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AnHoTaums. Vicxoas U3 mpeacTaBieHusi 0 TOM, 9YTO B PaMKaX KOCMOJIOTHYECKHX MOJeNIeH
C JTOMHUHUPOBAHUEM «TEMHOW YHEPTUU» MOXKHO ObLIO OBl OXKHUAATh MPOSBICHUS Xa0O0I0B-
CKOTO PACIIUPEHUS Ha JOCTATOYHO MajbIX (MEXILIAHETHBIX) MacmTabax, caeaana MmombIT-
Ka OLICHUTh BEITMYMHY NapameTpa Xa00Jia mo TerioBoi 3BoIONMK 3emiin 1 Mapca B Tede-
aue nocieanux 4 mupa. et. OCHOBHOM HIeeH TaKoro aHan3a SBISCTCS YIeT U3MCHEHHUS
MOTOKA COJTHEYHOTO M3IY4YEHHs, MOCTYMAIONIEro Ha 3TH IUIAHETHI, 32 CYET KOCMOJIOTHYE-
CKOTO YBEJIMYEHUS PaJuyCcoB WX OpOUT U MOCIEAYIOIIEe CPAaBHEHHE PACUETOB C JaHHBIMU
raHeTosioruu. HaliienHeie TakuM criocoOOM 3HA4YeHHS JIOKAJIBHOTO MapameTrpa Xa0oia
okasbiBaroTcst goctarouno Gombmumu — 130-150 xm/c/Mnc s opoutst 3emum u 170-
200 km/c/Mruc qis Mapca, T. €. B 2-3 pasa 0oJibliie OOMIETIPHUHATOTO MEKIATaKTHIECKOTO
3HaueHus. O6cyxaaeTcs BOpoc 00 MHTEPIPETAUN ITUX BEIHUKH.

KiroueBble ciioBa: nokanbHOE XaOOJOBCKOE pacCIIMpEHUE, TEMHAas YHEPTHUs, JBOJIIOIUS
3emutn, »BorOIIHSI Mapca

BBenenue. Bompoc 0 BO3MOKHOCTH CyIIECTBOBaHUS XaO0IOBCKOTO PaCIIMPEHUS Ha
JI0CTATOYHO MaibIX (HAarmpuMep, MEKIUIAHETHBIX) MaciuTabax OO0CYKIAeTCs YiKe
cebime 90 ner [1], oquako ocraercs HepelIeHHLIM BILIOTH 0 HACTOSIIErO BPEMEHH,
Ocobyro akTyanbHOCTh 3Ta mIpobiema mproodpena B Havame 2000-x romos, korma
OCHOBHOM MapajurMOil B KOCMOJIOTMH CTalld MOJEIH C JOMHHHPYIOMIIMM BKJIAJIOM
«TeMHOIW» dHeprun (A-uleHa) — TaK KakK TeMHasl SHEPrHs paclpeseieHa B Ipo-
CTPAHCTBE HACATHLHO OIHOPOHO, TO MOYKHO OXHIATh, YTO CO3/aBaeMoOe €0 xabho-
JIOBCKOE pacIIMpeHne OyAeT MpOsIBIASTLCS JaXKe Ha OYeHb MalbiX Maciirabax [2].

B pa6orax M. Kpuseka u JI. Comepa [3, 4] Ob110 yKa3aHO, 4TO OJHUM W3 IIPO-
SABJICHUH JIOKaJIbHOTO 3¢ dexta Xad0ma JOMKHO OBITH €ro BIHUSHUE HA TETUIOBOMN
PEXHM 3eMJTH B TEUEHHE BCETO MEPHO/Ia €€ Te0JOrMYECKON  OHOIOrMYeCKOi 3BO-
JIOIMK. B YacTHOCTH, eCiiM MOCTYJIMPOBATh MOJIEPKAHNE MOCTOSTHHON TeMIiepa-
TYpbI 36MHOM MOBEPXHOCTH HA MHTEPBAJic BpEMEHH MoOpsiaka 4 Map/ JIeT, TO Tpe-
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OyeMblIil 7151 3TOr0 JIOKAJIBHBINA mapameTp Xab01a oKa3bIBaeTCs PaBHBIM MIPUMEPHO
MOJIOBUHE €T0 CTaHJapTHOTO MEKTaIaKTHUECKOTO 3HAU€HHs, YTO BBITJIAIUT He-
CKOJIbKO CTpaHHBIM. llenb HacTofIero uccieAoBaHWs — BBIUTH 3a TMPEIEIIbI
NPEIOJIOKEHUS O MOCTOSHCTBE TEMIIEpATyp IUIAHET, UCIOJIb3Ys Ul ATOro OoJjee
COBpPEMEHHBIE JaHHbIE O TemIeparypax paHHed 3emiu u Mapca, U TeM CaMbIM
TOYHEE OIIEHUTh COOTBETCTBYIOIINE UM MapameTphl Xaboia.

MeToabl 1 MaTepHAaJIbl; pe3yabTaThl. IcX0o/s U3 ypaBHEHUs TEIUIOBOTO Oa-
JaHca IUTAHEThI, OpOUTa KOTOPOW HCHBITBIBAET KOCMOJIOTMUYECKOE PaCUIMpPEHUE,
00yCIIOBJIEHHOE TEMHOW sHeprueit [5], MOKHO HaliTH, TpH KakOM 3HAYCHUH JIO-
KaJIbHOTO Mapamerpa Xa00ma teMneparypa IJIaHeThl UMesia Obl TO WM MHOE 3Ha-
YEeHHE B MIPOLLIOM:

HO =239 [1n (L) /L, ) ~4n (T,(0)/T, )] b, (1)
rne L — ceetumocts Connna, Ts — TeMmeparypa HMOBEPXHOCTH ILIAHETHI, h =

= 100 km/c/Mrc, u t — BpeMms1, u3MepsieMoe B MJP/. JIET, KOTOPOE CIEAyeT OpaTh
CO 3HAKOM MHHYC, €CIH OHO OTCUHMTHIBACTCS B 0OpaTHOM HampasieHuu. Hamom-
HHUM, YTO COBPEMEHHOE 3HAaUCHHE MmapaMeTpa Xa00/a Ha MEXraTaKTHICCKHX Mac-
mrabax Ho ~ 0,7 h, a npu npubamkeHHpIX omneHkax ajis Bpemenu t ~ —4 mup. et
MoxHO 6path L(t)/Lo~ 0,7.

Kak BBITEKAET M3 COBPEMEHHBIX IaHHBIX MAJICOXUMHU M HaneoOuonoruu [6],
temreparypa Ha 3emie 3,5—4 Mupj. jeT Ha3aa Moria ObITh TOPa3/Io0 BHIIIE COBpE-
mennoi (Tg~ 15°C = 288 K) u moxomure po Ty~ 70°C= 343 K; mpu stom
u3 dopmyust (1) nomyuaercs HY ~ 1,3-1,5h (r. e., B 2 pasa Goublue coBpeMeH-
HOT'O MEKTaJlaKTHYECKOro 3Hadenus). Uro ke Kacaercs Mapca, TO B HACTOSIIEE
BpeMsi TeMIIepaTrypa ero moBepxHoCTH cocTaBisieT Ty ~ —63°C = 210 K; oxnako
UMEIOTCs yOeauTeNbHbIE CBUACTEIRCTBA, UuTO 3,7—4 MIIpa. JIeT Ha3aj Ha €ro Io-
BEPXHOCTH TEKJIM PEKH, T. €., CYHMICCTBOBAIO 3HAYUTEIHLHOE KOJIMYCCTBO BOJIBI
B KMIKOM coctosanu, Tak uro Ts> 0°C = 273 K. IIpu srom u3 dopmyisi (1) mo-
nyuaercst eme Gonburee sHaverne: HY ~ 1,7-2 h.

3ak/ouenue. HalieHHble 3HaUCHUS JIOKAJIILHOTO TapameTpa Xa0bia, B 1Ba
u Oosiee pa3 MPEBOCXOASAIINE €r0 COBPEMEHHYIO MEKTaIAKTHYECKYIO BEIHUYUHY,
Ha TEPBBIA B3I BRITIAIAT JOBOJBHO CTpaHHbIMH., OJlHA U3 OYCBUIHBIX MPUUNH
UX MOSIBICHUS MOIJa Obl OBITH CBS3aHA CO CIIMIIKOM I'PYOBIM XapaKTEpOM IPOU3-
BEJICHHBIX BBIIIC OIIEHOK, @ MMCHHO, C MPEAMOJOKECHUSIMH O HE 3aBHCSIICH OT
BpPEMEHU IOTJIOMIANOIEN crrocoOHocTH (anp0eno) MmiaHeT W HEM3MEHHON > dek-
TUBHOCTH TTapHUKOBOTO A(hdekTa B uX arMochepax.

C mpyroii CTOpOHBI, HE UCKIIOYEHA M KOCMOJIOIMYECKasi HHTEPIIPETAIUs MOy~
YeHHBIX BeauuuH. [Ipekae Bcero, Hy»KHO OTMETHTB, YTO MMEIOIIUECS TeOpETHYEC-
CKHE pacueThl B MPEIINOI0KEHUH, UYTO JOKAIBHBIN 2P dekT Xadbma cBI3aH TOIBKO
C TEMHOM sHeprueil [7], maroT UL HIKHIO OLEHKY Ha OTHOIIEHHE H(IOC)/HO.
CTporux k¢ OrpaHHYEHHI CBEPXY HE CYIIECTBYET, TaK Kak 0ObIuHas (arperupoBaH-
Hast) MaTepHs B MIPUHIMIIE TOKE MOYKET JaBaTh CBOM BKJIAJ HAa MaJbIX MacIiuTadax,
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IPUYEM STOT BKJIQJ MOXKET OKa3aThCs Jake 0OJbIle, YeM OT TeMHOM 3Hepruu. Kpo-
M€ TOT0, HE HCKITFOYEHO, YTO aHOMAJIBHO OOJIBIIINE 3HAUEHUSI JIOKAJILHOTO TTapaMeTpa
Xab01a MOTYT OBITH CBSI3aHBI ¢ 9(D(PEKTOM «YCKOPEHHO pacKpy4HBaIOIICICS criipa-
J1», KOTOPBIM ObLI MOMy4YeH B OOLIEPEISITUBUCTCKUX pacyeTax MOIEJIbHOW 3ajauu
[8, 9] o mBwKeHHMH MPOOHOM YACTHUIIBI B MOJIE [EHTPAILHOM TOYEYHON MAcChl, MO-
I'PY’KEHHOM B OJIHOPOJHBIA KOCMOJOTMYECKH (POH, c(HhOpMUPOBAHHBIN A-4leHOM
1 obyanaronuii acuMnToTuKo Podeprcona — Yonkepa Ha O€CKOHEYHOCTH.
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Abstract. Assuming that Hubble expansion should manifest itself even at the sufficiently

small (interplanetary) scales in the framework of dark-energy-dominated cosmological
models, we try to estimate Hubble parameter from the thermal evolution of Earth and Mars
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during the last 4 billion years. The basic idea of our analysis is taking into account the vari-
ations in solar irradiation arriving at these planets due to the cosmological expansion of
their orbits and subsequent confrontation of these calculations with the planetological data.
The corresponding values of the local Hubble parameter were found to be rather large:

130-150 km/s/Mpc for the orbit of Earth and 170-200 km/s/Mpc for Mars, i.e., 2—3 times
greater than the commonly-accepted intergalactic value. Finally, we discuss a possible in-
terpretation of these results.

Keywords: local Hubble expansion, dark energy, evolution of Earth, evolution of Mars

Introduction. The problem if Hubble expansion can exist at the sufficiently small
(e.g., interplanetary) scales is discussed for over 90 years [1] but remains unsolved
till now. This issue became especially topical in the early 2000’s, when a new par-
adigm in cosmology was based on the models with dominant contribution by the
dark energy (A-term): since the dark energy is distributed perfectly uniform every-
where in space, one can expect that the corresponding Hubble expansion will mani-
fest itself even at very small scales [2].

As was pointed out in works by M. Krizek and L. Somer [3, 4], the local Hub-
ble effect should affect a thermal regime of the Earth throughout the entire period
of its geological and biological evolution. Particularly, if the Earth’s surface tem-
perature is assumed to be constant over the interval of approximately 4 billion
years, then the required local Hubble parameter turns out to be about a half of the
standard intergalactic value, which might look somewhat strange. It is the aim of
the present work to go beyond the assumption of constant planetary temperature by
employing more recent data on the temperatures of the early Earth and Mars and,
thereby, to evaluate the corresponding Hubble parameters more accurately.

Methods and materials; results. Starting from the equation of heat balance of
the planet whose orbit experiences the cosmological expansion caused by the dark
energy [5], one can find a magnitude of the local Hubble parameter at which the
planetary temperature would have a specified value in the past:

4.96
t

H 0 = [In(L(t)/Ly) - 4In (T, (t)/Ty ) | b, (1)
where L is the solar luminosity, Tsis the temperature of the planetary surface, h =
100 km/s/Mpc, and t is the time measured in billion years, which should be taken
with a negative sign if it is directed to the past. Let us remind that the present-day
value of the Hubble parameter at intergalactic scales is Hy ~ 0.7 h; and it is reason-
able to take L(t)/Ly ~ 0.7 for the approximate estimates at t ~ —4 bln. yr.

As follows from the modern data of paleochemisry and paleobiology [6], the
Earth’s temperature 3.5-4 bln. years ago could be substantially greater than today
(Tso = 15°C = 288 K) and estimated as Ts~ 70°C= 343 K. Consequently, formu-
la (1) gives H® ~ 1.3-1.5 h (i.e., two times greater than its contemporary interga-
lactic value). As regards Mars, its present-day surface temperature is Ty =~ —63°C =
= 210 K; but there is a clear evidence that rivers flowed across its surface
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3.7-4 bln. years ago, i.e., there was a considerable volume of liquid water, so that
T, > 0°C = 273 K. In such a case, formula (1) leads to the even greater value H*” ~
~1.7-2 h.

Conclusion. The above-mentioned values of the local Hubble parameter—
exceeding its contemporary intergalactic value by two or more times—might look
quite strange. One of the most evident reasons could be caused by the oversimplifi-
cations employed in our estimates, namely, the time-independent absorption prop-
erties (albedo) of the planets as well as a permanent efficiency of the greenhouse
effect in their atmospheres.

On the other hand, there might be also a cosmological interpretation of these
results. First of all, let us mention that the available theoretical calculations—based
on the assumption that the local Hubble effect is caused solely by the dark ener-
gy [7]—give us only the lower limit on the ratio H'*”/H,. On the other hand, there
is no a rigorous upper limit, because the ordinary (aggregated) matter, in principle,
can also give contribution at the small scales; and this contribution might be even
greater than the one from the dark energy. Besides, the surprisingly large values of
the local Hubble parameter might be associated with the effect of “accelerated un-
winding spiral”, which was derived in the general relativistic calculations of the
model problem of motion of a test particle in the field of the central point-like mass
embedded into the uniform cosmological background formed by the A-term and
possessing the Walker-Robertson asymptotics at infinity [8, 9].
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