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AnHoTaumusi: B crathe paccmaTpuBaeTcs BpalllEHHE JBIKYIIUXCS BO
Bcenennoit kocMuyeckux OOBEKTOB — TallaKTUK, 3BE3/IHBIX CHUCTEM, IUJIAHET,
CIIyTHHKOB, acTe€pOUAOB. B CBsI3M ¢ Te€M, 4YTO KOCMOC 3aIlOJHEH KOCMHYECKOU
MbUTBIO, Ta3aMU, CBOOOHBIMH JJIEKTPOHAMHU, 32 CUET CO3JaBAEMBIX UMH CUJI TPCHUS
10 TOBEPXHOCTU KOCMUYECKUX OOBEKTOB UX BPAILIEHUE CO BPEMEHEM JIOJKHO OBLIO
npekpatuthesa. OQHAKO BpalllEHHE MPOAOIIKAETCS, CIEAOBATEIBHO, €CTh KAaKOW-TO
nojiepkKuBaromul  ero mexanu3Mm. OtBer mpocTtoi. OOBEKTHI JIBUXKYTCS B
MEXIUIAHETHOM M MEX3BE3HOM Ta30MbUIEBOM CpeAe C TPAJIUEHTOM €€ MIOTHOCTHU
OTHOCHUTEJIBHO 3B€3J] M ILIEHTPOB TaJaKTHUK AHAJOTMYHO TOMY, KaK HW3MEHSETCS
MJIOTHOCTh aTMoc(epbl 3eMiid NpU yAaJleHUd OT ee MmoBepxHOCTH. HempepwiBHOE
BpalllCHHE JIBKYIIUXCS B Ta30MbUICEBOM cpelle  KOCMHYECKUX OOBEKTOB
nojaepxuBaercs aectsueM auddepeHimanbHoi cuiibl 1000Boro ((poHTaIBLHOTO)
COIPOTHUBJICHUS MPOTUBOACHUCTBYIOIICH CHUJAM TPEHUS, TOPMO3SIIUM BpAICHUE
00BEKTOB B 3TOM cpejie.

KiwueBble c¢ji0Ba: TrajakTHKa, COJHEYHAs CHUCTEMa, 3€MJIs, IUIAHETa,

CIIYTHHUK, aCTCPON A, BpallICHHUC, J1000BOE COIMPOTHUBJICHUC, I'PaBUTALIUA].

THE REASON FOR THE CONTINUOUS ROTATION
OF SPACE OBJECTS

Bulanin Vladimir Anatolyevich
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Abstract: The article considers the rotation of space objects moving in the
Universe — galaxies, star systems, planets, satellites, asteroids. Due to the fact that
space is filled with cosmic dust, gases, and free electrons, due to the friction forces
they create on the surface of space objects, their rotation should have stopped over
time. However, the rotation continues, therefore, there is some kind of mechanism
supporting it. The answer is simple. Objects move in an interplanetary and
interstellar gas-dust medium with a gradient of its density relative to stars and
galaxy centers, similar to how the density of the Earth's atmosphere changes when
moving away from its surface. The continuous rotation of space objects moving in a
gas-dust medium is supported by the action of the differential force of frontal
(frontal) resistance counteracting the friction forces that slow down the rotation of
objects in this medium.

Key words: galaxy, solar system, earth, planet, satellite, asteroid, rotation,
drag, gravity.

1. BBEJIEHHUE

BnepBbie 0 BpaiieHuu 3emii BOKpPYr cBoell ocu Hanucan KomnepHuk B
tpaktate 1543 roga «O Bpamenun HeOecHbIX cdhep» [1]. A BOT TOUHBIN OTBET Ha
BOIIPOC, MOYEMY 3TO IMPOUCXOJMUT, HE HaJAeH A0 cero BpeMeHHu. lumores
BBIJIBUHYTO HEMAJIO, HO K OOIllEMY MHEHHIO y4eHbIe MoKa He npuiuid. CoraacHo
CaMOM M3BECTHOM M3 THUIIOTE3 CBSI3aHHOW C TEOPHUEN BO3HUKHOBEHUS ILIAHET
ConHeuHol cucTeMmbl 3emisi oOpa3oBajiach U3 00JAKOB KOCMHUYECKOW TBUIH,
KOTOpbIE «COMBIIMCh B Ky4dy» M oOpaszoBaiu siapo wid mHeHTp 3emun. Janee k
HEMY MPUTSITUBAIUCH IPyTHe KOCMUYECKHUE TeJa, MPHU CTOJIKHOBEHUHU C KOTOPBIMU
IJIaHeTa Hayaja BpallaTbCsl W BpallleHUE MNpoJoxkaercs mno uHepuuu. Ecthb
apyras Touka 3penus. [IpencraBbte cebe CoNHEUHYIO CHCTEMY, KOTOpas elle
OYEHb MOJIOJIa U €€ MEXKIUIAHETHOE MPOCTPAHCTBO 3aMOJHEHO ra30oM M MbUIBIO.
[InaneTsl WM NPOTOIUIAHETHI, OOpa3yloIIMecss B Takoil cucreme, OyAyT
3aMeJUISAThCS TPEHUEM, M UX opOuTa OyAeT MOCTENEeHHO MPUOIMKAThCI K €€
ConHlly, U B KOHEYHOM HUTOre OHM MOryT ymnacte Ha CoiHIE wu3-3a
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KOMOMHUpOBaHHOTO d(ddekTa TpeHus U rpaButranuu. OJHAKO TMOJHOIO0 H
HCYEPNBIBAKIIEr0 OObSICHEHUS] HENPepPbIBHOIO BPALICHUS KOCMHUYECKUX
00bEKTOB HayKa He JaeT.

['ajakTrKa 3TO TPaBUTALMOHHO-CBSI3aHHAs CUCTEMa M3 3BE31 U 3BE3JIHBIX
CKOIUICHHWM, Ta30NbUIEBOM Cpeapl W TEMHOM Marepuu. Bce cocrasisronme
Bcenennoii, Bkitouass oOBeKTHl ['amakTuku «MIEUHBIA TYTh», HAXOAATCS B
MOCTOSIHHOM ~ JIBMKEHMHM (B PA3JUMYHBIX HAMpaBICHUSIX U C Pa3IUYHBIMU
CKOPOCTSIMH), BBI3BIBAEMOM T'DAaBHTAllMOHHBIMH CHJIAMH C  HM3MCHSIOIIMMCS
rPAaBUTALlMOHHBIM IIOTEHIMAJIOM B IpocTpaHcTBe. /[lpton b. JlapcoH, BHecmnii
OonbIION BKJAJ B pa3BUTHE HAyKM O Kocmoce, B KHure «Hwuuero kpome
JIBrokeHus: cTpyktypa ¢usndeckori Bceenmennoi, Tom I» [2], ormermn utO
Bcenennasg — 370 He NPOCTO IIPOCTPAHCTBEHHO-BPEMEHHAsA CTPYKTypa BEILECTBA,
KaK MPUHATO CYUTATh B TpaJulMOHHOW Hayke. OH oOHapy»kui, uto Bcenennas —
370  JIBMKEHHME, B  KOTOPOM MPOCTPAHCTBO M  BpEMsA, MPOCTO  JBa
B3aUMOOOYCIIOBJIEHHBIX U HE CYIIECTBYIOIIMX APYT O€3 Apyra acneKkTa ABUKEHUS, U
HE MMEIOT HHUKAKOTO APYroro 3HadueHus. M Bce 4ro OH cumemanm — ompeaeitui
CBOMCTBA, KOTOPbIMU 00SA3aTENbHO JOJKHBI 00JIalaTh MPOCTPAHCTBO U BPEMS BO
BceneHHoH, 1IeTMKOM MPOSIBIEHHOW W3 ABMKEHUS, U BbIpa3wil Ux B (opme psna
ITOCTYJIATOB.

Ho u /Iptou b. JIapcoH He 00bACHII NPUYHUHY BPAILllEHUS IJIAHET, 3Be3/1,
raJJaKkTHK NPH UX IBUKEHUM BO BeesieHHOM.

2. TPABUTAIITMOHHBIA MOTEHIUAJI TAJJAKTHKH

JIBr>keHME KOCMHUUYECKUX OOBEKTOB B COCTaBe, HarpuMmep, ['alakTUKU U UX
HETIPEPBIBHOE  BpAILlEHHE  HENOCPEACTBEHHO  CBSI3aHO  C  TpaBUTALUEN
(TpaBUTAllMOHHBIM  TMOTEHIMAJIOM) —  YHHUBEPCAIbHBIM  (DyHIaMEHTAIbHBIM
B3aUMOJECHCTBUEM MEXIYy BCEMU MAaTEpUAJIbHBIMA TEJIaMU TI'PaBUTALMOHHO-
CBSI3aHHOM CHCTE€MBbI BCelIeHHOM, COCTOSIIEH M3 TaJlaKTHUK, 3BE€3IHBIX CKOILICHHUH,
IJIAHET, CIYTHUKOB, aCTEPOUI0B, MEK3BE3THOTO U MEXKIUJIAHETHOT'O Ta3a U NbUIH.

[IpumepoM Hanuuusi TPABUTALMOHHOIO TOTEHIIMAJIA MOXKET CIIYKHUTh
atMocepa 3eMiiM — IJIOTHOCTh ra30B, COCTABIISIOMIUX aTMOC(eEpy, U3MEHSETCS
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(yMeHbIIaeTcsl) C yAaJICHUEM OT TIOBEPXHOCTH 3eMJIH. Takke W3MEHSeTCs
IUIOTHOCTh Ta30IbLIEBBIX 00pa30BaHUM, Pa3HOTO poJila MATEPUH OTHOCUTEINBHO,
HalpuMep, MIOCKOCTH CUMMETPUM TaJlaKTUUECKOIo AMCKAa U IEHTPOB CHHUPATbHBIX
pykaBoB ['amaktuku. Kak u B armocdepax miaHeT, MEX3Be3[Has cpefa IMJIOTHEee
BCEr0 «HA JHE» (HANmpUMep B IUIOCKOCTH TaJIaAKTUYECKOrO0 JHCKAa) W IO Mepe
yAQJIEHHsT OT Hero IUIOTHOCTh ymeHbwaercs [3]. Ilpumep pacnpeneneHus

TPaBUTAIIMOHHOTO TOTeHIMaa B ['amakTuke mokasaH Ha puc.l [3, puc. 5].

—— - -
-------
-
—~
-

- ——
§~ ——-—’

- - Halo DM
AMW,

Gravitational
potential

7 30 kpc
>

Puc. 1. PacnipeesieHue rpaBUTALIMOHHOIO NOTeHHaaa B ["anakTuke

«MJ1eYHBIN MyTh)»

CocraBnsitomiasg, oOycioBlIeHHass OapHOHHBIM BellecTBOM ['anakTuku,
obosnauena MW (Milky Way), a cocrapistonas oOyCIOBJICHHAs TEMHBIM
BeniecTBoM (Matepueii) o6o3Hauena «Halo DMy (Tamo TM). Macmitab pazmepoB
lanaktukn — 30 kwmiomapcek, pasMep TEMHOTO Tajlo MPUMEPHO B AECITh pPa3
oonbiie. MIMeHHO mo3TOMy, HecMOTpss Ha OoJjiee HU3KYIO IJIOTHOCTh B IIEHTpE,
obmas macca ["aio TM npeBeitiaeT Maccy ["aiakTuku Bo MHOTO pa3 [4].

®akT IBUKEHUS O0OBEKTOB B KOCMHYECKOM MPOCTPAHCTBE MOATBEPKIACTCS
HE TOJBbKO ACTPOHOMHYECKHMMH HAOIIOJCHHUAMM, HO U pacueTaMH CKOpPOCTU U
HarnpaBieHus: ux mnepememenus. Jxopmx @. Cmyt Il B cBoeit HobGenerckoit
nexuuu 8 pgexabps 2006 roma ckazam: «Tekyumil Hammyymmii HaOIHOZAEMbIN
auroib (3.358+0.017 mMK) ykaseiBaeT Ha TO, yTo CONTHEUHAs! CUCTEMa JBHIKETCS CO
CKOpOCTHIO 368+2 KM/C OTHOCHUTENIBHO HaOJrogaeMoil BcelleHHON B HampaBJieHUH

rajakTHdeckoi 1oarotel | = 263.86° u mupoTsl b = 48.25%) [5].
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Cunpel rpaButannu Mexay ConHUIEM M IUIAHETaMH, a TaKkKe MEXIy
IUTAaHETaMU U UX CIIyTHUKaMH, YPaBHOBEIIMBAIOTCS LIEHTPOOESKHBIMU CUJIAMHU.
3. BPAIIEHUE KOCMMUYECKUX OBBEKTOB IIPU HUX

JABU/KEHNH

3axkoHbl (U3UKU (MEXAHUKH) JEHCTBYIOT OJJMHAKOBO — Kak Ha 3eMJie, TaK U B
Kocmoce. Haunem ¢ paccMOTpeHHUs MPOCTEUIINX TPUMEPOB, HAIPUMED, BPALLICHUS
KOJIECa 3a CUET CHJIBI COITPOTUBJICHUS.

Ha puc. 2a mokasaHo Kak cuia CONPOTUBIICHUS 3aBHUCUT OT Marepuaia
TPYILIUXCS MOBEPXHOCTEN M OT TOTO, KaK 3TU MOBEPXHOCTU B3aMMOJICHCTBYIOT.

[Ipu mpuIoXkeHUU K KOJIECy CHJIbI, MepeMENIaloell ero B rOpu30HTAIBHOM
HaIlpaBJIEHUH, B JIAHHOM NPUMEPE BIIEBO, KOJIECO 33 CUET CHUJIbI TPEHUS HAYMHAET
BpaliaTtbCs NPOTUB YacoBOW crpenku. Ha puc. 20 moKa3aHO YacTHYHO
MOTPY’)KEHHOE B BOJAY KOJIECO, Bpalllalolleecs] IMpU JBXKEHHUH 34 CYeT
pe3yapTupytomeil audQepeHunanbHON CUIbl JTI0OOOBOTO CONPOTHUBIIEHUS: BO3TyXa

(BBIIIIE YPOBHS BOJIBI) U BOJIBI (B HIXKHEH YacTH KoJieca).

Puc. 2. Bpauenue koJsieca 3a cueT CWIbI TPEHHUS NPH IBUKEHUH 110 TBEPAOii
noBepxHocTH (@) U JuddepeHIHATbHON CHIIBI JI000BOI0 CONMPOTHBJICHUS:

BO3/yXa (BbIllIe YPOBHSI BOJIbI) H BO/IbI (B HUKHEl YacTH KoJieca) (0)
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AHaJIOTHYHO B3aMMO/JCHCTBYIOT KOCMHYeCKHe 00beKThI c
MEKIIJIAHETHOM U MEK3Be3IHOM ra3onbLIeBOM CpeIou.

Ha puc. 3 moka3zaH XxapakTep B3aMMOJICWUCTBHS TUTaHeTHl (3a) ®
rajakTmdeckoro jucka (30) ¢ Ta30mbUICBOM CPEIOW IMEPEeMEHHOH IUIOTHOCTH

(TpaAreHTOM IUIOTHOCTH) B KOTOPOM MPOUCXOUT UX JBHKCHHE.

a) 0)

Puc. 3. BzaumoaeicrBue mjaHeThl (2) 4 raJJaKTHYECKOro aucka (0) ¢

HEOJTHOPOAHOM (M3MeHSI0IIeHCsl) MVIOTHOCTHIO (TPAaAMEeHTOM IJIOTHOCTH)
ra3onbLIeBOH cpelbl B IVIOCKOCTH MEePHEeHIUKYJISIPHOH HANIPABJIEHU IO

ABHKECHHUA ITHX KOCMHUYECCKHUX 00bEKTOB

HwkHre momycdepsl COOTBETCTBEHHO IHapa W TaJaKTUYECKOrO JUCKa
MOJIBEpKEHbI OOJIBIIUM CcHUjlaM JIOOOBOTO COMPOTHUBIIEHUS 3a CUYET OOJIbLICH

MJIOTHOCTH OMBIBAIOIICH MX Ta30TbLIEBOM CPEIbI, YeM BEpXHHUE UX MOTyChepHhI.
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A\

Puc. 26. Bpamenue 4aCTUYHO Puc. 3a. BpameHnue njianersl
MOTPY:KEHHOI0 B BOJY KoJieca ABHoKYIECS BJIEBO 110 OpOUTE B
JABMKYILIET0CS 10 CTPeJIKe BJIEeBO ra3onbljIeBOi cpejie ¢ rPaJueHTOM ee

INIOTHOCTH OTHOCHUTCJIBHO 3B€31bI

CpaBHeHue 00bEKTOB Ha PHCYHKAaX 20 M 3a MOATBEPkAAeT €IUHCTBO
NPUPOIBLI UX BpalleHusi, kKak Ha 3emJye Tak U B KocMmoce, mpu u3MeHeHUH
IUVIOTHOCTH (TPpajJiieHTe MJIOTHOCTH) CPelibl, B KOTOPO OHU MepeMellalTcs. B
HHUKHeH 4acTu Bpamamuierocss 00beKkra nokazasa 0oJjiee njioTHasi cpeaa, a B
BEpPXHe# 4YaCTH — cpeia ¢ MeHbLIed VIOTHOCTHIO.

Ha puc. 4 mokaszaHo, KaK pe3yJbTUPYIOIIas cuia JJI000BOro ((hpOHTAIBHOTO)
conpotuBieHuss AF oOecneunBaeT moaJep)kaHue BpalleHUs KOCMHYECKOTO
00BbeKTa MpU ABUKEHUU B Ta30MbBIJIEBOM Cpejie CO3/aI0NIEH €ro TOPMOXKEHHE.

CienoBareibHO, B COBOKYNHOCTH TpeHue u auddepeHunaibHan
(pe3yabTHpyOIIasi) cujaa Jio60Boro (()poHTAIBHOIO0) CONMPOTHBJIECHHS
ra3onbuIeBOM Cpelbl, AeiCTBYIOIIME HA JIBWKYIIHECH B Hel KOCMHYECKHE
00bEeKTbI, ABJSIOTCH OCHOBHOW NMPUYMHOW NOJJAEP:KAHMS MX HENPEPbLIBHOIO

BpallleHMS.
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Fy

HanpagneHue JBuxeHHs 00beKTa

<
<+

AF
~

F,
E a3

I'paBHTALIMOHHBIH MOTEHIHAJ

Hanpagnenue BpamieHus oobexra

[Tnockocts cummerpun [NanakTuku
Puc. 4. Briusiane pe3yjibTHPYHOIIEH CHIbI JI000BOT0 CONPOTHBJICHUS
ra3onbLIeBOH CpeAbl HA BpalleHHe KOCMHYECKOr0 00beKTA NMPHU ero ABUKeHUN
F1— pe3yabTHpylOIas ciJia JIOOOBOT0 CONPOTUBJIEHUSI BEPXHETro MOJIyIIAPHUS;
F,— pe3yabTHpyomas cujia jJjo60BOro CONPOTUBJIEHUSI HUKHETO MOJTYIIAPUS;
AF = F; - F1— pe3yJbTHpYIOIIasi CHJIa JI000BOI0 CONPOTUBJIEHUS Ia30MblJIeBOH
cpeabl, 1efiCTBYIONIAs HA KOCMHYEeCKUIl 00beKT U 00ecneYnBaK0IIAs

€ro BpaicHue

[Ipu  gBwxenuun B [ajmakThke  KOHKpETHas  3BE3/IHAs  CUCTEMa
B3aUMOJICCTBYET C KOHKPETHBIM (JIOKaJbHBIM) OKPYXKAIOIMIMM €€ MEX3BE3THBIM
BemecTBoM. [Ipumepom siBisieTcsi chOpMHUpPOBABIIAACS OKOJIO S5 MIIPA. JIET Hazaf
Hama 3Be3qHas cucreMa ¢ Connnem (CofHeyHass CHUCTEMa) € HeNpepbIBHO
BPAIIAKIIMMHUCH BOKPYT CBOMX OCEHl M MO OopOWUTaM TIaHETaMH, CIIyTHUKAMH U
acTepouaMHu.

B cBsi3M ¢ HEOAHOPOJHOCTBHIO TA30MBLUICBOM Cpeabl B ['alakThke HMEET
MECTO, HalpuMmep, KojieOaHue YIII0BOM CKOPOCTH BpallleHUs (JTuOpaIun) HarpuMmep,
3emun, JIyHBI.

Hanee paccMoTpuM cam  (akT (MEXaHU3M) BpalleHUsS KOCMHUYECKOTO

o0OBeEKTA.
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OCO6yIO POJb B M3YYCHHHN MCXAHUKHN BpPAIICHUS INNIAHCT W 3BC3[ ChII'paJl

MasiTHUK (I)yKO — MajATHHK I/ICHOJII)?)yeMHﬁ JJIA BKCHepHMeHTaJIBHOﬁ

ACMOHCTpaoun CYTOYHOI'O BpAaIliCHHUA 3emau. Hanuuue CYTO4YHOI'O BpalllCHUA

OTBETCTBEHHO 32 NIOCTENEHHBIN MOBOPOT INIOCKOCTU KOJIEOAHUI MAsITHUKA.

Brnepsoie a¢dext nponemoncrpuposan JI. dyko (1851 rox), a B HacTosiee
BpeMs B MHpPE HMEIOTCSA JACHCTByrOUIME MasTHUKM @OyKO HCHIONb3yeEMbIE B
JE€MOHCTPALIMOHHBIX LETAX.

IIpu nepeMemiennn MassTHUKA Dyko Ha mouarocax 3eMJH MJIOCKOCTh €ro
KAYaHUS OTHOCHUTEJbHO 3Be€3] OKAa3bIBACTCHA HENMOABMKHOH, YTO CTAJIO
OYeBHIHBIM  CBHIETEIbCTBOM TAaKKe HENOABM)KHOCTH  saApa  3eMJIM.
CrnenoBaTenbHO, sSApa IUIAHET W 3BE3] TaKke Kak MasTHUK Dyko Ha moJrrocax
HEINOABWXKHBI OTHOCHTENBbHO IieHTpa [amaktukn. Otcropa ciaexyer, 4TO
HENPEePBIBHOMY BPAIICHUIO MOJABEPKEHBI TOJIbKO HX 0007104YKH (MAHTHS, KOPA,
atMoc(epa) 3a cueT BHELIHEIr0 BO3JECTBHA HA COOTBETCTBYIONIHI 00BbEKT
ra3onbLiIeBOH cpebl, 00J1aaomeil rpaineHToOM IJIOTHOCTH.

[ToaTBepkI€HNEM HEMOABM)XHOCTBIO siipa OOBEKTa SIBISETCS, HANpUMED,
MeJJIeHHOe BpaileHue Benepsl (oguH 000poT 3a 243 3eMHBIX CYTOK BOKpYT
COOCTBEHHOW OCH OTHOCHUTEJBHO 3Be31l), a Takxke AuddepeHimaipHoe BpalieHue
o0onouku ConHua.

Takum 00pa3oM, € TO3ULMK 3aKOHOB (PU3MKK (MEXAaHUKH) BpalleHUE
KOCMUYECKUX OOBEKTOB (MX BHEIIHMX O0O0JOYEK) MPOUCXOIUT MPU COOJIOJICHUN
JBYX YCJIOBHUM:

1) oObekT mnepememaeTcss (HAXOAUTCS B JIBIDKEHHH) B KOCMHYECKOM
IIPOCTPAHCTBE;

2) IBW>KEHHE MPOUCXOJUT B ra30NbUIEBOM Cpefie ¢ IPaJUEHTOM IUIOTHOCTH,
nepemMeHHou (auddepeHInaiIbHON) TUIOTHOCTHIO, B MJIOCKOCTH MEPIEHANKYJISIPHON
HAIPABIICHUIO JBUKEHUS 00BEKTA.

Hcxond u3 3TUX yCIOBUM MCTHHHOM NMPUYMHOM HENPEPHIBHOIO BPAIICHUS
3emuu, mianeT ConHeyHo#l cuctemsl, CoJIHIIA U JPYTUX KOCMHYECKHX 00beKTOB

ABJIAACTCA BSaHMOHeﬁCTBHC ABYX CHJIL.
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— CHJIBI TPEHUS Ta30TMbIIICBOM CPEIBI TI0 MMOBEPXHOCTH 0OBEKTA, TOPMO3SIIIEei
BpallieHue 00bEKTOB;

— pesyabTupylomei auddepeHnnantbHON CUIIbI JI000BOTO ((hPOHTAIHHOTO)
COTIPOTHUBJICHUS Ta30MbIIEBON Cpelbl ¢ (PAKTUIECKUM TPAAUCHTOM €€ TIJIOTHOCTH B
MIJIOCKOCTH MEePICHINKYJIIPHON HaIPaBJICHUIO TIBYKEHUS 00BeKTa,
o0ecnevyuBamoIeil noaaepxxanne BpameHne 00bLeKToB.

4. BBAUMOBJIUAIOHUE HA BPAIIEHUE OBBEKTOB
DOAKTOPHBI

CKOpOCTh W HalpaBJieHWE BPAIECHUS IBIIKYIIETOCS KOCMHYECKOTO 0OBEKTa
3aBUCUT HE TOJBKO OT JCHCTBYIOIIETO Ha HETO TPaBUTAIMOHHOTO TOTCHIIMAJIA
OKPY’KAIOIIEer0 TPOCTPAaHCTBA, HO W OT COBOKYITHOCTH B3aWMOBJIHSIOIINX
cieayrnmx GakTopos:

— COCTaB U IUIOTHOCTh MEXIUIAHETHOW Cpellbl Ha OpOUTE KAXKIOTr0 OOBEKTa
(rutaneTs);

— IPaJIMeHT TUIOTHOCTU 3TOM cpeabl (oTHocuTenbHO CollHIIA, 3BE3/bI) B
MJIOCKOCTH TIEPIEHANKYJIIPHON HAMpPaBIICHUIO JBIKEHUS KAXKIO0M M3 IUIAHET TI0
opoure;

— COCTaB, MJIOTHOCTh M TPAJUEHT IJIOTHOCTH MEXK3BE3IHON Cpe/ibl Ha OpOUTE
Connia (3B€3/1b1) OTHOCUTENBHO MJIOCKOCTH CUMMETpUH [ astakThku;

— cBoiicTBa atMoc(epsl M o0o0jouYeKk T[UIaHeT (Hampumep, Ha BeHepe
MEXKIUIAHETHAs! cpeJia B3aUMOJICUCTBYET C TIJIOTHOM ee aTMoc(epoi, a He ¢ TBep10i
000JIOYKOM TIaHETHI);

— CBOWCTBAa MAaHTHH IUIAHET (TEeMIIEpaTypa, IMIIOTHOCTh, BA3KOCTH);

— pa3mep, macca u popMa 0OHEKTOB.

B Hacrosiniee BpeMsi 0 BbILIENEPeYHCICeHHBIM (GaKTOpaM B HAy4YHOM
cpejae OTCYTCTBYIOT KOHKpPeTHbIE JIaHHbIE, OTHOCSAIIUMCH K OPOUTE KAKI0I0
HHIMBHIYAJTbHOTO KOCMHMYECKOI0 O0OBHEKTa, B CBSI3M € YeM NPAKTHYECKH
HEBO3MOYKHO NPEACTABUTHL KOHKPETHbIE YHMCJIEHHbIe OLIEHKH ero BpalleHHusl.
HNmeroTest TOIBKO cpeJHHEe 3HAYEHUS IMJIOTHOCTH MEXK3BE3IHOM ra3onbliIeBOd
cpeabl. CBeleHUsI MO OCHOBHOMY IOKa3aTeJI0 Ui OObSICHEHHS] NMPUYMHBI
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BpaleHusi O0BEKTOB, IO TIPAJHEHTY ILUIOTHOCTM Ha oOpoOuTe O00bEKTa,
OTCYTCTBYIOT.

5.JIOBOBOE (®POHTAJIBHOE) COIIPOTUBJIEHUE IIPHU
JABUKEHUU OB BEKTOB

[Ipu nBUXKEHUU B KUJKOCTAX U razax oOBEKTHI (Teia) MPeoAO0EBAIOT CUITY
71000BOro ((poHTANLHOIO0) compoTuBieHUs. [Ipy HanMMuMM rpagueHTa MIOTHOCTU
KUJAKOCTH M Ta30B JOOOBOE MX COMPOTUBIEHUE siBIsAETCA TUd(epeHIInanbHbIM,
MOJIZICP>)KUBAOIIIM BPAIICHUE JIBIKYITUXCS O0BEKTOB (Ten).

JloGoBo€ COMpPOTHUBIEHUE CKJIAABIBAETCS M3 JBYX THIOB CHI: CHII
KacaTeabHOro (TAaHT€HIMAJIBHOTO) TPEHHS, HAIMPABICHHBIX BJOJb MOBEPXHOCTH
Tela, U CHJI JABJICHUS, HAMPABICHHBIX MO HOPMAJU K TOBEPXHOCTH (Buxuneous.
Jlobosoe conpomuenenue, aspooOUHamuKa).

Tpenune (amrm. — friction) — mexaHWka (QPUKIMOHHOTO B3aUMOJICHCTBUS
(rpubomexanuka) [7]. Cunma TpeHus — 93TO CwWia, BO3HHKAMOIIAs IIPU
COMPUKOCHOBEHHH JIBYX Te€Jl U MPEMATCTBYIONIAs UX OTHOCUTEILHOMY JIBHXKEHHUIO, &
MPUYMHOW  BO3HUKHOBEHUS TPEHHUS  SBISETCA  IIEPOXOBATOCTh  TPYLIUXCS
MMOBEPXHOCTEN TE U B3aUMOJECHCTBUE MOJIEKYJI 3TUX TOBEPXHOCTEM.

Cuna naBneHusi (CONPOTUBIICHHWS), HaIpaBJICHHAs TMPOTHB JIBUKEHUS
00BEKTa, MPOMOPIIMOHATBHA XapaKTEPHOW (PPOHTAIBHON TUIOMAAN JIBHXKYIIETOCS
00BEKTa U CKOPOCTHOMY Haropy razonsuieBoi cpensl (I'OCT 20058-80 «/{unamuka

JlemamenbHulX annapamos 6 ammocgepey, nynkm 89):

2
Xa :Can q :Cxas%,

V2 . .
rae: = P 5~ CKOPOCTHOI Harop ra3omnEUIeBOH cpessl,
p — TIUIOTHOCTh Ta30MbUIEBOM cpeAbl, HU3MEHSIOUascsi B IUIOCKOCTH

MEePHEHANKYISIPHON HAIPABJICHUIO ABUKEHUSI KOCMUYECKOTO 00BEKTa;

V — CKOpOCTh ABUXKEHUSI 00BEKTa B Ta30MBIICBOM CpEIE;

Cxa — O€3pa3MepHbIi KOYDOUIMEHT adPOIUHAMUIECCKOTO COTPOTUBIICHHUS.
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Kocmudeckrne 0O0BEKTHI TIPH WX ABM)KCHHUU BPAIAIOTCS, MPEOJI0JICBAS CHIIBI
TPEHHs Ta30IbLICBOM cpeabl Au(depeHnrnaIbHbIM J000BbIM  ((DPOHTATBHBIM)
COTIPOTUBIICHUEM C TPAJAMCHTOM €€ IUIOTHOCTH KaK OTHOCHUTEIBHO IUIOCKOCTH
CUMMETpUHM [ amakTWKW, TaK W PACCTOSHUS OT COOTBETCTBYIOIICH 3BE3IIBI,
Harpumep ot ConHia.

B cBs3u ¢ Tem, 4TO MEXIUTaHETHAsl ra30MbUIeBasl Cpela HEOJHOPOJHA €€
IUIOTHOCTh U, KaK CIIEJCTBUE, IPATUEHT €€ IUIATHOCTH Ha OpOUTax KOCMHUYECKUX
00BEKTOB MEPUOANICCKH U3MEHSIETCSI CKOPOCTh WX BPAIICHHS, TO €CTh UMEET MECTO
Tuopanus.

6. BPAIIEHUE IIVIAHET COJIHEYHON CUCTEMBbI

[Ipy  nmBwxkeHnn B lamakTUKe  KOHKpPETHas  3BE3JIHAs  CHCTEMA
B3aUMOJICHCTBYET C KOHKPETHBIM (JIOKAJbHBIM) OKPYKAIOIIUM €€ MEXK3BE3THBIM
BenecTBoM. [Ipumepom sBisieTcs: cOpMHUpPOBABILIAsACS OKOJO 5 MIpI. JET Ha3ajd
Hama 3Be3nHas cucrema ¢ Connnem (ConHeyHass cucTeMa) € HENpEepbIBHO
BpalalOIMMUCA BOKPYT CBOMX OCEd M MO OpOWTaM IUIAHETaMH, CIYTHUKaMHU H
acrepousiamMu. B CBsI3M C HEOTHOPOAHOCTHIO Ta30MbUIEBOM CpeAbl B [ allakThke
MMeeT MECTO, Hampumep, JuoOpaius (KojeOaHUE YTIOBOW CKOPOCTH BpAICHHS)
3eMIIH.

OCHOBHBIE XapaKTEpUCTUKH Bpamarommxcs B COJHEYHONW CHCTEME IUIAHET

MpecTaBlICHBI B Ta0M. 1.

Tao6auma 1
Haximon Hepnon ITepuon
Huamerp Pannyc HaxioH ocu k | oOparenus
Ha3zBanue OpOUTHI K BpalIeHUs
MJIAHETHI, | OpPOUTHI, DKJIUNTHKE, | 1O opOuTe,
TJIAHETHI 3 6 DKJIUTITHKE, BOKPYT OCH,
10° km 10° km rpaa B 3€MHBIX
rpan qac
CyTKax
Mepkypuit 4.9 57.9 -7 90.0 88 1408
Benepa 12.1 108.2 -3.4 87.4 225 5833
3emirs 12.8 149.6 0 66.5 365 23.9
Mapc 6.7 227.9 1.9 64.8 687 24.6
Onurep 143.8 778.4 1.3 87.0 4331 9.9
Carypn 120.4 1427 2.5 64.7 10 747 10.7
Ypan 51.3 2872 0.8 8.0 30 589 17.2
Henryn 49.5 4 498 1.8 60.4 59 800 16.1
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Ocwu Bpanienuss CoiHIa ¥ IUIAHET UMEIOT HAKIOH K DKIUNTUKE (IJIOCKOCTH
opOuThl 3eMiiM), a UX BpalleHUE, Kak 1o opOuTaM, Tak U BOKPYT COOCTBEHHOM OCHU
IIPOUCXO/IMT, KaK MPaBUJIO, MPOTHB YACOBOM CTPEIIKH, €CIIA CMOTPETh CO CTOPOHBI

CeBEepHOro noJitoca (puc. 5).

. H H
YpaH oy

Puc. 5. Bpamenue CoJiHIIa U ITIAHET OTHOCUTEJILHO MJIOCKOCTH

opOuTHI 3eMiIH, IKJINNTUKH

Kopona ConHila — BHEHIHSSE 4acTh €ro arMmoc(epbl, camas pa3pe’keHHas,
ropsiuasi ¥ OJiM3Kasi K HaM, OHa mpocTupaercs gaieko oT CoJiHia B BUE MOCTOSTHHO
JBIDKYIIETOCsl OT HEro MOTOKa IUIa3Mbl — COJTHEYHOTO BeTpa. BOmm3u 3emiu ero
ckopocTh coctaBisieT B cpeaneM 400-500 km/c, Ho mopoit mpocturaer mouru 1000
km/c. Pacnipoctpanssice 3a npezensl opout FOnmurepa u CatypHa, COJTHEUHBIH BeTep
obpazyeT reiauocdepy, IpaHHUYAIlyl0 C elie Oojiee pa3pekeHHOM MEX3BE3THOMN
Cpellou.

OTHOCUTENBHO JIUTENbHBIN MEPUOJ BpalleHUs MIaHEThl MepKypHuil BOKpYT
OCH MOXHO, HalpuMmep, OOBSICHUTh MallbiM €€ JUaMeTpoM H, KakK CIE/ICTBHE,
MEHBIIIUM BO3JeiicTBUeM Ha €€ kopy auddepeHnnanbHoi CHibl J1000BOTO
(bpoHTanBHOTO)  COMPOTHBJICHUS  Ta30MbUIEBOM  Cpempl Ha ee  opbure
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POTHUBOJCHCTBYIONIEH CHJIaM TPEHHS, TOPMO3SIIMM BpallleHUE IUTAHEThl B STOU
cpene. Ilpu 3ToM HEeCTaOMIBHOCTH TpaJUeHTa MJIOTHOCTU Ta30IbUICBOM Cpelbl Ha
opbuTax, a TaKXke MEepPUOJIMYECKH H3MEHSIOIeeCs] B3aUMHOE PACIOJIOKEHUE
00BEKTOB, SIBISICTCS OJHOW W3 MPUYUH JHOpanuu Kak MepKypus, Tak W JIPyTUX
KOCMHYECKHX 00BEKTOB.

MenenHoe BpaieHue (JUIMTENbHBIA [EepUOJ BPAILIECHUS, OTHOCUTEIBHO
HU3Kas CKOPOCTh) TBepAou 00oioukm BeHepbl BOKpyr cBoeit ocu 00YCIOBICHO
TeM, u4to JuddepeHnnanbHoe J000BOE  COMPOTHUBICHHE  MEXIUIAHETHOU
ra3onbuUIeBOM cpeAbl Ha €€ OopOuTe NEHCTBYeT HE Ha TBEPAYIO IIOBEPXHOCTh
(0600uKy), a Ha aTMocdepy IUTaHETHl NpU AaBiieHUH okosio 93 Gap. Ilpu 3tom
ckopocTh armocepbl mpumepHo B 60 pa3 mpeBbIlIaeT CKOPOCTh BpaIleHUs
o0onouku Benepsl BOKpyT cBoeli ocH (243 cyToK).

OTknoHeHue OT oOuiel 3aKOHOMEPHOCTH A1 YpaHa (HaKiIOH OCH €ro
BpallleHUs1) B HAYYHOM COOOUIECTBE MOKA HE HAIUIO OOBSICHEHUS, HO MOXET OBbITh
BBI3BaHO OCOOECHHOCTSIMH B3aUMOJIEUCTBUS TPABUTALIMOHHOTO NoTeHIuana CoaHua
u [NaytakTky Ha 3HauuTeNbHOM paccTosiHuu oT CosHna (B 20 pa3 Ooblie, 4eM 110
3emim), OTCYTCTBHEM TBEPJIOM OOO0JIOYKM TIJIAaHETHI, CBOMCTBaMHM aTMoc(epbl U
MEXIUJIAHETHOW cpeapl Ha ero opburte. B BepxHux cinogax armocdepsl YpaHa
NEHUCTBYIOT OYEHb CHJIbHBIE BETPbl B HAINpPABIECHWU BpALICHUS JAOCTUTAIOLIUE
ckopoctu 240 m/c.

Hentyn waxomutcs nanbiie or ConHia, 4eM YpaH, MOTOMY Ha HETO B
OOJBIIE CTEMEeHW JEHCTBYET T'paBUTAIMOHHBIA TOTeHIHWan [amakTuku (a He
CounHia).

Uro kacaercst Jlynsl (puc. 6), oHa Aenaer oauH 000POT BOKPYT CBOEH OCH
Py OJIHOM e 000poTe BOkpyr 3emuind. CieoBaTeabHO, UMEETCS MIPUYMHA TAKOU
cTtabmibHOCTU. OYEBUJIHO, OHA 3aKJIIOYAETCS] B TOM, YTO IUIOTHOCTH simpa JIyHbI
0OJIbIIIE YeM MIOTHOCTh KOPBI U MAHTHUH, O3TOMY €€ SIAPO OTHOCUTEIBHO LIEHTpa
JIyHbl CcMelnieHO B CTOPOHY 3eMild, MO03BOJIsisi ocTaBaThes JIyHe ¢ MOCTOSIHHO
oOpanieHHoi »Toil yactu k 3emie. Ilpu stom JlyHa, Kak U JIpyrue KOCMUYECKUE

00BEKTBI, TAKKE MOJIBEpKEHA JTHOpauu.
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Semist

Puc. 6. Bpamenue JlyHbl BOKpyr 3emiin

HecmoTpst Ha ykazaHHbIE pa3Inyuus HAXOASIIUECS B IBUKEHUN KOCMUYECKUE
O0OBEKTHl M WX TPYMIbl (TUIAHETHI, 3BE3/HbIE CHUCTEMBbI, TAIAKTUKU) MPUOOpETn
OTPE/ICIICHHYI0 3aKOHOMEPHOCTh B CBOEM JBM)KCHUH, HAIIPUMED, BpAIllCHUE BOKPYT
CBOEH OCH M IO OKOJIO3BE3/IHBIM OpOUTaM — JEUCTBUE CHIIbI AU(HEepeHITUaTLHOTO
71000BOTO COMPOTUBJIEHUSI Ta30MbUIEBOM Cpelbl C H3MEHSIOMICHCS MIOTHOCTHIO
(rpagveHTOM IUIOTHOCTH) B IUIOCKOCTH MEPHEHAUKYJISPHON  HAIPaBJICHUIO
JIBMYKEHUSI COOTBETCTBYIOIINX OOBEKTOB.

Paccmotpum xapaktep BpanieHus ComHia u miaHeT COJIHEUYHOW CHUCTEMBbI
OTHOCHUTEJNBHO TUIOCKOCTH cuMMeTpu [‘amaktuku. B mpenenax ['amakTtuku
IJIOTHOCTh Ta30MbLIEBOM Cpelbl 3aBUCUT KaK OT CKOIUICHUS 3BE3HBIX CHCTEM, TaK
1 OT GOPMUPOBAHUS CIIUPATBHBIX PYKABOB, SIBJSIOLIMXCS 00JIACTAMH MOBBIILIEHHON
ee mioTHOCTU. [Ipu ynaneHun ot miIockocTH ['anakTUKU cCpelHssl TMIOTHOCTh
MEK3BE3JHOTO Tr'a3a yMeHblnaeTcs. Ha puc. 7 u 8 noka3zana ConHeuHasi cuctema B
ra3onbUIeBOM Cpefie ¢ W3MEHSIONMICHCS CPEeIHEeW TUIOTHOCTBhIO (TPagueHTOM

HJ'IOTHOCTI/I) OTHOCHUTCIIbHO IINIOCKOCTHU CUMMCTPUHU I'anaktuku.
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&7 Mepkypuii

SeMirst

IT10ocKOCTh DKIUNITHKH ’

"N | Hentyn
\_J

(659
ITmockocTs cumMeTpud I anakTruky Miieudbiii IyTh

Puc. 7. HakjioH DKJIMNTUKH K ocu cumMmeTpun I'anakTukmn

Ha puc. 7 nokazaHbsl HaKJIOH DKJIMOTUKU MOJ YIJIOM 65° M M3MEHSIOIasCcs
IUIOTHOCTh  (IPAaAMEHTOM  IUIOTHOCTM) Ta30IbUIEBOM  CpeAbl OTHOCUTENIBHO
IJIOCKOCTU CUMMETpUM ["amakThku « MJIeUHBIN TyThY.

OOpamraer Ha ce0sd BHHMaHuE TO, 4TO ocu BpameHuss CoyHLA U IUIaHET
BOKPYI' COOCTBEHHOM OCH NIapajuleibHbl IJIOCKOCTU cuMMeTpun ['amaktuku (niau
OIM3KU K 3TOMY), a IUIOTHOCTh T'a30MbUICBOM CPEIbl YMEHBINACTCS MPU yIATICHUH

oT Hee [4, puc. 5].
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3BC3/IbI.

Ha puc. 8 mokazan Bun Ha ConHeuHylO0 cuctemy co CTOpoHbl [lossspHoi

Toukamu 0003HaueHbl ceBepHble TMOOckl CoJHIIA U TJIaHET.

['paBUTAIIMOHHBIN MOTEHIMAJ M, KaK CIECACTBUE, IJIOTHOCTh Ta30MbUIEBOU CPEIbI

I'anaktuku YMCHBIIACTCA IO MCPC YAAJICHUA OT OCHM CUMMCETPHUHN €C IIJIOCKOCTH.

L
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—
Hanpasnenue
JOBWDKEHHUS |

1
o
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I
LI |
L]
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LY
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!

ITnockocTb cummeTpun I'anakTuku MieuHslii myTh

Puc. 8. Bpamenune CoyiHIIa U IJIAHET B IVIOCKOCTH JKJINNTHKHA

(Bux ¢ IoasipHOi 3Be31bI)

[Ipn nBrxeHnn CONHEYHON CHCTEMBI B YKAa3aHHOM CTPEJIKOW HANpaBJIEHUU
nMeeT MecTo BpanieHrue CoJIHIA U IUIAaHET MPOTUB YaCOBOM CTPEJIKH BOKPYT CBOEH
ocu. ITnanersr ConHEYHON CUCTEMBI BpAIAKOTCS NPOTUB HAIIPABICHUS JBHKCHUS
YacoOBOHM CTpeNKH U MO cOOCTBEHHBIM opOuTaM. [IpmunHO# MX BpalleHus Kak Io
opOUTaM TaK U BOKPYT COOCTBEHHOW OCH SIBISICTCS MPEOJIOJICHUE CHII JIOOOBOTO
COIPOTHUBJICHUS Ta30MbUICBON cpeabl ['alakTUKH, TNIOTHOCTh KOTOPOM U3MEHSAETCS

B IIJIOCKOCTH NEPIECHAUKYIISIPHOU HAMpaBIIeHUIO MBIKeHHUSI COTHEUHON CHCTEMBI.
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OOpatuMcst K APYTUM H3BECTHBIM (haKTaM, CBSI3aHHBIM C BpPAIICHUEM B
Conneunoit cucteme. B pamMkax KiIacCMYeCKOM MEXaHUKH TPaBUTAIMOHHOE
B3aMMOJICUCTBHE MEXKAY JBYMs MaTepUabHBIMU TOYKaMU Maccbl M U m
OTMCHIBAETCS 3aKOHOM BCEMHUPHOTO TsroteHusi HproToHa:

F =GMm/R?

rae: G — rpaBUTalMOHHAS MOCTOSTHHASI, paBHas
G =6.674184*10 " m>-c “xr

R — paauyc opOUTHI MIIaHETHI.

Cuna tpaButammm Mexay Comanem u  1iadetod Fi= GMs m/Rz, a
JNEeHUCTBYIONIAs Ha MJIaHETY IEeHTpoOexHas cuna F, = mV?/R.

[lnanetst  ynepxkwuBatorcs Ha opbure Bokpyr ConHua Omarojgaps
ypaBHOBeIIeHHBIM rpaButanonHol (F;) u nenrpodexnoii (F,) cunam (F= F; = F):

F =G|\/|Sm/R2 =mV?/R,

rae: — Macca Comana: Mg= 1.9885 x 10%° KT

— reJMOLEHTpUYECKas rpaBUTALIMOHHAS MOCTOSTHHAS:
GM, = 132 712*10"m°¢c .

3HAaYeHUE  TEIUOLICHTPUYECKOM  TIPaBUTALIMOHHOM  MOCTOSHHOM  GMq
MOATBEPAKIAAETCA PACUETOM IO WHIUBUAYAIbHBIM MapaMeTpaM Ka)JAOW U3 IJIaHET
CoHe4HOM CUCTEMBI, TPECTaBICHHBIM B Ta0. 2.

[IpuBeneHHBIE 3aKOHOMEPHOCTH B IIEJIOM YKa3bIBAIOT HA €IWHBIA MEXaHU3M
nojasiep kuBaronii BpanieHue CosHIa U 1iaHerT.

Cpenyn UMeronMXxcsi HepeIeHHBIX B HAyKe BOMPOCOB SIBJSIETCS OCOOECHHOCTH
BpalneHuss BeHepsl — B OTJIMUKME OT APYTUX IJIaHET OHA BPAIIAETCS BOKPYT CBOECH

OCH B 0OpaTHOM HaIlpaBJICHUHU.
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Tabauua 2
I'enmnoneHTpUUeckas
Pagunyc op6uts! R, OpGuranpHast
IlnaHeTs S IPaBUTAIIMOHHAS TOCTOSHHAS
10° km CKOpocTh V, KM/C GM. = RV2-10° p3/c?
Mepkypuit 57.909 47.87 132 701
Benepa 108.209 35.02 132 708
3emutst 149.598 29.793 132 787
Mapc 227.937 24.13 132 718
OnuTep 778.412 13.06 132 769
CarypH 1426.73 9.66 133136
VYpan 2871.97 6.8 132 800
Henrtyn 4 498.26 5.44 133 120
[TyTon 5906.36 4.74 132 702
AHanornyHoe MMOATBCPIKIACHUC ITOJIYUCHO u JJIA FCOHGHTPH‘IGCKOﬁ

rpaBUTAlIMOHHON MocTossHHOM 3eMin: GMEg = 398 600 km/c? (Tabm. 3).

Tadauua 3
Panuyc op6utsl| OpOuTanbHas I'eonentprueckas
CrytHUKH 3eMiH cnyTHHKa R, | ckopocTh V, | rpaBUTallMOHHAS MOCTOSTHHAS
KM KM/C GMe :RV2, Km/c?
Jlyna 384 467 1.02 400 000
I'eocTanioHapHbIN CIIyTHUK 42 242 3.07 398 127
MKC 6772 7.672 398 597

7. IPUYHUHA OBPATHOI'O BPAILIEHUS BEHEPDBI

[louemy Benepa Bpamaercs B 00paTHOM (peTporpagHOM) HalpaBlEHUH,
IIPOTUB YacOBOW CTpEAKH? ODTOT BOINPOC BOJHYET YYEHBIX YK€ HE OIHO

ACCATHIICTHUC. OI{HaKO A0 CHUX IIOP HHUKTO HC CMOI' OTBCTUTDL HA HCTO. beu1o MHOTO

T'UI10TC3, HO HX OJJHA N3 HUX A0 CHUX IIOP HC IIOATBCPIKACHA.

TOCIIOJICTBYET TOCTOSIHHO BETEp HMeEronui ckopocTh 100 M/cex B HampaBICHHUH
BpanieHuss 000JI04ku (KOphI) IIaHEThl. TO €CTh MMEeT MEeCTO CyHeppoTaius

(cynepBpanienue) armocepbl BeHepsl — 3T0 BpallleHHe aTMOC(EepHBIX CIOEB CO

Ocobennocte Beneppsl — Ham ee 5JKBaTropoM Ha BwicoTe 65-70 &M

CKOpPOCTBIO HpCBBIIHaIOHIGﬁ CKOPOCTb BpalllCHUSA CaMOU MJIAHETHI.
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Yem BbIIE JaBiIeHHE aTMOC(hEphl Ha TTOBEPXHOCTH KOCMHUYECKOTO OOBEKTa,
TeM OoJbIIe €€ B3aMMOJICUCTBHE C MEXK3BE3JHOM M MEXKIUIAHETHOM Ta3oMblIeBOM
Cpellol U TeM MEHbIIIe B3aUMOJICUCTBUS Tra30IbUIEBON Cpelibl Ha OpOUTE 00BEKTA C
€ro KOpou.

Pannonokamumonnsie HaOmoaenus, npoBoaumBimmecs B CCCP, CHIA wu
Anrmmu ¢ 1961 1., mo3BoJMIIM ONpeACIUTh NEPUOJ BpallleHus miaHeTsl Benepa [7].
OH oxazaiica cambIM O0oJsibIMM B ConHeuHou cucteMe: 243.16 cyTok npu oOpaTHOM
(petporpagroM) HampaBiieHWH BpameHus. OpOutanpHbIA mepuoa Benepsr — 225
CYTOK.

C mo3uluu 3aKOHOB MEXaHWKU CWia JIOOOBOTO  COMPOTUBIICHUS,
BO3/ICHCTBYIONIAS] Ha JBWXXYIIUKCS OOBEKT, 3aBUCUT OT IUIOTHOCTH BCTPEYHOTO
MOTOKAa Ta30BOM CpeJbl, a BpalleHue O0BbEKTa — OT IpaJMeHTa IJIOTHOCTH 3TOMN
cpeapl. st Toro 4ToObl MOHATH, MOYEMY IIJIaHETA OCYIIECTBIAECT OOpaTHOE
(peTporpaiHOoe — TIO YaCOBOM CTpEJKE) BpallleHHUE BOKPYTI CBOEH OCH, HYXKHO
ONPENEIIUTHCS C 3aKOHOMEPHOCTBIO TPagueHTa IUIOTHOCTU cpeAbl B ComHeuHOM
CUCTEME.

Tor d¢akr, uyro BpameHue Benepsl M 3emuM BOKpPYr CBOMX OcCe
pa3HOHANPaBJIEHbI, TOBOPUT O TOM, YTO TPaJAUEHT IUIOTHOCTU HA TPAHUIE MEKIY
opOMTaMH ATUX IUIAHET HW3MEHSET 3HaK Ha oOpaTHbii. To ecTh IJIOTHOCTh
MEXKIUTaHeTHOM cpeabl oT CoJiHIla A0 3TOW TPaHUIIbl YBEIMYHMBACTCS, a 3aTeM,
OYEBUHO, YMEHBIIIAETCS, BCIEJICTBUE YErOo BpallleHHE 3€MJIM BOKPYT CBOEH OCH
OCYIIECTBISIETCS TPOTUB YacoBoMl crpenku (puc. 3a). Huskyro mIOTHOCTH
MEXKIUTAaHETHOU cpeabl BOIM3M OoT CoJIHIIA U, KaK CIIEICTBUE, COOTBETCTBYIOIIEE
MMEIOIIEe MECTO HampaBJCHHE TpPagueHTa IUIOTHOCTA MOXHO OOBSICHHUTH
BO3JCHCTBUEM HA HEE MOIIHOTO COJHEYHOI'O0 M3JIYYEHHUS U CBOWCTB COJHEUHOU

aTMocQepsbl.
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Puc. 9. Bpamenue Benepnbl no opourte Bokpyr CoJiHIa NPOTHB 4aCOBOM

CTPEJIKH U BOKPYI CBOEH OCH 110 YaCOBOMH CTpesKe

[Ipoananu3upyeM 3TOT BONpoC MOApoOHEe, MPEACTaBUB CXEMY JBUKCHUS
Benepsl mo cBoeit opbute ¢ XapaKTepHBIM T'PaJMEHTOM IUIOTHOCTH MEXK3BE3THOM
CpeIbl OTHOCHUTENIBHO OCH CHUMMETPUU TUTOCKOCTH [allaKTHMKU W MEXIUTAaHETHOM
cpenbl Bokpyr Comnma (puc. 9) obObscustonuMm ee Bpamienue Bokpyr ComHila
IIPOTUB YaCOBOM CTPEJIKU.

Bribepem Ha mnepeceueHun oskBatopa Benepwl (puc. 10), Hampumep
nosoxenue 1, ¢ mepuamanom 0° Touky s HaOMOAeHUS (OTMEUCHO CTPEIKaMH) B

MOMCHT CaMOI'0O BBICOKOI'O ITIOJTOXCHHUA COJ'IHI_Ia HaJl TOPHU30OHTOM.
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Puc. 10. Bpamenne Benepsl no opoure Bokpyr CoJiHIA NPHU ABUKEHUH

CoJiHe4HOI crucTeMbl B MEK3Be3/IHOI cpee

Ha puc. 10 nokazano:

CHI[epI/I‘-IeCKHﬁ nmepuon O6paIHCHI/I}1 (HOCJ'IGI[OB&TCJ'IBHOG

nepeMeleHIe
BokpyT Comuiia o opoute 1 - 8 ¢ Bo3BparoM B mosioxkeHue 1) — 224,7 3eMHBIX CyTOK;
[ J

nocneaoBarenbHoe 1-5 u 5-9 mepemeneHune IUIaHETH MO OpOUTE
COJIHEYHBIC CyTKH BeHepsl mpoaomKuTeIbHOCTRIO 110 116,8 ABYX 3eMHBIX CYTOK;

e nepememnieHue Twianetsl 1-10 — mepwon BpamieHHsi BOKPYT CBO€Hl ocu
paBHbIN 243 3eMHBIM CyTKaMm;

[ ]
[ ]

HarmpaBJICeHUE BPAIICHHUS TUTAHETHI TIOKA3aHO CIIHPAIICBUAHBIME CTPEITKAMH —
10 HAMpPaBJICHUIO YaCOBOM CTPEIKH).

0enoil CcTpenKko ToKa3aHO HampaBieHue ABUKEHUS CONHEYHOW CHCTEMBI

(BI€BO) B MEX3BE3/IHOM cpele € IpaJiu€HTOM IJIOTHOCTH OTHOCHTEJIBHO IIOCKOCTH
CUMMETpHUH [ alaKTHUKWU.

258
MLHNM «HOBASl HAYKA»




HWHHOBAILIMOHHOE PA3BUTHE HAYVKU:
OYVHI[AMEHTAJIBHBIE U [IPUKJIA/[HBIE IIPOBJIEMbI

[Ipu nBwxkenuun mno opoute Bokpyr ConHma t1iaHeta Benepa
nocieaoBarebHO (M3 mojiokeHuss 1 B mososkeHus 2 — 10) ocyliecTBIseT o
opOuTe oOpalieHue ¢ CUASPUISCKUM TIEPHUOJIOM PaBHBIM 243 36MHBIM CyTKaM.

[locnenoBarensHoe 1-5 u 5-9 mnepemenieHwe IUTAHETHI 1O  OpOUTE
(HampaByieHHE BpallleHMs TUTAHEThl MOKAa3aHO CIHUPATIEBUIHBIMH CTPEJIKAMHU — IIO
HalpaBJICHUI0O  YaCcOBOM  CTpEJKH) —  COJIHEUHbIE  CYTKH  BeHepsl
MPOJOIHKUTEIHHOCTHIO 110 116,8 MByX 3eMHBIX CyTOK

[IpoBeneHHbI aHAIU3 TOATBEPKAACT pacnpocTpaHeHre Ha Benepy oOmieit
3aKOHOMEPHOCTH BpalleHUsl IUIAHET — BpaIllEHUE BOKPYI CBOEH OCH 3a CYET
nerctBud AuQdepeHIraIbHbIX CUJI JOOOBOTO CONPOTHBICHUS MEXKIUIAHETHON
Cpelibl C COOTBETCTBYIOIIMM HANpPABICHUEM T'PAJUEHTa €€ INIOTHOCTH.

Takum oOpa3zoMm, TPUUUHON PETPOrPATHOTO HAIpaBIEHUs BpalleHus Benepsl
BOKPYT €€ OCH SIBJISIETCS HE OCOOEHHOCTH 3TOW IUIAHETHI, a MPOTUBOIOJIOKHOE (B
cpaBHeHUHM ¢ 3emiield, MapcoM W ApyruMU IUIAaHETAMHU) HaMpaBJICHUE TpaJUeHTa
MJIOTHOCTU MEXKIUTAHETHOM CpeNibl Ha ee opouTe.

8. BPAILIEHUE COJIHIA

PaccmoTpum nospo6Hee ocoOeHHOCTH MexaHu3Ma BparieHus: CoJHIa.

Ecau otHocuTenbHO maHeT CONHEYHOM CHUCTEMbl aBTOPOM OIpEIENCH
MEXaHU3M HX BpallleHHs, TO O TMpUYMHAX (MEXaHW3Me) BpAIICHUS CaMOTO
Connua He ObUIO HUKAakuUX Bepcuil. EcTh ToNbKO HaOmomaTenbHble (PaKThl,
KOTOPBIE MOKHO B34Th 32 OCHOBY JIJISI OOBSICHEHUS IPUUYUHBI BpanieHus CoJiHIia.

N3 HaOmofeHUN COJHEUHBIX IISITEH JaBHO M3BECTHO, YTO IMOBEPXHOCTH
(o6omouka) CosiHIla — HE TBepAoe Teno. B KHuUre KaHajcKoro acTtpodusuka
npodeccopa Monpeanbckoro yuuepcutera JK-JI. Taccyns [8] momBeneHbsl UTOrH
MHOTOJICTHETO Pa3BUTHUSI TEOPUM BpAIEHUs] 3BE3/. Y CTAaHOBJICHO, YTO IEPUO]T
BpalleHus] BUIMMOM BHeIIHeW 000si0uku CosHua udmensiercs nuddepeHimanbHo B
3aBUCUMOCTH OT T€IMOIICHTPUYECKON MUPOTHI — MEPUOJ BpallleHUs MUHUMAaJeH Ha
AKBATOPE W MOCTENEHHO YyBEJIMUYMBAEeTCs K moiitocaM. CpeaHui mepuoji BpalieHus

Ha COJHEYHOM 3KBaTope — 25 cyTokK. M3 BbImoJiHEHHbIX B ['puHBUYE B TeueHUE
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1878-1944 rr. HaOMOAEHUA TONTOXKUBYIIUX COJHEUHBIX MaTeH HprotoH I.Y. n
Hann ML.JI. BeIBEIM Takyro GpopMyIty sl CyTOYHOTO cMenieHus °(¢p):
E(°/eym) = 14.38° — 2.77%in’@ .
Ha ocHOBe »3TOH 3aBUCHMOCTH, aBTOPOM CTaThbu TOCTPOEH TIpaduk

audepeHnnaIbsHOro BpalieHus nosepxHoctu (o6omoukn) Comnnua (puc. 11).

XapakTepuctuka gud pepeHumanbHOro BpaiwleHusa o6onoykm ConHua

15

. o

Yron noeBopoTa BAOrbL Napannenu, rpaa./cyT.

11

0 0,2 0,4 0,6 0,8 1
OTHocuTenbHbI AnameTp napannenen ConHua

Puc. 11. Xapakrepuctuka nuddepeHuuajpbHoro Bpamenus 000,109k CoJiHIA

W3 rpaduka BHIHO, YTO MaKCHMMallbHas CKOPOCTb BpAaILEHUS OOO0JIOYKHU
(14.38°/cyT) mpuxoauTcss Ha SKBaTOpUAIbHYIO 4YacTh CoJyiHIA (OTHOCHUTENbHBIN
auametp napamienu paseH 1.0) 3a cueT HamOOJBIIETro BpallaTeIbHOIO MOMEHTA
CHUJI, CO3/1aBaeMOro  pe3yJbTUPYIOLIEH CHJIOM  JTOOOBOTO  COMPOTHBIICHUS
ra3onbsUIeBoM cpeabl npu aBuxeHun CosiHeuHo cuctemsl B ["anaktuke. [Ipu stom
anpo ConHia, Takke Kak sjapa IUiaHeT, He Bpamaercs. Cuibl 1000BOTO

COIMIPOTUBJICHUA ra3onblIEBOM CpCabl ociabeBaroT IIpH YMCHBIICHUN AHWaAMCTpPaA
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napajjiesief, OJHaKo cymMMapHas cuia, npuBonsdmas o6onouky ConHila BO
BpaIleHNe, COOTBETCTBEHHO YBEJIIMUMUBACTCS.

Uro KacaeTcs reJuocecMoJIOrHYecKuX HuccaeaoBanuii CojHna, w#x
pe3yNbTaThl OCTAIOTCSI COMHUTENbHBIMU [9] — «DPu3znueckue yclioBUsS MaTEpUH Ha
ComnHile OTHOCUTENBHO MSITKHE, OTKJIOHEHUSI OT YPABHEHUSI COCTOSIHUS UJI€AJIbHOTO
ra3a CKpPOMHBI, XOTS BCE€ €Ill€ JIOCTATOYHO BEJIUKH, YTOOBI MX MOXHO OBLIO
HCCTIEIOBaTh C TIOMOIIBI0 TrejuoceiicMosiorun. Takum o0pa3oMm, BO3MOXKHO,
HEe0E30CHOBATEIBHO HAACSATHCS, YTO JaKEe HAIIM TPOCThIe MOJEIU MOTYT JaTh
pa3yMHOE€ MPEJCTaBIICHHE O CBOMCTBAX COJIHEUHBIX HENP, M 3TO JIEUCTBUTEIHLHO
Ka3aJ0Ch TaK, Kak 00Cykaaock B pazaene 5.1.2, mo kpaiiHeil mepe, 10 mepecMoTpa
COJIHEUHOTO u300mius (cM. pazgen 6.2). OnHako Takoe €amMoOA0BOJbCTBO SIBHO
HAMBHO, YYUTBHIBas TMOTEHUMAJ COJIHEYHOIO MHTEphepa Il CIOXKHOCTEH,
BBIXOJSIIIIMX JIaJIeKO 3a paMKU HAIIUX TpocThix Mojened. Kak oOcyxkmaercs B
paszznene 5.1.4, nponcxoKIeHUE HBIHEIIHETO BHYTpPEHHEro BpaieHus CoiHIa He
NOHATHO... Kpome TOro, cieayer HMMETh B BHAY, UYTO [aKE€ OTHOCUTEIBHO
YCIEIIHbIE MOJIEIN, TaKUe KaK MOJCNb S, TMOKa3bIBAlOT BECbMa 3HAYMTEIbLHbIN
0TX0/ OT rejmoceiicMu4eckux BbIBOJAOB (cM. puc. 39). OmHako, BO3MOXXHO, B
OCHOBHOM IOCJIECTBUSI ISl COJTHEUHBIX MOJICNIEH MepecMOTpa COTHEYHOTO COCTaBa
NMOCJYKWJIH TPEBOXXHBIM 3BOHKOM JUISl INE€PecMOTPa OCHOB COJIHEYHOI'O
MO/IeJTUPOBAHUSN.

B CBsI3M C BBIIIEU3IOKEHHBIM SIBJISIETCS TPEANOYTUTEIBHBIM OOBSICHEHUE
HETMOABMXKHOCTH (HE Bpamaromierocs) siypa CoiiHIla CTaOUIBHOCTBIO MOJIOKECHHUS
MasTHuKa Dyko.

Cunel 1060BOTO ((POHTATEHOTO) COMPOTUBIICHUS MEXKIUIAHETHOM CPEenbl C
COOTBETCTBYIOIIIMM TPATUCHTOM €€ IUIOTHOCTH AaHAJOTUYHO TMOJJIECPKUBAIOT U
BpailieHre miaHeT COTHEYHON CUCTEMBI.

Her npyroro oObscHenust BpamieHuto Connua u minaHer CoigHeyHou
cuctembl. Ecnu ecTh ipyras npuuuHa (Apyroil MeXaHu3M BpaIlIEHUs ), TO IOUEMY 3a
MWITHAPABL JIET, Hampumep, Aud@epeHIuanbHbIi yroJl BpalleHuss BceX 4YacTei

000JIOUKH COJ'IHLIa HC CTaJI paBHbIM, OIJUHAKOBBLIM.
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9. BPAIIEHUE ACTEPOUJIOB

Acteponnamu COTHEUHON CUCTEMBI CUUTAIOTCSI HEOSCHBIC TeJa C JUAMETPOM
npesbimatonmM 30 MeTpoB, KoTopble BpamatoTcs Bokpyr ConmHia, o0ianaroT
HEeMpaBUILHOW (QopMoit m He uMEIT arMocdephl. Terna MEHBIIMX pPa3MEPOB
NPUYUCIICHBI K MeTeopouaaM. M3 mpuMepHO MHIUTMOHA HW3BECTHBIX acTEpPOUIIOB
HanOOJbIIEE UX KOJIMYECTBO PACIOIOKEHO MEX Ty opouTamu Mapca u FOnurepa, B

T''IaBHOM IIOJACC aCTCPOMAOB. 0611135[ MacCCa BCCX ACTCPOHUIOB BMCCTC B3AThHIX

MeHblie Macchl 3eMHON JlyHbl. CunTaercsi, 4To actepoujipl guamerpoM D>15 km
UMEIOT CTPYKTYPY “TpyAbl 00JIOMKOB”, B KOTOPOI acTEPOUIbI MPEICTABIISIOT COOOM
IPaBUTAIIMOHHO-CBA3aHHBIE CKOIUICHHS ©0€3 MpeArnojaraeMoro BHYTPEHHETO
cuerieHus. Crie1oBaTeNbHO, aCTEPOU] U3 TPYJbl 0OJIOMKOB HE MOKET BpallaThCs
CJIIMIIKOM OBICTPO, MHAuU€ LIEHTPOOEKHAs CUJia MpeojoJiesia Obl TPaBUTAIMIO, YTO
MpUBEJIO OBl K pacnaay acTepoua.

Bpamenne actepousioB, kak miuaHet (kpome Benepni) u komer ConHedHOM
CUCTEMBI, MMPOUCXOJIUT B OJIHOM HAMpPaBICHUU — MPOTUB XOJa YaCOBOM CTPEJIKH,
€ClIi CMOTpPEeTh ¢ ceBepHoro nmojroca wmupa [l10], 4YTro Takxke sBIAETCA
MOATBEP)KJIEHUEM PACKPBITOM aBTOPOM TPHUYMHBI HENPEPHIBHOIO BpAIICHUS
KOCMHUYECKHX 00BEKTOB.

N3 coOpaHHBIX TEpPUONOB BpalieHUsi ObLJI0O OOHAPYXEHO, 4YTO TIpenes
CKOpoCcTH BpaieHus actepousioB C-tuma (TEMHBIE YIIEPOAUCTBIE OOBEKTHI,
HauboJiee PacmpoCTPaHEHHBIM KIACC acTEepPOUJIOB), KOTOPHIE HMEIOT MEHBIIYIO
00BEMHYIO TUIOTHOCTH, HWXKE, YeM JIJII aCTepOMIOB S-THMA (KJIacc acTepOUIOB, B
KOTOPBIM BXOJAT OOBEKTHI MMEIOIINE KPEMHHUEBBIM (KaMEHHBINH) COCTaB). ITOT
pe3yJbTaT corjlacyeTcs ¢ OOmedl KapTUHOM acTepOUIOB, IMOXOXKHX Ha TPYJIbI
0050MKOB (T.e. Oojiee HU3Kas 0O0bEMHas TJIOTHOCTb, Ooyiee HHM3KHM Tpenesn
CKOpocTH BpamieHusi). boiee Toro, pacrnpenereHue CKOPOCTEH BpallleHHs
actepouioB paszmepoMm 3<D<I5 kM mnoka3plBaeT YCTOWYMBOE YMEHBIIECHHUE IO
gactote s T >5 000poTOB B CyTKH, HE3aBUCHMO OT MECTOIIOJIOKEHHUS B TJIABHOM

I105CC.
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10. SAKJIFOYEHHUE

Bcenennas, OeckoHeuHasi BO BpeMEHH U MPOCTPAHCTBE, COCTOUT U3 MaTepUH,
CBOMCTBA KOTOPOW MOKHO MO3HATh. DTO — HAXOAIUECS B MOABMKHOM COCTOSTHUU
MEXTTAKTUYECKUN Ta3, TbUICTA30BbIE CKOIUICHUS, TAJIaKTUKHA, 3BE3/IHBIC
CKOILUICHMSI, MEK3Be3Has cpeaa (ckpbitas macca [4]). ['anmakTuku — ruraHTCKue
IPaBUTAIIMOHHO-CBS3aHHBIE CHCTEMBl W3 3BE€3]] H 3BE3HBIX CKOIUICHUH,
MEXK3BE3/IHOTO Ta3a, MbLUTH. Bce 3T0 MOXKHO OTHECTH K TyMaHHOCTSM [11].

[TocTosiHHOE BpallleHuEe TPYIIBI KOCMUYECKUX OOBEKTOB, KaK IMpPaBUIIO, B
OJIHOM HAamNpaBJICHWM — OJIHa U3 TIJIABHBIX 3araJlok COBPEMEHHOW HAyKh —
OOBSCHSIETCS M3BECTHHIMU 3aKOHAMH MEXaHUKH, B YaCTHOCTH MEXaHUKON
(GPUKIMOHHOTO  B3aUMOJEUCTBUS  (TpUOOMEXAHMKON) C  MEXKIUIAHETHOW W
MEX3BE3/IHOM CpEellaMu.

OnpenensomuM (GakTOpOM BpaIEHUsST KOCMHYECKHMX OOBEKTOB SIBIISAETCS
IPAaMEHT IUIOTHOCTU cpenbl — auddepeHuuanbias 3aBUCUMOCTb (M3MEHEHUE)
IJIOTHOCTH  MEX3BE3THOM HM MEKIUIAHETHOM Cpeasl OT TPaBUTAIMOHHOTO
MOTEHI[MaNa B 30HE UX HaXOXJeHud. /s npumepa, mI0oTHOCTh BO3yXa Ha 3eMJie ¢
BBICOTOM yMEHBIIIAETCs, BO3AYX CTAHOBHUTCA Oojiee pa3peKeHHBIM. AHalIOTUYHAs
3aKOHOMEPHOCTb, HampuMmep, umeer mecto U B ComHeuHoi cucteme [12].

OcCHOBaHHBIM Ha 3aKOHAX MEXAHWKU TMPEUIONKEHHBIN MOAXO0MA Jall MPOCTOe
00BSCHEHHE: TPU JBUKEHUU KOCMHUYECKHX 00BeKTOB (Tuianer, CosHIA, TalaKTHK)
B Cpelde C U3MEHSIOWENCI IUIOTHOCTBIO B INIOCKOCTH MEPHEHIUKYISPHOU
HaIpaBJICHUIO WX JBWKEHUS JEHCTBYET pe3ynbrupyromias (auddepeHiuaibHas)
cuna J000Boro  ((pOHTATBLHOTO)  COMPOTUBIIEHUS  Ta30MbUICBOM  CPEJbI,
MOJJICP)KUBAIOIIAS  HETIPEPHIBHOE  BpallleHWe dJTUX OOBEKTOB, TO  €CTh
ypPaBHOBEIIMBAIOIIAS] CUITy TPEHHS CPEMIbI 10 TIOBEPXHOCTH O0OBEKTa, TOPMO3SILYIO
€ro BpalleHue.

ITon BpameHueM 00bEKTOB (CIIyTHUKOB, IJVIAHET, 3B€3) B HACTOSIIEH
cTaThe ToApa3syMeBaeTcss BpamieHue aTtMocdepbl, KOpPbl, MAHTHHM JTHX

Oﬁ'beKTOB, a He HX HApa, KOTOpbIC TINPEUMYIIECTBCEHHO HABJIAIOTCHA
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HEMOJABUKHBIMHM OTHOCUTEJbHO HeHTpa anakTukm Osarogapsi ux gpuxkcanumn
BCECTOPOHHHUM COBOKYIIHBIM BO31€HCTBHMEM HA HUX 3JICKTPOMATHUTHBIX BOJIH,
U3JyYyaeMbIX ApyrumMm o0bexktamm Bcenennoi. MckioueHmemM MOryr ObITh

CIIYTHHUKMU IVIAHET, HAIIPUMED JIyHa, n acTepoujibl.

PE3YJIbTATHI IPOBEJAEHHBIX UCCJEJJOBAHUM

1. BoifiBjleHa W 000CHOBaHA TMPUYMHA M Xapakrep BpalleHus
KOCMHUYeCKUX 00bekTOB. HempepbiBHOe BpalleHHMe KOCMHYECKHUX O0OHEKTOB
o0ecneynBaeTcsi BO31eiiCTBMEM HA HUX YPABHOBEIIUBAIOIIUX CHJI:

— CHJIbI TPEHHUS Tra30NnbLIeBOM Cpedbl IO IOBEPXHOCTH O0BbEKTa,
TOPMO3sillell BpaleHue KOCMHYeCKOro 00beKTa;

— pe3yJabTupyloumeil 1uddepeHIMATIBLHBIX CHJI JI000BOT0 CONMPOTUBJIECHUS
ra3onblLIeBOM MEK3Be3JJHOM M MEXKIUIAHETHOM Cpeabl ¢ INepeMeHHOM
(rpaaMeHTHON) IUIOTHOCTBI0O HAa COOTBETCTBYKOINEH OpOUTE JIBHKEHMS,
U3MEHSIIOUIeCsl B IJIOCKOCTH NMEePHEeHIUKYJIAPHOH HANPABJICHUIO ABHKEHMS
o0beKTA.

2. HanpasJiienue Bpamenus CosiHua v miaHer BOKpYr CosiHIA 3aBHCHT
0T HanmpapJieHUsl ABUHKeHUS COJIHEeYHOM CHCTEeMbl M TPaAMEHTAa IJIOTHOCTH
MesK3BE3/IHOM Cpeibl OTHOCUTEIBbHO IJIOCKOCTH cuMMeTpun ['aiakTuku.

3. HanpasJjienue BpaimeHus miaHer CoJIHEYHOI CHCTeMbl BOKPYTI CBoeil
OCH 3aBUCHUT OT I'PaAMEHTA IVIOTHOCTH MEKIJIAHETHOM ra3onblIeBOH cpebl Ha
opOuTe KaKI0M U3 IVIAHET, MIPeuMYIeCTBEHHO, OTHOCHTeIbHO CoJIHIIA.

4. BeHepa Bpamaerci B PeTPOrpajHOM, TO eCTb B 00paTHOM
OTHOCUTEJBHO JPYIrMX IUUIaHeT, HanpapjeHuu. CienoBaresibHO, TPAJAUEHT
IVIOTHOCTH Tra3onbliieBOM cpeabl Ha opOure BeHepbl Takke uMeer
NMPOTHBOIOJIOKHOE 3HAYEHHME M0 CPABHEHHMI0 C TPaAMEHTOM ILUIOTHOCTH Ha
opOuTax APYrux IJiaHer.

5. Xapakrep Bpamenusi miianetr u CoJHIA CBHAETENbCTBYET 0 TOM, UTO

Bpamaercsi TOJdbko uX arMocdepa, Kkopa, o0ojiouka u MaHtus. Sapa
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CIIYTHHKOB, IJaHeT, ColHIa M APYrHUX 3Be3[ — HEMOJABHKHbI OTHOCHTEJIBHO
nenTpa I'anakTuku.

6. Cuabl Tpennss u AuddepeHIHATBHOr0 J000BOr0 CONPOTUBJIECHUSA
ra3onbLieBOM  cpelbl, MNPEeNSITCTBYIOIIUX [JBHKEHHMI0) W  BpPallleHUIO
KOCMHMY€ECKHX 00bEKTOB, 3aBUCAT OT €€ CBOIICTB HA OPOMTE COOTBETCTBYIONIETO
00beKTa.

7. CxkopocTh U HamnpaBJieHHe BPALlEHUS JBUKYIIErocsi KOCMHYECKOIo
00beKTAa 3aBUCUT He TOJbKO OT [A€lCTBYIOLIEr0 HA HEro rpaBUTAIMOHHOTIO
NMOTEHIHMAJIA OKPY/KAKIIEr0 IMPOCTPAHCTBA, HO M OT COBOKYIHOCTH
B3aMMOBJIMSIOIINX CJAeAYIOIHNX (PAKTOPOB:

— COCTaB, IUVIOTHOCTb M I'PAJAMEHT IUIOTHOCTH MEKIJIAHETHON CpeAbl HA
opouTe KaKI0ro 00beKTa (IJIaHeThl);

— cBoiictBa armocdepbl U 000/104eK IUIaHeT (Hampumep, Ha BeHepe
MEKIUIAHETHAs cpeJa B3aUMOJENCTBYeT ¢ IUIOTHOM ee atMocdepoii, a He ¢
TBePAOil 000104YKOH IIAHETHI);

— CBOMCTBA MAHTHH ILIaHEeT (TeMIepaTypa, IVIOTHOCTh, BA3KOCTD);

— pa3mep, Macca 1 (popMa 00bEKTOB.

ABTOp HCHOJIB30BAJI TEOPETUUYECKUN METOJl (PUIHUECKOr0 HCCIeA0OBaHUs,
KOTOPBIM JlaeT BO3MOXKHOCTh OMNOCPEIOBAHHO TO3HATh pPEaJbHBI OOBEKT WU
SBJICHUE HA OCHOBAaHUU W3YYEHUS COOTBETCTBYIOLIECH MBICICHHOM MOJEIH.
UucrieHHast OIleHKAa BpalleHUsT KOCMHUYECKHMX OOBEKTOB C YYETOM pealbHOU
muddepeHnranbHON MIOTHOCTU (TpaJMeHTa TJIOTHOCTH) Cpefbl, B KOTOPOM OHU

NEpeMCIIarOTCA, — IIPCAMET OTACIBHOI'O UCCIICIOBAHMA.
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THE REASON FOR THE CONTINUOUS ROTATION
OF SPACE OBJECTS

Bulanin Vladimir Anatolyevich

Abstract: The article considers the rotation of space objects moving in the
Universe — galaxies, star systems, planets, satellites, asteroids. Due to the fact that
space is filled with cosmic dust, gases, and free electrons, due to the friction forces
they create on the surface of space objects, their rotation should have stopped over
time. However, the rotation continues, therefore, there is some kind of mechanism
supporting it. The answer is simple. Objects move in an interplanetary and
interstellar gas-dust medium with a gradient of its density relative to stars and
galaxy centers, similar to how the density of the Earth's atmosphere changes when
moving away from its surface. The continuous rotation of space objects moving in a
gas-dust medium is supported by the action of the differential force of frontal
(frontal) resistance counteracting the friction forces that slow down the rotation of
objects in this medium.

Key words: galaxy, solar system, earth, planet, satellite, asteroid, rotation,
drag, gravity.

1. INTRODUCTION

Copernicus first wrote about the rotation of the Earth around its axis in his
1543 treatise «On the rotation of the celestial spheres» [1]. But the exact answer to
the question of why this is happening has not yet been found. Many hypotheses
have been put forward, but scientists have not yet come to a consensus. According
to the most famous of the hypotheses related to the theory of the origin of the
planets of the Solar system, the Earth was formed from clouds of cosmic dust,
which «huddled together» and formed the core or center of the Earth. Further, other
cosmic bodies were attracted to it, upon collision with which the planet began to

rotate and the rotation continues by inertia. There is another point of view. Imagine
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a solar system that is still very young, and its interplanetary space is filled with gas
and dust. Planets or protoplanets forming in such a system would slow down due to
friction, and their orbit would gradually approach the Sun, and eventually they
could fall into the Sun due to the combined effect of friction and gravity. However,
science does not provide a complete and exhaustive explanation for the
continuous rotation of space objects.

A Galaxy is a gravitationally bound system of stars and star clusters, a gas-
dust medium, and dark matter. All components of the universe, including the
objects of the Milky Way Galaxy, are in constant motion (in different directions and
at different speeds) caused by gravitational forces with a changing gravitational
potential in space. Dewey B. Larson, who made a great contribution to the
development of space science, in his book «Nothing but Motion: The Structure of
the Physical Universe, Volume I» [2], noted that the Universe is not just a space-
time structure of matter, as is commonly believed in traditional science. He
discovered that the universe is Motion, in which space and time are just two
interdependent and non-existent aspects of motion, and have no other meaning.

And all he did was to identify the properties that space and time must
necessarily possess in the universe, entirely manifested from motion, and expressed
them in the form of a series of postulates. But Dewey B. Larson did not explain
the reason for the rotation of planets, stars, galaxies during their movement in
the Universe.

2. THE GRAVITATIONAL POTENTIAL OF THE GALAXY

The motion of space objects in the composition of, for example, the Galaxy
and their continuous rotation is directly related to gravity (gravitational potential) -
the universal fundamental interaction between all material bodies of the
gravitationally bound system of the Universe, consisting of galaxies, star clusters,
planets, satellites, asteroids, interstellar and interplanetary gas and dust.

An example of the presence of a gravitational potential is the Earth's
atmosphere - the density of gases that make up the atmosphere changes (decreases)
with distance from the Earth's surface. The density of gas-dust formations, various

268

MUHMN «HOBAA HAYKA»




HWHHOBAILIMOHHOE PA3BUTHE HAYVKU:
OYVHI[AMEHTAJIBHBIE U [IPUKJIA/[HBIE IIPOBJIEMbI

kinds of matter relative to, for example, the plane of symmetry of the galactic disk
and the centers of the spiral arms of the Galaxy also changes. As in the atmospheres
of planets, the interstellar medium is densest «at the bottom» (for example, in the
plane of the galactic disk) and as you move away from it, the density decreases [3].
An example of the distribution of the gravitational potential in the Galaxy is shown
in Fig. 1 [3, Fig. 5].

-
- - -
e .- - - - -
- -
ey - -

Gravitational
potential

L 4 30 kpc
e

Rice. 1. Distribution of the gravitational potential in the Milky Way Galaxy

The component due to the baryonic matter of the Galaxy is designated MW
(Milky Way), and the component due to dark matter (matter) is designated «Halo
DM» (Halo TM). The scale of the size of the Galaxy is 30 kiloparsecs, the size of
the dark halo is about ten times larger. That is why, despite the lower density in the
center, the total mass of Halo TM exceeds the mass of the Galaxy many times [4].

The fact of the movement of objects in outer space is confirmed not only by
astronomical observations, but also by calculations of the speed and direction of
their movement. George F. Smoot Ill, in his Nobel lecture on December 8, 2006,
said: «The current best observed dipole (3.358+0.017 mK) indicates that the Solar
System is moving at a speed of 368+2 km/s relative to the observable Universe in
the direction of galactic longitude 1 = 263.86° and latitude b = 48.25°) [5]. The
forces of gravity between the Sun and the planets, as well as between the planets
and their satellites, are balanced by centrifugal forces.

3. ROTATION OF SPACE OBJECTS WHEN THEY MOVE

The laws of physics (mechanics) act in the same way - both on Earth and in
Space. Let's start by looking at the simplest examples, for example, the rotation of

the wheel due to the resistance force.
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In Fig. 2a shows how the resistance force depends on the material of the

rubbing surfaces and how these surfaces interact.

Fig. 2. Rotation of the wheel due to the friction force when moving on a solid
surface (a) and the differential drag force: air (above the water level) and
water (at the bottom of the wheel) (b)

When a force is applied to the wheel that moves it in a horizontal direction, in
this example to the left, the wheel begins to rotate counterclockwise due to the
frictional force. In Fig. Figure 2b shows a partially submerged wheel that rotates
when driving due to the resulting differential drag force: air (above the water level)
and water (at the bottom of the wheel).

Similarly, space objects interact with the interplanetary and interstellar
gas-dust media.

In Fig. Figure 3 shows the nature of the interaction of the planet (3a) and the
galactic disk (3b) with a gas-dust medium of variable density (density gradient) in

which their movement occurs.
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a)
Fig. 3. Interaction of a planet (a) and a galactic disk (b) with an inhomogeneous
(changing) density (density gradient) of a gas and dust medium in a plane
perpendicular to the direction of motion of these space objects

The lower hemispheres, respectively, of the ball and the galactic disk are
subject to greater drag forces due to the greater density of the gas-dust environment
washing them than their upper hemispheres.

A comparison of the objects in Figures 2b and 3a confirms the unity of
the nature of their rotation, both on Earth and in Space, when the density
(density gradient) of the environment in which they move changes: at the
bottom of the rotating object a denser medium is shown, and in the upper part
- a medium with a lower density.

Fig. 2b. Rotation of a wheel partially Fig 3a. Rotation of a planet moving to
submerged in water moving in the the left along its orbit in a gas and
direction of the arrow to the left dust medium with its density gradient
relative to the star
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In Fig. 4 shows how the resulting force of frontal (frontal) drag AF ensures
the maintenance of the rotation of the space object when moving in a gas-dust

medium that creates its braking.

E F

= |

§ >
2 The direction of movement of the object
< <+
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= F,

> _—-—

«
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The direction of rotation of the object
The plane of symmetry of the Galaxy

Fig. 4. Influence of the resultant drag force of the gas-dust medium
on the rotation of a space object during its motion.
F1 — the resulting drag force of the upper hemisphere;
F2 — the resulting drag force of the lower hemisphere;
AF = F2 — F1 is the resulting drag force of the gas and dust medium acting on a
spherical space object and maintaining its rotation.

Consequently, together, friction and the differential (resultant) force of
the frontal (frontal) resistance of the gas-dust medium acting on space objects
moving in it are the main reason for maintaining their continuous rotation.

When moving in the Galaxy, a specific star system interacts with a specific
(local) interstellar matter surrounding it. An example is our star system formed
about 5 billion years ago with the Sun (Solar System) with planets, satellites and
asteroids continuously rotating around their axes and in orbits.

Due to the heterogeneity of the gas-dust medium in the Galaxy, in the star
system there is an oscillation of the angular velocity of rotation (libration), for

example, of the Earth, the Moon.
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Next, consider the very fact (mechanism) of rotation of a cosmic object.

A special role in the study of the mechanics of the rotation of planets and
stars was played by the Foucault pendulum, a pendulum used to experimentally
demonstrate the daily rotation of the Earth. The presence of diurnal rotation is
responsible for the gradual rotation of the plane of oscillations of the pendulum.

For the first time the effect was demonstrated by L. Foucault (1851), and now
in the world there are operating Foucault pendulums used for demonstration
purposes.

When the Foucault pendulum moves at the poles of the Earth, the plane
of its swing relative to the stars turns out to be stationary, which also became
an obvious evidence of the immobility of the Earth's core. Consequently, the
cores of planets and stars, as well as the Foucault pendulum at the poles, are
stationary relative to the center of the Galaxy. It follows that only their shells
(mantle, crust, atmosphere) are subject to continuous rotation due to the
external influence on the corresponding object of the gas-dust medium, which
has a density gradient.

Confirmation of the immobility of the core of the object is, for example, the
slow rotation of Venus (one revolution in 243 Earth days around its own axis
relative to the stars), as well as the differential rotation of the shell of the Sun.

Thus, from the standpoint of the laws of physics (mechanics), the rotation of
space objects (their outer shells) occurs under two conditions:

1) the object moves (is in motion) in outer space;

2) motion occurs in a gas-dust medium with a density gradient, variable
(differential) density, in a plane perpendicular to the direction of motion of the
object.

Proceeding from these conditions, the true reason for the continuous rotation
of the Earth, the planets of the Solar System, the Sun and other space objects is the
interaction of two forces:

— the frictional force of the gas-dust medium on the surface of the object,
which inhibits the rotation of objects;
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— the resulting differential force of the frontal (frontal) resistance of the gas-
dust medium with the actual gradient of its density in a plane perpendicular to the
direction of motion of the object, ensuring the maintenance of the rotation of
objects.

4. FACTORS MUTUALLY INFLUENCING THE ROTATION OF
OBJECTS

The speed and direction of rotation of a moving space object depends not
only on the gravitational potential of the surrounding space acting on it, but also on
the totality of the following factors interacting:

e the composition and density of the interplanetary medium in the orbit of
each object (planets, asteroids);

e the gradient of the density of this medium (relative to the Sun, star) in a
plane perpendicular to the direction of motion of each of the planets in orbit;

e the composition, density and density gradient of the interstellar medium
in the orbit of the Sun (star) relative to the center of the Galaxy;

e properties of the atmosphere and shells of planets (for example, on Venus,
the interplanetary medium interacts with its dense atmosphere, and not with the
solid shell of the planet);

e properties of the mantle of the planets (temperature, density, viscosity);

e the size, mass and shape of objects.

Currently, for the above factors, there are no specific data in the scientific
community relating to the orbit of each individual space object, and therefore it is
almost impossible to provide specific numerical estimates of its rotation. There are
only average values of the density of the interstellar gas-dust medium. There is no
information on the main indicator to explain the reason for the rotation of objects,
on the density gradient in the orbit of the object.

5. FRONTAL (FRONTAL) RESISTANCE WHEN MOVING OBJECTS

When moving in liquids and gases, objects (bodies) overcome the force of
frontal (frontal) resistance. In the presence of a density gradient of liquids and
gases, their drag is differential, supporting the rotation of moving objects (bodies).
Drag consists of two types of forces: tangential friction forces directed along the
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surface of the body, and pressure forces directed normally to the surface
(Wikipedia: Drag, aerodynamics).

Friction is the mechanics of frictional interaction (tribomechanics) [7]. The
frictional force is a force that occurs when two bodies come into contact and
prevents their relative motion, and the cause of friction is the roughness of the
rubbing surfaces of the bodies and the interaction of the molecules of these surfaces.

The force of pressure (resistance) directed against the movement of the object
Is proportional to the characteristic frontal area of the moving object and the high-
speed head of the gas-dust medium (GOST 20058-80 «Dynamics of aircraft in the
atmosphere», paragraph 89. Drag coefficient):

2
Xa =Can q :Cxas%’

2

where: = '0;/ — high-speed pressure of gas-dust medium;

p — the density of the gas-dust medium, changing in a plane perpendicular to
the direction of motion of the space object;

V — the speed of movement of the object in a gas-dust medium;

Cxa — dimensionless drag coefficient.

Cosmic objects in their movement rotate, overcoming the frictional forces of
the gas-dust medium by differential frontal (frontal) resistance with a gradient of its
density both relative to the plane of symmetry of the Galaxy and the distance from
the corresponding star, for example, from the Sun. Due to the fact that the
interplanetary gas-dust medium is heterogeneous in its density and, as a result, the
gradient of its plateau in the orbits of space objects periodically changes the speed
of their rotation, that is, libration takes place.

6. ROTATION OF THE PLANETS OF THE SOLAR SYSTEM

When moving in the Galaxy, a specific star system interacts with a specific
(local) interstellar matter surrounding it. An example is our star system formed
about 5 billion years ago with the Sun (Solar System) with planets, satellites and
asteroids continuously rotating around their axes and in orbits. Due to the

275

MLUHMN «HOBAA HAYKA»




HWHHOBAILIMOHHOE PA3BUTHE HAYVKU:
OYVHI[AMEHTAJIBHBIE U [IPUKJIA/IHBIE IIPOBJIEMbI

heterogeneity of the gas-dust medium in the Galaxy, for example, libration
(oscillation of the angular velocity of rotation) of the Earth takes place.

The main characteristics of the planets rotating in the solar system are
presented in Table 1.

Table 1

The inclination of Tilt of the axis Orbital period, The period of
the orbit towards the to the Ecliptic, inearth days rotation around

Orbit radius, Diameter,
Planet name

106 km 103 km ecliptic, hail hail the axis, hour

Mercury 57.9 4.9 -7 90.0 88 1408
Venus 108.2 121 -3.4 87.4 225 5833
Earth 149.6 12.8 0 66.5 365 23.9
Mars 227.9 6.7 1.9 64.8 687 24.6
Jupiter 778.4 143.8 1.3 87.0 4331 9.9

Saturn 1427 120.4 25 64.7 10 747 10.7
Uranus 2872 51.3 0.8 8.0 30589 17.2
Neptune 4498 49.5 1.8 60.4 59 800 16.1

The axes of rotation of the Sun and the planets have an inclination to the
Ecliptic (the plane of the Earth's orbit), and their rotation, both in orbits and around
their own axis, occurs, as a rule, counterclockwise, when viewed from the north
pole (Fig. 5).

Earth Jupiter
Venus Mars

X Mercury \ | Saturn
\

Sun

Neptun
‘ Uranus P

\ rd

\\./

Fig. 5. Rotation of the Sun and planets relative to the plane
of the Earth's orbit, the Ecliptic
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The corona of the Sun is the outer part of its atmosphere, the most rarefied,
hottest and close to us, it extends far from the Sun in the form of a constantly
moving stream of plasma from it — the solar wind. Near the Earth, its speed
averages 400-500 km / s, but sometimes reaches almost 1000 km / s. Spreading
beyond the orbits of Jupiter and Saturn, the solar wind forms a heliosphere
bordering on an even more rarefied interstellar medium.

The relatively long period of rotation of the planet Mercury around the axis
can, for example, be explained by its small diameter and, as a consequence, by a
smaller effect on its crust of the differential force of the frontal (frontal) resistance
of the gas-dust medium in its orbit counteracting the forces of friction that inhibit
the rotation of the planet in this environment. At the same time, the instability of the
density gradient of the gas-dust medium in orbits, as well as the periodically
changing mutual arrangement of objects, is one of the reasons for the libration of
both Mercury and other space objects.

The slow rotation (a long period of rotation, a relatively low speed) of the
hard shell of Venus around its axis is due to the fact that the differential drag of the
interplanetary gas-dust medium in its orbit acts not on the solid surface (crust,
shell), but on the atmosphere of the planet at a pressure of about 93 bar. At the same
time, the speed of the atmosphere is about 60 times higher than the speed of rotation
of the shell of Venus around its axis (243 days).

Neptune is farther from the Sun than Uranus, so it is more affected by the
gravitational potential of the Galaxy (and not the Sun).

As for the Moon (Fig. 6), it makes one revolution around its axis at the same
revolution around the Earth. Hence, there is a reason for this stability. Obviously, it
lies in the fact that the density of the core of the Moon is greater than the density of
the crust and mantle, so its core relative to the center of the Moon is shifted towards
the Earth, allowing the Moon to remain with this part constantly facing the Earth.
At the same time, the Moon, like other space objects, is also subject to libration.
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Fig. 6. Rotation of the Moon around the Earth

Despite these differences, space objects in motion and their groups (planets,
star systems, galaxies) have acquired a certain regularity in their motion, for
example, rotation around their axis and in circumstellar orbits - the action of the
force of differential drag of a gas-dust medium with a changing density (density
gradient) in a plane perpendicular to the direction of motion of the corresponding
objects.

Consider the nature of the rotation of the Sun and the planets of the Solar
System relative to the plane of symmetry of the Galaxy. Within the Galaxy, the
density of the gas-dust medium depends both on the cluster of star systems and on
the formation of spiral arms, which are regions of increased density. As you move
away from the plane of the Galaxy, the average density of interstellar gas decreases.

In Fig. 7 and 8 show the solar system in a gas-dust medium with a varying

average density (density gradient) relative to the plane of symmetry of the Galaxy.
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Sun

The flat of the Ecliptic %

| Neptun

(e
The symmetry plan of the Milky way Galaxy

Fig. 7. The inclination of the Ecliptic to the axis of symmetry of the Galaxy

It is noteworthy that the axes of rotation of the Sun and the planets around
their own axis are parallel to the plane of symmetry of the Galaxy (or close to it),
and the density of the gas-dust medium decreases with a distance from it [4, Fig. 5].

In Fig. 8 shows a view of the Solar System from the Side of the North Star.
The dots indicate the north poles of the Sun and the planets. The gravitational
potential and, as a consequence, the density of the gas-dust medium of the Galaxy

decreases as it moves away from the axis of symmetry of its plane.
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Fig. 8. Rotation of the Sun and planets in the plane of the Ecliptic

(view from the North Star)

When the Solar System moves in the direction indicated by the arrow, the
Sun and the planets rotate counterclockwise around their axis. The planets of the
solar system rotate counterclockwise and in their own orbits. The reason for their
rotation both in orbits and around their own axis is to overcome the drag forces of
the gas-dust environment of the Galaxy, the density of which varies in a plane
perpendicular to the direction of motion of the Solar System.

Let's turn to other known facts related to rotation in the solar system. Within
the framework of classical mechanics, the gravitational interaction between two
material points of mass M and m is described by Newton's law of universal
gravitation:

F=GMm/R?
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where: G — the gravitational constant equal to G= 6.674184*10™* m3 s

kg™,
R — the radius of the planet's orbit.

The gravitational force between the Sun and the planet is F; = GMs m/R?, and
the centrifugal force acting on the planet is F, = mV?/R.

The planets are kept in orbit around the Sun due to the balanced gravitational
(F,) and centrifugal (F,) forces (F=F; =F,):

F :GMSm/RZ:mVZ/R,

where: — mass of the Sun: Mg = 1.9885 x 10% kg;

— heliocentric gravitational constant: GM = 132 712*10" m*c 2,

The value of the heliocentric gravitational constant GMs is confirmed by the
calculation of the individual parameters of each of the planets of the solar system,
presented in table 2.

Table 2
. . 6 Orbital velocity V, [Heliocentric gravitational constant
Planets |Orbit radius R, 10° km Kim/s GMs =RVZ*10 m3s?
Mercury 57.909 47.87 132 701
\/enus 108.209 35.02 132 708
Earth 149.598 29.793 132 787
Mars 227.937 24.13 132 718
Jupiter 778.412 13.06 132 769
Saturn 1426.73 9.66 133136
Uranus 2 871.97 6.8 132 800
Neptune 4 498.26 5.44 133120
Pluto 5906.36 4.74 132 702

A similar confirmation was obtained for the Earth's geocentric gravitational
constant: GMg = 398,600 km®/s* (Table 3).

Table 3
. Satellite orbit radius |Orbital velocity V, Geocentric gravitational
Earth satellites R km KM/ constant
! GMe=RV?, km®/s?
Moon 384 467 1.02 400 000
Geostationary satellite 42 242 3.07 398 127
ISS 6772 7.672 398 597
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The above regularities generally point to a single mechanism supporting the
rotation of the Sun and planets.

These patterns generally indicate a single mechanism that supports the
rotation of the Sun and the planets.

Among the existing unsolved questions in science are the features of the
rotation of Venus - unlike other planets, it rotates around its axis in the opposite
direction.

7. REASON FOR THE REVERSE ROTATION OF VENUS

Why does Venus rotate in the opposite (retrograde) direction,
counterclockwise? This question has worried scientists for more than a decade. So
far, however, no one has been able to answer it.

There have been many hypotheses, but none of them have yet been
confirmed. The peculiarity of Venus is that over its equator at an altitude of 6570
km the wind constantly dominates with a speed of 100 m/s in the direction of
rotation of the shell (crust) of the planet. That is, there is a superrotation (super-
rotation) of the atmosphere of Venus - this is the rotation of atmospheric layers at a
speed exceeding the speed of rotation of the planet itself.

The higher the pressure of the atmosphere on the surface of a space object,
the greater its interaction with the interstellar and interplanetary gas-dust medium
and the less interaction of the gas-dust medium in the orbit of the object with its
crust.

Radar observations conducted in the USSR, the USA and England since 1961
made it possible to determine the rotation period of the planet Venus [7]. It turned
out to be the largest in the solar system: 243.16 days with the reverse (retrograde)
direction of rotation. The orbital period of Venus is 225 days.

From the standpoint of the laws of mechanics, the drag force acting on a
moving object depends on the density of the oncoming flow of the gas medium, and
the rotation of the object depends on the gradient of the density of this medium. In
order to understand why the planet carries out the opposite (retrograde - clockwise)
rotation around its axis, it is necessary to determine the regularity of the density
gradient of the medium in the solar system.
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The fact that the rotation of Venus and Earth around their axes are
multidirectional suggests that the density gradient at the boundary between the
orbits of these planets reverses sign. That is, the density of the interplanetary
medium from the Sun to this boundary increases, and then, obviously, decreases, as
a result of which the rotation of the Earth around its axis is counterclockwise
(Fig. 3a). The low density of the interplanetary medium near the Sun and, as a
consequence, the corresponding direction of the density gradient can be explained
by the impact on it of powerful solar radiation and the properties of the solar
atmosphere.

Let us analyze this question in more detail by presenting a diagram of the
motion of Venus in its orbit with a characteristic gradient of the density of the
interstellar medium relative to the axis of symmetry of the plane of the Galaxy and
the interplanetary medium around the Sun (Fig. 9) explaining its rotation around the
Sun counterclockwise.

Fig. 9. Rotation of Venus in an orbit around the Sun counterclockwise
and around its axis clockwise

Choose at the intersection of the equator of Venus (Fig. 10), for example,
position 1 with a meridian of O (the point to observe (marked with arrows) at the

moment of the highest position of the Sun above the horizon.
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When moving in orbit around the Sun, the planet Venus consistently (from
position 1 to position 2 - 10) orbits the sidereal period equal to 243 Earth days.

Sequential 1-5 and 5-9 movement of the planet in orbit (the direction of
rotation of the planet is shown by spiral hands - in the direction of the clockwise
hand) - the solar day of Venus lasting 116.8 two Earth days.

The analysis confirms the spread to Venus of the general pattern of rotation
of the planets - rotation around its axis due to the action of differential forces of the
drag of the interplanetary medium with the corresponding direction of the gradient
of its density.

Thus, the reason for the retrograde direction of Venus' rotation around its axis
Is not the features of this planet, but the opposite (in comparison with the Earth,
Mars and other planets) direction of the gradient of the density of the interplanetary
medium in its orbit.

Fig. 10. Rotation of Venus in an orbit around the Sun during the movement of
the solar system in the interstellar medium
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Figure 10 shows:

e Sidereal period of revolution (sequential movement around the Sun in
orbit 1 - 8 with a return to position 1 - 224.7 Earth days;

e Sequential 1-5 and 5-9 movement of the planet in orbit - the solar day of
Venus lasting 116.8 two Earth days;

e The movement of the planet 1-10 - the period of rotation around its axis
equal to 243 Earth days;

e The direction of rotation of the planet is shown in spiral hands - in the
direction of the clockwise direction);

e A white arrow shows the direction of motion of the Solar System (to the
left) in the interstellar medium with a density gradient relative to the plane of
symmetry of the Galaxy.

8. ROTATION OF THE SUN

Let us consider in more detail the features of the mechanism of rotation of the
Sun. If the author determined the mechanism of their rotation relative to the planets
of the Solar System, then there were no versions of the causes (mechanism) of the
rotation of the Sun itself. There are only observational facts that can be taken as a
basis for explaining the reason for the rotation of the Sun. From observations of
sunspots, it has long been known that the surface (shell) of the Sun is not a solid
body. The book of the Canadian astrophysicist Professor of the University of
Montreal J L. Tassul [8] summarizes the results of the long-term development of the
theory of the rotation of stars. It is established that the rotation period of the visible
outer shell of the Sun varies differentially depending on the heliocentric latitude -
the rotation period is minimal at the equator and gradually increases towards the
poles. The average rotation period at the solar equator is 25 days. From observations
of long-lived sunspots made in Greenwich during 1878-1944, Newton G.W. and
Nunn M.L. derived the following formula for daily displacement ((¢):

E(°/evm) = 14.38° — 2.77°%sin’@ .
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Based on this dependence, the author of the article builds a graph of the
differential rotation of the surface (shell) of the Sun (Fig. 11). From the graph it can
be seen that the maximum rotation speed of the shell (14.38 °/day) falls on the
equatorial part of the Sun (the relative diameter of the parallel is 1.0) due to the
greatest rotational torque of the forces created by the resulting force of the drag drag
of the gas-dust medium during the movement of the Solar System in the Galaxy. At
the same time, the core of the Sun, as well as the cores of the planets, does not
rotate. The drag forces of the gas-dust medium weaken with a decrease in the
diameter of the parallels, but the total force leading the shell of the Sun into rotation
increases accordingly.

Characteristic of differential rotation of the Sun shell

15

) Va

1 /D/
" -
—

e
i —

0 0,2 0,4 0,6 0,8 1
The relative diameter of the parallels of the Sun

Angle of rotation along the parallel, deg./ day.

Fig. 11. Characteristic of the differential rotation of the solar envelope
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As for the helioseismological studies of the Sun, their results remain doubtful
[9] — «The physical conditions of matter on the Sun are relatively mild, and the
deviations from the ideal gas equation of state are modest, though still large enough
to be investigated using helioseismology. Thus, it may not be unreasonable to hope
that even our simple models can provide a reasonable idea of the properties of the
solar interior, and this really seemed as discussed in section 5.1.2, at least until the
revision of solar abundance (see section 6.2). However, such complacency is clearly
naive, given the potential of the solar interior for complexities far beyond our
simple models. As discussed in section 5.1.4, the origin of the current internal
rotation of the Sun is not clear... In addition, it should be borne in mind that even
relatively successful models, such as model S, show a very significant departure
from helioseismic conclusions (see Fig. 39). However, it is possible that the
consequences for solar models of the revision of solar composition served as a
wake-up call for a revision of the fundamentals of solar modeling.»

In connection with the foregoing, it is preferable to explain the immobility of
the (non-rotating) core of the Sun by the stability of the position of the Foucault
pendulum.

The forces of the frontal (frontal) resistance of the interplanetary medium
with the corresponding gradient of its density similarly support the rotation of the
planets of the solar system. There is no other explanation for the rotation of the Sun
and the planets of the Solar System. If there is another reason (another mechanism
of rotation), then why over billions of years, for example, the differential angle of
rotation of all parts of the shell of the Sun has not become equal, the same.

9. ROTATION OF ASTEROIDS

Asteroids of the Solar System are celestial bodies orbiting the Sun with a
diameter exceeding 30 meters, which have an irregular shape and do not have an
atmosphere. Smaller bodies are classified as meteoroids. Of the approximately one
million known asteroids, the largest number is located between the orbits of Mars
and Jupiter, in the main asteroid belt. The total mass of all asteroids taken together
Is less than the mass of the Earth's Moon. It is believed that asteroids with a
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diameter of D >15 km have the structure of a «pile of debris», in which asteroids are
gravitationally bound clusters without a supposed internal coupling. Consequently,
an asteroid from a pile of debris cannot rotate too fast, otherwise the centrifugal
force would overcome gravity, which would lead to the disintegration of the
asteroid.

The rotation of asteroids, like planets (except Venus) and comets of the solar
system, occurs in one direction - counterclockwise, when viewed from the north
pole of the world [10], which is also a confirmation of the reason for the continuous
rotation of cosmic objects revealed by the author.

From the collected rotation periods, it was found that the rotation rate limit of
C-type asteroids (dark carbonaceous objects, the most common class of asteroids),
which have a lower bulk density, is lower than for S-type asteroids (a class of
asteroids that include objects with a silicon (rocky) composition). This result is
consistent with the overall picture of asteroids similar to piles of debris (i.e. lower
bulk density — lower rotational speed limit).

Moreover, the distribution of rotational velocities of asteroids the size of
3<D<1515 km shows a steady decrease in frequency for f > 5 revolutions per day,
regardless of location in the main belt.

10. CONCLUSION

The universe, infinite in time and space, consists of matter whose properties
can be known. These are intergalactic gas, dust and gas clusters, galaxies, star
clusters, and the interstellar medium (latent mass) that are in a mobile state [4].
Galaxies are giant gravitationally bound systems of stars and star clusters,
interstellar gas, and dust. All this can be attributed to nebulae [11].

The constant rotation of a group of space objects, as a rule, in one direction —
one of the main mysteries of modern science — is explained by the well-known laws
of mechanics, in particular the mechanics of frictional interaction (tribomechanics)
with interplanetary and interstellar media.

The determining factor in the rotation of space objects is the gradient of the
density of the medium - the differential dependence (change) of the density of the
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interstellar and interplanetary medium on the gravitational potential in the zone of
their location. For example, the density of air on Earth decreases with altitude, the
air becomes more dispersed. A similar pattern, for example, occurs in the Solar
System [12].

Based on the laws of mechanics, the proposed approach gave a simple
explanation: when space objects (planets, asteroids, the Sun, galaxies) move in an
environment with varying density in a plane perpendicular to the direction of their
motion, the resulting (differential) force of the frontal (frontal) resistance of the gas-
dust medium acts, which supports the continuous rotation of these objects, that is, it
balances the frictional force of the medium on the surface of the object, inhibiting
its rotation.

The rotation of objects (satellites, planets, stars) in this article means the
rotation of the atmosphere, crust, mantle of these objects, and not their cores,
which are predominantly stationary relative to the center of the Galaxy due to
their fixation by the comprehensive cumulative effect on them of
electromagnetic waves emitted by other objects of the Universe. An exception
may be some satellites of planets, for example, the Moon, asteroids that do not
have molten cores.

THE RESULTS OF THE RESEARCH:

1. The cause and nature of the rotation of space objects are identified and
substantiated. The continuous rotation of space objects is ensured by the
influence of balancing forces on them:

— the frictional forces of the gas-dust medium on the surface of the
object, which inhibits the rotation of the space object;

— is the resulting differential drag forces of the gas-dust interstellar and
interplanetary medium with variable (gradient) density in the corresponding
orbit of motion, changing in a plane perpendicular to the direction of motion of
the object.

2. The direction of rotation of the Sun and the planets around the Sun
depends on the direction of motion of the Solar System and the density
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gradient of the interstellar medium relative to the plane of symmetry of the
Galaxy.

3. The direction of rotation of the planets of the Solar System around
their axis depends on the gradient of the density of the interplanetary gas-dust
medium in the orbit of each of the planets, mainly relative to the Sun.

4. Venus rotates in a retrograde, that is, in the opposite direction relative
to other planets. Consequently, the density gradient of the gas-dust medium in
the orbit of Venus also has the opposite meaning compared to the density
gradient in the orbits of other planets.

5. The nature of the rotation of the planets and the Sun indicates that
only their atmosphere, crust, shell and mantle rotate. The cores of satellites,
planets, the Sun and other stars are stationary relative to the center of the
Galaxy.

6. The forces of friction and differential drag of the gas-dust medium,
which prevent the movement and rotation of space objects, depend on its
properties in the orbit of the corresponding object.

7. The speed and direction of rotation of a moving space object depends
not only on the gravitational potential of the surrounding space acting on it,
but also on the totality of the following factors interacting:

- the composition, density and density gradient of the interplanetary
medium in the orbit of each object (planet);

— properties of the atmosphere and shells of planets (for example, on
Venus, the interplanetary medium interacts with its dense atmosphere, and not
with the solid shell of the planet);

— properties of the mantle of the planets (temperature, density,
viscosity); — the size, mass and shape of objects.

The author used the theoretical method of physical research, which makes it
possible to indirectly know a real object or phenomenon on the basis of studying the
corresponding mental model. A numerical assessment of the rotation of space
objects, taking into account the real differential density (density gradient) of the
environment in which they move, is the subject of a separate study.
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