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Abstract: The present research makes an attempt to summarize some ideas of topology for Time. The formulated definitions to such temporal parameters of Time as Future (F), Present (PR) and Past (P). The simulated situation, wherein clearly demonstrates the borders (Fbottom, PRbottom, PRtop и Pbottom) availability of the above mentioned temporal components and their mutual position to each other. It is introduced the conception of the universal set of Time – UT. Formulated and proved such suggestions: 1) the shown that existence the empty set , as required by the definition of the topology on the universal set Time UT is not identified; 2) it is indicated that Present (PR), as one of temporal parameters of Time has variation character and not included in an obvious kind in the universal set of Time. It is discussed the physical interpretation of the results.
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Time as form of motion of matter is a determined system with definite cause-and-effect relations. These relations are characterized with steady consequent change of such Time parameters as Past, Present and Future. Among the common fundamental properties of Time accepted today in physics, homogeneity and isotropy [3, page 45] are studied in more details. Hereinafter, when writing down terms Time, Past, Present and Future we will capitalize these words if real physical objects are meant.
From the point of view of existing reality, it is reasonable to assume that Past, Present and Future can correlate with a concept of temporal areas of Time. They are grouped on “Time arrow” [5, page 23] as follows: Future corresponds to Time points lying over Present and Past, Present corresponds to intermediate area between Past and Future, and Past is that part of “Time arrow" which is located below area which includes Present point and all the more points of Future (Fig. 1). Naturally, such pattern is noncontradictory both concerning Time continuality and from the point of view of chronology of events.
Hereinafter we will use such abbreviations: for Future – F (future); for Present – PR (present); for Past – P (past).

[image: ]
Fig. 1 “Time arrow” with specified temporal points
From physical point of view, it is reasonable to note that, in this analysis, division of Future and Past to chronological and causal types is not carried out. Specific of such decision is explained by S. Hawking and J. Ellis [5, 32] who showed that: “… in physically realistic solutions, causality condition and chronological condition are equivalent". Thus, in this research, we deal with model which is maximally close to actual macrophysical processes, i.e. initial conditions are set by concept which is based on nonreversibility of Time in real World [2, page 53].
For clarity of essence of the concepts and suggestions given below, it is necessary to accept a number of designations. This is caused by the fact that now it is difficult to find clear enough and effective program illustrating physical concept of Time.








Let us designate n measurements of Time as Tn, i.e. this is a set of all possible collections of n numbers (t1, t2, , tn) with ordinary topology. Let[image: ]  means "lower half" of Tn, i.e. area Tn in which t < 0 (area of Past – P). And let[image: ]  means "top half" of Tn in which t > 0 (area of Future – F). Then we can define operator  transforming some open set [image: ] to open set  [image: ]if coordinates (, …,) of point (a) in [image: ][image: ] are image of coordinates (t1, t2, , tn) of point a in Q. When speaking on n measurement of Time T in the beginning of this paragraph, we surely expected that in macro and mega scale of real physical environment Time has single measurement, i.e. n = 1. And, as a consequence, coordinates convolution to t1 and , and Tn → T1 will take place. However, there is so far an open issue concerning existence of Time multidimensionality at the Planck level [4, с. 375].
Let us define universal set of Time, UT set, consisting of all elements of Time considered in this analysis. This universal set is uniquely determined because the area in which it is considered is definitely specified. The subject domain is Time and all related temporal parameters. In our case, UT is identical to Time T1, T1  UT. Together with universal Time set UT, collection of (F, F) and (P, P) exists, where F, P is bijective mapping of F and P, accordingly, to such closed sets in T1 which


1) create  overlapping UT, i.e.  = 


2) if  is not empty (note that this condition is always met as intersection of Future (F) set and Past (P) set forms Present set (PR), i.e. (=PR), then composition
[image: ]
is mapping of some open subset T1 to open subset T1.
Following the standard mathematical principles of defining of topology concept, we will formulate criteria creating the structure of topological Time. The structure of topological Time is grouped on universal Time set UT if collection of its subsets {F, PR, P}UT with following properties is defined:
1) collection {F, PR, P} and empty set  belong to UT.
2) group of any number of sets of collection {F, PR, P} and intersection of any number of sets of collection {F, PR, P} belong to {F, PR, P}.
Collection {F, PR, P} meeting conditions 1) and 2) is called universal Time set UT. and this means that duplicate UT and {F, PR, P} form topological Time.
Thus, it can be surely stated that Future, Present, Past and empty set dominate on the universal Time set.
In [5, page 41] we can find definitions to Future and Past which are estimated from the point of view of their division to chronological and causal ones. Below we will formulate, from the mathematical point of view, new definitions for Past, Present and Future. They will be strict mathematical definitions in which more expanded structural data on these temporal parameters are contained.
Definition 1


Future set (F) is such set in which: 1) all Time points ti belong to this set (ti  F), and;  2) all Time points are located at time axis so that they form open set and each point of this open set is internal one F  int F; 3) minorant [image: ] exists, lower boundary of this set is a set of all boundary points which are elements of partially ordered set WHICH precede any element of this set (Fig. 2).
It is follows from this definition that Future set is limited from below, i.e. there are such number of Time points  that relation t is valid for arbitrary t F (in quantors:  : t F  t ) and, as a result, it contains minimal element inf F.
[image: ]
Fig. 2 Grouped temporal area of
universal Time set
Definition 2


Past set (P) is such set in which: 1) all Time points ti belong to this set (ti  P), and [image: ]; 2) all Time points are located at time axis so that they form open set and each point of this open set is internal one ti  int P; 3) majorant [image: ] exists, lower boundary of this set is a set of all boundary points which are elements of partially ordered set WHICH precede any element of this set (Fig. 2).
It is follows from this definition that Past set is limited from above, i.e. there are such number of Time points  that relation t ≤ is valid for arbitrary t  P (in quantors:  :t P  t  ) and, as a result, according to Zorn Lemma [1, page 159] it contains maximal element sup P.
Definition 3




Present set (PR) is such set in which: 1) all Time points ti belong to this set (ti PR), and ; 2) all Time points are located at time axis so that they form set (formed by means of interception of Future set and Past sets) and each point of this set is internal one ti int PR; 3) majorant  and minorant[image: ] [image: ] exist, upper and lower boundary of this set (Fig. 2).
It is follows from this definition that Present set is limited both from below and from above, i.e. there are such number of Time points that relations t   and t   are valid for arbitrary tPR (in quantors:  : tPR  t   : tPR  t  ) and, as a result, it contains minimal element  inf PR and maximal element sup PR.
Euler – Venn diagram [1, page 273] shown in (Fig. 2) clearly demonstrates physical sense of definitions specified above. In this diagram, calibration between borders of Future, Present and Past can be easily seen.

Definition 4
Present minorant is joined with Past majorant, and Present majorant is joined with Future minorant. These boundaries are smoothly joined without discontinuity.
Following equality is a consequence of this definition 

	(1)


After we determined key general issues of topological interpretation of Time structure [2, page 53], let us proceed to analysis of two partial issues which are closely connected with Time topology.
As, on the one hand, when we defined topological Time we were guided by the rigorous principles of topology being one of the main mathematical structure, and on the other hand – we dealt with real specifics of chronological variability in composite and large-scale systems, so in connection with stated above it is necessary to find out a physical sense of such components of Time topology as empty set  and Present set (PR). Let us formulate the following two partial problems.
The first problem: to prove conditionality of existence on the universal Time set UT of empty set  and to physically substantiate elimination of this category for UT.
The second problem: to produce the evidences of the fact that Present (PR) has variation character and so, it general physical estimations, PR is not included into UT explicitly.
The fullest solution of the problems can be obtained if George Boole algebra algorithms are applied to them [1, page 23]. This algebra is intended for theoretical operations over sets. For actions, it uses specific rules which significantly differ from rules for operation over numbers. Below, the evidence of Suggestions 1 and 2 will be produced. The following operations will be applied for this purpose: a) commutability, b) left distributivity, c) right distributivity, d) associativity.
Additionally, following is taken into account
· combination of some set with itself is equal to this set
· combination of some set with complementary set is equal to universal set
· intersection of some set with universal set is equal to this set
· intersection of some set with itself is equal to this set
Above stated operations are carried out over underlined terms of mathematical expressions.
Let us formulate such suggestion:
Suggestion 1
In physically realistic solutions on universal Time set UT, there is no temporal area with empty set .



It is given:, 


To be proved: 
Proof:
1. Let us write down separately a common expression for universal Time set

	(2)
2. In theory of sets, each set can be expressed as interception of some set and its complementary set. In Boolean algebra, complementary set is understood as a set of all elements of universal set which do not belong to initial set. Thus, it is easy to write down in three ways



, , 	(3)
Interpretation of empty set in form (3) is not deprived of physical sense as due to existence of Time topology it is necessary to consider all three temporal parameters of Time and their complementary set.
3. Taking into account (3), (2) can be rewritten in the form
[image: ]
Here, the fact is very important that, in Boolean algebra, at actions over sets it is necessary to keep strictly alternations rules – left and right – for terms in these formulas.
4. Let us analyze expression (4.1)

[image: ]



As was to be shown, i.e. 
5. Let us consider expression (4.2)



[image: ]

We proved existence of equation of  type
6. And, finally, let us check expression (4.3)
[image: ]


[image: ]

We obtained final result in the form  .
Let us carry out explication of the results obtained above in relation to real physical conditions. For this purpose, at first, we will address definition of set. Empty set is a set, which does not contain any element. Such situations leads to cutting out of the empty set from universal Time set UT. And this means that it is difficult to allocate at time axes T1 for similar temporal regions points which would have particular coordinates. Besides, in set algebra, zero function is assigned to empty set as analog of zero in algebra of numbers, i.e. an additive operation over  with any randomly chosen set does not change this set. Thus, for processes connected with concept of physical Time, empty set acts as zero – moment of Time. It corresponds to such point in which Time is equal to zero. Existence of a similar point can be predicted, hypothetically, only in coordinate system correlating with a point of the Universe beginning. At recent stage of development of concept of physical processes in surrounding World of events, beginning from level of fundamental interactions and to large-scale structure of the Universe, it is difficult to find such temporal area where your specified physical phenomenon is implemented.
Let's formulate the following suggestion:
Suggestion 2
Universal Time set UT strictly analogical to two classes of Time sets which are proportional only to Future set F and Past set [image: ]; and Present set PR has variation character ( PR), i.e. it can not be defined explicitly.


It is given: , 

To be proved: 
1. Let us write down separately general expression for universal Time set
[image: ]

2. Taking into account proof of Suggestion 1, and relationship , and also taking into account expression (3), let us rewrite UT in the form of triplet
[image: ]
3. Let us analyze variant of expression (5.1)
[image: ]

Thus, it is proved that expression   exists.

4. Analysis of expression (5.2)
Before we describe the proof, it is reasonable to note the following. As, Present (PR) is formed by interception of Future and Past, it is easy to imagine that set complementary to Present set [image: ][image: ] is complementary set of intersection of Past and Future, i.e. [image: ]
[image: ]
Let us designate [image: ] as [image: ], and [image: ] as [image: ].
[image: ]
Here, it is verified that UT does not include either empty set, or Present set.

5. Let us analyze case (5.3)
[image: ]
The final result showing that only combining of Future and Past sets provides formation of universal Time set takes place.
Let us note that, in the course of proving of Suggestions 1 and 2, complete records of algebraic transformations are reasonably given. This is necessary to do as complete clarity when using Boolean algebra algorithms in relation with composition existing between Past, Present and Future is required. It is easy to see that, at proving of the Suggestion 2, conclusions made at proving of Suggestion 1 were also considered. At that, we can say that the Suggestion 1 is a special case of the Suggestion 2.
From the physical point of view, above series of proofs requires additional explanation. First, we will address (Fig. 3). Exterior form of this diagram is similar in that given by S. Hawking and J. Ellis in [5, page 78]. However, there is a principal difference between these diagrams. Whereas diagram in [5] is created mainly for the analysis of composite sectors of space, in this work the diagram is created for temporal structures of Time.
So, in (Fig. 3), universal Time set UT is present in the left part. Future, Present and Past sets being UT subsets are injected into UT. At that, causality principle and condition of F and P intersection should be met. Let us choose on Present set (PR) an arbitrary point [image: ] so  that [image: ]. As interception of Future and Past sets leads to spontaneous formation of Present set, then if
[image: ]
But T1 – Time of n=1-measurements is shown in the right part of the diagram. Let us consider how the left part is transformed at mapping onto T1.
First step: due to existence of biunivocal mapping operator F selection of set F(F) and area F(PR) occurs, i.e. [image: ]and [image: ]. Besides, now, coordinate of point [image: ] is  a  coordinate [image: ], i.e. [image: ]. At that, [image: ]and [image: ].
Second step: at action of biunivocal mapping operator P mapping of set [image: ] and area [image: ]takes place, i.e. [image: ]and [image: ] At that, coordinate of point [image: ] is a coordinate [image: ]i.e. [image: ]where [image: ] and [image: ]
Third step: composition [image: ] provides sequential transposition of coordinate [image: ]to coordinate [image: ]of area [image: ]to area [image: ]and set [image: ]to set [image: ]where[image: ] is inverse mapping of P. It can be easily seen that only two full sets F(F) and P(P) prevail in T1, namely, Past (P) and Future (F) sets. As for Present set (PR), this set, in the form in which it presents in universal Time set, in left part (Fig. 3), is not extrapolated to T1 explicitly.
Really, one sector of PR belongs to F, i.e. [image: ], and other one belongs to P, i.e. [image: ]. From the physical point of view, process of temporal stratification of Present to two sectors is observed. These sectors of Time are interpreted as subsets of Past and Future sets. Some kind of temporal indeterminacy is observed, i.e. it is possible to say in fundamental sense that Present is conditionally specified Time parameter. In this regard, it is very problematic to specify unambiguously in real physical Time an area which is equivalent to Present and which, besides, would be used as precise copy of reference system for definitive eventual referencing of determined areas of Future and Past. In real surrounding World of events, it is not possible to identify such solution. Good example confirming above said is principle of Present determination by means of chronological gradation method. Here, the chronological gradation is meant as known time scales, for example: second, minute, hour etc.

[image: ]
Fig. 3 Action of biunivocal mapping operator
over sets F, PR, P


Existence conditions of P and F are chosen depending on initial conditions set for PR {PR = f (γ), where γ is a Time scale)}. The main thing is essential ambiguousness of γ assignment for Present which depends on the scale of physical systems. It also should be noted that due to temporal indeterminacy of PR this Time parameter will have indistinguishable boundaries  and  on UT (Т¹).
Thus, universal Time set UT (Tⁿ, n Time measurements) in physically realistic solutions should remain strictly as a form which is transformed to additivity of two compositions dominating on Time axis – Past and Future.
The main goal of this research, on the one hand, is to understand, at least very tentatively, a physical essence of those temporal parameters which are unambiguously connected with Time; and on the other hand, to test prospective mathematical means which could be used as a tool for description of the real Temporary processes.
Brief summary of made conclusions: 1) proof-points are proposed in favor of the fact that Time as physical system has a particular set of temporal parameters – Future, Present and Past; 2) a concept of topological Time is proposed; 3) expanded definitions for Past, Present and Future are formulated; 4) it is highlighted that Time parameters have boundaries and their mutual correspondence was confirmed; 5) proof of suggestions which provides that UT comes down to unitarity of Past and Future is made using algorithms of Boolean algebra; Present gets under action of variation principle, and also  can not exist on universal Time set in an explicit form.
Finally, it should be noted that nowadays an issue of necessity of the most serious development of physical basis of Time in the frame of fundamental physics is of great importance. In the future, we can face situation when we do not have necessary physical knowledge for understanding of the nature of Time. And, in turn, this can entail formation of a particular sort of difficulties in some areas of modern physics.
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