmjg bu mwltiu hwuwubn ll 4inpwq.pqwo t">UO (3WfLWU(3Ubf1!1 

mbupb[l[! MCM ljwn.mgqwoi;iubrnt.!_, bpf1 nlnf1WLljlilnLJLI1 q.ob(1[! nLflfL4.wo blJ 
hwuw1.4wmwutuwuwpwr x wn.wugpp (u2Lltlwb t MCMx) ll y wn.wugpp {u2lJ.wo I. 
MCMy) brljw1u12n4.: l, ljwr 6 (g) qnlJ CJ I. 1nw[tiu fl< ~rLmrr uwq.upuwljwu rtw2ml 
pw2tumu[! 5 q.c g hw6uiluni1.111ut1 qtmmmu, npmbfL np1.4bu 01"> oq.mwq.nro4.bL I 
hwuwubn t">UO-w1.4wljp: Liwlwuqo1 jwo rurtr4wmnrC! nrn2w4r ljnfLLlunrn2uwt 
rtb1.4pmu ljwrnfL t W[1UlWLljUJlllljliph1 n (. uwr12r tLb4mrwljwu f'fW2LI1P pw2tuuwt 
urwiti Llb4 pwfLwrtrr2C!: l:::Lb4inruit1 uit1 11 w2mr \Ex\ pwfLwrtrr2C! (u4wr 6 (h ) 
W(1LI1WLljWLilljbplJ.bL t' oq.mwqn(10Utml u ljW[l 6 (e)-mu LljWLilljb[1qWO 01"> [1 

uuwtiw1.4bu , uljwp 6 (i) 1.4wmljbpnu.l ubrljwjwgqwo t tLb4mrwljwu f'}W2LI11 
pw2tuuwu \Eyl PWfLWl'fflPiC!· np[! W[1UlWLljWLilljbr4.bL t uljwr 6 (f)-mu gmgwrtr4.w 
01"> nq: PnLnr rtb1.4pbpmu w2tuwmwti12w1ru hw6wtumraJmtl[! 5 q.cg t : UJ 
irnrawrwrwljwu W[lf'}JnLUQUb[l[! wupnfL2n4.ru hwumwmqmu bu hwuwljwrq.2w1r~ 
LlnrtbLw4.nrmuwup, nrnup pbpqwo bu uljwr 6 U-1)-mu Lt hwuw1.4wmwutuwuwpwr 
gnyg bu mwLtiu flLU-r l::;lJ f'fW2Lilbflp IH;n plane !, !Ex\ ll \Eyl pwfLWl'fflriubp[!: 
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(a) 

!ii 
~ 

Pon 2 

(d) ITO 

' -

LPF and 01 

rhickncss 
10011111 

Pon I 

(b) 

~~ ~ 

(c) MCM . (f) MCM, 

(:.:) IHin-pli111e'1 - field (h) (I) I . - field 
5 Gllz 

--
) 

(arb. urnt) 
( -. - 1 

"111111 

o~nill.., , 

o--!.!..!..A "'.!... 90 n~vt~ ~ ~ n~v':l 4.5 

li4wr 6. (a) <Pnp6wr44.nri. 3:><: ~rtmrr ufuhuwmr4 Lljwm4hp[!: CCD mhuwfugr4n4. 
u4wp4_wo ntU-p Olljl1lp4w4wu LljWl1140f1[! (b) pll'lp4wmnpnq Li. (c) wnwug 
titi'lti4wlllnpp: (d) <:wuwuhn l">UO-wlllw4r titi'lr4wmnrr mhup[!: liwfuwq.o4_wo 
l">UO Wlllw4r uhmwuw4hpum113uhpn4_ (e) MCMx Li. (f) MCMy ru'lr4wmnpuhp[!: 
lJUlJ't-p pw2fuuwu Wfll11WlljWl114hpuwu Wfl'lJnLDp[! npnup umwg4_ht hhl11UJWL 
ru'lti4wmnpuhpp up2ngn4_' (g) l">UO-wlljw4p, (h) MCM,-uhmwuw4hrli.mJra Li. (i) MCMy­
uhmwuw4hpli.mJ13, 5 q.<:g hw6wtumra1wu 'lhlljpmu: 5 q.<:g hw6wfumra1wti 'lhlljpmu 
umwgqwo un'lhLw4.nruwti W(l'lJnL'llpllhp[!' (j) tiUm2r hwrramraJWU uh2 uwq.upuw4wu 
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'lW2l11P pw2funul[! (I Hin-plonel}, (k) tLh4mrw4wu 'lW2l11P x-pwri.w'lrr~ pw2fumu[! (I £..I) Li. 
(I) tLh4mrw4wti 'lw2mr y-pwri.w'lrr~ pw2tumu[! (I Erl) : 

2.5 111wpwq11w~nuI wut.finlfi4_wo hu uhmwuw4hpum113uhpp hpuwu 4.flw 
uwfuwq.owo Ol">-n4. umwg4_wo Wfl'lJm'upuhp[!: 

Q.Lmfu 3-mu uhr4w1wg4_wo t ~UOl">lJ Wfll11WlljWl114hruwu mhtuur4wJr 
uti2ngn4_ rrw4wuwg4_nri. PWfl'l 2flWJpU LnLOnLJ(3UOflp pumrawq.puwu unr uhranrr 
Oq.mwq.npohLn4. WJU UWUflW'lPIJlUWU mhfuur4wu Wf1l11WlljWl114hr4.hL t uwq.upuw4wu 
uuu't pw2tumu[! tiwmrtimur nLnrr'lr u. q.um4nq/1 2rw1titi Lmonyratihrr 
uhp6w4wmmu: ¢>np6p Wfl'lJnLUJ2UOfl[! gmjg hu l11WLPU, nr uwq.upuw4wu-lJUlJ') 
pumhuul14_mra1mu[! hw4W'lWf16 6Li.n4. 4wllj4_wo t UWl.1lflpnLup mnrr'lr Li. q.um4nq/1' 
2rw1titi Lmom1ramu tummra1mtitihrr hhm: 

3.1 lllW(lWq(lW~(! hwuwnnl11 U0f1WOW4Wu UWU t, npl110'1. funu4_mu t U0(3n'lp 
unpWf1WflnLf3JWU Li. huwpw4_npm131muuhpp uwupu' npn2 qmq.whhnuhp mwuhLn4. 
ful1lnL(3JnLUUOf1p npn2uwu uhp4WJnLU 4rrwn4_nri. WJL uhtan'luhpp up2u: 

3.2 111w11wq11w~mu uwupwuwuu4_wo hu t.finp6uw4wu uwppw4_npmuuhrrC! Li. 
uhran'lnlnq.pwJp'u 4_hpwphp4_nri. nrn2 hwpghp: -12uuwr44.4_wo hu hhri.m4 uum2uhpp t:;lJ 
mwpwguwu 20flUWJp'u LljWJUWuuhp[!: 

3.3 lllW(lWq(lW~(! hpuuw4wumu lJ10UW4w'cJ UWU t, npl110'1. 'cJ4wpwq.p4_mu t 
ur411nw1rnw1ru wq'lhgm131wu hurawr44.nri. hhri.m4uhpp 4_wpp[! Li. t:;lJ 4Lwumuuhrr 
uhfuwupqu[!: -12uuwp44_wo bu WJ'l uhfuwupquuhp[! LljW[lqwpwunri. npn2 un'lhLuhp: 

3.4 111w11wq11w~mu uhr4w1wg4_wo hu ~UOl">lJ hri.wuw4n4. hhri.m4uhpmu 
Lmo4_wo ti1mrahrr tummra1mtitihrr ~wt.fiuwu t.finr6tiw4wti wr'l1mupuhp[!: 

li4wr 7-mu uhr4w1wg4_wo hu 0-100 uq/ul fummra1muuhrr ur2w4wmmu 
q.mu4.nri. tiwmrtimur nLnrr'lr Li. q.um4nq/1 2rw1ru Lmom1ratihr hwuwr 
lfinr6uw4wunphu umwg4_wo Wfll11WlljWl114hrmuuhrr Wfl'lJnLUpuhp[!: UjU 
Wfl'lJm'upuhp[! Lllwrmuw4mu hu mhuwuhl!1 mhri.h4wm4_mra1mu t:;lJ 'lw2mr Li. mwpphr 
tummra1mtitihrn4. tiwmrtimur nLnrr'lr Li. q.um4nq/1 2rw1rti Lmom1ratihr 
t.finfuwq'lhqmra1muuhrr pum1rar uwupu: Lmom1rar tummra1muuhrr uhowguwuC! 
qmq.u13wg, Lntom1ramu uwq.upuw4wu-lJUlJ't-p pumhuup4_mra1mu[! hp4m 'lhlljpmu tL 
ti4_wqmu t : 

li4wr 8-[! gmjg t mwl!1u 12 q.<:g hw6wfum131wu 'lhLLjpmu uwq.upuw4wu 
lJUlJ't-p pw2fuuwu LljWl114hpuhpp up2puwg4_wo pumhuup4_m131wu 4wfu4_wom13JnLU[! 
tnioqwo uinqap tumnqa1mtitig 0-100 uq/ut U1ppm1ramu' 10 uq/ul w6uwti pwnnq: 

1 'l lllllllllll'Jlllll,,lllll u11hl1ntj11j1110 hl1 WJU qJtuntU UOfl4WJWg4_wo 
l1l1l111111l1l1q111l1lil1pl1 l1111111q.11111l1l1lipj1' Imp l11p11l1111lp11I )t11tjulwt1 LUfHIJmllQllhp[!: 
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(a) NaCl 
~---------------------------------- I 

Om!L'ml IOmgr'ml 20mg:ml 30mtt1ml 40m£!·ml 50 mg'ml 60mg1mt 70 m~ml 80mwmt 90mtvml I OOm@ml 

(nrb.) 

(b) Gluco-;e 

' 

Untt 

1
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(arb.) 
unit 

1
1.0 

O.i 

0.6 

o.• 

0.2 

0.0 

"L4wfl 7. QUONJ hwLlw4wrq.ml. umwgwb 12 'Kg hw6wfumiaJwLlp uwq.upuwljwu 
LJULJ'l-p pwzfuuwu LljWlllljhfl'uhfl[! (a) uwmrtimup PLnrtiri.ti ll (b) q.umljnqji 2rwJp'u 
LntbmJiatihrti mwrphr tummiaJm'uuhrti ri.hl4pmu' 0-100 Liq/LIL mtirmiamu: 
Bmrwpwu~mr LljWlllljhrti ~WtPU[! 20x5 uu2 t: 

1.0 

0.9 

0.8 

"§ 0.7 

~ 
~0.6 
·;:;; 
!j OS 
.: 

0.4 

• ' .oCI 
• Ghoroo< 

- h fllONl\lwdlht• 
''P'lfWfll• .. 1111 

Modol 
lq..uil!Oft 

0.3 f.. Pio< 

l •1 "·····'4•<4l1t11 ... 
l(rJ Hf'( • A•r1 

NeCI II 

A 0 01)09 J_067J2f.A 0 Ofl''.I 7~ · ~ 

0.2 L.-o._._..._._.__.__..........._~..._.._._ ............ _.__.__...........__.__. 
0 10 20 30 40 SO t\O 70 AO 90 100 

Concentration (m!Vml) 

"L4wri 8. 12 q.cg hw6wtumiaJwLlp uwq.upuwljwu UULJ'l-p pwztuuwu uti2tiuwg4_wb 
pumhuuti4_miaJw'u q.rw~pljwljwu 4_wrp[!' Ljwl1J4_wb 0-100 Liq/LIL up2wljwmn11I 
Y,nY,ntu4.nri. uwmrpmup PLnrtiri.ti ll q.umljnqji 9rwJti'u LntOnLJ!Q'uhrti tummiaJm'uubrl1q 
%pljuhrn4. uhrljwjwg4_wb bu hpuq. wuljwlu Y,nraorti uti2tiu pwnwljnu11111l1l1 
2bri_muubrQ Jmrwpwu~mr tummiaJw'u 11bl.412mu: l<Tw4. q.bhrQ gmJg hli 11111qj111 

Y,nrawrwrwljwu m4JwLuhrti tpulljn'ubugtiwL LlnmwrljmuuhrQ: 
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E>Ar,ll,ACAP51H )IG1PAHP 

PACCTPE,ll,EJlEHYl.E 3JIEKTPOMArHl1THblX nOJlEH B AHl130TPOnHblX 

HAHOPA3MEPHblX CTPYKTYPAX 

AHHOTAUl151 

,ll,HccepTaUHll TIOCBll!UeHa MHKpOBOnHOBOH BH3yanH3aUHH 6nm1rnero TIOJUI c 

HCTIOJlb30BaHHeM HaHOpa3MepHblX MeTannwieCKHX TOHKHX nneHOK B Ka'leCTBe OTITH'leCKoro 

Hll.UHKaTopa. Pacnpe.ueneHHe JneKTpoMarHHTHoro nonll B aHH30TponHblX HaHoCTpyKTypax 

HCCne.uoeaHO )KCnepHMeHTanbHO H TCOpCTH'leCKH c uenbJO HaxO)f(.!leHHll HOBblX CTpyKTyp H3 

HCKYCCTBeHHblX MCTaMaTepHanoe .UJUI ceHcopHblX npHnOlKCHHH. KpoMe Toro, pa3pa60TaHHb1e 

HH.UHKaTOpbl Ha OCHOBe MCTanoeepXHOCTeH HCTIOnb30BanHCb B npaKTH'leCKHX npHnOJKeHHllX 

BH3YaJIH3aUHH c BblCOKHM pa3peweHHeM. 

Bo-nepBE.IX, 6i,rn npe.ucTaBneH HOBE.IH MCTO.U TepMorpacj>HH, OCHOBaHHblH Ha 

TepMoynpyroi1 OTITH'leCKOH HH.UHKaTOpHOH MHKpOCKOTIHH (TYOYl.M). MCTO.U HCTIOnb3yCT 

OllTH'leCKl1 npo3pa'-1HE.IH MaTepHan B Ka'leCTBe TepMOynpyrorO HH.!lHKaTOpa. noMeCTl1B 

HH.U11KaTop Ha TeCTHpyeMoe yCTpOHCTBO (TY), OH OTCnelKHBaeT 113MeHeHHe pacnpe.ueneHl1ll 

MCXaHH'leCKl1X HanplllKeHHH 3a C'-ICT cj>oToynpyroro JcjJcjleKTa. KpoMe Toro, OH BH3yanH3HpyCT 

JneKTpOMarHl1THOe (3M) pacnpe.ueneHHe 6nl1lKHero nonll c TIOMOLUE.IO aHan113a TepM11'-leCKHX 

11anp11JKeHHH. B HaCTOllLUeM 11ccne.uoeaHH11 6brna nony'leHa JneKTpH'leCKall H Marn11THall 

6nl1lKHenonbHall BH3yanH3aUHll c O'leHb Bb!COKOH '-IYBCTBHTenE.HOCTblO H OTITH'leCK11M 

pa3peweH11eM c 11cnonb30BaHHeM CTaH.uapTHOro CTeKna B Ka'leCTee TepMoynpyroro 

HH.U11KaTopa H o6bl'-IHOro nonllpH3aUHOHHOro M11KpOCKOna. KpoMe Toro, HeCKOnbKO npHMepoB 

H npaKTH'leCKl1X np11MeHeH11i1 CHCTeMbI TYOYl.M npo.ueMOHCTp11poeanH, '-ITO HaCTOllLUall 

MCTO.UHKa o6ecne'-IHBaCT npaKTl1'-leCKHH cnoco6 MOHl1TOpHHra H xapaKTep11CTl1KH TennOBbIX 

npoueccoe, np011CXO.UlllUHX B ycTpOHCTBe 11 MaTepHane no.u 803.UeHCTBHeM M11KpOBOnHOBOro 

H3ny<1eHHll. 

C noMOLUE.JO MeTO.UHKH TYOHM 6i,rn11 npo11HcneKTHpoeaHbI JneKTpH'leCKHe .uecjleKTbI 

pa3J1H•111oi1 rcoMCTpH'lecKoi1 c~opMbl Ha CTeKne ITO, 06HapyJKe11b1 npoeo1111111Hc 061,cKTbl, 

llllCJlf)CllllhlC ll Oil I H'ICCKl1 11c11po1pa•111y10 JJ,H")nCKTpH'-ICCKYIO cpc;1y. OllCllCllhl amtJOTpOTIHble 

MCKI pM•1ccK11c 11 1 c11 10111.tl' c.:nollc 1 m1 o. 1110111111p1111 11.:11111,1\ y 111cpo. '""'" KOMll0311UHOHHblX 

Ma rcplHIJIOll. ~ICC ' ICJ lOllUlllol pm.11pc, lC IC II Ill' Mll~po110 llllllUll !l fi llllKllCI 0 TIOJlll B 6nHlKHeH 

06m1c111 11a1•H1111c1111i,1 UPS. 

l\o 111opoi1 LfaCTH Mbl pa3pa6oTanH llOBhlC HllJlllKHIOp1.1 I ICKlf)H'leCKOro TIOJUI Ha OCHOBC 

11cp11o; tH'ICCKOH MCTanJ1H•1ecKoi1 CTPYKTYPbl JlJlll CHCH!Mhl I Y<H1M. 3TH HOBble HH.UHKaTop1>1 

MOI y1 nmyanH3HpOBaTb x- 11 y- KOMTIOHeHTbl pacnpeJtCJIC1111ll )JICKTpH'leCKOro nonll OT.uenbHO. 

M i,1 n~nyru1H3HpoeanH MHKpOBOnHoeoe pacnpenene11Hc PaJlMO'taCTOTHblX (P4) cj>HnbTpoe B 

6JIHiKllCH 30He 11 nOKa3anH pacnpe.ueneHHll JneKTpH'ICCKOro H MarHHTHOro TIOJleH ll 

npaKrn'leCK11x npHnoJKeHlli!X. Bee JKCnep11MeHTanbHb1e pc3ynbTaTb1 6brnH TIO.llTBCpiKJtl'" 1.1 

KOMllhlOTCpllblM MO)len11pOB3HHCM. KOTOpoe TIOKa3blBaCT xopowee cornaco11;111111 

II IMCpCllllllM~I. 

I• p11Ml' 

111ot1p.i ,1 c 11111i 

1()1() 

I Ill 

61.1n pa3pa6m a11 

l'lll'ICMbl TYOMM 

1m111.1i1 

' )111 

0 

MCTO.!l peKOHCTpyKUH11 

Hll)lHKaTOpbl B 6yJl)'llll 'I 

Ul1i 1l~Mlll 

~ lotl \ · I 

11) 

lt\IUI, 

npaKTl1'-leCKOe np11MCHeH11e, OpHCHTHpOBaHHOe Ha HCHHBa3HBHYIO .u11arnoCT11Ky. KpoMe Toro, 

OHl1 MOrYT CTaTb OTnl1'-IHE.IM peweHHeM llJlll LfaCTHblX 3a.ua'l, TaKl1X KaK O.UHOueneBble CCHCOpbl 

)lnll HeKOTOpblX coe)lHHeHHH. 3To HOBblH OTITH'leCKHH HH)lHKaTop (011), OCHOBaHHblH 11a 

nepHO.UH'leCKOH MCTann11'-1eCKOH CTpyKType, .unll xapaKTep113aUH11 JneKTpOMarHHTHbIX CBOHCTB 

pa3nl1'-1Hb!X pa.uHO'laCTOTHbIX ycTpOHCTB H MaTep11anoB H npe.llOCTaeneHl1ll Bl13yanbHOH 

HH<j>opMau1<rn o pacnpe.ueneHHH JneKTpoMarHHTHOro nonll. Mero.u .ueMOHCTpHpyCT HOBblH 

OTITH'leCKHH cnoco6 BH3yanH3aul1H 3M nonei1, B3aHMO.UeHCTBYJOLUHX c MCTaCTpyKTypoi1. 

no.u KOHeu, Mbl npo.ueMoCTpHpoeanH, '-ITO MeTO.ll TYOHM MOlKCT xapaKTepH30B3Tb 

cnOlKHE.1e lKH.!lKHe BeLUeCTea. B xo.ue oT.uenbHbIX JKcnepHMeHTOB M11KpoeonHoeoe H3ny'le11Hc 

B036ylK.UMO paCTBOpbl pa3nl1'-IHOH KOHUeHTpaUHH D-rnJOK03bl H XnOpH.Ua HaTp11ll. noKa3allO, 

'-ITO xapaKTep H3MeHeHHll HanplllKeHHOCTH nonll 6onee pe30K .UJUI paCTBOpOB JneKTpon11TOB, 

KaK H B cny'lae NaCl. B Ka•1eCTBe KOHTeHHepa 11CTIOnb30Banacb nnaCTHKOBall Tpy6Ka 

He6oni,woro .UHaMeTpa, H Mbl BH3yanH3HpOBanH pacnpe.ueneHHe MHKpOBOnHOBOro 6nHlKHero 

nonll BOKpyr Tpy6Kl1. Mbl o6HapyiKHJIH, '-ITO HllTellCHBllOCTb MHKpOBOnHOBOro nonll 3aBHCHT 0"1 

KOHUeHTpaUHH paCTBOpem1oro BCLUCCTBa. Mb! 11axOJlHM, 'ITO TIO HCcne.uoeaHHe B 6y.llyLUeM 

MOlKCT HMCTb Me)lHUHHCKOe npHMCllCllHC c y 11opOM 11a llCHllBa3HBHYIO .UHarHOCTHKy. 

HanpHMep, ynoMl!HeM 113Mepe11Hll KpOHH <<Ila MCCIC » (in-situ) UOKpyr ue11, pa3Mepi,1 KOTOpblX 

conocTaBl1Mbl c )KC11CpHMCll I (IJlhllOti llJtaCI HKOBOH 1py61<0H. '.}ro llOBblH MeTO.U 

xapaKTepH3aUH11 JneKTpOMUlllH I lllol\ c1101-ic-11J pU3JIH'lllblX lKH.!lKOCTeH, KOTOpblH TI03BOnlleT 

nony'll1Tb BH3yanb11y10 Hll(jHlpMUllHIO 0 noBe)lelJHH lKH.UKOCTl1 TIO)l B03.UeHCTBl1eM 

MHKpOBOnHOBOro H3JIY'IC11Hll. ' }101 llOBblH OTITH'leCKHH MeTO)l MOlKeT 6b1Tb npHMellHM K 

nepe.UOBblM 6ecKOllTaKTll!.IM MCTO)laM 11 MeTO)laM Hepa3pywaJOLUero KOHTpOnll llnll 

onpeneneHHll :>ne1np0Ma1 llH"l llblX CBOHCTB BOllHblX paCTBOpOB, a TaKlKe llJlll onpe.ueneHHll 

113MeHeHHH KOllUCllTPUUHH paCTBOpeHHblX BeLUeCTB B BOllllblX paCTBOpax llnll HOHHblX H 

Hel10HHblX KOMnneKCllblX BeLUCCTB. Harna TeXHHKa C03JtaCT napa.uHrMy .unll 6y11yLU11X 

Hccne11oeaHHH JToro THna HeHHBa311BHOH .u11an10CTHKH . 
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BAGHDASARY AN ZHIRA YR 

ELECTROMAGNETIC FIELD DISTRIBUTIONS IN ANISOTROPIC NANOSCALE 
STRUCTURES 

ANNOTATION 

"I his dissertation is devoted to near-field microwave imaging using nanoscale metallic thin 

films us an optical indicator. The electromagnetic field distribution in anisotropic nanostructures 

has been investigated experimentally and theoretically in order to find new structures made of 

artificial mctamatcrials for sensor applications. Furthermore, the designed indicators based on 

mctasurfaccs have been used in practical high-resolution visualization applications. 

First, a new thcnnography technique based on thermo-elastic optical indicator microscopy 

(fl-OIM) was presented. The method uses an optically transparent material as a thermoelastic 

indicator. By placing the indicator on a device under test (OUT), it monitors a change in stress 

distribution by the photoelastic effect. In addition, it visualizes an electromagnetic (EM) near­

ficld distribution through thermal stress analysis. The present study achieved electric and 

magnetic near-field imaging with very high sensitivity and optical resolution by using a 

standard sl ide glass as a thennoelastic indicator and a conventional polarization microscope. 

Furthermore, several examples and practical applications of the TEOIM system demonstrated 

that the present technique provides a practical way to monitor and characterize the thermal 

processes occurring in a device and OUT under microwave radiation. 

Using the technique of the TEOIM, we inspected electrical defects having different 

geometrical shapes on the ITO glass, detected conductive objects which were embedded in the 

optically opaque dielectric medium, evaluated the anisotropic electrical and thermal properties 

of unidirectional carbon fiber composite materials, and investigated the microwave near-field 

distribution in the near region of the GPS patch antenna. 

In the second part, we designed new electric field indicators based on the periodic metallic 

structure for the TEOIM system. These new indicators can visualize x- and y- components of 

electric field distributions separately. We visualized the microwave near-field di stribution of 

radio-frequency (RF) filters and -.howcd the electric and maf(nctic field d1 st rihutions in practical 

applications. All cxpl'rlllll"llllll fl·sults WlH' wnf'1L'd hy l·ninp11tl·t s111111 l11tm11s, which show good 

agreement with 111easLtre111e11h. 
Add1tionully, a new method wus pmduced to 1LT011•, t111rt .ID bulk images for a TEOIM 

systcm. lhcse indicators in the future can have a pnH:t1t;tl 11ppltcation focusing on non-invasive 

sensing. In addition, they can be an excellent solution for pa1t1cular tasks, such as single-target 

sensors for some compounds. This is a new optical indicator (01) based on the periodic metallic 

structure to characterize EM properties of different RF devices and DUTs and provides visual 

information about EM field distribution. In addition, this method shows a new optical way of 

visualization for EM fields interacting with a metastructure. 
rinally, we uncovered that the TEOIM technique could characterize cornpln liq11iil 

s11hsta11t:cs. In separate experiments, microwave radiation excited D-glucose and N.1< I 1 ·h111° 111 

with ,., .. i1111s nlltl'l'lltrations. It was shown that the changing behavior of tlw 11..lil i111c11• 11 is 

motl: d111 ~1i1: Jut l'in ltnlytc solutions, likc 111 thc case of NaCl. A pJn,111 111l•u w11l1 11 .1 11ull 

diameter was used as a container, and we visualized the microwave near-field distribution 

around the tube. We found that the microwave field intensity has a dependency on solute 

concentration. We showed that this study in the future can have a medical application focusing 

on non-invasive sensing. For example, we will mention in-situ blood measurements around 

veins whose sizes are comparable to the experimental plastic tubes. This is a new method of 

characterizing EM properties of different liquids and provides visual information about liquid 

behavior under microwave irradiation. This new optical method can be applicable to advanced 

non-contact and NOT approaches for the EM property of aqueous solutions, and to detenninc 

solute concentration changes in aqueous solutions for ionic and non-ionic complex substances. 

Our technique creates a paradigm for future studies of this type of non-invasive sensing. 

~ 
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