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Hpemncnopne 5

NMPEJIACJIOBHE

ITpesxae BCero aBTop X0Ted Obl MPEAYNPEANTH YHTATENA,
YTO Ha €r0 CyHA BbIHOCHTCS HOBAdA THIIOTE3a O LPHPOJIC BPEMEHH,
KOTOpas 10 HACTOSILIEro BPEMEHH HE Hallla NMPH3HAHHA B Cpele
npodecCHOHaNbHBIX (HHIHKOB.

B mae 1997 roaa MHbpopMaumoOHHO-PEKIAMHBIM LEHTPOM
PAO *“Tasnpom” Gri1a BeinymeHa Mos 6poiiopa “O ¢usuueckoti
npupode @pemenu”, KOTOPYIO aBTOP 3aT€M HECKONBKO pa3
' IEpEM31aBall CAMOCTOATENBHO, BHOCA HEKOTOPHIE JONOJIHEHHA H
HCIIPABJICHHUS. ‘ o

IleppoHavansHas  paboTa  comepxala  pe3ynbTaThl
pPa3MBILUUICHHH,  BBI3BAHHBIX - YTeHHEM CcOOpHHKAa  cTareH
H.AXKosmpesa (1992 r.). He npuuaB npemnoxeHHOH HM
¢u3ndgeckol KapTHHBI MHpa, s TEM HE MEHEE CEPbE3HO
3a4yMaICs O. CYIUHOCTM BPEMEHH, B UYaCTHOCTH — O
HECHMMETPHYHOH pOJIM BPEMEHH M IIPOCTPAHCTBA B Hpolecce
paciinpenns Bcenenno#, a Takke O HNPUUHHAX HECOMHEHHOTO
cxoncrtea  ¢opmynsl  Jlopennma ¢ Teope\aon IMudaropa.
Hancueiiwee pasBHTHE OJTHX HZIeA NpPHUBENO K HANMCAHMIO
HEGOBIION KHHIM, KOTOPYIO aBTOpP H npezmaraeT BHHUMAHHIO
YMTaTeNs,

Mpeacrasnennas  paGota  He  npereHayer  Ha
BceoObemmomMii  OXBaT BCeH (u3Mueckoil KapTHHEl Mupa,
BKJIIOYAOWEH, Hapagy C  NPOCTPAHCTBEHHO-BPEMEHHBIMH
OTHOLICHHAMH, MOAA M INIEMEHTAPHBIC YaCTHUBL. bByayun
NOCBAIUCHHOH  3HAauyHTENRHO Oomee y3koi mpobnemarHke
(xapakrepHo# ckopee mia Havana 20-ro, a He 21-ro Beka H. 3.),
OHa, OJXHAaKO, CONCPHT BECbMa PAaMKAJIbHYIO PEBH3HIO 6a30BBIX
(H3HYeCKHX NPHHLHMIIOB, 4YTO, B Ciy4Yac €¢ IOATBEPIKLCHHA,
OK&KCT HECOMHEHHOEC BJIMAHHE H Ha 0600WAIOIKME TEOpHH.
PaGora  OCHOBBIBacCTCH . Ha  TPU3HAHWHM  NEPEUYHOCMU
2eomempuyeckux omuoutenuii 6o Bcenennoit, T.€. nponorkaer

§
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aunnw  Kmuddopaa-Ofinureiina-Ywiepa, H, Kak Kaxercs
aBTOPY, TIO3BOJAET 3HAYMTENBHO JNIPOABHHYTHCA HE  3TOM
HAIIPaBJICHHH.

A ropsuo OnaromapeH PyKOBOIHTEINIIO Poccm{cxoro
MEKAMCUNIUIHHAPHOTO CEMMHAPA I10  HCCIENOBAHMIO npuponm
spemerd  1.6.1. AllJlesmay (MI'V) 3a nposeieHHOe HM
BHAMaHHE M OKa3aHHYI0 TOLNEPXKKY, B TOM YHCIE 3a
NyOMHKALMIO TIOAYYESHHBLIX MHOI0 pe3ylbTaToB  Ha - caiite
Hncrutyra HCCIENOBaHUIH OPHPOABE °  BPEMCHH
(www.chronos.msu.ru, rpasr Ne 00-07-90211 Poccmiickoro
¢onzaa QyHIaMEHTAIBHEIX McclenoBaHui). Sl Taxke xorten Owbl
BEIPa3sUTh CBOK TiIybOKyio OnaromapHoCTp MOEMY . IpYyry
A.B.MockoBckoMy 3a 25-nerHee oOcyxaenune ¢umocopun H
HeTopuu  Gu3KKK. Yxa3aHHbIe JIMLA, pasymeeTcd, HE HECYT
HMKaXO#H OTBETCTBEHHOCTH 3a COACPKAaHHE JaHHOH paboTsl.

KpoMe = OocHOBHOTO BapuaHTa Tekcra, B Opomnopy
nobaBieH0 (B - BHIE HPWIOKEHHWH) JIOCTaTOYHO KpaTKoe
u3noxenue - (6e3 (QopmMys) OCHOBHEIX HAEH Ha pPYCCKOM H
AHTIINICKOM SA3BIKE ,

Bonpockl ¥ 3aME€HaHMs YHTATENHM MOTYT NPHCHUIATE MHE

o MeKTpoHHOMY aapecy shulman@dol.ry .

Aemop

despars 2003 2
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1. BPEMSA H HATYPAJIBHAS OPRJIOCODPUSA

Ilppona BpeMEHH A0 CHX TIOP OCTA€TCA HEJOCTATOMHO
ACHOH JJIA eCTECTBO3HAHMi M  Haryppmiaocopuy, XoTs
IIPE/CTABICHHE O HEM HHTCHCHBHO HCHOJBL3YETCH B HAY4HOH M
PAaKTHYECKOH - [CATENLHOCTH uejioBeuecTBa. B MeXaHuke
HruloToHa BpeMs BBICTYNAIO B Ka4€CTBE HEKOETO YHHMBEPCAIbHOTO
¢opMaIbHOrO mnapamMerpa, 3HAYEHHE KOTOPOTrO0 MMCTHYECKH
HEYKIIOHHO (M NPMTOM OJIHHAKOBO JUIA BCEX TOYEK BceneHHOI)
'BO3pacTaeT, a BCe (PM3HUECKHE MPOLECCH IPOHCXOMAT B
AIPOCTPAaHCTBE B COOTBETCTBHM C TEYEHHEM BpeMeHH. B
CICLMAILHOA TEOPHHM OTHOCHTENBHOCTH NPOTHBONOCTABICHHE
BPEMEHH MPOCTPAHCTBY B- 3HAYMTENBHON Mepe CHATO OGnaromaps
uX OoObenMHEHHI0O B 4-MEpHbIT KOHTHHYYM, OJZHAKO M TaM
BPEMEHHAA KOMIIOHEHTA MMEET HECKOJBKO “IK30THYECKHi"
Xapakrep, 4TO MPOSABIACTCA B HEOOXOAMMOCTH NpHOMCAaTh €i
MHHMBIH MHOXHTEIb; M B 3TOH MOJEIHM anoOCTEPHOPHO
MOApa3yMEBacTCA POCT BPEMEHH B 00O CHCTeMe oTCuera.
O6as TeopHs OTHOCHTCIABHOCTH IO3BOMH/A CBA3aTh CBOHCTBA
BPEMEHY C [IOASMM TATOTEHHS M TEOMETPHEH NpPOCTPaHCTBa,
OAHAKO HE IPOACHWIA IS HAallel MHTYHUMH CMBICH 3TOro
fapaMeTpa, a MOXeT OBITh H clenana ero eme Oonee
TAHHCTBCHHBIM; HAPAXY C 5THM TOAPA3yMEBAEMOE TEUCHHE
BPEMEHH CTaNI0 CBA3BIBATLCH C IIPOCTPAHCTBCHHBIM PACIIHPEHHEM
Beenennott. .

Pa3mpinuiss O CyniHOCTH BPEMEHH, MBI MOXKEM FOBOPHTS 110
MEHbBIICH Mepe O TPEX €ro acnekrax. Bo-nepBeix, kak 06 oaHOM
H3 PealbHO CYyIIECTBYIOINMX M3MEPEHMH (Hapsaay ¢ Tpems
HNPOCTPaHCTBEHHBIMH). - OOBbEKTHBHAA NPOTHIKEHHOCTh BPEMECHH
APOSBIAETCA B CyLICCTBOBAHHH Y KOKIO0H PH3HUESCKON CHCTEMRI
XapakTepHBIX MApaMeTPOB, CBOEIO POJA BPEMEHHBIX pa3MEpoB, B
M3BECTHOH CTCNEHH aHANOTHYHBIX HPOCTPAHCTBEHHBIM pa3MepaM.
DTta a”anorug, B 4YACTHOCTH, OOYCJOBJI€HAa TEeM, HYTO H
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COOCTBCHHBIE ~ pasMepbl  CHCTEMBI, H €€ . BPEMCHHbIE
XapaKTEpPHCTHKH (MHEPLIMOHHOCTD) obycnoBneHsl
B3aMMOIEHCTBHEM . COCTABIAIOM[HX  CHCTEMY  3JICMCHTOB.
CrabunpHOCTE MOJOGHBIX CBA3Ell, B CBOIO Ouepenb, HO3BOJAET
. H3MEPATH H NMPOCTPAHCTBEHHYIO, H BPEMECHHYIO NMPOTHKEHHOCTH
IIyTéM CpPaBHEHMA, COOTBETCTBEHHO, ¢ DEAILHBIM 3STAIOHOM
_(bmnqecxoro pa3Mepa HiH IIEpHOJIOM KoneOaHui.

Boime ywe Obita oTMEYeHa MeTpHuEcKad OCOGCHHOCTH
JIQHHOTO - M3MEPEHHA, BHIHYKAAIONIAS NPHIMCATE €My MHHMBIK
MHOXHTEIb. 3JTOT MHOXHTENb, C OAHOH CTOPOHBI, BBOAHT
pajvKanbHOE pazTMuEe MEXKIY BPEMECHHOH H
IPOCTPAHCTBEHHBIMM KOMIIOHEHTAMH, XapaKTCpPH3ys B TOM 4HCIIE
¥ Hally HeCTIOCOOHOCTH HEINOCPEACTBEHHO BOCIPHHHMATDh BPEMA,
B OTIHYHE OT APOCTPAHCTBA, C NOMOLIbIO Opranos 4yscrB. C
JPYTO# CTOPOHBI, 3TO Pa3IMYHe YHCTO METPHIECKOTO NOPSIKA, H
OHO IIO3BOIIAET Y)KE B PaMKaX TCOPHH OTHOCHTENLHOCTH FOBOPHTH
BCETO JIMWb . O PasiMYHBIX MPOCKUMAX EIMHOTO  OOBekTa -
YETHIPEXMEPHOTO BEKTOpa. MHMMOCTb BPEMEHHOH KOMIOHCHTEI
SBJIETCA HCTOYHHKOM MHOTHX IPHBIEKAIOWMX BHHMAHHE HIEH:
Hanpumep, C.Xoxunr [1] wucnomp3syer ee mia ycTpaHenys
CHMHTYJIIpHOCTEH M3 TeopHH 3somonnH Beenennoit; M.IIparosxkun
[2] ¢ ‘ee momouipio HCCaEAyeT BO3IMOXHOCTh - 000biIeHNS
anjiapaTa KBaHTOBOH MEXaHHKH [V OOBACHEHHA HEOOpaTHMOCTH
NOBEACHHA BOJTHOBOTO NMaKeTa.

Bo-sTOpHIX, "BPEMEHH NPUCYLIE .  OMPEUENCHHOE
HanpamjJeHHE - Tak -Ha3hBaeMasd crTpejla BpeMeHH. Toumee,
TOBOPAT O HECKOJIBKHMX CTPElaX BPEMEHH - KOCMOJOTHYCCKOH,
TEPMOAHHAMHYECKOH H T.A., H O NIPHMCYATEIBHON CBA3ZH MEXKIY
HMMH,  JUIf . OOBACHEHHSA KOTOPOH BBIABHIAOTCS PAa3fMYHBIC
TEOPETHUCCKHE  0OOCHOBaHUA (3aMeTHM, 4TO y
TPOCTPAHCTBEHHBIX = M3MEPSHHH = (M3MYECKOTO  KOHTHHYyMa
cospemecHHan gusnka ¥ HaTypPuiocodus noaoOHbIX CBOACTB He
yemarpusaioT). M ecnu oftHH aBTOPBI IHITAIOTCA TEM HIH HHBIM
06paioM "BBIBECTH" HaNPaBICHHOCTs BPEMEHH W3 ONpPENCICHHBIX
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-Oonee obumpx cBodcrB Mmnpa, 1o apyrue (H.Ilpuroxmu)
KaTeropHiecKH HaCTaHBalOT HA anpuopHOCTH 3TOr0 axra, ero
NEPBHYHOCTH 110 OTHOMIEHHIO K YCTAHOBICHHBIM 3aKOHaM
HPHPOJBL. ' :
' B - TpeThuX, H.AKosmipesy [3]  npunamiexur
QopMynMpOBKa  IPEACTABICHHS O X0de BPEMEHM KK
HEPBOOCHOBE BCero ObITHA Hamiero Mupa. MOXHO IpHHMMATSH
WM  OTBEpraTh €ro coolpaxenus 06 HHTEHCHBHOCTH H
HEPaBHOMEPHOCTH 3TOI0 X00d, TIPEACTABICHHA O BPEMEHH KaK O
HEKoei cybcmanyuu, €ro KOHKPETHBIE TCOPCTHYECKHE MOACHH H
Pe3yJIBTATHl IKCIEPHMEHTOB, HO MIOOOMY 4YENOBEKY MHTYHTHBHO
OueBHACH (HE HEIIOCPEACTBEHHO 4Ye€pe3 OpraHbl 4yBCTB, HO
ONOCPEAOBAHHO YEPE3 OIBIT OBITHA) CaM (AKT MeYenus BPEMEHH
KaK OCHOBBI JIIOGOT0 IIPHPOIHOTO WIH HCKYCCTBEHHOTO IPOLECCa.
JedicreprenbHo, KOIZa MBI paccMarpuBaeM — HEKOTOpHIH
HENOKANBHEIH O0BEKT B aBCTPAKTHOM NPOCTPAHCTBE, HAM HET
HEOOXONHMMOCTH CHEHHAILHO BBOAMTb HOBOC M3MEDEHHE, a
BNOJHE [OCTATOYHO B KAYECTRE MapaMeTpa  HCIONb30BaTh
KOMOMHAIMI0 = CYWIECTBYIOIUMX ~ (KaK,  HamnpuMep, IIpH
mmddepenuuposanyy 110 aiuEe ayru). B arom ciayuae napamerp |
XapakTepHaoBal Obl nonoxeHHe (cocToanue) Habmonarens, a He
HaGmogaeMoro 06bekTa. MBI K€ CBA3BIBACM IPOLIECC C PEATbHBIM
M3MEHEHHEM COCTOSHMA caMoro o0bekTa; Bpems Uit Hawe
HHTYHIHH BBICTYTIAET. B KAYECTBE PCAILHOIO, 4 HE BHPTYAIbHOTO
paxropa. '
TpaguLIHOHHBIH  MOAXOX ~ TEOPETHYECKOH (M3HKM K
ONHCaHHIO  [POLECCCOB  OCHOBAaH  Ha  HCTIONB30BaHHH
MPEACTABICHAS O ' XOHE BPEMEHH B Ka4eCTBE IEPBUYHOIO,
HCXOZHOTO. B coBpcMeHHO# (pH3HKE NenaroTcd TaKKe MOMBITKH |
OpuATH K TIOHATHMIO BpEeMEHH KaK KO  BTOPHYHOMY,
ACAyIMPYEMOMY WIH KOHCTpyHpyeMoMy Ha ©0a3e HEKOTOpHIX
MMBIX  (MMKPOCKONMHMYECKHX) (YHAAMCHTAIBHBIX - TIOHATHH. -
Bo3MoXeH M TpeTMH NyTh (MHBEPCHBIH I10 OTHOUIEHHIO K
IEPBOMY), KOTOPBIH JICKHT B OCHOBE MPEICTABICHHOM paboThL.,

’
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DTOT NyTh B KAYECTBE OTHNPABHOH TOUKH COACPHHT CiieXYIOIIHIT
BOmpoc: “A He CyllecTByeT 1M BO BcelleHHOH mpouecca,
MMEIOILETO MCKIIOYHTENBHO OOMMHA XapaxTep, KOTOPHIH Mor Obl
nopodunts pusnuecxoe spems 7 '

Takoit ¢yHIaMEeHTAIBHBIN KOCMOJOTHMYECKHH 1poiecc
ACHCTBUTENLHO CYIIECTBYET H XOPOIUO H3BECTEH Hayke, JT0 -
paciiupenne Bceesennoil, oTkpeitoe B mnepBoi Tpern XX Beka
aMepuKaHcKuM actpoHomoM J.Xabbmom w apyrumu [4]. Tlon
HHM TIOHMMAaeTCd HE yINAICHHE Tel OT  obuero ueHTpa, a
"Bceobilce" yBeNMUYEHHE pPACCTOAHMM MEXIY BCEMH TEJIAMH.
Xopomum MoneabHEIM 00pa3oM ABisercs "pasberanue” ToYek Ha
IOBEPXHOCTH BO3AYIHOTO 1Iapa JIPH €TO 3AMOIHEHHH Ta30M, IPH
3TOM' €r0- HEHTP HE NPHHAUIEKHT HOBEPXHOCTH, a BCE TOYKH
IOBEPXHOCTH mapa (BceneHHoit) paBHONIPABHEL.. :

HaGmonas tax Hasbisaemoe "KpacHOe = CMelleHHe" B
criekTpax  3Be3q, Xab0m  OKCICPHMEHTAIBHO  YCTAHOBMII
IPONIOPLHOHATBHOCTD MEXKAY CPEAHEH CKOPOCTHIO B3aUMHOTO
yOaJleHNs 3BE3AHBIX OOBEKTOB M PACCTOAHHEM MEXKIY HHMM. A
aHranickuit actpopusnk 3.A.MuwiH TeopeTHYecKkH BBIBEN 3TOT
~3akoH = M3 = copmynupoBaHHoro um  KocMonmormueckoro
. NpHHUHNA. B COOTBETCTBHH € AAQHHBIM TPHHLHIOM -."'CIEHyeT
OXMAaTh, 9T0 B JH0O0OI JaHHBIH MOMEHT BpeMeHH- Beenennas
JIOJDKHA BBITJISJCTh OAWHAKOBO JUIf HaOmoparenei Ha BCeX
THIOHYHBIX TATaKTHKAX, B KAKOM OBl HANpaBlICHHA OHH HH
cmotpenn” [5]. Orciopa, B uaCTHOCTH, . CAEHYET, YTO €CIIH
gabmogarenn’ 8 7oukax A, B w C pacrnonoxeHsl Ha OXHOM
npxmoﬁ, n paccrosnue AC Bagoe Oosbme paccrosuus AB, To s
Habmogarens A ckopocts Habmozparens B foinkHa ObITh Tako#
XKe, Kak M ckopoctb Habmopmarend C pna uabnroparens B,
crenoBaTenbHo, LI HaOmonarens A ckopocts C JODKHA OBITH
BABOE OoJblle, YeM CKOpocTh B, n 1.4, - ‘

Yyre paHpuie, 4€M IKCICPHMEHTATBLHBIE HaOMIOACHMS, K
'TEM K€ IPEICTaBICHHAM IIPHBENA M TeOopeTHYecKasn pu3uka. Kak
mzgectHo, B 1905 roxy mnosBuiaace cCreUHaIbHAas TEOPHUS
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OTHOCHTENBHOCTH, 3 K [916 roamy~:-  obmas Teopusa

 OTHOCHTEJILHOCTH OjiHmTeliHa, mocne 4ero (Haummas c pabor

A.A®puamana [6]), 6bina pasBuTa MOACHE PRCIIMpMIOMIEHCA
Bcenennoii. Comepxanue 3THX Haei  ux 06oGiHenne n3naraercs
B Cuedylowell riase, a 34eCh s BKDaTile YIOMAHY ewe o
HECKONLKHX  B@XHCHIMMX  KOHLUCNTyanbHEIX  MOMEHTax

" COBPEMEHHOH (M3HKH, C KOTOPBIMH TECHO CBA34HO JajubHEHnIce
CO/ISPKAHME KHHTH H K KOTOPBIM A coana:ocs MpHBJIEYb

BHMMAaHHE YHTaTEA,
Bo-nepBhiX, 1 HaMCPEH KPHTHYECKH OOCYIMTbH TNpPHHIIMI
OTHOCHTCNBHOCTH, T.€. HHBaPHAHTHOCTH 3aKOHOB (PM3MKy 110
OTHOLICHHIO K BEIGOPY HHEPIHANLHONA CHCTEMBI KOOPIHHAT.
Kpome Toro, peds NOHAET O 3aKOHE COXPAHEHHS FHEPTHH,
poib KOTOpPOro OOBACHAT W3NHMIUHE. Ero Teoperwyeckoe

obochoBanKe B WiaccHuecko# husnxe 6asupyercs Ha KOHUENIHH

OHHOPOAHOCTH BPEMEHH, MOITOMY BIOJIHE ECTECTBEHHO, YTO ITOT
3aKOH NOJDKEH OKa3aTheH B (oxyce moboi HOBOH TeOpHH,
KAcAIOLIEHCH TIOHATHA BPEMEHH.

Nanee, xoTenoch OBl OCTAHOBHTBCA HA TAKOM BCEM
“HOHATHOM” (PCHOMEHe, KaKk MEXaHH4YeCKoe JBHKEHHe. S
NOCTapalch TOKAa3aTh, YTO BMECTO OECUMCICHHOTO MHOXKECTBA
HE3aBHCHMLIX TNepeMemieHnA dJu3nka Moxer (M IODKHA)
ONEpHpOBaTh JMIL ¢ OOHMM oOmeMupoBsiM npoueccom. U3
IeXAIMMUX B OCHOBE ITOTO NPEACTAaBICHHH BHITEKACT HE TOJBKO
€CTECTBEHHOE OrpPaHMYEHNE CKOPOCTH [OBHXKCHHA HEKOTOpOH
MaKCHMAJIbHOH BEIMYMHOMN, HO ¥ OTPOMHOE KOJMNYECTBO APYTHX
(PH3NYECKHX CACACTBUM.

Haxonen, s HaMepeBaloCh KOCHYTHCH NPHHIMITMANBHBIX,
TaK O CHX IOP OKOHYATCJIBHO H HE MPOACHEHHBIX HPOGIEM
KBAHTOBOH MEXaHHKH, TeCHCHIMM 0Opa3oM CBA3aHHBLIX C
KOHICHIMEH BpEMEHH. '

Pa3BHBaeMyl0 HHXKE KOHHUEILMIO A npejmaraxo HMEHOBaTh
Teopueit  1ilaposoit Pacmnpxlomencx Bcenennoit, xparxko -
TILIPB. '
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' 2. BPEMS H KOCMOJIOTHiSI

2.1. I'paBuTaunoHHbIi napanoKe ¥ KOCMOJIOTHYECKaN
' ‘ NOoCTOAHHAsN

Kax u3BecTHO, KIacCHMECKas TEOPHA  TATOTCHHS
OCHOBBIBaIach Ha 3akone Hrlorona. HploTOHHaHCKasA KOHUETILHA
BceneHHOH B kauecTBe CBOEH CYHIECTBEHHOH NPEOCHIIKH
HCMONB3YET TPEACTaBJCHHE © OGECKOHEYHOM TPEXMEPHOM
NPOCTPAHCTBE, 3al0JIHEHHOM MarepHell. Takad KOHUCHIIHA, KaK
Ob10 mnokaszaHo B koHue 19-ro cromerHs, NPHBOAHT K
onpeaeaeHHbIM TpyaHOCTAM. B.I1aynu B xuure {7] co cenutkoii Ha
paborst Heiimana w 3eenvrepa HANOMHMHAET, YTO 3aKOH
BCCMPIpHOrO TATOTeHHA Hb10TOHA MOXKET GBITh CTPOro NPHMEHEH
AWIB ‘B TOM cuyqae, €CJIM IIOTHOCTH Maccel Bcenennoil mpm
crpeMJIeHnﬁ PACCTOAHHH K GECKOHEHHOCTH CTPEMHMTCA X HYIIO
6ricTpee, 'ueM I/, B NPOTHBHOM Clyyae CHIa, AcHcTBYIOIAsA Ha
MAaTEPHAIIBHYIO TOUKY CO CTOPOHBI BCEX Macc BceneHHOMH, 6y,ueT
HEOIPeJeNCHHOH. B KadecTBe BBIXOZA 3€elMTep IPEIOKHI
OpUHATE, 9YTO IVIOTHOCTH MACCHI KOHEYHa Ha  JOOLIX
PACCTOSHMAX, & B. BHIPRKEHME IS HBIOTOHOBA TOTCHUMAIA
BBEIEH OKCIOHCHUMATPHO YOBIBAIOWMI C  PACCTOSHHEM
MHOMHTENB, DTO, B CBOIO OYEPENbh, MPHBOIMT K HEOOXOIMMOCTH
moaudukanuy ypasHenus [lyaccona. Ommcannas npoOnema
TIOJY9HJIa HAa3BAHHE I'PABHTALIHOHHOTO 11apajoKca. ‘ ‘

B 1917 roay AnsGepr Ditainreitn B paGote [8] cocmanca
Ha Ty Ke TPYAHOCTh TeOpHM Tarorenus HeioroHa ans
' 6ecxoneqnou Bceenennoit, On Takke OTMETHI, 4TO rpaHHyuHoe
ycnosne Huorrona B (opMe CyIECTBOBaHHA MOCTOSAHHOTO
npegena s PABHTALFOHHOTO IOTCHLHANA B IPOCTPAHCTBEHHOM
6ec1<onermocm sieuer 3a coboir obpaienne Ha 6ECKOHEYHOCTH B
HYJIb TUIOTHOCTH MAaTepuil. AJIETEPHATHBON ABISECTCA HEHyJEBas
TUIOTHOCTh MATEPHH NpH GECKOHEUHO OGONBINOM 3HAYCHMU
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MOTEHLHANA, HO 310 IIPOTHBOPEYMT HAbMIOAaEMBIM B PEALHOCTH
OTHOCHTEJIBHO HEBBICOKMM CKOPOCTAM 3BE3 . ,

Ho06aBmo, 9T0 TIpPaBHTALMOHHBIA  NAPRAOKC  JIETKO
BHIABUTb, BBIYHCIAA BEIHYHMHY JaBICHUA, OBYCIOBIECHHOro
TPaBHTALHOHHLIM CXXATHEM, B LCHTPE OJHOPOAHOro mapa. B
KaueCTBE TAKOTO Wapa MOXKHO PACCMATPHBATH HE TONBKO IUIAHETY
WIH 3BE31y, HO 1 BCIO BCeleHHYIO (C UEHTPOM B IIPOH3IBOJILHON
TOYKE), 3aOJHEHHYI0 PaBHOMEPHO PACHpEHeNeHHON MaTepHeil.
Abcomornas  BenuuunHa P [JaBjicHuA OKa3BIBACTCSH
TIPONIOPIHOHANBHOMR KBaapaTy MpOM3BEACHHS IUIOTHOCTH 1Iapa o
Ha ero pammyc L: '

P=27GL’p/3
rae'G - NOCTOAHHAsA B 3aKOHE BCEMHPHOTO TaroTenna HuloToHa,
- Taxum 06pa3omM, IIPH CTPEMIICHUH pafnyca BeeneHHOR B uemoM Kk
OCCKOHEYHOCTH [aBieHHE B KakoOH-THOO €€ To4Ke TaKke
CTPEMHTCH K 6ECKOHEUHOCTH.

B03MOXXHOCTH IPEOAOIICHHA IPaBUTAMOHHOrO NIapafoKca
Oitnurreiin cassan [8] ¢ Mmommukaumeit reopun Helotona 3a cuer
noGaBneHns B ypasHeHue [lyaccona HOBOro (Maioro mHo
BEJIHYHHE) CJIaraeMOr0 C YHHBEPCAIBHOH MOCTOAHHOH, 9TOOMI
3aTEM  pPeajiM30BaTh ATy HACK B CBOCH IEPBOHAYANBHOH
CTAIMOHAPHOH KOCMONOrH4YECKOH MOMEIH.

Ouens BaxkHO, 9TO NpPH Iepexoge ot TeopHH Heiorona x
obmeit - Teopun OTHOCHTSJIBHOCTH  JHHIITEHH B
ACHCTBUTENBHOCTH  CHENaT HE OAMH, a cpady IBa
NPHHIMIATLHEIX wara. OH He TONLKO BBEN KOCMONOTHYECKYIO
TIOCTOSIHHYIO, OTBEYAIOLIYIO HEKOEMY 3aralouHOMY (B TOM MHCJIE
I HETO CAMOTO) ompuyamenbHOMy JaBICHHIO, HO H 3aMEHHII
GecxoHeunyto Beeneénnyo HploTO0HAa ¢ 3BKIMIOBOH METPHKOHR Ha
HOBYIO HEIBKINJIOBY Bcenennyio, 3aMkHyTyio Ha cebs M He
HUMCIOLIYIO POCTPAHCTBEHHBIX I'PAHHL, XOTA 00BEM €€ KOHEUYCH.
Uutatens CMOXKET 3pHMO CMOZenHpoBars Ans ceba sty
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CHTYal[HIO, €CJIM TI0 AHATIOTHH C TPEXMEPHBIM CIy4aeM BOOOPasHT
cebe mepexof OT HEOrPaHHUCHHO NpOCTHpalowelics BO Bce
~ CTOpOHB! O6BIMHOM IBKINMAOBOMH ILIOCKOCTH K ABYMEPHOM *e, HO
HEIBKIMZOBOM  MOBEpXHOCTH  miodyca. Ilromans  Tako#
- chepHHecKoii MOBEPXHOCTH KOHEYHA, HECMOTPS Ha OTCYICTBHE Y
. Hee rpaHuiL. | -
Ilepexog x He3BKINAOBOH Bcenewnoit Obut  aad
OHHWITEiHA = €CTECTBEHHBIM  CHEACTBHEM €r0  KOHUCIUHH
reoMeTpu3auny (QM3HMKH. A BOT HCIIONB30BATh OTPUUATEABHOE
AaBieHHE ("KOCMOJOIHYECKYHO NIOCTOSHHYIO") OH OBII BBIHYKACH
IO TOH NPOCTON MPHUYMHE, YTO HWHAYE (IPOCTO HE YAABAIOCH
TIOJIy4HTb HE 3aBHCAILEE OT BpEMEHH penieHue. B nansneiiiem Ha
CMEHY KOHUENUHWM ‘“3acTeiBilicit” BcenenHo# npumuia Beaukas.
nzes 0 BO3MOKHOCTH 3BOJIIOLIMH MOCNECAHEH.

2.2, HecrauuoHapHasi KOCMOOTMeCKasi MoJieb
JiinwreitHa-Opuamana

CoBpemMennsie npeacTasieHns o6 ssonomnn Beenennoii |
BOCXOZAT K MPOCTEHIUEH KOCMOIOTHIECKOH MOieH DHHmITeHHa-
®puamana [9], omepupylowmell ‘¢ TpeXMEPHBEIM HEIBKIHIOBHIM .
HPOCTPAHCTBOM NEPEMEHHOI'O BO BPEMCHM paaMyca KpMBH3HBI R
(cheprueckoii THIEPIOBEPXHOCTBIO 4-MEPHOTO 3BKIHAOBOIO
miapa). YKa3aHHOE NPOCTPAHCTBO IIPEANIONAracTcs B 3TOH MOJEITH
M30TPOIIHEIM U 3alOJHEHHBIM "TILIICBHAHON" MaTepyeH, a BpeMs
BBICTYN2eT B Ka4yecTBe (HOPMabHOIO NMapamerpa, 0T KOTOPOro H
3aBHCHT "TeKymias" KpHBM3HA TIPOCTPAaHCTBA. YPaBHCHHA
®dpunmana-JiHIITEiHA 3anmuchiBatoTes B Buae [ 10]):

k-(c/R)’ +(R’/R)* - 2(R"/R) = - 8- %G-P/¢?
k(c/R)’+(RIR) = 8-%G-p /3,

rac G - NOCTOsHHasA B 3aKOHE BCEMUPHOT0 TAroTeHus HpioTona, ¢
- CKOpOCTbH CBE€TA, P - IIOTHOCTS, P - nasneuue, k=0, 1 win -1 B
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3aBHCHMMOCTH OT 3Haka KpuBu3ubl. llITtpux 3zmecs oﬁoaﬂaqaeT
aupdepeHUHPOBAHHE IO BPEMCHH. :

CraJsipHOE JaBIECHHE, KOTOPOE conepxcn'rca B npaBon
4YACTH =~ TEPBOTO  YPaBHEHMA, MOXET = OviTh 00ycnoBneHO
CKOPOCTSMM YaCTHLI, T.€. CBA3aHO ¢ MX KHHETHUECKOH DHEpPrHEH,
TaK YTO RIS TOKOSIUEHCS MATEpHM TaKOe (mmamnqecxoe)
JasJieHue papHO Hys0. Kak yxe ObuIo CKa3aHO, IEPBOHAYAIBHO
DiHITeHH NBITAICA HCIONB30BaTh OTPULATEIBHOE NaBICHHE, HE
CBA32HHOE C [IBIKCHHEM MaTepHH, 4dYroObl MNOJy4HTh HE
3aBHCAIIEE OT BPEMEHH pemieHHe. IT0 GbLT BHHYXICHHEIN Wwar ¢
 €r0 CTOPOHBI, MOITOMY IO3KE OH OTKA3aiICA OT ITOH HJICH B
NONK3Y.  HECTAUHOHAPHOIO pelICHHA,  TNPENIOKEHHOTO
dpuamasoM. ' :

XOopomio M3BECTHBI TPH KIacca TaKuX PELUCHHIA, BHGOp
Mexc,uy KOTOPBIMH 3aBHCHT OT COOTHOLICHHA MEKIY peanbHOM ()

N “KpUTHYECKOH” () BETHIMHOM CPEAHER ILUIOTHOCTH MATEPUH

BO Bcenennoii: '

* 1pH P > pPip PAOMYC KPHBH3HBL CHAYATA PACTET CO BPEMEHEM, &
3aTeM yOBIBaeT, KPHBH3HA [OJIOKHUTENbHA;

* npu p,, > p> 0 PauHyc KPHBH3HE HEOTPAaHHYEHO BO3pacTaer
€O BpeMeHeM, KPHBH3HA OTPHLATEIBHE; |

* Ipu p = Py, BeeneHHas MMeeT ILIOCKYIO METPHKY, KPHBH3HA
OTCYTCTBYET. ‘

3meck  TOA  KPMTHYECKOH  IUTOTHOCTBIO  IIOZpasyMeBaeTcs
BeJAHYHHA

Co

P =3-H/ (8-7G)

rae H - nocrosunas Xa66ma. OTMETHM, YTO B CIy4ac p =P,
nocroaHHas Xabbna okaswiBaerca obpaTho nponopunonanwon
BO3pacty BeenenHoii.
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~ 3aBepuiy KpaTKO€ M3JI0XKEHHE KOCMOJIOTHUECKOH MOIENH,
HOAYEPKHYB NPHHIHITHAILHOE OOCTOATCIBCTBO: M JABICHHE, M
IIOTHOCTh MaTE€PHH BBOJATCA B yPaBHEHHUS “BHEIIHHM 00pasoM.
OmH napameTpel B IPaBOi YACTH YPaBHEHHH ONPEENAIOT
HEM3BECTHBIC 1IapaMETPhl B JICBOM YacTH, TAK YTO PELIEHHE
YPABHCHHH CBOAMTCA K IOHMCKY (OpPMAnbHBIX 3aBHCHMOCTEH
HEHM3BECTHBIX  2€0MEMPUYECKUX  BEIMYMH 0T  3aJaHHBIX
dusuueckux BeM4MH. B 3TH 3aBHCHMOCTH B Ka4€CTBE apryMeHTa
BKJIIOHAIOT H 6peMA, NPEABAPHTEIBHO HOCMYAUPOEAE alIPHOPHOE
HaJTH4YHe 3TOH QH3HYECKOH CYIHOCTH.

2.3. CraTuyeckoe AaBJIeHHe IPABUTHPYIOLIEH MaTepun

Kputnuecknit ananmus monenun OIHHIITEHHA HAYHEM C
BOIIpOCa O IPaBOMEPHOCTH OTKa3a OT Yy4eTa [JaBjCHHA.
Pasymeercs, A1 MOKOALCHCS MaTEpHH THHAMHMYECKOE [JaBIICHHE
PAaBHO HYIIO, HO OCTAa€TCA OTKPBITHIM BOMPOC O CMIAMUNECKOM
dagnenuu. [laHHEBIH BONIPOC, KaK MOKa3al0 €ro NnpeaBapHUTeIbHOE
YCTHOE  OOCYKACHHE, ABJACTCA  [JIABHBIM  HCTOYHHKOM
BO3p@KEHHH CO CTOpOHH crennamicroB o OTO, moaromy s
xoten Ovl yaeqHuTh eMy ocofoe BHUMaHHe, ' .

YV  camoro JWHWITEHHA HCTOYHHKOM  MOABICHUSA
CKaJIIPHOTO JaBJICHHA SBWIOCh CHELUHAIbHO [00aBiieHHOE
cnaraemMoe, KOTOPOE COXPAHAET KOBAPHAHTHOCTb YPABHEHHMA.
AIIpHOpPHOE HCKJIIOMEHHE 3TOr0 CJIAaraeéMoro —' CKOpee;, BOIpPOC
CYOBEKTHBHOrO  BHIOOpA, . 4€M = CTPOrOro  TEOPETHHECKOTrO
obocHoBanuA. YKe 3TOr0 OOCTOATENHLCTBA AOCTATOYHO (C YeEM
COIJIACHEI MHOTHE aBTOphl) 4TOOBI, IO KpaiiHeH Mepe,
MOJBEPTHYTh  aHAIM3Y  BO3MOXHEIC  CIEACTBHA  TaKOH
MouduKalmn ypaBHeHHH. B 10 ke BpeMs ¢ mamemamuuecxoi
TOYKH 3PEHHA BIOJIHE 3aKOHHBIM SBJIACTCH H HENMOCPEACTBEHHOEC
BXOX/EHHE KOMITOHEHT [ABJEHHA B TEH30D IUVIOTHOCTH IHEPIHH-
HMITYJIBCA. ‘
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Qusuyeckan apryMCHTALHA B TIONB3Y yueTa CTaTH4ECKOro
:nanneﬁm OCHOBBIBA€TCA  HAa xonnemnm 3(b¢exTMBH6r0
I'DAaBHTALHOHHOIO B3aHMOICHCTBHS MaTepnn, HE CBR3aHHOTO CO
'CKOPOCTBIO YaCTHLEBL, |

Hauboiee mpocrToH, ¢ Moeii TOUKH 3pemm, apryMeHT B
N0JIb3Yy Y4€Ta JaBJICHHA CBOIMTCH K TOMY, 9TO MpeHeOpexeHue
MM PaBHOCHJILHO NPEHEeOPEKEHNIO CYMMAPHBIM IPaBHTAITHOHHBIM
nojseM BceneHHOH, a 3TO IIOCHEOHEE, B CBOKW Ouepels,
OIHO3HAYHO CBA33HO C HANMYMEM IIOOATBHON KPHBH3HBI, T.C.
OTJIHYMEM OT HYJISL pafMyca KPUBH3HBE! BCeneHHOM 1 MOCTOAHHOM
Xab61a. Marepuio Bo BceenenHolt Henb3s CYMTATh MPOCTHIM
CKOILICHHEM  HCB3amMozcHicrBylomes “meumi”.  Hanporus,
K2KABIA OCTPOBOK MaTEPHH CBA3AH KECTKHMH IIyTaMH THIOTEHHS
IO KpaiHe# Mepe ¢ COCEAHHMH OCTPOBKaMHM, TaK YTO BCA MATCPHA
B uenoM obpasyeT Gojiee MiM MeHee YNPYIyI CTPYKTYpY ¢
pacnpedeneHHoi B npoCTpaHCTBE 3HEprucH. JlaBieHue xke, IO
ompelueNeHtIo, 00YCIOBACHO KaK pa3 O0beMHON IUIOTHOCTRIO
SHEPTHH. '

PaccmaTpuBaeMBI ~ BONPOC ~ OTYaCTH  CBA3aH €
¢dopMyTHpOBKOH NPHHIMIIA IKBHBAJICHTHOCTH, KOTopas Oblna
nana OimurefinoM. Jleno 3pecs 3axmouaercs B TOM, 4YTO
DHHIUTEHH YCTaHaBIMBacT (JIOKAILHYIO) 3KBHBWICHTHOCTD
YCKOpeHMsT W  TPaBHTAllMOHHOTO - MOJA  JUIA  MOYeYHOu
MAaTepHaNbHOH YaCTHIB!, HCMNONB3YN YPOBEHB HACAIM3ALHH,
XapakTepHbIil A Mexanuku mouku. B pa6ote [11] on mumer:
“VYckopeHHOE  IBHKEHHE ~ OeCKOHedyHO Manod (“MeCTHOH™)
KOOPAMHATHOH CHCTeMBI NOJKHO ObITh BHIOPAHO 1P 3TOM Tak,
4yTo0Bl OTCYTCTBOBAJIO I'PAaBHTALHOHHOE NOJE; Al HECKOHEYHO
Manoi 0061acTH 370 BO3MOXHO”. Ha 3TOM ypOBHe BBOAHTCA
abcTpaKiins gHewtHez0 WCTOYHHKA W (JIOKATBHO) 00HOPOOHOZ0
INOJIA; MPHYEM PACCTOSHUE MEXAY B3aMMOACHCTBYIOLIMMH TelaMH
CYHICCTBEHHO NPEBBILIAET pa3MEPbl CaMHX TEN. DHEPrHsA IOKOA
TeJT IOKATM30BAHA B HX 06BEME, KOTOPHIH 110 PasMepaM BO MHOTO
pa3 MeHbuie o0beMa 007acTH, 338HMMAaeMOTO TI'PaBHTALHOHHBIM
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nojieM; ClIeA0BaTENbHO, OGBEMHON KOHUEHTpAaUHEH SHEPrHH
nocneaHero (T.€. BHYTPCHHEH 3Heprum Aedopmaunn cpezxm)
BIIOJIHE AOIYCTHMO IpeHebpeys.

Onnako BO3MOXHBI Ciydan, KOrja pasMepm obracrwu,
3aHHMAEMOH  IoneM, He PEBOCXOAAT pasMepoB
B3aMMOJCHCTBYIOIMX Ted WIH, T¢M 0oJiee, HX rPaBUTALHOHHOTO
PaaMyca, ¥ HMEHHO 3Ta CHTYallHsi HMEET MECTO IPH II0GATBHOM
paccMoTpeHn BCeneHHOR. 30eCh IMIIOTE3R Jaxe O JIOKATIbHOH
OJHOPOJHOCTH NOJIA TATOTEHHA YXE  HEIPHMEHHMAa, H
Heob6xoaumo nepeiiti Ha GoJiee TOHKHH IOHATHHHBIA YPOBEHD —
YPOBEHDb Mexanuxu cnaownoi cpedwt. Tlosromy B pamkax OTO
OpH GHATM3E 3KBHBAJICHTHOCTH B oOweM ciydae HeoOXoammo
PaCCMATPHBATL HE TOYEUHYIO YACTHILY, 8 IMEMEHT MATEPHAILHO
cpeasl, 3aHAMAIOIKI 3JIEMEHTapHBIH 00beM. B HenmoaBHKHOM
CHCTEME, Ha KOTOpOe HEHCTBYET MOJNE TATOTCHHS BHELIHETO
MCTOYHHKA, S7EMEHTapHEIH 06BEM 3aNOIHEH MATEPHEH, CKATOH B
pesynbTare €€ B3aMMHOro npuTmkeHHd. [Ipu nepexoie k
YCKODEHHOH CHCTEME HCKIIOYCHHE TIDABHTALMOHHOrO MO
6HelNne20 NCTOYHHKA HE NO3BOJIACT MCKIIOUHTL COGCMEeHHyIo
rpapuTauMoHHyl0  aedpopmaumio  obsemMa = MarepuH  H
COOTBETCTBYIOIIEE NaBJICHHE 32 CYeT BBIOOpa kako# Onl TO HH
GBUIO TOKANBHOM CHCTEMBI OTCUYETA,

Boobwe #0mycTHMOCTE HCNONB30BaHHS TNPHOIHKEHHA
JNOKAIBHO OMHOPOIAHOTO  TOJA  TATOTEHHA  3acCily)KHBaeT
otmensHOro ofcyxpenus. [Ipexae BCEro, TMONE3HO  JATh .
KOJIHYECTBEHHO® onpeseneHne KpHTEPHS JIOKIBHOH
OJHOPOIHOCTH, HAIPHMED, B BUAE Ag/g << 1, rae Ag - pa3HocTts
MEXKIY HauOoNbIHM ¥ HAWMCHBUIMM  3HaAuYCHHEM
HaNpsHKEHHOCTH, g - CpeAHee 3HAYCHHE HANPSHKEHHOCTH B 3TOH
obnactn. Mcnons3ys Takoi KpHTepHii, MOKHO apryMEHTHPOBATh
HCBBITIOJIHCHUE YCIOBHA JIOKANBHON OMHOPOJHOCTH Kak ANA
CTaTHYECKOTO HOJIA TATOTEHHS, H300pa)KEHHOTO HHXKE Ha PHCYHKE
2.1, Tak W, HanpuMmep, JUIA MOJIA BpAIIAIOLIETOCH Tela, €CIH
TOJNBKO OTHOHICHHE CKOPOCTH YIJOBOrOo IEPEMEHICHHSN K
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CKOPOCTH TOCTYNATEILHOTO HE ABAACTCA JOCTATOYHO MAIBIM (M
MpPH YCIOBHH, YTO CaMO NOCTYNATEALHOE NBHXCHHE AOCTATOUHO
MeLIeHHOe, u4ToOBl ~ paccMaTpuBaTh €0 YYaCTKM  Kak
IKBUBANIECHTHBIE JOKATBHO OAHOPOAHBIM 06IACTAM MOSA).

Puc. 2.1

2.4. 3agaua o mose 0JHOPOIHOrO MATEPHAIBHOrO IIAPa

_ . Mexny Tem B 001IEH TCOPHH OTHOCHTEIBHOCTH YCHEIIHO
pelaroTCA 3a4aud, B KOTOPBIX YUHTHIBAETCA CTATHUCCKOC
paBneHHe Marepud. OAHOH M3 HHX #BIseTcs 3ajgada o
' OJHOPOJHOM MATEPHANBHOM WiaPe KOHEUHOro pamuyca [22],
peuieHne kotopoit 6bo Haligeno llIBapuumneaom. B vactHoctH,
BHYTPH OJHOPOJHOTO Ilapa paaMyca r; C IUIOTHOCTBIO 0
napiensie P marepmm (MaeaiubHOM KHIOKOCTH) ONHCHIBAETCA
BIpaKeHHEM (eM. [22]):

P=®(r, r, R)<1(8-nGR)

rie paanyc KpHBH3HE! R onipenienseTcs cCOOTHOMEHNEM

R*=3¢1(8-nGp)
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a (pyﬂxinu'm(r, r 1, R) 3anaercs nqpoGsio BHAa

. 2 i 2
ot R)__3,ﬁ—(;/R)* 3y1- (1 /R)
3J1=(r,/R)? ~y/1=(r/R)Y

I'paBuTanoHHbIi NOTCHUHAT KITaCCHYECKOH TEOpHH TATOTEHMA
TECHO CBA3aH C KOMIIOHEHTOH ggg MeTpHyeckoro Tenzopa B OTO.
Pewenue llIsapimumianaa gaer nis 3Toi BeMuMHE BHYTPH 11apa
BBIPDAXKECHHE

3 1 2
ggga(-—,/l-r,Z/Rz ~—=Jl=r?/R*)?

2 2V \
a BHe 11apa — OTBCYANOIIEE KIAaCCHYECKOMY IOTCHIHATY

goo =1-r1(Rr)
O6patuM BHMMaHNe Ha Hanuume pagukanos. P. Toamen B

[22] sameyaer, uro pemenne, KaK NPaBANO, ABIAETCA
JEACTBHTENBLHBIM, T.K. OOGBIYHO pajMyc mapa ry MEHBIIE, YeM
paanyc kpusu3us R. HeiictBuTensho, rpanmaunoxmmn paauyc

Rg Takoro mapa paBeH

RG = 2G M/ = 2{4-wr’ G-p) I(3¢°)=r’ IR

OTKYJa CIeyeT COOTHOUICHHE
Re/ri = (nfR)’

INocxonpky B~ OOMYHBIX = CllyyadX  OTHONIEHHE
rpaBnTauHOHHoro pa,unyca mapa K ero TeOMETPHYECKOMY
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paanycy:04deHb M0, TO BECbMa BEIHKO OTHOIIEHHE pajnyca
KPHBH3HBI K TeOMeTpHYecKoMy paamycy. IIpH 3T10M YyCIOBMH
(nanpumep, yxke npu R/r; = 10) rpaduxn 6espameproro
HABICHHA - MHOKUTEISA @(r, r;, R) - 1 KOMIOHEHTH ggy
METPHYECKOTO TEH30pa BeAyT cebs Tak, Kak 0Ka3aHO Ha puc. 2.2.
3xech u pasce apryMEHTOM SIBIIAETCH OTHOCHTENBHOE PAacCTOSHHE
r/rj 10 LeHTpa 1apa.

Mexny Tem He npu écex 3HAUEHMAX otHowmenus R/r; 6
omicymemeue- Koananca (QyHKUMA gop , MMEET JHIIb OIMH
akeTpeMyM (MHHHMYM 1pH r = 0), Taxas CHTyallH BO3HMKAeT
BOnM3n xomnarica (HO eme 4O ero HacTymieHHs). EcuH
HPUPABHATH MPOU3BOAHYIO dggg /dr K HYIO, TO NIPH BHINONHEHUH
YCIOBRA ' ' : ’

9/8 > (RIr)’ > 1

BO3HHKAET €1L1e OAHH BHYTPECHHHIH 3KCTPEMYM MPH

R = |97 /R’ -8.

B 7roM ciydae JaHHBIH BHyTpeHHHMil 3KCTpeMyM Oymer
MUHHMYMOM, '@ JKCTpeMyM mnpn r = 0 Tenepp yxe Oyaer
JOKAJBHHIM MaKCHMYMOM. YKa3aHHbIH Bnyrpeuﬂnn MHHHMYM
TpancHOPMHpYyeTCs B npenene (Ipu HOTPAHHYHOM KOJUIATICE) B
H3JIOM KOMIIOHEHTH ggo. Ha puc. 2.3 nokasan xapaxrep
H3MEHEHHA gog MIA ABYX OIM3KMX K TIOTPAHMYHOMY KOJUIATCY
Cily4aes - 4O MOABACHHA BTOPOTO BHYTPEHHETO 3KCcTpeMyMa (R/r;
= 1.I) u npu Hammuum rakoBoro (Rfr; = 1.015).
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Puc. 2.2. TIpapuxm H3IMECHEHHA Ge3pasMEPHOro AABJICHUA-
MHOXUTENA P(T, r1, R) i KOMIOHEHTHI ggp METPHYECKOTO TEH30Pa
B AQICKOM OT Koyanca ciaydae (R/ry = 10)
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Puc. 2.3. Xapakrep H3MCHEHHA goo 1A ABYX OMH3KMX K
NOrpaHMYHOMY KOJUIANCy CiIydacB - OO MNOABJICHHA BTOPOIO
BHYTDCHHETO KCTpEMyMa Rirn=1.1)n 11U ) HaJIHYHMH TaKOBOT'O
(R/r; 1.015).
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Puc. 2.4. Xapaxtep H3MeHeHus 6€3pasMEepHOro AaBACHHA AL
 mByX GAM3KHMX X MOTPARHHYHOMY KOJUIANCY CIYYaes - A0
NOABNEHHA BTOPOFO BHYTPEHHEr0 KcTpemyma (R/ry = 1:1) i mpu
“Hasnnuuy 1akosoro (R/r; = 1.015). Co
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CoOTBETCTBEHHO BRHIIAAAT ¥ Tpaguk¥  naBieHws,
‘npuBescHHbIE HA puC. 2.4. [Ipr OTCYTCTBHH BTOPOFO 3KCTPEMyMa
(6e3pa3smepHOE) AaBNEHKE BO3PACTACT OT HyJS HA IPaHMLE wapa
JO MaKCHMAJIBHOTO 3HaucHMA B ero uenrpe. CoeceM Ipyras
KapTHHa HaOmiojaeTcd NpH HAINYHHM BTOPOTO 3KCTpeMyma. Ha
NPOMEXYTKE OT TIPaHHLbl Hapa g0 JKCTPpEMyMa JAaBjICHHE
CHauaJia BECbMa PE3KO YBEIWYMBACTCA OT HyNs HO. MAKCHMyMa,
3aTeM B palOHEe IKCTPEMYyMa CKadKOM NajfaeT A0 OTPHUATEIbHOro
(!) 3Hauenud, a mocne ITOTO CHayala Pe3KO, a 3aTeM yxKe
OTHOCHTCHBHO ILTABHO CTPEMHTCHK K CPABHHTEABLHO HEGOMBILIOMY
N0 BCIMYMHE OTPHHATEIBHOMY 3HAYCHHIO B HEHTPE 1apa.

Hrax, eme B oTrcyrcrBHe Konnanca (HO BOJM3M rpaHHMIb!

R/ry =1, 1pH KOTOPO#i OH HAaCTYNAET), Mbl CTAJIKHBAEMCA C HOBHIM -

penomMeHOM ~ OTpPHUATENBbHBIM naBieHHeM. OTpHIATEIbHBIC
AaBJICHHS HE ABIAIOTCA JVIA (PUINKH HYCM-TO HOBBIM. B OOBIYHBIX
YCIOBMAX JaBJICHHE TEJ HONOKHTEIBHO, T.€. HAIPABJICHO TaK, KaK
ecnmn Obl TEAO CTPEMHOCH PACIHMPHTLCA.. DTO, ONHAKO, HE
0BS3ATENBLHO, M TENO MOKET HAXOAUTHCH TAKKE M B COCTOSHHUAX C
OTPHHATEIbHBIMY A2BJCHUAMM: B TAKHX COCTOSHMAX TEJIO KaK On

“pacTaHYTO” W TIOTOMY CTPEMHMTBCH CXarbcd. Hanpumep, -
p

OTpHNATENbHbBIM JaBICHMEM MOkeT obllagare neperperas
XKUJOKOCTh, TakKass XHAKOCTH J.ICFICTB}’GT Ha OTPAaHUYHBAKCIOYIO €C
HOBEPXHOCTh C CHJIOH, HAIIPABJICHHOH BHYTPh 00BeMa KHIKOCTH.
B paccmatpHBacMoM cnyqae OTle[aTeJH:HOC HABIEHHE MOXKET
Obrte  OOycnoBneHo  “pacrTsdkeHHem”  o0bema  BCIEACTBME
W3MCHEHUS METPHKU.

3arnsHeM HEMHOKKO BIUIYOb TauHCTBEHHOTO SBJICHMS,
HMEHYEMOT0 KosuianicoM, Ha 1iepBeiit B3risa 3T0My IpenaTCTBYET

H3MCHCHHEC 3HaKa noJd palukKaiaMH B BBEIUCIPDHBEICHHLIX -

BhipaxeHusx s @(r, r 1, R) v goo. OHAKO BO MHOTHX ciryqasx
BO3HMKAIOLIYI0 MHHMMYIO EIMHHMLY YOaeTC BBIHECTH H3 ITOA
KOpHEH W COKpaTuTh MO0 BO3BECTH B KBAJpar, TaK HTO
npobieMbl BOHHKAIOT PEXKE, HEM MOXHO OBUIO OBl 0XHIATS,

b irinsirs i i s 2
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B ciydae norpannuHoro kosuanca mapa (npu R = ry)
BhipaxkeHue, nua @D(r, r;, R) BbIpOXKIAETCA B KOHCTAHTY, '
HMEIOLLYIO 3HaY€HHE ~3 npH Mo6oM 3HaueHHH 0'<r < r; Baxuo.
OTMETHTh, YTO IpPH KOJance AaBicHHe OyZeTr yxke 3aBeaoMo
OTpHMUATEIbHEM. Jlanee, py NOrpaHMYHOM KOJUIANCE Ha IpaHHule
Wapa KOMIOHECHTA ggpp HPETEPICBAET H3JIOM, B KOTOpLIi
TPaHC(OPMHAPYETCS, © KK yKe OTMEUaNoCh, IOABIAIOIIMIiCA
BONM3M KOJUIANICa BHYTPECHHHHA MUHHMYM KOMIOHCHTH gop.

G_00
Norpevmunoit konnanc. Rl =1 Makc. 3HaveHne= .9 MuH axauerne = 0

t > T

+
|
........ bremamenbocaaoas e
V
1

..........................................................

EEREE

ST AU A S
- = - sy -
e — ey m -

S R
N L L

(r{ﬂ)Mw: =14
Puc. 2.5. KomrioneHTa ggo npy¥ NOTPaHUYHOM KOJUIANCe

Ha pue. 2.6 mnoxkaszausl rpaduxs n[aBieHMs M ggp IIPH
OTHOCHTEJILHO CHIIBHOM Kosutance (R/ry = 0.1)

M3 3tHX rpaMKOB BHAHO, YTO IIPH KOJUIAIICE HE TOJIBKO
NaBjieHue, HO M KOMIIOHEHTA ggp METPHYECKOTO TEH30pa
CTaHOBHTCA OTPHUATENbLHOH €LIe BHE IpaHHL Iapa H OCTaeTcs
TAKOBOH BIUIOTH OO0 r = R, npHYeM B 3TOH MOcCNenHeH Touke
HPOM3BOAHAS  JAaHHOW  BENIMYMHB  OCCKOHEYHO  BEIMKA.
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NasneHue

Miam. 3naueHne =-1

Maxkc sHavewmne = {

Koasanc Rii= 1
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Puc. 2.6. I'pajuixn nasienns 1 gop 1P OTHOCUTCHABHOM CHIBHOM

kosuiance (R/r=0.1)
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Ipeacrasaser Taxxke HHTEpec OOCYKICHHE CHTYaHH B
camoM “aape” mapa, T.€. np¥ r < R. B 370l obnactn naeiexue
OKa3bIBACTCSA KOMILIEKCHBIM. C MO€H TOYKHM 3PEHHS, 3TO MOMKHO
MHTEpPIPETHPOBATh CICAYIOIMM 06patoM. M3menenue 3Haka

BHYTPH paiukana BHEa +/1—(r/ R)® Qu3MueCKH  MOKHO
CONOCTABHTh HM3MEHEHHIO 3Haka ~IIOA paIMKaIOM BHIA

\]1 -(v/ p)2 , T.K. KPHBH3HA €CTh MEPA MOTEHUHAILHON SHEPrHH

IPaBHTallAOHHOrO NOJA, & CKOPOCTb 4YacTHMLBl — MEpa ' €e
KnHeTHueckoH O3Heprum. Ciyuaif, KOrja BBIp@KCHHE BHYTDH
MOCEAHErO = pajMKala MEHAET 3HAK, OTBEYaeT Iepexoay
ABWKYIIEHCA CHCTeMBbl OTCYETa uepe3 CBETOBOH Oapwep. Ilpn
3TOM . [B€ IPOCTPAHCTBCHHBIE  KOMIIOHEHTBI  CKOPOCTH,
NEPNCHAMKYIAPHEIE ~ HAMpPaBJICHHIO JBHKCHHS, hinii
HETIOABHKHOTO Habmogarens CTaHOBATCSA MHHMBIMH.
JeHCTBUTEIBHO, COOTBETCTBYIOLICEe Tpeobpa3opanve Jlopenua
MMEET BHA: o :

ve=(vi+ VA, vy = v’yvd)A, ve=v,alA,

rae V — ckopoCcTh JABHXKYLIEHCS CHCTEMEI,

A=1+ VIS

a= ,/1"—(V/c)2 ,

T.c. B LEJIOM BEKTOP CKOPOCTH , OKa3biBaCTCH KOMILACKCHBIM.
OctaeTcs BCHOMHHTB, 4YTO H3BJICHHE HMEET pa3MEpPHOCTH
ILIOTHOCTH, YMHOXKCHHOH Ha KBaApaT CKOPOCTH.

Hrax, pemenne Ilpapmuimimpa CBA3BIBacT IUIOTHOCTH
apa ¢ JaBJICHHEM MaTepun BHYTpH mapa. OHO JaeT Koneunyio
(OTIHYHYIO OT HyNsl) BENHYUHY NABICHHA OPH CKOJIb YFOJHO
Majioi HEHYJIEBOH IIOTHOCTH MarepuM.- Takum o00pasom, A
OAHOPOAHOTO Imiapa B ofLieM ciyyae OTIIHYHBI OT Hyns BCE
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KOMIIOHEHTBl TCH30pa IUIOTHOCTH 3JHEPrHH-HMINYIbLCa, CKOIb
‘MaJ10#i 651 HH Obuia TUIOTHOCTE MAaTePHH P. KcTaTH, 3aMETHM, 4TO
OCHOBHOC  ypaBHEHME OHHIUTE/iHa  MCTOPHYECKH  6bLTO
CKOHCTPYMPOBAHO HYHCTO  O9BPHCTHYCCKHM IIyTEM, €ro JjeBas
- (reoMeTpHuecKas)  4acTh  HpPHPaBHHBAETCAX K  HpaBoit
(dm3myeckoii) HacTH MpPOCTO IO AHANOTHH € KIACCHYECKHM
ypasHenneM IlyaccoHa. 13 TONBKO YTO paCCMOTPEHHOTO NPHMEpa
'BH/IHO, YTO HET HMKAKHX NPHHUHIIMAILHEIX OCHOBAHHH aIPHOPH
HOJaraTh PaBHBEIM HYJIO OGYCIOBICHHOE IpaBHTalHEH NaBicHHE
MaTEpHH, KOTOPOE CYIIECTBYET H B TEOPHH, H B PEAJIBHOCTH..

[lonsiTkKa = pacnpoOCTPaHUTh NpeaCTaBICHUE 0
MaTepHaILHOM 11ape Ha BCIO BCEICHAYIO MpeACTABIAETCS BIIOIHE
nornuro#. Ilpu  3TOM, XOTS anpruopHoe npenebpexeHue
CTATHYECKMM JAaBICHHEM B KOCMOJOTHHECKOH MOIEIH MOKHO
IIBITATECA MOTHBHPOBATH €r0 MO BEIMYHMHOM, HENb3s OBITH
YBEDEHHBIM B HPaBWIBHOCTH TONY4acMBEIX Pe3yilbTaToB. bBonee
TOFO, [PH aHANM3C KOCMOJOTHMYECKOH IpoGiNeMbI CHTyauus
CTAHOBUTCA, KAK MHE KAXKETCH, ELIE CIIOKHEE.

JleficTBHTENBHO, rf)pia cpeaHell NMIOTHOCTH BELISCTBZ BO
Bceenenno# ' mopsaaxa 10 r/em TPAaBHTALUMOHHBIA pajuyc Hawei
BceneHHo#i JOCTHIaeT BETHYHHBI 10** cm, uro, MOBHANMOMY, HE
MEHbIlie, YEM € FCOMCTPHUYECKHit pa3sMmep; CNEeAOBATENBHO, H
OTHOUICHHE €¢ T€OMETPHYIECKOrO PajMyca Iy K PaJHyCy KpHBH3HbI
R, cxopee Bcero, Oonplie €AMHHUBI. A 3TO O3HAYAET, YTO
PaCCMOTPEHME PEIICHHA VI KOJUIANICHPYIOLIETO 1apa ~ OTHIONS
He npazanoe 3austne. [Ipu cunsHOM Konnance (koraa ri /R >> 1)

MHOXwuTens @(r, r;, R) cnenyer npeobpa3oBaTh K BHAY:

3R ~1-3(r, /R -1
3 /R —1=4J(r/R)* -1

O(r,1.K)

IMpenebperas enunuued B pagvkalax M paccMmarpupas
LeHTpanbHylo ofnacts mwapa R < r << r; , Haiddem, ' 4rO
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npexenom mia @fr, ry, R) B 510M Cciayyae cnykur -1, nosromy
TIPH YKa3aHHOM YCIOBHH ITONy3aeM, YTO

=- /(87GR) = - pc°/3

~ Eme pa3 oTMeTHM, YTO B Cilydae CTPOroro pasencrea ri/R
= 1 3Ha4yeHHe @(r, r1, R) cTporo pasHo -3 B 21060¥ ToUKE
BHYTpH wapa (1.c. P = - pcz). -

2.5. HoBule pemieHnsi KOCMOJOTHYECKHX YpaBHeHuU

BepHaeMcs K T€3UCy aBTOpa 0 HEOOXOAHMOCTH I106ATBHOTO
ydeTa TpaBHTAUMOHHOTO [ABNEHHS H OyAeM cuMTarh B oOmem
clIyyae BRIMYHHY OSTOr0 AaBieHHs P B  KOCMOJOrMYECKHX
ypapHeHHAX DiHiuTelina OTingHOM 0T Hy/as. OKaskiBaeTCs, YTO B
JTOM CIy9a¢ BO3HMKAIOT 1O KpajiHeii Mepe fBa HOBHIX
3aMCYaTE/bHBIX PEILICHHA.

: INepBoe pemieHne oTBeYaeT CTaMOHAPHOMY Ciydaro R’= 0,
R"=0. [ToncTaBuB 3TH yCIOBHA B YpaBHEHHE, IIOTYIHM:

(¢/R)? =-8-nGPlc’
(c/R)’ = 8-wGpl3

OTKYZa CJICHYET CBA3b MEKAY NABICHHEM M PaJHyCOM KPHBH3HBL:,
2 2 |
p=3</(8aGR)

. Ho 3T0T pe3ynbrar COBNAjacT, KaK HETPYAHO 3aMETHTh, C
npelenabHbIM cryqaeM (R < r << ry) 3ajauy IS JIOKAJLHOTO
OLHOPOAHOrO KOJLIANICHPYIOILErO 1apa, PacCMOTPEHHOl BEime!
BecbMa CXOIHBI [O CYTH Aelia Pe3yibTaT IOJYYHI AT CBOEH
NepPBOHAYATLHON Moaenn A.J¥HwTeitn, Xorga, yOeaMBIINCH B
OTCYTCTBHH CTaLMOHAPHOIO peiueHus rpH P=0, 6oLl BEIHYXIECH
HCKYCCTBEHHO BBECTH B . CBOC YpPABHEHHME 3HAMEHHTYIO
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KOCMOJIOTHYECKYI0 NOCTOAHHYI0! B nanpHe#meM Bonpoc 06 1ol
BCIMYHHE M €€ (PU3HYECKOM CMBICJIE I[OBHC B BO3AYXE H
CYATAETCH OTKPBITHIM BIUIOTH A0 HACTOSLIEro BPEMEHH. TaxkoBbl
M3NEPKKH METOJO0MOTHYECKOH TPAHLMH.

Bropoe 3aMeuaTeIbHOe PElICHHE BOSHHKAET, €CIIH NPHHATE
ycnoBua R’= ¢, R"= (), corsacHO KOTOpPbIM PafHyC KPHBH3HbBI
pacreT CTPOro NpoNOpLHOHAILHO BpeMeHH. IloacTaBHB naHHbIE
YCIIOBHA B NPHBEACHHbIC BHIILE YpaBHEHHA JifHIUTeHHA, HaliaeM:

24{c/R)? = - 8-G-Plc?
2(c/R)’=8-aGp/3

NIpH DTOM Kosq)(pnunem CBA3M MCKIY IaBJICHHEM H pagHyCcoOM
KPHBH3HBl TI0O CpPaBHEHHI0 CO CTALMOHApHOH = MOJEIbIO
oTaM4YacTCH B JBa pa3a. B 060MX CilyyasX COOTHOLICHHE MEXAY
JABJICHHCM H IUVIOTHOCTLIO HMEET BHA: '

P=-pci3

Ba)xHO OTMETHTb, HTO JAXKE€ HECTALMOHAPHOE PEIICHHE B
ABHOM BHJIC HE COAEPXHT TaKOH mapamerp, kak spems. [aiee,
NHHEHHaA 3aBHCHMOCTb PaJMyca KPHBM3HBK OT BpEMEHH, OyayuH
NOCTYJIUPOBaHHOH, HE JO/KHA TENEPh BHIBOAWTHEA M3
MOJYYEHHBIX COOTHOIIEHHMH; 3TOT € INOCTYyJaT JIelaerT ec
¢usnueckn He 3aBHCAILEH (BO BPEMEHH) OT IJIOTHOCTH MAaTepHH.
Orcioja ciieayeT BEIBOA, MPOTHBOPEYALINH NPHHATOH TPagHIMH
pelICHHS ypaBHEHMH OIS, HO NOJHOCTbIO OTBEYAIOIHA caMOMy
AyXy =~ JHHINTEHHOBCKOro - MHOJXOJAa3,  HalpaBJICHHOrO  Ha
reoMeTpuzaiuio  pusukn. OH cOCTOMT B TOM, |TOOWI, M3
HaHJCHHBIX BBIPa)KCHMH MCKATh IJIOTHOCTh M NAaBICHHE MaTCPHH
B BHAE 3aBHCHMOCTEH OT KPHMBM3HbBI INIPDOCTPAHCTB3, a HE
HaoGopoT: - \ ' '
p=3¢1(4-nGR)
P=-c4-7GR)
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Ha s3pixe pu3nKy 310 03HAYAET, YTO IWIOTHOCTE M JABJICHHE
MATEPHH CYTh TPOCTO JAHHBIE HAM B OINYIIEHHAX (M3MEPEHHMAX)
XapaKTePHCTUKH KPHBU3HBI IPOCTPAHCTBA, T.€. YTO OHH ABJAIOTCH

'BTOPHYHBIMH, 33BHCHMBIMH ‘0T Hee BeapunHamu. Jlo6aBmmM, 4TO
3TOT IyTh, B CYIUHOCTH, obo3naunn ‘cam OHHIITEHH, BBEIA
3aMKHYTY10 Ha cefs1 Bcenennyio, T.e. 3aMeHHB 3aJaHHE
QHUKCHPOBAHHBLIX  YCJIOBMIA Ha TpaHHIaX  YCJIOBHEM
CaMOCOTIIIACOBAHHOCTH peuIeHHs! -
\ , : :
2.6. 3aMKHYTOCTE Bce.nelmoii

Koczvronomqecxax MOJENTh (DppulMaHa HHYETO HE Moma
cxa3aTb O TIPOHCXOXKACHNH BCeneHHOH., Hanpomn pa3BUBacMBIH
B 1aHHON paboTe MOAXOA MO3BOJAET AOBOJBHO HATNAJHBIM
o6pa3oM HOJOHTH K 3TOM npoﬁneMe Kak ormeueno B [22], ana
Mo60r0 MATEPUANILHOTO HIAP2 ¢ HEHYICBOM IIOTHOCTHIO METPHKA
ITOM. oGnacm HCKaXXaeTCs MO OTHOIUEHHIO K CBKIHIOBOH, €€
reOMETPMS  COBIAJACT C  IEOMETPHEH  YCTHIPEXMEpPHOM
-chepHHECKO# THIIEPIIOBEPXHOCTH.

Mu yxe paccMaTpuBamH BBIILE, KaK BHIVIIAHT rpaq)mc
KOMIIOHEHTBl gpp METPHYECKOrO TEH30pa UIA NOJA TATOTCHHA
0GBIYHOTO Iapa M KOJUIANCKHPYIOWETO 06bekTa. B nepsomM Citydae
€ro MOXHO YNOZOOGHTL HeGOMBLINOH “AMKe”, pagMyc KPHBH3HEI
KoTOpo# MHOro Golblie ee reoMeTpHYECKOro pasmepa. OHAKO ¢
POCTOM  IUIOTHOCTH  BEWIECTBA  METpHKa  BCe  Gostee
nebopMupyeTcs; H “AMKA” B KOHLE KOHIOB TPEBpAliaeTci B
CBOETO pojia “ponacTs’, CBA3aHHYIO C BHEWIHEH MOBEPXHOCTHIO
JIMILG Y3KO# ropnoBuHo#. TOMbKO 0HA 3Ta rOPIOBHHA (WIH Jaxe
ee 4acTh) M BigHa BHEIUHeMYy HaOJIOAaTemo, TOTJA Kak
HENMPEeOAONUMBIH Oapbep TATOTCHHA IpeBpallaeT LEHTPAIbLHYIO
o0nacTh 00BEKTA B “3aTEPAHHBIT MU~ .

C TouxM 3peHHs BHEWIHETO MMpa 3TO — 4YepHas JbIpa,
HeoOpaTHMO MOIJIOIIAoIAs BEIECTBO .M M3myuenne, C apyroii
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- cropoHBl, mIA o6uTarenel wHauwel Beenenno#t “mymoBHHA”,
CBASHIBAIOMIAS €€ C BHEMIHHM MHpPOM, [OJDKH2 Ka3aThCA
~ ceprueckoii Genoit ALIpoH, H3 KOTOPON HEMPEPHIBHO BEIUECTBO
M M3ITyH4EHHE TNOCTYIAIOT M, OBITH MOXKET, MO3BOJIAIOT CYyOMTH O
‘cBOMCTBax 9TOro  BHEWHero Mmpa. Tem, Kr0 uMTan
danrTacTudeckytro nosects B.A.O6pyuera “3emmst CaHHHMKOBA”,
3TO HABEPHAKA HANIOMHHT OMMCAHHYIO Tam CCBEPHYIO BIaJUHY,
BEJYILYIO B IHTaHTCKylO MOL3EMHYIO MOJIOCTE C LEHTPATbHBIM
CBETHJIOM B LIEHTPE 3eMIIH.

Moxer JIN GBITB ‘-ITO MbI XBHXCMCH 061/ITaTeJ'I}lMI/I HMCHHO
TaKo#i 4YepHOH m,lpm? Mos runotesa yrBEpaAMTENbHO OTBEYAET HA
370T. Bonpoc. OrpuuareipHbIi 3HaK AaBieHus, 0OyCIOBICHHEIHA
HETIPEPRIBHO  YBENMYHBAIOWIHMCS pasMepoM Hawero Mmpa,
IPHBOJHT MMEHHO K TaxoMy BeiBoay. [la m cama 3aMKHYTOCTH
Bcenennoit TOJTy4acT ¢pu3nyeckoe 0ObICHEHHE.

C Apyro# CTOpOHEI, BBIPa3HB Maccy Haweii Beenennoit
M = p-V uepe3 cpeaHIOI0 IIOTHOCTE p= 3¢ 27 (4 -G R?) n o6pem
3-MEpHOro HEIBKIMAOBOrO wiapa V=2- 7R, Henocpencmenno
MOITY4HM MOATBEPHKAAIOMIEE ITOT KE BIBOA COOTHOLICHHE

R=2M-G/ (3 mc®)=Rg/ (3-7)

rne Rg = 2-M- Gic’ - TPaBHTAUMOHHKI pamuyc Bcenennoit. To
OOCTOATENLCTBO, YTO NPH HHYTOKHOHN IUIOTHOCTH BEIIECTBA
IPaBHTALHOHHBII PajHyC OKa3bIBaeTCs GOJIBIIE FEOMETPHYECKOrO
(4, ciaenoBarenbHO, cama BceeldeHHas - - “depHOM  ABIPOI™),
OOBACHACTCH,  KaK  HM3BECTHO,  CIEAYIOMMM  HPOCTHIM
cooGpakeHHEM: NIPH 3a5aHHOH IIOTHOCTH K cepraeckoi dopme
rpaBUTALMOHHBIA paaHyC HPONOPUMOHANEH Macce OObexTa, a
reOMETPHUCCKHIT - BCEro JHIIb KyOHYECKOMY KOPHIO M3 MACCHI.
Beimonnenne ycnoBus R<Rg ONATb-TakH CODIACYeTCs €
3aMKHYTOCTBIO BceneHHOH, OTCYTCTBHEM Yy He€ TPaHMil IpH
xoHeuHoM ofbeme. M, KpoMe TOro, MOATBEpPXKIACT
chopMymMpOBaHHOE BBIIIE NPEANOIOKEHHE O TOM, 4TO 0061acTh

8
. \
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NIOKQJIH3AUMM SHEPTHH NOKOSA MaTepHu BeeneHHOM He npeBbIIacT
obnacTH, B KOTOPO#H AEHCTBYET I'PAaBHTAIIHS.

Ilo  cospeMennelM .~ ouenkam  ([25]),  3HaueHue
BBIIIEYMIOMAHYTON KOCMOJIOTMYECKOH JIOCTOAHHOH DHHIITEHHA
IS TPAAMLUMOHHOM MOJEIM COCTaBISET MPHMEPHO 10%° em,
Herpynno 3aMeTHTsh, 4TO 3Ta BeaM4MHA G4YeHb OIM3Ka K €IHHHIE,
ACNICHHOMN Ha KBafpaT paguyca BceneHHOM, 4TO TpeiucTaBIieTcs
BECHMA CHMIITOMATHYHBIM. ‘

B cospemennoit OTO mocTpoena crienuuyeckas KapTuHa
KoJUIanca 3Be3l, KOTOpas, BOOOILE I'OBOPS, MOXET M3y4aThCA B
TPEX pa3IMYHBIX CHCTEMax OTCyYeTa, IIpHYeM  OOBIYHO
UCTIOJIB3YIOTCH MOJENH, ITOCTPOCHHBIE JUIi «TOYEHHOM» MAacChl.
IlepBasg cucrema CBsi3aHa ¢ BHEIUHMM HabonareneM, Bropas —
COMYTCTBYET Majaiomleii B UCPHYIO NbIDY MATCPHHM, TPEThA —
CHCTeMa OTCueTa Ha6mozxaTenx M3HYTPH KOJUIAIICHPYIOWIErO
oﬁsex'ra -

C TOYkH 3peHns BHEWIHEro HabmonaTeNs Bpems NAJEHHS
MATEpHH B KOJLIANICHPYIOLLYIO 3BE31y ABIACTCA OCCKOHEUHO
60JIBb1IHM. Ozmaxo NPH 11€peXoae K COIMyTCTBYIOWIEH CHCTEME
OTCYETa OHO OKa3bIBACTCA KOHEYHBIM. YKE B COIYTCTBYIOLICH
CHCTEME OTCYEeTa BpeMEHHas M NPOCTPaHCTBCHHBIE KOOPAHHATHI
BBIpaXKatoTcsa uepe3 062 THNA KOOPAHHAT BHEIIHEH CHCTEMEI, a BO
BHYTPEHHEH CHCTEME BPEMsS H IPOCTPAHCTBO BOOOILEC MEHSIOTCS
MECTaMM, TNPUYEM KOMIOHEHTHl METPHYECKOTO  TEH30pa
OKa3bIBAIOTCH 3aBHCHMEIMH OT BpeMmenu. Jlanee, ucropHs mo6oi
MATEPHANLHOM TOYKM B 3TOH CONYTCTBYIOHIEH CHCTEME
HAYMHAETCA B HYJICBOH MOMEHT U 3aKaHYMBACTCA 4epe3 OAMH H
TOT € KOHEYHHIH TPOMEKYTOK BpeMEHM B . 0COGOH
(CHHTYAApHOH) TOUKe, IMOCIE KOTOPOro YXKE He CYWIECTBYET
HU4ero («Oapbep BpeMeHn»). )

Kax MHe kaxercs, eciM paccCMaTpHBaTh HETOYEUHbIH
KOJLIATICHPYIOIIHH OGBEKT, BO3MOXKHA MHAs «CIUMBK2» BHEILHEH
M BHYTPCHHeH KapTHHBI KOjUTanca. Y€ HHKOTO He YIAMBJISET
CHTYyanus, IpH KOTOPOH OJHH U TOT XKe IIPOMEXYTOK BPEMEHH B
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Pa3HBIX CHCT€Max oOTcYera MOKeT OBITh KOHEYHBIM H
GeckoHeunpM, [103TOMy BIIOJHE HENPOTHBOPEHMBLIM MOXHO
\C4MTATh M TO, YTO HEOTPAHHUYEHHOE CKaTHe (KOJUIANC) YepHoi
AbIpHI BO BHEWweH Cynep-Beenentoit BHIIAINT H3HYTpH (T.€. H3
HameH BeeneHHOM) HEOTpaHWMEHHBIM PACIIMPEHHEM, KOTOpPOe
HauuHaemcs B CHHIYIAPHOH Touke. U 3Ta e TOUKa SBAAETCH
KOHLOM HCTOPMHM BCEX MATEPMABHBIX TOYeK BHemmHenr Cynep-
Bcenenno#, najaoummx B YepHyIo asipy. Ocolo moguepkHy, 4ro
3TO HE 03HAYAET NPOTHBONONOKHOTO TCUCHHA BPEMEHH CHAPYXKH
H BHYTPH uepHOH nwipel. Ckopee, MOXHO yTBEPXAaTh, YTO
BHYTPH HEPHOH [bIphl BpPEMS TeHET OPTOrOHAIBHO BHEIIHEMY
BPEMEHH, . '

Takum 00pa3oMm, ydeT CTaTHHECKOTO AABJICHMA CHKaTHA,
00YCIOBIEHHOTO B3aMMHBIM TAFOTEHHEM MAaTEpHH BO BcelleHHOH,
NO3BONAET TOJYYHTh HOBOE pelieHMe ypaBHemwil JiiHuteiiHa-
®puavana, COriacHO KOTOPOMY METPHKAa XapaKTepH3yeTca
KPHEYHON KPHBHM3HOM M JIMHEHHO BO3pAcTAalOLIMM CO BPEMEHEM
PamMycOM KpHBH3HEL PellleHHE ChpaBeIMBO JIs oGO
KOHEYHOH CpeAHeH ILIOTHOCTH, IPEACTaBICHHE O “KPHTHYCCKON
IUIOTHOCTH B PAMKAX JaHHOH MOJEH HE BOSHHKAET.

2.7. Teopust TATOTEHHS M 3aKOH COXPaHEHHS JHEPrHH

OCTaHOBMMCH HA OJHOM BAKHEHIIEM = MUIA ({H3HKH
‘obcrogrenscrBe. Jlo cHX T1mOp B HEH NpPAaKTHYECKH He
HCIIOJIL30BAIMCE  MOJEIH, B KOTODPBIX IPHHUMIMAIBHO HE
BLINOJIHAETCS 3AKOH COXPAHEHMS TOJHOK MacChi, 4 3HAYHT, H

9HEPIHH.
[TockoIBKY HOBOE pEelICHHE ITOMY49EHO JuIa ciydas R’=c,
- TO IOCTOSTHHASA Xab661a OKa3pIBaCTCA obparno

IPONOPUMOHATBHOM  pafycy M BO3pacrty  BceleHHOM.
CyluecTBeHHOE OTIHYHE 3TOr0 PEILEHHSA OT MOXO0XEro peLIeHHs
®puaMaHa COCTOMT B TOM, YTO OHO OTBEYAeT MOJIOKHTCIBHOM
KpuBH3He 4-ceprl, a He IUIOCKOH METPHKE, H COOTBETCTBYET HE
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KpUmuueckomy, a npou3eobHOMy TOJIOXKATEIBHOMY 3HAYCHHIO
CpeAHeH IIOTHOCTH MarepuH. COOTBETCTBEHHO M Macca
" Bcenennoii, paBHas IpPOM3BEACHMIO cpepineil IUIOTHOCTH Ha ee
o6beM, OKasBIBAEMCA He NMOCMOARHON 60 8pemenu, a
RPONOPYUOHAAbHON DAHYCY KPHBHU3HE! H 6PEMEHU.

Taxum 06pasom, HECOXpaHEHHE NOIHOM Macchl Beenenuoit
(¥ CBA3aHHOH C HEH JHEPrMM IIOKO) OKa3bIBAETCHA MPAMBIM
CITEJICTBHEM yH4eTa CTATHYECKOTO JABICHUS MATEPHH B YPABHEHHH
Ofnmrefina.  feaserca mau 3roT  daxT  Karacrpodoi,
nobyxnatomedi BoOGIIE 0TKa3aThCA OT TAKOTO pememm? A
JyMa10, YTO CHTYalUHs He TaK APaMaTHYHa.

Kax M3BECTHO, 3aKOH COXPaHEHUA 3Hepnm ozmosﬂaqm,m
o0pa3oM COOTBETCTBYET TAaKOMYy 4HCTO ‘reoMeTpHuYecKoMy"
CBOMCTBY BcenenHo#, Xax OJHOPOOHOCT BPEMEHH, T.€.
HE3aBHCHMOCTE B ofmeM cifydae XapakTeépHCTHK TEYCHHA
¢u3nuecKoro mponecca OT TOro, KOTZIa HMEHHO OH OBLI Hauar -
BYCpa, CTO JdeT WIH CT0 MWUINApPIOB NEeT Hasajn. Takoe
COOTBETCTBHE OOYCHOBJIEHO OTCYTCTBHEM B AaHAJIHTHUECKOM
dopManusme gBHOM 3aBMCHMOCTM OT - BPEMEHH (QYHKLMH
Jlarpamxka 3aMKHYTOH (M3H4YECKOH CHCTEMBI, T.€. PaBEeHCTBOM
HYJIIO €€ YaCTHOH MPOU3BOAHOM MO BPEMEHH. :

OcTaBasiCh B PaMKaX KIACCUYECKON MEXAHUKU, MBI
MOXEM YCOMHHMTBCH B TOM, YTO TeUeHHE BCeX 03 HCKMOYeHHs
(u3MIECKHX MPOLECCOB HE 3aBHCHT OT KPMBM3HHEI TOM o6mactu
TIPOCTPaHCTBA, B KOTOPBIX 3TH NPOLECCH NpoTeKaioT. Hanomumm,
YTO OCHOBHBIC YpaBHeHHs  Jlarpamka BEIBOOATCA M3
BADHALMOHHOIO NPHHIHMIIA, COITTACHO KOTOPOMY peanbHas
TPaGKTOpHS. B NPOCTPAaHCTBE OOecleunBacT HauMEHbLIEe
3HayeHMe CheuHanbHOro ¢yHKuuoHana - Aedcreua. Ecin
- KPMBH3Ha IIPOCTPAHCTBA MEHACTCS C TEYCHHEM BPEMEHH, TO
BRIOOp HAawanpHOIO M KOHEYHOTO MOMEHTAZ BapbHPOBaHHA
NPHHUMITHATBHO BIMAET Y)KE HA CAMO MHOXECTBO M XapakTep
BAPBMPYEMEIX TPAEKTOPHH, 4TO B OOWEM Cilyyae HCKIIOYAET
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HE3aBHCHMOCTh Pe3ynbTara OT 3Toro Beifopa, T.e. Te3Mc 00
OZHOPOIHOCTH BPEMEHH. ' - '

Korza e peub 3aX0OMT O 'PacipOCTPaHeHHH 3aKOHa
COXpPaHECHHH JHCPTHH H3 OOUYIO meopuio OMHOCUMEnbHOCMU,
TO FENACTCA 3ITO CKOPEE B CHITY TPaIMIMH, 9€M HCXOIA M3
cTpororo 060CHOBaHMA. ITO IPHBOAKT K H3BECTHBIM JOTHYECKHM
TPYRHOCTAM, 110 IIOBOAY KOTOPHIX Yy ~(HM3HKOB HMEIOTCA
pa3IHMYHBIC MHCHHS, M Ha KOTOPHIX MBI 34€Ch OCTAHABIHBATHCA HE
CTaHeM. MOXXHO HOAO3PEBaTh, ¥TO TPAAHLHS ONOPHI HA 33KOH
COXpaHeHMst =~ OJHEPIHM  NOCTENCHHO  mpHoGpena  YKMCTO
JICHXOJIOTHYCCKHH XapakTep, B TOYHOCTH HOBTOPAA CyAOy
IATOr0 HOCTYNaTa JBKIHIA.

B nelCTBATEIBHOCTH MMEHHO ypaBHeHHs DiHIITCHHA M
oTpaxkacMast HMH 0OBbeKTHBHAA PU3HIECKaA PEANBHOCTD JODKHHI
MCIIONB30BATECA B KA4YEeCTBE OTIPABHOTO MOMEHTA Teopumn. B
HpasuIbHOU meopuu HAUOEHHAR NYMeM PeUtenus 3IMmux
YpaeHenuii 3aeucumMocms cpeoweii - n1OMmHOCMU Mamepuu u
acei maccot Bcenennoii om epemenu 001nxicHa npugodums K
MOYHOMY UMW  NPUBNUNCEHHOMY  GHINOIHEHUIO  3AKOHA
COXPAHEHUR MACCHl U Inepzuu, a ne naobopom! Tak n o6CTONT
[E10 B NCHCTBHTENLHOCTH, H JAHHOE OGCTOATENLCTBO HE TOILKO
NpOsICHAET TPO6IeMy COXPAHEHHS HEPTHH BO BceneHHOM, HO M
NOMOTAeT BBIHTH HA TMPABHILHBIE HCXOAHBIC IIO3HLMH - IIPH
aHATH3€ TAKOro OOBEKTHBHO CYHIECTBYIOUIEro (PEHOMEHa, Kax
HanpasjeHHOCTS (“cTpena”) BpeMeHH.

B cuny cxa3’aHHOro BbIIIE KOCMOJIOrHYECKas TEOpHA
"6osbIOro  B3pbiBa"  JO/KHA - ObITh 3aMCHEHa MOJAENBIO
"3Heprernyeckoro Hacoca". IIpoGneMsi, CBA3AHHBIC C HAYALHOK
CHHTYJSAPHOCTBIO, BO MHOTOM TEPAIOT CBOIO OCTPOTY, NOCKONBKY
HayalbHble 3HAYCHHA MACCHl H DHEPTMH B HAIUCH MOJCIH TaKkKe
paBHBI HYJIIO.

Hcxons M3 acTpodpusHueckux HabmoneHmii, H.A.Kosmpes
[3] BrICKa3piBan YTBEPIKACHHE O CAMIICTBE MCXaHH3IMA H3MYUCHHSA
3B€3J, OCHOBaHHOTQ Ha MPEBPAIICHHH BPEMEHH B 3HEPTHIO.
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Corsacio Haweif MOJETH OTHOCHTEILHOE PHPALICHHE MaccH n
SHEPTHH IIOKOS 3BE3Jbl PaBHO OTHOCHTEILHOMY MPHPAIIEHHIO
BPEMEHM CYMIECTBOBAHMA Bceenennol: Am/m = AEIE = Adt.
Orciona cmegyer, 4YTO JONOJHHMTENbHAA JHEPrHA ~ MOKET
O0yCTIOBHTE MOLIHOCTh H3NYYCHHS HA E€IMHHLLY MAacChl 3BE3JBI,
NPOTIOPLHOHANEHYIO TIOCTOSHHOK Xa66na (B Haweit Mone:m aTa
nocrosuuas pasHa H = 1/f):

AEf(Atm) < -H Cf

Tax, mis CosHila OTHOCHTENLHOE yMeHbuIeHHE Macchl 3a
CUCT M3NyueHMs B rog cocramiser 50 1077, Toraa xak Texyumi
31paCT Bcenennoit obecrieunBaeT yAenbHbIH MPHPOCT MACcChl A0

I/chmoqae'r ni  obwenpuuATas MOJENb  M3ITYYEHHS
Cosnna (BCISACTBME TEPMOAACPHOIO CHHTE3a TellHA U3 aTOMOB
BOAOPOZAA) HMHBEIE MEXaHH3MEI TeHepauud SHeprun? Bor uro
namer naypear Hobenescko#t mnpemun 1979, Boipatommics
GU3AK-TEOPETHK, OAMH M3 CO3JaTeneit TEOPHH 3nexTpociabhix
p3aumogeicteuit 1lengon JIn Dmomoy [24] : “ Dra Teopns
3Be3MHOH JBOJIOUMM 4YPE3BBIYAHHO YCIEIIHO OOBsCHHIA
XKHM3HCHHBIA LMK 3Be3d 4epe3 saepHele peakuun. Opnako B
NOC/AEAHHE TOMBI € NPHILIOCH EPEXHUTE HE TOABKO TPHYM, HO
M TNOMHBIH YNAaZ0K B PYKaX HOBOH SKCNCPHMCHTAIBHON HAYyKH:
HCHTPHHHOH aCTpOHOMHH ... . DTOT YNajoK Hayajics ¢ paboThl
Pefimonpa [I»Buca (OTMeqe}mon Hobenesckor mpemuu 3a 2002
I.], KOTOpHH B TCYEHHE NOYTH ABAAUATH JET TEPIEIMBO
OTCNEKUBAT HEHTpHHO, Hcxomsuue or ConHua ... B orpoMuHOM
Oake OUHILAIOLIEH KUAKOCTH, HOMEIICHHOM IITyO0KO 101 3eMieit
B waxre HOxnoi [akorsl, [I9BHMC YMyApHICS OCTaHABIHBATH
€XKEMECAYHO OKOJO MIOKHHBI COJHEYHBIX HEHTPHHO. B 3roM M
cocTOMT npobneMa: eMy ynaercsi 3aXBaTHTh JIMIUB TPETE TOTO
KOJIHYECTBA HEHTPHHO, KOTOpPOE OH JOMKEH 3aXBaTHIBATH
COTJJACHO NpeacKa3anmio Teopuu. Buyrpn CoiyHUA NpPOMCXOAWT
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’

YTO-TO CTPAHHOE, YEr0 MBI HE MOHMMaeM. BIOJIHE BO3MOXKHO, YTO

Hawa ‘CoNHeYHas MOMENbL COACPXKHT OWMOKH; OHITH MOXET,

pHyrpr ConmHiia cCymiecTByer uepHas Aeipa ... . [IpoGnema

COJHEYHBIX HEHTPHHO — OAHA W3 CaMBiX OONBIUHX 3arafok,

neKaMX Ha TPaHMIIe aCTPOHOMHH M (Gu3uxH yactui. B Poccnn,

Kanane, SInonun u Htayimu npoBOAATCA KPYIIHBIE IKCIEPUMEHTHI -
1O HU3YYEHHIO COJTHEUHBIX HEATPHHO C LEIbIO BHIACHEHHA, YTO JKE

BCE-TaKH NPOHCXOIMT B HEAPAX Comma
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3. BPEMS U ITIPOCTPAHCTBO B JIOKAJIBHOM
MMPHBJIMXKEHUHA "

3.1. Bpems, MHpOBbIe IMHHA H JBHIKEHHE YACTHII

B xocMonoruueckoid  Modenn  Ditmmreitna-Opunmana
NPEACTABICHUE O BPEMEHM BBOJHIOCH AIPHOPH, a TONyYEHHOE
pewieHne B obweMm ciaydae He ObuIO JIMHEHHEIM BO BPEMEHM.
JIuHeAHBIH pOCT BO BpEMEHHM paguyca KpMBH3HBI BceneHHOH B
NPEMJIOKECHHOH MOJENM NPHUBOJUT HAC K AOTaike, 4TO,
cOGCTBEHHO TIOBOpS, MedeHue @UIUYECKO20 BPEMERU U
RPOAGAREMCA 8 KAMWCOOW ee MOYKE UMEHHO KAK UIMEHEHue
6eUUUNBL IMO20 PAOUYCA, YTO MMEHHO TMOITOMY H3MEPEHHE
BPEMCHH Da3sHBIMH CPEACTBAMM M Croco6aMH OOMKHO HaBaTh
NPUHLMIHAIBHO COT/IAaCOBAHHBIE PE3YNBTaThi, H 4YTO, HAKOHEH,
HHKAKOTO HHOIO BPEMEHHM KAK YHMBEPCAILHOTO (H3HUECKOro
¢eHOMEHa (OTHOCHTENBHO KOTOPOro OBUIO OB BO3MOXHO
HEPaBHOMEPHOE H3MCHCHUE pajfHyca KPHBM3HEI) NPOCTO HE
cymectByer. ECiin 31a qoranka BepHa, TO XOA BPEMEHH - 3TO He
¢on, Ha KOTOPOM TeM MHIM HHBIM 00pa3oM WPOHUCXOAMUT
pacuinpenic BceneHHoH, a camo codepacanue 31oro nmpouecca,

PaspuBas 3Ty OCHOBOIIOJNAraloliyld JUIA AAHHOH paboTsl
uaeio, OyaeM MCXOOWTE TENEPh M3 TOTO, YTO IOJOXKCHHBIA B
OCHOBY MAaTeMaTHYECKHX NOCTPOCHHH KOCMOJIOTHYECKHX TEOPHi
4-mepHBII  IIap ' cAeoyeT pacCMaTpHBaTh KaK OOBEKTHBHO
cymecTByiomnH; nama Beenennas pacmmpsiercs B 4-MEPHOM
IBKIMAOBOM NPOCTPAHCTBE M INPEACTaBiseT coboil 3-MepHylo
THIIEPIIOBEPXHOCTD ITOTO 1apa (MOAYEPKHEM,YTO MBI IOJIAraeM
310 4-MepHOE NPOCTPAHCTBO COBEPLICHHO OIMHAKOBHIM MO BCEM
YCTHIPEM HM3MEPCHHAM, KOTOPBIC HHYEM HE OTIMYAIOTCH MEXIY
co00j1).

XKusywne B 3-MEpHOM MHpE CYLLECTBA H HE MOAO3PEBAIH
OBl 0 HamM4M¥ 4-MEPHOTO CYNEPIPOCTPAHCTBA, €CIH OBl He
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NPOLECC paciMpenHus wapa. IJToT npouecc OOBEKTHBHO
BBIOCASET B  KAKIOHW = TOYKE TIHIIEPIOBEPXHOCTH  luapa
HanpaBieHHe, HOPMAIBbHOE K HeH M He MNpHHALIeKauwee ci
camoii. BoT 310 HanpaBnenue (4-¢ n3mMepeHue) B Xaxno# Touxe 3-
MepHoi# BeenenHoM U nmpeacrasnser coboit ucmunmoe spema.

Takoe onpesencHne BpeMeHH, BOOOIIE rOBOPS, HHTYHTHBHO
MPO3PayYHO M, KAK OKA3BIBACTCA, HCKIIOYHTEIBHO IUIOAOTBODHO.
OHO TO3BONSET HE TOABLKO OYEBHAHBIM OOPa3OM BHIBECTH 3aKOH
Xa66na, HO ¥ OOBACHMTD CaMO NOHATHE IBMXKECHMA, a TAKKE
IIOCTHIHYTh HCTHHHBIH CMBICI MHpa DiHIUTeiHa - MHHKOBCKOTO
u npeobpaszosaunit JlopeHua.

OnHaKo 118 3TOro NpPHAETCA NEPECMOTPETH HEKOTOPBIE
NPHUBHIYHBIC NpencTaBieHns. Tak, MBI OTKQKEMCH ONIEPUPOBATH C
3-mepHBIMH 06pa3aMy "uacTHL" M MHBIX OOBEKTOB, C KOTOPBIMH
HMeEeT Aeno coBpemeHHas Gu3uka. [ng Hee noHsTHe "MHPOBOIA
AMHHH" YaCTHLBl SABIAETCH cKOopee Meradopoii, M XapakTepHO
"HabmogcHHe" 33 YacTHLAMM B INpPEAENax OTPaHHYEHHBIX
' OTPE3KOB BPEMEHH. B NPOTHBONONOXKHOCTh 3TOMY CHEHYyET
OPUHATB, 4YTO HMCXOAHBIMH M OOBEKTHBHO CYLIECTBYIOIIHMH
‘O0BEKTAMK- H3yYeHMS SBIAIOTCA KAk a3 MUPOBbIE JIHHHM,
KOTOphle Halle "3-MepHOe" CO3HaHHE BOCIPHHMMAET KaK
¢dparmenTsl B Mainojt oGnactu nmpocrpaHcTBa-BpeMeHH. VIMEHHO
MHPOBBIC JIHHMH, C MOE€H TOUKM 3peHHA, O0GNAjalOT TEMM
OOBEKTHBHBIMH CBOHCTBaMH, KOTOPLIC JOJDKHBI ObITh HOJIOKCHE]
B OCHOBY HOBOI'0 HAY4HOTO MOAXONA, W 3TH CBOMCTBA HOCKT
dynnamentansHo ro6anbHEIH (10 OTHOWICHHUIO K pa3sMepaM 4-
MCPHOTO 1uapa) xapakrep. C 3TOH HOBOH TOYKH 3pPCHHA He
cyujecmeyem Osudcenus omoenvnvix uacmuy. OHo (310
JBHXCHHE) €CTh NPOABICHAE OJHOTO eOUHCIMBEHHO20 IPOLECCa -
pacmmpenns 4-muapa, npH KOTOPOM B 4-MEPHOM KOHTHHYYME
HEIIPEPLIBHO MEPEMEILAIOTCA 00pa3bl TOYEK NCPECCUCHMS BCEX
(0OBbEKTHBHO CYIICCTBYIOIIMX) MHPOBBIX JIMHMA € TeKyiueH
TMIEPOOBEPXHOCTBIO cdephl  paamyca R, mnpeactraBiasiomei
JAHHBIH MOMEHT "BPEMEHH CyL1CCTBOBaHuA" BeeneHuoin.
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3.2. 3akon Xa00.aa

Wrax, cornacho HameMmy TMOAXOHY, MMEHHO Camo
yeeauuenue paduyca xpususnvr Mupa’(peanvuotii pusuueckui
enomen) 6ocnpunumaemca namu KaK medenue epemenu.

HauneM ¢ HemoaBKHBIX 00BEKTOB - 3Be3a. HecnmoxHo
II0Ka3aTh, YTO €CIIE MMCHHO BO3PaCTAIOULYI0 BEIHYHHY pafHyca
NpUHATHL B KayecTBE MeEpbl BPEMEHM, TO M3 mIpocTeimmx
reOMETPHYECKHX PACCYXKISHHH cpasy BHIBOAMTCH 3aKkoH Xab6ia.

JleHiCTBHTENBHO, NIPOBEAEM [BE MPIMOIHHEHHBIE MHPOBBIC
MMHHM M3 HeHTpa (4-MepHOro) mapa, “mpoHsamonie" ero
OoBepXHOCTh. [1o Mepe ero pacimmpenus napa jtyded - MHPOBBIX
quHmii - Kak 6Bl IEpECEKacT  IMOCAENOBATEILHOCT
KOHLIEHTPHYECKHX cdep, uTO B nopoxnaer s¢odexr "pa3beranus”
00pa3oB TOYEK NEpeceyeHus.

A dx

0

Puc. 3.1 Pyc. 3.2

PaccmarpuBas 3Hauense pagmyca R "texyueit” chepsl kax
napaMerp, BBIYMCIMM TIPOM3BOLHYI0 MO 3TOMY Napamerpy
paccrosnms x Mexay obpasamu aByx Touek A u B (puc. 3.1), 1.e.
dopMansiyio “ckopocTh" HX pa3beranus B QYHKLHA H3MEHCHHA
R. : E
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Jna pocratoyHo OaM3KMX Toyek Ha cdepe M3 momobus
TpPEYroJIbHHKOB BhITEKaET (puc.3.2), uro

dx/dR= x/R

3aMeTHM, 4YTO 3THM COOTHOLIEHHEM ONPEJACNICHa MMOCTOSHHAS
BEJIMYMHA - YrOJl ¢ BEPLIHHON B LEHTPe pacluupeHus. Huaro ne
MEUIaeT HaM BhIpa3HTh (OpManbHbIiH mapamerp - paauyc R -
gepes moboH Apyro#, mponopuHoHamsHEIH eMy. OO003Haunm
HOBEIH mapameTp 4yepe3s f, a B KadecTBe KodhduuueHTa
TIPONOPIIHOHANLHOCTH  BhiGepeM moOylo koHcTanty - Vo ¢
Pa3sMEPHOCTBIO  CKOPOCTH. Torna BMECTO  NIPHMBEACHHOTO
COOTHOLIECHHS HOJIY"HM: ‘

dxl(Vo-dt) = x/(Vot)

HIH, ITI0CJIC COKpPAlLCHUA Ha Vo B 3HaMeHarTee:

e

dx/dt = x/t

HasoseM Teneps napamerp ¢ "BpeMeHeM", a NPOM3BOAHYIO -
v = dx/dt - "cxopoctsio pazberanms”. Uro6bl MOJYYHTh 3aKOH
Xab06na, ocraeTcs JMILB BBECTH IOCTOSHHYIO ero umeHu H = 1/t

v=Hx,

JIpHYeM 3HAYeHHe mapameTrpa ! OJHO3HAYHO CBA3AHO C
JKCIIEPMMEHTAILHO onpeneisemoil Bennuunoit H. Ecmm MbI
XOTHM OTOXAECTBHTH NapaMeTp f ¢ "HACTOANINM" BPEMEHEM, TO B
KauecTBe KOHCTaHTHl Vy ClemyeT NPHHATH CKOPOCTh CBETA € -
OKCHEPHMEHTAIBHO ONpPEICICHHYI0 KOHCTaHTY
IPONOPLHOHANLHOCTH MEXAY BPEMEHHBIM H IIPOCTPAHCTBCHHLIM
3TajIOHaMH paccTOAHUsA. Terjeps MOKHO HaHTH BEHIPAKCHHE M JUIA

pajgvyca xpuBu3Hb "Texymen" chepsi:

’
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R=c/H

3.3. AHepuunainHoe ABHMKEHNE U CHelNAJIbHas Teopus
OTHOCHTE/IbROCTH

Or >ddexra “pasberatus” HENOABHXHEIX 3BE3N nepen,ueM
K aHaJ113y PABHOMEPHOTO (HHCPIHAILHOTO) ABH)KEHH.

YuuteiBas * OTPOMHYIO BEJIMYMHY paguyca BcenenHoit,
n306pa3um cxemarndecku cheprl pagnyca R u R+dR B Bune nByx
napauieNasHeIX cedyeHui (puc 3.3). Bce MHpOBEIE COOBITHS-TOUKH,
JieKamye B OJHOM M TOM K€ cedcHMH (Hanpumep, R+dR),
00pa3yioT xak 651 MrHOBEHHYIO oTorpadHio BeeneHHOH.

PaccMOTpHM HEKOTOPYIO TOUKY O Ha JIMHHM, OTBEYalOuei
chepe pammyca R, B. KOTOPOH HaXOZWIHCh IBa Habmozarens.
HanoMHHM, 4TO 3Ta TOYKa COOTBETCTBYET 4-MEPHOMY COOBITHIO,
AO03TOMY ~HabMIOZaTeNM BO  BCSAKOM CIIy4ae ONHOBPEMEHHO
HAXOAWIMCh B OOHOM M TOH e TO4Ke 3-MEPHOro NPOCTPAaHCTBA.
3ateM oauH M3 HMX "gpeldyer” Bmoss MupoBOH suHuH OB
NAapajiieIbHO  INOTOKY  BPEMCHH, T.€.©  HENOABHXXEH B
_ TIIPOCTPaHCTBEHHOM - CMBICIE, a4  BTOpOH  mepeMeiaercs
~ OTHOCHTEJIBHO MEPBOrO, ABHIasCh BHONb MHPOBOH Juuun OB,
NPAYEM BCE NEPEMELICHNS PEabHO 00yCIOBICHD! NapaIETbHBIM
HIEPEHOCOM CEYEHMA INEPNCHIMKYIAPHO panuycy Bceenenno#.
CooTBeTCTBYyIOILIME ~ 4-MCDHBIE  BEKTOPHl  II€PEMEILECHHH
0603Ha4uM yepes ¢y ¢4y, IIE ¢ - CKOPOCTh CBETA.
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Bo X iB]
R+dR
C-t,| c t
] ‘
R
0 .
Puc. 3.3.

Bo-nepBEiX, MBI Cpa3y ke MOXEM 3aK/II04YHMTh, YTO IO MEpe
pacIuMpeHHs BceneHHOH (M MCKITIOYMTEIBHO 32 CYET 3TOTO
00CTOATEIBCTBA) PACCTOAHHE X MEXAY TOYKAMM IepecedcHHs
MHpOBBIX JIMHMH M TEKyLIHM CeueHHeM BCeleHHON M3MEHseTcs
pasHomepno u npamonuneiine. Tem cambIM MBI JIEpEBEIH
ApeAcTaBileHue 00 MHEPLUHATLHOM ABIOKCHHH M3 anmpHOPHOro (1
4acTO HNPHBOMAILETO K TNOPOYHOMY KpYry ONpEACACHHH) BO
BTOPH'HOE, KOTOPOE HEMOCPEACTBEHHO H ECTECTBEHHO BhITEKACT
H3 TIOPOKAAIOIEH €ro HCXOHOH MOJEIH. .

Jlanee, MBI MOXEM TaKXKE YCTAHOBHTb CYIIECTBOBAHHE
€CTECTBEHHOIO0 OTPaHMYEHHA HA BO3MOJKHBIH YIoji OTKIOHECHHSA
'MHPOBO# JITHHH OT HOPMAJIM K CEUEHUIO; OYEBH/IHO, 3TOT YTOJI HE
Moxer OwiTe Gonmbuwie npsmoro. [lanubi ¢axt, OecCnopHo,
YBA3BIBACTCHA C HATMYHEM IPEAEIBHOM CKOPOCTH OBMKCHHA €, YTO
TaKKe rOBOPHT B 1TONIb3Y Hamei Monenn. OtHoweHue v/e = x/(ct)
ABJIAETCY MEpOH yria @ OTKIOHEHHA BEKTOpa 4-MEpPHOTO
riepeMelieHns 0T HopMaiu (IOTPOCTY roBops, sin@ = v/c). Ocobo
BAXNCHBIM AGAACMCA MO, YMO IMA MePa HeadOUMUBHA: TIPH
CJIOCHHH YIJIOB PE3YJIbTHPYIOIIAA OTHOCHTEIBHAA CKOPOCTh HE
paBHa CyMMe CKOpocTeit!

' Hakonen, mNOHATHO, 4TO OsuXdceHue ¢ npeodensvHoit
cKopocmblo ¢ npoucxodum 60016 ceuenuna Bceenennou,
NEPIEHAMKYSPHO K €€ pauuycy. ITO 03Ha4daer, 4To ceueHMsa R u
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R+dR cOOTBETCTBYIOT 06Pa3yIOLIMM TaK HA3BIBAEMOTO CBETOBOTO
KOHYCa, a8 NPOMEXYTKH BPECMCHH § H I COOTBETCTBYIOT
H3MEPEHHBIM B HENOABHKHOMN cHcTEME oTCYeTa -
NPOJOKATENLHOCTAM — ABHXKEHHS C  COOTBETCTBYIOLIHMH
(HyneBOoit M HEKOTOpPO# KOHEYHOH) CKOPOCTAMH MEXIY
pacCMOTPEHHBIMH CEYCHUAMM BeeneHHoH. -

BenuenpuBeneHHbl  aHATH3 BBUIOJIHEH C  IOMOLIBIO
HpEJCTaBICHHS O CHCTEMe KOOPAMHAT “HOPMajib-NIOBEPXHOCTH”
(peus uzeT o noBepxHocTH 4-chepnr). Kak Mbi cefiuac yBuamm,
3T4 CHCTEMA KOOPAWHAT HE MACHTHYHA ¢ OOBIYHO MCIONB3yeMOH
CHCTEMOH KOOpIHHATHEIX OcCeH “‘BpeMms-nepemeincHue”. bosee
TOr0, BHOBb BBEICHHAA CHCTEMA KOOPAMHAT NO3BOJISET H30EXKaTh
MPYBIEUEHUA KOLEIILHMH ICEeBIO3BIIHAOBON METPHKH, JIeKameH
B 0cHOBE popMamTn3imMa MHHKOBCKOTO.

YCTaHOBUM TENEPh COOTBETCTBHE MEXKTY KOHCTPYKLMAMM
HOBOW TEOPHMM ¥ NPHBHIYHLIMH MOJEAbLHBIMH TIPEACTABICHUAMH
CreUHanb,HOM TeopuHu oTHocHTensHoCcTH (CTO).

t4
B, e t?- x?= const
B,
a
X 0 4 x
Puc. 3.4

Ha puc. 3.4 npuseseHa tunmunas mis CTO cucrema
KOOPAMHAT, 110 OCH OPAHHAT OTJIOKEHO BpeMs £, 10 ocH abeuucc -
nepemeniervie x. [lynkrupnod nmHmnei 0603H§qeﬂ CBETOBOH
koHyC. Kax B 310# cucreme m3obpakaerca cedcHHe BcemeHHOH
noctosHHOro paauyca? Oreer nomyuuts nerko. KupHas nauHus
Ha 3TOM PHCYHKE KaK pa3 M. COOTBETCTBYET TEM TOYKaM
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IPOCTPAHCTBEHHO-BPEMCHHOIO  KOHTHHyyMa, = cofcmeennoe
BPeMs ABIKCHHS IO KOTOPBIX U3 TOUKA O 0HO M TO XKE 415 TEH,
ABIDKYIIMXCA CO BCEMM BO3MOXHBIMM CKOPOCTAMH. Inaue
rosops, 4-MepHoe (IICeBJO-)PacCTOSHHE B  IPOCTPaHCTBC
Mpunkosckoro or Toukn O no Jioboit u3 rTouexk By, By, ...,
OJMHAKOBO ¥ COOTBETCTBYET PACCTOAHMIO MEXIY CeueHHAMH R 1
R+dR BcenenHoii Ha puc. 3.3:

cz-tz-x2=const

| B 4acTHOCTH, eClIM KOHCTaHTAa B MpABOH 4acTH paBHa
HYJIO, HALIA KPUBAs BLIPOAUTCA B CBETOBOH KoHyC. B npoTHBHOM
Cllyyae YTOJl @ OTKIOHEHMS BEKTOPa CKOPOCTH OT OCH BPEMEHH
Oyaer Menble 45° ; 3TOT Yroa IpeacieH COOTHOLICHHEM ’

tga=xl(ct) = vie

Jlanueiii yron noBopoTa B NPOCTPAHCTBEHHO-BPEMEHHOMH
IUIOCKOCTH, COOCTBEHHO TOBODPS, OTBEYAET MEPEXORY OT OMHOH
CKOPOCTH K ApYroH. Bce MHOXECTBO CKOpPOCTEH COOTBETCTBYET
COBOKYIHOCTH JOTIYCTHMBIX YITIOB HOBOPOTA.

CripaminBaercs, Xak COOTHOCATCE ~ MEXAy Cofof
yKa3aHHbI# yron noOBOpPOoTa @ (B HPOCTPaHCTBE = “BpeMS-
NepeMenICHHE™) H Yol @ OTKJIOHCHHA BEKTOpa 4-MepHOro
repeMenicHua (C ONPeACICHHON CKOPOCThIO) OT Kpardaiimero 4-
MEPHOrO nyTH (C HYICBOH CKOPOCTBIO) MEXIY Ce4YCHHAMH
Bcesnennoit na puc. 3.3 (B MPOCTpPaHCTBE  ‘“‘HOpPMAib-
noBepxHOCTy ) 7 Jlerko BHIETb, YTO YTOJ @ HE PaBEH yIiy @ Ha
pucyHke 3.4; AcHCTBHTEIBHO, KOrAa mepBeiii crpemurcs k 90°,
Bropoii crpemutcs k 45°. C yuerom ompencneHuii yrsioB Mbi
MOXKEM 3aKIIOYNTh, YTO "

tga=sing.
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C mpyroi#f CTOpPOHBI, MEXIY 3THMH YIJIaMH 3aBEAOMO
YCTAHOBJCHO B32HMHO-OJHO3HAYHOE COOTBETCTBHE, TaK 4TO
NepEXoly - OT OJHOTO BEKTOPa 4-MEPHOIO HEPEMEUIEHHS K
ApyToMy Ha pHcC. 3.3 (B IIPOCTPAHCTBE “HOPMAIB-IOBEPXHOCTL”)
BCEria OTBEYAET COBEPIUEHHO ONpENEienHoe IpeobpasopanHue
Jloperua (B mpoctpancTe “Bpems-nepeMclicHne”). Mbl, TaKHM
o6pazoM, TONYyYHIM  HAISAHYI0 ~ MHTCHPETALHIO  3TOrO
HpCcOOpa3OBaHMs  CPEACTBAMHM  YHCTO OBKIMAOBOW (a He
TICEBIOIBKIHIOBOH) I'€OMCTPHH, IIPHYEM BO BHOBb BBEIACHHOM
CHCTEME KOOPAHHAT apryMEHT NpeoOpa30BaHHs ONPEACACTCA HE
yepe3 runepGonnueckuiit apkranrenc (xak B CTO), a wuepes
oObunBi apkcuuyc cxopocrd. Ilpm 3rom neobxoammocTh B
HCIOAB30BaHMH (M (QM3HYECKOH MHTEpNpEeTalHH) MHHUMBIX
OTPC3KOB M YINIOB OTHAgacT, a BPeMA [BIKCHHSN Ajd
HenodguMcHozo Habmopmarens (OPAMHATA KOHEYHOH TOYKH
Bextopa OB; Ha puc. 3.4) AcACTBHTENBHO COOTBETCTBYET JUIHHE
BekTopa 4-mepHoro nepemewtenns OB, na puc. 3.3.

B pamkax 310 uHTEpHpeTanuM HeoOXOIMMO TakKe
NpHHATL, 4YTO wACH 80 6cex Oe3 ucKiwueHus cucmemax
omcuema usmepswom npupauienue paouyca Bcenennoii
GezomHocumensHo Kk co6CmeeHHOMY 08UNCeHUIo 4acog. B cuny
3TOr0 OOCTOATEBCTBA YACH], CBA3AHHBIC C AH0GBIM NHEPLHAILHO
aBiKympMes  Habmiogatenem (a He TOMBKO ¢ abCONIOTHO
HENOABWKHBIM!) TNOK&XyT TpH ABHKCHHH MEXAYy ABYMS
3a/aHHBIMH CCUCHHMAMH BceneHHod OZHO M TO e 3IHAYCHHE -
BPEMEHHOTO NMPOMEKYTKA, J/isi KaXI0TO H3 TaKMX Habmoxareneii
(T.e. BO BceX BO3MOYKHBIX MHEPUIMAIBHBIX CHCTEMaX OTCYETA)
OOMH U TOT e MHTEpBAn MeKmy AByms 4-cobmitwimu O u B,
ABJACTCS KATCTOM OJHON M TOM K€ JJIMHBI, TaK YTO B KaKIOH
TAKOH CHCTEME OTCYeTa TPOCTPAaHCTBEHHas M BPEMEHHaA
KOODAMHATH JABHMYHIETOCH C - HOCTOAHHOH CKOPOCTHIO Tefa
YAOBJETBODPSIOT OJAHOMY H TOMY XK€ YCJIOBHIO

cz-tz-x2=const
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-YTO  03HAYaeT COOTBETCTBCHHO  CIIPaBEUIMBOCTH  MPABHI
npeoOpasoBanys koopauHat 1 BpemeH B CTO. OnHaxo 310 BepHO
Jvllib B TOM Ciy4ae, KOT4a KoopauHata X 0003Hayacrt
pacCTOSHHE MMEHHO 10 abconiomuo Henoosudcnozo (a He
IPOM3BOJIEHOTO) HabmonaTes,

PenM, famee, Takyio 3ajady - BBUSICHHM, KaKk Oyaer
BBINVIAACTh MO OTHOIUCHHMIO K CEYEHHIO BCeleHHOM MHOXKECTBO
TOHYCK, QOHOGPEMEHHbIX B TOKOAIIEHCS CHCTEME KOOPAMHAT
(“BpeMs-IiepeMEIEHHE™) M COOTBETCTBYIOIUMX  KMPHOM
FOPH3OHTAILHOM JIHHMH Ha puc. 3.5. : S

Jlerxo BHIETH, YTO YCIOBHE t = CONSt MOKHO 3amucaTep B
BHIE
X = const- iga = const- sin@,

YTO COOTBETCTBYET YPaBHEHHIO OKPYKHOCTH (OKMpHAs JIMHHA Ha
puc. 3.6). Taxum o06pa3oM, OZHOBpPEMEHHBIM (B MOKOSILCHCSA
CHCTEME OTCHETa) COOBITHAM OTBEHAIOT PABHOYAQICHHBIC OT
HMCXOJHOTO ' B 'AaHHOM CC€YEHMH BceneHHOH COOBITHA TOYKH,
NPHHAIISKAIINE PAIAUYHBIM CEUCHUAM Bcene}mon ‘

4

R+dR

x t = const

ty

Yy

Puc.3.5 | Puc. 3.6

HuTepecHO TaxkKe CPaBHMTH NPEACTABICHUA O (PU3HUECKOH
npuyuanocty. B CTO  atm  npencrasnenns  HarsgHo
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- H300paxkaloTcs oﬁmemaecmou IlPIal"paMMOH Ha  pHC. 37 B
cHcreme KOOPAMHAT “BpeMsi-NIEpeMEILICHHE 7

' a6coﬁomoe
. Oygymee .-
~, Ple

abCoIOTHO S ——p X abCONOTHO
yzanenHas obnacts - L N yaaneHHas obnacTb

(N
} N

abcomoTHOE -\,
MpONLIOoe

Puc. 3.7

Ha oar0li amarpamMe HEKOTOPOE MHTEpECyIOMIEE HAC
neppoe (4-MepHOE) COOBLITHE MOMELIEHO B HAYANO KOOPHHHAT
* (TOuKy mepecedeHns ocei ¢ 1 x). I[IyHKTHpBI “cBETOBOTO KOHYcCa”
pasrpaHHyHBAaIOT TPH 061aCTH NpWIeralomero KOHTHHyyma. Ecan
BTOPOEC COOBITHE PpACITOJIOKEHO B  001acTH abCONIIOTHOrO
NMPOLLIOro O OTHOWICHHIO K NEPBOMY COOBITHIO, TO B JHOGOH
CHCTEME OTCYETA OHO TNpPEAIECTBYET LEPBOMY, 4-MEPHEIH
HHTEPBaJ MeXay ABYMA - COOBITHAMH ABIACTCA
BPEMEHMIIOAOOHEIM, 8 HAMMEHBLUINM BPEMEHHEIM IIPOMEKYTKOM
OHHM  pa3jejieHsl B TOM CHCTeMEe OTcYera, TIAe HX
NPOCTPAHCTBEHHBIE KOMIIOHEHTHI COBHAAaloT (T.e. B CHCTEME
OTCYeTa, “HBHXKYILEHACS” OT MEPBAro COOBITHA KO BTOPOMY).
CummerprunsiM o6pasom obcrouT aeno B obiactn abcomorHoro
Oyayiero, TONLKO 3/icCh B JIOOOH cHCTEME OTCHETa IMepBOE
COOBITHE NpenecTByeT BTOpOMYy. EciH ke BTopoe cobbiTHE
NEKHT BHE “CBETOBOrO KOHyca’, TO B /HOOOM CHCTEMe OTCueTa
3TH COOBITHS HPOMCXONAT B PasHBIX MecTaXx IPOCTPAaHCTBA,
IPHYEM HAHMEHBLIMM PACCTOSSHHE MEXAY HHMH ABJIAETCA B TOH
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CHCTEME OTCUETa, I'IE OHH HPOMCXOIAT OFHOBPEMEHHO; 3TO —
“obnactp abcomoTHOro ypaneuua” cobertuit.

B pa3sBuBaeMmoOil 31eChb TEOPHH (CHCTEMA KOOPAHHAT
“HOPMAJIh-TIOBEPXHOCTD”") CHTyalus HECKOJILKO
tpancOpMHUpYETCa, B pamMKax OKaNbHOrO MOAX0A3, KO
M30XpoHa  (ceyeHMe BcenenHod  pammoro  paguyca R)
n3o0paxcaeTcs MPOCTO rOPHU3OHTANBHOM munuel (cM. puc. 3.8),
obnacts aGcomoTHOro OyAywiero pacnojiaraercs Haj 9SToM
nauMueif, o6nacTh abGCOMIOTHOIO NPOLULIOro — INOA JHHHEH, a
aGCcoMoTHO yaaneHHas 06JacTh COBIIANAET ¢ 3-MePHBIM CEYCHHEM
Bceenennoii. B ormmune or CTO, obnacrs BHE “CBETOBOro
KOHYCa” BBIPOKHAETCA B 3-MEPHYIO TI'MIEPIIOBEPXHOCTBh, T.€.
COBIIAJAAET CO “CBETOBLIM KOHYCOM .

abcoynoTHOe Oynymiee
. _ abcomoTHO
R — yAaneHHas
obnacTh

abCoMOTHOE MPOIIIOE
' " Puc. 3.8

Ilpn rno6anpHOM PAacCMOTPEHHM MNPOCTPAHCTBEHHOE
ceuenne Bceenennoit m3obpaxaerca (Ha puc. 3.9) OKpyKHOCTEIO,
coBnajaronieii ¢ abcomoTHo yaanenHo# obnacreio. Obnacts ad-

abcoMoTHOS abcomorHoe

Abcomor-

HOE

Oyaymee |\ ppomaoe Oyaymee

Puc. 3.9
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- COMNIOTHOTO NPOLLIOTO JICKHT BHYTPH, 3 obnacts abcomorHoro
Oyayuiero ~ BHE OKPYXHOCTH.

VIHTEpeCHbIM SBIACTCA M €€ OAMH MOMEHT. Hpn
PU3MYCCKOM IBHKEHMH JIIOOOro Tela ¢ AOCBETOBOH CKOPOCTHIO
ero MHpOBaid JIMHHA COCAMHACT MCXOAHYH0 TOYKY OAHOIO
' KOHHCHTPHYECKOTO CeucHMs BceelneHHOoM ¢ KOHeuHOH TOHUKOH,
NPpHHAUIEKAMEH = ADYTOMYy  KOHLUEHTPHYECKOMY  CEYCHHIO .
Gonpuiero  pamuyca. Takas  TpackropHs  MOXeET  ObITb
NpEACTaBieHa CyMMOH  JOCTATOMHO  MAaJbiX  HaAKJIOHHBIX
NPAMOJMHEHHBIX OTPE3KOB, IUIHHA K&KAOTO ~ M3  KOTOPHIX
(oTBewarollad BPEMEHH NEPEMELICHUA, OIPEleIseMOro B
HEMONBMXHOH CcHCTeMe oTcyera) Oyzmer Oojble  OIMHEI
COOTBETCTBYIOLICH TOPH3OHTATRHOM NpPOEKIMKH ~~ - HA
IPOCTPaHCTBEHHOE cedeHue Bceenennoit. IlodtoMy u anuna Beei
TpaekTOpHM B IuenaoM Oyner Bcerna - Oonbiue AIMHBL - YHCTO
MPOCTPAHCTBCHHOIO NEPEMELICHNS, TAK YTO Pe3yiabTHpylomas 3-
MEpHAA CKOPOCTh ABH)KCHHA BCErZa OyleT MEHbILe . cxopocm
CBCTA. B

C ,upyroii CTOPOHBI, H3 Bupax(exmx Ut .Xa66jlonoﬁ
CKOPOCTH pa3/ieTa HENOABHXHBIX FaIaKTHK

v=(c/R)x

BLITCKAET, 4YTO YK€ NpU X = R BeNHYHHA ITOH CKOPOCTH
NOCTHIaeT CKOPOCTH CBETa, TaK YTO NPH PacCTOSHHH MEXIY
TaKMMM TJIaKTHKaMH, IPEBBILIAIONIEM (B YIJIOBOM H3MEPEHHH 110
OTHOWICHHIO K HEHTPY 4-MEPHOrO 1apa) OAMH pajMaH, Ml
NPUXOAMM, Kasaloch OB, K CHMTyaUHd CO cnepxcne'ronoﬁ
CKOPOCTBIO. ;
B AeHCTBHTENBHOCTH, COTJIACHO NpeyIaracMoi cHCTEME
B3IJAOB, NOA CKOPOCTBIO ABHXKCHHSA JOIYCKAcTCs NOHHMATEH:
TOJIKO - TOT Ciyyad, KOrza O3TO JABWXKCHHE (B npomHecce
pacuiMpeHuss  BceneHHOH)  oOYyCIOBIEHO  NEpEeMEHICHHEM
. H300paxatomei TOUKY 110 MHPOBOI THHIH, OMKIOHAIOULEIHCA OT
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HOpManH K H30XpoHe. C 3TOH TOYKH 3pEeHHA MOHATHE OOBIYHOH
TPEXMEPHOH ckOpocTH BOOOmE HE HpuMEHNMO K XabOnomy
PacUIMPEHHIO, OHO MpeacTaBteT co00H HeKMit NOMONHUTENLHELHA
MO0 OTHOHICHHIO K TPaJHUHOHHOMY MEXAaHH3M [BHXCHHHA, B
4aCTHOCTH, HE OOECIEeuYHMBAET NPHIHHHO-CICACTBEHHON CBA3M
MEXly COOBITMAMH HAa B3aHMHO yJLIMIOMMXCA 0ObEKTax (Takad
CBA3b BO3MOXKHA JIMINL MEXKAY HEKOEH onen NpHUKHOHA M
Ka)XABIM H3 HHX B OTUCIALHOCTH).

3.4. O revuenun Bpemenn 8 CTO n THIPB

CpaBuuM npeacraBieHHA 0 TeyeHuH Bpemenu B CTO u
TUIPB, paccMoTpeB CHa9ana  Ciydali  OTHOCHTEIBHOTO
HHEPLUMAIBHOIO IBHXKCHHA ABYX TEJI H CBA3aHHBIX C HHMH
Habmonareneii, cHaOKEHHBIX YacaMH. B o6enx moaensx reueHue
BPEMCHH CYMTAETCA 3ABHCHMBIM OT CKOPOCTH Asmkeuust. B CTO
IPOMEXYTOK BPEMEHH MEHCOY 08YMA MOMEHMAMU OBUIICEHUA 2-
20 Habnwodamens 1-i HabmogaTesb B CBOCH CHCTEME OTCYETa (OH
B Heli HEMOABYDKEH) I10JIaraeT PaBHLIM 1j;, a B CHCTEME BTOPOI'O
‘HabmoJaTeNs ~ PaBHBIM 12, mpuyeM, cornacHo CTO, t; > ty;
(T.e., Kak ormeugaercs B [17], “mBmKymmecs uyacel HAYT
MEIJICHHEE HEMOABMKHEIX”). COBEPIICHHO CHMMETPHYHBIM
06pa3oM NIPOMEKYTOK BPEMCHH MEMCOY IMUMU HCE CAMBIMU
cobvimuamu 2-# naGmoparens B €ro. (HOKOALICHCH, MO €ro
MHEHHIO) CHCTEME OTCHETa HOJIaracT paBHBIM ty), a B CHCTEME
nepBoro HaGmoparens — paBHbIM tp), Hpu4eM ty; > tz2. Takum
oGpasoM, Kbl M3 HabmogaTeNnell NOMaraer, YTo BpeMs B’ €ro
CHCTEME OTCuera Teder OBICTpee, 4eM B CHCTEME JPYFOTo
Habmoaresns. _

VYxazanryro kowwmsuio CTO  mnpemnaraer  cumraths
HECYIICCTBCHHOH B CHJIy CHEAYIOWIETO  OOCTOATENBCTBA.
OKCIEPUMEHTATBHO CPAaBHHTh HETIOCPEACTBEHHBIE TIOKAa3aHMA
ABYX 4YacOB HEBO3MOXHO 0€3 HApymIEHUA HHEPLHANBHOIO
XapakTepa MIBMXKCHHSA, IO Kpaiued Mepe, OIHOTO H3- Tel,
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HaIpUMEpP, HyTEM IOBOPOTA M BO3BPALICHHA K NEPBOMY TeIy.
JeHCTBHTENBHO, TIPH 3TOM TaKOE TEN0 HEMHUHYEMO JOJDKHO
H3MCHHTh CBOIO CKOPOCTb, T.€. IPETEPNETh YCKOPEHHUE:

Bo3smoxeH M Apyro# cnoco®, mpH KOTOPOM: HOKa3aHHA
aBrkymuxcs 4dacoB (K’') cpaBHMBalOTCS B Ha4aJIBHOM TOYKE €
NOKa3aHHAMH OJHHMX HenoaBHxKHBIX 9acoB (K;), 2 B KOHEUHOH
TOYKE — ¢ IOKA3aHUAMM BTOPBIX HETIOOBIKHBIX [acoB (K»).
Pazymeercs, npu srom Henmomsyxuble yachl Ky H Ko momkHet
3apaHee OBITH CTPOTO CHHXPOHM3HPOBAaHBI Mexnay coboi
(nanmpuMep, B HaualnpHOHM TOuke, mocne 4ero yack K cxoue
YrOZHO MEIUICHHO IIEPEMEILAlOTCd B KOHCYHYIO TOUYKY, 4 YX
3aTE€M OCYIIECTBISCTCA OCHOBHOM IKCIIEPHMEHT).

B [17] rmomoOueiii  3KCHEPHMEHT - ONMHCHIBACTCH
cregytomnM obpasom: “TlycTe B HEKOTOPBIH MOMEHT BPEMCHM
yacel K’ mponeraior MuMo vacoB B K, m B 3TOT MOMeEHT
Hoxa3aHus 000MX 4acOB COBMANAIOT, /A CpaBHEHHS XOJa JacoB
K u K’ Hano BHOBH CPaBHMTH MOKA3aHHMA TEX XK€ NBIDKYILHXCA
gacoB K’ ¢ vacamn B K. Ho Temneps MBl yxe CpaBHHBacM
[OKA3aHUA TeX XK€ ABIKYIHXcA yacoB B K’ ¢ ApyrumMu yacamH B
K - ¢ teMH, MHMO KOTOpHIX 4acel K’ mposeraior B Apyrou
momeHT. [Ipm 3tOoM MBI 06Hapyxum, yro uacel K’ Oyayr -
OTCTaBaTh IO CPaBHCHMIO C 4acamMH B K, ¢ KOTOpEIMH OHHM
CPaBHHBAIOTCA. Mel BHIMM, YTO I CPAaBHCHHA XOZA 4YaCOB B
ABYX CHCTEMaX OTCYeTa HEOOXOAMMEI HECKOJIBKO YacoB B OAHOM -
CHcTEME W oOHM B apyroii. IlosroMy 5310T mpouecc He
CHMMETPHYEH MO OTHOWIEHHI0O k ob6eum cucremaMm. Bceraa
OKXYTCH OTCTAIOMIAMM TE 4Yachl,. KOTOpPHIC CPaBHHBAIOTCA C
Pa3HBIMM YacaMH B PYroii cHcreMe oTcyera.”

MHe H3NOXKEHHBIC COOOPaXKEHUA, OTHOCAIHECH K
nocieaHeMy SKCIIEPHMEHTY, HE IIPEACTABIAIOTCH
ybenurensHeiMA. B caMoM gene, €CIH MBI NOCIE CPaBHEHHA
nokasanuii K’ n K2 BHOBbL 10CTaTOMHO MEVICHHO NMOABEACM Hachl
K> k yacam Ky n yOegumMes, 4TO CHHXPOHHOCTD HX IOKa3aHMit (C
3alaHHOH NOrpEHIHOCTBIO) HE HApYyIICHA, TO KAKHE OKaXYTCH Y
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Hac OCHOBaHMH JedaTh BOOOINE KaKHE-THOO pPasTHUMA MEXIY
M3MEpEHHIMH BpeMeHM ¢ nomouisio Hacos K; m K ? Ecim
CIMHCTBEHHBIM (DAKTOPOM, TEOPETHUECKH BIMAIOLIAM HA Xox, .
BPEMEHH TPH HMHEPUHAILHOM [BHKECHHH, SBIAETCA CKOPOCTH
IBHKCHHSA, TO KOJNYECTBO WM QH3HYeCKas HETOXACCTBEHHOCTh
YacOoB He HMMEIOT HH MAaJICHIIEr0 3HAYCHHA MPH H3MEPECHMSX.
Bonee TOro, 3KCNEPHMEHT MOMKHO YCIOKHHTh M CACNATH BIIOJHE
CHMMETPHUHBIM, HCIONB3yd O JBA CPABHEHHA M HO ABE IApHI
qacoB K’; , K’z n K, K3, xax 310 noxasano Ha puc. 3.10. Yacs
K’;,K’2 aBHXKyTCA BAEBO OTHOCHTEIBHO HEMOABHKHEIX YacoB K
, Ks. B cucreme K mokazanus gacoB K’; cpaBHMBaIOTCS CHayana ¢
noxasanusamu Ky, a 3atem — ¢ moxazanwsamu K,;. B cucreme K’
noxasanus uacoB K cpaBHmBaloTcs cHagaia ¢ noxasanuamm K’y,
a 3aTeM — ¢ noka3aHuaMH K’s.

K1 ' K2 ) K] Kz
—8 [ _ 8 e
[ ] S 8 8
4+— K’; K’» K1 K%
Pue. 3.10.

CornacHO  BHILCIPHBEJCHHBIM  10BOJam  asropoB  [17],
onnoBpeMeHHO 4ackl K’; AomkHBI oTcTaTh OT 4acoB K, a yacht
K> poiknel orcrath 0T yacoB K’;. M3 3TOro MOXHO BBIBECTH B
KOHEYHOM CHETE KaK TO, 4TO yachl Ky NOMKHEI OTCTaTh OT 4acoB
Ki, Tax u 10, 9T0 yackw K’; JOJKHEI OTCTaTh OT 4acoB K’';, uto
HHOTKYZa, BOOOHIe roBops, He CIeayeT. -

B {23] oTBepratorcss noneiTku GONBILIOro 4YHUCId aBTOPOB
Konuuecmeenno O0OCHOBATH NAPafOKC dYacOB B TEOPHH
OTHOCHTEJIBHOCTH 3@ CYET 3Tala YCKOPEHHOIO JBMKEHHSA
BO3BPAILAIOILMXCS HOCHE 3Tana yAaleHHs TOABHXHEIX YacOB OT
HENOABWXHLIX. ABTOp [23] crnpaBemmBo oTMedaer, dro ¢a3a



3 BpeMsa H NPOCTPAHCTBO B JIOKAILHOM NpHOTIKEHHH 57

YCKOPEHHSL MOKET BHECTH JIMLIb BXKJIaj, KOTOPbIi He 3a6ucum Ot
JUTHHBEI HEYCKOPEHHOTO Y4acTKa, B TO BPeMS KaK PEISTHBHCTCKAsA
Pa3sHOCTb BpEMEH HPOHOPYUOHATLHA ITHM JUIMHAM,

B THIPB, xax 1erko BuieThb M3 pHC. 3.3, HENOHBHKHBIM
4acaM COINOCTaBJIAETCHA KparTyaiiuee pacCTOAHME MEXKAY ABYMS
H30XpOHAMH (BEPTHKAIBLHBIH OTPE30K), a ABMXKYLIMMCA 4Jacam —
HAKJIOHHBIH OTPE30K, COSAMHAIOLIMM 3TH XKe H30XpoHE!. I[Toaromy
n B TIIPB Habnroparenio Kaxercs, 4YT0 ABHXKYIIUECA
OTHOCHTEIBHO HETO Hachl WAYT MC/UICHHEE, NIPHYEM YHCICHHOE
COOTHODIEHHe TO4YHO Takoe xe, kak u B CTO. Opnaxo
KOHIENTYAILHO TIO0BIE Yachl, HHEPLUMAIBHO (T.e. BAOJb MPAMOH
MMPOBO#H JIHHHH) IEPEMEILAIOIIHECH MEXKAY ABYMA H30XPOHAMM C
mobGoi JONycTHMMOH CKOPOCTBIO, HOK&XYT OJHH H TOT K€
HHTEpBaI “abCcoT0THOro” BpeMenn. Takum oGpasom, B TLIIPB
1apagoKC 4acoB NMPH HHEPLUHAILHOM ABH)KEHHH HE BO3HMKAeT.

YTo Ke KacaeTcs 3aME[UICHHA TEYEHHA BPEMEHM IpH
YCKOPDEHMH WIX B TPaBUTALMOHHOM NoJie (4acel B coGomHOj OT
1o '00JacTH TIPOCTPaHCTBA HOYT ObICTpEE), TO OHO HMMEET
OOBEKTHBHEBIN XapakTep H MOATBEPXKAEHO 3xcnepumeHTramu. C
ToukH 3peHus TLUPB g nomneiTatoch 0OBACHUTD 3TO cnenylomuM
obpasoM. M3mepenne BpeMeHM, NMOJOOHO H3MEPEHHIO JUIHMHBI,
OCHOBAHO Ha CPAaBHCHMH HM3MEPAEMOTrO MHTEPBALA € FTAIOHOM,.
T.6. €  TIOKa3aHMAMH = 4YacOB.  DBOJBIIMHCTBO  4acOB
XapaKTEPH3YIOTCA MEPHOIOM COOCTBEHHBIX KoneOaHuit TOH WiH
WHOM IPHPOABI, 2 3HAYUT — C HEHHEPUHAIbHBIBIM HBHKCHHEM U
OonpencicHHbIM yckopenueM, Hawbonee dynnamenramsunie
KouebaTenbHBIe TIPOLECCH CBH3aHBl  CO BCEMH YaCTHIAMH,
obnajaromumMyu - Maccoi.  KammoMy  3Ha4yeHMIO  MacChr
COOTBETCTBYET CBOM nepros KoneOanmit BoiHbl ae-bpoins.

IIpn Bo3aciictBum yckopenus moboi npvpons! (B TOM
YHCIIE 33 CYET JCHCTBHA IPaBHTAHMOHHOTO IIOJI) MUPOBAs JIHHHUA
ABWXKYWEACH 4aCTHLBl OTKIOHAETCH OT HPAMOH, M KPHBM3HA
IPOCTPAHCTBA B  JOKAILHOH OKpPECTHOCTH COOTBETCTBYIOILCH
TOYKH TOH MHpPOBOH JMHUH B 06meM ciydae usmenserca. Ecim
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CYMTATh IIPY 3TOM, YTO HEPHO/, ITAIOHHBIX KONeOanui (4acoB) HE
MEHAETCH, TO. pe3ylbTaT CPABHEHHA OTAIOHA BPCMEHH C
(MCKPHBICHHBIM) H3MEPACMBIM HHTEPBAIOM TAKOKE H3MEHHTCS.

Bosiee TOro, OOBIYHO 32 CYET YCKOPEHHA KPHBM3HA
MHpPOBOH - IMHHH BO3DacTacT, TOTAa KAK NPH pPaCHIHPEHHH
BcenenHodt KkpHBH3HA yMeHbmaercd. VIMeHHO modTOMy XOn
BPEMCHH 3aMEIUIETCA, 2 HE YCKODAETCHA, T.€. OOYCIOBICHHOE
YCKOPDEHHEM UIMEHEHUE XO0Ja BPEMCHH HPOMUGONOTIONCHA
Hanpaenenuio  BPEMCHH,  OOYCIOBICHHOIO  IIOCTENICHHBIM
YMEHBIICHHUEM KPHBH3HBI BeeneHHOH,

'3.5. O npHHUMNE OTHOCHTEIbHOCTH JifHITeliNa U
BLIACJICHHOH cHCTeMe 0TCYeTa

[IpyHUKMD  OTHOCHTENBLHOCTH DHHIUTEHHA AeKjIapupyeT
NIOJTHOE PaBHONIPABHE BCEX UHEPUUATBHBIX CHCTEM. HanoMHHM, .
YTO €ro  KOHIENTyalbHOEe OOOCHOBaHME H3HAYaJIBHO OLLIO
MIPHHATO CTPOMTH Ha JIBYX MOJOXKECHMAX. BO-IEpBbIX, HCXONA H3
oneplToB MafikenbcoHa-MopiiH, /KOHCTATHPOBAIOChL BBIIOJHEHHE
cootnomenus cdf’ - (d’+dy’+dZ’) = 0 npu pacnpocrpaHenun
CBETOBOTO CHTHAlla B NMPOU360abHOU CHCTEeME oTcuera. Bo-

BTOPHIX, ACNANOCh HE OCHOBAaHHOE HEIOCPEACTBEHHO Ha OHBITE

* IOTIyLICHHE, 9TO JIEBasg YacTh ITOTO PABCHCTBA cama 1o cebe (T.c.
npu 06OM €€ 3HAUECHHH) TAKKE MMEET OJHY H TY K€ BEIHYHHY B
mob0H HHEpUHAIBLHOH CHCTEME OTCYeTa, T.e. SBJSIETCA

HMHBapHaHTOM 1peodpazoBanus Jlopenna. CripaBeyTHBOCTD 3TOIO

AOMYLICHHS  OHpaBAbIBAIACh  ANIOCTEPHOPH  YCHCIUHBIMH

TCOPETHYECKUMH HPEACKA3aHMAMH TCOPHH OTHOCHTEIBHOCTH.

W3 cka3aHHOTO. BEITEKACT, YTO B HPHHUMIE JOMYCTHMBI

| IOTHYECKHE TIOTILITKH IIOCTPOHTH HOBYIO (DH3HYECKYIO MOJEND, B
KOTOPOH CNpaBCAIMBO JMUIL TICPBOE pPABCHCTBO, TOrZA Kax

BTOpOE YTBEP)KIACHHE B O0ILIEM Cilydae BBITOJIHACTCS HE CTPOro, a

JMIIbL B AOCTATOYHOM NpubiimkeHuH. Kak 06110 OTMEHEHO BhILUE,
VHBAPHAHTHOCTh 4-MEPHOTO HMHTEPBAla B PAMKaX H3JaraeMoi
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TEOPHH TOYHO BBITIONHACTCS JIMLIDb 110 OTHOLIEHHIO K afconiomuo
Henoodsuxcnomy Habmoparemo. Ecnm ke, Hampumep, cam
HabIoNaTeh IBHXKETCH C HEKOTOPOo# abcomoTHOMH ckopocThio V
B IUIOCKOCTH Xf, TO BMECTO HHBAPHAHTHOTO BBIPAXKCHHS 1L
IUIMHEL 4-MEPHOTO TIEpEeMENICHAS

ds’ = cfdf - dx’
BO3HHKAECT, KAK MOXHO HOK%ai‘B, COOTHODICHHE
ds (1+ff)= Pdr - d? - 2B ds dx

rae

B=(Vic) I (1 - VVI) 12

C n#pyroit CTOPOHEI, YHHBEPCAILHOCTB MPHHIHIIA
OTHOCHTEIbHOCTH BBI3BIBACT IPUHIHIIMATLHBIE COMHEHHS B CBA3H
C ero HENPHrOAHOCTBIO [UIA OrpOMHOro- Kjacca ABICHHH,
CBA3aHHBIX C HEHHCPUHAIBLHBIM (HAIIPHMED, C BPAILATEIbLHBIM)
ABWXKEHHEM. TOYHO Tak ke W B JIEKTPOJMHAMHKE, BOIPEKH 4aCTO
GLITYIOIIEMY IIPEICTABICHHMIO, YPaBHEHMS MakcBelna Crporo
KOBApHAHTHEI TOJBKO JUIA PABHOMEPHO ABMKYLUAXCH, HO HE IUIA
yekOpeHHBIX Ten. LluTHpys 310 -yrBepxneuue B.[laymu u
A.D¥uawreiina, I'.W.11I1unos B coBpemennon pabore [16] BeiBogur
YCIIOBHE, ONpEeNsiomiee HEOOXOAUMYI0 CTEIeHbh MaJlOCTH
Oe3pasmepHOro yckoperus. M3 Hero ciemyer, YyTo M B CHIBHBIX
CKTPOMATrHHTHHIX TOJIAX, W HPH  YJIbTPApENATHBHCTCKHX
CKOPOCTAX ~ 3apSKEHHBIX  YaCTHL{  CNCLHANbHBIA  NPHHLHI
OTHOCHTE/IBHOCTH B JIEKTPOIHHAMHUKE (KaK KIaCCHYECKOH, TaK H
KBaHTOBOJ) Hapyiuaercs.

Kak oT™Me4anocs Bhille, IPH HAIMYHH BPAILCHHA B o6meM
CiTyyae CTAHOBHTCH HENpPaBOMEPHBIM HCIIONb30BAHHE MPHHLHIA
JKBUBAJICHTHOCTH, Jexawero B ocaoBe OTO. Ho
HENPaBOMCEPHOCTBIO IIPHMEHEHHS TIPHHIMIIA 3KBHBAJICHTHOCTH B
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MAaUHOM CJIydae Je10 HE OTpaHMuMBaercs. IIOHATHO, YTO
auHaMudeckue 3P deKTri, CBA3AHHBIC C BPALIEHHEM, IT03BOJISIOT B
NPHHUMIE yKa3aTh BeIACNeHHYI0 (aBGCOMOTHYI0) CHCTEMY
0TCYeTa, T.€. ONATH-TAKH CTABAT NOJ COMHCHME H IIPHHIIMII
OTHOCHTEILHOCTH. ITostomy MBI CTAJIKMBACMCS c
HE00X0MMOCTBIO IONTH TI0 OJHOMY H3 TPEX BOIMOKHBIX yTEH:

® - HaliTH cmocob 0000WMTL NPHHIMI OTHOCHTEIBHOCTH HA

Bpamamiygecs CHCTCMhBI OTCUCTA
NPU3HATH HECOCTOATECILHOCTD JIPHHIMIIA OTHOCUTENILHOCTH

NPeATIOKHTE [IPHEMITEMYIO cxXeMy MOAU(HKALHH
HCTIONB30BAHMSA NIPHHLHUIIOB OKBHBAJICHTHOCTH %
OTHOCHTE/IHOCTH.

ITo nepsomy myru mowmen I'.M.Iumos [16]. OgHako 3a
nonobHoe obobiienne eMy NoTpeGOBATOCH 3aILIATHTE AOBOJIBLHO
BBICOKYI0 'LicHYy —~ OT TIEOMETpMH 4-mcpHOro (pHMaHOBa)
IPOCTPAHCTBAa OH OBUI BHIHYXICH NEpEeHTH K reomeTpun Gosee
CJIOKHOTO 10-mepnoro NpOCTPAHCTBa abcomoTHOrO
napamienuMa, B  KOTOPOM K  d4eTHIpeM  OOBIMHBIM
HPOCTPaHCTBEHHBIM KOOPAMHATAaM J00aBleHb TpH yriia Jiiepa H

- TPH KOMIIOHCHTB! BEKTOPAa OpPHCHTAMN TOHUKM. Pema;oumM

KpHTEPHEM MCTHHHOCTH 3TOTO BhIOOpa JOMKHA CTarTh NPAKTHKA,
oxHako noka yro mpasora I'.M.lIunoea He nonyumia oOmero
HPH3HAHHA.

_ Bropol myr» - npocroe OTPHUAHME NPHHLHIOB
IKBHBAJICHTHOCTH H OTHOCHTCIEHOCTH - BPAZ JIH HMECT IIaHCh! HA
ycrex CHycTs TOYTH CTONETHE mnocie TpuyMba TeopHM
DiiHuITeiiHa W HECOMHEHHBIX JOCTIWKeHMi B ofnactn
acTpodH3uKH H KOCMONOrHH. OQYEBHIHO, PEYp B JIYYILEM CITydae
Moria Onl MATH JHIOb O TOM, YToObl YKa3zaHHbIE IIPHHLHIIE]
BBICTYIUIA B POAH NPUOMDKEHHBIX, TOYHOCTH = KOTOPBIX
OIPEACIACTCA KOJIHUECTBEHHBIMU KPHTEPUAMH HX
CIIPaBEAIHBOCTH.
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51 HAZmEIOCH, YTO M3JaraeMas 37eCh TCOPHS NPEACTABIAET
co60# KOHCTPYKTHBHYIO PEaH3aLMIO TpeThero myru. Ona paer
OCHOBAHHS YCOMHHMTBCA B CTPOTOH CIIPaBEUIMBOCTH NPMHUMIA
oTHOCHTENBLHOCTH. JlefictBurensio, B CTO MPHHATO CYHUTATh
COBEPUICHHO PaBHOIPAaBHBIMH 'roqxn“'spemm ABYX HBHXKYUIHXCS
ONMH OTHOCHTENBHO Apyroro HaGmonarenedi. Ho ecnn mbl
ONHpaeMCA Ha MOAETh KOHUEHTPHYECKHX ceueHu# BeeneHHo, To
HE MOXEM JOMyCTHTh, YTOOLI Yroa HAKIOHA NEPECEKAOLIETO HX
BEKTOPa ObLI BEIMYMHON OTHOCHTENBHOM (CM. TAKXKe CIEXYIOWInH
paszzen) ! o _ ‘

B NeHCTBHTENBHOCTH CYLICCTBYET JIMILIb €OUHCHIGEHHAR
HOPMANL X XOKIOMY cedcHMi0. IIO3TOMY PpEISTHBHCTCKOE
MPaBHJIO CIOKEHHA CKOPOCTEH CTPOro CIpaBeLTHBO JTHILB TOT/A,
KOrjia cuCTeMa oTcueTta Habmonatens. menodsudicna &
abconromnom cmpicae (apeiipyer BAOAL HOPMAIM K CECYCHHIO
Beenennoit). B octanpHBIX caydasx Moxxer noTpeboBaThes
IIOTIPaBKa, BEIMYHHA KOTOPOH 3aBHCHT OT aOCOIOTHOH CKOPOCTH
IBMXKEHHSA CHCTEMBI OTCHETA. | '

Ot aro¥i ke abCOMOTHON CKOPOCTH ABHXXKCHHMA CHCTEMBI
OTCHETa 3aBHCHT M BOSHHKAIOLIASA B OOIIEM Cirydae HECHMMETPHS
CIIOKEHMS CKOPOCTEl IIPH BpalIaTEILHOM H KojnebarenbHOM
ABxKeHHH. Ecnm abcomoTHas CKOPOCTh LEHTpA MHEPLMM PaBHA
HYII0, TO JIHHEHHBIC CKOPOCTH B ABYX TOYKAX, XapPaKTE€PH3YEMBIX
IPOTHBOIOJOXKHOH ~ ¢da3of, B  TOYHOCTH  DaBHB H
IPOTHROMOJIOXKHEl IO 3HaKy. OmnHako yeM OGojbllie 3HAYCHHE
abCOMOTHON ~ CKOPOCTH LEHTPa HMHEPUMHM, TeM OOJbIIe
(BCeACTBAC TIPABHIIA CIIOMKEHHMA CKOPOCTEN ¢ YHETOM HOMPABKH)
pasnuune (HECHMMETPHS) 3THX CKOpocTeH. JToT 3ddexr B
NPUHLAIE [O03BOIACT HE TONBKO BBIABHTE HEHHEPLHANLHOCTH
CHCTEMBI OTCYeTa HaGogaTeNs, HO M ONpPEACTHTL €€
abCOMOTHYIO CKOPOCTD,
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3.6. Macca, JHeprisi HOKOs W MMAY.IbC YacTHI

Urax, MBI paccmarpnBacM . . Beenenryio, KaK
pacCIIMpAIOWIYIOCS  3-MEPHYIO = THIICPIIOBEPXHOCTS = 4-MEPHOTO
- mapa. Mecta JOKaIM3allMM MacC MAaTepPHaIbHBIX YacTHI[ BO
Bcenennoi NpeACTaBIAIOT  co0OM TOYKH IepecedeHHs 3Toi
TMIEPIOBEPXHOCTH C MUPOBBIMHU JIMHHAMH, TeM CAMEIM MHPOBEIM
JVMHMAM TIPUIHCHIBAETCH  (u3mueckuit, a He abCTpaKTHBIN
WULOCTPATHBHEIR  CMBICK.  YMECTHO - OXKHAATh, 4TO = 3TOT
(u3HYecKuil CMBICT MOXET MPOABIATHCH GOJNEE CYIIECTBECHHBIM
00pa3oM, HEXENH HAa YPOBHE IPOCTOMH CIOBECHOM KOHCTATALKM.

B wactrocTH, npx raoSanbHoM paceMotpennyu Beenennon
MBI MOXEM IIPEANIONOKHMTB, 4YTC Takas (yHIaMeHTalbHas
XapaKT€PUCTHKA YaCTHLBl, KaK €€ MacCa IOKOd, SABJIAETCH
HEKOTOPO# OTHOCHTENILHOH BeJHUNHOMH. Takoe OTHOIEHHE MOTIIO
6b1 OGBITH COCTABJIEHO, HAIPUMED, H3 pairyca 4-MepHOro wapa-
BeeneHno# ¥ HEKOTOPOroO XapaxkTepHOTO pa3sMepa, OOBEKTHBHO
CBA33HHOTO ¢ PU3HIECKUMH CBOMCTBAMHU HaCTHIbI.

HamoMHHM Tenepn, 4TO KaHoR dacTHUE ¢ IHepruedl E u
uMnytscoM P Mosker GEITH comocraBieHa Bonna ae bpoitna ¢
‘mepuoaoM Kouebarui T M AMMHOMH A, IpHYeM:

E=Hhrt,P=h/A
rae h - nocrosnnan Iliianxa.
Beipa3ur MUHHMAIBHO BO3MOKHBIC 3HAUCHHA :meprpm E,n
nMiynsca P, uepes paauyc KpuBH3HE Beenenno R, noayunm:
E.=c h/R, P,=h/R

M s o060 yactuupl ¢ sgeprucii E u ummynscom P naigeM:

E/E,=R Ac-1), PIP,=RIA
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Ho orHomeHus, Crofimde B JAegoli 4YacTH KaxHoro
PaBEHCTRA, MPONOPLMOHANEHE WHEPTHOM Macce uacTuuwl m; B
npasoil e CTOPOHE KaKAOTO M3 PAaBEHCTB CTOHT XapaKTEPHOE
COOTHOIICHHE MEXIY UIHHOH BOJHHM ¢ bpoiina u pamuycom
xpuBn3Hbl Bceenennon. Takum o6paszoM, Macca okasbiBaercs
KBAaHTOBHIM YHCJIOM, ONPCACIAIONINM KPaTHOCTh BOJHBI AC
Bpoiina no orHOmeEHHI0O K $a30BOMYy TEOMETPHUECKOMY
napamerpy BceneHnol, npHueM MHHHMajbHas Macca IOKOS
(oTBevalOLIas IHEPTHH NIEPBOIt TADMOHHKH KPHBH3HEI) PABHA:

me=h/(R-c)=h-HISZ

Ota BenMYHMHA Kpaiite Mana, no;)ﬂmca 10 r, Torna xak macca
:mem*poaa cocrasier oxonol0”? : .
Tenepr HAM HpPENCTOMT CHENATH BAKHENL war. Msl
ONpEACTHIM "TEKylIylo" Maccy 4aCTHLbl Yepe3 OTHOLUCHME
panmMyca KpMBH3HBI BCeeHHOM K UIHHE BOJMHEL Jie Bpoiins. Hoc
TeueHMeM BpeMenH pauyc BeenenHolt Bospactaer. Kax xe sexer
cebs macca B ueaom?

‘Ecnu 61 nmMua BONHEI e bpoins Takke BoO3pacraia

IipOTIOPLHOHANBHO ITOMY panuycy, Mel, IOBHIMMOMY, BoOGIIE He
CMOTTH 61 OGHAPYKHTH H3MEHEHNHE PA3MEPOB BeeleHHOH, B TOM
YMCIE€ M 3HAMEHHTOro "KpacHOro cmeutenus". Mue KaxeTcs
| NOTMYHBIM TIPH3HATH, YTO BOJHOBHIC IIaPaMETPEl YacTHL
HEH3MCHHBI. OJTOT  (aKT| MOXeT paccmannBaﬁ,c’x | KaK
NOATBEPKACHHSA TE3HCA O TOM, YTO MACCa MATEPHK PACTET NPAMO
nponopunoua.uwo pasmepy u Bo3pacTy BeenenHoii.

3.7. Tlonnas >Heprusi ABMKEHAS

Iycte v, = dx/dt, vy= dyldt, v = dz/dt — xOMIOHEHTH!
oberanoi 3-mepuoi#t ckopocru v. B CTO (cucrema koopamHar
“ppeMs-niepeMenieHHe”)  BBOAMTCA  ONpPEACICHHE  IICEBIO-
3BKIHAOBOTO BEKTOpa HOPMHPOBAHHOW 4-MEPHOH CKOPOCTH
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YaCTHIB! — OH HANPABJIEH BJOML MHPOBOI JMHHH YacTHIbI, €T0
JUIHHA paBHA ' CAWHMLEC 1O ONPEACTCHHIO. YMHOXHMB BCe
KOMIIOHEHTBI 3TOTO BEKTOPa Ha BEJHYHMHY CKOPOCTH CBETa 'c,.
IPEOCTABHM IOJYYSHHbIH BEKTOP B BHIE:

w* = {cl(1- V1) ?, ive (1- VIF) /’,
vy I(1- V1) Y iv (1 VIP) " )

‘U3 Bmpamenm ANS KOMIIOHEHT BEKTOPa u* JIerko HaiiTH, ITO
® 2
(u P =,

B pawmxkax nameit IBKIUOAOBON  MOICIH (CHCTeMaA
KOOpIHMHAT “HOPMAalb-TIOBEPXHOCTH”) JIOTMHHO CUMTATh u4* HE
HOJHOH 4-CKOpOCTBIO, & €€ NpoeKumedl Ha ock abCoMOTHOroO
BpeMEHH. TOraa nojHas CKOpPOCTh ¥ IPEACTABIIACTCS BEKTOPOM

™,

u ?{c, ve l(1- /%) ®, v, /(1- vzlcz)%; v /(1- v2/cz)'/’},

a ee Moayab Gymer pasen sesmunne ¢f(I1- vV/c®) . OcnoBanmem
Mg MCrosnb30BaHus mnonobHoro Bektopa B TILIPB  Moxer
CIIyXUTh pHC. 3.3, lleﬁc*rBﬁTeJ;bHo, €CJIM Ha 3TOM PHCYHKE
HOJIOKUTh £p=1, TO BCPTHKAIbHBIA H I'OPM3OHTAILHBIA KATETHI
3TOTO Tpeyrom,xmxa OyIyT paBHB COOTBETCTBEHHO ¢ u v /(I-
vicd) ¥ a THIIOTEHY32 - c/(1- V1) %, Jerxo [IPOBEPUTH, YTO
CHHYC yria @ OTKJIOHEHMSA OT HOpMaiu OyAeT mpM 3TOM paBeH
v/e. Takum 06pa3oM, 3TH BEJIMIHHEI BO3HHMKAIOT B HAIIEH MOEIH
BECHMAa €CTECTBEHHBIM 00pa3oMm, .

Hance, B CTO (cucrema koopauHar  “BpeMA-
nepeMenieHne”) ¢ HOMOIbIO KOMIIOHEHT BeKTOpa u* crpourcs 4-
MEPHEIH NICEBAOBEKTOP SHEPIHH- HMITYICa /

{T*} = {Enoml ¢, iPy,iP,, P},




3. Bpema 1 npocTpaHCTBO B JOKaJABHOM NpHOIHKEHH 65

JUIMHA KOTOPOTO BCEerJa paBHA mc¢, & MPOCTPAHCTBCHHBIC
KOMIIOHEHTHI BEIPaKAOTCA uepes COOTBETCTBYIOWINE
KOMIIOHEHTEHI BEKTOPA CKOPOCTH:

Pe=mv. (1- V)", Py=m v, [(1-VIE) ", P.=m v (1- Vi)

COOTBETCTBEHHO, B HauicH MOJENH (CHCTEMA KOOPAHHAT
“HOPMaJIB-IIOBEPXHOCTH”)  JIOTHYHO  PacCMaTPHUBATh  YHCTO
IBKIMIOBBIH 4-BEeKTOP JHEPTHU-MMITYILca T, NIPEACTABICHHEIH B
 BHIE! ~

{T}= {mec,P,, Py, P.},

JIHHA KOTOPOTO PaBHA Epouu / €. Takum 06pa3oM, mepexoas oT
npocrpagcrBa  MHMHKOBCKOTO K pacCMaTpHBacMOMY HaMH 4-
MEPHOMY 3BKJIMIAOBOMY NPOCTPAHCTBY, MBI MOJXKEM BEIBECTH
TPUBHANBHOE 3aK/IOYCHHE, YTO IOJHAS MEXaHHYecKas SHEprus
Eposn  OKa3RIBAa€TCA - €CTECTBEHHOM MepoM IMHEI OOBIYHOIO
BEKTOPA, MOCKOJIBKY |

E2 o= (mc?)? + (Pc)?, .

a DHEPrMA TIOKOS M¢® €CTh NPOEKUMS OTOTO BEKTOpa HA OCH
abCOMIOTHOrO BPEMEHH, T.€. HOPMalib K 3-MEPHO# M30XPOHE.
CnefoBarenpHO, IOJAHAS JHEPrHd MEXaHHYECKOrO ABMIKCHHA B
HOBOH (DM3MHECKOH KOHUEHLUHM ONpeIeNseTcd Kak YIJIoM
OTKJIOHCHHA MHMPOBOMH JIMHHM OT HOPMAJIH K CeyeHHIO Beenennoit
(CKOPOCTBIO JACTHIEI), TAK M. OTHOIICHHEM pajKyca 4-MEpHOro .
niapa K miMHe BosiHbl ge Bpoina (Maccol nmokos gactuusr). [Toka
YroJl OTKJIOHEHHS OT HOPMAJIH, T.€.; CKOPOCTh YACTHIEL, OCTAeTCH |
6€3 H3IMECHEHHA, MBI MOXXEM IOBOPHTb O PaBHOMEPHOM, CTPOro
HHEPUHAIBHOM IBMKCHMH, MOCKONBLKY 3HEPTHA IOKOS OCTAETCA
HEH3IMEHHOM. : ‘
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Pazymeercs, npH 3TOM COXPaHMIOTCH BCE W3BECTHBIE
pesynstatti CTO, B 9acTHOCTH, B NEpBOM HpPHOMDKEHHH
MEXaHHYECKas JHEPrus OKa3BIBACTCH IMPOCTOH CYMMOM 3HEPrHH
TIOKOs ¥ KIIACCHHCCKONM KMHeTHYeCKoH snepruei. Kak n nomxno
ObITh, IS JABIKYIIEHCA d9acTHUBl 9Ta INOJHAx 3HEPIHA.
MEXaHHYECKOTO ' IBHIKCHHSA Boerza 6ONBILE JHEPrHM TIOKOK H
paBHa:

E nom = m<i(1- V1) zm <’ + Vs m- v

B cnenmnansHOM TEOPHH OTHOCHTEILHOCTH COCTOSHHE
YacTHUBl  NIPH  UHEPUUATbHOM  [BWKCHHH  IIOJHOCTBIO
XapaKTEPU3yeTCi MMEHHO BBILIEOIMCAHHBIM - IICEBAOBEKTOPOM
IHEPrHHM-UMITYbCa, KOTODBIH cCoxpansaemca TpH  [epexone K
ApYro# MHEPUHAILHON CHCTEME, T.e. IPH MAPAILIEIBIOM COBHIE
HJIM IIOBOPOTE KOOPAHHATHBIX OCEH. IHBApHAHTHOCTS NPH CABHTE
BJIOJIE OCH BPEMCHM OTBEUAET COXPAHCHHIO SHEPIHH, IIPH CABAIE
BIOJb IIPOCTPAHCTBEHHBIX OCCH — COXPAHEHHMIO MMITYIbCA
(0DHOPOAHOCTE BPEMEHH H NPOCTPAaHCTBA). HBapHAHTHOCTH NPH
BpPAILICHHH B YMCTO MPOCTPAHCTBEHHOM IUIOCKOCTH OTBEYAET
COXPAHEHMIO MOMEHTA MMIIY/IbCA (M30TPOIHOCTD IPOCTPAHCTBA).
Yro ke xacaerca BpaliCHHA B “‘CMEIIAHHOH” IUIOCKOCTH,
06pa3oBaHHON OCHIO BPEMEHH H OJHOH M3 NPOCTPaHCTBEHHBIX
oceHl, TO OHO OTBEYACT COOTBETCTBYIOIEMY HpeoOpa3sOBaHMIO
JlopeHua ~ 3T0 O4YeBMIHOE CIACACTBHE COCAMHEHHS B OOWWMH
YETHIPDEXMEPHEIA KOHTHHYYM TPEXMEPHOTO IIPOCTPaHCTBA C
HE3aBHCHMMBIM B IIPEXKHCH TEOPMH OIHOMEPHBIM BPEMEHHBIM
KOHTHHYyMOM.  [30TpOHHOCTE NOBOpOTZ B  CMEILAHHOM
IUIOCKOCTH OrPaHHMYCHA, INOCKOJIbKY [ABMXXECHHE BCIATH BO
BpEMEHH HEBO3MOXKHO, ' '

IpennoxenHass MHOH TEOpPHA B NEPBOM NPHOIHKEHHH
(xoraa abCoTIOTHas CKOPOCTb JBMXXCHHA, T.€. YIOJl OTKIOHEHHA -
OT HOPMAJIH K H30XPOHE, MMEET Malyl0 BEIHYMHY) HPHUBOINT K
TeM ke cootHomwedusM, yro H CTO. OpHako npu Gonbmnx



3. Bpem#a H IPOCTPAHCTEO B JOKATHHOM NPHOIMKEHAH 67

3HaueHNAX a6COITIOTHOMH CkopocTH npeobpazoBanua JlopeHua, Kak
OTMEHANOCh . BHIIE, OKa3bIBAKOTCA HEAICKBATHLIMH
JAEHCTBUTENIBHOCTH. ' ' ' '

3.8. Ilepexoa K yCKOpPEeHHBIM CHCTEMAM

[IpHHUMNMAIBHEIM BOLPOCOM J0GOH TEOpETHUECKOH
MOZE/TH, OMHCHIBAIOMEH MEXaHHYECKOe IBIDKCHHE HaCTHIL BO
Bcenennoii, ABIACTCA obobuenne PaBHOMEPHOTO
(MHEpUMANBHOTO) HOBHIKCHHSA Ha HEPaBHOMEPHOE
(venMHepUHMabHOE). DHHUITCHH NPEAIONKIT PCHIATE 3Ty 3a1aqy
IyTeM Iepexo/a K KOBapHAHTHOM 3allHCH YPaBHCHMH ABMXKCHHSA B
HEIBKTHAOBOH = CHCTEME  KOODAHHAT, T.6.  BO3JIOXHI
OTBETCTBEHHOCTH 32 HCPABHOMCPHOCTD JBI)KEHHA HA OTKIIOHEHHA
METPHKH OT 3BKJIHIOBO#H, BEI3BaHHEIE NEHCTBHEM CHIIOBBIX IOJIEH.
Taxoit noaxonm COOTBETCTBYET MNPHHATON HM PYKOBOAAIICH
MaTeMaTH4eCKOH naee 00 HHBAPHAHTHOCTH 3aKOHOB JBHXKEHHA B
pa3nHYHBIX CHCTEMaX KOOpAHMHAT, a pearbHas 3G ¢eKTHBHOCT
3TOr0 MOAX0AA OKa3afach MCIUTIOUMTEILHO BHICOKOM.

BMmecTe ¢ TeM, eciM NpH3HATH CIPaBEUIMBOCTH IIPHHLHIIA
OTHOCHTEJIBHOCTH JHLIb IPHOMMKECHHOM, TAKOH MYTh YXKE HEIL3A
 CYMTaTh JIOTHYECKH npaBHnbHBIM. HeobxoauMo oCHOBHIBATH
oOmui BHA ypaBHEHHH HWHaMHKH Ha OOMIHX CBOHCTBax
paccMaTpMBaeMOro  4-KOHTMHyyma  (CHCTeMa  KOOpAMHAT
“Hopmanb-noBepxHOCTE”). [lomobHO TOMY, Kak B ciy4ae
HHEPLHAILHOTO ABUKEHHS MEI FOBOPHIIH O 3aKOHAX COXPAHEHUR
IS BEKTOpAa COCTOSHMA TpPH CABMIAaX H NOBOPOTAX CHCTEMBI
KOOpDAMHAT, IEPEX0J K  HEHHCPUHATLHOMY  ABHXEHHIO
NPEANHCHIBACT  HAM  K&KOBIH  TakoH = 3akoH  3aMCHMTH
COOTBETCTBYIOIIMM 3aKOHOM H3MEHeHUsA BEKTOpa COCTOAHMS, T.€.
BeINNCaTh  AuddepeHUManbHble  YPaBHCHHA  JBHIKCHHSA,
CBA3BIBAIOLINE IIPOCTPAHCTBEHHBIE ¥ BPEMEHHYI0 KOOPAMHATH C
H3MEHAIOINHMHUCA BETHYUHAMH 3HEPIrMM W HMITyiabca. HMHbIMH
CIIOBaMH, PYKOBO JAILNM HIPHHUHIIOM CTAHOBHTCH
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npedcmasnenue Ho6020 IHAYEHUA BEKMOPA 6 SUOE CYMMb
cmapozo 3nauenus u npupauienus (IPMBHAIBHOCTL 3TOTO
MPEACTABICHAS JIMIIL KKYIIAACA; XOPOLIAM HPHMEPOM E€rO
peanbHOrO  HCTIONBL30BAHMA  ABJISETCS, HANMPHUMEP, BHLIBOX
dopMynsl i HEHTPOCTPEMHTEIBHOTO  YCKODEHHS B
KIMACCHYCCKOH MEXaHUKE),

B KnacCH4eckod MEXaHHWKE 3aKOH [BHXKEHHMS IA
YCKOPEHHOIO  HBMMKEHHS MOXET OBITh TONYYeH MyTeM
muhepEHLHPOBANHSA 10 BPEMEHH BHIDKEHHSA VIS HMITYIBCA:

dP/dt = m dv /dt

B CTO 3710 cOOTHOMICHHE 3aMEHACTCA PEIATHBHCTCKHM
aHAIOTOM:

dPldt =dldt { m v I(1- VIcH) ",

rae P ¥ v ABJIAIOTCA BEKTOPHBIMH BEMHYMHAMH. B obleMm ciydae
JUISL KOMIIOHEHT 3THX BEKTOPOB CHPABE/UIMBB COOTHOLICHHUA:

dP./dt = mv [(1- Vi) 72 [1- (v’ +v)Ic’] dv. lat,
dPy[dt = myy [(1- v'I%) 7 [1- (v*+v )] dv, ldt,
dP ldt = my, (1- V1) %" [1- (vE4v )i dv, lat.

B uyacTHOM Cly4ae, KOraa CKOpOCTb 4aCTHLLI M3MEHAETCS
TOJIBKO 1O BEIMYMHE, T.€. COBNAJACT 10 HANPaBICHHIO
(HampuMep, MO OCH X) C CHWIQH, BBIPAXCHME B KBaAPAaTHBIX
CKOOKaX CTaHOBHTCS PABHBIM CAMHHIIE, TIOITOMY HOTydaeM:

dP/dt = my I[(1- V1) ">? v ldt

B apyrom uacTHOM Ciy4ae, KOFjla CKOPOCTh MEHSETCH
TOJIBKO MO HAIPABICHHIO (=const), T.c. MEPIICHANKYIAPHA CHIIE,
OYEBHIHO HMEEM
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dPldt = my [(1- Ic®) ™2 dv 1dt

Taxnm o6paszom, yxe B pamkax CTO oTHOMmEHHE CHIIBE K
YCKOPCHMIO 3@BHCHT OT B3aHMHOTO HANIPaBJICHHMA BEKTOPOB CHIIBI
¥ cxopocth. OmHAKO B TEOPHH OTHOCHTENBHOCTH CKOPOCTB
CHCTEMBI OTCYETA MOXET BHIGHPATLCS POM3BOIBHO, B YaCTHOCTH
~ HYAEBOH, TOTa COOTBETCTBYIOILHI MHOXHTENb B JI060OM
Ciy4ae OKa3blBacTCA PaBHbIM €JHHHLE. -

Hanpotus, 8B TIUPB B BHILCHPHBEACHHBIX d)opmynax

¢burypnpyer abconromnas CKoOpoCTh, OIpEACHAeMas YIJIIOM
OTKJIOHEHHA MHMPOBOJ JIMHHH YaCTHIB! OT HOPMAIH K H30XPOHE.
3JTO 03HAYaeT, 4YTO €CAM 3JeMiIi ABHXKETCA C ONPEACICHHON
CKOPOCTBIO Vs6c OTHOCHTENBHO aGCOMIOTHO  HENMOJBHXHOM
_ (BBiZENCHHOMN) CHCTEMBI OTCYETA, TO H3MEPSA OTHOIICHHE CHIHI K
YCKODEHHMIO B  HaNpaBjicHHH YKa3aHHOH CKOPOCTH H B
TIepIICHANKYIIIPHOM eMy HaIpaBJICHHH, MOXHO
IKCHEPHMEHTAIBHO MNOATBEPANTH HaNWuMe 3ITOH abComOTHOH
ckopoct!  Ecim  momoGHas  CKOPOCT — HEHCTBHTENBHO
ONpeaeNseTCs BEIMYMHON H HanpaBlIeHHEM, CICAYIONIHMH H3
a¢dexra aHH30TpONHN POHOBOTO KOCMHYECKOrO H3ITydeHHs (CM.
- Ceyrolmii pasnen), To Ipy OAHOM H TOH XKe 10 (MOAYIIO) cHie
'MOYHO PaCCYHTBIBATh HA OTHOCHTEIBLHOE Pa3IHIHE NPOJOLHOTO
M IIOTIEPEYHOTO yCKOpeHus nopaaka 2,25 x 1075,

3.9. JIokaJbLHbI€ 11018 TATOTEHHS YACTHI |

Kak e 10/KHbI MBI MBICIHTS Ce0€ rpaBHTALMOHHBIE MO
YaCTHL (3BE34, IUIAHET M’ IIp.), 3a0HMIOWMX Bceaenwyio, B
paMKax BHOBb IpeMIOXeHHOH xonuemuuu? IIpeacraBmm cebe
CHayala BCE 4YacTHULI HENOABIKHBIMM, ApeHQylomuMu B
NpPOLECCe PAaCIIMpEHHs BCeneHHOM CTPOro BAONL PagMaIbHBIX
MHPOBEIX JHHKi. Eciy B Tako# BeeneHHOIM cymecTByeT heHOMEH
B3aMMHOTIO TIPHTSDKEHHMA MEXIy HABYMA YacTHUAMH, TO JUIA
Habmoaarens 3o GyneT BHIIAAET KaK HCKPHBIEHHE MHMDPOBBIX

N
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)

JMHUHA, KOTOpBIC BMECTO pagMalbHOIO PacXOXKAEHHS OKaKyTCH
3arHYTBIMH B HaIPaBJICHHHU OIHa X apyroit. TTo CYILECTBY, BMECTO
" MHPOBBIX JIMHHH MBI MO’XKE€M F'OBOPHTE ITPOCTO O CHIIOBBIX JIMHHAX
nojs TATOTEHMA, HO TOrAa 3T4 AHAIOTHA IO3BOJIUT HaM
OTOXKAECTBUTH M30XPOHHOE cedeHne BeeneHOH ¢ 1oBepXIocThio
 PaBHOTO IOTEHLMANA, K KOTOPOH 3TH CHIIOBBIC JIMHHH HOJIKHEI
ObITb  HopManoubl. TakuM 06pasoM, MBI IPHXOOMM K
TPECTABJICHHIO O TOM, YTO M30XPOHHOE CCUEHME Beenennoi He
SBIAETCH CTPOro. KOHUEHTPHYECKOH runepcdepoit, a BO3MYILEHO -
CBOCIO poja BOopoHKamyu (cM. puc. 3.11), uenrpam KOTOPHIX
OTBEYAIOT IPABHTHPYIOLIHE qacmum

f
4&/’\

Puc. 3.11

Vron OTKIOHEHHA TPO(GHUIL BOPOHKH OT neaomymeunou
runepcdeps! B TOYHOCTH PaBEH YINIy OTKIOHEHWS HOPMaiH OT
HCANBHO paaManbHOro HanpapieHus. CnenoBaTelibHO, Mepa
MHTCHCHBHOCTH JIOKANBHOrO TPABMTALMOHHOTO YOAY B KaXaoh
cro TOouke (aKTHYECKH COBIAJaeT C HCMNONB30BAHHON HaMH
Mepo# CKOPOCTH Y9ACTHLIBI, YTO H ONPABJBIBACT IIEPEHOC HOHATHSA
JHEPrHH, CBA3AHHOW C MEXAHWYCCKHM [BWKCHHEM, Ha 00O/1acTh
TpaBHTALMOHHBIX SBICHHH.

Yro kacaercs GOpMEI BOPOHKH, TO HEOOXOAUMO OTMETHTS,
YTO Ha €¢ NEepuepHH BO3MYILCHHE MCXOOHOro Ipoduis Maio,
TaK YTO YIrOA OTKJIOHENHS HOPMATd OT CTPOTO PaiHAILHOTO
HanpasiIcHHA He3HauutendeH. Ilo mepe npuOimkeHHs K LEHTPY
9TOT Yrol BO3PACTaCT B COOTBETCTBHH C BBHIP@KEHHEM IUIs
rPaBUTALHOHHOTO MOTEHIHANA. JTO 03HAYAET, YTO HAXOAALIAACS
Ha nepudepHH rpaBHTALMOHHOM BOPOHKM NpoOHAas 4YacTHLA
IPHOGPETAET HEKOTOPYIO CKOPOCTh NBHXKEHHS, HANPABIEHHYIO K
- HEHTPY BOpoHKH. Ho ueM 6mpke OHa K UEHTPY BOPOHKH, TE€M
GonBmEe yrojl OTKIOHEHHS MHPOBOH NHHHK OT HEBO3IMYLICHHOM
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HOPMAIN M, CIIEAOBATENBHO, TeM OONBIIYIO CKOPOCTH HBHKEHHUA
OHa JOJXKHA npUOGpPEcTH. DTO M AAET OTBET Ha BOHPOC, IIOYEMY
JIBHKCHHE B IPABHTALIMOHHOM II0JI€ OKa3biBACTCA FKBUBAICHTHEIM
YCKOPEHHOMY IBHIKCHHIO, .

KaxoBa ¢ NpHYHHE < VCK2XKEHHS IPOCTPAHCTBEHHOTO
‘ npocpmm Beencunoi MOKaIBHBIMH MOJIAMH Tmeean‘? S nymaro,
'OTBET HAa OTOT BONPOC 3aKIIOYACTCA B TECHOH  CBA3H
OPOHCXO0XKICHHA MacChl MOKOS HaCTHUBI C BOJHOH ne bpoiins.
IMono6Ho Tomy, kKak 2r06axvnan chepHHHOCTE MHpPA HPOABIACT
celOs BeNMMUMHONM CpelHeH IUIOTHOCTH MarepHH BO BcencHHOH,
BOIIHOBOM * mapaMeTp KOHKPETHOH  YacTHLBI  OIpEACseT
JIOKab10e UCKPUBJICHHE TIPOCTPAHCTBA H TEM CAMBIM HOPOXKAAET
> dexT ee MHAMBHIYATEHOTO FPABUTAIMOHHOTO TOJIS. o

W3 3TOTO yTBEpKAEHHS CIEAYeT, Ka3aloch Obl, HYTO
IPaBHTALMOHHBIN pamuMyc - 49acTHUBI HOJDKEH 6BITH
IIPOTIOPLMOHANIEH JUTHHE BOJHE Ae Bpoitia. B aeficTrTensHOCTH,
OJHaKO, O7auna BOJHBl n€ bBpoina cBA3ana ¢ KHHETHYECKOM
SHEprueH [BWKCHHMSA, a Macca IIOKOS — Mepa HHEPUMH -H
TPaBHTALHH — OTIPEACTACTCA nEPUodom KoacOaHHH ITOH BOIHBL.
Tem caMbIM Macca 4YacTHMIBI CBA3BIBACTCA, TaK CKa3aTb, C
21younon’ TPaBUTAUMOHHOH ~ BOPOHKM (IPOCKUMA Ha OChb
abCcoMOTHOrO BPEMEHH), a HE C €€ WUPUHONR, KOTOpas
XapaKTCPU3yeT pasMep BOPOHKH B - IPOCTPAHCTBEHHOM
H3MCPEHHH. S
‘ Kak MBI . BHACHH, IpaBHTAUMONHBIA pPaiHyC HPAMO
IPONOPUHOHAIEH MacCE YacTHIL. B TO XK€ BpeMs nepHoa BOJIHBI
ne bpoiis 06paTHO NPONOPUMOHANIEH MACCEe YACTHIIBL

t= himc

Orciona CHeflyeT HC3aBHCHMMOCTh MPOM3BEACHUS 3THX
ABYX TaPAMETPOB OT MAacChl HCTOYHHKA TATOTCHHS:

a6 = 2hG/c’
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Hakonew, nonpofyeM . yacHHTh ce6€ TeOMETPHYECKHUiH
CMBICJ TPaBHTAUMOHHOrO paguyca. Kak -8 yxe Inicain, IpH
nepexoje OT nepupepHn rpaBUTAIIHOHHON BOPOHKH K €C LEHTPY
YTOJl OTIVIOHEHHA HOPMajM OT PafMAILHOTO (MO OTHOLIEHHIO K-
cdeprueckoii BcenenHod B uenoM) Bee Gonee BO3pacTaer.
IlpeacraBpnsercs, 4YTO TpPaBUTAlMOHHBIA pagHyC, OTBEYAIOIWH
snympenHeil TpaHulle o0NacTH JIOKAIM3aUUM T'PaBUTALHOHHOMH
3HEPTHHM YaCTHLEl, COOTBETCTBYET NPEREIHHO BOZMOKHOMY YIiay -
OTKJIIOHEHHA B 90 rpajycoB, 4TO B HALICH MOACIH ACHCTBHTEIBLHO
orseyaer CKkopoctH cBera! Taxum o00pa3’oM, HanpsOKEHHOCTh
TPaBHTAHOHHOrO TOJIA NOCTHraeT GECKOHEUHOCTH HE B. LIEHTpE
TSOKECTH T€Ja, a HA KOHCHHOM, XOTH OOBIYHO M OYEHb MAJIOM,
PaCCTOAHHH OT HEro, TaK 4YTO TOYKH, OTCTOSLIME OT LEHTPa
MCTOYHUKA HA PACCTOSAHMM IPABMTALMONHOTO PaauycCa, ABIAIOTCH
mouKamu nepezuba nis BEEMIHETO Npodmis BeenenHoii,
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4. O PEAJILHOM CYHIECTBOBAHRA BLII{EJIEHHOE
CI/ICTEMBI OTCYETA

4.1. O 3amevaTenbHOM 3Kcnepumemaﬂmom AOKA3ATEIHCTBE
CyIeCTBOBAHHA BbileJeHHOH CHCTEMBI 0TCHETa

3agBaeHHA O ° CYWIECTBOBAHHM BHIICICHHOH CHCTEMBI ’
OTCYETa B PaMKaX IPEACTaBICHHH COBPEMEHHOH (H3MKH MOTryT
TNOKa3aThCA MOMUCTHHE CBATOTATCTBEHHbIMM., OIHAKO, KaK 3T0 HH
TIOKAXKETCS YIMBHTCIBHO, OHM HMMECIOT TIog Co0oH HexkoTopoe
IKCIIEPUMEHTaNbHOE OCHOBaHue. Kak M3BecTHO, eme B 1964 T,
nBa pamnoacrtponoMa m3 -“bemr Tenedon”, Apuo A. Ilensuac u
PoGepr B. Buwicon, oOHapyxwiu Ha BOjHE IIMHOA 7,35 cM
MHKPOBOJHOBOE ~ M3IydeHHe,  KOTOpoe  3areM  Obuio
HICHTHQHLIHMPOBAHO B  KauyeCTBe  (JOHOBOTO  M3IAYYCHHA
‘Beesiennoi, 0613aHHOro mpoueccaMm €e paxHneit apooin. Ilpu
3TOM Ha IIEPBHIX MOPAX CHHTAIOCH, YTO ITO mnyqenne CTPOTO
morpomw : :

- OgHako, KaKk  OTMETHHA ’BBI)JalOUlPIﬁCX " COBETCKHi
actpopuank  akagemux f.5.3embioBry B peAaKUHOHHOM
KOMMEHTapuu B [5], nanpHeimne “TIHATEIBHEIE H3MEPEHHA,
MPOBEACHHBIE C MOMOIUBIO aNNaparyphl, YCTAHOBJICHHOM Ha
BBICOTHOM CamoJieTe (W1 YMEHBLIEHHS M3myYeHHs atmocdepst,
nomajalomiero 8 npubop),  1o3BoAMIH  OGHAPYKMUTE
ONPENENEHHYI0 Malyl0 AQHH30TPONHIO MHKPOBOJIHOBOIO (OHE -
M3MydeHud. AHTCHHa, HANpaBJCHHasd Ha co3pesaue JIbBa, zaer
Temneparypy usnydenus Ha 0,13 nponenrta shinue cpendeit. B
IIPOTHBONIOIOKHOM HaNpaBIeHny TeMieparypa Ha 0,13 npouenta
HWKe cpeaHed. Temriepatypa IUIaBHO MEHSACTCA MEXKIY 3THMH

ABYyMSl 3Ha4YeHMAMH ... H30TpomHs HMeeT MecTO JIMIIB VA
HEekoToporo  BooOpakaemoro  HaOmoparens. Coaneunasn
cucmema, 3eMAA .. OGUICYMCA OMHOCHMENLHO 3MO20.

Habnwoamenn co ckopocmuio 390 1 60 km/c 6 Hanpasienuu na
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coseesdue Jlvea. Bcnencmue 3TOTO ABWKEHHA, T.C. 33 CHET
sbdexra Jlonmaepa, uiiyueHHe, HAYUIEE HABCTPEdY, Kaxercs
Ham Oonee TOpAYMM..., a  M3AYy4YEHHE, MAOTOHSIOLIEE HAc,
npeacrasngercs HaM Oosiee xosoaHeM .. Ha arom npumepe
BBIACHACTCA, 4YTO B Xaxa0H Touke BceneHHol - cymiecTByeT
Habmomarens,  OTHOCHTENBHO  KOTOPOTO ~ MHKPOBOJHOBOE
H3JIy9CHHE H30TPOIHO. DTOr0 HAOMOAATEe/NA M CBA3AHHYIO C HAM
' CHCTEMY KOOPIAMHAT MOXHO Ha3BaTh BRLACIEHHLIMY ... Hannuue B
K&XHOM TOYKE BEIACICHHOM CHCTEMBI KOOPJHMHAT HAlOMMHACT
B3TILAAL (H3HKOB IO CO31aHHA TEOPHH OTHOCHUTEIBHOCTH, KOrAa
NPedHONaraoch, 4To CBET - 3T0 KoneOanus 0co6oro seiwecTsa -
a¢upa, 3anomasomero Beio Beenennyto. [Ipeanonaranocs aanee,
| HTO .CHCTEMa KOOpAHMHAT, CBf3aHHas C 3QHUPOM, SABJIACTCA
' IPCHMYIICCTBEHHOH, BBIACNEHHOH, H CTaBHIHCh ONBITH IO
OOHApYKEHHIO ABHXECHUA 3eMIM OTHOCHTENLHO d¢wpa. Mol
3HaeM, 4T0 3TH onbitel (MalikeabcoHa M APYIHX) — HaJIH
OTPHUATENbHBIN PE3Y/ILTAT - CBETOHOCHBIH 3(Hp HE CYWIECTBYCT.
Onunako »dBomouus BcencHHOH NPHBOANT K TOMY, YTO B
HaOIIOACHUAX KOCMHYECKOTO MHKPOBOJHOBOTO H3IJIYYEHHA (HO
TONBKO B 3THX aCTPOHOMHYECKHX HaOmOAcHMAX!) BHIACICHHas
CHCTEMa NOABIACTCH, M €€ HHOI'ZA HA3LIBAIOT "HOBBIA 2Qup" ... B
paciMpsIomeics Bc_eﬂeﬂnoﬁ HOBBI 3(HpP B OJHOM MECTE
JIBMKETCH OTIOCHTEILHO HOBOrO 3¢upa B Apyrom mecre. MMenno
HOBBI dup win, APYTHMH CIOBaMH, MHKDOBOJHOBOE H3IYUeHHE
¢ HanbonblueH Toquocrmo ocymeCTaneT IBHKEHHE 10 3aKOHY
Xa66ma." _

Banymenusiit 18 asrycra 1989 rosa cmyramk COBE
(Cosmic Background Explorer), paspabotannsii IlenTpom
KOCMHUECKHX MOJICTOB lonnapaa Hamnonansuoro
AspoxocMHYECKOro AreHcTBa (NASA)', n03BOIHI MOXTBEPIUTE

! Ipusenentasn 3Mech HHGOpMana nozrorosnena LlentpoM KOCMHYECKHX
noneroB Tonzapra, NASA, CIHA (Goddard Space Flight Center) nox
" pykosoacrsoM COBE Science. Working Group. H. Gl1a mnpefocTaBleHa
NSSDC.
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N YTOYHWUTb BblLeonucaHHble pesynbTaTbl. CNEKTP KOCMUYECKOro
MWKPOBO/IHOBOIO  (JOHOBOTO  M3/ly4eHUss Obln  U3MepeH C
ToYHOCTbO 0.005%; ObINO 06HAPYXXEHO, 4YTO 3TOT (POH MMeeT
3HAYMMYO0 aHU30TPOMNIO HA OTHOCKTENIbHOM YpOBHE nopsaka 10
51 4YTO CcnekTp m3nydeHuna ¢ ToyHocTbio 0.03% cooTBeTCTBYET
TEOPEeTMYECKOM 3aBUCUMOCTWU 11 YEPHOro Tena B YCMOBUAX
TENM0BOro paBHOBeCUA, Npu Temnepatype 2.726 K. Xapakrtep
BbISIBIEHHON HU30TponuuK 6bln AeTanbHO MCCneaoBaH 6narogaps
N3MePEHUAM, BbINMOMHABLLMMCA B TeYeHUe 4-X NeT.

Puc. 4.1.

Ha puc. 4,1 nokasaHa u4epHO-6enas Bepcusi KapTbl
OTK/IOHEHMIN TemnepaTypbl W3MY4YeHWA OT CPeAHelt BEeNUUUHBI
(2.728 K) B MMKPOBO/THOBOI YacTu cnekTpa. OpueHTauus KapThbl
BblOpaHa TakuM 06pa3oM, 4T0Obl NAOCKOCTb MneuHoro [yTtn
pacrnosiarasiocb ropuM3oHTa/IbHO B LEHTpe KapTbl. LlBeToBOWA
[nanasoH OopurvHasa OT KpacHOro [0 CUHEro COOTBETCTBYeT
TemnepatypHoMy AmnanasoHy ot 2.724 K go 2.732 K

Cnouctasa CTPYyKTypa KapTbl COOTBETCTBYET
aHM30TponNuMU AMNOMBHOrO BMAA (HanoMuHawowasa auarpammy
“UHb-AHb’), 4YTO ABNAETCA  nNposBNeHWeM  3ddeKkTa,
CBA3AaHHOro C fABu>kKeHuem Co/HUA OTHOCUTENLHO Cpefbl, B
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Komopoli  pacnpocmpanzemca Muxpoconnoeoe Qonosoe
usy4enue.

B asrycre 2000 r. MHe B pykHM monaia COCTaBji€HHaA
B.A.AHIOXOBCKMM  8HTONOTHA [21] opurHHampHBIX paGoT
BBIAAIOIIMXCA YYEHBIX, CTOSBLIMX Y HCTOKOB COBPEMCHHBIX
H3MEPEHHH CKOPOCTH CB€Ta: (HauMHas C IEpBOH M3 crarte
A Maiikenscona). Kak BBIACHACTCA, NMOMHMO OTPHIATSILHOrO
pesyibTata B YaCTH BEISBIEHHS BIMAHMA IBWKCHHA 3eMin
- OTHOCHTENbHO ‘CONHUA, 3TH ONBITHI B TO K¢ BPEMS AT
HEKOTOPHIE OCHOBAaHHS TOBOPHTH O HAIMYHH OMNPEACTEHHOIO
nerkenns CONHEYHOM CHCTEMBI Mo oTHoueHMIo ¥ Kocmocy B
HEI0M, T.e. ONIATH-TAKH O BBIJENCHHOH CHCTEME OTCYETa BO
BeesteHHoiH.

4.2. O6cyxnenne 3¢dexToB, CBA3AHHBIX C CYLleCTBOBaAHHEM .
BbIJIEJIEHHON CHCTEMb] OTCUETA

Omno M3 BO3MOXHBIX OOBACHCHMH  AHM3OTPONHH
PETHKTOBOTO H3Iy4eHMs, npuBeacHHoe B [10], cBommtes K
‘runote3e 00 aHM3OTPOTIMH CTPYKTYpHl paHneil BceienHol,
[IPUYEM Pa3IHYHBIM BEPCHAM M HapaMeTpaM THIOTE3bl OTBCYALT,
B YAaCTHOCTH, Pa3sjiMdHOE YIJIOBOC PACIHpPEACICHHE TEMIICPATYPHI .
3TOTO M3NyucHMs. Tak WIM HMHAa49e, aHH30TPONHA KOCMHYECKOTO-
H3ITydeHHs 06YCIOBIHBAETCA NPH 3TOM PAKTOPaMH, CBA3AHHBIMHU -
HMECHHO C NPOHMCXOKACHHEM H3Ny4ECHHA, 38 HE C NOKAILHOM
anu3oTponue B 00ONacTH (M B MOMENT) MPHEMa H3IyYEHHS.
CnepoBatennHo,  nomoOHas  aHM30TPONMHA  HE  JOJDKHA
NPOABJIATHCA, €CIH PEYb TNOWAET O NPHEME HCKYCCTBEHHOTO
H3JTYMEHHA, TCHEPHPYEMOTO OOBIMHBIM H3Iy4aTeNleM Ha 3emile.

Mexay TeM, COTfacHO TNPEeLIOKCHHOH B HacTosuuei
paboTe KOHUCNUMH, B KaXAOH Touke BceneHHoit odonscno
cyuecmeoeams - c60e  YHUKAIbHOE  NPOCMIPAHCMBEHHOE
HanpaeéneHue ¥ YHUKAAbHOE 3HAYEHUE CKOPOCHU OBUNCEHUA 6
IMOM RPOCMPAHCMEEHHOM HANPAGNEHUU, ONpedenAIouiee
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svidenennyro cucmemy omcyema ((HakTHH4ECKH 3TO €CTh 4-
MEpHas “CTpena BpeMeHn”). ToT pesynsTar ObUT MOIYHEH MHOK
00 Mo2o, KaK s y3H&I O BHIUEONMCANHOM JKCIEPHMEHTAIBEHOM
OTKpHITHH.  [I03TOMy BO3HMK BONpPOC O  JajbHeHuIeM
3KCIIEPUMEHTAILHOM  IOATBEPXKACHHH (MM  OIPOBEPKECHHH)
HOBOJ TEOPHM, H1Ies KOTOPOTO M PaCCMATPHBAETCA Aaee. MOXHO
HANCATBCH, 4YTO OCYIIECTBICHHE M  PE3YNbTaThl  HOBBIX
SKCIIEPHMEHTOB - NIPEACTABAT CaMOCTOATCJIBHEI HHTEPEC IS
¢u3nkn GE30THOCHTENBHO K MOTHBAM HX IIPOBEUCHHA H
BBIABMHYTHIM THIoTe3aM. Hanpumep, B ciyuae OnpoBEpXKCHUS
BBIABHHYTOM MHOM THIIOTE3bl CTaHET NCHO, YTO . HCTOUHHKOM
GHU30TPONIMH JACHCTBHTENBHO HBIACTCA “NIPHPOAA PEIHKTOBOrO
H3ITyYCHHA. ‘

Moe oObscHeHUE BBIIHEOITMCAHHOTO ABICHHA -
aHM30TpONMH TakoBo. Jlio0oe YCKOpeHHOE (B TOM YHCHE
BpaIllaTCIbHOE M KoeOaTeNbHOE) IBIKEHHME B oOwieM ciydae
BBLIENACT a0COMIOTHYIO CHCTEMY OTcyera. [lockonsky noboe
MCKTPOMATHUTHOE H3JIYMEHHE I'CHEPMPYETCH KONCOIIOmMUMHUCT
3CKTPHYECKHMH 3apAJaMH, TO TEM CaMBIM OHO TPHHUHIIHAILHO
no3BoJieT HaGIIOAATENO BBHLACIUTh aGCOMIOTHYIO CHCTEMY
orcueTa. : :
Ecnn sabmonarens abcomorno nenoasuxen (“apeiipyer”
BIOJIb HOPMaIH K H30XPOHHOH BCENCHHOW), TO OTHOCHTEIBHO
HETO H3Jy4YeHHe Oyner HaealbHO H30TponHbIM. Eciu e Muposas
nnHUA HaGmonarens o6pa3yeT HEHYNEBOMH (XOTA H TOCTOAHHbIH)
YroJa ¢ OChbi0 abCOJIIOTHOTO BPEMEHH, TO TaKOH ABHKYIXHIACH
HalGmoaarens (H KMEHHO ¢ oMoiikio dddexra Jomnepa) cMoxer
ONpEAEnnTs  aGCOMIOTHYI0  CKOPOCTH CBOETro JBHIKCHHS,
JACTEKTHPYS  aHM3O0TPOIHIO  3TOTO0  MIIYHUEHMS,  KOTOpas
O0yCIOBJI€Ha  HANPABIEHHEM M CKOPOCTBIO  JABMKCHHSA
H3MEPHTEIPHOTO  YCTPOHCTBA  OTHOCHTENABHO  BBIJCIACHHOM
CHCTEMBI OTCYeTa. KOIMYECTBEHHO 3ra aHM3OTPONHA OyneT
ONPEACHATECA OTHOLICHHEM CKOPOCTH HBMXKCHHMA K CKOPOCTH
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cBera (v/c) 1 yriiom o OTHOCHTENBHO Buneneunoro Hanpannexmx

JBHKCHUA.
Kax wm3BecTHO, CheumanbHas TSOpﬂﬂ OTHOCHUTCIILHOCTH

xaet [17] B aTOM ciiysae Gopmyny:

fifo= [(1-V1E) U1 -(vie)cosa],

NpHYEM NIPH MATLIX YI/1aX H B HEPEIATHBHCTCKOM NPHOIHKCHHHA
.I. . -

Jlfo= .1 + (vic)cosa

OCHOBBIBasACh Ha COBPEMCHHBIX JAHHBIX 110 AHHU30TPOIHH
KOCMMYECKOTO PagMOM3IYJCHHS, ‘MBI MOXEM 3aK/IIOYMTB, 4TO
v/c=0.0015 . Ecmu 6nl 3TO0 4YMCICHHOE 3HAYCHHE H YKa3aHHas
3aBHCHMOCTH OT yria NOATBEPMIIIMCh B HOBBIX 3KCIICPMMCHTAX,
HE CEA3ANHBIX C TIPHXOIAWHM H3 KOCMOCA IEKTPOMATHHTHEIM
H3Ty4YeHHEM, MBI MOTJIH OBl CHENaTh BIOJHE ONPEAEICHHBIE
BHIBOABl 00 < yHMBEPCANIBHOM Xapakrepe MNPOCTPAHCTBEHHO-
BPEMEHHOH aHH30TPOIINH.

Byzaem ncxoauts U3 TOro, 4To moboe (3MEKTPOMarHHTHOE)
H3Ty4eHME ABNACTCA HACAIBHO M3OTPONHBIM [UIA HENOABHKHOIO
OTHOCHTENIFHO MCTOYHHMKa HAOMIOBATCIA JIMIIBL B BBIACICHHOM
CHCTEME OTCHUCTa, KOTOpads B KaxaoH - Touke Bcenenuoi
yuuxansHa. Torza B m000¥ Apyro# cucreMe oTcyeTa BOSHHUKHET
aHM30TPONHA, NposABiAOmascy Omaronaps 3¢dexty [ormrepa,
KOTOPHEIHi OOYCHOBNIEH HANpPaBICHHEM M CKOPOCTBIO NBIKCHMA
HM3MEPHTENFHOTO  YCTPOHCTBA  OTHOCHTEILHO . BBIICHCHHOH
CHCTEMEI OTCHETA, , o

OnuuM M3  NOTEHOHATFHO  BO3IMOXHEIX  CHoco60B
MPOBCPKA  YKa3aHHOTo 3(bcpexra ABNACTCH  HabmozaeHue
n3nyueHns CONHUA B PA3NTHyHbIE MOMEHTHI ABIKEHUA 3eMIH 1O
OKOJIOCOJIHEYHO# OpOnTE. YCAOBHAA CXEMA PACTIONOKEHHA 3eMIH
oTtHOCHTENbHO CoiHLA H cosneszmx JIbBa moka3ana Ha pHCYHKE
4.2.
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22 aexabps opbura 3ewxi4

~

CO3BE3AUE ﬂéBa

21 mapra 23 ceHrabpa ..

Puc. 4.2.

~ Hamomuum, uro _Mecfononomenne cosse3ans JlbBa Ha
HeGOCBOLE XapaxkTepu3yeTcs  HNPHOIM3HTENBHO CIEXYFOLIMMH
KOODAMHATAMH: CKIOHEHHe (YrojJ HAKIOHA K ILIOCKOCTH
HebecHoro 3kxBaropa) 8 = 12° , npsiMoe BocXOoxkaeHHE (YITIOBOE
NOJIOXKEHUE BAONEL HEOECHOIO 3KBaTOPa, OTCYHTAHHOE OT TOYKH
BECCHHETO PaBHOLACHCTBHA 110 XOAYy ABMKeHHus 3eMiun) o = 170°.
W3  [pHMBENEHHOro  PHCYHKa  OYEBHAHO,  4TO
npexnoaraeMasi  @HH30TPOIIHA CONHEYOr0  M3TydeHHs,
HaG0zaeMoro ¢ 3eMiIH, JOJDKHA MPOSBIATLCA B MAKCHMAJIbHOMN
CTCIICHH B aBrycTe, Korja u u3nydeHue ConHia, u ¢oHOBOe
MTyYECHHUE NPHXOAAT HA 3eMiIi0 CO CTOPOHH! co3Be3aus JIsBa. B
(eBpae 3TH HCTOUYHHMKH PACHOJIOKEHBI 110 OTHOIUCHHIO K 3emire
B3aMMHO NPOTHBONONOXKHEIM 00pa3oM, MOJITOMY K HANPABJICHHE
. aHM30TPONMHM [/ COJHEYHOIO CBETA NOJKHO HM3MEHHTBCA Ha
npoTHBonoxoxkHoe, Okuaacmas BenrunHa 3ddexra npu 3ToMm (¢
Y9ETOM TIPSAMOTO BOCXOXKJCHMS CO3Be3aMA JIbBa M HAKIOHA
IKIUITHKKU) cocTaBigeT mopaza 300 xm/c, T.e. OKONO OXHOM
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ACCATOH NPOLEHTa CKOPOCTH cBeTa. B HOAOpe M Mae aHH30TPOIIHS
HE JODKHA HabMoaaThCA MPAKTHYECKH COBCEM.

Bo3MOXHO, yKa3zaHHas aHHM30TPOIHA MOXET OBITb
oOHapy)xeHa ¥ TIIpH IIOMOIUM HAGMIOZEHHN OTPAKEHHOIO
u3aydeHus JIynol. ITonoxeHne ecTECTBEHHOTO CIyTHHKAa HAWIEH
IUIAHETHl OTHOCHTENBHO 3eMJIM MEHSMeTCd BCero ML 3a 27
CYTOK, IIO3TOMY pe3ynsTaT Mor O OBITH YCTaHOBJICH
'SHAYMTENBHO OhICTpEe,

HakxoHent, BO3MOXHO IIPOBEACHHE 3KCICPHUMEHTA C
MCKYCCTBEHHBIM HCTOYHHKOM H3JIy4eHHd H HEOOABH)KHBIM
OTHOCHTEJIBHO HETO MPHEMHHMKOM B 3eMHOMH saboparopiu. Ilpn
3TOM CHCAYET MMETh B BMIY, YTO BCJICACTBHE CYTOYHOIO
BpaleHHuA 3eMJiH NPOEKLHUA HANPABJICHHA Ha co3se3gue JInBa B
obleM  CIyyae  BpallaeTCS = OTHOCHTENEHO  CHCTEMEI
 KOOpAMHATHBIX OCeH, XECTKO CBA3AHHOH C TOYKOH 3€MHOM
noBepxHOocTH. [103TOMyY BeTHYHHA MITHOBCHHON CKOPOCTH BIOND
KaXJ0H H3 KOOPOHHATHBIX OCEfi 110 OTHOLICHHIO K “BBIACICHHON
cuctemMe orcuera (ABHXKyweiHcs Kk cossesmguio JIpBa) Oyner
M3MECHATECA TPAKTUHECKH IO CHHYCOMJANBHOMY 3aKOHY ¢C
nepHogoM B 24 wgaca. Pacuers! 1OKa3pIBAIOT, 4TO aAMIUIHTYAA
KOMITOHEHTBI  CKOPOCTH, HANPABICHHOH BHONb  3EMHOTO
MEpHUAMaHa, ocTuraeT MakcuMyma (oxomno 400 kM/c) y mosrocos
H MHHMMAIbHA Yy 3e€MHOro skearopa. HaoGopor, ammiuryna
KOMIIOHEHTHl CKOPOCTH, HANPABJIECHHON B 3€HWT, HOCTUraeT
Maxcumyma (0x010 400 km/C) y 3¢ MHOI'0 3KBaTopa H MEHHMAIBHA
©y TOmMOCOB. AMIIMTYAa K€  KOMIIOHEHTHI  CKOPOCTH,
HanpaBiCHHOM NEPNCHAMKYIAPHO MCPUAMAHY, NPAKTHYECKH
HEH3MEHHA H TaKKe cocTasisger okoino 400 km/c.

A rakxke Oymaro, YTO B NPHHLMNE BOSMOXHBI H HHCTO
MEXaHMYECKHE  DKCHEPDHMMEHTHI, NAIOLIME, Hanpumep, B
COOTBETCTBYIOIIEM HAINpPABACHHH Mal0€ OTKIOHEHHE “OCH
THPOCKONA OT TPajMIHOHHO 0)KHJAAEMOro, OAHAKO IIOKAa TaKHE
3 dEKTH HE PACCUMTHIBAIHCH (BO3MOXKHO, TAKHM 00pa3oM MOTYyT

6uTe  06BACHeHBI dKcnepaMeHTH! KoO3bIpeBa). AHANOrHYHEIM
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_ 06pa3oM, IKCHEpHMEHTH! THIA MaATHHKa Pyko (ecitn Obl BEKTOp
. abCOMOTHONH CKOPOCTH YAayHO OKa3aICA HANpaBJICHHBIM Tak,
4yTOOBl B MAKCHMAJIBHOH CTENEHH CKJIAaJBIBaThCA H BRIYMTATHCA C
BEKTOPOM CKOPOCTH IBW)KECHHS MAATHHKAa) MOTJIH OBl IPHBECTH K
OIIpEIENIEHHOMY OTKJIOHCHHIO BPAIICHUA IUIOCKOCTH KoJcOaHwi
OT TOH, 4TO ONpeciieHa HCKIIOUHTENBLHO BpalieHHEM 3eMIIH.
WmMeer CMBICT HOAYEPKHYTH, YTO B OTIHYHE OT TIAPaJHIMbl
“craporo 3upa”, BeAEICHHAR CHCTEMa OTCYETa “HOBOTO 3dupa”
CBSI3aHa HE TOJBKO C OMPEOENEeHHBIM HANPAGReHUeM BO
BceneHHOH, KOTOpO€ BBIACHANOCH OBl B X0JE JKCIIEPHMEHTOB
noJo6HO TOMY, KaKk CTpelKa KOMIlaca yKa3elBacT Ha CeBep. JTa
BBLJICJICHHAA CHCTEMA CBA3AHA CIUE U C onpedenenHoii 3-mepHou
CKOpOCMbio IBIXCHUA B 9TOM HAIIPaBJICHHH. B COBOKYITHOCTH XKe
TaKMM 00pa3oM BhiAensAeTcs 4-MEpHBIH BEKTOD HOpMATH K
c¢epnqecxox FHIICPIIOBEPXHOCTH 1Iapa - BeesieHno.

4.3. O 3akoHax HLTY4eHUSA

BepuewMmcs, oanako, k poHoBoMy H3nydeHHI0. COBpeMeHHas
¢usuka Ge3 KoseOGaHuii NPUINHMCHIBAET €r0 IPOHCXOKIACHHE
mpoueccaM B paHHelt BCeleHHOH, T.e. @OJaraer, 4ro 3T0
M3Iy4CHUE NPHXOAUT M3 IIyOHHBI BpeMeH. CUMTaeTCs, 970 MBI
HabmogaeM “nmocrapesinee” (OHOBOE ~W3NydCHHE  paHHCH
BceneHHoit (CmycTss NMIIB TPH THICAYH JIeT nocne boasmioro
BspriBa), ' KOroa  CyuIeCTBOBIH ~ CBOOOAHBIC  JIEKTPOHHI,
CrIOCOOHEIE JIETKO PacCEMBAaTh KOCMHYECKOE (OHOBOE H3TY4EHHE.

Xors moxoOHEIE MPEACTABICHAS O PacliPOCTPAHEHHH CBETa
BIOJIb ' CBETOBOI'O KOHyca - M3 npomwioro B Oymymero B
BOCTATOYHOM CTENCHH COTTIACYIOTCA ¢ TPAAHLIMOHHOMN TPAKTOBKOM
ANEKTPOANHAMHUKH, OHH BCTYHAIOT B IPOTHBOPEYHE C HAEAMH
u3naraeMoi 3gece Teopun. CornacHo c¢ifi cBeT, kak M jwoboe
HTYYCHHE, PaCIPOCTPaHAIOIEECs CO CBETOBOH CKOPOCTHIO,
MOJKET MPHXOAHMTD JIMILE OT OOBEKTOB, PACIIOJOKEHHBIX B TOM Xe
H30XPOHHOM CEYeHMH BceneHHOMH, 4T0 M NPHEMHHK H3ITyYCHHS,
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T.€. COBPEMCHHBIX €My B a0COMIOTHOM BpPEeMAHCUHCIECHHH (CM.
BBIILE AHAIIN3, OTHOCAIIMICA K 06MaCTAM IPOLIIOrO, HACTONALIETO
u Oynyiero). :

bouee TOTO, K 3aK/IIOUCHHAM K/1aCCHYECKOMH
9JICKTPOAMHAMMKH O ~ NPHYMHHO-CIEACTBCHHBIX CBfA34X' B
OTHOIUCHHH CHTHAjJa, PAaCHPOCTPAHAIOMIEIOCE €O CKOPOCTBIO
CBETa, T.C. He 6HYMpPU CBETOBOTO KOHYCA, CJICAYET OTHECTHCBH C
GonpwoH OCTOPOKHOCTEIO. OAHHM H3 BPrYMCHTOB B IONB3Y
3TOrO ABJIACTCA 3HAMCHHTAS BEPCHA TCOPHH DIICKTPOMArHHTHOTrO
H3JIy4CHHS, IIPEUIOKCHHAA B 3HaMEHHTHIX paborax JDk.Yunepa u
P.®ecitamana {19,20]. B 310it Teopun uMcTo 3ana3abiBaromyi BO
BPEMEHH XapakTep H3Iy4eHHA NPOH3BOJBHOIO HCTOYHHKA
BBICTYIIa¢T BCETO JIHIIb KaK CJIEACTBHE YHHBEPCATLHOIO H
MZHOBEHHO20 B3aUMOACHCTBHSA MHOXECTBA 3apiaa0B BcenenHoi.
Kak MmHe kaxercs, Tako¢ NOHHMaHME IPOLECCOB H3TYYCHHI,
dopMaIbHO MpPHBOJALIEE K KIACCHYCCKOMY PE3YABTaTy, IO CYTH
CBO€H ONM3KO K HOBEIM TIPEJICTABICHWAM, H3JIaTaeMbIM B
Hacroguiei pabore.

IIpaBaa, MOXeT MOKAa3aThCA, YTO ITH HOBLIC NMPENCTABICHHA
IPUBOJAT K mapagokcy. EciH W npsmele, M oOparHEic
3JIEKTPOMarHUTHBIE  KOJEOaHHMIO  PaclpOCTPaHAIOTCA - 6007b
M30XPOHBI, T.C. MFHOBECHHO, TO MEXKJAY MOCBUIKOW HCXOAHOTO
curiana (Hanpumep, Ha Jlyny wid Ha Mapc) u npueMoMm
OTPaXEHHOro CHUrraia He Obu10 Obl HHKako# nayssi. Mexay Tem
M3 ONBITa HOCTOBEPHO M3BECTHO, YTO 3TO HE TaK, H 4YTO Hay3a
MEXAY O3THMH COOBITHAMM B TOYHOCTH paBHa [BOHHOMY
NPOMEXKYTKY BPEMCHH, HEOOXOOHMOMY IS PacpOCTPaHEHHA
CBETa Ha COOTBETCTBYIOLIEE PACCTOSHHE. 3aMETHM, YTO H aBTOPEI
pabot [19,20] ObulH BEHHY)XICHBI 2HANW3HPOBATH HEKOTOPHIC
MPOTHBOPCYALIHE ONLITY BPEMEHHBIE NIAPaJOKCHl, YTO 3aCTaBHIO
ux CcHopMyIHpPOBaTh ONpPEACICHHBIC OFPAaHHYCHHSA, - KOTOPHIC
JOJDKHBI HMETh MECTO B (PH3HUYECKOH PEaibHOCTH.

[peanpuHaThiii MHOH aHAIM3 NEPCYHCIIEHHBIX napap,oxcon
MoKa3ajl, YTO0 BCE OHH MOIyT OBITH yCTpaHEHbBl, €CJIH- yTOYHHMTH
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onpeneicHHbIM ~ 00pa3soM  NPEACTABICHHA O  INPHPOJE.
BHIIIEYKA3aHHOTO MTHOBEHHOTO B3amMmoneHcTBHA. Heno B ToM,
4TO caM Nnpouecc kosnedaHmii npeacTaBIgeT coO0H HENTOKAIBHBIH
B 4-MEPHOM KOHTHHYyMe BOJHOBOH npouecc.

OTO 3HAYMT, YTO BAONL M30XPOHHOH BeeneHHOH HMeeTcs
BOJTHOOOPA3HOE pacIpenc/ieHne MHTCHCUBHOCTH M3MyYCHHA OT
Kome6irolerocss 3apAfa ¢ 4YEpeJOBAHHEM MAaKCHMYMOB M
MHHHMYMOB, T.€. BJOJb IIPOCTPAaHCTBEHHBIX OCel BOJIHa
[IPHCYTCTBYET OOHOGPEMEHHO 6 Kadcooli mouke Bceenennoi. Ee
AHTEHCHBHOCTb, IPETEPIICBax MMPOCTPAHCTBEHHBbIC KOacOaHHs,
BMeCTE ¢ TeM yOmiBaeT 00paTHO NPONOPUHOHAIBHO. PACCTOAHHIO
OT. HICTOYHHKa 1O 3aKoHy A(r) = A(0) exp(2x i v/A)/r, Tiic 4 —
JUTHHA 3JICKTPOMArHHTHO#H BOJIHM. C ApyroH CTOPOHbI, BEIHYHHA
A(0) He ABNACTCA MOCTOSHHOW BO BPEMEHHM, a Kojebmercs mo
rapMOHH4ecKOMY 3akoRy A(0,t)=A(0,0)exp(-2rict/2). Kaxnpoii
M30XpOHE OTBEYAeT CBOH MOMEHT BPEMEHH, IIOITOMY
PE3yIETHPYIOMAS HHTCHCUBHOCTD B 4-TOuKe {F, £} paBna

A(r, 1) = A(0,0) exp[2mi (x - ct)/A/r

T.e. OMMCBIBACTCA B TOYHOCTH TAaK Xe, Kak H B TPaaMUHOHHOH
TEOPHH, '

3

Puc. 4.3

Ha puc. 4.3 cxemarnuecku mnoka3ano, uto $asa B TOuKe 2
coBnaner (WA  HENOABIDKHOTO  JeTekTopa) ¢  &a3oi,
npucymcmeosasuieli panee B TOUKe |, TONLKO TOr 4, KOrjaa cama
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oTa TOYKa yKe OKakeTcs B TOuke 3. MHTepecHO OTMETHTH
CXOACTBO B HalleM O6GBACHCHUN 3aKOHOB H JBHKCHHA HACTHIL C
MOZLEIBI0 PAaclpOCTpaHeHHs KoNeOaHMil 3a CueT paCLIHpEeHHS
BcesieHHOM, T.€. Iepexoa OT OTHOM M30XPOHE K APYIoH, H T.1.
Taxum o6pasom, 8 naweii modenu, 6 omnurue om meopuu
omnocumenvrocmu u meopuu @eiinmana-Yunepa, gasosoii
€0gu2, pasHblii ho eeaunune X/C, C6A3AH He CMONLKO C
meuenuem 6pemeHU, CKOIbKO ¢ CYW{eCME08aHUEM C80e20 POOa
«cmonuyeil 60aHbLY 6 uzoxporunou Beenennoii. CnenoBarensso, 1
3aMa3AbIBAIOICE  BIMSHHE MCXOMHOTO. 3apfAla Ha YaCTHIbL
TNOrI0THTENA, H Olepexalolee 06paTHOe BIHIHHE IOTIOTHTEIA
Ha MCXOJHBIH 3apsj, XOTd M HMMCIOT NPOTHBOIOJOKHBIC 3HAKH
¢$a3o0BOro CcMEIEHMA, HO OOYCIOBICHBl MCKIIOYHTENBHO HX
B3AHMHBIM  HPOCMPAHCMEEHHbIM PACHONOKEHHEM, YTo xKe
KacaeTcsi BPEMEHM, TO 00a BIMAHHMA «IBOJIOLHOHHPYIOT» BO
BPEMEHH TOABKO B HampPaBICHHH OT abCOMIOTHOTO MPOLLIOTO K
abcomoTHoMy OymymieMmy, IpHYEM 3Ta 3BOJIONHSA IUTA KaXAOH
TapMOHMKH  XojcbaHma  Jerko = OOBACHACTCA  yKa3aHHOM
caMMeTpuei  pacupencncHus  ¢$a3 M, [NIaBHOC, BbI3BaHA
YHHMBEPCANILHBIM HPOLECCOM paclIMpeHHs BeeneHHOH.

3

* Puc. 44.

JlaHras HHTEPNPETALHs, KCTATH, IO3BONSET NMOHATH SQPEKT
aHM30TPONTHY NPHHMMAECMOIo H3IYYEHHA, KOTga OETeKTOp
JBIDKETCA ¢ HEKOTOPOi aGCOMIOTHONH CKOPOCTBIO, OTAMYHOH OT

. Hymst (cm. pucynok 4.4). B otom ciysae dasoBelit caBur, |
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oTBeYaroIMi Touke 2, OyAeT COOTBETCTBOBATE YIKE HE TOUKE 3, a
. Touke 3’, uto M nposBHTCA B BHAC dpdexra Jomnepa.
BaxHo 100aBMTH K O3TOMY, YTO pACHPOCTPAHEHHE
3NEKTPOMATHHTHOTO CHTH&T, OOYCIOBICHHOTO KoNeGaHHeM
" 3apsa0B, HE MOXET pPacCMaTPMBAaThCd Kak  OTBEYalolee
" pPaBHOMEPHOMY HABMXXCHMIO Kakoro-am6o MarepHaibHOTO Tea.
~ JIeHCTBHTENbHO, B HAIICH TEOPHM MOCIEAHEEe THIIOTETHYECKH
Morno Obl, ABHTasACH CO CKOPOCTHIO CBeTa, PaKTHYECKH
MIHOBEHHO HOCTHYb CKOJIb YTOAHO OTHaleHHOTo OoGbeKTa H
BEpHYTbes  obpatHO. B TO e  BpemMs  mepenaya
INEKMPOMAZHUMHOZO0  CUSHANA OCYILECTBIACTCA 3a KOHEYHOE
BpEM, NIPHHEM CKOPOCTH NEPENadH ONPEUCICHA HEeOOHO3IHAYHO.
C onHoli CTOPOHBI, B apryMEHT® OKCIOHEHTH GHrypHpyer
'MHOHTENb (X - ¢f), 4TO JaeT OCHOBAHHE CUHTATh 3Ty CKOPOCTH
paBHOH c¢. VIMEHHO 3Ty CKOpPOCTB BBHIMHCIHT HENOABMKHBIH
Hamonarens, | pa3sfielMB MOXHOE pPacCTOAHHEC HAa  BpeMs
NPOXOXKICHUA CBETOBOro cHrHaia. C ApYroil CTOpDOHBI, Yroi
HaKJIOHa “MHPOBOH JIMHHH~ CBETOBOTO CHTHAJa B - CHCTEME
KOOPAMHAT “HOPMaIb-NIOBEPXHOCTL” Gyner paseH 45°, mosromy
“abcomoTHan” cKOpoCTh (ONpeaenseMas 4epe3 CHHYC YKa3aHHOTO
yria) Gyner B /2 MeHbIe, 4eM .

Yro xe npeacrasnser coboi ponoBoe M3IYUEHHE C HAMICH
TOYKHM 3peHnA? Kak ObLTO OTMEHEHO, CIEKTp 3TOTO H3IYICHHA
NONHOCTBIO OTBEYACT TCOPETHYECKOMY PACTIPSACICHMIO JUIA
abcosrotHo depHoro Tena. Ho Tak M nomkHO OwITh Juis
mennogoz0 M3NydeHMs, HCIIyCKaeMOTO BCCH COCTaBIAIOMICH €€
MaTepHeli H = MIOOANBHBIM  HOTOKOM  IPOHH3BIBAIOLLCTO
Bcenenruyro, T.k. B HeH OTCYTCTBYIOT KakHe Obl TO HH OBINO
“IIEpEropoaXH”, OTPAKAIOIHE Takoe H3iaydeHue. Y10 Xe
KAacaeTcs UYMCIEHHOIO 3HAYEHMA TEMIEeparypsl (POHOBOTO
H3TYy4YEHHSA, TO OHO HECET BAKHYIO MH(OPMALMIO, CBS3aHHYIO C
rnobalpHeIME mapamMerpaMu Mupa. [IeHCTBHTENBHO, COTJIAaCHO
3akoHy Credana-bonbumana ynesnpbHas JHEPrus € MITYueHHA B
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emuHule obvema (B JKOynsx) mponopuHOHAIBHA HYETBEPTOi
CTEINCHH TeMICpaTypsl & uepHoro tena (B KenpBHHaX):

£~8.8.107.9*

OTa 3HEprus NODKHA COCTABJIATh ONPEACICHHYIO JOJIIO 110
OTHOIUCHHIO K YHCNBHOH 3HEPrHH INOKOA, OOYyCIOBICHHOM
cpexHel IIOTHOCTHIO MaTepHH BO BCElIeHHOH, 3HAYEHHE KOTopoﬁ
BBLIBOJVMTCS B HAIIEH MOJEIHN U3 Monmbuunposaﬂﬂmx ypaBHECHHUH
Sftnwreitna Gpuamana:

p=3c1(4-7GR°)

“Ecnu 6Ll BCA COOTBETCTBYIOWIaS OJHEPTHA TOKOS p¢’
_ peo6pa3oBBIBATACE B JHEPTHIO TEILUIOBOTO H3MYYEHHA, TO MBI
TOTy4riu Obl ais cpenneu TUIOTHOCTH MaTepuu BO Bceenennoi
3nauenue ropaaka 5.4 -10°* r/em’, a i Bospacra Beenenso ~
3HayeHMe NOpAIKa 3 TPHWUIMOHOB JeT, [ToBuaHMOMY, 3TO HE Tak;
OpHHAB Ha OCHOBE COBPEMEHHBIX M3MCEPDEHHH ITOCTOSHHOM
Xa66na Bo3pacT BceneHHOM MeHBWIMM Ha 2 mopsaxa, a
IVIOTHOCTh — Ha 4 mopaaka OoJbiIeH, MOXKHO 3aKIIOYHTh, YTO
CpeaHss 3HEprus TEILIOBOTO H3JyYeHHs MaTepHH Bo BcesieHHOM
COCTABILAET OT £¢ IHEPIHH IOKOA 10O, NpHOJIH3HTENBHO PABHYIO
onHoit cOTOi npouenTa, T.€. 107,
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5. HOBBIE IIPEACTABJIEHUA O BPEMEHM
H KBAHTOBASI MEXAHUKA

5.1. Oco0eHHOCTH KBAHTOBOMEXaHHYECKOTO ONHCAHUA

HoBrie npeacTaBieHNs 0 BPEMEHH, € MOEH TOYKH 3peHHA,
HO3BOJIAIOT YOOBJICTBOPHTEIbHEIM 00pa3oM paspemiuTh ueNbIH
PAL. METOJOJOTHYECKHX NpobiaeM, KOTOPBIE C MOMEHTa CBOEro
poxaeHns Hecna B cebe KBaHTOBas MexaHWKa. Jlpama ec
LCHTPANBHBIX HICH XOPOIIO M3BECTH2 M3 auckyccuu Bopa u
OHHIITEHHA M NPOJOKAETCA B OOHOBJICHHOH (opME H B HalIH
fuu.  CaM  DHHIITEHH YETKO BBIACAWI fABa OCHOBHBIX
ApaMaTH4YECKHUX MOMEHTa KBAHTOBOH TEODHH: CTaTHCTHYECKHH
XapakTep €€ TNpeACKa3’aHMi M  INapajoKC = HEJOKAIBHOTO
(CBEPXCBETOBOIO) B3aHMOACHCTBHA KBAHTOBBIX OOBLEKTOR. _

BCIIOMHMM, YTO HOBOTO BHEC]A KBAaHTOBasx MCXaHMKA B
nonsTyiineli  annapar  ¢usuxn.  Ilpexnme  Bcero, 310
HCIIOJIL30BAHME BEPOATHOCTHOH BOJHOBOH  (QyHKuMH  UId
ONHCAHHA COCTONHHS OOGBEKTOB M. €ro BOJIOLHMH BO BPEMCHH
BMECTO MCIONB30BAHHA IPEKHAX NOHATHH TOUHON KOOPAMHATE! H
TOYHOH TpacKTOpPHH. BBLIO MOKA3aHO, YTO TAKOE BEPOATHOCTHOE
ONMHCAaHWe MMCCT UPHHUMIHAIBHBIA XapaKTep Jaxke s
HHIMBHAYAJIBHBIX OOBEKTOB M HE MOXET OBITh CBEJCHO HH K
ONMHCAHHIO NOBEAECHHA TPyINsl 06beKToB (yT0 OHUIO OB BrOAHE
IPHEMIIEMO C KJIACCHYECKOH TOYKH 3PEHHA), HU K MOTPEIIHOCTH
PEaNbHEIX H3MEPHTENBHRIX Npoueayp, H T.n. Jeno obcToHT Tak,
kak Gyaro 6 Bor, mo BeipaxeHMio Oiimiureiina, "Hrpaer B
KOCTH". - _

Haiee, B KBAHTOBO# MEXaHHKE COCTOAHHE 0OBEKTa MOXKET
OuITH OTBewaTh CTPOro onpelcncHHo#H cobcTBeHHON (QyHKIHM M
COGCTBEHHOMY 3HAYCHMIO WM Cyneprno3uuuH (xomMGHHAUHH)
TaKuX cOOGCTBEHHBIX cOCTOAHMH (4acTh Oojee oOumieH CHCTEMBI |
MOXKET TaKOKE ONHCHIBATLCH MaTpuued mwiorHocTH). IlpoGrema
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JOTHMECKH CTpOMHOrO ONpEACNICHMS XapakTepa IEpexona
o0beKTa ¥ €ro BOMHOBOH (yHKIMH M3 OOIIEr0 COCTOSHMA B
"ayicToe" (PEmyKUHA BOJHOBOTO MAKeTa) MOMCTHHE COCTABINET
IPOKAATEE M TOJOBHYIO DOJIB MAEOJOTOB KBAHTOBOH MEXaHHKH.
Ilpy 3ToM OHM MOTHAIMBO NPHUHMMAIOT, KaK OYEBHIHOE
06CTOATENLCTBO, YTO TAKOH IIEPEX0A MPOMCXOLUT B HEKOTOPBI
CTPOTO ONPEACNICHHbI MOMEHT BPEMEHH.

' ITpeacrasnenue 06 o6bekrax, TIPeOBIBAIOIINX HEKOTOPOE
BpPEMS B CYNIEPIIO3ZHIIMM BO3MOXHBIX COCTOSHHH, Na)e nodyauno
3. lllpeaunrepa nmpuaymars KOLIKY, OpyAHEM yOMHCTBa KOTOPOH
Morna OBl CTaTh CBOETO poia KBaHTOBAas M'MWILOTHHA; A0 TEX MOP,
NIOKa TaKasi ruAbOTHHA HaXOAUTCA B "CYIEPIIO3HLMH" COCTOSIHHIH
C TOJAHATHIM H ONMYWEHHBIM HOXKOM, IPOKISTHIH BONPOC COCTOMT
B TOM, YTO:>K€ B 3TO BPEMS NMPOHCXOAMT ¢ Kowkoi. Boxee Toro,
nanHas TnpoOneMa MOpOAWaIa CpeaM 3HAYWTENBHOH YacTH
(GH3HKOB YBEPEHHOCTH B TOM, 9TO JI00as PeXyKIHA BOJIHOBOH
bynxuun obycnopiieHa BMemAaTeNbCTBOM HabmomaTens, OTKyAa
HEH30eKHO cnedyer Bonpoc: a xTo Habmonan BceaeHHyo no
TIOSIBJIICHHUA NEPBRIX Habmonareneh 7 S He Brawock B nansHeiimmii
" 0630p mpobneMEbl, KOTOpas ACHCTBMTEJIBHO HMEET Ba)KHEHIuee
3Ha4eHMe ¥ 00CYX)IaeTcs B OrPOMHOM KOJTHYECTBE ITyOIIHKAIHH. -

'

5.2, Ilapahoxc JIIP »n Teopema beana

3HAMECHWTHIA MAPafOKC CBEPXCBETOBOTO B3aHMOIECHCTBHA,
OonmyOIHKOBaHHBIH B 1935 rogy ¥ NOXy4MBWIMI Ha3BAHME
napazpokca Ditnmrenna-lononsckoro-Posena (3IIP), cocrout B
crenytomem [12]. Tlycts” MBI HMMeeM KBaHTOBOMEXaHHHYECKYIO
CHCTEMY M3 [BYX 4YacTHL, KOTOpBIE C TEYCHHEM BPEMEHH
pa3yeTaloTcs Ha o4eHb Oonbuwoe paccrosHue. CoriacHo
KBAHTOBOM MEXaHHMKe, B HAYAILHBIH MOMEHT MEXAY HHMH
CYWIECTBYET OIIPENC/ICHHAS CBA3b (HaIpHMeEp, BEIMYMHA NOJHOTO
CNMHA I8 ONCKTPOHOB MJIM  BEKTOP IOJNAPH3ALMH  JUIA
KOT'€PEHTHBIX (QOTOHOB); NPH Pa3ieTe COCTOSHHME YAaCTHL, MOTJIO
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| Obl M3MEHNTBCA JIMILD B PE3yNbTaTe HOBOTO B3aMMOACHCTBMSA, a
| 3HAQYHT, 3Ta  CBA3b N0 ONPEACICHHOTO MOMEHTA BPEMEHH
T COXpaHfercs.

C TOuYKM 3pEeHHA  KJIACCHUECKOM MEXaHMKHM HHUKaKOTO
IapaJioKCca HET, KAXAAs YacTHLA CYWECTBYET HE3aBHCHMO cama
. 10 ceOe B ONPENETCHHOM . COCTOSHIY, YHACIEOBAHHOM M3 CBOCH
i mpenpicTopun. HO B KBaHTOBOW MEXaHMKE COCTOSHHE BCCH
CHCTEMBI €CTh CYNCPHO3HLMA BCEX BO3MOXHBIX "4acTHBIX"
COCTOSHHH BIUIOTB A0 MOMEHTa H3MepeHus. Ecim Mbl Temeps
. M3MEPHM COCTOSHHE OJHOH M3 dYacTHI, To "penyuupyem"
' BOJHOBYIO (YHKUMIO @cCelf CHCTEMBl (M MMEHHO B MOMEHT H

$axTOM  H3MEpeHHs), BHISCHAM COCTOSHHE O3TOH HaCTHLBL M-
OZHOBPEMEHHO 3a(D)MKCHPYyeM COCTOSHHE IOPYroH (yxe CKOJIb
YrOQHO, AaNEKOH) HacTuubl, TaknMm 06pa3oM, NpeACTaBICHHE O
KOJUIEKTUBHOH BOJNHOBOH (YHKIMHM M 3aKOHAX COXpPaHCHHA
KBAHTOBOTO COCTOSHHS NPHBOMAT K BBIBOAY O HEJOKAILHOCTH,
WIH  MIHOBEHHOM  B3aMMOICHCTBMM ~ HAa  PACCTOSHHH.
ITpuMeyaTensHO, YTO HE H3BECTHBI KakHe-nubo orpaHu4YeHMs Ha
BENTMYHHY PaCCTOSHHS MPH TAKOM B3aHMOICHCTBHH.

OTTaNKHBasCh OT ITOH CXEMBI, MOXHO ObUIO OBl
MOMBITATECH  HEpEiaBaTh HHPOPMALMIO CO  CBEPXCBETOBOH
CKOpOCTBIO. B camOM  sieN€,  OPraHM3OBaB  LEIYIO
HOCNEAOBATCABHOCTS TAKHX PAa3NETAIOUIHXCA 4acTHU (HanpHMED,
MIOCEPEANHE MEXAY MCTOYHHKOM H NPHEMHHKOM HHGQOpMIMH),
MOXHO, Ka3aloch Gbl, "MOAYAMpOBaTE" BO BPEMEHH NPOLEAYPY
H3MEPEHHA COCTOAHMA NEPBOi  HaCTHUBI "3AECH", BIMAA
TpeAcka3yeMbpiM 00pa3’oM Ha Pe3ylbTaT H3MEPEHHS COCTOSHHA
BTOPOH HaCTHIBI "TaM" (M0 TAKOTO 3KCIEPHMEHTA COOOMIMI
asTopy A.B.MockoBCKkHif).

3Ty  NCEBIOAECTEPMHHHCTHHECKYIO CHUTYaLUHI0O  C
onuHouyHOH mnapo uactuu Dk, benn B “cBoeH 3HaMeHuTOMH
TEOpeEME O HEIOKaTbHOCTH onucai [13] B bonee cTporoii dopme,
ONepHpYyIOWEH  ¢o CTATHCTHYCCKUMH  II0 CYHIECTBY
NPEACKA3aHUAMM KBaHTOBOH ~MexaHHkH. OH = IOKasaj, dTO
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- HEKOTOPHIC TAaKME NPEACKA3aHMA HECOBMECTHMBI 'C' YCIOBHEM
CTaTUCTHYCCKOM HE3aBHCHMOCTH pE3yIbTaTOB H3MEPEHWH Haj
YAQIMBIUMMHCA B De3ylbTaT¢ pa3jgeTa Ha INPOM3BOJIBHOE
PAaCCTOSAHHE HaCTHLAMH (3TO YCJOBHE CBOIUTCA K TPOCTOMY
IEPEMHOKEHMIO BeposTHOCTeH). s mpoBepku Teopemnl Beiwta
OBUIH IIPOBEAEHBI SKCIECPHMEHTHI, [0Ka3aBIIHE COOTBCTCTBHE
NPaBHI BEIMHMCICHHA BEPOATHOCTEH TpeGOBAHMAM KBaHTOBO
MEXaHMKH, a4 HE YCIOBMIO JIOK&IBHOCTH TCOPHH, T.€.
CTaTHCTHYECKOH HE3aBUCHMOCTH H3MEPEHHIA. '

Teopernuecknii anmanus OHHmTEHHA J1€r B OCHOBY
NanbHEHWEro pasBuTHA coOmTHEL. B nocienuue necaTwiIeTHs,
rofel H J&XKe Mecausl OypHO Pa3sBHBAIOTCA TEOPETHYESCKHE H
SKCIEPUMEHTATBHLIE ~ MCCIEOOBAHMSK,  CBA3aHHBIE C  TaK
HaspiBaeMOM "TemenopTaumeit” KBaHTOBO KOPPEIHPOBAaHHBIX
00BEKTOB. B MBICJIEHHBIX H PEAJBHBIX IKCIIEPUMEHTaX KBAHTOBOE
cocTosiHNE O0bEKTa NEPEHOCHTCA OECKOHEYHO OBICTPO, HO, Kak
3T0 OBIIO MOKA3aHO, ONMPEENACTCS (M3MEPACTCA) 3a KOHEUHOE
BpeMs, OTBEYAIOWIEE OCBETOBOM CKOPOCTH pacHpOCTPaHEHMS
CHTHAJA. '

5.3. HoBble NpeACTABICHHNA 0 BPEeMEHH H HEIOKAILHOCTD

Bce BpmuenepeuncieHHbie npobieMul TryOOKO CBS3aHEI
 Mexay coGoi M He MOryr OBITh PEHmICHBl [O OTAETLHOCTH.
IToyeMy KBaHTOBasx TEOPHA AAET BEPOATHOCTHBIC NpencKa3aHusa?
Kakum 06pa3oM NPOHCXOAHT PEAYKIHA BOJHOBOH (DYHKLHH NPH
H3MepeHun? CBA3aH M HCXOH PU3HYECCKHX COOBITHH C HATHYHEM
Habmonarena? KaxoB (u3uuecku CMBICH CBA3H MEXAY
KOMIUIGKCHO-CONIPSKEHHBIMHM - BOJHOBBIMH  QYHKUMAMHM — H
obpamenvem BpemeHu? Ha Bce 3TH M HOXOOHBIE BONPOCH A
TENEph MONBITAIOCH JaTh OTBET, MCXOJA H3 3aIAIACMOr0 MHOH
MIOJIHOTO paBHONpABHA MEXIY YETRIPEMS - HHCTO
OPOCTPAaHCTBCHHBIMH H3MEPEHMAMH MCXOJQHOTO KOHTHHYyyMa, 3-
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i

MEDHBIM CEYCHHEM (moxponon) KOTOpOro MABAACTCA Hallia
Bcenennag.

Hpompaucme}momy NEPEMEUICHHIO YaCTHLL OOBIYHO
CTaBAT B COOTBETCTBME OTPE30K . TPACKTOPHH, COCOMHAIOMICH
HAYAILHYI0 H KOHEYHYI0 TOUKH. YK€ Ha 5TOH CTaiuM aHaIH3a
crenosano Gbl onepupoBaTh 6onee TOYHOH KapTHHO}, 3aMCHHB
OZHOMEPHYIO = JIHHMIO  HPOTSOKEHHOH  NPOCTPRHCTBEHHOH
o0nacTeio, OOYCHOBACHHOW BONHOBOH NPHPOAOH 4YacTHLBI H
MOTPEIHOCTHIO ONPEICIICHHS €€ TPAEKTOPHH.

CnepyrOliud JOrHYeCKHH HIAr COCTOMT B TOM, uT06H
BCIIOMHHTS O 4-MepROCTH Bceenennoit. B aeHCTBHTENLHOCTH MBI
JOKHBI PAcCMAaTpPHBATh XaK MHPOBBIC JIMHMM YaCTHL, TaK M
MHpOBBIE O00JacCTH BOJHOBBIX HpPONECCOB B HX 4-mMepHol
NPOMANCEHHOCH U, TOTIA KaK HX IPOSHHH Ha IPOCTPAHCTBEHHBIC
M BpPEMCHHYIO KOMIOHEHTHl = 3aBHCAT JIHIUb OT BHIOOpa
du3NUECKOH CHCTEMBI OTCYeTa. XOTA 3TOT TE3UC MMEST BEChMa
oMM XapakTep, OAHAKO MMCHHO B IPHMEHEHWH K mpobieme
HEJOKaNbHOCTH OH mpHoOperaeT BechbMa HETPHBHAIBLHOC
3Ha4YeHHME. Y4eT 4-MEpHOro xapaxkrepa peajbHoro Mupa mumaer
(M3NYECKOTO CMBICIa OINMCAHHWE YHCTO IPOCTPAHCTBEHHOM
HENOKATBHOCTH. CIIEAOBATEIBHO, 018 HENOKANbHBIX NPOUECCos
HEJb31 TOBOPHTH O COCTOSHHH HE TOJBKO B onpedenennoii mouxe
3-MEpHOr0 TPOCTPAaHCTBA, HO H B OHpedeNeHHbll MOMeHM
BPEMEHH. ,

HpOCTpaHCTBeHHaﬂ HENOKANBHOCTh HE ABIACTCA  IUIN
¢u3nku 4eM-t10 0coOcHHBIM, HeoObiuHBIM. OHa sBIAETCHA, B
YaCTHOCTH, TPagMUMOHHBIM aTpubyrom Ooapmioro xiacca
BOJIHOBBIX 32124, ONHaxo IJIS HENOKATLHOCTH BO BPEMEHH MeECTa
B (H3MKe 10 CUX nop He Obino, BBEJECHHE B HaydHweli 0GopoT
NPEACTABICHHA O - 6DEMEHHOU HENOKAAbHOCMU, 5 ITyMalo,
ABJIAETCH BaXXHBIM HOBILIECTBOM.

Iipn ob6cyxnenun . npoGneMbnl peOyKLHMH  BOJIHOBOH
GYHKUHM KBaHTOBOTO OOBEKTa B CBA3H C M3MEPEHHEM €TO
COCTOSHHA MOJYAJIHBO HPEATIONATAETC CeNnapabeasHOCTh M
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aKTyajdbHag  HeoOpaTMMOCTP  BPEMEHHM, T.€.  ANpPHOPHas
OTIENHMOCTh OJHOTO MI'HOBEHMS OT APYIOr'0 B TOM CMBICIIE, YTO
COCTOSHHE 06BEKTa OGBEKTHBHO ONpENCICHO B KAKAOE TaKOe
MIHOBCHHE M YTO. B K&XKIOC NOCHCAYIOMEE = MIHOBCHHE
| HpEJILECTBYIOILEE COCTOSHME Y)KE€ HHKOMM oOpasoM He MOXer
6uiTh M3MeHeHo. IIpH 3TOM MoJeNh BPEMEHH, MCHONb3yeMas B
¢u3HKe, aHAJOTHYHA MOJENH BPECMEHH B PYCCKOM SA3bIKE, IUIA
KOTOPOTO HacTOsee HABJIACTCA MIHOBEHHEM, TOYKOH Ha OCH
BpemeHH. Jlyxy TEODHH OTHOCHTEIBHOCTH, GeCCIIOPHO, OTBEYaeT
HMEHHO TaKOE NPE/CTaBNEHHE O BPEMEHH. :

} >

Puc. 5.1. MreoBeHHOE HACTOALICE

Mexgy TeM B GH2AUICKOM S3BIKE HCTIOJNB3YETCH HHAA
CEMaHTHYeCKasd MOJACIb BPEMEHH, B KOTOPOM HAaCTOfIICE
paccMaTpHBaercs INPOTSDKCHHBIM, T.e. HpeacraBnser coboit Ha
ocu BpeMeHH He TO4YKy, a uHrepsan. (Cp. "SI nocemun myseit
Buepa/ceroana” ¢ “I visited a museum yesterday / I have visited a
museum today”). Koncrpykmms “I visifed“ noxaseiBaer, 9T0
AJCHCTBHE 338KOHYCHO 00 HA¥aaa NPOTAKEHHOTO HACTOAIIETO,
KOTOPO€ B IOAHHOM CIIy4ae OTOMXAECTBISETCH C CETrOJHSIUIHMM

IHEM (a HE ¢ TEKYILIMM MTHOBEHHEM, KaK B PYCCKOM H3bIKE).

=
Puc. 5.2. [IpoTskeHHOE HacTOsALIEE

VIMeHHO Takas MOIEITh BPEMEHH, KaK MHE KaXeTcs,
JOJI’KHA IIPHMEHATLCH B KBAHTOBOH TEOPHH. B COOTBETCTBMH C
3THM IPEACTABIEHHE O PEAYKUHH BOJHOBOH (YHKUMH H3
CMENIAHHOTO COCTOAHME B HHCTOEC| 8 OnpedesieHHbllE MOMEHm
épemenu  sBifercs  HenpaBoMepHbiM..  CocTOsHMS B
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NPOMEXYTOYHOH (BpeMEeHHOH) 001acTH ONpPEncHcHBl Cpa3y H
HAYanbHBIMM, H (QUHAIBHBIMH YCJIOBHSMHM, 3 €CJIH BHIPAXKATHCA
ele TOYHEe, TO COCTOAHME BHYTpH Beeit 4-MepHOH obmactu
AOJDKHO OTPENEIATHCH YCHOBHAMH Ha €€ THIEPIIOBEPXHOCTH.

-~ Tak, “pacupocTpaneHuio” KBaHTa 3JIeKI'p0MaI‘HPlTHOI‘O
nojis OTBEYaeT, KaK yKa3hiBaIOCh BHIIIC, HaHe. “crosuei”
BOJIHB BJOJIb. M30XPOHBI, OJHOBPEMEHHO npncyrcmyromen B
KaXJOH TOYKE MPOCTPAHCTBCHHOM 001aCTH MEXK Ty HCTOYHMKOM H
NpHEMHHMKOM H3mydeHHs, ITo ocu BpeMenn 3Ta 06nacTh TaKke
HMEET HEHYJEBYIO NPOTHKEHHOCTh. IlpaBHIbHOE IOHMMAHME |
NPHPOJAE! HENOKAILHOCTH aKTa M3JTydeHHs/moriouieHus Gporona
CBOAMTCE K TOMY, YTO OGNACTh HENOKAIBHOCTH OTlPaHHYEHa
neyms (wmi Gonee) 4-MEPHBIMH COOBITHAMH, a HE ABYMA 3-
MEpPHBIMH TOYKaMH HPOCTPAaHCTBA (B COOTBETCTBHH C MACAMH
Jox.Vunepa n P.QeliHMaHa, rpaHA4HBIC YCIOBHA ONPENEAIOTCH
HE TOJNBKO H3IydaTeieM H TNOINOTHTENEM, HO TaKKE H
B3aMMOJCHCTBHEM CO  BCEMH  OCTalbHBIMH  OOBEKTaMM
Bceenennoit). Iloaromy B TeueHHE BCEro npOMeEXyrKka BpEMEHH OT
M3IY4CHHUA 0O NOMIOILECHHA (POTOHA IO OTHOWICHHIO K HEMY He
umeem QU3UUECKOZ0 CMBICTA 2060pUMb O npedmecmeymmux u
ROCAEOYIOUWUX MCHOBEHURX.

3ameTHM B CKOOKax, 9TO ¢ KIACCHYECKOH TOYKH 3PEHHMS
CHTHANl M3JTy4aeTCsi B PA3IMYHBIX HANPABJICHHAX HE3A6UCUMO OT
ero Oyaymedl perMcTpauyMy B TOM HJIH HHOM MECTE Hepes
COOTBETCTBYIOIUME  IPOMEXYTKH  BPEMEHH,  OTBEHAIOLIHE
IJIMTENIBHOCTH €r0 PaCpOCTPaHEeHHA A0 31oro Mecra. boxee Toro,
KJIaCCHYECKas TO4YKAa 3PEHHA BOOOILE HE CBA3LIBAET IPOLIECC
H3IY4EHHA C BO3MOXHOH B QOyaylieM €ro perucTpaumeii,
GopManbHO TrpaHMUHBIE YCHOBHS Ha OCCKOHEYHOCTH U
duHaTLHEIE YCNOBHS I OGECKOHEYHO Jalekoro OGymymiero
NPUHHMAIOTCA HYJICBBIMH (pEILEHHE c. “3ana3AbIBaloOINMH”
NOTEHUMAIAMH). _

C HOBOH TOYKM 3peHHMA "MAKPOCKONMYECKMH' HPOLECC
HTYYeHHs HpeacraBnfeT coboil COBOKYNHOCTb HEKOTOPOTO
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YHCIAa HEJOKAILHBIX B NPOCTPAHCTBE H BPEMEHM 00nacTes,
CBA3LIBAIOIIMX ONMH M- TOT >E€ HCTOYHHK C MHOXECTBOM
pasauuHbix npuemHukoB. [1a HAX KkpacBbie M (PHHAIBHEIC
YCIOBHMSA OTJIHYHBEL OT HYAEBHIX (CHMMCTPHUHBIE pemICHMA C.
“3aT1a3ABIBAIOIIMMH° M “ONEPEXAIOLIMMH’ NOTCHUHATAMH), H
NMUL B pPE3yNbTaTe YCPEOHEHMS II0 BCEM TAKHM KBAaHTaM
“omepexalomMe”  pEHICHHS , B3AHMHO  KOMICHCHPYIOTCH.
IIpeacraBnenne 0 TPaAHIHOHHOM MCTOYHHKE CUTHANA BO3HHKAET
JMIIb HA MAKpOCKonuweckom ypopHe Onaronaps COBIIafeHHIO
Ha4YaTBHBIX (HO pa3nuuuio QUHANBHBIX) YCIOBHM. 414 GONBLmIOro
4HCIIA MUKDPONPOYECCO8. X

OTy KapTHHY MOXHO yYHOZOOHTE OHHOBPEMEHHOH
BeICAJKE M3 NpHOBBINEro noe3na Gonsworo yucna monch. Jns
CiTyuaHHOro HaGMIoAATENA 3TH NIOAM XaOTHYECKH PAaCXONATCH BO
BCEX BO3MOXXHBIX HANIPABJICHHAX, TOTAa KAK KaK KayKIblH H3 HHX,
clefys COOCTBCHHBIM MapuIpyTOM, OBHXKETCA X HAMEYECHHOM
UeJM, KOTOPYK M JOCTHraceT, OPEeoHONeBas OMPEICICHHOE
paccroaHHe 3a onpeaenenHoe ppemsa. He wmeHee HHTEepecHa
ofpaTHas cHTyauus ¢ IIOCaAKOil HAa OTHPABIMIOIMIACH 1OE3].
30ecr  O4YEHB HArAAgHO MPOABIACTCA  PA3AMUHE MEXAY
NpoueccaMyu Ha MEKPOYPOBHE H MakpOYpPOBHe.

TOo4HO Tak KE ¥ LIS YACTHIHI C JOCBETOBOH CKOPOCTBIO
peoyKuMsi BOJHOBOH (DYyHKUMH M3 CMEWIAHHOTO COCTOSHMA B
4YHCTOE He NMPOUCXOLHT B KaKOH-1HOO Momenm Bpemenn. Taxas
penyKuus npeacTaBaser co0oil HeNOKambHOE (Kax BO BPEMEHH,
TAK H B TPOCTPAHCTBE) HBICHHE, OMNMpEHCIAEMOe BCCH
COBOKYITHOCTBI0 CBOMX KpacBhIX, HAYANBHBEIX H (PHHATBHEIX
ycnosuii. B cBeTe pa3BHBacMbIX 3XECh MPEACTABACHUN O BPEMEHH
B | pacIiupsioulcics ° BceleHHoM i1 ABYX KBaHTOBO
CKOPPEIMPOBAHHBIX YaCTHI, pa3leTaloIUXCI ¢ JOCBETOBOH
CKOPOCTBIO, MOJYYMM HEYTO MOXOKEE HA HWKCCISTYIOLHit
TpeyronbHuk  (puc.  6.3),  orpammuuBalomii  00xacTh
HEJIOKQIBHOCTH JAHHOTO TPOLECCA MEXAY M30XPOHHBIME
ceyenusMu pamuycoB R u R+dR. Ilpu 3rom B Kaxiom
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§H30xp0HHOM CEYEHHH MEXAY 4aCTHUAMH KOPPEIAUHA MOXKET
106ecricYnBaTLCA MEXAHH3MOM, MOAOOHBIM MEXAHH3MY H3TYHEHHS
‘CO CBETOBO# CKOPOCTBIO PaCIpPOCTPAHCHHA.
: - R+dR

Puc. 5.3.

. Tlosromy kapTeHa AMQpPAKUMH 3NEKTPOHE 3aBHCHT OT
HOJHOH KOHQHIypaluH OIkITa; MOITOMY HE HMEET CMEICIa caMa
HOCTaHOBKa BONPOCAa O >KH3HM H cMeprH Komku UWlpeaunrepa B
"IpoMeEXyTOUHBIE" MOMEHTH BPEMEHH MEXIY cpabaThiBaHHAMH
"kBaHTOBOH rmaeoTHHB". Ilo3TOMy ¢m3HKamM He cieayer
3a00THTECE O HamMH4yMH Habmoparens (OBITH MOXET, CaMoOro
locnona Bora), a Takke O NPaBWIBHOM Pa3sTPaHHYCHHH MEXIY
"MHKPOCKONHYECKHMU" H "MaKpOCKOIMHYECKHMMH" H3MEPHTEb-
HeiMM 1npubopamu, yTOOB rapaHTHpPOBaTh KOJUIAIIC BONHOBOH
¢yHKIMHE B MOMEHT M3Mepenus. Mamepenue (HaOmoacHue)
WIPaeT Poilb B TOUHOCTH B TOH MEPE, B KOTOPO# OHO caMo 110 cebe
3agacT (UHaTBHOE YCAOBME. ECIM HMMEHHO OHO CIOCOOHO
¢HKCHpOBaTh mNapaMmerphl BOJNHOBOH (YHKuUMH, TO 3T0 M.
TIPOMCXOIMT; €CIH XKe, HATIPUMED, NapaMeTPRl U3MEPHTEIBHOTO
YCTpOHCTBA HECOpa3sMepHhl IapaMeTpaM MHKpompolecca, 0o -
OHO (YCTPOHCTBO) JHMIUB YCpeAHACT 3a(pUKCHPOBaHHBIE HHLIMH
06CTOATENBCTBAMH  PE3YNBTATEl MHOTHX MHKPOMNPOLECCOB, TO
MOXKHO 1npeHeOpeds  BIHAHHEM TakOro  HM3MEPHUTENBHOIr0

yCcTpoiicTBa/HabMIOAEHUS. Cam TPOLECC ~ H3MEPEHMA
npeacrassigeT coboit Habop PHHANBHBIX YCIOBHH, (PHKCHPYIOMIMX
pE3yIbTaT H3IMEPEHHUA, |

TloueMy  KBaHTOBasx  MeXaHMKa  ONEPHpYeT ¢
BeposTHOCTMH coOpTHH? [louemy B mpocTelimux cirysasx oHa

A\
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HPEANHCBIBACT BBIYMCIATH BEPOATHOCTH B BUAC HHTEIPAJIOB MO
BCEM - BO3MOXHBIM = KOMOMHAIMsM  (UMHAJBHHIX  YCIOBHH
(ucxonoB)? OrBeT Ha 3TOT BOHPOC, NOCTABHBIUHI ' CTOJNBKO
rojioBHOH ©0NH MiconOraM KBaHTOBOH (M3HKH, ¢ MOell TOYKH
3peHns TpusHaileH. (CiydaHHOCTh He NPUCYIA NMPHPOJE BEIUECH
KaK TaKOBOH, 3T0 IPOCTO HALI CHOCOG AnOCMepUopHoli OYeHKu
JOJIH OTIpeCIEHHBIX HCXOJ0B O OTHOLICHMIO K MOXHOH rpymnne
ucxonos. Haswisadg HCXOA cayuaiinbim, Mbl yTBEPKAAEM JIHIIB TO,
YTO MONHAK NHGOPMALKS O HEM OTPEACASETCS HE PaHee MOMEHTa
(XOHLa HHTEpBana BpeMEHH) ero peanusaunu. Ecin it 1enoukH
JIOKaNIbHHIX BO BPEMCHH COORITHH MBI TEOPETHYECKH MOXEM
OPEACKa3aTh HCXOA MNOCACHAHHX H3 HHMX HIH CY3HTh Kpyr
BO3MOXHBIX MCXOJOB, TO IJIfi HEJOKAIbHLIX SABJACHHH 3TO IO
ONpEaeACHHIO HEBO3MOXHO, M OCTA€TCA JIMIIL HCIONb30BATh
BEPOATHOCTHBIC OLIEHKH.

TakuMm o00pazoM, pe3yabTaTHi KBAHTOBOMEXAHHYECKHX
M3MEPCHHH HE MOTYT OBITH OJHO3HAYHO IpPEACKa3aHbl MOTOMY H
TOJBKO JIHIIG NOTOMY, 4YTO 3TH H3MEPECHHA CBA3aHBI C
HETOKANbHBIMU 80 @peMeHu. npoueccaMd H TpeOyroT 3anaHMs
¢uHanpHEIX ycmosui ! B Tex curyanmsx, Korga (pPMHAIbHEIE
YCIIOBHS HE MOTYT OBITh OJJHO3HaYHO YKa3aHEl, HE MOXET HATH H
peun 06 OJHO3HAYHOM OIIMCAHHMH PELICHHA, T.€. 00 0AHO3HAYHOM
npenckazauuu, TakuMm 00pasoM, ciyvaitmeie coBbitms (ams
KOTODBIX MOXHO CHACJaTh JIMIUb BEPOATHOCTHBIE IPEACKA3aHHA)
no onpedenenuio COBNANAIOT C TAKMMM, KOTOphle TPeOyioT it
CBOET0  OIIHCapWA - 3a4aHuf  (PHHAIBHBIX  YCIOBHH, T.€.
' ONPEACIMOTCHA B TOM YHCIC M OyayLMM, a He TOIBKO IPOILIEIM!

Hnes BpeMEHHOH HEIOKAIBHOCTH TMO3BOJNACT TaKKe
AyYie TOHNTh NpPUpORXY OOCTOATENBCTBAZ, KOTOPOE, Kak
ykasbiBaeT K.IIpuroxkus, nano ocHoBanue eme A DIIMHITOHY
[14] 3aMeTHTB, YTO KBAaHTOBBIC BEPOATHOCTH TIOJNYHAIOTCA NMyTEM
BBEICHMA .  ABYX CHMMETPHYHBIX CHCTEM BOJIH,
PacIpoOCTPAHAICIMXCS B MPOTHBONONOXKHBIX HANPABJICHHUAX IO
BpeMeHH. To4nO Tak Xe¢ B Teopum nois obwWwee pelieHHe
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' BOJIHOBOTO YPaBHEHMSA HapALy C WICHAMH C "3ala3AblBAIOIKMH"
. MOTEHUHAIAMH JOMYCKAeT ClaraeMeic ¢ "ONepe}atoUHUMH"
" MOTEHUM@IAMH, H C - TOYKH 3PEHHA  OGLICIPHHATHIX
NPEACTaBACHHH O BpPEMEHH 3TO  BBI3BpIBaCT  Oosbuine
NICHXOJIOTHYECKHE TPYAHOCTH. OQHAaKO € TOYKH 3pPEHHA HOBOTO
NoJXoJa pe3y/IbTaT MMEHHO TaKOB, KaKOTO H CJICAOBAJIO 0KHAATH:
ABE CHMMETPHYHBIE BO BPEMEHM CHCTEMBI BOJIH II03BOJIAIOT
y4eCTh KaK Ha4ajgbHBIE, TaK MW (HHAIBHBIE ~ YCIOBHA B
HENOKAJILHOM BPEMEHHOH 00MacTH; B CIy4ae CTALHOHAPHBIX
COCTOSTHM} MHAMBIC YaCTH (DYHKIMH IIPOCTO KOMIICHCHPYIOT APYT
' opyra;. OWIHHEHHOCTh - GOPMEI COOTBETCTBYET TOMY, HYTO
HaYyalnbHbie H QHHANIBHRIE YCIHOBHA ONPENENAIOTCH IS SHEPIHH,
HpOTIOPIHOHANBLHOH KBAIPaTy aMIUIHTYABI BOJHEI.

Ecin Baymareca, 10 (opmymnpoBka mnapagokca OJIIP
OTpaXKaeT BCEro JIMIIbL NPEACALHBIA CiTyuail oOmeH cHTyalHH c
KBaHTOBOMEXAHHUYCCKAMM OOBEKTAMH: BOJHOBax QYHKUMA 1O
OIIPEAC/ICHHIO TPEACTABIACT COOOM IEJIOCTHOC OIHCAaHHE UIA
HEKOTOPOH IPOCTPAHCTBEHHO-BPEMEHHOM 06macTn, O6bIYHO NpH
aHanu3e OIIP-B3auMOneiicTBHS pacCMaTpHBAIOT JHIIbL €I0
MPOCTPAHCTBEHHLIH  ACHEKT, WIHOPHPYS OTPaHM4EHHs BO
BPEMEHH, 4 OHM TPHHIMIHATLHO CYIIECTBYIOT. 3leCh CKOpee
MMEET MECTO MapajoKC MNCHXOJOIMYECKHH: CaMa e TeopHs
OTHOCHTEIILHOCTH TpebyeT B3aHMOCBA3aHHOTO y4era
HPOCTPAHCTBEHHBIX M BPCMEHHBIX KOMIIOHCHT, CBA3bIBAIOLIMX 4-
MEpHBIE COOBITHS. v

B wacTHOCTH, mnepejaBaTh COOGIIEHHA CO CIIHLIKOM
GONBLIOH  (CBEPXCBETOBOM) CKOPOCTBIO 110 BEIINEOMHCAHHOM
cxeMe A.B.MOCKOBCKOr0 HEBO3MOXKHO IIOTOMY, 4YTO HeENb3A
"MOAYIHpPOBaTE" BO BPEMEHH HNPOLERYPY HU3MEPEHHA COCTOSHHA
YaCTHIB!I CAUMIKOM Donbutoid 4acTOTOH, IIOCKOJNBKY miobas
yacTHua 00J1a/aeT BOJHOBBIMH CBOMICTBAMH H, COOTBETCTBEHHO,
de-bpoiinesa uacmoma ee xonebanuit dondxcna OGvimd 8vilue
MAKCUMANBHOU HaACMOmbl MOOYIAKUU; B TPOTHBHOM CIlydae
rOBOpHTH O Iiepeaaye wHbopMammy He mnpuxoaurcs. Ilycrs,
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HalpuMeEp, pedb MOCT O Napax KOTCPEeHTHBIX (OTOHOB, - Ui
KOTOPLIX TONSPH3ALMS H3MEpSETCS ¢ NOMOIIBIO (uiIsTpoB. B
aToM ciayqae nepHon T Moaymupylolued 4YacTobl 00adceH
NPEBOCXOMNTE BpeMs npoiiera (GoroHoM paccrosuus L mexay
HCTOYHHKOM H ACTCKTOPOM, HIOITOMY 00#cHo Ooims T > Lic, T.e.
abdexTuBHasL CKOPOCTH MEpeAayd MHGOPMAalHH HE MOXKET OBIThH
Gonpwe BenMuMHB c¢. VIHBIMH  cIOBaMH, pa3jeTaloILHECcH
KOT€PEHTHEIE (DOTOHBI B TEUSHHE BCEro MPOMEXKYTKA BPEMEHH (6
HPOU3GONBHON cUCMEMe Omcuema) OT MOMEHTA H3TYYEHHA [0
MOMEHTa ACTEKTHPOBaHNA NPEACTaBIAOT CODOH HENOKAIbHBIN He
TOJBKO B NPOCTPAHCTBE, HO M BO BpeMEHH aHcamOub. JlroGoe
IPOMEXKYTOHHOE M3MEPEHHE (MM HOBBIH aKT M3JIY4CHHA,
BIMAIIUH HA PE3y/IbTaThl H3MEPEHHUA) ITOT aHCaMOIb Pa3pyIIHIO
061, IIOPOMB HOBHIC YaCTM4HBIC aHCAMONH, HE COCTABJIAIOLIHE
nepBoHavyanpHOro. TakuM 0o0pa3oM, KBaHTOBasA MEXaHHKa caMa
~comepxuT B cebe orpaHnyeHHs (MEXaHH3M KOPPEIALUMH BO
. BDEMCHH), ' KOTOPBIC YCTPaHSIOT BO3MOXHBIH, Ka3aloCch Obl,
NapafioKC CBEPXCBETOBOTO BIaUMONCHCTBHA B IPOCTPAHCTBE.
MOXHO IpearnoaoXHTh, YTO yKa3aHHEM Ha MEXaHH3M
BPEMEHHON KOPpEIALHH ABASCTCA H SPPexT “‘paciurbiBaHusa”
BOJIHOBOIO makeTa (cM., Hanpumep, [18]). McxoansiM obpasom.
_(BOJIHOBBIM makeToM) s biioxuuuesa ciayxur rpadux BOITHOBOM
GYHKIMH ¢, OTIAHYHOH 3aMETHHM 00pa3oM OT HyiA (B HAYAIEHBIH
MOMEHT BPEMEHH) JHWb B OYECHb MAaJlOH IHPOCTPAaHCTBEHHOH
obnactn Ax. Takas OQYHKUMA He COOTBETCTBYET HACAIBHOM
(Touedno¥H) YacTHLE, BOINOBaA QYHKIHMA KOTOPOH MPEACTABAAET
co0OH 3KCIOHEHTY ¢ MHHMBIM noOKa3ateneM. Takas QyHxums
COOTBETCTBYET, KaK IPaBMIbLHO YKa3eiBaeT biloxuHueB, poro
KNACCHMYESCKMX YaCTHH C HEHYJICBBIMH CKOPOCTAMH, KOTOPBIH CO
BpEMEHEM TaKKe pacluibiBaercs. ECIM  paccMOTpeTh  He
MTHOBEHHYI0 (oTorpaduio pos, a COBOKYHHOCTb TpaeKTOpHH
COCTaBJIIOIIMX €0 YaCTHL, TO B KAMCOOM CEUCHHM JETrKO
YBHACTbL TEHACHUMIO DACIUHPDCHHA TpPYOKH TpacKTOpHi, T.€. -
MHCTHKM 3[1€Cb HHKaKO# HET — CHTyaliHsd OMNpPEACHACTCA He
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TOJIBKO KOOPIMHATAMM, HO H HX NPOH3BOAHBIMH IO BPCMEHH.
Ecan npeanonoxurs, 9T0 mogo0HOro poaa BOJHOBasA QyHKLMA
OTBEYAET KOMIICKCY KBAHTOBO CKOPPEIHPOBAHHBIX YaCTHLI, TO U3
npuseaeHHsIX B [18] dopmyn ciaeayer, 4ro pasMepsl BOTHOBOIO
MaKeTa PACTYT COPa3sMEPHO BPEMCHM DACHPOCTPAHEHMS NAKETa,
T.€. YTO NIPOCTPAHCTBEHHAR H BPEMECHHAs HENOKAIBHOCTD SBIIEHHA
B3a¥IMHO COTJIACOBAHBI IIO HOPAIKY BEIHYHHBI (CM. pHC. 6.3)..

UCKIIOUNTENBHO  CHMIITOMATHYEH - 3aKTIOYHTENbLHBIH
npumep BroxMHIEBa, B KOTOPOM OOCYKA&eTcs, Kak iKe
MCIONIB30BaTh IONYYEHHEIH pe3yabTar. B Tex ciydasx, Koraa
OTHOCHTEIBHOS PACIUIBIBAHHE BOJIHOBOTO HaKeTa Maio (T.. B
3KCIIEPHMEHTE He Habmonaercs), T0 H XOpOWIO — MOXHO
WTHOPHPOBaTh. A BOT KOII4 OHO IIO0 pacyeraM HE Maio, TO
(rOBOpHT BIIOXMHIEB) aHANH3IMPOBATh CHTYALHIO CPEACTBAMH
KJIaCCHUYECKOH MEXaHMKH HEIB3A. A Kak 'Ke IHOCTYNHTh (CPOCHM
Mb)? A HafO NPHMEHATh KOPPEKTHEIH KBAaHTOBOMEXAHMYECKMH
HOAXOA, KOTODbIH He npeonucviéaem BBIYHCIATE CTCHECHB
PaCIUIBIBaHMS ~ YMO3DHMTEILHOTO  BOJHOBOTO = Naxera, a
npednucvigaem YIUTHIBATH HAYAILHBIC, KOHCYHBIE M MPAHHYHBIE
YCIOBHA [JIA TIPAaBMIBHOTO ONPEACNECHHS BMJA BOJIHOBOH
$yHKIHH. ,

Ewme pa3 xoren 661 QOparnThb BHUMAaHHE YHTATENd, 4TO
NIPE/UIOKEHHBIH = MHOH Y4€T HENOKAWIBHOCTH BO BPEMEHH HE
CBA33aH C PealbHOH WIH TMIOTETHYCCKOH 801104 uUell 601H060U
@yukyuu Bo Bpemenn. OH NO3BONAET PpEWIHTh APYTYIO
METONONOTHYECKYI0 3aJady — 3aMCHHTh HICK MZHOGEHHOZ0
Koananca CyNepIo3HUMH COCTOSHMH (X OmZHOH H3 ee
COCTABJIAIOINX) HA MAEIO O TOM, 9TO CIIOBO MZHOBEHHBII BOOOIIE
HE MMEET CMBICIIA HA 3TOM IPOMEXYTKE BPEMCHH Memly HaYaJIoM
M KOHLIOM B3aMMOJCHCTBHUA. _
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" 6. 0O HEOBPATUMOCTH

Kak roBopmwiocs B camMoMm Hauai€ paboTl, B HayKe yxKe
JAaBHO OOCYKIAacTCA TaK HaseiBaeMas “crpena BPEMeEHH
(M.Ipuroxuu [2] roBOpHT 0 “napagoKkce BpeMEHH”), CBA3AHHAA C
HEOOPaTHMOCTBIO TIOAABIAIONIETO GOJBIIMHCTBA TIPHPOJHBIX
ABJCHMA ¥ BTOPHIM HawanoMm TepMmoaunammnku. C MoeH ToUkH
3PEHHUA, 3aMEYaTeNBbHO I'TYOOKHH aHamM3 (PH3HUECKHX aCNEKTOB
aroit npobnempt pman HemaHo C.J[.Xaiiryn, B xHure [l5]
KOTOpPOTO IPHBEACHAa M HCuepnbiBatoias Oubmmorpadus. S
nosgomo cebe B JaIbHEHIIEM M3NOKEHWH OrPaHHYHTHCA
CChUIKAMM JIMIIb Ha 3TH fBE paGoTsl, a‘ TaKKe Ha KHHTY
C Xoxunra [1]. o

6.1. HeoOpaTHMOCTb M KOCMOJIOTHS

OcraHoBHMCH BHAYANE Ha  TaK  HAa3BIBACMOH
'KOCMOJIOZUMECKON  CTpENie  BPEMEHH. B COOTBETCTBHH  CO
CKa3aHHBIM B pazfielie 2, KOCMOJIOrHYecKas MOJeIb DHHITEHa-
®puaMaHa JOITYCKAeT TPH KJIacca PemieHHH, OJHO M3 KOTOPHIX
ABHO BBIICNACT CTPEIYy BPEMEHM, OTBEHAIOWYI0 HEOOpaTHMOMY
pacminpennto Bcenewnoi. Ilo xpaitHedt Mepe gt Takoro
peleHns HEOGPaTHMOCTb 3BONIONMH  YCYTYONSETCH  CaMMM
¢akrom poxnenns Beenennoit, mnu Bonsmioro B3peisa. Bot yto
n#ier astop [2]: “Bonswoi B3phiB MOXKHO pacCMaTrpHBaTh Kak
HCOﬁpaTHMblPI NPOUECC B CAMOM YTO HH Ha €CThb YMCTOM BHje. B
caMoOM Jiefe, YTo ModKeT 5BITB 6oinee He06paTnM51M ueM PoLECe
nepexopa M3 “HHYero” (KBaHTOBOTO Baxyyma) B Hauy
Bcenennyio ¢ ee MaTepHeii-3Hepruei?”.

B naHHOM KHMIe f MOMBITAICH HOKa3aTb, YTO CaMO BpeMA
Kax TAKOBOE HEPa3’pbiBHO CBA3AHO C PEAILHBIM HANPaBICHHEM
n3MeHeHHs pagvyca Beenennol. 3ameuy, uro ecnu 6l ee paguyc
YMEHBIAJICH, BpEMA TEKIO Obl B 06pamuyio CTOPOHY, a €CITH 3TOT
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. pagHyC CTAHET NOCTOAHHBIM, BPEMs OCTAaHOBHTCA (3TO pemarouice

"Ins Hamie MOJENM yTBEPKACHHE BpAl JIH MOXET OBbITh
I IpOBEpPEHO IKCIEPHMEHTANBLHO - BIPOYEM, KAK TOBOPUTCS B
OfHOH (QHMHCKOH HpHTYE O msyx COCeIiX M MX HECHacThAX, KTO
© 3HAET).

6.2. HeoOpaTumocts 1 TepMo)m_namnxa

‘PacCMOTpHM TEHEPh BONPOC O  MEPMOOUHAMUYECKOH
crpene BpeMenw. Ilpuroxun [2] mumer: “Bropoe Hauaio
TEPMOJHHAMHMKH B TOM BHIE, Kak ero chopmynuposan Kiaysuyc,
T.€. YTBEPXKICHHE O TOM, YTO BCE IPOMCXOIAIINE B HPHPOJIE
NPOLECCH  BBI3BIBAIOT YBCIMYEHHE OHTPOIMH, OTHOCHTCH K
pusnko-xuMH4HeCKMM npoueccaM. K 3THM npoieccaMm OTHOCATCS -
XHMHYECKHE PEaKIMH, NEPEHOC TEIIa MITH BELICCTBA, ;m(bq)ysvm
H T.X. BCe 3TH NMpOLECCH YBEIMYHBAIOT SHTPOIHIO H HE MOTYT
OBITh ONMHCaHBl B TEPMHHAX OOpaTHMBIX IpeoOpa3zoBanuii, KaK B
IpUMEPe C KONCOaHMAMH MafTHHKA. Kakpas XHMHuecKas
PCaKIMa YCTaHaBAHBACT HEKOTOPOE pasiiMyHe MEKAY NPOLLIBIM H
OynylwHM: OHa SBOJIOUHOHHPYET K PaBHOBECHOMY . COCTOSHHIO,
KOTOpOE  JOMKHO  CylIeCTBOBaTh B Hamem  Oyaymiem.
AHaorMuHBIM  OOpa3oM B  M30JMPOBAHHOM CHMCTEME Bce
HEOAHOPOIHOCTH PacHpesic/ICHHA TEMIIEPATYpPhl CrIaXHBAIOTCH, H
B OyxylueM pacHpefeneHHe CTaHOBHTCS ONHOPOAHBIM. Taxum
o6pa3oM, 3BomIONHA o0peTaeT BeCbMa OrpaHHveHHBIH CMEICT: OHa
NPHBOJANT K HCYE3HOBEHHIO NOPOKAAIOLINX €€ IPHIHH",

“IIpobnema HEOOpPaTHMOCTH INPOCTA MO q)opMmepOBKe. -
Kak ¢usnka sasiserca GyHIAMEHTOM eCTECTBO3HAHHMA, TaK H Cama
¢usnka noxourcs -Ha Mexawnke Heiorona-IammisTona. Ho
YPaBHCHMS MEXAHMKHM CHMMETPMYHBI BO BPEMEHH, €€ MHp
obpatmM, TOraa Kak peagpHBle NPOLECCH HeoBpaTHME,
ormeyaeTcs B [15] (pews mumer o 3aMKHyTBIX (U3HUECKHX
CHCTEMaX).
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- IIpuroxus, KOTOpBIH ABAAETCA ~ BBIAAOLMMCA
COBPEMEHHBIM CHEHHATHCTOM B 001acTH (H3NKM HEOOPATHMBIX
mpoueccos, B pabGore [2] mombITaJNICA NPEOAONETbL  ITO
¢byHaaMenTanbHOE NPOTHBOPEYHE 3@ CYET HCNOJIB30BaHUA Oonee
“Goraroro” (ueM npocTpancTBo [Wisbepra) mpocTpaHCTBA
GbyHKupMH, ONMCHIBAIOIMX KBAHTOBOMEXAHHYECKYIO 3BOIOLHIO
COCTOSHMH. B HCNONB3yeMOH HM. MOZENM K HCHCTBHTEIBHOMN
YaCTH MMOKA3aTeld IKCIOHCHUMATBHOIO MHOXHTENS A06aBsercs
~HJIM BBIMHTAacTCA (B 3aBHCHMOCTH OT 3HaKa BPEMCHH) Maias
MHMMas 9acTh, 4TO ABTOMATHYECKH NO3IBOJSCT BHECTH PasiiHuMe
MEXJAy npouutbiM M Oyaymmm. OuHako XaHTyH énpax_emmno
YKa3BpIBaCT Ha IPOM3BOJILHOCTH TakOH MOIMHKAIMM PEHICHMS, .
€CIIM MCXOJHbIE YPABHEHHMA OCTAIOTCH HEHIMEHHBIMA.

- Bomee roro, asrop - [15] yOemurensHO AOKAa3HIBET, YTO
obmHocTs  HOHMMaHHA ~ NPOONEeMBl - HEOOpaTHMOCTH  H
IPEACTaBJICHUA O €€ pPEHICHWH Yy KpyHHEHMX (H3HKOB H
maTeMaTHkoB MHpa 19-ro u 20-ro croneruii ssnsercs mMuadom. Hx
B3MUIAABI 3a9aCTYIO 3HAYHTEIBHO PACXOUATCA, @ TO, B 4eM MHOTHE
M3 HHX €AMHOAYIIHbI, OCHOBHIBAETCA HA NPHHLIAITHATBHEHIIHX |
omnbkax. BaxHelmas 1 Hanbonee THIHYHAA U3 HHX COCTOHT B
NIOJIy4EHHH ~ HeOOpaTHMbIX YpaBHEHMH M3 OOpaTHMMBIX IyreMm
HEABHOTO OTOPACHIBAHHSA OAHON M3 JBYX QILTEPHATHBHBIX BETBEH
Pa3BMTHA - NMPOLECCa WIH sBIEHMA. XalWTyH = HepeuyuciseT
OCHOBHBIE HANPABJCHHA CTATHCTHYECKOH TEOPHH HEOGpPATHMBIX
TIPOLIECCOB M NOKA3bIBAET, 4TO 4YETHIpEe H3 HHX (KMHETHUECKas
TEOPHSA, TEOpHA (IYKTyauui, IProgudecKas TCOPHS H TEOPUSA
o0parnMoOro AMHAMHYECKOIO Xa0Ca) TeCHEHIIHM = 00paszoM
CBA33HH ¢ - MexaHHKoi - ['aMuisTOHAa H = He MOryr ¢H
TIPOTHBOPEYMTh, @ 3HAYMT, .HE MOTYT IPHBECTH K 2JCKBaTHOMY
~ onkcanHIo HeoOparnMeix mpoueccos. IIgToe ke HanmpaBlaeHHE —
CHHEPIeTHKAa — H3y4alomas HeoOpaTHMEIH JAHHAMHYECKHH Xaoc,
HATIPOTHB, ABNACTCA CYICCTBCHHO HETaMMIBTOHOBOM M IIO3TOMY
HE MOXKET ObITh BBHIBEACH2 B KA4ECTBE CHCACTBHA M3 AMHAMMKH
3aMKHYTBIX cHcTeM. Eue pa3s nosropio, yto astop pabotsi [15]
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noapobHO HcCHeayeT MpaKTHYECKH BCE M3BECTHBIC JHHHH
TONYYCHHS  HEOOPATHMEIX COOTHOLIEHMH M KOKIBH pa3
yKa3bIBa€T TO KOHKPETHOE MECTO, I'I¢ AOIYIUECHA IOTHYECKas HIIH
MareMaTHyeckas omuobka. '

6.3. HeoGpaTnmocTs Heynpyrue B3aumoaeiicrens

BaxneiimmuM uieHHbeIM  IyHKTOM MoHorpadpuu [15]
apnseTcs  obpaimeHne K (QOPMYIHpOBKE BTOPOro Havala
TEPMOJHHAMHUKH, JaHHOH Buiasamom TomcoHoM, cormaacHo
KOTOpOH B XOAE HEOOPAaTHMBIX HPOLECCOB HPOHMCXOANT
JHCCHITALAA MEXAHM4ECKOH OJHEpruu. IIpM TaKOM NOHMMaHWH
UMEHHO OuCCUNAyus IHEPIUU REAREMCR . HEOOXO00UMbBIM U
docmamounslm ycioeuem Heobpamumocmu npouecca. XaiTyn
aneianupyer k kimaccuueckuM (bompuman, I'mb606c) MbICACHHBIM
ONBITAM C paciUIbIBAHHEM ra3a IIapoB . (BCICACTBHE CTPOTO
YOPYTHX COyZapeHHH) M3 yria 1o BceMy 00beMy coCyaa MM
PacIUIBIBAHHEM KAIUTH KPAacHTENSs B APO3PAYHOH HECHKMMAECMOH
KHIKOCTH M YTBEPIKAAET, YTO B OTCYTCTBHE AUCCHIIALMH 3HCPIHH
‘06a 3TH pouecca 06paTHMBY.

S TaioKke pasmendl0 A4HHOE y6e)x,uenne H JAyMalo, 4To
HEOOXOOMM TINATENBHEIH TCOPETHYECKHH H 3KCHCPHMEHTAIbHBIH
AHANM3 ITIPEJCTABICHMA O Heynpyzom  63aumodeiicmeu
MUKPOOOLEKmos, PH3NHECKas CyLUIHOCTh KOTOPOrO M SBIAACTCS
KII0YOM K TIOHHMM2HUI0O M TNPOMCXOXKACHHIO HEOGPaTHMOCTH.
PemieHne mapafokca TEIUIOBOH HeoOpaTHMOCTH s NpeaIararo
HCKaTh B CHTYallHH, KOT/la YPaBHEHHSA N'aMHJILTOHOBOH MEXaHMKH
He noanocmelo oONpeNenAOT (PHUIHYECKYIO. CHTYyalMIo, T.C.
JONMyCKaljoT ~Oolee OHHOrO peweHus. B 3toM  cuydae
HOMOJIHUTENbHBIE . daxrop, AEeHCTBYIOIHHA npu
MMKpOB3aHMONEHCTBHM, MOT OB HMMETb M BEPOSTHOCTHYIO
TNIPHPO.IY, YTO CHSUIO OB KaXKylieecs IPOTHBOPEUHE. :

BO3MOXHBI 1M CHTyallMH, HE ONKCHIBACMBIC OJHO3HAYHO
raMuILTOHOBOH MexaHukon? [la, Bo3MOxHB. M3BecTHO, B
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YaCTHOCTH, 4YTO MpH YNPYroM coymapeHHn Ooxee ueMm AByX
TOYEUHBIX YAaCTHI[ 3aKOHBI COXpaHEHHMs (PHEPTrHM, MMIYJILCA H:
MOMCHTAa HMITY/IbCa) Naf0T MEHBIIECE WYHCIO YPaBHCHHH, HeM
TpebyeTca I8 OAHO3HAYHOTO HAXOXKUCHHS BCEX CKOPOCTEH.
Bmecre ¢ TeM NOAOOHEIE TpPYNIOBBIC COYZApEHHs KpaiHe
MaJOBEPOATHEI, MO3TOMY B CIY4ac Ynpyz020 B3auMOpeHCTBHA
CYIIECTBEHHON posm urpars He wmoryr. ORHAKO B Ciaywae
Heynpy2020 B3aMMOJEHCTBHA NEN0, KAK MHE KAKETCH, 06CTOMT
HHaYes ' o
Korja roBopsT 0 HEYIPYroM COyIapeHHH MaKpoOOOBEKTOB,
TIPMBIIEKAIOTCS NpeAcTaBiIcHHs 00 sHepruu nedopMamuu Ter M
T, OaHako B ciaydae MHKPOOOBEKTOB MBI HE MOXKEM
HTHODHPOBaTh  TEIUIOBOIO  3JIEKTPOMArHMTHOrO = M3IyYCHHS,
BCerza IMpHCYICTByIoliero B 00beMe, rIA€ IPOHCXOAMT
TeIUIonepenaya. I[Ipu HeynpyroM COYHapeHHH HPOHMCXOIHUT
HepecTpoiika MOJEKYl M aTOMOB, IIPH 3TOM HCITyCKAIOTCH H
MOTIOMIAIOTCA  TeIoBbie (GoToHBl. Ho 310 o03Hawaer, uto
(baKTHYECKH B Heynpy20om B3aUMOJCHCTBHH BCErAa ydacTByeT
bonee deéyx HacTHll, NOCKOJABKY (OTOH MPAKTHYECKH ABJIACTCH
JHMIIb NPOMEICYMOUHBIM HOCHTEIEM H30LITOUHOH SHEPrHH H
HMITyJIbCa!

.C  TOYKHM . 3pEHHMA  KIACCHYECKHX NpPEACTABJICHMI
HeoOpaTHMOCTh BO3HHKACT MPH HEYNPYTHX COYAApEHHAX YXE 3a
CYET TOTO, YTO KMHETHYECKAs 3HEPrHA pPasieTAIOLIMXCH YacTHL,
BCErJa CTPOro MeHbIe MX CyMMApHOMH JHEPriH IO COYAapEeHMI.
OmHako ¢ KBaHTOBOW TOYKM 3PEHHA PpaBHOBEPOATHHI Kak
M3JYYCHHE, TaK W TIOrNomeHue ¢OTOHa, IOITOMY “‘IEMOH
HeoOparuMocTH” cnpsaTaH He 3meck. B - AelcTBHTENBHOCTH
HeoOpaTHMOCTh  CBA3aHAa. C TEM, 4YTO  JOHOJHHTEIBHO
“BOBJICKacMBIC” B COYHapEHHE 4HacTHII BHIOHPAOTCA GOTOHOM-
MOCPEAHHKOM abCoIOTHO “citydaliHO”. VIMEHHO aKT H3JIydCHHS H
noTsonieHus (pOTOHA TMO3BOJAET, KAK MHE KAXKETCA, MPHPOIE
3a1eHCTBOBAaTh BEPONTHOCTHBIM MEXaHH3IM B3aUMOJCHCTBHA Ha
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Bo BcAkoM cimywae, MeEXaHW3M, NPHBOJIHN K
yCTaHOBJIeHPIlO pPaBHOBECHA H (POPMHPYIOIUMH ‘“IHTPONHAHYIO”
| CTpeNy BPEMEHH, C HEOOXOAMMOCTRIO HOMKEH ObiTh OmpeneicH
| YKe Ha mukpoyposene. TO4HO TaK Xe M Ouonozuueckan
| MaKpOJBOJNIOUMA, BBIACAMIOWAA “aHTHIHTPONMIHYIO” = CTpeXy
BPEMCHH, MOXET HMETh MECTO TONBLKO B TOM CIIyd4ac, KOrja B €¢
OCHOBE  3QIOXKEH  COOTBETCTBYIOIUMH = HCr3HTPONHHHBIH
MHKPOMEXaHU3M. BepoaTHOCTHOE omucanue moboro mpouecca B
KOHEUHOM CHETE BCEro JIHIUB YCTAHABIMBACT €0 MHTCIPAILHBIC
XapaKTePHCTHKH, TOTAa KaX CYTh SBJICHHA C HeoOXONMMOCTBIO -
06yCIIOBIEHA CBOHCTBAME EMEHTAPHBIX €10 COCTABIIAIOLHX.

6.4. CBﬂ3I> MeXKIY KOCMOIOrHIecKOoi u Tepmonnuammlecxon
' neoﬁpammocruo

B OTHOmEHHHM NPOLECCOB, CBA3AHHEIX C JAUCCHIIALHEH
MCXAaHHYECKOH dHepruu, XaHTYH CuYHTaeT HEBO3MOXHBIM
IOCTPOHTL KOPPEKTHYIO TEPMOANHAMHYECKYIO TCOPHIO HA OCHOBE |
3aKOHOB I'aMMJIBTOHOBO# MexaHuKH. OH, B YaCTHOCTH, OTKJIOHSET
BO3MOXHOCTh (1zel0 Koswipesa) paccMmaTpuBaTts BCeneHHYIO B
LICTIOM B Ka4eCTBE CHCTEMBI, B KOTOPOH HE BBIIOIHSICH OBl 3aKOH
coxpaneHHf OHepruu. Kaxk TNOHAN YHTaTeNb M3 YTECHHA
NPEABIAYIMIEro MaTepuald, MOA TOYKA 3PEHHA HA 3TOT . TE3MC
NPSMO IPOTHBOIIOJNIOKHA, YTO MO3BOJNAET HAMETHTHP HOIXOX K
pemieHHI0.  mpobsmemsl MIOOAIBHOH — TEPMOIMHAMMYECKOH
neoOpatumocTu. Bonee Toro, f yeepen, uro BooOwe obas
IIOMNEKITKA IOCTPOHTh TEOPHIO, NPHBOIALLYIO K HEOOPaTHMOCTH,
3KBHBAJCHTHA y'rBepxcnef{mo 0 HECOAHOPOAHOCTH BPEMEHH
OTHOCHTEIBHO 3aKOHOB JTOH TEOPHH M TEM CaMbiM O3Ha4acT M
HECOXPAHEHHE SHEPTHH.

Tlpn BEYMCIEHHH 3HTpomm CHCTEMBl PacCMaTPHMBAETCA
pacnpeneJeHie 3IEMEHTOB HOACHCTEMBl MO 3HepruH. Ecmm
CYMTATh MHMHHMAABLHO  BO3MOXHYIO  “IOPUMIO”  BHEPrHH
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HEH3MEHHOM, TO yBeIHYEHHE CyMMapHOi# 3Heprun Beenennoit (B
COOTBETCTBHH C NIPEUIOKEHHOH MHOIO CHCTEMO# IIPEACTABICHHHA)
C TEYCHHEM BPEMEHH YBCIHYHBACT H MHOXKECTBO BO3MOMKHEIX
'BAPHAHTOB DACIPEJENEHHS 10 OHEPrHAM, T.6. YMEHbLIaeT
BEPOATHOCTB K&XKAOTO OTAENBHOIO COCTOSHHA.

~ TlosicHIO 3TO ¢ MOMOWBIO elie ONHOM KENE3HOLOPOXKHOM
anagorud. TIpemnosokuM, 91O BuYepa YTPOM ONPEAEIEHHOE
YHCJI0 TACCAXHPOB ACIKHO OBIAO PAa3MECTHUTHCA MO OJHOMY B
KyTIe TI0€3[a, MPHYEM 4HCIO Kyle GOMbILEe YHOIA ITaCCaXKMPOB.
CocTosBuIMiiCS BapHaHT pPa3MCILEHHS TIACCAXKMPOB HMMEET
ONPEACICHHYI0 BEPOATHOCTh, KOTOPYIO HECJIOXKHO PacCYHTATh.
Jajee NpeaNonoxkmM, YTO Ha CIEAYIOWEE YTPO (CEromHs) YHCIO
TIACCRKHPOB OCTAIOCE TEM K€, HO OBUT IOJaH  Mmoe3q ¢
VBEJIMYEHHBIM 4YHMCIOM Kyne. B 3TOM cCifydyae KOHKpETHHIA
BapHaHT CErOJHAIIHErO Pa3sMEIUCHMS NAacCaXXHPOB MO Kyie Oyaer
MMETh MEHBIIYIO BEPOATHOCTh OTHOCHTENBHO BCEX BO3MOMKHBIX
_ (ceroaHs) BapHAHTOB, YEM BUCPAIIHWI BapHaHT. -

Caenyer OTMETHTb, YTQ -YBEIHYEHHE MAcChl H JHEPIrHM
NOKOS B MPEITOXEHHOH MOIENH HHUKOMM . oOpasoM He
IMPOMCXOAHT paBHOMEpHO no ofveMmy Bcenennoif. Haobopor,
OCHOBHOH NPHPOCT MacChl H OJHEPrMH CBA3aH C MECTAMH
JAoKauzayuu MAMEPUATLHBIX men. IMockomsKy
OMHOCUMENbHBIH POCT MacChl ONPENeaIeTcs TOJBKO BO3PACTOM
Bceenenno#t, T0 u4em Oojbine Macca Tena, Tem . Oojplue ¢e
abconromuuiii  ipupoct. II03TOMY OCHOBHBIMHM HCTOYHHMKAMH
NOTOKOB 3HEPrHH M HCIIHTPOIIMM BO BceneHHOH sABaAOTCA
MacCHBHBIC 3Be3nbl. OO0 93TOM K€ CBHMACTEABCTBYIOT H,
acTpO(QHU3NIECKHE NAHHEIE - MOIIHOCTD H31y4eHHA GOBLUIHHCTBA
3Be3/( IPONOPLHOHAIIBHA YeTBEPTOH CTEIICHH HX MACCHI.

Takum 00pa3oMm, -HATHYHE KOCMOJOIWHECKOH CTpens
BPEMEHH - 00YCIOBIMBACT YMeHbuenue ° SHTPOIHH
pacwmpsiomeiica Bcenennoit. Ouna (3HTpomms) yOmBaer, a
3HAYHT, HMEET MECTO (paKkTOp, CHOCOOCTBYIOLIMH BHECEHHIO
acCHMMETpHM B HauyanbHbie/puHANBHEIE ycinoBua. Ho 3rto ¢
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- HCOOXOAMMOCTBIO BIEYET 3a CO00# PeakuMio - BOCCTAHOBICHHE
CMMMETPHH, NPOLECC peNaKkcalMu, CBA3aHHbIH ¢ auddysuci B
NPOCTPAHCTBE KOODAMHAT H/WIM CKOpPOCTEHl; HalOMHMM, YTO
pemicae  Anbdy3MOHHOr0 ypaBHEHHMsL BCErga MOPOKAAET
NIEPEX0/i OT MEHEE BEPOATHOTO COCTOSAHMA K Oosiee BeposTHOMY,
Y OT HECHMMETPHYHOTO COCTOSHMS K CHMMETPHYHOMY KaK B
NpPOCTPaHCTBe (HanpHMep, paciUibiBaHHE ra3oBoro  muiciida or
JCTAIUCTO CaMONETd), TaKk M BO BPEMCHH (BHIDaBHHBAHME
temneparyp). TakoH npouecc H IPHBOAHT B COOTBETCTBYIOMIMX
ciryqasx K (COPOBOLHPOBAHHOMY) POCTY HTPONMHH C TCUCHHEM
KOCMOJIOTHYECKOTO  BPEMEHH. OJTOT POCT 3SHTPONHMH . HE
NPOTHBOPEUNT CHMMETPHH YPABHCHHH MEXaHMKA OTHOCHTENBHO
3HaKa BPEMEHH, IOCKOIBKY HECHMMETDHA BHOCHTCH GHEUIHUM
(3a cuer KocMonorun) 06pa3oM B HauaibHbIC/QUHATLHEIE H/WIH
KpaeBeie yCIoBHA. boiee TOro, oM 6 npunyune ne modxcem
npeg3olimu YMEHBILICHAC ITPONIHH, BHI3BAHHOEC 3THM IOCICAHHM
taxTOpoM - B KpaiineM ciay4ae, JIMIIb CKOMIIEHCHPOBATh €10.

6.5. C.XOKHHI 0 ICHX0JI0THYECKOH cTpeJie BpeMeHH
rd

Yro e  KacaeTcsi  COBNAJEHMA  HAmpaBJeHWH
TEPMOANHAMHHECKOH CTPENBI C ncuxonozu4eckou, To B odbumeM
MOHO COTJIACHTBCH ¢ aprymenTamueit C. Xoxuura [1], maraty u3
KHHUI'M KOTOPOTO 5 C YAOBOJECTBHEM BOCIPOH3BOXKY: "SI AOKaxy,
9TO TICHXOJIOTYecKas cTpena onpeaenseTcs
TEpMOAHHAMHUYeCKoit u 06e 3TH  CTpesisl  HanpaBiEHH!
OJMHAKOBO... MHE KaXeTCs BIIOJIHE JIOFHYHBIM IIPERNONOXHTS,
YTO H Y KOMHOBIOTEPOB, H Y JIIOACH NCHXOJOTHYecKas cTpeia OaHa
H T1a xe. Ecimm Om 310 OBLIO HE Tak, TO, MM KOMIIBIOTED,
KOTOpPBIH MOMHHIT OBl 3aBTPAIHHH KypC aKUuH, MOXKHO Ob110 OB
IpexpacHO Mrpath Ha Oupxke... ([dng 3anomuHanus)... Hago
~ 3aTPATHTh HEKOTOPOE KOJHYECTBO 3HEPrHM... JTa BHEPrHA
nepeijer B TEILUIO H TeM CaMbIM YBEIHYHUT CTENEHb Gecropsaaxa
BO Bcenenno#. MokHO mOKas3arh, 4YTO 3TO YBEIHHYECHHE
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Gecriopsinka Oymer Bceraa Gosplue, HeM YNOPSIOHEHHME CaMOi
HIaMATH. Heobxoaumocthb OXJIaXACHHUA KOMIIBIOTEPA
BCHTHIISITODOM TOBOPHT O TOM, 4HTO, KOIZla KOMIIBIOTEP
3aIMCBIBACT YTO-TO B MaMATh, 00muit Gecriopaaok Bo BeeneHunoi
BCE-TaKM yBeJHuuBacTcsi. HampasneHwe BpPEMEHH, B KOTOPOM
KOMIBIOTED 3alOMHHAET 1POILIOE, OKA3bIBACTCA TEM e, B
KotopoM pacrer Gecnopapox.” Hrak, y nemona Makcsenna Her
HHKAKHX MIaHCOB!
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7. SAKIOYEHHE

Hacrano Bpems noABECTH HEKOTODbIE MTOTH, KOTODHIE,
BO3MOXHO, IIPEACTABAT HEKOTOPHIH HHTEPEC HE TOJBLKO JIfl TOTO,
KTO MYXCCTBEHHO JOYHTal KHHIY A0 3TOTO MECTa, HO H Ml
HETEPNEMBOTO YATATENA, CPa3y 3aIJITHYBLIETO B €€ KOHEl (aBTop
M CaM TaK MHOTAa IIOCTYNaeT).

TIpex/e BCero, s XOTed Gbl CO BCEH ONMPENeNeHHOCTHIO
3a4BHTH, YTO HH Pa3BHTHE COBPEMEHHOH (H3HKH BOOOILE; HH.
HIOEH, JIeXKalme B OCHOBE HAaHHOM paboThl, HEBO3MOXHO
npencrasuts cebe Ge3 cneumansHOW M ofmiel  Teopum
OTHOCHTENBLHOCTH Anbbepra DiHIITEHHA, NEPBBIM NPHIIEIILIEr0
K  KOHUENIHHM  €IMHOTO  NPOCTPAHCTBEHHO-BPEMEHHOTI'O
KOHTHHYyMa, TEOMETPHS KOTOPOro B 00IIEM CIydac MOXET GITh
HEIBKINAOBOH. TeM, xTo nan cebe Tpya nmpouecTs HAIHCAHHOE
BHILIIE, MIOHATHO, YTO B 3TOM CMBICHE NaHHas paboTa ABIAETCA
MOIILITKOH Pa3BUTHS, HEKOTOPOTO NEPEOCMBICIICHHS, HO YK HHKaK
HE OTPULIAHUA WIH OIPOBEPIKEHHS TEOPHH OTHOCHTEIFHOCTH.

EnBa nm B Hagane 21-ro Beka HalaeTcs KOHCEPBAaTOp OT
HAYKH, KOTOpHI{ B HPHHLMIE HE AOMYCKAn OBl BO3MOXXHOCTH
Kaxo#-mbo Momudukamuu wim  pesmsun CTO u OTO. B
KAueCTBE H3BECTHOFO MHE NpUMepa NombiTkh 0606menns OTO
COLLTIOCH, HampuMep, Ha [16]. Bonpoc 3axtiogaercs, O4EBHAHO,
JMIb B TOM, AOCTOHHA /4 BHUMAHHA T2 WIH HHad KOHKPETHas
nonuiTka caeaare 310. Cramo ykKe Tpaguuuei, YTO KAKIBIH

. IIPETEHJEHT 3aIlMINACT CBOIO KOHUENIIHIO II0 TaKUM KPHTEPHSIM,
KaK COorjiacue B NepBoM IPHOMMKEHHH ¢ M3BECTHBIMH (aKTaMH,
000CHOBaHHAA KPHTHKA OOIICHPHHATON MapaiurMel, OObICHEHHE
HEOOBACHEHHEBIX M MIPEACKA3aHNE HOBBIX ABICHMH,

Yuratens MoeH KHUTHM HOJDKEH ObUl 3aMETHTh, YTO
npefiaraeMele B HEH HMAEM B NEPBOM  NPHOMHXCHHH
HEHCTBHTENBHO COOTBETCTBYIOT HAeAM DHHIITEHHA B 1aXe, KaK f -
BBIIIE OTMETILI, He MOIIH Obl GbITh HalineHm 63 OCMEICTEHMA
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TIOJIOEHUH TCOPHH OTHOCUTENBHOCTH. YTO K€ KacaeTcst KpHTHKH
obwenpuHATON HapaJuIMel, TO 1, KaK aBTOP, JOJDKEH CO3HATHCA B
HECOMHEHHOH AEp30CTH, . NOCKOIbKY NOABEPr PEBH3MH TaKHE
HENpPHKAcacMble JAOTMAThl, KaK TNPHHIMII OTHOCHTEIBLHOCTH,
IPHHUMN JKBHBAIEHTHOCTH M 3aKOH COXPAaHCHHS JHEPTHH.
Ionpo6yio onpaBaaTLCs.

IIppHHMI OTHOCHTEILHOCTH ABIACTCH OYEHb KPACHBEIM
MaTeMaTHYeCKUM TPHHUMIIOM, JACKIAPHDYIONIHM PpaBHONpPABHE
CHCTCM oTcuerd. PHU3MYECKMH - )K€ CMBICH 3TOr0 MNPHHLMIA
ROIDKEH OOBACHATHCA J1G0 Bosei Co3parenst, KOTOPOMY BaXHO,
9T00Bl B €r0 BIAJCHHAX LAPHJIA AEMOKDPATHA MO OTHOLIEHHUIO KO
BCEM BO3MOXHBIM HabmogaremsiM, aHO0 Kakum-nubo eie
IK30THIECKMM 00pa3oM, 9TO JefaeT 3TOT CaMblii NPHHIMI
JOCTATOYHO YA3BHMBIM I KPHTHKH. B3aMeH MHO 1npemioxena
HarjIsgHas TeOMETPHYECKad MOJenab, B KOTOPOH MpPHHLHIL
* OTHOCHTENBHOCTH CBOAMTCS K NPHOTIKEHHOMY BBUIOTHCHHIO
teopembl  [Tudaropa It  AOCTATOYHO MANBIX  BEIWYHH
a6CoMOTHON CKOPOCTH IO OTHOILIEHHIO K BELACJICHHOH CHCTEME
0TCYEeTa, KOTQpas CYLECTBYET B 110003 TOYKE NMPOCTPAHCTBA,

punuun  SKBHBAICHTHOCTH  OHWHINTEHHA  ABINETCA
TEOPETHYECKHM IIOCTYIaTOM, OCHOBRHHBIM HAa IMITHPHYECKOM
axte NPONOPLMOHATEHOCTH TIPABHTALMOHHON H HHEpTHOM
macchel. ONHAKO 3TOT IPHHIMIIL, KK % MONBITANICH TIOKa3aTh BHILIE,
HegBHO OasHpyeTcs eule Ha OIHOH IPEANOCHUIKE, KOTOpas
COCTOMT B MCNONB3OBAHMHM MPEACTABICHHH MEXaHHKH TOYCYHOH
yacTHUubl. MHBIMM  cnoBaMu, NPHHOHN  SKHBICHTHOCTH,
HCIIOJNB3YIOIHI HACIO IOKATBHO OAHOPOAHOLO HOJS, CHPABEATHE
TONBKO  Juis  oOJIacTH  IPOCTPAaHCTBA, pa3sMEPBl  KOTOPOi
CYIUECTBEHHO GONbIUE, 4YeM COOCTBEHHEIE pa3Mephl 4ACTHIHI,
NOMEINCHHOH B  TIOJI€ BHEWHEro Hcrounuka. Ecam  xe
I'PaBHTallMOHHBIN pajuyc NpoOHOro Tena GIM30K MO BETHYHHE K
pasmepy obnacTH, B KOTOPOH JIOKANM30BAHO MOJE BHEUIHErO
UCTOMHHKA, TO HEOO0XOJAHMMO HCIOJNH30BaThH Oo0Jiee MOIMHBIH
NOHATHAHHBIA ¥ MATEMATHYECKHH# YPOBEHb MEXaHHKH CILIOIIHOH
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HemvEe

cpeanl. Kpaiine BaxHO, YTO MBI CTAJKHBAE€MCHA MMEHHO C TAKOH
CUTYalUHel B-[BYX NPOTHBOMOJOKHBIX MPEACHBHBIX CIydasx -
IIpH. paccMOTpeHHH BcenmeHHOH B ueIoM H B 3azavax
rpaBMTaHOHHOTO KOJUIATCa. _

. Yuer BaMAHKA COOGCTBEHHOIO I'DaBHTaUHOHHOIO MONA
MaTEpHANLHBIX TET MPOH3BOAMTCA HMYTEM HEMOCPEACTBEHHOH M
OTKPHTOMH JIEraJIM3aLHH CTATHYECKOTO JaBJICHHSA IPaBUTHPYIOLICH
MATEPHH, YTO NPAKTHICCKA PABHOCHIBHO BBEACHHIO B YDABHEHHS
OfinwiTeliHa. 3HaMEHHTOH  KOCMOJOTHYECKOH  IOCTOSHHOM.
Brigaomumes pe3ynsTaToM Takoi MOON(HKALMH YPaBHEHHH i
HECTALMOHAPHOIO Ciy4yas OKa3blBaeTcsi NOABICHHE HOBOIO
3aMEYATEBHOrO. PELICHHN, KOTOPOE NPAKTHYECKH HO3BOJIACT
OTOXACCTBUTE u3nueckoe Bpems ¢ 3pomonmed paamnyca
KpPHMBH3HEI -BceleHHOM, a IUIOTHOCTH MAaTepHH -— € caMoit
BCIMYHHOH 3roro paamyca. Ho Bricoxa m miata 3a HOBOE
peIICHHE - B HEM Macca IOKOA BcenenHo#t He COXpaHseTcs BO
BPEMEHH, a H3MEHACTCA MO JHHEHHOMY 3akoHy. UTo Xe, 3TO
Karactpoda s HOBOH KOHUEMIHH?

OG6paTHBIINCE K TEOPETHYECKOMY OOOCHOBAHHIO 3aKOHA
COXPaHEHHS = 3HEPruM (B KIACCHYECKOM  MEXaHMKe),
OIMPAIOLIEMYCH Ha OJHOPOJHOCTh BPEMEHH, YMECTHO CIIPOCHTH —
a MOXHO JHM TIOBOPHTE 00 OJHOPOAHOCTH BPEMEHM A
BceneHHOM ¢ M3MEHAIOIMMCH  PajMycOM KpMBH3HBI? MHe
KQXETCA, 9TO OTBET MOXET OBITh TOJABKO OTPHLATCIBHBIM,
MO3TOMY KOHCEpBAaTH3M B HEAPryMEHTHPOBAHHOM OTCTaHBaHHH
3aKOHA COXPAaHEHHA 3HCPTMH MOXHO HOCTaBHTh B OAHH PAA C
cyasboit nmaroro mocrynara Oswmga. H, pasymeercs, Her
HHUKAKOro KOH(IMKTA C PEaIbHOCTHIO — OTKIOHEHHME OT 3aKOHa
COXpaHEHHS COCTABJAET IOPAIK2 10'°, Her u ymep6a mms
JIOTMKH Hay4HOH TEOPHM, TaK KaK Ha CMEHY OJHOMY 32KOHY
(coxpaHeHHs) MPHXOAMT HOBBIM 3aKOH (JIMHEHHON IBOMIOLHHM), a
HE NPOH3BOJI H HEONPEACACHHOCTh,

[lepexoxy Kk = oObacHeHMI0  HEOGBACHEHHBIX ~ H
NPEACKa3aHMI0 HOBBIX ABICHWHA. [lIs MEHA M TEM H ADYIHM
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OMHOBPEMEHHO OKa3aicsi (EHOMEH aHH3OTPOIHH DPEIHUKTOBOTO
H3JIYYCHHS M CBA3AHHOE ¢ HMM HAIHYHME BBIACTCHHON CHCTEMBI
xoopmuuar (cM. pasaen 3). K oco3manmio HeoGXOXMMOCTH
CYILECTBOBAHHSA BBIJCACHHOH CHCTEMBI OTCYETA MEHS IPHBCIH -
YHCTO TEOPETHHECKHE COOOPAaXEHHSA, OAHAKO CHIBHO CMYILAJO
BUJIMMOE MPOTHBOPEYHE ¢ OOIEIPHHATOH CHCTEMO# B3IIAKOB (M’
BCEMH H3BECTHBHIMHM MHE dkcneprmentamu). OceHbro 1996 rona s
pacckasan o6 3roi mnpobieme A.B.MockoBckoMy, KOTOpBIH
BCIIOMHMJI, YTO OH 4TO-TO 4MTal 00 3roM B [5]. 3aTpyaHsiocs
IepeaTh CBOC YAMBICHHE M BCIBIXHYBUIMH 3HTY3Ma3M HoOCe
npouTeHus komMentapus S.B.3empmouua k  mpoGieMe
aHM30TPOINH HOHOBOI'O HIIYIEHHS, HO 3TO OBUI IICHXOJIOTHYECKH
pelaumii MOMEHT B Moeii pabore!

Yro kacaeTcs HOBBIX IKCIEPUMEHTAIBHBIX PE3YIETATOB,
KOTOphIE MOIJIH OBl TIOATBEPAHTH HOBYIO KOHUECMLHIO, TO A
IPEANOIATao, YT0 OHH MOTYT OBITh HOXy4SHBI HMEHHO JUIA TEX
ABYX IIPeJENbHBIX KIAcCOB CHUTYalMi, O KOTOPHIX YiKe
roBOPHJIOCH BHIIE. OTO Ki1ace 3pdeKkroB, XapaKkTepHBIX UL
BcenenHoit B 1eiaoM (mogoOHO aHM3OTPONHH HM3TYYCHHA), a
TAK)KE SBICHHA, CBA3AHHBLIC C I'PAaBHTAIMOHHBIM KOJUIAIICOM HJIH
O4CHBb CHIIBHBIMH I'PABHTAUMOHHBIMH MOJIAMH, PasyMeeTcs, IOCIe
NOCTPOCHHS HpaBUILHOM KONWYECTBCHHOM TEOpHH,
YYHTBIBAOWICH crarHueckoe AasneHue. IlommMo 3tOro, eciu
NpEATOXKEeHHAt MHOIO Mojent BceenenHod BepHa,  abcomoTrHoe
IBIDKCHHEC 3€MHOTO HaOMIOJAaTeNd B HaNpPaBICHHH HA CO3BE3AME
JIbBa (cM. B pasgene 3 00 aHM30TPONHH PEIUKTOBOIO H3ITYyYeHHS)
co. cxopocthio 0,15 % oT ckopocTH cBeTa AEHCTBHTEIBHO HMEET
MECTO, TO BNOJHE BEPOATHO, HYTO YHACTCA OOHAPYKHTD
AHAIOTHYHYIO aHH30TPOIHIO B 3TOM K€ HaNPaBICHHH, HAIIPHMeEP,
npu n3Mepesnax shdekra lomnepa B pagHo- H ONTHYECKOM
Jana3oHax, KaK 3TO ONHCaHO B pasaene 3. o

BaxHeilinuM JOCTHKECHHEM HOBOW KOHUEIIIHM cqmmo
IPOACHEHHE MPELCTABICHHH O CYIIHOCTH BPEMEHH H IBHKECHMA.
Briepsei¢ (akT TeueHuss BpEMEHH B KayeCTBE ABHOT'O IOCTYJIaTa
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BBC/ICH B TCOPHIO H OTOXJECTBJCH ¢ paclIMpeHHeM cheprueckoii
3-mepHoit Beencnnoit B 4-MEPHOM HPOCTPaHCTBEHHO-IIOAOGHOM

'-KouTnHyyme. BuepBsic  NPEACTABICHHC O  TPEXMEPHBIX

IBWKEHMNX OCCUMCIICHHOrO . MHOXECTBA Tel CBEAECHO K
enuﬂcmexmomy NpOLECCY DPACIIHPEHHA 3-MEpHOH 000I04KH,
"NpoH3aeMOi" MHDOBLIMH JHHHAMH, OTKYA2 CICAYIOT M 3aKOH
Xa66a,  HOBBIE ¢bHu3KYECKHE MPEACTABICHHS O ABHKCHHM.,
Onupasce Ha OOBEKTHBHOE CyILIECTBOBAHHE BOJH AC
Bpofins, Mu chopmynnporann “TAKKE THIIOTE3y O MAacce KAk O

. KBAHTOBOM HYHCJIE, BO3DACTAIOLIEM OJHOBPEMEHHO C DPaJHYCOM

Bceenennoii.- [locrennee yrBepaenue, B CBOIO oYepelb, AAO0

- OCHOBAHHC OTKa3aTbCA OT NPHHIAIIA COXPAHCHHA BO BPCMCHH

MAacChl M 3HEPTMH BCEIeHHOH M 3aMEHMTh MOJENDb "GONBLILOTO

, Bspbma" B  MOMEHT pomemm BcenenHoit Ha KOHUCHIHIO

"3HepreTHYecKoro Hacoca".
Vcnonb30Balne HOBOM KOHIEMLMH 'BPEMEHH _ noanommo
0CO3HATh HEeJOCTATOYHOCTH HNPHMEHCHHA MOHATHSA
HENOKAIBHOCTH MCKIIOYMTENILHO K NPOCTPAHCTBEHHOMY aCHEKTy
KBAHTOBOMEXaHHUECKHX ABJICHHH. YUeT HENOKATLHOCTH ABNEHHH
BO . BPEMEHM  JacT  BO3MOXHOCTh = C  HPABHJIBHBIX
METONONOTHYECKHX  NO3MUMIM  PEeuNTs . TakKHe  OCHOBHBIE
“IIpoKAATBIC” BONPOCH KBaHTOBOJ TeopHM, Kak mpolbieMa
pemyKuuu  BONHOBOH ~ QymKkumm, npo6ieMa  BHEWIHEro
HabmopnaTens, - mpoGieMa  CBEPXCBETOBOTO Baanmoneﬁcmnx
CKOPDE/THPOBaHHBIX YaCTHIL M T.1I. S
HoBast kOHIENIMA BPEMEHH, Kak ObLIO [IOKA3aHo, CBA3AHA
C KOCMOJIOTMYECKOH . HEOOPaTHMOCTHIO JBONIOLHH. PeanbHOE
pacuiHpeHHe BcesneHROM €CTh NePBOUCTOYHMK KOCMOJIOrHYECKOH
HEOOpaTHMOCTH, HO3BOJNAIOIIMA dYepe3 M3MepeHHE KPHUBH3HBI
NPOCTPaHCTBA OOBEKTHBHO DETHCTPHUPOBATL XOH4 BPEMEHH.
CeBa3anuplii ¢ HUM POCT MacChi H DHCPrHM YBEIMUMBACT UYHCIIO
BO3MOXHEIX = COCTOAHHA B ¢a3oBoMm mnpocTpancrse (IIpH
¢ukcuposanHOM 00BEMe 3nemeHTapHOH (asoBoit gueiikn). Tem
CaMBIM TIOCTOSHHO NOHMXKACTCA JOJHAA SHTPONHsA BceneHHOH.
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PocT Macchl MPOHCXOQMT HEPABHOMEPHO - YeM Oonblie Macca
- Tena, TeM Goiibiue aGCOMIOTHRIH e¢ IPHPOCT B CAMHHUILY BPEMEHH.
WMenno 1no3ToMy IeHEpaTOpPOM 3BOIOLUMH ABJIAIOTCA 3BE3TBI,
M3/IMBAIOILIMC SHEPIUIO B OKPYKaIOMIyI0 CpPEAy H HaKadHBAIOIIHE
oTpHLaTenbHON 3uTponnedt mranersl, C Apyroit cTOpOHBI, MoK,
PacpoOCTPAHAIOIMECS CO CKOPOCTBIO CBETa, BBIPABHHUBAIOT
TEMIEPATYPY CPEABl M CO3JalOT BCTPEYHKIC (T.€. BTOPHYHEIC)
SHTPOIHHHBIE NOTOKH, pOXJad y Habmoparene# WIULO3MH ©
HEeH30e)KHOM HACTYIUISHHM . TEIUIOBOH - cMepTH BCelieHHOMH.
TpynHo HeOOUEHHTE POJIb TOROOHOTO KOHCTPYKTHBHOI'O OTBETA
(ecnu OH, KOHEYHO, COOTBETCTBYCT = HMCTHHE) Ha BOI‘[pOCLI
NOCTaBJICHHBIE HAYKOH MHOTO JECATKOB JIET TOMY Ha3aj. :

3a paMKaMH M3OXKCHHOH 3/1cCh KOHIEMUHH IOKa
OCTaeTCH TEOpHA OICKTpOMaruerHsMa. JSI, OmHAaKo, CKJIOHEH
HAaIEATHCH, YTO B JAIBHECHIIEM 3TO INOJOXEHHE Jell yAACTCH
HCIPaBHTh, MOXKET OBITh - HCXOJM M3 NPEACTABICHUA S-MEPHO#H
TeOpHH, BOcxousmed k Kamy3a M aKTMBHO . pa3BHBacMOi B
COBPCMEHHOI (pH3HKe, : '

U, naxonen, ene 06 onnom BaXkHoMm oOcTosrenscTBe. B
HyOmMKauusx psaa  Bexymux TeopermkoB  OTO  wacro
NPHXOAMTCA BCTPEYaThCA C YTBEPKAEHHEM O HEOOXOIHMOCTH
OTPaHHYHTLCH JIHLIE AHAJTH30OM JOKAILHOTO ‘TPaBHTaHOHHOTO
penbeda” . B JOKWIBHBIX Ke CHCTEMax KOOpIAMHAT, O
GECCMBICIEHHOCTH TONBITOK HNOCTPOMTE TIOOANbHYIO KapTHHY
BceenenHoii. 51 yGexaeH B NPOTHBONOIOKHOM H paj, 4ro
NPEANIOKEHHAS MHOIO MOJETH MOXCT CHYXKHTh OCHOBAHHEM [N
TaKOM YBEPEHHOCTH.
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Mpuaoxkenne 1
'BPEMS$I KAK ®EHOMEH PACIIMPEHYS BCEJIEHHOM

TIpHBe/ICHHBIA BHILIC OCHOBHOM TEKCT pa60T51 COIEPXKHT
NOBONBHO  MONPOGHBIE  PACCYXKICHHA M  MaTEMaTHYECKHE
BBIKIAIKK. HHKe M3IaraeTcs BEChbMa KPAaTKOE COAEPKaHHE ITOH
paboThi, He conepkamiee GOPMYIL.

1. Bnenenne

Ilprponga BpeMEHM A0 CHX IHOP OCTAaeTCA HEAOCTATOYHO
ACHOM IS €CTECTBO3HAHMSA M HATyppHIOCOHH, ,

B Mexanmke Hsiorona Bpems npexacrasnsier co0oit
HEKOTOPBIM yHHBCpcadbHbif mapamerp. Ero 3Hayenue 1o
HEH3BECTHOM IJIA HAC IPHYMHE HEYKIOHHO BO3PACTaeT
OOMHAKOBEIM 00pasoM BO Bcex TOukax Bcenennoii. Bce
(u3HdecKHe NPOLECCHl  NPOMCXOAAT B IPOCIPAHCIBE B
COOTBETCTBHH C TEUECHHEM BPEMEHH. ’

B cneuManbHoOM TeopHu OTHOCHTENIHOCTH (CTO) Bpems u
NpPOCTPaHCTBO OOBEeAMHEHBI B 4-MEpHBIH KOHTHHyyM. Oanako u
TaM BpEMS COXpaHAET OCOOBIH Xxapakrep, YTO HPOSBIACTCA B
HCIIOJIB30BAHMH KOMILIEKCHBIX YMCCII IMPH OIHCAaHWH METPHKH. B
CTO TaKke NMOIPA3yMEBACTCA POCT BPEMCHH B JOGOH CHCTeMe
oTcyeTa. '

Obmas Teopnx oTtHocutensHocTH (OTO) nossomina cea3ats
CBOJMCTBA BpEMEHM C NOJNAMH TATOTEHHA MW T'eOMeTpHueii
gpocTpancTBa. TeueHME BPEMEHH CTAl0  CBASBIBATLCA C
MpOCTPAaHCTBEHHBIM pacliMpeHneM BeeneHno.

TpaauiHOHHOE ONMHCaHHe HUIHIECKHX IIPOLECCOB OCHOBAHO
Ha MCIOJB30BAHMM NPEACTABJICHHA O XOJ€ BPEMEHHM B Ka4€CTBE
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' nepruHOro, McxomHoro. C ApPyrodl CTOpoHBI, B COBPEMCHHOM
du3nke AenalOTCA MONBITKH NPMATH K NOHATHIO BPEMEHH KaK KO
BTOPHUHOMY, ACAYLMPYEMOMY MJIM KOHCTpYHpyeMOMY Ha Oase
HEKOTOPBIX HHBIX  (MHKDOCKONMHYECKHX)  (yHNaMEHTaIbHBIX
nouarui [3].

OgHako BO3MOMCH H TPETHHt IyTh, B W3BECTHOHW Mepe
MPOTHBOMONOXKHBIA  mepsoMy. OH  JE€XKMT B OCHOBE
NPEACTAaBNCHHONW IMyONMKAIMM M B Ka4eCTBE OTHPABHOM TOYKH
CONCPXHT CICHYIOIMH BOIpoc: “A He CyuwecrByer JH BO
BceneHHoH mnpouecca, HMEIOIIEr0 HKHCKIMOYUTENBHO  OOmmi
XapakTep, KOTOpsii Mor 6wl nopodume pu3myeckoe Bpems?*

TaxoH (QyHAaMEHTaIBHBIH  KOCMOJIOTHYECKHH  IPOLIECC
ACHCTBUTENBRHO CYIICCTBYET H XOPOMIO HM3BECTEH Hayke. JTO -
pacunpenne BcesneHHoH, oTkpeitoe B neppoii Tperu XX Beka
aMEepHKaHCKhM acTpoHoMoM D.Xa66mom u apyrumu [4]. [on wam
NOHAMAETCA HE YRAJICHHE Teax OT oluiero neHTpa, a “Bceobujee”
YBEIHYCHHE PACCTOSHHH MEXAYy BCEMH 3-MEPHBIMHM TENaMH.
[oxoxkee “paszberanwe” 2-MepHBIX GHIYpD DpPOMCXOAMT HA
TIOBEPXHOCTH BO3AYHIHOTO IHAPa IPH €ro 3amonHeHuy rasoM. Ilpu
3TOM LEHTPp Mmapa He NPHHAMICKHT IOBEPXHOCTH, a BCE TOYKM
MOBEPXHOCTH 11apa (BceseHHOoM ) paBHONIPaBHBE.

YyTs paHblle, 4eM IKCIIEPUMEHTAIBHEIC HAOMIOAEHHA, K TEM
K€ IIPEACTAaBICHAAM IPHBENA M TeopeTHyeckas ¢u3nuka. Kaxk
u3BectHo, B 1905 roxmy nosBmiack CreuManbHas —TCOPHA
OTHOCHTENBHOCTH, a K 1916 ro;my - oOmas Teopus
OTHOCHTENBEHOCTH OJWHmTeina. [locne 3toro, HauuHag c pabor
A.Adpungmana, Obia pa3BuTa MOAENE  pacHIMpAIOuUIeics
BeeneHHOH, :

Hanpumep, B pabotre [5] npHBOAMTCS OmHCaHHE IPOCTOMH
'KOCMOJIOTHYECKOH MoOJeaH, KOTopyro Mel Oynem Ha3sIBaTh
MoJeibo OHHTeHHa-PpraMana, WIH 3®-monemsio. B HEHA
Beenennas BRINIAONT KaK 3-MepHas THIEPIOBEPXHOCTD 4-MEPHOTO
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1apa, 4€H pajMyC MEHSETCs cO BpeMEHEM. COOTBETCTBYIOIMM
006pa3oM MEHACTCA CO BPEMECHEM M KPHBH3HA THHCPIOBEPXHOCTH
Hiapa.

2. OcroBHas rUAOTe3a HOBOJE TegPHM O MPHPOAE BPeMeHH

B ocnHoBy mnpemiaracMo¥ aBTOPOM 3THX CTPOK TEOPHMH
TOJNOKEHO HECKONBKO CPABHHTENBHO . POCTHIX M  HAIVIAAHEIX
ocHoBHBIX muei. s kparkoctu a1 Oyny mmenoBath ec Teopueit
INaposo¥ Pacumpsiowmeiica Beenennoit ~ TILPB.

B TIUPB, kak 1 B Mmozxenn O®, BceneHHas B KaXibhi
MOMEHT BPEMEHH HPEACTABACT coboit 3-MepHYI0
THIIEPIIOBEPXHOCTH 4-MepHOTO mapa. ONHAKO HMEETCS ¥ KOPEHHOE
ornnyne. B Teopnm ONHmITeHHAa BpeMS M NPOCTPAHCTBO, Kak
M3BECTHO, XaPAKTEPH3YIOTCS IIPOTHBONOJIOKHBIMH  3HAKAMM
3/IEMCHTOB METPHYECKOTO TEH30pa. Hanmpumep, BpPeMsi MOXHO
CUHTATh MHHMO#H BETHYHHOH, 8 IPOCTPAHCTBEHHBIE KOMIIOHEHTHI —
NCHCTBHTENRHBIMM  BenuumHamu, B TUIPB conepxatui
BceeneHnyio 4-MepHBIH KOHTHHYYM CUHTAETCS YHCTO €BKITHIOBBIM,
a BCE YETHIPC KOMIOHEHTHI — AEHCTBUTENBHBIMM ducnamu. Ha
TIOBEPXHOCTH 4-MEPHOrO 11apa NpH 3TOM IeHCTBYeT oObiuHas
chepuyeckas reoMeTpHs. ‘

Kak u3BecTHO, B OOLLEH TEOPHH OTHOCHTEILHOCTH BO3PACT
Bceenennoit guiyucasemes na ocHOBe Moaenu D@ win noaoGHRIX
eii. Kak npasuino, 3aBHCHMOCTD paanyca o1 Bo3pacta Beenenno# 8
mogemsx OTO oTmrgaercs OT NpSMOH NPONOPLMOHAIEHOCTH.
Oxnako Takod pe3ynpTaT TECHO CBA3aH C TeM, 4HI0 B
kocMonoruueckux ypasaenuax OTO mpenebperalor rioGanbHBIM
AaBICHMEM MaTepuH, s3anonnsiomedt Beenennyio. B [2] s
NONBITAICH MOKA3aTh, 4YTO Y4€T CTATHYECKOI0 JAAaBJICHMS
IPaBUTHPYIOIIEH MATEpHHM NPHBOAMT K JHHEAHOH 3a8BHCHMOCTH
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paanyca Bcenennoi 0T €€ BO3pacTa (cM. KoHerl Hacroxmen
IyOTHKaLuHy).

Hamnpotus, 8 TIUPB sBHO nocm*ynnpyerca YHHBEPCANBHOE
Teuenne Bpemenn. Bospact Bceenennodt omoocdecménsemcs c
TEKyILIMM pasHycoM BceleHHOM, NEICHHBIM Ha CKOPOCTh CBETa. B
AadpHCHIUEM H3 NAHHOTO MOCTYNATa BBIBOAMTCA OYEHb MHOIO
BaXHBIX cieacTBuit. C Apyro#l CTOPOHEL, 3TO NO3BONACT H30EXKAThH
NPOM3BOJLHOTO  BBEACHHA B  MOJENb  MHOTHX - APYTHX
NpeACTaBICHUH. :

3. Mexannyeckoe ABHKeHHE H NpedebHAasi CKOPOCTH
s TINPB

B TIUPB npunHuMaercsi, 4TO HE CYLIECTBYeT OECKOHEYHOTO
MHOECTBa HE3aBHCHMBIX MEXaHHYECKHX ABHKEHHH, CymEecTByOT
MHpOBBIC JTHHHH “IBHKYIIHXCSA TEN, HAPABICHHbIE MO TEM WK
HHBIM YIJIOM K JIHHHH BPEMCHHU — HOPMAJIH K FTHIIEPIOBEPXHOCTH 4-
mapa. YVeon HAKIOHA u onpedensem cKopocmb
npocmpancmeennozo osuxcenus. IIpH yBeaHd4eHHH paaHyca 1apa
TOYKA  INEPECCYCHHS  MHPOBOH  JMHMH  ©  TEKYWUCH
THIEPIIOBEPXHOCTBIO “TlepeMeInaeTcs” B TOHUHOCTH TaK, KaK 9TO
NpeACKa3kIBACTCA COBPEMEHHOH PH3HKOM.

B wacTHOCTHM, HNOKOAUIMECA B IPOCTPAHCTBE OOBEKTHI
(3B€3b1), Y KOTOPHIX YIOJI OTKJIOHCHHMS OT HOPMAIIM PaBeH HYIIO,
T.. MHMPOBBIC JMHHHM COBIaJalOT C HOpMalbl K rumepchepe,
“ypanaoTca” Apyr oT apyra no 3axoHy Xab6ma. Cxopocre HX
B3aMMHOI0 YIAICHHA NPONOPUHOHAIBHA PACCTOSHMIO MEXAY
‘HuMu. Jiis OOBEKTOB, y KOTOPHIX Yros OTKIOHCHHS MHPOBOM
JIHHHH OT HOPMAJIH OTJIHYEH OT HYJIA, OH HE MOXET NPEBBICHTH 90
rpagycoB, ~TIO3TOMY  €CTECTBEHHBIM  00pa3oM  BO3HHKAeT
npeoeibras  CKOpoCMmb  MEXAHHYECKOTO JABMXKEHHA (CKOPOCTD
ceera). Tpu BapuanTa ABIOKCHHA MIOKA3aHB! HA puc. 1.
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Puc. 1. Dpdexr “nepememieHns” TOYEK Ha NOBEPXHOCTH
ranepcdepr! AT HENMOABAXHBIX B TIPOCTPAHCTBE OGBLEKTOR
(cneBa), ABMOXKYILMXCA 110 HHEPLWH (B LIEHTPE) H YCKOPEHHO

(cupaBa)

Jlesas ¢urypa wnmoctpupyer 3¢dexr Xa66ma. Llenrpansnas
dburypa oTBewaeT OTBEUAET HHEPUMANLHOMY ABIKEHHIO, T.E.
IPSIMOTHHEHHOH MHpOBOi uuKuu. I[Ipu TakoM XapaKTepe MHpPOBOii
JHHMM ~ 10  MEpe  BO3pacTaHMs  paaumyca  BcencHHO#
IPONPLMOHATBHO H3MEHAETCS M BEIMYMHA IIyTH ABHXKYIIeHcs
gacTuupl. TakuM oOpasoMm, wHepyuasbHoe ABMKEHHE - HE
ITOCTYJIMPYETCS, 8 BOSHHKAET B KaYECTBE €CTECTBEHHOIO CIEACTBHSA
moaenu. Ha mnpasoit ¢urype mnoxasaHa mupoBas JIMHHA IIPH
HEMHEPUHAIBHOM ABHKCHHMH.

Ilpu GonbmMx 3HAYEHHAX paguyca 4-mIapa Crojib  Ke
€CTECTBEHHBIM 00pa3’oM BO3HHKAIOT NpPHOIMKEHHBIE (HOPMYITHI
npeo6pa3oBaHMs CKOPOCTell, H3BECTHBIE U3 CIICIMANLHON TEOPHH
otaocurensiocTH (CTO), a TaxKe NPHBLIYHBIE 3aKOHBI MEXAHHKH.
Amnanorom ke cBeToBoro Kowyca B TIHPB BwiCTymaer Bcs
runepcdepryeckas  MOBEpXHOCTs 4-wapa (cM. puc. 2). DOra
aHanorug He noiHa, nockoisky B THIPB aGcomoTHO ynanennas
00611acTh BEIPOXKIACTCA B 3-MEPHYIO THIIEPHOBEPXHOCTS.
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abcontotroe Oynyuiee

abeonoro _Abcomorno
yAaneHHas v~ ynanemnas x

0618CTH

abcomotnoe Byaywee

' Puc. 2. O6nactu 4-MepHOTO KOHTUHYYMa
B CTO (cnena) u TILIPB (cnpasa)

‘4, THIPB u reomerpas MHHKOBCKOTO

Bynem paccMaTpHuBaTh Manbie IIPUpALICHHS
NPOCTPAHCTBEHHBIX KOOPAMHAT ¥ BPEMEHHU BJONb MHPOBBIX JIWHHH
yacTyll B npouecce pacmiupenus Bceenenno#i. CooTBETCTBEHHO,
npy 3TOM JOCTATOMHO paccMarpHBaTh HeGobuIyIo
IPOCTPaHCTBEHHO-BpEMEHHYI0 oOnacts BceenedHoif, tak uro ee
KpHBH3HOH MOXHO npeHeOpeus. Torma KOHHEHTPHYECKHE
runepcdeprudeckue NOBEPXHOCTH B HOCIEHAOBATENIbHBIE MOMEHTHI
" BpeMEHM  (M30XpOHBI) MOXHO  IPHONHKEHHO  3aMEHUTH
NapauIeIbHEIMH THIEPILIOCKOCTAMH. COCTOSHHUIO OKOA OTBEYaeT
“npeiidp” wnzobpaxaromled TOYKY NEPHECHAUKYJISPHO H30XPOHaM,
HHEPUHAIIBHOMY JABUXEHHIO — JBIOKCHAE MO HAKIOHHBIM NPAMBIM
MEXIy H30XpOHaMH.

B moboii MoMeHT BpemeHH BceneHHas mnpelcrabieHa
onpenesicHHON W30XPOHOH, KOTOpas, COAEPKUT BCEC pEeAIbHbIE
¢u3nHyeckue TOYKM MpocTpancTBa. MHBapmaHTHOH  Mepoil
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npoMexyTKa (abConOTHOro) BpeMenu OyieM CUMTaTh JIEIEHHOE Ha
CKOPOCTH CBETa TIpUpalllcHue paguyca 4-mapa MEeXAy COCeRHUMH
u30xpoHamH. byaem Takke UCXOAMTH M3 TOTO, YTO 3Ta BENUYMHA
OflMHaKoBa B MoOOH uHepyuanbnoil CHCTEME OTCYeTa, T.e. NpH
ABMKEHHH 110 JHOG0# npamMonuneinoi MAPOBO JIHHUK.

[lycts yrael OTKIIOHEHHS MHPOBBIX JHHUH OT CTpPOTO
palualIbHOINO HAMpaBJICHUs AOCTaTOYHO Maivl. Torja B HalIeM.
YUCTO  €BK/IMAOBOM  4-MEpHOM  KOHTHHYyME  BO3ZHHKAlOT
METPHYECKHE COOTHODICHHS, B TOYHOCTH COOmMEemcmeyioujue
reomeTpu MuHkosckoro. B yactHocTH, u3 Teopemsl [Indaropa
HENMOCPEACTBEHHO  CJICAYET = COOTHOLICHHE,  CBY3BIBAIOIICE
NPOCTPAHCTBEHHBIE H BPEMEHHYIO KOMITOHEHTBI: '

cds’=c*dr- drz,

rae ds — TOpOMEXYTOK abCOMIOTHOTO BpeMEHH (IIPOMEXYTOK
BPEMEHH . MKy IOBYMSA 4-MEDHBIMH COOHITHAMH B abCOMOTHO
HENOJABUXHOH CHCTEME - OTCYeTa), df - MPOMEXYTOK BpEMEHH
MEXIy ABYMs 4-MEpHBIMH COOBITHSAMH B JABHXyUIeHCS CHCTEME
oTcyeTa, dr — TIPOCTPAaHCTBEHHBIM NPOMEXYTOK, IPOHIEHHBIH
IOBIOKyUiefics cucTeMoM oOTcuera, ¢ — CKOpoCThb cBeta. Kak
CNEACTBHE, HpPH HE OYeHb OONBHINX CKOPOCTSX CIIpaBeIHBBI
dopmynel npeoSpasopanus JIopeHIa B pa3IMUHBIX WHEPIHATEHEIX
CHCTEMAX OTCYETA.

5. O upnHUMne OTHOCHTEALHOCTH DHHIITeHHA

- Ecnmm yrmel OTKIOHEHMS MHPOBBIX JHHHM OT CTpOro
paguanbHOIO HampaBiieHHs HElb3s CUMTATh JOCTATOYHO MAJIBIMH,
TO (QopMyabl TeoMeTpuH MHUHKOBCKOTO CHpaBEAIMBBI JIHIIb
NpHOMHKEHHO. DTO O3HayaeT, 4TO M NPHHIMI OTHOCHTENHbHOCTH
‘DiHITe#Ha CIPaBE/UIMB B Halieidl MOJEIM JHIIb I/l CHCTEM
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oTCcYeTa, [ABWXKYLMXCA € [JOCTAaTOMHO  Masioil  CKOPOCTbIO
OTHOCUTENIbHO BbifeneHHOW CUCTEMbl OTcYeTa. Takasa cucTema
YXECTKO CBAi3aHa Te/IoM, NpebbIBaOLLUM B COCTOSAHUM abCOMOTHOIO
NoKosl, T.e. ApeidytoLero B0Mb paanaibHOW MUPOBOW IMHUN.

CyuiectsoBaHue BblA€eNeHHOM CUCTEMBI oTcyeta
HarnoMWHaeT CTapble Teopuwn 3umpa, NPOTUBOPeYallme B3rifgam
TeOpUM  OTHOCUTENbHOCTM.  Kasanocb, 4YTO 3TM  Teopuu
6e3B03BpaTHO YL B MpoLL/ioe. B camom fenie, CKOPOCTb CBeTa B
BaKyyMe Bcerja v BCKOLY MOCTosiHHa. OpfHako B MpuHUMNe
CYLLECTBOBaHME BbIAENEHHON CUCTEMbI OTCYETa MOXET OblITb
YCTAHOB/IEHO MO cMeleHW0 4acToThl CBETOBOIO CUrHania, T.e. C
nomoLyblo aekta Jonnepa. M aTOT (PeHOMeH AeNCTBUTENbHO
06Hapy>XeH COBPEMEHHO HayKoiA!

Ha pwuc. 3 npencraeneHa AuarpamMma  Temmepartypbl
(POHOBOrO KOCMMWYECKOro MU3NnydeHus, npuxogsilero K ConHeuHowm
CUCTeME CO  BCeX CTOPOH  BceneHHOW.  3TM  AaHHble
PErncTpMpoBaINChL aMepPUKaHCKUM nccnefoBaTe/IbCKUM
CMYTHWKOM B TeyeHue 4 NeT (JaHHble 3aMMCTBOBaHbl C caiTa
LleHTpa kocMmyeckmnx nonetos nmeHn Mogaapaa, NASA).

Puc. 3. AHM30TPONNSA MUKPOBO/IHOBOIO KOCMUYECKOI0 131yYeHNs

Kak OTMeTMn BblJalOWMIACA COBETCKUMIA  acTpothn3uK
akafemuk $.5.3ebfoBuy B pefakUMOHHOM KOMMeHTapun B [6] B
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- CBA3H C €le€ paHee  BBINIOJHCHHBIMM  JKCIICpUMCHTAMH,

"'TIiaTeNbHbIC U3MEpEHH . .. NIO3BOJIHIIH 06HapyKHTH
ONMpENECHHYI0 MAalyl0 aHM30TPONHIO MHKPOBOJHOBOTO (oHa

HM3JydeHHs. AHTEHHa, HanpaejieHHas Ha cospesmme JlbBa, nmaer

TeMmmeparypy Hu3nydeHus Ha 0,13 mponenra Bemme cpensedi. B
IIPOTHBOMOJOKHOM HanpaBlieHHH TeMneparypa Ha 0,13 npouexTa
HIWKe cpenned. TemmepaTypa IUIaBHO MEHSIETCS MEXAY ITHMH
JByMsl 3HA4Y€HHUAMH ... M30Tponms HMMeeT MeCTO NHUb Ui
HEeKoTOporo BooGpaxaemoro Habmomarend. Connewnasn cucmema,
3emna ... OBUINCYMCS OMHOCUMENbHO 3IM020 Habaodamens co

- cropocmyio 390 £ 60 km/c ¢ Hanpaenenuu Ha cosge3oue Jlvea.

Benencrsue 3TOro ABHXKEHHS, T.€. 3a c4deT dpdexra Jomnmnepa,
U3JIyueHHe, HAyllee HaBCTpedy, Kaxercs Ham Oosiee ropa4HM..., a
H3y4eHHe, JIOTOHsIOWee Hac, NpeicraBiasercs HaM  Gosee
xonozHsM ... Ha 3T0M npuMepe BRIACHAETCH, YTO B KOXJIOH TOYKE
Bcenennoit cymectryer HabGmopatens, OTHOCHTEIBHO KOTOPOIo
MHKPOBOJIHOBOE M3Jy4EHHE HM30TPONHO. JToro Habmrogateis H
CBA3aHHYIO C HHM CHCTEMY KOOPIMHAaT MOXHO Ha3BaTb
BBIAEICHHBIMA. "

CoBpeMeHHEBIE JaHHBIE, moaydeHHble NASA, nossonstor
IPHHATE OTHOINEHHE CKOPOCTH ABM>KeHHSA COJHEYHOH CHCTEMBI K
CKOpocTH cBeTa paBHBIM 0,15%. D10 nOCTaTOYHO Majas BeJIHYHHA,
ornpaBAbIBaloIlias AOMYyCTHMOCTE Hcnosb3oBanus ¢opmyn CTO u
HPUMEHHMOCTH reoMeTpun MuHkoBckoro. Ho MOXKHO I CUHTATh
YKa3aHHBIH  (EeHOMEH  HCUEepNBIBAOMMM  JI0KA3aTeIbCTBOM
npasuabHocTH T1IIPB? ‘

C uenpio ee NpPOBEPKH aBTOpP A3TUX CTPOK IpeIiaraer
NPOBECTH HECIOXHBIA HaOmogatenpbHeli SkcrmepuMeHT. Ecinu
addext aHU30TPONHM OOYCIIOBIEH pEalbHBIM CYyLIECTBOBAHHEM
BBIACJICHHOU CHCTEMBI OTCUETA, TO OH MOXET OBITH OGHapyXeH u
IO 3AeKTPOMArHHTHOTO WM3IydYeHHs J06od npupoasi. B
YaCTHOCTH, JOJDKHA CYyUIECTBOBATh AHHU3OTPONMHA  CONHEYHOro
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U3JYYEHHUs, HabmogaeMoro ¢ 3eMnu B pasHoe Bpems roga. Oua
JOJIKHA NPOABIATECA B MAaKCHMATHHOM CTEHEHH B ABTycTe, KOrAa
B H3aydenne ConHila, H YOHOBOE U3TyYEeHHE HPHXOAAT HA 3eMITIO

co cToponsl co3se3nus JIeBa (cM. puc. 4). B despane sta

HCTOYHHKHM DPAaCIOJOXKEHbl 110 OTHOWICHMIO K 3eMiie B3aMMHO
TIPOTHBOIIOJIOXHBIM  00pa3oM, HO3TOMY H  HalpapieHue
aHW30TPONIMH Ul COJIHEYHOI'O CBETa JOJDKHO H3MEHHTHCS Ha
nporuBononoxuoe. Oxunaemas senuuuna dddexta npu stoM (C
YUETOM IIPAMOIO BOCXOXAEHHS co3Be3gus JIsBa M HaKJIOHA
3KIUNTHKM) cocTasiseT mopsga 300 km/c, T.e. OKOJIO OJHOH
AecaTol NPOoUEeHTa CKOPOCTH cBeta. B HosOpe u Mae anu3oTponus
JOJDKHA PAKTHYECKH OTCYTCTBOBATS.

corpesnne Jluea
[e)

2] mapra

Puc. 4. Pacnonoxenne Condua u cospeznus Jioea
' OTHOCHTEJNBLHO 3eMJIH

. IloBHauMOMYy, Bo3MOXHA aHanoruunas nposepka TIIPB u
B 3€MHBIX . YCJIOBHSAX, € IOMOIIBIO HCKYCCTBEHHBIX HCTOYHMKOB
H3IYYECHHUS.
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6. Macca, 3Heprusi H HMITY.JIbC 4ACTHI

Urak, MBI  paccMaTpHBaEM Bcenennyio, Kak
pacIMpPSAIONIYIOCs 3-MEPHYIO MHIEPIOBEPXHOCT 4-MEpHOTO 1Hapa.
Mecra foKanH3alMH Macc MaTepHalbHbIX YacTHL Bo Beenennol
NPENCTaBNAMOT cOBOM TOUKH NepecedeHns 3TOM THIEPHOBEPXHOCTH
C MHpPOBBIMH JIMHUSMH. TeM caMbiM MHPOBBIM JHHHAM
NPUIKCHIBACTCS busngeckuii, a HE abcTpakTHBIN
HIUTOCTPATHBHBIA ~ CMBICT. YMECTHO  OXHAATh, YTO JTOT
¢dusndeckuil CMBICT MOXET NpOoSBIAThCA Go0Jiee CYLIECCTBEHHBIM
o0pa3oM, HeXENN Ha YPOBHE [IPOCTOM CHOBECHON KOHCTAaTallHH.

B yactrocTH, npH rmobanbHOM paccMoTpeHHu BceeneHHOH
MBI MOXEM IPEINIONOXKHUThL, *9TO Takas GyHIaMeHTANbHAS
XapakTepUCTHKA YaCTHLEI, KaK €€ Macca IIOKOs, . ABAfercs
HEKOTOPOH OTHOCHTENHHON BeauauHOH. Takoe OTHODIEHME MOTJIO
651 OBITH COCTaBNIEHO, HAIPUMEp, U3 QHamMeTpa 4-MEpHOro mapa-
BeenleHHOH# 1 HEKOTOPOro XapaKTepHOTO pasMepa, '00BEKTHBHO
CBA3AHHOTO C GU3UYECKAMHU CBOWCTBAMY YaCTHIIEL.

" BcloOMHHM, - MTO KaXIOM 4YacTHile ¢ ONpeHeeHHBIMH
3HAYEHWSIMM OSHEPTMM TOKOS' M HMIYIbCA MOXET GHITh
COMOCTABNIEHA BOJIHA Jie Bpoiiiisi ¢ COOTBETCTBYIOMMME NEPHOAOM
konebanuit u mmunoi. Ilpm sToM nmepuon xonebanmit oOparHO
NpONOPUHOHATEH PHEPTHY IOKOS, a JATHHA BONHBEI — UMIyJLCy. B
THIPB nendercs ¢yHnamMeHTaqbHOE NPERNONOKEHHE, YTO Mmdcca
TIOKOSl SIBJISIETCS KEAHMOBLIM YUCIOM, OTIPEIEISIONIAM KPaTHOCTh
Bo3pacta BceneHHOH N0 OTHOIIECHHIO K IIEPHOTY BOJHEI [I€
bpoiing. Ora runoresza nposcHAET NPHPOAY UHEPYUOHHOCMU, KaK
OTHOIIEHHUA JABYX XapaKTepHBIX BPEMEH, a TakxKe CYIHOCTh TAKOTO
TIOHATHS, KaK SHepeust TIOKOS. '

Ho ¢ Teuennem BpeMenu paauyc BeeneHHOR Bo3pacTaeT. A
KaK e BeaeT cebs Macca? Ecnu 6bI mepuon BOMHLI ae Bpois
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TAK)X€ BO3pacTal NPONOPUMOHAIGHO 3TOMY:- paldycCy, Mbl,
NOBHAMMOMY, BOOOLIE HEe cMoriw Obl OOHApyXHTh H3MEHEeHHe
pasmepos Bcenennol, B TOM umCie H 3HAMEHMTOTO “‘KPacHOro
cmemienus”. Eciii jke BOJIHOBBIC HapaMeTPH! HAaCTUI HEH3MEHHBI,
TO Macca mamepuu OOIICHA PACMU NPAMO NPONOPYUOHANBHO
pasmepy u 6o3pacmy Bcenennoii.

B TeoprM OTHOCHTENIBHOCTH, HCXOAA H3 METPHKH
MHHKOBCKOr0, HCIOJIB3YIOTCA BEKTOPH ¢ MHAMOM npoekiyedi na
OCh BpEMEHM. ITO OTHOCHTCS M K 4-BeKTOpaM CKOpOCTH,
YCKOpEHHs, sHepruu-umiyibca. B TILIPB ucnons3yiorcs BeKTOpbI
CO BCEMM JCHCTBHTENBHBIMH KOMIIOHeHTaMH. [Ipy 3ToM BenuduHa
4-mHTepBaNA (WIHHA B IICEBJOEBKIUAOBOM NPOCTPAHCTBE) IuiA
HEKOTOPOTO BEKTOpa  B- TEOPHHM OTHOCHUTEIHHOCTH OTBEYaeT
IpOeKIHH Ha och abcomorHoro BpemeHd B TIUPB, a muumas
KOMITOHEHTa  BEKTOpa (BpeMst  ABHKEHHS) B  TEOpHH
OTHOCHTEJIBHOCTH - J/UIHHE BEKTOpa B YHCTO EBKIHIOBOM 4-
xoutanyyme THIPB. B wacTHOCTH, Takoii BeIHYMHOH SBIAETCH
MOJyJIb BEKTOpa SHeprum-umnyijbca. Ero npoekumed Ha oCh
a0COMOTHOrO BpeMEHH CIY)KMT JHEPrus Iokod (JeJieHHasd Ha
CKOpPOCTh CB€Ta), a NPOCKUHAMM HA NPOCTPAHCTBEHHbHIC OCH
CIIY’KaT KOMMOHEHTHI HMIYNbCa. JTa BEIHYHHA COXPAHAEMCA,
€CJIH YaCTHUA ABUKETCA UHePYUANLHO.

Mepexon « Heunepyuanonomy NBHKEHHIO s TIIPB
CBA3BIBACTCA C COOTBETCTBYIOLIMM 3aKOHOM U3MEHEHUA BEKTOpa
cocTognua. Tak, Npy U3MEHEHHH CKOPOCTH JBMXKEHHS YACTHLIBI €€
JHEpPrusd MNOKOA HE H3MEHACTCH, IO3TOMY BCE YCKOpEeHHWE 3a
COOTBETCTBYIOIMHA  NPOMEXYTOK  BPEMEHH  MOXeT  OBITh
HEMOCPEACTBEHHO BHIYHCIICHO, HCXOAA U3 Pa3HOCTH MEXKAY HOBBIM
¥ CrapbiM 3HauyeHueM mMOyibca. Takum oOpasoM, Kak H B
cnenuaibHON TeOpHH OTHOcHTeMbHOCTH, B TIIIPB ypasBenue s
YCKODEHHOTO  ABH)KEHHS = MOXeT OBITh HONYy4YeHO IIyTeM
JuddepeHIHpPOBaHNA 110 BPEMEHH BHIPOKCHUSA JUIA AMITYALCA.



Tlpunoxenne 1 . , E 129

VYxe B pamxax CTO oTHOLIEHHE CHIBI K YCKOPCHHIO
3aBHCHT OT B3aMMHOTO HAMNpABJIEHHA BEKTOPOB CHIIBI H CKOPOCTH.
OnHaxo B TEOpHH OTHOCHTENBHOCTH CKOPOCTH CHCTEMBI OTCUETA
MOXET BHIGHpaThCS POU3BONBHO, B YaCTHOCTH ~ HYJIEBO, ‘Toraa
COOTBETCTBYIOMHH MHOXHTENb B moﬁom cnyllae oxaamnaeTcx
paBHmM eUHHLE. . :

Hanporus, B THIPB B BhHNENpHBEREHHBIX (POpMynax
durypmpyer abconiomnas CKOpOCTb, oOnpefenseMas  yIJioM
OTKJIOHEHHs] MHPOBOH THHHH YacTHIIbI OT HOPMAJNH' K H30XPOHE.
DTO 03HAYEET, YTO €CNM 3eMAsd IBWXETCA C OlpeAeleHHON
CKOPOCTBIO OTHOCHTEJILHO abcomoTHo HETIOABYDKHOM
(BBIIENIEHHOH) CHCTEMBI OTCYETa, TO H3MEPAA OTHOINCHHE CHIIBI K
YVCKODEHHIO B HANpaBICHHM YKa3aHHOM CKOPOCTH M B
OEPICHAMKYIAPHOM €MY HalpaBlICHUH, MOXKHO SKCTIEPUMEHTANBHO
TIOATBEPMTSL = Hanudue 3To#t  abcomoTHoH cxopoctu. Ecmu
nofo0Has CKOpPOCTb AEHCTBHTENBHO ONpENeseTca BENHYMHON M
HanpaplICHUEM, CIEAYIOIAMHU U3 3¢ dekTa aHu30TpOIHA POHOBOTO
KOCMMYECKOrO H3JIyYeHHS, TO IpH OOHOHM M TOi ke no (MOAYyHoO)
CHIIE  MOXHO pacCUMTHIBATL HA OTHOCHTENBHOE - pasiuyde
npoxonbnoro ¥ HONEPEYHOTO YCKOPEHUS NOpsiKa 2 25 x 10°%,

7. JlokaabHbIC N0/ TATOTEHHS YaCTHI

Kax e HomKHBI MBI MBICJIMTD ce0e rpaBUTALMOHHBIE 110JI
JacTHR (3Be3], IUIaHeT M 1p.), 3anoNHswIMX BceeneHHyoo, B
paMKax BHOBL upemmoxeHHoil koHuenuuu? Ilpexcrasum cebe
CHayala BCE 4YaCTHUbl HENOABIXKHBIMH, Apefidyromumy B
npolecce pacmupenus BcefleHHOH CTPOro BRONB  pajMaNbHBIX
. MupOBBIX JuHu. Ecnx B Takoii BeenenHolt cymectiByer heHoMeH
B3aUMHOTO - NPUTHKCHHN MEXAYy [ABYyMS dYacTHUAMH, TO I
HabmonaTens 310 GyAeT BBHIVISAETh KaK MCKPHBICHHE MHPOBBIX
JMHUHA, KOTOpHIE BMECTO PAaNMalNbHOIO PACXOXACHHS OKaxyTCs
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3aTHYTBIMY B HalpaBJIeHMM oXHa K Apyroi. IIo cymectBy, BMecTO
MHPOBBIX JTHHUH MEI MOXKEM FOBOPHTD IPOCTO O CHJIOBBIX JIMHHAX
[OJI TATOTEHHs, HO TOrZAa 3Ta QHANOTHMA TIO3BOIMT Ham
OTOXIECTBMTH M30XPOHHOE CEueHHe BCeseHHO# ¢ IOBEPXHOCTHIO
paBHOTO MNOTEHHHANA, K KOTOPOH OTH CHJIOBBIC JIMHHH JOJDKHBI
ObiTh  Hopmanbhvr. TakmM  0Gpa3soM, MBI NPHXOJUM K
NPEACTABICHHIO O TOM, YTO M30XPOHHOE cedeHue BcesieHHO# He
SBISETCA CTPOTC KOHUEHTPUYECKOH rumepchepoil, a BO3MYILEHO
CBOETO pOJa BOPOHKAMH (CM. PHC. 5), HEHTPaM KOTOPHIX OTBEYAIOT
rpasmnpylomue YacTHUBL.

-A"’" v
v

Puc. 5. JlokantHoe nosie TAroTeHus YacTHIb]

Yron OTKIOHEHHA NpoQHIs BOPOHKHM - OT HEBO3MYINEHHO#
' ruaepcepsl B TOUHOCTH paBeH YIIy omoneﬁm HOpMaJIA OT
HAcaIbHO pazuanbHOro HampasieHud. CrenoBaTtensHo, Mepa
MHTEHCHBHOCTH JIOKATBHOTO IPABHTALMOHHOIO IIOJISl B KAXAOH €ro
 TOYKE q)alcmiiecxn COBIIAAET C MCHOJB3OBAHHOW HaMl Mepoit
CKOPOCTH YaCTHII, YTO M OINpaBABIBAET NEPEHOC NOHATHSN
JHEPruM, CBA3aHHOM C MEXaHWYECKUM JBHKCHHEM, Ha 00;1acThb
FpaBHUTAUHOHHBIX ABJICHUH, :

8. THIPB un 06mmas Teopust OTHOCHTEILHOCTH

TILIPB npetennyeT Ha Gonee 6au3K0e K AEHCTBHTEIHHOCTH
ONHCAHWME 3aKOHOB BcenenmoH, deM JaeT ofmas TeopHsA
OTHOCHTENHbHOCTH. UTOGH 93Ta IpeTeH3Ws BoINsAena OGonee
yOenuTenpHO, uenecooOpasHO OCTAHOBUTBCE HA HEKOTOPHIX
acniekrax OTO.
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BepHeMes k Bonmpocy O TOM, MOXKHO JIH B KOCMOJIOTHYECKNX
ypaBHEHusIX npenedperars AapnenneM Matepuu. Eme Ditunrreitd B
HOHCKax pemeHus And (paHHe#t) craluoHapHOH Moaend 6wl
BBIHY)KJIEH BBECTM B CBOM YPAaBHEHHs T.H. KOCMOJOIHYECKYIO
NOCTOAHHYIO. - JTa TNOCTOSHHAs OTBEYana OMPUYaAmMeILHOMy
0aenenulo MatepuH, (QHUIHYECKOro CMEICAa KOTOpOoro DHHINTEHH
YCTaHOBHTH HE . CyMesl. B HecTalMoHApHOH MOACHH pelIcHUE
CYmEeCTByeT M B OTCYTCTBHE KOCMOJIOTHYECKOH MMOCTOHHOH,
o3TOMY €€ OOBIYHO noJlaraloT paBHbIMM Hymo. Kax mpasuno,
CKOPOCTAMH YacTHI{ IipeHeOperalor, noITtoMy H (OuHamuueckoe)
NaBIICHHE MaTCpHH TAKXKe HE YUHTHIBAKOT.

51, onHako, HacTauBal0 Ha HeOOXOJUMOCTH  YydeTa
cmamudeckoz0  JaBieHHA rpaButdpyloinedi marepun. Ero
ACHCTBATEIRHO MOXHO HMIHODHDOBaTH B T€X CiydasX, Koraa
IIpMMEHHM MPHHIMN OSKBUBaNCHTHoCTH OJiiHmTelina. CoriacuHo
€My IpaBUTAllHOHHOE II0JI€ 6Ce20a MOXHO 3aMEHHTBH YCKOPCHHOH
CHCTEMOM OTCYETA, OrPAHHYMBAACH, [0 CYTH Jena,  YHCTO
KMHEMaTHYeCKHM acrieKToM. Jleno, oaHako, 3aKiio4aercs B TOM,
4TO He 6CAKoe TIOJAE MOXHO CYHTaTh (X0Td Obl JIOKQJILHO)
onHOpOoAHBIM (cM. puc. 6). Ecnu rpaBHTallHOHHBIR - pagHyc

. YaCTHIBI-UCTOMHHKA W/HIH NPOOHOU “acmuysi TOTO Xe NOPAIKa,

YTO M PacCTOSHHE MEXIY HHMH, TO TNpEeUIOKEHHOe DHHUITEHHOM
YpaBHEHME, CBA3BLIBAIONIEE 'TEOMETPUYECKYID XapaKTEPHCTHUKY
TIPOCTPAHCTBA B MOJE TATOTCHHS C QUIMUECKOH XapaKkTepHCTHKOH
Marepud, OKa3hIBaeTCs HEMONHBbIM. To4YHee roBOps, B TEH30pE
IUIOTHOCTH MAaTEepHH YK€ HENpaBOMEPHO NOJaraTh CTaTHYECKOE
JlaBJICHHE 3aBEJIOMO PABHBIM HYMO, a HEoOXOAMMO BBECTH €ro
(BooOmie roBops, HEHYJEBOE) 3Haqeﬂne, qu:smalomee IHEPIUIO
degdhopmayuu cpeowt.
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Puc. 6. Ciepa - 10KaIbHO OJHOPOHOE TIOJE TATOTEHHS, CIpaBa —
1071, KOTOPOe HENB3s CYHTATh OJHOPOXHBIM JIaXe JIOKATHHO

Baxnp! gH npeanaraemsie noupasku? Crenuammcram
M3BECTHO, 4YTO TFPAaBUTALMOHHBIN pagmyc MerTaranakTuku
OeticmeumeibHO CPaBHHUM C €€ peaJbHbIMH pa3MmepaMu. B [2]
[OKA3bIBAECTCH, YTO pajHyc  Bcenennoii  MgHbe  ee
rpaBUTALlHOHHOIO PaHyca. ‘

- Tam Xe moxasaHo, YTO Pe3yJILTHPYIOUIEE TPABUTAIMOHHOE
JIapjicHHe BO BceneHHOH okaspiBaeTcs ompuyamensvuoiM (MU
(akTH4ECKH OTBETCTBEHHBIM 32 KOCMOJIOTHYECKHH wieH B
ypaBHeHMH DiHwTeHHa). [{anHblil GakT KaxeTcs OMEBUAHBIM, T.K.
CHJIA TPaBHTALHH CTPEMHUTCS CHCAmb JHOG0E CKOILICHUE MaTepuu, |
Ho x 3ToMy pe3ynpTaty MOKHO NPHHTH HETPUBHAIBLHBIM IIYTEM,
paccMaTpuBasi JaBJIEHHME < KaK CHJIy DPEaklud, JIeHCTBYIOUIYIO
BHYTPH OJHOPOZHOIO Iiapa M3 HecKuMaeMo# >KuAKkocTH. B-[7]
[IPHBEACHA 3aBHCUMOCTh NABJACHUSA BHYTPH Iiapa B QYHKLHH OT
ero (HeHyJieBo#) miotHoctH. M3 Hee cnenyer (cMm. [2]), uto ecinu
rpaBNTAMOHHBI pamuyc mapa He Gonee yeM (IpuMepHO) Ha 1%

i IPEBBIIAET €r0 FEeOMETPHUECKHH paauyc (MM €lue MEHbLIE), TO
Ha rpaHHIc BHYTpeHHeH oOnacTH BO3HMKAeT CKaYOK NABIICHHS B
CTOpOHY OTpHUATENbHBIX 3Ha4YeHW. OT0T SPHEKT MOXHO
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O0BIACHHTD “pacTaKeHueM”’ 061,ema BCJ’ICIICTBPIC H3MEHEHUS
METPHKH. \

Vyer cTaTHyecKoro JaBieHus HO3BOJIAET He TOJILKO HaTH
HOGO¢ — THHEHHOE 1O BPEMEHH - KOCMOJIOTHYECKOE PelieHHe, HO H'
BBIYHCIIMThH BEJIWYMHY FPABHTALMOHHOTO JaBlicHUs BO BceneHHOR
B (QYHKIMM BEJIMYMHBI paauyca 4-mapa, Jta (OTpHUaTenbHas!)
BeJIMYMHA, KCTATH, BBIPAXKAETCSA TaKHM JKe, IO CyTH, 00pa3oM ¥ Ans
HEpeJATUBACTKOTO Iapa (HABTEHHE B UEHTPE IUIAHETH! ‘MM

3Be3gel). MHTepecHo oOTMeTHTh, 4YTO HailjneHHas B TIHIPB© -

3aBHCHMOCTh IUIOTHOCTH OT pajguyca BceneHHOW B TOYHOCTH
COOTBETCTBYET BBIPQXEHUIO VI T.H. KPUMUYECKOU MIIOTHOCTH B
3P-mozenu. :

Ipu 3TOM BRIACHWIHCE ABa KpaiiHe BaXXKHBIX 00CTOATEIBbCTRA.
Bo-nepBeix, Macca BcenepHoO#i okazanack HE MOCTOAHHOM.
BeJMUAHOMN, a Aunelino eospacmaroyer iq;ymcuneﬁ panuyca 4--
mapa. B THIPB HeoXHIaHHO pEaTH30BANaCh TNpPOrpamma
ORHITEHHA: XapaKTEPHCTHKH MarTepHM (IUIOTHOCTB) CBEICHBI K
XapaKTepHCTHKaM NPOCTPAaHCTBA (xpuBu3Ha). MHbIMH cnoBamu,
ycTpaHeHa HEoOXoIHMMOCTh BHEIIHMM ofpasoM (“pyxamu’)
BBOJMTL B YPaBHEHWS Ppaclpe/eIcHHE MacC, YTOOl MOTY4HTDb
3aKOH U3IMCHCHHSA METPHKH MPOCTPAHCTRA,

Bo-BTOphIX, KaXyIIadcsd NapaiOKCalbHOCTh HECOXPaHEHHS
Maccel (M sHeprmm!) Bceenenno#i 3acramifer 3aaymaTrscs O
8bINOAHEeHUY YCIOBUH, NPH KOTOPHIX JOMKEH OBITh CIpaBEIHB
3aKOH COXpaHEeHUs 3Hepruu (cM. puc. 7).

X BN
————— /’
———p ——p

——— ——

Puc. 7. Ecnu cBoiticTBa MPOCTPAaHCTBa CO BPEMEHEM He MeHAIOMCS,

TO YHEPTH H30JIHPOBAHHON CHCTEMBL COXpanseTcs (Cepa). Ecnu

K€ CBOMCTBA IIPOCTPAHCTBA CO BPEMEHEM MeHAIOMCA, TO IHEPTHA
H30JIMPOBAHHON CUCTEMBI He coxpaHsemca (Cnpasa)
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TIpencraBnseTcs OYEBHAHLIM, YTO BHEPTHA CTPOrO MOXKET
COXPaHATHCH NHIIbL B Takol ¢u3nyeckodi cucreme (WIH BO
BceneHHoH B 1ienoM), B KOTOpOH CBOHCTBAa HpOCTpaHcTBa (B
S;acmoém, KPHUBH3HA) CTOJb, XK€ CTPOIO HeusMeHHbl 60 epemeHu!
Ilockonsky u coBpemenHas ¢usmka, v TIIPB ucxozsr u3 uHOM
KOHIENUMH, HOCTONBKY 3TOT 3aKOH MOXET BHINOJMHITHCS JIMIID
OpUOIMKEHHO, B Mepy MAJOCTH COBPEMEHHOIO  TEMIIa
OMHOCUMENbHO20 U3MEHEHHS KPUBH3HBI IPOCTPAHCTBA. JTOT TEMI
COCTaBJIfET I8 COBpEMEHHOH HaM Bcenewnuoit nopaaxa 1070 B
TOA. ~

' Hcxons u3 actpodusnueckux nabmopenuit, H.A.Kossipes
[1] Boicka3bIBan yTBEpXKICHHE O €IHHCTBE MEXaHM3Ma M3Ty4CHHUS
3B€34, OCHOBAHHOIO Ha TNPEBpAlllCHHH = BPEMEHH B JHEPIHIO.
CornacHo Halueit MOJENHN, OTHOCHTENBHOE NMpHpaliCHHEe MAcChl H
3HEPTHH I[IOKOS 3BE3/bl PaBHO OTHOCHTEJIPHOMY MPHPALICHHIO
Bo3pacta Beenennoit. Martepecno, uto ans CollHIA OTHOCHTENBHOE
YMEHBIICHHE MACCHI 3a CUET H3TydeHus B rof cocrasmer 5o 1077,
T.. Ha rum; NMOPAAKOB MEHbIIE yxcasaﬂnon “3HEPreTHIECKOM
HOATMTKA .

9. Iiponcxoxaenne # 3aMKHyTOCTH Beexennoii

KocMonornyeckas Mozens I HHUEro He MOriia CKasaTh O
npoucxoxAcHHH Bcenenno#i. Hanportus, pa3suBaeMslit B pabore
(2] noaxon HHO3BOASET AOBONLHO Harnsumbm ofpa3om nonolTH K
sTol npobaeme.

Kax otMeueno B [7]; s moboro mMaTtepuanbHOrO 1iapa C
HEHYNEROH IUIOTHOCTHIO METpHKA 3TOH 0GnacTv MCKaxaercs no
OTHOIICHHIO 'K €BKJIHAOBOH, €€ TeOMETPHA COBIAH3ET ¢
TeoMeTpHEH JeThipeXMepHO# cepHUecKol runepnoBepxHocTy. B
Clydyae HEKOJUIATICUPYIOIIETo Hiapa pefibed ero rpaBUTaHOHHOTO
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NOTEHUWaNa ~ MOXHO  ynogoOuth  HeOombmioH — “aAMKe”,
PpaBUTAUHOHHBIH | pagdyc KOTOpOM MHOro  MeHblEe ee
reoMeTpuyeckoro pasmepa. OOHAKO € pPOCTOM IIOTHOCTH
BellecTBa METpHKa Bee Gosiee nedopMupyeTcs, W “IMKa” B KOHLE
“KOHLIOB . IIpeBpalllaeTCs B CBOEro poja “BOPOHKY”, CBA3aHHYIO C
'BHEUTHEl MOBEPXHOCTHIO JHIIG y3KOi roprnosunol. Tomsko ogHa -
3Ta TOpJOBHHA (MM [aXe €€ 4YacTh) M BHJHA BHELIHEMY -
Habmonaremo, TOrja Kak HENpPeojoiuMbll Gapsep TATOTEHHS
TIPEBPAIAeT HEHTPATBLHYIO 00/1acTh 00BEKTa B “3aTepAaHHBIA MUp”.

C TOYKH 3peHHs BHEUIHErO MHUpPA 3TO — 4YepHas IbIpa,
HeoOpaTHMO MOrNOIaoIas BelnecTBo M m3nyueHue. C Ipyro#
CTOpOHBI, s obmTaTenedt mameii Bcenenno#f “mynobmHa”,
CBA3BIBAIOIIAs €€ ¢ BHEIUHUM MHpPOM, JOMKHA Ka3arbes
chepuueckoit Genoit AbIpoi, U3 KOTOPOi HENPEPHIBHO BEWIECTBO H
H3JyYeHHE MOCTYNAIOT H, OBITP MOXET, MO3BOMAIOT CYIUTH O
cBolicteax sToro  BHemHero Mupa.  Tem, xro  umMTan
¢anTacTuueckyro nosecTh B.A.O6pydeBa “3emns CaHHHKOBA”,
3TO HaBEpH]KA HANOMHHUT OIHMCAHHYIO TaM CEBEPHYIO BHANHHY, -
BEIYIIYl0 B THTAaHTCKYIO MOJ3EMHYIO MOJOCTh CO CBETHJIOM B
HeHTpe 3emiy. )

- Mowxer s 65T, 9TO MBI SIBISEMCH OOMTATENIMH HMEHHO
‘Takod depHo#l ApIpbl? Mos runoresa yIBEPAUTEIHEHO OTBEYAeT Ha
3TOT Bompoc. OTpuIaTeNbHBIA 3HAK AABIEHUA, 06YC/IOBICHHBIH
HEMpPEPHIBHO  yBEIWYUBAIOIUMCA pasMepom Hamero Mupa,
NPHBOAMT HMEHHO K TakoMy BaiBody. [a M cama 3aMKHYTOCTb
Bcenennoii nnosiyuaer puznyeckoe 0ObACHEHME.

C npyro# cToponsl, B [2] noKa3aHO, YTO NPH HUYTONKHON
IUIOTHOCTH BELIECTBa [paBUTAHOHHBIA paauyc BcesneHHo#H
OKa3piBaeTcsi GOMbIIE TEOMETPHUECKOrO M, CJIEN0BATEIBHO, cama
OHa - “yepHOH JbIpoH”. BEIIOJHEHHE ITOTO YCIOBUA ONSATh-TAKH
COTJIACYETCS € 3aMKHYTOCTBIO BceeneHHOM, OTCYTCTBHEM Y Hee
TpaHMLl NIp KOHEYHOM oObeme. U, xpoMe TOro, HOATBEPKAAET
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copMyTMpOBaHHOE BbIIlle HPENTIONOKEHHE O TOM, YTO 00JacTh
TOKaJIH3aLH SHEPTHH NOKOS MaTepuu BcelleHHON He mpeBbIIaeT
006J1acTH, B KOTOPO#H AEHCTBYET FpaBUTAIHSL.

B cospemennoii OTO noctpoeHa cnenuduueckas KapTHHA
KoljIanca 3Be3J, KOTOpas, BOOOILIE roBOps, MOXET H3Y4yaTbCsd B
TpeX Dpa3HYHBEIX CHCTeMax orcyeTa. OOBIMHO HCHOJB3YIOTCH
MO/IeJI, TOCTPOEHHBIE M “TodeyHO#” Macchl. [lepBas cucrema
CBf3aHa ¢ BHEIIHHM HabmonaTeneM, BTOpas — CONYTCTBYET
DaJalome B YepHYIO ABIDY MaTepuu, TPEThbd — CHCTEMA orcyera
HalJrro1aTens H3HYTPH KOJUIAIICHPYIOLIEro o0beKTa.

C TOYKM 3peHHMs BHEINHETo Habmonarens BpeMs INaicHHsA
MaTepHH B KOJUIANCHPYIOHIYIO 3Be3ay sABJAeTCHd OecKOHEYHO
GonpimuM. OnHAKO NpPH IEPEXOLE K COMYTCTBYIOIIEH CHCTEME
0TCYETa OHO OKa3bIBa€TC KOHEYHBIM. YK€ B COHYTCTBYIHOINEH.
CHCTEME OTCYETA BPEMEHHAS H IIPOCTPAHCTBEHHBIE KOOPIHHATHI
BLIpAXAIOTCA Yepe3 00a THIA KOOPAMHAT BHENIHEH CHCTEMBI, @ BO
BHYTpeHHe# cHCTeMe BpeMs M IPOCTPAHCTBO BOOGIIE MEHIOTCH
MEeCTaMH, INpuYeM - KOMIIOHEHTBI  METPHYECKOrOo  TEH30pa
OKa3bIBAIOTCA 3aBHCHMBIMM OT BpeMeHH. Jlasee, ucropus moboit
MaTepHalbHOR TOYKM B J3TOH CONYTCTBYIOWIEH  CUCTEME
HA4YMHAETCA B HYJeBOM MOMEHT M 3aKaHYHBACTCs Yepe3 OAMH H TOT
e KOHEUYHBIH ITPOMEKYTOK BPEMEHH B 0C000i# (CHHTrynsSpHOI)
TOYKe, [OCTE KOTOPOTO YKe He CYIIECTBYeT HHuyero («Gapbep
BPEMEHHU»).

Kak MHe Kaxercs, eciM paccCMaTpHBAaTh HETOYEUHbI
KOJLIANICHPYIOUIHH 00BEKT, BO3MOXHA MHAS «CILIMBKa» BHEIHHEN H
BHYTpEHHEH KapTHHBI Kojuianica. YiK€ HHKOIO He YIMBIISET
CHTYyauusd, NIPY KOTOPOH OJHMH H TOT e JPOMEKYTOK BPEMEHHU B
‘pPa3HBIX CHCTeMax OTCYeTa MOXeT OBITb KOHEYHBIM U
6ecxoneunpM. [loaTOMY BIOJNHE HEMPOTHBOPEYHBHIM MOIXKHO
cudTaTh H TO, YTO HEOTPaHHMHYECHHOE CXKaTHe (KoJuiarc) 4epHoi
Ie1psl BO BHelHEH Cynep-BceeneHHOH BRITIAAUT M3HYTPH (T.€. U3
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. Hawell BceneHnoit) HEOTpaHHYEHHBIM PAaCIIMPEHHEM, KOTOpPOE

Hauyunaemca ¥ak Obl u3 cHHTYnspHO#M Toukk. U o1a Xe Touka

. SBJIACTCH KOHIIOM HCTOPUH BCEX MaTEpHANBHBIX TOYEK BHEMIHEH

Cynep-Beenennoif, mnanaromux B uyepHylo ameipy. Ocobo
HOAYEPKHY, YTO 3TO HE O3HAYAET MPOTHBONOIOXHOIO TeYeHHs
BPEMCHH CHApPYyXH H BHYTpH dcpHo#H awippl. Cxopee, MOXHO
YyTBEp)KAaTh, YTO ~BHYTPH 9epHOH JABIpEI BPEMA  TEYeT
OPTOTOHAILHO BHEIIHEMY BPEMEHH. :
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TIME AS PHENOMENON
OF THE UNIVERSE EXPANSION

Preface

This work was stimulated by Kozyrev’s book [1], that I had
read in the 1992. Then I started to reflect on Time meaning and
Time and Space asymmetric roles during the Universe Expanding.
These ideas development allows to the work [2], it can be accessed
now (the Russian version only) on the site of the Institute of time
nature explorations (grant Ne 00-07-90211 of the Russian fund of
basic research). . . ' _ '

I would like to thank the Chairman of the Russian
Interdisciplinary Temporology Seminar Dr. A. Levich from
Moscow State University for his constant support and friendly
interest. Also I would like to thank A.Moskowsky for the 20-year
discussion of the physics history and philosophy. -

The noted work [2] pretends to radically revise a number of
basic physical concepts relative to the Space - Time, Motion and
Energy nature. It includes a detail analysis and mathematical
calculations.' A brief account of the main part of this work is only
presented below.

1. Introduction

The nature of time is not yet enough clear for natural science.
In the Newton mechanics time was presented as some universal
formal parameter. Its value rises steadily at every point of the
Universe. Each physical process occurs in space in correspondence
with the time currency.
\
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. In the Special Relativity (SR) time and space are integrated to
the common 4D-continuum. However, in this theory the time
component having imaginary factor seems also to be “exotic”. In
this concept the increase of time is also implied in each reference
frame.

The General Relat1v1ty (GR) allowed link the time properues
with. gravitational fields and the space geometry. The time currency
started being associated with a spatial expansion of the Universe.-

So, the theoretical physics traditional approach to the process
description is based upon the time currency considering as primary
(original) one. They are also in the modern physics [3] several
attempts to deduce the time concept as secondary one from
different fundamental (microscopic) concepts.

However, the third way (inverse to the first one) is possible
and presents the base of this paper. A starting point of this way is
the following question: “Does any universal process exxst Wthh
could generate physical time?*

Such fundamental cosmic process exists really and is well
known in the modern science. It presents the Umverse expansion
and was opened. at the first third of the 20" Century by the
American astrophysicist E. Hubble and others [4]. It ‘means the
general increase of distances between all 3D-bodies. The same
scattering of 2D- ﬁgures happens on the surface of some spherlcal
balloon during air incoming. The centre of this sphere does not
belong to the surface, all points of the sphere (the Universe) are
equivalent.

Some time before the theoretical phys:cs came to the same
results. As is well known, the Einstein’s GR was published in the
1916. After that Friedmann (1922) proposed the concept of the
expanding Universe.

For example, in the book [5] a description of the basic
cosmic model is given. I will hereinafter call this model “Einstein-

\
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Friedman model”, or “EF-model”. In this model the Universe is
presented as 3D-hypersurface of a 4D-sphere with increasing
radius. Of course, the curvature of the 3D-hypersurface increases
with time too.

2. Basic hypothesns relative to time nature

Some simple and pictorial views consist a base of the new
concept. I'll call it briefly “The Sphencal Expanding Universe
Theory (SEUT)”.

In the SEUT, like the EF-model, the Universe presents in
every time the 3D-hypersurface of a 4D-sphere. However, there is
one very important difference. In the Einstein’s theory the spatial
components of the metric tensor are opposite in sign to the time’s
one. For example, we may consider time as imagine quantity, then
- a spatial coordinate is real one. On the contrary, in the SEUT the

4D-continuum is considered as purely Euclidean, all the four
coordmates are real quantities. The usual spherical geometry can be
used on a surface of the 4D-sphere.

As it well known, in the GR the Age of the Universe can be
calculate vsing the EF-model or another one. Usually, the radius-

-age dependence is not a direct proportionality in such GR models.
Well, this result may be deduced if to neglect the global pressure of
matter that fills the Universe. I tried to show in [2], that an account
of the static pressure of matter follows the Universe radius linear
dependence on its age (see below).

On the contrary, in the SEUT the time universal currency is
manifested. The Universe age is identified with a current Universe
radius divided by the velocity of light. Numerous consequences
may be deduced from this statement. On the other hand, it allows

. avoid many other arbitrary postulates in the model.
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3. Mechanical motion and maximal velocity in the SEUT

The SEUT states, there is no unlimited set of independent
mechanical motions. Only world lines of moving bodies exist. Each
of them has some inclination relative to the time line, which
‘presents a- normal to the hypersurface of the 4D-sphere. An
inclination angle defines the spatial motion velocity. When the
sphere radius rises, the intersection point of word line and current
hypersurface “moves” with exact correspondance with a modem
physics prediction. )

Immovable objects (stars) have the zero inclination, their
world line are normal to the hypersurface. Hence they “scatter”
according to the Hubble law, their mutual velocity is proportional
to mutual distance. If a body world line has some inclination
relative to normal, the angle is more than zero. But it can’t exceed
90°, therefore maximal mechanical motion velociry appears
naturally, it is equal to the velocity of light.

Let us consider three variants of motion (see for fig.1)..

‘ Figuré 1. Phenomenon of a “motion” of point on a sphere surface
for 1mmovable (at the left), uniformly moving (at the centre) and
non-uniformly moving (at the right)

‘The left picture illustrates the Hubble effect. The right picture
presénts a general case of motion with acceleration. The central
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_picture corresponds with an inertial motion, its world line is direct.
In this case the moving body displacement increases proportionally
to the Universe radius increment. So, inertial motion is hot

postulated in the SEUT, it appears as natural model consequence.

' At a large 4-sphere radius values all the relationships of SR

and usual mechanics laws are applicable approximately in the

SEUT. A Special Relativity light cone transforms to all the

hypersurface of the 4D-sphere. But the analogy isn’t complete,

because. an absolute remote SR area degenerates to this 3D-

hypersurface in the SEUT(see for fig. 2).

N _ ,
absolute ’ absolute fusture -
ébwlute
femote gbsolyte
area past

absolute future

Figure 2. 4D-continuum areas in the SR (at the left) and in
the SEUT (at the right)

4. SEUT and Minkowski geometry

Let us consider small increments of time and space
coordinates along body world lines during the Universe expanding.
It is enough to consider a small area of the Universe, so we can

neglect its curvature.  Then it is acceptably to replace
approximately concentric hypersurfaces (“isochrones”) by parallel
hyperplanies. A rest state corresponds with a representative point
- “drift” - perpendicularly to isochrones, an inertial motion
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N

corresponds with displacement along inclined direct lines between
isochrones. ; :

At each time the Universe is presented as certain isochrone
that contains all the real spatial points. Let us accept that 4D-
sphere radius increment divided by velocity of light presents
invariant measure of (absolute) time increment. We will also state
that this quantity has the same value in each inertial reference
frame, i.e. at a motion along each direct world line.

Let the world line inclinations from normal direction are
enough small. Then metric relationships like Minkowski geometry
ones ‘appears in our purely Euclidean 4D-continuum. In particular, -
well known relationship

ds? =2 dl-adr

can be deduced from the Pythagorean theorem. It connects a spatial
component dr with a time component dt (at moving reference
frame) through velocity of light c¢. Here ds is an absolute time
interval (between two 4D-events at a immovable reference frame).
Hence, if velocities aren’t very high, the- Lorentz transform is
correct in different inertial reference frames.

5. On the Einstein’s relativity principle

If the world lines inclinations from exact normal direction
cannot be accepted as small, then Minkowski geometry
relationships are correct approximately only. It means that
Einstein’s relativity principle /is correct (in the SEUT) only for
reference frames that move with velocities enough small relative to
selected reference frame. Such reference frame is linked hardly
with a body at (absolute) rest, i.e. drifting along radial world line.
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The selected reference frame existing reminds of old ether
theories that contradict to the Special Relativitiy views. It seems,
these theories became a thing of the past irretrievably. In fact, the
velocity of light in vacuum is constant everywhere and everywhen.
However, the reference frame existing can be detected in principle
as a light signal frequency bias, i.e. with the help of Doppler effect.
Well, this phenomenon is really detected by modern astrophysics!

The temperature diagram of the Cosmic Microwave
Background Radiation (CMBR) coming to the Solar system from
all the sides of the Universe is presented on the fig.3. The data was
registrated during 4 years by the Cosmic Background Explorer
(COBE) satellite (NASA Goddard Flight Center, COBE Science
Working Group).

Figure 3. The anisotropy of the Cosmic Microwave Background
Radiation (CMBR)

The known Russian scientist J.B. Zeldovitch wrote sooner
in the Editorial Addition to [6] that careful measurements allowed
find out some anisotropy of CMBR. An antenna oriented to the
Lion constellation detects that the radiation temperature is 0.013%
more, than mean. The radiation temperature in the opposite
direction is 0.013% less, than mean. Generally, a temperature
varies continuously between these two values. The isotropy



Tpunoxenne 2 . 145

¢ presents only for some imaginary observer. The Solar system,
ir‘,'Earth move to the Lion constellation relative to this- observer
" having velocity 390 + 60 km/s. Hence, as a result of the Doppler.
. effect, a meeting radiation seems to be more hot, and an overtaking
I radiation seems to be more cold. This example shows that an
. observer exists in every point of the Universe. For him a CMBR is
\ isotropic. We may consider this observer and the connected
. reference frame as selected. The selected reference frame existence
" “at the Universe every point looks like the physicists commonly held

view preceding to Relativity. They thought that the light presented
- ether oscillations occupying whole the Universe. They thought also
that a reference frame connected with ether was preferable, or
‘selected. They tried to detect the Earth motion relative to ether. We'
know that these experiments gave the negative result: any ether
doesn’t exist. But the Universe evolution follgws that when CMBR
is observed (and only in this case!), the selected reference frame
(called sometime “new ether”) appears. This new ether at one place
is moving relative to new ether at other one. The new. ether or
CMBR just realises the motion according to Hubble’s law.

The modern NASA’s data allows to put the relation of the
‘ Solar system velocity to the velocity of light equal to 0,15%. 1t is
enough small value justified Special Relativity and Minkowski
geometry - relationships  application. But can we believe this
phenomenon to be an exhaustive proof of the SEUT accuracy?

To test it I propose a not complicated observational
experiment. If the CMBR anisotropy is due to the real selected
frame existence, then it may be detected for any electromagnetic
radiation. In particular, an anisotropy of solar radiation has to exist
at the different year periods. It has to be detectable in August, when
the both solar radiation and CMBR come to Earth from the Lion
costellation side (see for fig. 4). In February these sourses are
opposite in disposition relative to Earth, therefore. the solar
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radiation anisotropy direction has to be opposite. The expected
- effect value (with account of the Lion constellation straight
- ascendancy and obliquity of the ecliptic) is approximately equal to
300 kmy/s, i.e. nearly 0,1% of the velocity of light. In November
and May the anysotropy has to be practically absent.

Ea) orbit

Lion Constellation
o

! Mars, 2 - ber, 23

June,22 |

- Figure 4. The Sun and Lion constellation dlsposmon
relative to Earth -

Probably, an analogous SEUT test in a laboratry is
realizable with help of artificial radiation sources.

6. Particle mass, energy and impulse

So, we consider the Universe as expanding 3D-hypersurface
of a 4D-sphere. Mass-localisation places in the Universe present the
~ points of the hypersurface intersection by world lines. So, these
world lines have a real physical meaning, not abstract illustrative
this one. We may expect this physical meaning to-be more essential
than simple word expression. ._

Particularly, while the Universe global ana1y51s is making,
we may suppose that such fundamental particle feature as 1?s mass-
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- at rest presents some relative value. Such relation (some kind of a

quantum number) may include, for example, 4D-sphere (the
-Universe) diameter and some characteristic size like de Broglie
"wave period that is inversely proportional to the mass. This
hypothesis may make clear inertia nature as two characteristic
times relation. It may also explain the energy at rest meaning.

Meanwhile, the Universe radius increases with time. Well,
what happens with mass? If a de Broglie wave period increased .
proportionally to time; we couldn’t generally detect the Universe
expansion, including famous “red shift”. But if particle wave
periods are constant, then matter mass has to rise proportlonally to
the Universe age and size.

~ In the Relativity (like Minkowski geometry) we use vectors
having imaginary projection to time axis and real projections to
space ones. Particularly, it is true for velocity, acceleration, and
energy-impulse 4-vectors. As against, vectors having all the real
components are only used in the SEUT. At that, a 4-interval value
(length in pseudo-Euclidean space) of some relativistic vector
answers the absolute time axis projection of a corresponding
SEUT-vector, and imaginary component of a relativistic vector
(time of motion) answers the corresponding vector length in purely
Euclidean continuum of the SEUT. For example, the energy-
impulse vector module presents such quantity. Its projection to -
absolute time axis is energy at rest divided by velocity of light, and
its projections to spatial axis are impulse components. This quantity
is constant while the particle movement is inertial one.

A jump to non-irertial motion in the SEUT is connected
with a corresponding state vector changement law. So, if particle.
motion velocity changes, its energy at rest doesn’t change,
therefore full acceleration at a time interval can be calculated using
the difference between new and old impulse values. Thus, the non-
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uniform one (see for fig. 6). Let the radius of a field source (or a
probe particle) have the same order that the mutual distance. Then
~ the Einstein’s equnation connecting space geometry with matter
- physical features seems to be incomplete. More precisely; it is
incorrect to put exactly equal to zero a static pressure in the matter
density tensor, it is necessary to introduce its (unknown, galculablc)
value accounting a continuum deformation energy.

‘Figure 6. At the left a locally uniform gravitation field is presented, -
the right field can’t be considered as uniform one event locally

Are the proposed amendments important? Specialists know,
that the Metagalaxy gravitation radius is in fact comparable with its
real size. In [2] 1 have showed that ‘the Universe radius is less than
its gravitation radius.

Is shown also in the same work [2], that a resulting
gravitational pressure in the Universe is negative and answers the
Einstein’s cosmic constant. This fact seems to be evident because a
gravitation force aims to gripe any matter accumulation. But it is
possible to attempt it with help a non-trivial way. Let us consider a
matter pressure as a reactive force operating within a uniform
sphere of incompressible liquid. A pressure dependence on internal
density is presented in [7]. We can see (see for [2]), that if the
sphere gravitation radius exceeds its geometric radius not more
than approximately 1% (or is still less), then a pressure sudden
negative change appears at the internal abroad. This phenomenon
may be explained as a volume “expansion” due to a metrics
perturbation.
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The static pressure account allows not only to find out a new
(linear- in time) cosmologic solution, but also to calculate a
Universe gravitational pressure value in dependence on its radius.
This negative value has the representation like that one for a non-
relativistic sphere (a star or a planet, for example). Also T would
like to note, the expression for density-Universe radius in the
SEUT is exactly the same that the expression for so-called critical
density in the EF-model. |

- Two very important circumstances are clarified for all that.
First, the Universe mass was turned out as linearly increasing
function of the 4D-sphere radius, not constant. A famous Einstein’s
programme is realized unexpectedly in the SEUT: a matter features
(density) are reduced to a space features (curvature). In other
words, a necessity to extemally (“by hands”) introduce a mass
distribution “in the equations is eliminated in the SEUT. This
operation is need in the GR to find out a spatial metrics
changement law.

Second, the seeming paradoxicality of University mass (and
energy!) non-conservation forces to reflect on conditions that the
accomplishment allows to the energy. conservation law correctness
(see for fig.7).

x > T‘ >
e —
S ———

e
L

Figure 7. If space features aren’t depending on time, then the cosed -
system energy is constant (at the left). But if space features evolve
in time, then the cosed system energy haven'’t to be constant.

‘It is evident, I believe, the energy can be exactly constant
only in such physical system (or in whole the Universe) for which
space features (in particular, a curvature) are strictly constant in
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time too. However, the both modern physics and SEUT issue from
~ the opposite concept. Hence, this state can only be 'accomplished
approximately, moderately of a bit of the modern rate of a relative
space curvature evolution. This rate has order 10°1° per year for the
modern Universe.

N.A.Kozyrev [1] basing on astrophysical observations
stated the common star radiation origin that has to be due to the
time-energy transformation. 'Accordinly with the SEUT, the star
mass and energy at rest realative increment is equal to the Universe
age relative increment. It is interest, Sun mass relative lost due to
the radiation consists in 10°"° per year, i.e. five orders less.

9. The Universe origin and closed geometry

The cosmological EF-model couldn’t say anything on the
Universe origin. On the contrary, the work [2] approach allows an
obvious way to study the problem.

_ As it is noted in [7], the metrics of any sphere area havmg a

non-zero density is perturbed relative to Euclidean one, its
geometry agrees with 4D-sphere hypersurface geometry. For non-
collapsing sphere its gravitation potential relief is like a very small
“pit” that gravitation radius is much less than its geometric size.
However, when the density rises, the metrics perturbs more and
more, and the pit transforms to some kind of “crater”. The crater
is connected with the external surface by a narrow neck. Only this
neck or its part is visible for an external observer, and the
gravitation insurmountable barrier transmutes an object central area
into “a lost world™. N

From the point of v1ew of the extemal world, the central
~ area presents a “black whole” absorbing irreversibly all the matter
and radiation. On the other hand, for our Universe inhabitant the
“navel-string” connecting, with the external world has to seem a
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. spherical “white whole”, to which a matter and radiation are
coming continuously (and, may be, carry-out an information on the
external world features). There is an old Russian fiction science
book called “Sannikov Land”, where an internal gigantic trench
concerning central small star is described. Our model seems to be |
- like this picture.

" Is it possible, we live in such black whole? My hypothesxs'
answers affirmatively this questlon The negative sign of the matter
pressure due to continuously increasing our world size allows to
such conclusion. And the Umversnty restraint can be physically
explained by the way.

, On the other hand, as I showed in [2], in spite of matter
_average density negligibly small, the Universe gravitation radius is
more ‘than its geometrical radius, hence, it presents a black whole.
This condition accomplishment agrees the Universe restraint, the
boundary absence in spite of its finite volume. Also, this fact -
confirms our assumption that the Universe energy at rest
localisation area doesn’t exceed the gravity operation area.

A specific model of star collapse is created in the modern
- General Relativity. In general, it can study in three’ different
reference frames. As a rule, the “point mass” models are used. First
model is linked with an external observer, second one accompanies
a matter falling to the black whole. Third model presents an-
internal reference frame, i.e. an observer within collapsing object.

From point of view an external observer the matter falling
time to the black whole is infinitely large. However, in an
accompanying reference frame it is finite. Since in the
accompanying reference frame time and space coordinates are
expressed through the both types of external reference frame
coordinates. What is more, in the internal reference frame the time
and space coordinates quite trade places, the metrics tensor
~components are depending on time. Further, any matter point
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history in this accompanying reference frame starts at the zero
moment and finishes after same universal time period in a special
(singular)‘point, after which nothing exists (“time barrier”).

. As-I believe, another lacing between internal and external
. collapse picures is possible, if we will consider a non-point
collapsing object. Nobody wonders now at a situation, when a time
period can be finite in one reference frame and infinite in another
~ one. Therefore, we can believe, unlimited black whole collapse in
the external - Super-Universe may seem to present unlimited
expansion of our Universe observing inside. This expansion seems
to start froma singular point, and the same point is the history end
of all the matter of the external Super-Universe that fall to the black
whole. I would like to note especially, it doesn’t mean that internal’
time pass in opposite to external one. Faster, it is possible to state,
time within a black whole pass ortogonally to external one.
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M.H.Shulman. THE SPHERICAL EXPANDING UNIVERSE
THEORY '

The new World concept close to Friedmann-Einstein’s
model considers the Universe as a 3D-hypersurface of some
sphere in a purely Euclidean 4D-continuum. The analysis of the
Einstein equivalence principle limitations is made, the new
- solution of the cosmological equations is found. The time is
identified with the increasing radius of the Universe and is always
directed normally to the sphere’s hypersurface. Only particle
world lines (not particles themselves) are considered to have a
physical meaning, and by this way the phenomena of the bodies
motion is deduced. The limitations of the relativity principle are
shown, experimental fact of the “relict” radiation anisotropy is
explained. We suppose also that the mass of a particle presents a
quantum number being equal to the diameter of the Universe
divided by de-Broglie’s wave length and increasing with time. In
the new cosmology the “big bang” concept and the mass and
energy conservation principle are replaced by the “energy pump”
concept. The basic problems of the quantum mechanics and the
irreversibility problem of the Universe evolution are considered.
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