On the essence of the accelerated expansion of the Universe
O cymHoOCTH YCKOPEeHHOro pacmupenusi BecesenHoii
ITIyrenuxun 11.B.

Annomauusn

What does the accelerated or slowed down expansion of
the universe mean? The definition of the concept of cosmological
acceleration and the equation for its calculation are given.

Uro o3HauaeT YCKOPEHHOE WM 3aMEIJICHHOE pacIinpe-
Hue Beenennoii? [IpuBeneno onpenenenne MOHATHS KOCMOJIOTH-
YEeCKOT'0 YCKOPEHUS U ypaBHEHHE /ISl €T0 BEIYMCIICHUSI.

Knrouesuie cnosa

KOCMOJIOTHYECKOE YCKOPEHHUE, TIapaMeTp 3aMelJIeHUs,
napameTp Xa0061a, MacITaOHbIN (PakTop, YCKOPEHHOE paciiupe-
Hue BeelleHHOH, KpacHOE CMEILEHUE

13. O cymiHOCTH YCKOPEHHOT0 pacmpeHus Beesiennoi

B Hammx paccyXIE€HHSIX MBI IIOCTOSSHHO MCIIOIb30BAIN
MIOHSATHE YCKOPEHHOT'0, PABHOMEPHOI'O WJIHM 3aMEJUIEHHOIO pac-
mupenus Beenennoi. OHako 4€TKOro ONpPENEIeHNs ITUX MTOHSI-
THH, 4TO MBI 10| HUIMH TOJIPa3yMEBAEM, Mbl IIOKa HE IPHUBEIH.
bonee toro, mpencraBiieHUs 0 MEXaHU3MaX, JIEKALUX B UX OC-
HOBE, BECbMa HEOIPEAEIEHHBIE U Y MHOTUX APYTHX HCCIIEN0Ba-
Tened. BeneacTBue 3TOro BO3ZHUKAKOT JOBOJIBHO CIIOPHBIE BBIBO-
JbI 110 IIPOSIBIICHUSAM 3TUX MEXaHU3MOB. B yacTHOCTH, CyIIECTBY-
€T MHEHHE, YTO YCKOPEHHOE paciinpeHue Beenennoil HanpsMyro
CBSI3aHO C yMEHbILIEHHEeM MapameTpa Xa0b6ia Bo BpemeHu. Eciu
napamerp Xabbna ymenvuiaemcs, TO 3TO O3HAYAET YCKOPEHHOE
pacipenue Beenennoil. CTOpPOHHUKH 3TOTO MOAX0/1A IIPUBOJST,
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HallpuMep, apryMeHT, ypaBHEHUE, KOTOpBbIM, 10 HMX MHEHHIO,

OIpeaeaEHHO OATBEPKIAeT TAKOS MHEHHUE!
H=[4 2=%—k—cz+/\—c2 (13.1)
a 3 a 3

YTBepKIaeTCs, 4TO BUJ 3TOH (OPMYJIBI JHUIIAET BCIKOM
BO3MOXKHOCTH TIPHIYMATh yObul8aiowyto QYHKIIHIO MacIITaOHOTO
¢dakTopa a(t), mpu KOTOpOH yoOwviean Obl W mapamerp XaOoOma.
JIefiCTBUTENBHO, M3 ATOTO YPAaBHEHMS, Ha MEPBBIH B3I, SBHO
CIIETyeT, 4TO pocmy MacITaOHOTO (aKTOpa COOTBETCTBYET VObi-
ganue TmapaMeTpa Xabb6ma. OnaHAaKO MeEpenuIIeM ypaBHEHHE

YCJIOBHO U KpaTKO:
) n
H=0-=
a

Tenepp yxe TOUHO BUAHO: IIPU pocme MaclITabHOTO (ak-
Topa a mapamerp Xabb6ma H moxer Toimbko gospacmams! 1O
MIPOUCXOJUT H3-3a 3HAKa MUHYC IEpe]l WIEHOM, COJEpKalUM
MaciuTaOHbIH (hakTop, B pe3y/bTaTe 4ero npu ero pocTe BbIUYNTA-
eTcsl BCE MEHbLIasi U MEHbIIas BEJIMYMHA, & PE3yJIbTaT, COOTBET-
CTBEHHO, BO3PAaCTaeT.

3aMeTuM, YTO U CaMO MOHATHE "YCKOPEHHOE paclIupeHne
Bcenennoii" nMeer HEKOTOPYIO IBYCMBICIIEHHOCTh. Bce 00BEKTHI
B pacuupsitonieiicas BceneHHOW 1O ONpENeNeHnu0 JBUXKYTCS C
yckopeHueM. B camom nene, macmtaOHbI (akTop BeeneHHoi,
IIPOCTPAHCTBO KOTOPOM pacIIUpsETCs PABHOMEPHO, OIIMCBIBAETCS
YpaBHEHHUEM:

a(t)=a,e™

OT0 ypaBHEHHME U COOCTBEHHO MacIITaOHBIH (hakTop U ero
IIPOM3BOJIHAs [0 BPEMEHU OTHOCATCA KO Bceil BceeneHHOM B Lie-
JIOM, OTIMCBHIBAET Ka)KIyl0 TOUKY €ro nmpocrpaHcTBa. B Habmrona-
TEJIbHOW aCTPOHOMHUHU y HHUX €CTh (DPU3MYECKHE SKBUBAJICHTHI:
KOHKpETHbIE TUCTAHIIMHU MEXKIy 00BbeKTaMH (HampuMep, B CBETO-
BBIX T'0J[aX) U CKOPOCTH yOeraHus (Hampumep, B JOJISIX OT CKOPO-
CTH CBeTa). OJTU DKBUBAJEHTHI, COOTBETCTBEHHO, OTHOCATCS
MONILKO K 3TUM JIByM oObekTaM. B nanmpHeiimem Mbl He Oyaem
aKLEHTUPOBAaTh BHUMAaHHE HA OTMEUYEHHBIX OCOOEHHOCTSX, a
npocTo OyaeM Mojpa3yMeBaTh MX TOXKIECTBO. B mpuBenéHHOMN
3allUCH MMEETCsl B BUJY HEKOTOPBIA HYJIEBOH MOMEHT BPEMEHH,
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KOrja MaciuTaOHbIi (akTop OB HEHYJIEBBIM, PaBHBIM HEKOTO-
pOMy HayaJbHOMY 3Ha4eHHIO a9. COOTBETCTBEHHO, 9TH JIBA SKBH-
BAJICHTHBIX [10JIX0/[a UMEIOT U SKBUBAJICHTHBIC YPaBHEHUS:

a(t) = a,e™
r(t)=r,e™
O6e BenmuuuHBI — MacITaOHBIA (AKTOP M JUCTAHIHA
MO’KHO CB$13aTh €IMHUYHBIM KO3 (PULmeHTOM:
h=X"4
CwMmbicn ko3¢ ¢uuueHTa — 3TO AJIMHA, HAapUMep, CTaH-
JapTHOTO METpa Iy B IPOCTPAHCTBE C MAacIITAOHBIM (DaKTOPOM 3.
JuddepeHurpoBaHueM HaAXOIUM U TaKyIO XK€ CBS3b MEXIY CKO-
POCTSIMH W3MEHEHHsI STHUX BEIUYMH, NPEICTABISIOMIYIO 3aKOH
Xabb6ua:
v, =a(t) = a,He" = aH
v=r(t)=r He" =rH
C yuérom KO3 pHIMEeHTa HAXOAUM BBIPAXKEHHUE, KOTOPOE
BBITJISIITUT, TIO0 CYTH, KaK MPOCTasi 3aMEeHa TIePEMEHHBIX
a=aH — y-a=y-aH — r=rH (13.3)
XoTs1 00BIYHO MBI OTIEpUpPYEM MaCIITaOHBIMU (pakTOpamH,
3TO K€ ypaBHEHME, KaK BHUIMM, MOXXHO 3allUCBhIBATh U C peallb-

HBIMHA (I)I/I3I/I‘-ICCKI/IMI/I NEPpEMCHHBIMU — CKOPOCTHIO U y,[[aHéHHO—
CTBIO.

(13.2)

CymiecTByeT oOLIenpu3HaHHas TUMOTe3a, 4YTO OOHapy-
KEHHOE€ yCKopeHHoe pacliupeHue BcelleHHOM BbI3BaHO JIEMCTBH-
eM TéMHOM »Heprun. Ho Bce 00BEKTHI yaalstoTcs APYr OT JIpyra
C YCKOPEHHEM U B PaBHOMEPHO pacuupstomencs Beenennon. 13
(13.3) MBI SIBHO BUJUM, YTO CKOPOCTh yOeraHusi 0ObEKTa Hempe-
PBIBHO BO3pacTaeT. IT0 BUAHO W U3 ypaBHeHwmit (13.2). /[BoiiHoe
Qg QepeHIpPOBaHUE MMOKA3bIBAET, YTO 0OBEKTHI HE TOJIBKO y/la-
JISIOTCS ¢ HEKOTOPBIM YCKOPEHHEM, HO U CaMO YCKOPEHHUE Herpe-
PBIBHO PacTET:

=1, He"
. 2 H
v=i=rHe" =rH

3 H 2
w=iF=rHe" =rH



VYpaBHeHUe sl YCKOPEHHUSI BEChbMa MOXO0€E Ha CTaHAapT-
HBIN 3aK0H Xa006ma. Cpasy ke 3aMeuaeM HEKOTOphIE CTPAaHHOCTH
B TPAaKTOBKE TakuX yckopeHui. [IoHATHO, 4TO NMIOOOH ymamsio-
niics Bo BceeneHHoit o0BeKT 001amaeT HEKOTOPOM MaccCoil.
CrnenoBaTenbHO, NIl €M0 YCKOPEHHOTO JIBXKEHUSI HEO0OXOAUMO
MIPUIOKUTh K HEMY KaKyIO-TO CHITY, 3aTPaTUTh HEKOTOPYIO HEp-
THIO:

F=M-w=M-rH’

CTpaHHOCTH COCTOUT B TOM, UTO JUIsl HaO/to1aTeNnel cie-
Ba ATOT OOBEKT YCKOPEHHO yOeraer BIpaBo, a JJIsl HAOIroAaTeNs
cnpaBa — BieBo. Ecnu nHULIMAaTOpoM yOeraHus sBIISE€TCS HeKas
cuia, SHEPTHs, MyCTh JaKe W 3araJoyHas TEMHas, TO BOIPOCHI
OCTal0TCA OJJHUMU U TEMU JK€: B KaKyl0 CTOPOHY 3Ta CuJja, SHep-
TUsl TOJKaeT yhaustouuics o0bekT? CKOJIBKO CHUJI WU TEMHBIX
SHEPruil TOJIKAIOT 0OBEKT, €CIIU C PA3HBIX TOUEK 3PEHUS OH JIBU-
KETCSI C pazHblM YCKOpeHHEeM?

HesicupiM OKa3asicss 1 BOIPOC O CBSI3U MEPEMEHHOTO Ta-
pametpa Xab0na u xapakTepoM paciiupeHus BceeneHHoi: ycko-
PEHHBIM WJIM 3aMEIJICHHBIM. XOTS OTBET BHIUTCS JIOCTATOYHO
OYEBMJIHBIM, HO TI0 HEMY HEpPEJKO BO3HUKAIOT JIOBOJIBHO KapKue
nuckyccuu. Hampumep, B ogHON Takoil AMCKycCcHU ObI Mpensio-
KE€H BEChbMa KPacUBBIM M MOY4YUTENbHBIN npumep. [Ipennoxkeno
ypaBHEHHE MacIITaOHOTO (hakTopa, SBHO CTPEMUTEIHHO BO3pac-
TAIOILIETO BO BPEMEHH:

a(t)=kt’

Buaum, 4to 9TO ypaBHEHHE OMHUCHIBAET Mapadoiy C BET-
BSIMU, HampaBleHHbIMU BBepX. C pocTOM BpeMeHHU 10 OeCKOHEeY-
HOCTH, TaK >X€ JI0 OECKOHEYHOCTH BO3PACTAET M MACIITAOHBII
(dakTop. ABTOp ATOTrO MpUMepa 3a1aéT BeCbMa KOBapHBIN BOPOC:
OTHCBHIBACT JIM ATO ypaBHEHHE BcelneHHyI0, pacmupsIomyrocs
YCKOPEHHO?

Bpone 651 oTBeT oueBueH. [IpaBma, oH onupaercst Ha He-
sA6HOe ONpeNIeNieHNe MOHATUSL YCKopeHHo20 paciuupenus. [ToHst-
HO, YTO YpaBHEHHE TOYHO COOTBETCTBYET pacuupsroujeticsa Bee-
JIEHHOM, HO yCKOpeHHOU nu? Jlanee cienyer emé oauH, peraro-
M BOMPOC: YeMy IIPH 3TOM paBeH mapameTp Xabd6ma? Jloraasi-
BaeMCs, YTO OTBEYAIOIIMH JOJDKEH MPUUTH K MPOTHUBOPEUMIO,
MOJIYYUB JJIs SIKOOBI NI YCKOPEHHO pacimpsitoieiics Beenen-
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HOU yObIBaromuii mapamerp Xabb6mna. B camom nene, Haxomum
ero:

a(t) =kt* = a(t) =2kt
Hy=9-28_2
a kt t

W, neiicTBUTEIHLHO, MBI TIOJIYYHJIM ITapaMeTp Xa0bma, siB-
HO yObIBaroluii BO BpeMeHu. IIpu sToM mpowusBeammii ero mac-
mTabHbI ¢akTop pactér. Uto xe momydmsiock? MacmTaOHBIH
daktop pactér, a mapamerp Xab0sa yObIBaeT, TO €CTh, YCKOPEH-
Ho pacumupsitoneiics BceleHHOW COOTBETCTBYET VObi8aroujuli
MaciTabHbli (aktop. Ho 31ech Mbl BHOBB YKa)KeM Ha HEMpPaBo-
MEpHOE OTOXJecTBIeHUue "pacmmpsitomiascsa" Bceenennas wu
"yckopeHHO pacuupsitomasica’” BeeneHnnas.

[ToaToMy Ha BONpOCHl aBTOpa PacCMOTPEHHOTO MpUMEpa
ObLT 1aH OTBET: 3TO pacuiupsaoujascs Beenennas, U IpUTATUBaTh
e€ K XabOJIOBCKOH yckopeHnHOlU HEYMECTHO. B Kiaccmueckom
MIpe/ICTaBICHUH 3aKOHa Xab0la yCKOpPEeHHUs 3/1eCh HE BUIHO.

Crnenyet nosCHUTH 3T yTBepkaeHus. CHavyana npuBeIéM
JAHHOE B OTBETE YETKOE OIpe/ieJICHHE MOHATHUIO "yCKOPSIOLIasics
Bcenennas". Yckopsromeiics BcenenHoll cienyer cunmrtaTh Ta-
KYyl0, B KOTOPOH B KaIblid IOCJIECIYIOUIMHA MOMEHT, WHTEPBaJ
BPEMEHHU JIMCTAHLUS MEXIY HEKUMH JBYMs OOBEKTaMH YBEIU-
yuiach OOJIbIIE, YeM B MPEAbIAYLINII MOMEHT, 3a TaKOi ke MH-
TepBasl BpemMeHH. CKaxxeM, BUepa — B JIBa pas3a, a CErofHs — B
yerbipe. Kak BapuaHT: 3a NpOLUIbIM roj Hekas MCXOJAHas AU-
CTaHLUS MEXJy ABYMsI 00bEKTaMH BO3pociia B 2 pa3a. A 3a 3TOT
roJ Takas K€ UCXOAHAsl TUCTAHIMS MEXIy IPYyrUMHU ABYMS IIO-
JNOOHBIME 00BEKTaMU Bo3pociia B 4 paza. MOXXHO CKazaTk, YTO B
3TOM OIpENEeTICHUH YK€ JOCTaTOYHO OTYETIMBO 3aMETHO pellle-
Hue 3a1ayu. TeM He MeHee, CTOPOHHUKHM MHOTO pEelIeHUus Mpe-
JIOXKHIIM COOCTBEHHOE:!

a(t)=2k>0

XOTsl IeTaNhbHOTO, TTOIPOOHOTO OMUCAHUS 3TOTO BBICKA3BIBAHMUS,
MIPEICTABICHHOIO KaK pEIICHHE, HE NPUBEACHO, MOXHO JIMILIb
JI0TalaThCs, YTO UMeNOoch B BUAY. [TockonbKy BTOpas mpou3BoA-
Has OoJiplle HYJs, TO MAacIITaOHbIM (hakTop onpeneséHHO BO3-
pacraer. [loxanyii, 3TO €IMHCTBEHHOE pa3yMHasl TPAaKTOBKa BbI-
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CKa3bIBaHUS, U3 KOTOPOW, IO BCEH BUIUMOCTH, JOJKHO CIENO-
BaTh, YTO YOBIBAIOLIEMY MMapaMeTpy Xa00Jsia TOUHO COOTBETCTBY-
eT Bo3pacTaroumii MmacmTabHb (akrop. Ho 3Ta equHcTBEHHAS
TPAKTOBKA BBI3bIBAET yJMBJICHUE: 3TA BEJIMUNHA, 3TA BTOpas Mpo-
U3BOJHAs, BOOOIIE-TO, ONpPENEIEHHO OTHOCUTCS K pasleny
(GyHKIMOHATBHOTO aHanu3a. Eciiu mepBas npou3BoAHAas HEKOTO-
poii (pyHKIIMHM paBHA HYJIO, YTO ATO O3HAYACT HAJIUYUE IKCTpE-
MyMa. Bropas mpousBogHas ompenenser xapakmep 3TOrO JKC-
TpeMyMma: €€ IOJIOKUTENbHAsl BEJIMYMHA O3HAyaeT MHUHHMYM
¢ynkuun ("ects Boaa"), oTpuLATEeIbHAS — MAKCUMYM (DYHKIHH
("mer BompI"), a HyNEeBas — TOUKy nepernda. Kcratu, 3Hak TpeTh-
€l MPOU3BOJAHOM B 3TOM TOUKE OMMCHIBAECT XAPAKTEP IKCTPEMYyMa:
HYJIb — 3TO "YUCTBIM 3KCTpeMyM" — MUHUMYM WM MaKCUMYM.
3HaK yKa3bIBaeT HANpaBJICHHE POCTa B TOYKE Ieperuda — or
MEHbBILIUX 3Ha4eHUH K OOJIbIIMM U HaoOopoT. BeposTHO, aBTOPY
YKa3aHHOTO "penieHus" MOsSICHUIM €ro OIMO0YHOCTh, TIOATOMY B
JabHEHIIEM OH SIBHBIM 00pa30M OTKa3aJiCsl OT HETrO.

3aMeTuM, 4TO MaciuTaOHbIN (HaKTOp B paccMaTpUBaEMOM
IIpUMepe MPH MOJIOKUTEILHOCTU BTOPOM MPOU3BOIHOM MMEET Ha
caMoM Jenie 00JacTH, Kak BO3pacTaHus, Tak M yObiBaHus. To
€CTh, U NPEJIOKEHHOE OLIMOOYHOE PElIeHHE U CBA3Ka "pacry-
muii MaciuTaOHbli akrop" u "yObIBatommii napamerp Xabo6sa"
HE JI0Ka3bIBAIOT, YTO OHU COOTBETCTBYIOT YCKOPEHHO PACLIUPSI-
rolerics BeeneHHou.

Ho kakoBo e Torga BepHOE pelIeHHe, KOTOpoe, Kak
OKHUJIaeTcsl, J0Ka3bIBaeT oOpaTHoe: yObIBaroUMii mapamerp Xao-
05a o3HA4aeT 3aMEeUIEHHO pacumpsmomytocs Bceenennyro? B
PacCMOTPEHHOM JUCKYCCUH ObUIO MPEUIOKEHO TPU TAKUX pelle-
HUS, TPU JI0KA3aTEIbCTBA.

[lepBoe pemieHne 0003HAYEHO KaK KpaTKoe, MPOCToe, HO
HCYEPIIBIBAIOIIIEE U ONUCHIBAETCS] YPABHEHUEM:

IimH(t)=0
1—0

CornacHo 3TOMy ypaBHEHHUIO CO BPEMEHEM IapameTp Xa-
0605a cTpeMUTCS K HYIIO, U3 Yero cpasy e CleyeT COOTBET-
CTBYIOIIMI BUJ 3aKOHa Xa0bma:

v=rH omxyoa limv=0
t—>0



[Tonywaercs, 4yTo B HanékoMm OyAylIeM CKOPOCTh ynaie-
HUS OOBEKTOB JPYT OT JApyra cTpeMuTcs K Hymto. Ho 3to cranu-
oHapHas BceneHHas. Ecnu cerogHs oHa pacIIMpSOIIAscCs, He-
BaYKHO, C YCKOPEHUEM UJIM C 3aMEJICHUEM, TO, B KOHEYHOM cue-
T€, CTAHOBHUTCS CTalMOHApHOWH. OUYeBHUIHO, TOBOPHUTH O Iallb-
HEWIlIeM YCKOPEHHOM pacllMpeHuH Takod BceneHHOW HeT Huka-
Koro cmeicia. Ecnu panee BceeneHHas pacwupsnacy, HEBAXKHO
KaK, TO Teleph OHAa PAcUIUPATHCS nepecmand, a 3TO MPsIMO O3Ha-
4aeT 3amedlenHoe paciiupeHue. BrioTe A0 mpekpaiieHus Bes-
Koro pacmupenus. CrenoBarenbHO, yMeHbuleHue TapaMeTpa
Xab0i1a MpUBEINIO K 3amedienuto N OCTaHOBKE pacimupeHus Bce-
JICHHOM.

Tem He Mmenee, ¢akt ocraércs (akToM: ¢ YKa3aHHBIM
MacmTabHeiM (pakTopoMm BceenenHas pacmupsiercs, IpuaéM pas-
Mepbl e€ pacTyT Bc€ Oombiie u 6omnbine. Kak sxe Takas Beenennas
MOXET OBITh CTAI[MOHAPHOMN?

U 31ech Mbl OTMETUM SBHYIO MOJAMEHY HMOHSTHUA. YBelH-
YeHrne MaciTabHoro ¢akropa, BCEX MHTEPBAIOB BO BceneHHOM
MIPOUCXOIUT HE KaK HeKas aOCTpakius, a KaK Habno0amenbHblil
¢dakt. Ecmi 661 Xa00y1 mpou3BOIMI CBOM HAOJIOICHUS B TaKOW
BcenenHoli Ha caMbIX NO3AHMX CTPOKaxX pocma MaclITabHOTO
(akTopa COrJIacHO MPUBEAEHHOMY YpaBHEHHIO, TO OH He OOHa-
PYKui1 Obl HUKaKoro paz0eranus, HUKaKoro KpacHOro CMEIICHHUS.
OT0 MpsAMO cheayeT U3 MPUBEAEHHOTO n030He20 3aKoHa Xaboa.

[TprurHa, UCTOYHUK TAKOTO KaXKYIIETOCS MPOTHBOPEUUS
U CyTh MOJIMEHBI COCTOAT B TOM, YTO OMpEJClICHHE XapakTepa
pacuipenusi BeesleHHOM Ha caMoM Jielie CBOJMTCSL K CPABHEHUIO
JUCTAHIIUKA B pa3Hble MOMEHTHI BPEMEHHU, HO 33 OJMH U TOT K€
unmepsan HabmoaeHuid. CKOpoCTh ylaneHusi 00beKTOB, oIpe/e-
JAIOUIYI0 XapakTep pacmupeHus BceneHHONW Haxomdar mo ux
KPaCHOMY CMEILEHUIO:

Ly )
a(ty A
Ytounum, uyto uHAEKC () COOTBETCTBYET HACTOSIIEMY,
HamuM JHAM. B paccMmarpuBaemol 3aaue Mbl MOYKEM OIIpelie-
JIUTh IO KPACHOMY CMEILIEHHUIO Z OTHOCHUTEIIBHYIO CKOPOCTh Pa3-
OeraHus AByX OOBEKTOB:



_alt,) _ ktg _ tg
TTaw) kg
PaccmoTpuM HEKOTOpBIM OmpeAeci€HHbI MHTEpPBAJl Bpe-
MEHH, CKaKEM, ThICS4y JieT. Toraa

(¢, +1000)*
- 2
A
Ecimu Mbl CpaBHHBAcM 00BEKTHI B CAaMOM Hadaje pacuiun-

penusi Bcenennol, ckaxeMm, B MomeHT Bpemenu 1000 ser ot
Bbonpmoro B3peiBa, TO nonyyaem:

__ (1000+1000°

1000°

Terepb paccMOTpHM, Kak ObicTpo, crycrs 10° mer, yia-
JSIOTCS IPYT OT JIpyra Takue ke JBa OOBEKTa, 3a TAaKOH K€ MH-
TepBai BpeMeHu HaomoaeHus — 1000 ser:

(10° +1000)>
z=—-77"—-1
(10°)?

To ecth, uepe3 10° et npu paccMaTpuBaEMOM 3aKOHE Po-
cTa MacmTabHOro Qaxkropa HaOIOJaTENh HE OOHAPYKUT HHUKa-
KOTO OTHOCHTEJIBHOTO JBMKEHUS TayakTuK. [y cpaBHeHHUs pac-
CMOTpHUM, 4TO OyJeT B cilydae CTaHJapTHOro paciiupeHus Bce-
JIEHHOW C COBpEMEHHBIM 3HaYEHHEM MOCTOSHHOMN Xabba:

a(t) = a,e™

1+z

1=3

31ech, HAIIOMHHM, a) — DTO MCXOQHOE, HaYaIbHOE 3Haue-
HUs MacmTabHOro (pakTopa A ABYX HAOIIOJAEMBIX OOBEKTOB.
BOau3u HayanrbHOrO MOMEHTa BPEMEHHM 3a TAaKOW K€ IMEepHoJ

HaOmoneHuit: (to— t;) = 1000 Mb1 0OHAPYKUM
Hyt,
ally) _ @€ = _ ) _ g1o0w,

Iz a(t) ae™

Teneps Npou3BEeNET TakWe K€ M3MEPEHHUs, CIYCT 10°
net. B aTom ciiydae, ¢ y4éTOM MOMEHTBI HAa0JIOIEHUH BO3PACTYT
Io: to' = t0+109 hty = t1+109. COOTBETCTBEHHO, 3a TaKOH K& WH-
tepBan HaOmoaeHui — 1000 yiet, TO €CTh MBI TOTYYUM 3HAYCHHUE

KpaCHOI'o CMCIICHUS:
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Ca(t) a(ty,+10°) _a(t, +10° +1000)

Ca(t)  a(r, +10%) a(t, +10°)
HO,I[CTaBJ'ISICM Croga CTaHJapTHBIC, COBPCMEHHBIC 3aKOHBI

W3MEHEHHUS MacmTadHoro (pakTopa

Hy(4,+10°+1000
a,e 1000,

aOeHn(tlJrl o)

1+z

l+z=

To ecTb, 1 B HAIIM JTHU U CITYCTS 10° ner MpY HEU3MEH-
HOM mapamerpe Xab6ma Hy u coBpeMeHHOM 3aKOHE U3MEHEHUs
MacimTabHoro (akTopa MbI IOJIydaeM OJHO U TO K€ KpacHOe
cMmelienre. O4eBUAHO, 3TO COOTBETCTBYET PABHOMEPHOM) Pac-
mmpenuto Beenennoit. Takum 00pa3oM, 3TOT MPUMEP TaKKe CO-
OTBETCTBYET MPEMJIOKEHHOMY OIPEACICHUI0 YCKOPEHHOTO, paB-
HOMEpPHOI'0 WJIM 3aMEIJICHHOTO pacuupeHust BceeneHHoi, ompe-
JIeNIIeMOMY 0 XapaKkTepy U3MEeHeHHs mapameTpa Xab0:ma.

[Tocneauuii BapuaHT JOKa3aTeNbCTBA MCIONB3YET Ooliee
SIBHOE U HArJISIHOE U3MEHEHHe nmapamerpa Xab0ma.

H=H©O)1-~
ti

B JlaHHOM citydae napameTp H(0) — 3To He HbIHelIHee ero
3HayeHne Hy, a HEKOTOpoe MOJIOKUTETFHOE UCXOAHOE 3HAYCHHE,
3Ha4YeHUE B HAYaJIbHBIH MOMEHT pacuiupeHust BeeaeHHOM.

s YpaBHCHHA Mbl BHJIHUM, YTO B HGKOTOPBIﬁ MOMCECHT
BpeMeHHu t. mapamerp Xa00ja CTAaHOBUTCS PaBHBIM HYJIO, TO
ecTb, Beenennas mepecTaét pacmmpsAThCs,, CTAHOBUTCS CIMAyUO-
Hapuoti. Jlanee mapameTp CTaHOBUTCS OTpULIATeNbHBIM, a Bce-
JICHHAas1 HAYMHACT CXKXUMAThCA, HpI/ILIéM Ha OECKOHEYHOCTH — 0
HYJIEBBIX pa3MepoB. 3akoH Xab0ia ¢ TaKUM XapaKTepOM VMeHb-
wenus mapameTpa Xa001a MOXKHO 3aMUCaTh B CICTYIOIIEM BUIE

v=rH, omkyoa limy——o0
- 1—0

OTO0 03HAYaeT, YTO NPU U3MEHEHUHU Mapamerpa Xa0b6ma ot
HEKOTOPOU TMOJIOKUTENIBHOM 10 HEKOTOPOW OTPHULATENIBHOW Be-
JIMYUHBI pacuiuperue BeeeHHON 3aMeHsIeTCs Ha €€ corcamue.

Hcnonp3yemoe MoHATHE "KOCMOJOTHYECKOE YCKOpeHue"
HE MMEET COOTBETCTBYIOLIETO MHEMOHMYECKOIO 00O03HAaYeHus,
KaK Hekas (u3ndeckas BeJMYMHA. Bo BCAKOM ciydae, IIMPOKO
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PacnpocTpaHEHHOI0 U OOILENPU3HAHHOIO B JIUTEPATYpE MBI HE
BcTpeTin. [1ockonbKy MOHATHE SIBHO O3HA4YaeT YCKOPEHUE, BBE-
AEM U1 y100CcTBa Takoe 0003HAUEHUE B BUJIE YCKOPEHHS WH:
w, =H
Tenepb MbI MOXkKEM JaTh (POpMaTbHOE ONPEIEICHUE:
OnpenesieHne KOCMOJIOTHYECKOr0 yCKOPEHHUs:

Kocmonozuueckum yckopenuem pacwiupaiowienca uniu
cmayuonapuou Becenennoi wy aensaemcea nepeas npou3eoonas
no epemenu napamempa Xaoona.

BenuunHa KOCMOJIOIHYECKOr0 YCKOPEHUS UMEET pazMep-
HOCTB [t °] — 0OpaTHAs BeTMYMHA KBaApaTa BpeMeHH. IIpuBeaém
BO3MOJKHBIE BapHaHThl pacIIupeHusi BceneHHoi B 3aBUCUMOCTH
OT XapakTepa U3MeHeHHs apameTpa Xaboma:

— mapameTp Xab0a Bo3pacTaer BO BpeMeHu, wy > 0 — 310
YCKOPEHHO paciuupsonasics Beenennas; cuutaercs, 4To B HaILIK
nau Beenennasi pacimpsieTcs MMEHHO Tak: YCKOPEHHO;

— napameTp Xab0s1a Heu3MeHHbIH BO BpeMeHu, wy = 0, HO
HE PaBHBII HYIIO — 3TO PaBHOMEPHO paciupsiromasics Beenen-
Has;

— napameTp Xab0ya HEM3MEHHbIN BO BpemeHH, wy = 0, u
paBeH HYJII0 — 3TO cTaloHapHas Bcenennas;

—napamerp Xabbna yObiBaeT BO BpeMeHHM, wy <0, HO
MMEET TOJIOKHUTEIHHOE 3HAUYCHHE — ITO 3aMEICHHO PaCIINPSIIO-
mascs Beenennas; TakuMu ObUTH MIPEICTABICHUS O PACIIUPEHUU
BceneHHON 0 OTKPBITHS €€ YCKOPEHHOTO paCIIUPEHUs], U MOsB-
JICHUS TUIIOTE3bl O TEMHOW YHEPIUH;

— napametp Xa00isa yobiBaeT Bo BpeMeHH, wy < 0, 1 nme-
€T OTpHIATENbHOE 3HAYEHHE — 3TO CHKHUMAIOLIAsCS BIUIOTh JI0
CUHTyJsIpHOCTH Bceenennas.

BriBeieM ypaBHeHUE Ui BBIYUCIEHHS IMapaMeTpa Koc-
MOJIOTHYECKOTO YCKOPEHHsST Wy W3 YpPaBHEHWH MacITaOHOTO
¢axTopa. Mcnomb3yeM KilacCHYECKOe OMpEAeTIeHHe IMapamMerpa
Xab0ma:

_a®)
H= 0 (13.4)
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JuddepernurpoBanneM HaxoAuM MapaMmerp "KOCMOJIOTHYECKOe
ycKopeHHe" Kak BEIMYHHY, HMMEIOIIYyI0 KOHKPETHOE KOJIHYe-
CTBEHHOE, YHCJIEHHOE 3HAUEHHE:

- ai) a(tz)a(t) _ ai) a2(t) (13.5)
a(t) a(t) at) a(1)
DT0 K€ ypaBHEHUE MOXHO BBIBECTH M JPYTHM ITyTEM:

Wy =

=40
a(t)
BriaensieM u3 Hero nepByro MpoOU3BOIHYIO:
a(t) = Ha(t)

JuddepeHnupoBaHreM HaX0UM BTOPYIO IPOU3BOIHYIO:
a(t) = Ha(t)+ Ha(t)
[IpeoOpazyeM JuIsl BBICIICHUS IIEPBOM MPOU3BOAHON IMapamerpa
Xab0ma:
Ha(t) = i(t) — Ha(r)
[ToacraBnsem 3HaueHue napamerpa Xaodomaa usz (13.4):

. .. at) .
Ha(t)=a(t) —L)a(t)
a(r)
Hakownern, pazaenseM mepeMeHHbIE W BBIACNSAEM BEIHUHUHY KOC-
MOJIOTHYECKOTO YCKOPECHHUS:

. _d() a0
H ===
a(t) a(1)
TakuM BBIXOZSIIMM U3 OOIIETro psijia HOMEPOM ypaBHEHUS

MbI 0003HAYWIM JIEHb €T0 POKIACHHS. YpaBHEHHE MOSBUIOCH B
BOOOpakeHWH aBTOopa paHHUM yTpoMm 5 aBrycta 2020 roma. Ot-

METHM, YTO 32 HEKOTOpOE I0J00He 3TOro mapamerpa MO>KHO
MIPUHATH TaK HA3bIBAEMBIN MapaMeTp 3aMeIICHUS:
i _dH(2)]
a-H’(z) dt
Pu3NYEeCKUN CMBICI 3TOrO IapaMeTpa JOBOJIbHO TyMaH-
HBIM, HE OYEHb IMOHITHO, YTO K€ MMEHHO OH oOo3HauaeT. Ero
CMBICIT OMpEAETIEHHO CleAyeT MpHU3HATh XyXe (PU3UUYECKOro
CMBICJIa BBEIEHHOI'O HAMU KOCMOJIOTHYECKOTO YCKOPEHUS WH.
B kadecTBe mpumepa omnpenenuM napameTp KOCMOJIOTH-
YECKOI0 YCKOpeHus wy M BceelneHHOU, paclupsromencs ¢
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HeuzMeHHbIM 3HAYCHHEeM TapaMeTpa Xab0ma. 3amuimeM coB-
MECTHO, OJTHMM OJIOKOM YpaBHEHHMsI MacIITabHOTO (hakTopa U ero
IMPONU3BOJHBIX:

a(t) = a,e™
a=a,He'"
i=a,H’e"
[Toacrasnsiem B ypaBuenue (13.5):
L d(t) a’(t) _aHe™ ayHe

- 2 - H 2 2H
a(t) a(t) ae”’ aze™"'
2 _H 2772 2H
. CZOH e ! aOH e ! 2 2
H= o =H —-H" =0
a,e aze

Kak Buaum, 3HaueHuE YCKOPEHHS pPaBHO HYJIO, YTO U
O3HavaeT paBHOMEpHOEe pacuiupeHue BceeneHHoii, 6e3 yckope-
Hus. Tenepb npuBenéM mpuMep MacmTaOHOro (akTopa ¢ HEKO-
TOPBIM YCJIOBHBIM TlapameTpoM Xa00ja, COOTBETCTBYIOIIUM

YCKopeHHo pacmmpsitonencs BeeseHHoM:

a= aoe(H"t)t _ aOeH"tz

a=2H ta,e"
3nech BenuunHa Hyt sABIIETCS HEKUM ycpeOHEHHbIM, NHTErpallb-
HBIM nlapameTpoM Xa06sa. Cam napametp onpenensem u3 (13.4):

. H,pt*
a 2a,H te"
H=—= 0# =2H t
a a.e’
0
i ompenenieHus] TapaMeTpa KOCMOJIOTHYECKOTO YCKOPEHUS,
KaKk M BBIIIE, 3alHIlIeM KOMIIAKTHO ypaBHEHUS MaclITabHOTO
(hakTOpa M €ro MPOU3BOIHBIX:
H 1

a=ae "’
- H,?
a=2H tae
. H 2 H 42
i=4Htae"" +2H ae"
Teneps onpenensieM I 3TOM YCKOPEHHO pacmupsromencs Bee-

JIEHHOM 3HAaY€HUE MapaMeTpa KOCMOJIOTMYECKOTO YCKOPEHUS Wiy,
MOICTAaBUB HaliJIeHHBIE BeTMYHUHBI B (13.5):
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2,2 H, i’ H, i 2,2 2 2H,?
_AH:t’aje’" +2Hage" 4Ht°aje’"

H 2 2 2H?
a,e a,e

Coxkparnaem /:[po61/1 " HAXOUM:
w, =4Ht* +2H,—4Ht* =2H,
9T1oT napameTp MOXHO OBLIO BBEIYUCINTH U HaIlpsaMyro mus3

BBIPA)XEHUS JUUIsl HallZIGHHOT o ITapameTpa Xabo0:a:
H=2H_t
Wy, = H= 2H,

B 3aknroueHue HaiiiéM BEIWYHMHY KOCMOJIOTMYECKOTO YCKOpe-
HUS, 3TOT XK€ IapaMeTp wy M A OpoOJeMHOro Ipumepa, cuu-
TaBIIErOCs IPUMEPOM YCKOPEHHOrO pacmupeHus BceneHHOM.
IIpumep Ha camMoM Jiesie ONMCHIBAET 3aMEAJICHHOE pacIIUpEeHue
Bcenennoii:

Wy

a=kt
H(t)=%

JuddeperunpoBanueM 1Mo BpEMEHN HaXOIUM:
wy=H=—2
t
Bunum, 4T0 mapameTrp yCKOpEHHsI OTPHULATENIBHOM, YTO M O3Ha-
qaeT 3amedneHHoe YCKOpeHue pacumpsouieiics Beenennoii. bei-
J0 OBl HMHTEPECHO OMNPENENIUTh IMapaMeTp KOCMOJIOIHYECKOIo
yckopeHus anst ypasuenus (13.1),
HO B HEM HE yKa3aH 3aKOH M3MEHEHHUs MaciTaOHoOro Qakropa,
MIO3TOMY MBI MOXEM IOJIY4YUTh TOJBKO BHU3YaIBHBIM BBIBOJ O
3amMedNleHHoM PaCcIIUpEeHnH BceneHHo ¢ MocienyromuM mepe-
XOJIOM B COCTOSIHUE PABHOMEPHO20 PACILIUPEHMUS:
2 2
= MO A ke —H<0, H>0
33 & " ’

Mpb! HawM, 4yTo napameTp Xab0i1a — NoJ0KHUTEIbHAS HEHYJIeBast
BEJIMYMHA, a ero MPOU3BOHAS 110 BpeMeHH — oTpuuarenbHa. Co-
IJIACHO Hale Kiaccu(UKaluu 5TO ypaBHEHHE COOTBETCTBYET
KOCMOJIOTUYECKOMY 3aMe0NeHUI0, 3aMedJleHHOMY PaCIIUPEHHUIO
Bcenennon.
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PaccmoTpenHOe ypaBHEHHE OTHOCUTCA K (hopMau3My
COBPEMEHHON KOCMOJIOTHH, MPUACPKUBAIOIICHCA MOJETU C TEM-
HOI »Heprueil. beuto Obl IPAaBUIBHBIM JaTh OLIEHKY KOCMOJIOTH-
YECKOr0 YCKOPEHMs B 9TOW Mozenu. s 3Toro, 0O4eBUIHO, HaM
HEOOXOAMMBI JINOO ypaBHEHUS IBWKEHUS, 1u00 auarpammbl. K
COJKaJICHHIO, IIOYTH BO BCEU B JIMTEPATypE IO 3TOM TEME B TOY-
HOW KOJIMYECTBEHHON (OpMe ypaBHEHHS IBHKEHHUS OTCYTCTBY-
10T, a JuarpaMMbl IIPEICTaBICHbl B BECbMa 3aBYaJIMPOBAHHOM
BHJIE. BBIIBUTH Ha HUX YMCIIEHHOE 3HAYE€HUE KOCMOJIOTMYECKOIO
YCKOPEHMS, 3a71a4a JOBOJIbHO HETPUBHUAIIbHAS.

BMmecre ¢ TeM, KOCBEHHO TaKyr0 OLICHKY IlapaMmeTpy Koc-
MOJIOTMYECKOTO YCKOPEHHUS MOKHO J1aTh, HAIIPUMED, 10 PUCYHKY

B ctaThe [1]:
T

25F .

20 :_ [ . Ro4:SHLS _:

05 F .

00L I 1 1
0.0 0.5 1.0 15
z

"... IOJIOXKUTETHHBINA WM OTPUIIATENBHBIN 3HAK HAKJIOHA JaHHBIX
yKa3bIBaeT Ha 3aMEeJIJICHHE WM YCKOPEHUE PaCUIMPEHUsI COOTBET-
cTBeHHO". PUCYHOK 13 cTaThu [1]

YTo Ha pHCYHKE CIEIyeT CUMTATh IOJIOKUTEIBHBIM WIIH
OTpHIIATENIbHBIM 3HAKOM HakJioHa? CrenaeM O4YeBHJIHbIE BBIBO-
nel. Ha pucyHke mpejicTaBieH rpadyuK 3aBUCUMOCTH HOPMHPO-
BaHHOIO Tapamerpa Xab0ia oT KpacHoro cmerienuss H(z) mo
HaOTIOICHNSAM 32 CBepXHOBBIMHU. Cpasy e oTMedaeM, Mmapamerp
Xab0ma s CBEPXHOBBIX C KpacHbIM cMelleHueMm 1,5 bonvute,
94eM IS CBEPXHOBBIX C KPAaCHBIM CMEIIEHUEeM, OJM3KUM K HYITIO
~0,15. Ilpunaro cuutath, uyTO HHpOpPMALHUsi O MapaMeTpax
CBEPXHOBBIX TeM OoJiee cmapas, 9eM @bluie NX KPacHOE CMelle-
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Hue. bykBanbHO 3TO 0O3Ha4aer, 4To KpacHoe cMemieHue 1,5 coot-
BETCTBYET MPOIJIOMY, TO €CTh, 0oJiee paHHEMY BPEMEHHU CYIlie-
CTBOBaHUs CBEPXHOBOM. M3 3TOr0 MbI J€iIaemM BBIBOJ, YTO paHb-
uie 3HaYCHHE Mapamerpa Xab0ma ObLIO Oonbuie, YEM B HAIIH
nau. KonruecTBEHHO B MPECTABJICHHBIX KOOPAMHATAX MBI MO-
’KEM BBIYUCIIUTH COOTBETCTBYIOIIE Cpe/iHEee SKBHUBAJIEHTHOE KOC-
MOJIOTHYECKOE YCKOPECHUE W,:

w, = Hz _ Hz:O,lS_Hz:I,S _ 0,65—1,7 ~
Z 5= 295 L,5-0,15

[TosicHuM TpUYMHY MOSABJICHUS 3HAKa MUHYC. B 3HameHaresne mbl
MMEEM MHTEpBal "BpeMEHH", 32 KOTOPBII MPOU30ILI0 U3MEHEHUE
napamerpa Xab0xa. Ilo ompeneneHuio 3To pa3HUIA BCerna Io-
JOXKUTeNbHA. B yncnuTene Mbl 3anucany pasHUIly MEeXIY HO8bIM
HOPMHPOBAHHBIM 3HAYCHHEM MapameTpa Xa00iia, MPaKTUIeCKH B
nam 114 (0,65) u teM, uto O6b110 B npowwiom (1,7). B pesynbra-
T€ MBI UIMEEM IIPaBO CAEJIATh BBIBOJ: 3HaUEHUE MMapamerpa Xab0-
na (HOpMHpOBaHHOE) OOoJIbIIIE HYJISI, @ CKOPOCTh €ro BO3pacTaHus,
yCcKOpeHue — oTpunarenbHo. CorjlacHo Halllei MOJENIu 3TO O3Ha-
4aeT 3aMeJJIEHHOE pacluMpenne BeeneHHo.

[IpuMepHO K TakOMy € BBIBOJlY NMPUIIEN U PenieTHUKOoB,
MpaB/ia, C HECKOJIBKO KOMITPOMHUCCHOU (DOPMYITUPOBKOM:

"BunHo Takke, 4TO OTKPBITHE YCKOPEHHOTO PaCIIUPEHHUS
HE O3HayaeT, 4TO YX€ cerlyac Temn pacmupeHus BceneHHoi
pacter. Ha camoM Jene oH elie majaer, HO He Tak ObICTpO, Kak
paHee OXKHIAIIOCh — 3aMeJJIEHHE paciupeHus: BceeneHHon Top-
MO3UTCSl M KOT/Ia-HUOYAb MOCTOsIHHAs Xab0ia, AeCTBUTENTBHO,
HayHeT pactu" [2].

To ectb, cerogns Bcenennast pacumupsieTcsi BCE-Taku 3a-
MEJIEHHO, BOIIPEKH TUIoTe3e 0 TEMHOM »Heprun. Ho oHa Oynet
KOTJIa-TO PACIIMPSTHCA YCKOPEHHO. BmecTe ¢ TeM B MCXOIHOM,
LUTUPOBAHHOM CTaThe BBIBOJI IBHO MPSMO MPOTHUBOIIONIOKHBII:

"... Mbl m3Mepuu H(z) ... ycumB 1oKa3aTebCTBAa KOCMHU-
YEeCKOTO PhIBKA — MEpexojia OT 3aMeJJIEHUs] B MPOILIOM K YCKO-
peHuto B HacTosieM"

"9t nonaroxkuabl SN [a ... MOMOIIM NOATBEPAUTH pe-
ATHPHOCTh KOCMHYECKOTO YCKOPEHHUs, OYepUYMBas IMEpPeXo] OT

-0,78
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MPEIIECTBYIOIETO KOCMUYECKOTO 3aMe/JIeHus BO BpeMs (asbl,
B KOTOpOi1 npeoOnanaet marepus..." [1].

Tem He MeHee, ykazaHHOE "MOJITBEpkKACHUE" OnpeaeéH-
HO MPOTUBOPEYUT IPEACTABICHHOMY IpaduKy, HA KOTOPOM JIO-
TMYECKH HENMPOTHBOPEYMBO MPOCMATpUBAETCs WHOE: BceneHHas
B HAIIM THU PACUIUPSAETCS 3aMEeIJICHHO.
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