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Abstract: This paper describes a model of gravity where gravitational pull is created by accelerating flow of space
which is absorbed by mass. Proposed model of gravity is used to define the size of a zone of gravitational influence
of mass and to explain the value of the rest mass energy and the phenomenon of time dilation. This model suggests
that the gravitational influence of mass squeezes space cells and accelerates them towards the mass until a certain
critical speed is reached at which the space cells collapse. The critical speed of the space cells is the mass’s space
absorption speed which sets an absolute speed limit for a movement in space which can’t be exceeded by any object.
The total energy of mass is equal to the sum of its gravitational and kinetic energies. Stationary object with uniform
space absorption from all directions has the highest gravitational energy for its mass but no kinetic energy. When an
object is moving with the speed of light it completely loses its gravitational influence but gains the highest possible
kinetic energy. The last case defines the value of the total energy of mass as equal to its highest kinetic energy. Time
for the particle of matter is measured in the acts of space cells absorption. Duration of the quantum of time is a
function of the size of the space cells when they reach a particle of matter. The gravitational influence of any mass is
weakening when it’s moving in space. Lower gravity means an increasing size of the space cells on the surface of
the matter and therefore slower time for the moving mass.
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Introduction

This article develops the model of gravitation presented a year ago in the work [1]. In that model the gravitational
pull was described as a result of accelerated movement of space absorbed by mass. Here this model of gravity is
used to explain the amount of energy enclosed in mass, time dilation and a zone of gravitational influence of mass.

I was always wondered why all that enormous energy of a rest mass described by the Einstein’s formula E = m,c?
is never displaying itself in the ordinary conditions. Meanwhile its value contains a double kinetic energy of mass
moving with the highest possible speed. The energy of movement stored in the rest mass. But if the gravity is an
intrinsic property of mass then maybe it’s the energy of gravity?

I think that any theory of mass must answer the question about relation of gravity and inertia. What connects these
properties of matter? Can we consider as a correct a model of mass which explains one property but excludes
another?

The equivalence principle of Einstein considers accelerated by gravity movement of massive object as a uniform
inertial movement in a space distorted by the gravity. At the same time while distorted space can successfully
describe the changes of trajectories of the massive bodies but it fails to explain their inertial movement. Higgs
mechanism can explain how particles can get a mass but not how mass can create gravity.

The described in a paper [1] theory proposes that the freefalling object doesn’t experience resistance to acceleration
only because it is accelerating with space which is absorbed by gravitating mass. No acceleration relative to space
and no force to resist this acceleration. In this model of mass the inertial movement and gravity are not equivalent
but mutually complementary parts of the same phenomenon.

Then what is the space which can move and what is the mass which can create the flows of space?



If we accept an idea that every particle of matter absorbs space then we can expect that the space itself is a discrete
substance with the size of cells of the same order as the smallest particles of matter which absorb those cells. Space
cells fill entire Universe, have no mass and can move and change size under the effect of gravity.

If matter absorbs the space then probably antimatter emits it. In a text below all equations and related to them
conclusions will be applicable for both matter and antimatter with the only difference that the direction of the space
cells movement is outwards related to the particle of antimatter.

Main formulas of the model of gravity based on a space absorption
In the work [1] proposed model of gravity was tested on feasibility to obtain a Newton’s equation for the
gravitational acceleration.

M
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The acceleration a in equation (1) is the acceleration of the space cells which can be sensed by any object placed in
a gravitational flow of space created by mass M at the distance R from this mass. In a process of developing this
model it was found that to derive the Newton’s equation in a framework of proposed theory the space cells have to
be squeezed in size on their way to mass. The required formula for the volume of space cell as a function of the
density of mass is shown below:
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Where v - is a volume of space cell in a point where mass density is p and v, — is a volume of a cell in a point of
space with the maximum possible density py,. ( py- is the real density of matter and probably the density of black
holes). Equation (2) allows getting another important formula which defines relation of the linear size of the space
cells with their speed when they are moving towards the mass.

lxv=KVYM (3)

The equation (3) shows that the linear size of space cell [ is related to its velocity v and mass M which is pulling the

cell. Where K = l;’:;“ - is a constant. The value of K is defined by the minimal size of the space cell 1,, speed of the
0

space absorption ¢, and a value of elementary mass m,. The equation (3) shows that the product of the cell’s linear
size and velocity is a constant when a space sell is moving by the gravity of a massive object.

There is also a formula for the speed of space cells related to the distance from the mass M:
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Zone of gravitational influence of mass

A volume of space affected by mass is always limited in size.

(4)

A concept of a gravitational influence zone is based on proposition of this theory that a space cell is squeezed by the
effect of gravity to the size defined by the density of mass. The mass responsible to the size of the space cell at a
certain point of space may be presented by a single particle or massive object or distributed mass consisted out of



many particles or objects, but the size of space cell will be defined by the only one closest local center of mass
which can provide the highest density of mass at this point.

This approach in the description of the mass’s influence on space violates the superposition principle for the density
of mass, but it is absolutely needed in a theory where the basic principle assumes an existence of a certain invariable
critical density of mass p;, which makes space cells collapse. In the framework of the proposed model it was
unacceptable to allow to a particle of matter grow in size depending on background gravity. That is why this model
precludes addition of the density of mass of the particle’s nucleus with the background density of mass.

A zone of gravitational influence (ZGl) is a certain volume of space, inside of which the size and velocity of space
cells movement is defined only by the mass inside of this zone. When we talk about isolated volume of space we
assume a certain part of space located in a bigger volume of space which size is defined by the bigger mass. It is
possible to imagine a sequence of nested gravitational zones placed one into another like the Russian dolls starting
from the level of particles and ending with the size of the Universe. The boundary of ZGl is defined by the equality
of the sizes of the space cells of internal and external zones. Formula (2) shows that equal size of space cells from
both sides of the boundary means an equal density of mass from both sides. Space cells inside of a nested zone are
always smaller than surrounding cells of external ZGl.

The size of the nested zone can be defined by the condition of the equality of the density of mass on its boundary

with the external ZGl.
ro i/ﬁ c
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R and r — are the distances from the big (M) and small (m) centers of mass correspondently. Mass M includes mass
m.

Gravitational zone of Moon can be used as an example of the nested ZGl in a common zone of influence of Earth
and Moon. Its size is less than a fifth part of the distance from the earth to the moon from the side of the earth and
three tenth of the same distance from dark side of the Moon. The boundary of ZGl is going farther from the moon on
its dark side because the size of space cells defined by the earth is getting bigger there. The boundary of the common
ZGl of the Earth and Moon from the side of the Sun is about five and half distances from the earth to the moon.
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Picture 2. An example of nested ZGls

Picture 2 shows zones of influence nested one into another. Density of color shows that the cells with smaller sizes
located closer to the mass. Nested zone always has smaller cells than the boundary space of external zone.

One more example can be used to visualize the relative sizes of ZGls. ZGl of one kilo of mass at the surface of the
earth is a sphere with radius 3.52 cm. The radius of a lead sphere with the weight of one kilo is 2.71cm which means
that lead ball has a ZGI extending out of its body for 0.81 cm. If we take a glass ball which weights the same Kilo its
radius is going to be 4.57 cm and therefore its ZGI will be missing staying completely inside of the ball.



When it’s stated that the mass do not affects the space cells outside of its own zone of influence it must be specified
that the space absorbed in the nested zone is coming from outside. Space flow moving to the inner zone sums with
the space absorbed in the outer zone. Therefore the smaller mass with its ZGlI is becoming a part of the common
outer gravitational zone and is a part of its common gravitational mass. The common zone of influence for several
celestial bodies will behave as a one-piece in an outer background space. For example the movement of the common
zone of Earth and Moon in a solar system or the movement of the solar system in a galaxy and so on. The influence
of the Moon on Earth is exercised not through the gravitational acceleration which is acting only inside of the
moon’s ZGI but through the common center of mass of the common zone of influence for Earth and Moon.

The size of the ZGl is defined by the outer space or, in other words, by background density of mass. The smaller
space cells of the background space the smaller size of the nested zone of influence and higher incoming velocity of
the background space cells v, into nested zone.

Picture 2. The size of zone of influence C is smaller in more
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[ —is a linear size of the space cells

It is necessary to mention that equation (3) [ * v = K /M shows that the same size space cells moving under the
influence of different masses will have different velocities. The bigger mass will be responsible for the faster speed
of the space cells. During transition from the outer zone of influence into nested zone of the smaller mass, the speed
of space cells will decline at the beginning and only after they go further inside of inner zone and become smaller
they will move faster. Many rotation curves of the disk galaxies show similar decline of rotation speed in transition
zone from the galaxy disk to its central part.

The integration of ZGls of similar sizes is more complicated process than the merging of zones of completely
different masses. When similar ZGls intersect each other they create a competition for absorption of the space cells
which results in the decline of the velocity of the space cells on the line connecting two masses. As it was shown in
[1] this slowdown of the space cells will result in the growth of their sizes and therefore it will change the directions
of movement of interacting masses to the opposite ones. This process of changing direction of masses or
gravitational repulsion can be observed on both micro and macro levels. Even when quite different masses interact
with each other like Sun and the planets of the solar system it is possible to observe a small but distinctive
movement of celestial bodies away from their gravitational partners.

Energy of mass

To explain a gravitational action of mass it’s enough to accept an ability of mass to absorb the space which explains
acceleration of space toward the mass, but to describe a movement of mass in space the further assumptions are
needed. It is necessary to admit that the mass is capable to absorb the space nonuniformly which can enable mass to
move in a direction of more intensive space absorption.

If we accept discreteness of space then it is necessary to accept discreteness of the directions of movement. It means
that the model of mass has to accept the concept of “direction of absorption” or “the line of space absorption”. The
number of these directions or lines of absorption defines the magnitude of the flow of absorbed space, which
equivalent to the mass of an object and distribution of these lines of absorption will be responsible for its speed in
space.



Picture 3. Symmetric and asymmetric structures of the space absorption by mass.

Picture 3a) shows symmetrical structure of space absorption by the massive object with certain number of the lines
of space absorption (LSA) and corresponding zone of influence. Symmetric absorption of space creates
compensated displacements in all directions of absorption, which makes a mass stationary in a surrounding space.
Zone of influence in the symmetric case is the biggest possible for this mass which allows to accelerate the space
cells form the speed of background space v,, to the ultimate speed of the space absorption c,. In this case the
gravitational speed v, will be the highest possible and equal to the speed of light.

At the picture 3b the symmetry of the space absorption by the massive object is broken. Part of the LSA are left not
compensated or partially compensated. This structure of space absorption results in the motion of mass in space with
a certain velocity v,. Nonuniformity of absorption can be seen in an absence of absorption lines in a certain solid
angle from the side opposite to the direction of movement, which means that the density of lines in the other part of
a sphere is increasing. It was mentioned that the number of lines defines the mass of an object then the density of
lines correspond to its impulse.

To describe the model of gravity in a paper [1] was used an elementary mass m, which had only two lines of
absorption and it simultaneously absorbed only two space cells from two directions. Despite of the constant space
absorption speed, existence of two lines allows to elementary mass to change its velocity from zero to the speed of
light depending on the angle between directions of absorption.

The real massive objects usually have much more lines of absorption then elementary mass but the absorption
structure of these objects can also be simplified to the structure of elementary mass. The movement of any object
can be defined by two vectors of absorption placed in a certain angle to each other as it shown on the pictures 4 a, b
and ¢ independent on a quantity of lines of absorption of this object.

Picture 4. Three options of the possible structures of space absorption

The speed of movement of a particle of matter is defined by the average displacement in space by all lines of space
absorption for the time of one act of absorption. Act of absorption can be considered as a minimal duration of time
or a quantum of time for a particle of matter. For antimatter it’s going to be an act of emission. Displacement of a
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particle for a quantum of time can’t be more than a one linear size of a space cell. In a case of displacement for a full
space cell size the speed of a particle should be equal c,, which is impossible because the space cells coming into
the influence zone with their own initial speed v, toward the mass. Therefore the maximum speed can’t be more
than the speed of light equal ¢, — v,,.

The velocity of particle v, in the model of mass with two vectors of absorption will be defined by the projection of
these vectors on the direction of movement v, = ¢ * cos(“/z) where o is the angle between vectors of absorption.

Absorption in a direction of movement is responsible for velocity of the particle, and absorption in perpendicular
direction corresponds to the gravity. Gravity is accelerating the space cells from initial speed v, to the speed

vy, + v, Where v, = /c? — v2 —is a projection of absorption vector on the direction perpendicular to the direction

of movement. Acceleration of the space cells in a direction perpendicular to the movement doesn’t produce any
displacement of the particle in space because projections of both vectors compensate each other.

The total energy of the particle is defined by the sum of gravitational and kinetic energies:
E, =E;+E (6)

The picture 4c shows that the maximal velocity is reached by the particle when it absorbs space from one direction.
In this case the particle’s speed will be equal to the speed of light. Absorption of space from one direction means
that gravitational part in equation (6) is completely absent and therefore the total energy of the particle is equal to its

2
maximal kinetic energy Ej = %

The total energy of the particle E, equal:

mc?

Eszg+Ek ZT (7)
We know that the value of the speed of light is defined by the size of the background space cells and is the function
of the velocity v,,, therefore the absolute value of the total energy will also depend on the background density of
mass.

The equation (7) shows the twofold discrepancy of the value of rest mass energy obtained in this model with the
famous Einstein’s formula E = mc?, which was confirmed experimentally with an actual amount of energy released
in the reaction of nuclear fission. This discrepancy in formulas can be explained by accepting a new mechanism of
nuclear reactions where antimatter is playing an important role. The model of this interaction was described in
details in a work [1]. The antimatter is serving a role of a gluing element between particles of matter compensating
some of their space absorption lines and eliminating repulsion between interacting particles. Participation of
antimatter manifests itself in a mass deficit which is called as a nuclear binding energy. The total energy of the
process of fission is a sum of Kinetic energies of the products of decays both matter and antimatter. The sum of these
kinetic energies will be equal to the double energy calculated by the formula (7) based on the mass deficit and this
result will coincide with the Einstein’s formula. An appearance of antineutrino during the beta decay of a neutron
can be considered as a one confirmation of this mechanism of nuclear interactions but it is not a topic of this
publication.

The model of the absorbing space mass allows absolutely naturally define a connection between gravity and a
movement of matter or antimatter in space. The particles of matter or antimatter absorb or emit space cells
independent on their speed of movement in space. In this model the free motion of the particles is happening with a
constant velocity which is defined only by geometry of the space absorption lines and without any outside forces
which can change this geometry the velocity of the particle will stay constant forever. This behavior is specific to
inertia. On the other hand, the resulting in gravity compensated absorption of space doesn’t move mass in space but
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creates accelerated flow of space towards the mass which affects the other objects in a zone of its gravitational
influence. The total energy of gravity and a movement of mass can be considered as a constant value which absolute
value is a function of a density of background space.

It is worth to mention that even when the massive object reaches the speed of light by absorbing space cells from
one direction it is still possible to increase its impulse increasing density of its LSAs. The mass and the speed of the
particle are going to be the same but its impulse will grow. This can be observed in the particle accelerators.

Time

In this model of gravity time is a part of the process of interaction between matter and space. Mass is counting its
own time absorbing the space cells and a value of a quantum of time is measured by the single act of the space
absorption.

It was shown in a previous chapter that the absorption of space by the matter is responsible for a movement of mass
in space and for creation of accelerated flow of space towards the mass. It was also mentioned that the gravity
deforms space by making the space cells smaller while they accelerating on their way to the mass. Therefore when
the quantum of time defined as a time spent by the particle to absorb space cell we must take into account that it’s
the particle’s gravity is responsible for the size of the absorbed space cells. Quantum of time can be calculated from
the following formula:

le
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Where [, —is a linear size of the space cell absorbed by mass and c, — is the space absorption speed.

From the equation (3) we know that v, * [, = ¢, * [, which means that the linear size of the absorbing cells is a
function of their velocity v, with which they are approaching the surface of the particle and therefore the value of
the quantum of time can be expressed through the velocity v,:

q: = lo/ve (9)

We can replace 1, with qyc,, where g, — is the minimal quantum of time specific to the stationary relative to
background space particles.

qoCa

t
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The speed v, at which space cells are approaching the mass is the sum of the background speed v, and gravitational
speed vy,.

vy = vpt+y, (11)
The speed v, in (11) can be replaced with ¢, — ¢ and gravitational part of the absorption speed v, can be replaced

with \/c? — vZ. As the result of these replacements in (10) we can get an expression of the quantum of time for a
moving particle:

qoCa 90
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(12)



The equation (12) is the formula of the time dilation and it shows that the value of time is the function of object’s
speed v, relative to the background space and also it is a function of gravitational action of the background mass

which defines the value of the c/c,,.

If we assume that the speed of light in some conditions can reach the speed of space absorption c,, which is
practically impossible, then the equation (12) will be turned into corresponding equation of the special theory of
relativity.

q
g = —— (13)
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It is important to emphasize that unlike in STR the quantum of time in this theory is not becoming infinite even

when the particle reaches the speed of light. The value of the quantum of time for a particle moving with the speed
of light is defined by formula:

It means that photons moving with the speed of light can sense the time and can undergo related to the time changes
which were considered specific only to the regular particles. Spontaneous decay of photons producing red shifted
photons and very small energy photons which are observed as a cosmic microwave background radiation can be
considered as an example of such changes.

Conclusions:

If it happens that this model of gravity will be considered as a correct, then the conclusions of it can be quite broad.
For example the lines of space absorption which were discussed in a chapter about energy can be used to explain
diffraction of the particles without attempts to convert particles to waves. At the same chapter was mentioned that
gravitational effect is decreasing by the line of movement of a massive object which can be used to explain tidal
effects of the Sun and Moon on the Earth’s oceans. The motion of space can be used to explain rotation of galaxies
with the speed defined not by the central mass but by the density of mass in its spiral arms which doesn’t require an
introduction of the mysterious dark matter. Existence of the zones of gravitational influence explains impossibility
of registration of the gravitational waves from remote stars. There is no sense to name all possible applications of
this model of mass.

One question left: where all this space which is absorbed by matter is coming from. The answer is in a hidden parity
of matter and antimatter. The balance is hidden because the most part of antimatter in the universe is presented by
antineutrinos. The processes which produce matter are always producing antimatter as well and antimatter emits
space at the same volumes as matter absorbs it.
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I'paButanus kak /IBuxenue IlpocTrpancrsa
Egrenmnit Kyranos

Abstract

B pabote npencrasneHa MOJieIb TpaBUTALMY, B KOTOPOI IPaBUTAIIMOHHOE MPUTSDKEHNE CO3/1AeTCSl YCKOPEHHBIM
MTOTOKOM MOTJIOIAEMOT0 MacCoi MPOCTPAHCTBA. B 3T0ii cTaThe mpeanokeHHass MOAENb TPABUTALIUH UCTIONb3YEeTCS
JUTSL OTIPEENICHNS pa3Mepa 30HbI TPABUTAIMOHHOTO BIMSHUS MacChl, Ul OOBSICHEHHS 3HAUCHNS SHEPTUU MaCChI
MIOKOSI 1 (peHOMEHa PENIITUBUCTCKOTO 3aMeIeHNs BpeMeHH. OCHOBHOM Heel MOJIENH ABISIETCS TO, YTO
TPaBUTAIIMOHHOE BIMSHUE MAcChl CKMMAET STYCHKH MPOCTPAHCTBA M YCKOPSIET MX B HAIIPABICHUH MACChl, [TOKA HE
OyIeT JOCTUTHYTa HEKOTOPask KPUTHIECKAs! CKOPOCTh, PH KOTOPOH SUEHKH IPOCTPAHCTBA KOJUTAIICHPYIOT.
Kputudeckast CKOpocTh SIBISETCSI CKOPOCTHIO MOTJIOIIEHHUS IPOCTPAHCTBA BEIIECTBOM, M OHA XK€ OTPAaHUYUBAET
MaKCHMaJIbHYIO CKOPOCTb JIBHIKECHUS JIIOOOT0 OOBEKTA.

IonHas sHEprus Macchl paBHa CyMME €€ TpaBUTallMOHHON U KHHETUYECKOU sHepruil. HemoaBukHas yacTuna c
PaBHOMEPHBIM TI0 BCEM HAINPaBJICHUSIM MOTJIOMIEHUEM ITPOCTPAHCTBA HMEET HANOOJIBIIYIO ISl €€ MACCHI
IPAaBUTALIMOHHYIO 30HY BJIUSHHUS U S3HEPIUIO IPABUTALIMY, HO PABHYIO HYJII0 KHHETUYECKYIO dHepruto. [Ipu
JIBUKEHHUU CO CKOPOCTBIO CBETA IPABUTALIMOHHOE IEUCTBUE MACCHI IIOJIHOCTBIO MCUE3a€eT, HO KUHETUYECKask S3HEPTUs
JIOCTUraeT MaKCUMAJIbHOI'O 3Hau€HUsA. B 3TOM citydae 3HaueHUe IOIHOM YHEPIUU YaCTHULIbI CTAHOBUTCS PABHOM €€
KMHETUYECKOM SHEPIUu.

BpewMs 11 yacTuiibl MaTepUH U3MEPSETCS B aKTax MOTJIOIICHUS TPOCTPAHCTBEHHBIX sSTY€eK. J[IUTenbHOCTh KBaHTA
BPEMEHH OMPECIACTCS Pa3MEPOM SUECK Ha MOMEHT moronieHus. OciabieHue rpaBUTAIIMOHHOTO JCHCTBUS MACChI
TIPH IBIXKEHUH MPUBOINUT K YBEIMUYEHUIO pa3Mepa MOTIONIaeMbIX IPOCTPAHCTBEHHBIX YEEK, YTO BRIPAXKAETCS B
3aMeNIJICHNH BpEMEHH JIJIS IBIDKYIIUXCSI OOBEKTOB.

Beeoenue

JlaHHast cTaThsl pa3BUBAaeT MOJENb FPaBHTALINH, IPEICTABICHHYIO Tl Ha3a B pabote [1], rae 6bu10 MoKa3aHo, 4To
IPaBUTALIMOHHOE MPUTSHKEHHE MOXKHO OIHCATh C TIOMOIIbIO YCKOPEHHOTO JBI)KEHUS IPOCTPAHCTBA, TOTJIONIAEMOT0
Maccoii. B nannoi# cratee npemioxkernas B [1] Moaesb rpaBuTanny IPUMEHSIECTCS 17 OOBSICHEHHUS BETMINHbI
9HEPIuy, 3aKJIF0YCHHOM B Macce MOKOS, PEIITUBUCTCKOTO 3aME/VICHHSI BpEMEHHU M 30HBI TPABUTAI[HIOHHOTO BIMSHU
MaccChl.

Mse Bcernia ObUI0 HHTEPECHO, IOYEMY Ta TMTaHTCKasi SHEPTUsl MacChl MTOKOs, BBIpaXKEHHAsl ypaBHEHHEM
DiiHIITeliHA, HUKAK He NMPOSBIAET ceOsl B 0OLIYHBIX YCIOBUAX. Mex Ly TeM B camoii popmysie E = mc? 3an0:xeHo
3HAYEHHE YABOCHHON KMHETHYECKON SHEPTUH MAaCChl, ABUTAIOMIEHCS C MAaKCHMAJILHO BO3MOXHOH CKOPOCTBIO.
OHeprust IBIKCHUS 3aKIII0UeHa B Macce okost. Ho Macca HeoTaennma ot rpaBuTaliui. MOKET 3TO U €CTh SHEPTHs
rpaBUTALUN?

JIrobast Teopust 0 Macce JI0JDKHA OTBEYATh Ha BONIPOC O CBSA3M MHEPIMHU U IpaBUTaluy. YTO 00BEIMHSCT 3TN
HeoTheMJIEMbIE CBOIicTBa MaTepun? MOXHO JIM CYUTATh BEPHOH MO/IENb, KOTOpast 0OBSCHSET OJHO CBOMCTBO, HO
UCKJIIOUYaeT apyroe?

Tak, IpUHIUT SKBUBAJICHTHOCTH DWHINITEHHA pacCCMaTPUBACT YCKOPSHHOE JBIKEHHE MACCHBHOTO OOBEKTA IO
JIEHCTBUEM IPAaBUTAIIMN KaK paBHOMEPHOE IBI)KCHUE IT0 WHEPIUH B UCKPUBICHHOM TpaBUTAIIMEH POCTPAHCTBE.
[Ipu 3TOM HCKpHUBIICHHE MTPOCTPAHCTBA XOPOIIO OOBICHSICT H3MEHEHHIE TPACKTOPUH JBIKCHISI MACCHBHBIX TET B
IPaBUTAIIMOHHOM TI0JIe, HO HE TO, KaK Macca, MPeO0CTaBIICHHAs caMOoi cebe, COXpaHseT ABIKCHHE C IIOCTOSTHHOM
CKOpPOCTHI0. MexaHnu3M Xurrca oObsICHACT IMOyYSHHE YacTHIIEH MacChl, HO HE TO, KaK 3Ta Macca CO3JacT
TPaBUTAIUIO.



OnucaHHas B pa60Te [1] MoOA€Jb I'paBUTAlluU, IIPEANOJIaracT, 4YTo CBO6OHHO naz(a}omnﬁ 00BEKT HE HUCIBITHLIBACT
CHUJIbI CONPOTUBJICHUA YCKOPCHUIO TOJIBKO IIOTOMY, YTO OH YCKOPSACTCA BMECTC C IPOCTPAHCTBOM, KOTOPOE
TIoTJI0IacTCA I‘paBI/ITI/IpyIOHIeﬁ maccoit. Het YCKOPE€HUA OTHOCUTEJILHO IMTPOCTPAHCTBA, HET U CUJI COITPOTUBJICHUSA
YCKOpPEHUIO. B ,I[aHHOﬁ MOJCIN ABIKEHHUE 10 NHEPIHUN U T'PABUTALIN HE DKBUBAJICHTHBIC, & B3BAUMHO JOIIOJIHAIOIINE
YJaCTHu OJHOTO ABJICHUA.

Ho 4ro ke Takoe mpoCTpaHCTBO, KOTOPOE MOKET JBUIATHCS, U YTO TAaKOE Macca, KOTopasi Co3/1aeT HOTOKU
IpocTpaHcTBa?

Ecnu npuHATH, 4TO KaXkaas 4acTHLA BEIIECTBa, 001aaatomias MacCoH, NOTJIoMaeT IPOCTPAHCTBO, TO MOXKHO
OKHJIaTh, YTO U TIPOCTPAHCTBO MPEJCTABISET CO00I HEKYIO IUCKPETHYIO CYOCTaHIUIO, C Pa3MEPOM AJIEMEHTAPHBIX
s;YeeK OJHOTO MOpsAAKa C Pa3MEPOM MeNbYalIlInX YacTUI] MaTEepUH, KOTOPBIE 3TU siueiiKU moraomarot. Sueiiku
MIPOCTPAHCTBA 3aMOTHAIOT BCIO BCEJICHHYIO, HE IMEIOT MAaCChl M MOTYT U3MEHSTh Pa3Mep U ABUTAThCS C YCKOPEHHEM
I0J] IEHCTBHEM I'PaBUTALINH.

Ecnu MaTepust nornomaeT NpocTpaHCTBO, TO, BEPOSATHO, aHTUMATEPUs €0 UCIyCKaeT. B nanbHelniem, Bce
YpaBHEHUSI ¥ BHITEKAIOIIUE U3 HUX 3aKIIOYCHUS OyAyT MPUMEHMMBI KaK ISl YaCTHIl BEIECTBA, TaK U
AHTHBEIIECTBA, C TOM TOJIBKO Pa3HULIEH, 4TO STYEHKN IPOCTPAHCTBA A1l aHTUBELIECTBA ABHXKYTCS OT YACTHLBL.

OcHogHble 3AKOHOMepHOCmMU Mmooenu cpasumayuu ¢ nociouienuem npocmpancmea

B pa6ore [1], mpemnaraemast MO/ielTb TPaBUTAIMH Oblia UCCIICIOBAHA HA PEIMET MOTYUYCHHS H3BECTHOTO
ypaBHeHHs HbI0TOHA /11 TPaBUTALIMOHHOTO YCKOPEHUS.

M

a=-—G=* 7z D
VYckopeHue «a» B ypaBHeHHUH (1) 1 ecTh TO yCKOpEeHHe MPOCTPAHCTBEHHBIX sYeeK, KOTOpoe OyIeT OIyIaTh Jrodas
Macca B IpaBUTAL[MOHHOM IIOTOKE IPOCTPaHCTBA, co34aBaeMoM Maccoi M Ha paccrosHun R. B mponecce paGoTsr
HaJl MOJICNIBIO BBIICHUIIOCH, YTO JUISl TOTO, YTOOBI ypaBHeHHe (1) BBIOIHAIOCH B paMKax HOBOI MOAEIH
TpaBUTAlNH, TYSHKH MIPOCTPAHCTBA JIOJDKHBI HE TPOCTO MOTJIOMIATHCS MACCOM, HO M YMEHBIIATHCS B Pa3zMepe 110
Mepe ux npuommkeHus K Macce. Hike npuBeieHa 3aBUCUMOCTE 00beMa IIPOCTPAHCTBEHHBIX SUEEK OT INIOTHOCTH
MaccChl.

Vbr

v=vo—— (2)

Vb

I'me v - 00beM sTYSHKN B TOYKE IPOCTPAHCTBA C TUNIOTHOCTHIO MacChl b, Vg - 00beM STUEeHKH B TOUKE POCTPAHCTBA C
HEKOTOPOI MaKCUMAaJIbHOM TIOTHOCTRIO Py, . I'ie Py - peasibHast IUIOTHOCTh MATEPUK U BO3MOKHAS IIJIOTHOCTh
4yepHbIX JIbIp. Mcnonbs3yst ypaBaenue (2) yaaaoch Moay4uTh €Il OJHO BaKHOE YpPAaBHEHHUE, ONPEAEIIOIIEE
3aBUCHMOCTb JJHHEHHOTO pa3Mepa MPOCTPAHCTBEHHBIX AUYEEK OT CKOPOCTH, C KOTOPOI OHM JIBUTAIOTCS O]
JIeiCTBHEM MAaccChl.

lxv=KVYM (3)

B ypaBuenunu (3) nuHEHHBIN pa3sMep sUeiiku MPOCTPAHCTBA | CBS3aH € ee CKOPOCTBIO U M Maccoit M, o meiicTBHeM
lo*cq
3 /mo

pasMepomMm STYCHKHU MMPpOCTPAaHCTBA 10, CKOPOCTBIO MOTJIOIIEHUA MTPOCTPAHCTBA C; YU 3HAYCHUEM 3HCMCHTapH0fI MacCChbl

KOTOpOU NIBHKETCs aHHas siueiika. ['ne K = KOHCTaHTa, 3HAaU€HUE KOTOPOH ONpeesieTcss MUHUMaIbHbIM

m,. 13 ypaBuenus (3) BUAHO, 94TO Tt 0OBEKTA OMPEICICHHOM MaCChl IIPOU3BEICHUE CKOPOCTH Ha JIMHEHHBII
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pasMep SUEHKH MPOCTPAHCTBA, HAXOAIICHCS MO/l TPAaBUTALIMOHHBIM BIMSIHUEM MAaCChl, SBJISIETCS BETMUYUHOM
MOCTOSIHHOM.

Kpome ypaBuenus (1), onpeaensroniero yckopeHue sieek MpoCcTpaHCTBa Mo AeHCTBIEM IpaBUTaluy, B padbote [1]
OBUIO MOJTyYEHO ypaBHEHHE JUIS CKOPOCTH JBMKEHHUS IPOCTPAHCTBA 1OJ1 ISHCTBUEM TPaBUTALIMK HA paccTosSHUH R
OT LIEHTpa Macc.

3ona cpasumayuOHHO20 6/IUAHUA

3oHa mpoCTpaHCTBA, [[eq)OpMI/IpOBaHHOFO MaCCOﬁ, BCCrja orpaHu4cHa 1o pasmMepy.

Konmemnius 30HB TPaBUTAIMOHHOTO BIMSTHAS UCXOIUT U3 TOJIOKCHUS TaHHOW TEOPUH O TOM, YTO STUCHKH
MIPOCTPpaHCTBA O ZLCI‘/IICTBI/IGM TpaBUTAllUN C)KUMAIOTCA 1O pasMEPOB, ONIPEACIACMBIX IJIOTHOCTHIO MACCHI B I[aHHOfI
TOYKE MPOCTpaHCTBa. Macca, OTBETCTBEHHAs 3a pa3Mep MPOCTPAHCTBEHHON SYEHKN B HEKOTOPOU TOUKE, MOXKET
OBITh MIPE/ICTABIICHA OJJUHOYHOM YaCTUIICH MITM MACCUBHBIM OOBEKTOM HJIH PAacIpeICICHHON MacCO, COCTOSIICH U3
MHOT'MX YaCTHI] UJIU O6'I)CKTOB, HO pasMmep STUEHKN 6yz(eT OIIpEACIATHCA TOJIBKO OAHUM, 6,]'114)1(8,1711HHM, JIOKaJIbHBIM
LEHTPOM Macc, 00eCIIeYHBAONIIM HAaHOOIBIIYIO THIOTHOCTh MAaCCHI B TaHHOH TOYKE.

Takol NoaXo1 K OMUCAHUIO BIMSHUSA MACCHI HA TPOCTPAHCTBO HapyIIaeT NPUHIIMII CYNEPHO3ULIUN B OTHOIIEHUH K
IUVIOTHOCTH MAacChl, HO OH COBEPIICHHO HEOOXOIUM B TEOPHH, IPEIIOIAraoIel CyIecTBOBaHIE HEKOTOPOH
(DMKCHPOBAHHOW KPUTHYECKOW IMIIOTHOCTH MAcCChl, IIPH JOCTHKEHHH KOTOPOH STYeHKH MPOCTPAHCTBA
KOJIJIANICUPYIOT. B paMKax mpenanaraeMoil MOJIENH UCKIII0YAeTCs POCT Pa3MEPOB YaCTHUIBI BEILECTBA B 3aBUCUMOCTH
OT IPAaBUTALMOHHOIO OKPYKEHUS, I03TOMY MOJEIIb UCKIIIOYAET CI0KEHUE IUNIOTHOCTH MACCHI SIIpa YaCTULBI CO
3HaY€HUEM MJIOTHOCTH BHEIIHEH MaCCHI.

30Ha rpaBUTAIIMOHHOTO BIUSHUS MPEACTABIET COOOW HEKOTOPBIH 00bEM MPOCTPAHCTBA, BHYTPH KOTOPOTO pa3Mep
U CKOPOCTb JIBHXKEHUS STUE€EK MPOCTPAHCTBA ONPENENSIETCS TOJIBKO MACCOM, HaXOAsIILEeNcsl BHYTpH 30HbI. ['0BOps 0
BBIZICIEHHOM 00beMe POCTPaHCTBA, MOJPa3yMeBaeTCsl, UTO OIpeIeIeHHAs YacTh MPOCTPAHCTBA HAXOUTCS B
OO0JIBIIIEM T10 Pa3Mepy OrPaHUUCHHOM MPOCTPAHCTBE, HAXOIAIIMMCS IO BIMSIHHEM OO0JIbIIeH MacChl U T.1. MOXKHO
MPEJCTAaBUTh MOCJIEA0BATEIBHOCTD BIOKEHHBIX IPABUTALIMOHHBIX 30H 10 TUIY MAaTPEIIKU, HAUWHAS C YPOBHS
MHKPOMHpA U 3aKaH4YMBas pa3mepamu BceeneHHol. ['paHulia 30HbI TPaBUTAIMOHHOTO BIMSHUS OTpeieseTcs
PaBEHCTBOM pa3MepOB IPOCTPAHCTBEHHBIX SUEEK BJIOKEHHOM M BHEUTHEHN 30HBI. Sueiiku npocTpaHCcTBa BHYTPU
BJIO’KEHHOM 30HBI BCErJja MEHbILIE OKPY)KAIOIIUX €€ siYeeK BHEUTHEH 30HbI BIUSHUS.

PaSMep BJIO’KEHHOM 30HBI MOKHO OIMPCACIUTE U3 YCIIOBUA PaBECHCTBA INIOTHOCTU MacCC Ha I'paHUIIC C BHCIITHEH

I'me Rur - paccrosaus ot 6osbiiero “M” u MeHbIIero “M” IEHTPOB Macc COOTBETCTBEHHO. Macca M BrirouaeT
maccy m.

30HOM BIIMSIHUS.

[IpuMepoM BIIOKEHHO 30HBI TPABUTAIMOHHOT'O BIMSHUS MOXET CITY>KUTh 30Ha JIYHBI B 00IIeH 30HE BIUSAHUS
3emuu u Jlynsl. Ee pazMep cocTaBisieT MEHbIIIE MATON YaCcTH pacCTOSIHUA OT 3eMiid 10 JIyHBI cO CTOPOHBI 3eMIIU U
TPEX AECATHIX ATOTO PACCTOSHUS C 00paTHOM cTOpoHBI JIyHbI. C yBEeIMUEHUEM PACCTOSTHHS OT 3eMIIH TYEHKN
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IIPOCTPAHCTBA PACTYT, U IPaHMIIa 30HbI BiIusiHUA JIyHBI ¢ ee 00paTHON cTOpPOHBI yaanseTcs. [ pannia o01ei 30HbI
BiusiHUA 3eMnd U JIyHbl co cTopoHbl CoJIHIIA HAXOAUTCS HA PaCCTOSHUM PAaBHOM MIPUMEPHO MATH C MOJIOBUHON
paccrostHAAM Mexay 3emiieit u JIyHOi.

Puc. 2. [Ipumep BIOKEHHBIX 30H BIUSHUS MacChl

Ha pucyHnke 2 moka3aHsl 30HBI BIUSHHS, BIOKEHHbBIE OJJHA B IPYTyI0. [IIOTHOCTHIO I[BETA BBIIEISIETCS] YMEHBIICHHUE
pa3mepa sueeK MpoCTpaHCTBA BOIN3M Macchl. BiioskeHHas 30Ha BIMSHHUS UMEET OOJIBIIYIO IUIOTHOCTD STUYeeK, YeM
MIOTPAaHUYHOE MPOCTPAHCTBO BHEIIHEH 30HBI.

Juis mpeicTaBiIeHUS 0 pa3Mepax 30H TPaBUTAIIIOHHOTO BIUSHUS MOXKHO PACCMOTPETS €IIle OIWH IpuMep. 30Ha
IPaBUTAIMOHHOTO BIIHMSIHUS OJTHOTO KHJIOTPaMMa MacChl Ha MOBEPXHOCTH 3EMIIM TIPEICTaBIsIeT co00ii chepy ¢
paauycom 3.52 cMm. Paguyc cBUHITOBOTO IIapuKa B OJIMH KMJIOTpamMM cocTaBiseT 2.71 ¢M, 4To yka3biBaeT Ha
HaJIMYMe y Hero 30Hbl IPaBUTALMIOHHOTO BIMSHMS, BBICTYIIAIOIIEH 3a rabapuThl miapruka Ha 0.81 cm. Ecim B3s1TH
LIAPHK U3 CTEKJIa BECOM OJMH KMJIOTPaMM, TO €ro paauyc Oyzer paBeH 4.57 cM u, ciieoBatenbHo, ero 3B Oyzner kak
OBl OTCYTCTBOBaTbh, HAXOISCH IIETMKOM BHYTPH IIAPUKA.

VYTBepkaas, 94To Macca He OKa3bIBACT BIMSHUS HA SUYCHKN IIPOCTPAHCTBA, HAXOIIIIUECS BHE COOCTBEHHON
IPaBUTALIMOHHON 30HBI, HY’)KHO YTOUHUTb, YTO MOIJIOIIAEMOE BI0KEHHON 30HOH MIPOCTPAHCTBO MOCTYHAET U3BHE.
IToTok mpocTpaHCTBa, ABUTAIOIIUIICS BO BIOKCHHYIO 30HY, CKJIAaIBIBACTCS C IPOCTPAHCTBOM, HOTJIONIAEMbIM
BHelIHel Maccoil. Takum 00pa3oM, MEHbIIasi Macca C €€ 30HOW BIIMSIHUS CTAHOBHUTCS YacThIO BHEITHEH, oOrei
I'PaBUTALIMOHHOM 30HBI M YACTHIO ee 001Iel TpaBUTAIMOHHON Macchl. O01ast 30Ha BIUSHUS I HECKOIBKHUX
KOCMHUYECKHX Tell OyJIeT BECTH ce0sl KaK eIHOE 11eJI0€ BO BHEITHEM (JOHOBOM IPOCTPAHCTBE, HAIIPUMED, JIBUIKEHHE
0011e#t 30HbI 3eMiTd 1 JIYHBI B COJIHEYHOM CUCTEME HJIH JBHYKEHUE COTHEUHON CHCTEMBI B TAIAKTUKE U T.1.
Bnusaue JlyHbl Ha 3eMITI0 OCYILECTBIIIETCS HE Uepe3 IPaBUTALUOHHOE YCKOPEHUE, KOTOPOE JEHCTBYET TONBKO B
30He BIUsHES JIyHEI, a uepe3 oOMuii IEHTP Macc 00IIel 30HbI BIUsAHUS 3emirst — JlyHa.

Pa3mep 30HBI BIMSHUS MacChl OIIPEACIIAETCSI OKPYKAIOIIMM ITPOCTPAHCTBOM MIIM (DOHOBOII INIOTHOCTHIO Macchl. UeM
Melbye siYeHKH OHOBOTO MPOCTPAHCTBA, TEM MEHBIIIE OyIeT pa3Mep BIOKEHHOMN 30HbI BIUSHUS U BBIIIE BXOISIIAs
CKOPOCTh (DOHOBBIX STUEEK V.

Puc. 2. Pasmep 3051 BimssHUs C MeHbIIE B OoJice
IUTIOTHOM (JOHOBOM IIPOCTpaHCTBE B, B cpaBHEeHMN
C MEHee IIOTHOU 30HOH BIusHUA A.

T'ne | — nuHENHRIN Da3MeEDN FYeeK TThOCTNAHCTRA

HeoGX0MM0 0TMETHTb, uTo U3 ypauenus (3) [ * v = K Y/M cnemyer, 4To seiiKy IPOCTPAHCTBA OHHAKOBOTO
pasmepa, HO JBUTAIOLINECs 0] JEWCTBUEM pa3HbIX Macc, OyIyT UMeTh pa3Hble ckopocTu. bonbleit macce
COOTBETCTBYET OOJIbIIasi CKOPOCTh siueeK. [Ipy mepexoye 13 BHEIIHEH 30HBI BIUSHUS B 30HY BIMSHUS MEHBIICH
MAaccCBl, CKOPOCTb sS9eeK OyAeT NepBOHAYAIBHO CHIKATHCS, U TONBKO IMPOIBUHYBIINCH BIITyOh M YMEHBIIHUBIINCEH B
pa3Mmepax, S9eHKH pa3roHATCS O IpeKHEH CKOPOCTH BHE 30HBI, a 3aTE€M M IPEBHICAT ee. MHOTrHe KpUBBIe
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3aBUCUMOCTH CKOPOCTH BPAILICHUS TAJIAKTHUK OT paCCTOAHUA N0 HECHTPA raJIAKTUKU JEMOHCTPUPYIOT HOI[OGHOC
CHUIKCHHUEC CKOPOCTHU BpallICHHA BEIICCTBA ITPU NEPEXOAC OT JUCKA I'AJIAKTHUKU K €ro HeHTpaJ'II:HOﬁ qacTu.

OObenuHeHNe 30H BIUSHUS OJM3KUX 0 BEJIMYMHE Macc OyAET MIPOUCXOAUTD CIIOKHEE, YeM B3aHMOICHCTBHE
CWJIBHO pa3ninyaroniuxcst Macc. [Ipu nepecedyeHny cpaBHUMBIX 110 pa3Mepy 30H IPAaBUTAI[HOHHOTO BIUSHUS MEXIY
HUMH BO3HUKAEeT KOHKYPEHIUS 3a MOTJI0IIaeMoe IPOCTPAHCTBO, YTO MPUBOIAUT K 3aMEATICHUIO CKOPOCTH JBUKEHUS
SYEEK MPOCTPAHCTBA MO JIMHIH, COSAUHSIONICH B3anMoIeicTByomIne Macchl. Kak Ob110 omucano B pabote [1],
TaKOe 3aMEJICHUE CKOPOCTH IIPOCTPAHCTBEHHBIX SIUEEK MIPUBOJUT K POCTY pa3MEPOB 3THX sTUEEK U, KaK CIEICTBHUE,
K CMEHE BCTPEYHOTO JBIDKCHUS MAcC Ha MIPOTHUBOIIOI0XHOE. B 3TOM NposIBIsIETCS TPaBUTAIMOHHOE OTTAJIKUBAHNE,
KOTOpPO€ MO>KHO HaOJIOaTh KaK Ha yPOBHE MUKPOMHpA, TaK Ha MakpoypoBHeE. Kak Moka3bIBaroT HAOMIOACHHS,
JlaXke TIPY B3aMMOAEHCTBHH CHIIBHO OTIHUaroninxcs Macc CoNHIA U TUIAHET COTHEYHON CHCTEMBI, HaOmogaeTcst
HEeOOIBIIOE, HO 3aMETHOE IBHKCHHUE B HANIPABJICHUN YBEIHUCHUS PaIyCOB OPOHT.

DHepzusa maccot

Ecnu g onucanus rpaBUTAIIMUOHHOI'O JCHCTBHS MaCChl OBLIO0 OBI JOCTAaTOYHO MPUHATH CIIOCOOHOCTE MACChI
noryIomaThb MNpoCTpaHCTBO, B PE3YJIbTATE UCTO CO3AACTCA YCKOPCHHOC ABUKCHUC NPOCTPAHCTBCHHBIX AYUCCK B
HanpaBJICHUU MACCHI, TO JIs1 OTMCAHUS ABHUKCHUS MACCHI B IIPOCTPAHCTBE OJAHOI'O 3TOT'O CBOICTBa 6yz[eT HC
J0CTAaTO4YHO. I[J'IH OIIMCaHUA NBHUXXCHUA MAaCCUBHOI'O O6I>CKT&, Ipe6yeTc5[ AOIYCTHUTH BO3MOKHOCTb MACChI
norjomaThb NpoCTpaHCTBO HEPABHOMCPHO. IT0 Ja€T BO3MOXXHOCTH O6’BeKTy JABUTATHCA B HAIIPABJIICHUU 0OJIBIIIErO
TIOTJIOIICHMUA.

HpI/ISHaBaﬂ JAUCKPETHOCTH NPOCTPAHCTBA, HY>KHO MIPU3HATD U JUCKPCTHOCTDH HaHpaBJ’IeHI/Iﬁ JBHXKCHUA. 2710
03Ha4vacT, 4TO AJII MACChI CYHICCTBYCT TAKOC MMOHATHUC KAK «HAIIPAaBJICHUC MOIJIOIICHU WIN <«JIMHUA MOTJIOICHUA
MIPOCTPAHCTBA. Yucro Takux HaHpaBHeHI/Iﬁ HJIHA JIMHUH TOTJIOMICHUS OIPCACIACT BEJIMYUHY IMOTOKA MOIJIOIaeMOro
MPOCTPAHCTBA, YTO SKBUBAJICHTHO 3HAUYCHNIO MACChI O6'beKTa, a pacrpeacicHnue JIMHUH TIOTJIONICHUS OTBEYAeT 3a
CKOPOCTb ABUIKCHUSA 3TOI MaccChl B IPOCTPAHCTBE.

v

a) b)
Puc. 3. CummeTpudHas 1 aCHMMETPHUYHAS CTPYKTYpa IMOTIIONICHUS TIPOCTPAHCTBA MACCOH.

Ha pucynke 3a moka3zaHa cHMMETpHYHAs CTPYKTypa MOTIIOMIEHHUS TPOCTPAHCTBA MACCHBHBIM OOBEKTOM C
HEKOTOPHIM KOJIMYECTBOM JIMHUH MOTIIOMIEHUS U COOTBETCTBYIONIEH 30HON BIuAHUSA. CHMMETPUYHOE MOTJIONICHIE
[IPOCTPAHCTBA IPUBOJUT K KOMIIEHCALIMU NIEPEMEILEHUI 110 BCEM HAINPaBJICHUSM IOTJIOLIEHUS, UTO JEJIAET Maccy
HETIOABIDKHON B IMPOCTPAHCTBE. 30Ha BIMSHUSA, IMEIOIIAs B JAHHOM ClTydae HauOOJIBIINK pa3Mep, MO3BOJISIET Macce
Pa30rHaTh SYCHKHU MPOCTPAHCTBA OT BXOJAIIEH CKOPOCTH (POHOBOTO MPOCTPAHCTBA Uy, IO CKOPOCTH MOTJIOMICHHS
HPOCTPAHCTBA C,. B 9TOM cilydae rpaBHTalMOHHAs CKOPOCTh Uy YEEK MPOCTPAHCTBA OYIET MAKCUMANbHA W PaBHa

CKOPOCTH CBETA.
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Ha pucynke 3b cuMmeTrpust OTJIOMICH S IPOCTPAHCTBA MACCHBHBIM 00BEKTOM HapymiaeTcs. YacTb TUHUIA
TIOTJIOIICHHS OCTAIOTCSI HE CKOMIIEHCUPOBAHHBIMH HJTH YaCTHYHO CKOMIICHCUPOBAaHHBIMU. Takasi CTpPYKTypa
TOTJIOIIERNS IPOCTPAHCTBA MPHBOIUT K MIEPEMEILEHUIO MACCHI B IPOCTPAHCTBE C HEKOTOPOH CKOPOCTBIO V.
HepaBHOMEpHOCTH MOTJIOIIEHUSI BEIPAXKAETCS B OTCYTCTBHH IOTJIOIIEHUS! B HEKOTOPOM TEJIECHOM YTJIe CO CTOPOHBI
MIPOTUBOIIOJIOKHOH JIBIKEHHUIO, & 3TO 3HAYMT, YTO IUIOTHOCTH JIMHHUH OCTalIbHOM YacTh cdepsl yBeaunuuBaercs. Ecmu
KOJIMYECTBO JINHHUH TOTJIOMEHNS OTBEYAET 32 MacCy 0OBEKTa, TO ITIOTHOCTh JIMHUI COOTBETCTBYET €r0 UMILYJIECY.

JIitst omECaHus MOZIENH TpaBUTALNH, B pabote [1], ObuIa HConp30BaHa 37I€MEHTapHas Macca My, KOTopast uMena
BCETO JBE JINHUU TOTJIOLICHUS, T.€. OHOBPEMEHHO IOTJIOIIAIA 110 JBE STYCHKH IIPOCTPAHCTBA C ABYX HAIPaBICHHUH.
HecMoTps Ha HOCTOSIHHYIO CKOPOCTH MOTJIOLICHUS IPOCTPAHCTBA, HATMYKE ABYX JIMHUH MTO3BOJISIIO JJIEMEHTAPHON
Macce U3MEHATh CKOPOCTh IBIKCHUS OT HyJIS 10 CKOPOCTHU CBETA, B 3aBUCHMOCTH OT YIJIa MEXXIY HalpaBICHUSIMH
MOTJIOIICHMS.

PeanbHble 00BEKTHI OOBIYHO UMEIOT ropasao 0OJIBIIICE YUCIIO JTUHUI TIOTJIOIICHUS, Y€EM DJJIEMEHTApHasA Macca, HO U
9TH 00BEKTHI MOKHO YIPOCTUTDH A0 CTPYKTYPhI ITOTJIOMICHU A 3J'IeMeHTapHOI>i Macchl. He3aBuCHMO OT Macchl U
KOJIMYECTBA IMHUI IOTJIOMICHHUA, ABUKCHUC JII000r0 00BHEKTa MOXKET OBITH OIIPCACIICHO ABYMS BEKTOpAaMU
TIOTJIOMICHUS, PACTIOJIOKCHHBIMU 1O HEKOTOPBIM YIJIOM K APYT APYTrYy, KaK 3TO NOKAa3aHO HAa pPUCYHKAX 4 a, buc.

a) b) c)
Puc. 4. BapuaHThl BO3MOXHBIX CTPYKTYP HOTJIONIEHHUS IPOCTPAHCTBA 0OBEKTOM BEIlleCTBa

CKOpOCTh ABMKEHUSI YaCTHIIBI BEIIECTBA ONPEEIISIETCS CPEAHEH BEINUNHO NepeMeIieH s B IPOCTPAHCTBE 110
BCEM JIMHUSM ITOTJIONICHHUS YaCTHIIBI 32 BPEMsI OJJHOTO aKTa MOTJIOMEHMS. AKT IOTJIOIEHUS MOKHO CUUTAaTh
MHUHHMaJIbHBIM IIPOMEKYTKOM HJIM KBAHTOM BPEMEHH JUIsl JaHHOW yacTupl. [lepemernenne yacTUIb B
IIPOCTPAHCTBE 32 OAMH KBAaHT BPEMEHU HE MOKET OBITh OOJIbIIIE OJJHOTO IMHEHHOTO pa3Mepa sueiku. B ciryuae
TiepeMeIIeHNs Ha JUTMHY OJJHOM STYEHKH ITPOCTPaHCTBa, CKOPOCTh YAaCTHIIBI I0JDKHA OBITh paBHA Cy, UTO
HEBO3MOXHO, T.K. S4EHKH IPOCTPAHCTBA, IIOCTYNAIONINE B 30HY BIMSHUS, CAMH JIBUTAIOTCS B HAIIPABICHUU
YaCTHIBI CO CKOPOCTBIO Vj,. CIie10BaTeNbHO, MAKCUMAJIbHAsI CKOPOCTh HE MOXKET OBITH OOJIBIIIE CKOPOCTH CBETA,
PaBHOM ¢, — V.

Jlist MOsIeNT Macchl © IByMsl BEKTOPAMHM HOTJIOIEHHS CKOPOCTD JIBHKEHHUS YaCTHIIBI U, Oy/IET ONPENENATECS

. — a
HPOEKIHEN CKOPOCTH CBETA Ha HANPaBJIEHHE JIBUKEHHSA V) = C * COS( / 2), TZIE 0. — yroJl Mex/y BeKTOpamu
nornoieHus. Eciu nornomexnue npocTpaHcTBa B HAIIPABICHUU ABMKEHHS OTBEYAET 32 CKOPOCTh YaCTUIIBI, TO
NOTJIOLEHUE B IEPIEHAUKYISIPHOM HalpaBIeHUM COOTBETCTBYET MPaBUTALMU. [ paBUTaLMs pa3roHseT sYeUKu

— [c2_ 2

HPOCTPAHCTBA CO CKOPOCTHU U, 10 CKOPOCTH Uy, + Vg, THE Uy = 4/C? — U — IPOEKIHA BEKTOPA OTJIOMIEHNS B
HaMpaBJICHUU NEPIEHANKYISIPHOM JABHKEHHIO YaCTUIIBI. Y CKOPss STUEHKU IPOCTPAHCTBA B HANIPABJIEHUHN MacChl,
IpaBUTAlLlUs HE IIPUBOAMT K NIEPEMEILEHUIO YACTULBI B IPOCTPAHCTBE, T.K. IPOEKLUHU ABYX BEKTOPOB IOIVIOIIEHUS
Ha HaIpaBJICHUE NEPIEHAUKYIISIPHOE IBUKEHUIO YACTULI KOMIIEHCUPYIOT APYT Apyra.
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TTonnasa OHEPrus 4aCTULbL 6yﬂ€T OIPCACIATHCA BbIPAKCHUCM
E, =E,+E, (6)

W3 pucyska 4¢ BUIHO, 9YTO MaKCHMalbHAs CKOPOCTh JBIKCHUS YaCTHIBI JOCTHIACTCS IPH MOTJIOMIEHUH
IIPOCTPAHCTBA C OAHOTO HANpaBJIEHNUA. B 3TOM ciydae CKOpOCTh ABMKEHHS YaCTHIBI OyeT paBHA CKOPOCTH CBETA.
[TornormieHre MPOCTPaHCTBA C OJHOTO HATIPABJICHUS 03HAYAET, YTO IPAaBUTALIMOHHAS COCTaBIIsAIOMas Oyaer
OTCYTCTBOBATH ITOJIHOCTBIO H, CJIEJOBATEIbHO, ITOJIHASI SHEPTHS YACTUIIBI OyJIeT paBHA €€ MaKCUMaJIbHOM

. mc?
KHHETHYCCKOU SHCPIrUn Ek = T

Tlonnas OHEPrus 4aCTULbL Ep paBHa:

mc?
Ep =Eg+Ek ZT (7)

3Has1, 4TO BEJIMYMHA CKOPOCTH CBETA OMPEIEIIICTCS Pa3MEpoM siueek (POHOBOTO MPOCTPAHCTBA M 3aBUCHUT OT
CKOPOCTH ¥}, MOYKHO 3aKJIIOYHTh, YTO U a0COTIOTHOE 3HAUCHHUE MOTHOM SHEPIUH BellecTBa OyIeT 3aBUCETh OT
(OHOBOIT INIOTHOCTH MAacCCHI.

MOo03KHO 3aMETUTH JBYKPATHOE HECOOTBETCTBUE MIOJIHOM SHEPIUU MACChI, I0Iy4YCHHO! B JAHHOM MOJEIH, C
u3BecTHO (opMynoit DitHiureiina E = mc? , koTopas noATBep:KAanach GakTHIeCKUM KOJIMYECTBOM SHEPIUM,
BEIJICNAIOIICHCA IPH SACPHOM pacraje. Takoe pa3muane MOKHO OOBSICHUTh y4acTHEM YacTHUI] AaHTUBEIECTBA B
SIIEPHBIX B3aUMOJICUCTBHAX. MOJIENIb TAKOTO B3aMMOICHCTBHS TIOAPOOHO onucaHa B [1]. AHTHBEIECTBO, SBJISSACH
CBA3YIOIINM 3JIEMEHTOM MEK/y YaCTHIIAMH BELIeCTBA, KOMICHCUPYET YacTh JIMHUI MOTJIOIEHHs ITPOCTPAHCTBA,
yCTpaHsisi OTTAJIKMBAHUE MEXKIY B3aUMOJCHCTBYIOLIMMH YaCTHLIAMH, M IPOsBIIsieTcs B 3 dexTe aedexTa Macchl.
OOr1as sHeprus MPOIyKTOB pacHaa CKIaAbIBaeTCA U3 KHHETUYECKUX SHEPIHi MIPOAYKTOB JICJICHUS BELIECTBA U
CBSI3YIOLIETO aHTHBEIIECTBA, CyMMa KOTOPBIX Oy/ET paBHa YABOCHHON SHEPTUH, PACCYMTAHHON U3 3HAUCHHS
nedekTa Macchl, 4TO COBIAJACT C ypaBHEHHUEM DiHIITeHHA. [[oaTBEpKICHIEM OMTMCAHHOTO MEXaHN3Ma
MEXYaCTUYHOI'O B3aUMOJEHCTBHS MOXKHO CUMTATh MOSIBICHUE aHTUHEUTPUHO MPH pacralie HEUTPOHa Ha AJIEKTPOH
U IPOTOH.

Mogenb Macchl, MOTJIOMIAOINEH IPOCTPAHCTBO, MO3BOJISAET COBEPIICHHO €CTECTBEHHO ONPEIEINTh CBS3b
IpaBUTAlMH 1 JIBI)KEHHS BEI[ECTBA WIIM aHTHBEIIECTBA B TPOCTPAHCTBE. YacTHUIIBI BEIIECTBA M aHTHUBEIIECTBA
TIOTJIOIIAIOT MJIM MCIYCKAIOT POCTPAHCTBO HE3aBUCHMO OT TOTO IIEPEMEIAIOTCsl OHM B IPOCTPAHCTBE WM HeT. B
JAHHOH MOJIENTN CBOOOHOE IBM)KEHHE YaCTHI B IPOCTPAHCTBE NPOUCXOHUT C MOCTOSHHONW CKOPOCTBIO, 3aBUCAIIEH
TOJIBKO OT F€OMETPHUH JIMHHUI TOTJIOIECHHUS, U B OTCYTCTBUHU BHEIIHUX CHJI, CIIOCOOHBIX M3MEHHUTH YTOJI
TIOTJIOMIEHHS, 3Ta CKOPOCTh OyET 0CTaBaThCs MOCTOSIHHON CKOJIb YTOJIHO JIOJITO, YTO XapaKTepHO 11 nHepumu. C
Jpyroil CTOPOHBL, CKOMIIEHCHPOBaHHOE NOTJIOLICHUE, OTBEUAOIEE 3a TPAaBUTAIIHIO, HE IEPEMEIIAET Maccy B
MIPOCTPAHCTBE, HO CO3/1aeT YCKOPEHHBIN MMOTOK IIPOCTPAHCTBA B €€ HANPABJICHUH, OKa3bIBasi TPaBUTAL[IOHHOE
BO3/IeiiCTBUE Ha APYrHue 0OBEKThI, HAXOASIINECS B 30HE BIUSHUS Macchl. CyMMapHas SHepTHsl IpaBUTalMU U
JIBHDKCHUSI MacChl B IIPOCTPAHCTBE OCTAETCS BEIUUMHON MOCTOSIHHOMN, a0COJIIOTHOE 3HAUEHHE KOTOPOi
OTIPEJEISIETCSI IVIOTHOCTBIO MacChl (JOHOBOTO MPOCTPAHCTBA.

CrouT YyNOMSHYTH, 4TO JAaXKe KOT/Ia MACCUBHBIN OOBEKT JOCTUTAET CKOPOCTH CBETA, IOTJIONIAs POCTPAHCTRO C
OJTHOTO HAIIPaBJICHUS, €r0 HMITYJIEC MOXKET OBITh YBEIHUYEH MIPH YBEIHMUCHUH IUIOTHOCTH JIMHUHA HOTJIONCHHS
mpocTpancTBa. [Ipu 3ToM Macca 1 CKOpocTh OyIyT OcTaBaThCs HEM3MEHHBIMH, & UMITYJIbC OyAeT pacTH. TOro
JNOOHMBAIOTCS B YCKOPUTEISAX YaCTHII.

Bpema
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B LlaHHOﬁ MOACIIN IT'paBUTALITUN BPEMS ABJIACTCS YaCThIO IIpOLIECCa BSaHMOHCﬁCTBHﬂ MaTepuu U MpoCcTpaHcTBa.
Macca H3MEPSCT CBOC COOCTBEHHOE BpPEMs NOTJIOIEHUEM AYECK MPOCTPAHCTBA, 4 3HAYCHUC KBAHTA BpEMEHU PABHO
JUIMTCJIBHOCTU OJJHOI'O aKTa MOTJIOMICHUA TPOCTPAHCTBA.

B npenpiaymeit rnase 0610 OKa3aHO, YTO MOTJIONIEHHE IPOCTPAHCTBA BEIECTBOM OTBEYAET KaK 3a JIBU)KECHHE
Macchl B IPOCTPAHCTBE, TaK U 3a CO3[jaHKe IPABUTAIIMOHHOIO TOTOKA IIPOCTPAHCTBA B HaIpaBlIeHuU Maccel. [lpu
5TOM OTMEUAJIOCh, YTO I'PaBHTALUS IePOPMHUPYET MIPOCTPAHCTBO, YMEHBINAS pa3Mep S4eeK U YBEINYUBast UX
CKOPOCTb 0 Mepe NPHONIIKEHHs K Macce. [loaToMy, onpenensst KBaHT BpEMEHH, KaK BpeMs 3aTPadeHHOE JYacTHIEH
Ha IOTJIOMIEHHE SYEHKH MPOCTPAHCTBA, MOXKHO 3aKIIOYNTh, YTO IMEHHO COOCTBEHHAsI TPaBUTANNS YaCTHUIIEI OyaeT
BJIMATH Ha BEIMYMHY KBaHTa BPEMEHH, KOTOPBIH MOXKHO PacCUMTaTh U3 COOTHOILICHUS:

Le

s = - (8

a
I'ne ;- mrHEHHBIN pa3Mep sYeeK MOTJIONAeMOT0 IIPOCTPAHCTBA, a €, — a0COIIOTHASL CKOPOCTH TTOTIIOIMICHHUS
IIPOCTPaHCTBA

W3 ypaBuenus (3) v, * I, = ¢, * |y BUAHO, YTO JIMHEHHBIA pa3Mep MOTJIOMACMBIX SIeeK IIPOCTPAHCTBA CBSI3aH CO
CKOPOCTBIO V;, C KOTOPOH OHM MOMAaJaroT Ha TIOBEPXHOCTh YAaCTHIIBI, a, CICJOBATEIbHO, 3HAUCHUE KBAaHTA BPEMEHHI
MOYKHO BBIPa3HTh YePe3 CKOPOCTH V!

IoncTaBinss 3HaueHUE Ly = qyCq, TAC §o-MUHUMABHBIA KBAHT BPEMCHH, XapaKTECPHBIH I YaCTHII, HETIOABHIKHBIX
OTHOCHUTEJIBHO OKPY>KAKOLIErO MPOCTPAHCTBA, MOKHO IOJIYYHUTh:

qoCa

VUt

q: = (10)

CKOpOCTb Vg, C KOTOPOH SYEHKHU MPOCTPAHCTBA MPHOIMKAIOTCS K Macce, CKIIa/IbIBaeTcsi U3 (POHOBOM CKOPOCTH
AYEEK V), ¥ TPABMTAMOHHON CKOPOCTH V.

vy = vpt+y, (11)

3Ha$[, qTo q)OHOBaH CKOPOCTH YECK IIPOCTPAHCTBA Uy paBHA C,; — C, a TPaBUTAllTMOHHAsA COCTABJIAIOIIAsA CKOPOCTH

— [r2 _ 42 # .
Ug =4C Vp , MOXKHO IMOJIYYUTH 3HAUYCHUC KBaHTAa BPEMCHU JJId ABMKYIICUCA YaCTULIBI:

9oCa

qt= =
(ca —c+/c2—v})

(12)

VYpasuenue (12) npencrapiseT co00i BEIpaXXeHUE PEIATUBUCTCKOTO 3aMeUICHHS BPEMEHH, B KOTOPOM BEIMYHHA
KBaHTa BPEMEHH 3aBUCHUT OT CKOPOCTH 00BEKTa OTHOCUTEIBHO OKPY)KAIOIIET0 MPOCTPAHCTBA U OT BETMUNHBI
I'PaBUTAIIMOHHOTO JEHCTBHS (POHOBOH MACCHI, KOTOPOE ONpEeIIsieT 3HAUCHHE C/C,.

Ecmm MPEAIIOIOKNUTE, YTO CKOPOCTH CBETA B OINPCACIICHHBIX YCIOBUAX TOCTUTHET CKOPOCTU MOTJIOMICHUA
TIIPOCTPAHCTBA C,, YTO NPAKTUYECKU HEBO3MOKHO, TO YPAaBHEHUE (12) MPEBPATUTCA B COOTBCTCTBYIOLICC YPABHCHUC
crenuaJbHON TCOPUU OTHOCUTECIIBHOCTH:
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q
g = —— (13)

2
1— (”_P)
c
Baxno MOAYCPKHYTH, YTO B OTJIMYUC OT TCOPUU OTHOCUTCIIBHOCTU, KBAHT BPECMCHU HEC CTAHOBUTCA OECKOHEUHEIM

JlaXke TIPU TOCTHXKEHUH YaCTHUIEH CKOPOCTH CBETA. 3HAYCHHE KBAHTA BPEMEHH TSl YACTHIIBI, ABUTAIOIIEHCS CO
CKOPOCTBIO CBETA, OMpPEALNACTCS HOPMYIIOii:

Gee =—7¢ (14
tc 1 C

DT0 03HAYACT, YTO (POTOHBI, IBUTAIOIIHECS CO CKOPOCTHIO CBETA, OIIYIIAIOT BPEMs H MOTYT IPETCPICBATh
CBSI3aHHBIC CO BpEMEHEM U3MCHEHUS, XapaKTEPHBIC Il OOBIYHBIX JTOCBETOBBIX YacTull. [IpuMepom Takoro
U3MCHCHHS MOXKET OBITh CIIOHTAHHBIH pacmaj (OTOHOB, B pe3yIbTaTe KOTOPOro 00pa3yeTcs 0OJbIIOE KOJINIESCTBO
OCKOJIKOB C MaJIOH dHepTHel, HabI0JaeMbIX B BU/IC PETUKTOBOTO H3ITYUCHHUS.

Buisoowt:

Ecim okaxercs, 4To 3Ta MOZENb TPABUTALIMK BEPHA, TO BEIBOJBI JOJKHBI KOCHYTHCS Bcero. Hanpumep, muHun
MOTJIOIEHHS IPOCTPAHCTBA, KOTOPBIE 00CYKIAINCH B IlIaBe 00 SHEPTUHM MAacChl, MOKHO HCIIOIb30BaTh AT
00bsicHeHUS TU(PaKINOHHBIX KapTHH Y YacTHIl, HE IBITAsCh IPEBPATHTh 3TH YaCTHIBI B BOJIHBI. B 3T0ii ke riaBe
0TMEYaJI0Ch CHUYKEHUE I'PABUTALMOHHOIO IEHCTBUS MACChI 110 JIMHUM JBUXKECHUSI B IPOCTPAHCTBE, YTO XOPOILIO
00BsICHSIET IPUIMBHBIE BO3ACHCTBUS, OKa3biBaeMble ConHneM u JIyHoii Ha okeaHbl 3eMin. J[BikeHne
MIPOCTPaHCTBA MOYKHO HCIIOJIb30BATH JUIsl O0BSICHEHHS BPAIlEHHS TAIAKTHK CO CKOPOCTBIO, ONpeessieMol He
LEHTPAIBHON MacCOM, a INIOTHOCTBIO MACCHI B CITMPAIbHBIX KPBUIBAX, YTO HE TPEOYET BBEACHHS TANHCTBEHHON
TEeMHOW Marepun. Hanndne 30H rpaBUTAIIMOHHOTO BIMSHUS OOBSICHSIIOT HEBO3MOXHOCTh PETHCTPALINN
IPaBUTALIMOHHBIX BONH. HeT cMbICIIa MepedncisaTh BCe BO3SMOXKHBIE IPUIOKEHHS JaHHOW MOJEITH MAacCHhI.

OcraeTcs BOMpocC, OT Kyaa Gepercst To MPOCTPAHCTBO, KOTOPOE MOTIIONaeTest Maccoit. OTBET Ha 3TOT BOTIPOC
3aKJIFOYAETCs B CKPBITOM MAPUTETE BEIIECTBA C aHTUBEIecTBOM. CKpPBITOCTh OaaHca 00yCIIOBICHA TEM, YTO
OCHOBHOE KOJIMYECTBO aHTHBEIIECTBA BO BCEJICHHOI MPEACTABICHO B BUJIEC aHTHHEHTpUHO. [Ipoliecchl, NpUBOASIIIE
K 00pa30BaHMIO BEIECTBA, BCET/a IPUBO/ISAT K MOSBICHHIO AHTHUBEIIECTBA, @ AHTHBEIIECTBO HCITYCKAeT
MPOCTPAHCTBO B T€X K€ 00beMax, KOTOPhIE MOTIIOMIAIOTCS BEIECTBOM.
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