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OpHOM M3 T'JIaBHBIX MP00IeM COBPEMEHHBIX KBAHTOBBIX KOMIIBIOTEPOB OCTAETCS UX
BBICOKAsl YYBCTBUTEJILHOCTH K BHEIIHUM BO3OeNCTBUSAM. [laxke He3HAUYUTEJIbHLIE
KonebaHusI TeMIlepPaTypPhl, 3JIEKTPOMArHUTHLIE MTOMEXU UMW AedeKThl MaTepuaoB
CIIOCOOHHI HAPYIUIUTb COCTOSTHUE KYOUTOB U IMPUBECTHU K BHIYUCIIUTEIBHBIM OIIMOKAM.
MMEeHHO IM03TOMY y4YeHbIe II0 BCEMY MUPY HIIYT CIOCOOHLI CO3TaHUS KBAHTOBBIX
CHUCTEM, KOTOpPhIe CMOTYT COXpaHATh HHGPOpMAIHIO Haxe B HeOJIaronpusTHBIX
ycnoBusix. HoBoe ucciegoBanie MeXOYHAPOOHOU I'PYIIIbl (GU3UKOB CTAJI0 BasKHBIM
IIIarOM B 9TOM HallpaBJIEHUH.

HccnepgoBaTenu u3 ['aMOyprckoro yHMBeEpPCHUTETA M psda HAYYHBIX IIEHTPOB
npencTaBuan yOeOouTesbHbIE AOKa3aTeJIbCTBAa TOT0, YTO TaK Ha3blBaeMble MO[bI
MaiiopaHbl COXPaHAT YCTOMYUBOCTL HaxXe IIPU HAJIUYUU 3HAYUTEJIBHOTO
CTPYKTYpHOTO Oecropsiika B MaTepuajsie. [ToydyeHHble pPe3yabTaThl ONyOJIMKOBAHEL B
XxypHane Nature Physics u mogTBepXpaloT OOHY M3 KIIOYEBBIX TEOPETUUYECKUX
KOHIEIIIUY TOIIOJIOTMYEeCKUX KBAHTOBBIX BEIYUCIEHUN.
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Mopasr MatiopaHBl ITPEACTAaBIAIOT CO00M 0CoOObIe KBAHTOBBEIE COCTOSIHUSI, KOTOPHIE
MHOTHE y4YeHhle pacCMaTPHUBAIOT KaK NEepPCHEeKTHUBHYIO OCHOBY [OJIT CO3MaHUSI
OTKa30yCTOMYUBBEIX KBAHTOBLIX KOMIIBIOTEPOB. VX YHHUKAILHOCTh 3aKJTIOYAETCS B TOM,
4YTO MHGPOPMAIIUST KOOUPYETCS He B JOKAJIbHBIX CBOWCTBAX CHCTEMHI, a B ee
r100aIbHOM TOIOJIOTUYECKOW CTPYKType. Brmaromapsi aToMy mOmOOHBIE COCTOSTHUS
3HAYHUTEJNhHO MeHee UYyBCTBUTEJIbHHI K BHEIIHMM BO3[EeHCTBUSAM H OedekTam
MaTepuaa.

HNHTepec K MopmamM MalopaHbl BO3HMK IIOCIIEe TeopeTudyeckux paborT,
MpeacKas3aBIIUX CYIIeCTBOBaAHMWE YaCTHUIl, SBIASIONIUXCA COOCTBEHHBIMU
aHTU4YacCTHUIlaMU. XOTsS B pyHOaMeHTanbHOM (PU3UKEe TaKue YaCTHUIILI 0 CUX IIOP
OCTalTCA NpegMeTOM HCCIeOOBaHMUU, B KOHOEHCHPOBAHHBIX Cpefax yZaloCh
00HapyXUTh KBa3W4aCTHUIILI, IEMOHCTPUPYIOIINE aHAJIOTUYHLIE CBOMCTBa. IMeHHO
OHU MOJIy4YUJIM Ha3BaHME MalOPaHOBCKUX COCTOSTHUU WU Mo MalopaHEL.

B paMkax HOBOro mccCjefoBaHUS y4eHBIe COCPEOOTOYUIINCh Ha OOHOMEPHBIX
aTOMHBIX IIelI0YKaX, COCTOSIIIUX U3 MarHUTHBIX aTOMOB Keje3a. [IJ1s mpoBedeHus
9KCIIepUMEHTOB ObIJIa CO3gaHa CJIOXKHasi rubpuaHasi CTPYKTypa, BKJIIO4Yalollas
CBEpPXITPOBOOSANIINY HUOOUM, TOHKUM CJIOM cepebpa M ITOBEPXHOCTHHIM CJION CIIJIaBa
BUCMyTa u cepebpa. Takass apXuTeKTypa I103Bojiujia CHOPMUPOBAThH yCJIOBHUS,
HeoOXOOUMbIe MJIsI BOSHUKHOBEHUS TOMOJIOTUYECKUX CBEPXITPOBOMSIINX COCTOSHUM.

IInss aHanmu3a CTPYKTYpPhl MaTepuaja HCCHIeAoOBaTeNIM HCHOIb30Bajld
CKaHUPYIOUIYI0 TYHHEJIbHYI0O MUKPOCKOIIMIO U CIIEKTPOCKOIINIO, paboTarollue Ipu
TeMIIepaType OKOJIO YeTHIPeX KeJIbBUHOB, YTO COOTBETCTBYEeT NIPUMEPHO MUHYC 269
rpagycam Llenbcus. 9T METOOBI IO3BOJISIOT HE TOJIBKO BU3YaIU3UPOBATh OTHEIbHEIE
aTOMBI, HO U M3yYaTh JIOKAJIbHEIE 3JIEKTPOHHBIE COCTOSHUS C YPE3BBIYAWHO BEICOKUM
ITPOCTPAHCTBEHHBIM pa3pelIeHreM.

Hab6moneHus moka3ajii UHTEPECHYI0 0CO0eHHOCTh. HecMOTpst Ha TO YTO BEPXHUMU
ATOMHBIM CJIO¥M o6Jiafan MpakKTUYeCKU HUAealbHOM KPUCTAJIIMYECKOM CTPYKTYpPOH, B
6ormee TIyGOKMX CJIOSIX MPUCYTCTBOBAJM HaHOpa3MepHBIe HEOOHOPOOHOCTH U
medekTel. C TOYKH 3PEHUS KJIACCHYECKON 3JeKTPOHUKH ITOOOOHBINM OecIopsmoK
00OBIYHO CYHTAETCS HexXejlaTeJIbHBIM (aKTOPOM, YXYAUIIAIOIIMM XapaKTEePUCTUKU
ycTpoucTBa. OgHaKO [OJisi IPOBEPKM YCTOMYMUBOCTH MO[ MalopaHbl HaJln4ynue TaKux
nedeKTOB 0Ka3aJl0Ch KpaliHe OJIe3HBIM.

[Toce MOATOTOBKHU IOAJOXKKKU y4Y€HBIE Pa3MeCTHUJIM Ha €€ MOBEPXHOCTH
OTHEeNbHBIE ATOMHI Keje3a, GOPMHUPYS CTPOTO JTUHEWHBIE aTOMHBIE I[EITOYKHU.
MaHUDYIALIUY TPOBOAUINUCH C TIOMOIIIBI0 CBEPXTOYHOTO HAKOHEYHUKA CKAQHUPYIOIIET0
TYHHEIBHOTO MHUKPOCKOIIA, KOTOPHIM IT03BOJISIET MepeMellaTh OTAEIbHBIE aTOMBI U
co3maBaTh CTPYKTYPHL 3afaHHOM (popMbl OYKBaIbHO 10 OMHOMY aTOMY 3a pas.
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Korpga pgnvHa Lieno4ex ImpeBHICHUIIA ONpeaesieHHOe KPUTHUYEeCKOoe 3Ha4YeHue, Ha UX
KOHIIaX ObIJIM 0OHapyKeHbl XapaKTepPHbIe COCTOSIHUS C HYJIeBOM sHepruei. UMeHHO
TaKWe CUTHATyphl CYUTAIOTCSA OOHUM M3 TJIaBHBIX NIPU3HAKOB CYLIEeCTBOBAHHUS MO[
Martiopanbl. Ocoboe 3HaYeHue UMeJl TOT (GaKT, YTO 3T COCTOSTHUS COXPAHSIIUCH axke
[P HAJIMYUU 3aMETHOI'0 CTPYKTYPHOro 6ecropsiika B MaTepuare.

7151 mOTIOIHUTENIbHOMU IIPDOBEPKH YYE€HLBIE€ BLHIIIOJTHUIIN HOI[pO6HO€ KOMITBIOTEPHOE
MOOEeIITMPOBaHUE C HCIIOJIb3SOBAHHEM IIdapaMeTpPOB, MaKCHUMaAJILHO HpI/IGHI/I}KeHHBIX K
pPeaJIbHBEIM YCIIOBHUSAM 3KCII€EPHMMEHTa. Pe3y_T[I:TaTI:I PaCdeTOoB XOpOoImIo COBIIAJIN C
HaGHIOJIaeMBIMI/I OAaHHBIMKX HW IIOOTBEPHOHUIIN, YTO 06Hapy}KeHHHe COCTOAHUA
OEeMCTBUTEJILHO OGH&JIB.IOT TOIIOJIOTMYECKOM 3alllUTOMH.

[TonydyeHHBIE pe3yIbTaThl UMEIOT OOJIbIIOE 3HAUEHHUE [JIT Pa3BUTUS KBAHTOBBIX
TexHoJsioruvi. OgHOM M3 KJII0UYEBHIX 3afilad B 3TOM 00JIaCTU SIBISIETCS CO3[aHue KyOuTOB,
crnocoOHBIX paboTaTh OJNUTEJIbHOEe BpeMs 0e3 BO3HHUKHOBEeHHUS OInOoK. CeromHs
3HaYUTeIbHAS YacTh PECYPCOB KBAHTOBHIX KOMIIBIOTEPOB PacXoAyeTcsi Ha KOPPEKIINIO
omnOOK, BO3HHUKAIOMNINX HM3-3a HEeCTAaOMIBHOCTH KBAHTOBBEIX COCTOsSHHuN. Ecnu
nHbpopManusgd OygeT XPaHUThCS B TOIOJOTHUYECKHU 3aIlUIIeHHBIX COCTOSHHUSIX
MatiopaHbl, TOTPEOHOCTh B CJIOKHBIX MeXaHU3MaX KOPPEKIUU MOXKET CYIIeCTBEHHO
COKPATHUTHLCH.

Tomonmoruyeckue KyOUTHI CYHUTAIOTCS OOHUM M3 Haubojiee MepCHEeKTUBHBIX
HaOpaBlIeHUUW Pa3BUTUS KBAHTOBBLIX BLIYHCIEHHUU. B oTnmuue OT TpamgUILMOHHBIX
CBEPXIIPOBOOAIIUX KYOUTOB, OHU MOTEHIIMAJIBHO CIIOCOOHBI COXPaHSATh KBAHTOBYIO
nHpoOpMalNI0 3HAYUTEJILHO [ObIlle U HalexkXHee. ITO OTKPHIBAET BO3MOXKHOCTHU OIS
co3maHus 0ojiee MacIITaOHBIX KBAHTOBHIX CHUCTEM, IPUTOOHBIX O/ PEUIeHUus
MPaKTUYEeCKUX 3aflay B Kpunrtorpaduu, MaTepualoBemeHuu, papmaleBTUKe U
MOOEIUPOBAHUMN CJIOXKHBIX (PHU3UYECKUX ITPOIIECCOB.

OcoObBIfi UHTEpEeC IIpefCcTaBJisieT BO3MOXKHOCTh BBINIOJTHEHUS TaK Ha3bIBaeMbIX
orepalui njaeTeHus, Ipyu KOTOPHIX MOAbl MaliopaHbl 0OMEHUBAIOTCS ITOI0OXKEHUSIMHU B
IIPpOCTPaHCTBe. TeopeTHYeCcKU TaKHWe ONepalnuu I103BOJISIOT pPeajiu30BHIBATH
KBAHTOBBIE JIOTUYECKHE 3JIEMEHTHI C OUeHb BEICOKOM CTEIMeHbIO 3aIlUTHI OT OUINOOK.
OpmHako OJisg MPAaKTUYEeCKOro MpPUMeHeHUsT HeoOXOOUMO [eTajIbHO U3YYUTh BIUSHUE
Pa3JIMYHBIX TUIOB OeCropsinKa Ha OMHAMUKY 3TUX COCTOSHUM.

ABTOpHI UCCIIeIOBAHUS OTMeYaloT, YTO CJIeAVIOLIUM 3TallOM CTaHeT JajibHelllee
COBEPIIIEHCTBOBaHKUE pa3paboTaHHON IT'HOPUOHOU NNaTGOPMEL ¥ U3yUYeHNEe IIOBeOeHUsI
Mon MatviopaHsl B 00ojiee CJIOXKHBIX YCJIOBHUSAX. YUeHBle HaMepPEeHBl BHEIICHUTD,
HACKOJIBKO YCTOUYMBBIMU OCTAIOTCS 3TU COCTOSSHUS NPU U3MEHEHUU [lapaMeTpOB
CHUCTEMEl, a TakKXe HCCJIef0oBaTh MeXaHU3Mbl yIpaBIeHUS UMU A1 Oyoymux
KBaQHTOBBIX YCTPOUCTB.
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Pe3ynbTaTel pabGoThl CcTalu OOHUM U3 Haubomee yOeOUTENbHBIX
9KCIEePHUMEHTANbHEIX IIOATBEPXKOEHHUHW TOTr0o, 4YTO TOMNOJOTHUYecKas 3alluTa
OEeHCTBUTEJILHO CIIOCOOHA COXPaHATH KBAHTOBLIE COCTOSIHUS MarkKe B HEeCOBEPIIEeHHBIX
MaTepHajax. ITo MPUuOIUKAeT CO3MaHue MPAKTUUYEeCKUX MallOPaHOBCKUX KyOUTOB U
mesiaeT KOHIEIIINI0 OTKa30yYCTOMYMBEIX KBAHTOBBIX KOMITbIOTEPOB 3HAYUTEIBHO Oojiee
peanucTUYHOM, YeM ellle HECKOJIbKO JIeT Ha3ajl.

CchlnKa: «YCTOMYMBOCTh Moga MaiopaHbl K MOTeHIHany 60pbOBl B aTOMHBIX
IIerITo4YKax Ha CBEpPXIPOBOOgAILLEM CIIjgaBe Par6Eer » DOI:
10.1038/s41567-026-03322-3.
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