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Abstract In a number of our arXiv papers it was rigorously shown that Matter in our Universe — and
Universe as a whole - are some informational systems (structures), which exist as uninterruptedly
transforming  [practically] infinitesimal sub-sets of the absolutely infinite and fundamental set
“Information”. The conception enables to suggest a reasonable physical (“informational”) model that
is based on the conjecture that Matter is some analogue of computer (more correct — some analogue of a
[huge] number of mutually weakly connected automata). The conjecture, in turn, allows introducing in
the model the basic logical elements that constitute the material structures (e.g., particles) and support
the informational exchange - i.e. the forces - between the structures. The model yet now makes clearer
a number of basic problems in physics; and, besides, enables to put forward rather reasonable model of
the gravity force. In this paper more detailed and corrected version of the model is presented.
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1 Introduction

In [1 - 3] it was rigorously shown that Matter in our Universe —and Universe as a whole - are
some informational systems (structures), which exist as uninterruptedly transforming
[practically] infinitesimal sub-sets of fundamental absolutely infinite Set “Information”. This
informational conception (“The Information as Absolute” conception) enables to propose the
physical model (more see [4],[5]), which, when basing practically only on Uncertainty
principle, adequately depicts the motion and interactions of particles in spacetime. In the
model [subatomic] particles are some closed-loop algorithms that run on a “hardware”, which
consists, in turn, of a closed chain of elementary logical gates — “fundamental logical
elements” (FLE), which are some (distinct, though) analogues of C. F. von Weizsidcker’s

1950-54 years “Urs” [6]. The FLE’s sizes in the spacetime in both - in the space and in the

hG
(“coordinate”) time - directions are equal to Planck length, /p, [, = (—3)”2 (7 is reduced
c
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Planck constant - the elementary physical action, G - gravitational constant, c- speed of light

lP

in the vacuum); the time interval of the FLE’s “flip” is equal to Planck time, 7,,7, = —.

1.1 Particles

Since particles’ algorithms never stop (the FLEs are uninterruptedly flipping), the particle
moves in 4D spacetime with constant speed that is equal to the standard speed of light. If the
particle is at rest in the space, it moves with the speed of light in temporal direction only — “in
the “time flow” direction”. As an analogue of the “time flow” it seems be rather reasonable to

introduce the “informational currents” (IC); and, besides, the fixed information variables:

- the time IC (t-IC):

J, = %Jmc (M
- the space IC (s-1C):
Jy = %moczﬂz, @
- the fixed information:
AIM = % 3)

(v is the speed of a particle, B=v/c,y =1/(1-B%)""? is the Lorentz — factor of the particle
motion, AM is the angular momentum, m is the particle’s rest mass. The dimensionality of

the time and the space currents is [bit/s], the dimensionality of fixed information is [bit]).
Besides note, that fixed information relates, quite naturally, also to the physical action, S.
The “material” length of a particle’s algorithm [at rest] is equal to the particle’s Compton
n
length, A, A, =—
myc
So through a particle’s circular logical chain an active “flipping point” runs uninterruptedly,

having (at rest) momentum, p,,p, =h/A. =m,c, and angular momentum (for example —

the photon’s spin), 7 .

At that particles are some disturbances in Aether, which is the dense 4D lattice of 4D FLE
in the spacetime. If in Aether a FLE is at rest or a flipping point runs through a straight line
(in a space or in the time direction), then corresponding “particle” has uncertain or infinite
Compton length, so the “particle” has zero rest mass and zero momentum — as for the case
when FLE doesn’t flip at all. But some impact with non-zero momentum p in this (or in any

direction for non-flipping FLE) direction results in the creation of a particle — at the impact in



the time direction it is “usual” material particle (“T-particle”) having the mass
m, = p'/c;p' < pand the energy E = pc = 7/m002; the impact in a space direction results in
the occurrence of “S-particle”, e.g. — of a photon having also the energy £ = pc.

Any [of known now] particle’s Compton length is much larger the Planck length, what
enables “to write” on this length a code that defines the particle’s parameters, but all (any
particle’s) codes contain “universally significant” FLEs - “us-FLEs”, that flip in the end of the
algorithm, i.e. in the end of particle’s Compton length. And just these FLEs determine the
location of the particle in spacetime, besides it is rather probable (see below) that these FLEs

are responsible also for the gravity interactions between particles (and, of course, — between

bodies).
1.2 Forces in the informational model

In the informational model seems as quite plausible the conjecture that at an interaction of a
force’s mediator with a particle some t-IC step in this particle becomes “be spent” by
interaction, resulting in the particle’s t-IC’s decrease (if resulting decrement of energy,
AU <0) and in corresponding mass defect of impacted particle/ body; or “be added”

resulting in t-IC increase if AU > 0. Besides at the interaction the mediator transmits to the

impacted particle a momentum, p,,.

2 Gravity model

2.1 Basic assumptions

It is possible to put forward, [1] rather reasonable conjecture - since the gravity force is
universal (regardless to the kind of particles) - that the gravitational potential energy of a
system of some bodies is proportional to the accidental coincidence rate of some interactions
of the t-ICs of the particles of these bodies. Such coincidences always exist since the FLE’s
flip-time is not equal zero. Secondly suppose that in gravity interaction only us-FLEs, i. e.

the FLEs that are used for localization of particle in spacetime, take part.

Basing only on approach of section 1 and the conjectures above, the equation for potential

gravitational energy can be obtained as follows.

As that was assumed above, the FLE’s sizes are equal to Planck’s length, /,. Besides

assume that:



(i) - at every t-IC step of a particle in space a “rim” (“circular graviton”, further “graviton”)

of FLEs flips starts to expand in the space with radial speed that is equal to the speed of light,

¢, so the rim’s area is equal 277/, (27ctl,) see Fig.1

Fig. 1. A sketch of a spreading of the gravitons in the space. The direction of the spreadings is random
since in reality any particle is impacted by some forces and isn’t oriented in the space constantly.

(i1) - the times of the us-FLE’s flip, and of the interaction of the graviton’s FLE and particle’s
us-FLE are the same and are equal to Planck time; and

(iii) — at interaction of graviton and particle’s us-FLE the particle is gravitationally impacted.

2.2 The model. T-particles

According to Newton, if two bodies have gravitational masses m, and m, and are in space on
a distance r, then the gravitational energy, E, , is equal
Gmm
- 111
E,, =-2M" )
r
It is evident, that interactions of gravitons and particles’ us-FLEs are accidental events —
coincidences of independent processes of “radiation” and spreading of gravitons of “radiating”
particle and us-FLE flipping of other one. In previous papers ([1]-[4]) the coincidence rate in
a particle was estimated in suggestion that both — the number of “gravitons” in a point, where

a particle’s us-FLE flips, and the number of these us-FLE flips, are random; at that both

numbers are distributed under Poisson law with the averages n, and n,. Then, if both

[average] numbers inside Plank time interval are small, then it is well known that the

coincidence rate is equal

N, =2nn,t Q)

In reality the particle’s us-FLEs flips very regularly; nonetheless the equation (5) remains
be true, if one suggests that the interaction of graviton and particle’s us-FLE happens in any

time moment when the both Plank intervals overlap (Fig. 2).



Fig. 2. Overlapping of gravitons and us-FLE

Thus the coincidence rate in a particle for the time when the particle’s universal FLE flips
again is
N.=y.n,2t (6)
where y/, is the flow [s"] of gravitons through the particle’s us-FLE; n,is the us-FLE’s flip

rate (the informational current in the particle).

From the suggestions above obtain that the average gravitons flow, which is produced by a

body having a mass m, on a distance 7 is equal

2 2
_m¢ 2xlyr _ mcly

= 7
" h 4nr’ 2hr M
and the coincidence rate is
mc® 1, mc* me, 1, m,c® 1, mmcl’
= ————2r1 =———2—=—2 ®)
A 2r h i 2r h c fi

hG
Since the Plank length is equal /, = (—3)1/2 , from Eq.(8) obtain, that the coincidence rate in
c

the particle is equal
Gmm,

12 T
¢ hr

©)

It is evident, that if a body having mass m, contains any number of particles, then the

coincidence rate in the body is equal

Gmm
Nop === %)
7

Note that the masses m, and m, in the equations (9), (9a) above are the inertial masses
Since the interaction of the bodies is symmetrical, the coincidence rate in the first body is

Gm,m,
r

equal to the rate in the second one: N _, =N, = , so total gravitational energy,

defined here in the informational model, £, , seems as



Gmm
Eglt = _h(NCIZ +N,,)= —2—=.

c

r
What, of course, contradicts the Newton gravity law, where, though, both masses are
gravitational masses. But in reality, if there is no forces besides the gravity that affect on the
bodies, the bodies’ us-FLE flips must be spend on the bodies spatial motion also (with
increasing of the bodies’ kinetic energy), and so only half of total the coincidence rate
transforms into the binding (potential) energy of the bodies. Thus obtain that the correct
equation for this energy is
Gmm
E, = —12 (10)

r
and £, = E , , when this energy (and corresponding mass defect) is equally divided between
the bodies:

_ Gmym,

EgllegIZZ T . (11)

Note that from above follows that the gravitational and the inertial masses of a body are

identical, since both “are created” by the same informational current of the body.

For the gravitational forces by what the bodies attract each other obtain

dP h __Gmm,r

Fg112 :E:_7NC12 = r—3:Fg121 > (12)

where P is momentum of a body, when suggesting that the transfer of the elementary

- hr . . .
momentum, p, =——, happens at every interaction of the us-FLE and graviton.
r

Some examples

Substituting real values in the equation for the gravitons flow we can obtain the estimation of

average number of gravitons, which cross the FLE’s area, [ P2 inside the interaction time:

2
v ="1e 1 2 g~ 74610 MAE]
hr r[m]
and the probability of these gravitons number, k
k _-a
a‘e
P(k)= P

The probability of two and more crossing is

Pk>D)=1-e*—ae” »[a<<l]~a’



For “usual” bodies « is rather small value. On the Sun’s (M ~1.99-10"kg; R = 7-10°m)

surface o ~4-10™ and the rate of “overlaps” [1 107" ; on Earth - [] 10", But for exotic
objects the overlaps influence can be appreciable:

- for a neutron star (let - M, =2M, ;R=1.2-10*m) a ~0.25, the rate is ~7% (rough

estimate since the & value here isn’t small).

2GM
for (GR) black hole » = G

2
C

anda =0.5

What happens when the overlaps of gravitons appear? It seems that there are 3
possibilities: (1) — the us-FLE when flipping can react (i.e. flip) with all gravitons inside the
interval (seems a little probability); (2) — the us-FLE reacts only with 1 graviton, the rest (>1)
gravitons disappear; and (3) - the FLE reacts only with 1 graviton, but the rest gravitons
remain and after “scattering” can interact with some other particle.

All these versions are some subject for further investigation provided that this gravity

model will be confirmed experimentally.

From above follows that the informational currents of both bodies becomes be slowed on
the half binding energy (divided by 7, of course). If the mass, M , of one of the bodies much

greater then the other mass, m , the relative decrease of this body’s informational current is

_GMm h  GM (13)
Jn 2hr me* 2rc?

Correspondingly, if the body-2 is a clock, the clock becomes be “gravitationally time dilated”

on times, what is twice lesser then that is asserted in the general relativity theory.

2rc?

If a pair of clocks are placed on different radii from M , r and r+ h;h <<r in a gravity

field (Fig. 3)

Clock-2

O

h

blue

photon

Clock-1

VAN
7777777777777

Fig. 3. Two clocks are in [let — Earth] gravity field. Dotted line — a photon beam.



then their relative tick rates differ as

GM 1 1 GMh
0w, ~ 0, = 207 (;_ r+h) ~ 2r%c? (14

h
For Earth surface oo, —dw, ~ % , where g is the gravitational acceleration. In the GR the
c

gh
Cz.

clocks’ rates difference is twice more - 5601 - 5(02 ~

2.3 The model. Photons

One of main postulates in general relativity is that photons don’t change their energy and

frequency when moving in a gravity field (e.g. [7]) and the application to a photon the notion
“mass” as m,, =E / c*in this case is principally incorrect. If photon has mass then it must

increase or decrease energy at motion between space points with different gravitational

potential. For example at motion on distance 4 (Fig. 3) straight up/down relating to Earth
h
surface the photon’s frequency also must change on the same value g—2 So, if photons have
c
mass and change energy in gravity field, then, e.g., in R. Pound, G. Rebka and J. Snider

h
experiments [8, 9] the frequency shift of gamma quanta must be equal to 2g—2 , since the
c

emitter’s and photon detector’s atoms’ nuclei frequencies differ also on the g—2 - when the

c

measured value was twice lesser — in accordance with the GR.

In the informational model photons are S-particles and move in the space only, at that they
cannot — in contrast to the “massive” T- particles/ bodies — be stopped; the photon’s energy is
E =hw and, as that is true for any — T- or S-particle — the energy and the momentum of a

photon relate as £ = cP . As well as T-particle also have the energy £ =hw="h[], ], so here

aren’t principal difference between T- and S- particles. So in the informational model seems as

quite reasonable the application of the notion “mass” for photons.

If we apply the approach above to the photons and suggest that the photon has mass

m = E /c*, then obtain equations for the photon the rate of coincidences

_ GMPc  GMhao

N ; — (15)

c

hirce hirc



- for photon’s part of the potential energy of a system

GMhw
2rc?

and for the frequency shift (“red”/ “blue”) if the photon moves straight up/ straight down on a

AE =

, (16)

distance % (let — system [Earth+photon])

_GMwh _gh
Ao~F——— ,or oo ~F+>— 17
2r’c? c’ (17
For the photon’s momentum obtain
apaan MA_ NGMOR_ g
rc rc c

where “+” relates to the straight down and “-” relates to straight up motions.

2.3.1 Photon beam declination in a gravity field

If a light beam moves by a mass M so that minimal distance is equal to p (Fig. 4),

photon

Fig. 4. A photon moves by the mass M on the distance p

then on the pass d/ the photon’s momentum changes on dP

WGM o GM
3 dl=+P 2

dP ==

dl, (19)

at that for the vertical component of the momentum is

GMP o,
dF, = e (pz +12)3/2 dl, (20)

thus the integrated value, if / changes from —ooto +o0is

2GMP
AP = G —. (21
fole
If AP << P then the angle on what the beam will be declined is
2GM
ap~aP/p=2M. (22)
Jolé

what is twice lesser then the estimation in general relativity.



3 Conclusion

Above the [draft] model of the gravity is presented, which follows only from a few rather
general reasonable suggestions, which, in turn, are based on general corollaries of the
informational conception; when the conception, in turn, is rigorously proven. So the obtained
Eq. (10) by no means follows from both — from [experimental] Newton’s gravity law and from
Planck’s approach at obtaining his “natural units”. Thus Eq. (10) seems as rather possibly non

- accidental and so there is non- zero probability that it (and the model as a whole) is true.

From the model a number of interesting implications follow. First of all — the identity of
the gravitational and the inertial masses, at least for the static case. If interacting bodies move,
then the identity isn’t so evident, for example the inertia of moving body becomes be

dependent on — on what direction relating to the motion direction the body is impacted.

However for the always moving particles, i.e., - photons, the model works well at least in
the case, when a maximal gravity field gradient and a photon motion are on the same line, for
example — if a photon moves vertically to Earth surface. At that (not only in this case, of

course, though) on the photon’s energy/ frequency two factors act — the changing of the
h

potential energy, i.e. the changing of N_, (for the case in the Fig. 3 dw =~ i%; “+” for up
c

and “-” for down) and the changing of the momentum, for the case in the Fig. 3

_ . gh , _gh
AP ~ FP=5-, what changes, of course, on the photon’s frequency also: dw, ~¥=5-. But the
c c

factors act oppositely — e.g., at the straight up motion the potential energy increases (the

photon becomes bluer), but AP is negative and so the photon reddens. That results in the

h
reddening of the photon and final frequency shift is 0w = _& . On another hand, the clocks

2¢
. . GM . o .
(atoms) relative frequency shift cannot be equal to —-, as that is posited in the GR, since
re

then on equal value the potential energy of another body must be changed, so total potential
energy of the system of bodies (and the gravitational mass defect) turns out to be twice more

then the real value, what is impossible. So relative clocks frequency shift (for the Fig. 3 case)

is as it is in this model - 0@, — dw, = —g—.

2¢*
In Pound et. al. (and in the Gravity Probe A experiment [10]) experiments above both these

factors (changing of photon and detector’s atoms frequencies) summarized, what resulted in

gh

the famous outcome S, —dw, ==
c

10



The general model for arbitrarily moving bodies, as well as — which complies also with the
experimental data about the photon beams declination, if these data are reliable enough,

should be developed on further elaboration of the model.

But the model can be effectively tested yet now — besides that it is obviously in accordance
with outcomes of any experiments that tested the Newton law, it has the individual trait. From
the model, where the gravity force is principally stochastic (in contrast to, e.g., the GR)
follows the possibility to observe this randomness, when some very small masses interact.
Possible — and executable yet now - experiments are presented in [11], [12]. At that the
experiment with measurement of random photons frequency distortion in Earth gravity seems
as utmost perspective and can be made now, since there exist necessary instruments and
techniques: the stabilized photons sources [13], [13]; and precise interferometers. For example
that could be the instruments intended for detection of the gravity waves [15]- [17], if an
additional vertical (e.g., in a borehole) interferometer’s arm will be appended. Since in this
case it is enough to have all arms having lengths ~ 300-400 m, TAMA300 detector [17] seems
as at most (since lower cost) promising.

Besides — such an installation can be possibly used for testing of other models of quantum
gravity.

Note, however, that the estimations of frequency shifts at gravity impact on photons that are

presented in [11] and [12] can be incorrect. In principle there can be a number of cases, when

the relation N, for energy and N_ for momentum (“1/2”) holds. Besides the variant above,

that can be variant in [11] and [12], where it was suggested that for the changing of j,is

necessary 2 us-FLE+graviton interactions, when the particle’s momentum changes each time;

or a variant when N is twice lesser (e.g. if the probability of the coincidence twice lesser)

- 2hr
but the elementary momentum is equal to  p, =———, etc. In last case, for example, the
r
minimal shift that in [11] is equal 3.7 Hz, would be equal to ~8 Hz, so the variants are, in

principle, experimentally different.

An other, though lesser interest but much more cheaper and simpler, experiment that allows
to obtain real value of the clocks’ tick rate gravitational decreasing at the increasing of the
gravity potential is some analogue of the well known Hafele and Keating experiment [18],
where the comparing of the two clocks showings is executed after the clocks were some time
in different conditions.

The main difference - in the experiment there is no necessity in the relative motion of the

clocks, moreover, they should have minimal difference of their speeds. This minimal speed

11



occurs when one clock, say, the clock-2, after both clocks synchronization [on Earth surface],

is slowly transported up to some height, 4, above Earth by using, for example, a balloon.

h
The tick rate of clock-2 [by gravity potential] increases on ow = +% (for the height
c

h=10"md@ ~ +5.4-107") and decreases because of the clock-2" speed on the height R s th

is more then the clock-1" speed. But the last value is practically negligible. Indeed, the tick

_ (1_ﬂ22)l/2

1)
rates decreasing relation for the clocks is §(—2) =—"2"— ; for R, =6.35-10°m and if

a)l (1_ﬂ12)1/2 ?

@
the clocks are on Earth equator, 5(—=%) ~—-3.7-107".
a)l

So after the exposition of the clock-2 on the height 10°m during, say, 10 hours, then after

returning of the clock and comparing the clocks’ showings, the difference A=1¢, —#, will be

near ~2-10"s , when, if the GR is correct, this difference must be two times larger.
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1 BBenenue

B [1 - 3] 6sut0 cTporo mokasano, yto Marepus B Haieli Beenennoit — u Beenennas B
LIEJIOM — €CTh HEeKHe MH(OPMAIMOHHBIC CUCTEMBI (CTPYKTYPHI), KOTOPBIE CYIIECTBYIOT Kak
HEIPEPHIBHO M3MEHAIOIINECS [mpakTHueckn]| OECKOHEYHO Mallbie TOJMHOMXKECTBA
(yHIaMEHTanbHOTO a0CONMITHO OeckoHeuHOro MHuoxectBa “Uudopmanus”. JlaHHas
uHpopmarmonnas (“Uupopmanns kak AOCOMIOT’ KOHIENIUSA) KOHLEMIHS IO3BOJSIET
MPEIUIOKUTh (PU3UIECKYI0 Mozehb (Oonee cM. [4],[5]), koTopasi, OCHOBBIBASCh MPAKTHUYCCKH
numb Ha [IpuHiune HeonpeaeneHHOCTH, aJleKBaTHO OMKCHIBACT JBM)KEHUE M B3aUMOICHCTBHS

yacTul] (Tel) B MPOCTPAHCTBE-BpeMeHU. B Mopenu [cyOaTOMHBIC| YaCTHIIBI €CTh HEKHE
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3aMKHYTBIE AITOPUTMBI, KOTOpBIC BBHIMONHSAIOTCA Ha “hardware”, KOTOpoe ecTh 3aMKHYTHIC
LENH U3 DJIEMEHTapHBIX JIOTHYECKHX CXeM — “‘(yHAaMEHTAIBHBIX JIOTHYECKHX 3JIEMEHTOB”
(DJID), xoTopsie sBIsAOTCS (OTIHYHBIMU, BripoueM) aHanoramu C. F. von Weizsdcker’s 1950-
54 ronos “Urs” [6]. Pazmepsr @JID B mpocTpaHCTBE-BpEMEHU B 000HX - B MPOCTPAHCTBE U B

hG
_3)1/2 (h _

(“xoopauHaTHOM”) BpeMeHH paBHbI IlmankoBckoit mmuHe, lp, [, =(

npuBefieHHass KoHcTaHTa Ilmaaka — osnemeHtrapHoe ¢usmueckoe naeiictue, G —

TpaBUTAIMOHHAs KOHCTAHTa, c- CKOPOCTh CBeTa B BakyyMme); Bpems “nepexmroueHus”(“flip”-

lp

a) ®JID paBuHo [1n1aHKOBCKOMY BPEMEHH, Tp,Tp = —.
c

1.1 YacTHHBI

ITockonbKy aJTrOpUTMBI YacTHI[ HUKOTA He ocTaHaBiuBaiorcsa (DPJID HempephIBHO
(IUI-af0T C TMOCTOSHHOW YacTOTOM), YacTHIBI IBIKYTCS B 4D mpocTpaHCTBe-BpeMEHH C
MOCTOSIHHOM CKOPOCTBIO, PaBHOM CTaHIApTHOM CKOPOCTHU CBETA, ¢. Eciu yacTuiia HaxoauTcs B
MTOKO€ B MPOCTPAHCTBE, OHA JABIKETCS C ¢ TOJNBKO BO BPEMEHHOM HAIpPaBIeHUH — ‘B MOTOKE
BpeMeHn”. Kak Hekuil aHamor “moToKa BpEeMEHU’ BBIVIAIUT MOAXOMASIIUM BBECTH

nepeMeHHbIe “uHpopMannoHHbIi TokK” (UT); u “duxcupoannas uapopmarms’:

- Bpemennoit UT (t-IC):

.1 2
Jy = 7 myc -, (1)
- mpoctpanctBeHHbIH UT (s-1C):
) 1
Ty =5 mme B @
- (ukcupoBaHHas HHHOpMALIUS:
AM

23172
(v — ckopocts wactuusl, S =v/c,y =1/(1-7)"" - Jlopenu-¢pakrop uacruusl, AM —
YIJIOBOH  MOMEHT, M,- Macca IOKOS YacTHUBL PasMEPHOCTb BPEMEHHOIO0 M

npoctpanctBenHoro MT [bit/s], pasmepHocTs QukcupoBannoit mHpopmanuu [bit]). Kpome

TOTO, OTMETHM, UYTO (HUKCHpOBaHHas HH(GOpPMAaLHUs COBEPILIEHHO ECTECTBEHHO OTHOCHUTCS

TakkKe K (PU3NIECKOMY NEHCTBHIO, S.

“MarepuanpHas’ JIMHA aIrOpUTMa dYacTHIBI [B mokoe] paBHa KoOMNTOHOBCKOW [UIHHE
h

gactuupl, Ao, A, =——.
m,c

2 shevch@iop.kiev.ua ; sshev(@voliacable.com
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Takum o6pa30M, o SaMKHYTOﬁ JIOTHYECKOH LCMKU YaCTHULbI HCIIPCPBIBHO ABUIKCTCSA HCKaAA

aKTUBHas “(Iup-TouKa”, UMEIOIAsi UMITYIbC, Pp, P, =Hh/A. =m,c, 1 yrioBoil MOMEHT

(nampumep — criuH GoTtoHa), 7i .

[Ipu 5TOM YaCTHIIBI SBISIOTCS HEKUMH BO3MYIICHUSMH “D(HUpa”, KOTOPBIH €CTh TIOTHAS
4D pemetka u3 4D @JID B mpoctpancTBe-BpeMeHH. Ecnn B adupe Hexuit OJID mokoures
Wi (IUN-TOYKa JBIDKETCS MPSIMOIUHEWHO (BO BpPEMEHHOM WIIM TPOCTPAHCTBEHHOM
HAIpaBJICHUH) TO COOTBETCTBYIOIIAS ‘‘UacTHIla’ HMMEET HEOIpPEIeICHHY0/ OCCKOHCUHYIO
KoMnTOHOBCKYI0 — JJIMHY; T.€. YacTHIAa HMMEET HYJIeBble Maccy IIOKOs W uMIyibc. Ho
pe3yIbTaTOM JF000TO BO3IEHCTBHS C HEHYJIEBBHIM UMIyJbcoM p Ha DPJID Oyner poxaeHue

YacTUIBI — TPU HMITYJIbCE BO 6peMeHHOM HANpaBICHWH 3TO “‘O0BIYHAS” MaTephabHas
N . 2

gactuia (“T-gactuua”) ¢ maccoit m, = p'/c; p' < pu sueprueit E = pc=ym,c”; npu

NPOCMPAHCMBEHHOM HWMITYIIbCe oOpasyercs  “S-uactuia”’, Hampumep, (POTOH, TakkKe C

sueprueit £ = pc.

KomnroHoBCckast mimHa JIOOOW [M3 CEeroaHss W3BECTHBIX]| YaCTHI] MHOTI'O OOJbIIe
[ImaHKOBCKOW AJIMHBI, YTO TIO3BOJIAET ‘‘3amucarh’ HEKUW WHAMBUAYATHHBIA KO, KOTOPHIM
OTIpEJICNISICT CBOMCTBA YACTHIIBI, OJHAKO AJITOPUTMEI BCEX YACTHI] COACPKAT ‘‘yHHBEPCAIHHO
sHauumbie” DJID- “us-DJID”, koropble (MM-alOT B KOHIIC AIrOpUTMa, T.€. B KOHIIC
KommnronoBcko#t mmuael. U umenHo 3tn DJID ompemensroT IONOXKEHUE YacTUIEI B
MIPOCTPAHCTBE-BPEMEHH, KpoMe TOro, (CM. Jajiee) OHH OTBETCTBEHHBI TaKXke 3a

TPaBUTAIIMOHHOE B3aUMOCHCTBIE MEXK Ty YaCTUIIAMH (M, KOHEUHO, — MEXKTY TEIIAMH)

1.2 B3aumopaeiicTBusi B HH()OPMAIIMOHHOI MogeIn

B nHpOpManmoHHON MOAENH BIOJIHE Pa3syMHBIM OKa3bIBACTCS IPEIIOJIOKEHHE, YTO
IpY B3aMMOJEHCTBUU COOTBETCTBYIOLIAass OOMEHHasl yacTHLa AeHcTByeT Ha odepenHoi t-1C
mar “IpuUHUMAOIIEN” 4YacTUIBl TaK, 4YTO MPH 3TOM OAHHBIA MIar OKa3bIBaeTcs
“3aTpaueHHBIM” Ha B3auMopeWcTBue c ymenblieHueM t-IC (ecnmu  pe3ynbTUPYIOLIHA
nexpement sHeprun, AU < 0) u ¢ coOTBeTCTBYROMUM Ie()EKTOM MACChl ITON YACTHIIBI /

Tena;, win  “‘mobaBieHHBIM” ¢ yBenmueHmeM t-IC  ecim AU > 0. Kpome Toro, mpu

B3aUMOJICHCTBHH MEIUATOP TIpeaaeT YaCTHIIC dJICMEHTAPHBIN UMITYJIbC, ]30.

2 I'paBUTalIMOHHAs MOJIEIb
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2.1 ba3oBble npeaAnoI0KeHUs

Hanee B nuadomMonenn BHONHE pa3yMHO MPEITNONOXKHUTH [1] — MOCKONBKY TpaBUTALHS
yHHUBEpcaJbHa (HE3aBHCHMMa OT BHJA YacTUI) - YTO MOTEHIMAJIbHAs SHEPTHsl CUCTEMBI Tel
MPONOPLHOHAIEHA CKOPOCTH CIyYaliHBIX COBMAJACHUM HEKUX B3aUMOACUCTBHI MH(POTOKOB t-
IC gacTur stux Ten. Takue COBMaZCHUS BCETa CyIIECTBYIOT, MMOCKONBKY (umm-Bpems DJID
HE PaBHO HYyJI0. BoO-BTOpBIX, IPEANONONKHUM, YTO B TIPaBUTALMOHHOM B3aUMOJCHCTBUU
MPUHUMAIOT y4yacTtue Toibko us-PJID, T.e. DJID, KOTOpble OTBETCTBEHHBI 3a JIOKAIHU3ALUIO

YaCTUlbl B IIPOCTPAHCTBEC-BPCMCHHU.

OCHOBBIBASICH HAa TOAXOJE B pasneie | W TPEanoSOKCHHSX BBINIC, YPaBHEHUS IS

TPaBUTAIIMOHHOTO B3aMMOICHCTBHUS ITOTYYIAIOTCS CIICIYIONTAM 00pa3oMm.

Kak npexmonoxeno Beime, pasmepsl ®JID pasubl [Inankosckoit mmuse, /,. Kpome

TOTO, NMPEATIONOKUM, UTO:
(1) — nHa kaxpom t-IC mare “u3myvaromiei”’ YacTUIBl B MNPOCTPAHCTBE HAYMHAET
pacrpocTpaHaTecs “Kodbuo” (“HUPKYISPHBIA TPaBUTOH Jajiee “TPaBUTOH”) (IIUM-AIOMINX

DJID ¢ pa,[[HaJ'IBHOfI CKOPOCTBIO paBHOﬁ CKOpOCTH CBCTA, C, TaK, YTO IUIOMIAJb KOJIbIIa paBHA

2rrl, (27ctl,) em. Fig.1

Fig. 1. A sketch of a spreading of the gravitons in the space. The direction of the spreadings is random
since in reality any particle is impacted by some forces and isn’t oriented in the space constantly.

(i) —Bpemena ¢aumna DJID,u B3aumoneticteus ®JID rpaBuTOHA M (MPUHUMAIOIIEH YaCTHIIHI)
us-FLE paBubI [T1aHKOBCKOMY BpEMEHH; 1
(iiil) — mnpm B3amMoxelcTBUM TpaBuTOHA U us-DJID wacTumbl, dYacTHIle TepemaeTcs

3JI€MEHTAPHBIN “TpaBUTALMOHHBINA UMITYJIbC.

2.2 Mogeib. T-yacTHII
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ITo HetoTOHY, €ciu [Ba Telna, C epagumayuonnbiMy MaccaMu m, and 71, HaXoAATCs Ha
pacCTOSIHUM ¥, TO TPABUTAIMOHHAs dHEpTHs, F o » PaBHA
Gmm
_ 11
E, =20 )
r
OdeBHTHO, YTO B3aMMOJCHCTBUS IPaBUTOHOB U us-OJID yacTuIr ecTh cirydaiiHbie COOBITHS
— COBMAJICHUSA HE3aBUCHUMBIX TPOIECCOB “H3IYy4YCHHS M PACHPOCTPAHCHUS] TPABUTOHOB
“n3nyuvaroriei” vyactuipl u us-OJID daum-oB apyroit. B mpempiaymumx crateax ([1]-[4])
CKOPOCTh COBIAJCHUI B YACTHUIIE OICHMWBAJach B IMPEANOJIOKEHUU 4YTO 00a — HHCIIO

IPaBUTOHOB B Touke, rae ¢umm-aer us-OJID wactum, u uucio ¢uun-oB 3tux us-FLE,

CIydaiiHbl; IPX 5TOM 00a YKcIIa pacrpeziesieHsl 1o 3akony Ilyaccona co cpeqnumu n; and 7, .

Torma, ecnmin 06a [cpemnme] duciia B mpezaenax ILTaHKOBCKOTO BpEMEHH Mabl, TO XOPOIIO

HU3BCECTHO, YTO CKOPOCTH COBHaHeHHﬁ paBHa

N, =2nn,t (5

B neiicrButensHOCcTH Us-FLES wacTuiy Gaum-aroT peryisipHO; TeM HE MEHee, BRIpaKCHHE
(5) ocraercss BEepHBIM, €CIIH TIPEOITOJIOXKHUTH, YTO B3amMojelcTBHE TpaBuTOHA M us-DJID

MIPOMCXOMUT B JTIIO00M MOMEHT, Koraa oba [TnankoBckux maTepBaia iepekpriBaroTcs (Fig. 2).

Fig. 2. Overlapping of gravitons and us-FLE

Takum 06pa3om, CKOPOCTh COBIIQJICHUN B HaCTHUIIE CHOBA paBHA
N,=y,n, 2t (6)
rjae ¥/, - IOTOK [s'] rpaBuTOHOB uepes us-DJID wacTHUBL 7 , - 4acrora us-®JIJ ¢uun-os

(vH(pOPMALIMOHHBIN TOK YaCTHIIHI).

W3 npeanonoxeHuit BhIlIE TOJy4aeM CpeAHUN MOTOK TPaBUTOHOB, MPOU3BOJAUMBIN TEJIOM

C Maccoi 71, Ha PaCCTOSHUM /* PaBEH

2 2
_m¢ 2xlyr _mcly

- (7
' Y 2hr
¥ CKOPOCTb COBIAJICHUI
2 2 2 372
_mc” I, mc oy M 1, mc zli: mm,c’l, )

T h o h o2 ho e Po
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IMockonbky IlmankoBckas mmuHa [, Eq.(8) momywaem, d9TO CKOpPOCTH

_ NG
_( 3) ’
c

COBIIAJICHUM B YacTHUIIE paBHA
Gmm,
Ny =— ©)
hr
Ou4eBHIHO, YTO €CIIM TEJIO MAacCOW /1, COJEPKUT JI000E YMCIO YacTHll, TO CKOPOCTh

COBIIaJICHUI paBHA
Gmm
N, =2 (%)
hr

Ormetum, yto Maccel m; and m,B Bepaxkenuax (9), (9a) Bele — 3TO uHepyuoHHbIE

MaccChI.

[TockombKy B3aHMMONEHCTBHS B TelaX CHMMETPUYHBI, CKOPOCTh COBIA/ICHUH B IEPBOM Telle
. Gm,m,
paBHa oHo#t Bo BTopom: N, =N, :T, TaK 4TO I0JIHAs TPAaBUTALIMOHHAS SHEPIHs,

OIIpeACJICHHAA BBIIC B I/IH(l)OpMaI_[HOHHOI)'I MOACIU, Eg] BBITJIIINUT KakK

1

) Gmm, ‘

c

Eglt :_h(Nc12+N21):_ .

Uro, KOHEYHO, NPOTHBOPEUMT 3akoHy HbIOTOHa; BIpoYeM, B TIOCIETHEM YYacTBYIOT
epasumayuonnvle Maccbl. Ho B peanmbHOCTH, eciam Tena CBOOOIHBI, TO MOJ JEHCTBUEM
TpaBUTAIIMA OHU NBIDKYTCS, MPU 3TOM Kakue-TO (puumbl us-OJID BO3MOXKHO TpaTsATCS Ha
IBIDKEHHE B MPOCTPAHCTBE (C BO3pacTaHMEM KHHETHYECKOW SHEPTHH), W TONBKO IMOJOBHHA

TPATUTCS HA DHEPTHI0 CBS3M (MOTEHIIMAIBHYIO JHepruio). Torma moiydaeM KOPpPEKTHOE

BBIpa)KEHHE
Gmm
_ 1772
E g = (10)
r
uk o = E v » IPY 9TOM SHEPrus (1 COOTBETCTBYOLIMH AC(PEKT MACC) PABHO IOJCIICHBI
MEXKy TEIaMu:
Gmm
E, =E, =——12 (11)
/1 [2 N
& & 27"

OTMCTI/IM, YTO M3 BBIIICUI3IONKCHHOIO CICAYET YTO cpasumayuUoOrHAaAAl U UHEPUYUOHHAA MACChbL

uoenmuyHol, TOCKOJIBKY 00€ “co3dar0TCs ~” OMHUM U TeM ke WH()OPMAITMOHHBIM TOKOM TeJa.

I[J'IH FpaBI/ITaLIHOHHOﬁ CHIJIBI, C KOTOpOﬁ TCJIa NPUTATUBAKOTCA,, IIOJTyHacM

. dP  hF Gmm, 7
F :__chlzz_l—z

gl12 :E . 3 (= ﬁg[Zl) > (12)

rae P - 310 uMIyJsbC Tena, B MPEANONIOKEHHUH, YTO TIPH KaKI0M B3auMoaeicTeun us-OJID u

n

TPaBHTOHA TEPENIACTCS SMEMEHTAPHEIR UMITYIC ) = —— .
r
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HexoTopbie npuMepsl

[loncraBuB peanbHble 3HAYEHHS B BBIPAXEHHS I IOTOKAa TPABUTOHOB MOXKHO
2
MTOJIYIUTh CPEIHHWE 3HAYEHWS YHCia TPaBUTOHOB, Mepecekaronmux Iwiomans DJID, lP 3a

BpeMs B3aUMOJICUCTBUSL:

2
!
wr=" 74610 MR8
hr r[m]

" BCPOATHOCTH YHUCJIa HepeCCLICHI/If;I, k

k _—a

a e
P)=""

BeposiTHOCTE ABYX U OoJiee mepecedeHnit
Plk>)=1-e*—ae” >[a<<l]za’
Jns “oObrunbx]l”Ten ¢ Becbma mano. Ha moBepxnoctn ConHia
(M ~1.99-10°kg;R~7-10°m),c = 4-10™° u cxopocts “nepexporruit” [1 107" ; na 3emme

-20
-0107,
Ho mist 5x30THKYM BIHSHNE TIEPEKPBITHIl MOXKET OBITh CYIIECTBEHHBIM:

:R=12-10m) a ~0.25, nons

San >

- U1 HeliTpOHHOIA 3Be3xbl (mycTh - M o =2M

nepexpeItuii ~7% (rpy0o, 3HaueHune ¢ value here He maino).

2GM
- st (OTO) uepHoit apIpsl R = G—2 na =0.5
c

UTto ciaydyaeTcs eCiiM MEepeKPhITHE MPOUCXOANT? Buammo 31ech BO3MOKHEI 3 BapuanTa: (1)
— us-®JID B TedeHue Quum-a MOXKET B3aUMOJIEHCTBOBaTh (T.€. (PIUM-aTh)cCO BCEMH
TpaBUTOHaMH B HHTEpBaie (MajoBepoATHO); (2) — us-PJID B3aumMomeHcTByeT TONBKO ¢ 1
TpaBUTOHOM, ocTaibHbIe (>1) mpomanaiotr; u (3) - us-®JID B3ammozeicTByeT TONBKO C 1
TPaBUTOHOM, HO OCTAJBHBIC OCTAIOTCS W TIOCTE “paccestHHs’ MOTYT B3aWMOJCHCTBOBATH C
JPYTUMH 9aCTHLIAMH.
Bce 3T Bepcun ceroHs BO3MOXHBI U OJDKHBI IIPOPadaThIBATHCS MIPH AaJbHEHIIEM Pa3BUTHH

MOJIEIH.
Takum o0pa3zom, HHGOPMAITMOHHBIE TOKH 000HX TeJ 3aMeUISIFOTCS Ha TOJOBUHY SHEPTHH

cBsi3u (ToenieHHon Ha /i, koHeuHo). Eciu macca, M , 0JJHOTO MX TeJI MHOTO OOJIbIIIE APYTOM,

m , OTHOCUTEJIbBHOC YMCHBIICHUEC I/IH(bOpMaI_[I/IOHHOFO TOKa B MEHbIIICH Macce PpaBHO:
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_GMm h _GM 03

Jn = 20 mc: 2

CoOTBETCTBEHHO, €CITH TEJI0-2 TO YaChl, TO 3TH Yachl MOKAXYT ‘‘TPaBUTAI[MOHHO

3aMeJJIEHHOE BpeMsI” Ha BEJIUUUHY PR 4TO 8 06a pa3a MeHbuie, YEM 3TO IPUHATO B 00LIeH
re

TCOPHUHU OTHOCUTCIIBHOCTHU. Ecmm napa 9aCOB PACIIJIOKCHA Ha PA3JIMYHBIX paaAnyCax OT M ,

and r+h;h <<r (Fig. 3)

blue

Clock-1

/ ,m
V711777 7777777777

=
photon

Fig. 3. Two clocks are in [let — Earth] gravity field. Dotted line — a photon beam.

TO TEMIIbI THUKOB 4aCOB paSJ'H/ILIaIOTCH KaK
GM 1 1 GMh
0w, — 0w, = —(—— r——.
2¢c r r+h 2rc

(14)

h
Ha nosepxHoctu 3emin 0w, — 0w, = % , TAe g - rpaBUTaLMOHHOE ycKkopeHue. B OTO
c

gh
62‘

pasHuIa B Ba pa3a Oonslie - 0®, — 0w, ~

2.3 Moaeib. ®oTOHBI
OmanM n3 ocHOBHBIX mocTysnatoB OTO ects TO, 9TO (DOTOHBI HE U3MEHSIOT SHEPTHIO
¥ 9acTOTY IPH ABM)KCHHUH B TPAaBUTAIIMOHHOM TToJie (Harmpumep [7]) u npuMeHeHune K GOTOHY
[13 2 2
nousTHs “macca”, kak m, = E/c”nesepHo. Ecnu (oTOH MMeeT maccy, TO OH JOJKEH
YBCIWYNUBATL WKW TEPATH OHEPTrHUI0 Ha MIMYTH MCEXKAY IMMPOCTPAHCTBECHHBIMU TOYKaAMU C

pa3IMYHbIM FPAaBUTALIMOHHBIM IOTEHIMANIOM. Hanpumep, mpu ABMXKEHHHM HA paccTosHue /A

(Fig. 3) BBepX/BHM3 OTHOCHTEIILHO 36MHOM MOBEPXHOCTH, €r0 YAaCTOTA AOJDKHA U3MEHUTHCS Ha
gh

TO K€ 3HAUYCHUC —2 . TaKI/IM 06pa30M, CClIn q)OTOH NUMEET Maccy N U3MCHJCT SHGPFI/IIO B 1101
c

NEHCTBHEM TpaBUTAIlMH, TOTHA, HampuMmep, B 3kcmepuMmenTax R. Pound, G. Rebka and J.
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Snider [8, 9] u3MepseMbIil CIBUT YaCTOTH TaMMa KBaHTOB JIOJDKECH OBLT OBITH PaBHBIM Zg—2 ,
c

h

MOCKOJIBKY YaCTOThI AAC€Pp aTOMOB SMUTTEPA U ACTCKTOPA TAKKE OTIUYAKOTCA Ha g—2 - B TO

c

BpCM: KaK H3M€peHHLII?I CIABHI B IBa pa3a MCHbLIC — B COOTBETCTBUU C OTO.

B uH(pOpManHOHHOW KOHUENIMH (OTOHBI €CTh S-YaCTHIBI U JBHXKYTCS TOJIBKO B
MPOCTPAHCTBE, TIPH ITOM OHU — B MIPOTHBOIIOJIOKHOCTh “MacCHBHBIM™ T- 4acTHIlam/ Tenam —
HE MOTYT OBITh OCTaHOBIICHBI; 3Heprus poToHa E =fi@ u, kak 3T0 BepHO AJIs 00X — T- or
S-gacTHIl — SHEPrHs M UMITYJIbC cooTHOCSTCS Kak E = cP . Kak u ¢oron, T-uactuiia nmeer
sHepruto E =hw="N[j,], n 3aech HeT NPUHIMIHATBHBIX pasauumii Mexmy T- um S-

qacTunaMu. HOBTOMy B I/IH(i)OpMaHI/IOHHOI‘/'I KOHICTIIWN BBITJIAAUT BIIOJHEC C€CTCCTBCHHBIM

MIpUMEHEHUE TOHATHS “‘Macca” Ist JOTOHOB.

Ecnu mpumenuts monxon pazzgena 2.2. ais (GOTOHOB U IPEIITONIOKUTH 9TO (POTOH UMEET

2 .
maccy m = E /c”, monyuaem BbIpaKeHHE [JIsi CKOPOCTH COBMAICHHUIT B (POTOHE:

GMPc GMho
== 7 (15)

N

c

hirc firc

- JJI 4aCcTu q)OTOHa B HOTCHL{HaﬂBHOfI OHEPrun CUCTEMBbI:

GMhw

AE =219 (16)

2rc
W JUTS CIBUTA 9acTOTHI (“KpacHBIA/ “cHHUN’) eciii (DOTOH IBHKETCS BBEPX /BHU3 Ha
paccrostuue A (mycTh — cucTeMsl [3eMits+(oTon])

Aa)ziw , WA 5a)z$g—hz (17)
2rec 2c

s mmmynbsca GoToHa HoTydaeM

aps sy, L NOMON_
rc rc

ﬁ|0Q
| =~

[T

rae “+’ OTHOCHUTCS K ABHKEHUIO BHU3 U - BBEpX.

2.3.1 OTkJioHeHne GOTOHHOIO NMY4YKAa B TPABUTAIIMOHHOM I10.J1€

Ecmu cBeT nmpoxoauT MuMo Maccel M Tak, YTO MHHUMabHOE paccTosiHue paBHo o (Fig. 4),
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photon

Fig. 4. A photon moves by the mass M on the distance p

To Ha myTH dl uMnyssc poToHa usmenurcs Ha dP

ap=+"M® 4y pM
rc rc

dl (19)

2 B

IIpu 5TOM U3MCHCHUC BepTHKaJ’IBHOﬁ KOMITOHCHTBI

GMP yo,

2

& (pP+1

dpP = dl (20)

)3/2 ’

TOrJa UHTCrpaJIbHOC 3HAYCHHUE, €CIIU ! u3mensiercs ot —o0 0 +00 eCThb

AP = —ZGA{P (21
pc
Eciu AP << P To0 yroi, Ha KOTOPBIi Ty40K OTKJIOHHTCS, €CTh
ap~ap/p=2M. (22)
pc

4TO B IBA pa3a MCHBIIIC OIICHKU B 0611[6171 TCOPUHU OTHOCUTCIIBHOCTHU.

3 3akiroucHue

Beiie mpezicraBieHa  MOAETL TI'PAaBUTAIMM, KOTOpas CICAYeT M3 HEOONBIIOro 4HCia
BechbMa OOIMUX W BIIOJHE pPa3yMHBIX TIPEOIIOJIOKEHHH, KOTOpPHIE, B CBOIO OdYepelb,
OCHOBBIBAIOTCSI Ha OOIMMX CJEACTBHIX WH(POPMAITMOHHON KOHIIEHIIHH; KOTOpas, B CBOIO
ouepenb, CTporo jaokazaHa. [lomydenHoe BeipakeHume (10) mis MOTEHITMAIBHONW SHEPTHH
TPaBUTAINK HUKAK HE CIEAYEeT HU M3 [PKCIICPUMEHTAIBHOTO]| 3aKOHA BCEMHPHOTO TATOTCHIS
HerotoHa Hu u3 nmoaxoxa IlmaHka mpu MOdydyeHUHM UM “‘€CTECTBEHHBIX eAMHUL . Takum
obpazom, BelpakeHue (10) BBITIAOUT BechbMa HE CIIy9allHBIM M €CTh BeChbMa HEHYJIeBas

BCPOATHOCTDL, YTO HCII0JIb30BaHHBIN noaxon (I/I MOACJIb B I_IGJ'IOM) KOPPCKTHEIL.

W3 Mozenu cnenyroT HECKOJIBKO HHTEPECHBIX cieAcTBUH. [Ipexe Bcero — HIeHTUYHOCTh
IPAaBUTALIMOHHOM M MHEPTHOM Macc, IO KpaWHedW wmepe — g craTukd. Eciam
B3aUMOJECUCTBYIOIIUE Tea ABUXKYTCSA, UIECHTUYHOCTh HE TAK OYEBUJHA, HAIPUMEP UHEPLMS
JBIKYINErocsl Tejla CTAaHOBUTCS 3aBUCHMOM OT TOTO, B KAKOM HAIIPaBICHUM OTHOCUTEIIBHO

HaIllpaBJICHUA NBUKCHUSA HA TCJIO HeﬁCTByeT cuia.

22



OpHako AJ1s Beeria ABIKYIIUXCS YacTHIl, T.e. (POTOHOB, MOJIEh paboTaeT XOPOIIO, ECIIN
MaKCUMAJbHBI TPaJeHT TPaBUTALMOHHOTO TIOJII W HaNpaBlieHHE MBIKEHUS (OTOHA
MapaJulebHbl, HAPUMEP — ecli ()OTOH JIBMXKETCS BEPTHKAIBHO K 3€MHOW MOBepXHOCTH. B

9TOM CJiIydac (BHpO‘ICM, HE€ TOJIBKO B 3OTOM, KOHC‘IHO) Ha BHGPFI/IIO/ JacToTy (1)0TOHa

NeHcTBYIOT 1Ba (hakTOpa — M3MEHEHHE TOTCHIMATbHON SHEpruu, T.e. M3MeHenne N, (s

. h
ciyyas Ha Fig.3 dw = ig— ; “+” mnst BBepX and “-” Ui BHU3) M M3MEHEHHE UMITYJIbCa, IS
2¢?
. -—p& .
cimydas Ha the Fig. 3 AP ~FP =5, 4to, KOHEYHO, TaKkKe€ HM3MEHSET 4Yactory what:
c
_gh .
0w, =F=-. Ho }aKTophI AHCTBYIOT MPOTHBOMONOKHO — HATIPUMED, TIPH JBHKEHHH BBEPX
c

MNOTCHUHAJIbHAA 3HCPrusaA  yBCINMYUBACTCI ((I)OTOH CI/IHeeT), HO APOTpI/ILIaTeJ'ICH 1 TaKUM

obpa3om OTHOBpeMEHHO (OTOH KpacHeeT. B pesymprare QOTOH KpacHeeT u

h
Pe3YIABTUPYIOIINI CABHUT PaBeH 5&)%—%.C IOpyroil CTOPOHBI, OTHOCHUTENBHBIN CHBUT
c

GM

2
rc

4acToThl 4acoB (simep aromoB B Pound et. al. akcriepuMeHT.) He MOXKET OBITh PaBHBIM

KaK 3TO YTBCPKIACTCA B OTO, IMMOCKOJIBKY TOrJaa NMOTCHUHAJIbHAsA 3HCPIUAd Semim JOJIDKHa
HU3MCHUTBLCA TaK K€, W IOJHAs IMOTCHIHAJIbHASA 3HEPrus CUCTCMbI TCJII OKAa3bIBACTCA BABOC

0O0JIBIIIE YeM Ha CaMOM JIeNie, YTO HEBO3MOXKHO. [loaTomy peanbHbii ciapur (Ui ciydas Fig. 3)

gh

eCTb B COOTBETCTBHH C JAHHOU IMOZETBIO - 00, — 00, = ———

o
2c
B skcnepumente Pound et. al. oba dakrtopa (M3MeHeHHe YacTOT (HOTOHA M AECTEKTOpa

(hOTOHOB) CYMMHPOBAJIHCH, B PE3YJIbTATE Yero ObLI MOJIyUeH 3HAMCHUTBIN pe3yabTaT

5@1—5a)2zg—§l.
c

OOmass Moxenb Ui TPOU3BOJNILHO JIBUKYIIMXCS TeJ, KOTOpas Takxke Oyner
COOTBETCTBOBATh SKCIEPUMEHTAIbHBIM [JaHHBIM 110 OTKJIOHEHHIO CBETa B I'PaBUTALIOHHOM
I0JIe, €CIIM 3TH JaHHbIE OyIyT JOCTATOYHO HAAEKHBI — 3TO CIEAYIOIIUII 3Tan pa3paboTKH.

TeM He MEHee MOZIENIb MOKET SKCIEPUMEHTAIBHO IPOBEPEHA YK€ CErOAHS — [IOMUMO TOTO,
YTO OHA OYEBHJHO COIJIACYETCS CO BCEMH SKCIIEPUMEHTaMH I10 IIPOBEPKE 3aKOHA BCEMHPHOTO
TaroTeanss HproToHa, Momens wWMeeT crerudUYecKhe CBOICTBA, HampuMep B Hel
IPaBUTALIOHHOE B3aMMOJACHCTBHE NPUHLMIIHAIBHO CTOXAaCTHMYHO (B MPOTHUBOIOJIOXKHOCTB,
HanpuMmep, OTO); oTkyma ciegyeT BO3MOXHOCTb  HAOJIOAEHHS CTOXaCTUYHOCTH, €CIH
B3aMMOJEHCTBYIOT JOCTATOYHO MaJIbIe MacChl.

Bo3MokHBIE — U OCYILIECTBUMBIE CETOJIHS — SKCIEPUMEHTHI paccMoTpeHsl B [10], [11].

HpI/I 9TOM 3KCHCPHUMCEHT C HU3MCPCHUCM cnyqaﬁHoﬁ JAUCTICPCUUN YaCTOThI (1)OTOHOB B IIOJIC
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3eMiIM BBITJSIIUT HanOosee MepCIeKTUBHBIM U MOXET OBITh MPOBEINCH B HACTOAIIEE BpeMs,
T.K. YX€ €cTh COOTBETCTBYIOILME METOAMKM MU 000pyIOBaHHE: CTaOMIN3UPOBAHHbIC
nctouHuku QoronoB [12], [13]; wm mnpenmsuonaele uHTepdepoMeTprl. and precise
interferometers. Hampumep, 310 Mornm Obl ObITh WHTEpdEepOMETpHl UIsi OOHAPYXKEHHS
TpaBUTAIIMOHHBIX BOMH [14]- [16], ecnu nobGaBuTh B HHTEpHEpOMETpe BEPTHUKAIBHOE
(mampumep, B CKBaKuHE) miiedo. [10CKoNbKy B TaHHOM ciy4yae J0CTaTO4HO JiIuH 1ied ~ 300-
400 m, TAMA300 nerekrop [16] 6611 ObI HauOOIEE (IO CTOUMOCTH ) TIEPCIICKTUBHBIM.
Kpowme Toro, Takas ycraHoBKa MOTJa OBl HCIIONB30BATHCSA U B APYTUX IKCHEPUMEHTAX I10
KBaHTOBOW IpaBUTALINHU.
OTMmeTuM, OJTHAKO, YTO OIICHKH CIBHUTa YacTOTHI ()OTOHOB B TpaBUTAIMOHHOM moie B [10]

and [11] MoryT OBITH HEKOPPEKTHHI. B mpuHIUIE BO3MOXXHO HECKOJNBKO BAPHAHTOB, KOTIA

ecTb cootHomenue N, and sHepruu u N, ans ummynsca (“1/2”). Kpome BapuaHTa BbIIIE, 30

MoskeT ObITh BapuaHt B [10], [11], rae npeanonoxeHo, 4To 1 U3MEHEHUs j, Heo0Xoaumo 2

us-B3aHMO,[[CfICTBHH ®H3+FpaBPITOH, HO WU3MCHCHHC UMITyJIbCa 4YaCTUIbI IIPOUCXOIUT

KaXIbli pa3; WiM BapuaHT, koria N, B 2 pa3a MeHbIIe (HampHMep, €CIH BEPOSTHOCThH

2hr

COBIAJCHMIT B 2 pa3za MEHbIIE), HO BJICMCHTApHBIH HMITYJIbC PaBeH P, =———, T B
r

MOCJICTHEM CTydae, HallpuMep, MUHUMAaITbHBIN caBuT, paBHbIi B [10], [11] 3.7 Hz, 6611 651 ~8

HZ, TaK 4YTO BapUaHThHI, BOO6H1€ TOBOPs, SKCOICPUMEHTAIILHO PAa3JIMYMMBI.

Jlpyroii, XoTs ¥ MEHEe HWHTEPECHBIH HO HAMHOro OoJiee MPOCTOW M JICIICBBIH,
9KCIEPUMEHT TTO3BOJIIONININ TONYYHTh pealbHOE 3Hau€HHEe W3MEHEHHUS TeMIIa YacoB MpH
W3MEHEHWH TPaBUTAI[MOHHOTO TIOTEHI[MAlla €CThb HEeKWH aHajor MIMPOKO W3BECTHOTO
skcriepumenta Hafele and Keating [18], roe mpoBoamiIocs cpaBHEHHE IMTOKA3aHUHA NBYX
9acoB, KOTOPbIe HAaXOMINCh HEKOTOPOE BPEMSI B PA3TMUHBIX YCIOBHUSX.

OcHOBHOE OT/IMYME B JaHHOM ClIy4ae — B DKCIIEPHUMEHTE HET HEOOXOIWMOCTH B
OTHOCHTEIHHOM JBM)KEHHH YacoB, Oojiee TOT0, 37€Ch pa3HUIla CKOpOCTEH IOJDKHA OBITh
MUHUMalbHA. Takas MUHUMalbHAas CKOPOCTh ITONTyYaeTcs eCJIM OJHH M3 4acoB, HAIIPUMED,
clock-2, mociie CHHXpPOHU3AIMM YacOB HAa TIOBEPXHOCTH 3€MIIM MEJICHHO IOJHUMAETCs Ha
BBICOTY, /1, C IPMMEHEHHEM, HAIIPUMED, BO3AYIIHOTO LIapa.

Temmn clock-2 [u3-3a yMeHbIICHHS TPAaBUTAIIMOHHOTO TIOTCHIMANA| YBEIWYMBACTCS Ha

h _
o0~ +% (st BeIcoTEl A=10'm @ ~ +5.4-107") u ymeHbIaercs, MOCKONBbKY CKOPOCTh
c

clock-2" speed Ha BbicoTe[R , +]i Gonbme cxopoctu clock-1. Ho mocnenusist Benu4nHa B

JAaHHOM clTy4yae MpeHeOpexumMo Masia B camom nerne, yMeHbIIEHHE TEMIIOB YacOB B TaHHOM
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2312
. 1-
cllydae OTHOCATCS Kak O(—2) = % ;s R, =6.35-10°m w ecru acel HaxonsaTes

o (1-57)"

. 15
Ha sKBatope O(—%)~—3.7-107".
2
Takum 06pazom nocie 3kcno3uiuu clock-2 Ha BeicOTE 10°m B TeueHue, ckaxem, 10 gacos,
TO TIOCTE BO3BpANlCHUs 4YacOB M CPAaBHEHHs IIOKa3aHWH, pasHmma A =1, —1, Oyner
-8
~2-10"s, B TO Bpems kak, B coorBercTBur ¢ OTO sTa pasHuia J0JKHA OBIT B JBa pasa

OoumbIIe
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