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The key issue in returning to normalcy in the pescef easing the COVID-19 pandemic is

determining when to start lifting restrictive meeess1 This question is not currently

unambiguously answered and is being addressedditfg in different countries based on

expert analysis of the medical, social, and econasituation. In this case, as a rule [1-3],

special attention is paid to the indicator of tipeesd of the diseasRk; (t is the date of the

indicator determination), which indicates that wh&n >1 there is an increase in the

number of diseases, and wh&p <1, the number of diseases decreases. A stRple 1

value over a number of days is a prerequisite fanrting the lifting of restrictions, but this

condition does not say anything about exactly wlem what day) this can be started.
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Therefore, a different criterion is required fomare informed determination of the specific
day after which the lifting of restrictions may lreg

In the present article, it is proposed to use yfmrepic criterion obtained with the help of the
synergetic theory of information to determine tpedfic time of starting the cancellation of
restrictions [4-6]. The essence of this criterignthat it identifies the day, on which the
average number of daily cases of illness duringméek becomes disproportionately less than
at the peak of the pandemic. Accordingly, afterstiday, one can start cancelling the
restrictions. In the following presentation, thecessary information from the synergetic
theory of information is first given, and the detion of the syntropic criterion is given, and
then its practical use is shown by the example wfirmber of EU countries. In this case, the
dates obtained using this criterion are compared thie actual start dates for the removal of

restrictions.
2 Syntropy of reflection and the condition of proportionality of finite sets

One of the new directions in the study of quantieataspects of the phenomenon of
information is currently the synergetic theory afarmation. This theory is based on the
derivation of the syntropy formuld ag, that is, the amount of information that two

intersecting finite setd andB (Figure 1(B)) reflect (reproduce) about each other as a single

whole:
2
| AB = LS Oogz K|, (1)
A8
where|A, |B|, |K| is the number of elements in the geB,K = An B.
In the case whe O A (Figure 1(C)), the syntropy formula (1) takes the form:
B
BDA:IAB:NEﬂong. (2)
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Figure 1. Intersection of set& andB: (A) there is no intersectiork(= [ ); (B) partial
intersection K # 0, K # A, K # B); (C) partial intersectionk = B [0 A); (D) partial
intersection K = Al B); (E) complete intersectionA=B = K).

The syntropyl aog for each of the setd andB has the same meaning. At the same time, the

), which

number of elements in the composition of these isegenerally differen{(|A #|B

determines the asymmetfg of the completeness of their reflection througbheather. Thus,
the completeness of reflection of each set is dbaraed by the size of the relative syntropy
equal to the relation of syntropyag to the attribute information of set, which, innuis

equal to the binary logarithm of the number ofatements. That is, denoting the relative

syntropy of the sef by the symboll Eq g, and of the seB by the symboll EﬁA, for the

caseB [0 A according to (2), one can obtain:
B _logz|B|
A-~B T |A ogy|A 3)

B-AT A" (4)

Accordingly, the asymmetry of the completenessh# teflection of sets is equal to the

difference between the relative syntropies (3) @d
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Figure 2 shows a graph of the dependence of asymmetryn(53jcat A >> 1, which shows

that in the process of a sequential increase irvahees|B| from 1 to|A, the asymmetrys

D, after which it decreases

first increases from zero to a maximum valae™®* at |B| =|B

and at|B| =|A, again becomes equal to zero.

As

ASmaX

; |B|
1 |BI Al

Figure 2. Dependence of the asymme&yon the valueB|.

D, the relative

This behavior of the asymmetry Afis explained by the fact that & < |B
syntropy | gq A increases faster tharf* g and atB > 1B” - vice versa. At the same time,
in accordance with equations (3) and (4), the axeanl Eﬁ A femains constant all the time,

and the increase in the valubgq g Is logarithmic in nature. A clear illustration thfe
indicated change in relative syntropiegigure 3, which shows the graphs of their

incrementsAl , 5 andAl g, with a sequential increase i by one.
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Figure 3. Dependence of incremenmgq g and Al Eﬁ A On the valueB.

The noted features of the asymmetkg behavior and the nature of the change in the
magnitude of relative syntropieslsgqB and IE* A are naturally associated with the

proportionality of the seté and B O A, that is, with their correspondence to each oiher

terms of the number of elements. In this casefdi@wving can be said.

When |B| =|A, the setsA andB are commensurate with each other to the maximuengx
and when|B =1 and A >>1, the commensurability of the sets is completelgetherate.
That is, in the process of decreasing the numbeteshents in the seB 0 A from |B| =|A

to |B| =1, the setsA andB gradually cease to correspond to each other imdingber of their

elements. Moreover, as long & > |B - proportionality remains between the sets, andwhe

the inequality B| < \B\D begins to hold, proportionality degenerates. Heitdellows that the

condition of the commensurability of two finite sét and B 0 A can be considered the

inequality
BU<|B/<|A. (6)

Let us determine the valuB D, for which equate to zero the result of differatitig the right

side of equation (5) byB:
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InB —Inf[A+1=0. (7)

The solution of equation (7) gives that
n_[IA
Bl" = [ o 1 (8)

wheree =2.71828... is the base of natural logarithms.

Substituting the vaIue\B\D from (8) into (6), one can obtain the conditionr fthe

proportionality of finite sets in the following fior.
RECErY ©

Inequality (9) was obtained on the basis of anrmfttion analysis of the reflection through
each other of two intersecting finite sét@nd B [0 A, but, obviously, this inequality can be
adapted to analyze the proportionality of any ofimrd@te setsC andD so thatC n D =@,
IC| <|D|.

3 Syntropic criterion for removing restrictions

The condition of proportionality of finite sets (@an be used to determine the start time of the
abolition of restrictive measures in the COVID-18ndemic. The object of analysis in this
case is the set of new cases of the disease peaddyhe methodology for determining the

criterion for canceling restrictions is as follows.

First, each day for the entire time of the pandemmatched with the average number of new
diseases per day for a week

— Nt + N¢t-1 +...+ Nt-¢
Nt = 7

(10)

http://ej.kubagro.ru/2021/10/pdf/33.pdf




Hayunsriit sxxypaan KyoI'AY, Ne174(10), 202Xonx 7

and the maximum value oN/"® is determined. After that, in accordance with the

proportionality condition (9), the boundary valuketlbe average number of diseass’ is

calculated, below which the number of diseabesis disproportionately less thaﬁtmax:

N max
Nt

ND = = 037N, (11)

As a criterion(S) for making a decision to remove restrictions, réslation

§ =t (12)

is taken. Moreover, if the inequality; = 1 is satisfied, then it is concluded that it is &aoly

to remove the restrictions, and if there is an uradity S; < 1, then a decision is made to start

cancelling the restrictions. In the event thakiafihe restrictions are lifted, the second wave of
the pandemic sets in and the inequafity= 1 starts to be satisfied again, then restrictioes ar

introduced again.

The criterionS; is obtained using the condition of the proportldgaf finite sets (9), which,

in turn, is the result of a joint analysis of thedative syntropies (3) and (4). Therefore, in
order to distinguish the criterio8; from other mathematical characteristics of thedgamic,

it is reasonable to namethe syntropic criterion for removing restrictionkset us now test
this criterion using the example of the EU coumsttigat are most affected by COVID-19, and

compare the results with the actual dates whenatshs were lifted in these countries.
4  Analysisof the dates of the cancellation of restrictionsin the EU countries

The lifting of restrictions in the EU countries tvithe highest number of people who died
from COVID-19 (Italy, Spain, UK, France, GermanydaBelgium) began in late April —

early May 2020. The actual dates of the beginnihthis cancellation [7] are given in the
Table 1, which also gives the valueb™® and N, determined on the basis of daily

statistics of the number of diseases [8], and shtwes dates of lifting the restrictions

established by the syntropic criteri@a.

http://ej.kubagro.ru/2021/10/pdf/33.pdf




Hayunsriit sxxypaan KyoI'AY, Ne174(10), 202Xonx

8

Table 1. The start date difting restrictions in the EU countries most affed by the COVID-

19 pandemic and valugg/™®, NU,

Countries
Parameters
Belgium France Italy Germany Spain UK
N,max 1,407 4,482 5643 5595 7,902 5519
NU 518 1,649 2,076 2,059 2,907 2,031
The beginning of the lifting of
restrictions by the syntropic May 2  April24 May2 April26 April24 June3
criterion
The actual beginning of the
May4 Mayl1ll May4 April20 May4  May13

lifting of restrictions

Analysis of theTable 1 allows making the following observations. The degancy between

the actual start dates for the cancellation ofriegins with the dates determined by the

syntropic criterion (syntropic dates) varies frond&ys for Italy and Belgium to 21 days for

the UK. The average value of this discrepancy acatiscountries is 9 days. At the same time,

in Italy, Spain, Belgium, and France, the actualcedlation of restrictions began later than

the syntropic date (as it should be), and in Geyraard Great Britain, they began to cancel

the restrictions earlier. A clear illustration ohat has been said ksgure 4, which shows the

dynamics of change in the valudg for all countries, and markers indicate those esilthat

correspond to the actual and syntropic dates dbéggnning of the lifting of restrictions.

http://ej.kubagro.ru/2021/10/pdf/33.pdf




Hayunsriit sxxypaan KyoI'AY, Ne174(10), 202Xonx 9

*) BELGIUM (B) FRANCE
g _ 1600 5,
é ; E § 4000
= 21200 =9
8% S € 3000
2 5z
£5 800 £ 5 2000
= s o
%3 400 &3
g5 £ 1000
z = z =
oF¥" 0
1 21 41 61 81 101 1 21 41 61 81 101
t, day t, day
© ITALY ®) GERMANY
; 7
2 % 5000 23 5000
= £
2 4000 < 2 4000
2 3000 _“.z :5_0 3000
E E 5
2000 272 2000
3 &3
1000 £ 5 1000
2 a
0 < 0 . .
121 41 e1 81 101 121 41 81 81 101
t, day t, day
SPAIN () UK
8
£ 5000
==
< 2 4000
2 £ 3000
R
22 2000
o &
2% 1000
g2
< 0
1 21 41 61 81 101 1 21 41 61 81 101
t, day t, day
On all charts, t =1 corresponds to March 5, 2020
@ The beginning of the lifting of restrictions by the syntropic criterion
@ The actual beginning of the lifting of restrictions

Figure 4. Dynamics of the average number of diseases peddagg the week in the EU
countries most affected by the COVID-19 panderd): Belgium;(B) France;C) ltaly; (D)
Germanyj(E) Spain;(F) UK.

It should also be noted that the actual beginnindp® lifting of restrictions in the UK, which
occurred on May 13, drew sharp criticism [7] asnmure, which is consistent with a large
advance of this day relative to the syntropic dadiene 3). If for this reason, the UK is
excluded from the calculations, the average disurep between actual and syntropic dates
for all other countries will be 6.7 days. Such aBrdiscrepancy in the dates of the start of the
cancellation of restrictions on COVID-19 may indeathat decision-makers on the
cancellation of restrictions intuitively feel thinit of the daily number of new cases of the
disease below which this number becomes disprapately lower than at the peak of the
pandemic. Accordingly, in order to make decisionglee lifting of restrictions on COVID-19
more reasonable and objective, it is advisablake into account the values of the syntropic

criterion in the process of making these decis{d23.
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5 Conclusion

Based on the synergetic theory of information, dhecle developed a syntropic criterion for
starting the lifting of restrictions during the C@/19 pandemic, according to which

restrictions should be lifted when the average menmdd new diseases per day during the
week becomes disproportionately less than at th& pethe pandemic. Testing this criterion
by the example of a number of EU countries shovwed the dates of lifting the restrictions

determined with its help were in fairly good agresinwith the actual dates that were
previously established empirically. This allows aeonending the syntropic criterion for

widespread use when making decisions on the liftihgestrictive measures established to
block the pandemic.
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