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CuMHTE3

Mpepnaraetcs MaTeMaTUYeCKUIA annapaT U TOMOJIOrMYeckne MpuHLMNbI
onpeneneHnss MaTepuasbHOro Moss, OTAefibHble pelleHnss KOTOpPOoro
BbISIBAISIOT KBAHTOBble (OPMbl  rpaBuTaUWN, 3SNEKTPOMarHeTusMma,
cunbHOro un cnaboro B3aMMOOENCTBUA, a TakKXe WX KBAHTOBYIO
3anyTaHHOCTb. MNosly4yeHbl TOMOMOrMYeckne BbiBOAbI MOCTOSHHOW TOHKOWM
CTPYKTYpPbl B BUAE LENOYUCSIEHHOrO OTHOLWIEHMUS, pac4yéTa Macchl
3/IeKTPOHa W ero crnuHa. B kocmonormm BbibBpaHHble MaTeMaTU4YeCKUi
annapaT M MPUHLWMAbLI YCTPAHAT Ko4YeBble NPobneMHble MON0XKEHUS:
CUHTYNSIPHOCTb, GapUOHHYI0O aCMMMETPUI0, MPOUCXOXKOEHUNE «TEMHbIX»
ABJIEHUN.

MocTtynaT

Haw Mup paccmaTpuBaeTCA  KakK  HernpepbiBHbIA, OOHOPOLHbIN,
M30TPOMHbLIN  KOHTUHYYM MaTepumn-npocTpaHCTBa-BpEMEHU WM Kak
6beckoHe4yHOe nosie MJOTHOCTM 3SHeprun. B KavyecTBe ero MeTpUuKWK
NMPUHUMAOTCA BeNn4YuHbl «EcTtectBeHHOW Cuctembl EgnHny NamepeHuns»,
npepnoxeHHon MakcoMm [lnaHKoM. ABNAAACL MNPSAMbIMKA  OepuBaTUBaMWU
TPEX (yHAAMEHTasIbHbIX KOHCTAHT, 3TWU BEeJIMYUHbI SBHO CBSA3aHbl C
napaMeTpmyeckuMmm ocobeHHOCTAMN MUpa.

MnaHkoBcKas MaTeMaTUuKa, KakK HOBOeEe
anddepeHunanbHoOe UCYUCNIEeHHUe.

dopMasibHOe onmncaHme Nons NJOTHOCTU 3Heprun TpebyeT crneynanbHON
MaTemMaTukn. Ha30BEM e€ nsaHKoBCKOW. CywecTBywmnn @U3NKo-
MaTeMaTU4YeCKNUN annapaT B paMKax nNpensioxXeHHON napagaurmbl
KaXXeTCsa HeCOCTOATE IbHbIM.

I'IOCTyJ'IaTaMI/I HOBOl7| MaTeMaTUuKm aBadAKOTCA.
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1. KBaHT 23Hepruu, aBNAACb OCHOBHON eaunHuuen n3MepeHnNa nons
MJIOTHOCTWU 3Heprmnm, OH 3S3KBUBaJieHTeEH eCcTeCTBEeHHbIM eaANHULUaM
PaCCTOAHNA N BPEMEHN.
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2. Bce nosieBble NnapaMeTpbl ABNAOTCA LEJIOYNCNIEHHbIMU B €CTEeCTBEHHbIX
Be/iInd4MHax. [lpyu >3TOM  BeJINYMHbI  He  ABJAKTCA  3JIeMeHTaMu
ONCKPETHOCTU. 3TO nNpoCTble eAuHUUbl WN3MepeHus HernpepbiBHOro,
OLHOPOOHOrO W W3O0TPOMHOro npocTpaHcTBa. CrneancrevemM sgBNfAeTCA
yTBEpPXOEHMEe: pa3Mepbl MeHblle eCTeCTBEeHHbIX eaAuHWU B npupone He
cywecTByoT. Pac4éTHble Habopbl KOHCTAHT (1) YNCNEHHbIX AeBUaLUin He
aonyckatoT. [lo3TOMy CUHTYNAPHOCTL ClefyeT paccMaTpuBaTbh Kak
MaTeMaTun4yeckoe pelwieHune*,
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3. Bce napameTpbl 0AHOW CBSA3aHHOW TMOJIEBON CUCTEMbI WUMEIOT
OLMHAKOBOE KBAaHTOBOE 4ucno «k». CneactemeM ABAAETCH YTBEPXOEHUE:
pyHOaMeHTa/ibHble  KOHCTaHTbl  MOXHO  Bblpa3nuTb 6eCKOHEeYHbIM
KOJIN4eCTBOM MapaMeTpoB, MPU YCJ0OBUN, YTO BCE€ OHWU KpPaTHbl OAHOMY
KBQHTOBOMY YUCIY «k» **,
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KOHCTaHTHOE onucaHme Mupa SBJAETCH 3MEPOXXEHTHbIM OTpa>KeHnem
ero MeTpUYeCKUX Wuam Qu3nyecknx CBOWCTB, [rJlaBHOE W3 KOTOPbIX
yTBEp)XAAeT: MUHMMAJIbHO BO3MOXXHaa (Pn3nyeckasa TOYKa, KakK 31eMeHT
MaKCMMaJibHO O0MNYyCTUMOW MJIOTHOCTM MJIaHKOBCKOr0 KBaHTa 3Hepruu,
nMeeT paanyc, paBHbIN eCTeCTBEHHOW eaNnHNLE PacCTOAHNS.

KoHcTaHTa Makca [lnaHka B uHTepnpeTauumn lona [Aunpaka dABnseTcs
cneununyeckon. OHa NokKasblBaeT OUCKPETHOCTb 3HAYEHWUW SHEPrun wu
CBfi3aHa C D2JIeKTpoMarHeTusmMom. T[loaToMy €€ napamMeTpuyeckasd
ocobeHHOCTb yKa3blBaeT Ha KOrepeHTHOCTb rpasmTayunmn n
3/1IeKTpoMarHeTmsMma.

k£p=kmp62=khvp
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NpuBenéHHble ypaBHeHua  Makca [naHka (1) yka3biBalOT Ha
heHoOMeHONorn4yecky CBA3b aHeprum nmnynsca (G) c sHeprmem MoMmeHTa
mmnynbca (h), peanmsyemMyro Ha CBETOBOM KOHyce (cC), 47O
NpeacTaB/AeTCA HeBEepoOATHbIM. 3TU reoMeTpoguHaMmMyeckmne QopMbl
paccMaTpuMBalOTCA COBPEMEHHOW HAyKOM KakK HeKOMMyTaTuBHble. ELwwE
oOOHUM (EHOMEHOJIOTNYEeCKUM BbIBOAOM SABASETCA TO, 4HTO APYyrux
reomeTpoonHamMmmnuyeckmx ¢opm B npupode He Habnwpaetca. Lpyrue
KOHCTaHTbl, CBA3aHHbIE C reoMeTpuen, HaykKe He N3BECTHHbI.



B HenpepbiBHOM, 0OAHOPOAHOM W WU30TPOMHOM KOHTUHYYME CYLleCcTBYHOT
TO/IbKO [Be BOJIHOBbIE KOHMUIrypauuu: UMNyJbCHas UM AUccunaTMBHaSN
N CMUHOPHAs UK 3aTyxatowas. Mpu NOSIHOM OTCYTCTBUWN NMOTEPb SHEPrUN
N CBSI3AHHOW C 3TMM MWHMMaJbHOCTU OENCTBUS WX HernpepbiBHOE BO
BpeEMeHM cyliecTBoBaHue BO3MOXXHO TONbKO npwu HaIN4Ynm
npeobpa3oBaHnNs oOHOW OpMbl B APYryto. ToNibKo ¢ 6anaHCOM 3Heprum
aAnccunaumns n 3aTyxaHune ncyesatorT.
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5, - nedeKT Auccmnaynm sHeprum NMnNynbCa;
Fo,- nedeKT 3aTyxaHUsa SHepPrum cnmHa.

B naTumepHOM aHasore npoctpaHcTBa N'epMaHa MNHKOBCKOIo, MPUHATOM
B Ka4yeCTBe aHaJIMTUYECKOW OCHOBbl KOHTUHYYMa, Ka)KZas U3 3TUX popMm
AoMKHa 6bITb CBfi3aHa C pa3HbIM HaAabopoM ruUMNepnaoCcKOCTEN, 4TO
oTpakaeT UX HEKOMMYTaTUBHOCTb. CyMMa MX HOMWUHANOB paBHA KBaHTY
3Hepruun. 4 Ha3Ban ero «Gh-KkBaHTOM».

JleHTta ABrycta ®epauHaHpa Mébuyca

YpoobHon  cdopmon, cnocobHom OTpa3uTb CUHXPOHU3ALUIO  ABYX
HEKOMMYTATUBHbIX BEJINYUH, ABAAETCHA NaTuMepHasa neHta Mébuyca. Eé
onpepeneHve CTPOUTbLCA Ha PaKTOP-NMPOCTPaHCTBE NATU KBaLpPaTOB:
M,=[0,1]x[0,1]/

rae oTHOWEHME 3KBMBAJIEHTHOCTU 3a4a€TCS C/ieayoluM 06pa3omMm:

0,t) [1,1—t|t€[0,1]

Tononornyecknmm MHBAPUNAHTaMMU JIEHTbI ABNAKOTCA:

OyHAaMeHTanbHas rpynna T, M |=Z

dnepoBa xapaKTepucTmka x (M)ZO

MepBblit Knacc LUTndensa-YntHmn (HeopueHTMpyemMocTb) wl(M) =0€H' (M,Zz)

MaTuMmepHasa MaTpuua NeHTbl UMEeT cnenyLwWwmnn Bua;:
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R,=nl ,n€N - KBQHTOBaHHbLIN pPaanyc cpegHen TNHUN NeHTbl;
0e[0,27| - yrnosas KoopAuHaTa BAOJIb JIEHThI (MOJIHbLIA 060pOT);

we|—1,1] - KoopAuHaTa Nonepék NieHTbl, eé WnpruHa HopMmmposaHa |—1,1], B
HOMWHAIbHOM BblPa)eHWN OHa paBHa I,;

BER - yron, koanpyowmn kannbposoyHyto cummeTputo SU (2)

w
3 - NATaAaA KOOpAWMHaTa, CBA3blBaeT TOMOJIOrNO C KBaHTOBaHMEM 4epes

HOMEp 3HEPreTMYeckoro ypoBHs n.
MowaroBoe 06bACHEHWE NapaMeTPUYECKUX KOMIMOHEHT:

KomnoHeHTa 1 (X KoopAanHaTa)

1+9cosg
2

JIEHTbI B MJIOCKOCTU (Xy) n obo3HavaeT eé nepekpydmBaHume npun 0:0 - 2m,C
M3MEHEeHMEeM 3HakKa = 3TO COOTBETCTBYeT npeueccum cnmHa Ha 180®

X=R,cosH onuncbiBaeT 6a30BYl0 OKPYXHOCTb C paaumycoMm Rn

KomnoHeHTa 2 (Y KoopauHaTa)

Y=R,sin6 1+% cosg

2
6a30BYI0 OKPY>XXHOCTb, KOTOpPas Nepekpy4mnBaeTCcsa BAOb O.

aHanorn4yHo X. Ho ona ocn Y. dopmumpyeT BMecTe C X

KoMmnoHeHTa 3 (Z kKoopanHaTa

. 0
Z=%s1n5cos‘8 HOpMUpYeT  WUPUHY  JNIeHTbl  w/2,  ob6o3Ha4aeT

nepekpy4dmBaHme Ha 2mn, npoxoaut ot 0 mol m obpaTHo Ao 0, co3paéTr
N3rnd nnam cBEPTKY. cosf BBoauT KanubpoBouHyio cummerpuio SU (2).

KomMmnoHeHTa 4 (W KoopanHaTa)



w . 0 .
=Esm§smﬁ nononHaetr Z KoopAauHaTty, dQopMupya LOBYyXMepHoe

nonepeyHoe cevyeHne n TOALWKNHY NeHTbl B 4D nognpoCcTpaHCTBE.
KomMmnoHeHTa 5 (V KoopanHaTa)

() o o
V=; Knio4yeBON KBAHTOBbIN 3/1eMEHT PacCTOAHUA:

MacwTabupyeTcs obpaTHO NPONOPLMNOHANILHO HOMEPY YPOBHS h;

npn n=1: V=w— MaKCUMasibHOE BJINAHME NONepevyHON KOOPANHATHI;

npu n-o: V-0 — KBaHTOBble 3(PPeKTbl 3aTyxaltT, JIeHTa CTaHOBUTCH
MNOYTU MJIOCKOWN

du3ukKa npouecca CUHXPOHU3AL UM

JleHTa MéE6uyca sasnseTca QopMasibHbIM NpencTaB/e€HNEM CIIOXKHOMN
MaTepuasbHOW BOJIHbI, BKJlOYalWen UMMYJIbCHYIO U CMNUHOBYIO
KOMMOHEHTHI. NmnynbcHas KOMMOHEHTa npuBsa3aHa K
HEOPNEHTUPOBAHHOMN MOBEPXHOCTU WKW K CpefHen JIMHUN NEeHTbl, 4TOo
NO3BOSIAET rOBOPUTb O BGECKOHEeYHOCTW BOJIHbI B MPOCTPaAHCTBE U BO
BpeMeHu. CnnMHOBas KOMMOHEHTa nNpuBA3aHa K KpoMkKe JseHTbl. OHa
ABNSAETCA MNCeBAOTOPOUAANIbHOM ChNupasbilo, 3aMKHYTOW Haph cpefHewn
NVHNEN K1 no3ToMy saABAswWwencs 6ecKkoHe4YHOW BO BpPEMEHU, HO
orpaHW4YeHHOM B NPOCTPAHCTBE TOpa WU WNPUHBI JIEHTHI.

AMNANTYAb obenx KOMMOHEHT  OAWHAaKOBbI, NponopLMOHaNbHbI
pacnpeneséHHON Ha NJOCKOCTU 3Heprun. COOTHOLWEHME OJINH YKa3blBaeT
Ha 3HayeHue CcnMHa. 3a OOAWH MOJIHbIA LUK UMMNYJSIbCHON KOMMOHEHTHI,
CNMHOBaA coBepLlaeT NUWb MNOJZIOBUHY UUKNa, TO eCTb cnNuUH Gh KBaHTa
3Hepruwn paseH %2h. KpoMe Toro, NnCeBAOBEKTOP CMMHA Ha Ka>X4OM CBOEM
NOJIHOM UWKJIe MeHSAeT HarnpasJ/ieHne Ha MPOTUBOMOJIOKHOE, TO eCTb
npeTteprneBaeT HEMNPEPLIBHYIO KPYroBylo npeLeccuto.

Ewé oaHmm npumeyaTeslbHbIM CBOWCTBOM JIeHTbl fABAdeTCa eé
3epKajlbHad cuMMeTpus. B 3epkKaZlbHOM OTpa)eHun neHTa un Gu3snka,
CBsiI3aHHAas C Hen, abCcoNOTHO UOEHTUYHbI, @ 3TO 3HAYUT, YTO Mbl MOXXEM
FOBOPUTbL O MAaTepum U aHTUMaTepum!

KOMNOHeHTbl e ANHON BOJIHOBOU (PYHKLLUM

YKa3aHHble B MaTpuue (8) napameTpbl NeHTbl (aKTU4YeCKU ABAATCS
cneununyecknum onpeneneHnemMm Gh KBaHTa dHEPrum wUan nNpocTerLluem
MaTepuasibHOM YacTUMUbl HaWero Mupa, XapakKTepusyemom nATbio
napamMeTpamuy, CnocobHbiIMM B TON UAN NHOW Mepe BAUATb Ha ¢GopMbl
B3aMMOOEeNCTBUS.

Hanudme B napamMeTpax JNeHTbl KBAaHTOBOro 4uUciaa «nN» T[OBOPUT O
MOLasIbHON CTPYKTYype BOJIHOBOW (PYHKLUWU. FeOMeTpUYeCcKn 3TO MOX0XKe
Ha MnocCNefoBaTesIbHOCTb BJIOXKEHHbIX Opyr B Apyra 5D du3snyeckn
CBfA3aHHbIX pa3-cep C pagnasbHON NEPUOAMNYHOCTbIO, PaBHOM ednHULEe
OJIMHbIL. [TOBEPXHOCTHasa MJOTHOCTb dHEPrnum Takux chep onpenenseTcs
cnegyrouwmnm obpasom:
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Mon NOBEPXHOCTbIO NMogpa3yMeBaeTCHa npomnsseneHne niaowann chpeps n
eOVHULUbI PacCTOAHUA. DTa NANOTHOCTb OTHOCUTCS K 3HEprun umnysbca
nnn K rpaButaumn. CnMHoBas KOMMNOHEHTaA MO MJOTHOCTU AO0JIXKHa ObiTb
NPaKTUYeCKN TaKon xe.

Lpi:pni:

p p

OHa OTHOCUTCA K 3N1eKTpocTaTuke. Y Heé eCcTb cneunduka, oTamyHas oT
rpasutaummn. CyTb €€ 3akJ/i4aeTca B TOM, 4YTO cCywecTByeT
bopManucTnyeckoe BAMAHME MATON KoopAuHaTbl NeHTbl Mébuyca (8),
yKa3blBaloLlen Ha COOTHOLIEHWEe WNPUHBbI JIeHTbl U pagnyca eé cpenHen
JIVHUKN. OTO TOT PaKToOp, KOTOPbIN 3af0aéT ypOBEHb CUMHXPOHU3ALNN OBYX
KOMMOHEHT: rpaBuTauumn-nMnNysbca n 3/IeKTPOCTaTUKN-MOMEHTA
nMmnynbca. { npepnosarat, 4H4TO 3TO M3BECTHAss KOHCTaHTa TOHKOWM

CTPYKTYpBbI.

V:EZ(X:L
n 137

110/

N3 3TOro CooTHOLWEHUA cnenyeT: 3/IeKTpocTaTn4yeckoe nose nMmeeT CBOW,
OT/INYHBIN  OT rpaBUTauMOHHOro, Habop 5D cohepuvecknx mog,
COBMELWEHHbIX C rpaBUTaUNOHHLIM pAgoM. EomMHOe CNMHO-MMNYybCHOE
nosne, dopmMann3oBaHHOE C NOMOLLbIO NeHTbl Mébuyca, 3To 3anNyTaHHOCTb
rpaBuTayumn N aleKTpoMarHeTusma.

ﬂOCﬂEﬂ,OBaTeﬂbHOCTb NIEKTPOCTAaTUHECKNX MoL4 onpependeTcs
COOTHOLWEeHNneM:
n137hv hv hv
lrUs:pns: pz = L ' p3°<l' pENSNmax
4n[137nlp) 'lp 137n 47Ilp n 137
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¢yHKI.I,VI$I rpaBMTauMOHHOﬁ KOMMNOHEeHTbl eaUMHOro noinsa

EovHoe none MoXeT pacCMaTpuUBaATbCHA KaK rpagueHTHoOe B OTHOLUEHWUU
MJAOTHOCTMK 3Heprumn. OCHOBHbIM BOJIHOBbIM ypaBHeHunewm,
npencTaBnsloWMM pacnpegeneHmne njaoTHOCTU, C YY4ETOM MeTpuYecKon
CBS3@aHHOCTW MapaMeTpoB MNoOsA OAHOW KBAHTOBOM eAMHULbI Macchl,
ABNAETCH crefylollee ***;
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B KOHe4YHOM wuToOre nosy4mnocb ypaBHeHue Wcaaka HbOTOHa, HO C
pagukKasbHbiM OTAM4YMem. Mbl paccmaTpuBaeM MaTepuasibHoe rnoJsie C
OorpaHU4YeHMneM CKOPOCTM BOJIH «C». MIHTepeCHbIM ABNSeTCA TO, 4YTO 3Ta
dopmyna pgencrtesyet Ha BClO raybuHy nongd, - A0 OAHOW eAnHULbI
paccTosaHnsa (n=1)!

Tak >e MPOCTO MOXXHO MPOBEpPUTb KOBAPUAHTHOCTb MO OTHOLWIEHMUIO B
Obwen Teopun OTHOCUTENILHOCTU, Y4YUTbIBAs e€AUWHCTBEHHOE YyCJloBUe:
KBAHTOBOE 4uMcCJio nossi n>1. Ha 3TomMm MacwTabe npocTpaHCcTBO FepMaHa
MWHKOBCKOro, MNpPUMEHEHHOE B Ka4vecTBe aHaamTumyeckonm 6Oasbl,
npencTaBnsaeTcsa NJAOCKNM.

_8nG s 2
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N3 ypaBHeHUs (9) nMJAOTHOCTbL 3SHEPrUM U OaBAE€HUE TrpaBUTaALUM
3KBUWBAJIEHTHbI U PAaBHAIOTCSA:
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MoocTtaBndemM 3TU 3HaAYeHUA B YypaBHeHMe DUNHLWITENHA WU nojlyd4aemMm BcCe
KOMIMOHEHTbI TEH30pPa.

8nG . 2 8nG 2
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Mony4yeHHble KOMMOHEHTbl MMeKT pa3MepHOCTb, cooTBeTcTBylowyo OTO.
O4YeHb CUNBLHO YyMpoLWEeHbl (OpPMaan3MoOM MaTepuasibHOro nonas, - 4o
NJIAHKOBCKOIr0 3Ha4YeHUsA OJNHBI.

He copep)xaT NPU3HAKOB CUHIYNAPHOCTWU, - OOCTUralT MaKCMMaJlbHOro
3Ha4YeHuns npun paguyce, paBHoM 1. NMNOTHOCTb SHEPrUN COAEPXKUT MPU3HAK
BpaLleHus (1/r) *rx*,

MopanbHaa CTPyKTypa €4MHOro nosas ecTecTBeHHbIM obpa3oM nopokpaeTt
rpaBuTaUMoOHHOE noJsie, oTBevatwee Obwen Teopun, n cogepxmuT B cebe
npenckasaTesibHble haKTopbl A48 aCTPOPUINKN.



BbiBoa: n Teopusa Ncaaka HbetoToHa, n Teopus AnbbepTa dNHWTENHA TEPAOT
cBOM yHOAMEHTaNbHbLIN XapakKTep, CTaHOBATCA 3SMEPOXEHTHbLIMU MO
OTHOLUEHWUIO K eANHOMY MOJII0 MJOTHOCTU SHEPrnm ***,

3ﬂeKTpOH-I103MTpOH

DNeKTPOH W  MO3UTPOH  OTJIMYAKTCA  TOJILKO MO HamnpaBAeHWUto
NceBOOBEKTOpPa CMNWMHA OTHOCMTENIbHO BEKTOpa WMMynbca. YCJ/I0BHO
NPMHUMaeM: Yy 3JIeKTPOHa MCEBAOBEKTOP HanpaBJieH MPOTUB BEKTOpPaA
MMMynbCa, @ Y MO3UTPOHA, - KOJUIMHEApPEeH BEKTOpy WuMnysbca. Lpyrux
OTJINYUI HET, NO3TOMY AaJsiee Mbl MPUMEHSEM TEPMUH 3NIEKTPOH-MO3UTPOH.

PaccMOTpUM NneHTy Ha cdepe Npou3BOSIbHOro paauyca R,=nl,. Ons Heé
XapaKTepHbl ABa NapamMeTpa, onpenesisieMbiX ABYMS KBAHTOBbLIMU YUNCAMMU.

N- HOMEpP MOJbl, ONpeaensALWMA paanyc chepsl;
K - WMprHa neHTbl (w(HOPMUPOBaHHas creayowmnm obpasom:

w==t1 ﬂ
nlp
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Ona OCHOBHOW 3apA40OBOW MOAbl 3TO OTHOLUEHWE MMeeT MNPUHUMNUanbHoe
3Ha4veHne. OHO B paMKax KBAaHTOBOM ONpenes€HHOCTN NnapamMeTpoB O0JIXKHO
COOTBETCTBOBATb CTEMEHN KOrepeHTHOCTU CMUHOBOM U  UMMYJIbCHOW
KOMMOHEHT |G hkeanma VAN NEHTOYHOW TOMOJIOrMK, KOTOpas CBA3aHa UMEHHO
C MOCTOSAHHOW Ounpaka, - JHepreTn4eckoun XapaKTepucTnkon
3/1IEKTPMYECKOro nons, o06pa30BaHHOrO €AUHUYHBbIM  3JIEKTPUHECKUM
3apsgoM. B um3mke 3Ta BeNMYMHA Ha3blBaeTCA MNOCTOSHHOM TOHKOW

CTPYKTYypbl. OHa bblna onpeneneHa B onbITe.

3apapn 3/71IeKTPOHA-NO3UTPOHA

34ecCb OHa NoJly4aeTCsd YNCTO MaTeEMAaTUYECKU, MO COOTHOLLEHNIO KBAHTOBbLIX
yucen n=137, k=1 neHTbl Mébuyca. B EctectBeHHON Cucteme EamHuL w
MNOCTOSIHHAA TOHKOW CTPYKTYpbl, N 3apsag 3/1eKTPOHa-no3nTpoHa paBHbI 1,

NMosToMy Mbl MOXeM COCTaBUTb cneaywuiee COOTHOLWEeHNne
MNPOMOPLMOHANIbHOCTY Pa3MepHbIX 1 6e3pasMepHbIX BEJINYMH:
kl
ezaa:—p:—l
p nlp 137
19
e,

(20) Kak MO)XHO 3aMeTWUTb, MoJsiydeHa MNOCTOSAHHaA TOHKOW CTPYKTYpPblI B

BUAE OTHOLWEHUA UenbiX HaTypasJibHbIX 4MUCes, OTBeYalwnx napameTpam
3N1eKTPOMArHUTHON KOMMOHEHTbI |Ghkeanma|. Bonbdranr Maynm u ApTyp
DOOVHITOH Obl B CBOMX OYEeHb [AOJIFUX MOUCKAX LesIOYUCSIEHHOI O
3Ha4vYeHns abCcoNTHO Npasbl.

B BennunHax WMHTepHauwnoHanbHoW CuUCTeMbl 3apsig 3J1IeKTPOHa-No3nTpPoHa
Bblpa>kaeTCsl Yepes3 MNJIaHKOBCKUM 3apsa:

e,=vdmnehc

21]
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DNeKTpuyYeckass MoOCTOsSIHHAA &, SABAAETCS TMPOCTbIM KO3 DULMEHTOM
nepesofa eAUHUL WU3MepeHUsl, TaKUM >Ke KakK B TeH30pe IDWHLITEeNnHa

8nG .
BblpakeHue (—, ¢.
c

B HaTypanbHOM psagy 4ducen tpebyemoe COOTHOLUEHME TOHKOM CTPYKTYpbI
nnn nocsieaoBaTesibHblE MapaMeTpbl 3/IEKTPOCTATUYECKMX MOA  MOXKHO
HaWTW NpakTNn4eckn 6ecKoHe4YHOe MHOXXECTBO:

n neN <N
137n max
23]

3J'IeKTpOMaFHI/ITHOG noJjie TaK Xe MPaKTN4YeCKN beckoHe4vyHo KaK
rPaBUTaLlMOHHOE.

deHOMEHO0JI0rNYeCcKM 3NEeKTPOH-NO3UTPOHHAS napa Bblpa>rkaeTcCs
NnarpaH>XnaHoM:

L

—ie" =yliy'o,—m y—ey'y A,,*i*F,,,F’"wWw Y
e [24]

b
roe:

Y - CNMHOpPHOE nose [npaka, onucbiBaloLlee 3/IEKTPOH-MO3UTPOHHYIO Mapy
KakK YaCTULYy N aHTMYaCTULLY C pa3HbIM NCEBAOBEKTOPOM CMNHA;

U=y "y’ - conpsKEHHOE CMMHOPHOE MoJe;

y' - MaTpuua Aupaka, rge (un=0,1,2,3), yoosneTBopsioLiee {y“,y“}:g’”;

m, - Macca 3JIeKTPOHa;

e - 2JIeMeHTapHbIN 3apag;

A, - NOTeHUMan 3/IeKTPOMarHUTHOrO MO, YeTbIPEX-BEKTOP;

F,=0,A,—0,A, - TEH30p 3JIEKTPOMarHUTHOro nosns;

Gum - KOHCTAHTa 3PPEKTUBHON aHHUMAALMNMN ¢ ¢ "¢

¢, - BCMOMOraTesibHOe noJsie ABYX(OTOHHOr0O BbIXOAa.

TeH30p Hepruu 371IeKTPOMArHUTHOro nNons

B NPUHATLIX, €CTEeCTBEHHbIX eanHnLax n3mepeHuns TEeH30p

3/1eKTPOMArHMTHOro NOAS CTaTUYECKOro 3apsfa 3/JIeKTPOHa-No3MTpPOHa B
chepnyecknx KoopanHaTax MMeeT crenyLmnn Bua;:



e 1 1
F,=x—-<F,=—F, Fy=F ;=0
rt rz 137 rz tr rt+ ¢ ¢0

25]

roe:
F - TeH30p 3Hepruny;

r - paguyc cepmnyeckon moabl;
t - nepnopf cnMHOBbLIX KoslebaHNn Moabl;

¢ O - yrnosble KoopaAMHaTbl CPEPNYECKON CNCTEMDI.
BekTopHbIN NoTeHunan B kKannbposke A;=0

A=Co L1
r 137 r
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[Mone He 3aBNUCUT OT MacChbl YacTUubl. DTO OTpa>XaeTcd B TOMNOJIOrn4eCKom
pa3geneHnnm sHeprnn nMmnynbCca n sHeprmn MOMeHTa nMmnyJibCca.

Macca 351eKTpOoHa-Nno3uTpPoOHa

B pamkax napameTpuyecKoOW TOMOJIOrUM JIEHTbl BEKTOP WMMyJibCca W
NCeBAOBEKTOP CMUHA KOJIJIMHEAPHbI U HanpaBsieHbl MO0 HaBCTpeYdy Apyr
apyry, nmbéo B oaHOM HanpassieHMW. KpomMe TOoro, OHW 3anyTaHbl WUan
CKOppennpoBaHbl Tak, 4TO MOJIOXKUTEJIbHbIE OEeBUALUN 3HAYEHNSA SHEPT NN
OO4HOro, COMPOBOXAAETCHA OoTpuuaTesibHbIMM AeBUALUAMU  3HAYEHUS
3Heprumn BToporo. CymMMa 3Heprum paBHa Hynw. MexaHuU3M Koppensauuu
CBfA3aH C «3aKOHOM MeTpU4eCcKOW onpenesiEHHOCTN U NnapamMeTpu4eCcKon
CBAA3@aHHOCTU CUCTEM», a TaKXe C 3aKOHaMM COXPaHEHWUSA SHepPrum wu
MUHUManbHOCTN JenctBusa. OOHaKO Takoe COOTHOLWEeHMe npepnonaraet
noeanbHy NneHTy. PeanbHO, CaMa TOMoJsOrMsa NeHTbl He AonyckaeT eé
NnapamMeTpuyeckon wuaeannsaunmn. [llceBooBeKTop cnuHa o6sg3aTesnbHO
Konebnertca OTHOCUTENbHO CpeaHen NUHUW NeHTbl, 0cObeHHO B CBA3U C
npeueccmen. 970 kKonebaHue B napamMeTpax nepsou MOAbl
3/1IEKTPOMArHUTHOW BOMHLI (137) nnn cobCTBEHHO 3/1EKTPOHA-MO3UTPOHA
MWU3EPHO, HO MMEHHO OHO onpepenseT ero maccy unm pedekt banaHca
SHeprun.

%mpczié

is
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%mecz= e=1mpcz(1—cos 616 10" pad

28]

EnuvHas BonHOBaA hyHKUMSA

EavHas BosHOBas YHKUMA CBsfi3aHa C COOTHOWeHUAMKU banaHca
\Ghkeanma, (27,28), Ha 137 mMoae, eAVMHOW AN OBYX KOMMOHEHT (30Ha
3anyTaHHOCTW).
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MNepBoe craraemMoe COOTBETCTBYET MJOTHOCTU 3SHEPruM MMMNyabCHON
BOJ/IHbI, BTopoe cnaraemMoe COOTBETCTBYeT MMJIOTHOCTU 3HEpruu
3/1IeKTPOMArHUTHOW BOJIHbI.

CunbHOe U 351eKTpocnaboe B3auMmopenucTeus

B paccMOTpeHHON CTPYKType ypaBHEHUN OOBOJIbHO OYEBUAHLIM Ka)KeTCs
onpepeneHue cuabHoro mn cnaboro B3ammopenctesmn. dopmyna Wcaaka
HbloToHa no3BonseT onpenennTb CUJly B3auMOOENCTBUA OBYX KBAHTOB
MacCCbl Ha AWCTaHLUMK, PAaBHOWN eaNHULLE.

2
Ff:c;% 10° H
p

130
To e oTHOCUTbCA K YpaBHeHUIO Wapna OriocteHa ne KynoHa.

2
e

2
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F=k= 10"'"H

HangoeHHble BeNYMHbI MO3BOJIAIOT, NPEeAnoSIOKNTb, HTO UMEHHO TakKue
CTPYKTYpPbl PaACY€TOB COOTBETCTBYIOT pacCMaTpMBaeMbiM qopMaM
B3anmogenctema. O6ba Buaa B3aUMOAENCTBYIOT C MoMoulwbio obMeHa
KBaHTaMW 3Heprun. Ha ManblXx pacCTOAHUAX OHWM MOryT MPUHUMATb
dopmbl raooHoB, W n Z 6030H0B. OnpeneneHne TpebyemMbix pacCTOAHUN
N 3/1IeMEHTOB SBJIAETCA OOHOM 13 00WKMX 3a4a4 Teopun.

dopmManbLHaA peBONIIOLUSA B KOCMOJIOTUMU

O4yeBugHass cuUMMeTpua |Ghkeauma| 3HEPrum wnmeeT [ajieko uayume
cnencTtema B KOCMOJIOrUN. TeH30pHbIE KOMMOHEHTbl «KBAHTa» U «aHTU-
KBaHTa» JHEeprum B 3€epKajibHOM OTpa>KeHum neHTbl Mébunyca
HanpasJieHbl B TMPOTWBOMOJIOXKHbIE€ CTOPOHbI. A 3TO 3HAYUT, 4YTO WUX
B3aMMOOENCTBME nNpencTtaBfgseTca KakK aHTurpasuTauma U aHTu-
3/1eKTpoMarHeTnsMm. AHHUrunauuma ucknw4vaertca! Ho Torga Hawa
BceneHHasa oenntca Ha gBa MUpa: MUP MaTeEPUN N MUP aHTUMaTEPUN.

MpepnaraeTcsa peHOMEHOI0OrNYeCcKU larpaHXXmaH Takon BceneHHon

.1 2,1 2 (2 212 Af o 2 A (32'
rb:?a o, [+=(0 @ “72@’2‘”702“ 72\115170{\ 75(1714(17;&

poMl Ty P TA
roe:

A>0 - KOHCTaHTa aHTUrpasuTauum mMexagy MmpomMm matepun @, n MUPOM
aHTUMaTepumn @ ,;



A - MmacwTab, heHOMEHONOrNYeCcKMin NapaMmeTp M1pa;

) - NJOTHOCTb 3Heprumn BaKyyMa MeXxay KnacTepamu,
hbeHoOMeHoornYecknuin NnapameTp, B npenene @,, - v;

A

?dbfwdbi - oTpuuaTeNbHOe faBJieHune, PaKTop YCKOPEHHOro paclimpeHuns.

O4yeBMOHO, MUp Mo copgepxxaHuw penntca B cpeaHeM 50% Ha 50%. Mpn
3TOM Haubonee BeposaATHO OECKOHEYHOEe MHOXEeCTBO MNepeMellaHHbIX
KnacTepos, aKTUBHO yOansaoLwmxcs apyr oT apyra n3-3a
AaHTUrpaBUTaALMKN, U TaKXe aKTMBHO CXMMaOWMUXCA OT CobCTBEHHOMN
rpaBuTauun. CxaTume KNaCTepoB A0 NpenesibHOW MJOTHOCTU 3HEepruu,
COMPOBOXAAETCA oO4YepeaHbiM B3pPbIBOM, B pe3yabTaTe KOTOPOro
BO3HUKAIOT MaTepusa n aHTumaTtepusa. OHM B o4epenHON pa3 passieTatloTcs
N NnepepacnpenensoTcsa B CYLWEeCTBYOWNX 1 0bpa30BaBLUMXCHA KNacTepax.
N Tak 0o 6eCKOHeYHOCTM B MPOCTPaAHCTBE WU BO BpemMeHW. BceneHHas
NoXoXa Ha 6eCKOHe4yHyl 4Yepeny JOKaJlbHbIX B3PbIBOB W JIOKaJIbHbIX
KOHOEeHCcauun.

Mpun 3Tom 6onblwas 4YacTb MaTepum N aHTUMaATEPUU UMeeT TEMHYI0
opMy, >3KBMBAJIEHTHYIO WMMYJIbCHOW KOMMOHEHTE WU TMJIAHKOBCKOMN
Macce, CKpbITOW B |Ghkeanme| wnn B neHTe Mé6uyca. Macca wunu
3KBMBaJIEHT MacCCbl 3JIeMEHTapHbIX YacCTuL, COCTaBAseT MasJyl 4acTb,
3HEeprmvs KOTOPON comocTaBMMa C [O0sel 3/IeKTpoHa B | Ghkeanmel.

MNpennaraeTcss KBAHTOBAHHbLIN JlarpaHXXnaH TEMHOW MaTepun:

_1 0 1 20 | 2 3
LBM_E(apX) —mX +/—g| X .5R—/31—§X
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roe:

1 v
B:ﬁ - 6a3nC KOHCTAHTbl TOHKOWN CTPYKTYPHbI;

m, - eanHnUa Macchol, NMNJIaHKOBCKaA BEJINYUNHaA,

& - KOHCTaHTa CBA3UN C KpUBU3HON R;

[35]
S

| - MaKCUMaJibHad MJIOTHOCTb 3HEPI KN MOJIA;

T W

X - none ckpblTon B «Gh» KBaHTe.

NpencrtaBneHHble NnarpaH>XXwnaHbl ABNAOTCA 3P PEKTUBHBIMNA "
deHoOMeHONIOrN4eCcKMMn, HO NPU 3TOM HE BCE UX NapaMeTpbl ABAATCA
cBoboaHbIMN. MHOrme BKJOYEHbl B «EcTecTBeHHy Cuctemy EanHunu
N3mepeHuna».

KoHCTaHTa aHTUrpaBuTauum «A» mnoka OCTaéTcs (heHOMEHOJIOrMYeCcKnMm
napaMeTpoM, OOHAKO eé 3HayeHme MoxeT ObiTb onpeaeneHo wu3



KOCMOJIOrn4ecknx HabnwoageHnn (TemMn yCKOPEHHOro pacwupeHus). Onsa
cneumannucta B 061acTm KOCMOJIOTUXM U KBAHTOBOW FpaBuUTauUU TaKOW
Habop narpaHXrWaHOB BMeCTe C U3JZIOXKEHHOW B TEKCTe TOMOoJIOrn4yeckomn
MoAesnblo npeactasnsetr cobonm HENpPOTMBOPEYUBYHO asibTEPHATUBY
cTaHpoapTHonm ACDM, npefcKa3biBalowWy OTCYTCTBME CUHTYJISAPHOCTU U
OaloLWY0 MexXaHN3M NMPONCXoXOeHNA TEMHON MaTepun

I'IepcneKTuBbl MaTéMaTun3auum XpOMOAMHaMMKM

Bce ¢dopManbHble aMNMpU4Yeckne OLEHKW 3SNEKTPOHA, BbiBEAEHHbIE W3
napamMeTpoB JNeHTbl Mébuyca, yKa3blBalOT Ha TO, 4TO Bbibop 3TON
Tononornyeckonm purypsl 6611 NnpasuibHbIM. CnefoBaTeslbHO, BCe gpyrue
3/IeMeHTapHble 4YacTuubl «CTaHpapTHOM Mogenn» MOXHO 6ypeT
dopMannsoBaTb C MOMOLLbIO 3TON >Xe JIeHTbl B €AWHUYHOM Wan B
MHOXeCTBEeHHOW 3anyTaHHOCTW. Ho 3To OyaeT packpblTO B paMKax
OPYron ctaTbW.

3akKJiloueHue

NpeonoxxeHHaa  KoHUenuua efuHOro nosg  MJIOTHOCTU  3Heprum,
basupyowasnca Ha «EcTtecTBeHHOM cucteme eamHuu» Makca [lMnaHka wu
nocTtynaTte O HenpepbiBHOM, OAHOPOAHOM U WU3O0TPOMHOM KOHTUHYYMe
MaTepun-npoCcTpaHCTBa-BpeMeHN, MNO3BONAET MO-HOBOMY B3rNgHYTb Ha
pyHOaMeHTaNlbHble OCHOBbI COBPEMEHHOW (PU3UKMN.

ba3zoBon oCHOBOM nMnpensioXXeHHOW paboThl ABnNAeTCA GOPMYIMPOBKA
«3aKoHa MeTpuyeckonm onpenenéHHoOCTU M CBA3AHHOCTU MNapaMeTpoB»,
CorfacHo KoTopomy nwbon duan4ecknn napameTp CUCTeMbl KpaTeH
LesIoMy YUCAY MJAaHKOBCKUX eAuMHULU. DTOT 3aKOoH cy)XaeT MacwTab
NPUMEHEeHNa NpuHUMNa HeonpenenéHHoctTn lMenseHbepra v HepaBeHCTB
Benna, paspewas TeM caMbiM JaBHUW Cnop 3NHWTENHa U bopa B Nonb3y
neTepMunHM3IMa SNHLWTENHA: «bor, BCE-Taku, He UrpaeT B KOCTU».

CuHrynapHocTtb B OTO ob6bsaBnseTcs MaTeMaTUYeCKMM NpeyBesInYeHneEM,
eé MecTo 3aHuMaeT obnactb npenesbHONM MAOTHOCTU 3SHEpPrmm ¢
FOPU30OHTOM, onpepensaemMsiM paguycom LLsapuwmnnbna.

Knio4yeBbIM TOMOJNIOTMYECKUM pelleHneM CTaHOBUTCHA JsieHTa Mébuyca,
reomeTpus KOTOpoOu eCTeCTBEeHHbIM obpa3om obbveanHsaeT
HEKOMMYTaTUBHbIE UMMYJIbCHYIO N CMUHOBYO KOMMOHEHTLI. Ha eé ocHoBe
BrNepBble NoJIy4eHbl aHAINTUYECKNE BblpaXKeHUs a5 NoCTOSAHHOW TOHKOW
CTPYKTYpPbl M 3apsda 31eKTPOHa-No3UTpPOHa 4Yepe3 uesble 4Yucna, 4To
yKa3blBaeT Ha TOMNoJIoOrnyeckoe, a He cjilydyamHoe MponCxoxgeHune 3Tux
KOHCTaHT.

B Kocmonornyeckom MmacwTtabe 3epkanbHas cummeTpus neHTbl Mébunyca
npefcka3blBaeT paBHOE CyuleCTBOBaHME MUPOB MAaTEPUN U aHTUMATEPUN
C 3(hpdheKTnBHON aHTUrpaBUTaUMENn MexXxAy HUMKU, 4YHTO obbscHAeT
YyCKOpeHHoe pacwupeHne BceneHHonm 6e3 npusnevyeHnsas ACDM. TéMHas
MaTepus WHTepnpeTupyeTCs KakK CKpblTas KUHeTU4Yeckas 3Heprua B
|G hkeanme| 3HEpPruw.



Taknm obpasom, Teopun HbIOTOHa M DUHWTEWNHA, 3NEKTPOAUHAMUKA W
KBaHTOBAasd MexaHWKa TepsawT CBOWM dQyHOaMeHTaslbHbIA XapakKTep,
CTAHOBACb  J3MEPAXXEHTHbIMW  CegCcTBUAMU  €OUHOro  BOJIHOBOIMO
YypaBHEHNSA MATUMEPHOro KOHTUHYyMa. [pefnoXXeHHbIn opMannsMm He
TOJIbKO yCcTpaHdaeT cylwiecTBytowme npoTmuBopeYyuns Pun3nKn
(CMHrynsapHocTb, npobnema HabnwpaTens, NOKanAbHOCTb), HO U 3a[aéT
HanpasneHue ana byoyuwen mateMaTuU3auMm KBAaHTOBOW XPOMOOUHAMUKN
yepes MHOIO-MOoAasibHble 3anyTaHHble NEeHTHbI Mébuyca.
JKcnepuMeHTanbHas npoBepka npeackKasaHHbIX LLeNI0YNCIIEHHbIX
COOTHOLWIEHUN AN MNOCTOAHHOM TOHKOW CTPYKTYpPbl CTaHeT pewarLwmm
TEeCTOM NpeasioKeHHOW napagurmel.

MpuMeyaHus
X

9Ta MbIC/1b BblCKa3blBaslacb caMunMm lMnaHkom (1899) n noaTBep>xaganachb B
paboTtax bappoy (2002) un >XambambekoBa ¢ HApyauHbim (2019).
Nntepatypa 1, 2, 3, 4.

)%k

MpuHuMn HeonpenenéHHocTn BepHepa lMenzeHbepra B paMkax «3aKOHa
MeTPUYECKOW CBSA3aHHOCTU rMapaMeTpoB» Ka)KeTCsd He oTBevallnm
MacwTabam KBaHTOBOW 06nacTu. B KBaAHTOBbLIX eAMHULAX COOTHOLUEHUE
HeonpenesnéHHOCTN NMeEeT CTPOro onpeaesiE€HHoe 3HavYeHune.
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Bce (u3myeckne BeSIMYUHBI CUCTEMbI KPAaTHbI €4WHOMY LEeSIOMY YUCIy
«k». B pgaHHOM KOHKpeTHOM cny4ae k=1. TloaToMy noHATuHE
PyHOAMEHTaIbHOW HeonpenesiéHHOCTU TepseT cMbica. lpousBeneHune
COMPSXEHHBLIX BEJIMYUH CTAHOBUTCA CTPOro JOeTEePMUHUPOBAHHbBIM,
NPUHMMAsA MaTeMaTU4YeCcKu CTporve KBAHTOBaHHbIE 3HayeHusa. Ha
MaclwTabax KBaHTOBOW MexaHWKWU (10*1,) MPUHLMN MOXeT AeACTBOBaTb,
TaK KakK W3MepeHMss C MOMOLWbIO CYLLeCTBYOWMNX npubopoB BHOCAT
HeonpeaenéHHoCTb.

B oTHoweHun «HepaBeHcTBa» [)koHa benna. OHO nNoCTpoeHO Ha
HenosIHOM 3HaHUK 6a30BbIX ycioBUW. B pamMkax chopmMynmpoBaHHOIO
3aKOHa CyLleCTBYeT XXECTKas Koppensaums BCcex napaMeTpoB CUCTEMBbI.
NMoaTomy, Kakume 6bl NMPOCTPaHCTBEHHO-BPEMEHHbIE MapaMeTpbl OHa HU
nMena, MepHble 4Yucsa BCex eé napaMeTpoB Bcerga OAHU N Te Xe.
HeTepMnHN3M cnctemM abCosIlOTHLIN, HE 3aBUCUT OT BpeMeHn. IameHeHne
n n3MepeHue yero-To B O4HOM MecTe, bynert BCcerga
KOppecrnoHOUPOBaTbCA C UBMEHEeHNEeM N U3MepeHneM 4ero-To B APYrom.
daKTop 3anyTaHHOCTM ABMAETCHA cChencrteBmeM  OeTepMMHUPOBAHHOW
onpenenéHHoCTU U CBA3aHHOCTM.

OBaguatTnnetHnn cnop Hwunbca bopa wn AnbbepTa 2SUHWTEWHa nMopa
Ha3BaHneMm «bor He wurpaet B KOCTWU», OYEeBUAHO peLlaeTcs B MOJIb3y
dNHWTEenHa. «HeonpenenéHHoCcTU, W OTCYTCTBUE JIOKaJIbHOCTU» B
KBaHTOBON MexaHUKe - 3TO BCero JMWb OFpoMHbIN pa3bpoc B
N3MEepeHUAX N HETOYHaA UHTepnpeTauna pesyabTaTa.



kookok
CaxapoB (1967), Bep Jinnge (2011) n AxkobcoH (1995) passuaun mnpetw o

TOM, 4yTO rpaBuTaumns He dyHOoameHTanbHa, a aBnseTcs
MHAOYLUMNPOBaHHbLIM 3(hpekToM. JiIntepaTtypa 5,6,7.
kokoksk

Teopnsa 3nHWTenHa-KapTaHa, pa3BuTasa B pabotax KapTaHa (1922),
Knébna (1961) m Xensa ¢ coaBTopamum (1976), ycTaHaBAMBaeT, 4TO
Kpy4YeHne npocTpaHCTBa-BpeMeHn NnopoXpaeTcd CrMUHOM MaTepumn».
JlInTepaTtypa 8, 9, 10.

kokokkk
CBa3b reomeTpuyeckon ¢asbl beppun ¢ Tononormen neHTbl Mébuyca
3KCNepuMeHTaN bHO NpoOeMOHCTPUPOBaHa B ONTUYECKUX

MUKpope3oHaTopax (Saito et al., 2023), a TeopeTuveckne momenn (Al
Yaquob, 2026; Flouris et al.,, 2022) noka3blBalOT, 4YTO CMNUH %
ecTecTBeHHbIM 006pa3oM BO3HWKAeT M3 TakoW Tonosoruu». JintepaTtypa
11,12,13.

kokokkokk

CornacHo rwunotese CmonuHa (2014) wn pabote buHpoepa (2002),
NOCTOAHHAA TOHKOW CTPYKTypbl MOXeT OblTb Bblpa)keHa 4epes
LenoYncneHHble Tonosiornyeckue napameTpsol. JintepaTtypa 17, 18.

JKCNepUuMeHThl
Nel. MNMpoBepka NpeackasaHnUs NOCTOAHHOM TOHKOW CTPYKTYpPbI

YT10 nposBepsem: lNosy4eHHOE aHAaNUTUYECKOEe BblpaKeHe KOHCTaHThbI

1 -
—_=0.00729927
epo(\/137 Vo, |

o e’ aizo,(00729927)
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CODATA paéTt = 1/137,036.
Pa3Huua: 0,026%
Kak npoBepuThb:

NWcnonb3oBaTb 3KCMNEPMMEHT MO aHOMaJlbHOMY MarHUTHOMY MOMEHTY
3/IeKTpoHa (g-2) — caMbil TOYHbIM MeTO[ WU3MepeHUs o Ha CceronHs
(To4yHOCTb ~10719).

Ecnn nocne y4yéta Bcex nonpaBokK K3 3HayeHMe a cUCTeMaTU4YeCKu
CMeweHo B CTOpoHy 1/137 — >3T0 6yaer cepbEé3HbIM yAapoM Mo
CTaHOapTHOW Moaenu 7 noATBEPXAEHNEM npensioXeHHoun
TOMOJIOrn4ecKkom Gopmybl.

Foe penaTb: JlabopaTopuu ¢ yctaHoBkamu Tuna LKB (Mapwux), NapsapAa
(Fabpwuaze), UW (BalMHITOH).

Ne2. Monck NeHTOYHON TOMNOJIOrUKM B pacnagax Yyactuy,



YTo nposepsaeM: Mopenb, COrjacHO KOTOPOW 3SJIEKTPOH-MO3UTPOHHAS
napa — 3TO He To4YeyHasa 4acTuua, a BO3OyXOEHHOE COCTOSAHME NEHTbI
Mébunyca Cc KBaHTOBbIMM 4ucnamu (n=137, k=1). OTcioga cneacTBue:
AHHUTNMNAUNA e'e” OOoJIXKHA MPOSABAATb Yr/0Bble aHOMas N, CBA3aHHbIE C
Tonosiornyeckonm pason beppwu.

Kak npoesepuTb: B kKonnanpgepax (Hanpumep, B3AMM-2000, DA®NE, Super
KEKB) npoBecTu npeyunsnoHHOe u3MepeHue YrjoBoro pacnpenesieHus
raMMa-KBaHTOB MPW aHHUrUAALUK e*e™.

CtaHpapTHaa K31 npeackasbiBaeT rfagkoe pacnpepeneHume (sin28).
Mooenb wn3-3a CnupasbHOW KPOMKW neHTbl Mé6buyca npenckasbiBaeT
MOOYNAUMIO 3TOro pacnpegesneHnsa C MepuoaoM, KpaTHbIM T/2 n
3aBMCUMOCTbIO OT CMUPASILHOCTU MYYKOB.

Fne penatb: NAD (HoBocnmbupck), LNF (PpackaTtun), KEK (Llykyba).

MporHo3: npun cTaTucTuke >10° coBbITUA MOXHO OOHapyXUTb
OTKJIOHeHune ~107>-107% o1 K3 /.

Ne3. TMounck aHTUrpaBuMTauun Mexay MaTepuen W aHTuMaTepuen
(amMbuLMO3HbIN)

YTo npoBepseM: Te3nC N3 KOCMOJZIOFTM4YeCKOW YacTu, 4TO B3auMoa4encTBme
KNnacTepoB MaTepunm N aHTUMaATepuUn OaéT oTpuuaTesbHOe OaBJieHne un
aHTUrpaBuTaumnio (KOHCTaHTa A B narpaH>xuaHe L,.).

Kak npoBepuTb: T[louck KocMumyeckux obbekTtoB wunam obnacren,
cogepXxawmx HeobbACHMMbIE aHOManun. 9BHOE yaasieHne KOCMUYECKUX
061beKTOB OT 6/IM3KUX BUANMbBIX LLEHTPOB NPUTSAXKEHUS.
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