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THE PROOF OF HYPOTHESIS REGARDING DISTORTION
OF TIME AND SPACE USING THE NUCLEAR FUSION MODEL
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Abstract. The study is dedicated to modern topic: the analysis of conditions
that lead to distortion of the time and space coordinates which results from
the general theory of relativity. The main goal of this research is to prove
the hypothesis regarding distortion of time and space using nuclear fusion
model. For this purpose the simulation instrument is used to imitate a mov-
ing proton that hits an electron of a hydrogen atom. The methodology of
simulation is based upon calculation of the probabilities of elastic scattering
and charge exchange of a proton with a target electron. The distortion is
modeled by the functions that relate time and space logarithmically for dis-
torted time and exponentially for distorted space. Such geometry construc-
tion is described by the Schrodinger equation using the electron wave func-
tion. Then the probability of charge exchange is calculated as the squared
coefficient of this wave function in the negative side of the geometry that is
divided by the sum of the squared coefficients of all the terms of the equa-
tion. Thus, the calculation result shows that the calculated probability of the
charge exchange is high when the time and space are not distorted. How-
ever, when time and space are distorted it decreases, and the probability of
elastic scattering is growing. The achieved result also indicates that the dis-
crete energy levels of electrons in hydrogen atoms shift when the distortion
of time and space occurs in the nuclear fusion.

Keywords: general theory of relativity, nuclear fusion, distortion of time and space,
charge exchange.

INTRODUCTION

In our previous research [2—8], we have found that a rotating ultra-heavy mass
that distorts time and space produces anti-gravity. Anti-gravity is another gravity
that holds the opposite sign, + or —, of the physical properties (energy intensity
and angular momentum) from those of normal gravity. Then we predicted that
anti-gravity should expand the size of the Universe. In addition, we developed the
concept of the flying craft having a disk-shaped body for interstellar travel. The
explicit images of the ultra-heavy mass that distorts time and space are a black
hole and a nuclear fusion reactor as they continue producing heavier nuclei by
fusing the lighter nuclei such as hydrogen, deuteron and tritium. By our previous
research we have so far completed the numeric simulation of a rotating ultra-
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heavy mass by applying the general theory of relativity with the mathematics of
the 4-dimensional tensors. However, the distortion of time and space is still an
unproven hypothesis.

A research question remains: whether the nuclear fusion relates to the distor-
tion of time and space, or not. To answer this question, we used an approximation
method. First, we have prepared an input dataset that simulates the infinite
4-dimensional time and space, by replacing them with the finite discrete values.
Then we set a geometrical placement of an electron in the field of two fixed pro-
tons with a separation in two-dimensional coordinates. With this setting, we cal-
culated the probabilities of the proton’s elastic scattering and its charge exchange
by the approximation method of quantum mechanics [9, pp. 95-97]. The prob-
ability of charge exchange leads to the fusion of the proton and the hydrogen-
atom. Also, we simulated the distortion of time and space by the same method of
our previous research [2—8], which was based on the general theory of relativity
[1 pp. 32-36]. Finally, by comparing the calculated probabilities with and without
the distortion of time and space, we examined the relation between nuclear fusion
and the distortion of time and space.

METHOD
Probabilities of charge exchange and elastic scattering by a moving proton

We have simulated a fusion of two hydrogen-atoms. But, to simplify the simula-
tion, we calculated the probabilities of moving proton’s charge exchange and its
elastic scattering with a target electron of a hydrogen atom. (Note: the moving
proton is called incident proton.) The reference [9, p. 95] sets a system of an elec-
tron in the field of fixed two protons. According to the reference, we set the fol-
lowing linear operator that is called Hamiltonian, considering the proton and the
hydrogen atom as two interacting quantum mechanical system:

H=—%V,2— 11 - 11 +%_$sz. (1)
r——R| |r+—R
2 2

It is an operator that forms Schrodinger’s equation shown below with wave
roo

. . . 1 .
functions, ¢(r,R), and X(R). It consists of five components. First, _EV 2 is

for the kinetic energy of electron where electron’s mass is 1 in atomic units, and
2
) op(r,R ) .
where Vrz is an operator that makes (%) , and @(r, R) is a wave function
r

. . 1 .
of electron’s coordinate » and proton’s coordinate R. Second; —EV & s for

the kinetic energy of the moving proton and V% is an operator that makes

0X(R)
OR
the mass of the proton. (Note: MV ,X(R) is the momentum p of a proton, and

[V XR)T
M

2
j , where X(R) is a wave function of the proton coordinate R. M is

p2/ 2M s the kinetic energy of a proton; then is the total kinetic

energy of two protons.) The other three terms of (1) are for the potential energies:
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1) potential energy of hydrogen atom with the target electron in its initial po-
sition
1
r— 1 R
2

2) potential energy of hydrogen atom with its electron after charge exchange

1

r+lR
2

B

b

3) potential energy of hydrogen’s proton

1
+—.

R
The potential energy of the target electron 1) induces the proton’s elastic
scattering, and the potential energy of the target electron 2) induces its charge ex-
change with the incident proton. The proton’s potential energy 3) induces both
elastic scattering and charge exchange of the slowly moving incident proton.
Because the proton is moving slower than the hydrogen atom’s electron,
—%V R2 , is called the slow subsystem H, of the Hamiltonian, and

1_ -, 1 1

_Evr_ -

r——R
2

1. .
7 +—, is called the fast subsystem /; of the Hamil-
r+—R
2

tonian. Then (1) becomes as follows:

Here H, plays the role of potential energy while H, plays the role of ki-

netic energy in the Hamiltonian (1). Then the following Schrédinger’s equation
gives the solution of the problem:

1 1 1 1 1
Ho,(r,R)X(R) = —EVE— - +——HVR2 ¢, (1, R)X(R) =

r_1R} 1| R
2

r+—R
2

= (Hl +H2)(pn(rsR)X(R) :En(Pn(raR)X(R) .

Henceforward we focus on the potential energy H; of Schrddinger’s
equation:

H,¢,(r,R)X(R)= —%vf— 1 +% ¢,(r,R)X(R) =

r—lR‘ !
2

r+—R
2

=H1(Pn(raR)X(R)=8n(Pn(raR)X(R)’ (2)
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where ¢, (7, R) X(R) is the solution known as a wave function and ¢, is the ei-

genvalue of the potential energy. The wave functions are continuous, but the
equation (2) leads to the discrete eigenvalues that define the energy states of the
hydrogen atom as the suffix »n gives discrete numbers, 0, 1, 2..., that define the
discrete energy states of the hydrogen atom with an electron. Hence, the hydro-
gen-atom has a discrete energy spectrum in its atomic structure, while the slowly
moving proton has a continuous energy spectrum.

Then the coefficients of the Schrodinger equation are calculated as solution
of the problem of an electron in the field of two fixed protons with separation
(distance) of R, as shown in Fig. 1 in a flat x—y coordinate system. Here, r
gives the distance between the origin O of the coordinates and an electron, which
is indicated in the plane polar coordinates. Here, (1/2)R, and —(1/2)R are the
locations of two protons on the x-axis; and, » —(1/2)R is the length of the vector
between the proton located at (1/2)R and the electron, and »+(1/2)R is the
length of the vector between the proton located at —(1/2)R and the electron, in-
dicated in plane polar coordinates.

Y
e

1 r 1
— r——R

r+2R >

< » X
_lR 0 lR
2 2

Fig. 1. Coordinates of two protons and an electron (modified from [9], p. 89, Fig. 21)

The Hamiltonian (1) is symmetric (» — —r) with respect to interchange of

the incident particle (a slowly moving proton) and target particle (an electron of
the hydrogen-atom). Here, the interchange of the particles means that the proton’s

+ charge changes to —. Then symmetric and anti-symmetric functions (pf (r,R)

and @ (r,R) are introduced. When the nucleons are far apart, the electron will be

localized near one or the other proton, therefore we have:

1

1 1
®%“(r,R)-— — | DY | r——R |+ D2 | r+—R ||, 3
n ( )R—>co \/E|: no( 2 j no( 2 ]:| ( )

where L{CI)Q (r 1 Rjiq)Q [r +1Rﬂ are hydrogen-atom’s wave functions
2 U 2 I
[8, p. 96].
The initial condition of the simulation is that the electron is attached to the
proton at + R/2 of x-coordinates. It means that the wave function of the electron
is initially:
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CI)=(D%[F—%RJ. (4)

Here, <I)nQ(r —1/2R) means that (pg is a function of »—1/2R, that is the
initial position of the electron, which is located at a distance from the coordinate
+1/2R to the electron e in the upper-right hand of Fig. 1. Here 1, means the elec-
tron’s initial state among its n energy states (4).

The uncertainty principle of quantum mechanics doesn’t determine the exact
position of an electron in a hydrogen-atom, but it only calculates the probability
of the electron’s position as the squared coefficients of Schrédinger’s equation (2)
that describes the system of the proton and the hydrogen-atom. Then in (2), the
coefficient of ®(»—1/2R) is for the proton’s elastic scattering, and the coeffi-
cient of ®(r—1/2R) is for the charge exchange (the capture of the proton by the
hydrogen-atom). In this simulation, an electron’s position is somewhere between
two symmetrically placed hydrogen atoms, while their protons’ positions are
fixed at the +1/2R, and —1/2R on the x-axis. Then these two protons are set in
Fig. 1 to calculate the coefficients of a slowly moving proton and a hydrogen-
atom of Schrodinger equation (2).

First, the position of the electron is at +1/2R of x-coordinates in Fig. 1. It
means the elastic scattering of the slowly moving proton because the electron of
Fig. 1 stays at the electron’s initial position with the hydrogen-atom’s proton that
is fixed at +1/2R. On the other hand, the move of the position of the hydrogen-
atom’s electron from +1/2R to —1/2R means the charge exchange (the hydro-
gen-atom’s electron changes its sign from + to —) by the interaction between the
slowly moving proton and the hydrogen-atom’s electron [9, p. 84].

Therefore, the coefficient of —+@n(r,R) of (2) gives the amplitude of

r——R
2

the elastic scattering of the proton; and, the coefficient of —+¢n (r,R)

r+—R
2

gives the amplitude of the charge exchange. The coefficient of + R/2 gives the
amplitude of both of the elastic scattering and the charge exchange to be made by
the hydrogen atom’s proton.

INPUT DATA FOR THE NUMERIC SIMULATION

If time and space are distorted (dependent on each other), the electron’s plane po-
lar coordinate » must be dependent on time. However, it contradicts the uncer-
tainty principle of quantum mechanics because the location of the electron cannot
be determined at any time by the principle. Then for the purpose of our numeric
simulation, we compromise this contradiction by defining the kinetic energy as a
constant term. The hydrogen-atom’s electron may change its position from its
initial position at +1/2R of x-coordinates, to the position of the charge exchange,
—1/2R, but the simulation doesn’t calculate when it occurs, but only the
probabilities of the occurrence.
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Then we assigned 24 discrete values for the coordinates of » and R as
shown in Fig. 2.

X — axis

Fig. 2. Coordinates » and R without the distortion of time and space

In our simulation, symmetric and anti-symmetric functions (pf (r,R) and

0, (r,R) are substituted by the symmetric geometry of two hydrogen atoms as the

mirror images on the both-sides of the origin O, as shown in Fig. 3. We assign
the value of R by the empirically measured radius, 25 pico-meters, of hydrogen-
atom [10]. Because two hydrogen-atoms are placed next to each other in Fig. 3,
we assign 50 to the value of R. If charge exchange happens, the electron’s plane
polar coordinate, r, changes its position from the initial position, + R/2 of x-
coordinates, to the position of the charge exchange, —1/2R . Then the relation
between » and R is as follows:
R
r (2] +x°, ®)

where x is the distance from the origin O toward —1/2R and toward +1/2R, and
the origin O is at 0 on the x-axis, —1/2R is at -12 on the x-axis; and, +1/2R is
at +12 on the x-axis. The electron is initially attached to the proton at +1/2R of
x-coordinates (5); and then it will be attached to the proton at —1/2R of
x-coordinates after the charge exchange.

Electron’s porition after charge exchange v Electron’s initial position

r+—R

[

A

b | =

Fig. 3. Position of the electron and its coordinate
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As stated by (3), the nucleons are far apart; therefore, the electron will be lo-
calized near one or the other proton. However, it doesn’t mean that R in this simu-
lation should be far apart to infinity, but it only justifies the wave functions of
hydrogen-atom that distinguish the initial state of the wave function

1 . 1
CI)nQ0 (r - ERJ and the wave function (Dgo (r + ER) after the charge exchange.

Then we set sine curves as the wave functions ¢, (7,R) of (2). And we set
two frequencies, w; and w, as shown in Fig. 4, for simulating the lower energy

state (the lower frequency) and the higher energy state (the higher frequency) of
the electron of the hydrogen atom. These sine curves are the functions of » and

R, which ¢,(r,R) require.

sin w; sin w,

sine

J L ® s ox 2 9 N ® B B 0 A

X — axis
Fig. 4. Sine curves with lower frequency w, and the higher frequency w,
If » and R are dependent on ¢, » becomes distorted distance p, while ¢ be-
comes distorted time t as shown in Fig. 5 and Fig. 6. In Fig. 2 shown above, r

and R are distance without the distortion. However, in Fig. 5 and Fig. 6, r and p are
time and distance showing the interaction with each other. They are calculated by:

T=t+ f(r); (6)
p=t+g(r), (7

where, f(r) and g() are given functions of » [9 p. 34]. We set them as shown be-
low, logarithmic distortion, and with exponential distortion:

f(r)=logr,
g(r)=e".

distorted r
m

b :\{3 & ks = R o i L © o o
X — axi1s

Fig. 5. Distorted coordinates of the electron’s position (p) with interaction of time and space
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We assume that logarithmic distortion for distorted time (6) and exponential
distortion for distorted space (7). We think that distorted time should not vary ex-
ponentially, because distorted time coordinates should give the basis (less variable
than exponential) of the 4-dimensional time and space even if they interact with
space.

To calculate (6) and (7), we assigned a time coordinate ¢ on the x-axis from
+12 to -12, as the electron’s initial position is at +12. According to (7), R is also
affected by ¢, but it doesn’t change as much as r does as shown in Fig. 6.

BE+21

BE+21

4E+21

distorted r
(%]
m
i

2E+21

1E+21

':I T T T T T T T T T T T T T T T T T T T T T T T T
KU % B YR T a9 LR S T 4
X — axis

Fig. 6. Distorted coordinates of the proton’s position (R) with interaction of time and space

For the distorted » and the distorted R, we used the same wave function
(sine curve) as shown in Fig. 4.

ALGORITHM OF THE SIMULATION

The probability of charge exchange was calculated by the equation shown below:
1
Hy0,(r, R)X(R) = —Evf(pn (r,R)X(R)—

0,(r R)X(R) %X(R) .@®)

- Cl(;J@n (r,R) X (R)— Cz(mJ

r—(1/2)R

For this numeric simulation, we defined that —lV 2(p (r,R)X(R)+
2 r n

1 : : .
+ EX (R) is a constant term (let’s put it as 7), and it is not affected by the geometry

for the potential energy of the system in Fig. 1. Then we can use the matrix algebra
shown below to calculate the coefficients, C; and C,. Also, we don’t need X (R)
henceforward, because (8) becomes independent from R . Then (8) becomes

1 1
Hy,(r,R)=T- {— C{m]%(’”ﬂ) - Cz[m} (pn(raR):|_

=T - {— Cl(;J sinw-C, (;J sin w} . ©)
r—>1/2)R r+({1/2)R
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When the reference [9] was published in 1969, a personal power computer of
today was not available; therefore, it further described the algorithm in mathe-
matical forms with calculus. Also, it suggested that the squared module of the
coefficient C, of —[1/(r+(1/2)R)]¢, gave the probability of charge exchange
[9, p. 86]. In this research we used a personal computer to calculate the coeffi-
cients, C; and C,, with the matrix algebra shown below.

First, we set a two-column matrix X,

_—lsinw —sinw=[X1 Xz],
r+(1/2)R r—(1/2)R

and a two-row vector made of two coefficients, C; and C,:

now, (9) becomes as follows:
Hl(Pn(r?R) =T-Xc= T_(CIXI + C2X2) .
Then we set the boundary conditions to solve the problem:

oH, 9, (r R _
oC '

n

For example, in case of n=1, we have:

o[ H R
[1“’5—5” = 2H,0, (R RY-X) = 0.

Then
X'Heo,(r,R)=0,

where X' is a transpose matrix of X .

On the other hand,

Ho,(r,R)=T-Xc;
therefore,
X (T-Xc)=0.
Then, we can write:
X' Xe=XT.
Therefore, the coefficients are calculated by the equation:

c=(X'X)'X'T,

where (X'X )_1 is the inverse matrix of X'X . In this simulation, we set T as

a 25 row-vector of unity (one), therefore the calculated coefficients are not abso-
lute probabilities, but relative probabilities to the unity 7 . We think that it is suf-
ficient to assign unity to 7 , because the goal of this simulation is to calculate the
probabilities by means of relative squared modules of the coefficients. The calcu-
lated coefficients are proportional to the eigenvalues of the hydrogen atom.
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RESULT

Fig. 7 and Fig. 8 show the calculated probabilities of the charge exchange and the
elastic scattering of the slowly moving proton to the target electron. The prob-
abilities shown in these figures are the calculated results that don’t take distorted
time and space. Table 1 shows the calculated values of these figures. The prob-
ability of the proton’s elastic scattering is calculated by the squared coefficient C;
divided by the sum of the squared coefficients of C; and C,, and the probability
of the proton’s charge exchange is calculated by squared C, divided by the sum

of the squared coefficients of C; and C, .
Probability

1,200E+00

1,000E+00 -

8,000E-01 4

6,000E-01 4

4,000E-01

2,000E-01 4

0,000E+00

Proton’s elastic scattering Proton’s charge exchange

Fig. 7. Calculated probabilities of elastic scattering and change exchange with sin w,
(without the distortion of time and space)

Probability
1,200E+00

1,000E+00 -

8,000E-01 4
6,000E-01 4
4,000E-01

2,000E-01 4

0,000E+00

Proton’s elastic scattering Proton’s charge exchange

Fig. 8. Calculated probabilities of elastic scattering and change exchange with sin w,
(without the distortion of time and space)

Table 1. Calculated probability without the distortion of time and space

Parameter C; for C, for
elastic scattering charge exchange

102 j 10l

Coefficient 74 1,252 1073 6,220 104
W, 7,733-10 -6,068-10

. ‘4 . 71

Squared coefficient i 1,568 1075 3,868 1071
W, 5,979-10 3,682:10

104 101

Probability /4 4,051 104 9,996 1071
W, 1,624-10 9,998:10

Note: The probability is a squared coefficient divided by the sum of squared coef-
ficients
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Fig. 9, Fig. 10 and Table 2 show the result of the simulation with the dis-
torted time 7 and distorted distance p. The probability of the charge exchange is
lower than the probability without distortion shown in Fig. 7, Fig. 8 and Table 1.
Instead, the probability of elastic scattering appears and reaches the same prob-
ability of charge exchange. It is also noted that the values of the coefficients of
the equation shift from those without distortion of time and space. It means that
the eigenvalues of Schrédinger equation (2) shift, i.e., the discrete energy states of
the hydrogen atom also shift.

Probability

6,000E-01

5,000E-01

4,000E-01

3,000E-01

2,000E-01 -

1,000E-01

0,000E+00 T

Proton’s elastic scattering Proton’s charge exchange

Fig. 9. Calculated probabilities of elastic scattering and change exchange with the
distortion of time and space (sin w,)

Probability
6,000E-01

5,000E-01 -

4,000E-01 4
3,000E-01 -
2,000E-01 -

1,000E-01

0,000E+00 T
Proton’s elastic scattering Proton’s charge exchange

Fig. 10. Calculated probabilities of elastic scattering and change exchange with the
distortion of time and space (sin w,)

Table 2. Calculated probability with the distortion of time and space

Parameter Ci for C, for
elastic scattering charge exchange
o | W | Leme e
Squared coefficient Z; 421:;(5)2182 ‘2‘2;(5)2 igz
oy || ol

Note: The probability is a squared coefficient divided by sum of the squared coefficients.

CONCLUSIONS AND RECOMMENDATIONS

The result of the simulation shows that the proton is captured by the hydrogen
atom by the charge exchange at the beginning of nuclear fusion when the mass is
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not yet heavy and when time and space are still independent. However, as the fu-
sion process proceeds and time and space are interacted, the elastic scattering of
the proton appears. It means that the nuclear fusion reaches saturation at some
point of the process with the distorted time and space.

The experiment of nuclear fusion may verify the distortion of time and
space. In our numeric simulation, the coefficient of the charge exchange differs
between the cases with and without the distortion. It means that the discrete en-
ergy states of the electron in the hydrogen atom should also vary because the so-
lution of discrete eigenvalues of Schrodinger equation (2) shifts from the case
without the distortion to the case with the distortion. (The wave functions such as
sine curves are continuous, but the equation (2) leads to the discrete eigenvalues
that define the energy states of the hydrogen atom). Also, if the increased proton’s
elastic scattering is observed in the experiment, it verifies the distortion of time
and space.

Therefore, if a laboratory experiment of nuclear fusion detects the shift of
electron’s energy states of the hydrogen atom and/or increase of the proton’s elas-
tic scattering, it will confirm the distortion of time and space in nuclear fusion.
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AOBEJEHHS THHIOTE3U CTOCOBHO BIAXWJIEHHS YACY I TIPOCTOPY
HA OCHOBI MOJIEJII AAEPHOI'O CUHTE3Y / . Manyxi, I1.1. bintok

AnoTanisi. JlociiDkeHHS IPUCBSIYEHO CydYacHIH TeMaTHIli: aHaJli3y yMOB, SIKi IIpH-
3BOJSTH JI0 CHOTBOPCHHS KOOPAMHAT 4Yacy i MpOCTOpy, — SIBHIIA, 10 € HACIIIKOM
3arajbHOI Teopii BITHOCHOCTI, TOOTO KOJM Yac i MPOCTIp CTaI0Th B3a€MO3aJICKHUMHU.
Jlns aHanizy BUKOPHCTAHO IHCTPYyMEHTapiil iMiTamifHOro MOJEIOBAaHHS 3 METOIO
imiTarii pyxy mpoToHa, sSIKHil BIapsi€ eIeKTPOH aroMa BOJHIO. MeTomooris Moze-
JIIOBAaHHS IPYHTYEThCS Ha OOYMCICHHI HMOBIPHOCTEH MpPY)KHOTO PO3CIIOBaHHS i
oOMiHy 3apsmaMH TPOTOHa Ta IJIBOBOTO €JEKTpOHAa. Take CHOTBOPEHHS
MOJIETIOETHCS (QYHKUIAMHE, AKi 3B’SI3YIOTh JIOTapU(PMIYHO KOOPIUHATH Yacy i Mpo-
CTOpY y BHIAJKy CIIOTBOPEHHS 4acy i €KCIIOHCHLIHO Yy BHIAIKy CIIOTBOPECHHS
npoctopy. I'eomerpiro miei B3aemonuii onucano piBHsHHAM [llpexninrepa 3 BHKOpH-
CTaHHSM XBWJILOBOI (YHKIIi enekTpoHa. IMOBipHICTE OOMIiHY 3apsaoM OOYHCIEHO
IiIeHHSM KBazpara KoedilieHTa XBWIbOBOI (yHKIIT Ha CyMy KBajapaTiB
Koe(illi€HTIB yCiX wIeHiB pIBHSIHHA. Pe3ysibTaTH pO3paxyHKIiB IOKa3yIOTb:
iMOBIpHICTh 0OMiHY 3apsiIOM BHCOKA, SIKIIO Yac i IPOCTip HE MAIOTh BiIXUJICHb, aje
KO 4Yac 1 MpOCTip CIIOTBOPIOIOTHCS, BOHA 3MEHIIYEThCS 1 30UIBLIYETHCS
HMOBIpHICTh MPYKHOTO po3citoBaHHA. OTpUMaHUil pe3ysnbTaT CBITYHUTH PO TE, IO
IUCKPETHI PiBHI €HEprii eeKTPOHIB aTOMIB BOIHIO 3MILIYIOThCS Y BUMAAKY, KOIH Y
HPOILIECI SIEPHOrO CHHTE3y BUHHKAE CIIOTBOPEHHS 4acy i MpOCTopy.

KurouoBi ciioBa: 3aranbHa Teopist BIAHOCHOCTI, sIIEPHUIl CHHTE3, CIIOTBOPEHHS Ya-
cy 1 mpocTopy, OOMiH 3apsaaMu.

JOKA3SATEJBCTBO TUIIOTE3bI OB MCKAXEHHUHA BPEM]%HI/I n
IMPOCTPAHCTBA HA OCHOBE MO/IEJIA SAIIEPHOI'O CUHTE3A / . Many-
ku, I1.W. bumrok

AnHoTamus. VccrnenoBanue MOCBSIIEHO COBPEMEHHON TEMaTHKE: aHAIM3y YCIOo-
BUH, KOTOpBIE IPUBOJAT K NCKAXXEHUIO KOOPAWHAT BPEMEHH U NPOCTPAHCTBA — SIB-
JICHWsI, 4TO SIBJISICTCS CICICTBHEM OOIIEil TEOPUN OTHOCHTENILHOCTH, T.€. KOTAa Bpe-
Msl U TIPOCTPAHCTBO CTAIOT B3aMMHO 3aBUCUMBIMHK. [IJIsI aHanu3a HCIOIb30BAHO
MHCTPYMEHTApUl MMHTAIlMOHHOTO MOJAENUPOBAHUS C LENbI0 MMHTALUH JBHXKECHHS
MPOTOHA, KOTOPEIH yaapsieT 3JIEKTPOH aToMa BOAOPOAA. MeETOMO0NOTHS MOJEIHpPO-
BAHHMS OCHOBBIBACTCS HA BBIUMCIICHUH BEPOSATHOCTEH YIPYTOTo paccessHus 1 0OMeHa
3apsijaMy NIPOTOHA U LEJIEBOTO JIEKTpoHa. Takoe HCKaKeHUe MoAenupyercs (QyHK-
IUSMH, KOTOPBIC CBSI3BIBAIOT JIOTAPU(PMUUECKH KOOPJMHATHI BPEMEHU M IIPOCTPaH-
CTBa B CJIyyae MCKAXXCHUS BPEMEHU U SKCIIOHCHLUAJIBHO B CIydae UCKaKEHHs Ipo-
cTpaHcTBa. ['eomerpus 3TOro B3aumozelcTBUs onucaHa ypaBHeHueM lllpenunrepa
C UCIIOJIB30BAHUEM BOJHOBOH (D)YHKLMH 3JIEKTpOHA. BeposTHOCTh 0OMeHa 3apsnoM
BBIYHMCIICHA JIEJICHHEM KBaapaTa KO3(DQHIMEHTa BOJHOBOW (YHKIMH Ha CyMMY
KBaJIpaToB KOA(P(UINCHTOB BCEX WICHOB ypaBHEHUs. Pe3ynbTaTsl pacdeToB IMOKa-
3BIBAIOT, YTO BEPOATHOCTH OOMEHA 3apsIIOM BEICOKA, €CIIH BPEeMsI I IPOCTPAHCTBO HE
UMEIOT OTKJIOHEHHH, a €CIIM BpeMsI M IPOCTPAHCTBO HCKAXAIOTCS, TO OHA YMEHBIIA-
€TCsl M YBEIMUHMBACTCSI BEPOSTHOCTD YIPYroro paccesHus. [lomydeHHBI pe3yabrar
CBHJIETEJILCTBYET O TOM, YTO JUCKPETHBIC YPOBHHU JHEPTUH IEKTPOHOB aTOMOB BO-
JI0poJia CMEIAIOTCS B CiIydyae, KOT/ia B MPOIECCe SEPHOrO CHHTE3a BO3HUKAET HC-
Ka)kKeHHe BPEMEHH U NIPOCTPAHCTBA.

KiroueBble c10Ba: 001ast TeOpUsi OTHOCUTEIIBHOCTH, SIICPHBIN CHHTE3, HCKaXKCHHUE
BPEMEHH U IPOCTPAHCTBA, epe3apsiaKa.
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