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HpeI[CTaBJICHI)I BBIKJIAAKHW, H3 KOTOPBIX BBIBOAATCA
CTaHJIapPTHHIE ypaBHEHUS JIBUKCHUS 00BEKTOB B
pacImpsIoneMcsl IPOCTPAHCTBE, 3aKOH Xa00ma. Vcrmonp30BaHbI
TP HE3aBHUCHMBIX Toaxona: Qopmanusm olmeld Teopuu
OTHOCUTEIBHOCTH, ¢usuka Herorona 51 YpaBHEHHUSL,
onuparouecs: Ha GUIOCOPHUI0 TUATEKTUYECKOTO MaTepruain3Ma.
Bce IMOJIYUCHHBIC B Pa3HbIX MNOAXOAAaX YPAaBHCHUSA SABJIAIOTCA
COTJIACOBAaHHBIMU U HE MpPOTUBOpedar apyr apyry. [IpuBemensl
IIPHUMEPLI UCITIOJIB30BaAHUA ypaBHeHI/Iﬁ ABWIKCHUS I TTIOCTPOCHUSA
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14.1. 3akon Xaoona ¢ ghopmanuszme OTO

B mpenpiaymux pasnenax Mbl UCHOJIb30BAIM YpaBHEHUS
08UDICeHUsl CBEPXHOBBIX M JIPYIMX OOBEKTOB B pacIIUpsIONIeiics
BcenenHoii, U3 KOTOPBIX BBIBOISTCS ypaBHEHHs 3akoHa XaOOuia.
VYpaBHEHUSIMM  JIBM)KEHHS ~ Mbl  Ha3blBaéM  3aBUCHMOCTb
YAQUIEHHOCTH HEKOTOporo oOBeKTa OT Habmromarenss W ero
CKOpOCTb B paclupsrouencs BeeneHnoi.

MoHO cka3aTh, 4TO 3aKOH Xab0ja M 3TU ypaBHEHUS
B3aMMOCBSI3aHbI, TO €CTh, OYKBaJIbHO BBIBOJAATCS APYT M3 JApyra.
W3navanbHo 3akoH XaO0ma BbIBOAWUTCS B oOwIed Teopuun
OTHOCUTEJIBHOCTU M3 0a30BOTO ypaBHEHHS Uil MaclITaOHOTro
¢dakTopa u napamerpa Xabbmna:
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H=2 (141
a
ChHavuasa mpuUHHMMaeM, 4TO mHapaMmeTp XaOOna sBIseTCS
KOHCTAHTOH, KOTOpas paHee TaK W Ha3blBANaCh — MOCTOSHHAsS
Xa0b6ma. M3BeCTHO COOTHOIIEHHE MEXIy COBPEMEHHBIM
3HaYeHHWEM TMOCTOSIHHOM Xab6ma Ho u Bo3pacTom Hamei
Bcenennoii T14:

T, :Hi =13,7 mapo. nem

0
Cuuraercs, uro runore3a o bonbemom B3pbiBe Bo3HUKIIA
mociie TOoro, Kak ObUIO OOHApYKEeHO paciupeHue BceneHHOH.
OOpatuB 3TOT mpolecc B OOpaTHOM HaNpaBICHUH BPEMEHU,
yu€Hble OOHApYXWIIK, YTO NmpuMepHO 13,7 mupa. neT HazajJ Bce
00BeKTHI BeeneHHol Haxoqumuch B 0fHON Touke. OJHAKO 3TO HE
COBceM BepHO. 3akoH Xa00ma, KOTOpBI BBIBOIUTCS U3
npuBenéHHoro Boime ypaBHeHuss OTO, mpuUBOIUT K HECKOJBKO
WHBIM BbIBOJIaM. JlelicTBUTENbHO, MpPHUBEAEM ATO ypaBHEHHUE K
BUY OOBIYHOTO U (HEepeHITHATEHOTO YPaBHEHUS:
a—-Ha=0
Hnst H =const 5To ypaBHeHHE HMMEET MPOCTOE pEIICHHE,
KOTOpO€ MOXKHO Ha3BaThb CTaHJApTHBIM 3aKOHOM Xa0bia oOuieit
TEOPUH OTHOCHTEIBHOCTH Ui PACHIMPEHHs] TPOCTPAHCTBA-
BPEMEHHU M KOTOPOE UMEET CIEeNYIOIUI B

Ht
a=ae" (14.2)
BeanunHa MOCTOSHHOTO MHOMKHUTEII do OMPEACIICTCA 110

3HAUEHUI0 MaclITabHOro QakTtopa B HadaJlbHbII MOMEHT

BpemeHnu t = 0:
H (t=0)

— — 0 _
a(0)=a,™" " =ae =g,
JUig IpoBEpKM MOJCTaBUM B UCXOJHOE YpPaBHEHHME HaWJICHHBIN
MacIITaOHbINA (HaKTOP U €ro IPOU3BOJHYIO:

a a,He™
P m = H
a aze
Bcé Bepno. Jlamee w3 ypaBHEHHUS i1 MacIITaOHOTO
dakropa muddepeHIpoOBaHUEM MO0 BPEMEHH MOXHO BBIBECTH
BEPCHUIO CTAaHJIAPTHOTO 3akoHa Xab0ja ¢ MacmTaOHBIMHU

¢bakTopamu:



a=a,He™ =Hae™ =Ha

Ctporo roBopsi, MacTaOHBIN (GaKTOpP SABJISETCS JOBOJIBHO
aOCTpaKTHOW BENMYMHOW, pa3MEPHOCTh KOTOPOM SIBHO He
IIPOCMATPUBAETCS, XOTs IIPOU3BOJHBIN OT HEero napamerp Xaboma
OIpeNIeIEHHO MMEET Pa3MEepPHOCTh, 00paTHYI0 BpeMeHu. Cuutas
U1 ONpeAenEHHOCTH MacluTaOHbI  (akTop Oe3pa3mMepHbIM,
IPUI UM YpaBHEHUIO (14.2) MPUHYIUTEIHHO BUJI
COBPEMEHHOro 3akoHa Xab0i1a, ¢ MOMOIIBIO JOHOJIHUTEIBHOTO
MHOXKUTENS ), KOTOPOMY IIPUCBOMM 3Hau€Hue, Hampumep, 1
Merp. CMBICI 3TOH  MaHMIYJSIIMM ~ JOCTaTOYHO  IIPOCT.
AOCTpaKTHBI MacmITaOHBIN (PAKTOp UMEET CMBICT OMHOWEHUS.
IIPOCTPAHCTBEHHBIX MHTEPBAJIOB B Pa3HBIE 3MI0XH K HEKOTOPOMY
UCXOJHOMY HHTepBaily. MHbIMM ClIOBaMHu, 3TOT HapaMmerp —
MacmTaOHbIA (GaKTOp — OTHOCHTCS KO Beel BeenmenHon yenuxom.
[TockonbKy comocTaBisieMble UHTEpBaibl IBHO HE 00O3HAYEHBI,
TO 00 MX pPa3MEpPHOCTH TOBOPUTH Bpsia Ju ymectHo. Ho 3tum
OTHOWICHHUS A0CTPAKTHBIX 'MacmTaOHBIX HMHTEPBAIOB" MOXKHO
IIEPEeBECTH B pealbHble (PU3MUECKUE OTPE3KH, HMEIOLIHe
peaibHYyl0 Ppa3MEpHOCTb — METpPbl, KWJIOMETPHI, HalpuMmep,
UCIIOJIb3YS TIEPEBOAHON MHOKHUTEIND — .

[MoacraBuB B ypaBHeHue (14.2) STOT MHOXKHTENb, MbI
[I0JIy4a€M YpaBHEHHUE [BUKECHHS C PEaJbHBIMU METPUYECKUMU
TUCTAHLIUSMU:

r=y-a=ae"' =re™ (14.3)

B srom BapuaHTe KOHCTaHTa [lp TakXKe OIpejesieHa U3
HavaJbHBIX ycaoBuil 1uist t = 0. M3 Hero teneps y»Ke Mbl BEIBOJUM
CTaHJIApPTHBIM 3akOoH Xab0na [ns peadbHBIX (PU3HUECKHUX
CKOpOCTEH Mex /1y 00beKTaMH B pacuiupstonieics BeeneHHoi:

v=r=rHe" =rH

B »tux  ypaBHeHMsX Mbl (DaKTHYECKH  3ajai,
MOCTYJIMPOBAJIM, YTO MAacCIITaOHBIA (PAKTOp — 3TO KOJIUYECTBO
€IMHUYHBIX HMHTEPBAJIOB, MPOMOPLHUOHAIBHOE MAaCHITAOHOMY
(bakTopy, TO eCTh Mempuieckoe PacCTOsTHUE MEXYy 0ObEKTaMHU B
HEKOTOpBI MOMEHT BPEMEHH, B 3aBUCUMOCTU OT HA4YaJbHOTO.
Kak BunM, B Ha4aabHbI MOMEHT BPEMEHU OHO ONPEACIEHHO HE
PaBHO HYJII0 M HE MOXET OBbITh PAaBHBIM HYIIO B MPUHIIMIIE,
MOCKOJIBKY TOI'JIJa HUKAKOI'O MOCJIEAYIOLIEro yJaJeHusl ObITh He
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MOXET. DTO HE COBCEM COOTBETCTBYET TUIoTe3e O boibiiom
B3priBe 13 OeckoHeuyHO Mayioil TOYkH. ToO €cTh, B HaYaJIbHBIN
MOMEHT BPEMEHHU, B MOMEHT Hauaia XaOOIOBCKOTO pacIIMpeHUs
Bcenennas, BooOIie roBops, y)xe uMena OecKoHeuHo Oo.vuuue
pa3MepBhl.

Takum 00pa3om, MBI MOKEM 3alKMCaTh OKOHYATEIBLHO TPU
ypaBHEHUsS: JBa ypaBHEHUS JABWKCHUA JUII  OOBEKTa,
YIAISFOIIETrocs OT HaOIroAaTeNs B paciupsroneiicss BeceneHHo:
IS yOanEéHHOCTH U ATl CKOPOCTH yJIaJIeHUs, U 3aKOH Xab0:a:

r=re"
v=r,He"" (14.4)
v=rH

rue:
H = Ho — mapameTp Xa061a, paBHBII COBpEMEHHOMY 3HAYCHHUIO;
l[0 — PacCTOSHUE B MOMEHT Hauaja pPACUIMPeHHsl 10 OOBEeKTa,
yAAISIoLEerocss OT HaOioaarens, Ju00 pPacCTOSIHUE MEXIY
TOUYKOI MpOCTpaHCTBa, I B OyaylieM MOsSBUTCS HaOI0AaTelNb,
3eMis, ¥ TOYKOW TPOCTPAHCTBA, TA€ B OYAYIIEM IOSBUTCS
yJaansonmiics 00beKTa — HEKOTopasi 3Be3/1a, CBEpXHOBasL.

3ametum, 4to peuieHue ypaBHeHus (14.1) mbl mosryduu,
UCXO0/ U3 HEM3MEHHOro, MOCTOSIHHOTO 3Ha4yeHus napamerpa H.
N3 sTOrO K€ YCIOBHS MOXHO MOJIY4UTh pElIeHHe U B Oolee
00111eM, HO HECKOJIBKO 3aBYaJIMPOBAHHOM BHJIE JJISI IEPEMEHHOTO
3HAYeHMs ITapameTpa.

Jns 3TOro MBIl MOAMEHMM BenuuuHy Ht B skcrmoHeHTe
JIPYrOW, NHTErPAIbHON BEJTMYUHOM:

H = ["H®dt (14.5)

[IpaBMIIBHOCTH YpaBHEHUS KOHTPOIUPYEM IO Pa3MEPHOCTH
BEJIMYMH: CJIEBA W CIIPaBa — OHU TOXKICCTBEHHO Oe3pa3MepHbIE.
Benuunna t; cneBa o6s3amenvHo paBHA BEpXHEMY TMpelely
uHTerpupoBanus. CMBICT HWHTErpajla COCTOMT B TOM, YTO Ha
KaXJIOM WHTepBayie BpeMeHH dt HOBOE pacHIMPEHHUE HCIBITHIBACT
MIPOCTPAHCTBO, YKE PaCIIMPUBIICECS HA TPEIBIIYIINX dTalax.

Maremaruuecku 3aech npousBereHue Ht, kak u pasblie,
SIBISICTCS  KoHcmanmou st Habaooaemozo (1)  MomeHTa
(uaTepBanma) Bpemenu — ;. BemumumHa 9TOM 0Oe3pazmepHOI
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KOHCTaHTBl ~ OIpENENsieTcs, 10 CYLIECTBY, UHMESPATbHbIM
3HAYCHHEM peanbHo20 Tapamerpa Xab0ia, M3MEHSIONIEToCs Ha
HMHTEpBajJe BPEMEHM OT HadanbHOro fp m0 koneunoro t;. B
YaCTHOCTH, JJI1 BCEro BpEeMEHM cyllecTBOBaHUS BceneHHoii, TO
ectb, mpuauMas th=0, 4= 14, U COBPEMEHHOTO MOCTOSTHHOTO
3HaueHus napamerpa Hy = 1/ty4, MbI OTydUM:

14 t
Ht= [ "Hydt = Hxt) = Hy x (.~ 0) = Hoxtuzt%xt“:l
0 4

IMoacraBnsiem B ypaBHenue (14.3) m HaxomuMm, dYTO
YAQIEHHOCTh BCEX TalaKTUK BO BcenenHoi 3a Bpemsa eé
CYLIECTBOBAaHMSI BO3pOCIa MpUMEpHO B 3 pasa:

r=re™=re"" =rge' ~3r,

DT0 ypaBHEHUE OTHOCUTCS K 170001 €TUHUYHON ralakKTUKE
BO Bcenennoil. Hanpumep, rajlakTvka, HaXOJUBILIASCS B Hayaje
pacidpeHus Ha yaalneHuu ~ 14 MIpA. CBETOBBIX JIET OT 3eMIlH,
CETOJIHSI HAXOIUTCS Ha YAAJICHUH ~ 42 MIIPJI. CBETOBBIX JICT.

EcThb 1 emé onuH MoAXo/ K 3aliCH YPaBHEHUS BUKCHUS
(14.4) (B TepMuHax MacmTabHOro (hakTopa):

a(t) =a(0)xexp(t- ;H(x)dx) (14.6)

B oatom cnydae mapamerp H(X) He sBusiercs 4ETKO
BBIpOXEHHOW (pyHKIIMEH BpeMEHH, a 3HaU€HUE WHTErpaya mocie
€ro  BBIUMCJICHHS TPOCTO O0O3HAYAeTCs, HMEHYEeTCS B
nanpHeimeM kak ¢yakius H(t). Buax dyakmun H(t) otamuaercs
or Buaa ¢yukiuuu H(X), ¥MMeHOBaTh KOTOPYIO TapaMmeTpoM
Xab06sa BpsiIL JIM YMECTHO.

B xocMos0ruM BMECTO peabHBIX, (PU3HUECKUX CKOPOCTH U
yIan€HHOCTH HCIONB3YIOTCS COOTBETCTBYIOIIINE
Ha0JTI0TaTeIbHBIE TTApaMETPhI — IPKOCTh YIAICHHOHW ralaKTHKU U
e€ KpacHOe cMelleHue. SIpKOCTb SIBISIETCS MaTeMaTHYeCKU
TOXKJIECTBEHHOM BEJIMYMHOW 11  yAald€HHOCTU. Onpenenss
SPKOCTh CTaHJAPTHOW CBEYM — CBEpXHOBOW THma la, momydator
TOYHOE 3HayeHHE €€ yHal€HHOCTH. UeM sipue 3Be3/la, TEM OHA
Oommxe K HaMm. BTopoil mapameTp — KpacHOe CMeEIIeHHE B
TOYHOCTH COOTBETCTBYET CKOPOCTH, C KaKOW TaJaKTHKa
yIaiasieTcsl OT Hac: 4yeM OOoJbIlle CMEIeHUE, TeM BBIIIEe CKOPOCTh
ynanenusi. MHade rToBOps, ¢akTHUYecKH B 3akoHe XabO0ma
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MPUCYTCTBYIOT HE CKOPOCTU M PACCTOSIHUSA, a KPACHBIE CMELIECHUS
U SpKoCcTH. [JTaBHBIM OCHOBAaHHMEM IS YTBEPXKICHUH 00
YCKOPEHHOM pacIiMpeHny BceneHHo# kak pa3 M craj TOT (akT,
YTO SAPKOCTh JAJIbHUX CBEPXHOBBIX TUIMA la oka3zanmach HUXKE, YeEM
3TO JI0JDKHO CIIEZI0BATh U3 3aKoHa Xaboia.

14.2. 3akon Xaoona 6 gpuzuxe Horomona

Crnenyer OTMETUTh, YTO 3aKOH XaOO0usa, MoJyueHHBIH B
dbopManu3zMe 0OIIEH TEOPUU OTHOCUTEIIBHOCTH, MOXET OBITh
BBIBeZICH M cpeactBamu gusuku HproTrona. B uHTepHEeTE U B
JuTEepaType HEpPEeNKO MPUBOJUTCA YCIOBHAas HWJUIFOCTPALIMS
pacuIMpeHyss IPOCTPAaHCTBA HA IPUMEPE PE3MHOBOrO Iapa C
HaKJICCHHbIMU Ha HEro MOHETKaMHU-TaJlakTMKaMu. Pa3gyBanue
mapa OPUBOJUT K TOMY, YTO PACCTOSHHUE MEXJIy MOHETaMu
BO3pacTaer, MpUYEM KakJaas M3 HUX MOXKET CUHUTaTh ceds
LIEHTPOM, OT KOTOPOT'O yIAJSIOTCS BCE OCTAIIBHBIE.

Hcnonbs3yeM 3Ty aUIETOPHUIO JUIsl IIOJIY4EHMS 3aKOHa
Xabbna ©06e3 UCHONB30BaHUS YpaBHEHUU o0OIIeH Teopuu
OTHOCHUTEIIBHOCTH. [[eHCTBUTENBHO, PE3MHOBBIM LIap — BIIOJIHE
peasibHbIi pu3nYecKuit 00BEKT, K KOTOPOMY MPHUMEHHMBI BCE
nosioxxeHus pusuku Herotona.

BeipesxeM U3 3TOro mapa A0CTaTouyHo OOJIbIIOro pa3mepa,
auaMerpa y3Kyr MOJIOoCy, IIHYp C MOHETaMH-TAIAKTUKAMMU.
3aKkpenuM OIMH KOHEIl MOJIOCHI, TO €CTh, (POpMaNbHO Mepen M B
CUCTEMY OTCYETA TANIAKTUKH, HAXOMAIIEHCS HAa O3TOM KOHIE
mHypa. [anakTuky Ha MNPOTHUBOMNOJIOXHOM KOHIE HA4YHEM
OTTSATUBaTh, pACTATUBAs IMOJIOCY. 3alMIlIEeM YpaBHEHHE s
MOCTOSHHOW WM CPEAHEH CKOPOCTH ATOW JABMXKYLIEHCA
TaJIaKTHUKH CIEAYIOIUM 00pazoMm:

r
V=—
t
WNnu naBepcHo:
v_1
r t

3aMC‘{aCM, 4YTO OTHU YpaBHCHHUA OIHCBIBAKOT TAKKE U CKOPOCTH
JABHKCHU A Ka}K)IOfI TOYKHU IIHYpPA, T'aJIaKTUKH. EC.]'II/I, Harmpumep,
TaJIaKTUKa-MOHETA HAXOAUTCA POBHO MOCPCANHE LIHYpaA, TO U ee



CKOpOCTH TaKke OyZeT B 2 pa3a MEHbIIIE, YeM Y TAIAKTUKH Ha ero
koH1le. CieoBaTenbHO, ypaBHEHHE OyI€T UMETh TaKOM 7K€ BU:
v2 v 1
r’2 r t
VYpaBHeHHE MOXKHO Iepenucars B 6oiee o01eM BUae, TOraa OHU
OyIyT BEpHBI U IIJII MTHOBEHHOW CKOPOCTH, M3MEHSIIOIICHCS BO
BPEMCHHU:
rore 1
ror) t
Tenepb Bce nepeMeHHbIE B YPaBHEHUH SABJSIIOTCA (PYHKLIUSAMH OT
BpeMeHH. B TakoM BuJe ypaBHEHUE O3Ha4aeT, YTO B JIHOOOH
MOMEHT BpEMEHHM t CKOpOCTb Tela Ha pacCTOSHUM [ OT
HaYyaJbHOM, HEMOJBMXHOMW TOYKM paBHa V. Ecium 0003HaunTH
BEIMYMHY crpaBa dyepe3 H, TO mnoiayduMm ypaBHEHUE i
JTUCTaHLUMU, ToxkAecTBeHHOe ypaBHeHuto OTO (14.1):
T—H52-H
r a
IIpeoOpasyem mnonyuyeHHoe ypaBHeHue HbproToHa B
oObryHOE nmuddepeHImanbHoe ypaBHEHUE, KaK 3TO CASNald s
ypaBHeHus OTO:
r-Hr=0
Orto ypaBHeHuMe HbpIOTOHa HMeeT Takoe XK€ MPOCToe
pelieHne, KOTOpPOE B TOYHOCTH COBNAJAET CO CTaHAAPTHBIM
3aKoHOM Xab0Ja aJisi pacCTOSTHUI:
r=re™
To ecTb, U3BECTHBII PENATUBUCTCKUI 3aKOH XabOna sBiseTcs
OJTHOBPEMEHHO M PSIOBBIM 3aKkoHOM ¢u3uku HprooToHa s
HallIeHHOT0 3aKOHA YBEIMUYEHHs PACCTOSIHUNA MEXy 0ObeKTaMH,
3aKperIEHHBIMU Ha PaCTATUBAEMOM PE3MHOBOM IIHYPE:
Ht
v_ rOH—th =H->v=rH
rre
C yd€romM 53TOrO MOXHO JaTh A3TOMY 3aKOHY JpYyroe,
Oonee obmiee Ha3BaHMe — 3akOH HbroToHa-Xabbma. B ¢dusuke
HploTOoHa 3TOT 3aKOH MOMKHO Ha3BaTh 3aKOHOM PACTSKEHHS
PE3MHOBOrO JKryra WM TNpyxkuHbl. Ecim kpall kryra
BBITSTMBAETCS C HEKOTOPOM, B YAaCTHOCTH, IEPEMEHHOMN
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CKOpPOCTBbIO, TO BEIMYMHA CKOPOCTH KaXJOW TOYKH IKIyTa
MPOTIOPIMOHANIBHO €€ YAAIEHHOCTH OT HEMOIBHKHOW TOYKH,
TOUYKH KperuieHus. B TpaguimonHom 3akone Xa00ia poiib Kryra
HCIIOTHSET MPOCTPAHCTBO-BPEMS.

14.3. 3axkon Xao6na ¢ gpunocogpuu

AHanu3upys peNSTUBUCTCKUM M HBIOTOHOBCKHM 3aKOHBI
Xab0ma, MOXHO O0OHapyxuTh Oojee (yHIaMEHTaIBLHOE
OMMCaHWE WCTOPUM pacuupsmomenics BceneHHOH B pamkax
¢unocopun TUANTEKTHYECKOTO MarepualniMa, (OopMUpPYIOIIee
HEMPOTUBOPEUUBBIA MEXaHU3M PACHIMPEHUS IPOCTPAHCTBRA.

3mech MBI 00si3aHBI BCIIOMHHTH JOBOJIFHO CIIOPHOE
BBICKA3bIBAHUE OJIHOTO H3BECTHOIO (PU3MKA MPUMEPHO TaKOIO
BUJIA: TaM, TJle HaunHaeTcs punocodus, pusrka 3aKaHIUBACTCS.
Opnnako 10, 9TO BO (ppasze Ha3BaHO PU3MUKOH, IO MHCHHIO OJTHOTO
U3 UHTEpHET-aBTOpoB sBiseTcs '"Mudodusuxoit”. [Ipyroi
BENMMKUN acTpodu3uk momén eme ganplie, 3asBUB, 4YTO
¢bunocodpus mepra. OgHaKo oTka3 oT (uIocodCcKoro Haazopa
HEM30Ee)KHO BEAET K TAaKUM OTKPBITHSIM, KaK KpPOTOBBIE HODBHI,
HEJIOKAIbHOCTh, MEPEXOAbl MEXAY HW3MEepeHusMU, bombiioi
B3pbiB 1 MammHBI BpeMEHHU, KOTOPBIE MBI OJJHO3HAYHO OTHOCHUM
K MHUCTUYECKMM, WM, B JIydlleM cllydyae, K 3araJjoyHoMy
npomeiciny TBopra.

B otoit  dusuko-punocopckoit  momenu  OCHOBOW,
nepBoocHoBoi  Bcero  Cymero, beiTus  sBisercs  ogHa
€IMHCTBEHHAasl CcyOCTaHLMsA: Be4yHass UM OeckoHeuHas Marepus.
Xorss '"marepus" MW INEpeBOOUTCS Kak  "BEHIECTBO' MBI
paccmaTpuBaeM UX Kak JIBE€ pas3Hble CyOCTaHIIUU, KATETOPHH.

Martepusi HECOTBOPHMA M HEYHMUYTOXKHMMA, Oe3rpaHUyYHa U
OeckOoHeYHa, MpH OSTOM OHa CIUJIOIIHAs, Hepa3pblBHAasA, HE
OucKkpemHas, TIOCKOJbKY WHaue CIeloBaIO Obl JOMYCTUThH
CYLIECTBOBAaHME YEro-To €€, 3arojHSIOUIET0 MPOMEXYTKU
Mexay auckperamu Marepun. M3 storo cpasy xe cuemyer
BBIBOJI, YTO HU MPOCTPAHCTBO, HU BPEMsI KaK TaKOBBIE, KaK HEKUE
CyOCTaHIIMM U3HAYAIBHO He CYyujecmsyiom.

Tonsko ~ Marepuss  obnmamaer  (yHIaAMEHTAIbHBIM
KaueCTBOM — CyIIeCTBOBaTb. Bcé mpouee sBusercs e€
CBOWCTBaMHM, XapakTepUCTHKaMHu, aTpuOyramu. CylecTBOoBaHHE
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Matepun mposiBisieTcss B €€ CIOCOOHOCTH U3MEeHAMbCs WIIH,
TOXKJIECTBEHHO, JBUTAaThCS, B3aUMOECHCTBOBATD.

Ha ogHoM wu3 3TamnoB CBOEro pas3BUTHS, W3MEHEHUs
Martepus mnepenia B OJHY U3 CBOMX OeCUHCIEHHBIX (opM —
BELIECTBEHHYIO, 4YTO M MpOSIBWIOCH KakK Hama BceneHHas.
HemnpepoiBHble u3menenuss B 31Ol €€ ¢dopme, BEIIECTBEHHOM,
onHOW u3 e€ OecuMclIeHHBIX (POpPM, MBI BOCIPHUHHMAEM Kak
tedeHre BpeMeHU. C Jpyroil CTOPOHbI U3MEHYHMBOCTH MaTepUU
MPOSABIISIETCS B €€ JIOKAIBbHBIX HEOOHOPOOHOCMSAX, UYTO, B CBOIO
ouepe]ib, BOCIIPUHUMAETCS. HAMU KaK IPOCTPAHCTBO.

Matepuss B mpolecce, CXOXeM, Hampumep, ¢
KOHJICHCAallUel mapa B Kamepe BuibcoHa, CKOHAEHCHpOBAJACh,
8eUeCmBONUUPOBATIACH,, 00pa30BaB  BEHICCTBO  BceneHHOM.
[Ipon3onuio 310 B HEKOTOPBI MOMEHT BpeMeHHM, 14 mipa. jer
HazaJ] [0 HamMM yYacaMm, Korga Marepuss B HaOIr0gaeMoin
00JIaCTH MPOCTPAHCTBA KaK ObI CKOHICHCHPOBAJIACh, MEPEILIA B
OJIHYy U3 CBOMX O€CUMCIIEHHBIX (OpPM — BEIIECTBEHHYIO,
gewecmeonusupoganacy. Kak mpousomien HUMEHHO  ITOT,
BEIICCTBEHHBIN MEPexXo0/, HEU3BECTHO, HO ceivac 3TO AJs HAC U
HEe 0c000 Ba)XKHO.

[Tponiecc mpeoOpa3oBaHuss MaTepUU B BEIIECTBO MPOLIEI
HE OJIHOMOMEHTHO, a Ha MPOTSHKEHHUH HEKOTOPOTO BPEMEHH,
0003HayaeMoro HbIHE Kak BpeMs HHGuAUUU. B 3TOT OueHb
KOPOTKHMH, Kak CydTaercsi, nepuoJl oOpa3zoBajiach OCHOBHas
Macca BelecTBa BcCelleHHOW B BHJE 4YacTHUI[ M U3JIyYCHHS.
Bo3znukiee BELIECTBO chopmMHpOBaIIO IPOTSKEHHOE
npoctpanctBo. IIpocTpaHcTBO 6ewecmeennoe, MPOCTPAHCTBO
Hallell pealbHOCTH BO3MOXKHO TOJIBKO Oyarofiapss HaJIMYMIO
BEIIECTBEHHBIX O0BEKTOB. Jlamee mporecc KOHACHCAITMH
3aMeWICSd M B CBOOOJHBIX OT BelecTBa oOnacTsax Marepus
NpOAOJKAET  CO3JaBaTh  TENEPh YK€  TOJBKO  "aTOMBbI
MPOCTPAHCTBA", HIEMEHTHI (PU3UUECKOTO BaKyyMa.

BeposatHo, 4TO  KOHJIEHcalus,  BeLIeCTBOJIU3ALUs
Martepun Moria HadyaTbCsl B KaKOM-TO OINpPENEICHHON TOYKE, YTO
MOKHO paccMaTpuBaTh Kak HEKoe T10J100ue U3BECTHOTO
KocMmostoruyeckoro bomnemioro B3peiBa, koraa mo Bcemy o0bEMY
Bcenennoii mpob6exaina cBoeoOpa3Has BOJIHA, KaK MpU OOBIYHOM
B3pbIBE. DTOT MPOLECC MOT HAayaThCsl TAaK K€ U B HECKOJBKHX,
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BIUIOTh 70  OECKOHEYHOTO  KOJIMYEeCTBA,  TO4ykax  eé
mMamepuanrbHo20 TPOCTpaHCTBA. B »TMX mpomeccax Mor
BO3HUKHYTh COOTBETCTBYIOUIMH C(hepuyecKrii (MHOTOMEpPHBIN)
GpOHT  WIM  MHOXECTBO  IIEpeceKaroluxcsi  (pOHTOB
BELIECTBOJIN3ALMY.

B konne srtoro mporecca, o4eBMIHO, 00pa3oBanach Ta
camasi paHHSs CWIbHO pa3zorperas BceneHHas, oCHOBHas macca
BemiecTBa BceneHHoW B BHAE 4YacTULl M M3JIy4deHus. B
JAJIBHENIIEM BCE IPOLIECCHI MOXKHO paccMaTpuBaTh B paMKax
CYLIECTBYIOIMX MPEACTABIECHUI: 00pa30BaHue MUKPOBOJIHOBOIO
¢doHa, popMHUPOBAHUE MOJIOJIBIX TATAKTUK U BCETO OCTAIBHOIO.

Bo3nukmas Takum obpazom BceneHHas B 3ToM ciiydae
MOJKET JIN0O MMETh YOErarlIiyio rpaHuily, 1100 ObITh HUYEM HE
OTPaHMYEHHOM U MPOCTUpAThCS 10 OECKOHEYHOCTH, Kak
OeckoHeuHa cama MaTtepusi.

[IpoGiemMa €€ wH30TPONMU HE BO3HUKAET: COCTOSHUE
MaTepuH neped €€ BEIIECTBOJIU3ALUEH MMOJHOCTBIO OJIHOPOJHO,
M30TPOIHO, MOATOMY HET HUKAKMX OCHOBAaHUM IMPOU3BOJIHOM OT
He€ BEIIECTBEHHOM (opMe uMeTh pa3Hble CBOWCTBA Ha
OECKOHEUHBIX YAAJNEHUSAX JIPYr OT Jpyra. DTO e OOBACHAET U
IUIOCKOCTHOCTh ~ BceeneHHol: ~ OECKOHEYHO  NIPOTSKEHHOE
IIPOCTPAHCTBO, KAk IMPHHATO CYMUTATh, IO ONPEACIECHUI0 —
IJIOCKOE, pauyc KpUBU3HBI paBeH OECKOHEYHOCTH. | 1aBHOE, UTO
paccmarpuBaeMasi TMIOTE3a O BEIIECTBOIM3ALMM W3TOHSIET M3
TEOPUU MUCTHKY COTBOPEHHUSI.

3aMeTHM, 4YTO B TAaKOM KOHTEKCT€ KOHEYHOCTb JTOMU
obpazosasuieticss 001acTu (B METpax U IpamMmax) U HaJlIU4yHe Y
Heé rpaHullbl Ipu e€ 0Opa3oBaHuu 1Mo Mozenu bosbmoro B3peiBa
u3 HEKOTOPOI0 HEHTpa SABIISAIOTCA JIOTUYECKHU
HENPOTUBOPEUYMBBIMUA. Tak K€ JOIrMYECKH HENPOTUBOPEUHBHIM
ABIISIETCA U 00OpPAaTHOE — OTCYTCTBUE Y HE€ KaKOH-INOO IrpaHUIIbl U
e€ TPOTSHKEHHOCTh J0 OECKOHEYHOCTH, KaKk OeCKOHeYHa cama
Marepusa. Hanmuuue rpaHullbl 1 KOHEYHOCTh CIIEAYET IOHUMAaTh
OyKkBaJIbHO: B JyXe Jy4yHUKa, BbITycTHUBIIEro crpeny. [IpaBna,
CTpena JOCTHUTHET He CTEHbl, a a0CONIOTHOHN 6ewjecmeenHou
IyCTOTHI, 3a KoTopod '"umucras" marepus. Ho nmoctmus 310M
IPaHULBl HE CMOXET HUKaKas CTpeNa, IOCKOJIbKY CKOPOCTh
yYAAJIEHUsI STOW TPAHMULBI IPEBBINIACT NaXE CKOPOCTh ABUKCHHUS
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TaXWOHOB, OECKOHEYHO OombIIyi0. be3rpaHMyHOCTH, B CBOIO
ouepelb, Mbl HE paccMaTpuBaeM KaK HCKPUBIEHHOCTb,
3aMKHYTOCTh 'TpocTpaHcTBa' — 3TO cBOoeoOpaszHoe moxobue
TereJIeBCKOM TypHO 0€CKOHEUHOCTH.

OnHako Ha 3TOM IMpollecC MPeoOpa3oBaHUs MATEPUU HE
3aBepuiwiica. Bo3HuKIee BemiecTBo, o0danas  CBOMCTBOM
KonuyecTBeHHOCTH  (OykBanpHO, B  IITyKax), (opmupyer
MPOTsHKEHHOE TpocTpaHcTBO. [IpocTpaHcTBO  6ewecmesennoe,
MIPOCTPAHCTBO HAlllel PealbHOCTH BO3MOXKHO TOJIBKO Onaronaaps
HAJIMYHMIO BEIIECTBEHHBIX OO0BEKTOB. Her u ObITH HE MOXKeT
YHICTOrO, IyCTOr0, MPOCTPAHCTBA 0€3 BEIIeCTBA B TOM WM HHOM
BU/JIE, HATIPUMED, B BUJIE aTOMOB, IJIa3Mbl, IIOJIEH.

CrnenoBaTenbHO, PpOXKIEHUE MPOCTPAHCTBA  HAMPSIMYIO
CBSI3aHO C TIPOLIECCOM OOpa3oBaHMs BemlecTBa M3 MaTepum.
CooTBeTcTBEHHO, dYeM Oojblle  BellecTBa, TeMm  Oolee
MPOTSHKEHHO TPOCTPAHCTBO.

[Touemy B 9t0ifi Momenu beiTus ™Mbl HabmogaEM
pacmpenne npoctpancTBa Beenennoit? OueBUIHO yBETUUCHUE
IIPOCTPAHCTBA, €ro IMOCIEAyIollee IOCI€ BO3HUKHOBEHUS
paciidpeHue cleAyeT paccMaTpuBaTh KaK pe3yibTaT MOSBICHUS
OONOJHUMENbHO20 BEIECTBA, BUAUMO, B (opme (u3nuecKoro
Bakyyma. VHade roBops, HpoLECC BELIECTBOJIU3ALNUN MaTEpUU
3aBepUIMIICS TOJBKO B OCHOBHOM (opme, MNO3TOMY HOBOE
"mpocTpaHCTBEHHOE" BEIIECTBO — (uU3MuUecCKuil BakyyMm —
KAueCTBEHHO OTJIMYAeTCS OT IMPUBBIYHBIX JUIsI HAc aTOMOB,
U3y4YeHUs, I1a3MBbl, TIOJIel U TOMY MOA0OHOTO.

Ora ocobass cyOcraHuus — (U3MYECKUH  BaKyyM
paccMaTpuBaeTcs Kak crenuduueckas (GpopMa H3rHAHHOTO U3
¢usuku >¢upa. Ero MoxkHO paccmarpuBaTh Kak CBOEOOpa3HbIE
"aTomMel mpocTtpaHcTBa" [5; 1], dMeMEHTBI  BEIIECTBEHHOTO
¢usnyeckoro Bakyyma. B Hacrosimee Bpemsl  Ipolecc
BELIECTBOJIM3alMM Marepuu 3akio4yaeTcss HCKIIOUUTENbHO B
BO3HUKHOBEHUHU ATHUX JONOJHHUTEIbHBIX aTOMOB, (U3UUYECKOTO
BaKyyMa.

Tunomesa Xoiuina

Cne/:[yeT OTMCTUTHb, 4YTO IMPCACTABJIICHHAA THUIIOTE3a O
BCIICCTBOJIM3allUH MAaTCPUHU B 3HAYNUTEIILHOM CTEIIEHH MMOX0Ka Ha
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TEOPHIO CTallMOHapHOW BceneHHON rpynmbl acTpoU3UKOB MOA
pykoBosictBoM @pena Xoiina:

"I'maBHast uzaes 3TOM TEOPUU 3AKIIOYAETCS B CIEAYIOLIEM:
[0 Mepe TOro KakK rajakTHUKU yAAJISIOTCS APYT OT Apyra MnpHu xad-
OJIOBCKOM pAaCIIMPEHUH, B YBEJIUYHBAIOIIEMCS IPOCTPAHCTBE
MEKy HUMH 00pa3yeTcst HoBast marepus” [6].

Ha camom nene cXonCTBO BCE-TaKM BeCbMa OIPAHUYEHHOE.
Teopust cranmonapHoil Bcenennoit Xo#na mnoctyiaupoBaia
HECKOJIbKO MHOW M SIBHO OIMMOOYHBIHN Mporiecc. OOpa3oBaBmiasics
HOBasg Marepus, a IpaBWIIbHEE CKa3aTb, BELIECTBO IO 3TOU
TEOpUHU:

"..CO BpEMEHEM CaMOOpTaHWU3yeTcsi B  TallaKTHUKH,
KOTOpbIE, B CBOIO Odepeab, OyayT yAalsaTbCsi APYr OT Apyra,
BBICBOOOJK/1asi MMPOCTPAHCTBO JJIsi 00pa30BaHUsl HOBOM MaTEpHUU.
Takum oOpazom, HaOIIOAAEMOE pACHIUPEHUE OBLJIO COTIACOBAHO
¢ nousTueM '"crammoHapHoi" BceneHHO#, coxpaHsoel CBOIO
oOIIlyl0 TUIOTHOCTh M HE UMEIONEeH EAMHCTBEHHON TOYKHU
oOpa3oBaHus  (HajdM4uMe KOTOPOW  MpEeAnoyiaraeT  TeopHs
Bosnbioro B3peiBa)" [6].

OTO MOJOXKEHHE JOBOJBHO CKOPO OBIJIO OTBEPTHYTO: B
TOYHBIX JITAOOPATOPHBIX OIBITAX HE YIAIOCh BOCIPOU3BECTU
o0pa3oBaHMe BEIIECTBAa, @ MUKPOBOJIHOBON (pOH HE HalIEN B Hel
MIpUEMIIEMOT0 00bSICHEHUS. B 3TOM CBA3M MOXKHO MPENIOJI0KUTD,
4yTO 3HaAMeHHTas ¢popmyna DitHmTelHa E = mc? Ha MaKpOypOBHE
OJIHOHAIPABJICHHA. BEIIECTBO JIETKO MEPEXOJUT B SHEPIUI0, HO
BO3HUKHOBEHHUE BEIECTBA M3 YMCTOW SHEPTUH, U3 (PU3UUECKOTO
BaKyyMma He HalJro1aeTcsl.

Kpome ToOro, u3 HaOmIOAEHWI BBISICHHIOCH, YTO BCE
HauboJee yaanéHHble TalakTUKY MIPEICTaBISAIOT cCO00M MOOIbIE,
emeé He CcGHOPMHUPOBABIIMECS CHCTEMBI, YTO HPOTHBOPEYHIIO
TEOpUU CTAI[MOHAPHOCTH, HO XOPOIIO COIJIAaCOBBIBAJIOCH C
Teopuein bosbioro B3peiBa.

['umore3a o0 BemiecTBONIM3AIMM  MaTepuud  OT  ITHUX
HEJIOCTaTKOB  TEOpUM  cranuoHapHou  Bceemennoit — Xoiisia
cBoOonHa. Ilpu BemiecTBOIM3alMU MAaT€PUH U MOCIEAYIOLIEM
pacmupenun  BceneHHoit  00pa3yroTcsi  HOBBIE  "aTOMBI
MPOCTPaHCTBA", W MNPAMO HHUYEr0 HE YTBEPKIAETCA O
BO3MOXXHOCTH HX II€pEX0/la B BELIECTBO C IOCIEAYIOLIEH
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CaMOOpraHu3alueld B TajJakTUKU. boriee TOro, 3ta TuUmnoresa
psIMO OOBSCHSIET MEXaHW3M paciiupeHust BceneHHoi, yero HeT
HU B Teopun bompmoro B3ppiBa, HU B 0OLIeH TeopHH
OTHOCHUTEJIBHOCTH, HHU B PELICHUAX €€ YpaBHEHUW, BKIIIOYAs
TEMHYIO DHEpruro. Tam, KaKk HW3BECTHO, JIHIIL OOBSBISCTCS
MpoLecc M3MEHEHHs] MaclTaOHOro (akTopa, KOTOpBIM cam IO
cebe He sBisgeTcs (PU3NIECKUM O0OBEKTOM M HUKAK HE OOBSICHSICT,
HE OIKCBhIBAaeT IIpolecca CBOEro COOCTBEHHO W3MEHEHUS,
CYIIHOCTH IpoLEecca yIaleHus TaJIakTUK Apyr OT apyra. Bmecre
C TEM, CIIEIyeT OTMETUTh, YTO TMIIOTE3a O BELIECTBOIU3ALUU HE
uMeeT 4€TKO CHOPMYIHPOBAHHOTO MATEeMATHYECKOTO arapara,
MO3TOMY OHa SBJIETCS THIIOTE30i ckopee PUiIocopCcKoil, Hexenu
bu3nIecKoii.

Tunomesa 06 unghrauuu

C npyroii CTOPOHBI, MEXaHU3M BELIECTBOJIM3ALUU MATEPUU
MMEEeT HEKOTOpPOE CXOACTBO U C THUIOTe30i 00 wuH AN
BellecTsa BeelleHHONW M3 NMEpBUYHOM CUHTYJISIPHOCTH, KOTOPAst
Mpearnoyiiaraer, 4Yro IO MCTEUYEHUH CpoKa HUHOISIUOHHOTO
pacmmpennsi Beenennoit (mpumepHo depes 10% CEKYH/I TIOCJIe
Bosbiioro B3psiBa) Bo Beenennoii:

"[pounsommen ¢azoswiii nepexod BemeCTBA W3 OJHOTO
COCTOSIHUSI B Jpyroe B Macmrtabax BceneHnHoit — sBieHue,
o100HOe IpeBpalleHnio Bojbl B yed. M kak mpu 3amepi3aHuu
BOABI €e OecrmopsAoYHO JIBIKYIIUECS MOIEKYJIbl BIPYT
"cxBaThIBalOTCA" U 00pa3ylOT CTPOTyI0 KPUCTAIIMYECKYIO
CTPYKTYpPY, TaK IIOJ BJIUSHHUEM BBIJICIUBIIUXCA CHUIIbHBIX
B3aUMOJICICTBUII ~ MpPOU30IIA  MTHOBEHHAs  NEPECTPOMKa,
cBoeoOpa3Has "kpuctayuiu3anus” Bemiectsa Bo Beenennoit" [2].

Kak BunuMm, mnpormecc ¢azoBoro mnepexoia B Ipolecce
MHQIALUN TPAKTUYECKH TOJHOCTBIO COBIAJAeT C ONMHMCAaHUEM
mpolecca  BellecTBOIM3auuu  Mmarepuu. [IpuHnunuaibHOe
pasnuyMe 3aKioyaeTcss B TOM, 4YTO MHQIAIMS CBA3aHa C
Mexanuyeckum PacIIUpeHUEM IUIOTHO Co#amozo BEIIeCTBa [0
Pa3peKEHHOT0 COCTOSIHMSL, a BELLIECTBOJIN3ALMSI pAaCCMaTPUBAETCS
KaKk HEKOe Moa00ue "KpUCTAIU3aluu" MO BCEMY HCXOTHOMY
o0beMy, HO He BellecTBa, a Marepuu. [Ipu BeliecTBOIU3AIUH
MaTepuu 00pa3zyeTcsi BEIIECTBO H3HAYAIBLHO B Pa3pEKEHHOM,
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"mocTUHIAIMOHHOM" COCTOSIHUH. ITosTomy BCE
COIYTCTBYIOIIME OKOHYAHUIO MH(DIAIMU MPU3HAKU MPHUCYIIH U
OKOHYAHUIO nporecca BELIECTBOJIN3ALIUU! HaJlIuuue
MHUKPOBOJHOBOTO (DOHA U MPoLIecChl 00pa30BaHUs T'aJaKTHK.

Eciu ectb Takoe coBMaJ€HUE, TO YEM BEIIECTBOIM3ALUSA
nyyiie uHGIsAIMK? E€ 0OCHOBHOE MPEUMyYIIECTBO B TOM, YTO IPH
BEUIECTBOJIM3ALMM  MaTepUu  OTCYTCTBYEeT KakK  TaKOBOE
CotBopenne Mupa. Ilpu Heill Hu bosbmioil B3pbIB, HU
CUHIYJISIDHOCTh HE BO3HMKaOT u3 Hwuuero. U3 nuueco moxer
BO3HUKHYTh TOJIbKO Huuymo. BemiecTBoiu3anuss — 3TO YHCTO
@uzuyeckull IPOIECC C PeabHO CYIIECTBYIOUIMMHU PuU3uyecKumu
CyOCTaHIIUSIMHU. Jomyckaercs, 4TO Bcenennas  mpu
BELIECTBOJIM3ALUN UMEET OECKOHEUHbIE pa3Mepbl WU pa3Mephl,
YBEJIMYUBAIOLIUECS C HEBOOOpPa3MMO OOJBIIONH CKOPOCTHIO
(ckopocTh ()pOHTA BOJHBI BEIICCTBOIHM3AIUHN). JTO yBEIIMUCHUE
HE CBSI3aHO C TEKYIIUM, COBPEMEHHBIM paCUIMpEHUEM
IIPOCTPAHCTBA BO DBceneHHOW, 3TO MNpeqIIECTBYIOIIMN €My
mpouecc. CrenoBarenbHo, JI00as JOCTymHas B Oyayiem
nHpopManusa 00 ynan€HHBIX TaTaKTHKax (B BUAE CBETa OT HHX)
crapmie 13,7 mwinuapaa aetr Oyaer nuHpopmanuend 0 COCTOSHUU
BcenenHoli Ha MOMEHT €€ BO3HUKHOBEHHMS: HE CYIIECTBYET
U3JIy4eHUsl OT TAJAKTHK, MCIIYIIEHHOTO PaHbIIE 3TOrO CPOKa —
13,7 munnuapaa et Hazal.

JUis OonuchIBAEMON THIIOTE3Bl YCKOPEHHOe PACHIMPEHUE
Bcenennoii mpoOnemMolt He SBISETCS, OAHAKO 3aMeldleHHOe
aBnsieTca Oosiee ynOOHBIM, MOCKOJBKY Mpeanoyaraer Oosee
€CTECTBEHHBIH TMPOIECC: WCXOJAHAS CYOCTaHIMsA, WCXOIHBINA
MaTepuan Juid BellecTBa B HEKOTOpoil obmactu — B
"Bo30ykn€HHONW" Marepun — 3akaHuuBaeTcs. ['mmoresa Takxke
IpUEMIIEMO OOBSACHSET, MOYeMY IPOCTPAHCTBO paCUIMPSAETCS
TOJIbKO BHE TPaBUTAIIIOHHO CBSI3aHHBIX 00JacTel: MOXKHO
CKa3aTb, 4YTO IOBBILIEHHAs HANpPSKEHHOCTh I'PAaBUTALMOHHOTO
T0JIS MIPEMSATCTBYET Nnepexoy MaTepuu B BELIECTBO, B 3JIEMEHTHI
¢usnueckoro Bakyyma. OOwminme BemiecTBa B HUX, BHIMMO,
MPEMSTCTBYIOT OOpa30BaHHMIO HOBBIX «aTOMOB IPOCTPAHCTBAY.
Tak ckazatp, TpyHO IPOOUTHCS yepe3 Toumy. [IoHATHO, YTO 3Ta
TUIO0TE3a He HYXK/1aeTCsl B aHTUTPaBUTAIIMKM TEMHOM dHEPrUu.
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Taxke rumorese HE NPOTHBOPEYUT U CBEPXCBETOBOE
pasOeranue ramaktuk. OHM He JOBMXKYTCA IOJ JEHCTBHEM CHII,
OHHU HE JBWKYTCA 110 HHEPLUUHU — TAKUX CKOPOCTEH HE JIOMyCKaeT
TEOpUs] OTHOCUTEIBHOCTH. YBEIMYEHHE, POCT PacCTOSHUN
MEX]y HIMH 32 CUET MOSBJICHHS HOBBIX «aTOMOB ITPOCTPAHCTBA»
IIPOCTO GbleA0UM KaK UX B3aUMHOE yAaJeHHe, pa3oeraHue.

Tem He MeHee, HMHEPUMOHHAs TPAKTOBKA PACIIUPEHUS
npocTpaHcTBa mocie  bonbmoro BspeiBa B smreparype
BCTpEYAETCs:

"I'paBUTALlMOHHBIE CHUJIBI OTTAJIKUBAHHUS B WHQISLIMOHHBIHN
NEepUOJl PA3rOHAIOT YaCTHUIbI, a JAajbllleé OHU JBUXKYTCS IO
unepiuu. Tak dopmupyercss xaOOJOBCKUI 3aKOH pacuIupeHus"
[3].

Ho »T0, Kak MBI yke oTMeTwid, HeBepHO. OOBEKTHI BO
Bcenennoii He 1BUXKyTCs (B cMbIciie e€ paciuupenus). JBuxyrcs,
€CTM MOXHO TaK BBIPA3UTHCSA, HMHTEPBAIBI MEXIYy HUMH,
paccTosiHUsA,  KOTOpbIE  pPacTyT,  BBITATMBAIOTCA. OtH
"'yBeTMUMBAIONINECS paccTOSIHUA" HanOoJiee MPaBUIIbHO HA3BaTh
paclIMpSOLIMMCS  [POCTPAHCTBOM. YBEIMYUBACTCI HMEHHO
MIPOCTPAHCTBO, PAaCTET, paciupsiercs, pazoyxaer. Cuuraercs, 4To
KOCMOJIOTHYECKOE KpacHoe CMelleHHe ABIISETCA
MOJTBEPXK/IEHUEM  pacCIIMpeHHs  INPOCTpPAHCTBA, a  He
(GU3NIECKOTO, MEXaHUIECKOTO JIBUKCHHUS TaTaKTHK:

"...Kakue ¢akTbl yka3plBaloT Ha TO, 4YTO paz0eraHue
TaJJakTUK HE SIBISETCS JIBUKCHHWEM COOCTBEHHO TaJaKTHK, a
MMEHHO JIBUKEHHUEM BCIIE/ICTBUE PACIIUPEHUS IPOCTPAHCTBA ...7"

"CoOCTBEHHO, KOCMOJIOTUYECKOE KPACHOE CMEIIECHHUE.
€CIIM BOJHOBOM MAaKeT pachpoCTpaHAETCsl B pacIlupsrouieiics
Bcenennoli, TO pacmupeHue TMPOCTPAHCTBA OOYCIIOBIMBAET
paciIpeHre BOJIHOBOTO MaKeTa, a 3HaYUT, U U3MEHEHUE JITMHbI
BOJIHBI, COOTBETCTBYOIICH 3TOMY makety" [4].

Touno Tak e, Kak 3aBepIIWICS OCHOBHOH 9Tamn
(dbopMHpOBaHUS BEUICCTBEHHOW pPEaTbHOCTH, TOYHO TaK e
JIOJDKEH PAaHO WM TMO3JHO 3aBEPIIUTHCS U ATan (POPMUPOBAHUS
OONONHUMeNbHbLIX ~ aTOMOB — TIpocTpaHcTBa. MHaue roops,
CKOPOCTh TOSBJICHHS OSTHUX aTOMOB JIOJDKHA  CHIDKAThCS.
CnenoBarenbHO,  JIOJDKHA ~ YMEHbIIATbCSI U CKOPOCTh
HaO0JII0AaeMOro pacIIMpeHus MPOCTpaHCTBa, BcemenHoil. D10
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JIOTHUYECKHU 00JIee eCTECTBEHHBIN MPOLECC, HEXKEIU YCKOPEeHHOe 1
Jaxe  MOCTOSIHHOE  JI0 OECKOHEYHOCTU  pacUIMpeHue
IIPOCTPAHCTBA.

3amMeTuM, 4YTO MEXAaHU3M pAaCIIUpPEHHs MPOCTPAHCTBA 3a
CY4ET ACUCTBUSA TEMHOW SHEPIUM BBITVIAIUT HECKOJIBKO CTPAHHO,
Kak U camo €€ Ha3blBaHME. Y TBEP)KJIAETCs, YTO IJIOTHOCTh 3TOMN
SHEPrMM HEM3MEHHA, HO TOrJa M3 KaXI0oW (PUKCHPOBAHHOMN
o0JacT MPOCTPAHCTBA BEUIECTBO M TEMHAsE MaTepus Cco
BPEMEHEM JIOJDKHBI Kak Obl "BBITOJIKHYThCA". TO ecTh, yaenbHas
IOTHOCTh  Bceenennoir goimkHa crpemuthess K 75%  oT
HBIHEIIHEH.

14.3.1. Jlocuka pacwupenusn npocmpancmea

JlaBaiiTe  mompoOyeM  JIOTMYECKM U aHAJIUTUYECKU
pa3obpaThCs, Kak BOOOIIE MPOUCXOAUT pacmupenue BeeneHHON
C  U3JOXKEHHOW  ¢uiuocopckoi  Touku  3peHus. s
ONPENICJICHHOCTH ~ MEXaHW3M  pACIIMPEHUs  TMPEICTaBHM,
Hanpumep, Kak MOHOTOHHOE yJIBOGHHE aTOMOB IPOCTPAHCTBA, UX
YMHOXXEHHE HAroaooue KIeTodyHoro neneHus. O4YeBHIHO, YTO
N00aBJI€HHE HOBBIX aTOMOB IPOCTPAHCTBA' BBIMVIAIUT Kak
yBEJIMUYEHUE BCEX PACCTOSHUI, NpUYEM pealbHOE JBH)KEHHE
MaTepHATLHBIX 0OBEKTOB MTPH TOM HE BO3HUKAET.

Taxoif MexaHU3M MO3BOJIIET OOBACHUTH TAKXKE U MPUUHHY
pacupeHe mpoCTpaHCTBAa MEXKAY TPABUTAIMOHHO CBSI3aHHBIMHU
00JIacTsIMM M €ro OTCYTCTBHE BHYTPU 3THX oOjacteil. BHyTtpu
TPAaBUTALIMOHHO CBSI3aHHBIX OOJIACTEH, IO BCEH BUAMMOCTH,
"¢oHoBoii" obmactu  Marepun  TpyaHee  chOpPMHPOBATH
JIOTIOJTHUTEIbHBIE aTOMBI TMPOCTPAaHCTBA. 31eck Marepus, c
OJTHOW CTOpPOHBI, HcCuUepraiga CBOW HCXOJHBIA MaTepual, a, ¢
Jpyro CTOPOHBI, CHJIBHOE€ TPABUTALMOHHOE II0JIeé TIPOCTO
MIPOTHBOJICHCTBYET MOSBICHUIO HOBBIX aTOMOB.

Jlnst GonbIIei HarJsAHOCTH MPOBEJEM aHAIN3 (opMatbHO
C HCIIOJIb30BAaHMEM aJUIETOPUM IKEJIE3HOJOPOKHBIX IyTed co
mmaigamu. [lycte  paccrossHMe Mexay JABYMS OOBEKTaMH
M3MEpSIeTCs] KOJMYECTBOM INMall MeXay HUMH. [Ipumem, dro
ucxojHoe paccrosinue npu t = 0 cocrasisier ogHy mmany o= 1.

[Tycth VIUTHHEHUE, pacuipeHue IIPOCTPAHCTBA
MPOUCXOIUT MOHOTOHHO TaKMM 0O0pa3oM, 4YTO €ro JyIMHa
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YBEJIMYUBACTCS 32 CYET YABOCHUS KAXKIOH IIMAIbl B CAMHHILY
BpEeMEHH. 371eChb Mbl BBEIEM BEIMYHHY, KOTOPYIO Ha30BEM
KO3 (QUIIMEHTOM TPOCTPAHCTBEHHOTO pPACIIUPEHUs (Y4TOOBI HE
myTaTh €ro C MaclmTaOHbIM (aKTOPOM), PaBHYIO B JaHHOM
ciydae 2. [Toaromy B ciieyromuii MOMEHT BpEMEHH IImal OyaeT
YK€ JBe!
t=1 r=r,x2
B cnenyromuii 1 pganbHEHIIME MOMEHTBHI BPEMEHHU YHCIIO
HInan KaXaslid pa3 yBauBaeTCs:
t=2 r=rx2x2

t=3 r=rx2x2x2
t=4 r=r,x2x2x2x2
t=5 r=rx2x2x2x2x2

W Tak nanee. 31ech y)xe MOXKHO OOHApyKUThb HEKOTOPOE
CXOJICTBO C 3aKOHOM Xa00ia, HO JJIsl 3aBUCHMOCTH HE CKOPOCTH
OT PACCTOSHUS, a PACCTOSHUSA OT BPEMEHH, MOCKOJIbKY OYEHb
XOPOLIO BUJIHA 3aKOHOMEPHOCTb!

t=nt, r=rx2x2x..x2x2=r2"=r2"
N—co mHo dic um i

OpHako MBI HCIONB30BAIM  JIOBOJBHO  PAJUKAIBHOE
3HaUEHUE MapaMeTpa pacIIUpeHHs] MPOCTPAHCTBA — YABOCHHUE.
VY aBOoeHHE aTOMOB NPOCTPAHCTBA SIBISIETCS, BUIUMO, YPE3MEPHO
3aBBIIICHHONW BeMMUMHOW. [loaTOMy BBIOEpEM HEKOTOPYIO
KOHCTaHTY, 3HAu€HUE KOTOPOM TIOKa HE YCTAHABIIMBAEM.
[TockonbKy KOHEUYHBIH pe3ynbTaT, HAA0 MPHU3HATHCS, HaM
BOOOIIE-TO U3BECTEH, B KAYECTBE KOHCTAHThI BO3bMEM BEJIINUMHY
e, KOTOPYIO TaKxe Ha30BEM K03 duLeHTOM
MPOCTPAHCTBEHHOTO pacmupeHus. [lycth B Ha4aJIbHBIA MOMEHT
BPEMEHHU DPACCTOSHUE MEXAY JBYMsI 00beKTaMH (TaJlakKTHKaMu)
paBHO Io. CorjmacHO BBIOPAaHHON MOJENHU 32 KAKIYIO €IUHUILY
BPEMEHH KONMYECTBO aTOMOB IIPOCTPaHCTRA Oyzaer Bo3pacTarh B
e’ pa3. IloaTomy B KaKIbIil CIEAYIOIIMI MOMEHT BpPEMEHH
paccrosiHue Oyner yBenuuuBaThes. IIpomoikuB BHU3 JIEeBBIN
cTosben B clenyroen Tabunule, oOHapy»XuBaeM
3aKOHOMEPHOCTH (cpenHuil cToa0el), KOTOPYIO MEepernuchBaeM B
KOpPOTKOE ypaBHEHHUE (CIIpaBa):
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t=1 r=r,xe" r=r,e"
t=2 r=r,xe" xe" r =r,e*"
t=3 r=r,xe" xe" xe" r=re"
t=4 r=r,xe" xe" xe" xe" r=re"
U Tax Jaliee. 3aKOHOMepHOCTB O4YCBHAHA:

t=n r=rxe" xe" x..xe" xe" =re""=re" (14.7)

N—comHo srcum el

Wnu kpatko:
r=re™ (14.8)

VYpaBHEHHE ONHUCBHIBAET, KAK CO BPEMEHEM YBEIMYHMBACTCS
paccTosiHHE MeXAy JByMs OOJacTAMHM, HaXOASIIUMHCA B
HCXOJHOM COCTOSIHUM Ha HEKOTOPOM PACCTOSIHUM lg. Bbliie mbl
YMBIIIEHHO HCIIONB30BANM KOHCTAHTY B BHAC €, UTOOBI
MOJYYUTh MMEHHO Takyro 3anuck (14.8), mpuuem BenmnumHa H
OKa)KeTCs B TOUHOCTH PaBHOM MOCTOSHHON Xa00ia.

Jlerko 3ameTuTh cX0ICTBO ypaBHeHusi (14.8) ¢ 3akoHOM
Xab06ma, HO Ui 3aBUCHUMOCTH HE CKOPOCTH OT PAcCTOSHHs, a
paccrostHuss oT BpeMeHu. Ecim mpoauddeperunpoBaTh ero mo
BPEMEHM, TO MBI Cpa3zy € W I0Iy4daeM pPa3BEPHYTHIM 3aKOH
Xa0b6ua:

v=r=rHe™
3aMeqaeM, 4qTo HOCJ'IC,Z[HPIIZ COMHOKUTEIIb — 3TO 3HAa4YCHUE I,

MIOJICTABJISIEM U MOJIy4aeM OOBIYHYIO 3allKCh 3aKoHa Xab0:a:
v=Hr

14.3.2. Humezpansuotit 3axon Xaoona

HecnoxkHo  moka3arb, 9TO  TNPH  KMCIOJIb30BAHHH
M3MEHSIOIIErocs BO BPEMEHH Tapamerpa € MbI MONydHM
UHTErpalibHOe ypaBHeHue ABkeHus a(t) wm r(t).

Jns  3TOrO BCE 0O0UHAKOGble WHTEPBAIBl  BPEMEHH
3aMUChIBa€M KOJMYECTBCHHO, a HE B TIOPSIKOBOM Buje. Kaxmoe
CIIeyIolee COCTOSHHE MPOCTPAHCTBA SIBISCTCS PaCHIMPEHUEM
MPEABIIYIIEr0 HHTEPBAJIa, YK UCIBITABIIErO COOTBETCTBYIOIIEE
pacimpeHue.

OTMedaeMm, 4TO BCe MHTEPBAIBI BpEMEHU Atj paBHbI JpyT
apyry, a Hi — »53to 3Hauenme mapamerpa XaOOia,
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COOTBETCTBYIOIICE TEKYIIEMYy MOMEHTY BPEMEHH 3TOr0 I-TO
uHTepBana. Jlng  Busyanmzamum  OyoeM B ypaBHEHHSAX
OPEeNbIAYIIUA  WHTEpBAl  OTHACNATH  OT  CIEAYIOIIETO
3aKphIBaroell ckoOkoil. YUToObl w30ekaTh ''pazsMHOXKCHHS'
COIMYTCTBYIOIIUX KM OTKPBIBAOIIUX CKOOOK, MBI HX IPOCTO
OITyCTUM, IOMHS, YTO UX MOXET OBITh CTOJIBKO K€, CKOJBKO M
3aKPBIBAIOIIUX

r=r,xe™" r=re™"

= (ro % eHlAt) « @At r= rOeHlAt+H2At

r=(f, x eHlAt) % eHzAt) x @HaAt r— roeHlAt+H2At+H3At

r— (ro % eHlAt) % eHzAt) % eH3At) weMat  p_ rOeHlAHHzAHHSAHHAAt

B mepBoil cTpoke MOKa3aHO, YTO pacCIIMpPEHUE e™ ucmbrran
WCXOIOHBIM HHTEpBan [p. Bo BTOpoM cCTpoke pacumpeHue
MPOUCXOAUT TENepb YK€ Y OTOr0 YK€ PpacIIMPUBLIEIOCA
HHTEpBaJla B CKOOKax. B TpeTbeli cTpoke HOBBIM MHTEPBAJIOM IS
pacuIMpeHus sBJIAETCS UTOTOBBIM MHTEPBa U3 BTOPOM cTpoku. 1
TaK Jjajnee. 3aKOHOMEPHOCTb OYEBH/IHA, OHA UMEET BU/I:

r=(r,xe™" ) xe ") x...xe" ) xe" = exp(i H, xAt)
N—co MHO dicu m el 0
OOHapyxuBaeM, 4TO CyMMa HpPOM3BEAECHUH MIHOBEHHOTO
3HaueHus mapameTpa Xa00iaa, COOTBETCTBYIOIIETO KaXKIOMY
KpaTKoOMy HMHTEpBaJly BPEMEHHM, BBITJISIUT Kak wHTerpan. Ecmu
AJIMHBI UHTEPBAJIOB YCTPEMUTD K HYJIIO, TO ITOJYUYUM UHTCIPAJIL:

r=r, exp(jg H (t)dt)

BepxHuM npeienom MHTerpana sSBiIseTcs BpemMs | — cymma
BCeX OECKOHEYHO MaJbIX HWHTEpBaIOB BpemeHH Ot mpocto
MOTOMY, YTO KOJHMYECTBO CJaraeéMblXx N Kak pa3 M pPaBHO
KOJIMYECTBY ATHX MHTEepBasoB dt B oOmem Bpemenu: T = nxdt.

Beimie takoe e pelieHnue Mbl HalllIu [Tl 3aKoHa Xa00ma ¢
macitabHbiM (pakropom (14.5) u (14.6). YpaBHEHHE OMUCHIBACT,
Kak CO BpPEMEHEM YBEIMYUBACTCS PACCTOSHUE MEXKIY JABYMs
00JIaCTAMHM, HAXOJSIIMMHUCS B HCXOJHOM COCTOSHHHM Ha
HEKOTOPOM  pacCTOssHMM  [p.  Bplmie MBI yMBIIUICHHO
HCTIONIb30BATH KOHCTAHTY B BHJE €, YTOGHI MONYYHTh HMEHHO
Takyro 3anuch (14.8), npuuyem BeanunHa H OKaXXeTcs B TOYHOCTH
paBHO# MOCTOsSIHHON Xa00ia.
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B 3axmoueHne nmokaxem, Kak ¢ IIOMOIIbIO ATUX YpaBHEHUH
MPOU3BOJUTCS TMOCTPOCHHE AMAarpaMM JABM)KCHUS Ha IpUMepe
YCIIOBHOW TaJIaKTMKH, CBEPXHOBOHM, HAaxOIMBIIEHCS B Hadaie
paciidpeHusl IpOCTPaHCTBA HA yAaJeHUU OT 3eMid B 3 MIIpA.
CBETOBBIX JieT. /I HariasgHOCTH pacCMOTPUM  YCIOBHYIO
Bcenennyro, pacmmpsiomnyrocss ¢ mapamerpom Xab66ma H(t),
UMEIOIIMM  MHOXKECTBO H3JIOMOB: YYacTKOB YObIBaHHUA W

BO3pacCTaHus.
[13

[" H (t)di
L Ve L R(l)=R08'|"’ @1 10 x ez(?)
105 x H(1)
\
i N /// \ Ty AR(1)
\\ // \\// \ ‘( )—
110 ~ A Al

10 xv(1)

R,=3 Tpaduxu asmkenns R(t) i v(t) ranakTiKy, HAXOAMBIICHCS B Havase
2 PacHIMpEeHHs Ha YJIeHHH 3 MIIPA. CBETOBBIX JieT oT Habmonarens (Ha 3emie).
VYenosHas Beenennas pacimpsiercst ¢ nepeMeHHbIM napamerpom Xat6ma H(t).

5 | @ t, Mapo. 1em
0 1 2 3 4+ 5 6 7 8 9 10 11 12 13 14
Puc.14.1. Ilpumep auarpamm ABWKEHHUs [Uisl iepeMeHHoro H(t)

Ha puc.14.1 ostor mnepemenHslii mnapamerp XaOb6ia
npeacrasieH rpapuxom 105xH(t), rae MaciTaOHBII MHOKHUTETH
105 ucnonb3oBaH, yTOOBI rpaduK OBLIT XOPOLIO Pa3IMYUM, a €ro
HEKpyTJioe 3HauyeHHe — 4TOObl OH MMEJI MEHbIIIE MepeceueHuil ¢
apyrumu rpaduxkamu. VHTepBan BpeMeHM auarpamMMm paseH 14
MIIpA. JIET.

Hcnonb3ys ypaBHenue (14.7), mpou3BOIMM TMOCTPOEHUE
rpapuka guctanimii  R(t). [loctpoenme mnpoms3BogMM 10
TaOJIMYHBIM ~ JaHHBIM, B  KOTOPBIX TEKyIlee yJaJeHHe
paccunThIBaeTCd Kak IMPEIbIAYLIEEe, MCIBITABUIEE I1aroBOE
paciivpeHue, pacliMpeHue ¢ TEeKyIIMM 3HAaueHHEM I[apaMmeTpa
Xab0:1a 3a eIMHUYHBIN HHTEPBAJI BPEMEHHU.
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I'paduk ckopoctu V(t) ctpoum C 10-kpaTHbIM MaciTaboMm
MPOCTHIM BBIYMCICHHEM MPHUPOCTa ITUCTAHLIMU 3a HWHTEpPBaj
BpeMeHu 3toro npupocta. lllar Bpemenu Step BbIOpaH paBHBIM
0,1 mupa. mer. Jyns cpaBHEHUsS MNpPUBEAEH Takxke TIpaduk
ckopoct C 10-kpaTHBIM MacmTaboMm, OMpeaeIsIeMon IS
00JbIIUX 3HAYEHHH KPAaCHOTO CMEIIEHUS TOYHBIM OOpaTHBIM
YPaBHEHUEM, IEPEBOSIIUM CKOPOCTh B KPACHOE CMELICHUE!

\1+v

7=—-—-1
1-v
Kak Buamm, pacxoklIeHHME CKOpPOCTeM Ha PpHUCYHKE
CYH_IGCTBCHHOC. CKOpOCTB, onpeacisieMmast IIPpOCTBIM

YMHOXCHHEM  KPAacHOTO CMEIIEHHWS Ha CKOPOCTh CBETa
MOJIy4yaeTcsi MOoYTH B 2 pa3za Oonblle peaJbHOM CKOPOCTH
oObekTa. M3BeCTHO, YTO TPHOIM3UTEIBHOE PABEHCTBO CZ =V
BBITIOJIHSCTCS  TOJBKO TIPH  MaJIbIX 3HAYCHHUSAX KPACHOTO
cMmemenus, Z < 0,1.

Ha pwuc.14.2 npuBeneHsl TpaaWIMOHHBIE JUarpaMMbl
Xabbna uis 3TOro yciuoBHOro mapamerpa Xabbma H(t). B

BBIUUCIICHUSIX UCIIOIH30BAaHO MHTETPAILHOE 3HAYCHHUE TTapaMeTpa
Xabb6uma (14.5).

14
v/c 10 x cz(r)

105 x H(r)

10 x v(r)

Jlnarpammer Xab6m1a B yc10BHO#H BceeneHHO#, pacmmpsiomiencs ¢ nepeMeHHbIM

napamerpoM Xa606ma H(r) ~ H(t) a1s ranakTuky, H3Ha4abHO HAXOAMBILIEHCS HA

yJaleHnH 3 MIIpJI. CBETOBBIX JIeT oT Habmonarens (Ha 3emie). Jlnarpammsl uist

1 peanbHOM CKOPOCTH V(I) U (3aBBIIIEHHOH) CKOPOCTH, BBIYUCIIIEMOM IO KPAaCHOMY
cMeleHuIo cz(r) npu z >> 0,1. r, M2IpO. c6. nem

3 4 5 6 7 3 9 10

Puc.14.2. lnarpammer Xa66a st V(r) u ¢z(r) Bo Beesnennoii ¢
napamerpom Xab6ma H(r)
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