PROCEEDINGS

of the Union of Scientists - Ruse

Book 5
Mathematics, Informatics and
Physics

Volume 9, 2012

RUSE



MATHEMATICS, INFORMATICS AND PHYSICS

The Ruse Branch of the
Union of Scientists in
Bulgaria was founded in 1956.
Its first Chairman was Prof.
Stoyan Petrov. He was followed
by Prof. Trifon Georgiev, Prof.
Kolyo Vasilev, Prof. Georgi
Popov, Prof. Mityo Kanev,
Assoc. Prof. Boris Borisov, Prof.
Emil Marinov, Prof. Hristo
Beloev. The individual members
number nearly 300 recognized
scientists from Ruse, organized
in 13 scientific sections. There
are several collective members
too - organizations and
companies from Ruse, known
for their success in the field of
science and higher education,
or their applied research
activities. The activities of the
Union of Scientists — Ruse are

numerous: scientific,
educational and other
humanitarian events directly
related to hot issues in the

development of Ruse region,
including its infrastructure,
environment, history and future
development; commitment to
the development of the scientific
organizations in Ruse, the
professional development and
growth of the scientists and the
protection of their individual
rights.

The Union of Scientists —
Ruse (US - Ruse) organizes

publishing of scientific and
popular informative literature,
and since 1998 - the

“Proceedings of the Union of
Scientists- Ruse".

BOOK 5
"MATHEMATICS,
INFORMATICS AND
PHYSICS"

VOLUME 9

CONTENTS

Mathematics

Tsetska RAShKOVA ..........uuiiuiiiiiiiiiiiiiiiiiiiiiiinneenneeanes 7
Grassmann algebra’s Pl-properties in matrix algebras with
Grassmann entries

Antoaneta MiNOVa.........ccoooeoiiiiicccc e 15
A comparison of two methods for calculation with  Grassmann
numbers

M@ KIFTOV Lovvviiiicccceeece e 21
0 - Characteristic sets for finite state acceptor
M@ KIFTOV Lovvviiiiicccceece et 25

A - Characteristic sets for finite Mealy automaton

Veselina EVEMOVA ..o 29
Research on the utilization of transport vehicles in an
emergency medical care center

Valerij Djurov, Milena Kostova, lvan Georgiev ...........cccoceeeennnn. 35
A mathematical model system for radiolocational image
reconstruction of dynamic object with low radiolocational visibility

Informatics

TZVetomir VasSIIeV ... 41
Soft shadows for GPU based ray-tracing

Rumen RuseVv, ANa Kan@Vva ........cc.coovveiiiiiiiiiiieieeeeeeeeen 47
Software module for spectral analysis of audio signals

Galina Atanasova, Plamenka Hristova, Katalina Grigorova ..... 52
An approach to flow charts comparing

Valentin VEliKOV ... 60
Computer viruses and effectively protection of the home users
(1T o] o I N 7= ] (Y2 66
Nonhierarchical method for clustering

Valentina Voinohovska, Svetlozar Tsankov .........ccoveevvevvennnn. 70
Corporate presence web site for dental clinic

Metodi DIMItIOV.....ccceeiiiiiiieiiieee e 76
Global repository for sequences of robots instructions

Svetlozar Tsankov, Valentina Voinohovska ...............ccevvvveeeeee. 79

(X)HTML E-handbook in the discipline "Multimedia systems and
technologies" for teaching and learning purposes

Physics

Galina KIUMOVA ......coeeeiiiiiiiiiiiiiiieeeeeeeeeeeeee e eeeeeee 85
Momentum distributions of medium and heavy neutron-rich
nuclei

Galina KIUMOVA ......cooeeiiiiiiiiiiiiiiiiiiieeeeeeeieeeeeeeeee e eeeeeees 92
Deformation effects on density and momentum distributions
of 98kr nucleus

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 9/ 2012]

5



MATHEMATICS, INFORMATICS AND PHYSICS

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 9/ 2012]
6




MATHEMATICS

RESEARCH ON THE UTILIZATION OF TRANSPORT VEHICLES
IN AN EMERGENCY MEDICAL CARE CENTER

Veselina Evtimova

Angel Kanchev University of Ruse

Abstract: The present paper considers the process of utilizing transport vehicles in an emergency
medical care centre. New ambulances enter its fleet with intensity A(t) and are taken out of service with
intensity u(t). The mathematical expectation and dispersion characteristics have been found of a random
process X(t) - the number of ambulances in service at a point in time t. The appropriate modes of operation
of the system have been defined. Conclusions have been made.

Keywords: Mathematical Modelling, Emergency Medical Care, Theory of the Stochastic Processes

The expeditious service of patients is a fundamental principle in the operation of the
emergency medical care centres. This service is performed by teams of medical personnel
and vehicles (ambulances and reanimobiles). Teams, when sufficient in number, will
provide service to any call with virtually no waiting in queue in the system, which is the
favourable situation for a patient, ensuing that they will receive the necessary emergency
aid as soon as possible [3, 4, 6].

Let us consider the process of utilizing transport vehicles in the emergency medical
care centre (EMCC) fleet in Ruse. The process of new ambulances entering the fleet is
accomplished as Poisson's flow with intensity A(¢). The flow of transport vehicle break-

downs is of Poisson's type and they are taken out of service with intensity x(¢). We set
ourselves the task to find the mathematical expectation and dispersion characteristics of a
random process X (¢) - the number of ambulances in the fleet in service at a point in time
t, provided there is practically no limit to the number of vehicles in the EMCC fleet and
X (0) =0 in the initial moment.
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Fig.1. Graph of the states of the system
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The graph of the states of the process is shown in Fig. 1. Let the following be
satisfied:

L) =A0), () =iu). (1)

The equation for the mathematical expectation [8] m, (#) of the considered process
X (¢) will take the form

) - 320 - )., )= @
t i=0
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=z(t)—u(t>.ii.p,~ (1) = A(0) — pue)m, (1)

The differential equation (2) is linear. Its general solution for initial condition .. (O)
will have the form:

—:[y(r)dr ! x,u(r)dr
m.(t)=e ® Ixi(x).e" dx+m_(0) |. (3)
0

In accordance with the task set, equation (3) can be solved with initial conditions
m,(0)=X(0)=0. (4)

When we take into account the conditions (4), equation (3) becomes:

N (r)dzr !t i (v)dr
m,.(t)=e lﬂ J./I(x).ely dx . (5)
0

At constant intensities 4 = const and u = const the solution of the equation (3) will
take the following form:

m, (t) = i.(l— e M )+ m_(0).e ™, (6)
7
and for an initial condition m,.(0) =0 we obtain

m_(t) = %.(1— e M ) (7)
G-
.
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Fig. 2. Dependence of the mathematical expectation of the process on time

In Figure 2 the dependence of the mathematical expectation (7) of the process X (¢)

is shown on the time during which the process goes on. Since the period of use of an
ambulance is not more than 15 years [1], i.e. about 130 000 hours, it follows that

U= 8.10° ambulances per hour are taken out of service. We have assumed that the
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purchase of new ambulances occurs with an intensity of A = 48.107° ah (ambulances
per hour). According to data from the discussed emergency medical care centre in Ruse,
in order to provide service to patients with virtually no waiting in queue in the system, and
given the existing intensity of incoming calls and the average time for their service, it is
necessary for the center to have four ambulances available at any point in time [7]. As
ambulances undergo current and planned repairs [2], there should be at least five
ambulances in operable condition available. Only after 200,000 hours of operation of the
center for emergency medical care the requirement will be met that will enable the system
to work close to stationary mode with mathematical expectation of 5, i.e. there will be at
least five ambulances in working condition in the system. The enlargement of the fleet
should be done with new ambulances and not with used ones, transferred from another
centre, in order to minimize the intensity of failures and enable the system to reach faster
its required mode of operation and fulfill its purpose.

At these intensities of hourly number of ambulances entering the EMCC in Ruse

A=48.10"° and hourly number of ambulances are taken out of service 1 =8.10"° Fig.2

shows that reaching the critical number of 4 ambulances, assuring timely service to the
patients, is achieved only if the system has reached 140 000 hours of operation from the
start of the study, when X (0)=0. At the EMCC in Ruse when the number is below that

limit, it is sometimes necessary for the patients to wait in the queue of the system, which
may prove fatal to the life and health for those in need of emergency medical attention. In
cases of heart attacks and strokes it is vital for the patients to receive the necessary
medical aid within the so called “golden hour”, when the probability of their life being saved
is the highest.

For the dispersion equation of the random process X (¢) we obtain:

d_D;t(t) - i[ﬁ,(t) + () + 2.6 — m, (£))-(A() — i.u(t)) | p; (2) = (8)

= A(t) + p(t).m, (1) = 2.(1).D,. (7).

The general solution of equation (8) with initial condition D (0) will have the form:

x

—jZ.y(r)dT t [2.u(r)dr

D.(t)=e® I(/I(x) + u(x).m, (x))e dx+ D, (0) |. (9)
0

In accordance with the outlined conditions of the task under consideration, the
equation (9) will be solved with initial condition

D, (0)=D[x(0)]=D[0]=0. (10)

The equation (9) will take the form:

X

D)= 11" j A0 + ), (e (11)
0

If the intensities of both flows - the acquisition of new vehicles A = const and taking
out of service = const are constant and the initial condition is D, (0) =m(0) =0, then
the following result is obtained
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_4 —e " |l=m_(2).
Dx(t)—ﬂ-(l ‘”) NG (12)

Therefore, the mathematical expectation of the random process X (¢) is equal to its

dispersion.
It has been shown in [5] that in stationary mode (with ¢ — o) the likelihood for the
random process being analysed X (¢) to take a value of i (i.e. at a given moment of time,

the number of functioning cars in the fleet of the EMCC is i ) is determined by formula (13):
i

lim p; (1) = p; =%, (13)
t—o0 l'

A
where a =— . Therefore, in stationary mode the distribution law of the random process
y7i

A

X(t) is a Poisson law with a parameter « = — for which the mathematical expectation is
y7]

equal to the dispersion.
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Fig.3. Dependence of probabilities ps and pg on the intensity of the incoming flow of
ambulances purchased

The graphs in Figure 3 for the probabilites pg and pg are plotted for intensity of

. -6
removal of ambulances from service of 4 =8.10"" ambulances per hour.

The conclusions that can be drawn from the research are as follows:
In accordance with the above considerations regarding the requirements for serving

patients in the EMCC in Ruse, probabilities ps and p, are of interest to us, i.e. when at
least five operable ambulances are available in the system. The maximum for pg is

reached at 1 =48.10"° a/h. Then the probability for five ambulances being available in

the system is 0.16. The maximum for pg is reached at 4 =40.10"° a/h. The probability for
having six operable ambulances in the system is 0.175.
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As we are considering a case where at the starting point of the research the number
of cars in the EMCC fleet is X (0) =0, the acquisition of new vehicles should be carried

out with great intensity A, so that the number of operable ambulance is sufficient and a
timely service is provided to patients with virtually no waiting in queue in the system.

In the case being investigated, we have found that for a non-stationary mode of
operation of the system of ambulances, the distribution law [8] of the random process
X () is also a Poisson's law with a parameter

m (1) :%.(1-8—%”) (14)

with initial conditions (4) and (10) and at constant intensities of both flows A =const and
M =const . If

O m, ()} U)] e ™ then (15)

P i R X PR
= ) = (16)

dt . ! |
_Im @I i dm @) [ OF iy dmi (1)

(-1 L dt 1 L dt

pa@ 0 5 0O (- p )™, 212,00,
Therefore:
dmx(t)_ii R | R
T—dt{ﬂ.(l “)} Ae M =1 —pum(t). (17)

Taking into account equality (17) and substituting it in (16), we then obtain the
following result:

dp; ()
dt

Equation (18) coincides with the equation for the derivative of the probability p;(¢)

(according to Kolmogorov equations) for the graph of the states of the system shown in
Figure 1.

The results of the research show that equation (15) corresponds to the solution of the
system of differential equations for the probabilities of the states, derived from the graph of
the states of the system, shown in Figure 1; and the law of distribution of the random
process X(¢f) at constant A =constand u=constand initial condition X(0)=0 is a

=A.pia(t) + (( +1).p0.p; 1 (6) = A.p; (1) —i.p0.p; (). (18)

Poisson's law with a parameter m . (¢) defined by equation (7).
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U3CINEOBAHUA BbPXY EKCNITOATALUATA HA TPAHCNOPTHUTE
CPEACTBA B LUEHTBP 3A CMNEWHA MEOULUHCKA NMOMOLY,

BecenunHa EBTmoBa

PyceHcku yHusepcumem ,AHzesn KbH4yeg”

Pesrwome: B Hacmoswama paboma e pa3sanedaH npouecbm Ha ekcrijioamauyuss Ha mpaHcriopmHume
cpedcmea 8 UeHmbpP 3a crielwHa MeduyuHcKa rnomow. B Heeo nocmwrgam fiuHeliKu ¢ uHmMeH3ausHocm A(t) u
ce cHeMam om ekcroamauyus ¢ uHmeH3ausHocm p(t). HamepeHu ca xapakmepucmuKkume Mamemamu4yecko
oyakeaHe u oucriepcusi Ha crydaliHusi npouec X(t) - 6poll nuHelKu 8 ekcrioamayusi 8 MOMeHmMa om epeme
t. YcmaHoseHu ca nodxodsiuume pexumu Ha paboma Ha cucmemama. HanpaeeHu ca cbomeemHume
u3eodu.

Knroyoeu dymu: Mamemamudecko modenupaHe, CrnewHa meduyuHcka nomouw, Teopusi Ha criydalHume
npouecu.
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