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2201 †ωδrm∕lGmoβδlGκorGtωδG≤olomδtriαGrδsponsδGoκGωiμωG†αGsupδrαonβuαtinμGκilmsGtoGoptiα∕lGpulsδsUG
1990SGZWSGXXXaTXXYa 47

2200 †ωδGμrowtωGkinδtiαsGoκZqδGαryst∕lsUG1990SGaWSGXXZTXZZ 13

2199 }δmiαonβuαtorTsupδrαonβuαtorGωy≤riβGδlδαtroniαsUG1990SGZWSGXWX[TXWYZ 27

2198 †ωδoryGoκGtωδGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδG≤δtwδδnGβissimil∕rGl∕ttiαδsUG1990SG[YSG`Za_T`ZbW 92

2197 †ωδGrolδGoκGintδrκ∕αδGβisorβδrGinGtωδGtωδrm∕lG≤ounβ∕ryGαonβuαtivityG≤δtwδδnGtwoGαryst∕lsUG1991SGZSGX[[ZTX[]Y 22

2196 }inμul∕rityG∕nβGnonlinδ∕rityGinGtωδGt∕pitz∕Grδsist∕nαδG≤δtwδδnGμolβG∕nβGsupδrκluiβG[qδGnδ∕rG†G
l∕m≤β∕UG1991SG[ZSG``W`T``X` 23

2195 †δmpor∕lGδvolutionGoκGtωδGlonμituβin∕lTG∕nβGtr∕nsvδrsδTpωononGβistri≤utionsGinGnonδquili≤riumG
mδt∕lGκilmsUG1991SG[ZSGb]XXTb]X[ 8

2194 }urκ∕αδsGoκGpδrαol∕tionGαlustδrsGinGtωrδδGβimδnsionsUG1991SG[[SG`_Ta[ 23

2193 nviβδnαδGκorGtwoTβimδnsion∕lGpωononsGinG∕GtωinGmδt∕lGκilmUG1991SG[[SGabbWTabb_ 25

2192 qδ∕tGtr∕nsportGvi∕Gδv∕por∕tionGoκGsupδrκluiβGωδliumGκilmscGpi∕ntGδκκδαtivδGt∕pitz∕Grδsist∕nαδUG1992SG
_aSGZW_aTZW`X 7

2191 vδ∕surδmδntsGoκGtωδGt∕pitz∕Gαonβuαt∕nαδG≤δtwδδnGβi∕monβG∕nβGsδvδr∕lGmδt∕lsUG1992SG_aSGX]_ZTX]__ 86

2190 woninv∕sivδGpiαosδαonβGultr∕soniαGβδtδαtionGoκGultr∕tωinGintδrκ∕αi∕lGl∕yδrscGloxG∕tGtωδGjlV}iG
intδrκ∕αδUG1992SG_XSGX`a`TX`ab 50

2189 {olδGoκGpωononGβimδnsion∕lityGonGδlδαtronTpωononGsα∕ttδrinμGr∕tδsUG1992SG_aSGXX]_TXX]b 80

2188 mδtδαtionGoκG†ωinGrntδrκ∕αi∕lGu∕yδrsG≤yGyiαosδαonβGUltr∕soniαsUG1992SGY]bSGYZX

2187 †ωδrm∕lGαonβuαtivityGoκGqu∕ntumGwδllGstruαturδsUG1992SG 0

2186 †ωδGδκκδαtGoκGp∕rtiαlδGsizδGonGtωδGtωδrm∕lGαonβuαtivityGoκG—n}Vβi∕monβGαompositδsUG1992SG[WSGXYZTXYb 300

2185 loωδrδntGpωononGβδtδαtionGκromGultr∕κ∕stGsurκ∕αδGvi≤r∕tionsUG1992SG_bSGX__aTX_`X 150
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2184 }pinTμl∕ssGκluαtu∕tionGst∕tistiαscGmδsosαopiαGδxpδrimδntsGinGvnUG1992SGXX[SGa`TXZW 56

2183 UG1992SGX]SG`X]T`YY 52

2182 nlδαtronGωδ∕tinμGδxpδrimδntsG≤δlowGtωδGspinGμl∕ssGrδsist∕nαδGm∕ximumUG1993SGbZSG`TX[ 9

2181 t∕pitz∕Gαonβuαt∕nαδG∕nβGωδ∕tGκlowG≤δtwδδnGsoliβsG∕tGtδmpδr∕turδsGκromG]WGtoGZWWGtUG1993SG[aSGX_Z`ZTX_Za` 474

2180 †ωδrm∕lGαonβuαtivitiδsGoκGqu∕ntumGwδllGstruαturδsUG1993SG`SGZXXTZXa 91

2179 qδ∕tGmiκκusionGtωrouμωG∕Gpl∕ssG}u≤str∕tδGlo∕tδβG≤yG∕G†ωinG[GqδGoilmUG1993SGYXSG]a`T]bY 2

2178 yωononGsα∕ttδrinμGκromGκδrroδlδαtriαGβom∕inGw∕llscGyωononGim∕μinμGinGtmyUG1993SG`XSG`Z]T`Za 28

2177 UG1993SGZSGYXW`TYXXW 2

2176 rntδrαryst∕llinδGωδ∕tGαonβuαtivityGinGtωδGprδsδnαδGoκGpl∕n∕rGβδκδαtsUG1993SG]SG]W]bT]W__ 3

2175 uowGtδmpδr∕turδGsα∕nninμGδlδαtronGmiαrosαopyGoκGsupδrαonβuαtinμGtωinGκilmsG∕nβGsosδpωsonG
junαtionsUG1994SG]`SG_]XT`[X 114

2174 yωononsGinGliquiβ[qδGκromG∕Gωδ∕tδβGmδt∕lGκilmUGrrUG†ωδG∕nμul∕rGβistri≤utionUG1994SG_SGYaY]TYaZ[ 22

2173 rmp∕αtGoκGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGonGl∕sδrGinαlusionGβ∕m∕μδUG1994SGaSG[W_T[XX 2

2172 †ωδrmomδtryG≤δlowGXGtUG1994SG]`SGXa`TYZW 21

2171 rnκluδnαδGoκG≤ounβ∕ryGrδκlδαtionG∕nβGrδκr∕αtionGonGβiκκusivδGpωotonGtr∕nsportUG1994SG]WSGa]`Ta__ 79

2170 †r∕nsp∕rδnαyGoκG∕G–k∕YluZx`TκilmVsu≤str∕tδGintδrκ∕αδGκorGtωδrm∕lGpωononsGmδ∕surδβG≤yGmδ∕nsGoκG
volt∕μδGrδsponsδGtoGr∕βi∕tionUG1994SG[bSGbWbXTbWb_ 63

2169 nlδαtronTδlδαtronGintδr∕αtionGinGtωinG≤ismutωGκilmsUG1994SG]WSGX_a[]TX_a]W 1

2168 nκκδαtGoκGtωiαknδssGonGtωδGtr∕nsvδrsδGtωδrm∕lGαonβuαtivityGoκGtωinGβiδlδαtriαGκilmsUG1994SG`]SGZ`_XTZ`_[ 59

2167 jαoustiαTmoβδGαouplinμG∕nβGδlδαtronGωδ∕tinμGinGtωinGmδt∕lGκilmsUG1994SG]WSGYWZ]TYWZa 15
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2166 qδ∕tGα∕p∕αityGmδ∕surδmδntGoκGβiδlδαtriαGsoliβsGusinμG∕Glinδ∕rGsurκ∕αδGωδ∕tδrcGjppliα∕tionGtoG
κδrroδlδαtriαsUG1994SG_]SGb__Tb`W 29

2165 }inμlδTβδκδαtGtωδrmomδtδrG∕sG∕Gpro≤δGoκGδlδαtronGωδ∕tinμGinGkiUG1994SG[bSGYb]bTYb_Y 5

2164 mδsiμnGoκGmiαroδlδαtroniαGtωδrm∕lGβδtδαtorsGκorGωiμωGrδsolutionGr∕βi∕tionGspδαtrosαopyUG1994SGZ[YSG]W[T]Wa 1

2163 qδ∕tGtr∕nsκδrGinG–k∕luxGtωinGκilmVs∕ppωirδGsu≤str∕tδGsystδmUG1994SG`SGZ[XTZ[[ 6

2162 †ωδrm∕lG∕nβGnonδquili≤riumGrδsponsδsGoκGsupδrαonβuαtorsGκorGr∕βi∕tionGβδtδαtorsUG1994SG`SGa`XTaa[ 31

2161 t∕pitz∕Grδsist∕nαδG≤δtwδδnGsiliαonG∕nβGωδliumT[UG1994SGb[SG]ZbT]]W 13

2160 †ωδrm∕lGαonβuαt∕nαδGoκGαoppδrTαy∕no∕αryl∕tδG∕βωδsivδG–k∕YluZx`T˛·GjointsG≤δtwδδnG]G∕nβGZWWGtUG
1994SGZ[SGabTbW 3

2159 }iliαonGtωδrm∕lGβδtδαtorsGκorGsinμlδGqu∕nt∕GoκGr∕βi∕tioncGκ∕≤riα∕tionSGst∕tistiα∕lGκluαtu∕tionsGoκG
pωononsSGpωysiα∕lGpropδrtiδsG∕nβGopδr∕tionUG1994SGZ]WSGY]WTY_Y 2

2158 nlδαtroniαGt∕pitz∕Gαonβuαt∕nαδG∕tG∕Gβi∕monβTy≤Gintδrκ∕αδUG1994SG]WSGYa_]TYa`Z 72

2157 †ωδGδκκδαtivδGtr∕nsvδrsδGtωδrm∕lGαonβuαtivityGoκG∕morpωousG}iZw[GtωinGκilmsUG1994SG`_SG[WW`T[WXX 56

2156 }upδrαonβuαtinμGκ∕stGmiαro≤olomδtδrsGopδr∕tinμG≤δlowGtωδirGαritiα∕lGtδmpδr∕turδUG1994SG`_SGZa]aTZa_a 10

2155 t∕pitz∕GpωononGtr∕nsmissionGκromGαlδ∕nGqTsiliαonOXXXPGsurκ∕αδsGintoGliquiβGωδliumUG1995SG]W`SGX`]TXaZ 3

2154 qδ∕tGβiκκusionGinGnorm∕l[qδG∕nβZqδGtωinGκilmsUG1995SGbbSG`WbT`Y]

2153 qiμωTκrδquδnαyGmonoαωrom∕tiαG∕αoustiαGw∕vδsGμδnδr∕tδβG≤yGl∕sδrTinβuαδβGtωδrmomoβul∕tionUG
1995SG`[SG[Y[bT[Y]Y 26

2152 nκκδαtGoκGμ∕tδGvolt∕μδGonGωotTδlδαtronG∕nβGωotGpωononGintδr∕αtionG∕nβGtr∕nsportGinG∕G
su≤miαromδtδrGtr∕nsistorUG1995SG``SG__a_T__b[ 73

2151 nxpδrimδnt∕lGinvδstiμ∕tionGoκGtωδrm∕lGαonβuαtionGnorm∕lGtoGβi∕monβTsiliαonG≤ounβ∕riδsUG1995SG``SGXZa]TXZbY 127

2150 nnδrμyGtr∕nsportGvi∕Gqu∕sip∕rtiαlδG∕nβGpωononGβiκκusionGinGsupδrωδ∕tδβGsupδrαonβuαtinμGμr∕nulδG
βδtδαtorsG∕κtδrGnuαlδ∕rGrδαoilsUG1995SG]XSGaZ`[TaZa[ 2

2149 oluαtu∕tionGsu≤ω∕rmoniαG∕nβGmultiω∕rmoniαGpωononGtr∕nsmissionG∕nβGt∕pitz∕Gαonβuαt∕nαδG
≤δtwδδnGαryst∕lsGwitωGvδryGβiκκδrδntGvi≤r∕tion∕lGspδαtr∕UG1995SG]YSGXWX`TXWY[ 38
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2148 kolomδtriαG{δsponsδGoκGqiμωT†αG}upδrαonβuαtinμGmδtδαtorsGtoGxptiα∕lGyulsδsG∕nβGlontinuousG
“∕vδsUG1995SGXX`SGZ__TZ`Y 10

2147 †r∕nsiδntGtωδrm∕lGμr∕tinμsG∕tGsurκ∕αδsGκorGtωδrm∕lGαω∕r∕αtδriz∕tionGoκG≤ulkGm∕tδri∕lsG∕nβGtωinGκilmsUG
1995SG_XSGY]ZTY_X 83

2146 wonloα∕lG∕nβGwonδquili≤riumGqδ∕tGlonβuαtionGinGtωδG’iαinityGoκGw∕nop∕rtiαlδsUG1996SGXXaSG]ZbT][] 292

2145 oluαtu∕tionGsu≤ω∕rmoniαG∕nβGmultiω∕rmoniαGpωononGtr∕nsmissionG∕nβGt∕pitz∕Gαonβuαt∕nαδG
≤δtwδδnGsoliβsGwitωGvδryGβiκκδrδntGvi≤r∕tion∕lGspδαtr∕UG1996SG[_SGY`YXTY`YY

2144 t∕pitz∕Gtr∕nsmissionGtωrouμωG∕tomiα∕llyGαlδ∕nGsiliαonGOXXXPGsurκ∕αδsUG1996SGYXbTYYWSG_]ZT_]] 4

2143 }iliαonGmiαroα∕lorimδtδrsGκorGωiμωGδnδrμyGrδsolutionGspδαtrosαopyUG1996SGZ`WSGYW_TYW` 1

2142 {δκlδαtionGoκGωiμωTκrδquδnαyG∕αoustiαGpωononsGκromGsoliβTliquiβGintδrκ∕αδsGstuβiδβG≤yGpiαosδαonβG
ultr∕soniαsUG1996SGYXbTYYWSG__WT__Y 5

2141 †woTG∕nβGκourTpointGt∕pitz∕Grδsist∕nαδG≤δtwδδnGω∕rmoniαGsoliβsUG1996SGYY_SG_[TXX_ 0

2140 qiμωGtωδrm∕lGαonβuαtivityGoκGpolymδrscGyossi≤ilityGorGβrδ∕mhUG1996SGZSGY`ZTYaW 27

2139 uowTtδmpδr∕turδGtωδrm∕lGαonβuαtionGinGp∕rtiαlδTβispδrsδβGpolyδtωylδnδUG1996SG`bSGZbb[ 3

2138 †ωδrm∕lGrδl∕x∕tionGpωδnomδn∕G∕αrossGtωδGmδt∕lVwinβowGintδrκ∕αδG∕nβGitsGsiμniκiα∕nαδGtoGsωoαkG
tδmpδr∕turδGmδ∕surδmδntsGoκGmδt∕lsUG1996SGaWSGZY[aTZY]Z 13

2137 †ωδrm∕lGαonβuαtivityG∕nβGβiκκusivityGmδ∕surδmδntsGinGtωδGsu≤T˛…mG∕nβGsu≤T˛…sGsα∕lδGonGαδntimδtδrG
∕rδ∕Gs∕mplδsGusinμG∕GmiαrotωδrmoαouplδUG1996SG_`SG[Y[_T[Y]] 25

2136 rnst∕≤ilitiδsGoκG∕GpδrsistδntTpωotoαonβuαtivityGsδmiαonβuαtorG∕ssoαi∕tδβGwitωGωδ∕tGtr∕nsκδrGtoG∕G
qδTrrGκilmUG1996SG][SGX[__[TX[_`Y

2135 †ωδrm∕lGlonβuαtionGinGwonωomoμδnδousGl’mGmi∕monβGu∕yδrsGinGnlδαtroniαGviαrostruαturδsUG1996SG
XXaSGY`bTYa_ 57

2134 rnκluδnαδGoκGtωδGmiαrostruαturδGonGtωδGtωδrm∕lGpropδrtiδsGoκGtωinGpolyαryst∕llinδGβi∕monβGκilmsUG
1997SG`XSGXZYbTXZZX 35

2133 yiαosδαonβGultr∕soniαGstuβyGoκGpωononGrδκlδαtionGκromGsoliβTliquiβGintδrκ∕αδsUG1997SG]]SGXa]YTXa]` 32

2132 rmp∕αtGoκGwuαlδ∕tionGmδnsityGonG†ωδrm∕lG{δsist∕nαδGnδ∕rGmi∕monβT}u≤str∕tδGkounβ∕riδsUG1997SGXXSG]W_T]XY 21

2131 †ωδrm∕lGlonβuαtivityG∕nβGqδ∕tG†r∕nsκδrGinG}upδrl∕ttiαδsUG1997SG[`aSGa] 4

(1997-1995)
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2130 †ωδrm∕lGlonβuαtivityG∕nβGmiκκusivityGoκGqiμωT}trδnμtωGyolymδrGoi≤δrsUG1997SGZ_SG]_ZZT]_Z` 61

2129 nκκδαtivδGtωδrm∕lGαonβuαtivityGoκGp∕rtiαul∕tδGαompositδsGwitωGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδUG1997SG
aXSG__bYT__bb 1395

2128 †ωδrm∕lGαonβuαtivityG∕nβGωδ∕tGtr∕nsκδrGinGsupδrl∕ttiαδsUG1997SG`XSGY`_XTY`_Z 166

2127 †ωδrm∕lGrδsist∕nαδG∕nβGδlδαtriα∕lGinsul∕tionGoκGtωinGlowTtδmpδr∕turδTβδpositδβGβi∕monβGκilmsUG
1997SG_SGYbaTZWY 23

2126 }izδG∕nβGrntδrκ∕αδGnκκδαtsGonG†ωδrm∕lGlonβuαtivityGoκG}upδrl∕ttiαδsG∕nβGyδrioβiαG†ωinToilmG
}truαturδsUG1997SGXXbSGYYWTYYb 302

2125 †ωδrm∕lGαonβuαtivityGoκG}iâ��pδGsupδrl∕ttiαδsUG1997SG`WSGYb]`TYb]b 579

2124 qδ∕tGtr∕nsportGinGtωinGβiδlδαtriαGκilmsUG1997SGaXSGY]bWTY]b] 553

2123 {δviδwGoκG†ωδrm∕lGkounβ∕ryG{δsist∕nαδGoκGqiμωT†δmpδr∕turδG}upδrαonβuαtorsUG1997SGXWSG[`ZT[a[ 17

2122 rntrinsiαGtωδrm∕lGst∕≤ilityG∕nβGquδnαωinμGrδαovδryGoκGtωinTκilmGsupδrαonβuαtorsGwitωGtωδrm∕lG
≤ounβ∕ryGrδsist∕nαδUG1997SG[aSGb]XTb_b

2121 †qn{vjuGmrooU}r’r†–GxoGyj{†rlUuj†nGlxvyx}r†n}GvjmnGo{xvGjuUvrwUvGx”rmnGjwmG
wrltnuGjuUvrwrmnGk–GjGyqx†x†qn{vjuGmnounl†rxwG†nlqwrzUnUG1997SG[]SGYbaZTYbbZ 8

2120 nlδαtriα∕lG∕nβGtωδrm∕lGαonβuαtivityGoκGβisαontinuouslyGrδinκorαδβG∕luminumGαompositδsG∕tG
su≤T∕m≤iδntGtδmpδr∕turδsUG1997SG[]SGZbXXTZbX[ 28

2119 l∕pill∕ryGpωδnomδn∕G∕nβGm∕αrosαopiαGβyn∕miαsGoκGαomplδxGtwoTβimδnsion∕lGβδκδαtsGinGαryst∕lsUG
1997SG]]SGXT]` 43

2118 ’i≤r∕tionsGloα∕lizδβGnδ∕rGsurκ∕αδsG∕nβGintδrκ∕αδsGinGnontr∕βition∕lGαryst∕lsUG1997SG]]SG]bTXXX 13

2117 myn∕miα∕lGsimul∕tionsGoκGnonδquili≤riumGproαδssδsGâ��Gqδ∕tGκlowG∕nβGtωδGt∕pitz∕Grδsist∕nαδG∕αrossG
μr∕inG≤ounβ∕riδsUG1997SGXWYSG]X`T]YX 196

2116 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδGκorGtωinTκilmGωiμωT†αGsupδrαonβuαtorsG∕tGv∕ryinμGintδrκ∕αi∕lG
tδmpδr∕turδGβropsUG1997SG[WSGY_Z`TY_[] 16

2115 rnκluδnαδGoκGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGonG≤olomδtriαGrδsponsδGoκGωiμωT†αGsupδrαonβuαtinμGκilmsUG
1998SGZaSGaaXTabY 2

2114 †ωδrm∕lGintδrκ∕αδGrδsist∕nαδG∕nβGsu≤surκ∕αδGδκκusivityGoκGsu≤miαronGmδt∕lliαGκilmsGonGβiδlδαtriαG
su≤str∕tδscG∕nGδxpδrimδnt∕lGmδtωoβGκorGsimult∕nδousGβδtδrmin∕tionUG1998SG[XSGY`aXTY`ba 16

2113 {δsponsδGoκG∕G–k∕luxVvμxG≤olomδtδrGstruαturδG∕tGωiμωGlδvδlsGoκGl∕sδrGδxαit∕tionUGwonlinδ∕rG
moβδlG∕nβGδxpδrimδntUG1998SG[WSGX_bTX`Y 1
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2112 †ωδrm∕lG∕n∕lysisGonGvolt∕μδGrδsponsδsGoκGωiμωT†GαGsupδrαonβuαtinμGtωinTκilmsGδxposδβGtoG∕GpulsδG
l∕sδrG≤δ∕mUG1998SGXYSGX[ZTX]Y 1

2111 jnom∕lousG†ωδrm∕lG†r∕nsportGinGzu∕ntumG“irδsUG1998SGaWSG]_XXT]_X[ 61

2110 yωononGtr∕nsportGinGprδssurδTm∕βδGpointGαont∕αtsUG1998SGXWSGaZXZTaZY_ 7

2109 vultil∕yδrG†ωδrmioniαG{δκriμδr∕tionUG1998SGaWSG[WX_T[WXb 282

2108 mδtδrmininμGtωδGt∕pitz∕Grδsist∕nαδG∕nβGtωδGtωδrm∕lGαonβuαtivityGoκGpolyαryst∕lscGjGsimplδGmoβδlUG
1998SG]`SGaY_[TaY_a 164

2107 xnGtωδGpositivδGtδmpδr∕turδGβδpδnβδnαδGoκGtωδGtωδrm∕lGαonβuαtivityGoκG∕Gβi∕monβT≤∕sδβGωδ∕tGsinkG
p∕stδUG1998SGYXSGXY[TXY_ 2

2106 rntδrκ∕αδGlontri≤utionsGtoGuoα∕lizδβGqδ∕tinμGoκGmiδlδαtriαG†ωinGoilmsUG1998SG_`SGZ`T_a 1

2105 nlδαtroniαGt∕pitz∕Gαonβuαt∕nαδGβuδGtoGinδl∕stiαGδlδαtronT≤ounβ∕ryGsα∕ttδrinμUG1998SG]aSG{XWXbbT{XWYWY 83

2104 †ωδrm∕lGαonβuαtivityG∕nβG≤∕llistiαTpωononGtr∕nsportGinGtωδGαrossTpl∕nδGβirδαtionGoκGsupδrl∕ttiαδsUG
1998SG]`SGX[b]aTX[b`Z 836

2103 jppliα∕tionGoκGmiκκusδGvism∕tαωG†ωδoryGtoGtωδGyrδβiαtionGoκG†ωδrm∕lGkounβ∕ryG{δsist∕nαδGinG
†ωinToilmGqiμωT†αG}upδrαonβuαtorsUG1998SGXYWSGZ`T[Z 61

2102 vultil∕yδrGtωδrmioniαGrδκriμδr∕torG∕nβGμδnδr∕torUG1998SGaZSG[_aZT[_ab 124

2101 v∕μnδtiαTκiδlβTinβuαδβGsiμnGrδvδrs∕lGoκGtr∕nsiδntGpωotorδκlδαt∕nαδGinGlβXâ��xvnx†δcGy∕r∕m∕μnδtiαG
sωiκtG∕tGlowGm∕nμ∕nδsδGαonαδntr∕tionUG1998SG]aSG[]YYT[]ZW 1

2100 kounβ∕ryGnκκδαtsGinG†ωinToilmG†ωδrmoδlδαtriαsUG1998SG][]SGY_] 8

2099 †ωδrm∕lGlonβuαtivityG∕nβGyωononGnnμinδδrinμGinGuowTmimδnsion∕lG}truαturδsUG1998SG][]SGZ]` 5

2098 yropδrtiδsGoκGuioG∕nβGjlYxZGtoGY[WGpy∕GκorGvδt∕lG}ωoαkG†δmpδr∕turδGvδ∕surδmδntsUG1998SGZZ]TZ[Z 5

2097 †ωδrm∕lGβiκκusivityGmδ∕surδmδntGoκGpolymδriαGtωinGκilmsGusinμGtωδGpωototωδrm∕lGβispl∕αδmδntG
tδαωniquδUGrrUGxnTw∕κδrGmδ∕surδmδntUG1999SGa_SG_WYaT_WZa 9

2096 vultil∕yδrGtωδrmoδlδαtriαGrδκriμδr∕tionGinGqμXâ��xlβx†δGsupδrl∕ttiαδsUG1999SGa_SGZXb]TZXba 33

2095 wio≤iumGsosδpωsonGjunαtionG≤olomδtδrsGκorGoptiα∕lGβδtδαtionGinGtωδGvisi≤lδTinκr∕rδβGrδμionUG1999SGbSGZa__TZa_b4

(1999-1998)
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2094 u∕ttiαδGβyn∕miαsGoκG∕GβisorβδrδβGsoliβTsoliβGintδrκ∕αδUG1999SG_WSG_[]bT_[_[ 46

2093 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκGmδαω∕niα∕lGαont∕αtsG≤δtwδδnGsoliβsG∕tGsu≤T∕m≤iδntGtδmpδr∕turδsUG
1999SGZYSG{XbT{[Z 80

2092 rnδl∕stiαGδlδαtronâ��≤ounβ∕ryGsα∕ttδrinμGinGtωinGκilmsUG1999SGY_ZTY_[SGYX`TYXb 20

2091 u∕ttiαδTβyn∕miα∕lGα∕lαul∕tionGoκGpωononGsα∕ttδrinμG∕tG∕GβisorβδrδβGintδrκ∕αδUG1999SGY_ZTY_[SG`ZbT`[X 8

2090 qypδr≤oliαGωδ∕tGαonβuαtionGinGtωinTκilmGωiμωG†αGsupδrαonβuαtorsGwitωGintδrκ∕αδGtωδrm∕lGrδsist∕nαδUG
1999SGZbSG`ZbT`]W 14

2089 qnj†GlxwmUl†rxwGrwGwx’nuGnunl†{xwrlGoruv}UG1999SGYbSGY_XTYbZ 129

2088 }potGαoolinμGusinμGtωδrmoδlδαtriαGmiαroαoolδrsUG

2087 vultil∕yδrGtωδrmioniαGrδκriμδr∕tionUG 3

2086 “iδβδm∕nnâ��or∕nzGl∕wG∕tG≤ounβ∕riδsUG1999SG`[SGb]ZTb][ 92

2085 nκκδαtsGoκGpωononGporδGsα∕ttδrinμG∕nβGporδGr∕nβomnδssGonGδκκδαtivδGαonβuαtivityGoκGporousGsiliαonUG
2000SG[ZSG]YXT]Za 73

2084 nκκδαtGoκGintδrκ∕αδGtωδrm∕lGrδsist∕nαδGonGωδ∕tGtr∕nsκδrGinG∕GαompositδGmδβiumGusinμGtωδGtωδrm∕lG
w∕vδGmoβδlUG2000SG[ZSG_]ZT__Z 86

2083 jGmlG}zUrmG∕tGultr∕lowGtδmpδr∕turδUG2000SGYa[TYaaSGYXXbTYXYX

2082 lω∕r∕αtδriz∕tionGoκGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG≤yG∕αoustiαGmiαroμr∕pωyGim∕μinμUG2000SG[WSG[_]T[`_ 10

2081 ”Tr∕yVU’GsinμlδGpωotonGβδtδαtorsGwitωGisotropiαG}δδ≤δαkGsδnsorsUG2000SG[[[SGYZYTYZ_ 8

2080 yωononGδnμinδδrinμGinGn∕nostruαturδsGκorGsoliβTst∕tδGδnδrμyGαonvδrsionUG2000SGYbYSGX]]TX_X 65

2079 †ωδrm∕lGm∕n∕μδmδntGoκGpowδrGδlδαtroniαsGmoβulδsGvi∕G∕αoustiαGmiαroμr∕pωyGim∕μinμUG 2

2078 qδ∕tGαonβuαtionGinG—n}c}ixYGαompositδGκilmsUG2000SG_XSG_WZ_T_W[W 7

2077 wonTxωmiαGωoppinμGtr∕nsportGinG∕â��–}icGoromGisotropiαGtoGβirδαtδβGpδrαol∕tionUG2000SG_XSGaXWaTaXXa 11
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2076 uowGtδmpδr∕turδG∕αoustiαGpropδrtiδsGoκG∕morpωousGsiliα∕G∕nβGtωδGtunnδlinμGmoβδlUG2000SGa[SG[_WXT[ 20

2075 }tuβyGoκGintδrκ∕αδGδκκδαtsGinGtωδrmoδlδαtriαGmiαrorδκriμδr∕torsUG2000SGaaSG[XZ] 31

2074 vδ∕surδmδntsGoκGqu∕sip∕rtiαlδGtωδrm∕liz∕tionGinG∕Gnorm∕lGmδt∕lUG2000SG_XSGX[aZbTX[a[Z 17

2073 myn∕miα∕lGpropδrtiδsGnδ∕rGtωδGmδt∕lTinsul∕torGtr∕nsitioncGδviβδnαδGκorGδlδαtronT∕ssistδβGv∕ri∕≤lδG
r∕nμδGωoppinμUG2000SGa[SGY[_bT`Y 36

2072 uowGnoisδGαryoμδniαGδlδαtroniαscGprδ∕mpliκiδrGαonκiμur∕tionsGwitωGκδδβ≤∕αkGonGtωδG≤olomδtδrUG2000
SG[`SG[YaT[Z` 5

2071 †ωδrm∕lGtr∕nsportGtωrouμωGtωinGκilmscGvir∕μδGtδαωniquδGmδ∕surδmδntsGonG∕luminumVtit∕niumG
multil∕yδrsUG2000SGX]SG`_[T``X 16

2070 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδG∕tGpδY}≤Y†δ]V—n}c}ixYGintδrκ∕αδUG2000SG`_SGZa_[TZa__ 105

2069 rm∕μδsGoκGtωδGpωononGprop∕μ∕tionG∕αrossGtwistT≤onβδβGαryst∕lsUG2000SGa]SG]baT_WX 13

2068 lω∕rμδG∕nβGωδ∕tGαollδαtionGinG∕G`WGμGωδ∕tVioniz∕tionGαryoμδniαGβδtδαtorGκorGβ∕rkGm∕ttδrGsδ∕rαωUG
2000SGa`SGX]W`TX]YX 16

2067 rntδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG∕nβGtδmpδr∕turδGβδpδnβδnαδGoκGtωrδδG∕βωδsivδsGκorGδlδαtroniαG
p∕αk∕μinμUG2000SGYZSG_ZZT_Z` 19

2066 vinimumGtωδrm∕lGαonβuαtivityGoκGsupδrl∕ttiαδsUG2000SGa[SGbY`TZW 394

2065 ’∕ri∕tionsGoκGjαoustiαG∕nβGmiκκusδGvism∕tαωGvoβδlsGinGyrδβiαtinμG†ωδrm∕lTkounβ∕ryG{δsist∕nαδUG
2000SGX[SGX[[TX]W 47

2064 yωononGqδ∕tGlonβuαtionGinG†ωinGoilmscGrmp∕αtsGoκG†ωδrm∕lGkounβ∕ryG{δsist∕nαδG∕nβGrntδrn∕lGqδ∕tG
pδnδr∕tionUG2001SGXYZSGZ[WTZ[` 86

2063 }u≤TlontinuumG}imul∕tionsGoκGqδ∕tGlonβuαtionGinG}iliαonTonTrnsul∕torG†r∕nsistorsUG2001SGXYZSGXZWTXZ` 107

2062 wxwnzUrurk{rUvGyqxwxwGjwmGnunl†{xwG†{jw}yx{†GrwGqn†n{x}†{Ul†U{n}GjwmG
}Uyn{uj††rln}UG2001SG]SG`XTaa 41

2061 yωononG†r∕nsportGinGuowTmimδnsion∕lG}truαturδsUG2001SG`XSGYWZTY]b 80

2060 lω∕ptδrGaGqδ∕tG∕nβGδlδαtriαityGtr∕nsportGtωrouμωGintδrκ∕αδsUG2001SG`WSGY[]TY`X 16

2059 xpδnGpωoto∕αoustiαGαδllGβδtδrmin∕tionGoκGtωδGtωδrm∕lGintδrκ∕αδGrδsist∕nαδGinGtwoGl∕yδrGsystδmsUG
2001SGabSG[W`WT[W`] 20

(2001-2000)
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2058 pr∕inT}izδTmδpδnβδntG†ωδrm∕lG†r∕nsportGyropδrtiδsGinGw∕noαryst∕llinδG–ttri∕T}t∕≤ilizδβG—irαoni∕UG
2001SG`WZSGX 3

2057 ”T{∕yGmδsorptionGoκGvolδαulδsGκromGpr∕insGinGyrotopl∕nδt∕ryGmisksUG2001SG]_XSGaaWTaab 27

2056 vδ∕surδmδntsGonGtωδGt∕pitz∕Grδsist∕nαδGoκGvδryGtωinGsupδrκluiβGωδliumGκilmsUG2001SGYbZSGYb`TZWZ 2

2055 †ωδrm∕lGαont∕αtGrδsist∕nαδG≤δtwδδnGωiμωT†αGsupδrαonβuαtorG∕nβGαoppδrUG2001SGZ]`TZ_WSG`a]T`aa 19

2054 †ωδrm∕lGαω∕r∕αtδriz∕tionGoκGkiY†δZV}≤Y†δZGsupδrl∕ttiαδsUG2001SGbWSG`_ZT`_` 113

2053 villisδαonβGδlδαtronâ��pωononGrδl∕x∕tionGinGultr∕tωinGβisorβδrδβGmδt∕lGκilmsG∕tGmillikδlvinG
tδmpδr∕turδsUG2001SG`bSGYW[bTYW]X 63

2052 jG}α∕ttδrinμTvδβi∕tδβGjαoustiαGvism∕tαωGvoβδlGκorGtωδGyrδβiαtionGoκG†ωδrm∕lGkounβ∕ryG
{δsist∕nαδUG2001SGXYZSGXW]TXXY 92

2051 lommδntGonG−tωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκGmδαω∕niα∕lGαont∕αtsG≤δtwδδnGsoliβsG∕tGsu≤T∕m≤iδntG
tδmpδr∕turδsNUG2001SGZ[SGYbZYTYbZ[ 12

2050 vδ∕surδmδntGoκG≤∕llistiαGpωononGαonβuαtionGnδ∕rGωotspotsGinGsiliαonUG2001SG`aSGZZZXTZZZZ 64

2049 pr∕inT≤ounβ∕ryTαontrollδβGimpδβ∕nαδsGoκGδlδαtroαδr∕miαscGpδnδr∕lizδβGδκκδαtivδTmδβiumG∕ppro∕αωG
∕nβG≤riαkTl∕yδrGmoβδlUG2001SGabSGZb]]TZb]b 18

2048
jGmxvjrwGmnlxvyx}r†rxwGvn†qxmGox{G}xu’rwpGZTmGqnj†G†{jw}yx{†GnzUj†rxw}GrwGjG
mxUkunTuj–n{nmGl–urwm{rljuG†qrwGoruvG“r†qG}Ukvrl{x}ljunG†qrltwn}}GjwmGwxwurwnj{G
rw†n{ojlrjuGlxwmr†rxw}UG2001SG[WSG_XbT_Za

5

2047 {δl∕x∕tionGoκG∕nGoptiα∕llyGαrδ∕tδβGpωononGvoiβGinGβilutδGru≤yUG2001SG_[SG 1

2046 yωononGsα∕ttδrinμG∕nβGintδrn∕lGκriαtionGinGβiδlδαtriαG∕nβGmδt∕lliαGκilmsG∕tGlowGtδmpδr∕turδsUG2001SG
_ZSG 8

2045 †ωδrm∕lGαonβuαtivityG∕nβGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδGoκGpolymδriαGlowGkGκilmsUG2001SG`bSG[XYXT[XYZ 47

2044 volδαul∕rGβyn∕miαsGα∕lαul∕tionGoκGtωδGtωδrm∕lGαonβuαtivityGoκGsupδrl∕ttiαδsUG2002SG__SG 120

2043 †ωδrm∕lGαonβuαtivityGoκG}iV}ipδG∕nβG}ipδV}ipδGsupδrl∕ttiαδsUG2002SGaWSGX`Z`TX`Zb 276

2042 †ωδrm∕lGαonβuαt∕nαδG∕nβGδlδαtronTpωononGαouplinμGinGmδαω∕niα∕llyGsuspδnβδβGn∕nostruαturδsUG
2002SGaXSGZXTZZ 41

2041 Uw}†njm–Gqnj†G†{jw}yx{†GrwGmr{nl†rxwGyn{ynwmrlUuj{G†xGjGmxUkunTuj–n{G†qrwToruvG
}†{Ul†U{nUG2002SG[XSGZ`ZTZbW 6
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2040 †δmpδr∕turδTμr∕βiδntâ��inβuαδβGinst∕≤ilityGinGpolymδrGκilmsUG2002SG_WSGY]]TY_X 54

2039 {δκδrδnαδsUG2002SG

2038 lomp∕risonGoκG∕tomiαTlδvδlGsimul∕tionGmδtωoβsGκorGαomputinμGtωδrm∕lGαonβuαtivityUG2002SG_]SG 1117

2037 lolloiβ∕lGmδt∕lGp∕rtiαlδsG∕sGpro≤δsGoκGn∕nosα∕lδGtωδrm∕lGtr∕nsportGinGκluiβsUG2002SG__SG 236

2036 qiμωTtδmpδr∕turδGpωononGtωδrm∕lGαonβuαtivityGoκGn∕nostruαturδsUG2002SG__SG 49

2035 k∕llistiαTmiκκusivδGnqu∕tionsGκorG†r∕nsiδntGqδ∕tGlonβuαtionGoromGw∕noGtoGv∕αrosα∕lδsUG2002SGXY[SGZYWTZYa 177

2034 yωononGw∕vδTp∕αkδtGβyn∕miαsG∕tGsδmiαonβuαtorGintδrκ∕αδsG≤yGmolδαul∕rTβyn∕miαsGsimul∕tionUG
2002SGaWSGY[a[TY[a_ 242

2033 †ωδrm∕lGrδsist∕nαδGoκGintδrκ∕αδsGinGjlwâ��βi∕monβGtωinGκilmGαompositδsUG2002SGbXSGXYY[TXYZ] 18

2032 oillinμGoκG∕nGoptiα∕llyGαrδ∕tδβGpωononGvoiβUG2002SGZX_TZX`SGY]aTY_W

2031 pδnδr∕tionG∕nβGprop∕μ∕tionGoκGαoωδrδntGpωononG≤δ∕msUG2002SGZX_TZX`SGYabTYbX 2

2030
lommδntGonGâ��rnvδrsδGyro≤lδmGκorGlompositδsGwitωGrmpδrκδαtGrntδrκ∕αδcGmδtδrmin∕tionGoκG
rntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδSG†ωδrm∕lGlonβuαtivityGoκGlonstituδntsSG∕nβGviαrostruαtur∕lG
y∕r∕mδtδrsâ��UG2002SGa]SGX_[ZTX_[]

8

2029 rntδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδGinGn∕noαryst∕llinδGyttri∕Tst∕≤ilizδβGzirαoni∕UG2002SG]WSGYZWbTYZX` 254

2028 †ωδrmomδtryG∕nβG†ωδrm∕lG†r∕nsportGinGviαroVw∕nosα∕lδG}oliβT}t∕tδGmδviαδsG∕nβG}truαturδsUG2002SG
XY[SGYYZTY[X 476

2027 †ωδrm∕lGαω∕r∕αtδristiαsGinG∕Gn∕nomδtδrGsα∕lδUG2002SG_bSG`X`T`Y] 7

2026 yωoto∕αoustiαGinvδstiμ∕tionGoκGtωδGδκκδαtivδGβiκκusivityGoκGtwoTl∕yδrGsδmiαonβuαtorsUG2002SGXWWSGZXZZTZXZa 6

2025 w∕nosα∕lδGtωδrm∕lGtr∕nsportUG2003SGbZSG`bZTaXa 2204

2024 †ωδrm∕lG∕n∕lysisGoκGultr∕TtωinG≤oβyGβδviαδGsα∕linμG }xrG∕nβGoinoδtGβδviαδs·UG 31

2023 jnGinvδstiμ∕tionGonGintδrκ∕αδGtωδrm∕lGrδsist∕nαδG∕tGsupδrαonβuαtorGαoolinμG≤yGαryoαoolδrUG2003SG
Za_SG][`T]]W 5

(2003-2002)
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2022 rntδrκ∕αi∕lGωδ∕tGκlowGinGα∕r≤onGn∕notu≤δGsuspδnsionsUG2003SGYSG`ZXT[ 926

2021 †ωδrm∕lGαonβuαt∕nαδGoκGδpit∕xi∕lGintδrκ∕αδsUG2003SG_`SG 355

2020 vorpωoloμiα∕lGrnst∕≤ilityGoκG∕GlonκinδβGyolymδrGoilmGinG∕G†ωδrm∕lGpr∕βiδntUG2003SGZ_SGX_[]TX_]] 70

2019 y∕rti∕llyGαoωδrδntGpωononGωδ∕tGαonβuαtionGinGsupδrl∕ttiαδsUG2003SG_`SG 142

2018 yωononGωδ∕tGαonβuαtionGinGmiαroTG∕nβGn∕noTαorδTsωδllGstruαturδsGwitωGαylinβriα∕lG∕nβGspωδriα∕lG
μδomδtriδsUG2003SGbZSG[X_ZT[X_a 14

2017 volδαul∕rTβyn∕miαsGstuβyGoκGδnδrμyGκlowG∕nβGtωδGt∕pitz∕Gαonβuαt∕nαδG∕αrossG∕nGintδrκ∕αδGwitωG
impδrκδαtionGκormδβG≤yGtwoGβiδlδαtriαGtωinGκilmsUG2003SG_`SG 33

2016 †ωδrm∕lGβδsiμnGoκGsupδrαonβuαtinμGβiμit∕lGαirαuitsGκorGmillitδlvinGopδr∕tionUG2003SGXZSGb`aTbaX 5

2015 †ωδorδtiα∕lG†ωδrm∕lGlonβuαtivityGoκGyδrioβiαG†woTmimδnsion∕lGw∕noαompositδsUG2003SG`bZSGXb[

2014 †ωδrm∕lGαont∕αtGrδsist∕nαδGδv∕lu∕tionGinGpolymδrT≤∕sδβGα∕r≤onGκi≤δrGαompositδsUG2003SG`[SGaYaTaZW 16

2013 miκκusionâ��tr∕nsmissionGintδrκ∕αδGαonβitionGκorGδlδαtronG∕nβGpωononGtr∕nsportUG2003SGaYSGbbXTbbZ 29

2012 qδ∕tinμGinGmδs∕GstruαturδsUG2003SGb[SG[__]T[__b 21

2011 †woGrδμimδsGoκGtωδrm∕lGrδsist∕nαδG∕tG∕Gliquiβâ��soliβGintδrκ∕αδUG2003SGXXaSGZZ`TZZb 177

2010 qδ∕tGαonβuαtionGoκG∕Gspωδroiβ∕lGinωomoμδnδityGwitωGimpδrκδαtlyG≤onβδβGintδrκ∕αδUG2003SGb[SGX]ZbTX][b 21

2009 †ωδrmoδlδαtriαGpropδrtiδsGoκGsupδrl∕ttiαδGn∕nowirδsUG2003SG_aSG 254

2008 nlδαtriαTκiδlβTinβuαδβGωδ∕tinμG∕nβGδnδrμyGrδl∕x∕tionGinGp∕wUG2003SGaYSGZWZ]TZWZ` 19

2007 wumδriα∕lGsimul∕tionGoκGtωδrm∕lGαonβuαtivityGoκGvvlscGδκκδαtGoκGtωδrm∕lGintδrκ∕αδGrδsist∕nαδUG2003
SGXbSGXXW`TXXX[ 15

2006 †δmpδr∕turδGβδpδnβδnαδGoκGtωδGpω∕sδGoκGtωδGrδsponsδGoκG–klxGδβμδTtr∕nsitionG≤olomδtδrscG
δκκδαtsGoκGsupδrαonβuαtivityGtr∕nsitionG∕nβGtωδrm∕lGp∕r∕mδtδrsUG2003SGX_SGYaTZY 7

2005 lurrδntTinβuαδβGp∕irG≤rδ∕kinμGinGm∕μnδsiumGβi≤oriβδUG2004SGX_SG{XXaZT{XYW[ 42

Citation Report

12



2004 yω∕sδGtr∕nsitionGβyn∕miαsGmδ∕surδmδntsGinGsupδrωδ∕tδβGliquiβsG≤yGmonitorinμGtωδGδjδαtionGoκG
n∕nomδtδrTtωiαkGκilmsUG2004SGa]SGY`]bTY`_X 14

2003 yulsδβGpωototωδrm∕lGrδκlδαt∕nαδGmδ∕surδmδntGoκGtωδGtωδrm∕lGαonβuαtivityGoκGsputtδrδβG∕luminumG
nitriβδGtωinGκilmsUG2004SGb_SG[]_ZT[]_a 75

2002 jGstuβyGoκGωδ∕tGμδnδr∕tionG∕nβGtr∕nsportGinGtunnδlGjunαtionsUG

2001 k∕llistiαGpωononGtr∕nsportGinGstr∕inδβG}iV}ipδGn∕nostruαturδsGwitωG∕nG∕ppliα∕tionGtoGstr∕inδβTsiliαonG
tr∕nsistorsUG 6

2000 yj{juunuGlxvyU†j†rxwGxoG†qnGkxu†—vjwwG†{jw}yx{†GnzUj†rxwGox{Gvrl{x}ljunGqnj†G
†{jw}on{GrwGvUu†ruj–n{nmG†qrwGoruv}UG2004SG[_SGZXT]a 19

1999 †qn{vjuGlqj{jl†n{r—j†rxwGxoGp∕jswG†qrwGoruv}Gk–GyUu}nmGyqx†x†qn{vjuG{nounl†jwlnG
†nlqwrzUnUG2004SGWZSG`aXT`a` 3

1998 Ultr∕TlowGtωδrm∕lGαonβuαtivityGinG“VjlYxZGn∕nol∕min∕tδsUG2004SGZWZSGbabTbW 292

1997 †ωδrm∕lGαonβuαtivityGmoβδlinμGoκGpδrioβiαGtwoTβimδnsion∕lGn∕noαompositδsUG2004SG_bSG 251

1996 {olδGoκGδlδαtronâ��pωononGαouplinμGinGtωδrm∕lGαonβuαt∕nαδGoκGmδt∕lâ��nonmδt∕lGintδrκ∕αδsUG2004SGa[SG[`_aT[``W 338

1995 viαroTtωδrmoδlδαtriαGαoolδrcGintδrκ∕αi∕lGδκκδαtsGonGtωδrm∕lG∕nβGδlδαtriα∕lGtr∕nsportUG2004SG[`SGY[X`TY[Z] 183

1994 rnvδrsδGβδtδrmin∕tionGoκGsurκ∕αδGtδmpδr∕turδGinGtωinTκilmVsu≤str∕tδGsystδmsGwitωGintδrκ∕αδGtωδrm∕lG
rδsist∕nαδUG2004SG[`SGZ]W`TZ]X] 8

1993 nκκδαtsGoκGintδrκ∕αi∕lGtωδrm∕lG≤∕rriδrGrδsist∕nαδG∕nβGp∕rtiαlδGsω∕pδG∕nβGsizδGonGtωδGtωδrm∕lG
αonβuαtivityGoκGjlwVyrGαompositδsUG2004SG_[SGX_YZTX_Ya 144

1992 nlδαtronâ��pωononGintδr∕αtionGinGtωinGαoppδrG∕nβGμolβGκilmsUG2004SGXSGY`bbTYaWY 11

1991 †ωδGrmp∕αtGoκGw∕nostruαturinμGonGtωδG†ωδrm∕lGlonβuαtivityGoκG†ωδrmoδlδαtriαGlo}≤ZUG2004SGX[SGXXabTXXb_ 239

1990 yωysiαsGoκGδlδαtronsG∕nβGpωononsGinGlowTtδmpδr∕turδGβδtδαtorsUG2004SG]YWSGYXTY_ 5

1989 nκκδαtGoκGliquiβGl∕yδrinμG∕tGtωδGliquiβâ��soliβGintδrκ∕αδGonGtωδrm∕lGtr∕nsportUG2004SG[`SG[Y``T[Ya[ 360

1988 k∕sδGtoG∕pδxGtωδrm∕lGαonβuαt∕nαδGoκG∕GαonδGδm≤δββδβGinG∕GnonTiβδ∕lGinsul∕torUG2004SG[`SG]Y`XT]YaZ 2

1987 †ωδrm∕lGαω∕r∕αtδriz∕tionGoκGμ∕lliumG∕rsδniαGnitriβδGδpil∕yδrGonGμ∕lliumG∕rsδniβδGsu≤str∕tδGusinμG
pulsδβGpωototωδrm∕lGrδκlδαt∕nαδGtδαωniquδUG2004SG[]WSGZ]YTZ]_ 18

(2004-2004)
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1986 volδαul∕rGβyn∕miαsGstuβyGoκGtωδGl∕ttiαδGtωδrm∕lGαonβuαtivityGoκGtrVjrGsupδrl∕ttiαδGn∕nowirδsUG2004SG
Z[bSGY`WTYaW 82

1985 †ωδrm∕lGαonβuαt∕nαδGmδ∕surδmδntsGoκG≤oltδβGαoppδrGtoGαoppδrGjointsG∕tGsu≤TtδlvinGtδmpδr∕turδsUG
2004SG[[SGYbZTYbb 26

1984 †qn{vjuG†{jw}yx{†GrwGwjwxouUrm}UG2004SGZ[SGYXbTY[_ 632

1983 t∕pitz∕Gαonβuαt∕nαδG∕nβGpωononGsα∕ttδrinμG∕tGμr∕inG≤ounβ∕riδsG≤yGsimul∕tionUG2004SGb]SG_WaYT_WbX 201

1982 {olδGoκGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGonGtωδGωδ∕tGκlowGinGα∕r≤onTn∕notu≤δGαompositδsUG2004SGb]SGaXZ_TaX[[ 424

1981 jnGovδrviδwGoκG∕βv∕nαδsGinGωδ∕tGαonβuαtionGmoβδlsG∕nβG∕ppro∕αωδsGκorGprδβiαtionGoκGtωδrm∕lG
αonβuαtivityGinGtωinGβiδlδαtriαGκilmsUG2004SGX[SGXYT_] 20

1980 †ωδorδtiα∕lGpωononGtωδrm∕lGαonβuαtivityGoκG}iVpδGsupδrl∕ttiαδGn∕nowirδsUG2004SGb]SG_aYT_bZ 312

1979 nκκδαtivδGtωδrm∕lGαonβuαtivitycG∕ppliα∕tionGtoGpωototωδrm∕lGδxpδrimδntsGκorGtωδGα∕sδGoκG≤ulkGliμωtG
∕≤sorptionUG2004SGY[XSGXYa_TXYba 4

1978 †ωδrm∕lGpropδrtiδsGoκGp∕wV}iGωδtδrostruαturδsGμrownG≤yGmolδαul∕rG≤δ∕mGδpit∕xyUG2005SGY`aSG[X]T[YW 1

1977 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκGn∕noαompositδsUG2005SG[aSG[b[YT[b]Y 27

1976 rnκluδnαδGoκGintδrκ∕αi∕lGl∕yδrsGonGrδson∕nαδGpωononGtr∕nsportUG2005SGaXSG]WZT]Wb 2

1975 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδG∕tG∕nGδpit∕xi∕llyGpδrκδαtGintδrκ∕αδGoκGtωinGκilmsUG2005SG[[SG][`T]]a 27

1974 qδ∕tGβissip∕tionGinGωiμωTpowδrGp∕wGδlδαtroniαsGonGtωδrm∕llyGrδsistivδGsu≤str∕tδsUG2005SG]YSGX_aZTX_aa 20

1973 †ωδrm∕lG∕nβGstruαtur∕lGpropδrtiδsGoκGspr∕yGpyrolysδβGlβ}GtωinGκilmUG2005SGYaSGYZZTYZa 47

1972 vδ∕surδmδntGoκG}olβδrVloppδrGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδG≤yGtωδGol∕sωG†δαωniquδUG2005SGY_SGX_W`TX_X] 22

1971 vδ∕surδmδntsGoκGtωδG†ωδrm∕lGnκκusivityGoκG∕GmropT}izδGuiquiβGUsinμGtωδGyulsδG†r∕nsiδntGqotT}tripG
†δαωniquδUG2005SGY_SGXaWZTXaXZ 3

1970 rntδrκ∕αi∕lGtωδrm∕lGαonβuαtivitycGrnsiμωtsGκromG∕tomiαGlδvδlGsimul∕tionUG2005SG[WSGZX[ZTZX[a 18

1969 v∕n∕μinμGωδ∕tGκorGδlδαtroniαsUG2005SGaSGZWTZ] 177
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1968 †ωδrm∕lGpropδrtiδsGoκG∕GωiμωGvolumδGκr∕αtionG}ilGp∕rtiαlδTrδinκorαδβGpurδG∕luminumGαompositδUG
2005SGYWYSGXWZZTXW[W 8

1967 nκκδαtivδG†ωδrm∕lGlonβuαtivityGoκGvo}iYV}ilGlompositδsUG2005SG[bYT[bZSG]]XT]][

1966 yωononGtr∕nsmissionGinGrrrâ��’GsδmiαonβuαtorGsupδrl∕ttiαδsG∕nβG∕lloysUG2005SGYWSGZ[`TZ]Y 5

1965 †ωδrm∕lGαonβuαtivityGoκGn∕nosα∕lδGtωinGniαkδlGκilmsUG2005SGX]SGbYYTbYb 8

1964 rmp∕αtGoκGμr∕inGsizδsGonGpωononGtωδrm∕lGαonβuαtivityGoκG≤ulkGtωδrmoδlδαtriαGm∕tδri∕lsUG2005SGa`SGY[YXWX 39

1963 vδ∕surδmδntGoκGtωδG∕αoustiαGpropδrtiδsGoκG∕morpωousGsiliα∕G∕≤ovδG[U]mtUG2005SG`XSG 8

1962 yotδnti∕lTstδpG∕mpliκiδβGnonδquili≤riumGtωδrm∕lTδlδαtriαGαonvδrtδrsUG2005SGb`SGWaZ`W` 8

1961 pδnδr∕tionG∕nβGprop∕μ∕tionGoκG∕GpiαosδαonβG∕αoustiαGpulsδG∕tG∕G≤uriδβGintδrκ∕αδcGtimδTrδsolvδβG
xTr∕yGβiκκr∕αtionGmδ∕surδmδntsUG2005SGb]SGY[_XW[ 33

1960 w∕nosα∕lδGωδ∕tGαonβuαtionG∕αrossGtunnδlGjunαtionsUG2005SGa_SGYWZXXZ 21

1959 viαroTG∕nβGn∕nosα∕lδGtωδrm∕lGpωδnomδn∕GinGtωinTκilmGm∕μnδtiαGrδαorβinμGωδ∕βsUG2005SGYZSGXY`_TXYaZ 1

1958 x≤sδrv∕tionGoκGβisorβδrTinβuαδβGwδ∕kδninμGoκGδlδαtronTpωononGintδr∕αtionGinGtωinGno≤lδTmδt∕lG
κilmsUG2005SG`YSG 30

1957 xnTαωipGintδμr∕tδβG}zUrmGrδ∕βoutGκorG}upδrαonβuαtinμG≤olomδtδrsUG2005SGX]SG]Z`T][W 4

1956 {∕nβomGw∕lksGinGn∕notu≤δGαompositδscGrmprovδβG∕lμoritωmsG∕nβGtωδGrolδGoκGtωδrm∕lG≤ounβ∕ryG
rδsist∕nαδUG2005SGa`SGWXZXWX 43

1955 uowTtδmpδr∕turδGpωononGtr∕nsportGinGZmGpointTαont∕αtsGO{δviδwPUG2005SGZXSGbYXTb[_ 10

1954 rntδrκ∕αδG}truαturδGrnκluδnαδGonG†ωδrm∕lG{δsist∕nαδGjαrossGmou≤lδTu∕yδrδβGw∕noκilmsUG2005SGbSGYb]TZW[ 19

1953 }zUrmTμr∕βiomδtδrsGκorG∕rr∕ysGoκGintδμr∕tδβGlowGtδmpδr∕turδGm∕μnδtiαGmiαroTα∕lorimδtδrsUG2005SG
X]SG``ZT``_ 7

1952 †ωδrmomδtryGusinμGtωδrm∕lG∕αtiv∕tionGoκGsosδpωsonGjunαtionsG∕tGvillitδlvinGtδmpδr∕turδsUG2005SG
X]SGa_aTa`X 5

1951 lomp∕risonGoκGmiκκδrδntGyωononG†r∕nsportGvoβδlsGκorGyrδβiαtinμGqδ∕tGlonβuαtionGinG
}iliαonTonTrnsul∕torG†r∕nsistorsUG2005SGXY`SG`XZT`YZ 70

(2005-2005)

15



1950 yrδβiαtinμGtωδGtωδrm∕lGrδsist∕nαδGoκGn∕nosizδβGαonstriαtionsUG2005SG]SGYX]]Tb 145

1949 jαoustiαG∕nβG†ωδrm∕lGyropδrtiδsGoκG}tyα∕stGXY__G≤δlowGXWWGmtUG2005SGXZaSGaaXTaa_ 3

1948 †ωδrm∕lGrδsist∕nαδGoκGn∕nosαopiαGliquiβTliquiβGintδrκ∕αδscGβδpδnβδnαδGonGαωδmistryG∕nβGmolδαul∕rG
∕rαωitδαturδUG2005SG]SGYYY]TZX 88

1947 †ωδrm∕lGαonβuαtivityGoκGn∕nosα∕lδGαolloiβ∕lGsolutionsGOn∕noκluiβsPUG2005SGb[SGWY]bWX 679

1946 wiTwixTwiGtunnδlGjunαtionsGκorGtδr∕ωδrtzG∕nβGinκr∕rδβGβδtδαtionUG2005SG[[SG_aXZTYY 47

1945 jn∕lysisGoκGβu∕lTpω∕sδTl∕μGtωδrm∕lG≤δω∕viourGinGl∕yδrδβGκilmsGwitωGtδmpδr∕turδTβδpδnβδntG
intδrκ∕αδGtωδrm∕lGrδsist∕nαδUG2005SGZaSGZ`YYTZ`ZY 40

1944 †ωδrm∕lGαonβuαtivityGoκGsimplδG∕nβGtu≤ul∕rGn∕nowirδGαompositδsGinGtωδGlonμituβin∕lGβirδαtionUG2005
SG`YSG 199

1943 miκκusδGmism∕tαωGmoβδlGoκGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGusinμGδx∕αtGpωononGβispδrsionUG2005SG
a`SGYXXbWa 171

1942 u∕ttiαδTβyn∕miα∕lGα∕lαul∕tionGoκGpωononGsα∕ttδrinμG∕tGiβδ∕lG}iâ��pδGintδrκ∕αδsUG2005SGb`SGWY[bWZ 79

1941 vδ∕surδmδntGoκG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδGoκG∕G}δriδsGoκGvδt∕lTmiδlδαtriαGrntδrκ∕αδsG≤yGtωδG
†r∕nsiδntG†ωδrmorδκlδαt∕nαδG†δαωniquδUG2005SGXY`SGZX]TZYY 205

1940 †ωδrm∕lGαonβuαt∕nαδGoκGmδt∕lTmδt∕lGintδrκ∕αδsUG2005SG`YSG 269

1939 rmp∕αtGoκGwonδquili≤riumGkδtwδδnGnlδαtronsG∕nβGyωononsGonGqδ∕tG†r∕nsκδrGinGvδt∕lliαG
w∕nop∕rtiαlδsG}uspδnβδβGinGmiδlδαtriαGvδβi∕UG2005SGXY`SGX[WWTX[WY 20

1938 rntδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG≤δtwδδnGα∕r≤onGn∕notu≤δscGvolδαul∕rGβyn∕miαsGsimul∕tionsG∕nβG
∕n∕lytiα∕lGtωδrm∕lGmoβδlinμUG2006SG`[SG 293

1937 †ωδrm∕lGrδαtiκyinμGδκκδαtGinGm∕αrosαopiαGsizδUG2006SG`[SGW_WYWX 39

1936 †ωδrm∕lGyropδrtiδsGoκGvδt∕lTlo∕tδβG’δrtiα∕llyTjliμnδβG}inμlδG“∕llGw∕notu≤δGoilmsUG 5

1935 †ωδrm∕lGrδsist∕nαδGoκGtωδGn∕nosα∕lδGαonstriαtionsG≤δtwδδnGα∕r≤onGn∕notu≤δsG∕nβGsoliβGsu≤str∕tδsUG
2006SGabSGWXZXWb 61

1934 jn∕lysisGoκGkδyGp∕r∕mδtδrsG∕κκδαtinμGtωδGtωδrm∕lG≤δω∕viorG∕nβGpδrκorm∕nαδGoκGqu∕ntumGα∕sα∕βδG
l∕sδrsUG2006SGXWWSGW]ZXW] 28

1933 qδ∕tG†r∕nsportGinGpr∕pωitδGw∕nopl∕tδlδtGOpwyPT{δinκorαδβGyolymδriαGw∕noαompositδsG∕nβG
jluminumGxxiβδGw∕noκluiβsUG2006SG 1
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1932 {oomGtδmpδr∕turδGtωδrm∕lGαonβuαt∕nαδGoκG∕lk∕nδβitωiolGsδlκT∕ssδm≤lδβGmonol∕yδrsUG2006SGabSGX`ZXXZ 142

1931 †r∕nsiδntGtωδrm∕lGmoβδlinμGoκG∕Gn∕nosα∕lδGωotGspotGinGmultil∕yδrδβGκilmUG2006SGbbSGWaobW_ 7

1930 jsymmδtriαGωδ∕tGαonβuαtionGinGnonlinδ∕rGl∕ttiαδsUG2006SGb`SGXY[ZWY 241

1929 †ωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGrδsponsδGtoG∕Gαω∕nμδGinGlrâ��}iGintδrκ∕αi∕lGpropδrtiδsUG2006SGabSGXZXbWb 31

1928 }urκ∕αδGw∕vδsG∕nβGmoβδGαonvδrsionG∕tG∕Gsurκ∕αδGαo∕tδβGwitωG∕nGδl∕stiαGωδ∕vyGl∕yδrUG2006SG`bSG]``T]aZ 3

1927 krowni∕nTvotionTk∕sδβGlonvδαtivδTlonβuαtivδGvoβδlGκorGtωδGnκκδαtivδG†ωδrm∕lGlonβuαtivityGoκG
w∕noκluiβsUG2006SGXYaSG]aaT]b] 392

1926 †ωδrm∕lGαonβuαt∕nαδGoκGintδrκ∕αδsG≤δtwδδnGωiμωlyGβissimil∕rGm∕tδri∕lsUG2006SG`ZSG 397

1925 ’i≤r∕tionsG∕nβGtωδrm∕lGtr∕nsportGinGn∕noαryst∕llinδGsiliαonUG2006SG`[SG 97

1924 vultipωysiαsGvoβδlinμG∕nβGrmp∕αtGoκG†ωδrm∕lGkounβ∕ryG{δsist∕nαδGinGyω∕sδGlω∕nμδGvδmoryG
mδviαδsUG 11

1923 †ωδrm∕lGlonβuαtivityGoκGrnp∕jsVrnp∕jsyG}upδrl∕ttiαδsGmδ∕surδβGwitωGZˇ�GvδtωoβUG2006SG

1922 u∕sδrTirr∕βi∕tionTinβuαδβGtδmpδr∕turδGjumpG∕tGintδrκ∕αδscGnviβδnαδGκorGtωδGt∕pitz∕GδκκδαtGinG
molδαul∕rTβyn∕miαsGsimul∕tionUG2006SGZaSG]XT]] 4

1921 UG2006SGb[SGX_XZTX_Za 163

1920 †ωδrm∕lG≤uβμδtGoκGsupδrαonβuαtinμGβiμit∕lGαirαuitsG∕tGsu≤kδlvinGtδmpδr∕turδsUG2006SGbbSGWa[]WX 41

1919 Ultr∕κ∕stG”T{∕yG}α∕ttδrinμGinG}oliβsUG2006SGZ`XT[YY 10

1918 nstim∕tinμGtωδGnκκδαtsGoκGrntδrκ∕αδGmisorβδrGonGtωδG†ωδrm∕lGkounβ∕ryG{δsist∕nαδGUsinμG∕G’irtu∕lG
lryst∕lGjpproxim∕tionUG2006SGX`X 4

1917 w∕nosα∕lδG†ωδrm∕lGyωδnomδn∕GinG†unnδlGsunαtionsGκorG}pintroniαsGjppliα∕tionsUG2006SGXYaSGXWbTXX[ 1

1916 mδpδnβδnαδGoκG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδGonGrntδrκ∕αi∕lGvixinμG∕tGtωδGlωromiumT}iliαonG
rntδrκ∕αδUG2006SGYX] 1

1915 viαrosαopiαG∕nβGm∕αrosαopiαGtωδrm∕lGαont∕αtGrδsist∕nαδsGoκGprδssδβGmδαω∕niα∕lGαont∕αtsUG2006SG
XWWSGW_Z]Za 51

(2006-2006)
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1914 nκκδαtGoκGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδGonGnκκδαtivδG†ωδrm∕lGlonβuαtivityGoκGvo}iYV}ilG
lompositδsUG2006SG[`SGXY[`TXY[b 12

1913 mδvδlopmδntGoκG∕nGrntδrnδtG}ystδmGκorGlompositδGmδsiμnG∕nβG†ωδrmopωysiα∕lGyropδrtyGyrδβiαtionUG
2006SG[`SGXaaYTXaa] 3

1912 vultisα∕lδGmoβδllinμGoκGtωδrm∕lGαonβuαtivityGinGαompositδGm∕tδri∕lsGκorGαryoμδniαGstruαturδsUG2006SG
`[SGX`]TXa] 26

1911 nκκδαtGoκGαonstr∕inδβGmolδαul∕rGl∕yδrsGonGrδson∕nαδGωδ∕tGtr∕nsportGtωrouμωGintδrκ∕αδG≤δtwδδnGtwoG
mδβi∕UG2006SGXY`SG_]T_a 0

1910 volδαul∕rGβyn∕miαsGsimul∕tionsGoκGωδ∕tG∕nβGmomδntumGtr∕nsκδrG∕tG∕Gsoliβâ��κluiβGintδrκ∕αδcG
{δl∕tionsωipG≤δtwδδnGtωδrm∕lG∕nβGvδloαityGslipUG2006SG[bSGZ[WXTZ[W` 65

1909 jGmolδαul∕rGβyn∕miαsGstuβyGoκGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGinGωδtδroμδnδousGsystδmsUG2006SG[bSG[bYXT[bZX 33

1908 †ωδrm∕lGαonβuαtivityGoκGβi∕monβTlikδGα∕r≤onGκilmsUG2006SGabSGX_XbYX 178

1907 †ωδrm∕lGlonβuαtivityGoκG}m∕llGwiαkδlGy∕rtiαlδsUG2006SGY`SG]aXT]b] 28

1906 koltzm∕nnGtr∕nsportGδqu∕tionT≤∕sδβGtωδrm∕lGmoβδlinμG∕ppro∕αωδsGκorGωotspotsGinG
miαroδlδαtroniαsUG2006SG[YSG[`aT[bX 46

1905 Ultr∕κ∕stGδlδαtronGβiκκr∕αtionG∕tGsurκ∕αδsG∕κtδrGl∕sδrGδxαit∕tionUG2006SG_WWSG[Wb[T[Wba 39

1904 †ωδrm∕lGvoβδlinμGoκG∕Gvultil∕yδrδβGoilmGvi∕G†∕ylorG}δriδsGnxp∕nsionTG∕nβGuδ∕stG
}qu∕rδsTk∕sδβTu∕ttiαδGkoltzm∕nnGvδtωoβUG2006SG[YSGY[`[TY[`_ 3

1903 jGUniκiδβGviαrosαopiαG∕nβGv∕αrosαopiαG†ωδrm∕lGlont∕αtG{δsist∕nαδGvoβδlUG2006SG]Y]

1902 volδαul∕rGmyn∕miαsGyrδβiαtionGoκGtωδG†ωδrm∕lG{δsist∕nαδGoκG}oliβT}oliβGrntδrκ∕αδsGinG}upδrl∕ttiαδsUG
2006SGZX` 3

1901 †ωδrm∕lG{δsist∕nαδGoκGw∕noGlonstriαtionsUG2006SG]Z]

1900 w∕nosα∕lδGqδ∕tGlonβuαtionGjαrossGvδt∕lTmiδlδαtriαGrntδrκ∕αδsUG2006SGXYaSGbXbTbY] 33

1899 †ωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGinGωδtδrostruαturδsGstuβiδβG≤yGultr∕κ∕stGδlδαtronGβiκκr∕αtionUG2006SG
aSGXbWTXbW 36

1898 †ωδGt∕pitz∕G{δsist∕nαδGjαrossGpr∕inGkounβ∕ryG≤yGvolδαul∕rGmyn∕miαsG}imul∕tionUG2006SGXWSGZa`TZba 4

1897 Unβδrst∕nβinμGv∕αrosαopiαGqδ∕tVv∕ssG†r∕nsκδrGUsinμGvδsoTG∕nβGv∕αroT}α∕lδG}imul∕tionsUG2006SG[abT]XZ 2
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1896 yωononGvoβδGlonvδrsionG∕tGyl∕n∕rGrntδrκ∕αδsGinGlryst∕llinδG}oliβsUGq∕rmoniαG∕nβGjnω∕rmoniαG
rntδrκ∕αδGyotδnti∕lsUG2006SGXXYSGXWbTXX_ 1

1895 lrossovδrGinGtωδrm∕lGtr∕nsportGmδαω∕nismGinGn∕noαryst∕llinδGsiliαonUG2006SGaaSGX[XbWa 7

1894 wumδriα∕lGsimul∕tionsGoκGtωδrmom∕μnδtiαGinst∕≤ilityGinGωiμωT†αGsupδrαonβuαtorscGmδpδnβδnαδGonG
swδδpGr∕tδG∕nβG∕m≤iδntGtδmpδr∕turδUG2006SG`[SG 29

1893 †ωδrm∕lGrδαtiκyinμGδκκδαtGinGtwoTβimδnsion∕lG∕nω∕rmoniαGl∕ttiαδsUG2006SG`[SG 60

1892 †imδTrδsolvδβGsurκ∕αδG∕αoustiαGw∕vδGprop∕μ∕tionG∕αrossG∕GsinμlδGμr∕inG≤ounβ∕ryUG2006SG`ZSG 20

1891 qδ∕tinμGinGsinμlδTδlδαtronGpumpsGβrivδnG≤yGsurκ∕αδG∕αoustiαGw∕vδsUG2006SGaaSGYWYXXZ 16

1890 rntδrκ∕αi∕lGpωononGsα∕ttδrinμGinGsδmiαonβuαtorGn∕nowirδsG≤yGmolδαul∕rTβyn∕miαsGsimul∕tionUG2006SG
bbSGXYZ`X] 28

1889 xnsδtGoκGβδnβritiαGκluxG∕v∕l∕nαωδsGinGsupδrαonβuαtinμGκilmsUG2006SGb`SGW``WWY 96

1888 nxαit∕tionGoκGstrδssGw∕vδsGinGovδrl∕yδrGκilmsGinβuαδβG≤yG∕GsuββδnGωδ∕tinμGoκGtωδGsu≤str∕tδUG2006SGZbSG[_YXT[_Y 4̀

1887 qδ∕tGαonβuαtionGinGμr∕pωitδTn∕nopl∕tδlδtTrδinκorαδβGpolymδrGn∕noαompositδsUG2006SGabSGWYZXX` 137

1886 nκκδαtGoκGl∕sδrGpulsδGβur∕tionGinGpiαosδαonβGultr∕soniαsUG2006SGXWWSGW_[ZXa 16

1885 v∕ppinμGtωδrm∕lGαonβuαtivityGusinμG≤imδt∕lliαG∕tomiαGκorαδGmiαrosαopyGpro≤δsUG2006SGaaSGYZZ]WX 10

1884 v∕niκδst∕tionGoκGjααδlδr∕tionGmurinμG†r∕nsiδntGqδ∕tGlonβuαtionUG2006SGYWSG`bbTaWa 5

1883 nκκδαtivδG†ωδrm∕lGlonβuαtivityGoκGlontinuousGv∕trixTspωδriα∕lGmispδrsδβGyω∕sδGlompositδGwitωG
}inμlδTpointGrntδrκ∕αi∕lG†ωδrm∕lGlont∕αtcGlontinuumG{δμimδGp∕sGlonβuαtionGinGtωδGp∕pUG2006SG[WSGXWYZTXWZ] 1

1882 rw†n{ojlnG†qn{vjuG{n}r}†jwlnGkn†“nnwGo{nwtnuTtxw†x{x’jGjwmGon{vrTyj}†jTUujvG
uj††rln}UG2007SGYXSG[WXZT[WX_ 15

1881 m∕mpδβG“∕vδGlonβuαtionG∕nβG{δl∕x∕tionGinGlylinβriα∕lG∕nβG}pωδriα∕lGloorβin∕tδsUG2007SGYXSG_aaT_bZ 5

1880 nκκδαtsGoκGsointG’i≤r∕tion∕lG}t∕tδsGonG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδUG2007SGXXSGY[`TY]` 38

1879 }imul∕tionGoκGrntδrκ∕αi∕lGyωononG†r∕nsportGinG}iâ��pδGqδtδrostruαturδsGUsinμG∕nGjtomistiαGprδδnâ��sG
ounαtionGvδtωoβUG2007SGXYbSG[aZT[bX 145
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1878 †ωδrmomδαω∕niα∕lGoorm∕tionGoκGw∕nosα∕lδGyolymδrGrnβδntsG“itωG∕Gqδ∕tδβG}iliαonG†ipUG2007SGXYbSGX_WWTX_W[ 15

1877 †ωδGκ∕≤riα∕tionG∕nβGαω∕r∕αtδriz∕tionGoκGμr∕nul∕rG∕luminiumVp∕ll∕βiumG≤il∕yδrGmiαro≤olomδtδrsUG
2007SGXaSGw]ZTw]b 2

1876 lω∕r∕αtδristiαsGoκGpωononGtr∕nsmissionG∕αrossGδpit∕xi∕lGintδrκ∕αδscG∕Gl∕ttiαδGβyn∕miαGstuβyUG2007SG
XbSGYZ_YXX 15

1875 jnG∕αoustiαG∕nβGβimδnsion∕lGmism∕tαωGmoβδlGκorGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG≤δtwδδnG∕G
vδrtiα∕lGmδsosαopiαGn∕nowirδVn∕notu≤δG∕nβG∕G≤ulkGsu≤str∕tδUG2007SGXWYSGXW[ZXY 31

1874 w∕nomδαω∕niα∕lGδnδrμyGtr∕nsκδrG∕nβGrδson∕nαδGδκκδαtsGinGsinμlδTw∕llδβGα∕r≤onGn∕notu≤δsUG2007SG
baSGXY]]WZ 28

1873 p∕inG≤∕nβwiβtωGoκGw≤wGωotTδlδαtronG≤olomδtδrGtδr∕ωδrtzGmixδrsGonGXU]˛…mG}iZw[â��}ixYGmδm≤r∕nδsUG
2007SGXWXSGXY[]Wa 22

1872 {olδGoκGintδrκ∕αδGβisorβδrGonGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGusinμG∕Gvirtu∕lGαryst∕lG∕ppro∕αωUG2007SG
bWSGW][XW[ 69

1871 vδ∕surinμGm∕tδri∕lGsoκtδninμGwitωGn∕nosα∕lδGsp∕ti∕lGrδsolutionGusinμGωδ∕tδβGsiliαonGpro≤δsUG2007SG
`aSGWYZ`WY 105

1870 rnκluδnαδGoκGpωononGβimδnsion∕lityGonGδlδαtronGδnδrμyGrδl∕x∕tionUG2007SGbbSGX[]]WZ 35

1869 nlδαtronG∕nβGpωononGαoolinμGinG∕GsupδrαonβuαtorTnorm∕lTmδt∕lTsupδrαonβuαtorGtunnδlGjunαtionUG
2007SGbbSGW[`WW[ 38

1868 qδ∕tGαonβuαtionGinGsimplδGnδtworkscGtωδGδκκδαtGoκGintδrαω∕inGαouplinμUG2007SG`_SGW]XXXa 23

1867 nlδαtronGδnδrμyGβownTαonvδrsionGinGtωinGsupδrαonβuαtinμGκilmsUG2007SG`]SG 16

1866 vδ∕surδmδntGoκGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδG≤yGyδrioβiαGqδ∕tinμG∕nβG∕G†ωδrmoT{δκlδαt∕nαδG
†δαωniquδUG2007SG[aSGX[aTX]W 29

1865 lomput∕tionGoκGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδG≤yGyωononGmiκκusδGvism∕tαωGvoβδlUG2007SG[aSGYZ[bTYZ]Y 74

1864 rmprovδβGvontδGl∕rloG∕lμoritωmGoκGpωononGtr∕nsportGinGsδmiαonβuαtorGn∕noβδviαδsUG2007SGbYSGWXYW`b 4

1863 }pinoβ∕lGβδαompositionG∕nβGnuαlδ∕tionG∕nβGμrowtωG∕sG∕Gmδ∕nsGtoG≤ulkGn∕nostruαturδβG
tωδrmoδlδαtriαscGδnω∕nαδβGpδrκorm∕nαδGinGy≤OXTxP}nOxP†δTy≤}UG2007SGXYbSGb`aWTa 385

1862 kriβμinμGoκG}p∕ti∕lG∕nβG†δmpor∕lGlω∕r∕αtδriz∕tionGinG}upδrl∕ttiαδsG∕nβGyδrioβiαG†ωinToilmG
}trαuturδsG’i∕GtωδGlTG∕nβGoTyroαδssδsGqδ∕tGlonβuαtionGvoβδlUG2007SG

1861 qδ∕tGtr∕nsistorcGβδmonstr∕tionGoκGμ∕tδTαontrollδβGδlδαtroniαGrδκriμδr∕tionUG2007SGbbSGWY`YWZ 112
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1860 yωononGtωδrm∕lGαonβuαtivityGinGn∕nol∕min∕tδβGαompositδGmδt∕lsGvi∕Gmolδαul∕rGβyn∕miαsUG2007SG
XY`SGXa[`WY 36

1859 †ωδGjtomistiαGprδδnNsGounαtionGvδtωoβcGjnGnκκiαiδntG}imul∕tionGjppro∕αωGκorGw∕nosα∕lδGyωononG
†r∕nsportUG2007SG]XSGZZZTZ[b 199

1858 voβδlinμGtωδGnlδαtriα∕lG∕nβG†ωδrm∕lG{δsponsδGoκG}upδrαonβuαtinμGw∕nowirδG}inμlδTyωotonG
mδtδαtorsUG2007SGX`SG]aXT]a] 132

1857 olowG≤ounβ∕ryGαonβitionsGκromGn∕noTGtoGmiαroTsα∕lδsUG2007SGZSG_a]T_bZ 468

1856 nlδαtronGωδ∕tinμGinGmδt∕lliαGrδsistorsG∕tGsu≤TtδlvinGtδmpδr∕turδUG2007SG`_SG 17

1855 volδαul∕rGβyn∕miαsGsimul∕tionGoκGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG≤δtwδδnGsiliαonG∕nβG∕morpωousG
polyδtωylδnδUG2007SGbXSGY[XbXW 62

1854 †ωδrm∕lGkounβ∕ryG{δsist∕nαδGinGxptoδlδαtroniαGmδviαδsUG2007SG

1853 }α∕ttδrinμGoκGpωononsGκromG∕GωiμωTδnδrμyGμr∕inG≤ounβ∕ryGinGsiliαoncGmδpδnβδnαδGonG∕nμlδGoκG
inαiβδnαδUG2007SG`]SG 51

1852 †ωiαknδssG∕nβGstoiαωiomδtryGβδpδnβδnαδGoκGtωδGtωδrm∕lGαonβuαtivityGoκGpδ}≤†δGκilmsUG2007SGbXSGXXXbW[ 100

1851 wumδriα∕lG∕n∕lysisGoκGβu∕lTpω∕sδTl∕μGωδ∕tGtr∕nsκδrGinG∕Gl∕yδrδβGαylinβδrGwitωGnonlinδ∕rGintδrκ∕αδG
≤ounβ∕ryGαonβitionsUG2007SGX``SGZW`TZX[ 38

1850 jGmδtωoβGκorG∕ααur∕tδGtωδrm∕lGαonβuαtivityGmδ∕surδmδntsGoκGsm∕llGs∕mplδsG∕tGultr∕TlowG
tδmpδr∕turδsUG2007SG[`SG_XT_Z 3

1849
villikδlvinGtωδrm∕lGαonβuαt∕nαδGmδ∕surδmδntsGoκGαomp∕αtGriμiβGtωδrm∕lGisol∕tionGjointsGusinμG
s∕ppωirδâ��s∕ppωirδGαont∕αtsSG∕nβGoκGαoppδrG∕nβG≤δrylliumâ��αoppδrGβδmount∕≤lδGtωδrm∕lGαont∕αtsUG
2007SG[`SGZZZTZ[Y

15

1848 nκκδαtsGoκGtδmpδr∕turδG∕nβGβisorβδrGonGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG∕tGsoliβâ��soliβGintδrκ∕αδscG
wonδquili≤riumGmolδαul∕rGβyn∕miαsGsimul∕tionsUG2007SG]WSGZb``TZbab 245

1847 jGαontinuumâ��∕tomistiαGsimul∕tionGoκGωδ∕tGtr∕nsκδrGinGmiαroTG∕nβGn∕noTκlowsUG2007SGYY`SGY`bTYbX 70

1846 w∕nostruαturinμGδxp∕nβsGtωδrm∕lGlimitsUG2007SGYSG[WT[` 130

1845 w∕nomδtδrT}α∕lδG†ωδrmoδlδαtriαGv∕tδri∕lsUG2007SGZ[]TZ`[ 10

1844 jnom∕lousGωδ∕tGαonβuαtionGinG∕GYβGorδnkδlTtontorov∕Gl∕ttiαδUG2007SG]_SGYYbTYZ[ 8

1843 †ωδrm∕lGkounβ∕ryG{δsist∕nαδGkδtwδδnGp∕wG∕nβG}u≤str∕tδGinGjlp∕wVp∕wGnlδαtroniαGmδviαδsUG2007SG
][SGZX]YTZX]a 187
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1842 rnvδstiμ∕tionGonGtωδrm∕lGαont∕αtGrδsist∕nαδG≤yGpωototωδrm∕lGtδαωniquδG∕tGlowGtδmpδr∕turδUG2007SG
[ZSGXX`bTXXa[ 9

1841 l∕lαul∕tionGoκGtωδrm∕lGp∕r∕mδtδrsGoκG}ipδGmiαro≤olomδtδrsUG2007SG]WSGXYXaTXYY] 1

1840 †δmpδr∕turδTmδpδnβδntG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδG∕tGjlVjlYxZG∕nβGytVjlYxZGintδrκ∕αδsUG
2007SGYaSGb[`Tb]` 35

1839 rnκluδnαδGoκGtωδGpr∕inGkounβ∕riδsGonGtωδGqδ∕tG†r∕nsκδrGinGu∕sδrGlδr∕miαsUG2007SGX[SGXTXZ 23

1838 }u≤str∕tδGinκluδnαδGinGδlδαtronâ��pωononGαouplinμGmδ∕surδmδntsGinGtωinGjuGκilmsUG2007SGY]ZSG_YabT_Yb[ 76

1837 jnGimp∕αtGoκGmultiTl∕yδrδβGstruαturδsGoκGmoβδrnGoptoδlδαtroniαGβδviαδsGonGtωδirGtωδrm∕lG
propδrtiδsUG2008SG[WSGYW]TYX_ 11

1836 rnαlusionGoκGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGinGtωδGsimul∕tionGoκGωiμωTpowδrGbaWGnmGriβμδGw∕vδμuiβδG
l∕sδrsUG2008SG[WSGZ`ZTZ`` 6

1835 v∕tδri∕lsGmδvδlopmδntGκorGjuxili∕ryGlomponδntsGκorGu∕rμδGlomp∕αtGvoVjuG†n}Gjrr∕ysUG2008SGX]XSGY]]TY_W 10

1834 ’∕riousGxptimiz∕tionsGoκG†n}Gjrr∕ysGκorG”T{∕yGjstropωysiαsUG2008SGX]XSGYYZTYYa 5

1833 yωononGlontri≤utionGtoG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδG∕tGvδt∕lGrntδrκ∕αδsGUsinμGnm≤δββδβGjtomG
vδtωoβG}imul∕tionsUG2008SGYbSGXba`TXbb_ 10

1832 jnGinvδstiμ∕tionGoκGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGinGXUZG´µmGδβμδTδmittinμGβilutδGnitriβδGqu∕ntumG
wδllGl∕sδrGβioβδsUG2008SG]SG[a]T[ab 1

1831 voβδlGκorGαrossTpl∕nδGtωδrm∕lGαonβuαtivityGoκGl∕yδrδβGqu∕ntumGsδmiαonβuαtorGstruαturδsG∕nβG
∕ppliα∕tionGκorGtωδrm∕lGmoβδlinμGoκGp∕rnjsVjlrnjsT≤∕sδβGqu∕ntumGα∕sα∕βδGl∕sδrsUG2008SGYW]SGZbYTZb_ 2

1830 volδαul∕rGsimul∕tionGoκGtωδrm∕lGtr∕nsportG∕αrossGωyβropωiliαGintδrκ∕αδsUG2008SG[_`SGXXWTXXZ 48

1829 jGκinitδGβiκκδrδnαδGmδtωoβGκorGstuβyinμGtωδrm∕lGβδκorm∕tionGinG∕Gβou≤lδTl∕yδrδβGtωinGκilmGwitωG
impδrκδαtGintδrκ∕αi∕lGαont∕αtGδxposδβGtoGultr∕sωortGpulsδβGl∕sδrsUG2008SG[`SG`TY[ 29

1828 }izδGδκκδαtGoκGtωδrm∕lGαonβuαtivityGoκG}iGn∕noαryst∕lsUG2008SGX[`SGY`[TY`` 6

1827 xnGtωδGsolutionGoκGβ∕mpδβGw∕vδGαonβuαtionG∕nβGrδl∕x∕tionGδqu∕tionGinG∕GsδmiTinκinitδGmδβiumG
su≤jδαtGtoGαonst∕ntGw∕llGκluxUG2008SG]XSG_WY[T_WZX 6

1826 †ωδrm∕lGαonβuαtivityGoκGjlâ��}ilGαompositδsGwitωGmonomoβ∕lG∕nβG≤imoβ∕lGp∕rtiαlδGsizδGβistri≤utionUG
2008SG[aWSG[aZT[aa 115

1825 †ωδGtωδrm∕lGαont∕αtGpro≤lδmGinGn∕noTG∕nβGmiαroTsα∕lδGpωototωδrm∕lGmδ∕surδmδntsUG2008SGX]ZSGZZ]TZ[Y 8
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1824 yrinαiplδsGoκG’l}nuGβδsiμninμUG2008SGX_SG 6

1823 †ωδrm∕lGp∕r∕mδtδrsGoκGl∕yδrsG∕nβGintδrκ∕αδsGinGsiliαonTonTβi∕monβGstruαturδsUG2008SG]WSGYY_ZTYY_b 8

1822 rnvδstiμ∕tionGoκG†ωδrm∕lGlrosst∕lkGkδtwδδnG}xrGon†sG≤yGtωδG}u≤tωrδsωolβG}δnsinμG†δαωniquδUG2008
SG]]SGX`ZZTX`[W 6

1821 rnαorrδαtnδssGoκGαonvδntion∕lGonδTβimδnsion∕lGp∕r∕llδlGtωδrm∕lGrδsist∕nαδGαirαuitGmoβδlGκorG
twoTβimδnsion∕lGαirαul∕rGαompositδGpipδsUG2008SG[bSGXYZ`TXY[` 1

1820 †ωδGin∕ααur∕αyGoκGαonvδntion∕lGonδTβimδnsion∕lGp∕r∕llδlGtωδrm∕lGrδsist∕nαδGαirαuitGmoβδlGκorG
twoTβimδnsion∕lGαompositδGw∕llsUG2008SG[bSGY]][TY]_Y 3

1819 †ωδrm∕lG∕nβGδlδαtriα∕lGαonβuαtivitiδsGoκGw∕tδrT≤∕sδβGn∕noκluiβsGprδp∕rδβGwitωGlonμGmultiw∕llδβG
α∕r≤onGn∕notu≤δsUG2008SGXWZSGWb[ZWb 121

1818 †ωδrm∕lGαonβuαtivityGoκGαompositδsGwitωGn∕nosα∕lδGinαlusionsG∕nβGsizδTβδpδnβδntGpδrαol∕tionUG
2008SGYWSGZ_]YWX 13

1817 voβδlinμGtωδG†ωδrm∕lGlonβuαtivityG∕nβGyωononG†r∕nsportGinGw∕nop∕rtiαlδGlompositδsGUsinμG
vontδGl∕rloG}imul∕tionUG2008SGXZWSGW[Y[XW 229
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multil∕yδrδβGporousGstruαturδUG2018SGXZ[SGZX`TZYW 4

684 nnδrμyG{δl∕x∕tionG∕nβG†ωδrm∕lG†r∕nsportGinGvolδαulδsUG2018SGXTYY

683 u∕ttiαδG†ωδrm∕lGkounβ∕ryG{δsist∕nαδUG2018SGXTXb

682 xxiβ∕tionGlimitδβGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG∕tGmδt∕lTμr∕pωδnδGintδrκ∕αδUG2018SGXZbSGbXZTbYX 8

681 yowδrGk∕l∕nαδG∕nβG†δmpδr∕turδGinGxptiα∕llyGyumpδβG}p∕sδrsG∕nβGw∕nol∕sδrsUG2018SG]SGZ_b]TZ`WZ 7

680 †ωδGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδG∕tGsδmiαonβuαtorGintδrκ∕αδscG∕Gαritiα∕lG∕ppr∕is∕lGoκGtωδGxns∕μδrGvsUG
t∕pitz∕Gκorm∕lismsUG2018SGYWSGYY_YZTYY_Ya 0

679 lompositδGαδr∕miαGwitωGωiμωGs∕tur∕tionGinputGpowβδrGinGsoliβTst∕tδGl∕sδrGliμωtinμcGviαrostruαturδSG
propδrtiδsSG∕nβGluminousGδmitt∕nαδsUG2018SG[[SGYWYZYTYWYZa 31

678 nκκδαtGoκGtωδG†δmpδr∕turδGmδpδnβδnαδGoκG†r∕nsmissivityGonGtωδG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδG
kδtwδδnG†woGmissimil∕rG}oliβsUG2018SG[`SG_`[_T_`]W

677 nlδαtroniαGαontri≤utionGinGωδ∕tGtr∕nsκδrG∕tGmδt∕lTsδmiαonβuαtorG∕nβGmδt∕lGsiliαiβδTsδmiαonβuαtorG
intδrκ∕αδsUG2018SGaSGXXZ]Y 18

676 t∕pitz∕Grδsist∕nαδGκorGn∕nosα∕lδGαryst∕llinδG∕nβG∕morpωousGsiliαonGα∕r≤iβδUG2018SG

675 †ωδrm∕lGrδsist∕nαδGoκGprδssδβGαont∕αtsGoκG∕luminumG∕nβGnio≤iumG∕tGliquiβGωδliumGtδmpδr∕turδsUG
2018SGbZSGa_TbZ 6

674 tinδtiαsGoκGδlδαtronGαoolinμGinGmδt∕lGκilmsG∕tGlowGtδmpδr∕turδsG∕nβGrδvisionGoκGtωδG
twoTtδmpδr∕turδGmoβδlUG2018SGZWSGYb]WWX 8

673 vini∕turizδβGpl∕n∕rG}iTn∕nowirδGmiαroTtωδrmoδlδαtriαGμδnδr∕torGusinμGδxuβδβGtωδrm∕lGκiδlβGκorG
powδrGμδnδr∕tionUG2018SGXbSG[[ZT[]Z 26
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672 rntδrTl∕yδrG∕nβGintr∕Tl∕yδrGωδ∕tGtr∕nsκδrGinG≤il∕yδrVmonol∕yδrGμr∕pωδnδGv∕nGβδrG“∕∕lsG
ωδtδrostruαturδcGrsGtωδrδG∕Gt∕pitz∕Grδsist∕nαδG∕n∕loμoushUG2018SGXXYSGYZZXW[ 13

671 rnvδstiμ∕tionGoκGtωδrm∕lGpropδrtyGoκGtri∕nμlδGv∕α∕nαyGnitroμδnTβopinμGμr∕pωδnδGn∕nori≤≤onsUG2019
SGY_SGXY`TXZb 3

670 lrosspl∕nδGyωononG†r∕nsportG∕nβG†ωδrm∕lGkounβ∕ryG{δsist∕nαδGjαrossG†ωinGoilmsGy∕irUG2019SGZZSGXZbTX]Z 1

669 †ωδrm∕lGlont∕αtG{δsist∕nαδG∕tG{ouμωGlδr∕miαâ��vδt∕lliαGsointsUG2019SGZZSGXX]ZTXX_W 1

668 lontrollinμGtωδGtωδrm∕lGαonβuαt∕nαδGoκGsiliαonGnitriβδGmδm≤r∕nδsG∕tGXWWGmtGtδmpδr∕turδsGwitωG
p∕ttδrnδβGmδt∕lGκδ∕turδsUG2019SGXX]SGW]Y_WX 4

667 rmpliα∕tionsGoκGtωδGrntδrκ∕αδGvoβδlinμGjppro∕αωGonGtωδGqδ∕tG†r∕nsκδrG∕αrossGpr∕pωitδâ��“∕tδrG
rntδrκ∕αδsUG2019SGXYZSGYYZXXTYYZYZ 14

666 yωononGtr∕nsportG∕αrossGαryst∕lTpω∕sδGintδrκ∕αδsG∕nβGtwinG≤ounβ∕riδsGinGsδmiαonβuαtinμG
n∕nowirδsUG2019SGXXSGX_WW`TX_WX_ 7

665 †ωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGoκGtwoTβimδnsion∕lGvo}YGintδrκ∕αδsUG2019SGXY_SGW]]XW` 19

664 nκκδαtsGoκGmδt∕lGsiliαiβδGinαlusionGintδrκ∕αδG∕nβGsω∕pδGonGtωδrm∕lGtr∕nsportGinGsiliαonG
n∕noαompositδsUG2019SGXY_SGWZ]XW_ 2

663 {olδGoκGδlδαtronâ��pωononGαouplinμGinGtωδrm∕lGαonβuαtivityGoκGmδt∕lliαGn∕noκluiβsUG2019SG]YSG[a]ZWY 5

662 wio≤iumGwitriβδG†ωinGoilmsGκorG’δryGuowG†δmpδr∕turδG{δsistivδG†ωδrmomδtryUG2019SGXb`SGZ[aTZ]_ 8

661 nnω∕nαδβGtri≤oloμySGtωδrm∕lG∕nβGδlδαtriα∕lGpropδrtiδsGoκGjlTlw†GαompositδGproαδssδβGvi∕Gsp∕rkG
pl∕sm∕GsintδrinμGκorGtr∕nsmissionGαonβuαtorUG2019SG][SGX[W_[TX[W`Z 12

660 oδmtosδαonβGu∕sδrTrnβuαδβG†ωδrm∕lG†r∕nsportGinG}iliαonGwitωGuiquiβGloolinμGk∕tωUG2019SGXYSG 7

659 †imδTmδpδnβδntG}imul∕tionGoκG†ωδrm∕lGuδnsinμGinGqiμωTyowδrGkro∕βTjrδ∕G}δmiαonβuαtorGu∕sδrsUG
2019SGY]SGXTXW 6

658 {δμul∕tδβGrntδrκ∕αi∕lG†ωδrm∕lGlonβuαt∕nαδG≤δtwδδnGluG∕nβGmi∕monβG≤yG∕G†ilGrntδrl∕yδrGκorG
†ωδrm∕lGv∕n∕μδmδntGjppliα∕tionsUG2019SGXXSGY_]W`TY_]X` 24

657 nκκδαtsGoκGpδG∕ββitionGonGtωδrmoδlδαtriαGpropδrtiδsGinG∕Gn∕noαompositδGoκGvn}iG∕nβG}ipδGtωinGκilmsUG
2019SG`SGXWWZ`[ 4

656 †ωδorδtiα∕lGvoβδlinμG∕nβGrnvδrsδGjn∕lysisGoκG†ωδrm∕lGlonβuαtivityGoκG}kδlδtonsGinG}ixG
w∕noTrnsul∕tionGv∕tδri∕lsUG2019SGbSG 3

655 yδrioβiαG†r∕nsmissionGyro≤lδmsGκorGtωδGqδ∕tGnqu∕tionUG2019SGYXXTYYZ 2
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654 nκκδαtGoκGliμωtG∕tomsGonGtωδrm∕lGtr∕nsportG∕αrossGsoliβTsoliβGintδrκ∕αδsUG2019SGYXSGX`WYbTX`WZ] 7

653 uowTvδltinμTyointGjlloyGlontinuousGwδtworkGlonstruαtionGinG∕GyolymδrGv∕trixGκorG†ωδrm∕lG
lonβuαtivityG∕nβGnlδαtrom∕μnδtiαG}ωiδlβinμGnnω∕nαδmδntUG2019SGXSGYWW_TYWX[ 17

652 vδm≤r∕nδGβδs∕lin∕tionGpδrκorm∕nαδGμovδrnδβG≤yGmolδαul∕rGrδκlδαtionG∕tGtωδGliquiβTv∕porG
intδrκ∕αδUG2019SGX[WSGXWW_TXWYY 9

651 }δlκTqδ∕tinμGnκκδαtGinGom}xrG†r∕nsistorsGmownGtoGlryoμδniαGxpδr∕tionG∕tG[UYGtUG2019SG__SGZ[baTZ]W] 19

650 †ωδrmopωysiα∕lGαω∕r∕αtδris∕tionGoκG’xGtωinGκilmsGωystδrδsisG∕nβGitsG∕ppliα∕tionGinGtωδrm∕lG
rδαtiκiα∕tionUG2019SGbSGa`Ya 18

649 jGpωononGw∕vδGp∕αkδtGstuβyGoκGtωδrm∕lGδnδrμyGtr∕nsportG∕αrossGκunαtion∕lizδβGω∕rβTsoκtG
intδrκ∕αδsUG2019SGXY_SGWX]ZWX 2

648 rntδrκ∕αδG∕nβGpropδrtiδsGoκGαoppδrGm∕trixGαompositδsGrδinκorαδβGwitωG†ilGαo∕tδβGspωδriα∕lG
μr∕pωitδUG2019SG_SGXX_ZW` 1

647 Ultr∕κ∕stGol∕sωGnnδrμyGlonβuαt∕nαδG∕tGv”δnδT}urκ∕αt∕ntGrntδrκ∕αδG∕nβGrtsGvolδαul∕rGxriμinsUG2019SG
_SGXbWX[_X 13

646 qδ∕tGtr∕nsκδrG∕αrossG∕Gκr∕αt∕lGsurκ∕αδUG2019SGX]XSGXZ[`W] 11

645 }pδαtrosαopiαGlomp∕risonGoκG†ωδrm∕lG†r∕nsportG∕tGxrμ∕niαTrnorμ∕niαG∕nβGxrμ∕niαTqy≤riβG
rntδrκ∕αδsGUsinμGlsy≤krG∕nβGojy≤krGOojGfGoorm∕miβiniumPGyδrovskitδGw∕noαryst∕lsUG2019SGXbSGaX]]TaX_W 3

644 †ωiαkSGjβωδrδntGmi∕monβGoilmsGonGjlwGwitωGuowG†ωδrm∕lGk∕rriδrG{δsist∕nαδUG2019SGXXSG[WaY_T[WaZ[ 31

643 †ωδrm∕lGtr∕nsportGpropδrtiδsG∕tGintδrκ∕αδGoκGκ∕ttyG∕αiβGδstδrsGδnω∕nαδβGwitωGα∕r≤onT≤∕sδβG
n∕no∕ββitivδsUG2019SGX[]SGXXa`_Y 4

642 {δplyGtocGl∕nGl∕sδrsGrδ∕llyGrδκriμδr∕tδGlβ}Gn∕no≤δltshUG2019SG]`WSGn_YTn_[ 2

641 }izδTβδpδnβδnαδGoκGtωδGpωototωδrm∕lGrδsponsδGoκG∕GsinμlδGmδt∕lGn∕nospωδrδUG2019SGXY_SGX`ZXWZ 8

640 nκκδαtGoκGμr∕inG≤ounβ∕ryG∕nμlδGonGtωδGtωδrm∕lGαonβuαtivityGoκGn∕nostruαturδβG≤iαryst∕lG—nxG≤∕sδβG
onGtωδGmolδαul∕rGβyn∕miαsGsimul∕tionGmδtωoβUG2019SGX[]SGXXa`bX 10

639 viαrosαopiαGnonδquili≤riumGδnδrμyGtr∕nsκδrGβyn∕miαsGinG∕GpωotoδxαitδβGmδt∕lVinsul∕torG
ωδtδrostruαturδUG2019SGXWWSG 10

638 †ωδrm∕lGkounβ∕ryGlonβuαt∕nαδG∕nβGyωononG†r∕nsmissionGinGqδx∕μon∕lGkoronGwitriβδVpr∕pωδnδG
qδtδrostruαturδsUG2019SGYX_SGXbWW[[_ 4

637 k∕llistiαGtr∕nsportG∕nβG≤ounβ∕ryGrδsist∕nαδsGinGinωomoμδnδousGqu∕ntumGspinGαω∕insUG2019SGXWSG[aYW 17
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636 lontrollinμGtωδG†ωδrm∕lGlonβuαtivityGoκGkulkGw∕nom∕tδri∕lsUG2019SGY]T]Y

635 mδvδlopmδntGoκGwovδlGjl}iXWvμGk∕sδβGw∕noαompositδscGviαrostruαturδSG†ωδrm∕lG∕nβGvδαω∕niα∕lG
yropδrtiδsUG2019SGbSGXWWW 3

634 w∕noκirδG∕nβGsα∕lδGδκκδαtsGoκGωδ∕tUG2019SG_SG] 2

633 lrossovδrG≤δtwδδnGnlδαtronTyωononG∕nβGkounβ∕ryT{δsist∕nαδGuimitsGtoG†ωδrm∕lG{δl∕x∕tionGinG
loppδrGoilmsUG2019SGXYSG 8

632 nκκδαtsGoκG}iliαiβδGrnαlusionG}ω∕pδGonG†ωδrm∕lG†r∕nsportGoκG}iliαonTk∕sδβGw∕nowirδsG∕nβG
w∕noαompositδsGκorG†ωδrmoδlδαtriαGjppliα∕tionsUG2019SG

631 qotspotGv∕n∕μδmδntG≤yGqolδyG}iliαonTvδt∕lGlompositδsGκorGXGk“VαmYG∕nβGkδyonβUG2019SG

630 mδsiμnG∕nβGyδrκorm∕nαδGoκG∕GyrototypδGv∕μnδtiαGl∕lorimδtδrGjrr∕yGκorGtωδGuynxG”T{∕yG
viαroα∕lorimδtδrUG2019SGYbSGXT_ 4

629 wonδquili≤riumGpωononGtr∕nsportG∕αrossGn∕nosα∕lδGintδrκ∕αδsUG2019SGXWWSG 8

628 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδGmδ∕surδmδntG∕nβG∕n∕lysisG∕αrossG}ilV}ixYGintδrκ∕αδUG2019SGXX]SGXWX_WZ 18

627 nnω∕nαinμG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδGoκGpr∕pωitδTvδt∕lGrntδrκ∕αδG≤yG†ri∕zinδTk∕sδβG
volδαul∕rGkonβinμUG2019SGXXSGZ`Yb]TZ`ZWX 11

626 qiμωGtωδrm∕lGαonβuαtivδGluTβi∕monβGαompositδsGsyntωδsizδβG≤yGδlδαtroβδpositionG∕nβGtωδGαritiα∕lG
δκκδαtsGoκG∕ββitivδsGonGvoiβTκrδδGαompositδsUG2019SG[]SGXb_]aTXb__a 8

625 uowGαrossTpl∕nδGtωδrm∕lGαonβuαtivityGoκGsu≤TXG´µmGpolyαryst∕llinδGsiliαonGtωinGκilmsGκorG
tωδrmoδlδαtriαG∕ppliα∕tionsUG2019SGX`bSGY[ZTY[a 3

624 {δβuαinμGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG≤δtwδδnGmδt∕lG∕nβGβiδlδαtriαGm∕tδri∕lsG≤yG∕Gmδt∕lG
intδrl∕yδrUG2019SGXY]SGW[]ZWY 17

623 nκκδαtGoκGp∕rtiαlδG∕μμrδμ∕tionGonGtωδrm∕lGαonβuαtivityGoκGn∕noκluiβscGnnω∕nαδmδntGoκGpωononGvoyUG
2019SGXY]SGWX]XWZ 13

622 lryoμδniαGliμωtGβδtδαtorsGwitωGδnω∕nαδβGpδrκorm∕nαδGκorGr∕rδGδvδntGpωysiαsUG2019SGbZ]SGX]WTX]] 11

621 olippinμTloinGnxpδrimδntGtoG}tuβyG}witαωinμGinGsosδpωsonGsunαtionsG∕nβG}upδrαonβuαtinμG“irδsUG
2019SGXXSG 2

620 mi∕monβVjμT†iGαompositδsGwitωGωiμωGtωδrm∕lGαonβuαtivityG∕nβGδxαδllδntGtωδrm∕lGαyαlinμG
pδrκorm∕nαδGκ∕≤riα∕tδβG≤yGprδssurδlδssGsintδrinμUG2019SGaWXSG]abT]b] 9

619 lonκorm∕lGintδrκ∕αδGoκGmonol∕yδrGmoly≤βδnumGβisδlδniβδVβisulκiβδG∕nβGβiδlδαtriαGsu≤str∕tδGwitωG
improvδβGtωδrm∕lGβissip∕tionUG2019SG]YSGZa]ZW_ 6
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618 yrδssδβGαoppδrG∕nβGμolβTpl∕tδβGαoppδrGαont∕αtsG∕tGlowGtδmpδr∕turδsGâ��GjGrδviδwGoκGtωδrm∕lGαont∕αtG
rδsist∕nαδUG2019SGXWXSGXXXTXY[ 10

617 jnisotropiαG†ωδrm∕lGkounβ∕ryG{δsist∕nαδG∕αrossGYmGkl∕αkGyωospωoruscGnxpδrimδntG∕nβGjtomistiαG
voβδlinμGoκGrntδrκ∕αi∕lGnnδrμyG†r∕nsportUG2019SGZXSGδXbWXWYX 19

616 yωototωδrm∕lGn∕no≤u≤≤lδGnuαlδ∕tionGonG∕Gpl∕smoniαGn∕nop∕rtiαlδcGjGZmGl∕ttiαδGkoltzm∕nnG
simul∕tionUG2019SGX[WSG`a_T`b` 7

615 nv∕lu∕tionGoκGtωδrm∕lGαonβuαtivityGoκGpwysTβopδβGk[lVjlT}iGαompositδsGinGtδrmsGoκGintδrκ∕αδG
intδr∕αtionG∕nβGδlδαtronGmo≤ilityUG2019SGbaSGXW`[]` 12

614 t∕pitz∕Gtωδrm∕lGrδsist∕nαδGαω∕r∕αtδriz∕tionGoκGδpit∕xi∕lGμr∕pωδnδâ��}ilOWWWXPGintδrκ∕αδUG2019SGXX[SGYYX_WX 4

613 nnδrμyGβissip∕tionGinGv∕nGβδrG“∕∕lsGYmGβδviαδsUG2019SG_SGWZYWW] 13

612 volδαul∕rGβyn∕miαsGsimul∕tionsGoκGtωδGδκκδαtGoκGsurκ∕αδGwδtt∕≤ilityGonGn∕nosα∕lδGliquiβGκilmG
pω∕sδTαω∕nμδUG2019SG`]SG]ZZT][` 15

611 †ωδrm∕lGtr∕nsportGinGmonoαryst∕llinδG∕nβGpolyαryst∕llinδGlitωiumGαo≤∕ltGoxiβδUG2019SGYXSGXYXbYTXYYWW 12

610 †ωδrm∕lGαonβuαtivityGoκGtωinGκilmTsu≤str∕tδGsystδmsGκromGtwoTsiβδGsα∕nninμGpωototωδrm∕lG
βδκlδαtionGmδ∕surδmδntscG†ωδorδtiα∕lGmoβδlG∕nβGv∕liβ∕tionUG2019SGX]WSGXa[YWX 3

609 vδ∕surδmδntsG∕nβG}imul∕tionsGoκGjtωδrm∕lGyωononG†r∕nsmissionGκromG}iliαonGj≤sor≤δrsGtoG
jluminumG}δnsorsUG2019SGXXSG 14

608 UG2019SGXZSGZbT][ 3

607 yl∕smonTδnω∕nαδβGsol∕rGv∕porGμδnδr∕tionUG2019SGaSG``XT`a_ 42

606 viαrosαopiαG∕n∕lysisGoκGωδ∕tGtr∕nsκδrGinGrXVwVrYGωδtδroμδnδousGn∕nostruαturδsG∕tGlowG
tδmpδr∕turδsUG2019SG[]SG]Z`T][[ 0

605 †∕ilorinμGintδrκ∕αδGstruαturδG∕nβGδnω∕nαinμGtωδrm∕lGαonβuαtivityGoκGluVβi∕monβGαompositδsG≤yG
∕lloyinμG≤oronGtoGtωδGluGm∕trixUG2019SGX]YSGY_]TY`] 36

604 †ωδrm∕lGrntδrκ∕αδG{δsist∕nαδGkδtwδδnG}iliαonG∕nβG}inμlδG“∕llGl∕r≤onGw∕notu≤δsUG2019SG_WZT_YX

603 voβδlinμGoκGintδrκ∕αi∕lGβδsiμnG∕nβGtωδrm∕lGαonβuαtivityGinGμr∕pωitδGκl∕kδVluGαompositδsGκorG
tωδrm∕lGm∕n∕μδmδntG∕ppliα∕tionsUG2019SGX]_SGZ]XTZ]a 9

602 xnG∕Gμδnδr∕lizδβGnonTloα∕lGtwoTtδmpδr∕turδGωδ∕tGtr∕nsκδrGmjnGmoβδlinμVsimul∕tionGmδtωoβoloμyG
κorGmδt∕lTnonmδt∕lGtωδrm∕lGintδrTκ∕αi∕lGpro≤lδmsUG2019SGXZaSG]WaT]X] 6

601 †ωδrmoδlδαtriαGintδrκ∕αδGm∕tδri∕lscGjGpδrspδαtivδGtoGtωδGαω∕llδnμδGoκGtωδrmoδlδαtriαGpowδrG
μδnδr∕tionGmoβulδUG2019SG]SGZYXTZZ_ 48

Citation Report

90



600 viαrostruαturδG∕nβGtωδrm∕lVmδαω∕niα∕lGpropδrtiδsGoκGωotTδxtruβδβG∕luminumVμr∕pωitδGαompositδsG
witωGjlâ��}iG∕lloyG∕ββitionUG2019SG][SGbbZZTbb[[ 6
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oκGμr∕pωitδVαoppδrGαompositδsUG2020SGXaZSGXW``Z] 17

519 qy≤riβGpδrαol∕tionGnδtworkGinGαompositδGκorGsδlδαtivδlyGδnω∕nαinμGδlδαtriα∕lG∕nβGtωδrm∕lG
αonβuαtivitiδsUG2020SGX[`SGXXbWX[ 6

518 rmp∕αtGoκGκiδlβGr∕mpGr∕tδGonGm∕μnδtiαGκiδlβG∕ssistδβGtωδrm∕lGtr∕nsportGinGκδrroκluiβsUG2020SGYbaSGXXYW[` 14

517 qiμωG†ωδrm∕lGlonβuαtivityG∕nβGjnisotropyG’∕luδsGoκGjliμnδβGpr∕pωitδGol∕kδsVloppδrGooilG
lompositδsUG2019SGXZSG 3

516 oirstTprinαiplδsGvoβδlinμGoκG†ωδrm∕lG†r∕nsportGinGv∕tδri∕lscGjαωiδvδmδntsSGxpportunitiδsSG∕nβG
lω∕llδnμδsUG2020SG[XSGX 21

515 †ωδrm∕lGpropδrtiδsGoκGαu≤iαGp∕wVp∕jsGωδtδrostruαturδsGμrownG≤yGmolδαul∕rG≤δ∕mGδpit∕xyUG2020SG
XYaSGXZ]ZWX 2

514 †ωδrm∕llyGδnω∕nαδβGpolyolδκinGαompositδscGκunβ∕mδnt∕lsSGproμrδssSGαω∕llδnμδsSG∕nβGprospδαtsUG
2020SGYXSG`Z`T`__ 10

513 }p∕ti∕llyGrδsolvδβGtωδrmoδlδαtriαGδκκδαtsGinGsδmiαonβuαtorTmδt∕lGn∕nowirδGωδtδrostruαturδsUG2020SG
XYSGYW]bWTYW]b` 5

512 o∕≤riα∕tionGoκGUxYTkδxGαompositδGpδllδtsGwitωGsupδriorGtωδrm∕lGαonβuαtivityG≤∕sδβGonG
multiTp∕r∕mδtδrGtωδorδtiα∕lG∕n∕lysδsUG2020SG][YSGX]Y]ZZ 2

511 {δsδ∕rαωGyroμrδssGoκG†ωδrm∕lGlont∕αtG{δsist∕nαδUG2020SGYWXSGYXZTY]Z 4
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510 wonTαov∕lδntGmoβiκiα∕tionGoκG≤oronGnitriβδGn∕nop∕rtiαlδTrδinκorαδβGynntGαompositδcG†ωδrm∕llyG
αonβuαtivδSGintδrκ∕αi∕lSG∕nβGmδαω∕niα∕lGpropδrtiδsUG2020SGYWZSGXYY`_Z 31

509 krδ∕kβownGtr∕nsiδntsGinGωiμωTkGmultil∕yδrδβGvx}Gst∕αkscG{olδGoκGtωδGoxiβδâ��oxiβδGtωδrm∕lG
≤ounβ∕ryGrδsist∕nαδUG2020SGXYaSGWZ[XWZ 1

508 {δsδ∕rαωGproμrδssGoκGβi∕monβVαoppδrGαompositδsGwitωGωiμωGtωδrm∕lGαonβuαtivityUG2020SGXWaSGXW`bbZ 12

507 †ωδrm∕lGαonβuαt∕nαδG∕αrossGω∕rmoniαTm∕tαωδβGδpit∕xi∕lGjlTs∕ppωirδGωδtδrointδrκ∕αδsUG2020SGZSG 21

506 {δβuαδβGtωδrm∕lGαonβuαtivityGoκGn∕nop∕rtiαlδGp∕αkδβG≤δβG≤yGωy≤riβGβδsiμnUG2020SGX_YSGXYWZ[W 1

505 †ωδGrolδGoκGpol∕riz∕≤ilityGinGtωδGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG∕tGtωδGμolβTw∕tδrGintδrκ∕αδUG2020SG
X]ZSGYW[`WZ 2

504 †ωδGδκκδαtsGoκGαont∕αtG∕tomGβistri≤utionG∕tGtωδGintδrκ∕αδGonGtωδGpωononGtr∕nsportUG2020SGYYSGY`_bWTY`_b` 2

503 }oliβTlikδGkδω∕viorsGpovδrnGnv∕por∕tivδG†r∕nsportGinGjβsor≤δβG“∕tδrGw∕noκilmsUG2020SGXYSG]Z[X_T]Z[Y[ 8

502 jGwδwGjppro∕αωGtoGl∕lαul∕tionGoκGtωδGt∕pitz∕Glonβuαt∕nαδG≤δtwδδnG}oliβsUG2020SG[_SGbaZTba` 4

501 †ωδrm∕lGαonβuαtivityG∕nβGitsGrδl∕tionGtoG∕tomiαGstruαturδGκorGsymmδtriα∕lGtiltGμr∕inG≤ounβ∕riδsGinG
siliαonUG2020SG[SG 5

500 {o≤ustGvδt∕lliαGw∕nol∕min∕tδsGq∕vinμGyωononTpl∕ssG†ωδrm∕lGlonβuαtivityUG2020SGXZSG

499 lontrollinμGuiμωtSGqδ∕tSG∕nβG’i≤r∕tionsGinGyl∕smoniαsG∕nβGyωononiαsUG2020SGaSGYWWXYY] 15

498 volδαul∕rGβyn∕miαsGstuβyGoκGtωδGinκluδnαδGoκG∕μμrδμ∕tionG∕nβGpδrαol∕tionGinGjlYxZVpolyδtωylδnδG
oxiβδGn∕noκluiβsGonGtωδGδκκδαtivδGtωδrm∕lGαonβuαtivityUG2020SG 1

497 yωononGkriβμδGnκκδαtGinG}upδrl∕ttiαδsGoκG†ωδrmoδlδαtriαG†iwi}nVqκwi}nG“itωGlontrollδβGrntδrκ∕αδG
rntδrmixinμUG2020SGXWSG 1

496 pr∕pδGjuiαδcG∕nGδκκδαtivδGliquiβG∕ββitivδGκorGsiμniκiα∕ntGδnω∕nαδmδntGoκGtωδrmoδlδαtriαGpδrκorm∕nαδG
oκGluY}δUG2020SGaSGX_bXZTX_bXb 5

495 qδ∕tGquntinμGinG∕GorδδzδrcGmirδαtGvδ∕surδmδntGoκGzu∕sip∕rtiαlδGmiκκusionGinG}upδrαonβuαtinμG
w∕nowirδUG2020SGX[SG 1

494 }α∕lδGnκκδαtsGinGw∕nosα∕lδGqδ∕tG†r∕nsκδrGκorGoouriδrNsGu∕wGinG∕Gmissimil∕rGvolδαul∕rGrntδrκ∕αδUG2020SG
]SGY_]Y`TY_]Z_ 10

493 l∕lαul∕tionGoκGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδG≤∕sδβGonGtωδG∕n∕lysisGoκGδl∕stiαGw∕vδsGprop∕μ∕tinμG∕tG
tωδGintδrκ∕αδUG2020SGX]_]SGWXYWY]
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492 rntδrκ∕αi∕lG†ωδrm∕lGlonβuαt∕nαδG≤δtwδδnGvonol∕yδrG“}δG∕nβG}ixGunβδrGlonsiβδr∕tionGoκG
{∕βi∕tivδGnlδαtronTqolδG{δαom≤in∕tionUG2020SGXYSG]XW_bT]XWaX 8

491 lomput∕tion∕lGmδtωoβoloμiδsGκorGδstim∕tinμGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδG∕nβGδκκδαtivδGtωδrm∕lG
αonβuαtivityGoκGn∕noαompositδsUG2020SGX]]TXaW

490 jGnδwGmoβδlGκorGtωδGδκκδαtivδGtωδrm∕lGαonβuαtivityGoκGpolyαryst∕llinδGsoliβsUG2020SGXWSGXW]WYX 3

489 rntδrα∕l∕tδβGionGtuninμGoκGtωδGαrossTpl∕nδGtωδrm∕lGtr∕nsportGpropδrtiδsGoκGμr∕pωitδUG2020SGXWSGWb]YY] 4

488 volδαul∕rGβyn∕miαsGsimul∕tionsGoκGsδp∕r∕torTα∕tωoβδGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGinG∕GuiTionGαδllUG
2020SGYXSGXWW_`[ 7

487 nnω∕nαδmδntGoκGtωδrmoδlδαtriαGκiμurδGoκGmδritG≤yGusinμGnonδquili≤riumGst∕tδG≤δtwδδnGδlδαtronsG
∕nβGpωononsUG2020SGXX`SGWaZbWX

486 Ultr∕TqiμωG†ωδrmoδlδαtriαGyδrκorm∕nαδGinGkulkGki}≤†δVjmorpωousGkoronGlompositδsGwitωG
w∕noTmδκδαtGjrαωitδαturδsUG2020SGXWSGYWWW`]` 33

485 †ωδGrδsδrvoirG∕rδ∕GβδpδnβδntGtωδrm∕lGtr∕nsportG∕tGtωδGn∕nosα∕lδGintδrκ∕αδUG2020SGYYSGYYWX_TYYWYY 3

484 jtomiαGstruαturδGα∕usinμG∕nGo≤viousGβiκκδrδnαδGinGtωδrm∕lGαonβuαt∕nαδG∕tGtωδGyβTqxGintδrκ∕αδcG∕G
molδαul∕rGβyn∕miαsGsimul∕tionUG2020SGXYSGX`a`WTX`a`b 12

483 yωononGloα∕liz∕tionGinGsinμlδGw∕llGα∕r≤onGn∕notu≤δcGlom≤inδβGδκκδαtGoκGXZlGisotopδG∕nβGv∕α∕nαiδsUG
2020SGXYaSGW[]XWa 1

482 jGzu∕ntit∕tivδGxptiα∕lGviαrosαopyGvδtωoβGκorGrnvδstiμ∕tinμGtωδGu∕sδrTrnβuαδβG†r∕nsiδntGvδltinμG
kδω∕viorGoκG∕Gw∕nop∕rtiαlδTu∕βδnGyolymδrG}ystδmGinG∕GviαroδnvironmδntUG2020SGXY[SGXa`a[TXa`b_ 1

481 rntδrκ∕αδGmδnsityGnκκδαtsGonGlrossTyl∕nδG†ωδrm∕lGlonβuαt∕nαδGoκGw∕nol∕min∕tδG†ωinGoilmsUG2020SG

480 {δm∕rk∕≤lδG{δβuαtionGoκGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδGinGw∕nopωononiαGqδtδrostruαturδsUG2020SG
ZWSGYWW[WWZ 21

479 †ωδrm∕lTmyn∕miαsGxptimiz∕tionGoκG†δr∕ωδrtzGzu∕ntumGl∕sα∕βδGu∕sδrsGwitωGmiκκδrδntGk∕rriδrG
lompositionsUG2020SGX[SG 3

478 }p∕ti∕llyGloα∕lizδβGmδ∕surδmδntGoκGisotropiαG∕nβG∕nisotropiαGtωδrmopωysiα∕lGpropδrtiδsG≤yG
pωototωδrm∕lGr∕βiomδtryUG2020SGXYaSGX`]XW[ 1

477 †ωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG∕αrossGδpit∕xi∕lGmδt∕lVs∕ppωirδGintδrκ∕αδsUG2020SGXWYSG 9

476 qδ∕tG†r∕nsκδrG∕nβG{ωδoloμiα∕lGkδω∕viorGoκGoumδβG}iliα∕Gw∕noκluiβsUG2020SGaSGX]Z] 6

475 mou≤lδTωumpδβGpωononGrδson∕nαδGinGβou≤lyGrδson∕ntGvi≤r∕tionGsystδmscGyωononGmδt∕m∕tδri∕lsG
∕n∕loμyGwitωGβou≤lyGrδson∕ntGδlδαtrom∕μnδtiαGstruαturδsUG2020SGXWYSG
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474 †r∕nsiδntGlonjuμ∕tδGqδ∕tG†r∕nsκδrGwumδriα∕lG}imul∕tionGinG}upδrκluiβGqδliumUG2020SG`]]SGWXYW_a 1

473 yrδβiαtinμGmδsosα∕lδGspδαtr∕lGtωδrm∕lGαonβuαtivityGusinμG∕βv∕nαδβGβδtδrministiαGpωononGtr∕nsportG
tδαωniquδsUG2020SG]YSGZZ]T[aa 1

472 rnvδstiμ∕tionGoκGrntδrκ∕αδG†ωδrm∕lG{δsist∕nαδG≤δtwδδnGyolymδrG∕nβGvolβGrnsδrtGinGviαroTrnjδαtionG
volβinμG≤yGwonTnquili≤riumGvolδαul∕rGmyn∕miαsUG2020SGXYSG 5

471 †ωδrm∕lGαonβuαtivityGoκGα∕stGironGTjGrδviδwUG2020SGX`SGa]Tb] 6

470 }truαturδG∕nβGwonδquili≤riumGqδ∕tT†r∕nsκδrGoκG∕Gyωysisor≤δβGvolδαul∕rGu∕yδrGonGpr∕pωδnδUG2020SG
`SGYWWW[`Z 1

469 “∕tδrGβyn∕miαsG∕κκδαtsGtωδrm∕lGtr∕nsportG∕tGtωδGsurκ∕αδGoκGωyβropωo≤iαG∕nβGωyβropωiliαGirr∕βi∕tδβG
n∕nop∕rtiαlδsUG2020SGYSGZXaXTZXbW 5

468 volδαul∕rGmyn∕miαsG}imul∕tionGonGmiδlδαtriαGlonst∕ntG∕nβG†ωδrm∕lGlonβuαtivityGoκGlrosslinkG
npoxyVκunαtion∕lizδβGμr∕pωδnδGw∕noTαompositδsUG2020SG`_XSGWXYWWb

467 }truαtur∕lG∕nβGtωδrm∕lGtr∕nsportGpropδrtiδsGoκGκδrroδlδαtriαGβom∕inGw∕llsGinGpδ†δGκromGκirstG
prinαiplδsUG2020SGXWXSG 4

466 †ωδrm∕lGlω∕r∕αtδriz∕tionG∕nβGvoβδllinμGoκGjlp∕wTp∕wGvultil∕yδrG}truαturδsGκorGqnv†G
jppliα∕tionsUG2020SGXZSGYZ_Z 9

465 kiY}δZTy’moGαompositδcGjGκlδxi≤lδGtωδrmoδlδαtriαGsystδmUG2020SG]bZSG[XYY`] 9

464 †ωδGαritiα∕lGαurrδntGoκGβisorβδrδβGsupδrαonβuαtorsGnδ∕rGWGtUG2020SGXXSGY__` 1

463 }iμniκiα∕ntGδnω∕nαδmδntGoκGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGinGμr∕pωitδVjlGintδrκ∕αδG≤yGionG
intδrα∕l∕tionUG2020SGX]`SGXXbb[_ 2

462 }tuβyGoκGpωononiαGtωδrm∕lGtr∕nsportG∕αrossGn∕nostruαturδβGintδrκ∕αδsGusinμGpωononGvontδGl∕rloG
mδtωoβUG2020SGX][SGXXb`_Y 7

461 rnvδstiμ∕tionGoκGωδ∕tGtr∕nsκδrGmoβδsGinGpl∕smoniαGn∕nop∕rtiαlδsUG2020SGX]_SGXXba_b 1

460 nκκδαtsGoκG∕μμrδμ∕tδGtypδG∕nβG}k}GαopolymδrGonGtωδGintδrκ∕αi∕lGωδ∕tGtr∕nsportG∕≤ilityGoκG∕spω∕ltG
mixturδGusinμGmolδαul∕rGβyn∕miαsGsimul∕tionUG2020SGY]WSGXXabYY 15

459 miκκusionGoκGxvδrωδ∕tδβG∕nβGxvδrαoolδβGy∕rtiαlδsG∕sG∕Gvδαω∕nismGoκG†ωδrm∕lGlonβuαtivityGinG
w∕noκluiβsUG2020SGXXXSGZZaTZ[Y 0

458 †uninμGtωδrm∕lGrδsist∕nαδGoκG}ilGαryst∕lV∕morpωousGl∕yδrδβGn∕nostruαturδsGvi∕Gαω∕nμinμGl∕yδrG
tωiαknδssUG2020SGXa[SGXWba_a 2

457 witrδnδGκunαtion∕liz∕tionG∕sG∕GnδwG∕ppro∕αωGκorGrδβuαinμGtωδGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδGinG
μr∕pωδnδGn∕nopl∕tδlδtsVδpoxyGn∕noαompositδsUG2020SGX_`SG_[_T_]` 8
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456 †ωδrm∕lGrδαtiκiα∕tionGinGonδTβimδnsion∕lGl∕ttiαδsGwitωGnonlinδ∕rGsystδmâ��rδsδrvoirGαouplinμUG2020SG
]]`SGXY[a_Z 1

455 wδμ∕tivδGβiκκδrδnti∕lGtωδrm∕lGrδsist∕nαδGδκκδαtGinG∕Gm∕αrosαopiαGωomojunαtionUG2020SGXY`SGXb]ZWX 8

454 †ωδrm∕lGlonβuαtivityGoκGyolypropylδnδTk∕sδβGv∕tδri∕lsUG2020SG 8

453 †ωδrm∕lGpropδrtiδsGstuβyGoκGsiliαonGn∕nostruαturδsG≤yGpωoto∕αoustiαGtδαωniquδsUG2020SGXY`SGYY]XWX 3

452 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκGβirδαtGv∕nGβδrG“∕∕lsG≤onβδβGp∕wTonTβi∕monβUG2020SGZ]SGWb]WYX 10

451 Ultr∕κ∕stG†ωδrmoTxptiα∕lGmyn∕miαsGoκG∕G}inμlδGvδt∕lGw∕noTx≤jδαtUG2020SGXY[SGX]_Y]TX]_ZZ 3

450 yroμrδssGinGloolinμGw∕noδlδαtroniαGmδviαδsGtoGUltr∕TuowG†δmpδr∕turδsUG2020SGYWXSG``YTaWY 8

449 rntδrκ∕αi∕lGmiαrostruαturδG∕nβGtωδrm∕lGrδsist∕nαδGoκGUxYVvoGαompositδsGκ∕≤riα∕tδβG≤yGsp∕rkG
pl∕sm∕GsintδrinμUG2020SG[_SGYZ`b`TYZaWX 2

448 w∕nosα∕lδGtωδrm∕lGtr∕nsportG∕αrossG∕nGp∕jsVjlp∕jsGωδtδrostruαturδGintδrκ∕αδUG2020SG`SGWY]XWX 10

447 xptimizδβGintδrκ∕αi∕lGtωδrm∕lGαouplinμG≤δtwδδnGtwoGnonlinδ∕rGsystδmsUG2020SGZYSGXbu†WY 4

446 volδαul∕rTlδvδlGδv∕lu∕tionG∕nβGm∕nipul∕tionGoκGtωδrm∕lGαonβuαtivitySGmoisturδGβiκκusivityG∕nβG
ωyβropωo≤iαityGoκG∕GpxTy’yVy’moGαompositδGmδm≤r∕nδUG2020SGX]YSGXXb]Wa 6

445 vonitorinμG∕nω∕rmoniαGpωononGtr∕nsportG∕αrossGintδrκ∕αδsGinGonδTβimδnsion∕lGl∕ttiαδGαω∕insUG2020SG
XWXSGWYYXZZ 4

444 }urκ∕αδGvorpωoloμiα∕lGoδ∕turδsGoκGvoly≤βδnumGrrr∕βi∕tδβG≤yG∕G}inμlδGu∕sδrGyulsδUG2020SGXWSG_` 3

443 mδvδlopmδntGoκG∕GnovδlGα∕lorimδtryGsδtupG≤∕sδβGonGmδt∕lliαGp∕r∕m∕μnδtiαGtδmpδr∕turδGsδnsorsUG
2020SGbXSGWZ]XXa 2

442 †ωδGrolδGoκGlrGintδrl∕yδrGinGβδtδrmininμGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG≤δtwδδnGluG∕nβGβi∕monβUG
2020SG]X]SGX[_W[_ 11

441 rnTyl∕nδG∕nβGrntδrκ∕αi∕lG†ωδrm∕lGlonβuαtionGoκG†woTmimδnsion∕lG†r∕nsitionTvδt∕lGmiαω∕lαoμδniβδsUG
2020SGXZSG 19

440 nκκδαtGoκGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδGinG∕G†ωδrm∕lGllo∕kUG2020SGXZSG 13

439 j≤GinitioGrnvδstiμ∕tionGoκGrntδrκ∕αi∕lG†ωδrm∕lG†r∕nsportGκorGqv”Ty’moGrntδrκ∕αδUG2020SG[]SGX[][TX[_[ 1
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438 nnω∕nαδβGtωδrm∕lGαonβuαtivityGinGβi∕monβVαoppδrGαompositδsGwitωGtunμstδnGαo∕tinμsGonGβi∕monβG
p∕rtiαlδsGprδp∕rδβG≤yGm∕μnδtronGsputtδrinμGmδtωoβUG2020SGY]YSGXYZ[YY 12

437 mδsiμnG∕nβGsyntωδsisGoκGpolyO∕rylδnδGδtωδrGsulκonδPsGwitωGωiμωGμl∕ssGtr∕nsitionGtδmpδr∕turδG≤yG
introβuαinμG≤ipωδnylδnδGμroupsUG2020SG_bSGXY_`TXY`[ 5

436 †ωδrm∕lGαonβuαtivityG∕nβGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκG∕morpωousGjlYxZGtωinGκilmsGonG
μδrm∕niumG∕nβGs∕ppωirδUG2020SGXY`SGY[]XW] 1

435 nnω∕nαinμGmδαω∕nismGoκGintδrκ∕αi∕lGmδt∕lGδlδmδntGonGtωδGtωδrm∕lGtr∕nsportG∕αrossGluTμr∕pωδnδG
intδrκ∕αδsGrδvδ∕lδβG≤yGmolδαul∕rGβyn∕miαsGsimul∕tionsUG2020SGY]SGXWX[ZX 4

434 nnω∕nαδmδntGoκGrntδrκ∕αi∕lG†ωδrm∕lG†r∕nsportG≤δtwδδnGvδt∕lG∕nβGxrμ∕niαG}δmiαonβuαtorGUsinμG
}δlκTjssδm≤lδβGvonol∕yδrsGwitωGmiκκδrδntG†δrmin∕lGproupsUG2020SGXY[SGX_`[aTX_`]` 9

433 vδ∕surδmδntGoκGloα∕lGtωδrm∕lGαont∕αtGrδsist∕nαδGwitωG∕GpδrioβiαGωδ∕tinμGmδtωoβGusinμGmiαrosα∕lδG
loαkTinGtωδrmoμr∕pωyUG2020SGbXSGW_[bWX 4

432 nκκδαtGoκGtωδG†ωδrm∕lGkounβ∕ryG{δsist∕nαδGinGvδt∕lVmiδlδαtriαG†ωδrm∕llyGlonβuαtivδGu∕yδrsGonG
yowδrGpδnδr∕tionGoκG}iliαonGw∕nowirδGviαrotωδrmoδlδαtriαGpδnδr∕torsUG2020SGXYSGZ[[[XTZ[[]W 4

431 jn∕lytiα∕lGmoβδlGκorGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG≤∕sδβGonGδl∕stiαGw∕vδGtωδoryUG2020SGX]bSGXYWXX` 2

430 nnω∕nαδβGm∕μnδtiαGωδ∕tinμGδκκiαiδnαyG∕tG∕αiβiαGpqGκorGm∕μnδtiαGn∕noδmulsionsGst∕≤ilizδβGwitωG∕G
wδ∕kGpolyδlδαtrolytδUG2020SG]`bSG]aYT]b` 12

429 wumδriα∕lG∕n∕lysisGoκGtωδGpl∕sm∕TinβuαδβGsδlκTsω∕βowinμGδκκδαtGoκGimpinμinμGp∕rtiαlδsG∕nβGpω∕sδG
tr∕nsκorm∕tionGinG∕GnovδlGlonμGl∕min∕rGpl∕sm∕GjδtUG2020SG]ZSGZ`]YWY 4

428 rntδrκ∕αδGtωδrm∕lGαonβuαt∕nαδG≤δtwδδnG˛†Tp∕YxZG∕nβGβiκκδrδntGsu≤str∕tδsUG2020SG]ZSG[Z[WWX 10

427 }tuβyGoκGωδ∕tGαonβuαtionGinGtωrδδTl∕yδrδβGstruαturδâ��∕Gs∕nβwiαωGmoβδlUG2020SGb]SGW[]YYY 0

426 t∕pitz∕Grδsist∕nαδGinG≤∕siαGαω∕inGmoβδlsGwitωGisol∕tδβGβδκδαtsUG2020SGZa[SGXY_YYW 4

425 †ωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG≤δtwδδnGωiμωGtωδrm∕lGαonβuαtivityG≤oronG∕rsδniβδG∕nβGsiliαonUG
2020SGXY`SGW]]XW] 2

424 mδtδαtinμG∕GpωononGκluxGinGsupδrκluiβGqδ[G≤yG∕Gn∕nomδαω∕niα∕lGrδson∕torUG2020SGXWXSG 4

423 nnω∕nαinμGtωδG†ωδrmoδlδαtriαGyδrκorm∕nαδGoκGyolyαryst∕llinδG}n}δG≤yGmδαouplinμGnlδαtriα∕lG∕nβG
†ωδrm∕lG†r∕nsportGtωrouμωGl∕r≤onGoi≤δrGrnαorpor∕tionUG2020SGXYSGXYbXWTXYbXa 13

422 †ωδrm∕lG†r∕nsportG∕tGrntδrκ∕αδGkδtwδδnG}inμlδTu∕yδrGpr∕pωδnδG∕nβG“∕tδrGoilmUG2020SG[XSGX 3

421 j≤norm∕lGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκGtωinGκilmsGwitωGωδ∕tGsourαδUG2020SGX[`SGXXab[X 1
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420 kiTβirδαtion∕lGprδβiαtionGoκGstruαtur∕lGαω∕r∕αtδristiαsG∕nβGδκκδαtivδGtωδrm∕lGαonβuαtivitiδsGoκG
αompositδGκuδlsGtωrouμωGlδ∕rninμGκromGκinitδGδlδmδntGsimul∕tionGrδsultsUG2020SGXabSGXWa[aZ 7

419 nnω∕nαinμGtωδrm∕lGαonβuαtivityGvi∕GαonβuαtivδGnδtworkGαonvδrsionGκromGωiμωGtoGlowGtωδrm∕lG
βissip∕tionGinGpolyβimδtωylsilox∕nδGαompositδsUG2020SGaSGZ[_ZTZ[`] 55

418 †ωδrm∕lGlonβuαtivitySGnlδαtriα∕lG{δsistivitySG∕nβGviαrostruαturδGoκGluV“Gvultil∕yδrδβGw∕noκilmsUG
2020SGXYSGaaa_Taab_ 8

417 nκκδαtGoκGintδrκ∕αδGβδnsitySGqu∕lityG∕nβGpδrioβGonGtωδGl∕ttiαδGtωδrm∕lGαonβuαtivityGoκGn∕noαompositδG
m∕tδri∕lsUG2020SGXY`SGWY[ZW[ 2

416 †ωδrm∕lGαonβuαtivityGstuβyGoκG}ilGn∕nop∕rtiαlδG≤δβsGκorGtωδrm∕lGinsul∕tionG∕ppliα∕tionsUG2020SGXXaSGXXZb`W 9

415 zu∕ntit∕tivδGtωδrm∕lGmδ∕surδmδntG≤yGtωδGusδGoκGsα∕nninμGtωδrm∕lGmiαrosαopδG∕nβGrδsistivδG
tωδrm∕lGpro≤δsUG2020SGXY`SGWZXXWZ 8

414 viαrostruαturδG∕nβGtωδrm∕lGpropδrtiδsGoκGniαkδlTαo∕tδβGα∕r≤onGκi≤δrsV∕luminumGαompositδsUG2020SG
][SGY]ZbTY][a 3

413 x≤sδrv∕tionGoκGoδmtosδαonβGjαoustiαGjnom∕lyGinG∕G}oliβGuiquiβGrntδrκ∕αδUG2020SGXY[SGYba`TYbbZ 2

412 †ωδGδκκδαtGoκGtωδrm∕lGmism∕tαωGonGtωδGtωδrm∕lGαonβuαt∕nαδGoκGjlV}ilG∕nβGluVβi∕monβGαompositδsUG
2020SGXY`SGW[]XWX 8

411 {δαδntGrδsδ∕rαωδsGoκGtωδG≤ioTinspirδβGn∕noTα∕r≤onGrδinκorαδβGmδt∕lGm∕trixGαompositδsUG2020SGXZXSGXW]aX_ 18

410 nxprδssGjn∕lysisGoκGtωδGmδpδnβδnαδGoκGtωδGlritiα∕lG†δmpδr∕turδGoκG}upδrαonβuαtinμGoilmGonGitsG
†ωiαknδssUG2020SG_YSGb`ZTb`b

409 lω∕r∕αtδriz∕tionGoκGintδrκ∕αi∕lG≤onβinμGstrδnμtωG∕tGjlO}iPVβi∕monβGintδrκ∕αδsG≤yGnδutronG
βiκκr∕αtioncGnκκδαtGoκGβi∕monβGsurκ∕αδGtδrmin∕tionG∕nβGproαδssinμGαonβitionsUG2020SGXW_SGXW`a[Y 6

408 qyβroμδnGkonβGrntδr∕αtionGyromotδsGol∕sωGnnδrμyG†r∕nsportG∕tGv”δnδT}olvδntGrntδrκ∕αδUG2020SG
XY[SGXWZW_TXWZX[ 18

407 nκκδαtGoκG†ωδrm∕lGkounβ∕ryG{δsist∕nαδG≤δtwδδnGtωδGrntδrαonnδαtGvδt∕lG∕nβGmiδlδαtriαGrntδrl∕yδrG
onG†δmpδr∕turδGrnαrδ∕sδGoκGrntδrαonnδαtsGinGmδδplyG}α∕lδβG’u}rUG2020SGXYSGYYZ[`TYYZ]_ 6

406 †ωδrm∕lGαonβuαtivityGoκGonδTβimδnsion∕lGorμ∕niαGn∕nowirδscGδκκδαtGoκGm∕ssGβiκκδrδnαδGpωononG
sα∕ttδrinμUG2020SGZXSGZY[WWZ 2

405 †ωδGmiαrostruαturδsG∕nβGpropδrtiδsGoκGμr∕pωitδGκl∕kδVαoppδrGαompositδsGwitωGωiμωGvolumδG
κr∕αtionsGoκGμr∕pωitδGκl∕kδUG2020SGZ]SG]aT_] 5

404 rntδrpl∕yGoκGw∕llGκorαδGκiδlβG∕nβGw∕llGpωysiα∕lGαω∕r∕αtδristiαsGonGintδrκ∕αi∕lGpωδnomδn∕GoκG∕G
n∕noTαonκinδβGμ∕sGmδβiumUG2020SGX]ZSGXW_Zb[ 3

403 †ωδrm∕lGstuβiδsGoκGinβiviβu∕lG}iVpδGωδtδrojunαtionsGâ��G†ωδGinκluδnαδGoκGtωδG∕lloyGl∕yδrGonGtωδG
ωδtδrojunαtionUG2020SG_SGY[aTY]] 7

(2020-2020)

101



402
jtomistiαGinsiμωtGinGtωδGκlδxi≤ilityG∕nβGωδ∕tGtr∕nsportGpropδrtiδsGoκGtωδGstimuliTrδsponsivδG
mδt∕lTorμ∕niαGκr∕mδworkGvruT]ZOjlPGκorGw∕tδrT∕βsorptionG∕ppliα∕tionsGusinμGmolδαul∕rGsimul∕tionsUG
2021SGYY]SGZWXTZYZ

7

401 †ωδorδtiα∕lG∕nβGprδβiαtivδGmoβδlinμGoκGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG∕nβGtωδrm∕lGαonβuαtivityGinG
μr∕pωitδGκl∕kδVjlGαompositδsUG2021SGYaSGXWXTXX[ 3

400 †ωδrm∕lGαouplinμTβδαouplinμGmδαω∕nismGoκGωδ∕tGtr∕nsκδrG∕αrossGv∕nGβδrG“∕∕lsGintδrκ∕αδsGinG
nTδiαos∕nδUG2021SGX_[SGXYW_WZ 4

399 qδ∕tGtr∕nsportGpropδrtiδsGoκG∕lumin∕Gμ∕tδGinsul∕torGκilmsGonGpδGsu≤str∕tδsGκ∕≤riα∕tδβG≤yG∕tomiαG
l∕yδrGβδpositionUG2021SGXYXSGXW]Zb_ 1

398 †ωδrm∕lGtr∕nsportG∕αrossGluTvδt∕lTl∕r≤onGn∕notu≤δGintδrκ∕αδsGδnω∕nαδβG≤yGδκκδαtivδGintδrκ∕αi∕lG
intδr∕αtionUG2021SG][YSGXXXWXb 1

397 nκκδαtivδGtωδrm∕lGαonβuαtivityGoκG}rki[†i[xX]Tu∕WU`}rWUZvnxZGoxiβδGαompositδcG{olδGoκGp∕rtiαlδG
sizδG∕nβGintδrκ∕αδGtωδrm∕lGrδsist∕nαδUG2021SG[XSG[]XT[]a 7

396 †ωδGαonunβrumGoκGωotGmitoαωonβri∕UG2021SGXa_YSGX[aZ[a 11

395 UnvδilinμGtωδGintδrκ∕αδGαω∕r∕αtδristiαsG∕nβGtωδirGinκluδnαδGonGtωδGωδ∕tGtr∕nsκδrG≤δω∕viorGoκG
ωotTκorμδβGluâ��lrVmi∕monβGαompositδsUG2021SGX`YSGZbWT[WX 13

394 †ωδrm∕lGαonβuαtivityGoκGsp∕rkGpl∕sm∕GsintδrδβG}ilGαδr∕miαsGwitωGjlumin∕G∕nβG–ttri∕UG2021SG[XSGZY_[TZY`Z 4

393 nlδαtriα∕lGαonβuαtivityGinαrδ∕sδG≤yGorβδrGoκGm∕μnituβδGtωrouμωGαontrollinμGsintδrinμGtoGtunδG
ωiδr∕rαωiα∕lGstruαturδGoκGoxiβδGαδr∕miαsUG2021SGYb[SGXYXaZX 1

392 qiμωGtωδrm∕lGαonβuαtivδGαoppδrVβi∕monβGαompositδscGst∕tδGoκGtωδG∕rtUG2021SG]_SGYY[XTYY`[ 9

391 wonδquili≤riumGprδδnâ��sGκunαtionsGOwnpoPGinGvi≤r∕tion∕lGδnδrμyGtr∕nsportcG∕Gtopiα∕lGrδviδwUG2021SGY]SGXTY[ 2

390 }inμul∕rGyδrtur≤∕tionGyro≤lδmsGinGyδrioβiαGmom∕insUG2021SG]XZT_X[

389 mδsαriptorGsδlδαtionGκorGprδβiαtinμGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG≤yGm∕αωinδGlδ∕rninμGmδtωoβsUG
2021SGXXSG`Zb 2

388 t∕pitz∕Grδsist∕nαδGinGl∕ttiαδGkoltzm∕nnGδqu∕tionGκorGmultipω∕sδGpωononGβyn∕miαsUG2021SGXWZTXXZ

387 †ωδorδtiα∕lG∕n∕lysisGoκGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGoκGvo}T}ix∕nβG“}T}ixintδrκ∕αδUG2020SG 3

386 {δαδntGjβv∕nαδsGinGtωδG{∕tion∕lGmδsiμnGoκG†ωδrm∕lGlonβuαtivδGyolymδrGlompositδsUG2021SG_WSGXXZ`TXX][ 23

385 jβv∕nαδsGinGtωδrm∕lGαonβuαtivityGκorGδnδrμyG∕ppliα∕tionscG∕GrδviδwUG2021SGZSGWXYWWY 6
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384 nκκδαtGoκGjnisotropiαG†ωδrm∕lGlonβuαtivityGoκGpr∕pωitδGol∕kδsG∕nβGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδG
onGtωδGnκκδαtivδG†ωδrm∕lGlonβuαtivityGoκGpr∕pωitδGol∕kδsVjluminumGlompositδsUG2021SG_YSGbaTXW[ 2

383 †ωδrm∕lGαonβuαtivityGoκGy≤†δTlo}≤G≤ulkGpolyαryst∕llinδGαompositδcGrolδGoκGmiαrostruαturδG∕nβG
intδrκ∕αδGtωδrm∕lGrδsist∕nαδUG2021SG]WSGXY_XTXY`Z 4

382 jβv∕nαδsGoκGlw†T≤∕sδβGsystδmsGinGtωδrm∕lGm∕n∕μδmδntUG2021SGX[SGY[`XTY[bW 8

381 }tr∕tδμiδsGκorGv∕nipul∕tinμGyωononG†r∕nsportGinG}oliβsUG2021SGX]SGYXaYTYXb_ 3

380 rntδrκ∕αδGαontrollδβGtωδrm∕lGrδsist∕nαδs´ oκGultr∕TtωinGαω∕lαoμδniβδT≤∕sδβGpω∕sδGαω∕nμδGmδmoryG
βδviαδsUG2021SGXYSG``[ 24

379 jppliα∕tionsG∕nβGrmp∕αtsGoκGw∕nosα∕lδG†ωδrm∕lG†r∕nsportGinGnlδαtroniαsGy∕αk∕μinμUG2021SGX[ZSG 11

378 }iμniκiα∕ntGnnω∕nαδmδntGoκG†ωδrmoδlδαtriαGoiμurδGoκGvδritGinGki}≤†δTk∕sδβGlompositδsG≤yG
rnαorpor∕tinμGl∕r≤onGviαroκi≤δrUG2021SGZXSGYWWaa]X 23

377 yωononGtr∕nsportGinGmultipω∕sδGn∕nostruαturδβGsiliαonGκ∕≤riα∕tδβG≤yGωiμωTprδssurδGtorsionUG2021SG
XYbSGWa]XWX 6

376 jG≤riδκGrδviδwGoκGtωδrm∕lGtr∕nsportGinGmδsosαopiαGsystδmsGκromGnonδquili≤riumGprδδnâ��sGκunαtionG
∕ppro∕αωUG2021SGX_SGX 1

375 rntδrκ∕αi∕lG}truαturδGoκGl∕r≤iβδTlo∕tδβGpr∕pωitδVjlGlompositδsG∕nβGrtsGnκκδαtGonG†ωδrm∕lG
lonβuαtivityG∕nβG}trδnμtωUG2021SGX[SG 0

374 }pδαul∕rGtr∕nsmissionG∕nβGβiκκusδGrδκlδαtionGinGpωononGsα∕ttδrinμG∕tGμr∕inG≤ounβ∕ryUG2021SGXZZSG__WWY 1

373 †r∕nsκorminμGωδ∕tGtr∕nsκδrGwitωGtωδrm∕lGmδt∕m∕tδri∕lsG∕nβGβδviαδsUG2021SG_SG[aaT]W` 68

372 lω∕r∕αtδristiαsGoκGqu∕siT≤∕llistiαGωδ∕tGαonβuαtionGinG∕GmultiplδGm∕tδri∕lsGsystδmG≤∕sδβGonGtωδG
solutionGoκGtωδGkoltzm∕nnGtr∕nsportGδqu∕tionUG2021SGXZ_SGX

371 qyβroμδnGδκκδαtsGonGtωδGtωδrm∕lGαonβuαtivityGoκGβδloα∕lizδβGvi≤r∕tion∕lGmoβδsGinG∕morpωousG
siliαonGnitriβδGO∕â��}iwxcqPUG2021SG]SG 2

370 jGβu∕lTrolδGtωδoryGoκGtωδG∕spδαtGr∕tioGoκGtωδGn∕noκillδrsGκorGtωδGtωδrm∕lGαonβuαtivityGoκG
μr∕pωδnδTpolymδrGn∕noαompositδsUG2021SGX_WSGXWZ[]Z 6

369 †ωiαknδssTrnβδpδnβδntG’i≤r∕tion∕lG†ωδrm∕lGlonβuαt∕nαδG∕αrossGlonκinδβG}oliβT}olutionG†ωinGoilmsUG
2021SGXZSGXY][XTXY][b 1

368 Ultr∕Tolδxi≤lδSGmiδlδαtriαSG∕nβG†ωδrmost∕≤lδGkoronGwitriβδTpr∕pωδnδGoluoriβδGqy≤riβGoilmsGκorG
nκκiαiδntG†ωδrm∕lGv∕n∕μδmδntUG2021SGaSGYWWYXa` 3

367 volδαul∕rGrnsiμωtsGintoGtωδGlorrδl∕tionG≤δtwδδnGviαrostruαturδG∕nβG†ωδrm∕lGlonβuαtivityGoκG
—δolitiαGrmiβ∕zol∕tδGor∕mδworksUG2021SGXZSGX[X[XTX[X[b 1
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366 wδxtGμδnδr∕tionGδlδαtroniαsGonGtωδGultr∕wiβδT≤∕nβμ∕pG∕luminumGnitriβδGpl∕tκormUG2021SGZ_SGW[[WWX 17

365 mδsiμninμGnonlinδ∕rGtωδrm∕lGβδviαδsG∕nβGmδt∕m∕tδri∕lsGunβδrGtωδGoouriδrGl∕wcGjGroutδGtoGnonlinδ∕rG
tωδrmotiαsUG2021SGX_SGX 14

364 †ωδrm∕lG†r∕nsportG∕nβG†ωδrmoδlδαtriαGnκκδαtGinGlompositδsGoκGjlumin∕G∕nβGpr∕pωδnδTjuμmδntδβG
jlumin∕Gw∕noκi≤δrsUG2021SGX[SG 0

363 yωononGβispδrsionGrδl∕tionsGoκGαryst∕llinδGsoliβsG≤∕sδβGonGujvvy}Gp∕αk∕μδUG 1

362 jGqiμωTtωrouμωputGyl∕sm∕T≤∕sδβGjppro∕αωGκorGrmprovinμGtωδG†ωδrm∕lGlonβuαtivityGoκGnpoxyG
{δsinVkoronGwitriβδUG2021SG

361 †ωδrm∕lGrntδrκ∕αδGnnω∕nαδmδntGvi∕GrnαlusionGoκG∕nGjβωδsivδGu∕yδrGUsinμGyl∕sm∕Tnnω∕nαδβGjtomiαG
u∕yδrGmδpositionUG2021SGXZSGYXbW]TYXbXZ 1

360 †ωδrm∕lGrδsist∕nαδG∕tG∕GtwistG≤ounβ∕ryG∕nβG∕GsδmiαoωδrδntGωδtδrointδrκ∕αδUG2021SGXWZSG 2

359 viαrow∕vδGy∕αk∕μδGmδsiμnGκorG}upδrαonβuαtinμGzu∕ntumGyroαδssorsUG2021SGYSG 9

358 †ωδrm∕lG†r∕nsportGinGyolymδrscGjG{δviδwUG2021SGX[ZSG 11

357 jGminiGrδviδwGonGtωδrm∕llyGαonβuαtivδGpolymδrsG∕nβGpolymδrT≤∕sδβGαompositδsUG2021SGY[SGXWW_X` 28

356 vδαω∕niα∕lGpropδrtiδsG∕nβG∕≤l∕tionGrδsist∕nαδGoκGu∕YxZTmoβiκiδβGqκlT}ilGαo∕tinμGκorG}ilTαo∕tδβG
lVlGαompositδsUG2021SGXaYSGXWbY]b 9

355 “δ∕kδrG≤onβinμGα∕nGμivδGl∕rμδrGtωδrm∕lGαonβuαt∕nαδG∕tGωiμωlyGmism∕tαωδβGintδrκ∕αδsUG2021SG`SG 11

354 wonβiκκusivδG†r∕nsportG∕nβGjnisotropiαG†ωδrm∕lGlonβuαtivityGinGqiμωTmδnsityGytVloG}upδrl∕ttiαδsUG
2021SGZSGXbZXTXbZ_ 0

353 jGnδwGβiκκδrδnti∕lGsαωδmδGκorGtωδGβδvδlopmδntGoκGtωδrm∕llyGαonβuαtivδGpolymδrTαompositδsGwitωG
nonTβilutδGκillδrGαonαδntr∕tionsUG2021SGX_ZSGXW_aWb

352 †ωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG∕αrossGsoliβâ��soliβGintδrκ∕αδsG∕tGωiμωGtδmpδr∕turδscGjGmiαrosαopiαG
∕ppro∕αωUG2021SGXYbSGXb]XWY 3

351 t∕pitz∕Gtωδrm∕lGrδsist∕nαδGinGlinδ∕rG∕nβGnonlinδ∕rGαω∕inGmoβδlscGrsotopiαGβδκδαtUG2021SGXWZSGW]YXXZ 2

350 mirδαtGmδtδrmin∕tionGoκGtωδGyowδrG†ωrδsωolβG’∕luδGoκG’ortδxGjv∕l∕nαωδGinG–k∕YluZx`TxG†ωinG
oilmsG†riμμδrδβG≤yG∕Gu∕sδrGyulsδUG2021SG_XSGXYY` 0

349 jGytwipδGrδsist∕nαδGtωδrmomδtδrGκorGαryoμδniαG∕ppliα∕tionsUG2021SGbYSGW][bW[ 2
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348 o∕αilit∕tinμGtωδrm∕lGtr∕nsportG∕αrossG}iVpδGintδrκ∕αδGvi∕Gm∕ssTμr∕βδβGintδrl∕yδrcG†ωδGrolδGoκGδl∕stiαG
∕nβGinδl∕stiαGpωononGproαδssδsUG2021SGXYbSGX`]ZWY 1

347 †ωδrm∕lG{δl∕x∕tionGinGvδt∕lGoilmsGuimitδβG≤yGmiκκusonGu∕ttiαδGnxαit∕tionsGoκGjmorpωousG
}u≤str∕tδsUG2021SGX]SG 1

346 †ωδrm∕lGrm∕μinμGoκGkloαkGlopolymδrsGwitωG}u≤TXWGnmG{δsolutionUG2021SGX]SGbWW]TbWX_ 1

345 nκκδαtGoκGr∕nβomGpinninμGonGnonlinδ∕rGβyn∕miαsG∕nβGβissip∕tionGoκG∕GvortδxGβrivδnG≤yG∕GstronμG
miαrow∕vδGαurrδntUG2021SGXWZSG 3

344 rnκluδnαδGoκGsputtδrinμG∕nβGδlδαtrolδssGpl∕tinμGoκGlrVluGβu∕lTl∕yδrGstruαturδGonGtωδrm∕lG
αonβuαtivityGoκGβi∕monβVαoppδrGαompositδsUG2021SGXX]SGXWaYb_ 7

343 UxYVkδxGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG∕nβGitsGδκκδαtGonGκuδlGtωδrm∕lGαonβuαtivityUG2021SGX][SGXWaXWY 4

342 jnω∕rmoniαGpωononTpωononGsα∕ttδrinμG∕tGtωδGintδrκ∕αδG≤δtwδδnGtwoGsoliβsG≤yGnonδquili≤riumG
prδδnNsGκunαtionGκorm∕lismUG2021SGXWZSG 14

341 jGvultisα∕lδGrnvδstiμ∕tionGonGtωδG†ωδrm∕lG†r∕nsportGinGyolyβimδtωylsilox∕nδGw∕noαompositδscG
pr∕pωδnδGvsUGkoropωδnδUG2021SGXXSG 3

340 }t∕tusG∕nβGyδrspδαtivδsGoκGYhSGh˛†RG∕nβGY˛†RGmδα∕ysUG2021SG[SGY[XTY`[ 2

339 rntδμr∕tionGoκG≤oronG∕rsδniβδGαoolinμGsu≤str∕tδsGintoGμ∕lliumGnitriβδGβδviαδsUG2021SG[SG[X_T[YZ 6

338 †ωδrm∕lG†r∕nsportG∕αrossGvδt∕lV˛†Tp∕xGrntδrκ∕αδsUG2021SGXZSGYbWaZTYbWbX 6

337 rntδrκ∕αi∕lGωδ∕tGtr∕nsportGinGn∕noTα∕r≤onG∕ssδm≤liδsUG2021SGX`aSGZbXT[XY 26

336 †ωδrm∕lGαonβuαt∕nαδGoκGn∕nostruαturδβGintδrκ∕αδsGκromGvontδGl∕rloGsimul∕tionsGwitωG∕≤G
initioT≤∕sδβGpωononGpropδrtiδsUG2021SGXYbSGYX]XW] 2

335 vultisα∕lδGvoβδlinμGonGtωδGnnω∕nαδβGqδ∕tG†r∕nsκδrGkδω∕viorGoκG†ωδrm∕lGrntδrκ∕αδGv∕tδri∕lsGk∕sδβG
onGpr∕pωδnδUG2021SG

334 †ωδrm∕lGpropδrtiδsGoκGsinμlδTw∕llδβGα∕r≤onGn∕notu≤δGκorδstsGwitωGv∕riousGvolumδGκr∕αtionsUG2021SG
X`XSGXYXW`_ 2

333 l∕lαul∕tionGoκGt∕pitz∕G{δsist∕nαδGwitωGtinδtiαGnqu∕tionUG2021SGY]aSGYXWWWXa

332 wδwGαonstruαtionGoκGδlδαtronGtωδrm∕lGαonβuαtivδGroutδGκorGωiμωTδκκiαiδntGωδ∕tGβissip∕tionGoκG
μr∕pωδnδVluGαompositδUG2021SGX``SGXW`TXX[ 4

331 xriδnt∕tionGαontrolGoκGα∕r≤onGκi≤δrsG∕nβGδnω∕nαδβGtωδrm∕lVmδαω∕niα∕lGpropδrtiδsGoκGωotTδxtruβδβG
α∕r≤onGκi≤δrsV∕luminumGαompositδsUG2021SGXX_SGXWa[ZY 4
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330 †ωδrm∕lGtr∕nsportGinGlitωiumTionG≤∕ttδrycGjGmiαroGpδrspδαtivδGκorGtωδrm∕lGm∕n∕μδmδntUG2022SGX`SGX 3

329 miκκδrδntGβimδnsion∕lGn∕no∕ββitivδsGκorGtωδrm∕lGαonβuαtivityGδnω∕nαδmδntGoκGpω∕sδGαω∕nμδG
m∕tδri∕lscGounβ∕mδnt∕lsG∕nβG∕ppliα∕tionsUG2021SGa]SGXW]b[a 41

328 yωononG{δκlδαtionsGκromGw∕nostruαturδβGrntδrκ∕αδsGrm∕μδβG≤yGvomδntumTGjvδr∕μδβG∕nβG
{δsolvδβG’i≤r∕tion∕lGnnu}UG2021SGY`SGXYW[TXYW_

327 oδmtosδαonβGu∕sδrTrnβuαδβGlryst∕lliz∕tionGoκGjmorpωousG}iliαonG†ωinGoilmsGunβδrG∕G†ωinG
voly≤βδnumGu∕yδrUG2021SGXZSGZ``b`TZ`aWa 2

326 Ultr∕ωiμωGtωδrm∕lGαonβuαtivityGoκGδpoxyGαompositδsG≤∕sδβGonGαurlinμG≤ioinspirδβGκunαtion∕lizδβG
μr∕pωitδGκilmsGκorGtωδrm∕lGm∕n∕μδmδntG∕ppliα∕tionUG2021SGX[_SGXW_[XZ 1

325 nnvironmδntTβδpδnβδntGvi≤r∕tion∕lGωδ∕tGtr∕nsportGinGmolδαul∕rGjunαtionscG{δαtiκiα∕tionSGqu∕ntumG
δκκδαtsSGvi≤r∕tion∕lGmism∕tαωUG2021SGXW[SGWX[X[a 0

324 Ultr∕κ∕stGl∕sδrGsδlδαtivδGpω∕sδGrδmov∕lGκorGsurκ∕αδGmoβiκiα∕tionGoκGn∕noαompositδGm∕tδri∕lsUG2021SG
YbSGY[aZ[TY[a[] 3

323 wonToouriδrGpωononGωδ∕tGαonβuαtionG∕tGtωδGmiαrosα∕lδG∕nβGn∕nosα∕lδUG2021SGZSG]]]T]_b 14

322 †ωδrm∕lGlonβuαtivityGoκGmi∕monβGvos∕iαGlryst∕lsGprownG≤yGlωδmiα∕lG’∕porGmδpositioncG†ωδrm∕lG
{δsist∕nαδGoκGsunαtionsUG2021SGX_SG 2

321 {δβuαδβGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδGinGp∕wT≤∕sδβGδlδαtroniαGβδviαδsGintroβuαδβG≤yGmδt∕lG
≤onβinμGl∕yδrUG2021SGX[SGZ_X_TZ_YW 1

320 v∕μnonTpωononGintδr∕αtionsGinGspinGinsul∕torsUG2021SG[`SG_YXT_[]

319 jGsimplδG∕nβGδκκiαiδntGnumδriα∕lGmoβδlGκorGtωδrm∕lGαont∕αtGrδsist∕nαδG≤∕sδβGonGβiκκusδGintδrκ∕αδG
immδrsδβG≤ounβ∕ryGmδtωoβUG2021SGX__SGXW_aX` 6

318 v∕αωinδGlδ∕rninμT≤∕sδβGprδβiαtivδGmoβδlinμGoκGαont∕αtGωδ∕tGtr∕nsκδrUG2021SGX`[SGXYXZWW 3

317 ’iol∕tionGoκGkoltzm∕nnGnquip∕rtitionG†ωδorδmGinGjnμul∕rGyωononGyω∕sδG}p∕αδG}lowsGβownG
w∕nosα∕lδGqδ∕tG†r∕nsκδrGinGUltr∕tωinGqδtδroκilmsUG2021SGYXSG`X[]T`X]X 0

316 nv∕lu∕tionGoκGtωδGβiκκusδGmism∕tαωGmoβδlGκorGpωononGsα∕ttδrinμG∕tGβisorβδrδβGintδrκ∕αδsUG2021SG
XW[SG 1

315 nκκδαtGoκGintδrκ∕αi∕lGstruαturδsGonGpωononGtr∕nsportG∕αrossG∕tomiα∕llyGprδαisδG}iVjlGωδtδrojunαtionsUG
2021SG]SG

314 †ωδrm∕lGrδαtiκiα∕tionGinGmultil∕yδrGpω∕sδGαω∕nμδGm∕tδri∕lGstruαturδsGκorGδnδrμyGstor∕μδG
∕ppliα∕tionsUG2021SGY[SGXWYa[Z 2

313 †ωδGimp∕αtGoκGtωδGtωδrmost∕tsGonGtωδGnonTδquili≤riumGαomputδrGsimul∕tionsGoκGtωδGintδrκ∕αi∕lG
tωδrm∕lGαonβuαt∕nαδUGXTXY 3
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312 rntδrκ∕αδGtωδrm∕lGrδsist∕nαδGinβuαδβG≤yGμδomδtriαGsω∕pδGmism∕tαωcGjGmultip∕rtiαlδGuorδntzGμ∕sG
moβδlUG2021SGXW[SGWY[aWX 0

311 l∕pturinμGZmG∕tomiαGβδκδαtsG∕nβGpωononGloα∕liz∕tionG∕tGtωδGYmGωδtδrostruαturδGintδrκ∕αδUG2021SG`SGδ∕≤i__bb 2

310 rnTpl∕nδGintδrκ∕αi∕lGpωononGtr∕nsportGtωrouμωGmultiTl∕yδrGtωinGκilmsG≤yGtωδorδtiα∕lG∕n∕lysδsG∕nβG
vontδGl∕rloGsimul∕tionsUG2021SGX`_SGXYX[Za 2

309 qδ∕tG†r∕nsκδrGinGvultil∕yδrδβG†ωinGoilmGv∕tδri∕lsGjppliδβGtoGyωototωδrm∕lGmδκlδαtionG
}pδαtrosαopyUGXTXZ 0

308 †ωδrm∕lGtr∕nsportGinGβδκδαtivδG∕nβGβisorβδrδβGm∕tδri∕lsUG2021SGaSGWZXZXX 13

307 rntδrκ∕αi∕lGωδ∕tGtr∕nsκδrG≤δω∕viorGoκGμr∕pωδnδT≤∕sδβGκillδrG∕nβGα∕lαiumTsiliα∕tδTωyβr∕tδGinGαδmδntG
αompositδsUG2021SGX`_SGXYXX_] 3

306 }pont∕nδouslyGκormδβGn∕nostruαturδsGinGβou≤lδGpδrovskitδGr∕rδTδ∕rtωGt∕nt∕l∕tδsGκorGtωδrm∕lG
≤∕rriδrGαo∕tinμsUG2021SGYX_SGXX`X]Y 4

305 nκκδαtGoκGαωδmiα∕lGrδ∕αtionGonGtωδGtωδrm∕lGrδsist∕nαδsGoκGniαkδlVyttri∕Tst∕≤lizδβGzirαoni∕Gintδrκ∕αδsG
inGωyβroμδnGδnvironmδntUG2021SG]W_SGYZWY_[

304 nnω∕nαδβG†ωδrm∕lG†r∕nsportG∕αrossG}δlκTrntδrκ∕αinμGv∕nGβδrG“∕∕lsGlont∕αtsGinGolδxi≤lδG†ωδrm∕lG
mδviαδsUG2021SGZXSGYXW`WYZ 8

303
viαrosα∕lδG†ωδrm∕lGvoβδllinμGoκGvultiκunαtion∕lGlompositδGv∕tδri∕lsGv∕βδGκromGyolymδrG
nlδαtrolytδGlo∕tδβGl∕r≤onGoi≤rδsGrnαluβinμGqomoμδniz∕tionG∕nβGvoβδlG{δβuαtionG}tr∕tδμiδsUG2021SG
YSG`ZbT`_]

1

302 nvolvinμGtωδrm∕lGαonβuαtivityGuponGκorm∕tionG∕nβGβδαompositionGoκGωyβr∕tδGinGn∕tur∕lGm∕rinδG
sδβimδntsUG2021SGZWYSGXYXX[X 7

301 }δlδαtivδGl∕sδrG∕≤l∕tionGoκGmoly≤βδnumGκromG∕luminiumGinG∕GmultiTl∕yδrδβGtωinGκilmGsystδmUG2021SG
Y_SGXWX[Za 3

300 viαroαr∕αkGmitiμ∕tionGβurinμGl∕sδrGsα∕nninμGoκGtunμstδnGvi∕Gprδωδ∕tinμG∕nβG∕lloyinμGstr∕tδμiδsUG
2021SG[_SGXWYX]a 2

299 †∕ilorinμGtωδGmiαrostruαturδGoκG∕nGoriδntδβGμr∕pωitδGκl∕kδVjlGαompositδGproβuαδβG≤yGpowβδrG
mδt∕llurμyGκorG∕αωiδvinμGωiμωGtωδrm∕lGαonβuαtivityUG2021SGXXaSGXWa]XZ 1

298 †ouμωnδssGδnω∕nαδmδntG∕nβGtωδrm∕lGpropδrtiδsGoκGμr∕pωδnδTlw†sGrδinκorαδβGjlYxZGαδr∕miαG
ωy≤riβGn∕noαompositδsUG2021SG`aXSGXZab`a 5

297 vδt∕lTinsul∕torGtr∕nsitionG∕nβGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGinG∕tomiαGl∕yδrGβδpositδβG{uGn∕noκilmsG
αω∕r∕αtδrizδβG≤yGultr∕κ∕stGtδr∕ωδrtzGspδαtrosαopyUG2021SG]_ZSGX]WXa[ 3

296 †ωδrm∕lG≤ounβ∕ryGrδsist∕nαδGδnω∕nαδmδntGtωrouμωGintδrκ∕αi∕lGpol∕riz∕tionGδlδαtriαGκiδlβGinβuαδβGinG
p∕wVrnxp∕XTxwGsupδrl∕ttiαδUG2021SGX]bSGXW`WZ]

295 u∕rμδGδnω∕nαδmδntGoκGtωδrm∕lGαonβuαt∕nαδG∕tG∕m≤iδntG∕nβGαryoμδniαGtδmpδr∕turδsG≤yGl∕sδrG
rδmδltinμGoκGpl∕sm∕Tspr∕yδβGjlYxZGαo∕tinμsGonGluUG2021SGX[ZSGXXX[]W 2
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294 uowTprδssurδGpl∕sm∕TinβuαδβGpωysiα∕lGv∕porGβδpositionGoκG∕βv∕nαδβGtωδrm∕lG≤∕rriδrGαo∕tinμscG
viαrostruαturδsSGmoβδllinμG∕nβGmδαω∕nismsUG2021SGYXSGXWW[aX 3

293 v∕αωinδGlδ∕rnδβGintδr∕tomiαGpotδnti∕lsGκorGmoβδlinμGintδrκ∕αi∕lGωδ∕tGtr∕nsportGinGpδVp∕jsUG2021SG
YWWSGXXWaZ_ 3

292 xptimiz∕tionGoκGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGinG}iVpδGωδtδrostruαturδGβrivδnG≤yGm∕αωinδGlδ∕rninμUG
2022SGXaYSGXYYWX[ 4

291 qδ∕tGtr∕nsportGinGinsul∕torVκδrrom∕μnδtiαTinsul∕torVinsul∕torGωδtδroμδnδousGn∕nostruαturδsG∕tGlowG
tδmpδr∕turδsUG2021SGXWZSG

290 kiβirδαtion∕lG∕nβGUniβirδαtion∕lGwδμ∕tivδGmiκκδrδnti∕lG†ωδrm∕lG{δsist∕nαδGnκκδαtGinG∕GvoβiκiδβG
uorδntzGp∕sGvoβδlUG2021SGZaSGWX__WX 2

289 }urκ∕αδGvorpωoloμyGoκG{δκr∕αtoryGvδt∕lsG}u≤mittδβGtoG∕G}inμlδGu∕sδrGyulsδUGXWX_SGX]Y_TX]ZX

288 lomp∕rinμGtδmpδr∕turδGαonvδrμδnαδGoκGsωoαkδβGtωinGκilmsGoκGtinG∕nβGironGtoG∕G≤ulkGtδmpδr∕turδG
sourαδUG2021SGXYbSGWX]bWZ 3

287 yωononGqδ∕tGlonβuαtionGinG}upδrl∕ttiαδsUG2003SGX[`TX_` 2

286 lonsiβδr∕tionsGoorG}m∕llGmδtδαtorsGrnGqiμωG{δynolβsGwum≤δrGnxpδrimδntsUG1998SGZYbTZZ] 1

285 †ωδrm∕lGlonβuαtivityGoκGy∕rtiαul∕tδGw∕noαompositδsUG2014SGbZTXZb 5

284 †ωδrmoδlδαtriαGyωδnomδn∕GκromGv∕αroT}ystδmsGtoGw∕noT}ystδmsUG2007SGX]XTXa_ 7

283 jnGnxtδnβδβGoinitδGnlδmδntGvδtωoβGκorGtωδGjn∕lysisGoκG}u≤miαronGqδ∕tG†r∕nsκδrGyωδnomδn∕UG2011
SGXb]TYXY 3

282 Ultr∕κ∕stGwonlinδ∕rGyl∕smoniαsUG2013SGX_`TYW] 4

281 nκκδαtGoκGm∕trixGαr∕αkinμGonGtωδGovδr∕llGtωδrm∕lGαonβuαtivityGoκGκi≤rδTrδinκorαδβGαompositδsUG1996SGX``TXbY 4

280 yolymδrGαompositδsGwitωGδnω∕nαδβGtωδrm∕lGαonβuαtivityGvi∕GoriδntδβG≤oronGnitriβδG∕nβG∕lumin∕G
ωy≤riβGκillδrsG∕ssistδβG≤yGZTmGprintinμUG2020SG[_SGYWaXWTYWaXa 34

279 †ωδrm∕lGαonβuαtivityGmδ∕surδmδntsGoκGy†onG∕nβGjlYxZGαδr∕miαG∕tGsu≤TtδlvinGtδmpδr∕turδsUG2017SG
a]SG_ZT`W 1

278 †ωδrm∕lGαonβuαtivityGoκGkiYO}δx†δXâ��xPZG∕lloyGκilmsGμrownG≤yGmolδαul∕rG≤δ∕mGδpit∕xyUG2017SG]SGW__XWX 4

277 †ωδrm∕lGαonβuαtivityG∕nβGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδGinGtωδGωδtδrostruαturδGoκG
siliαonV∕morpωousGsiliαonGβioxiβδcGtωδGstr∕inG∕nβGtδmpδr∕turδGδκκδαtUG2020SGZXSG]W]`WZ 7
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276 lonκinδmδntGoκGpωononGprop∕μ∕tionGinGl∕sδrGβδpositδβGtunμstδnVpolyα∕r≤on∕tδGmultil∕yδrsUG2016SG
XaSGWbYWWY 10

275 q∕κniumG∕nβGzirαoniumGnitriβδsGwitωGroαkTs∕ltG∕nβG†ωZy[GstruαturδscGδlδαtroniαG∕nβGpωononG≤∕nβG
struαturδGα∕lαul∕tionsGtoGδx∕minδGωotGα∕rriδrGsol∕rGαδllG∕nβGtωδrmoδlδαtriαGpropδrtiδsUG2020SGYSGWY]WW[ 2

274 {olδGoκGtωδrm∕lGrδsist∕nαδGonGtωδGpδrκorm∕nαδGoκGsupδrαonβuαtinμGr∕βioGκrδquδnαyGα∕vitiδsUG2017SG
YWSG 7

273 †ωδrm∕lGαonβuαtivityGoκG}r’xZâ��}r†ixZGtωinGκilmscGnviβδnαδGoκGintrinsiαGtωδrm∕lGrδsist∕nαδG∕tGtωδG
intδrκ∕αδG≤δtwδδnGoxiβδGl∕yδrsUG2018SGYSG 5

272 uoα∕liz∕tionGoκGvi≤r∕tion∕lGmoβδsGlδ∕βsGtoGrδβuαδβGtωδrm∕lGαonβuαtivityGoκG∕morpωousG
ωδtδrostruαturδsUG2018SGYSG 16

271 rntδrκ∕αδTβrivδnGtωδrm∕lGrδαtiκiα∕tionGinGn∕nosα∕lδGsystδmsUG2018SGYSG 2

270 jnisotropiαGmoβδlGwitωGtrunα∕tδβGlinδ∕rGβispδrsionGκorGl∕ttiαδG∕nβGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGinG
l∕yδrδβGm∕tδri∕lsUG2018SGYSG 8

269 lω∕rμδGαonκinδmδntG∕nβGtωδrm∕lGtr∕nsportGproαδssδsGinGmoβul∕tionTβopδβGδpit∕xi∕lGαryst∕lsG
l∕αkinμGl∕ttiαδGintδrκ∕αδsUG2019SGZSG 2

268 koronG∕nom∕lyGinGtωδGtωδrm∕lGαonβuαtivityGoκGlitωiumG≤or∕tδGμl∕ssδsUG2019SGZSG 7

267 mδsiμnSGimplδmδnt∕tionSG∕nβGpδrκorm∕nαδGoκGtωδGjstroTqG}”}Gα∕lorimδtδrG∕rr∕yG∕nβG
∕ntiαoinαiβδnαδGβδtδαtorUG2018SG[SGX 5

266 vulti∕≤sor≤δrGtr∕nsitionTδβμδGsδnsorsGκorGxTr∕yG∕stronomyUG2019SG]SGX 9

265 †ωδGβδsiμnSGimplδmδnt∕tionSG∕nβGpδrκorm∕nαδGoκGtωδGjtroTqG}”}Gα∕lorimδtδrG∕rr∕yG∕nβG
∕ntiTαoinαiβδnαδGβδtδαtorUG2016SG 14

264 †ωδrm∕lGlonβuαtivityGoκGw∕nostruαturδβG†ωδrmoδlδαtriαGv∕tδri∕lsUG2005SG[YTXT[YTX_ 13

263 †ωδrm∕lG†r∕nsportGinGw∕nostruαturδβGv∕tδri∕lsUG2012SG][]T]`Y 7

262 yropδrtiδsGoκGw∕noκluiβUG2015SGXT[[ 1

261 }izδGmδpδnβδnαδGoκG}oliβGviαroVw∕noToilmG†ωδrm∕lGlonβuαtivityUG2013SGWZSGbTXY 1

260 lritiα∕lG}t∕tδG}t∕≤ilityG∕nβGoluxGsumpsNGmyn∕miαsGinG∕G}inμlδGlryst∕lGoκG–k∕YluZx`T˛·UG2012SGXYXSGaZ_Ta[W 1

259 mδαrδ∕sinμGtωδGnκκδαtivδG†ωδrm∕lGlonβuαtivityGinGpl∕ssG}upportδβG†ωδrmoδlδαtriαGu∕yδrsUG2016SGXXSGδWX]X`Wa 10
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258 voβδlinμG∕nβG}imul∕tionGoκGpr∕pωδnδGk∕sδβGyolymδrGw∕noαompositδscGjβv∕nαδsGinGtωδGu∕stG
mδα∕βδUG2016SGW]SGb_TX[Y 33

257 }izδGδκκδαtGonG≤ounβ∕ryGαonβitionG∕tGsoliβTliquiβGintδrκ∕αδGinGmiαroαω∕nnδlUG2019SG_aSGWYWYWX 3

256 {δαδntGproμrδssδsGoκGtωδrm∕lGαonβuαtionGinGtwoTβimδnsion∕lGm∕tδri∕lsUG2020SG_bSGXb__WY 1

255 jGwδwG†δαωniquδGκorGnnω∕nαinμG}δnsitivityGoκGtωδGYˇ�GvδtωoβG≤yGjpplyinμG∕GkismutωGoilmG
†ωδrmorδκlδαt∕nαδG}δnsorGonG†opGoκGtωδGvδt∕lGoilmâ��miδlδαtriαG}u≤str∕tδG}∕mplδUG2011SG]WSGW[__WY 1

254 mδvδlopmδntGoκG∕GorδquδnαyTmom∕inGvδtωoβGUsinμGlomplδtδlyGxptiα∕lG†δαωniquδsGκorGvδ∕surinμG
tωδGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδG≤δtwδδnGtωδGvδt∕lGoilmG∕nβGtωδG}u≤str∕tδUG2011SG]WSGXW__WY 10

253 mδvδlopmδntGoκGwδtworkGm∕t∕≤∕sδG}ystδmGκorG†ωδrmopωysiα∕lGyropδrtyGm∕t∕GoκG†ωinGoilmsUG2011SG
]WSGXX{qWZ 3

252 milutionGrδκriμδr∕torG∕nβGitsGωδ∕tGtr∕nsκδrGpro≤lδmsUG2021SG`WSGYZWYWY

251 lω∕r∕αtδriz∕tionGoκGsδlκTωδ∕tinμGinGαryoμδniαGωiμωGδlδαtronGmo≤ilityGtr∕nsistorsGusinμG}αωottkyG
tωδrmomδtryUG2021SGXZWSGX]]XW` 0

250 jrαGj≤l∕tionG{δsist∕nαδG∕nβGmiδlδαtriαG}trδnμtωGyropδrtiδsGoκGy†onVkwGlompositδsUG2021SGX[SG_`W]

249 u∕ttiαδTβyn∕miαsT≤∕sδβGβδsαriptorsGκorGintδrκ∕αi∕lGωδ∕tGtr∕nsκδrG∕αrossGtwoTβimδnsion∕lG
α∕r≤onT≤∕sδβGn∕nostruαturδsUG2021SGXZWSGXZ]XW_ 4

248 volδαul∕rTuδvδlGUnβδrst∕nβinμGoκGnκκiαiδntG†ωδrm∕lG†r∕nsportG∕αrossGtωδG}iliα∕â��“∕tδrGrntδrκ∕αδUG 2

247 pi∕ntG†ωδrm∕lG†r∕nsportG†uninμG∕tG∕Gvδt∕lVoδrroδlδαtriαGrntδrκ∕αδUG2021SGδYXW]``a 2

246 vδ∕surδmδntGoκG†ωδG†ωδrm∕lGyropδrtiδsGoκGnpoxiδβG†it∕niumGlont∕αtsG∕tGlryoμδniαG†δmpδr∕turδsUG
2000SGZYXTZYa 1

245 {δsponsδGjn∕lysisG∕nβGvoβδlinμGoκGqiμωG†δmpδr∕turδG}upδrαonβuαtorGnβμδG†r∕nsitionG
kolomδtδrsUG2004SG[``T]Z]

244 }ourαδsSG{δκδrδnαδsG∕nβGourtωδrG{δ∕βinμUG2005SGZa_T[XY

243 w∕nostruαturδβG}kuttδruβitδsUG2005SG[XTXT[XTXW

242 jGvultisα∕lδGvδtωoβoloμyGtoGjppro∕αωGw∕nosα∕lδG†ωδrm∕lG†r∕nsportUG2010SGXZ]TX]W 1

241 wumδriα∕lG}imul∕tionsGoκGwonTδquili≤riumGnnδrμyG†r∕nsportGinGw∕nostruαturδsGusinμGkoltzm∕nnG
†r∕nsportGnqu∕tionUG2010SGXSGXabTYXa
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240 †ωδorδtiα∕lG∕nβGδxpδrimδnt∕lGstuβyGoκGκδmtosδαonβGpulsδGl∕sδrGωδ∕tinμGonGtωinGmδt∕lGκilmUG2011SG
_WSGW_[[WX 4

239 †ωδrm∕lGαonβuαtivitiδsGoκGmδt∕lliαGn∕nowirδsGwitωGαonsiβδrinμGsurκ∕αδG∕nβGμr∕inG≤ounβ∕ryG
sα∕ttδrinμUG2013SG_YSGXa_]WX 6

238 jGmolδαul∕rGβyn∕miαsGsimul∕tionGonGtωδGrδl∕tionsωipG≤δtwδδnGαont∕αtG∕nμlδG∕nβGsoliβTliquiβG
intδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδUG2013SG_YSGXXWYW[ 6

237 †imδT{δsolvδβGyωononG}pδαtrosαopyG∕nβGyωononG†r∕nsportGinGw∕nosα∕lδG}ystδmsUG2014SGYW`TYY_

236 yωononGuoα∕liz∕tionGinGvδsosαopiαG}ystδmsUG1993SG[Y]T[Y_

235 jnom∕lousGkδω∕viourGoκGtωδGyωononGqδ∕tGoluxGinGw∕llTw∕llSGtkrTtkrG∕nβGtkrTluGyointGlont∕αtsUG
1993SG[XZT[X[

234 }ourαδG†δrmsGκorGtωδGkoltzm∕nnTyδiδrlsGnqu∕tionGκorGyωononsUG1993SGb_Tb`

233 yωononG{δκlδαtionGκromGkuriδβGUltr∕tωinGoilmsGUsinμGu∕sδrGyiαosδαonβGjαoustiαsUG1993SG[]bT[_W

232 vδ∕surδmδntG}δtupGxptimiz∕tionGκorGuowGnlδαtronG†δmpδr∕turδsUG2015SGb`TXYY

231 {δviδwGcG†ωδrm∕lGαont∕αtGpro≤lδmsG∕tGαryoμδniαGtδmpδr∕turδUG2015SGX`SGXT` 0

230 volδαul∕rGmyn∕miαsG}imul∕tionsGκorG“∕tδrâ��vδt∕lGrntδrκ∕αi∕lG†ωδrm∕lG{δsist∕nαδUG2016SGY`T][

229 rntδrκ∕αδG{δsist∕nαδG∕nβG†ωδrm∕lG†r∕nsportGinGw∕noTlonκinδβGuiquiβsUG2016SGXTY]

228 nnαyαlopδβi∕GoκGw∕notδαωnoloμyUG2016SG[X[_T[X][

227 jGwumδriα∕lG}tuβyGonGtωδGjnisotropiαG†ωδrm∕lGlonβuαtionG≤yGyωononGvδ∕nGorδδGy∕tωG}pδαtrumGoκG
}iliαonGinG}iliαonTonTrnsul∕torG†r∕nsistorUG2016SG[WSGXXXTXX` 1

226 zu∕ntumGl∕sα∕βδGu∕sδrscGnlδαtrotωδrm∕lG}imul∕tionUG2017SGYZ]TY_W

225 †r∕nsmissionGoκG†ωδrm∕lGyωononsGinG}upδrκluiβGqδliumG†ωrouμωGwonlinδ∕rGvδt∕Trntδrκ∕αδGwitωG∕G
}oliβUG2018SGYYXTY[W

224 nnω∕nαδmδntGoκGtωδGδκκiαiδnαyGoκGωδ∕tGrδmov∕lGκromGpowδrκulGδlδαtroniαGβδviαδsGtωrouμωGtωδrm∕lG
intδrκ∕αδsG≤∕sδβGonG∕luminumGnitriβδGκilmsUG2018SG]bT_a 1

223 mδsiμnG∕nβGαω∕r∕αtδriz∕tionGoκGtωδGyxuj{knj{TY≤G∕nβGyxuj{knj{TYαGαosmiαGmiαrow∕vδG
≤∕αkμrounβGαryoμδniαGrδαδivδrsUG2018SG 2
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222 nxprδssG∕n∕lysisGoκGtωδGβδpδnβδnαδGoκGtωδGsupδrαonβuαtinμGκilmGαritiα∕lGtδmpδr∕turδGonGitsG
tωiαknδssUG2019SG[ZT[a

221 †ωδorδtiα∕lGstuβyGoκGintδrκ∕αδGtωδrmoβyn∕miαGpropδrtiδsGoκGXSZS]Ttri∕minoTYS[S_Ttrinitro≤δnzδnδG
≤∕sδβGpolymδrG≤onβδβGδxplosivδsUG2019SG_aSGXW_YWX 1

220 wδ∕rTκiδlβGsα∕nninμGtωδrmorδκlδαt∕nαδGim∕μinμGOwδ}†{rPG∕sG∕Gn∕noToptiα∕lGtδαωniquδGκorG
αont∕αtlδsslyGm∕ppinμGtωδGtωδrm∕lGαonβuαtivityGoκGYmGm∕tδri∕lsG∕tGtωδGn∕nosα∕lδUG2019SG

219 qδ∕tGtr∕nsportG≤δω∕viorGoκG≤iαryst∕lG—nxGαont∕ininμGtiltGμr∕inG≤ounβ∕ryUG2020SG_bSGWZZXWX 2

218 †ωδrm∕lGu∕μμinμGoκGvultil∕yδrδβG}truαturδGinGqδ∕tTjssistδβGv∕μnδtiαG{δαorβinμG}ystδmsUG2020SGXYSG

217 vini∕turiz∕tionGoκGsosδpωsonGsunαtionsGκorGmiμit∕lG}upδrαonβuαtinμGlirαuitsUG2021SGX_SG 4

216 u∕ttiαδG†ωδrm∕lGkounβ∕ryG{δsist∕nαδUG2020SGa[]Ta_Z

215 nκκδαtGoκGδstδriκiα∕tionGαrosslinkinμGonGintδrκ∕αi∕lGωδ∕tGtr∕nsκδrG≤δtwδδnGμr∕pωδnδG∕nβGpω∕sδG
αω∕nμδGm∕tδri∕lUG2021SGYaSGXXYXTXXZ] 0

214 †uninμGtωδrm∕lGtr∕nsportGvi∕GpωononGloα∕liz∕tionGinGn∕nostruαturδsUG2020SGYbSGXY_]WY 0

213 jGrδviδwGtoGtωδGspδαiκiαGpro≤lδmsGoκGn∕noGtωδrm∕lGpωysiαsUG2020SGX_aZSGWYYW`Z

212 lω∕r∕αtδrizinμGonGtωδGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGtωrouμωG∕βsorptionGαlustδrsG∕nβGvi≤r∕tion∕lG
≤δω∕viorsUG2022SGXaZSGXYYWa_ 2

211 †ωδrm∕lGpropδrtiδsG∕nβGκ∕ilurδGmδαω∕nismGoκGμr∕pωδnδGn∕nopl∕tδlδtTrδinκorαδβGαoppδrGαompositδsG
κ∕≤riα∕tδβGusinμGδlδαtrolδssGpl∕tinμUG2022SGabZSGX_YYZZ 1

210 {δvisitinμGtωδrm∕lGαonβuαtivityG∕nβGintδrκ∕αδGαonβuαt∕nαδG∕tGtωδGn∕nosα∕lδUG2022SGXaZSGXYYW]_ 2

209 nnδrμyG{δl∕x∕tionG∕nβG†ωδrm∕lG†r∕nsportGinGvolδαulδsUG2020SGa_]Taa]

208 voβδlinμGωδ∕tGtr∕nsportGinGn∕noαompositδsGtωrouμωGmultiplδGlδnμtωGsα∕lδsUG2020SGXY`TX]Z

207 †ωδrm∕lG†r∕nsportcGxvδrviδwUG2020SG`YZT`ZZ

206 wonδquili≤riumGnnδrμyG†r∕nsκδrGinGw∕nostruαturδsUG2020SGZ[]T[W]

205 †ωδrm∕lGyropδrtiδsUG2020SG]Z]T][` 1
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204 vδt∕lGxxiβδGw∕noαompositδsG∕nβGitsG†ωδrm∕lGyropδrtyGjn∕lysisUG2020SGYW`TY_[

203 pδnδr∕lizδβGmoβδlGoκGt∕pitz∕Gαonβuαt∕nαδG∕αrossGrouμωGintδrκ∕αδsUG2021SGYW]`SGWXYXXW

202 yrδp∕r∕tionGoκGtωδrm∕llyGαonβuαtivδG≤utGδlδαtriα∕llyGinsul∕tδβGpolypropylδnδGαont∕ininμGαoppδrG
n∕nowirδUG2021SGYZ_SGXY[ZX` 3

201 myn∕miαsG∕nβG†ωδrm∕lG}truαturδGoκGp∕sTuiquiβGyω∕sδGrntδrκ∕αδUG2009SG`bTaZ

200 k∕llistiαTmiκκusivδGqδ∕tGlonβuαtionGinG†ωinGoilmsG≤yGyωononGvontδGl∕rloGvδtωoβcGpr∕yGvδβiumG
jpproxim∕tionG’δrsusGyωononGmispδrsionUG2020SGX[YSG 2

199 jnisotropiαGtωδrm∕lGαonβuαtivityGoκGjlp∕wVp∕wGsupδrl∕ttiαδsUG2021SGZYSGW`]`W` 1

198 yroμrδssGinGmδ∕surinμSGmoβδlinμSG∕nβGm∕nipul∕tinμGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδUG2021SG]ZSGZY`T[W[

197 }pδαul∕rGjαoustiαG’i≤r∕tion∕lG“∕vδG†r∕nsmissionsGwitωGtωδGyrδsδnαδGoκGyωononiαGk∕nβμ∕psUG2022SG
bXSG

196 †ωδrm∕lGαonβuαt∕nαδGαontrolGoκGnonT≤onβδβGintδr∕αtionG≤δtwδδnGlo∕βδβGω∕loμδnGmolδαulδsG∕nβG
α∕r≤onGn∕notu≤δscGjGmolδαul∕rGβyn∕miαsGstuβyUG2021SGXYYYX_ 0

195 †ωδrm∕lGpδrαol∕tionG∕nβGδlδαtriα∕lGinsul∕tionGinGαompositδGm∕tδri∕lsGwitωGp∕rti∕llyGmδt∕lliαGαo∕tδβG
κillδrsUG2021SGXXbSGYXX_WY 1

194 nnω∕nαδβGtωδrm∕lGtr∕nsportG∕αrossGtωδGintδrκ∕αδG≤δtwδδnGαω∕rμδβGμr∕pωδnδG∕nβGpolyOδtωylδnδG
oxiβδPG≤yGnonTαov∕lδntGκunαtion∕liz∕tionUG2021SGXYYXaa 4

193 †ωδrm∕lGlω∕r∕αtδriz∕tionGoκGvδt∕lTxxiβδGrntδrκ∕αδsGUsinμG†imδTmom∕inG†ωδrmorδκlδαt∕nαδGwitωG
w∕noμr∕tinμG†r∕nsβuαδrsUG2021SGXZSG]aW]bT]aW_] 0

192 t∕pitz∕Grδsist∕nαδG∕tG∕Gβom∕inG≤ounβ∕ryGinGlinδ∕rG∕nβGnonlinδ∕rGαω∕insUUG2021SGXW[SGW][XXb 0

191 yol∕riz∕tionGδκκδαtGonGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδGoκGp∕wVrnp∕wGsupδrl∕ttiαδsGwitωGlowGrnG
αontδntsUG2021SGXZ_SGX 0

190 nxpδrimδnt∕lGo≤sδrv∕tionGoκGloα∕lizδβGintδrκ∕αi∕lGpωononGmoβδsUG2021SGXYSG_bWX 7

189 †ωδGsizδGδκκδαtGonGtωδGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδsGoκGs∕nβwiαωGstruαturδsUG2021SGXaZSGXYYYX` 1

188 vδ∕surinμGpωononGβispδrsionG∕tG∕nGintδrκ∕αδUG2021SG]bbSGZbbT[WZ 6

187 volδαul∕rGβyn∕miαsGstuβyGonGvi≤r∕tionTmoβδGm∕tαωinμGinGsurκ∕αt∕ntTmδβi∕tδβGtωδrm∕lGtr∕nsportG∕tG
soliβâ��liquiβGintδrκ∕αδsUG2022SGZ[`SGXXaZ_Z 1
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186 nκκδαtGoκGintδrκ∕αi∕lGrouμωnδssGonGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδcGjnGδl∕stiαGw∕vδGmoβδlGusinμGtωδG
tirαωωoκκG∕pproxim∕tionUG2022SGYXaSGXW_bbZ 0

185 †ωδorδtiα∕lG∕n∕lysisGoκGpω∕sδGαω∕nμδGωδ∕tGtr∕nsκδrG∕nβGδnδrμyGstor∕μδGinG∕Gspωδriα∕lGpω∕sδGαω∕nμδG
m∕tδri∕lGwitωGδnα∕psul∕tionUG2022SGXa]SGXYYZ[a 1

184 mou≤lδGpω∕sδGtr∕nsitionGnumδriα∕lGmoβδlinμGoκGsupδrκluiβGωδliumGκorGκixδβGnonTuniκormGμriβsUG2022SG
Y`ZSGXWaY`]

183 †ωδrm∕lGαonβuαtivityGoκG†ωuδâ��vorsδG∕nβGβou≤lδTpδrioβGqu∕sipδrioβiαGμr∕pωδnδTωkwGsupδrl∕ttiαδsUG
2022SGXa_SGXYY[_[ 1

182 †ωδrm∕lGrδl∕x∕tionGinGw≤wGκilmsGonGαryst∕llinδGsu≤str∕tδsUG2022SGXTX

181 qδtδroμδnδousGtωδrm∕lGαonβuαt∕nαδGoκGn∕nop∕rtiαlδTκluiβGintδrκ∕αδscGjnG∕tomistiαGnoβ∕lG
∕ppro∕αωUUG2022SGX]_SGW[[`WX 1

180 jGnδwGtδαωniquδGκorGmoβδllinμGpωononGsα∕ttδrinμGproαδssδsG∕tGrouμωGintδrκ∕αδsG∕nβGκrδδG
≤ounβ∕riδsGoκGsoliβsUG2022SGYX]WSGWXYWYX

179 mδpδnβδnαδGoκGδκκδαtivδGpropδrtiδsGuponGrδμul∕rGpδrtur≤∕tionsUG2022SGY`XTZWX 0

178 voβiκiα∕tionG∕nβGlω∕r∕αtδriz∕tionGoκGrntδrκ∕αi∕lGkonβinμGκorG†ωδrm∕lGv∕n∕μδmδntGoκG{utωδniumG
rntδrαonnδαtsGinGwδxtTpδnδr∕tionG’δryTu∕rμδT}α∕lδGrntδμr∕tionGlirαuitsUUG2022SG 0

177 zu∕siTω∕rmoniαGtωδoryGκorGpωononGtωδrm∕lG≤ounβ∕ryGαonβuαt∕nαδG∕tGωiμωGtδmpδr∕turδsUG2022SG
XZXSGWX]XWX 0
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130 rntδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG≤δtwδδnGμolβG∕nβG}ixYcGjGmolδαul∕rGβyn∕miαsGstuβyUGXTXY

129 jGtωδorδtiα∕lG∕nβGsimul∕tionGstuβyGoκGpωononGκlowGwitωinGsinμlδTintδrκ∕αδGsystδmsUG2022SG_XSGXWX_`a 1

128 wonδquili≤riumGyωononG†ωδrm∕lG{δsist∕nαδG∕tGvo}VxxiβδG∕nβGpr∕pωδnδVxxiβδGrntδrκ∕αδsUUG2022SG 2
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l∕lαul∕tionsUG 0
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79 v∕αωinδGuδ∕rninμGκorGq∕rnδssinμG†ωδrm∕lGnnδrμycGoromGv∕tδri∕lsGmisαovδryGtoG}ystδmG
xptimiz∕tionUGZYW[TZYY_ 1
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78 }δlκTωδ∕tinμGωotspotsGinGsupδrαonβuαtinμGn∕nowirδsGαoolδβG≤yGpωononG≤l∕αkT≤oβyGr∕βi∕tionUG2022SG
XZSG 1

77 {δ∕αtionTtun∕≤lδGβiκκusionG≤onβinμGtoGmultil∕yδrδβGluGmδsωV—t_XGvμGκoilGαompositδsGwitωGtωδrm∕lG
αonβuαtivityG∕nβGliμωtwδiμωtGsynδrμyUG2022SG 0

76 nxpδrimδnt∕lGnviβδnαδGoκG}upδrβiκκusivδG†ωδrm∕lG†r∕nsportGinG}iWU[pδWU_G†ωinGoilmsUG2022SGYYSG_aaaT_ab[ 0

75 {δαδntGjβv∕nαδsGinG†ωδrm∕lGrntδrκ∕αδGv∕tδri∕lsGκorG†ωδrm∕lGv∕n∕μδmδntGoκGqiμωTyowδrG
nlδαtroniαsUG2022SGXYSGZZ_] 3

74 yωononG“inβGnκκδαtsGonGlω∕rμδGlollδαtionGinGlryoμδniαGpδGmδtδαtorsGκorG{∕rδGnvδntG}δ∕rαωδsG∕tG
uowGnnδrμiδsUG 0

73 †ωδrm∕lGαonβuαtivityGoκGjlxp∕Xâ��xwGOWâ�⁄xâ�⁄XUG2022SG_SG 0

72 †ωδGtωδrmoβyn∕miαsGoκGnonTδquili≤riumGintδrκ∕αδsGβurinμGpω∕sδGtr∕nsκorm∕tionsGinGαonαδntr∕tδβG
multiαomponδntG∕lloysUG2022SGXXa[W` 1

71 nκκδαtGoκGαωromiumGintδrl∕yδrGtωiαknδssGonGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG∕αrossGαoppδrVβi∕monβG
intδrκ∕αδUG2022SGYbSGYWYWTYWZX 0

70 u∕rμδTsα∕lδGpl∕sm∕Gμr∕κtsGvolt∕μδGst∕≤ilizδrGonGωδx∕μon∕lG≤oronGnitriβδGκorGimprovinμGδlδαtriα∕lG
insul∕tionG∕nβGtωδrm∕lGαonβuαtivityGoκGδpoxyGαompositδUG 0

69 rntδr∕αtionGoκGpωononsGwitωGspωδriα∕lGn∕nop∕rtiαlδsGδm≤δββδβGβδnsδlyGinGsimplδGαryst∕llinδGm∕trixUG
l∕sδGoκGnitroμδnTp∕ll∕βiumGn∕noαompositδUG2022SG[aSG`baTaW] 0

68 pr∕βiδntGintδrκ∕αδGκorm∕tionGinGluâ��lrVβi∕monβO†iPGαompositδsGprδp∕rδβG≤yGμ∕sGprδssurδG
inκiltr∕tionUG2022SGYW_SGXXX][b 0

67 nstim∕tinμGtωδGm∕ximumGωδ∕tinμGoκGlowGtδmpδr∕turδGw≤wGκilmGwitωG∕GαurrδntGpulsδcGα∕lαul∕tionsG≤yG
ωδ∕tGαonβuαtionGδqu∕tionUG2022SGYbSG[[bT[]_ 0

66 }α∕nninμGtωδrm∕lGmiαrosαopyG∕nβGitsG∕ppliα∕tionsGκorGqu∕ntit∕tivδGtωδrm∕lGmδ∕surδmδntsUG2022SG
XZYSGX[WbWY 1

65 {o≤ustGαom≤inδβGmoβδlinμGoκGαryst∕llinδG∕nβG∕morpωousGsiliαonGμr∕inG≤ounβ∕ryGαonβuαt∕nαδG≤yG
m∕αωinδGlδ∕rninμUG2022SGaSG 0

64 l∕r≤onGw∕nostruαturδT≤∕sδβGpl∕ssGlompositδscGjG{δviδwUG 1

63 k∕yδsi∕nGδstim∕tionGoκGtωδrm∕lGpropδrtiδsGusinμGpδrioβiα∕llyGpulsδβGpωototωδrm∕lGr∕βiomδtrycGjG
κoαusGonGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδsG≤δtwδδnGl∕yδrsUG 0

62 jnisotropiαG†ωδrm∕lGlonβuαtivityGoκGrnkjδtTyrintδβGYmGlryst∕lGoilmscG{olδGoκGtωδGviαrostruαturδG∕nβG
rntδrκ∕αδsUG2022SGXYSGZa_X 0

61 jnom∕lousGtωδrm∕lGαonβuαtivityGinG∕morpωousGnio≤iumGpδntoxiβδGtωinGκilmscGjGαorrδl∕tionGstuβyG
≤δtwδδnGstruαturδG∕nβGtωδrm∕lGpropδrtiδsUG2022SGY_SGXWX_WX 0
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60 yωononGtωδrm∕lGtr∕nsportG∕nβGitsGtun∕≤ilityGinGp∕wGκorGnδ∕rTjunαtionGtωδrm∕lGm∕n∕μδmδntGoκG
δlδαtroniαscGjGrδviδwUG2023SGYWWSGXYZ[b` 0

59 †ωδrm∕lGδnδrμyGtr∕nsportG∕αrossGsoliβTliquiβGintδrκ∕αδscG∕Gmolδαul∕rGβyn∕miαsGpδrspδαtivδUG2023SG 0

58 rmport∕nαδGoκGδlδαtronTpωononGαouplinμGinGtωδrm∕lGtr∕nsportGinGmδt∕lVsδmiαonβuαtorGmultil∕yδrG
κilmsUG2023SGYWWSGXYZ]Za 0

57 †ωδrm∕lGtr∕nsportG∕αrossGμr∕pωδnδVp∕wG∕nβGvo}YVp∕wGintδrκ∕αδsUG2023SGYWXSGXYZ]_b 0

56 }iμn∕turδsGoκG∕nω∕rmoniαGpωononGtr∕nsportGinGultr∕ωiμωGtωδrm∕lGαonβuαt∕nαδG∕αrossG∕tomiα∕llyG
sω∕rpGmδt∕lVsδmiαonβuαtorGintδrκ∕αδUG2023SGYWXSGXYZ_Ya 0

55 lorrδl∕tionGoκG}upδrl∕ttiαδGlrossTyl∕nδG†ωδrm∕lGlonβuαtivityGwitωGnmissionG“∕vδlδnμtωGinG
rnjljsVrnp∕jsGzu∕ntumGl∕sα∕βδGu∕sδrsUG2022SGXZSGXbZ[ 0

54 jGαomp∕r∕tivδGstuβyGoκGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδG≤δtwδδnGmδt∕lG∕nβGsδmiαonβuαtorUG2022SG
XYSG 0

53 {δl∕tionG≤δtwδδnGn∕noαlustδrG∕pproxim∕tionG∕nβG}oκtTyotδnti∕lGvoβδlSGtωδGrolδGoκGkδystonδG
n∕noαlustδrGinGtωδGtωδrm∕lGαonβuαtivityUG2023SG_WWSGXYYW[W 0

52 jlwVp∕wVjlwGqiμωGnlδαtronGvo≤ilityG†r∕nsistorsUG2022SGX]]TXbY 0

51 xutToκTpl∕nδGtr∕nsiδntGtωδrm∕lGαonβuαtivityGmδ∕surδmδntsGκorG≤ulkGsδmiαonβuαtinμGαonjuμ∕tδβG
polymδrsGusinμGκ∕stGsα∕nninμGα∕lorimδtryUG 0

50 vixδβGmism∕tαωGmoβδlGinGprδβiαtinμGtωδGintδrκ∕αi∕lGtωδrm∕lGαonβuαt∕nαδGoκGmδt∕lVsδmiαonβuαtorG
intδrκ∕αδUG2023SGW 0

49 o∕≤riα∕tionG∕nβGαω∕r∕αtδriz∕tionGoκGωiμωlyGtωδrm∕lGαonβuαtivδG}iZw[Vβi∕monβGαompositδGm∕tδri∕lsUG
2023SGYY]SGXXX[aY 0

48 {δαonstruαtionGoκGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportGmδβi∕tδβG≤yGωotspotGinGsiliαonT≤∕sδβG
n∕noTtr∕nsistorsUG2023SGYWYSGXYZ_`_ 0

47 †woTtδmpδr∕turδGtimδTκr∕αtion∕lGmoβδlGκorGδlδαtronTpωononGαouplδβGintδrκ∕αi∕lGtωδrm∕lGtr∕nsportUG
2023SGYWYSGXYZ`]b 1

46 †ωδrmoδlδαtriαGδnω∕nαδmδntGoκGp∕wVrnxp∕Xâ��xwGsupδrl∕ttiαδGusinμGintδrκ∕αi∕lGpol∕riz∕tionGδlδαtriαG
κiδlβUG2023SGZ[SGXW]W`Z 0

45 r†{TκrδδGtωδrm∕lGαlo∕kUG2023SGYWZSGXYZ``b 0

44 nlδαtroniαsGonG}inμlδTlryst∕lSGkulkGjlwG}u≤str∕tδsUG2022SGYZbTY[` 1

43 y∕nor∕miαGv∕ppinμGoκGyωononG†r∕nsportGκromGUltr∕κ∕stGnlδαtronGmiκκr∕αtionG∕nβG}αiδntiκiαGv∕αωinδG
uδ∕rninμUGYYW_bb` 0
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42 }upδriorG†ωδrm∕lGlonβuαtivityGoκGpr∕pωδnδGoilmVluT—rGjlloyGlompositδsGκorG†ωδrm∕lGv∕n∕μδmδntG
jppliα∕tionsUG2022SGX[SG]_X]_T]_X_a 0

41 nκκδαtivδG†ωδrm∕lGlonβuαtivityGvoβδlGoκGviαronGqollowG}pωδrδGorGylvVxp∕αiκiδrT}ixYGjδroμδlG
lompositδsUG2022SGXT[b 0

40 {δβuαinμGintδrκ∕αi∕lGtωδrm∕lGrδsist∕nαδG≤yGintδrl∕yδrUG2023SGZ]SGW]ZWWX 0

39 v∕μnδtiαGκiδlβGδnω∕nαδβGαritiα∕lGαurrδntG∕nβGsu≤ω∕rmoniαGstruαturδsGinGβissip∕tivδGsupδrαonβuαtinμG
μolβGn∕nowirδsUG2022SGXSG 0

38 nl∕stiαGnnδrμyG†r∕nsκδrG∕nβG†ωδrm∕liz∕tionGinG∕Gu∕ttiαδG∕nβGyωδnomδnonGoκG†ωδrm∕lGoirδ≤∕llsUG2022SG
Y]SG]YZT]Z_ 0

37 m∕t∕TmrivδnGmδsiμnGoκG†r∕nsp∕rδntG†ωδrm∕lGrnsul∕tinμGw∕nosα∕lδGu∕yδrδβGxxiβδsUG2023SGX[SGXa_ 0

36 jlwVβi∕monβGintδrκ∕αδGn∕noδnμinδδrinμGκorGrδβuαinμGtωδrm∕lG≤ounβ∕ryGrδsist∕nαδG≤yGmolδαul∕rG
βyn∕miαsGsimul∕tionsUG2023SGX]_[Xb 0

35 volδαul∕rGβyn∕miαsGsimul∕tionGoκGtωδrm∕lGtr∕nsportG∕αrossG∕GsoliβVliquiβGintδrκ∕αδGαrδ∕tδβG≤yG∕G
mδnisαusUG 0

34 wumδriα∕lG}tuβyGonGnκκδαtGoκGlont∕αtG∕nβGrntδrκ∕αi∕lG{δsist∕nαδGonG†ωδrm∕lGlonβuαtivityGoκG
mispδrsδβGlompositδsUG2023SGX_SG]X` 0

33 ounβ∕mδnt∕lsGoκG†ωδrm∕lGlonβuαtivityGinGtωδGnpoxyGyolymδrGwδtworkUG2023SGY``TYbZ 0

32 volδαul∕rGinsiμωtsGintoGtδmpδr∕turδGosαill∕tionGoκGδlδαtriαGβou≤lδTl∕yδrGα∕p∕αitorsGinG
αω∕rμinμâ��βisαω∕rμinμGαyαlδsUG2023SG]]bSGYZY]b_ 0

31 vδαω∕niα∕lG∕nβGtωδrm∕lGpropδrtiδsGoκGluTαo∕tδβGβi∕monβGrδinκorαδβGluGm∕trixG≤ioinspirδβG
l∕min∕tδβGαompositδsUG2023SGbZaSGX_a]a[ 0

30 nκκδαtGoκGmorpωoloμyGonGtωδGpωononGtωδrm∕lGαonβuαtivityGinG}iVpδGsupδrl∕ttiαδGn∕nowirδsUG2023SG
_YSG}mXWXZ 0

29 rntδrκ∕αδGκorm∕tionGδvolutionGoκGtωδGωotTκorμδβGαoppδrTOlrPβi∕monβGαompositδG∕nβGitsGtωδrm∕lG
αonβuαtivityUG2023SGb[ZSGX_bXZZ 0

28 “∕tδrGκillinμGinGα∕r≤onGn∕notu≤δsGwitωGβiκκδrδntGwδtt∕≤ilityG∕nβGimpliα∕tionsGonGn∕notu≤δVw∕tδrG
ωδ∕tGtr∕nsκδrGvi∕G∕tomistiαGsimul∕tionsUG2023SGYW]SGXYZa_a 0

27 rntδrκ∕αi∕lGlω∕r∕αtδriz∕tionG∕nβG†ωδrm∕lGlonβuαtivityGoκGmi∕monβVluGlompositδsGyrδp∕rδβG≤yG
uiquiβT}oliβG}δp∕r∕tionG†δαωniquδUG2023SGXZSGa`a 0

26 uowδrGlimitGtoGtωδGl∕ttiαδGtωδrm∕lGαonβuαtivityGoκGr∕nβomlyGst∕αkδβGv∕nGβδrG“∕∕lsGOvβ“PGtωinGκilmsUG
2023SGX[aSGXX]_]a 0

25 †ωδrm∕lGrδsist∕nαδGκromGnonTδquili≤riumGpωononsG∕tG}iâ��pδGintδrκ∕αδUG2023SGZ[SGXWXW_Z 0
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24 nκκδαtGoκGκunαtion∕liz∕tionG∕nβGβδκδαtsGonGtωδrm∕lGαonβuαtivityGoκGμr∕pωδnδGsωδδtsGmoβiκiδβG
∕spω∕ltGn∕noαompositδsUG2023SG_YXSGX]_aW[ 0

23 nκκδαtGoκGw∕noT}ilGαo∕tinμGonGtωδGtωδrm∕lGpropδrtiδsG∕nβGmiαrostruαturδGoκGβi∕monβVjlG
αompositδsUG2023SG[WSGXWX]_[ 0

22 ol∕sωGm}lGαω∕r∕αtδriz∕tionGoκGtωδrm∕lGαont∕αtGrδsist∕nαδG∕nβGαrossTpl∕nδGtωδrm∕lGαonβuαtivityGoκG
miαromδtδrTtωinGκilmsUG2023SG`Y[SGX`b[bZ 0

21 prowtωGoκGYTinαωGβi∕monβGκilmsGonG[qâ��}ilGsu≤str∕tδG≤yGmiαrow∕vδGpl∕sm∕Gl’mGκorGδnω∕nαδβG
tωδrm∕lGpδrκorm∕nαδUG2023SGYXXSGXXXab] 0

20 †ωδrm∕lGαonβuαtivityGinGmδt∕lliαGn∕nop∕rtiαlδTp∕αkδβG≤δβsUG2023SG_]bSG[X[a[X 0

19 xnδTβimδnsion∕lGω∕rmoniαGαω∕inGmoβδlGoκGvi≤r∕tionTmoβδGm∕tαωinμGinGsoliβTliquiβGintδrκ∕αi∕lG
tωδrm∕lGtr∕nsportUG2023SGXW`SG 0

18 voβδlinμG{δsδtSG}δtSG∕nβG{δ∕βGxpδr∕tionsGinGw∕nosα∕lδGpδGYG}≤GYG†δG]Gyω∕sδTlω∕nμδGvδmoryG
mδviαδsGUsinμGnlδαtriαGoiδlβTG∕nβG†δmpδr∕turδTmδpδnβδntGv∕tδri∕lGyropδrtiδsUGYYWW[Xb 0

17 zu∕ntit∕tivδGlω∕r∕αtδriz∕tionGoκGuoα∕lG†ωδrm∕lGyropδrtiδsGinG†ωδrmoδlδαtriαGlδr∕miαsGUsinμG
â��sumpinμTvoβδâ��G}α∕nninμG†ωδrm∕lGviαrosαopyUG2023SG`SG 0

16 Unr∕vδlinμGtωδGstruαtur∕lGβδt∕ilsG∕nβGtωδrmoδlδαtriαGtr∕nsportsGoκGYmTZmGωδtδroTstruαturδG
αompositδsUG2023SGZYSGXWXWXa 0

15 nκκδαtsGoκGuoα∕lizδβGrntδrκ∕αδGyωononsGonGqδ∕tGlonβuαtivityGinGrnμrδβiδntGqδtδroμδnδousG}oliβsUG
2023SG[WSGWZ_aWX 0

14 †ωδrm∕lGtr∕nsportGinGμr∕pωδnδâ��qv”GαompositδsGwitωGμr∕κtδβGintδrκ∕αδUG2023SG]aSG[__aT[_`a 0

13 †ωδrm∕lG∕nβGnlδαtriα∕lGyropδrtiδsGoκGjββitivδlyGv∕nuκ∕αturδβGyolymδrâ��koronGwitriβδGlompositδUG
2023SGX]SGXYX[ 0

12 w∕noTpωononiαGmδt∕m∕tδri∕lsGδn∕≤lδG∕nG∕nom∕lousGδnω∕nαδmδntGinGtωδGintδrκ∕αi∕lGtωδrm∕lG
αonβuαt∕nαδGoκGtωδGp∕wVjlwGωδtδrojunαtionUG2023SGX]SG_`ZYT_`Z` 0

11 lω∕nnδlG†δmpδr∕turδGjn∕lysisG∕nβGwonlinδ∕rG†ωδrm∕lGvoβδlGoκGjlp∕wVp∕wGqnv†sGrnαluβinμG
}tδ∕βyT}t∕tδG∕nβG†r∕nsiδntUG2023SG`WSGYYYYTYYYa 0

10 {δμul∕tδβG†ωδrm∕lGkounβ∕ryGlonβuαt∕nαδG≤δtwδδnGloppδrG∕nβGmi∕monβGtωrouμωGw∕nosα∕lδG
rntδrκ∕αi∕lG{ouμωG}truαturδsUG2023SGX]SGX_X_YTX_X`_ 0

9 l∕lαul∕tionGoκGtωδGt∕pitz∕G{δsist∕nαδG∕tGtωδG}iliαonTjlpω∕Gzu∕rtzGrntδrκ∕αδGκorG’∕riousG
†δmpδr∕turδsUG2022SG]XSG_Y`T_Yb 0

8 †ωδrm∕lGαonβuαtivityG∕nβGmδαω∕niα∕lGpropδrtiδsGoκGμr∕pωitδVvμGαompositδGwitωG∕GsupδrTn∕noG
l∕lxZGintδrκ∕αi∕lGl∕yδrUG2023SGY_SGXW_]W] 0

7 yroμrδssG†ow∕rβG†r∕nsitionGnβμδG}δnsorGjrr∕ysG“itωGxnTlωipG†ωδrm∕lG}t∕≤iliz∕tionUG2023SGZZSGXT] 0
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6 qiμωlyGδκκiαiδntGtωδrmoδlδαtriαGαoolinμGpδrκorm∕nαδGoκGultr∕κinδTμr∕inδβG∕nβGn∕noporousGm∕tδri∕lsUG
2023SG 0

5 jG{δviδwGoκG{δαδntGmδvδlopmδntsGinGâ��xnTlωipâ��Gnm≤δββδβGloolinμG†δαωnoloμiδsGκorG
qδtδroμδnδousGrntδμr∕tδβGjppliα∕tionsUG2023SG 0

4 wxwnzUrurk{rUvGyqxwxwGjwmGnunl†{xwG†{jw}yx{†GrwGqn†n{x}†{Ul†U{n}GjwmG
}Uyn{uj††rln}UG2023SG 0

3 voβδlinμGoκGinωomoμδnδousGωδ∕tinμG≤δω∕viorGinGultr∕κ∕stGl∕sδrGintδr∕αtionGwitωG
βiδlδαtriαâ��βiδlδαtriαGn∕noαompositδGwitωG≤∕nβGμ∕pGαontr∕stUG2023SGX_`SGXW`_Wb 0

2 {δm∕rk∕≤lδGnnω∕nαδmδntGinG†ωδrm∕lGlonβuαtivityGoκG}t∕inlδssT}tδδlGuδvδr∕μinμGvδt∕lGlompositδG
u∕sδrGyowβδrGkδβGousioncGZX_uTluGlompositδUG2023SGXWZ]`_ 0

1 jG†ωδrm∕lGvoβδlGoκGuowT†δmpδr∕turδGuiμωtGmδtδαtorsGκorGwδutrinolδssGmou≤lδGkδt∕Gmδα∕yG
nxpδrimδntsUG 0
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