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Yuyénble Co3a/ i 3aKpy4YeHHBIe 3JIEKTPOHHbIE
BOJIHBI: HOBBIH IIIaTr K yIIPaBJI€HHI0O MaTepPHeH Ha

KBAHTOBOM ypOBHE

[ata nmy6nukamnuu: 12.06.2026

CoBpeMeHHas (pu3uKa BCE riny0xKe MPOHUKAEeT B MUP MPOLIECCOB, IPOUCXOOSIITUX
Ha aTOMHBIX M cyO0aTOMHBIX MacmTabax. UMeHHO TaM pPOXKOalTCSId XMMUYECKUe
peakuuu, GOPMUPYIOTCSI MarHUTHBIE CBOMCTBa MaTepuasioB, IepefaeTcsa nHpopMaus
B 3JIEKTPOHHBIX YCTPONCTBAX M BO3HUKAIOT MHOTHE (yHOaMeHTaJibHbie KBAaHTOBLIE
apdexkTr. OgHako HabnomaTh U TeM 0ojiee KOHTPOJIHPOBATH 3THU IIPOILECCHI
Ype3BBIYaNHO CJIOKHO, IIOCKOJIBKY OHU Pa3BOPAadYMBAIOTCS 3a HEBEPOSTHO KOPOTKUE
IIPOMEeXYyTKM BPEeMEHHU U Ha PacCCTOSHHUSAX, CPAaBHHMEIX C pa3MepaMH OTAEIbHBIX
aTOMOB.

HccnemoBatenu n3 YHuBepcuteTta KoHcTaHIla B 'epMaHNU MPEACTABUIIN HOBYIO
TEXHOJIOTHUIO YIIPABJIEHUS 3JIEKTPOHHBIMHM BOJIHAMM, KOTOPAs MOXKET CYIIEeCTBEHHO
PacCIIMPUTh BO3MOXKHOCTH M3yUYEeHUS KBAHTOBOTO MHPA. YYEHHIM yOaJ0Ch CO3[ATh
3JIEKTPOHHBIE IIyYKHU CO CBEPXOBICTPHIM BHYTPEHHUM KPYTSIIUM MOMEHTOM — OCOOBIM
BUIOM BpalllaTeJIbHOTO OBUXKEHUS, PaHee MPAaKTUUYEeCKU HEOOCTYIIHBIM [AJIsT KOHTPOJIS
Ha CTOJIb MaJIbIX MaciTabax.
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OTKpPHEITHE OTHOCUTCS K 00/J1aCTM KBAHTOBOW MEXaHWKH, '€ YaCTUIEI 001agaioT
OBOMCTBEHHOU PUPOOOU M MOT'YT IIPOSABJIATH CBOMCTBA KaK 4YacCTHll, TakK ¥ BOJH. 14
ONMCaHUus IOBegeHUs TaKUX OOBbEKTOB HCHOJIL3YIOTCS BOJIHOBHIE (YHKIUU —
MaTeMaTu4eCKHe CTPYKTYPHI, OIIpeensioniie BepPOsiTHOCT, OOHAPYKEeHUS YaCTULIEI B
TOM HJIM UHOM COCTOSIHUH.

KoHTpons GOpPMHBI M CTPYKTYPHI BOJTHOBHIX (QYHKIMNA CUUTAETCS OOHOU U3
BaXHEMWIUX 3aja4y COBPEMEHHOU KBAHTOBOU (GU3UKH. BO3MOKHOCTHL U3MEHSITH
rapaMeTpHl 9JIEKTPOHHBIX BOJIH IO3BOJISET HE TOJBKO TJIy0xkKe M3y4yaTh CBOMCTBA
MaTepuu, HO U CO3[IaBaTh HOBHIE TEXHOJIOTMH, OCHOBAHHBIE Ha YIIPaBJIEHUU
KBAHTOBBIMHU COCTOSTHUSIMH.

OcoOnIli UHTEPEC BHI3LIBAET YIIOBOM MOMEHT — (yHOaMeHTalbHas pusnyeckas
BeJIM4YUHA, CBsI3aHHAs C BpallleHueM. B Kjlaccu4eCcKOM MHUPE ero JIerko NpeacTaBUTh
Ha IIpUMepe Bpallalmilerocss BOJIYKa MU MmiaHeThl. OMHAKO B KBAaHTOBOM MHUpeE
YTJI0BOM MOMEHT IIpHoOpeTaeT 3HAUUTEIbHO 00Jiee CJIOKHBIM XapaKTep U CTAHOBUTCS
BaXXHOM XapaKTEPUCTUKOMU 3JTEKTPOHOB, aTOMOB U IOPYTUX MHUKPOCKOMHUYECKUX
00BEKTOB.

I[Io HacCTOSIIEro BpeMeHU HCCIeNOoBaTeNsIM yaaBalloCh CO3[aBaTh 3aKpPy4YeHHEIE
CBETOBHIE MMIYJILCHl U YIPaABISATh WX BpallaTeIbHBIMU CBOMCTBAMH C IIOMOIIBIO
nma3epoB. OgHAKO MepeHoCc MOmoOHLIX METOOOB Ha 3J€KTPOHHBLIE BOJIHBI OKa3ajiCs
3Ha4YuTeJbHO OOJiee CJIOXKHOU 3amaded. DIEeKTPOHB 00amail0T MacCou u
B3aMMOOENCTBYIOT C OKpyXalomiel cpegor uHHade, 4eM (POTOHHBI, IIO3TOMY
TPAAUIIMOHHBIE JIa3ePHBIE METOOh UMEIOT CEePhE3HLIE OTPAaHUYEHUS.

HoBBIZI MOOXOM ITO3BOJIMJI NPEOOOJIeTh MHOTHE H3 3TUX IIPENSTCTBUH.
HccnemoBaTenu UCIONIb30BalIU CIIeIHAIbHYI0 CXEMY B3aUMOAEUCTBUS 3JIEKTPOHHBIX
BOJIH C 3aKPy4YeHHBIMM Jla3epHBIMU IIONSIMUH. B pe3ynbTaTe pa3Hble Y4aCTKH
9JIEKTPOHHOM BOJIHBI MOJIydYalau pa3/iudHbie Pal30Bble CABUTU, YTO MPUBOOUIIO K
(opMupoOBaHUIO CIIOKHOM BHYTPEHHEMN CTPYKTYPHI BpallleHU .

dakTHUYECKU YYEHBIM Yy[HOaJioCh CO3daTh CBoeoOpa3HbIE «CKPYYEHHBIE»
9JIEKTPOHHBEIE BOJIHOBBIE TAaKETH, CIOCOOHBIE MEHSTh HallpaBJIeHUEe CBOeU
XUPalbHOCTH — TO €CTh INEePeXOoAUTh OT JIEBOCTOPOHHEIrO BpalleHUus K
IPpaBOCTOPOHHEeMY M oOpaTHO 3a (GpeMTOCeKyHObl. [l cpaBHEHHs, OOHAa
bemMTOCEKYHA COCTaBIAET OOHY KBaAPUJIIIMOHHYIO JOII0 CEKYHOH. 3a TaKOe BpeMs
CBET IIPOXOUT PACCTOSTHUE MEHBIIE TONIINHBI YeJIOBEYECKOT0 BOJIOCA.

Oco06eHHOCTh HOBOMW TEXHOJIOTHM 3aKJl04YaeTCs B TOM, YTO 3JIEKTPOHHEBIE
UMITYJIbChl COXPAHSIOT Ype3BbIYalHO MaJjibie pa3Mephl ¥ MOTYT OBITh C(OOKYCUPOBAHBI
IIpakKTH4YeCKU [0 MacmTaba OTHeNbHBIX aTOMOB. JTO OTKpPHIBAaeT YHUKAJIbHBIE
BO3MOJXKHOCTHU [OJIsI M3YUYEeHHUS IIPOIeCCOB, KOTOPhIe OO CHUX IIOP OCTaBaJiuCh
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HEeOOCTYIIHBIMU IJII OPSAMOro HaOIIOmeHUs.

[TonmyyeHHBIE 3JIEKTPOHHBIE BOJTHBI MOXKHO NPEACTaBUTh KaK MUHUATIOPHBINA BUHT,
pa3Hble y4aCTKM KOTOPOTO BpPAIIAalOTCSI B HMPOTHUBOIIOJIOXKHBLIX HANpaBIEHUSIX.
[TogoOHBIE CTPYKTYPH 00JIafgaiOT HEOOBIYHBIMH (U3UYECKUMHU CBOWCTBAMU H
CIIOCOOHBI B3aMMOOEMCTBOBATh C BEIEeCTBOM MHPUHIUIIHAILHO HOBHIM 00pa3oM.

HccnemoBaTenyd CUNTAIOT, YTO TaKue QNIEKTPOHHEBIE ITYYKHW MOTYT CTATh MOIITHBIM
WHCTPYMEHTOM [OJId U3YYEHUS CIIMHOB 3JIEKTPOHOB, MAIHUTHBIX CBOICTB MaTepHualoB,
OUHAMKUKU MOJIEKYJI U OPYI'UMX KBAHTOBEIX IIPOIIECCOB. Ocob6eHHO IIePCII€EKTUBHBIM
BHITJIAOUT IIPDUMEHEHHNEe TEXHOJIOTHHU [OJId MCCIIEJOBaHUA CBerGBICprIX U3MEeHEeHUH,
IIPOUCXOOAIITINX B MaTepHuajiaX II0CJie BO3JIeI;'ICTBI/IH CBE€Ta, 3JIEKTPUYECKUX MMITYJILCOB
WUJIM MAarHUTHBIX MIOJIEN.

Bonbioe 3HaueHue paboTa MMeeT U [OJI1 Pa3BUTUS 3JIEKTPOHHOU MUKPOCKOIIUU.
CoBpeMeHHBIE 3JIEKTPOHHBIE MUKPOCKOIIHI YK€ MIO3BOJSIOT Pa3audaTh OTHEeIbHBIE
aTOMBI, OJHAKO IIOJIydeHHe HHPOpPMAaIUU O KBAHTOBHIX COCTOSIHUSX BelllecTBa
OCTaETCS CJIOKHOM 3afaueli. HoBble 3aKpyUYeHHBIE 9JIEKTPOHHBIE UMITYIbCHl CITOCOOHBI
CYIIECTBEHHO IIOBHICUTH YyBCTBUTEJIBHOCTh M3MEPEHUU U PACHIUPUTH CIEKTP
HabII0oaeMbIX SIBJIEHUM.

OTpenbHBIM HHTEPEC IIPelACcTaBlisieT BO3MOXKHOCTb HCIIONIbB30BaHUSA TaKUX
9JIEKTPOHOB B KayeCTBe HOCHUTeJlell KBaHTOBOM MHpopMaluu. biarogaps ClI0XHOMU
BHYTPEHHEU CTPYKType BOJIHOBOW (PYHKIIMU OHU IIOTEHLIUAJbHO MOTYT XPaHUTh U
repenaBaTh OOJIbIle JaHHBIX, YeM OOBIYHBIE 3JIEKTPOHHEIE COCTOsIHUSA. B OymymieM 3To
MOXKeT 0Ka3aThCsA MOJIe3HBIM [OJIf CO3[aHWS HOBBIX apXUTEKTypP KBaHTOBHIX
BBIYMCJIUTEJIBHBIX CUCTEM.

PabGoTa TakXke mMeeT QpyHOaMeHTajlbHOe 3HaYeHUe [OJid MOHUMaHUS NPUPOILI
MaTepuu. YUEHBIE IONYyUYUIU 9KCIIePUMEHTalIbHOEe MTOATBEPXKAEHNE CYIIeCTBOBAHUS
HeOOBIYHBIX KBAHTOBBEIX COCTOSSHUM, KOTOPHIE €I1lé HeJaBHO pacCMaTPUBAJIUCh JIUIIb
KaK TeopeTUYeCKHe KOHCTPYKIHUU. DTO AEeMOHCTPUPYET, HACKOJIBKO OOraTHIMU MOTYT
ObITH (pOPMBI OpraHM3aluy 3JTEKTPOHHBIX BOJIH UM HACKOJILKO JajleKO COBPEeMEeHHBIe
TEXHOJIOTUHU IIPOABUHYJIUCH B yIIPaBI€HUU KBAHTOBLIMU O0bEKTAMU.

HHTEpecHO, 4TO CO3MaHHBIE 3JIEKTPOHHBIE CTPYKTYPH HAXOASATCS Ha I'PaHUIlE
Cpa3y HECKOJIbKMX Hay4YHBIX HaNpaBJeHWMN: KBAHTOBOU (PU3UKU, (POTOHHUKH,
MaTepuasioBeIeHUs, 3JIEKTPOHHOM MUKPOCKOIIMY U KBAaHTOBBIX BelUMCIeHU. UMeHHO
TakKue MeXAUCLUIIJIMHapHBIE HCCIeNOBAHUS CEerofgHs CTAHOBITCSI UCTOYHUKOM
MHOTUX TEXHOJIOTUYECKUX IPOPHIBOB.

B Onuxkaimue ToObl MCCHIEOOBATENIM MNIAHUPYIOT IMPOMOJIXKUTh Pa3BUTHE
CBepXOBICTPOM 3TEKTPOHHOM MHUKPOCKONHUU M IIPOBEPHUTH, KAaK 3aKpy4dYeHHHBIe
39JIeKTPOHHBLIE BOJIHBI B3aMMOMOENCTBYIOT C pa3nuuyHbIMU MaTepuanamu. Ocoboe
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BHHUMaHHUe GYJIGT YoelneHO MarHuTHEBEIM CTPYKTypaM, KBAHTOBBIM MaTepHaliaM,
HaHO4YaCTHUIAM M CJIOZKHBIM MOJIEKYIJIAPDHBIM CHCTE€MaM.

HoBas TexHOIOTUS MOKa3bIBa€eT, YTO yIIpaBJieHUE MaTepuel Ha YPOBHE OTOEJIbHBIX
9JIEKTPOHOB IIOCTEIIEHHO IepexXOoguT u3 00acTu Hay4YHOUW (paHTACTHUKHU B
NpakKTUYEeCKyl0 HayKy. BO3MOXKHOCTH 3aJaBaTh 3JIEKTPOHHBIM BOJIHAM CJIOXKHBIE
BpalllaTeJIbHbIE CBOMCTBaA OTKpPHIBAET MYyTh K CO3JaHUI0 HOBBIX MHCTPYMEHTOB
HMCCIIeIOBAaHUS ITPUPOILI MU MOXKET CTAaTh OOHOM M3 BaXKHBIX OCHOB OyOyIIUX KBAaHTOBBIX
TEXHOJIOTHM.

CchIIKa: «DIeKTPOHHBIE BOJHOBBIE IIPOIECCHI C BHYTPEHHUM KPYTAIIUM
momernTom» DOI: 10.1038/s41567-026-03308-1.
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