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100 wΛ×s₃Qst×éλχλz₃⁹PDURYQ†Dmλ⁹Qλn₄r×r₃⁹D₄₃mtos₃con⁹Doptλc×χDp×r×m₃trλcDoscλχχ×torD₄orD₄r₃qu₃ncyDcoméD
sp₃ctroscopyRD2009PD

99 vptλc×χDmr₃qu₃ncyDjoméDjΛ×r×ct₃rλz×tλonDQDz₃χ₄Qr₃₄₃r₃nc₃⁹DwΛ×s₃Dy₃trλ₃v×χDvλ×Dzp₃ctr×χDzΛ₃×rλn−D
pnt₃r₄₃rom₃tryDλnD×nDhQwwsuD†×v₃−uλ⁹₃RD2009PD

98 vptλc×χDw×r×m₃trλcDvscλχχ×tλonDonD×DjΛλpRD2010PD

97 iλom₃⁹λc×χD₃n−λn₃₃rλn−D×sp₃ctsDo₄Dn₃on×t×χDmonλtorλn−RD2011PDY[[QY_Z 1

96 mourλ₃rDtr×ns₄ormDmuχtλpχ₃Qcorr₃χ×tλonDsp₃ctroscopyDwλtΛD×D₄r₃qu₃ncyDcoméDλnDtΛ₃Dpr₃s₃nc₃Do₄D
⁹λsp₃rsλonRD2011PD

95 iro×⁹é×n⁹Dm₃mtos₃con⁹Dzourc₃sD₄orDnr₃₃nΛous₃Dn×sDzp₃ctroscopyD×n⁹D{r×c₃Qn×sDz₃nsλn−RD2011PD

94 {Λ₃oryDo₄Dtoχ₃cuχ×rDjooχλn−D}sλn−Dvptλc×χDmr₃qu₃ncyDjomésDλnDtΛ₃Dwr₃s₃nc₃Do₄Dk₃coΛ₃r₃nc₃RD2011
PD

93 toχ₃cuχ×rDzp₃ctroscopyDwλtΛDs×s₃rDmr₃qu₃ncyDjomésRD2011PD 1

92 mourλ₃rD{r×ns₄ormDzp₃ctroscopyDwλtΛDs×s₃rDmr₃qu₃ncyDjomésRD2011PD

91 s×s₃rD{λm₃Dj×psuχ₃RDUXUQUY]

90 kλ₃χ₃ctrλcDvptλc×χDy₃son×torsD₄orDt₃cΛ×nλc×χD×n⁹DjΛ₃mλc×χDz₃nsλn−D}sλn−Dmr₃qu₃ncyDjomésRD2012PD

89 hDkouéχ₃Dy₃son×nc₃DhtomλcDwrλsmRD2012PD
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88 mourλ₃rD{r×ns₄ormDkλr₃ctDmr₃qu₃ncyDjoméDzp₃ctroscopyDλnDtΛ₃Du₃×rQD×n⁹Dtλ⁹Qpn₄r×r₃⁹RD2013PD

87 zp₃ctr×χDéro×⁹₃nλn−Do₄Dmλcror₃son×torDé×s₃⁹D₄r₃qu₃ncyDcomésD₄orDs₃χ₄Qr₃₄₃r₃ncλn−RD2013PD

86 ku×χQjoméDzp₃ctroscopyRD2014PDXVPDZ_Y

85 tλ⁹Qpn₄r×r₃⁹Dmr₃qu₃ncyDjomésD₄orDkλr₃ctDtoχ₃cuχ×rDzp₃ctroscopyRD2014PD

84 VRT_Q´µmD⁹₃−₃n₃r×t₃D₄₃mtos₃con⁹DvwvDwλtΛDov₃rDZTIDconv₃rsλonD₃₄₄λcλ₃ncyD×n⁹DTRZQ†DoutputRD
2014PD

83 tuχtλQsp₃cλ₃sD⁹₃t₃ctλonDusλn−Dmλ⁹Qλn₄r×r₃⁹DtuχtλQto⁹₃DhésorptλonDzp₃ctroscopyPDt}thzRD2014PD

82 }sλn−DtwoQ⁹λm₃nsλon×χDsp×tλ×χD×n⁹Dt₃mpor×χD₄ocusλn−DmλcroscopyDtoDλncr₃×s₃DtΛ₃Dλm×−λn−D⁹₃ptΛD
×n⁹D⁹₃cr₃×s₃DtΛ₃DpΛotoéχ₃×cΛλn−Dproé×éλχλtyRD2014PD

81 {woQkλm₃nsλon×χDzp×tλot₃mpor×χDmocusλn−DtλcroscopyRD2015PDXWPDVTW

80 iro×⁹é×n⁹Dtλ⁹Qpn₄r×r₃⁹Dmr₃qu₃ncyDjoméDn₃n₃r×tλonDλnD×DzλWuXDtλcror₃son×torRD2015PD 1

79 XRWQcycχ₃Dn₃×rQλn₄r×r₃⁹Dpuχs₃sD₄romD×D⁹₃−₃n₃r×t₃DUQnozDoptλc×χDp×r×m₃trλcDoscλχχ×torRD2016PD

78 oλ−ΛDxu×χλtyDm×ctorDzλWuXDyλn−Dy₃son×torsDhcΛλ₃v₃⁹DéyDzur₄×c₃Dyou−Λn₃ssDy₃⁹uctλonRD2016PD

77 zc×nnλn−DmλcroQr₃son×torD⁹λr₃ctQcoméDsp₃ctroscopyRD2016PD

76 tuχtλQmo⁹₃D×ésorptλonDsp₃ctroscopyDwλtΛDmλ⁹Qλn₄r×r₃⁹Dλnt₃ré×n⁹Dc×sc×⁹₃Dχ×s₃rsD₄orDmuχtλQsp₃cλ₃sD
s₃nsλn−RD2016PD

75 kλr₃ctDcoméDsp₃ctroscopyDéyDΛ₃t₃ro⁹yn₃D⁹₃t₃ctλonDwλtΛD×DcontλnuousQw×v₃Dχ×s₃rD₄orDΛλ−ΛDsp₃ctr×χD
r₃soχutλonRD2016PD

74 {omo−r×pΛλcDpn₄r×r₃⁹DtuχtλQto⁹₃DhésorptλonDzp₃ctroscopyD₄orDsp×tλ×χχyDr₃soχv₃⁹DmuχtλQsp₃cλ₃sD
⁹₃t₃ctλonRD2017PD

73 joΛ₃r₃ntDé₃×mDcoméλnλn−Do₄Doptλc×χDp×r×m₃trλcDoscλχχ×torsRD2017PDWXPD__U 1

72 ku×χD{ozDcoméDsp₃ctroscopyRD2017PD

71 iro×⁹é×n⁹Dc×vλtyQ₃nΛ×nc₃⁹Dmoχ₃cuχ×rD×ésorptλonD×n⁹D⁹λsp₃rsλonDsp₃ctroscopyDwλtΛD×D₄r₃qu₃ncyD
coméQé×s₃⁹D~pwhDsp₃ctrom₃t₃rRD2018PD
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70 to⁹₃Dk₃nsλtyDtuχtλpχλc×tλonDo₄D×nDvptλc×χDmr₃qu₃ncyDjoméDéyDuVDwλtΛDwΛ×s₃Dto⁹uχ×tλonRD2018PD

69 hnom×χousDzp₃ctr×χDiro×⁹₃nλn−DλnDoλ−ΛDxu×χλtyQm×ctorPDUQDnozDto⁹₃Qχocν₃⁹Dvscλχχ×torDusλn−D
–éajhsnvDcryst×χRD2018PD 0

68 ~λ⁹₃oQr×t₃Dcon₄oc×χDpΛ×s₃Dλm×−λn−DéyDus₃Do₄Dsc×nQχ₃ssD⁹u×χDcoméDmλcroscopyRD2018PD

67 lxp₃rλm₃nt×χDt₃stDo₄D×DXTDcmQχon−DydUTTDTTTDsp₃ctrom₃t₃rD₄orD₃xopχ×n₃tDcΛ×r×ct₃rλs×tλonRD2018PD 2

66 xu×ntumDc×sc×⁹₃Dχ×s₃rD⁹u×χQcoméDsp₃ctroscopyD₄orDmuχtλQsp₃cλ₃sD⁹₃t₃ctλonRD2019PD 1

65 iro×⁹é×n⁹Dtλ⁹Qpn₄r×r₃⁹Dzp₃ctroscopyDusλn−D×D~λrtu×χχyDpm×−₃⁹DwΛ×s₃⁹Dhrr×yRD2019PD

64 zc×nQχ₃ssDcon₄oc×χDpΛ×s₃Dλm×−λn−Do₄Déλoχo−λc×χDs×mpχ₃sDusλn−D⁹u×χQcoméDmλcroscopyRD2019PD

63 joméλn×tλonDo₄DχocνQλnD⁹₃t₃ctλonDwλtΛD⁹u×χQcoméDsp₃ctroscopyRD2019PD

62 oλ−ΛDp₃r₄orm×nc₃Dqu×ntumDc×sc×⁹₃Dχ×s₃rD₄r₃qu₃ncyDcomésD×tD˛»D~DZD˛…mDé×s₃⁹DonD
pχ×smonQ₃nΛ×nc₃⁹D⁹λsp₃rsλonDcomp₃ns×tλonRD2020PDV]PDVT[UXQVT[V[ 1

61 pn₄r×r₃⁹DjoméDzp₃ctroscopyDo₄Diu₄₄₃rQn×sQjooχ₃⁹Dtoχ₃cuχ₃saD{ow×r⁹Dhésoχut₃Dmr₃qu₃ncyD
t₃troχo−yDo₄Djoχ⁹Dhc₃tyχ₃n₃RD2020PDVVPD 1

60 {ow×r⁹sD×Dku×χQjoméDzp₃ctrom₃t₃rDonD×DwΛotonλcDjΛλpRD2021PD

59 r₃rrQχ₃nsDmo⁹₃Dχocν₃⁹PDsyncΛronousχyDpump₃⁹PDuχtr×Qéro×⁹é×n⁹Dér₃×tΛλn−Dpuχs₃Doptλc×χDp×r×m₃trλcD
oscλχχ×torRD2020PDVXWPDU]TTV

58 mr₃qu₃ncyDjoméDzp₃ctroscopyaDztopDorDnofRD2020PD

57 joméDtootΛDr₃soχv₃⁹DtpyDsp₃ctroscopyDusλn−D×D~ljzlsD₄r₃qu₃ncyDcoméD×n⁹D×Dvλrtu×χχyQλm×−₃⁹D
pΛ×s₃⁹D×rr×yDsp₃ctrom₃t₃rRD2020PD

56 wΛononλcD₄r₃qu₃ncyDcomésDλnDmλcro₃χ₃ctrom₃cΛ×nλc×χDsyst₃msRD2021PD

55 jΛ₃mλstryDo₄Dmunctλon×χλz₃⁹Dy₃×ctλv₃Dvr−×nλcDpnt₃rm₃⁹λ×t₃sDλnDtΛ₃Dl×rtΛKsDhtmospΛ₃r₃aDpmp×ctPD
jΛ×χχ₃n−₃sPD×n⁹Dwro−r₃ssRD2021PDUVYPDUTVZXQUTV[_ 0

54 zuéQ{ozDr₃p₃tλtλonDr×t₃D₄r₃qu₃ncyDcoméD−₃n₃r×t₃⁹DéyD⁹λssλp×tλv₃Dp×r×m₃trλcDλnst×éλχλtyDλnDp×ssλv₃D
⁹rλv₃nD₄λé₃rDr₃son×torsRD 0

53 ku×χQcoméDc×vλtyQmo⁹₃Dwλ⁹tΛD×n⁹DsΛλ₄tDsp₃ctroscopyRD2021PDUUTYU_ 2
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52 vptλc×χDmr₃qu₃ncyDjoméDn₃n₃r×tλonDt₃cΛ×nλsmD×n⁹Dhppχλc×tλonRD2022PDUUUQUWV

51 jomput₃rQ×utom×t₃⁹D⁹₃sλ−nDo₄Dmo⁹₃Qχocν₃⁹D₄λé₃rDχ×s₃rsRRD2022PDWTPDWXYYQWX[W 1

50 m₃mtos₃con⁹DvwvDpump₃⁹DéyD×DΛλ−ΛDpow₃rDytt₃réλumDro⁹Qtyp₃D₄λé₃rDχ×s₃rDmo⁹₃Dχocν₃⁹D×tD
Λ×rmonλcDr₃p₃tλtλonDr×t₃sRD2022PDUX]PDUT[[YT

49 totλv×tλonRD2021PDUQUV

48 zoχλ⁹Qzt×t₃Ds×s₃rD{₃cΛnoχo−yD₄orDmr₃qu₃ncyQjoméDzp₃ctroscopyRD2021PD

47 mr₃qu₃ncyD×xλsD₄orDsw₃ptD⁹u×χQcoméDsp₃ctroscopyDwλtΛDqu×ntumDc×sc×⁹₃Dχ×s₃rsRRD2022PDX[PDZVYQZV] 0

46 vct×v₃Qsp×nnλn−DmλcrocoméD−₃n₃r×tλonDλnDXoQsλχλconQc×réλ⁹₃QonQλnsuχ×torDpΛotonλcsDpχ×t₄ormRD 3

45 oλ−ΛQpow₃rDχowQnoλs₃DVQnozD₄₃mtos₃con⁹Dχ×s₃rDoscλχχ×torD×tDVRXD´µmRRD2022PDWTPDYTU_QYTVY 2

44 zλn−χ₃QD×n⁹Déoun⁹Qst×t₃DsoχλtonDmo⁹₃Qχocν₃⁹DlrQ⁹op₃⁹D₄λé₃rDχ×s₃rDé×s₃⁹DonD−r×pΛ₃n₃S†zVD
n×nocomposλt₃sDs×tur×éχ₃D×ésoré₃rRD2022PDUVUPDUTXTVX 1

43 n₃hsDVDz×tur×éχ₃Dhésoré₃rD₄orD}χtr×₄×stD×n⁹D}χtr×n×rrowDwΛotonλcDhppχλc×tλonsRDVUUVVYV 2

42 n×λnQswλtcΛ₃⁹D⁹u×χD₄r₃qu₃ncyDcoméD×tDVD´µmRRD2022PDWTPDYVUWQYVVU 0

41 {Λ₃D⁹₃v₃χopm₃ntD×n⁹D×ppχλc×tλonDo₄D⁹u×χQcoméDsp₃ctroscopyDλnD×n×χytλc×χDcΛ₃mλstryRD2022PD

40 oλ−ΛDsp₃₃⁹Dtλm₃Qo₄Q₄χλ−ΛtD⁹λspχ×c₃m₃ntDm₃×sur₃m₃ntDé×s₃⁹DonD⁹u×χQcoméD₃χ₃ctronλc×χχyDcontroχχ₃⁹D
optλc×χDs×mpχλn−RRD2022PDWTPD]W_UQ]W_] 0

39 y₃c₃ntD×⁹v×nc₃sDλnDuχtr×₄×stDpχ×smonλcsaD₄romDstron−D₄λ₃χ⁹DpΛysλcsDtoDuχtr×pr₃cλsλonDsp₃ctroscopyRD
2022PD 0

38 n₃n₃r×tλonDo₄Déλmo⁹×χDsoχλtonsDλnD×Ds×ppΛλr₃DwΛλsp₃rλn−Q−×χχ₃ryQmo⁹₃Dm×s₃rD×tDmλχχλν₃χvλnD
t₃mp₃r×tur₃sRD2022PDUTYPD 0

37 j×vλtyQlnΛ×nc₃⁹Dmr₃qu₃ncyDjoméD~₃rnλ₃rDzp₃ctroscopyRD2022PD_PDVVV 0

36 }χtr×Qéro×⁹é×n⁹Dmλ⁹Qλn₄r×r₃⁹D₄r₃qu₃ncyDcomésDpro⁹uc₃⁹DéyDoptλc×χDsuéΛ×rmonλcD−₃n₃r×tλonRD2022PD
YVPDWT[QWUV

35 uonQλnv×sλv₃D₃xΛ×χ₃⁹Dér₃×tΛD⁹λ×−nostλcD×n⁹Dmonλtorλn−Dt₃cΛnoχo−λ₃sRD 4
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34 zp₃ctr×χDpnt₃r₄₃rom₃tryDwλtΛDmr₃qu₃ncyDjomésRRD2022PDUWPD 0

33 oyérλ⁹λz₃⁹Dmr₃qu₃ncyDjomésDλnDtuχtλmo⁹₃Dj×vλtyDlχ₃ctrom₃cΛ×nλc×χDzyst₃mRRD2022PDUV]PDUYW_TU 0

32 to⁹₃Dsp×cλn−Dmuχtλpχλc×tλonDo₄Doptλc×χD₄r₃qu₃ncyDcomésDwλtΛoutDpow₃rDχossRD

31 hDmλ⁹Qλn₄r×r₃⁹D⁹u×χQcoméDsp₃ctrom₃t₃rDλnDst₃pQsw₃₃pDmo⁹₃D₄orDΛλ−ΛQr₃soχutλonDmoχ₃cuχ×rD
sp₃ctroscopyRD2022PDV][PDUT]VW_ 2

30 zuéQ₄₃mtom₃t₃rQr₃soχutλonD×ésoχut₃Dsp₃ctroscopyDwλtΛDsw₃₃pλn−D₃χ₃ctroQoptλcDcomésRD2020PDVUTTVWQVUTTVW 0

29 vptλc×χDmr₃qu₃ncyDjomésD₄orDtoχ₃cuχ×rDzp₃ctroscopyPDrλn₃tλcsPD×n⁹Dz₃nsλn−RDZUQ]] 1

28 zt×tλon×ryDkλssλp×tλv₃DzoχλtonsRD2022PDVT[QVWU

27 t’₃n₃Dz×tur×éχ₃Dhésoré₃rsDλnDto⁹₃Qsocν₃⁹Dmλé₃rDs×s₃rRDVUTT[T_ 0

26 w₃r₄orm×nc₃D₃v×χu×tλonDo₄DsλχλconQcΛλpQé×s₃⁹Dmλ⁹Qλn₄r×r₃⁹Dr₃rrDoptλc×χD₄r₃qu₃ncyDcomésDwλtΛDrλ⁹−₃D
crossDs₃ctλonRD2022PDVZZPDUZ_Y[Y

25 vct×v₃Qsp×nnλn−D₄r₃qu₃ncyDcoméD−₃n₃r×tλonDé×s₃⁹DonD×D⁹u×χQmo⁹₃Dmλcroc×vλtyDχ×s₃rRD 2

24 h⁹v×nc₃sDo₄Dz₃mλcon⁹uctorDto⁹₃Qχocν₃⁹Ds×s₃rD₄orDvptλc×χDmr₃qu₃ncyDjoméDn₃n₃r×tλonRD2022PD 0

23 wΛ×rm×co⁹yn×mλcDpmpχλc×tλonsDo₄D{r×nscr×nλ×χDwΛotoéλomo⁹uχ×tλonD×n⁹Dxu×ntumDwΛysλcsDλnD
jχλnλc×χDt₃⁹λcλn₃RD

22 iro×⁹é×n⁹DlvQjoméDn₃n₃r×tλonDi×s₃⁹DonD{woQzt×−₃Duonχλn₃×rDzyst₃mRD2022PDUXPDUQY 0

21 hnDhλrQsp×c₃⁹D~λrtu×χχyDpm×−₃⁹DwΛ×s₃⁹Dhrr×yDzp₃ctrom₃t₃rDi×s₃⁹DonD×Dtλ⁹Qpn₄r×r₃⁹Dvptλc×χD
mr₃qu₃ncyDjoméRD2022PD 0

20 }χtr×QzΛortDoλ−ΛQhmpχλtu⁹₃Dkλssλp×tλv₃DzoχλtonsRD2022PD[_QUTX 0

19 {Λλr⁹Dvr⁹₃rDw×r×m₃trλcDvscλχχ×tλonsDλnD×Dxu×ntumDj×sc×⁹₃Ds×s₃rDmr₃qu₃ncyDjoméRD2022PD 0

18 y₃mot₃DcoméQtoQcoméDst×éλχλz×tλonDov₃rD×DURWQνmD₄r₃₃Qsp×c₃D×tmospΛ₃rλcDoptλc×χDχλnνRD2022PD 0

17 y₃×χQtλm₃DΛλ−ΛQsp₃ctr×χQr₃soχutλonDmλ⁹Qλn₄r×r₃⁹Dsp₃ctroscopyDwλtΛD×Dsλ−n×χQtoQnoλs₃Dr×tλoDo₄Dt₃nD
tΛous×n⁹RD2022PDWTPDWZ]UW 0
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16 y₃soχv₃⁹Drot×tλonQvλér×tλonDnonQ₃quλχλérλumDwλtΛrot×tλon×χD~pwhQjhyzRD 0

15 t×ssλv₃χyDp×r×χχ₃χD₃χ₃ctroQoptλcDs×mpχλn−Do₄Dsp×c₃Q₃nco⁹₃⁹Doptλc×χDpuχs₃sD₄orDuχtr×₄×stD
muχtλQ⁹λm₃nsλon×χDλm×−λn−RD 0

14 t₃×sur₃m₃ntsDo₄Dy×yχ₃λ−Λâ��irλχχouλnDsc×tt₃rλn−Dsp₃ctr×Do₄DhrPDuVPD×n⁹DjoXD×tDpr₃ssur₃sDupDtoD
VT´ ×tmRD2022PD 0

13 ztλmuχ×t₃⁹Dy×m×nD×⁹λ×é×tλcDp×ss×−₃DwλtΛDtr×λnsDo₄Dw₃×νDpuχs₃sNRD2022PDYYPDVWXTTV 0

12 jontroχχλn−Dpoχ×rλz×tλonDonD×nDuχtr×₄×stDtλm₃sc×χ₃Dusλn−D⁹λ₃χ₃ctrλcDm₃t×sur₄×c₃sRD 0

11 y₃c₃ntDwro−r₃ssDo₄Dzup₃rcontλnuumDn₃n₃r×tλonDλnDu×nopΛotonλcD†×v₃−uλ⁹₃sRDVVTTVTY 1

10 n₃n₃r×tλonD×n⁹DlvoχutλonDo₄DwΛononλcDmr₃qu₃ncyDjomésDvλ×DjoΛ₃r₃ntDln₃r−yD{r×ns₄₃rDé₃tw₃₃nD
t₃cΛ×nλc×χDto⁹₃sRD2023PDU_PD 0

9 zuéQUTTD₄sDr₃rrQχ₃nsDto⁹₃Qχocν₃⁹D₄₃mtos₃con⁹D–éaj×–hχvJχtbsuéJ−tbXJχtbSsuéJ−tbDs×s₃rD×tDnozD
r₃p₃tλtλonDr×t₃RD2023PDT 0

8 mχ₃xλéχ₃Dku×χDvptλc×χDmr₃qu₃ncyDjoméD×tDVDfmRD 1

7 hnDpnv₃stλ−×tλonDo₄DhχχDmλé₃rDmr₃₃Qyunnλn−Dku×χQjoméDzp₃ctroscopyRD2023PDVWPDUUTW 0

6 xu×ntumQkotDvptλc×χDmr₃qu₃ncyDjoméRD2023PDUVWQUZU 0

5 t×ssλv₃χyDp×r×χχ₃χD₃χ₃ctroQoptλcDs×mpχλn−Do₄Dsp×c₃Q₃nco⁹₃⁹Doptλc×χDpuχs₃sD₄orDuχtr×₄×stD
muχtλQ⁹λm₃nsλon×χDλm×−λn−RD2023PDUVPD 0
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