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UThUSULLh CLIKULNR ALNREUSPPE

Whiwwnwiph wpnhwlwunyejnitp

Ugtuwphh ubpluwhu qupqugiwt wnbunbugubpp wnwye Bu phpnud Unp nt
Yhtuwlwl  Upwbwlnyeniu  mubgnn  wnwlg  Ubppwihwugdwl  (non-invasive)
hbwnwgnindwt dbpnnubiph  wuhpwdbpnnyeni: Uwubiunnpuiuybu wnwowunu k£
twtnywnnigdwdpubinh wnwlig ubppwihwugdwl, pwyg dhutnyl dwiwlwly d2gphn
nwnwuwuppnipjwt hwdwp Unp gqnunwdnpdwl  dbpnnubph S wwhwlgwnl:
Uuhwndbonnipntt £ nupdby nitbuwg ks indntuwlynipjudp wduw nhuwpldul
hwiwlwpgp, npnbp  Yybpwnybt  wiwhuh  nppobbpnud,  hswhuhp - Bu
pdolnyejniup, utiinh wpnyniuwpbpnuyegniup b wyiu [1):

Luwtnlwnnigywdpubpp  hwunhuwunyd B dwppne  opquihqdh  Yuplnp
gnpdwnnype  hpwywbwgtnn  pwnunphsubp U hbwnbwpwp  nputg  G2gphn
hbwnwgninniginiup  niuh  Yhbuwlwt  bpwbwynyeyniu:  Swppbip  pdnyplbpnd L
fuwnunippubpnud  bwbndwubhlubpp  tnfuwgnnd - B Elnpudwquhuwlwl
nupnbiph hbn U win thnfuwgnbignipjwl gpuwtignuwit nu Ybpmdnyeiniut £ htwpwinp
b nwpdund hpwlwbwgtby npuwg htnwgnnnyejniitbipp: Ppwljwl dwdwbwlnud
Eblwnpwiwqubuwlwt  (EU) nwawnbph  gpuwbtgdwl  wnuwtg  Ubippwihwigdul
obplwwnwiqulywl  owwnhwywl  hunhlwwnpny  Jwpwnhinwyp - (QUORU)
huwpwynpnyeini £ wwihu nwnuibwuhpb dwpnne opquithquh hwdwp Yebuwlwl
tpwbwynueyni niubignn wiiwhuh Ybuwpwtwlwl pwpn |mdnypbbnp, htswhupp
bu wpwbu dbg qyniyngh L bwwphnwh piphnh fuwnnipnubipp [2]: QUONU-h
wnwbdbwhwnlnyeyniitbphg B4 wit £, np hwdwlwpgp pnyy £ nwhu
hpwlywbwgtby wnwtg tbppwthwtgdwl gnunwynpnud hwlwhunyeiniibph  [wit
whpnypnwd, hugt b hp hbippht wwwhnynw | bwnlwnnigywdplbph dunph wybih
dwupwypyhin nwnwbwuhpngegnis: Ldwl hbnwgninnegniiibipp pny B twhu .
hbwnwgquynd  unwgywd  wpryniputiph hhdwt Ypw plunpbp ndjug
uwunlwnnigwdpubiph hwdwp dwbpwnhundwl wdbbwwpryniiwybun
hwlwfunieniup: .

QUOhU-h  dhengny udnigh L EU  nuowh  ginfuwgnbignipju
nwnwiwuhpnieynitibph wprynipnud htwpwynp £ nwpdby dowyb dhipnwihpujhu
nbgnuwiwnnplibp,  npntp  mibbwny  thnpp swihbip,  dhlungt dwdwbwly
ppuyuwbwgunyd  Bu  wpyniiwgdbn wnwlg  Ubppwihwugdwt  gnuinwnpnud
hwéwfunyeyniiibph iyt whpnyenwt: Megnuwwnnpubiph wphynuwybnnyjniup gnyg
tnwint hwdwp ppuywiwgyt) | nputg hwdwlwpgswht bwuwynw, huswbu bwl
uwhuwwnhwh dhongny hpwlwt wuwydwuubpnu swihnuiutp: Lwhiwnhwh dhengny
ppwywtwgdby b ng dhuwt fuwnbniprught ndnypubipnd wyp bwl hpwlwl
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wwjdwubpnul YEunwbh opquuhquinud qyniyngh funnipjwl thnthnfunipjwl wnwtg
ubppwithwugdwl swihnuiubp:

Nwnpnipjwl BU wpdwup bwl denwnlbiph bwbndwubhyubpp, npntup hpbug
phihwlwt dhwgnieyniuttiph htin dhwupl niubl Yuplnp nbip dwpnnt opgwihquned:
Upnh pdayniejniunud hpwlwiugynd Bu pwquwphy hbnwgninngegniutin niwppbip
dbinwnubiph bwundwuthlubipny (ndnypubph prdhy hwnynyeiniubiph Ybpwpbipyuy,
dwubwynpuiybiy wpdwph bwundwuthlubph Shoin funnijwdp opwiht (ndnypp
nih prudhy U whinwhwuhg hwnyngegniu: Updwpeh Uwbndwutihlubpng opuyht
(ndnypep wpwqwgunu b dwpnnt dwpduh Jpw Jbppliph paddwt wpngbup: Ldwl
hwinlnipniitbipp d6d  htwnwppppniginit BU wnwowgund  wpdwpeh
Uwunfwnnigqwdpubipny  gpwyht  ndnyplbiph  nwnuWbwuhpiwlt  bYwndwdp:
Utnuwnwlwt bwindwubhlubpny ndnyph thnfuwqnbignyeyniip EU nuiainbph htin
htuwpwdnp £ nunwiuiwuhpby dhypnwihpught nbignbwwnpubiph dhengny [3):

Cownwgnunipjwtt 0kl wy  hbwwppphp  ninanen £ hwtinhuwtinwd
denwlynph  twppbiph  nwnwuwuhpnyeniip: Ubtnwynyebipp wphbunwlwlnpbu
hwynuwgnpdywd Wnipbip bu, npnup gnigwpbpnud bU wjiwhuh hwnynyeniutbp,
npnup sbb hwynbiwpbipdnud puwlwt Ynyebipnud: Upwip wit Wnuyebipl Bu, npnug U
hwitnynipniiibpp wwjdwbwynpywd o] hpkug Yuwnnigywdpuyht
wnwudtwhwinynpgniitbipny, wyp ng pb’ Wnyeh wbuwynyd [4]: Ubuwtynyelipp
hpbughg ubipluywgunuw bu dbwnwlymph wnwpph Yuinbwywpglws Yunnigdwdp,
pugp  ndjwy Ympeht wwhu £ unp  hwalngniiibp,  dwubiwgnpuwbu unp
(Pwgwuwlwt) nhEEynpwlwy b Jwqthuwlwl pwthwlgbhnyejwl wpdbpubp: RE
danwiynieh twpph, W pb denwbyngeh EU hwnlniginiiibph: nwunwdbwuhpniegniup
W npuwtg hwinlyniegniitiiph pwgwhwpnnup U hbvnwppppnip)nit b wnwewgphy
dtipght twubwdjwlubpnui: QUORU-h Syntunipyniip huwpwynpaienits £ wnwihu
nunuiwuhpby  dbnwyniph  wwppbipp  hwlwfunegniitbph it whpnyenwd L
wpunwwwinlbply npwig' bEfupwdwqubuwlwt quonbpp  dnnwlw-nwownwht
nhpnypnud:

Chnwgnunipjwtt  hwdwp  hbnwppphp  nnniegnit £ hwunhuwtned bwl
Uwiunywnmgywdpubiph Ypw hhdujws opquiiwlwl nwaunwiht npwghuwnpubph
(07S) dpwynwip: OS-ubipp hwdwpynid bU wdwinwlywl wbopquliwlwl pwpul
pwnuwlpwihu npwughunnptbiph pwpbpuydws wyptinpuwtip: Pwpwl pwnwlpwhl
OH3-ubph hwdwp unwgywd wpryniuptbipp pnyp bU nwihu Gupwnpby, np Rpwup
Ywpnn bBu  dpgnitwl  hubp wwppbp  Ghpwnngegniitbpnd,  npnbin wnljw k
Yunnigdwdpwhti  6Yniuinipywl  wuhpwdbywnypnil, gwsdp  shplwunhwbbpnu
wofuwwnbint yupnnnupynil, dbd hunbigpdwl huwpuwdnpnyegnit b gwdp hupiwnpdtip
[5]: Mbuwnwgbtiwhs OFS-ubpp hwnhuwbind b opquiiwuljwl tnpwughunnpubiph
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wnwpwiinbuwl, b hpbg wpymuwybnngiut U pupbiwddws punipwgptiph gunphhy
qunlinud B pwin hbtnwgnnnnubiph nwnpniejwl Yabnpnunud:

Uwnbuwfununipjwt dbg ubpyuwjugywd bu wnwppbp twunywnnigywdpubiph'
pwpn Yuuwhbnniubiph, bwundwuthyubph gpuwiht (nénypubinh L dbwnwwnwppbph
htn  dhypnwihpuyht  whpnyph  EU quowbph hinfuwgnbigniew
nwnwbwuppnipgniup: <Enwgnunnejwl hhduwlwu gnpdhp £ hwunhuwgtby dbd
indnwynipjwip b hwwhunyegniutbiph it whpnypnud woluwwnng  AUONLU
hwdwywpgp, huswbu  Uwl  hbnwgnnnipjut pupwgpnd  Yhpwnyty  bBu
dhlypnuwihpwihl wnwtg bppwihwugiwl gnunwynpiwl wj| dbennutn:

Guw

Uwnbuwhununipjut tywwnwly § Yhpwnbind QUOPU-p nwnwitwuhpbi tiwppbip
uwunywnnigdwdplbiph  thnfuwgnbignueiniup EU nugwbiph - ht: Uunwgt|wd
wpnyniuptiiph hhdwl dpw gnipu plipby bwunfwnnigywdplibinh hwwfuwht Juppp
dhypnwihpwiht inhpnypntd:

Unnbjwynpy b dowlbp  dhypnwihpuyh wnwtg ubppwithwgdwl
wpryniiwybwn nbgnuwinnpbp bwnjuenigywdplbtiph nwnuwiwuhpnyejwt hwdwn:
Snyg wwy npwlg wpryniwybnnieyniup npwbu J6d (Mdntuwynipjwdp  wnwlg
ubppwihwlgdwl gnunwynpnn hwdwlwngbip:

Pwpbwiby bwunywnmgwdpbph Ypw hhdudwd  whbnwgbwjhl puwpwl
puwnupwhly 0YS-ubph uwppuwiht punyewgpbipp’ wWwpwundwl wwpwdbwnpbph
owwnhdhquguiwdp: Pwpdpwgtitiy npwtg wprnyniiwybnnuegniip b dpgnitiwlynipniup
wnlw wiopquiwlwl nuwowwiht npwughunnpliiph ywndwdp:

Shuwlwl unpnypp

QUONU-h L dhypnwihpwih dhypngbipnuyht nignuwwnnplbiph Yhpwndwdp
hpwywuwgyty £ qyniyngh, twwnphnudh pinphnh U wpdwph Uwundwuthyutpny
onwiht [ndnypubiph wnuwlg ubppwthwugdwl dnunwluw-nwonuwght nhuwplnud:
Ogunuwgnpdtiny wyu bwbnlwnnigwdputiph gpwjht (ndnypubiph
thnfuwqntignipyniup Elnpuwdwgquhuwluwl nuawntiph htin, hnwgnungby &L opwyhu
ndnyend  npwlg  funngejnitibphg Juiidwd  punhwung (nnyph  EU
hwwinlnieyniutibinp: Unwgywsd wpnyniupbinp hwdwuwnnud B Yhpwndwd dbennubiph
wprynitwybnngegniip npubiu - gyniyngh, uwwnphnwh  piphh L wpdwph
uwunywnnigwdpubph kS (ndntiwlnuyejwidp b hwwfunyniittiph juyu inhpntpnid
dprnwnhunwplydwt hwdwywpgbp: <wdwlwnpgswiht tdwbwldwdp bu hhduwnpyby
t nndjwy indhsbiph wprynibwyEwnnggniup L Yhpwnbihnipiniup:

Chnwgninty b dbnwtynyeh tnwppp hwtnhuwgnn gpuw$hinh dhlpngtipnh L
EU  nuwawh  thnluwgnbgniginiup:  Swppbp  hwnnpnuwlwtnipiwdp  gpuiphunh
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dhypnzipintiph EU nuwowh htn thnfuwqgnbignipju wpryniupnud wnwowgh) bu
nbnujtwgdwl  Yawnbp: Uhypngkpunh nhdwnpnipjwl  thnppwgdwln  gnigplipwg
inbnujiwgdwl gnunptbph  hunbbuhyneniup wybipgty £ dhypnobpinh kgpbiphu,
dplitngt dwdwbwl  dnppwtiwiny dhypnotipnh Ubpunu:  Uhlpnabpunh
hwnnprwlwunipjwt  thnthnfunipjuit  wpryniupnud unwgywsd  wpryniupubiph
dapndnipiniip gnyg £ wwihu, np bdniphg gpywd wihph thnyuyhu 2bnnuip wéky k:
Pugp gnyg k£ wnwihu, np unwgdwsd Yuwpquignpynn’ hwnnpnuwlwunipyudp tnwpphg
wwinpwuinjws  denwyynpbpp Ywpnn B dwnwbp  npubu Swnwqujpduwl
Yepwhulidwt thnyuwipt junwwpdwl hwdwlwnpg:

Nuwnubwuhpdby b wbtinwgbtwht bwunywnnigwdptbiph dpw hhduwd 0S-
ubiph  pnipuwgpbipp:  Pnpdtwlwl Swuwwwphny unwgyby E, np  opuhnwiht
wnwlnhph thnthnfunyeyniip: hhapnhihg hhnpn$nph huitiglignud £ npwighuwnnph
Yuwnipnd - jhgpwljhptiiph  awpdniiwlnieiuwt  puipbjwydwt: Uhgwitiljuy
Opuwnbighpnphpinpupputs - (OSU)  huptiwlwqdwlbpung — puqdugbpnp — (PR)
Ybpwgunud £ whtwnwgbiught 0%S-h hhuptinighuwht Ywppp, h gunphhy funpp
nblndphtiwghnt Yeunpnulbph Ywph wnlinnnyejul Uqwqligdw: Swppbp sbipdwht
Ruhdwy wwydwutubpny wwnpuundws udnigubph nwnwuwuhpnigjwdp gnyg b
updbp  nipwpwbginin - Udngh  punewgpbph  puplunuwp b wtuwinwuph
wpmyniiwybnniejw pwpdpwgnudp:

Snpduwljw wpdbipp

Uwnbbwfununipjut dbg  Ubpluywgyws  fuinhplbp  niibu Yhpwnwywl
pwlwlnipinit b dbd  wwhwbgwpl wwppbp ninpuntubipnud: Uwuliwynpuwwbiu
wnwohtt  qlund  putiwplywd  qyniyngh, uwwphnwh  pinphnh L wpdwpeh
Uwunlwnnigwdpubpny  ndnypubiph  wnwg ubppwihwugdwt  dhlypnwihpuht
qnunuwinpiwt Jb  indniiwlynipyudp  dbennubpp, npnup hbwpwynpnipniu B
wwihy wnwlg Yuwudwl  hbnwgninbp gy YEbuwpwlwlwl  Bywlwynpjwl
opwiht  ndnyplbtipp  dhypnwihpwiht  hw6whunye)niiibiph [yt whpnypnud:
Ywwinwpwd thnpdbph hwdwp hpwlwtiwgyby b bwl hwdwlwpgswiht udwuwynu
hpwywt wwydwltbpnd U hpwlwt dwiwbwlnd Ywunwpws thnpdh nywiubpp
ybpwhwutnwinbine hwdwn: bugwbu bwl dbpnnubphg dbyny hpwlwlwgyby t
Ybunwuh opquuhqdnui qyniyngh funnyejwl  npnadwl swihnwiubp:  Unwgywd
wpmyniupliintl gnyg b gl indjwy dbennbiph Yhpwnbihmpniip dwutwynpwybiu
pd2ynipjwl ninpunnud:

Snyg k wpwd bwl dEnwlyneh nwpp hwtnhuwgnn gpwdhhunugh hhdpny
dhlpngbipinh  thnfuwgnbigngnitp U quiginh hbn: Utitnwynypbipp - hpliig
Yuwnniguwdpwiht wnwuduwhwinynipniuny wwydwlwdnpdws unwling b Lnp EU
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hwinlynipynitiubip, husuby dEdwgunud £ bpwug nbipp U Yhpwnbihnygjul ninpunp: Uju
unp hwinynipjniitbph  gunphpy  dbwnuwiympbpp Ywpnn  Bu Uhpwnyby npwbu
Jhypnwihpuwiht Yuuthsubp, Shpeopbip, thnyught Yupquynpen hwdwlwpgbip b wb:
Sywy nbwpnud  donwlnpeh  wwpph hwnnpnwlwunywt  thnthnfuniejwl
wpmyntupnud unwgyws ndjwitbpp gnyg bu nwihu npuitihg Yunngyws danwtynieh
wpryniiwybnneyniup npwbiy dhypnwihpwihtt Swnwquipdwl - thnywht
Ytpwhuldwu hnwwih gnpdhp:

Puuwpwd £ whunwgbught 08-h  Elalupnuwght - hwinynygjniitiinh
pwpbpwydwy futinhpbpp: Wu wpwighunnptbipp hwdwpdnud Bu- wuopquiiwlwl
nunwiht inpwlghunnptbiph hnwwih wjpbnpup: Opqwuwlwl wpwughuwnnph
hhnpn$hineynitip b hhnpn$npniejnitp unmgbine hwidwp swithyty tu oph Ywphih
othdwt  wulniiubpp:  Ldniubphg  dbbh  dnin nhunwpydly £ hhupbipighup
wipnnewlwl wuhtnwgnu PR wnwyby hhnpndnp hwinynipjwl wwinbwnny: Uw
pnyl b wwihu nhnwplby nguw) whtnwgbuwhu 0¥S-tbph  Yhpwnbihnigjniup
wjbwhuh  futnhpubpnd,  npntip wwhwuonwd bt wpluwwnwupwih - gwdp
obipdwutnhbuwl, & dwibpbu dwdlbint wuhpwdbannpni U gwdp huptwndtp
niubtwine wuhpwdbonnienit:

m 1] h nypl

1. QUOPU-h  Uhpwniwdp  wnwug  Ubppwthwugdwy,  dhipnwihpwihu
hw6whunipjnitibph it whpnyenwt (8-14 9<g) htivnwgnunby Bu gqyniyngh,
uwwphnwh ppphnh U npwlg  fuwnunipnubiph gpwiht dnyRutph  EU
hwinlnyeyniitbpp’  dnygend wyn. Ynebiph  funinigynithg Yuifuldwd:
Lwwnphnwh pinphnh 0-2.5%  funnigyudp  pdnypubiph hwdwp unwgyby £
—0.111% "' swihdwl qquyniunyant,  huly qyniyngh  0-10%  funnipjudp
ndnypubph  hwdwp'  —0.013% "' swihdwu  qquyniunipiniu: - Ujuptipt’
hwdwlwpgp dnin 8.5 wuquad qquyntts £ hnbwlwt ndnypubph hwdwp:

2. Upypnwihpughtt  Yphuwhh  mpputlput wbupny  dhypngbpinwdnp
nbiqnuwwnnpubiph dhengny hpwlwuwgyt) £ wpdwph bwundwuthlubph gnuwjht
(ndnyeh  hbnwgninnieyniu:  <nwgnunyjwt - wpryniipnud - dhypnwippuht
wihsh swihywd qqujniunipiniup (Shupnwihpwht wpdwqutph U wpdwish
vwundwuthlubph funnieywl hwpwpbpwlgnyeniup) Yuqdby £ 0.03 nf/(dyg/)
Unn 2 9<g hwwhunejwl nhwpnd, wpdweh Uwundwuthlubph bjwqugnyt
swihbith funniegniup’ dnun 1 dlyg/) £ 2 0y udnigh hwdwp:

3. Uhypnwihpwiht Ypltwlh nipquitilywt inbupny dhypngipnuwidnp ntignuwnnpp
gnigwpbipnd £ puwpwp  qquiungenit Yeunwuh  opquithqinud - (in-vivo)
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quniyngh  funnipjuil npngdwl thapdbpnd wnwtg  Ubppwihwgdwl (non-
invasive) Ununwlw nuowh dhlpnwihpughtt Ubpgnpdniejuwl dhgngny: Ulubiph
yow  Yhpwnblhu  wqnuwipwih Wjwqugnyt  dwlwpnwlyp bk £ 0.012
nP/(dg/ny): Syniyngh tdwquignyt hwyinbiwpbpynn funniejniup tint| £ 10 dg/ny:

4. 8nyg £ wpdby, np gpw$hih hhdpny  dhypngbipinp  npuwbiu dEinwwnwpp
hwtnpuwtnu £ Yunwdwpdnn  hwnnppulwbnepuwdp thngh  nblwdwpdwt
wpyniiwgbn - hwdwhwng: & < &, dhipnwihpwiht dwqbhuwlwl dnnwlw
nuiaunp (UUUT) hhduwywunud nbnujtwgyws £ dhypnzbipnh Yebnpntind, huly
& (&—€r) Ubdwgubiing UUUT-u Ybunpnbwunwd £ dhypnobipnh bgpbph dnn:
Tugunh pwpfudw thnthnfunygginiup hhdbwlwinu wwydwtwdnpdws & gnpywd
dhbpnwihpuyht nwawh thayh qquith thninfunieiudp, wyuhtpl' dhypngbpuh
hwnnpnwlwunpjwt thnthnfunipjuidp Yupbih £ Jbpwhulbp wpdwquipdwt
thnih sbinmudp:

5. Mbunwghwiht  opqutiwlwl pwpwl Ewnutpwhu npwughuwinnpp, npp
wwinpwungwd £ puplwhwqiwlbpunn  pwqdwobipnng  wwynhph  dpw,
gnigupbipnud £ bwwbu pwpbpudws wwpwdbnptp nwlynhph hhnpn$hihg
hhnpndnp wugdwl dwdwlwy' |hgpwlhpubph nwonwht undniiwynipjw
wé 4 wuqud, wpwqugnpdnipjuwl wé 70 wiquy: Cunn quitqwsh 0.5% OSU
hPR-nd 0%S-b gnyg k wty (wywgnyt wpyniuplibinp b hhupbipighup gpbiek
wdpnnowlwl wuhbuwgnud:

Whuwinwbiph tbipywjwgnuip

Unbbwfununipjwt hhdtwlwl wpryniupibipp qblinigyby b bpluth whnwlwl
hwiwuwpwuh Yhpwnwlywl  EEhnpughbwdhyuh U dnnbunpdwl wdphnth,
Mwnhnphahwih U Bbywpnuplugh  wdphnth, Ubnyh Unquitig hwdwuwpwuh
$hahluwyh pwlynynbinh wnljw b htnwywp ubdhuwpubpnud:

Lpuwyw nuituils

Uwnbtwfununipjul phdwjny nwwgpyb) bu 6 ghnwlwl wouwwnwlpubp, nphg
4-p dhgwqquiht ghunwlwl hwunbutibpnu:

Unbbwlununipwt junnigdwépp

Uwnbliwfununyejniip - punljugwd £ Ubpwdnyeiniuhg, bpkp gnifutitiphg,
bgpulwgnipiniihg, hwwwynwiubph U 114 wunt wwpniuwlnn gpwlwlinuyewl
gullbiphg: Upluwwnwtpnd wnlw Bu 31 bqwp/qpuwphy b 2 wynwwl, huly
punhwunip Swywip Yuqdnud £ 104 ko:

UStELUNUNRE@3UL PAYLULHUUNRRSNRLE

Lhpwémpyniunud ubpyuyuglwd k Yunwpdwd wouwnwiph
wpnhwlwunipniup, bwwwnwlubpl ne fuinhptibipp, wwanwwungeuw biplujwgynn
hhtuwlwl npnyputipp, uwnwgywd wpnyniuptbiph ghuwlwt unpnypp b gnpduwljuw
wpdbpubpp:

Unweht gifuntd nwnwtwuppyby B nwppbip bwbnlunenigywdpttipny gpuyght
(ndnypubipp  Yhpwnbiny  wnwbg  bbppwdwtgdwu  QUOPU L dhiypnwihpuyht
nbgnuwwnnpubph dbpnnutipp:

1.1 wwpwgpw$nul tbpluyugywsd £ qyniingh b twwnphnuih piaphnh gpuyht
ndnypUbph  wnwlg  bbppwihwugdwl 06 NBMwlnRjwdp - gnunwinpnn
hwdwlwpgbiph wuhpwdbaunigegniup, Ywplnpnygpniup b Yhpwnbjhnigniup:

1.2 wwpwgpwdnd Uhwpwgpynd | hnwgnindwl dwdwiwy  hhdtwywu
qnpdhp hwunhuwgnn QUONU  hwdwlwpgh  woluwnwuph ulgpniipp b npw
pwnlwgnighy dwubpp [6]:

1.3 wuwpwgpuwhnd ubpluyugynud £ gyniyngh b bwnphnuh pinphnh opuyht
imdnypubtiph QUONU -ny nuunuitiwuhpdwt dbpnnninghuw:

1.4 wwpwgpudmd phpdwsd bu QUONU h dhengny qyniyngh b buwwnphnudh
pinphnh tnwppbip funnegniiibpny (ndnyputiph qnunwynpdwl wpryntuptitinp:

QUONU bnuitwyny wpnwuwuwinybipyby | udngubph dhypnwihpuyht dnunwluw-
nupwh pwotudwdnipniup 11 9<g hwlwlunipjw nbiwpnui: LY. 1-p gnyg £ wwihu
dhypnwihpught dninwyu-nugwnh pupfuwdnipiniup (a) nb-hnuhquigqws (Hh) eph L
uwwphnuwth  pinphnh U guniyngh fuwntmpnh - opuyhti  Mdnypubiph  hwdwp:
Lwnphnuih pinphnh funngegniup hwutwnnis £ 0.9%, huly gyniyngh futnnigpniup
fuwnunipnwiht idnyputipnud tndtinfudty | 0-10% whpnypenud: hugwbiu liplnud £ Uy
1-hg, quniyngh funnipiwt Edwgdwp qnigpupwg, funnnjulh  YEunpnuwlwt
dwunw  Jhypnwhpughtt  dnnwlw-nwgwh  punbbuhympgniup - bdwiqly  E:
hunbbupynpjwt wyu  thnthnfunipgniip - Wuydwbwynpywd £ pndnypnud - wquin
nhunubph  pwbwyp  Wjwquiwdp'  gyniyngh funnpguit wybpugduadp
wuydwbwynplwd:  funneput  thntnfunieiniip - hwiigbigunud £ jndnyph  EU
wwpwdbinptph  hntnfunipjuit,  dwubiwynpuwbu,  Ynduybpu  nhklnpulwl
pwthwlgbthnipjut  thnthnfunipyuit: Lndws  wmph  funnpyut dhidwgdwp
qnigpupwg, wqnwlwitp gpbipt gdwjhtinpbt Uwgnud £ hugwybu guniyngh, wjtiybiu
kL bwwnphnuh pinphnh nbiwpnud:

Unwgywd wpyniipitipp gnyg U tnwihu, np hnbbuhdnigw ujugnuip’
Yuwywd vunphnuih pinphnh Pdnyph funnugegut thninfunupwt htiw, wytih d63 E,
pwl gyniyngh nbupnuf’ —0.111% ' L —0.013% ~*, Yud dnin 8.5 whqud: Wu

9
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bplnyep  pwguinpynud k upwuny, np gymingp b twwnphnwh  pinphnt by
htnniynud tnwppupniddwt unwppbip dbfuwuhgdubip:

Ll 1: Unuinwljw nuiginnud dhypnwihpught pupfunwip (a) onny| L bwwnphnuih
pinphnh L gymiyngh fuwnunipnh opuyht ndnypeny jgywsd udnigh hwdwp 1
9<g huswlunipjwt nhiwpnud: Luwwnphnwh pinphnh fuinnuagniup hwuwnunntu
£ 0.9%, huly quniyngh funnipgniup thnthnfuyt £ (b) 0%, (c) 1%, (d) 2%, (e) 5% u
(f) 10%: Snipwpwitignipy wwnltiph swthup' 4x5.5 ud? k:

=

U

{arb. unit)

ntensity

0.8 T T ¥ T L T " !

0.7
-é 08k 1

d6F 5 i
-g Enlé i .-0_1 11 i
2 8 L
Bosp goar ¢ 1
3 g 1
g s02F 7

i PRI D Rt L
04} 0 05,0 L5 2,25 -
NaCl concentration (%)
: TR T T N
0 2 4 6 8 10

Glucose concentration (%)

LY. 2: Uhypnwihpwiht dninww-nwiinh dhohl hunbbuhdniput Yuujwdnipiniup
opuyhl inidnypubipnud qyniyngh funnipgniuhg  0-10% dhowlwypnud 11 9<g
hwéwlunipjwl nbwpnul: Lipnhpp gnyg £ wnwihu Shypnwihpuyht dninwlw-
nuownh  hunbbupynpput - dhoht wpdtiph  Yufugwdniejniup twwnphnuih
pinphnh fuinueyniuhg pwih (ndnyputipnul 0-2.5% dhouiljuypnud 11 9<g
hw6whunypjwt  nhwpnul:  <nd ghdp  wunlybipnud £ thapdwpwpuwljwt
inyuiubinh gduyht dnunwpynudp:

10
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Lwwphnwh  pinphah - gpuiht ndnypu niuh wytih  pwpdp Eiyunpulul
hwnnpniwynyeynty (wjuhupt’ Ynduylipu nhkiEYwpwlut puwthwghiihnipjwl wibith
Jb& Ytnd dwu), pul quniyngh  opuyht ndnypp.  hbitnlwpwin, wybh mdbn
hnjuwgnbigneintl puliunn dhypnuwihputiph htiun, hugutiu plnud E uwl uY. 2-hg:

1.5 wupugpuhnud uluipwgpynul £ wnwtg ubppwithutigdwl qnunuinpiut
Shypnwihpuyht nkignuwwnnph hwiwlwpgswyht dnnpwdnpdwl
wnuwibidbwhwwnlnyeyniipp:

1.6 wwpwgpudpmd  gnyg E o wpwd dhypnuwihpuyhl nbiqnuwwnnpubiph
hwidwlwpswiht dnnbpuynpdwt U npuitg  dhengny thnpawplywd guniyngh U
uwwphnuwh  piphnh tnwippbip punnipyniiubipny \nidnyputinh  husdwn utnwigt|wd
wipryntupbipp:

-18 =% | L

-3k T
- A T— omgdl 6 )
omgdl ] C -
“MF (B ™ s ||:-dl 100 ng'dl S <
-6 200 mg/dl
100 'l O 1 1 |
g = —_— |50 me -Ii —~ e e 7 3
> —_— 200 'l ] A . i 4 2 4
- 250 mgrdl | 00 ng/dl < :
Claa ¥ &-12 ¢
= = 0 T00 200 300 400 S
3 > - = NaCl concentration (g /@
26 7 -15 -
5 ]
®F = 18
2
L11] o ™1 21}
| [i] 00 150 200 250 i
=32 I concentrmont Gilucose concentration (me/dlT] 24 l" ; . T Concatimion
i L A A i i i i
55 ;. 6.5 7 7.5 55 6 6.5 7 75 [}
a Frequency (GHz) b Frequency (GHZz)

LY. 3: (a) Uhypnwihpuwiht wgdwi Sz qnpdwlgh (dby nunuitiyynt ntiqnuiwnng)
dnnbpuynpdwd wipryntupliipp HH oph L qymungh onuyhti imdnyph huwdwin
50-250 uq/ny unnyeyniutiiph hwdwp, (b) dhypnwihpwyht wnpuinwipdduw
Sy gnpdwlgh (YpYwyh nunuitilynt ntignuiwnnn) ljnnb[wL[r}ptLLu:‘)
wpryniuputipp ¥ oph U twwnphnuih pinphnh gpuyht indnyph hudwip 100-
500 vg/ny funnipyniuitiph hwdwp:

Unnbijwdnpiwl dwiwtwl  nnuiblyniuwdl nhgnuwwnnpp plintiwd  Ep
wnwippbin funniaudp (0-250 da/n) quntngh gnuyht indnypUbRny, hul Yty
nuuityniiwdl nbignuwnnpp phinujwd tp nwppbip funnyejudp (0-500 da/ny)
uwnphnuwih pipphnh opuwiyhu inisnyputipny, hufwwwnwufuwtwpwp 50 ug/ny b 100
da/ng thnthntudwt puitinnd (Uh. 3):

dnpdwldngny (PL) nbiqnuwnnpubiph phinunuip wnwewgnly £ huwdwtjupgh
punhwiunip Yndutipu nhuwnpuejuil U S wwpwdtaph thnthnfuniynitibbin® Yuuguwd

11



DU-h Yndyibipu nhkEyunpwlwl puthwtgbihnyeiwt thathnfunipjut htn' Yuwhuwd
onwihl (ndnypnid qyniyngh Yund bunnphnush pinphnh funniegniuubiphg:

1.7 wwpwgpudmd  Ubpluywgdndd £ donpbpwdnpdwd  nbignbwnnpubph
wpyniiwdbunnipiniip - ppwlwt wugwdwbubpnd  gnyg  bwgne hwdwp
wunpuunywd  Ypluwbh  nipquitilyuwl nbupny  Shipnwihpuwihtt  nbignbwwnnpny
nwppip  funnggniiibipnd. - wpdweh  bwundwubhlubpnd  opughti BNy
nuwnubwuhpnipyniup: ’

Uwpuyt) - Swpubwh dontip [7] bywpwgpnd £ hwnnpnhs dwuthyubn
wuwpniuwynn  nhbEyupwlwt  dhowduwiph  wpyniiwpwp  phkbhunputwy
puwthwugbiihnupiniup: THhilunphy dhowuwypnid bpindgws qunwal dEnwnuljwl
bwiundwuthlubph hwdwp dnnbith wwpqbgywsd dut nuh htinlyuwy wkupp [8]
3f(£5g-zw) “)

L/ i i oo
npunbin &, -p h oph  hwpwpbpwlwt  pwhwbglihnpniut E, £4g -n wpdwiph
hwpwpbpuwywu Ynduybipu puthwugbihnugmuu k, huly fp' Ag bwundwuthlubiph
dwijwiwgh pwdhup (ndnypenud: Updwiph Yndwibpu hwpwpbpubwt nhbbupuljwt
puwithwlghihnipiniup blywpwgpdnud £ npubu’ [9]

eag () = e4g — JEllg = Ehg —J L, 2
nputin &5, U efy wpdwph Ynduybpu nhbblunpulwt puthwugbihnygwt hpwljwt b
Ynd dwubip GU, o4 -p wpdwpeh hwnnppniiwlnent |, g -p Julninudh
nhEEyunpwlwt hwununndit £, huly @ -U wpluuwnwipwiht hwéwuniyeynitt E:

1.8 wwpwgpwhmd ptipdws £ YpYuwhh npquitilyut tinupny dhypnuhpwht
nignuwinnpny - wpdwph  bwundwuuhlutipny  gpught  NBnyph  gnununplwl
wipryniupbipp:

LY. 4 (a)-nmd gmgunpwd k swihdws dhlypnwihpwht winpunwpddwy S;,
gnpdulygh  hwéwfuught  wbupbipp  PGnypnd Ag  bwbindwuthlutiph  wwppbn
funnigniiiiph hwdwp. (1) 0 dyg/y, (2) 12.5 dyq/, (3) 25 dyg/, (4) 37.5 dyg/y, (5) 50
dyg/: Si wpdwquph qdught Ywhiwdnpput  nhpnipiniip  bwundwutihlubph
funnipjuil thnthnfunipyuitl hwdwp Yuqdnud £ 0.03nP/(dYq/): <wdwluingh swihyws
qquyunignitp 0.03 nP k, ujwquignyl hwypinbwpbipbih funngegniup’ 1 dyg/;:

Updwph bwundwuthlubiph opught imdnyph hwdwp nhsh wbnpunwpddwl
Su qnpdwyhgp  Yuwiujwd £ bwl  pdnyph  Sunjunhg L ghpdwunh6wlhg:
Quihnuiubipp Yuwnwpdby Bu 2 b dwdwing $U-h hudwp, puith np wju nbupnul
nyhsh qquytinieyniup unwgyt b wdbbwdbsp:

12

(b)

Envelope
12F 0 Experiment

S,.dB

i A 1 A

L L
0 10 20 30 40 50

Concentratnon ng/l

LY. 4: (a) 2unhjwd Shipnwihpuwiht wunpunupddwl Syy gnpdwligh hwéwfuwht
whupp 2 U dwdwind M oph L wwppbkip  funnippniitbipny - Ag
vwundwuthlubiph opuyht Mdnyph hudwp: b) withywsd  dhypnwihpwiht
wunpunupdiwt  gnpdwlgh  Ywiuwdnyggniup  Ag bwindwuthlutiph
futnnipiniuhg 2 9<g nbignbwbiuwght hwwiunyejut ntwpnwl:

o e T IS - R
Temperature, "C
UL 5: (1) 2uihdwd dhypnughpught  winpunwpddwt gnpdwlgh  bjwquignyl
wpdbiph Yuiuwdnipiniup Winh ebpdwuwnhwuhg 2 9<g nbignuwbuught
hwéwfunipjwl  nbwpnud (1) % oph b (2) 50 dyg/) wnpdwph
wundwuthyubiph funnyejudp (ndnyph hwdwn:

1.9 wuwpugpwdnd thwpwgpynud £ dhypnwihpught wwpnypwale ndhsny
(UMS) qymngh, twwphnuih piaphnh U wyp bwununngdudpubipny - puwiht
ndnypubiph gnunwynpiwt hwdwlwgh w2 luwnwupwiht ulgpniupp:

13
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110 wwpwgpuhnd ubpluywgynd £ hpwlwl wuwywdwtbipnud  YEunwup
opquuhqunul gyniyngh funnieywts thndhinfudwl qinuidnpnuip UMS-h dhongny:

1 wwpwgpudpmd  pbpdwd o plwluwt wwywdwbtbpau yEunwup
opquuhqdnud  qyniyngh  funnipjul  thndinfunipiut UMS-ny qnunuinpdwt
wpryniupbipp:

T -6
(a)
4 7
3 s00 | 3 10
o 400 o
.tuu.-_: J
200"
J100 | -12
lo
. 013343567 | 1234567
UL hyevied glucose coceut., % BR Tnjected glucose comeent,, %
e I TR ST AL | R e T
412 1.16 42 4.24 4.28 43 4.8 5 3.2 5.4 56 5.8

Frequency, GHz Frequency, GHz

LY. 6: Uhypnwihpwyht wunpunuipddwt S, gnpdwlgh hwéwfuwht mbupbpp PN-h
b 8 dyubiph hwdwp (a) 4.12-4.3 9<g L (b) 4.8-5.8 9<g dhpwilyunypnud:
Ubipnhpp gnyg £ tnwihu ubthwlwt ptinipugpulut nhiwnpnippul’ Az (Gufu
wnwugp) L UMS-h pwpnpulnipjuit  thnthnfunipiniup’ AQ (we wnwlgp)
Yufudwdnipyniup ubipdnidywsd qyniyngh funnipgniuhg' (a) 4.14 Q<g l (b) 4.89
9<g hwbwluniginiiiiph nbiwpnud (dnin 7 ohd inbinwpwndnd): <nd gdtipp
géwht dnunwpydwl Juppbpt b

LY. 6-p gnyg £ twhu swihyws S5, dhypnwihpunhtt wunpwnwpddwt Ynpliph
hwéwhiught  wbuptipp 8 Yhbnwuhtbph  hwdwp: Qyniyngh  funnieyniuhg
wunpunwpddwl gnpdwligh qdught Ywhudwdnipjut nhpnuajniup’ AS;; /Ac = —0.11
dB/(dg/n) 4.14 9Lg-h nhwypnud L (0.01 nP/(dg/ny) 4.89 Q<g-h nhypnd Yud
ASy1/Ae = =3 x 107* 1/(dg/ny), 4.14 G<g-h nhiwpnul U 3 x 10~ 4,89 G<g-h nhiupnu
qdwjh dwugwnwpny: unpwd Shoht pwnwlnwuught Yhbwlwgpulywt wndnljubiph
dwlwpnwlp S;;-h hwdwp Juqdly £ dnn 107° gdught uwbnnuiyng [10]: 2uihyuws
wqnutpwi-wndnly  hwpwpbpwygnipniup (UUC) b £ SNR = 20 log(3 x
107%/107%) = 30 nP: hunnipjwts wdbbuhnpp swihbith thnihnfunijniup putn SNR=30
NP quuwhwindby £ dnin 10 dg/ng:

112 wwpwgpu$nud widthngulby £ wnweht gqgfunud ubpluywgwd gynilyngh,
twwphnwh - piphnh b wpdwph  bwindwutihubpng opuyhli  ndnypubiph
qnunuinpdwl hhduwlwl wpnyntipubipp:

14

Gpypnpn  qfund  nwnuibwuppywd £ gpwbhiiugh hhdpny  dbnwlyngeh
wwnph Ypw dhypnwihpught nuiwh wgnbignipyniibipp 8412 4<g  nhpnypnud:
Ppwlwtwgyby £ dnwiynyeh tnwpph qnuinwiynpnud QUORU-h thengny huswybiu bwle
thnpéh hwdwlwpgsuyht dnnbpuynpnud:

2.1 wwpwgpudnd  ubphuyugdws £ dbnwlynipbiph - Gunnigwdpught
wnwbdbwhwnlnygyniitibpny wwpdwbwnpdwsd unp hwinyniggniiipp b npuwitg
Yhpwndw nnpuntipp [1): Utnwtynieh twipph $hahyuijut hwinynigyniutibipp,
npu £y dlwynpnud £ hbug dbunwtynyep hp unp EU hwanynigagniiibpny [12):

2.2 wwpwgpubnud twpwgpynud £ QUOPYU hwdwlwngh Ynu$hgnipwghuwt
b swnpdwb  dbpngninghwt  gpwhbhwugh - hhdpnd  dnwtynigh  wwpph
qnunwiynpdwt b npw Bnpwdwqubuwlwt nuonh wpnwyunybpdwl hwdwn:
Pugwbu  bwb  bywpwgpdws £ dnwiynph  wwpp hwlnhuwgnn - gpuw$hnh
dhypnoipnp wunpuundw gnpdptpwgp b wdpnng ghinwihnpéh hwdwluwpgsuht
dnnbpuugnpnudp:

2.3 wwpwgpudnd plipuwd k EiEhunpwdwqubuwywt nwawnh
wpnwwwnlybpdwt  wpynpbpp b npwtg  hwdbidwonudp  hwdwlwpgswht
dnnbpuwynpduwit dhongni unwgdwd wpryniupubiph hbwn:

)

LY. 7: (a) 2uihfwsd b (g) dnnbpudnpywd 11 G<g hwbwlunypyudp puljunn gdught
pubnwgwd  dhypnwihph  pwptudwdnyeiniip:  (b-f)  qunpwd L (h-1)
donbpugnpjws UUUSh  wnwiigbighwy  puwnunphsh pwoudwidnipiniup
gpwdhwh dhlypngtipnh onipg PU-hg 1 dd hbnwdnpripjui Ypw' twpplip
nhdwnpnigniiibiph (thnpd)' (b) 3.0 YOhd, (c) 1.3 YOhY, (d) 1.0 LOhY, (e) 0.8
4Ohd, (f) 0.6 4Ohd L hwnnprwlwunipyniutiiph (Unnbudnpaud)’ (h) 10 Uhd/d,
(i) 60 Uhd/s, () 80 Uhu/d, (k) 120 Uhu/d, (I) 250 Upu/S hwdwp: (m-r)
2uihjwsd b donbpudnpdwd UUUDY wunlbipbipnud hnd qdbph bplugtipny
wybwlwt hunnyputiph hwdbdwwnnwdp thnpdh b dnnbpwgnpdwt hwdwp:
15
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11 9<g hwwpwhuwunippuwt nbwpnd dhypnwihpwiht dwqbhuwlwl dnnwluw
nugnp (UUUDY) wpnwwwinybpdwsd pugfudwdniginiup gnyg £ opdwd uly. 7 (a) b
(grmd’  hudwywinwufuwbwpwp  thnpdh b donbpudnpdwt hwdwp: UUU-h
uubgbughwy  punwnphsh  pupfudwdnipiniup  gpuiigdly £ ®L-hg 1 dd
hbnudnpnipjut dpu: Npuybu $L-bp, oquwgnpdyb) b nhkkywpwlwt twynhph
Unw bunbgqus gpwbhinh dhypnobipnbipp’ nwppbip ghdwnpryeniitbpny’ 3.0 4O,
1.3 4Ohd, 1.0 YOhd, 0.8 YOhd L 0.6 YOhd:- 2uihnuiubph wpnynuptbipp
ubpyuypwgwd Bu uy. 7 (b-f), dhusnbn  hwdwwywnwuhwt  dnnbpudnpdwb
wipyniipipp ubpuyuwgywd Bu by, 7 (h-1) hwdwwwnmwuuwtwpuwp 10 Uhd/Al, 60
Uhiid, 80 Uhd/d, 120 Uphd/d L 250 Upd/d hwnnppniiwlnipgudp dhypnotipnh
huwwp:

2.4 wuwpwgpubnd dwpbdwnhluwlywl dEpnnubph Yhpwndwdp Jepinduyty
U gunhwd wprynipttipp b Ujuipwgpdly £ dhlpnwihpught wpdwquiph thnyh

2binfwi tiplnypp:
Th 1

(a) iy | (b) 23
24
Top view 08k 25
. 2.7
E = 297
d o
- 0 So6} 3
H 1 'E
0 5
Eo04t -
X E
5
02F =
z Ty
\)—J W AT T .

Distance (mm)
LY. 8: (a) Uhypngbipinh U wpunwpht EU nuowh thnfuwgnbtignipjutt ufubidwnply
ubpyuywignui:  Culjunn EU quipinp  gdughtt plbnwgywé £y —wnwlgph
tipyuyupny (Shypngtipinh Biplwyupny), nwpwdynul | z-wnwtgph tpluytipny
L nmup  qunuwu  pwgfund  xy hwppnpniune,  wluwnwupwht
hwwlunipiniip’ £ = 11 9<g (A = 2.7 ud): <wnnpnhs 2bipnh Bplpuswihwlyw
punipwqgpbipp npwsd B hbnlywy Yepw' L =2 ud, W = 2 dd b Th = 20 dyd:
(p) UUUNh nuigunnught puwgfunudp x-wnwgph bplugipnd o = 1073 Jd-2 g =

1 =23; 2.4; 2.5; 2.7; 2.9 nunhwl thnywyht sindwdp:

x wnwtigph Epluyupny dwgbhuwlw nuownh nbupp ywpwgpdnd £ hbnlgug
wpunw hwyinnigniuny.

16

Y(x) = |"*+:"|2 = | + peiG(x)|’: (3)
Llwinh niubiwlp, np puiwplynn nbwpnud Th « W <« L (uly. 8 (a)): uly. 8 (b)-u gnyg
£ wwihu dwqtbuwlwt nwownh pupfunudp pun Y(x) $niblighwih wwppbp dngught
obinuwt hwidwp 2.3-2.9 nwnhwt dhowlwypnud: Uju Ynpbiph tdwlnieyniup buly. 7 (n-r)
Unpbiph htn wilithugn £ Wy thwunp oy £ oowhu wunk, np dhypnotipnh
hwnnpnwwunipjuwl thnthnfunipiniup htwpwynpnugynit £ unwihu Jhpwhulytp npw
wwenwufuwbh thnyught signudp:

25 wwpwgpuwdpmd pbpduwd o QUOBU hwdwlwpgny  swihdws U
dnnbpwidnpdwd dhypnwihpuhts Gwnwquypdw hwéwliwht wppwghdp: Swppkp
nhdwnpnipjudp (0.6-3.0 4Ohd) PU-h wuwnlybipubipp gnyg bu wdb, np PL-U
puwmbuupy thnfuwgnnud £ dhypnwghpuyhtt Gwnwquypdwt  hbn b Guotnd |
Lutipghuyh dh dwup hwwhungyniutbph wiu Showlwypnud:

2.6 wwpwgpuwhnd ubphuywgws L dbnwpneh  nwpp hwunhuwgnn
gpwhhwh  dpypnoipinh plbnwgdwt  Yunwdwpdwt b Eypwbwdnpdwt
hwwlynyggnibipp - gniguinpnn thnpdbiph b hwdwlwpgsught dnpbpudnpdwt
wpryntupubpp:

LY. 9: (a) Quwihdwd b (e) dnnbipuynpdwd 11 9<g hwbwlunipjwidp puljunn gduyht
pubinwgywd dhypnwihpubphh pwgfudwénipiniup: (b-d) 2withjuwd L (f-h)
dnnbpwdnpuwd UUUGh inwtgbughw) puwnwnphsubph pufududnigniiubipp
gpwhhwnh dhypngbipinh onipgp PL-hg 1 b hbnwynpnyejw Ypw' puliunn
wihph plbinwgdwt b dhlypnobpuinh dhele inwppbip Ynndunpnadwt nbwpnud. (b)
b () 0°, (c) L (g) 45°, (d) L (h) 90°: Uhypnwihpuyht wnpyniph b Ob-h dhol
htnuwinpnugyniup pninp nbwpbiph hwdwp wwhdb £ 5 dd:

17
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Ll 9ol gnigwnpdud £ 11 9<g hwéwhneudp UUUY-h pwptunutiinh
wiptnwuinbilipnudp dhlipnaipnh - twipptip wllyniiugh (0°-90°) Ynndunpnadw
nbwpd” uagwd pulung dhypnwihpuyht wnwquypdwt plbnugiwl htin, npnup
utnwgyliy b (b-d) thnpdwpwpwluts b (f-h) dnnbuynpdwl dbpnnubpny: Spwbhinh
dhlpmptipnh nhdwnpoyeiniup thnpdwpldwy dwdwbiwy Yuquty £ 0.6 YOhd, huly
Gpuibpuinh dhypnatipin hwnnpnwlwtingegyniup dnnbijwynpdwt dwdwtiwl punpywd
£ 250 Uphud/d: P

2.7 wwpwgpubnd widthnthyb) by wyu qifunud dbnwtyniph wwpph hwidwp
unwgyuwd wpnyniupbipp, npw huwnynuggniibipp b huwpwynp Yhpwnnipyniitibipp:

Gppnpn  qplunud ubpyugugywsd Uwbinwnmiguwdpughi -~ 01S-h
nuunuwiiwuhpnueinitip: <lnwgnungty bu whbinwgbiwght pwpwly pwnwlpuht 0NS-
h woluwnwph wpryniwdbnngggnitip b pupbjuddwt huwpwynpnipnitiibipp:

3.1 wwpwgpuwdhmd, npuybu ubpwdnygynits - Wlywpwgpynud  E 01S-h
Ywnnigdwdpp, huswbu  bwb npwg  wpryniiwbnnieyniup, npubiu  nwuwluw
pPwpwl punwlipwiht Yhuwhwnnprsuyht wnnwghuwnputiph wyptinputp:

Bupwnpynud £, np wnwug bp 2bpuiny Si0, wwlnhpny whbinwgbbught 0YS-h
utuwnwbipnul hhupbipighup qnynipniy niuh h 2unphhy funppughts ntiyndphtiwghnt
YEuwnpnliibiph  Ywtph  tplwp nunnnypui [13]: Mbtinwgbtiught O%S-h npny
gnpdwntwluw wwpwdbnpbp  pupbuddmd by huptwlwqdwlbpuynn 2tipinh
wilipugdwl - Swbwwwphny, ophtwl’ Si0, thwhwuh (Gate) nhbihwnphlh L
whlnwghiuh wiwnhy gtipnp dhole [14]):

3.2 wuwpwgpuwhmd phpdws whbnwgbbught 0%S-h hwdwp  unwgyws
pwpwl  pwnwlpltiph nwniduwuhpnipiul - tyunwlng Uhpwndwd  inbuwsdpng
biyunpntiwght dwupwnhnwyny b wndw-nidwiht - Jwupwnhinwlyng unwigywd
wprynipubipp:

3.3  wwpugpuwhnus ubphugugyuwd £ whlnwgbught 0%S-h  hwiwp
unwgywd punipwigpbiph Ybipimdnipyniup:

LY. 10-nd  hudbdwinwd bl Si0; wwlynhph  Ypw wwnpuwunywd
whlnwgbbiwghts 0YS-h bypuihts Unpn-widwybpughts (1 - V) punpwgdtipp (a) wnuitg
OSU hP-h b OSU bP-ny' (b) putn quiigyuwsh 0.5%, (c) pun quitiqyuidh 1.0%: L. 10
d-nud - gnigunpywd £ Sio, -p Ypw  wwinpwunyud whwnwgbught  0%8-h
thnfuwigdw pinipwgpbipp Vps = —40 d-h nbwpmd (1) wnwug 0SU bP-h L OSU
hR-ny (2) pun quiigywdh 0.5%, (3) puwn quiiqyuwidh 1.0% funnuegnitiibipny:
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Lly. 10: Si0,-h Jpw wwinpuwundws whtinwgbbuwght O0%S-h tpuyhl punawgplinp
(a) wnwtg OSU bP-h L OSU bP-nd' (b) pun quugywsdh 0.5%, (c) puwn
quiuqywsdh 1.0% hunnueyniiibipny: (d) Si0,-h wwlnpph Ypuw WU uid
whtnwgbtught 0FS-h thnfuwbigdwie punypuigpbipp Vs = —40 d-h nhiugpnud
(1) wnwbg OSU hR-h b OSU bP-nd' (2) pun quuqywdh 0.5%, (3) pun
quiqUwdh 1.0% fuwnnipyniiibpny:

Ll 1-nud gmguinpuwd £ Sio,-h Ypw wuwwnpwundwd whunwgbiught 09S-h
thnfuwbigduwi punipwignpbipp bplyne nipnnuegudp’ -30 4-hg +30 4 whpnypnul
thnthnfudwts wpmyyniupnud, pp Vs = —40 U (a) wnwtig OSU bP-h b OSU hP-ny' (b)
puwn quitgywdh 0.5%, (c) punn quiiqywdh 1.0% futnnigyniiibipny:

Cwununndliy £, np 09S-nud uyunndwd kS hhupbipbighup fuhuwn Guiygduws E
wnihdtpwh ahbuphlubiph b grinueini niibignn hhnpnpuhy fudpbiph bl L
Yupnn £ YpSuwnyti) OH-h hobiguwdp:
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LY. 11: Sio,-h wiwlnhph dpw wuwnpwunydwd whunwgbuh ONS-h thnfuwtigdw
punyawgpbipp (a) wnwug OSU bR-h L OSU bR-ny' (b) pun quitigwdh 0.5%,
(¢) pun quuglwsdh 1.0% funneniutbipny Ves-h Bplynt nipnnipgniuibpny
thnthnfudwt nbwpnd® $hpudwd Vs = —40 U-h hwdwp:
3.4  wuwpwgpwdmd wdihnhylp  Bu bowgnuonpyut pupwgpnd
whlnwgbitught - O%S-h hwdwp  unwgdwd  wpryniupubipp bk Yhpwnnipyut
htuwpwynpnigynitiibipp:

Garuuwusnik@3nkuuer

QUORU-p huwpwdnpnuggni £ pldbnnud dhipnwihpuyghtt hwéwluniegyniutbph
(wyt whpnypnul hpwlwtiwglty gyniyngh b bwnphnuih pinphnh 9puyht indnyukinh
wnwlg  bbppwihwigdwt  d6d  qquynitmpuidp  dwupwnhnn:  Unwgdws
wpryntupbpp  gnyg  Gu wwhu nwppbp  opught ndnyputipmd  gqyniyngh L
bwwphnudh  pinphnh futnyainiiibph thndhnfunippuit nhuwpydwu b npnadwt
huwpwynpnipyniup:

Uhypnwihpwihtt  nbignuwwnnpubipp mubuwing  thnpp  swithbp  wjunthwuntina
ppwlwiwgunud  Eu wpdwph  bwundwuthlubpny  opughl  dnypubph  wnwlg
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ubppwthwugdwl gnunuifnpnul, htgwbu bwl Ybunwuh opquwuhqind qyniingh
funnipjwl wnwg tbppwithwugdwl npngnul: YEnwuhubph dpw hpwlwtiwgywd
htiwnwgnunyeyniiibph wpryniuplibpp Jywynd &Y, np nbgnuwwnnpp Yupnn b uwl
oguwgnpdyti gihrdhwyny hhqwun dwpnlwlg dnin qyniyngh dwywpnwyp wnwtig
ubppwithwigdw b Juwudwl swihbnt hwdwp:

Spwhhwh dhypngbipnwght denwnwpph hwnnpwlwbnwl thinthnuniyeudp
thotpnfudnud - Bu - bwb  Jbpwnpdwés  EU nugwnh  nbnuwjbwgdwt  Yhnbpp:
Cwnnpnulwnipjut dbdwgdwlp qnigpupwg wénw £ nbnuytwgdwl whpnyph
huwnbuupynieyniip  dhlypngbipinh bgpbipht, qniquhbnwpwp bjwabind  gpubhnh
dhypntipnh ubipunwd: Suyjwy bplinyep gnyg £ wwihu, np daunwnwpph dpw plilws
dhypnwihpwjht nwawnp gpybihu nih thnyh hwybyw) sbnnu: Upnyntupp huwpuwnp k
nwpdund  nblwyjwnpbp wduy denwnwppbphg  pwnugws  dhnwdwlbplunyeht
pulunn EU quiginh thaywiht hwinynygyniutbipp dbunwinwpph hwnnppwlwnge)wt
thnthnfudwl wbwwwphny:

hY  pwqiwgbipny  bwunfwnmgwéplbph  Ubpnpdwdp  huwpwynp
Fwhwunpbt pwpbjwyt) wbunwgbught O%S-h wpluwwnwupwiht puniypwqgpbpp:
Wuwhuh  Yunmgywdpubipny  nuonwghi  wpwghunnpubpp  hpbig dh owipp
wnwybnipyniitbpny’ ugt woluwnwbpwiht - shpdwuwnhwlwht whpnype, qwdn
huptwndbp, wwwupwundwl myniphtngenit b wys, hhduwdnpnd Bu hplug
Yuwplnpnyeyniup b wthpwdbiunigyniup tniwppbip uwppbpnud gt Ghpwnniegniu
guubnt gnpdnud:
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MHWHACSH BUJUIA

BU3YAJIM3ALIMS BOJIHOBBIX MOJIEH B HAHOCTPYKTYPAX C [TOMOILLBIO
TEPMOVYIIPYTOIO MHHOAUKATOPHOI'O MUKPOCKOIIA

AHHOTALIMSA

Cospemennbie TEHISHIHA B MHPE MOPOXKAAIOT NOTPEGHOCTE B HOBHIX SKH3HEHHO BAKHBIX
HE MHBa3sHBHBIX METOMaX wMccrenoBanus. B wactHocT, cymecrsyer Gosnbwioil umTepec He
TOJNBKO B HOBBIX HE MHBA3WBHBLIX METOAX 30HAHPOBAHHA HAHOCTPYKTYP, HO B TO JK€ BpeMs B
HOBBIX METOJAX /IS TOYHOrO MCCNEJ0BaHAA HAaHOCTPYKTYP. Bodnukia nHeoOXoauMOCTE HMETE
HC HMHBA3MBHLIC CHCTEMbI MOHMTOPHHIA C BBICOKHM paspelleHHeM, KOTOphie Gyayr
HMCIIO/B30BATECA B TAKHX 00/18CTAX, KK MEAUIMHA, NHILEBas IPOMBIULIEHHOCTE U JIp.

HaHoeTpyKTyphl SBAAIOTCA B@KHBIMM KOMIOHEHTAMH UENOBEHECKOTO OpraHH3Ma,
NOITOMY HX TOYHOE H3YHEHHE ABMACTCA FKHIHEHHO BAXHBIM. B pasnuunbIx pacteopax u cmecsx
HAHOHACTHIB! B3AMMOACHCTBYIOT ¢ 3JleKTpoMarHuTHbIMH (OM) monsiMu, M perucTpaums
MMEHHO 9TOr0 B3aHMOMEHCTBHA M €ro aHanu3 Mo3BONAIOT H3yHaTh HX. B pexuMe peansHoro
BPCMCHH HE HHBA3MBHAA PErHCTpalMsA pacnpesenerus M nosei ¢ NOMOUIBIO TEPMOYIPYrOro
ONTHYECKOr0 ~HMHIMKATOpPHOro Mukpockona (TYOHM) mnossomsier u3yuarsh CHOKHBIE
fHoslorHyeckie pacTBOphI, KHIHEHHO BRKHBIE [UIS OPraHM3Ma HeNOBeKa, TAKME KaK CMecH
JIOKO3B! H XJIOpHJA HATpus B kposu. Opmoii u3 ocoGennocreit TYOUM sensercs 10, uto
CUCTEMa NMO3BONIAET MPOBOJMTH HE HHBAZMBHOE CKAHHPOBAHHE B LUIMPOKOM AHANA30HE YaCTOT,
4TO B CBOKO ouepens ofecneynBacT Gojee JeTanbHOE H3ydeHWe NOBEACHHS HAHOCTPYKTYD.
Taxue nccneposanus noseonsior B GyymieM Ha OCHOBE MONYMEHHBIX PE3YILTATOB BRIOpATH
Haubonee aexTHBHYIO YACTOTY MHUKPOCKOIIHM 3THX HAHOCTPYKTYD.

HUsyuenne mzammogeiicreus OM nons u obpasna ¢ momomsto TYOWUM nossomwio
paspaGoTarh MHMKPOBOJHOBBIE pe3oHAaTOphL Pa3paGoTaHHBle pPe3OHATOPEl MMes Maibie
pasMepel, B TO ke Bpems obecrieumpalorT d(eKTHBHOE He HHBA3MBHOE 3OHIAMPOBAHHE B
UIHPOKOM JamWamas’oHe wHactoT. Jlis jemoncrpauuu 3(deKrHBHOCTH pe3oHatopoB OhUTO
BBITOJIHEHO KOMTIBIOTEPHOE MOJCNIHPOBAHHE, & TaKKe M3MEPeHHS C MOMOLIBIO NPOTOTHNA B
peaIbHBIX YenoBuax. C NMOMOMIBIO TPOTOTHNA M3YYAlUCh HE TONBKO PACTBOPEL, HO M GbuIO
BBIOJIHGHO HE MHBAIMBHOC M3MEPEHME M3MCHEHHMA KOHLUEHTDALMM [HOKO3BI B IKHBBIX
OpraHM3Max B PeabHbIX YCIOBUAX.

3acny)KHBAIOT BHUMAHHS HAHOYACTHIB! METAIIOB, KOTOPHIE BMECTE C MX XHMHYECKHMM
COE/IHHECHNAMH HMIPAiOT BXHYIO POJib B OpraHuiMe uejoBeka. B coBpemenHON Memuiune
NPOBOJATCA OBWIMPHBIC HCCAENOBAHAA CHEOHBIX CBOWHCTB pPACTBOPOB € PAIMHMHBLIMH
HAHOYACTHIIAMHM METAUIOB, B HACTHOCTH, BOJHBIA PacTBOP © NPaBHIBHON KOHUEHTpalueii
HaHo4acTHll cepebpa obnanaer neueOHBIMM H Ae3HH(pUUMPYIONIMMH CBOifcTBAMK. Bombiii
pacTBOp C HAHOYACTHUAMM cepedpa yCKOpSeT MpOLEce 3aiHBJICHMA DAH HA Telle UYelOBeKa.
Takue cmoiicrBa BBI3BIBAIOT GONBIIOH HHTEPEC K M3YYEHHMIO BOJHBIX PacTBOpPOB €
HAHOCTPYKTYpamu cepebpa. Biaumonelictue pacteopa ¢ OM nonsmMu ro3posiser HCCIeA0BaTh
€r0 € MOMOIIIBIO MHKPOBOJIHOBBIX PE30HATOPOB,
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Eme onna uHTepecHas 06nacTs MCCNEAOBAHUH - H3YMEHHE SMEMEHTOB MeTaMaTepHaia.
Mertavarepuansl. - 310  HCKYCCTBEHHO  MaTepHansl,  OGJAJalolMe  cBOMCTBAMI,
OTCYTCTBYIOIIMMH B NPHPOAHBIX MaTtepuanax. Oto marepuansl, DM cBoiicrBa KOTOpBIX
00YCIOB/IEHBI MX CTPYKTYPHBIMH CBOWCTBAMHM, a He THNOM Marepuana, Meramarepuarsi
NPE/ICTABIAIOT CO00H PEeriaMeHTHPOBAHHYIO CTPYKTYPY METAMATEPHAIBHOTO 3MEMEHTA, YTO
TIpHOaeT MarepHaTy HOBBIS cBOﬁCT‘BB, B YacTHOCTH HOBBIE 3HAYECHHSA JIH3II.’BK'!‘pH'-lBCKOﬁ H
MarHHTHOH NpoHHUaeMocTH. OTKDEITHE W H3YMEHHE Kak METaMaTepHANEHOTO 2JeMEeHTa, TaK U
OM ceoiicTBa MeTamaTepHana, BhBBANO GONLMON WHTEPEC B NOCHGAHHE JECHTHICTHSA.
I'nbroere TYOHM ro3ponser necne/0Bath 2IEMEHTEl METAMATEPHANA B HIHPOKOM Auanasore
HACTOT M BH3YANTH3MPOBATH HX B ONHKHMM 1071e, TIPeoOpaZOBaHHbIC NPH BIAUMOAEHCTBHH C
OM nonem.

HurtepecHeM  HaNpaBieHHEM HCCe0BaHHI
nonesslX Tpamsucropos (OIIT) ocHoBammbIX Ha uasocrpykrypax. OINIT cumraiorcs
YNYHIIEHHOH  ANbTEPHATHBOH  TPAJMIIMOHHBIM  HEOPraHHYECKHM  TOHKOIUICHOYHBIM
Tpansucropam. Pesynbrarel, nomyuennsie juis OIT, nokassiBaloT, 4T0 OHM MOTYT GBITH
KOHKYPEHTOCTIOCOOHBLIMH B PA3HYHBIX MPHIOKEHHIX, Iie TpeOyeTcs CTpyKTypHas rubKocTs,
paGoToCnocOGHOCTS B HM3KHX TeMIEpaTypax, BEICOKAs MHTErpalHOHHAs CHOCOBHOCTH W
uuskas croumocts, Ilenranenoseie OINT npeacrapnsior co6oi pasHOBUIHOCTE OPraHUYECKHX
TPAH3UCTOPOB, H3-33 HX XaPAKTEPUCTHK H 3PPEKTUBHOCTH OHH HAXOAATCS B LEHTPE BHUMAHNS
MHOIHX HCCenoBaTene.

B juccepranMu  npeiCTaBiieHBl  MCCHCJOBAHMS  B3AHMONCHCTBUS  PA3IHYHBIX
HAHOCTPYKTYP; GHO-PAacTBOPOB, HAHOYACTHILI B BOAHLIX PACTBOPAX, META3IEMEHTOB ¢ DM
nonsvu. OCHOBHBIM HHCTPYMEHTOM HccrienoBanus Gbina cuctema TYOWM, paGoraiomas s
WHPOKOM /IHANA30He YacTOT € BLICOKMM IPOCTPAHCTBEHHBIM Pa3pElliCHHEM, a TAKKE B XOJe
MCCIIC/IOBAHHH  HCTIONB3OBANMCE  JAPYTHE He
CKaHHPOBaHHA.

ABNIAETCH pa3paboTka OpPraHHYEecKHX

HHBA3HBHBLIC METOJLl MHKPOBOJHOBOIO
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MINASYAN BILLI

VISUALIZATION OF WAVE FIELDS IN NANOSTRUCTURES USING A
THERMOELASTIC INDICATOR MICROSCOPI

ANNOTATION

The current trends in the world give rise to the need for new and vital not-invasive
research methods. In particular, there is a great need for new non-invasive methods for probing
nanostructures, but at the same time for accurate research. There was a need (o have high-
resolution non-invasive monitoring systems that would be used in areas such as medicine, food
processing, etc.

Nanostructures are essential components of the human body, so their precise study is vital,
In various solutions and mixtures, nanoparticles interact with electromagnetic fields, and the
registration of this interaction and its analysis make it possible to study them. Real-time, non-
invasive recording of electromagnetic (EM) fields using a thermoelastic optical indicator
microscope (TEOIM) makes it possible to study complex biological solutions that are vital for
the human body, such as mixtures of glucose and sodium chloride in the blood. One of the
features of TEOIM is that the system allows non-invasive probing in a wide frequency range,
which in tum provides a more detailed study of the behavior of nanostructures. Such studies
make it possible in the future to choose the most efficient operating frequency for these
nanostructures based on the obtained results.

Studying the interaction between an electromagnetic field and a sample using the TEOIM
allowed the development of microwave resonators. The developed resonators, having small
dimensions, at the same time provide efficient non-invasive probing in a wide frequency range.
To demonstrate the effectiveness of the resonators, computer simulations were performed, as
well as measurements using a prototype in real conditions. With the help of the prototype, not
only solutions were studied. but also a non-invasive measurement of changes in the
concentration of glucose in a living organism in real conditions was performed.

Noteworthy are metal nanoparticles, which, together with their chemical compounds, play
an important role in the human body. In modern medicine, extensive research is being carried
out on the medical properties of solutions with various metal nanoparticles, in particular, an
aqueous solution with the correct concentration of silver nanoparticles has healing and
disinfecting properties. An aqueous solution with silver nanoparticles accelerates the healing
process of wounds on the human body. Such properties are of great interest to the study of
aqueous solutions with silver nanostructures. The interaction of the solution with
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 element.
Metamaterials are artificially discovered materials that have properties that are not found in
natural materials. These are materials whose EM properties are determined by their structural
properties, and nol by the type of material. Metamaterials are a regulated structure of a
metamaterial element, which gives the material new properties, in particular, new values of
dielectric and magnetic permeability, The discovery and study of both a metamaterial element
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and the EM property of a metamaterial has generated great interest in recent decades. The
flexibility of TEOIM makes it possible to study metamaterial elements in a wide frequency
range 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
(OFET) based on nanostructures. OFET’s are considered an improved alternative to traditional
inorganic thin-film transistors. The results obtained for OFET show that they can be competitive
in various applications where structural flexibility, low temperature performance, high
integration capability, and low cost are required. Pentacene OFET are a kind of organic
transistors, 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 TEOIM system operating in a wide frequency range with high
spatial resolution, and other non-invasive methods of microwave sensing were also used in the
course of the studies.
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