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IIaToe H3MepeHHue KaK K1Y K KBaAHTOBOH
IrPaBUTAIIHH: HOBasl KJIaCCHYECKasi HHTEPIpPEeTaIusi
peajIbHOCTH

Iata nmy6nukamnuu: 06.01.2026

CoBpeMeHHas (pu3nKa onrupaeTcs Ha ABa GyHOAMeHTAJIbHBIX CTOJMNa — KBAaHTOBYIO
TEOpPHUI0 U OOIIYyI0 TEOPUIO OTHOCUTENIbHOCTU. [lepBasi ¢ IOpa3uTEIbHON TOYHOCTHIO
OTNHCBIBAET MUKPOMUP 3JIEMEHTAPHBIX YACTHIl, BTOpas 00BSICHSIET IpaBUTAIIUIO,
CTPYKTypy IpOCTpPaHCTBAa-BpeMEHMW UM 3BOJIONHNI0 BcejleHHOW B KOCMHYECKHUX
MacmiTabax. HecMoTps Ha ycnexu o0euX TeOpHM, OHM OCTAlTCS KOHIENTyaJIbHO
HEeCOBMECTHMBLIMHU, a IOINBITKH O0BEOAUHHUTH MX B €OQUHYI0 TEOpPUI0 KBAHTOBOU
rpaBUTALIUYU YKe NeCATUIIEeTUSIMU CTAJKMBAIOTCS C IITyOOKMMM MaTeMaTU4YeCKUMU U
punocopckumMu TPyoHOCTSIMHU.

TpaguIMOHHBIN MOOXOMO IpPenIiojlaraeT, YTO TpaBUTAIlUSA, KaK U [Opyrue
B3aMMOMENCTBUS, OOJIZKHA INMOOYUHSTHCS KBAHTOBBIM 3akoHaM. OmHaAkKoO caMa
KBAHTOBASI TEOPHUS COOEPKUT HepeIlleHHbIe ITPo0IeMbl, BKII04Yasi BOIPOC U3MEPEeHUs,
IIPUPOAY KOJIjlallica BOJTHOBOM (YHKIUU U KAXKYIIYIOCS HEJIOKAJIbHOCTh 3alyTaHHBIX
COCTOSSHUM. ITU TPYAHOCTU 0COOEHHO 000CTPSIOTCS B CBeTe TeopeMbl bejia, KoTopas
ITOKa3blBaeT, YTO HU OOHA TeOopus, OCHOBAaHHASA Ha KJACCHUYECKHX HMPUHIIHIIAX
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JIOKAJIbHOCTU ¥ OOBEKTHBHOMW peaylbHOCTH, HE MOXKET BOCIIPOM3BECTHU BCe
IpefcKa3aHus KBAaHTOBOM MeXaHMKHM B paMKaX IIPHUBBIYHOTO YETHIPEXMEPHOTO
ITPOCTPaHCTBa-BPEMEHHU.

Ha sTomM ¢oHe BO3HHMKAET aJlbTePHATHUBHLIM BONMPOC: BO3MOXKHO, mpobiema
3aKJII049aeTCcs He B caMUX PU3NYECKUX 3aKOHAX, a B OTPAaHUYEHHOCTHU HAIIero
IIPeACcTaBJIEHUS O IPOCTPAaHCTBE U BpeMeHU. VIMEHHO C 3TOUW uaeu HauuHaeTCS HOBBIU
IMOOXO, ITPEeIOKEeHHBIN B HeJaBHeN paboTe, omyOIMKOBaHHOM B XKypHaie Scientific
Reports. B paMkax 3To¥ KOHIENIUU ITPEAnoaraeTcs, YTo U KBAaHTOBbIe 3(PDEKTHI, U
rpaBUTAIIMS MOTYT OBITH IIPOSIBIEHUSAMU Oojiee TITyOOKOM KJTaCCUYECKOU CTPYKTYPHI,
CYILIECTBYIOIIIEN B IPOCTPAHCTBE C [OIOJTHUTENbHBIM, IISTHIM U3MEPEHUEM.

B nipennmoxkeHHOU MOOENN MPOCTPAHCTBO-BPpeMsI He SIBIISIETCS CTaTUYHOU apeHOow,
a 9BOJIOIUOHUPYET BOOJb AOIOJHUTEJIBHOTO ITapaMeTpa, KOTOPBIM MOIKHO
UHTEPIpPETUPOBATh KaK pacCHIMpPeHHOe H3MepeHHue BpeMeHHU. IOTO II03BOJISAEeT
paccMaTpuBaTh IPUBLIYHOE YETHIPEXMEPHOEe IIPOCTPAHCTBO-BpeMsl KakK cpe3 Ooiee
obmel NMATUMEPHON OAUHAMWUKK. YaCTHUIIEI B TAaKOW KapTHHE IIepecTalT OBITh
(byHOmaMeHTanbHLIMU TOYEUYHLIMU O0OBEKTaMM M BO3HHMKAIOT KaK yYCTOWYUBEHIE
CTPYKTYpH, ChOpMHUPOBaHHBIE M3 MHPOBBEIX JIMHHUN, KOTOPbIE IIOCTENEHHO
CaMOOPIraHU3YyIOTCS II0 Mepe 3BOJIOLUU CUCTEMEIL.

KitroueBass 0COGEHHOCTH 3TOM MOOEIN 3aKJ/II0YaeTCsI B TOM, YTO BCE IIPOLIECCH Ha
dyHODaMeHTaIbHOM ypPOBHE OCTAIOTCSA CTPOTO KjacCHUYecKuMu. TeM He MeHee
HaOJTI0JaTeNN0, OTPAaHUYEHHOMY YeTBIPhbMS M3MEPEeHUSIMHU, OHU MHPOSBIISIOTCS Kak
KBAHTOBHIE 3(pGeKTh. 3alyTaHHOCTL, MHTepdepeHIuss U BOJTHOBO-YAaCTUUHHIHN
Oyanu3M BO3HUKAIOT HE M3-3a MUCTHYECKOMW NMPUPOMLl MAaTEePHUH, a KakK CIIedCTBUEe
MIPOEKITUH MATUMEPHON TUHAMHUKU Ha YeTHIPEXMEepPHOe IPOCTPAHCTBO-BPEMSI.

Taxk, Koppensauuu tumna JuHIITeNHa-ITogonbCcKoro-Po3eHa nony4yalT HarjassgHOe
o0bsicHeHHe. B nmaTuMepHOM KapTHHE B3aUMOAENCTBUS MOTYT PACIPOCTPAHSATHCS
BIOJIb MHUPOBLIX THUHHUN dyepe3 00Iee IMPoIIIoe COOLITHE, OCTAaBasCh JIOKAJILHLIMU B
pacIIpeHHOM IIpoCcTpaHCcTBe. [Ipy 5TOM HU OfHa 4YaCTHIla He HapyllaeT OrpaHuYeHue
CKOPOCTH CBeTa, HO OJIsI YeTHIpEXMepHOro HabiiofgaTenss pe3yibTaT BHITJIAOUT Kak
MTHOBEHHAs HeJloKajibHasl CBSI3b. AHAJIOTHYHLIM 00Pa3oM 3KCIEPHUMEHT C OBOMHON
IIEeJIbI0 UHTEPIPETUPYETCS KaK KOJIJIEKTUBHOE IOBeJdeHUEe MHOXKeCTBa MHUPOBBIX
JTUHUY, GOPMUPYIOMIUX BOJTHOBYIO CTPYKTYPY, B TO BpeMS KaK Ha AEeTEKTOp molagaeT
JINIIb OJHA U3 HUX, CO3[aBasi BUOUMOCTb YaCTHUIIHI.

['paBuTaIMs B 3TOM MOJeJIM TaKxkKe He TpeOyeT KBaHTOoBaHUs. OHa BO3HUKAET KaK
pe3yabTaT NOCTEINEeHHOW pejlaKcallu¥d KPUBU3HBI IIPOCTPaAHCTBa-BpEMEHU BOOJIb
[ISITOTO U3MepeHus. MaTepus U rpaBUTALMOHHOE TI0JI€ 3BOJIIOLIMOHUPYIOT COBMECTHO,
4YTO €CTEeCTBEHHBIM 00pa3oM OOBSICHSET HAllpaBJI€EHHOCTbh BPEMEHU W OTCYTCTBHE
CHUMMETPUHU MeXKAY NPOIINIBIM M OynymuM. Takod Imoaxond o0beguHSeT OUHAMUKY
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YaCTHUI[ ¥ T€OMEeTPHUIO IIPOCTPAHCTBA-BPEMEHH B PaMKax €JHHOT0 KJIaCCHYECKOTro
IpoIiecca.

OpuuM 13 Haubojiee UHTPUTYIOIIUX aCIIEKTOB TEOPUHU SIBJISIIOTCST €€ ITPOBEPsSiEMBIE
npenckKasaHusa. B oTivune OT CTaHOAapPTHBEIX MOJeJie KBAHTOBOM IpaBUTAllMK, OHA He
OOIIyCKaeT CYLIeCTBOBAHUSA T'PaAaBUTALMOHHO-MHOYLIUPOBAHHOU 3allyTaHHOCTH,
IMOCKOJIbKY I'PaBUTAllMs B HEM He ABISIETCSI KBAHTOBHIM ITo1eM. Kpome TOro, Teopusa
OOIIYCKaeT BO3MOXKHOCTD ITONTYYeHUS UH(POPMAIIUU O IIYTH YaCTUIILI B 9KCIIEPUMEHTE C
OBOWHOM IEeJIbI0 C MOMONIbI0 T'PAaBUTALIMOHHBLIX M3MepeHUN 0e3 pa3pylleHusd
UHTEePPEPEeHIMOHHON KapPTUHBLI, YTO MNPUHIMUNIHNAIBHO OTJIHNYAET €€ OT
OPTOOOKCAlbHOM KBaHTOBOW MEXaHHUKH.

C Touku 3peHus puaocodpuu HayKu 3TOT IIOAXON ITpeajaraeT 60jiee UHTYUTUBHYIO
KapTUHY peanbHOCTU. OH yCcTpaHsSeT HeoOXOOMMOCTb B TaKMX KOHIENIIUIX, KakK
OOHOBPEMEHHOE CYIIleCTBOBaHUE 0OBEKTA B HECKOJILKMX COCTOSIHUSIX MJIM MIHOBEHHOE
BIIMSIHME Ha PacCCTOSHUU, U BO3BpallaeT (GU3UKE CTPOTYI0 IPUUYUHHOCTL U
JIOKAJIbHOCTb — HO yXKe B pacIIMpPeHHOM, IISITUMEPHOM IpocTpaHcTBe. Crnenys
npuHnuny OKKaMa, aBTOP yTBepXKAaeT, YTO TaKoe OIMCaHUEe MOXKEeT OKa3aThCs
IPEeANoYTUTEIbHEE TEOPUU, IIOJTHOCTHIO OTKA3hIBAIOIIUXCS OT HATJISOHOIO IIOHUMaHU S
(pusnyeckux MMpoIEecCcoB.

Ha pmaHHBIM MOMEHT NSATHUMEPHas KJjlaCCUYeCKasi TeOpPUs KBAHTOBOM I'pPaBUTALIUU
HaAXOOUTCS HAa PaHHEU CTaguu pal3BUTHUS. [IpeCTOUT BBISICHUTH, CIOCOOHA JIX OHa
BOCIIPOU3BECTH BCE J3KCIEPUMEHTAIbHBIE YCIEeXW KBAHTOBOM TEOPUU, BKIIOUas
CTaHgapTHYIO MOMENb 3JIEeMEHTapPHBIX YaCTHULl, U COXPAHUTh CBOIO COCTOSITENTHHOCTEH B
9KCTPEMaIbHBIX YCJIOBUAX, TAKUX KaK OKPECTHOCTU YEPHHIX AHIP. TeM He MeHee yXKe
ceryac OHa IIpefjiaraeT CBeXHUM B3TJISALO Ha OOHY K3 I'JIaBHBIX IP00JIeM COBPEMEHHOU
(pu3uKM U TOKa3bIBaeT, UTO IIyTh K 00beAUHEHNIO0 KBAHTOBOU MEeXaHUKU U I'PaBUTAIINU
MOXKET JIeXKaTh 3a IpefelaMu IIPUBEIYHOTO YETHIPEXMEPHOT'O MHIIIJIEHHUS.

Cceinka: «[IaTuMepHas KjacCudecKash MOJelb I'DAaBUTAIlMOHHBIX U KBAHTOBEIX
sapnenui» DOI: 10.1038/s41598-025-32860-8.
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