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ON THE DYNAMICS
OF THREE AXISYMMETRIC BODIES

Abstract. It explores the translational and rotational movement of the three free non-stationary axisymmetric
celestial bodies with variable mass, size and variable compression interacting according to Newton's law. Newtonian
force interaction is characterized by an approximate expression of the force function, which takes into account the
second harmonic. Differential equations of translational-rotational motion of three non-stationary axisymmetric
bodies with variable mass and size in the relative coordinate system, with the beginning in the center of a more
massive body, are given. The axes of inertia of own coordinate system of non-stationary axisymmetric three bodies
coincide with the main axes of inertia of the bodies, and it is assumed that their relative orientation remains
unchanged during evolution. The mass of bodies are varied isotropically in the different rates. Canonical equations of
translational-rotational motion of three non-stationary axisymmetric bodies with variable masses and sizes are
obtained in the osculating analogues of the elements of Delaunay-Andoyer. Canonical equations of unperturbed
motion and their integrals are given.

Keywords: Translational-rotational movement, Variable mass, Three-body problem, Axisymmetric celestial
body, Osculating elements, Delaunay-Andoyer elements.

1. Introduction

In classical celestial mechanics, real celestial bodies are modeled by a material point (a spherically
symmetric body). In cases when such a description of physical phenomena inadequately reflects the
essence of a real celestial-mechanical problem, celestial bodies are modeled by a solid body of constant
size, mass and unchanged structure [1, 2]. Observational astronomy shows that real celestial bodies are
non-point and unsteady. Celestial bodies are non-stationary, in the process of evolution their masses, sizes,
shapes and structures will change [1, 3]. In this connection, the creation of mathematical models of the
motion of celestial bodies with variable masses, sizes, and shapes becomes relevant.

The purpose of this work is to obtain differential equations of translational-rotational motion of non-
stationary three axisymmetric bodies with variable masses, sizes and variable compression in osculating
elements based on the equations of motion obtained in our previous work [3]

2. Equations of motion in a relative coordinate

Under certain assumptions for the physical problem, the equations of translational-rotational motion
of three axisymmetric bodies in the relative coordinate system were obtained in our work [3]. The
beginning of the relative coordinate system G xyz coincides with the barycenter of the body Ti , and the
coordinate axes are parallel to the respective axes of coordinate of the absolute coordinate system (see
figure 1).
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Figure 1 - Bodies in a relative coordinate system GO XyZ .
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2.1. Rotational motion
Differential equations of the rotational motion of bodies around their own center of mass in the
relative coordinate system are written as follows

d ouU oU |sing,

el ~C,)qr =| < —cosd, | Sy

S AR) (A~ =| 22 cosg 22 |0 o, &
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where P =y sindsing +6cosg, o =y, sinf cosp —A sing , I =y c0SO +¢. (2.2)
Pi,0;, I — the projections of the angular velocity of the rotational motion of the bodies Ti on the axes

of its own coordinate system Giggiﬁig:i, .W,,0 - Euler angles.

In General, the Newtonian force function of the problem of three non-stationary bodies has the form
[1-3].
u=uU,+U,+U,

(2.3)
where
U01: f .[ J‘ dl’]’]odm1 ,Ulzz fJ' j dmldmz , 02_ f J' J' dm dm (2.4)
(To) (T2) 01 () (T2) 2
Ri =R; =\/(xj —xi)2+(yj —yi)2+(zj —zi)2 i,j=012, i=]j (2.5)

there is a mutual distance between the centers of inertia Gi and Gj of the bodies Ti and Tj ,and f is the
gravitational constant.
Uij — the force function of the mutual attraction of two bodies Ti and Tj is defined as follows.

— 4 ——
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mm. A +B, +C, —31") +C. —310D
UiEO) — f 1) 'UiEZ) — fmi ] ] é J + fmj A + BI +C|3 3|| (27)
Rii 2Rij 2Rij
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|i("”and Ifi’j)— moments of inertia of bodies Ti and TJ- relatively straight Rij — connecting the centers

of mass of two bodies GiG,- , respectively. i, j=0,1,2, i=#j.

2.2. Translational motion
We will not consider the equations of translational motion of body To, since the beginning of the

relative coordinate system coincides with the barycenter of body To, so we will only consider its
rotational motion.

The equations of translational motion of the body T1 in the field of gravity of the "Central" body To

in the presence of disturbances from the body T2 , in the relative coordinate system is written as follows
[1-3]

* * *

18U, &V . 14U, oV, . 1 au, &V
X = + Y, = + 7= + (2.9)
() ox  0x m(t) oy, oy, () oz, oz,
where
mm
1, (t)=—"—— —reduced mass, (2.10)
m, +m,

VAR iulz +i X, Uy +y, U +2, MUy |- perturbance from body Tz (2.11)
m, m, OX, oy, oz,

The equations of translational motion of the body T2 in the field of gravity of the "Central" body To

in the presence of disturbances from the body T, in the relative coordinate system is written as follows
[1-3]

18U, &V, . 1 au, oV . 1 au, oV
X, = +—= ), = +—L 7, = + (2.12)
(1) ox, X, () oy, oy, w(t) oz, oz,
where
mm
14, (1) =—""— —reduced mass, (2.13)
m, +m,

V, = ium +L{X2 0Uy, +Y, Uy +2, Uy } — perturbance from body T1 (2.14)
m, m, oX, oy, 0z,

For our purposes, it is preferable to use canonical equations of perturbed motion in the osculating
analogues of the elements of Delaunay-Andoyer [1].
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3. Equations of motion in the osculating elements delaunay-andoyer
The translational motion of the center of mass of axisymmetric bodies T1 and T2 is further described

in the osculating elements. Rewrite the equations of translational motion of the body T1 (2.9) as

>'<'1+fm°+m1x1—bx1—avl
Ry’ oo
. m, +m, ov,
y, + f R : yl—b1y1=5, (3.1)
7o f MM,y oM
R103 aZl

1

. 1
where V, =V, +—U1(§) _§b1R120 — force function of the perturbing force (3.2)

dZ

v 1 m,(t, )+ my(t,)
b =b (t)=—=(m el |yt 3.3
L=, (t) v, (m, + 1)dtz[mo+m1j m,(t)+m/(t) (33
We will write the equations of translational motion of the body T2 in the following form
m,+m \Y/
5('2+1‘L32x2—b2x2=a £,
20 8X2
. m,+m oV
y, + f 0R203 > Y, _b2y2 :W:’ (3.4)
m +m \Y/
,+ f ngzz—bzz2 :L.
20 az2
Where V, =V, +iU£§) —%bz R2 — force function of the perturbing force (3.5)
2
V d2( 1 m, (t, ) +m,(t,)
b.=b (t)=-=2= — |, V,= 3.6
:=0: (1) v, (m°+m2)dt2(mo+m2j m,(t)+m,(t) (3.6)
And the equation of rotational motion remains unchanged
I 1sing.
di(Aj pj)_(Ai_Ci)qiri = aa_U_COSejg_U -—(ZJ+ 054"1%’
t | OV ;| SING; j
d U oU |cosp; . aU
—(AQ;)-(C; = A) pyr; =| ———cos; — | ——L—sinp; —, 3.7)
gr T gy T gy, | sing, 190,
i( jrj)zﬁzo, j=012
dt ol

3.1 Equations of translational-rotational motion in osculating analogues of the Delaunay-
Andoyer elements.

Consider the analogues of the Delaunay-Andoyer elements

L, G,

Hi, |i ; 9 hi — Delaunay elements (3.8)
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L, G/, H/, I, g, h'i — Andoyer elements

The equations of motion in the osculating elements (3.8), (3.9) have the form

(R g R g R R R R
al a0, oh oL, 3G, oH,
1 4 m, +m 1 .

F=—L0 _H™ (311) He® = | 2" iy® _ZpRr 2|, i=12 (3.12

boyrolr T (3.11) Hy [ m,m, 2 (3.12)

., OF . oF . oF . OF ., o .  OF

Li=—r Gi=—7, Hij=—, lj=-%- dj=—77 h=-7275
o o) an o oG! oH

12 12
F,_g(G,Z_L,z)i+L_j_1G_j+1(i_i]L,z_Hm
i i j - j 1j
2 A2, 2A 2\C, A

]

f0 1
Hljt :—(U 2) —EbjRojzj, J =0,1,2

(3.9)

(3.10)

(3.13)

(3.14)

(3.15)

Note that the perturbing functions (3.12), (3.15) must be expressed in terms of the osculating elements
(3.8), (3.9). These procedures are time-consuming and cumbersome analytical calculations. To do this, we

use the system of symbolic calculations MATHEMATICA [10].

3.2 Equations of unperturbed translational-rotational motion in osculating analogues of the

Delaunay-Andoyer elements.
3.2.1 Unperturbed translational motion.

If Hy™™ =0, in the Hamiltonian (4.5) then

F- — Funpert — 1 . /l’loz )
V() 2¢

(3.16)

Equations of unperturbed translational motion of the center of inertia of bodies T1 and T2 in analogues

of Delaunay elements (3.8) have the form
. .unpert . . . .
Ii:—aFéL , 06,=0, h=0 L=0 G =0 H =0 1i=12

Integrals of the system (3.17) can be written as follows

L =L,=const, G, =G,=const, H,=H,=const,

2 t
dt
| =% 0 +l,, l,=const, g,=g,=const, h =h =const,
i t i

3.2.2 Unperturbed rotational motion.

If H;" =0 in the Hamiltonian (3.15), then

12 12
F_':E(G{Z_L{Z)i+L_i:EG_J+1 1 1 |2
2vt A ¢ 2 A 2(C

(3.17)

(3.18)

(3.19)

(3.20)
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Equation of unperturbed rotational motion in the analogues of Andoyer variables (3.9) has the form

=0, G =0 =0 =0 ¢ T g (321)
J J ] J aLJr J GGJ’ J
From equation (3.9) it follows
L; = L,=const, G; =G =const, H=Hj=const, (3.22)

A1 (1) ’

The geometric meaning of the analogues of Andoyer variables is given in [1, 4].

4. Conclusion

The article deals with the translational-rotational motion of non-stationary bodies that are interacting
according to Newton's law. Based on the equation in the relative coordinate system with the beginning at
the center of inertia of the most massive body, the equations of translational-rotational motion of three
non-stationary axisymmetric bodies in the osculating analogues of the Delaunay-Andoyer elements are
obtained. In the future, it is planned to Express the perturbing function through the osculating Delaunay-
Andoyer variables and numerical analysis of the obtained equations.

I'=L(;j.wdt+l’ I, =const g’:G'J‘i+g' g.=const, h’=h'=const, (3.23)
Crlale @ T By BT AR

M.I:x. Munraubaes, A.K. Kymexo6aii
an-®apabu ateingarsl KazYV, Anmarel, Kazakcran
OCTIK CUMMETPUSIJIBI YII JEHEHIH ITUHAMUKACBIHA

AnHotanus. KiaccukanblK acliaH MEXaHWKACBIHIA TAOWFHM aclaH JCHENepl HYKTE PETiHAC KapacThIPhLIaIbI
(chepanbik cuMmMeTpusiibl aeHe). Erep myHmaii Moaens (U3MKaNbIK KYOBUIBICTBIH KACHETTEPIH HAKThI CHUIATTAIl
Oepe anMaraH >Xarfaiima TaOWFW acmaH MACHENEpiH ejdmeMaepi MEeH Maccalapbl TYPAaKTHl KOHE KYPBUIBIMBI
©3repMEUTIH KATTHI JCHE PETiHJe MOIENBICH . ACIaH JCHENEpiHiH HYKTe (Imap) Ae emec, KaTTHl JCHE JIe eMec
eKeHiHe OyriHae OaKpUIAyIIbl aCTPOHOMHUS Kyollik eTeni. TaOuFu acmaH JieHeJepl HeriziHeH OeiicTaruoHap. Y akbIT
oTe OJIAPIbIH Maccajlapbl, eJIIeM/EpPi JKOHE MacCaHBIH Tapaly KypbUIbIMAaphl e3repemi. ColikeciHiie, ojapiablH
TPaBUTAIMSIBIK TAPTHUIBIC KYIII %oHE 03apa HeI0TOHABIK acepiiecy KyIIi yakpITKa Toyenni 6omansl. by gakropnap
JICHCHIH JIWHAMHUKAIBIK OBOJIOIISICHIHA aWTapibIKTaili ocep eremi. EH kem TaparaH OelicTalMOHApPIIBIK-
TPaBUTANUSIIBIK JCHEIEP MacCaapbIHBIH JKOHE eIIeMIIepiHiy e3repMeniiiri. JKorapesiaa cunarranral QU3UKaIbIK
Kyitenepaiy inrepiieMeni-aiHaIMaiabl KO3FAJbICHIH 3€pTTEY Kasipri 3aMaHFbl TEOPHSUIBIK JKOHE —aclaH
MEXaHHUKACHIHBIH MaHbI3/IbI ece0i 00JIbIn TabbLIabl. MbIcaiFa, aifHBIMAIIbI KYJIIBI3IAPIbIH PAINYCHIHBIH MEPHOITHI
e3repyi OCBIFaH JANIE. Op TYPIl KYJIIBI3IAPIBIH 6CY TAlbIH/Ia OJaPAbIH KbICHUTYBl MEH KEHEIO1 KYJIIBI3/IBIH 1K1
SBOJIIOIUSL TEOPHUACHIHAH MIBIFABI. MBICAbI, JKYJIIBI3ABIH ©JIIeMi KbI3bUI TMTAHT CTaIUsChlHA OTKCH Ke3je,
MaccacbiHa Toyenai 10-man 100-re meifin e3repeni. Ocipece AUCCHUMAIUS IPOLIECCIiHIH MHTCHCHUBI KOHE MaCCaHBIH
aybICybI THIFBI3 €Ki xKyiene 0onaapl. XKyIab30apAblH MIOFBIPIAHYbI, Ta3bIK (OHAAFHI IBONIOLISIAHYBI MyIbCAIINs
Karaierana Oonmaabl. CoFaH KaThICTBI OJapAbIH TapTHUIBIC OailyIaHBICTaphl alHBIMANEI OoNanbl, HEIOTOHIBIK 63apa
MOTeHLMANIbl OaiaHbIChl TiKesleil yakpITTan Toyenni Oonanel. Ochl (akropiiap OJapIblH —JTUHAMHKAJIBIK
IBOJTIOLIMSICBIHA dcep eTei. YKyJIbI3aap biH SBOIONUSACHIH CUITATTAY YIIIIH MAaCCAHBIH YKOHE PaJNyChIHBIH 03repyiHe
JKYIIBI3ABIH PEaKIUsAChIH OepeTiH, cumarrtama (YHKOUACHI CHTi3ineni. JKYIabI3aplH Maccachl ©3repreH KesJeri,
OHBIH OJIIIEMiHIH ©3repyi 3epTTenesi. Macca, eJIeM KoHe MINIHHIH 63repyi (PU3UKAIBIK aifHBIMAJIBI KYJIBI3Aap —
MyJIbCalMsIaHATHIH JKYJIABI3Aapaa ailKeIH KOpIHEI.

Knaccukanplk yIn geHe Moceleci - acliaH MEXaHMKACHIHBIH ©T€ KBI3BIKTHI, KYpAeli XOHE ©3eKTI Moceleci,
FaJIBIMIAp OYJT MOCENICHIH JKaITbl MESIIiMIH 9JTi KyHTe Aeiin Taba amMaii kemeni. Erep ocel Mocenene 613 aeHenep iy
Maccajapbl aiHbIMAajbl C€KEHIH ecKepeTiH Oosicak, Oy ecenti KublHaaTaabl. OchiFaH OalIaHBICTBI AWHBIMAJIBI
Maccajbl YII IEHE MOCEJIeCiHiH JKalIbl )KoHe Aepbec Oipae-0ip HaKThI MISTTiMi KOK.

I'paBuTanusIayIIbl ASHEHIH Maccachl MEH OIIIIEMIHIH ©3repy cajjapbl OeiiCTallMOHAp HAKTHI FAPBIIITHIK XKYiie
JIUHAMUKAJIBIK 3BOJIOIMSACHIHBIH HETi3T1 (PaKTOpIaphIHEIH Oipi 00k TadbuTaasl. OCKHl KYMBICTA MACCACHI, OJIIEMI
KOHE MIIIiHI alHBIMAJIBI YIII IeHE MACENECiHIH allHbIMaJIbI-IIrepiieMelti KO3FajbIChl KapacThIPbUIFaH. Byl sKyMBICTBIH
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Heri3ri MaKcaThl Oi3/[iH aJIbIHFbI )KYMBICBIMBI3/IA AJIFaH KO3FAJIBIC TEHJICYJIEPiHIH HETI31H/AEe YII 6CTIK CHMMETPHSIIBI,
Maccajapbl MEH eJIIeMenepi alHBIMaNbl, aWHBIMANBl CHIFBUIATHIH  JCHENCPHiH iIrepiieMeli-aiHaIMabl
KO3FaJIBICHIHBIH TU(QepeHIHaNIbIK TEHICYIEPIH OCKYISIMIAYIIBI SIEMEHTTEPIE aly.

Makanaza e3apa rpaBUTAIMJIAHYIIB OCHCTAMOHAD YII JCHE KapacThIPbUIAIbI: OIPIHIN JIEHE — IICHTPIIIKY,
sSFHU Oacka eKi JeHere KaparaHa YJKeHIpeK. YII JCHEHIH ¢ AWHAMHKAJIBIK KYPBUIBIMBI JKOHE INIIiHI OcCTiK
cuMMeTpHsLIbl. HBIOTOHHBIH ©3apa ocepiiecy KyIli eKiHI rapMOHUKAHBI €CKePreH/Ieri KYIITIK (yHKIUIHBIH KYBIK
OpHEriMeH cunarTajgraH. Maccacel JKOHE eJleMi aiHbIManbl OCTIK CHMMETPHSUIBI JICHENIEpIiH inrepiiementi-
aifHaNMaJibl KO3FaJbICBIHBIH JuddepeHInanabK TeHAeyIepl CalbICTBIPMalbl KOOpAMHATANAD JKYHECiHAe OTKEeH
JKYMBICHIMBI3/Ia KOPBITBUIBIN IIbIFAPbUIFAaH OOJAaThIH. BelicTaloHap yII JieHe YIIIH MEHIIIKTI KOOpAMWHATAIap
JKYHeciHiH ecTepi AeHeHiH 0ac MHEepIHs 6cTepiMeH ColKec Keyell kaHe OyJl Kyil aBomoIust 6apbIChIHAA e3repicci3
Kananel. JleHenmepaiH Maccanapbl opTYPIIi KapKbIHAa H30TPONTHI e3repeni. Ecente YHBITKY TCOPHSICHIHBIH ToCUIACPI
nadiganansirad. OcKymsiusiaayinsl  Jlenone-AHayaiie 3JI€MEHTTEPIHIH aHaJOrTapbhlHaa CEpIiKTIH inrepimemerti-
aflHanManbl KO3FANBICHIHBIH TEHICYNepl albIHIbl. ¥HWBITKBIMAFaH KO3FAIBICTBIH KOHOHIBIK TEHJACYJIEePiHiH
MHTETpajiapbl KENTipuIi.

Tyiiin ce3mep: oCTIK CUMMETPUSUIBI J€He, LirepiiemMeri-aiiHaIMalbl KO3FaJIbIC, alHBIMAJbl Macca, YII JeHe
eceli, OCKYIAIIIIAY Tl 2JIEMEHTTEP.

M.J:x. Munraubaes, A.K. Kymexo6aii
KaszHY um. anp-Dapabu, Anmatel, Kazaxcran
K AMHAMMUKE TPEX OCECUMMETPHUYHBIX TEJI

AnHoTanus. B krmaccuueckoll HeOGCHON MEXaHHWKE peallbHbIe HEOCCHBIC Tella MOJICITUPYIOTCS MaTepUATbHOU
TOYKOH (chepryeckr CHMMETPUYHOTO Tea). B cirydasx, Korjaa Takoe onvucanne (GU3NISCKUX SBICHUI HEaJeKBATHO
OTpakaeT CyTh pealbHONH HEOCCHO-MEXaHWYECKON MpoOiieMbl, HeOSCHBIC Tela MOJCTHPYIOTCS TBEPABIM TEJIOM
MOCTOSIHHOTO pa3Mepa, MacChl M HEM3MEHHOH CTpyKTypoi. HaOmrogarenbpHas acTpOHOMHS CBUICTEILCTBYET, UTO
peanibHbIe HeOECHBIC TeJla HETOYCUHBIC U HETBep/ble. PeabHble KOCMHYECKIE Teja 0 CYIIECTBY HECTAlMOHAPHEIC.
Co BpeMecHEM MECHSIOTCS WX MAcChl, pa3Mepbl, (OPMBI M CTPYKTYpa paclpelesicHHs MacChl BHYTPH TEIL.
COOTBETCTBEHHO, CTAHOBUTCS TEPEMEHHONM WX TPaBUTHUPYIOIIAs CBSI3b W HBIOTOHOBCKUH  MOTEHIMAI
B3aMMOJICHCTBHSI OKAa3bIBACTCSA SIBHO 3aBHCAIIMM OT BPEMECHH. OTH (DAKTOPHI CYIIECTBEHHO BIUSIOT Ha
MUHAMAYCCKYIO DBOJIONMIO Teld. Ha HEKOTOpBIX 3Tamax »dBOJIOIHMHA TPABUTHPYIONUX CUCTEM 3(PQPEKTHI
HECTAIIMOHAPHOCTU TEJ, BXOMAIIMX B CHCTEMY B KOHIIC 3TOro dTama. Hambosiee yacto pacrmpocTpaHCHHAs
HECTAllMOHAPHOCTh — MEPEMEHHOCTh MacC TpaBUTHUPYIOIMX Tell. MccnemoBanuwe nocTymnaTelnbHO-BPAIlaTEIbHOTO
JIBIOKCHUS BBIIIC OMMCAHHBIX (DU3UYECKUX CHCTEM SIBJIICTCS aKTyaJbHOW 3a/laueil COBPEMEHHOW TEOPETHYCCKON U
HeOeCHOW MeXaHHKH. B CBSI3M ¢ 3THM CTAHOBUTCS aKTYaJIbHBIM CO3/IaHHEC MATEMATUYCCKUX MOJCICH TBUKCHUS
HEOECHBIX TEJI C MEPEMEHHBIME MaccaMHu, pa3Mepamu, U ¢popmamu. L{enbro HacTosIIeH pabOTHI ABJSETCS HA OCHOBE
YpaBHCHUsI JBIDKCHHS, IMOJyUYCHHBIC B MPEABIAYIICH Haimieil paboTe BhIBECTH TU(PQPEpPEHIMATBHBIC YpPaBHEHUS
MOCTYNaTEeNbHO-BPAIIATEILHOTO JBUKEHUA HECTALIMOHAPHBIX TPEX OCECUMMETPUUYHBIX TeJl C MEPEMEHHBIMU
Maccamu, pasMepamMu U IEPEMEHHOTO CKATUS B OCKYJIUPYIOIIMX 3JI€MEHTaX.

Hccnenyetcs moctynaTensHO-BpaIiaTeaIbHOE IBIKEHHE TPeX CBOOOIHBIX HECTAITMOHAPHBIX OCECUMMETPUUHBIX
HEOECHBIX TEJ C MEePEeMEHHBIMH MacCaMH, pa3MepaMH M MEPEeMEHHOIrO CHKAaTHS B3aUMOJICHCTBYIOIIUX IO 3aKOHY
HeroToHa, W3 KOTOPBIX HHKAKHEe JBa HE HMMEIOT o00mme dYacTH. HBIOTOHOBCKAas cuia B3aUMOICHCTBHUS
XapaKTePU3yeTCss MPUOIIKEHHBIM BBIPAKCHHEM CHJIOBOM (DYHKIIMH, YYHTHIBAIOIIAsS BTOPYIO TapMOHHUKY. IIycTh
muncoun uHeptuu ten lg, 14,1, pasnuunble, ocecuMMeTpUYHBIE M UMEIOT COOCTBEHHYIO 3KBAaTOPHAJIbHYIO
IJIOCKOCTh CUMMETPUU M B XOJ€ SBOJIOIMHM 3TH CBOWCTBA COXPAHAIOTCS. Tak ke JOMYyCTHM, YTO CXKaTusl Tel
OTHOCHUTEJIBHO 3KBAaTOPUAIBHON IIOCKOCTH TNepeMeHHble. VCcXOqHble PACMONOKEHHs TJIaBHBIX OCeM WHEpLHUH U
LIEHTP MHEPLMH B TEJIE OCECUMMETPUYHBIX TEJ B XOJ€ IBOJIIOLMU OCTAlOTCS HEM3MEHHBIMU M HAIPaBIIEHbI BJIOJb
JIMHUY TIEPECEUCHUs TPEX B3aUMOMEPTICHIUKYISIPHBIX TUIOCKOCTEH.

[puBenensr  muddepeHInanbHbple  ypaBHEHHS [IOCTyNaTEIbHO-BPAILIATEILHOTO JBIKCHUS Tpex
HECTAI[MOHAPHBIX OCECUMMETPUUYHBIX TeN C MEePEeMEHHBIMH MacCaMU U pa3MepaMd B OTHOCHUTEIBHOW cHCTEeME
KOOpJAMHAT, C Ha4yaJloM B IIGHTpe Oojiee mMaccuBHOrO Tena. OCH MHEPIMH COOCTBEHHOH CHCTEMBI KOOPIHMHAT
HECTALIMOHAPHBIX OCECUMMETPUYHBIX TPEX TEJI COBNAAAIOT C IJIABHBIMU OCAMM MHEPLUH TEJ U MPEIII0NIaraeTcs, 4ro
B XOJI€ SBOJIIOIIMH WX OTHOCUTEJIbHAS OpUEHTAIMs OCTAIOTCSl HEM3MEHHBIMU. Macchl TeJl U3MEHSIOTCS U30TPOITHO B
paznuuHbIX Temmnax. llofydyeHbl KaHOHUYECKHE YpPaBHEHHS MOCTYNATelbHO-BPAIIATEIbHOTO JBUKEHHUS TpeX
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HECTAllMOHAPHBIX OCECHUMMETPUYHBIX TEJI C MEPEMEHHBIMH MaccaMH M pa3MEpaMH B aHAIOTaX OCKYIHPYHOIIUX
anemeHToB Jlenone-AHpyaiie. IlpuBeneHbl KaHOHMYECKHE YpPAaBHEHUS HEBO3MYILEHHOTO [BIDKCHHS, M HX
WHTETPabl.

KnioueBble ci10Ba: IOCTyHaTelbHO-BpAIAaTENbHOE [BIDKCHHWE, IEpEMEHHas Macca, 3ajada Tpex Tel,
0CECHMMETPHUIHBIE HEOECHBIC TENa, OCKYJIHPYIOIINE JIEMEHTHI.
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