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NEW FORMS OF THE PERTURBED MOTION EQUATION

Abstract. Real celestial bodies are neither spherical nor solid. Celestial bodies are unsteady, in the process of
evolution their masses, sizes, shapes and structures are changes. The paper considers a model problem proposed as
an initial approximation for the problems of celestial mechanics of bodies with variable mass. Based on this model
problem, perturbation theory methods are developed and new forms of the perturbed motion equation are obtained.
The model problem as the problem of two bodies with variable mass in the presence of additional forces proportional
to speed and mutual distance is a class of intermediate motions. This class of intermediate motions describes an
aperiodic motion along a quasiconical section. In this paper, on the basis of this class of aperiodic motion over a
quasiconical section, various new forms of the perturbed motion equation in the form of Newton's equations are
obtained. Based on the known equations of perturbed motion for the osculating geometric elementsp, e, o, i, Q , B
in the form of the Newton equation, we obtained the equations of perturbed motion for the following system of

osculating elementsp, e, i, n, Q, ®(r) and a, ¢ i, n, Q ,X. Oscillating variables involving a dynamic element
@ (r) are suitable in the general case. A system of variables, where instead of the dynamic element ® (") is

introduced X - the average longitude in orbit is used in the quasielliptic case e (t) < 1. The obtained new forms of the

equation of perturbed motion, in the form of Newton's equations, in various systems of osculating variables can be
effectively used in the study of the dynamics of non-stationary gravitating systems.

Key words: aperiodic motion along a quasiconical section, variable mass, unperturbed motion, equations of
perturbed motion in the form of the Newton equation, perturbation theory, unsteady gravitational systems.

1. Introduction. Observational astronomy suggests that real celestial bodies are neither spherical nor
solid. Celestial bodies are unsteady, in the process of evolution their masses, sizes, shapes and structures
are changes [1-6]. On the basis of the model problem proposed as an initial approximation for the
problems of celestial mechanics of bodies of variable mass [5], new forms of the equation of perturbed
motion are obtained. The model problem as the problem oftwo bodies with variable mass in the presence
of additional forces proportional to speed and mutual distance is a class of intermediate motions. This
class of intermediate motions describes an aperiodic motion along a quasiconical section. In this paper, on
the basis of this class of aperiodic motion over a quasiconical section, various new forms ofthe perturbed
motion equation in the form of Newton's equations are obtained.

2. Aperiodic motion along a quasiconical section.
Some astronomical problems of non-stationary binary systems are described by equations ofthe form

r
r=-fm— - ar - br, (2.1)

r
where m =m (t) = mt(t) +m2(t), mt(t) isthe mass ofthe central body, m2(t) is the mass ofthe satellite,

f is the gravitational constant, a and b are some quantities, constants or functions of time, determined by
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the nature of the corresponding forces, r =r (x,y,z) is the relative radius of the vector in the coordinate

system Oxyz. In connection with the actual non-stationarity of gravitating systems, the issue of solving an
equation of the form (2.1) becomes relevant. In the general case, the dynamics of non-stationary systems
is difficult; solutions of equations such as (2.1) are unknown. Therefore, we study the dynamics of
difficult non-stationary systems by the methods of perturbation theory based on aperiodic motion over a
quasiconic section.

We turn to the equation

fom o N 1f A
r=—m— + — Voo W (—r+—Y L (2-2)
\m yJ 2 m YJy

where y =y (t) is the dimensionless low differentiable time function, independent of zero, which is due

to simplified differential equations or the condition of simplified differential equations of perturbed
motion in osculating elements [5]. Equation (2.2) implies the integration of areas (the orbit is a flat curve)

rxr =c?jmy , c =const. (2.3)
In polar coordinates, equation (2.2) - (2.3) can be written in the form [7]

fm/y3 1 d (ml1d
_ ao=. y ( (r1 (2-4)
dt2 y v (rly)  2m/y dt|y3jdt[yy

u=- my . (2-5)

From equations (2.4)-(2.5) we obtain

d2

2-6
~do2 (2-6)

Equation (2.6) for any initial conditions determines the aperiodic motion along the quasiconical
section [8]. Therefore, solutions of equations (2.6) have the form

p B=U-0 , (2.7)
Y 1l+ecoss

where p, e, 0o are constants determined by the initial conditions; u is the polar angle. The analogs of the
integral of areas, energy and the Laplace vector are as follows:

p=c,
Y (d (" -2fm —p=const, (2.8)
fm dt ijj Y2r
d(?1 r
z_ -—=gqg =const, q =< (2.9)
fm dt L Y dt Y r
e=q, e2-1=hp. (2-10)

We write down the radial and transverse components ofthe velocity

V =L+ esin (u-0), (2-11)

L
Y py

V. = > ) 12[.+ecos(u-o0)]. (2-12)
pyJd
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Equation (2.7) describes aperiodic motion along a quasiconical section, which in coordinate form can
be written in the form

X =Yp[cosu @osQ -sinu msinQ -cosi],

y =p[cosuminQ +sinumosQ - cosi], (2-13)
z=p[sinumini], r =YP, u=s-+o0,
where B isthe true anomaly
:_1+ ecose (e-14)
The quantities p, e, i, o, Q are analogues of the known Keplerian elements. In the case of

quasielliptical motion (e(t) <1), according to the standard transformation

B l1+e E n
tg—=1J - tg— , e < 1. (2-15)
2 Vi-e 2
we getthe equation that matches the Kepler equation
E -esinE =M . (2-16)

However, in aperiodic motion along a quasiconic section, the time dependence of the eccentric
E =E (t) and average anomalies M =M (t) is determined taking into account the laws of change in the

masses ofthe bodies under consideration.
M =n[® (0-® (T)], n ="-"2-=const, jud=f \m1(t0) + m2(t0)]=const, (2-17)
a
where tO is the initial moment oftime. Accordingly, ®”) the primitive function of

m (1) Y2 ( mi(t) + m2(t) 1 vi2 (2.18)
m o)L m ~) +m2(t0) y3

@ (1) a dynamic element of aperiodic motion along a quasiconical section, an analog of the

Keplerian dynamic element ofthe T- moment of passage through the pericenter [1, 5, 9]. In undisturbed
motion, respectively, we have

( m yi2 mil(t) + m2(t) 1 N2
0 J—

M =n (2-19)

M (o)L m~) +m2(0 y3

In other words, in an unperturbed aperiodic motion along a quasiconical section, the average motion
(the rate of change ofthe average anomaly) is not constant, but depends on the laws of changing the mass

ofthe bodies and on the chosen specific function y =y (t) -In particular, when (in the unperturbed motion

(2.2) there is no force proportional to the radius ofthe vector)
y =y(t) =const =1, (2.20)

we have a well-known aperiodic motion along a conical section [1, 10]. Another special case is when (in
unperturbed motion (2.2) there is no force ofproportional speed)

_ m(t0) = m (t0)

Y = -
® fu(t) m (t) (2-21)

we have widely used as an unperturbed motion in studying the dynamics of unsteady gravitating systems
[11, 12, 13].
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3. Equations of perturbed motion for osculating geometric elements in the form of Newton’s
equation. Let’s consider the aperiodic motion along the quasiconical section (2.2), in the presence of a
perturbing force

- r m b
r=—fm— + g——-——— L hl F, (3-1)
r yJ Y \m y
F=F((tr,r)=F (Fr,Ft,Fn)=F =, +Ft-t +Fnm . (3-2)

The perturbing force F and, accordingly, its components (Fr, Ft, Fn), in the general case, depend on
time, coordinates and velocities. In this case Fr the radial (directed along the radius of the vector),
Ft transversal (perpendicular to the radius ofthe vector, lying on the plane ofthe instantaneous orbit) and
Fn normal (perpendicular to the plane of the instantaneous orbit) components of the disturbing force, the
er, t, n corresponding unit vectors [1, 14, 15, 16, 17] .

For osculating geometric elements of aperiodic motion along a quasiconical section

p,e,o,i, Q,B, (3.3)

equations of perturbed motion in the Newton equation form were obtained earlier in [7, 8]. Herep, e, 0 , i,

Q , B are analogs of Keplerian dynamic elements, p is an analog ofthe orbit parameter, e is an analog of
eccentricity, o is an analog of the pericenter angular distance of the from the node, i is an analog of the

orbit inclination ofthe on the plane, Q is an analog ofthe ascending node longitude, B is an analog true
anomaly. The corresponding Newton equations have the form

p = 2p -mFr. (3-4)
1+ ecoss
=sim Il Ié + !lcosé \___Q_jr__Q_Q_S_ﬁ_l-F (3.5)
1+ecoss
sinB ~  sinumctgi (3-6)

1+ ¢ mCOSB " 1+ emosB

cosu
uF 3-7)
dt 1+ e mcoss
sinu
= -, (38)

(1 + e mcosB)sin/

OB m V2 + cose F Isi + sine I (3-9)
. e K0S mF. — IsinB uF,, -
2 mL 3 (* B)2 I e[ 1+ e mcoss
12 12 \2
F =F, mfp Ym0 YmOQ “F m YmO (3-10)
m IMo[ B J vrao oM
y=j(t), m=m(t), m, = m1(t0) + m2(t0) = const, /u0 =fm (t0) = const. (3-11)

where tO is the initial moment of time. However, for practical applications, when studying the dynamics

of non-stationary gravitating systems, other systems of osculating elements are more convenient.

4, The equations of perturbed motion for a system of osculating elements p, e i, n, Q,

@ (1) .In some applications of the equations of perturbed motion based on aperiodic motion along a

8
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quasiconic section in the Newton's equations form, the following system of osculating elements is
preferably

p,e, i,n, Q, ®(T), (4.1)
where n is the analog of the pericenter longitude. The corresponding equations of perturbed motion in

the form of Newton's equations are derived from equations (3.4) - (3.9) taking into account formulas (2.5),
(2.7), (2.17), as a result, we have

=, 2P B sFrt, 4-2
P 1+ecosB (4-2)
e =sinOM Fr + fcosO + e+ cos0 —Frt, (4.3)
1+e-cosOJ
di cosu ~ A
-aFn, (4.4)

dt 1+ e mcosO

N = - B\ 1+-L wFt+— sin“mg -F (4-5)
v yp. Yp 2
Q =TTi+e widde) st/ -F .. (4-6)
do(T) - h e N cos*]-Fr+Lp-N-F?Tj - A/ (4-7)
dt | r JJp
N = 1, (4.8)
r

B 3 B 1 \%
/= 2[ r ,cosOdO =2 [|------mmmmmmmmmn I cosOdO. (4-9)

1 Djp J11 + e mcosOj

The derived equations of perturbed motion (4.2)-(4.7) we use in the study of the restricted three-body
problem with variable masses that changes non-isotropically in the presence of reactive forces [18].

5. The system of osculating elements in quasi-elliptical motion. In the dynamics of gravitationally
coupled systems, during evolution, the eccentricity perturbed analog ofthe ofthe aperiodic motion along

the quasiconic section for a long time remains less than unity e(t)< 1 [19-21]. In this case, it is

convenient to use the following system of osculating elements
a,e,i,n ,Q,X, (5-1)

where a is the analog ofthe semimajor axis, X=M +n is the analog ofthe average longitude in the orbit,
M is the analog of the average anomaly, n is the analog of the pericenter longitude. In this case, the
equations of perturbed motion in the Newton's equations form have the form

. 2a2sinB _~ 2a2 ~
a=

Fr+ FA (5.2)
p r
e=sineFr+(cosO+ e+cosO 1 Fe, (5.3)
1+ e mcosOJ

di cosu -F,, (5.4)
dt 1+ e mcoss

—— 9 =
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cose ~ sinf \ .
n = F + + r mFT+— sinuelg--Fn, (5.5)
yp yp 2
sinu
Q - .F , (56)

B (1+e-cosB)sini

/ /\ /\ n2
m}\(t)+ m2(t) 1 rk—-

T ~ r i~
X=n N e e -2— V1i-e -F+-——- sinu-tg?-F +
m1(t0)+ m2(t0) J3 r n
(t0) (t0) yp rp 5.7)
1 ( r A .
+ -Frecosf+ 1+— FT-sinf
1 rpJ

where n =y "j/a32 is the average orbital movement. We will use the obtained new forms ofthe equation

of perturbed motion, based on aperiodic motion along a quasiconic section, in the study ofthe dynamics of
non-stationary gravitating systems [22].

6. Conclusion

In the present work, new forms of the Newton equation of perturbed motion based on aperiodic
motion along a quasiconic section are obtained. Based on the known equations of perturbed motion for
osculating geometric elements p, e, a i, Q, B in the form of the Newton equation, we obtained the
equations of perturbed motion for the following system of osculating elements:

p,e,i,n, Q, ®(T1), (6.1)

a,e,i,n, Q, X, (6.2)

Osculating variables (6.1), including a dynamic element @ (1), are suitable in the general case. The
system of variables (6.2), where instead of a dynamic element & (1) is introduced X - the average

longitude in orbit is used in the quasielliptic case e (t) <1.

The obtained new forms of the equation of perturbed motion, in the form of Newton's equations, in
various systems of osculating variables can be effectively used in studying the dynamics of non-stationary
gravitating systems.

The work was carried out within the framework of Project No. BR05236322, financed by the Ministry
of Education and Science ofthe Republic of Kazakhstan.

M.XK. MuHrnn6aes12, 4.T.Omapos2 A.T. N6panmoBal2
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¥VbITK;bIFAH LLO3rAIbIC TEHAEYNEPIHIH XXAHA TYPJEPI

AHHOTauma. Knaccukanbly acnaH MexaHWKacbiHAa Kenfiep KOranbiCbl HEri3iHAe YWbITKY TEOpUACHI XaKCbl
famblraH. ¥#blTKbIFAH KO3ranbiC TeHAeynepwu, TYpnepi KOHOHAbIK TeHAeynepmeH, JlarpaHX >3He HblOTOH
TeBAeynepiMmeH cunaTttanraH. CoHbIMEH KaTtap Maccanapbl TepakTbl AeHenep W KTe peTwae Hemece chepanbik geHe
penHfe KapacTbipblnagbl. KenTereH acTpOHOMUANbIK Macenenepai 3epTTeyde KNaccukasblK YAbITKY TeOpuschl
6acTbl K¥pan 60nbiN caHanafgbl. 3aMaHayu 6akblfnay acTpPOHOMUACHI HaKTbl rapblWTblK AeHeNephiH Maccanapbl yakbiT
eTe e3repeTiHiH pacTaigbl. LUblHaNbI rapbllUThiK feHenep - cepanblKk eMec X3He KaTTbl emec. AcnaH feHenepi -
beiicTaymnoHap, 3BONOLUMA Ke3eHiHAe ONapfblH Maccanapbl, enwempaepi, MilWiHAepi XX3He KypbiabiMbl e3repeai.
Kasipri TaHfga aliHbiManbl Maccanbl acnaH MexaHukacbl 6GoiblHWaA 6ipkaTap aykbiMAbl 3epTTeynep,
6ubnnorpaduanbik XXymbicTap 6ap. Anaiifa 6eicTaunoHap rapbiWTbiK XYyiienep YLWiH YAbITKY TEOPUACHI XETKIMIKTI
fopexefe AaMbimMaraH. ATanraH >XXyMbiCTa acrnaH MeXaHuKacbiHAarbl aiHbiManbl Maccanbl feHenep MacefecLuly
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anrawkbl XyblKTaybl penHfAe “CblHblraH MOAENbAiIK ecen KapacTbipblagbl. OCbl MOAeNbAiK ecenTiH HerisiHAae
yibITKY TeopuanapbiHbiH 3gicTepi gamu TYCTi XaHe MAbITKbIFraH KO3ranbiC TeHAeynepiHiH xaHa TYpnepi anbiHAbI.
Mogenbfik ecen KocbimMwa KYLWTepAi eCKepe OTbIpbIN, aiHbIManbl Maccanbl ew geHe ecebi peTiHAe, XblnAamablKKa
X3He e3apa apakallblKTbIKKa NPONopLMoHan apanblK Ko3ranbiC Knacbl 601bin Tabbinafbl. ATanraH apanblK Ko3rablc
Knacbl KBa3sWMKOHYCTbIK KuMMa 6oOMblHWA anepuofTbiK KO3ranbiCThl cunatTaigbl. B™n XXymbicTa artanraH
KBa3WKOHYCTbIK KMMa 60OblHLIA anepnoaTblK KO3ranbiC Knacbl HerisiHae HbloTOH TeHgeynepi TYpiHAe MibITKbIraH
KO3ranblC TEHAEYNEepiHiH XaHa TYpnepi anbiHAbl. HbIOTOH TeHfeynepi TYpiHAeri ocKynaunanaywbl reoMeTpusanbiK
3NeMeHTTep - p, €, a, i, Q, B YwWiH 6enrini MbITKbIraH Ko3ranbiC TeHAeyNepi HerisiHge Kenecshein ocKynaymnsanayLl bl
anemMeHTTep Xyliea YWiH MibITKbITaH KO3ranbiC TeHAEYynepi anbiHAbl: p, € i, N, Q, ®(T) XaHe a, ¢ i, n, Q, X
K”pamblHga ®(T) AMHaMUKanbiK 3feMeHTI 6ap ocKynauMsanayLbl aliHbiManbinap Xannsl Xarganra nanganaHoinagb.
[Jepbec >karpainfa atanraH apanblk KO3ranbiC Knacbl TaHbiMan OmapoB-XafXUAeMeTpuy KOHYCTbIK KuMachl
60lbIHWa NepUOATHI KO3ranbiCTbl KaMTugbl. COHbIMEH KaTap 6ap/ibiK OCKynauuanayLbl reOMeTpUANbIK 3NeMeHTTep
ApMenuHHU-IXunHC TYpiHAeri Kennep aneMeHTTepiMeH Callkec Kenefi. Anaunc 60ibiHWA anepuogThbl KO3ranbiC MneH
ApPMEeNUHHN-IXNHC HerisiHAeri Kennep 3aneMeHTTepiHiH 6ip-6ipiHeH albipMallbINbITbl AUHAMUKANbIK 31EMEHT T
MepULLEHTP apKbifibl eTy MOMeHTiHAe. Ko3ranbiC XblngaMAabirbl, COHbIMEH KaTap MaccanapAblH yakblT 60WibiHLA
e3repy KapKblHAbIMbITbI CUAKTbI NPONOpLMOHan <MiAkento» "AbITKbITYWbl KYWTep 6ap Ke3fe, KOHYCTbIK KuMa
6oiiblHWA anepuoATbIK Ko3ranbic ecebi peTwgen MonbaeH-Melwepckuii maceneci TYciHgipinegi. Apbikiwa Keun
6eneTiH XaNT - Xannbl Xarjanga, KOHYCTbIK KuMa 60iibiHLLa aneproATbIK KO3ranblCTbiH 6ap/biK 3IEMEHTTepPi XaHe
KBa3WKOHYCTbIK KMMa 60MblHLIA anepuoATbIK KO3ranbiCTbiH 6ap/blK 3fieMeHTTepi MaccanapfblH €3repy 3aHAblnbirbl
apKblnbl yakblT 60MbiHWA 6aiinaHbicagbl. ¥CblHbITaH apanblk KO3ranbiC KAacbliHblH ApMennHH-IpKWHC TYpiHgeri
Kennep anemeHTTepweH TY6ereini ablpmallbiibirbl OCbIHAA. Anaiia KBasuanIMNTUKanblk Kosranbictarbl Kennep
TeHAeynepiHiH aHanorbl Maccanapbl TepakTbl Knaccukanblk ekl geHe ecebll kaTapra XikTeyfi maTemaTuKanbik
TAprolgaH KongaHyra MYMKiHGIK 6epefi. COHbIMeH KaTtap 6”1 aliHbIManblnapAblH (QU3nKanblK (4UHAMUKAbIK)
MarbiHacbl Kenjep 3MeMeHTTeplleH epekleneHear [paBuTauuanbl 6GaiinaHbiCKaH Xyienep AuWHaMUKacblHAA,
3BOMIOLMA Mpoueci Ke3eHiHAe, KBA3WKOHYCTbIK KuMa 6OWbiHIWA anepuoaTbl  KO3ranbliCTbiH  “AbITKbIFaH
9KCLEHTPUCUTET aHanorbl y3ak yakblT 60ibl 6ipgeH kem 6onagbl: e(t) < 1. IpTYpni Xyiegen ockynauuanaybl
allHbIManbinapga HeloTOH TeHaeynepi T-ypofe afblHraH “ibiTKbiraH KO3rasnbiC TeHAeYNepiHiH XaHa (opmanapbiH
eiicTaunonap rpasuTauuanaHathiH XY Menepain AnHamnkaceiH 3epTTeyae TuiMai naiigananyra 6onagpl.

TywH ce3gep: KBasMKOHYCTbIK KuMa 60MblHWA anepuvoATbl KO3ranbiC, aiHbiManbl Macca, “WblTKbiMaraH
Kosranbic, HblOTOH TeHgeynepi TYpiHAeri “bITKbiraH KO3ranbiC TeHAeynep”™ yibiTKy Teopuscbl, 6GeicTaynoHap
rpasuTaunananyubl xYVenep.

M.Ox. MuHrnnbaesl2 Y.T. OmapoB2 A.T. Mbpaumosal2

1 KasHY um. anb-®apabu, Anmatsl, KaszaxctaH
2ACTpOtN3NYeCKniA MHCTUTYT uM. B.I. deceHkoBa, AnmaThbl, KasaxcTaH

HOBbLIE ®OPMbl YPABHEHVA BOSMYLWEHHOIO ABVXEHWNA

AHHOTauus. B KnaccM4eckoil HeGecHOl MexaHWKe XOpOWO pasBuMTa Teopus BO3MYLLeHWS Ha 6ase
KennepoBCKOTro ABWXEHMS. Pa3nuuHble BUAbl YPaBHEHUS BO3MYLLEHHOTrO ABUXEHUS OMWCaHbl KaHOHWYECKUMU
YypaBHEeHWUSMM, YpaBHeHUAMHU JlarpaHxa 1 ypaBHeHMAMU HbloTOHA. Mpu 3TOM Macchl TeN CUMTAETCA MOCTOAHHLIMU,
Tena ToUYeUYHbIMU UK chepryecknmmn. Knaccmyeckas Teopus BO3MYLLEHNUS ABASHOTCA OCHOBHLIMWU MHCTPYMEHTaMU B
M3YYEHUN MHOFMX acTpoHOMMUYeckux npobnem. CoBpemeHHas HabnwAaTenbHas acTPOHOMMWA CBUAETENbCTBYET O
TOM, YTO MacChl peasbHbIX KOCMUYECKUX TEN CO BPEMEHEM MeHsAITCA. PeanbHble HeGecHble Tena HechepmyuHble K
HeTBepable. HebecHble Tena HecTalMOHapHble: B MPOLECCE 3BOMOLMUU MEHAIOTCA UX Macchl, pasmepbl, HOpMbl ©
CTPYKTYpbl. B HacTosuiee BpemMs CyLWecTBYeT psj UCCNeAoBaHMin ¢ 06wmHoin 6ubnmnorpaduein pabot no HebecHO
MeXaHuKe Ten nepeMeHHol maccbl. OfjHaKO TeOpWs BO3MYLLEHWUS 151 HECTALMOHAPHbIX KOCMUYECKUX CUCTEM HE
fjoctaToyHa passuTa. B paboTe paccmoTpeHa MOAenbHas 3ajada, NpPeAnioXXeHHas B KayecTBe MWCXOHOrO
npuéanxeHna ans npo6nem HebGecHOM MexaHWKM Ten nepeMeHHOW maccbl. Ha OCHOBe 3TON MOAenbHON 3afayu
pa3BuTbl METOAbl TEOPMUMW BO3MYLLEHWI N MONYYeHbl HOBble POPMbl YPaBHEHNA BO3MYLLEHHOTO ABUXeHNUA. Mogenb-
Has 3afjaya Kak 3afadva [BYX TeNl NepemMeHHOW Macchl MPU HaiM4YMu LOMONHWUTENbHBIX CWUA, MPOMNOPLUOHANBHBIX
CKOpPOCTM U B3aUMHOMY PpaccTOSiHWIO NpeAcTaBnseT CO60W KnacCc NPOMEXYTOUHbIX [BUXEHWIA. ITOT Knacc
MPOMEXYTOUHbIX ABUXKEHMWI ONUCbIBAET anepnoguyeckoe ABMKeHNe Mo KBa3MKOHWYECKOMY CeYeHunto. B HacTosw el
paboTe Ha OCHOBE 3TOr0 K/acca anepuouyeckoro ABUXKEHUN MO KBA3MKOHWYECKOMY CEYEHWHD MOMyYeHbl pasnny-

n
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Hble HOBble (JOPMbl YpaBHEHUS BO3MYLLEHHOTO ABVKEHWA B BUAe ypaBHeHUN HbloToHa. Mcxoms M3 M3BECTHbLIX
YPaBHEHWA BO3MYLLEHHOTO ABUXEHUS AN OCKY/NMPYHOLIMX FeoOMeTPUYECKUX 3NEMEHTOB p, €, a, i, Q, B B (hopme
ypaBHeHUM HbIOTOHA, HaMy MNOMYy4YeHbl YpaBHEHUS BO3MYLLEHHOrO [ABMXXeHUA AN Chefyluwmx CUCTeMbl
OCKY/IUPYIOLLUX 3NEMEHTOB p, €, i, N, Q, ®(T) n a, e i, n, Q, X Ockynupylowune nepemMeHHble, BKYaloLWwme
AvHamuyeckuii anemeHT ®(T), NpurogHbl B 06WeM cfiyyae. B 4yacTHOM cnydae, 3TOT KAacC MPOMEXYTOUHbIX
ABVWKEHUU COLepXWUT LMPOKO W3BECTHOE MNEepuoAnYecKoe [ABUMXEHUA MO KOHUYECKOMY cedeHuto OmapoBsa-
Xamxkungemetpuy. [pu 3TOM BCe OCKYNMpyloWMe reoMeTpUYecKMe 37eMeHTbl COBNajatoT C KenjepoBCKUMMU
3/leMeHTamMu B CMbic/ie ApMennHHKN - [KnHca. Pa3Huua anepnogmyeckoe ABUXXEHWE NO 3AIUMCY U KEenepoBCKUX
31EMEHTOB B CMblc/ie APMENUHHU - [KMHCa 3aK/oYvaeTcsd B AJMHAMUYECKOM 3/1eMEHTe - TMOMEHTa NPOX0XAeHUA
yepes nepuueHTp. Ha 6a3e nMepnoanYecKoro ABUXKEHUE N0 KOHUYECKOMY cevyeHnto OmMapoB-XamKXuaeMeTpuy fanu
TpakTOBKY npobneme [tonbaeHa-Melwepckoro Kak 3agavyy 06 anepuoguyeckom [BVMXKEHWW MO KOHUYECKOMY
CEYEHUID NPU HaNN4YMK BO3MYLLAKLWENA CUMbl «TPEHWSA», MPOMOPLMOHANBbHOM KaK CKOPOCTU ABUXEHUS, TaK 1 TemMny
M3MEHEHUA Maccbl CO BpemMeHeM. Mbl nojyepkuMBaem, 4To B 0OLWEM Ccfyyae BCe 3/IEMEHTbl anepuouyecKkoro
LBVKEHUA MO KOHWYECKOMY CEYEHWID W BCe 3/1EMEHTbI afMnepuofuMyeckoro [ABUXEHUA MO KBa3WMKOHUYECKOMY
CEYEHUI0 CBA3aHbl CO BPEMEHEM Yepes3 3aKOHbl M3MEeHEeHMA Macc. ITO NPUHLMNMANbHOe pasnnyne nNpefcTaBNeHHOro
Knacca nMpoMeXyTOUYHbIX ABVXKEHW OT KEMIEPOBCKUX 3MEMEHTOB B CMbicie ApMeuHHbI-IpknHca. OgHaKo aHanor
ypaBHeHuA Kennepa B KBasM3aNAMNTUYECKOM [BUXEHUM [aeT BO3MOXHOCTb (OpMasbHO MaTemMaTU4ecKu
MCNO0/b30BaTh LUMPOKO W3BECTHbIE Pa3/ioXEHWA B pPSAJ KNacCU4YecKoi 3agaun ABYX Tesl C MOCTOAHHbIMU Maccamu.
Mpu atom usmyecknii (AMHAMUYECKUIA) CMbICA 3TUX MEPEMEHHbIX OTANYaOTCA OT KenjepoBCKUX 3/1eMeHTOB. B
JVMHaMWKe TpaBUTaLMOHHO CBfI3aHHbIX CUCTEM, B XOAe 3BOMKOLMW, BO3MYLLEHHbI aHanor 3KCLeHTpucuTeTa
anepuouyvecKoro ABMXEHUS N0 KBA3UKOHUYECKOMY CEYEHUI0 B TeYeHUU ANMTENbHOr0 BPEMEHW OCTaeTCA MeHbLUe
eanHuubl e(t) < 1. Mony4yeHHble HOBbIE (hOPMbI YPaBHEHWSA BO3MYLLEHHOIO ABVXEHUS B BUAE YpaBHeHUI HbOTOHa,
B pas/IMUHbIX CUCTEMAX OCKYNUPYIOLWMNX MNEPEMEHHbIX MOXHO 3(PHeKTUBHO MCMONL30BaTb MNPU UCCNef0BaHUU
AVNHAMUKN HECTaLNOHAPHbIX TPAaBUTUPYIOLLUX CUCTEM.

KniouyeBble cnoBa: anepumognyeckoe [ABMXKEHME MO KBA3WKOHMYECKOMY CEYEHUIO, MepeMeHHas Mmacca,
HEBO3MYLLEHHOE [ABMXEeHWe, YpaBHEHWUA BO3MYLLEHHOrO0 ABMXeHWs B dopme ypaBHeHWs HblOTOHa, Teopus
BO3MYLLEHUSA, HeCTaLMOHapHble rpaBUTUPYIOLLME CUCTEMDbI.
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