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Abstract

The safety and resilience indicators are proposed as crucial toolsfor analysis, identification, prediction
and optimization of coviD-19 pandemic human safety and for minimization and mitigation of pandemic

consequences.

1. Introduction

The methodology and preliminary genera ap-
proach to Coronavirus disease 2019 (coviD-19)
pandemic human safety and resilience analysisis
proposed. The principles of multistate approach to
CoVID-19 pandemic human safety analysisare in-
troduced. The methods and procedures are the au-
thors' results (Bogalecka, 2020; Dgbrowska,
2020a-b; Kotowrocki, 2014; Kotowrocki & Kuli-
gowska, 2018; Kotowrocki & Magryta, 2020a-b;
Kotowrocki & Soszynska-Budny, 2011/2015,
2017, 2018a-b; Kotowrocki et al., 2016; Magryta,
2020; Magryta-Mut, 2020; Torbicki & Drabinski,
2020), achieved in reliability and safety of com-
plex systems and critical infrastructures (Lauge et
al., 2015) preliminary modifications and transfers
to pandemic human saf ety comprehensive analyse

and they need further study and developments.
The proposed safety and resilience indicators are
new original and crucial toolsfor analysis, identi-
fication, prediction and optimization of coviD-19
pandemic human safety and for minimization and
mitigation of pandemic consequencesthat are pre-
sented as well. Based on the statistical data, the
preliminary methods and approachesto identifica
tion of the unknown parameters of the proposed
CovID-19 pandemic human safety models, the
safety of the coviD-19 pandemic impacted by the
human living condition change processes for var-
ious person kinds at their living areas are dis-
cussed aswell.

The chapter is organised into 15 parts, including
this Introduction as Section 1, Sections 2—14 and
Conclusion as Section 15.
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In Section 2, the kinds of persons that can be in-
fected by coviD-19 pandemic are defined through
fixing their parameters and the ranges of values
these parameters can assume. In Section 3, the sto-
chastic human living condition change process of
afixed kind person at its living areais introduced
and its parameters are defined through fixing their
ranges of values. The human living condition
change process is described by defining the hu-
man living condition states and fixing their num-
ber. Other parameters of the human living condi-
tion change process introduced in this section are
the initial probabilities of this process at the par-
ticular human condition living states, the proba-
bilities of transitions between the particular hu-
man condition living states, the distribution func-
tions and the density functions of the conditional
sojourn times at the living condition states and
their mean values. Next, the basic human living
condition change process characteristics, i.e. the
unconditional mean values of the conditional so-
journ times at the living condition states, the limit
values of the human living condition change pro-
cess transient probabilities at the particular living
condition states and the human living condition
change processtotal sojourn time at the particular
living condition states during the fixed time, are
determined. Section 4 isdevoted to coviD-19 pan-
demic human safety. In this section there are in-
troduced the notions of coviDp-19 pandemic hu-
man safety basic indicators like, the covip-19
pandemic human safety function, the person
health risk function, the person health human fra-
gility curve, the moment when the person health
risk function exceeds a permitted level, the mean
values of the person lifetimes in the health safety
state subsets and the intensities of a person health
degradation, i.e. the intensities of the person
health departure from the health safety state sub-
Ssets.

In Section 5, safety and resilience indicators for
the coviD-19 pandemic sufferer are proposed in
the case the person health is impacted by its out-
side conditions. The human safety of coviDp-19
pandemic impacted by the human living condition
change process of afixed kind person at itsliving
areais considered. The safety and resilience indi-
cators of the fixed kind person coviD-19 pan-
demic related to the human living condition
change processat itsliving areaare proposed. The
safety indicators introduced in Section 4 are mod-
ified and the coefficients of the outside conditions
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impact on the person health degradation and the
person health degradation resilience indicators,
i.e. the coefficients of the person health degrada-
tion resilience to its outside impacts are defined.
Those covip-19 pandemic human safety and re-
silience indicators are determined for the fixed
kind person lifetimes in the safety state subsets
having piecewise exponential safety functions. In
Section 5, the cure and renewal of coviD-19 pan-
demic sufferer are discussed through the joining
the results of previous sections with the results of
the classical renewa theory and the indicators.
Thisjoining alow us to obtain the treatment (the
renewal) and the ability to functioning in a health
safety state subset of health not worse than a crit-
ical hedlth safety state (the availability) character-
istics for the treated sufferer with ignored (short)
and non-ignored (long) time of treatment (renova
tion). In Section 7, the general model of covip-19
pandemic consequences, including human activ-
ity threats and human activity degradation and
losses, is proposed. The general approach to opti-
mization of coviD-19 pandemic human safety is
proposed in Section 8. The Section 9isdevoted to
minimization and mitigation of covip-19 pan-
demic consequences. In Section 10, a preliminary
remarks on the identification methods of covip-
19 pandemic sufferer kind are done.

In Section 11, a preliminary approach to the iden-
tification of coviD-19 pandemic sufferer living
conditions is proposed.

Section 12 proposes a preliminary approach to the
identification of coviD-19 pandemic human
safety. In Section 13, apreliminary suggestionson
the identification of coviD-19 pandemic human
activity threats are given. In Section 14, a prelim-
inary approach to the identification of covip-19
pandemic human activity degradation is pro-
posed. In Section 15, the conclusions on the chap-
ter context are done and the perspective for future
research and cooperation with partners interested
in this hot topic is formulated.

2. Kind of sufferer infected by covip-19
pandemic

At thefixed area, we distinguish, o € N, parame-
ters that define (describe) the kind of the person
(the sufferer) infected by covip-19 pandemic and
mark the values these parameters can take by
V1, Vs, ..., U,. FUrther, we assume that the possible
values of the i-th parameter v;,i = 1,2, ..., 0, can
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belongtotheinterva (e; f;),i =12, ...,0. Wedi-
vide each of the intervals (e;,f;), i =1.2,...,0,
intom;, m; € N, digoint subintervals

(eir.fi1) (€iz.fi2): s <eimi|fimi), i=12,..,0,

such that

(eilifil) U (ei21fi2) u..u (eimilfimi) = (eilfi)a

1,i=12 .., 0.

fij; = €ijprr Ji = 1.2, ,my —

Thus, the points (v4, v,, ..., v,) describing the val-
ues of the person parameters are the points from

the set of the o dimensional space of the Cartesian
product

(ellfl) X (eznfz) xX.X <301fo)

that is composed of the o dimensional space do-
mains of the form

(erjy fijy) X (e2)y f2j) X o % (€oj, foj, )

where ji = 1,2, e, M, i = 1,2, ey 0, cdled the

person kind and
Vi, i = 1,2, vy 0,

can takes values from one of the intervals

(ei1.fi1). (€2, fiz) -, <eimi|fimi)l

i=12 ..,0.

The domains of the above form called the person
kinds are numerated from 1 up to the value
v =my-m, .. m, thatisthenumber of all pos-
sible sufferer kinds and marked by k4, k5, ..., k.
To define the particular kinds of sufferer infected

by coviD-19 pandemic, it is necessary to intro-
duce the order function given by

0(j, 0, [mplixe, 0) = ((j — 1) mod mo) +1,
j=12,..,v,
and

O(j, i, [mb]1><01 0)

= (U +1—-25-41((0G, b, [mpl1x0,0) — 1) -
[=p+1 MDD [1p=i41 mp) mod m; + 1,
j=12,..,v,i=12,..

After that, the j-th person kind k;, j = 1,2,..., v,
is defined by intervals (e; o(.ifmylixe0):
fi O(jyiy[mbhxoxo)) assumed by values Vi,
i=12,..,0,of the person parametersi.e.

k] {vl e (el O(j,i,[mb]lxo,o)’ﬁ O(jxil[mb]lxovo))’

,0},

forj=12,..,v.

i=12 ..

3. Human living condition change process of
sufferer at itsliving area

3.1. States of human living condition change
process

At the fixed area, we distinguish, a € N, parame-
tersthat define (describe) the human living condi-
tion change process states at this area and mark
the vaues they can take by w;,w,,...,w,.
Further, we assume that the possible values of the
i-th parameter w;, i = 1,2, ..., a, can belong to the
interval (b;,d;), i =1,2,...,a. We divide each of
theintervas(b;,d;),i = 1,2,...,a,inton;,n; € N,
digoint subintervals

(bi1,di1), (bizdiz), .. (bimydim,), i = 1.2, .., a,
such that

(bi1,di1) U (biz,di2) U ... U (bin,din,) = (b;d;),
diji = biji+1’ji = 1,2, Y (e 1, i = 1,2, ey A
Thus, the points (w;,w,,...,w,) describing the
values of the human living condition parameters
are the points from the set of the a dimensiona
space of the Cartesian product

(b1,d;) % (by,d3) % ... x (bg,dg),

that is composed of the a dimensional space
domains of the form
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(bij, dij,) % (b2j,.dzj,) X . % (baj,.daj, ),

wherej; = 12,.. n;,i = 1.2, ..., a, cdled the hu-
man living condition states and

w,i =12, ..,a,

can takes values from one of the intervals
(bi1,d;i1),(biz,d;2), ..., (biniadini)a

i=12, .., a.

The domains of the above form called the human
living condition states of the human living condi-
tion change process are numerated from 1 up to
the vdue w = n, - n, - ... - n, that is the number
of al possible human living condition states and
marked by ¢4, ¢c,, ..., cyp.

To define the particular states of human living

condition change process, it is necessary to
introduce the order function given by

0(, a, [nplixe @) = (G — 1) mod ny) + 1,
j=12,..,w,
and

0, i, [nplixa, @)
= ([ +1—X5=+1((0G, b [np)ixg. @) — 1) -
i1 ) [1p=ir1 np) mod n; +1,
j=12,..wi=12..

ya—1.

After that, the j-th person kind ¢;, j = 1,2,...,w,
is defined by intervals é’iO(j,i,[nbhxa,a)’
di0Gilnplixga)) SSUMed by vaues w;,
i=12,..,a, of the human living condition pa
rametersi.e.

¢i{w; € (bi 0(j.i.[nplixq.@)’ dio(]':iv[nb]lxwa))’
i=12..,a},

forj=12,..,w.
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3.2. Stochastic model of human living
condition change process

To model the human living condition change pro-
cess for the fixed person living area, we assume
that the human living condition change process at
thisareaistaking, w € N, different human living
condition states c4, ¢, ..., c¢,,. Further, we define
the human living condition change process (t),
t > 0, with discrete human living condition states
fromtheset {c;,c,,...,cy }.
Assuming that the human living condition change
process L(t) is a semi-Markov process (Boga
lecka, 2020; Dabrowska, 2018; Grabski, 2015;
Kotowrocki, 2014; Magryta, 2020) it can be de-
scribed by the following human living condition
change process parameters, that can be identified
either statistically using the methods given in
(Habibullah et al., 2009; Kotowrocki, 2014) or
evaluated approximately by experts:

the number of human living condition states w,

the human living condition states

Cli CZ; ey CWi

the vector

[9:(0)]1xw = [41(0), q2(0), ..., q,(0)]

of theinitial probabilities of the human living
condition change process L(t) staying at par-
ticular human living condition states c; at the
moment t = 0, where

q(0) =P(L(O) =¢), 1 =12, ..,w,

the matrix
11 912 Q1w
q21 422 qz

[‘hk]wxw = : ! : ;W (1)
qdw1 qw?2 Qww

of probabilities of transition of the human liv-
ing condition change process L(t) between the
human living condition states c; and ¢y,

qik, l,k = 1,2, ey Wy [+ k, qu = O,

[=12 .., w,



Preliminary general approach to modelling covip-19 pandemic sufferer safety
impacted by human living conditions

the matrix
N11 N12 le
[le]WXW = NEZl N?Z N?W
Nwl NWZ NWW

of mean values of the human living condition
change process L(t) conditional sojourn times
Ly, a the human living condition state c; when
the next stateis ¢,

Ny = ElLy] = [ tdLy () = [ thy(8)dt,
Lk=12,... ,wl+k,
Ny=0,1=12,..,w, 2
where

Ly(t) =P(Ly <1t),t =0,

Lk=12,...,w, 1 #k,

are conditiona distribution functions of the hu-
man living condition change process L(t),
t > 0, conditional sojourn times L;;, a the hu-
man living condition states corresponding to
conditional density functions

dcC(t)
hy(6) ===t 20,

Lk=12,..,w,l#k.

Assuming that we have identified the above pa-
rameters of the human living condition change
process semi-Markov model, we can predict this
process basic characteristics, that can be ether
caculated anaytically or evaluated approxi-
mately by experts (Dabrowska, 2020a-b; Kotow-
rocki, 2014; Kotowrocki et al., 2016; Torbicki &
Drabinski, 2020):

the vector

[Nl]1xw = [N11N21"'1NW] (3)
of mean values of the human living condition
change process L(t), t = 0, unconditiona so-
journ times L;, | =12,..,w, a the human
living condition statesc;, L = 1,2, ..., w,

Ny =E[L]=X}o1 queNu, L =12, w, (4)

where q;, are defined by (1) and N, are de-
fined by the formula (2),
the vector

[9:]ixw = [91, 92, -+ quw]

of limit values of the human living condition
change process L(t), t = O, transient probabil-
ities

q;(t) =P(L({t)=c¢),t=0,1=12,..,w,

at the particular human living condition states,
determined by

. N
q = lim q,(t) =5

1=12,..,w, (5)

whereN;,l = 1,2, ...,w, aregiven by (4), while
the steady probabilities m; of the vector
[1r;]1xw Stisfy the system of equations

{[T[l]lxw = [T[l]lxw ’ [qlk]WxW (6)
o1 T = 1.
k=1""k

In the case of a periodic human living condition

change process, the limit transient probabilities

q, L=12,..,w, a the human living condition

states determined by (5), are the long term propor-

tions of the human living condition change pro-
cess L(t), t = 0, sojourn times at the particular

human living condition statesc;, [ = 1,2, ..., w.

Another interesting characteristic of the human

living condition change process L(t), t = 0, pos-

sible to obtain is the vector of the mean values

[Nl]1><w = NliNZH--’Nw];

of the total sojourntimesL;, [ = 1,2, ..., w, of the
human living condition change process L(t) at the
particular human living condition states c;,
[=12,..,w, during the fixed time L. It is well
known (Kotowrocki, 2014; Kotowrocki et al.,
2016), that the human living condition change
process total sojourn times L; at the particular hu-
man living condition states c; for sufficiently large
time L have approximately normal distributions
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with the mean values given by
N=E[C]=qlL1=12 ., (7)
where q; are given by (5).

4. CovID-19 pandemic human health safety

In the multistate safety analysis to define the
COVID-19 pandemic human health safety with de-
grading health safety states of a sufferer (without
considering its treatment), we assume that:
- the person have the health safety state set
{01,...,z},z > 1,
the health safety states are ordered, the health
safety state O is the worst (the sufferer is dead
directly because of covip-19 pandemic) and
the hedlth safety state z is the best (the person
is completely free of covip-19 symptoms),
r,r €{1,2,...,z}, is the critica health safety
state (the person health state characterized by
dangerous coviD-19 symptoms, it means that
the person staying in the health safety states
less than this hedlth safety state is highly dan-
gerous for himself and for other personswithin
hisliving area),
T(u),u=12,...,z isarandom variable rep-
resenting the lifetime of the person in the
health safety state subset {u,u+1,...,2}
u=12,...,z whileit wasin the health safety
state z at the moment t = 0,
the health safety states degrade with time t,
t=0,
s(t), t = 0, isthe person health safety state at
the moment ¢, t > 0, given that it was in the
health safety state z at the moment ¢ = O.
The above assumptions mean that the health
safety states of the person/the sufferer may be
changed in time only from better to worse. The
way in which the person health safety states
changeisillustrated in Figures 1-2.

transitions

PO -0

worst health safety state
(death)

best health safety state
(no covip-19 pandemic symptoms)

Figure 1. lllustration of a person heath safety states
changing.
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0 t(z) t(z-1) t(2) t(1) P

Figure 2. The relationship between the realizations
t(u),u=1,2,..,z of the person lifetimes T (u),
u=12,..,z inthe heath safety state subsets
{uu+1l, .,z u=12 ..,z

Wedenoteby T(u),u = 1,2, ..., z, the person life-
time in the safety health state subset
{uu+1, ..,z u=12 ..,z and we define the
person health safety function by the vector

S(t) =1[5(t1),5(@2),..,5t2)]t=0 (8
where

S(t,u) = P(s(t) = uls(0) = 2)
=P(T(w)>t),t=0u=12,..,z 9)

is the probability that the person is in the health
safety state subset {u,u+1,..z}, u=12,...,z2,
at themoment t, t > 0, whileit wasin the health
safety state z at the moment ¢t = 0.

The human health safety functions S(t, u), t = 0,
u=12,..,2z defined by (9) are called the coor-
dinates of the person health safety function S(¢,"),
t >0, given by (8). Thus, the relationship be-
tween the distribution function F(t,u), t =0,
u=12,..,z, of the person lifetime T(u),
u=12 ..,z in the heath safety state subset
{u,u+1, ..,z u=12, ..,z and defined by (9)
the coordinate S(t,u), t >0, u=1,2,...,z of
its health safety function (8) is given by

F(t,u)=P(T(w) <t)=1-P(T(u)>1t)
=1-S({tu), t=0u=12,..,z

The exemplary graph of a person five-state
(z = 4) hedlth safety function

S(t) =[5(t,1),5(2),5(3)5(4)],

isshown in Figure 3.
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v

25

rt),t=0
1a

0.8 A
0.6 -

0.4 -

dj'l T T T T T T >

0 t 20 40 60 80 100 120 t

Figure 3. The graphs of a person five-state health
safety function S(t »») coordinates.

If r isthe critical hedlth safety state, then the per-
son health risk function

r(t) = P(s(t) <rl|s(0) =2)

=P(T(r)<t),t=0, (10)
isdefined as a probability that the person healthis
in the subset of health safety states worse than the
critical health safety stater, r € {1,..., z} whileit
was in the best health safety state z at the moment
t = 0 and given by
r(t)=1-5(r), t =0, (12)
where S(t, ), t = 0, isthe coordinate of the per-
son health safety function given by (9) for
u-=r.

The graph of the exemplary person health risk
function , also called the fragility curve (Gouldby
et a., 2010), is presented in Figure 4.

The moment t, when the person health function
exceeds a permitted level d, d € (0,1), is defined

by

T =1r"1(6), (12)
wherer~1(t), t = 0, istheinversefunction of the
risk function r(t), t = 0, given by (11).

The mean values of the person lifetimes in the
health safety state subsets {u,u+1,...,2},
u=12 ..,z aedefined by

p@) =[St wldt,u =12, ...z, (13)

where (t,u),t > 0,u =12, ..., z, are the coordi-

Figure 4. The graph of the exemplary person health
risk function r(t) (the fragility curve).

nates of the person health safety function (8) given
by (9).

The intensities of a person health degradation, i.e.
the intensities of the person health departure from
the health safety state subsets {u,u +1,...,z},
u=12 ..,z aedefined by

_dS(t,u)

Meu) =2 t20u=12 ..z

(14)

where S(t,u),t = 0,u = 1.2, ..., z, are the coor-
dinate of the person health safety function (8)
given by (9).

In the case, when the sufferer lifetimes in
the safety sate subsets {u,u+1,..,z}
u=12, ..,z have piecewise exponential safety
functions, i.e. the coordinates S(t,u), t =0,
u =12, ..,z of the person heath safety function
(9) are given by

S(t,u) = exp[—A(uw)t], t =0,

Alw)=0,u=12,..,z, (15)
where A(u), u = 1.2, ..., z, are the intensities of a
person health degradation, i.e. the intensities of
the person health departure from the health safety
state subsets {u,u +1,...,z}, u=12,..,z, the
above defined by (10)—(14) the human health
safety indicators take the following forms:
the person health risk function

r(t) =1 —exp[-A(r)t], t =0,

A(r) =0, (16)
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the moment t, when the person health risk
function exceeds a permitted level d, d € (0,1)

=__1 —
T= l(r)ln(l 6),

(17)
the mean values of the person lifetimes in the
health safety state subsets {u,u +1,...,2z},
u=12,..,2z,

u(u) = ﬁ u=12, ..,z (18)

)

the intensities of a person health degradation,
i.e. the intensities of the person health depar-
ture from the hedth safety state subsets
{uu+1l,..,zu=12 ..,z

Aw) = ﬁ u=12 ..,z (19)
where (u), u = 1,2,..., z, are the mean values
of the person lifetimesin the health safety state
subsets{u,u+1,...,z}, u=12,..,z.
Moreover in the case the person health is im-
pacted by outside conditions, the following re-
silience indicators can be defined,

the coefficients of the outside conditions im-
pact on the person health degradation

nw _ e
Aw)  Ip()

p(t,u) = =12, ..,z (20

where A(u) and IA(u), u = 1,2, ..., z, respec-
tively are the intensities of person heath deg-
radation without and with outside impacts, de-
termined respectively according to (14) and
(33) or (19) and (41), pm(u) and Iu(u),
u=12,..,z, respectively arethe mean values
of the person lifetimesin the health safety state
subsets {u,u+1,...,z}, u=12, ..,z with-
out and with outside impacts, determined ac-
cording to (13) and (31) or (18) and (39),

the person health degradation resilience indica-
tors, i.e. the coefficients of the person health
degradation resilience to its outside impacts
Obu=12 ..,z

RI(t,u) = p(t% t > (21)

w)
where p(t,u), u=12,...,z, are the coeffi-

cients of the impact on the person health deg-
radation defined by (20).
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5. Safety and resilience of coviD-19 pandemic
sufferer impacted by human living
conditionsat itsliving area

We denote by [T@)]®, u=12 ..,z
[=12,..,w, the person conditiona lifetime in
the hedth safety state subset {u,u+1,...,2z},
u=12, ..,z while the human living condition
change process L(t), t = 0, at the person living
areais at the human living condition safety state
¢, l=12,...,w, and the conditional person
health safety function of the person related to the
human living condition change process L(t),
t > 0, atitsliving area by the vector

[S(t,)]®
= [[S(t, DIV, [, 21V, ..., [[S(t, 2)]1V],

t>01=12.,w, (22)
with the coordinates defined by

[$(t,w)]® = P(T@IP > t|L(t) = ¢,),
t=>0u=12..,z1=12..,w. (23)
The safety function [S(t,w)]®, t=>0,

u=12..,z, 1L=12, ..,w, is the conditional
probability that the person conditional lifetime
[TWIP, u=12, ..,z 1=12 ., w, in the
hedth safety state subset {u,u+1,.., 2z},
u=12,..,2z is greaer than t, t = 0, while the
human living condition change process at its liv-
ing area L(t), t = 0, is at the human living con-
dition statec;, 1 =1,2,...,w.

Next, we denote by IT(u), u =1,2,..., z, the un-
conditional lifetime in the health safety state sub-
set {u,u+1,..,z} u=12 ..,z of the person
impacted by the human living condition change
process L(t), t = 0, and the unconditional person
health safety function of the person impacted by
the human living condition change process L(t),
t > 0, by thevector

IS(t,) = [IS(t,1),15(t,2),...,1S(t,z)], (29

for t = 0, with the coordinates defined by

IS(t,u) = P(IT(u) >t), t =0,
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u=12, ..,z (25)
In the case when the person living time L at the
fixed living areais large enough, the coordinates
of the unconditional person health safety function
related to the human living condition change pro-
cessL(t), t = 0, defined by (25), are evaluated by

IS(t,u) = ¥V, qi[St, w1, t >0,

u=12, ..,z (26)
where  [S(t,w)]®, t>0 u=12 ..,z
=12, ..,w, are the coordinates of the condi-
tional person health safety function related to the
human living condition change process L(t),
t >0, defined by (22)«23)and q;, L =1,2,...,w,
at human living condition change process L(t),
t >0, limit transient probabilities at the human
living condition states ¢;, | = 1,2, ..., w, given by
(25).

If r is the person hedlth critical safety state, then
the second person heal th safety indicator impacted
by the human living condition change process
L(t), t = 0, the person health risk function

Ir(t) = P(s(t) <r|s(0) = 2)

= P(UT(r) <t), t =0, (27)
is defined as a probability that the person health
impacted by the human living condition change
process L(t), t =0, isin the subset of health
safety states worse than the critical health safety
stater, rl {1,...,z}, whileit wasin the best health
safety state z at the moment t = 0 and given by
Ir(t) =1-1S(t,r), t >0, (28)
where IS(t,r), t = 0, isthe coordinate of the un-
conditional person health safety function related
to the human living condition change process
L(t), t = 0, given by (26) foru =r.

The graph of the person health risk function Ir(t),
t = 0, defined by (28), isthe person health safety
indicator called the fragility curve of the person
impacted by the human living condition change
process L(t), t = 0.

Other practically useful safety and resilienceindi-
cators of the person health safety impacted by the
human leaving condition change process L(t),

t >0, aitsliving area, are:

- the moment of exceeding an acceptable value
of the person impacted by the human living
condition change process health risk function
level d given by
It = Ir1(6), (29)

where Ir~1(t), t > 0, is the inverse function

of the person health risk function Ir(t),t = 0,

given by (28),

the mean lifetimes of the person impacted by

the human living condition change process

lifetimes in the hedth safety state subsets

{u,u+1,..,z},u=12, ...,z gvenhy

In(u) = [IS(t, wW]dt = 31, q,[p)]@,

u=12, ..,z (30)
where [u(u)](l), u=12..,z, 1=12, ..,w,
ae the mean values of the person
conditional lifetimes [T(W)]®, u=12, ...,z
[ =12, .., w,inthe health safety state subsets
{uw,u+1,...,z} a the human living condition
statec;, L = 1,2,...,w, given by

[e@)]® =[St w]Vdt,

u=12,..,z,1=12 .., w, (31)
and [S(t,w)]?, t=0 u=12..,z
=12, .., w, ae defined by (23) and g,
=12, ..,w, aedgiven by (5),

themean lifetimesIa(u), u = 1,2,...,z, of the
person impacted by the human living condition
change process lifetimes in the particular
health safety states are given by

Iip(u) = Ip(u) — In(u + 1),

u=01,..,z—1 Iu(z) = Iu(z), (32
where Iu(u), u = 1,2, ..., z, are given by (30),
the intensities of health degradation of the per-
son impacted by the human living condition
change process / the intensities of the person
impacted by the human living condition
change process departure from the heath
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safety  state  subsets  {u,u+1,..,z},
u=12,...,z,

_dIS(t,u)
IA(t,u) = IS(?L) t=0u=12..,z (33

the coefficients of the human living condition
change process impact on the person health in-
tensities of degradation / the coefficients of the
human living condition change impact on the
person health intensities of departure from the
hedth safety state subsets {u,u +1,...,2},
u=12, ..,z

Ip(t,u) = IA(t,u)/A(t,u),t = 0,

u=12, ..,z (34)
where A(t,u),t >0, u=172, ...,z aethein-
tensities of degradation of the person health
without of human living condition change pro-
cess impact defined by (14) and IA(t,u),
t=>0,u=12,..,z aetheintensities of deg-
radation of the person heath impacted by the
human living condition change process, de-
fined by (33),

the resilience indicators of the person health to
human living condition change process impact
are defined by

IRI(t,u) = 1/Ip(t,u), t =0,

u=12, ..,z (35)
where Ip(t,u), t =0, u=12,...,z, are the
coefficients of the human living condition
change process impact on the person health in-
tensities of degradation given by (34).

In the case, the fixed kind person conditional life-

times in the hedth safety state subsets

{w,u+1,..,z} u=12 ..,z have piecewise

exponential health safety functions, i.e. the coor-

dinate [S(t,u)]®, t >0, u = 1,2, ..., z, defined

by (23), of the person heath safety function (22)

are given by

[S(t,w)]1® = exp[—[Aw)]P¢], [A(w)]? = 0,
t=>0u=12..,z1=12,..,w,

where[AW)]P,u = 12,..,z,1=12, ...
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the person health impacted by the human living
condition change process intensities of degrada
tion a the human living condition states c,
[ =1.2,..,w,the above defined indicators take
the following forms:
the coordinates of the unconditional person
health safety function of the person impacted
by the human living condition change process
L(t),t =0,

Is(t,w) = T, qiexp[-[Aw)] V¢l £ > 0,

u=12, ..,z (36)
the person health risk function

Ir(t) = 1 -3, qexp[-[A(r)]Vt],

t >0, (37)

the moment of exceeding an acceptable value
of the person impacted by the human living
condition change process health risk function
level d given by the value of the inverseto risk
function Ir(t), givenby (37) fort=d

It=(1 - I, qexp[-[AM]POD ),

(38)

the mean lifetimes of the person impacted by
the human living condition change process
lifetimes in the health safety state subsets
{w,u+1,..,z},u=12,...,2 gvenhy

Ip(u) =3V 4

=1 [l(u)](l)’ u= 1121 oy Z,

(39)

the mean lifetimes In(u), u = 1,2, ..., z, of the
person impacted by the human living condition
change process lifetimes in the particular
health safety states are given by

- —_ 1 1
Ill(u) - Z‘l”=1 q- ([A(u)](l) - [1(u+1)](l))‘
u = 0,1, Wy Z — 15

11(z) = Ty 70

=1 7@ (40)
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the intensities of health degradation of the per-
son impacted by the human living condition
change process

W1 iAW) Pexp[—[A(w)]V¢]
W qexp-[Aw)]®We]

IA(t,u) =

t=>0,u=12, ..,z (41)
the coefficients of the human living condition
change process impact on the person health in-
tensities of degradation

1 @A) Pexp[-([2w)]1D)e]
AW TV, qrexpl-[aw)] D]

Ip(t,uw) =

t=0,u=12,..,z2 (42)
whereA(u),u = 1,2, ..., z, aretheintensities of
health degradation of the person without im-
pact of the human living condition change pro-
Cess,

the resilience indicators of the person health to
human living condition change process impact
are defined by

Aw) IV, qrexp[-[Aw)1PV¢]

IRI(t,w) = 121 @il Oexp[-([AwW)]®)e]

t=>0,u=12,..,z (43)
where A(u), u = 1,2, ..., z, are the intensities
of health degradation of the person without im-
pact of the human living condition change pro-
Cess.

6. Treatment and renewal of coviD-19
pandemic sufferer

The models and methods presented in previous
sections can by applied for determining the safety
indicators of coviD-19 pandemic sufferer at vari-
able human living operation conditionsin the case
when it is non-treated (non-renewed). Joining
these results and the results of the classical re-
newal theory it is possible to obtain the treatment
(therenewal) and the ability to functionin ahealth
safety state subset of health not worse than a crit-
ical hedlth safety state (the availability) character-
istics for the treated sufferer with ignored (short)
and non-ignored (long) time of treatment (renova

tion). In this section, there are determined the dis-
tributions, the expected values and the variances
of the times until the successive exceeding the
critical health safety state and the distributions,
the expected values and the variances of the num-
bers of exceeding the critical health safety state at
afixed moment of time for the considered kind of
coviID-19 pandemic sufferers in the case when
they are treated (renewed) and the time of their
treatment (renovation) is ignored. There are also
determined the distribution functions, the ex-
pected values and the variances of the times until
the successive renovations and the distribution
functions, the expected values and the variances
of the times until the successive exceeding the
critical health safety state and the distributions,
the expected values and variances of the numbers
of renovations up to a fixed moment of time and
the distributions, the expected values and vari-
ances of the numbers of exceeding the critical
health safety state up to a fixed moment of time,
the steady availability coefficients and the availa-
bility coefficients in a fixed time interval for the
considered coviD-19 pandemic sufferers in the
case when they are treated (renewed) and thetime
of thelr treatment (renovation) is non-ignored.

6.1. CoviD-19 pandemic sufferer with
ignored time of renovation

We assume here that the considered coviD-19
pandemic sufferers after exceeding the critical
health safety state are renewed that the time of
their renovation is very small in comparison to
their lifetimesin the health safety state subsets not
worse than the critical health safety state and we
may omit it. Under this assumption, it is possible
to obtain the results for the renowned coviD-19
pandemic sufferers with ignored time of renova-
tion formulated in the following proposition
(Kotowrocki & Soszynska-Budny, 2011/2015).

Proposition 6.1
If the coviD-19 pandemic sufferer with ignored
time of renovation have the piecewise exponential
person health safety function defined by (24)—(25)
with the coordinates given by (36) at the human
living condition statesc, | =1,2,...,w, and thecrit-
ical health safety stateisr,r € {1,2,...,z}, then:
a) the time Sy (r), until the N-th exceeding by
the covip-19 sufferer the critical health
safety state r, for sufficiently large N,
has approximately norma  distribution
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N (Nu(r),\/ﬁa(r)), i.e. its distribution func-
tionisgiven by

FM(t,r) = P(Sy(r) <1t)

- t—Nu(r)
= Fyvon ( VNo(r) )
t=>0re{l2...,z} (44)
b) the expected value and the variance of the time
Sy (1) until the N-th exceeding by the covip-

19 sufferer the critical health safety stater, for
sufficiently large N, are respectively given by

E[Sy(r)] = Nu(r), Var[Sy(r)] = No*(r),

re{l2,...,z}, (45)

c) the number N (¢t, r) of exceeding by the coviD-
19 sufferer the critical health safety state r up
to themoment ¢, t > 0, for sufficiently larget,
has approximately normal distribution of the
form

P(N(t,r) =N)

= Py | Qe ) g e
= IN(01 N(0,1 )
0l 0

t>0,N=01,..,7re{l12,...,2} (46)

d) the expected value and the variance of the num-
ber N(t,r) of exceeding by the coviD-19 suf-
ferer the critical health safety state r up to the
moment t, t = 0, for sufficiently large t, are
respectively given by

H(t,r) = ﬁ Var(t,r) = ﬁ(ﬂ(r), t =0,
ref{l2...,z} (47)
where u(r) and o(r) are given by:

ur) = Bt @ (48)
o?(r) = [ 2t18(t, r)dt — [u()1?,  (49)
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where IS(t,r) is given by (36) for u=r,
re{l2,...,z}

6.2. CovID-19 pandemic sufferer with
non-ignored time of renovation

We assume here that the considered covip-19
pandemic sufferers after exceeding the critical
health safety state are renewed and that the time
of their renovation isnot very small in comparison
to thelir lifetimes in the health safety state subsets
not worse than the critical health safety state and
we may not omit it. Under this assumption, it is
possibleto obtain the resultsformulated in the fol -
lowing proposition (Kotowrocki & Soszynska
Budny, 2011/2015).

Proposition 6.2
If the coviD-19 pandemic sufferer with non-ig-
nored time of renovation have the piecewise ex-
ponential person health safety function defined by
(24)—(25) with the coordinates given by (36) at the
human living condition statesc;, | =1,2,...,w, and
the critical health safety stateisr, r € {1,2,..., z},
and the successive times of the coviD-19 pan-
demic sufferer renovation are independent and
havean identical distribution function with the ex-
pected value u, () and the variance o2(r), then:
a) the time Sy () until the N-th exceeding by the
covID-19 pandemic sufferer the critical health
safety state r, for sufficiently large N, has ap-
proximately normal distribution

N(Nu(r) + (N = D)p, (1)),

VYNa2(r) + (N — 1)a2(r)),
i.e. itsdistribution function is given by

F™(t,r) = P(Sy(r) <t)

t=N(u(r)+po(r))+uy(r)
JN(UZ(T)+ag(r))—ag )

t=>0,

= Fn(o.1)

re{l2,...,z} (50)

b) the expected value and the variance of the
time Sy(r) until the N-th exceeding by the
covID-19 pandemic sufferer the critical health
safety state r, for sufficiently large N, are re-
spectively given by
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Nu(r) + (N = Dpo(r),

No?(r) + (N — 1)ci(r),

E[Sy(r)] =
Var[Sy(r)] =

re{l2,...,z}, (51)

c) the number N(t,r), t > 0, of exceeding by the
CcoVvID-19 pandemic sufferer the critical health
safety stater up tothemoment ¢, t > 0, for suf-
ficiently larget, has approximately distribution
of theform

P(N(t,7) =N)

~F (N+1)(u(r) +uo (1)) —t—po (1)
= “NGOD J Cito()_(52(r) g3 (1)

u(r)+po(r)

N(u(r)+po(r))—t—po(r)

_FN(O,I) y t 2 O,
\/#(t;’i‘:l(:()r)(az (r)+ao? (r))
N=01 .. re{lz2,...,z} (52)

d) the expected value and the variance of the num-
ber N(t,r),t > 0, of exceeding by the covip-
19 pandemic sufferer the critical health safety
state r, up to the moment ¢, t > 0O, for suffi-
ciently larget, are respectively given by

3 ~ ttue()
H(tr) = oo e £ 20

t+uo (1)

)2 ~ " T0vZ
D2(t.m) = vt

(a2(r) + 0,%(r)),

t=>0re{l2...,z} (53)
e) the time §N(r) until the N-th covip-19 pan-
demic sufferer renovation, for sufficiently
large N, has approximately normal distribution

N(N(u(r) + po (1)), N(a2(r) + a2 (1)),

i.e. itsdistribution function is given by

FM(t,r) = P(Sy(r) <t)

= Fyio) t=N(u(r)+po(r)) t>0
= I'N(0,1 y L= U,
(az(r)+a (r))

re{l2,...,z}, (54)

f) the expected value and the variance of the
time Sy () until the N-th covip-19 pandemic
sufferer’ s renovation, for sufficiently large N,
are respectively given by

E[Sn(r)] = N(u(r) + po(r)),

Var[Sy(r)] = N(a?(r) + aZ(r)),

re{l2,...,z}, (55)

g) the number N(t,r), t =0, of the covip-19
pandemic sufferer’s renovations up to the mo-
ment ¢, t > O, for sufficiently large t, has ap-
proximately distribution of the form

P(N(t,T) = N)
= Frn(o1) (N+1)(u(r)+po(r)) -t
= IN(01

\/ m(dz (r)+o? (r))

N(p(r)+uo(r))-t

—F, t >0,
o \/ u(r)+tuo(r)(62 (r)+o5 (r))
N=01,..re{l12..., 2} (56)

h) the expected value and the variance of the num-
ber N(t,r), t =0, of the covip-19 pandemic
sufferer’s renovations up to the moment t,
t > 0, for sufficiently large t, are respectively
given by

t

HET) = o rm

)2 ~ 2 2
BAer) = ot (02() + 0,2(1)).
re{l2,...,z}, (57)

1) the steady availability coefficient of the coviD-
19 pandemic sufferer at the moment ¢, t > O,
for sufficiently larget, is given by

u(r)

AT & ey

t>0re{l2...,z}
(58)
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j) thesteady availability coefficient of the coviD-
19 pandemic sufferer’s in the time interval
& t+71),t>0,1>0, for sufficiently larget,
isgiven by

1

At Tr) = s

f I1S(t,r)dt,

t=>0,1t>0re{l2...,z} (59)
where u(r) and a(r) are given respectively by
(48)—<49) and IR(t,r), t = O, isgiven by (36)
foru=r.

7. General modéd of pandemic consequences

7.1. Modelling process of human activity
threats

To model the process of human activity threats
caused by the coviDp-19 pandemic, wefix thetime
interval from O until t, t > 0 as the time of a
CoVID-19 pandemic duration and we distinguish
g, € € N, kinds of human activity threats as the
conseguences of the coviDp-19 pandemic human
safety exceeding the critical health safety stater is
defined in Section 4. Next, we suppose that these
threats may cause the human activity degradation
(disintegration) and we mak them by
E1,E?, .. E%. Further, we introduce the set of
vectors

E={eie=[et e?

el et € {0,1}}, (60)

where

1, if ahuman activity threat E* occurs

i

e" =10, if ahuman activity threat E*
does not occur
fori =12, ..., Wecadl vectors (60) the state of

human activity threats.

We may eliminate vectors that cannot occur and
we number the remaining states of the set E from
b=1uptow, w € N, where w is the number of

different elements of the set
E = {ell eZl ey ea)}a
where

eb = [eglegl ---;elf]l b = 1525 vy @
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ande, € {01}, i=12..,¢.
Next, we can define the process of human activity
threats E(t), t = 0, with its discrete states from
the set,
E ={ej ey .., e,}
After that, we assume a semi-Markov model
(Grabski, 2015; Kotowrocki 2014; Kotowrocki &
Soszynska-Budny, 2011/2015; Limnios &
Oprisan, 2005; Macci, 2008; Mercier, 2008) of the
process of human activity threats E(t), t = 0 and
denote by 6, itsrandom conditional sojourntime
a the state e, whileitsnext transition will be done
tothestateey, b,d = 1,2,...,w, b # d. Thisway,
the process of human activity threats E(t), t = 0
can be described by:

the vector of the probabilities

{»(0)

of itsinitial states at the momentt = 0

=P(EQ)=¢,), b=12 ..,

[Cb(o)]lxa) = [61(0)1 CZ(O)i ey {(J)(O)]l

the matrix of probabilities of transitions be-
tween the states e, and ez, b,d =12, ..., w
b +#d,

611 612 {1(4)
Koaloo = [0 2 7 20 (o)
(wl (wz (ww

where by formal agreement

Vb = 1,2, ey @, (bb = O,

the matrix
lpll l‘U12 lplw
4 'Y . v

[llubd]a)Xa) = 21 22 : 20 |
lluwl lpwz q’ww

of mean values of conditional sojourn times
¥Ypa = El§pal = fooo tdGpa(t) fooo tgpa(t)dt,

bd=12, .. wb#d, (62)
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where by formal agreement
Vb =12, .., 0 ¥, (t) =0,
where

Gpa(t) = P(§pq <), t =0,
b,d=12,..,w,b #d,

are conditional distribution functions of the
process E(t), t = 0, conditional sojourn times
&pq @ the states of human activity threats cor-
responding to conditional density functions

dGpqa(t)

1t>01
dt

Ipa(t) =
bd=12, .., 0w, b #d.

From the formula for total probability, it follows
that the unconditional distribution functions of the
sojourntimesé,, b = 1,2, ..., w, of the process of
human activity threats (t), t > 0, at the states e,
b=1.2,.., o, are determined by (Kotowrocki &
Soszynska-Budny, 2011/2015)

Gb(t) - Z(é)zl (bdde(t)l b= 1,2, vy, @

Hence, the mean values of the process of human
activity threats E(t), t = 0, unconditional sojourn
timesé&,, b = 1,2,..., w, a the states are given by

Yy = E[&p] = Xd=1pa¥pa: b = 1.2,..., 0, (63)

where ¥, ; are given by (51).

The limit values of the process of human activity
threats E(t), t = 0, transient probabilities at the
particular states

(p(6) = P(E(t) = ep), t 20,

b=12 .. (64)

are given by (Kotowrocki & Soszynska-Budny,
2011/2015)

; T[bqlb
= [|im t) =———,
b Jim (1) SO 7.0,

b=12 .. (65)

where ¥}, are given by (63), whilethe steady prob-
abilities mr;, of the vector [m,],x,, Satisfy the sys-
tem of equations

{[T[b] = [mp]1[¢pal

Yd=1Tq =1 '

and [{bd]wxw isgiven by (61)

The asymptotic distribution of the sojourn total
time &, of the process of human activity threats
E(t) inthetimeinterval (0, ¢), & > 0, at the state
ep 1snormal with the expected value

P, =E[&] =06 b=12,.., 0, (66)

where ;, are given by (65).

7.2. Modelling process of human activity
degradation

The particular states of the process of human ac-
tivity threats E(t), t = 0, may lead to dangerous
effects degrading the human activity. To construct
the general model of human activity degradation
caused by the process of human activity threats by
the coviD-19 pandemic and exceeding the critical
hedlth safety state, we distinguish the set of 4,
6 € N, kinds of parameters that define (describe)
the human activity degradation as the effects of
human activity threats observed when the coviD-
19 pandemic human safety exceed the critical
health safety state r, defined in Section 4. We
mark the values they can take by w,, @5, ..., @5s.
Further, we assume that the possible values of the
i-th parameter w;, i = 1,2, ..., 6, can belong to the
interval (e;.f;), i =1,2,...,8. We divide each of
theintervas(e; f;), i = 1,2,...,6,intov;, v; €N,
digoint subintervals

(ein,fir ) (€izifiz)s v (ewi,fwi), i=12,..,6,
such that

(ein.fir) Ve fiz) U ..U <eivi1fivi) = (ei.f1),
firi = e i = 12,..,v;—=1,i=12,..,6.
Thus, the points (@, @, ..., ws) describing the
vaues of the human activity degradation

parameters are the points from the set of the d
dimensional space of the Cartesian product
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(e1.f1) X (ez.f2) % ... X (es.fs),

that is composed of the d dimensiona space
domains of the form

(elrl’flrl) x <92r2 1f2r2) XX <96r,5’f6r5)’

wherer; =1.2,.. v;,i =1,2,..., 8, cdled the hu-
man activity degradation states and

wy, i = 1,2, vy 6,

can takes values from one of the intervals

(ei1.fi1). (€2, fiz) -, (f?wi,fwi), i=12..,6.

The domains of the above form called the human
activity degradation states of human activity deg-
radation process are numerated from 1 up to the
vaduew = v, - v, - ... - v5 that isthe number of all
possible states of human activity degradation and
marked by ry, 75, ..., 7.

To define the particular human activity degrada-
tion states, it is necessary to introduce the order
function given by

0@, 6, [vplixs 6) = ((]' — 1) mod vo) +1,
j=12, .. @,
and

0G. &, V)15, 6)

= (U + 1= 23-+1((00. b, [vp]1x5,8) = 1) -
Tip+1 v Mp—ia vo) Mod vy +1,

j=12,.. @, i=12,..,6 -1

After that, the j-th human activity degradation
state r;, j =12,..,@, is defined by intervals

€ 0(ji[wpl1x5.8)1 [ 0( i [vp]1xs.5)) BSSUMeEd by val-
uesw; i = 1,2,..., 8, of thehuman activity degra-
dation parametersi.e.

15:4@; € (€10 ifvy]ies8) i 0 ilvp]ins5)):
i=12..,68},

forj=12,.., @.
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Next, we defined the proces of human activity
degradation R(t), t = 0, with its discrete states
from the set

R = {T11T21 ey Tw}a

wherer,, # r,foomn =12, .., @.

Next, to involve the process of human activity
degradation R(t), t = 0, with process of human
activity threats E (t), we introduced the function

R®(®),t>0,b=12, .., 0,

depending on the states e, b = 1,2, ..., w, of the
process of human activity threats E(t), t = 0, and
taking its values in the set of human activity deg-
radation states R. This function is called the con-
ditional process of human activity degradation,
while the process of human activity threats E (t),
t >0, isathestatee,, b =12, ..., 0.

We assume asemi-Markov model (Grabski, 2015;
Kotowrocki, 2014; Kotowrocki & Soszynska-
Budny, 2011/2015; Limnios & Oprisan, 2005;
Macci, 2008; Mercier, 2008) of the process

R®)(t),t=0,b=1,2, ..., w, and denote by n*

mn!

its random conditional sojourn times at the state
r®) while its next transition will be done to

m

the state 7,
b=12 .., w.
The process of human activity degradation
R® (¢t) is defined by:

the vector of probabilities

mn=12,.., @, m=#n,

P () = P(R(O) = 1Y),

of itsinitial states at the momentt =0
PPO] =[PP, s

the matrix of probabilities of transitions be-

tween the  states r,flb ) and r,fb) ,
mn=12,..,.mom#=n b=12,.., w,

(b) (b) (b)
[pn P12+ Piw ]
(b) (b) (b)
[pr(rll’r)L = lpz} pz.z Pzw ‘, (67)
WXw : : :
b b b
S ey Do
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® _

where pmm = foo m=12 .. @,
b=12,.
the matrix
11 12

ORI )

[M(b) =Mz M M3
WXW : : :
MO MO . MO

of mean values of conditional sojourn times
b) _ b
My = E[nin]

= [T tdHu(t) = [ thos(t)dt,  (68)

mn=12,..,.oom#*#n b=12,.., w

where by formal agreement

vm=12,.. @ M =0,

where

HO@) = P(nSh <t).t20, mn=12..@

Nmn
m+nb=12, .., 0

are conditional distribution functions of the pro-
cessR®)(t), t > 0, conditional sojourn timesn)

a the states of human activity degradation r(b)
corresponding to conditional density functions

dH(b) ()

(b)(t)— t=>0mn=12,.

m+nb=12,..,w

From the formula for total probability, it follows
that the unconditional distribution functions of the

sqourntlmesn( )om = 12,...,.m,b=12,...,0w
of the process of human activity degradation
RO(t), t >0, atthestates ' m=1.2,..., @
b=12, .. 6w ae determi ned by (Kotowrocki &
Soszyﬁska—Budny, 2011/2015)

HP () =37, pD HE (6), m = 1,2,

b=12,.., w,

Hence, the mean values E [n(b )] of the process of

human activity degradation R(b)(t), t>0, un
conditional sojourn times n( ) =12,..,.@w

b=12 . 0 atthestat&sareglven by

M(b) _ E[U(b)] Pl 1p(b)]\,[T(rl;T)u (69)

where M,(,’f,z are given (68).

The limit values of the process of human activity
degradation R®)(t),t > 0, transient probabilities
at the particular states

P (©) = P(RO(®) = 1), t = 0,
(70)

are given by (Kotowrocki & Soszynska-Budny,
2011/2015)

2Oy ®)

) _ (b) m
Pm Ilm P () = W' (71)

n=1"n "“n

m=12,..,w,b=12, .. w,

where M,(,'l’ ) are given by (69), while the steady

probabilities 7 of the vector [n,(}:)]l satisfy
Xw

the system of equations

2] = [£2][p2)

n= 17T(b) = 1

(p)

and [p isgiven by (67).

The asymptotic distribution of the sojourn total
time ﬁ,(,ll’), of the process of human activity degra-
dation R(®)(¢), t = 0, in the time interval (0,7n),
n >0, atthestater,flb) isnormal with the expected
value

Y = E[n(b)] pOp (72)
where p( ) are given by (71).

Thus, according to the formulafor total probabil-
ity and (64) and (70), the probabilities
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pm(t) = P(R(t) = 13p),
t=>0m=12,.., w,

are defined by

pm(t)

= 2p=1P (E(t) = ep) - (R(t) = 1| E(t) = ep)

=Y. 0@ pP(), m=12, ..,

and according to (54) and (60) their limit forms
are

Pm = Xb=1%p 'pr(rlz))’ m=12, .. @

(73)
Hence, the sojourn total time 7, of the uncondi-
tional process of human activity degradation
RW(¢), t = 0, in the time interval (0, 6), 6 > 0,
at the state r;,, hasthe normal distribution with the
expected value

M, = Elfip] = pmf, m=12, .., @, (74)

where p,,, are given by (62).

7.3. Modélling losses of coviD-19 pandemic

We denote by

Qn(t),t=0m=12, .., @, (75)
the coviD-19 pandemic | osses associated with the
process of human activity degradation R(t),
t >0, a human activity degradation state 1,
m=12,..,w, inthetimeinterva (0, t).

Thus, the approximate expected value of the total
CcovID-19 pandemic losses in the time interval
(0, t) associated with the process of human activ-
ity degradation R(t), t = 0, can be defined by

Q(t) = (76)

gl=1 Pm Qm(t)i
where p,,, mean the limit transient probabilities of
the unconditional process of human activity deg-
radation at its particular states and defined by
(73), and Q,,(t), t = 0, are defined by (75).

The losses associated with the particular human
activity degradation states are involved with neg-
ative consequences in the human living, economy
and administration area. For instance, the types of
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consequences such asthe closure of shops, closure
of industrial works and flight cancelation can be
considered as the negative ones. These losses can
be expressed by the cost of the negative conse-
guences.

Under the assumption, if we fix the number of
kinds of human activity degradation conse-
quences by ¢ and the cost function of this conse-
guence lasting t by

[Kn (]9,

forj=12,..,§, m=12,.., @, than theloss is
expressed by the total cost of all consequences
lasting t and is given by

Qm(t) = T [Kn (O],

form=12, .., .

Furthermore, according to (76), the total expected
value of losses for the fixed time ¢, ¢ > 0, asso-
ciated with the process of human activity degra
dation can be evaluated by

Q@) = 381 P [Sics K @ID] (77)
8. Optimization of coviD-19 pandemic
human safety

Considering the person health safety function
IS(t,"), t = 0, defined by (24)—(25) and related to
the human living condition change process L(t),
t > 0, coordinate given by (26), it isnatural to as-
sume that this human living condition change pro-
cess has a significant influence on the system
safety. Thisinfluence is aso clearly expressed in
the equation (30) for the mean values of the per-
son lifetimesin the person health safety state sub-
sets. From thelinear equation (30), we can see that
the mean vaue of the person lifetime Iu(w),
u = 1.2, ..,z, in the person hedth safety state
subsets {u,u+1,..,z} u=12,..,z, is deter-
mined by thelimit values of transient probabilities
¢, L=12,..,w, of the human living condition
change process at the person living condition
states ¢;, [ =1.2,..,w, and the mean vaues
Tu)]®, u=12 .,z =12, .., w, of the
system conditional lifetimes in the safety state
subsets {u,u+1,..,z}, u=12, ..,z a these
living condition states. Therefore, the system life-
time optimization approach based on the linear
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programming can be proposed (Klabjan, 2006).
Namely, we may look for the corresponding opti-
mal values ¢;, b =12,..,w, of the transient
probabilities q;, | = 1,2, ..., w, of the human liv-
ing condition change process at the human living
condition to maximize the mean value Iu(u) of
the system lifetime in the human health safety
statesubsets{u,u +1,...,z},u = 1.2, ..., z, under
the assumption that the mean values [Ipu(u)]®,
b=12,..,v,u= 12,..,z, of the person living
conditional lifetimes in the human living safety
state subsets are fixed. As a specia case of the
above formulated person health lifetime optimiza-
tionproblem, if r,r = 1,2, ..., z,isahuman health
critical safety state, we want to find the optimal
valuesq;, l = 1,2,...,w, of the transient probabil-
itiesq;, L = 1,2,...,w, of the person human living
condition process at the human living condition
states to maximize the mean value Iu(r) of the
person lifetime in the human health safety state
subset {r,r+1,..,z}, r=12,...,z, under the
assumption that the mean vaues [Iu(r)]®,
[ = 12,..,w,of theperson conditional lifetimes
in this human health safety state subset are fixed.
More exactly, we formulate the optimization
problem as alinear programming model with the
objective function of the following form
lu(r) = S, qlp)]®, (78)
for afixed r € {1,2, ..., z} and with the following
bound constraints

G=<q=q.2XLq =1 (79)
where
IpM1Y, Ip()I® =0,1=12,..,w, (80)

are fixed mean values of the person conditional
lifetimes in the human health safety state subset
{rr+1, ., z}ad

G,0<g<land§,0<§, <14, =g,

(81)
are lower and upper bounds of the unknown tran-
sient probabilitiesq;, [ = 1,2, ..., w, respectively.

Now, we can obtain the optimal solution of the
formulated by (78)—81) the linear programming

problem, i.e. we can find the optimal values g, of
the transient probabilities q;, [ =1,2,...,w, that
maximize the objective function given by (67).
The maximizing procedure is described in
(Kotowrocki & Magryta, 2020; Magryta-Mut,
2020).

Finally, after applying this procedure, we can get
the maximum value of the person total mean life-
time in the human hedth safety state subset
{r,r +1, ..., z} defined by the linear form (78), in
the following form

|a(r) = 1Ly qulIp()]®

for afixedr € {1,2, ..., z}.

Further, by replacing the limit transient probabili-
ties q;, [ =12,...,w, existing in the formulae
(24)—«26) by their optima values ¢,
b=12,..,w,wegettheoptima form of the sys-
tem safety and the expressions for all remaining
safety indicators considered in Section 4.

(82)

9. Minimization and mitigation of coviD-19
pandemic consequences

From the linear equation (76), we can see that the
mean value of expected coviD-19 pandemic
losses Q(t), t = 0, associated with the process of
human activity degradation R(t), t > 0, is deter-
mined by the limit value of transient probabilities
Pm,m =12, ..., @, of the process R(t) at its par-
ticular states n,,, m = 1,2,...,w, and the mean
value of losses Q,, (t) associated with the process
R(t) atthestater,,, m = 1,2, ..., @.

Therefore, the optimization based on the linear
programming (Klabjan & Ademan, 2006;
Kotowrocki & Soszynska-Budny, 2011/2015;
Tang et al., 2007; Vercellis, 2009) of the coviD-
19 pandemic losses associated with the process of
the environment degradation R(t), t = 0, can be
proposed. Namely, we may look for the corre-
sponding optimal vaues p,,, m =172, ..., @, of
the limit transient  probabilities  p,,,
m=12,..,w, of the process of human activity
degradation R(t), t =0, a the state 1,
m=12, .., @, to minimize the mean vaue of
covID-19 pandemic losses Q(t), t = 0, (Klabjan
& Adelman, 2006.).

Thus, we may formulate the optimization problem
asalinear programming model with the objective
function of the following form
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Q(t) = Xn=1Pm * Qm(t), t = 0, (83)
with the following bound constraints
Pm < Pm < Pm Zim=1Pm = 1, (84)
where @, (1), Q,, () =20,m =12,..., @, arefixed

mean values of the losses associated with the pro-
cess of human activity degradation R(t) at the
stater,,, m = 1,2, ..., w, for afixedt, t > 0, and

Pm: 0 < P < 1ad P, 0 < P < 1, P < P,

m=12, .., w, (85)
are lower and upper bounds of the unknown tran-
sient probabilities p,,, m =12,...,@w, respec-
tively.

Now, we can obtain the optimal solution of the
formulated by (83)—(84) the linear programming
problem, i.e. we can find the optimal values p,,,
m=12,..,w, of thelimit transient probabilities
Pm, m =12, .., @, that minimize the objective
functions given by (83). The minimizing proce-
dure is described in (Bogal ecka, 2020).

Finaly, after applying this procedure, we can get
the optimal value of the |osses associated with the
process of human activity degradation R(t) de-
fined by the linear form (83), giving its minimum
valuein the following form

Q@) =

for afixedt,t = 0.

The knowledge of optimal transient probabilities
pm, m =12, ..., @, of the transient probabilities
pmym =12 .. @, a the particular states of the
process of human activity degradation may be the
basis to mitigate the coviD-19 pandemic conse-
guences. These optimal values of limit transient
probabilities at particular states of the process of
human activity degradation minimize the mean
value of coviD-19 pandemic losses. It can be the
basis of some suggestions on new strategy assur-
ing lower coviD-19 pandemic losses concerned
with human activity degradation.

The suggestions on the way of minimizing the
covID-19 pandemic losses coming directly from
the practice are the basis for creating the genera
procedures and strategies assuring the covip-19
pandemic consequences decreasing the human

m=1Dm * Qm(t), (86)
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and economy losses. In practiceitincludesthefol-
lowing proactive and reactive strategies, such as.
- applying the basic hygienerules (regularly and
thoroughly cleaning hands, avoiding touching
eyes, nose and mouth),
crowded spaces avoidance,
staying with strangers in the shortest possible
time,
keeping the shopping in the shortest possible
time or making shopping through the Internet,
cleaning and disinfecting frequently touched
surfaces,
isolating sick persons,
taking care of sick persons,
staying home in the case of illness.

10. Kind of sufferer infected by covip-19
pandemic identification

In apreliminary approach, according to the back-
ground given in Section 1, to illustrate our inten-
tions, we arbitrarily assume that the person with
covID-19 can be identified/characterized by
0 = 6 parameters:
- age, assuming value v,

BMI, assuming value v,,

gender, assuming value vs,

blood type, assuming value v,,

health condition, described by the number of

undesirable health symptoms according to the

list:

- lung diseases (cancer, asthma, tuberculosis

efc),

- cancer (other than lung),

- aperson after surgery,

- other chronic diseases (hypertension, heart

disease, diabetes etc.),

- aperson permanently taking medicines,

- assuming value vg,

education, assuming value vy.
Futher we fix for each parameter, the sets their
vauesv;, i =1,2,...,6, can belong to. Each set is
divided into m;, i = 12, ..,6, digoint sets that
are presented in Table 1.
Thus, the number of person kindsis

v:ml' mz'm3'm4'm5'm6

=6-3-3-4-5-5=5400
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Table. 1. Parameters values and numbers of sets

Parameter Number of
Paramter values
Vi, set/subsets subsets m;,
i=12..6 i=12..6
{0,120): (0, 10), (10, 20),
v, (20, 30), (30, 50), (50,70), m,;=6
(70,120)
{0,50): (0, 18), (18, 25), _
v2 (25.50) my =3
V3 {1,2,3:{1},{2},{3} m; =3
- Eij2,3,4}:{1},{2},{3}, m, =4
{1,2,3,4,5}:{1},{2},{3}, _
s {4,{5) ms =3
{1,2,3,4,5}: {1},{2},{3}, _
Vo {4),{5) e = 5

and they are as follows:
k,: v, € (0,10), v, € (0,18), v; = {1}, v, = {1},
vs = {1}, ve = {1},

(V1 € 51,0(j,1[6,3,3,4,5516)
V2 € 510(),2[633455]6)
v3 ={0(j,3,[6,3,3,4,5,5],6)}
7" v, ={0(,4,[6,3,3,455],6)}
ve ={0(j,5,[6,3,3,4,5,5],6)}
\ve = {0(j,6,[6,3,34,55],6)}

where

[S1,],.., = [£0, 10), (10, 20),(20, 30),
(30, 50), (50, 70),(70, 120)],

[S2,,.., = [(0,18),(18, 25),(25,50)],

and 0(j,i,[6,3,3,4,55],6) fori =1,2,...,6,is
the value of the order function:

ksao: vy € (70,120), v, € (25,50), vs = {3},

vy = {4}, vs = {5}, v = {5}.

Further research in the above preliminary
approach isintended to be donein the cooperation
with the specialistsinvolved directly in the coviD-
19 pandemic practice.

11. Human living conditions of coviD-19
pandemic sufferer identification

According to the background given in Section 2,
we assume that the human living condition change
process states can be characterized by a = 7 pa
rameters:

population density (number of persons per

km?), assuming value wy,

residence building (one from the list below),

assuming value w,,

- gingle family home

- semi-detached house / row-house, muilti-
family home,

- cooperative, townhouse, multi-family resi-
dential flat, skyscraper,

- bedsit, dormitory, pied-a-terre, other, e.g.
prison, retirement home, nursing home,

- no permanent residence, hotel, workers' ho-
tel,

mean of transport (to be chosen from the list

below), assuming value wy,

- waking and individua transport (car,
moped, motorcycle, bicycle, scooter),

- small group transport (shared access by
proprietary means of transport), collective
labor transport (passenger van, employee
bus),

- regiona public transport
regiona railways),

- city and intercity public transport (bus,
trolleybus, tram, metro, fast city rail, bus,
train),

- other transport (taxi, plane, ferry, cable car),

workplace (number of persons met daily in the

work area, monthly average), assuming value

Wy,

hygienic conditions (determined by the number

of fulfilled points below), assuming value ws:

- access to running water (water, soap, toilet)
and/or health services,

- gpace conditions (keeping the distance),

- use of disinfectants (hands, everyday ob-
jects, personal items in the workplace), dis-
infection of hygienic and sanitary rooms
(cloakrooms, washrooms, dining rooms,
showers, door handles, buttons),

- air conditioning (higher probability of in-
fection), ventilation (airing the room —
lower probability of infection),

(small bus,
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lifestyle (determined by the number of fulfilled

points below), assuming value we,

- smoking, including electronic cigarettes
(yes/ no),

- physical activity (yes/no),

- diet (cooking, balanced diet, organic food /
fast food, gluten or lactose intolerance, lack
of good eating habits),

mobility, assuming value w-,

- temporary migrations (e.g. economic, for
tourist purposes),

- permanent migrations,

- no mobility.

Futher, we fix for each parameter, the sets their
vauesw;, i =1.2,...,7, canbelong to. Each set is
divided inton;, i = 1,2,...,7, digoint sets that
are presented in Table 2.
Thus, the number of human living condition
change process statesis

W="n4 Ny N3 Ny Ng-Ng* Ny
= 5:-5:-5.4.4.3.3 = 18000
and they are asfollows:
ci: v, € (0,750), v, = {1}, v3 = {1},
v € (0,5), vs = {1}, ve = {1}, v, = {1},

(V1 € 51,0(j,1[5,5544,33]7)

v, ={0(},2,[5,5,5,4,4,3,3],7)}
v3 ={0(j,3,[5,5,5,4,4,3,3],7)}
¢ji{ Va € S40(41555443317)

vs ={0(j,5,[5,5,5,4,4,3,3],7)}
ve = {0(j,6,[5,5,5,4,4,3,3],7)}
\v, ={0(},7,[555,4,4,33],7)},

where
[S1/],... = [(0,750), (750, 1500),

(1500, 2250), (2250, 3000),
(3000, 4000)],

[S4,1,.., = [{0,5),(5, 10),(10, 50), (50, 100)],

and 0(j,i,[55544,33],7)fori =1.2,..,7,is
the value of the order function:
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Table. 2. Parameters values and numbers of sets

Parameter w;, Paramter values N%rgger of
i=12..7 set/subsets iﬂ L zsflli%
(0,4000): (0, 750),
" (750, 1500), (1500, 2250), n,=5
(2250, 3000), (3000, 4000)
N {1,2,3,4,5): {1}, {2}, {3}, s
2 {4}, {5} 2
{1,2,3,4,5): {1}, {2}, {3}, _
Ws  {4),{5) " =3
(0,100): {0, 5), (5, 10), _
Wa (10, 50), {50, 100) n =4
w ERIEBEE
W {1,2,34{1},{2}, {3} ne =3
w, {1,234 {1}, {2}, {3} n, =3

Ciso00: v, € (3000,4000), v, = {5},
vy = {5}, v, € (50,100), vs = {4},

ve = {3}, v; = {3}.

12. CoviD-19 pandemic human safety
identification

According to the background given in Section 3,
to define the person health safety states, we pre-
liminarily consider the following coviD-19 pan-
demic symptomss;, i = 1,2,...,11:

s, —fever and/or chills,

s, —cough,

s3 —fatigue,

s, —loss of taste and/or smell,

ss — shortness of breath and/or difficulty breath-
Ing,

s¢ — headache and/or sore throat and/or muscle
and/or body aches,

s —other (e.g. nauseaor vomiting and/or diarrhea
etc.),

Sg — positive test for coviD-19,

Sg — Symptoms requiring hospitalization,

S10 — Supplemental oxygen requirement,

s1, — death,

where sy, s,, ..., S; are the primary symptoms and
Sg, So, ..., S11 are the serious symptoms.

Based on these symptoms we fixed the number of
health safety states (excluding hedth safety
state 0) z = 7 and we distinguished the following
seven (z + 1) hedth safety states:
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ahealth safety state 7 — no covip-19 pandemic
symptoms are observed (the person is full
safe),
a health safety state 6 — from 1 to 3 covip-19
pandemic primary symptoms are observed (the
person isless safe and suspected of coviD-19),
a health safety state 5 — more than 3 covip-19
pandemic primary symptoms are observed (the
person is possible sick with coviD-19),
ahedlth safety state 4 — positive test for covip-
19 and no coviD-19 pandemic symptoms are
observed,
ahedlth safety state 3 — positive test for covip-
19 and at least one coviD-19 pandemic primary
Ssymptom is observed,
ahedlth safety state 2 — positive test for coviD-
19 and hospitalization is required,
ahealth safety state 1 — positive test for coviD-
19 and hospitalization and supplemental oxy-
gen are required,
a health safety state O — death directly caused
by coviD-19.
Further research in the above preliminary
approach isintended to be donein the cooperation
with the specialistsinvolved directly in the coviD-
19 pandemic practice. The cooperating expertsare
expected to be delivering the statistical data
necessary to identyfication of covip-19 pandemic
human safety such as the numbers of persons
being at the particular above mentoned health
safety states and redizations of conditiond
lifetimes at these states.

13. CoviD-19 pandemic human activity
threatsidentification

According to the background givenin Section 6.1,
to define the states of human activity threats asthe
conseguences of the coviDp-19 pandemic human
safety exceeding the critical health saf ety state, we
preliminarily consider the following kinds of
threats E%, i = 1,2:

E' — a sufferer infected other person and caused
its covID-19 sickness,

E? — a sufferer infected other person and did not
caused its coviID-19 sickness (a person can infect
other person).

Further research in the above preiminary
approach isintended to be done in the cooperation
with the specialistsinvolved directly in the coviD-
19 pandemic practice. The cooperating expertsare
expected to be delivering the statistical data

necessary to identyfication of coviD-19 pandemic
human activity other threats.

14. CoviD-19 pandemic human activity
degradation identification

According to the background givenin Section 6.2,
to define the states of human activity degradation
caused by the process of human activity threats by
the covID-19 and exceeding the critica health
safety state, we distinguish the set of § = 4 kinds
of parameters that define the human activity deg-
radation
- operation of industrial plants, assuming value
W, expressed in percentages,
operation of services, assuming vaue w,,
expressed in percentages,
operation of (coviD-19) hospitals, assuming
value @5, expressed in percentages,
operation of education, assuming value wy,,
expressed in percentages.
Futher, we fix for each parameter, the sets their
vauesw;,i =1,2,... 4, can belong to. Each setis
divided into v;, i = 1,2,3, digoint sets that are
presented in Table 3.

Table. 3. Parameters values and numbers of sets

Parameter Pararmter val ues Number of
@y, set/subsets subsets v;,
i =1234 i=123
(0,100): (0, 30), (30, 70), _
@ (70.100) v =3
(0,100): (0, 30), (30, 70), _
@2 (70.100) vz =3
(0,100): (0, 30), (30, 70), _
@3 (70,100) v3=3
(0,100): (0, 30), (30, 70), _
@, (70.100) v =3

Thus, the number of states of the process of hu-
man activity degradation is

W=V, "V V3-17,=3-3-3-3=81

and they can be numerated in the following
preliminary way:

r. @, € (0, 30), @, € (0, 30), w5 € (0, 30),

@, € (0, 30),
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@1 € So(j,1[3333]4)
@3 € So(j2[3:33:314)
@3 € 50(j3,[3333]4)
UUAL € S0(j4.[33,33]4)

.

where
[Sj]1x3 = [{0, 30), (30, 70),(70,100)],

and 0(j,i,[3,3,3,3],4) fori = 1,2,3,4, isthe
vaue of the order function:

rei: @, € (70,100), @, € (70,100),
@, € (70,100), @, € (70, 100).

Further research in the above preiminary
approach isintended to be done in the cooperation
with the specialistsinvolved directly in the coviD-
19 pandemic practice. The cooperating expertsare
expected to be delivering the statistical data
necessary to identyfication of coviD-19 pandemic
human activity degradation states.

15. Conclusion

The first approach to the comprehensive investi-
gation of al problems concerned covip-19 pan-
demic concerned with mathematica modelling,
statistical identification, prediction and optimiza-
tion of coviD-19 pandemic suffer health safety
impacted by living conditions is presented. The
next step will be focused on development of the
proposed tool through the studying and including
of ideas included in the WHO recent publications
on the topic (World Health Organization Publica-
tions on coviD-19, 2021) and other publications
(Bin et.a., 2020; Eid, 2020; Wdlfel, 2020).

The authors' nearest ambitious is to contact the
officials of WHO and to organise with their sup-
port a strong high scientific and practical quality
International Consortium to prepare the research
project proposal on the covip-19 pandemic con-
sequences minimization and mitigation and con-
duct it successfully for the goodness of the whole
world.
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