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Eradikace maldrie

Ronald Ross
R. Ross: The prevention of Malaria, John Murray, 1910

Lodni Lékaf

Basnik a dramatik This day relenting God
Hath placed within my hand
A wondrous thing; and God
Be praised. At His command,
Seeking His secret deeds Ronald Ross,
With tears and toiling breath, 1857-1931
I find thy cunning seeds,
O million-murdering Death.
I know this little thing
A myriad men will save.
O Death, where is thy sting?
Thy victory, O Grave?
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Teorie epidemii Nahodné procesy

Aplikace matematiky v medicinskych problémech

A.G. McKendrick: Application of mathematics to medical problems. Proc.
Edinb. Math. Soc., 13, 93-130, 1926

Anderson Gray McKendrick,
1876-1943
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98

Applications of Mathematics to Medical Problems.
By Lieut-Col. A. G. MKaxprics.

(From the Laboratory of the Royal Callege of Physicians,
Edinburgh).

(Read 15th Junuary 1996. Received 13th August 1926.)

Tn the majority of the processes with which one is concerned in
the study of the medical sciences, one has to deal with assemblages
of individuals, be they living or be they dead, which become
affected according to some characteristic. They may meet and
exchange ideas, the meetiog may result in the trensference of some
infectious discase, and 0 forth. The life of each individual con
sists of a train of such incidents, one following the other. From
another point of view each member of the human community
consists of an assemblage of react and interact
smongst each other, aod each individual lives a life which may be
again considered as & succession of events, one following the other.

Sl 5 iang o al ket St sersnio o Ervvenlily Anderson Gray McKendrick,
continuously or discontinuously, by unit st or saltur h:n
e dnfriepmibtons i o o e 1876-1943

ah e napihch i o e et g 1 i nudy
of such systems.

Tt is the object of this communication to approach this field in
& systomatic manner, to find solutions for some of the varitions
which may arise, and to llustrate certain of these by examples.

1. One dimension, irreversible.

T have been in the habit of employing vector disgrams for
the represontation of such probloms, They have the advantage
that the hypotheses which are adopted are clearly visuslized as
well by the non-mathematical reader as by the mathematical, and
they also aid in helping ono to realise the various modifications
which may occur, and 50 to treat the study of the general problem
systematically. To fix ideas lot us consider a simple case; the
relation of an assemblage of individuals to common colds. In the
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following serics of compartments are classified at any instant the
numbers of individuals who have experienced, 0, 1,2, 3 ... attacks
of this complaint. The history of each individual consists of &
series of unit steps, originating in the compartment which describes
his initial condition. The arrows in the disgram indicate the
chance of passage from one compartment to the next—that is to
say the chance of experiencing a further attack during the infini.
tesimal period of time dt.
z=0 1 2 3 4 5 &

BEEEEEE D o
EXTERREE 2

Fig. 3 Anderson Gray McKendrick,

arrows ace of equal sice, and by this we un
e bt st e ulia] 1y B 1876-1943
size, denoting an increase of susceptibility
in 5,  they dooronse, which denotes that the

individual is becoming decreasingly lisble, or in medical parlance
he is developing an immunity.
Guided by the di

ingram, and using the nomenclature v, = the

iduals who have experienced = attacks (or shortly

)i f..d# = the probability that sn individual of grade

2 will pass to grade z + 1 in the time df, and noting that the

variation of the number in any grade is the difference between

the number of incomers into that grade, and the number who go
out from that grade, we have

Ao, = (Junms Vemr = Soa v}t

In this case and in what follows, for the sake of concisen

solations will be given for instantaneous point sources; other
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Teorie epidemii Nahodné procesy

Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

X=0 1 2 3 4 -

B

fo h A f5 fa -
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Nevratné jednodimenzionalni procesy

Xx=0 1 2 3 4 - X ... pocet atakl jedné choroby
IR E e
fo i /o f3 fa - f« ... pravdépodobnost ataku po x-té nakaze
’ +++ + + o fe < vznika (nedokonald) imunita

’ + + + ++ e > e choroba oslabuje
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Teorie epidemii Nahodné procesy

Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Xx=0 1 2 3 4 - X ... pocet atakl jedné choroby
IR E e
fo i /o f3 fa - f« ... pravdépodobnost ataku po x-té nakaze
’ +++ + + o fe < vznika (nedokonald) imunita

’ + + + ++ e > e choroba oslabuje

v =v(x) ... polet subjektd v kompartmentu x

Model:
dv(
cTtO = —fo(t)vo, vo(0) =N,
dvy
T — ()W + fut(O)ve—1, w(0) =0, x=1,2,3 ...
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Model:

dv

5 = HOv, w(0)=N,

dvy

ar T (OVi + fier (D1, w(0) =0, x=1,2,3,...

7/13

Z.Pospisil « Dynamické systémy -« 10. listopadu 2022



Teorie epidemii Nahodné procesy

Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Model:
dv
T = P®ve, v(0) =N,
dvy
T (v + i1 (t)ve—1, w(0) =0, x=1,2,3,...

v v _ ¥

Linearni systém, explicitné reSitelny

vo(t) = Nexp {— fo(J)dU} ;
/
ve(®) :exp{—/fx(a)da} /fx,l(s)vx,l(s) exp{/fx(a)dcr} ds, x=1,2,3,..
0 0 0
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Vo(t) = Nexp {—/fo(a)da} ,
0
ve(t) :exp{—/fx(a)da} /fx_l(s)vx_l(s) exp{/fx(o)da} ds, x=1,2,3,..
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Vo(t) = Nexp {—/fo(a)da} ,
0
ve(t) :exp{—/fx(a)da} /fx_l(s)vx_l(s) exp{/fx(o)da} ds, x=1,2,3,..

Prvni ptiblizeni: fi(t) = o(t)(1 + cx), x=0,1,2,3,...
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Vo(t) = Nexp {—/fo(a)da} ,
0
ve(t) :exp{—/fx(a)da} /fx_l(s)vx_l(s) exp{/fx(o)da} ds, x=1,2,3,..

Prvni ptiblizeni: fi(t) = o(t)(1 + cx), x=0,1,2,3,...

vo(t) = No(t),

t

Ve(t) = (1 + clx — 1))¢(t)1+”/vx_l(s)(,o(s)d>(s)’1’”ds7 x=1,2,3,...

kde o(t) —exp{ ft,p(a}
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

Prvni pfiblizeni: fi(t) = p(t)(1 + cx), x=0,1,2,3,...

vo(t) = No(t),

V() = (14 c(x — 1)) d(t) / Ve_1(S)p(s)®(s) "1 7%ds, x=1,2,3,...
0

kde o(t) —exp{ f@(a}

x—1 .
ve(t) = %w) (1- o) [ 9 x=01,23,..
: i=0

Z.Pospisil « Dynamické systémy - 10. listopadu 2022 7/13



Teorie epidemii Nahodné procesy

Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

x—1

1+4ci
c

v(t) = (1) (1—o(t))" , x=0,1,2,3,...

i=0
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

x—1

1+4ci
c

v(t) = (1) (1—o(t))" , x=0,1,2,3,...

i=0
Nahodna veli¢ina ,pocet subjektl v x-tém kompartmentu v ¢ase t“:

pravdépodobnostni funkce px(t) = %vx(t)
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

x—1

1+4ci
c

v(t) = (1) (1—o(t))" , x=0,1,2,3,...

i=0
Nahodna veli¢ina ,pocet subjektl v x-tém kompartmentu v ¢ase t“:
¥ . 1
pravdépodobnostni funkce px(t) = vi(t)
stfedni hodnota u = pu(t)

rozptyl o? = &(t) " “u(t)
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Aplikace matematiky v medicinskych problémech
Nevratné jednodimenzionalni procesy

x—1
v(t) = %cb(t) (1—o(t))"

1+4ci
c

i . x=0,1,2,3,...

i=0

Nahodna veli¢ina ,pocet subjektl v x-tém kompartmentu v ¢ase t“:
pravdépodobnostni funkce px(t) = %vx(t)
stfedni hodnota u = pu(t)

rozptyl o? = &(t) " “u(t)

x—1
_f T At (1o
px(t) = o2 P c(1+1) (1 02)
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Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii

W.0. Kermack, A.G. McKendrick: A contribution to the mathematical
theory of epidemics. Proc. R. Soc. Lond. A, 107, 700-721, 1927

W.0. Kermack, A.G. McKendrick: A contribution to the mathematical
theory of epidemics II. The problem of endemicity. Proc. R. Soc. Lond. A, 138,
94-122,1932

W.0. Kermack, A.G. McKendrick: A contribution to the mathematical
theory of epidemics III. Further studies of the problem of endemicity.
Proc. R. Soc. Lond. A, 141, 94-122, 1933

Anderson Gray McKendrick, William Ogilvy Kermack,
1876-1943 1898-1970
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Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,
F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),
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Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,

F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),

incidence = F(t)S(t).
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Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,
F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),
incidence = F(t)S(t).
V uzaviené populaci je zména velic¢iny S(t) zplsobena pouze prenosem
infekce,
S(t) = —incidence
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Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,
F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),
incidence = F(t)S(t).
V uzaviené populaci je zména velic¢iny S(t) zplsobena pouze prenosem
infekce,
S(t) = —incidence
A(T) := oclekavany ptispévek jedince, ktery se nakazil pfed ¢asem 7,
k sile infekce F(t).

Z.Pospisil « Dynamické systémy -« 10. listopadu 2022 9/13



Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,
F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),

incidence = F(t)S(t).
V uzaviené populaci je zména velic¢iny S(t) zplsobena pouze prenosem
infekce,

S(t) = —incidence
A(T) := oclekavany ptispévek jedince, ktery se nakazil pfed ¢asem 7,

k sile infekce F(t).

F(t) = /F(t —71)S(t — 7)A(7)dr. /

0 /
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Teorie epidemii Rovnice s distribuovanym zpozdénim

Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,
F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),

incidence = F(t)S(t).
V uzaviené populaci je zména velic¢iny S(t) zplsobena pouze prenosem
infekce, t

. = [ Flo)do
S(t) = —incidence = —F(t)S(t) = S(t)=S-we —* .
A(T) := oclekavany ptispévek jedince, ktery se nakazil pfed ¢asem 7,

k sile infekce F(t).

oo}

F(t) = /F(t —7)S(t — 7)A(7)dr. /

0 /
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Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

S(t) :=velikost (hustota) populace citlivych jedinc(,
F(t) :=sila infekce v Case t (intenzita pravdépodobnosti, ze se citlivy
jedinec nakazi),
incidence = F(t)S(t).
V uzaviené populaci je zména velic¢iny S(t) zplsobena pouze prenosem
infekce, t
. = [ Flo)do
S(t) = —incidence = —F(t)S(t) = S(t)=S-we —* .
A(T) := oclekavany ptispévek jedince, ktery se nakazil pfed ¢asem 7,
k sile infekce F(t).

oo}

/\
F(t) = /F(t —7)S(t — 7)A(7)dr. yam!
0 ///
Nelinearni rovnice obnovy
; - jT F(o)do
F(t) = N / FA(t—r)e —=  dr
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Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

.

-/ K
F(t) = N/ At —T)e —=° dr

A(7) ...funkce nakazlivosti (infectivity function) /
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Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

.

F(o)do

f -
%(t):N/F(T)A/(th)e ™

A(T) ...funkce nakazlivosti (infectivity function) /
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Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

.

F(o)do

f -
%(t):N/F(T)A/(th)e ™

A(T) ...funkce nakazlivosti (infectivity function) f

A(T) = e #7: SIR S
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Prispévek k matematické teorii epidemii
Nelinearni rovnice obnovy

.

F(o)do

f -
%(t):N/F(T)A/(th)e ™

A(T) ...funkce nakazlivosti (infectivity function) f

A(T) = e #7: SIR S

— Y —aT _ =T . S
A(T) Bv—a (e e 77): SEIR
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Teorie epidemi Diferencialni rovnice

Systém SIR

700 ‘W. O. Kermack and A. G. McKendrick.

Summary.
The various possible mechanisms for the production of ammonia in a nitrogen
hydrogen mixture by means of thermions have been investigated in detail.
Tt is shown that synthesis can oceur due to the following reactions—
N, + Hat the surface of platinum or nickel.
Ny + H'in the bulk at 13 volts.
The following molecular species are shown to be chemically reactive—
N,* in the bulk at 17 volts,
N* in the bulk at 23 volts,
and possible modes of mechanism involving Ny’ and H' are elaborated.

» who communicated
, for providing a grant to

Our thanks are due to Prof. T. M. Lowry, F.
this paper, and to Messrs. Brunner Mond and C
defray part of the cost of the apparatus employed.

A Contribution to the Mathematical Theory of Epi
By W. 0. Kervack and A. G. McKENDRICK.
(Communicated by Sir Gilbert Walker, F.R.8.—Received May 13, 1927.)

(From the Laboratory of the Royal College of Physicians, Edinburgh.)

Introduction.

(1) One of the most striking features in the study of epidemics is the difficulty
of finding a causal factor which appears to be adequate to account for the
magnitude of the frequent epidemics of disease which visit almost every popula-
tion. Tt was with a view to obtaining more insight regarding the cffects of the
various factors which govern the spread of contagious epidemics that the present
investigation was undertaken. Reference may here be made to the work of Ross
and Hudson (1915-17) in which the same problem is attacked. The problem is
here carried to  further stage, and it is considered from a point of view which
is in one sense more general. The problem may be summarised us follows :
One (or more) infected person is introduced into a community of individuals,
more or less susceptible to the disease in question. The disease spreads from
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Systém SIR

700 ‘W. O. Kermack and A. G. McKendrick.

Summary.

The various possible mechanisms for the production of ammonia in a nitrogen
hydrogen mixture by means of thermions have been investigated in detail.
Tt is shown that synthesis can oceur due to the following reactions—

N, + Hat the surface of platinum or nickel.
Ny + H'in the bulk at 13 volts.
The following molecular species are shown to be chemically reactive—
N,* in the bulk at 17 volts,
N* in the bulk at 23 volts,
and possible modes of mechanism involving Ny’ and H' are elaborated.

» who communicated
, for providing a grant to

Our thanks are due to Prof. T. M. Lowry, F.
this paper, and to Messrs. Brunner Mond and C
defray part of the cost of the apparatus employed.

)

A Contrib to the Mc
By W. 0. Kervack and A. G. McKENDRICK.

1 Theory of Epi

(Communicated by Sir Gilbert Walker, F.R.8.—Received May 13, 1927.)
(From the Laboratory of the Royal College of Physicians, Edinburgh.)

Introduction.

(1) One of the most striking features in the study of epidemics is the difficulty
of finding a causal factor which appears to be adequate to account for the
magnitude of the frequent epidemics of disease which visit almost every popula-
tion. Tt was with a view to obtaining more insight regarding the cffects of the
various factors which govern the spread of contagious epidemics that the present
investigation was undertaken. Reference may here be made to the work of Ross
and Hudson (1915-17) in which the same problem is attacked. The problem is
here carried to a further stage, and it is considered from a point of view which
is in one sense more general. The problem may be summarised us follows :
One (or more) infected person is introduced into a community of individuals,
more or less susceptible to the disease in question. The disease spreads from
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Mathematical Theory of Epidemics. 713

from the consideration of the special case in which ¢ and § are constants x
and I respectively.
In this case the equations are

==
‘;l! =y —1ly (29)

ds
&
and as before = + y 4z = N.
Thus

[ T,
F=iN=—z—2),

and % — _ %5, whence log 20 = £ 2, since we assume that z s zero.
&0 z 1
Thus
&
a

Since it is impossible from this equation to obtain z as an explicit function of

=l<N7W“5:42>.

t, we may expand the exponential term in powers of ;-‘ 2, and we shall assume
that ;—‘z is small compared with unity.
Thus

" T 22
R o
But N — 2o = yo, where y is small. Tt is for this reason that we have to
tako into consideration the third term in =%, s although ¥ = is small compared
with uniby, its square may not be small as compared with <§ el )z
The solution of this equation is
.

Elra— 1 vTgam (V) @0

z

‘where
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il B
S'— s S I R
I =~SI - Bl
R'=pI
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il B
S'— s S I R
I =~SI - Bl
R'=pI

number of individuals

time
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Systém SIR
Moznost predikce vyvoje epidemie
R. KUs: Deterministické modely v epidemiologii. BP MU 2013

Radomir Kds
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Systém SIR
Moznost predikce vyvoje epidemie
R. KUs: Deterministické modely v epidemiologii. BP MU 2013
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Systém SIR

Moznost predikce vyvoje epidemie

Je dUlezité si uvédomit, Ze modely nam sice jen malokdy poskytuji
presny obrazek reality, zato nam pomahaji ji pochopit.

Olafur Flovenz
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Moznost predikce ucinnosti protiepidemickych opatieni

B r
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Systém SIR

Moznost predikce ucinnosti protiepidemickych opatieni

pP1
P2
p3
P4
Ps
Pe

B r

B = N p1 py ps pa ps pe
velikost populace
P(setkani jedincl), p1 = p1(S+/+R)
jeden je S, druhy I), p; = p2(S, 1)

virus se na I uchyti), ps zavisi na slizni¢ni imunité

P(
(
(I pfenese virus na S), ps zavisi na teploté, vlhkosti, ...
(
(virus se v namnozi), ps zavisi na vnitfni imunité

p
P
P
p
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Systém SIR
Moznost predikce ucinnosti protiepidemickych opatieni
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wWikipepiA ~ Drake equation

Sl From Wikipedia, the free encyclopedia
Main page This article is about Frank Drake's equation. For other uses, see Drake equation (disambiguation).
zﬁ'f‘r‘:::‘wws The Drake equation is a probabilistic argument used to estimate the number of active, communicative extraterrestrial civilizations in the Milky Way
Random artice galaxy 121
About Wikipedia

The equation was written in 1961 by Frank Drake, not for purposes of quantifying the number of civilizations, but as a way to stimulate scientific
dialogue at the first scientific meeting on the search for extraterrestrial intelligence (SET). 4] The equation summarizes the main concepts which
scientists must contemplate when considering the question of other radio-communicative life.(?! It is more properly thought of as an approximation
Contribute than as a serious attempt to determine a precise number.

Help

Leam to edit
Community portal
Recent changes
Upload file

Contact us
Donate

Criticism related to the Drake equation focuses not on the equation itself, but on the fact that the estimated values for several of its factors are highly

conjectural, the combined multiplicative effect being that the uncertainty associated with any derived value is so large that the equation cannot be
used to draw firm conclusions.

Contents [hide]
Tools

What links here
Related changes
‘Special pages

. Frank Drake =

Equation edit)

Page information
Cite this page
Wikidata item N=R.-fo-ne-fi-fi

‘The Drake equation is:

fe-L

Print/export (hese;

Download as PDF N=
Printable version

he number of civilizations in our galaxy with which communication might be possible (i.e. which are on our current past light cone);

the average rate of star formation in our galaxy

he fraction of those stars that have planets

he average number of planets that can potentially support life per star that has planets

i = the fraction of planets that could support life that actually develop life at some point

i = the fraction of planets with life that actually go on to develop intelligent life (civilizations)

e = the fraction of civilizations that develop a technology that releases detectable signs of their existence into space
L = the length of time for which such civilizations release detectable signals into spacel>15]
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Moznost predikce ucinnosti protiepidemickych opatieni

B r

B = N p1 pa ps pa ps ps p7
N  velikost populace
p1 P(setkani jedincd), p1 = p1(S+/+R)

p» P(jeden je S, druhy I), p; = pa(S, /)

ps  P(setkani je ,nadkritické®, intenzivni), ps zavisi na chovani
ps  P(I pfenese virus na S), p4 zavisi na teploté, vlhkosti, ...

ps  P(virus se na I uchytfi), ps zavisi na slizni¢ni imunité

ps  P(virus se v namnozi), pe zavisi na vnitini imunité

p7  P(jedinec onemocni), p; = 1?
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