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[1inomHo20 npoekmy rno ernpoeadXeHHI depxasgHO20 peayroeaHHs UiH Ha J13
0ns niKkyeaHHs1 0Cib 3 2inepmoHiYHOK X80POOOK WIISIXOM 8CMaHOBIEHHS 2pa-
HUYHO20 PiBHS 0rMmMoeo-8ionyCKHUX UiH Ha 8i0rnoesiOHi npenapamu 3 8UKOpUC-
MaHHAM MexaHi3My B8U3Ha4YeHHs MOPIBHSANbHUX (peghepeHmHux) uiH i eidnpa-
Ur0BaHHSI MexaHi3My 4acmkoeozo 8i0wKoOyeaHHs ix eapmocmi 3a paxyHOK
Kowmig 0ep>xasHo20 i micyeso2o brodxemis (cucmemu peimbypcauii).

Ha daHuli MoMeHm HeaamugHUM MOMEHMOM € mol ¢hakm, w0 8 YKkpaiHi crio-
cmepieaembcsi nepeHacuyeHicmes anmeyHuUMuU 3aknadamu. Tak, Ha 1 anmeky
npunadae 1,3 muc. xxumernis, a 8 M. Kuegi i mozo 6inbwe — 2,27 muc. ocib.
Y nopisHsiHHI 8 KpaiHax €C OaHull MokasHUK cmaHosUmb 8 CepedHbOMY
3,3 muc. oci6é Ha 1 anmeky. 5K HacmiOOK — 8UCOKa KOHKYPEHUis, HEMOXIU-
8icmb mpumMamu WupoKuli acopmumMeHm Jikie Yepe3 HadMipHicmbs sumpam i
3ae2po3y 36umkie, W0 noe’s3aHa 3 HeMOXugicmio 30ilCHEHHS 84acHOI pearii-
3auji ma HadmipHocmi mopa208oi HauyiHKuU Ha npenapam abo dehiyum Ha OesiKi
niku. Kpim moeo, icHye 3auikasneHicme ceped npauisHukie y peanizauii binbw
dopoaux J13 3 memoto 36inbweHHs npubymkie anmex.

Psi0 HagedeHux ¢hakmig 2080puUMb Ha KOpucmb 8rposadxeHHs1 ma 800CKOHa-
JIEHHS MIFIOMHO20 MPOoeKmy, KUl 3a2afioM rMoKauKkaHul 3pobumu cumyauito Ha
puHKy J13 6inbWw MpoeHo308aHOK, KOHMPObOBAHO Mma Crpusmiiueor 0Ons
ompumaHHsi cmabinbHo20 rpubymKy ma cmaso20 Po38UMKY 8iM4Yu3HSHO20
8upobHuymea J13.

Po3pobka uybo2o npoekmy rnompebye cy4acHo20 MameMamu4yHo20 arnapamy,
KUl  npornoHyembcsi Oani. Anapam i3 3acmocy8aHHSIM meopii surnadkosux
npouecie dossonums 6ydysamu moderi, sKi CripusimuMymb 3HaxX00XEHHIO Orl-
mumarbHUX Wrsxie 8UpiueHHs 3a3HadyeHor npobremu.

KJIFO4HOBI CJIOBA. MinomHuli npoekm, pechepeHmHi yiHu, peimbypcauisi, npo-
2HO3yBaHHs1 cmabinbHo20 MpubymkKy, po38UMOK 8iMYU3HSHO20 8UPObHUUMEa
J13, HaniemapkoscbKul rpoyec, HeobxioHi ymosu onmumizauji.

AHHOTAUUA. B pabome cHadana obcyxdaemcs npobrema, cesisaHHasi ¢ Co-
cmosiHueM yeHoobpa3osaHusi Ha nekapcmeeHHbie cpedcmesa (J1C) e YkpauHe.
CoenacHo nocmaHosneHuto KMY Ne 340 ¢ 01.06.2012 no 31.12.2012 6ydem
ocywecmenamecs peanusayus MunomHoeo rnpoekma rno eHeOpPeHur 2ocy-
dapcmeeHHo20 pezynuposaHus ueH Ha J1C dnsi nedeHus nuy, ¢ 2unepmoHuye-
ckol 6onesHbto. [Mpednazaemcsi ycmaHosneHue rnpedesibHO20 YPO8HS ONMmo-
80-OMIMYCKHbIX UEH Ha coomeemcmeyouue npernapamsi C UCMOMb308aHUEM
MexaHu3ma orpedesieHUs1 cpasHUMesbHbIX (peghepeHmHbIX) ueH u ompabom-
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KU MexaHu3ma 4acmu4yHO20 803MeWeHUs] UX cmouMocmu 3a cyem cpedcms
20cydapcmeeHHO20 U MecmHo20 bro0xemos (cucmemb! peumbypcayuu).

Ha 0aHHbIl MOMeHmM HezamueHbIM MOMEHMOM s18/1iiemcsi mom ¢hakm, 4mo 8
YkpauHe Habno0aemcsi nepeHachiUeHHOCMb armeyYyHbIMU  yYpex0eHUsIMU.
Tak, Ha 1 anmeky npuxodumcs 1,3 mbic. x)xumerned, a 8 Kuese u mozo 6onbwe
— 2,27 mebic. 4enosekK. Mo cpasHeHuto 8 cmpaHax EC OaHHbIU noka3amersb
cocmaernsiem e cpedHem 3,3 mbic. yenosek Ha 1 anmeky. Kak cnedcmeue —
8bICOKasi KOHKYPEHUUSs, HEe803MOXHOCMb Oepxamb WUPOKUL accopmumeHm
niekapcme 4Yepes u3bbImOYHOCMb 3ampam U yepo3ssl yuiepba, cesidaHHasi C
HEB03MOXHOCMbIO OCYWECmeneHUs ceoespeMeHHoU peanusayuu u usauue-
cmea mop208oUl HaueHKU Ha rpernapam unu 0ehuyum Ha HeKomopble fieKkap-
cmea. Kpome moeo, cyuiecmeyem 3auHmepecogaHHOCMb cpedu pabomHUKO8
8 peanu3ayuu 6onee dopoaux JIC ¢ uenbto ygenuyeHus npubbliu anmex.

Psi0 npusedeHHbIX ¢hakmos 2080pum 8 rosib3y 8HEOPEHUsT U COBEPUIEHCMBO-
8aHUs NMUIOMHO20 MpoeKkma, Komopbll 8 UesioM rpu3eaH coenname cumyayuro
Ha pbiHke JIC 6onee npozHo3upyemol, KoHmponupyemol u brazonpusimHoul
0Ons nosnydeHuss cmaburnbHol npubbinu U ycmol4ueo20 pasgumusi omeyecm-
8eHHO020 npouseodcmea JIC.

Paspabomka amoeo npoekma mpebyem co8peMeHHO20 MameMamu4ecKko20
annapama, komopblil npednazaemcs danee. Annapam ¢ NPUMEHEHUeM meo-
puu criyqalHbix fpoyecco8 no3sonum cmpoums modenu, criocobcmeyroujue
Haxox0eHU onmumaribHbIX ymel peweHus ykasaHHol npobnemsi.

INTRODUCTION. By today’s day approximately 12 million people in Ukraine
suffer from the arterial hyperpiesis, in fact it means every third adult person. As
a result — the constant growth of serious diseases, such as strokes, heart
aftacks and etc. To avoid such situation, all who suffer from the arterial
hyperpiesis as a preventive course are to take a special medicine in their
various combinations.

In connection with the urgency of this problem the Ukrainian government gave
start on the 1st of June 2012 to a Pilot project [13]. It means the implementation
of the governmental control over the price policy on the medicines for
prevention of the arterial hyperpiesis. The main aim of the Pilot project is to fix
and control the margin level of the volume and disbursing prices on medicines
by means of mechanism of compensation of their cost from the state and local
budgets (the so-called «system of reimbursement»). The Pilot project covers 7
international non-patented names of medicines in tablets and caplets. To make
the Pilot project effective a legislative background has been worked out by the
authorized governmental institutions in strong cooperation with the leading non-
governmental organizations and scientific departments of the pharmaceutical
and medical institutes. The modern world trends in improving the system of
manufacturing and storage of medicines were taken into account while working
on the rules of cooperation of counteragents and its general legislative
framework. Much more, thanks to the process of constant monitoring a number
of positive and necessary changes took place while implementing the Pilot
project. The total sum of money given by the government amounts to 40 min.
grvn.

By todays day we can say that Pilot project gave an ability to decrease the
number of those who suffer from arterial hyperpiesis; helps to implement more
adequate schemes of cure and prevention of disease by taking the necessary
consultation with the doctor; improve the price competition in the Ukrainian
pharmaceutical market; stimulates the Ukrainian pharmaceutical manufacturers
to produce more competitive and effective products and to develop new
prospect market niches both on foreign and local (domestic) markets.

It is also necessary to say that the system of reimbursement is widely spread in
the leading European countries and is widely used by their governments to
control the situation on the markets of different strategic goods to improve the



quality of life of population. So, it also a serious attempt to bring the standards
of living in our country to those which exists in more developed world
economics taking into account the abilities and specific needs of Ukrainian
society.

In this paper consider the linear controllable systems which defined differential
equations with semi-Markov coefficients and random transformation of
solutions which occurred simultaneous with jump semi-Markov process. Using
equations for Lyapunov function we find minimal values for an functional.
Finding necessary condition of optimal solutions, which reaches synthesis
optimal control this class system.

1. ANALITICAL DETERMINATIONS
of Semi MARKOYV PROCESS and FUNCTIONS

Let in every moment of time the system can be in one of n
possible states 6, 6,,...,6,, with known initial state of the system

no

(=0 in the initial time t) and the probability of transition

Ty =P{§(tj):0k‘§(tj_l)=95} (k,s=12,...,n) where t

(j =0,1, 2,...) — jumps moments of a random process f(t), t, =0.
Let’s assume that the process &, = f(tj) is a homogeneous

Markov chain and £, )= limo§(t), i.e. the function &(¢) is
1+

continuous on the right at the points gap.

0, A

i
0, i dk

Y

Figure 1.1. The behavior of semi-Markov process



Let every non-zero element 7, of the conditional probabilities of
transition matrix correspond an integral value 7, of the distribution
function value F, (¢)=P (T, <t). T, depends on condition &, and
6. We will consider it an integral and continuous with probability
density f.,(¢)(¢<0).

Let’s suppose that point that reflects the behavior of the plane is in
the state @, during the time 7, before it turns into state 6 (Fig.1.1).

After achieving instant status €, in accordance with the matrix of
transition probabilities ||77SV|| is elected the next state of 6, and after
state @, is selected, the waiting time in & is vested with equal

distribution 7, with the function F, (¢) or probability density f; (¢).

When the indefinite extension of this process regardless the next state
and latency are elected every time.

Thus, if we mark the state of systen like &(¢) in the moment of
tome, the resultant process is called semi-Markov. If you do not pay
attention to the nature of the waiting time, the process f(tj) s a
homogeneous Markov chain. If we take into account the time spent in
different states for a random interval of time, the process &(¢)

wouldn’t be Markov, because of non-exponentially distribution of all
waiting times. This justifies a name 'semi-Markov process'. It is

considered that at the initial moment of time #, =0 the system jumps
into a state of shock 6, , and the next state with the probability 7, is
the state 6,. Then the absolute distribution function of full waiting
time in the state 6, is

F(6)=Plo:T, <t}=3 2, Fyp (ko =1,2....n).

a=1

and the unconditional probability density of a waiting time in the sta-
te 0, :

qk(t): Zﬂ'ak ak(t) (k,a =1, 2,...,n).
a=l



Let’s take

0

v () =1-F ()= [ q.(e)dt = P{T, 2 ¢} (k@ =1,2,...,n).
t
Let’s suppose that @, (t) — conditional probability at which the
system is in 6, state at the moment of time ¢ in the condition it got
into a state 6,. The probability ®_, is called the interval —

transition probability. From the initial state &, to the state &, the
system can get into a moment of time t time by two ways:
if the system 6, =6, cannot leave the state &, for a time #; the

system is in an arbitrary state ¢, through some interim state € , in a
moment 7 . Basing on the above equation we have [16]:

D, (0)= 6,0, )+ 3 7 [ Fiuleo e~z 1<k, <), .1

where

5 - Lazk
o 0,k

The system of linear integral equations (0.1) expresses the interval-
transition probabilities through the main characteristics of semi-

Markov process. Let’s denote ¢, (¢)=r,, f,,(t).Then the system of
equations is

n t

qak(t): §akl//k(t)+Zﬂvkj‘qvk(rh)av(t_r)dz- (1 <k,a< n)
v=1 0

it can be written in matrix form

()= (o) + [ (o))

0

where

0(r)=g.4(r)

L ()= [0, @) () = @, ()]



The matrix @(t), (t > O) is called the transition matrix of semi-
Markov process. The functions ¢, (t) (a,k,zl, 2,...,n) are called

transition intensities from state 6, to state @, and satisfy the
conditions:

0

0.,(0)20: [q,()dr=1; qk<r)z;qak<r>,

o0

[a.(6)=7, (1<d, k<n). (0.2)

0

Remark. The Markov process is a particular case of semi-Mar-
kov if

w.()=e" (s=1, .., n),
q(t)=oe™ (k, s=1, .., n; s=k), q(t)=0.

2. MATHEMATICAL STATEMENT OF THE PROBLEM

On probability bases (Q,3,P,F =1{F,,t>0{) consider the linear
control system

DX _ 40 20)x(0)+ B0, (1)

dt

with initial conditions X(0) = @(®):Q — R" and semi-Markov
coefficients which defined intensities g¢,,(¢) (a, k=1, 2, ..., n) of
transition from state 6, in state @, Supposed, that vectors U (t)
belong set of control U. The function ¢, (¢) (a, k=1, 2, ..., n)
satisfy condition (0.1):

q,(6)20; qu(t)dﬁl; qk(f)quak(f)-

0

On space C'(G)xU introduce functional
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7= [ X (000 LX)+ U Ll OV, @)

where QO(¢,&(¢)) and L(z,£(¢)) symmetric positive defined matrix

with semi-Markov elements, which we called an quality criterion..
Definition 1.Vector

Ule)=5(r.£())x (), (3)

where S(¢,&(¢)) — matrix with semi-Markov elements that minimizes
an quality criterion J(X, U) subject to (1) called of optimal control.

Introduced denoted

G(e.5(0)) = A(r. () + Ble.£())S (. £(0))
H.50)= 005N 5 C.sOLE.sOIC.50),

Obtained the system of linear differential equations

O _ (. epx(), @

Considering that finding values the functional

J =

S ey 8

(X 0,0 ©)

Supposed also that every jump of random process §(t) in time ¢;
solutions of the system equations (4) have random transformation

X(t, +0)=C,x(t, ~0) (s,k =1,....n),

as conditions §(tj +0)=0,, f(tj -0)=6,.

Definition 2. Concept of semi-Markov functions a(t,é‘(t)) defined
next. Select this 7 difference determinant function a, (t) (k = 1,...,n)
at t>0. If f(tj —0): 0., f(tj +O): 0, (s,k = 1,...,n), then at

t; <t<t,, functions alt,£(t)) have kind a(t,&£(1)=6,)=alt —1,).

11



Appling semi-Markov functions enablement using concept of
stochastic operators. Really semi-Markov functions a(t,f(t)) is
operator from semi-Markov process &£(¢), because only definition of
values ¢ and §(t) not defined of value semi-Markov
functions a(t, £(¢)). You must also specify the function a,(¢) at >0
and the value of the jump ¢, , proceeding the moment of time ¢.

3. MAIN RESULTS

Theorem. Let coefficients of the controllable system (1) is semi-
Markov function and defined next equality

dXd—kt(t) = G ()X, (), G (1) = 4,()+ BOS, (1) (k=1..un). (6)

Then set of optimal control is nonempty subset of space U, which
coincide with set of solutions systems equations

U,(0)==L(0)B (R (0)X,(t) (s=1.....n), (7)
Where matrix R (t) defined from the system equations Ryccatty
type
dR (¢)

S =0.()- A OR ()R ()4,0)+

R (r)- (8)

_Z Z/kvg; CZst (O)Cks (S =1,..., n)

Proof. Remember that at ¢, <t<t,,, f(t) =0, coefficiets the
system equations (1), (4) and functionals (2), (5) next:

A 5(@)= A1), B.£@)=Bl~1,),
Q(t,f(t)):Qs(t—tj), L(t,é(t)):LS(t—tj), S(t,é(t)):SS(t—tj).

12



Analogously, we have
G(t,£(1))=G (_t ) As(t_tj)+Bs(t_tj)Ss(t_tj),
H(zgf(t)):Hs(t—tj)zQs(t—tj)+S:(t—tj)Ls(t—tj)SS(t—tj)'

For calculation functional (5) using formula

V:ZCkODk(O):zIvk(x)ﬁc(o,x)dx, )
k=1 k=1 E,
where v, (x) =x C.x (k = 1,...,n) — particular Lyapunov’s functions

0

(o)== [ (X OHEEOWX (X (0)=x.0)=0 e ;o
(kzl,...,n)

For particular Lyapunov’s function (10) finding expression
v(x)=x'Cx=

T [X )( quk Ckangk] (L) Uk(t))dt (11)
(k=1,...,n).

Then systems equations (6) have kind
ax,()_ ()X, (0)+ B, (), (1) Ui)=S,(0)X, (1) (k=1....n). (12)

dt
Let for systems control (1) exist optimal control of kind (3), that
no depending from initial value X(0). From formula (9) follow, that
optimal control according minimal values of particular Lyapunov’s
function v, (x) (kzl,...,n) (8). It also follow from the fact the

functions v, (x) (kzl,...,n) are particular values functional (9).
Finding the minimal values v, (x) (k = l,...,n) by choosing optimal
control U, (x) is well studied problem, and the main results in [5].
Significantly, that in expression in formula (11) all matrix C,

(s =1,...,n) are constant, and hence, in solving optimization problem
can be considered as matrices of parameters.

13



Therefore, finding of optimal control (3) for systems (1) reduce to
solutions n problem of finding optimal control for deterministic
system (12) for the systems of linear differential equations like (22).

4. OTHER METHOD of PROOF

Conduct independent proved of theorem 3. Finding optimal control
U (t) which reaches a minimum of quality criterion

x'Cx = j.(X*(t)QA)X(t)+ U (LU (¢ )t (13)

0

1 introduce Lagrange function
1= T[X*(I)Q(t)x(mU*(t)L(t)u<[)+ zy*(t)( A0)X(6)+ BEWU ()~ dX(r)Dd ,

where Y (t) — column-vector of Lagrange multiplies.
Equalizing to zero the firs variations of functional o/ i oI,
obtained the system of linear differential equations

O _ syt ) (0800,
) o) 4 ). (14
Then optimal control U(¢) finding on formula
Ult)=—L"()B"(t)r(¢), Y(T)=0.

For synthesis optimal control need finding integral manifolds of
solutions systems (14) of kind

Y(1)=K(t)X(t), K(T)=0.
According to the theory of integral manifolds [12] finding for
matrix K (t) differential matrix equation Riccaty type
dK(¢)

— = ==00)- A (K ()Ae)+ K(e)B)L (B (K (). (14)

14



Which integrating from time ¢=7 to time ¢=0 with initial
conditions K(7')=0.
Then for obtained Lagrange functions receive expressions for

optimal control
Ult)=-L"()B" (1)K (£)x (z).
Proved, that this

[0 (X E)+ U (W (Eade)= X (K O)X (). (15)

t

Really, differentiating equality (15) by ¢ obtained matrix equation
* * * dK t
XWX -0 ()= OB x()+

+ X (e)K (N A(e)X (2)+ B(e)U () +

+ (X" ()4 ()+ U (B ()R (0)X ().
Expected U(¢), obtained differential equation for K(¢), which
coincide with (14).From positive defined matrix Q(t), L(t) holds that
matrix K (t) =K *(t) at ¢ <T . Therefore from equation (15) we have,

that K(¢)=0, then from equation (13) follow, thatC = K(0). Using

formula (14) to system equations (11) with minimal functionals (12),
finding expression for optimal control

U,(0)==p (L OB (0K, ()X () (s=1...n),

where symmetric matrix K, (t) satisfy at systems matrix differential
equations

dK (¢ .
Oy (00.0)- 40K, 0)-
! (16)
- Z qks (Z)C/:sckcks + KS (I)Bs (t)wgl (t)L;1 (I)Bs (t)Ks (t) (S = 1” ot }’l).
k=1
Systems equations (12), (16) defined necessary condition of

optimal solutions of systems (2). This that matrix S, (¢) (k = 1,...,n) ,

which defined optimal control, finding from the systems equations
(11) and have form

15



$,(0)=—y ' OL (OB (K (¢) (k=1....n).
In the system equations (16) matrix Cs defined from equations
C.=K,(0) (s=1...n).
Simplify the system equations (16), taking

R()=w 'K (t), v, (0)=1, C, =R (0) (s=1,...,n).

Then systems equations (16) has of kind (8), a optimal control
defined formula (7).

Remark 2. If systems control (1) is determinant, then ¢, (¢)=0,
w'(t)=0 (k,s=1,..,n) and systems equations (8) coincide with
system equations like Rikkaty (14).

CONCLUZION (HOPE). The models using of mathematical
instruments — semi Markov process gives an ability to enrich the
scientific background and the existing methods of analyze of
effectiveness of this or that innovation aimed to improve the quality of
life of our society in general as well as particular in some sphere. It
helps to reinforce the existing approaches, to find new and more
appropriate (OPTIMAL) ways of solving burning problems which our
society constantly faces with. It gives the chance to make our
decisions less complex though as a result more economically

effective, to save the limited resources and at the same time to gain
THE MAXIMUM SATISFACTION FROM LIFE.
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0. /1. lllapanoe, xaun. TeXH. HayK, pod.,

O. Il. Cmenanenko, Kxauj. €KOH. HayK, JIOICHT,

JIBH3 «KuiBchkuii HalliOHANBHUI €EKOHOMIYHUH YHIBEPCUTET
imeni Baguma I'erbmanay»

HOBA ITAPAJIUI'MA OCBITH
B IHTEJIEKTYAJIBHIM EKOHOMIII

AHOTAUIA. Y cmammi po3anisiHymo cyYacHi meHOeHUji €KOHOMIYHO20 pO38UMKY,
docnidxeHo rnpobremu hopmyeaHHs iHmMeneKkmyasnabHOi eKOHOMIKU, 8USHAY€HO
KImo4o8i ¢hakmopu CmaHOB/eHHs ma po38UMKY iHmMesneKkmyanbHol eKOHOMIKU,
docnidxeHo pornb oceimu ma iHhopMayilHO-KOMYHIKayitHUX mexHosnoeil y
HOBUX EKOHOMIYHUX 8i0HOCUHaX, MpoaHarsizosaHo 00Cei0 rposiOHUX yHieepcu-
memig ceimy, po3ansiHymo nidxo0u 0o 800CKOHalIeHHs1 cucmemu oceimu 8io-
M08IOHO CyyaCcHUM coujiaribHO-eKOHOMIYHUM 8UMO2aM.

K/TIOYOBI CJIOBA: iHmenekmyarnbHa eKoHOMiKa, iHghopmauiliHa eKoHoMiIKa,
oceima, Hayka, yHieepcumem, fodcbKUl Kanimar, iHgbopmauiliHo-KOMyHiKa-
UitiHi mexHoroaii.

AHHOTALMA. B cmambe paccmMompeHbl CO8PEeMEHHbIE MeHOeHUUU 3KOHO-
Muyeckoeo passumusi, uccriedosaHbl npobrembl hOPMUPOBAHUST UHMEITEK-
myarnbHOU 3KOHOMUKU, oripedesieHbl KIlo4yeable (hakmopbl cmaHo8neHuUs U pa-
38Umusi UHMernneKkmyasnbHolU 3KOHOMUKU, uccriedosaHa posb obpas3osaHus u
UHGOPMaYUOHHO-KOMMYHUKaUUOHHBIX MEXHOI02Ull 8 HOBbIX 3KOHOMUYECKUX
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