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AHHOTAIUA

B wHay4yHOW nuTepaType MNPOMOKAIOT LUPKYIAPOBATh PpAa3iWyYHbIC THIOTE3bI, HIYIIHE Bpas3pe3 ¢
OOILICTIPUHATHIMH ~ MIPECTABICHUSIMH O TMPUYMHAX M3MEHEHHs KiuMmara 3emud. [IOmbITKH —MepecMoTpa
TOCIIOJICTBYIONICH KINMATHICCKOH MapajurMbl 1O HEJAaBHETO BPEMEHH CBOJMIKMCH K TOMY, YTO AHTPOIOT CHHBIH
(bakTop r106aNEHOrO MOTEIUICHUST HEOOICHUBAIICS JTHOO BOBCE OTPHIANICS, @ POJb MPUPOAHBIX KIMMATHYSCKUX
IIMKJIOB, CBSI3aHHBIX C HEPaBHOMEPHBIM MoCTyrwieHweM Temwia oT ConHua, adcomroTn3upoBaiack. Konmenmms
TJIyOMHHOTO HUMITYJIBCHOT'O T'eOpeakTopa, KPUTHYECKH paccMaTpuBaeMmas B JIAaHHOM JUCKYCCHOHHOH CTaThe,
NpETeHAyET Ha erie Ooliee TITYOOKYI0 PEBH3HIO YCTOSBIIMXCS MONOKEHHH COBPEMEHHOW KIIMMATOJIOTHH, CBSI3bIBAS
9TH UKIIBI HE C MTOBTOPSIFOIIMMUCS U3MEHEHUSIMU TapaMeTPOB OCH ¥ OpOUTHI 3eMur (LIMKIIaMu MUIIaHKOBUYA), & C
MEPUOIUICCKUM IMPOTCKAHUEM LICTIHBIX SAJACPHBIX peaKqu/i B HEIpax HallIel MIaHeTkl.

B craTtbe mokasbiBaercs, uTo crienuduka qudpdepeHnnaiy BerecTsa 3eMiIn B Ipolecce MIaHeToreHe3a He
MorJja O6CCI’[€'—II/ITI) CBEPXKPUTHYCCKOI'O KOHUHEHTPUPOBAHUSA JOJITOKHBYIIUX H30TOIIOB AKTUHOUIOB (ypaHa u
TOpHsl) HU Ha TpaHMIlEe TBEPAOro M JKUAKOrO 3€MHBIX siiep, HM B MaHTHIHOW Tomine. Kpome Toro, aist 3amycka
reopeakTopa HeOOXOIUM LENBIH Ps/ JOHMOJHUTEIBHBIX YCIOBHH, KOTOPHIC B MOCIACAHHI pa3 MOIVIH CIOXKUTHCS
okoo 2.0 MuIp[ JIeT Ha3ad B OCAJOYHOM CIIOC 3€MHON KOPBI M HUKOrga Obl HE CIOXKWIKCH B TIIYOMHHBIX CIOSX
wianetsl. Ecan ke Takoil reopeakTop ¥ Mor Obl ()yHKIHOHHPOBATH, TO PAJAHOTCHHOE TEIUIO OT ero paboThl He
nepenasocs Obl B KOpy 0€3 KPUTHYESCKHX HOTePh 32 FEOJIOTHYESCKH IPUEMIIEMBII TIPOMEXYTOK BPEMEHH.

B cratbe TaKke MOJBEPracTcs COMHEHHIO BO3MOKHOCTH MAaCCHPOBAHHOTO BBHICBOOOXKICHMS MApHUKOBBIX
ra3oB U3 HX IPHPOIHBIX PE3EPBYapOB B aTMOC(Epy HPH MMIOTETHYSCKOM YBEIHYCHUH FeOTEPMAIbHOIO IIOTOKA 13
3eMHBIX Heap. Ha mpumepe ra3oruapaToB MeTaHa [OKa3aHO, YTO WX AecTabmim3auus TpedyerT IKCTpeMaibHOrO
HOBBILICHUS TEMIICPATYPbl B 30HE MX 3aJICTaHHs 07 OKCAHHYECKMM JHOM, a JOHHBIC OCAIKU U BBILICIS)KAIIAs
BOZIHAs TOJILI[A UTPAIOT Poitb Oydepa, YTHIU3HPYs BEICBOOOKAACMBIH U3 Ta30THIPATOB METaH [0 €ro HOonagaHus B
aTMocdepy.

TakuM 00pa3oM, KOHUEHNLIHWS TIyOHHHOIO MMIYJIBCHOTO TI€OPeaKTopa, SKOOBI CYLIECTBYIOLIETO U
ONPE/CIAIONIEr0 KIMMAaT 3eMJIHM, MOKOWTCS HAa MHOXXECTBE [OMYLICHHH, NPOTHBOPEYAINNX AAHHBIM Cpa3y
HECKOJIbKUX HAYYHBIX TUCLUIUIAH, HAYMHAS OT TCOXHUMHHU U 3aKaHYHBAsI KIMMATOJIOIHEH.

Knrwueswie cnosa: AApO 3CMJ'II/I, TeopeaKkTop, ro0amsHOe TIOTCIVICHUE, TAPHUKOBBIC I'a3bl, ©3MEHCHUEC KJIMMaTa.

ABSTRACT

Scientific literature is overwhelmed by hypotheses claiming to disprove generally accepted ideas about the
causes of climate change. Until recently, a vast majority of climate revisionists just forced themselves not to
consider human activity as a driving force of global warming, while the role of natural climate cycles has been
overemphasized.

The concept of naturally emerged georeactor operating in a pulse mode brings us to the next level of
climate revisionism. Authors of this hypothesis dare to associate cyclic climate changes with the repetitive
occurrence of nuclear fission reactions in the deep Earth’s interior rather than with long-term variations in Earth's
orbit and axial tilt, commonly referred to as the Milankovitch cycles [Milankovitch, 1941]. A proposed operating
cycle of hypothetical deep-Earth georeactor includes: 1) exsolution of actinide (uranium (U) and thorium (Th))
particles from iron melt in the Earth's outer liquid core; 2) deposition of these particles onto the inner solid core; 3)
initiation of nuclear fission as the actinide layer reaches a critical thickness; 4) termination of fission due to the
dispersion of fissionable material within liquid core; 5) re-deposition of actinide particles onto the inner-outer core
boundary and so on.

It was speculated that the alternation of glacial and interglacial periods in the Earth's geological history is
synchronized with georeactor operating cycles. According to this hypothesis’s proponents, radiogenic heat from
nuclear fission is transferred through the silicate rock mantle and warms the Earth’s crust, thereby triggering a
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massive release of carbon-containing greenhouse gases (GHG) from their natural reservoirs and subsequent global
temperature increase. Although other georeactor concepts have been proposed in the literature before [Herndon,
1993; Rusov et al., 2007; Anisichkin et al., 2008; Ludhova et al., 2015; Meijer & van Westrenen, 2008], none of
them suggested a pulsed mode of operation or considered the possible influence of radiogenic heat production on the
Earth’s climate.

As demonstrated in this discussion paper, the feasibility of nuclear fission reactions in the deep Earth’s
interior should be rejected for geochemical reasons, and the core georeactor hypothesis described above is the
easiest to disprove. Being refractory litophile elements, U and Th should have been partitioned into the primitive
mantle rather than into the core during metal-silicate segregation in the magma ocean (MO) stage of Earth's
evolution [McDonough & Sun, 1995]. They are considered to form oxides at the mantle conditions, whereas their
residual amounts appeared as pure metals within the core. Partitioning experiments in the laser-heated diamond
anvil cell performed at high pressure-temperature conditions relevant to primordial MO have shown that no more
than 2.5-3.5 ppb U could be dissolved in iron melt during liquid core formation [Chidester et al., 2017; Blanchard et
al., 2017]. Such trace amounts of U tended to be further segregated into solid inner core as it crystallized.

Once exsoluted from the liquid portion of the core, U has been irreversibly incorporated into the solid one
as pure grains and/or point defects in crystalline Fe. This scenario, confirmed by density functional theory
calculations, rules out any chance for U particles to form a layer of critical thickness on the inner-outer core
boundary [Botana et al., 2025]. Although such experimental and theoretical evidences are lacking for thorium, Th
and U concentrations in the newly formed liquid core should have been of the same order due to the comparable
values of metal-silicate partition coefficients [Faure et al., 2020]. Since both these elements are characterized by
very low solubility in molten iron, Th was expected to exsolute from the remaining liquid core portion in the same
manner as U. Thus, almost negligible content of actinides within the Earth’s core, along with their irreversible
incorporation into its solid portion, leaves no room for the concept of core georeactor operating in a pulse mode, but
what about the bulk of them segregated into the molten silicate phase during MO differentiation?

The current U and Th content in bulk silicate Earth (mantle plus crust, BSE) was estimated to be ~20 and
~80 ppb, respectively. Extrapolation of these values back to 4.5 Ga (the age of core-mantle differentiation) would
result in ~54 ppb U and ~99 ppb Th in initial BSE (primitive mantle before crust formation). Such decrease in the
concentration of these elements is due to their radioactive decay with time. Low relative abundances of actinides in
initial BSE, constrained by the composition of chondritic meteorites regarded as the main building blocks of the
Earth, did not allow for U and Th oxides to crystallize from silicate melt as pure phases. Instead of such
crystallization, these oxides were prone to be incorporated into the lattice of mantle silicate minerals such as CaSiO3
perovskite (Ca-perovskite) [Gautron et al., 2006; Gréaux et al., 2009]. Apart from other conditions required for the
initiation and sustained operation of hypothetical mantle georeactor, there should exist concentration factors of
several orders of magnitude to reach criticality without the formation of distinct mineral phases by actinide
compounds.

First of all, U and Th oxides are thought to reside in the lowermost part of the mantle (so-called D" layer)
which comprises 5 wt% (percentage by weight) of initial BSE and is almost unaffected by convective processes
[Tolstikhin et al., 2006]. Assuming that D" layer stores one-fifth of the total BSE inventory of actinides, we easily
concluded that this geochemical reservoir must be enriched with U and Th by a factor of four. Then, these elements
have been found to be incorporated much more readily (by a factor of 104-105) into the crystal lattice of Ca-
perovskite than of the other lowermost mantle minerals (ferropericlase and post-perovskite) [Walter et al., 2004;
Corgne et al., 2005]. Since Ca-perovskite phase constitutes only ~5 wt% of D" layer, a further 20-fold enrichment in
actinides was to be achieved.

The resulting concentration factor of ~80 corresponds to ~4.3 ppm U and ~7.9 ppm Th upon the formation
of Ca-perovskite reservoir within D" layer. These values are still several orders of magnitude less than those
required for georeactor initiation. If we take into account the presence of plutonium (Pu) and its role as a source of
fast neutrons, criticality conditions for nuclear fission to occur could be met at much smaller local concentrations of
U and Th, but an additional concentration factor of ~20 is necessary to enable sustained operation of georeactor
[Meijer & van Westrenen, 2008]. No such factors have been identified at the lowermost mantle conditions if we
leave aside unproven speculations.

Thus, the geochemical fate of actinides provides no room for deep-Earth georeactor to emerge neither in the
core nor within the mantle. The only geochemical reservoir where naturally occuring nuclear fission reaction could
be initiated is the upper layer of the Earth’s crust composed of sedimentary rocks. The differentiation of mantle-
derived melts within magma chambers followed by hydrothermal transport of U from enriched residual melts to the
upper crust resulted in the formation of U ore deposits.

Spontaneous nuclear fission is permitted to occur only in high-grade ores with U content more than 10
wt%. In addition to this requirement, a number of additional conditions should be met to reach criticality in the rich
zone of ore. As for the sandstone-type ore deposits, this zone must be quite thick (> 0.5 m) and chopped up by
tectonic faults in order to provide the entry of water acting as a neutron moderator [Naudet, 1991]. All these
conditions were satisfied in Oklo deposits (Gabon, South Africa) where the only known natural nuclear reactor on
Earth operated ~2.0 Ga ago for ~100 Ma. Since then, there was no chance for such reactors to initiate and operate as
the 25U/%®U ratio became too low to support criticality [Gauthier-Lafaye & Weber, 2003].
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Neither deep-Earth georeactors nor Oklo-like natural reactors, even if they existed, wouldn’t be able to
affect the Earth’s heat balance. The power output of the latter (~100 kW) was estimated to be quite negligible
compared to the total heat input from the Earth’s interior (43-49 TW). According to theoretical estimates, the
operation of hypothetical core georeactor would contribute up to 30 TW to geothermal heat flow (GHF) if the
radiogenic heat was transferred by mantle convection to the Earth’s surface over geologically relevant timescales.

Nevertheless, convective flow velocities correspond to plate tectonic ones and do not exceed 1-10 cm-year-
1, although mantle plumes could ascend from the core-mantle boundary two or more orders of magnitude faster (100
cm-year-1) [Bercovici, 2010]. Anyway, these upwelling processes are so slow that excessive radiogenic heat (ERC)
must be dispersed into the surrounding mantle rocks instead of being transferred to the Earth’s crust. Even if ERC
reached the Earth’s surface without losses, ERC-induced GHF alterations wouldn’t be synchronized with georeactor
operating cycles due to the different timescales of heat production and heat transfer.

Moreover, warming of the Earth’s crust by enhanced GHF wouldn’t have been resulted in the release of
GHG from their natural reservoirs into the atmosphere, i.e., carbon dioxide from the ocean water column and
methane from deep sea gas hydrates (DSGH). As for the latter, it has been shown that DSGH destabilization
requires an extreme warming of seafloor (e.g., from 1-2 to 14-15 °C at the depth of 1200 m!) [Ruppel & Kessler,
2017] that couldn’t be provided by geothermal activity. Finally, one could only imagine the occurrence of such
unrealistic event, but even in this case methane released from DSGH would be oxidized in bottom sediments and the
overlying water column before it entered the atmosphere [Reeburgh, 2007].

Thus, the hypothesis of deep-Earth georeactor and its impact on the global climate is based on a multitude
of poor assumptions that contradict a number of studies from several scientific disciplines, from geochemistry to
climatology.

Key words: Earth’s core, georeactor, global warming, climate change, greenhouse gases.

Hcnonb3yembie COKpaleHust

III" — napHUKOBBIE ra3bl;

MO — MarmaTH4eCKuii OKEaH;

ppb — MuUHapaHas 107 (1o Macce);

ppM — MUITHOHHAS A0 (10 Macce);

TOII — Teopust pyHKIMOHAIIA TTIOTHOCTH;

[I9TM — naneoneH-301[eHOBBIN TEPMUUYECKHI MaKCUMYM.

BBEJIEHUE

HecMotpst Ha BhIpaOOTaHHBINM B KIMMAaTHYECKUX HayKaX KOHCEHCYC, B JIHTEPAType MPOIOIIKAIOT
MUPKYJIUPOBATh pa3iMYHbIC TUIOTE3bl, WAYIIHE Bpa3pe3 ¢ OOMENPHHITHIMUA TPEICTABICHUSIMHI O
(dakTopax ¥ MPUYMHAX JOJTOCPOUYHBIX H3MEHEHHH KIMMarta. ABTOpPBI TaKUX TUIIOTE3 B Macce CBOCH
KacaroTcs MpOoOJeMbl TI00abHOTrO MOTEIUICHUS, CTPEMSCh JIOKa3aTh, YTO JCATEILHOCTh YEIOBEKa HeE
BHOCHT CKOJBKO-HHOY/b CYIIECTBEHHOTO BKIIa/Ia B YCUJICHUE TTAPHUKOBBIX CBOWCTB 3eMHOM aTMOC(eph
[Bjornberg et al., 2017]. Pomp KIMMATHYECKHX MAaKPOLMKIOB, CBS3aHHBIX C HEPaBHOMEPHBIM
noctyruieHreM Teria oT CoJHIIA, TpU 3TOM, Kak NPaBWIIO, HE OTPHUIlAETCs, a daile, HaoOopor,
abcomroTuzupyercs. Takke HEpemkd Clydad, Korja JOOpOCOBECTHBIC HCCIICNIOBATENN, HE WMes
PEBH3MOHHCTCKMX aMOWIUH W OOBEKTHBHO aHANM3UPYsS pealbHbIC TOCIEACTBHS TJ00aTbHOTO
noTeruieHuss  (HampuMep, JIerpajaliiid  MHOTONCTHEMEP3IbIX IMOpPOJ), AaOCTparupyrTcs OT €ero
aHTpororeHHoi cocrapisromnieii [Shpolyanskaya et al., 2022] nmu6o ot ero npuuund B nenom [Konishchev,
2009].

Cratbs «O mpryYMHAX TUKIMYECKUX M3MeHeHn! kinuMaTay [Anisichkin, 2025], omybnikoBanHas B
KypHaie «/lHHaMUuKa OKpYKaloliei cpelbl U ro0aIbHbIC U3MEHEHUS KIIMMAaTay, MPETEHIyeT Ha Oolee
TIyOOKYI0 PEBU3UIO0 COBPEMEHHOH KIMMATHYECKOW MapagurMbl, 4eM BCE MPENNPUHUMABIIHNECS paHee
MOMBITKY TaKOro poja. [To MHEHUIO aBTOPOB CTaThH, IMKIMYECKHE KoJeOaHMsI MT00aTLHON TeMIepaTypsl
¢ nepuogoM 90-130 TeicsSY JET, OPOSBISIOIIMECS B YEPEIOBAHUU OJEICHEHUW U MEXICIHUKOBUH,
OOBSCHSIIOTCS HE IUKIaMi MHIAHKOBHYA, CBA3AHHBIMU C TIOBTOPSIIONIMMUCS W3MEHEHUSMH MapaMeTPOB
3eMHO#IT opbouTsl 1 ocu 3eman [Milankovitch, 1941], a ¢ QyHKIMOHHPOBaHHEM HMITYJIBCHOTO SIIEPHOTO
reopeaKTopa B HeJpaxX HAIleH MITaHEThI.

[peanoxeHHbI UK padOThl TAKOTO PeakTopa BKIOYACT B ceOsl: 1) KpUCTAIUIM3AIUIO OKCHJIOB
AKTHHOMJIOB (ypaHa U TOpHsl) U3 KEIE30HUKEICBOr0 pacijiaBa BO BHEIIHEM XKHIKOM siipe 3eMin; 2) ux
OCeJaHMe M3 ITOr0 paciulaBa Ha BHYTPEHHEE TBEpIOE SIpo; 3) WHUIMHPOBAHME LICIHOW SACPHON
peakiuu 1pu (HOPMUPOBAHMU OCEBIIMMH YACTUIIAMH CJIOS KPUTHYECKOH TONIIMHBI; 4) OCTaHOBKY
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pEaKIMK 3a CUET pacCeMBaHMs YaCTHII B KEIC30HUKEIICBOM PacCIlIaBe; 5) MOBTOPHOES KOHIICHTPHPOBAHUE
ATHUX YaCTHIl Ha TPaHHIE TBEPAOro U JKUJAKOIO siiep U T.J. ABTOPBI CTaThH MPEAINOJIAraroT, YTO TEIIO,
BBIJICIIIEMOE TIPH paboTe TeopeakTopa, AOXOAUT Yepe3 MAHTHIO 10 3€MHOW KOpBI M INPOrpEeBacT ee.
[TporpeBanue Oojee TOHKOW OKEAHWYECKOH KOPBI, COTJIACHO 3TOMY IMPEAIOI0KECHHIO, CIIOCOOCTBYET
MacCHpPOBAaHHOMY BBIJICJICHUIO YTIIepocoaepKanX napHUkoBbix ra3oB (I1I7) W3 WX ecTecTBEHHBIX
pe3epByapoB (merana (CH,) u3 riryOOKOBOIHBIX Ta30rHAPaTHBIX 3aiekel u nuokcuna yriepoaa (CO,) us
TOJIIIIM OKEaHa), YTO SIKOOBI M MIPUBOJIUT K MOBBIIIEHUIO TTI00aIbHOM TeMIIepaTyphl.

CylllecTBOBaHHE T'EOPEAKTOPOB B HEApPax 3eMIIM yKE HEOJHOKPATHO IOCTYJIMPOBAIOCH B
nutepaType. PasHble aBTOpBI MBITAINCh 0OOCHOBATH BO3MOXKHOCTh MPOTEKAHUS SICPHBIX peaKkUUid He
TOJIBKO Ha TpaHHIIe TBEpAOro u xuakoro saep [Rusov et al., 2007; Anisichkin et al., 2008], o u B camom
tBepaoM simpe [Herndon, 1993; Herndon & Edgerley, 2005; Ludhova et al., 2015] wiu B HuXKHEM ciioe
mantiu [Meijer & van Westrenen, 2008], He 3aTpoHyTOM KOHBEKTHBHBIMU Mporieccamu [ Tolstikhin et al.,
2006] (rab6auma). T'unorermueckoe (GYHKIIHOHHPOBAHHE TEOPEAKTOPOB B 3EMHOM SJpe paHee
paccMaTpuBaJIOCh C TOYKH 3PCHUA UX MPCAIOJIaracMoro BJIMAHHA Ha MAarHuTHOE I10JIC Hamel IMiIaHeThl
[Herndon, 1993; Rusov et al., 2007] u naxe cBsizpiBasioch ¢ oOpa3zoBaHueM JIyHbI sIKOOBI B pe3yibTare
IpUpOHOTO sijiepHoro B3pbiBa [Melijer et al., 2013], ogHako MpakTHUECKH HE 0OCYXIAIOCh B KOHTEKCTE
JOJITOCPOYHBIX W3MEHEHNH KIuMarta 3eMIIH.

Tadauna. OCHOBHBIE XapaKTEPUCTUKU THIIOTETHUECKUX ITyOMHHBIX IT€0peakTOPOB, paHee MpeaIaraBuxcs B
JINTEpAType
Table. Main features of hypothetical deep-Earth georeactors previously postulated in the literature

HauaJsio pa6otsl, Tun MoIHOCTD, Ccblika
Jlokanu3zauusa
MJIPA JIeT Ha3aj peakTopa TBT
Huxuwuit cinoit [Meijer & van Westrenen,
~4.5 ~5.0
MaHTHH 2008]
~3.0 HII [Herndon, 1993]
Tepaoe Peaxrop-
~4.5 BHYTpPEHHEE  Pa3sMHOKHUTEIh <30.0 [Herndon & Edgerley, 2005]
AIpO
HI <45 [Ludhova et al., 2015]
~4.0 HT* [Anisichkin et al., 2008]
I'panuna
TBEPIOro Peakrop Ha
~4.0-4.5 HKHJIKOTO S7IEp Oerymei ~30.0 [Rusov et al., 2007]
BOJTHE

*Her 1aHHBIX

OtmaBast [JODKHOE aBTOpaM  OOCykgaemMod  paloThI, MBI TpeularaeM  KPUTHYECKUH
MYJIBTHAUCUUIUTMHAPHBINA B3IJIAJl HA U3JI0XKEHHYIO UMU KOHUENUUIO. B maHHOW NHUCKYCCHOHHOM CTaThe
yOeANUTEeNbHO [1OKa3bIBACTCS, YTO MPEANONIOKEHHE O (QYHKIMOHMPOBAHHUM HMITYJIBCHOTO SIACPHOTO
reopeakTopa B sApe 3eMiId 3WKIETCS Ha MPEBPAaTHBIX NPEACTABICHUAX O TIPABUTALMOHHOU
middepeHanyy  3eMHOTO BEIIECTBa B IpolLecce IUtaHeroreHesa. llomyTHo aeMoHcTpupyeTcs
HECOCTOSITENBHOCTh IPYTUX MOJENel MIyOMHHBIX T€0PEaKTOPOB, PABHO KAaK M OTCYTCTBHE yCIOBUH IS
CaMOINPOU3BOJIBHOIO 3aIlyCKa SIIEPHBIX PEAKLUil AaXke B 0CATOYHOM CJI0€ 3eMHON KOPbI Ha MPOTSHKEHUHU
MOCIIEAHUX 2 MJIPJ JIET.

Kpome Toro, momsepraercsi COMHEHHIO BO3MOXHOCTH Ilepeladyd H30BITOYHOIO PajuOreHHOrO
Terjia Yyepe3 MaHTUIHYIO TOJIY 33 T'€O0JIOTHYECKH MPHEMIIEMBIH IPOMEXKYTOK BpeMeHu. Jlaxe eciau Obl
[NyOMHHBIM TEOpPeakTOp MOI CYLIECTBOBaTb M (YHKIMOHHPOBATH B HMIIYJIBCHOM DEXHME, 3Ta
Teryionepenaya mnorpedoBanga Obl JECATKOB, €CIM HE COT€H MUJUIMOHOB JIET, YTO MCKII0Yaio Obl
CHUHXPOHHU3AIUIO KyJla MEHEe MPOAOILKUTENBHBIX UKIIOB ero padboTsl (90—130 Thicsy neT) ¢ nepuogamu
MporpeBa M OXJIaKACHHUS 3eMHON Kophl. bornee Toro, B craThe MoKa3bIBaeTCsl, 4TO TAKOH HMPOrPeB BPs U
noBjiek Obl 3a co0oOi MaccupoBaHHOe BbICBOOOXKIeHHME III' M3 MX ecTecTBEHHBIX pe3epByapoB, B
YaCTHOCTH METaHa M3 Ta30THAPATOB, 3aJIeralolinX 0 MOPCKUM AHOM. HakoHel, aBTopsl 00cyx)aaemMoi
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paboThl HE YYUTHIBAIOT Oy(EepHYIO POJIb JOHHBIX OTJIOKCHUW W BOIAHOM TONIM MUpPOBOTO OKeaHa,
CIOCOOHBIX OKUCIISITh METaH, BBIJICTUBIIIANICS U3 Ta30THIPATOB, JIO €r0 MONa aHus B aTMochepy.

O3HaKOMUBIIIHCH C JAHHOH JUCKYCCHOHHOHN CTaThed, YATATENh CMOXET YOCIUTHCS, UYTO JhBUHAS
JIOJMsl  KPUTHUKYEMBIX TEOPETUYECKUX JIOMYIICHWUH, BKJIOYas CaMy BO3MOXHOCTh (DOPMHPOBAHUS
reopeakTOpOB MO 3eMHOM KOpOM, MPOTUBOPEUUT JAHHBIM IIEJIOT0 PsiAa HAYYHBIX TUCHUIUINH, HAUYWHAS C
TCOXMUMUU U 3aKaHYMUBASI KJIMMATOJIOTHEH.

BO3MOXHOCTD CYHIECTBOBAHWM A ITPUPOJHBIX AAEPHBIX PEAKTOPOB
IIpaBoMOYHOCTBL aBTOPCKOM KOHLECNIMH INIyOMHHOI0 HMITYJIbCHOI'O T€OpPeaKkTopa

CoBpeMeHHas Hayka He OTpuIaeT TOro (akra, 4TO pPaJAMOAKTUBHBIA pacraj JONTOXKHBYIINX
PaZMOaKTUBHBIX 3JIEMEHTOB, MPEXJE BCEro akTHHOWJOB (ypaHa W TOpHsl), BHOCHT Ooiiee WM MeHee
3HaunTenbHbIN BRI (13-37 TBT) B cymMMapHBIid IOTOK Terlia U3 Heap 3eMid K ee moBepxHocth (~43-49
TBr) [Arevalo et al., 2009; Dye, 2012]. OaHako BO3MOXXHOCTb CYIIIECTBOBAHHUS SIJICPHOTO PEaKTOpa B
3eMHBIX He/pax BBI3BIBAECT OIPOMHBIE COMHEHHUS XOTs Obl MO TOW MpPUYHMHE, YTO OCEeNaHHe YaCTHII
AKTHHOMJIOB WJIM WX COCAWHEHHWH Ha BHYTPEHHEE SJIpO HallIei TUIaHeTHI, MOCTYJINPYEMOe aBTOpaMH
KPUTHKYEMOW KOHIEMIUH ¥ HeoOXOoAWMoe Uil JOCTHIKEHHS KPUTHUYECKOW MAacChl, COBEPUIEHHO HE
BITMCBHIBAETCS] B COBPEMEHHBIE MPECTABICHUS O (POPMUPOBAHHU 3EMITH.

CoracHO 3TUM TpEACTAaBIICHUAM, TrpaBuUTalMoHHas auddepennuaius BemectBa [lepBozemin
MIPOMCXOMIA TapaJljIeIbHO C aKKpeluel IuTaHeTe3uManeil u 0osee KpPYIMHBIX IIAHETHBIX 3apOJIBIIIeH,
COCTOSIBIIMX MPEUMYIIECTBEHHO U3 METAJUIMYECKOr0 Kene3a U CHIMKATHBRIX mopoj] [Rubie & Jacobson,
2016; Yoshino et al., 2003]. Uepeae UMIaKTHBIX COOBITHH COITYTCTBOBAJIO 00pa30BaHUE MArMaTHIECKOT O
okeana (MO) [Tonks & Melosh, 1993], B koTopom jkuakas Meraimueckas (asza BbIENsUIaCh U3
pacijiaBa CHJIMKAaTOB 3a CYET Pa3HOCTH IJIOTHOCTEH, a TakKe HU3KOW BS3KOCTH JTOrO paciuiaBa Ipu
BbICOKHX JaBneHusix [Liebske et al., 2005] (Puc. 1, a). Uro e kacaercst APYrHX XUMHUYECKHUX JIEMEHTOB,
MPUCYTCTBOBABIINX B paciblaBe, TO OHH B pa3MYHBIX COOTHOIIEHUSX pACIPENeNsINCh MEXIY
METAJUTMYECKUM SIIPOM W CHJIMKATHOW MaHTHeW Mo Mepe odOopMIIEHHUS 3THX CTPYKTyp. B pesymbrare
SIIPO 00oramanoch CUAepOPIIBHBIME JJIEMEHTaMH B BHJIE MPOCTHIX BEIIECTB, a B MAaHTHH OKa3aJINCh
CKOHIICHTPHPOBAHBI 3JIEMEHTHI TUTOGUIBHOM Npuposl B popme okcuaoB [Wood et al., 2006].

Ypan u TOpuil MpHHAIEKAT K YACTY TYTOIJIABKUX JINTO(PHUIBHBIX AJIEMEHTOB, TATOTEIONMUX K
mepexoly W3 METAIMYECKO B CHIIMKaTHYO a3y paciuiaBa TP  YCTAHOBJICHHUH MeEX(pazHOTro
XUMHUeCKoro paBHoBecusi [McDonough & Sun, 1995]. PacnpeneneHue ypaHa MEKIy KOMIIOHCHTaMH
JKENE30CIIINKaTHOTO paciljlaBa M3ydajoch B sdelikax ¢ anMasHbeiMH HakoBaibHAMH [Chidester et al.,
2017; Blanchard et al., 2017], ycTpoiCTBO KOTOPBIX TO3BOJISIIO BOCHPOW3BOAHNTH JKCTpEMalbHBIC
BenmunHbl gasnernit (40-70 rlla) u remmepatyp (3500-5000 K), cooTBeTcTByOMINE CMOIETHPOBAHHBIM
ycnoBusiM paHoBecust B Tomme MO [Bouhifd & Jephcoat, 2011]. IloBegenne Topusi mpu Tex xe
YCIIOBHSIX HE OLIEHUBAJIOCh, OHAKO ONM3KHe 3HaUeHHs K03 (PHUITMEHTOB pacipeaeneHs Kene30-CUITnKaT
(1.71-10%-1.64:10% u 1.89-10%-4.00-10° mis Topus u ypaHa COOTBETCTBEHHO), TIIONy4YE€HHBIE B
AQHAJIOTUYHBIX HKCIEPUMEHTax TNpH Oojee HU3KUX Temmeparypax u maenenmsx (8 rlla m 2373 K
COOTBETCTBEHHO), TTO3BOJISIIOT MPEAMOIOKHATE, YTO 002 3TUX dJIEMEHTA TIEPEelLIN B KUAKOE AP0 3EMIIH B
cormocTaBMMBIX KOHIIeHTparmsx [Faure et al., 2020].

PesynpraTel 3THX SKCIIEPUMEHTOB COTJIACOBHIBAIHCH C THUIIOTE30H O MPEUMYIIECTBEHHOM
KOHIISHTPUPOBAHIH aKTHHOWJIOB B MPUMHUTHBHOW MaHTHHU TP TpaBuTariionHon nmuddepennuammm MO.
[o ommeHKaM aBTOPOB yKa3aHHBIX PabOT, HA MOMEHT OOPMITEHHS KUIKOTO siapa (~4.5 MIIp/ JIeT Ha3an) B
HEM OKa3ajoch pacTBopeHo He Oomee 2.5-3.5 ppb merammmyeckoro ypana [Chidester et al., 2017,
Blanchard et al., 2017], Torga kak B CHJIMKaTHBINA PacIbIaB M3HAYAILHO MOIJIO Hiepeiitu ~54 ppb ypana B
cocraBe okcunoB (mpexnae Bcero, UO,) [Chidester et al., 2017]. B coBpeMeHHOI cHUIMKaTHOH 3emie
(MaHTHs + 3eMHasi Kopa) COJepKaHhe ypaHa yMEHbIIWIOCh 10 ~20 ppb B ¢Bs3u ¢ ero pagnoakTHBHBIM
pacnagom [McDonough & Sun, 1995; Arevalo et al., 2009]. B cBoro ouepenp, comepskaHue OKCHIa TOPHUs
(ThOy) B cunukaTHOI 3emiie, B IepecueTe Ha AJIEMEHTAPHBIA TOpHH, olleHnBaercs B ~99 u ~80 ppb Ha
3ape ee CYIIECTBOBAHUS M Ha TEKYIIHI MOMEHT cooTBeTcTBeHHO (PuC. 1, 0).

Crons He3HAYNTENbHAS KOHIIGHTPAIMS ypaHa M TOPHS HE TOJNBKO B SApE, HO M B MPUMHUTHBHON
MaHTHH TIPH BBIPQKEHHOW JMTOPIIBHOCTH 3THUX DJIEMEHTOB OINpEAeNsUiach MX MallbIMH 3allacaMu B
AKKPELUPYIOIEM MTPOTOMIAHETHOM BEIECTBE, IPEAIOIaraeMblii COCTaB KOTOPOrO COBIAJAET C COCTABOM
XOHAPUTOBEIX MeTeopuToB [Wasson & Kallemeyn, 1988], mocTymHbBIX HETTOCPEACTBEHHOMY M3YYEHUIO H
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TOXJICCTBEHHBIX OCHOBHBIM CTPOUTENbHBIM OsokaMm 3emun [Boyet et al., 2018]. OueBuIHO, YTO OKCHIBI
ypaHa ¥ TOpHsl, IPUCYTCTBYSl B CHJINKaTHOM MaHTHHHOM paciljlaBe B CIEJOBBIX KOJIWYECTBAX, HE MOTIHU
BBIKPUCTAJUIM30BATHCSl M3 JTOTO paciulaBa MpU €ro OCThIBaHMH. HecrmocoOHOCTh OKCHIOB ypaHa K
00pa30BaHUIO CAMOCTOATENFHBIX MUHEpPAIBHBIX (a3 B MAaHTHHHOW TOJIIE MOATBEPKAAIOT MOJAECIBHBIC
9KCIIEPUMEHTHI B sYCHKax C aaMa3HbIMU HakoBaibHsMu [Gautron et al., 2006; Gréaux et al., 2009]. B
YacTHOCTH, OBLIO TIOKA3aHO, 4To Hpu AaBieHusx a0 54 rlla u temmepatypax mo 2400 K Ca-nepoBckut
(CaSiOg) — ouH U3 THIMYHBIX MaHTHHHBIX MuHepanoB [Hirose et al., 2017] — MOXeT HHKOPIIOPUPOBATH
B CBOKO KPUCTAJUIMUECKYIO pelieTky 1o 4% ypana no macce [Gautron et al., 2006; Gréaux et al., 2009],
YTO COrJacyercsi ¢ pe3yjbTaTaMH PacyeToB Mo Teopud (yHkimonana miotHoctu (TAOII) [Perry et al.,
2017]. AnanorumunHbiM o00pa3oM B cTpykTypy Ca-nepoBcKkuTa CIIOCOOSH BKIIOUATBCS M TOPUH B
cormocTaBMMBIX KonmuuecTBax [Perry et al., 2017].

(@) @ (6) () 0)
m;eumpyemoe

43 ppmU,
7.9ppmTh

6400 KM 6400 KM

Fe-cunukaTHbIn pacnnas CwunukatHas caasa - Pacnnas Fe Fe B TBepaoit chaze - MocTneposckuT - ®epponepuknas Ca-nepoBckuT

Puc. 1. CxemMa KOHIICHTPHPOBAHUS AaKTUHOMIOB (ypaHa W TOpPHS) W WX OKCHIOB B TIIyOWHHBIX
FCOXMMUYECKHX pe3epByapax 1mo Mepe auddepeHiidayy sapa i MaHTHN 3EMITH

(@) muddepennmarms marmatuueckoro okeana (MO) Ha aKKpEHMOHHON CTaadd pPa3sBUTHS 3eMIIH
(luTpuxoBas  JIMHUSA ~ COOTBETCTBYET  JIMKBHIYCY CHJIMKaTHOro  BernecTBa); (0) OKOHuYaHHE
muddepenrmaninn MO Ha MPUMHATHBHYIO MAHTHIO M KHUIKOE METAJUITMUECKOE SIpo; (B) KPUCTATUTH3AIUS
CIICIOBBIX KOJMYECTB ypaHAa W TOPHS W3 JKHAKOTO siapa B (OpPMHpPYIOIIEECS TBEPAOE SIAPO HapSAy ¢
KOHITEHTPHUPOBAHUEM X OKCHJIOB B IOTPAaHUIHOM MaHTHHHOM D'"-Ciioe (ITpruxoBoit InHMeH 0003HaUeHa
ero TpaHuIla C BBIIIEISKAIIed MaHTUHHON TONIIEH), He 3aTPOHYTOM KOHBEKTHBHBIMHU IporieccaMu; (T)
n30HMpaTebHOC KOHIIECHTPUPOBAHUE OKCHJIOB ypaHa U Topusi B Ca-mepoBCKUTOBOM (ase B mpenenax D"-
ciosi. 3aKONbIIOBAaHHBIE CTPEIKM YKAa3bIBAIOT Ha KOHBEKIUIO JKENEe30CHJIMKATHOTO paciuiaBa (a) u
MaHTHitHOro BemectBa (0, B, T). CoaepkaHWe aKTHHOHIOB B TEOXMMHYECKHX pe3epByapax
COOTBETCTBYECT X OLUCHOYHBIM KOHIUCHTPALIUAM HAa MOMCHT O(I)OpMJ'IeHI/IH KUAKOIo gapa u HpHMHTI/IBHOI;'I
MaHTUH ~4.5 MIIpA JieT Ha3az (IpUHATHIH Bo3pacT 3emun). IIpennonaraemoe comep:kaHne akKTHHOHIOB B
AAP€ MPUBEACHO TOJIBKO IJId YpaHa BBUAY OTCYTCTBHUA HAACKHBIX JaHHBIX IJISI TOPHS.

Fig. 1. Scheme of actinide distribution between deep-Earth geochemical reservoirs during core-mantle
differentiation:

(a) magma ocean (MO) differentiation during a later stage of the Earth’s accretion (silicate liquidus is
indicated with dashed line); (b) MO completely differentiated into the primitive mantle and the liquid
metallic core; (c) exsolution of uranium and thorium from the liquid core into the solid one as the latter
crystallizes, as well as concentration of their oxides in the lowermost mantle (D"-layer) unaffected by
convective processes (separated from the overlying mantle rock with dashed line); (d) concentration of
uranium and thorium oxides in the Ca-perovskite phase within D"-layer. Looped arrows indicate
convective circulation of MO (a) and the mantle (b, c, d). Estimated actinide concentrations in deep-Earth
geochemical reservoirs correspond to those at the moment of core-mantle differentiation (~4.5 Ga,
accepted age of the Earth). Thorium concentrations in the core are omitted due to the lack of reliable data.

Takum o00pa3oMm, Becb MaHTHUHHBIA ypaH, Kak W TOpPHUH, IODKEeH ObUI OBITh BKJIIOYEH B
KpHUCTaINUEcKyl0 pemieTky Ca-nepoBCKATa MM JAPYTUX MEPOBCKUTONONOOHBIX MHHEPAIOB, BMECTO
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TOr0 4YTOOBI OCECTh B BHJE OKCHIOB Ha TBEpAOE BHYTPEHHEE SAPO 3eMIH, AaKe €cId OHO Hayallo
0(hOpMIIATBCS B XOJIe aKKPEIMHU TUIAHETHBIX 3apospiieid u quddepentmannn MO [Arkani-Hamed, 2016],
a HE ropasllo MO3XKe, KaK MpeAronaraercs OONBIIMHCTBOM MPEMIOKEHHBIX Monened [Buffett, 2013;
Gubbins et al., 1979]. Uto ke kacaeTcs ClIeOBBIX KOIUYECTB YpaHa, epelIeAlnX B paciiaB Kee3a Mpu
maddepennmany MO, TO OHHM, Kak TMOKas3pBalOT pacuerbl no TOIl, mormu HeoOpaTHUMO
nepepacnpeseNsiaTbCsl BO BHYTPEHHEE AApo 3eMJIM [0 Mepe ero OTBepAcBaHuUs, 00pa3ys TOUCUHBIE
nedekTsl B KpUCTAIUIMYECKOH pelleTKe yKene3a MM MUKPOBKIIOUEHHS YHCTOro meraiuia [Botana et al.,
2025]. Tem caMbIM UCKITIOYAETCsl 00paTUMOE KOHIICHTPUPOBAHHUE YpaHa Ha TPAHHMIIE KUAKOTO U TBEPIOTO
sinep [Herndon, 1993], HeoOxomumoe Juist 3aITycka UMITYJILCHOT'O Te0peakTopa, PaBHO KaK U HAKOILUICHUE
KPUTHUYECKOW MacChl ypaHa B ieHTpe TBepaoro siapa [Rusov et al., 2007] (Puc. 1, B, 1).

CTOpPOHHMKH KPUTHKYEMOW KOHICMIMK IO TEM WM HWHBIM TMPUYMHAM HE COOTHECIH CBOU
BBIKJIAJIKK C  BBIIICU3IO)KCHHBIMH  TE€OXUMHUYECKUMH  cooOpaxxeHusiMu. [IpiTasicc 00OCHOBaTbH
BO3MOXKHOCTh KPHCTAJUIM3alMM OKCHJIOB YpaHa W TOPHS M3 KEIE30CHIMKATHOTO paciiiaBa € HX
MOCIIEAYIONIMM OCeaHMEM Ha TBEPJIOE AP0, aBTOPhI CTaThu cocnanuch Ha [Mitrofanov et al., 1999].
OpHaKo B 3TOW 3KCIEPUMEHTANIbHOW padoTe n3ydanoch He pacnpeneicaue UO, MeXy METaIIMUECKOM
W CHJIMKATHOW (a3zaMM pacriiaBa, a €ro Ooca<JeHHEe W3 YHUCTOr0 pPacIulaBa jkelle3a, YTO aOCONIOTHO
HeperieBaHTHO ycioBusM auddepennmanun MO. Kpome Toro, u3mepennas pacrBopumocts UQO;, B
xuakoM kerese (0.32 Mrer’), KOTOPYIO aBTOPBI CTATBH COYIM JOCTATOYHO HM3KOH, B ~10%-10° pa3
MpEBBIIACT €ro NpeArnojiaraeMylo KOHIeHTpamuio B Tomme MO, ompenenseMyr0 COCTaBOM
aKKpeIupyollero nporomianetHoro Bemiectsa [Rubie et al., 2015; Clesi et al., 2016]. Takum oOpazom,
naHHble, mpuBeneHHsie B [Mitrofanov et al., 1999], Ha camom jene ciyKar JIOMOJTHUTEILHBIM
apryMEHTOM TPOTUB TOH THITOTE3bI, IS TOITBEPHKICHHUS KOTOPOH X MBITAJIHCH UCIIOIb30BATh.

Bo3mo:kHOCTD (l)OpMHpOBaHI/ISI F.]'lyﬁI/IHHBIX reopeaxkTopoB 0e3 oﬁpasonamm AKTHHOMIAMHU
CAMOCTOATEC/IbHBIX MUHEPAJIbHBIX (1)33

UToOBl MCKITIOYNUTH BO3MOXKHOCTh (POPMUPOBAHHS TITYOMHHBIX T€OPEaKTOPOB MHOTO THIIA, paHee
00CYXXIIaBIIYIOCS B JIUTEpaType nOpyrumu aBropamu [Meijer & van Westrenen, 2008], HyXHO
pPaccMOTpEeTh BOIPOC O TOM, MOTJIM JIA 3HAYMTENbHBIE KOJUYECTBA aKTHHOWIOB KOHIIEHTPHPOBATHCS B
KPHCTAUTMYECKON pellleTke JPYyruxX MHHEPalIoB, O0pa30BaBINUX OTACIbHBIC (a3bl MPHU OCTHIBAHUH
MPUMUTHBHOW MaHTHH. Hamnydimve ycnoBus JUis NTyOMHHOTO KOHIEHTPUPOBAHUS aKTHHOUJIOB MOTIIH
CIIOKUTRLCS B HIDKHEH MaHTHH Ha €€ TPaHUIle C SIpOoM. DTOT TaK HaszbIBaeMbIid ciioii D", 06beM koToporo
cocTaBisier JUIIb 5% OT HW3HAYambHOro 00beMa BCEH NPUMUTHBHONM MaHTHH, HE OBLI 3aTPOHYT
KOHBEKITMEH MaHTHITHOTO BEIIECTBA, B CHITY YE€rO TaM MOTJIO OcTaThes okoino 20% Bcex 3armacoB ypaHa U
TOpHSI, TIEPEMICAIITNX B CHIIMKATHBIA paciiiaB npu nuddepermuanmy MarMatnaeckoro okeana [Tolstikhin
et al., 2006]. Takoe COOTHOIIEHHE COOTBETCTBYET 4-KPaTHOMY KOHIICHTPHPOBAHHIO 3THX JJIEMEHTOB B
ATOM CJI0O€ OTHOCHTEIHHO MPUMHUTHBHON MaHTuH (Puc. 1, B).

Jaiee sKcrieprMEHTHI TP BBICOKHX JABIICHHSIX M TEMIIEpAaTypax IMOKa3ajH, YTO TPH KITFOUEBBIX
MuHepana (Ca-mepoBCKUT, MOCTIEPOBCKUT (IIoTHeHImas Gopma Mg-iepoBckuta) U (depporeprkias),
ClIarafolyie HWKHIOK MaHTHIO, OTJIMYAIOTCS IO CBOEMY CPOJCTBY K akTHHoMmaMm. Ca-TiepoBCKHT, Ha
JIOJIF0 KOTOPOro MpUXOoAuTest Jninb 5% obwema ciost D" [Hirose et al., 2017], crocoben BKiIOYaTh B
KpHCTa/UIHuecKyio pemerky B ~10%-10° pa3 Gonblue ypana M TOpHs, 4eM [Ba APYTHX YIOMSHYTBIX
munepana [Walter et al., 2004; Corgne et al., 2005]. B pe3ysibraTe CTOMIO OKHAATH mocieayromero 20-
KpaTHOTO KOHIIEHTPUPOBAaHHS JTHX dJeMeHToB B Ca-TIepoBCKUTOBOW MUHEpalIbHOH (ase mpu
g depeHuani HKHeH MaHTHU.

Pesynetupyromemy 80-kpatHOoMy oboramiennto Ca-mmepoBCKATa ypaHOM M TOPHEM OTHOCHTEIHHO
MIPUMHUTHABHOW MaHTHUH JOJKHBI OBLIM COOTBETCTBOBATH MOBBIIIIEHHBIE KOHIIEHTPAIIUN STHUX JIEMEHTOB B
coe D" (4.3 u 7.9 ppm CcOOTBETCTBEHHO), COMOCTABUMEIE C UX COJEP)KAHWEM B COBPEMEHHON 3eMHOU
kope [Lambert & Heier, 1968] (Puc. 1, r). OgHako 3Ty KOJIHYECTBA B JIFOOOM ClTydae KpaiHe Jallekd OT
KPUTHYECKUX: MOJIENFHBIE pacueThl ITOKa3bIBAIOT, YTO KOHIIEHTpalus ypaHa B TBepuod (asze,
MUHUMAJIBHO HEOOXOAMMas Ui WHUIMHPOBAHWS MAHTHHHOTO T'€OpeaKkTopa Ha 3ape CYIIeCTBOBAHUS
3emnn, cocraBmger ~1% mo macce [Ravnik & Jeraj, 2005]. Ecim yuects npucyrctBue B Ca-
TIEPOBCKUTOBOI (hase Masoro komuuectsa (23 ppb) miyronns-244 (***Pu), koHuenTpupyomerocs B Heit
BMECTE C YPaHOM M TOPHEM M BBICTYHAIOMIET0 KaK MCTOYHUK OBICTPHIX HEHTPOHOB, MOXXHO OXHIATh
3alycKa IIEMHOM SIEPHOM peakuud W TpU TOpas3l0 MEHBIIMX, HO BCE K€ HE HACTOIBKO MAaJbIX
KOHIIEHTPAIMAX ITUX JBYX JJIEMEHTOB. Pacuerbl mokas3plBaloOT, YTO JUIA €€ WHUIUAIMH ypaH U TOPHUI
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JIOJDKHBI OBLITH OBITH JOMOJHUTEIHHO CKOHIICHTPUPOBaHbI B Ca-TIepoBCKUTOBOM (haze emié npuMepHo B 20
pa3. Hekoropeie wuccienoBatenu AOMYCKalOT, YTO COBPEMEHHAsh TECOXHUMHS YUYUTHIBAET HE BCe
cylecTByromue (hakTopsl KOHIICHTPUPOBaHHs akTuHOMIOB B cinoe D" [Meijer & van Westrenen, 2008]
WM Jja)Ke B peeax BhILIeexalleil MAaHTHHHON TONIIN, Ky/a, KaK MOKa3bIBaeT MPOCTON pacyeT, MOTio
nepeitu ~45 ppb ypana u ~80 ppb Topus (Puc. 1, B, I), OAHAKO TaKHe PACCYXIACHHUS HA CETrOTHAIITHHMA
JIeHb HE BBIXOZST 32 MpeIeNbl YUCTOH CIIEKYIISIHH.

Taxum 06pa3oM, B MIyOMHHBIX CIOSIX 3eMJIM aKTHHOHJIBI HE MOTYT HU KPHCTAJLTN30BaTHCS B BUJC
CaMOCTOSATEILHBIX MHUHEPAJIbHBIX (a3, HU KOHIIEHTPHUPOBATHCS B KPUTUYECKHX KOJIUYECTBAX B COCTABE
Opyrux (a3, 4eMm MoYTH HaBEepHSKa UCKIOYaeTcs BO3MOKHOCTh MPOTEKaHUs LIEMHBIX SAEPHBIX PEeaKIuii
MOJ] 3eMHOW KOpOH.

IIpocTpancTBeHHO-BpeMeHHBIE YCJI0BHSI BO3MOKHOI0 NMOSIBJIEHUSI IPUPOAHBIX AIEPHBIX PeaKTOPOB
B HCTOpUM 3eMJIn

Kak aBTOpBI KpUTHKYEMOI KOHIIEMIINHU, TAaK ¥ CTOPOHHHUKH POJICTBEHHBIX THUIIOTE3 CCHUIAIOTCS HA
TakK Ha3biBaeMblii peHoMer OKII0, JOMycKasi BO3SMOXKHOCTh CYIIECTBOBAHUS TITyOMHHBIX T€OPEaKTOPOB I10
AHAJIOTHH C YHUKAJIBHBIM CKOIUICHHEM PeallbHO CYIIECTBOBABIIMX TPHPOJHBIX SIIAEPHBIX PEAKTOPOB B
ypaHOBBIX MecTopokaeHusix [Petrov, 1977]. bBe3 o00OcyxaeHuss YCIOBHH, COITyTCTBOBAaBIINX
(YHKIIMOHUPOBAHUIO TIOCIIETHIX, TaKasi aHAJIOTHs 3aTYIIEBBIBAET TOT (aKT, YTO JUIsl CAMOIPOU3BOIEHOTO
3amycka IIeMHON SIIEpPHOM peaknuyd B MpUPOJie HEOOXOIUMO HCKIIOUUTENBHOE CTEYEHHE MHOXKECTBA
00CTOSATENBCTB.

TeopeTnueckn Takue peakTOpbl MOTJIH BPEMsI OT BpEMEHH BO3HHKATH B PaliOHaX NIOBEPXHOCTHOT'O
CKOIUICHUS PaJIMOAKTHBHBIX PYJI, T/Ie TIPOMCXOAUT pasrpy3ka ruaporepManbHbix (ironmos [Hazen et al.,
2009], BBIHOCAIIMX ypaH W TOPWUH M3 MarMaTHYECKHX Kamep, BHYTPH KOTOPBIX 3TH JIIEMEHTHI
KOHIIEHTPUPOBAIHNCh B MO3AHUX AuddepeHnraTax (OCTATOYHBIX paciljiaBax) MO Mepe 3aTBep/AeBaHUA
nHTpy3uBOoB [Dosseto & Turner, 2010]. Bo3aMoXHOCTD MpOTEKaHUS] MPUPOAHBIX IEMHBIX PEAKIUN C
y4acTHEM MHUHEpajoB ypaHa Oblia mpejckasana emie B 1950-x rr. [Kuroda, 1956], a B 1970-x cnemnpl
TaKUX peakinii OB OOHAPYKEHBI B YPaHOBBIX pynax mecropoxacaus Okio B I'abone [Petrov, 1977].

YHukaapHOCTH (peHoMeHa OKJII0 UMb TOATBEPIKAAET, YTO Ja)Ke B KOHIIEHTPHUPOBAHHBIX YPAHOBBIX
pyAax 3amycK IeMHOW peakiMd BO3MOXKEH IHINb MPU OJHOBPEMEHHOM COONIONEHUH HECKOIBKUX
YCIIOBHH, pEAKO BBIMOMHAEMBIX JIaXKe MOPO3Hb. Tak, B Hanboiee pacmpoCTpaHEHHBIX MECTOPOXKICHUSIX
MECYaHWKOBOT'O THITa OHA MOXKET HAa4aThCs TONBKO MpH KpaitHe BeicokoM (>10% mo mMacce) comepkaHuu
ypaHa, MPUTOM YTO OYEHb OOTaTBIMHU CUMTAIOTCS PYIBl C MAccOBOHW Aoiel 3Toro anmemeHTta >1%, a
KpUTHYECKas TOJNIIMHA YPaHCOAEPKAIero aKTUBHOTO CIIOS JOJDKHA COCTaBIATH He MeHee 50 cm. Kpome
TOT0, STOT CJIOH JOIDKEH OBITh XOPOIIIO MTPOHUIIAEM ISl BOJBI, UTPAIOIIEH POJIh 3aMEITHTENS] HEUTPOHOB,
YTO COOTBETCTBYET MOPHUCTOCTH > 15%, KOTOpas AOCTHUraercsl TONBKO NPU HAPYIIEHHUSX CIIJIOLIHOCTH
BMeEIIAIOIIEH TTOPOBI, CBA3aHHBIX C TEKTOHHYECKON akTUBHOCTRIO [Naudet, 1991].

Hakomner, cama BO3MOYKHOCTh BO3HUKHOBEHWSI TIPUPOIHOTO SIEPHOTO PEAKTOPa B 0CATOYHOM CII0€
3eMHOM KOpHI OblIa TMpHypodeHa K JOCTaTOYHO Y3KOMY BPEMEHHOMY OKHY, B KOTOpO€ Kak pa3
ykinaneiBaercss ¢eHomeH Oxmo (~2.0 mupa et Hazam): B Ooiee paHHHE TEONOTHYECKHE AIOXHU
HEIOCTaTOK aTMoc(epHOro KHCIIOpoaa He MO3BOISUT (OPMHUPOBATHCS PYAHBIM TelaM C BBICOKHM
coJiepaHNeM ypaHa, a BCKOpE ITOClie TOTO KaK cocTaB aTMoc(hepbl M3MEHWJICS M TaKhe PyIbl Hadalu
HAKATUTMBATHCA B 3€MHON KOpE, M30TOMHOE COOTHOMIeHHE mpupoaHoro ypana (Z2°U/A®U) ymamno mmke
KPUTHYECKOW OTMETKH, HEOOXOMMON JUTs 3arrycka 1enHoi peakuuu [Gauthier-Lafaye & Weber, 2003].

Takum 00pa3om, eciii B paHHEH TeoNOTHYEeCKON MCTOPHH 3eMild TAe-Ti00 M (yHKIHOHUPOBAIH
Ipyrue TPUPOAHBIE SiAEPHBIE PEAKTOPHI, KpoMe TeX, KOTOphle yAaloch oO0HapyxuTh B OKIO, TO Ha
CErONHAIIHUMA JIEHh Ta BO3MOXKHOCTH, M 0€3 TOro KpaifHe MajoBepOSTHAs, MPAKTHYECKH HCKIIOYEHA.
Uro xe Kacaercs TPEANONIOKEeHHsS O CYIMIECTBOBAHWU TIIYOWHHBIX T'€OpPEaKTOPOB MOJ 3€MHOH KOpOii,
paHee yXe OTBEPrHYTOr'0 MO T'€OXMMHUYECKUM COOOPa)KEHHSIM, TO €r0 CTOUT MPU3HATH OECIIOUYBEHHBIM
elle W TIOTOMY, 9TO 3a 4.5 MIIpJ JieT, mpomenmux ¢ MomeHTa guddepernumannn MO, W3HAYATBHBINA MTYIT
aKTHHOHWIOB B 36MHOM BEIIIECTBE 3aMEeTHO ucTomuics [Arevalo et al., 2009].
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BO3MOXHOCTD ITEPEJAYN PAIMOI'EHHOI'O TEIUIA OT PABOTBI TEOPEAKTOPA K
3EMHOMU ITOBEPXHOCTU

XoTsl OMMOOYHOCTh TEOPETUYECKUX IMOCTPOCHWH, Ha KOTOPBI Oa3upyercsl MPearoIoKeHHe O
CYIIECTBOBAaHUHM TJIYOMHHBIX TI'€OpEaKTOpPOB, ObUIa TONBKO 4YTO JOKa3aHa, B paMKaxX MBICICHHOTO
9KCTIIEPUMEHTa MOKHO BOOOPa3HTh, YTO B 3eMHBIX HEApaxX MpoILLIa SAepHas Peaklus, TEIIO OT KOTOPOH
JIOJDKHO TepeaThesl 4Yepe3 MaHTHIO K TIOBEPXHOCTH 3eMITH H TEM CaMbIM MOBBICUTH TEMIIEPATYPY KOPHI.

UzBecTHO, YTO TBepmoe BEIIECTBO MAaHTHH, HAaXOAACh IO/ BBICOKUM JaBIeHHEM U OyIydu
pa3orperbiM 0 BHICOKHX TEMIIEpaTyp, BeleT ceds Kak JKHIKOCTh, MOABEpKEHHAs BsI3KOH AedopManuu.
PasHuna temmepaTyp Ha TpaHMIAX MaHTHA — SAPO M MaHTHS — KOpa NPHUBOAUT K YCTAHOBICHHUIO
KOHBEKIIMM Panes — benapa, 3axBaTblBalOLIEH MOJABJAIOUIYI0 4YacTb MAHTHUHHOW TONIIM, 3a
HCKITIOYEHHEM MTOTpaHuIHBIX cioeB [Bercovici, 2010], B ToM uncie panee ynoMmsiHytoro cios D".

3akon Dypbe AN KOHAYKTHBHOTO TEIIONEPEHOCA, KOTOPHIM OIIMOOYHO MONB3YIOTCS aBTOPHI
o0CyXJjaeMoi CTaTbu JIsi OLEHKH BPEMEHH, 32 KOTOPOEe M30BITOYHOE PAaJMOTeHHOE TEMI0 MOTIO Obl
nepenaThcs M3 sAapa B KOPY, IPUMEHHM TOJIBKO K TOTPAaHHYHBIM CJIOSM, HO HE KO BCEH MaHTHHHOW
tomie. Eciau ke MCXOAuTh M3 CKOPOCTEH BOCXOJSIINX KOHBEKTHBHBIX TEUCHUH B MaHTHH, MPHUMEPHO
COOTBETCTBYIOIIHX CKOPOCTSIM JABIKeHHs uTochepbix mmt (1-10 emrox™) [Bercovici, 2010], To 310
BpeMsI OKa)KETCsI COITOCTABUMO CO BpEMEHEM JKU3HU 3eMJIM U Ha HECKOJIBKO MOPSIKOB MPEBBICUT TIEPHO]L
TeMIepaTypHBIX (IIyKTyaluid, IpUIMChIBaeMbIX pabote reopeakropa (90-130 teic. ner). HezaBucumplit
OT KOHBEKIIHH MOXbEM TEPMOXHMHUECKUX ILIIOMOB OCYIIECTBIIIETCS Topasno osictpee (>100 ev-rox™)
[Kirdyashkin et al., 2016; Bercovici, 2010] u cokpalaer BpeMms TEIUIONEpeaadd depe3 MaHTHIO 10
MUWJIJTHOHOB JIET, OJTHAKO 32 CTOJb JUTMTEIBHBIA CPOK 3TH (IIYKTyalllH B JIOOOM cliydae paccesiuch Obl B
OKpYXKarollleM MaHTHIHOM BEIIECTBE, YTO MCKIIOYAET CHHXPOHHU3AIMIO UKIOB PabOTHl TeOpeaKTopa ¢
MEpUOJJAMH TIPOTPEBAHMSI U OXJIKICHHS 3eMHOU KOPBI.

BO3MOXHOCTb BbIJIEJIEHMSI TAPHUKOBBIX ['A30B (IIT) U3 UX ECTECTBEHHBIX
PE3EPBYAPOB ITPU TMTTOTETUYECKOM ITPOT'PEBAHMU 3EMHOIT KOPBI (HA TIPUMEPE
JIMCCOLIMALIM TA3OTM/IPATOB)

Kax yxxe oTmedanoch, aBTOPBI KPUTHKYEMOH CTaThH MOJATaroT, YTO MOCTYIMPYEMbIH UMHU IIPUTOK
M30BITOYHOTO PAJMOT€HHOTO TEIUIA M3 Help 3eMITH K €€ TOBEPXHOCTH MOXKET CTUMYJIMPOBATh YCHIIEHHOE
nocrymienue 111" B atMocepy, KOTopoe, Kak yTBEpIKIAeTCs, CTAaHOBUTCS TPUITEPOM TIOTEIUICHUS MPHU
Mepexo/ie OT OYEPEAHOrO OJIEICHEHUS K HOBOMY MEXJIETHUKOBBIO. K ocHOBHBIM pesepByapam III,
YyBCTBUTENBHBIM K IPOTPEBAHUIO 3eMHOW KOPBI, IPUYHCIAETCA OKeaHNYecKas TOJIIIA, 3amachl JUOKCHIA
yriiepoaa B KOTOPO# B JIECATKH pa3 MPEBBINIAIOT ero cojepxkanue B armocdepe [Falkowski et al., 2000], a
TaKke 3aleKW Ta30THAPATOB METaHa MOl MOPCKMM JHOM W B 30HaX paclpoCTpaHEHUs
MHOTOJIETHEMEP3JIBIX ITOPO/I.

OnpoBepKeHre TAaKOTO MPEAIoNIOKEHUsT TpeOyeT pacCcMOTPEHUsT BOOOpakaeMod CHUTYaIluH, Ipu
KOTOPO# reopeakTop Mor Obl ()yHKIIHOHUPOBATH B TIIYOMHHBIX CIOAX 3eMJIH, a TEHEPHPYyeMOe UM TEIUIO0
BHOCHJIO OBbI CYIIIECTBEHHBIN BKJIJl B TPOTpPEeBaHHME 3eMHON KOpHBI. Jlo Kakux TeMmIiepaTtyp OHa JTOJDKHA
Obuta OBl mporperbcs, uToObl [II' Havamm akTHBHO BBICBOOOXKIATHCS M3 CBOMX E€CTECTBEHHBIX
pe3epByapoB B atmocdepy? IIpoiie Bcero oTBeTUTh Ha 3TOT BOIIPOC MPUMEHUTENEHO K BEICBOOOXKICHUIO
METaHa U3 Ta30THAPATOB, YEMY U OYAYT ITOCBSIIEHHI JATbHEHIIINE PACCYKICHHUS.

XOoTs cyMmMMapHBIE 3amachl Ta30THAPATHOTO MeETaHa, MO HauOoiee COBPEMEHHBIM OIEHKaM,
SKBHMBAJICHTHBI COTHSIM MM aaxe Thicsuam IIr (ITr = 10 r) umcroro yrmepona [Hunter et al., 2013;
Milkov, 2004; Pinero et al., 2013; Wallmann et al., 2012], 4To cormocTaBUMO C BaJIOBBIM COJIEPIKAHHEM
yriiepoaa B coBpemenHoit armocdepe (885 Ir C B Bue nuokcua yriepoaa) [Friedlingstein et al., 2022],
JMEBUHAS JTOJIS Ta30TUAPATOB (~95%) 3ameraer moj MOPCKAM JTHOM B HIDKHUX YacTSAX KOHTHHEHTAIbHBIX
ckIOHOB Ha rinyounax >1000 m [Ruppel & Kessler, 2017] n aumb ~1% acconuupoBaHO ¢ MEP3I0TOI
(Puc. 2). Jlecrabuiuzanusi TJIyOMHHBIX Ta30THAPATHBIX 3aJeKel TpeOdyeT pe3Koro HW3MEHEHHUs
TEpMOOAPUIECKUX YCIOBHIA B MPHIOHHOM CIIO€, BO3MOXXHOT'O JIUIIh MPU 3KCTPEMAaTbHBIX HAPYIICHUSIX
KIMMatuieckoro Oananca 3emnu. Tak, Hampumep, Npu IayOWHEe BOAHOW Tommu okono 1200 M 30Ha
CTaOMIBHOCTH Ta30THIPATOB B MOPCKHX JOHHBIX OTJIOXKEHHUsX cocrabisier 250-300 m; ans moiHOM
JecTa0MIIN3aly Ta30TUPATOB B TIpelenax Bcell 3TOW 30HBI TeMIlepaTtypa JHa JODKHA Obuia OB
MIOBBICHTHCS ¢ coBpeMeHHBbIX 1-2 10 ~14 °C [Ruppel & Kessler, 2017] (Puc. 2).
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Puc. 2. TepmobapuuecKkuie yCIOBUSI CYIIECTBOBAHHS Ta30TMAPATOB METaHa B 30HAX PacCHpOCTPaHEHUS
MHOTOJIETHEMEP3JIBIX TMMOpoJ (ClieBa) W B OKEAHWYECKHX JIOHHBIX OTJIOKEHHSX (CmpaBa). 30HBI
MOTEHIIMAJIBHOTO 3aJIeTaHus] Ta30TUIpPATOB OOBENEHBI INTPUXOBHIMH JIMHHUSIMHU; IITPUXITYHKTHPHOH
JIMHUEW 0003HA4YeHA HWKHsIS TpaHuIia Mep3nbix mopoa. Cxema amantupoBana u3 [Ruppel & Kessler,
2017]; mpoueHTHBIN BKJIAA Pa3IUYHBIX TE€OJOTHUYECKHUX pe3epByapoB B OOIIME 3amachl ra3oruapaToB
IIPUBEJEH C ONOPOM Ha TOT K€ JINTEPATYPHbI HUCTOYHUK. II0JIE€IHHUKOBBIE Ta30rMAPATHBIE 3AJIEKH,
HOI‘pCGCHHHe 1oL AHTapKTI/I‘IeCKI/IM JICAAHBIM HIUTOM, OITYIICHBI IJIA HATJIAJJHOCTH.

Fig. 2. Temperature-depth conditions for methane hydrate stability in permafrost areas (on the left) and in
the marine sediments (on the right). Zones of potential methane hydrate occurrence are depicted by dotted
lines; dash-dotted line refers to the lower boundary of the permafrost layer. The scheme is based on
[Ruppel & Kessler, 2017], as well as the contribution of different geological reservoirs to a total methane
hydrate inventory. Subglacial methane hydrates buried below Antarctic ice sheet were omitted from this
scheme for reasons of clarity.

CrpaBeyIMBOCTH pajan, TOAOOHOE, XOTS M HE CTONb Pe3K0e M3MEHEHHE TEMIIEPATYPHOTO pexnMa
MupoBoro okeaHa, CIy4ajJoch B T€OJIOTMYECKOW MCTOPHH 3eMJIM KaK MHHUMYM OMHaXHbl. Peus umer o
TaK Ha3bIBAEMOM IIAJICOI[CH-I0IEHOBOM TepMudeckoM Makcumyme (IT9TM) okomno 57.33 MiH JieT Hazaxa
[Kennett & Stott, 1991], KOTOpOMY COOTBETCTBOBAJIO IIOBBINICHUE TEMIIEPATyphl TIIyOWHHBIX
okeaHnuyeckux Boa ¢ ~10 g0 ~14-15 °C, Ha 4TO yKa3bIBAIOT €€ OLCHKH, IMOJYYCHHBIC HCXOISI H3
COOTHOILICHHS CTaGHIIbHBIX H30TOMOB Kucnopoxa (*°0/*%0) [Corfield & Cartlidge, 1992], a Taxke Maraust
u kanpis (Mg/Ca) [Lear et al., 2000] B cocTaBe HCKOITaeMbIX paKOBHH (hopaMuHH]Ep.

W3oTomHbIi aHaMM3 U MOJENBHBIE PACYETHI MOKA3bIBAIOT, YTO CTONHh 3HAYUTEIHHOE MPOTpEeBaHUE
OKEaHMYECKOM TOJIIM MOTJIO NPHUBECTH K BhIcBOOOXKmenuio ~2700 ITr CH, [Dickens, 1995; Dickens et
al., 1997] u3 razoruapaToB, 3aJerarinx Ha y9acTkax qHa rayouHoi 10 1900-2400 m [Bice & Marotzke,
2002]. OmgHako WML BeChbMa HE3HAUUTENbHAS OIS OT 3TOr0 KOJMYECTBAa METaHa MOrja Obl B KOHIIE
KOHIIOB TOCTHYh aTMoc(hepsl, n30exaB HaKOIJIeHHUS B CTpaTurpadudeckux yopymkax [Davies & Clarke,
2010], ama’poOHOTO OKWCIEHHS B CYIb(paT-METAHOBON IEPEXONHOW 30HE JOHHBIX OTJIOXKEHUH u
a’pobOHOro OKUCIeHus B BomHou Tomime [Reeburgh, 2007].

Ha cerogusimamii 1eHb B JOHHBIX OTJIOKEHHUSIX M BOAHOW TOJIIE CyMMapHO yTUIM3UpyeTcs >95%
MeTaHa, o6pa3yrorerocs mpu GoHOBO# auccouuaryu rasoruaparos (400 Tr CH, rox™) [Reeburgh, 2007;
Ruppel & Kessler, 2017]. MoxHO AOMYCTHTH, YTO MIPH WX AMCCONHAINN B TOPa3aI0 OONbIIEM MaciiTade
MepeYrCIeHHbIE YTHIM3UPYIOINE MEXaHU3Mbl MOTJH HE CIPABIATHECA C OTPOMHBIMH KOJNHYECTBAMHU
BBICBOOOJMBIIIETOCS METaHa, OIHAKO OoJiee BEPOSATEH KOMIIEHCATOPHBINA CIIEHAPUN, TPH KOTOPOM
TepepacipeenInch Obl BKIAAbl STUX MEXaHW3MOB B YTHIIM3ALMI0O METaHa, HO o0mIas 3(pPekTuBHOCTH
YTHIIU3alUU ocTajach Obl commoctaBuMon. Tak, uepe3 cynb(paTHO-METaHOBYIO MEPEXOIHYIO 30HY JOHHBIX
OTJIOKEHHH, B KoTopoil okucnserca 80-90% wmerana npu (GOHOBOH AMCCOLMALMHU Ta30THAPATOB
[Reeburgh, 2007], moriio mpocodnThcst OOJbIIE ra3a B HEOKUCIEHHOM Buae. OAHAKO MPOCTOH pacuer
MTOKA3bIBAET, YTO JaXKe MPH MPOCAYNBAHUU BCETO BHICBOOOMMBIIIETrOCS Ta30ruaApaTHOro Merana (1o 2700
[Ir CH,) uepe3 noHHBIE OTIOXKEHHS 00BeMa OKeaHndecKor BoaHOM Tommw (~1 340 miH KM?) XBaTHIIO GBI
JUIS €ro TIONIHOTO PAaCTBOPEHHS C TOCIENYIOIIMM a’3poOHBIM OKHCIeHweM. l[IpaBma, B pe3ynbraTe
OKWCIIGHVS] BOIHAs TOJNIIA HACHITWIACh OBl JMOKCHIOM YTJIepojia, Kakasg-TO 4YacTh KOTOPOTO
BBICBOOOIMIIACH ObI B aTMOC(Epy U, BEPOSATHO, MOBIHsIA ObI HA KIIUMAT, OAHAKO TO BIHSIHHE OBLIO OB
HECOIOCTaBUMO C TIOCJIEACTBUSIMH BBICBOOOMKIECHHUS aHAJIOTMYHBIX KOJIMYECTB ra3orHIpaTHOrO MeTaHa
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XOTs1 OBI TIO TOM NMPUYKMHE, YTO METaH B JICCITKHU pa3 Ooliee 3PPEKTUBHO YACPKUBACT TEILIO B aTMOoc(epe
0 CPaBHEHHMIO C JMOKCHIOM yriiepona [Myhre et al., 2013].

Cpenu KIMMaTOIOTOB A0 CHX MOpP HET KOHCEHcyca, conpoBokaaics au [I9TM BeicBoOokaeHUEM
MeTaHa M3 rasoruapaToB. Ecnm mx aumcconmanusi BcE-Taku MMeENa MECTO, TO €€ MPUYMHOU, BEPOSITHO,
SIBIISLICSL BBIOPOC YTIIepoja U3 HEKOEro HaJBOAHOrO0 UCTOYHMKA (HaIpUMep, PU U3BEPIKEHHUSIX BYJIKAHOB)
[Gutjahr et al., 2017; Kender et al., 2021] ¢ nocienyromummM pacnpocTpaHSHUEM BO3HHUKIIETO OTKIMKA
BIUIyOb OKEAHMYECKOH TOJIIY Yepe3 3MEHEHHE TEPMOXaTUHHON NUPKYJIISINN, HO HUKAaK He TIPOrpeBaHue
3eMHON KOpBI CHH3Y, MPUYEM cpa3y Ha HECKOJIbKO I'paaycoB, Yero He CMOTJO Obl O0ECIEUHUTH Jaxe
(YHKIMOHUPOBaHUE TTyOMHHOTO T€OpEaKTOpa, €Ci Obl OH MOT CYIL[ECTBOBATb.

Takum o0pa3zoM, TiIyOOKOBOIHAS JIOKAIM3AalMsl Ta30THAPATHBIX 3aJIGKEd MpHIaeT WM
HCKITIOYUTENIBHYIO YCTOMUUBOCTD K pasiokeHuto. Mx macmraOHasi TUCCOLMAIMS €ClTd KOra-HuOyab U
MPOUCXO/NIA, TO JUIIb MPH UCKIIOYUTENBHO PEAKUX KAaTacTPOPUUECKUX M3MEHEHHSIX KIIMMaTa, TaKuX
kak [IOTM, mnpuueM TPUITEPOM TaKUX H3MEHEHHH HE MOMIIO OBITh YCHJICHHE Te0TepMajbHOM
akTUBHOCTH. Jlaxke ecni OBl reopeakTop CyIIeCTBOBAJ, TEIIO OT €ro padoThl HE CMOTJIO OBl B JIOJDKHOM
Mepe TpPOrpeTh 3eMHYIO KOpY H3-3a CIHUIIKOM MEJICHHOW TeIulomnepenadyd 4epe3 MaHTHUIO, a JIPYTuX
MPHYMH JJIS1 TAKOTO YCUJICHUS HENb3sl MOCTYINPOBATh JIaXKe TEOPETHUECKH, MTOCKOJIBKY MOTOK TEIuia U3
3eMHBIX Help C TeUEHHEM BpEMEHH, HAa00OpOT, NI ocabeBaeT 10 Mepe UX OCTHIBAHHS M UCTOIICHUS
MEepBOHAYAIILHOTO ITyJIa PaJMOTEHHBIX AJIEMEHTOB.

3AKJIKOUEHUE

Takum 00pa3oM, MPEIONIOKEHHE O CYIIECTBOBAHHH UMITYJILCHOTO Te0peakTopa B 3€MHOM SIJIPE,
KaK U PsJl CMeKHBIX TUIIOTE3, IOKOUTCS Ha MPEBPATHBIX MPENICTABICHUAX O HU(depeHIInaIiy, CTPOCHHH
n (GYHKIMOHHPOBAHUHM 000JO4YeK 3eMird. MBI TMOKa3zajd, YTO TakuWe TPEACTaBICHUS MPOTHBOpEYAT
JaHHBIM Cpa3y HECKOJIBKHMX HAaYYHBIX JUCHUIUINH, HAYWHAA OT FTCOXUMHNHU U 3aKaHYUBas KJIMMAaTOJIOTHEN.

Bo-miepBbIX, TpUpOAHBIE AAEpHBIE PEAKTOPHl MOINIH (YHKIIMOHHPOBATH TOJNBKO B JAJIEKOM
TeoJIOTHYIECKOM TponnioM 3emumn (>2.0 MIIpa AeT Ha3am) U HE B TUIYOMHHBIX CJIOSX HAIIEH TUTAHETHI, TJIe
OTCYTCTBYIOT YCIIOBHS JJISI KPUTHYECKOTO KOHIICHTPHPOBAHWS AKTUHOHMJIOB, a HCKIIOYUTEIBHO B
0CaJIOYHOM CII0€ 3EMHOM KODBI.

Bo-BTopbIX, HA3KAsI CKOPOCTh Tepeadn H30BITOYHOTO PAIOreHHOTO TEIIa Yepe3 MaHTHI0 3eMITH
HE TMO3BONHMJIA OBl CHHXPOHH3UPOBATH IMKIBI PAaOOTHl UMITYJIILCHOTO TEOpeakTopa C IepUuoJaMu
MPOTPEBAHUS U OXJIQXKJICHUS 3MHOU KOPBI.

B-Tperpux, n30BITOYHOE paguoreHHOe TEII0, Oyah OHO TIEPEIaHo B 3eMHYIO KOpy 0e3 1moTepb, He
CMOTJI0 OBI TIPOTPETh €€ HACTOJNBKO, 4YTOOBI BBI3BAaTh MAacCHpOBaHHOE BBICBOOOXacHHME [IIT u3
€CTECTBEHHBIX PE3EPBYAPOB, B YACTHOCTH METaHa U3 TITYOOKOBOIHBIX Ta30THIPATOB.

B-deTBepThIX, BEICBOOOJUBIIUIICS U3 Ta30TUAPATOB METAH OKHCITHIICS OBl B JIOHHBIX OTJIOKCHHSIX U
OKCAaHMYECKOW BOJHOW TOJINE PAaHBIIe, YeM JOCTHT Obl aTMoc(epbl, U MOTOMY HE CMOT OBl BHECTH
CYIIECTBEHHOTI'0 BKJIaJia B MOTEIUICHUE KJIMMaTa MpPHU MEPeXo/ie OT OYEPEJHOrO OJECICHEHUS K HOBOMY
MEKIICTHUKOBBIO.
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