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PaccmatpuBaeTca Teopusa IiHWITEeNMHa-KapTaHa Kak ecTecTBeHHOe pa3BuTue obulel
TEOPUU OTHOCUTENbHOCTU.  KOCMosiorMyeckas MOCTOAHHAA CBA3bIBAETCA CO CTPYHHbIMU
AobaBkamu ana mupa ae Cutrepa NNAHKOBCKOM NIOTHOCTM nepen, bonbwym B3pbiBom.
MpeanonaraeTca, 4to 3TOT MUP MMen BuA aToma JlemeTpa C maccor MeTaranakTuku U
pasmepom 10 2cm. Bonbwoi B3pblB CBA3bIBAaETCA C MNEPEXOA4O0M TOMOJIOrMYECKUX
SHEpPreTUYECcKUX CTPYHHbIX MOA, B OCUMANALMOHHbIE. MNpepnaraeTca runotesa GpMAMOHOB KakK
YyacTuy, TEMHOM MaTepuUM C Maccol NpuMMepHO Muaamapg 3B, cBA3aHHbLIX C rpynnow
CUMMETPUU, AyabHOW rpynne cnabbix B3aMMOAENCTBUN.

1. BeepgeHue

AkoB MetpoBuy Tepneuknit (1912-1993), cTtoneTnio co AHA POXKAEHUA
KOTOPOro NOCBALLEHA AaHHAA KoHpepeHUMA POCCUIACKOro yHMBepcuTeTa ApyKobl
HapoZoB, Bceraa Ntobun npeononesatb rpPaHMUpl CyLECTBYOWMX PU3NYECKUX
TEOPUIN M pPa3BMBaATb UX B HOBbIX HEOXMAAHHbIX HanpasBneHuax. OnpasaaHuem
3TOMY CNYXKUT TO, YTO KaXKA0e Hay4yHOe NOHATUE MMeET npeaen NPMMEHUMOCTH, A
BCAKAA CMCTEMA HAYYHbIX MOHATUIA BHYTPEHHE MPOTMBOPEYMBA, NAPALOKCANbHA.
Mouemy? [lOTOMY 4YTO HayKa eCTb pPa3BMBAlOLLEECA MOHATME, U OOCTUXKEHME
npeaenos NPMMEHUMOCTM CTApPOro NOHATUA TPebyeT POXKAEHUA HOBOro NOHATUS,
KOTOPOE MOXKET CONPOBOXKAATbCA rMYyOOKMM CMbICNOBbIM NpeobparkeHnem BCeEMN
HAY4YHOWM KapTUHbI MMpPa.

HanomHum, 4to Teopua oOTHocuTenbHOCTM Oblna  aedopmaunen
(nedopmaumna Teopun ectb €€ BKAOYeHMe B cemeicTBo) 10-napameTpuyeckon
rpynnbl  CMMMETPUU CTPYKTYpbl Tlanunea HbIOTOHOBOM MEXaHUKU B 10-
napameTpuyeckyto rpynny MNyaHKape ¢ napametpom gedopmaumumn 1/c, roe ¢ —



CKOPOCTb CBeTa, a KBaHTOBaA MeXaHMKa - 3To gedopmauma MexXaHUKK
KNaccMYeckom ¢ napametTpom gedopmaumn B Buae noctoaHHon MNnaHKa. Teopus
cynepcTpyH pononHsaeT rpynny [lyaHKape 4o 14-napameTpuyeckoi rpynnbl
AobasneHnem ABYX KOMM/IEKCHbIX rpacCMaHOBbIX nepemMeHHbIX,
nepemellnBaemMblx AeNcTBMEM pPaclIMPeHHON rpynnbl npeobpasoBaHuii ¢
YeTblpbMA OObIYHBIMM KOOPAMHATAMM MUPOBON TOYKU. YKE CO BpPeMEH
MuHKoBcKOro (1908) d¢u3mKka un3 cymmbl OOU3UKM  BpemeHn U GU3UKK
NPOCTPaAHCTBA NpeBpaTuiacb B PpU3NKY cobbITUM, B pamMKax KOTOPOM Bpems U
NMPOCTPAHCTBO — TONAbKO TeHM 4-mupa cobbITM, HE MMmelowme Cmbicaa Mo
OTAENbHOCTMU. MepemewmnBaHne KOOPAWHAT BPEMEHM, MNPOCTPAHCTBA W
rPacCMaHOBbIX NEPEMEHHbIX O3HAYaeT, YTO OHU TepPAIT AabBCONIOTHLIM CMbICA NO
OTAEeNbHOCTU. To, YTO COBCTBEHHbIMM 3HAYeHMAMM onepaTtopa Kasumupa B
Hawer MeTaranaktmke, NPUMMEPHO ONUCbiBaemMon MmeTpukon pae Cutrepa,
ABNAETCA KoOMbObMHauMAa maccbl U cnuHa (Begb rpynna ae Cuttepa M3OMeTpuid
KomnnekcHon 4-cdepbl eCTb rpynna TONbKO BpaWEHWM UM He [OnyCcKaeT
MOCTOAHHbIX TPAHCAAUMM rpynnbl [lyaHKape W nepemelimMBaeT KOMMOHEHTbI
MMMNyNbCa C KOMNOHEHTAMM YII0BOTO MOMEHTA U CMKWHA), 03HAYaeT, YTo B MUpe
Ae CuTTepa NOHATMA MACCbl M CMMHA TEPAOT CMbIC/ MO OTAENbHOCTU. ITO TpebyeT
Hapagy C reomeTpusauMen rpasuTauuM B BUAE KPUBM3HbI MUpPaA COObITUM
reoMeTpu3oBaTb TaKKe CMNMH C MNOMOLbD TOPCMOHHOrO nona (Kpy4deHua
cBAsHocTn)  KapTtaHa, aedopmupoBaTb,  Pa3BUTb obwyo  Teoputo
OTHOCUTENIbHOCTM DUHLWITEMHA B Teopuio DMHWTEeMHa-KapTtaHa [1, 2, 3]. O6uwan
TEOpPUA OTHOCUTENIbHOCTM YyHacnegoBana OT MexaHuMKM HbloToHa noHATUe
MaTepPUaNbHON TOUYKM C BECKOHEYHOW NNOTHOCTbIO €€ MaTepUn U ¢ 6ECKOHEYHOMN
YrN0OBOM CKOPOCTbIO BPaLLEHMA KaK nNpeaena Bpallatolweroca puamnyeckn manoro
TeNa Npu ero CXatum B TOYKY. HO B MOMEHT MMMNysbCa BXOAUT BEKTOPHOE
npou3BefeHne ero Ha pagmnyc-BeKTop BpalleHus. Ecnam mbl B Teopmn dMHLWTENHA-
KapTaHa cTArMBaem 3TOT pagMyc B TOYKY, TO MOJlydaemM HYNEeBOM MOMEHT
MMMYNbCa U HYNEeBOM CNUH: B @HHOM TEOPUM YACTULLA CO CMMHOM HE MOXKET ObITb
MONOCOM MEPBOro MOPAAKA, Kak MaTepuanbHas TOYKA C €€ rpaBUTALMOHHbIM
noTeHUManom (KCTaTW, MOHATME PACCTOAHMA TOYHO OnpeneneHo TONbKO ANA
HY/IbMEPHOWN OKPYMKHOCTM — ANA Napbl TOYEK KaK rpaHuL, OAHOMEPHOro AMCKa,
oTpe3Ka). Ho yacTuuybl CO CNMHOM CyLLECTBYHOT. ITO O3Ha4yaeT, 4To ANA MX
ecTeCTBEHHOro  onucaHua  Tpebyetca  nepexos OT  obwen  Teopumu
OTHOCUTENIbHOCTM DIUHIITENHA K Teopun DHWTEMNHa-KapTaHa ¢ gobaBneHnem K



10-Tm  ypaBHeHMAM DUHWTENWHA 6-TM  AOMOJHMUTENIbHbIX  YPaBHEHUM C
HECUMMETPUYHBbIM  TEH30POM  SHEPrUU-UMMNYNbCA,  BKAKOYAKOWMM  CMAUH
UCTOYHUKOB.

Kak nuwet XK. Yunep [4], «06beKT, ABNAIOWMNCA LEHTPANbHbIM BO BCEM
KNacCMYecKon obuieit TeopuUM OTHOCUTENBHOCTU, - YETbIPEXMEPHan reomeTpus
NPOCTPAHCTBA-BPEMEHU — MPOCTO He CyLWEecTBYeT, €CAM BbIMTU 33 pPamMKu
KNaCCMYECKOro NPUBAMIKEHUA. ITU PaCCyKAEHUA NOKA3bIBAOT, YTO KOHUENUUM
NPOCTPAHCTBA-BPEMEHU U BPEMEHWU He ABAAKOTCA NEPBUYHLIMU MOHATUAMMK B
CTPYKTYype PpM3MYecKon Teopmn... HeT NpocTpaHCTBa-BPEMEHU, HET BPEMEHMU, HET
HMYEro A0, HET HMYero nocne. Bonpoc 4To CAy4YUTCA «B CAeAYHOLWNA MOMEHTY,
NINWEH cMbIcNa». 3aMeTMM, YTO AaKe KBAaHTOBAas /NIorMKa (a BeAb Mbl XUBEM B
KBAHTOBOM MMpPE, 4YacTbldO KOTOPOro ABJAETCA MUP KNACCUYECKUM KaK €ero
npubankéHHaa obpaleHnem napameTpos gepopmaunmn TEOPUN B HY/b KapTUHA)
OT/IM4HA OT NPUBbLIYHOM BCEM apUCTOTEIEBOM BYyNeBOM IOTUKW.

[JencTtButenbHO, BO3bMEM TPU NOFMYECKME MNepeMeHHble AN ONuUCaHuA
OAHOMEPHOrO [ABUMKEHMA CBODOOAHOWM KBAHTOBOWM 4YacTMUbl, 3aHMMAlOLWEN B
MMNYNbCHOM NpeacTaBAeHUM OecKOHeYHyo npamyo AuMHUI0O: A («4acTuua
ABWXKETCA c/ieBa HanpaBo»), B («4acTMua nokannsoBaHa Ha MHTepBane (-1, +1)»),
n C («4actnua nokanmsoBaHa BHe MHTepBana (-1,+1)»). Onepauymeit yMmHOXKeHUA
CYNTAEM KOHDBIOHKLUMIO «M», ONepaLMen COXKEHMA — ANU3BIOHKLMIO «uam». Torpa
B+C o3HayaeT noKanM3aumio 4acTuubl Ha BCEM NPAMOMN C PYHKLUMEN UCTUHHOCTY,
paBHOM 1, HO GYHKUMA UCTUHHOCTU ONA NIOTMYECKUX nepemeHHbix B, C pasHa O.
Echn KBaHTOBas norvka guctpmbytmsHa, To A(B+C)=AB+AC. Ho noactaHoBKa
OYHKLUMMA UCTUHHOCTU npuBoaMT K npoTtusopeunto: 1=0+0=0. To ecTb «4acTuua
ABWMXKETCA CNeBa HanpaBo M I0KA/IM30BaHA Ha BCEN NPAMOM» He TO e CamMoe, YTo
«4acTMUa ABUXKETCA CneBa HanpaBO M /I0OKanM3oBaHa Ha WHTepsane (-1,+1) unum
ABU)KETCS C/fieBa HanpaBO W /OKanM3oBaHa BHe WHTepBana  (-1,+1)». Ha
MaKpPOYPOBHE MOXHO NOACHUTb CUTYyauMO Npumepom GmU3nKa U cneymanmcta no
KBaHTOBOW nornke AHgpea AHatonbesunya pmnba (4acTHoe cooblieHme): B o4HOM
ropoae (Apyrux ropoaoBs HeT) No ycioBUAM 3a4a4m ase baHapl (apyrnx 6aHa HeT)
M oauMH 6aHK. BbaHK oKasanca orpabneHHbiIm oaHon 6aHpon. Torga npwu
NCMNONb30BAHMN HEAUCTPUOYTUBHOM NIOTMKK M3 TOoro ¢paKTa, YTo nepsas baHaa He
rpabuna 6aHKa, Henb3s 3aKA4YUTb, 4YTO rpabuna BTOpaa HaHaa. o 3aKOHY
ApUcToTensa UCKAYEHHOTO TPETbEro Kpome BTOpoM BaHAbl orpabutb 6aHK 6bino



Hekomy. Koraa mbl roBOpUM B pamMKax KBaHTOBOM MeXaHUKU O Aya/In3Me BOJIHa-
yactmua, cneayetr NOMHUTb, YTo (1) Ayanusm nornyeckm HecoctoaTeneH (Beap
€CIN ABa Pa3/INYHbIX abCONIOTHbLIX Hayana AyaNbHOW JIOTUMKM KaK-TO Apyr C
[PYrom COOTHOCATCA, TO 3TWU Hadyana npeanonaraloT obuiee NPOCTPAHCTBO WX
BCTPEYM U CPABHEHMA UM [arXKe B3aMMOAENCTBUSA, TO €CTb OHWU HEe abCOIOTHbI, HO
OTHOCUTENbHbI) M YTO (2) YacTMua — 3TO BOObOLWE He «BOJIHA AWM YacTULA» UK
«BOJIHA W YacTUUa», HO HEYTO TpeTbe, He MnoABNAACTHOE AUCTPUOYTUBHOM
dopmanbHOM norvke. AHanornyHo (Mo paccy*kaeHuto IpHcta Maxa) moseKkyna
BOAbl — 3TO HE BOAOPOA M KUCNOPOA: NocneaHUe Noayvyaem, Koraa Boapl e Her,
Korga Boda pasfnaraeTcs U nepecTtaéT b6biTb BOAOM - Lenoe HECBOAMMO K CBOMM
Yyactam. Hanpumep, BCe 4acTu }KMBOFO Tena — 3TO NPOCTO YacTu eANHOro MO3ra, a,
CKaXkem, obpeTalolme CMbICA Kak B3ATble MO OTAE/NIbHOCTU KOHEYHOCTM
MMEITCA TONIbKO Ha ONepaLMoOHHOM CTo/le Uy Tpyna. BoT n Bpems, NpoCcTpaHCTBo,
Mmacca, CNuH, rpasmTauma (BHe moaenu eamMHoro GU3MYEcKoro B3aMmoaencTaus)
camu no cebe He MMEeIOT LLEeNOCTHOro CMbIcNa. Pazsumue pu3uku ecms paszsumue
eé eOUHO20 CMbIC/108020 CMEPH(HA.

2. paHuLbl 06LEN TEOPUUN OTHOCUTENBHOCTHU

O6wwan Teopma OTHOCUTENIBHOCTU NPEBPATMUIA FTEOMETPUIO MUPA COObLITUI B
ANHAMUYECKUI NnapameTp Teopun, B reomeTpoamHamuky. E€ apeHoi saBnaetcs
CynepnpocTpaHCTBO  Yunepa AUMHAMUYECKM UBMEHAKLWMXCA  TPEXMEPHbIX
reomeTpuit [5]. [nagkyto 3-reomeTpuio MOXHO anMnpPOKCMMUPOBATbL CKENETHOM
3-reomeTpuen, NOCTPOEHHOM M3 TeTPasApPOoB, HABOP KOTOPbIX MOXKeET bbITb 3a4aH
TOYKOM B MPOCTPAHCTBE, PAa3MepPHOCTb KOTOPOro paBHO uucny pébep (Mx Tem
b6onblle, YeM TOYHee annpoKcMmauua) Bcex TeTpasapoB. Ecam 3-reomeTpwms
OTBEYAeT MIHOBEHHOMY COCTOAHUIO MeTaranakTuKmM, To e€ 3BONUNSA MeHseT
ONVHbl  pébep, W YypaBHEHMS DUHLWITEMHA OMWUCLIBAIOT reoAe3nYecKkyo B
cynepnpocTpaHcTBe. B KBaHTOBOM reomeTpoaMHaMMKe OHA Pa3MbITa KBAHTOBbLIMM
bnyKkTyaumsamm B macwTabax NAaHKOBCKOWM A/MHbLL. B cuny  npuHumna
HeonpeaenéHHoCTen, TOYHO 3a4aB 3-reoOMeTpuo B O4UH MOMEHT BPEMEHU, Mbl
HUYEro He MOMKEM CKasaTb O CKOPOCTU e€ M3MEHEeHWUs B APYro MOMEHT, O
NnoseBOM reoMeTpoANHAMUYECKOM MMMYAbCE, TO €CTb HE MOXKemM onpeaenuTb
BHELUHIO KPWMBU3HY, 3a4aTb AaHHble Kowwu B BMAEe OYHKUMIM U MX POCTKOB Ha
HayanbHOM runepnoBepxHoctM Kowwn. HeBO3MOXHOCTb NpUAATb pPa3yMHbIM
CMbICT  «AETEPMWHMPOBAHHOM  KNACCUYECKOM  WUCTOPUM  MPOCTPAHCTBA,
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3BO/IIOLUMOHMPYIOLLLETO BO  BPEMEHW», TOBOPUT Yunep, O03Ha4yaeT, uTo
NpPOCMPAHCMBO-8pPEMA  HEBO3MOXKHO  NpedcKasbieams,  €1e008aMesbHO,
MpPOCMPAHCMBO-8pPEMSA HE UMeem CMbICAQ. Ho, 3agaB npocTpaHCTBO-BpeMms,
MOXHO MNOCTPOUTb JIUCT WCTOPUKN, MEepPeceKalowmn cynepnpocTpaHcTso. U
HaobopOoT, 3a4aB NNCT UCTOPUU, MOXKHO C TOYHOCTbIO A0 KBAHTOBbIX GAYKTyaLMi
BOCCTaHOBUTb NPOCTPAHCTBO-BPEMS.

MaTemaTM4YeCcKM NOHATUE MNPAMON WAM TOYKM 3SKBUBANIEHTHO MOHATUIO
ny4yka NAOCKOCTEN, MHUMAEHTHbIX, COOTBETCTBEHHO, AAaHHOM NPAMOM UM TOYKE.
TOYHO TaK e MNoHATME COObITUA IKBMBANEHTHO MOHATMIO MyYyKa WMHLWUOEHTHbIX
emy 3-reomeTpuit. 3aecb MNOHATME COObLITUA MOXMHO CYMTATb BTOPWUYHBLIM, a
NOHATME 3-reomMeTpuM — NepBUYHbIM. PasMepHOCTb WM CUrHATypa Kaxaom 3-
reomeTpum (3-nOBEPXHOCTU, 33aZaHHOM C TOYHOCTbD [0 KOOPAMHATHbIX
anddpeomopduramoB) pasHa TPEM: (+++). Mbl BUAUM, YTO KBAHTOBAA Pa3MeEPHOCTb
MWpa paBHa TPEM, a BpemMa — 3TO C/IOBHO HOMEpa CMEeHAKLWMX Apyr gpyra
CTAaTUYHbIX TPEXMEPHbIX KagpoB (B KAaKOM-TO CMbIC/IE MUP MOMKHO CYMTaTb
NepeBO3HMKAOWMM C  MNNAHKOBCKOW  YacTOTOM, 4YTO MepeK/JnKaeTca ¢
KOCMUYECKMMU PUTMAMKU  APEBHEUHAUNCKUX MUGOB U C €XeMrHOBEHHbIM
nepecosgaHnem mupa TBOpPLOM B cpeaHeBEKOBOM cypuiickon punocodun).

CBegeHne Yunepom MaKPOCKOMUYECKOM YETbIPEXMEPHOCTM MUpa C
JIOPEHUEBOM CUrHATypor (—+-++) K €ero KBAHTOBOM TPEXMEPHOCTM  Obino
cepb€3HbiM Warom Bnepéa. Ho HeaoCTaToK ero - B HapylweHWW paBHOMpaBuA
KOOPAMHATHONO W MMMYAbCHOrO 6a3ncoB runbbepToBa NpPOCTPAHCTBA. Mbl
BOCCTAHOBM/IN 3TO paBHOMpaBMe pacc/ioeHMem nosepxHoctM Kowun Ha
ABYXMeEpPHble NAEHKU. Torga mMbl MOXKEM NPOCAeAUTb 3BOJIIOLUIO BO BPEMEHMU
OAHOM NNEHKWU, 3aMEeTatoLLEN TMNEPNOBEPXHOCTb C CUTHATYPOMU METPUKU (—++),
LLeHOM yTpaTbl OAHOW NPOCTPAHCTBEHHOM KOOPAMHATLI, HYMepYoLWeN NAEHKN. U3
KOMBMHaUMKM (Cymmbl M pasHOCTM npu c=1) ABYyX pPaBHbIX COOTBETCTBYHOLLUM
MHTEpPBasNaM KOOPAWHAT, HYMEepPYILWMX MAEHKM U MOMEHTbl BPEMEHU, MOXKHO
NMONYYUTb ABa CBETOBbIX BPEMEHMW, HE CYLLECTBYHLMNX OAHOBPEMEHHO B CUANY
npuvHUMNa HeonpeaenéHHocten. Ho npM OogHOM CBETOBOM BPEMEHM MOXKHO
NOCTaBUTb MHOMUTE/Ib, MEHAIOLWMNA 3HAK, CKaXKem, C MNAaHKOBCKOM YacTOTOMN.
Toraa MOMHO CYMTATb pPeanU3ylLWeNca TONbKO GAYKTYUPYIOLWY CyMMY
YKa3aHHbIX CBETOBbIX BPEMEH. B ntore nosnyyaem curHatypy (¥++). TakoBa Hawa

runote3a (GAYKTYUPYIOLWEN CUFHATYpPbl KBAHTOBOrO MPOCTPAHCTBA-BpemMeHu [6].
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Echm  cunMTaTb HEKOMMYTUPYIOLWMMM  OCTalibHble AB€ NPOCTPAHCTBEHHbIE
KOOPAMHATbI, CKOMOMHMPOBaHHbIE B ABE€ KOMMIEKCHO COMpPAXEHHble CBETOBble
KOOPAMHATbI, TO KBAHTOBYK Pa3MepPHOCTb MMUPA MOXKHO MOHU3UTb C YeTbIPEX
eamHuLY Ao AByX. Teopua GpaKkTanoB roBOpUT, Kak GAYKTyMpyloLee Manomepue
MOXKET poXAaTb MHOromepue (cKaxkem, ogHOMepHas Kpueaa [leaHo MoKeT
3aNONHUTb KBaAapaT U Kyb noboii pasmepHOCTU), KaK rpaHMLUa@ MOXKET Kak Obl
npeBpawaTbca B TeppuToputo. Hanpumep, MOMKHO cyMTaTb, YTO BO ¢bopaax
TeopeTMyeckm Boobparkaemolt Hopsernmu Bclogy pPALOM CKalbl U MOpe, He
CMelunBaemMmble Apyr ¢ Apyrom. AHanormyHoim 06pasom  KOMOBMHauum
HanpaBAeHWUIM, MAYLWNX BAO/Ib CBETOBOIO KOHYCa, CAYXALLEero rpaHuLen mexay
BPEMEHHbIMM WM MNPOCTPAHCTBEHHbIMWU 1-HAaNpPaBAEHUAMMU, MOTYT C MOMOLLbIO
bNYKTYMpytoLero KOMOMHMPOBAHMA 3aMNOIHUTL BCHO TEPPUTOPUIO NMPOCTPAHCTBA U
BPEMEHM.

HoBaa ¢u3mka obbIMHO NPUXOAUT C HOBbIMWU OrpaHUYeHUAMU. B Teopuu
OTHOCUTENbHOCTU (IMHWTENH cymTan 6Gonee nNpaBuIbHbIM HasbiBaTb €€
Invariantentheorie, Teopueit MHBApPWAHTHON 4-reOMeTPMM MUPA) CKOPOCTb
pacnpocTpaHeHMa Bcex GU3NYECKMX B3aMMOLEWNCTBMW OrpaHMYEeHa CKOPOCTbIO
cBeTa (M MO3TOMY, CKaKem, NpoAo/ibHOE CMelleHWe OAHOro KOoHUa ECTKOro
CTEP)KHA He Cpa3y Bbi3blBAET CMELLEHME MPOTUBOMOJIONKHOIO ero KOHUa, TaK 4To
abCoNIOTHO KECTKME Tena HeBO3MOMHbl). HO CKOpPOCTb M3MEHEeHUA PaCcCTOAHWUM
MOXKeT 6bITb Ntoboi. Hanpumep, Npu 3a’KMUraHUMU CNUYKM CKOPOCTb YBEINYEHUA
pPacCcToAHMA MexKay npaBbiM U neBbiM GOTOHAMM B CUCTEME OTCYETA CMUYKM
paBHa 2C, @ CKOPOCTb pasberaHma 6AM3KUX reoge3nyeckux B mmpe age Cutrepa
NOCTOAHHOM KPMBU3HbI HEOTPAHMYEHHO PACTET CO BPEMEHEM, AOCTUIAA CKOPOCTU
CBeTa Ha ropusoHTe (y Karkgoro HabntogaTena 3TOT FOPU3OHT CBOWM), paanyc
KPMBU3HbI KOTOPOro pPaBeH paguycy KpuBWM3HbI Mupa ae Cuttepa. B puuuwm-
naockom mupe LBapuwunnbga CKOPOCTb YBENMYEHMA PACCTOAHUA MeXAy
BHEWHMM Habnatogatenem n Habawaatenem, KONNANCUPYHOLWMM B YEPHYHO AblpY,
AOCTUraeT CKOPOCTUM CBeTa Ha Tropu3oHTe (nNpuM 3TOM BHeWwHsAAa HebecHas
nonychepa p[NA HEro CX10MNbIBAeTCA B aHTMANEKC €ero ABMXEeHUA C
HEOrpaHMYEHHbIM KPACHbIM CMeLWEeHNeEM, TO eCTb PaAcTBOPAETCS, UCYe3aeT) U
CTAaHOBUTCA fganee CBEPXCBETOBOM, TaK UYTO CUrHaTypa ero CUCTEMbl OTCYETa
(—=+++) = (+—++). Echm oaMH YneH poanBLUENCA Napbl BUPTYaNbHbIX YacTUL, ynan
noA, ropu3oHT, @ APYron yneten HapyKy (XOKMHIFOBCKOE UCMapeHUEe YEPHbIX Ablp),

TO ANA HAPYXHOro U BHYTPEHHero Habnoaatenein pasHble YyacTuubl napbl byayT
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CYUMTATbCA pPeaNibHbIMM W, COOTBETCTBEHHO, BMPTya/ibHbIMU. Kak M3BECTHO,
MWPOBbIE IMHUMU BUPTYasbHbIX YacTUL, MOTYT MMeTb Ntoby curHatypy. ITo
rOBOPMUT O BaXKHOW POAN BUPTYaNbHOW PeanbHOCTU HE TONIbKO B COLMYME, HO U B
OCTanbHOM npupoae. B 3Tom, B 4YaCTHOCTM, BUAMM PasInyMe MNPOLIAOro W
6yaylwero: CUMMETPUA BO3MOMKHOCTEM peanus3aumm Kakoro-to BapuaHTa B
CUTYaLUMU KUAU-UANY» (JaXKe BbiNageHMA KaKON-TO CTOPOHbI MOHETbI) coYeTaeTcs C
acMmmeTpuen camoro ¢paKkTta peanmsaumm TONbKO OQHOro BapuaHTa.

3. NepBUYHOCTb CBETOBbIX 06pa30B B KBAHTOBOU pU3UKe

MepBUYHBIMM 06pPa3zaMm KBAHTOBOM TEOPUW OTHOCUTENIBHOCTU SABASIOTCS
o06pa3bl ceBeToBble. COBCTBEHHbIM 3HAYE€HMEM KBAHTOBOrO OMepaTopa CKOPOCTU
ABNSETCA TONbKO MNJIIOC-MUHYC CKOPOCTb CBeTa. Bce 3nemeHTapHble 4acTuubl
(CKaxkem, 31eKTpPOH) porkaatoTca 6e3maccoBbiMmu (3TOT 3BGeMM3M O3Hayaer
HeHyNeBON 4-MMNyNbC HyneBol 4-gNuvHbI, TAe HeHyneBble mMacca M 3-UMMNy/bC
APYr Apyra KOMMNEHCUPYIOT B paMKax eaAuHoW 4-reomeTpun, cnpaBeanmBoi Tam,
roe cnpasegvMBa Knaccuyeckan oblias Teopma oTHOCUTENIbHOCTHM). HenpepbiBHOE
B3aMMOAENCTBME INEKTPOHA ¢ 6HO30HOM XMUITCa CMCTEMATUYECKU MEHsieT ero 3-
MMMY/bC Ha NPOTMBOMOJ/IONKHbLIN, U NOMaHas MWUPOBAA HY/NEBOW AJIMHbI JINHUS
9NEKTPOHa B 3ur-3ar npeacrasneHmm [7] Aaét B cpeHEM KBAaHTOBO Pa3MbITYiO
JIMHUIO BPEMEHM YacTULbl C MacColi MOKOA, paBHOW BPEMEHHOW KOMMOHEHTe 4-
MMMyNbCa HYNeBOW [A/WMHbI (B NCEBAOEBKAMAOBOMW TreOMETpUM KBaapaT
rMNOTEHY3bl pPaBeH pPasHOCTM KBaApaTOB KOMMNEHCUpPYHOLWMUX Apyr Apyra
BPEMEHHOI0 M NPOCTPAHCTBEHHOIO KaTETOB — MHAYe BPEMA He OT/INYaNoch bbl OT
NPOCTPAHCTBA).

Obuwan TeopmAa OTHOCUTENBbHOCTM €CTb XPOHOreoMeTpua, U AIMHA NUHUK
BPEMEHW KaXXaoro Habntogatena 3agaétcA No onpeneneHno NOKas3aHUAMU ero
CTaHOAPTHbIX YacoB: 34€eCb MOKA3aHWA peanbHOro npubopa coeamHAOTCA C
TEOPETUYECKMM TFEeOMETPUYECKMM MOHATUEM A/MHbI AYTM MUPOBOM NMHWUKU (a
JIOKa/ZIbHOEe NPOCTPAHCTBO KaK OPTOrOHasibHaA NIMHUM BpeMeHU TMNepnaoCcKOCTb
HabupaeTcs M3 OQHOBPEMEHHbIX ANs AAHHOro Habaaatena cobbituin). Bpems
BOOOpaXKaemoro cBeToBOro Habagatena paBHO Hy/tO, TaK YTO ero nyTewecTeme
OT 3emManM [0 KBasapa Ha pacctoaHne 10 munanaphoB CBETOBbIX JleT W
BO3BpalleHMe (Ha noctapeswy Ha 20 munnmnapaos net 3emar) NPOUCXOAnT
MrHOBeHHO. Ho npeopgoneHne HyneBoro pacctoaHMA (B CBETOBOM CUCTEME

OTCYETA) 3a Hy/NeBOe BpemMs Heb3A CYMTaTb ABUMKEHMEM — 3TO WUCXOAHOEe
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cBeToBOe cocCToAHMe. [pM 3TOM paccToAHMEe A0 KBa3apoB Bnepean M nosaau
PaBHO HY/NIO — BeAb CKOPOCTb CBETOBOro Habnoaatena BXOAUT B BbIPOMXKAEHHOE
NnopeHueBo nNpeobpasoBaHMe UHTEPBANOB BPEMEHU M NPOCTPAHCTBA B KBaapaTe.
MepegHAs ¥  3agHAs  HebecHble noaychepbl, cTArMBalolIMeca  U3-3a
PenAaTUBUCTCKOM abeppaumm cBeTa B afMekc W aHTUAMeKC [ABUXKEHUS
HabnoaaTensa, OTINYAKOTCA, COOTBETCTBEHHO, HEOrpaHUMYeHHbIM KPacHbIM W
ronybbim AONNEPOBbIM CMELLEHMEM, U MPU NOBOPOTE Ha3ag, CYLLECTBYHOLWMUI U
MCUYE3HYBLUNI NONIYMUPbI CBETOBOTO HabaoaaTensa MeHATCA MecTaMu.

Mbl BMAMM, YTO NEPBUYHOCTb CBETOBbIX 0OPA30B BAEYET BTOPUYHOCTb
NMOHATUMA ABWMMKEHMA, MacCbl MOKOA, CKOPOCTU (M ycKOopeHwusa), nokoAa (3To
Cynepno3numa CBETOBbIX COCTOAHWM, «ABMMEHMUIA», «CTOAYaA BOJIHA»): B
PenATUBUCTCKOM KBaHTOBOM  ¢GyHOAMEHTE MUpa HeT [ABUMKEHUA, CKOPOCTH,
YCKOpEeHMA, Maccbl Mokoa no HblTOHY (KonuMyecTBa BelecTBa), HET CaMoW
6yneBon NIOMMKM MaKpoMMpa. CerogHA obobuaeTca TaKKe camMo MNOHATME
TOYEYHOro Ccob6bITUA, MMUPOBOM TOYKM - A0 MNOHATMA OpaHbl NPOU3BO/ILHOWM
pasmepHocTu: 0 (TouKa), 1 (nMHKA, cTpyHa), 2 (NNEHKa, MMPOBOM NUCT CTPYHbI), 3
(3-reomeTpusa) M Tak panee. TouyKa 6eccTpyKTypHa M HedusmyHa (B Pusuke
roBOpAT 0 $pMn3nyeckn beckoHeYHO Mmanom obbEme Kak o NpubanxKeHHom obpase
PeanbHOCTM), U HUKAKOM Habop TOYEK HE MOXKET CAaMOOPraHM30BaTbCA B KaKylo-
nmbo ¢umsnyeckyto CTpykTypy (y MNnatoHa opraHusyowmm Havyanom ctana Naes, y
lepaknuta Jloroc, y Apuctotena Ym-Hyc, y cyomeB Teopeu, a [emoKpuT 6bin
BbIHY)KAEH NPUNUCBIBAaTb aTOMam pas/iMyHble ¢opmbl; KoHuenums CnunHO3bI,
NMOHMMaAtOLWEro cybCcTaHUMIO KaK NpUUYMHY camoli cebs, sanumunHupyeT TBopua m
BOCMPUHATA CUHepreTukoi). CeroaHs CUHepreTMka TpPaKTyeT MUpP  Kak
CaMOOPraHM3YLWNINCA ANHAMUYECKUIA XaoC, MMe WU ¢asbl XxaoTusaumm (B Tom
yncne wn y coumyma) u  ¢dasbl CNAETEHMA 3IBOMOLUA BO BPEMEHHO
CaMOPOKYCUPYIOWMNCA eAUHBIA KIYT MNPUYUHHOCTU, POXKAAOLWMUIA UANO3ULO
netepmnHmama Jlannaca (1749-1827) n naeto abcontotHoM npegonpeneEHHOCTH
KanbBuHa (1509-1564) (6budypkaummn npesBpalatoT MUP B OKeaH BETBALLUXCS
BO3MOMHOCTEM, Aenas BO3MOMHbIMM MOHATMA UenenonaraHua, csoboabl U
OTBETCTBEHHOCTM W npeBpalwas BceneHHyio U  BClO AYXOBHYHO UCTOPUIO
yesoBeyecTBa Kak OAHOM M3 e€ HOoOChEpPHbIX YacTer B eAWHbIN BeTBALMICA
MPOLECC - C KAYECTBEHHO Pa3/INYHbIMM 3aKOHOMEPHOCTAMMW Pa3/INYHbIX YPOBHEMN
YNeHEHUA eAUHON CTPYKTYPUPYIOLLLENCA peasibHOCTH).



4. HeobxogumocTb nepexoaa oT METPUKU K TeTpaje

Mepexoa OT MMpPa Kak CYMMbl NPOCTPAHCTBA M BPEMEHU K MUPY CODbITUI
MOXHO cuuTaTb nepexogom K 4+0 ero pacwenneHunto Ha O-mepHble TOYKM, a
nepexop K TeTpagam (B TOM 4YMc/ie CBETOBbIM, KOMMJIEKCHbIM) — KaK nepexos, K
1+1+1+1 pacwenneHuto. TeTpagy (16 GYHKUMI) MOXKHO CUMTATb KBAZAPATHbIM
KOpHemM 13 meTpukmn (10 pyHKUmMin). MU3BnevyeHne KBaApPaTHOrO KOpHA AAET HOBblE
napameTtpbl. Hanpumep, HWUNBLNOTEHTHblE MATPULblI ABNAKOTCA HEHYNEeBbIMU
KOPHAMMW HYNEBOM MATPULbl - UMEHHO HEOBXOAMMOCTb U3BNEYEHUA HEHY/IEBOIO
KBaApaTHOrO KOPHA M3 HyNA CTasio MCUXONOTMMYECKUM 3aTpyaHeHuem [N
BBEAEHUA TPACCMAHOBbLIX NEPEMEHHbIX, AONOMHAWMX anrebpy KOMMyTaTopoB
aHTMKOMMyTaTopamu. OAHOMHAOEKCHbIA  CNMHOP, OTBEYalWMA CBETOBOMY
BEKTOpPY B €ro CNMHOPHOM NpeACTaBA€HUN, MOXKHO CYUTATb KOPHEM KBaLpaTHbIM
N3 BEKTOpa, MMetowero AByXMHAEKCHoe CNUHOpHOe npeacTaBieHne. YpaBHeHuA
Ounpaka c¢ onepatopom [lMpaka nepBoro nopagKka ABMAKOTCA CBOero poaa
KBagpaTHbIM KOpHeM M3 ypaBHeHWM KnenHa-lTopaoHa-®oKa BTOpOro nopaaka.
Mpn 3TOM BO3HMKAKOT YacTUubl NOAyuenoro cnuHa. CnuMHoBaa CBA3HOCTb [8]
TpebyeT nepexoga OT MeTPUKM K TeTpage. Mbl  Bblle TOBOPUAN O
HeAO0CTAaTOMHOCTU  AUCTPUOYTUBHOM NIOTUKM  ONA  KBAHTOBOM MEXaHWUKU U
HEeCOCTOATENbHOCTU Ayanu3ma. HO M YMCTbI MOHM3M HECOCTOATE/IEH — OH He
AONOJIHAET eAWHCTBA CYWHOCTM pasnnynem, He coeauHAeT EgmHoe u WHoe,
MHoroe (nepexof, OT OAHOrO MHOrO K Apyromy uMHomy). Y lerens ToxKAecTso
OT/IMYHO OT Pa3NMuMA U TEM NpeanonaraeT, AMaNneKTUYEeCKN BKAOYaeT B ceba m
pa3nnyme. He cnyyanHo y MNnatoHa EgnHoe Heno3HaBaemo B €ro eguHCTBeE —
eAnHoe Bcerga ecTb efiMHOe MHOroro, a MHOroe MbICAUTCA TONIbKO B €ro
eguMHcTBe (He cnyyallHO 4YenoBeK BUAUT MUP U MbICAUT €ro B TepMMHax
UH8apuUAHMOos, onpegenaembix 4Yepe3 BapUaHTbl U WX AWANEKTUYECKoe
oTpULaHWEe, 4Yepe3 U3BAEYEHUE HEMOABUKHO-CAMOTOXAECTBEHHON CYLLHOCTH
MWPOBOro MHOroobpasua). CBoero posia «M3BJieYEHME KBAAPATHOrO KOPHS» U3
MOHM3MA [AET MPOMOMOHU3M: CYWHOCTU He YMHOXAIOTCA, KaK B Ayannsme u
NAOpann3Me, HO NepexoanT K npeacywHoctaMm. [MpoTomoHmsam (dunocodckan
no3vMuma aBTopa [MOaHHOW CcTaTbM) MO3BONAET MNOHUMATb €AMHCTBO KakK
0syeduHcmso. Ecnn, ckarkem, NOHMMATb YMC/O KAk onepatop («ABa» O3Ha4vaeT
«yABOM», KMHUMAA eauHULA» - «NpUgan eguHULLE HanpaBAeHUE U NOBEPHU eé
Ha NPAMOWN yroa» W TakK Aanee), TO «KMHMMaA» eAuHUUA npuobpeTtaeTr bonee
rnyboKUin peanbHbli CMbIC/, YeM NPOCTO eAMHMLA: €€ KpaTHOe AeNCTBME Ha cebsn
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poXAaeT 3HaK MMHYC M 06blyHyto eamHuyy. 0606WeHMem yucna sBnaeTca
MaTpuua, CoegmHAWAA egNuHOe N MHOroe: KOMMJIEKCHOE YMCA0 IKBMBANEHTHO
nape AenCTBUTENbHbIX YNCEJI, KBATEPHMOH — Nape KOMMAEKCHbIX YNCEN, §-YMUCNIO
KBAHTOBOWM MEXaHMKH 3KBMBANIEHTHO 6eCcKoOHEeYHOMEpPHOM maTpuue,
ONUCbIBAKOLWEN 3BONOLNIO PU3NYECKOM CUCTEMbI KaK BeKTopa runbbepTtosa
NPOCTPAHCTBA (3aZaHMe HenpepbiBHOW PYyHKUMM onpenenseTca nepeymcieHmem
€€ 3HaYeHUM B CYETHOM MHOXKECTBe 3Ha4YeHWM aprymeHTa, TO €CTb
H6eckoHe4YHoMepHbIM BeKTOpom). HanomHum, uto y MNudaropa, gna KOTOporo mup
ecmo 4Yucsio U 2apMOHUA, eAuHULA He bblna ynucnom, a bbina Bceraa YnMcaom
MMEHOBAHHbIM, TON UAU UHOM KOHKPETHOW peanbHOCTbIO (B OTAMYME OT NepBoOW
aKCMOMbI HATypasbHbIX YMcen: 1 ecmo HAMypPAnAbHOE YUCAO), K KOTOPOI Apyrue
yncna npuobLanmce Yepes X COOTHOLIEHME C eAUHULIEN.

IBPUCTUYECKN «KBaZAPATHbINA KOPEHb» U3 4-reoMeTPUn MUpa ecTb ero 2+2
pacwenneHne, a «KBaApaTHbIA KOPEHbY» U3 2-rTeoMeTpuit AaéTt TeTpaay. Bbibop
TeTpaapl ecTb BbIOOP BaKyyma, He GUKCUPYEMbIA MeTPUKON. Hanpumep, nepexos,
OT NNOCKOM MEeTPUKM MMUHKOBCKOTrO K MNAOCKOM MeTpuKke PuHpnepa peanbHoO
O3Ha4YaeT NpuaaHne YCKOPEHUM KOHTUHYYMY Habatogatenen. 3To Bo3byxaaeT mx
AATYMKN  YCKOpPEeHWUN. Penakcaumsa [aTYMKOB BbI3biBAET M3J/lyYEHWE YaACTUL,
PuHanepa B HanNpaBNeHUM ABMKEHMA C MNOABJMEHMEM peakumm oTgaun. Ho
noagepraHne MnOCTOAHHOIO YCKOpeHuA TpebyeT 3aTpaT MacCCbl-3HEpPrun,
U3MEHAIOLWMX IHEPreTMKy mupa. B cuny npuHumMna IDUHWTENHA /NOKANbHOM
3KBMBANEHTHOCTM [PaBUTALMN U MHEPLMU Mbl MOXKEM CYMTATb, YTO B MMUpe
PuHanepa HeT YCKOPEHWW, HO ecCTb rpaBuUTaLMOHHOe none (a HabnatogaTtenu
npekHero mmpa MUHKOBCKOro cBo60AHO B 3TOM nose nagatoT). MAoTHOCTb
rPaBMTALMOHHOIO MOAA pPaBHAa CO 3HAKOM MMHYC KBaApaTy YCKOpeHus
cBOOOAHOrO NageHuA, LOEeNEHHOMY Ha KOHCTaHTy TAroteHMs HblOTOHa C
MHOXUTenem 8z. Bakyym PuHanepa otanMyeH oOT Bakyyma MUWHKOBCKOro
npeobpasoBaHnamu borontobosa. WMmeetcA OECKOHEYHO MHOFO  MJIOCKUX
BaKyymoB, GOHOBbIX BakyymoB MupoB ge Cuttepa, LLBapuwunnbaa n Tak ganee.
OHM pasnnyatoTca U BUAOM METPUKM, rAe Karkablh KOOpPAUHATHbIN 6a3uc 3a8aéT
CBOKO He OPTOHOPMWPOBAHHYKD CUCTEMYy OTCYéTa. [leno B TOM, 4YTO Karkpas
Teopua wMmMeeT AeN0 C WHBApPMaAHTaMW AaHHOM Teopuu. B obuwein Teopum
OTHOCUTENIbHOCTU TAaKUMW WMHBapPUAHTAMWU ABAAIOTCA reoMeTpuyeckne ob6beKTbl,
nossondAlWwMe nNo Habopy onpegenamwmx umcen M GyHKUMAM nepexoga oOT

OAHOW NOKaNbHOW KapTbl MOKPbIBalOWEro AaHHOe MHoroobpasue artnaca K
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APYroi NOKaNbHOM KapTe NOAYy4YUTb NOHbIA HOBbIA Habop onpegensaowmx Ymcen
(cKaxkem, oTAeNbHAA KOMMOHEHTA HETPUBMAIbHOrO BEKTOpPa WM TEH30pa — He
reomeTpuyeckuii 06beKT). NoaTomy BCce NNOCKME METPUKU 3KBUBAIEHTHbI, HO He
3KBMBANEHTHbl  BaKyyMbl, 3agaBaemble  TeTpagHbIMW  MOAAMM  KakK
AONONIHUTENIbHBIMU MHBAPUAHTHBIMU CTPYKTYPaMM Ha MHoroobpasum. KoHeuyHo,
€CIN Y METPUKU BBIKAKYUTL OAMH MHAEKC, OHa W3 TeH30pa NpPeBpPaTUTCA B
yeTBEpKY 1-popm, a ecnn BbIKAOYUTL ABA MHAEKCA — B AECATKY CKaNAPHbIX
nonen. TeTpaga MOXKET UrpaTb POJb JIOKANbHbIX KOOPAWMHAT (CBOMX B KaXKAoM
TOYKEe: OPTOroHaNbHble BEKTOPHbIM JIMHUAM NAOWAAKM He MMelT, Boobuie
roBopsa, ornbarolien rnunepnoBepxHOCTU), HO CTATyC KOOpAMHAT M TeTpagpbl,
334atolWen 3TanoHbl OAMH M YIN0B, 3343K0WeN KanubpoBKy BaKyyma CUCTEMbI
OTCYéTa, pas3nuyeH. MNpumep: Hymepauua [AOMOB BAONb YAWUUbl HE CBA3aHA C
PaCCTOAHUAMM MeEXAY HUMM, OHA MOMKET BbITb Nt060IM U MOXKeT M3MeHATbCA. Ho
€C/In HoMmepa AOMOB OTBEYAIOT UX PACCTOAHMAM OT Hayasa yauubl, TO USMEHEeHne
Hymepauun gomos TpebyeT ux nepeHoca Ha HOBble MecTa. Bakyym obpasoBaH,
BMAMMO, CBETOBbIMM 06pa3amMm M «He YyBCTBYET» MHEPLMANBHOIO ABWMMKEHUA
(Begb ckopoCTb cBeTa N/OC Ntob6as CKOPOCTb paBHA CHOBAa CKOPOCTM cBeTa), a
YCKOPEHUA OH «YyBCTBYET»: W3MEHAETCA Cchna YyaapoB O HEBECOMYIO
BOOOparkaeMylo CTEHKY YacTUL, M3 POXKAAIOWMXCA U CHOBA aHHUTUAMPYIOLLNX
BMPTya/ZibHbIX Map CBETOBbIX 4YacTul, ¢AyKTympylowero BakKyyma. Ho 3Tu
apryMeHTbl MAYT yXKe OT KBAaHTOBOM GM3MKK. YTO Ke KacaeTcs Kaaccuyeckom
obLen TeopuM OTHOCUTENBHOCTU, TO €€ HeAOCTAaTKOM KaK MpoAo/IKeHWem eé
AOCTOWHCTB ABNAETCA TO, YTO OHA no3BondeT H6paTb 4-mHoroobpasme c nwbon
Tononorne (B TOM 4Yucie C MalIMHAMKU BPEMEHM, KPOTOBbIMM HOPaMM,
CBEPHYTble B KOHYCbl M TOPbl MJIOCKME M HENNOCKME MUPbI U TaK ganee) wu c
Nnobo rnagkom METPUKOM, BbIMMCAATb MO HEeW TeH30p IJUHWTENHaA W
NPUpPaBHMBaATbL €ro TEH30pPy 3JHEepPrum-uMnynbca WCTOYHMKA, KaKMm  Obl
9K30TMYECKMM OH HW bbln (oTpuuaTenbHble maccbl, GaHTOMHaAa MmaTepus U Tak
Aanee). OCTaércAa HadeATbCA, YTO KBAHTOBaA rpaBuTaumsa oTaenuT dusmyeckme
TeopuM OT HedM3nYecKmx. YTo Ke KacaeTca mmpa PuHanepa, To 3ameTnm, 4To ero
peanusauma AOJIKHA npeanonaraTb HaauMume peasibHbIX WMCTOYHUKOB KaK B
OKPECTHOCTU OEeCKOHEeYHOCTM (BCMOMHMM, YTO MPOXOXKAEHME NnaKkeTa MJIOCKUX
rPaBUTALMOHHbIX BOJIH Yepe3 Mup MMHKOBCKOrO BbI3OBET O4HOPOAHOE CXaTue B
MJIOCKOCTU paHee HenoABUXHbIX MPOO6HbLIX Ten), TaK M Ha He MNOKPbIBAaEMbIX
KoopAauHaTamu PuHanepa ropnsoHTax cobbiTnid (KCTaTh, U Ha He MOKPbIBaeMbIX
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KOOpAMHATaMM  KPWMBM3HbI  FOpM3oHTax mupa Leapuwunbga B BUae
nepecekatowmxca no 2-cpepe LUBapuwmabga rMnepunanHLpPOB CO CBETOBbIMMU
obpasyrowmmm  MoryT 6bITb 3acTbiBlME POTOHbLI 06O MaccChl, cuMTatoLmeca
MaTepuanbHbIMM TOYKAaMW B rpaBUTauuM HbIOTOHA, rae 4YE€pHble Ablpbl TOXKe
BO3MOMXHbI).

MepBUYHOCTb CBETOBbLIX 0OPa30B BAEYET NEPBUYHOCTb 2+2 paclienseHun
NPOCTPAHCTBA-BPEMEHU W BTOPUYHOCTb MNPMBbLIYHOrO 1+3 ero pacwenseHus.
OnagHomy 2+2 pacwenneHuto oTBeyaeT Haw guagHbin ¢opmanmsm [9,10]. Ecam
B3ATb  CyO3KCTPEeMasbHyH runepnoBepxHocTb Kowwu, paccnoeHHyo Ha
MWHUMaANbHbIE NAEHKWU C eAuHUYHOMU 2-dopmoit nnowanen (obobueHune
NIMHEeNYaToM  MOBEPXHOCTM  TMMA  OAHOMONOCTHOro  runepbosonaga ¢
NPSAMONNHENHBIMM 06pPa3YIOWMMK), TO YBUAUM, KaK ABE YrN0Bble NepPeMeHHble 2-
METPUK NNEHOK C eANHUYHbIM AETEPMUHAHTOM OMPEeAEensAloT Yepes ypaBHEHUS
CBA3EN PaCCTOAHMA MeXAy HUMK (M 3-MeTPUKY HadabHOW noBepxHocTn Kowwm),
yepes JAMHAMWYECKME YPaBHEHUA ONpeaenstoT MacwTabHble nepemMeHHble
METPUKN OPTOrOHaNbHOrO cemeictsa 2-NAEHOK W BCHO AOMOJHUTENbHYIO 2-
reoMeTpuio, To ecTb AMHamMU4Yeckana 2-reomeTpua B 3aaadve Koww onpepenset
BClO 4-reomeTpuio mupa cobbitnim [11].

5. Heob6xoaMMOCTb BBEAEHUA B PaBUTALUIO KPYYEHUA U TEOPUM CTPYH

HeobxogumocTb reomeTpmsaumm Bcex GUIMYECKUX B3aMMOAENCTBUM
npuBena K Teopun cTpyH n 6paH (M-Teopus). Yike IMHWTENH NbiTanca 4ONONHUTb
METPUKY aHTUCUMMETPUYHBIMMU KOMMOHEHTamM, CBA3bIBa€MbIMU C
3NeKTPOMarHeTusmom. Ho TONbKO B HE/NMHENHOW 3neKTpoAnHamuke BopHa-
MHbenbaa nNAOTHOCTb NarpaH)KmaHa 3anmUcbiBAeTCA Yepes onpeaenmtenb CyMMbl
METPUKN U 3NEKTPOMArHUTHOro TeH3opa [12]. A nepexon OT CMMMETPUYECKOM
CBA3HOCTU K HECMMMETPUYECKON CBA3HOCTM KapTaHa NoO3BOAMA reomeTpu3oBaTb
CMWH: BaKyyM CTan BbIrNAAeTb C/IOBHO KPUCTaN/IOM (KOHAEHCATOM CKanspHbIX
nosen, To ecTb None MMHUMANbHOIO HY/IEBOr0 CMMHA MHOFOMEPHOrO0 MUpa C
HETOYEYHbIMW 3/IEMEHTamMM), B KOTOPOM YacTuubl MNoA06OHbI AMCAOKauMAM,
KBaHTam BO30OyXAEHWA Bakyyma B BWAE CTPYH, U CMeLWeHMa cTaanm nofobHbl
ABUMKEHUSIM MO BMHTOBbIM /JIECTHULAM C Pa3MblKaHMEM 3aMKHYTbIX KOHTYpPOB
obLien Teopun OTHOCUTENBHOCTU C €€ HedPU3nYHON HecKOHEeYHOM AEeNMMOCTbIO
MHOroobpasuns 6eccTpyKTypHbIX O-MepHbIX TOYEYHbIX CODObITUIA: MapannenbHbin

NepeHoC NO KOHTYpy BEKTOpa MPUBOAMT He TONbKO K ero noBOpoTy (3a 3To
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OTBEYAEeT PMMAHOBA KPUBM3HA MMPA), HO U K pPa3pbiBy CAaMOro KOHTypa (3a 3To
oTBeyaeT KpydyeHue KapTaHa). BcnomHMM, 4TO OAHOKpPATHbIM 06X04 TOYKM MO
Kpalo CKNEEHHOM B UMAMHAP NeHTbl (C ABYMA OKPYKHOCTAMMU-KPAsMK ANUHbI 1)
NPUBOAMUT B Ty XK€ TOYKY, a NPU CKAenBaHUM NeHTbl B NeHTy MéE6buyca (c ogHoM
FPaHUYHOM OKPYKHOCTbIO A/NMHbI 2) NepeBOAUT 3Ty TOYKYy nocne eaAuHUYHOro
NyTW Ha APYroi Kpam NeHTbl, U TONbKO AOMNONAHUTENbHbIN € AUHUYHOM ANINHbBI NYTb
BO3BpALLAET TOYKY B HayanbHOe MosoXKeHMe. [oXoXKe, YTO 3/1eMeHTbl BaKyyma
UMEIOT HETPUBMANbHYID «3aKPYYEeHHYK» TOMONOrMI0 C HECUMMMETPUYHOWM
CBA3HOCTbIO, a B Teopun cynepcummetpumn (M-Teopuun) Tpebyetca ans
NPOCTPAHCTBA-BpeMEHM  pa3mepHocTb 11. JlononHuTenbHble  M3MepeHuA
OTBEYAIOT AONOIHUTENbHbIM CTENeHAM cBO6OAbI CTPYH, Pa3/INYHbIE Pe30HAHCHbIEe
MoAbl KonebaHusA KOTOPbIX OTBEYAIT PA3/IMYHbIM 3apAdamM 3/IeMeHTapHbIX
4acTuL, ABAAIOLWMXCA PA3NYHBIMU COCTOSAHUAMM CTPYHbI. Tak HoBasa ¢m3MKa no-
HOBOMY COeAMHAET eauMHOe U MHOroe (TaK YTO He HY)KHbl BEYHble HEU3MEHHbIE
aToMbl [leMOKpUTa pasHbIX pasmepoB U GOPM — MUP CTPYKTYPUPOBAH HE TONbKO B
NPOCTPAHCTBE, HO M BO BPEMEHW, OH MepLaeT C NJAaHKOBCKOW W/Man uHOW
4yacToToM). [JUCKPETHOCTb POXKAAETCA TEM, YTO BbIMKMBAKT TONbKO PE30HAHCHI.
Hanpumep, npu BO3OYXKAEHUM CKPUMNUYHOM CTPYHbI C HEMPEPbLIBHbIM CMEKTPOM
BO3MYLLLEHMIN BbI}KMBAET OCHOBHOW TOH (C A/IMHOM NONYBO/IHbI HATAHYTON CTPYHbI
C FPaHMYHbIMK ycnoBUAMK [nMpuxne), oKTaBa (C MeHbLIENn aMNAUTYAON), KBapTa,
KBMHTA W TaK Adanee. Hepe3oHaHCHble 4acTOTbl KOMMNEHCUPYIOT ApYyr Apyra: Tak
XaoC poXKpaeT NopsagoK (no-rpeyecku rosops, Kocmoc). MNMpu 3TOM pe3oHaHCbI
(ocobeHHOCTM cneKTpa BO3OYXKAEHWUNA) MMET Mepy Hyab. HanomHum nemmy
Capga B maTtemaTuKe: ocobble MHOXeCTBa MMeT mepy Hyab. Hanpumep, Ha
rpaduKe ropM3oHTaNbHOM Napabonbl Npu eé BepTUKANbHOM NPOEKTUPOBAHMM BCe
TOYKM FOPU30HTaNbHOM ocK mmetoT 2 unm 0 npoobpas3os, M TONbKO OAHA TOYKa
MMeeT oaMH npoobpas — 3TO BepwMmHa napabonbl, rge eé oAHOMepHan
KacaTe/ibHan NPOEKTUPYeTCA He B IMHUIO, @ B TOYKY. OCOOEHHbIMM MHOXKEeCTBaMM
ABNAIOTCA, CKaXKemM, UMetoLMe HyieBON O0OBEM rpaHULbl TeN C FPaHULUEN, LEHTP
Maccbl Tena u Tak ganee. MNpu sTom o0cobble MHOXKECTBA KPUTUYECKM BarKHbI ANA
aHanu3a nbbix  GYHKUMK M Pu3MYecKUx  cuTyaumin. YTo  Kacaetcs
NPOCTPAHCTBEHHO-BPEMEHHOIO MHOroobpasma M OTKPbITbIX KOCMOMOMMYECKUX
Mmozenen, To OHU yXKe NOTOMY TOJIbKO MPUOAUMKEHHO ONUCHIBAOT GU3UYECKYIO
peanbHOCTb, YTO, cornacHo Aasuay M'mnbbepty [13], akTyanbHOM 6ECKOHEYHOCTH
B npupoae Booblle He cyuwecTByeT (NpuMpoaa He ycneBaeT eé HapaboTaTb 3a
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KOHEYHoe Bpemsi, a MPU 3TOM M CaMO MOHATME BPEMEHU He YHUBEPCANbHO).
Takum o6pa3om, KaHTOpoBa uWepapxus HecKoHeyHocTel (2 B cTeneHu
OEeCKOHEeYHOCTb [aéT OeCcKoHeYyHoCTb 6onee BbICOKOrO MOPAAKA) CAYXKUT
NPUBNUKEHHBIM OMUCAHMEM COOTHOLLEHUA CBEpPXOONbLUNX 4YMCeN pPeanbHOoro
MUpa (Hanpumep, KMBaA NpUMpPoAa EeCTEeCTBEHHO POXKAAETCS eCTEeCTBEHHbIM
YyNOpAAOYEHHbIM CBEPXYC/NIOKHEHUEM HEXMBOW NPUPOAbl KAk CTPYKTYPHO
yCcTOoMuYMBaA KOHUrypaums B 3BONOUMM BceneHHol, Mmerowaa mepy Hyab B
MaTemMaTUYEeCKON uAaeanusaumn, YesioBEK — CMbICNOBAaA  CUMHIYASPHOCTb
BceneHHom [14]).

BeegeHne cBasHoctn KaptaHa nepeBogut 10 ypaBHEHWM TArOTEHMA
ANHWTEeNHa B 16 ypaBHeHMI DMHWTEMNHA-KapTaHa. Ecan B gyxe 6uceasHoctm H. A.
YepHUKOBA OTAENUTb CUMMETPUYHYIO CBA3SHOCTb OT aHTUCUMMETPUYHOWN, PaBHOM
CBA3aHHOMY CO CMMHOM TEH30pPY KPYy4YeHUA, U OCTaBUTb B IEBOMN YaCTU YPaBHEHUM
CUMMETPUYHDbIMA TEH30P INHLWITENHA, @ OCTa/IbHbIE€ YNEHbl NEPEHECTM BNPABO, TO
nony4nm spPeKTUBHbIN TEH30P NCTOYHUKOB, NIOTHOCTb MACCbl-3HEPTMN KOTOPOTO
MOKeT BbITb OTpMUATENbHOM NMPU HEeoTpULaTENbHOW NAOTHOCTU MaTepuu []1-3].
310 pgenaet HenpumeHMmon Teopemy lNeHpoy3a O HeEU3BEKHOM CUHIYNAPHOCTU
BHYTPU /IOBYLUEYHOM MOBEPXHOCTU. YKe u3 peweHna KonumHbCKOro ana
ypaBHeHn ®PpuamaHa € NonAapu3oBaHHOM nNbinbto [15] cnepyer, 4TOo CnWH
OCTaHaBAMBAET KOA/MANC NblAM Ha paguyce KapTaHa. [nAa HYKAOHA paaunyc
KapTaHa Ha 7 nopagKoB 6onblue NAaHKOBCKOM AnunHbl. 3-O6bém ayelikm KapTtaHa
Ana  depmMMOHa CnMHA % MNPUMEPHO paBeH MNPOM3BEAEHMIO KBaApaTa
NMAAHKOBCKOM A/IMHbI Ha KOMMTOHOBCKYIO AJ/IMHY YacCTULbl, XapaKTePU3YIOLLYHO
MacCy 4acCTuubl M PaBHYO €€ pasmepy. ITO HE O3HA4YaeT BbITAHYTOM (OPMbI
AYerkn KapTaHa nNNAHKOBCKOTO CeYeHWA, MNOCKONbKY YMHOXEeHMe pa3mepa
4YacTULUbl Ha KBagpaT NNAHKOBCKOW O/IMHbl O3HAYaeT B €CTECTBEHHbIX eAMHMULAX
(HbIOTOHOBA NOCTOSAHHAA M CKOPOCTb CBETA €ANHUYHDbI) Ae/leHNEe XapaKTePUCTUKM
MACCbl YaCcTULUbl HA NNAHKOBCKYIO MJIOTHOCTb, YTO AAET 06BEM Avenkn KapTtaHa.
KBaHTOBbIM npeaenom MNAOTHOCTM MaTeEPUU ABAAETCA NAAHKOBCKAA MJIOTHOCTb.
YMHOKeHne Advelkn KapTtaHa pans  ¢depmuMoHa Ha 3Ty NAOTHOCTb  AaéT
MUHUMANbHYIO Maccy YEpHOM Ablpbl, obpasyemon Konnancom ¢GepMUOHHOM
matepun. lnAa HyYKNOHaA OHa Ha 21 nopAAOK NPeBOCXOAMUT MNAHKOBCKYK Maccy.
3TO 3acTaB/AET NEPECMOTPETb KOHLEMNUMIO NEPBUYHBIX YEPHbIX AbIP.
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MNepexon OT KOHUENUMWM MaACCbl B POAM WUCTOYHMKA TrpaBUTaLUU K
CrnuHMacce, KoTopas ABASIETCA COOCTBEHHbIM 3HaYeHUeM onepaTtopa Kasmmupa B
Mmupe ae Cutrepa (Beab maccoBass U CNMHOBAA KOMMOHEHTbl CNMHMACChI
nepemeLlmBatoTca U3OMETPUSMU Mupa ae Cuttepa), NO3BOASAET paccMaTpuBaTb
GNYKTyaumMmn CTPYHbl KakK WUrpy YyKasaHHbIX KOMMNOHeHT. [aBupg, Fpocc B cBOewn
nekymm 13 maa 2006 roga B Mpesmamyme PAH (n3noxeHue ecTb Ha BebcanTe
www.elementy.ru) roBOpua, 4YTO CTPYyHA XO4YeT CXaTbCA, HO MNpPUHLUN

HeonpeaenéHHocTel e 3Toro He nossonser. Mbl moxkem A06aBUTb, YTO Macca
CTPEMUTCA CTPYHY C}KaTb, HO Masioe Ha 6O/IbLLMX PACCTOAHMAX AENCTBUE CNMHA Ha
MasiblX PACCTOAHMAX NpPEBbIWAET AENCTBME MAcCbl M pacTarMBaeT CTPyHy (Beapb
MOMEHT MMMNYAbCa U CMUH MMEIOT OTTa/IKMBATe/IbHbIM MOTEeHLMan) A0 HOBOro
npeobnagaHus AencTBuAa Maccbl. Mo3TOMy CTpyHa HenpepbiBHO GAYKTYyMpyerT,
Konebnetca, UCMbITbIBAET CBETOBOE ApoXKaHue. OTCloAa MOXKeT cneaoBaTb U cam
NPUHLMN HeonpeaeNEéHHOCTEMN.

lpaBMTaUMA DUHWITENHA ABNAETCA HU3KOIHEPreTUYECKMM NpUbAMKEHMEM
ONMUCaHUA AMHAMUKN GU3NYECKON CUCTEMbI BbICOKMX IHEPTUI. [TpU 3TUX BbICOKMX
SHepruax narpaHxuaH mnbbepTta-dMHWTENHA B BMAE NCeBAOCKanApa Puuum
(onepatop Xopaxka npeBpawaetr ckanap Puuum Kak 0-dopmy B 4-dopmy,
nponopumoHanbHyto 4-bopme o0b6bEMA) PMMaAHOBON KPWMBU3HbI MMPa COOLITUI
AO0MKeH ObiTb AonNoNHeH, Boobuwie roBopa, 6ECKOHEYHbIM PALOM C TEH30pPaMMU
PumaHa c pasmepHbiIMM Ko3pduuMeHTamMM TUNa cTeneHer pas3mepa CTPYHbI
(3BpucTMUEeCKOoe coobparkeHune: pOencTBne MeTPUYEeCKM U TOMOOTMYECKM
CamMoconpsaXEHHOro onepatopa ge Pama B BMAe KBagpaTa CYMMbl BHELLHEro
avddepeHumrana n KogudpdepeHunana Ha dopmy AAET CYMMYy Y/IEHOB B BuAae
Aenctema pganambepTMaHa M CyMMbl C YUCJOM YNEHOB C TEH30pOM PumaHa,
paBHbIM cTeneHn Gopmbl). YKe cnegyowmii nocne TeHsopa Puuumn yneH B Buae
npoussefeHna TeH30pOoB PMmaHa Q€T nepByto CTPYHHYIO A006aBKY K 06blMHOMY
narpaHxuaHy [16]. Ona meTpukn ge Cuttepa CTpyHHaa AobaBKa MmeeT BuA,
KOCMO/IOTMYECKOM MOCTOSSHHOW. Taknum obpa3om, cTpyHHana gobaBKa MoOXKeT
OblTb MCTOYHMKOM TEH30pa 3SHEPruu-MmMnyabca BaKyyma. Ha cBepxmanbix
paccToAHMAX (GAYKTyauum METPUKM CPAaBHUMbI C CAaMOM METPUKON. NHTYMTUBHO
MOXHO CYMTaTb, YTO MMEEM CpPa3y MHOFO pPa3/IMYHbIX METpPUK (Begb npwu
UHTEpPdEPEHLMN INEKTPOHOB B OMbITE C ABYMA LWENAMM MOMKHO CYUTATb, 4TO
3/IEKTPOH NpoxoauT Yepe3 obe Wenun, To ecTb UMEET He OAHY TPAEKTOPUIO), TaK

YTO MNapa cobbITUN (ecan ewé NPMMEHMMO 3TO MOHATUE) «HE 3HaeT» Aarke
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CUTHATypbl pasgenatlowero WX UWHTepBana. [lo3Tomy BbIXKMBAEeT CaMbii
N30TPOMHbIN TEH30P SHEPTrUN-UMNYIbCA BaKyyMa, NPOMNOPLUMOHANbHbIA METPUKE.
Ona Hero Bce 1-HanpaBneHua ABAAKOTCA COOCTBEHHbIMM, @ CUFHATYpy OH
HacnenyeT OT JIOPEHLEBOW CUTHATypbl METPUKWU. B cuay CBEPHYTbIX TOXKAECTB
BbAHKM Ana ypaBHEHUA DHUHWTENHA MHOMWUTENb NPU METPUKE MNOCTOAHEH
(oTctoga nonyyaem  M3BECTHOE ypaBHEHME  COCTOSIHMA  AAs  BaKyyma).

MoNoXUTENbHYIO NAOTHOCTb MACCbI-3HEPTUN BaKyyMa MOXKHO MOJy4UTb U3
$GeMHMaAHOBCKOro WMHTEerpasa no nyTam. ITOT MHTErpan siBAAETCA CMbIC/0BbIM
CTEPKHEM PU3UKN: CNOMKEHUE BCEX BO3SMOKHbIX 3BONOLMA GU3NYECKOM CUCTEMDI
(M He TONbKO BKNAAOB BCEX BO3MOMHbIX METPUK Ha MHOroobpasmu ¢ 3aaHHOM
TOMONOTMEN, HO M C CYMMOM MO BCEM TOMOJIOTMAM, YTO MOXKET MCKA4YaTb
CNOKHble TOMOMOrMW TUNA MalMH BPEMEHM M KPOTOBbIX HOP C 6OAbLION
XapaKTepPUCTUKOM dinepa N8 MAKPOTOMoaorMu) aenaet Hambosnee BepoATHOM
3BONIOLMIO C 3KCTpemymom pgencteuAa. Camblii OAHOPOAHLIA MUP — MUP Ae
Cuttepa (MuMp MUHKOBCKOro sBnsetcs mmpom ae Cuttepa ¢ H6ECKOHEYHbIM
paguMycoMm KPWBMU3HbI, KOTOPbIA He ycneBaeT BO3HWMKHYTb;, Aa WM JAA Mupa
MWHKOBCKOrO MMeem onpeaenéHHoe COCTOAHME M OnpeaenéHHbii HyneBowm
MMMYNbC, YTO 3anpeLlLeHO KBAHTOBOM MexaHMKoi). Ona mupa ge Cutrepa ¢
OTPULLATENBHOM KOCMOJIOTMYECKON MOCTOAHHOM M ManbiM Paguycom KpPWUBU3HbI
pasgyBaHMe mMupa WMAET BAONb MPOCTPAHCTBA, @ HE BPEMEHWU, U Mbl UMEEM
Ma/ible 3aMKHYTble JIMHUN BPEMEHM MPOTMBOMONOMKHbBIX OPUEHTALMN, KOTOpble
KOMMEHCUPYIOT APYyr Apyra B WMHTErpane no BCEM BO3MOXHbIM MNyTaAM. B atom
CMbIC/Ie OTpULATENIbHAsA KOCMOIOTMYECKas NOCTOAHHAA KBAHTOBO MOAaB/ieHa, U
BbIKMBAET TO/IbKO MMP C MOJOXKUTENbHOM KOCMOJIOTMYECKON MOCTOSAHHOM. B
CTPYHHOM  KOCMOJIOTMM  PACCMATPUBAOT MUP TaKXKe C  OTpuULATENIbHOM
KOCMO/IOTMYECKOM NOCTOAHHOM [12], cumTad, 4YTO MMEEeM MHOTOKPaTHYHO
OPUEHTUPOBAHHYIO OOMOTKY 4-NNEHKM NPOCTPAHCTBA-BPEMEHM BAO/Ib BPEMEHMN,
HO 3TO YC/IOXHAET KapTUHY. B Teopum CTpyH AONYyCKatOTCA KpaTHble BpaHbl Ans
onucaHuA cnekTpa Habntogaemblx Yactuy, CTaHgapTHOM moaenn. Ho KpaTHOCTb
(TPEXKpaTHOCTb) 34ecb HeBenWKa, Aa W Habnwagaemaa Kocmonoruvyeckas
NMOCTOSIHHAA MONOXKUTEeNbHA. Bnpouyem, BpemA MOKaXKeT, KaKoi BblboOp caenana
Mpupoga okono 14 mmnnuapaos feT TOMy Hasag,

O npegene NPUMEHUMOCTU MOHATUA AJIMHbI TOBOPUT HE TO/IbKO KBAHTOBAs
bNYKTYyaUmns MeTPUMKKM Ha NAAHKOBCKUX maclitabax, HO M T-AyasbHOCTb CTPYHHOM

KOCMOJ10Ir1u, O3Ha4aloLlwad 9KBUBAJZIEHTHOCTb 6ecKoHe4yHo 601bLINX "
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6ecKoHeYHO ManbiX OAAMH. [leno B TOM, YTO Masjible KOMNAKTUOULMPOBAHHbIE
[IOMNONHUTENbHbIE  U3MEPEeHMA  MPOCTPAHCTBA  CO34alOT  TOMOJIOTMYEcKMe
SHepreTMYeckne Mogpbl 3/IEMEHTAPHbIX YacTul, MPONOPLMOHA/bHbIE paanycy
KOMMNaKTUOUKALMM U YNCNaM HAMOTKU. OCLUMNNALMOHHbIE SHEPreTUYeCcKne Moabl
(06bpaTHas ANMHA BOJIHbI B €CTECTBEHHbIX eANHMNLAX) 06PaTHO NPONOPLMOHA/bHbI
pa3smepy. Mpu npeobpa3oBaHUM MHBEPCUU (pa3mep YacTuLbl oTobparkaeTca Ha
KBagpaT [A/IMHbl  CTPYHbl, [AOENEHHOM Ha pa3mep) TOMNOJOTMYECKUE U
OCUMNNAUMOHHbIE MOAbl MEHATCA MeCcTaMKi, HO CymMMapHasa 3Heprua
dU3NYECKON CUCTEMBI HE U3MEHSETCS.

[onyctum, 4to nepen Gonblwnm B3pbiBoM macca-aHeprua MeTaranakTuku
bblna npeactaBneHa MeTpukoh ae CuTTepa C KOCMOJIOTMYECKOW MOCTOSIHHOM,
oTBevaloLLen NNIaHKOBCKOM MJIOTHOCTM Bakyyma. byaem wucxoamtb U3
npegnonoxexuma KupxHuua u fluHge [17, 18], 4TO BbINOAHAETCA 3aKOH
COXpPaHEHUS  3HEPrUM-UMMynbCca  COBOKYMHOCTM  Bakyyma M  BeLlLecTBa.
PacwmnpeHne BceneHHOW NO3BOAAET NPeANnONOXUTb, YTO OHO Hayanocb C
COCTOAHMA MAKCMMaNbHOW NAOTHOCTM  MaTepuun. OBblYHbie pPa3roBopbl O
HaYya/IbHOW CUHTYNIAPHOCTU U BECKOHEYHOMN NAOTHOCTU MaTePUU HEKOPPEKTHbI He
TONbKO MOTOMY, YTO CMMH YacTuy, (a BeAb AaxKe HyNeBOW CMUH YacTUL, MOXHO
CYMTaTb NApPoOM CNUHOB MPOTUBOMOJIONKHOW OPUEHTALMWN) HE MO3BOJIUT MaTeEpPUn
KONNanNcupoBaTb B TOYKY, HO M MOTOMY, YTO KBaHTOBas MexaHWKa He Aonyckaer
NNOTHOCTU, NPEBOCXOAALLEN NNAHKOBCKYIO.

MonHasa macca MeTaranakTMKM npeBoCXOAMT MNNAHKOBCKYKO Maccy Mo
KpaliHen mepe Ha 61 nopsapgok. Ckatas A0 NIAHKOBCKOM MJOTHOCTM MaTepus
MeTaranaktmkm umeeT pasmep, Ha 20 NoOpAAKOB NPeBOCXOAALMA NAAHKOBCKYHO
ANVHY, YTO Ha NOPAAOK NPEBOCXOAUT pa3mep HyKAoHa. Mbl MOXeM Ha3BaTb 3TO
rMNOTeTMYECKoe HavasibHoe cocTosiHne BceneHHolt (nepso)atomom JlemeTpa.
3TO cKopee He YépHaa Aplpa LWBapuwwunbaa (pasmep nepsoaToma pPaBeH ero
rPaBUTaLMOHHOMY PagMycy, HO HET BHELHEero NPoCTPAHCTBA C aCMMMNTOTUYECKH
NIOCKOM OKPECTHOCTbIO BECKOHEYHOCTU, KaK Yy OCTPOBHOM CUCTEMbI), HO Benas
Apbipa ge Cuttepa (4-KpMBM3HA NMOCTOAHHA AN1A 3TON KOMMIEeKcHoW 4-cdepbl B
MOMEeHT Bbonblioro B3pbiBa). MOXHO NpeanonoXuTtb, 4To bonbwon B3pbiB 6bin
penaTUBUCTCKMM ¢$a3oBbIM MNepexo4oM Bakyyma (B Buae atoma JlemeTpa C
OrPOMHbLIM  YMC/IOM HAMOTOK Ha KOMMNAKTHble U3MepeHusa) B  Mmopgbl
OCUMNNALUMOHHbBIE, B «CBET». ITOT NEpexos MOr BbIrNA4eTb aHHUTUAALMNEN CTPYH-
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WwnaHros (B cneaywowem npubAUIKEHMM 33 OAHOMEPHbIM NPUBAUNKEHNEM
CTPYHbI) MPOTUBOMONOMKHbIX OPUEHTALUMN HAaMOTOK: MMEHHO B 3-NMPOCTPaHCTBE
BEPOATHA BCTPeYa W AHHUTMNALUA HAMOTOK CTPYH-LU/IAHTOB. Cny4yaiHble
GNYKTYaUMmn 0OAHOBPEMEHHO B TPEX U3MEPEHUAX CTPYH B CTOPOHY UX YBENINYEHUS
MO 3anycTUTb bosblo B3pbIB: HEAOCTAaTOK SHEPTUM OCTaNIbHbIX MO/, CTPYH He
MOl ero OCTaHOBUTb (KOHEYHO, 3TO NMPOCTO 3IBPUCTUYECKAs runoTtesa). MNoatomy
MMEHHO TPU M3MepeHMa CTPYH  AeKomnaktuduuuposBanucb. M3ameHmnocb
YpaBHEHWE COCTOSIHMA Bakyyma Ae CUTTepa Ha ypaBHEHME COCTOAHMA MaTepum
n3nyyeHua. Ero nnoTHocTb ybbiBana Kak 4-a cteneHb pasmepa, U paanaLMoHHas
CTaAusa paclimnpeHma BceneHHOM ecTeCTBEHHO CMEHUNAch CTaanel BewecTBeHHO -
AOMUHUPOBAHHOM, rae nNAOTHOCTb YyObiBaeT Kak 3-A cTeneHb MacwTabHoro
¢daKktopa. OKONO NATM MWUAAMAPAOB NeT TOMy Has3ad MNOCTOAHHAA NAOTHOCTb
HoBoro ¢oHOBOro Bakyyma ge Cuttepa, 4To Ha 123 nopaaka MeHblle NJOTHOCTU
NNaHKOBCKOM (paguyc KpUBM3HbI MUpa yBenmuunca Ha 41 nopsgok, niaowagb
rOpM30HTa W SHTPONMA BbIPOC/IN Ha 82 NopAaKa, YTO OTBEYaEeT pa3pbiBam CTPYH C
obpa3oBaHMEM MHOMECTBA 4acTul: Belb, Hanpumep, pPas3pbiB CTPYHbl B BUAe
napbl CBA3AHHbIX [/IOOHAaMM KBAapKOB pPOXKAaeT napy CTPYH), CpaBHANacb C
NAOTHOCTbIO MaTeEpPUK, U 3amegnaroanca ppuaMaHOBCKaA CTaausa pacluMpeHuns
CMEHMNIAaCb YCKOPEHHOW [OEeCUTTEPOBCKOM cTagumen. YTo Kacaetca cTagum
MHONALUMM, TO OHA BO3MOXKHA (Ans Bakyyma Tuna KoynmeHa-BaliHbepra), HO He
obsazaTenbHa.

Tenepb obpaTMmcA K rMnoTtese 4Yactul TEMHOM maTepum. OHa MOXOoXa Ha
TAXENYIO Nblb, B3aMMOAENCTBYLOWY C 06blYHOM MmaTepuer  TONIbKO
rpaBUTaUMOHHO. TONbKO  TPaBUTALMOHHO  B3aMMOAEMCTBYIOT  4YacTuupbl,
OTHOCALMECSA K Aya/ibHbIM Fpynnam cMMmMmeTpun. NosToMy MOXKHO NpesnonoKnUTb
CYLLEeCTBOBAHME eLlE He OTKPbITbIX CUMMETPUI rpynn, AyanbHbix [7, p.549], [19]
nssectHbim rpynnam CraHgapTHon mogenu SU(3)xSU(2)xU(1), asnsawowmmca
noArpynnamum ucknoumntenbHom rpynnol Jin E(8) (FTeopruin ibBoBuy CtaBpaku [20]
cuutaet E(6) rpynnon BennKoro obbeauHeHUA B3aumoaeinctsuii). BoamorkHo,
rpynnon  obbeanHeHUAa  GU3BUMYECKUMX  B3aMMOAEUCTBUMA  MOMKHO  CYMTATb
npounsseaeHue E(8) Ha ayanbHyto ent rpynny [21].

Kakylo e 4YacTuuy MOXHO nNpeasiodXuTb Ha Poab 4YacTuubl TEMHOM
MaTepumn? M3BeCTHO, YTO macca cpeaHen 3Be3apl Tna Co/sHLA CBA3aHA C MacCoM
HYKNOHOB, [AaloWKMX OCHOBHOM BKAag, B ero maccy, 6au3Kyo macce
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YaHApaceKapoBCKOro npeaena ANAa Hayana KONNANCUPOBAHUA 3Be34bl B YEPHYIO
Ablpy. KonnyectBo HYKNOHOB B 3Be34e CBA3aHO C COOTHOLEHMEeM MapameTpos
HYKNOHA C NapameTpamu NJAaHKOBCKOM 4YacTuubl, NAaHKeoHa. [ln1aHKeOH cam
cebe 4yépHaa pAblpa: ero rpaBUTALMOHHbLIM PaguMyc M KOMMNTOHOBCKaA A/IMHA
BOJIHbI, TO €CTb Pa3Mep, MOXKHO CYMTATb PABHbIMU ApYyr Apyry. Ana apyrnx yactuy,
MX pasmep BO CTONbKO pa3 Hosblie NAaHKOBCKOrO pa3mepa, BO CKOJIbKO pa3 UX
reomeTpu4eckuii pasmep (NONOBMHA rPaBUTALMOHHOIO paguyca, paBHoOro 1 cm
ana 3emanm n 3 KM gna ConHua) MeHblle NAaHKOBCKOM ANWHbL. [oaTomy
npou3BefeHmne yKa3aHHbIX AJ/IMH PaBHO KBagpaTy NJIaHKOBCKOM A/IUHbI.

CKONbKO HYK/NIOHOB HeobXoAMMO NAOTHO YMAaKOBATb ANA MNOAyYeHUS
YEpHOW Ablpbl? Paanyc NJOTHOW YNAaKOBKU A0MKeEH ObiTb BO CTONbKO pa3 bonblie
NNAaHKOBCKOM [AJ/IMHbI, BO CKOJIbKO pPa3 pa3mep HYKAOHA bOonble pasmepa
nnaHKkeoHa (3T1o 19 nopAaaKkos). B TpéxmepHOM MPOCTPAHCTBE YMCAO HYKIOHOB
nmeet nopagok 10 B cteneHn 57. Ecnn yMHOMXWUTb 3Ty BEAMYMHY HA Maccy
HYK/IOHa, TO nony4yum npumepHyro maccy CoNHUA, a eCcn YMHOMMM Ha
reoOMeTPUYECKYHD MacCy HYK/JO0HA, TO MNOAYYMM MOJIOBUHY FPaBUTALLMOHHOIO
paaunyca ConHua. OHa paBHa pe3yabTaTy Ae/leHnA (Nocae COKpaLLeHUA YNCAnTena
M 3HaMeHaTeNA Ha KBagpaT NIaHKOBCKOM A/IMHbI) KBagpaTa pa3mepa HyK/IOHa Ha
pa3mep NJaHKeoHa.

Tenepb npeanonoxum, 4yto MeTaranaktuka nepen bonbwum B3pbiBOMm,
npespaTMBWKNM aTom JlemeTpa B M3/ydeHMe U BewecTBo MeTaranaktuku, bbina
cBOero poaa 3Be3noi (/lemeTpa), macca KOTOpOWM onpeaeneHa npexae BCero
MaCCOM YacTuL, TEMHOM MaTepun TaK, Kak macca obbl4HOM 3Be34bl onpeaenaeTca
MacCoM HyK/NOHa. 34ecb Mbl MCXOAMM W3 NpPeanooXKeHusa, 4To obuana macca
4acTWUL, CBA3AHHbLIX C OCHOBHOM TrpPynnon CUMMETPUWU, PaBHA TaKOBOM AnA
AyanbHOW rpynnbl CUMMETPUU. BarKHbIM dhaKTOM ABNAETCA TO, YTO NpU nNepexose
K Aya/ibHbIM Fpynnam CUMMMETPUMN TOYHbIE N HAPYLUEHHbIE CUMMETPUN MEHSIOTCA
Mmectamun. COOTBETCTBEHHO, MeHAETCA NPUHAANEXKHOCTb YacTUL, K CTabUNbHbIM U
HecTabunbHbIM coctoaHnAaM. [ns CraHAapTHOM Moaenu CTabuabHbl YacTuubl
rpynn  SU(3), U(1), a HecTabunbHbl YacTUUpbl FPynnbl cnabbix B3auMoOAEeNCTBUM
SU(2) : BCMOMHWUM, YTO HEMTPOH pacnafaeTca Ha NPOTOH (3TO aAPOH), 3NEKTPOH U
aHTUHENTPMHO (3TO NEenToHbl), TO ecTb MepemMellMBaeT YacTuubl Pa3HbIX
nokosieHnn. Ho ana payanbHbiX rPynn CTabuibHbl TONBKO YacTULbl FPynmbl,
AyanbHOM rpynne cnabbix B3aMMOAENCTBMN — OHMU-TO TONIbKO M BbIXKMBAIOT NocCne
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Bonbworo B3pbiBa. I3TO TAMKENbIE ABYXNENTOHHble 0O6Pa30BaHUA C yaeprKaHMem
TMNa KBapkosoro [7].

OnAa OUEHKM MacCbl 4YacTuMubl TEMHOM MaTepun, KOTOPYHD HA30BEM
¢puomoHom [21], byaem cumTaTb KBagpaT €€ pasmepa PaBHbIM MPOU3BELEHUIO
pa3mepa atoma JlemeTpa (ero pasmep Ha 20 nopagkoB 6onblie pasmepa
NNaHKeOHA) Ha MNIAHKOBCKYIO A/IMHY - MO aHaNorMM Co C/Ny4aem CBS3M pa3mepa
ConHua Cc pa3mepoM HyKAOHA. [lonyyaem, 4yto pasmep o¢pugmoHa Ha 10
nopsaaKos 6osblie pasmepa NAaHKEOHA M Ha 9 NOPAAKOB MeHbLle pa3smepa
HyK/NOHa. Mo3Tomy OH BeZéT cebAa B MeTaranakTMke Kak TOYeYHaA YacTuua C
Maccou nopsgKka muanvapaa aB, To ecTb noytm B Muaamnappg pas Taxkenee
HYK/IOHa.

Pasnnume cnyyaa noHMMaHuA MeTaranakTuKn Kak ¢gppudmoHHoU 38e30b1 (eé
reomeTpuMyecknin pasamep Ha 41 nopsaaoK npesbilaeT pasmep atoma JlemeTpa -
BeAb NepBOHaya/bHbIM Bakyym ge CuTTepa OTAan MOYTM BCHO CBOKO Maccy-
sHepruo pacwuparwenca MeTaranaktnmke) oT cayyas o06ObIYMHOW  3Be3Abl
3aK/N0YaeTca B TOM, YTO CXKaTue 3Be3dbl A0 €€ rpaBMTaUMOHHOrO paguyca
Bbi3blBaeT eé Ko/ssanc ¢ obpasoBaHMemM YEPHOM Ablpbl. HO CTpyHHble 006aBKK
Aaxe K meTpuKke LBapuwmnbaa MMeT BUO, KOCMONOTMYECKON MOCTOAHHOMN —
CTOALLAA B 3HaMeHaTesle CTPYHHON aA06aBKM paaManbHas KoopauHaTta (B LecTomn
cTeneHun) AONXKHA OblTb NOCTOSHHOW BENIMYMHOW B CUY CBEPHYTbIX TOXAECTB
BbaHKM ana meTpuku LUBapuwunbga co CTpyHHbiMM gobasBkamu.  [ostomy
onucaHue ceepxpaHHel BceneHHoM nydlle cBA3biBaTb € MeTpUKoM ge Cutrtepa, a
He LWBapuwunbaa: ocTpoBHasA uYépHaa Aablpa LWeapuwunbaa moxkeT
06pa30BbIBATLCA TO/NILKO B pe3y/nbTaTe KOHAEHCALMWU PaACCEAHHOM MaTepuu,
KOTOpOW ewgé Hago KaK-TO BO3HWKHYTb (NpaBaa, HayaBLYK NajaTb B YEPHYIO
AblpY NbIIMHKY (GOPMaNbHO MOMKHO CUMTaTb BblaeTeBlIel U3 6enoit Ablpbl U Ha
MrHOBEHME OCTaHOBMBLLENMCA, HO NPW 3TOM B Hayase eé BbleTa AeWCcTBOBana
KBaHTOBaA pu3nkKa, nogasnawoLan benyto abipy LWWesapuwmnbaa).

NTaK, Mbl rMNoTeTUYECKN cBs3biBaemM bonblioi B3pbiB ¢ penaTUBUCTCKUM
¢$a3oBbIM  MNepexogoM  Bakyyma  (C aHHMrMAAUMEN  TOMONOTMYECKMUX
3HepreTUYecKUx MoJ CKanAapHbIX YacTuy) B Buae 6enon abipbl mmpa ae Cutrepa ¢
€ro MakCMManbHO BO3MOXKHOM MNIaHKOBCKOM NAOTHOCTbIO M C pacnagom eAnHOro
B3aMMOAENCTBUA HA NOATPYNMNbl CUMMETPUM C BbIXKMBAHMEM KBAPKOB U N€NTOHOB

CtaHgapTHOM moaenu n GpuaAMOHOB, CBA3AHHbIX C Aya/ibHOM rpynnoi cnaboro
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B3aumoaencTema. BosHMKIIAA maTepus BeOET cebs, KaK ANCNOKALMU KPUCTaNNa
B CUNbHOM 3/1EKTPOMAarHUTHOM MOJie, KOTOpble 3HEeprnyHo pasberatorca.
ConyTcTBylOLLAA MaTepuUM CUCTEMA OTCUYETA MMeeT BUA, FMNEepPnNoCKOCTEeN — 3TO
nnockne obpasyowme mMupa ae Cuttepa (KomnnekcHon 4-chepbl uau
[eACTBUTENbHOTO 0A4HOMNONOCTHOrO runepbosonaa). Feoae3nyeckn NoOJHbIA MUP
ne Cuttepa Mbl MOAYYMM MPU €ro npeacTaB/lieHUM He B BUAE CeMeKncTBa
rMNepPnaoOCKOCTEN, HO B BUAE CEMECTBA TPEXMEPHbIX chep.

6. 3aKnwueHue

Ecan npeano)keHHas runotesa owMOOYHA, TO CaMu OWMOKM MOryT ObiTb
nosiesHbl NpPU MNoucKe BepHOW PU3MYECKOWM KapTUHblI MUpa. 34ecb Mbl CHOBA
MoXKem  BcnomHutb A. M. Tepneukoro Kak TUNUYHOIO  TeopeTUKa-
ansepcuomkatopa (tmna Hwunbca Bopa wn K. Yunepa - B OTaMuMe OT
YHUPUKATOPOB TMNA HbIOTOHA M SMHLITEMHA): NONbITKA NOLWATATb CYLLECTBYIOLLYIO
bM3MYECKYI0 KapTUHY MMUpa MOMOraeT YCTaHOBMTb, YTO B HEW LWATKO, a 4TO
NPOYHO.
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END OF THE GENERAL RELATIVITY
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The Einstein-Cartan theory as a natural generalization of the General
Relativity is proposed. The cosmological term is connected with string additions
for de Sitter world having Planck density before the Big Bang. Is proposed that
this world was having the Lemaitre atom form with mass of modern Methagalaxy
mass and the diameter 10 ™cm. We propose that the Big Ban is the result of the
transforming of the topological energetical string modes into oscillations one. The
hypothesis of friedmon particles as particles of dark matter with masses near one

billion GeV and corresponding to dualized weak interaction symmetry group is
proposed.

Monnwyk Poctucnas PeodpaHosuy, 495-3333366 ca. T., e-mail: rpol@asc.rssi.ru

23



