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AHHOMayus

IpugedeHbl 0cHOBHbIE NpobaeMbl NPUHAMOI 6 (husuKe napaduzmbl, 02paHUUUBAIOWUE ee
803MOJCHOCMU 8 NO3HAHUU Pu3UKU Mupoycmpolicmea. C yenbto ycmpaHeHusi 5mux o2paHuieHutl
asmopom nocmpoeHa MOHO(yHOaMeHManumckas KeaHmosast meopus mupoycmpoticmea (2025),
OCHOBAHHASL HA uYemblpex 3MNuUpu4ecKu 06OCHOBAHHbIX NOCMYIAMAX U Onepupyowjas moabko
mpemsi MUpO8bIMU KOHCMAHMamu, m.e. He oonyckarowjas 06o6wjeHusl.

B OanHoli pabome Ha ocHoge 08yx nocmyaamog 3moil meopuu 0451 UACIMHO20 CAyYas
HepeasimuguCmcKux c60600HbIX Uacmuy 0aH 8bi8o0 HalideHHo20 3gpucmuuecku 3. I1IpeduHzepom
OCHOBHO20 YpaBHEeHUS KeAHMOBOlU MeXaHUKU U NOKA3dHO, MO e20 B04H08dsl (PYyHKYUs
onpedeisiem NJA0MHOCMU UdCMuy, POXCOAIOWUXCS 80 (ppazmeHmax OelicmeumenbHo20 U
MHUMO20 noonpocmpaHcme ¢pusuiecko2o 8akyyma BceneHHoll, a npousgedeHue 3mux 80/HOBbIX
¢yHKYUll NpONOpYUOHAAbHO NAOMHOCMU Yacmuy 8 ee npocmpaHcmee. Bmecme ¢ ypagHeHuem
IlIpeduneepa noayueHo ypaeHeHue Kielina-I'opdoHa-doka 0as uacmuy & OelicmgumenibHOM
noonpocmpaHcmae.

OcHO8aHHbIl HA 3mMux nocmyaamax ebieod ypaeHeHusi IlIpeduHzepa 0451 C8000OHbBIX
uacmuy sensemcsi ewje OOHUM NoOOmMeepiHcOeHUeM YHUBepCaabHOU NO CB0eMy NOCMPOEHUO
K8aHMoBoll  KoHyenyuu mupoycmpoticmea. IlonyueHHble pe3ynbmambl Oonyckarom, 8
uacmHocmu, Umo 4epHble ObIpbl He UMelom Hepu3uueckoll CUH2YAApHOCMU, d omcymcmaue U3
HUX 3/1eKMPOMA2HUMHOR0 U3/TyUYEeHUS C8S13aHO C paspyuleHuem HyK/10H08 U amomos.

Kntouesbie cnoea: npobnembl npuHsmoti napaduembl, ypasHeHus IlIpedurneepa u Knena-
TI'opoona-doka, keaHmoedass KoHyenyusi Mupoycmpoticmed, npomocmpykmypd o00seKmos
BceneHHol.

1. Beepenmue

[Tocnegnue pecsiTuieTusi TpUHATas OQULMANbHOM HayKou (pr3nueckas
rapajurMa He roJiBepraeTcsi COMHEHUIO U CJTY>KUT /151 OL|eHKH HOBBIX (PM3UUEeCKUX UJier
U LIeHHOCTH SKCIIePUMEeHTa/IbHBIX [laHHbIX. Te M3 HHUX, KOTOpble NPOTHBOpevar ew,
paccMaTpuBalOTCsl KaKk HeoOOCHOBaHHble U He TMYOIMKYIOTCS B pelieH3HpyeMbIX
)KypHasax. PakTHuecKy MpoU30IlIa KAHOHH3ALMs CYLLeCTBYIOLIMX Ipe/jCTaB/lIeHuid o
Bcenennoii. Ilpy 5TOM O0OCO3HaeTcs, 4YTO B TIPUHATOM MapajurMe CyIleCTBYIOT
MIPOTUBOPEYHs], IJIaBHBIM M3 KOTOPBIX SIB/IS€TCS KBAHTOBOE OIMCaHWe MUKDOMHpA, B
KOTOPOM IIPOLIeCCHl UMEIT Cy4YalHYyH NPUPOJY, U KjlacCuyecKoe leTepMUHUPOBAHHOE
orvcaHie OOBEKTOB MakKpoMmMHpa. B 3TOM [JByXypOBHEBOM OITMCAHWH BeIeCTBa
BcenenHoli rpaHuia Mexay ~MHMKPO- M MakpoMUpaMHU ~He  yCTaHOBJ/IeHa.
[TpesnpyHYManuCh pas3/ivyHble TIONBITKM YCTPaHUTh 3TO TPOTHBOpeYMe, HO OHU
OKasanuch Oe3spesynbraTHBIMU. [To3TOMy B pamKax (M3MUecKUX 3aKOHOMepHOCTeit
TIPUHSTON TlapaZiurMbl, OrPaHUUMBAIOIIMX 00/1aCTb ee TIPUMEHUMOCTH, Heslb3sl MOHSATh



(bU3MKYy MHOTOUMC/IEHHBIX aHOMAJTbHBIX /I/Isl Hee TIPUPO/HBIX MAaKPOSIB/IEHH, B KOTOPBIX
TIPOSIB/IIFOTCST UX KBAHTOBbIE CBOWCTBA. [IpUMEPOM MOXKET CITy>KHTh LIApOBasi MOJTHUS,
n3yuaeMas yxxe 6omee 200 seT.

Mpbl npuBeZieM HEKOTOpble OCO3HaBaeMble U HeOCO3HaBaeMble (hH3MuUeCKUM
C000I11IeCTBOM MeTOAUYeCKHUe U CYI[HOCTHBIE TIPOO/IeMbI MPUHATON MapaJurMbl C TeM,
4yTOOBI TT0Ka3aTh HE0OXOAUMOCTb PacCIlIMPeHHs] MeTOI0OB HAyYHOTO TI03HAHUsI PeabHOCTH
U Co3[aHusi MOHOQYHJAMEeHTa/JMCTCKOW KBAHTOBOW TlapaJUurMbl, TPUTOJHOW JJis
KBAaHTOBOT'O OMMCAHUSI peasbHOCTH KaK B MUKPO-, TaK ¥ MaKPOMMUPE.

BakHble 11ecTb po6sieM MPUHSTON TTapaJurMbl ObLTH M3/105KeHbI B [1]:

«1. CerofH1 He OCO3HAaéTCs, YTO CYLIeCTBYIOL|asi MeTOAOJIOTUSl (PU3MKU
OrpaHUYMBaeT I03HaHWE peasbHOCTU MHUPOYCTPOWCTBA, TaK KaK I103BOJISIET M3yuyaTb
TOMBKO Ty (hOpMy MaTepuu, C KOTOPOW B3auMOZeHCTBYIOT npubopsl. [loaToMy oHa He
MOXKET 00BSICHUTH MHO)KECTBO aHOMAJIbHBIX SIBJIEHHH, B TOM UKCJ/Ie KUBYIO MaTepvio U
CO3HaHHWe, KOTOpble B 330TePUKE MMEIOT TaK Has3blBaeMble «TOHKOMaTepuasbHbIe»
CTPYKTYpbl. DTO yKa3blBaeT HAa TO, UTO CYIIECTBYIOT HEeIOCTYIIHbIE AJs MPUOOPOB
HeW3BeCTHbIE MUPBI C MHOW ()OPMO BeILeCTBa, TO eCTh He0OXOUMO COOTBETCTBYIOILEe
Vi3MeHeHue MpeZiCTaB/IeHusl 0 MUPOYCTPOMCTBE U ero BellecTBe.

2. [Ipyroii HEeOoCO3HaBaeMOM MeTOJMUeCKOU IpobeMoit siBiisieTcsi TpeOoBaHUe
BOCIIPOU3BOIMMOCTH  SKCITIEPUMEHTA/IbHBIX Pe3y/IbTaToB APYTUMH  1ab0opaTopusiMH,
OTCeKarolllee KBAHTOBbIE MAaKpPOSIB/IEHUs], OIpe/iesisieMble  Pa3HbIMH  KBaHTOBBIMU
COCTOSIHUSIMM. JTO TIPUBOAUT K TOoTepe (DM3UKOW SMIUPUUYECKOW HH(POpPMALUU O
KBAaHTOBBIX CBOMCTBaX MaKpOMHpa, UTO 3aTpyJHSieT TIpeofio/ieHde TJIaBHOTO
TIPOTHUBOPEeYUs TIPUHATOMN MapaZiurMbl.

Y TpUHATOW mMapajurMbl CYIIECTBYIOT W TPUHIMITHAIBHBIE CYIIHOCTHBIE
TIPO0O/IEMBI.

3.0pHOlt W3 HUX SBASIOTCS HeC(OPMUPOBABIIMECS TIpe/CTaBAeHUs O
MPOCTPAHCTBe U BpeMeHU. [losaraeTcsi, UTo B MpOCTpaHCTBe BceneHHOW NPOUCXOAST
TPOLIECChI C YeThIPbMSI CAMMETPUSIMU — TPAHC/ISILIMOHHOM, aKCUaTbHOM, LIeHTPa/IbHOW 1
chepuueckoif, UYTO B OJHOM TIIPOCTPAHCTBE HEBO3MOXHO. I[l03TOMy MOXKHO
TIpe/NooXKUTb, UTO BO Bce/ieHHON MNPOSIBISIOTCS CBOWMCTBA TPEX APYrMX MHPOB
Mupo3aaHusi ¢ UHOM CHMMeTpHel TPOCTPAHCTBa, TO eCTh BcesieHHas He sBJseTCS
3aMKHYTOW (u3nyeckoll cuctemMod. Ha KBaHTOBYIO MPUPOZy HEU3BECTHBIX CErofiHs
MHUDOB yKa3blBaeT 00paTHMOCTb BPeMEeHH TMOpOXKAaeMbiXx WUMH (yHaMeHTaTbHbIX
YyacTHULl, KOTOpasi OTCYTCTBYeT y BelllecTBa BceneHHOM, UMetoI1leli CTpesly BpeMeHHU.

4. Emé opHa ripobieMa TIPUHSTON MapaUrMbl — OTCYTCTBHe TIpe/|CTaBIeHus: 00
VCTOPUM BO3HUKHOBEHUs BceseHHOM M3 MCXOQHOTO COCTOSIHMSI MMPOYCTPOMCTBA,
KOTOpoe HeoOXOoJMMO yCTaHOBUTBH. be3 atoro sirobasi rumoTe3a o eé oOpa3oBaHHM He
MOXXeT ObIThb JOKa3zaHa. HeoOXoguMo WMeThb TIpe/CTaB/ieHWe, KaK W3 WCXOAHOTO
OCHOBHOTI'O KBAHTOBOI'O COCTOSIHHSI MUPOYCTPOMCTBA POXKJAKOTCSI TPH KBAHTOBBIX MUpa C
pasHbIMU CUMMeTPHSIMU NIPOCTPAHCTBA, Y KaK OHU MOPOXK/A0T BCe/IeHHbIe U HaJeJIstoT
UX 00BeKTbI KBAHTOBBIMU CBOMCTBaMMU.

5. CeropHa HeT IOHMMaHMS, KaK W3 HUCXOJHOTO COCTOSIHWSI MHUPOYCTpPOMCTBA
POXXJar0TCsI 3/IeMeHTapHble YaCTHLbl, X Macca ¥ 3Heprusl, KakoB CIIeKTP I10J1eH U YaCTHL]
B Ka&X/OM M3 KBaHTOBbIX MHUDOB. be3 3TOro HeBO3MOXXHO MOHSITb, KaK MPOUCXOAUT
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oOpa3oBaHMe U CTPYKTYPHMpPOBaHHe HYKJIOHHOTO BelljecTBa BcesileHHOW M MOATBEpPAUTD
KOPPeKTHOCTb Mogenu bosbiioro B3peiBa. UToObI Ha QyHJaMeHTaTBHOM YPOBHE
00BSICHUTE MepapXxuyecKyr0 CTPYKTYPY BellecTBa BcesieHHOM, [O/DKHA CyIeCTBOBATh
viepapxusi OJHOTUITHBIX (YHZAMeHTa/lbHbIX YacTHll. B cyljecTBytoileli KBaHTOBOU
MeXaHUKe TOYEeYHBIX YaCTHI] MepapXus uYacTHI] HeBO3MO)KHA, M HYy)KHa pa3paboTka
KBaHTOBOM MeXaHWKH peasibHbIX YaCTHULI.

6. Ocoboii mpobreMoli TIPUHATOM MapaZiirMbl SIB/IAETCS HETOHWMMaHWe, 4eM
pa3nuuaroTCsi KOCHOe W »uBoe BelllecTBO. C 3TUM CBsi3aHa M Heyjaua B TOMbITKE
00BSICHUTH CBOMCTBA CO3HAHUS UeioBeKa (yHKI[Mel MO3ra, COCTOSIIEro U3 HYKJIOHHOTO
(atomHOr0) BemiectBa. YToOBI pemmTh 3Ty TpobieMy, HY>KHO OTIpe/Ie/TUTh (r3rueCKue
CBOWCTBA «TOHKOW MaTepUM» 330T€PUKH, B KAKOM M3 KBAHTOBLIX MUPOB OHa 00pa3yeTcs U
Kak (hOpMHDyeT CTPYKTYpbl CO3HaHUsI uelioBeKa, KOTOpOe B M3MEHEHHOM COCTOSIHUU
JieiaeT BO3MOKHBIM TT03HAHHE UM HeM3BeCTHBIX MUDOB. B ¢u3uke 3Tu cyOheKTUBHBIE
METO[bl TI03HAHWSI OTBEPraloTCsA W3-3a HEBO3MOXHOCTH TIPOBEPUTh MPHUOOPHBIMU
CpeJCTBAaMM TI0/lyuaeMyl0 HUMHA HH(pOpPMaLMi0. OTO OfHa U3 TIPUYHH, TI0YeMYy
Tipe/icTaB/ieHde O MUPOYCTPOMCTBe B TIPUHSITOM TapaZiurMe OrPaHUUMBAETCS MHPOM
BCEJIEHHBIX».

Kak u3BecTHO, cerofjHsi HeT TTIOHUMaHHWs TIPUPO/bI BOHOBOM (DYHKIIMM, TaK Kak
OCHOBHOE YypaBHeHHEe KBaHTOBOW MeXaHUKU Obuio rmonyueHo O. IlIpeguHrepom
IBpUCTHUECKU. [l03TOMy TPOUCXOXK/EHHe KBAaHTOBBIX TMPOLECCOB U  00/acTb
TIPUMEHeHHsI KBAaHTOBOW MeXaHUKM OCTAalOTCS HEeBBISBIEHHBIMM, W KOPPEKTHOCTb
HEKOTOPBIX ee BBhIBO/IOB BbI3bIBae€T COMHEHHs. B repByro ouepeib — 3TO pa3Hasi PuU3rKa
MUKpPO- W MakKpPOMHPOB. OTO O0CO3HaBaeMoe OCHOBHOE IIPOTHBOpeUMe TIPUHSATOU
JBYXypDOBHEBOM TMapajurMbl, KOTOpOe He yJaloCh pas3peliuTb 3a CTOJIeTHe
CYIIIeCTBOBaHUsI KBAaHTOBOM Teopuu. be3 ero ycTrpaHeHUsi HEBO3MOXXHO TTOCTPOUTH
MOHO(YH/IaMEHTA/TUCTCKYI0 ~ TEOPHI0  MHMPOYCTPONCTBA, KOTOpas CTaHET  ero
OKOHUaTe/IbHOM Teopuei.

BO/BIIMHCTBO (DU3UKOB TIPU/IEP>KUBAETCS BEPOSTHOCTHOW HWHTepIIpeTaliuu
KBAaHTOBOW MeXaHWKU MUKPOMUpA U [IeTePMUHUCTCKOM MHTepIipeTaliid MaKpoMHpa, T.e.
JyaJbHOTO B3IJIs[ja Ha MPUPOAY BellleCTBa U YIPaB/ISIONMX UM (H3UueCKUX 3aKOHOB. B
JaHHOM paboTe JaeTcs BbIBOJ, ypaBHeHus [lIpeguHrepa, MCOMb3YIOLUH TTPe/IT0XKeHHbIH
B [2] meTepMunucTCKUM noaxoz. OH pa3BUT B IaHHOM paboTe Ha OCHOBe MPeZCTaB/IeHUI
MOHO(YH/JaMeHTa/IMCTCKON KBaHTOBOM TeOpHUH MHUPOYCTpoKcTBa [3].

2. ITocTynarsl KBAaHTOBOM KOHL|ENI[UM MUPOYCTPOMCTBA

KganroBas Teopusi mupoyctporictBa (KTM) cTponnach Kak npeteHyrollasi Ha
YHUBEPCA/JbHOCTb MOHO(YH/aMeHTa/lIUCTKass Teopusl, OIepupylollas TOJbKO TpeMsl
pa3MepHbIMU MHPOBBIMM KOHCTaHTaMU U TIOTOMY He flonyckaroljast 00001jeHus. B ee
OCHOBe JIe)KaT CJieIyIole ueThbIpe MoCTyrara, npeaiokeHHbie B 2008 roay [4].

1. TlepBeiii moctynar. IlepBuuHOl cyOCTaHIMeli MHUPOYCTPOMCTBA SIB/ISIETCS
BCerja CyllecTBOBaBllee OeCKOHEUHOe TMPOCTPAHCTBO, BEIECTBO B KOTOPOM He
B3aUMO/IEMCTBYeT, T.e. HET BbIJje/IeHHbIX TPOCTPAHCTBEHHBIX HarpaB/ieHUud u
CUMMETPUNA. JTO OCHOBHOE KBAaHTOBOE COCTOSIHUS Ha3BaHO HY/b-8AKYYMOM B CUIy TOTO,
YTO Ccpe/jHee 3HaueHue ero 000 (r3MYecKoil BeJMUMHBI PaBHO Hy/t0. Hysb-Bakyym
crocobeH TOpPOXKJATh KBAHTOBble COCTOSTHUS ~MHPO3[JaHUA — MX MHPBI  C
B3aMMO/1eliCTBYIOII[MM Bell[eCTBOM U YCJIOKHSIOIeHCsl CHMMeTpHrel TIPOCTPaHCTRa.
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[TepBUUHBIM MHUPOM MUPO3/IaHUSs SIB/ISIETCS MUP C TPAHC/SILIMOHHOW CUMMeTpHeH,
YaCTUI[l KOTOPOTO 00/1a/]al0T WHEPTHOW MAacCOM W /IBUTAKOTCSA  TIPSMOJTUHENMHO.
KoHcTaHTa 3TOro Mupa — CKOpoCTh € C03/jJaBaeMOro UM CKaJIsIpHOTO MoJist (C-Mup). ITOT
MUP TIOPOXKJaeT h-MUPBI C aKCHAIbHOH CUMMETPHEH, B KOTOPBIX YaCTHIIbI IPUOOPETAIOT
ompefiesisitolljee WX COUH opbuTasbHOe BpalljaTe/ibHOe [BW)KeHHWEe Ha JUCKPEeTHBIX
opbuTax, pacCTOsTHHE MeX/y KOTOPbIMH OTpe/iesisieTCsl KOHCTaHTHOM [1aHka h. B cBotro
ouepe/ib, 3TOT 6030HHBIN BUXPEBOW h-MHp MOPOXKJAaeT MHUPHI (HU3MUECKOT0 BaKyyma C
L|EHTPaJbHOW CUMMETpHel MpPOCTPaHCTBa, XapaKTepu3yeMble 3HaueHHSIMA MHUPOBOU
KOHCTaHTOMU hc, oTipe/iesisitoliieid pa3MepHOCTb 3apsiioB, MPHOOpeTaeMbIX ero YacTHUI[aMH.
B ¢usnueckom Bakyyme 6030HbI poXkIar0T GpepMHoHHYIO (hopMy BeljecTsa [3].

OTM TpU KBaHTOBBIX MHpa C OOpaTUMbIM BpeMeHeM (OPMHUDPYIOT
npomocmpykmypy nro0biX 00BEKTOB BCETEHHBIX, UMEIOIINX C(HEePUUECKYI0 CUMMETPHIO
TIPOCTPAHCTBA, TIOCTOSIHHYIO TpaBUTaluM G W OHO HaripaB/ieHWeM BpeMeHH. Haiiia
BceneHHasi po)K#aeTcsi B COCTaBe TIOJ/IIPU3alLlMOHHOTO  KBapTeTa BCeJIeHHBIX,
pa3/IMUaroLUXCsl 3HaKaMU BpeMeHU U pafuyc-Bektopa [3, 4]. [IpoToCcTpyKTypbl 00bEKTOB
BceneHHoii (OHM CO3/jal0T KUPJIMAHOBCKHE aypbl 0OBEKTOB) HaZle/ISIFOT WX KBaHTOBBIMU
CBOMCTBaMU, HEKOTOPbIe U3 KOTOPBIX CETO/[HSI HeM3BeCTHbBI, HO UTPAlOT BaXKHYIO POJib U B
Makpomupe [2-4]. M3-3a orcyTcTBUsS B CheprueCKU-CUMMETPUUYHOM IIPOCTPAHCTBE
BceneHHOM BbIZIeZIEHHOTO [jisl TIOJISIPU3alldM UMITY/TbCa HarlpaB/ieHHsl B3aUMO/IeNCTBUS
MeX/ly MaCCHMBHBIMM YaCTHULIAMHA HEBO3MOXKXHbI. DTU B3aUMOJENCTBHUSI MPOUCXOAST B
MPOTOCTPYKTYpax OObEKTOB WM MEXIy HUMHU. B TPUHATONW MapajurMe 4acTHIbl U
00bEKTBI He WMEIOT MPOTOCTPYKTYPbI, (PM3UUECKUl BaKyyM SIB/IS€TCS CyOCTaHIMen
3aMKHYTOM BceneHHOW ¥ MAaKpOOOBEKThI CUMTAIOTCSl K/IACCHUECKUMH, a [Jis
MHUKDPOUACTHI] B KBAHTOBOW MeXaHHWKEe UCII0/Ib3yeTCsI TOUeUHOe MPUO/IKEHHE.

Takum obpazom, B KTM o6iriee KBaHTOBOe OmucaHHe OOBLEKTOB BcesieHHOM
mob0ro MepapxXuyeckoro YpPOBHSI OMNpeeNseTCss TpPeMs MUPOBBIMU Pa3MepHBbIMU
KOHCTAHTaMH, XapaKTepU3YIOIIMMH CBOMCTBA UeThIpeX MUPOB MUPO3IaHus.

2. Bropoil mocTynaT. YHUBepCa/lbHbIM MeXaHU3MOM H3MeHeHWM (Qu3nuecKux
BE/IMUMH SIB/ISIETCSI HEJIOKAJbHBIM MeXaHW3M TO/sIpu3aluy (Mog00HbIN MOIApU3aIiuy
3JIEKTPUUECKOTO 3apsiia), He MEHSIOIIUK MX MCXOJHOH BeJUYMHBL OTO 00001eHMe
M3BECTHBIX 3aKOHOB COXPaHeHUsI HEKOTOPbIX (r3uuecKUx BequuuH. CerofHsi MpPUHSTO
TIpeJiCTaB/leHre O JIOKaJTbHOCTH B3aUMOJEMCTBUM, XOTSI OHO TPOTHMBOPEUUT OIBITY C
IITP-napamu.

3. CornacHo TpetbeMy Toctynaty KTM, B cuy OOIHOCTH MOISPU3AIIMOHHOTO
TIPOMCXMKIEHUsT W3 Hy/Ib-BaKyyMa Bce (u3nuecKkue BeMUMHBI B 00IEM Caydae
ABJISIFOTCSI  KOMIUIEKCHBIMHM. OTO 0000IIleHre CyIecTBYOIeHd CUTyallud, B KOTOPOM
cTatyc (r3UueCKUX BeJIMUUH pa3/inueH: eCTh JeCTBUTe/TbHbIe, MHUMbIE U KOMIT/IEKCHbIe
BeJIMUMHBI (Haripumep, BOTHOBast GyHKI[Hs).

OOpa3oBaHre W H3MeHeHHe JIF0OOW CK/ISIPHOM KOMITJIEKCHOH —(hu3nueckoi
Be/IMUMHbBI MPOUCXOJUT MOCPEAICTBOM TO/SPU3ALMOHHOTO MEXaHW3Ma, COXPaHSIOIIEro
HYJIEBBIM €€ MOJYJIb:

la+ib|=0(+a+ib=0)
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4. YetBepThlii nocTynar. B cuny MoHodyHAameHTanucTckoro nogxoza KTM
JIleTePMUHMCTCKOE OIMCaHWe MakpoMmupa TpeOyeT M /IeTePMUHHCTCKOTO OIMCAHUS
MUKpoMupa [2], T.e. ¢usnueckre coObITUS B MWpO34aHUM  TIpeJHauepTaHbI
¢usnueckuMu 3akoHOMepHOCTSIMU. [To3TOMy BO3MOXKeH M (heHOMeH COBIBAOIIMXCS
npopouecTB. [IOHATHS Cay4aliHOCTh, CcamoopraHu3auus W cBoboga Bomu B KTM
VICK/TIOYAOTCSL.

Ha »sTux ueTbipex c@opmynvpoBaHHbIX B [4] mocTynaTax O TepBUUHOU
MPOCTPAHCTBEHHOW CyOCTaHIUM U CTPYKTypeé MHPOYCTPOMCTBA, YHUBEPCATbHOCTH
TOJIIPU3aL[MOHHOTO MeXaHu3Ma M3MeHEeHUM, KOMIUIEKCHOCTU (U3NYeCKUX BeIUYUH U
JeTepPMUHU3Me KBAaHTOBBIX COOBITHH mocTpoeHa KTM.

N3 noctynatoB KTM criefyeT, uTo NpOCTPAaHCTBO TpeX KBAaHTOBBIX MHPOB
MIPOTOCTPYKTYpbl ~ BceneHHOM  fIBAsIETCS  KOMIUIEKCHBIM, a  MO/SpU3alOHHOe
oOpa3oBaHMe OJHOTUITHBIX YaCTWL] B HEM TIPOUCXOJUT  BAOJIb  KaXJO0TO
MIPOCTPAaHCTBEHHOI'0 U3MepeHHs1 TlapaMu C HYJIeBbIM CyMMapHBIM UMITY/IbCOM.

Uucno npoctpaHcTBeHHbIX cocTosiHui (I1C) melCTBUTENBHOTO WM MHUMOTO
TIOATIPOCTPAHCTB C Pa3MepPHOCTBIO d, pa3/IMUaroIUXCsl HarpaBJIeHUeM XOTs Obl OfIHOM

2d
KOOP/IMHATHI, PaBHO 2°, a B KOMIUIEKCHOM TPOCTPAHCTBE OHO COCTaBnseT k,=2°.

HOJ'IHPH38L[I/IOHHLIﬁ rnpomnecc 06p830BaHI/IH MYJ/IBTUIUIETA YAdCTUL] 3dBEPIIAETCA TIpU
3arnoiHeHuH Bcex 3Tux [1C Q)OPMI/IPOBEIHI/IEM HOBOI'O HETIOJ/IAPU30BAHHOI'O CHMHIJIETHOI'O
KBAaHTOBOI'O COCTOSAAHMA.

Kak mokazaHo B [3], B Mupe TO/sSPU3al[MOHHBIX TPOLIECCOB Pa3MepHOCTh
KOMIIIEKCHOro mipoctpancta d=3, T.e. k;=256, no tomeko 64 TIC peanusyrorcs B
(bu3rUeCcKOM BakyyMe TIPOTOCTPYKTYpbI 00beKTOB Beesennoii'. [3]. TToCKO/IbKY UHCIIO
MPOCTPAHCTBEHHBIX  COCTOSIHUM  TpPeXMepHbIX  JIeHCTBUTENIBHOTO YW MHHUMOTO
TIOAIPOCTPAHCTB paBHO 8, To unciio I1C, paBHOe UX NpoM3BeeHUI0, COCTaBUT Kak pas 64.
Korga poxparommecs yacTvlbl BellecTBa 3arnonHAT 310T 64-ruiet  IIC, TO
oOpa3oBaBilieecsi CHHIVIETHOE COCTOSIHHE MY/IBTUTIIETa YaCTHL] MOYKET JIOKa/TM30BaThCs B
chepryecKu-CHMMETPUUYHOM TIpocTpaHCcTBe BceneHHoi. [103TOMy MJIOTHOCTH UacCTHL]
(parMeHTOB BelljecTBa BcesieHHON MpOMOPLIMOHA/NbHA TPOU3BEIEHUI0 TUIOTHOCTeH
YacTul] B JIeMCTBUTEIbHOM M MHHMMOM TIOATIPOCTPAHCTBaX (hPM3MUYeCKOro BaKyyma 3TUX
(parmeHTOB. HMKe MOKa3aHO, UYTO IJIOTHOCTM YacTUL] B 3THX MOANPOCTPAaHCTBAX
onpe/ie/nsitOTCsI BOTHOBOU (pyHKIMel [lIpeaunrepa, onpeesisi ee pr3nyeCcKuii CMbIC/.

TakuMm o0Opa3oM, KBaHTOBas MeXaHHMKAa H3yuaeT He OfIHy YacCTUI[y B Pa3HbIX
KBAaHTOBBIX  COCTOSTHUSIX, @  MY/bTUIJIET  HEB3aUMOJEUCTBYIOIIUX  YaCTHI],
JIOKa/IM30BaHHBIX B pasHbix [IC (T.e. MOAMPOCTpaHCTBaX) (PU3NUYECKOTO BaKyyma U
00pa3yroIux Cyrepro3ulidio OPTOrOHAIBHBIX KBAHTOBBIX COCTOSIHUH. B3aumogeticTBre
YaCTUL] MYJBTUTIJIETOB TPOUCXOAUT B (PU3MUECKOM BaKyyMe C OJHOM Mapou uacCTHIl,
HaxofsAmmxcss B oOIieM moArnpocTpaHcTBe. [lo3ToMy Tipyd  TOC/IeoBaTeIbHbBIX
v3MepeHusix Mbl (UKCUpyeM pa3HOHAIpaBIeHHOCTh HMITY/IbCOB UaCTUL] B Pa3HbIX
TIOATIPOCTPAHCTBAX, WHTEPNPeTHPYsl ee KaK OTCYTCTBUE Y YaCTHLbl TPAaeKTOPUM, U
rojlaraeM MWKDOMHUD WH/IeTeDMUHUPOBAaHHBIM. TeM cambiM, Jefiasi HeBO3MOXKHBIM
MOCTpoeHUe  MOHOGYHJaMEeHTa/JMCTCKOW  [IeTePMHUHUCTCKOW  KBAaHTOBOW  TeOpUU
peasibHbIX YaCTHL.

! 370, B 4aCTHOCTH, 00bsicHseT, Touemy 256 I1C dusnueckoro Bakyyma B yHUBEPCATbHOM FeHeTUYECKOM KOjie

obpasyroT 64 kogoHa u 192 ux HykieotHa [2, 3].
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3. BeiBoj ypaBHeHus IIIpegunrepa /isi CBO0OHBIX YaCTHIY

«KBaHTOBasi MexaHMKa 3aHUMaeT OueHb CBOeobpa3Hoe MeCTo B psily (hH3rueCcKux
TeopHil — OHa COZIEPXKUT K/IaCCUUeCKYH0 MeXaHWKY Kak CBOM TIpe/ie/TbHbIH C/lydaii U B TO
Ke BpeMsi HY>K/IaeTCsI B 3TOM TIpe/ie/TbHOM CJlyuae Jijisi CaMoro CBoero 000CHOBaHUs» [5].
Takum obpa3oM, KBaHTOBasi MeXaHHWKa SIB/ISIeTCS Teopyel AByXyYPOBHEBOU MMapaJUurMsbl C
ee pas3HoOU (U3MKOW MUKPO- U MakKpoMupoB. I1pu MoHO(dyH/1aMeHTaIMCTCKOM MoAxo/ie K
(13rKe MHpPOYCTPOMCTBA Takoe MOCTPOeHHWe KBaHTOBOM MeXaHWKU Herpuemsiemo. B
3TOM TIOAXO/e KjaccuuecKas (hM3MKa SIB/II€TCS JIMIIb YaCTHBIM Cy4daeM KBaHTOBOW
MeXaHWKU MaKpOMUpa, KOrja KBaHTOBble 3(QeKTbl HecyllecTBeHHbI. [lo3TomMy
TpeOyeTcst BbIBOZ, ypaBHeHus IllpeauHrepa B pamMKaXx MOHOQYHIaMEHTATHCTCKOM
napagurmMel. B maHHON paboTe TakoW BBIBOJ, YpaBHEHUS TPE/CTaB/I€H /i1 TIPOCTOTO
cydasi pOXKJeHUs1 CBOOOIHBIX HEPeSITUBUCTCKUX 4acTul]. Ero MO)XKHO paccMaTpuBaTh
Kak TepBbIA IIar B pa3pab0TKe MOHO(MYHJAMEHTa/TMCTCKOH KBAaHTOBOM MeXaHUKU
peasibHBIX YacTHL], 00/1aJafoIIHX TPOTOCTPYKTYPOIA.

[TonspusaliioHHOEe  pOXK/leHWe YaCTUl] B KOMIUIEKCHOM TPOCTpPaHCTBe
¢usnueckoro BakyymMa BceneHHOM BO3MOXXHO Kak B CBOOOJHOM, TaK M CBSI3aHHOM
COCTOSIHMM C HyJIeBbIMU CyMMapHbIMU MacCou U 3apsifiom. Ilapel yacTuiy ¢ Maccoit £m
IPU NOSPU3ALIMOHHOM POXKAEHHWH I0JIyYaroT MPUTATHMBAIOLUE MX YHUBEPCA/IbHble
3apsifibl, CTpeMsluecsi BepHYTb UaCTULIbl B HMCXOJHOEe COCTOsSIHWE Hy/b-Bakyyma [3].
MO>XHO NpeAoN0XUTb, YTO €CJIY Mapbl YaCTUL] MTOJIIPU3YIOTCS B CBS3aHHOM COCTOSIHUMY,
TO OHM CTaHOBSTCS KBAaHTaMM CKAaJIIPHOTO T0JII C HY/JeBOM MacCoM IOKOsl. JTO
YHUBEpCaJbHOe T0JIe CylLlleCTByeT BO BCeX MHUpax MUPO3[aHHUsl U PACIIPOCTPaHseTCs B
HUX CO CKOPOCTBIO C, KOTOpasi, KaK M0Ka3aHO HW)Xe, COBMAa/laeT CO CBETOBOM CKOPOCTHIO.

[TockosbKy Bo BceneHHOM BO3MOXHO CYIIeCTBOBAaHHE 3/IEKTPUYECKOTO 3apsijia,
co3jaroriero cgepruuecKu-CAMMETPUUHOE 3JIEKTPUYECKOe T10Jie, TO TOJISIPU3YIOIINeCs
YyacTULbl Hapsy C Maccoil MOTYT IO/y4aTh 3/eKTpUyeckKue 3apsi[ibl Pa3HOTo 3Haka.
Bpararomyecs: Ha cocelHUX OpOWTaX C HY/IeBBIM CyMMapHBIM CITMHOM M CO3[aloLIjye
MarHUTHOe T0Jie JIEMITOH M ero aHmuHe2anenmoH (QHTU/IENTOH C OTpHULaTelbHOU
Maccoii), KOTOpble B /IeCTBUTETbHOM TPOCTPAHCTBE 3eKTPUUYECKH MPUTATUBAIOTCS,
o0pas3ys CBsi3aHHOe COCTOsIHHE — He3apsKeHHbIN (DOTOH BEKTOPHOTO 3/1eKTPOMarHUTHOTO
MoJis C HYJIeBOM MacCOW TOKOs, pacCrpoCTpaHsitoluiics BO BcejieHHON C ToW ke
CKOPOCTBIO C, UTO M KBaHT CKaJsIpHOTO TOJiss. B MHMMOM TIOATIPOCTPAHCTBE (POTOHBI
CyIIeCTBOBaTb He MOTYT, TaK KaK TPOTUBOIIO/IOXKHbBIE 3/IeKTPUUeCcKre 3apsifbl
OTTa/IKMBAOTCs. B KBAaHTOBO# Teopuu 1107151 (HOTOH cunTaeTcsi 6eCCTPyKTYPHOM UacTulieit
C HyJIeBOM MacCoi.

Mo)XHO TIpeJmoNIoKUTb, UTO TOAOOHBIM >kKe 00pa3oM MOTYT PpOXAAThCs
Ge3MaccoBble KBaHTBI CUJIbHBIX TI0JIed, B KOTOPBIX BMECTO 37IeKTPUYECKOTO 3apsifia
TOJIIPU3YEeTCSl OAUH U3 TPeX LIBETOBBIX 3apsi[i0B, & BMECTO JIENITOHHBIX Nap — KBAPKOBbIe
napel. CyIlleCcTBOBaHHWe CTPYKTYPhbl Y KBaHTOB I0Jiell 0ObsICHsIeT MX W30upaTenbHOe
B3aMMO/IelICTBYE C YaCTUL|aMHU BellleCTBa.

BeckoHeuHbIi Hy/Tb-BaKyyM T'eHepUPYeT LIUK/INUeCKHe MTPOLieCChl, He MeHSOIIe
CpeZiHUe HyJleBble 3HaUeHUs ero U MUPOB MUPO3/iaHusl (pr3nuecKux BeauurH. [Tostomy
paccMOTpPUM BOJIHOBOE ypaBHEHHe B KOMILIEKCHOM MPOCTPAHCTBE M C KOMILIEKCHBIM
BpeMeHeM (pU3MUeCKoro Bakyyma BceneHHOM.



[Monspu3anoHHoe o0Opa3oBaHMe CKalspPHbIX UacTUL B JIeHCTBUTEBHOM U
MHHMOM TOJIPOCTPAHCTBax (PU3MUeCKOro Bakyyma BceseHHOM, cONpoBOXzaroleecs
POXJIeHHMeM CKaJIIPHOTO IO/ B €ro [JeHMCTBUTENbHOM IOANIPOCTPaHCTBe. Bpems stux
npoLieccoB KommiekcHoe: T'=t+it. Bo Bcenennout 1=0. CoOoTBeTCTBYIOLIMI OIeparop
BOJTHOBOTO ypaBHeHHUs Q MMeeT KOMIIIEKCHYIO0 (hopMy:

~ 1(0 .0V .
Q_cz(atﬂar) (A+iA).

)

OH ompefensieT obpa3yeMoe CBs3aHHBIMU T1apaMM uacTHUI] C 00lieil HyneBo
Maccoii ckansipHoe mone ®(r,t| B AeiiCTBUTENLHOM MOANPOCTPAHCTBE (DU3UUECKOTO
BaKyyMma BcesileHHOM, a Tak)Xe BeJMUMHBI, TIPOTIOPIIMOHA/IbHEIE TVIOTHOCTH CBOOOIHBIX
YacTHL] B €ro /eHCTBUTEITbHOM W MHHUMOM TIOANPOCTPAHCTBAX, 0003HaUYaemble
coorBerctBenHo F(r,t) n F (ri,t), rie r U I'; COOTBETCTBEHHO pa/inyC-BeKTOPbI
JeUCTBUTE/IbBHOTO W MHHUMOIO IOAIIPOCTPAHCTB. 3alo/IHeHHe  POXKAIOLMMMCS
YacTUL@MU C MacCaMH + m MPOCTPaHCTBEHHbIX COCTOSIHUM IeliCTBUTETbHOIO 1 MHUMOTO
MOATPOCTPAHCTB (PU3MULCKOT0 BaKyyMa HOCUT LIMK/IMYECKUI XapaKTep, orpe/enseMbli
nonsipu3aryeit hassl @, =|+m| ¢* /% ¥ LK/IMYe CKOiA byHKUMen X \T]=explig i).

A~

[TpuBesenHpldi B (2) onepatop (Q  [AeWCTByeT Ha  (PYHKLMIO
Y=ylt|®(r,t|F(r,t)F (ri, t) , TIPUBOZ K Y/OB/IETBOPSIOLLIEMY MO/SPH3aLIMOHHOMY
yc10BuIO (1) KOMIIZIEKCHOMY ypaBHEHHIO:

Q¥=0.
3

Pa3nenss felicTBUTENbHYI0 U MHMMYH KOMITIOHEHTHI ypaBHeHUs (3), nosydyaem
ypaBHeHue KeitHa-['oproHa-®doka B feliCTBUTEIbHOM MOANPOCTPAHCTBE:

1 0 12 —
?ﬁ'f(imC/hJ —-A cD(r:t)_O

(4)

[ns [elCTBUTENBHOTO M MHHUMOIO TOANPOCTPAHCTB (DU3MUECKOr0 BaKyyMa
MHHMasi KOMIIOHEeHTa ypaBHeHusl (3) laéT COOTBeTCTBEHHO YPaBHEHUS:

¥%+iﬂ F(r,t)=0
()
u
@GEHA F(r,t)=0
(6)
C yueroM 3HaueHWsi oOreparopa WMITyJbCa 132—1'7?% ypaBHeHue (5)

TpaHcopmupytoTcsi K ypaBHeHwto IllpeawHrepa i CBOOOAHBIX —UacTHI] B
JeMICTBUTE/IbHOM TNOJIIPOCTPAaHCTBe:



i—ﬁ—z Flr,t|]=0
ot 2m ’

(5a)

K TakoMy ke ypaBHEHWIO CBOAWTCS U ypaBHeHuWe (6) [/ MHHMOTO
TIOZTIPOCTPAHCTBA, eC/IM MeHsIeTCsl 3HaK MacChl YaCTHL] WM HarlpaB/ieHHWss BDeMeHH T .
Haxo[ileHHe YacTWI] C pa3HbIM 3HAKOM MacChl B pa3HbIX IOAIPOCTPAHCTBAX [ie/laeT
HEeBO3MOXXHBIM WX CTOJIKHOBEHHe W aHHWTWISALUI0. Pa3Hoe HaripaB/ieHHWe BpeMeHH
yacTul B (U3MYECKOM BaKyyMe O3HauaeT, UTO TeHepalus W WMCUYe3HOBEHHe YaCTHI]
TIPOUCXOAAT B €ro PasHbIX TOANPOCTPAHCTBax. Hampumep, pokieHre o0pasyrolero
3Be3/bl BellleCTBa IPOMCXOAWT B [I€MCTBUTETBHOM TIOATIPOCTPAHCTBE (HHU3UUECKOTO
BaKyyMa BesieHHO¥, a ero ncue3HOBeHHe — B MHUMOM TIOAIIPOCTPAHCTBE MPOTOCTPYKTYP
YepHBIX /IbIP, B KOTOPOM (pOTOHBI He obpa3yrorcs [3].

[Tocko/bKy TMpH pasfie/ieHUH [JIeMCTBUTEIbHOTO M MHHMOTO TIOATIPOCTPAHCTB
¢usnyeckoro BakyyMa WX O0O0BeMbl paBHbI, a UHC/A JIOKAaJM30BaHHBIX B HHUX
TIPOCTPAHCTBEHHBIX COCTOSIHUN OJJMHAKOBBI, TO aMIUTUTYAbl KOMITJIEKCHO-COTIPSPKEHHBIX
mwiotHocteit Flr,t/y(t] u F(r,,t)x(t/ paBHbL. C yueTom ckasaHHOrO paHee O
dhopmrpoBanuy 64-tiera I1C BeesleHHOM 3TO 00BSICHSIET, [TOUEMY B KBAHTOBOM MeXaHHKe
TUIOTHOCTh YacTHUI] BO BceneHHOW TPOMOpPLIMOHATbHA TIPOU3BEIEHUI0 KOMITIEKCHO-
COTIPSDKEHHBIX BOJTHOBBIX (DYHKIIWH.

Takum oOpa3zoM, B KTM ypaBHenuwe IllpeguHrepa misi CBOOOZAHBIX
HepeJISTUBMCTCKUX YaCTUL] OMMChIBaeT TIPOLleCChl B KOMILJIEKCHOM TIPOCTPAHCTBe
¢r3nueckoro Bakyyma BcesieHHOl, a He B MpocTpaHCTBe caMoii BcenenHoii. BomHoBas
e ¢yHkuMs ypaBHeHusi lllpenuHrepa mNpornopLMOHa/JbHA TJIOTHOCTH 3aro/JHEHHbBIX
YyacTULIAMUA  TIPOCTPAHCTBEHHBIX  COCTOSHUW  J€MCTBUTENILHOTO W MHHMOTO
TOJTIPOCTPAHCTB (hH3MUeCcKOoro Bakyyma BcesieHHOi.

O BO3MOXHOH NPHPOJAE «YepPHBIX AbIp». I3 CKa3aHHOro BbIle O
pacrpeziesieHuu B (GU3UUECKOM BaKyyMe O JIOKaJU3aluM CKaJIIPHBIX YaCTHI] C pa3HbIM
3HAaKOM MacChl, MO)KHO TMPeJIOJIOKUTh, UTO TpaHULla JeHCTBUTETBLHOTO M MHHUMOTO
TIOATPOCTPAHCTB (DHM3UUECKOTO BaKyyMa HUMeeT 00/1aCTH, KOTOpbIE SIB/ISIFOTCS MeCTOM
TMOJISIpY3aliuM CKa/SIPHBIX YaCTHL] pa3HbIX 3HAKOB MAacChl, B TOM UHC/e W TJIEHOHOB C
Maccoit 468 MsB/c? [3], oOpa3yromux sjipa HYKJIOHOB. B 3TOM ciiyuae HYKJ/IOHBI
aTOMHOTO BellleCTBa, Tepelle/iliee U3 AelCTBUTEIbHOIO MOANPOCTPAHCTBA B MHUMOE
OyzlyT pa3pyuiaTbCsi BC/IEACTBHE aHHUTU/ISILIMM HYKJIOHHBIX sIZIep, @ KBAPKU U 3I€KTPOHBI
aTOMHOTO BeI[eCTBA B MHHMOM IIOJIIPOCTPaHCTBe OyayT (OpPMUPOBaThH KOHEHCAT,
KOTOPBIA MOXKeT MIPOCAYMBaThCs B A€UCTBUTEbHOE TOANPOCTPAHCTBO U YUaCTBOBATh B
o0Opa3oBaHMM AaTOMHOTO BelllecTBa. TakuM o00pa3oMm, B TIPOCTPaHCTBe BceseHHOM
BO3MO)KHBI 00/1aCTH C MHUMBIM TOJTIPOCTPAHCTBOM (DPH3UUECKOTO BaKyyMa, I7ie aTOMHOE
BEIIeCTBO U €ro 3/7eKTPOMAarHUTHOE W3/yueHHe Hcue3aroT. [10100HBIM CBOMCTBOM
06mafiatoT uepHbie JbIPhl. B 9TOM MX MOJSPU3al[MOHHON MO/e/nH, TIpeJIoKeHHOU B [3],
OTCYTCTBYIOT He(pU3UUYeCKre CUHTY/ISIPHOCTH.

O6pasytolrieecsi Ha TpaHULle MHAMOTO TIOATIPOCTPAHCTB UePHOM JbIPbI aTOMHOE
BeIIleCTBO MOXKeT yuacTBOBaTh B ()OPMUPOBAHMU UCXOASAIIUX OT UEPHBIX JAbIP J)KETOB —
He pacxXOAAIIMXCS CTPYyM PeJIITUBHCTCKOIO aTOMHOIO BelllecTBa. [KeTbl pOXAaroTCs
BHYTPU LWIMH/PHUYECKOTO IIOATNPOCTPAHCTBA aKCHAJbHO-CUMMETPUYHOIO  MHpa
MIPOTOCTPYKTYPbI ralaKTHUKU.



3aK/II0ueHue

[TosiB/ieHHe TIpeTeHAYIOIero Ha YHHUBepPCaIbHOCTh MOHO(DYH/IaMeHTaTMCTCKOTO
MHPOBO033peHUYECKOr0 TMO/[X0/a, COTVIaCYIOIeToCs C IIUPOKUM CITEKTPOM SMITUPHYECKUX
JAHHbIX MHKDO- W MaKpOMHUPa, OTKDbIBaeT HOBbIe BO3MOXXHOCTU B Pa3BUTUU
dbyHgameHTanbHON Hayku. [l o6ocHOBaHUs 001el TeopuH, Kakoi siBisiercss KTM,
TpeOyeTcst OATBepP>KJeHNe ee MOCTY/IaTOB SMIUPHUYeCKUMH IaHHBIMU.

PaccMOTpeHHBI B JaHHOM paboTe B paMKax MOHO(YH/aMeHTaIMCTCKOTO
noaxozia BeIBOZ ypaBHeHust IlIpeauHrepa njsi ciyvas CBOOOJHBIX HEpPeISTUBHUCTCKUX
YyacTul] JeMOHCTPUpPyeT TNPUMEHUMOCTb KBAHTOBOM MEXaHUKHW K DPOXAAIOIIUMCS
TOJIIPU3AI[MOHHBEIM MeXaHW3MOM uacTHUIaM J/000i Macchl ¥ MepapXuueckKoro YPOBHSL.
OTO O03HayaeT, 4YTO B MOHO(PYHJAaMEHTA/JMCTKOM KOHLIEMMM MUPOYyCTPOUCTBA
K/lacCMuecKasi MexaHUKa He SIB/ISeTCs, KaK MPUHATO CUMTaThb, Mpefie/bHbIM C/lydyaeM
KBaHTOBOW MeXaHUKHU U 3/IeMeHTOM ee 060CHOBaHUsl. [1omydyeHHbIN pe3y/bTar 1o3BoJisieT
HaZlesTbCs Ha BO3MOXKHOCTb CO37laHUS J€TePMUHUCTCKOM KBAHTOBOW MeXaHUKHU
peasnbHBIX YacTHll, KoTopas OyzeT mnpuMeHMMa Ha BCeX HepapXHUeCKUX YPOBHSX
BellleCTBa.

[lpuBeneHHbId B fJaHHOW paboTe psf pacxokaeHuil pesynbTatoB KTM u
npuHsATON (u3nyecko mapagurMel U paciivpedde B KTM o6sacTv MpUMeHHMOCTH
KBaHTOBOM (DM3WKM HA MaKpOMMp [lelaloT HeoOXoAMMBIMU TpodecCroHaNbHOe
obcyxaeHune (risryeckrM coob1ecTBOM 000CHOBAaHHOCTH MOHO(YH/JaMeHTaIMCTCKOTO
MHUPOBO33PEHYEeCKOr0 TOAXOAA, IpeTeHAYIOLIero Ha YHUBEPCAJIbHOCTb B I103HAHWUU
peanbHOCTH MHUPOYCTPOMCTBA. OTO 0OCYy)K/leHHe TI03BOUT OIpeZAeInTh, HY)KHO JIU
KODPeKTHPOBATh MyTh pPa3BUTHs GyHaMeHTa/IbHOM HayKH B 0003pHUMOM OyZyIIieM.
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Monofundamentalist worldview paradigm: derivation of the
Schrédinger equation for non-relativistic free particles

V. V. Chernukha, Moscow, Russia

Abstract

The main problems of the paradigm accepted in physics, limiting its possibilities
in cognising the physics of the world-order, are presented. With the aim of eliminating
these limitations, the author has constructed a monofundamentalist quantum theory of
Everything (2025), based on four empirically substantiated postulates and operating only
with three world constants, i.e. not admitting generalisation.

In the present work, based on two postulates of this theory, for the particular case
of non-relativistic free particles, the derivation of the basic equation of quantum
mechanics found heuristically by E. Schrédinger is given. It is shown that its wave
function determines the densities of particles born in fragments of the real and imaginary
subspaces of the physical vacuum of the Universe, while the product of these wave
functions is proportional to the density of particles in its space. Together with the
Schrédinger equation, the Klein-Gordon-Fock equation for particles in the real subspace
has been obtained.

The derivation of the Schrodinger equation for free particles based on these
postulates is yet another confirmation of the quantum concept of the world-order,
universal in its construction. The obtained results allow, in particular, that black holes do
not have a non-physical singularity, while the absence of electromagnetic radiation from
them is connected with the destruction of nucleons and atoms.

Keywords: problems of the accepted paradigm, Schrédinger and Klein-Gordon-
Fock equations, quantum theory of Everything, protostructure of objects of the Universe.

1. Introduction

In recent decades, the physical paradigm accepted by official science has not been
subjected to doubt and serves for the evaluation of new physical ideas and the value of
experimental data. Those of them which contradict it are regarded as unfounded and are
not published in peer-reviewed journals. In effect, a canonisation of the existing ideas
about the Universe has occurred. At the same time, it is recognised that contradictions
exist in the accepted paradigm, the chief of which is the quantum description of the
microworld, in which processes have a random nature, and the classical deterministic
description of the objects of the macroworld. In this two-level description of the matter of
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the Universe, the boundary between the micro- and macroworlds has not been established.
Various attempts were made to remove this contradiction, but they proved fruitless.
Therefore, within the framework of the physical regularities of the accepted paradigm,
limiting the domain of its applicability, it is impossible to understand the physics of
numerous natural macro-phenomena anomalous for it, in which their quantum properties
are manifested. An example is ball lightning, which has been studied for more than 200
years.

We shall present some methodological and essential problems of the accepted
paradigm, realised and unrealised by the physical community, in order to show the
necessity of expanding the methods of scientific cognition of reality and of creating a
monofundamentalist quantum paradigm suitable for a quantum description of reality both
in the micro- and in the macroworld.

Six important problems of the accepted paradigm were set out in [1]:

«1. Today, it is not realised that the existing methodology of physics limits the
cognition of the reality of the world-order, since it allows one to study only that form of
matter with which instruments interact. Therefore, it cannot explain a multitude of
anomalous phenomena, including living matter and consciousness, which in esotericism
have so-called «subtle-material» structures. This indicates that there exist unknown
worlds inaccessible to instruments with a different form of matter, that is, a corresponding
change in the conception of the world-order and its matter is necessary.

2. Another unrealised methodological problem is the requirement of
reproducibility of experimental results by other laboratories, which cuts off quantum
macro-phenomena determined by different quantum states. This leads to the loss by
physics of empirical information about the quantum properties of the macroworld, which
makes it difficult to overcome the chief contradiction of the accepted paradigm.

The accepted paradigm also has fundamental essential problems.

3. One of them is the unformed conceptions of space and time. It is assumed that in
the space of the Universe, processes occur with four symmetries - translational, axial,
central, and spherical - which is impossible in one space. Therefore, one may assume that
in the Universe the properties of three other worlds of Cosmos with a different symmetry
of space are manifested, that is, the Universe is not a closed physical system. The quantum
nature of worlds unknown today is indicated by the reversibility of the time of the
fundamental particles generated by them, which is absent in the matter of the Universe,
which has an arrow of time.

4. Another problem of the accepted paradigm is the absence of an idea about the
history of the emergence of the Universe from the initial state of the world-order, which is
necessary to establish. Without this, any hypothesis about its formation cannot be proved.
It is necessary to have an idea of how three quantum worlds with different symmetries of
space are born from the initial basic quantum state of the world-order, and how they
generate universes and endow their objects with quantum properties.

5. Today there is no understanding of how elementary particles, their mass, and
energy are born from the initial state of the world-order, what the spectrum of fields and
particles in each of the quantum worlds is. Without this, it is impossible to understand how
the formation and structuring of the nucleon matter of the Universe occurs and to confirm
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the correctness of the Big Bang model. In order to explain at the fundamental level the
hierarchical structure of the matter of the Universe, a hierarchy of same-type fundamental
particles must exist. In the existing quantum mechanics of point particles, a hierarchy of
particles is impossible, and the development of a quantum mechanics of real particles is
needed.

6. A special problem of the accepted paradigm is the lack of understanding of how
inert and living matter differ. Connected with this is also the failure in the attempt to
explain the properties of human consciousness by the function of the brain, consisting of
nucleon (atomic) matter. To solve this problem, it is necessary to determine the physical
properties of the «subtle matter» of esotericism, in which of the quantum worlds it is
formed, and how it forms the structures of human consciousness, which in an altered state
makes his cognition of unknown worlds possible. In physics these subjective methods of
cognition are rejected due to the impossibility of checking the obtained information by
instrumental means. This is one of the reasons why the conception of the world-order in
the accepted paradigm is limited to the world of universes. »

As is known, today there is no understanding of the nature of the wave function,
since the basic equation of quantum mechanics was obtained by E. Schrédinger
heuristically. Therefore, the origin of quantum processes and the domain of application of
quantum mechanics remain unidentified, and the correctness of some of its conclusions
gives rise to doubt. First of all, this is the different physics of the micro- and macroworlds.
This is the realised basic contradiction of the accepted two-level paradigm, which could
not be resolved in the century of the existence of quantum theory. Without its removal, it is
impossible to construct a monofundamentalist theory of the world-order, which will
become its final theory.

Most physicists adhere to a probabilistic interpretation of quantum mechanics of
the microworld and a deterministic interpretation of the macroworld, i.e. to a dual view of
the nature of matter and the physical laws governing it. In the present work, the derivation
of the Schrédinger equation is given, using the deterministic approach proposed in [2]. It
is developed in the present work on the basis of the conceptions of the
monofundamentalist quantum theory of Everything [3].

1. Postulates of the quantum concept of the Everything

The quantum theory of Everything (QTE) was constructed as a
monofundamentalist theory claiming universality, operating only with three dimensional
world constants and therefore not admitting generalisation. At its foundation lie the
following four postulates proposed in 2008 [4].

1. First postulate. The primary substance of Cosmos is the infinite space that has
always existed, in which matter does not interact, i.e. there are no distinguished spatial
directions and symmetries. This basic quantum state is called the null-vacuum by virtue of
the fact that the average value of any of its physical quantities is equal to zero. The null-
vacuum is capable of generating the quantum states of Cosmic orders - their worlds with
interacting matter and a complicating symmetry of space.

The primary world of Cosmos is the world with translational symmetry, whose
particles possess inert mass and move rectilinearly. The constant of this world is the
velocity c of the scalar field created by it (the c-world). This world generates h-worlds

12



with axial symmetry, in which particles acquire orbital rotational motion on discrete
orbits, determining their spin, the distance between which is determined by Planck's
constant h. In turn, this bosonic vortex h-world generates worlds of the physical vacuum
with central symmetry of space, characterised by values of the world constant hc,
determining the dimensionality of the charges acquired by its particles. In the physical
vacuum, bosons generate the fermionic form of matter [3].

These three quantum worlds with reversible time form the protostructure of any
objects of universes, having spherical symmetry of space, the gravitational constant G,
and one direction of time. Our Universe is born as part of a polarisation quartet of
universes differing in the signs of time and the radius-vector [3, 4]. The protostructures of
objects of the Universe (they create the Kirlian auras of objects) endow them with
quantum properties, some of which are unknown today, but play an important role also in
the macroworld [2-4]. Because of the absence in the spherically symmetric space of the
Universe of a direction of interaction distinguished for momentum polarisation,
interactions between massive particles are impossible. These interactions occur in the
protostructures of objects or between them. In the accepted paradigm, particles and
objects do not have a protostructure, the physical vacuum is the substance of a closed
Universe, and macro-objects are considered classical, while for microparticles in quantum
mechanics the point approximation is used.

Thus, in QTE, the general quantum description of objects of the Universe of any
hierarchical level is determined by three dimensional world constants characterising the
properties of the four worlds of Cosmos.

2. Second postulate. The universal mechanism of changes of physical quantities is
the nonlocal mechanism of polarisation (similar to the polarisation of electric charge),
which does not change their initial magnitude. This is a generalisation of the known
conservation laws of some physical quantities. Today the idea of locality of interactions is
accepted, although it contradicts the experiment with EPR pairs.

3. According to the third postulate of QTE, by virtue of the commonality of the
polarisation origin from the null-vacuum, all physical quantities in the general case are
complex. This is a generalisation of the existing situation in which the status of physical
quantities is different: there are real, imaginary, and complex quantities (for example, the
wave function).

The formation and change of any scalar complex physical quantity occurs by
means of a polarisation mechanism that preserves its modulus as zero:

la+ib|=0(+a+ib=0)
(1)

4. Fourth postulate. By virtue of the monofundamentalist approach of QTE, the
deterministic description of the macroworld also requires a deterministic description of
the microworld [2], i.e. physical events in Cosmos are preordained by physical
regularities. Therefore, the phenomenon of self-fulfilling prophecies is also possible. The
concepts of chance, self-organisation, and free will are excluded in QTE.

QTE has been constructed on these four postulates formulated in [4] about the
primary spatial substance and the structure of the world-order, the universality of the
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polarisation mechanism of changes, the complexity of physical quantities, and the
determinism of quantum events

From the postulates of QTE it follows that the space of the three quantum worlds
of the protostructure of the Universe is complex, and the polarisation formation of
particles of one type occurs along each spatial dimension in pairs with zero total
momentum.

The number of spatial states (SS) of real or imaginary subspaces with
dimensionality d, differing by the direction of at least one coordinate, is equal to 2¢, and

in complex space it amounts to k,=2°.The polarisation process of formation of a

multiplet of particles is completed with the formation of a new unpolarised singlet
quantum state when all these SS are filled.

As shown in [3], in the world of polarisation processes, the dimensionality of
complex space is d=3, i.e. k; =256, but only 64 SS are realised in the physical vacuum of
the protostructure of objects of the Universe® [3]. Since the number of spatial states of the
three-dimensional real and imaginary subspaces is 8, the number of SS equal to their
product will be exactly 64. When the particles of matter being born fill this 64-plet of SS,
the singlet state of the formed multiplet of particles can localise in the spherically
symmetric space of the Universe. Therefore, the density of particles of matter fragments
of the Universe is proportional to the product of the densities of particles in the real and
imaginary subspaces of the physical vacuum of these fragments. It is shown below that the
densities of particles in these subspaces are determined by the Schrédinger wave function,
defining its physical meaning.

Thus, quantum mechanics studies not one particle in different quantum states, but
a multiplet of non-interacting particles localised in different SS (i.e. subspaces) of the
physical vacuum and forming a superposition of orthogonal quantum states. The
interaction of particles of multiplets occurs in the physical vacuum with one pair of
particles located in a common subspace. Therefore, in successive measurements we
record the different directions of the momenta of particles in different subspaces,
interpreting this as the absence of a trajectory for the particle, and consider the microworld
indeterministic, thereby making the construction of a monofundamentalist deterministic
quantum theory of real particles impossible.

2. Derivation of the Schrodinger equation for free particles

«Quantum mechanics occupies a very peculiar place in the series of physical
theories - it contains classical mechanics as its limiting case and at the same time needs
this limiting case for its very foundation» [5]. Thus, quantum mechanics is a theory of the
two-level paradigm with its different physics of the micro- and macroworlds. With the
monofundamentalist approach to the physics of the world-order, such a construction of
quantum mechanics is unacceptable. In this approach, classical physics is only a particular
case of quantum mechanics of the macroworld, when quantum effects are insignificant.
Therefore, a derivation of the Schrodinger equation within the framework of the
monofundamentalist paradigm is required. In the present work, such a derivation of the
equation is presented for the simple case of the birth of free non-relativistic particles. It

2 This, in particular, explains why 256 SS of the physical vacuum in the universal genetic code form 64 codons and

192 of their nucleotides [2, 3].
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may be regarded as the first step in the development of a monofundamentalist quantum
mechanics of real particles possessing a protostructure.

The polarisation birth of particles in the complex space of the physical vacuum of
the Universe is possible both in a free and in a bound state with zero total mass and charge.
Pairs of particles with mass +m, in polarisation birth, acquire universal charges attracting
them, tending to return the particles to the initial state of the null-vacuum [3]. One may
assume that if pairs of particles are polarised in a bound state, then they become quanta of
a scalar field with zero rest mass. This universal field exists in all worlds of Cosmos and
propagates in them with velocity ¢, which, as shown below, coincides with the speed of
light.

Since in the Universe the existence of electric charge creating a spherically
symmetric electric field is possible, particles being polarised, along with mass, may
acquire electric charges of different signs. A lepton and its antinegalepton (an antilepton
with negative mass), rotating on neighbouring orbits with zero total spin and creating a
magnetic field, which in real space are electrically attracted, form a bound state - an
uncharged photon of the vector electromagnetic field with zero rest mass, propagating in
the Universe with the same velocity ¢ as a quantum of the scalar field. In the imaginary
subspace, photons cannot exist, since opposite electric charges repel. In quantum field
theory the photon is considered a structureless particle with zero mass.

One may assume that massless quanta of strong fields may be born in a similar
way, in which, instead of electric charge, one of the three colour charges is polarised, and
instead of lepton pairs - quark pairs. The existence of structure in field quanta explains
their selective interaction with matter particles.

The infinite null-vacuum generates cyclic processes that do not change the mean
zero values of its physical quantities and those of the worlds of Cosmos. Therefore, let us
consider the wave equation in complex space and with complex time of the physical
vacuum of the Universe.

The polarisation formation of scalar particles in the real and imaginary subspaces
of the physical vacuum of the Universe is accompanied by the birth of a scalar field in its
real subspace. The time of these processes is complex:T =¢+it. In the Universet =0. The
corresponding operator of the wave equation Qhas the complex form:

)

It determines the scalar field ®|r, ¢, formed by bound pairs of particles with total
zero mass in the real subspace of the physical vacuum of the Universe, as well as
quantities proportional to the density of free particles in its real and imaginary subspaces,

denoted respectively by F(r,t) and F (r,.,t), where r and r;are respectively the radius-

vectors of the real and imaginary subspaces. The filling of the spatial states of the real and
imaginary subspaces of the physical vacuum by particles being born with masses +m is

cyclic in character, determined by the polarisation of the phase ¢,=(+m|c’t/# and the

cyclic function x (T)zexp (1’ 0,
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The operator Q given in (2) acts on the function ¥ = x|t|®(r,t|F(r,t)F|r,,t|,
leading to the complex equation satisfying the polarisation condition (1):

A

QY =0.
3)

Separating the real and imaginary components of equation (3), we obtain the
Klein-Gordon-Fock equation in the real subspace:

2
%a—2+(imc/h)2—ﬂ

®|r,t|=0.
c” ot

(4)

For the real and imaginary subspaces of the physical vacuum, the imaginary
component of equation (3) gives the equations:

Z(Em)%ﬂﬂ F(r,t)=0
(5)
and
izﬁm%%ﬂﬂfﬂmﬂza
(6)

L A 0 )
Taking into account the value of the momentum operator p=—# ar equation (5)

is transformed into the Schrédinger equation for free particles in the real subspace:
o p’

lha—ﬂ)F(r,ﬂ:O.

(5a)

Equation (6) for the imaginary subspace is likewise reduced to the same equation
if the sign of the particle mass or the direction of time 1 changes. The location of particles
with different mass signs in different subspaces makes their collision and annihilation
impossible. The different direction of the time of particles in the physical vacaum means
that the generation and disappearance of particles occur in its different subspaces. For
example, the birth of the matter forming stars occurs in the real subspace of the physical
vacuum of the Universe, while its disappearance occurs in the imaginary subspace of the
protostructures of black holes, in which photons are not formed [3].

Since, when the real and imaginary subspaces of the physical vacuum are
separated, their volumes are equal, and the numbers of localised spatial states in them are
identical, the amplitudes of the complex-conjugate densities F|r,t|x(tr] and
F(r,t)x 7] are equal. Taking into account what was said earlier about the formation of
the 64-plet of SS of the Universe, this explains why in quantum mechanics the density of
particles in the Universe is proportional to the product of complex-conjugate wave
functions.
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Thus, in QTE, the Schrodinger equation for free non-relativistic particles
describes processes in the complex space of the physical vacuum of the Universe, and not
in the space of the Universe itself. The wave function of the Schrédinger equation is
proportional to the density of spatial states of the real and imaginary subspaces of the
physical vacuum of the Universe filled with particles.

3. On the possible nature of «black holes».

From what has been said above about the distribution in the physical vacuum and
the localisation of scalar particles with different mass signs, one may assume that the
boundary of the real and imaginary subspaces of the physical vacuum has regions which
are the place of polarisation of scalar particles of different mass signs, including plenons
with mass 468 MeV/c? [3], forming the nuclei of nucleons. In this case, the nucleons of
atomic matter, having passed from the real subspace into the imaginary one, will be
destroyed as a result of annihilation of nucleon nuclei, while the quarks and electrons of
atomic matter in the imaginary subspace will form a condensate which may seep into the
real subspace and participate in the formation of atomic matter. Thus, in the space of the
Universe, regions with an imaginary subspace of the physical vacuum are possible, where
atomic matter and its electromagnetic radiation disappear. Black holes possess a similar
property. In this their polarisation model, proposed in [3], non-physical singularities are
absent.

Atomic matter formed on the boundary of the imaginary subspace of a black hole
may participate in the formation of jets issuing from black holes - non-diverging streams
of relativistic atomic matter. Jets are born inside the cylindrical subspace of the axially
symmetric world of the protostructure of the galaxy.

4. Conclusions

The emergence of a monofundamentalist worldview approach claiming
universality and agreeing with a wide spectrum of empirical data of the micro- and
macroworld opens new possibilities in the development of fundamental science. For the
substantiation of a general theory, such as the QTE, confirmation of its postulates by
empirical data is required.

The derivation of the Schrédinger equation considered in the present work within
the framework of the monofundamentalist approach for the case of free non-relativistic
particles demonstrates the applicability of quantum mechanics to particles of any mass
and hierarchical level born by the polarisation mechanism. This means that in the
monofundamentalist theory of Everything, classical mechanics is not, as is commonly
believed, the limiting case of quantum mechanics and an element of its foundation. The
obtained result gives hope for the possibility of creating a deterministic quantum
mechanics of real particles, which will be applicable at all hierarchical levels of matter.

The series of discrepancies between the results of QTE and the accepted physical
paradigm presented in the current work, and the extension of the domain of applicability
of quantum physics to the macroworld in QTE, make it necessary for the scientific
community to discuss the validity of the monofundamentalist worldview approach
claiming universality in cognising the reality of the world-order. This discussion will
enable determining whether it is necessary to correct the path of the development of
fundamental science in the foreseeable future.
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