Somsikov A.l.
Reasons for the rotation of the planets
The reason of own rotation of planets of solar system is considered

Feature of the solar system is the double rotation of its planets: on a closed orbit and
relatively to its own axis of rotation of each planet, including the Sun.
The reasons of both rotations should be found out.

Orbital rotation

Its comprehensive explanation dates to Newton's time under the Law of Universal
Gravitation.

The stable state of a dynamic system while keeping the distance to the centre of rotation is
achieved at circular uniform movements and observing the equality of opposite directed centripetal
and centrifugal accelerations [1]. An example is the horizontal rotation of a stone tied on a rope

(Fig. 1).

Fig. 1. Horizontal rotation of a stone tied on a rope.
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Centrifugal acceleration acs is acr = %, where V is the linear velocity of rotation of the body

centre, R is the radius vector from the centre of rotation to the body centre, and centripetal
acceleration acp, directed the opposite, is a., = —a.r. The angular velocity of rotation w of the

radius vector R in the body centre is w = % All points of a body which are at distance r from its
centre have additional rotation concerning this centre with linear velocity V; and angular velocity
w1 equal to w; = % If a body is rigidly connected to the centre of its rotation represented by a rope,

angular velocity w; is equal to angular velocity of rotation of the body centre: w1 = w, therefore V; =
w1r = wr, and angular velocity of body rotation w; is w, = w + w1 = 2w.

The rotation of the planets with angular velocity » corresponds to the annual cycle, and the
additional rotation with angular velocity w1 corresponds to the daily cycle.

Body connection with the centre of rotation can be intangible, represented by the gravity f
expressed by the formula f = ym;Tz, where m; is body 1 mass, m;, is body 2 mass, R is distance
between bodies 1 and 2, y is a gravitational constant determined by arbitrariness of mass unit
selection (y = 6.67 - 107 11m3 - s72 - kg~1) and has no physical sense of its own (Fig. 2).
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Fig. 2. Gravitational interaction of bodies with masses my, m.

Both coefficients (y in the Law of Universal Gravitation and k in Newton's second law) are
equal to a dimensionless unit in the physical system of units proposed by W. Thomson, while the

Law of Universal Gravitation has the simplest form f = 222 and the choice of a unit of mass is

"Rz
not arbitrary.
Bodies 1 and 2 rotate relative to the common centre of masses located at distances R; from
the centre of body 1 and R, from the centre of body 2 (m; # m, corresponds to R; # R,) with the

same angular velocity for their orbital motions w = Z—ll = Z—ZZ.

Numerical example

Let's consider the Sun-Earth system, where m; is mass of the Earth (m; = 5.98 - 10** kg), m;
is mass of the Sun (m, = 1.98 - 10*° kg, m > my), Ry is the radius of Earth rotation in orbit around
the Sun, equal to the distance between their centres (Ry = 1.49 - 10 m, R, — 0).

The centripetal acceleration of the Earth a, (the gravitational acceleration of the Earth to the
Sun), directed along the Earth-Sun line, is:
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Its centrifugal acceleration ac is a.f = I;—, where V is the linear velocity of Earth's motion in
1
277,'R1

orbit with radius R, determined by the formula V =

(year duration T = 365.26 - 24 - 3600 s):
V2 (2mR,)?
Acf = R_1 - R,T?
The condition of circular movement with radius Ri, corresponding to equality of opposite
directed accelerations acs and acp, is executed.
The same, of course, for all other cases.

p_ where T is the period of Earth's rotation

=0.6-103m-s72

Own rotation
Except for the same angular velocity of orbital motions w = Z—l = Z—Z of both bodies 1 and 2,
1 2

shown in Fig. 2, the interacting bodies also acquire rotations concerning their own centres of masses
with different angular velocities w; # w,, determined by the inequality of distances R; # R, and
masses m; # m,. These additional rotations are like the one shown in Fig. 1 with the difference that
the connection between bodies 1, 2 is not rigid, therefore the additional angular velocities w1, @,
may not be equal both among themselves and the total angular velocity of their orbital motions w.

How to determine these extra angular velocities w;, w,? For simplification let us consider it

on examples of interactions in the Sun-planet system, the peculiarity of which is the ratio of masses



of the planet m; and the Sun m; (m; « mj,) and distances (Ry > Ry) or R, - 0, Ry — R. This
corresponds to the rotation shown in Fig. 1, where the centre of the orbital rotation of the planet is
the Sun in the absence of a rigid connection, causing the inequality of angular velocities w and w1,
that is, the daily and annual cycles.

Daily cycle
Centripetal acceleration of the planet is a., = %, where m; is its mass, R is the distance
between the centres of the planet and the Sun (in the physical system of Thomson units), and

2
centripetal acceleration is a.r = Z—, where R; is the distance from the centre of the planet to the
1
centre of mass, V is the linear velocity of rotation perpendicular to the planet-Sun direction.
2

In this case, as mentioned above, Ry — R, that is, a.f = V?

Both accelerations acr, acp are equal in size and opposite in direction in the centre of the
planet, therefore its resulting acceleration ares = acp — acr = 0. The planet evenly spins in orbit with
radius Ry = R with linear velocity v = /% and angular velocity w = % = /% This is an inertial
motion relative to the centre of mass of the planet-Sun system [2].

The equality of accelerations acr, acp is violated on the planet surface with radius r because
of their unequal dependence on distance R. When increasing or decreasing this distance by AR, we

_ my _ VZ
Acf = (RaR)? (R+AR)2 # 0.

Compensation of this inequality in the motion of the planet with angular velocity o is
achieved by bringing it into rotation relative to its own centre of mass with angular velocity Aw in
the same direction as the orbital motion itself.

Depending on the ratio of distances R and AR determined by the planet radius r (AR =), the
angular velocity of its own rotation Aw may be less than, equal to or greater than w.

For example, angular velocities w and Aw of Mercury, determined by periods of orbital
rotation To, called sidereal, and its own circular rotation T¢, is Two = 88 days, Tyc = 58.5 days.

A

Therefore, Awyn < wwm, and their ratio is :’M = 0.66. That is, the period of Mercury's own rotation
M

is less than the period of its orbital rotation.
With the same sidereal period of the Sun Tsp = Tymo = 88 days, its own rotation period is Tcs

have: a,.s = ac, —

= 25 days. Therefore, Aws < ws, and their ratio is % = 0.28. The period of the Sun's own rotation
S
in the Sun-Mercury system is less than the period of its orbital rotation.

Venus has Tyo = 225 days, Tyc = 243 days, therefore A:’—V

|4

= 1.08. The period of Venus' own

rotation already exceeds the period of its orbital rotation.
The period of the Sun's own rotation in the Sun-Venus system is Awﬁ = 0.1, that is not more
S

than 10% of its orbital rotation period.
In other words, the Sun's own rotation is determined by the planet nearest to it, Mercury.
Approximately the same should have been expected for the Earth, which has a radius close
to Venus and even greater distance from the Sun, but this expectation is very sharply violated in this

case, because Tgo = 365 days, Tec = 1 day, therefore A;”—E = 0.0027.
E

What is the reason for such a sharp violation? Because the Earth, unlike Mercury and Venus,
is not alone, but forms a pair of Moon-Earth. The Moon, of course, is much smaller than the Sun



and even the Earth, but its distance from the Earth is also much smaller, so its influence on the
orbital rotation of the Earth is insignificant but decisive for the Earth's own rotation.

If there were no Moon, the lengths of day and year on Earth would be comparable, which
would dramatically change the conditions for the existence of life, bringing them closer to those
described in the fantastic work of Roger Zelazny [3].

As for the Moon, its periods of orbital and its own rotation coincide completely, which
corresponds to the rigid connection shown in Fig. 1. Though the rigid connection itself is absent.

The characteristics of Mars, which does not have such a large satellite as our Moon, are even
more surprising. On the other hand, the presence of two smaller satellites, although at much shorter
distances from it, was enough to obtain the duration of its own rotation, close to the duration of
Earth's day.

As for large planets, their own rotation periods are also determined not by the Sun, but by
the presence of their own satellites, so they are even shorter.

This is a qualitative picture of the solar system in terms of sidereal and its own periods of
rotation of its planets.
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IIpumedanue. DTO NEPEBOJ C PyCCKOTO S3bIKAa HA aHIIMMCKUI. OpUTrHHAIBHBIN aBTOPCKUAN
TEKCT aeTCs HUXKE.
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ComMmcukoB A 1.

Hpﬂ‘ll/leI BpalllcHUA IVIAHET

Paccmompena npuvsuHa CcoObCMBEeHH020 epauieHus nianem Conneunoti cucmemul

Ocob6ennoctpio CONHEYHOH CHCTEMBI SIBISIETCS 060lHOe BpallleHHE €€ IUIAHET — IO 3aMKHYTOU
OpOUTE M OTHOCUTEIHHO COOCTBEHHOM OCH BpaIlleHHs KaX101 IIaHeThl, BKirodas ConHIe.
[TpruunHBI 000X 3THX BpalleHUH HEOOXOIUMO YCTaHOBUTD.

OpoOuTajbHOE BpaleHue

Ero wucuepnbiBatoniee 0oObsACHEHUE JaHO emle BO BpemeHa HploToHa 1mo 3akoHy BCEMHPHOIO
TATOTEHUS.

CrabunpHOE COCTOSIHME JIMHAMHYECKON CHUCTEMBI MPHU COXPAHEHUH MOCTOSHCTBA PACCTOSHUS 0
LIEHTpa BpAIEHHUSA, JOCTUTACTCS TMPU KPYTrOBBIX PABHOMEPHBIX  JIBIDKCHUSIX M COOJIIOACHUHU
PaBEHCTBA NPOTHBOIOJIOKHO HANPABJIECHHBIX LEHTPOCTPEMUTENLHOIO Ay U UEHTPOOEKHOTO Q6
yckopenuit [ 1 ]. TIpumepom MOXKET CIy>KUTh TOPU30HTAIHHOE BPAILIEHUE KaMHsI, TPUBA3AHHOTO Ha
BepeBke Puc. 1.

-

Puc. 1. FOpI/I3OHTaJ'H:>HO€ BpaICHHUEC KaMHs, IIPUBA3aHHOI'O Ha BECPCBKCE.

v? .
LlenTpoOEkKHOE YCKOPEHHE Qg COCTABIAET Q5 = — » e V — nuHelHas CKOpOCTh BpAIlCHHS

IEeHTpa Tena, R — paamyc-BEKTOp OT LEHTpa BpAIlleHHs 0 LIEHTpa Teia, a EHTPOCTPEMHUTEIBHOE
YCKOPEHHUE A, HANPABIEHHOE ITPOTUBOMNONIOKHO, COCTABIAET Ay = —dyg . YITIOBas CKOPOCTh W
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BpallleHUsl paJnyca-BeKTopa R B IIeHTpe Tejla COCTaBIseT W = = Bce Touku Tena, Haxozsmuecs

Ha PacCTOSTHUU T OT €ro IEHTPa, UMEIOT JOTIOJHUTEIFHOE BpaIlleHUE OTHOCUTEIIBHO ATOTO IIEHTPa
o o o V; o

C JTUHEWHOM CKOpPOCThIO V) U yrioBO#Ml CKOPOCTBIO W; , PABHOU W, = 71 . IIpu xecTkoi cBsI3U

TeJa C EHTPOM €ro BpallleHHs, PEACTaBICHHONW BEpEBKOIl, yriioBas CKOPOCTh wq paBHA yIJIOBOU

CKOpPOCTH () BpAIICHUS IIEHTpa Tella W, = @ , Mo3ToMy V; = w7 = wr , a yriioBasi CKOPOCTh W,

BpAILICHUS T€JIa COCTABIIET Wy = W + W1 = 2w .

Bpatenue miaHeT ¢ yrioBoil CKOPOCTBIO W COOTBETCTBYET 200060MY IUKIY, a JOMOIHUTEIbHOE

BpAIIEHHUE C YTIIOBOH CKOPOCTBIO W1 — CYMOYHOMY TIHKITY.

Ceasb Tela € LEHTPOM BpAILEHUS MOXKET ObITh HemamepuanibHou, MPENCTaBICHHON cuioi f
mqm,

BCEMHPHOTO TATOTEHUS, BbIpakaeMoll dopmynolt [ = Y —sz > A€ m; — Macca Tena 1, my —

Macca tena 2, R — paccrosHue Mexnay Tenamu 1, 2 | Yy — rpaBUTAllMOHHAsA IOCTOSIHHAS,

onpeesieMas IPOU3BOIBHOCTHIO BBIOOpa €IUHMIBI Macchl (Y = 6,67 - 10 7 m3 - ¢ ™2 - kr %) u He

uMeroIas coocTBeHHoro (huzmaeckoro cmbicia (Puc. 2).
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Puc. 2. I'paBUTalinOHHOE B3aUMOJEHCTBHUE TEJ C MACCAMH M4, M, .

B ¢usuuecxori cucreme enunmil, npeanoxxkennoit Y. TomconoM o6a koddduimeHTa y — B 3aKOHE

BCEMHUPHOI'O TATOTCHHA U k — BO BTOPOM 3aKOHE HrroTrona PaBHBbI 663pa3MepH0171 CAUHUIIC. HpI/I
mim;
R2

9TOM 3aKOH BCCMHPHOI'O TATOTCHHUA UMCECT HpOCT@fII.HHfI BHUJ f = , ad BbI60p CANHUIIBI MaCChl

He NPOU360JIEH.
O06a tena 1, 2 BpamarwTcs OTHOCHTEIBHO OOIIETO yeHmpa Macc, HaXOSMIIeToCs Ha PACCTOSHHUSIX

R; — or mentrpa tena 1 u R, — or uentpa tena 2 (my; # m, COOTBETCTBYeT R; # R;), ¢
. . Vi _ V. .
OJIMHAKOBOI YTJIOBOW CKOPOCTBIO W = R—l = R—Z JUISL UX OPOUTATBHBIX TBUKEHHI.
1 2

YucsoBoii npumep

B cucreme Comune-3emis, rae m; — macca 3emiau (my = 5,98'1024K1‘), m, — macca CoaHua
(m, = 1,98'103%r, m, » my), Ry — paauyc BpamieHus 3emiu 1o opbure Bokpyr CoiHIIA,
paBHBIii paccTosHUIO uX nentpamu (R; = 1,49:10m, R, — 0).

LIeHTpOCTPEMHUTENBHOE YCKOPEHHE ;. 3€MIM (YCKOPEHHE CBOOOAHOIO majeHus 3eMJM Ha

Connue), HanpaBiieHHOE 10 TUHUU 3eMitsi-ColHIle, COCTaBIsET:
_ ., M2 _ q1n-11_19810%° AN=3 wpe =2
auc—yE—6,6710 (1,4'971)2_0'610 M'C ~.
V2
Ee neHTpoOexHOE YCKOPEHUE ;5 COCTAaBISACT Ayg = L rae V — nuHeliHas CKOpOCTh JABUKEHUS
2TR,
T

3emun o opbute ¢ paguycoM R;, ompenensemas o ¢opmyne V = , T — mepuon 3eMHOTO

BpateHus (amureabHocTh roga T = 365,26'24:3600 c) :

V2 (2mRy)? 3 o
Qg =—=—->7—=0,610""Mc™“.
ué — g, R,T2 ’

VYcnoBre KpyroBoro JBUXKEHHS € paAuycoM R; , COOTBETCTBYIOIEE PABEHCTBY MPOTHBOIIOIOKHO
HaIpPaBICHHBIX YCKOPEHUH (¢ U (5, BBIOIHSIETCH.
To xe, pazymeercs, U AJisl BCeX IPYTHX CIy4aeB.

CoOcTBeHHOE BpallleHUe

. . v, V. .
Kpome ogmHakoBOM yrioBOod CKOPOCTH @ = R—1 = R—Z OpOWTaTBHBIX ABMXKEHUN oOomux Tenm 1,2,
1 2

MoKa3aHHbIX Ha Puc. 2 , B3auMoJIeliCTBYIOIIKE TeNla Takke MPUOOPETAIOT BPAIIEHUsI OTHOCUTEIHHO
COOCTBEHHBIX IIEHTPOB MacC C HEOJWHAKOBBIMH  YIJIOBBIMH  CKOPOCTSIMH  Wq # Wo,
onpeNesieMbIMH HEPABEHCTBOM pacCTosiHUM R; # R, u mMacc my; # m,. DTU JIONOJHUTEIbHBIC
BpAIlCHHUs aHAIOTUYHBI IOKa3aHHOMY Ha Puc.l ¢ TeM oTiamuuem, 4To CBSA3b MeXy Tenamu 1, 2 He
SBJIETCS JKECTKOM U MOTOMY JOTOJIHUTEIbHBIE YIIIOBbIE CKOPOCTH W4, W, MOTYT OBITH HE pPaBHBI
KaK MeXJly co0Oii, TaK W OOILEH YIJIOoBOI CKOPOCTH @ WX OpOMTAIbHBIX ABHKCHHM.



Kak onpenenuts 3TH JONOJHUTENbHBIE YITIOBBIE CKOPOCTH W1, W,? JIs yHIpoIIeHHus: pacCMOTPUM
3TO Ha npuMepax B3aumojeiictBuii B cucreme ConHue-tuianeta. OcoOEHHOCTBIO KOTOpPOU
SIBJISIETCS] COOTHOLLEHUE Macc M4 IaHeTel U m, ConHua my < m, " pacctosHuii Ry > R, wuuu
xe R, >0, R;y—> R .DTO COOTBETCTBYET BpalleHMIO, [I0Ka3aHHOMY Ha Puc. 1, roe neHtpom
OpOUTANILHOTO BpaleHHs IUIaHEeTHI sBisieTcss CONHIE B OTCYTCTBUE JKECTKOW CBSI3H, BBI3BIBAIOIIIEE
HEPAaBEHCTBO YTJIOBBIX CKOPOCTE W U w1, TO €CTh CYTOYHOI'O U TOJJOBOTO IIUKJIOB.

CyTOYHBII HUKJI

m
L[eHTPOCTPEMHUTEIBHOE YCKOPEHHE Qe TUIAHETH ye = —

=z » /e m; — ee Macca, R — paccrosinue

MeXy 1eHTpaMu mianeTbl U ConHna (B ¢guszuueckoii cucreMe equHAIl TOMCOHA) M IIEHTPOOSKHOE
2

4 .
YCKOPEHHE  Qyg = o= , TIIE R, — paccrosiHue OT LEHTpa IUIaHETHI /10 IIeHTpa Macc, V — nuHeiHast

CKOpPOCTb BpalllCHUA, NCPIHCHIAUKYIISIPHAA HAIIPABIICHUIO rmaHeTa-ConHue.
2

ITpu sTOM, KaK yxe cka3aHo, Ry — R, TO €CcTh a5 = e

B nenTtpe mnanersl 00a YCKOPEHMS Qyc, Oyg PABHBI IO BEIMYMHE M IIPOTUBOIOJIOKHBI IIO
HAIPABJICHUIO, TO3TOMY €€ DE3YJbTUPYIOIIEE YCKOPEHUE Qpes = Ay — Ay = 0. Ilnanera
PaBHOMEPHO BpamiaeTcsi mo opoure ¢ paguycom Ry = R ¢ nuHeiHoOU ckopocThio V , paBHOU

R
LIEHTpa Macc cuctemsl mianeta-Comnnue [ 2 |.

Ha noBepXHOCTH IUIAHETHI C PAAMyCOM T PABEHCTBO YCKOPEHUH ;. , @Ay HAPYIIAETCS BBHUIY
HEOJMHAKOBOM WX 3aBUCHUMOCTH OT paccTostHus R. Ilpu Bo3pacTaHWUU WM YMEHBIICHHH HTOTO

Mz LAy
(R+AR)2  R+AR '

KomMnieHcanus 3Toro HepaBeHCTBa MIPU JIBUKEHUH IIJIAHETHI KaK LIEJIOr0 € YIVIOBOM CKOPOCTBIO W ,
JOCTUraeTcs MPUBEJCHUEM €€ BO BpallleHue OTHOCUTEIbHO COOCTBEHHOTO LIEHTPa MACChI C YIIIOBOM
CKOpPOCThI0O Aw B TOM € HalpaBJICHUH, YTO U CaMO OpOUTAIbHOE JIBUKEHUE.

B 3aBucumocTH OT COOTHOLIEHMSI paccTOssHMM R m AR, ompenenseMoro paguycoM 7 IUIaHETHI
AR =r yrnoBas ckopocTb Aw COOCTBEHHOTO €€ BpallleHUs MOXKET ObITh MEHbILE ) , paBHA WU
Oosble ee.

Hampumep, yrioBele ckopocth w U Aw y Mepkypus, omnpenensemoe nepuogamu T
opbumanbHo20, Ha3bIBAEMOIO CHAEPHUYECKUM, U Tc cobcmeenno2o KpPYroBBIX BpallleHUi,

cocraBisieT Ty = 88 guelt, Tyc = 58,5 aHeit. To ectb Awy < Wy , @ UX OTHOIICHHE COCTABIISET
AwM

m o 14 m
V= /?2 U YI'JIOBOM CKOPOCTBIO W = — = ’R_32 . 910 uHepyuorHrHoe IBHIKXCHHUC OTHOCUTCIBHO

PAcCTOSTHUS Ha BENMMIUHY AR UMEEM: (Apes = Qye — Oy =

= 0,66. To ecThb mepuoJ COOCTBEHHOTO BpamieHuss MepKypusi MEHbIe Tepuoia €ero
wMm

OpOUTATLHOTO BpAIICHHUS.
[Ipu toM xe camoMm cuaepuueckoMm mnepuoge Comnua Tgo = Tyo = 88 gHerr nepuon T

COOCTBEHHOTO €T0 BparieHus: cocTaBisieT Tcc = 25 gHert . To ecth Awc < w¢ , @ KX OTHOIICHUE
COCTAaBJISIET A(DLCC = 0,28 . Ilepuox cobcrBenHoro Bpamienus: Connua B cucreme ConHie-MepkypHii
MEHBIIIE IEPHOa €ro OpOUTATEHOTO BPAIICHHUS.

Y Benepor Tpg = 225 nneli , Tge = 243 fHeH, TO ecTh e Aw—a:a = 1,08 . [lepnoa coOCTBEHHOTO
BpaileHus BeHepsl yke mpeBblIaeT Nepuo] ee OpOUTaIbHOTO BpaILEHUS.

Aw
[Tepron coOctBenHoro BpamieHuss Connma B cucteme Comnnile-Benepa w—c = 0,1, To ecTb He
C

npesbimaet 10% nepuoaa ero opoUTAIBHOTO BpaIICHHS.
WNupiMu crioBamu, coOcTBeHHOE BpatneHue CosHIa onpeaeseTcs OmKaiiie kK HeMy TIaHeTOr —
Mepkypuem.


https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D1%82%D0%BA%D0%B8

[TpumepHo TO ke AODKHO ObIO OBl OXHIAThCA M AT 3eMiH, UMeromield Ommskoe ¢ Benepoit
panuyc u euie Oomblee paccrosgnue 10 ConHua. Ho B 1aHHOM cilydae 3TO OKUAAaHUE HapyllaeTcs,

o Aw
pUYeM OYeHb pe3Ko, MOcKobKy Tzg = 365 nHelt , T3¢ = 1 feHb, TO ecTb ee w—3 = 0,0027 .
3

Uewm BBI3BaHO CTOJIb pe3koe HapymieHue? — Tem, uto 3emis, B otiinuue or Mepkypusi u Benepsl, He
SIBJSIETCS. OJIMHOKOM, a oOpa3yer mapy 3emus-JIyna. Jlyna, koHeuHo, MHOro MeHbine ConHIla U
naxke 3eMJId, HO U €€ PacCTOsIHME 10 3eMJIM TOKE HaMHOro MeHsle. Iloaromy ee BiausHUE Ha
opOuTanpHOE BpallleHue 3eMJIM HECYIIECTBEHHO, 3aTO Ha COOCTBEHHOE BpallleHue 3eMIIH SBISETCS
OIIpEACISAIOLIUM.

Ecnu 651 JIynsl He ObLI0, IIUTENBHOCTH AHS U ToAa Ha 3emiie ObUTH OBl COMOCTaBUMBI, UTO PE3KO
U3MEHUIIO OBl YCJIOBHUS CYIIECTBOBAaHMS XU3HU. CONMMXKasi UX C OMUCAHHBIMU B (DAHTACTHYECKOM
npousBeneHun Pomxepa XKenszuwi [ 3 ] .

Uto nmo camoit JIyHbl, TO €€ MEpUOJb OPOUTAIHHOTO M COOCTBEHHOTO BpAIICHHS MOJHOCTHIO
COBIIAJIAIOT, YTO COOTBETCTBYET JKECTKOM CBSI3M, MOoKazaHHOM Ha Puc. 1. XoTs cama jxecTkas CBS3b
MIPU 3TOM OTCYTCTBYET.

Eme 6osee yauBUTENbHBI XapaKTePUCTUKU Mapca, HE UMEIOILEro CTOJIb KPYIHOTO CITYyTHHKA, KaK
Hama Jlyna. 3aro HajguyWe ABYX MEHBIIMX CIIYyTHUKOB, MPUTOM Ha 3HAYUTEIHHO MEHBIIUX
PacCTOSHUAX J0 HEro, OKa3aiaKuCh JOCTATOYHBIMU JIS MOTYYECHUS IIUTEILHOCTH €T0 COOCTBEHHOTO
BpalleHus, OJIM3KOW K JUTUTEITHHOCTH 3€MHBIX CYTOK.

Uro kacaeTrcs OONBIIMX IUIAHET, TO MX MEPHOJbl COOCTBEHHOTO BPAIIEHUS TOXKE OINPEACSIOTCS
BoBce He CoJHIIeM, a HAJTMYUEM COOCTBEHHBIX CITyTHHUKOB. [I03TOMY OHU peasibHO SIBIIIOTCS €IIe
00s1ee YKOPOUECHHBIMH.

TakoBa kauecmeennas kaptTuHa COJHEYHOW CHUCTEMBI B YaCTH CHACPHUYECKUX U COOCTBEHHBIX
MEPUO/IOB BPAILIEHUS €€ TIJIaHeT.
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