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AHHOTAIUA

O¢ddexT KBaHTOBOrO  yaep:kaHus, HaAOJNIOJAaeMbli B MOJYINPOBOJHUKOBBIX
HAHOKpPHUCTAJIaX, WJIM KBAHTOBBIX TOUYKAX, SIBISIETCS OJJHUM U3 KJIIOUYEBBIX ()EHOMEHOB
HaHO(QU3UKU. DTOT 3P(EKT BO3HUKAET, KOTJa pa3Mep MOJYNPOBOJHUKOBON YaCTHUIIbI
CTAHOBUTCSl CONOCTaBUM WJIM MEHbIIE paauyca bopa 3KCUTOHA, YTO MPUBOAMUT K
MPOCTPAHCTBEHHOMY OTPAaHUYECHHUIO JABW)KEHHUS HOCHUTENEH 3aps/ia 3JIEKTPOHOB U
IOBIpOK. B pe3ynbraTe HENpPEpBIBHBIA DHEPIETHUYECKUM CHEKTP, XApAKTEPHBIM I
00bEeMHOTO Martepualia, Mnpeoopaszyercs B JAUCKPETHBINA, MOJOOHBIM aTOMHOMY, YTO
KapJMHAJIbHO MEHSIET ONTHUYECKHME W DIJIEKTPOHHBIE CBOWCTBA Marepuana. [laHHas
pabota aHaiM3UpyeT (U3NYECKUE OCHOBBI KBAHTOBOI'O YJEpXKaHUs, BKIIOYAs
3aBUCUMOCTb IIMPHHBI 3aIIPEIICHHON 30HBI OT pa3Mepa HAHOKPHUCTAIIA U KOHILIETIIUIO
sKcuTOHA. PaccMarpuBaercs BIMsSHUE YlepKaHUA Ha (POTOJIOMHHECLEHUUIO U
IIOTJIOIIEHNE CBETA, & TAKXKE AHAJIU3UPYIOTCS MEPCIEKTUBBl IPUMEHEHUSI KBAaHTOBBIX
TOYEK B CBETOJMOJAX, COJHEYHBIX DJJEMEHTaX, KBAaHTOBBIX KOMIBIOTEpAX U
OMOMEINIIMHCKON BU3YyaIU3aliH.

KiroueBbie cj10Ba: KBAaHTOBOE YAEpKaHUWE, HAHOKPUCTAJUIbI, KBAaHTOBBIE TOYKH,
DKCUTOH, paauyc bopa »dKcUTOHa, 3ampelieHHas 30Ha, (OTOIIOMHHECLEHLNS,
JUCKPETHBIN CHEKTP.

BBenenue

ITonynpOBOJHUKOBBIE HAHOKPUCTAIUIBL, ITOJIYYMBIIME [IMPOKOE IIPU3HAHUE II0]
Ha3BaHUEM KBAHTOBBIE TOYKH, MPEACTABISAIOT COOOM MaTepualibl, pa3Mep KOTOPBIX
BApbUpPYETCA OT JBYX JO JECATH HAHOMETPOB. OJTO CTaBUT MX B YHUKAJIBHOE
MIPOMEKYTOUHOE TOJOKEHUE MEXKIYy OOBEMHBIM TBEpPJbIM TEJIOM U OTIACIbHBIMU
aTOMaMHM WM MOJEKyJaMH. [J1aBHOE, 4YTO OTIMYAeT 3THU HAHOCTPYKTYpPBI OT
TPaJMLMOHHBIX  TOJYNPOBOJHUKOBBIX MaTepUaioB, dTO0 3(PGEKT KBAHTOBOTO
yAECpKaAHUS.

Oddexr KBaHTOBOTO YyAEp)KaHWS BO3HHUKAET, KOT/Aa pa3Mep MOJyIPOBOIHUKOBOMN
YaCTHULbl CTAHOBUTCS MEHBIIE WA COMIOCTABUM C XAPAKTEPHOU NIMHOM, HA3bIBAEMOM
panuycoM bopa 3KkcuTOHaA.
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OKCUTOH — 3TO KBa3W4acTHIA, MPEACTAaBIIAIONIAsl COOOM CBSI3aHHOE COCTOSIHUE
DJEKTPOHA M JBIPKH, YJIEPKUBAEMBIX KYJOHOBCKMM B3amMojencreueM. Koraa
MPOCTPAHCTBEHHBIE pa3Mephl KpUCTAJIa YMEHBIIAIOTCS J0 Maciutada paauyca
DKCUTOHA, JBW)KCHUE HOCHUTEJEN 3apsija CTAaHOBUTCS OIPAHUMYEHHBIM BO BCEX TpEX
U3MEPEHUSIX. DTO NPUBOJMUT K MEPEXOAY OT CIUIOIIHOIO 3HEPreTHUYECKOro CIEKTPa,
KOTOPBIN MpUCyI] 00bEMHBIM MaTepHaliaM, K TMCKPETHOMY, KBAaHTOBAHHOMY CIEKTPY.
CrnencTBrueM 3TOrO SIBISETCS YHUKAJIbHAs 3aBUCUMOCTH ONTHYECKUX U DJIEKTPOHHBIX
CBOMCTB, B YAaCTHOCTH, L[BETA M3JIy4y€HUs, OT (PU3MUECKOr0 pa3Mepa HaHOKPHUCTAILIA.
OTa BO3MOXHOCTh TOYHON HACTPOMKHM CBOWCTB TOJIBKO 3a CUET U3MEHEHHs pa3Mepa
YaCTHUL] OTKPHIBAE€T OTPOMHBIN ITOTEHIMAN JIJIsl IPUMEHEHUS B ONITUKE U JIEKTPOHUKE.

dusnueckue OcHoBbl KBaHTOBOIO Y aepxanus

Jnsa nmonnmanus 3(h(HEeKTOB KBAaHTOBOTO yJEp:KaHUsS HEOOXOIMMO PacCMOTPETh, Kak
POCTPAHCTBEHHOE OIPAaHUYECHUE BIUSAET Ha SHEPTUI0 HOCUTENEH 3apsia.

Panunyc bopa skcurona. B 00beMHOM MOMYNIPOBOIHUKE JIEKTPOH U JBIpKa CBOOOIHO
JBIDKYTCS B KPUCTAJUIMYECKON PEIIETKE, U UX CBSI3aHHOE COCTOSIHUE SKCUTOH UMEET
onpeaeneHHbl paguyc bopa. B HaHOKpucTamie, Korjga ero pa3mMep CTAaHOBUTCSI MEHBIIIE
ATOr0 paguyca, CTEHKH KPUCTaJla BBICTYNAIOT B POJM MOTEHLUUAIBHOTO Oapbepa i
HocuTenen 3apsana. [IpocTpaHCTBEHHOE OrpaHUYEHUE NPUBOAUT K YBEIUYEHUIO
KMHETUYECKOM DHEPruu JJIEKTPOHA U JBIPKM B COOTBETCTBUM C MPUHIIMIIOM
HEOIPEICIICHHOCTH U AaHAJIOTUEHN C YaCTUIEH B TOTEHIIMAIBLHOU SIME.

KBanToBaHnue sHepruu. DHeprusi, HeoOXoaumas JUisl CO3[JaHusl DKCUTOHA, WM, YTO
HKBUBAJICHTHO, IIMPHHA 3aMPEIIEHHON 30HbI, B HAHOKPUCTAJJIE CTAHOBUTCS (DyHKLHEH
€ro pasmepa. YMEHbIICHUE AUaMeTpa HAaHOKPUCTAJUIA NMPUBOAUT K 3HAYUTEIBHOMY
YBEIIMUYEHUIKD KHHETUYECKOM DHEPrHM HOCUTENEHW 3apsAna. OJTO  YBEIMYECHHUE
KMHETUYECKOW DSHEPruu CMEIIAET SHEPreTUYECKHe YPOBHU DJJIEKTPOHA B 30HY
MIPOBOJIMMOCTH M JBIPKH B BaJICHTHOM 30HE Jabllie OT TPAHULIBI 3aMIPEIIEHHON 30Hb1. B
pesynbTare, 3Pp(GEeKTUBHASA IIMPUHA 3ANpPEIICHHOM 30HbI, ONpPEENSIoNas YHEPTUI0
MCITyCKaeMOI0 WJIM MOTJIOAEMOTO CBETA, YBEIMUYHUBACTCA.

[[BeToBast 3aBUCUMOCTB OT pazMepa. [IpsamMbIM ClIeACTBUEM YBEIUUYECHUS 3aAMPENICHHON
30HBI ABJISAETCSA 3aBUCUMOCTH JUIMHBI BOJIHBI U3JIyYE€HUs OT pasMepa HaHOKpPUCTAJLIA.
Yem MeHbIIIe TuaMeTp KBaHTOBOW TOYKU, TeM OOJIbIle IHEpTUs POTOHA, KOTOPYIO OHA
MOXET U3Jy4duTh, U TEM KOpOYE JIJIMHA BOJIHBI M3JIy4yaeMoro cBeta. Takum o0pa3om,
U3MEHSAS Pa3MEP HAHOKPUCTAIUIOB, MOKHO TOYHO HACTPOUTH LBET MUX CBEYCHHUSA B
IIMPOKOM JIMAINA30HE OT CUHETO 0 KPACHOr0. JTO SBJICHUE HEBO3MOXKHO PEATU30BATh
B 00BEMHBIX MaTepHaiaX, rJe MMPHUHA 3alPEIIeHHON 30HbI SBIACTCS (PUKCUPOBAHHOM
KOHCTaHTOW Marepuala.



Baussaue Ha Onrnuyeckue CBolicTBa

KBanToBoe YACPIKAHHUC KapaAnHaJIbHO MCHACT ONTUYCCKUM OTKJINK
IMOJYIIPOBOJHHUKOBBIX HAHOKPHUCTAJLIOB, ACJIAA HUX qp€3BLIqaﬁH0 IMPUBJICKATCIbHBIMHA
AJI1 CBETOU3JIYIAOIUX U CCHCOPHBIX HpHHO}KeHHﬁ.

dotonroMuHecleHIus. YBennueHue 3((OEKTUBHON MIMPUHBI 3alpPEIIeHHOW 30HbI
MPUBOJNUT K CMEUIEHUIO CHEKTpa (POTOIIOMUHECLEHIIMH KBAHTOBBIX TOYEK B CHHIOIO
o0JyacTh MpPU YMEHBUICHUH pa3Mepa dactullbl. Kpome Toro, 6marogaps TUCKpETHOMY
XapaKTepy SHEPreTUYECKUX YPOBHEH U CHIBHOMY NPOCTPAHCTBEHHOMY IEPEKPBITHIO
BOJIHOBBIX (DYHKIIMH 3JIEKTpPOHA M JBIPKH, BEPOSITHOCTh PEKOMOMHAIIMM HOCHUTENEH
3apsja ¢ u3nydeHueM (OTOHA 3HAYUTEIBHO BO3PACTAET. DTO MPUBOJIUT K BHICOKOMY
KBaHTOBOMY BBIXOJy U SIPKOMY, Y3KOIIOJOCHOMY CBEUEHHIO KBAHTOBBIX TOYEK, UTO
ABJISIETCSI WX KJIIOYEBBIM MPEUMYIIECTBOM II0 CPaBHEHUIO C TPATUIIMOHHBIMU
(biyopecleHTHBIMU KPaCUTEISIMHU.

[Tormomenue cBera. DP(PEKT KBAHTOBOTO YAEPKAHMUS TAKKE BIMSIET Ha CIEKTPHI
MOTJIOIIEHHS cBeTa. B oTinmumne oT 00BEMHBIX MaTepUasoB, T/I€ CIEKTP MOTJIOLIEHUS
HAYMHAETCS C PE3KOro Kpas MpU SHEPIHH, PaBHOW IIMPUHE 3alpElIeHHON 30HBI, B
KBAaHTOBBIX TOYKAaX HAOJIOAIOTCS YETKO BBIPAKEHHBIC ITMKU, COOTBETCTBYIOIIUE
TUCKPETHBIM TIEPEX0JIaM MEXIy KBAaHTOBAHHBIMU HSHEPre€TUYECKHUMHU YPOBHSMH.
[TonoxxeHre nepBOro MUKa MOTJIOLIEHUS TaKKEe CMEIIAETCA B CTOPOHY 00Jiee BBICOKUX
SHEPIruil CHHUM CIIBUT NIPU YMEHBIIEHUHU pa3Mepa HAaHOKPHUCTAIIA, YTO COOTBETCTBYET
M3MEHEHUIO 3()(DEKTUBHOMN 3aIPEIIEHHON 30HBI.

C1aOuIbHOCTh M JIONTOBEYHOCTH. [ MpakTUYeCKOro MpUMEHEHHUs, OCOOEHHO B
OMOJIOTUYECKOW BU3yalu3alluy, KPUTHYECKU BakHa (HOTOCTAOMIBHOCTh KBAHTOBBIX
Toyek. JIJisi 3alIuThl YyBCTBUTEJIBHOTO SiApa HAHOKPHUCTaa, HampuMmep, cyiabduaa
KaJMusl, OT OKUCJIEHUS U (PoTopa3pylieHus, BOKPYT HEro 4acTo (POPMHUPYIOT 3alUTHYIO
000JI0YKY U3 JPYTroro MOJyMpPOBOAHUKA C OOJBIIEH 3alpelieHHOW 30HOH, HalpuMep,
cynb(duaa muHKa. ITa CTPYKTypa SAp0-000710YKa 3HAYUTEIHHO MOBHIIIAET KBAHTOBBIN
BBIXOJI U JIOJITOBEYHOCTh CBEUEHHUSI.

Metoabl Cunre3a u [lpumenenue

Pa3paboTka TOYHBIX METOIOB CHHTE3a IO3BOJWIA IEPEUTH OT TEOPETHUYECKOTO
W3Y4YEHUS KBAHTOBBIX TOUYEK K MX HIMPOKOMY IPAKTUYECKOMY HCIIOJIb30BAHHUIO.

CuHre3 HaHOKpHCTAUIOB. OCHOBHBIM METOJIOM CO3[aHHUSl BBICOKOKAYECTBEHHBIX
KBaHTOBBIX TOUEK SIBJISIETCS KOJUIOMAHBIA CHHTE3 B pacTBOpPE. DTOT METOJ] MO3BOJISIET
KOHTPOJIMPOBATh MPOLIECC HYKJIEAI[MU U pOCTa HAHOKPUCTAIIOB C BEICOKOM TOUHOCTBIO,
YTO KPUTUYECKH BAKHO JJISl TIOJYYE€HHUSI MOHOAMCIIEPCHBIX YaCTHUIl, TO €CTh YaCTHUIL C
OUEHb Y3KHM pachpelejeHueM Mo pa3Mmepy. TOYHBIM KOHTPOJb TeMIepaTyphl,
KOHLIGHTpAllul TPEKYypCOpOB M THUMNA CTAOWIM3UPYIONIMX JIMTAHJOB IO3BOJISIET
JIOOUTHCS JKETAEMOT0 pa3Mepa U, CIE0BATEIbHO, IBETA U3ITYUCHHUS.



IIpumenenue B quciuiesx U cBeroauoaax. biaaromaps BBICOKOMY KBAHTOBOMY BBIXOY,
Y3KOMY CHEKTPY HU3JIyYEHHS U BO3MOKHOCTM TOYHOU HACTPOWKHU ILIBETA, KBAHTOBBIC
TOYKM AKTHBHO MCIIOJB3YIOTCS B AUCIUIESIX HA KBAHTOBBIX TOYKAaX M CBETOAUOIAX.
Hcnonb30BaHne Y3KOMOJIOCHBIX M3JTydaTesiel MO3BOJSET CO3AaBaTh SKpaHbI ¢ Oolee
YUCTBIMU W HACBIIICHHBIMU LBETAMH, 3HAYUTEIBHO PACIIAPSS LBETOBOM OXBAT IO
CPaBHEHHUIO C TPAJIUIIMOHHBIMU KUJKOKPUCTALUIMYECKUMU TACIUICSIMH.

BI/IOMGI[I/II_[I/IHCKaH BU3YyaJIN3allA. B Owonornun wu MCAUIMHE KBAHTOBBIC TOYKHU
HCIIOJIB3YIOTCA KaK q)ﬂyopeCHGHTHBIG 30HABI I BHU3YyaJIM3dllUKU KIICTOK, TKaHEHU M
OHYXOJIeﬁ. Hx IMpeCuMynicCTBa ICpca OPraHUYCCKHUMU KpPACUTCIIIMU BKIHOYAKOT
BBICOKYHO SAPKOCTD, (1)0TOCT36I/IJII)HOCTI> )41 BO3MOXHOCTD OJHOBPCMCHHOTI'O
HCIIOJBb30BaHUsI HCCKOJIBKMX HIBCTOB B OAHOM I3KCIICPUMCHTC IJIsA My.l'[BTPIHJIGKCHOﬁ
JUAarHOCTHKH.

IepcnexkTuBnl U PazBurne

JlanbHeiilee W3y4eHHWE W HCMOJb30BaHHE A(H(EKTOB KBAHTOBOTO YAEpiKaAHUS
OTKPBIBAET HOBbIE TOPU3OHTHI B 00JIACTU ONTOAICKTPOHUKHU U KBAHTOBBIX TEXHOJIOTHUH.

@doToBOBTAMKA W COJHEYHBIC AJIEMEHTHl. KBaHTOBBIC TOYKM MEPCHEKTHBHBI JIJIS
MOBBIIIEHUS YPHEKTUBHOCTH COTHEYHBIX JIEMEHTOB. OHM MOTYT OBITh UCIIOJIb30BaHbI
B KayecTBE CIJIOEB JJisi MPeoOpa3oBaHUsl BBICOKODPHEPTETUYECKOTO CHUHETO CBETa B
HU3KOIHEPreTUYECKUN KPACHBIM CBET, KOTOPBIN JIydllle TOTJIOMAETCS KPEMHHUEBBIMU
AJIEMEHTaMU, WIN JJIsl CO37aHusl BHICOKOA(P(HEKTUBHBIX TOHKOTUICHOYHBIX COJIHEUHBIX
Oatapei.

KBanToBsie Bhruncienusi. CaMu KBaHTOBBIE TOYKHA MOTYT BBICTYNaTh B POJH KyOUTOB
— OCHOBHBIX JJICMCHTOB KBAHTOBBIX KOMIIBIOTEPOB, OJlaromapsi TUCKPETHOCTH HX
DHEPTETUYECKUX YPOBHEH W BO3MOXKHOCTH OINTHYECKOTO YIPABICHHUS WX CITMHOBBIM
COCTOSTHMEM. OTO HampaBlIeHUE WCCIEAOBAHUN SBISETCS OJHUM U3 HaumoOojee
(byHIaMEHTAIbHBIX.

beszonmacHocTh W TOKCHYHOCTh. OJHMM W3 KIIOYEBBIX BBI30OBOB IS IITMPOKOTO
BHEJPEHUS] KBAHTOBBIX TOYEK, OCOOCHHO B OWOMEIUIIMHE, SBISETCS MpobdiieMa
TOKCHUYHOCTH, CBSI3aHHAS C MCIIOJb30BAHUEM TSKEIIBIX METAJIJIOB, HAIPUMED, KaIMHUS.
AKTHBHO pa3pabaThIBatOTCA OCE3KaJMHEBbIC KBAHTOBBIC TOYKH HA OCHOBE WHIMIA-
dbochuma unu KpemHHUs, KOTOpbIE 00J1alatoT Oo0Jjiee BBICOKOM HKOJOTUYECKON W
OMOJIOTHYECKOI 0€30MMaCHOCTHIO.

3ak/IoueHue

O¢ddexT KBaHTOBOrO yJep:KaHUs B MOJYNPOBOJHUKOBBIX HAHOKPUCTAIIAX SIBISETCS
byHaaMeHTaIbHBIM ~ (DU3UMYECKUM  SIBJICHHUEM, KOTOpOE€  HMEeT  IIyOOKHue
TEXHOJOTUYECKUE TMOCIEACTBUAS. BO3MOKHOCTH TOYHOrO KOHTPOJIA ONTHYECKUX U
AJNIEKTPOHHBIX CBOMCTB MaTepualia MPOCThIM U3MEHEHHEM ero (U3MYecKoro pasmepa
OTKpbLJIa I0POTY K CO3AaHUIO BEICOKOI((EKTUBHBIX U YHUBEPCAIbHBIX YCTPOUCTB.
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OT BBICOKOKAUECTBEHHBIX MUCILUIEEB M SIPKMX CBETOAMOIOB JIO0 PEBOJIIOLMOHHBIX
OMO30H/I0B U MEPCIEKTUBHBIX 3JIEMEHTOB KBAHTOBBIX KOMITbIOTEPOB, KBAHTOBBIE TOUKH
NpOJODKAIOT ~ OCTAaBaTbCsd B aBaHTapAe  HUCCIENOBaHMM  HAHODU3HKH U
MaTEpUaIOBEICHUS.
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