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Ilpemncnosne 5

NPEJUCJIOBHE

[Ipexae Bcero aBTop XoTen OB MpenyNpPEeAHTh YHTATENS,
YTO Ha €ro CyJA BHIHOCHTCS HOBas TMIIOTE3a O NPHPOAC BPEMEHH,
KOTOpas 0 HACTOSIICIO BPEMEHH HE Hallia IPH3HAHHSA B CPEAC
npodecCHOHANBHBIX PHIHKOB.
B mae 1997 roga MHpopMaHoHHO-pEKIIAMHBIM LEHTPOM
PAO *“T'asnpom” Geina BeinymieHa mos 6poiiopa “O guszuneckoti
npupode @pemenu”, KOTOPYIO aBTOD 3aT€M HECKONBKO pa3
' IEPEN3laBajl CaMOCTOATENBHO, BHOCA HEKOTOPHIE JOMOIHEHHA H
UCIIPABJICHHUS. ‘
lepBonavanphas  paboTa  coaepxana  pe3yIbTaThl
pasMBIIUICHHHA,  BBI3BAHHBIX - YTEHMEM COOpDHMKa  CTaTreH
H.A Koswpesa (1992 r.). He mnpuusB npemnoReHHOH UM
¢u3nueckol kapTHHB MmHpa, si TEeM HE MEHEE CEPhE3HO
3ayMaICd O CYI{HOCTM BPEMEHH, B UYaCTHOCTH ~— O
HECHMMETPHYHON pOJH BPEMCHM M IPOCTPAHCTBA B MPOIECCE
pacmpenns BeeneHnod, a Takke O MPUUHHAX HECOMHEHHOTO
cxoncrBa  ¢opmynel  Jlopennma ¢ Teopemod  IImdaropa.
JansHeiimee passBuTHE JTHX wieil NPUBEIO K HANMCAHMIO
HeOOJBIIOH KHHIH, KOTOPYIO aBTOP M Hpe;IaraeT BHHMAHHIO
YHTATENA, : )
- Ilpeactasnennas  pa6ora  He  NpeTEHAyeT  Ha
BceoObeMmIOIMi  OXBAaT Beel (u3Mueckoif KapTHHE Mupa,
BKJIIOYAIONICH,  HapALy C  IPOCTPaHCTBEHHO-BPEMEHHBIMH
OTHOIICHHAMH, TMOJA M IJIEMEHTapHBIE YaCTHLBI. byayuw
NOCBAIUCHHONW  3HAa4YMTENLHO Oonee y3koi  mpobiemaruke
(xapakrepHO¥ ckopee mng Hadana 20-ro, a He 21-ro Beka H. 3.),
OHa, OJTHaKO, COACPUT BECbMA PAIMKAIIbHYIO PEBH3HIO Ga30BBIX
¢u3HYECKHX NPHHLHIIOB, 4YTO, B CJIydac €€ IOATBEPKIUCHHA,
OKaKCT HECOMHEHHOE BJMAHHE M Ha 006O0WANOIIKE TEOPHH.
Pabota  OCHOBHIBAaeTCHS .= Ha  NPU3HAHMH  HEPBUYHOCMU

2eomempuyeckux omuouienuil 6o Bcenennoii, 1.€. npojosKaer
f



6 ‘ HpeaucnoBue o e )

manno  Kimbdopaa-OnHmtelina-Yuiepa, H, Kak Kaxercs
aBTOpY, TMO3BOJAET 3HAYMTEIBHO IPOABHUHYTbCA HAa ITOM
. HamnpaBJICHHH,

Sl ropsyo OnarojapeH PYKOBOIHMTENIO Poccﬁﬁcxoro
MK IMCIMILTHHAPHOTO CEMHHApa 10 HCCIENOBAHHMIO HPHPOMbI
Bpemenn A.6.H. AdlJlesnay (MI'Y) 3a nposBicHHOE MM
BHHMaHME W OKa3aHHYIO IIOQJEPXKKy, B TOM YHCIE 34
IMyOMMKAlMIO  TIOYYEHHBIX MHOK pe3y/lIbTartoB Ha . caiire
Hncruryra HCCIENOBaHHH OpUpOABl °  BPEMEHH
(www.chronos.msu.u, rpaur Ne 00-07-90211 Poccuiickoro
¢ponna QyHIaMEHTANIbHBEIX HCClenoBaHMi). S Tawke xoTen Obr
BEIPa3sHTh CBOIO IybOKyl0 01aronapHocTp MOEMY  APYyry
A.B.MockoBckoMy 3a 25-nerHee oOcyxneHue ¢unocopnun u
ucropu Pu3KKH. VYKa3aHHbIE JIMLA, pPasyMeeTcs, HE HECYT
HHKAKO# OTBETCTBEHHOCTH 3a COACPXKAHHE JAHHOH paboThl.

KpoMe oCHOBHOrO BapuMaHTa TeKcra, B Opounopy
noGasiaeHo (B - BHAC HPWIOKCHHWI) JOCTaTOYHO KpaTKoe
usnoxenue . (6e3 gopMyn) OCHOBHEIX HMAEH Ha PYCCKOM H
aHTIMICKOM S3BIKE ,

Bonpocsl ¥ 3aMeyaHys YHTATEIH MOTYT MPHCHLIATE MHE

O MIEKTPOHHOMY aapecy shulman@dol.ru .

Aemop

Despars 2003 2
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1. BPEMS H HATYPAJIbBHAS ®HJIOCODUA

[Ipupona BpeMeHM O CHX 1IOP OCTa€TCA HEJOCTATOYHO
ACHOH a8 €CTECTBO3HaHM® M  HaTypdpmiocodum, Xors
IPEACTABIEHHE O HEM HHTEHCHBHO HCIIONL3YETCH B HAyYHOM W
NPaKTHYECKOH - HEATENBHOCTH  4e€/lOBe€uyecTBA. B MexaHmke
HuloTOoHa BpeMs BBICTYNANO B KAYECTBE HEKOETO YHHBEPCAIBHOTO
¢dopManbHOrO mapaMeTrpa, 3HA4EHHE KOTOPOrOo MHMCTHHUECKH
HEYKJIOHHO (M NPHUTOM OJIMHAKOBO JUIA BCEX TOYCK BcencHHOI)
'BO3pacTaeT, a BCe (MBHYECKHE MPOLECCH IPOHCXOAAT B
NPOCTPAHCTBE B COOTBETCTBMM C TEYCHHEM BpeMeHH. B
CHELMATBHON TECOPHH omocmenbnocm IPOTHBOIIOCTAaBIEHHE
BPEMEHH IIPOCTPAHCTBY B 3HAUMTEIBHON Mepe CHATO Onarogaps
uX OOBEAMHEHHIO B 4-MEPHBIf KOHTHHYYM, OJHAKO M TaM
BPCMEHHAA KOMIIOHEHTA MMEET HECKONBKO "IK3OTHUECKHH"
Xapaxkrep, 4TO MPOABIACTCH B HEOOXONMMOCTH IPHIMCATH CH
MHHMBIH MHOXHTEIb;, M B 3TOH MOJEIH alOCTEPHOPHO
MOAPasyMeBacTCA POCT BPEMEHH B JI0GOH CHCTEME OTCYeETa.
O61ias TeOpHA OTHOCHTCIBHOCTH II03BOJHIA CBA3aTh CBOHCTBA
BPEMEHH C [IOJAMH TATOTEHHs M TEOMETpHEH NpOCTpPaHCTBa,
OMHAKO HE TIPOSCHWIA IS HAeH MHTYHUMH CMBICH 3TOr0
fapaMeTpa, a MOKeT ObITh M clenana ero eme Oosee
TaMHCTBEHHBIM, HAPALY C STHM IOJPa3yMeBacMOE TCUEHHE
BPEMEHH CTall0 CBA3BIBATHECA C IIPOCTPAHCTBCHHEIM PACIIMPCHHEM
Beenennoit.

PasMbinuiss O CYITHOCTH BPEMEHH, MBI MOXKEM I'OBOPHTL 11O
MEHBIUCH MEpPE O TPEX €ro acnekrax. Bo-nepBeix, kak 06 oqHOM
W3 pealbHO CYIIECTBYIOIIMX H3MEpeHMH (Hapsay ¢ Tpems
NPOCTpPaHCTBEHHBIMHU), OOBLEKTHBHAA NPOTHAKCHHOCTE BPEMEHH
APOSBISETCS B CYUICCTBOBAHMH Y KOKIOH (PH3HUECKOH CHCTEMBI
XapakTepHEBIX I1apaMETPOB, CBOCI'O POJA BPEMEHHEBIX pa3MeposB, B
H3BECTHOH CTCNCHH aHAOTHYHBIX HPOCTPAHCTBEHHBIM Pa3sMEPaMm.
Drta aHalOrug, B YACTHOCTH, OOYC/IOBJI€Ha TEM, 4YT0 H
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COOCTBEHHBIE ~ pa3Mepbl  CHCTEMBI, H €€ = BPEMCHHBIE
XapaKTEPHCTHKH (MHEPLIMOHHOCTD) obycioBneHsl
B3aMMONCHCTBHEM . COCTAaBIAIOIHX  CHCTEMY  DIEMCHTOB.
CrabunpHoCcTh MOJOGHBIX CBA3EH, B CBOKO OYEPENb, NO3BOMAET
M3MEPATh M MPOCTPAHCTBEHHYIO, H BPEMCHHYIO IIPOTSKCHHOCTD
IIyTEM CpPaBHEHHS, COOTBETCTBEHHO, C pPEAIBbHEIM 3TAIOHOM
‘usmueckoro pazmepa WM NEPHOIOM KONCGaHMA.

Beime yxe Obula OTMeueHa MeETPHYECKas OCOGEHHOCTD
JAHHOTO M3MEPCHHA, BHIHYKJAIOWAS TPHIHCAThH €My MHHMBIH
MHOXHTEIb. JTOT MHOXHTEIs, C OJHOH CTOPOHBI, BBOJAHMT
pafuKansHOe pazinune MEXIY BPEMEHHOMH )4
IPOCTPAHCTBEHHBIMH KOMIIOHEHTaMH, XapAKTEPH3yd B TOM HHCIE
¥ Hally HECIOCOOHOCTH HENOCPEACTBEHHO BOCHPHHIMATD BPEMA,
B OTIHYHE OT APOCTPaHCTBA, C NMOMOLIbIO opranos 4ysctB. C
APYTO# CTOPOHBI, 3TO Pa3IH4YKe YHCTO METPHUECKOTO MOPKIKE, H
OHO IIO3BOJIAET Y)KE B PAMKaX TEOPHH OTHOCHTEIEHOCTH FOBOPHTb
BCETO JIMIIbL O PaA3IMYHBIX HNPOEKUMAX EAMHOro OObEeKTa -
YETHIPEXMEPHOTO BEKTOPA. MHHMMOCTh BPEMEHHOH KOMIOHEHTHI
ABJIAETCA HCTOMHHKOM MHOTHX NMPHBJIEKAIOIIMX BHHMAHHE MCH:
HanpuMmep, C.Xokunr [1] wucnoas3yer ee s ycTpaHeHHA
CHHTYAsApHOCTeH M3 TeopHH 3somonunH Beenennoi; W.ITpuroxun
[2] ¢ ‘ee momompl0 HCCaeAyeT BO3MOXKHOCTE 00006uIcHHS
anjiapaTa KBaHTOBOH MEXaHHKH Ui 00bACHEHHA HEOOpaTHMOCTH
MIOBEJCHUS BOJHOBOTO NMAaKETa.

Bo-BTopsIX, 'BPEMCHH IPUCYILE .  ONpPEIECICHHOE
HalpaBJeHHE - TaK Has3elBacMas CTpejla BpeMeHH. TouHee,
TOBOPAT O HECKOJIBKMX CTpElaX BPEMEHM - KOCMOJIOTHHYECKOH,
TEPMOAHHAMHYECKOH U T.4., H O NIPHMEHYATCIBHOR CBA3ZH MEKIY
HUMH, ais OOBACHEHMS KOTODOH BBIABHIAKOTCA pa3IHYHBIC
TEOPETHUYSCKHE 060CHOBaHHA (3amMeTHM, 4TO y
MPOCTPAHCTBEHHBIX  M3MEPEHHH = (HU3MYECKOTO  KOHTHHYyMa
coBpeMeHHad Gu3KKa ¥ HATypPuIocopus noaoOHbIX CBOMCTB HE
yemarpuaioT). 1 ecim 0tHH aBTOpB! MBITAIOTCA TE€M HIH HHBIM
00pa3omM "BBIBECTH" HaNPaBIEHHOCTh BPEMEHH M3 ONPEHEIICHHBIX
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Gonee oOmwmx ceolicte Mnpa, 1O gpyrue (M.IIpuroxmn)
KaTeropu¥eckH HacTauBaioT Ha anpHopHOCTH 3TOro daxra, ero
MEPBHYHOCTH 110 OTHOUIEHHID K YCTAHOBJICHHEIM 3aKOHaM
MPHPOIBI. )

' B - TpeThux, H.AKosmipesy [3]  npuHamIeKuT
GopMyTHpOBKA2  NIPEACTaBICHHA O Xode BPEMEHH  Kak
HEPBOOCHOBE BCero ObITHA Hamiero Mupa. MOXHO NpHHHAMATh
WIH OTBEpPrare €ro coobpaxenus o6 MHTEHCHBHOCTH M
HEPaBHOMEPHOCTH 3TOTO X004, TIPCACTABJICHHA O BPEMECHH KakK O
HEKoei cybcmanyuu, €ro KOHKPETHBIE TEOPCTHUECKHE MOAEIH H
Pe3y/IBTaThl IKCIEPHMEHTOB, HO JI00OMY 4€lOBEKY HHTYHTHBHO
OueBHACH (He HENOCPEACTBEHHO 4€pe3 OpraHbl YyBCTB, HO
OTIOCPEAOBAHHO YEPE3 ONBIT OBITHS) CaM (PaKT meyenun BPeMEHH
KaK OCHOBBI JII0GOTO PHPOAHOTO UM ACKYCCTBEHHOIO NPOLECCa.
JleficTBHTENbHO, KOTJAa MBI paccCMaTpuBacM  HEKOTODBIH
HENOKANBHEIA 06BEKT B abCTPAKTHOM MPOCTPAHCTBE, HAM HET
HEOOXOMMMOCTH CHEUHAIbHO BBOJHTb HOBOC HM3MEpEHHE, @
BIOJIHE JOCTATOMHO B KAueCTRE TNAPaMeTpa  HCIONb30BaTh
KOMOVHAIlMI0  CYUWIECTBYIOIUMX = (KaK,  HalpHMeEp,  IIpH
muddepesuypoBanny 110 AIuHE Ayrv). B atoMm ciydae napamerp .
XapaKTepH30Ba) Ol NOIOXEHHE (COCTOAHHKE) HabmoarTens, a He
Ha0moIaeMoro 00beKTa. ME1 5K€ CBA3BIBAEM NPOLECC C PEATIBHBIM
M3MCHEHHEM COCTOstHMs camoro oObexTa; BpeMs Uil Hamel
VIHTYMIIHH BBICTYIIACT. B KAYECTBE PEAILHOIO, 4 HE BUPTYAILHOTO
¢axTopa.

TpamuuMOHHBIH  NMOAXOX  TEOPETHYECKOH (HM3HKM K
ONMCAHMIO  [POUECCOB ~ OCHOBAaH  HA  HCTIONB30BaHMH
NpEACTABAEHNUS O ~XOHE€ BPEMEHM B KadyecTBe IIEPBUYHOTO,
MCXOQHOTO. B cOBpeMEHHOM (pH3MKE NEJIAlOTCH TAKKE HOMBITKH
ApUATH K TIOHSATHIO BPEMEHH KaK KO  BTOPDHYHOMY,
JACAYUMPYEMOMY WIH KOHCTpyMpyeMoMy Ha 0a3e HEKOTOpBIX
VHBIX  (MMKPOCKOMHMYECKHX)  (YHAAMEHTAIBHBIX ~ IIOHATHH. -
BosmoxeH ® TpeTMH TyTh (MHBEPCHBIH IO OTHOUIEHMIO X
MICPBOMY), KOTOPBIH JI)KHT B OCHOBE MpPEACTaBICHHOH paboThl..
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OTOT IyTh B Ka4€CTBE OTMPABHOH TOYKH COACPHKHT ClieAYIOIIMIt
Bompoc:  “A He cylmecTByer JIM BO BcelleHHOH npouecca,
MMEIOILETO MCKIIOYHTENBHO oOmMH XapaxTep, KOTOPEIH Mor Obl
nopodump dusnueckoe spems 7

Takoit GQyHIaMEHTAILHBIH KOCMOJOTHYECKHH  Ipoiecc
ACHCTBUTENLHO CYMIECTBYET W XOPOILIO H3BECTEH Hayke, ITO -
pacmnpenne Bceesiennoil, otkpeitoe B mnepsoit Tpern XX Beka
aMEpUKaHCKHM acTpoHoMoM J.XabbmoMm wu apyrumu [4]. Tlog
HMM TIOHMMaercs He YHNAICHHE Tea OT  oblero 1leHTpa, a
"BceoOiiice" yBEJIMUYEHHME DPACCTOSHHM MEXTy BCEMHM TEJIAMH.
XopomuM MonensHBIM 00pa3zoM sBisteTcs "pa3beranne” TOUEK HA
TIOBEPXHOCTH BO3AYIIHOTO 11apa NPH €To 3aI0JIHEHHH Ta30M, IPH
3TOM' €ro- HEHTP HE NPHHAUIEKHUT IOBEPXHOCTH, a BCE TOYKH
MOBEPXHOCTH wapa (BceneHHoN) paBHONPaBHEL.. :

HaGmiomas tax HaseiBaemoe "KpaCHOe = cMelleHHe" B
ciektpax  3Be3n, Xab0n  OKCICPHMEHTANBHO  YCTAHOBMI
NPONOPLUMOHANBHOCTE MEXAY CPEAHEH CKOPOCTBIO B3aMMHOTO
YOAIEHNs 3BE3AHBIX OOBEKTOB M PACCTOAHHEM MEXKIAY HHMH. A
aHriMickuil actpodusnk 3.A.MIWIH TEOPETHYECKH BBIBEJ HTOT
-3aKkOH u3  chopMynMpoBaHHOro MM  KoOCMOJIOrH4YecKoro
. NpHHUHNA. B COOTBETCTBHM € JAaHHBIM NPHHLHIOM -."ClemyeT
OXHJaTh, 9TO B JIOOOH HaHHBIH MOMEHT BpeMeHH- Bcenennas
JOJDKHA BBITISAETh OJUHAKOBO Ui HaOmopateneil Ha Bcex
THNHMYHBIX TAalaKTHKAX, B KAKOM Obl HANpaBICHHH OHH HH
emorpenn” [5]. Orciopa, B 9acTHOCTH, = CHEHYET, 4YTO €CIM
nHabmogarenn’ B 7oukax A, B wm C pacrnosokeHbl Ha OIHOM
npsMoii, u paccrosnue AC BaBoe Gonbime paccrosnus AB, To s
Habmogarens A ckopocts Habmonarens B pomxHa ObITh Takol
XKe, Kak M ckopoctb Habmopmarend C gns nabnroparens B;
ClieoBaTeNnbHo, A1 HabGmonarens A cxopocts C n0DKHA OBITH
BABOE 0OJIBILIE, YEM CKOPOCTH B, 1 T.1L. )

Yyrh paHpmie, 4€M OJKCICPHMEHTATBHBIE HAOMIOACHMSA, K
'TEM K€ IPEICTaBNCHHAM IIPHBEIA M TeopeTHueckasn pusnka. Kax
m3gectHo, B 1905 roxy mnosBmiace crHeUUaIbHas TEOpUS
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orHocuTenpHOCTH, a X 1916 romy - obmas Teopusa
OTHOCHTENBHOCTH DitHwrelHa, mocie yero (HauMuas ¢ pabot

- A A.®pupmana [6]), Obi1a pasBura MOAEAS PACIIMPRAIOWEHCH

Bcenennoit. Conepkanue 3THX HaeH ¥ ux 06001enne n3naraercs
B CHEOyIOIEH TIiaBe, a 34eCh s BKPATIE YNOMAHY €Wie O
HECKOIBKHX BakHeHmmx KOHLUENTyalnkHRIX  MOMEHTax
' COBPEMEHHOH (M3HKH, C KOTOPBIMH TE€CHO CBA34HO AajbHEHLICE
COJIEPXAaHME KHHIH H K KOTOpHIM coanaiocs NIPHBICYD
BHMMAaHHUE YHTATEIA.

Bo-nepBeiX, s HAMEPEH KPHUTHYECKH OOCYIMTH TMpPHHINIL
OTHOCHTENBHOCTH, T.€. HWHBaPHAHTHOCTh 32KOHOB tpmnxn o
OTHOLICHHIO K BEIOOPY MHCPUHAILHON CHCTEMBI KOOPIHHAT.

KpoMme Toro, pedn noimer O 3aKOHE COXPAaHEHHS SHEPIHH,
ponb XOToporo oObscHATL W3MMIHE, Ero TeopeTHyeckoe
‘obocHoBaHKE B KIacCHUYecKO# (pu3nke 6a3mpyercs Ha KOHLUEHIHH
OJTHOPOAHOCTH BPEMEHH, TOITOMY BIIOJIHE €CTECTBEHHO, YTO ITOT
3aKOH [OJDKEH OKazaThes B Qokyce moboH HOBOM TEOpHH,
KacalouleHcs TOHATHS BPEMEHN.

Janee, xoremoch ©Obl OCTAHOBHTBCA HA TAKOM BCEM
“moHATHOM” (EHOMCHE, KaK MEXaHHYEeCKOoe JBHXEHHe. S
MOCTapaloch TOKa3aTh, YTO BMECTO OECHUMCIEHHOIO MHOKECTBA
HE3aBHCHMBIX MepeMenicHHil ¢u3uKa MOXeT (M JOJDKHA)
ONEpHpOBaTh JHIL ¢ OZHMM oOmeMupossiM npoueccom. U3
NEXAIHX B OCHOBE 3TOr0 NPENCTABICHHH BEITEKACT HE TOJIBKO
€CTECTBEHHOE OrpaHMYEHNE CKOPOCTH [BHIKCHHA HEKOTOPOH
MaKCHMATBLHON BEIMYWHON, HO M OTPOMHOE KOJHM4YECTBO ApYrux
(PA3NYECKHUX CHEICTBHM,

Haxonenu, s HamMepeBaioCh KOCHYTHCS NPHHIUMITHAIBHBIX,
TaK 10 CHX IIOD OKOHYATCJIBHO M HE HPOACHEHHBIX NpobieM
KBAaHTOBOH MEXAaHMKH, TeCHEHIIMM OOpa3oM CBA3AHHBIX C
KOHUEHLHEN BPEMEHH. '

Pa3sHBaeMyl0 HMXKE KOHHUENLMIO A npezmaram HMMEHOBATb
Teopueit 1llapoBo#t Pacmnpxlomenca Bcenennoit, xparxo -
THIPB. '
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' 2. BPEMS H KOCMOJIOTHSI

2.1. I'paBnTaunoHHbli NapafoKc U KOCMOJIOTHYECKAS
' ‘ NOCTOSAHHAA

Kak WM3BECTHO, KJIACCHYECKAas TEOPHA  TATOTEHHS
OCHOBBIBAJIACH HA 3AKOHE Hrlotona. HelOTOHHAHCKAA KOHLEIIHSA
BceneHHOMt B KayecTBe CBOCH CYIIECTBCHHOH NPEINOCHUTKH
HCTIONB3YET NPEACTaBICHHE © OCCKOHEYHOM TPeXMEPHOM
NPOCTPAHCTBE, 3allOIHEHHOM Marepuell. Takas KOHUCILHA, Kak
ObUI0 mOKa3aHO B KOHHIe 19-ro croseTHs, NPUBOIHT K
onpeaeaeHHbiM TpyanocTaM. B.Ilaynu B xuure 7] co cepinkoi Ha
paborst HeiiMana w 3eenvwrepa HANOMHHAET, 4YTO 3aKOH
Bccmnpnoro TAroTeHNs HploTOHa MOXKET OBITH CTPOTO IIPHMEHEH
AMILB B TOM cnyqae €C/IH TUIOTHOCTh. Maccel BeeneHHOH mpu
CTPEMJICHHH PACCTOSHHH K OECKOHEYHOCTH CTPEMMICH K HYIIO
6rictpee, yeM I/, B NIPOTHBHOM Cllyyae CHIa, AcHCTBYIOW@S Ha
MaTePHAJIBHYIO TOUKY CO CTOPOHBI BCEX Macc BceneHHOH, 6y,ueT
HEONpeNeNeHHON. B KadecTBe BHIXOJA 3€CHMrep IPEMIONKHI
NpPUHATB, 4YTO IAOTHOCTH MAacChl KOHEYHa Ha JNOOBIX
PAaCCTOSHHMSX, & B. BHIPOKEHME IS HBIOTOHOBA TOTCHLUMAIA
BBEJEH OKCIOHEHIMANLHO  yOBIBAIOWIMI ¢  PACCTOSHHEM
MHOKHTENB. DTO, B CBOIO OYepelph, MPHBOIHT K HEOOXOHMOCTH
moaubukanuy ypauenuss [lyaccona. Omicannas mnpoOnema
NONY4HIa Ha3BaHHE IPABUTALMOHHOTO MapafoKca. \

B 1917 roay AnnGepr Diamreitn B pabote [8] cocmancs
Ha Ty ¢ TPYAHOCTh TeOpHM TaroreHus Heioroma s
' Gecxonetmon Beenennoit, OH Takxe OTMETHI, 4TO IDAHHYHOE
ycuosne Hmcrrona B (opMe CYIECTBOBAHHA HOCTOSHHOTO
npenena s FPaBHTALHOHHOIO MOTCHIHANIA B IIPOCTPAHCTBEHHOM
6ecxoneqﬁocm BieueT 3a coboit obpauienne Ha 66CKOHEYHOCTH B
HYJb nnomocm MaTepHu. AJIBTEPHATHBOH ABIAETCA HEHY/ICBasg
IULIOTHOCT> MATEPHH HpPH OECKOHEYHO GOBIIOM 3HAYCHHH
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MOTEHIHAIA, HO 310 IPOTHBOPEYHT HAbII0HaeMbIM B PEATLHOCTH
OTHOCHTEJIBHO HEBBICOKHM CKOPOCTAM 3BE3A. )

JobaBmio, 49r0 TIpaBHTAIMOHHBIA  NAPAAOKC  JIETKO
BLISIBMTD, BBLIYHC/SA BEJHYHHY JaBJICHHA, OOYCIOBIEHHOTO
IpaBUTALHOHHBIM CXKAaTHEM, B LEHTPE OJHOPOJHOro mapa. B
Ka4eCTBe TaKOI'0 apa MOKHO PacCMaTpHBaTh HE TONBKO [UTAHETY
WIM 3BE37ly, HO M BCIO BCesieHHYIO (C LEHTPOM B IPOH3BOILHOM
TOYKE), 3AIMOJHEHHYIO PaBHOMEDHO DacIPCHCNICHHOH Marepueil.
AbcomoTtHas BCIIMYMHA P JaBaCHHA OKAa3BIBACTCS
HPOTNIOPIHOHAILHOH KBAAPATY IPOU3BENCHHS IIOTHOCTH 11apa o
Ha ero paguyc L:

P=2nGL A3

rae G - NOCTOSAHHAA B 3aKOHE BCEMHPHOTO TAroTeHus Hytotona.
Taxum 06pa3oM, Ipu cTpemileHuH pagnyca Beenennoi B uenom K
OCCKOHEYHOCTH [aBICHHE B KaKOH-MHOO €€ TO4YKE TaKKe
CTPEMHTCH K GECKOHEYHOCTH.

B03MOKXHOCTH IIPEOA0JICHUSA TPABMTAMOHHOIO N1apafoKca
Ditnwreiin cssan [8] ¢ Momubukanueit reoprn HeloroHa 3a cuer
nobaicHus B ypaBHeHme [lyaccoma HOBOro (Maioro o
BEJAMYMHE) CJIaraeMoOro C YHHBEPCAIBHOH MOCTOAHHOH, dTOOMHI
3aTeM pEaANM30BaTh ATy MIACKO B CBOCH II€PBOHAYAIBHOM
CTALMOHAPHONH KOCMOIOIHYECKOH MOJEIIH.

Ouenp BaxHO, 9TO HPHU Iepexoge ot Teopuu HploroHa K
obmeit  * Teopun OTHOCHTSNBHOCTH  OHHWITCHH B
ACHCTBUTCIBHOCTH  CAeNax He oaMH, a cpady JiBa
NPHHLIMIHATEHEIX miara. OH HE TONBLKO BBEN KOCMOIOIHHECKYIO
TIOCTOSHHYIO, OTBEYAIOLYIO HEKOEMY 3arajJo4HOMY (B TOM HHCIIE
IVIL HETO CaMOT0) OmMpuUKameIbHOMy TaBICHHIO, HO H 3aMEHMI
GeckoHeuHyto Beenennyio HploToHa ¢ 3BKIMAOBOH METPHKOHA Ha
HOBYIO HEIBKIMIOBY BCeneHHYIO, 3aMKHYTYI0 Ha cebf M He
MMEIOLIYIO IIPOCTPAHCTBEHHBIX I'PAHHL, XOTA 00BEM €€ KOHEUYEH.
Uurarenb CMOXKET 3pHMO CMOIENMpOBATH il ceba a1y
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CHTYALHIO, €CJIH TI0 2HATIOTHH C TPEXMEPHBIM CITy4aeM BOOOPasHT
cebe MEPEXOA OT HEOrPAHMUCHHO npoCTHpalomleHcs BO Bce
 CTOPOHBI OBBIYHOMN IBKIMAOBOH INIOCKOCTH K ABYMEPHOH K€, HO
HEIBKIMIOBOM  IOBEpXHOCTH  riioOyca. Ilmowans  Takoit
cepHIEeCKO# TOBEPXHOCTH KOHCYHA, HECMOTPS Ha OTCYTCTBHE Y
. HEE TPaHHIL. ‘

Ilepexox x HeIBKIMAOBOH Bcenennod Obut i
OHHIITEHHA €CTECTBEHHBIM CICIACTBHEM €ro  KOHIENLHH
TeOMETPH3AUMH (QHM3HKH. A BOT HCIHOJB30BATH OTPHULATEIBHOE
AaBieHHE ("KOCMOJIOTHYECKYIO IOCTOSHHYIO") OH OBLI BBIHYKICH
IO TOH NPOCTON MPHUYMHE, YTO HWHAYE (IPOCTO HE YHABAIOCH
NOJYYHTh HE 3aBHCAILEE OT BpEMEHH penieHre. B nansHeitiem Ha
CMEHY KOHUENUMHM “3acThiBiiei” BceneHHo#H npuilia BeIHKas.
MzesA 0 BOZMOKHOCTH 3BOJTIOLMH IOCHEAHEH.

2.2. HecrauuonapHas KocMo.10rivyecKas MoJeb
JiHwTelHa-DpuaMana

CospemerHsIe npeacTasieHns 00 dBoionnn BeeneHnoi |
BOCXOAAT K MPOCTeHIIEH KOCMOJIOTHIECKOH MOAENH DHHTEHHA-
®punmana [9], onepupyIOmEH 'C TPEXMEPHBIM HEIBKIMAOBBIM
HPOCTPAHCTBOM NEPEMEHHOIO BO BPEMEHHM panuyca KpHBH3HEI R
(chepryeckoii THIEPIOBEPXHOCTBIO 4-MEPHOro 3BKIHAOBOIQ
mapa). Yxa3zaHHOe IpOCTPaHCTBO IpeArnosIaracTcs B 3T0H MOACTH
M30TPOITHBIM M 3aTIOJHEHHEIM "TIbUICBHAHON" MaTepHEH, a BpeMs
BBICTYN2€T B KayecTBe (HOPMaJIbHOIO NapaMerpa, 0T KOTOPOro u
3aBHCHT "Texkywias" KpHBM3HA TIPOCTPaHCTBA. YPABHCHHA
®dpunmana-JiHIITeiHA 3anmuckiBatoTes B Buae [ 10):

k-(c/R)’+(R’/R)* - 2(R"/R) = - 8-G-PI¢
k-(c/R)’ +(R'IR) = 8-%G-p /3,

rae G - HOCTOsHHAs B 32aKOHE BCEMUPHOro TAroteHus HeloToHa, ¢
- CKOPOCTh CBETa, P - MIOTHOCTD, P - nasneuue, k=0, 1 wm -1 B
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3aBHCHMOCTH OT 3HaKa KpHBH3HBL llITpHX 3)1ec1> 0603HavaeT
augdepeHUHPOBAHME IO BPEMCHH. :

CKalspHOC MaBIEHME, KOTOPOE COJCPXKHICA B npason
YaCTH INEPBOrO  YPaBHEHMSA, MOXeT = OviTh  00yclomieHO
CKOPOCTSIMH YacCTHII, T.€. CBA3aHO C UX KHHETHHYECKOH JHEprueH,
TAaK YTO AJIS TOKOSIUEHCS MaTEpHM TaKoe (mmamnqecxoe)
HasiicHue papHO Hy0. Kak yxe ObuIo CKa3aHO, EPBOHAYAIBHO
OWHIOTEHH MBITAJICA NCTIONB30BaTh OTPULATENBHOE JaBICHHE, HE
CBS3aHHOE C [BMIKEHHEM MaTepHH, 43TOOBl TONYYHTL He
3aBHCAINEE OT BPEMEHM PEIICHHE. JTO OBUT BEIHYXACHHBIN 1War ¢
€ro CTOPOHBI, II0TOMY IO3KE OH OTKA3aiCA OT ITOH HAEH B
NOMK3y.  HECTAUMOHAPHOTO pCLIEeHHA, TIPEIOKEHHOT O
Opuamanom.

XOpomwo HM3BECTHBI TPH KiIacca TaKUX PEIICHMH, BI:I60p
MEKIY KOTOPHIMH 3aBHCHT OT COOTHOIICHHA MEKIY PEaIbHOIM (0)
N “KpUTHYECKOH” (0,) BEINYMHOA CPEIHEH TUIOTHOCTH MaTepHH
BO Bceenennoii:

* TIpH p > i, PANYC KPUBHUIHBI CHAYANA PACTET CO BDEMCHEM, &
3aTeM yOBIBaeT, KPMBH3HA MOJIOKHTENbHA,

* npu p, > p> 0 pauuyc KPHBH3HE HEOTPAHHYEHO BO3PACTAET
CO BpeMeHeM, KPMBH3HA OTPHIATEIBHA;

® npu p = p, BeeneHHas MMeeT TWIOCKYI0 METDHUKY, KPHBH3HA
OTCYTCTBYET. ‘

34ech  NOA  XKPUTMYECKOH  IUIOTHOCTBIO — IOJpa3yMeBaeTCs
BEJIMYMHA

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

rae H - nocrosunad Xab6na. OTMETHM, YTO B CIIy4ac p =p,
nocrosHHas Xabbna oxaswiBaercs 0OpaTHO nponopuuoua.nwon
BO3pacty BeenenHo.
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3aBepiy KpaTKoe M3/I0KEHHE KOCMOJIOTHYECKOM MOJEIH,
HOAYCPKHYB NPHHLUHUIHAILHOEC OOCTOATENIBCTBO: M AABIECHHE, M
ILIOTHOCTh MaT€PHH BBOIATCSA B YPABHCHHS “BHEIIHHM 00pa3oMm.
O1H mapameTpel B IPaBOi YACTH YPaBHEHHH ONPEJENAIOT
HEU3BECTHBIC IIApaMETPhl B JICBOM YacTH, TAK YTO PELICHHUE
YPaBHCHHH CBOAMTCA K INOHCKY (OPMaIBHBIX 3aBHCHMOCTEH
HEH3BECTHBIX  280MEMPUYECKUX  BCIMMHH  OT  3aJ@8HHBIX
@usuueckux BennunH. B 3TH 3aBHCHMOCTH B KA4ECTBE apryMEHTA
BKJIIOYAIOT U 6peMA, IPEABAPUTEIILHO HOCHYAUPOEAE aTIPHOPHOE
HaJIHyHe 3TOH QH3HIECKOH CYIHOCTH.

2.3. CrarHyeckoe JaBjieHue rPaBUTHPYIOLUEH MaTepun

Kpurnueckn#t ananus moaenu OIHHUITEHHA HAYHEM C
BONpOCA O NpaBOMEPHOCTH OTKa3a OT yd4eTa [JaBjiCHHA.
Pasymeercs, mis moxoAueHcs MaTepHy JHHAMHYECKOE [TABJICHHE
PaBHO HYJIO, HO OCTaE€TCA OTKPBITBIM BOMPOC O CMAMUYECKOM
Oagnenuu. [laHHbIH BOIPOC, KaK MOKA3/I0 €ro NpeABAPUTEIILHOE
YCTHOE  OOCYKACHHE,  ABAACTCA  IVIABHBIM  HCTOYHHKOM
BO3DaXEHHH €O CTOpOHE creuuamucros no OTO, noaTOMY A
xoTten Ovl1 yaenuTh eMy 0co00e BHUMaHHE, ,

Y camoro OHHIITEHHAa  HCTOYHMKOM  IOSBJICHUSA
CKaIAPHOTO MAaBJICHHA SABWIOCh CIELHHAIBHO R0GaBIEHHOE
cnaraeMoe, KOTOPOE COXPaHSeT KOBAPHAHTHOCTb YPABHEHHS,
AIpHOpHOE HCKIIIOUEHHE 3TOr0 CJaraéMoro —' CKOpee, BOIpPOC
CyOBEKTHBHOIO  BbIOOpA, . 9YEM = CTPOTOTO  TEOPETHHECKOrO
000CHOBaHMA. YkKe 3TOro 0OCTOATENLCTBA JOCTATOYHO. (C YEM
COMJIaCHBI MHOTHE aBTOPbl) uTOOKI, IO KpaiHed Mepe,
MOJBEPTHYTh  aHAIN3y  BO3MOXHBIE  CICACTBHA  TaKOM
MoiandHKaLMKu ypaBHEHHH. B To ke BpeMs ¢ mMamemamuuecKkoi
TOYKH 3PEHHA BIIOJIHE 3aKOHHBIM ABJIAETCA H HEIOCPEACTBEHHOE
BXOKIACHHE KOMIIOHCHT [AaBJICHHS B TCH30D IUIOTHOCTH IHEPIHH-
MMITYJIbCa. ‘
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Qu3uyeckasn apryMEHTaNMs B NONB3Y ydeTa CTaTHYECKOTO
JIABNCHHA  OCHOBBIBAETCS HA  KOHIEHIMM  3(EKTHBHOrO
I'DABUTALMOHHOTO B3aHMOACHCTBUS MATEPHH, HE CBA3AHHOTO CO
CKOPOCTBIO YaCTHUEI, | L

Haubonee npoctof, ¢ MO€H TOYKH 3peHMs, apryMEHT B
N0JIb3y Y4YeTa JAaBJICHHA CBOIMTCH K TOMY, 9TO MpeHeOpexcHue
MM PaBHOCHJILHO NPEHEOPEIKEHMIO CyMMAPHBIM FPaBUTALHOHHBIM
noneM BceeneHno#l, a 310 1nociennee, B CBOI OYEpEnb,
OJIHO3HAYHO CBS3aHO C HAMMYMEM I0GANbHON KPHBH3HBL, T.C.
OTJIIMYMEM OT HYNIl PaMyca KPUBH3HEI BeesleHHOH H MOCTOAHHOR
Xab6na. Marepuio Bo BceeneHHOM Henb3s CYHMTATh MPOCTHIM
CKOIUICHMEM  HCB3auMOJACHCTBYIOWIEH “meumm”.  Hamportws,
KKbIH OCTPOBOK MaTEPHH CBA3AH KCCTKHMH IIyTaMH TATOTEHHA
110 KpaHHEH Mepe C COCEAHHMH OCTPOBKAMH, TaK YTO BCA MAaTCPHS
B uenoM obpasyer 6osnee HWIM MEHEe YNPYIyld CIPYKTYpY ¢
pacnpeseIeHHOM B npOCTpaHCTBE >Heprueii. JlaBaenue xe, IO
OIpeUETEeHHIO, O0YCIOBACHO KaK pa3 OO0BEMHON IUIOTHOCTEHIO
SHEPTHH. ' -

PaccmarpuBaeMblii  BONPOC ~ OTYacTH  CBA3aH ¢
bopMyTHpOBKOH NpPHHIMIIA 3KBHBAICHTHOCTH, KOTopas Oblia
Japa OfmuorednoM. [leno 3pecs 3aximouaercs B TOM, 4TO
DifHTeiH  ycTaHapiMBacT  (JOKANBHYI0) JKBHBAJIEHTHOCTB
YCKOPEHMST W  TPaBHTAlMOHHOTO - TOJS IS MOYeYHOou
MaTepUaNbHOM YaCTHUB!, HCMOMB3YS YPOBEHb HMACAIM3ALNH,
XapakTepHbiit s Mexanuxku mouku. B paborte [11] on muuer:
“VekopeHnoe aBmxeHHe Oeckomeuno Manoi  (“MecTHOH”)
KOOPAWHATHOM CHCTEMBI JOJDKHO OBITH BRIOpaHO NPH ITOM Tak,
4TOObl OTCYTCTBOBAJIO I'DaBHTALHOHHOE NOJE; Al HECKOHEYHO
Majnoit obmactH 3T0 BO3MOXHO~. Ha 3TOM ypOBHE BBOIMTCHA
aGCTpaKiing gHewtHez0 MCTOUHHKA W (JIOKATHLHO) 00HOPOOH020
IO/, MPHYEM PACCTOSHHE MEXKIY B3aMMOAEHCTBYIOLIMMH TEJIaMH
CYWICCTBCHHO TPEBHILIACT pa3MepPbl CaMHX TEN. DHEPrusa 110KOA
TEJT JIOKATH30BaHa B 1X 00BEMe, KOTOPHIH 110 Pa3MepaM BO MHOrO
pa3 MmeHbuie o0beMa 00nacTH, 3aHHMacMOTO I'PaBHTaLHOHHBIM
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nojeM; CJIeAOBAaTENBHO, OOBEMHONW KOHUCHTpaLHeH SHEPrHH
nocneaHero (T.€. BHyTpeHHeH odHeprum gedopmanuu cpenm)
BIIOJIHE JOIYCTHMO IpeHebpeys.

Opnnako BO3MOXHBI CiIydaH, KOrAa pasMepel ob6nacry,
3aHMMAaeMOH  ToIeM, He IPEBOCXOAAT pa3MepoB
B3aMMOJECHCTBYIOINX Tel WIH, TeM 0ojiee, HX IPaBMTALHOHHOTO
pazmmyca, H HMEHHO 3Ta CUTYalHs HMEET MECTO IIPH II0BGaIbHOM
paccMoTpennH BeeneHHOR. 30eCh TunoTesa Jake O JOKaTbHOH
ONHOPOJHOCTH MO TATOTEHMA YXE€ HCIPUMCHHMA, H
Heo0x0aMMo nepeliTH Ha Golec TOHKHH IOHATHHHBIH yPOBEHb —
YPOBEHb MexaHnuku cnaowinoi cpedst. Ilorromy B pamkax OTO
OpH aHANM3C SKBHBAJICHTHOCTH B 0oOmeM ciydae HeoOXoaumo
paccMaTpHBaTh HE TOYEYHYIO YACTHLY, & JICMEHT MaTepPHAILHOM
Cpenbl, 3aHMMAIOIIHI 3NEMEHTapHBiH 00BeM. B HemoaBmxKHOM
CHCTEME, Ha KOTOpOe HEHCTBYET MONE TATOTCHHMS BHEIIHETO
HCTOYHMKA, 31EMEHTAPHbIN 00bEM 3aMoNIHEH MaTepHeH, CXKaTOH B
pesyibTaTe €€ B3aMMHOIO IpHTsDKeHHdA. [Ipu mepexome k
YCKODEHHOH CHCTEME WCKIIOYCHHE TIPABHTALMOHHOTO MO
6HewHe20 ICTOYHHKA HE TO3BOJIET MCKIIOUMTH COGCMEEHHYIO
rpaBuTalnHoHHyl0  jgedopmaumio  ofbeMa  MarepuH @ H
COOTBETCTBYIOILEE NaBJICHHE 3a CYET BHIOOpA KakOH Obl TO HM
GBUIO TOKANBHOM CHCTEMBI OTCUETA. ,
\ Boofwwe A0mycTHMOCTh HCHONBL30BAHHS TMPHOIHKEHHA
JOKAIbHO ~ OAHOPOAHOTO  IIONSA  TATOTEHHSA  3aCHyKHBaeT
oTHensHOTO obcykpenns. [Ipeae BCEro, TONE3HO JaTh .

KOJINYECTBEHHOE OIIpEJCICHHE KpUTEpHA JIOKQJIBHOM
OJHOPOIHOCTH, HAIPUMED, B BUAC Ag/g << 1, rae Ag — pa3HocTh
MEXKIY HauOoNbIINM ¥ HA¥MMCHBIUMM  3Ha4YCHHEM

HanpsKEHHOCTH, g - CpeAHce 3HAYECHHE HANpPSDKEHHOCTH B 3TOH
obnactn. Mcronb3ys takoit KpuTepHii, MOXKHO apryMEHTHPOBATH
HCBBINIOJIHCHUE YCIOBHS JIOKAIBHON OJHOPOLHOCTH KaK I
CTaTMYECKOTO MNOJIA TATOTEHHS, H300pa)KEHHOTO HIKE Ha PHCYHKE
2.1, Tak M, HampHMep, JUIA MOJIA BPAILAIOILIETOCs Tela, €CiH
TOJBKO OTHOMIEHHE CKOPOCTH YIrJOBOIO INEPEMEIICHUS K
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CKOPOCTH TOCTYIIATCIBHOTO HE ABAACTCA JOCTATOYHO MAILIM (M
IPH YCIIOBHMH, 4TO CAMO HOCTYNATEILHOE JABMXKECHHE AOCTATOYHO
MeaIeHHOe, uToObl  pAaccMATpMBaTL €TI0 YYACTKH  KaK
IKBUBATICHTHHIE JTOKATBHO OAHOPOAHBIM O6IACTAM IOJA).

Puc. 2.1

2.4. 3agaua o noJie OAHOPOAHOIO MaTepHATBHOI0 Wapa

- Mexay TeM B OOIIEH TEOPHH OTHOCHTEIBHOCTH YCHEIIHO
pelaroTcs  3ajauyM, B KOTOPBIX YUYMTHLIBACTCH CTATHYECKOE
napienne Marepud. OOHOH M3  HHX ABIsieTCA  3ajada 00
 OINHOPOIHOM MATCPHANBHOM liape KOHEYHOro pammyca [22],
peuieHne koropoii 6pino naiigeno lIBapuumneaom. B yacTHoctH,
BHYTPH OJHOPOMHOTO IUapa paaMyca r; C IUIOTHOCTBIO p
napienue P marepun (MACANBHON IKMIKOCTH) OIHCHIBACTCA
BhIpakeHueM (cM. {22]):

P=®(, r, R) 187G R)

rie paguyc KpMBH3HBEI R ompenensercs COOTHOMEHUEM

R:=31(8-nGp)
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a bynxims @fr, r 1, R) 3anaercs apoObio BHaa

. 2 — (s 2
¢(r,3,R)=3ﬁ_(’/R)* 3y1-(1; / R)
3J1=(1 /R =1 (r/RY

I'paBHTalMOHHBINH NOTCHLUHAT KIACCHYECKOH TEOPHH TATOTEHHA
TECHO CBS3aH ¢ KOMIIOHEHTOH ggp MeTpHyeckoro Tenszopa B OTO.
Pemsenme [Usapimibaa gaer mis 3To# BENNUMHE BHYTPH 11apa
BBIPAKECHHE

goo=(%-\/1-}‘,2/R2 —é— 1-r*/R*)?

a BHC 1uapa — OTBeqalomee KIaCCHYECCKOMY IIOTCHUINANY
3 2
oo = 1~ r; / ( Rr )

O6parum BHMMaHVe Ha Hammyue paaukanos. P. Tonmen B
[22] s3ameuaer, uTO peweHHe, Kak NPABWIO, ABIAETCA
HeHCTBHTEABHEIM, T.K. OOLIYHO pajMyC 1apa r; MEHBIIE, YeM
paanyc KpuBu3Hbl R. JlefcTBMTENBHO, TPABUTALHOHHBIH pafHyc
Rg Takoro miapa paseH

R=2G M/ =2(4-mr Gp) I3C)=r’ IR’

OTKyHa ClHeayeT COOTHOLICHHE
Re/r = (r/R)’

- Ilockomexky B OOBIMHEIX  cIyyasX  OTHOILIEHHE
IP2BHTALMOHHOrO pajgMyca Iuapa K €ro TIeOMETPHYECKOMY
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panMyCy OYeHb MAio, TO BECHMa BENHKO OTHOWIEHME pajmyca
KPMBH3HEI K TreoMeTpHuYeckoMy paguycy. IIpu 3aroMm ycnosum
(natpumep, - yxe npu Rfir; = 10) rpapuxn 6espasmepHoro
JABACHUA - MHOXHTEHA @(r, r;, R) - M KOMIOHEHTH ggg
METPHYECKOTO TEH30pa BeAyT ced Taxk, KaK MOKA3aHO Ha puc. 2.2,

3aech u pance aPTYMCHTOM SIBIACTCH OTHOCUTENILHOE PACCTOSHAE
r/rj 70 ueHTpa uapa.

Mexay 1eM He npu ecex sHaueHMsX oTHomenus R/r; 6
onicymcemeue Koananca (QyHKUMS gop MMEET JHIIbL OJMH
akcTpemyM (MuuHuMYM npu r = 0). Takasd CHTyauMs BO3HHKAET
pOmm3n  komnarnica (HO eme X0 €ro HacTymieHus). Ecun -
HPUPABHATL NPOU3BOIHYIO dggo /dr X HyIIO, TO TIPH BBITIONHEHHH

yCi0BHus :
9/8 > (Rlr)’ > 1

BO3HHKAET €lle OAHH BHYTPEHHHH 3KCTPEMYM NPH

R = .[9"/R*-8.

B JTOoM ciydsae daHHBI BHYTpPeHHHH 3KCTpeMym Oyner
MUHMMYMOM, a 9KcTpeMyM npu r = 0 Temeps yxe Oyner
JIOKQIBHBIM MAaKCHMYMOM. YKa3aHHbIH BHYTPEHHHA MHHHMYM
tpancopMupyeTcs B npezese (IIpM NOrPaHHYHOM Kouiarce) B
A3IOM KOMIOHEHTHl ggo. Ha puc., 2.3 nokasaH Xxapakrep
H3IMCHEHUA ggg AJA OBYX ONMM3KHX K NOTPAHMYHOMY KOJUIalncy
Cify4aes - [0 HOABICHHS BTOPOTO BHYTPEHHETO 3KCTpeMyMa (R/r;
= 1.1) u npu Hammumu T1akosoro (R/rp = 1.015).
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{laenewme
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Puc. 2.2. I'papuxu wu3MeHeHHS Oe3pa3sMEPHOro [JaBJICHHUS
MHOXHTENA P(F, r1, R) ¥ KOMIOHCHTHI gy METPHUECKOTO 'renaopa
B mmexmv[ oT xonnanca cayvae (R/ry = 10)
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Puc. 2.3. Xapaktep H3MEHCHHS Qoo V1A ABYX OJHM3KHX K
NOTPAHMYHOMY KOJUIAINCY CiaydaeB - JO NOABICHHA BTOPOIO
BHYTPCHHETO SKCTpeMyMa (R/ry = 1.1) u 11pu HaIHYHH TaKOBOIO
(R/r; =1.015).
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. ABYX OAM3KMX K MOTPAHHYHOMY KOJLIANCY CIYdaes - A0
HOABIEHHA BTOPOFO BHYTPEHHEro 3KkcrpemyMa (R/ry = 1.1) fi npu
“Haymuuy Takosoro (R/r; = 1.015). co
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CoOTBETCTBEHHO  BBIIIAAAT M TPahMKMA  HaBiICHHA,
npusejcHubie Ha puc. 2.4. IIpn OTCYTCTBHHM BTOPOTO 3KCTpEeMyMa
(Ge3pasmepHOE) AaBIEHKE BO3PACTACT OT HyJS HA IPaHMIE mwapa
A0 MaKCHMIBHOTO 3HAaucHus B ero uentpe. CosceM apyras
KapTHHA HabIioaeTcs NPH HAIMYAM BTOPOTO 3KCTpeMyma. Ha
NPOMEXYTKE OT TIPaHHIBl IIapa OO0 OJKCTpEMyMa [AaBJICHHE
CHAuaJla BECbMa PE3KO YBEIWUMBACTCA OT HYIf HO. MAKCHMYMA,
3aTeM B paiOHe IKCTpeMyMa CKa4KOM MajaeT 40 OTPHUATCIBHOTO
(!) 3HaueHus, a IIOCIE ITOTO CHayaja Pe3KO, a 3arTeM YyKe
OTHOCHTCHBHO TUIABHO CTPEMMTCH K CPAaBHHTENBHO HEOONBLIOMY
no BEJIMYMHE OTPHLATEIPHOMY 3HAYEHNIO B LIEHTPE Iapa.

Hrak, emwe B oTcyrcreue kostanca (HO BOIM3M rpaHuLp]

R/r; = 1, Ipu KOTOPO#H OH HACTYNAET), Mbl CTAIKUBAEMCS C HOBBIM

(beHoMEHOM ~ OTpHUATENBHBIM naBieHueM. OTpHLATE/IBHBIC
JIaBJIeHNs HE ABIAIOTCA I8 (PH3MKH YEM-TO HOBBIM. B 0OBIYHBIX
YCIIOBHAX JABJICHHUE TET OJOKUTEIBHO, T.€. HalPaBJICHO TaK, KaK
ecnmn Obl TENO CTPEMMIOCH PACHIMPHTBCH, OJTO, OJHAKO, HE
0BS3aTENLHO, M TETO MOKET HAXOAUTLCK TAKKE U B COCTOAHHMAX C
OTPHIATENbHBIMHY JABACHUAMH: B TAKHX COCTOSHMAX TEI0 Kax Obl

“pacTsHyro” M TOTOMY CTPEMHTbCH CXarbcs. Hanpumep, .

OTpHLIATE/BHBIM  JaBJICHMEM MOXeT obnajgare neperperas
KUAKOCTD; TAKas XHAKOCTH ACHCTBYET Ha OTPAaHHYHBAICHIYIO €€
OBEPXHOCTD ¢ CHJIOH, HAIIPABJIEHHOH BHYTPh 00beMa )KHIKOCTH.
B paccmatpHBacMoM ciry4ae orpnuaTeJn.Hoe HaBIIEHHE MOXET
Obite  o6ycnoBieHO  “pacrTsokeHMeM”  oObema  BCIEACTBHE
W3MCHEHUS METPHKN.

3arisiHeM HEMHOXKO BIIyOb TaWHCTBEHHOTO SBIICHMS,
HMEHYeMoro KomnaricoM. Ha riepBeiii B3riiaa 5ToMy NpensarCTByeT

H3MECHCHHC 3HAKa noJd paluKajiaMH B BBILICIIPHBCACHHBIX -

BbIpaXeHUsxX ang @(r, r 1, R) v goo. OAHAKO BO MHOTHX Cly4asx
BO3HMKAIOLIYI0 MHHMYIO €IMHHLY YIAeTCAd BBIHECTH M3 IT0A
KopHEH W cokparurh JMOO BO3BECTH B KBajJpar, TaK dYTO
IpoGHeMBl BO3HHKAIOT PEXKE, HEM MOKHO OBUIO OBI OXKHMIATE.

it iz o v
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B ciaysae norpauMyHoro Kosjanca mapa (mpu R = ry)
Bhipaxenue, s @(r, r;, R) BBHIPOXKAAETCA B KOHCTAHTY,
HMEIOLIYIO 3Ha4YC€HHE ~3 IpH 1oOoM 3HadeHuu 0 <r < r; Baxuo
OTMETHTh, YTO HpH KOJIANce AaBicHHe OyJeT yXKe 3aBeaoMo
OTpHUATENLHBIM. [lanee, pH NOrPaHUYHOM KOJUIANCE Ha IPaHHIe
1Iapa KOMIIOHEHTA ggo TIPETEPIECBAaET H3JIOM, B KOTOPHIH
TpaHCPOPMHPYETCH, © KAK YKe OTMEUAIOCh, IOSBIAIOIMICH
BOJM3M KoJUIanica BHYTPEHHHH MIHHMYM KOMIIOHCHTH gog.

G_00

— T ey R T
' T t t
| ) ' I
i L '

7
1
'
»
'
.
»
t
*
)
'
1
by
'
1
'
f
'
'
t
'
y
¢
2

A S A A

[
'
i
v
1
1
i
r
¢
|
s

R U R

) MEKE = 14
Puc. 2.5. Kommnionenta £oo IPH NOTPAHHYHOM KOJLIANCe

Ha puc. 2.6 nokasauel rpaduMkd [JaBieHus ™ ggo IIPH
OTHOCHTEJIBHQ CHIIBHOM Kosutance (R/ry = 0.1)

13 311X rpadmKoB BMAHO, YTO IIPH KOJINAIICE HE TOJBKO
JNAaBNEHNE, HO M KOMIIOHEHTa ggp METPHYECKOTO TEH30pa
CTaHOBHTCH OTPHLATENBHOHN €llle BHE IPaHML II1apa W OCTaeTCH
TAaKOBOH BIUIOTH A0 r = R, npuuem B 3TOH mocCienHed TOYKe
HpOM3BOAHAA  JaHHOW  BEJMUMHBI  OCCKOHEYHO  BEIIMKa,
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Puc. 2.6. I'pajuixn naBsienns 1 gop IPY OTHOCUTCABHOM CHIBHOM

kosuiance (R/r=0.1)
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Ipencrasiser Tamxe HHTEpec OOCYXKICHHE CHUTYALUHMH B
caMoM “‘aape” miapa, T.e. pu r < R. B 3t0ii obnactn naienne
OKa3bIBAaCTC KOMILIEKCHBIM. C MO€H TOYKHM 3PEHHS, 3TO MOXKHO
HHTEPNIPETHPOBaTh CIACAYIOWMM oOpasoM. HM3menenme 3uaxa

BHYIpH pamukaia BHma +/1—(r/R)’ Qusmueckn MoxHO
CONOCTaBHTh HM3MEHECHHIO 3HaKa IOA DPalIMKIOM BHAA

\/1 -(v/c)* , T.K. KpHBH3HA €CTh Mepa MOTEHIMATLHOH SHEPrHH

IPaBHTAllHOHHOrO MOJA, A& CKOPOCTh YacTHLBl — Mepa €
KnHeTHyeckod oauepruu. Ciywai, . KOrja BBIpaXCHHE BHYTDH
MOCJACAHEr0 pajyKaja MEHAET 3HAK, OTBEYacT IEPEXOAY
ABIDKYIIEHCS CHCTEMBl OTCYETa uepe3 CBETOBOH Oapoep. Ilpn
3TOM = [B€  INPOCTPAHCTBECHHBIE  KOMIIOHEHTBI  CKOPOCTH,
NEPHCHAMKYIAPHBIE ~ HANpaBJICHHIO JBHKEHHA, i b
HETIOABHXKHOTO HabrogaTens CTaHOBATCSA MHHMBIMH.
HeHcTBUTEIBHO, COOTBETCTBYIOLIEE IpeoOpa3osaune Jlopenia
HMMEET BHL: ~ :

ve=(Vi+ V)/A, v, = v’y?a/A, ve=v,al/A,
rae V — ckopocTh ABMXKYLICHCS CHCTEMBI,

A=1+VeVIE

a= ,/1‘"—(V/c)2 ,

T.¢. B LEIOM BEKTOP CKOPOCTH  OKa3bIBACTCH KOMILICKCHBIM,
Octaercs BCIOMHHTB, 4YTO [HaBJACHHE HMEET pa3MEPHOCTh
IUIOTHOCTH, YMHOKCHHOM Ha KBaApaT CKOPOCTH,

Hrak, pemenme Ilsapiuiuibia CBA3BIBaET IUIOTHOCTE
Iiapa ¢ JaBICHMEM MaTepuH BHYTpH 1wapa. OHO JaeT KoHeuHyto
(OTIHYHYIO OT HY/NA) BENMYMHY HaBICHHA IPH CKOJIb YrOIHO
MaJIOW HEHYJIE€BOH IIOTHOCTH Matepuu. Takum obpasom, s
OAHOPOAHOTO apa B oOmEM CiIy4ae OTIHYHBl OT HYNsS BCE
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KOMIIOHEHTBl TCH30pa IUIOTHOCTH JHEPrHH-HMINYIbLCA, CKOJb
‘Mas10#i 661 Hi Obi1a TUIOTHOCTH MaTepHu P. KcTaTH, 3aMETHM, 4TO
OCHOBHOE  ypaBHEHHE  OHHINTEHHA  HMCTOPHYECKH  ObUIO
CKOHCTPYHPOBAHO YHCTO  OBPHCTHYCCKHM IIyTEM, €ro JjeBas
(reoMeTpHueCKas) — 4YacTh  NPHPaBHHBAETCA K NpPaBoH
(¢u3nueckoit) yacTH IPOCTO MO AHANOIHH C KIaCCHYECKHM
ypaBHenneM [lyaccoHa. 13 TONBKO YTO pacCCMOTPEHHOTO NIPHMEPa’
BH/HO, YTO HET HHKAKHX NPHHUHIHAIBHBIX OCHOBAHHH aMPHOPH
HOJIaraTh PaBHBIM HYMIO OGYCIOBIEHHOE IpaBHTaNHEH naBlicHHe
MaTEpHH, KOTOPOE CYLIECTBYET H B TEOPHH, H B PEAJIFHOCTH..

[onmeiTka pacnpoCTPaHHTh NpeCTaBICHHAE 0
MaTEepHATEHOM I12pe Ha BCIO BCEICHHYIO MPEACTABIIAETCS BIIOJIHE
nornunoil. Ilpm o>roM, XoTs anpHopHOe mpeHeOpexeHue
CTATHYECKMM JaBICHHEM B KOCMOJOTHYECKOH MOIEIH MOXKHO
IBITATHCA MOTHBHPOBATH €0 MayiOf BEIMYHHOH, HENb3s OBITE
YBEPCHHBIM B IPABIJIBHOCTH TIONYYacMbIX pe3yinTaToB. bonee
TOTO, MPH AaHAIM3€ KOCMOJIOTHYECKOH INpoOIeMbl CHTYyalus
CTaHOBMTCH, KAK MHE KaXETCH, CIIE CIOKHEE.

JleliCTBHTEIIBHO, nopn CpeaHcH NMNOTHOCTH BELUECTBA BO
Beenenno#t nopsanka 10*% r/cm rpasuTauMONHKIE paguyc Haweit
BeeneHHoM JOCTHraeT BETMYHHBI 10%® CM, YTO, HOBHIMMOMY, HE
MEHbllle, YeM €€ TeOMCTPHYCCKMIt pa3Mep; CACAOBATENBHO, M
OTHOILEHHE €¢ TEOMETPHYECKOTO Panyca 1 K PaIuyCy KpUBH3HbI
R, cxopee Bcero, OGonplie ©OMHHLBIL. A 3TO O3HAYAET, 4YTO
PacCMOTPEHHE PEWIECHHA VI KOJUIANCHPYIOLIETO Wapa ~ OTHIONb
He npazanoe 3austue. [Ipu cunbHOM Komnarnce (korpa ri /R >> 1)
mHOXHTENS P(F, 1, R) cienyer npeobpa3oBaTh K BHAY:

3J(r/R)? =1-3,0; /R)* -1
30, /R =1-4J(r/R)* =1

O(r, 1, R) =

IMpenebperas enuuuued B pajMkagax M paccMarpuBas
ueHTpaibHylo ofnacts mapa R < r << r; , Hafigem, ' 4TO
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npeneaoMm wis @fr, ry, R) B 310M Cityyae ciayxur -1, nosromy
TIPY YKa3aHHOM YCHIOBHH ITONYYacM, YTO

=- '/(82aGR’) = - pc/3

Ewe pa3 oTMETHM, 4TO B Cilydae CTPOrore paseHcTsa rif/R
= ] 3HayeHHne @(r, r1, R) cTporo pasHo -3 B .1/0601 TOYKE
BHYTpH wapa (r.e. P = - pc’).

2.5. HoBble petieHNsA KOCMOJIOTHYECKUX YpaBHEeHU I

Bepremcs x Te3uCy aBTOpa 0 HEOGXOAMMOCTH NIOOAIBHOIO
ydeTa rpaBUTALMOHHOIO IABJACHHS W OyAEeM CYHMTaTh B oOmIEM
clyYae BEIHYHHY OSTOr0 xaBieHHs P B  KOCMOJOTHYECKHX
ypaBHCHHAX DHHuITeliHA OTIIMYHOM OT Hy/a, OKa3kIBAETCA, YTO B
3TOM CclIlyda¢ BO3HMKAIOT [0 XKpainedl Mepe [Ba HOBHIX
3aMEYaTE/IBHBIX PEILCHHS,

INepBoe pemieHne oTBeUaET CTaLMOHAPHOMY ciryudaro R’= 0,
R"= 0. IToacTaBus 3TH yC/IOBHA B YpaBHEHHE, MOIYUHM:

(c/R)? = - 8-nG-Plc?
(c/R)’ = 8-7G -p/3

OTKyZa CJICHYET CBA3b MEKAY NABICHHEM M PajyCcOM KPHBH3HBI:
2 2 |
p=3</(8aGR)

- Ho 3T0T pe3ynbrar COBmMajaeT, Kak HETPYAHO 3aMETHTBH, C
npeAcabHbIM CifydaeM (R < r << ry) 3ajauu UM JOKAJILHOTO
OJHOPOJHOrO KOJUTANICHPYIOIUETO 1Iapa, PaccCMOTPEHHOH Bbiue!
BecbMa CXOAHBIA IO CYTH HENA Pe3yJIbTaT IOJYYMI IS CBOEH
NEPBOHAYAILHOM MOJeaH A JWHIUTEHH, Korja, YOeAWBILIMCHL B
OTCYTCTBHH CTaUMOHAPHOTO peiueHus npu P=0, 6oLl BHIHYXIEH
HCKYCCTBEHHO BBECTH B CBOC YpPaBHEHHE 3HAMEHHTYIO
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KOCMOJIOTMYECKYIO TocTosHHyio! B nansHeineM sonpoc 06 3toi
BCIMYHHE M €€ (DH3NYECKOM CMBICJIE [OBHC B BO3AYXE H
CYMTAETCH OTKPBITBIM BIUIOTH OO HACTOAWIETO BpeMEHH. TakoBbl
M3IEPKKHM METOHONOTHUECKOH TPAAUITHH.

BTopoe 3aMeuaTeapHOE PELICHHE BOSHHKAET, €CIIM PUHATH
ycnoBus R’= ¢, R"= 0, cornacHO KOTOpbIM pajHyc KPHBH3HBI
pacreT CTPOro NponopUHOHANLHO BpeMeHH. [1oAcTaBHB naHHBIE
YCIIOBHS B NPHBEACHHBIC BHIIIC YPAaBHEHHA DifHIITEHHA, HalaeM:

2{c/R)? = - 8-mGPlc?
2(c/R):=8-nGpl3

1pH 31oM Kodthduuuent CBA3H MEXIY NABICHHEM M PaiHycoM
KPMBH3HB! 110 CDaBHEHHIO CO CTAallHOHAPHOH = MOZEIBIO
OTAMYACTCHA B JBa pa3a. B 060ux CiiydasXx COOTHOLICHHE MEXAY
HABICHHEM H IUIOTHOCTLIO MMEET BHA:

=- pe’l3

BaXHO OTMETHTb, 4TO [JaXK€ HECTALMOHAPDHOE PELICHHE B
ABHOM BHJIC HE COAEPXKHT TaKOW mapamerp, kax Bpemsd. [laiee,
JIMHEWHAS 3aBHCHMOCTD PafMyca KpHBM3HEI OT BpeMeHH, OylyuH
NOCTYJIUPOBAaHHOH, HE JOJDKHA TENEPh  BBIBOOWTRCA M3
HONYYEHHBIX COOTHOLICHMH; O3TOT K€ IOCTylaaT AENaeT €€
¢usnuecKH He 3aBHCALIEH (BO BPEMCHH) OT ILIOTHOCTH MaTEPHH.
Otcroja ciieayer BEIBOA, MPOTHBOPEUAIMH NPHHATOH TPagUIHH
peleHHs. ypaBHEHHH TOJIsl, HO IOJHOCTBIO OTBEYAIOINHA caMOMy
AyXy = DHHINTEHHOBCKOIO — IIOAXOJa,  HampapiCHHOrO  Ha
reomerpusaunio  Pusuxu. O cocrout B TOM, 49ToOBI, M3
HaMJEHHBIX BBIP@KCHMUN MCKAaTh TUIOTHOCTh H NABICHME MATCPHH
B BHAE 3aBHCHMOCTEH OT KPHMBH3HbI IIPOCTPAHCTB3, a4 HE
Hao0OpOT: \ '
p=3</(4-nGR)
P=-cN4-7GR)
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Ha s3pixe $husnxm 310 03024AET, YTO IIOTHOCTS H JABJICHHE
MATEPHH CYTh IIPOCTO JAaHHBIC HAM B OULYIIEHUAX (M3MEPEHHAX)
 XapaKTEPUCTHKH KPUBH3HEI IPOCTPAHCTBA, T.€. YTO OHH ABJIAIOTCA
' BTODHYHBIMH, 3aBHCHMBIMH 0T Hee BennuuHamu. JloGasum, yTo
3TOT 1IyTh, B CYWIHOCTH, 0GO3Haumn cam JiHuTtein, BBeIA
3aMKHYTY®©0 Ha c¢ebs Bcenennylo, T.e. 3aMeHHMB 3ajaHMe
GMKCHMPOBAaHHBIX ~ YCJIOBMH  Ha  [PpPaHHUAX  YCIOBHEM
CaMOCOTJIaCOBAHHOCTH PEIICHHs! '

\ , '
2.6. 3aMKHYTOCTE Bce.nemmi»i

KocMmoutoruueckas mogens Ppuamana HHYETO HE MOIvIa
cxa3aTb O NPOMCXOXKACHNH BeeneHHoM. Hanpomn pa3sBHBaEeMBbIi
B JaHHOM pabOTe MOAXOA TO3BOJISET MOBOJLHO HAIISIHBIM
o6pa3oM MOJOHTH K 3TOMH npo6neMe Kak ormeueno B [22], ana
MO00TO MATEPHANILHOTO 1HIAP2 ¢ HEHYNEBOM INOTHOCTHIO METPHKa
3TOi 06J1acTH MCKAaXaeTcs MO OTHOMIEHHMIO K CBKIMIOBOMH, ee
reOMETpHS  COBIAAAET C  IeOMETpHEl  YeThIPEXMEPHOMH
cepHHEeCKOi THIIEPTIOBEPXHOCTH.

Mu yxe paccMaTpuBany Bblllie, KaK BHITJISAAHT rpadamc
KOMITOHEHTBI gop METPHYECKOTO TEH30pa I MOJA TATOTCHHA
0GBIYHOIO Wapa M KOJLTANCHPYIOIEro obbekTa. B nepsoM cirydae
€ro MOYXHO YNMOAOOHTL HEGONBLIIOH “SMKe”, paanyc KPHBH3HbI
KOTOpo# MHOro Gonblle ee reoMerpHIeckoro pasmepa. OmHako ¢
POCTOM ~ IUIOTHOCTH  BEWIECTBA  METpHKAa  BCEe  Gosiee
);led)opmnpye'rca " ‘xmca” B KOHLE KOHI(OB TIPEBPAlIaeTCi B
CBOEro poja “pomacTs”, CBS3aHHYIO C BHEIIHEH MOBEPXHOCTHIO
NHIUE Y3KOH ropiaosuHO#. TOMBKO OHA 3Ta FOPIOBHHA (HIIH Kaxe
ee uacTh) M BfifHa BHelWIHeMy HaOMIOAATENO, TOrJa Kak
HEMpPeoJONHUMBIH Gapbep TATOTEHHA IpeBpallaeT LEHTPATLHYIO
06nacTb 00BEKTA B ““3aATCPAHHBIN MUP .

C TOuYKM 3peHMA BHEIIHEro MHpa 3TO — YEPHas AbIpa,
HeOGpaTHMO NOIVIOWANOIAs BEmecTBO .U u3nydenne, C apyroi
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© cropoHml, ans oburareneit wameit BceneHHo# “mymosmHa”,
CBA3HIBAIOIIAS €€ C BHEIIHHM MHPOM, HOJKHA Ka3aThed .
~ ceprueckoii Genoil abIPOH, W3 KOTOPOH HENMPEPHIBHO BEILECTBO
¥ M3TYMEHHE NOCTYNAIOT U, OBITH MOMKET, MO3BOJAIOT CYIHTH O
CBOMCTBax oJTOro BHewHero Mmpa. TeMm, Kkro wuwuran
danracTuueckytio mosects B.A.OOpyuera “3emas Cannmkosa”,
3TO HABCPHAKA HATIOMHHT OINHMCAHHYIO TaM CCBEPHYIO BajiHy,
BEAYWYI0 B TMTaHTCKyIO TOI3EMHYIO MOJOCT C HEHTPATLHBIM
CBETHJIOM B LICHTPE 3eMIIH.

Moxer 11 GbiTh, YTO MBI ABIAEMCS OBHTATENAMH HMEHHO
TaKo# uepHOif apiphl? MOS rMIOTE3a YTBEPANTENBHO OTBEUAET HA
310T BoIpoc. OrpHIaTeNbHBIN 3HAK AaBieHHs, OOYCIOBACHHEIH
HETIPEPBIBHO  YBENMYHBAIOWIHMCS pasMepoM Hamero Mmnpa,
IPHBOJHT MMEHHO K TaxoMy BeiBoay. [la m cama 3aMKHYTOCTh
Bcenennoii nomygaer ¢pusugeckoe 0ObICHEHHE.

C Apyro#i CTOpPOHBI, BHIPa3HB Maccy Haweil BceneHHoi
M = p-V uepes cpesHIolo MIOTHOCTL p= 3¢ 2/( 4-7G R ) 1 oObeM
3-MepHOro He3BKIMAOBOrO mapa V=2-7-R’, Henocpencmem{o
NOJIYYUM IOATBEPXKAAIONIEE ITOT KE BHIBOJ COOTHOILCHHE

R=2MG/(3mc’)=Rg!/ (37

rae R = 2-M-Gic® - TPaBHTALlMOHHBIH pa;myc Bceeaennoin. To
OOCTOATENILCTBO, HTO TIPH HUYTOXKHOH IUIOTHOCTH BEIIECTBA
IPaBUTALHOHHBIH PaAHYC OKa3pIBaeTCs GOJBIIE IF€OMETPHIECKOrO
(u, cnemoBarensHO, cama BcenenHas - “gepHOH  ABIpOH’),
OOBACHACTCA,  KaK  HM3BECTHO,  CIEAYIOLIMM  OPOCTHIM
coo0paxeHHEeM: IPH 3aJaHHOM IIOTHOCTH K cepHiecKkoH dhopme
rPaBUTAIMOHHBIA PAaAMYC NPOIOPIHMOHANEH Macce OObekTa, a
rCOMETPHYECKHI - BCEro JHIIbL KyGHYECKOMY KODHIO H3 MacChl.
BemonHenue ycnoBus R<Rg OnATb-TakH CoOrjacyercs ¢
3aMKHYTOCTBIO BcesieHHOH, OTCYTCTBHEM Yy He€ TIpaHui IpH
xoHeyHoM  obbeme. I, kpome TOro, MOATBEPXKIAET
cHOPMYIMPOBAHHOE BBILIE TPEANONOKEHHE O TOM, Y4TO 061IacTh

5
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JOKAJIH3aUNH 3HEPTHH IOKOA MaTepuu BeeleHHOH He npeBbilaet
061acTH, B KOTOPO# JEHCTBYET rpaBHTALIH.

Ilo  coBpemeHHBIM - ouenkam  ([25]),  3HaucHue
BBILICYNIOMAHYTON KOCMOJIOTHYECKOH IIOCTOAHHOM JiiHmreiina
W18 TPaOMUMOHHON MOJENM cocTaBiser mpumepro 107°° e,
Hetpyamo 3aMeTHTh, 4TO 3Ta BEJMYMHA G4YeHb OIM3Ka K eMHHIE,
ACINCHHOM Ha KBajpaT pajgHyca BCeEleHHOM, 9TO NpeincTaBaseTcs
BECHMA CHMIITOMATHYHBIM. ‘

B cospemennoit OTO nocrpoena cienuduyeckas KapTuHa
KOJUIanca 3Be3l, KOTOpas, BOOOILE I'OBOPS, MOXET H3y4aTbCs B
TPEX paslMYHBIX CHCTEMax OTCuYeTa, IIpHYeM  OOBIYHO
UCTIOJIBL3YIOTCH MOJENH, ITOCTPOCHHBIE JUIi «TOYEHHO» MAaccChl.
IlepBas cucrema cs3aHa ¢ BHeIIHMM HabmonareneMm, Bropas —
CONYTCTBYET MAjalomledl B YCPHYIO NBIDY MATCPHH, TPETh —
cHCTeMa OTCueTa Ha6JIIOlIaTeJI}I H3HYTPH KOJUIAICHPYIOWETO
obnexra.

C TOYKH 3peHHs BHEWIHEro Habmonares BpeM# TAJCHHS
MATepHH B KOJUIAICHPYIOLIYK) 3BE€31y HABIACTCA OCCKOHEYHO
Gompunm. OnHAKO NPH IIEpexofe K COIYTCTBYIOIUEH CHCTEME
OTCYETa OHO OKa3bIBAETCA KOHCYHBIM. YK€ B COIYTCTBYIOLICH
CHCTEME OTCYeTa BpeMEHHas M NPOCTPaHCTBEHHBIC KOOPAMHATHI
BBIPAXAIOTCA uepe3 00a THIA KOOPAMHAT BHELIHEH CHCTEMBI, a BO
BHYTPEHHEH CHCTeME BPEMs H NPOCTPaHCTBO BOOOIEC MEHAIOTCH
MECTaMH, MpUYEM KOMIOHEHTH  METPHYECKOTO  TEH30pa
OKa3bIBAIOTCH 3aBHCHMBIMH OT BpeMeHH. Jlaiee, HCTOpHA T000ii
MATEPHANLHOM TOYKH B 3TOH CONYTCTBYIOHMICH CHCTEMe
HauyHHaeTCd B HYJICBOH MOMEHT M 32KaHYMBACTCHA 4€pe3 OJHH H
TOT K€ KOHEYHBI TPOMEXKYTOK BpeMEHH B . 0COGOH
(cMHTYynsApHOH) TOUKE, MOCHE KOTOPOrO YXKE He CYLIECTBYET
HWIeTo («Oapbep BPEMEHI»). '

Kak MHe Kaxercs, eciM paccMarpuBarTh HETOYECYHBIN
KOJLIANICHPYIOIHMIT 0OBEKT, BO3MOKHA HHAS «CLIMBKA» BHELIHEH
M BHYIPCHHEH KapTHHBI Kojuranca. Y)ke HMKOrO He YAMBIISET
CHTyauus, Ip1H KOTOPOH OQMH M TOT Xe IPOMEKYTOK BPEMEHH B
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pasHBIX CHCTéMax oOTcyera MoOXeT OBITh KOHEYHBIM M
GeckoneuHpM.  [103TOMy BIIOJIHE HENPOTHBOPEYMBBIM MOXHO
‘CYHTaTh M TO, YTO HEOTPAHHUYCHHOE CKaTHe (KOJUIANC) YEepHOM
Apipbl BO BHewei Cynep-Beenennoit BEIIAINT H3HYTpH (T.€. U3
HameH BceeneHHOH) HEOrpaHMYCHHBIM PACIIMPEHHEM, KOTOPOE
Hauunaemcs B CHHIyIApHOiH Touke. M 3Ta e TOYKa sBAAETCH
KOHLUOM HCTOPHH BCEX MAarepHalbHbBIX TOo4deK BHemHeH Cynep-
Bceenennoit, nanaroimmx B 4epHyo aeipy. Oco00 moguepkHy, 4ro
3TO HE 03HAYACT MPOTHBONONOKHOTO TEUCHHA BPEMEHH CHAPYXH
H BHYTPH dYepHOM meipl. Ckopee, MOXHO yTBEpXHAaTh, YTO
BHYIPH HEPHOH OBIPHl BPEMS TEYET OPTOrOHAIBHO BHEIIHEMY
BPEMEHH, , '

Taknm 00pa3oMm, ydeT CTaTHYSCKOTO AABJICHMA CKaTHi,
00yCHOBICHHOTO B3aMHBIM TATOTEHNEM MaTepHll BO BCETCHHOH,
NO3BOJACT NOJYYATh HOBOE pelleHMe ypaBHeHMIT OHHmTeHHa-
®puamana, COTTACHO KOTOPOMY METpHKa XapaxTepH3yercs
KOHEYHOM KPHBM3HON M JIMHEHHO BO3pacTaloLMM CO BPEMCHEM
pamMycoM KpHBH3HEL PellleHMEe CIpaBelIMBO In  moGoit
KOHEYHOH CpeIHeH IUIOTHOCTH, MPEACTaBICHHE O “KPHTHUCCKON
IJIOTHOCTH B PaMKax JaHHOM MOJENH He BO3HHKAET.

2.7. Teopust TATOTEHHS M 3aKOH COXPaHEHHs IHEPrHH

OCTaHOBMMCH HA OJHOM BAKHEHIIEM JUIA  (PH3HKH
‘obcrodrenscTBe. Jlo cuX 1HOp B HEH NPaKTH4eCKH He
HCNOJIb30BANMCh MOJEIA, B KOTODHIX IPHHUHWIHAIBHO HE
BBINOJHAETCA 33KOH COXPAHEHMS MOJHOK MACCHI, 3 3HAYAT, W

SHEPIHH.
[TockodbKy HOBOE pelICHHE ITOIy4eHO Jula ciydast R’=c,
TO ITOCTOSAHHASA Xabbmna OKa3blBacT1CH obpaTHO

NPONOPUMOHANILHOR  pafmycy W Bo3pacty  BceneHnoit.
CymecTBeHHOE OTIIMYHE 3TOr0 PEIIEHHSA OT MOXOKETO PELICHHS
®pugMana COCTOMT B TOM, YTO OHO OTBEYACT HOJNOXKHTCILHOH
KpHBH3HE 4-cepbl, a HE IUIOCKOH METPHKE, H COOTBETCTBYET HE
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Kpumuyeckomy, a npou3eonsHoMy NOTOXKHTSILHOMY 3HaUCHHIO
cpeanei  nuoTHocTH MarcpuH. COOTBETCTBEHHO M .Macca
Bcenennoii, papnas NpOM3BEACHHMIO CPEHHEH IIOTHOCTH Ha ee
obBeM, oKazbiéaemca He NOCMOAHHOU 60 6peMenu, a
RPONOPYUOHANbHON DANHYCY KPHBH3HBI H 6PEMEHU. »
Taxum o6pasom, HecoxpaHEHHE NMOTHOH Macchl BeeneHHo
(1 CBA3aHHOM C HEH JHEPrHH TIOKOA) OKa3BIBACTCA MPAMBIM
C/IEACTBHEM yUETa CTATHYECKOTO JABICHHS MaTCPHH B YPABHEHAK
OhHwTefina.  fABagerca g 3ITO0T  dakT  Karactpodoi,
nobyxnaronieii BooOme oTka3aThcd OT Takoro pewmenus? 5
JyMalo, YTO CHTYalUHs HE TaK APaMaTHYHA. ' .
Kak M3BECTHO, 3aKOH COXPAHCHUA SHEPIUH OJHOIHAYHBIM
0o0pa3soM COOTBETCTBYET TakOMY HHCTO "TeOMETpHYECKOMY"
CBOHMCTBY BceneHno#, xax OJHOPOAHOCTH BPEMEHM, T.e.
HE3aBUCHMOCTE B oO0meM coydac XapaxT¢pPHCTHK TEYECHHA
¢u3MyecKoro mponecca oT Toro, KOraa HMEHHO OH Obll Hauar -
BYEpa, CTO JeT WIM CT0 MWUIMApIOB €T Hasaa. Takoe
COOTBETCTBHE OOYCNOBJICHO OTCYICTBHEM B aHATHTHYECKOM
dopMmanusMe ABHOMH 3aBHCMMOCTM OT - BPeMEHM (QYHKUHH
Jlarpamxka 3aMKHYTOH (H3HYECKOH CHCTEMBI, T.€. PaBEHCTBOM
HYJIO €€ YaCTHOM NMPOU3BOAHOM 1O BPEMEHH. :
OcraBasiCb B paMKax KIACCUYECKON MEXAHUKU, MBb]
MOXE€M YCOMHHMTBCS B TOM, YTO TEYEHHE BceX 0e3 MCKIOYeHHS
(M3MIECKHX NPOLECCOB HE 3aBHCHT OT KPMBH3HBI TOM 06GmacTH
TIPOCTPAHCTBA, B KOTOPBIX 3TH NPOLECCH NTPOTeKaoT. Hanomuum,
YTO  OCHOBHBIC  ypaBHEHHS  JIarpamka BBEIBOOATCA M3
BAPMAUHOHHOI'O HpPHHLHUNA, COIJIACHO KOTOPOMY peanbHas
TPacKTOpHS. B INPOCTPAaHCTBE OOeCleYnBacT HauMeHbIIee
3HaYEHHE CIEUHAIBHOTO (QyHKUHOHAIa - gekcreuia. Ecim
KPHBH3HA IIPOCTPAHCTBA MEHAETCA C TEYEHHEM BPEMEHH, TO
BHIOOp HAYAIPHOIO M KOHEYHOTO MOMCHTAZ BapbHPOBaHHA
NPHHIMITNATLHO BIAMAET YK€ Ha CaMO MHOXECTBO M XapakTep
BAPEMPYEMBIX TPACKTOPHi, uTO B OOIEM CIy4ae HCKIIOHAeT .



38 2. Bpems # KOCMOJIOTHA |

HE3aBMCHMOCTD pe3ym,TaTa OT 9TOTO Bmﬁopa T.C. TE3HUC 06
OJHOPOJHOCTH BPEMEHH. :

Korza e peub 3aX0mHT © 'PacHpOCTPAHEHHHM 3aKOHA
COXPaHCHHH JHCPTHH H3 OOU(YI0 Meopuio OMmHOCUMEabHOCMU,
TO fENACTCA 3ITC CKOPEE B CHIY TPaIMUMH, 49€M WCXOIX H3
cTpororo 060CHOBaHMA. 3TO NPHBOLKT K U3BECTHBIM JOTHUECKHM
TPYRHOCTAM, 110 TIOBOAY KOTOPBIX Y ~ M3UKOB HMEIOTCH
pa3IM4YHble MHCHHS, H Ha KOTOPHIX MBI 34€Ch OCTAHABIHBATLCS HE
cTaHeM. MOXKHO HOJ03peBaTh, YTO TPANHUMA ONOPHI HAa 3aKOH
COXpaHCHMS ~ OJHEPrMM  IIOCTENCHHO  npuopena  YMCTO
JICHXOJIOTHYCCKHH XapakTep, B TOYHOCTH MNOBTOPAA Cyasly
IATOro MOCTYyNaTa JBKIHIA.

B neHCTBATENBHOCTH MMEHHO yPaBHEHHS DMHIITEHHA M
oTpaxkacMas UMM OOBbEeKTHBHAA (H3HUYECKasA PEANbHOCTD JAOMKHEI
MCIIONB30BATECA B KAYeCTBE OTNPABHOTO MOMEHTA Teopumn. B
HpABUIBHOU Mmeopuu HAUOCHHAA Nymem peulenus 3IMmux
YpasHeHull 3a8UCUMOCMb CPEOHel -NAOMHOCINU Mamepuu u
aceit maccot Bcenennoii om epemenu donsicna npusodumv K
MOYHOMY UAU  NPUOTUNCEHHOMY  GLINONHEHUIO  3AKOHA
COXpaneHun Maccel u Inepuu, a ne naobopom! Tax n obcront
1eNo B AcHCTBUTENLHOCTH, U AAHHOE OBCTOSTENIBCTBO HE TOJBKO
nposcrser npobaeMy COXpaHEHHs dHepruu Bo BceneHHoOM, HO M
OMOTAeT BBIATH Ha TIIPABHIBHBIE HCXO/JHBIE ITO3HIHMH ‘' IIPH
aHaJIM3e TAKoro OOBEKTHBHO CyulecTByiomlero (peHOMEHa, Kak
HanpaBieHHOCTS (“crpena) BpeMenu.

B cmiy cka3aHHOrO BhILIE KOCMOJIOTHYECKas TEOPHsA
"6onburoro  B3peIBa"  JO/KHA  ObITh  3aMEHEHa MOJCIBIO
"3nepreTyeckoro Hacoca". [TpoGremsl, CBA3AHHBIE C HAYANEHOM
CHHTYJISIPHOCTBIO, BO MHOTOM TEPSIOT CBOIO OCTPOTY, IHOCKOABKY
HAaYaJIbHble 3HAYCHHA MACCHl H DHEPTMH B HAILECH MOJCIH TaKXKe
PaBHBI HYIIIO.

Hexoms m3 acTpodusnueckux nabmonennii, H.A. KosmpeB
[3] BoicKa3piBaN YTBEPIKACHHE O CAMIICTBE MEXaHNM3MA H3NYUCHHA
3B€3J, OCHOBAHHOTO Ha IIPEBPAIICHHH BPEMEHH B OJHEPTHIO.
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CornacHO HaleH MOJENH OTHOCHTEILHOE IPHPALICHHE MACCH H
SHEPrHH NOKOS 3BE€3bl PABHO OTHOCHTENLHOMY NPHPAILICHUIO
BPCMEHM CyllecTBOBaHMs Bcenennoit: Am/m = AEIE = Alt.
Orciona crmegyer, YTO HONOJHHTENBHAS BHEPIHA  MOXKET
00yCHOBHTE MOWIHOCTh M3ITY4CHHMS HA CAMHHMIY MAcChl 3BE3Ab,
IPOTIOPLHOHANEHYIO TIOCTOSTHHOK Xa66na (B Haweit MOIICIIH ITa
nocrosHHas pasHa H = 1/f):

AE/(Atm) <¢° -H §

Tax, ais CONHLA OTHOCHTEILHOE ?mem,menne MaccChl 3a
CUET M3MyueHMA B rog cocrapnser 40 1077, Toraa xak Texyumi
31paCT Bceenennoit obecrieunBaeT yAeAbHBIH OIPHPOCT MacChl 40
10

Uckmouaer 1 obwenpMHATas MOJedb  M3IY4YECHHS
Cosnna (BCIENCTBME TEPMOAAEPHOTO CHHTE3a TElIHS M3 aTOMOB
BOAOPOZAA) HMHBIE MEXaHH3MEI TeHepauuu SHeprun? BoT uro
nnwier naypear HobGeneckodt mnpemun 1979, Bwioarommics
(H3AK-TEOPETHK, OJUH W3 CO3JAaTeNcit TCOpHH 3neKTpociadmx
B3anMmogneiicteuit lllengon JIu I'mmoy [24] : “ Dra teopns
3B€3JHOH DJBOJIOUMH 4YPE3BBIYAHHO  YCICIIHO OOBACHHIA
XKHM3HEHHBIH LMK 3Be3d 4epe3 saepuble peakuun. OaHako B
TIOCJIEAHHE TOABI €H NPHUILIOCH IEPEKUTE HE TONBKO TPHYMQ), HO
M TNOJHBIA YIaJ0K B PyKaX HOBOHM 3KCICPHMEHTAIBHON HayKku:
HEHTPHHHOH acCTpOHOMMH ... . DTOT YNajoK Hayajics ¢ paboTel
Pefimonpa /I3Buca (ormeuenunoit Hobenerckor mpemuu 3a 2002
r.], KOTOpHii B TeyeHHE NOYTH IBAAUATH JET TEPIETMBO
OTCHCKUBAT HEHTPHHO, Hcxonswye or CosnHua ... B orpoMHoM
Oake OUHILAIOLIEH KUAKOCTH, HOMEIICHHOM IITyO0KO moJ 3emieit
B waxre IOxHoit Jlakorel, [[3BMC YMYyIpH/ICA OCTaHABIHBAaTh
€XKEMECAYHO OKOJIO MIOKHHBI COJHEYHBIX HEHTPHHO. B 3roM
COCTOMT 1pobiiemMa: eMy yOaercs 3aXBaTHTh JIMIUB TPETH TOTO
KOJIMYECTBAa HEHTPHHO, KOTOPOE OH JOMKEH 3aXBaThIBATh
COTIaCHO npeAckazaHnio Teopuu. Buyrpn Connua npomcxoaut



40 " 2. Bpems 1 XOCMONOrus

’

YTO-TO CTPAHHOE, YEr0 Ml HE IIOHHMaeM. BIIOJIHE BO3MOXHO, 4TO

Hama ‘ColHEeYHas MOMAENb - COACPNHT OIIMOKH; OBITH MOXKET,

puyrprn ConHIIa CyHmIECTBYeT 4YepHas Oeipa ... . [IpobGnema

COJIHEYHBIX HEHTPHHO — OAHA W3 CaMhiX OOJBIIMX 3arajgok,

NEKAIMX Ha TPAHHKIE aCTPOHOMHMHM M (u3uxH yactui. B Poccun,

Kanane, fAnonnn u Uranvn npoBOASTCA KPYIHbIC IKCIIEPAMEHTHI
1O W3Y4ECHHIO COJTHEYHBIX HETPHHO C LIC/BIO BRIACHEHHA, YTO XKe

BCE-TAKH NPOMCXOIMT B HEAPAX Comma
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3. BPEMS 1 TIPOCTPAHCTBO B JIOKAJIBHOM
NPHBJIMXXEHUU ‘

3.1. Bpems, MApOBbIe JJHHHH U IBHKEHHE YACTHL

B xocmonormyeckod — Momend — Dimmreiina-Opuamana
OPEACTABICHUE O BPEMEHH BBOAMIIOCH AIIPUOPH, a MOIYYECHHOE
pewenne B obwem ciyyae He OBUIO JIMHEHHBIM BO BPEMCHH.
JIMHEeHHBIH POCT BO BpEMEHHM paaMyca KpHMBH3HBI BceneHHON B
NpPEIJIOKEHHOH MOJENM NPUBOJUT HAC K AOrajgke, 4ro,
COOCTBEHHO TIOBOpH, meueHue Qu3uUYECcKo20 6pemeru U
NPOAGAAEMCA 8 KAMHCOOW ee MOUKE UMEHHO KAK U3MEHeHue
GEIUNUHBL IMO20 pAdUYcd, TO HUMEHHO INO03ITOMY HM3MEPEHHE
BPEMEHH DA3HBIMH CPEACTBAMM M CHocob0aMH HODKHO AaBarh
NPHYHLMIIHAIBHO COTJIACOBAHHBIC PE3YNbTATH, W YTO, HAKOHEL,
HHMKAKOTO HHOTO BPEMEHH KAK YHMBEPCATBLHOTO (H3MUECKOro
(deHOMEHa (OTHOCHTENBHO KOTOPOrO ObUIO OBl BO3MOMKHO
HEPaBHOMEPHOE H3MEHCHMC paaMyca KpPHBH3HBI) NPOCTO HE
cymectByeT. ECiin 3ta qoranka BepHa, TO XOA BPEMEHH - 3TO He
¢on, Ha KOTOPOM TeM HIH HHBIM 00pa3oM HPOMUCXOAMT
paciunpenne BcenenHol, a camo codepcanue 31oro npouecca,

PaspuBas 3Ty OCHOBOIIONAralolyl0 UIA AAHHOA paboTs!
uuaero, 6yaeM HMCXONATh TEHEPh M3 TOTO, YTO IOJOKEHHBIH B
OCHOBY MAaTEMAaTHYECKHX NOCTPOCHHH KOCMOJIOTHYECKUX TECOPHi
4-MepHBITI Iap chaefyeT pacCcMaTpHBAaTh KaK OOBEKTHBHO
cymiecTByiomnMi; nama Beenennas pacmmpsercs B 4-MEPHOM
IBKINAOBOM NPOCTPAHCTBE M INPEACTAaBISCT co00il 3-MepHylo
THIIEPHIOBEPXHOCTE ITOTO 1Wapa (MOAYCPKHEM,YTO MBI IOJaraeM
370 4-MepHOE NPOCTPAHCTBO COBEPIICHHO OAUHAKOBBIM 1O BCEM
YCTBIPEM H3MEPEHHAM, KOTOPHIC HHYEM HE OTAHYAIOTCH MEWIY
co0o}¥i).

XKusymue B 3-MepHOM MHpE CYILECTBA H HE ITOAO3PEBAIH
OBl O HauM4YMH 4-MEPHOTO CYNEPIIPOCTPAHCTBA, €CaH OBl He
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NpPoOLEcC pacliMpeHHs wapa. JTOT Npouecc OOBEKTHBHO
BBIAEC/HSET B  K&KIOOH TOYKE THIIEPIOBEPXHOCTH  1uapa
HANpaBlA€HHE, HOPMALHOEC K Hell M He IpHHaIexaiuee e
caMmoii. Bot 3o Hanpasnenue (4-¢ n3MepeHne) B KAXJ0H ToUke 3-
MepHo#t BeeneHHOH u npeacrapuser codoi ucmunmoe spema.

Takoe onpezeneHne BpeMEHH, BOOOIE rOBOPS, HHTYHTHBEO
NPO3payHO H, KaK OKa3bIBAETCHA, HCKIIOYHTEIBHO IUIOJOTBOPHO.
OHO NO3BONACT HE TOJNBKO OUEBHIHBIM O0Pa3OM BEIBCCTH 3aKOH
Xab6na, HO W OOBACHHTH CAMO NOHATHE IBMXKCHHUN, a4 TAKXKE
HOCTHITHYTh MCTHHHBIH CMBICII MHpPa OHHIUTeHHA - MHHKOBCKOTO
n npeobpaszosannii Jlopenua.

OmHako mIs 3TOro NPUAETCA NEPECMOTPETH HEKOTOPHIE
NPHBHIYHBIC NpeACTaRIeHMA. TaK, MBI OTKAKEMCS OIICPHPOBATH €
3-MepHBIMH 00pa3zaMu "yacTHL" ¥ HIIBIX OOBEKTOB, C KOTOPBIMH
MMECT Jeno coBpeMcHHas (Qu3uka. [ns Hee nmousTHe "MHpPOBOH
JTMHHA" YaCTHMLBl ABAACTCH ckopee Meradopoii, U XapaKTepHO
"nabmogeHne" 3a 4YacTHUAMM B IIPEJENax OrPaHHYEHHBIX
"OTPE3KOB BPEMEHHM. B NPOTHBOMOJOXHOCTE 3TOMY CHEIyeT
OPHHATB, 4YTO HMCXOAHBIMH H OOBEKTHBHO CYIIECTBYIOLUMMH
O0BCKTAMH M3YYeHMA SBISIOTCA KAk Pas MMpOBbIC JHHHAN,
KOTopsle Hame "3-MepHOe" CO3HaHHE BOCIPHHHMAET Kax
dparmeHTsl B Manoi o6nactu npocrpaHcTBa-BpeMeHH. MMeHHO
MHPOBBIC JIHHMH, ¢ MOCH TOUKM 3peHHs, O0NajaloT TeMH
OOBEKTHBHBIMH CBOMCTBaMM, KOTOPHIC JOJDKHBI ObITh MOJOKCHBI
B OCHOBY HOBOI'O HAY4HOTO IOAXONA, ¥ 3TH CBONCTBA HOCHT
dynnaMenTansHo ro6anblbli (110 OTHONICHHIO K pasMepam 4-
MCPHOTO inapa) xapaxrep. C 3TOM HOBOH TOYKH 3pEHHA He
cywiecmeyem Oeudxcenus omoeavuvix uacmuy. OHO (310
JABHXXCHHC) €CTh IIPOSBICHNAE OJHOTO eOUHCMEEHHO20 TPOLECCa -
pacupenus 4-mapa, npH KOTOPOM B 4-MEPHOM KOHTHHYYME
HENPEPLIBHO MEpeMEIIaioTes 00pa3bl TOYCK IEPECEHCHMA BCEX
(0OBbEKTHBHO CYIIECTBYIOIIMX) MHPOBBIX JIMHMA € TeKylueH
TMIICPIOBEPXHOCTRIO Cepbl  paamyca R, mpeiacTaBiIsAolEeH
JaHHB1 MOMEHT "BpeMeHH CyIecTBOBanya" BeeneHHOM.
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3.2. 3akon Xa00.1a

Wrax, cornmacno HameMmy 10JXOLy, HMEHHO CaMo
Yeeauuenue paduyca kpususnvt Mupa(peanvuolii pusuueckuii
pernomen) socnpunumaenca namu Kax meuenue spemeni.

Haynem c HemoaBMXKHBIX OOBEKTOB - 3Be3x. HecnoxkHo
N0Ka3aTh, YTO €CJIH MMCHHO BO3PACTAIOLIYIO BEJIMYHHY pafHyca
NpHHATH B KayecTBE MEPbl BPEMCHM, TO M3 NpoCTeiiimx
FEOMETPHYECKHX PACCYKICHHH Cpa3y BLIBOJHTCA 3aKOH Xab6a.

JleficTBUTENBHO, IPOBENEM [BE NPIMOIHHEHHBIE MHPOBBIC
MMHMM H3 uHeHTpa (4-McpHOro) mapa, "mpoHsamomue" ero
HOBEpXHOCTh. [1o Mepe ero pacmmMpenys napa JrydeH - MHPOBBIX
oMHMM - Kak OBl IEpeceKacT  IOCIEAOBATENLHOCTh
KOHLIEHTPHYECKHX cdep, uTo u nopoxnaer s¢odexr "pa3beranus”
06pa3oB TOYEK HEPeCeUeHMs.

A dx

O

Puc. 3.1 Puc. 3.2

PaccmarpuBas 3Hayenue paguyca R "texymei" chepnl xak
napaMerp, BBIYHCIMM TIPOM3BOLHYIO MO 3TOMY NapaMerTpy
paccrosinms x Mexay obpasamu aByx Touexk A u B (puc. 3.1), r.e.
dopmazeuyio "ckopocTh" HX pasberanus B QyHKUHH H3MEHCHHA
R. '
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Hna pocrarouno OGIM3KMX Todek Ha cdepe H3 mopobHs
TPEYroJbHHKOB BBITEKAET (pHC.3.2), 4TO

dx/dR = x/R

3aMeTHM, 4YTO 3THM COOTHOILCHHEM ONPENEICHA MOCTONHHAS
BEJIMYHHA - YrOJI C BEPUIMHON B UEHTpe paciumpenns. Huuro ne
MeUAaeT HaMm BBIPa3suTe QOpMANBHBIA mapaMerp - paauyc R -
gepes mo0oH Apyro#, mponopuMoHamsHBIH eMy. O603HauMM
HOBBIH IapameTp uepe3s f, a B xadecTBe Koddduumenta
NPONIOPUHOHANBHOCTH  BhibepeM moOYI0 KOHCTaHty - Vo
pasMEPHOCTBIO  CKOpOCTH. Torma BMECTO  NPHBEACHHOTO
COOTHOIIECHHA HOJIYUNM: ‘

dxl(Voedt) = xI(Vot)

HIIH, ITOCJIC COKpaHleHMd Ha Vs B 3HaMeHaree:
e

dx/dt = xit

HasoseMm Tenepp napamerp ¢ "BpeMeHeM", a IPOH3BOAHYIO -
v = dx/dt - "ckopocTpio pa3beranus”. UTOOB! NOMYYHTH 32KOH
Xabbuna, ocraercs JIMIUL BBECTH ITOCTOSTHHYIO ero umenun H = 1/t

v=Hx,

JIpAYEM 3HAa4YCHHE T[apameTpa f OIHO3HAYHO CBA3aHO C
IKCIIEPMMEHTAILHO onpeneiseMoil Bennunnoi H. Ecmn Mbl
XOTHM OTOXACCTBHTD NapameTp f ¢ "HaCTOALIMM" BPEMEHEM, TO B
Ka4yecTBe KOHCTaHTHl Vg ciemyeT NPHHATH CKOPOCTh CBETA C -
3KCHEPHMEHTAIBHO ONPEICNCHHYI0 KOHCTaHTy
HPOIOPLHOHANBHOCTH MEX/IY BPEMEHHBIM U IIPOCTPAHCTBEHHBIM
3TaOHAMH paccTOfHMSA. Teneps MOXKHO HaHTH BBIPAXKECHHE H [UIA
paguyca xpuBu3HbI "Texymien" cepsi:

i
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R=c/H

3.3. HuepunanpHoe ABHIKEHME U CIeNAILHAS Teopus
OTHOCHTEIbROCTH

Or 3¢¢exra “pasberanns” HENONBHKHBIX 3BE3M NepeiiaeM
K 8HAIHM3y PaBHOMEPHOTO (HHEPLUHAJILHOTO) ABHKCHHA. ’

Yuuteias * OTPOMHYIO BEIMUYMHY pajuyca BceneHHoi,
n306pasum cxemarnuecku cdepsl paguyca R u R+dR B Buge asyx
napauICibHBIX ceyeHuit (puc 3.3). Bee MHpOBEIE COOBITHA-TOYKH,
Jexalmye B OJHOM M TOM K€ cedeHumu (Hanpumep, R+dR),
obpasyior xak 661 MrHOBEHHYIO (poTorpadnio BeeneHHOM.

PaccMoTpuM HEKOTOPYIO TOuky O Ha JIMHHMHM, OTBEYalOLIeH
cepe pammyca R, B KOTOPOH HAaXOMWIMCh [Ba HaOMIOAATEIA.
HanomMHuM, 4TO 3Ta TOYKa COOTBETCTBYET 4-MEPHOMY COOBITHIO,
A03TOMy ~HabiiofarelM BO BCAKOM CIydae OJHOBPEMEHHO
HAXOIWINCh B OOHOM H TOH e TO4YKe 3-MEPHOro NPOCTPAHCTBA.
3ateM oauMH M3 HUX "Apeldyer” Bpons MupoBoH smHuM OBy
NApAINEIbHO  HOTOKY  BpPEMCHHM, T.€.  HENOJABHXXEH B
 MPOCTPaHCTBEHHOM = CMBICIE, a  BTOpOH  IepeMelaercs
OTHOCHTEIBHO TEPBOro, ABHIasch BIOJb MHUPOBOH nunun OBj,
NPUYEM BCE HEPEMELICHHS peanhHo 00yCIOBIIECHbl NapalIeIbHbIM
IEPEHOCOM Ce4eHHA IEPNCHAMKYIAPHO paanycy Bcenenno#t.
CooTBercTByIOIME  4-MCPHBIE  BEKTOPHl  IIEPEMEILECHHH
0603Ha4MM yepes ¢y ¢4y, TlIE ¢ - CKOPOCTh CBETA.
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BO X ‘BI
R+dR
ct, ¢t '
10}
R
0 ,
Puc. 3.3.

Bo-nepBrix, MBI Cpa3y e MOKEM 3aK/II04MTh, YTO IO MEpe
paclimpenus BcejieHHOH (M HCKITIOYMTEIBHO 3a CYET 3JTOrO
00OCTOATENBCTBA) PAacCTOSHHE X MEXKAY TOUKAMM II€pPeCedeHMs
MHPOBEIX JIHHHH M TEKYWIMM CEYEeHHEM BCEeHHOM H3MEHACTCH
pasnomepno u npamonunenno. Tem caMbiM MBI [IEPEBEIH
ApeACTaBlicHHe 00 MHCPHHATLHOM ABMIKEHHH W3 anpUOPHOro (n
4aCTO NPHBOIALIETO K TOPOYHOMY KpYTy OIpenesicHHH) BO
BTOPHYHOE, KOTOPOE HEMOCPEIUCTBEHHO H €CTECTBEHHO BBITEKACT
13 MOPOXKAAIOIIEH €r0 HCXOJHOH MONEIN..

Hanee, MBI MOXEM TaKKe YCTAHOBHTH CYHIECTBOBAHHE
€CTECTBEHHOI'O OrpaHWYEHHS HA BO3MOXKHBIH YTOJl OTKIOHCHHA
'MHPOBOH JINHHH OT HOPMAJiH K CEUYEHHIO; OYEBHIHO, 3TOT YIOJI HC
MoxeT OwiTe Gonbuie npsmoro. [laHubiH  ¢axr, OecCnopHo,
YBA3BIBACTCH C HAIMYHEM IPENCIIEHON CKOPOCTH OBHXKCHHUSA €, YTO
TaKKe FOBOPHT B IOJNB3Y Hael Moaenn. OTHoweHue v/e = x/(ct)
ABIAETCY MEpPOH yIia ¢ OTKIOHEHMA BEKTOpa 4-MEpHOTO
HICPEMELIEHHS OT HOPMAIH (IOTIPOCTY IOBOPH, sin@ = v/c). Ocobo
BANCHBIM AGAAEMCA MO, YMO IMA MePA HeAOOUmUEHA: 1PH
CJIOKEHHH YIJIOB PE3yAbTHPYIOLIas OTHOCHTENBHAA CKOPOCTh HE
paBHa CymMMe cKopocTeit!

' Hakonen, mnoHATHO, 4YTO O8uxCeHue ¢ npeoderbHou
CKOpocmblo ¢ npoucxodum 6001b cewenusn Bcenennou,
NEPICHAMKYISIPHO K €€ paiHycy. DTO 03Ha4aeT, 4Tto ceueHUs R u
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R+dR coOTBETCTBY10T 06pa3yloLINM TaK Ha3bIBAEMOTO CBETOBOrO
KOHyCa, a IpPOMEKYTKH BPEMEHH §3 H ¢; COOTBCICTBYIOT
HU3MEPEHHBIM B HEeNOABHKHOH cHcTEME oTcHeTa -
IPOACIDKMTENIBHOCTM  ABMXEHHA € COOTBETCTBYIOLIHMH
(Hyn€eBOH W HEKOTOPOH KOHEYHOH) CKOPOCTAMH MEXIY
pPacCMOTPEHHBIMH CEYCHHAMM BeeneHHoH. :

BenuenpuBeqeHHBIH aHATH3 BHUIOJIHEH € [OMOLIBIO
MPEACTABICHAS O CHCTEME KOOPAMHAT “HOPMAaiib-TIOBEPXHOCTDH”
(peus HaeT o noBepxHocTu 4-cdepnr). Kak Mbi cefiuac yBuaum,
3T4 CHCTEMA KOOPAMHAT HE HACHTHYHA ¢ OOBIYHO MCIONB3yeMO
CHCTEMOH KOOPAMHATHBIX OCEH ‘“‘Bpems-nepemelncuue”. Bosee
TOrO, BHOBb BBCICHHAA CHCTEMA KOOPAMHAT I03BOJISET H30eXKaTh
NIPUBJICYCHHSA KOLEILHMH IICEBIOIBKIHAOBON METPHKH, JICKAIIEH
B OCHOBe (popmanniMa MHHKOBCKOTO.

YCTaHOBMM TENEPh COOTBETCTBHE MEXKAY KOHCTPYKUHSAMH
HOBOJ} TEOPHY ¥ NPHBEIYHLIMM MOJACTHHBIMH TIPEACTABICHUAMH
cneuManbHOU Teopun oTHocuTensnocTH (CTQO),

t4
B, et %- x2= const
B,
a
X 0 4 <
Puc. 3.4

Ha puc. 3.4 upmseaeHa tunmunat wix CTO cucrema
KOOPIHHAT, 110 OCH OpIHHAT OTJIOKEHO BPEMS £, TI0 0cH abeuce -
nepemeumiehyue x. IlyHkrnpuo# smHuel oOo3HadeH CBeTOBOH
koHyc. Kak B 310# cucreme n3obpaxaercs ceuenne Bcenenson
HocTOSHHOro paamyca? OTBeT mostyuuts jgerko. KupHas MuHUS
HA 9TOM PHUCYHKE KaK pa3 M COOTBETCTBYeT TeM TOYKaM



48 ‘ 3. Bpems 1 npoCTpanCTBo B JOKaNhHOM NpHOIMKEHHH

IPOCTPaHCTBEHHO-BPEMCHHOIO ~ KOHTHHYYM2,  cofcmeennoe

BPEMS JBIKEHHS 10 KOTOPBIX U3 To4YkH O 0HO 1 TO *Ke L4 Ten,

ABIOKYHIMXCA CO BCEMM BO3MOXHBIMM CKOpOCTAMH. Mnaue

rosopsa, 4-MepHoc (IICEBIO-)PacCTOSHHE B  MPOCTPAHCTBC

MuHkoBCKOro ot touku O 10 JioOoH u3 Touex By, By, ...,
OJMHAKOBO ¥ COOTBETCTBYET PAaCCTOAHHMIO MEKIY CeUCHHAMH R 1

R+dR Bcenennoit na puc. 3.3:

cz-tz- x2= const

‘ B uactHOCTHM, €CiM KOHCTaHTa B NPaBOH 4HacTH paBHa
HYJIIO, HAUIA KpPHBas BEIPOAMTCA B CBETOBOH KOHYyC. B mpotuBHOM
CJIy4ac yros @ OTKIOHEHMS BEKTOPA CKOPOCTH OT OCH BPEMEHM
Oyner Menble 45° ; 3TOT Yrom HpeaesIeH COOTHOLICHHEM

tga=xl(ct) = e

Janubiii yron moBopora B NPOCTPaHCTBEHHO-BPEMEHHOM
IUTOCKOCTH, COOCTBEHHO rOBOpPS, OTBEYAET NMEPEXORY OT OMHOI
CKOPOCTH K APYroH. Bce MHOXECTBO CKOpPOCTEH COOTBETCTBYET
COBOKYITHOCTH JOIIYCTHMBIX YIJIOB TIOBOPOTA,

CnpawnBaercsi, Kak COOTHOCATCS ~ Mexay  cobo#
YKA3aHHBIH yron noBOpoTa @ (B IPOCTpaHCTBE “‘BpeMi-
NEPEMEIIEHHE”) H YroJl @ OTKIOHEHHA BEKTOpa 4-MEpHOro
nepeMenieHus (C ONpPEAeiCHHON CKOPOCThIO) OT Kpardaiiiero 4-
MEPHOro mnyTH (C HYICBOH CKOPOCTBIO) MEXIYy CEeYCHHSIMH
Beenennoit wHa puc. 3.3 (B IPOCTPAHCTBE  “HOPMAiIb-
noBepxHOcTs) ? Jlerko BHIETh, YTO YIOJ @ HE PaBEH yIiy & Ha
pHuCyHKE 3.4; neHCTBHTEIBHO, KOrAa mepBeiif crpemurcs kK 90°,
BTOpOi cTpemuTcs k 45°. C yderoMm omnpencneHHil yrjioB Mbi
MOXKEM 3aKIOYHTD, YTO ‘

fga=sing.
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C 1pyro#t CTOpOHBI, MEXAY 3THMH YIJIaMH 3aBEIOMO
YCTAHOBJICHO B3a¥MHO-OJHO3HAYHOC COOTBETCTBHME, TaK YTO
Nepexoxy - OT OMHOIO BEKTOpa 4-MEPHOIO IEpeMeIeHHs K
ApyroMy Ha pHc. 3.3 (B HPOCTPAHCTBE “HOPMATDL-TIOBEPXHOCTH )
BCErNa OTBCYACT COBEPLICHHO ONPENENEHHOE IIpeobpasoBamme
Jloperua (B mpocrpancTBe “‘BpeMs-niepemewicHiue”). Mpl, Takum
00pa3soM, TNOIYYHNM  HArIAAHYI0 — HHICNPETALHIO  3TOTO
Apeo6pa3oBaHnsA  CPEACTBAMM  4MCTO OBKIMIOBOW (a He
TICEBAO3BKIHAOBON) I€OMETPHH, IIPHYEM BO BHOBbL BBEIACHHOIM
CHCTEME KOOPIHMHAT apryMEHT ITpeoOpa30BaHHd ONMPECIACTCS He
uepe3 runepbonuueckuit apxranreHe (xak B8 CTO), a uepes
oObIuHBIH apKCHHYC ckopoctd. Ilpu stoM Heo0X0aMMOCTh B
HCHONB30BaHMH (M (M3MYECKOH HHTEpIpeTalHH) MHHMBIX
OTPE3KOB M YIJIOB OTHAZAaeT, a BPeMA [ABMKCHHMA JUis
Hehodeudncno2o Halmopatens (OpAMHATA KOHEYHOH TOYKH
BekTopa OB; Ha puc. 3.4) NeHCTBHTEIBHO COOTBETCTBYET UIHHE
BexTopa 4-mMepHoro nepemeniends OB; va puc. 3.3.

B pavkax 3TOH MHTEpIpeTanuM HEoOXOAMMO TakKe
OPHHATbL, YTO H4ACHI 60 6cex 0e3 UCKAIOUEHUA CUCMmeEMax
omcuema usmepawom npupauienue paouyca Bcenennoii
bezomnocumensno K cobcmeennomy dsuxcenuio uacog. B cuny
3TOr0 OGCTOSTEIBLCTBA YACH!, CBA3AHHBIC C AI0OBIM MHEPLHAILHO
aBMKymuMcs  HabGmomarenem (a He TONBKO ¢ abCOMIOTHO
HENOABHKHBIM!) IIOK&KYT TpH ABHKEGHHM MEXAYy ABYMS
3aJaHHBIMH CedeHHMAMH BceneHHOW OOHO M TO Ke 3HAYCHHE -
BPEMEHHOTO NPOMEXKYTKA. /st KaXI0r0 U3 TAKMX HabmonaTenei
(T.e. BO BCex BO3MOXHBIX HHEPIHMAILHBIX CHCTEMAX OTCYETA)
OOMH W TOT e MHTEpBAN MeKLy AByms 4-cobuituamu O v By
ABIACTCA KATCTOM OAHONM M TOH K€ JUIMHBI, TAK YTO B KaXIOH
TAKOM CHCTEME OTCY€Ta TPOCTPAHCTBEHHAas W BPEMEHHAaA
KOODIAMHATHl JBMKYLIETOCA C  MOCTOAHHON CKOPOCTBIO Tena
YAOBJICTBOPSIOT OJHOMY H TOMY XK€ YCIOBHIO

cz- tz- x2= const
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-YTO  O3HAYa€T COOTBETCTBCHHO  CIIPAaBEMIMBOCTD  MPaBHI
npeobpasosanus koopauHat u Bpemel B CTO. OuxHako 310 BepHO
JMIlb B TOM Ciy4ae, KOrJa KoopauHata X 0003Hayacr
pacCTOSHHE HMMEHHO [0 abConomHo HenoosudncHozo (a HE
IPOH3BOJIBHOIO0) HablroaTes.

PelnM, namee, Takyio 3ajady - BBISICHMM, Kak Oyger
BBITJIAAET 10 OTHOLIEHHMIO K CEYCHHIO BCENICHHOH MHOXECTBO
TOYECK, QOHOEpEeMeHHbIX B IIOKOAMICHCS CHCTEME KOOPIAMHAT
(“BpeMa-IIepeMEIICHHE”) M COOTBETCTBYIOIUMX  >KHPHOH
FOPH3OHTAIbLHOH JHHHH Ha puc. 3.5.

Jlerko BHAETH, 4YTO YCJIOBME f = const MOXHO 3aHMCaTh B
BHJE
X = const- iga = const- sin@,

4YTO COOTBETCTBYET YPABHCHUIO OKPY)KHOCTH (OKHpHAS JIMHHMS Ha
puc. 3.6). Takum o06pa3oM, OJHOBPEMECHHHIM (B MOKOSLIEHCS
CHCTEME OTCYeTa) COOBITHAM OTBEHAIOT PABHOYNAJICHHBIC OT
HCXOJHOTO B JaHHOM CEUCHHMH BCeIIeHHON COOBITHA TOYKH,
NPHHAUICKANINE PAAUYHBIM CCHCHUAM Bcenem{on ‘

4

R+dR

x t = const

[ 7

“y

Puc.3.5 | Puc. 3.6

HHTepecHO Taxke CPaBHUTH NPEACTABIEHHA O PU3HUECKOH
npuyupnocth. B CTO  »mm  mpencrasneHus  HarisaHo
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H300paxaorcs OOmEH3BECTHOH auarpamMmoil Ha puc.3.7 B
CHCTEME KOOPAMHAT “BpeMsi-nepeMeIlcHue

!
'aGCOJflomoe
\\ 6ywZ yme?//
. .

abCoMOTHO S —» X abCOoJMIOTHO
yaaneHHas obnacTs - L . ynameHHas o6macTk

~

N /’

N

abcomoTHOE .
MpoNIoe

Puc. 3.7

Ha 310l samarpamMme HEKOTOPOE HHTEPCCYIOIMIEE HAC
nieppoe (4-MepHOE) cOObITHE MOMEHICHO B HAYAIO KOOPHMHAT
- (TouKy nepecedenus ocel f v x). [TyHKTHpBI “CBETOBOrO KOHYCa”
Pa3srpaHHYHBAIOT TpH 061aCTH NPHIIETAIOEr0 KOHTHHYyMa. Ecin
BTOpOE COOBITHE pAacIOIOKEHO B 001acTH  aGCOIHOTHOrO
IIPOLLIOrO IO OTHOIICHHIO K IEpBOMY COOBITHIO, TO B 06O
CHCTEME OTCYETA OHO TpPEMIECTBYET IIEpBOMY, 4-MEpHEIH
HHTEPBAJ MEXIY OByMSL - COOBITHAMH SBIIACTCA
BPEMEHUIIONOOHBIM, @ HAMMEHBLIMM BPEMEHHBIM MPOMEKYTKOM
OHM pasjeneHsl B TOH  CHCTeMEe  OTcdeTa, TIJe HX
NPOCTPaHCTBEHHBIE KOMIIOHEHTBI COBHAJalOT (T.€. B CHCTEME
oTcueTa, “ABMXKYIUEHCH OT NEpBAro COOBITHS KO BTOPOMY).
CrMMerpHuHsiM 06pasom obcTont Aeno B 0bnactn abconoTHOrO
Oyaymero, TONBKO 34eCh B 000N cHcreMe OTcHeTa HepBOC
coOBITHE IpelINecTBYET BTOpOMy. Ecim ke Bropoe cobbiTHE
JEeKMT BHE “CBETOBOrO KOHyca”, TO B mo00ii cucreme oTcueTa
3TH COOBITHSI NPOMCXONAT B PasHBIX MeECTax MPOCTPAHCTBA,
IPHYEM HaMMCEHBIUMM PAcCTOSHUE MEXAYy HHMHM SBIACTCA B TOH
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CHCTEME OTCYETa, IIC OHH HPOMCXONAT OFHOBPEMEHHO; 3TO —
“obnacTh aOCOIIOTHOrO yAaJNCHHA” COOBITHH. ,

B pa3sBuBaeMoOii 31eCh TEOPHH (CHCTEMA KOODAMHAT
“HopMénh-noserHOCTb”) CHTyalus HECKOJILKO
tpancopmupyercs. B pamkax JA0KanbHOrO MOAX0Aa, KOTAd
uzoxpoua (ccuenme Bceemennodt pammoro pagmyca R)
n300paxacTcs IPOCTO rOPH30HTANBHOM JunueR (cM. puc. 3.8),
obnacts alcomornoro Oyaymiero pacmojaraercs Hajl JTOM
JMHHEH, 001acTh abCOMIOTHOrO MNPOULIOrO — IIOR JIHHHEH, a
abCoOMOTHO yJaleHHad 06J1acTh COBIANAET C 3-MEPHBIM CEYEHHEM
Beenennoi. B ormimume or CTO, obnacts BHE “CBETOBOTO
KOHYC3” BBIPOXKZAETCA B 3-MEPHYIO TI'HIIEPIOBEPXHOCTb, T.€.
COBIIaJacT CO “CBETOBBIM KOHYCOM,

abcoynoTHOe Oynyuiee
. abCoOIIOTHO
R — yAaJieHHas
obnacrtp

abCOIFOTHOE MPOLLIOE
‘  Puc. 3.8

Ilpn ra06anpHOM pPacCMOTPEHHH MPOCTPAHCTBEHHOE
ceyenne Beenennoit nzobpaxaerca (Ha puc. 3.9) OKpyRHOCTBIO,
coBnajaroniei ¢ abcomoTHo yaanenuoi obnacreio. O6nacrs ad-

abconioTHoe aGcomoTHOoe

AbcomioT-

BHOC

Oyaymee \  npomaoe Oyaymee

Puc. 3.9
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COJIOTHOTO NPOMIJIOTO JIEXHT BHYTPH, a 001acTh abComoTHOro
Oyayuiero — BHE OKPYXKHOCTH.

VnrepecHpiM ABAfETCS M eui€ OJMH MoMeHT. [Ipm
Qu3MYCCKOM IBHXKEHHH JIIOOOro Tela ¢ JOCBETOBOH CKOPOCTEIO
€ro MHpOBafd JIMHHA COEAMHACT HCXOJHYI0 TOYKY OIHOIO
KOHLICHTPHYECKOTO CeYCHHA BCeneHHOW ¢ KOHEUHOM TOUKOH,
NpHHAMIEKAMEH ~ APYTOMy  KOHLEHTPHUYECKOMY  CEYEHHMIO .
Oompmero  pagmyca. Takas  TpackTopHs  MOXET  GBITH
OPEACTABICHA  CYMMOH  AOCTaTOMHO  MAaNBIX  HAKIOHHBIX
NPSMOJIIMHEHHBIX OTPE3KOB, IVIHHA KaXKJIOTO ® M3 KOTOPHIX
(oTBevarollad BpPEMEHH IEPEMCIICHUA, OIPEACIIeMOro B
HENOABMKHOH cHCTeMe oTcuyeta) Oymer Oonaple  UIMHBI
COOTBETCTBYIOLIEH rOPU3OHTAIBHOM OPOEKUMH = = Ha
IPOCTPAaHCTBEHHOE ceucHue Beenennoit. IloatoMy u miHHa Beeit
TPaeKTOpHM B ueaoM Oyner Bcerma Ooiblle AIMHBL  YHCTO
NPOCTPAHCTBEHHOTO NEPEMEIICHMA, TaK YTO Pe3yibTHpYyomas 3-
MEpHas CKOPOCTh ABHMIKEHHMS BCErja OyIeT MEHBIIE CKOPOGTH
cBeTa. . : RN
C npyro#t croponbi, ¥3 BBIpaxenus s XaGOnoso#
CKOPOCTH pa3iieTa HEMOABHXHBIX Ma1aKTHK

v=(c/R)x

BBITCKACT, 4YTO YK€ NpM X = R BeIH4YHHA 3TOH CKOPOCTH
JNOCTHIaeT CKOPOCTH CBETAa, TaK YTO NPH PACCTOSHHH MEXAY
TAaKHMH TallaKTHKaMH, PEBBILAONIEM (B YTIIOBOM H3MEPEHHH 110
OTHOWIEHHIO K HEHTPY 4-MEPHOTO WIapa) OOMH pagHaH, Mbl
NPHXOOMM, Ka3anoch OB, K CHTyallHuM CO CBEPXCBETOBOH
CKOPOCTBIO. _ T

B nefcTBUTENBHOCTH, COTJIACHO TpeUIaraeMoii cucTeme
B3IJIAJ0B, HOA CKOPOCTHIO ABHXKEHHS JIOITYCKaeTcsd IOHHMATh
TOJILKO  TOT Cilydail, KOrza 95TO [BWXKCHHE (B Ipouecce
pacuiMpenus  Bcenennoi)  oOYCIOBIEHO  IIEpEeMEHICHHEM
- M300paxarouelt TOUKH 110 MHPOBOH THHIH, OMKAOHAIOUEIICA OT
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HOpMamu K H30XpoHe. C 3TOH TOUKHM 3peHHA MOHATHE OOBIYHOM
TpeXMepHo# cxopoct BooOmie He mnpumMeHMMo ¥ XabOmoy
PaCUIMPEHHIO, OHO NpeacTaBIseT COO0OH HEKMi JOMOIHATEALHEL
Mo OTHOWLICHHIO K TpPaJMUMOHHOMY MEXaHH3M [BH)XEHUSH, B
4aCTHOCTH, HE O00eCTeuMBaeT HPHYHHHO-CICACTBEHHOR CBA3H
MKy COOBITHAMH HA B3AHMHO yJAISIOWNMXCA 0ObeKTax (Takas
CBA3b BO3MOKHA JIMIIb MCXKAY HEKOEH 06meﬂ npHYHHON M
KaKABIM M3 HHX B OTUCILHOCTH).

3.4, O reuenun spemenn 8 CTO n THIPB

CpasuuM npeacraBienus o teyeHuu Bpemenn B CTO u
TUIPB, paccMoTpeB  CHAawana  Cioydalfl  OTHOCHTEIBLHOTO
HHEPLUHAIBHOTO JBMXKEHHMA [BYX TE€JI H CBA3aHHBIX C HHMH
HabOmonartenell, cHaGKeHHBIX Yacami. B ofenx Moaensx reueHue
BPEMEHH CYMTACTCA 3aBHCHMBIM OT CKOpocTH asuxenust. B CTO
MPOMEXYTOK BPEMECHH MEHCOY OGYMA MOMEHMAMU D8UNCEHUA 2-
20 nabaodamensn 1-i Habmoparesib B CBOCH CHCTEME OTCYETa (OH
B Hel HENMOABHMIKEH) NOJIaraeT paBHbLIM tj;, 2 B CHCTEME BTOPOIO
Habmojatens ~ paBHbIM ti2, TpuyeM, cornacHo CTO, tyy > tyn
(T.e., Kak ormeuaercs B [17], “nmBmokymmecs wyacel HAYT
MEUICHHES  HENOABHXKHBIX”). (COBEPLIEHHO CHMMETPHYHBIM
06pa3oM TIPOMEKYTOK BPEMEHH MENCOY IMUMU IHCE CAMBLMHU
cobbimunamu 2-i Habmoparenb B €ro (NokosmeHcd, Mo ero
MHEHHIO) CHCTEME OTCHETAa HOJaraeT paBHBIM 1y, a B CHCTEME
nepBoro HabmogaTend — paBHBIM iy, OpHYEM ty; > tz2. Takum
00pasoM, Kaxablii M3 Habmogareneil 1101araer, YTo BpeMs B’ €ro
CHCTEME OTcuera TedeT ObicTpee, 4YeM B CHCTEME Jpyroro
Habmonarens.

VYxazaunyio xommsuio  CTO  npennaraer  cumrars
HECYIIECTBCHHOH B CHIy CHEHYIOWEro  OOCTOATENBCTBA.
OKCTIEPUMCHTANBHO CPAaBHHTh HETIOCPEACTBEHHBIE IOKa3aHus
ABYX 49acOB HEBO3MOXHO 0€3 HapyleHUS HHEPUHAIBHOTO
XapakTepa NIBMKCHMA, 10 KpaiimeH wmepe, OIHOTO W3 Tel,
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HANPHMEDP, MYTEM IIOBOPOTA M BO3BPALICHHS K IEPBOMY TEIY.
JeHCTBHTENBHO, TIPH 3TOM TaKOE TENO HEMMHYEMO [OIDKHO
H3MCHHTh CBOIO CKOPOCTb, T.€. IPETEPNETh YCKOPEHHUE:

Bo3smoxen H Apyro# cnoco®, mpH KOTOPOM IOKa3aHHA
ABrkymuxcs 4dacoB (K’') cpaBHMBalOFCS B HAYAILHOH TOYKE C
MOKa3aHWAMH OJHMX HEenoJBWXHEIX 4YacoB (K;), a B KOHECUHOH
TOYKE — ¢ IOKa3aHUAMM BTOPBIX HENOIABIKHBIX 1acoB (Ko).
Pazymeercs, npu 3roM. HermoaBwkHble dackl K; H K; nosmkHbl
3apaHee OBITP CTPOTO CHHXPOHHM3HPOBAaHBI MEXIy CoOOH
(nanpuMep, B HA4YalNpHOH TOUKE, Mocie yero vach Ky cxois
YrOJHO MEIUICHHO IIEPEMEIIAIOTCS B KOHEYHYIO TOUKY, a YX
3aTEM OCYIIECTBIIACTCA OCHOBHOH 3KCIIEPHMEHT).

B [17] 1mogoOHelii  3KCHEPUMEHT - OIMHCBHIBACTCA
crenyromtnM obpasom: “IlycTs B HEKOTOPHIH MOMEHT BPEMCHM
yacel K’ mnponeraior MuMo yacoB B K, M B 3TOT MOMEHT
NMoKa3aHusg 000HX 4acOB COBMAnaloT, [lnd cpaBHEHHs XOJa 4acoB
K u K’ Hago BHOBB CPaBHHTH IOKa3aHHA TEX K€ IBHXKYIIHXCH
gacoB K’ ¢ yacamm B K. Ho Temeps MBI yXe CpaBHHBacM
[MOKA3aHMA TEX XKe ABIXKYIIHMXCA 9acoB B K’ ¢ IpyrHMH 4acaMH B
K - ¢ TteMH, MHMO KOTOpBIX Hacsl K’ mponeraior B Ipyroi
momenr. [Ipm srom ™Mbl 0OHapyxum, uro 4acel K’ Oymyr
OTCTaBaTh NHO CpaBHEHMIO ¢ 4YacaMM B K, ¢ KOTOpBIMH OHH
CPaBHHBAIOTCA., Mbl BHIMM, 4TO A CPABHCHHA XOZA YacOB B
ABYX CHCTEMaX OTCUeTa HEOOXOAMMBI HECKOJIBKO YacoB B OMHOM -
cucreMe ¥ oJHH B japyroi. IlosroMy 3T10T mpouecc He
CHUMMETPHYEH [0 OTHOUICHHIO Kk 0OemM cucremam. Bceerna
OKaXYTCH OTCTAIOIWIMMH T€ Yachl, KOTOpbIe CPaBHHBAIOTCA C
Pa3HBIMM YaCaMH B APYroi cucremMe oTcyeTa.”

MHe H3JI0KEHHBIE COOOpaXEHMA, OTHOCALMECH K
MOCJIEAHEMY SKCIIEPUMEHTY, He IIPEACTABIAIOTCA
yObenuTenbHBIMA. B camMoM jeite, €CIHM MBIl IIOCIHE CPaBHCHHA
noxkaszanui K’ 1 K; BHOBL 10CTaTOYHO MEIJIEHHO MOABCAEM Yachl
K, x wacam K; u yGegumes, 4T0 CHHXPOHHOCTH HX IOKa3aHMH (C
3aJJaHHOH TOTPELIHOCTHIO) HE HapyIIE€Ha, TO KaKHE OKaXyTcs y
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HacC OCHOBaHMA [ciaTh BOOOIIE KakHe-THOO pa3sauums MEXIy
M3MEPEHHAMH BpeMeHn ¢ nomowso zacos K; v K; ?  Ecmm
€IMHCTBECHHBIM cparcrode, TEOPETHYECKH BIHAIOIMM HA XOX .
BPEMCHH IIpM HMHEPLUMANBHOM MABMXXCHUH, ABIKETCH CKOPOCTH
IABHXKEHHS, TO KOJHUYECTBO WK QH3HYECKas HETOXACCTBCHHOCTD
YacOB HE HMMCIOT HHM MAICHUIEr0 3HAYECHHS YIPH H3MEPEHMAX.
bBonee TOro, 3KCNIEpHMEHT MOKHO YCIIOKHHTE M CHCNAThH BITOJHE
CHMMETPHYHBIM, HCIONB3ys 110 JBA CPABHEHHS H MO [ABE IApHI
yacoB K’ ,K’> u K; , K, xak 310 noxasano Ha puc. 3.10. Hacw
K’y,K’s aBMKYTCH BIIEBO OTHOCHTENLHO HEMOABMKHEIX YacoB K
, Ks. B cucreme K mokaszanus wacoB K’ ; cpapHMBAIOTCA CHayaja C
noxazannamu K, a sarem — ¢ mokasanusamu K;. B cucreme K’
noxazanus 4acos K cpaBHHBaloTCs CHadana ¢ nokasanuamu K’y,
a 3aTeM — ¢ nokasanuaMu K'.

K] ' K2 K1 Kz
— 8 [ 8 [ ]
[ ] [ I —8 e
4+— K’ K’» Ky K%
Puc. 3.10.

CorjacHO  BHINICIPHBEJEHHBIM  foBojaaM  aBtopoB  [17},
onHoOBpeMeHHO yachl K’; AOmKHB! oTcTaTh OT 4acoB K, a yachl
K> nomxusl orcrars ot yacoB K’;. M3 3T0ro MOKHO BBIBECTH B
KOHEYHOM CHETe KaK TO, 4TO 4achl K, NOKHBEI OTCTATh OT HacoB
K;, Tax # 10, 9T0 wace K’; JOKHB OTCTATh OT 4acoB K’';, 4TO
HHMOTKY/a, BOOOIIe roBOpA, HE CIEAYET.

B 23] orBepratorcss noneITKH GOJBILIOrO YHCIa aBTOPOB
Konuwecmeenno oO0OCHOBATH IAPAafOKC YacoB B  TEOPHUH
OTHOCHTEJIBHOCTH 3@ CYET 3Talla YCKOPEHHOIO JIBMXKSHHA
BO3BPALIAIOIIMXCSA JIOC/IE 3TaNa yJaleHHMs TOIBHXHBIX 4acOB OT
HEMOABHXKHEIX. ABTOp [23] crpaBemnnBo oTMedaer, 4ro ¢asa
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YCKODEHHS MOKET BHECTH JHUIb BXJIAJ, KOTOPBIA He 3asucum Ot
JUIMHBI HEYCKOPEHHOTO Y4aCTKa, B TO BpeMs KaK PelISTHBHCTCKas
Pa3sHOCTb BPEMCH HPONOPYUOHAIbHA ITHM JUIMHAM,

B TUIPB, kak jerko BuieTh M3 pHC. 3.3, HEHONBHXHBIM
4acaM COIMOCTaBJIAETCH Kpardaiiuee pacCTOAHME MEXAY ABYMS
H30XpOHAMH (BEPTHKAIBLHBIH OTPE30K), a ABHKYLIMMCS 4acam —
HAKJIOHHBIH OTPE30K, COSAMHAIOMHMH 3TH 5Ke M30XPOHEL. [TosTomy
n B TIIPB Habnropatemo Kakercs, UTO0 ABHXYIIMECS
OTHOCHTEIBHO HETO 4Hachl WAYT MCUICHHEE, NPHYEM YHCICHHOE
COOTHODICHHEe TOUYHO Takoe xe, kak M B CTO. Ograxo
KOHLENTYAIBHO JIIOOBIE 9achl, HHEPUMAIBHO (T.e. BOOJb NMPAMO¥H
MHPOBO# JIHHHH) NIEPEMEILAIOIHECK MEKAY ABYMS H30XPOHAMH C
moboi JONMyCTHMOH CKOPOCTBIO, IOKKYT OAHH H TOT IKe
uHTEpBaI “abcoroTHOoro” Bpemenn. Taxkum oOpasom, B TIIIPB
NapajgoKC 9acoB NPH HHEPUHAILHOM ABH)KCHHH HE BO3HHKAET.

YTo Ke XacaeTcs 3aMEUICHHS TCYCHHS BPEMEHH IIPH
YCKOPEHHHM I B IPaBHTALMOHHOM Noje (4acsl B coO0nHOM OT
noas o0JacTH IPOCTPaHCTBA HAYT ObicTpee), TO OHO HMEET
OOBEKTHBHBIN XapakTep M MOATBEPXKACHO dKcriepumeHTaMu. C
toyku 3peHust TIUPB s nonsitaiock 0GBICHHTE 3TO CIEAYIOLIAM
obpa3oM. M3mepenne BpeMeHH, NOJOOHO H3MEPEHMIO [UIMHBI,
OCHOBAHO Ha CPaBHCHWH H3MEPAEMOrO MHTEPBALa C ITAIOHOM,
T.6. C  [IOKa3aHMAMHM  4YacoB.  DOJBILIMHCTBO  4aCOB
XapaKTePH3YIOTCH MEPHOJIOM COOCTBEHHBIX KonebaHuit TOH win
MHOH HPHUPOABI, 3 3HAYUT — C HEMHEPUHAIbHBIBIM ABHKEHHEM H
onpencsicHHBIM  yckopenreM. Hawbonee dynnaMenraimbnbie
KoJebaTeNbHbIE TIPOLICCCH  CBA3aHBI CO BCEMH YaCTHIAMH,
obnajatomtumu  Maccod.  KaxaoMy  3HAY€HHIO  MAacChr
COOTBETCTBYET CBOI Nepno KojieGann# BoJIHEI ne-Bpoius.

Ipu Bo3aeicTBHM YyCKOpeHHA J000H npupoasl (B TOM
YHCIIE 3@ CYET JCHCTBHS I'PaBHTAMOHHOTO MOJI) MUPOBAs JIMHHA
ABWDKYWIEHCA 4acTHIBl OTKIOHAETCS OT HPAMOH, M KPHBHM3HA
I[POCTPAHCTBA B JIOKAIBHOH OKPECTHOCTH COOTBETCTBYIOILEH
TOYKH 3TO} MHpPOBOH JIHHHH B 001eM ciydae H3MeHsercs, Ecim
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CYMTATh IIPH 3TOM, 4TO HEPHOJ FTAIOHHBIX KOJIeOanuit (4acoB) He
MEHAETCA, TO pe3ylbTaT CPaBHEHHA OTAIOHA BPCMCHH C
(MCKPHBIICHHBIM ) H3MEPACMBIM HHTEPBAIOM TAKKE H3MECHHTCH.

Bosiee TOro, OGBIYHO 33 CYET YCKOPEHHMS KPHBM3HA
MHMPOBOH JIMHMH BO3DAcTacT, TOrJa KaK HPH paciliUpEHHH
BcenenHo# KkpyBHM3HA YMEHbIIAeTCs. VIMEHHO MO3TOMYy XOX
BPEMCHH 3aMEIJIACTCH, 2 HE YCKOPAETCH, T.€. OOYCIOBIEHHOE
YCKOPDEHHEM U3IMEHEHUue XOJa BPEMCHH HPOMUGONOTIONCHA
Hanpagnenul0  BpeMCHH,  OOYCIOBJICHHOTO  JIOCTEHICHHBIM
YMEHBIICHHUEM KPHBH3HEI BCeneHHOM,

'3.5. O npHHUMNE OTHOCHTEILHOCTH JitHIITEHHA U
BLIACJICHHOH CHCTeMe oTCYeTa

TIpUHIAN  OTHOCHTEABHOCTH DHHIUTEHHA AEKIapHpyeT
NOJIHOE PaBHONPABHE BCEX UHEPKUANbHBIX cHcTeM. HanomunM, .
YTO €ro  KOHIENTyalbHOe 00OCHOBaHME H3HA4YaJIbHO OBINIO
HPHHATO CTPOMTDH Ha ABYX HOJNOXKEHHAX. Bo-1iepBbIX, HCXOAs M3
oneIToB MakkensCoHa-MopiiH, /KOHCTATHPOBAIOCH BBINOIHEHHE
cootHomenns cdf® - (dx’+dy’+dZ’) = 0 npn pacrpOCTpaHEHHH
CBETOBOTO CHMTHAaja B NPOU36OAbHOU cHcTeMe oTcuera. Bo-
 BTOPEIX, JENAJIOCh HE OCHOBAaHHOE HEIOCPEACTBEHHO Ha OIBITE
JONYIIECHHE, YTO JAE€Bas YaCTh 3TOr0 PaBEHCTBA cama 1o cebe (T.¢.
TPH T060M €€ 3HAYECHHH) TAKKE HMEET OJIHY U Ty e BEJIHIHHY B
a000f HHEPUHANBLHOW CHCTEME OTCuYeTa, T.e. SBISETCH
MHBapHaHTOM 1ipeodpa3zoBanus JIopenua. CripaBeyIHBOCTD 3TOTO
AOMYWICHHS  ONPaBALIBAJACh  AlOCTEPHOPH  YCICIIHBIMH
TCOPETHYECKUMH IPELCKA3aHUAMH TCOPHH OTHOCHTEABHOCTH.

M3 cka3aHHOrO BBITEKACT, YTO B NPHUHUMINE JOITYCTHMBI
JIOTHYECKHE TIONBITKH ITOCTPOUTH HOBYIO (PH3HYECKYH) MOJENE, B
KOTOPOH CNpaBCAIMBO JIMUIL TICPBOE PABCHCTBO, TOrAA Kax
BTOPOE yIBEPKIACHHE B O0IIEM Cilydae BBITOJIHACTCH HE CTPOro, a
JMILIb B JOCTATOYHOM NMpHOmKeHHH. Kak ObII0 OTMEHUEHO BHILIE,
MHBApHaHTHOCTh 4-MEPHOTO HMHTEPBAla B PAMKaX H3JIaraeMoi
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TEOPHH TOYHO BBIITOJIHACTCSA JHIUB 110 OTHOLICHHUIO K a6coniomno
Henodsuxcnomy Habmoparemo. Ecim ke, Hanpumep, cam
HabuofaTeNb ABHKCTCS C HEKOTOPOH abCcomoTHON ckopocTsio V
B IUIOCKOCTH Xf, TO BMECTO HHBApHAaHTHOTC BBHIPAKEHHS VI
IIMHEL 4-MEPHOTO NEpeMENICHUT

ds’ = &dr - dx’
BO3HHKACT, KaKk MOKHO ITI0Ka3aTh, COOTHOINCHHUEC
ds’ (1+ff)= Cdf - di’ - 2B ds dx

rac

B=(Vie) I (I - VIc) 1°

C J1pyrodf CTOpPOHBI, YHHMBEpPCAJIbHOCTB MPUHUHMIIA
OTHOCHTEIBbHOCTH BBI3BIBACT NPHHIHIIMATEHBIC COMHEHHS B CBA3H
C €ro HENPHUTOAHOCTHIO IUIA OrPOMHOIO - Kjacca SBICHMIA,
CBA3aHHBIX C HEHHEPUHMAILHBLIM (HAPUMED, ¢ BPAILATEIBHBIM)
AswkeHHeM. TOYHO Tak ke W B HIEKTPOJMHAMHKE, BOIPEKH 4aCTO
GRHITYIOLIEMY IIPEACTaBICHHIO, YpPaBHEHHS MaKcBela CTpOro
KOBapHMaHTHBI TOJABKO IS PABHOMEPHO JBMXKYILMXCH, HO HE [UIA
yckopeHHBIX Ten. LluTHpys 310 -yrBepxacuue B.[laymu u
A.Onnwreiina, I'.M.11Innos B coBpemenHoii pabore [16] BeiBoauT
YCIOBHE, ONIpEACHAIOIee HEOOXOAUMYIO CTEIIEHB MAaIOCTH
Oe3pasmepHOro yckoperus. M3 Hero ciemyer, YyTo M B CHIBHBIX
JNEKTPOMAarHMTHBIX TOJIAX, M TPH  YILTPAPEAATHBHCTCKHX
CKOPOCTSIX  3apsDKCHHBIX ~ 9aCTHLl  CHCLHAILHBIA  MPHHIMII
OTHOCHTEJIBHOCTH B MICKTPOIHHAMHUKE (KaK KIaCCHYECKOH, TaK H
KBaHTOBOIT) Hapywaercs.

Kaxk oT™Meyanocs Beilie, IpH HATMYMH BPALICHUA B 0011eM
CiTydae CTaHOBHMTCH HEMPABOMEPHBIM HCIIONL30BAHHME NPHHIHMIIA
IKBMBAJICHTHOCTH, Jexawero B  ocuoBe OTO. Ho
HETIPaBOMEPHOCTBIO TIPHMEHCHHS TIPHHIIMIIA 3KBHBAJICHTHOCTH B
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JaHHOM Ciyyae Jed0 HE OTpaHHumBaercd. IIOHATHO, dTO
auHaMudeckue 3P deKTrl, CBA3AHHBIE C BPALIEHHEM, IO3BOJISIOT B
NPHHUMIE yKa3aTh BHICICHHYIO (abCOMOTHYI0) CHCTEMY
0oTCYeTa, T.€. ONATH-TAKH CTABAT HOJ COMHCHHE M HPHHIMI
OTHOCHTCITBHOCTH. [Tostomy MBI CTIKHBACMCS c
HEeo0X0MMOCTBIO MOHTH TI0 OJHOMY K3 TPEX BOIMOKHBIX YTEH:

e - HaliTH cmoco® 0000WUTL NPHHIMI OTHOCHTEIBHOCTH HA
BpANLIAIOHIHECH CHCTEMEI OTCYETa S :
NPH3HATE HECOCTOATENBHOCTD NPHHINIIA OTHOCHTENBHOCTH

TIPEUIOKHTD ApUEMIIEMYIO cXeMy MOIU(PHKALHH
HCIONB30BAHHSA MPHHLIMITOB SKBHBAJIEHTHOCTH H
OTHOCHTEJIBHOCTH.

Ilo nepsomy myrn mowmen I'.W.1umos [16]. OgHako 3a
nonobHoe obobieHHe eMy noTpeGOBANIOCH 3aILIaTHTE JOBOJIBLHO
BHICOKYIO 'LEHY — OT TEOMETpHH 4-MCPHOro (pHMaHOBa)
IPOCTPaHCTBa OH OBUI BBIHYXKICH IEpeiTH Kk reomeTpuu Gosee
CJIOKHOTO 10-meproro HNpPOCTPAHCTBA abconoTHOrO
napaiciMiMa, B KOTOPOM K  9YETHIpEM  OOBIYHBIM
NPOCTPAHCTBEHHBIM KOOpAHHATaM A00aBiIeHb! TPy yriia Ditiepa 0

- TPH KOMIIOHCHTE! BEKTOpPa OPHCHTAUMHM TOUKH. Pemaxou.u‘m

KPHTEPHEM HCTHHHOCTH 3TOTO BhIOOpa ACKHA CTAaTh HPAKTHKA,
onHako noka yro npasora I'M.IllunoBa ne ponyumna obuiero
IPH3HAHHA.

_ Bropoli 1myrs - IpocToe OTPHUAHHE IIPHHUMIIOB
SKBHBIEHTHOCTH H OTHOCHTEILHOCTH ~ BPAZ JIH MMEET IIaHChI HA
YCIEX CIyCTs IIOYTH CTOJNETHE NOCHe TpUuyMdpa TeopuH
OHHIITEiHA ®  HECOMHEHHBIX HOCTHXeHmii B  obnacTu
acTpoOH3UKN H KOCMONOrHH. QUEBHIHO, PeYpb B JIyUIeM CIIyqac
Morjia Opl MATH JHMIIb O TOM, 4TOObI YKa3aHHble HPHHLHIIBI
BRICTYNZIM B pOiM  NpUOIDKEHHBIX, TOYHOCTE KOTODBIX
OIPEACIACTCH KOJIHYECTBEHHBIMU KPHTEPUAMH HX
CIIPaBEIVIHBOCTH.
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51 HaneloCh, 4TO H3JIaraeMas 34eCh TCOPHSA MPEACTAaBASET
co00H KOHCTPYKTHBHYIO peanu3aluio Tperbero mytH. OHa paer
OCHOBAHHS YCOMHHTBCA B CTPOTOH CIpaBeUIHBOCTH IPHHLHAIA
otHocuTenbHocTH, [eiicrBurensio, B CTO mnpungro cumrars
COBEPUICHHO PaBHONPABHEIMH TOYKH' 3PEHHMA ABYX ABHIKYLIHXCHA
OQHH OTHOCHTENBHO Jpyroro Habmoparened. Ho ecnm Mbl
onupaeMcs Ha MOJeIb KOHHEHTPHYECKUX CCUcHHH BeeaeHHoH, TO
HE MOXEM JOMyCTHUTh, YTOOBI YrOJl HAKIOHA MEPECCKAOWIETO HX
BEKTOPa OBbLI BEIMYMHON OTHOCHTENBHO (CM. TAKKe CICAYIOWHMA
paszen) ! ‘ , ‘

B NCHCTBHTENMBHOCTH CYIIECTBYET JIMUIb €OUHCHIGEHHAA
Hopmans X xaxnoMy ceuenmio. [losToMy peIsTHBHCTCKOE
MPABHJIO CIOKEHHUSA CKOPOCTEH CTPOTO CIIpaBeUIMBO JHILEL TOT A,
KOoraa cucTeMa oTcueTra Habmojarens. HenodseuxcHa 6
abcoaromnom cmuicae (npeiidhyeT BAOAL HOPMAIM K CCYEHHIO
Beemennoit). B ocTaibHBIX CIydasx MoOxeT noTpefoBarhCs
NOIPaBKa, BENM4YHHA KOTOPOH 3aBHCHUT OT a0CONOTHOH CKOPOCTH
IOBMKCHHA CHCTEMBI OTCYETA. '

Ot 210#t Xe abCOMOTHOH CKOPOCTH HBHXXEHUS CHCTEMBI
OTCYeTa 3aBHCHT M BOSHHKAIOLAA B OOIIEM CIIy4ac HECHMMETPHA
CIOKEHMS CKOpOCTell IIpM BpAIATENLHOM H KojebaTensHOM
‘aewxecHUU, Ecan abcomoTHas CKOPOCTh LEHTPA HHEPLHMHM paBHA
HYITIO, TO JIHHEHHBIE CKOPOCTH B ABYX TOYKAX, XaPAKTEPH3YEMBIX
NPOTHBONOJIOKHOH -~ ¢a3oi, B  TOYHOCTM  paBHBl H
HPOTHRONOIOXKHEI 110 3HaKy. OaHako yeMm Oonpiue 3HAUCHHE
aBCONIOTHONH ~ CKOPOCTM  LEHTPZ HHEPLMH, TeM  OOJbLIe
(BeencTBrE TIpaBWiIa CIIOKEHHS CKOPOCTEH C y4eTOM HOTIPABKH)
paznnuue (HECHMMETpHs) 3THX CKopocted. ItoT 3ddexr B
NPHUHUAIE [03BOJACT HE TOJBKO BBIABHTE HEMHEPLUHANLHOCTDH
CHCTEMBI OTCYCTAa HAONIOHATENA, HO M  ONPEJCIUTh ee
aGCOMIOTHYIO CKOPOCTh,
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3.6. Macca, yHeprus NOKost § MMIYJbC YACTH

Hrax, MBI paccMarpuBacM . Bcenennyo, Kax
PacLIMpPAIOLIYIOCS  3-MEDHYIO  THIIEPIIOBEPXHOCTE ~ 4-MEPHOTO
- mwapa. Mecra JOKaIM3allM¥ MacC MAaTePHIBHBIX YacTHI{ BO
BcenenHo# nNpeACTaBiAOT cOOOH TOYKH HEpeceyeHus 37Ok
rMUIEPIOBEPXHOCTH C MUPOBBIMH JIHHMAMH, TeM CAMBIM MHPOBBIM
JVHMAM  TIPUIKCBIBAaeTcs (u3uveckmit, a He abCTPAKTHBIN
WUUNOCTPATHBHBIA  CMBIC. YMECTHO ~OXHAATh, HTO = 3TOT
du3nAYeCKni CMBICT MOMKET NMPOABIATLCA GOJEC CYICCTBEHHBIM
00pa3om, HEXKENH HA YPOBHE IIPOCTOf COBECHON KOHCTATALHH.

B uactHoCTH, npK riaoGanbHoM paccMmoTperyy Beenenuon
MBI MOXEM IIPEMIIOJAOKHTE, 4YTO Takas (QyHIaMEHTalbHAs
XapaKTEPHCTHKAa 4acTHLBl, KaK €€ Macca IIOKOA, SABJIACTCH
HEKOTOPOH OTHOCHTEILHOM BeJInuNHOH. Takoe OTHOIEHHE MOTIIO
6b1 OBITE COCTaBJIEHO, HAPHUMEDP, M3 pamnyca 4-MEepHOro miapa-
Bcenennoit ¥ HEKOTOPOrO XapaxKTepHOTO pasMepa, OOBEKTUBHO
CBS3aHHOTO C PU3HIECKUMH CBOMCTBAMHU YaCTHIEI.

HamoMHHM Teneps, 4TO KaxpoH dacTHUE ¢ JHepruei E u
MMITYJbCOM P MOXeT GHITh conocTasieHa BouHa ae bpoia ¢
- neprojoM KoneGaHui T M AMMHOMH A, npHieM:

E=hlt,.P=h/A
rne h nocroguuad Ilianka,
Bripa3zue MUHHMANEHO BO3MOXKHBIC 3HAUCHUA :meprym E,n
uMiyinsca P, uepes paanyc KpuBH3Hb! Beenennoit R, nonyunm:
E.,=c h/R, Po,=h/R

¥ 1 mo60oi yacTrLpl ¢ sHepruci E u ummynscom P naiigeM:

E/E,= R /(c-1), PIP,=RIA
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Ho oTsomenus, crofmme B /€60 4YACTH KaXIOTO
PaBEHCTBA, MPONOPUMOHATBHE WHEPTHOM Macce uacTuunl m; B
npaeoil Ke CTOPOHE KaXIOTO M3 PAaBEHCTB CTOHT XapaKTCpPHOE
COOTHOIUECHHE MEXAY MJIHMHOHW BOJHHM ja¢ bpoitns m pammycom
xpuBH3Hbl Beenennod. Taxmm oOpazoMm, Macca OKasblBaercs
KBAHTOBHIM YHMCIOM, ONPCACIAIONIMM KPaTHOCTL BOJHBI [€
Bpoiins 1o orHomeEHMIO K 0a30BOMY TIEOMETPHUYECKOMY
napamerpy BceneHHo#, npHueM MMHMMajibHas Macca IIOKOA
(oTBeualOIas SHEPTHHU IICPBOH TAPMOHHKH KPUBH3HEI) paBHA:

mo=h/(R-¢c)=h-H/ 4

OTa BeNMYHMHA KpaithHe Mmaia, no;mmca 10°% r, Torma xak macca
INEKTPOHA COCTABIACT oxono10? .

Tenepr HAM IIPEACTOMT CACNATL BAaXKHBIH war. Mol
ONpeleInIn "TEKymyilo" MacCy 4YaCTHLBI 4YE€Pe3 OTHOIUCHHE
‘paaMyca KpUBH3HB BceneHHo# X AnuHe BOMHEL a¢ Bpois. Ho ¢
TeyenneM Bpemenn paauyc Beenennoit Bospacraer. Kax xe sener
cebs Macca B uenom?

Ecny  6b1 JuMHA BOJMIHEI A€ bpoins Taxke Bo3pactaia
IIPONIOPUHOHAIBHO STOMY PajuycCy, MBI, HOBHAMMOMY, BOOOIE He
CMOTIH 651 OGHAPYKHTD mmenerme pasMepoB Bceneﬂﬂon B TOM
YHCIIE M 3HAMEHMTOrO "KpacHoro cmeleHus”. Mue Kaxercs
| TOTMYHBIM TIpH3HATh, YTO BOJHOBBIC NApaMeTphl YaCTHL
HEM3MCHHBI. 10T (aKT, MOXKET pacCMaTpHBATBCA KAk
TIOATBEPXKACHHA TE3MCA O TOM, YTO MACCA MATEPHH PACTET MPAMO
IIPONOPHHOHAIBHO pa3MEpy M BO3pacTy BeeneHHOM.

3.7. Hloaxan YHeprus ABMKEeHN

ITycte v, = dx/dt, vy= dyldt, v = dz/df — KOMIOHEHTH!
o6b1uHOM 3-MepHoii cxopoctu v. B CTO (cucrema koOpamHar
“BpeMA-TIEpeMelIcHHe”)  BBOAMTCA  OINpEACIEHHE  ICEBIO-
3BKJIMAOBOTO BEKTOpa HOPMHMPOBAHHOH 4-MEPHOH CKOPOCTH
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HACTHIBI — OH HAampaBjeH BJOJIb MHPOBOH JIMHHH YaCTHIBI, €0
JUIHHA paBHA ~ CAMHMLC NO ONPEACTCHMIO. YMHOXMB BCE
KOMIIOHEHTBI 3TOTO BEKTOpa Ha BEIMYMHY CKOPOCTH CBETa '€,
IPEICTABHM IOJYYSHHbIH BEKTOP B BHIE:

* = {el(1- vVI2) ", ive K(1- V1D,
ivy (1-VIE) " iv (1-v¥IP) ™

Uz Bmpamenm JUIA KOMIIOHEHT BEKTOpa u* JICTKO HAaWTH, 4TO
)2 _ 2
(u*)" =c". | .
B pamxax Hawe#t 3IBKMOOBOH Monmenn (CHCTeMA
KOOpIHMHAT “HOPMallb-TIOBEPXHOCTH”) JIOTHHHO CuUMTaTh u* He
HOJHOH 4-CKOPOCTBIO, & €¢ NpOCKUMeH Ha 0och abCONIOTHOTO
BpeMeHH. Toraa nonHas CKOpOCTh ¥ IPEACTABIACTCS BEKTOPOM

N x

Cu={e, v l(1- VI, v I(1- V)", v (1 VIEP) " ),

a ee Mofynb Gyner pasen sesmunne c/(1- v¥/c’) . OcnoBanuem
Mt Hcnosnb3oBanus noxobnoro Bekropa B TIIPB  Moxer
CIIyXHUTh pHC. 3.3, Heﬁc*rBﬁTeJ;bHo, €CJIM Ha 3TOM PHCYHKE
MOJIOKUTE £=1, TO BEPTHKWILHBIA H I'OPH3OHTAILHBIA KATETHI
3TOI0 TPEYrojibHHMKa OyayT paBHBI coorneq CTBEHHO ¢ u v [(I-
viic’) ¥, a runotenysa - ¢/(I- v'/e®) ¥, Jlerxo IIPOBEPHTH, 4TO
CHHYC YIiia @ OTKIOHEHHA OT HOpMaiu Oyier mpM 3TOM paBeH
v/c. Taxnm 06pa3oM, 3TH BETHIHHB BOSHHKAIOT B HALICH MOMEIN
BECHMa €CTECTBEHHBIM 00pa3oMm. +

Hanee, B CTO (cucrema xoopauHar  “Bpems-
HepeMENIEHAE”) ¢ HOMOIIBIO KOMIIOHEHT BEKTOPa U* CTPOUTCH 4-
MCPHBIH ICEBAOBEKTOP 3HEPTHH- HMITYITBCa /

{T*} ={Enomu! ¢, iPy,iPy,iP;},
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IJIMHA KOTOPOTO BCerja paBHa mc, & NPOCTPAHCTBCHHEIE
KOMHOHEHTBHI BBIpaXKaIOTCH uepes COOTBETCTRYIOIIHE
KOMIIOHEHTHI BEKTOPa CKOPOCTH:

P.=mv,/(1- vZ/cz)l/’, Py=mv, [(1-VI)", P.=m v, /(1- VI

COOTBETCTBEHHO, B HAuIEH MOAENH (CHCTEMA KOOPAHHAT
“HOPMAJIL-IIOBEPXHOCT)  JIOTHMHO  PAaCCMaTPHBATh  YHCTO
IBKIMAOBHIH 4-BeKTOp SHEpTHH-MMIyIbca T, HpenCcTaBICHHbIH B
BUJIE: ~

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

mituHa KOToporo paBHa Eneuy / ¢. Taxum 06pa3om, mepexois oT
NpoCTpancTBa MHMHKOBCKOTO K pacCMaTpHBaeMOMY HaMH 4-
MEPDHOMY 3BKIHMROBOMY HPOCTPaHCTBY, MBI MOJXEM BBIBECTH
TPHBHAJIBHOE 3AKIIOUEHHUE, YTO IIOJHAA MEXaHH4YECKas SHEPrus
Enorn OKa3BIBaCTCH  ©CTECTBCHHOHW MepoM [UIMHBEI OOBIYHOroO
BEKTOpPA, HOCKOJIBKY

E? o= (mc’)” + (Pc)?, .

a SHEPTMA TIOKOS Mm¢® €CTh TPOEKUMS JTOTO BEKTOp2 HA OCh
abCoOMIOTHOrO BPEMEHHM, T.€. HOpPMaib K 3-MEPHO# H30XpOHE.
CneJoBarenpHO, NOJAHAS JHEPriud MCXaHHYECKOrO [BMIKCHHA B
HOBOH (DM3NYECKOH KOHLENIMH ONpeleiieTCd Kak YIJIoM
OTKJIOHEHHS MHPOBOH JIMHHH OT HOPMAJIH K CeueHHIO Beenennoit
(CKOPOCTBIO YACTHIEI), TAK M OTHOLICHHEM pajpuyca 4-MEPHOro .
IIapa K JIMHE BOJIHBI e Bpoiiis (maccoif noxos gactHisr). [Toxa
YroJl OTKJIOHEHMs. OT HOPMaJIH, T.€. CKOPOCTh YACTHIbI, OCTAETCH
0e3 M3MEHEHHS, MBI MOXEM ['OBOPHTH O PaBHOMEPHOM, CTPOIO
HHEPLHATBHOM ABHKEHHH, [TOCKOJIBKY IHEPTHA IMOKOS OCTaercs
HEH3MEHHO.
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Pasymeerca, npu 3TOM COXPAaHSIOTCH BCE H3BECTHBIC
pesynstattt CTO, B wyactHocT, B 1nepBoM npubIOKeHHH
MEXaHHYECKas JHEPIHUs OKa3pIBACTCS IPOCTOH CYMMOH 3HEPrHH
TIOKOsi ¥ KIIACCHUCCKON KMHeTH4YecKoW suepruedi. Kak u nomxno
ObiTh, IR JBWKYWIEHCA YaCTHLBl T2 [OJHAA OJHEPrHs.
MEXaHHYECKOTO IUBMIXKEHHS BCETAa OONBIIC JHEPruM IIOKOS ¥
paBHa: ‘

Enwm = m-czl(l- VZ/CZ)%:":'m'CZ + Yam- V2

B cnenmaneHOM TEOPMH OTHOCHTENBLHOCTH COCTOSHHE
- YaCTHLbl  [IPH  UHEPUUATbHOM  IBWDKCHHH  TIOJIHOCTBIO
XapaKTepU3yeTCsi MMEHHO BBILIEOIIMCAHHBIM ~IICEBIOBEKTOPOM
IHEPIrHHU-UMITYbCa, KOTODPBLIH COXpaHAemcA TPH  [epexoue K
ApYro# MHEPUMAILHON CHCTEME, T.e. IIPH HApAILICIbIOM CIBHTE
WIH HOBOPOTE KOOPAMHATHBIX OCEH. IHBapHaHTHOCTH NP CABHI'S
BJIOJIE OCH BPEMCHU OTBEYACT COXPAHCHHIO DHEPIMH, P CABHIE
BJOJbL TPOCTPAHCTBEHHBIX OCEH — COXpPAHEHHIO HMITynbCa
(0AHOPOAHOCTE BPEMEHH M IPOCTPaHCTBa). MIHBapHAHTHOCTH 1IPH
BPAILCHHH B YMCTO IPOCTPABHCTBEHHOM IUIOCKOCTH OTBEYaer
COXD2HEHMIO MOMEHTA MMITYJIbCa (M30TPOIHOCT JIPOCTPAHCTBA).
Yro ke xacaeTcs. BpalleHHs B “‘CMCIIAHHON IUIOCKOCTH,
00pa30BaHHOH OCHIO BPEMCHM M OJHOH M3 HPOCTPAHCTBEHHBIX
OCEH, TO OHO OTBEYAET COOTBETCTBYIOLEMY NpeoOpa3’0BaHMIO
JlopeHua — 3710 OYEBHMIHOC CJICACTBHE COCAMHEHHMS B OOWIMHA
HCTHIPEXMEPHBIH  KOHTHHYYM TPEXMEPHOIO IIPOCTPAHCTBA C
HC33BHCHMBIM B IIP&KHEH TCOPDHH OJHOMEPHBIM BPEMCHHBIM
KOHTHHYYMOM. 30TpPOHHOCTE NOBOpOTa B  CMCIIAHHOH
IUIOCKOCTH OIrPaHMYCHA, INOCKOJIbKY JABMXEHHE BCHATH BO
BPEMEHH HEBO3MOMKHO, ' ‘

, IpenoxeHHass MHOM TEOPHS B IIEPBOM HNPHOTMKCHHH
(xoraa abcomoTHas CKOPOCTb ABMXKCHMSA, T.€. YIOJI OTKJIOHEHHS -
OT HOPMAJIH K M30XPOHE, HMEET MAaIyIO BEIMYMHY) IPHBOAMT K
TeM xe cooTHomeHusMm, yro B CTO. Opnako npu Oonbmivx
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3HaueHMAX 26COMOTHOM CkOpoCcTH npeobpasosanus JlopeHna, Kak
OTMEHANIOCh . BHIIlE, OKa3bIBAKTCA HEaICKBATHBIMH
JACHCTBHUTEIILHOCTH. : ' ‘

3.8. Ilepexoa K yCKOpPEHHBIM CHCTEMaM

[IpHHUMNHAIBHEIM  BONPOCOM  JIIOGOH TEOPETHHECKOMH
MOJIC/IH, OMHCHIBAIOUICH MEXAHHUECKOE NBMIKCHHE HACTHIl BO
Bcenennoii, ABJIACTCH 06o0meHne PaBHOMEPHOTO
(MEEepUMANBHOTO) HOBHXCHHS Ha HEpaBHOMEPHOE
(nennepunanbHOE). DHHUITSHH NMPELIOKIT PEIINTE 3Ty 3a1ady
MyTeM NMEPEeX0/a K KOBapHAHTHOM 3aIMCH YPABHEHHH ABH)KCHHA B
HEIBKTHAOBOH ~ CHCTEME  KOOpDAHHAT,  T.6.  BO3JIOXHI
OTBETCTBEHHOCTH 32 HCPABHOMEPHOCTH ABMIKCHHA HA OTKIIOHECHHS
METPHMKH OT 3BKJIHIOBO#, BEI3BAHHEIE NCHCTBHEM CHIIOBBIX MOJIEH.
Tako#t mouxoxm COOTBETCTBYET NPHHATON HM PYKOBOIALIEH
MaTeMaTH4eCKOH naee 00 HHBApHaHTHOCTH 3aKOHOB ABHXKEHHA B
pa3n4HBIX CHCTEMaX KOOpAWHAT, a peaibHas DPEKTHBHOCTH
3TOr0 MOAX0/A OKa3afach HCKIIOUMTEIIBHO BHICOKOM.

BwMmecte ¢ TeM, ecny mpU3HATE CIIPaBEUIMBOCTH IIPUHLKIIA
OTHOCHTENIBHOCTH JIHILD IIPHOIHKEHHOH, TaKOH MYTh YKE HEJIb3s
CYMTaTh JIOTHYeCKH npaBmwibHbIM. HeoOxoaumMo ocHOBBIBaTH
o6mmi BHA ypaBHEHHMH AJHHAMHKH Ha OOmHX CBOiicTBax
paccMaTpMBaeMOro  4-KOHTHHyyma  (CHCTEMa  KOOpAHMHAT
“Hopmanp-noBepxHOCTE”). [lomo6HO TOMY, Kak B ciydae
HHEpUHATBHOIO ABHIKEHHMSA Mbl FOBOPHIIN O 3aKOHAX COXPAHEHUR
IS BEKTOpA COCTOSHHMA NPH CABHIaX M IOBOPOTAX CHCTEMBI
KOOpAMHAT, IHEpPEXOoJ K  HEHHCPUHATBHOMY  ABHXEHHIO
NpPEANHCHIBAET HAM  K&KIbli  TakoH = 3aKkOH  3aMCHMTH
COOTBETCTBYIOILMM 3aKOHOM H3MEHeHUA BEKTOpa COCTOAHMH, T.€.
BeiHCaTh  AHQQepeHUHanbHBIE  YPAaBHEHHA  ABMIKCHHIA,
CBA3BIBAIOLINE NPOCTPAHCTBEHHHIC ¥ BPEMEHHYIO KOOPIMHATEI €
H3MEHSIOIHMHNCA BEIHYMHAMH SHEPrMM H HMITyibca. HMHbiMM
CIIOBaMH, PYKOBOAAIIMM IPHHLMITOM CTAHOBHTCA
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npedcmasnenue HoO6020 3HAYEHUA GeKMOpa 6 euode cyﬁmu
cmapozo 3Ha4eHus u npupauienus (TPUBHAIBHOCTL 3TOTO
HPEJACTABJICHAS JIMIIb KaXYLIascs; XOPOIUHM IPHMEPOM €ro
pEaJBbHOIO  HCIONB30BAHMA  SABJSACTCH, HAMPUMEP, BLIBOJ
dopmynel I HEHTPOCTPEMHTEIBHOTO  YCKOPDEGHHS B
KNaCCHYECKOH MEXaHHKE).

B xjaccuueckod MEXaHHWKE 3aKOH [BIDKCHHMS s
YCKOPEHHOIO  [IBMMKEHHS MOXeET . OBITh TONYYEH myTeMm
A PepeHUHPOBAHA 110 BPEMEHN BRIPAKEHMA IS UMITYIbCA:

dP/dt = m dv /dt

B CTO 310 cooTHOLIEHHE 3aMEHACTCHA PEISATHBUCTCKHM

AHAJIOTOM:
dP/dt =d/dt{ m v [(1- v'I*) "},

rae P H v ABJIAIOTCA BEKTOPHBIMH BEIHYMHAMH. B o0iliem ciydac
JUISL KOMIIOHEHT 3THX BEKTOPOB CHPABEUIMBBI COOTHOILICHUA:

dP.fdt = mv, [(1- V’Ic?) %% [1- (v 4v2)Ic?] dv, ldt,
dP,/dt = mv, [(1- v'Ic?) 37 [1- (v24+v,0)I’] dv, fdt,
dP_ldt = my, f(1- V1) 2 [1- (v v 2l dv, fdt.

B yacTHOM ciydae, KOria CKOPOCTh YacTHIBI H3IMEHAETCS
TOJIBKO IO BENWYWHE, T.€. COBN3JAaeT 110 HAaNPaBJICHHIO
(HanpuMep, 1O OCH X) C CHIQH, BBIPAXKCHME B KBaIPATHBIX
CKOOKaX CTAHOBHTCS PaBHBIM €AMHHMIE, TIOITOMY MOJTy4aeM:

dP/dt = my I[(1- V'Ic?)"*” dv ldt
B OpYyroM 4acTHOM CiIyd4ae, KOrja CKOpOCTb MeHSETCS

TOJTBKO TO HANPABJICHHUIO (V' =const), T.¢. NEPICHAHKYIAPHA CHIIE,
OYEBHIHO UMEEM
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dP/dt = mv [(1- v*Ic%) 12 av Idt

Takum 06pazom, yxe B pamkax CTO OTHOmIEHHE CHIIBI K
YCKOPEHHMIO 3aBHCHT OT B3aMMHOTO HANPaBJICHHA BEKTOPOB CHIIBI
¥ ckopoCtH. ONHAKO B TEOPHM OTHOCHTENBHOCTH CKOPOCTH
CHCTEMBI OTCYETa MOKET BBIOHPATHCA MIPOH3BOJIBHO, B YACTHOCTH
~ HyneBOH, TOTAa COOTBETCTBYIOIUHH MHOXHTENb B JOOOM
Cilydae OKa3plBAETCA PABHBIM €HHHLE. ‘
Hanporus, 8 TIUPB B BeIENpUBEACHHBIX d)opMynax
burypupyer abconiomnas CKOpoCTb, OIpelessaeMas yIJIOM
OTKJIOHEHHS MHPOBOJ JTMHHH YaCTHLB! OT HOPMAaJIH K H30XPOHE.
OTO 03Ha4aeT, YTO €CIM 3eMJIA ABMXKETCA C OIpPEACICHHOH
CKOPOCTBIO Vg6 OTHOCHMTENBHO aOCOMIOTHO  HENMOUBHXKHOMH
 (BBIZENEHHOM) CHCTEMBI OTCYETA, TO M3MEPSA OTHOLICHHE CHIIBI K
YCKOPEHHI0O B  HAINpPaBICHHH YKa3aHHOM CKOPOCTH H B
TIepTIEHANKY/IAPHOM eMy HalpaBJICHMH, MOMHO
OKCHEPUMEHTANBIO HOATBEPAUTh HAIMYHE 3TOH abCONOTHOH
ckopoctu!  Ecim  mogob6Has  CKOpOCTE  JIEHCTBHTENBHO
OIpefeNsieTcs BEIHYHHON M HampaBiCHHEM, CICAYIOUIHMH H3
3¢dexra aHH30TPONHH POHOBOTO KOCMHYECKOIO H3TYdeHHS (CM.

CJCAYIOILHH pa3jien), TO P OJHOH M TOH ke 10 (MOAYIIO) CHIIE
MOHO pacCYMThIBaTh HA OTHOCHTEIBHOE pasiiame npononmoro
M TIONIEPEIHOTO YCKOPEHHMA mopsaaka 2,25 x 107,

3.9. JlokaabHbI€ M0/1s TATOTEHHA YaCTHI

Kak e J0KHbI Mbl MBICIHTH Ce0€ rpaBHTALMOHHBIC MTOJIA
4acTHLl (3Be3d, IUTAHET M IIp.), 3anonmsommx Bcenennyro, B
paMKax BHOBb HpeMIOXeHHoH kouuenuuu? I[lpeacraBmm cebe
CHavyajla BCEC YaCTHUBLI HENMOABMKHBIMHM, ApeHOYIOIMMH B
HpoLuecce pacumpeHns BeeneHHOM CTPOro BAONb PagHATBHBIX
MHPOBBIX JTHHHi. Eciin B Tako¥ BceacHHOH cymecTByeT (heHOMEH
B3aMMHOIO IIPUTAKEHUA MEXAy [BYMS YacTHLAMH, TO Ui
HaburozaTens 910 GyeT BHIMIAAETh KAK MCKPHBIECHHE MHPOBBIX
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JMHUHA, KOTOPBIC BMECTO PagMalbHOTO PaCXOXAEHHS OKaKYyTCS
3arHYTHIMH B HANPABJCHHH OIHA K APYToil. [To CYILEECTBY, BMECTO
" MHPOBBIX JTJUHHMH MBI MOKE€M FOBOPHTB ITPOCTO O CHIIOBBIX IMHHAX
nojs TATOTEHMA, HO TOrZa 5Ta AHAIOTHA MO3BOJHT HaMm
~ OTOXAECTBUTb H30XPOHHOE CeueHne BeeneHHOMN ¢ IoBepXIocThIo
PaBHOTO NOTEHIMANA, K KOTOPOH 3TH CHIIOBBHIC JIMHUHM HOJDKHEI
ObiTb  HopMansmpl. TakuM 00pasoM, MBI IPHXOAMM K
TIPEJCTABJICHHIO O TOM, YTO H30XPOHHOE CCUCHHE Bcenennoit He
SABIACTCA CTPOTO KOHLECHTPHYECKOH runepcdepoii, a BOIMYIICHO
CBOEro poja BOopoHKamu (CM. puc. 3.11), LeHTpaM KOTOPBIX
OTBEYAIOT FPABHTHPYIOLIHE HaCTHIEL.

U%v/\

Puc. 3.11

Yroan orkioneus npodMas BOPOHKM OT HEBOIMYIICHHOI
runepcdepsl B TOYHOCTH paBeH Yy OTKIOHEHHMS HOPMAIH OT
UACANBHO pajManbHOro HanpasieHus. Cjel0BareiIbHO, Mepa
WHTCHCHBHOCTH JIOKANBHOIrO TPABMTALMOHHOIO IOAS B KaXHOMh
Cro TOuke (aKTHYECKH COBIAJaeT C HCNOIB30BAHHON HaMH
MEPO¥ CKOPOCTH YACTHULIBI, YTO M ONPABIBIBAET IIEPEHOC ITOHATHSA
SHEPIHH, CBA3AHHON C MEXaHMUYCCKMM [BHKCHHEM, Ha 00JacTb
IPaBHTALIMOHHBIX ABJICHHH.

Yro kacaercs (GOpMEBI BOPOHKH, TO HEOOXOAUMO OTMETHTb,
YTO Ha ee mepHdepHu BO3MYILICHHEC HMCXOOHOTO mpodmis Maio,
TaK YTO YIOA OTKJIOHENHA HOPMATH OT CTPOTO DPamMATLHOTO
HampasjicHHs HesHauuteneH. [To mepe npuOimKeHHS K LEHTpY
3TOT Yroj BO3PACTacT B COOTBETCTBHH C BBIPWKCHHEM VIS
IPaBHTALHOHHOTO MOTCHIHANA, DTO 03HAYAET, YTO HAXOAALIAACA
Ha nepudepHH rpaBHTaLMOHHON BOPOHKM MNpoOHas dYacTHua
nprodperaeT HEKOTOPYIO CKOPOCTH IBHXKECHHS, HANPABICHHYIO K
- 1eHTPY BOopoHKH. Ho uyem Ompke OHa X UCHTPY BOPOHKH, TEM
GonBUIE YroJl OTKIOHEHHS MHPOBOH NHHMU OT HEBO3IMYLICHHOMH
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HOPMAJIM H, CIEAOBATENBHO, TeM OONBIIYIO CKOPOCTh JBM)KEHHS
OHA JOJKHA PHOOPeCTH. DTO M JaET OTBET HA BOHPOC, HOUEMY
ZIBHACIHE B IPABUTALHONHOM II0Ji€ OKa3bIBACTCS SKBHBAICHTHEIM
YCKOPEHHOMY IBHKEHHIO, .

KaxoBa ¢ NPHYHHA  HCKAXKCHHS IPOCTPAHCTBEHHOTO
 npodmna BeencHHON TOKaTBHBIMH OXAMH TAroteHus? S nymaro,
OTBET Ha OSTOT BOMPOC 34KIIOYACTCA B TECHOH CBA3H
IPOHCXOKICHHA Macchl [MOKOS YacTHIBI ¢ BOJHOM ne bpoiins.
ITono6HoO TOMYy, Kak 2106arbHan cHepHIHOCTE MHPA NPOABIAET
ce0s BeMMYMHON CpelHeH IUIOTHOCTH Marepuu BO BcenenHoi,
BOJIHOBOM =~ NApaMeTp KOHKPETHOM  YACTHILBI  OIpeaciser
JI0KGAbHOe NCKPHBJIEHHE TIPOCTPAHCTBA H TEM CaMBIM MOPOXKAAET
3 deKT e€ MHANBUIYATLHOTO FPABHTAIMOHHOTO HOJIS. |

M3 3T0ro YTBEpXACHHA CIEAYET, Ka3aloch Obl, YTO
IPaBUTALMOHHEI pagMyc - 9acTHUBI HOJDKCH 6BITE
NPONOPLMOHAEH JUTHHE BOJHE e Bpoitis. B qeHCTBHTENBHOCTH,
O/IHaKo, OnuHA BOJHBI 1€ Bpoiina cBA3ana ¢ KMHETHYECKOH
sHEprueil ABWXKEHMA, a Macca IIOKOS — Mepa HHEPIHMH ‘H
rPaBUTALHH — OIIPEACIACTCA Nepuodom KONcOaHHH ITOH BOJHBI.
Tem caMbiM Macca 4YacTHIIBI CBS3BIBACTCA, TaK CKasarb, ¢
21y6unoi’ TPABUTALMOHHOHW ~BOPOHKHM (IPOCKUMA Ha OCh
abCoOMIOTHOrO BPEMEHM), a HE C €€ WUPUHON, KOTOpas
XapAaKTCPU3YeT pasMep BOPOHKH B - IPOCTPAHCTBEHHOM
M3MCPEHHH, S
' Kak ™Mbl . BHACHH, TIDAaBHTAUMOHHBIA pagdyc HPAMO
NPONOPUHOHANEH Macce YacTHLBI. B To K€ BpeMs 1iepHO/ BOJIHBI
ne bpoiing o6parHo nNpONOpUHOHATIEH MACCE YaCTHLBL:

= himc®

Orcrona CICHYCT HC3aBMCUMOCTH MPOM3BCACHNA ITHX
ABYX I1apaMcTpOB OT MACChl HCTOMHHKA TATOTCHUA!

wag = 2hGlc’
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Haxonen, mnonpobyeM = yACHHTb ceO€ TIeOMETPHYECKHN
CMBICJI TPaBHTAUMOHHOIO paguyca. Kak s yxe mwcan, Inpu
nepexojie OT nepupepHy rpaBUTAHOHHOM BOPOHKH K €C LEHTPY
YIojl OTKIOHEHHS HOPMaNH OT PagHiaibHOTO (0 OTHOLIEHHIO K
chepuyeckoii BceneHHOM B uenoM) Bce Gonee BO3pacTaeT.
IIpeacraBasercs, 4TO TPABUTALMOHHBIH pajHyC, OTBEYAIOI{UI
srympenneil TpaHuLe O0JACTH JIOKAIW3AUMA TPABUTALHOHHOH
DHEPTrHH YACTHIBI, COOTBETCTBYET HPEACILHO BO3MOXKHOMY Yy
OTKJIOHEHHSA B 90 rpagycos, 4T0o B HAILECH MOAECIH ACHCTBHTEIBHO
oTBeyaeT CKopocTH cBera! Takum 00pa3oM, HanpsOKCHHOCTh
rPaBHTALMOHHOIO T0JI JOCTHraeT OECKOHEUHOCTH HE B LEHTPE
TSKECTH TENa, a HA KOHCYHOM, XOTH OOBIYHO M OYCHb MAIOM,
PaCcCTOSTHMM OT HEro, TaKk 4TO TOYKH, OTCTOAIME OT LEHTpPa
MCTOUHMKA HA PACCTONHMM IPABUTALNOUHOTO PaaMyca, ABIAIOTCHA
mouKamu nepezuba s BHEIUIHETO Npodmas BeenenHoi.
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4. O PEAJTBHOM CVIHECTBOBAHUH BLIJEJEHHOM
CHUCTEMBI OTCYETA '

4.1. O 3aMeuaTe/IbHOM IKCIEPUMEHTATLHOM A0KA3ATEILCTEE
CyLIECTBOBAHMS BbIACTEHHOH CHCTEMBI 0TCHETa

3asBICHHA O ° CYWIECTBOBAHHH BBIACICHHOH CHCTEMBI ’
OTCYETa B PaMKax NPEACTaBICHHH COBPEMEHHOH (PM3MKH MOTYT
TI0Ka32ThCS TIOMCTHHE CBATOTATCTBEHHBIMH. OIHAKO, KaK 3TO HH
MIOKaXKETCA YIMBHTCHBHO, OHH MMEIOT moa cobod HEKoTopoe
IKCIIEPHMEHTAILHOE OCHOBaHue. Kak M3BecTHO, eme B 1964 r.
nsa pamnoacrtponoMa m3 -“Bemnr Tenedon”, Apuo A. Ilensnac u
Pobepr B. Buwicos, oOHapyxwin Ha Bojane HiuHHOH# 7,35 cM
MHKDOBOJIHOBOS  M3JTyueHMe, KoTopoe  3areM  Owuio
HACHTHQHLUHKPOBAHO B  KayeCTBE  (POHOBOIO  H3MY4CHHSA
‘Beenenno#, 00%3aHHOrO mporeccam e€e panHei 3Bomonnu. ITlpn
3TOM Ha IIEPBBIX MOPAX CUHTAIOCH, YTO ITO H3IYHYEHHE CTPOTO
M30TPOIHO. ‘ : : ’

. OpHaxko, Kak  OTMETHI  BHIJAIOIWICA ~ COBeTCKMi
actpodusuk  axkajgemuk S.B.3enppoBMy B pejakHOHHOM
KOMMEHTapuH B [5], nanpHeiimiue “TareibHBIE H3MEPEHHA,
NPOBEOCHHBIE € IIOMOWIBK) aNMNaparyphl, YCTAHOBICHHOH Ha
BBHICOTHOM CamoJeTe (WIS yMEHBLIEHHS M3mydeHus armocdepst,
nonmajalouiero 8 npuGop),  no3BonmaM  OGHAPYKHUTE
ONPEJENCHHYI0 MAIYI0 AHM30TPOIIHI0 MHKPOBOJHOBOrO GoHa -
n3lydeHna. AHTEHHa, HAaNpaBicHHas Ha cosBesaue JIbBa, maer
temineparypy wsnydenns uHa 0,13 npomenrta shime cpemueii. B
IPOTHBONONOKHOM HallpaBieHHH Temieparypa Ha 0,13 npouenra
HIKe cpenHeil. TeMmmepaTypa IUIaBHO MCHAETCS MEXAY ITHMH

ABYMSl 3HAYCHMAMH ... M30TpomMs MMeeT MECTO JIHIIb JUIA
HekoToporo  BooOpaxaemoro — Habmoparens.  Coameunan
cucmema, 3eMAA ... OGUICYMCA OMHOCUMENBHO IMO20

Habawoamenn co ckopocmoio 390 1 60 km/c 6 nanpasienuu Ha
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cosge3due Jlvaa. Bcnencmue 3TOTO JBMXKEHHA, T.C. 3a CHYET
stbdexra [lommiepa, u3iayuyeHHe, HAYLIEE HABCTPEYY, KAKETCH
Ham Oonee TropAYMM..., a M3ITYyYCHHE, JOFOHAIOWIEEC Hac,
npeacraBnsercs HaMm Oosiee xodomHbiM ... Ha 3toM mnpmmepe
BBISACHACTCHA, YTO B KaXA0H TOuYke BceneHHO - cyliecTByeT
HabroNaTens,  OTHOCHTENBHO  KOTOPOTO  MHKDOBOIHOBOE

H3Jy4€HHE H30TPOITHO. DTOro HabIoAaTe/is M CBA3AHHYIO C HUM
' CHCTEMY KOOPIMHAT MOXHO Ha3BaTh BhIICICHHBIMH ... Hanmnuue B
KO)XJOH TOYKE BBIJCICHHON CHCTEMBbI KOODIHHAT HATIOMHHACT
B3IJBE (GHM3KHKOB 0 CO3JaHHA TEOPHH OTHOCHTEIBHOCTH, KOTaa
TPETIONAraIoch, 4To CBET - 3TO KoleOanus 0coGoro BeweCTra -
s¢upa, 3anonnsomero Beo Beenennyio. Tlpeanonaranocs aaiee,
_ UTO .CHCTEMa KOOpIMHAT, CBf3aHHAas ¢ 3QHPOM, ABIAETCA
IPEHMYIICCTBEHHOH, BBIACHCHHOH, H CTaBHJIHCH ONBITH IO
OOHAPYKEHHIO IBHKEHHS 3eMIM OTHOCHTENRHO 3dupa. Mhi
3HaeM, 49T0  3TH onbitel (MalikelbcoHa M APYTHX) HaJld
OTPHIATEIBHbIA Pe3y/bTaT - CBETOHOCHBIH 3(Hp He CyliecTByeT.
Oanaxko 3Bomonus BceneHHOM NIPHBOAMT K TOMY, 4YTO B
HaOMIOAEHUAX KOCMHYECKOTO MHKPOBOJHOBOTO H3JIY4eHMS (HO
TOJNIBKO B 3THX aCTPOHOMMYECCKHX HaOmoacHusnx!) BBIACICHHAN
CHCTEMA NOABJIACTCH, M €€ MHOIJA HA3LIBAIOT "HOBBIM 3up"” ... B
pacmipsiomerica BeeseHHol HOBBIE 3bHp B OZHOM MecTe
ABIDKETCS OTIIOCHTEIBbHO HOBOTrO 3¢upa B nipyrom mecre. UMenno
HOBBIH 3¢QHp win, APYTHMH CIIOBAMH, MHKDPOBOJIHOBOC H3JIYUCHHE
¢ HauOOJIBIICH TOYHOCTHIO ocymecmnxeT IBHKEHHE 110 3aKOHY
Xab6sa."

Banywenumit 18 asrycra 1989 roma cmyrmuk COBE
(Cosmic Background Explorer), paspabotanusiii IleATpomM
KOCMHUECKHX NOJICTOB lonnapaa HannonansHoro
Aspoxocmuyeckoro Arencra (NASA)', nossommt moarsepauts

! Tpusenennas 3fech MAGOpManHs NOArOToBneHa LleHTpoM KOCMHYECKHX
noneroB Toamappa, NASA, CIUA (Goddard Space Flight Center) nox
" pykosoactBoM COBE Science Working Group. u. 0blia NpeaocTaBrieHa
NSSBC.
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H YTOHHMTb BBIIICONHCAHHBIE Pe3yabTaThl. CrieKTp KOCMHYECKOTO
- MHKPOBOJHOBOTO (OHOBOTrO W3iIydeHHS ObUT . M3MEPCH €
tounocTero 0.005%; Obuto oOHapyxeHo, yTo 3TOT (POH HMEET
3HAYMMYIO aHH30TPOIIHIO Ha OTHOCHTEIEHOM YPOBHE nop’xinca 10
1 dro criiektTp u3nydenus ¢ rouHocrsio 0.03% COOTBe’I‘CTByeT
TCOPETHYCCKOH 3aBHCHMOCTH JUIA YEPHOTO Teja B YCJIOBHAX
TENJIOBOTO paBHOBECHs, npu Temmeparype 2.726 K. Xapaxrep
BBIABJICHHOH HU30TPONHH ObUI AETAIBHO HCCIICHOBAH 6narouapx
W3MEPCHHAM, BLUTOJIHSBIIMMCA B TCUCHHE 4-x ner.

Puc. 4.1.

Ha puc. 4.1 noxazana uepHO-Genas BepCHA KapThl
OTKIOHCHHI TEMIICPATypsl H3IYHEHHH OT CpenHell BeIMUMHEI
(2.728 K) B MuKkpoBOJIHOBO# yacTu cnekrpa. OpyeHTalHsa KapThl
BpIOpaHa TaxkuM oOpasom, 4T00b! IIOCKOCTE MieuHoro Ilytu
pacnojarajoch TrOPH3OHTAIBHO B LEHTpPe Kaprel. l{BeTOBOM
AMana30H OPHTHHANA OT KPaCHOTO 10 CHHETO COOTBETCTBYET
TeMITepaTypHOMY Axanasony ot 2.724 K no 2.732 K.

Cnoucman cmpykmypa Kapmsl - coomeemcmeyem:
anuzomponuu OunoabHoz0 6u0a (HANOMUHAIOWAR OUAZPAMMY
“UHb-AHB™), uUmMoO  AeAAemcA  nposereHuem IPpexma,
ceazannozo ¢ Oeudxcenuem Connya omuocumensHo cpeoot, &
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KOmopoii  pacrpocmpansemcs  MUKpOGOAH060e  (PoHosoe
usnyuenue. ‘

B asrycre 2000 r. MHe B pykH momaia COCTaBICHHaA
B.A.AmoxoBckuM  anTonorus  [21]  opurmHanmeHeIx  paGoT
BBIIAIOWINXCS  YUEHbIX, CTOABIIMX Yy HCTOKOB COBPEMECHHEIX
HU3MEPEHUH CKOPOCTH CBeTa (HauMHas C HEpPBOH M3 cratei
A.Majikenscona). Kak BBIICHACTCA, NMOMHMO OTPHUATCILHOIO
pe3yNnbTata B YaCTH BEIABICHMS BIMAHHA JBIKCHHS 3cMinA
-OTHOCcHTENbHO ‘CONHLA, 3TH ONBITHI B TO K& BPEMS JAIOT
HEKOTOpbIe OCHOBaHMs TOBOPHUTH O HAIMYHH OMNPEACNCHHOIO
npikenns ConHEewHOM cHCTeMBl MO OTHOWICHHIO K KocMocy B
HEJOM, T.€. ONATH-TAKM O BBIACICHHOH CHCTEME OTCHETa BO
Bcesennoi.

4.2. O6cyxnenne 3p¢exToB, CBAZAHHBIX C CYLIECTBOBAHHEM |
BbI/ICJIEHHOM CHCTEMBI OTCUETA

OxHo w3 BO3MOXKHBIX  OOBACHGHWH  aHM30TPONHMH
PEIHKTOBOTO M3iaydeHus, npuBeaeHHoe B [10], cBommres K
‘TunoTe’e 00 aHM30TPOTIMH CTPYKTYpHl paHHedl Bcesennoii,
IPHYEM Pa3IHYHBIM BEPCHAM M MapaMeTpaM THIOTE3bl OTBCYACT,
B YACTHOCTH, Pa3iu4HOE YIJIOBOC paclpelesieHHe TEMIECPaTyps! .
3TOTO M3NYYCHHA. TaKk WIM MHaue, aHU30TPOIHA KOCMHYECKOIO
M3IydeHHS 00YCIOBIHBACTCS NPH 3TOM (PAKTOPAMH, CBS3aHHBIMHA
UMEHHO C MPOMCXOKICHHEM W3AYHCHUSA, 38 HE € JNOKAIBHOH
anuM3oTponueit B obsacTH (M B MOMEHT) NpHEMa H3IyYEHHS.
CrnepoBarenbHO,  1OXOOHAs  aHM30TPONMHA  HE  JOJDKHA
HPOSBIATLCA, €CIM PEYh IMOHAET O NPHEME HCKYCCTBEHHOTO
H3JIy4eHHUs, TCHEPUPYEMOTO OOBIYHEIM H3/IyYaTeNeM Ha 3eMIle.

Mexjy TeM, COrJacHO MpPEAIOKCHHOH B HacTOsEH
paboTe KOHUCIUMH, B KaXIOH Touke BceaeHHOH donoscHo
cywiecmeogams - €60e  YHUKAAbHOe  NPOCMPAHCMEEHHOE
Hanpasienue u YHUKAAbHOE 3HAYEHUE CKOPOCMU OBUNCEHUR 6
IMOM  RPOCMPAHCMEEHHOM HANPAGNEHUU, ONPEOENAIOUiee
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svloenennyr0 cucmemy omcyema ((GakTH4ECKH 3TO ecTh 4-
MEpHas “CTpena BpeMeHH™). 3TOT pe3ynsTar OBUI MOJIYyUEH MHOK
00 Mo20, KaK 5 y3HAI O BHILUEONMCANHOM JKCIEPHMEHTAILHOM
OTKpuITMH.  [l0o3TOMy BO3HMK BONpPOC O  JajbHeHuIEM
3KCIIEPHMEHTATLHOM — TOATBEPXKACHHH (HIH  ONPOBEPXKCHHH)
HOBO TCOPHH, HIEs KOTOPOTO ¥ PACCMATPHBAETCA fAajiee. MOXHO
HANCATBCH, HYTO OCYIIECTBICHHE W  PE3YIbTaThl  HOBBIX
3KCIIEPUMEHTOB - NPEJCTaBAT CAMOCTOATCIBHBIE HMHTEpeC I
¢u3uKH OGE30THOCHTENBHO K MOTHBAM HX MPOBEICHHA H
BBIABMHYTHIM THoTe3aM. Hampumep, B ciydJac ONpOBEPIKCHUS
BBIABHHYTOM MHOH T'MIIOTE3Bl CTAHET SCHO, YTO - MCTOYHHMKOM
AHM3OTPOIMH JACHCTBUTEIBHO SHBIACTCA “TIPUPOAA PEIMKTOBOIO
H3ITyYCHHA.

Moe 00BICHEHHE BEILLEONMUCAHHOTO ABIEHHA
aHU30TPOIHM TakoBO. JlioGoe YCKOpeHHOE (B TOM WHCIIE
BpallaTeNbHOE M KoiebaTenbHOe) IBIKEHHE B o0uem ciydae
BpIJENACT a0COMIOTHYIO cHcTeMy ortcyera. [lockoneky moboe
ICKTPOMArHUTHOS H3JIy9E€HHE TI'CHEPHPYETCA KOICOIIOIHMHUCH
SIEKTPHYECKMMH 3apAJaMH, TO TEM CaMbIM OHO TIPHHIHIIHAIBHO
no3BoNseT HabTIONaTemo BBACIHTh aGCONIOTHYIO CHCTEMY
orcyera. ; :
Ecan nabmonarens abcomoTHO HenoABHkeH (“apeiidyer”
BAOIb HOPMAIH K H30XPOHHOI BceneHHOH), TO OTHOCHTEIBHO
HETO HM3JIy4eHHe OyaeT HAeabHO N30TponHbIM. Ecnu ke MupoBas
mnHuA Habmogarens o6pa3zyeT HEHYNICBOH (XOTS M TOCTOSHHBIN)
yroa ¢ OCpI0 abCOMIOTHOIO BPEMEHH, TO TaKOH ABHXKYIIHHCA
HabnrogaTenb (M KIMEHHO ¢ IIOMOILBIO 3 ¢exra [omiepa) cMOXKET
ONpeacnuTs  abCOMIOTHYKW)  CKOPOCTH  CBOEro JIBHOKCHHA,
JACTEKTHPYS  QHH3OTPONHIO  3TOTO  HM3JIYYEHMA, - KOTOpas
oOycnoBA€Ha  HAampaBICHHMEM H  CKOPOCTBIO  JBIKECHHS
M3MEPUTEIBHOTO  YCTPOHCTBA  OTHOCHTEIBHO  BBIJCICHHON
cucTeMbl OTcyeTa. KomMuecTBeHHO 3Ta AHM30TpPONHMS Oyaer
ONPEnENNThCA OTHOLICHHEM CKOPOCTH OBHXKCHMA K CKOPOCTH




78 4. O peaTbHOM CYHIECTBOBaHHH BRIACICHHOH CHCTEMBI OTCUETA

cBeTa (V/C) ¥ YTIIOM Ol OTHOCHTENLHO BBIACIEHHOTO HANPABICHHS
JBHOKCHMS.

Kak W3BeCTHO, CHEUMANLHAA TEOPMS OTHOCHTEILHOCTH
naet [17] B 3ToM ciyuae popmyny: 4 '

flfo= [V 21T vic)cosa] ,

NPHYEM IIPpH MAJIBIX YIJIaX H B HCPCIIATHBHCTCKOM npn6nnx<eﬁnn
. ‘{' )

Slfo= 1+ (v/c)cosa

OCHOBEIBasACh Ha COBPEMEHHBIX JaHHBIX 10 AHH3OTPOITHH
KOCMMYECKOT0 PaaMOM3IYYeHHSA, ‘MBI MOXEM 3aKIIOYHMTEL, YTO
v/c=0.0015 . Ecan 6bl 3T0 YMCICHHOE 3HAYEHHE M yKa3aHHas
3aBHCHMOCTh OT YTiIa MOXTBEPAMIMCH B HOBBIX 3KCIIEPHMMEHTAX,
He C6AIAHMHBIX C MPUXOIAIUM H3 KOCMOCA 3NECKTPOMATHWTHHIM
M3JIy4CHHEM, MBI MOIJIM OBl CAENAaTh BIOJIHE ONPENCICHHBIC
BHIBOABI 00 YHMBEpPCaNBHOM XapakTepe NPOCTPAHCTBECHHO-
BPEMEHHOH aHH30TPOIHH.

ByneM HCXOIUTB H3 TOTO, YTO J1t060€ (EKTPOMArHUTHOE)
H3Ty4CHHE ABJIACTCA HACAIBHO M30TPOIHBIM [UIS HENOABHKHOIO
OTHOCHTEIILHO HCTOYHMKA HAOMIOAaTeNf JHIUb B BBIACICHHOH
CHCTEME OTCY€Ta, KOTOpad B Kaxmoill - Touke BceneHHoH
yHuxaabHa. Torza B mo6o¥ Apyroi cucreMe oTcyeTa BOSHMKHET
aHM30TPONHA, NpoABJAIOmaics Onaromaps 3¢pdexry Homuepa,
KOTOpHI OOYCHOBIEH HAlpaBICHHEM M CKOPOCTHIO INBIKCHMA
H3MEPHUTEIBHOIO  YCTPOHCTBA  OTHOCHTENBHO  BBIIEICHHOH
CHCTEMBI OTCUETA. o

OmauM M3 TNOTEHOHATBHO  BO3MOXHBIX  CIIOCOGOB
NMPOBEPKH  yKazannoro »>bdexra sBisercs  HabmoAcHHE
n3nydeHns CONHLE B PA3NUUHbIE MOMEHTH IBHKEHHA 3eMIH HO
OKOJIOCOJIHCYHOMN OpOHTE. YCIOBHAA CXEMA PACTIONOKEHUA 3EMIIH
otHocurensHo ConHla M co3Be3aus JIpBa IMoKa3aHa Ha PHCYHKE
4.2. ‘ '



4. O peaJIbHOM CYILIECTBOBAHHH BBIAC/IEHHOH CHCTEMEI OTcueTa 79

22 pexaOps opbura 3emin

~

CO3BE3HE Jlaaa

21 mapra 23 ceHrabpsa .

Puc. 4.2.

- HamomumMm, ytO MeCTOmoNoKeHne co3se3ans JIbBa Ha
HeGOCBOLE XapakTepu3yeTcsi  OPHOIM3HTENBHO CIEAYIOIIHMH
KOODAHHATAMM: CKIOHEHME (YroJl HAaKIOHa K IUIOCKOCTH
HebecHoro skBaropa) 8 = 12° , npsMoe BOCXOKueHHE (YITIOBOE
NOJIOKEHHE BIAOJL HEOSCHOTO 3KBAaTOpa, OTCYUTAHHOE OT TOYKU
BECEHHEro PaBHOJCHCTBHA 110 XO4Y ABHKeHus 3emun) o = 170°.

U3 [PHBEACHHOIO pHCYHKa  OYEBHIHO, 4T0
npeanojaraeMas  aHH30TPOIHA COJIHEYLOT0  M3JTyYCHHS,
HabnmogaeMoro ¢ 3emi, N0/DKHA MPOSABIATHCA B MAKCHMAalbHOM
CTETICHH B aBrycre, korga M usayueHue ConHua, H (OHOBOE
M3IY4YCHHE TPHXOAAT Ha 3eMIIO CO CTOPOHSB! co3Be3nus JIsBa. B
(eBpasre 3TH UCTOYHHKH PACIIOJIOKCHBI II0 OTHOIICHHIO K 3emiIe
B3aHMHO NMPOTHBONOIOXKHEIM 00Pa3oM, IOITOMY M HaNPaBJICHHE
. aHM30TPOIMM I COJHEYHOIO CBETa JOKHO H3MEHMTRCA Ha
MPOTHBOMONOKHOE, OKHAAEMAnR BeAMUHHA 3¢deKTa npH 3TOM (¢
Y4ETOM IIPSMOTO BOCXOXICHHMS CO3BC3awA JIbBa M HAKIOHA
IKIUNTUKK) cocTaBisieT mopaza 300 xwm/c, T.e. OKONO OXHOH
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AEeCATON MPOLEHTa CKOPOCTH cBeTa. B HOAOpe M Mae aHH30TPOIINA
HE JOKHA HabmoaaThCs MPAKTHYECKH COBCEM.

Bo3MOXHO, yKa3aHHAd AHH3OTPOIHS MOXKET OBITH
ofHapyxeHa M IIpH 1NOMOIUM HAGMIONEHHS OTPAKEHHOTO
uzinydeHus Jlynel. [Jonoxenne ecTecTBEHHOTO CIyTHMKA HAUIEH
TLUTIAHETbl OTHOCHTEIBHO 3EMJIH MEHSETCd BCEro JMIUE 3a 27
CYTOK, II03TOMY pe3yabTaT MoOr Ob OBITh  YCTaHOBJIEH
'3HAYMTENBHO ObICTpEe.

HaxoHen, BO3MOXHO NPOBEACHHE SKCICPHMEHTA €
HCKYCCTBECHHBIM HMCTOYHHKOM H3JIy4EHHA W  HENOIBHKHBIM
OTHOCHTEJIBHO HEr0 NPHEMHHKOM B 3¢MHOH Jabopatopuu. Ilpn
3TOM CIeAyeT WMETh B BHAY, YTO BCJIEACTBHE CYTOYHOIO
BpalieHHA 3eMJIH IPOCKIMS HAIpaBleHHs Ha co3se3gue JIbBa B
obmeM  ciydae  BpallacTCs = OTHOCHTEABHO  CHCTEMBI
. KOOPAMHATHBIX OCEH, JKECTKO 'CBA3AHHOH € TOYKOH 3e€MHOI
noBepxHOCTH. [I03TOMY BeIMUKMHA MIHOBCHHOM CKOPOCTH BIONL
KaXI0# M3 KOOPIHHATHBIX OCEii [10 OTHOWIEHHIO K “BBIACIECHHON
cucTeMe orTcueta (IBIDKylleHcs K cossesquro JIpBa) Oyager
WU3MCHATECA TIPaKkTHHECKH MO CHHYCOMAAIBHOMY 3aKOHY C
nepHoaoM B 24 daca, Pacyersl MOKa3piBalOT, 4T0 aMIUTHTYAA
KOMIOHEHTbl  CKOPOCTH, HAMpaBICHHOM  BAONb  3€MHOIO
MepuIMaHa, fjocturaeT MakcuMyMma (oxoiro 400 km/c) y nmomrocos
H MHHMMATbHA Yy 3€MHOro skearopa. HaoOopor, ammiuryna
KOMIIOHEHTbl CKOPOCTH, HANPABJIEHHONW B 3€HWT, NOCTUrAeT
MakcumyMma (oxoso 400 km/c) y 3eMHOT'0 3KBaTOpa H MMHHMAIBHA
©y TOMOCOB.  AMIUIMTYAa K€  KOMIOHEHTBI  CKOPOCTH,
HaNpaBiCHHOW NEPNCHAMKYIAPHO MEPUIMAHY, IPaKTHYIECKH
HEH3MCHHA H TAKKE cocTaBiseT okosro 400 km/c.

S raxke mymaro, YTO B NPHHIMIE BOSMOXHBI M HHCTO
MEXaHWYECKME  DJKCHEPMMEHTHI, AAIONIHe, HanpuMep, B
COOTBETCTBYIOILIEM HANPABICHHH MaJO€ OTKIOHCHHE <“OCH
THPOCKONa OT TPaJMUHOHHO OKHAAEMOro, OJHAKO MOKa TaKHE
>} deKTH HE PaCcCYNTHIBATHCH (BO3MOXKHO, TAKMM 00pa3oM MOTyT
GeITe  OGBACHEeHB! dKcHepHMeHTs! Ko3bipeBa). AHATOTHYHEIM
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. 00pa3oM, IKCIIEPHMEHTH THIA MasTHHKa PyKo (ecimu 6bi BEKTOp
. aBCOMOTHONH CKOPOCTH YHAYHO OKAa3aiICid HANPABICHHBIM TaK,
4TOGB B MAKCHMaJIbHOM CTENCHH CKJIaJbIBaThCH U BBHIYHUTATHLCA C
BEKTOPOM CKOPOCTH JBH)KCHHS MasATHHKA) MOIJIH Obl IIPUBECTH K
OIIPENEICHHOMY OTKICHCHHIO BPALICHUS IUIOCKOCTH KOJMcOaHwi
OT TOH, 4TO ONpeeieHa HCKIIOYUTENBHO BpalcHHEM 3eMIIH.
Fmeer CMBICT MOAYEPKHYTH, YTO B OTIHYHE OT NAPAAHTME]
“cTaporo 3bhupa”, BbIACICHHA CHCTEMa OTCUETa “HOBOTO pupa”’
CBA3aHAa HE TOJBKO C OHPeOeIeHHbIM HANPAGTEHUEM BO
Bcenennoi, xoTopoe BBIACIAIOCH OB B XOAE IKCICPHMEHTOB
noaoOHO TOMY, KaK CTpesika KOMIlaca yKasblBaeT Ha cesep. JTa
BBLJICJICHHAS CHCTEMA CBA3AHA CIUC U C ONpedenenHoli 3-meprou
CKOpocHbio IBHKCHMA B TOM HAIIPaBJICHHH. B COBOKyIHOCTH xe
TaKMM 00pa3oM Bhifiensgercss 4-MEpHBIH BEKTOP HOpMaIM K
cepuuecKoli I'MICPHOBEPXHOCTH 1iapa - Beenenuoi.

4.3. O 3ak0oHax M3 Ty4eHUs

BepueMmcs, oanako, k GoHoBOMY H3nydeHHI0. COBpeMeHHas
¢usnka Ge3 KouebaHui NPHUIHCHIBAET €r0 NPOHCXOXKIACHHE
mpoueccaM B paHHe#l BceneHHOH, T.e. moJiaraer, 4Yro 3TO
M3yYECHHUE NPUXOAUT U3 IIIyOMHE! BpeMeH. CHUTACTCH, 4TO MBI
HabmogaeM “nmocrapesiuee” (OHOBOE H3NIYy4CHHE  pPaHHEH
Bceenennoit (cmycTss nMib TPU THICAYH JIeT Iocie boapumioro
BspeiBa), = korma  CymeCTBOBIH ~ CBOOOAHBIC  JJIEKTPOHHI,
CoCOOHBIE JIETKO PaccEHBAaTh KOCMHYECKOE (POHOBOE M3ITyYCHHE.

Xots mofo0HEIE IPECTABICHNS O PaCIIPOCTPAHEHHH CBETa
BIOJIbL CBETOBOTO KOHyca - M3 npomuioro B Oyaymero B
AOCTATOYHOM CTEINICHH COTTIACYIOTCA ¢ TPAAHLIMOHHON TPAKTOBKOM
ANEKTPOAMHAMHUKH, OHH BCTYHAIOT B IPOTHBOPEYHE C HICAMM
u3naraemoit 3gecs teopun. CornacHo ¢ii cBeT, kKak M moboe
M3TyYCHHE, PaCIpPOCTPAHAIOIEECS CO CBETOBOH CKOPOCTHIO,
MOKET MPHXOAHUTD JIMILB OT OOBEKTOB, PACIIONOKEHHBIX B TOM XKE
H30XpOHHOM CEYeHMH BceneHHOH, 9T0 M NPHEMHHUK H3ITYYECHHS,
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T.€. COBPEMEHHBIX ¢My B abCONIOTHOM BPEMAHCHUHCIEHHMH (CM.
BBIILIE AHAJIH3, OTHOCAILHHCA K 00JacTIM POHIIOro, HACTOALIECTO
n Oynyero). :

Bonee TOTO, K 3aKITFOUCHHAM KJIACCHYECKOMH
NEKTPOAMHAMUKH O  NPHYMHHO-CICACTBCHHBIX CBA3AX B
OTHOIUICHHMH CHIHAJa, PacCHPOCTPAHAIOMICIOCA CO CKOPOCTHIO
CBETa, T.C. He GHYMPU CBETOBOIO KOHYCA, CIHEAYET OTHECTHCH C
CopwiOH OCTOPOKHOCTBIO. OJNHHUM M3 apryMCHTOB B IONB3Y
ITOrO ABJIACTCH 3HAMECHHTAs BEPCHA TCOPHH DICKTPOMAarHHTHOIO
M3JIy4ECHHS, IPEUIOKECHHAA B 3HAMEHHUTHIX paborax k. Vunepa u
P.®ciinmana [19,20]. B 31o#i Teopun uMcTO 3ana3apiBaromiuii BO
BPEMEHM XapaKkiep M3JIYyYCHHA MNPOH3BOJBHOIO HCTOYHHKA
BLICTYNIACT BCETO JHIIB KaK CIEACTBHE YHHMBEPCAILHOTO H
MZHOGEHHO20 B3aMMOJACIICTBHA MHOXKECTBA 3apiI0B BCeleHHOI.
Kak mue xaxercs, Takoe OHHMaHHE IPOLECCOB H3IY4YEHMS,
dopMaIBHO HPHBOAALIEE K KJIACCHUCCKOMY PE3YNIBTATY, 10 CYTH
CBOCH OJNM3KO K HOBBIM INPEACTaBICHHUAM, H3JIaraéMbiM B
Hacroswei pabore.

IlpaBaa, MOXeT MOKa3aThCA, YTO ITH HOBBIC MPENCTABICHHS
HPUBOAAT K mapagokcy. Ecid W npsamele, W 00parHEbIe
JICKTPOMATHHTHLIC  KOJIeOaHHIO  PacHpOCTPaHAIOTCA  6007b
U30XPOHBI, T.C. MIHOBEHHO, TO MEXIAY NOCBUIKOW MCXOZHOTO
curnana (Hanpumep, Ha JIlyny uam Ha Mapc) B npuemMom
OTPaXEHHOI0 CUrHaja He Obi0 Obl HMKaKO# nayssl. Mexay Tem
H3 OnbITa JOCTOBEPHO M3BECTHO, YTO 3TO HE TaK, H 4TO Iays3a
MEXHY STHMH COOBITHAMM B TOYHOCTH paBHa [JBOHHOMY
NPOMEKYTKY BPEMEHH, HEOOXOZHMOMY /IS pacIpOCTPaHEHHA
CBETa Ha COOTBETCTBYIOLIEE PACCTOSHHE. 3aMETHM, YTO H aBTOPEI
pabdot [19,20] ObuiH BEHYXICHB aHANH3HPOBATH HEKOTOPBIC
MPOTHBOPECYAIIHE ONBITY BPSMEHHBIE TapafA0OKChl, YTO 3aCTaBHJIO
HX CchOpMYIHPOBATH OIPECIACICHHBIE OrpaHHYCHHA, KOTOPHIE
JOJIKHBI HMETh MECTO B (PM3HUECKOH PEAIbHOCTH.

[peanpuHATHIl MHOM aHANM3 NEPEYNCICHHBIX NAPAJOKCOB
MoKa3sajl, YT0 BCE€ OHM MOIYT OBITH YCTpaHEHbl, €CIH YTOUHHTH
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onpeneneHHBIM ~ 00pa3soM  IPEACTaBICHHA O  NPHPOJAE.
BBIILIEYKA3aHHOTO MIHOBEHHQI'O B3auMOJAEHCTBHA. Jleno B TOM,
9TO caM npouecc konedaHmii NpeacTapaser coboH HeNIOKaIbHbIH
B 4-MEPHOM KOHTHHYYM€ BOJHOBOH Ipolece.

DT0 3HAYMT, YTO BAOND M30XpOHHOH BeeneHHon wumeercs
BOTHOOOpa3HOE pAaCHpEAC/IiCeHHe HMHTEHCHBHOCTH HM3NIYYEHHA OT
KonmeOmoIerocs 3apAga ¢ 4epeJoBaHHEM MAKCHMYMOB H
MHHHMYMOB, T.C. BAOJb IPOCTPAHCTBEHHBIX OCEH BOJIHA
IPUCYTCTBYET 00HOGpeMeHHO 6 Kadcooli mouke Beenennoi. Ee
HHTEHCHBHOCTb, IIpETEpIICBasg MPOCTPAHCTBEHHBbIE KOJIcOaHH,
BMeCTE ¢ TeM YObiBaeT 00paTHO NPONOPUHOHAIBHO. PACCTOSHHIO
OT MCTOYHMKA IO 3aKoHy A(r) = A(0) exp(2rm i v/2)/r, Tac 4 —
JVTHHA 3JIEKTPOMArHHTHOH BoiHbl. C Apyro# CTOpOHBI, BEJIHIHHA
A(0) ne sBaseTcd NMOCTOAHHOH BO BPEMCHHM, a Kojebnerca 1o
rapMOHU4decKkoMy 3akony A(0,)=A(0,0)exp(-2rict/7). Kaxno#
M30XpOHE OTBEYAET CBOH MOMEHT BPEMEHH, IIOITOMY
pe3y/IBTHPYIOmAsS HHTCHCHBHOCTD B 4-TOuKe {r, £} paBna

A(r, t) = A(0,0) exp[27 i (x - ct)/i]/r

T.¢. OIHMCHLIBACTCA B TOUHOCTH TaK ke, Kak M B TPaJULMOHHOH
TEOPHH.

3

Puc. 4.3

Ha puc. 4.3 cxemarndecku IOKa3aHo, uto (asa B TOYKe .2
copmager (M4 HENOABIDKHOTO  JETeKTopa) C  (a3oH,
npucymcmeosaguiell panee B TOUKE 1, TOIBKO TOTIa, KOraa cama
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JTa TOYKA YKe OKaxercs B Todke 3. MHTepecHO OTMETHTH
CXOACTBO B HauleM OGBACHEHHH 3aKOHOB H JBIXCHHA YAaCTHI[ C
MOZEJIBIO PACpPOCTPAHEHHMs KONeGaHMH 3a CHET pACIUHPCHHS
BcesieHHOH, T.€. epexoja OT OAHOH M30XPOHE K APYroi, 1 T.1I.
Taxum oGpasom, 8 naweit Modenu, 6 omaunue om meopuu
ommocumenvnocmu u meopuu Deinmana-Yunepa, pasossiit
€O8u2, pasHblii NO eeaUNUHE X/C, CEA3AH HE CMOALKO C
meuenuemM 6peMeHU, CKOIbKO € CYU{eCMEO0BAHUEM C80€20 POda
«cmosnueii 6onHbL» 8 u30XpoHHou Beenennoii. CnenoBatensHo, 1
3aMa3ABIBAIOINCE  BIMAHHE HCXOMHOTO 3apsAia HAa YaCTHIbL
HOIJIOTHTENA, H Olepex)alolice 06paTHOE BAHAHHE NOTIOTHTEA
Ha MCXOJHBIH 3apal, XOTd M HMMEIOT NPOTHBOIOJICKHLIC 3HAKH
¢$a30BOro cMemeHHs, HO OOYCIOBICHBI HCKIIOYMTENBHO HX
B3aHMHBIM MPOCMPAHCMEEHHbIM pacnonoxenneMm. Yr1o ke
KacaeTcst BPEMEHH, TO 00a BIMAHHA «3BOJIOLHOHHPYIOT» BO
BPEMEHH TOJBKO B HAMpaBJICHHHM OT abCOMHOTHOrO MPOILNOIo K
abcomoTHOMY OyaymeMy, HPHYEM 3Ta IBOJIIOLHA A Kaxaoi
TapMOHMKM  KoneOanusa  Jierko ~ OOBACHHCTCA  yKa3aHHOH
cuMMeTpueil  pactpenencHus a3 M, [IaBHOE, BhI3BaHA
YHHBEDPCAIBEHBIM HPOLECCOM pacuiMpeHHs BeeseHHOM.

© Puc. 4.4.

Jlannas MHTEpIpETALM, KCTATH, IO3BOJIAET IIOHATD bgeKT
aHM30TPONIHM NPHHUMAEMOrO H3JIY4YEeHHsS, KOTAa AETEKTOp
JBH)KETCA C HEKOTOpO#H aOCONIOTHOH CKOPOCTBIO, OTIMYHON OT

. Hylas (cm. puHcyHOK 4.4). B ostom ciyuae ¢a3oBelif CIHBHT,
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oTeevarommi Touxe 2, 6yAeT COOTBETCTBOBATE YK€ HEe TOUKeE 3, a

. Touke 3’, 9ro n nmpossurca B Bhge dbdexra Jomiepa.

BaxHo pg00aBUTP K O3TOMY, UTO paclpoOCTPaHCHHE
3NMEKTPOMAarHWTHOIO CHTHama, O0OyCIIOBJIEHHOrO KojeGanueM
3apSf0B, HE MOXET pacCMaTpMBaThCd KaK OTBEYalolice

' PaBHOMEPHOMY LBMXXEHHIO KaKOro-JHOO MarepHaJbHOTO Tejla.

JeicTBHTENIbHO, B HALCH TEOPHH IIOCICAHEE TI'MIIOTETHYECKH
MOrao Obl, ABHIasCh CO CKOPOCTBIO CBETd, IPAKTHYECKH
MTHOBEHHO AOCTHYb CKOJb YTOJHO OTH&JICHHOTO O0BEKTa H
BEpHYTBCE oOparHo. B 1o e  BpeMsa  mepenaya
INEKMPOMAZHUMHOZ0 CUZHANA OCYILECTBAAETCS 3a KOHEYHOE
BpEMS, IIPHUHEM CKOPOCTh NE€pPEJadn ONPEACICHA HEOOHOIHAUNO.
C onHOM CTOPOHBI, B AapryMEHTE OJKCIIOHEHTBl (UIypHpYeT
MHOXHTEJB (X - ¢f), 4TO AaeT OCHOBAHME CYMTATh 3Ty CKOPOCTh
paBHOH ¢. VIMEHHO 3Ty CKOPOCTH BBIMHCIHT HEIOIBHKHBIH
Ha0mogarenb, pasfelMB HOXHOE pPacCTOSHHE HA  BpeMs
NPOXOXJEHUS CBEeTOBOro curHaiga. C Opyroi CTOPOHEI, Yroi
HAaKJIIOHa “MHPOBOH JHMHHMH CBETOBOTO CHIHAIAa B CHCTEME
KOOPAMHAT “HOPMallb-IIOBEPXHOCTL Oyner paseH 45°, nmosromy
“abCcosoTHAA” CKOPOCTh (onpexenxeMax 4EPE3 CHHYC YKa3aHHOTO

yrna) Oyzmer B V2 menpine, uem c.

Yro ke npeacrasnser coboii POHOBOE MITydEHHE C HAILECH
TOYKH 3peHua? Kak Obl1o OTMEYEHO, CHEKTP ITOTO H3JIYYECHHA
NOIHOCTBIO OTBEYAET TEOPETHYECKOMY PACTIPEICICHHMIO I
abcomotHo dYepHoro Tena. Ho Tak M nomKHO ObITh fns
men06020 W3MYYEHMs, MCITyCKaeMOTO BCEH COCTaBifIOmICH ¢e
Matepueli. H = TO0ATBHBIM  HOTOKOM  NPOHM3BIBAIOILETO
BceneHHyo, T.K. B HeH OTCYTCTBYIOT Kakue Obl TO HH OBINO
“IIeperopoAxu”, OTPaXAOIIHE Takoe H3aydeHHe. YTo Xxe
KacaeTCs UHCICHHOTO 3HAYEHHA TeMIEparypsl (POHOBOTO
H3TYYCHHA, TO OHO HECET BAXHYIO MH(OPMALHMIO, CBA3AHHYIO C
rinobanpHeIME mapaMerpaMu Mupa. [IeHCTBHTENBHO, COIJIacHO
3akoHy Crtedana-bosbuMana yhenpHas SHEPrUs € HINTYYCHHA B
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eauuuLe obvema (B JKOynsx) NMpONOPUHOHANBHA YETBEPTOH
CTEICHH TEMIICpaTypsl & uepHoro tena (B KenpBuHax):

£~8.8.107.8*

Jra 3HEPryua N0/DKHA COCTABIATh ONPEACICHHYIO OO 110
OTHOIUEHWIO K YHCNBHOH 3HEPrHH TOKOA, OOYCIOBICHHOM
CpeIHEH IIOTHOCTEIO MaTepHH BO BCeleHHOM, 3HaYeHHE KOTOPOH
BBLIBOJNMTCS B HalllEH MOJENH U3 Monmbuunposaﬂﬂmx ypaBHEHHHN
Binwreitna Gpuamana:

p=31(4-nGR°)

*Ecim 651 BCA COOTBETCTBYIOWA® OJHEPIMS TOKOS pc’
IPeoGPa3OBBIBANACE B JHEPTHIO TEILUIOBOTO M3IYHEHHS, TO MBI
noyxyunnu Obl s cpenﬂen IUIOTHOCTH MaTepuu BO BeeneHHo#
3pauenue nopsmka 5.4 -107* r/em’, a m1a Bospacta BeeneHHOM ~
3HaYeHHe NopsauKa 3 TPHUIMOHOB NeT, [loBHanMOMYy, 9TO He TakK;
OPHHAB HAa OCHOBE COBPEMEHHBIX HM3MEPEHHH ITOCTOSHHOH
Xab6na Bo3pacT BceneHHOM MeHBIUMM Ha 2 mOpsaKa, a
IUIOTHOCTh — Ha 4 mopsaixa Goibimied, MOXKHO 3aKIIOYMTH, YTO
CpCIHAS DHEPIHA TEILIOBOTO H3JIYYEHMs MaTepHH Bo BceeHHOM
COCTaBJIACT OT €€ DHEPIHH NOKOA JOAI0, NPHOIHIHTENLHO PABHYIO
ojHOM COTO# nporeHTa, T.¢. 10
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5. HOBBIE INIPEJACTABJIEHHS O BPEMEHH
H KBAHTOBASI MEXAHHUKA

5.1. OcofeHHOCTH KBAHTOBOMEXAHMYECKOr 0 ONHCAHUA

HoBsle npe/icTaBIeHHS O BPEMCHH, ¢ MOEH TOYKH 3peHHA,
NO3BOJNAIOT YOOBJICTBOPHTEIbHEIM 00pa3oM pa3spemiuTh UEABIH
PAL. METOJOJOTHYECKHX NpobiaeM, KOTOPBIE C MOMEHTAa CBOEro
poxzeHus Hecna B cebe kBaHTOBas MexaHumka. [lpama ee
LEHTPAIbHBIX MAEH XOPOLO M3BECTHa M3 JUCKyccuH Bopa m
OHHIITEHHA M NpOAODKaeTCd B OOHOBIEGHHOH QopMe H B HAaIiK
fuu. CaMm  DOHHIITEHH 9€TKO BBHACHWI [Ba OCHOBHEIX
JPaMaTHYECKHX MOMCEHTa KBAHTOBOH TEOPHH: CTaTHCTHYECKHH
XapakTep €€ IpeACKa3aHMi M  IapaJloKC  HENOKAILHOrO
(CBEPXCBETOBOIO) B3aHMOICHCTBHA KBAHTOBBIX OOBEKTOR. ‘

BCnoMHMM, YTO HOBOTO BHECIA KBAaHTOBaAs MEXAHHKA B
NoHATHHHBI  annapar  ¢msuxm.  Ilpexxne  Bcero, 370
HCIIONL30BAHME BEPOATHOCTHOM BOJHOBOH  (yHKUMM 1A
ONMCAHUA COCTOAHHA OOBEKTOB M €ro 3BOJIOLHMHM BO BPEMEHH
BMECTO MCIIOIB30BAHHSA IIPEKHHX MOHATHH TOYHON KOOPAUHATH! H
TOYHOH TPACKTOPHH. BBLIO MOKa3aHO, YTO TAKOE BEPOATHOCTHOE
ONHCaHHE MMCEET TPHHUMIHAIBHBIH XapakTep Jaxe s
HHIMBHAYAJIBHBIX OOBEKTOB M HE MOXET OBITH CBEACHO HH K
OIMHCAHHIO NOBEACHHUA Tpymibl 00bekTOB (Y10 OBLIO OBI BrONHE
NPHEMIIEMO ¢ KJIACCHYECKOH TOYKH 3pEHHA), HH K IOTPEIIHOCTH
pealIbHEIX H3MEPHTENBHEIX Ipouenyp, H T.n. Jeno o6CToHT Tak,
kak Gyaro 6mi Bor, mo BepaxeHmo OJjimiuteiiHa, "Hrpaer B
KOCTH". .

anee, B KBAHTOBOH MEXaHHKE COCTOSHHE OOBEKTa MOXKET
OBITH OTBEHATh CTPOrO ONpEACHCHHOW coOCTBEeHHOH QYHKIMHM M
COOCTBEHHOMY 3HAYCHHIO WIM Cynepno3uuud (xoMOGuHaLuH)
TaKUX COOCTBEHHBIX COCTOSHMM (4acTh Oojee oOmel cucremsl
MOXET TaKKe ONMCHIBATLCH MaTpvuel IwiorHoctH). IlpoGiaema
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JOTMHMECKH CTPOMHOrO ONIPEAENCHMs XapakTepa Iepexoia
o0bekTa W €ro BOJHOBOH (yHKUMHM M3 OOLIEro COCTOSMHHMA B
"gqucroe" (penyKuMs BOJHOBOTO TMAaKeTa) NMOWCTHHE COCTaBIAET
IPOKAATEE M TOJOBHYIO OB HAEOJIOTOB KBAHTOBOH MEXAHHKH.
Ilpy 3ToM OHM MOMHAIMBO HPHHHMAIOT, KAK OYEBHAHOE
06CTOATENBCTBO, YTO TAKOH IEPEXOd NPOMUCXOAUT B HEKOTOPBIH
CTPOTO ONpEAEICHHBIA MOMEHT BPEMEHH.

' [Ipeacrarnenue 06 oObexTax, TpeOHIBAIOIIKX HEKOTOPOE
BPEMS B CYIIEPIIO3HLIHN BO3MOXKHBIX COCTOSHHH, Naxe nmoOyanio
3. Illpeaunrepa npuaymaTs KOIIKY, OpyAHEM YOUHCTBa KOTOPOH
Morna OBl CTaTh CBOETO poAa KBaHTOBAas I'MWILOTHHA; A0 TEX MOP,
NIOKa TaKas rmiIbOTHHA HAXOANTCA B "CYNEPHO3HILHMH" COCTOSHHH
C TOJAHATHIM H OIYIEHHBIM HOXOM, JIPOKISTHIH BONPOC COCTOUT
B TOM, YTO:)K€ B 3TO BpeMs IMPOHCXOIUT ¢ KOIUKOH. Bosee Toro,
nanHas = mpobiema mopoaniia CpeaM 3HAYMTENLHOH  YacTH
(GH3HKOB YBEPEHHOCTH B TOM, 9TO JH00as peHyKUMA BOJHOBOH
tynxunn oOyciopieHa BMEIIATEILCTBOM HaliozaTens, OTKyAa
HEH30exHO cieayer Bompoc: a x1o Habmogan BceaenHyio no
NIOSIBJICHUS NICPBEIX Habmonateneit 7 S He Baaiocs B nansueimuii
" 0030p mpobieMbl, KOTOpas ACHCTBHTEIBHO HMEET BaKHEHIuee
3HayeHne ¥ o6CyRJaeTcs B OrPOMHOM KOJHYECTBE ITyOIHKALHHA. -

'

5.2, Ilapahoxc OIIP n Teopema beana

3HaMEHHTEIN NapajioKC CBEPXCBETOBOTO B3aMMOACHCTBHA,
ony6nukoBaHubH B 1935 TOgy M nNOMyuMBIIMI Ha3BaHME
napanokca DitHmreHna-Tlogomsckoro-Posena (3I1P), cocrout B
cnenyromiem [12]. IlycTs MBI HMEEM KBaHTOBOMEXaHHYECKYIO
CHCTEMY M3 [IBYX HacTHL[, KOTOpBIE C TEYCHHEM BPEMEHH
pas3jieTajorcs Ha O4eHb Oombumioe paccrosHue. CornacHo
KBAHTOBOM MEXaHMKE, B HAYANBHBIH MOMEHT MEXIY HHMH
CYLLECTBYET OIPEACICHHAS CBA3Bh (HAIIPHMED, BEIMYMHA MOJHOTO
CTMHA VIS ONCKTPOHOB MJIH BEKTOP NONAPH3ALMH  JUIA
KOI'€PEHTHBIX (OTOHOB); IPU Pa3NeTC COCTONHME YACTHI MOTIIO
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. 0Ll M3MCHATECA JIMILEL B PE3y/IbTaTe HOBOTO B3aMMOjEHCTBUA, a
| 3HAYMT, 93Ta CBA3b [0 ONPEACICHHOTO MOMEHTa BPEMEHH
COXpaHAETCH.

C TOYKM 3peHHS KIaCCHYECKOM MEXaHNUKH HHKaKOTO
napajoKca HeT, KaxJas 4YacTHLa CYIIECTBYET HE3aBHCHMO CaMma
1o cebe B ONPEACICHHOM COCTOSHMH, YHACICIOBaHHOM H3 CBOEH
npeasicropud. Ho B XBaHTOBOW MEXaHUKE COCTOSHHE BCeH
CHCTEMBl €CTh CYNEPHO3HLUMA BCEX BO3MOXXHEIX 'JaCTHBIX"
COCTOSIHHI BIUIOTB JO MOMEHTa H3MepeHus. Ecim MBI Temeps
H3MEPHM COCTOSHHE OJHOH M3 dYacTHLl, TO pexynupyem"
BOJIHOBYIO (QYHKUMIO @Ceii CHCTEMBI (M HMMEHHO B MOMEHT H
‘PaxToM u3MEpPEHMH), BHISCHMM COCTOSHME OSTOH HaCTHUE M
OHOBPEMEHHO 3a(MKCHPYEM COCTOSHHME HAPYIOH (yXe CKOJb
YrOoIHO AaNeKOH) vacTuubl, TaknMm 06pa3oM, NpeACTaBICHHE O
KOJUICKTMBHOH BOJHOBOH (YHKIMH M 33aKOHAaX COXpaHCHHSA
KBAaHTOBOIO COCTOSHHS NPHBOJAAT K BBIBOJY O HEIOKAIBHOCTH,
WIM  MPHOBEHHOM  B3aMMOZCHCTBMH ~ Ha  PacCTOSHHMH.
TIpHMeYaTenbHO, YTO HE H3BECTHBI KaKMe-THGO OrpaHWdeHMs Ha
BEJIMYHHY PACCTOSHHSA PH TAKOM B3aHMOEHCTBHH.

OTTankuBasch OT OJTOH CXEMBI, MOXHO ObUIO ObI
NOMBITATECA  NepenaBaTh HHPOPMANHMIO CO  CBEPXCBETOBOH
CKOpocTRI0. B camom  geie,  OPraHu3oBaB  HEIyIO
HOC/CAOBATCABHOCTh TAKHX PAa3/ICTAIOUIMXCA HaCTHL, (HANPpHMED,
HOCEpeHHe MEXAY HCTOYHHKOM H IIPHEMHHKOM HH(OPMIHH),
MOXKHO, Ka3aIoch Gbl, "MOAYIMPOBATE" BO BPEMEHH MPOLELYPY
H3MEPECHHA COCTOSHHA mepBoii  yacTHuBl  "3ech", BIHAA
TpeackasyeMbiM 00pa3oM Ha Pe3yibTaT H3MEPCHHS COCTOAHHA
BTOPOH HacTHBl "Tam" (MUIEI0. TAKOTO IKCIEPHUMEHTA COOOIII
aBTopy A.B.MockoBckuii).

OTy  nceBAOACTEPMHHHMCTHYECKYIO CUTYaLUHIO  C
onuHOYHOM mapod wacthu JDK. bemwr B “CBOeH 3HAMCHHUTOM
Teopeme O HeJoKaTsHOCTH onncat [13] B Gonee cTporoi popme,
onepHpyiomeH  co CTATHCTHYCCKHMH IO CYLIECTBY
NPE/ICKA3aHMAMM  KBAHTOBOH MeXxaHukd. OH  IOKasai, dTO
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HEKOTODBIE TAKME HPENCKA3aHHWA HECOBMECTHMB! C YCIOBHEM
CTaTHCTHYCCKOM HE3aBHCHMOCTH PE3ylbTaTOB H3MEPEHHMH Haj
YAQIMBIUMMHCA B  De3ylbTaTe pa3jeTa Ha INPOM3BOJIBHOE
PacCTOSHME YAaCTHLAMH (3TO YCIOBHE CBOIUTCA K IPOCTOMY
HIEPEMHO)KEHHMIO BeposTHOcTeH). s mporepkyn teopemel Beina
OBUIM ITPOBEAEHHI 3KCIIEPHMEHTHI, JOKA3aBIUME COOTBETCTBHE
NPaBMA  BBIMHCICHHA BEPOATHOCTEH TpeOOBaHMAM KBaHTOBOMH
MCXaHHKH, a4 HE YCIOBHIO JIOK&IBHOCTH TCOPHH, T.€.
CTaTHCTHYECKOH HE3aBUCHMOCTH H3MEPEHMUIA.

Teopernyeckuit ananmms DiiHmTelina ner B OCHOBY
JaibHEHIIEro pa3sBHTHA COOBITHH. B nocnegnume HeCATHIETHS,
rojl M Jake Mecausl OypHO Pa3BHBAIOTCA TEOPETHYECKHE H
SKCNIEPUMEHTAIBHBIE  MCCIEOOBAHMS,  CBA3aHHBIE C  TaK
HaspiBaeMOM "TenmenopTaumeil” KBaHTOBO KOPPEIHPOBAaHHBIX
O00BEKTOB. B MBICICHHBIX H PEATBHBIX IKCIEPUMEHTAX KBAHTOBOE
COCTOSIHME OOBEKTa IIEPEHOCHTCA OECKOHEYHO OBICTPO, HO, Kak
3T0 OBIIO NOKa3aHO, OMpEneNAcTCcsS (M3MEpAETCA) 32 KOHEUHOE
BpeMs, OTBEYAIOIIEE NOCBETOBOH CKOPOCTH pPacIPOCTPaHEHHS
CHTHaJja.

5.3. HoBble npeacTaB/ieHHs 0 BPeMEHH H HETOKAILHOCTD

Bce BpimenepeuncneHHbie npobieMbl TiryOOKO CBS3aHBI
Mexay coboil M He MOryr OBITh peleHBl HO OTAEIBHOCTH.
" TToueMy KBAHTOBas TEOPHA [A€T BEPOSTHOCTHBIC IPEACKA3aHUA?
Kaknm 06pa3oM npoHCXOoIuT peayKius BOJHOBOH (yHKUMH IIPH
u3mepenun? CBA3aH JIM HCXOJ (PU3HYECKHX COOBITHH ¢ HATHIHEM
HaOmonatena? KaxoB (u3nuecku CMBICH CBA3H MEXAY
KOMIUIEKCHO-CONIPS’KEHHBIMH ~ BOJHOBBIMH ~ (QYHKUMSAMH  H
obpamennem ppemeHn? Ha Bce 3T M nmogoOHBIE BOIIPOCH 4
TENEPh IONBITAIOCh IaTh OTBET, HCXOAA M3 3alMIIAEMOro MHOM
HOJIHOTO PaBHOIIPAaBHA MEXTy YCTBIPEMSA - HHCTO
HIPOCTPAaHCTBEHHBIMH H3MEPECHMAMH MCXOJHOrO KOHTHHyyMma, 3-
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i

MEPHBIM CeYeHHeM (H30XPOHOH) KOTOpOro SABISCTCS Hallia
Bcenennad.

HpOCTpaHCTBeHHOMy MEPEMEIICHHI0 YacTHLE OOBIYHO
CTaBAT B COOTBETCTBUE OTPE3OK  TPACKTOPHH, COCHMHAIOMIEH
HAYAIBHYI0 H KOHEYHYIO TOYKH. YK€ HA JTOM CTaiuyM aHAIM3a
cirenopano Obl onepupoBaTh 0ojiee TOYHOH KapTHHOM, 3aMCHHB
OZHOMEPHYIO ~ JIMHHIO  TIPOTSKECHHOH  NPOCTPaHCTBEHHOH
0o06nacTelo, OOYCHOBACHHOH BOJMHOBOH NpHPOJNOH YacTHLBI M
NOTPEIHOCTEIO ONPEJEIICHHS €€ TPACKTOPHH.

Crnegyommi JOrMYECKHl LIar COCTOMT B TOM, 4T0GE!
BCIIOMHHTh 0 4-MeprocTH Beenennoi. B neHCTBUTEIBHOCTH MBI
JOJDKHB! PAacCMaTPHBaTh XaK MHPOBBIC JMHHM YacTHL, TaK M
MHpOBBIC OOJAacCTH BOJHOBBIX NPOLECCOB B HX 4-MEPHOU
npomaNceHHOCMHU, TOTAA KaK HX IIPOSIHH Ha NPOCTPAHCTBEHHBIC
M BpPEMCHHYIO KOMIOHEHTHl 3aBHCAT JMIUb OT BHIOOpa
du3nuecKo# cHCTEMBI OTcueTa. XOTH 3TOT TE3UC MMEET BEChMa
OOWIHii XapaKTep, OJHAKO MMCHHO B NMPHUMEHEHHH K npobiaeme
HEJIOKAJBHOCTH OH npHOOperaeT BechbMa HETPUBHAIBHOE
3HauYEHHME. Y4eT 4-MepHOro XapakTepa peasbHoro Mupa mumaer
(U3KHYECKOTO CMBIC/H2 ONMHCAaHWE YHCTO IPOCTPAHCTBEHHOH
HENOKATBHOCTH. CIIEHOBATCILHO, 018 HENOKAIbHBIX BPOUECCOs
HEJb3s TOBOPHTH O COCTOSIHUH HE TOJIBKO B onpedenennoi moyxe
3-MEpHOr0 NPOCTPAHCTBA, HO H B OHDEOeICHHbL MOMEHM
BPEMEHH. ,
HpOCTpaHCTBeHHaSI HEJNOKATLHOCTh HE fABIACTCA AJIA
¢GU3NKH 4eM-TO OCOOCHHBIM, HeoObuHBIM. OHa sABNAETCH, B
YaCTHOCTH, TPaJMUMOHHBIM aTpubyrom OoJpmIOro Kiacca
BOJIHOBBIX 32724, OHaxo I8 HENOKATEHOCTH BO BPEMEHM MECTa
B (¢M3MKe 10 CHUX NOp He ObUIo, BBeJEHHE B HaydHelH 060OpoOT
NPEACTABJICHHA O - 6DEMEHHOU HEN0KanpHOoCmU, 3 IyMalo,
ABJIACTCH BaXXHBIM HOBLIECTBOM.

Iipn oOcyknenun . npoOnemMpl peoyKUHMH BOJHOBOH
GYHKIUHMH KBaHTOBOTO OO0BEKTa B CBS3H C H3MEPEHHEM €TI0
COCTOSHHA MOJMAIHBO HPEATONAraeTcss CenapabeasHOCTs W
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aKTyaJbHas  HeoOpaTHMOCTH  BPEMEHH, T.€.  ampHOpHas
OTIEIHMOCTh OJHOTO MIHOBCHMSA OT JIPYTOTrO B TOM CMEICIE, YTO
COCTOSIHHE OOBEKTa OOBEKTHBHO OMPENENICHO B KaXIOE TaKOE
MIHOBEHHE W HTO B K@KIAOC TNOCHCIYIOES MIHOBCHMC
 IPEJLIECTBYIOLIEE COCTOSHHE YK€ HMKOMM 00pasoM HEe MOXeT
6biTe M3MeHeHo. IIpu 3TOM MOIENb BpeMeHH, MCTOJB3yeMas B
(u3HKe, aHAIOrHYHA MOJENH BPEMEHH B PYCCKOM HA3BIKE, LIS
KOTOPOTO HacTOsIIee ABJIACTCA MIHOBEHMEM, TOYKOM HA OCH
BpeMeHH. [lyxy TEOPHH OTHOCHTENBLHOCTH, GECCIOPHO, OTBEHaCT
HMEHHO TaKOE NPECTaBICHHC O BPEMEHH.

} >

Puc. 5.1. MrHOBEHHOE HACTOALICE

Mexny TeM B au2nuiickom HA3bIKE HCTIONB3YETCHA WHAS
CEMaHTHYECKasd MOJACIb BPEMEHH, B KOTOPOM HACTOsAILEE
paccMaTpHBaercs INPOTSDKEHHBIM, T.e. IpeacraBiaser coboi Ha
OCH BDEMEHM HE Touky, a uurepsan. (Cp. "SI nocemun myseii
Buepa/ceroana” ¢ “I visited a museum yesterday / I have visited a
museum today”). Koncrpykmms “I visifed“ noxassiBaer, 9T0
ACHCTBHE 3aKOHYCHO 00 HAYAAa NPOTHKCHHOTO HACTOSAILETO,
KOTOPO€ B OAHHOM CIyd4ae OTOXIECTBISAETCA C CErOJHAUIHMM

nHeM (a He C TEKYIIHM MTHOBEHHEM, KaK B PYCCKOM #3BIKE).

L i (!
T 1 —>
Puc. 5.2. [IpoTsskeHHOE HacTOsLICE

VIMCHHO Takas MOZEIb BPEMEHHM, KaK MHE Ka)KeTCH,
JIOJDKHA IIPUMEHATLCS B KBaHTOBOH TEOPHH. B COOTBETCTBHH C
3TUM TpEACTaBIECHHE O PEAYKUMHM BOJHOBOH QYHKUHH U3
CMCILIAHHOTO COCTOSHHME B HUCTOC| 8 OHpedeieHHblil MOMEHm
epemenu . SBJIACTCE  HenpaBoMepHbiM..  CocTosHMS B
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NPOMEXYTOYHOH (BPEMEHHOH) O00NacTH OIpeneieHbl Cpa3y H
HA4aNbHBIMH, W (GHHAIBHBIMH YCIOBHAMH, 2 €CJH BBIPAXKAThCA
€lie TOYHEE, TO COCTOSIHHE BHYTpH BceH 4-mepHo#l oGmactu
AOJIKHO onpenenxrbcx ycnonuan Ha €€ THIEPIOBEPXHOCTH.

Tak, “pacnpocTpaHeHHI0” KBaHTa JJIEKTPOMArHHTHOTO
NoJsA OTBEYACT, KaK YKa3hIBAJIOCH BBIIIEC, HaJHYHE “‘CTOAYCH”
BOJIHBI BJIOJb M30XPOHBI, OJHOBPEMEHHO npncymﬁsymmeﬁ B
KaXJJOH TOUKE IIPOCTPAHCTBEHHOM 00aCTH MEXKTY HCTOYHMKOM H
NPHEMHMKOM H3mydeHHs, 1o ocu BpeMenu 3Ta 00nacTh TaKxke
HMEET HEHYIEBYI0 NPOTKEHHOCTh. IIpaBMIIBHOE IOHHMAaHME
NPHPOABI HEJIOKAILHOCTH aKTa HM3JIYYEHHS/TIOTIOIEeHHs GOTOHA
CBOAMTCS K TOMY, YTO 001aCTh HENOKATBHOCTH OrpaHMYEHa
neymsa (wiH Gonee) 4-MepHBIMH COOBLITHAMH, a HE ABYMA 3-
MEpPHBIMM TOYKaMH HPOCTPAaHCTBAa (B COOTBETCTBHH C HACAMH
Jx.Vunepa u P.deiinMana, rpaHivHBIC YCIOBHS ONPENENAIOTCH
HE TOJBLKO H3/Iyd4areJleM H NOTJOTHTEIEM, HO TaKKE H
B3aMMOJCHCTBHEM  CO  BCEMHM  OCTaIbHBIMM  06BEKTAMH
Bcenennoit). IToaroMy B TeueHHE BCEro NpOMEXyTKa BPEMEHH OT
M3JIy4CHHUS 0O IOTJIOLICHHA (POTOHA MO OTHOLIEHHIO K HEMY He
umeem QPU3UYECKOZ0 CMBICA 2060PUMb O npedmecmeylomux u
ROCAEOYIOULUX MCHOBEHUAX.

3ameTHM B CKOOKaX, YTO C KIACCHYECKOH TOYKH 3pEHHMS
CHTHAT M3TY4aeTCs B PA3NHYHBIX HANPABICHHAX HE3A6UCUMO OT
ero Oyaymell perucTpauMy B TOM HJIH HHOM MECTE HEpe3
COOTBCTCTBYIOLMC  IIPOMEXYTKM  BpEMEHM,  OTBEHAOLME
AJIMTEIBHOCTH €10 pacIpoCTPaHeHN A0 3TOro Mecta. boaee Toro,
KJacCcHdecKas TOYKa 3PEHMA BoOOIIE HE CBA3BIBAECT IPOLECC
H3JIYy4EHHSA C BO3MOXKHOH B OydylieM €ro PperucTpaumuei,
GOpMAIBHO TIpaHMuHBIE YCHOBHA Ha OCCKOHEUHOCTH U
HHANLHEIE YCNOBHA JUIi OECKOHEYHO JAIEKOro OyayLlero
NPUHUMAIOTCA HYICBBIMH (pEILEHHE ¢ ‘‘3aa3ibiBAIOMIMMH”
NOTCHLMATIAMH ).

C HoOBOH TOUKHM 3pean "MaKpOCKOIIMYECKHH" MpoLecce
H3IyYeHHsT HPEACTABIACT COOOH COBOKYIIHOCTH HEKOTOPOTO
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4HCJIA HENOKAILHBIX B NPOCTPaHCTBE M BpPEMEHM oOOacTei,
CBA3HIBAIOIIMX OJUH M- TOT K€ HCTOYHHK C MHOXECTBOM
pasnuuHbIX npHeMHHKOB. [l HAX KkpacBbie M (HHAIBHBIC
YCHOBHA OTJIMYHBI OT HYICBBIX (CHMMCTPHYHBICE PCIMCHMA C.
“3am1a3ABIBAIONIMME M “ONEPEXAIOIMMHE™ NOTCHUMAIAMH), H
MWL B PE3YNbTaTe YCPEOHEHMS IO BCEM TAKHM KBAHTaM
“onepexaomne”  PEIIEHHS |, B3@8HMHO  KOMHCHCHPYIOTCH.
ITpeacraBnenne 0 TpagHLMOHHOM MCTOYHHKE CHIHAJIA BOSHHKAET
JAHMIIL HA MAKPOCKOnu4eeKoM ypOBHE Onarongaps COBIAAEHHIO
Ha4YadbHBIX (HO pa3nuuuio PHHANBHBIX) YCIOBHH 18 GONBLIIOro
qUCIIa MUKPONPOYECCos. .

OTy KapTHHY MOXHO yIOJOOWTE ONHOBPEMEHHOMH
BEICAaAKE M3 NpHOBBINEro noe3na Gonpworo uucha monen. s
CiTyuaiHoro HabMIoAaTeNs 3TH IOAM XAaOTHYECKH PacXONATCH BO
BCEX BO3MOXXHBIX HAIPaBJICHHAX, TOIAAa KAK KaK KaKAbIH M3 HHX,
cneays COOCTBECHHBIM MapIIpyroM, OBIKETCH X HAMEYEHHOM
UEJIM, KOTOpYI0 M JOCTHIaeT, UpPeoAoneBas OIPEAEASHHOS
paccrosHHe 3a onpejgenenHoe gpemsa. He MeHee HHTEpecHa
o0parHad cHTyauus C IOCAAKOM Ha OTHPaBIAIOWMHACS NOe3nd.
30ece  O4YEHb  HAINAJHO  MPOABIACTCA  pasiHuHe  MEXAY
IIPOLECCAMH HA MEKPOYPOBHE H MaKpOYPOBHE.

ToyHO TaK Ke W AL YACTHLBI C JOCBETOBOH CKOPOCTBIO
pPEeAyKUUS BOJHOBOH (DYHKUMH M3 CMEIUAHHOTO COCTOAHHMA B
4HCTOE He MPOHCXOLHUT B KaKOH-1HOO Momenm Bpemenn. Taxas
penyKuMs mpeAcTaBiaseT coO0OH HeJOKajbHOE (KAK BO BPEMEHH,
TAK H B TPOCTPAHCTBE) HBICHHE, ONMpEACIAeMOe BCEH
COBOKYITHOCTHIO CBOMX Kpa€BBIX, HAYaJIBHBIX H (QHHATBHEIX
yenoBuit. B cBeTe pa3BMBacMbIX 35ECh MPEACTABACHUN O BPEMEHH
B pacmupsmlouleHcs * BecenrenHon WA IBYX  KBaHTOBO
CKOPPEMPOBAaHHBIX YaCTHIl, pa3lCTalOIWUXCI C JOCBETOBOM
CKOPOCTBIO, MONYYMM HEHMTO TOXOKES HA HWKECHEAYIOIHH
TpeyronbHuk  (puc.  6.3),  orpaHmuMBarommii  06JacTH
HEJIOKAIBHOCTH  O@HHOIO TpPOHEcca MEXAY HM30XPOHHBIMHE
ceucHusiMu parmycoB R m R+dR. Ilpm 3T0M B KaXKIOM
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EK3OXPOHHOM CEYECHHH MEXKAY 4YaCTHUAMH KODPPEISUHA MOXKET
06CCHC‘1HBaTbC5[ MCXaHHU3MOM, HOHOGHHM Mexannwy n3nyqunx
‘€O CBETOBOH CKOpOCTLlO PacipoCTPaHCHHA.

R+dR

Puc. 5.3.

[TosroMy KaprHa AMQPAKUHH 3IEKTPOHA 3BBHCHT OT
MOJIHOA KOHQUIypalyuy OI1biTa; I03TOMY HE MMEeT CMBICIIa caMa
MOCTaHOBKa BOIPOCa O KM3HM M cMepth Kowku Ulpeaunrepa B
"IPOMEXyTOUHBIE" MOMEHTE! BPEMEHH MEXAY cpabaTbiBaHHAMH
"kBaHTOBOH ruasoTHHBI". Ilo3ToMy ¢mu3mkam He cieayer
'3a00THTBCE O Hamuuuu Habmopartens (OBITE MOXET, CaMOro
locroga bora), a Takke O IPaBHJIBHOM Pa3sTPaHHYCHHH MEXKIY
"MHKPOCKONN4YECKHMU" H "MaKpOCKOIHMYECKHMMH" H3MEPHTE/b-
HbIMH Tipubopamu, 4TOOBI rapaHTHpPOBaTh KOJUIANIC BOJHOBOH
¢yHKkuMH B MOMEHT H3Mepenns. Msmepenue (mabmoacnne)
WIPaeT PoJib B TOUHOCTH B TOK MEPE, B KOTOPOI OHO caMmo 110 cebe
3amaeT (uHaIbHOE YCJIOBHE. EcCIM MMEHHO OHO crnocobHO
¢MKCHpOBaTh TapaMeTphl BOJNHOBOH OGYHKUMH, TO 3T0 M
MPOHCXOIUT; €CIIH Ke, HATPUMEP, NapaMETPEl M3MEPHTEILHOTO
yCTpOJCTBA HECOpa3sMepHHI MapamMeTpaM MHKpoIpouecca, JTubo
OHO (YCTpOHCTBO) JMIUB YcpeXHSET 3a)MKCHPOBAHHBIC HHBLIMH
o6CcToATENECTBAMH  PE3YABTATE MHOTHX MHMKPONPOLECCOB, TO
MOXKHO npeHeOpeus BIMAHHEM TAKOTO  H3MEPHTENHHOTO
ycTpoHCTBa/HAOMOACHM. Cam TPOLECC - H3MEPEHHA
npencrasiser co6oit Habop PHHATBEHEIX YCIOBHH, PUKCHPYIOLIAX
pE3yNbTaT U3IMEPEHNUS, ‘

[louemy  KBaHTOBasx  MEXaHMKa  ONCPHpPYET  C
BeposTHOCTAMH coOpTui? [louemy B mpocTedmux cirysasx oHa
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IPEANHCHIBACT BBIYUCIATh BEPOSITHOCTH B BUAC MHTEIPAJIOB TIO
BCEM - BO3MOXHBIM = KOMOMHAIMAM  (MHAIBHBIX  YCIOBHI
(ncxonoB)? OtBET Ha 3TOT BOMPOC, AOCTABHBIUMH ° CTOJBKO
rOJIOBHO¥ GONH HACONOTaM KBAHTOBOH (PH3HKH, ¢ MOCH TOYKH
3peHya TpusHaineH. CilydaHHOCTh He NPUCYILA NPHPOIE BEILCH
KaK TaKOBOH, 3TO IIPOCTO HAlll CHOCOO anocmepuopHoli OyeHKu
JOJIH ONpeNeICHHBIX HCXOJO0B IO OTHOLICHHIO K HOTHOH IpyIime
rcxonoB. HaskiBas HCXOA CAyuaIiHbIM, MBI YTBEPXJAEM JIMIIB TO,
YTO TMOJHAN MHGOPMALHSA O HEM ONPEACISETCS HE PaHEe MOMEHTa
(KOHLIa HHTepBaia BpeMEHH) €ro peanu3auui. Ecian ans uenoyuxx
JIOKAbHBIX BO BPEMEHH COOBITHMH MBI TEOPETHYECKH MOXEM
NpPEACKa3aTh HMCXOA MOCACHHHX H3 HHX HWIH CY3HTh KpYyr
BO3MOXHBIX MCXOZIOB, TO IJIfi HEJOKAJIbHBIX SABICHHH 3TO IO
ONpEeaeACHHIO HEBO3MOXKHO, M OCTA€TCA JIMIIb HCIONb3OBATh
BEPOATHOCTHBIC OLICHKH. ;

TakuM o00pa3oM, pe3yabTarhl KBAaHTOBOMEXAHMYECKHX
M3MEPEeHnH He MOTyT OBITH OJHO3HAYHO IPEACKA3aHBl MOTOMY H
TOJNBKO JIHIIB TOTOMY, 4YTO OJTH H3MEPEHHA CBA3AHBI C
HENOKATbHBIMU 60 8peMeHu. mpoleccaMH K TpeOyloT 3agaHus
¢uHaneHEIX ycmosui ! B Tex curyanmsx, Korga (pMHAIbHEIC
YCJIOBHS HE MOTYT OBITh OJJHO3HAYHO YKa3aHEI, HE MOXET HITH H
peun 06 OJHO3HAYHOM OIIMCAHHH PELICHHA, T.€. 00 0AHO3HAYHOM
npeackasanuu. Takum oOpasom, ciaydainpie coOwitmst (s
KOTODBIX MOXHO CHEJaTh JIMIUB BEPOATHOCTHBIE IIPEICKa3aHMHA)
no onpedenenuio COBNANAIOT C TAKMMM, KOTOphle TPeOYyIOT Ul
CBOCrO  OMHCaHMA - 3ajaHHA  (PHHAIBHBIX  YCIOBHH, T.€.
' ONPEACIAIOTCA B TOM 4MCIE M OyQyluyM, a HE TONBKO IPOILTEIM!

Hnes BpeMEHHOH HENOKAIBHOCTH IIO3BOJIAET TaK¥KeE
JAyYII€  TOHATh NpPUPOZXY OOCTOATENBCTBAZ, KOTOpOE, Kak
yka3eiBaeT W.IIpuroxkus, nano ocHoBauHue eumie A DIAMHITOHY
{14] 3aMeTHTB, YTO KBAHTOBBIC BEPONTHOCTH MOJYYAIOTCH HYyTEM
BBEICHMA .  JABYX CHMMETPHYHBIX CHCTEM BOJIH,
PacnpoCTPaHAIOMMXCS B MPOTHBONONOXKHBIX HANPAaBICHUAX IO
BpeMeHH. Towyno Tak *e B Teopum nois ofliee pelieHHe
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 BOJHOBOTO YPaBHEHMSA HapAAy C WIEHAMM C "3ala3AbiBaronMMu"
. MOTEHUHAJIaMH [IOMYCKaecT ClaraéMble C "ONEepeKArOUMMH"

HOTEHUHANAMH, H C  TOYKH  3PCHMA  OOILICIPHHATHIX
NpEACTaBICHMH O  BpeMEHH 3TO  BHI3BIBaeT  Oonpuime
NCHUXOJIOTHYECKHE TPYAHOCTH. ONHAKO C TOYKH 3pEHHS HOBOTO
NMOAX0Aa pe3yJbTaT UMEHHO TaKOB, KAKOTO U CIESAOBAIO OXKHAATH!
AB€ CHMMETPHYHBIE BO BPEMEHHM CHCTEMB! BOJH HO3BOJIAIOT
y4eCTh KaK Ha4ajdbHBIE, Tak K (QUHAIBHBIE YCIOBHA B
HEIOKANBHOM BpPEMEHHOH 00nacTH; B CIy4ac CTALHOHAPHBIX
COCTOSIHM} MHHUMBIC YaCTH (PYHKIMH IIPOCTO KOMIICHCHPYIOT APYT

" apyra;. OwinMHEHHOCTh - (OPMBI  COOTBETCTBYET TOMY, HYTO

HavyalbHbie H QHHAILHEIC YCIOBMSA ONPENESNAIOTCH IS DHEPIHH,
[IPONOPUHOHANBHON KBagpaTy aMIUIMTYbI BOJIHBL.

Ecnn Bgymatecs, T0 ¢opMmymHpoBka napagoxca OJIIP
OTpaXkaeT BCETro JIMIUb MPEACIbHBIN CiTyyail oflieii CHTyaluy C
KBaHTOBOMEXAHHYECKMMH OOBEKTaMM: BOJHOBAA (QYHKIMA TIO
OIIPEICICHHIO TPEACTABISCT CO0O0H LEAOCTHOE OIMHCAHHE AN
HEKOTOPO#H MPOCTPaHCTBEHHO-BPEMEHHOM obnacTn. O6bIUHO NpH
aHanuize OIIP-B3aumoOneiCTBHS pacCMaTpHBAIOT JHOIL €I0
NPOCTPAHCTBEHHLIA  ACMEKT, WIHOPHMPYS OFPaHHMYCHHMA BO
BPEMEHH, 4 OHH NPHHIMIHMATLHO CYMECTBYIOT. 3MECh CKOpee
MMEET MECTO NapaJoKC ICHXONOIMYECKHil: Cama e TeopHs
OTHOCHTEIILHOCTH TpebyeT B3aHMOCBA3aHHOTO y4era
APOCTPAHCTBEHHBIX M BPEMECHHBIX KOMIOHEHT, CBA3BIBAIOIINX 4-
MEpHBIE COOBITHS. v

B uacTHOCTH, nepesaBaTh COOOWICHHS CO CITHMILKOM
GoNBLIOH  (CBEPXCBETOBOM) CKOPOCTBIO 110 BHILEONMHCAHHOM
cxeme A.B.MOCKOBCKOTO0 HEBO3MOXKHO IIOTOMY, . YTO HEb3A
"MOIYIHpOBaTE" BO BPEMEHH HPOHEAYPY H3MEPECHHA COCTOSHHSA
YaCTHUBI CAUMMKOM Oonbuioll 4acTOTOH, IIOCKOJBKY Jo0as
yacTHUa 00JIaZiaeT BOJHOBBIMH CBOMCTBAMH H, COOTBETCTBEHHO,
de-Bpoiiresa wacmoma ee Konebawnuii Oonxcna bvimb eviue
MAKCUMATbHOU yacmomsl MOOYAAYuUuU, B IIPOTHBHOM CJIy4ae
rOBOpUTH O Ilepenade uHbopMammy He mnpuxoaurcs. Ilycrs,
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HalpHUMEp, pedb MOECT O MNapax KOTEPeHTHBIX (OTOHOB, A
KOTOPBIX NONSPH3ALMS M3MEPAETCH € HOMOIBIO (GUILTpOB. B
3ToM ciay4yae nepuol T MOAymTUpPYIOIIEH 4YacTobl 00ceH
NPEBOCXOMUTEL BpEMs npoiiera GoToHOM paccrosuus L Mexmy
HCTOYHHKOM H ACTCKTOPOM, HIOITOMY d0tcHo Goime T > Lic, 1.¢.
sbdexTrBHAL CKOPOCTH nepesavd HHQOPMAUHN HE MOKET OBITh
Gonpwe - BenwuMHB ¢. VHBIMH ClOBaMH, pa3icTarOIMEcs
KOT€PEHTHEIE (DOTOHBI B TEYSHHE BCErO NMPOMEXKYTKA BPEMEHH (8
NpOU36ONBHOU CUCMEMe Omcuema) OT MOMEHTA H3ITYMEHMS [0
MOMEHTa ACTCKTHPOBaHMA NIPEACTAaBIAIOT COO0H HENOKaIbHbIN HE
TONBKO B IPOCTPAHCTBE, HO M BO BpPeMEHHM aHcamOab. Jlroboe
IIPOMEXKYTOHHOE M3MEPEHHE (MM HOBBIH aKT M3Iy4CHHSA,
BIMSLIMH HA PE3Y/IbTaThl U3MEPEHHUS) ITOT aHcaMbip paspyimio
ObI, IIOPOJMB HOBHIC HaCTH4HBIE aHCAMONH, HE COCTABJAIOILIMC
nepoHadaiabHoro. TakuM 00pa3oM, KBaHTOBas MEXaHHKa caMa
- comepxuT B cebe orpaHMyeHHs (MEXaHH3M KOPPEISLHH BO
. BDEMCHH), KOTODPbHIC YCTPAHAIOT BO3MOJXHBIH, Ka3ajgoCch ObI,
TIapajioKC CBEPXCBETOBOTO B3aMMOAEHCTBHS B IPOCTPAHCTBE.
MOXHO NpennoIoXKNUTh, YTO YKa3aHHEM Ha MEXAHH3M
BPEMEHHON KOppeILMH ABASETCA H 3PPeKT “‘pacruibiBaHus”
BOJIHOBOI'O makeTa (cM., Hanpumep, [18]). HMcexoansM obpazom
_(BOJIHOBBIM MakeTOM) 111 biioxuHIEBa CyKuT rpaduk BOTHOBOI!
dYHKIIH ¢, OTIMYHOH 3aMETHBIM 00pa3oM OT Hyis (B HAYAIEHBIR
MOMEHT BPEMCEHH) JHIIb B OYECHb MAJIOW NPOCTPAHCTBCHHOM
obrmactn Ax. Taxkas QYHKUMS He COOTBETCTBYET HACAIBHOH
(To4YedHO) yacTHLE, BOMHOBas QYHKLHA KOTOPOH IIPEACTABIAET
co0O# IKCIIOHEHTY ¢ MHHMBIM TOKa3ateneM. Takas GyHKuus
COOTBETCIBYET, KAaK TIPAaBMIBHO YKa3wplBaeT biloxuHLEB, poro
KJIACCMYECKHX YaCTHI C HEHYJIEBBIMM CKOPOCTAMH, KOTODPBIH CO
BpEMEHEM  TaKKe pacIuieiBaeTcs. Ecim  pacemoTpers  He
MTHOBCHHYIO (poTOrpaguio pos, a COBOKYHHOCTh TPacKTOpHH
COCTaBIAIOIIMX €I0 YaCTHL, TO B KAMCOOM CEUYCHHM JICTKO
YBHACTh TEHACHUMIO pacIUApeHHs TpYOKH TpaekTopHil, T.e. -
MHCTHKM 3/I€Cb HHMKAaKOH HET — CHTyallHs OIpedenaerca He
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TOJILKO KOOPIMHATAMM, HO M HX HPOM3BOAHBIMH IO BPEMEHH.
Ecnyn npeamnonoxure, 4T0 MOAOOHOrO pona BOJIHOBasS (QyHKLMs
OTBEYaeT KOMIIIEKCY KBAHTOBO CKOPPEIHPOBAHHBIX YaCTHI], TO H3
npuBeneHusX B [ 18] dopmyn cieayer, 4ro pasmMeps! BOJHOBOIO
NaKeTa PacTyT COPa3MEPHO BPEMEHH PACIPOCTPAHEHHA NAKCTa,
T.€. YTO NIPOCTPAHCTBEHHAA U BPEMEHHAas HEMOKAIBHOCT ABJICHHA
B3aMMHO COTJIACOBAHBI ITO MOPAAKY BENHYHHBI (CM. pHC. 6.3)..

HCKniouuTeNbHO  CHMIITOMATHYEH  3aKTIOYHTEIILHBIH
npumep BrIOXMHIEBZ, B KOTOpPOM OOCyKiaercs, KaK ke
HCIIOJIb30BAaTh IONY4EHHEBIH pe3yabrar. B Tex ciydasx, Koraa
OTHOCHTENBHOE PACIUIBIBAHHE BOJIHOBOTO IaKkeTa Maio (T.e. B
SKCIIepUMEHTe He Habmopaercs), TO H XOpOWIO — MOMKHO
WTHOpPHPOBaTh. A BOT KOIIA4 OHO II0 pacyeraM HE Majo, TO
(roBopuT BIIOXMHIEB) aHANH3HPOBATh CHTYAlMIO CPEACTBAMH
KJIACCHYECKOM MEXaHMKM HENb3A. A Kak e MOCTYIHTh (CIIPOCHM
Mbl)? A Hafo NPHUMEHATh KOPPEKTHBIA KBaHTOBOMEXAHWYCCKHit
HOJXON, KOTODHIH He npednucvigaem BHIYHCIATH CTCICHB
PacCIUIBIBAHHS ~ YMO3DHTENBHOTO  BOJHOBOTO  Makera, @
npednucviéaem YIUTHIBATH HAYAIbHEIE, KOHEYHBIC M PAHHYHBIC
YCIOBHSA JUIA TPaBHABHOTC ONPEACICHMA BMIA BOJHOBOHA
QYHKUMH.

Ewme pa3 xoren 6b1 QbparnTs BHHMaHHE YMTATENs, YTO
NPE/UIOKEHHBI  MHOH Y4€T HEIOKAIbHOCTH BO BPEMEHH HE
CBA3aH C peallbHOH HIH TMIIOTETHUYECKOH 38071104Uell 60IHOB0U
@dyukyuu BOo Bpemenn. OH NO3BOJIET PEIINTL  APYTYIO
METONONOTHYECKYI0 3aJady — 3aMEHHTh HICK MZHO6EHHO20
Koananca CyNneprnosHUMH COCTOsHHH (K oZHOH H3 ee
COCTABISIONIMX) HA HICKO O TOM, 9TO0 CIOBO M2HOBEHHBLI BOOOLIE
HE MMEET CMBICIIA HAa 3TOM HPOMEXYTKE BPEMEHH Mexclly HAYaJIoOM
M KOHIIOM B3aHMOAEHCTBHA. ‘ .
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" 6. 0 HEOBPATUMOCTH

Kax rosopmitocs B camoM Hayaine paboTsl, B Hayke yke
naBHO oOCyKnaeTca TaK HasbiBacMag “‘cTpena  BpeMeHH”
(W.ITpuroxus [2] rOBOPHT O “napafokce BPEMEHH”), CBA3AHHAS C
HEOOPaTHMOCTBIO TIOAABJIAIOIIEr0 OOJBUIHHCTBA IPHPOJHBIX
ABJICHUA ¥ BTOPHIM HawaloMm tepMoxunamuku., C MoeH TOuYkH
3PEHH, 3aMEYaTeNbHO TTyOOKMi aHaimM3 (QH3NYECKHX aCIEKTOB
aroif mnpobnemel nan HepmaHo C.J[.Xakityn, B xuure [15]
KOTOpOrO IIPHBEACHA W HCUEpnBIBaOlias Oubmmorpadms. S
no3BoMO cebe B janbHEHIIEM M3NOKEHHH OrPaHHYHTHCA
CChUIKAMH JIMIUB Ha 3TH pxBE paGoTHI, ai TaKkKe Ha KHHTY
C Xoxunra [1]. o

6.1. HeoOpaTHMOCTDH M KOCMOJIOTHSA

OcranoBumcH BHa4ane Ha TaK Ha3BIBaeMOH
'KOCMON02MMeCKol  CTpelle BPEMEHH. B COOTBETCTBMH €O
CKa3aHHBIM B pa3felie 2, KOCMOJIOrHyYecKas Mojaep JHHITeiiHa-
®pHuaMaHa JOIYCKaeT TPH KJIACCa PEeliCHHH, OJHO M3 KOTOPhIX
ABHO BBIICIACT CTPELy BPEMEHM, OTBEHAIOIIYI0 HeoOpaTruMoMy
paciinpennto Bceenewnoi. Ilo kpaiHe# wMepe aas  Takoro
pellieHns HeobGpaTHMOCTh 3BONIOUHM  YCYTYONAercs CaMum
¢axrom poxaeHus Beenennoit, wnn Bonsworo B3priga. Bot uro
nyier asrop [2]: “Boasuwioit B3peiB MOXKHO paccMaTpHBaTh Kak
Heoﬁpamm,m NPOLECC B CAMOM HTO HH Ha €CTh YHCTOM BHze. B
CaMOM JeJne, YTO ModKer 61>m., Gonee Heo6pamM51M 4eM nporecc
‘mepexoja M3 “HMdero” (KBAaHTOBOTO BaKyyMa) B  Haly
Bcenennyio ¢ ee Matepueii-sHepruei?”,

B naHHOH KHHIe 8 MOMNBITAICA IIOKa3aTb, YTO CAMO BPEMA
KaK TaKOBO€ HEPA3pPBIBHO CBA3AHO C PEAIbHBIM HAIPaBICHHEM
u3MeneHns pagnyca Beenenno#. 3ameuy, uto ecnu Obl € pagnyc
YMEHBIIAJICA, BPEMA TEKIIO Obl B 06pamupio CTOPOHY, a €CIIH 3TOT
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. panMyC CTaHET NOCTOAHHEIM, BPEMSL OCTAHOBHTCA (3TO PEILAIOMICE
s HameH MOJENM  yTBEpXKIACHHE BpPAL JIM MOXeET ObITh
' TIPOBEPEHO JKCIEPUMEHTAIBLHO - BIIPOYEM, KaK TOBOPHICA B
OfHOH (MHCKOM NPHTYE O NBYX COCENAX M MX HECYACTBAX, KTO
* 3Haer). '

6.2. HeoOpaTumocTh ¥ TepMOANHAMNKA

PaccMOTpHM TEHepbs BONPOC O MEPMOOUHAMUYECKOH
crpene Bpemenu. Illpuroxwud [2] mnuwer: “Bropoe Hauamo
TEpMOINHAMHKH B TOM BHIE, Kak ero chopmynnposai Knaysuyc,

YTBEPXKIEHHE O TOM, YTO BCE INPOMCXOIALIHE B HPHPOIE
NIPOLECCH  BHI3BIBAIOT YBEIHYEHHE OJHTPOIIMM, OTHOCHTCH K
¢pusnko-xumuyeckuM npoueccaM. K 3TuM npoueccaMm OTHOCATCH
XMMHYECKHE PEaKkLMH, MEPEHOC TEIlIa HITH BellecTBa, Jupdysus
A T.0. Bce 3TH mpoueccsl yBEIMYHBAIOT HTPOIMIO H HE MOTYT
6BITh OMHCAHEI B TEPMHHAX OOPaTHMEIX IIpeobpazoBanmil, KaK B
npumepe ¢ KonebaHuamu MasTHEKA. Kakpas Xumuueckas
peaKiis YCTaHaBIHBACT HEKOTOPOE Pa3iIn4MeE MEXKTY IPOLLIBIM H
OyayluM: OHa SBOJIOUHOHMPYET K PAaBHOBECHOMY.COCTOSHHMIO,
KOTOpPOE  JO/DKHO  CYyIIECTBOBaTh B  HamieM  Oymymem.
AnanornuneiM - 06pa3oM B M30JMPOBAHHON CHCTEeMe Bce
HEOAHOPOIHOCTH pacnpesielIeHNs TEMIIEPaTyphbl CriIaXXHBalOTCA, H
B OyaylleM paclpeiesicHHE CTaHOBHTCH OXHOPOAHEIM. Taxkmm
00pa3oM, 3BONTIOLHA 00peTaeT BeChMa OrpaHUICHHbIH CMBICIT: OHa
NPHBOJNT K HCYE3HOBEHHUIO NIOPOXKIAIOMHX €€ IIPHIHK

“IIpobnema HeoOpaTHMOCTH TPOCTA O (bopMmepOBKe
Kax ¢u3nka ssiserca GyHIaMEHTOM €CTECTBO3HAHHA, TaK H CaMa
¢usuka noxowurcs -Ha Mexannke Heroorora-I'ammisTona.” Ho
ypaBHEHHS MEXAHHKM CHMMETPHYHBI BO BPEMEHH, €€ MHDP
obparnM, TOraa KaK pealpHBIC IPOLECCH HEOOpaTHME”,
ormeuaercs B [15] (peus wmmeT O 3aMKHYTBIX (QHM3HYECKHMX
CHCTEMAX).
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IIpurosxux, KOTOPBIH ABJASETCA BBIIAIOLIMMCA
COBPEMEHHBIM CHELHATHCTOM B 00JaCTH (PM3MKM HEOOPATHMBIX
npoueccos, B pabore [2] mnomerTaics TNPEOAONETL  3TO
GbyHaamMeHTanbHOE NPOTHBOPEYIHE 3a CHET MCIOIB30BaHUA Goee
“Goraroro” (ueM mpocTpancTBO ['Mapbepra) mpoCTpaHCTBA
GYHKUHMIA, ONMCHIBAIOIMX KBAHTOBOMEXAHHYECKYIO 3BOJIIOLHIO
COCTOSHMH. B MCronb3yeMOH MM MOJEIH K JCHCTBHTEIBHOM
9aCTH ITOKa3aTelis . 3KCIOHCHUMAIBHOIO MHOXHTENS A00aBAsSETCS
~MWIH BBIMHMTACTCA (B 3aBHCHMOCTH OT 3HaKa BPEMEHH) Maias
MHHMas 4acTh, YTO ABTOMATHYECKH TO3BOJSICT BHECTH PasiiMyuMe
MEXAy Hpowutbiv M Oymymmm. Opsaxo XaiTyH CIpaBemMBO
YKa3bIBacT Ha IIPOM3BOJBHOCTh TaKOH MOIMOHKALMHM PELICHMS, .
€CJIM HCXOAHBIC YPAaBHCHHA OCTAIOTCA HEH3MCHHBIMH.

~ Bomee roro, asrop [15] yOenHTeNbHO ROKa3BIBET, YTO
oOIHOCTE  NOHMMaHHsA  npobiembl  HeoOpaTHMOCTH W
OPEACTaBJICHUA O €€ pCHICHWH Yy KpylnHeHmux (U3HKOB H
MaTeMaTHkoB Mupa 19-ro u 20-ro croneruit spnsercs mugom. Mx
B3rDLABI 334aCTYIO 3HAYHTEIBHO PACXOMATCA, @ TO, B YEM MHOTHE
M3 HHMX €AMHOAYIUHBI, OCHOBHIBACTCS HA NPHHLMITHAILHEHIIHX |
ownbkax. Baxuelimas n Hanbosee THIHYHAA U3 HHX COCTOHT B
HOJIy4eHHH * HeoOpaTHMBIX ypaBHEHMH M3 OOpaTHMBIX IyreMm
HEABHOTO OTOPAacEIBAHHA OJHON M3 ABYX aIbTEPHATHBHBIX BETBEH
pa3BHTHA NPOLECCa WM  SBICHMA. XalTyH = Hepeduciaser
OCHOBHBIC HAIIPABJICHHS CTATHCTHYECKOH TEOPHM HEOOpaTHMBIX
TIPOLIECCOB M MOKa3blBaeT, 4TO YEThIpE M3 HHX (KMHETHYECKas
TeOopHsl, Teopus (uyKTyauuH, 3profgMyeckas TEOPHA M TEOPHS
o6paTuMOro AMHAMHYECKOI'O Xa0ca) TeCHEHIuHM obpasoM
CBA33HEl ¢ MexaHHkoH ' [ammwibTOHa W He MOryr ¢H
IPOTHBOPEYMTD, & 3HAUMT, HE MOTYT IIPHBECTH K a7ICKBaTHOMY
onMcaHu HeoOparTHMblX Hpoueccos. IIgaroe k¢ HampaBleHHE —
CMHEPTETHKA — HM3y4alolas HeoOpaTHMBIH AHHAMHYECKHI Xaoc,
HATIPOTHB, ABJIACTCS CYUICCTBEHHO. HEaMHIBTOHOBOM H IO3TOMY
HE MOXET OBITh BBIBEICHA B KaueCTBE CJCACTBHA M3 IMHAMHKH
3aMKHYTBIX cHcreM. Eme pas noBrtopio, uto asrop paborsr [15]
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NOApOGHO HMCCleAyeT TIPAKTHYECKH BCE M3BECTHBIC JIMHHMH
TONAYYCHHA - HEOGPATUMEIX COOTHOLIEHHH M KOKIBIA  pa3
YKa3bIBa€T TO KOHKPETHOE MECTO, T/I€ AOTYILEHA TIOTHYECKAA HilH
MaTeMaTh4ecKas omuoKa. -

6.3. HeoOpaTnmocTh ¥ Heynpyrue B3auMOAeHCTBHS

Baxnelmmm uzaeliHplM nHyHkTOM MOHorpadmu  [15]
apuserca  oOpaimeHne K  (GOPMYIHpOBKE BTOPOro Hayala
TEPMOAMHAMUKH, HaHHOH BmibgimMoM ToMmcoHOM, cormacHo
KOTOpO#t B XO0ze HEOOpATHMBIX HPOLECCOB MPOHMCXOINT
JMCCHITAUHS MEXaHHYCCKOH JHEpruu. IIpy TakoM NOHHMaHUM
HMCHHO OUCCUNAYUA IHEPIUU REAREMCA  HeoOXO00UMBIM U
docmamounsim ycioeuem neobpamumocmu npouecca. XanTyH
aneanupyer k kmaccuueckuM (boapiMan, I'mb66c) MbICHCHHBIM
ONBITaM C paciLIBIBAHHEM ras3a 1apoB . (BCAEACTBHE CTPOTO
YOPYTHX COYZapeHH#) M3 yrija 1o BceMy OOBEMY COCyAa HIIH
pacIUIBIBAHHEM KaIUTM KPAacHTENA B HPO3PayHOM HECHKHMMAEMOH
AKHIKOCTH M YTBEPHKAACT, YTO B OTCYTCTBHE AHCCHIIALMH SHEPTHH
‘06a 31H mpouecca 0GpaTHMBL.

S TaxKe pa3’meNAi0 AAHHOE YOeXKICHHE M OyMal, HTO
HEOOXOAMM TINATENBHBIH TEOPETHYCCKHI H IKCHEPHMEHTAILHBIN
aHanM3 MpeICTaBICHMH O  Heynpyzom e3aumodeiicmeuu
MUKPOOObEKmog, hu3nuuecKas CyIHOCTh KOTOPOro ¥ ABIACTCH
KII0YOM K TIOHMMAHHIO M IPOMCXOXACHHIO HEOOPaTHMOCTH.
Pemenne mapanokca TEIIOBOH HEOOpaTHMMOCTH s NpeIarao
HCKaTh B CHTYaLl#H, KOT'Jla YPaBHEHHS I'aMUJILTOHOBOH MCXaHHMKH
He NOAHOCMbI0 ONPENCIAIOT (QHU3HYCCKYIO. CHTYALHIO, T.C.
JOIyCKaloT Qoyee OXHOro pemeHud. B arom  ciaydae
HONOJIHUTENbHBIE . daxTop, AEHCTBYIOIHH mpu
MMKpOB3aHMONEHCTBMH, MOT OBl MMETb M BEPOSTHOCTHYIO
IPHPOAY, YTO CHAIO OB KaXKyWleecs IPOTHBOPEYHE.

Bo3MOXHBI M CHTyallMH, HE ONKCBHIBACMBIC OJXHO3HAYHO
raMWiIbTOHOBOM Mexanukoit? Jla, Bo3MoxHBI. M3BecTHO, B
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4acTHOCTH, YTO INpH YIPYyroM coymapeHun OGonee uem AByX
TOYEHHBIX YaCTHI, 3aKOHB!I COXPAHEHHMs (DHEPTMH, MMITYJIBCA H-
MOMEHTa HMIIYIbCa) [Naf0T MCHBIUEE YHCIO YPaBHEHHH, -4eM
Tpebyercs I OMHO3HAYHOTO HAXOXKACHHA BCEX CKOPOCTEH.
Bmecte ¢ TeM 1noaoOHBIE TpPYNIOBBIC COYZApEHHs KpaiHe
MaJIOBEPOATHBI, MO3TOMY B CIIy4ae YHpPP2020 B3aUMOIACHCTBHA
CYILECTBEHHOH poJM Hrpars He Moryr. OxgHako B ciyyae
Heynpyeo20 B3aMMOICHCTBHA A0, KAK MHE KaXKeTCA, 0OCTOMT
HHa4Yes ' :
Korga rosopsT 0 HEYIpyrom cOyIapeHHH MaKpOOOBEKTOB,
IIPHBJICKAIOTCS TIPEACTaBICHHS 00 3HEpruM aedopMmamum Tex u
T, OpHako B ciydae MHKPOOOBEKTOB MbI HE MOXKEM
HUTHOPHPOBaTh  TEIUIOBOTO  3JIEKTPOMAarHMTHOIO  M3JIyYCHHS,
BCErJa INPHCYTCTByIOIEro B 00BeMe, TIA€ IHPOHCXOAMT
Terionepenada. Ilpu  HeynpyromM COymapeHHH HPOHMCXOIMT
HEPEeCTPOHKA MOJEKYA M arOMOB, INIPH 3TOM HCIIYyCKAaIOTCH H
nornomarrcs  Temiossie  poronsl. Ho 310 o03Hauaer, urto
dakTHUECKM B Heynpyzom B3aHMOACHCTBHH BCETHa y4acTByeT
Oonee O0gyx uacTHll, MOCKOJIBKY (DOTOH NPAKTHYECKH ABJAETCH
JHIT  HPOMENCYMOYHBIM HOCHTENEM H30BITOYHOH SHEPruM M
uMIynscal

C TOYKM . 3pEHMs  KIaCCHYECKHX  MpeACTaBICHHH
HeoOPaTHMOCTh BO3HHKACT MPH HEYNPYTHX COYAApPEHMAX YKE 3a
CYET TOTO, YTO KHHETHYECKAs SHEPrHA Pa3/ICTAIOIIMXCH YACTUL
BCETAA CTPOTO MEHbINE MX CYyMMAapHON DHEPruH IO COyAapeHHs.
Opnaxko ¢ KBAaHTOBOW TOYKH 3PEHHS DPABHOBEPOSTHEI Kak
H3JIyYCHHE, TaK W MOINIOWIEHHE (POTOHA, HOITOMY “‘NeMOH
HeOOpaTMMOCTH” ChpsATaH He 31eCh. B IeHCTBHTEIBHOCTH
HeoOpaTHMOCTE  CBf3aHA. C  TEM, 4YTO  AOMOJHMTEIBLHO
“BOBJICKACMBIC” B COYIapEHHE 4acTULBl BHIOMpaoTcs GOTOHOM-
NOCPEAHKKOM abCOMOTHO “cirydaitHo”. IMEHHO aKT M3NyYCHHS H
NOTJIOIEHNST (POTOHA TO3BONAET, KaK MHE KAKETCHA, NPHUPOME
3aJeHCTBOBAaTh BEPOATHOCTHBIM MEXaHH3M B3aUMOJCHCTBHSA Ha
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Bo BcakoM cmydae, MeXaHM3M, NPHBOIAIUHH K
yCTaHOBneHmo paBHOBeCHA M (QOPMHPYIOIUHA “SHTPONHIAHYIO”
. CTpeNny BPEMEHH, ¢ HeOOXOAMMOCTBIO JIODKEH OBITh OMpeneieH
| ywe Ha Mukpoypoene. TouHO Taxk Xe¢ M 6uonoZuUuecKas
MaKpPOJBOJIOLHA, BBACIAIOWAN “aHTHIHTPOTIMHHYIO”  CTpery
BPEMCHH, MOXET HMETh MECTO TOJILKO B TOM CIIydae€, KOraa B €€
OCHOBE  3@IO0XKEH COOTBETCTBYIOLIH HEr3HTPONHHHBIH
MHMKPOMEXaHu3M. BepoaTHOCTHOE omucanue moboro npouecca B
KOHEYHOM CYETE BCErO JIMIIL YCTAHABIMBACT €0 MHTEIPajbHBIC
XapaKTepHCTHKH, TOrAa Kak CyThb SBJICHHA € HEOOXOIMMOCTBIO -
06yCIOBICHA CBOMCTBAMHE 3EMEHTAPHBIX. €10 COCTABJISIOLIMX.

6.4. CBﬂBb MEKAY KOCMOJI0TMYecKOl ¥ TePpMOAHHAMHYECKOK
HEOOpaTHMOCTHIO

B OTHOLIEHMM IIPOLECCOB, CBA3AHHBIX C OUCCHOALHME
MEXaHHYECKOH dHepruu, XaHTyH CYHTaeT HEBO3MOXKHBIM
IIOCTPOUTL KOPPEKTHYIO TEPMOIMHAMHYECKYIO TCOPHIO HA OCHOBE
3aKOHOB I'aMMJIBTOHOBOH Mexauuku. OH, B 4aCTHOCTH, OTKJIOHSIET
BO3MOXHOCTh (nzelo0 Ko3swipesa) paccMmaTpuBaTth BCeleHHYIO B
LICJIOM B Ka9€CTBE CHCTEMBbI, B KOTOPO# HE BBINOJIHSUICA OBl 3aKOH
COXpaHeHHA JHeprud. Kaxk mNOHAN uyHTaTeNnb M3 YTCHHUA
NpPEALIAYHIEro MaTepualla, MOS TOYKa 3PEHHA HA 3TOT . TE3HC
NPSAMO HPOTHBOIIOJNOMNHA, YTO MO3BOJNAET HAMETHTH NOJAXOH K
pewmicHHIO, npobneMsl  MIOGAILHOH — TEPMOAMHAMHYECKOH
nHeoOparumocTu. Bosee Toro, s yeepen, uro BoOOmE mobas
IOMNBITKA [MOCTPOHTH TEOPHIO, NPHBOIAILYI0 K HeoOpaTHMOCTH,
SKBHUBAICHTHA YTBEPKICHHIO O HEOZHOPOAHOCTH BPEMEHH
OTHOCHTEIbHO 3aKOHOB 3TOH TEOPHMHM M TE€M CaMbiM O3HAYaCT M
HECOXPAHEHHE SHEPTHH.

TIpy BEIYMCIGHMH JHTPOIMH CHCTEMbi PacCMaTpPHBACTCH
pacnpelc/iCHHE  3IEMEHTOB TOJCHCTEMBl 1O 3Hepruu. Ecium
CUMTATE MHHHMAJLHO  BO3MOXHYIO  “HOPHMIO”  DHEPTHH
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HEM3MEHHOH, TO YBEIHYCHHE CyMMapHOH 3Hepruu BceenenHoit (B
COOTBETCTBHH C HPEUIOKEHHOH MHOIO CHCTEMOH IpPEACTaBICHHIHA)
C TECYECHHEM BPEMCHH YBCIHYHMBACT M MHOKECTBO BO3MOKHBIX
‘BApHAHTOB pPACIPEAECNCHHs 110 OJHEPrUsM, T.€. YMEHBIAeT
BEPOATHOCTh KaXK/JOI'0 OTACIBHOTO COCTOAHHS,

- TMoscnio 310 ¢ MOMOWBIO €IE ONHOM JKENE3HOLOPOXKHOM
anaiornd. [IpeanonoxkuM, 4TO BYEepa YIPOM ONPEIEIEHHOE
YHCIIO0 MacCaKHPOB. AOMKHO OBLIO Pa3sMECTHTHCHA HO OJHOMY B
KyIie noe3fa, NpHYeM HYMCIO0 Kyne OONbIle YHCia IacCaXKHpoB.
Cocrospuimiics BapHaHT pPa3MELIEHHA TACCAXXKHPOB HMEET
ONPEACTICHHYIO BEPOATHOCTb, KOTOPYIO HECIOXKHO PACCUMTATS.
Jlanec mpeanonokuM, uTo Ha CIEAYIOMWEE YTPO (CEromHa) HCIOo
TIaCCaXXHPOB  OCTAIOCh TE€M K€, HO OBLUT NOHaH IMOe3x ¢
YBCJIIMYCHHBIM YHCIOM Kynie. B 3TOM cifydae KOHKpETHRIH
BapHaHT CErOJHALIHETO Pa3MELICHHS TTACCaXXHPOB I10 Kyme Oyner
MMETh MEHBIIYIO BEPOSTHOCTh OTHOCHTENBHO BCEX BO3MOXKHBIX
. (ceroamsi) BapHaHTOB, YeM BYEpALIHWH BapHaHT.

Crnexyer OTMeTHTB, HTG YBEIMYEHHC MACCHI H 3JHCPIHH
NOKOSL B MNPCATONKEHHOW MOZenr HUKOHM . ofpasom me
IPOHCXOAHT paBHOMEpHO Mo oOvemy Bceenennoit. HaoGopor,
OCHOBHOM NPHPOCT MacChl H JHEPIrMH CBA3aH C MECTaMH
JOKaU3AUUU MAMEPUATOHBIX men. Iockonexy
OMHOCUMENBRBIR POCT MacChl ONPECIACTCA TOIBKO BO3PacTOM
Bceenennoit, to ueM Ooiblie Macca Tena, Tem  Oonpuie ee
abconromnupii  nipupocT. [loaToMy OCHOBHBIMM HCTOUYHHMKAMH
MOTOKOB 3HEPrHH W HCIIHTPONMHM BO BceneHHOH sBafgioTCA
MacCUBHBIC 3Be3abl. OO0 9TOM KE CBHACTEIBCTBYIOT H,
acTPOMM3INIECKHE HaHHBIE - MOIIHOCTh H3IY4CHHA GONBIIHHCTBA
3Be3/] NPONOPUHOHAIIBHA YETBEPTOH CTEIIEHH X MacCHI.

Takum o00pa3oM, -HaJIMYHE KOCMONOIMYECKOM CTpensl
BPEMCHH 00YCIOBIMBACT yMeHbueHUue  ° DHTPOIHH
pacmmpsiouteics Bcexennoit. Ona (3uTpomns) yOmBaer, a
3HAYMT, HMMCEET MeCTo (paxTop, CIOCOOCTBYIOWIMA BHECCHHIO
aCHMMETPHH B HadatbHele/QuHANBHBIC ycnoBus. Ho 9to ¢
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HEOOXOAMMOCTBIO Bie4eT 3a co00# peakuMio - BOCCTAHOBICHHE
CHUMMETpPHH, NPOLECC pelaKCallHH, CBA3aHHbIH c anddys3ued B
NPOCTPAHCTBE KOOPAMHAT W/WJIM CKOPOCTEH; HallOMHMM, YTO
peumieHue AWGQQPY3HOHHOrO ypPaBHEHMS BCErja IOPOKAACT

. Iepexoj OT MEHEE BEPOATHOTO COCTOSHMSA K 0oyec BEpOATHOMY,

"OT HECHMMMETPHYHOTO COCTOSHHA K CHMMETPHYHOMY Kak B

MpPOCTPaHCTBe (HaNpHMep, pacIuIbIBAaHHME ra3oBoro - muieiiga or
JIETAIIEr0 CaMoJieTa), TaKk M BO BPEMEHM (BHIPaBHHBAHHE
Temrepatyp). Tako# Mpouecc M NPUBOAMT B COOTBETCTBYIOLIMX
ciydasx K (COpPOBOLUPOBAHHOMY) POCTY IHTPONHH € TEYCHHEM
KOCMOJIOTHYECKOTO  BPEMEHH. OTOT POCT  3HTPOIIHH  HE
NPOTHBOPEUMT CHMMETPHH YPABHCHHH MEXaHMKH OTHOCHTEIBHO
3HaKa BPEMEHH, MOCKOJIBKY HECHMMETDHA BHOCUTCH GHeEWHUM
(3a cuer xocmoorun) oOpa3oM B HavaubHbIE/GUHANIBHEIE H/WIN
KpaeBble YCIOBHA. bonee TOro, oM 6 mpuniune ne modxcem
npee30iimu YMCHBLICHHE YTPONHH, BHI3BAHHOE 3THM ITOCIICIHHM
tdaxTopoM - B KpaiiHeM ciy4ae, JIMIIb CKOMIIEHCHPOBATD €T0.

6.5. C.XOKHHTI 0 NCHX0/10rH1€eCKOil cTpee BpeMeHH
i s

YTo  Ke  Kacaercs  COBNANEHHA  HATIPAaBICHMI
TEPMOAMHAMHUYECKOH CTPENBI C ncuxonozu4eckol, To B odmem
MOHO COTIacHThCH ¢ aprymentamueii C.Xoxunra [1], uurary u3
KHHUI'M KOTOPOTO 5 C YIOBOJILCTBHEM BOCIPOH3BOXKY: "SI noxaxy,
9TO TICHXOJIOTNYeCcKas cTpena ONpeAeseTCS
TEpMOJHHAMHUECKOH M 00e 3TH  CTpelasl  HanpaBieHB!
OJMHAKOBO... MHE KaXeTcs BIIOJIHE JIOFHYHBIM IIPERNIONOXKHTD,
YTO H Y KOMIBIOTEPOB, H Y JIFOJEH NICHXONOrN4ecKas CTpena oaHa
4 1a xe. Eciu O 210 OBUIO HE Tak, TO, HMEA KOMIILIOTED,
KOTOPBIH MOMHHJI ObI 3aBTPAIHHI KypC aKUMH, MOXKHO ObLIO ObI
IOpekpacHo urpark Ha Oumpxe.. ([dna 3anomMuHanus)... Hago

- 3aTPATHTh HEKOTOPOE KOJHYECTBO 3HEPrHM... IJTa DHEPrHA

Hepeijer B TEIUIO H TEM CaMbIM YBEIHYHT CTEneHb Gecropsaaka
BO Bcenennoit. MoxkHO 10Ka3ars, YTO 3TO YBEIHYCHHE
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Gecriopsinka Oyner Bcerna Gonbie, HeM YNOPSIOYECHHE CaMOH
HaMATH. HeobxoanmocTts OXJIaXACHUA KOMIIBIOTEpA
BCHTHJITOPDOM TOBOPHT O TOM, 4TO, KOIZa KOMIILIOTEP
3aIMCBIBAaET YTO-TO B TaMATh, 001Mi Gecriopsaaok Bo Beenennoi
BCC-TAKH yBeldMuuBacTci. HanpasieHHe BpEMEHH, B KOTOPOM
KOMIBIOTEp 32[OMHHAET NPOIUIOE, OKAa3bIBAETCA TEM e, B
xoTopoM pacrer Gecnopsinox.” Mrak, y nemona MakcBenna Her
HHKAKHX [IaHCOB!
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7. 3AKIIOYEHHE

Hacrano BpeMs noaBecTH HEKOTOPbIE HTOTH, KOTOPEIE,
BO3MOJXKHO, IPEACTABAT HEKOTOPLIH HHTEPEC HE TOIBKO A TOTO,
KTO MYXCCTBEHHO JIOYMTa] KHHMTY O 3TOTO MECTa, HO M I
HETEPNETMBOTO YWTATENS, CPasy 3arVIAHYBIIETO B e¢ KOHEll (aBTOp
¥ CaM TaK MHOTAA IIOCTYTaeT). ‘

TIpexue Bcero, s XOTEN Obl CO BCEH ONPENENEHHOCTBIO
3aABHTh, YTO HHM pa3sBHUTHE COBPEMEHHOM (u3mkm Boobuie, HH
HIOEH, JeXalMe B OCHOBE JaHHOM paboThl, HEBO3MOXHO
npeacraBurs cebe Oe3 cneumansHOW M o0mEH TeopuH
OTHOCHMTENBHOCTH Anpbepra DHHIITEHHA, NEPBBIM NPHIICIUIErO
K  KOHUSMIHM  €OUHOTO  MPOCTPAHCTBEHHO-BPEMECHHOTO
KOHTHHYYMa, TEOMETPHS KOTOPOTo B OOWIEM CIy4ae MOKET OBITh
HedBKIMAOBOH. Tem, k10 nan cebe Tpyn NpouecTs HAMHMCAHHOE
BHILIE, MOHATHO, YTO B 3TOM CMBICIE IJaHHas paboTa sBIAETCH
MIONBITKOH Pa3BHTHA, HEKOTOPOTO NMEPEOCMBICIICHHS, HO YK HHKaK
HE OTPHLAHHA WIH ONPOBEP)KEHHA TECOPHH OTHOCHTEILHOCTH.

EnBa s B Hauaje 21-ro Beka HaMneTcs KOHCEPBATOP OT
HAyKH, KOTOpPHIH B IIPHHLMIE HE AOIYCKal Obl BO3MOXHOCTH
Kaxo#i-nmu6o Momudukaumn wim pesmsun CTO u OTO. B
Ka4ECTBE M3BECTHOFO MHE IpUMEpa NomeITKH 06obmenns OTO
COLLLTIOCH, HanpHMep, Ha [16]. Bonpoc 3axiarogaercs, OY4EBHIIHO,
JMIIb B TOM, JAOCTO}HA IM BHUMAHHA T2 WIH HHAas KOHKPETHaA
IOTBITKA caedaTh 310, CTano yke TpaguIMCH, YTO KAMKIBIH

. OPETCHACHT 3aIINILACT CBOXO KOHUECIIMIO II0 TAKHM KPHTCPHAM,

KaK COIJIacHe B MEPBOM MPHOIIKEHHH ¢ H3BECTHBIMH (akTaMu,
06oCHOBaHHAA KPHTHKA OOIICHPHHATON IapaiurMel, OObICHEHHE
HEOOBACHEHHBIX M NIPEICKa3aHHE HOBBIX ABICHUN.

YwuraTens MOeH KHHIM JOJDKEH OBUI 3aMETHTh, 4YTO
npelaraeMpl¢ B HEH  HACHM B IIEPBOM  NPHOIMXEHHH
HEHCTBHTENBHO COOTBETCTBYIOT HIeAM DHHIITEHHA M JaKe, Kak i -
BBILIE OTMETWI, HE MOIIH Obl OBITh HaiieHB 0€3 OCMBICACHHUS
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TIOJIOKEHUH TCOPHH OTHOCHTEIBHOCTH. YTO K€ KacaeTcsi KpHTHKH
OOImIECIIPHHATON APaANIMBbl, TO 51, KaK aBTOP, H0JDKCH CO3HATHCS B
HECOMHEHHOH J€P30CTH, - TOCKOJAbKY IOABEPT PEBH3HH TaKue
HETPHKACacMble JOTMAaThl, KaK IPHHLUUI OTHOCHTEIBLHOCTH,
NPHHIHIT OKBHBAJICHTHOCTH M 3aKOH COXD2HEHMS 3HEPrHH.
Tonpo6yro onpasiarscs.

- IIpHHIMIT OTHOCHTENBPHOCTH SABIAETCH OYEHL KPACHBEIM
MaTeMaTHYECKUM TPHHUMIIOM, ACKIAPHPYIOIMM paBHONPABHE
cucteM  orcyera. Ou3HYECKHH Ke CMBICI 3TOr0 TNPUHLHUIA
AOIDKEH 0OBACHATECA MO0 Boieit Co3parenst, KOTOPOMY BaXHO,
4TO0Bl B €r0 BIAJCHHAX LAPHIA JCMOKPATHA MO0 OTHOUIEHHIO KO
BCEM BO3MOXHBIM Habmozaremsiv, aubo Kakum-nubo eiwe
9K30THYECKMM 00pa3oM, 9TO [J€daeT 3TOT CaMblii HPUHLMI
AOCTATOYHO YA3BHMBIM JJI KDHTHKH. B3aMeH MHOM npeanoxeHa
HarIfAHas TICOMETPHYECKAsds MOOeNb, B KOTOPOil NpMHUIMI
OTHOCHTEILHOCTH CBOAMTCA K INPHOIMKCHHOMY BBHIIOIHEHHIO
reopembl  [Tudaropa g  AOCTATOMHO  MalbiX  BEIHYHMH
abCoMOTHOH CKOPOCTH MO OTHOULICHHIO K BBHIACICHHOM CHCTEME
0TCYETa, KOTOPas CYLIECTBYET B 1000 TOUKE MPOCTPAHCTBA.

IlpyHunn  SKBHBAJICHTHOCTH  OWHIUTEHHA  ABIAETCH
TEOPETHHYCCKMM HOCTYIaTOM, OCHOBAHHBIM Ha IMITHPHYECKOM
daxre HPONOPLMOHATBEHOCTH TI'DABUTALUMOHHON M MHEPTHOMH
maccel. OHAKO 3TOT NPHHIIHIL, KAK % MOMBITAICH TIOKa3aTh BHILIE,
HEABHO OasHpyeTcs eme Ha OJHOH MpeAnoChUIKE, KOTOpas
COCTOHMT B MCIONB30BAHMH NPEICTABICHMH MEXaHHKH TOUEHHOH
yacTHubsl. HHBIMM  cnOBaMM, IpPHHUOHN  DKHBAJICHTHOCTH,
MCIIOJIB3YIOIHH MICIO JIOKATEHO OAHOPOJHOrO HOJS, CIPABEAIHB
TONBKO Juia o0JacTH  IPOCTPAHCTBA, pPa3MEpPHl  KOTOPOii
CYIECTBCHHO GONMbLIE, YeM COGCTBEHHBIE pa3Mepsl YACTHIIHI,
NOMEIICHHOH B TIONE€ BHEMIHEro HcrouHnka. Ecam ke
rpaBUTALMOHHBIH paguyc NpoOHOro Tena OIM30K 1O BETHYHHE K
pasmepy o0nacTH, B KOTOPOH JIOKAIM30BAHO IIOJE BHEUIHETO
HCTOYHMKA, TO HEOOXODMMO HCHOJB30BaTh 00Jiee MOLIHBIH
HOHSTHAHBIA W MATEMATHICCKUH YPOBCHb MEXAHHKU CIUIOIUHOH
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cpensl. Kpaiine Ba)HO, 4TO MBI CTAJIKHBAEMCA MMEHHO C TaKOM
CHTyalMe€H B-[BYX IPOTHBOMOJOMXHBIX NPEACHBHBIX CIydasx -
IIpH. paccMOTpEeHHH BceneHHOH B UEIOM HM B 3aj4adax
IpaBMTalHOHHOTO KOJLIANCA.

. YueT BAMAHMA COOCTBEHHOIO TIPaBHTALHOHHOIO MONA
MaTEepHaNbHBIX TET IPOH3BOAMTCA HYTEM HEIOCPEACTBEHHOH W
OTKPBITOH JISrAIM3aLHH CTATHYECKOTO NABJICHHS IPaBHTHPYIOMLEH
MaTEpHH, YTO NPaKTHIECKH PABHOCHIBHO BBCICHHIO B YPABHEHHS
OWHWITE}HHA . 3HAMEHHTOH  KOCMOJOTMYECKOH  IIOCTOSHHOH.
Brijaromymes pe3ynsTaToM Takoi MOIuMHKALUKY YPaBHCHHHA s
HECTALMOHAPHOIO Ciy4yas OKa3blBaeTCs IIOSBICHHE HOBOIO
3aMEYATEIBHOr0. PELICHUN, KOTOPOE IPAKTHYECKH MO3BOJIACT
oTOXAecTBUTE (u3nyeckoe Bpems ¢ sBomounnel paadyca
KpuBu3HBI BceneHHOH, a IUIOTHOCTB MATe€pHH - C CaMoi
BEJIMIMHOH 3TOr0 pagumyca. Ho BeiCOKa M miara 3a HOBOE
PELICHHE - B HEM Macca NOKOos BceneHHO# HE COXpaHASTcs BO
BPEMCHH, 4 H3MEHAETCH 10 JHHENHOMY 3aKoHy. UTo Xe, 3T0
karacTpoda It HOBOH KOHUCIIHHU?

OG6paTHBIINCE K TEOPETHYECKOMY OOOCHOBAHHIO 3aKOHA
COXpaHeHMS ~ SHepruM (B KJACCHYECKOH  MEXaHMKE),
ONMPAIOLIEMYCS Ha OJHOPOJHOCTb BPEMEHH, YMECTHO CIIPOCHTH —
a MOXHO 1M [OBOPUMTE 00 OJHOPOAHOCTH BPEMEHH I
BCENeHHOM ¢ HM3MCHAIONIMMCS PaJnycOM KpHBH3HBEI? MHe
KaXETCA, YTO OTBET MOXET OBITh TOJBKO OTPHLATCIBHEIM,
NO3TOMY KOHCEPBATH3M B HEAPryMCHTHPOBAHHOM OTCTaHBaHHH
3aKOHA COXPAaHCHHA JHEPIMH MOXHO NOCTaBUTh B OAMH DPAA C
cyasboii naroro mocTynara OJBkiauMpa. U, pasymeercs, Her
HHKaKOr0 KOHQIMKTA C PEaTbHOCTHIO — OTKIOHEHHME OT 3aKOHa
COXpaHEHHA COCTAaBISIET IIOPAJK2 10'°. Her u ymep6a mns
JOTMKH Hay4HOH TEOPHMH, TaK KaK HAa CMEHY OJHOMY 3aKOHY
(CoxpaHeHHs) NPHXOAMT HOBBIH 3aKOH (JIMHEHHOH dBOJIOLNA), 2
HE NIPOM3BOJI H HEONPEACACHHOCTb,

[lepexoxy K  OObAcHeHMIO  HEOOBACHCHHBIX  H
NPEACKa3aHWI0 HOBBIX fABIEHMA. JUIA MCHA M TeM H APYIAM
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OJHOBPEMCHHO OKa3aiIcs (EHOMEH aHM3O0TPOIIHH PCIHKTOBOTO
H3JIYYEHHS M CBA3aHHOE C HHM HATHYHE BBIACTCHHON CHCTEMEI
xoopmuuar (cM. pasgen 3). K oco3sHanmio HeoGXOIMMOCTH
CYILECTBOBAHHSA BBIJCICHHOH CHCTEMBI OTCHETA MCHS IPHBEIH -
YHCTO TEOPETHHECKHE COOOPaXKEHHA, OMHAKO CHIBHO CMYILAIO
BUAMMOE MPOTHBOPEYHE ¢ OOICIIPHHATOH CHCTEMOH B3IIAIOB (M
BCEMH H3BECTHBHIMHM MHE dkcneprmentamu). Ocenrio 1996 rona a
pacckazan o6 3toM mnpoGieme A.B.MoCKOBCKOMY, KOTODBIH
BCIIOMHMJI, 4TO OH 4TO-TO 4MTal 00 3roM B [5]. 3arpyaHsroch
nepenaTh CBOC YAMBICHHE M BCHBIXHYBIUMH 3HTY3Ha3M IHOCIE
npoutenuss komMentapus S.B3enpmosuua k  mpoGieme
aHM30TPONNH GOHOBOIO HIIYICHHS, HO 3T0 OBUT IICHXOJOTHHECKH
pelaoImit MOMEHT B Moeii pabore!

Yro Kacaercs HOBBIX IKCIEPHMEHTANBHBIX PE3YILTaTOB,
KOTOpBIC MOINIH OBl TOATBEPAHTH HOBYIO KOHLCIIMIO, TO £
IPE/NONIATal0, YTO OHH MOTYT OBITh MOJYYeHbl HMEHHO UIS TEX
IBYX IIpeJEnbHBIX KIacCOB CHUTYalMH, O KOTOPBIX YKe
rOBOPIJIOCH BHIMIE. JTO xiacc 3PdexrToB, XapakTepHBIX MIA
BcenenHoit B LiesioM (TOogoOHO aHM3OTPONHH M3TY4EHHS), a
TaKKE ABICHMA, CBA3AHHBIC C I'PABHTAIMOHHBIM KOJ/UIAIICOM WJIH
O4EHb CHIIBHBIMH I'DABHTALMOHHBIMH MOJIAMH, Pa3yMeeTcs, OCIe
NOCTPOCHHS IpaBIIBHOM KOJIMYECTBCHHOW  TCOpHH,
YYMTBIBaIOHICH CTaTHYECKOE MAaBiaeHue. IIOMMMO 3TOrO, €Ciiu
NpeAIOXKeHHas MHOIO MoAaens BcenenHo# BepHa, n abGCOIIOTHOE
IBIDKCHHE 3€MHOTO HaOmioJaTelId B HaNpaBiCHHH Ha CO3BE3IME
JIbsa (cM. B pasgene 3 06 aHH30TPONHH PETUKTOBOTO H3ITYYCHHS)
co ckopocthio 0,15 % OT cKOpOCTH CBETa ACHCTBUTEIBLHO MMEET
MECTO, TO BIIOJHE BEPOSTHO, HUTO YAACTCA OOHAapYKHTh
aHAJIOTHYHYIO aHH30TPOIHIO B 3TOM K€ HAIPaBJICHHH, HAIIPHMED,
npu m3Mepennax s¢pdexra Jlomnepa B pagwo- M ONTHIECKOM
AMana3oHax, KaK 3TO OIMCAHO B paszgene 3. ‘

BaxkHeMINM JOCTHKCHUEM HOBOM KOHUETILMHA A cqmalo
IPOSICHEHHE NPEACTABICHHH O CYIIHOCTH BPEMEHH M ABHKEHMS.
Brepsrie ¢akT TeueHMSA BpEMEHH B KayeCTBE ABHOIO IOCTYJIaTa
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BBEJICH B TEOPHIO H OTOXJECTBIECH ¢ pacIMpeHHeM chepruueckoi
3-MepHO# BceeneHnoi B 4-MEPHOM IMPOCTPAHCTBEHHO-ITOAOOHOM

| KOHTHHyymMe.  Buepsmie NPEeACTaBIEHAE O  TPEXMEPHBIX

IBIKEHMAX OCCUMCIEHHOrO . MHOXKECTBA Te€l CBEAEHO K
©OMHCTBEHHOMY HPOLIECCY PacHIHPEHHA 3-MEpHOH 000J04KH,
"pOH3aeMON" MMPOBBLIMH JIHHHMAMH, OTKY42 CIEAYIOT M 3aKOH
XaG61a, H HOBbIE bu3nyeCKUE NPEACTABICHNS O IBHKCHHH.

Onupasce Ha OOBEKTHBHOE CYLIECTBOBAHHC BOJIH [€

Bpoiing, Mpl cOpMYIHPORAIN TAKXKE IMIIOTE3y O Macce Kak o

. KB&HTOBOM 4YHCIJIC, BO3pacTarolueéM OOHOBPCMEHHO C pamrycoM

Bcenennoii. Ilocnennee yrBepkACHHE, B CBOIO O4Yepelb, a0

- OCHOBaHHC OTKa3aTbCA OT TIIPUHUIHINIA COXPAHCHHA BO BPCMCHH

Maccel M 3HepruH BeeneHHOH M 3aMEHHMTh MOJENb "GONBILIOTO
B3pEIBa” B MOMEHT DOXACHHA BCElTeHHOH Ha KOHUCHUMIO
"9HepreTHUECKOro Hacoca".

Hcnions30BaHHe HOBOH KOHUEHIMH BPEMEHH NO3BOJIHIO
0CO3HATH HEJOCTATOYHOCTD HNPHMEHCHHA MOHATHSA
HEJIOKAILHOCTH MCKIIOYMTEIBHO K MPOCTPAHCTBEHHOMY aCIeKTy
KBaHTOBOMEXaHHYCCKHX ABJICHUH. Y4YET HETOKAILHOCTH ABICHHH
BO  BPEMEHM  JaeT  BO3MOXHOCTH C  IIPaBHJIBHBIX
METOAOJIOTMYECKHX  IO3MLMH  PEelMTh  Takhue  OCHOBHEIE
“IPOKJIATHIC” BOMNPOCH KBaHTOBO# TeopHM, Kak mpobieMa
PeNyKUMM  BOJHOBOH  (yHKkumm, npobreMa  BHELIHEro
Habmogarens, mpobieMa  CBEPXCBETOBOTO Baanmoneﬁcranﬂ
CKOPPETHPOBaHHBIX 9acTHIL M T.II.

HoBas XOHUENIMA BPEMEHH, Kak ObIIO 1IOKA3aHO, CBA3aHa
C KOCMONOIMYECKOH HeOOpaTHMOCTBIO 3BONIOLMH. PeanrHoe
pacuupenue BceseHHOM €CTh NEPBOMCTOYHMK KOCMOJIOTHYECKOH
HEOOpaTHMOCTH, TO3BOJSIOIIMA Yepe3 M3MEPEHME KPUBH3HBI
NPOCTPaHCTBA OOBEKTHBHO DETHCTPHUPOBATH XOA BPEMEHH.
CBs#3aHHBIN C HAM POCT MAacChl M HCPIHH YBCIHUMBACT UMCIIO
BO3MOXHEIX COCTOAHMH B (a3oBoM IIPOCTpaHCTBE (IIpH
¢uxcupoBanHOM 0ObeMe 3nemeHTapHOH (asoBo Aueiku). Tem
CaMBIM TIOCTOSHHO TMOHMXKACTCH TNOJNHAs SHTpPonHUs BceneHHOM.
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PocT Maccsl MPOMCXOAMT HEPABHOMEPHO - 4eM Oosblie Macca
Tesa, TeM Golbine aGCOMIOTHBIH e¢ NPHPOCT B CANHHILY BDEMCHH.
Hmenno 1odToMy reHepaTopoM 93BOJIOLMH SBISIOTCA 3BE3IBI,
M3IMBAIOIIME SHEPIHIO B OKPYXKAIOWIYIO CPEAYy H HaKadHBANOIIHE -
OTpHLATENRHOM AHTpomHe mraHeTsl. C Apyroi CTOPOHEI, MO, .
PacIpOCTPAHAIOMIMECE CO CKODOCTBIO CBETa, BBIPABHHBAIOT
TEMIIEPATYPY CpEdbl H CO3JAIOT BCTPEYHBIE (T.€. BTOPHYHEIE)
SHTPONIMHHBIE HOTOKH, POXJas y HabmojareaeH WULIO3UH ©O
HEM30e)KHOM HACTYIUICHHH TEIUIOBOH - cMepTH  BeelieHHOi.
TpynHoO HEZOOUEHHTE POJIb TOAOOHOTO KOHCTPYKTHBHOI'O OTBETa
(ecnin ©OH, KOHEYHO, COOTBEICTBYET HCTHHE) Ha Bonpocm
HOCTaBJICHHBIE HAYKOH MHOTO JECATKOB JIET TOMY Ha3aj. ‘

3a paMKaMH M3JOXKCHHOH 3/1eCh KOHIENLHH IOKa
OCTaeTCH TEOpHA OICKTpOMarsernsMa. S, OHHAKO, CKIOHEH
HaJEAThC, 410 B JAIBHEHIIEM 3TO MOJOXEHHE JAel YyHacTes
UCTIPaBHTb, MOXET OBITh - HCXOIS M3 NPEACTABJICHHN S-MEPHOH
TeopuH, BocxoaaweH Kk Kanmysa M akTMBHO pa3BHBacMOl B
COBpEMEHHOIT (pH3mKe, '

U, naxonen, eme 06 ognoM BaxkHOM OOCTONTENLCTBE, B
nyOnuKamuax psna  Bexymux — teopernkoB  OTO  wacro
OPHXOMMTCS BCTPEHATHCH C YTBEPKACHHEM O HEOOXOIHMOCTH
OTPAaHHYMTLCA JIHIIG AHAIH30M JIOKAILHOTO “TPaBMTaLHOHHOIO
penbeda” B JIOKAIBHBIX K€ CHCTeMax KOOpjAMHAT, O
GEeCCMBICIEHHOCTH TNONBITOK NOCTPOMTh FIOOAIBHYI0 KapTHHY
Beenennoit. S yOexzAeH B IPOTHBONOJIOKHOM H pajg, dYTo
TIPE/IOREHHAsS MHOK MOJETH MOXKET CIIYXKMTh OCHOBAHHEM VISt
TaKkoH yBEpPEHHOCTH.
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Mpuaoxenne 1
'BPEMSI KAK ®EHOMEH PACHIMPEHHS BCEJIEHHOM

IIpuBeneHHBIA BBIIIE OCHOBHOH TEKCT paboThl COZCPIKHT
NOBOIBLHO  NONPOOHBIE  PACCYXIEHHA M  MATEMaTHYeCKHe
BRIKAAKK. HyoKe M3/maraeTcs BeChbMa KpAaTKOE COEp)KaHHe 3TOi
paboTel, He conepKaiee GopMyI.

1. BBeaenue

Ipuposa BpeMEHM H0 CHX IOP OCTAeTCd HEAOCTaTOYHO
SCHOM U1 €CTECTBO3HAHUA M HATyppHIocopuu. .

B wMexanmke HeioroHa Bpems mnpexacrtaBiaser coboii
HEKOTOPBI yHHBepcadbHbI mapamerp. Ero 3HaueHue mno
HEM3BECTHOH IJA Hac [MPHYHHE HEYKIOHHO  BO3pPacTaeT
ONMHAKOBEIM 00pasoM BO Bcex TOukax Bceenennoi. Bce
(u3HIeCKHE HPOLECCHI  NPOHCXOAAT B IPOCTPAHCTBE B
COOTBETCTBHH C TEYCHHEM BPEMCHH. ’

B cnenvaneHoi TEOPHH OTHOCHTEILHOCTH (CTO) BpeMs H
NPOCTPaHCTBO OOBeNMHEHBI B 4-MEpHBIH KOHTHHyyM. OaHako H
TaM BPEMS COXpaHAET OCOOBIH Xapakrep, YTO HPOABIACICA B
HCIIOJIb30BAaHHM KOMILIEKCHEIX YMCEJl IIPH OTMCAHMH METPHKH. B
CTO Takke MOApasyMeBAeTCS POCT BPEMEHHM B JH0OOH cucreme
oTCYeTa. '

Obman teopus otHocurensnoctu (OTO) mossomia cBg3aTh
CBOMICTBa BpPEMEHH C HOJAMH TATOTCHHA M TIeOMETpHEH
mpocTpaHcTBa. TeueHMe BpEMEHH CTalO  CBA3BIBATECA  C
NPOCTPAHCTBEHHBIM paCUINpeHneM BeeneHnoi.

TpaxanuroHHOE OnHcaHMe PUIHUECKHX IPOLIECCOB OCHOBAHO
Ha MCNOJIb30BAHHH IIPEACTABICHHA O XOO€ BPEMEHH B Ka4eCTBE
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' IEpBUYHOro, UcxoxHoro. C apyro# CTOpoHBI, B COBPEMEHHOH
¢busnke acnawoTCcA MOIBITKM HPUATH K NOHATHIO BPEMEHH Kak KO
BTOPHYHOMY, ACAYLHPYEMOMY HWJIH KOHCTPyHpyeMOMYy Ha bBase
HCKOTOPHIX ~ MHBIX  (MHMKPOCKONHMHECKHX) (YHIaMEHTaIBHEIX
nousThi [3]. ‘

Onnako BO3MOMEH M TPeTHH MyTh, B M3BECTHOM Mepe
OPOTHBONONOXKHBIH  mepsoMy. OH  JEXHT B OCHOBE
OPEACTABICHHON IyONMKAaMM M B KaucCTBE OTIPABHOH TOYKH
CONECPKMT CICOyIOmMH BONpoc: “A He CyIUECTBYeT JH BO
Bcenennolt  mpouecca, HMEIOIUET0  HCKITIOYMTEIBHO — OBIIMiA
XapaxTep, KOTopuiil Mor 6b1 nopodums pusnveckoe Bpems?*

Taxok (QyHIaMEHTATBHBIH  KOCMOJIOTHYECKHH  IPOLECC
HEHCTBMTENBHO CYWIECTBYET M XOPOIIO H3BECTEH HayKe. JTO -
pacuiupenne BceneHHo#, oTkpeiToe B nepBod TperH XX Beka
aMEPHUKaHCKAM actpoHoMoM J.Xa66mom u npyrumu [4]. Mox Hum
NOHUMAETCA HE YOAICHHE Ted OT odLiero uewrpa, a “Bceoduiee”
YBEIMYCHHE PACCTOSHHM MEXAY BCEMH 3-MEDHBIMHM TEJaMH.
Toxoxee “‘pazberanme” 2-mepHbIX HUTYp HPOHCXOMUT Ha
MOBEPXHOCTH BO3AYIIHOIO [IAPa IIPH €ro 3alOJIHEHUH ra3oM. Ilpn
3TOM LEHTP Mmapa He NPHHAMUICKHT MOBEPXHOCTH, a BCE TOYKH
HOBEPXHOCTH 1mapa (Bcenennoit) paBHONpaBHEE.

YyTs paHblle, 4€M IKCIICPUMEHTAIBHEIC HabMIOACHHA, K TEM
XK€ IPEACTaBICHAAM IPHBENA M TeopeTHyeckas ¢u3nka. Kax
u3BecTHO, B 1905 roxmy mnosBMIAch CHEUMANBHAA TCOPHA
OTHOCHTEIBHOCTH, a K 1916 romy - oOmaa Tteopus
OTHOCHTENILHOCTH O¥Hwreiina. [locne 3roro, HauuHas c pabor
A A dpungmana, Obiia pa3BuTa MOACHR  PACHIMPAIOLIEACH
Beenenaon.

Hanpumep, B pabore '[5] nmpuBOAMTCS OIHCaHHE NPOCTOH
'KOCMOJIOTHYECKOH MOJEAH, KOTOpyro Mhl OyaeM Ha3biBaTh
Moaensio OduureiHa-Opuamana, winm 3P-moaensio. B Heif
Bceenennas BBITIAANT KaK 3-MepHast THIIEPIIOBEPXHOCTE 4-MEPHOTO
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mapa, 4el paauyc MEHSeTcs cO BpeMeHeM. COOTBETCTBYIOLINM
0o6Gpa3oM MEHSETCA CO BPEMEHEM M KPMBH3HA IHICPIOBEPXHOCTH
miapa.

2. OcHOBHasi TMNO0Te3a HOBOH TeOpPHH O NPHPORE BpeMeHH

B ocHOBY mnpeanaracMo aBTOPOM 3THX CTPOK TEOPHH
TIOJIOKEHO HECKOJBKO CpPABHHTENBHO HPOCTHIX M HAIIAHBIX
ocHOBHBIX maer. Jng kparkoctn s Oyny MMEHOBaTh e Teopueit
IMaposo# Pacmmpsromeiica Beenennoit ~ TIIPB.

B TUIPB, xak u B Mozenn O®, BceneHHad B Kamabii
MOMEHT BpEMEHHI TIPEICTABIAET coboi 3-MepHYI0
THIEPIIOBEPXHOCTH 4-MEPHOTO mapa. OHAKO MMEETCS ¥ KOPEHHOE
orruune. B Teopnm OiHmITEeiHA BpeMsS M NPOCTPAHCTBO, Kak
W3BECTHO, XaPAKTEPH3YIOTCA IPOTHUBOIOIOKHBIMH  3HAKAMH
3NEMEHTOB METPHYECKOTO TEeH30pa. Hampumep, BpeMs MOXHO
CUMTATh MHHMOM BEMTHYMHOH, & NPOCTPAHCTBEHHbBIE KOMIOHEHTH! —
neiicTBHTENbHBIMH — Benmumnamu. B THIPB  coaepxammii
BceeneHnyi0 4-MEpHBIH KOHTHHYYM CUHTAETCS YHCTO €BKIHIOBBIM,
a BCE YeTHIpe KOMIOHEHTH — AeiCTBUTEABHBIMKM uucnamu. Ha
TIOBEPXHOCTH 4-MEPHOTO 1uapa NpH 3TOM JACHCTBYET OObIdHas
chepuueckas reoMeTpHs. ‘

Kax u3BecTHO, B 00ILEH TEOPHH OTHOCHTEILHOCTH BO3pacT
BeenennoH eviuucasemes na ocHoe monemu O@ win nonobHux
eii. Kax npasuio, 3aBHCHMOCTD paauyca OT Bo3pacTa Beenennoi s
monensx OTO oramyaercs OT NPAMOH IPONOPUHOHAIBHOCTH.
Onnako Takof Ppe3ynsTaT TECHO CBSi3aH ¢ T€M, 4Yro B
xkocMmonornueckux ypasaenusix OTO npenebperalor raobanrbHbIM
JaBJICHMEM MarTepuH, sanonmsiomed Beenemnyio. B (2] s
HONBITAICA MOK43aTh, YTO y4€T CTATHYECKOTO JaBJICHHMS
I'PaBHTHPYIOIIEH MATEPHH NPHUBOMMT K JIHHEHHOH 3aBHCHMOCTH
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pannyca BceleHHOH OT e¢ BO3pacta (CM. KOHel Hacroxmen
nyGnuKaum).

Hanporus, 8 THIPB sBHO l'IOCTy}IpreTCH YHHMBEPCANBHOS
TeueHHe Bpemenn. Bospact Bceenenuo#t omoocdecmensiemes ¢
TEKyILIMM pagnycoM BceeHHOM, NEJIEHHBIM Ha CKOPOCTH CBETa. B
AaJpHEHIIEM H3 HAaHHOTO IOCTyJala BBRIBOJMTCA OYEHb MHOIO
BaXHBIX cineacTBuil. C Apyro#t CTOPOHEL, 3TO MO3BOAAET H30EKATH
NPOM3BOJLHOIO  BBEACHHA B MOJEIb  MHOTHX - APYTHX
NpeACTaBICHHUH. :

3. Mexannyeckoe ABHAKeHHE H NpedebHast CKOPOCTh
s TIHIPB

B TIUPB npunnMaercs, 4TO HE CyWECTBYeT OECKOHEYHOTO
MHO€ECTBA HE3ABHCHMBIX MEXAHHYECKUX ABHKEHHH. CyECTBYIOT
MHPOBBIC THHUH “IBHXYIUHXCA TEIl, HAIPaBJICHHBIC IO TEM HIH '
HHBIM YIJIOM K JIHHHH BPEMCHH — HOPMAJIH K THIICPIIOBEPXHOCTH 4~
mapa. Veon HAKIOHA u onpedeniem ckopocmb
npocmparncmeentozo oOsuxcerus. IIpy yBennueHHH paanyca Iapa
TOYKa NEPECCUCHHUSA MHPOBOH F147930241 ¢ TeKymieH
FHIIEPIIOBEPXHOCTHIO “TIEPEMEINAETC” B TOYHOCTH TaK, KaK 3TO
NPeCKA3BIBAETCA COBPEMEHHOH QH3HKOI.

B uyacTHOCTHM, INOKOAIIMECA B IIPOCTPAHCTBE OOBEKTHI
(3B€3bI), Y KOTOPBIX YTOJI OTKIOHCHHS OT HOPMAIH PaBeH HYJIO,
T.. MHPOBBIC JHMHHH COBIaJalOT C HOpMaNBK K rumepchepe,
“ynansiorcs” Apyr OT apyra 1o 3axony Xabbma. CxopocTe HX
B3aUMHOI0 YJAQJICHHA NPONOPLUHOHAIBHA PACCTOSHMIO MEXAY
‘muMH. JIns oObexkToB, y KOTOPHIX Yroj OTKIOHCHHS MHPOBOM
JMHAK OT HOPMAIIH OTVIHYEH OT HY/A, OH HE MOXET NPEBLICHTE 90
rpagycoB, TOITOMY eCTECTBEHHBIM  00pa3oM  BO3HHKAcT
npedeIbHgs  CKOpoCmb  MEXAHHYECKOro JBMKEHMA (CKOpPOCTh
ceera). Tpu Bapnanta ABIKCHHA IOKA3aHb! Ha puc. 1.
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Puc. 1. Dddekr “nepememieHus” TOYEK Ha HOBEPXHOCTH
runepcdepsi 118 HENMOIBHKHBIX B IIPOCTPAHCTBE OOBLEKTOB
(cneBa), IBYDKYIUMXCA 110 MHEPLMH (B LIEHTPE) H YCKOPEHHO

(cupaBa)

Jlesas ¢urypa wimoctpupyer 3¢gdexr Xab66na. Lenrpansnas
¢burypa oTBewaeT OTBEYAECT MHEPLUHUANBHOMY JBMXKCHHMIO, T.€.
MPAMOJIHHEHHO#H MHpOBOH muHMM. IIpH TakoM XapakTepe MHPOBOH
JHHHH =~ 0O  Mepe  BO3pacTaHus  pajgHyca  BcelcHHOH
[IPONPLHMOHATBHO M3MEHAETCd M BENMYMHA IIyTH JABHXKYLIEHCA
yacthipl. Takum oOpasoM, wuHepyuarbhoe IBWKEHHE HE
IIOCTYJMPYETCS, @ BO3HHKAET B KAYECTBE €CTECTBEHHOIO CICACTBHA
mogenn. Ha mnpaBod ¢urype nokasaHa MupoBas JIHHHMA IIpH
HEHHEPUHAIBHOM ABHXCHMH.

[lpu GoiabmMx 3HAYCHHSX paguyca 4-mapa crojlb XKe
eCTECTBEHHBIM 00pa30M BOSHHMKAIOT NPHOIMKEHHBIE (HOPMYIIHI
npeoOpa3oBaHMs CKOPOCTEH, M3BECTHHIE U3 CIELMAIBHON TCOPHH
otnocurensioct (CTO), a TaKkKE NPUBLIYHBIC 3AKOHBI MEXAHHKH.
Ananorom ke cBeroBoro konyca B TIIPB BricTynmaer Bcd
runepcdepuueckas mopepxHocte 4-mapa (cM. pHc. 2). Ota
aHanorus 1e nojaHa, nockoiasky B THIPB abcomorHo ynanenHas
061acTh BBIPOXKAAETCA B 3-MEPHYIO THIIEPHOBEPXHOCTD.
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abcomorsoe Oynyuiee
abcomioTHo _Abcomotio
YAIeHHasA YIAAIeHHAS X
obnacTs obracTs

' Puc. 2. O6nact 4-MEepHOTO KOHTHHYYMa
B CTO (cnera) u TIIPB (cnipaBa)

4. TIIPB u reomerpus MHHKOBCKOI0

Byaem paccMaTpuBaTh MaJIbie NpYpaLICHUs
NPOCTPAHCTBEHHBIX KOOPAMHAT ¥ BPEMEHHU BIOJb MHPOBEIX JIMHHIH
4JacTHll B Mpotecce pacimiupernus Bceenenno#i. CooTBETCTBEHHO,
npu 3TOM JIOCTATOMHO paccMarpuBath HeGOIbLIYIO
NPOCTPAaHCTBEHHO-BPEMEHHYI0 oOnacts BceenenHo#, tak uro ee
KPHBH3HOH MOXHO mpeHeOpeds. Torza KOHIEHTPHYECKHE
runepcdeprudeckyue MOBEPXHOCTH B MOCJEJOBATEIbHBIE MOMEHThI
BpEMEHM  (M30XPOHBI) MOXXHO  TpHONMKEHHO  3aMEHHUTH
napaieabHbIMH THNEPNIOCKOCTAMU. COCTOSHHIO MOKOS OTBEYaer
“mpeiid” wnzobpaxkaromled TOYKU NEPHCHAUKYISAPHO H30XPOHAM,
HMHEPLHATBHOMY JABHKEHHUIO — JBHXKCHHE 1O HAKIOHHBIM TIPAMBIM
MEXKIY H30XPOHAMH.

B moboii MoMeHT BpemeHH BcenenHas upencraBieHa
OTIPENETICHHON M30XPOHOH, KOTOpas, CONCPKHT BCC pealbHbIC
¢u3Hueckue TOYKM NpocTpaHcTBa. ViHBapwawTHOM — Mepoi
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poMeXxXyTKa (abCoNOTHOr0) BpeMeHn OyAeM CUUTaTh JIEIEHHOE Ha
CKOpOCTh CBETa TpupamieHue pagayca 4-mapa Mexay COCeAHUMH
HU30XpoHamu. byaeM Takxe HCXOMWTH U3 TOTO, YTO 3Ta BEJIMYMHA
OMHaKoBa B MoOOH uHepyuanbnoil CHCTEME OTCYeTa, T.e. TpPH
JIBUXXCHHUH 110 JTI000# npamonunelinot MAPOBOY THHUH.

[Mycts yriel OTKIOHEHHST MHUPOBBIX JHHHUH OT CTPOTO
paluaIbHOIO HAIPABJICHUS NOCTAaTOYHO Malvl. Toraa B HalIeM.
YUCTO  €BKIMIOBOM  4-MEpHOM  KOHTHHYyME  BO3HHKAIOT
METpPHYECKHE COOTHOIIECHUS, B TOYHOCTH COOMEemcmeyioujue
reomeTpud MuHkoBckoro. B yactHocTH, u3 TeopeMbl ITndaropa
HEMOCPEACTBEHHO  CJCAYET  COOTHOILIEHHE,  CBA3BIBAIOIICE
IIPOCTPAHCTBEHHBIE H BPEMEHHYIO KOMIIOHEHTHI: '

cds’ =ctdl-ar ,

rae ds — TpPOMEeXYTOK abCOMIOTHOTO BpPEMEHH (MPOMEKYTOK
BPEMEHH . MEXIy IBYMS 4-MCDHBIMH COOBITHSMH B abCONIOTHO
HEMOJBUXHOH CHCTEME  OTCYeTa), df - NPOMEXYTOK BpEMEHH
MeXIy ABYMs 4-MEpHBIMH COOBITHSAMH B JBHDKYyUieHcs cHcTeMeE
oTrcyeTa, dr — TIPOCTPAHCTBEHHBIH MNPOMEXYTOK, IPOHAEHHBIH
IBIKyHiefics cucTeMoil oTcuera, ¢ — ckopocTh cBera. Kakx
CNEACTBHE, HpPH HE OYEHb OONBIIHX CKOPOCTSX CIIPaBeLTHBBI
dbopmynsl npeobpaszosanus JlopeHna B pa3aMUHBIX HHEPUHATBHBIX
CHUCTEMAX OTCUeTa.

5. O npuHUMIIE OTHOCHTEILHOCTH DHHMITeHHA

Ecau yrnbl OTKIOHEHMS MHPOBBIX IHHHH OT CTPOTO
paauanbHOIO HaNpaBJIEHUS HEJB3S CYMTaTh JOCTATOYHO MalbIMH,
TO (¢opMynbl reoMeTpud MHIHKOBCKOro CHpaBeUIMBBI JIHIIB
npuOAMIKEHHO. DTO 03HAYaeT, YTO M NPHHLUIN OTHOCHTENIBHOCTH
DiinmuTeiiHa CHpaBe/yIMB B Hallell MOAEIM JHIIb AT CHCTEM
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OTCYeTd, JABHXKYIMUXCA C [JOCTAaTOYHO Malol  CKOPOCTHIO.
OTHOCHTENIBHO 6bl0eIeNHOU CHUCTEMBI OTcYeTa. lakas cucreMa
XECTKO CBA3aHa TeJIOM, HpCObIBaIOH.IHM B COCTOSIHMH abCOJIFOTHOTO
TOKO4, T.e. Apefidyiomero Brons paaransHoit MUPOBOH THHHH.

CyiiecTBoBanue BBIJIE/ICHHOM CUCTEMBI oTcuera
HAaNOMMHAECT CTapble T€OpHH 3(pHpa, HNPOTHBOpEYaUIde B3INAAM
TEOpMH  OTHOCHTeNbHOCTH. Kaszamock, 4t0 3T Teopum
Oc3Bo3BpaTHO yminy B npouuioe. B caMoM felie, CKOpOCTh CBETa B
BaKyymMe€ BCerJa H BCIOAYy NOCTOsHHa. OJHAaKO B UPHHIUIIE
CYUIECTBOBAHME BBIICNEHHON CHCTEMBI OTCYETa MOXET ObITh
YCTAHOBIICHO IO CMeweHuio Yacmomyl CBETOBOTO CHI'HANA, T.€. C
nomoimblo 3¢pdekra Jomnepa. Y stor deHOMEH AEHCTBUTENBHO
o0HapyXeH COBPEMEHHOU HayKOi!

Ha puc. 3 npeacraieHa auarpaMma = TCMHAEPATYpPHI
(OHOBOro KOCMMYECKOT0 H3JIydeHHd, npuxoasiuero k ConauneuHoit
cucreMe €O Bcex cropoH  Bceesnensoif. Jtm nausbie
PErHCTPHPOBATHCH aMEPUKaHCKHUM HCCIIEI0BATENBCKAM
CIIyTHHKOM B TeueHHe 4 JleT (JAaHHBIE 3aMMCTBOBAHBI C caifta
I{entpa kocMudeckux noseror umenu lonnapna, NASA).

-

Puc. 3. AEM30TpONIs MUKPOBOJIHOBOTO KOCMHYECKOTO U3JIYUYeHHUs

Kak oTveTnn BBIIAIOINMHCH COBETCKMA  acTpOPU3MK
akaneMHKk f1.5.3enbA0BHY B peJakUMOHHOM KOMMEHTapuH B [6] B

N
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CBA3M C €I€é paHee BHINOJHEHHBIMH  OKCIICPUMEHTAMH,
"riaTenpHbIe HU3MEPEHHA. .. [IO3BOJTHIIA 0o0HapyXHTh
ONpPENeNICHHYI0 MATYIH0 aHH30TPONHIO MHKPOBOIHOBOTO ¢oHa
H3JIydeHHs. AHTeHHa, HanpaelieHHas Ha cosse3gue JlbBa, naer
TeMiepaTypy usjiydeHus na 0,13 mpouenra ppime cpeased. B
IPOTHBOMOJIOKHOM HalpaBJieHHH Temmeparypa Ha 0,13 nmponenra
Hike cpenHedi. TemmepaTypa NJaBHO MEHAETCS MEXIY JTHMH
JBYMA 3HA4YEHHIMH ... M30Tponusi HMeeT MeECTO NHIIb s
HEKOTOpPOro BooGpaxaemoro Habmomareis. Coanewnas cucmema,
~ 3eman ... Osuoicymces omuocumenvHo 3moz2o Habmiooamens co
- ckopocmuio 390 + 60 km/c 6 Hanpaenenuu Ha cosge3oue Jlvéa.
BceneacrBue 3Toro ABHKEHHS, T.€. 3a c4ueT dpdexra Jonmiepa,
H3JIyUEHHE, HAYUIEe HABCTpEy, KaxeTcs HaM Oolice rOpaYHM..., @
H3JyYeHHe, JIOTOHAIOIEEe Hac, MpejcTaBisercs HaM Oojee
X0J0AHBIM ... Ha 3TOM npuMepe BBIACHAETCH, YTO B KaXOH TOYKE
BceenenHoit cymecTByer Habimoaarenb, OTHOCHTEJIBHO KOTOPOIO
MHKpPOBOJIHOBOE HM3JTy4eHHE HM30TpOmHO. JToro Habmogarens H
CBA3aHHYI0O C HHMM CHCTEMY KOODIHMHAaT MOXXHO Ha3BaTh
BBIACICHHBIMU. "

CoBpeMeHBbBIE JaHHBIe, mosydeHHble NASA, nossonsior
IPHHATE OTHOIIEHHE CKOPOCTH IBMXKeHHS COJIHEYHOH CHCTEMBI K
CKOPOCTH cBeTa paBHbM 0,15%. D10 JOCTATOYHO Majiasd BEMHYHHA,
OTpaBbIBAIOINANA JOMYCTHMOCTH Hcnosnb3oBanus ¢opmyn CTO u
HPUMEHHMOCTH reoMeTpur MuHkoBckoro. Ho MOXHO JIH CUHTATh
yKa3zaHHBIi  (QEHOMEH  HCUepNBIBAIOIIMAM  JIOKA3aTEIbCTBOM
npasuipHOocTH T1IIPB? ‘

C uenpio ee NpOBEpKH aBTOP 3THX CTPOK IHpeliaraer
NPOBECTH HECIOXHBIA HaOmogaTenpbHplli dkcrmepuMeHT. Eciu
addekt aHU30TPOMUM OOYCIIOBIEH DPEAILHBIM CYHIECTBOBAHHEM
BBIACJICHHOU CHCTEMBI OTCUETA, TO OH MOXET OBITH OOHapyXeH H
IO 3ACeKTPOMArHHTHOTO W3AydYeHHs Jobod npupoast. B
YaCTHOCTH, NOJKHA CYWIECTBOBATh AHU3OTPONMSA  CONHEYHOIO
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U3JIy4eHus, HabmozaeMoro ¢ 3eMid B pasHoe Bpems roza. Ona
JOJ/DKHE IPOABIATECA B MaKCHMAIBHOM CTENEHU B ABryCTe, KOTAa
u u3nydenne CosHLa, 1 GoHOBOE U3TydYeHHE IPUXOAAT Ha 3eMITo
co croponsl co3se3nus JIeBa (cM. puc. 4). B despane st
HCTOYHHKH DPacCIIONIOXKEHBl 110 OTHOWICHMIO K 3emiie B3aMMHO
TIPOTHBOIIONIOXHEIM  00pa3oM, HOSTOMY H  HalpaBjiCHHE
AHW3OTPONHH JUIA COJIHEYHOTO CBETa AOKHO H3MEHHTHCS Ha
IpOTUBOMNONOKHOE, Oxuraemas penduuna 3ddexta npu 3ToM (C
YYETOM TIPAMOTO BOCXOXAEHHS co3Be3qus JIbBA W HakJIOHA
3KIUNTHKM) cocTasisieT mopsga 300 km/c, T.. OKOJIO OIHOH
JecATOH NPOUEHTA CKOpocTH cBeTa. B Hosbpe m Mae anuzoTponus
JOJDKHA PAKTHYECKH OTCYTCTBOBATS.

22 nexalps : opﬁyewm
co3pesnHe Jlpas
e}
2] mapta 23 centatipa

Puc. 4. Pacnonoxenne Condua u cossesnus Jissa
OTHOCHTENILHO 3eMJTH

. Nosuaumomy, BosmoxxHa aHanoruynas nposepka TUIPB u
B 3€MHBIX YCJOBHSX, C NMOMOINBIO HCKYCCTBEHHBIX HCTOYHHUKOB
H3ITYYCHUS.
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6. Macca, JHeprus H HMIYJIbC 4ACTHI

Hrak, MBI paccMaTpHBaeM Bceenennyro, Kak
PaCIIMPAIOIUYIOCS 3-MEPHYIO IHIIEPHOBEPXHOCTS 4-MEPHOTO 1Hapa.
MecTa JIOKaIM3aUHH Mace MaTepHaIbHBIX YacTHIl Bo BeeneHHoH
TIPEICTABIMOT cOBOK TOUKU NIEPECEUEHHS ITOM TMIIEPHOBEPXHOCTH
¢ MUpOBBIMH JHMHUSMH. TeM caMpiM MHPOBBIM JHHHAM
NPHUITHACHIBAETCS bu3ngeckuii, a HE abcTpakTHBIA
HUTIOCTPAaTHBHBIA ~ CMBICJ. YMECTHO  OXHIATh, YTO 3TOT
¢$U3NYECKNH CMBICT MOXET HpOosSBIAThCA GoJjiee CYyLIECTBEHHBIM
o0pa3oM, HeXeNH Ha YPOBHE ITPOCTOMN ClOBECHOM KOHCTAaTallHH.

B yactHOCTH, npH ri06anbHOM paccMoTpeHnu BceenenHoi
MBIl MOXEM TPpPEANOJOXHTH, * YTO Takas QyHIaMEeHTaIbHAd
XapakTepHCTHMKA YacTWIBI, KaK €€ Macca IOKOs, . ABJSETCs
HEKOTOPOM OTHOCHTENHHON BeaMYNHOR. Takoe OTHOLIEHME MOTJIO
651 OBITH COCTABJICHO, HANpUMep, U3 OuaMeTpa 4-MEpHOro mapa-
Beenennoit 1 HEKOTOPOro XapaKTEpPHOIO pasMepa, '06'BEKTHBHO
CBA3AHHOTO C $U3MYECKUMHU CBOMCTBAMY YaCTHIIBL.

" BecnoMHEM, - YTO KaXZOH 4acTHie ¢ ONpeAenCHHBIMH
3HQYEHWSIMM OHEPrHM TOKOS' H HMIIYyJbca MOXET OBITh
conoCTasjieHa BOJIHA Jie Bpoiis ¢ COOTBETCTBYIOMIHMHI NEPHOAOM
KoneGanuit u mmduoit. Ilpu sToM nepuoa xonebanmii oOpaTHO
NpONIOPUHOHATEH SHEPTHH OKOS, 3 [UTHHA BOJNHBI ~ UMIYyIsCy. B
THIPB nenaercs ¢pyHmamMeHTalIbLHOE IPEANIONOKEHUE, YTO Mdcca
TIOKOS SIBIISETCS K6AHMOBLIM YUCAOM, OTPENECISIOLINM KPaTHOCTh
Bo3pacTa BceleHHOH NO OTHOWIEHMIO K IEPHOAY BOJHEI JI€
bpoitng. Drta runore3a OposCHAET NPUPOAY UHEPYUOHHOCMU, KAK
OTHOLIEHUS JBYX XapaKTepHBIX BPEMEH, a TaKXe CYIIHOCTh TAKOTo
TIOHSATHUSA, KaK dHep2ust IOKOH. '

Ho ¢ reuenuem Bpemenu panuyc Beenennoi so3pacraer. A
KaKk ke BegeT cebs Macca? Eciu Obl mepuosn BONHBI fe bpoiing
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TAKXK€ BO3pacTal NPONOPUMOHAIBHO 5TOMY  paldycy, Mbl,
NOBHAMMOMY, BOOOIIE HE cMoOriM Obl OOHApYXHTh H3MEHEHHe
pasmepoB Bcenennolf, B TOM uMcie W 3HAMEHHMTOrO ‘‘KpacHOro
cMetleHHs . EciiH jke BOJIHOBBIE MapaMETPH! YACTHUL HEU3MEHHBI,
TO Macca mamepuu OONNCHA PACMU NPAMO NPONOPYUOHAILHO
pasmepy u 603pacmy Bceneunoii.

B TecopuM OTHOCHTENBHOCTH, HCXOAS H3 METPHKH
MHUHKOBCKOTO, HCIIOJNB3YIOTCA BEKTOPHl ¢ MHAMOM mpoekimeli Ha
OCh BPEMEHM. OJTO OTHOCHTCS M K 4-BeKTOpaM CKOPOCTH,
YCKOpPEHHS, sHepruy-ummnyiasca. B THIPB ucnons3yiorcs BeKTOpPb
CO BCEMM JEHCTBMTENBHBIMH KOMIIOHEHTaMH. IIpu 5ToM BenuumnHa
4-mHTepBaa (WIMHA B IICEBAOEBKIHAOBOM IPOCTPaHCTBE) VIS
HEKOTOPOTO BEKTOpa B- TEOPHHM OTHOCHTEIBHOCTH OTBEYaeT
NPOEKIHH Ha och abcomoTHoro BpeMmend B TILPB, a MuHumad
KOMIOHEHTa  BEKTOpa (BpeMst  ABHXKEHHMS) B  TEOPHU
OTHOCHTEJIBHOCTH - J/UIHHE BEKTOpa B YHCTO EBKIHIOBOM 4-
xoHTuHyyMe TIIPB. B wactHocT#, Takoil BenuuuHO# SBIAETCH
MOJyJib BEKTOpa J3HEPrHH-UMIIylbca. Ero mnpoekuuedl Ha oCh
aOCOMOTHOTO BpEMEHH CIY>)KHT OJHEPrus INOKos (UejleHHas Ha
CKOPOCTh CB€Ta), a NPOEKIHMSIMHM HA MPOCTPAHCTBEHHBIE OCH
CY>XKaT KOMIIOHEHTBI MMIyIbca, OTa BEJIHYHHA COXPAHAEMCA,
€CJIM YaCTHLA ABUIKETCA UHEPYUATLHO.

Tlepexon x weunepyuanonomy BHKCHHUIO B TILIPB
CBA3BIBAETC € COOTBETCTBYIOLIMM 3aKOHOM WU3IMEHEHUS BEKTOPA
COCTOsAHHs. Tax, NpH U3MEHEHHH CKOPOCTU IBHXKEHMS YACTHLBI €€
JHEPrHs MNOKOA HE M3MEHACTCS, IIO3TOMY BCE YCKOPEHHWE 3a
COOTBETCTIBYIOIIMH  NPOMEXYTOK  BpEMEHH  MOXET  OBITh
HENOCPEICTBEHHO BBIYHMCIECHO, HCXOAA U3 PA3HOCTU MEKAY HOBBIM
¥ CTapbiM 3Ha4YCHHWEM uMmyiabca. TakuMm oOpasoMm, Kak H B
cnenuaibHON Teopun oTHocHTeThbHOCTH, B TIIIPB ypaBreHue mns
YCKODEHHOIO  JBIDKEHHST MOXET OBITh HOJNYY4EHO IyTeM
JuddepeHIHPOBaHHS IO BPEMEHU BBIPAXCHHUSA JUIL UMITYALCA.
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Yxe B pamkax CTO orTHOmEHME CHIBI K YCKOPEHMIO
3aBHCHT OT B3aWMHOI'O HAIpABICHHMA BEKTOPOB CUJIbI H CKODOCTH.
OzaHako B TEOpHH OTHOCHMTENBHOCTH CKOPOCTH CHCTEMBl OTCUETa
MOXET BHIGHPaThCs POM3BONBHO, B YaCTHOCTH ~ HYJIEBOH, TOTAa
COOTBETCTBYIOUIHH MHOXHTENb B JII060M CTy4ae OKa3bIBaeTCs
PaBHBIM €THHHUIIE.

Hanpotus, B THIPB B BbuuenpupeleHHLIX (OpMyJiax
dburypupyer abconiomnas  CKOpOCTb, ompejensemas YIJIOM
OTKJIOHEHHS! MHPOBOH JTUHHH YacTHI{bl OT HOPMAJIH K H30XPOHE.
DTO 03HAYaeT, UTO €CHM 3eMJs MIBMXETCS C OIpeAeieHHOM
CKOPOCTHIO OTHOCHTENBHO abcomoTHO HETIOIBYOKHOM
(BrIIEIEHHOM) CHCTEMBI OTCYETa, TO M3MEPAA OTHOIIECHHE CHJIIbI K
YCKOPEHHI0O B  HanpaBIcHHH YKa3aHHOM CKOPOCTH H B
HEPHEHIUKYJIIPHOM €MY HalpaBIEHUH, MOXHO KCTIEPUMEHTANBHO
TIOATBEPIMTSL Hanuuue oTo# abcomorHod ckopoctd. Ecmu
nonoGHas CKOpOCTh AeHCTBHUTENPHO ONpenesieTcd BENHUYMHON U
HanpaBlICHHEM, CIEAYIOIUMH U3 3P dekTa aHM30TpOorHd GOHOBOTO
KOCMUMYECKOTO H3JIyYEHHS, TO IIpH OIHOHM M TOH xe no (MOIyiHo)
CHUJIE MOXKHO pacCYMTHIBATH HA OTHOCHTEIIBHOE pa3nntme

NPOJONBHOTO U IIONIEPEIHOrO YCKOPEHHS TOpA/IKa 2 25 x 10°,

7. JIokaabHbIC 0/ TATOTEHHS YaCcTHI

Kak xe T0MKHBI Mbl MBICJIUTh ce0e rpaBHTalMOHHBIC 110J1
yacTull (3Be3], IUIaHeT W Tp.), 3anoiHsomux Bceenennyro, B
paMKax BHOBbL npemmoxeHHoil koHuenuuu? Ilpexcrasum cebe
CHayajla BCE YaCTWIBl HEMOABHXHEIMM, JApeidyiommMy B
Tnpoliecce paciuupenus BceefleHHOH CTPOro BAONL palHajbHBIX
. mMupoBbIx jmHuE. Ecax B Takoii BeenenHoll cymectiByer GeHomeH
B3aMMHOTO - NPUTSIKEHUST MEXAy [JABYMsS dacTHUaMH;, TO JJId
na6ozarens 310 OGyfeT BBINNSIETH KakK MCKPHBJICHHE MHPOBBIX
AMHEH, KOTOPBIE BMECTO PAAMANBHOIO PACXOXKACHHS OKaXyTCs
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3aTHYTBIMM B HalpaBJI€HHH OAHa K Apyroi. Ilo cymectsy, BMecTO
MHPOBBIX JTHHHH MBI MOKEM TOBOPHTD TPOCTO O CHJIOBBIX JIMHHAX
NoJI TATOTEHHs, HO TOr/Za 3Ta AaHANOTHSA  TIO3BOJIMT HaM
OTOXIECTBHTb H30XPOHHOE ceyeHHe BceleHHOH ¢ MOBEPXHOCTHIO
pPaBHOTO INOTEHHHANA, K KOTOPOH OTH CHJIOBBIE JIMHHHM IOJDKHBI
ObITs  Hopmanoubr. Takum  o0pa3oM, MBI [OPUXOIUM K
NPEACTABICHMIO O TOM, YTO M30XPOHHOE ceveHue BceseHHoi He
SBJAETCA CTPOTC KOHUEHTPUYECKOH rumepchepoit, a BOZMYILUEHO |
CBOEro pozia BOPOHKaMH (CM. PHC. 5), HEHTPaM KOTOPBIX OTBEYAIOT
FPaBUTHPYIOLINE YaCTHIIBL

A",“ ,
v

Puc. 5. JlokanbHoe nosie TAroTeHNs YacTHIb

Yron orknoHeHHs 1NpoQmiIs BOPOHKM OT HEBO3MYIIEHHOM
" runepcepsl B TOYHOCTH paBeH YLy OTKIOHEHHA HOPMand OT
HJeadbHO paxuanbHOro HampasieHus. CremoBaTeNsHO, Mepa
MHTEHCHBHOCTH JIOKABHOTO IPaBHTALMOHHOIO MO/l B KAXIOH €ro
‘Touke (PAKTHYECKHM COBNANAET C HMCNOB3OBAHHOM HaMH Mepoit
CKOPDOCTH YacTHIbl, YTO M ONpPaBABIBAET MNEPEHOC IOHATHA
JHEPrHH, CBA3AHHOH C MEXaHWYECKUM JBI)KEHHEM, Ha 00:acThb
FPaBHTALlHOHHBIX ABJICHHH, :

8. THIPB u 06mmas Teopus OTHOCHTEILHOCTH

TILIPB npetennyeT Ha Gonee 6au3K0e K ACHCTBHTENHHOCTH
ONnucaHue 3aKoHOB DBcenennol, d4eM JaeT ofmas TeopHA
OTHOCHTENTHbHOCTH. UTOGH 93Ta mNpereH3us Borsaena Oonee
yOenuTenpHO#, uenecooOpasHO OCTAHOBUTBCY HA HEKOTOPBIX
acniekrax OTO.
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BepreMcs K BOIPOCY O TOM, MOJKHO JIH B KOCMOJIOTHYECKMX
ypaBHEHHUsX TIpenebperars AabneHneM Matepun. Eme DitHmTeH B
HOMCKaX pemeHus Ans (pasHed) cralMoHapHOH Monenu Obul
BLIHYXK/ICH BBECTM B CBOH YPABHEHHS T.H. KOCMOJIOTHYECKYHO
MOCTOSAHHYIO. JTa NOCTOSHHAs OTBEYala OmMpuyameibHoOMy
dasnenuro Matepud, (U3IHYECKOro CMbICIa KOTOpOoro DWHIMTEHH
YCTaGHOBHTH HE CyMed. B HecranuoHapHOW MOAenM pelueHue
CYHIECTBYET M B OTCYTCTBHE KOCMOJIOTHYECKOH MOCTOSHHOM,
NO3TOMY e¢ OOBIYHO ITOJIaraloT paBHBIMH HymO. Kak mnpasmno,
CKOPOCTAMH YaCTHI{ HpeHeOperalor, NodToMy H (OuHaMmuyeckoe)
AaBjiCHHE MaTEpHH TAKXKe HE YUUTHIBAIOT.

SI, onnako, HacTauBal® Ha HEOOXONMMOCTH  yd4eTa
cmamuveckoeo  JABICHHSA rpaButdpylomie# Mmarepud. Ero
ACHCTBUTEIBHO MOXHO HIHODHPOBaTH B TeX CiydasX, Koraa
MPHMEHHM TIPUHIMN OKBUBAICHTHOCTH OiHmTeliHa. CoriacHo
€MY IpaBHTallHOHHOE IIONIE 6ce20d MOXKHO 3aMEHHTb YCKOPCHHOH
CHCTEMOH OTCYETA, OFpPaHHYHMBAACH, [0 CYTH J€na,  YHCTO
KHHEMaTHYECKHM acHeKToM. Jleno, oJHaKo, 3aKI04aercs B TOM,
YTO Me 6CAKoe TIONE MOXHO CYHMTATh (XOTs OBl JIOKQIbHO)
onHOpoAHBIM (cM. puc. 6). Ecnd rpaBHTallMOHHBIH paauyc
~ 4aCTHUbI-UCTOYHUKA W/HIHM NpOOHOH Yacmuys: TOTO Xe HNOpsAnKa,
YTO W PACCTOSHHE MEXIAY HHMH, TO OpeJIOKEeHHOe DHHIITEHHOM
VpaBHEHHE, CBA3BIBAIONIEE TEOMETPUYECKYI0 XapaKTEpUCTHKY
MIPOCTPAHCTBA B MOJE TATOTCHHUN ¢ QUIUYECKON XapaKTepHCTHKOH
MaTepuH, OKa3bIBACTCH HENONHbIM. TouHee TOBOpPSA, B TEH30pE
IJIOTHOCTH MaTepHH YXKe HENpPaBOMEPHO I10Jarark CTaTHYECKOE
JIaBJICHUE 3aBEJIOMO PAaBHHIM HYMO, a HEOOXOAMMO BBECTH €ro
(BooOuie roRopsi, HEHYJIEBOE) 3HaYeHue, qubmaxomee IHEpIUIO
Oegpopmayuu cpeow.
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Puc. 6. Ciesa - 10KabHO OJHOPOHOE TOJE TATOTCHHUA, CIIpaBa —
HoJse, KOTOpOe HEJIb3si CYATaTh OJHOPOAHBIM JIaX€e JIOKATHHO

Baxnpr nu  npennaraemele  nonpasku?  CrienuanmcraM
M3BECTHO, YTO TPABUTALHOHHBIA  paguyc MeraranakTuku
Jelicmeumelbho CPaBHHUM C €€ pealbHbIMH pa3Mmepamu. B [2]
OKA3BIBACTCA, WTO  paiguyc  Bceenennoit - MeHbule  ee
rpaBUTALIHOHHOIO PaHyca. ' ‘

Tam ke nokasaHo, YTO pe3yIbTHPYIOLIEE TPABUTAIIMOHHOE
Jlapjiceune BO Bcenennoll okasbiBaeTcs ompuyamenvnoim (U
(aKTUYECKH OTBETCTBEHHBIM 33 KOCMOJIOTMYECKHM wieH B
ypaBHeHuH OiHwrelina). JlaHHBIM $akT KaxeTcs OMEBHIHBIM, T.K.
CHJIA TPaBHTALHH CTPEMHUTCS CHCAMb JHOG0E CKOMLICHUE MATEPHH,
Ho x 3ToMy pe3ynpTaty MOKHO NPHHTH HETPHBHAIGLHEIM IYTEM,
paccMaTpuBasi JaBJIEHHME < KaK CHJIy DPEaklud, JeHCTBYIOUIYIO
BHYTPH OIHOPOGJHOIO IMiapa M3 HeCKMMaeMo#H Xuiaxoctu. B [7]
IIPHBE/JCHA 3aBHCHMOCTh JABJICHUS BHYTIpPH Iapa B (QyHKUHU OT
ero (HeHyJieBo#) toTHocTH. M3 Hee cienyer (cm. [2]), uto ecnu
rPaBUTALHOHHBIH paquyc miapa He Gosee yeM (puMepHO) Ha 1%
{IPEBLILIACT €r0 TeOMETPHYECKUH paguyc (WM elle MEHbLIE), TO
Ha rpaHHlic BHYTpeHHEH oOracTH BO3HHKAeT CKauyoK JAaBJICHHS B
CTOPOHY OTpUUATENbHBIX 3Ha4deHui. 10T 3((PEeKT MOXKHO
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00BACHUTD “pacTseHHeM” o0beMa BCICACTBHE W3MEHEHUA
METPHKH. i
VYyeT cTaTHYecKOro JaBieHUs HO3BOJIAET HE TOJILKO HalTh
HOBOE — THHEHHOE 10 BPEMEHH - KOCMOJIOTHYECKOe pellieHne, HO U
BBIYHCJINTEH BEJIMYMHY TPaBUTALMOHHOIO HaBlicHUs BO BceeneHHOH
B (QYHKIMM BEIMYMHBI paauyca 4-mapa. Jta (oTpHuUATenbHas!)
BEJIMYHHA, KCTATH, BRIPAXKAETCSA TAKHM JKE, [0 CyTH, 00pa3oM U s
HEpeNATUBUCTKOrO Iuapa (AaBjieHUE B LEHTPE IUJAHETHI WM

3Be3gel). HMHTepecHo oTmeTuth, 9TO HaWieHHas B THIPB -

3aBHCHMOCTH IUIOTHOCTH OT pamuyca BcelleHHOH B TOYHOCTH
COOTBETCTBYET BBIPQXEHUIO VI T.H. KPUMUYECKOU TIIOTHOCTH B
AP-Mozenu. : :

- Ilpu 3TOM BBIACHHIHCH ABa KpaiiHe BaXKHBIX 0OCTOSATENILCTBA.
Bo-nepseix, Macca BcenenHo#l okasajack HE OCTOSHHOM
BENUUMAHON, a aunelHo eospacmaiowet QyHKIuel pamuyca 4-
mapa. B TUIPB HeoxuaaHHO peanH30BaIach IporpamMma
S#HIWTeHHA: XapaKTePHCTHKH MaTepHH (IUIOTHOCTH) CBEACHBI K
XapaKTePHCTHKaM IpOCTpaHcTBa (xpuBu3Ha). MIHBIMH enoBamu,
ycTpaHeHa HeoOXoAMMOcTh BHemHMM ofpasom (“pykamu’)
BBOJHMTH B YPaBHEGHWS paclpenelicHHe MacC, 4ToObl MOIYYHTh
3aKOH U3MEHEHHS METPHKH [IPOCTPaHCTRA.

Bo-BTOpAIX, KaXyllascs NapajOKCalibHOCTh HECOXpaHEHHS
Maccel (M oSHepruu!) BcesnenHOH 3acTaBisSer 3anymarsCsd O
8bINOIHEHUY YCIOBUM, NMPH KOTOPHIX JOMKEH OBITH CHpaBelIHB
3aKOH COXPaHEHUs SHEPri” (CM. puc. 7).

Puc. 7. Ecau ¢BOHCTBA IPOCTPAHCTBA CO BPEMEHEM HE MEHAIOMCA,

TO JHEPIHs H30JHPOBAHHON CHCTEMBI coXpansiercs (cnesa). Eciu

K€ CBOMCTBA NPOCTPAHCTBA CO BPEMECHEM MEHSIOMCA, TO JHEPTHS
H30IMPOBAHHOM CUCTEMBI He coxpansemcA (CIpasa)
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TpencraBnsercs OYEBHIHBIM, YTO BHEPIHA CTPONO MOKET
COXPaHATBCH JHIIL B Takol ¢(u3myeckoil cucreme (MM BO
BcenenHol B LieJoM), B KOTOpOH CBOHCTBA NpoOCTpaHcTBa (B
S;acmoém, KPHBH3HA) CTOJIb. XK€ CTPOTO HeusMeHHbl 60 gpeMeHy!
Tlockonbxy u copemensas ¢msuxa, n TIIPB ucxozar u3 uHOM
KOHIENUMH, HOCTONBbKY 3TOT 3aKOH MOXET BBINOJHSATHCH JIMID
NpUOIMKEHHO, B MEpY MaJOCTH COBPEMEHHOIO  TEMMa
OMHOCUMENbHO20 U3MEHECHUS KPHUBH3HBI IPOCTPAHCTBA. DTOT TEMH
COCTaBiIfeT [ COBpeMEHHOH Ham Bcenenmoit mopsaxka 1070 B
TOA. ~

Hcxons u3 actpodusnueckux nabivoaenuii, H.A.Kosbipen
[1] BbicKa3bIBal YyTBEPKIACHHE O €HHCTBE MEXaHH3Ma H3Iy4ECHUS
3B€3/l, OCHOBAHHOTO Ha TNPEBpAalllCHHH  BPEMEHU B DHEPTHIO.
CornacHo Halueit MOACIH, OTHOCHTENbHOE NpUpalieHHe MacChl H
SHEPTHH I[IOKOS 3BE3[bI PAaBHO OTHOCHTENBHOMY MPHPALICHHIO
Bo3pacta Beenennoit. Unrtepecno, uro mis CoNHIA OTHOCHTENBHOE
YMeHbIIIEHHE MACChI 3a CUET H3NyHeHus B rof cocrasser o 1077
T.€. Ha IATh [OPAOKOB MEHBIIE YyKa3aHHOH ‘“>HepreTuyeckoit
NOATIMTKH . /

9. Ilponcxoxaenue U 3aMKHYTOCTh Beesennoi

Kocmonoruyeckas Mogens IP HAUEro He MOrjia cKasaTh O
npoucxoxaeHun BceneHHo#. Hanpotus, pa3BuBaeMblil B pabote
[2] nomxox 103BOAKET AOBOALHO HAIISIHLIM 00pa3soM NOLOHTH K
3TOH npobiaeme. ‘

Kak ormeueno B [7]; ang moboro MarepHaabHOTO 1iapa ¢
HEHYJICBOH IUIOTHOCTBIO METpHKa 3TO# 00nacTH HCKaxaercs no
OTHOIIEHHIO 'K ©BKJIUIOBOH, €€ TeOMETpHS COBNajgaer ¢
TeOMeTPHEH YeThIpeXMepHOH cepHIECKOH IHIEpHOBEpXHOCTH. B
Clydae HEKOJUIANCUPYIOMIEro 1miapa peibed ero rpaBUTalHOHHOTO
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MOTCHIMANIA ~ MOXHO  ymogoOutes - HeOonbmo#  “aMKe”,
PpaBUTAUHOHHBIH . pamdyc  KOTOpOH  MHOTO  MEHbINe  ee
reoMeTpuyeckoro pasmepa. OOHAKO € pPOCTOM IDIOTHOCTH
BEUIecTBAa MeTPHKa Bee Gosiee aedopmupyercs, ¥ “IMKa” B KOHIE
“KOHIIOB . TIPEBpaIIaeTCs B CBOEro poAa “BOPOHKY”, CBA3AHHYIO C
'BHENIHER MOBEPXHOCTLIO JHIIG y3Koi roprnosunol. Tonsxo oxHa
3Ta TOPIOBHHA (MM JaXe €€ YacTh) M BHAHA BHEIIHEMY -
HabmoJaTeNo, TOTAA KAK HENpPEONONMMEIH 6apeep TATOTEHHS
NpEeBpaliacT HEHTPANBHYIO 00N1acTh 00BEKTa B “3aTePAHHBIN MUp”. -

C TOYKHM 3peHHs BHEIIHEr0 MHpa 3TC — YEpHas HAbIpa,
HeoOpaTuMO MOrJIoaiomas BemecTso U u3nyyesue. C Apyroit
CTOpOHBI, Ans obwmTateneit mame# Bceenenso#ft “nymosmHa”,
CBA3bIBAIOIIAS €€ C BHEWHWUM ~ MHpOM, J[OIKHA Ka3aTbCs
chepuueckoit Genoit AbIPoi, W3 KOTOPOi HEIIPEPHIBHO BEUWIECTBO H
U3NyYeHHEe MOCTYNAIOT H, OBITh MOXET, HO3BOJSAIOT CYIOHMTH O
cBoiicTBax 3Toro  BHemmero Mupa. Tem, xro uWran
¢anTacTudeckyro noBecth B.A.O6pydeBa “3emns Cannuxosa”, -
3TO HaBepHSKa HAaNOMHHT ONMHCAHHYIO TaM CEBEPHYIO BHAIHHY,
BEAYUIYI0O B THTaHTCKYIO MOJ3EMHYIO MOJOCTB CO CBETHJIOM B
UeHTpe 3eMid. ) B

Moxer Jn ObITh, YTO MBI SBJIgeMcA OOMTATENIMH HUMEHHO
TaKo# depHO#l ApIppl? Mo rumnoresa yrBEpAUTEIEHO OTBEYAeT Ha
310T Bompoc. OTpuIaTeNbHBIH 3HAK JaBIeHUS, OOYCIOBIECHHBIH
HENpPEPHIBHO  YBETWYUBAIOMIUMCA pasMepoM Hamero Mupa,
MPUBONMT HMEHHO K TakoMy BbiBoAy. [la M cama 3aMKHYTOCTh
Bcenennoii osiyuaer puznyeckoe oObACHEHME.

C npyroii ctoponsl, B [2] noka3aHo, YTO NPH HUYTOXKHOH
IUIOTHOCTH BEWIECTBa TPaBUTAHOHHBIA paauyc BcenenHo#
OKa3piBaeTcsi OONBIIE TEOMETPHUECKOro M, CIEA0BATENLHO, cama
OHA - “4epHOl AbIpoi”. BRIIOJIHEHHE 3TOr0 YCIOBUS ONATH-TAKH
COTJIACYETCS C 3aMKHYTOCTHIO BCeneHHOH, OTCYTCTBHEM Yy Hee
TPaHHll NpH KOHeuHOM oObeMe. M, Kpome TOro, IMOATBEPXAAET
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cQopMyTMpOBaHHOE BBIIlE NPEITIONOKEHHE O TOM, 4TO 06JacTh
JIOKaJIH3alHMH JHEPTHH NOKOs MaTepuu BcelleHHOH He npeBnlaeT
0bnacTH, B KOTOpOH ACHCTBYeT rpaBUTaIHUs.

B cospemennoit OTO noctpoena crnenuduueckas KapTHHA
KOJLJIANca 3BE€3J, KOTOpas, BOOOINE roBOps, MOXET H3YyYaThCHd B
TpEX PpasIHYHBIX cHCTeMax orcyera. OOBMHO HCHOJNB3YIOTCA
MoOJIeJIH, TOCTPOEHHBIE A “ToyeyHoi™” Mmacchl. [lepBas cucrema
CBA3aHAa C BHEIIHMM HalOmonaTreneM, BTOpas — CONYTCTBYET
HaJaromed B YepHYIO ABIpY MaTepHH, TPeThbd — CHCTEMa OTCHeTa
Habmoaarens H3HYTPH KOJLIaNCHPYIOLIEro oObeKTa.

C TOoYKM 3peHHs BHEIUHETO Habiojarens BpeMs ITaJCHHS
MaTepuH B KOJUTANICHPYIOUIYIO 3B€3ly sBJISeTCS OeCKOHEWHO
G6ompumM. OnHako HpH mepexoie K COMYTCTBYIOLIEH cHCTeMe
OTCYeTa OHO OKa3bIBAa€TCs KOHEYHBIM. YK€ B COHYTCTBYIOWIEH
CHCTEME OTCYETA BPEMEHHAA H IIPOCTPAHCTBEHHBIC KOOPIHHATHI
BBIpXKAIOTCA Yepe3 00a THNA KOOPAMHAT BHEIIHEH CHCTEMBI, & BO
BHYTpeHHelH CHCTeMe BpeMs M IPOCTPAHCTBO BOOGIIE MEHSIOTCS
MeCTaMH, TIpu4eM  KOMIIOHEHTBHI  METPHYECKOro  TeH30pa
OKa3pIBAIOTCSA 3aBHCHMBIMM OT BpeMeHH. Jlanee, ucropus mo0oi
MarepHalbHOR TOYKM B IJTOH  CONYTCTBYIOUIEH  CUCTEME
Ha4YMHACTCA B HYJICBOH MOMEHT M 3aKaHUHBACTCA Yepe3 OIUH U TOT
Xe KOHEYHBbHI IPOMEKYTOK BpeMEHH B 0c000il (CHHIYyNSpHOIL)
TOYKe, MOCIe KOTOPOrO YKe He CYLIeCTBYeT HHuero («baphep
BPEMEHHU»).

Kax MHe Kaxercs, eciM paccMaTpHBaThb HETOUYCYHHBIN
KOJUTAIICHPYIOLIHHE OOBEKT, BO3MOXKHA MHAS «CIIMBKa» BHEINHEN U
BHYTpEHHEH KapTWHBl KoJjUtarca. YiKe€ HHMKOTO He YAMBIAET
CHTYalus, I KOTOPOH OZHMH H TOT e JPOMEKYTOK BPEMEHH B
‘Pa3sHBIX CHCTEMax OTCYeTa MOXKET OBITb KOHEYHBIM U
OeckoHeyHbIM. [To3TOMY BHONHE HENMPOTHBOPEUMBHIM MOXKHO
CYMTaTh M TO, YTO HEOI'PaHUYEHHOE CxaTHe (KOJUIArC) 4epHOM
AwIpel BO BHeliHeH Cynep-BeenenHo# BHIMIAAUT H3HYTPH (T.€. U3
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. Haumie BceneHHOM) HEOrpaHHYEHHBIM DacUIMPEHHEM, KOTOpOe

Hayunaemcs Kak OBl U3 cUHTYNApHOH Toukn. U 3ra Xe TOoYka

. ABJISICTCA KOHIIOM HCTOPHH BCEX MATCpPHANIBHBIX TOYCK BHEIIHEH

Cynep-Beenensoif, manaomux B 4epHylo aeipy. Ocobo
OOJYEPKHY, 4TO 3TO HE O3HAYaeT NPOTHBOINOIOXKHOIO TEYEHH
BpPEMEHH CHApY)XH H BHYTpH depHOoH aplppl. CKopee, MOXHO
yIBEpKIaTh, UTO BHYTPH YEPHOH [BIPBI BpeMs  TeYeT
OPTOrOHAILHO BHELIHEMY BPEMEHH.
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Hpnnoxenne 2

TIME AS PHENOMENON
OF THE UNIVERSE EXPANSJION

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 propertxes
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 Universe 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 spherical
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 physws 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 hypothesis relative to time nature

Some simple and pictorial views consist a base of the new
concept. I'll call it briefly “The Spherlcal 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
coordinates 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 using 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” w1th exact correspondance with a modern
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 velocity 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 nhot
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 future
absolute absolute ,
femote " temote x absolute
area 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
hyperplanes. A rest state corresponds with a representative point

-*“drift” perpendicularly to isochrones, an inertial motion
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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.. 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’ = df - dr

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 /s 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
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presents only for some imaginary observer. The Solar system,
' Earth move to the Lion constellation relative to this- observer
f‘;,havmg velocity 390 + 60 km/s. Hence, as a result of the Doppler.
¢ effect, a meeting radiation seems to be more hot, and an overtaking
. 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%. It 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 1 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.

y orbit

December, 22

Lion Constellation
o

Mars, 2 . ber, 23

June, 22

- Figure 4. The Sun and Lion constellation disposition
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 toc 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}5 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 proportionally 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-inertial 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 equation 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, galculable)
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] I 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 I 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 externally (“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 xL/
—_—— —_
/32 ——

| 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 modem rate of a relative
space curvature evolution. This rate has order 10 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 i 1s 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 bamer transmutes an object central area
into “a lost world”. .

From the point of view 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 hypothes1s‘
answers affirmatively this question. The negative sign of the matter
pressure due to continuously increasing our world size allows to
such conclusion. And the Umversuy 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 coilapse 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 meftrics 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 from a 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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Ipencrasiasier Bam ceom Jydime KHdrn:

Podocep Henpoys.

HOBBII YM KOPOJIS.

O KOMIILIOTEPAX, MBIILICHAA d 3aKOHAX (QH3UKH,

MoHorpadws U3BECTHOro (PM3MKA M MaTeMaTuka Po-
pxepa ITeHpoysa mocBAleHa M3YUCHUIO NPOGIEMBI HUCKYC-
CIBEHHOIO MHTE/UICKTd Ha OCHOBE BCCCTOPOHHCIO aHAJM3a
BOCTHXCHUIA COBPeMEHHBIX HayK. BosMoxHO 1 Mozesupo-
‘BaHMe pasyma? YToObr HaliTH OIBET Ha TOT Borpoc, [leHpoys
ofcyXnacT IMPOYaiint KPYr SBICHHIL aArOPUTMU3AIMIO
MaTeMaTHYCCKOrO MBIIUICHVS, MALIMHEL THIOPUHTA, TEOPUIO
CHOXHOCTH, TeopeMy lemeist, Tejenopranmio MaTepuu, na-
PamoKcHl KBAHTOBOMN (PH3NKH, IHTPOIIHIO, POXACHNE BCETICH-
HOM, 9epHbIe TBIPHI, CTPOCHUE MO3Ta B MHOIOC APYTOeE.

KHuTa BEI30BET HECOMHEHHBIN UHTEPEC KAK Y CHELMA-

AKCTOB, TaK U ¥ ITUPOKOTO Kpyra ywratencif.

bBpaiian Tpun
) DJIETAHTHAS BCEJIEHHAS §
CynepeTpyHsl, CKphIThIE Pa3MEPHOCTH B NOKCKYM OKORYATELHOM TEOpHE

B TeucHME MOCHCAHETO MO/yBeKa (PM3MKHM NMPOTONIXATM, OCHOBBIBASCHL HA OTKPBITHSX
CBOMX IpeAUICCTBEHHWKOB, JOOHBATBCSI Bee Gojce MOMHOTO NMOHMMAHMS NPUHIMIIOB
ycTpoiictBa Mupo3tanus. VI BOT Teneps, CIycTss MHOTO JIeT IOC/Ie Toro, KaK DUHIITCHH
OOBABIUL O CBOEM MOXONE HA IOWCKHM CIMHON TEOpyHM, (GUIMKHM CUMTAIOT, YTO OHM
CMOTJIY, HaKOHEIl, BHIPaboTaTh TCOPHIO, CBS3LIBAIONIYIO BCE ITH IMPOPEHUS B eIMHOC
Lieloe — €RWHYIO TEOPWIO, KOTOpasi B IIPUHIINIE CHOCOOHA OGBSICHUTE BCE SRICHUS.
DTa TCOpHSA, Meopus cynepcmpyH, ¥ SIBASCTCS TIPEIMETOM JaHHOW KHUTH.
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