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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 Weizsécker’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, I, /, = (—3)1/2 (% is reduced
c
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Planck constant - the elementary physical action, G - gravitational constant, c- speed of light

[

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, =%moc2, (M
- the space IC (s-1C):
J, = %moczﬂz, @)
- the fixed information:
Ay, =S ()

(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
h
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 = 7m002; 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.

(ii) - 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,, =-2I" )
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,r 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
_mc” 2xlyr _mcl,

. = 7
' ho 4rr’ 2hr ™
and the coincidence rate is
mc® 1, mc* me, 1, m,c® 1, mmcl’
= —————2rT =———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,
cl2 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
N, =122 (%)
hr

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

) Gmm o
equal to the rate in the second one: N, =N, = hl 2, so total gravitational energy,
r

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

E, =-Smm (10)

gl 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 Gm,m,r
g[lZZE:_?NdZ:_ 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
/ k;
v =" = g n 74610 24RE]
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” ~ 107" ; on Earth - ~107*". But for exotic

objects the overlaps influence can be appreciable:

:R=1.2-10"m) a = 0.25, the rate is ~7% (rough

San >

- for a neutron star (let - M, =2M

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 mc* 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

/
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
0, ~ 00, = 2¢2 (;_ 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 - 5(01 — 50)2 ~

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—z 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

. . o h
emitter’s and photon detector’s atoms’ nuclei frequencies differ also on the g—z - 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 =ho 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 _GMhw

N, =—— T (15)

hirc hirce



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

GMhow
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])

GM wh gh
AO~F—— ,or O ~F>— 17
2r°c’ 2¢ (17)
For the photon’s momentum obtain
ap~+N ME_ HOMOh_ pgh g
rc rec 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 o

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 Yol
de = 2 (p2 +12)3/2 dl, (20)

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

2GMP
AP = G —. 21
Jolé
If AP << P then the angle on what the beam will be declined is
2GM
ap~ap/p=29Y. 22)
folé

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; and which, 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 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

_p&h : _gh
AP ~ F P>, what changes, of course, on the photon’s frequency also: dw, ~F=5-. But the
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
rc

then on equal value the potential energy of another body must be changed and total potential
energy of the system of bodies turns out to be twice more then the real one, what is

impossible. So relative clocks frequency shift (for the Fig. 3 case) is as it is in this model -

gh
50)2 —5601 ~ —?.

In Pound et. al. experiments above both these factors (changing of photon and detector’s

gh

atoms frequencies) summarized, what resulted in the famous outcome 0w, — 6w, ~ =;
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 [10], [11]. 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 [12], [13]; and precise interferometers. For example
that could be the instruments intended for detection of the gravity waves [14]- [16], 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 [16] 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 [10] and [11] 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 [10] and [11], 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)

. - r
but the elementary momentum is equal to  p, =———, etc. In last case, for example, the
r

minimal shift that in [10] is equal 3.7 Hz, would be equal to ~8 Hz, so the variants are, in

principle, experimentally different.
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1 BBenenue

B [1 - 3] 6bu10 cTpOro mokaszano, uto Matepus B Harielr Becenennoit — u Beenennas B
LIEJIOM — €CTh HEeKHe WH(OPMAIIMOHHBIC CUCTEMBI (CTPYKTYphI), KOTOPBIE CYIIECTBYIOT Kak
HEIMIPEPHIBHO M3MCHAIOIINECS [MpakTHYEeCKH| OCECKOHEYHO Majible TIOJMHOXECTBa
(yHIaMEHTaTbHOTO a0CONMITHO OeckoHeuHoro MHoxkectBa “Uudopmanms”. JlanHas
unpopmarontas (“Muadopmanus kak AOCONIOT’ KOHIEHIMS) KOHIEHIMS TO3BOJISIET
MPEIUIOKHUTh (PU3UIECKYI0 Mozeib (0onee cM. [4],[5]), koTopasi, OCHOBBIBASCh MPAKTUUYECKU
numis Ha [lpuHImne HeonpeneIeHHOCTH, aleKBaTHO OMKCHIBACT JBMKCHUE M B3AMMOJICHCTBUS
gacTuIl (Ted) B MPOCTPAHCTBE-BpeMeHH. B Mmomenum [cyOaToMHBIE] YAaCTHUIBI €CTh HEKHE
3aMKHYTBIC aJTOPUTMBI, KOTOPbIC BBIMOJHAIOTCS Ha ‘“hardware”, KoTopoe €CTh 3aMKHYThIC
[IeNy M3 JJIEMEHTApHBIX JIOTHYECKUX CXeM — “‘(DyHJTaMEHTATbHBIX JIOTHYECKHX 3JIEMEHTOB”
(DJID), xkoToprle ABIAIOTCS (OTIIMUHBIME, BIipodeM) aHamoramu C. F. von Weizsidcker’s 1950-

54 romoB “Urs” [6]. Pazmepsr @JID B mpocTpaHCTBE-BpEMEHN B 000MX - B IMIPOCTPAHCTBE U B

2 shevch@iop.kiev.ua ; sshev(@voliacable.com
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hG 1/2
(“xoopmuHaTHOM”) BpemeHH paBHbl Ilnankosckodt mmuwe, lp, [, =(—) (h -
c

npuBefieHHas KoHcTaHTa Ilmaaka — oanemeHtrapHoe ¢usmueckoe naeiictue, G —

rpaBUTAlIOHHAs] KOHCTAaHTa, C- CKOPOCTh cBeTa B BakyyMme); Bpems “mepekmtouenus”(“flip”-

L,

a) ®JID pasHo [1naHKOBCKOMY BpeMEHH, Tp,Tp = —.

1.1 YacTuusl

ITockonpKy anrOpUTMBI YacTHIl HUKOTJAa HE ocTaHaBiuBaioTca (PJID HempepsIBHO
(um-aloT ¢ MOCTOSHHOW YacTOTOH), YacTHIBl ABWXKYTCA B 4D mpocTpaHCTBe-BpeMEHH C
MTOCTOSTHHOM CKOPOCTBHIO, paBHOW CTaHAAPTHOM CKOPOCTH CBeTa, ¢. Eciu yacTuia HaxoauTcs B
IIOKO€ B MPOCTPAHCTBE, OHA JBMKETCS C ¢ TOJIBKO BO BPEMEHHOM HAIPABICHUH — “B IIOTOKE
BpeMenn”. Kak Hekwii aHamor “mOTOKAa BpPEeMEHW  BBITVIAIUT MOAXOMSIIAM BBECTH

repeMeHHbIe “nHbopMarmoHHEIH TOK (UT); u “durcupoBannas wHGOpMAIUT

- Bpemennoit UT (t-IC):

.1 2
- mpoctpanctBenHbIit UT (s-1C):
. 1
Ty =B @
- (¢ukcupoBaHHas HHYOPMAITHUS:
AM
Al MT T, 3)

25\1/2
(v — ckopocts wactuusl, S =v/c,y =1/(1- )" - Jlopeuu-pakrop uactuusi, AM —
YIIOBOH  MOMEHT, 7/M,- Macca IIOKOS 4YacTHIbL. Pa3MEpPHOCTb BPEMEHHOrO U

npoctpanctBeHHoro WMT [bit/s], pasmepHocTh ¢ukcupoBanHoi wHpopmanuu [bit]). Kpome
TOr0, OTMETHM, 4YTO (HUKCHPOBaHHas HMH(OpMAaLWs COBEPIICHHO €CTECTBEHHO OTHOCUTCS
TakkKe K GU3NIECKOMY JIEHCTBHIO, S.
“MarepuanpHas” JUIMHA alropuTMa 4YacTUIBl [B MOKoe| paBHa KoMNTOHOBCKOW AnMHE
h
4acTuipl, Ao, A, =——.
m,c

Takum 06pa30M, oo BaMKHYTOfI JIOTUYCCKON 1IEIH YaCTHULIBI HCMPCPBIBHO JABUIKCTCA HCKasd

aKkTHBHAsT “(uup-TOYKa”, UMEIOWAs UMIYIbC, Pp,Pp =h/ A, =myc, 1 yrioBoil MOMEHT

(mampumep — criuH GoToHa), i .
IIpu 5TOM YacTHIIBI SBISIOTCS HEKHMMH BO3MYIICHHSIMH ‘“dpHUpa”’, KOTOPHIA €CTh IUIOTHAS

4D pemetka u3 4D @JID B mpocTpaHCcTBe-BpeMeHH. Ecnmu B adupe Hekmit DJID mokouTcs
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Wi (IMI-TOYKAa [JBIDKETCS MPSIMOJMHEHHO (BO BpPEMEHHOM WM HPOCTPAHCTBEHHOM
HampaBJICHUH) TO COOTBETCTBYIOIIAS ‘“‘4acTHLa’ HMMEET HEONpelesIeHHYI0/ OECKOHEUHYIO
KoMnToHOBCKYI0 — AMHY; T.€. YacTHLA HMMEET HyJIeBbIE Maccy IOKOsS W uMmyibc. Ho
pe3yabpTaTOM JI000ro BO3ACHCTBHUS C HEHYJIEBBHIM MMIyJbcoM p Ha PJID Oyner poxxaeHue

YacTUIBI — TIPU UMIYJIbCE BO 68peMeHHOM HANpPaBICHHH ATO “0oO0bIYHAs” MaTepuaibHas
o v 2

vactnia (“T-vactuua”) ¢ maccoit m, = p'/c;p' < pu sHeprueit E = pc=ym,c”; npu

npocmpancmeeHomM WMITYIbCe oOpasyercs  “S-uactuma”, Hampumep, (POTOH, TaKkKe C

sHeprueit £ = pc.

KommnroHoBCcKass mwHA 000 [M3 CErogHS W3BECTHBIX| YAaCTHII MHOTO OOJbIIe
[ImaHKOBCKOW MJIMHBI, YTO TO3BOJIAECT ‘‘3amucarh’ HEKWW WHAMBUAYATHHBIA KO, KOTOPHIH
oTpenersieT CBOMCTBA YAaCTHUIIBl, OJHAKO AJTOPUTMBI BCEX YACTHI] COJEpPkKAT ‘‘YHHUBEPCAIbHO
3HaunMble” DJ[D- “us-OJID”, xoropble (IUM-alOT B KOHIE aIrOpuTMa, T.e. B KOHIIE
KomnronoBckoit mmuuel. U umenHo 3tu @JID omnpenensrOT MONOXKEHUE YaCTULBI B
MPOCTPAaHCTBE-BPEMEHH, KpoMe TOro, (CM. Janee) OHH OTBETCTBEHHBI TaKXke 3a

T'paBUTALITUOHHOC B3aHUMOACHCTBHE MCKAY YaCTULIaMU (I/I, KOHCYHO, — MCKAY TeJ'IaMI/I)

1.2 BzaumopeiicTBusi B MH(POPMALMOHHON MOJIe/IH

B unOpMannoHHON MOJENN BIIOJHE Pa3yMHBIM OKAa3bIBACTCS MPEIIOJIOKEHHUE, YTO
MIPU B3aUMOJICHCTBHUM COOTBETCTBYIOIIAas OOMEHHAs YacTHIla JCHCTByeT Ha ouepemnoit t-IC
mar “OpuHUMAroIIel”’ YacTHIBl Tak, YTO TIPU ITOM JIAaHHBIM IlIar OKa3bIBAETCS
“3aTpadeHHBIM”’ Ha B3auMmojelictBue ¢ yMeHbiieHueMm t-IC (ecnmu  pe3ynbTHPYIONIHI
nexpement sHeprun, AU <0) u ¢ cooTBeTCTByOmUM Ae()EKTOM MAacChl 3TOW YaCTHIIBI /

Tena; Wik “moGasneHHbiM” ¢ yBenuuenueM t-IC ecnim AU > 0. Kpome Toro, mpu

BSaHMOHeﬁCTBHH MEAUATOp MMpeaacT 4aCTUILC 3HeMeHTapHBIﬁ UMITYJIBC, [_50 .

2 I'paBuTaIIMOHHAS MO/IETh

2.1 ba3oBble NpeaInoJoKeHUs

Hanee B mHpOMOEIN BIOJTHE Pa3yMHO MPEANONIOKUTE [1] — MOCKONBKY TpaBUTAIUS
YHUBEpCalbHa (HE3aBHCHMA OT BHJIA YaCTHUI]) - YTO MOTCHIMAIbHAS DHEPTUS CHUCTEMBI Tell
MPOIOPIIMOHATIBHA CKOPOCTH CJIyYalHBIX COBIAJCHHI HEKUX B3aUMOJCHCTBUN WH(POTOKOB t-
IC gacTur >tux Ten. Takwe cOBIAIEHUS BCETNa CYIIECTBYIOT, MTOCKONBKY (umm-BpemMs DJID

HE paBHO HYJIIO. BO-BTOpBIX, MPEINONOKUM, YTO B TPABHTAIMOHHOM B3aWMOJICHCTBHH
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NpUHUMAIOT ydactue Toiabko us-DJID, T.e. OJID, KOTOphIE OTBETCTBEHHBI 3a JOKAIM3ALMUIO

JaCcTUlbl B NPOCTPAHCTBC-BPECMCHU.

OCHOBBIBaSICH Ha MOAXOAE B pasfene | M NPEONONOKEHHUSX BBILIE, YPaBHEHHS [UIS
IPaBUTALIOHHOTO B3aMMOJICHCTBUS MOTyYarOTCs CIIEAYIOIUM 00pa3oM.
Kak npexnonoxxeno Bbie, pasmepsl ®JID pasubl [Inankosckoit mmuue, [, . Kpome
TOTO, MIPENIOIOKUM, UTO:
(i) — ma xaxzaom t-IC mare “wu3myvaromeil” dYacTHIBI B TPOCTPAHCTBE HAYMHAET
pacrpocTpaHaTecs “Koibio” (“HUPKYJSPHBIA TPaBUTOH’Iayiee ‘“TPaBUTOH”) (IIUM-AIOIINX
®JID ¢ paananbHON CKOPOCTHIO paBHOW CKOPOCTH CBETA, ¢, TaK, YTO IIOMAAhL KOJBIIA 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.

(i1) —BpemeHa ¢auna DJID,u B3aumoneiictBuss OJID rpaBuToHa M (MPUHUMAIONIEH YaCTHUIIBI)
us-FLE paBHbl [I1aHKOBCKOMY BpEMEHU; U
(i) — mnpu B3aumopelcTBuM TpaBUTOHa U us-PJID wyacTumpl, yacTUle mepesaeTcs

3JIEMEHTapHBIN “IpaBUTALlMOHHBIN UMITYJIbC.

2.2 Mogeib. T-yacTHIBI

ITo HeroTony, ecnu 1Ba Tena, ¢ 2pagumayuonHbiMy MaccaMu m1, and 7, HaxoaaTcs Ha
pacCTOSIHUM 7 , TO TPABUTAIMOHHAS SHeprus, F v » DaBHa
Gmm
_ 1,
B,y = -2 4)
r
Ou4eBUIHO, YTO B3aMMOJCHCTBIUS rpaBUTOHOB 1 Us-DJID gacTuil ects ciydaliHbIe COOBITHS
— COBMAJICHUS HE3aBHCHMBIX IIPOIECCOB “M3NMydYeHHsI” W PpaCIpPOCTPAHEHUS TPaBUTOHOB
“nanyvaromiei” yactuipl u us-OJID dmumn-oB apyroit. B mpempiaymmx crareax ([1]-[4])
CKOPOCTh COBMAJICHM B 4YaCTHIIE OIEHWBANIACH B NPEINOJIOKEHHA YTO 00a — YHCIO

TPaBUTOHOB B Touke, rae ¢umm-aer us-OJID wactum, w uucino ¢uun-oB 3tux us-FLE,
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CITy4aifHBI; IIPH 3TOM 00a YKCIIa pacmpeeeHsl o 3akoHy Ilyaccona co cpexaumu 7, and 7, .

TOI‘I[a, ecaud oba [CpC,HHI/IC] quciia B mpeaciax IInaHKOBCKOTO BpEMCHU Majibl, TO XOPOIIO

HU3BECTHO, YTO CKOPOCTH COBITaJCHUI paBHa

N, =2nn,t (5)

B netictButensHOCcTH Us-FLES wacTui ¢uumn-aroT peryisipHO; TeM HE MEHee, BhIpaKEHUE
(5) ocraercsi BepHBIM, €CIH IPENIONOKUTH, YTO B3aUMOeicTBue TpaBuToHa W us-DJID

MPOMCXOAMT B JII000I MOMEHT, Koraa o0a [1nankoBckux nHTepBania nepekpeiBatotes (Fig. 2).

Fig. 2. Overlapping of gravitons and us-FLE

Takum 00pa3oM, CKOPOCTH COBMAACHHM B YACTHUIIE CHOBA paBHA
N.=y.n,2t (6)
rae ¥/, - IOTOK [s"'] rpaBuTOHOB uepes us-DJID YACTHIB n,- 4dacrora us-®JI3 ¢uun-os

(nH(pOPMALIMOHHBIN TOK YaCTHIIBI).

U3 Hpe,I[HOJ'IO)KCHI/Iﬁ BBIIIC IOJTyYacM CpeI{HHﬁ MOTOK I'PaBUTOHOB, HpOI/ISBOI[I/IMHﬁ TCIIOM

C Maccoi 71, Ha paCCTOSHUM ¥ PaBEH

2 2
_mc” 2zlr _mcl,

p (7
v h 4rxr 2hr
U CKOPOCTb COBIAICHUI
— mlc2 ZP mpcz _m¢ lP mpc2 ZP _ mlmpc3lP2
Ny ==ttt ap=m2 g P o e T ()
h 2r h h 2r h c h
hG
ITockonbky IlmankoBckas iuHa [, :(—3)1/2, Eq.(8) momydyaem, 4TO0 CKOpPOCTH
c
COBIIAJICHUI B YaCTUIIE paBHA
Gmm,
N, = )]
hr

O‘{CBI/I)IHO, YTO €CIM TEJIO MacCou m, COJCPIKUT m000€ YUCTO JacCTul, TO CKOPOCTH

COBIIQJICHUH paBHA
Gm,m,

N, = 9
12 hr (9a)

c

17



Ormerum, yto Maccel m; and m,B BeIpaxkeHusax (9), (9a) Bbllle — 3TO uHepyuOHHbIE

MacCcChI.

[TocKOMBbKY B3aMMOIEHCTBHS B TENAX CHMMETPHYHbI, CKOPOCTh COBIIACHUI B IIEPBOM TeIIe
. Gm,m,
paBHa oHoit Bo BTopoM: N, =N, = —, 7 TAK IO MOTHAR TPABHTAIMOHKAS SHEPTHA,

OIIpeieNIeHHas BBIIE B HH(MOPMAIIHOHHON Moaenn, F

e BBITTIIIUT KaK

Ey =—h(N,,+N,)= _p Gmimy

r
UT0, KOHEYHO, NPOTHUBOPECUYUT 3aKOoHy HBIOTOHA; BIpOYEM, B IOCICTHEM YYaCTBYIOT
ZPGGMMQMMOHHble MAcCCHI. HO B peaJ'ILHOCTI/I, CCJIN TcCl1a CBO60,[[HLI, TO IIOJ HCﬁCTBHCM
FpaBI/ITaHI/II/I OHU )IBI/I)KyTCH, HpI/I 9TOM KaKHEC-TO (1)J'II/IHLI US-(DHS BO3MOXHO TpaTHTCSI Ha
IBUXCHHUEC B HpOCTpaHCTBC (C BO3paCTaHI/ICM KHHCTH“IGCKOIZ SHCPFPII/I), U TOJIBKO IIOJIOBHHA

TPATUTCA HaA DHCPTHUIO CBA3U (HOTGHLII/IaJ'H)HyIO BHGPI‘I/IIO). TOFI[a nojry4acM KOPPCKTHOC

BBIPAXXCHUC

E, =-Smm (10)

gl
r

u E, =E, , npyu 5T0OM 5Heprus (1 COOTBETCTBYIOUIMH AE(EKT MACC) PABHO MOJEICHBI

MCKAY TCIaMU:

Gm,m
E :Eg,zz—#. (11)

OTMCTI/IM, YTO U3 BBIIICHU3JIOKCHHOTO CICAYCT YTO cpasumayuUoOHHdaAd U UHEPYUOHHAS MACCHL

u0enmu4Hbl, MOCKOJIBKY 00€ “co3aatoTcsl ” OMHUM U TeM e WHPOPMAIHOHHBIM TOKOM TeJa.

HJ’IH T paBHTaHHOHHOﬁ CHIJIBI, C KOTOpOﬁ TCJia IPUTATHUBAKOTCA,, IOJIy4acM

g APy Gmmt g (12)
gl12 dt 2 3 al21) »
rac P- 9TO UMIIYJbC TCJa, B MPEAIIOJIOKCHNU, YTO IPHU KaXKAOM B3aHMOHeI>'ICTBHI/I us-®JID u
) N T
rpaBUTOHA MIEPEAACTCA IJICMCHTAPHBIN UMITYJIBC pO = —r—z .

HexoTopbie npuMepsl

[loxcraBuB peanbHblE 3HAYEHHS B BBIPAXKEHHS I IOTOKA TPABUTOHOB MOXKHO
2
TIOJIYIUTh CPEOHWE 3HAUCHWS YHCIia TPaBUTOHOB, Iepecekaromux Iwromans DJIO, lP 3a

BpeMs B3aUMOJICHCTBHS:
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2
=T 74600 RE]D
hr r[m]
1 BCPOATHOCTH YUCITIA HepecequHf/'I, k
k _—a
a e
P(k)= B

BepositHOCTE IByX 1 OoJiee epeceucHuit
Plk>)=l-e“-ae® sla<<l]~a’
Jus “o6prunbix]”Ten @ BeckMa mano. Ha moepxuocTtu CoHiza
(M ~1.99-10°kg;R~7-10°m),c = 4-10™° u cxopocts “nepexpurruit” ~ 107" ; na 3eme
- ~107.

Ho st 5K30THKY BAMSIHAE TIEPEKPBITHI MOXKET OBITh CYIIECTBEHHBIM:

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

San >

- U1 HeliTpOHHOI 3Be3nbl (mycTs - M o =2M

nepekpbITuii ~7% (rpy0o, 3HaueHue & value here e mano).

2GM
- st (OTO) uepHoii gbIpsl R = G— na=0.5

2
C

UTto cmydaeTcst eciu mepeKphITHE TPOUCXOAUT? Buaumo 31ech BO3MOXKHEI 3 BapuanTa: (1)
— us-®JI9 B TedeHme aum-a MOXKET B3aMMOJICHCTBOBATH (T.e. (DIWMI-aTh)cO BCEMH
TpaBUTOHAMH B HWHTEpBaje (MajaoBeposTHO); (2) — us-DJID B3ammoneicTByeT TOMBKO C 1
TPaBUTOHOM, ocTaibHBIC (>1) mpomanatotr; u (3) - us-OJID B3auMomeHCTBYeT TOJNBKO ¢ 1
TPaBUTOHOM, HO OCTAJIBHBIC OCTAIOTCS M TOCIE “‘paccesHus” MOTYT B3aWMOJCHCTBOBATH C
JIPYTAMH 9aCTHIIAMH.
Bce aTH Bepcun cerofHs BO3MOXKHBI U IOJKHBI TIPOPa0aThIBaThCS MPH NANTbHEHIIIEM Pa3BUTHH

MOJIEIIH.

Takum o0pazom, HH(GOPMAITMOHHBIE TOKH 000X Tell 3aMeIUISIOTCS Ha TOJOBUHY SHEPTHH
cBsi3u (TozieNieHHoM Ha i, koHeuHo). Eciu macca, M , 0JJHOTO MX TeJl MHOTO OOJIbIIIE APYTOM,

M , OTHOCHTEIIbHOE YMEHBIIICHHE HH(POPMALIMOHHOT'O TOKA B MEHBIIIEH Macce paBHO:

_GMm h _GM 03

Jn = 20 mc: 2rc

CoOOTBETCTBEHHO, €CJIH TEJI0-2 3TO YaChl, TO 3T Yachl MOKaXYT ‘“‘TPaBUTAIIMOHHO

3aMeIJICHHOE BpeMs~ Ha BEIUYUHY PR 4TO 6 08a pa3a MeHbvlile, IEM ITO TIPUHATO B OOIIICH
re
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TCOPHUHU OTHOCUTCIIBHOCTHU. Ecmn Tapa 9aCoB PACIJIOKCHA Ha pa3JIMYHBIX paguycax OT M ,

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

blue

photon

h

Clock-1

/
V711777 7777777777

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

To TemIbl THKOB Y4acoB pa3In4arOTCAa Kak

GM 1 1 GMh
0w, =60, = 2¢2 (;_r+h ~ 212t

(14)
gh
Ha nosepxHoctu 3eminu 0@, — 0w, = 7 , Te g - rpaBUTallMOHHOE yckopeHue. B OTO
c

gh
62‘

pasHHIA B 1Ba pa3a Oouble - 0w, — 0w, =

2.3 Moaeiab. ®oTOHBI

OmanM n3 ocHOBHBIX nocTynatoB OTO ects TO, 9TO (POTOHBI HE U3MEHSIOT YHEPTHIO

¥ 9acTOTy IPH ABMKCHHUH B TPABUTAIIMOHHOM TIojie (Hampumep [7]) u npuMeHeHne K GoToHy

2
MOHSTHS “Macca”, Kak m, = E/c"nesepno. Eciu (oTOH MMeeT Maccy, TO OH JOJDKEH

YBCIWYMBATL WKW TEPATH OHEPrHUI0 Ha MIMYTH MCEXKAY IMMPOCTPAHCTBEHHBIMU TOYKAMU C
Pa3IN4YHbIM I'PaBUTAIIMOHHBIM IOTCHIIUATIOM. HaHpI/IMep, IIpyu ABUKCHUM Ha paCCTOAHUC h

(Flg 3) BBer/BHI/IB OTHOCHTEILHO 3€MHOM IMMOBCPXHOCTH, €TI0 YaCTOTAa AOJLKHA U3MCHUTHCA HA

h
TO K€ 3HaUEHHE g—z Takum oOpazom, ecnu (POTOH UMEET Maccy W U3MEHSET SHEPTHUIO B TIO]
c

JeiCTBHEM TpaBUTALUM, TOTAA, Hampumep, B dkcrmepuMeHtax R. Pound, G. Rebka and J.

Snider [8, 9] u3MepsieMbIil CABUT YAaCTOTHI TaMMa KBAaHTOB JIOJIKEH ObUT OBITh PaBHBIM Zg—z ,
c

h

4
MOCKOJIBKY YaCTOThI AACP aTOMOB 3MUTTCpa U ACTCKTOPA TAKIKE OTINYAKOTCA Ha > - B TO

C

BpeMsI KaKk U3MEPEHHBIN CABHT B /IBa pa3a MeHbIIe — B coorBeTcTBHH ¢ OTO.
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B uHbOpMANMOHHON KOHIENIMA (OTOHBI €CTh S-4aCTHUIBI U JBHXKYTCS TOJBKO B
MPOCTPAHCTBE, TIPU ITOM OHH — B TIPOTHBOMOJIOXHOCTD “MacCHBHBIM T- yacTHIiam/ Telam —
HE MOTYT OBITh OCTaHOBIICHBI; dHeprus poToHa E =@ u, Kak 310 BepHO AJIs 00X — T- or
S-gacTHIl — SHEPrHs M UMITYJIC cooTHOCATCS Kak E = cP . Kak u ¢oron, T-uactuiia umeer
sHepruto E =hw="n[j,], n 3mech HeT NPUHIMIHAIBHBIX pasauumii Mexamy T- m S-

qacTunamMu. HO3TOMy B I/IH(I)OpMaLII/IOHHOI\/'I KOHICIIHWH BBITTIAAUT BIIOJIHE C€CTCCTBCHHBIM

NpUMEHEHHUE MOHATHS “Macca” Ui (OTOHOB.

Ecnu npumMenuts noaxon pasaena 2.2. s GOTOHOB M MPEAIOI0KUTh YTO (POTOH MMEET

2 o
Maccy m = E / C , [IOJIy4a€M BBIPAXKCHUEC JIA CKOPOCTU COBIIAZICHUU B (bOTOHC:

GMPc GMho
-2 (15)

N

c

hirc hirc

- JJId 4aCTHu (l)OTOHa B HOTCHL[HaJILHOﬁ OHEPruu CUCTCMBbI:

GMhw

AE ="+, (16)

2rc
Y JUTA CIOBUTA Y9acTOTH (“KpacHbBIN/ “cuHui”) eciu (GOTOH ABMKETCS BBEPX /BHHU3 HA
paccrostuue A (mycTh — cucTeMsl [3eMis+(poToH])

Aa)~—GMwh

~F
2r2c?

h
, WA 5a)z$g—2 (17)

Jia mmmynbsca oToHa OTydaeM

APziNcﬁﬁziwzin—h (18)
rc rc C

(13

rae “+’ OTHOCHTCS K JBMIKEHHUIO BHU3 U - BBEPX.

2.3.1 Otkj0HeHHe GOTOHHOTO MyYKa B TPABUTAIIMOHHOM I10JI€

Ecmu cBeT mpoxoaut MuMo mMaccel M Tak, 9TO MEHHMaJbHOE pacctosiHue paBHo o (Fig. 4),

photon

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

TO Ha myTH dl uMmynsc poToHa u3menurcs Ha dP

ap=+"MO 4y p M
rc rc

dl, 19)
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IIpu 5TOM U3MCHCHUC BepTPIKaHLHOﬁ KOMITOHCHTBI

GMP
dF, =— 2 ,02 s dl, (20)
¢ (p +1)

TOT/Ia HHTETPAIbHOE 3HAYCHHUE, €CIU [ M3MEHSIETCSI OT —00 JI0 400 eCTh

2GMP

AP =2 (21
pc
Ecin AP << P10 yroi, Ha KOTOPBIil Ty40K OTKJIOHUTCS, €CTh
2GM
Ap=AP/P=—:>; (22)
yole

4TO B IBA pa3a MCHBIIIC OLICHKHU B 06H_I€I71 TCOPUHU OTHOCUTCIIBHOCTHU.

3 3akiroueHue

Brime mpezncraBieHa  MOAENb TPAaBUTAIMH, KOTOpas CleAyeT M3 HEeOONBIIOro 4Yucia
BeCbMa OOIIMX W BIIOJHE pa3yMHBIX MPEANONIOXKEHUH, KOTOpBIE, B CBOIO OYepe.b,
OCHOBBIBAIOTCA HA OOIMX CIIEACTBUAX I/IH(bopMauHOHHoﬁ KOHIICIIIMNA; KOTOpas, B CBOIO
ouepenb, CTporo jaokasaHa. [lomydenHnoe BoIpaskeHue (10) I MOTEHITMAIBHON JHEPTHH
TpaBUTAINH HUKAK HE CIEAYyeT HHU M3 [IKCIIEPUMEHTATBHOTO| 3aKOHA BCEMUPHOTO TATOTEHHS
Hrrotona Hm w3 moaxoma IlmaHka mpw TOMYyYeHWH WM “‘€CTECTBEHHBIX €IMHHMII . Takmm
obpazom, BelpakeHue (10) BBINNIAOUT BechbMa HE CIyYalHBIM M €CTh BeChMa HEHYJIEBas

BEPOATHOCTH, YTO WCIIOIB30BAHHBIN MOAXOT (M MOJIENb B I[EIOM) KOPPEKTHBL.

W3 Mozenu cnemyloT HECKOJIBKO MHTEPECHBIX cieAcTBUi. [Ipexne Bcero — MAEHTHYHOCTh
TPaBUTALIMOHHOM © HMHEPTHOM Macc, MO KpailHe wMepe — s craTukd. Eciam
B3aMMOJICHUCTBYIOLINE TeJla ABWXKYTCS, HICHTUYHOCTh HE TaK OYCBHIHA, HAPUMEP MHEPLHUS
JBIDKYIIETOCS Tella CTAHOBUTCS 3aBHUCHMOI OT TOTrO, B KaKOM HaIlPaBIE€HUH OTHOCHUTEIHHO

HallpaBJICHUA JBUKCHU HA TCIIO I[CI\/lICTByCT cuia.

OpHako 171 BCer/ia ABIKYIIUXCS YacTHIl, T.e. (POTOHOB, MOJICb pab0OTaeT XOPOIIO, ECIIU
MaKCUMAJIBHBI TPAJMCHT TPABUTALMOHHOTO TIOJIA W HaIpaBlieHHE JIBHXKCHUS (OTOHA
napasuiebHbI, HApUMEp — €ciau (OTOH JBHIKETCS BEPTHUKAIBHO K 3€MHOU MOBepXHOCTH. B

3TOM ciyd4ae (BIpOYeM, HE TOJBKO B 3TOM, KOHEYHO) Ha JHEPruio/ 4acTtoTy (OTOoHa

HCﬁCTByIOT JABa (baKTopa — HU3MCHCHUC HOTCHL[PIaJ'ILHOﬁ OHEpruv, T.¢. KBMCHCHUC ]Vc (,Z[J'IH

. h
cnydas Ha Fig.3 ow =~ i% ; “+” s BBepx and “-” i1 BHHU3) M M3MEHEHHUE UMITYJIbCA, IS
c

. h
ciydas Ha the Fig. 3 AlePg—, YTO, KOHEYHO, TaKXe W3MeHseT 4vacrtory what:
c
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=

ow, = 1‘5—2. Ho ¢akropbr AelcTBYIOT TPOTHBOIIOIOKHO — HAIlpUMep, MPH ABIKEHUH BBEPX

NOTEHIMANbHasl 3Heprus yBenuuuBaeTcs ((oToH cuneer), HO AP oTpHLATENeH W TaKUM

oOpazoM ONHOBpPEMEHHO (OTOH KpacHeeT. B pesymbrare QOTOH KpacHeeT U

. _ gh y y
PE3YIbTUPYIOIINU CABUT pPAaBCH 5a)~ —F .C APYron CTOPOHBI, OTHOCHUTCIIbHbBIM CABUI

GM

2 b
rc

9acTOTHI YacoB (sep atomoB B Pound et. al. skcriepuMeHT.) HE MOXKET OBITH PaBHBIM

Kak 310 yTtBepxmaercas B OTO, moCKOIbKY TOTrMa MOTCHIMATbHAS DHEPTUS 3eMIIU  JOJDKHA
W3MEHUTHCS TaK X€; W TOJHAs ITOTCHIMAJbHAS JHEPrUs CHCTEMBI TEJN OKA3bIBAETCS BIBOE

0OJIBITIC YeM Ha CaMOM JIeJie, 9TO HEBO3MOXKHO. [103TOMY peanbHbI caBur (s cirydas Fig. 3)
eCThb B COOTBETCTBHH C JaHHOH IMOJIENBIO - O®, — 00, ® ——=—-.

B oakcmepumente Pound et. al. oba ¢akropa (M3mMeHeHne dYacToT (OTOHA M AETEKTOpa

q)OTOHOB) CYMMHPOBAJIUCh, B PC3YJILTATC YETO OBLI NOJIy4YCeH 3HAMCHUTBIN pe3yabTaT

gh

ow, — ow, ==
c
OOmass ™Mopmenb JUIsi TPOW3BOJNBHO JBWXKYIIMXCS Tel, KOTOpas Takke Oyner

COOTBETCTBOBATh AKCIEPUMEHTAIFHBIM JaHHBIM IO OTKJIOHEHHUIO CBETa B TPaBUTAIIMOHHOM
T0JIe, €CJIH ATH JIJaHHBIE OyIyT TOCTATOYHO HAIEKHBI — 3TO CIEAYIONIUH 3Tan pa3paboTKH.

Tem He MEeHee MOJIeNTb MOXKET SKCIIEPUMEHTAIILHO TPOBEPEHa YXKE CETOHS — IIOMHUMO TOTO,
YTO OHA OYEBHIHO COTJIACYETCS CO BCEMH DKCIIEPUMEHTaMH IO MPOBEPKE 3aKOHA BCEMUPHOTO
TaroreHus HploTOHA, MOAens wWMeeT CHelu@HuUecKue CBOMCTBA, HAmpuUMep B HEW
IPaBUTAIIMOHHOE B3aUMOJICHCTBUE MPHUHIUIUAIBHO CTOXACTUYHO (B MPOTUBOIOJIOKHOCTD,
nanpumep, OTO); oTkyna cieyeT BO3MOXXHOCTh  HAQJIOJEHUS CTOXACTUYHOCTH, €CIH
B3aMMO/ICUCTBYIOT IOCTATOYHO MAJIbIC MAaCCHI.

Bo3MokHBIE — U OCYIIECTBUMBIC CETOMHS — AKCIIEPUMEHTHI paccMoTpensl B [10], [11].
[Ipr 5TOM SKCHEPUMEHT C U3MEpPEHHEM CIIyYailHOH AWCIEepCHH 4acTOThl (POTOHOB B TIONE
3eMJi BBITJISIUT HanOoJee MEePCICKTUBHBIM U MOXKET OBITh MPOBEICH B HACTOSIIEE BpPEeMs,
T.K. YX€ €CThb COOTBETCTBYIOIIME METOAMKH U O000pyJOBaHHE: CTAOMIM3UPOBAHHEIC
ncrounukn ¢oronoB [12], [13]; w mnpeumsmonHele wuHTEphepoMmeTprl. and precise
interferometers. Hampumep, 3T0 Mormm OBl OBITH WHTEPHEPOMETPHI IS OOHAPY KCHHS
TpaBUTANMOHHBIX BOJMH [14]- [16], ecnmn mo0aBuUTHL B HWHTEpHEPOMETPE BEPTUKAIHLHOE
(marmpuMep, B CKBaKuHe) 1iedo. [[ockobKy B TaHHOM ciiydae JOCTaTO4HO JauH 1ed ~ 300-
400 m, TAMA300 nerektop [16] Ob11 ObI HarOoOEE (ITO CTOMMOCTH) IEPCIIEKTUBHBIM.

Kpowme Toro, Takast ycTaHOBKa MOTJIa ObI UCIIOJIB30BATHCS M B IPYTHX 3KCIIEPUMEHTAX I10

KBaHTOBOH rpaBUTAllAU.

23



OTMmeTnM, OJJHaKO, YTO OILEHKH C/IBHTa YacTOTHI (DOTOHOB B IPaBHTAIMOHHOM moiie B [10]

and [11] MoryT OBITH HEKOPPEKTHHI. B mpuHIHIIE BO3MOXHO HECKOJHKO BAPHUAHTOB, KOT/Ia

ecTh cooTHomenne N, mms sneprun u N, s ummynsca (“1/2”). Kpome BapuaHTa BhIIIE, 50

MOkeT ObITh BapuaHT B [10], [11], rae npeamnonoxeHo, 9ro s U3MEHEHUs j, HEOOX0IUMO 2

us-B3aumonericteus  PJID+TpaBUTOH, HO HM3MCHEHHWE WMIIYJbCAa YAaCTHUIIBI IPOUCXOIUT

KaXXIbIi pa3; Win BapuaHT, KOTraa ]\]C B 2 pa3a MCHBIIC (HaanMep, €CJIn BCPOATHOCTH

2hr

COBMajJeHHil B 2 pa3a MEHbIIE), HO SIEMEHTAPHBI HMITyJIbC PaBeH P, =———, T B
r

MTOCJIETHEM CTydae, HallpuMep, MEHAMAaTbHBIN caBHUT, paBHEIH B [10], [11] 3.7 Hz, 6511 651 ~8

Hz, Tak uTo BapmaHTHI, BOOOIIE TOBOPS, SKCIIEPAMEHTAIBHO PA3IHINMBI.
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