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B cratbe npeanpuHSATa Monbitka CgpopMynunpoBaTh KOHLEMUMK OCHOBOMOAAratowmx MnpuHUMNOB
ycTpovicTBa MUPO34aH1s, ONUpasiCb Ha cambie MocaeaHNe UCcneqoBaHus B aTok 0b6n1actu u o6beguHss
UX B €UHYIO TEOPUIO.

KnioueBble cnoBa: MuposgaHue, BCefneHHas, dyHOameHTanbHas uauka, (uanka BUXPEN,
n3MepeHus, rpaBsmTaumns, BCEMUPHOE TAroTeHne, NPoCTPaHCTBO-BpeEMS

HoBble Teopuu, kacawowmecs U3MKU MUPO3OaHus, NMOSIBUBLIMECS B rocnegHue pecatunetvs (u
Jaxe rogbl), Takue kak Teopus Bakyyma, TEOPUS MHPNSLUMOHHON BCENEHHON, Teopus CTPYH, Teopus
TOPCUOHHBIX Nonel, onanka Buxpei n gpyrue, npobyxaaoT BoobpaxeHne. ABTOp 3TUX 3aMeTOK, BMOJHE
MOHMMas CBOW CNMILKOM YMPOLWEHHbIV NOAX0M K MOHUMAaHUIO BbiCKA3aHHbIX B HOBLIX TEOPUAX MOEW, TEM He
MeHee GepeT Ha cebsi cMenocTb 0606WUTb UX N, OCHOBBLIBASICb MCKNIOYMTENBHO HA NIOTUKE U MHTYMUUK
(BecbMa HeHamOeXHble WHCTPYMEHTbl Hayku), NpednoXuTb OnucaHue KapTUHbl MUPO3OaHUsS MoLd TeM
YrfIOM 3pEeHusi, KOTOpPbI B CBETE HOBbIX TEOPWUiIl HanpawneaeTcs cam coboil. B nonHolh yBepeHHOCTH, 4TO
ynTaoWwas ayautTopus, 3Hakomasl C NepeyncneHHbiMM TeOPMSIMUA, MOMMET MEHS C MOyCcNoBa, NocTapatch
OblTb NpenenbHO KPaTKUM M M3NOXUTb CBOU naen B doopme Te3ncoB. [Mpuaetcs npeononetb ele oOHy
cnoxHocTb. [laTb cpasy MOMHYH KapTUHy npoucxomswero 6e3 MOSICHEHWS BBOAWMBIX MOHSTUIA He
npeacTaBnsieTcss BO3MOXHbIM. HO MOSICHUTL HEKOTOopble MOHATUS MOXHO NiMWb ONMPasicb Ha Opyrue
MOHATUS, KOTOPbIE CaMu BbiTeKalT M3 nepsbix. [103TOMy B 3TOW cTaTbe BbibpaHa TakTuka MnolwaroBo
OUHAMUKU C MOCTEMNeHHbIM MNpubnuxeHneM K nonHoi kapTuHe. lMpu atom 6ydy PyKOBOACTBOBAaTbLCS
OBWENPUHSATBIMU KPUTEPUSIMU BbiOOpa pelleHnii: Hanbonbluas BO3MOXHAas NMpoCcToTa, pauuoHanbHOCTb
(HauMeHbluas 3aTpPaTHOCTb BO BCEX CMbicnax), Hambonbwasi BepoSiTHOCTb CoObITUS (yAOBNETBOPEHUE
HanbonbleMy KONMYECTBY M3BECTHbIX (DAKTOB M SIBNEHWI), OOMYCTUMOCTb W HEMPOTMBOPEYMBOCTb, a
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TakXe TakoW TyMaHHbIi KpUTEPUiA, Kak NpPaBaonoaobHOCTb (C ONOPOW Ha BECb NPeablayLnii onbIT).
1. O maTepun.

[axe B camMOM WNPOKOM OUNOCOPCKOM NMOHUMaHMKN MaTepun Kak noboi cybcTaHumm, OTINYHOM OT
"HNYTO", MHE Bbl He XOTeNocb ynoTpebnaTb B ganbHewem aToT TepMuUH. byaeT 6onee KOPPEeKTHBIM, ecnu
NpPsIMO Ha3BaTb Ty cybCTaHUMIO, N3 KOTOPOW COTKaH MUp. OTa cybcTaHumsa ecTb aHeprusi. Ckaxy bonee:
eOVHCTBEHHas cybcTaHums. Bonblie Hukakux matepuii HeT. [MoaToMy TepMuH "MaTepusi" CTaHOBMTCS
N3NNWHNM.

2. O npocTpaHcTBe

YXe H1 ons Koro He cekpeT, YTO MPOCTPaHCTBO B TOM CMbICNE, B KOTOPOM OHO ceilvyac noHuMaeTcs,
He sBNSeTCS caMoCcTosTenbHoW kaTteropueii. OHO ABnseTCs OyHKUMERn ToW cybcTaHumm, KOTOPbIM
3anonHeHo. Yacto aTy cybcTaHumio Ha3biBalOT BakyyMOM. HO 1 3TO CNOBO yXe apxauyHo, yeogsuee oT
CYyTU SBNEHWS Tak Xe, Kak U CnoBo «maTtepusi». Kak OymeT nokasaHo panee TpebyeTcs HEMHOro
CKOPPEKTMPOBaTb CMbICN 3TOro TepmuHa. lNoka xe 6ynet yMecTHO ynoTpebnsatb noHsTne obbema
SHeprum, KOTOpPOE [MOJIHOCTbIO 3aMeHdeT T[MpPMBbIYHOE HaM TMOHATME MpocTpaHcTea. A  TepMuH
"npocTpaHcTBO" Npubepexem ons Opyroro NoHATUS. Takum 06pasom, M36aBMBWINCL OT NNWHUX TEPMUHOB
(Bpope 6bl Menoyb, HO Kak HEWCTBEHHO!) Mbl MOCTyMaeMm pauvmoHanbHO U CTaHOBUMCS Onuxe K CyTu
ABNEHNsA, a 3TO MOMOXET HaM MpeonosieTb MocnegHue MUNNUMETPbI, OTOensouwme Hac OT peasbHoWn
KapTuHbl Mupa. WNtak, Bo3bMeM Ha cebs CMenocTb yTBepXJHaTb, YTO MPOCTPAHCTBO B COBPEMEHHOM
NOHMMaHUN — 3TO 3Heprus. BepHee aHeprus B 0OHOM M3 CBOMX COCTOSIHWIA, npuobpeTarowero obbem.
Takxe HanoMHWM elle pas, YTo NPOCTPAHCTBO CBA3AHO CO BPEMEHEM.

3. OHeprusa

Uto X, SHeprus CTaAHOBMTCA TNaBHOW KaTeropvein B onucaHUM MupoycTtpoicTea. Ho Mup
MHOroobpaseH. M Tonbko NoTOMy, 4TO U aHeprust MHoroobpasHa. OHa HAaCTONbKO NNACTUYHA, YTO N3 Hee
MOXHO «BbINEMUTb>» BCE, YTO YroaHo. Tak nonpobyem «BbiNeNUTb» N3 HEe BECb MUP.

OTnpaBHOIN TOYKOWN «COTBOPEHWUS MUpa» MOCAYXUT 0CODOEe COCTOSIHME 3HEeprum. OTO COCTOSIHWE
xapakTepusyeTcs nofHbIM paBHOBecuMeM. PaBHOBecume no «3apsagy», MO NAOTHOCTWU, TO eCTb MofHas
naotponHocTb. Bcero-to!ll 3ato uto ato paet!!! HeT BTOpOro 3akoHa TepMOOMHAMMUKW, HET CTpensb
BPEMEHW, HET NpPEBPALLEHNA, HET ABMXEHWA. Bpems octaHoBneHo. MrHOBEHME 1 BEYHOCTb — OAHO U TO
Xxe. be3 BpeMeHn HeT 1 mpocTpaHcTBa. Toyka M BeckoHeYHbIn 06beM 30ecb Tak Xe OOHO U To Xe. B
NMOSIHOM PAaBHOBECUWN HAXOAATCA W BHYTPEHHWEe cuibl. [10 NpuHUMNY NPOCTOTHl U PALMOHANBHOCTU HET
HeobxoouMocTu cuntate ux Bonee, yem ge. OgHa cuna SHEPrul0 CXuMaeT, Opyrasi, eCTeCTBEHHO,
npensaTcTByeT cxXaTuio. HazoBeM Takoe COCTOSAHME NOKOS N PaBHOBECKS HYNEBbLIM.

LOns toro, 4ytobbl COBUHYTH CUTyauWUlo C MEpPTBOW TOYKW, CMNa BHYTPEHHEro AaBneHus O0nXHa
npeononeTb cxumaoowyto. (HTo cnyXunT cnyckoBbiM KptoukoM? o3xe nonpobyem aTo onpenenntb). Kak
TONbKO 3TO MPOUCXOOUT, BO3HMKAET Haw Mup M aHTuMup. lpouecc co3maHusa Hawero MmMupa onucad
Teopuein MHPNAUMOHHON BCENEHHOW. DHEPrns pacwennsercs Ha BO3MYLWEHHYIO «MONIOXUTENbHY0» 1
BO3MYLLEHHYIO «OTpuuaTtenbHyto». Oba Buaoa sHepruu, pasberasicb, CO3[al0T ABa 3epkanbHO pPasHblX
npoctpaHcTBa. [pocTpaHCTBO conpsaraeTcs CO BPeEMEHEM U nossngetcs asmxeHne. OCb BpPeEMEHU
aBnsetcs obwen onsg AByx MUPOB. Mynp 1 aHTMMMP COCYWECTBYIOT PSAOM, HE COMpUKacaschb.

4. [paBnTauus n peBmTaLms

ﬂpocne;u/lM X0 3BOJIOLMN BCENIEHHON B HalleM mMupe, nMeqa eehnay, 4TO0 B aHTUMWPE, B npuHUMne,
Ha4valibHbl€e YC/IOBUA T€ Xe, U, MNo 60ﬂbU.IOMy cyery, rnobanbHble npoueccbl OOMXKHbI 6bITb CXOXMW.

NTak, nmeem OypHO yBENUUMBAIOWYOCA B OObeMe BO3MYLEHHYID («3apsXeHHY0») SHEepruio,
BbIM/IECKMBAIOLLYIOCS U3 HYNEBOro COCTOSIHMS. Mbl MPMBLIKAM HAXOAWTb B Matepumn kBaHTbl. Bce 6onee



mernkue. Ho, kaxeTcs, 3necb Opyroi crnyyai. BoamyleHHast sHeprus B CBOEM MCXOAHOM BUOE aMopdoHa.
9ST10 aMopdHoe cocTosHMe, BoobLe rosops, byneT conyTCTBOBaThb SBOMOLMN BCErAa, ABNASCL TEM CaMbiM
PU3NYECKNM BaKyyMOM, O KOTOPOM ceiiyac Tak MHOro roBopsiT. Kpome 3Heprum Ha BCEMUPHON apeHe
LEeViCTBYIOT ABE MPOTMBOMONOXHbIE CUMbI, O KOTOPbIX YXe 6bin0 ynoMsiHyTo. VX yXe NpuHSTO HasbiBaTb
rpaBMTaumeit M adHTurpasuTaumeini. Ho, Ha Haw B3rnsg, 6bino Obl ynoobHe HasBaTb BTOPYH CUNy
pesuTaumeii. PeBntauma yxe coirpana CBOKH poNib, OAB TOMYOK K pacuenneHuto aHeprun. C pocTtom
06bEeMOB paclWeneHHbIX 3HEPrUM U aHTUSHEPTN peBUTauns TepsieT CBOK cuny. Yero He ckaxewb O
rpaeButaumn. MocnemgHsas HaobopoT Bce Honee Bo3pacTtaeT. Ckopee BCEro OBE CW/bl MMEDT pPasHyo
npupoay v OEWCTBYIOT MO pasHbiM 3akoHaM. ['paBuTaums, NpoTUBOAENCTBYS, CTPEMUTCS BEPHYTb SHEPruto
B MCXoAHoe cbanaHcupoBaHHOE COCTOsSiHME. 3OeCb Moka OCTaHOBUMCS W nepengeM K cnegylowemy
MOHSATMIO.

5. ObpasoBaHue BelecTsa U Macehbl

Cnepys Teopun WHMNSAUMOHHOW BCENEHHOW MOXHO nNpeacTtaBUTb AMHAMUKY MPOMCXOASAWMX
NPOLIECCOB B NEpPBble MTHOBEHUS B3PbIBHONO XapakTepa BO3HUKHOBEHMS BO3MYLEHHOW aHeprun. NMpumem
noka dakT pPes3Koro pacwuMpeHns BO3MYLWEHHOW 3HEpPrnn kKak OaHHOCTb, He BAABAsACb B MPUYUHBI
npoucxopgwero. ["pasMtaumns HauMHaeT OEeNCcTBOBATb Cpady Xe. TO eCTb ABMXEHME aMOPOHOM aHeprum
npoucxoanT B €€ CWIOBOM MNofe, YTO HEMUHYEMO MpMBOOMT K 0Opa3oBaHMIO BUXpel (puamka Buxpei
HacTamBaeT Ha 3TOM, MOCKO/IbKY WMMEHHO B KPYroBOM [IBMXEHUW paboTa paBHa Hyno, TO €CTb HeT
pacxona (npeBpalleHnii) aHeprun n cobnogaeTcs ycnosne paunoHanbHocTu). B cBoto oyepenb Buxpesoe
OBUXEHUEe 3Heprmm cosgaet cobCTBEHHOE CMNIOBOE MOJfie, B KOTOPOE BTSArMMBaeTCsl OKpyXarowas
amopdoHas aHeprus. B 3aBMCMMOCTU OT HanpaBfeHWS BpaleHUs BUXPS OKpyXatolwas SHeprus ¢ 0OHOM
CTOPOHblI BXOOMT B LIEHTP BUXPS, C APYrol CTOPOHbI BbIXOAUT, BbiTANKMBASCb OMSATb B OKPY>XaloWyto
aHepruto. [oxoxe Ha aencTene Hacoca, NOCTOSHHO MPOrOHSAIOWEr0 OKPYXatoLyto SHEPTUI0 YePE3 BUXPb.

[MoBCEMECTHO BO3HMKAOWME BUXPU CO3[AIOT TOYEYHbIE YMIOTHEHUS SHEPrUM MO CPABHEHMIO C
oKpyXxawuen amopHoOn cpenoii. B cBA3M C 3TMM BCS OKpyXarwlwwas cpefa TepseT nepBoHavyanbHYO
n3oMoppHocTb. [MosiBNAOTCA NNOTHblE W paspsiXeHHble nokanbHble obnactu. B cBoio oyepenp
BTArMMBaHWE B BUXPb HEOOHOPOOHON MO MNOTHOCTU OKPYXallWen SHeprun 3acTaBnseT BUXPb CXUMATLCS
unun pacwupsitecs. CxaTme BuMxps co3gaeT yyacTku ewe 6onee NNOTHOW aHeprun. Buxpu asHeprum,
obpasylowme NNOTHOCTU, U eCTb Macca, ¢ koTopol "paboTaet" coBpeMeHHas gumauka. 3 Buxpel xe
o6pasyloTca anemMeHTapHble YacTuubl. Puanka BUXpel NoKasbliBET, HACKONbKO Pa3HbiMK, a MOPO BECbMA
3ambicnoBaTbiMK, HbiBalOT pUrypbl Buxpein. durypa Buxps onpenensietT xapakTep ero B3aMMoLeicTBns ¢
Opyrumm Buxpsimu. 13 Hux obpasyoTcsl KBapKu, NPOTOHbI, HEATPOHbI, 3NEKTPOHbI U Apyrue YacTuubl.

Henb3a He ckasaTtb 3fnecb 00 adpdpekTe tonbl. Buxpw, Bpawalowmecs ¢ OrpoOMHON CKOPOCTbIO,
npuobpeTaloT YCTOMYMBOCTb K BHEWHUM BO3LEWCTBUSIM U 0OYCNOBNMMBAKOT KBAHTOBOCTb B WM3MEHEHUW
COCTOSIHMS. DTa Xe YCTOMYMBOCTb MOXET ObiTb KNOYOM K pasragke npuponbl nHepuun Ten. CKkopocTb
BpalleHns nopoxaaeT CBOWCTBO BMOpaUMM BUXPS, Urpaloweit BaXHyl poib BO B3aWMOLEWCTBUU KX
MeX Iy coboii. BepHeMcs K BpaleHuWio BUXPEN elle pas nocne NosiCHeHs Npupoabl rpaBuTauunm.

6. lamepeHns

CerogHs u3MepeHune TpakTyeTCcs Kak Mapa KoopauHaT, 3ajatolasi MecTornofioXeHue Tena B
npocTpaHcTBe. Ho n3amMepeHve 3aaaeT U KayecTBo, TO €CTb HOMONHUTENbHbIE CBOMCTBA M BO3MOXHOCTH.
Mpuyem Kaxooe HOBOE U3MepPeHKe yCUnnBaeT BO3MOXHOCTM Npeablayllero B YACNO pas, CTPeMsIerocs B
6eckoHe4HoCTb. [pyrummn cnoeamu cnemyiolee U3MepeHue NMosIHOCTbIO COaepXUT B cebe npenblaylwme
N3MEpPEeHNsi, KONMYECTBO KOTOPbLIX CTPEMUTCS K 6ECKOHEYHOCTH.

Mbl yXe BBENU MOHSATWE HYNEBOr0 COCTOSIHMS 3Heprun. MOXHO yTBepXAaTb, 4YTO SHEeprus
HaxoOuTCs He NPOCTO B HYNEeBOM COCTOSIHMW, @ B HYNEBOM W3MEPEHUW, rae HeT npocTpaHcTea (B
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TPAOMUMOHHOM MOHUMaHUW) W BPEMEHW. VIMEHHO W3MepeHue SABNSIeTCS TOW KaTeropuen, Kotopas
afekBaTHO onpenenseT NoNoXeHNe SHEPrum, KOTopas HUKOraa M HUKya He ncye3aeT, OCTaBasiCb pPsaoM
N, B TO Xe& BPEMS, B CKPbITOA HEOOCTYNMHOCTW. B HyneBOM M3MepeHWM OHa yXe MOAYMHSIETCS COBCEM
Ipyrum 3akoHaM. M onsatb 06 9ToM YyTb no3xe. CMMBONOM 3TOr0 M3MEPEHNS SBNSIETCA TOYKA.

MNMepBoe MPOCTPAHCTBEHHOE W3MEpPEeHMEe JaeT HaM MOHATUE NMHMKU. Hayancs oTcyeT BpeMeHu ans
NPOCTPAHCTBEHHbIX U3MEPEHWA, HO 06 beM BO3MYLEHHON aHeprum ewe cebs He nposisun. OH ocTaeTcs B
HeonpeneneHHoM 3HayeHMn. Ho 0QHO3HAYHO eCTb ABUXEHUE (BEKTOP HanpaBieHUs U CTpena BPeEMEHM).
Mo3TOMy MOXHO rOBOPUTbL, YTO YK€ NEepBOE N3MEPEHME COMPSIKEHO C 0COOLIM U3MEPEHMEM - BPDEMEHEM.

CMMBONOM BTOPOro M3MEPEHNS ABNSETCS NNOCKOCTb. KpoMe CTpenbl BpEMEHM M BEKTOPA ABMXEHMWS
MosIBNSIETCS OPTOrOHaNbHbIA BEKTOP ABUXEHUS, YBENNYMBAIOWMA BO3MOXHOCTN NEPBMYHOrO BEKTOpa A0
6eckoHeyHocTn. O6beM elle He NPOSIBNEH.

B TPETbEM WU3MEPEHUN HaKOHEU-TO NpPOoABNAETCA o6beM. QueBngHo, 4TO TpeTbe WM3MepeHne
LUeNMMKOM 1N NONTHOCTbIO COCTOUT U3 BTOPbIX VI3MepeHVIVI, YNC/IO KOTOPbIX CTPEMUTCA K 6€CKOHEYHOCTM.

Tenepb BHMMaHue! EcTb ocHOBaHMS yTBepXn4aTb, YTO CywWeCTBYeT YeTBEepTOe MPOCTPaHCTBEHHOE
n3mepeHne. Ha aTo ykasbiBaeT XOpOWO M3BECTHbIA HOHCEHC CO CKOPOCTblo cBeTa. Kak 6bl Habnoaatenb
He nepenpurancs B NPOCTPAHCTBE - AOrOHAS UCTOYHWMK unn yberas oT MCTOYHMKA CBETA, CKOPOCTb CBETa
OCTaeTCsl MOCTOSAHHOW. ONHWTENH OO6DBACHUN 3TO SIBNEHUE WCKPUBNEHWEM npocTpaHcTBa. OpHako,
OCTaBnsie 3a MPOCTPAHCTBOM CMNOCOBHOCTb WCKPUBAATLCS, YCOMHUMCS B TOW CTEMNEHM WCKPUBEHUS,
KoTopoe TpebyeTcsa ONs onpaBOaHUS WMEIOWErocs HOoHceHca. Henb3s nu 06bACHUTL ero mHave?
Mpenctasum cebs OByMepHbIM HabnogaTeneM B AByMEPHOM NpocTpaHcTee. B TpexmepHoM npocTpaHcTBe
HaxoaMTCs UCTOYHMK CBeTa (Aaxe NpoCcTo OBMXETCS TeNo) 1 Mbl Habnaaem ero Npoekunn B AByMEPHOM
npoctpaHcTBe. Ecnu Ha BbluMCNeHMEe CKOPOCTW Tena BAUSET HeBMAMMas HaMu TpeTbs Mpoekumsl, To B
Kakyto Obl CTOPOHY Mbl He MepeMewanncb B [OBYMEPHOM MPOCTPAHCTBE, CKOPOCTb Tena (C Tpems
npoekumsmn) 6yneT ocTaBaTbCs NS HAC MOCTOSIHHOW. OKCTpPamonupys 3TOT BblBOA Ha TPEXMeEpHoe
NPOCTPaHCTBO, MOXHO 3anofo3puTb, YTO CBET Ha CaMOM Jefie MepeMelaeTca B YeTblpeXMepHOM
NMPOCTPAHCTBE M Mbl U3MEPSIEM €ro YeTbIpeXMEPHYI CKOPOCTb, Habniogas, oAHako, TONbKO TpWU €ro
npoekumn. Ha aToT BbIBOA HaTankmMeaeT U Takash KOCBEHHAas ynuka, Kak "oTpeweHHOCTb" (PpoTOHOB cBeTa
(a Takxe HEWTPUHO) OT B3aAMMOOEWCTBMIA C OPYyrMMM yacTuuamu BelwecTsa (dHeprum) B HaweMm
TPEXMEPHOM nNpoOCTpaHCTBe. BnonHe BeposATHO, 4YTO OOTOHAM CBeTa MewaeT pearvpoeaTtb UX
yeTbipexmMepHoCTb. OYeHb BO3MOXHO, YTO B YETbIPEXMEPHOM MPOCTPaHCTBE (POTOHbLI U HENTPUHO UMEIDT
HOpMasnbHY0 NNOTHOCTb 3HEPruM (Maccy), a B Halen TPEXMEPHOCTM NPUCYTCTBYIOT TOMbKO MX NPOEKLMK
(6nuKn, CONHEYHbIe 3ayMKK) 1 NUWb MHOT4A NPOSBASIOTCA UX UCTUHHBIE KOPMYCKYNSpHble CBOWCTBA (3a
obHapyXeHune Macchl Y HEMTPUHO YXe npucBoeHa Hobenesckas npemust). HanoMHMM, 4To ecnu YeTBepToe
NPOCTPAHCTBEHHOE W3MEPEHME CYLIECTBYET, TO OHO LENNKOM W MOMHOCTbIO COmepXuT B cebe Hawy
TPEXMEPHOCTb B KONIMYECTBE, CTPEMSLMMCS K BECKOHEYHOCTM.

Danee. 3aberas Bnepen OTMETUM, YTO CyWeCTBYyeT elwe OOHO U3MepeHue, NsToe, codepxauee B
cebe MHorokpatHo 4eTtBepToe. Ero cywecrtBoBaHue BbiTEKaeT U3 CaMoi CyTuM npennaraemMoi Hamm
KOHUenuuu MMpoycTpoiicTBa. MNokaxeMm ero 4yTb No3xe, a Nnoka HarnoMHUM, 4To MatemMaTudyeckasi Mogenb
CTPYHHOW BCENEeHHON peanuayetcs MOMHOCTbIO, E€CNM MPEeAnoNioXnTb ee OAUHHAALATMMEPHOCTb.
HaBaiiTe nocumtaeMm. MNsiTb NPOCTPAHCTBEHHbLIX U3MEPEHNWIA HAWEro M1Mpa, NC NsSiTb NPOCTPaAHCTBEHHbIX
N3MepeHnin aHTuMmpa, nnoc ocoboe namepeHne BpemMeHn. BoT n HabvpaeTcs oanHHaAUATb U3MEPEHWA.
Kak pa3s T0, 4TO Hy>XXHO ONsi CTPYHHOW TEOPUN.

MpnbaBmB kK aTOMy Habopy HyNeBOE M3MEPEHME, NONYYMM ABeHaduaTb U3MepeHuid. Ha atom uucne
HacTamnBaloT 330TEPUKM, YTBEPXK JAKOLWNME, YTO XPAHAT U AOHOCAT OO0 HAC 3HAHWUS OPEBHUX, OCHOBAHHbIE HA
BCENEHCKOM 3HaHuu (Mnu, XxoTs Bbl HA MX 3EMHOW MHTepnpeTaumn).
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Hactana nopa onpenenntbcs ¢ TepMmHamMn. O4eBMIOHO, YTO NMOHSATME NPOCTPAHCTBA ropasno wupe,
YeM TpagvUMOHHOE MOHMMaHWe NPOCTPaHCTBa B Hawel TpexmepHocTun. MoxeT 6biTb OCTaBuTb 3a
TPEXMEPHOCTbIO NOHATHE "06BbEM", a "NPOCTPAHCTBOM" HA3bIBATb YETLIPEXMEPHYIO KATErOpmio?

Xotenocb Obl MNOOYEPKHYTb Mpu 3TOM cnegyowee. B kaxpon Touke 6onee HWM3KOro
MPOCTPAHCTBEHHOIO U3MEPEHMs NpucyTcTByeT Honee BbicOKOoe M3MepeHue. Ho He HaobopoT. B 6onee
BbICOKOM M3MEPEHUn MpUCYTCTBYET MHOXECTBO 60Nee HU3KMX U3MEPEHWUA 1 MPOU3BONIbHO BblOpaHHas
TOYKa BbICOKOrO M3MEPEHUNS MOXET He 0Kas3aTbCsl B KOHKPETHOM HM3KOM. IDTOT MOCTynaT He kacaeTcs,
O0[Hako, HYNneBOro maMepeHus. HamoMHuMm, 4yTO OHO K "Hurge" m "Bespe", "Hukorga" m "Bcerga". A
930TEPUKM Ha3bIBAIOT 3TO COCTOSHME "BCerna 34ecb u cenyac”.

7. Ewe o rpaeutauum

BepHemcss onATb Kk rpaButaumu. BoopyXuBWUCb  MOHATMEM  M3MEPEHW A  NonbiTaemcs
NHTEPNPeTMPOBaTb ee CyTb. VI3BECTHO, YTO rpaBnTauus - 9T0 cuna, AencTByowWwas NOCTOSHHO, Kak none.
Ho, ecnu, Hanpumep, B TPEXMEPHOM 0O6bEMe HanpaBfeHHOCTb 91E€KTPOMArHUTHOrO MO MOXHO BMOJHE
onpeneneHHo 3a4aTb BEKTOPaMu, TO He O4YeHb MOHATHO, Kyda HanpasneH BekTop rpasmTtaumm. OH Bcerma
HanpaeneH kak 6bl BHyTpb Macchbl Ten. [o3ToMy rpaBMTauUMio cCYMTalOT CBOMCTBOM Macchl Ten. OfHako, aTo
He coBceM Tak. ['paBuTaums 3aBnCUT OT MACChl, HO UCXOAUT HE U3 BUAMMOr0 HaMu Mypa.

MpAMbIM cneacTBveM rpaBUTaUMKN SBNSIETCS 3aKOH BCEMUPHOTO TATOTEHWS, KOTOPbIA MOXHO
TpakToBaTh cnegywownm obpasom. lNpenctasum cebe nOBa Tena B TPEXMEPHOM MPOCTPaHCTBE (Tak
npuBblyHei). [MpoBedeM uyepe3 Tena MPSIMYID U OTNOXWM Ha 3TOW MNPSAMOM BEKTOPbI rpasBuMTauLmu,
HanpaBneHHble BHYTPb Ten. [Monyynum napy BEKTOPOB, HAMPABNEHHbIX MO NIMHWU HABCTPeYy Opyr Opyry
(BHeWHMe K Tenam) M napy BEKTOPOB, HaMpasfieHHbIX MO NWHUM B NPOTUBOMONOXHbIE CTOPOHDI
(BHYTpEHHWE, OTHOCMTENbHO Ten). Mockonbky AeWCTByOWME CUbl OAHOM NpMpoabl U oba Tena MOXHO
paccMaTpuBaTb Kak CUCTEMY, TO BEKTOPbl MOXHO CNOXWTb. BHYTpeHHWe BeKTOpbl B3aWMHO
HUBENUPYIOTCS, BHEWHME CO3[AI0T KaK pa3 TO CaMOe BCEMUPHOE TAroTEHUE.

B gl

-ﬂe,%-_

G =(91+G2)+(G1-02)

(He 3abbiBaeM, 4YTO MMEEeM [Leno ¢ nonem, ybbiBalowmMm o06paTHO MNPOMOPUMOHANbHO KBagpaTy
pPaccTosiHMS OT LeHTpa Ten, No3TOMY hopMyna Nnlb UNCTPATUBHAS).

Uto Xxe Tam BHYTpWU Maccbl Ten Takoe, 4tobbl Tak AeictsoBana rpasutaumsi? C TOYKM 3peHUst
TPAOMUMOHHOW PU3UKWN - HUYEro. A BOT C Y4YETOM BblWEOMNUCAHHOW CyTU MUPOYCTPOWCTBA - KakK pasd To
CcaMoe HyNeBOE U3MEPEHNE, U3 KOTOPOrO BbilNa BO3MYLWEHHAs aHeprus, obpa3oBaswas Tena ¢ Maccom, u
B KOTOPOE rpaBnTauust Tenepb CTPEMUTCS BO3MYLEHHYIO SHEPruio BEPHYTb, TO €CTb CBEPHYTb B TOUKY.

Takum 06pasom, rpaBuTauusi He SIBNSIETCA CBOMCTBOM TeN, Kak CYMTAEeTCA Tenepb, a CBONCTBOM
HYNEBOro U3MEPEHNs.

N3BecTHO, 4TO rpaBuTauMs MOCTOSIHHA M MponopuMoHanbHa macce Ten. Ha camom pene oHa
LefcTByeT Ha BCIO BO3MYLEHHYO SHEPrMI0 U NPONopLMoHanbHa ee NNoTHOCTW. Beab MMeHHO B Macce Ten
OBELECTBNSETCA BO3MYylleHHas aHeprusa. W yem 6onblwe macca, TeM 6onbwas NAOTHOCTb 3TON camoit
3Hepruu.
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8. dopmupoBaHme BCENEHHbIX

HavanbHbll nepuon OOPMUPOBAHMS BCENEHHbIX OOOPOTHO onucaH Teopue WHMNSLMOHHOMN
BceneHHo. C TOW nonpaskoW, 4TO TKaHb CaMOl BCENIEHHOW MepBOHaYanbHO cocTaBnsgeT amopdHas
aHeprus, nprobpeTarowas NpPoCcTPaHCTBO, a CONpArascb Co BpEMEHEM - apnxeHune. Cpasy xe HauuHaeT
LeicTBOBaTbL rpasnTaums (ewe oyeHb cnabas), co3nasas MUKPOBUXPU C MACCOl U MHepumeir. Pesntaums,
JeCcTBOBaBILAs B CAMOM Hadane, He BbIXOOWUT 3a paMKW HyneBoro uamepeHus. PacwmpeHune BCeneHHow
Tenepb MPOMCXOOMT YXe TOJSIbKO Mo MHepuun. [ pasuTtauus, OeCTBylOWas B HalleM MUpe MOCTOSHHO,
HEeCMOTpst Ha 6ONblyl0 YCTONYMBOCTb 3ABUXPEHHON 3HEPruW, MPUYEM YCTONYMBOCTb B OYEHb OOMbLIMX
macwrtabax BpeMeHM, CO3nalolWen UNN3NK0 BEYHON HEN3MEHHOCTMN, OHA BCE Xe MOCTEMEeHHO CXKMaerT,
yrnnotHaeT asHepruto. M 4eM MnoTHee 3Heprnsi CTaHOBUTCA, TEM CU/ibHEe [OEeNCTByeT rpasuTauus.
Ycunusaroweecs rpaBnTauUMOHHOE MONe, B CBOIO oyepedb, eue 6onblie pasroHseT BpalleHue BuXpei
aHepruun. lpouecc 3TOT BHavyane 04YeHb MefneHHbll. HoO B KOHLE KOHLOB OH NPUBOAUT K CKOMMNEHWIo
nnasmeHHblx obnakoB. Bce 6onee yBenuumBawowmecs nnas3MeHHble obnaka co3[aloT Cryctkum ¢
KPMTUYECKOW Maccoi, korna cxatune npuBoaMT K BO3HMKHOBEHUIO NPOLECCOB Npeobpa3oBaHns HEPruw.
Bce Gonee ysenuumBalowascs CKOPOCTb BpawWeHUs u yactoTa Bubpauun cospatoT bonee Taxenbie
YyacTumUbl C BbICOKOW MNOTHOCTbIO aHeprun (Mmaccol). Cnepyst 3akKOHY COXpaHEHMs aHepruu sToT npouecc
COMPOBOXAAETCS BblOENEHMEM HM3KOCKOPOCTHbIX 4YacTuL, C HW3KOW 4YacToToi Bubpaumm (Tenna). Tak
3axwuralTcs 3sesfbl. [flanee yxe Mo Xopowo W3BECTHOMY cCLeHapuio. BbiCOKOCKOPOCTHbIE YacTuLpbl
obpasyloT aTtoMbl, COEAVHSIOWMECS B CTPYKTYpbl - TBEpAble Yactuubl (Mbinb). Mbinb 06beauHseTcs B
TBepAble Tena, B acTepounibl, B NnaHeThl. dHeprusa Bce 6onee ynnoTHAETCS (CBA3bIBAETCS B BELECTBE).
CkopocTb BUXpeil M BHYTpPEHHSIS Bubpaumsi Bce 6Oonee yeenuumBaloTcs. [paBuTauMs ycunusaetcs
HacCTONbKO, 4YTO MNPEOJONEBAaET WHEPUWIO, 3afaHHyl0 peBuTaumein. YeenuueHume obbema 3Heprum
NnoAxonuT K anoreto 1 HaynmHaeTcsa cxartue.

lMocnepHas cTagus CBA3bIBAHMS SQHEPruM B BELWECTBE - YepHble Ablpbl C TUMMNEPNIOTHOCTLIO.
ONHWTENHOBCKMIA Nepexon B CUHTYNSIPHOE COCTOSIHME - 3TO nepexon B Hynesoe cbanaHcMpoBaHHOE
COCTOSIHME: COoeIVHEeHWe C aHTumaTtepumen, rge onaTb OEWCTBYeT peBuTauus, ypaBHOBelMBaowWwas
rpaButaumio. lMepexon, ckopee BCero, MPOUCXOOMT CKaykoobpasHO. AHHUTUMNSUMA C aHTUSHepruen
COMNpPOBOXAaeTcs BbIOPOCOM K36biTKa BbHICBOOOXOEHHON W3 OBELWECTBNEHHOrO BMOA JHEPruun, He
Hawewei Mmecta B cbanaHcMpoBaHHOM COCTOSIHUM, CHOBA B Hal Mup.

Yto npomcxoaut C MPOCTPaHCTBOM-3Hepruein (BO BCex wuaMepeHmsax)? [lloka WHEpPUMOHHO
yBenuuyneaetcss 00beM pacwennsemMoir 3Heprum MpocTPaHCTBO yBenunumBaeTcs. [lpoinas anorei,
NPOCTPaHCTBO HauyMHaeT CXuMaTtbCA. B kKoHUE KOHUOB MNPOCTPAHCTBO TOXE MNEPexoamut B Hynesoe
n3mepeHme, ¢ OOHyneHMeM Bce Opyrux u3MepeHwidi BMNOoTb OO 4YeTBepToro. [ns Habnwopatens,
oCTalowWerocs B NATOM U3MEPEHMN, NPOCTPaAHCTBO CBOpayMBaeTcs B TouKy. s Habnionatens B HyneBom
n3MepeHmn ata BenumumHa 6Ge3mepHo OeckOHeyHa, M3HayanbHO W Bcerga, Tonbko yxe 6e3 cTpenbl
HanpaBneHHOCTW, B NONHON HENOABUXHOCTU, 6€3 BCAKMX COObITUIA.

B oTnnume ot Opyrux yeTbipex M3MEpeHuid 30eCb OHO He MOABEPXEHO YBENMYEHMIO U cxXaTuo. A
IOBMXEHME, €CNM MOXHO O HeM roBOpUTb B MNpuHUWMNE, MNPOUCXOOMT MrHoBeHHo. Wnwu, Bephee,
Habnogatenb B HYNEBOM W3MEPEHWM MOXET HaxoOMTbCS OOHOBPEMEHHO B noOOM MecTe 3Toro
6e3rpaHn4yHOro NPOCTPaHCTBA M B ABMXEHNM TaM NMPOCTO HET HEOHXOOMMOCTN.

Ecnn Havyano pox.paeHus BCeNeHHoW MPOUCXOOUT B BECbMa CXaToe BPeMs, MOYTU MIHOBEHHO, TO
3aKaH4MBaeT CBOK XW3Hb BCENEHHasl HepaBHOMEPHO, MOCTEMNeHHO, Yepe3 4YepHble Ablipbl, KOTOPbLIX Ha
no3aHer CTagun CTaHoBMTCS Bce Oonble 1 6onblie. B KOHUE KOHUOB OBEWECTBNSIETCS BCA SHEPrust u
NPOCTPaHCTBO, KOTOPOE W €CTb camMa aTa 3Heprusi u Huyero Honblie, cBopaynBaeTcs. Takum obpasom,
6eCcKOHEeYHOCTb NMPOCTPAHCTBA 3[eCb, CTPOro roBOPS, YC/I0BHAS. VIMEes KONMYECTBEHHYIO OFPaHNYEHHOCTb,
NPOCTPAHCTBO, B TO XE€ BPEMsl, He WMeeT npenena, MNockonbky nobasi npsimas B HeM, cnemys
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KOHpUrypaumm npocTpaHCcTBa, NPOX0As Yepead TOYKY HYNIeBOro U3MepeHus, TepsieT PpasMepHOCTb.

30ecb BaXxHO MOOYEPKHYTb, YTO HyNeBOe W3MepeHMe MNPUCYTCTByeT Be3de W B MHOTOMEPHOM
NMPOCTPaHCTBE BO3MYILEHHOW 3Hepruv B yacTHocTW. CBopauvBaHWe MPOCTPAHCTBA MPOMCXOAMT He B
KaKylo-TO KOHKPETHYIO TOYKY, SIBASIIOWYIOCS Ha4yasioM BCENIEHHOMN, a BO MHOXECTBO TOYeK B Nt06OM MecTe
NPOSIBNEHHOro NpocTpaHcTBa. [oaToMy, roBopsi O CBOpayvBaHWM MPOCTPAHCTBA B TOYKY, Mbl CHavana He
VMEEM B BUIY €AMHCTBEHHYI TOYKY, HO BECKOHEYHOE KONIMYECTBO TOYEK B NOOOM MecTe MpocTpaHcTBa
BCENeHHoW. W cBopauvBaHMe NpPOCTPaAHCTBA MOXET COBCEM He BbIrsheTb kak obpaTHbIi npouecc
pasberaHusi BceneHHol. BHOBb M BHOBb obpasylowmecs 4YepHble Oblpbl NMoka He cberailoTcs B OOHY
cynepaplpy, a CBs3blBAlOT MPOCTPAHCTBO TaM, raoe obpasoBanvcb. WM cxnonbiBaHWe NpPOCTpPaHCTBA
NPOUCXOONT BO MHOXECTBE TakKUX Ablp, HE OCTaBnss rnocne cebs HUYero, KPOMe HyNeBoro U3MepeHus.
OpHako, ¢ noTepei NpoCcTpaHCTBa TEPAIOTCS U PACCTOSHUS. YepHble Ablpbl, HAXOASWMECS OaNeKo Opyr OT
Ipyra, He0XMAaHHO OKasbiBatoTCs PsAaoM. M 1o, 4To cHavana 6bll0 MHOrOTOYEYHbIM, MHOFOMOJIIOCHbIM, B
KOHLE KOHLIOB OKa3blBaeTCs eIMHCTBEHHOM TOoYKoM. Kak 3TOT npoLecc BbirNsanT co CTopoHbl? CberaHue
YepHbIX Oblp WK pacWMpPeEHne UX OO NPenenioB conprkacaHus Mexay coboin? Bes atanoHHoro pasmepa,
6e3 macwTaba onpenennTb BeCbMa TPyAHO. Takoi BOT napamokc.

Danee. HoctatouyHo Hebonbworo Tonyka, 4tobbl peBuTauMs npeomonena rpaBMTaumnilo U Havancs
npouecc pacuenneHmsa cbanaHcnpoBaHHON aHeprumn. PacwenneHHas aHeprus He obnagaeT NNOTHOCTbIO U
rpaBuTaLmMsi pesko TepsieT CBOK cuny. Yem 60oblue aHeprust paclennsieTcs B NepBUYHbIA aMOPGOHbIA BUA,
Tem cnabee rpasutaums. oaToMy npouecc HOCMT NaBMHOOOPA3HbIA WM Oaxe B3PbIBHOW XxapakTep.
MpocTpaHCcTBO cpasy xe pasberaetcs v AanbHENWWn NPOLECcC ero NPOSBNEHNS MOXET BbIrNsAeTb Kak
BO3HMKHOBEHME BO MHOXeECTBe Touyek. (M pasberaHue BewectBa BO BCENEHHON Aanee NpouCXoauT He K3
OJHOr0 UEHTpa, a U3 MHOXeCTBa LEHTPOB. He oTcloga nu S94encTbli XxapakTep BCENeHHOW, OTKPbITUE
KOTOPOro Tak 03aaaunno cusnkos?). BceneHHas obpasyeTcsi BHOBb.

[NOSTRTE

[ERRE T T TR L

Ntak, BceneHHble poxnpalTcs u ymupatoT. Ckonb [ONr0 MOXET ANUTbCS UMK BCENEHHOMN?
O30TeprKkM Ha3bIBAOT YACNO 3EMHbIX NeT ¢ NATHaauaTblo HynsiMu. MNocne KOTOPOro CTONbKO Xe AAUTCS
nepuon HebbiTus. Hayka Xe noka HMYero ckasaTtb Mo 3TOMY NoBoAdy He MoXeT. BbiabiBaloT cnopbl gaxe
nonbiTKM OonpefeneHns Bo3pacrta BCeneHHol. Ho B 04HOM Mbl MOXEM caenaTb JIOrMYeckn AOCTaTOYHO
BEPOSATHOE NPEANON0OXEHME: BCENEHHbIX MOXET ObiTb HEeCKOHEYHOE MHOXECTBO. M 310 06CcTOATENBCTBO
aeT HaMm KJII0Y K NSTOMY U3MEPEHMI0, MHOFOKPaTHO coaepxalleMy B cebe namepeHne 4eTBepToe.

9. lMatoe namepeHue
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MNsiToe n3MepeHne OTNNYAETCS OT YETBEPTOro ewe M TeM, YTO B HEM HET «CBOEro» MOCTOSIHHOIO
npocTtpaHcTea. MNpocTpaHCcTBa NOSABNSAOTCS NEepUoaMYEecKn 1 ucyesaroT. FoBOpS O NEPUOONYHOCTY, UMEEM
BBUIY, YTO BPEMSI OCTaeTCcs eauHbiM ONs OOHOW Lenu pasButusa BceneHHblXx. Ho HMYTO He orpaHuyvBaet
Hac B MPeanonoXeHUnW, 4YTo B MSTOM M3MEPEHWU Takux CTPen BPeMeHM MOXeT OblTb MHOXecTBO. M
Kaxgzas cTpena BpPEeMEeHM «O0TBeYaeT» 3a CBOW UMKN. [loaToMy nsiToe W3MepeHue, B OTAMYMe OT
NPOCTPaAHCTBEHHbIX W3MEPEHWUiA, ABNsSeTcs O0oNble BPEMEHHbIM, YeM MPOCTPAHCTBEHHbIM, TO €CTb
MHOrOKpPaTHO colepXuT B cebe kak 4yeTBepToe M3MepeHue, Tak U ocoboe m3MepeHune BpemeHu. A
MOCKOJNIbKY Kax4oe U3MepeHne BPEeMEHU COMPSXEHO C Neproanyeckyt NposBASIOWUMCS NPOCTPaHCTBOM,
TO MOXHO rOBOPUTH U 0 HECKOHEYHOCTM NPOCTPAHCTBA B NSITOM U3MEPEHNN.

Tenepb HacTana nopa BCMOMHWUTb, YTO MPOCTPAHCTBA  «MOJNIOXMUTENbHON»  BHEeprum u
«oTpuuaTenbHom» pasHble. Ho ¢ eouHoin cTpenon BpemeHun. [puyem pasnuuvme Mexay MUPOM U
aHTUMMPOM, HACTO/IbKO HEMPEeOoaOoINMO, 4YTO M NATOE U3MEepeHne OHW Aenat Hansoe. [lonyyaetcs Takown
CMMOMO3 [BYX U3MEPEHWIA C eOMHbIM MHOXECTBOM CTPEN BPEMEHMW, HO C pPas3HbiMU MPOCTPaHCTBaMu Y
Kax[own cTpenbl.

MNMoxoxe, 4TO NATOE N3MepeHne ABNSETCA NOCNEeAHUM B MbICIMMOW MOLENN MUPOYCTPONCTBA.
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