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In this article, author consider the construction of a model of a physical space with
discrete space, matter and time. For such a space, the emergence of a contradiction of the
analogous Zeno’s paradoxe "Stadium™ is shown. Author show the elimination of the
contradiction of this paradoxe with the introduction of the concept of the order of time’s
motion. It is also shown, that for a space consisting of a finite number of small elements of a
certain form, there can exist a minimum possible number of stages of time’s motion, in which
there will not be a contradiction of the analogous Zeno’s paradoxe "Stadium™. The
assumption about influence of time’s motion on transfer of the information on a finding of a
matter in space that in turn can influence the future arrangement of a matter in space is

advanced.

Consider a space consisting of a finite number of small elements. Let’s call these small
elements discrets of this space. Let’s all discrets have the same size and shape. Let’s discrets
be the minimal possible elements of this space, so that the discrets themselves can not be
divided into parts and can not consist of other elements. The discrets fill in entirely any
limited part of the space, so that any part of the discret boundary is shared with one of the
adjacent discrets. Figure 1 shows an example of a two-dimensional space constructed in this
way, where the discrets are in the form of squares. The restriction of the part of space, which
shown in Fig. 1, is indicated by the bold line.



Figure 1

Any part of matter can be in such a space only by taking up a multitude of discrets of
this space. Let’s call the matter, which occupying one discret, materat. Materats can only be
in discretes. Any part of a matter consists of a finite number of materats. The density of
matter occupying one discrete is determined only by the form of the given discrete. If the
discrets are the same, so they have the same shape and size, then the density of matter
occupying these discrets is also the same. Materats can pass from the discret in which they are
located, only to adjacent discrets. Materats can make a transition to a adjacent discret only
across the boundary of the discret, in which they are located, with a discret, transition into
which will take place. For example, in Figure 2 you can see the materats (highlighted in gray)

in the limited space, which shown on basis of Figure 1.



Figure 2

Let the time flow (hereinafter, the time’s motion) in the indicated space also be discrete.
So, there is a minimum possible change in time. Let any part of the flow of time (further
time’s motion) of a given space consist of a finite number of small elements of time. Let's call
these small elements of time vekat. Vekats are the minimum possible elements of time, so
that the vekats themselves can not be divided into parts and can not consist of other elements.
Let the time’s motion imply the replacement of the previous vekats with new vekats. The
minimal part of time’s motion (the replacement of the previous vekats by the next vekats) is
called a change in the values of the vekats. Let the change in the values of the vekats occur in
all the discrets of the space. Let us assume that the value of the previous vekat is zero, and the
value of the new vekat is one. Let all the vekats in all discrets of the indicated space always
have the same value.

Let’s two materats can not be in the same element of space (discrete) at the same time
(in the same vekat). In this case, each materat can at the same time (in the same Vekat)
located only in one discret. Suppose that a system consisting of one materat and one discret,
in which the specified materat is located, has a property, if a certain reason arises, to move the
specified materat into an adjacent discrete. Each materat can move from one discret only to an
adjacent discret. The transfer of the materat from one discret to an adjacent discret can occur
in a time not less than the minimum part of time’s motion, so not earlier than with the change
of the value of the vekat.

Let's assume that Materat Number One is in the Disret number One, and Materat

Number Two is in the Discret Number Two. Let the Dicret number One has adjacent Discret



number Three and the Discrete number Two has the same adjacent Discrete number Three. In
Figure 3A, this situation is illustrated by the example of a two-dimensional space where the
discrets are squares. In figure 3A and the following drawings, D is the designation of the

discrets, M is the designation of the materats, and V is the designation of the vekats.
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Figure 3A

Let, when the value of the vekat equal to zero, there was a certain reason for moving the
materat number one from the discret number one to the discret number three. And this reason
being such, that the indicated movement must be carried out at the minimum part of time’s
motion, so this movement will be occur with the next change of the value of the vekats. Also,
suppose, at the same vekat, which value equal to zero, there was a certain reason for moving
the materat number two from discret number two to discrete number three. And this reason
being such, that the indicated movement must be carried out at the minimum part of time’s
motion, so this movement will be occur with the next change of the value of the vekats (see

Fig. 3B).
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Figure 3B



So, when it will be changing of the value of a vekats from zero to one, it must be moving

both materats number one and number two in to the discret three (see Fig. 3C).
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Figure 3C

But according to the above conditions of the space, which we are considering, two
Materats can not be at the same time (in the same Vekats) in the same element of space
(Discret). There is a paradox associated with the movement of matter in the space indicated
above. In the 20th century a similar paradox was pointed out by S.A. Yanovsky as an
interpretation of the paradox of Zeno's "Stadium™. As show S.A. Yanovskaya paradox
"Stadium" refer to difficulties "arising in the assumption of the existence of indivisible
segments of the path and atoms of the time"%. As a description of the Zeno’s paradox
"Stadium” S.A. Yanovskaya led the situation when two runners run from opposite ends of the
stadium towards each other, both of them being so fast that "on the run from one end of the
race to the other, each of them only needs an atom of time"2. As a result, the meeting of the
runners in the middle of the stadium must take place in the half of the time atom, which is
impossible in the case of the indivisibility of the atoms of time. In the case described above in
this article, the "encounter” of two materats should take place in the half of the time atom and
in the half of the space atom (see Fig. 3B). This is analogous to the situation when runners
move towards each other with equal speed from opposite ends of the stadium with an odd
number of atoms of the space between them. Moreover, let each of the runners overcome one
atom of space in one time atom, so the number of space atoms overcome by each of them will
be equal to the number of atoms of time during which these space atoms are overcome. The

distance traveled by each of them to the place of a possible encounter should be equal to N / 2

tYanovskaya, S. “Preodoleny li v sovremennoi nauke trudnosti, izvestnye pod nazvaniem
«aporii Zenonax»?” [Whether overcome challenges in modern science, known as “Zeno's
paradoxes”], Problemy logiki [Logic problems], ed. by P. Tavanets. Moscow: Academy of
Sciences USSR Publ., 1963, pp. 123-124. (In Russian)

2Yanovskaya, S. “Preodoleny li v sovremennoi nauke trudnosti, izvestnye pod nazvaniem
«aporii Zenona»?” [Whether overcome challenges in modern science, known as “Zeno's
paradoxes”], Problemy logiki [Logic problems], ed. by P. Tavanets. Moscow: Academy of
Sciences USSR Publ., 1963, p. 127. (In Russian)



atoms of space. Time passed by each of them to the place of a possible meeting should also be
equal to N/ 2. In the case when the number of atoms N is odd, N / 2 is not an integer. That is,
the meeting of two runners should take place in the half of the atom of space and in the half of
the atom of time, which in the case of their indivisibility is impossible. Thus, there is a
contradiction analogous to the Zeno’s paradox "Stadium™ in the interpretation of S.A.

Yanovsky. In this article Zeno's paradox "Stadium™ will be implied in this interpretation.

Let us consider how changes in conditions corresponding to the time’s motion can
remove this contradiction. Suppose that the condition, that all vekats in all discrets of the
space have the same value, is not fulfilled. Let’s all the discrets be the same and, accordingly,
all the materats are also be the same. Let us consider two options A and B, which have the
difference in the form of discrets filling the space.

Option A. Let the space be two-dimensional and let the shape of the each discret will be
a square, so that the boundaries of the discrets are the sides of the corresponding squares (see
Fig. 4A).
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Figure 4A

Suppose that in all discrets of a given space the value of the vekats is zero. Take an
arbitrary discret number one. Let us take any discret number two that is adjacent to it. For the
space under consideration, the common boundary of the discret number one and the discret
number two will be one of the sides of the square, the shape of which has all the discrets of
the space under consideration, including, of course, both the discret number one and the



discret number two. Than choose discret number three adjacent to the discrete number two, so
that in the chosen "square™ space the boundary of discret number three with discret number
two was parallel to the boundary of discret number two with discret number one. Similarly,
choose discret number four adjacent to the discret number three, so that the boundary of
discret number four with discret number three was parallel to the boundary of discrete number
three with discrete number two, which in turn, due to the above selection, will be parallel to
the boundary of discrete number two with discrete number one . This selection of discrete
numbers one, two, three and four is shown in Figure 4B (D is the designation of the discrets,

M is the designation of the materats, and V is the designation of the vekats).
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Figure 4B

Let the time’s motion in this space consist of nine stages, it should be noted that this
choice is due solely to the sequence of the presentation, which will be explained below. Let
the first stage be the change of the vekat from zero to one only in discrets according to Figure
4C (the boundaries of the discrets in which the value of the vekats changes at this stage are
highlighted in bold). So, for the discrets considered above, at the first stage of time’s motion
there will be a change of the values of the vekats in discret number one and in the dicret

number four.
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Figure 4C

Then at the second stage of time’s motion will be changes of the values of the vekats in
the discrets according to Figure 4D (the boundaries of the discrets in which the value of the
vekats changes at this stage are highlighted in bold). So, for the discrets considered above, at
the second stage of time’s motion there will be a change of the value of the vekat in the
discret number two. And in the discrets in which there was already change of the values of the
vekats at the first stage, including changes in discrete number one and number four, the value

V already equal to 1 as it is also indicated in Figure 4D.
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Then at the third stage of time’s motion there will be changes of the values of the vekats
in the discrets according to figure 4E (the boundaries of the discrets in which the value of the
vekats changes at this stage are highlighted in bold). So, for the discrets considered above, at
the third stage there will be a change of the value of the vekats in discret number three. And in
the discrets in which there was already a change of the values of the vekats in the first
(discrete number one and number four) and the second (discrete number two) stage, the value

V already equal to 1 as it is indicated in figure 4E.
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Figure 4E

For the selected two-dimensional "square™ space (see Fig. 5), the numbers of the time
stages (or steps) are indicated in the discrets (number in the center of the "squares™ in Fig. 5).
It’s indicated the order in which is possible to change the values of the vekats. Thus, for the
space presented in Figure 5, at the first stage, there will be changes of the vekats in all discrets
where indicated number one, at the second stage there will be a change of the vekats in all
discrets where indicated number two and so will continue until the last ninth stage, when the
change of the vekats will be in all the discrets where indicated number nine. Then the cycle of
the change of the vekats will be repeated, that is, again, first there will be a change of the
vekats in all the discrets, where indicated number one, then there will be a change of the

vekats in all the discrets where indicated number 2 and so on.



Figure 5

Let’s look at contradiction analogous to the Zeno’s paradox "Stadium™ for a two-
dimensional "square" space with the order of the change of the vekats same as was shown
above (see Fig. 5). Only now we arrange discrets number one, two and three according to the
figure 6A. Just, as in the Figure 5, in Figure 6A, the numbers of the time steps are indicated in
the discretes (number in the left bottom of the "squares™ in Fig. 6A). accordingly to order in
which is possible to change the vekats. Let's assume that Materat number One is in Discret

number One, and Materat number Two is in Discret number Two (see Fig. 6A).
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Figure 6A

Thus, for discret number one there is adjacent (neighboring) discret number three and for

the discret number two there is the same adjacent (neighboring) discret number three.
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Moreover, the boundary of the discret number one with the discrete number three is parallel to
the boundary of the discrete number two with the number three. Let when the value of vekat
in the discret one equal zero, there is a certain reason for moving the materat from the discret
number one to the discret number three. And this reason being such, that the indicated
movement must be carried out at the minimum part of time’s motion, so this movement will
be occur with the next change of the value of the vekat in discret one. Also, suppose, at the
same vekat, which value equal to zero, there was a certain reason for moving the materat
number two from discret number two to discrete number three. And this reason being such,
that the indicated movement must be carried out at the minimum part of time’s motion, so this
movement will be occur with the next change of the value of the vekat in discret two (see Fig.
6B).

4 5 6
7 8 9
Figure 6B

But according to the numbered stages of time’s motion (number in the left bottom of the
"squares” in Fig. 6B and further Figures), which correspond to the specified order of the
change of the vekats, first there will be a change of the value of the vekat in the discret one
(stage one), and the change of the vekat in the discret two will be at the stage number three.
So initially, the materat will move to discret three from the discret, in which a vekat will be
change before. In our case, the materat will first move from the discret one, which
corresponds to the considered order of the change of the vekats (see Fig. 6C).

4 5 6
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The possibility of moving of the materat number two from the discret number two will
depend, among other things (certain reasons) from location of the materat number one in
discret number three (see Fig. 6C). So, for the order of the vekats changes indicated in Figure
5, the situation when two materatas can be in the same discret the same time (at the same
stage of time) does not appear. Thus, in the space, which we just consider, there is no

contradiction similar to Zeno’s paradox "Stadium".

Option B. Suppose that the space is two-dimensional and each discret has the form of a
regular hexagon, so that the boundary of the discrets are the sides of the corresponding
hexagons (see Fig. 7A).

Figure 7A

Let’s the order of the change of the vekats for the indicated space will be the same as
was for Figure 5 (see Fig. 7B)

Figure 7B

If we do the consideration of discrets similar to the consideration, which was made for a

two-dimensional "square™ space, then we can conclude that for the order of changing of the
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vekats for the two-dimensional space consisting of regular hexagons (Figure 7B), there is also
no contradiction similar to Zeno’s paradox "Stadium". Now we define the order of the change

of the vekats for a space consisting of regular hexagons as shown in Figure 8.

Figure 8

For the modification of the order of the change of the vekats shown in Fig. 8,
simultaneous (at the same stage of time) changes of the vekats in two adjacent discrets is

possible. Let discret number one, two and three will be adjacent to each other (see Fig. 9A).

Figure 9A

Let's assume that Materat number One is in the Discret number One, and Materat
number Two is in the Discret number Two. Let’s, when the value of vekat in the discret one
equal zero, there is a certain reason for moving the materat from the discret number one to the
discret number three. And this reason being such, that the indicated movement must be
carried out at the minimum part of time’s motion, so this movement will be occur with the
next change of the value of the vekat in discret one. Also, suppose, at the same vekat, which
value equal to zero, there was a certain reason for moving the materat number two from
discret number two to discrete number three. And this reason being such, that the indicated
movement must be carried out at the minimum part of time’s motion, so this movement will

be occur with the next change of the value of the vekat in discret two (see Fig. 9B).
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In accordance with the order of the change of the vekats, indicated in Figure 8, in this
case the change of the values of the vekats in discret number one and in discret number two
will occur simultaneously (at the same stage of time). Thus, when the value of a vekat
changes from zero to one, we must move both materat number one and materat number two to

discret number three (see Fig. 9C).

Figure 9C

Consequently, with the order of the change of the vekats indicated in Figure 8, a
contradiction analogous to the Zeno’s paradoxe "Stadium™ arises for a space consisting of
regular hexagons.

Let’s call the order of the times stages (steps) the time matrix. Figure 10A shows the
same space as in Figure 6A. In Figure 10A the boundaries of the orders of the time steps (time
matrix) are marked by a thick line. Everywhere above each separately considered space had
its own time matrix, and it was the same through the whole separately considered space. Also,
everywhere above the time matrix were placed in such way that any boundary of one time

matrix was common with the boundary of only one neighboring time matrix (see Fig. 10A).
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Figure 10A

It is important to note that for a space in which discrets have a definite shape, there is a

minimum possible number of time steps for which there will not be a contradiction similar to

Zeno’s paradox "Stadium”. As was already indicated earlier, everywhere in the spaces
considered above, the order of the time steps for each case was the same through the whole

chosen space. Situations, where in the same space, the number of stages of time’s motion is

different, like shown at the Figure 10B, are not considered here. Also, we do not consider here

situations with other orders of time matrix, an example of such situations is shown in Figure

10B (the boundaries of the time matrix are separated by a thick line).
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1

Figure 10B

Consider a three-dimensional space and let the discrets have the shape of a cube, so that

the boundary of the discret are the sides of this cube. Then, instead of the nine stages of
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changing of time’s motion, which were used for the the two-dimensional "square™ space,
twenty-seven stages of the times order could be used for the three-dimensional “cube" space
(see Fig. 11).
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Figure 11

Having carried out similar arguments, which were carried out for a two-dimensional
"square” space, we see that in that case there will also be no contradiction analogous to
Zeno’s paradox "Stadium”.

All the cases mentioned above were considered for a rectilinear space. It is possible, that
there are other discrete forms that fill the possible curvilinear spaces. As was shown, the order
of the stages of time, in which there is no contradiction analogous Zeno’s paradox "Stadium"”,
depends on the shape of the discrets and on their location in space. Perhaps not only the shape
of the discrets, but also the mutual arrangement of the discrets boundaries, determines the
order of the sequence of the time stages (steps). The choice of the order of the time stages
(steps) in the above cases was somewhat arbitrary. It is possible to consider different types of
orders of the stages of time, in which the last stage in one group of discrets will initiate the
first stage of time in the neighboring group of discrets, which can be called a sort of relay race
of time. For example, in Figures 12A and 12B, we could see the order of time for a two-
dimensional space where the discrets are squares and the amount of time stages is nine, i.e.
the ninth stage in Figure 12A initiates the first stage in Figure 12B and backward the ninth
stage in Figure 12B initiates the first stage in Figure 12A.
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Figure 12B

For clarity, in Figures 12A and 12B, the order of time is indicated by arrows. In this
case, the order of time indicated in Fig. 12A will initiate the orders of time shown in Fig. 12B
and, conversely, the orders of time indicated in Fig. 12B will initiate the orders of time shown
in Fig. 12A. For example, stage nine highlighted in large font in Figure 12A initiates the stage
number one highlighted in large font in Figure 12B and backward stage number nine
highlighted in large font in Figure 12B initiates the stage number one highlighted in large font
in Figure 12A. It will be interesting to take into account the possibility of transmitting
information about location of matter in discretes, thanks to the similar orders of time indicated
in Figures 12A and 12B. The most bold will be the assumption that the transmission of time
information about the location of matter in discretes can lead to a change in the position of the
matter in other discretes. Also, taking into account previous assumptions, it will be correct to

reconsider the possibility of limiting parts of space. Let the order of the time stages
17



correspond to the time’s motion matrix, all cells of which are determined by the time stages in

the discrete space (see Fig. 13).
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Figure 13

Everywhere above, the boundary of parts of space was determined along the boundary of
discrets, but taking into account the stages of time’s motion and the remark made earlier about
the initiation of time’s motion (a sort of relay of time), it is better to determine it on the
boundary of the time matrix.

Of course, the remarks made at the end of this article regarding the time’s motion are
purely conditional and made only to emphasize the possibility of time participation as an
integral part of space in physical processes. The main goal of the work is to demonstrate that,
when introducing the notion of the time’s motion, it is possible to create a model of a discrete

physical space with no contradiction of Zeno's paradox "Stadium".
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JACKPETHOE ITIPOCTPAHCTBO U ATIOPHS 3EHOHA «CTAIH»

AHTOH YepHUKOB

B nannoii paboTe paccMOTPEHO MOCTPOSHUE MOJIENN (PU3NIECKOTO MPOCTPAHCTBA C
JUCKPETHBIM IIPOCTPAHCTBOM, MaTepUel U BpeMeHeM. J{J1s Takoro npocTpaHCcTBa I0Ka3aHo
BO3HHUKHOBEHHUE MPOTHUBOPEUHS aHAIOTHYHOTr0 anopuu 3eHoHa «Ctanuit». [lokazano
yCcTpaHEHHUE MPOTUBOPEUNS aHAIOTHYHOT0 anopuu «CTaauii» Npy BBEICHUU TOHATHUS
nopsiJKa XoJa BpeMeHu. Takke NoKa3zaHo, YTO JJIsi IPOCTPAHCTBA, COCTOSIIIETO U3 KOHEYHOTO
YHCIIa MAJIBIX 3JIEMEHTOB ONPEAeICHHON (OPMBI, MOKET CYIIECTBOBATH MHHUMAIBHOE
BO3MOXKHOE KOJIMYECTBO ATAMOB X0/1a BPEMEHH, P KOTOPOM He OyJeT BOSHUKATh
IPOTUBOPEYHS aHATIOTUYHOTO anopuu «Ctaauiiy. BeIIBUHYTO MPEANoioKeHHe O BIUSIHUN
X0J1a BpEMEHH Ha nepeady nHPOopMalnuy 0 HaXOXKICHUN MaTepHH B TIPOCTPAHCTBE, YTO B

CBOIO OYCPCAb MOXKCT BJIMATH Ha 6YI[}’HIGG PAaCIIOIIOKCHUEC MAaTCPUU B ITIPOCTPAHCTBC.

PaccmoTpuM npocTpaHCTBO, COCTOSAIIEE U3 KOHEUHOTO YUCIIa MAJIbIX 3JIEMEHTOB.
HazoBeM 3T Masble 3J1eMEHThI TUCKpETaMH 3TOTo npocTtpaHcTBa. [1ycTh Bce TUCKpETHI
UMEIOT OJIMHAKOBBIN pazmep U Gopmy. [lycTb AUCKpETHI ABISIOTCS MUHUMAIbHO
BO3MO>KHBIMH 3JIEMEHTAMM 3TOr'0 IPOCTPAHCTBA, TAK YTO CaMH JUCKPEThI HE MOTYT ACIUTHCS
Ha YacTH U HE MOTYT COCTOSATh U3 JPYTUX 3JIEMEHTOB. JIMCKPETHI 3aNI0JHAIOT HEIUKOM
T00YI0 OTPAaHUYEHHYIO YacTh IPOCTPAHCTBA, TAK UTO JIF00ask 4YacTh IPaHULbI JUCKPETa
sBJIsieTcs o0IIel ¢ OTHUM U3 coceTHuX AuckpeToB. Ha pucyHke 1 npeacraBieH npumep
HOCTPOEHHOTO MOI00HBIM 00Pa30M JIByXMEPHOT'O MPOCTPAHCTBA, IJI€ TUCKPETHI UMEIOT
(dbopMy TpeyroJbHUKOB, a OTpaHUYEHHE, TOKA3aHHOM Ha pUCYHKE | yacTu MpoCTpaHCTBa,

BBIJICJICHO KUPHOU JIMHUEH.
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Pucynok 1

JIro6as yacTh MaTepuu MOXKET HAXOAUTHCS B TAKOM MPOCTPAHCTBE TOJIBKO 3aHUMAs
MHO3KECTBO JIUCKPETOB 3TOr0 NMPOCTpaHCTBA. MaTepuio, 3aHUMAIOILYI0 OJIUH JUCKPET
IIPOCTPAHCTBA, HA30BEM MaTepaToM. MarepaTbl MOTYT HaXOUThCS TOJIBKO B TUCKpETAX.
Jlro6ast yacTh MaTepuu COCTOUT U3 KOHEYHOTO yKcia MarepaToB. [InoTHOCTE MaTepuu,
3aHMMAIOIIEH OJIMH AUCKPET, OlpeaeseTcs Tobko (hopmoit JanHOro auckpeta. Eciu
JVICKPETHI OJJUHAKOBEIE, TO €CTh UMEIOT OJIMHAKOBYIO )OPMY H pa3Mmep, TO IIIOTHOCTh
MaTepuH, 3aHUMAIOLIEH 3TH AUCKPETHI TAK)KE OJIMHAKOBA. MarepaTbl MOT'YT EPEXOIUTh U3
JUCKPETA, B KOTOPOM OHHM HAXOJATCS, TOJIBKO B COCEHHUE JUCKPETHI. MaTeparbl MOT'yT
OCYILIECTBIIATh NIEPEXO]] B COCEIHUI TUCKPET TONBKO YEPE3 TPAHUILY TUCKPETA, B KOTOPOM
OHM HaxOJATCs, C JUCKPETOM, B KOTOPBIN Oy/eT ocyllecTBIeH nepexo. s npumepa Ha
PHUCYHKE 2 MPEeCTaBICHO HaX0XKJIEHUE MAaTepaToB (BbIIEIEHBI CEPHIM LIBETOM) B

OTpaHMYEHHOM IMPOCTPAHCTBE, BHIOPAHHOM Ha OCHOBAaHUU PUCYHKa 1.

20



\ ! ! Y
oSN SN SN

\

% / N NS
\ \
o \

)
/ \
LR ) I

i L N4 oo \ i \
A ¢ L\. rr ¢ ! / \ "\ JJ Y
w \ \
¥, Y ) |y
I L
! A FAN FAN \
\ Y R FERY \
\ ! \ Y )
Y i LY bl i/ Y
k| ) s LY ’ A !
NS NS ~. N ' b
Y/ \ % v, Y \
/ AW J Y Y

Pucynok 2

ITycTh TeueHue BpeMeHH (Jajiee X0 BpEMEHH) B YKa3aHHOM IIPOCTPAHCTBE AUCKPETHO.
To ecTb B yKa3aHHOM IIPOCTPAHCTBE €CTh MUHUMAJIBHO BO3MOKHOE U3MEHEHHNE BPEMEHH.
[TycTp nr00ast yacTh TEUESHUs] BpeMeHH (X0J1a BpEMEHH) YKa3aHHOTO ITPOCTPAHCTBA COCTOMT M3
KOHEYHOI'0 YHCJIa MAJIBIX 3JIEMEHTOB BpeMeHU. Ha30BEM 3TH MaJible 2JIEMEHTHI X0Aa BpEMEHU
«BEKaTaMu». Bekatsl SBISIOTCS MUHMMAJIBHO BO3MOXHBIMU 3JIEMEHTaMH X0/1a BpEMEHHU, TaK
YTO CAMM BEKAThl HE MOTYT JIE€JIUTHCA HA YACTH U HE MOTYT COCTOSITh U3 IPYIUX 3JIEMEHTOB.
[IycTe X011 BpeMeHHU ToApa3yMeBaeT 3aMEHY HOBBIMHM BEKATAMM IPEABIIYIINX BEKAT.
MuHMMaNIBHYIO Y4acTh X0/1a BPEMEHH, TO €CTh 3aMEHY HOBBIMM BEKAaTaMU MPEAbIIYIINX BEKAT,
Ha30BEM U3MEHEHHMEM 3HAYCHUH BeKaTOB. [IyCcTh N3MEHEHNE 3HAYEHNUN BEKATOB MOKET
IIPOUCXOAUTH BO BCEX TUCKPETAX pacCMATPUBAEMOro MpocTpaHcTBa. [Ipumem, 4o 3HaueHne
IIPEABIAYIIEro BEKaTa paBHO HYJIIO, a 3HAYEHHE HOBOI'O BeKaTa paBHO enuHuIe. [IycTs Bce
BEKATHI BO BCEX JUCKPETaX PacCCMaTPUBAEMOr0 MIPOCTPAHCTBA BCETAA HUMEIOT OJIMHAKOBOE
3HA4YCHHUE.

ITycTh 1Ba MaTepara He MOTYT B OJJTHO U TOXKE BpeMs (B OIMH M TOT e BEKar)
HaXOJUTHCSI B OJHOM U TOM K€ AJIEMEHTE pOoCTpaHcTBa (nuckpete). [Ipu aTom KaIbIii
MaTepaT MOKET B OJTHO U TO e BpeMs (B OJIMH U TOT K€ BEKAT) 3aHUMaTh TOJIBKO OJUH
nuckper. IlycTs y cucteMsl, COCTOAIEN U3 OAHOIO MarepaTa U OJTHOrO JUCKpETa, B KOTOPOM
YKa3aHHBIM MaTepaT HaXOAUTCs, €CTh CBOMCTBO IIPH BOZHUKHOBEHUU OIPEIECICHHON
IIPUYMHBI [IEpEMENIATh YKa3aHHBIA MaTepaT B COCEAHNUN TUCKpeT. KaK bl MaTepaT MOXeET
IIEPEMECTUTHCS U3 OJTHOTO TUCKpETa TOJBKO B cOCeIHUNI AUCKpeT. Ilepemenienre Mmarepara

N3 OAHOI'0 JUCKPCTA B coceqHMI AUCKPET MOKET IMTPOUCXOANUTH 3a BPEMA HEC MCHBIIIC, YEM
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MUHUMAJbHAs YacTh X0/1a BPEMEHHU, TO €CTh HE paHbllle, YeM MPU U3MEHEHUH 3HAUCHUS
BEKara.

[Ipumem, 4TO MaTepaT HOMEpP OJMH HAXOJIUTCS B IUCKPETE HOMEP OAMH, a MaTepaT
HOMEp JIBa HaXOJIUTCS B IUCKpeTe HOMEp JBa. Tak uTo y AUCKpeTa HOMEp OJUH eCTh
COCETHUI TUCKPET HOMEp TPH U Y IMCKpEeTa HOMEP JIBa €CTh TOT K€ COCETHUMN TUCKPET
Homep Tpu. Ha pucynke 3A naHHas cuTyalus [0Ka3aHa Ha IPUMEPE JBYXMEPHOIO
IIPOCTPAHCTBA, TJI€ IUCKpEeTaMu SBIISIIOTCS KBaapathl. Ha pucynke 3A u nocienyromux
pucynkax [l a3To o6o3nauenue nuckpetos, M 3To 0603HaueHUE MaTepaTos, a B ato

0003HayYeHNE BEKATOB.

n3

Pucynok 3A

IlycTh npy 3HaYEHUM BEKaTa paBHOM HYJIIO B CUCTEME JUCKpPETa HOMEDP OAWH U
HaxOJAIIErocst B HEM MaTepara HOMEp OJIMH BO3HHUKJIA ONPEEIeHHAs IPUUNHA K
MIEPEMEILICHUIO MaTepaTa U3 JUCKpeTa HOMEP OAWH B AUCKPET HOMEP TPH, IPUYEM yKa3aHHAs
IIPUYMHA TAKOBA, YTO YKA3aHHOE MEpEMELICHUE JOKHO OCYILLECTBIATHCS 33 MUHUMAJIBHYIO
4acTh X0J1a BpEMEHH, TO €CTh IIPY U3MEHEHUH 3HAYEHUs BeKaTa. Takxke MyCcTh PU TOM Ke
3HAQ4YECHUH BEKATA PAaBHOM HYJIIO B CUCTEME AMCKPETAa HOMEP JBA U HAXOIAIIErocs B HEM
MarepaTta HOMEp JBa BO3HMKJIA ONPECIICHHAs IIPUYMHA K IIEPEMELIEHUIO MaTepara U3
JIUCKpEeTa HOMED J1Ba B IUCKPET HOMEP TPH, IPUYEM YKa3aHHAs IPUYUHA TAKOBA, YTO
YKa3aHHOE MEPEMEILECHUE JODKHO OCYIIECTBIIATBHCS TAK )K€, KaK U B CIy4ac Marepara HOMep
OJTMH, 32 MUHHMAJIbHYIO YaCTh X0JIa BPEMEHH, TO €CTh IPH U3MCHEHHUHU 3HAYCHHUS Bekarta (CM.

puc.3b).
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Pucynok 3b

Taxum oOpa3oM, pu U3MEHEHUH 3HaYEHUs BEKaTa C HyJIs Ha €AUHULLY, B TUCKPET
HOMEp TPH JOJDKHBI IEPEMECTHTHCS U MaTepaT HOMEp OJIMH U MaTepar HoMep JBa (CM.

puc.3B).

Pucynok 3B

Ho no npuHATHIM BbILIE YCIOBUSAM PACCMaTPUBAEMOIO HAMU IIPOCTPAHCTBA J1BA
Mmarepara He MOT'yT B OJJTHO U TO>X€ BpeMs (B OAMH U TOT e BeKaT) HAXOAUTCSA B OJHOM U TOM
e JIEMEHTE MPOoCTpaHCcTBa (Auckpere). Bo3HuKaeT mapagokc, cBI3aHHbBIN C epeMeIeHeM
MaTepaToB B YKa3aHHOM BblIIIe ITpocTpaHcTBe. B 20 Beke aHaIOrM4HbIN MapagoKc OblI yKa3aH
C.A. SlHoBCckoOM Kak uHTepnperanus anopun «Craauii» 3eHoHa. Kak ykaspiBasa B cBOeH
pabote C.A. SIHoBckas anopus Ctaauil OTHOCUTCS K TPYAHOCTSAM, «BO3HUKAIOLINM B
TIPEIONIOKEHHH CYIIECTBOBAHMS HENETUMbIX OTPE3KOB ITyTH M aTOMOB BpeMeHI»’. B
KauecTBe onucanus anopuu «Craauii» C.A. SIHoBCKas mpuBea cUTyaluio, Korja iBa Oeryna
BBIOETAIOT C IBYX NMPOTUBOIMOJIOKHBIX KOHIIOB PUCTAJIMINA HABCTPEUY APYT IPYTy, IpUYeM
00a OHU HACTOJBKO OBICTPBI, «YTO HA MPOOET OT OAHOTO 10 IPYroro KOHIA pUCTAIHIIA
KaKJOMY M3 HUX TpeOyeTcs OJMH TOIBKO aToM BpeMeHn»”. B pesymbTare, BcTpeua GeryHOB
MOCEepEeIMHE PUCTAIHINA JOJHKHA COCTOSATHCS B IIOJI aTOMa BPEMEHH, UTO B Cllydae

HCACIMMOCTH aTOMOB BPEMCHU HECBO3MOIKHO. B CJIydac, OMMCaHHOM BBIIIC B JTaHHOM pa60Te

3 SInosckas C.A. IIpeomosIeHbl JIM B COBPEMEHHON HAyKe TPYAHOCTH, H3BECTHBIE MOl HA3BAHMEM «allOPHI
3enona»? // IIpodaemsr goruku. M., 1963. C. 123-124.
4 Slnosckas C.A. TIpeoi0JieHbl JIM B COBPEMEHHON HAYKE TPYIHOCTH, H3BECTHBIE 110/l HA3BAHUEM «allOpuUii
3enonax? // IIpobaemsr goruku. M., 1963. C. 127.
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«BCTpEUa» JABYX MaTepaTOB JOJKHA COCTOSTHCS B IOJOBUHE aTOMa BPEMEHU U B ITOJIOBUHE
aToma npoctpaHcTBa (cM. puc.3B). DTa aHaIOrMYHO CUTYalMH, KOTJa OCTYHBI IBUKYTCS
JpYT K IpYT'y € paBHOM CKOPOCTBIO C IIPOTUBOIIOJIOKHBIX KOHILIOB PUCTAJINIIA IPU HEYETHOM
kosimyectBe N aTOMOB npocTpaHcTBa Mex 1y HUMU. [Ipu 3TOM, mMycTh Kax /bl n3 OeryHOB
IIPEO0JI0JIEBAET 32 OJIUH ATOM BPEMEHU OJIMH aTOM IPOCTPAHCTBA, TO €CTh YUCIIO
NPEOIOJICHHBIX KaX/IbIM U3 HUX aTOMOB ITPOCTPAHCTBA OY/AET paBHO YHCIY aTOMOB BPEMEHHU
3a KOTOPBIE 3TU aTOMBI IIPOCTPAHCTBA MIPEO10JIeHbl. PaccTosHNE, TPOHAEHHOE KaX/IbIM U3
HUX JI0 MECTa BO3MOXKHOM BCTpeuH JODKHO ObITh paBHO N/2 aToMOB npocTpaHcTBa. Bpemst
IPOMICHHOE KaXXIBIM U3 HUX J0 MECTa BO3MOXHOM BCTPEYH JIOJDKHO OBITH Takxke paBHO N/2.
B ciyuae, xorna uncino aromoB N Heuetnoe, N/2 yncio nHenenoe. To ecTh BcTpeua IByX
OEryHOB JJOJDKHA COCTOSITHCS B IIOJI aTOMa IIPOCTPAHCTBA U B 1101 aTOMa BPEMEHH, 4TO B
cllyyae UX HEeJeIIMMOCTH HEBO3MOXKHO. TakuM 00pa3oM BO3HHMKAET IPOTUBOpEUHE
a”anornuHoe anopuu «Ctaauit» B unreprperanuu C.A. SIHoBckoil. [lanee B 3Toii pabore

anopust 3eHoHa «Ctaauii» OyneT moapa3zyMeBaThCsi HIMEHHO B TAKOW MHTEPIPETALINH.

PaccmoTrpuM, Kak M3MEHEHMS YCIOBUM, COOTBETCTBYIOIIMX X0y BPEMEHH, MOTYT CHSTh
yKazaHHO€ npotuBopeure. I1ycTs He BBINOIHAETCS YCIOBHUE, O TOM, YTO BCE BEKATHI BO BCEX
JUCKpEeTax pacCMaTpuBacMoro MpoCcTpaHCTBa BCEraa UMEIOT OAMHAKOBOE 3HayeHue. Ilycts
BCE JUCKPEThI OJJMHAKOBBI U, COOTBETCTBEHHO, BCE MATEPAThl TAKKE OJJMHAKOBBI.
Paccmotpum aBa BapuanTta A u b, oTiinune KoTopbix B opMe JUCKPETOB 3aIIOJIHSIOMINX

IIPOCTPAHCTBO.

Bapuant A. IlycTh IpoCTpaHCTBO IBYXMEPHOE U MYCTh KaXKABIN TUCKPET UMEET PopMy
KBaJlpaTa, TaKk 4TO TPaHUIIE TUCKPETOB SBIISIOTCS CTOPOHBI COOTBETCTBYIOIINX KBAJPAaTOB

(cm. puc. 4A).
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Pucynoxk 4A

[TycTh BO Bcex TUCKpeTax JAaHHOTO MPOCTPAHCTBA 3HAYCHHE BEKATOB PABHO HYIIIO.
Bo3bMmEM npou3BONIbHBIN JUCKPET HOMEDP OAUH. Bo3bMEM Takxke 1000 cocenHUul ¢ HUM
JTUCKpeT HoMep JiBa. [{yst paccMaTpruBaeMoro nMpoCTpaHCTBa OOIIEH TpaHuLIel TUCKpeTa
HOMEp OJIMH M TUCKpPETa HOMEDP JBa Oy/IeT O/JHA U3 CTOPOH KBajpaTa, PopMy KOTOPBIX UMEIOT
BCE JIMCKPETHI paCCMATPHUBAEMOT0 MMPOCTPAHCTBA B TOM YHCJIE, KOHEYHO, U IUCKPET HOMEP
OJIMH W IUCKpET HOoMep J1Ba. Bribepem coceanuii ¢ AUCKPETOM HOMED [1Ba AUCKPET HOMEP
TpH, BEIOEPEM €ro TakiuM 00pa3oM, 4TOOBI B BRIOPAHHOM «KBaJPAaTHOM) MPOCTPAHCTBE
rpaHuLa AUCKpETa HOMEP TPH C TUCKPETOM HOMeEp JiBa Oblia mapasuieibHa FpaHuIle JUCKpPEeTa
HOMeEp JIBa C JUCKPETOM HOMEp OJMH. AHAJIOTUYHO BBIOEPEM COCETHUM C IUCKPETOM HOMEDP
TPHU AUCKPET HOMEP YEThIPE, TAK UTO I'PAHUIIA TUCKPETA HOMEP YETHIPE C JUCKPETOM HOMED
Tpu ObLIa MapajyiesibHa TpaHulle JUCKPETa HOMEP TPH C IUCKPETOM HOMED JIBa, KOTOpas B
CBOIO OUYEpE/Ib BCIIEJICTBUE YKa3aHHOTO BbIIIE BbIOOpa OyieT napasuiesbHa rpaHuIle JUCKpPEeTa
HOMED JIBa C TUCKPETOM HOMEP OAuH. J[aHHBIN BEIOOP AMCKPETOB C HOMEpPAaMU OJIMH, JIBA, TPH

U YeThIpe yKa3aH Ha pucyHke 4b.
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Pucynox 4b

ITycTh X0 BpeMEHU B yKa3aHHOM IIPOCTPAHCTBE COCTOUT U3 IEBATH 3TAIIOB, HAJ0
OTMETHTb, YTO JaHHBIM BEIOOpP 00YCIIOBIEH UCKITIOUUTENBHO OCIE0BATEIbHOCThIO
U3JI0KEHUs, 4TO OyeT 00bsicHeHO HIbKe. [1ycTh mepBbIM 3TanoM OyeT H3MEHEHHE BEKaTOB C
HYJISl Ha €IMHUIlY B TUCKPETAX COIIACHO pUcyHKa 4B (rpaHuipl JUCKpET, B KOTOPBIX
U3MEHseTCs 3HaueHUe BeKaTa BblJIeJIeHbI )KUPHBIM). TO ecTh B paccCMaTpyBaeMbIX BbILIE
JMCKpeTax Ha IepBOM 3Tane OyJeT H3MEHEHHEe BeKaTa B JUCKpeTaX HOMEp OJIMH U HOMEP

YeThIpe.
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Pucynok 4B
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Jlanee BTOpPBIM 3TAllOM XOJI BpEMEHU OYJeT MEHSITHCS B TUCKPETaX COTJIACHO PUCYHKA
41" (rpaHMLIBI AUCKPET, B KOTOPBIX U3MEHSETCS 3HAUEHUE BEKATa BBIJIEIECHBI )KUPHBIM). To
€CTh B pAaCCMaTPUBAEMBIX BbIIIE JUCKPETAX HA BTOPOM ATare OyJeT U3MEHEHHUE BEKaTa B
nuckpere Homep ABa. [Ipu 3ToM, B 1uckpeTax, B KOTOPBIX ObUIO H3MEHEHHE BEKaTOB Ha
MIEPBOM 3Tare, B TOM YHUCJIE B IUCKPETAX HOMEP OJMH U HOMEP YEThIpe, Ha pucyHKe 41 yxe

yKa3aHo 3HaueHue B paBHoe 1.
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Pucynox 41"

TperpuM 3Tanom xoa BpeMeHU OyAeT MEHATHCS B AUCKPETaX COINIaCHO pUCyHKa 4]
(TpaHUIIBI IUCKPET, B KOTOPBIX U3MEHSETCS 3HaUeHHE BeKaTa BbIAEIeHbI )KUPHBIM). To ecTh B
paccMaTpUBAEMBbIX BbIIIE TUCKPETAX HA TPETheM dTare Oy/ieT U3MEHEHHE BEKATOB B TUCKPETE
HoMmep Tpu. [Ipu 3TOM B AUCKpeTax, B KOTOPHIX OBLJIO M3MEHEHNE BEKATOB Ha MIEPBOM
(IMCKpeThl HOMEp OJIMH ¥ HOMED YEThIPE) U BTOPOM (AMCKPET HOMEP JIBa) ATAle, Ha PUCYHKE

4]1 yxxe ykazaHo 3HaueHue B paBHoe 1.
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J171s BEIOpAaHHOTO IBYXMEPHOT'O «KBaJPaTHOT0» MPOCTPAHCTBA HA PUCYHKE O B
JTUCKPETax MPOCTAaBJICHBI HOMEPA ATAOB X0J1a BPEMEHHU, TO €CTh YKa3aHO B KAKOM TMOPSJIKE
BO3MO>KHO U3MEHEHHUE BeKaToB. TakuM 00pa3om, JUIsl IPeACTaBIEHHOTO Ha PUCYHKE 5
MIPOCTPAHCTBA HA MEPBOM JTare OyJAeT U3MEHEHUsI BEKaTOB BO BCEX JAUCKPETaX IJ€ CTOUT
nudpa oauH, Ha BTOPOM dTare Oy1eT N3MEHEHUE BEKaTOB BO BCEX JIUCKpPETax I/ie CTOUT
udpa 1Ba U Tak OyAeT IPOJOHKATHCA JI0 MOCIEIHEr0 IEBITOrO 3Tarna, Korjaa n3MEeHEeHHE
BEKATOB OYJIET BO BCEX JIMCKPETAX T/I€ CTOUT IUdpa EBITh. 3aTeM UK H3MEHEHUS BEKAaTOB
MMOBTOPUTCSI, TO €CTh OISITh CHauaja OyJeT M3MEHEHHE BEKaTOB BO BCEX JUCKPETaX, II€ CTOUT

I_II/I(I)pa OJIWH, 3aTEM 6y,ueT HN3MCHCHHE BECKATOB BO BCCX NUCKPETAX, I'IC CTOUT umbpa 2 ¥ Tak

JaJice.

B=1 | B=1 [ B=1 | B=1 | B=1 | B=1 B=1

B=0 | B=0 | B=0 | B=0 | B=0 | B=0 | B=0 B=0 | B=0

B=0 | B=0 | B=0 | B=0 | B=0 | B=0 | B=0 | B=0 B=0 | B=0
B=1|B=1 | B=1[B=1 | M | B2 | B3 B=1 | B=1 | B=

B=0 | B=0 | B=0 | B=0 | B=0 | B=0 | B=0 B=0 | B=0

B=0 | B=0 | B=0 | B=0 | B=0 | B=0 | B=0 | B=0 B=0 | B=0
=1 |B=1 | B=1 [ B=1 [ B=1 | B=1 | B=1 B=1 | B=1 | B=

B=0 | B=0 | B=0 | B=0 | B=0 | B=0 B=0 | B=0
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Pucynok 5

Jlanee, pacCMOTpUM MPOTUBOPEUNE, aHATOTUYHOE anopuu 3eHoHa «Craauii», s
JTBYXMEPHOT'O «KBaJPaTHOT0» MPOCTPAHCTBA C YKA3aHHBIM BBIIIE MOPAIKOM U3MEHEHUS
BekaToB (cM. puc.5). TosbKo Tereph Pacmoa0KUM JUCKPETHl HOMEP OJIMH, 1Ba U TPU
corjacHo pucyHKy 6A. Taxxe kak Ha pUCYHKE 5 Ha pUCYHKE 6A B JUCKpETax MPOCTaBICHBI
HOMEpa 1TaIoB X0Ja BpEMEHH, TO €CTh YKa3aHO B KAKOM MOPSAKE BO3MOXKHO U3MEHEHUE
BekaToB. [IpumMeM, 4To MaTepaT HOMEpP OJUH HAXOJAUTCS B TUCKPETE HOMEP OJIMH, a MaTepaT

HOMeEp JIBa HaXO/UTCS B IUCKPETEe HOMEp JiBa (CM. puc.6A).

a3

7 8 9 7 8 9 7 8 9

Pucynok 6A
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Taxum oOpa3oM, y TUCKpeTa HOMEP OJIMH €CTh COCETHUN JUCKPET HOMEP TPU U Y
JUCKPETa HOMED JBa €CTh TOT € COCEAHUN JUCKpeT Homep Tpu. IIpu sToM rpanuna
JMCKPETAa HOMEP OJIMH C IUCKPETOM HOMEpP TpHU NapajulelibHa TPaHUIIE JUCKpPETa HOMED JBa C
TUKpeTOM HOoMep Tpu. [lycTh npu 3HaUYEeHUH BeKaTa paBHOM HYIIIO B CHCTEME AUCKPETa HOMEp
OJIMH ¥ HaXOJAIIErocs B HEM MaTepaTra HOMep OJIMH BO3HUKJIA OIpe/ieJIeHHAasl IPUYHUHA K
NEpPEMELICHUIO MaTepaTa U3 AUCKpeTa HOMEp OJUH B IUCKPET HOMEP TPH, IPUUEM yKa3aHHas
[IPUYMHA TAKOBA, YTO YKA3aHHOE [IEPEMEILEHUE JI0JKHO OCYLIECTBIIATHCA 3 MUHUMAJIbHYIO
4acTh X0Jla BpEMEHHU, TO €CTh IPU U3MEHEHUH 3HAaYeHUsI BeKaTa. TakxKe MMyCTh IPU TOM Ke
3HaYEHUH BeKaTa paBHOM HYIJIIO B CHCTEME JAUCKpPETa HOMEP JIBa U HAXOSIIErocs B HEM
MaTepaTa HOMEp JIBa BO3HMKJIA ONpeie/IeHHas IPUYMHA K IEPEMEILEHUI0 MaTepaTa 13
JIMCKpETa HOMEDP JIBa B IUCKPET HOMEP TPH, IPUUYEM YKa3aHHas MPUYHUHA TAKOBA, YTO
YKa3aHHOE MepeMeIleHre JOKHO OCYIIECTBIATHCS TaKkKe, Kak U B CIydae Marepara HOMep
OJIMH, 32 MUHUMAJIbHYIO YaCTh XOJa BpEMEHH, TO €CTh IPU U3MEHEHNH 3HAUEHUs BeKaTa (CM.

puc.6b).

2
4 15 6
7 8 9
Pucynok 6b

Ho cornacHo npocTaBieHHBIM HOMEpaM 3TanoB X0a BPEMEHU, TO €CTh COTJIACHO
YKa3aHHOMY TMOPSAJIKY U3MEHEHUS BEKaTOB, CHayana OyJeT NU3MEHEHHE BeKaTa B TUCKPETE
OJIVH (dTar HOMEP OJMH), a U3MEHEHHUE BeKaTa B IUCKPETE iBa OyAET MOTOM (3Tarm HOMEep
Tpu). Tak 4TO MEepBOHAYATHLHO B AUCKPET TPU MEPEMECTUTCS MaTepaT U3 JUCKpETa, B
KOTOPOM paHblIe NPOU30MIET U3MEHEHUE BeKaTa. B HaleM ciydyae cHadyaia nepeMecTuTCs
MarepaT U3 JUCKpPETa OJIUH, YTO COOTBETCTBYET pacCMATPUBAEMOMY MOPSIIKY U3MEHEHUS

BeKaToB (cM. puc.6B).

a
4 5 6
7 8 9
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Pucynok 6B

Bo3MoxkHOCTB ke IepeMeleHus: MaTepaTa HoMep J1Ba U3 JUCKpeTa HoMep JBa OyieT
YK€ 3aBUCETh, B TOM YHCIIE, U OT HAXO0XKJACHUS MaTepara HOMEp OJMH B IUCKPETE HOMEP TPHU.
Tak 4To 1715 yKa3aHHOTO Ha PUCYHKE O MOPSIIKE U3MEHEHMSI BEKATOB CUTYallMsl, KOI'/la JBa
MaTepaTta MOT'yT OJJHOBPEMEHHO (3a OJJMH U TOT K€ 3Tall X0a BPEMEHH ) 0Ka3aThCs B OHOM
JUCKpeTe, He BO3HUKaeT. TakuM 00pazoM, B paccCMaTprUBAEMOM MPOCTPAHCTBE HE BOSHUKAET
POTUBOpEUHs aHamornyHoro anopuu «Craauit». Ha pucynke 7 mpencrasieH euié oauH

BAapHUaHT NOPAAKA USMCHCHUA BCKATOB AJId ABYXMCPHOI'O «KBAAPATHOI'0» IIPOCTPAaHCTBA.

Pucynok 7

VYka3aHHBIN Ha pUCYHKE / TIOPSIOK U3MEHEHHsI BEKATOB COCTOUT M3 IIECTH ITAIMOB XOJa
BpeMeHU. B oTiinune oT pucyHka 5 3/1ech BO3MOKHBI OJTHOBPEMEHHBIE (32 OJIMH U TOT K€
ATaN X0Jla BPEMEHHU ) M3MEHEHHS BEKAaTOB B JIBYX COCEIHUX AMCKpeTax. Ha pucynke 8
IOKa3aHa CUTyalusl, KOrjaa Ba MaTepaTa HaxoAsaTCsA B COCETHUX JUCKPETaX HOMEDP OJMH U
HOMEp JIBa, a JIBa IPYTUX MaTepaTa HaxOAsATCA B COCEHUX AUCKPETaX HOMEP TPU U HOMEP

YeThIpE.
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Pucynoxk 8

Kak M0xHO yBUIETh B JAaHHOM CJIy4ae BO3MOKHA HEMPOTUBOPEUHBAs CUTYyAIlHs, KOT1a
MepeMENICHIE MaTEPATOB B COCETHUX AUCKPETaX OyJeT MPOUCXOAUTHh OJTHOBPEMEHHO (3a
OJIMH ¥ TOT K€ ATam Xo0/ia BpeMeHHu). To ecTh U /Ui MPeICTaBICHHOIO Ha PUCYHKE / TIOPSIKE
M3MEHEHHs BEKAaTOB JI PACCMaTPUBAEMOI0 MTPOCTPAHCTBA TAKXKE HE BOSHUKAET

MIPOTUBOPEUHS aHATIOTUYHOTO anopuu «CTaguiiy.

Bapuant B. [TycTs IpocTpaHCTBO IBYXMEPHOE U MYCTh KAXKIBIA AUCKPET UMeeT popmy
MPaBUJIILHOTO MIECTUYTOJIbHUKA, TAK YTO TPAHUIICH TUCKPETOB SBIISIIOTCS CTOPOHBI

COOTBETCTBYIOLIMX IIECTUYTOJBHUKOB (CM. puc.9).

Pucynox 9

OHpe)IeJ'II/IM MOPAA0OK USMCHCHUS BEKATOB JJI1 YKA3aHHOI'O IMPOCTPAaHCTBA aHAJIOTHUYHO

HOpsIIKa BRIOPAHHOTO JUIS pUcyHKa 5 (cM. puc.10).
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Pucynok 10

Ecnn mpoaenars pacCMOTpEHHE JUCKPETOB aHAJIOTUYHOE PACCMOTPEHUIO, CACIaHHOMY
JUIsL IByXMEPHOT'O «KBaApPaTHOI'0» IIPOCTPAHCTBA, TO MOKHO CAEJIATh 3aKI0YEHUE, YTO I
npeCcTaBIeHHOro Ha pucyHke 10 mopsiika n3MeHeHUsT ABYXMEPHOTO IIPOCTPAHCTBA,
COCTOSILIETO U3 IPABUIIBHBIX HIECTUYTOJIBHUKOB, TAK’KE€ HE BOSHUKAET IPOTUBOPEUMS
aHasiornuHoro anopuu «Craauit». Tenepb onpenenym MopsiioK U3MEHEHUS BEKATOB IS
IIPOCTPAHCTBA, COCTOALLETO U3 IIPAaBUIbHBIX IIECTUYTOJIBHUKOB, aHAJIOTUYHO MOPSAAKY

BBIOpAaHHOMY JUIsl pUcyHKa 7 (cM. puc.11).

Pucynok 11

To ecTb Taxke, Kak U Ha pUCYHKe / I IIpe/icTaBIeHHOro Ha pucyHke 11 nopsake
M3MEHEHHUs BEKaTOB BO3MOKHO OJTHOBPEMEHHBIE (32 OJIMH U TOT )K€ ATall X0J1a BPEMEHH)
M3MEHEHHUs BEKATOB B JBYX COCEAHMX AMCKpeTrax. [IycTh TucKpeTsl HOMEp OJIUH, 1Ba U TpU

SBIIIOTCS COCETHUMU APYT C APYroMm (cM. puc.12A).
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Pucynok 12A

IIpumem, 4TO MaTepaT HOMEP OJUH HAXOIUTCS B IUCKPETE HOMEP OAMH, a MarepaT
HOMEp J1Ba HaXOJUTCS B IUCKpeTe HoMep 1Ba. IlycTh mpu 3HaueHuu BeKkaTa paBHOM HYJIIO
JUIsl MaTepaTa HOMEp OJMH HAaXOMASIIErocs B AUCKPETE HOMEP OJMH BO3HUKACT IIPUYUHA,
CTpEMSIIAsCS 32 MUHUMAJIBHBIN XO0/1 BpEMEHHM (TO €CTh IIPU CIIEAYIOIIEM U3MEHEHUH
3Ha4YeHUs BEeKaTa) NePEeMECTUTh MaTepaT HOMEpP OJMH U3 TUCKPETa HOMEP OJUH B COCEIHUN
JUCKpeT HoMep Tpu. Takke IyCTh IpY 3HAYEHUM BEKaTa PaBHOM HYJIO JIJIsl MaTepara HOMEp
JIBa, HAXOIAILErocs B IUCKPETE HOMEP JBa BO3ZHUKAET IIPUYMHA, CTPEMALIAACA 3a
MUHUMAJIbHBIN X0/1 BpEMEHH (TO €CTh IIPU CIIEAYIOIIEM U3MEHEHUH 3HAUEHUS BEKaTa)
IIEPEMECTUTH MaTepaT HOMEP [1Ba U3 JUCKPETa HOMED ABa B TOT K€ COCEHUMN IUCKPET HOMEP

Tpu (cMm. puc.12B).

Pucynok 12b

B cooTBeTcTBUU C MOPSAAKOM U3MEHEHHUS BEKATOB, YKa3aHHOM Ha pucyHke 11 B naHHOM
Clly4ae U3MEHEHUE 3HaYeHUS BEKaTOB B IUCKPETE HOMEP OAMH U B JUCKPETE HOMEP /IBa
POU30MAET OTHOBPEMEHHO (3a OJMH U TOT e 3Tal Xo/Aa BpeMeHH). Takum oOpazom, mpu
M3MEHEHNH 3HAYCHMsI BEKaTa C HyJIs Ha €IMHUILLY, B JUCKPET HOMEP TPH JOJIKHBI

NEepeMECTUTHLCS U MaTepaT HOMEp OJMH U MaTepaT Homep /iBa (cM. puc.12B).
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Pucynok 12B

CJ'Ie,I[OBaTCJ'IBHO, B OTJIMYMUEC OT pUCYHKa 7 BBIIIOJIHEHHOT'O AJI1 ABYXMEPHOTI'O

«KBaJpaTHOT0» MPOCTPAHCTBA, IPU YKa3aHHOM Ha pUcyHKe 11 mopsake n3MEeHEHHUs BEKaToB,

JUISL IPOCTPAHCTBA, COCTOAIIETO U3 MPABUIIBHBIX IIECTUYTOJbHUKOB, BOZHUKAET
MPOTUBOPEYUE aHATOTHYHOE arnopuu «CTaauiiy.

HazoBeM nopsijok 3TanoB xoaa BpeMeHu MaTpuiieil BpemeHu. Ha pucynke 13A
MOKa3aHOo TO K€ MPOCTPAHCTBO, YTO U HA PUCYHKE 6A, TOJIBKO Ha pUCYHKe 13 A rpaHuibl
MOPSIIKOB ATATOB XO/a BPEMEHH (MaTPHUIl BPEMEHHU ) BBIJICJICHBI KUPHOU TuHUEH. Besae
BBIIIIE JIJIS1 K&KJOTO OT/IETbHO PACCMOTPEHHOTO IPOCTPAHCTBAX OBLIM CBOM MaTpPUIIbI
BPEMEHH, MTPUUYEM OHU OBLIM OJHH U TE K€ B KAKIOM OT/IEJIHHO PACCMOTPEHHOM
npocTtpaHncTBe. Taxke Be3/ie BhIllle MAaTPUIIBI BPEMEHU ObLIN YHOPSI0YEHBI TAKUM 00pa3oMm,

4yTO JIt00as rpaHuIa OJTHON MaTPHIIBI BpeMEHHU Obliia 0011el ¢ TPaHUIIeH TOJIBKO OJHOU

coce/IHel MaTpHIlbl BpeMeHH (cM. puc. 13A).

1 2 3 1 2 3

4 5 6 4 5 6

7 8 9 7 8 9

1 2 3 1 2 3

4 5 6 4 5 6

7 8 9 7 8 9
Pucynok 13A

BaxHO OTMETHUTH, YTO AJISI NPOCTPAHCTBA, B KOTOPOM JUCKPETHI UMEIOT ONPEICITICHHYIO

(I)OpMy, CYIICCTBYCT MUHUMAJIbHO BO3MOXXHOC KOJIMYCCTBO 3TAIIOB X0/1a BPpEMCHHU, ITPU

KOTOPBIX HE 6y,£[eT BO3HUKATh ITPOTUBOPCYHNA aHAJIOTUYHOT'O aAllIOPUA «CTaL[PIfI». Kak YiKe
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OBLIO yKa3aHO paHee, BE3/€ B BIIIE PACCMOTPEHHBIX MMPOCTPAHCTBAX MOPSAIOK ITAMOB X0/1a
BPEMEHH ISl KAXKJIOTO ciydasi ObUT OAMHAKOB U ynopsigodeH. C y4eToM 3TOro st
paccMOTpeHHOTO Ha pucyHke 10 TByXMepHOTo MPOCTPAHCTBA, AUCKPETHI KOTOPOTO UMEIOT
dbopMy MpaBUIIbHBIX MIECTUYTOJILHUKOB, MUHUMAJIbHOE BO3MOKHOE KOJIMYECTBO ATAIOB X0/
BpPEMEHH, ITPU KOTOPOM HE OyJeT BO3HUKATh MPOTUBOPEUHS aHATOTHYHOTO allOpUH
«Cranuii», paBHO JeBATH. [Ipu 3TOM, Kak ObLIO MOKA3aHO BHIIIE, B TAHHOM IIPOCTPAHCTBE, B
OTIIMYHE OT «KBAJPATHOTO» IMPOCTPAHCTBA, 3HAUCHUS BEKATOB HE MOTYT MCHSIThCSI
OJIHOBPEMEHHO (32 OJMH U TOT € 3Tall X0Ja BpeMEHH) B COCeIHUX Auckperax. HyxHo
MOIYEPKHYTh, UTO TaK KaK JJIsl ABYXMEPHOTO MPOCTPAHCTBA, TUCKPETHl KOTOPOTO UMEIOT
dbopMy MPaBUIBHBIX MIECTUYTOIHLHUKOB (cM. prc. 10), MUHIMaTbHOE BO3MOXHOE KOJIMYECTBO
ATANoOB X0JIa BPEMEHH, IIPU KOTOPOM HE OYAET BOSHUKATh MPOTUBOPEUHS aHAIIOTHYHOTO
armopuu «CTajuii», paBHO JEBATH, TO U BbIlIe (CM. BAPUAHT A) UCKITIOYUTEIBHO JIJIsI
MOCIIEA0BATEIHLHOCTH U3JIOKEHHUS JIJIS IBYXMEPHOTO «KBaJIpaTHOT0» MPOCTPAHCTBA (CM. pHUC.
5) ObLIO BEIOPAHO JIEBATH ITAOB X0/a BpeMeHU. CUTyaluu, KOr/ia B OJJHOM M TOM K¢
MIPOCTPAHCTBE KOJIMYECTBO ITAIIOB X0/1a BPEMEHH Pa3HOE, TO €CTh MEHSETCSI B OJTHOM U TOM
K€ MPOCTPAHCTBE, 3/1ECh HE paccMaTpuBarOTCs. Takke 3/1eCh HE pacCMaTpUBAIOTCSA CUTYallUU
C IPYTUMH OTIMYHBIMH OT YKa3aHHBIX BBILIE MOPSAKAMH pa3MEILICHUS MAaTPUL] BPEMEHH,
pUMEp TAaKUX CUTYyallUi MOKa3aH Ha pucyHke 13b (rpaHMIlbl MAaTPUI] BPEMEHHU BBIICTICHBI

YKUPHOU JINHUEN).

Pucynok 13b

PaccmoTpuM TpexmepHOe MPOCTPaHCTBO U MYCTh AUCKPETHI UMEIOT (hopmy KyOa, Tak
YTO rPaHULIEH JUCKPETOB SABJISIOTCS CTOPOHBI ATOT0 KyOa. Torna BMecTo eBATH 3TaroB

HU3MCHCHUA XO0J4a BPEMCHU MMPUHATHIX IJId ABYXMCEPHOTO «KBAAPATHOI'0» MPOCTPAaHCTBA IAJIA
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TPEXMEPHOI0 «KyOHYEeCKOr0» MPOCTPAHCTBA MOKHO MPUHSATH ABA/ILATH CEMb 3TAIlOB XOAa

BpeMeHH (cM. puc.14).

-'.‘22 [23 |24
10 1 o 125 |2 27
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|-
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Pucynok 14

[IpoBens paccyxaeHUs aHAJIOTUYHBIE, TPOBEACHHBIM IS IBYXMEPHOTO «KBaJIPaTHOTO»
IIPOCTPAHCTBA, MOJIYYaeM, YTO IIPU TaKOM BbIOOpE Takke He Oy/1eT BO3HUKATh IPOTUBOPEUMS
aHaJIorHYHOro anopuu «Craauin».

Bce yka3zanHble BbIlIE c1y4an ObUIM PACCMOTPEHBI U1 NPSAMOJIMHEHHOTO IPOCTPAHCTBA.
Bo3MoskHO cymecTBoBaHME APYrux Mo (hopMe TUCKPET, KOTOPBIE OYAYT 3arOJIHATh
BO3MOYKHBIE KPUBOJIMHEHHBIE MPOCTpaHCcTBa. Kak ObUIO MOKa3aHo, OPSIOK 3TANOB X0a
BPEMEHH, [TPU KOTOPHIX HE BO3HUKAET IIPOTUBOPEYHS aHAJIOTUYHOTO anopuu «Craguiiy,
3aBUCHUT OT (POPMBI JUCKPET U OT UX PACIIONIOKEHHSI B IPOCTpaHCTBE. BO3MOXKHO HE TOJIBKO
(dopMa IUCKPET, HO U B3aUMHOE PACIOJI0KEHUE TPAHUI] TUCKPET, ONPEENISIET MOPSI0K
MOCJIEI0BATEIbHOCTH 3TANOB X0/a BpeMeHHU. BriOop nmopsika 3TanoB Xojja BpeMEHH B
yKa3aHHBIX BbIIIE CIy4asX ObUI 0TYACTH MPOU3BOJIEH. BO3MOXHO paccCMOTpeHUE pa3IMyHbIX
BHJIOB ITOPSIIKOB 3TANOB X014 BpEMEHHU, IIPU KOTOPBIX MOCIEAHNUN ITall B OAHOMU TpyIIe
JUCKPETOB OyJeT MHULIMMPOBATH MEPBBIN ATal X0Jla BpEMEHU B COCEIHEN TPYIIe AUCKPETOB,
YTO MOKHO Ha3BaTh CBO€OOpa3HoOM 3cTaderoil BpemeHu. [l npumMepa Ha pucyHkax 15A u
15b npencTaBieH Takoi MOPSI0K X012 BpEMEHH ISl IBYXMEPHOTO NMPOCTPAHCTBA, TJ1e
JUCKPETAMH SBIIIOTCS KBaJpaThl U YHUCIIO ATAlOB BPEMEHH PABHO JIEBATH, TO €CTh JEBSTHIN
JTamn Ha pucyHKke 15A mHUIMMpYyeT nepBbli ATan Ha pucyHke 15b u o0paTHO AeBATHIN ATan

Ha puCcyHKe 15b nHMIMUpyeT nepBbIi 3Tall Ha pUCYHKE 15A.
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Pucynok 15b

Jlnst HarnsimHOCTH Ha pucyHKax 15A u 15b nopsiaku xoma BpeMEeHH YKa3aHbl CTPEIKaMH.
[Tpu TOM, MOPAAKHM X012 BpEMEHH, YKa3aHHbIe Ha pUCYHKe 15A, OyayT MHUIIUMPOBATh
HOPS/IKM X0Jla BpEMEHH, Mpe/iCTaBlIeHHbIe Ha pucyHKe 15b n o6paTHO mopsiiku xoaa
BpPEMEHH, yKa3aHHbIe Ha pucyHKe 15b, OynyT HHUIMKUPOBATH NOPSAIKU XOJa BpEMEHH,
npeJcTaBlIeHHbIe Ha pUcyHKe 15A. [l mpuMepa 3Tar HOMEp JAEBSTh BbIJECIEHHBIN KPYITHBIM
mIpUGPTOM HA pUCYHKE |5A MHULMUPYET ATAll HOMEP OJIMH BBIJENCHHBIN KPYIHBIM HIPUPTOM
Ha pucyHke 15b u o0patHo 3Tanm HoOMep AEBATH BbIIEIECHHBIM KPYITHBIM IIPUPTOM Ha
pucyHke 15b uHHIIMMpYET ATanm HOMEP OJMH BbIIETICHHBIA KPYITHBIM HIPU(PTOM Ha PUCYHKE
15A. Byner uHTepecHbIM MPUHATH BO BHUMaHHE BO3MOXHOCTh Niepeaun HH(GOpMaluu o
HaXOXKJCHUU MaTepHUU B IUCKpETax, Oyiarofaps aHaJOrMYHbIM YKa3aHHBIM Ha pUCYHKaxX 15A
u 15b nopsakam xona Bpemenn. Hanbomnee cMenbiM OyaeT mpeanoaokeHrue, 4To nepeaaya

X0J0M BPEMCHU I/IH(i)OpMaHI/II/I 0 HaXO0XXACHHUU MAaTC€PaTOB B JUCKPETAX MOXKCET NPUBOAUTE K
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M3MEHEHUIO MTOJIOKEHNS MAaTEPATOB B IPYTUX IUCKpeTax. Takxke, ¢ ydeTOM MPEeAbIAYIIHNX
NPENONI0KEeHUH, OyIeT MPaBUIBHBIM IEPECMOTPETh BO3MOKHOCTh OIpaHHUYCHHSI YacTei
npoctpaHcTBa. [1ycTh NOpsAIKY 3TAalloOB X0Ja BPEMEHU COOTBETCTBYET MAaTpULIA X01a
BPEMEHH, BCE TYCUKU KOTOPOU ONPEACIAIOTCA ITallaMH X0J1a BPEMEHHU B JUCKPETax

npocTpaHcTBa (cM. puc. 16).

7 8 | g
TS
Pucynok 16

Besne Bblle rpaHmIla 4YacTeil MPOCTPAaHCTBA ONPEACISIIACH 10 TPAHUIIE TUCKPETOB, HO C
YYETOM 3TaIOB X0J1a BPEMECHH U CACIIAHHOTO paHee 3aMeYaHus 0 MOBOIY HHHUIIMAINN X0a
BpeMeHH (CBOCOOpa3HOM dcTadere BpeMeH ) e€ JIydIlie ONPeaesaTh 10 TPaHUIE MATPHIL
BpPEMCHHU.

KoneuHo, 3ameuanmsi, cieJIaHHbBIC B KOHIIC JJAHHOM pabOThI KacaTelIbHO X0/a BPEMEHH,
HOCSIT UCKITFOYMTEIBHO YCIIOBHBIN XapaKTep M CAEIaHbl TOJIBKO JUIsl TOTO YTOOBI MOYEPKHYTh
BO3MOXHOCTb Y4aCTHA BPEMCHH, KaK HEOTHEMIIEMOH YacTU IMpOCTPAHCTBA, B (1)I/I3I/I‘-I€CKI/IX
npoueccax. OCHOBHOH K€ LENbI0 pabOThI SIBISIETCA JJEMOHCTPALIMS TOTO, YTO IIPU BBEIECHUU
MOHSATHS X0JIa BPEMEHH BO3MOYKHO TIOCTPOCHUE MOJICITH TUCKPETHOTO (PU3MYECKOTO

MMPOCTPAHCTBA C OTCYTCTBHUEM IIPOTHBOPCUYHNA aHAJIOTUIHOT'O aAllIOpUU 3eHoHa ((CTaI[PIfI)).
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