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U~tuUSUl...gp Cli'l-<Ulint-.r Pl..nMa-Uq.t-re 

U2fuwmw'c.ipb wrmbw~w'c.imPJm'c.i[! 
U2tuwrhti ul::irlJw1tiu qwrq.wgt.!wu lllbur1.b'CJgubf1Q wnw2 bu pbrmu unr m 

ljbuuwljwu u2wuwljmra1mu mubgnri. wnwug ubrrawt!iwuguwu (non-invasive) 

hblllwqnllluwu t.lb13nl).ubf1p wuhrwctb2lllm(3Jmu: LfwuuwtJ.nf1WlljbU wnw2wumu t 

uwunljwnmgtj_wopubrti wnwug ubrrawt!iwugt.!wu, PWJ9 t.!pLLumJU ctwt.lwuwlj 62q.rpl11 
mumt.!uwupflnL(QJWU hwtlwfl unr qnul').wtj_nruwu ub13nl).Ubflp t.lbo LljWhwu2wrlJ: 

Uuhwrctb2lllm(3Jmu t l').WflClbL mubuwl t.lbo LnLOmuwljmraJwt.lp wutj_uwu l).plllwfllJtlwu 

hwt.lwljwrq.br. nrnup 44tirwntj_bu WJULljpUp nlnrlllubrmu, PU}Lljpupp bu 

pct2LJmra1muQ, uuul').p Wf11').Jmuwpbrmra1muQ LL WJLu [1]: 
"Lwunljwnmgtj_wopubrQ hwul').puwumt.l bu UWfll').nL orq.wupqup ljwrlt.nr 

q.nrownmJra tirwlJwuwgunri. pwri.wl'lflP}ubr Lt. hbllllt.wpwr l'lrwug 62q.rpl11 
hblllwqnlllmraJmuQ mup ljbuuwljwu u2wuwljmra1mu: Swrpbfl Lmonyraubrmu Lt. 

tuwnumf11).Ubflmt.l uwunt.lwuupljubfl[! t!intuwql').mt.l bu tLblJlllflWLlwq.upuwljwu 

l').W2lllbflti hblll Lt. WJI'). 4intuwql).bgmra1wu q.rwugmt.lu m 4.brLmomra1muu tL huwrwtlnr 
bu l').Wf1Clumt.l tirwlJwuwgubL l').f1Wug hblllwqnlllmra1muubrQ: t-irwlJwu ctwuwuwljmt.l 

ttb4lllrwt.!wq.upuwljwu (tlf) l').W2lllbflti q.rwugt.!wu wnwug ubrrawt!iwugt.!wu 
2brt.lwwnwClq.wljwu Olljlllpljwljwu pul).pljwlllnrntl t.lwurwl').plllwljQ (QUOt"ilf) 

huwrwtlnrmra1mu t lllwLtiu mumt.luwutirbL uwrl').m orq.wupqt.!p hwuwr ljbuuwljwu 

u2wuwljmra1mu mubgnri. WJULljpUp ljbuuwpwuwljwu PWfll'). [nLOnLJ(QUbfl[!, PU}Lljpupp 

bu wr1wu t.lb2 q.umljnqp LL uwlllf1pmt.!p i:itnrtil'lti tuwnumf11).Ubf1Q [2]: QUOt-ilf-ti 

wnwMuwhwlllljmraJmuubrtig t.lblju WJu t. nr hwt.!wlJwrq.Q ramJL t mwtJiu 
tirwljwuwgubl wnwug ubrrawt!iwuguwu qnul').wqnrmu hwfiwtumraJmuubrp [WJU 

lllpflnLJ(QnLU, PU}U tL tir hbrratiu WlljWhntj_mt.l t uwunljwnmgtj_wopubrr 4.wri:ir wtj_btJi 

t.!wurw4r4til11 mumt.luwutirmra1mu: "Lt.lwu hbmwqnlllmra1muubf1Q ramJL bu mwtJiu 
hbmwq.w1mt.l umwgtj_wo Wfll').Jmupubrti hpuwu 4.rw QumrbL mllJwL 
uwunljwnmgtj_wopubrr hwuwr UWUflWl).plllUWU wt.lbuWWfll').JnLUWtj_bm 

hwfiwtumraJmuQ: 
QUOt"ilf-p ur2ngntj_ ut.lm2r LL tlf l').W2tnP t!intuwql').bgmraJwu 

mumt.luwutirmraJmuubrti Wfll').Jmupmt.! huwrwtlnr t l').Wf1Clbt t.!2wlJbt utilJrnwtJipw1tiu 
nbqnuwlllnflUbfl, nrnup mubuw[ntj_ t!inpfl }WtPbfl, t.lplt.umju ctwt.!wuwlj 
pf1Wljwuwgumt.l bu Wfll').Jmuwtj_blll wnwug ubfl(QWtPWugt.!wu qnul').Wtj_nrmu 

hwfiwtumra1muubrti LWJu mtirmJramu: fl.bqnuwlllnrubrti Wfll').JmuwtJ.blllmraJnLuQ gmJg 
lllW[nL hwuwr tirwljwuwgqb[ t rwwug hwt.lwljwrq.}WJPU ut.!wuwljmu, PU}LljbU uwLL 
uwtuwmplljp up2ngntj_ pflwljwu LljWJUWUUbflnLU }WtPnLUUbfl: l.Jwtuwmplljp up2ngntj_ 

tirwljwuwgtJ.bL bu n} upWJU tuwnUnLfll').WJPU LnLOmJraubrmu WJL uwLL rrwljwu 
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~WJLlwuubrmu 4burtwup orq.wupqumu q.um4nqp twmqaJWU ttimtintunLJUJWU wnwug 
ubriawttiwuguwu 2wttimuub11: 

nl2Wl).!1nLJUJWU bu wrctwup uwLL ubmwrl_ubrp uwunuwuup4ub11Q, n11nu12 p11bug 
ppupw4wu upwgm,aJmuubrti hbm upwupu mu bu 4wrLLnr rtbr UW!11).nl orq.wupqumu: 

Urrtr pct24miaJmumu tirw4wug4_mu bu pwquwiati4. hbmwqnmmiaJmuubr mw11pb11 
ubmwrl_ubrp uwunuwuup4ub11n4. LntOmJ,aubrp pmctp2 hwm4miaJmuubrp 4.b11wpb11JWL, 
uwuuwl{nrw~bu wrow,ap uwunuwuup4ub11ti 6p2m tumm,aJwLlp 211WJpu LnLOnLJJUQ 
mup pmctti2 LL wtumwhwuti2 hwm4miaJmu: Urow,ap uwunuwuup4ub11n4. 211WJpu 
LnLOnLJJUQ wrwq.wgumu t uwrrtm uwruup 4.1'lw l{b1112b11p pmctuwu ~rngbuQ: "Luwu 
hwm4miaJmuubrQ ubo hbmw12111211miaJmu bu wnw2wgumu wrow,ap 
uwun4wnmg4_wo12ub11n4. 211wJpu LntbmJ,aubrti mumuuwupruwu u4wmuwup: 
Lfbmwrl_w4wu uwunuwuup4ub11n4. LntOnLJJUP ttintuwql).bgm,aJntUQ t:;Lf rtw2mb11p hbm 
huw11w4.n11 t mumuuwuprbL ur4rnwLtipwJpu nbqnuwmn11ub11ti up2ngn4_ [3]: 

<bmwqnmmiaJwu Llb4 WJL hbmw121112r11 ntrl_rl_nLJUJnLU t hwurtruwumu 
ubmwuJm,ap mw1111b11p mumuuwuprmJUJnLUQ: LfbmwujntJUbl1Q w11hbumw4wun11bu 

hWJlllUWq.n11ol{wo UJmiabr bu, nrnup gmgwpbrmu bu WJU~tiuti hwm4nLJUJnLUubr, 
nrnup 2bu hWJlllUWpb114_mu puw4wu UJmiabrmu: Urwup WJU UJmiabru bu, nrnug t:;Lf 
hwm4miaJmuubrQ ~wJLlwuwl{nrl{wo bu tirbug 4wnmg4_wopwJtiu 
wnwUl\uwhwm4miaJmuubrn4., WJL n2 ,ab' UJmiar mbuw4n4. [4]: LfbmwuJmiabrQ 
prbugpg ubr4wJwgumu bu ubmWUJnLJUP l11Wl111P 4wunuw4wrq.4_wo 4wnmg4_wop, 
pu2Q m4JwL UJnt,apu mwtf1u t unr hwm4miaJmuubr, uwuuwl{nrw~bu unr 
(pwgwuw4wu) rtrtLb4mrw4wu LL uwq.upuw4wu ,awttiwugbltimJUJWU w11ctbpub11: ICTb' 
ubmwuJm,ap mw1111ti. LL' ,ab ubmwuJm,ap t:;Lf hwm4miaJmuubrp mumuuwup11m,aJntUQ 
LL rt11wug hwm4miaJmuubrp pwgwhWJlllnLUQ ubo hbmw12111211mJUJnLU bu wnw2wg11bL 
4.b112ru mwuuwLIJw4ubrmu: QUOt"tlf-ti 64mumiaJmUQ huw11w4.n11miaJmu t mwLtiu 
mumuuwuprbL ubmwuJmiati mw1111b11Q hw6wtumiaJmuubrti LWJU mtirmJ,amu LL 
wrmw~wm4brbL l).11Wug' tLb4m11wuwq.upuw4wu l).W2lllbl1Q unmw4W-l).W2l11WJPU 
mtirmJiamu: 

<bmwqnmmJUJWU hwuwr hbl11WJ21112Pl1 ntrl_rl_nLJUJnLU t hwul).puwumu uwLL 
uwun4wnmg4_wopub11p 4.1'lw hpuul{wo 011q.wuw4wu l).W2l11WJPU m11wuqpumn11ub11p 
(O'l-S) u2w4mLIQ: O'l-S-ub11Q hwuwrl{mu bu w4_wurtw4wu wuo11q.wuw4wu pwrw4 
,awrl_wu,awJtiu m11wuqtiumn11ub11ti pwrbLw4.4_wo WJLQum11wu12: Pwrw4 ,awrl_wu,awJtiu 
O'l-ICT-ubrti hwuwr umwgl{wo Wl11).JnLUj2Ubl1Q [OnLJL bu mwLtiu buiawrtrbL, nr l).!1WUj;l 
4wrnl'1. bu u11gmuw4 LtiubL mw11pb11 4ti11wnm,aJmuub11mu, nrmbrl_ wn4w t 
4wnmg4_wo12wJpU 64mum,aJwu wuh11wctb2mm,aJmu, gwor 2b11uwump6wuub11mu 
w2tuwmblm 4wrnl'1.mraJmu, ubo pumbq.ruwu huw11w4.n11mraJmu LL gwor pu12uw11ctbp 
[5]: '%umwgbuwJtiu O'l-S-ubrQ hwurtruwumu bu 011q.wuw4wu m11wuqtiumn11ub11ti 
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mw11wmbuw4, LL tirbug wrrtJmuwl{bmmraJwu LL pwrbLw4.4_wo pumrawq.11b11ti 2un11I 
q.mul{mu bu 2wm hbmwqnmnrl_ubrti m2wrt11miaJwu 4bum11numu: 

Umbuwtunum[OJWU ub2 ubr4wJwg4_wo bu mw11pb11 uwun4wnmg4_wopub 

PWl11). 4buuwhbr1_m4ubrti. uwunuwuup4ub11ti 211WJPU LnLOnLJJUUbrti LL ubmwmwrrt 
hbm LltJ411nwLti12wJpU lllPl1nLJfOP !:;Lf l).W2lllbl1P ttintuwql).bgm,aJ 
mumuuwurrmiaJmUQ: <bmwqnmmiaJwu hpuuw4wu q.n11oti12 t hwurJ.puwgbL l 

Lmbmuw4miaJwLlp LL hw6wtumiaJmuubrti LWJU mtirmJ,amu w2tuwmnr1_ QUO 
hwuw4wrq.Q, pu2~bu uwLL hbmwqnmm,aJWU QUf3W9J2nLU 4rrwn4.bL 
uti411nwLti12wJpU wnwug ubrrawttiwuguwu qnurtw4.nruwti WJL ubranrtubr: 

U111btiwtunumr.aJwb tiww111w~[! 
Umbuwtunum,aJWU u~wmw4u t 4tirwnbLn4. QUOt"tlf-Q mumuuwuprbL mwr~ 

uwun4wnmg4_wo12ub11p ttintuwql).bgmraJntUQ !:;Lf l).W2lllbl1P hbm: Umwgl{ 

W!11).JnLUj2Ub11ti hpuwu 4.rw l).nLl1U pbrbL uwun4wnmg4_wo12ub11ti hw6wtuwJpU 4.wr 

uti411nwLti12wJtiu mtirmJ,amu: 
Lf nrtbLw4.n11bL LL u2w4bL Llti411nwLti12wJpu wnwug ub11rawttiwugu1 

W!11).JnLUWL{bm nbqnuwmn11ub11 uwun4wnmg4_wo12ub11p mumuuwupf1nLJUJWU hwuu 
5mjg lllWL l).flWUg Wfll).JnLUwl{bmmiaJmUQ nr~bu ubo LnLOmuw4mJUJWUp wnw 
ubriawttiwuguwu qnurtw4.nrn"l hwuw4wrq.br: 

Pwrbtw4.bL uwun4wnmg4_wo12ubrti 4.rw hpuul{wo ~bumwgbuwjpU PWfll 
rawrl_wu,awJtiu O'l-S-ubrti uwrpwJtiu pum,awq.rbrQ' ~wmrwumuwu ~wrwubmrb 
o~mtiutiqwguwup: PwrllrwgubL l).flWUg Wfll).JnLUwl{bmmraJnLUQ LL urgmuw4mraJm 
wn4w wuorq.wuw4wu l).W2l11WJPU mrwuqpumnrubf1p u4wmuwup: 

q.b111w~wti bnpnur.aC! 
QUOt"tlf-p LL uti4rnwLti12wJpu uti4rn2brmwJpu nbqnuwmnrubrti 4tirwnuw 

tirw4wuwg4.bL t q.um4nqp, uwmrtimuti J2Lnrrrtr LL Wf10WJUP uwunuwuuti4ubr 
2f1WJPU LnLOnLJJUUbflp wnwug ubr,awttiwuguwu unmw4w-l).W2l11WJPU l).pl11Wf14ni 
Oq.mwq.nrobLn4. WJU uwun4wnmg4_wo12ubrti 2f1WJPU LnLOnLJ[OUb 
Ltintuwql).bgmiaJmUQ tLb4mrwuwq.upuw4wu rtw2mbrti hbm, hbmwqnm4.bL bu 2f1WJI 
LntbmJiamu rtrwug tummiaJmuubrrg 4wtul{wo QUrJ.hwumr tmbmJrati t 
hwm4mraJmuubrQ: Umwgl{wo Wf11).JnLUj2Ubf1Q hwl{wummu bu 4tirwn4_wo ubranrtub1 

W!11).JnLUWL{bmmraJnLUQ nr~bu q.um4nqti, uwmrtimuti J2Lnrtirtr LL wrowr 
uwun4wnmg4_wo12ubf1p ubo [ntbmuw4ntf3JWUp LL hw6wlum,aJmuubf1p LWJU mprm,an 
LI2l11Wl).plllwf14Llwu hwuw4wrq.br: <wuw4wf1q.2WJPU uuwuw4uwup LLu hpuuwl{nr~ 

t m4Jwl ml{ti2ubrti WflrJ.Jmuwl{bmm,aJmUQ LL 4rrwnbLtimJUJnLUQ: 
<bmwqnml{b[ t UblllWUJnL[Op lllWflflQ hWUl).puwgnrl_ q.[lw~pmp Llp4f1n2bf1lllp 

t:;Lf rtw2mr Ltintuwql).bgm,aJmUQ: Swrpbfl hwr1_nf1rtw4wum,aJwLlp q.rw~pu 
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uplurnzbruib[lp tLJ 11-wzuip hbui lfintuwql).bgmiaJWU W[ll').jntupmu wnw2wgbL bu 
uibrtwJuwguwu ljbuibr : Lir4rnzbruir 11-ruw11-rmiaJwu lfin1:1rwguwu[! qmq.[!uiawg 
uibrtWJUWguwu q.nuipub[lp puuibuuplj_nLfOJnLU[! wlJ.bLW9bL t uplj[lnzbruip bqrbrpu , 

upuumiu d"wuwuwlj lfin1:1rwuwln4. urlJrnzbruir ubrumu: Lir4rnzbruir 
hwrtnr11-wljwumiaJwu lfinlfintumiaJwu wr11-Jmu1:1mu uuiwglj_wo wr11-Jmu1:1ubrr 
4_b[1LnLOnLfOJnLU[! gmjg t UlWLpu, nr uumzpg gr4_wo WLPl:lP lfinqwjpu zbrtmLI[! w6bL t: 
t"IU~ [! gmjg t uiwLtiu , nr uuiwglj_wo ljwrq.w4_nr4_nrt hwrtn[ll).WljwumiaJwLlp UlW[l[lpg 
LljWUl[lWUUllj_wo ubUlWUJnLfOb[l[! ljwrnrt bu ownwJbl n[llljbU 6wnwq.WjfOUWU 

4.brwhuljuwu lfimlwJru ljwnwlJ.wruwu hwuwljwrq.: 
ntumuuwurr4.bL t Lljbuuiwgbuwjpu uwunljwnmg4_wo1:1ubrr 4.flw hpuulj_wo O'l-S­

ubrr pumiawq.[lb[l[!: <Pnr<'luwljwu 6wuWLLjW[1hn4_ uuiwglJ.bL t , nr 01:1upl).Wjpu 

uiwlJ11-rrr lfinlfintumiaJmu[! hr11-rn~rltig hr11-rn~npr hwuq.bgumu t uirwuqtiuuinrr 
ljwlljmrtmLI ltigpwljp[1Ub[1p zwrcJ-muwljmiaJwu pw[lbLwlJ.uwu: LJp2wul!JwL 
Opuiw11-bgrLuirrPLnrurlwu (OSU) ru1:1uwljwquwljb[1Uj4_nrt pwquwzb[1Ul[! (t"IP) 
4.brwgumu t Lljbuuiwgbuwjpu O'l-S-p hruiabrbqpuwjpu 4_wr1:1Q, p zunrhr4. tunrn 
nbljnupruwgpnu ljbuuirnuubrr ljjwupp uillnrtnLfOJWU ulj_wqbguwu: Swrpb[l 2bruwjpu 
uzwljuwu LljWJUWUUb[lnLU LljWUl[lWUUllj_wo uumzub[lp mumuuwup[lnLfOJWUp gmjg bu 

Ul[llJ.bL JnL[lWJ;lWU~nL[l uumzp pumiawq.[lb[lp pwrbLwlJ.mLIQ u wztuwuiwupp 
wr11-Jmuw4_buimiaJwu pwr<'lrwgmun: 

q.npbtiw~wti wpctbp[! 

UuibuwtununLfOJWU ub2 ub[lljWjwglj_wo tuu11-rrubru mubu 4rrwnwljwu 
uzwuwljnLfOJnLU u ubo LljWhwu2wr4 UlW[lpbr nlnruiubrmu: LI wuuwlj_n[lWLLjbU 

wnw2ru q.LlumLI puuwrlj4_wo q.umljnqp , uwuirrmur 1:1Lnrr11-r u wrowiar 
uwunljwnmg4_wopubrn4. LntOmJiaubrr wnwug ubriawlfiwuguwu Llr4rnwLtipwJru 
qnu11-w4.nruwu Llbo LmomuwljmiaJwLlp ubian11-ub[1Q, nrnup huwrwlJ.nrmiaJmu bu 
UlWLPU wnwug Lj_uwuuwu hbuiwqnuibl uit.!Jwl ljbuuwpwuwljwu uzwuwljnLfOJWU 

2[1WJ!iu LnLOnLJfOUb[l[! Llpljrnwlti1:1wJru hw6wtumiaJmuub[1p LWJU uirrmJiamu: 
'-1wuiwr4_wo lfinr<'lbrr hwuwr rrwljwuwglJ.bL t uwu hwuwljwrq.~WJPU uuwuwljmu 
rrwljwu LljWJLlwuubrmu u rrwljwu d"wuwuwljmu ljwuiwr4_wo lfinr<'lr uit.!JwLUb[lQ 
lj_b[lwhwuuiwuiblm hwuwr: t"IU~LLjbU uwu ubian11-ub[1pg ubljnlj_ p[lwljwuwglJ.bL t 
ljbu11-wur orq.wurqumu q.umljnqp tuuimfOJWU nrnzuwu ~wlfimuubr: Uuiwglj_wo 
W[ll).JnLUJ;lUb[lU gmjg bu uilJ.bL uit.!Jwl ubian11-ubrr 4rrwnbltimf0JnLUQ uwuuwlj_n[lWLLjbU 
pd"zljmiaJwu nlnruimu: 

5mJg t uirlJ.wo uwu LlbuiwuJmiar uiwrr hwu11-ruwgnri q.rw~puiwJru hpupnlj_ 
urlJrnzbruir lfintuwql).bgmiaJmUQ tLJ 11-wzuir hbui: lJbuiwUJnLfOb[lQ rrbug 
ljwnmglj_wopwjpU wnwMuwhwuiljmiaimunlj_ LljWJUWUw4.nr4_wo UUlWUnLU bu unr tLJ 
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hwuiljmiaJmuub[l, ru~ubL ubowgumu t urwug l).b[lQ u 4rrwnbltimiaiwu nLnr 
unr hwuiljmiaJmuubrp zunrhplj_ ubuiwUJnLfOb[lQ ljwrnrt bu 4rrwn4_bt 

Llr4rnwLtipwJru 4Lwup~ubr. ~rLuirbr , lfimLwiru 4wrq.w4.nrnrt hwuwljwrq.b1 
St.!Jwl l).bLLjpmu ubuiwujntfO!i UlW[l[lp hwrtnr11-wljwumfOJWU lfinlfin 
W[ll).JnLUJ;lnLU uuiwglj_wo uit.!JWLUb[lQ gmjg bu UlWLPU 11-rwurg ljwnmglj_wo ubu 

wr11-Jmuw4_buimiaJmun nrlljbu Llr4rnwLtipwJru 6wnwq.wJiaLlwu 
4.brwhuljuwu hmuwLti q.nrorp: 

.guuwr44.wo t LLjbuuiwgbuwJru O'l-S-r tLb4uirnuwJru hwuiljmrc 
pwrbLwlJ.uwu tuu11-rrubr[!: UjU Ul[lWUqpuuinrubrn hwuwrlJ.mu bu wuorq. 
11-wzuiwJru uirwuqtiuuinrubrr hmuwLti wJmuuirwup: Orq.wuwljwu uirwu 1 

hr11-rn~tJLntfOJnLUQ u hr11-rn~npmfOJnLUQ uuimq.bLm hwuwr ~wlfilJ.bL bu 2rr 
zlfiuwu wul!Jmuubrn: liumzubrpg Llbljp Llnui 11-ruiwr44.bL t hpurc 
wupnrt2wljwu wuhbuiwgmu t"IP wnwlJ.bL hpl).[ln~np hwuiljnLfOJWU LljWUl6w 

iamJL t uiwLru 11-ruiwr4bL uit.!JwL LLjbuuiwgbuwJru O'l-S-ubrr 4rrwnbLJ 
WJULLjpUp tuufl.p[lUb[lnLU, nrnup LLjWhwu2mu bu wztuwuiwupwjpt 
2bruwuuip6wu, Llbo Llwljbrbu owoljbLm wuhrwd"bzuimiaJmu u gwor pu 

mubuwlm wuhrwd"bzuimiaJmu: 

"lW2llll!IW\:JnlJajWtJ l:Jbp~WJWg!J,nq hbtfl:IW~WtJ npnutatJbp 
1. QUOt"ILJ-r 4rrwnuwup wnwug ubriawlfiwuguwu , Llr4rm 

hw6wtumiaJmuubrr LWJu uirrmJiamu (8-14 <Kg) hbuiwqnuilJ.bL bu c 

uwuirrmur PLnrr11-r u. 11-rwug tuwnumr11-ubrr 2rwJru LmomJiat 
hwuiljmiaimuubrn' LmOmJiamu WJ'l uJmiabrr tuuimiaJmurg l 
liwuirrmur 1:1Lnrr11-r 0-2.5% tuuimiaJwLlp LmomJiaubrr hwuwr utr 
-0.111% -l ~wlfiuwu qq.WJnLUnLfOJnLU, pulj q.umljnqp 0-10% luL 

LnLOmJiaubrr hwuwr' -0.013% - 1 ~wlfiuwu qq.wJmumiaimu: 
hwuwljw[lq.Q unui 8.5 wuq.wu qq.wjmu t pnuwljwu LnLOnLJfOUbflr hwuw1 

2. Lir4rnwLtipwJpu 4r4uwljp mrtriwul!Jwu uibupnlj_ Llr4rnzt 
nbqnuwuinrubrr ur2ngn4_ rrwljwuwglJ.bL t W[lOWfOP uwunuwuurljubr 
lmomiiar hbuiwqnuimiaJmu: ~buiwqnuimiaiwu wr11-Jmupmu Llr4rni 
ui4_P~r ~wlfilj_wo qq.wjnLUnLfOJnLUQ (upljrnwltipwJru wr<'lwq.wupp u 
uwunuwuupljubrr tuuimiaJwu hwrwpbrwljgmiaJmuQ) ljwqLlbL t 0.03 r 

unui 2 <i-(g hw6wlunLfOJWU l).bLLjpmu, W[lOWfOp uwunuwuupljub[lp ulj_l 

~wlfiblti tuuimiaJmun' Llnui 1 Llljq/L t 2 LIL uumzr hwuwr: 
3. Lir4rnwLtipwJru 4r4uw4r mririwul!Jwu uibupnlj_ ur4rnzbruiw4_nr nbq1 

gmgwpbrmu t pwlJ.wrwr qq.WJUnLfOJnLU ljbu11-wup orq.wupqumu 
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q.um4nqfl lulllnt(aJWu npn2uwu Lj'lnpllbpmu wnwug ubp,awljiwuguwu {non­
invasive) Unlllw4w l}W2lllfl Llfl4pnwt.lipwjflu ubpq.npOm(aJWU ufl2ngn4_: LJ4ubpfl 

4.flw 4rrwnbt.liu wq11wu2wu[l u4_wqwq.mJu Llw4wr11w4Q bri.bL t 0.012 
r].P/(uq/ri-t): q.um4nqti u4_wqwq.mJu hWJll1uwpbp4_nri. lull1nt(aJnLUQ bri.bL t 10 Llq/rJ.F 

4. 5mJg t lllf14.bL, nr q.rw~rlJlr hflupn4_ Llfl4rn2brll1Q npll.fbU Llbll1Wll1W[1[1 

hwuri-fluwumu t 4wnw4_wr4.nri. hwri.nrri-w4wumraJwLlp Y,mt.li ri.b4w4.wruwu 
W[lr].JnLuW4_bU1 hwLlw4wrq.: E; « Er ' Llfl4rnwt.tis;iw1ru uwq.u[luw4wu Unlllw4w 
r].W2ll1Q (LJLJLJ't) hfluuw4wumu U1bl'J.WJuWg4_wb t Llfl4rn2bpU1[l 4bulllpnumu, flu4 
E; (E;-+Er) ubbwgubLn4. LJLJLJ't-u 4buU1pnuwumu t ur4rn2brll1r bqrbrr unll1: 

'tw2L11r pw2tuuwu Y,nY,ntumra1muQ hfluuw4wumu ll.fWJLlwuw4_nr4_wb t gp4_wb 

ur4rnwt.tinwJru 11w2L11ti Y,mt.ti qq.wt.ti Y,nY,ntumraJwLlp, wJurus;iu' ur4rn2brlJ1r 
hwri.nrri-w4wumra1wu LjinY,ntumraJwLlp 4wrbt.li t 4_bpwhu4bL wpllwq.wupuwu 
Y,mt.li 2bri.mLl[!: 

5. 'TJbulllWgbuWJflu O[lq.Wuw4wu pWf1W4 (aWl'J.WU(aWJflu ll1[1WUqf1Ullln[1Q, np[! 

ll.fWL11f1WuL114_wb t [lupuw4wqLlw4brll.f4.nri. pwquw2brll1n4. ll1w411rrr 4.flw, 

gmgwpbpmu t twll.fbu pwrbLw4.4.wb ll.fwrwubL11pbr ll1w4ri-rrr hfl11rn~fltt19 

h[lr].pn~np wuguwu cJ-wuwuw4' lP9PW4flpubpfl rJ.W2ll1WJflu 2W[ld-muw4mtaJWU 
w6 4 wuq.wu, W[lWq.wq.npb°nL(aJWU w6 70 wuq.wu: ~UU1 qwuq.4_wbfl 0.5% QSLJ 

t-iP-n4. O'l-S-u gmJg t L114.bL Lw4.wq.mJu wrri-1mupubpQ Lt hflurabpbqtiu[l q.rbrab 
wupnl'J.2w4wu wuhblllwgmu: 

Uzfuwmwtipb tibp~wjwgnuIL1 

UU1buwtunumraJwu hfluuw4wu wr11Jmus;iubpQ qb4mg4.bL bu bpl.twur ll.fbL11w4wu 
hWUWLUW[lWU[l ljflpwnw4wu CLb4ll1f1Wl}[luwLlfl4wJfl Lt Llnr].bLw4_npuwu wupflnufl, 

rt-wri-rn~tiqti4wJr Lt tLb4lllrnur4wJr wup[lnu[l, Ubmt.li Unq.wuq. hwUWLUW[lWU[l 
~flqfl4wJfl ~w4ntLlllbll1[l wn4w Lt hbnw4_wp ubufluwpubpmu: 

<owwwpw~nuit.ibpL1 

UL11buwtunum,a1wu ,abLlwJn4_ lllll.fWq.[lqbL bu 6 q.[lll1w4wu w2tuwll1wupubp, npflg 
4-Q ur2wqq.wJru q.[llllw4wu hwu11buubpmu: 

UmbbwfunumR1wti ~wnmg!J.wb'pl1 

UU1buwtunumra1muQ pwri.4wgwb t ubpwbmra1mu[lg, bpbp q.Lmtuubp[lg, 
bqpw4wgnL(aJnLU[lg , hWll.{Wqmuubpfl U 114 WUnLU ll.fW[lnLUW4nri. q.pw4WUnL(aJWU 

gwu4brflg: U2tuwll1wupmu wn4w bu 31 u4wr/q.pw~r4 Lt 2 wrumuw4, flu4 
Quri-hwumr bw4.wLQ 4wqumu t 104 t2: 
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l.briwb'mpJmtmuI ubp4wJwg4_wb t 4wll1W[lqwb w2tuwL11wupfl 

wr11rw4wumraJnLUQ, Ull.fWll1W4ubru m tuu11rrubpQ, ll.fW2ll1ll.fWUnL(aJWU ubr4wJwg4_nri. 
hfluuw4wu r].[lnLJ(aUb[lQ. Ull1wg4_w0- W[ll}JnLUpubrr q.[lll1w4wu unrmJraQ Lt q.npO-uw4wu 

wrctbpubpQ: 
Unw2~ti qLfunuI mumuuwuflp4.bL bu ll1Wflpbp uwun4wnmg4_w0-pubpn4_ 2flWJflu 

LntbmJraubpQ 4rrwnbLn4. wnwug ubp,awljiwuguwu QUOl>LJ Lt Llfl4rnwt.tipwJflu 
nbqnuwll1npubrr ubran11ubpQ: 

1.1 utwriwqriw~nuI ubr4w1wg4_wO- t q.um4nqti u uwlJlrflmur nLnrrri-r 2rw1ru 
LmbmJraubpfl wnwug ubp,awljiwuguwu LlbO- Lnt0-muw4mraJwLlp qnuri-w4_npnri. 

hwLlw4wrq.brr wuhpwctb2ll1mra1muQ, 4wrunrmraJmuQ u 4rrwnbt.limraJmuQ: 
1.2 utwriwqriw~nuI u4wpwq.p4_nuJ t hbll1wqnll1Llwu dwuwuw4 hfluuw4wu 

q.nrO-rn hwu11ruwgnri. QUOt-iLJ hwLlw4wrq.r w2tuwll1wunr u4qpmupQ Lt ri-rw 

pwri.4wgmgr~ uwubpQ [6]: 

1.3 utwriwqriw~miI ubr4w1wg4_nuJ t q.um4nqr ti uwll1rflmur nLnrr11r 2rwJru 
LntbmJraubp[l QUOl>LJ-n4_ mumuuwu[lpuwu ubran11nLnq.[lwu: 

1.4 utwriwqriw~miI pbp4_w0- bu QUOl>LJ ti ur2ngn4. q.um4nqr u UWU1[1[lmur 

nLnrrri-r ll1wppbr tull1mraJmuubrn4. LmO-m1raubrr qnuri-w4.nruwu wrri-JmupubrQ: 

QUOl>LJ bri.wuw4n4. W[lll1Wll.fLUU14br4.bL t uum2ubrr Llr4rnwLrnwJru Unll1w4w­
l}W2ll1r pw2tu4.wO-mra1muQ 11 q.~g hw6wtumra1wu ri-bll.fpmu: l.4. 1-Q gmJg t ll1wt.liu 

ur4rnwt.tinwJru unll1w4w-ri-w2ll1r pw2tu4.wO-mra1muQ (a) ri-b-rnuflqwg4_wO- ('tt-i) 2rr u 

UWll1[1[lnuJ[l mnrfl"lfl Lt q.um4nq[l tuwnumprJ.fl 2f1LUJflU LnLb°nLJ(aUbpfl hwuwp: 
UWU1[1[lmur nLnrr11r lull1nL(aJnLUQ hLUUU1WU1nLU t' 0.9%, ru4 q.um4nqr lull1nL(aJnLU[! 

tuwnunt[ll}WJflu Lntbm1raubpmu Ljinljinlu4.bL t 0-10% ll1[1[1mJramu: t-iu~ll.fbu bpumu t u4. 
1-flg , q.um4nq[l lull1nL(aJWU ubO-wguwuQ qmq.Qu,awg, tunri.n4_w4fl 4bull1pnuw4wu 

uwumu Llfl4rnwlflpwJflu Llnll1w4w-r].LU2ll1fl [lull1buu[l4_mtaJnLUQ u4_wqbl t : 

l°'ull1buur4.mraJwu w1u Y,nY,ntumra1muQ ll.fLUJLlwuw4.nr4_wO- t Lmbm1ramu wqwll1 

rJ.flll.fnLubp[l pwuw4fl u4_wquwup' q.um4nq[l lull1nt(aJWU w4.bLwguwup 
ll.fLUJUWuw4_np4_w0-: rull1nL(aJLUU LjinljinlumraJmUQ hwuq.bgumu t LnLb°nLJtafl tLJ 

ll.fwrwubll1flbrr Y,nY,ntumra1wu , Llwuuw4_nrwll.fbu, 4nLlll.fLbnu 11rtLb4ll1rw4wu 
,awljiwugbt.limtaJWU LjinY,ntumraJwu: lm0-4_w0- UJmrar lull1nt(aJWU ubbwguwuQ 

qmq.QU(aWg, wqr].WU2LUUQ q.pb,ab q.0-wj[lunpbu u4_wqmu C [lu~ll.fbU q.um4nqfl, WJUll.fbU 

CL UWU1[1[lmur mnrrri-r l}bll.fpmu: 
UU1wg4_w0- W[lr].JnLUj2Ub[1Q gmjg bu ll1WLflU, nr [lull1buur4.mra1wu u4_wqmLIQ' 

4wll.f4.w0- UWU1[1[lmufl J2Lnrfl'1fl LnLOnLJtafl lull1nt(aJWU LjinljinlumtaJLUU hbll1, w4_bLfl ubb t , 
pwu q.um4nq[l r].bll.fpmu' - 0.111% - 1 Lt -0.013% - 1

, 4wu unll1 8.5 wuq.wu: Uju 
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Lrli.mJroQ pwgwmrl{mu t urwunl{, nr q.um4ncw l.J. uwmrrmup mnrrri.u mubu 

hbr1mljmu mwrrwLmMwu mwrpbr ubtuwupquubr: 
ta \l') 

,,, 

~ 

o.x 

·g ... 0.6 

-e 
~.0.4 
~· 

· ~ 1 0.2 

E 
0.0 

'L4. 1: lfnmwljw ri.w2mmu ur4rnwLPQWJpu pw2tumLIQ (a) '1-t-> 2rnl{ l.J. uwmrrmup 
mnrrri.r l.J. q.um4nqp tuwn.umrri.r 2rwJpu LntOmJranl{ L9lJ.wo uum2r hwuwr 11 
Cl-(g hw6wtumroJwu rj.bummu: l..wmrpmup mnrrrJ.r tummroJmLIQ hwumwmmu 
t ' 0.9%, pulj q.um4nqp tummraJmLIQ t.jimflntul{bL t (b) 0%, (c) 1%, (d) 2%, (e) 5% l.J. 
(f) 10%: Bmrwewu~mr u.iwm4brr ~wt.jiuQ' 4x5.5 uu2 t : 

0.8-----~~----

~ ·a 

0.7 

:::> 0.6 

~ 
>. 

·§ 0.5 
<l) 

] 

0.4 

0 

'V;'0.8 
2 
:::> 
_o0.6 

~ 
~04 
c: 

" ~0.2 

0 0.5 I 1.5 2 2.5 
NaCl concentration (%) 

2 4 6 8 
Glucose concentration (%) 
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t.4. 2: lfr4rnwLpQWJpu unmwljw-ri.w2mr ur2ru pumbuupl{mraJwu ljwtul{womraJmUQ 
2rwJpu LntOmJroubrmu q.umljnqp tummraJmupg 0-10% up2w4wmmu 11 Cl-(g 
hw6wtumroJWU rj.bu.jQmLI : l..brri.rrQ gmJg t UlWLPU upljrnWLPQWJpu unmwljw­
rJ.W2UlP pumbuupl{mraJwu ur2ru wrctbQp ljwtul{womraJmLIQ uwmrpmup 
mnrrri.r tummraJmupg 2rwJpu LntOmJroubrmu 0-2.5% ur2w4wmmu 11 Cl-(g 
hw6wtumraJwti ri.bu.iemu: (no q.pO-Q u.iwmljbrmu t t.Jinrllwrwrwljwu 
m4JwLubrr q.0-wjpu unmwrljmLIQ: 

10 

liwmrpmup QLnrrri.r 2rw1ru LntOmJrou mup wl{bLr pwrllr tLb4mrwljwu 

hwri.nrri.muwljnLfOJnLU (wjupuQu' ljnuu.iLbQU rJ.PtLblJmrwljwu rawt.JiwugbLPnLfOJWU wl{btr 

ubo ljbri.o uwu), QWU q.umljnqp 2rw1ru LntOnLJfOQ· hbml.J.wpwr , wl{btr mctbri. 

t.Jintuwqri.bgmraJmu Q't.lljunri. ur4rnwtreubrr hbm, pu~u.ibu brl.J.mu t uwl.J. ulj. 2-pg: 

1.5 U1Wpwq.pw~nul uljwrwq.rl{mu t wnwug ubrrawt.Jiwuguwu qnuri.wl{nruwu 

urlJrnwtrQWJpu nbqnuwmnrr hwuwljwrq.~wjpu unri.bLwlJ.nruwu 

wn.wtilluwhwmljmra1muubrQ: 

1.6 U1Wpwq.pw~nul gmjg t mrl{wo upljrnwtrQWjpu nbqnuwmnrubrp 

hwuwljwr~wJpu unri.bLwlJ.nruwu l.J. ri.rwug up2ngnl{ t.Jinrllwrljl{wo q.umljnqp l.J. 

uwmrrmup QLnrrri.r mwrpbr tummraJmuubrnl{ LntOmJroubrr hwuwr umwgl{wo 

wrri.1mueubrQ: 
-1 8 ,..,..~.----.~-T~-,-~-..,..,,..-..-~...---, 

-20 

-22 

iti -24 
:=. 
~-26 

-28 

-30 

-32 r t ·o1w.:anrnhou 
0 SO I 00 TIU 200 130 

Glucos.e c0t~e1-irn11 ou (mtt. di 

5.5 
a 

6 6.5 7 
frequency (G I 1£) 

7.5 

-3 

-6 

-9 

iti -P 
~ -
u5' -1 5 

-1 8 

-2 1 

-24 

r requcncy (Gllz) 

"L4. 3: (a) lfr4rnwLPQWJpu wuguwu S21 q.nrowljgp (ublj mri.ri.wu4Jmu nbqnuwmnr) 
unri.bLwlJ.nrl{wo wrri.1mueubrQ '1-t-> 2rr l.J. q.umljnqp 2rw1ru LntOmJrar hwuwr 
50- 250 Llq/rJ.L tummroJmuubrr hwuwr , (b) upljrnwLpQWJpb wuri.rwri.wrMwu 
S11 q.nrowljgp (4r4uwljp mri.ri.wu4Jmu nbqnuwmnr) unri.bLwlJ.nrl{wo 
wrri.1mueubrQ '1-t-> 2rr l.J. uwmrrmup mnrrri.r 2rw1ru LntOmJrar hwuwr' 100-
500 uq/ri.L tummra1muubrr hwt.!wr : 

LI nri.bLwlJ.nruwu ctwuwuwlj mri.ri.wu4Jmuwlll.J. nbqnuwmnrQ pbn.til{wo tr 

mwrpbr tummra1wup (0- 250 t.!q/ri.t) q.umljnqp 2rw1pu LntOmJroubrnl{, pulj 4r4uwljp 

mri.ri.wu4Jmuwlll.J. nbqnuwmnrQ pbn.ul{wo tr mwrpbr tummra1wup (0- 500 uq/ri.t) 

uwmrrmup mnrrri.r 2rw1ru LntOmJroubrnl{, hwuwu.iwmwutuwuwpwr 50 Llq/rJ.L l.J. 100 

t.!q/ri.L t.jint.Jintuuwu QWJtbrnl{ (tilj . 3) : 

<Pnrllwuum2nl{ (<Pl..) nbqnuwmnrubrr pbnumt.!Q wnw2wgrbt t hwuwljwrq.r 

Qtiri.hwumr ljnLlu.iLbQu ri.ruwri.rmraJwti l.J. s u.iwrwubmrr t.jint.Jintumra1mutibr' 4wu.il{wo 
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¢1.J-p 4nuuubpu 'lPtLb4mrw4w't.i (OWLj'lw't.igbL!imraJw't.i LjinLjintumraJw't.i hbm' 4wlUL{wb 

9rw1rti Lmbm1ranu.! q.um4nqr 4wu tiwmrrmur nLnrr11r tummra1mtitibrrg: 
1.7 uiwpwqpw!J>nuI tibr4w1wgl{mu t un11bLw4.nrl{wb nbqn't.iwmnrtibrr 

l.U[lfljnL't.iwlj_bmmraJm't.i[! prw4w't.i LljWJWUW't.i't.ibrmu gmjg lilWLnL hwuwr 

l!jWlil[lWUlill{WO 4r4't.Jw4p nLrtrtW'tJ4Jw'tJ lllbupnlj_ up4rnwLtipwjp'tJ nbqn't.Jwmnrn4_ 

tnwrpbr tummra1mtitibrn4. wrowrar 't.iw't.inuwu't.ir4tibrn4. 2rw1rti Lmbm1rar 
mumu't.iwurrmra1m't.i[!: 

LJwpul{bL - q.wrtibmp un11blt:! [7] 't.14wrwq.rmu t hwrinr11r~ uwu't.ip4tibr 

lljW[lm't.iw4nrt 'lPtLb4mrw4w't.i up2wl{Wj[1p W[lfljnLDW[lW[l 'lPtLb4mrw4w't.i 
ft> WLjlw't.igbLPnL(OjnL't.i[!: '1-rtLb4mrr4 Llp2wl{WJ[lnLU 't.ibrumblj_wb q.'t.i11wOu ubmwriw4w't.i 
't.lw't.inuwu't.ip4't.ibrp hwuwr un11bLr LljW[lqbgl{wb Ou't.i m't.ip hbmuJWL mbup[! [8] 

(1) 

nrmbrt Ew -[! ').t'> 2f1P hW[1Wpbf1w4w'tJ (OWLj'lw't.JgbLpnL(OjnL'tJ'tJ t, EAg -[! W[lOW(Op 

hwrwpbrw4w't.i 4nul4Lbpu rawLjiw't.igbL!imraJm't.i't.i t. ru4 [-[!' Ag 't.iw't.inuwu't.ip4't.ibrr 

ow4_wtWJp't.i pwdp't.i[! tmbmJramu: Urbwrar 4nLIUjtbpu hwrwpbrw4w't.i 11rttb4mrw4wti 
fc)WLjiw't.JgbL!inL(OjnL't.i[! 'tJ4Wf1Wq.[1Lj_nLU t n[lUjbu' (9] 

( ) 
I • 11 I • <I'Ag 

1'11,q W = EAg - }EAg = EAg - } w eo' (2) 

nrmbrt E~g U E::g W[lOW(Op 4nUUjtbpu 'lPttb4mrw4w'tJ (OWLj'lw't.igbL!int(OjW't.i rrw4w't.i U 

ltUrtO UWUb[l'tJ b't.J , <IAg -[! W[lOW(Op hWrtn[lflnL'tJW4nL(OjnL'tJ'tJ t , Eo -[! 4_w4mmup 

ql1ltL4mrw4w't.i hwumwmm't.i't.i t , ru4 w -ti w2tuwmw't.ipw1rti hw6wtumraJm't.i't.i t : 

1.8 uiwpwqpw!J>nuI pbrl{wb t 4r4'tiw4r mririw't.14Jw't.i mnupnl{ ur4rnwLtinw1rti 
nliqn't.iwmnrn4. wrbwrar tiw't.inuwu't.ir4tibrn4. 2rw1rti tmbmJrar qn't.i11w4.nruw't.i 

wrri1mtinhrt:!: 

1.J4. 4 (a)-mu gmgw11r4.wb t ~wLjil{wb ur4rnwtrnw1rti wti11rw11wrMw't.i Su 

I nrbw4gr hw6wtuw1rti mbupbfl[! tmbmJramu Ag 't.iw't.inuwu't.ir4tibrr mwrpbr 
l\lmmra1mtitihrr hwuwr. (1) o u4q/t. (2) 12.5 Ll4q/t. (3) 25 u4q/t. (4) 37.5 u4q/t. (5) 50 

tlltq/F Sn wrowq.w't.ipp q.bwjp't.i 4wtul{wbmraJw't.i 11rnmra1m't.i[! 't.iw't.inuwu't.ip4't.ihrr 
iull1mra1w't.i Ljinlj1ntumra1w't.i hwuwr 4wqumu t 0.0311P/(Ll4q/L): <:wuw4wrq.r ~wLjil{wb 

qqw1't.imra1m't.i[! 0.03 11P t. 't.il{wqwq.mJ't.i hwjll1't.iwpbrblli !ull1nL(OJnL't.i[!' 1 u4q/F 

Urbwrar 't.iw't.inuwu't.ir4tibrr 2rw1rti LmbmJrar hwuwr mqr~p wti11rw11wrMw't.i 
s, 1 q.nrbw4r9t:! 4wtu4.wb t 't.iwu tmbm1rar bwl{wL!ig u 2hruwull1p6w't.ipg: 

wLjimu't.ibr[! 4wmwr4.bt b't.i 2 UL bw4.wLn4. ¢1.J-r hwuwr. pwtir nr WJU flUUjpmu 
tnl{r~r qq.w1timra1m't.i[! umwg4.bL t wub't.iwubb[!: 
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:::l ..,, 

Ill 

"l I 2 

QQ 0 9 .,,, 
-0(• 

Ol 

(b l 

--- rn,el<>J>o! 
0 E\rerin1~m 

CV . 
I 

0 Ill :11 .lO 40 so ·-'02 2 01 :! II ~ 2 II l 2.11.1 
Frequency, GHz Concentration, µg/l 

"L4. 4: (a) '.2wlj14_wb ur4rnwL!ipwjp't.i wti11rwr1.wrMw't.i Su q.nrbw4gr hw6wtuw1rti 
mbup[! 2 UL bw4.wLn4. '1-t-> 2rr u mwrpbr tummra1mtitibrn4. Ag 
't.iw't.inuwutir4tihrr 2rw1rti Lmbm1rar hwuwr: b) '.2wlj14_wb ur4rnwLtinw1rti 
wti11rw11wrMwti q.nrbw4gr 4wtul{wbmra1m't.i[! Ag tiwtinuwutir4tihrr 
tummraJm't.ipg 2 q..:::g nbqn't.iw't.iuw1rti hw6wtumra1wti flbUjpmu: 

"L4. 

-20~~~~~~~~~~~~~~ 

·22 

c:) · 24 
"O 

v)·2G 

·3ock>o<><r7 

25 30 35 40 45 
1 cmpcraturc, "C 

50 

5: (1) '.2wlj14_wb ur4rnwLrnwJr't.i wti11rw11wrMw't.i q.nrbw4gr 't.il{wqwq.mJ't.i 
wrctbpp 4wtu4.wbmra1m't.i[! 't.ium2r 2hruwump6w't.ipg 2 q..:::g nbqn't.iw't.iuw1rti 
hw6wtumra1wti flbUjpmu (1) '1-t-> 2rr u (2) 50 Ll4q/L wrbwrar 
tiwtinuwutir4tihrr tummra1wup Lmbm1rar hwuwr: 

1.9 UjWpwqpw!J>nuI 't.14wrwq.rl{mu t ur4rnwLPPWJp't.i LljW[lnLJrWOu ml{p~nl{ 

(LJfTlS) q.um4nqr. tiwmrrmur nLnrr11r u WJL tiwtin4wnmgl{wbptibrn4. 2rw1rti 
Lntbm1ratihrr qnti11w4.nruw't.i hwuw4wq.r w2tuwmwtinw1rti u4qpm't.ip[!: 
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1.10 UJWl1Wq.11W~nuf Uhfl4WJWgt{nu.1 t pf1w4wu ll.jWJWUWUUh[lnu.1 4hurJ-WUp 

pqwupqt..lmt..1 q.um4nqti tulllmraJwb tfimfintut..lwu qnuri-w4.nrmt..IQ LffTJS-ti t..1ti2ngnt{: 

1.11 UJwrwq.riw~mlf phrt{wb t puw4wu u.iwJwt..lwuuhrmt.I 4huri-wur 

pqwurqt..lmt..I q.um4nqr tulllmraJwb tfintfintumraJwb LffTJS-nt{ qnuri-wt{nrt..lwu 

l•Pl)JnL'uQh[lQ: 
· IOIN'."<<I< 7 1 >»:A7•7P'' I 

20 

UL 

1.12 1.16 

(a) 

·A7 

1§500 8 <> 400 

,.. 300t;> 
::S 4 2ootC 
<1 2 <> 100 

0 0 

01 23 4567 
h1jc\.:Lt::<l glu '-=U.)C: OOIK.:C.., Jt., % 

4.2 4.24 4.28 43 
J'rcqucucy, GI!, 

-6~~~~~~~~~~~~~ 

(b) 

-8 

</) 1~1 l)d~\JV/ a ;r> 
N 4 8 re 
<l 2 o I 

0 0 

A7 0 I 2 3 4 5 6 7 

-12 

htjo.:u.:<l g1ut·osc; com.:cnt., ~O 

5.2 5.4 5.6 5.8 
Frequency, Gffr 

4. 6: Lfr4rnwLtiQwjpb wuri-rwri-wrMwu S11 q.nrbw4gr hw6wtuwJpb lllhuQh[lQ Pfl-p 
LL 8 t..14uhrr hwt.Iwr (a) 4.12-4.3 <i-(g LL (b) 4.8-5.8 <i-(g t..1ti2w4wmmt..I: 
1Jhrri-rrQ gmig t lllwtru uhtfiw4wu pumrawq.rw4wu ri-tit.Iwri-rmraiwu' tiz (owtu 
wnwbgQ) LL LffTJS-ti pwrnrw4mraiwu tfintfintumraJm'uQ' tiQ (w2 wnwbgQ) 
4wtut{wbmraimuQ ubrt..lmbt{wb q.um4nqti tulllmraimupg' (a) 4.14 <i-(g LL (b) 4.89 
<i-(g hw6wtumraimuuhrr ri-hu.i12mt..1 (t..lnlll 7 oht..1 lllh11_w2wrctml): (nb q.bhrr:! 
qbwiru t..lnlllwr4t..lwu 4.wr12oru hu: 

1J4. 6-Q gmjg t lllWLPU ~wtfit{wb S11 t..lr4rnwtrQwjpb wuri-rwri-wrMwu 4nrhrr 

nu6wluwiru lllhu12hrr:! 8 4huri-wuruorr hwt..lwr: <i-um4nqr tulllmraimurg 

11uqrwri-wrMwu q.nrbw4gr q.bwitiu 4wtu4.wbmraiwu ri-r12mraimu[!' tiS11/ tic= -0.11 

IB/{t.Iq!ri-L) 4.14 <i-(g-r ri-hu.iQmt..I LL (0.01 ri-P/(t.Iq!ri-L) 4.89 <i-(g-r q.hll.jQnLU 4wt.I 
~s,, / tic = -3 x 10- 4 11(t..1qJri-L). 4.14 <i-(g-r ri-au.i12mt..1 LL 3 x 10-4 4,89 <i-(g-r ri-au.i12mt..1' 

1owitiu t..lwu2lllwpnt{: '.2wtfit{wb t..1ti2ru 12w11w4muwiru 4.r6w4wq.rw4wu w11_t..lm4uhrr 

l1114wrri-w4Q S11-r hwt.Iwr 4wqt..lht t t..lnlll 10- 5 q.bwjpb uwuq.11_w4nt{ (10]: '.2wtfit{wb 

11qqwu2wu-w11_t..1m4 hwrwphrw4gmraJm'uQ (UU() b11_ht t SNR = 20log(3 x 

o 4 ;10-5
) "" 30 ri-P: t-ulllmraiwu wt..lbuwtfin12r ~wtfibtr tfintfintumraimuQ QUlll SNR=30 

1r q.uwhwlllt{ht t t..lnlll 10 t.Iq/ri-t: 

1.12 UJwrwq.rw~mlf wt..ltfintfi4.ht t wnw2tiu q.Ltumt.I uhr4wJwgt{wb q.um4nqp, 

lWUl[lpmt.Iti Qtnrtiri-ti LL wrbwrati uwunt..lwuur4uhrn4. 2rwitiu tmbmJrauhrti 

tnuri-w4.nrt.Iwu hpt..luw4wu wrri-Jm'uQuhrQ: 
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r 

r 
I 

br4rnr'l q.tfumd mumt..luwutir4.wb t q.rw'.f>plllwJr'ti hrt..112n4. t..lhlllwuimrar 

lllWflflP t{rw t.Iti4rnwtrQwjpb lfW2lllP wqri-hgmraJmuuhrQ 8-12 <i-(g lllPflnLJf3nLt..I : 
t-irw4wuwg4.ht t t..lbUlw'uJmrati lllwrrr qnuq.wt{nrmt.I ~UOt-ilf-r t..1ti2ngnt{ tiu~u.ibu uwLL 

tfinroti hwt..lw4wrq.~wJr'ti t.Inri-htw4.nrmt.I: 

2.1 UJwrwq.rw~mlf ubr4wiwgt{wb t t..lblllw'uJmraorr 4wnmgt{wbQWJPLI 

wnwMuwhwlll4mraimuubrn4. u.iwit..lwuwt{nrt{wb unr hwlll4mraimuuhrr:! LL ri-rwug 

4tirwnt..lwu ntnrlllubrr:! (11] : Lfhlllwuimrati lllWflflP '.f>rqli4w4wu hwlll4mraimubh[1Q, 

nru tL c'lLLwt{nrmt..I t hhug t..lhlllWUJnLfOQ rr unr tlf hwlll4mraimuuhrn4. (12] : 

2.2 UJwrwq.rw~mlf b4wrwq.rt{mt..1 t ~UOl">Lf hwt..lw4wrq.ti 4nu'.f>rq.mrwgpwu 

LL ~wtfit..lwu t..lhranri-ntnq.pwu q.rw'.f>plllwJr'ti hpt..IQnt{ t..lblllwuimrar lllwrrr 

qnuq.wt{nrt..lwu LL ri-rw tth4lllrwt.Iwq.upuw4wu q.w2lllr wrlllwu.iwlll4hrt.Iwu hwt.Iwr: 

t-iu~u.ihu uwLL b4wrwq.rt{wb t t..lhlllw'uJmrar lllWflfl hwuri-tiuwgn11_ q.rw'.f>plllp 

t.Iti4rn2hrlllr u.iwlllrwulllt..lwu q.nrbQ'tirawgQ LL wt..lpn11_2 q.plllwlfinroti hwt..lw4wrq.~witiu 

t..lnq.htw4.nrmt..IQ: 

2.3 UJwrwq.rw~nuI phrt{wb t tth4lllrwt..lwq.upuw4wu rJ-W2lllP 

wrlllwu.iwlll4hrt..lwu wrri-imu12uhrr:! LL ri-rwug hwt..lht..lwlllmt..IQ hwt..lw4wrq.~wiru 

t.Inri-htw4.nrt..lwu t..1ti2ngnt{ ulllwgt{wb wrri-imu12uhrr hhlll : 
1 d) t ,, ) t 1.. ) ~ d I ( l' l 4 1 I 

e1· 0 0 4tf, M 00 
o.~ t.·m 

(\.!I I hi 11) ( l f (I.. l t I 

010 •• t t •• 
0.5 cm 

·~·~ ·~ '[!\] ·~· (m) - ~ ( n ) - ~: (u) -~ (p) =~ (q) - :.:. t r) =~ 
f~ i 0 in i 0 j"~ f) 
.f"'' ~l•h !''f, 10"' -t•• 4i"~ 

i:: i:: I:: I:: i:: t 
• •, .. • . • • .. • • • • , • ·r•·•~ .• n·,r .17\N 

1>-1_...1_1 l>i.uon•••I 0..-•4-l O.....e t-1 0...-~c-1 ~1-1 

1..4. 7: (a) '.2wtfit{wb LL (g) t.Inri-htw4.nrt{wb 11 <i-(g hw6wtumraJwt..lp Q'u4un11_ q.bwJrb 
pLLbnwgt{wb t.Iti4rnwLti12r pw2tu4.wbmraJm'u[!: (b- f) ~wtfit{wb LL (h- 1) 
t.Inri-htw4.nr4.wb Lflflf't-r lllwuq.hugrwt pw11_wri-rr~r pw2tu4.wbmraimuQ 
q.rw'.f>tiUlti t..1ti4rn2hrlllti 2mr2 <P1J-rg 1 t..lt..I hhnwt{nrmraiwu 4.rw' lllwrphr 
q.pt..lwri-rmraimuuhrti (tfinro)' (b) 3.0 40ht..I, (c) 1.3 40ht..I, (d) 1.0 40ht..I, (e) 0.8 
40ht..I, (f) 0.6 40ht..I LL hw11_nrri-w4wumraimuuhrr (t..lnri-htw4.nrmt.I)' (h) 10 Upt..1/t..I, 
(i) 60 Upt..l/t..I, U) 80 Upt..l/t..I, (k) 120 Upt..l/t..I, (I) 250 Upt..l/t..I hwt..lwr: (m- r) 
'.2wtfit{wb LL t..lnri-htw4.nrt{wb Lflflf't- u.iwlll4hruhrmt..1 hnb q.bhrr hr4wiu12n4. 
LWJ'tiw4wu hwlllmJrauhrr hwt..lht..lwlllmt..IQ tfinroti LL t.Inri-htw4.nrt..lwu hwt..lwr: 
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11 q..:::g hw6wtuw4wumraJw'cl 11hU12mu Llr4rnwLti2wJrti uwq.tiruw4wti unmw4w 
wzmr (LJLJLJ'l-) wrmwll.jwm4hrLJ.wo pw2tulJ.womraJm'clQ gmJg t mrLJ.wo ti4. 7 (a) u 
) mu' hwUWUjWmwutuwuwpwr L!inrOr U UnflbLwlJ.nruwu hwuwr: lJLJLJ'l--r 

wuq.bugrwL pw11w11rr~r pwztuLJ.womraJmLIQ q.rwuglJ.bL t <P"G-rg 1 LILI 
nwlJ.nrmtaJWU LJ.rw: nrUjbU <Pu-hr , oq.mwq.nrolJ.bL bu 'lt°ltLh4mrw4wu mw411rrr 

pw uumbglj_wo q.rw~rmr Llr4rnzbrmhrQ' mwrphr 11ruw11rmramuubrn4.' 3.0 40hu, 
.3 40hu, 1.0 40hu, 0.8 40hu u 0.6 40hu: '.2wipmuuhrr wr11Jmu2uhrQ 
Lir4wJwglj_wo bu u4. 7 (b- f} , Ut°lU~flbn hwUWUjwmwutuwu UnflbLwlJ.nruwu 

•rflJnLUQubrQ uhr4wJwglj_wo bu ti4. 7 (h- 1) hwUwUjwmwutuwuwpwr 10 Uru/U, 60 

rLl/U, 80 Uru/LI, 120 Uru/u u 250 Uru/U hw11nr11muw4mtaJWUJl Llr4rnzbrmr 

wuwr : 

2.4 UjW(lWq.(lw~miI UW[ObUwmr4w4wu Llbran11uhrr 4rrwnuwup lJ.brtmb-lJ.bL 

ti ~wiplj_wo wr11Jmu2uhrQ u u4wrwq.r4.hL t Llr4rnwLti2wJru wr6wq.wu2r L!iml!i 

Li 11uwti urli.mJraQ: 

(a) 

Top' ic\\ 

l-> 1 fl 

.\" 

{) 

}= 

111 

0.8 

C' 

"§ 0.6 

1 
-~0.4 
§ 
.5 

0.2 

(b) 

0 1 -'· I I I I I "'llll!e,,,,_ I 
- ~ -5 0 5 • h 

Distance (mm) 

'14. 8: (a) Lir4rnzbrmr U wrmw2ru tLJ 11w2mr L!intuwq11bgm[OJWU utubuwmr4 
ubr4wJwgmLI: Cu4unrt tLJ flW2mQ q.0-wJru pl.J.bnwglj_wo t Y - wnwugQr 
hr4wJUQnlj_ (Llr4rnzbrmr hr4wJ'clQnlJ.), mwrwolj_mu t z-wnwugQt°l hr4wJ'clQn4_ 
U mur q.wmUJWU pwztumu xy hwrramtaJnLUmU, wztuwmWUQWJt°lU 
hw6wtumraJm'clQ' f = 11 q..:::g (?. = 2.7 uu): <w11nr11r~ 2hrmr hr4rw~w4iw4wu 
pumrawq.rhrQ mrlJ.wo bu hbmUJWL 4hrl1!' L = 2 uu, W = 2 LILI u Th= 20 Ll4LI : 
(p) LJLJLI'l-r 11w2mwJru pwztumLIQ x-wnwug2r hr4wJ'clQn4. a= 10- 3 Llu-2 13 = 
1 U <I> = 2.3; 2.4; 2.5; 2.7; 2.9 nw11rwu tPnLLWJt°l'cl zbrtLlwup: 

x wnwugQr hr4wJ'clQnlj_ Llwq.uruw4wu 11w2mr mbUQQ u4wrwq.rlJ.mLI t hbmUJWL 

wrmwhWJmnL[OJn Lun4_. 
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Y(x) = IH1;0Hs12 = le-='+ p ei4> G(x) ( (3) 

1'4wmr mubuwuQ, nr Q'cluwr44.nrt 11tmmnu.I Th « W « L (u4. 8 (a)) : ti4. 8 (b)-u gmJg 

t mwLtiu Llwq.uruw4wu 11w2mr pwztumLIQ QUm Y(x) ~mu4grwJr mwrpbr tPnLLWJt°lU 
zbrtLlwu hwuwr 2.3- 2.9 nw11rwu ur2w4wmmu: UJU 4nrhrr uuwumraJmLIQ u4. 7 (n- r) 

4nrhrr hbm w4uhWJLJ) t : UJU LtiwumQ [OnLJL t LJ)WLt°lU UjUflUL, nr Llr4rnzbrmr 

hw11nr11w4wumraJw'cl LtinLtintumraJm'clQ huwrwlJ.nrmraJmu t mwLru 4.hrwhu4hL 11rw 
UjWmwutuwur tPnLLWJt°lU zbrtmLIQ: 

2.5 UjW(lwq.riw~nuI pbrlJ.wo t QUOt->LJ hwLlw4wrq.nlj_ ~wiplj_wo u 

un11hLw4.nrlJ.wo Llr4rnwLti2wJrti 6wnwq.wJraLlwu hw6wtuwJrti LJ.wr2wq.roQ: Swrphr 
11ruw11rmtaJWUJl (0.6-3.0 40hu) ¢1'-r UjWm4hrubrQ gmjg bu mlJ.bL, nr <Pu-u 
rumbuurlJ. L!intuwq11mLI t Llr4rnwL!iQWJt°lU 6wnwq.WJ[OUWu hbm U 4Lwumu t 

tubrq.t°lWJt°l Ut°l UWUQ hw6wtunLfOJnLUUbrt°l WJU Ut°l2W4WJQnLU: 

2.6 UjW(lWq.(lw~mlI ubr4WJWQlj_WO t UULJ)WUJnLfOt°l mwrr hWLiflt°lUwgnrt 

q.rw~rmr Llr4rnzhrmr pubnwguwti 4wnw4.wruwti u t4rwuwlJ.nruwti 
hwm4mraJmuuhrQ gmgw11rn11 Ltinrourr u hwLlw4wrq.~wJru un11hLw4.nruwti 

wr11Jmu2uhrQ: 

a) ,, 

.I'" 
"' 
" . 
"' 

0.5 cm 

(C:) IDm 

[~D 
0.5 cm 

(C) 

&. .. ·.··.·.: .... ·. .. 
([!) 

~ 

(JI 

(11) 

a 
'14. 9: (a) '.2wLtilJ.wo u (e) Lln11hLw4.nrlJ.wo 11 q..:::g hw6wtumraJwLlp Q'cl4un11 q.0-wJru 

pubnwglj_wo ur4rnwLti2uhrrr pw2tu4.womraJm'cJQ: (b-d) '.2wiplj_wo u (f- h) 
UnflbLwlJ.nrlJ.wo LJLJLJ'l-r mwuq.bugrwL JlW'1Wflrr~uhrr pwztu4.womraJmuubrQ 
q.rw~rmr Llr4rn2hrmr 2mr2Q <Pu-rg 1 uu hbnwlJ.nrmraJwti 4.rw' Qti4tin11 
wLti2r pubnwguwu u Llr4rnzbrmr ur2u mwrphr 4n11Llunrn2uwu flOUIQmLI. (b) 
u (f)' 0°' (c) u (g) 45°' (d) u (h) 90°: Lir4rnwLt°lQWJt°lU W'1J1Jmrr u Ot->-r ur2u 
hbnwlJ.nrmraJm'clQ pnLnr 11hU12hrr hwuwr UjwhlJ.bL ts Liu: 
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1.J4. 9-mtl gmgwri.rtJ.wo t 11 q.(g hw6wtumraJwtlp Lflflf't-ti pw2tumtlubrti 

W[llllWl..ljWll14brmtlQ tlti4rn2brmti mwrpbr wu4JmuwJtiU (0°-90°) 4n11.tlunrn2tlwu 
11-b1..4pmtl' 4w1..44_wo Qu4un11. tlti4rnwLtinwJtiu 6wnwq.wJratlwu pLLbnwgtlwu hbm, nrnup 

umwgtJ.bL bu (b-d) ttinrllwrwrw4wu LL (f- h) tlnri.bLw4.nrtlwu tlbranri.ubrntJ.: q.rw~timti 

tlti4rn2brmti ri.tiuwri.rmraJmuQ Ltinrllwr4tlwu ctwtlwuw4 4wqtlbL t 0.6 '-!Ohtl, tiu4 

q.rw~timti tlti4rn2brmti hw11.nrri.w4wumraJmUQ tlnri.bLwtJ.nrtlwu ctwtlwuw4 QumrtJ.wo 
t 250 Utitl/tl: 

2.7 iqwpwq.pw~j>nuI wtlttinttitJ.bL bu WJU q.ltumtl tlbmWUJnLtati lllWflflti hwtlwr 

umwglj_wo wrri.JmupubrQ. ri.rw hwm4mraJmuubrQ LL huwrw4.nr 4tirwnmraJmuubrQ: 

bppnp11- q.tfunuI ubr4wJwglj_wo t uwun4wnmglj_wopwJtiu 0'1-S-ti 

mumtluwutirmraJmuQ: (bmwqnmtJ.bL bu 1..4bumwgbuwJtiu pwrw4 raw11.wurawJtiu 0'1-S­

ti w2tuwmwunti wrri.JmuwtJ.bmmraJmuQ LL pwrbLwtJ.tlwu huwrwtJ.nrmraJmuubrQ: 
3.1 iqwpwq.pw~nuI, nru.ibu ubrwomraJmu u4wrwq.rtJ.mtl t 0'1-S-ti 

4wnmgqwOp[!, tiu~1..4bu uwLL ri.rwug Wfl'l-JnLUwlj_bmmraJnLUQ, nru.ibu ri.wuw4wu 

pwrw4 raw11.wurawJtiu 4tiuwhw11.nr11-~wJtiU mrwuqtiumnrubrti WJLQUlll[lWUp: 
burawri.rtJ.mtl t . nr wnwug t-iP 2brmn4_ Si02 mw4ri.tirn4. 1..4bumwgbuwJtiu 0'1-S-ti 

w2tuwmwupmtl htiurabrbqtiuQ q.nJmraJmu muti ti 2unrhti4. tunrnwJtiu nb4ntlptiuwgtinu 
4bumrnuubrti 4Jwupti br4wr mLLn11.mraJwu [13]: 'TJbumwgbuwJtiu 0'1-S-ti nrn2 
q.nrownuw4wu u.iwrwtlbmrbr pwrbLwtJ.lj_mtl bu tiupuw4wqtlw4bru.i4.n11. 2brmti 

wtJ.bLwgtlwu 6wuw1..4wrhn4_, ortiuw4' Si02 Ltiw4wuti (Gate) ri.titLb4mrti4ti LL 

1..4bumwgbuti w4mti4. 2brmti t1ti2LL [14] : 
3.2 iqwpwq.pw~nuI pbrtJ.wo t 1..4bumwgbuwJtiu 0'1-S-ti hwtlwr umwglj_wo 

pwrw4 raw11.wu13ubrti mumtluwutirmtaJWU u1..4wmw4n4_ 4tirwnlj_wo mbuworn'l 

tLb4mrnuwJtiu tlwurwri.timw4n4. LL wmntlw-mctwJtiu tlwurwri.timw4n4. umwglj_wo 

Wfl'l-JnLUpubrQ: 
3.3 iqwpwq.pw~nuI ubr4wJwglj_wo t 1..4bumwgbuwJtiu 0'1-S-ti hwtlwr 

umwglj_wo pumrawq.rbrti 4.brLmomraJmuQ: 
1.J4. 10-mtl hwtlbtlwmlj_wo bu Si02 mw4ri.tirti 4.rw u.iwmrwumlj_wo 

1..4bumwgbuwJtiu 0'1-S-ti bLnwJtiu 4.nLm-wtlu.ibrwJtiu (I - V) pumrawq.obrQ (a) wnwug 
osu t-iP-ti LL OSU t-iP-ntJ.' (b) QUm qwuq.lj_woti 0.5%, (c) Qum qwuq.lj_woti 1.0%: 1.J4. 10 

d-mtl gmgwri.rtJ.wo t sw2 -ti 4.rw u.iwmrwumlj_wo 1..4bumwgbuwJtiu 0'1-S-ti 
ttintuwugtlwu pumrawq.rbrQ Vos = -40 4.-ti ri.bu.ipmtl (1) wnwug OSU l"iP-ti LL OSU 

t-iP-ntJ.' (2) Qum qwuq.lj_woti 0.5%, (3) Qum qwuq.lj_woti 1.0% tummraJmuubrntJ.: 
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'L4. 10: Si02-ti 4.rw u.iwmrwumlj_wo u.ibumwgbuwJtiu 0'1-S-ti bLnwJtiu pumrawq.rbr1 
(a) wnwug OSU t°'P-ti LL OSU t-iP-nlj_' (b) QUlll qwuq.lj_woti 0.5%, (c) QUU 
qwuq.lj_woti 1.0% tummraJmuubrntJ.: (d) Si02-ti mw4ri.tirti 4.rw u.iwmrwumlj_wi 
u.ibumwgbuwJtiu 0'1-S-ti Ltintuwugtlwu pumrawq.rbrQ Vos = -40 4.-ti ri.bu.ipnu 
(1) wnwug OSU t°'P-ti LL OSU t-iP-nlj_' (2) Qum qwuq.lj_woti 0.5%, (3) QUU 
qwuq.lj_woti 1.0% tummraJmuubrntJ.: 

1.J4. 11 -mtl gmgwri.rtJ.wo t sw2-ti 4.rw u.iwmrwumlj_wo u.ibumwgbuwJtiu 0'1-S-I 
ttintuwugtlwu pumrawq.rbrQ br4m m11.11.mraJwtlp' -30 4.-tig +30 4. mtirmJranu 
ttinttintutlwu wrri.1mupmtl , brp Vos = -40 4. (a) wnwug OSU t-iP-ti LL OSU t°'P-nlj_' (b 

Qum qwuq.lj_woti 0.5%, (c) Qum qwuq.lj_woti 1.0% tummraJmuubrntJ.: 

(wumwmtJ.bL t . nr 0'1-S-mtl u4wmlj_wo tlbo htiurabrbqtiuQ tutium 4wu.i4_wo 

u.inLtitlbrwJtiu ri.titLb4mrti4ubrti tlb2 q.nJmraJmu mubgn11. htiri.rnputiL tutlpbrti hbm I 
4wrn'l t 4r6wmtJ.bL OH-ti ti2bgtlwtlp: 
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i.,4. 11: sw2-r l11w4rJ.rrr 4.rw UJwlllrwulllt.J.wo UJbulllwgbur 0'1-S-r t.Pntuwuguwu 
pum13wq.pb[l[! (a) wnwug OSU t'1P-p u OSU t'1P-nt.J.' (b) [!Ulll qwuq.Lj_wop 0.5%, 
(c) [!Ulll qwuq.t.J.wor 1.0% tul11mf3Jm'tiubrn4. Vcs -r br4m m1111mraJm'tiuhrn4. 
t.Pnt.Pntuuwu rJ.bUJpmu' ~ruut.J.wo Vos = -40 4.-r hwuwr: 

3.4 IJIW(lWq(lw~nuJ wut.Pnt.!it.J.b[ bu hbl11wqnl11mf3JWU [!Uf3Wgpmu 

UJbulllwgb'tiwJrti 0'1-S-r hwuwr ulllwgt.J.wo wrrJ.Jm'tipubrl! Lt 4rrwnmraJw'ti 

huwrwt.J.nrmraJm'tiubp[!: 

u~ru4usn~ro-an~i.,i.,ur 

IQUOt'1lI-Q huwrwt.J.nrmraJm'ti t [!'tillbnmu ur4rnwtruwJr'ti hw6wtumraJm'tiubrr 

[WJU l11PflnLJf3nLU rrw4wuwg'llbt q.um4nqr Lt UWlll[lpmur utnrr'lr 2flWJPU [nLOnLJf3UUflP 
wnwug uhrrawt.Pwuguwu ubo qq.WJnLUnLf3JWUp UWUflWl').plllmU: Ulllwgt.J.wo 

wrrJ.Jm'tipubrl! gmJg bu lllwtru lllwppbr 2rwJrti tmbmJratibrmu q.um4nqr Lt 
UWlll[lpmur utnrr'lr lul11nLf3JnLUUbflr t.Pnt.PntumraJWU 'lPl11Wf14Llwu Lt nrn2uwu 

huwrwt.J.nrmraJm'ti[!: 
Lir4rnwtruwJpU nbqnuwlllnpubp[! mubuwtnt.J. t.Pnur lwt.Pbr WJUnLhWUrJ.brll 

rrw4wuwgumu bu wpowrar uwunuwuur4ubrn4. 2flWJPLI tmbmJraubrr wnwug 
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ubrrawt.Pwuguwu qnurJ.wt.J.nrmu, PLilUJbU uwu 4b'tirJ.WUp orq.wupqumu q.um41 
tmnmtaJWU wnwug ubprawt.Pwuguwu nrn2mu: ~burJ.wupubpp t.J.rw rrw4wuwgy 
hbl11wqnlJlmf3JnLUUb[lp Wfll').JnLU)2Ub[l[! 4.4WJnLU bu, nr nbqnuwlJln[l[! 4wrnrt t LI 
oq.lllwq.nrot.J.bt q.lJ14bLlpwJn4. hpt.J.wu'l uwrrJ.4wug Llnlll q.um4nqp Llw4wr'lw4Q wnu 
ubrrawt.Pwuguwu Lt t.J.uwuuwu lwt.Pbtm hwuwr: 

ctrw~plllp Llr4rn2bfll11WJpu Llblllwlllwrrr hw11nrrJ.w4wumraJw'ti t.Pnt.PntumraJu 
t.Pnt.Pntut.J.mu bu uwu t.J.brw'lrt.J.wo tLI rJ.W2l11P lllbrtwJ'tiwguwu 4bl11b 
<wrtn[lrJ.W4wum13JWU ubowguw'ti[! qmq.[!'ti13wg w6mu t lllbrtwJ'tiwguwu lllp[lm 

pulllbuupt.J.mraJm'ti[! ur4rn2brl11r bqrbppu, qmq.whbnwpwr ut.J.wqbtn4. q.rw~r 

up4pn2bfll11P ubpumu: S4Jwl bpllmJta[! gmJg t l11wlJ1u, nr Llbl11Wl11WflflP t.J.rw [!LIL 
Llr4rnwtJ1pwjp'ti rJ.W2l11[! gpt.J.btJ1u mup t.!imtr hwt.J.buwl 2brtmLl: UprJ.JnLLI)2[! huwpwt.J.r 
'lwrllumu rtb4wt.J.wrbt lllLUWL Llblllwlllwrrbrrg pw114wgwo Llbl11wLlw4brllmJr 
[!'ti4un11 tlf rJ.W2l11P t.PmtwJp'ti hwl114mraJm'tiubp[! Llblllwlllwrrr hw11nrrJ.w4wumraJ 
t.Pnt.Pntuuwu 6w'tiwUJwrhnt.J.: 

t'1~ pwquw2bpl11nt.J. uwun4wnmgt.J.wopubpp ubprJ.flUwup huwpwt.J.nr 

tw4wunrbu pwrbtwt.J.bt UJb'lllllwgb'tiwJp'ti 0'1-S-r w2tuwl11wuuwJp'ti pumrawq.rb 
UjUUjpUp 4wnmgt.J.wopubrn4. l').W2l11WJPU lllflWUqpUllln[lUb[l[! rrbug up 2u 
wnwt.J.btmraJm'tiubrnt.J.' [WJLI w2tuwl11wupwJp'ti 2bruwul11p6w'tiwJp'ti l11PflnLJf3, gu 
ruuuwrctbp, UjWlllflWUlJlUWU 'lJnLflPLinLf3JnLU Lt WJLU, hpuuwt.J.nrmu bu rrl 
4wrunpmf3JnLLI[! u wuhpwctb2l11mf3JnLLI[! lllW[lpb[l uwppbpmu [WJU 4PflWrlnLf3J 
q.lll'llbtm q.nromu: 
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[l] Harnsoongnoen S., Wanthong A., Charoen-In U ., Siritaratiwat A., Planar micro\\> 

sensor for detection and discrimination of aqueous organic and inorganic soluti< 
Sensors and Actuators B : Chemical, 2018, Vol. 271, pp. 300-305. 

[2] Baghdasaryan Zh., Babajanyan A., Odabashyan L., Lee J. H., Friedman B., Lee 
Visualization of microwave near-field distribution in sodium chloride and glue 
aqueous solutions by a thermo-elastic optical indicator microscope. Scientific Repc 
2021, Vol. 11, 2589, pp. 1-1 l. 

[3] Parsamyan H.A. , Babajanyan A.Zh., Arakelyan Sh.Kh., Lee K., Determination of Gluc 
Concentration in Aqueous Solution by Using Modified Hilbert Shaped Micro\\> 
Metamaterial Sensor, Proceedings of the YSU. Physical and Mathematical Scien 
2018, Vol. 52, No. 2, pp. 144-148. 

[4] Gurwinder S . , Rajni , Anupma M . (2015) A Review of Metamaterials and 
Applications, International Journal of Engineering Trends and Technology (!JETT) , 
19, pp. 305-310. 

[5] Dimitrakopoulos C. D. and Mascaro D. J. (2001) Organic thin-film transistors: A rev 

ofrecent advances, IBM J RES. & DEV. , Vol. 45, No . 1, pp. 11-27. 

[6] Lee H., Arakelyan Sh., Friedman B., Lee K. (2016) Temperature and microwave r 

field imaging by thermo-elastic optical indicator microscopy, Sci. Rep. , Vol. 6, 39696. 

21 



(7) Markel A.V. (2016) Maxwell Garnett approximation (advanced topics): tutorial, Journal 
of the Optical Society of Armenia, Vol. 33(7), pp. 1244-1256. 

(8) Landau L.D., Lifshitz E.M. ( 1960) Electrodynamics of Continuous Media, London: 
Pergamon Press, pp. 47 and pp. 303-304. 

(9) Koledintseva M., Rawa P., Dubroff R., Drewniak J., Rozanov K., and Archambeault B. 
(2005) Engineering of Composite Media for Shields at Microwave Frequencies, IEEE 
International Symposium on Electromagnetic Compatibility, Vol. I, pp. 169-174. 

[JO] Kim J. , Babajanyan A., Hovsepyan A., Lee K., Friedman B., Microwave dielectric 
resonator biosensor for aqueous glucose solution, Review of Scientific Instruments, 2008, 
Vol. 79(8), 086107. 

(11) Shaltout A.M, Shalaev V.M., Brongersma M.L. (2019) Spatiotemporal light control with 
active metasurfaces, Science, Vol. 364 (6441) eaat3100. 

(12) Hou-Tong Ch., Taylor A.J., Yu N. (2016) A review of metasurfaces: physics and 
applications, Reports on Progress in Physics, Vol. 79, 076401. 

(13) Gu G., Kane M.G., Doty J.E., Firester A.H. (2005) Electron traps and hysteresis in 
pentacene-based organic thin-film transistors, Applied Physics Letters, Vol. 87, 243512. 

(14) Jackson T.N., Lin Y.Y., Gundlach D.J., Klauk H. (1998) Organic thin-film transistors for 
organic light-emitting flat-panel display backplanes, IEEE Journal of Selected Topics in 
Quantum Electronics, Vol. 4(1), pp. 100-104. 

<pwmwpwyqwb wzfuwmwt.int.ibp~ gmgwy 
<nrnJwoubp 

[l] Minasyan B., Odabashyan L., Baghdasaryan Zh., Babajanyan A., Lee K., (2019), 
Computer modeling of microwave stripline resonators for non-invasive sensing, 
Proceedings of the YSU A: Physical and Mathematical sciences, Vol. 53(1 (248)), pp. 60-
64. 

(2) Abrahamyan T., Khachatryan R., Hambaryan D., Hovhannisyan B. , Minasyan B., 
Odabashyan L., Babajanyan A., (2019), Investigation of Ag Nanoparticles/Water 
Solutions by Microwave Stripline Sensor, Journal of Contemporary Physics (Armenian 
Academy of Sciences), Vol. 54(2), pp. 196-202. 

(3) Babajanyan A., Minasyan B., Odabashyan L., Kim S., Kim J., Lee J.-H., Friedman B., 
Lee K., (2021), Noninvasive in Vivo Evaluation of Mouse-Blood Glycemia with a 
Microwave Spiral Sensor, Journal of Contemporary Physics (Armenian Academy of 
Sciences), Vol. 56(1), pp. 47-54. 

(4] Minasyan B., (2021), Sensing of sodium chloride and glucose mixed aqueous solution by 
using a thermoelastic optical indicator microscope, Proceedings of the YSU A: Physical 
and Mathematical sciences, Vol. 55(3 (256)), 174-181. 

[5] Babajanyan A., Minasyan B., Movsisyan A., Friedman B., Lee K., (2021), Performance of 
Pentacene Based Organic Thin Film Transistor with an Octadecyltrichlorosilane Self­
Assembled Mono layer Interface, Journal of Contemporary Physics (Armenian Academy 
of Sciences), Vol. 56(3), pp. 208-213. 

[6] Babajanyan A., Abrahamyan T., Haroyan H., Minasyan B., Yezekyan T., Lee K., 
Friedman B., Nerkararyan Kh., (2022), Microwave response phase control of a graphite 
microstrip, Carbon, Vol. 193, pp. 151-156. 

22 

MVfHACJll l EV1JTJTl1 

Bl13Y A.Jll3Al.J;IUI. BOJTHOBbIX ITOJIEM B HAHOCTPYKTYP AX C ITOMOlQblO 

TEPMOYITPYroro YIH~I1KATOPHOro Ml1KPOCKOITA 

AHHOTA~IDI 

CoepeMeHHble TeHAeHI.(HH B MHpe nopmKAfilOT nOTpe6HOCTb B HOBblX lKH3HeHHO BalK~ 
He HHBa3HBHblX MeTOAax HCCneAOBaHHll. B qaCTHOCTH, cyll..leCTByeT 6onbll!OH HHTepec 
TOllbKO B HOBblX He HHBa3HBHblX MeTOAax 30HAHPOBaHHll HaHOCTpyKTyp, HO B TO lKe BpeM 
HOBblX MeTOAax Allll TO'iHOro HCCneAOBaHHll HaHOCTpyKTyp. Bo3HHKJJa He06XOAHMOCTb HM 
He HHBa3HBHble CHCTeMbl MOHHTOpHHra c Bb!COKHM pa3pell!eHHeM, KOTOpble 6y 
HCnOnb30BaTbCll B TaKHX o6naCTllX, KaK MeAHU.HHa, nm.u.eBM npOMblll!neHHOCTb H AP· 

HattoCTpyl<Typbl l!BllllroTCll BalKHblMH KOMnoHeHTaMH qenoeeqecKoro opraHH3 
no3TOMY HX TO'iHOe H3Y<feHHe l!BlllleTCll lKH3HeHHO BalKHblM. B pa3nH'iHblX paCTBopax H CMe 
HaHO'iaCTHl.(bl B3aHMOAeHCTBYIOT c 3ne1<TpOMarHHTHblMH (3M) nonl!MH, H pernCTpa! 
HMeHHO 3TOro B3aHMOAeHCTBHll H ero aHanH3 no3BOnll10T H3y'iaTb HX. B pelKHMe peanbH 
epeMeHH He HHBa3HBHM pernCTpal.(Hll pacnpeAeneHHll 3M nonel! c noMOlllblO TepMoynpyr 
OnTH'ieCKOro HHAHKaTopHoro MHKpOCKona (TYOI1M) n03BOnlleT H3y'iaTb cnOJKI 
6HonorH'ieCKHe paCTBOpbl, lKH3HeHHO BalKHble ,ll.nll opraHH3Ma qenoBeKa, TaKHe KaK CM 
rnlOK03bI H xnopHAa HaTpHll B KpOBH. 0AHOH H3 oco6eHHOCTell TYOI1M l!BnlleTCll TO, 
CHCTeMa n03BOnl!eT npOBOAHTb He HHBa3HBHOe CKaHHpoBaHHe B ll!HpOKOM AHana3oHe 'iaC1 
'iTO B csoro oqepeAb 06ecneq11eaeT 6onee AeTanb11oe 113yqeH11e noBeAeHHll HaHocTpy1<1 
TaKHe HccneAOBaHHll n03BOnlllOT B 6yAyllleM Ha OCHOBe nony'ieHHblX pe3ynbTaTOB Bb!6p 
HaH6onee 3¢¢eKTHBHYfO 'iaCTOTY MHKpOCKOnHH 3THX HaHOCTpyl<Typ. 

l13yqeHHe B3aHMOAei1CTBHll 3M nonll 11 o6pa3U.a c noMOlllblO TYOI1M no3BOIT 
pa3pa6oTaTb MHKpOBOnHOBble pe30HaTOpbI. Pa3pa6oTaHHble pe30HaTOpbl HMell MaJ 
pa3Mepbl, B TO lKe BpeMll o6ecne'iHBfilOT 3¢cjleKTHBHOe He HHBa3HBHOe 30HAHPOBaHH 
ll!HpOKOM AHana30He qacTOT. ~ AeMOHCTpal.(HH 3¢¢eKTHBHOCTH pe30HaTopoB 61 
BbmOnHeHO KOMnblOTepHOe MOAenHpOBaHHe, a TaKJKe H3MepeHHll c nOMOlllblO npOTOTHn 
peanbHblX ycnOBHllX. c nOMOlllblO npOTOTHna H3Y<fanHCb He TOllbKO paCTBOpbl, HO H 61 
BblnOnHeHO He HHBa3HBHOe H3MepeHHe H3MeHeHHll KOHl.(eHTpal.(HH rnlOK03bl B )!(HJ 

opraHH3Max B peanbHblX ycnOBHllX. 
3acnylKHBalOT BHHMaHHll HaHO'iaCTHl.(bl MeTannoB, KOTOpble BMeCTe c HX XHMH'ieCKJ 

COeAHHeHHllMH HrpaioT BalKHYIO ponb B opraHH3Me qenoBeKa. B COBpeMeHHOH MeAHU. 
npOBO,ll.llTCll o6ll!HpHbie HccneAOBaHHll neqe6Hb!X CBOHCTB paCTBOpOB c pa3llH'im 
HaHO'iaCTHl.(aMH MeTannoB, B qaCTHOCTH, BOAHblH paCTBOp c npaeHnbHOH KOHl.(eHTpau. 
HaHO'iaCTHU. cepe6pa 06na,1J.aeT neqe6Hb!MH H Ae311H¢11u.11py10ll1HMH ceollCTBaMH. BOAi 
paCTeop c HaHO'iaCTHU.aMH cepe6pa ycKopl!eT npou.ecc 3alKHBneHHll paH Ha Tene qenoa; 
TaKHe CBOHCTBa Bbl3b!BfilOT 6onbll!OH HHTepec K H3yqeHHIO BOAHblX paCTBOpOE 
HaHOCTPYKTYPaMH cepe6pa. B3aHMOAeHCTBHe paCTBopa c 3M nonllMH no3BOnl!eT 11ccneAOE 
ero c nOMOlllblO MHKpOBOnHOBblX pe30HaTOpOB. 
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E1.1-1e o;:u-ia 11HTepeCHall o6naCTb 11ccneJJ.0BaH11i1 - 113y'!eH11e 3neMeHTOB MeTaMaTep11ana. 
MCTaMaTep11anb1 - 3TO 11CKYCCTBeHHO MaTep11Mbl, o6JJMaJOUl11e CBOHCTBaMl1, 
(lTCYfCTByIOll.ll1Ml1 B np11pOJJ.HblX MaTep11anax. 3To MaTep11Mbl, 3M CBOHCTBa KOTOpb!X 
oliycnoBJ1eHbI l1X cTpyKTypHbIMl1 csoi1CTBaM11, a He T11noM MaTep11ana. MeTaMaTep11anb1 
11pCJlCTaBJISllOT co6oi1 pernaMeHT11p0BaHH)'IO CTpyKTypy MeTaMaTep11anbHOro 3JleMeHTa, '!TO 
11p11JJ.aeT MaTep11any HOBble CBOHCTBa, B 'laCTHOCTl1 HOBble 3Ha'leHl1ll JJ.113JleKTp11'!eCKOH 11 
MarIIHTHOH npOHl1I.1aeMOCTl1. 0rKpbITl1e 11 H3y'!e1rne KaK MeTaMaTep11anbHOro 3JleMe1na, TaK 11 

M CBOHCTBa MeTaMaTep11ana, Bbl3BaJJO 60JJbWOH 11HTepec B nocneJJ.Hl1e JJ.eCllTl1JleTl1ll. 
r116KOCTb TYOHM n03BOJJlleT 11CCJleJJ.OBaTb 3JJeMeHTbl MeTaMaTep11ana B w11pOKOM JJ.11ana3oHe 
'JaCTOT 11 Bl13YMl1311pOBaTb 11X B 6nmKHl1M none, npeo6pa30BaHHble np11 83attMOJJ.eliCTBl111 c 

M noneM. 
l11nepeCHblM HanpasneH11eM 11CCJJeJJ.OBaH11H llBJllleTCll pa3pa60TKa opraH11'1eCK11X 

nones&1x TpaH311CTOpoB (OITT) octtosaHHblX Ha HaHOCTpyKTypax. OITT C'IITTaJOTCll 
YJJY'JWelHIOH aJJbTepHaTl1BOH TpM111.\110HHblM Heopratt11'leCKl1M TOHKOnJJeHO'IHblM 
Tpatt311CTOpaM. Pe3yn&TaT&I, nonY'JeHH&Ie Mll OITT, nOKa3bIBaJOT, '!TO OH11 Moryr 6brrb 
KOHKypeHTocnoco6HblMl1 B pa3JJl1'1Hb!X npHJIOlKeH11llX, rJJ.e Tpe6yeTCll CTpyKTypHall rn6KOCTb, 
pa6oTOCnoco6HOCTb B H113Kl1X TeMnepaTypax, BblCOKall 11HTerpal.1110HHall cnoco6HOCTb 11 
Hl13Kall CTOl1MOCTb. fleHTal.\eHOBbie OITT npeJJ.CTaBJUIIOT co6oi1 pa3HOBl1.11.HOCTb opratt11'leCK11x 
TpaH311CTOpOB, 113-3a 11X xapaKTep11CTl1K 11 3¢cjieKT11BHOCTl1 OHl1 HaxOJJ.llTCll B 1.1eHTpe BHl1MaHl1ll 
MHornx 11ccneJJ.0BaTenei1. 

B JJ.l1CcePTm1111 npeJJ.CTasneHbI 11ccneJJ.osaH11S1 B3attMOJJ.ei1CTBHll pa3JJH'IH&rx 
HaHOCTpyKTyp; 6110-paCTaopos, HaHO'!aCTl11.\bl B 80.11.HblX paCTaopax, MeTa3JleMeHTOB c 3M 
nonllMl1. OcHOBHbIM 11HCTpYMeHTOM 11ccneJJ.OBaHHll 6&ma c11CTeMa TYOllM, pa6oTaJOlllall a 

W11pOKOM JJ.11ana3oHe 'laCTOT c BblCOKHM npocrpaHCTBeHHbIM pa3peweH11eM, a TaKJKe B XOJJ.e 

11CCJJeJJ.OBaH11H 11CDOJlb30BaJJl1Cb JJ.pyr11e He 11HBa311BHble MeTOJJ.bl M11KpOBOJIHOBOro 

CKaH11p0BaHl1ll. 
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MINASY AN BILLI 

VISUALIZATION OF WA VE FIELDS IN NANOSTRUCTURES USING A 
THERMOELASTIC INDICATOR MICROSCOPE 

ANNOTATION 

The current trends in the world give rise to the need for new and vital non-invas 
research methods. ln particular, there is a great need for new non-invasive methods for probi 
nanostructures, but at the same time for accurate research. There was a need to have hi1 
resolution non-invasive monitoring systems that would be used in areas such as medicine, fc 
processing, etc. 

Nanostructures are essential components of the human body, so their precise study is vi' 
In various solutions and mixtures, nanoparticles interact with electromagnetic fields, and 
registration of this interaction and its analysis make it possible to study them. Real-time, n< 

invasive recording of electromagnetic (EM) fields using a thermoelastic optical indica 
microscope (TEOIM) makes it possible to study complex biological solutions that are vital 
the human body, such as mixtures of glucose and sodium chloride in the blood. One of 
features of TEO IM is that the system allows non-invasive probing in a wide frequency ran 
which in tum provides a more detailed study of the behavior of nanostructures. Such stuc 
make it possible in the future to choose the most efficient operating frequency for th 
nanostructures based on the obtained results. 

Studying the interaction between an electromagnetic field and a sample using the TEO 
allowed the development of microwave resonators. The developed resonators, having sn 
dimensions, at the same time provide efficient non-invasive probing in a wide frequency ran 
To demonstrate the effectiveness of the resonators, computer simulations were performed, 
well as measurements using a prototype in real conditions. With the help of the prototype, 
only solutions were studied, but also a non-invasive measurement of changes in 
concentration of glucose in a living organism in real conditions was performed. 

Noteworthy are metal nanoparticles, which, together with their chemical compounds, i: 
an important role in the human body. ln modern medicine, extensive research is being car1 
out on the medical properties of solutions with various metal nanoparticles, in particular, 
aqueous solution with the correct concentration of silver nanoparticles has healing 
disinfecting properties. An aqueous solution with silver nanoparticles accelerates the heal 
process of wounds on the human body. Such properties are of great interest to the stud) 
aqueous solutions with silver nanostructures. The interaction of the solution v 
electromagnetic fields makes it possible to study it with the help of microwave resonators. 

Another interesting area of research is the study of the metamaterial elem 
Metamaterials are artificially discovered materials that have properties that are not faun< 
natural materials. These are materials whose EM properties are determined by their struct 
properties, and not by the type of material. Metamaterials are a regulated structure c 
metamaterial element, which gives the material new properties, in particular, new value: 
dielectric and magnetic permeability. The discovery and study of both a metamaterial elen 
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und the EM property of a metamaterial has generated great interest in recent decades. The 
llexibility of TEOIM makes it possible to study metamaterial elements in a wide frequency 
1 nnge and visualize their productive near fields transformed upon interaction with an EM field. 

An interesting area of research is the development of organic field-effect transistors 
(Ol· l ~T) based on nanostructures. OFET's are considered an improved alternative to traditional 
111organic thin-film transistors. The results obtained for OFET show that they can be competitive 
1n various applications where structural flexibility, low temperature performance, high 
integration capability, and low cost are required. Pentacene OFET are a kind of organic 
t 111nsistors, because of their characteristics and efficiency, they are the focus of many 

researchers. 
The dissertation presents research on the interaction of various nanostructures, complex 

bio-solutions, nanoparticles aqueous solutions, meta-elements with EM fields. The main 
instrument of the study was the TEO IM system operating in a wide frequency range with high 
~put ial resolution, and other non-invasive methods of microwave sensing were also used in the 

course of the studies. 
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