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[IpencraBieHbl BBIKIAAKH, W3 KOTOPBIX BBIBOJSATCS
CTaHJapTHBIE YpaBHEHHUSI JIBUKCHHUS 00BEKTOB B

pacIIMpsroIeMcsi MPOCTPAHCTBE, 3akoH Xab0:a. Mcnonb3oBaHb
TP HE3aBUCUMBIX THoaxoja: QopmanusMm o0med Teopuu
OTHOCHUTCJIIBHOCTH, (1)I/I3I/IK8. Hrrotona u YpaBHCHHA,
onuparouecs: Ha GUIOCOPHUI0 TUATEKTUYECKOTO MaTeprainu3Ma.
Bce MOJIYUCHHBIC B Pa3HbIX MNOAXOHAAX YPABHCHUS SABJIAIOTCSA
COIJIaCOBAaHHBIMU M HE IIPOTHBOpeYaT Apyr Apyry. lIpuseneHsl
IMIPUMEPHI UCITOJIL30BAHUA ypaBHeHI/Iﬁ ABUKCHUS JJI1 TIOCTPOCHUS
AuarpamMm JIBUIKCHUA.

Calculations are presented, from which the standard
equations of motion of objects in expanding space, Hubble's law
are derived. Three independent approaches are used: the
formalism of the general theory of relativity, Newton's physics
and equations based on the philosophy of dialectical materialism.
All equations obtained in different approaches are consistent and
do not contradict each other. Examples of using the equations of
motion to construct motion diagrams are given.

1. 3akon Xa60.1a B popmanmuzme OTO

B mpeapimymmx pazaenax Mbl HCTIOIB30BAIA YPaBHEHUS
08UJICEeHUs. CBEPXHOBBIX U APYTUX OOBEKTOB B PACHIMPSIOMIEHCS
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BcenenHoii, 13 KOTOPBIX BBHIBOJSATCS ypaBHEHHs 3aKkoHa XaOoOma.
VpaBHEHUSMHM  JBM)KEHUS  Mbl  Ha3blBaéM  3aBUCHMOCTb
yIal€HHOCTH HEKOTOPOTO O00BbeKTa OT HaOIoJaTens W ero
CKOpOCTb B paciupstomieics BeenenHoil.

MoHO cKa3zaTh, YTO 3aKOH Xa00ia M 3TH ypaBHEHHS
B3aMMOCBSI3aHbl, TO €CTh, OYKBaJIbHO BBIBOAATCS APYT M3 JApyra.
W3navanpHO 3akoH XaOOma BBIBOOUTCS B OOIIEH TeOopUH
OTHOCHUTEJIBHOCTU M3 0a30BOr0 ypaBHEHHUS ISl MacIiTaOHOro
¢akTopa u napamerpa Xab0:mna:

H=2 @
a

CHavana mpuHHMMaeM, 4To mapamerp XaOOia siBiseTcs
KOHCTAHTOM, KOTOpas paHee TaK W Ha3blBalach — IOCTOSIHHAs
Xab6ma. M3BecTHO COOTHOWIEHHE MEXKAY COBPEMEHHBIM
3HAQYCHHEM TMOCTOSHHOM Xabb6ima Hp u Bo3pacToM Haiieu
Bcenennoit T1a:

T4 :Hi =13,7 mapo. nem

0
Cumnraercs, yto runore3a o bonbmom B3pbiBe Bo3HuKIA
MocJie TOro, Kak ObUIO OOHapy)XeHO paciupeHue BceneHHoil.
OOpatuB 3TOT mpouecc B OOpaTHOM HaNpaBiICHWU BPEMEHH,
yuéHble 0OHAPYKWJIH, YTO MpUMepHO 13,7 Mupm. JeT Ha3ax Bce
00beKThl BeeneHHoM Haxoquuchk B ofHON Touke. OJJHaKO 3TO HE
COBCEM BepHO. 3akoH Xa0O0ma, KOTOpbI BBIBOAUTCS U3
npuBeaéHHOro Bbime ypaBHeHHss OTO, mpuBOIUT K HECKOJIBKO
WHBIM BBIBOJIaM. JleficTBUTENBHO, TIPUBEAEM 3TO YpaBHEHHE K
BUJY OOBIYHOTO (D (HEepeHIUATBHOTO YPaBHEHHUS:
a—Ha=0
Hns H =const aTo ypaBHeHHE HMMEET MPOCTOE pEILICHHUE,
KOTOpO€ MOXHO Ha3BaTh CTaHAAPTHBIM 3aKOHOM XaO0ma obuieit
TEOPUM OTHOCHUTENBHOCTU JJISl PACIIMPEHus MPOCTpPaHCTBA-
BPEMEHU M KOTOPOE MMEET CIICIYIOIINH BHT

a=ae™ (2
BennunHa TOCTOSSHHOTO MHOXHUTENS &g ONpEAENsieTcs o

3HAQUYEHHIO MacmTaOHOro (akTopa B HAYaJIbHBIH MOMEHT
Bpemenu t = 0:



H (t=0)

— — 0 _
a0)=ae™ " =ae =g
JIns mpoBEpKU MOJICTAaBUM B HMCXOJHOE YpaBHEHUE HaWIACHHBIN
MaciTaOHBIN (PAKTOP U €ro MPOU3BOIHYIO:

a a,He™
—=—m = H
a age
Bcé Bepno. Jlamee M3 ypaBHEHHS Il MacIITaOHOIoO
dakropa muddepeHIpPOBaHUEM MO0 BPEMEHH MOXHO BBIBECTH
BEPCUI0 CTaHAAPTHOrO 3akoHa Xab0ma ¢ MaclTaOHBIMHU
¢bakTopamu:
a=a,He"" =Hae"™ =Ha
Crporo roBopsi, MacIiTaOHbIH (HaKTOp SBISETCS TOBOIBHO
a0CTpaKTHOM BEJNIMYMHOM, pa3MEpPHOCTh KOTOPOM $BHO He
MIPOCMATPHUBAETCS, XOTS IIPOU3BOIHBIN OT HETO apamerp Xaboia
OIpeIeIEHHO UMEeT Pa3MEpPHOCTb, 00paTHY0 BpeMeHU. CuuTtas
UL OTpenelNEHHOCTH MaciuTaOHbid  (akTop Oe3pasMepHBIM,
OpUIAJUM YpaBHEHHIO (2) MPHUHYAWUTEIBHO BHJ COBPEMEHHOTO
3akoHa Xa00Jia, ¢ MOMOIIBIO JIOTIOJIHUTEFHOTO MHOMKHUTENS Y,
KOTOpPOMY NPUCBOUM 3HaueHue, Harpumep, 1 merp. CMbica 3Toi
MaHUNYJSIUU JIOCTaTOYHO HPOCT. AOCTpaKTHBIA MacITaOHbBIN
GbakTop HMMEeT CMBICH  OmHOuleHusi  TPOCTPAHCTBEHHBIX
UHTEPBAJIOB B pa3Hble »J3MOXHM K HEKOTOPOMY HCXOJHOMY
uHTepBaly. VHBIMH CIOBaMH, 3TOT NapaMeTp — MaclITaOHbBIN
(dakTop — oTHOcUTCA KO Bced Bceenennoit yenuxom. Ilockombky
COIOCTAaBJISIEMblE€ WHTEpPBAIbl SIBHO HE O00O3HAa4YeHbI, TO 00 HUX
pa3MepHOCTH TOBOPUTH BpAI U yMecTHo. Ho »Tu oTHomIeHus
a0CTpaKTHBIX "MAacHITaOHBIX MHTEPBAJIOB" MOXXHO IEpPEBECTU B
peasibHble  (QU3WYECKUE  OTPE3KH, HMMEIOIIME  peallbHYI0
pasMEepHOCTh — METpPbI, KHJIOMETpPbI, HampuUMep, HCIOIb3Ys
IIEPEBOAHON MHOXKHUTENb — .
[MoacraBuB B ypaBHeHHE (2) 3TOT MHOXHTEIb, MbI
MoJIlyyaeM YypaBHEHHE JBM)KEHUS C PEATbHBIMH METPHUECKUMHU
TMCTaHIHSIMU:

r=y-a=ya.e" =re™ (3)
B sTroM BapmaHTe KOHCTaHTa lp TAKXKE OIpEIENICHA W3
HauvalbHbIX yciioBul uis t = 0. M3 Hero teneps y>Ke Mbl BEIBOJUM



CTaHIApTHBIA 3aKkoH Xab0ia g pealbHBIX (U3NYECKUX
CKOPOCTEH MEXy 00BEKTaMH B paciupsitonieiics BeeneHHoM:
v=r=rHe" =rH

B »sTux ypaBHeHusix Mbl (aKTUYECKH  3ajaly,
MOCTYJIMPOBAIIA, YTO MACIITa0HBIA (DAKTOP — 3TO KOJIUYECTBO
€IMHUYHBIX HWHTEPBAJIOB, MPOMOPLHUOHAIBHOE MAacIITAOHOMY
(bakTopy, TO €CTb Mempuieckoe pacCTOSIHUE MEKy OOBEKTaMHU B
HEKOTOPBIA MOMEHT BPEMEHH, B 3aBUCHUMOCTU OT HAYaJIbHOTO.
Kak BunM, B HauaJgbHbIE MOMEHT BPEMEHU OHO ONPEACIEHHO HE
paBHO HYJII0 U HE MOXET ObITh PaBHBIM HYIIO B IPHUHIIMIIE,
MOCKOJIBKY TOTJIa HUKAKOTO TOCIIEAYIONIETO yAaJeHUsi ObITh He
MOXET. DTO HE COBCEM COOTBETCTBYET Trumnore3e o boabmom
B3priBe u3 OeckoHeuHO Manoil Touku. To ecTh, B HaudadbHBIN
MOMEHT BPEMEHH, B MOMEHT Hauaia XaO0JIOBCKOTO pacHIMpeHus
Bcenennas, BooO1ie roBopsi, y)Xe UMena OecKoHeuHO Oo.buiue
pa3Mepsl.

TakuMm 00pa3oM, MBI MOXEM 3alKMCcaTh OKOHYATEILHO TPHU
ypaBHEHHUs: JBa ypaBHEHUS JABIKGHUA Ui  OOBEKTa,
YAQISIONIETOCS OT HaOJt01aTeNs B paciupsitoieics Beenennoii:
JUIS yIan€HHOCTH U ISl CKOPOCTHU yajeHHUsl, U 3aKOH Xab0ma:

r=re™
v=rHe™ (4)
v=rH

rie:
H = Ho — mapameTp Xa061a, paBHBIIf COBPEMEHHOMY 3HAYEHHUIO;
[0 — PacCTOSHUE B MOMEHT Haudaja PACHIMPEHHs 10 OOBEKTa,
yIaIdoLerocss oT Habmojarens, Ju00 pacCTOSHUE MEXIY
TOYKOH TPOCTPAaHCTBA, Iie B OyIymieM MOsSBUTCS HaOIOAaTeNb,
3eMis, ¥ TOYKOW TPOCTPAHCTBA, TA€ B OYAyIIeM IOSBUTCS
yIQISIOMUICS 00bEKTa — HEKOTOpasi 3Be3/1a, CBEPXHOBAS.

3ameruMm, 4To pemeHue ypaBHeHus (1) MBI momyuwim,
WCXO/ M3 HEM3MEHHOTO, MMOCTOSIHHOTO 3Ha4eHus mapamerpa H.
W3 sTOro e ycnoBHS MOXHO TOJYYHUTh pelleHue U B Oolee
001IeM, HO HECKOJIBKO 3aBYaJIMPOBAHHOM BHJE ISl TIEPEMEHHOTO
3HA4YeHHUs apameTpa.

st oToro MBI ToAMEHMM BennunHy Ht B akcmoHeHTe
JIPYrOM, UHTETrPAIbHON BEJIMYUHOM !
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Ht, = fH ®dt (5)

[TpaBWIIBHOCTH YpaBHEHUS KOHTPOIUPYEM IO Pa3MEPHOCTH
BEJIMYWH: CJIEBa U CIIpaBa — OHHM TOXXJIECTBEHHO Oe3pa3MepHBIE.
Benuunna t; cneBa o6s3amenvHo paBHA BEpPXHEMY TMpENETy
uHTerpupoBanus. CMBICII WHTErpajla COCTOUT B TOM, YTO Ha
KaXJI0M HHTepBayie BpeMeHu At HOBOE pacIIMPEHHUE UCIIBITHIBACT
MIPOCTPAHCTBO, YK€ PACIIMPHUBIICECS HA MPEIbIIYIINX dTarax.

Maremaruuecku 3jech npousBencHue Hi, kak u pasbiie,
SBISICTCA  KoHcmanmou st Habaooaemozo (1)  MomeHTa
(unTepBana) BpemeHu — t;. Bemmumna 510l Ge3pazMepHOt
KOHCTaHTBl ~ OMNpeNeNsieTcss, IO CYHIECTBY, UHME2PalbHbIM
3HAUCHUEM pedaiibH020 TapaMeTpa Xa00iia, M3MEHSIOIIErocs Ha
WHTEpBaJIE BPEMEHU OT HadalbHOro 1ty A0 KoHewHoro t;. B
YaCTHOCTH, JJII BCETO BPEMEHM CYIIECTBOBaHUS BceneHHOM, TO
ecth, npuHumas tp=0, ti4=14, ¥ COBpEeMEHHOIO MOCTOSHHOI'O
3HadyeHus napamerpa Hy = 1/t14, MbI oayunM:

14 t
Ht:J.0 Hydt =H, xt t14: H,x(t,,—0) = HoxtM:tlixtM:l
0 4

[ToacraBnsem B ypaBHeHHe (3) H  HaXOmUM, 4YTO
YAQIEHHOCTh BCEX TAJIAKTUK BO BceneHHOM 3a Bpems e€
CYLIECTBOBAHMsI BO3pOCIIa IPUMEPHO B 3 pasa:

r=re™=re" =rge' ~3r,

OTO ypaBHEHUE OTHOCHUTCS K 10601 €JUHUYHOMN rajJakTHKe
BO Bcenennoil. Hanpumep, rajiakTka, HaXOQUBIIASCS B Hayaje
paciIMpeHys Ha yJaleHHH ~ 14 MupA. CBETOBBIX JIET OT 3eMIIH,
CEro/IHsI HaXOIUTCS Ha yAaJeHUH ~ 42 MIIpPJI. CBETOBBIX JIET.

EcTp n emé onuH noaxo K 3alMCH YpPaBHEHUS JBUKCHUS
(4) (B TepMuHAX MacITaOHOTO (haKTOpa):

a(t) =a(0)xexp(t- jé H(x)dx) (6)

B oatom cmydae mapamerp H(X) He sBisiercs 4YETKO
BBIpaXEHHOW (pyHKLIMEW BpeMEHH, a 3HaU€HUEe MHTerpaja Inocie
€ro BBIYMCICHUS NPOCTO  O0O3HA4YaeTcsi, HMEHYyeTcsl B
nanpHeimem kak ¢yHkims H(t). Bux dynxmnuun H(t) ornuyaercs
or Buaa ¢ynkuuu H(X), ¥MeHOBaTh KOTOPYIO NapaMmeTpoM
Xa00a BpsT JTM YMECTHO.



B xocMmomoruu BMecTo peanbHbIX, (PU3NYECKHX CKOPOCTH U
YAAIEHHOCTU HCIOJIb3YIOTCS COOTBETCTBYIOILIHE
HaOJI0AaTeNbHBIE TAPAMETPBI — SIPKOCTD YIAJICHHOW TaJlaKTHKU U
e€ KpacHOe cMelleHHE. SIpKOCTb sBIETCd MAaTeMaTU4YECKU
TOKJIECTBEHHON BEJIMYMHONW 11 ypan€HHoctu. Onpenenss
SAPKOCTh CTaHIAPTHON CBeYM — CBEpXHOBOH Tuma la, momydaror
TOYHOE 3HayeHue e€ ynan€HHocTu. Uem spue 3Be3la, TEM OHA
Oommke K Ham. Bropoil mapamerp — KpacHoe CMEIEHHE B
TOYHOCTH COOTBETCTBYET CKOPOCTH, C KaKOW TraJaKTHKa
ylaisieTcss OT Hac: 4eM OOoJblle CMEIEHHE, TEM BbIIIE CKOPOCTb
ynanenus. Muadye rToOBOps, (aKTHYECKH B 3aKoHe XaOOma
IIPUCYTCTBYIOT HE CKOPOCTH U PACCTOSIHMS, & KPACHBIE CMELICHUS
U sApkocTH. [JIaBHBIM OCHOBaHHWEM [UIsl YTBEpKICHUH 00
YCKOPEHHOM pacuipeHnu BceeneHHoM kak pa3 M cran ToT (axT,
YTO SPKOCTh JAJIbHUX CBEPXHOBBIX TUIA la oka3zajmach HUXKE, YEM
3TO JI0JDKHO ClIeIoBaTh U3 3aKoHa Xaboia.

2. 3akon Xa066.1a B pusuke HeroToHa

Crnenyer OTMETUTb, 4TO 3aKOH XaOOusa, MOJyueHHBIH B
dbopmanu3zMe OO0mIe TEeopur OTHOCUTEITBHOCTH, MOXET OBITh
BbIBeJIeH M cpeiactBamu (usuku HepioroHa. B uHTepHeTe u B
JUTepaType HEpPeAKO MPUBOAMTCA YCIOBHAs WLUIIOCTpaLUs
paciIMpeHysl MPOCTPAaHCTBA Ha IPHUMEPE PE3MHOBOrO IIapa ¢
HaKJIECHHbIMA Ha HEro MOHETKaMH-TalakTHKamu. Pa3gyBanue
niapa IOPUBOJUT K TOMY, YTO PACCTOSHHUE MEXIYy MOHETaMu
BO3pacTaer, MpUYEM KaxJas M3 HUX MOXKET CUHUTaTh ceds
LIEHTPOM, OT KOTOPOI'O yJIAJISIFOTCS] BCE OCTAJIbHBIE.

Hcnonp3yeM 3Ty auIerOpuio JUisl TOJIYYEHMs] 3aKOHa
Xabbna ©0e3 UCHONB30BAaHUS YpaBHEHUH oOIIel Teopuu
OTHOCHUTENIBHOCTH. JeCTBUTENBHO, PE3UHOBBIA IIap — BIIOJHE
peasibHbI pu3nyecKkuit 00BEKT, K KOTOPOMY MPHUMEHHMBI BCE
noJjioxkeHus ¢puznku HeroToHa.

Bripexem u3 3Toro mapa A0CTaTOYHO OOJIBIIOrO pa3Mepa,
quaMeTpa Y3Kyl II0JIOCY, IIHYp C MOHETaMU-TaJaKTHKaMH.
3akpenuM OJMH KOHEI MOJIOCHL, TO €CTh, (POPMAIbHO NEpenIEM B
CUCTEMY OTCYETAa TaJlaKTHKH, HAaXOIALIEIHCS Ha A3TOM KOHIE
mHypa. [anakTuky Ha IPOTUBOIOJIOKHOM KOHIE HA4YHEM
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OTTATUBATh, pACTArMBas I0JOCY. 3alUIIEM YpaBHEHHE JUIsS
MOCTOSHHOM WM CPEeAHEH CKOPOCTH ATOW JABMXKYLIEHCA
TATAKTUKH CIEAYIONIIIM 00pa3oM:

r
v=-—
t

Wnu unBepcHo:
v 1
r t

3ameuaeM, 4TO 3TH YPAaBHEHMs OINUCHIBAIOT TAKXKE U CKOPOCTb
IBWDKCHUSI KaXIOW TOYKM HIHYpa, rajakTukd. Ecium, Hampuwmep,
rajJakTUKa-MOHETa HaXOIWUTCS POBHO MOCPEIUHE LIHYpa, TO U €€
CKOPOCTB Takke OyJeT B 2 paza MEHbIIIE, YeM y TaJJaKTUKU Ha €ro
koH1ie. CieoBaTenbHO, ypaBHEHHE OyeT UMETh TaKOU )K€ BUJL:
v2 v 1
r’2 r t
VYpaBHEHHE MOXKHO IE€penucaTh B 6onee o0IeM BHUIE, TOrJa OHU
OyIyT BEpHBI M JUIsi MTHOBEHHOH CKOPOCTH, M3MEHSIOIIEIHCS BO
BPEMEHHU!

ror@ t

Teneps Bce nepeMeHHbIE B YPaBHEHUU SBISIOTCS (DYHKIUSIMHU OT
BpeMeHH. B TakoM BHIe ypaBHEHHE O3Ha4aeT, YTo B JHOOOH
MOMEHT BpeMEeHM t CKOpoCcTh Tella Ha pacCTOSHUU [ OT
HAYalbHOM, HEMOJABMKHOW TOYKM paBHa V. Ecmu 0003HAUMTH
BEJIMYMHY copaBa uepe3 H, To mnonyunM ypaBHeHHE MAJis
JTUCTaHIUN, ToxkAecTBeHHOe ypaBHeHHI0 OTO (1):

LN -

r a

[IpeoOpasyem momyueHHOoe ypaBHeHHe HpioToHa B

oObryHOE MU depeHImanbHOe YpaBHEHHE, KaK 3TO CASTAIN s
ypaBHeHus OTO:

r_r_1

Fr-Hr=0
Orto ypaBHeHHe HpIOTOHa HMeeT Takoe K€ NpPOCToe
pelieHre, KOTOpOoe B TOYHOCTH COBIAJAET CO CTaHIAPTHBIM
3aKkOHOM Xa00J1a /17151 pacCTOSTHUIA:

Ht
r=re
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To ecTb, U3BECTHBII PEIATUBUCTCKUI 3aKOH XabOia sBiseTCS
OJTHOBPEMEHHO M pSAAOBBIM 3aKOHOM (u3uku HeroToHa s
HaNJEHHOI'O 3aKOHA YBEJIMUYEHUS PACCTOSHUN MEXAYy 00BbeKTaMHu,
3aKpEIJIEHHBIMU Ha PACTATMBAEMOM PE3MHOBOM IIIHYPE:

Ht
v_LHe g vorH
r re
C yuétoM 53TOro MOXHO JaTh 3TOMY 3aKOHY JpYroe,

Oomnee oOmiee Ha3zBaHMe — 3akoH HprloToHa-XaO0Oma. B ¢dusuke
HproToHa 3TOT 3aKOH MOXHO Ha3BaThb 3aKOHOM paCTSKEHUS
PE3MHOBOrO JKIyra WJIM IpyXHHbl. Ecim Kkpail Kryra
BBITATUBAETCA C HEKOTOpPOH, B 4YacCTHOCTH, I€PEMEHHOU
CKOPOCTBbIO, TO BEJIMYMHA CKOPOCTH KaXJ0H TOYKU KIyTa
MPONOPUMOHAIBHO €€ YAAJIEHHOCTH OT HEMOABUKHOM TOYKH,
TOUYKH KperuieHus. B TpanunuonHoM 3akone Xab0ma poib Kryrta
HCIIOJHSET IPOCTPAaHCTBO-BPEMSL.

3. 3axoHn Xa006.1a B pustocopun

AHanu3upysl peNSTUBUCTCKUM M HBIOTOHOBCKHM 3aKOHBI
Xabbna, MOXHO OOHapyxuThb Oojee (¢yHIaMEHTAIbHOE
ONMCaHWe MCTOPUM pacumpsiomielics BceeneHHoil B pamkax
dbunocopun IUATEKTUUECKOTO MaTepuanuiMa, (opMHUpYIOIIee
HEMPOTUBOPEUMBBIN MEXaHNU3M PACUIMPEHHsI TPOCTPAHCTBA.

3nech MBI 00sI3aHBI BCIIOMHUTH JIOBOJIBHO CIIOPHOE
BBICKa3bIBAHUE OJIHOIO H3BECTHOTO (PHU3MKA MPUMEPHO TaKOIO
BHJIa: TaM, TJie HaunmHaeTcs ¢punocodus, pusrka 3aKkaHUNBACTCS.
OpnHako To, 4TO BO (paze Ha3BaHO (PU3UKOM, 10 MHEHHUIO OJHOTO
U3 MHTEPHET-aBTOpOB sBisiercs "mMudoduszuxoin”. Jpyroii
BEMUKUN acTpodm3uk Tmomeén eme ganpiie, 3asBUB, 4YTO
¢unocopus meptBa. OgHAKO OTKa3 OT (HIOCOPCKOro Haa30pa
Hen30eXHO BENET K TaKUM OTKPBITHSIM, KaK KpPOTOBBIE HOPBI,
HEJIOKAJIbHOCTh, IEpEXOAbl MEXAY W3MEPEHUsAMH, bompmoi
B3pbIB 1 MalvHBI BpeMEHHU, KOTOPbIE Mbl OJJHO3HAYHO OTHOCUM
K MHUCTUYECKHM, WM, B JIy4lleM Ccllydyae, K 3araJoyHoMy
npomeiciny TBopia.

B oroit  dwusuko-punocodpckoit  momenu  OCHOBOW,
nepBoocHoBod  Bcero  Cymero, beitus  sBisgercs  onHa
€IMHCTBEHHAas CcyOCTaHLMsA: Be4yHass M OeckoHeuHas Martepusi.
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Xors "martepusa" W NEPEBOAMUTCA KaK  'BELIECTBO"  Mbl
paccMaTpUBaeM UX Kak JIBE pasHvle CyOCTaHIIMU, KATETOPHUH.

Marepusi HECOTBOPHMA M HEYHHUYTOXKHMMA, Oe3rpaHuyHa U
OeckoOHeuHa, IpU H3TOM OHAa CIUIOUIHAsA, HEpas3pblBHAsA, He
OuUcKpemHas, TIOCKOJBbKY WHAue CJeloBaJi0 Obl JOMYCTHTH
CYIIECTBOBAHME YEro-To eui€, 3aroJHSAIOIEr0 MPOMEXYTKH
Mexny auckperamu Marepun. M3 3toro cpasy ke ciemyer
BBIBOJ, YTO HU IIPOCTPAHCTBO, HU BPEMsl KaK TaKOBbIE, KAK HEKHE
CyOCTaHIIMM N3HAYAIIBLHO He CYuecmayiom.

Toneko ~ Marepuss  obnmamaer  (yHIAMEHTAIbHBIM
KayecTBOM — CyllecTBoBaTh. Bcé€ mpouee sBisercs e
CBOMCTBaMHU, XapaKTepuUCTHKaMu, arpuOyramu. CyliecTBOBaHUE
Marepuu mnposBisieTcs B €€ CHOCOOHOCTH uU3MeHAmbCs W,
TOXJIECTBEHHO, JBUTAThCS, B3aUMOJEHCTBOBATD.

Ha onxHoM M3 »3TamoB CBOEro pa3BUTHUS, W3MEHEHUs
Martepus nepemia B OJAHY U3 CBOUMX O€CUHMCIEHHBIX (opM —
BEIIECTBEHHYIO, YTO M IMPOSBUIOCH Kak Hama BceneHnHas.
HenpepwiBHble u3Menenus B 3Tol e€ (opme, BEIIECTBEHHOM,
omHOW W3 e€ OecurclneHHBIX (OpM, MBI BOCIPHUHHMAEM Kak
TeyeHue BpeMeHH. C Ipyroil CTOPOHBI M3MEHYMBOCTh MaTEpUU
MPOSABIISETCS B €€ JIOKAJIbHBIX HEOOHOPOOHOCMSAX, UYTO, B CBOIO
ouepe]lb, BOCIIPUHUMAETCS HAMU KaK IPOCTPaHCTBO.

Marepuss B mpolecce, CXOXKEM, Halpumep, ¢
KOHJICHCAllUEH Tapa B Kamepe BuibCoHa, CKOHAEHCHpOBAJIACH,
6eujecmeoU3UPosaIacy,, 00pa3oBaB  BEILECTBO BceneHHOI.
[Iponsonuio 310 B HEKOTOpBI MOMEHT BpeMeHHM, 14 mupa. jer
Ha3aJ TO HAIMM dYacaMm, Korjga Marepusi B HaOIr0gaeMoit
00J1IaCTH MPOCTPAHCTBA KaK Obl CKOH/AEHCHUPOBAJach, Mepeluia B
OIHY W3 CBOMX OecuucieHHbIX (OpPM — BEIIECTBEHHYIO,
sewecmeonusupoganacy. Kak INpousolmen HUMEHHO  ITOT,
BEILIECTBEHHBIN MEpPexo0/l, HEM3BECTHO, HO ceivac 3TO JJs Hac U
HE 0000 BaXXKHO.

[Tpouecc mpeobpa3oBaHus MaTepUd B BEIIECTBO IMPOLIEN
HE OJIHOMOMEHTHO, a Ha NPOTSHKEHHM HEKOTOpPOro BpPEMEHH,
0003HayaeMoro HbIHE Kak BpeMs HHGuAUUU. B 3TOT oOueHb
KOPOTKMM, Kak CYMTaeTcs, IMepuos oOpa3zoBajiach OCHOBHas
Macca BellecTBa BceleHHOM B BUAE YacTUIl U H3JIyYEHUS.
Bosnukiiee BEIIECTBO chopMHpOBaAIIO IPOTSKEHHOE
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npoctpancTBo. lIpocTpaHcTBO 6ewecmeennoe, NPOCTPAHCTBO
Hallei peasbHOCTH BO3MOXHO TOJBKO Onarojaps HaJTUYHIO
BEIIECTBEHHBIX 00BekTOB. [lamee mporecc KOHIEHCALUU
3aMe[UIUIICS M B CBOOOJHBIX OT BelllecTBa oOnactax Marepus
MPOJIOJKAET  CO3JaBaTb  TEHEph  YXKE  TONBKO  "aTOMBI
MIPOCTpaHCTBA", 3JIEMEHTHI (PU3NYECKOTO BaKyyMa.

BepositHO, 4TO  KOHJAEHcalMs,  BELIECTBOJU3ALUS
Matepuun Moryia HauaTbCsl B KaKO-TO OIMpe/eleHHON TOYKe, YTO
MOXKHO paccMaTpuBaTh KaK HEKOe I10100Me H3BECTHOTO
KocMosoruyeckoro bomnbioro B3pbiBa, korna mo BceMy o0bEMY
Bcenennoii mpoOekana cBoeoOpa3Hasi BOJTHA, KaK MPH OOBIYHOM
B3pbIBE. DTOT MPOIECC MOT HAa4yaThCsl TAK K€ U B HECKOJBKHX,
BIUIOTb 70  OECKOHEYHOro  KOJIMYeCTBa,  TOYKax  eé
MamepuanibHo2o TpoCTpaHcTBa. B 3TMX mpoueccax Mor
BO3HUKHYTh COOTBETCTBYIOLIUN cepruueckuii (MHOTOMEPHBIN)
GpoHT  WIM  MHOXECTBO  MepeceKarommxcsi  (ppoHTOB
BEIIECTBOJIN3AIUY.

B xonue sroro mporecca, o4e€BHJIHO, OOpa3oBajach Ta
camasi paHHsis CHJIBHO paszorperasi BcesjeHHasi, OCHOBHas Macca
BellecTBa BcemeHHOM B BUAE YacTUIl M M3IIydeHus. B
JAJIBHENIIEM BCE INPOLECCHI MOYKHO paccMaTpuBaTh B paMKax
CYUIECTBYIOIIMX MPEACTaBICHUI: 00pa30oBaHuEe MUKPOBOJIHOBOIO
¢doHa, opMHUPOBAHUE MOJIOJIBIX TATAKTUK U BCETO OCTAIBHOTO.

Bo3nukmas takum obpazoMm BceneHHas B 3ToM ciiydae
MOJKET JINOO MMETh YOErarlyto rpaHuily, Ju0o ObITh HUYEM HE
OTPaHUYEHHOW M TPOCTUPATBCS [0 OECKOHEYHOCTH, Kak
OeckoHeyHa cama Marepus.

[Tpobnema €€ WU30TPONUM HE BO3ZHUKACT: COCTOSHHE
MaTepuu neped €€ BEIIECTBOIM3AIMEH MOTHOCTHIO OJHOPOIHO,
U30TPOIHO, MMOATOMY HET HUKAKMX OCHOBAaHUM MPOU3BOJHON OT
He€ BEIIECTBEHHOW (opMe WMETh pas3Hble CBOWCTBA Ha
OECKOHEUHBIX YNAJICHUSAX JPYr OT JApyra. JTo ke OOBICHAET U
IJIOCKOCTHOCTh ~ BceeneHHoii:  O0€CKOHEYHO  IPOTSKEHHOE
IIPOCTPAHCTBO, KAk MPHHATO CYMUTATh, IO ONPEACIICHUIO —
IUIOCKOE, PAJINyC KPUBHU3HBI paBeH OeckoHeuHOoCTH. [ 1aBHOE, UTO
paccmarpuBaeMasi TUIIOTE€3a O BEIIECTBOIM3AI[MM W3TOHSIET W3
TEOPUU MUCTHKY COTBOPEHHUSL.
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3amMeTuM, 4YTO B TAaKOM KOHTEKCT€ KOHEYHOCTh JTOU
obpaszosasuielicsa 00nacTu (B METpax W IpaMmax) U HAJU4YHE Yy
He€ TpaHuIBI Ipu €€ 0Opa3zoBaHUM 110 Mojienu bosbinoro B3peisa
u3 HEKOTOPOT0 LEHTpa ABIISAIOTCA JIOTUYECKH
HEMPOTUBOPCUYMBBIMU. TaK >K€ JOTHYECKH HEMPOTHBOPECUHUBHIM
SIBJIAETCS U 0OpaTHOE — OTCYTCTBHUE Y HE€ KaKON-IM0O0 rpaHUIIbI U
e€ TPOTSHKEHHOCTh 10 OSCKOHEYHOCTH, KaKk OCCKOHEYHa cama
Martepus. Hanuyre rpaHullbl U KOHEYHOCThH CIIEyeT MOHUMATh
OyKBaJIbHO: B JyXe Jy4yHUKa, BbIlycTHUBIIEro crpery. [IpaBna,
CTpenia JOCTHUTHET HE CTEHBI, a a0CONIOTHOHN 6ewjecmeeHHoll
MyCTOThI, 3a KoTopou '"uucras" Marepus. Ho goctuup sTOM
TpaHUIBl HE CMOXKET HUKakKas CTpeyia, IMOCKOJIBKY CKOPOCTb
ylajaeHusl 3TON TpaHUllbl MPEBHIIIAET JaXKe CKOPOCTh JBHKEHUS
TaxMOHOB, OECKOHEYHO Ooubllyi0. be3rpaHu4HOCTh, B CBOIO
ouepenb, Mbl HE paccMaTpuBaeM Kak HCKPUBIEHHOCTb,
3aMKHYTOCTh 'TpocTpaHcTBa' — 3TO CBOeoOpazHoe moxodue
TerejeBCKOM TypHOil 0ECKOHEYHOCTH.

OnHako Ha 5TOM IMpollecC MPeoOpa3oBaHUs MATEPUU HE
3aBepmiwiicsa. Bo3HMKIEe BemecTBo, 001amas CBOMCTBOM
KOJM4YeCTBeHHOCTH (OyKBalbHO, B IITyKax), (GopMuUpyeT
MpOTsSHKEHHOE TpocTpaHcTBO. [IpoctpaHcTBO  6ewecmesennoe,
MPOCTPAHCTBO HAlllel PealbHOCTH BO3MOXKHO TOJIBKO Onaromaps
HAJIMYUIO BEIECTBEHHBIX 00BEKTOB. HeT W OBITH HE MOXKET
YHCTOrO, IMMyCTOTO, MPOCTPAHCTBA O€3 BEIIeCTBAa B TOM WIU UHOM
BHJIE, HAPUMED, B BUJIC aTOMOB, TTa3MbI, TIOJICH.

CrnenoBaTenbHO, PpOXKJIECHHE MPOCTPAHCTBA HAMPIMYIO
CBS3aHO C TpolieccoM o00pa3oBaHMs BemiecTBa U3 Marepuu.
CooTBeTcTBEHHO, ueM Oosibllle  BeIIeCTBa, TeM  OoJjee
MPOTSHKEHHO TTPOCTPAHCTBO.

I[Touemy B oTOM Momenun beiTus MBI HaOMIOZaEM
pacmupenue nmpoctpaHcTBa Beenennoi? O4eBHIHO yBeIUYCHHE
MPOCTPAHCTBA, €ro IMOCJEeAylollee IOcCie BO3HUKHOBEHUS
paciipeHue cleAyeT paccMaTpuBaTh KaK pe3yiabTaT MOSBICHUS
OONONHUMENbHO20 BEIECTBA, BUIUMO, B (opme (u3nueckoro
Bakyyma. MHade roBops, MpOIECC BEUISCTBOIU3ALNUN MaTepUu
3aBepUIMJICS TOJBKO B OCHOBHOM (opme, MO3TOMY HOBOE
"mpocTpaHCTBEHHOE" BEIIECTBO — (u3HuecKuil Bakyym —
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KayeCTBEHHO OTJIMYAeTCsl OT MPHUBBIYHBIX JUISI HAC aTOMOB,
W3Jy4eHNUs, II1a3MBl, TIOJIeH U TOMY MOAO0OHOTO.

Orta ocobas cyOcraHuuss — (U3MYECKUH  BaKyyMm
paccMaTpuBaeTcs Kak crenuduueckas (GpopMa H3rHAHHOTO U3
¢usuku >¢upa. Ero MoxHO paccmMarpuBaTh Kak CBOEOOpa3HbIE
"aTombel mpoctpancTtBa" [5; 1], s1eMEHTBHI  BEIIECTBEHHOTO
¢usnveckoro Bakyyma. B Hacrosimiee Bpemsl  Iporecc
BEIIECTBOIM3AMK MaTepuu 3aKiI0YaeTcsi MCKIIOUUTEIbHO B
BO3HUKHOBEHUHU 3THUX JONOJHHUTEIbHBIX aTOMOB, (U3NYECKOTO
BaKyyMa.

Tunomesza Xoiina

Cnenyer OTMETUTbh, 4YTO IIPEJACTaBICHHAs THIIOTE3a O
BELIECTBOJIM3AaLMN MAaTEPUH B 3HAUUTEIIbHON CTENIEHU IIOX0Ka Ha
TEOPHIO CTAI[MOHApHOW BceneHHoW Tpymibl acTpOQHU3UKOB MO
pykoBoactBoMm @pena Xoitna:

"'maBHas upest TOM TEOPHM 3aKIIOYACTCS B CIEIYIOIIEM:
10 Mepe TOr0 Kak rajlakTHKHU YIAJSIOTCS APYT OT Apyra IpHu Xao-
OJIOBCKOM pacCUIMPEHUHU, B YBEJIWYHMBAIOLIEMCS IMPOCTPAHCTBE
MeXly HUMH oOpa3yercsi HoBasi Mmarepusi" [6].

Ha camom nene cxozcTBO BCE-Taku BeCbMa OIrpaHUYEHHOE.
Teopusa craunoHapHoil Bceenennoii XoWia nOCTyJIMpoBaia
HECKOJIbKO MHOU U sIBHO OIMO0YHBIN mpouecc. ObpazoBaBiiasics
HOBasi Marepus, a IpaBUJIbHEE CKa3aTb, BEUIECTBO IO 3TOH
TEOPUH:

"...CO BpEMEHEM CaMOOpraHM3yeTcs B TaJaKTHKH,
KOTOpbIE, B CBOIO Odepeab, OyayT YyAalaTbCs APYr OT Apyra,
BBICBOOOK/1as1 IPOCTPAHCTBO Il 00pa3oBaHUs HOBOW MaTepuu.
Takum oOpazom, HaOIMIOAAEMOE pacHIupeHHe OBLJIO COTIIACOBAHO
¢ HoHATHEM 'cTanuoHapHON" BceneHHOW, COXpaHSIOLIEH CBOIO
oOIIyr0 TUIOTHOCTh W HE HMEIONMEH EeINHCTBEHHON TOYKH
oOpa3oBaHus  (HaJM4uMe  KOTOPOW  MpeArnojiaraeT  TEOpHs
Bosnbioro B3peiBa)" [6].

OTO MOJOXKEHHE JOBOJBHO CKOPO OBIJIO OTBEPTHYTO: B
TOYHBIX JITAOOPATOPHBIX OIBITAX HE YIAJI0Ch BOCIHPOU3BECTH
o0pa3oBaHMe BEIIECTBa, @ MUKPOBOJIHOBON (pOH HE HaIIEN B HEH
IIPUEMIIEMOT0 OOBSICHEHHUS. B 3TOM CBA3M MOYKHO IPEIOI0XKHUTH,
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4TO 3HaMeHHTas popmyna DifHmTeliHa E = mc? Ha MaKpOypOBHE
OJIHOHAIPABJICHHA. BEILECTBO JIETKO MEPEXOJUT B DHEPIHIO, HO
BO3HUKHOBEHHUE BEIIECTBA M3 YHCTOW SHEPTHH, U3 (PU3UIECKOTO
BaKyyMa He HaOJroaeTcsl.

Kpome Toro, m3 HaOmIOAEHUN BBIACHWIOCH, YTO BCE
HauOoJiee yanéHHble raJlakTUKHU MPEICTaBIAI0T COO0N MOJIObIE,
emé He CGHOPMHUPOBABIIMECS CHCTEMBI, YTO HPOTHBOPEUYHIIO
TEOpPUH CTAalMOHAPHOCTH, HO XOPOLIO COIVIACOBBIBAIOCH C
Teopuel boisbIoro B3peIBa.

I'umoreza o0 BemecTBONM3aUMM MaTepuud  OT  ITHUX
HEJOCTAaTKOB ~ TE€OpUM CTauuoHapHou Bcenennoi  Xoiuta
cBobogHa. Ilpu BemiecTBONIM3aLMUM MaTepuud M MOCIELYIOLIEM
pacmmpennn  BcemeHHold  oOpa3yrorcss  HOBBIE  "aTOMBI
IIPOCTpaHCTBA", W TPAMO HHUYETO HE YTBEPKIAETCI O
BO3MOXXHOCTH HX I[I€pEX0/la B BELIECTBO C IOCIEIYyIOLIEH
camMoopraHusanued B rajJakTuku. bonee Toro, 3ta rumoresa
npsiIMO OOBSACHSET MEXaHW3M pacuupeHusi BeeneHHoi, 4yero HeT
HU B Teopun bonbmioro B3pbiBa, HU B 00LIed Teopuu
OTHOCUTENILHOCTH, HM B pEIICHUAX €€ YpaBHEHHH, BKIIOuas
TEMHYIO HHepruto. Tam, Kak H3BECTHO, JHIIb OOBSIBISIETCS
MpoLecC U3MEHEHMs] MaclITabHOro (aktopa, KOTOpBIM cam IO
ce0e He sBiAeTCs PU3NIECKUM O0OBEKTOM U HUKAaK HE OOBSICHSET,
HE OIKMChIBAa€T IIpolLleccCa CBOEro COOCTBEHHO W3MEHEHUS,
CYLIHOCTH TpoIiecca yIajaeHus raJlakTUK Ipyr oT Apyra. Bmecte
C TEeM, CJIelyeT OTMETUTh, YTO TUIIOTE3a O BEUIECTBOJIU3ALNN HE
uMeeT 4€TKO COpPMYITMPOBAHHOTO MAaTeMaTHYECKOro amrmapara,
MI03TOMY OHa SBJIIETCS THUIOTE301 cKkopee PuiIocoPpCckoil, Hexenn
¢buznveckoil.

Tunomesa 06 unghrauuu

C npyroif CTOpOHBI, MEXaHU3M BELECTBOJIIM3ALUN MAaTEPUH
MMEET HEKOTOPOe CXOACTBO W C THUIMOTE30H 00 WH SN
BemlecTBa BceeneHHON W3 MEpBUYHON CHHTYISPHOCTH, KOTOpas
mnmpeamnojaracr, 4YTo II0 HCTCYCHHU CpPOKa I/IH(bJ'IHHI/IOHHOFO
pacupenust Beenennoil (mpumepHo uepes 10% CEKyHJ IocClIe
Bonbioro B3priBa) Bo Beenennoii:
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"IIpousomen ¢azosviii nepexod BemeCTBA W3 OTHOTO
COCTOSIHMSI B JApyroe B MacmrTabax BceneHHON — sBIICHHE,
nmoAo0HOEe TpeBpallleHuI0 BOAbI B Jyiea. M kak mpu 3aMep3aHuu
BOABI €€ OecropsAoYHO JIBHXKYIIUECS MOJIEKYJIbl BIPYT
"cxBaThIBalOTCA" M OOpPa3ylOT CTPOTYI0 KPUCTAJUIMYECKYIO
CTPYKTYpy, Tak TIIOJ] BIHMSHHEM BBIICIUBIIUXCS CHUIBHBIX
B3aUMOJCUCTBUM  IPOM30LLIA  MIHOBEHHAas  IIEPECTPOMKA,
cBoeoOpa3Has "KpucTauiu3anus” Bemecrsa Bo Beenennoit" [2].

Kak Buaum, mpouecc ¢a3zoBoro mepexojna B THporecce
UHOISIUN PAKTUYECKH TOJHOCTBIO COBMAaeT C OIMUCAHUEM
mpolecca  BellecTBoNIM3auuu  Mmarepuu. IIpuHnunuansHOe
pasznuuMe 3aKiIi4YaeTcs B TOM, 4YTO HUHQUISAIMS CBsI3aHa C
MexanuyecKkum PacIIUPEHUEM IUIOTHO Co#amoz0 BEIIECTBA [0
Pa3peKeHHOTO COCTOSIHUS, a BEIIECTBOJIU3AIIMS pacCMaTpUBaETCs
KaKk HEKOe Moj00ue "KpUCTAIU3aluu" MO BCEMY HCXOTHOMY
o0BeMy, HO HE BellecTBa, a Marepuu. llpu BellecTBOIM3AUU
MaTepuu 00pa3yercsi BEIIECTBO HM3HAYAIBHO B Pa3pPEKECHHOM,
"moctuHdIAIIMOHHOM" COCTOSIHUH. [TosTomy BCE
COITYTCTBYIOIIME OKOHYAHUIO MH(IIAINN MPU3HAKUA MPUCYIIH U
OKOHYAHUIO nporecca BEILECTBOJIN3ALINHN: HaJn4ue
MHUKPOBOJIHOBOTO (pOHA U MPoLIecChl 00pa30BaHuUs TaJaKTHK.

Ecan ectp Takoe coBmajeHHe, TO Y€M BEIIECTBOJIM3ALUS
nyqnie nHGIAUH? E€ 0CHOBHOE MPEUMYIIECTBO B TOM, UTO TIPH
BEILIECTBOJIM3ALMM  MaTE€PUM  OTCYTCTBYET Kak  TaKOBOE
CotBopenne Mupa. Ilpu Heil HuM bosabmoil B3peIB, HHU
CUHTYJISIPHOCTh HE BO3HMKalOT u3 Hwuuero. U3 nuueco mMoxer
BO3HUKHYTh TOJIKO Huuymo. BemecTBonu3anuss — 3TO YHCTO
@u3zuneckutl TPOLECC C PEAbHO CYIIECTBYIOIMIMMU DUIUYECKUMU
CcyOCTaHIIMSMHU. Honyckaercs, 4TO Bcenennas npu
BEIIECTBOJIU3AIMN UMEeT OECKOHEUHBIE pa3Mephl WM Pa3Mephl,
YBEITUYMBAIOIIHMECS] C HEBOOOPAa3UMO OOJBIION CKOPOCTHIO
(ckopocTh (hpOHTa BOJHBI BEIIECTBOJIM3AIMHU). JTO YBEIMUCHUE
HE CBSI3aHO C TEKYIIUM, COBPEMEHHBIM PaCIIMPEHHEM
MpOCTpaHCTBa BO BceneHHOM, 3TO MNpeauecTBYIOUN emMy
npouecc. CrenoBarenbHo, J100ass JOCTyNHass B Oyayliem
uHpopmanug 00 yJanEHHBIX rajJlakThKax (B BHJE CBETa OT HUX)
crapme 13,7 munnuapaa netr Oyner uHGOPMAIHEH O COCTOSTHUN
Bcenennoii Ha MOMEHT €€ BO3HUKHOBEHHS: HE CYIIECTBYET
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M3JIYy4eHHUS! OT TaJlaKTHK, UCIYIIEHHOTO paHbllle 3TOr0 CpoKa —
13,7 Munnuapa jgeT Haza.

JInst onuChIBaEMOM THIIOTE3Bl YCKOPEHHOe PACIIUpPEHUe
Bcenennoli mpoOGieMoli He SIBISETCS, OJHAKO 3aMedjleHHOe
saBisieTcss Oosiee yIOOHBIM, TIOCKOJBKY IMpearoyiaraet Oojee
€CTECTBEHHBII MpPOLECC: HCXOAHAs CyOCTaHIMS, HCXOAHbIN
MaTepuag JUid BemecTBa B HEKOTOpOH oOmactu — B
"Bo30yxaEHHON" Marepun — 3akaHuuBaeTcs. [ umoresa Takke
IpUEMIIEMO OOBSACHSET, MOYEMY IPOCTPAHCTBO PACHIMPSAETCS
TOJIbKO BHE TPaBUTAIMOHHO CBA3aHHBIX O00JACTei: MOXKHO
CKa3aTh, YTO IIOBBIIICHHAS HAMPSKEHHOCTh TPABUTALIMOHHOIO
TIOJISI IPETISITCTBYET Nepexoay MaTtepuu B BELIECTBO, B AJIEMEHTHI
¢usmueckoro Bakyyma. OOwiue BemecTBa B HHX, BHIMMO,
MPEMSITCTBYIOT OOpa30BaHUIO HOBBIX «aTOMOB IPOCTPAHCTBAY.
Tax cka3aTh, TpyaHO NpoOUThCs dyepe3 Toany. [loHaTHo, uTo 3Ta
TUIIOTE3a HE HY)KJAETCsl B AHTUTPABUTALUUA TEMHOU SHEPTUU.

Taxxe rumorese HE NPOTUBOPEUUT U CBEPXCBETOBOE
paszberanue ranakTuk. OHU HE ABWXKYTCS TOJ JEHCTBUEM CHII,
OHM HE JIBM)KYTCS TI0O MHEPIIUU — TAKUX CKOPOCTEH HE JOIMyCKaeT
TEOpPUS] OTHOCHUTEIIBHOCTU. YBEJIMYEHHUE, POCT PaCCTOSHUI
MEX/1y HUMU 32 CUET MOSIBJIIEHUS HOBBIX «aTOMOB IIPOCTPAHCTBA
MIPOCTO Bbl210UM KaK UX B3aUMHOE yAalleHue, pa30eranue.

Tem He MeHee, HMHEPLUHMOHHAas TPAKTOBKA paCUIMPEHUS
npoctpanctBa 1mocie bonbmoro B3peiBa B smMTeparype
BCTpEYaeTcs:

"I'paBUTAIIMOHHBIE CUJIBI OTTATKUBAHUS B HMHQISIIMOHHBINA
MEPUOJI PA3TOHSIOT YACTULBI, a JaJbllle OHU ABUXKYTCS IO
unepiuu. Tak dopmupyercss xaOOJOBCKUI 3aKOH pacuIupeHus"
[3].

Ho »T0, Kak MBI yke oTMeTunau, HeBepHO. OOBEKTHl BO
Bcenennoii He 1BHXKyTCs (B cMbIce €€ paciupenus). JBIxKyTcs,
€CIM MOXXHO TaK BBIPA3UTHCS, HWHTEPBAIBI MEXKIYy HHUMH,
paccTosiHus, KOTOpbIE  PacTyT, BBITATUBAIOTCSL. Otu
"yBenMYUBaroLMecs: paccTosHUA" Haubosee NMpaBUIbHO Ha3BaTh
pacIIUpSIOUIMMCST  TIPOCTPAHCTBOM.  YBEJIWYUBAETCS HMEHHO
MIPOCTPAHCTBO, PACTET, pacmupsiercs, pazoyxaer. Cuuraercs, 4To
KOCMOJIOTHYECKOE KpacHoe CMeIlleHHe SIBJIETCS
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MIOATBEP)KIEHUEM  pacCLIMpeHuss  IPOCTPAHCTBA, a  He
(GU3M4YECKOro, MEXaHNYECKOT 0 IBUKEHHUS TaJaKTHK:

"...Kakue ¢akrpl yka3piBaloT Ha TO, uYTO pazberaHue
TajlakTUK He SBISETCA JIBUKEHHEM COOCTBEHHO TallakKTHK, a
MMEHHO JIBUKCHHUEM BCIIE/ICTBUE PACIIUPEHUS POCTPAHCTBA ...7"

"CoOCTBEHHO, KOCMOJIOTHYECKOE KPACHOE CMEILEHHE.
€CJIM BOJIHOBOM IIaKET PACIPOCTPAHSETCS B PaCLIMPSIOLIEHCS
Bcenennoil, TO pacmupeHue MpoCTpaHCTBA OOYCIOBIUBAET
paciiipeHre BOJHOBOIO MAKETa, a 3HAYUT, U U3MEHEHUE JIJIMHBI
BOJIHBI, COOTBETCTBYIOIICH STOMY makeTy" [4].

TouHo Tak ke, Kak 3aBeplIWICd OCHOBHOM ATal
(GbopMHpOBaHUS BEUIECTBEHHOM pPEalbHOCTH, TOYHO TaK XKe
JOJDKEH PAaHO WIIM TO3IHO 3aBEPIIUTHCS U ATan (OPMHPOBAHUS
OONONHUMENbHLIX ~ aTOMOB  IpocTpaHcTBa. VHaue rosops,
CKOPOCTb IOSIBJIEHHS O3TUX AaTOMOB JIOJDKHA CHMIKaThCSl.
CnenoBarenbHO,  JIOJDKHA ~ YMEHbIIATbCsl U CKOPOCTh
Ha0JI0aeMOro paciiMpeHus MNpOCTpaHCTBa, BceneHHol. OT1o
JIOTHYECKHU 00JIee €CTECTBEHHBIN MPOLIECC, HEXKEIU YCKOPEeHHOoe ’
Ja)ke  IOCTOAHHOE 10  OECKOHEYHOCTH  paclIUpeHue
MIPOCTPAHCTBA.

3aMeTHM, YTO MEXaHU3M paCLIMpEHUsl NPOCTPAHCTBA 3a
CU€T NeHCTBUS TEMHOM SHEPrUM BBITJISAUT HECKOJIBKO CTPAHHO,
KaK M caMO €€ Ha3blBaHHE. Y TBEPKIAECTCS, YTO IUIOTHOCTH ITOU
SHEPruy HEU3MEHHa, HO TOrja M3 KaxXAoW (UKCHUpOBAaHHOU
o0JIacTH TPOCTPAHCTBA BEIIECTBO M TEMHAs Marepus co
BpEMEHEM JIOJKHBI Kak Obl "BBITONKHYThCS". TO ecThb, yaenpHas
MIOTHOCTh  BceenenHoit gomkHa cTpemMuThess K 75% ot
HBIHEIIHEH.

3.1. Jloruka pacuimpeHusi MPOCTPAHCTBA

JlaBaiiTe  mompoOyeM  JIOTMUECKM U  aHAIUTHYECKU
pazobparhcsi, Kak BOOOIE TPOUCXOAUT paciiuperue BeeneHHoit
C  U3JOXKEHHOW  ¢uimocopckod  Touku  3peHus. s
OTIPENIEICHHOCTH ~ MEXaHW3M  paCIIUPEHUsT  TPEICTaBHM,
HampuMmep, Kak MOHOTOHHOE yJIBOGHHE aTOMOB IPOCTPAHCTBA, UX
YMHOXKEHUE Hamnojol0ue KieToyHoro naenaeHus. OueBHIHO, YTO
no0aBJIeHHE HOBBIX aTOMOB TPOCTPAHCTBA' BBIMVIAIUT Kak
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YBEJIIMUEHUE BCEX PACCTOSIHUM, NPUYEM pEAIbHOE JIBUKEHUE
MaTepHaIbHBIX 0OBEKTOB IIPU ITOM HE BO3HUKAET.

Taxoil MexaHU3M I03BOJIIET OOBACHUTH TAKXKE U IMPUUUHY
pacIIpeHre MPOCTPAHCTBA MEXY I'PaBUTALMOHHO CBSI3aHHBIMH
00JIaCTSIMH M €ro OTCYTCTBHE BHYTPH 3THX oOjacteil. BHytpu
I'PaBUTALIMOHHO CBS3aHHBIX oOOJacTei, MO BCE BUAMMOCTH,
"¢onoBoii" obmactu Marepun TpyaHee — chOPMHPOBATH
JOTIOJIHATENIbHBIE aTOMBI IIPOCTpaHCTBAa. 3aech Marepus, ¢
OJIHOM CTOpPOHBI, HMCUeplajla CBOW HCXOIHBIA Marepual, a, C
JIpYroil CTOpPOHBI, CHJIBHOE TIpaBUTALMOHHOE II0JIE IPOCTO
IIPOTUBOACUCTBYET MOSBICHUIO HOBBIX ATOMOB.

Jnst GOoNbIIeH HATTIAHOCTH MPOBEIAEM aHAIN3 (POpMaTbHO
C HCIIOJIb30BAHMEM QJICTOPUM HKEJIE3HOAOPOKHBIX IIYTEH €O
mnanamu. [lycts paccrosHue Mexay JAByMs OOBEKTaMu
U3MEpSAETCS KOJMYECTBOM IHNan Mexay Humu. IIpumem, udro
ucxoHoe paccrosinue npu t = 0 cocrapnsier ogHy mmany o= 1.

Ilycts YAJIUHEHHE, paciupeHue IIPOCTPAHCTBA
MIPOUCXOJUT MOHOTOHHO TakuM o00pa3oM, YTO €ro JJIMHa
YBEJIMUMBAETCS 3@ CUET YABOCHUS Ka)JOM ILINAIbl B E€IUHUILY
BPEMEHM. 371€Chb MBI BBEIEM BEINYMHY, KOTOPYIO Ha30BEM
KOA(DPUIIMEHTOM MPOCTPAHCTBEHHOTO pacIIupeHus: (4ToObl He
nyTaTh €ro ¢ MaclTa0HBIM (PaKTOpoM), paBHYO B JaHHOM
ciydae 2. [ToaToMy B cienyromuyii MOMEHT BPEMEHH Imaj Oyner
YK€ IBE!

t=1 r=r,x2

B cnenyromuii 1 ganbHEHIIME MOMEHTBI BPEMEHU YHCIIO

mnan Kaxabli pa3 yJIBauBaeTCs:
t=2 r=rx2x2

t=3 r=rx2x2x2
t=4 r=rx2x2x2x2
t=5 r=rx2x2x2x2x2

W Ttax panee. 3mech y:xke MOXXHO OOHapyXHTh HEKOTOPOE
CXOJICTBO C 3aKOHOM Xa00J1a, HO ISl 3aBUCUMOCTH HE CKOPOCTH
OT PacCTOSHUS, a PACCTOSIHHUSI OT BPEMEHH, MOCKOIBKY OYEHBb
XOpOIIIO BHJTHA 3aKOHOMEPHOCTD:
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t=nt, r=rx2x2x.x2x2=r2"=r2"
N—co MmHo dic um il

OnHako MBI HCHOJB30BAJIM  JIOBOJBHO  PATUKAIBHOE
3HAUEHUE MapaMeTpa pacIIUpeHHs] NPOCTPAHCTBA — YABOCHHUE.
VY BOeHHE aTOMOB MPOCTPAHCTBA SBIISETCS, BUAUMO, YPE3MEPHO
3aBBIIICHHON BeMMYMHOM. [loaTOMy BBIOEpEM  HEKOTOPYIO
KOHCTAaHTYy, 3Haue€HHE KOTOpPOHl TOKa HE YCTaHaBJIMBAEM.
IlockonbKy KOHEYHBIH pe3ynapTaT, HAAO0 MpPU3HATBCSA, HaM
BOOOIIE-TO U3BECTEH, B KAUECTBE KOHCTAHThI BO3bMEM BEJIMUYHUHY
et KOTOPYIO TaKxKe Ha30BEM K03 punreHToM
IIPOCTPAHCTBEHHOTO paciupeHus. [lyctb B HauaabHBIH MOMEHT
BPEMEHHU DPACCTOSHUE MEXAY JIBYMs 00beKTaMH (TaJlakKTHKaMu)
paBHO [o. CorinacHO BBIOPAaHHON MOJENU 32 KAKIYI0 EIUHUILLY
BpPEMEHHU KOJMYECTBO aTOMOB IIPOCTpaHCTBa OyneT BO3pacTaTh B
e" pa3. IloaToMy B KaXIplil CIEAYIOIIMA MOMEHT BPEMEHU
paccrosiHue Oyner yBenuuuBaThes. IIpomosnkuB BHU3 JIeBBIN
cronbern B CIIeAYIOIEH TabnuIe, oOHapyKuBaeM
3aKOHOMEPHOCTb (CpeiHul cToJ0e1), KOTOPYIO MEePENUChIBaeM B
KOpPOTKOE ypaBHEHHUE (CIpaBa):

t=1 r=r,xe" r=re"
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 tak JaJIec. 3aKOHOMepHOCTB O4YCBHUOHA:
t=n r=rxe" xe" x..xe" xe" =re""=re"" (7)

N—comHo srcum el

WNnn xpatko:
r=re™ (8)
VYpaBHEHHE ONMMCHIBAET, KAK CO BPEMEHEM YBEINYUBAECTCS
paccrosiHue MEXIy JByMs O0NacTsMH, HaXOASIIMMUCA B
HCXOJHOM COCTOSIHUM Ha HEKOTOPOM PACCTOSIHUM lg. Bpliie mbl
YMBIIIUIGHHO HCIIONBb30BATH KOHCTAHTYy B BHIE €, dTOGBI
MOJYYUTh MMEHHO Takyr 3amuch (8), mpudyeM BenundmHa H
OKa)KeTCs B TOYHOCTH PaBHOM MOCTOSHHOM Xa00a.
Jlerko 3aMeTUTh CXOJACTBO ypaBHeHUs (8) ¢ 3aKOHOM
Xab0ma, HO UIA 3aBUCUMOCTH HE CKOPOCTH OT PACCTOSHUS, a
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paccrosiHus OT BpeMeHH. Ecnu mpoauddepeHnupoBarbh €ro Imo
BPEMEHHU, TO MBI Cpa3y e W TOJXy4aeM pa3BEPHYTHIH 3aKOH
Xab0ma:

; Ht
v=r=rHe
3aMeqaeM, 4qTo HOCJ'IC,Z[HI/Iﬁ COMHOKHUTEJIb — 3TO 3Ha4YECHUE I,

MOJICTABIISIEM U MOJTy4aeM OOBIYHYIO 3aITUCh 3aKoHa Xa0ba:
v=Hr

3.2. MuTerpanbHblii 3aKoH Xa60.1a

HecnoxxHo  mokasarb, 4TO TpPH  HCIOJIb30BAaHHU
M3MEHSIOIIErocs BO BPEMEHH Tapamerpa € Mbl [ONydHM
UHTErpalibHOe ypaBHeHUe ABmkeHus a(t) wiu r(t).

Jnist  9TOrO  BCE  0OUHAKOBble WHTEPBAIBI  BPEMEHU
3amyChIBa€M KOJMYECTBEHHO, a HE B TOPAIKOBOM Buze. Kaxkmoe
CIIEAYIOIIEE COCTOSIHHE MPOCTPAHCTBA SIBJSIETCS pacIIMpeHHEM
MPEBIAYIIEr0 HHTEPBaJia, V)K€ HCIBITaBIIET0 COOTBETCTBYIOIIEE
pacipeHue.

OtmeuaeMm, 4TO BCe MHTEPBAJIBI BpeMeHU Atj paBHBI IpyT
apyry, a Hi — 5310 3Hauenwme mapamerpa Xa0Oua,
COOTBETCTBYIOIIEE TEKYIIEMYy MOMEHTY BPEMEHH 3TOro I-TO
uHTepBana. Jlng  Busyanuzauuu  OyaeM B ypaBHEHMAX
OpeBIAYIINA ~ HWHTEpBAaJ  OTHENATH  OT  CJIEQYIOIIETO
3aKkpeIBaroliel ckoOkoi. YrToObl un30exarh “'pasMHOXKEHHA"
COITyTCTBYIOIIUX WM OTKPBIBAIOMIMX CKOOOK, MBI HX TIPOCTO
OIlyCTUM, MOMHS, YTO UX MOYKET OBITh CTOJIBKO K€, CKOJIBKO M
3aKpBIBAIOLIHX:

r=r,xe™" r=re™"

r— (ro % eHlAt) « @At r— rOeHlAt+H2At

r=(f, x eHlAt) % eHzAt) x @HaAt r— rOeHlAt+H2At+H3AI

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

B mnepBoil CcTpoke MOKa3aHO, YTO pACIIMPEHUE e™ ucmbrran
WCXOIOHBIM HHTEpBaN [p. Bo BTOpoll cCTpoke pacumpeHue
MPOMCXOAUT TEIEPh VYK€ y OTOr0 YK€ pPaCIIMPUBLIETOCS
MHTEpBaJla B CKOOKax. B TpeTbel cTpoke HOBBIM HHTEPBAJIOM ISt
pacLIUpEeHus ABISETCS UTOTOBBIM MHTEPBAII U3 BTOPOU CTpOoku. U
TaK Jjanee. 3aKOHOMEPHOCTh OYEBH/IHA, OHA UMEET BU/I:
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r=(r,xe™")xe" ) x...xe" ") x e = 1 exp(i H, xAt)
N—co.mHo Jicum el 0

OOHapyxuBaeM, 4TO CyMMa MpPOHM3BEICHUI MTHOBEHHOTO
3Ha4YCHUs1 Tapamerpa Xa00sia, COOTBETCTBYIOIIETO KaKIOMY
KpaTKOMY MHTEpBaly BPEMEHH, BBINNIAUT Kak HHTerpain. Ecmum
JUTMHBI UHTEPBAJIOB YCTPEMHTD K HYJIIO, TO MTOJIyYUM HHTETPAJL:

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

BepxHum nipenenoM uHTErpaia siBIsieTcsl BpeMs 1 — cymma
BCeX OECKOHEYHO MajbIX HWHTEpBAIOB BpemeHH Ot mpocto
MOTOMY, 4YTO KOJIMYECTBO ClIaraéMbIX N KaK pa3 W PaBHO
KOJIMYECTBY ATHX MHTepBajoB dt B oOmem Bpemenu: T = nxdt.

Berie Takoe e pereHue Mbl HalluT| JUTsS 3aKoHa Xab0uia ¢
MmacirabusiM akropom (5) u (6). YpaBHeHHE ONMUCHIBACT, KaK
CO BpPEMEHEM YBEIMYHMBACTCS PACCTOSHUE MEXKIY JBYMS
00JIaCTSIMHM, HAXOAAUIMMHUCA B HWCXOJHOM COCTOSIHUM Ha
HEKOTOPOM  pacCTOSIHUM  fp.  Bpllle MBI yMBIIIJICHHO
VICIIOIB30BAIIM KOHCTAHTY B BH/E €, YTOOBI MONYYHTh MMEHHO
Takyro 3anuchk (8), mpuuem BenuunHa H OKakeTcs B TOYHOCTH
paBHOM MocTOsHHON Xa00ia.

B 3axmroueHne mokaxem, Kak ¢ TIOMOIIbIO ATUX ypaBHEHUH
MIPOU3BOIUTCS MOCTPOCHHME JMarpaMM JIBUXKEHUS Ha INpuUMepe
YCIIOBHOM TaJIAKTHKH, CBEPXHOBOM, HAaXOJMBIIECWCS B Hadaie
paciIMpeHusi MPOCTPAHCTBA HA YAAJICHUHM OT 3eMiid B 3 MIpI.
CBETOBBIX JieT. [l HariasgHOCTH pacCMOTPUM  YCJIOBHYIO
Bcenennyto, pacrmmpsioniyiocs ¢ mapamerpom Xab66ma H(t),
UMEIOIIUM  MHOXKECTBO M3JIOMOB: YYaCTKOB YObIBaHHUSA M
BO3PACTaHMUS.
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13

we R() =R, """ | 10xez)
11 ZIN AR(’)

NS vy

12

|10

10 x ()

R,=3 I'padmku aBkenus R(t) u v(t) raTakTHKH, HAXOJUBILIEHCS B Hayale
2 pacIIMPEHHs Ha y/laleHuH 3 MJIp/. CBETOBBIX JIET OT Habmonarens (Ha 3emie).
VYenosnas Beenennas pacimpsiercs ¢ nepeMeHHbIM napamerpoM Xa66ma H(t).

5 @ t, Mapo. 1em
0 1 2 3 4 S 6 7 8 9 10 11 12 13 14
Puc.1. [lpumep nmuarpamm aBmkeHus it nepemenHoro H(t)

Ha puc.l otor mepemeHHwnii mapamerp XaO06ia
npencrasieH rpapukom 105xXH(t), rae macitaOHbI MHOXHUTEIb
105 ucnonb3oBaH, YTOOBI TpaduK OBLT XOPOLIO PA3IUYUM, & €r0
HEKpYIJI0e 3Ha4eHHue — 4YTOObl OH MMEJ MEHbIIE MepecedeHuit ¢
npyrumu rpagukamu. VHTEpBan BpeMeHM auarpamm paseH 14
MIIpA. JIET.

Hcnonb3ys ypaBHeHue (7), NPOU3BOAMM IOCTPOEHUE
rpapuka guctanimii  R(t). Iloctpoenue mnpou3BOAMM 10
TaOJUYHBIM  JIaHHBIM, B  KOTOPbIX  TEKyllee YyAaJeHHe
paccuuThIBaeTCd Kak MpPEeIbIaylee, HCHbITAaBIIee I1aroBoe
paciipeHue, paclIMpeHHe C TEKYIIMM 3HadeHHeM MapameTpa
Xab0ma 3a eIMHUYHBIA UHTEPBAJ BPEMEHHU.

I'paduk ckopoctu V(t) crpoum C 10-kpaTtHBIM MacmTabom
MPOCTBIM BBIYMCIIEHUEM NPHUPOCTA IWCTAHIIMH 33 HMHTEPBAJ
BpeMeHHu 3Toro npupocra. lllar Bpemenu Step BbIOpaH paBHBIM
0,1 mapa. ner. Jlns cpaBHeHHMs NpUBENEH Takxke TIpaduk
ckopoctu ¢ 10-kpatHBIM MacmTaboM, OMpeAeIsIeMOn s
OONBIIMX 3HAYEHUH KPAacCHOrO CMENIEHHs TOYHBIM OOpaTHBIM
ypaBHEHHEM, IEPEBOSIINM CKOPOCTh B KPACHOE CMEIlIEHUE:!

23



Z= -1
1-v
Kak Buaum, pacxoKI€HHE CKOPOCTEM Ha pHUCYHKE
CyH_IeCTBeHHOC. CKOpOCTB, onpenenﬂeMaﬂ IIPpOCTBIM

YMHOKEHHEM KpPAacCHOTO CMEIIEHUSI Ha CKOpPOCTh CBeTa
MoJTyJaeTcsi ToYTH B 2 pa3a OoJblIe peabHOH CKOPOCTH
oObekTa. M3BecTHO, YTO TPHOIM3UTEIBHOE PABEHCTBO CZ <V
BBITIOJIHSIETCS  TOJBKO TP MaJIbIX 3HAYCHHUSAX KPACHOTO
cMmemenus, zZ < 0,1.

Ha puc.2 npuBeneHsl TpaaullnoOHHBIE AUarpaMMbl Xab0ia
JUIsL 9TOTO YCIOBHOTO mapamerpa Xa66ma H(t). B BbraucieHusx
MCIIO0JIb30BaHO MHTETPAIbHOE 3HaUCHHE apamerpa Xaoo:a (5).

ve 10 x cz(r)
105 x H(r)

10 x v(r)

Juarpammel Xa00ma B ycroBHOH BeeneHHOM, paciupsionieics ¢ nepeMeHHbIM

napamerpoM Xa60ma H(r) ~ H(t) i ranakTiky, H3Ha4aIbHO HAXOMBLICHCS Ha

YAaJIeHUH 3 MIIPJI. CBETOBBIX JIET OT HabmoaTens (Ha 3emue). JlnarpaMmel st

1 peasibHOM CKOPOCTH V(I) U (3aBbIIIEHHON) CKOPOCTH, BBIUUCIIIEMOH IO KpaCHOMY
cMmenieHHIo cz(r) npu z >> 0,1. r, MApo. c6. 1em

3 4 5 6 7 3 9 10

Puc.2. lnarpammbr Xa66:a miist V(r) u cz(r) Bo Beenennoti ¢
napameTpom Xao6:a H(r)
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