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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 Tl , 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 GoxyZ )
Glé:lﬁlé’ ; —own coordinate systems
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

i(Alpl)_(Al_Cl)qll: 6_U_cosela_U %+COS¢16_U,

dt oy, o, | sind, 00,

D 4g)~(C— ) pr = 2L o5 2Y |52 iy, O @.1)
dt oy, 0y, | sind, 00,

4icr)=2Y <. i=0,1,2

dt oo,

where  p =V sin@sing +0 cosp, q =y sin@ cosp —0 sing | ¥ =y cosO+q. 2.2)
Di»4q;,T; — the projections of the angular velocity of the rotational motion of the bodies T, on the axes

of its own coordinate system G&R.6, @Y, 6? - Euler angles.

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

(2.3)
where
Uy=f | [ 98 vy ] [ g, ] ] 4)
(1) (1) 01 (H)(%) 12 () (T5) 02
Rij :Rle :\/(xj —xl.)2 +<yj —y,.)2 +(zj —Z[)z i,j=0,1,2, i#j (2.9)

there is a mutual distance between the centers of inertia G: and G/ of the bodies Tl and T/ ,and £ is the
gravitational constant.

Ulj — the force function of the mutual attraction of two bodies T, and 7; is defined as follows.

— g ——
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770 (2)
Uy =U; +U (2.6)

Here

mm, A +B. +C,-31") A+B +C —3]0)
U =f—=>L.U2 = fm ~—"—A4—"L—+ fin, —— L 2.7)
! R, ! 2R, / 2R,
(@) — 2 2 2 (i) _ 2 2 2
I =Ao; +Bp; +Cy; I =Aa,+Bp,+Cy; (2.8)

1} " and Iﬁi"/ )_ moments of inertia of bodies Tl and Tj relatively straight Rj— connecting the centers

of mass of two bodies G’I'Gj , respectively. i, j =0,1,2, i# j.

2.2. Translational motion

We will not consider the equations of translational motion of body 78 , since the beginning of the

relative coordinate system coincides with the barycenter of body ]Z), so we will only consider its

rotational motion.

The equations of translational motion of the body Tl in the field of gravity of the "Central" body 78

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

1 oUu, oV . 1 ou, oV, . 1 oU, oV’
X, = + Y= + z, = + 2.9

p (1) ox  ox, (1) A, Oy, #(t) Oz, 0z

where
m,m
M (t)=—"—— _reduced mass, (2.10)
m, +m,
Vl* = LUIZ +L[x1 0Uy +, 0Uy, +z, OUy, — perturbance from body Tz (2.11)
m, m, X5 V2 Zy

The equations of translational motion of the body T2 in the field of gravity of the "Central" body ]:)

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

1 oU,, 8V; . 1 oU, 8V; . 1 oU,, 8V;
x2: + B y2: + ) 22: + (212)
#,(1) Ox,  Ox, (1) oy, Oy, (1) 0z, Oz,
where
mm
n(t)= 2 _ reduced mass, (2.13)
m, +m,
Vv, = LUZI +L X, U, +y, U, +z, Uy — perturbance from body Tl (2.14)
m, m, Ox, W, 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 ]1 and Tz is further described

in the osculating elements. Rewrite the equations of translational motion of the body 71 (2.9) as

+ V.
jél"'fmo 3ml xl_blxl :a 1’
10 a'xl
m +m oV,
+f ="y -by ==, 3.1
y+f R » =by, o (3.1)
Z +fm° +3m1 z,—bz, =%.
oz

. 1 1
where V, =V, +—U, 1((?) _EblRIZO — force function of the perturbing force (3.2)
7

5 2 my(t,)+m(t,
=0, = L () o L)y, <) (33)
v, dt’ \ m,+m, my(t)+m(t)
We will write the equations of translational motion of the body TZ in the following form
.. + ov,
x2+fmo—.:n2xz_b2x2: z,
RZO a‘xZ
. m,+m ov,
y2+f ORzos zyz_bzyzzayz’ (3:4)
+ ov,
22+fm0 ;nzzz—bzzzz 2,
RZO aZZ
« 1 1
Where V, =V, +—U§(2)) _E R220 — force function of the perturbing force (3.5)
H
i 2 m(t,)+m,(t
b=, (1) = 2 = (m, e o L), v, =TTl (3.6)
v, dt”\ m,+m, my(t)+m,(t)
And the equation of rotational motion remains unchanged
d ( - oU aU_ Sing,
— A.p.)—(A.—C.)q.r. =| ———cosf, — L+ cosp, —,
de N J VA oy, Ja(Dj sind J ]
d U oU |cosp, . oU
—(Aq )—(C —A.)p r,=| ——cos@, — | —=L—sinp, —, (3.7)
e 7 e oy, / G(Dj_ sind, ! 00,
i(c,l".):a—U:O, ]:0,1,2
' "' op,

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

Consider the analogues of the Delaunay-Andoyer elements
Li > G, > H ) li > 8> hi — Delaunay elements (3.8)
— 26 ——
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Ll.', Gl.’, H l.', ll.', g,.' , h,l. — Andoyer elements 3.9)
The equations of motion in the osculating elements (3.8), (3.9) have the form
L'i:@i’ (}i:%, ]-']i:%) ]'i:_%, g‘i:_%, hi:_% (3.10)
ol, 0g, Oh, oL, oG, OH.
1w ) m, +m, 1
F=—20 g @)y g =—| 2" Ziyg® _—pR 2| i=1,2 (3.12
i Vl-z 2L12 li ( ) 1i ( momi 2 " 00 l ( )
. OF! . OF] . OF . oF’ OF' . OF!
R o - - D)
ol og; oh; oL; oG, OH
1 1 L? 167 1[1 1
Fj=—{G] =L )+ o= o = L - H] (3.14)
2 A./ 2C’/ 2 Aj 2 Cj Aj ' '
70 2 1
Hljf:_(U()—EbjRofj, =012 (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 Hlt:am =0, in the Hamiltonian (4.5) then
1 2
F:. :F;unﬂew :z—ﬂ_()z (316)
vi(t) 2L
Equations of unperturbed translational motion of the center of inertia of bodies Z and T2 in analogues

of Delaunay elements (3.8) have the form
. 8F1H'Ip€r[ . . . .
[ =— éL , &=0, h=0, L=0, G,=0, H =0 1i=12 (3.17)

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

L =L =const, G =G,=const, H =H, =const, (3.18)
g [ _dt
[ :L_f %4'10, [, =const, g =g,=const, h =h =const, (3.19)

0]

3.2.2 Unperturbed rotational motion.

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

1 1 L7 1G? 11 1
Fg:_(G(Z_L(Z)_Jr;:__JJF_ — L7 (3.20)
oV g ac 24, 2(C 47
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Equation of unperturbed rotational motion in the analogues of Andoyer variables (3.9) has the form

Ll O G! O HV 0 Z', aij, .y aij, ;‘l’ O (3 21)
;= ;T T e A A :
oL, oG,
From equation (3.9) it follows
L’ = L;=const, G, =G,=const, H =H =const, (3.22)

A (t)-C (t dt
I =L(;J‘Mdt+lg, l)=const, g' = G(;j—+g(;, g,=const, h =h=const, (3.23)
J J J
4,()C, (1) 4,(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.

M.I:x. Munraubaes, A.K. Kymexoaii
an-®apabu ateingarsl KazYV, Anvatel, Kazakcran
OCTIK CUMMETPUSsIJIBI YII JEHEHIH ITUHAMUKACBIHA

AnHotanusi. Knaccukainplk acriaH MeXaHHMKAchlHJa TaOWFW acmaH JIeHelepl HYKTe peTiHlIe KapacThbIpbLaabl
(chepanbik cummMeTpusiibl aeHe). Erep myHmaii Mojens (QU3MKaNbIK KYOBUIBICTBIH KACHETTEPIH HAKThI CHUIATTAIl
Oepe anMaraH jkarjaiija TaOWFM acmaH JEHeNepiH eeMaepi MeH Maccajapbl TYPakThl KOHE KYPBUIBIMbI
©3repPMEUTIH KATTHI JCHE PETiHAe MOJIENbJIeHi. ACIaH ACHENepiHiH HyKTe (Imap) Ae emec, KaTThl JACHE JIe eMec
eKeHiHe OyriHje OakpuIayIIbl acCTPOHOMHMSA Kyaiik ereni. TaOury acmaH neHesnepi HeriziHeH OedcralroHap. Y akbIT
eTe OJIapJblH Maccajlapbl, eJIeMIepl jKoHe MaccaHbIH Tapalxy KypbulbiMaapbl esrepeni. ColikeciHie, ojapiblH
rpaBUTALMSUIIBIK TAPTHUIBIC KYIII jKoHE 63apa HbI0TOHIBIK dcepiiecy KYIIi yakbITKa Toyesi 6onaasl. by dakropnap
NIEHEeHIH IHHAMUKAIBIK OBOJIOIISICHIHA aHTapibIKTaii ocep eremi. EH kem TaparaH OeiicTaliMmOHApIIBIK-
TPaBUTALMSIIBIK JICHEJIEep MaccalapblHBIH JKoHE eJeMepiHiH e3repmeniiri. JKorapeiaa cunartranral (GU3HKaIbIK
Kyienepauiy inrepijeMeni-aiHamManbl KO3FaJbICBIH 3€pTTEY Kasipri 3aMaHFbl TEOPHUSUIBIK JKOHE acliaH
MEXaHHUKAChIHBIH MaHbI3/Ibl eceOi 00JIbIn TadblIaabsl. MbicanFa, aifHBIMAIIbI KYJIIBI3AAPIBIH PAANYChIHBIH NEPHOATHI
e3repyi OCBIFaH IoNel. Op TYpIl KYIIB3IAPABIH 6Cy TalblHAa OJapAblH KBICHUTYBl MEH KEHEIO1 KYJIIBI3ABIH iIIKi
SBOJIIOLMS TEOPHSCHIHAH INBIFAIbl. MBICANbI, JKYJIABI3ABIH ©JIIeMi KbI3bIJI THTAHT CTaJUsChIHA OTKEH Ke3Ze,
Maccacbina toyenai 10-uan 100-re neitin e3repei. Ocipece AUCCHMAIUS POIECCIHIH MHTCHCHUBI KOHE MAaCCaHbBIH
aybICybl THIFBI3 €Ki xKyHene 0onaapl. JKynab3napAblH MIOFBIPIaHybl, Ta3bIK (OHAAFbI SBOJOLHSIAHYbI MyJIbCalUs
skaraaibiHga 6onaapl. CoraH KaThICThI OJAp/IbIH TApThUIbIC OaiimaHbicTaphl alHBIMANbBI 00Ja/1bl, HEIOTOHIBIK ©3apa
MOTeHUMAbl OalyIaHbICHl TiKeJel yakpITTaH Toyenai Oomanmel. Ocbl  (akropiiap OJaplblH —JIUHAMHKAJIBIK
SBOJIIOLMSCHIHA acep eTeil. JKyJIabI31apAblH SBOJIOLMSCHIH CUITATTay YILIIH MacCaHbIH KOHE paJnyChIHBIH 03repyiHe
KYJIIBI3ABIH peakuuschiH OepeTiH, cumarrama (YHKUUsChl eHrizineni. JKynabI3abiH Maccachl ©3repreH Kesjeri,
OHBIH OJIIIEMiHIH 63repyi 3epTTeneni. Macca, eJIeM KoHe MIMTHHIH e3repyi (PU3UKAIBIK aifHRIMAIBI KYIABI3AAp —
MyJbCALMSTAaHATHIH XYJIIbI3apaAa alKbIH KOpiHe .

KiaccukaipIK yu JeHe Maceseci - acllaH MEXaHMKAChIHBIH ©Te€ KBI3BIKTBHI, KypAesl >KOHE ©3eKTi Maceleci,
FayibIMIap OYJT MOCEICHIH JKaIbI MISIIIMIH QJTi KYHre Aeiin Taba anmaiil keneai. Erep ocel Macenene 013 aeHenepaiy
Maccajapbl aiHBIMalbl €KEHiH ecKepeTiH Ooicak, Oyn ecenti KublHmaTamel. OckiFaH OalaHBICTBI AWHBIMAIBI
MaccaJlbl YII JIeHe MOCEeJIEeCiHiH JKalIIbl )koHe aepOec Oipe-0ip HaKThI MEmiMi KOK.

I'paBuTanMsIIAY Bl IEHEHIH Maccachl MEH OJIILIEMIHIH e3repy cangapbl OeliCTalioHap HAKThl FAPBIIITHIK JKYHe
JTUHAMUKAJIBIK 3BOJIFOLMSCHIHBIH HETi3r1 (aKTopIaphiHbIH 0ipi 00JbI TadbuTaael. OChI KYMBICTA MACCACHI, OJIIIEMI
JKOHE TIIIiHI aifHRIMAITBI YIII IeHEe MOCEIIECiHIH alfHRIMAIIBI-UIrepIeMeTi KO3FaIIBICH KapacThIPhUIFaH. By sKyMBICTBIH
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Heri3ri MaKcaThl Oi3/[iH aJIbIHFbI )KYMBICBIMBI3/IA AJIFAH KO3FAJIBIC TEHJIEYJIEPiHIH HETI31HAE YIII OCTIK CHMMETPHSLIBI,
Maccajapbl MEH eJIeMenepi aiHBIMANbBL, aWHBIMANBl CHIFBUIATBIH JCHENCpHiH iIrepijieMeli-aiHaIMabl
KO3FaJIBICBIHBIH TU(QepeHIHanIbIK TEHICYIEPiH OCKYISIMIIAYIIBI JIEMEHTTEPIE aly.

Makaaza e3apa rpaBUTAIMsIIAHYIIBI OCHCTAIMOHAD YII JIEHE KapacThIPbUIAJbI: OIPIHIN JIEHE — IICHTPIIIKY,
sSFHH Oacka €Ki JeHere KaparaHga Y/KeHIpeK. YII JCHEHIH [I¢ AWHAMHMKAIBIK KYPBUIBIMBI JKOHE INIIHI ©CTIK
CUMMeTpHsUTBL. HEIOTOHHBIH ©3apa dcepliecy KyIIi eKiHIli TApMOHUKAHBI €CKEPTeHeTi KYIITIK (pYHKIMSHBIH KYBIK
OpHETIMEH CHIIATTajdFaH. Maccachl JXKOHE eJeMi alHBIMANBl OCTIK CHMMETPWSUIBI JICHENIEPIiH LIrepiieMenti-
aifHanMaJlbl KO3FaJbICBIHBIH JuddepeHunanaplK TeHAeyepl CalbICTBIPMaibl KOOpAMHATANApP JKYHECiHAe OTKEeH
KYMBICBIMBI3/Ia KOPBITBUIBII HIbIFAPbUIFaH OonaTbiH. beidcralmoHap yin JieHe YUIIH MEHIIKTI KOOpAuHAaTanap
JKYHECIHIH ecTepi AeHeHIH 6ac MHepUHs eCTepiMeH CoiKkec Kelemi xoHe Oyl KyH 3Bomonus OapbICBHIHIA e3repicci3
Kanazpl. JleHenepaiH Maccanapbl 9pTyp:li KapKbIHAA H30TPONTHI e3repeai. EcenTe YHBITKY TEOPHACHIHBIH Taciinepi
naiinananeuirad.  Ockymsinusiiayinsl  Jlenone-AHayaiie 3JeMEHTTEpiHIH aHaJOITapblHAa CEpIKTIH inrepinemerti-
aflHaNMallbl KO3FANIBICHIHBIH ~TEHJEYJiepl alblHIbl. ¥HWBITKbIMAaFaH KO3FaIbICTBIH KOHOHIBIK TEHJCYJIepIiHiH
HWHTETpaIIapbl KeNTipiimi.

Tyiiin ce3mep: ©CTIK CHMMETpPUSUIBI JeHe, LirepiiemMeri-aifHaIManbl KO3FaJIbIC, alHBIMAIbl Macca, YII JeHe
ece0i, OCKYJIAIUSIIAYIIBI SJICMEHTTEP.

M./Ix. Munrau6aes, A.K. Kymekoaii
Ka3HY um. anp-dapadu, Anmarer, Kazaxcran
K IMHAMMUKE TPEX OCECUMMETPHUYHBIX TEJI

AnHoTtanusi. B xiaccudeckoil HeOecHOM MeXaHHKE peasibHble HeOECHBIE Tejla MOJISIUPYIOTCS MaTepHalbHON
TOUYKOH (chepuuecKkr cCMMMETPUYHOTO Tea). B ciyyasx, korna Takoe onucanne GU3MYECKNX SBJICHUH HealeKBaTHO
OTpaXkaeT CyTh peaibHOM HeOeCHO-MEeXaHWYeCKOW NpoOJeMbl, HEOECHbIE Tella MOJEIUPYIOTCS TBEPIBIM TEJIOM
MIOCTOSTHHOTO pa3Mepa, MacChl M HEM3MEHHOW CTpyKTypoi. HabmromaTenbHas acTpOHOMHS CBHJIETENBCTBYET, YTO
peasnbHbIe HeOSCHBIE Tejla HETOYEYHbIE M HeTBep/Ible. PeanbHble KOCMUUYECKHE Tella 0 CYIIECTBY HeCTallMOHapHbIE.
Co BpeMeHeM MEHSIOTCS HX MacChl, pa3Mepbl, (OPMBI M CTPYKTypa paclpelesieHus] Macchl BHYTPH Tell
COOTBETCTBEHHO, CTaHOBUTCS IIEPEMEHHOM HX TpaBUTUPYIOIIAs CBA3b M HBIOTOHOBCKUN  MOTEHIMAN
B3aUMOJICHCTBUSL OKa3bIBaeTCAd SIBHO 3aBHCSAIIMM OT BPEMEHH. OTH (DAKTOPhl CYIIECTBEHHO BIMSIOT Ha
JUHAMHYECKYIO DSBOJIONMIO Tel. Ha HEKOTOphIX JTamax 53BOJIIONMU TPAaBUTHPYIOMMX cHCTeM 3(dexTs
HECTallMOHAPHOCTH TeJ, BXOASAIIMX B CHCTEMy B KOHLE 3Toro srama. Hawubosee 4vacTo pacmpocTpaHeHHas
HECTAlMOHAPHOCTh — MEPEMEHHOCTb MacC IpaBUTUpYHOIUX Tel. MccnenoBaHue mocTymarenbHO-BpaIaTEIbHOIO
JIBIDKCHUS BBIIIE ONMMCAHHBIX (DU3MUYECKHX CHUCTEM SBIISIETCS aKTyaJbHOM 3ajjauell COBPEMEHHOW TEOPEeTHYECKOW W
HeOeCHOW MeXaHUKH. B CBSI3M ¢ 3THM CTAHOBHUTCSl aKTyaJbHBIM CO3JaHHE MAaTEMaTHUECKHX MOJENCH IBIKEHUS
HeOECHBIX TeJ C IIEpEMEHHBIMHI MaccaMu, pa3Mepamu, 1 Gpopmamu. Llenpro HacTosmeH paboTh SBJIsETCS Ha OCHOBE
YpaBHEHUs JIBW)KEHMS, IOJyYEHHbIE B INpeNblAylled Hameld paboTe BbBecTH Iu(QepeHIranbHble ypaBHEHHS
MOCTYNATENIbHO-BPALIATEIBHOIO JABIKEHHSI HECTAl[IOHAPHBIX TPEX OCECUMMETPUYHBIX Tel C IEPEeMEHHBIMU
MaccaMy, pa3MepaMu U IEPEMEHHOI0 CXKATUS B OCKYJIUPYIOIUX HIEMEHTaX.

Hccnenyercs nmoctynaresisHO-BpalaTeIbHOE IBH)KEHHE TPEX CBOOOIHBIX HECTAIIMOHAPHBIX OCECHMMETPHYHBIX
HEeOECHBIX TeJ C MEePEeMEHHBIMH MaccaMH, pasMepaMH M NEePeMEHHOIO CXKaTHs B3aWMOAEHCTBYIONIMX II0 3aKOHY
HpioToHa, W3 KOTOpBIX HHUKakhe JBa HE HMeEIT oO0mue uacTh. HBIOTOHOBCKas cuia B3aMMOIEHCTBHUS
XapaKkTepu3yeTcs NPHONMKEHHLIM BBIPQKEHHEM CHJIOBOM (DYHKIMH, YyYMTBHIBAIOINAs BTOPYIO I'apMOHHUKY. [lycTh
smumuncouy uHepuuu ten 4,4 ,1, pazauuHBle, OCECUMMETPUYHBIE M UMEIOT COOCTBEHHYIO JKBAaTOPHAJIbHYIO
IUIOCKOCTh CUMMETPUHM U B XOJE ABOJIOLMU 3TH CBOICTBAa COXpaHSIOTCA. Tak ke JNOIyCTHM, YTO CXKAaTHUs Tell
OTHOCHUTENIBHO IKBAaTOPHAIBbHON IIOCKOCTU INepeMeHHble. VICXOnHbIe pacHojOoXkKeHUs INIaBHBIX OCEH WHEpLUH U
LEHTP MHEPLUUH B TEJIE OCECUMMETPHUYHBIX T€I B XOJAE JBOJIOLUHN OCTAIOTCAd HEU3MEHHBIMHM M HAIlpaBlE€HbI BIOJIb
JIMHHUU NIEPECEUCHHS TPEX B3aUMOINEPIEHIUKYIISIPHBIX MIOCKOCTEH.

[MpuBenensl  anddepeHnyaIbHble  ypaBHEHHS — IIOCTYIIATEIbHO-BPAINATEIBHOIO  JBIDKCHUS  Tpex
HECTALMOHAPHBIX OCECUMMETPHUUYHBIX Tel C IEPEMEHHBIMH MacCaMH U pa3MepaMH B OTHOCUTEIBHOM CHCTEME
KOOpJHMHAT, C HadaJoM B IeHTpe Oosiee MaccuBHOro Tena. OCM WMHepIMH COOCTBEHHOW CHCTEMbBI KOOpAWHAT
HECTALMOHAPHBIX OCECUMMETPUYHBIX TPEX TEJl COBMAJAIOT C INIABHBIMU OCSIMU MHEPLUM Tel U MPEAINOIaraeTcs, 4ro
B XOJI€ IBOJIIOLIUU UX OTHOCUTEINIbHAS OPUEHTALUsI OCTAIOTCS HEU3MEHHBIMU. Macchl Tl U3MEHSIOTCA U30TPOITHO B
pasnuuHbIX Temmax. IlolyueHbl KaHOHMUYECKHE YpaBHEHUs IOCTYyHAaTelIbHO-BPAILATENbHOIO [BUXKEHUS TPex
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HECTAIlMOHAPHBIX OCECHMMETPHYHBIX TEJI C MEPEMEHHBIMH MaccaMM W pa3MepaMy B aHAJIOTaX OCKYJIHUPYIOIINX
anemeHToB [lemone-Annyaiie. IlpuBeneHbl KaHOHWYECKHWE YpPaBHEHHS HEBO3MYIIEHHOTO [BIDKCHHUS, U UX
HWHTETPabL.

KiroueBble cJI0Ba: TOCTyHaTelbHO-BpAaIlaTebHOE JABIKCHHWE, IIEPEMEHHAas Macca, 3ajada Tpex Tel,
OCEeCUMMETPHUYHBbIC HEOECHBIE Tella, OCKYJIHPYIOIINE AIEMEHTHI.
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