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level in the pumping well is slightly reduced; p6 —
the water level in the pumping well is reduced; p7 —
the water level in the pumping well is highly
reduced; p8 — the water level in the pump well is
normal (as usual); p9 — the 1st pump is turned off;
pl0 — the 2nd pump is turned off; pl1 — the 3rd
pump is turned off; p12 — the 1st pump is turned on;
pl3 — the 2nd pump is turned on; pl4 — the 3rd
pump is turned on.

* Transitions:

tl — input of data from the registration sensor
into the system; t2 — turn on the 1st pump; t3 — turn
on the 2nd pump; t4 — turn on the 3rd pump; t5 —
turn off the 1st pump; t6 — turn off the 2nd pump; t7
— turn off the 3rd pump.

Fuzzy logic allows engineers to transfer their
empirical knowledge as "If-Then" rules for the
functional block. These capabilities allow the use of
fuzzy logic in technical applications, such as
intelligent control systems, decision making and
expert systems [7].

Using the logic "If ... Then .." the necessary
behavior of the system is verbally described [8]. In
accordance the algorithm of adaptation is created.

if pland p8totl;

if t1(si) to p2;

if t1(i) to p3;

if t1(hi) to p4;

if t1(sr) to p5;

if t1(r) to p6;

if t1(hr) to p7,

if p2and p9tot2;

if p3and pl0 to t3;
if p4and pll to t4,
if p5and pl2 tot5;
if p6 and pl3 to t6;
if p7and pl4tot7,
if t2 top8and pl2;
if t3 top8and pl3;
if t4 top8and pl4;
if p5andpl2 to t5;
if p6andpl3 to t6;
if p7andpl4 to t7;
if t5 top8and p9;
if t6 to p8and p10;
if t7 top8and pll.

The relationship  between positions and
transitions is determined by the matrices of input
and output incidents. The matrix of input incidents
from positions to transitions D* and the incidence
matrix from the transitions to the positions D~ are
formed as follows:
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1000000
0100000
0010000
0001000
0000100
0000010
0000001
1000000
0100000
0010000
0001000
0000100
0000010
0000001

Dt =

01111110000000
00000001000100
00000001000010
00000001000001
00000001100000
00000001010000
00000001001000

D'[i.jI=#(pil (), a Dil=#(piO(t)), where
i=18,j=17 (8-number of positions, 7-number
of transitions). | and O — the functions of input and
output incidents. #(p;,I(t;)) — the element is equal to
the number of arcs from the i-th position to the j-th
transition. #(p;,O(t;)) — the element is equal to the
number of arcs from the j-th transition to the i-th
position.The incidence matrix is formed as follows:

D=D*- (D)
100 0 0
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This matrix expresses the input and output
relations between positions and transitions.
Representing the positions by circles, transitions by
rectangles and the relations between them by
connecting arcs, a model is built on CPN Tools
(Figure 1) [9].
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The "si", "i", "hi", "sr", "r", "hr" chips mean the  water level in the pump well. The attributes of the

information entering the system, respectively,
slightly increasing, increasing, highly increasing and
slightly reducing, reducing, a highly reducing of the

output from t1 arcs contain the conditions, under
which the corresponding chip is selected, otherwise
the special chip Empty is selected [10].
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Figure 1. Graph model on CPN Tools.
In the presented PN, the following descriptions of Based on the above mentioned initial data,

the set of colors and variables are used:
Declarations
Standart priorities
Standart Declarations
colset UNIT=unit;
colset BOOL
closet INT
closet INTINF
closet TIME
colset NOR=unit with normal;
colset POF=unit with pof;
colset PON=unit with pon;
colset REAL
colset INF=with sili|hil|sr|r|hr;
colset STRING
var n:NOR;
var X:INF;
var z:PON;
var f:POF;
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machine simulations of the network were carried out.
Simulation of the model begins with the location of
the markers. On the basis of incoming information,
decisions are automatically made, the pumps are
turned on and off and the situation is normalized.

The behavior of the simulated system as a result
of the simulation is analyzed by the properties of the
PN. The developed Petri net is limited. The tasks of
attainability and liveliness for this colored CPN are
also solved, since all transitions are performed and
the network is brought to the initial state. The
network is periodic and all markings are achievable.
As a result of the simulation, the rapid adaptation of
the system to the situation is demonstrated. The
absence of dead ends shows the liveliness of the
system.

IV. CONCLUSIONS
The paper presents the principal aspects of the
developed approach. Using the method of fuzzy
control simplifies the recording of all perturbations
and the creation of the necessary set of commands
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for controlling water pumps, to maintain the required
water level.

It is possible on the model to develop
management  principles which correspond to
situations, identify shortcomings, deadlock states and
make adjustments. This will allow set up the system
at an optimal operating mode without extra costs.
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The results obtained are mainly of a theoretical
nature. Potential areas of applying the developed
approach can be found in the dispatch control
systems of the discrete events.
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B pobomi docnioocyromsbcsi OYiHKU MOYHOCME MOOENO8AHH Opob06020 OPOYHIECHKO20 PYXY 6 HOPMI
npocmopy Henepep6Hux Qyukyii. B sxocmi modeni posenidacmuvcs cnekmpanibHe npeoCHAaslenHs
0p0008020 OPOYHIBCHKO2O PYXY V 6U2NAdl 8unNAaoKosux psoie. Ompumani oyiHKu 003607A0Mb OyO0y8amu
MoOeni i3 3a0aHuMu MOYHICMIO | HAOIUHICMIO O PI3HUX NPUKIaoHux 3aoa4. Posensnymo mounicme
MOOen08anHs 6e3nocepednHbo Opoboeo2o DPOYHIBCLKO20 PYXy ma y 6UNAOKy, Koau 0pobosull OPOYHIECHKULL
PYX € 8XIOHUM CUSHANOM OJisl OOHOPIOHOI NIHIUHOI cucmemu 3 i00MOK iMHYAbCHOW QyHKYiEw. 1Ipogedero
OYIHKY OCHOBHUX NAPAMEMPI6 MOOe Ma HABEOEHO Pe3yIbMamu MOOEIIOEAHHSL.

Kurouosi cnosa: Opobosuii bpoyuiecbkuil pyx, iHOekc Xiopcma, MOYHICMb Md HAOIUHICMb MOOEI,
T'ayccosuii sunadkosgutl npoyec.

Nowadays the theory of stochastic processes is widely used in different branches of science and not only
in natural science. That's why one of the relevant problems is to build a mathematical model of stochastic
process and study its properties. The problems of numerical simulations become especially important due to
the powerful possibilities of computer technologies that allow to create software modeling tools and predict
the behavior of a random process. There are various simulation methods of stochastic processes and fields.
But in most papers dealing with the simulation of stochastic processes the question of accuracy and
reliability has not been studied. In this article this problem is investigated, it means that at first we construct
the model and then verify it using some adequacy tests.

In this paper, the estimates of the accuracy for the simulation of the fractional Brownian motion in the
uniform metrics are studied. As a model, the spectral representation of the fractional Brownian motion in the
form of random series is considered. The obtained estimates allow to construct models with given accuracy
and reliability for various applications. The fractional Brownian motion is considered as an input signal for
a homogeneous linear system with a known impulse function. The constructed model approximates the input
process with given accuracy and reliability in space C(T) taking into account output signal of the system.

Keywords— Fractional Brownian motion, Hurst index; accuracy and reliability of the model; Gaussian
random process
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Beryn

B ocramHi pokM MeToAM  CTATUCTHYHOTO
MOJICTIIOBAHHS BHITAJKOBHUX TIPOIICCIB Ta IIOJIB
3HAXOMATh IIMPOKE 3aCTOCYBaHHI B  PI3HHX
MIPUKJIATHUX Tamy3saX. HaltOimbIn BUKOPUCTOBYIOTHCS
MOJIeJIi TayCCOBHX, CyOrayccoBHX, KBaIpaTHUHO-
rayccoBUX BUMNaAKOBHX mpolueciB. OcoOimBe micie
cepeq HUX 3aiiMaloTh BIHEPIBCHKHUN Ta y3arajdbHEHHUN

BiHEPIiBCbKUH BUNAIKOBHHA mpouecu (ApoOOBUi
OpOYHIBCHKHH PyX).
[lepenik ramyseit BUKOPHCTAHHS METOIIB

CTaTUCTUYHOTO MOCJIOBAaHHA BIHEPIBCHKOTO Ta
y3arajbHeHOT 0 BiHEPIBCHKOTO MpoI1ieciB
PO3IIMPIOETECS 3 KOXKHUM JHEM. Tak, Momeni
BIHEPIBCBKOTO Ta y3arajJbHEHOTO BiHEPIBCHKOTO
BUMAIKOBUX TPOILECIB BUKOPUCTOBYIOTECSI B
¢dinancoBiii maremaruui [1], mpm po3B’sI3yBaHHI
3aa4y  OOYHMCIIOBANFHOI MaTeMaTtuku [2], mpu
omiHoBaHHI XaycmopdoBoi posmipHocTi [3], B
3ajauax OI[HKH SKOCTI POOOTH CHCTEM MacOBOTO
oOciyroByBanHs [4], B 3agadaX MOJEIIOBaHHA
Tpadiky B TeOpii TEIEKOMYHIKAIlIHHIX Mepexax [5-
7].

B [8-10] mocnmikyBairch METOAM CTATUCTUYHOTO
MOJICTIOBaHHS TayCCOBHX Ta OJIM3BKUX 1O HHX
BUIIQJKOBUX TIPOIICCIB 13 3aJlaHUMH TOYHICTIO 1
HQIIMHICTIO B Pi3HUX QYHKI[IOHAIBHUX MPOCTOpaxX, a
came, npocropax L (T), mpoctopax Opniva Ta B
MIPOCTOPi HeTIepepBHUX (PYHKITIH.

Mera poboTM —  JMOCHIDKEHHS  TOYHOCTI
CTaTUCTHYHOTO MO/JIEITIOBaHHSI JIpoOOBOTO
OpOYHIBCBKOTO pyXy /Uil NpPUKIAQJIHUX 3ajad,
HaATpUKIIAJ, KOJMH JIpoOOBHI OpOYHIBCBKUEH pyx
MOAAETHCS HA BX1J1 JIIHIMHOI CUCTEMU.

OcHOBHA YaCTHHA

Hexait (T,B,u) - Aesskuii BUMipHMI TpPOCTIp i
u(T)=1.

Os3nauenns 1. JIpo60BUM OpOYHIBCHKHM PYXOM 3
IHIIEKCOM Xropcra aec(01) Ha3MBAETHCS

raycciscpkuii mpomec W, (t), te[01] Takmit, o
W, (0)=0, EW, (t)=0 Ta xoBapianiiiHOWO (yHKIIi€0

R, 9) =5 (f " -t ).

1 VR o
HpI/I 01:5 Ma€eMO CTAaHAAPTHUH BIHCPIBCbKUU

mpoiiec.
JpoboBuit OpOyHIBCHKUI pyX MOKHA 300pa3uTH
y BUTIIAZI BUMAAKOBOTO psiay [11]

W, (0 = 3@ sin(xt)X, +b,Q-cos(y,t)¥,), (1)
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ne  {X,.Y,}- mHesanexui
BUNAJIKOBI BEJMUUHH,

{x, } - myni dynxuii beccens J_, (x),

CTaHJApTHI TayCCOBI

{y, }- myni gynxuii Beccens J,_, (x),

_ r“N2C _ 7°N2C
X)L
[(2a +1)sin(m)

O

st obuncnenns vyniB GyHKiii beccens Oymemo
BUKOPUCTOBYBATH 300pasKeHHS

3 «a 4% -1
X =|nN+———|1——F———+...
" 4 2) 2z(4n+3-20a)

5 « 41l-a)? -1
Yp=|N+——— 7 ——————+
4 2) 2z(4n+1+2a)

Hns  oOuucnenns ¢ynkuii beccenst  Oynmemo
BUKOPHCTOBYBATH 300payKCHHS

J2 (Xn): i COS[Xn+MJ] —
La %, 4

4% -1 . [ 2057r—7rj
- sinf Xp+——— | |,
8Xp, 4

32 (yn)= ,/WL[COS(yn +W]—

2
_4(l-a) _15in[yn+2(1_a)”_”j .
8Yn 4

Mojens BHIIQJAKOBOTO TpoIleCy OyayeMo vy
BUIJISLI

M

Sq (t,M) = 3 (3 sin (xct)X . +by (1—cos(yit))Yi),
k=1

Ie {X,.Y,}- mHesamexui crammaptHi rayccosi

BHIIA/IKOB1 BEJIMYUHU.

[Ipu peanbHOMY MOJETIOBAHHI HE3AICHKHHUX
rayCCoOBMX BWIIAJKOBUX BEJIMYHMH, 3a PaxXyHOK
TOYHOCTI IPEIACTABJICHHS Ta OOYMCICHHS IIMCHUX
YKcell, OTPUMYEMO CTPOTO CyOTayccoBi BHIIQJIKOBI
BenmnunHu. Hynmi ¢ynkuiii beccenss Ta 3HaueHHs
TaKOX OOYUCITIOIOTHCS 3 JICIKOK TOYHICTIO.

Hnst a.b.,x.,y, mo3HaumMo ix HaOMMKEH]
3HAuYeHHH & b ,X,,Y, -
Hexai la, —&,|<h, lbe =y <h,
|Xk_)v(k|Sh:’ |yk_yk|Shky’

ae h?,h’,hX,h’ -3a1aHa TOYHICT.

Tomi Momenb apoOOBOTO OPOYHIBCEKOTO PyXy
MaTHME BUTJIS]]

S.(t.M)=> (&, sin(x )X, +b,(1—cos(7,L)V, ) (2)
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A TOYHICTB A(t) piBHA

A=W, (t)-S, & M).

B po6ori [12] gocmimKyBaauch OI[iHKA TOYHOCTI i
HaziitHOCTI Mozeni (2) mpoGoBoro OpOYHIBCHKOTO
PYXY B pi3HUX (YHKIIOHATEHUX POCTOPaXx.

[Ipn BukoOpWcTaHHI IIi€l MomeNli HEOOXiITHO
obuncmoBatn Hynm ¢yHKOii beccemst 3 Benmkoro
TouHicTIO. e BUMarae BeuKoi MmigroToB40i poooTH.

Hexaii BunaakoBuii nporec X (t) i Bei X, (t,A)

MOJCITOBaHHA

HaJIeXKaTh JieskoMy OanaxoBomy mpocropy A(T) 3

HOPMOIO |||| Hexait 3amano nBa ymcma o >0 Ta
O<e<l.

Byzemo rosoputn, mo Mmoxens X, (t,A)
Habmwkae mporec X (t) 3 Hapidmictro l—-¢& i
TouHIicTIO 0 B HOpMi mpoctopy A(T), sKkmo mae

mictie P{X(®)-X,(tL,A)]|>3 | <e.

Ha ocHoBi pesynbrariB pobotu [12] mus a>%

MOKHa ChOPMYJTFOBATH HACTYIIHY TEOPEMY.
S ,(t,M) HaGmmxae

nporec W, (t) 3 tounictio >0 i HaailHICTIO

Teopema 1. Mogens

1-¢&, 0<e<1 B Hopmi mpoctopy C([01]), sxmio
s 0< p<1, B<1, MalOTh MicIle HEPiBHOCTI
&> max(Dy(M), D,(M)), Ta

2 2
@—Dl(M)] [g—Dz(M)j
11 2mn ["P)T e [°°
b
e Dy DY 2
2a(l- p)p2«
1 _
D,(M)=(pB) 20 m+(20‘—1”ﬂ1 :
2a(L- p)p2e
G? v Yo pp’
M) = + ,B M =t —,
B(M) 1-p pl-p)’ (M) 1-p @-p)?
Gzzi (hiC 2+4(hid)2),v§= > (Ci2+4di2)'
i=1 i=M +
1
ou)=ue.

PosrnsaeMo omHOpimHY JIIHIHHY CHCTEMY 3
JIHCHO3HAYHOIO JIBi4i 1HTETPOBAHOK IMITYJLCHOKO
nepeximHoi ¢yHkiiero H(t), sgKka BHU3HAYCHA Ha
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Bizpi3ky 1 e[0,T]. Lle o3Havae, mo peaxiiisi CHCTEMHI
Ha BXigHWIA curHan X(t), KUl crocTepiraeTbcs Ha
[-T,T], Mae Burnsa

;
Y (t) = j H(9)X({t-7)dt, te[0,T] ©)
0

Ta H e L,([0,T]).

[MpunyctuMo, mo immyiabcHa (QYHKLIS Bigoma.
Mu Takox NpUITyCKaeMO, IO BXiAHUM curHain X, (t)

cucremu (3) € npoboBuM OpoyHiBChkHM pyxoMm (1) 3
ingexcom X’opera o. 3 (1) ta (3) BHmMBaEe, 110
BIITYK cucTemH Y (t) MO>KHA TIPEIICTABHUTH SIK

YO =Y, 0= D (& O+ -5 O), @)
k=0
He dynkuii ¢, (), sy (t) ZOpiBHIOIOTH

.
6 () = [ H(@)a-cos(y, (=) d-,
0 ©)
s () = a, I H (1) sin(x, (t- 1)) d .
0

Tak, wanpukmax, mia H(z)=1 ¢ynkuii

¢, (1), s, (t) mOpiBHIOIOTH

Sk (t) = 2ﬂsin(xkt - M)sin (ﬂj
Xk 2 2

2bk ykT . ykT
¢, (t) =b, T ——%cos| y, t—"— |sin| —— |.
K (t) = by Vi (Yk 2 ) ( 2

Hna  H(z)=exp(-Ar)  dynkmii ¢, (t), s, (1)
JIOPIBHIOIOTh
ag . . Xk
Sk (1) = ——=—=sin| Xt —arcsinl ——| |-
\//12 + x% \MZ + x%
& PCAT) Xt — X, T — arcsin| ——k__
22+ xf \MZ + xi%
1-exp(-AT
e (t) = —xp/l( )
by : Yk
———CO0§| ykt—arcsm —_— | |+
VA + ¥k VA + ik
b ep(-AT) Vi

cos| Yyt —y,T —arcsinf ——=——
2 Ykt =Yk > 5
+ Y AT+ X
PosrasaeMo ymMoBH Ta MeToj MOOYIOBH MOIETI
mporecy X, (t), IOpH AKUX MOZENIb alpOKCHMYE
BXimHUi curHan X, (t) , BpaXxoBYIOUH BiITYK CHCTEMU



