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182 {₂·ηm±ІEk·β·Ιd·Ι³·EαöEπ₂·Esum₃Ι·μ³·ΙπEwηαβ·ηπ₃·μEαöEtαΙαΙu³І·±ηE{bpppEt±³ηα³y³І₃³EjαmβІ·x·μSE 0

181 iη₃ü₂πE±ΙdEμπ±bІ·EІum₃Ι·μ³·ΙπEβηαb·μEöαηEπ±ηü·πE·Ιü±ü·m·ΙπEβηαö₃І₃ΙüE₃ΙEІ₃v·E³·ІІμSE2021QEV]QEVV[^RVV]] 2

180 o·x±Ιu³І·±ηEtαІ·³uІ±ηEwη·³uημαημE±μE{ααІμEπαEk·μ₃üΙEsum₃Ι·μ³·ΙπEjααηd₃Ι±π₃αΙEwαІym·ημEw₃π₂E
s±Ιπ₂±Ι₃d·Ez·üη·ü±π₃αΙSE2021QE[UQEV[]^WRV[]_X 1

179 zyΙπ₂·μ₃μE±ΙdEβ₂απαβ₂yμ₃³±ІEβηαβ·ηπ₃·μEαöEπ·ηΙ±ηyE˛†Rd₃∙·παΙ±π·E·uηαβ₃umMpppNE³αmβІ·x·μE
₃Ι³αηβαη±π₃ΙüEb₃βyη₃d₃Ι·E±ΙdE₃πμEd·η₃v±π₃v·μSE2022QEV_]QEVU_^]_ 11

178 zπηu³πuη±ІEk₃v·ημ₃πyEαöEs±Ιπ₂±Ι₃d·EXRu₃πηαπη₃μβyη±zαІyІbαη±π·μaE{uΙ±bІ·Euu³І·±η₃πyE±ΙdEpΙπη±Rs₃ü±ΙdE
j₂±ηü·E{η±Ιμö·ηEz·Ιμ₃π₃z±π₃αΙEαöE†₃μ₃bІ·E±ΙdEupyEsΙElm₃μμ₃αΙSE2021QE[UQEVZ]WYRVZ]YX 1

177 tuІπ₃β₂απαΙEwηα³·μμ·μE±ΙdEuαΙІ₃Ι·±ηEo±ηmαΙ₃³En·Ι·η±π₃αΙμE₃ΙEs±Ιπ₂±Ι₃d·EjαmβІ·x·μSEV[VRV^Y
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175 hββІ₃³±π₃αΙEαöEuRd₃m·π₂yІEb·ΙzαyІ±m₃dαβ₂αμβ₂±π·Rb±μ·dE³ααηd₃Ι±π₃αΙE³αmβαuΙdμE₃ΙEπ₂·E
d·v·Іαβm·ΙπEαöEπ₂·Eπ·³₂ΙαІαüyEöαηEm·π±ІІαηü±Ι₃³EІ₃ü₂πR·m₃ππ₃ΙüEd₃αd·μEMtvslkNSE2014QEVWZRVXW

174 uαv·ІEІ₃ü±ΙdμEb±μ·dEαΙEb₃βyη₃d₃Ι·aEμyΙπ₂·μ₃μQEμπ±b₃І₃πyE³αΙμπ±ΙπμE±ΙdEІum₃Ι·μ³·Ι³·Eβηαβ·ηπ₃·μEαöE
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173 zyΙπ₂·μ₃μQEμπηu³πuη·E±ΙdEβηαβ·ηπ₃·μEαöEbηαmαπη₃³±ηbαΙyІR·π₂yІE
XRMWRβyη₃d₃ΙRWR₃ІNRVoRVQWQYRπη₃±zαІRZR³±ηbαxyІ±π·Eη₂·Ι₃umMpNSE2019QEWY]RWZY

172 u·wEVQXRk₃μubμπ₃πuπ·dEi·Ιzα•—pμαεu₃ΙαІ₃Ι·Ejy³І·ΙRi±μ·dEs₃ü±ΙdEwІ±πöαηmaEzyΙπ₂·μ₃μQEluE
tuІπ₃β₂απαΙEz·Ιμ₃π₃z±π₃αΙE±ΙdEpm±ü₃ΙüEhββІ₃³±π₃αΙμSE2020QEW[QE

171 y±π₃αΙ±ІEd·μ₃üΙEαöE·öö₃³₃·ΙπEΙ±Ιαμ·ΙμαηEöαηEüІyβ₂αμ±π·E±ΙdEπ·mβ·η±πuη·EαuπEαöEπ·ηb₃umE³αmβІ·x·μE
w₃π₂EVQXRd₃∙·παΙ·E³±І₃x•Y—±η·Ι·μSE2022QEXZUQEVXU^YZ 2

170 w₂απαμ·Ιμ₃π₃z±π₃αΙE₃ΙE₂₃ü₂ІyEІum₃Ι·μ³·ΙπEΙαΙm±³ηα³y³І₃³Ez±m±η₃umMpppNE³αmβІ·x·μEöαηE±ββІ₃³±π₃αΙE₃ΙE
І₃ü₂πR·m₃ππ₃ΙüEμyμπ·mμSE2022QEYWYQEVVX[W] 5

169 hEμ·η₃·μEαöEІ±Ιπ₂±Ι₃d·Rεu₃Ιαx±І₃Ι·RWQXMVQYNRd₃αΙ·E³αmβІ·x·μE³αΙπ±₃Ι₃ΙüEVkE³₂₃η±ІEsΙvEMsΙEdEluQE{bQE
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168 jαΙμπηu³π₃αΙE±ΙdEhββІ₃³±π₃αΙEαöEs±Ιπ₂±Ι₃d·Esum₃Ι·μ³·ΙπEt±π·η₃±ІμEi±μ·dEαΙEt±³ηα³y³І·μSE2020QEVX[_RVX_V

167 k·μ₃üΙEαöEΙαv·ІEπη₃βyη₃d₃Ιαβ₂±Ι·Rb±μ·dEluMpppNE³αmβІ·x·μE±μE·öö₃³₃·ΙπEІum₃Ι·μ³·ΙπEІ±b·ІμEöαηE
b₃α±μμ±yE±ββІ₃³±π₃αΙμSE2021QE 2

166 m±³₃І·Eö±bη₃³±π₃αΙEαöE{bRöuΙ³π₃αΙ±І₃z·dEjvmEm₃x·dRm±πη₃xEm·mbη±Ι·E±μE±E₂₃ü₂ІyEμ·Ιμ₃π₃v·EβІ±πöαηmE
öαηEπ₂·Eμ·εu·Ιπ₃±ІEd·π·³π₃αΙEαöEαxαІ₃Ι₃³E±³₃dE±ΙdEΙ₃πηαb·Ιz·Ι·SE2021QEVW]^[_ 2

165 t±üΙ·π₃³QEw₂απαRE±ΙdElІ·³πηαІum₃Ι·μ³·ΙπaEtuІπ₃öuΙ³π₃αΙ±ІEpαΙ₃³E{bEjαmβІ·x·μSE2021QE[UQEV]Y^]RV]Y_] 1

164 {₂·EmuІπ₃öuΙ³π₃αΙ±ІEivkpw“gluRtvmEΙ±Ιαμ₂··πμE±μEb₃α₃m±ü₃ΙüEβІ±πöαηmaE±Eη±π₃αm·πη₃³E
öІuαη·μ³·Ι³·ΙπEμ·ΙμαηEöαηE₂₃ü₂ІyE·öö₃³₃·ΙπEd·π·³π₃αΙEαöEmRQEoWvWE±ΙdEüІu³αμ·SE2021QEVXVVYU 3

163 tαІ·³uІ±ηEdyμβηαμ₃umE³αmβІ·x·μEöαηEw₂₃π·RІ₃ü₂πE±ΙdEΙ·±ηR₃Ιöη±η·dE·m₃μμ₃αΙE³αΙπηαІІ·dEbyEπ₂·E
³ααηd₃Ι±π₃αΙE·Ιv₃ηαΙm·ΙπSEJournal of LuminescenceQE2021QEWYXQEVV^[Y[ 3.8 0

162 iη₃ü₂πEη·dE·m₃μμ₃αΙEw₃π₂E₂₃ü₂E³αІαηEβuη₃πyEöηαmEluM₃₃₃NE³αmβІ·x·μEw₃π₂Eˇ�R³αΙ−uü±π·dEβαІy³y³І₃³E
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zπα₃³₂₃αm·πη₃³±ІІyE³αΙπηαІІ·dEμyΙπ₂·μ₃μE±ΙdE³αmβ±η±π₃v·EμπudyEαöEβ₂απαІum₃Ι·μ³·Ι³·EαöEμ·v·ΙE±ΙdE
·₃ü₂πE³ααηd₃Ι±π·E³αmβІ·x·μEαöEzmXPQEluXPE±ΙdE{bXPEb±μ·dEαΙE[Q[Q]Q]Q^Q^Q^RE
₂·βπ±öІuαηαRWQWRd₃m·π₂yІRXQZRα³π±Ι·d₃αΙ·EMoöαdNE±ΙdE₃m₃d±zαІ·SE2022QEYWZQEVVX]VZ

1

160 {αw±ηdμEbη₃ü₂πEdyμβηαμ₃umE·m₃ππ·ημaEz₃ΙüІ·E±ΙdE³αmb₃Ι·dE·öö·³πμEαöE·Ιv₃ηαΙm·Ιπ±ІEμymm·πηyQE
d·uπ·η±π₃αΙQE±ΙdEü±dαІ₃Ι₃umEd₃Іuπ₃αΙSE2022QEV__QEVVUU]^ 2

159 löö·³πEαöEІ₃ü±ΙdμEwwphE±ΙdE{vwvEαΙEη±d₃±π₃v·Eb·₂±v₃αuηEαöEluXPE₃αΙμE₃ΙEμαІRü·ІEμ₃І₃³±Em±πη₃xSEJournal 
of LuminescenceQE2022QEWYYQEVV^[]] 3.8

158 wη·β±η±π₃αΙE±ΙdEβ₂απαІum₃Ι·μ³·ΙπEb·₂±v₃αημEαöEb₃βyη₃m₃d₃Ι·Ebη₃dü·dEd₃Ιu³І·±ηEluEMpppNE³αmβІ·x·μE
±ΙdEπ₂·₃ηEwtthEβαІym·ηEö₃ІmμSEJournal of LuminescenceQE2022QEWYYQEVV^]UX 3.8 2

157 s±Ιπ₂±Ι₃d·Elm₃μμ₃αΙEöαηEzαІ±ηEzβ·³πη±ІEjαΙv·ηπ·ημaEhΙElΙ·ηüyE{η±Ιμö·ηE†₃·wβα₃ΙπSE2021QEV

156 z{y}j{}ylEhukEzwlj{yhsRs}t}pulzjlu{Ewyvwly{plzEvmEshu{ohupklRjvu{hpupunE
jvtwsl’lzE‘p{oEh”hjyv‘uEjhsp’hylulzSE2021QE^]QEVUXRVVZ 1

155 {₂·αη·π₃³±ІEμπudyEαöE^R₂ydηαxyεu₃ΙαІ₃Ι·Ed·η₃v±π₃v·μE±μEβαπ·Ιπ₃±ІE±Ιπ·ΙΙ±μE₃ΙEІ±Ιπ₂±Ι₃d·E³αmβІ·x·μaE
w₂απαβ₂yμ₃³±ІEβηαβ·ηπ₃·μE±ΙdE·Іu³₃d±π₃αΙEαöE·Ι·ηüyEπη±Ιμö·ηEβ±π₂w±yμSE·W[^^U 1

154 hEη±π₃αm·πη₃³EöІuαη·μ³·ΙπEμ·ΙμαηEm±d·EαöE±Eπ·ηb₃umE³ααηd₃Ι±π₃αΙEβαІym·ηEöαηEπ₂·E±Ιπ₂η±xE
b₃αm±η∙·ηEWQ[Rd₃β₃³αІ₃Ι₃³E±³₃dEw₃π₂EαΙRμ₃π·Ed·π·³π₃αΙE±μμ₃μπ·dEbyE±Eμm±ηπβ₂αΙ·E±ββSE2021QEWYQEVXWRVYW 2

153 u·wEjαβαІym·ημEαöE†₃ΙyІβ₂αμβ₂αΙ₃³Eh³₃dEw₃π₂Eoydηαβ₂₃І₃³EtαΙαm·ημE±ΙdE{₂·₃ηEluEjαmβІ·x·μSSE
2022QEVYQE 0

152 jαv·ηπEtvmRi±μ·dEw₂απαІum₃Ι·μ³·ΙπE{±üμEv₃±E{uΙ±bІ·Es₃Ι∙·ηElΙ·ηü·π₃³μSSE2022QE 4

151 hββІ₃³±b₃І₃πyEαöEy·dd₃μ₂Rvη±Ιü·Es₃ü₂πElm₃ππ₃ΙüEz±m±η₃umEMpppNEjαmβІ·x·μEöαηEi₃αm·d₃³±ІE±ΙdE
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150 hEη·v₃·wEαöEІ±Ιπ₂±Ι₃d·Rb±μ·dEöІuαη·μ³·ΙπEΙ±Ιαö₃b·ηEm·mbη±Ι·μEbyE·І·³πηαμβ₃ΙΙ₃ΙüE±ΙdEπ₂·₃ηE
±ββІ₃³±π₃αΙμSE2022QEZ]QEX^_WRX_WW 1

149 lzpw{R³±β±bІ·EluXPRm·π±ІІαβαІym·ηEw₃π₂E³αІαuηRπuΙ±bІ·E·m₃μμ₃αΙEöαηEμ·І·³π₃v·Ev₃μu±ІEμ·Ιμ₃ΙüEαöE
”ΙWPE₃αΙSE2022QEVUQEVU_URVU_[ 2

148 xu±Ιπ₃π±π₃v·Eπη±³₃ΙüEαöEuβπ±∙·E±ΙdEπη±ΙμβαηπEαöEμubm₃³ηαm·πη·EβІ±μπ₃³μE₃ΙE³ηαβEβІ±ΙπμEuμ₃ΙüE
І±Ιπ₂±Ι₃d·E³₂·І±π·μE±μE±Edu±ІRöuΙ³π₃αΙ±ІEπη±³·ηSSE2022QE 9

147 vβπα·І·³πηαΙ₃³E±ΙdEb₃αІαü₃³±ІEεu±Ιπ₃ö₃³±π₃αΙEαöEμ·m₃R³αΙdu³π₃ΙüQE³η₃mμαΙE·uηαβ₃umE³₂·І±π·μEw₃π₂E
öІuαη₃Ι±π·dE˛†R∙·παE±³₃dE±ΙdEuRdαΙαηE±Ι³₃ІІ±ηyEІ₃ü±ΙdμSE2022QEY^QEV[^Z 2

146 o₃ü₂ІyEІum₃Ι·μ³·ΙπEm₃x·dRІ₃ü±ΙdEb₃m·π±ІІ₃³EІ±Ιπ₂±Ια₃dMpppNE³αmβІ·x·μEöαηEβ₂απαvαІπ±₃³E±ββІ₃³±π₃αΙμSSE
2022QE 0

145 sum₃Ι·μ³·ΙπEІ±Ιπ₂±Ι₃d·E³ααηd₃Ι±π₃αΙEβαІym·ημEw₃π₂Eπη±Ιμöαηm±π₃v·E·Ι·ηüyEπη±Ιμö·ηEβηα³·μμ·μEöαηE
β₂yμ₃³±ІE±ΙdE³₂·m₃³±ІEμ·Ιμ₃ΙüE±ββІ₃³±π₃αΙμSE2022QEZVQEVUUY^Z 5

144 {uΙ₃ΙüEπ₂·Eβ₂απαβ₂yμ₃³±ІEβηαβ·ηπ₃·μEαöEІ±Ιπ₂±Ι₃d·M₃₃₃NTz₃Ι³M₃₃NEL·Ι³±βμuІ±π·dEμ±Ιdw₃³₂LE
m·π±ІІ±³ηαwΙμE·m₃ππ₃ΙüE₃ΙEπ₂·EΙ·±ηR₃Ιöη±η·dEη±Ιü·SSE2022QEVXQEW_V_RW_XV 1

143 u±∙·dRly·Ek·π·³π₃αΙEαöEoydηαü·ΙEw·ηαx₃d·EαΙEw₂απαІum₃Ι·μ³·ΙπEw±β·ηEk₃μ³μSSE2022QE 2

142 t±üΙ·π₃³E±ΙdEsum₃Ι·μ³·Ι³·Ewηαβ·ηπ₃·μEαöE^Rjααηd₃Ι±π·EoαІm₃umMpppNEjαmβІ·x·μEjαΙπ±₃Ι₃ΙüE
YQYQYR{η₃öІuαηαRVRw₂·ΙyІRE±ΙdEVRMu±β₂π₂±І·ΙRWRyІNRVQXRiuπ±Ι·d₃αΙ±π·μSSE2022QEW]QE 0

141 {₂·Ew±η±ІІ·ІEmІuαη·μ³·Ι³·Ek·π·ηm₃Ι±π₃αΙEαöEpηαΙMpppNQE{·ηb₃umMpppNE±ΙdEluηαβ₃umMpppNEpαΙμE}μ₃ΙüE{₂·E
jα±ІRd·η₃v·dEj±ηbαΙEkαπSE2022QEVU]WZZ 1
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o·π·ηαb₃m·π±ІІ₃³E{₂η··Rk₃m·Ιμ₃αΙ±ІEYEKІπb₃KüπbdKІπbT₃KüπbRYEKІπb₃KüπböKІπbT₃KüπbEjααηd₃Ι±π₃αΙE
wαІym·ημEi±μ·dEαΙEZRm·π₂yІRVRMβyη₃dyΙRYRyІm·π₂yІNRVE
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138 s±Ιπ₂±Ι₃d·μE±μEІum₃Ι·μ³·Ι³·E₃m±ü₃ΙüEη·±ü·ΙπμSE2022QE

137 tαΙαm·π±ІІ₃³EsΙXPE±ΙdE₂·π·ηαm·π±ІІ₃³EsΙXPâ��jdWP³αmβІ·x·μEb±μ·dEαΙEβ·Ιπ±öІuαηαβ₂·ΙyІ±³·π₃³E
±³₃daE·öö₃³₃·ΙπE³αΙπηαІEαöEd₃m·Ιμ₃αΙE±ΙdEІum₃Ι·μ³·ΙπEβηαβ·ηπ₃·μâ� SE2022QE 0

136 wαηπ±bІ·E†₃μu±ІEhμμ±yEαöEi±³₃ІІuμEhΙπ₂η±³₃μEi₃αm±η∙·ηEi±μ·dEαΙEs₃ü±ΙdRmuΙ³π₃αΙ±І₃z·dEku±ІE
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u·wEpμαm·η₃³E±Ι³₃ІІ±ηyEІ₃ü±ΙdE±ΙdEπ₂·₃ηElupppE³αmβІ·x·μaEhEμ₃ΙüІ·E³αmβαΙ·ΙπEw₂₃π·EІ₃ü₂πE·m₃μμ₃v·E
β₂αμβ₂αηE±ΙdEπ₂·₃ηE±ββІ₃³±π₃αΙμE₃ΙEy·dT‘₂₃π·Eμm±ηπEslkμQElІ·³πηαΙ₃³Euαμ·μE±ΙdE{·mβ·η±πuη·E
μ·Ιμ₃ΙüSE
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