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Abstract: In this paper we introduce a model for prognosis of service intensity of patient service in a medical or-
ganization. The model gives a possibility to do prognosis of service intensity of patient with account changing of
conditions of the service. We introduce an analytical approach of analysis of service intensity of patient.
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1. INTRODUCTION

One of the most important factors, which determines increasing of competitiveness of medical
organizations and improvement of quality of patient service, is development of all spheres of their
activity [1,2]. In this situation medical organizations should develop effective methods and adhere
to the strategic concept of innovation development [3-5]. In this paper we introduce a model for
prognosis of patient service in medical organizations with account possible changing of their re-
gime of functioning. The model based on solution of ordinary differential equations. In the
framework of this paper we consider a hospital with several positions for patients. It is known
intensities of input flows of medical service and requests on medical service. We introduce an
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analytical approach to solve the considered system of ordinary differential equations.

2. METHOD OF SOLUTION

We analyzed activity of medical organization by solution of the following initial problem

d;’_ot(t) =-a(t)P, (t)-b,(t)P.(t)-b,({t)PR,(t)
d ;it(t) —-a(t)P, (t)-b,(t)R (t)-b, ()P, () e
a7 - _a@)p, (1)-b.0)P, €)-b, 0P, 1)

Here Po(t) is the probability of freeing up of position of patient; P1(t) is the probability of a queue

of one patient; P(t) is the probability of a queue of two patients; a (t) is intensity of input flow on

medical service; bi (t) is intensity of service in a hospital at appropriate length of queue. Consid-

eration of queue with higher length is possible by appropriate addition of system of equations (1).
Initial conditions for the considered probabilities could be presented in the following form

Po (0) =1, P1(0) =0, P2 (0) =0. )

We solved equations (1) by method of averaged of function corrections [6,7]. In the framework

of the approach to determine the first-order approximations of the considered probabilities we

replace them on their not yet known average values Pi(t) —aui in the right sides of Egs. (1). The

above substitution and integration of left and right sides of the obtained equations we determine

equations to determine the first-order approximations of the considered probabilities in the fol-

lowing form
P, ()=, [a(e)d o e, b ()l 7~z b, () +1
1P (t)=—ao[a(e)d T -2, b, (r)d T =z, [b, (r)d e ©
P (t)=—cry[a(e)d 7~ b (r)d 7 — ez, [b, (r)d e

Average values a1i were calculated by the following standard relation [6,7]
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Here O is the continuance of medical service. Substitution of equations (3) into relation (4) gives a

possibility to obtain the following system of equations to calculate average values aai

O, =—a, [(©—t)alt)dt-a, [(©—t)b, ()dt—a, [(©—t)b, (t)dt +1
Oa, =—a,[(O-t)a(t)dt-a, [(©-t)b, ()dt-a, [(@-t)b,()dt &
Oa, =—a, [(O-t)a(t)dt—a, [(©—t)b, (t)dt—a, [(©—t)b, (t)dt

Solution of systems of equations (5) could be obtained by using standard approaches [8] and

presented in the following form

o10=A1/A, c11=Nol A, a12=AslA. (6)

HereA:{[®+(§(®—t)bl(t)dt}® +J(©-1)b, (t)d } fe-tat)dtf(©-1)x

-{o+J@©-1b.0-b Mldt|fE-Val)dt »

< b, (t) dt}[@ +f©-ta(t)dt

(€]

(O@-t)b,(t)dt+ T(@ ~t)af(t)d t{j(@ ~t)b, (t)dt- [@ + ?(@ —t)b, (t)d t}}x

X

o0

0

< [(©—t)b, [t)dt; A, =[®+?(®—t)bl (t)dt}[@ﬁf(@—t)bz (t)dt}—?(@)—t) «
<a(t)dtj(@—t)b, (t)dt; A, = [(©—t)a(t) dt {®+?(®—t)[b2 (t)—b, (t)]dt} %
< [(©—t)b, (t)dt; A, = {i(@ —t)b, (t)d t— [@ i i(@ —t)b, (t)d t}}j(@ ) x

<a(t)dt [(©—t)b, ) dt,

The second-order approximations of the required probabilities were determined in the

framework standard procedure of method of averaged of function corrections [6, 7], i.e. by the
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following replacement Pi(t)— c2i+Pii(t). Here azi are the average values of the required the sec-
ond-order approximations P2i(t). Equations to determine required approximations after integration

on time could be presented in the following form

t

P, (t)=—[a(r)[a, + P, ()]dr —ibl (), + P, ()] d 7 —
-Ib,(7)[a, + P, ()] 7 +1

P ()= —Ja(e)la + Py (a7 = )by (e, + Py ()] 7 -

~1b, (e, + P, (e )ld «

()
P22 (t) = _j.a(z-)[azo + I:)10 (T)]d T _.t[bl (T)[Ol21 (T)]d r—
b, (2)les + P (7 )ld 7
We calculate average values ai by standard relation [6,7]
-2 1Pt~ R @0t ®

Substitution of the first- and the second-order approximations of probabilities in the relation (8)

gives equations to determine average values ai in the following form

Solution of equations (9) could be written as [8]
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a0=AulA, co1=AsIA, c2=Ag/A, (10)

where

A, ={[®+T(®—t)bl (t)d t}[@ﬁf(@_t)bz ()dt |- f@-1)b, (1)dtf(@—1) x

0

xb,(t)dt}a—0(F—y)[(@—t)b, (t)dt +(~)(,B—7/)j(®—t)b2 (t) dt} i

o—0

Ay =(y—p)x

©—1)b, (t)dt[(©@—t)at)dt—a®f(@—t)alt)dt+ 3 @[@J’(@ _t)aft)d t]

0

(62

X

o0

(©@-t)b (t)dt[(©—t)alt) dt+{y?(®—t)bl ()dt—a[(©—t)h, (t)dt+

0

Ag :_(7/_ﬂ)

o—0

+0(y- ﬂ)}[®+i(®—t)a(t)dt}—a@)?(@)—t)a(t)dt

0

a=a,[(©—t)at)dt+1+

0

Fa, [(@—t)b (t)dt+a, [(©—t)b, (t)dt+1

0

a=a,[(©-t)alt)dt+a,[(©—t)

0

x b, (t)dt +a12?(®—t)b2 (t)dt+1

B=a, [(©-t)a(t)dt+ay, [(©—t)b (t)dt +a, x

0

X

o—0

(©@—t)b, (t)dt+a, [(©@—t)b, (t)dt+a, [(©—t)b, t)dt

y = alo(j)(® —t)a(t) dt+

0

o, [(©—t)b, (t)dt (e, — )] (©—t)b, (t)dt.

0
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Analysis of changing of the considered probabilities in time has been done analytically by
using the second-order approximation in the framework of the method of averaging of function
corrections. The approximation is usually sufficient to obtain a qualitative analysis and to obtain
some quantitative results. The results of analytical calculations were verified by comparing them

with the results of numerical simulation.

3. RESULTS OF ANALYSIS

In this section we analyzed changing of considered probabilities in time. Figs. 1 and 2 shows
typical dependences of probability Po on time. With changing of conditions of medical service of
patients of a hospital positions for patients could be released faster or slower. With increasing of
quantity of requests on treatment, quality of service of patients could be improved or reduced to a

minimum.
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Fig. 1. Typical dependences of probability of freeing up of position of patient at increasing

of quantity of requests of service
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Fig. 2. Typical dependences of probability of freeing up of position of patient at decreasing of

quantity of requests of service

CONCLUSIONS

We introduce a model for prognosis of intensity of service of patients in a medical or-
ganization. Based on the model it is possible to make prognosis of intensity of service of
patients with account of changing of situation with the considered service. We introduced
an analytical approach of solution of considered equations in the framework of the above

model.
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