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CoBpeMeHHbIE MCCIEIOBAHUS TOKA3aIM BaXKHOCTh ydeTa BKJIada BHYTPEHHMX MCTOYHMKOB DHEPIMM M IIPOLIECCOB
TEIJIOMACCOIIEPEHOCA BO BHYTPEHHME O0OJIOUKM MPOTOILUIAHEThI M MX BIAMSHUS HA OUHAMUKY (POPMUPOBAHUS 3eMIIM.
B kauyecTBe OCHOBHBIX PacCMATPUBAIOTCS BKJIAAbl MOTEHIMAIBLHON SHEPIMU, COMPOBOXKIAMoIei (hopMHUpOBaHMe
KOHIEHCHPOBAHHOIO Teja M3 IMPOTOIUIAHETHOro 00jaKa; 3HEPrMyd eCTeCTBEHHOIO paauMOaKTMBHOIO pacraia
KOPOTKOXMBYIIUX PaaMOAKTUBHBIX 3JEMEHTOB M JHEPrMU I'PaBUTALMOHHOrO cxkatust. OQHAKO clienyeT OOpaTUTh
BHMMaHME Ha TO, YTO (hOpMUpPOBaHME 3eMJIM TPOMCXOAMIO IO CYyTH B NBOMHOI cucteMe 3emisa—JlyHa. [loatomy
BaXXHO YYMTBIBATh BBIIEIICHUE SHEPIUU BSI3KOIO TPEHMSI JYHHBIX IPWJIMBOB, KOTOPOE CYIIIECTBEHHO M3MEHSUIOCh Ha
CTaIMy BEIIECTBEHHOM aKKyMYJISILIMK cucTeMbl. [1pemioxkeHHast paHee Mozesb muddepeHimanmy Betectsa ColHEeYHOro
MPOTOIIAHETHOTO 00JIaKa B TIPOLIECCE BELIECTBEHHON aKKYMYJISILIMK TJTAHET 36MHOM TPYIIIBI OMMPAETCS Ha YHCIIEHHbIE
pe3yJIbTaThl peLEHUs KPaeBoil 3aMa4yn Il CUCTEMbBI YPaBHEHMIA, ONMCHIBAIOLIEH GaJaHC MMITYJIbCA DHEPIUM, MAaCCHhI,
TeMITepaTypsl U AaBIE€HUST BO BHYTPEHHUX 00JIACTSIX pacTyiuux 3emian v JIyHbL

KmoueBble clioBa:KpaeBasi 3a1aya Jijisi CUCTeMbl 1 depeHIIMaaIbHbIX YPABHEHUI, aJITOPUTM €€ YMCIEHHOTO pelleHus,

BKJIAJl IUCCUTIALIMUA TPUJINBHOM SHEPTUU.

Beenenue. [11s1 omrcaHust pocTa MacChl IMPOTOILIA-
HET MCITOJIb30BajIoch ypaBHeHne CacdpoHoBa [4]

M — 2(1420) 1~ )s, (1)
ot M

rme m — TeKyllee 3HAaUeHME MAacChl PacTyIIero Teja;
M — KoHeuHas Macca IUIaHEeThI; » — paauyc pacTylieit
TIPOTOILIAHETHI; O — CTATUCTUUECKUIA ITapaMeTp, KOTO-
PBII YIMTBIBACT pacIIpefeIeHUe TeJI M YaCTHUII IT0 Mac-
caM M CKOPOCTSIM B “30HE€ MUTaHMS TIPOTOILIAHETHI;
6 — MOBEPXHOCTHAs TUIOTHOCTh BEIIECTBA ITPOTOILIA-
HETHOTO 00J1aka Ha OpOMTe pacTyIIero Teja; » — yIJIo-
Basi CKOPOCTb OPOMTAIbHOIO BpAIEHMS; I — MOMEHT
BpeMeHHn. MameHeHMe TeMmepaTypsl AT BO BHYTpPEH-
HUX YaCTSIX PaCTYIIUX IUIAHET ONMMCHIBAJIOCH CUCTEMOM
YpaBHEHU

p(%}:—-i—f(VIZ)) =-VP+puAV +

+2pV xQ—pVW, )

oTr -
5+ V(VT)=yAT +0, (3)
divV =0. (4)

3/1ech p — TJIOTHOCTD CPEJIbI; V' — o6bemMHast CKOpOCTb
TeuyeHusl cpeabl; P — napiieHue; M — KMHeMaTUudecKast
BSI3KOCTb CPEIbI; — yIjoBasi CKOPOCTb BpPAlICHUST;
W — moTeH1Man Bpalarolerocs teaa; 7' — teMmmnepary-
pa cpenbl B JaHHOW TOYKE B MOMEHT BpeMeHU f; O, —
HOPMUMpPOBaHHAasi CyMMapHasi MOLIHOCTb BBbIIEICHUS
yAeJNbHOW BHYTpeHHel osHepruu. KMcmonb3oBaHue
npubJivkeHus1 byccuHecKka CylIeCTBEHHO YIIPOILLAET

© [10.B. Xauaii, O.A. Xauaii, A.H. Aumunun
ISSN 1684-2189 TEOIH®OPMATHKA, 2017, Ne4 (64)

paccMmoTpeHue ypaBHeHUi (2)—(4), a B ypaBHEHUU Oa-
JIaHCA YHEPruU 3[eCh YYUTHIBAIOTCS aauabdaTUYecKoe
HarpeBaHue U BbIACICHUE 3HEPTUU PATMOAKTUBHBIX
UCTOYHMKOB (), HO He NPUHUMAETCS BO BHUMAaHUE
BKJIaJ TUCCUIMALMU SHEPTUU BSI3KOTO TPEHUS.

YuciaeHHO pellaeTcsi cUCTeMa YpaBHEHUM B
chepruueckoM CeKTope, Ha OOKOBBIX MMOBEPXHOCTSIX
3aJlaHbl YCJIOBUSI MEPUOAMYHOCTU, a Ha BHEIIHEHU
MOBEPXHOCTU PACTYLIET0 paauyca BBIYMCISIOTCS
yciaoBus [5].

'YM dr . dr

rodt dt’
rae p — IJIOTHOCTb BEUIECTBA; y — TpaBUTALlMOHHAS
nocTostHHasi; M — Macca pacTylleil MiaHeThl; » — ee
paguyc; T T, — COOTBETCTBEHHO, TEMIIEPATYPLI T0O-
BEPXHOCTU TejJa M BHEIIHEW cpefdbl; ¢ — Koapduim-
CHTBI MPOHULIAEMOCTH; ¢,~ KOI(DOULNCHT YIeTbHON
TETIJIOEMKOCTH; k — JIOJis MpeoOpa3oBaHUsI TTOTEHIIMA-
JIbHOI SHEPIUU B TETUIOBYIO.

B nybOnukauuu [5] mokasaHo, 4TO BbIAEJIEHUE
SHEPruM IPU pacmage KOPOTKOXMBYIIMX pagroak-
TUBHBIX 2JIEMEHTOB yXX€ B HEOOJbIIOM Tejle, pa3Mme-
poM Oojyee 50 KM, ITOCTaTOYHO, YTOOBI TeMIiepaTypa
BHYTPM TaKOTO IUIAHETHOI'O 3apojblllla CTaja BHIIIE
TeMIlepaTyphl IJIaBACHUS Xeje3a. DTo obecreuyrnBaeT
peanu3zaiuio npoiuecca auddepeHIImanum BelecTsa u
pa3BUTHE KOHBEKIIUM BO BHYTPEHHUX oOosoukax. Ilo
Mepe pocta 3emau ¢popMupyrolasicss 00JacTh BHEIITHE-
TO sIIpa OCTaBaJiaCh B PACTUIABIEHHOM COCTOSTHUU.

ITocnemnoBaTebHO CMEHSISICH IO Mepe pocTa Ipo-
TOIUTaHEThI, OCHOBHOM BKJIaJ Telja CHavayia obecre-

e [T* =T 1+pc,[T-T, ] (5)
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Puc. 1. Tlpumep pacnpeneieHus TeMIIepaTypbl M HadyaJbHBIX
TETUIOBBIX HEOJHOPOMHOCTE B MPOTOIUIAHETEe K KOHILY €€ aKKy-
MYJISILMW 9HepruM 6e3 yueTa Teria MPUIMBHOTO TPEHUSI

Fig. 1. An example of temperature and initial heterogeneities distri-
bution into the proto planet of the Earth to the end of the energy
accumulation without account of tidal friction heat.

YUBAJIM KOPOTKOXUBYILME PAaAMOAKTUBHBIC MCTOYHM-
KM, 3aTeM — MOIOIPeB CBEPXY 3a CUET IMpeBpallCHMS
YacTH KMHETMYECKON SHEPTUM B TTOTCHIIMAIBHYIO BO
BpeMsl coynapeHuit ¢ pactyuieit 3emieil M, HaKOHEIl,
HarpeBaHue TerioM. Mcronb3oBanue 3D monpenu npu
pellIeHN CUCTEMBbI ypaBHeHUH (2)—(4) ¢ TpaHUIHBIM
yclioBUEM (5) MO3BOJIMIIO TIPOCAEIUTh BOSHUKHOBEHUE
U pa3BUTHE TEIJIOBBIX HEOTHOPOJHOCTEH B pacTylleM
aape 1 MaHTUU 3emin. [1omoOHBIe Pe3yIbTaTHl TTOJY-
yeHbl s JIyHbI. [IpumoBepXHOCTHBIE TEIJIOBbIE HE-
OIHOPOIHOCTHU, 00pa3ylolIrecs 3a CUeT CIy4alHOro
pacmipenesieHUs MageHus TeJl Ha (HOPMUPYIOUTYIOCS
TUIaHETy, He YCIIeBalOT TOMOT€HEe3UPOBATLCS U O0YCIOB-
JIMBAIOT CJIOXXHYIO CTPYKTYPY pacrpeaeaeHus KOHLEH-
TPAIMOHHBIX W TEIUIOBBEIX HEOTHOPOXHOCTEU (puc. 1,
2). B Toxe BpeMs 3emuss u JlyHa o0Opa3yrOT TeCHYIO
NBOIHY10 cucteMy. [1oaTOMy UX TEPMUYECKYIO BOJIIO-
M0 Ha CTaAMU aKKyMYJSILIUMKA DHEPruu Hamo aHaau-
31MpOBaTh COBMECTHO. Ha HeoOXonuMocTh yueTa Bble-
JIGHUs TeIlUia, 00YCIOBJICHHOIO 3aTyXaHUEeM MPUIMBOB
Ha JTare akKKyMyJSIIMU 2HEPTUM 3eMjin, oOpalleHO
BHMMaHue B paborax [3, 6].

ITocTanoBka 3agaum u pemenue. /1 MaTtemaTuye-
CKOro OIMMCAHMSI TEPMMUYECKOM DBOJIOLMM PACTYILIUX
B Ipollecce aKKyMYJSLMU 3HEPTUU MPOTO 3eMIU U
npoTo JIyHbI KaK TeCHOM JIBOMHOI CUCTEMBbI, HEO0XO-
MO y4YECThb IBOJIOLMI0O OPOUTHI CIyTHUKA — JIyHBI,
CBSI3aHHYIO C MPUJIMBHBIM B3aUMOJEHCTBUEM, U THC-
CUMALIMIO HEPIUU BSI3KOTO TPEHMSI TEYEHUIA BSIZKOM
KUIKOCTU, BO30YXXIAaeMbIX 3TUM B3aUMOIEUCTBUEM.
B omimyue oT mMomenu, A1 ONMMCaHUsT KOTOPOH elie
NpUMEHUMO TpUOIVKeHue byccuHecka 11 HEeCXKM-
MaeMOU BSI3KOW XUIKOCTH, TSI JBOMHOM CUCTEMBI YXKe
HEeJIb3sl UCMOJIb30BaTh MPUOIMKEHUE HECXKMMAeMOCTU
B ypaBHeHusX (2), (4). B paccmaTpuBaemoit mojaenu
MPWINBHBIM B3anmoelictBuemM CoJHIIA U TUTaHET Oy-
JIeM TIpeHeOperaTh, YTO IO3BOJUT MCIIOJIb30BaTh pe-
3yJIbTaThl aHAJIM3a TECHON JTBOWHOMW CHUCTEMBI.
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Puc. 2. PacripeneneHue remneparypbl 3eMHbIX HE/IP K OKOHUAHUIO
aKKyMyJIsIIMU dHepruu 1o cpesdy 3D cexropa (0e3 yyera TerJa
JMCCUTIALIMU SHEPTUU TIPUIUBHOTO TPEHUS)

Fig. 2. Temperature distribution of the Earth’s interior to the end
of energy accumulation by 3D sector (without account the dis-
sipation energy heat of tidal friction)

Hnsa cucrembr 3emasa—JIyHa MOXHO TIPUMEHUTH
NpUOIMKEHNEe ST 3aKOHA COXpPaHEHUsSI KOJMYECTBA
NIBYDKEHUST 0e3 ydeTa B3aumopaeicTBust ¢ CoJHIIEM,
00eCITeUnBAOIICTO COTHEYHBIM MPWInB [3]:

10 +ML20)=const, 6)

M, +m,

roe / — MOMEHT MHepHuM pacTyiiein 3emmm; Q(f) —
YIJI0Basi CKOPOCTb €€ BpallleHUsI BOKPYT COOCTBEHHOM
OCH B MOMEHT BPEeMEHH f; »(f) — YIJI0Bast CKOPOCTh Op-
OUTATBbHOTO NBUKeHUS JIYHBI BOKPYT 3eMJIU TSI 3TOTO
Ke MOMeHTa BpeMeHu; M, — macca Ilporosemnu mys
MOMeHTa BpeMeHu (f); m, = macca [IpoTosyHbl B 5TOT
K€ MOMEHT BpeMeHHU (7); L(f) — pacCTOsTHHE MEXKIy
LHeHTpaMu Macc 3emiuu U JIYHBI.

Jnst sHEpruM COOCTBEHHOTO ABMXeHUs 3emin £
U TIOJIHOM BHEPruy OpOUTaIbHOrO ABMKeHUs JIyHbl £
MOXHO MCIIOJIb30BaTh BbIPaXKeHMSI

: M (¢
EQ:IQ_, Ew =—'Y—l( )ml(t).
2 2L

Jl1st ommcaHms IMHAMWKW cUCTeMBI 3emutst —JIyHa
HEOOXOAMMO BBIYMUCIUTh AMCCUIIATUBHYIO (DYHKIINIO
® 13 MOJIHOrO ypaBHEHUs JUIS KaXaoi M3 objacTeit
pacriaBa, Kak BUJIHO U3 pe3yJIbTAaTOB JUIsl Oojiee Tpo-
croii mogeu(puc.l, 2), U KaxXmoro MOMEHTa BpeMe-
HU. DYyHKILMS, ONKUCHIBAIOLIAS TUCCUTTALIMIO SHEPTUU B
BSI3KOI XXMIKOCTH B AEKApPTOBOI CHMCTEMe KOOPIMHAT,
MMEET BUI!

(7

ou,
® =2 Oou, U | L[ Ou, . 1 auX+
ox oy o0z 2 0y
%)2+_1_ auy+ Ou, ), 1(0u,  ou,
ox 2{ 0z Oy 2\ 0x Oz
ou. Ou, Qu.
+A L ——+—=)
ox 0y 0z )
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rme |4 1 A — Ko3GGUIMEeHTH MepPBOM U BTOPOI BSI3-
KOCTH; U, U, U — TPOCKLMK CKOPOCTU B JEKAPTOBBIX
koopauHarax. Ilpy 3ToM ypaBHeHUe OanaHca TeMIie-
paTypbl IPUHUMAET BUIT

pc(%—er V(VT))=MAT +Q,+®, (9

rne ¢ — yhaejdbHas TeIUIOEMKOCTb; A — TEIUIONPOBO-
IHOCTh, @@ — MOIIHOCTb BHYTPEHHUX MCTOUYHUKOB
TeIlIa 3a CUeT NMCCUMALIMY SHEPIUHU BpalleHUs.

AJITOPUTM pellIeHUs] 3TON HEJIMHENHON CUCTEMBbI
ypaBHEeHUH cieaytoniuii. JIJist KaXkaoro MOMeHTa BpeMe-
HU, COIJIaCHO ypaBHEeHUIO (1), HAXOOUTCSI HOBOE 3HAYE-
Hue Macc 3emuiu 1 JIyHbI mpu (PUKCUPOBAHHOM 111are To
KoOopauHare #. BBIUMCIISIIOTCS HOBbIE TPAHUYHBIE YCII0-
BUS IJISI IPOTO 3eMJIM M TTOAOOHBIC TSI MPOTO JIYHEIL.
Pemraercs nipsimast 3amava Ij1sl Teia ¢ YBEJIMYMBIIMMCS
paanycoM, TIpUYEeM B KauyecTBE HavaJIbHbIX YCJIOBUI
HCIIONIB3YIOTCSI TIOJISI TEMIIepaTyp, BEKTOpa CKOPOCTU U
JaBaeHUs. BeIUMCIsIIOTCS pacnpeaeaeHus TeMrepaTypbl
rtapneHust M pyakuun @ B ypaBHeHUM (9) OT HOBO-
TO pacIpenejcHUs TeMIepaTyp 1 gaBieHus. [1pousBo-
JATCS UTepaldM 10 oOecreyeHusl 3afaHHONH TOYHOCTU
peteHust. Peraercst cuctema (6)—(7) u onpeaensioTest
HOBBIC TTapaMeTPhI OPOUTHI CITYTHHUKA, TIOCTIC YeTO OCY-
LLIECTBJSIETCS CASAYIOIIMIA 1Iar Mo MPOCTPaHCTBEHHOM
cetke. OmHAaKO /TS pellieHusT 3TOi HeJIMHEWHOI Kpae-
BOI 3amaum TpeOyeTcsT HEOOXOAMMOE KOJTMYECTBO UTE-
palMii Ha KaxXJa0M BpeMeHHOM 1uary. I1pu a3ToM oyeHb
rpyObIe OLIEHKH 3aBUCUMOCTEN BSIBKOCTH OT TeMIIepaTy-
PBI U TaBJICHUS MIPUBOIAT K TPYIHOIIPEOIOIUMBIM BbI-
YUCJUTENbHBIM CJIOXHOCTSIM. B CBSI3M ¢ U3I0XKEHHBIM
OTpaHUYMMCS OLIEHKOI, KOTOPYI0 MOXHO ITOJYYUTb,
IPUMEHUB (PEHOMEHOJOTUYCCKUN TIOIXOM W IIPUOIM-
KeHre AOOPOTHOCTM BHYTPEHHHUX obJyiacteil 3emMiau U
JIyHbl, onmpasich Ha pe3yJIbTaThbl, PUBEICHHBIC B pa-
oortax [2, 3]. HUcnoaszyem moOpoTHOCTH Q Kak IIOJIO
TUCCUTIMPYIOLLIEH B TEIUJIO SHEPrMM 3a OAMH Iepuof
Konebanuii E:

0= OF
2nE
DTa (GYHKIUS OLICHMBACTCS II0 COBPEMEHHBIM Ceiic-
MUYECKUM DPe3yJIbTaTaM O 3aTyXaHWU COOCTBEHHBIX KO-
neGaHuit 3eMyM JUISE MOJEJIBHOTO TUIPOCTATUYECKOTO
JIaBJIEHUSI U OLIEHKAM COBPEMEHHOM TemriepaTypbl [7].
IpunuBHOE B3auMoeiicTBIe nepepacnpeessieT MOMEeH-
ThI KOJIMYECTBA JBWKEHUST MEXKIY TeJlaMHu, 00pa3yromim-
MU 3aMKHYTYIO CUCTEMY, U COBPEMEHHOE €ro 3HaueHUe
XOPpOILIO U3BecTHO. [Tpu 3TOM BpalliaTesbHast 3HepPrusi He
COXpaHSIeTCsl, a TUCCUTTMPYET B TETUIO M JOJKHA YUUTHI-
BaTbCd KaK UCTOYHMKOBBIM WieH B ypaBHeHUHU (9).

(10
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3akmouenne. M3 TpuBeIeHHOTO PAacCMOTPEHUS
MOXHO TMOJYYUTh CJIEAYIOLINE KAYEeCTBEHHbIE OLICHKMU.
ITockoabKy yrioBasi CKOPOCTb OPOUTATBLHOTO JBHIKE-
HUSI CITYyTHMKA HAMHOTO OOJBIIE YIJIOBOM CKOPOCTHU
COOCTBEHHOI'O BpalllEHUs ILJIaHEThI, COIJIACHO 3aKOHY
COXpaHEHUST MOMEHTa KOJIMYeCTBa ABVKEeHUS (6) mpu-
JIMBHOE B3aMMOCHCTBHUE 10 MEPe YBEIMUCHUS MaCCHI
LIEHTpaJbHOTO TeJla OoOecreuuBanao Inepegadyy opou-
TaJTbHOTO MOMEHTA KOJIMYECTBA NBWKEHUS CIyTHHKA
LEHTPAIbHOMY MaccuBHOMY Teixy. ClemoBaTesbHO,
Tepsisl OpOUTAIbHBIA MOMEHT, CIYTHUK JOJDKEH ObLI
MPUOIMXKATHCS K IEHTPAIIBHOMY TEJTy BILUIOTh 10 OpOM-
1Bl Pomra. 3amava o rmoBeneHUM CITyTHWKA Ha TIpefesie
Poiia tpeOyeT akKypaTHOro MaTeMaTU4e€CKOTo Mcce-
noBaHus. BeiencTeue mpoaopKarolieiicst mepenayum op-
OUTATBEHOTO MOMEHTA CITyTHMKA Ha IIEHTPAJTbHOE TEJIO
€ro coOCTBEHHasI YIJIOBasi CKOPOCTD MPOI0JIKaIa PacTu.
DTO NOKHO OBLIO MPUBECTU K YBEIUYEHUIO OPOUTATb-
HOI YITIOBOII CKOPOCTM CITyTHMKA, a TaKXKe pamamyca
ero opOMUTHI, YTO U HAOIIOJAETCsI O HACTOSILETO Bpe-
MeHU. Takum 006pa3oM, BIMSTHUE TUCCUTIAIIAN BSI3KOTO
TpeHUs HanboJIee CYIIeCTBEHHO MOTJIO TIPOSIBUTHCST Ha
craguu (GopMUpPOBaHUs BHelLIHero siapa 3emnu. [Tomy-
YeHHBIC PEe3YJIbTAaThl 3aBUCST OT MapaMeTpOB, MPEXKIe
BCEro, 3aBUCUMOCTHU BSI3KOCTU OT TEMIIEPATYPhI U J1aB-
JICHUSI, 3HAYEHUSI KOTOPBIX U3BECTHBI C OOJIbIIOI CTe-
MEeHBIO HeoIpeaeleHHOCTH. WX MpeACTOUT yTOYHUTH
B pe3yibTaTe JaIbHEUIIMX (PU3MKO-MaTeMaTHICCKIX
M KOCBEHHBIX I'€0JIOTMYeCKMX MCCIICIOBAHUIA.
Pabora BeImosTHEHA pu TTo[IepKKe rpaHTta PODU
Ne16-05-00540.
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BUJIVIEHHSA TEILJIA IPUILJIMBHOTO TEPTS HA CTAIIl ®OPMYBAHHS 3EMJII
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CyyacHi JOCHiIKeHHS TOKa3ajlu BaXJMBICTb ypaXyBaHHSI BHECKY BHYTPIllIHiX JXepes eHeprii i mpoleciB
TEIIOMACOIePeHEeCeHHsI Y BHYTPIllIHI OOOJIOHKM TIPOTOIJIAHETH i iX BIUIMBY Ha AMHaMiKy (OpMyBaHHSI 3eMJIi.
SIK OCHOBHI pO3IJIIHYTO BHECKM IMOTEHLIiaJIbHOI €Heprii, 110 CyNpoBOIXYE (hOPMyBaHHS KOHAEHCOBAHOIO Tija 3
MPOTOIIAHETHOI XMapu; €HePrii MPUPOAHOTrO PagioaKTUBHOIO PO3Iaay KOPOTKOICHYIOUMX palioaKTUBHUX €JIEMEHTIB
i eHeprii rpaBiTaliifHOro cCTUCHEHHs. BTiM cjig 3BepHYTM yBary Ha Te, 1o (opMyBaHHsI 3eMJii BigOyBasocs
no cyti y noagiiiHiii cuctemi 3emus—Micsib. ToMy BaXJIMBO BpaxoBYBaTWM BUIUIEHHSI €HEPrii B’SI3KOrO TepTs
MiCSIYHUX MPUILIMBIB, SIKE iICTOTHO 3MiHIOBAJIOCS Ha CTafil akyMyJisilil cucteMu. Mozenb nudepeHiiallii peuoBUHU
COHSTYHOI TTPOTOTUTAHETHOI XMapy B TIPOIIECi PEUOBUHHOI aKyMYyJISIIIi TIAHET 3eMHOI TPYIH, SIKY 3aIpOITOHOBAHO
paHiliie, TPYHTYETbCSI HA YMCEJIBHUX Pe3yIbTaTaX PO3B’sI3Ky KPailoBOi 3amayi /Uit CUCTEMU PiBHSHb, IO OTUCYE
OaylaHC IMITYJIbCY €Heprii, Macu, TeMIlepaTypH i TUCKY y BHYTpIIIIHIX 30HaX 3pocTaounx 3emii i Micsis.

KirouoBi ciioBa: kpaiioBa 3aiaua ajisi cucTeMU JudepeHIiaIbHUX PiBHSIHb, aJITOPUTM YHCEJIbHOTO PO3B’SI3KY, BHECOK
JNycunanii MpuaMBHOI €Heprii.
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Purpose Modern studies have shown the importance of taking into account the contribution of internal energy sources and
heat-mass transfer processes in the inner shells of the protoplanet and their influence on the dynamics of the formation of
the Earth in the process of its accumulation [1, 5]. Among the major contributors are the potential energy accompanying
the formation of a condensed body from a protoplanetary cloud, the energy of naturally radioactive decay of short-lived
radioactive elements, and the energy of gravitational compression. However, attention should be paid to the fact that the
formation of the Earth took place essentially in the binary system Earth-Moon. Therefore, it is important to take into
account the energy release of viscous friction of the lunar tides, which changed significantly during the accumulation
phase of the system. In [1, 5], a model for the differentiation of the substance of the solar protoplanetary cloud was
proposed in the process of accumulation of terrestrial planets based on the obtained numerical results of the solution
of the boundary value problem for a system of equations describing the balance of momentum, mass, temperature and
pressure in the inner regions of the growing Earth and Moon in the process of their accumulation (1)—(5).

Design/ methodology/ approach In order to investigate the problem, we used the numerical solution of boundary value
problems for the 3D system of differential equations. We constructed a non-uniform difference grid for time and
space variables and used a standard implicit difference scheme. An iterative process was constructed, which begins
with the solution of equation (1), from which the time step is located. Then we included the solution of the problems
for equation (2)—(3) with the values of the coefficients in equations (2)—(3) and (6)—(9) calculated from the values
at the previous stage, and the internal iteration cycle. After the specified relative accuracy is achieved, a step is taken
along the selected radius, and an external cycle is started.

Findings From the above, the following qualitative estimates can be obtained. Since the angular velocity of the orbital
motion of the satellite is much greater than the angular velocity of the planet's own rotation, it follows from the law
of conservation of angular momentum (6) that the tidal interaction with increasing mass of the central body ensures
the transfer of the orbital angular momentum of the satellite to the central massive body. Consequently, losing the
orbital moment, the satellite must approach the central body right up to the Roche orbit. The problem of the behavior
of a satellite at the Roche limit requires a careful mathematical study. Due to the continuing transfer of the satellite's
orbital moment to the central body, its own angular velocity continues to grow. This should lead to an increase in the
orbital angular velocity of the satellite and an increase in the radius of its orbit, which is observed up to the present
time. Thus, the effect of dissipation of viscous friction must have manifested itself at the stage of formation of the
outer core of the Earth. The results obtained depend on the parameters, primarily, the viscosity versus temperature
and pressure, the values of which are known with a high degree of uncertainty. They are to be clarified as a result of
further physical-mathematical and indirect geological research.

Practical value/ implications The results obtained will serve as a basis for constructing new systems of differential
equations of Earth’s dynamics at the stage of planetary accumulation, as well as revealing the role of the energy dis-
sipation of viscous friction in the differentiation processes of the matter of the interior envelopes of the Earth at the
stage of its formation, which provided the features of the MHD processes of the Earth’s dynamo and metallogeny
of the Earth's lithosphere.
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