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Somsikov A.l.
Law of universal gravitation at zero distance

The issue of zero distance in the law of universal gravitation is considered

Introduction

Law of universal gravitation is not valid for any distances between bodies, but only for
distances exceeding own sizes of interacting bodies. Therefore, its "universality", which is present
in the name itself and implies generality, i.e. feasibility for any distance between bodies, including
zero, is not actually achieved, but only postulated.

Here is how it is reported in the physics textbook.

"According to Newton's law of universal gravitation, every particle attracts every other
particle in the universe with a force which is directly proportional to the product of their masses
and inversely proportional to the square of the distance between them. Denoting the masses of
gravitating forces as m; and my, the distance between them as 7, we get:

f=k=55 ()

where £ is a certain constant, the so-called gravitational constant; its numerical value
depends on the units of measurement of force /, mass 7z and distance 7.

Newton's law in this formulation is only valid if the size of particles is very small compared
to the distance 7~ between them.

If the sizes of particles are comparable with the distance at which the particles are located
from each other, each particle should be divided into elements (fig. 67); the Newton' s law of
gravitation is valid for each pair of elements, so that the interaction force of the i-th element of the
first particle and the k-th element of the second particle will be equal to:

Afy = k—Amjgmz.

The total interaction force will be expressed as the vector sum of all elementary forces A /:

Note. Since the elements into which the particles are broken into must be taken infinitely
small, the task is actually to integrate.

The result of such calculation is very diverse for particles of different shapes; it is especially
simple for the gravitation of homogeneous balls: two homogeneous balls are mutually gravitated

with each other with a force f = k mi’znz, where 7z and 7z are the masses of balls, 7is the distance
between their centres. This expression, which coincides with formula (1), is true for any distance
between balls” [1].

Highlight: "“for any distance between balls." Therefore, the zero distance, at which the force
rushes to infinity, too.

The method of “splitting into elements” artificially returns to the situation when the
distances between the particles become large again in comparison with their size, than simply evade
consideration, i.e. the situation when these distances are not large, but on the contrary small or tend
to zero, hiding the apparent impracticability of the law of gravity at small distances between the
particles. Such "solution™ is purely formal and does not clarify anything.




What's the problem here?

The problem is that it is physically impossible. There are only two concepts of physics that
can be infinite - distance and time. Others are always limited. Theoretically, particles of matter can
be replaced by their centers of mass with zero dimensions. But in this case, it turns out that when
the centers of masses replacing the particles themselves approach each other up to the zero distance
r — 0, the interaction force f rushes into infinity f — oo, with which both acceleration and speed
of their movement are turned to infinity, which is impossible by definition. Therefore, the law of
universal gravitation is not universal but limited in its application in the field of small distances
between particles.

Statement of the problem

This work aims to consider a law of gravitation that is fair for all distances between
particles, including zero, to ensure the requirement of universality.

The problem that prevents us from considering is the impenetrability of the physical
particles, which does not allow us to bring the distance between the particles to zero.

Therefore, the consideration should be made at the level of a mental experiment or at the
model that allows such approaching.

Interaction of material balls

Let's consider the gravitation of material balls with the same radius R without splitting them
into elements.

The gravitational force f is maximum f = fma In the starting position r = 2R.

When the particles further approach each other, they penetrate each other by a value x,
satisfying the ratio 0 < x <R (Fig. 1).
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Fig. 1. Mutual penetration of spherical particles with the same radius R

The mass m of each particle determined by its volume V is reduced by the value Am
determined by the ratio 0 < Am < m correspondingly to a decrease in volume AV (0 < AV <V) that
belongs to both particles simultaneously and is attracted by them with the same force and in
opposite directions, so that its total attraction is zero.

The remaining part of each particle minus this common part gets a symmetrical offset Ax of
each center of mass relative to its center of curvature, equal to 0 < Ax < Axmax, towards the increase
of the distance r.

Thatiswhy r =2(R — x + Ax).

In the starting position at x = 0 Ax = 0, Am = 0. In the end position at the maximum value
Xmax = R Ax = AxXmax> 0, Am = m. Therefore m — Am = 0. In other words, both masses of the law
of universal gravitation simultaneously turn to zero, and the minimum distance rm» between them
keeps the final value rmin = 2(R — R + AX max) = 2AX max > 0.

So, there is no infinity of the force f or its mathematical uncertainty, and it simply turns to
zero: f =0.
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Consequently, the law of universal gravitation is followed at any distance r, including zero r
= 0, considering that when approaching 0 < r < 2R, both masses are reduced to zero, while
maintaining a non-zero minimum value r, equal to rmin = 2Axmax > 0. As a result, the
gravitational force f is also reduced to zero (Fig. 2).
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Fig. 2. The dependence of the gravitational force f on the distance r when the distance r is reduced
to zero

That is, the law of universal gravitation is universal indeed.

Gravitational vibrations

Bodies located at a distance r, being left to themselves, come to the gravitational vibrations
relative to the general center of masses (without considering the problem of their mutual penetration
into each other). Physics does not consider these vibrations because of the expected aspiration to
infinity of the gravitational force f at the spatial alignment of their centers of mass.

Such problem is solved in a roundabout way for inertial circular motion, mathematically

expressed by two linear harmonic oscillations with phase difference % The masses of both bodies

do not change, and the Newton's gravitational force is replaced by the Hooke's elasticity. The
problem of mutual penetration of bodies is easily solved: when the coordinate x is zero at the start
of the countdown, placed in the common center of mass, the other coordinate y is maximum and
vice versa. In this case, the maximum value of Hooke's elasticity is equal to Newton's gravitational
force in the orbit of rotation used as a numerical coefficient in the law of elasticity.

Now, after finding out the physical meaning of the law of universal gravitation at zero
distance, it is possible to consider linear gravity oscillations in their pure form without involving
mathematical tricks with the replacement of linear gravity oscillation by two elastic oscillations.

In practice, such gravitational vibrations with the passage of interacting bodies through their
common center of mass is difficult to simulate.

These can be oscillations of pendulums moving towards each other. Although their centers
of masses are not spatially aligned, such alignment is at least partial — in the plane of oscillatory
motion. The bodies of the pendulums may look like round discs or hemispheres mating over flat
surfaces.

On a cosmic scale, however, such interactions can be represented by the penetration of
galaxies into each other. They are usually referred to as colliding galaxies, although there may be no
real collision between the objects that make up them. They would be better called penetrating.
Here, the law of universal gravitation is fully followed before they are touched, and after mutual
penetration, the gravity does not increase to infinity, but, on the contrary, gradually decreases to
zero when their centers of masses overlap, which is accompanied by a gradual decrease in the
accelerations, also to zero, and velocities — to the maximum values. Then they, continuing to move
on inertia, will begin to separate with the appearance of the gravitational force of braking, rather
than acceleration of movement. As a result, gravitational oscillations of galaxies of cosmic scale
and duration appear.
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[TPUMEYAHME. DOrto mnepeBoA CTaTbu C pPYCCKOrO Ha AaHIIMHCKUN sA3bIK. Huke
IIPWJIAraeTcs OPUrHHAJIBHBIN aBTOPCKUH TEKCT.

ComcukoB A 1.

3aK0H BCEMHUPHOI0 TATOTEHUS MPHU HYJIE€BOM PACCTOSTHUU
PGCCMOmpeH 60npoc Hyﬂ€6020 paccmo;muﬂ 6 3AKOHe eceMupﬁoeo MmACOMEeHUA
BBenenne

3aKOH BCEMHUPHOI'O TATOTEHUS CHPABEAJUB HE JUIs JIFOOBIX PAacCTOSHHUM MEXIy TelaMmu, a
TOJIBKO JJII PACCTOSIHUM, HpPEBBILIAIOIIMX COOCTBEHHbIE pa3Mephbl B3aMMOIECHCTBYIOLIUX TeEINl.
[TosTOomy ero “BCEMHUPHOCTD”, MIPUCYTCTBYIOIIAS B caMoM Ha3BaHUU u
[0J[pa3yMeBaroILasl 6ce0OuHOCMb, T.€. BBIIOIHUMOCTb Ul J100blX PACCTOSHUI MEXIy TeIaMH,
BKJIIOYAsl U Hynegoe, (PAKTUUECKU HE IOCTUTAETCs], @ TOJIBKO JIMIIb TOCTYIUPYETCS.

Bot kak 06 3TOM coo01iaercst B yueOHUKE (DU3HKH.

I

0 3aKkoHy ecemupnoco mszomenus Hvlomona: écaxue 06a mena NpumsUusaromcs
opye K Opy2y € Cuiol, HpAMO NPONOPYUOHATbHOU NPOU3BEOEHUIO UX MACC U 0OpAmHO
NPONOPYUOHANLHOU K8aopamy paccmosHus medxcoy numu. Qbo3nauas maccel msacomeruux
cun uepez My u My, paccmosnue mMexcoy HUMU — 1, NOLYYUM:

f=k=5% )

20e k — onpedeﬂeHHaﬂ noOCmMosHHAA, makK Hasvleaemas NOCMOAHHAA MACOMEHUs, ee
Yucioeoe 3Ha4eHue 3aeucunt om moeo, 6 KAdKux eduHMI/[ClX usmepAaromcs cuia f, maccamu
paccmosiHue r .

3axon Hviomona 6 ykazamHou ¢hopmynrupogke cnpageonus lutib 6 mom ciyuae, eciu
pasmepul mejl 6eCbMda Maabl NO CPABHEHUIO C PACCMOAHUEM T MeHCOY HUMU.

B cnyuae, eciu pazmepvl men CpagHumvl ¢ mem pAcCMOSHUEM, HA KOMOPOM meld
Haxooamcs Opye om opyaa, Kaxcooe u3z mej ciedyem pazoums Ha d1emenmol (puc. 67); 0
KadicOOol napvl JJeMeHmo8 Cnpagedius 3aKoH mseomenusi Hvoiomona, max umo cuna
g3aumoodetlicmeust 1-2o snemenma nepgoco mena u k-co snemenma emopoeco mena Oyoem

pasua:
_ AmiAmk
Afy, =k — -
ik
Ilonnas cuna 83aumooeticmsust 6blpa3umcs KaKk 6eKMOPHAsL CYMMA 8CeX dJIeMeHmMapHulX
cun Afy -

f =X -

HpumeltaHue. Tax kax 31emeHmol, HA Komopble pa36u6ai0mc;z meaa, 00JIICHbL ObIMb
635Mmwl OECKOHEYHO majivimu, mo 3a0a4a Ha Camom oene ce0OUMCs K UHmezcpupoearuio.

Peszynomam maxozo evluucienuss umeem eecoma pazHooOPA3Hblll U0 O Mel PA3HOl
Gopmvl; oH 0COOEHHO NpPocm 05 CIYYaAs MACOMeHUsT OOHOPOOHBIX WUAPO8. 0804 0OHOPOOHBIX



o« mimy
wapa 63auMHO mseomelom opyz k opyzy ¢ cunou f =k—== , 20emy um, — maccol
T

Wapos, r — paccmosHue mMexcoy ux yenmpamu. Imo evipasxcenue, cognadaroujee ¢ popmynou
(1), cnpaseonuso 0nst 10H6020 paccmosinus medxicoy wapamu” [ 1].

Breimensem: “mis 06020 paccmoanus mexny 1mapamu’. A, cTasio OBITh, TaKXke U
JUTSL HY/1€8020 PACCTOSIHUS, TIPU KOTOPOM CUJIA YCTPEMIISIETCS K OECKOHEeUHOCHLU.

[Ipuemom “pa3OuThs Ha SJIEMEHTHI MCKYCCTBEHHO BO3BpAIIAIOTCSA K CHUTYyalldu, KOraa
PACCTOSIHUSL MEXY TEJIaMU OMSTh CTAHOBSATCS BEJIUKHU MO0 CPABHEHUIO C UX pazMepaMu. Yem mpocTo
YKJIOHSIOTCSI OT pACCMOTPEHUS 1O CYILIECTBY, T.€. OT CUTyalluH, KOT/1a 3TH PACCTOSHUS HE BEJIUKH, a
HA000POT MaJIbl UM BOOOIIE cTpeMsaTcs Hyimr0. CKpbIBasi ’TUM BUIAUMYIO He8biNOJIHUMOCHb 3aKOHA
BCEMHUPHOI'O TATOTCHHUSI NMPU MAJIbIX PACCTOSHUSIX MEXAYy Telamu. Takoe ‘“‘pelieHue’” SBISETCS
9iCcTO (POPMATHHBIM, HUUETO HE MPOSICHSIFOIINM I10 CYIIECTBY.

B yem 31ech npobsema?

Ona 3aKirouaeTcs B TOM, YTO 3TO Qu3uyecKu Hego3modicHo. JIMIb nBa MOHATHS (U3UKA
MOTYT ObITh OECKOHEYHBIMU — paccTosiHue U Bpems. [Ipoune Bcerma orpanudensl. TeopeTuuecku
MOKHO 3aMEHUTh (PM3HUYECKUE TeJIa UX IIEHTPAMU Macc C HYJICBBIMH pazMepamu. Ho B 3Tom ciydae
MOJIy4aeTCcsi, 4TO NpHU CONMIKEHHWH LEHTPOB MacC, 3aMEHSIOIIMX CaMu Tela, 10 HYJIEBOIro
paccrosinus v — 0 cuna f B3aUMOACUCTBUS yCTPEMIIIETCS B OECKOHEUHOCTh f — 00 , BMECTE C
yeM oOpamaroTcsi B OECKOHEYHOCTh TakKXKe U YCKopeHus, W ckopocmu UX JBWKeHHs. UTto 1o
onpeneaeHu0 HeBO3MOXKHO. [lorTomy 3akoH BceMupHOro TAroTeHHSs, OKa3bIBACTCS OTHIOAL HE
BCEMUPHBIM, & OTPAHUYECHHBIM 110 IPUMEHEHUIO B 00J1aCTH MaJIbIX PACCTOSHUN MEXY TEIaMH.

IlocTanoBKka 3aga4n

llenp maHHOW pabOTHI — PACCMOTPEHHME 3aKOHA TATOTEHUS, CIPABEUIMBOTO MJS IJFOOBIX
paccTOsTHUN MEXIy TelaMu, BKIItoUas U HyJIEBbIe, 0OecrieunBaronue TpeOOBaHNEe BCEMHUPHOCTH.

[TpoGnemoii, Memaromeld pacCMOTPEHHIO, SBISETCS HEMPOHUIIAEMOCTh (PU3UUECKUX TeT, He
ITO3BOJISIOIIASL TOBECTH JI0 HYJISI PACCTOSIHUE MEKY TEJIAMH.

[ToaToMy paccMOTpeHHE NOJKHO BECTUCH HAa YPOBHE MBICIEHHOI'O JKCIEPUMEHTA WA Ha
MOJIETH, TOITYCKAIOIIEH TaKoe COMKEHUE.

B3auMoaeiicTBue MaTepUAJIBHBIX IIAPOB

PaccMoTpuM TATOTEHHE MaTepHAlIbHBIX IIAPOB C OJIMHAKOBBIM paguycoM R , He pa30uBas ux
HAa 2JIEMEHTBHI.
B HauanbHOM nosioskeHUM 7 = 2R cujia TATOTEHUs f MakCUMalbHA [ = foqy -

[Ipyn npanpHelimeM CcOMMKEHUW Tella MPOHUKAIOT Jpyr B JApyra Ha BEIUYUHY X
yaoBieTBopsonlyto cootHomenno 0 < x < R Puc.l.

Puc. 1. BzaumMHOe NpOHUKHOBEHHE IPYT B Apyra chepruuecKux Tell ¢ OJUHAKOBBIM paauycoM R .

IIpu sTOoM Macca m  KaxaoOro Tena, ompenensemas ero oobemoMm V, yMeHbIIaeTcsl Ha
BeNMUMHY Am, omnpeznensiemyto cooTHomeHneM 0 < Am < m , COOTBETCTBEHHO YMEHBUICHHUIO
oovema AV (0 < AV < V), npuHagiexanero OJHOBPEMEHHO OOOMM TelaM U COOTBETCTBEHHO
MPUTSITUBAEMOTO UMM C OJIMHAKOBON CHJIOW W B TPOTUBOMOJIOKHBIX HAMPABICHHSIX, BCICICTBUE
4ero ero CyMMapHOe MPUTSHKEHHUE PaBHO HYIIIO.



OcraBmasics 4YacTh KaXJIOTO Tella 3a BBIUETOM OTOH OOmeld HuX 4YacTH TMOoJydaer
CUMMETPUYHOE CMeIIeHue AX KaXJI0Tro IEHTpa MacChl OTHOCHUTEIBHO IIEHTpPa €ro KPUBHU3HHI,
paBHoe 0 < Ax < AXp,,, B CTOPOHY YBEJIIMUEHHUS PACCTOSIHUA T .

[Mostomy r = 2(R — x + Ax).

B navansaoM nonoxxkenuu npu x = 0, Ax = 0, Am = 0. B KOHEUYHOM XK€ MOJIOKEHUU MPU
MaKCUMaJIbHOM 3HAYEHUU X0 = R, Ax = Axpe, >0, Am =m. Ilostomy m—Am =0 .
JlpyruMu ciioBaMu, 00€ Macchl B 3aKOHE BCEMHUPHOTO TATOTEHHS OJHOBPEMEHHO OOpAIIAIOTCS B
HyJIb, a MHUHHUMAQJBHOE PACCTOSIHUE Tj,;, MEXKIy HHUMH COXpaHSET KOHEUYHOE 3HAYCHHE
Toin = 2(R — R 4 AxXppax ) = 28%0, > 0.

Takum oOpa3oM, HHKaKOH OECKOHEYHOCTH CHJIbI f umm ee MaTeMaTUYECKOM
HEOMpeAeIEHHOCTH MTPU TOM HE BO3HUKAET, a caMa OHa MPOoCcTo oOpariaercs B Hylb [ = 0.

CrnenoBaTenbHO, 3aKOH BCEeMUPHOr0 TATOTEHUS BBIMOJIHSAETCS Ha JIIOOOM PAcCCTOSIHUHU T
BKiItouass u HyneBoe r =0 c yderom Toro, uro mpu commxennn 0 <7 < 2R o0e Macchel
YMEHBIIAIOTCS 0 HYJS TPU COXPAHCHUH HEHYJIEBOTO MHHUMAJIBHOTO 3HAYEHHS T” , PaBHOTO
Tmin = 20X, > 0. BenencrBue dero cunia f TATOTEHUS TOKE yMEHbIIaeTcs 10 Hyns Puc. 2.

N\

r=R 7

Puc. 2. 3aBucumocTts cuna f TATOTEHHUA OT paCCTOAHUA 7" IPHU YMEHBIICHNUHU 1" 10 HYJIA.
To ecth 3aKOH TATOTCHUS JEHCTBUTEIIHHO SBIISETCS BCCMUPHBIM.

FpaBI/ITaHHOHHbIe KoJie0aHus

Tena, Haxoxsuecs Ha pacCTOSHUU T, OyAydM IMPENOCTaBIECHbI CaMUM cebe, MPUXOIAT B
IpaBUTALlMOHHbIE KOJIEOAaHUsT OTHOCUTENBHO oOmero uneHTpa macc (0e3 ydera MpoOseMbl
B3aMMHOT'0 MX MIPOHUKHOBEHUs TeJ APYT B Jpyra). ITH KojeOaHus B (PU3MKe HE pacCMaTPUBAIOTCS
13-32 0’)KUJAEMOT0 YCTPEMIIEHUS] K OECKOHEUHOCTH CHJIbI IPUTSDKEHUsT f TpU MPOCTPAHCTBEHHOM
COBMEIIIEHUH UX LIEHTPOB Macc.

Taxoro pona 3agada pemaercss 00OXOAHBIM yTEM AJII HHEPIIMOHHOTO KPYTrOBOTO TBUKECHHUSI.
MareMaTHYeCKH BBIPa)KaeMOro JBYMs JIMHEHWHBIMU TapMOHMUYECKUMH KOJEOAHUSIMH C Pa3HOCTBIO

s
(baz E . Maccel 00oux Ten IIpru 3TOM HC M3MCHAIOTCA, a4 CUJIa I'paBUTALUU HrrotoHa 3aMeHseTcs

yrnpyroit cunoi I'yka. Ilpu sToM mpobiema B3aMMHOTO NMPOHUKHOBEHHUS TeJ pelIaeTcs OueHb
MIPOCTO: B MOMEHT HYJIEBOTO 3HAYEHMsI KOOPJIMHATBI X C Ha4aJlOM OTCYETa, TOMEIAEMbIM B 00N
LEHTp Macc, Apyras KOOpJAWHaTay MaKCHUMajbHa U HAao0OpOT. MakcuMallbHOE 3HAYEHHE CUJIBI
I'yka paBHO B 3TOM ciydae cuiie TaroreHuss HproToHa Ha opOuTe BpallleHHs, HUCIOJIb3yeMO B
Ka4yecTBE YHCIOBOT0 KOA(PPHUIMEHTA B 3aKOHE YIIPYTOCTH.

Tenepr ke, mociie BBIICHEHUS (PU3NYECKOTO CMBICIA 3aKOHA BCEMUPHOTO TATOTEHHS IPH
HYJIEBOM pACCTOSHHUH, CTAHOBUTCS BO3MOJKHBIM TakKe M IpPsIMOE PACCMOTPEHUE JIMHEHHBIX
IPaBUTALMOHHBIX KOJIEOAHUH B UX YUCTOM BHJIE, O€3 MPUBJICUEHUS MAaTEMAaTHUECKUX YXUIIPEHUN C
3aMEHOM JIMHEIHOT0 TPaBUTAI[MIOHHOTO KOJICOaHUs IBYMsI YIIPYTUMH.

Ha mpakTuke Takue rpaBUTallMOHHBIE KOJEOaHUS C MPOXOXKIACHUEM B3aUMOJICHCTBYIOIINUX
TeJ Yepe3 X OOIIUI LEHTP Macc TPYIHO MPOMOJECIUPOBATD.

OT0 MOTyT OBITH KOJE€OAHUS MAsSTHHUKOB, ABMXKYILIHUXCS HAaBCTpEUy IPYr Ipyry. XoTsd HX
HEHTPhl Macc IMPOCTPAHCTBEHHO HE COBMEILIAIOTCS, TAaKOE€ WX COBMEILEHHE SBISETCS XOTs Obl



YaCTUYHBIM — B IUIOCKOCTH KOJEOATEeThbHOTO IBWKCHHs. Tella MasTHHKOB MOTYT HMMEThb BHUJT
KPYTJIBIX IUCKOB WM %K€ Moaychep, CONpAraeMbIX 10 INIOCKUM MOBEPXHOCTSIM.

B kocMuueckoMm ke MacmTabe Takue B3aUMOJCUCTBUS MOTYT OBITh IIPEJICTABIICHBI
MIPOHUKHOBEHHUEM JIpyr B Apyra TajakTHK. OOBIYHO MX HA3bIBAIOT ‘‘CTAJIKUBAIOITUMUCS, XOTS
peallbHOE CTOJIKHOBEHHE OOpa3yIONIMX MX OOBEKTOB MOXKET OTCYTCTBOBaTh. VX mydine ObUTO OBI
HA3bIBaTh UMEHHO NpOHUKarowumu. 31ech 3aKOH BCEMUPHOTO TSTOTEHUSI TIOJTHOCTHIO BBINOIHSIETCS
0 WX KacaHus, a I0CJ€ B3aMMHOIO MPOHHKHOBEHHUS CHUJIa TpaBUTAllMA HE BO3pacTaeTr o
OECKOHEYHOCTH, & HA00OPOT MOCTENEHHO YMEHBIIAETCS A0 HYJIEBOTO 3HAYEHHsI MPU COBMEIIEHUU
UX LEHTPOB Macc. YUTo cCompoBOXKIAECTCS MOCTENEHHBIM YMEHBIICHUEM YCKOPEHUH TOXE [0
HYJIEBOTO, @ CKOPOCTEHl — MO0 MaKCHUMAaJbHBIX 3HAYEHHUH. 3aTe€M OHM, MPOJOJIKAS JBUKEHHE IO
WHEPIUHU, HAYHYT PACXOJUTHCS C TOSBJICHUEM TPABUTAIIMOHHOW CHJIBI YK€ TOPMOXEHUS, a HE
YCKOpeHHUsi JBIKEHUS. B wuTOre M BO3HUKAIOT TpaBUTAIIMOHHBIE KOJICOaHHSI TaJaKTUK
KOCMHUYECKOI0 MaciTada u JIMTEIbHOCTH.
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