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Printed circuit board defects detection by specific
points of image skeleton

R. Melnyk

Software Department
Lviv Polytechnic National University
Lviv, Ukraine

Anomauyia—IlpencraBiaeHo peamizanilo BiZ0MOro aaropurmy
ckeneronizanii. Ha ckeleromax 3HaxogsiTbesi KOOPAMHATH
0COOJIMBHX TOYOK. AJITOPHTMH 3aCTOCOBAHO [0 NAPYKOBAHHX
IUIAT 3 METOK BH3HAYECHHS KOOPDAWHAT MOKJIMBHX Je(eKTiB
3’€IHAHb PO3PHUBIB [0PixKOK Ta KOPOTKOI0 3aMMKAHHS.
IIpeacrapJieHi NpUKIaZH 32CTOCYBaHHS AJATOPHTMY.

Abstract—The known skeletonization algorithm was realized
and the skeleton feature points were found. The algorithms were
applied to printed circuit boards to detect the main defects : wire
breaks and short circuits Some examples of applications are
shown.

Knwuogi cnosa—ckenemon 300pasicenns, 0coonuei mouku,
OPYKO8aHi niamu, po3pusu 00pPincoK, 3aMUKAHHA

Keywords—skeleton, printed circuit board, defect detection,
wire, break, short connection

I.  INTRODUCTION

There are many works devoted to skeletonization
algorithms. Main of them are listed in the survey [1]. Two
examples of pixel skeletonization algorithms was introduced
in [2,3] which run on the distance map of a digital figure,
computed according to any among four commonly used path-
based distance functions. Non-pixel-based skeletonization
techniques based on a constrained Delaunay triangulation was
presented in [4]. Algorithm in [5] can be used to detect some
kinds of defects in PCBs. In this paper, the conception of
linkage information table was presented which is regarded as
correlation features of template PCBs. The designed analogic
algorithms [6] to solve the problems above were tested on real-
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life examples using the CNN-HAB digital multiprocessor
system with 1 million cell space. The work [7] considers
parallelization issues for intrinsically sequential algorithms of
thinning. The discussed algorithms are complicated enough,
some of them use neural networks etc. In this article we present
realization of very simple algorithm and its application to PCB
defects detection.

II. ALGORITHM OF SKELETONIZATION

.Removing the maximum number of pixels without
changing the shape of object model is called skeletonization.
By this approach a skeleton should help identification of the
image itself. The skeleton properties are as follows : ¢ thinnest
lines; * all segments are connected ; * lines are located in the
centre of the observation objects..

The example of a letter skeleton are shown on fig. 1.

Fig. 1. Image and its skeleton



We consider the Hilditch's Algorithm [2] which is very
simple for realization. The algorithm works with binary
images. The main idea of the algorithm is iterative scanning
window with matrix of pixel positions and eventually
replacing black pixels by white ones. The window has a size
of 3x3 or 4x4 positions. We consider a version of the
algorithm for scanning window size of 3x3.. Then all pixels
are numbered from P1 to P9 and are shown on fig.2.

FZ | B3
FL| P4
B | P& | PS

Fig. 2. Scanning window with numbered pixels

When scanning the image a decision must be taken to
change or not a colour of pixel P1 (centre of window). To
answer the questions about the pixel P1 colour to be left or
changed in the skeleton two functions are needed to calculate:

B (P1) = number of neighbours for P1 being not null
and

A (P1) = number of pairs {0,1} in order p2, p3, p4, p5, po,
p7, p8, p9, p2.

Examples of different configurations with neighbouring
pixel P1 and functions for it are on fig..3.

B(pl)=2, A(pl)=1
B(pl)=2, A(p1)=2

Fig. 3. Two variant of pixel placement in window

When scanning the surface of the image for the central and
some neighbouring pixels functions B(p) and A(p). are
calculated The decision to exclude the pixel P1 from the black
list is not accepted, if they simultaneously don’t satisfy the
following conditions:

1)2<=B(pl)<=6

2)A(phH=1,

3)p2.p4.p8=0o0r A(p2)! =1

4)p2.p4p6=00r A (p4)!=1

.Scanning stops if an iteration will not cause a colour
changing.

III. PCB DEFECTS DETECTION

At the beginning we consider the examples of the algorithm
result for constructing the skeleton. On fig.4 we can see a set
of letters, numbers, etc. and their corresponding skeletons.

NOPORST NOUOPLRST

1234567 | 2354567
830, .!? 550, . I7

Fig. 4.

Skeletons of letters and digitals

Skeleton allows to find the coordinates of specific points,
namely the ends and switches of wires. An example of such
singular points are shown for the letter "Y" and "X" on Fig.5. A
switch - a point at which three or more lines are connected.
Start and end line points also are considered as special..

Y X ¥ %

Y X

Fig. 5. Feature points: ends and switches

Tools of skeletons and special points are useful for finding
defects of connections in printed circuit boards and chips.
Printed circuit boards usually consists of contacts and wires
that connect together certain groups of contacts. On fig.6 an
example of printed circuit board without any defect is
presented. On the same figure we can see corresponding
skeleton with specific points : switches and ends. Switches are
for all wires approaching the contacts. The wire ends are only
on the right border of the image. They correspond to abrupt
wires.

°_°°

{3

ey

Fig. 6.

PCB and its skeleton with specific points



After doing two breaks of wires by a single-pixel line we
get a new version of PCB (fig.7.) and skeleton. On the
skeleton we can see two gaps marked by three red rectangles

on wires. Each of them indicates the coordinates of wire
breaks.
[ + ]
o
]
]
(ﬁ\i
j
Fig. 7. PCB with defects and skeleton with their coordinates

.The skeletonization algorithm also allows to detect a short
circuits of wire. We assume that short circuit is similar to a
switch with four outputting lines. In contrary, a switch of wires
with contacts or between themselves has three outputting lines..
On fig.8 we can see an example of PCB and its skeleton on
fig.9 with two short circuit points.

—e~ v e
. b .

Fig. 8.

PCB with short circuits of wires (two circles)

Thus, breaks in the wires for contact connections could be
detected by two ways: 1) by direct analysis of the skeleton and
its specific points, 2) by comparing the specific points of the
skeleton of an industrial boards with skeleton points of
reference template.

CONCLUSION

Simple Hilditch's skeletonization algorithm was realized
and its application to process binary images was demonstrated.
Two types of feature points: ends and switches of skeleton help
to detect PCB defects. First ones indicate the wire breaks and

the second ones — short circuits. So, the developed software can
be used in automated systems of PCB defect detection.

o

Fig. 9. Skeleton with coordinates of switches (two circles)
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Anomauia—Y paniii poGoTi mpexacTaBieHi AOCHIIKEHHS

PanioBUMIpIOBaJIbHOIO IEPeTBOPIOBAYa THCKY Ha  OCHOBi
PeaKTHMBHUX BJIACTHBOCTeil  OiMOJAPHMX TPaH3UCTOPIB 3
gyyrsmeuM  MEMS  enementom. OTpumaHo  aHANTHYHI

3aJ1esKHOCTI (PYHKIil mepeTBOpeHHsl # PIBHSAHHS YyTJIMBOCTI.
TeopeTn4Hi il eKCIIEPMMEHTAJBHI JOCIiIKEHHs] TO0KAa3a/IM, IO
Yy TJIMBICTH po3pobJieHoro PafioBMMipIOBAILHOTO
NepeTBOPIOBaYa THCKY cTaHOBHTH 650 I'n/kIla.

Abstract—This paper presents the research of radiomeasuring
pressure transducer from reactive properties of bipolar
transistors with MEMS sensing element. Analytical dependences
of transformation function and sensitivity equation. Theoretical
and experimental studies have shown that the sensitivity
developed pressure transducers 650 Hz/kPa.

Knwuoei cnosa—padiogumiprosanvHuil nepemeoprogay mucky,
6i0'emuuil onip, wacmommuuii euxionuit cuznan, MEMS cencop

Keywords—radiomeasuring pressure transducer,
resistance, frequency output signal, MEMS sensor.
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I. Bcryn

B ocranne necstunittst MEMS ceHcopu 3HaWIIIM MIMPOKe
3aCTOCYBaHHs B aBialliiHiA Ta aBTOMOOUTBHIN TexHiri. lle
obymoBieHo THM, mo MEMS ceHcopu MaioTh BHILY
YYTIMBICTh HDK TPAAWIIHHI CEHCOpH, IX 3aCTOCYBaHHS Ja€
MOXIIUBICTh CTBOPEHHS MIHIATIOPHUX 0araTo()yHKIIIOHATBHIX
MpWIaZiB 3 PO3IIUPEHUM Jiana3oHoM poOOYHX TeMIepaTyp,
MiJBUIICHOI0 HAMIMHICTIO Ta pamialliifHol cTikikicTio [1].

I. Osadchuk
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Vinnytsia, Ukraine
yaroslav.osa@mail.ru

3acrocyBanHst MEMS TexHOIOT# iCTOTHO 3HW)KYE BUTPATH Ha
BUTOTOBJICHHS  BUMIPIOBAIBHUX  NPWIAAIB 1  3HUKYE
eKCIUTyaTalliiHi BUTpaTH, L0 B MOAAIBLIIOMY 30LUIbIIyE
IHTEpBaJ MDK IepioANYHUMHU TOBipKaMu. Hapasi BemyThes
IHTEHCHUBHI  JOCHI/DKEHHS 3  BHBYECHHS  BJIACTHBOCTEHi
anajoroBux MEMS neperBoproBauiB THcKy [2], Xoua
JIOCITI/DKEHHSI YaCTOTHHX IEPETBOPIOBAYIB THUCKY Ha OCHOBI
PEaKTUBHUX  BJACTUBOCTEH  OIMONSPHUX  TPaH3HMCTOPIB
nepeOyBa€e B OYATKOBIH CTAIT.

PamioBumiproBanbHi  IEpeTBOpIOBAYi i3 YaCTOTHUM
BUXOJIOM MAalOTh psAJ TiepeBar mepe] aMIUIITYJHUMH, SKi
MOJNATAIOTh Yy 3HAYHOMY MiJBHUILNEHHI 3aBaJOCTIHKOCTi, MIO
JIO3BOJISIE 30UIBIIMTH TOYHICTh BHMIDIOBAHHS, a TaKOX Y
MOKJIMBOCTI OJIepKaHHsA OUTBIIMX BHUXITHMX cHrHamiB. Lle
CTBOPIOE  TEPEAYMOBH  BIMOBH  BiA  IiJCHITIOBAIBHUX
MIPUCTPOIB Y HACTymHid 00poOui curHamiB. BuxopucranHs
YaCTOTHOTO CHUTHANy B SIKOCTI 1H(OPMATHBHOTO JO3BOJISIE
BiIMOBHUTHCSl BiJ| aHAJIOrO-UU(QPOBUX IEPETBOPIOBAYIB, IO
MiJBUILYE EKOHOMIYHICTh BHMIPIOBAIBLHOI amapatypu [3].
Tomy pmaHa poOoTa TPHCBSIYCHA JOCTIDKCHHIO — (DyHKIIT
TIEPETBOPEHHSI ¥ PIBHAHHS YYTIMBOCTI pajiOBHUMIipIOBAILHOIO
MIepeTBOPIOBaYa TUCKY Ha OCHOBI TPaH3UCTOPHOI CTPYKTYPH 3
BiJ'€eMHHM OIOpoM i TeH3ouymmBuM MEMS enementom.

II.  TEOPETWMYHI TA EKCITIEPUMEHTAJIbHI JIOCJIIIXKEHH A

EnextpuuHa cxema pajiioBUMIpIOBAILHOTO NIEPETBOPIOBaYa
HaBejieHa Ha puc.l. BoHa sBisie coboto riOpuaHy iHTErpaibHy
CXeMy, IO CKJIAJaeThesl 13 TPhOX OIMONISIPHUX TPaH3UCTOPIB,



onopiB Rs-Ryy, a Takoxk MEMS TeH30pe3UCTUBHOIO MOCTY Ha
MemOpasi (R;-Ry), mo no3Bossie CTBOPUTH aBTOreHEpaTOPHUIA
npuctpiid. KoiauBansHHUI KOHTYp NMPUCTPOIO peali3oBaHUl Ha
OCHOBI1 €KBIBAJICHTHOI €MHOCTI TIOBHOT'O OIOPY Ha €JIEKTPOIax
KOJIEKTOp-KOJIeKTOop Oinonspaux tpamsuctopis VT1 i VT2 i
aKTUBHOI 1HIYKTHBHOCTI Ha OCHOBI TpaH3ucropa VT3 3
¢dazozcyBHuM naniioroM R;¢C; [4]. UyrmmBuMm mo THCKY
enemeHroM BHctynmae MEMS cencop ¢ipmu  Melexis
MLX90815. Ha tenzouyrnusuiit mictr MEMS cencopa (R;-Ry)
Qi€ THCK, IO NMPHUBOAUTH IO 3MIHHM EKBIBAJEHTHOI €MHOCTI
KOJIMBAJILHOTO KOHTYpY, IO Y CBOIO 4Yepry, BUKIUKAE 3MiHY
PE30HAHCHOI YacTOTH aBToreHeparopa. Brparu eHeprii B
KOJIMBAaJIbHOMY  KOHTYpPl  KOMIIEHCYIOTBCSI 33  PaxyHOK
Bix'eMHOr0 omnopy [5, 6].

R10

L

Puc. 1. Enexktpuyna cxema paJioBHMIipIOBaIbHOrO IEPETBOPIOBAYA THCKY

PosrisinemMo  ¢i3uyHMit  MexaHI3M  poOOOTH  aKTUBHOTO
IHIYKTHBHOTO €JIEMEHTa Ha OCHOBI OIMOJIAPHOrO TpaH3UCTOpa

VT3 i ¢da3o3cyBHuii naHmoxkkoM R;oC;, 1m0 I03BOJSE
peryjIroBaTH  BEJIMYUHY IHAYKTHBHOCTI W  JOOPOTHOCTI
€ICMCHTa. DBUWHHMKHEHHS 1HIYKTUBHUX BIJIACTHBOCTCH Y

OIMONIAPHUX CTPYKTypax IMOB's3aHE 3 KIHIICBOIO MIBUIKICTIO
PyXy HOCIiB 3apsiny B 0a30Bii obsacti. CUrHam, IpUKIaICHUH
JI0 eMiTepy, He MOXKe 3'SBUTHCS Ha KOJICKTOPHOMY IEpeXoii
MOKH HOCIi 3apsay NpoXomsaTh 0a3y, y pe3yibTaTi dYoro
BUHHKA€E 3aTPUMKa B Yaci, 0 oJiep)kaia Ha3By 4acy MPOJIbOTY.
TakuMm 4MHOM, CTPYM KOJICKTOpPa BIJICTa€ B Yaci Bil HANPYTH

Ha eMiTepi, IO BHKIMKAJIO IIeH CTpyM, IO BIAMOBigaE
IHAYKTHBHIA peakilii Ha eJIeKTPOoJaxX eMiTep-KOJEKTOp
OIMOJISIPHOTO  TpaH3WCTOpa. BennuuHa IHAYKTHBHOCTI W

JIOOPOTHOCTI BU3HAYAETHCA HA OCHOBI HENIHIAHOI Mojei
IHAYKTUBHOI'O TpaH3UCTOpa, OCHOBaHOi Ha Momeni Ebepca-
Mosta, o0 OTpUMaHa i3 3arajbHOI MaTEMAaTHYHOI MOJENI
TpaH3UCTOpa. [HAYKTHBHICTH TEOPETHYHOI MOJENI 3aJISKUTh
Bil eNeKkTpo(i3UUHUX MapaMeTpiB  HaIiBIPOBIIHUKOBOTO
Marepiany 0a3u, pEKUMY OKHBIEHHS TpaH3HCTOpa 3a
MIOCTIHHOIO 1 3MIHHOIO HAIIPYraMH, a TAaKOX BiJl TEOMETPUYHHX
PO3MIpIB TpaH3UCTOpA, IO O3BOJISIE KEPYBATH il BETHMYUHOIO
SIK €IEKTPUYHHM, TaK 1 TEXHOJIOTTYHUM HUISIXaMH.

PosrnsiHemMo mpuHOMIT poOOTH 1 JIesiKi KOHCTPYKTHBHI
OCOOJIMBOCTI TEH30YYTJIMBOIO MOCTy. UyTIHBUIA eneMeHT
MiKpoceHcopa siBisie co0or0 MemOpaHy, cQOpMOBaHy B

IUTACTHHI 3  MOHOKPHCTAJIIYHOTO  KPEMHII0O  METOIOM
IUTa3MOBOT'O TpaBJIcHHS. Ha MOBEpXHi YyTJIHUBOIO €lIeMEHTa, Y
MICIIX ~ HAHOUIBIIMX MEXaHIYHMX Hampyr, chopMoBaHi

TEH30YYTJINBI PE3UCTOPH, SKI CTAHOBIATH BUMIPIOBAIBHY
cxemy. KoHudirypariss MeMOpaHu 3ajexuTh BiJl KOHQIrypamii
BiKHa TpaBJICHHSI W Mae KBaapatHy ¢dopmy. TeH3ope3ucropu

po3MillleHi Ha Kpasx MeMOpaHH 1 CHpsSMOBaHI Y3/I0BXK
KpucTanorpadiuHux HanpsMkiB <110> TakuM YWHOM, IO MPU
nedopmanii MeMOpaHH y JABOX 3 HUX BHHHKAIOTH NO3UTHUBHE
30utbiieHHs Hanpyru (4+AU, ) BHaCHiZIOK IT03[I0BXKHBOTO

teHzoedexTy, a y nBox iHmi — (—AU, ) BHacmjok

MIONIEPEYHOr0 TEH30e(EeKTy, MPUIOMY |AU1|:|AU2|. Poskun

10 HOMiHaJaxX TEH30PE3UCTOPIB MPHBOAUTH IO MOYATKOBOTO
po3zbaraHCcy MocTy. BaxiuBuM erarmoM — NpPOEKTYBaHHS
MOAIOHUX CEHCOpiB € BHUOIp 1 pPO3paxyHOK KOMITOHEHTIB
ENEeKTPUYHOI CXeMH. BiZoMo, 10 B HaIiBIPOBiIHHUKOBHUX
TEH30pPE3UCTOPax 3aJEKHICTh MUTOMOTO ONOpPY 1 KoedilieHTa
TEH30YYTJIMBOCTI BiJI TeMmIepaTypu OUIbII CHJIbHA, HDK B
IHIIMX TeH3ope3ucTopax ((onbroBux, APOTOBHX). Bimomo 3
[7], 1o 3 migBUIIEHHSM PiBHS JIETYBaHHS 3MEHILYETHCS BILIUB
TEeMIepaTypy Ha TCH30YYTJIMBICTh HAMIBIPOBiTHUKA. OJHAK 31
30UIBIIEHHSIM KOHIICHTpallii JIETOBaHUX JIOMIIIIOK
3MEHIIYEThCs K KoedimieHT TenszouyrauBocTi I, Tak i
HOMiHan pesucropa. [Ipu kiMHaTHI# Temnepatypi I1=160 mst
konnenTpamii N =107 (em™) i T1=75 mpu N =102 (em™).
Jpyrum mapaMeTpoM, II0 3aJISKUTh BiJl TeMIIEpaTypH, € OIip
TeHzopesucropa. Sk Bimomo 3 [7],  3amexHicTh
TemrepaTypHoro koeginienta omopy (TKC) 3 miguineHHsIM
PIBHS JIETyBaHHS BiJ TeMIIEpaTypH MEHII BUpPa)keHa 1 NpHU
N=10"cm® TKC «kpemuito piBauit 0,96-107, ToGTO
KOKHOMY Tpajycy 3MiHH TemIepaTypu Biamosimae 0,96-107
100 % = 0,1 % 3MiHK OHOpY ILIeYa MOCTY.

Jl1s1 po3paxyHKy BiJJHOCHOI 3MiHHU OIIOPY TE€H30PE3UCTOPIB
1 YYTJIMBOCTI MIKpOCEHCOpa PO3IJISIHEMO HAIpYKEHHH CTaH
MeMOpaHu. MexaHi4YHi Hanpyru MeMOpaHH KBaJapaTtHOi (hopMu
PO3paxoBYIOThCsS 3a hopmyniami [7]:

3P
IV

_EP-r2
4R

T 5 (l)

B

Ie T, — paaianeHi Hanpyry, [1a; 7, — TaHreHIiaNnbHI HANIPYTH,
IMa; v — xoediuient Ilyaccona; r— paniyc MeMOpaHu
(mosoBMHA CTOPOHU MeMOpaHH), MM; 4 — TOBIIIMHA MEMOpaHH,
MKM.

PozpaxyBaBmm 7, 1 7,, BUXOAAYH 13 33IaHOTO Jialla30Hy

BUMIPIOBaHHS MIKPOCEHCOpa, IEPeXOJUMO JO PO3PaXyHKY
BiIHOCHOI 3MiHHM oropy [7]
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BimHocHa 3MiHa OMOpPY TEH30pe3UCTOpa Ol  Kparo
MeMOpaHu BU3HaYaeThes [7]:
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Jnis  Mocty i3 doTHpMa aKTHBHUMH  IUICYMMA  JUIS
TEH30PE3UCTOPIB 3 OTHAKOBMMH MOYATKOBUMH OIOPAaMH BiJHOCHA
3MiHa eJICKTPUYIHOI HAIPYTH Oyj1e JOpiBHIOBATH [7]:

AU _ AR 5
U R

ne R,AR — enekTpudHUH omip i fioro 3mMiHa BiAmoBigHo, OM;
U,AU - enextpuuHa Hampyra i iforo 3miHa BiAnoBigHo, B.

Ha mifcraBi ekBiBaJ€HTHOI CXEMH BiIIOBITHO 10 METOMY
critikocti JlanmyHoBa Bu3HayeHa (YHKIIS IEPETBOPEHHS
MIPUCTPOIO, IO SBJISAE COOOK 3aJICKHICTh YaCTOTH TeHeparlil
BiJl THCKY. AHaJIITUYHA 3aJIeXKHICTh (YHKIIi NEepeTBOPEHHS
Ma€e BULIISIL

o _ L |B B +4LC, (C,(PR,(P) §
.y 2LCy (R, (P)Cy(P)) ’ ©

ne B = LCy -(C4(P)R, (P))2 - CBKCB(P)Rg (P,

L — exBiBajieHTHA 1HIYKTHBHICTh aKTHBHOTO €JEMEHTA,
Ci, R, €KBIBaJICHTHA €MHICTh 1 OIp IMIeAaHCy Ha
eNIEKTPOAax KOJIEKTOp-KojekTop TpanizucropiB VT1 i VT2,
Cyx — eMHICTb 0a3a-KoseKkTop Tpansucropa VT1.

I'padivyna 3aJIeXKHICT byHKLi MIEPETBOPEHHS
Mpe/icTaBeHa Ha puc.2. UyTinuBicTh NepeTBOPIOBava TUCKY 13
YaCTOTHUM BUXOJOM BH3HA4Yae€ThCs Ha IijcTaBi Bupasy (6) i
OITUCYETHCS PIBHSIHHAIM

Sh = —0.0198(—2CB (P)R;(P)Cyy (%} [B +2B, -
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Puc. 3. 3aneXHICTh YyTIUBOCTI BiX TUCKY

I'padix 3amexHOCTI UYYTIUBOCTI PaJliOBUMIPIOBAILHOTO
TIepeTBOPIOBaYa THCKY TIpeCTaBlIeHni Ha puc.3. SIK BUAHO i3
rpagika, HaHOUIbIIA YYTIUBICTE TPHCTPOIO JIGKUTH Y
mianasoHi Bix 100 mo 400 xIla i cranoButs 650 I'y/kI1a.

BUCHOBKHI

[TokazaHO MOKJIMBICTB NEPETBOPEHHS THUCKY B 4acToTy Ha
OCHOBI aBTOrCHEPATOPHOrO MPUCTPOI0. OTPUMAHO AHATITHYHI
3aJIEXKHOCTI (byHKun TePETBOPCHHS 1 pIBHSHHS YyTJIMBOCTI.
TeopeTnuHi 1 ekCriepUMeHTaIbHI JOCITIDKEHHS MOKa3aTd, 110
YYTJIUBICTH po3pobiieHoro paziioBUMIpIOBaJIEHOTO
MepeTBOPIOBaYa THCKY 13 YaCTOTHUM BHUXOAOM CTaHOBHUTh
650 I'yxI]a.
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3aco0u aHali3y NpoIeCiB MEPETBOPEHHS 1H(POopMaIii
B CUCTEMAaX yIIPaBJIIHHS

0.0. YmkapeHko

Kadenpa TEOPETUUHOI ENIEKTPOTEXHIKU Ta eIEKTPOHHUX CHCTEM
Hanionanbhuii yHiBepcuTeT kKopabieOymyBaHHs
iM. anM. MakapoBa
MuxornaiB, Ykpaina
gyperion@mbksat.net

Means of analysis of the information transformation
processes 1n control systems

O. Ushkarenko

Department of Theoretical Electrotechnics and Electronic Systems
Admiral Makarov
National University of Shipbuilding
Nikolaev, Ukraine
gyperion@mbksat.net

Anomauyia—3anponoHoOBaHO CHoci0 AHANITHYHOIO ONHCY
CTPYKTYP cHCTEM YHpaBJIiHHSA, KU HA03B0JIsIE
BHKOPHCTOBYBATH Pi3Hi piBHI JeKoMno3umii I8 MOJXAHHSA
MiZACUCTEM i eJIeMeHTIB, 110 1a€ MOKJIMBICTh BUALIMTH HAOLIbII
BAKJIMBI ACIEKTH ONHMCY Ha Pi3HMX CTafisiX NPOEKTYBaHHs i
a”aJizy cucremu. Po3podieHo rpadoananiTuyHMii BHpa3, 1o
ONMCYE CHCTEMY YHPABJIHHS  ACHHXPOHHMM  JIBHIYHOM.
Busnavyeno mnpaBmia onucy (yHKHiOHAJIBHMX CTPYKTYp Ha
Pi3HHX PIBHAX JEKOMIO3HMIii CHCTEMH YaCTOTHOr0 YNpaBJIiHHSA
aCHHXPOHHMM  JBUryHoM. Posrsinyro  dyHkmioHanabHy
CTPYKTYPY O0YHCIIOBAJIBHOIO fpa MIKPOKOHTpOJIEpa, SIKHii
BHKOPHCTOBYETHCSA B CHCTEMi YIIPaBJIiHHSA.

Abstract—The method of analytical description of the
structures of control systems allows to use the different levels of
decomposition for describing the sub-systems and components,
which makes it possible to highlight the most important aspects
of the description of the various stages of design and analysis
system.

Knwuoei cnogsa—cucmema ynpagninta; acUHXpOHHUI 0GU2YH;
CIMDYKIMYPHA cXema; MIKpORpouecop

Keywords—control system; induction motor; structural scheme;
microprocessor

I. Bcryn

Cy4yacHa Teopisi aBTOMAaTUYHOTO YIPABIIHHSI MOXeE
aHaJi3yBaTW CUCTEMHU YIPABIIHHS 1 CHUHTE3yBaTH sl HUX
3akoHU. OJIHAaK IbOTO HEJIOCTATHHO 3 OTJISILY HA PI3SHOMAHITTS
npoueciB ynpasiniHasa [1]. ToMy BUHMKIA BEJIHMKa KiJIBKICTH
HAYKOBUX HAIPSMKIB, 110 3aHiMalOThCS IPOLIECAMH YIIPABITIHHS
B CBOiX oOxacTsix. CHCTeMHHH aHasli3 BKa3ye Ha TOM (aKT, 1o

MoAiOHI TpoleCH TOBUHHI PO3pPOONIATHCS 3 JOTPHUMAaHHSIM
neBHux mnpuHoumiB [2, 3]. Tomy akryanpHOIO € 3ama4ya
CTBOPEHHS MaTeMaTH4YHOTO arapary, SKHHA J03BOJIMB OH
00'eqHATH TIPOLIECH YIPABIIHHS, IO MAalOTh Pi3HY (i3UuHY,
opraHizaliiiHy Ta IJIbOBY IIPUPOLY.

OHUM 3 MOXIIUBHX METOJIIB TiIBUIIEHHS SKOCTI aHaIi3y i
CHHTE3Yy JIOTIKO-IMHAMIYHUX TIPOLECIiB 3  IiABUIIEHUM
iH(pOpMaIiHHAM 3MICTOM € aHAJITUYHUH 1 TpadoaHaTi THIHUHI
Metox [1, 3], 3a HOMOMOror SKOTO 3'SBISIETHCS MOXIIHUBICTH
aHa3y KOPEKTHOCTI C(OPMOBAHOIO TPOIECY B PI3HUX
cucrteMax ympapiiHHSA. OCHOBHOIO SIKICTIO (PYHKIIOHAJIBHO
3aKiH4€HOI MOJeJi MOBHHHA OYTHM MiHIMi3alis CIOBECHOTO
ormey ii 3micTy.

Mertoro poboTH € po3poOKa METOIMKH aHAI3y Ta CHHTE3Y
JIOTiKO-ZIMHAMIYHUX IIPOLIECIB B CHCTEMax YIpaBIIiHHSA, sKa
Moxke OyTH BHKOpHCTaHA MpPHW aHANI3I MEPEeTBOPEHHS NaHHX i
BUPIlIEHHI 3aBJIaHb 110 ONTHMI3allii CTPYKTYpU CUCTEMH.

II. CTPYKTYPA CUCTEMU VIIPABJIIHHS

Ockinbky  aHamiTH4Ha (¢opMa 3amucy HeoOXigHa st
nopaibpmol  QopmanizoBaHOi  ONTHUMI3alii  KOHKPETHOTO
mpolecy, TOMY JJIsi LOrO HEOOXiJHO, Imo0 MaTeMaTH4Ha
MoOIeNb Oyla TpocTa B 3amuMCy 1 Majlla MaKCHMallbHe
iH(pOpMaiHHAH 3MICT.

Ha puc. 1 npencraBneHo rpadoaHaJiTHYHUI BUpa3, IO
OITUCYE CTPYKTYPY CHCTEMH YIpaBJIIHHS aCHHXPOHHUM
JIBUTYHOM.
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Puc. 1. CtpykTypa CHCTEMH YIIPABIiHHSI aCHHXPOHHUM JIBUTYHOM

Ha pucynky mosHaueno: ‘U — pogaTHa MyibCyioua
HATIpyra Ha BHXOAi BHnpsmisda; “U — Bix eMHa MyJIbCyIOUa
Hanpyra Ha BHXOMi BUOPAMIAYA; ~Ucon — MocTiitHa (Const)
Hanpyra U Ha Buxomi ¢inbTpa, BeNWYWHA SKOI MOXKe
3MIHIOBATUCS (CHMBOJ «+£») TPH 3MiHI aMIUTTYyAd 3MiHHOL
Halpyrd Ha BXOAl BHOpsAMISNYA  (SKIIO  BUIPSIMILTY
HEKEepPOBaHUH, SIKMH CKJIAJAETHCS 3 J0AIB), ab0 X TpH 3MiHI
KyTa YIpaBIiHHS (SKIIO BUIPSIMIISTY KEPOBAHHUH 1 CKIIaJa€ThCs
3 THPHCTOPIB); =gl - immynecHnii curnan (Pulses) 3
LIMPOTHO-1MITYJIECHOIO Moz[yn;nne}o (£At), sxuit TnoCTynae Ha
dazy A aCI/IHXEl?HHOFO ABUTYHA i mae ¢azy ¢l, piBay 0
rpagycis; “MUM, — immymecmmit curman  (Pulses) 3
IJ_II/IpOTHO-iMl'[yJ'IBCHOIO MOJyIsIi€et0 (£At), KU TocTymnae Ha
¢dazy B aCI/IHXpOHHOFO nBUryHa i Mae ¢asy ¢2, pieay -120
rpamyci; UM, immynbcauii - curHan  (Pulses) 3
H_II/IpOTHO-lMl'[yJ'ILCHOIO MOJyIsIi€et0 (£At), KUl TocTymnae Ha
¢asy C acuHxpoHHOro JuryHa i mae ¢asy ¢3, piBay 120
IpajyciB.

Ha pucyHky «ocoONHUBICTIO» € aHaJITHYHUN 3aImuc
(YHKIIOHANBHOI ~ CTPYKTYpH  aCHHXPOHHOTO  JIBUTYHA
fi(Motor™“'L;) 3 pesympTyrounm aprymentomM “Mom "
o0epTajbHOTO ~ MOMEHTY poropa ¥  iHpopMauiiiHuUM
aprymentoM Hanpyrn U’ mmmmkocti o6epranHs potopa
TpbOX (a3 B CTATOPHUX 1HAYKTUBHOCTSIX.

DyHKITIOHATIBHA CTPYKTYpa 00YHCITIOBATIBHOTO
mikpokonTponepa f;(Core™™) mpencrasnena Ha puc. 2.

sapa

IMITy/IBCHI apIyMEHTH Halpyri
A

AtUPulses 1i :
i : o
fz(POITT) RN iAtUPulses‘p:T

i fy(Portt) - <15 sSter(is ab
i f5(Portt) — o(t)Reter(wm)
fs(PortT) —> “’MomR"w’(Te)

Ol_}Smor _._) ﬂ(Ponl)
: o(t)reer S f5(Port))
@NomRotor _, fﬁ(POﬂl)

BUXi[IHi apryMeHTH Pesynbrymm APTYMEHTH

Puc. 2. ®yHkuioHansHa
MIKpOKOHTpOJIepa

CTpYyKTypa 00YHUCIIOBAIILHOTO anpa

MK

Ha pucynky nosnaueno: fj(Core” ) — oO4HCIIOBANBHE
SITPO MIKPOKOHTPOJIEPa; | — BXIAHUH 3B’SA30K, IO 3’€AHYETHCS
3 BUXIJIHUM 3B’s3KOM; T — BUXIJIHUH 3B’ SI30K, 110 3 €IHYETHCS 3

BXIIHUM 3B’A3KOM; — — BXIJHUI aHaJOroBUH 3B’S30K;
fl(Portl) BximHu# (input) mopt (port) abo BuBin (pin)
MleOKOHTpOJ'Iepa — depe3 IeH TMOpT CHTHAIM IOCTYIAKoTh B
MIKpPOKOHTpOJIep sl 1X MONaIbIIoi 00pOOKH; HWXKHIHM 1HAEKC
Mo3Havyae HoMmep mopta abo BuBomy, TooTo fi(Port|), fr(Port])
. fu(Port]) — BUBOIM MiKpOKOHTpOJIEpa, Ha SKi MOCTYIAIOTh
pi3ui curnany; fi(Port?) — Buxignuii (output) mopt (port) abo
BUBiA (pin) MIKpOKOHTpoOJiepa; 4epe3 Iieil mopT abo BHBIL
MiKpOKOHTpOJep (opMye Kepyiodui curHamm, L3

BUMIpsiHE 3Ha4YeHHs 3MiHHOTO (£) cTpymy (1) cratopa (Stator)
otor

TpboX (a3 (¢1-3) acHHXpOHHOTO ABUTYHA; ®(t)  — BUMIpsHE
3HAYEHHs  KyTOBOi  IIBHAKOCTI ~ OOepTaHHs  poropa
aCHHXPOHHOro aBHryHa; “Mom"®” — BuUMipsHe 3HAYCHHS

MoMmeHTy (Mom) Ha Baity poropa Rotor, sikuit obepTaeTbes 3
KYTOBOIO LIBHJKICTIO O] Aty gpPuises BUMIDSIHC  3HAYCHHS
JHIAHOT IMITYJIBCHOT (P“lses) Hanpyru (V) mix (ba3aMI/1 ATtaB
(ab) X MIAPOTHO-IMITyIbCHOIO Moayismieio (At); “Uw®' “L; —
sMiHHa (+) Hampyra U 3 KyTOBOIO YacTOTOH () HAa BHXOII
TphoXdaznoro (¢1-3) iHBepTopa, sKa MOJAETHCA HA CTATOpHI
OOMOTKH TphOX(a3HOrO AaCHHXPOHHOTO IBHI'YHA, KOXKHA 3
SIKMX Ma€ 1HIyKTHBHICTH L.

BUCHOBKHI

3anpornoHoBaHui MeToi (opmaiizalii MpoIeciB poOOTH
CJIEMEHTIB CHCTEM YIIPABJIHHSA JIO3BOJISIE BUKOPHUCTOBYBATU
Pi3HI PiBHI JAEKOMITO3UIIIi ISl OMUCY IiJCHCTEM 1 CJIEMEHTIB,
[0 Ja€ MOXKJIHUBICTh BHAUIMTH HAWOUIBII BaXKIHBI ACHCKTH
OITMCY Ha PI3HUX CTaisiX NPOEKTYBaHHS i aHAN3y CHCTEMHU.

Po3pobieno CTPYKTYPHO-(YHKI[IOHAIBHY MOJIEITh
MIKpOMPOIIECOPHOI ~ CHCTEMH  YaCTOTHOTO  YIPABJIiHHS
ACHMHXPOHHUM  JIBUTYHOM. BHU3HaYeHO TpaBWiIa OIHCY

(YHKIIOHANBHUX CTPYKTYp Ha PI3HUX PIBHIX JEKOMITO3HMIIIT
CHCTEMH 4YacCTOTHOTO YIPaBJiHHS ACHHXPOHHHM JIBUTYHOM.
HasBHiCTh aHATITHYHOI MOJAETI MIKpPOIIPOIIECOPHOT CHUCTEMHU
YIIPaBJIiHHS JI03BOJISIE OLIHUTH i OBHOTY 1 HECYINEpPEYHICTh,
BU3HAYUTU BIJHOCHMHU 1 TUIHA 3B'A3KIB MK IiJCHCTEMaMU
YIpaBIiHHS 1 Bl3yam3au11 a TaKkoX ONHCATH (byHKmOHaJILHl
MOXIIUBOCTI €JIEMEHTIB OKPEMHX IMIJICHCTEM 1 aITOPUTMHU
00poOku  nmaHuxX. [Ipy  1HBOMY  OCHOBHHM  SIKICTIO
(YHKIIOHANBHO 3aKIiHYEHOI MaTeMaTH4HOI MOJIENi JIOTiKO-
JMHAMIYHOTO TPOIIECY MEePEeTBOPEHHS! CUTHAJIB € MiHIMi3alis
CJIOBECHOT'0 OIHCY X 3MiCTYy.
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using microcontroller PSoC 4 BLE

M Sobko
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Anomavia— OO0rpyHTOoBaHO BHKOPHCTAHHS
mikpoxonTposiepa PSoC 4 BLE, saxuii no3Bossie 30i1bmmTH
CIIEKTP 3acTOCYBaHHsA TexHouorii Bluetooth 3 HM3bKUM piBHeM
€HeProcrnoKHBaHHA. 3anponoHoBaHo 3aCTOCYBaHHSI
MIKpDOKOHTpOJIepa [Jf BHMIPIOBAaHHS €MHICHMX CEHCOpiB.
IIposeneno TectyBaHHs po0OTH MIKPOKOHTpOJIEpa NMPH Pi3HAX
yMoBax.

Abstract—Microcontroller PSoC 4 Bluetooth Low Energy
used to increase the Bluetooth technology using range. Capsense
position measurement method proposed and tested in different
conditions.

Knwuoei cnosa—mixkpoxoumponep, komnonenma, Bluetooth 3
HU3bKUM PIBHEM eHEePZOCHONCUBAHHA, PEHCUMU HCUBTIEHHS.

Keywords—microcontroller, Bluetooth  Low

Energy, energy modes.

component,

I. Bcryn

IMonpu 3HaYHEe TONIMPEHHS TEXHOJOTii 0e3ApOoTOBOI
nepenadi qanux mno kanamy WIFI, ne mis oOmiHy mmdpoBux
TIOTOKIB BUKOPHCTOBYETHCS pajiiokaHal, TexHooris Bluetooth
HE BTpaTWIa CBOIX TO3WIlH HA PUHKY OE3POTOBOTO 3B’S3KY
KOpPOTKOro pajiyca fii. 3i 30UIbIICHHAM KUTBKOCTI HAPYUHHX
Ta KHUIICHHKOBUX MPHUIAJIB MOTpeba y HEe IIKIATUBOMY IS
3JI0POB’Sl Ta EHEPrOEKOHOMHOMY CIOCO0Y Iepenadi JaHHuX
TUNBKH BHUpocia. ToMy 3apa3 mocrae 3aBAaHHS 3HAXOKCHHS

B. Blagitko

Department of Radiophysics and
Computer Technologies
Ivan Franko Lviv's National University
Lviv, Ukraine

blagitko@gmail.com
SKOMOTa MEHII BHTpPAaTHOI TeXHOJOrl Uit  Iepenadi
iHpopMarlii Ha HEBEJUKI BiJICTaHi.
Bluetooth 3 Hu3bKUM pIBHEM E€HEPrOCIOXUBAHHS

(Bluetooth low energy, BLE) e cranmapTom mjist 6e31poToBol
mepefavi  JAHWX 3 HHU3BKAM  CHEPrOCIOXKHMBAHHIM  JUIS
«iHTepHer pedeh» (aHrn. Internet of Things). Il Bepcis
Bluetooth Oyma cTBOpeHa s MaJIONOTY)KHHX IIPOAYKTIB 3
OaraThbMa CEHCOpPaMH TAKHX SIK Hapy4Hi, MEJUYHI Ta JOMAIIHI
npuctpoi. Temep Bluetooth € y cmaprdonax, IwiaHmerax,
HOYyTOyKax Ta CTalllOHAPHUX KOMIT IOTepax, SKi pa3oM
YTBOPIOIOTH LTy CUCTEMY TIOPTIB ISl TPOCTOTO i IKITFOYESHHSI.

II.  MikPOKOHTPOJIEP PSOC 4 BLE

3aBsiku  CBOii  apxiTekTypi MikpokoHTposiepu PSoC
MiATPUMYIOTH B3aEMOJIII0 3 MaJIONOTYKHUMH Jeransmu. PSoC
€ TEpIIOI0 Y CBITI BOYAOBAHOIO IPOrPaMOBaHOI0 TIATHOPMOIO,
sKa BKJIIOYaE B cebe Tpolecop, Hampukiag 32-po3psiaHui
ARM Cortex-M0, ceHcopH, JIYWIGHUKH, AaHAJIOTOBI Ta
uudpoBi mporpamoBani O70ku. Uepes 1ie MIKpOKOHTPOJIEPH
PSoC npuckopioloTh NMpOEKTYBaHHS HAMIMHUX 1 MPOCTHX Y
BUKOPHCTaHHI CHUCTEM, TaKHX SK BUMIpPIOBaHHS Ta mepenadya
CEHCOPHUX JIaHUX.

[IpoexTyBaHHs 0€3APOTOBMX CEHCOPHHX CHCTEM JUIS
CyJacHHX IPHUCTPOIB HE € MPOCTOIO 3aaauero. Lle moscHroeThes
TUM, IO CTBOPEHHS TAaKUX CHCTEM BUMarae B I1H)KEHEpiB
MPaIfoBaTH 3 KUIbKOMa I1HCTPYMEHTaMH HPOEKTYBaHHS Bif
pi3HUX BHpPOOHMKIB MikpocxeM. [Ipu po3poOui HapydHHX
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JATYUKIB HEOOXiTHI aHAJIOroBi iHTepdeiich IS CEHCOpIB,
uudposa sorika i ynpasminas, Bluetooth mis mepenmadi ta
caM MikpokoHTposnep. ILli cucTeMu YacTo MpaIoTh BiX
3BUYAMHOT MOHETHOI OaTapeiiku 1 MOTPeOyIOTh PO3YMHOTO
BUKOPHCTAaHHS PEXUMY MaJloi TOTYXHOCTI. MiKpOKOHTpoIep
PSoC 4 BLE Bupimnrye 11i 3a/1a4i 3a TOMOMOTOXO:

e CrpouleHHs KoH]irypamii CcTeKy IpOTOKONIB Ta
npodinmie  Bluetooth 3a momomororo mpocroi Yy
BukopuctranHi BLE koMmoHeHTH.

e Iurerpamii  mporpamoBaHOi  IM(POBOI  JIOTIKH,
€MHICHUX ceHcopiB, Bluetooth Ta mpomecopa ARM
Cortex-M0

OpHiero 3 TOJOBHUX NepeBar MikpokoHTposepa PSoC 4
BLE € MoxnuBicTb poOOTH 3 BHCOKO €HEProoulaJHUMHU
cHCTeMaMM, sIKi 3[aTHI TPaLIOBaTH NpPU PIZHUX PEKUMAX
xwuBieHHs. L[i pexumu MaloTh Ha3BM aKTUBHUH, COH, PEXKUM
IJTMOOKOrO CHY, O€3IisUIbHUI PEeXUM Ta PEXKHM 3YIHHKH.
JletanpHUH ONMUC XapaKTEPUCTHK EHEPreTHYHUX PEXKUMIB
300pakeHu# y Tabnumi 1.

TABJIMLS 1. OCHOBHI XAPAKTEPUCTHUKU EHEPTETUYHUX PEXXUMIB POBOTU
MIKPOKOHTPOJIEPA PSOC 4 BLE

XapakTepHCTHKH
Pesxum Ilomoune | Axmuena Axmuena Yac na
cnodcusea | yugposa ananozo6a npodyo
HHA nepucpepisn nepucpepisn HCeHHs
AKTUBHUI 2.2 MA Bci npuiaan Bci npuiaan -
Con 1.3 MA Bei npunagu | Bcei npunanu 0
WTD, LCD, | Komnaparop, 25 MKC
I'muGokwuii con | 1.3 MKA KananbHuii Onepariiiini
piBeHb nizgcuiroBayi
bespisuibuuit 150 HA XKoanoro Kommnaparop 2mc
3 2Mmc
YITUTKA 60 HA XKonnoro XKonnoro

Ilin yac MEepeKIIOYCHHSA 3 OJHOrO CTaHy B IHIIWA Ta B
iHTepBadi 3’egHaHHsA cucrema Bluetooth cmoxuBae B
cepenaboMy 19 MKA cTpymy.

MiKpOKOHTpOJ'Iep PSoC 4 BLE BHKOpHUCTOBYETbCH SIK
KIEHT JUIst niepefiadi JaHux 1o kanany Bluetooth mpuctposim,
SKi  MAKTIoYeHi o Heoro.  Ilicms  BBIMKHEHHS
MIKpPOKOHTpOJiepa TOYMHAETBCS BUITK dacy (3a3Buyaii 30
CeKyH]), IpoTsroM sikoro Bluetooth koMIoHeHTa 3HAXOIUTHCS
y BIZIKpUTOMY CTaHi (BUIbHA VISl 3’€IHAHHS 3 cCEpBEPOM). SIKIIIO
Leld 4Yac CIUIMHYB 1 JKOJIEH NPHUCTPii He TiJ’eIHaBCs, BOHA
MIepEXONTh Y CTaH MIMOOKOro CHY [yisi ekoHoMii eHeprii. 11]o0
koMmroHeHTa Bluetooth 3HOBY cTana BiAKpHTOMO, MOTPiOHO
Tepe3aBaHTXUTH TPUCTpiil HaTHCHYBIIM KHOMKy “RESET”
Ha MikpokoHTponepi [1, 3].

III. MosUibHUM TEJE®OH SIK ITPUCTPI U1 B3AEMOI 3
PSoC 4 BLE

Jnst poboT 3 MIKPOKOHTPOJIEPOM HEOOXigHO, 100
NIPUCTpil, sKWUi Oyne BHKOHYBAaTH pOJb CepBepa, MaB
Bluetooth 4.0. Inmioro HEoOXiTHOIO YMOBOIO € HasBHICTH

MIPOrpamMHOro 3a0e3MeUeHHsI Ha CEPBEPHOMY IPHUCTPOI, SIKE Mae
JOCTYI 10 MOTpiOHMX (YHKIIIH Ta BIACTHBOCTEH KIIi€EHTA
(MmikpokonTponepa). Qs cmaptdoHiB Ha 06a3i omepamiiHOT
cucreMu Android Ta cmaprdoniB xommanii Apple ¢ipma
Cypress cTBopriia MoOUIbHUI qogaTok CySmart. st mporpama
JTO3BOJISIE KOPUCTYBAYy OTPUMATH JOCTYI 1O JAHUX, SIKi OyJIH
OTpUMaHi 3 MIKpOIpOLECcopa, y 3pYYHOMY Ta 3pO3yMiIOMY
Burssini. CySmart miarpumye Taki npodini ta cepicu BLE sik:
npodiab YACTOTH CeplEeBUX CKOpPOYEHb, cepBic Oatapeli,
npodinab HaOMKeHHs, Npodilb TUCKY KpoBi Ta iHmi. Taki
JIOAATKOBI MOJKJIMBOCTI SIK PEECTpATOp NAaHUX, 0a3za MaHMX
reHepaspHUX atpuOytiB (aHri. GATT DB) Ta emymsartop
JUCTAHIITHOTO KEpyBaHHS [JalOTh KOPHUCTYBauy IIOBHY
iH(opMallito TIPO CTaH Ta MOXKIIUBOCTI CUCTEMH [2].

IV. TIPAKTUYHE BUKOPUCTAHHS MIKPOKOHTPOJIEPA

Ockinpku MikpokoHTposiep PSoC 4 BLE Bxe MicTuTh
KiJIbKa BOYJOBaHUX CEHCOPIB (IaTYMK HAOIIKEHHS, EMHICHUH
CEHCOD), BiH BXK€ MOXKe OYTH BUKOPHCTAHUM JJIs1 BUMIPIOBaHHS
JAaHUX TIPH B3aEMOJii KOPHCTyBada 3 MiKPOKOHTPOJIEPOM.
OpHUM 3 TaKUX BapiaHTIB € BUMIPIOBAHHS MOJOXKEHHS MabLIs,
BUKOPHCTOBYIOUM JIHIHHMI €MHICHUHA CEHCOp, Ta mepenadya
KOro ToNIoKeHHs yepe3 Bluetooth 4.0 Ha cMapTdoH.

Micns i1’ € THAHHS JoKepena YKHUBJICHHSI 10
MIiKpPOKOHTpOJIepa (qepe3 miniUSB 4u 3a nomomororw IBOX
6aTapeI/IOK mo 1.5 B, mix’eqnanux no moptie VDD Tta GND)
BiH CTa€ JOCTYNHUM JUIS TMiAKIIOUEHHS IIPHUCTPOIB, SIKi
orpumyBatumyth JnaHi. Kommonenta BLE mnepeOyBae y
BigkpuroMy craHi 30 cexyHI, TOOTO TINIBKM B Hed uac
TIPUCTpili-cepBep MOXKe MiJKIIOYUTHCS 10 Hel. [lyist Toro, 1moo
MAKIIOUYUTUCS 10 MIKPOKOHTpoOJiepa HEOOXIJHO BKIFOUUTH
Bluetooth i BuOpaTu npuctpiii «Caps» 1ist 3’€AHAHHS 3 HHUM.
[ToTpiOHO TakoX 3a3HAYMTH, 1110 TIepeaya BUMIPSIHUX 3HaYCHb
Ha TPUCTpiH-CepBEp MOXKJIMBA JIUIIE TIPU CTaOUILHOMY
3’€JIHAHHI Ta IPAIIOE OJHAKOBO, SK HA BiIali 5 M, Tak i Ha
Bimmam 20 M BiJ MIKpOKOHTpOJIEpa.

BUCHOBKHI

3anpornoHoBaHUN Ta peayi3oBaHU MeEToA 0e3qpOTOBOI
mepenadi  JIaHWX =~ €MHICHHX CEHCOpPIB 32  JIONIOMOTOO
MmikpokoHTpoepa PSoC 4 BLE mokazaB  BHCOKY
e(pCKTHBHICTb.
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dopmyBaHHS MAaCHBY BXITHHUX JaHUX
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Formation of an array of input in the intellectual
mobile robot system

A. Kharchenko
Department of intelligent systems of acceptance of decision
Cherkasy National University Bohdan Khmelnytsky
Cherkasy, Ukraine
alexandrharchenko106@gmail.com

Anomayia—  OOIPDYHTOBAHO  3aCTOCYBAaHHS  mpouecy
NepeTBOPEeHHs] AHAJITHYHHX CUTHAJIB OTPHMAHUX Bi/l 30BHILIHIX
JaT4yukiB  a0o0 cucTeMH  TeXHIYHOrOo 30py B Mojel.
3anponoHOBaHO HOBHMH MeTOJ NOKpamieHHs (opMyBaHHs
BXilHUX paHuxX. Jlanumii Merox A03BOJISAE 3HAYHUM YHHOM
MiABUILUTH NOKA3HUKH aJeKBATHOCTI MATEMATHYHHUX MOJeJIei.

Abstract— Application of analytical conversion process
signals received from external sensors or vision systems in the
model. A new method to improve the formation of input. This
method allows to significantly improve the performance of
adequacy of mathematical models.

Knwuoei  cnosa—noxanvna Kapma;  6aza
MOOeNbHUX 3HAHD

mempusna

Keywords— local metric map; Knowledge base model

I. Bcryn

Po3mmmpennst xona 3ajad, ske BiOYyIOCh OCTaHHIM YacoM
JUIs MOOUTBHHX pOOOTIB BUMAra€ IiJBHIICHHS IOTYXKHOCTI
Horo iHTeNeKTyalbHUX 34i0HOCTEH, TOMYy B HAaHiii po0OoTi
PO3IJIAAIOTECS METOAM Ta MOAENi, IO 3a0e3MedyroTh
MOXITUBOCTI MOJILIFHOTO OTPUMaHHs HOBOI iH(opMmallii Ha 6a3i
icHyto4oi. TurmoBumMu (YHKIISIMH, SIKI BUKOHYE KOXKEH pO0OT, €
(YHKIIiS TO3UIIIOHYBAHHS Ta HOr0 PyXy i3 TOUKU A B TOuKy b
13 OJTHOYACHUM BHKOHAHHSM CHIeHU(PIHNX QYHKIIIH.

[lependavaeTbesi OTpUMAHHS pE3yNbTaTiB B JIaTYHKIB

iH(ppauepBOHUX,  YNbTPa3ByKOBUX Ta  IHIIMX JDKEpen
OTpUMaHHS 30BHILIHBOI iH(pOpMaIii.
[IpenMeroM MOCHIKEHHS JaHOI pPOOOTH € Tpolec

TIEPECTBOPCHHA aHAJITUYHUX  CHUTHa B, OTpUMaHUX BlJ

30BHIIIHIX JATYHKIB a00 CUCTEMHU TEXHIYHOTO 30pY B MOJIEINb —
OaraTonapameTpu4Hy (G yHKIIOHATIBHY 3aJIeKHICTh
XapaKTEPUCTUKH CTaHy 00 €KTY BiJl MHOXXMHH aHaJiTUYHHX
CHUTHAJIB OTPUMaHMX BiA JAaTyukiB. [y oTpuMaHHS IHX
(YHKIIOHANBHUX ~ 3aJIEKHOCTEH 3aCTOCOBYIOTBCS ~ METOIM
IHAYKTUBHOI'O  MOJICNIIOBaHHS, HEWpOMEpexKi, TeHETHUYHI
aNropuTMHU. BUKOPUCTOBYIOTBCS TEXHOJIOTI GaraTomrapoBoro
Ta OararopiBHeBOro MopemoBaHHsi. OTpuMaHi  Mozesi
TIOETHYIOTHCSI B €IMHY CTPYKTYpY 0a3W MOJENBbHUX 3HaHb.
[Ticnst Toro sik 6a3a MOJENBPHUX 3HAHb C()OPMOBAHA Ha erari il
BUKOPHUCTAHHS aHAJIITUYHI CUTHAJIHU Bif JIATYUKIB
MIEPETBOPIOIOTHCA Y 1H(OPMAIIi0, SKa JO03BOJISIE MOOLILHOMY
poborTy mpuiiMaTH  pilleHHS 13  YIOPaBIiHHSA  CBOIMH
BUKOHABUYMMHU MEXaHi3MaMH — JBUTYHaMH. MOXXIHBOCTI
CHHTE3aTOpIB Moeel € cTablIbHIUMU 1 3pOCTaHHS KOPUCHOCTI
pe3yJIbTaTiB MOJICTIOBAHHS MOMKJIMBO JOCATHYTH IIIISXOM
MiJBUIICHHSA 1H()OPMATUBHOCTI MACHUBY BXIJHUX JaHHX —
AHAITUYHUX CHUTHAJIB BIJ JATYMKIB IiJCUCTEMU TEXHIYHOIO

30py.

II.  ITOCTAHOBKA 3AJIAY JJOCJIIJ)KEHb

Meroto nmaHoi po0OTH €  JIOCHIDKEHHS — IPOLECy
(hopMyBaHHS MacHBY aHAJIITHYHUX CUTHANIB. [lepembadaeThes
JIOCSITHYTH METY UUISIXOM aHalli3y JIOKaJIbHOI METPUYHOL
kaptu. Mera Oyzne JOCATHYTa TOIi, KOJNU 3aCTOCYBaHHS
MeToniB (POpMyBaHHS BXIJHUX JaHHX JO3BOJIUTH ITOKPAIIUTH
TOKA3HUKH aJIEKBATHOCTI MOJENEH CepeiHIo IMOXHOKY Ta
cepeTHbOKBAIPATHYHE BIIXMICHHS PE3YJAbTaTiB MOJIEITIOBAHHS
BiJl €TAJIOHHUX JIAHUX.
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II1. JIOKAJIbHA METPUYHA KAPTA

JlokanpHa MeTpUYHA KapTa CTBOPIOE MOKPUTTS JaHUX Bif

YIBTPa3BYKOBHX NAaT4YHKiB. [lJIT OKpEMOro yibTpa3ByKOBOTO

JaTyuKa MU MOXEMO pOSI[iJ'H/ITI/I ooy, AKy BiH IIOKpHUBa€, Ha

4 obnacri (puc. 1).

i i
[} e T 1T
Ll Hl| i~ T R

Puc. 1. 4 obnacti B cepeirHi yJabTpa3ByKOBOIO AaTYMKa BUMIPIOBAHHS

Perion 1. Bigirpae pomnp y posmizHaBanHi 00’ekra. Llei
perion Mae BurHyry ¢opmy, TomMy mo iHdopmamis 1mpo
MEPEIIKOAN Ma€ PO3IIUPIOBATHCSA O BCil my3i. Bucora 1miei
00J1acTi BU3HAYAETHCS JIOKAJIHHOIO METPUKOI KapTh (IjIst
KOHKPETHOTO JIaTYMKA) i TOMMJIKOI BUMIpIOBaHb. Y HaIliif
Mmoyedri odsacri I 1 III ogHakoBi.

Perion II. InTepmperyerbcs sk BinbHHIA perioH. lle
JIOTIYHO, TOMY IO SKIIO € I OJHA Iepenrkoaa, odmactp |
Oyne OrKYe 10 YABTPa3BYKOBOTO JATUHKA.

JaHi 3 yIbTpa3ByKOBOTO TaTUYNKa MOXKYTh OyTH 3aIicaHi B
JIOKAJIBHIH METPUYHIA KapTi 3 MPOCTOi aIUTUBHOI MOJENI.
OfHaK BUKOPUCTAHHS JCAKOI IMOBIPHICTHOI MOENI € OUIbII
npaBwibHUM. 1l Mozenp HaWOLIbINIE BiIMOBIJA€E peabHOMY
yABTPa3BYKOBOMY naTuuky. Jlias periony II moxnmuBicTh
3aXBaTy B KOXHIM KITHHIII MOXXE OOYHUCITIOBATHCSA TaKUM
YHHOM:

P(x,y) = Pp.Pg

Jec:

PR‘ = [P'pﬂ'i?‘!t - Rmin)'ﬂ'a

— L
A=

Fmes ~Emin

B € kyroBuii pagiyc KOHyca JaTYHKa, 0. KyToBa IIUPHHA KOHYCa

JIATYHKA,
METPHYHIH

peint papgiyc 3amMCaHOl TOYKM B JIOKANBHIM
KapTi, sKa  OTpUMaHa 3  IOJOKEHHS

YIBTPa3BYKOBOTO JaT4MKa, ~-min [ MIHIMaJIBHUN pajiyc
SIKMA TTOXOAUTh BiJl MiHIMAQJBHOTO Jiala3oHy BUMIPIOBAHHS

R

aT4yuKa, mesz  1e (QaKTHYHUN BUMIPSAHUHA pamiyc uis

MEPEeNIKOAN SIKMH OTPUMAHO 3 JaT4yhKa i F, e AianasoH

inTeprperanii s obnacri 1.

3a [JOIOMOroI JIOKAJIBHHX METPUYHUX KapT OyJo
c¢(hOopMOBaHO MAacCHB BXiTHHX JaHUX, HABCICHUN B TaOmwii 1,
SIKMH BiJ0Opakae BiJcTaHi 10 00 €KTIB IIi€1 KapTH.

TABJIMLIA 1. TTOKA3HUKHU YJIbTPA3BYKOBUX JIATUUKIB
Kyr JliBuid LenTpanbuuii Ipasuii
TMOBOPOTY JaTYHK JaTYHK JaTYHK
1.00 2.00 3.00 4.00
0.00 1.00 3.00 5.00
-0.83 3.00 1.00 -1.00
-1.83 1.60 0.20 -1.20
-2.33 1.50 0.80 0.10
-2.83 1.40 1.40 1.40
-3.33 2.50 2.10 1.70
-4.33 1.58 0.58 -0.43

Pe3ynbraTtu mocnipkeHHs: HABEIEHO Ha PUCYHKY 2.

OcHoBHOM
OcHoBHOI JWWW\'M
OcHoBHOM
OcHoBHOM
OcHoBHOM

1 61116212631364146515661

e BXAHI [aHi === \|0aeNbOBaHi AaHi

Puc. 2. Pe3ynbTaTi NOPIBHAHHS MOJEIbOBAHUX Ta PeabHUX [TOKa3HHUKIB.

BUCHOBKHI

Jlana poOoTa IEeMOHCTpYE JOCHIKEHHS (opMyBaHHS
JIOKQIBHUX METPUYHHMX KapT SKi BHKOPUCTOBYIOTBCS IS
MOOYMAOBH  I€papxiuHUX MaTeMaTHYHHX  MOACICH  JUis
NPUAHATTS pillleHb B OaraTopiBHEBiH CTPYKTypi MOOLIBHOrO
pobora.

[IpoBeneHa mapaMeTpUyYHa  ONTHMi3allis
MIOKPAIIUTH Pe3yJbTaTH MojietoBaHHA Ha 14%.

J03BOJIMTIa
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Method for classification of input data arrays in the
multilevel information systems for crisis monitoring
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Anomayia— 3anponoHOBaHO HOBHUH MeTod oONTHMI3aLil
CTPYKTYpH iHGoOpMauiiiHOi CHCTeMH KpPH30BOI0 MOHITOPHHIY.
3MeHIIeHHs Yacy ONTHMi3alii JOCATHYTO NUISIXOM KJjacHpikamii
MaCHBY BXigHMX AaHuX. [l KOKHOr0 MacHBY HiAOMpaeThCs
Kpammii  ajJropuTtM cuHTe3y Mogedi. ExcrnepuMeHnTanbHo
miaTBepAKeHO edeKTUBHiCTL HOBOro meroay. Yac mepeOynoBu
CTPYKTYpH 3MeHIIyeTbes:i B 3-4 pasu. IloxmOka MmonenoBaHHs
3HAYMMO He NOTipuIyeThCs.

Abstract— New method for optimizing the structure of the
crisis monitoring information systems is proposed. Reducing time
of optimization achieved by classifying the input data arrays.
Best algorithm of model synthesis is selected for each input data
array. Effectiveness of the new method was experimentally
confirmed. Time for restructuring of models reduced by 3-4
times. Errors of modelling is not significantly worse.

Knwuoei cnoea— Kpusoeuii monimopumne, oOazamopienese
MOOen06anHA, uac nepedyoosu cucnemu, HOXUOKa MOOeI08AHHS.

Keywords— crisis monitoring, multilevel modeling, system
restructuring time,modelling error

I. Bcryn

INpuitHATTSA pilleHb B yMOBaX HaJ3BHYAIHUX CHTYalliil HaKIanae
psn oOMeKeHb Ha TEXHOJOTI, 110 3abe3nedyroTh 1H(GOPMAITIEIO i
nporec. IcHye TexHooOrisi 6araTopiBHEBOrO IEPETBOPEHHS
JIAaHMX SIKa peasli3oBaHa y BUIVIAAL iH(OpMaLiiiHOI cucTeMH 3

A. Avramenko
Department of intelligent decision support systems
Bogdan Khmelnitsky Cherkassy National University
Cherkassy, Ukraine

RedStar929@gmail.com
iepapXigHUM MTOETHAHHAM OaraTonapaMeTpUIHUX
moxmenei [1]. IIi Momenmi MoXyTh OyTH peaji3oBaHi 3a

JIOTTOMOT'OK0 1HIYKTHBHUX aJTOPUTMIB, HEHPOHHUX MEPEX,
TCHETHYHHUX AJITOPUTMIB Ta 1HIIIHX.

B miii cuctemi peanizoBaHO ClieHapiii BHOOPY Kpamroro
QITOPUTMY CHHTE3y OararonapamerpudHux mojeineid (ACM)
IUIAXOM TIOCIIJOBHOIO iX BUIPOOYBaHHS Ta BHOODPY
Kparoro.

[Jaii ¢popmyeThes iepapxist Mojiesel siki Ha KOO)KHOMY PiBHI
iepapxii pPO3B’A3YIOTH JIOKAJBbHI 3aJadi i3 IEPEeTBOPCHHS
JaHuX. B Takux iepapxXiuHUX CTPYKTypaX MOXYTh
MOEHYBATHCS BEIHMKA KUIBKICTh MOJENEH, BiA ITSTOSCITH 1
OisbIIe.

Y BUNAmKy KOJIM BJIACTHBOCTI MAacHUBY BXIiJHUX JaHUX
3MIHIOIOTBCS 1 OlHA 3 MOJEJICH IepecTae NpAIfOBaTH, TO
MIPOBOJUTHCS 3aMiHa «ITOIIKO/PKEHOD» MOJAENTI 13 MOBTOPHUM
CHHTE30M MOJEJIEH, 1110 3 HEIO OB’ sI3aHi.

Ileit mportec 3atiMae TpuBaIUii yac, mpuOIM3HO 40 XBUIHH,
B 3aJIGKHOCTI BiJl KiJIBKOCTI MOJelNiei B CTpyKTypi. B ymoBax
KPH30BOI'O MOHITOPHHTY J€ Ha OOIPYHTYBaHHS pillICHHS
BUIUIAETbCA HE Oimble 2-3 XBWIWH, a BiactuBocTti MBJI
3MIHIOIOTHCS TUHAMIYHO — € HEOOXIiTHICTh B 3MEHIICHHI Yacy
nepeOymoBH iepapxii MomeIei.
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II. META POBOTH

Meroto miei pobOTH € 3MEHIIeHHS 4Yacy nepeOyqoBu
CTPYKTYpH iepapxii mozesneli 0e3 3HAYHOI BTPATH TOYHOCTI
pe3yNbTaTiB MOJICIIOBAHHS HA BUXO/II CHCTEMH.

Jlmst mocsirHeHHs TOCTaBJICHOI MeTH Oyna cdopMmoBaHa
rimoresa TpO Te, MmO 3MEHIICHHS 4Yacy IOBTOPHOTO
(opMyBaHHs CTPYKTYPU MOHITOPHHIOBOI CHCTEMH MOXKIIHBO
JOCSITHYTH, SIKIIIO PO3B’sI3yBaTH 33a4y PO3Mi3HaBaHHs 00pazy
kpamoro ACM i3 mepediky IONEPEAHbO 3amaHuX JUIs
kokHoro MB/I. Ha BiaMiHy Bij| TOCIiIOBHOTO BUIIPOOYBaHHS
KOXXHOTO 13 HasBHUX ACM i3 HACTYITHUM BHOOPOM Kpaioro
aITOPUTMY, TPOIIOHYETHCS OOy yBaTH BUPILIYIOYE MTPABUIIO,
ske 3abe3meunth I KoxkHoro MBJI BuOip HalOinmbII
npugatHoro ACM.

II1. PE3YJILTATU JJOCJIIKEHD

CdopmynroBaHa rinoresa Oyna nepeBipeHa
eKCIIEpUMEHTAIbHO. Bupinrylode npaBHIO CTBOPIOBANOCH 3a
noroMororo OaratopsiaHoro anroputMmy MI'VA [2]. B sxocTi
knacudikamiiaux o3nak MBJ] BukopucToByBaBcs HaOip
XapaKTepUCTHUK, 3alIpOIOHOBaHuUi B [3].

Juns  cuHTe3y  Mopeneil  BUKOPHCTaHI  pe3yjbTaTd
MOHITOPHHTY 3aXBOPIOBAHOCTI HacelneHHs Uepkacbkoi 00macTi
Brpoaorxk 2000-2014 pokis. JIocmipKyBaBcs MPOLEC CHHTE3Y
MOJIENI, SIKa MICTHJIa 3aJIeXKHICTh 3aXBOPIOBAHOCTI HACEIICHHS
BiJl KOHIICHTpauii WIKJIMBUX PEYOBUH Y BOJi, IOBITPI,
MPOIYKTaX XapyyBaHHSI.

[NopiBHIOBaNHUCH pe3ynbTaTtu PpO3paxyHKiB
JOCIIUKYBAaHOTO IOKa3HHMKA, OJEP)KAaHMX 332 MOMAEIUIIO, IO
Oyna CHHTE30BaHa IMICINsl IOCIIZOBHOTO BHIIPOOYBaHHS BCiX
nonepeHbo CKoHCTpylHoBanux ACM Ta Mopenei, mo Oyiu
oTpuUMaHi micis pos3mizHaBaHHA —Kpamoro ACM 3a
JIOTIOMOT'OF0 1HAYKTHBHOI Mozen MI'YA.

B pesynbrari yac cuHTE3y MOJETi 3MEHIIMBCS B JIEB’ATh
pas3iB 1 JOCSTHYB BOCbMHU cekyHn. [loxmOka Moria 3pocTH
npu6IM3HO Ha 6.4% 1 mocsTHYTH 3HaUYeHHs 9,7%.

BUCHOBKHI

3pocTaHHs TMOXMOKM MOJIETIOBAHHS € «IUIATOIO» 32
CKOpOYEHHSI Yacy CHHTE3y Mojeneil. 3Bakalouu Ha Te, 10 B
CTpYKTYpi  iHpopMaliiiHoi  cucTeMu  0OaraTopiBHEBOTO
MIEpEeTBOPEHHS JaHUX MicTuThbes Bij 50 Mopeneit 1 Oiiblie,
BIAE€ThCS JIOCSTHYTH 3HAYHOTO CKOPOUEHHS Yacy ajarraiii
CTPYKTYPH CHCTEMH JI0 3MiHHU BiactuBocTedt MBJI. B ymoBax
KPH30BOI'O MOHITOPUHTY Taki pe3yJabTaTH IaloTh HAAII0 Ha
MOXIIUBICTh 3aCTOCYBaHHSI MOHITOPHHI'OBHX iH(OpMaliiHIX
CHCTEM 13 TEXHOJOTisIMH 0araTopiBHEBOIO IEPETBOPEHHS
JNAHUX Ul TiATPUMKH TPUAHSATTS pillleHb 13 JIOKastizamii
HACITIJIKIB HAJI3BUYAHHUX CUTYAIIii.

TakumM  9YMHOM  3amlpONIOHOBAHMM  HOBUML  MeTon
Knacudikamii MacuBy BXiJIHMX JaHMX B iH(OpMAIiHHAX
cucteMax  0araTopiBHEBOrO  KPH30BOIO  MOHITOPHHTY.

3MEHIIeHHSI 4Yacy Nepe0ylIoBH CTPYKTYpH MOHITOPUHIOBOL
iH(popMaIiiHOT cucTeMH /IS PO3B’SI3KY HOBHX 33]1a4 B YMOBax
HA/3BUYAMHUX CHTYyalidl JOCSATa€ThCS UUISIXOM PO3B’SI3KY
3a[a4i po3Mi3HaBaHHS KPaIloro allfOPUTMY CHHTE3Y MOJIelel
3a IpaBWIOM, IO CTBOpPEHE 3a OaraTOpsIHHUM AJITOPUTMOM
MI'VA.
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Intelligent search for details in technical systems
information monitoring

M. Holub
Department of Information Security and Computer Engineering
Cherkasy State Technological University
Cherkasy, Ukraine
Mas-golub@yandex.ru

Anomauyia —  Onmcana  indopmamiiina  TexHoJIOTIs
IHTeJIEKTYaJIbHOr0 NMOLIYKY BiJJOMOCTell TeXHiYHUMH CHCTEMaMH.
Jnsi  ¢dopmMyBaHHSI BHpPIIIYIOYMX NPaBHJ  3aNPONOHOBAHO
BHKODHCTATH  MeToguW  0araTopiBHEBOro  MOJEJIIOBAHHSA.
ExcnepuMeHTaNBbHO MiATBEPAKEHO MOMAKIMBICTL Ta NONITBHICTH
32CTOCYBAHHS ONMCAHOI TEXHOJIOTII I aBTOMaTH3alil nmpouecy
TOIIYKY TEKCTIB 3aIaHOr0 3MicCTy.

Abstract — Desribed the information technology of intelligent
search information technology systems. To form the deciding
rules proposed use multilevel modeling techniques.
Experimentally confirmed the possibility and feasibility of the
technology to automate the process of finding a given text
content.

Knrwuoei cnosa — Ilowyk mexcmy 3a smicmom, dazamopigrese
MOOeNI06AHHA, MEXHIYHA cucmema, iHQopmayiiinuii MOHIMOpuHe.

Keywords — Search for text content, multilevel modeling,
system engineering, information monitoring

I. Bcryn

[HTeneKkTyanpHI  BJIACTUBOCTI  TEXHIYHOTO  MPHCTPOIO
BHU3HAYAETHCS HOTO 3JaTHICTIO 3700yBaTH HOBY iH(GOPMAIIIIO
Ha oOcHOBI Bxe Bigomoi. Cucremu iH(pOpMAIHHOrO
MOHITOpUHTY, Ha BIIMIHy BiA IiHIIMX, MOHITOPHHIOBI
iHpopMaliliHI CHCTEMH TpH3HAueHi s 3a0e3nedyeHHs
BiJIOMOCTSIMH TIPO BJIACTUBOCTI O0’€KTIB MPOLIECH MPUHHATTS
pilleHp [UIIXOM OOpOOKM Ta TIEPETBOPEHHS pPEe3yJbTaTiB

HETIEPEPBHUX CIIOCTEPE)KEHb, MOJAHUX y BUIIIAMI TEKCTOBHUX
TIOBiZIOMJIEHB, ay/lio — Ta Bijeo-paiiis .

HeoOxigHicTh ~ KOHTEKCTHOIO  TMOUIYKY  iHQopmarii
TEXHIYHUMHU CHUCTEMaMH BUKIIMKaHA MOTPEOOIO IIiIBUIIUTH
e(QEeKTHBHICTh TOIIYKY BiJOMOCTEH, SIKI MOTpiOHI came s
CHHTE3Yy MOJIeli, 110 MpU3Ha4YeHa Ui npodiTroBaHHS TEKCTIB
i3 3aJJaHUMH XapaKTePUCTUKAMH. T0OTO MOTPIOHO 3HAXOIUTH
TEKCTH 33JJaHOT0 3MICTY, a He TUTbKH 32 KJIFOYOBUMH CIIOBAMH.

[ToctaBnene 3aBJIaHHA BUPINIYETHCS HIITXOM
BHUKOPUCTAHHS METOMIB OaraTOpiBHEBOIO MOHITOpPHHTY [1].
3a0e3meuyeThes iepapXivuHe MOeAHAHHS OaraTonapaMeTpUIHNX

MoJIeJIiel, 110 HaBYEHI eTAJIOHHHMMH TEeKCTaMU 33JaHOro
3Mmicty [2].

ABTOpPOM  pO3BUBAETHCS  HANpsIMOK  0araToOpiBHEBOTO
MOHITOPHUHTY B TpeIMETHIH o001acTi 1HTEJIEKTyalbHOTO

aHaJTI3y TEKCTOBUX TOBIIOMIICHb.

II. IIOCTAHOBKA 3AJIAUI JOCJIIJXKEHD

B 11iii po0OoTi po3B’s3yeThest 3a1a4a KiaacuQikariii TeCTOBUX
MOBIIOMJICH 32 3aJaHUM 3MicTOM. Hamepex BimoMoro
iHpOpMaIli€I0 € TepelNik KJaciB Ta 3MICT MOBIIOMIICHb, IO
HaJeXKaTh 0 IUX KJIaciB. 3aBJaHHAM € TIONIYK THX IUISHOK
TEKCTIB Cepel MHOYKUHU TEKCTOBHX MOBiIOMJICHbD, 3MICT SIKHUX
BiJITIOBiIa€ HANIepe]] 3aaHOMY 3MiCTOBI OJTHOTO 13 KJIaciB.
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III. IHOOPMALIIMHA TEXHOJIOT' IS KOHTEKCTHOI'O IIOLLIYKY
BIZJOMOCTEN

ITocraieHa 3amada po3B’s3yBalach NUISXOM IOOYIOBH
MHO)KUHHM BUPINIYIOUM TIPaBWiI, IO JIO3BOJISUIA BiAHOCHUTH
BUJIJIEHI TUISHKM TEKCTy JI0 Harlepes 3aJaHuX 3MiCTOBHHUX
knaciB. [IpaBuna cuHTE3yBanucCh y BHIJIAAI OaraTopiBHEBHX
(YHKI[IOHAJTBHUX 3aJISKHOCTEH, IO TOEJHYIOTh B CBOIH
CTPYKTYpi IHAYKTHBHI MOJENi, HEHpOMEpexi, TeHETUYHI
aIrOpUTMH, TiOpUIHI MOjeNi, OTpUMaHi 3a 3aBEpPIICHUMH
anroputMamu.  Jlst  po3B’si3aHHS  3ajadyi  Y3TOIDKEHHs
B3a€MOIIi X MOJIeNIeH BUKOPUCTOBYETHCSI METOJ] BUCXiIHOTO
cuHre3y enemeHtiB [1]. 1li meromm, 3aco0u Ta ajaropuTMu
cuaTedy Mogeneid (ACM) mnoegHani B iH(opmauiiiHy
TEXHOJIOTII0  IHTEJEKTyaJbHOrO0  IONIYKY  BiJOMOCTeEi
TEXHIYHUMH CHUCTEMaMH iH(QOPMAIIHOrO MOHITOPUHTY
(TCIM). Bona MiCTHTb Taki eTamny.

1. IligroroBumiti. =~ PopmyroTbcs  MoAedi  3MicTy
noBizomiieHHs. [IpoBOANTBCS aHaNi3 TEKCTYy, MEpEeTBOPEHHS
TEKCTOBOI'O TIOBIJIOMJIEHHS B MAacHB HOTO YHCENbHHX
XapaKTEepUCTHUK, CHHTE3 Ta BUITPOOYBaHHS MO/IEIICH.

TekcT aHaNM3yeThCS NUISIXOM BHIUJIEHHS OKPEMUX JUISTHOK
(BIKOH) i3 TIOCHIJOBHO pO3MIIIEHMX B TEKCTI pEYEHb.
[lepeTBOpeHHST TEKCTOBOrO  MOBIAOMIIEHHS  TPOBOJHUTHCS
LUIIXOM  PO3PaxXyHKY YacTOTHHX XapaKTepPHUCTUK Harepen
3aJ]aHUX O3HAK TEKCTy. B pe3ynbTaTi po3paxyHKiB OTpUMYEMO
BEKTOp O3HAK — TOYKY CIOCTEPEKEHHS B 0araTOBUMIpHOMY
MPOCTOpi O3HAK TEPBHHHOTO OMHCY 00 €KTa MOJENIOBAHHSI.
[Micns ouiHku iH(QOPMATHBHOCTI JAEsAKi O3HAKU, IO MAalOTh
HE3a/I0BUIbHI YaCTOTHI XapaKTEePUCTHKHU, TEKCTIB BUNAISIOTHCS
13 IepBUHHOTO omrcy. TouKHM crocTepeskeHHsl, o0 chOopMOBaHi
3a BEKTOpPOM 1H(OPMATHBHHX O3HAaK YTBOPIOIOTH MAacCHB
BXigHuX ganux (MB/I).

HanexxHicTh JUISHKA TEKCTYy A0 3aJaHOr0 3MiCTOBHOTO
KJIacy  BimoOpaxkagach  IIUISIXOM — TIO3HAYCHHS  TOUKHU
cnocrepekeHHss K «Cgiity. TakuM YHHOM YTBOPIOETHCS
TIOCJTIZIOBHICTh TOYOK CIIOCTEPEKEHHS, SKi BiIOOpaXKaloTh B
CBOIH CTPYKTYpi 3MICT TOBIJOMJICHHS, IO HAJSKHUTH IO
3a[]aHOTO KJacy. [HIIMM TOYkaM CIIOCTEPEKEHHs HaaBaBCs
cratyc «Uyxwuit». BoHU BimoOpa)katoTh 3MICT MOBiTOMIICHHS,
SIK1 HaJIeXKaTh JIO IHIIMX KIaciB.

CuHTe3 Mozieneii 3a0e3euye po3B’sI30K 3a/1a4i TpyITyBaHHS
TOYOK crocTepexeHHs. KoxHa MOJenb BUKOPHCTOBYETHCS SIK
BHUPIIIYIOYH TIPABUIIO, IO JO3BOJISIE BiTHECTH KOXKHY TOUKY 10
OITHOT'O 13 3amaHuX KiaciB. s popMyBaHHS IILOTO MpaBHIA
3a0e3MeUyeThCs  I€papXiyHe IMOEIHAHHS  OaraTolapoBHX
MoJesel [1] BiamoBiiHO 10 iHAYKTUBHOTO MeToxy [3]

3a pe3ynbTaTaMd BHIIPOOYBAHHS MO BHU3HAYAIOCS
ITOPOTrOBE 3HAUCHHS PE3YJIbTATIB MOJCIIOBAHHSI, BHUIIE SKOIO
MOJIE/TbOBaHE CIIOCTEPEKEHHs MO3HaYaoch K «Caiity. [licms
LILOTO MOJIENb 3aHOCUTHCS 110 023U MOZAEIBHUX 3HAHb.

2. OmepaTuBHE BUKOPHCTAHHS. AHAJi30BaHUH TEKCT
noxaerbess Ha BXig TCIM. 3a pesynbraTamu IepeTBOPEHHS
MB/] mapasensHO KiTbKOMa BUPINIYIOYMMH TpaBHiIaMH 0a3u
MOJICTIbHUX 3HAaHb MPUHAMAETHCS PIIICHHS MPO BiJIIOBIIHICTH
JIOCTIPKEHOT0 (hparMeHTy TEKCTY 3aJ]aHOMY 3MICTY.

[lpn BuNpoOyBaHHI OMMCAHOI TEXHOJOTIl BH3HAYAIACH
KUIBKICTh BIPHO pO3Mi3HaHUX ()PAarMEeHTIB TEKCTY BiAIOBITHO
0 Hamepen 3aJaHoro 3MICTy Ta 3aJIeKHICTb Ppe3yNIbTaTiB
KOHTEKCTHOT'O TIOIIYKY BiJl BULY OOpHOI Mozeni. B Tabmumi 1.
MoAaHl BHJM ONOPHHX MOJEJed, 10 NpUiiManu ydacTh B
MIPOIIECi CHHTE3y BUPIIIYIOUOTO MPaBUIIA.

TABJIMIII 1.  BUJIM OIOPHUX MOJIEJIEM
Mopeib Bua moaei
X1+HXo 1
x12+ xzz+ X1Xa 2
X12 X0+ X2+ X X0t X1 %0 3
x12+ sz X1+ X1Xo+ X1 +X2 4

Ha puc. 1 momani pe3yibTaTH BHIIPOOYBaHH OITUCAHOL
TEXHOJIOT1I.

OcHoBHOM

%

3 . OCHOBHOM QcHABHOIM
OcHoBHOM CHOB

OcHoBHOM

PO3MI3HAHNX

KINBbKICTbBIPHO
SPATMEHTIB

OcHoBHOM

Bug onopHoi mogeni

Puc. 1. Pe3yibTaTé KOHTEKCTHOTO MOIIYKY BiIOMOCTEH

BrcHOBKI
Po3B’s13aHO 3a/auy iHTEIEKTYaJIbHOTO MOIIYKY TEKCTOBUX
ITOB1TOMJICHB 3aJIaHOTO 3MICTY 3a TEXHOJIOTI€I0
6araTopiBHEBOTO MOHITOPHUHTY. EdexruBHicTh

IHTEJIEKTYaJIbHOTO TOUIYKY 3aJIeKUTh BiJ iH(pOpMaTHBHOCTI
3aJ]aHUX O3HAK TEKCTy Ta BUIIIALY omopHoi monemi. [licis
napaMeTpuyHoOi  ONTHMI3amii TpOIECy  IHTEIEeKTyaJlbHOTO
MOUIYKY BIJIOMOCTEH MOCSATHYTO TPHHUHATHOI —HaJiHHOCTI
PO3B’ 43Ky IIOCTABJICHOI 3aJa4i.
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Anomauyia—3anponoHOBAaHO BHKOPHCTAHHS €BOJIOLIHHHUX
AJIrOpuTMIB 17151 OPpMYBaHHS TONOJIOTII IIMOOKUX HEHPOHHMX
MepexK.

Abstract—Usage of evolutional algorithms for formation of
deep neural network topology is proposed.

Knrouosi cnosa—anzopumm poro uyacmunox; 2enemudHuil
anzopumm; 21uOOKi HelipOHHI mepedici.

Keywords—particle swarm optimisation; genetic algorithm:
deep neural network.

1. Bceryn

B nmanuit yac mmpoke po3MoBCIOKEHHS 3HANUILIN TITHOOKI
HelipoHHI Mepexi. CHHTE3 ONTHMAIBHOI CTPYKTYPH TaKoi
HEWpOHHOI Mepexi (BU3HAYEeHHs KUTBKOCTI IIapiB, HEHWPOHIB,
3B’SI3KIB MK HEHWpOHaMM) € JOBOJII HEMPOCTUM 3aBAAHHSIM,
OCKUTBKH, 3 ONHOrO OOKy, HEOOXimHO 3a0e3MeUUTH BHCOKY
TOYHICTH POOOTH, SIKa 3aJISKUTh BiJ KUIBKICTI HEHpOHIB. 3
iHmoro OOKy, /s YHHMKHEHHS NpOOJeMH NepeHaBYaHHS,
3MEHIIECHHS OOYHMCIIOBANIBHOI CKIIAJHOCTI Ta ITiIBUILECHHS
HIBHAKOCTI  pOOOTH, HEOOXiMHO MIHIMI3yBaTH KUIbKICTh
HEHpOHIB Ta 3B’S3KIB MK HHMH. B gaHiii po0oTi
TIPOIIOHYETHCS YISl CHHTE3Y ONTUMAJIbHOI CTPYKTYPH IITYYHHX
Heliponnnx Mepex (ILIHM) ckopucratucs moan¢ikoBaHUMU
BEpCISIMM TEHETUYHOTO aJrOpUTMy 1 airopuTMy poro
YaCTHHOK, a TAKOXX KOMOIHOBaHUM aJITOPUTMOM, 1110 ITOEHYE B
co0i JIBa BUIE3raJIAHNX, Ta TIOPIBHATH iX €()EKTUBHICT.

II. IIOCTAHOBKA 3AJIAUI

3anaHa BXijHa BHOIpKa, €lIeMEHTaMHU KOl € mapH (X;d;), e
X; — BXigHi gaHi, d; — etanonHi Buxoau. HeoOXingHO BUZHAUUTH

crpykrypy IIIHM (kinbKicTh ImapiB, KUTBKICTH HEWPOHIB Yy
1rapax, MiKIIapoBi 3B’SI3KHM) 115l OCHOBHOI TITHOOKOT MEpexi.

BupimieHHs TOCTaBlIeHOI 3a/adi BUKOHYETHCS Ha OCHOBI
MiHiMi3aIlii MOMWJIKH pPOOOTH MepekKi (OIHIOEThCS IO
nepeBipouHii BUOIpmi) Ta ckiramHocti IITHM (omiHOeThes 10
KUTBKOCTI 3B’ SI3KIB Mi>K HEHpPOHAMM ).

II1. BATAJIbHA CTPYKTYPA I'JIMBOKOI HEMPOMEPEXI

B 3arajnpHOMY BUIIISIAI CTPYKTypa HEHPOHHOI Mepexi
rJIMOOKOr0 HaBYaHHS Tpe/ICTaBlieHa Ha puc. 1.

Stacked AutoEncoder Multilayer Perceptron
Out Out
h3 S
Input h3
Autoencoder 3 ho
Out | —
h2 h1
Input
i )
Autoencoder 2
Out
h1
Input
Autoencoder 1

Puc. 1. I'mnboka HeiipoHHa Mepexa 3 BUKOPHCTaHHSIM aBTOCHKOAEPIB

HaGip aBroenkomepiB  (abo wmammH  bonbimana)
BHUKOPUCTOBYETBCS [UIS  TIONMEPEIHHOr0 HANAIITYBAHHS Bar
OCHOBHOI HEHpOMEpEeXi, B SKOCTI SKOI BHKOPHUCTOBYETHCS
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OaraTolapoBUii NEpUENTPOH. BUKOpUCTaHHS IMONEPEIHHOTO
HaJIAIITYBaHHS JI03BOJISIE TIPHCKOPHUTH IIPOLIEC HaBYAHHS Ta
3amo0irTH MOTPAIUITHHIO B JIOKAIBHI MIHIMYMH IIiJi dYac
HaBuaHHsA. OOHMM 13 [ULIXIB IABUINEHHS e(eKTHBHOCTI
HaBYaHHS € TMIONepeHii BUOIp ONTHUMANBHOI CTPYKTYpH
OCHOBHOI HetfipoMepexki. J{ist po3B’si3aHHS JaHOI 3a/1aui MOXKHA
CKOPHCTATHCSl EBOJIIOLIMHUMHU aJTOPUTMAMHU: METOJIOM DOIO
YaCTHHOK 200 T€eHETHYHUM AJITOPUTMOM.

IV.OrJjis11 METOAIB ®OPMYBAHHS TOI1OJI0r'1i HTHM

A. Aneopumm poro yacmuHox

[Ilo6 3po3ymiTH anropuT™M PO YACTHHOK, YSBIMO 7-
MipHUH TpocTip (00JIaCTh TONIYKY), B SKOMY HUIIIIOPSTH
yactku (areHtd anroputMmy) [1]. Ha mowatky dacTku
PO3KHIaHI BWIIQJIKOBUM YHMHOM IO BCiii 0ONacTi Momryky i
KO)KHa YacTWHKAa Ma€ BHMAJKOBHH BEKTOp LIBHIKOCTI. Y
KOXKHIH Toulli, Jae noOyBana 4YacTHHKAa, PO3PaxOBYETHCS
3HaueHHs1 LTboBoi QyHKuil. Ilpym 1bOMYy KOXXKHA dYacTKa
3anam's|ToBye, ske (i Je) Kpalle 3HA4eHHs MiIbOBOI (DyHKIIIT
BOHa OCOOMCTO 3HAWIIIa, a TAaKOK KOXKHA YacTKa 3HAE Jie
po3TalloBaHa TOYKa, SIKA € HAWKPAIOK Ccepell YCiX TOYOK, SIKi
po3Biganu yactkh. Ha koxHIiW iTepallil 4acTKH KOpPEKTYIOTh
CBOIO IIBHUJKICTH (MOIYNH 1 HampsMOK), 100 3 OAHOTO OOKY
OyTH OJIMbKUe J0 Kpaloi TOYIl, SIKy YacTKa 3HaWIIUIa caMa i, B
TOW e 4yac, HaONM3UTHCS IO TOYKH, SIKa B JaHUH MOMEHT €
rI100aIbHO Kpalior. Yepes MesKuid KiTBKICTh iTepallii 4acTKU
TIOBUHHI 310paTHcst MOOIU3y HAHOLIBII XOPOIIOK TOYKH. .

B. T'enemuunuii aneopumm

Jis onucy TEHEeTUYHHMX aJTOPUTMIB BHKOPHCTOBYETHCS
OloJIOTiYHAa TEPMIHONIOTIS, Ji¢ KIIOYOBHM IOHATTSM €
XpOMOCOMa, IO MPEJACTaBIIsiE COOOI BEKTOp (JIAHIIIOKOK),
YTBOPEHUH HYISIMHU 1 OAWMHUIPIMU [2]. ANTOPUTM TOYUHAE
CBOIO POOOTY 3 TeHepallil) MOYaTKOBOI MOMYJIAIII XPOMOCOM,
posmip sikoi P BBaxkaeThcs mOCTiHUM. [l KOXKHOT i3
XpOMOCOM MOXKHa OLIHUTH 1 IIPUCTOCOBAHICTb, SIKa
BU3HAYA€ThCSA 3HAYeHHsM IboBoi  ¢Qynkmii E.  [ami
MOYMHAETHCSA  TPOLEC  PENpONyKIil — MONyJNsAMii,  sSKuii
(OpPMYETBCSI TEHETUYHUMHU OIIEPaTOpaMU KpPOCOBEpa, MyTallii
Ta iHBEpCIi Ta OIepaIl€ero celekilii. Y pe3ynbraTi, POpMyeThCs
pO3IIUpEHa TMOMY/IAIIs XPOMOCOM, IO MICTHTh SK BUXIIHY
MHOXXHHY XPOMOCOM-0AThKiB, TaK 1 MHOXHHY HallaJKiB.
KokeH CTpUHT pO3IIUPEHOi MOMyNAIil OLIHIOETBCS 3 TOYKH
30py WOro IpPHCTOCOBAHOCTI 3a KpurepiemM E, micias doro
(opmyeTbest HoBa nomyJsiniss W, sika Mictutb P(1) xpomocom 3
HaliMeHIIMMHM 3HadeHHsAMH kputepito E. Takum yuHOM,
aJITOPUTM HAKOIUYYE BAANI PILICHHS, «CTATYIOUN MOMYJISIIO
IO TJI00AJIEHOTO €KCTPEMYMY ILTBOBOI (DYHKIII1.

V. MOJAN®IKOBAHI AJITOPUTMU JIJ11 ®OPMYBAHHS
CTPYKTYPU HEMPOMEPEXI

B ycixX po3rIsHyTHX HM)KYE aJTOpUTMax Ul HaBYAHHS Ta
OLIIHKKM SIKOCTI OTpUMaHOi KoHQirypamii HeWpOHHOI Mepexi
BXiJTHa BHOIpKa po30MBAETHCS HA /1Bl YACTHHH:

e HaBuasbHa BUOipka — wMmictuth 70% eneMeHTIB Ta
BHUKOPUCTOBYEThCA A1 HaB4aHH: [ITHM;

® KOHTpoJbHa BHOipka — wmictuTh 30% eneMeHTIB Ta
BHUKOPHCTOBYETHCS IS OLIHKM TOYHOCTI poboTtr [ITHM

A. Aneopumm poro yacmuHox

Hexaii HeoOXiqHO po3paxyBaTh KUIBKICTh
MPUXOBAHUX IIAPIB IS N-IIAPOBOI MEPEXI.

HEWpOHIB

Kpok 1. 3agaemo po3mip momyrsimii (KUTbKICTh YaCTHHOK)
P, niMiT Ha KUIBKICTH iTepamiii momryky L Ta 3aJ0BiJIbHE
3HAYEHHS! TIOMUJIKHA POOOTH HEHPOMEPEXKI €.

Kpok 2. [TobyayemMo BUTIaJKOBUM YHHOM HaOip BEKTOPIB

Yiy1y2 o i (1)
Jie yx — KUIbKICTb HelpoHiB y k-tomy mapi,k=1..n, i=1..P.
KorkeH Takuii BEKTOp BiJIIOBIIaTUME OJHIH YaCTHHIII POIO.

Kpok 3. JIas KOXKHOI YacCTUHKMA BHUMAJKOBUM YHHOM
3aJ1a€MO i IBUAKICTB V;, 1 — HOMeEp YacCTUHKH, (=]..P.

Kpok 4. JInsg xoXHOI 4acTMHKH OyayeMo BiINOBiAHY i
HeWpoHHY Mepexy. HaBuaeMo KOXKHY 3 OTpUMaHUX MEpEexX Ta
00YHUCITIOEMO CEpEeNHI0 KBaJpaTHYHy MOMHUIKY il poOOTH Ha
KOHTPOJNBHIN  BuOipii  gaHux. OOYHCICHA  ITOMHMIIKA
CIIyryBaTUMe (DYHKITIEIO SIKOCTI VTS BiIITOBIIHOI YaCTUHKH.

Kpok 5. Jlnsg KOXHOI YAaCTHHKH 3HAXOMUMO MiHIMAJbHE
3HaueHHs1 ii QyHKWii sKocTi 3a Bclo ictopito. IlozHawaemo
3HAYCHHS BeKTOpa Y; (e i — HOMEp YacTUHKH), IO
BIJNOBIZIa€ 3HAHJACHOMY MIiHIMAJBLHOMY 3HAYCHHIO (QYHKIIIT
skocti, sk Y"e! JIOKaJIbHEe HaWKpaile pilleHHs It
BIJIIIOBITHOI YaCTUHKA

Kpok 6. Cepen yciX YacTHHOK 3HaXOIUMO MiHIMaJbHE
3HaueHHs1 (PYHKINI SKOCTI 32 BCIO icTopito poro. [To3Hawaemo
3HAYCHHs BEKTOpa Y, 110 BiAMOBiJa€e 3HAWICHOMY 3HAYCHHIO
dyrKuii sxocti, sk Y2"*' — rnobanbHe HalKparie pileHHs

Kpok 7. MoaudikyeMo MBHAKICTE Vi, [ —
YACTUHKH, KO)KHOT YaCTUHKU HACTYITHUM YHHOM [3]:

Vierl =Vig T @p 1 (YilbeSt- Yo+ PgFg (ngest -Y) @

HOMep

i€ V;, — MIBUJKICTD -1 YaCTUHKU IIPH £-iH iTeparii,

Y; ,—BexTop i-0i YaCTHHKH IIpH #-iif iTepalii anropurmy,
Y;""_ oxanbHe HalKpaIle PillleHHs i-0i YaCTHHKH,

Y#¥' _ rioGanbHe Haifkpalie pillleHHs,

7, ' — BUMAAKOB1 ucina 3 intepaany (0, 1),

®p Qg — BaroBi KoedillieHTH, WO OOMPAIOTHCS JOBIIBHHM
ypHOoM. € aHajoraMu «IIBHAKOCTI HaByaHHsay 1y IITHM.

Kpok 8. MoaudikyemMo 3Ha4yeHHs BekTopa Y; , IO
BIJIMIOBIIa€ KOYKHIM YACTHHI[I HACTYITHUM YHUHOM:

Yoo =int[Y  + vil/ 3)

Jie [ — HOMEp YaCTUHKH, { — HOMep iTeparii, int/] — 1iiga
YacTHHA.

Kpok 9. Kpurepiii 3ynuHKH.

Slkmio 3HaiineHe Ha 6TOMY KpOIi 3Ha4eHHs TI100aIbHOTO
HaMKpauoro pinieHHs 3a0e3neuye HeoOXiIHY TOUHICTh

ngest <g ( 4)

200 OCATHYTO JIIMITY KUJIBKOCTI iTepartii
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t>=1, (5)

TO 3aKiHdyeMO Tpolec mouryky. A Bektop Y*’*' Binmosimae
HalKpaliif 3HaiineHii koHgirypauii HelipomMepexi. [Hakie —
30UIBIIYEMO JIYMIBHUK iTEpamiii i epexoaruMo 10 KPOoKy 4.

B. I'enemuunuii aneopumm

Kpok 1. 3agaemo po3mip momyssiii (KUTBKICTE XpOMOCOM)
P, niMiT Ha KUIBKICTH iTepamiii momryky L Ta 3aJ0BiJIbHE
3HAYEHHS! IIOMUJIKA POOOTH HEHPOMEPEXKI €.

Kpok 2. 'eHepyeMO BHUIAIKOBUM YHHOM ITOYATKOBUI HAOIp
XpOMOCOM

VV,'(W]]...W]k Woreeo Wok voo Wyp... W,,k), (6)

J€ W,;...W,; - 3aKONIOBaHHUHN y JBiliKOoBOMY (opMmaTi BEKTOp,
IO ONHUCYE KIJIBbKICTh HEHpPOHIB y p-TOMY IIapi HEHpOHHOL
Mepexi, k=1..n, i=1..P.

KokHa XpomocoMa BiJIoOBiZaTUMe TII€BHIA apXiTEKTypi
HIHM.

Kpok 3. Jlns HOBOCTBOPEHHX XPOMOCOM BHUKOHYEMO
oreparii KpoccoBepa Ta MyTarlil.

Kpok 4. V pe3ynbTaTi cXpellyBaHb Ta MyTalliii OTPHMYEMO
PO3IIUPEHY TMOMYJISIII0 XPOMOCOM, IO MICTHTh SK BUXIIHY
MHOXXUHY XpOMOCOM-0aTBKIB, TaK 1 MHO)KUHY HallaJIKiB.

Kpok 5. /Iyt KO)KHOT XpOMOCOMH 3 PO3IMIMPEHOT ITOMYJISI i
OynyeMo BiIIOBiHY il HelipoHHY Mepexy. HaBuaemo KoxHY
3 OTPUMAaHUX MEPEeXK Ta OOYHMCIIOEMO CEpPEeNHIO KBAaIpaTHIHY
NOMHIKY ii poOOTM Ha KOHTPOJIBHIM BHOIpII JaHHX..
Ob6uucneHa TIOMHJIKA CIYTyBaTUME GyHKITIEO
MIPUCTOCOBAHOCTI /IS BiANIOBIAHOT XPOMOCOMH.

Kpok 6. ®opmyemMo HOBY momyJisimiro W, ska MicTUTh P
XpOMOCOM 3 HalMeHIIM 3HAYECHHIM ¢byHKIii
MIPUCTOCOBAHOCTI.

Kpok 7. Kpurepiii 3ynuHKH.

Slkmio 3HalizieHe Ha OTOMY KpOIl 3HAuYeHHS MOMWIKH E
3abe3neuye HeoOXiHY TOUHICTh

E,<e (7N
a00 OCATHYTO JIIMITY KUJIBKOCTI iTepartii
t>=1 ®)

TO 3aKiHIyeMO TIPOIIEC TOUIYKY. A XpoMocoMa w, BiJmoBizae
Halikpamiiii 3Haiinenid kongirypauii IIIHM. Inakme —
30UIBIIYEMO JIYMIBHUK iTEpamiii i HepexoaruMo J0 KPOKy 3.

C. Komb6inosanuii ancopumm

AJNTOpUTM PpOI0 YacTUHOK 3a0e3ledye BHINY TOYHICTh
pileHHs (32 paxyHOK Mam'ATi YaCTHHOK) 1 IIBU/IIIE OTPUMaHHS
MIPUIHSATHOTO PO3B'I3KY (32 PaXyHOK MEHIIOI 00UNCITIOBAIEHOL
CKJIaJHOCTi). B TOH ’Ke 4Yac TeHEeTWYHWH ajropuTM Kparie
MIPUCTOCOBAHUN ISl PO3B'S3aHHS TUCKPETHUX MPoOJieM 1 Mae
Kpaiy MeXaHi3MH OOpOTHOM 3 JIOKAJIILHUMH MiHIMyMaMmHu (3a
paxyHOK MyTalliii 1 BHAIMX KPOCCOBEPiB). ABTOPCHKHI
ITOPUTM JI03BOJIE IIOEAHATH B €00l IepeBardw 000X
ITOPUTMIB 1 THM CaMHM JIOCSITTH IIBHUJIIOTO i TOYHIIIOTO
BUPIIIEHHS TIOCTABJICHOI 3a/1a4i.

Kpok 1. O6uaBa anroputMu (poro 4YaCTHHOK 1 TeHETUYHUH)
3aIyCKalOThCS OJHOYACHO B TApajelbHOMY PEXUMI IS
CHHTE3Y CTPYKTYpH OAHI€T 1 Tiel HelipoMepexi.

Kpok 2. BukoHyeTbCsl OfiHA iTepallisi KOXXHOTO alrOpUTMY
BiJITIOBITHO JIO OMHCAHOI B MOTEPEHIX ITyHKTaX METOIUKH.

Kpok 3. [Ticnst KoxkHOT iTepallii MopiBHIOIOTHCS Pe3yNIbTaTH
3HaWJCHI 00OMa aJrOpUTMaMHU 1 BHOUPAETHCA HaHKpaIie
pileHHS.

Hexait Y(’)pso — HalikpaIlle pillleHHs 3HaleHe aaropuTMoM
POIO YACTHHOK Ha i-Tiif itepauii, a W, — naiikpame pimenns
3HalieHe TeHeTUYHUM aJITOPUTMOM.

Sxmo
() )
E(YY ) <EWy), 9
TOOTO, OTPUMaHE aJTOPUTMOM PO YACTHHOK PillleHHS
3abe3reuye MeHIIe 3HaueHHs (QyHKOii skocti E, TO
MIepexX0ANMO 10 KoKy 4a. [Hakme—mepexoaumMo 10 Kpoky 4b.

Kpok 4a. 3amiHroeMO HaWripiie pilleHHsS T'€HETHYHOTO

aNroOpUTMy w oa_wors PIIIEHHSIM y? pso

Wl)gaﬁworst = Y(l )pso (10)
I nepexoaumo 10 Kpoky 5.

Kpok 4b. 3aMiHIOEMO HaWTipIIIe PIllICHHS aJTOPUTMY POIO
qacTunoK Y pso_worst DIIEHHAM w? oo

Y(i )psoiworst = VV(i)ga (l 1)
I nmepexoaumo 10 Kpoky 5.

Kpok 5. Slkmo obumBa anropuTMU IPOJOBXKYIOTH CBOIO
poboty (TOOTO, KpUTEpidi 3YIMUHKH HE BHUKOHYETHCS JUIS
YKOIHOTO 3 HUX), TO TIEPEXOTUMO JI0 KPOKY 2.

JlaHuii MiaXiJ TOBTOPIOETHCS /O 3YMUHKKA OIHOTO 3
anropuT™MiB. B SIKOCTI OCTATOYHOrO pilIEHHS NPUAMAETHCS
Kpalle i3 pilieHb, 3HalJeHuX 000Ma aJropuTMaMHi Ha MOMEHT
3YIUHKY.

BUCHOBKHI

3anponoHoBaHo anroputM ¢opmysanss Tononorii IITHM,
SKHH JT03BOJIsIE CpopMyBaTH ONTHMANbHY 3 TOYKH 30Dy
TOYHOCTI, IIBUIKOCTI HAaBYaHHS Ta MBUIKOCTI podotu [ITHM.
Anroput™ Oyno nepeBiperno Ha BuOipui MNIST i nmommika
po6otu rmbokoi IITHM ckopotunacs 3 2,51% mo 2,09%.
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Anomauyia—I3 3anaver0 NPOrHO3yBaHHS TMOB’A3aHi  Taki
npodjieMH SIK HENOCTiiiHiCTL BIUIMBY BXigHMX ¢akrTopiB Ha
NPOrHO30BAHUIl Mpouec, BeINKa KiIbKICTh NPUAATHUX MoOAeJIei
Ta iHmi. Y niii po0oTi 3aMponOHOBaHO HOBY NMOCTAHOBKY 3ajadvi
NIPOTHO3YBAHHSA Ta METO/ MO0YI0BH NPOrHO3YI040i MO/, SAKHIi
JUHAMIYHO BHOMpae Halip Moneseidl B 3aJ1€KHOCTI Bil 3agaHuxX
BXOJiB i BpaxoBy€ MiHJMBHI XapakTep 3HAYyIIOCTi / BIUIMBY
¢axropis. 3anpononoBanuii MmeTox 0yJ10 NOPiBHAHO 3 2 IHIIMMHU
MeTogaMH MOOYXOBH IPOrHO3YHYMX Mojaejaedd Ha 11 pisHnx
Ha0opax fJaHMX, 1 BiH MaB  HaiiMeHIIy cCepeaHIO
cepeHbOKBAIPATHYHY IIOMHJIKY.

Abstract—The forecasting problem is rightly considered to be
one of the most important and interesting tasks. It is also one of
the most difficult ones, since it is associated with such problems
as the impact of volatility of input factors on the forecast process,
a large number of suitable models and others. In this paper a
method that tries to deal with the first two questions is suggested,

as it dynamically selects a set of models based on specified inputs
and takes into account the changing nature of factors significance
/ impact. The approach designed by the authors allows to move
from the global to globally-local methods, allowing to receive
more qualitative forecasting model (in terms of minimum error
estimation of the forecasting model), applying it to the existing
global practices. The described algorithm was tested on a set of
samples that are publicly available on the Internet. The proposed
method was compared with two other methods of forecasting
models building for 11 different sets of data, and it had the lowest
average mean square error.

Knrouosi cnosa—anzopumm npozno3yeanns, npozHO3y6aHHs
uacoeux paodie, wimyuHi HelupoHHI mepesici, HeOOHOPiOHa eudipKa,
OuHamiuni napamempu

Keywords—forecasting algorithm, time series forecasting,
artificial neural networks, homogeneous sample, dynamic
parameters
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1. Bcerynn

3aauy MpOrHO3yBaHHS 10 TMPaBy MOXKHA BBKATH OJIHIEIO
3 HaHOUIBII BaXIMBHX 1 I[iKaBUX mpoOiieM. BoHa Takox €
OJIHI€I0 3 HAWCKIAJHIIUX 3a]ad, TaK SK NpU ii BHUPIMICHHI
JIOBOJIUTHCSI CTUKATUCS 3 TAKUMH TPYIHOILIAMH:

* HEMOJXKJIMBO BPaxyBaTH BCi YMHHUKH, 11O BIUIMBAIOTH Ha
MIPOTHO30BaHMH Tpolec; OuIbII TOro, iX BIUIMB MOXeE
3MIHIOBATHUCS 3 IUTMHOM 4acy - (aKkTop, SKuil He OyB Ba)XJTHBHUIA
CBOTOJIHI, MOXKE TPaTH KPUTUYHY POJIb 3aBTPA;

* 3a3BHYAl iCHye HECKIHUCHHE YUCIIO MOXKIHBHX MOJICIICH,
sKi J00pe BIANOBIJAIOTH HAsBHUM JaHUM - HEOOXIJHO
BUpIINTH, 5Ky MoJelb abo MHOXHHY  MoJelnel
BHKOPHCTOBYBATH;

* yacto OyBae BaKKO (JKIIO HE HEMOXKIUBO) 3HAUTH
ONITHMAJIbHY CKJTaHICTh MOJIET.

VY nmaHiit poOOTi 3aMpPONOHOBAHO METOJI, IKUIl HAMaraeThCs
BIIOpATUCS 3 MEPUHIMMH JBOMA MUTAHHSIMH: BiH JHHAMIYHO
BHOMpae Halip Mojeiel B 3aJIeKHOCTI BiJl 3aJlaHUX BXOJIB 1
BpaxoBYe MIHJIMBUI XapaKTep 3HAYYIIOCTi / BIUIMBY (DaKTOPIB.

II. IIOCTAHOBKA 3AJIAUI

[lpn mnocraHoBUI 3aja4yi TNPOTHO3yBaHHS HaWJacTilie
poOUTBCS TPUIIYLICHHS, IO XapakTep MPOrHO30BAHOrO
MPOIIECY HAa CIIOCTEPEKYBAHOMY IIEPiofi HE 3MIHIOETHCH, 1,
TaKUM YWHOM, 3aBJaHHS MOXKHa BUPIIIUTH  [UISIXOM
3HAXO/PKEHHSI IOTPiOHOI Mozeni 1 OmiHKM 1i mapamerpis,
BUKOPDHCTOBYIOUM BCi HasBHI gaHi. OpHak Haduacriie
MOBE/liHKa IPOrHO30BAHOIO TMPOIIECY MOXE KijbKa pasiB
3MIHIOBATUCS IPOTSATOM CIOCTEPEKYBAHOTO IEPiofAy, IO
poOUTH Taky MOCTaHOBKY 3a71adi HEKOPEKTHOIO - OJHA €JMHa
MOJIETIb HEe 3MOXKE OIMCATH KiJIbKa PI3HUX CTaHiB IIPOIIECY.
Po3risiHeMO TOCTaHOBKY 3a/adi IPOTHO3YBAHHs, SKa SIBHO
BpaxoBY€E npobiiemMy HETOCTIHOTO Xapakrepy
IPOrHO30BaHOTO MPOLIECY.

Hexalii €:

a) MHOXKHHA TIPHKIAmiB S = {(xi,yi):l =1.. .n}, e
KO)KEH TpHUKIIan (fi, yi) CKJIaJIA€TBC 3 BEKTOpa 3HAYCHb
BXITHUX (haKTOPIB 1 BiAMOBIIHOTO BUX1IHOTO 3HAUCHHS;

0) Momenb [, sAKa 3aJeKUTh BiJ JEIKOTO BEKTOpA

~ r
9=[9],...,9m] i
CrIoco0OM OITHCY€E MPOTHO30BAHUH IIPOLEC - MAETHCS Ha yBa3i,

IO B 3JEKHOCTI BiJl 3HaUY€Hb MapaMeTpiB MOJEIb 3/aTHa
OITUCATH BCi MOXKIIMBI CTaHH 00'€KTa, SIKU POrHO3YETHCS.

napameTpiB HAWOULTBII  3araJIbHAM

Heo0OxinHo 3HaiiTu:
a) MHOXKHMHY BEKTOPIB IapaMeTpiB ®={9],...,9k},

TaKuX, o BekTop 6 ; € ONTHMAJIbHAM 3Ti/IHO KPHTEPito Lj Ha

JTAHUX S.:

T AMHOKHUH1 BUX1JHUX T

nesKii

®@=10,:0, = arg;nin(Lj[f,é,Sj]),Sj cS.j=1..k

KorkeH BekTop mapameTpiB TakMM YHHOM Oyzie ONMcyBaTh
OJIMH CTaH MPOTHO30BAHOTO MPOIECY Ha JESAKIN IMiIMHOXKUHI
BuXijHOi BUOipkW. JlaHa TOCTaHOBKA 3amadi  pOOHTH
TIPUIYILEHHS], 110 HAsBHI JaHi OMHCYIOTh KiJbKa Pi3HUX CTaHiB
TpolLieCy, 1 KOXKeH Takuid CTaH Mo)Ke OyTH ONMUCaHWN NEBHUM
HabopoM Bar. OmHAK KiUTBKICTh TaKHX CTaHIB HEBiOMa - IIe
3aBJjaHHS BIAMOBIHOTO METOJY POTHO3yBaHHSI.

0) ¢yHKUiI0 BU3HAYEHHS KIHIIEBOTO BEKTOpa MapameTpiB
0, nns HOBHX BXINHMX JAHHX X, BUXONSYM 3 3HANIEHOL
MHOKMHUA ® BEKTOpIB MapaMeTpiB i caMUX BHXiIHUX JaHHX:
6, =F(x,0,S);

Taki, MO MIHIMI3YIOTh JESKy OLIHKY NMOMHIKH IIPOTHO3Y
e=e(F,0,9).

III. AHAJII3 ICHYIOYMX METO/IB

Yci MeToau NpOrHO3yBaHHS MOXKHA PO3ALIUTH Ha 3 TPYITH.

1. 'nobaneHi Meroau. J{o wiei rpynu BXoauTh HaiOiIbIIA
KUIBKICTh METO/IIB: YCI METOIM JaHOI TPYITH 3HAXOIATH €INHHIMA
HaOip  mapaMerpiB  JiesKoi ~ MPOTHO3YHOYOi  MOfedi,
BUKODHCTOBYIOUM BCI HasBHI JaHi. 3 TOYKH 30py
(opMaIi3oBaHOI IIOCTAaHOBKM 3ajladi METOAW B Il rpyri
MaroTh TaKi napameTpu:

a) k=1 - BHUKOPUCTOBYETbCS JIMIIE OXUH BEKTOP

napaverpis 6, mpn upomy S, =S -
mapaMeTpiB  3HAXOMATHCA IUIAXOM  ONTHUMI3aIlil
KpUTEPII0 Ll Ha BCIX BUXIJHUX JAHUX;

3HA4YCHHA IHUX
JCAKOro

6) B SIKOCTi KiHIIEBOrO BEKTOpa mapaMeTpiB 6 s HOBHX

BXIJHUX JaHUX )?s MIPOCTO BUKOPUCTOBYETHCS BXKE 3HAIEHUI

sektop O,: 6, =6,. llpu Takomy 3amuci cTae O4eBUIHO, 1O

3HAYCHHsS HOBUX JIAHMX HIiSK HE BHUKOPHUCTOBYIOTHCSA IPHU
BU3HAYCHHI ITapaMeTpiB MOJEI.

Haiibinpin BioMi MeToau B 3a3HadeHid Tpymi: JiHIHHA
perpecis, ARIMA, mwtyuni veiiponni Mepexi (LLIHM), MI'VA.

2. JloxkaJbHI METOAM, € MPOTHISKHICTIO TJIOOATBHUM:!
3aMicTh OJHI€l TJ00aTBHOI OyAyeThcs KiJibKa JIOKAIbHHX
MoJieNieH, MmapaMeTpu IS SKUX IiJIOMparoThCsA Ha JICAKUX
MiIMHO)KMHAX BUXIIHUX JaHUX. JlaHi MeToaum BpaxoBYIOTH
po0JIeMy HEMOCTIHHOT TOBEAIHKKA MPOrHO30BAHOIO TPOIIECY,
ajie i MaloTh CBOI HEIOTIKH:

e BOHM OLIBII BUMOIVIMBI 1O KIJIBKOCTI HABYAJIBHUX
JaHMX - YUM OLIbIIE JOKAILHUX MOJEIEH, TUM OlbIlne
MOTPiOHO JaHMUX;

® BTpavaeThCs Ii1o0aibHa iHpOpMalis - KOXKHA JIOKaJIbHA
MOJIETIb HABYAETHCS TUIBKU Ha CBOIX JaHUX, 10 MOXE
MIPUBECTH JI0 3aiBOi «criemiamizamii» i rnepeHaB4aHHs
MoJeyeH.

Haii6inpim BiioMi MeTOM B IiH TpyIi: JIOKaJIbHA PErpecis,
KJIacTepH3allis 3 Perpecielo, JIOKajJbHa allPOKCUMALliS Ta iH..

3. T'moGanpHO-mOKaNBHI MeToau. Meroau 3 1€l rpymu
HaMararlThcs 00'€mHaTH HaWkpame 3 000X MiIXOMiB: BCi
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BHUXiJHI BXIiJHI JaHi BHKOPUCTOBYIOTHCS I OTPUMAaHHS
ro0anbHOi  iH(popMalii Mpo MPOrHO30BaHHWM 00'€KT (Yacto
3BaHUN TPEHAOM), B TOH Yac SK MCSIKI MIMHOXHUHH JTaHHX
BHKOPHUCTOBYIOThCS VTS 3HAXOJKCHHS JIOKAJIbHUX
ocobuBocTel. Y poborti [1] B sIKOCTI MpHKIamy TiI00aabHO-
JIOKaJIbHOrO MeTony Ha3BaHuit Meron MARS. Astopamu
TaKoK OyB PO3POOJICHUH MiJXi]] «IIEPETBOPCHHS TII00ATBHUX
MapaMeTPUYHUX METOIB B ITI00aIbHO-JIOKATIBHI MeTOIH [2].

CyTh miIXomy TMOJsSra€ B HaBYaHHI CIIOYATKY OHI€T
robaapHol  MOMAENl, MCas YOro HAaBYAETLCS MHOXKHHA
JIOKAJIbHUX MOJENeld 3 JOJaTKOBMM KPHUTEPIEM OIHM3BKOCTI
rapaMeTpiB JIOKATBHUX MOJENed 0 mapaMeTpiB Iiio0abHOT
MOJIeNTi; Ha CTajii MPOrHO3y MPOCTO BUOMPAIOTHCS MapaMeTpy
JIEKITBKOX «HAMOIIKIMX» JIOKAIBHUX MOJENEH, sAKi TOTIM
YCEPEIHIOIOTHC 1  3aCTOCOBYIOTHCS 110 HOBHX  BXOJIB
(aHANOTIYHO MESKUM JIOKAJIBHUM METOJaM). 3aBISKH TaKOMY
MiIXOMy, a caMe BHKOPUCTAHHIO KPHUTEPil0 ONHM3BKOCTI
rapaMeTpiB JIOKaJIbHOI Ta TII00aNbHOT MoAeNeH, Ipu mooy1oBi
JIOKAIBHUX MOJIeJIed He BTpadaeThcs TIo0alibHa iH(opMaris
Ta CaMUM JIOKAJIbHUM MOJEISIM He MOTPiOHa BENHUKA KUIBKICTh
nanux. Jlanuii maxin OyB 3acTocoBaHMH J0 JiHIHHOI perpecii,
a OoTpUMaHMH MeETOJ Ha3BaHMH «JIiHIWHA perpecis 3
JUHAMIYHUMH BaramMu» - II¢ OIWH MpPUKIaa III00aIbHO-
JIOKAJIbHOTO METONY.

Haii0inpr  MEpPCIEKTUBHUMH €  IIOOATbHO-JIOKAJIBHI
METO/IH, TaK SIK BOHHU 11030aBJIeHI HEAOMIKIB IHIINX 2 TPYI:

e Ha BIAMIHY BiJ DJIO0AJbHUX METOMIB, MapaMeTpu
MIPOTHO3YIOUOT MOJEN 3aJIeKaTh BiJ] 3HAUCHb BXIITHUX
3MIHHUX - TOOTO BHKOPHCTOBYETHCSA JIOKAJbHA
iH(OpMallis PO MPOrHO30BaHHIA MPOIIEC;

® Ha BIIMIHY BiJI JIOKQJbHUX METOIIB, HE TYOUTHCS
rnobangbHa  iH(GOpMalis, M0 J03BOJSIE  YHHKHYTH
NepeHaBYaHHs  JIOKAIBHUX  MoJeNeld 1 3HU3UTH
HEOOXIHY KUIbKICTh HABYAIBHUX JAHHX.

CaMe TOMy pO3pOOJICHUI aBTOpaMH MiAXiJl, IO JI03BOJISE
MEepexXOAUTH BiJl TJI00ANBHUX N0 TJI00aJIbHO-JIOKAIBHUX
METO/IB, Ja€ MOXJIMBICTh OTPUMYBATH OUIBII  SIKICHY
MIPOTHO3YI04y MOJeNb (3 TOYKH 30pY MIHIMyMY OI[HKH
TIOMHJIKH IPOTHO3Y MOJIEII1 ), 3aCTOCOBYIOUHM HOTO JIO ICHYIOUHX
robanbHUX — MeromiB.  Jlyns  eMOHCTpaumii  po3TIISIHEMO
I7100aIbHO-JIOKATBHHUN METOJI, OTpUMaHUH LUIAXOM
3aCTOCYBaHHS OITMCAHOTO IMIAXOAY O TJI00aNbHOr0 METOay
TPOrHO3YBAHHS! 3 BUKOPHCTAHHAM HEHPOHHHMX MEPEXK HPAMOro
MOMIMPEHHsT -  HaWOimbmr  Bigomoi i 3aCTOCOBYBAHOT
apxiTeKTypy HEWpPOHHMX MEpEeX sl BHpILICHHS 3a1ad
nporHo3yBaHHs [3-5]. OCHOBHI TIiepeBard BUKOPHUCTaHHS
[ITHM nyist BUpiLIeHHS 3aBJIaHHS TPOTHO3YBAHHS HACTYIIHI:

® MOXIUBICTh HABYaHHS - HEHPOHHY MEpeXy JIyxKe
MIPOCTO aJaNTyBaTU IO HOBUX JAHUX - JOCUTH MPOCTO
HaBYMUTH il HA HUX, IPH LLOMY PE3YJbTATH MONEPEIHIX
HaBYaHb HE BTPAvalOThCS;

®  MOXKJIUBICTH MOJEIIOBATH CKJIaIH1 HEJIHIHI
3aJICKHOCTI, (PYHKIIOHATIBHUN BHUI SKUX 3a37aJIerilb
HEBIIOMHUIA.

IV.AHAIJII3 AJITOPUTMY

Hapenemo eramu OTpUMAaHOIo rJ100aIbHO-T0KATBLHOIO
MCTOAY IMPOTHO3YBAHHS:

1. HaBuaetbcs HeﬁpOHHa MEpEKa NpsAMOro NnommrpeHHA 3

BUKODUCTAHHSM ~ MHOXKHHM  YCIX  HAsBHMX  IPHKJIAIiB
S ={(xi, y)i=1 n}. V SKOCTI OMIlii MOMUJIKH Mepeki
BUKODUCTOBYEThCS ~ CTaHAAPTHA  CEPEIHBOKBAIPATUYHA
IOMMJIKA:
n
E=3[net() -]

Baru 0 namoi Mepexi € iHpopMariero mpo rIo0aibHUi
XapakTep TPOrHO30BaHOTrO mpomecy. [lutaHHs BuOOpY
OINITHUMANIBHOI CTPYKTYPH HeI/IpOHHOI Mepexi i ONTHMAIBHOrO
NrOpUTMy HaBYaHHS B JIaHIW CTAaTTi HE PO3IVISIAIOTHCS -
aBTOPM  BHKOPUCTOBYBAJIM  3BUYAWHUWIA  OaraToliapoBuii
MIEPCENTPOH 3 OJHUM NPHXOBaHWUM IiapoM 3 10 HeWpoHiB, 3
rinepOONIiYHUM TaHTEHCOM Yy SIKOCTI aKTUBAiWHOT (YHKINT
MIPUXOBAHOT'0 MIapy 1 JiHIHHOT (YHKLIT B SKOCTI aKTUBALIHHOT
¢yHKIIT BHXiTHOTO MIApy; Ui HABYaHHS BHKOPHCTOBYBABCS
anroput™ Rprop.

2. BUKOHYETBCS KIACTEPU3ALliss MHOXKUHY TPUKIaniB S . B
iieari, KOXKeH Kiactep C ;j TIOBHHEH MICTUTU TIPHUKIAIM, SKi
HaWKpaIIMM YHHOM OITUCYIOTHCS JICSKAM €TUHUM HAOOpOM Bar
Mepexi éj, j=1..k, ne k - ximokicts Knactepis, T0OTO,

BHUKOHYIOUM KJIACTCPHU3AIMIO, MU CIIOJIBAEMOCS, IO CXOXKI
MPUKIAAA TOBUHHI ONHMCYBATUCS CXO)KMMHU BaraMu MOJICII.
[IpupoaHo, SAKICTh NMPOTHO3YBaHHSA B TaKOMY BHUIIAIKy Oyze
CHJIBHO 3QJIKATH BiJl BUKOPUCTAHOI'O METOAY KiIacTepHh3allil.
Jmst imroctpariii miaxoay B JaHiM CTAaTTi BUKOPHUCTOBYBABCS
OJIIMH 3 HaWO1IBIII BiTOMUX METO/IB KiacTepusallii - k-means, 3
(iKCOBaHOIO KIIBKICTIO KiactepiB - 10.

3. HaByarotbcss K HEHpPOHHUX MEPEX - TI0 OJHiM Ha KOKEH
kiacrep. HaB4aHHS BUKOHYETHCS HACTYITHUM YHHOM:
a. Barm koxHOI Mepexi IHIIIATI3YIOTECS IIONEPETHBO

3Haﬁ):[eHPIMPI BaraMm Qg .

0. Mepexa net '/ HABYAETHCS TUIBKM HA TpPUKIAIax 3

xnacrepa C ;3 BUKODUCTaHHSIM HACTYIHOI (PYHKLLT TOMUJIKH:

E=y* 2 (netj(i)_yi)2+ h) (6, —6F)*

x;eC; 6 69]-

TakuM 4YWHOM, TIpH HaBYaHHI Bard Mepexi OyayTh
NParHyTH SK 3MEHIIMTH TOMWIKY MEpeXi Ha MNpuKiIaaax 3i
CBOTO KJIacTepa, TaK 1 HE BIVIAISATHCS 3aHAATO CHIIBHO Bif
noyaTkoBux Bar 6° - ToOTO He Oyne BTpayeHa iHdopmaris
PO TIIO0ANTBHU XapaKTep MpoIecy.

4. Tlicia HaBYaHHS JIOKAJIBLHAX MCPECIK, IMTPOTHO3YBAHHA IJI1
HOBUX HpI/IKJ'Ia[[iB BUKOHYETBCA HACTYIIHUM YWHOM: JJIA

BXiJIHOTO BEKTOpPAa X. 3HAXOMUTHCA BIAMOBIAHHUH HOM
s
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kracrep C), (UUISIXOM 3HAXO/KEHHsS HAHOIIKYOro IEHTPY

KJIactepa), 1 JUI1 TPOTHO3y BHKOPHCTOBYETHCS MeEpeika,
HaBY€HA Ha MPHUKIAJaX Or0 KIacTepa.

Onwcanuii anroputM Oyio nepeBipeHo Ha Habopi BUOIPOK,
110 3HAXOMAATHCS Y BIIKPUTOMY JIOCTYIII B Mepexi [nTeprer. Y
TIOPIiBHSHHI 3 MOJENSMH, OTPUMAaHHUMH 3 BUKOPUCTAHHSIM
IITYYHUX HEHPOHHMX MEPEX Ta JIHIMHOI perpecii, cepemHs
MoxnOKa 3arpolloHOBAaHOTO METoAy Oyiia HalMeHIIa, HpH
YoMy cepenHs ITOXHOKa INTYYHHX HEWpPOHHUX Mepex Oyia
Oimpmia Ha 24.4% a cepenHs moxuOKa JiHIHHOI perpecii
Oinbia Ha 45.33%.

BUCHOBKHI

3anpornoHoBaHUH MeToA OyJ0 TOpIBHSHO 3 2 I1HIIMMH
MeToaMu MoO0YyA0BH MPOrHO3ylounx Mozeneil Ha 11 pi3Hux

HaOopax JaHMX, 1 BiH MaB HalMEHIIYy CEpEIHIO
cepeHbOKBAPATHYHY MOMMIKY. OpHaK Jeski MUTaHHSI Yy
BHUKOPHCTaHHI OITUCAHOTO miaxomy 3aJTMIIAI0THCS
HEBHPILICHUMHU:

e ONTUMAJbHUN METOA TOAUTY HAABHUX JaHUX Ha
KJIACTEPH, II0 ONMKMCYIOTH Pi3HI CTAHHM MPOrHO30BAHOTO
IpoIIECy;

e ONTUMaNBbHUN cmocid 00'€qHaHHA YCiX 3HAWICHUX
rapaMeTpiB MOJIENi Ha eTari NPOrHO3YBaHHSL.
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Anomauia—IIpononoBane JAOCTiTKEHHS TIPeCTaBJIsI€
KOHIENIII0 HOBOI0 iHTEJIEKTYaJdbHOI0 pimeHHs B obJacTi
nudpoeux 6idaioTex Ta 3acoliB ix iHTesekTyasizanii. OcHOBHA

izess  NpPONMOHOBAaHOrO  miAX0oAy TMOJIATae B  po3podui
indpopmaniiinux TexHoJorii Ha ocHOBi 0a3 3HaHb, IO
JAO03BOJIAIOTH ~ BHOMpATH  HaBYaJbHMIl  Marepian  AKuMii

ONTHMAJILHAIA ISl PO3YMiHHSA CTyJA€HTAaMH BiImoBigHOCTI 3
KOHUeNUi€lw 30H Haiiéauk4yoro po3surky. IIpononoBana
iMmieMenTanisg 0a3yeTbCcsi HA TEXHOJIOTIT KJIIOYOBHUX CJiB, aje 3
ingexcaniero B popmari cucrem Ha OCHOBI 623 3HAHB.

Abstract—The given research presents the new intelligible
solution in the area of information library systems. The main
idea of proposed approach is developed on the information
technologies of knowledgebase that allow the students to find that
exact learning material which is optimal for understanding in
accordance with the conception of proximal development zone of
the student. The proposed implementation uses the technology of
keywords, indexed in the format of system knowledgebase.

Knrouosi cnoea—aemomamuszoeani 0ioniomeuni cucmemu;
6UO00Y6AHHA OOKYMEHIMIE; OUIHKA GUMIDIOGAHHA ehepmusHocmi;
3anumu Kopucmyeaua; peneeaHmuicms; 000y6anHa ingopmauii.

Keywords— automated library information systems, documents
mining, evaluation of effectiveness measure, user queries,
relevancy, information mining.

I.  INTRODUCTION

The university and public libraries in Ukraine, Russia and
other CIS countries are using a lot of automated information
systems for meeting of users’ information needs. In our
research we have profoundly analyzed the following systems:
“ALEPH”, “MARK-SQL”, IRBIS, “MehaPro”, LIBER
MEDIA, “UFD/Library” [1-2].

These systems give typical integrated solutions in the area
of library technology automation and they are intended for
using in libraries of any type and specialization. Such systems
meet all the possible requirements to similar systems and they
conform to all national bibliographic standards and formats.

All typical library information tasks are implemented in
these systems, including technologies of acquisition,
systematization, cataloging, reader search, book issue and
management. Nevertheless, the contemporary trends of the
newest ITs open wide fields for intellectualization of such
systems.

II. IMPLEMENTATION OF KNOWLEDGEBASE FACILITIES IN THE
ENVIRONMENT OF AUTOMATED LIBRARY SYSTEMS

The goal of this brief outline report is to form the necessary
formal and logical foundations for development the intelligible
solutions within the frameworks of existing information
software support of university libraries in Ukraine and for
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maintaining the best selection of teaching and methodological
support in the process of learning the professional subjects by
using the knowledgebase and methods of data mining.

The projected decision support system when one chooses
the teaching and methodical materials at the university library
is based on the methodology of expert systems in order to have
sufficient functionality for managing the data-handling
procedure in the context of solving the tasks of resources
classification at the university library. Thus the main task of
such system is to provide the recommendations concerning the
method of dominant characters mining of one teaching source
or another in accordance with set of evaluations that are
specified by the experts (lecturers of courses), and to set the
classifier for specified data set in accordance with available
sets of rules that describe the concrete educational problem,
solved in learning the specific topic of learning module (LM).

According to the mathematical modulation of information
intelligence systems development process for library case one
of the key questions is the knowledge representation medium,
based on which the system must make the decisions in the
certain situations. Thus knowledge representation should be
specified by the medium, allowing the transition to
representation of information fragments about library resource
in the terms of knowledgebase structure (KB), particularly
metadata knowledgebase as a support medium of inference on
metadata set [3-5].

Def. 1. Let’s assume that the learning concept Conceptioﬂ

for KBy pproduces the other concept Conceptior? if every
initialization of knowledgebase structure with metadata is an

appropriate production rule.
Statement 1. Modification

Conceptior) - Conceptior?

occurs only if

Models Models

[Conc:epl‘z'oriZ ] c [Conceptionl ]
for all logical models of metadata knowledgebase
Models g, that set the representation of implemented

symbols on universe of knowledge domain objects, where

[COVlceptior?]Models Models

(i. e. set of objects for these concepts).

Def. 2. The meaning of concepts can be interpreted as a
function that specifies the representation from sets of logical
models onto sets of concepts expansion

and [Conceptioﬂ ] are expansions

. Models
fConception : Modelsgp, —~—> Conception KBump

Def. 3. Let’s consider the formal learning ontology FO as
set of constraints Constr,,, that is applied on the set of
possible models Models g, -

Def. 4. Let’s Oy,p is a modificating enquiry through the

metadata knowledgebase in the selected conception

SelectedCo nception , and KB);p; and KBy two

knowledgebases. Let’s define the residue for O,,pregarding
(KBysp1>KByyp) as QAI/([%MDQ |KBMD1 , that are gained as a

result of:
1) Removal out of Qjp every modificating rule, body-part

of which has no matching with KBy, (as a result we have
QE%MDQ ) according to input set Constr,; .
2) Removal of every modificating literal out of body-part

Alf[%MDz, that has matching with KB)p; in the set

rules inQ
Constr, .

Def. 5. LetQ,/p -modificating enquiry through the

metadata knowledgebase in the selected conception
SelectedConception and KBypy , KBy~ two
KBMDls

knowledgebases. Then: A,,,(Oy1 KBupz) is coherent and

_ KB yp1-KBypa
KBMD2 - KBMDI ° /’an (QMD )|Constr

set

KBMDZ

-y |KB wp1) 1s coherent and

KB
KByipy = KByp1 © 4um(Qyp™ ‘KBMD] )|Constr .

Every consecutive modification of the user’s (student’s)
enquiry will meet much better representation of user’s
information needs. Thus the main results of our study with
regards to the effective intelligible methods creation for the
relevant information material and relevant learning documents
mining.

According to the concept of Bologna process the learning
course (LC) consists of content module LM , that represents

the specific conceptual direction of the course. At the real
courses at the National University of Oil and Gas the quantity
of content modules vary from one to several modules. Every
learning module consists of learning elements (LE) totality
LE, , that are list of topics (or subtopics) of learning module.

At the level of formal representation it gives

LC; ={LM ;| LM ; = {LE} }, i, j.ke N

We need such a structuring for creation of the approach of
student’s knowledge control and forming the appropriate
projections of its proximal development zone (PDZ) according
to before mentioned features. Thus in the terms of keywords
set that shows the essence of learning materials at the level of
course, learning elements and content accordingly would
finally get the following representation form
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LC; — KeyWords;7.

set
LM ; — KeyWordsLMj

LE;, — KeyWords;.
k

set
KeyWordsLMj =

PDZ = [KeyWordsZeC’,_ ]: U
“oj=u
k

KeyWordsZ%k ]
J.,keN
Lets consider some knowledgebase with imposed initial
constraint hierarchy as an set of informational entities with
constraints in the form of atomic predicate from some finite

space ]I’lSpICHl,...,CH All

information Rinsp *

changes

(modifications), that can take place in the context of defined
knowledgebase surroundings, will be interpreted as stable
consequences of performing of modification predicate queries,
which are generated by intelligible system accordingly to the
user’s instructions, where we have controlled parameter (lc,
lce LGC;,Im ,Ime LM;, le ,le € LE} ) [6].

In their summation this parameters defines the values of the
expected output-parameter (ocp — [ _out):

Cs; , Cs, :
) [l i)
J3 j

. Ja
CS [, Cset, CS; Cset;
[...KBJL’I (lcl.1 i )} . ,[...KBJL’Z (lml.2 i2 )} i

J J2

where ij,...,ig5 jj s j4 € N5 Cye, — constraints sets, which

are imposed on corresponding parameters; Kpi( ) -

modificators, that implements the  operation of
adding / removing from knowledgebase KB of corresponding
entry in the form initialized or as well not initialized set of
parameters values; CS; — constraints systems, that defines the

influence for each parameters on the final result on some
relevant level and possibly existing interdependencies and
reciprocal influence of parameters at each other basis as well.
Introduced so far the sets and systems of constraints in the
general would form some dynamically functioning constraints
hierarchy imposed on over the knowledgebase as the whole
entity KB.CH = \Rules; {(CSet; }; .y ACS:} sy }}keN .

Let be Q,, a modification predicate query i KgH some

knowledgebase with imposed constraints hierarchy. The
semantics imposing allows specification for the set of
knowledgebases, each one of which can be chose as an

modification of initial knowledgebase K,’;”f-, after the

performing of modification predicate query(,,. Such a set

CH CH, .
{[KBl l]m’--w [KBn ]m} will be named as an set of Q-

modifications of the initial knowledgebase Kglit'. Besides,

every of (,, -modifications will in turn have a constraints
hierarchies of its own.

Modification predicate rules does have an declarative
interpretation in terms of constraints, which are imposed on
knowledgebase in the form of hierarchies which in turn is

body
"[rey....RC, ]|
where SC — satisfaction condition, RC — relevancy condition,
CS —the imposed constraint system.

formed up by initial rules it self: hgléd : {CS

Def. 6. Modification predicate query Qm would be
interpreted as an set of modification predicate rules with

imposed constraints hierarchies {PR& ,CH' = ucs J } .
" J

Statement 2. Let O, be predicate queries modification and

K gH[ , K gHZ — some two knowledgebase’s. Then its true,
1 2
K CHi g CHa
that: Aum| Onf 2 is coherent and
KCH[ ,KCH2
KgHz = Kng o ;{'nn1 (QA/IBl B , and CH2 c CH] ,
2 1

K CH ‘ K CH2
By By .
Aam| O is coherent and
CHy CH\|

K52 |k
ngH? :Kng' oinm(QMBz g J,and CH, cCH, .

Statement 3. Let (), be some predicate queries
modification and K gHZ result of O, -modification for K gH[
2 1

. Then finally we will got that:
KCH] ’KCHZ KCHZ
A (QMB‘ 5 J - {CS CH, \CH, ,head(QMBZ H :

Statement 4. Following from the declared before it will be
useful too that:

1) knowledgebase K gZHZ would be an Q,, -modification of

knowledgebase K gH' in some constraint system CS', if
1
CS'2CH,\CH;
CH, CH. CH.
2) /lnm(QM u{lc<< [lce PS]:(KBl ',KB2 2)})c KB2 2,

3 Ky K CH, .. CH, CH,
) Aom| Ory o psi (KM K | kT

Statement S. Let O,, — be modification query and K gH[ -
1
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If the

CH,
B

some knowledgebase with imposed constraints.

knowledgebase KgZHZ is an Q,, -modification for K

then K gHZ is an model for O, in the constraints system
2

CS,CS =CH, \CH,
Besides, the new definition for modification predicate query
would satisfy too the minimal difference notion. That’s means,

that if we got to do Q,, -modification for K gH', then the
1

resulted knowledgebase K gZHZ would differ from the initial

one just minimally, provided the case that constraints
hierarchies CH, and CH; would not include any

redundancies. For the purpose of measuring of this
characteristic would be most appreciate the next approach:

. | CH, , CH CH CH CH CH
ahst(KB1 ‘,KB2 2): (KB1 ! \KB2 Z)U(KBZ 2 \KB1 ‘):
|=(CH{ \CH,)U(CH, \ CH,)

Thus, the relation built up on the base statement would be
devoid of all the expected shortcomings of the projected
translation routine as well.

Generally, by implementation of R KCH — transformation for

B

knowledgebase KgH there would be completed the

construction of the stable model for

ol (K%f* (RKZE” O )D and verification of the fact of

satisfaction for resulted constraints hierarchy.
The fulfillment of transformation for the set of modification
predicate queries in the set of relevant Prolog-programs allows

in the very end to calculate respective (,,-modifications

accordingly to the algorithm.
The detailed review of presented algorithm, allows to get the
next sequence of formalized operation, so far as:

1. Lets there to be given modification predicate query O,

and some initial knowledgebase KgH. Lets apply R KCH —
B

transformation, which is described by constraints system CS'
with the purpose of becoming of an new modification query of

the kind O} = Rycn (Oy jcs‘ :
2. Lets Q,; — be modification predicate query, which consist
of Kgff —rules of modification query Q}V[ :
Oy =K gff (Q}w ) Let Q;,[ — be modification query, which

consist of KgH —rules for Q}V, : Q};,[ = Q}V[ \Q}V[ .
3. Lets

lo-AIf, (Q}V[)LP.CS'J, which corresponds to Q}V[ by imposed

consider now the logical Prolog-program

constraints system CS "

. \iLp.cs'
)] . All

4. Recalculation of stable models for [cr A’j[ (QM

of them would be an Oy -modification for K", if Cs' is
correct and not contradictory.

5. From the all stable recalculated models do select those,
who satisfy Q;,[ by supposition, that CS' does satisfy CS .

They would be too an Q}V[ -modifications for KZ”T' .

6. Lets apply the transformation R to the modification

K
of results from previous step by initialized constraints system
CS and so far will got the final O,, -modifications for KgH
in the imposed CS'.
Lets get back to the analysis of well-founded semantic of the
; S
kind S o, S 0
whether this is case of founded, unfounded or wuncertain
(unknown) literals actually. Such mechanism can be

interpreted as follows: for every predicate [lc|: l_out]e PS

/" for every modification literals finds out
M

are assigned some labels pair (CFy,CF,), where CF,CF,
belongs to the subset of {founded,unfbunded,uncertain},

besides preference is that CFj—corresponds to values

Kgff (lc|=liout), and CF,—to values Kgff (lc|=liout).

To keep the right properties of well founded entries as well, all
the pairs (CF,CF,) should to have own confirmations in
S
S 0,
CONCLUSION

The main contribution of this research is based on the
proposed formal logical approach for using the knowledgebase
technologies for the purpose of intellectualization of
automated and integrated library information systems. The key
feature of explored intellectualization is to develop the
intelligent module which maintains the filtration and selection
of library learning content in accordance with the conception
of student’s proximity development zone.
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Anomauyia—3anponoHoBaHo crocid BU3Ha4YeHHA KoedimienTa
TEILIONPOBIIHOCTI CTAJi 32 JONMOMOI0I0 aHAJI3y TeMIIepaTypH IIij
Yac HeCTaliOHAPHOIr0 TEIIOBOIo NPoLecy YTBOPEHOI0 TOYKOBHUM
HArpiBaHHAM.

Abstract—A method for determining the thermal conductivity
of steel by analyzing temperature during the unsteady thermal
process formed by heating point was proposed.

Knwuoei crosea—rxoegivienm mennonposionocmi. pieHAHHA
mennonpoeionocmi,  HepyuHiGHUNl  KOHMPOAb, GUMIPIOGAHHA
memnepamypu, 321a0)cy6anHHs AnPOKCUMALIEID

Keywords—thermal  conductivity, heat equation, non-
destructive control, temperature measurement, smoothing by
approximation

I. Bcryn

Po3BUTOK Cy4acHOro CycHiJibCTBa OTPHUMAaB HAaWOIIBIIOTO
MIPUCKOPEHHS 13 MOYaTKOM ITPOMHUCIIOBOI PEBOIIONT, sika Oyia
HEMOJJIMBA 0€3 MacoBOTO BUTOTOBJICHHS Meraiy. Meran sk
KOHCTPYKIIHHMI Matepiaj JO3BONMB IOOYIyBaTH BEPCTATH i
MEXaHi3MH, 10 CYTTEBO IiABUIIMIO MPOAYKTUBHICTH Tpalli i
JIOKOPIHHO 3MIHMJIO JIFOJICHKE KHUTTSL.

Cranp — BIIHOCHO JIETKHH 1 MINHHANA Me€Taj, 3 SKOI'O
BHUT'OTOBJISIFOTE  OLTBIIICTh CYY4acHHX IPOMUCIOBUX BHPOOIB.
Ileii Meranm Moxe 0OaraTopa3oBO MEPEPOONIATUCI, TOMY

V. Rovinsky
Department of Informatics
Vasyl Stefanyk Precarpatian National University
Ivano-Frankivsk, Ukraine
x.audio.info@gmail.com

BUKODHUCTAaHHS CTaJli 3JCUIeBNIOE  BUPOOHHUTBO. OmHaK
BHACJIIIOK €KCIUTyaTallil BOHa 3MiHIOE CBOI BiIacTHBOCTI. OKpiM
SIBHUX O3HAK PYWHYBaHHS, sIKi BUKJIUKAIOTh KOPO3iliHI IpOIecH
1 HaaMipHI HAaBaHTAKCHHS, CTajdb MOXXE 3MIHIOBATH CBOIO
cTpykTypy. OIHUM i3 YMHHHKIB 3MIiHH CTPYKTYpU CTaji €
MeXaHiYHe HaBaHTa)KEHHS, sIKe He PYHHYe HeTallb, a TUIbKH
0e31moBOpOTHO Jedopmye Ti. IIpu 1IbOMY HPOXOAMUTH XOJIOTHA
IUIACTUYHA JedopMallis BHYTPIIIHBOI CTPYKTYPH CTaji Ta
3MIHIOIOTBCS 11 (i3W4HI BIACTUBOCTI. [licis IJIaCTHYHOI
nedopmarlii eKCIuTyaTyBaTH JeTailb He MOXKHA.

CraJtb € 3aCTHIIIO CYMINIIIIO MaTepiaiB, sKi 3MIITYIOThCS
npy 1iaBieHHi. OCKIJIbKY 3MilllyBaHi MaTepialy pi3sHOMaHiTHI
32 CBOEIO TPHUPONOIO, TO 1 3aCTUral0Th BOHHM IIPpU PIi3HIH
temrepatypi. lle mnpu3BOmUTH OO TOSBU Martepialy, MIO0
CKJIAJIA€ThCS 13 YaCTHHOK, sSIKI YMOBHO HA3WBAIOTh 3E€PHAMHU.
Bigomo, mo npu miacTuuHii nedopmarii crani 3MiHIOETHCS
PO3MIp 1 KUTBKICTB 3€peH, i3 IKUX BOHA CKIanaeThes. [Ipu 3miHi
mapaMeTpiB 3epeH 3MIHIOETHCS KOS(DIIiEHT TEIUIONMPOBiTHOCTI
crani. ToMy, BUMIpIOIOYM TEIUIONPOBIIHICTH CTalll, MOXXHA
BUSBHUTH JUISIHKA 13 3MIHCHOIO CTPYKTYPOIO, IO MOXKE
CBIJTUUTH PO HASBHICTH IUIACTUYHOI Jedopmartii.

II. TEOPETUYHI JOCJIIPKEHHS

KoegimieHT TemmonpoBiHOCTI XapaKTepu3ye 3IaTHICTh
PEYOBMHM MNPOBOAUTH Terio. loro uwncioBe 3HAYEHHS
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BU3HAYAETHCS SIK BiTHOIIEHHS TATOMOTO TEIJIOBOTO ITOTOKY JI0
OJIMHUIII TEMIIEPATypHOTO IpajieHTa, ad0 SK KUTBKICTh Terua,
IO TPOTIKA€ Yepe3 ONUHUIIIO TIOBEPXHI 338 OJMHHUIIO Yacy MpH
cnaji TemIepaTypu 1o HopMmaul 1o wiei moBepxHi Ha 1°C Ha
OIMHHMITIO JOBXKHUHHU. Takok KOe(Dili€HT TEIUIONMPOBiTHOCTI
BXOJWTh JO CKJIaay Koe]illieHTa TeMIIepaTyporpOBiIHOCTI.
Koeoimient TEMIIEpaTypOIpOBIAHOCTI XapaKTepu3ye
LIBHJKICTh BUPIBHIOBAaHHS TEMIIEPaTypH NPH HECTalliOHAPHIH
TEIIONPOBIAHOCTI.

3a yMOBH He3MiHHOCTI (i3UYHUX MapaMeTpiB MeTaly Mpu
HarpiBi  pIBHSHHS  TEIUIONPOBITHOCTI MOXKHA  3alMCaTH
HACTYITHUM YMHOM[1]:

6—T=a-V2T—[3-T
ot

nme T — rTemmeparypa B TOulli MaTepiainy, f— 4ac, V —
omneparop Jlamnaca, a — koe(illieHT TeMIepaTypOIpOBiIHOCTI,
[B— koedimieHT TemI0Bi 1Ayl HOBEPXHI.

Koedirmient BU3HAYAETHCS

HACTYITHUM YHHOM:

TEIUIONPOBITHOCTI A

A=a-cp

e a — KOeQilieHT TeMIepaTypONpOBITHOCTI, ¢ — MHUTOMa
TEIJIOEMHICTh MaTepiany, P — IMTOMA I'YCTHHA MaTepiaiy.

SIkmo aist JocTipKeHb BHOpAaTH IUIACTHHY, SKY MOXKHA
130JII0BaTH BiJl BUIIPOMIHIOBaHHS TEIUIOBOI €Heprii, a mis
CTBOPEHHSI HECTAIlIOHAPHOT'O TEIUIOBOTO IIONSI BUKOPHCTATH
TOYKOBUHA HArpiBHUK, TO PIBHSHHSA  TEIUIONPOBIJHOCTI
CIIPOLIYETHCS 10 HACTYITHOTO BUAY:

or _ or
ot 0-r

ac — BiI[CTaHI) J10 TOYKH MpUKIaJaHHA JDKEpEiIa Hal"piBaHHﬂ.

TakuM YuHOM KOE(IlIEHT TEMIICPATYPOIIPOBIIHOCTI €

Y3TODKYIOUMM  KOe(IlliEHTOM MDK  IIBUAKICTIO  3MIiHU
TeMIepaTypd 1 TPHUCKOPCHHSAM BIIIAJICHHS BiJl TOYKH
HarpiBaHHs.

Jlane  piBHAHHS  pO3B’SA3YEThCA 13 BpaXyBaHHAM

KOHKPETHHX KpaeBUX yMOB. JInsd BUNAAKY MHUTTEBOrO
TOYKOBOTO JDKEpena HarpiBaHHs i3 TMOTyxkHicTio @ B

CepeloBUII 13 HYJIbOBOIO TEMIIEPATYpOId Y BCIX TOYKax
po3MmoziN TeMIepaTypu Oyae OMUCYBAaTHCS TAKOIO 3aJIeKHICTIO:

Jlns  BUMAaKy TOHKOrOo OE3MEXKHOro JWCKa, SKUH
HarpiBa€TbCs B TOYI MPOTSATOM IIEBHOTO 4Yacy, PO3MOALT
TemriepaTyp Oy/ie BU3HAUYATHCS HACTYITHOIO 3aJIeKHICTIO[2]:

2
r

4-a-t

T

thin

(r,t):—%~Ei -

Je h — TOBIIMHA IUIACTHHHM, Ei — iHTerpajbHa MOKa3HUKOBA
byHKIIIS.

KoedimieHT y BU3HAYa€THCS 32 POPMYIIOFO:

Y .

2n-h-h

HaBeneni pinieHHss MOKa3yloTh, MIO TeMIlepaTypa Ha
MOBEPXHI IUIACTUHM CKJIQJAHUM YHHOM 3aJIOKUTH  Bif
Koe(illieHTa TeMIepaTypOIPOBITHOCTI a, 1O CKJIaay SKOTO
BXO/IUThH IIYKaHUH KOe]illiEHT TeIUIONpOBiIHOCTI.

III. TIPAKTUYHI JOCJIKEHH S

Jlnst Bu3HAYeHHsS KoedillieHTa TEIUIONPOBITHOCTI CTall, 3
SIKOI BUTOTOBJICHO IUTACTHHY Oe3 ii pyHHyBaHHS, OyIio
PO3pO0IIEHO TPHUCTPIH, 10 BUMIPIOE TEMIIEpaTypy B MHOXHHI
TOYOK, SIKi 3HAXO/SITh Ha pafialibHil JiHIT i (ikcoBaHiHN Bimiaii
BiJl TOUKH HarpiBaHHs. HarpiBaHHS MJIaCTUHU POBOIHIIOCS 32
JIOTIOMOT0r0 Moyst [lenbThe.

Pesynbratn BuUMIpsSHOI TeMIepaTypu, OTPUMaHOI B IMX
TOYKaxX MPOTIrOM NEBHOTO IPOMIKKY 4Yacy, HaBeIEHO Ha
puc.1.

20.5

70i i 80i i

0 5 10 15 20 25 30 35 40
t,c

Puc. 1. 3anexHicTh TeMIepaTypy, BUMIPSHOI B I1'SITH TOYKAX Bil 4acy

UuMm nanbliie BiJl TOYKM HArpiBaHHS 3HAXOAUTHCS TOYKA
BUMIDIOBaHHS ~ TEMIIEpaTypH, THUM MEHIIa [IBUAKICTH
3pOCTaHHA TeMIIEpaTypH.

3anexHiCTh TEMIEPATYPH B PI3HUX TOYKAX VIS JEKUTBKOX
MOMEHTIB Yacy HaBe/ICHO Ha pHC.2.
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195

185 1

175

Puc. 2. Temmeparypa B I1’ITH TOYKaxX, BUMIPSHUX B PI3HUIH MOMEHT 4acy Mix
Yac HarpiBaHHs

B nanomy Bumajky — uuM Oulbllie Yacy IMPOWILIIO 3
TIOYaTKy HarpiBy, TUM BHUINA Temrieparypa. Yum Oirmkde Touka
BUMIPIOBaHHSI TEMIIEPATypH 10 TOUYKH HATrpiBaHHs, TUM OLIbIIA
JIMHAMIKa HapoCTaHHs TeMIiepatypu. Uepes3 JIeskuii dac BCi
TOYKH HArpilOThCS 10 O/THOT YCTaJICHOI TEMIIEpaTypH.

I3 HaBemeHux rpadikiB  BHAHO, IO  PE3YJIbTaTH
BUMIPIOBaHHS TEMIEpPaTypd MalOTh BHIIAJKOBI CKJIAJOBI,
0COONIMBO Ti, $IKI 3ajexarh BiJ 4Yacy. TOMy BHUKOPHCTaTH
BHUMIPsTHI nani TSt BU3HAYEHHS koedimienTa
TEMIIEPaTYPOIPOBITHOCTI € HEKOPEKTHO.

BumipsitHi  3HaueHHS 3IVIa/PKEHI MOJIIHOMOM TPEThOro
HOPAAKY. 3TIa/UKEHY 3aJIeXKHICTb IIPECTaBIEHO Ha pHC.3.

20
T,°C

17
0 10 20 30
t,C
Puc. 3. Pe3ynmbrar 3riajukyBaHHS — BHMIpSHOT
TPOLIECH HPH 3aITyCKy TeHepaTopa.

temnepatypu Ilepexigui

UYucnose audepeHIitoBaHHs 10 4acy, iIrHOPYIOUH CKIIaJ0Bi
MEHIIMX  TOPSIKIB,  TPOBOJAWIOCS 33  JIONOMOTO0
3aeKHOCTI[3]:

3 Yir = 4- Yoy TVios

T'(r,i)= 5

Uucnose nudepeHnitoBaHHS 110 BiJICTaHI 3 ICHOPYBaHHSIM
CKJIJIOBMX MEHIIUX MOPSAIKIB TPOBOAWIIOCS HACTYITHUM
YHHOM:

T"(V,i) =V =2V, Vi

3HaWIIOBIIM  3HAYEHHS MOXiMHMX, OYJO0 BU3HAYECHO
3aJIeXKHICTh ISl KoeilieHTa TEIUIONPOBIAHOCTI B PI3HUN Yac
eKkcriepuMeHTy(puc.4).

16.5

e
]51: M uhv.w“"\r\
. N
e N
B 2 4 6 8 10

t,c

Puc. 4. 3anexHicTh KoedilieHTa TEMIONPOBITHOCTI BH3HAYECHOI 32 PI3HUMHU
JTAHUMH IIiJ] 9aC eKCIECPHMEHTY

I3 HaBemeHOI 3aJI©KHOCTI BUIHO, IO OTPUMaHE HETOYHE
3HaueHHs1 KoedilieHTy TerutonpoBiaHocti. Ile 3ymoBieHO
MOXMOKaMH y BHMIPIOBAaHHI TeMIlEpaTypu 1 MOXHOKaMu
MIPUBHECCHUMH OOpOOKOI0 HA0Opy IHCKPETHUX 3HAYCHb.
[IpoTe oTpuUMaHUl pe3yabTaT Ja€ MOMIIUBICTh OI[IHUTH 3MiHU

B CTPYKTYpl MeTany.

BUCHOBKHI

3a IOMOMOro HECTalllOHAPHOTO TEIIOBOrO IPOIIECy,
SIKMH YTBOPIOETHCS MPW HArpiBaHHI TOHKOI TUIACTHHU 31 CcTasli
MOXKHa BU3HAYMTH 1i KoedilieHT TtemonpoigHocTi. s
BH3HAYCHHS KoeQillieHTa TEIUIONPOBIMHOCTI PO3po0IeHO i
BUTOTOBJICHO TPHUCTPiil Ul HarpiBaHHS IUIACTMHH B TOYII JIO
¢ikcoBaHoi TemmepaTypu 1 BHMIPIOBaHHS  PO3MOILTY
TEeMIlepaTypd Ha T1i TOBepXHi BHpomoBxk HarpiBy. Ilpum
MIPOBEICHHI EKCIIEPUMEHTAIBHOTO OCIIDKEHHSI Pe3yJIbTaTH
BUMIPIOBAHHS ~TEMIEPAaTypu 3[VIAJUKYBaJIHCS  TOJIHOMOM
Tperboro nopsaky. [loganbiie ynuciaoBe AUQepeHIiFoBaHHs 110
yacy 1 BIACTaHI Jal0 MOMJIMBICTh BH3HAYUTU KOe]illieHT
TEIUIONPOBIAHOCTI MaTepiany, i3 sSKOoro OyJI0 BHTOTOBIICHO
JIOCITIKYBaHy TJIACTHHY.
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LSI verification system topology

S. Novosiadliy
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Engineering and Electronics
Vasyl Stefanyk Precarpathian
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Anomauyia — Tlpn mnpoextyBanni Tomosorii BIC/HBIC
HA/3BHYaiHHO BAKJIMBO € He NMPOCTO 3aKOAyBaTH ONMMC TOMOJIOTII
3a 10noMorox rpagiyHoro pegakropa, aje i nepeKoOHATHCH, IO
a0 (opmMyBaHHA CTPYKTYpH KPHCTaJla HaBiTh 10 BHIIYCKY
ynpasJisirouoi indopmauii, mo Maii0yTHiil KpucTal, BUTOTOBJICHI
32 CIPOEKTOBAHOI0 TOMOJIOTI€I0 pealli3ye camMe Ty eJEeKTPHYHY
cxeMy, SIKy I TONOJIOriA i NMOBHHHA peajizyBaTu, Oyayum B
KIiHIICBOMY paxyHKy peaji30BaHOI0 B KpHCTaJli 3a [JaHOI0
TOMOJIOTI€I0.

Abstract—When designing the topology LSI / VLSI extremely
important is not simply encode description topology using a
graphical editor, but also ensure that the formation of crystal
structure even before the issue of the management of information
coming crystal produced by the projected topology implements
exactly the circuitry which that topology and must realize, being
ultimately realized in crystal on this topology.

Knrouoei cnoea—cucmema Ommo; mononoziuHuil

mpancaamop; i3omopguicms; mononozia

Keywords— Ofto system; topological translator; izomorphy;
topology

I. Bcryn

Ilporpama  KOHTpONIO, IO peaji30Bye  IEpeBipKy
npoextaux HopM (ITH) mosBonsie 3HaiiTu nmopymenns [TH tak,
mo0 , BHIPABHBUIM iX, OTPUMATH TOIMOJIOTiI0, KOPEKTHY 3
TOYKH 30py BUKOPHCTOBYBAHOI TEXHOJIOTI{ BUTOTOBJICHHSI.

[Iporpama BiJHOBIIEHHSI MO3BOJISIE BHIUIMTH 13 OIHKCY
TOIIOJIOTIT Ty EIEKTPUYHY CXEMY, Ky BOHa o000 peamizye ( 3
Mapa3uTHUMU EIEMEHTaMH).

L. Melnyk

Department of Computer
Engineering and Electronics
Vasyl Stefanyk Precarpathian
National University
Ivano-Frankivsk, Ukraine
nfsworld53@gmail.com

[ToTim, MOPIBHSABIIN IF0 CXEMY 3 BHXIJHOIO EIIEKTPHYHOIO
CXEMOI0 32 JOIIOMOT'OK0 MTPOTrpaMU TOPIBHAHHS MOKHA 3HAWTH
Ti BIOMIHHOCTI BIiJ BHXIJHOI CXEMH 1, BHOCSYM BifIoBimHi
CXeMaTW4yHi 3MIHM B TOIOJIOTIIO, JOJATH aJeKBaTHOCTI
BHXI1THOI €JIEKTPUYHOI CXEMH 1 11 TOMOJIOTIYHOI peatizartii.

Takum yrHOM, poOoTa MporpaM KOHTPOIIIO, BiHOBJICHHS i
MOPIBHSAHHSA B JAaHIi JIOTIYHIN 3B's31 JO3BOJIIE OTPUMATH B
pe3yJIbTaTi MOBHICTIO KOPEKTHY Tomnouorito nmpoekra BIC, sk 3a
¢dopmoro (3amoBonienns BMmict ITH KTO), Tak i 3a 3micToMm
(peanizoBaHa B Hiif cXeMa BiJIIOBIJIa€ IPOEKTY).

3a3Buuaii, moBHOTa 1 KopekTHicTh KoHTpoiro ITH KTO B
OLIBIIIH CXEMi 3aJIeKHUTh BiJl CTBOPEHOTO KOPUCTYBAa4eM TaK
3BaHOT'O TEXHOJIOTIYHOTO (paiiiry mporpamMu KOHTPOITIO, B SIKOMY
omucaHl y BUNIAAL Habopy mpaBwin Ti [IH, siki HeoOXximHO
niepeBiputy. Bonu Bci BXoaaTh B ckinan K/l BinnorigaabHiCTh
3a 1e Oepe Ha cebc KOHCTPYKTOP — PO3POOHHMK TPOEKTY, a
HEOOXiZHY JONMOMOry HOMY Hajae Iporpama aHali3y
TEXHOJIOTIYHOro (hailly mporpaMu KOHTPOJIIO, SIKa ITPOBOIUTH
CHOHTAaHHUKA 1 MOBHO CEMaHTHYHHUH aHali3 TEXHOJIOTIYHOTO

Gaiiny.

AHaNOriyHO, SIKICTh BiJJHOBJICHHS EJIEKTPHYHOI CXEMHU 13
TOIOJOTIi 3aJIKUTh Bl TOTO , HACKUIBKM BIPHO TOIOJIOT
OMnucaB peayibHi (Di3MYHI MPOIECH : MO-TIEpIIe, 0 MPUBOIUTH
B MPOLIECi BUTOTOBJIEHHS /10 (POPMYBaHHSI CTPYKTYP HPHIIA/IIB 1
iX MiX3’€[HaHb, 1 MO-IpYyre,saKi 3B’S3yIOTh 1X B €JIEKTPUYHE
KOJIO MpH (YHKIIIOHYBaHHI CXeMH Ha MailOyTHbOMY KPUCTAIi.
TakuM 4MHOM, TYT BENHKA BiAIOBIJAJbHICTh TAKOXK JIATAE HA
iHKeHepa-TexHonora, mo (opMyBaB TEXHOJNOTIYHMHN aiin
MPOrpaMH  BiJJHOBJICHHS, $IKa MPOBOJUTh CHHTAKCUYHHH 1
CEMaHTUYHUH aHaJi3 1boro (aiy.
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II. OCOBJIMBOCTI TEXHOJIOTTYHOI'O MOJETIOBAHHS B CAITP

Ha cporopHimHi# [eHb € MPaKTUYHO OJHMH MPOrpaMHUI
kommoHeHT TCAD ( Technology Computer Aidid Design),
SKMH 703BOJIsIE MojentoBatH sk crpykrypu BIC, Tak i
TEXHOJIOTiI0 1X (opMyBaHHS, TOOTO MO CYTI CHpaBH €
texHonoriuHoto CAIIP. Bona ocobmuBo edektnBHA mpU
npoeKTyBaHHi tectoBux crpyktyp (CTC) mim mneBHWi BuI
texHouorii (P-MOP, n — MOP, KMOP, FBIP Ha erMHn) ]_[eI/I
MpOrpaMHUI KOMIUIEKC 3a3HaB 12 Bepcreil 1 choromHi
BUKOPHCTOBYEThCA TiJ rpadiku Synopsys .L{s octanHs Bepcis
JIO3BOJISIE MOJIETIOBATH Cy0 — 1 HAHOMIKPOHHI CTPYKTYpPH Ta
TEXHOJIOTIUHI  mporecd, Imo i1Xx dopmymrooTe. ek
IHCTpyMEHTapili 103BOJISIE CTBOPIOBATH K (Di3MUHI MOJIEN, TaK
1 CiTKOBI (MepekeBi) Mozeni cTpykTyp cyomikponnux BIC.

OCHOBHUMH TIpollECaMH, SIKI MOJIEIIIOIOTHCS  JTaHUM
IHCTPYMEHTOM, €:
e OKuCTIOBaJIbHI TPOIECH, B TOy YHCIHI W  HITPHIHI

(IMHAMIYHI) il THCKOM;

e JludyziiiHi mporecu 3 BUKOPHCTAHHAM SIK IUIaHAPHUX
TBEPIUX JUKEPEl, TaK 1 ra30MoJiOHUX 1 piauHAaX;

e |MIUTaTAIiiiHI, B TOMY YHMCII ¥ BUCOKO CHEPIETUYHOTO
0araTo3sipsHOTO JIETyBaHHA SK KpPEMHIl0, Tak 1
apceHiay rajiio;

o Emitakcifini npomecu — ra3odasHy eMiTakcito,
MOJIEKYJISIPHO — MPOMEHEBY, HH3BKOTEMIIEPATYPHY
ILIa3MOBY;

o [Ipouecu ocamkeHHs (€IEKTPOHHI, TEPMOIOHHI, 10HHO —
IUIa3MOBI , MATHETPOHHI) JiaJIEKTPHYHUX Ta METAJIEBUX
ITIBKaX;

e Jlpollecd iOHHO-IUIA3MOBOIO Ta IUIA3MO — XIMIYHOTO
TpaBJieHHS ( 130TPOITHOT'O Ta aHI30TPOITHOTO TPABJICHHS,
(bpesepyBaHHs, MPodiTIOBaHHSN);

e Bucokoremmneparypuuii  Ta  (OTOHHMI  Bixmamu
CTPYKTYpP
e XiMiyHi Ta IUIA3MOXIMIYHI  TPOIECH  OYUCTKH

KPEMHIEBUX Ta apCeHiJl — TeNi€BHX MiJKIAN0K Tepes
npotiecaMu (POpMyBaHHS CTPYKTYD;

e ®otomiTorpadivHUX  TPOIECIB (
MIPOEKIIHOI , EJIEKTPOHHO — MPOMEHEBOI);

KOHTaKTHOI,

e OcapKeHHs IUTIBOK B PEaKTOpax MOHIKEHOTO THCKY;
e JluHaMika poCTy IUTIBOK.

B ocranHio Bepcrio 12 j00aBieHHI ONTOENEKTPOHHI
crpykrypu CE Ta mpunamni crpykrypu (TC) Ha apceninmi
rajiro, 1o A03BositoTh popmyBatn CAIIP doroenexkTpuannx
MIepEeTBOPIOBAYIB.

[Ipobnemoro Ha choromHi i AaHoi TexHonoriynoi CAIIP
€ BIJICYTHICTh CyMIiIlIEHHS IPOEKTYBaHHS KPEMHIEBUX 1 apceHi
TaJlieBUX CTPYKTYp KOMOIHOBaHHUX 1 aHAIOro — IU(PPO — CXEM,
a Tako)X MOXJIMBICTb CYyMIIIEHHS HOro 3 TPOrpaMHHUM
koMIuiekcoM OTTo.

T4 GEMSTSeS Amegu-?C D703
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Puc. 1. ®parmeHTH nporpaMHoro incrpymentansHoro TCA/L-12.

BUCHOBKHI

1.IIpoBeneno noBHuii anaini3 icHytounx cucrem CAIIP
UL TIPOEKTYBaHHS CyO-HAHOMIKpOHHHX cTpykTyp BIC mms
Creliai30BaHuX KOMIT'FOTEPHHX CHUCTEM.

2.Bu3HaueHo KOMILIEKC TpoOJieM, SIKi BHHHKAIOTh MPH

(G YHKIIIOHATIBHOMY,  JIOTIYHOMY, CXEMOTEXHIYHOMY 1
TOIOJIOTIYHOMY TPOEKTYBaHHI Ta HaMiueHi UIUIAXH 1X
BUPILIEHHSI.

3.CproromHi BiJCYTHSA oOmepalliiiHa cucTeMa, ska o0
JI03BOJISIa B €IMHE IliJie OO€AHATH BCi ICHYIOUI CHCTEMH
AaBTOMAaTU30BAHOTO MIPOEKTYBaHH: ( HACKPI3HOT'0)
aHaJyioroBux, 1udposux ra HBU-cxewm, 11e rosoBHa npobiema.

4.BincytHs Ha CBOTOJTHI €aMHa cucreMa
TOIOJIOTIYHOTO TPOEKTYBaHHS 1 MOJENIOBaHHS TECTOBHUX

. . . 11l pVv
CTPYKTYDP, JK 1 KPEMHIE€BY, TaK 1 A B -TCXHOJIOI'11.
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Application of cluster analysis and multivariate
models for the determination of the basic psycho-
physiological functions schools
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Anomauia—B po6oTi npeacTaBieHi J0CTiAKEHHS] OCHOBHUX
ncuxodizionoriyanx GyHkuiii mWKoIAPIB, AKI MAOTH coNiaJbHY
Ta HABYAJIbHY 3HAYYLIiCTh, 0 NMOKA3aJI1 TICHHH B32€MO3B'SI30K
3 KOMIUIEKCHMM INOKa3HMKOM TrapMoHiliHocTi  (ismuHOro
po3BUTKY AiB4ar i roHakiB. IIpoBeneHi n0CJHiIKeHHs1 HaJaIM
MOKJIHMBICTE  po3po0uTH  OaratodakTopHi Mojemi  I0X0
nepeadavueHHs ocodmBoOCTEH ix B32€EMO3B’SI3KY Ta
B32€EMO3AJIE;KHOCTI, IMOBIpHICHOrO mnepen0aveHHsl KpUTepiaJlbHUX
3Ha4YeHb KOMILIEKCHOTO TIIOKa3HMKAa (i3HYHOI0 PO3BHTKY
NPOTATOM Pi3HMX BiKOBHX TIepiogiB JKATTH, 3MIHCHATH iX
IPYHTOBHY NIPOTHOCTHYHY OLIHKY.

Abstract—This paper presents the study of basic psycho-
physiological functions of pupils with social and educational
significance of that showed a close relationship with the complex
refractive harmonious physical development of girls and boys.
The research made it possible to develop a multi-factor model for
the anticipation of the characteristics of their interconnection and
interdependence, the probabilistic prediction of criterion values
of complex index of physical development for different age
periods of life, to carry out their thorough prognostic assessment.

Knwuoei cnosa — xnacmepnuii aunaniz; oOazamoghaxmopni
Modeni; Qizuunuil po3eumox; ncuxogizionoiuni Qynxuir

Keywords — cluster analysis; multifactor models; physical
development; physiological functions

1. Bceryn

Cremmdika cucTeMHOi opraHizatiii iHTerpaIjiiHuX MpoLeciB y
JTSIOMY Ta MiJTITKOBOMY Billi BU3HAYAETHCSI IEBHUM CTYIIEHEM
3pUIOCTI BHINMX BUIAUIB HEHTpabHOI HepBoBoi cuctemu (LTHC),
30KpeMa, TOKa3HHKIB MIBHAKOCTI MPOCTOI Ta JMQepeHIiHoBaHOI
30pOBO-MOTOPHOI ~ peakilii, BPIBHOBaKCHOCTI, PYXOMOCTI Ta
JIaOLIHLHOCTI HEPBOBUX TpoIieciB, (GyHKIiH yBaru Toio. BomHouac
MOp(dOIOriYHe JTO3PiBAHHS MPOBITHUX JAHOK 30pPOBOi CCHCOPHOI
CHCTEMH Ta PYXOBOI'O arapary, iX TOCHUTh BHCOKA (DyHKITIOHATbHA
TOTOBHICTh JI0 BUKOHAHHS PI3HOM@HITHHX HaBYaJIbHO-3HATYIIIUX
omepamiifi  JI03BOJISIOTE  BUKOPHUCTATH  SIK  XapaKTEPUCTUKU
(YHKIIOHATIBHUX MOXKIIMBOCTEH OpraHi3My VY4YHIB TOKa3HUKU
KPUTUYHOI YacTOTH CBITJIOBUX MHIOTiHb, JIHIIHOTO OKOMIpY,
TOYHOCTI KiHecTe3il, KOOpIMHAII PyXiB Ta CTIHKOCTI M’s3IB JIO
JIMHAMIYHOTO 1 CTATUYHOrO HaBaHTaXeHHd [ 1, 2].

OpnuumM i3 OCHOBHHX KpHTEpiiB BUBYEHHS
¢yukmionansHoro crany I[[HC mkomsipiB € mocmimpkeHHs
IIBHIKOCTI YMOBHHUX CEHCOMOTOPHHUX pEakliif, Hacammepen
TaKuX, K 30pOBO-MOTOPHA Ta CIIyX0-MOTOpHa peakmii. Taxuit
MiJXi7, TMepil 3a BCe, HAJa€ MOKIUBICTh OIIIHUTH CTYITiHb
(yHKI[IOHAJIBHOI TOTOBHOCTI Y4HIB 10 pPoOOTH B YyMOBax

37



BUPaXEHOT'O HEPBOBO-EMOIIIHOTO 1 30pOBOI'0 HAIIPYXKEHHSI, a
TAKOX IICUXOJOTIYHOTO JTUCKOMQOPTY, SKI HaJI3BUYaHHO
XapaxkTepHi JJIsl CydacHOI LIIKOJIH.

II.  PE3VIBTATHU PO3POBKU TA JIOCHIIKEHD

JlocmipkeHHsT TPOBOAMIIOCH 3 ypaxyBaHHAM  JIaHHX
aHaJli3y CydacHOI HayKOBOi JIiTepaTypd Tiri€HIYHOro,
Ncux0(i310J0riYHOr0, TMCHXOJIOTIYHOIO 1 MEeNaroriyHoro
3MICTY, IO BH3HAYaIOTh KOJO KpPUTEpiaJbHUX, HaHOLIbII
3HAYYIIMX 3 HABYAJIbHOI TOYKH 30pYy HNCHXO(i3i0I0TrigyHMX
¢yHkuii  opranismy. Jlo ix wuwWcma Oynu  BigHEcCeHi:
(yHKIIOHAJIbHI XapaKTEPUCTUKU BUILOI HEPBOBOI IisUTBHOCTI
(marentnuii nepion (JIIT) mpocToi 30poBo-MOTOpHOI peakiii
(II3MP) i narteHTHHM mepion AUQEpeHLiioBaHOi 30pOBO-
MotopHoi peakuii (A3MP), pyxoMicTh Ta BpIBHOBa)KEHICTh
HEpBOBUX TMpOIECiB), yBark (€(peKTUBHICTh Mpal, CTYIiHb
BTSATYBaHHA Y [iSUTBHICTb, IO BUKOHYETHCS, MCHUXIYHA
BUTPUBAJIICTH), 30pOBO-CEHCOPHOI ~ CHUCTeMH  (KPHTHYHA
gacrtota 37MUTTA CBiTIIOBHX Murorins (KYCM)) Ta comaro-
CEHCOPHOT0 aHaji3aropa (KOOpIuHallisl pyXiB).

Buznavenns ocobnuBoCTEH 3B’SI3Ky TIPOBITHUX
nicuxodizionorivanx QyHkuii ([IOD) mkonspis, sKi MaloTh
comjalibHy 1 HaBYalbHy 3HAYyIIiCTh, 3 IIOKa3HUKAMHU
(i3U4HOrO PO3BHUTKY [iTE€H 1 MmiUIITKIB, OOOB’S3KOBO Mae
nepeadavaTH MPOBEICHHS PerpeciiHOro aHali3y MOKa3HHUKIB,
Ha TiJICTaBI BUKOPUCTAHHSI MPOLEYPH MIPSIMOT0 TOKPOKOBOTO
perpeciiiHoro  aHamizy, 10 Mependadae  3IiHCHCHHS
MOCTYMIOBOI'O  TIOKPOKOBOT'O  BKJIFOUEHHSI  JOCIIKYBaHHUX
3MIHHHX Yy PpIBHSHHS JIHIHHOI perpecii 3 HacTYIIHOO
TIEPEBIPKOI0 CTYIIEHS MIIHOCTI IX KOPENALIHHUX 3B’SI3KiB 3

MICBHOIO PE3Y/IbTYIOUOK BEIWYMHOI 3TIHO 3 PpIBHEM
3HaYyIocTi [3, 6].
OTKe, BIINOBIAHO JO OTPUMaHMX Ha  MiJCTaBi

3aCTOCYBAaHHS 3a3Ha4€HOI MPOLEAYPH CTATUCTUYHOIO aHAJ3y
Ta TNPOTrHO3YBaHHS  JaHux [4, 5], 3akOHOMipHOCTI
B3a€MO3B 53Ky  IapaMeTpiB  KOMIUIEKCHOI'O  ITOKa3HHKa
¢iznunoro po3Butky (KII®P) niguar y Bini 12 pokiB 3 mijaum
pAAOM  JOCHI[DKYBAaHMX  O3HAaK, fAKi  BiJgoOpaKyBaju
ocobnuBocTi po3BuTKy [1D® opranizmy ciig 0yiio BU3SHAYUTH
y BUIIISAL PiBHSHHS:

y=2,259+0,541x; + 0,256x, + 0,229x; — 0,223x, + 0,20 1.x5,
(R*=0,616; F(5,24) = 3,420; p<0.05),

ne y — 3HaueHHs KII®P (ym. ox.); x; — KiJIBKICTh JOTHKIB IO
CTIHOK JaOipHHTY 3a JOaHUMH TPEMOMETpii; X, — CTYIIiHb
BTATHEHHS y HiSUTBHICTB, IO BUKOHYETHCS, 32 PE3yJIbTaTaMH
poborn 3 Tabmmmgmm  lymere (c); x3 — piBeHb
BPIBHOB2)KEHOCTI HEPBOBHX IMPOIIECIB 32 JaHUMHU BHU3HAUYCHHS
peakiiii Ha 00’€KT, IO pyXaeTbcsd (IOMWIKA Y MC); X4 —
Beimunaa KUCM (T'm); x5 — Benmuuna JITITI3MP 3a nanumu
xXpoHopedIIekcoMeTpil (Mc).

PazoM 3 TMM 3aKOHOMIpHOCTI B32€MO3B’S3KY MOKa3HUKIB
KII®P ronakiB y Bimi 12 pokiB 3 NpOBITHUMHU
XapakTepucTukamu  gociipkyBanux —I[IOD  opranizmy
HEeoOXiTHO OYyJI0 MPENCTABUTH Y HACTYITHOMY BUIJISII:

3= 0,808 + 0,387x; + 0,362x, + 0,26 L3 + 0,23 1x, + 0,174xs,
(R = 0,690; F(5,241) = 1,969; p<0,05),

ne y — 3HaueHHst KIIOP (yMm. o11.); x| — 3Ha4eHHS PyXOMOCTI
HEpBOBMX  TMpOLECIB 32  JaHAMH  4YHClIa  3PHBIB
nmudepeHIioBaHuX peakliil mix yac XpoHopedeKcoMeTpii;
X, — KUIBKICTh IOTHKIB JO CTIHOK JIAOipUHTY 3a JaHUMU
TpeMoMeTpii; X3 — piBeHb BpPIBHOBRXEHOCTI HEPBOBHX
MPOLIECIB 32 JIAHUMH BU3HAYECHHsI peaklii Ha 00 €KT, MIO
pyxaerbcsi (MIOMHJIKA y MC); X4 — CTYIiHb BTSATHEHHS Y
TsUTBHICTh, IO BHUKOHYETHCS, 3a pe3yJabTaTaMH poOOTH 3
tabmuipivu [lynere (), xs— Benmuumua IIIKP 3a manumu

TpeMoOMeTpil (M. o11.).

BpiBHoBaKeHicT
HEPBOBIIX
npoiecis
(r=0,45-0,48;
p<0,01)
PyxomicTe I\m:‘rp;l_l v
HePBOBHUX O;S;T:l?:;lv
! a
= )
polecip (r=0,36-0,39;

(1r=0,44; p<0,01 \ p<0,05)

KIIDP

CTyniHb BTATHEHH

l Y JiAVILHICTD, 110
BHKOHY€ThCA
(r=0,37-0,45;
p<0,05-0,01)

HIBnakicTe npocroil
30pOBO-MOTOPHOT
peakuii (r=0,46;

p<0,01)

HIBuakicTs
andepeHuiiioBaHol
30pOBO-MOTOPHOIL
pearuii (r=0,45;
p<0,01)

Puc. 1. Tlcuxodizionoriuni ¢yHKIIT AiBIATOK, 10 MaJIM HAHOLIBLI 3HATY M
KOPEJLILIIHHUI 3B’ 30K 3 MOKAa3HUKAMH (pi3MIHOTO PO3BUTKY LIKOJISIPIB

BpieHoBa
KEHICTH
HEPBOBIIX
npoLeciB
(r=0,37-0,50;
p=<0,01)
PyxomicTe KoopauHauiiiai
HepBOBHX 3qiGHOCTI
npouecis opranismy (r=0,37

(r=0,43; p<0,05) 0,39; p<0,05)

KII®P|

P N

HIenaricTe CryniHe
andepenniin- BTATHEHHA Y
OBAHOI 30pOBO- IiAVIBHICTE, 110
MOTOPHOI peaKLii BHKOHY€TbCHA
(r=0,45; p<0,01) (r=0,36; p<0,05)

Puc. 2. Tlcuxodizionoriuni  ¢GyHKIii XJTOMYMKIB, 110 Maud HaiOimbII
3HAYYLMI KOPEJLIHUN 3B’5130K 3 IOKa3HUKaMH (Di3MYHOTO PO3BUTKY
IIKOJISIPIB

3akoHOMIpHOCTI B3a€MO3B’s3Ky moka3HukiB KIIOP 14-
pIYHHX diBUaT 3 MUIMM PSAIOM JOCTIIPKYBAHHUX O3HAK, SIKi

BioOpaxKyBasiu ocobnuBocTi po3BuTKy [1PD opranizmy ciif
OyJ10 BU3HAYUTH Y BUTJISII PiBHSIHHS:

y=1,129+0,351x; + 0,191x; — 0,342x; + 0,280x, + 0,268xs,
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(R*=0,629; F(5,24) = 4,426; p<0.05),

ne y — 3HaueHHs KII®P (yMm. om.); x; — KUIBKICTh JOTHKIB 10
CTIHOK JIaOIpHHTY 3a JaHUMHU TPEMOMETPIi; X, — e(EeKTUBHICTh
Ppo0OTH, 1110 BUKOHYETHCS, 32 pe3yJIbTaTaMy POOOTH 3 TAOIUIIIMU
lynere (c); x; — BemmumHa KUCM (T'm); x4 — Bemmuumna JIIT
JI3MP 3a nmanmmm xpoHopeduiekcometpii (MC); Xs — piBeHb
BPIBHOB)KEHOCTI HEPBOBHX TMPOIIECIB 33 JAHUMH BH3HAYECHHS
peaxilii Ha 00’€KT, 0 pyXaeThes (MIOMIIIKA Y MC).

BomHodac 3akOHOMIpPHOCTI B3a€MO3B’S3KY IOKa3HHUKIB
KII®OP 14-piyHuX IOHAKIB 3 MPOBIAHUMH XapaKTEPHCTUKAMHU
nocmipkyBanux — [IO®  opranismMy  HeoOXxigHO  OyJ0
MPECTABUTH Y TAKOMY BUTJISII:

y=0,515+0,303x; + 0,18 1x,,
(R*=0,629; F(2,27) = 2,005; p<0,05),

ne y — 3HaueHHs1 KIIDP (ym. ox.); x; — CTYHiHb BTSTHEHHS Y
IUsUTBHICTh, IO BHKOHYETHCS, 3a pe3yJbTaTaMd poOOTH 3
tabmuusvu Lynere (c); X, — piBeHb IICUXIYHOI CTIHKOCTI 3a
pe3yapTataMu pobotH 3 Tabnuigamu [lynste (¢).

3aKOHOMIPHOCTI B3aeMO3B’ 13Ky moka3HuKiB KIIDP mipuat
y Bili 17 pOKiB 3 HUIMM PSIOM JOCIHIPKYBAaHMX O3HAK, SIKi
Bi0OpaKyBasiu oco0auBoCTi po3BUTKY [1DD opranizmy, ciif
OyJI0 BU3HAYUTH Y BUTJISIII PiBHSIHHS:

y= 1,535+ 0,665x; +0,527x, + 1,169x; + 0,384x, +
+0,271xs + 0,839,
(R* = 0,648; F(6,23) = 7,078; p<0,001),

ne y — 3HaueHHst KIIOP (yMm. o11.); x| — 3Ha4eHHS PyXOMOCTI
HEPBOBMX  TPOIECIB 32  JaHUMH  YHCIa  3PUBIB
nmudepeHIiHoBaHuX peakliil mix yac XpoHopedeKCoMeTpii;
X, — epEeKTUBHICTh POOOTH, 10 BUKOHYETHCS, 33 Pe3yIbTaTAMH
pobotu 3 Tabmuusamu 1lynere (¢); X3 — KUIBKICTh JOTHKIB 10
CTIHOK Ja0ipUHTY 3a JaHUMH TpPEeMOMETpii; x4 — piBEHb
BPiBHOBQ)XEHOCTI HEPBOBHUX MPOIIECIB 32 TAaHUMU BU3HAYCHHS
peakuii Ha 00’€KT, IO pyXaeTbCs (MOMHIKA Y MC); Xs —
CTYMiHb BTSTHEHHS Y [iSUIBHICTh, IO BHKOHYETHCH, 3a
pesynbratamMu pobotu 3 Tabmuusmu lllymere (c); x6 —
BennuuHa ITTKP 3a nanumu tpemomerpii (yM. ox).

B T0if ke yac 3aKOHOMIpHOCTI B3a€MO3B’ 3Ky MOKa3HHUKIB
KII®P ronakiB y Bimi 17 pokiB 3 NpOBIJHUMHU
XapakTepucTukamu  gociikyBanux —I[IO®  opranizmy
HEeoOXi1THO OYyJI0 MPENCTABUTH Y HACTYITHOMY BUTJISI:

y=0,298+0,441x, + 0,457x, +0,37 1x3 +
+0,189x, +1,296x5 +1,081x4 —0,240x5,

(R =0,608; F(7,22) = 4,878; p<0,01),

ne y — 3HadenHs KIIOP (ym. om); x; — piBeHb
BPiBHOBQ)XEHOCTI HEPBOBHUX MPOIIECIB 32 TAaHUMU BU3HAYCHHS
peakilii Ha 00’€KT, IO pyXaeTbesd (IOMHIIKA Y MC); X —
CTYIiHb BTATHEHHS Y MiSUIBHICTB, IO BUKOHYETHCSA, 3a
pe3yabTatamMu pobotu 3 Tabmumsmu lymere (c); x3 —
BenununHa JIIT JI3MP 3a nanumu xpoHopediekcomerpii (Mc);
X4 — epEKTUBHICTh POOOTH, 10 BUKOHYETHCS, 33 Pe3yIbTaTAMH
pobotu 3 Tabmuusamu 1lyasre (¢); x5 — KUIBKICTh JOTHKIB 10
CTIHOK JaOIpUHTY 3a JAHUMH TEPMOMETpIi; X¢ — BEIMYMHA

ITIKP 3a nanumu TpemomeTpii (yM. ox); x; — Benuunaa KUCM
(Tm).

Ha mincraBi 37ifiCHEHHS TpOLEAYp KJIACTEPHOIrO aHAJI3y
st [TOD, 110 BUBYAIUCH, HE3AJICKHO Bill BIKOBHX (SK cepen
12-piuHux, Tax i cepen; 14- i 17-piuHHUX y4HIB) Ta CTATEBUX (K
cepeqn JIiBYATOK 1 JiBYAT, TaK 1 Cepel XJIOMYMKIB i IOHAKIB)
0COONIMBOCTEH  JTOCHIPKyBaHMX oci0 Oyino BuaineHo 3
OCHOBHHUX KJIACTEPHHX VYIPYIyBaHHS 1, TakUM YHHOM,
MPOTHOCTUYHUX  KPUTEPIiB 1  TOUYOK  NPHUKIAIAHHS
PI3HOMaHITHHX 3ac00iB BIUIMBY Ha ONTHMI3allil0 BEIWYMH
KII®OP Ta mokpaiieHHs MPOBIAHUX IOKAa3HHUKIB (i3UYHOTO
PO3BUTKY IIKOJISIPIB.

Jo ix yucna cmig Oyno BiTHECTH:

— 30poBO-ceHCOpHHH Kiactep (kmactep Nel), 1o
BU3HAYA€ CTYMiHb Yy3arajlbHEHOrO BIUIMBY Ha MPOLECH
¢dopmyBanns nokasHukip KIIOP xapakrepucTHK J1a0iIbHOCTI
3opoBoro anamizatopy, KUCM, mBHIKOCTI 30pOBOTO
CIOPUUHATTS Ta €(QEKTUBHOCTI POOOTH MiJ Yac BHKOHAHHS
periiaMeHTOBaHUX 3aBJIaHb;

— 30poBo-MoTOpHWI Kkiacrep (wiacrep Ne2), skwmii
MOEAHYE y €00i MCUXO(]i3ioNOriuHi KOPEIATH IMPOCTOi Ta
nudepentiioranoi 3MP;

— IHTerpaTHBHO-KOOpAWHAINMHUN  KiacTep  (KiacTep
Ne3), sikuit € HaWOLIBII IHTETPATHBHUM 32 CBOIM 3MICTOM Ta
00’emHYE Yy CBOIMl CTPYKTYpi JaHi IIOAO MPOCTOPOBUX 1
yacoBux xapakrtepuctuk KP, pyxoMocTi HEpBOBUX MpOILECIB,
MOKa3HUKH  CTYNEHsS BTSATHEHHS y  JiSUIBHICTb,  sKa
BUKOHYETbHCS, Ta TICUXIYHOI CTIHKOCTI TOIIO.

BUCHOBKHI

3a  pesynbraTamu MIPOBEJIEHOTO KOPEJIAIIHHOTO,
perpeciiHoro Ta KIACTEPHOTO aHali3y, SKi 3acBiAuyBajH
HasIBHICTh JOCTaTHBO TICHMX 1 CTaOUIBHHUX B3a€MO3B’S3KIB
BenmnunH KIIOP, meroanka po3paxyHKy BETHYUH SIKOrO Oyiia
po3po0JieHa Tija 4Yac MPOBEACHHS HAYKOBUX MOCIIKCHb, Ta
MOKa3HUKIB PO3BUTKY NpoBiguux [1OD opranizmy miBuar i
IOHAKIB, Hagadd MOMJIUBICTh pO3poOuTH OaraTodakTopHi
MOJIENI 1010 NepeadayeHHs 0COOIMBOCTEH iX B3a€MO3B’SI3KY
Ta  B3aEMO3AJIEKHOCTI,  IMOBIpPHICHOTO  Iiepel0adeHHs
kpurepianbHux 3HaueHb KIIDP mporarom pisHHX BiKOBHX
MepioAiB KHUTTA, 3MIWCHUTH iX IPYHTOBHY HPOIHOCTHYHY
OIIIHKY TOIIIO.
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Anomayia—QOOTrpyHTOBAHO 3aCTOCYBAHHS HOBOIO MiAXO0XY 10
aBTOMATHYHOr0 (opMyBaHHsi 0a3M MOJEJIBHMX 3HAHb ISl
IHTeJIeKTyaJIbHUX CHCTeM NPUHHATTS pilleHb. 3anponoHoBaHMii
miaxig 0asyerbcsi HA BUKOPUCTAHHI OCHOBHHX IOJIOXKEHb Teopii
iepapxiyHuX 6araTopiBHEBHX CHCTEM.

Abstract—A new approach for knowledge model base
automatic development of intelligent decision support systems
are proved. New approach is based on using the main provisions
of the theory of hierarchical multilevel systems.

Knwuoei cnosa—xonyenmyanizayia 3namv, 0a3a MooenbHUX
3HAHb, IHMEIEKMYANbHI CUCIEeMU NPUTTHAMMA PilleHb
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I. Bcryn

3aBSIKM  IIBUIKOMY PO3BUTKY iH(GOpPMaliiHUX Ta
KOMYHIKAI[IfHUX TEXHOJIOTIH Ha CydacHOMY eTami cdepa
3aCTOCYBaHHS 3aco0iB  IITYYHOTO IHTENEKTY IIOCTiifHO
pO3IIUPIOETECA. B 3B’A3Ky 3 IUM, OJHI€0 3 HAHOLIBII
aKTyalbHHUX 3a1a4 ChOTOJICHHS, SKa TMOTpeOye pIllleHHs, €
CTBOPEHHS aBTOMATH30BaHHX CHCTEM  IHTEJIEKTYalbHOTO
YIIPaBJIiHHSL.

[MuTaHHsA TpO KpuTepil BU3HAUCHHS IHTEICKTYaJbHOCTI B
IAX CHCTEMHU 3aJIMINA€ThCS JOCI BIIKPUTHM. TeopeTHyHi

1. Zhyriakova

Department of intelligent decision support systems
Bohdan Khmelnytsky National University
at Cherkasy
Cherkasy, Ukraine
irena_zh@ukr.net

TIOJIOXKEHHSI He BU3HAYAIOTh, 110 CaMe BBaYKaTH HEOOX1THUMH i
JIOCTaTHIMH YMOBaMH, 110 BH3HAYalOTh YU € CHCTEMa
IHTEJIEeKTYaJIbHOI0, HAaBiTh 32 YMOBHM HAasBHOTO BH3HAUYCHHS
iHTenekTyanbHoi cucremu mnpuiHATTS  pimens  (ICIIP),
30KpeMa ynpaBiiHcbkoi [1]. Xoda Ha neld paxyHOK iCHYe psif
morysAAiB, Hampukiaan, Heroemn 1 CaiiMOH BH3HAYAIOThH
MOBEIHKY CHUCTEMH sK iHTenekryasibHy, skmio ICIIP omepye
a0CTpakTHUMHM IIpOLIECAMU Ha PiBHI 3HAHb TPH TPUHHSATTI
pimiens [2]. OTke, MOXKHA 3pOOHMTH BHCHOBOK, 10 €()EKTUBHE
TOETHAHHS ICHYIOYHMX ITAXO/IB, SKi COPMOBAHO B paMKax
Teopii yHpaBIiHHS, CHCTEMHOT'O aHaJIi3y 1 IITYYHOrO 1HTENEKTY
JayTh MOXIIMBICTH CQOPMYBATH €JUHHNA KOHIENTYAIbHUN
MiAXia A0 peamizamii 0a3y MOJEIBHUX 3HAHb B paMKax ciabo
(dbopMaitizoBaHUX TMPOIECIB  YIPaBIiHHSI, sKa 3a0e3MCYUTh
azekBaTHe (OpMyBaHHS KepyIOUHMX BIUIMBIB BiJIIOBiTHUM
mpouecaM — NPUAHATTS — pillleHb, 10 NPUHAMAIOTHCS
BHCOKOKBaTi(pikoBaHMMH (paxiBISIMU-EKCIIEPTaMHU.

II. AHAJII3 OCTAHHIX JOCJIIJDKEHD 1 ITYBJIIKALI TA
[TOCTAHOBKA ITPOBJIEMHI

Koxxna ICTIP 3a3Buuaii omepye BEIMYE3HOIO KUIBKICTIO
BXIJTHUX JAHUX, SIKi 3MIiHIOIOTHCS 3 TUIMHOM Yacy. Tomy, oqHIM
3 OCHOBHHUX 3aBJaHb NPOEKTYBaHHS MOJIOHMX CHCTEM €
3a0e3neucHHs OOpOOKM MIHJIMBHX JaHMX 1 3JAaTHICTH [0
CTIMKOr0 BUPOOJIEHHS KEPYIOUYHX BILUIHBIB, SIKi O 3210BOJIBHSIIN
MOTHBAIIl0 CHUCTEMH. I|HaKmie KaXydd, Kepylodl BIUIMBU
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TIOBUHHI BpaxoBYBaTH INOCTiHHY 3MiHy BXiJHHX JaHHX, 1
poduTH 1€ 332 MaNMil MPOMIKOK 4Yacy — MPHCTOCOBYBATUCH 10
HaBKOJIMIIHBOTO CEPENIOBUINA, AHAIOTIYHO /O TOrO 5K Le
pobuth moauna. IloniOHI 3a1a4i y po3pisi CHCTEM MITYYHOTO
IHTEJIEKTY BUPIIIlye KOMIOHEHT — 0a3a 3HaHb.

HesBakaroun Ha Te, 10 TUTAHHSAM POOOTHU 31 3HAHHIMU Ta
3aCTOCYBaHHIO 0a3 3HaHb Y PI3HHX NPEIMETHHUX Taly3six
MIPUCBSIYEHO JTOCUTH 0ararto myOsiKamii (3 sSIKHMX OTJISIIOBUMH €
[3-7]), y HAyKOBOMY CITIBTOBApUCTBI JOCI HEMA€ 3rOAU MO0
PaIliOHAILHOCTI  3aCTOCYBaHHSA Ti€i YW  IHIIOT  MOJEI
TIPE/ICTAaBIICHHS 3HaHb /IS PO3B’sI3aHHS IPAKTUYHUX 3324, SIKi
3BOMISAITHCS /IO HACTYIIHUX KJIaciB: TNPOMYKIIHHI Momeli,
CeMaHTH4HI Mepexi, QpermMoBi mMozeni i (opMaibHi JIOriuHi
Mojeri. Takok MOXKHA 3a3HAYUTH, IO ICHYIOWI IIJXOIH HE
JIAIOTh MOYKJIMBOCTI OTPUMATH aKTyaJIbHI 3HAHHS B PAMKaXx:

—  3aJady KpPHU30BOIO MOHITOPUHTY, $IKIi MHOTPeOYIOTh
3MIHH CTPYKTYpHY 0a3u 3HaHb 32 OOMEXEHUH POMIDKOK Yacy y
BIMOBIZTHOCTI 710 (POpMYyBaHHS HOBHX 3aBIIaHb;

—  3aJa4 aBTOMATHYHOrO (POPMYBaHHS, BHKOPUCTAHHSI
Ta peoprasizaiii 0a3u 3HaHb MPU HEOOX1THOCTI iX MTOAAIBIIOr0
aTOMAaTH30BAHOI'O 3aCTOCYBAaHHSI;

—  3aJa4y ONTHMi3amlii 3aTpaT 4acy Ha CTBOpEHHs 0a3u
3HaHb Ta MEPCHECCHHs YBarW Ha PO3B’SI30K iHTENEKTYyalIbHUX
3ajay.

TakuM YMHOM, ICHYE NPOTHPIYYS MiX HEOOXiTHICTIO
pPO3B’A3Ky KOMIUIEKCY 3aJad, IO CTaBIATbCA  Iepen
IHTEIEeKTYaJlbHUMH ~ CHUCTEeMaMH  IPUHHATTS  pillleHb Ta
00MEXEHNMHU MOJIJIMBOCTSMH HayKOBO-METOAUYHOIO amapary
noOy10BY icHYI0UMX 0a3 3HaHb. HasBHICTH IIbOTO MPOTHUPIYUS
pOOUTH aKTyalbHUMH JOCHI/DKEHHS TpoleciB (opMyBaHHS
HOBUX IIJIXOJIB MO 30€peXeHHs] Ta BHKOPHCTaHHS 3HAHb B
IHTEJIEeKTYaJIbHUX 1HpOpMALIIITHUX cUCTEMaX.

i migxomu noBuHHI 3a6e3meunty nooymoBy ICIIP HoBOrO
TIOKOJIHHS, IO OyayTh 3a0be3leyyBaTh aBTOMATHU30BaHMUIA
MOUIYK paHillle HEBIIOMUX 3aKOHOMIPHOCTEH Yy BEJIHKHX
MacuMBax JaHHX 1 aJanTUBHO (opmyBaTu CTpyKTypy O0asu
MoJielIbHUX 3HaHb (BM3) BiINOBIAHO 10 HOBHX 3aBIaHb Oe3
mporpaMHoi mepedymoBu iH(opMariiiiaoi cucremu. Jlanuii
X1 TPUITYCKA€E 1HIN MPUHIMNK 30epeKeHHs] 3HaHb IS X
MOAAJBIIOT0 IHAYKTUBHOTO MOJENIOBAHHS, IO JO3BOJHTH
CIPOCTUTH TPOLEAYPY OTPUMAHHS HOBHX 3HAHb.

II1. PE3VJIBTATH

3abe3reueHHs] BHCOKOI TOYHOCTI 1 HaAiWHOCTI 301IbIIye
cknagnictb Oymp-sxkoi ICIIP. Tomy mnepenbavyaetbesi 4iTKe
pO3MEXyBaHHs 3a/ad, sKi PO3B’S3YIOTbCA 1i OKpPEMHMH
MOJYJISIMH Ha KOXXHOMY eTami (YHKIIOHYBaHHS CHCTEMHU.
Omxe, BM3, po3B’si3ye KOMIUIEKC 3amad i3 (OpMyBaHHS
MHO)KUHH TJI00aJbHUX (YHKIIOHAIBHUX 3aJIEKHOCTEH, MI0
PI3HOOIYHO  BiZOOpa)karOTh BJIACTHBOCTI  JOCHIIKYBAHOTO
cepenopunia. KoxxHa riobanbHa QyHKIIIOHATbHA 3AJICKHICTD €
i€papXiYHUM TIOE€IHAHHSM JIOKAIBHUX OaraTonapamMeTpUYHHX
MoJieJiel, TO€JIHAaHWX B CTpaTH BIATIOBIAHO JI0 piBHIB
MoHiTopuHry. Taka cTpykrypa 3a0e3nedye OaratopiBHEBe
neperBopeHHs  iHGopMamii  Bi = (OPMH  YHCEIBHHX
XapaKTEepUCTUK PpE3YNIbTATIB  CIIOCTEPEXKEHHA 10 (QOopMHU
BiJIOMOCTEH TIPO BJIACTUBOCTI 00’€KTIB, MOJAHUX B 3PYYHOMY

JUIsl BUKOpUCTaHHs BUDIAL. [loemHaHHS KUTBKOX TITOOATBHUX
(GYHKIIIOHABHUX 3aJIeKHOCTEH no3Bossie BM3 BimoOpasuTu B
CBOIM CTPYKTYpl pi3HOpigHy iH(OpMALI0 PO MHOXKHHY
00’€KTiB, 10 YTBOPIOIOTH JOCITIJUKYBaHE CEpEIOBHIIIE.
[epiognuHe MOHOBJIEHHS Ta JIOMIOBHEHHS! CUCTEMH OCTaHHIMHU
pe3yJbTaTaMyd MOHITOPHHTY 3a 00’€KTaMHu JOCIiIKYBaHOTO
CepelloBHIlla Ta aBTOMATHYHE aJalTyBaHHS CTpyKTypu bM3
JIO3BOJISIE BpaxyBaTH JUHAMIYHICTh NPUPOAHUX 00’ €KTIB NpU
3a0e3neueHHi iHPOPMAIIIEIO MPOLIECIB TPUUHSTTS PillIeHb.

[lependauaerbest, mo BM3 € 06asucom mns OJOKy
npuiinsaTTa pitnens [CIIP, sxuil qae MOXIIHBICTH (OpMyBaTU
aJIeKBaTHI JUIS MOTOYHOTO CTaHy O0’€KTY Kepyroui BIUIUBH
(puc. 1). Jlana crpykTypa iHBapiaHTHa JI0 JOCIHIPKyBaHOTO
CepeIoBHINA | HOCHTh YHiBEPCATbHHI XapaKTep.

basa moaenbHUX 3HaHb

CuHTes metn

CuHTesaTop Mogeneit

ExkcneprHa MpuitHaTta

OTodyloue cepeaoBmLLe oujHka plleHs

Nam’aTe )
M Bnok npuitHaTTa 06’ekt
eTa piluers ynpaeniHHa

Motusauia

Kepytoui
BNMBU

MporHo3s pe3ynbraTis
3aCTOCYBaHHA KEPYIOUNX
BNAMBIB

CraH cuctemm

Puc. 1. Crpykrypna cxema ICITP

Jnst mpoekTyBaHHS 0a3W MOICIBHHX 3HAHb HEOOXiIHO
BUKOHATU ii CTPYKTYpHY iAeHTU(]iKalilo, sKa J03BOJHUTh
chopmyBaT HaOip Mozeiaeld 1 3BSBKIB MK HHMH, Ui
BHUpIIICHHA TJ00AaJBHOTO 3aBJAHHSI CHCTEMH, a caMe,
3a0e3reueHHs] BiJIOMOCTSAMH TPO  BIACTHBOCTI  00’€KTIB
MpOLIECY NPUHHSATTS PillIeHb.

Bynmemo po3risgaTé MHOXXHHY KPHUTEPIiB, IO OMUCYIOTHCS
N-MipHAM BEKTOPOM, KOMITOHEHTH SKOTO C; SIBIISIOTH COOOO
MepeAYMOBH BHUKOPUCTAHHS BiIIMOBITHUX METOJIB YIIPABIIiHHS
3 KIHIIEBOI BIIOPSAIAKOBAHOI MHOXMHH MOXKIIUBHX 3HAUYCHb
C;,Vi=1,n. Ilpu 1poMy CTBOPIOETbCA B3A€EMO3B'A30K, IO
BU3HAYAETHCA MHOKWUHHUM CITiIBB1IHOLLIEHHSIM

(c1) e Cp) ECL X X Cpy (1)

Takomy HaOOpy BEKTOpIB NPHUIUCYIOTBCS 3HAYCHHS
1, Vj =1,kk<n. Onmxe, ueii B3aEMO3B'S30K BCTAHOBIIOE
BIJMIOBIHICTh ~MIDDK BHU3HAYEHOIO MHOXHMHOIO  HaOopiB
MepeyMOB C; Ta KOHKPETHHM METOJIOM CHHTE3y JIOKAJIBHOI
MOJIENTI Tj.

Tum camuM BU3HAYAETHCS (DYHKILIS:
f:C; X ..XxCy =R R={r, ..., 1} 2

ne R — MHOXXMHA PO3B’SI3KIB 3a/adi BUOOPY METONY CHHTE3Y
MOJIETI.

KoxHoMmy rj Biamnosigae CBiii METON CHHTE3y MOJEII, TIPH
IBOMY KOXHE 3HaueHHsA Tj(A,t) XapakTepu3yeThCs IBOMA
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napaMeTpaMy, 1[I0 BH3HAYarOTh INPOTHO3HE  3HAUYCHHS
3aCTOCYBaHHS Ti€l YM 1HIIOT MOJIENl B KOHKPETHUX MOTOYHHX
yMoBax (pyHKnionyBauus, ae A € [a,b] — mporunos pesynsraTin
3aCTOCYBaHHS pE3YJbTaTiB MOJIENIOBAHHS Y BH3HAYCHUI
MOMEHTY 4acy t.

Peanizamniss BUOOPY METOMy CHHTE3y MOJENI MOXE OyTH
NpEeJACTaBiACHa y BUINISAAI MaTpHIi, sKka Oyme 3daBaTHCH

HabopamMu (ci, r]-).

Jlis 3MeHIIeHHS pPO3MIPHOCTI OTPUMAaHOI MaTpHIll Ta
onTUMi3alii Yacy IOUIYKY pillleHHS, MOXXHa OOMEXKHUTHCH

HaGOpOM, SIKUH JaBaTUMC y3arajJbHCHC YABJICHHA IIPO
HiI[MHO)KI/IHI/I OTpUMAaHUX IIPOrHO3HUX 3HAYCHb, a CaMe,
po3riIgaaTu:
(O_i,'f}'),o_i € Ci
inf . sup (3)
¢, =inf, ¢, =sup ¢

Binbun rHydka CTpyKTypa BU3HAYEHHS PIlIEHHS MOXIIMBA
NPU  BHUKOPHCTaHHI HEYITKOI JIOTIKM Yy CYKYHNHOCTI 3
3aCTOCyBaHHAM 0a3u MpaBWwi, Je oOnuc (QYHKLIH, 10
BH3HAYAIOTh BHUOIP TOr0 YW IHIIOTO pinieHHS (GopMyeThCs
EKCIIepPTOM, Ta MOXe KoperyBatucs B mporieci podotu ICITP.

OTke, 3alpoOrNOHOBaHA HOBA KOHIICTINS BHSBIICHHS,
30epeXCHHS Ta BUKOPUCTaHHS 3HAHb 0a3yeThCsA HA HACTYITHUX
TIPHUHITHUIAX:

® 3HaHHA MpCaACTaBIAIOTHCA y BI/IFJ'IHZ[i

OaraTomnapaMeTpUYHUX MOJICIICH;

® 3pPOCTaHHA KUIBKOCTI  3HaHb JOCATA€ETHCA IIIAXOM

iepapXiqYHOrO  TIOEJHAHHA  OararonapaMeTpHYHKX
MoJIeJied  BIMOBIIHO METOIy BHCXIJHOTO CHHTE3Y
eNeMEHTIB B CHCTeMax 3  0araTopiBHEBUM

MIEpeTBOPEHHIM JaHuX [8];

® BHKODHCTaHHS  TOJOXKEHb  Teopii  iepapXivyHHX
0araToOpiBHEBHX CHCTEM € OCHOBOIO JUIS PO3B’SI3aHHS
3a]1a4 CTPYKTYPHOI 1IeHTH(DIKaIIii;

® KOHCONIJAIlS 3HAHb BiAOYBA€THCS IUIAXOM IMOE€THAHHS

rII00aTBHUX (YHKITIOHAJTEHUX 3aJIEKHOCTEH,
chOPMOBaHUX B paMKax pPI3HOPITHUX MPESIMETHHX
obnacrei.

BrcHOBKI

VY naHiii poOOTI pPO3TJISIHYTO OCHOBHI MOJIOXKCHHS €TUHOTO
KOHIICNTYaJbHOIO MiAXOAYy IO peaiizaiii 0a3u MOAEITBHUX
3HaHb B paMKax ca0o opmasi3oBaHUX MPOIECIB YIPaBIiHHS.
3anpornoHoBaHUN TMiJXiJ OPIEHTOBaHWH HAa aBTOMATHYHE
(opMyBaHHS Ta TMONAIBIINKA aBTOMATU30BAaHUN CyNpOBiz 0a3
3HaHb Ui Oyab-sikoi mpeaMeTHoi obmacti. KpiMm Toro, Taka
(¢opMa TOIaHHS 3HAHb JIETKO YHMTAETHCS, 1 aHAIITHK Maibke
3aBXKIU MOXKE MPOCTEXUTH HUIAX, MO sAkoMy pyxainacs ICIIP
IpH TOOYIOBI OCTaTOYHOI KiIacudikaiii 1 BigOOpi MeTOmiB
YIIPaBIiHHSL.
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Anomayia—®PopMmajizoBaHa 3aJa4a KOMILIEKCHOI OLIHKHU
eTamiB  JiarHOCTUYHO-JIIKYBAJBHOI0  mpouecy 3  MeTOI
MiHimi3anii pu3uKiB JikapchbKuX MoMuI0K. Po3podieno meronn
KJIacTepu3anii JiarHo3iB B mpocTopi JikapcbKuX Aiif i Kopekmii
TOPOriB B IiarHOCTHYHOMY BHPilIaJILHOMY IPABHUJII.

Abstract—Formalized task comprehensive evaluation phases
of diagnostic and treatment process to minimize the risk of
medical errors. Methods of clustering in space medical diagnosis
and correction action thresholds in diagnostic decision rules.

Knwuoei cnoea—rxomn'tomepna cucmema, OiacHocmuka,

JAiKapcovKa 0is, NiKapcbKa nOMUIKaA.

Keywords— computer system, diagnostician, medical action,
medical error.

I. Bcryn

Kommnekc miarHoctuuHo-nikyBanbHuX 3axodiB  (JJI3)
CKJIaZIa€ThCsl 3 JIBOX B3a€EMOIOB'SI3aHUX €TaliB: J1arHOCTHKU
3aXBOPIOBAHb 1 JIIKYBaHHsI BHSIBJIIGHHX MATOJIOTIH, MpUUOMY
icsl JIaTHOCTHKHM 1 TPU3HAYEHHs JIIKyBaJbHUX IPOLEAYP
HEOOXITHUI MOHITOPUHT MIOTOYHOTO CTaHy MAI[iEHTa 3 METOIO
OLUIHKK  e(EeKTHBHOCTI  MpOLEeCy JIKyBaHHA 1, IIpH
HEOOXITHOCTI, HOTo KOpeKItii. s JiKyBaHHS TOr'O YH iHIIIOTO
3aXBOPIOBAHHS HEOOXIMHO HaJaHHS IEBHUX JIKAPCHKUX Iid

O. Povoroznjuk
Department of Computer Science and Programming
National Technical University
"Kharkiv Polytechnic Institute"
Kharkiv, Ukraine
povoks@i.ua

(JI[T) Ha oprani3m (Xipypriune BTpy4aHHs, (hapMaKoIOTiHHUH,
JIKYBaJIbHO-TEPANIeBTUYHHUI BIUTUB, peaOUITaIliiiHI 3aX0H).

Ha xoxHOMY 13 3a3HAa4YCHHX €TaIliB JiKap, sSK ocoba, sKa
npuiiMae pilleHHs, BUPOOJISE YNpaBIIHCHKE pIMICHHS B
yMOBax Je(iuuTy BUXIAHUX NaHUX i CyTTEBOI ampiopHOI He-
BU3HAYEHOCTI, IPYHTYIOUHCh Ha CBOiH KBaui(ikarii, JocBifi i
inTyimii. Ilpy 1pOMy NPUHHATTS HENPaBHIBHOTO PIlICHHS
(Jlikapchka TIOMUIIKA) K Ha €Talli JiarHOCTHKH, TaK 1 Ha eTarri
JIKyBaHHS MOXK€ MaTH KaTacTpogivyHi HACTIAKH IS 37J0pPOB'S
namieHra. TepmiH «iikapcbka mnomuiakay (JIIT) BuzHauae
HENpaBWIbHY AiarHOCTHKY XBOpoOu abo HenpaBwibHi JII, ski
00yMOBJIEHI JOOPOCOBICHOIO TOMMIIKOIO JIiKaps, MpU IOMY
BUKITIOYAEThCS HEAOAICTh 1 HECYMIIIHHICTh TPU BUKOHAHHI
CBOiX 00OB's3KiB. [IpHYMHOIO TIOMMJIKH J[IarHOCTUKH €
HEJOCTAaTHIM 00cAT MiarHOCTHMYHUX JaHWX (3aCTOCYBaHHS
3acrapiyioro obnagHaHHg ab0 HeJIOCTaTHs KBajidikamis Jiika-
ps, SIKMH TNpHU3HAYaB CIHCOK OOCTekeHb), abo X HeBipHa
iHTeprperaniss (0COOJUBO NMpU CYO'€KTUBHOMY aHali3i sKic-
HUX TOKa3HUKIB). [IpuumHoto HenpaBwibHuX JIJ{ mpu mpa-
BWIBHOMY JiarHO31 € HEJOCTaTHE BPaxXyBaHHS I1HIMBIIY-
aJBHUX OCOOJMBOCTEH MallieHTa (aJeprivHi peakiii Ha IeBHi
Npernapary, CIHCOK XBOPOO, SKMMHU B)X€ XBOPIB MAIli€HT, SIKi
JIKY IpUAMAB 1 T.11.).

B nmaHmii yac € IIMPOKUM CHEKTp KOMITIOTEPHUX
JIarHOCTUYHUX CHUCTEM B PI3HUX MPEIMETHHX O00JIACTIX

43



memummHu  [1],  iHpopmarmzamis  JIJI  oOmexyerbcs
MEIMYHUMHU JIOBIIHMKaMH, B TOMY YHCII Y BHIJIAIL
iHpopManiiiHo-omykoBix ~ cucreM [2]. B cywacHumx

KOMITIOTEPHUX CHUCTEMax MiATPUMKH NPUHHATTS DIlIeHb B
MeIuIuHI 3aBaaHHs giarHoctukd 1 JIJI  posrismarorees
HE3aJISKHO OAWH BiJ OJHOTO, TOMY aKkTyaJbHOIO € 3ajada
MiHiMi3anii  pusuky JIII 1pu  KOMIUIEKCHIM  OIiHIII
JIarHOCTUYHUX 1 Jikapcekux miit (JIJI]T).

Mertoro pobotu € po3pobka iH(GOPMAIIHHAX TEXHOIOTIH
KOMIUIEKCHOI ominku eramiB JJIJI 3 MeTor MiABHICHHS iX
eeKTUBHOCTI Ta MiHIMi3allil PU3KKY JTIKAPCHKUX MOMHJIOK.

II. ®OPMAJIBALISA [ IHOOPMAILIAHA TEXHOJIOTTS PEAJIIBALIIT
ETAIIB JJI]

Y dopManizoBaHOMY BUTJIAAI 3aBIAHHIM MiaTHOCTHKH €
Kiacudikauis craHy i-ro maiieHTa D; TpHW aHaii3i BeKTopa
JiarHOCTUYHUX Oo3HaK X;. [Ipu 1IbOMy BUKOHYETHCS CHUHTE3
iepapxiuyHOl CTPYKTYpH IiarHOCTYEMHUX CTaHIB B 3afaHii
npeaAMeTHIN obnacti MequuuHK (OiHapHE JepeBo pilieHs Sp),
B KOXHIA BEpIIMHI SKOIO 3aCTOCOBYETHCS BHpIIIAIbHE
npaswio (BII), sike peanizye MeToa MOCIIZOBHOTO aHali3zy
npu AiarHocTulli Mixk craHamu D, i D, Ha koxHomy i-My
erani BII anHamizyerbcs yeproBa O3HaKa X; 1 OOYHCIIOETHCS
BiJTHOIIICHHS ITPaBOMO/1i0HOCTI:

0= HP(Xik/Dq)/P(xik/Dl) ,

sIKe TIOPIBHSIETHCS 3 Ioporamu @ > A4, @< B.

[Tpu BHKOHaHHI ONHIET 3 YMOB MPUIMAETHCS PIlIEHHS IIPO
D, abo D, BiImoBiTHO i BHUKOHYETbCA Iepexii Ha OilbIln
HU3BKHI piBEHb i€papxii Sp 3 METOI yTOYHEHHS iarHo3y.
[Tpu HeBuKOHAaHHI 000X HepiBHOCTEH noAaeThes i + 1 03HaKa i
TIpoLIe/Typa MOBTOPIOETHCS.

JIJI npencrapnstorsesa monenmo M, = <T,, F, SI,>, ne
M, — vuoxuna JIJI; Tp = {t,;} — MHOXUHA TepaneBTUYHUX Ail
(TH), F = {f;} — mHoxuna ¢apmakonoriunux aii (OM), ST =
{si;} — MHO)XMHA BB Xipypri4YHOTO BTPYYaHHSI.

[puznauennss BJ] npu Bimomomy D; ckiajgaetbes 3
BU3HaueHHs ix tuny (T, F, SI, abo ix xoMm6iHaliif) i nepemiky
KOHKpeTHUX aid. Bubip tumy JI[I e 3aBmanHsIM
0araTokpuTepiaIbHOr0 BUOOPY ANbTEPHATHB, IJISl BUPIIIEHHS
SIKOT BUKOPUCTOBYETHCS MeTOA aHami3y iepapxiii (MAI). Jlns
KOXKHOTO 3 JOMYCTUMHX sl JaHoro niarHo3y D; tumy JIJI

(opmyerbest  minMHOXKMHA  HeoOXximuux  JI ¢, €Tp,
1

fp. € F, sip €SI, mcid 4oro BU3HaYaeThesd 1X peanizalis 3
1 1

ypaxyBaHHAM 1HIUBIAYaJbHHUX OCOOJUBOCTEH Talli€HTa,
MpOTUNOKa3aHb 110 okpemux JIJ[ i OGaraToxpuTepiaibHOTO
BHOOpPY aHaioriB. [ komruiekcHOI oriHku eramiB JIJIJ] 1
MiHiMizanii  pusuky JIII 1mrykaerbes 3ajJeXHICTH  MDK
TOMUJIKOIO AiarHocTuku (D, 3amicTe D;) 1 ii HacmigkiB mpu
peamnizauii JI/I. Tax sk ay1st epeBaXKHOI KUIBKOCTI MATOJIOTIH B
Ppi3HHX obmacTsx METUITUTHI JII peani3yroThCs
MEIMKAaMEHTO3HUM [ULIXOM, pO3IJISHEMO TaKHH BapiaHT
peamnizauii JI/I, npu sikoMy KOKHOMY JiarHo3y D; BiIIoOBiiae
MHOHHA HeoOXimuux D/ f;, Ha miacTaBi sKoro GopMyeThes
KoMIUTeKc Jlikapchkux npenapartiB (KJIIT) Y;, sxuit 3a6e3neuye

fai» 3 YpaxyBaHHSIM HEIEPEHOCHUMOCTI I-IO TaIli€eHTa [0
OKpeMHuX IpenapariB 1 0OaraTOKpUTEpiaJbHOTO MOpPIBHSHHS
npenapatis-aHanoris. Tak ik Y, — fp,, a Y, > fp,, TO

pusuk JIIT Bu3Ha4YaeThCst PO301KHICTIO KOMIIOHEHTIB MHOXKHH
Jag Ta fg, 1 And ioro MiHiMi3alii BUKOHYEThCS Tepexil Bif
TpamulifiHoro mpocropy o3Hak X B mnpocrip D F,
KOMITOHEHTaMH sKoro € 6iHapHi 3minHi (0 — BigcyTHs O/, 1 —
NPUCYTHS ), a KOXEH craH D; TpencTaBise€TbCs i-10
BEpPIIMHOIO rinepKyda. B skocTi Mipu OIU3BKOCTI B IPOCTOPI

g
F BuOpaHna 3BakeHe BiJIcTaHb XEeMMIiHTa! = sz’j | Ji—f k]|
k=1

, ne fu fk] €[01] - k-ra ®J] i-ro Ta j-ro miarHo3iB

BiAIMOBIZIHO; g - PO3MIpHICTH HpocTopy F; w; — Koedilli€eHT,
SKUi 3a0e3neyye 301NBLIEHHS BiJACTaHi, B pa3i HasBHOCTI
koH(umikTyrounx dJ1.

3acTocyBaHHS i€papXidyHOi KJIacTepu3allii 3a KpHuTepieMm
MiHIMyMy cymapHOi 3B'S3Ky (MiHIMaJbHUI po3pi3 R) B
npoctopi F 3a0e3neyye MiHIMyM PH3HMKY HPUHHSTTS PillleHHS
Ha erami ¢popmyBanss KJIIT mpu cunTesi nepeBa pimeHs Sp Ha
erani aiarHoctuku. KpiM Toro, B po00Ti NpOMOHYETHCST METO
kopekuii noporiB 4 i B B BII, BpaxoBylouHM NMOMMIKH, SIKi
BUHHMKalOTh Ha erami npusHauenHs KJIII.  Orpumano
3aJIeKHOCTI MIXK 0, B 1 HOpMOBaHMM 3HAYEHHSIM MiHIMAJILHOTO

po3pizy E a, =0,5(1—R_q,), B, =0,5(1—R_,q). Busnaueni

TaKUM YHHOM o 1 B 3a7at0Th moport A = (1 —-f)/a, B=p/
(1- o) B BII, mo 3abe3neuye BpaxyBaHHsi pusukiB JIII mpu
npuznauenHi KJII B giarHoctianomy BIIL.

PosrisHyTa TexHomoris KomiuiekcHoi orinku JIJIJ 3
Meroro MiHiMizanii pusukiB JIIT agantyeTbes 10 1HIIMX BUIB
JIJI, mpu 11boMy BUKOHYETBCS TIEpPEXiJl 3 IPOCTOPY O3HAK X y
npoctip Bignosigaux JIJI (7, a6o ST). Buxonana mporpamHa
peaizaiis cUCTeMH 1 Ii TECTYBaHHS Ha PEATbHHX MEIMYHHX
JAaHUX 3 BUKOPHCTaHHAM HaB4YajdbHOI BHOIpkH 3 400
naimieHTiB. B skocti ocHOBHOI mwaTdopmMu OOrpyHTOBaHHA
BHOIp Java. B apxiTekTypi CHCTEMH BUAIJICHO TPH OCHOBHHX
MOJIYJISl: MOZLYJIb B3a€MOJIi 3 KOpUCTyBadeM, 0a3y NaHHX, IO
BKJIIOUa€ B ceOe 0a3y 3HaHb i MOYJIb OOY/I0BH 3HAHb.

BUCHOBKHI

Po3pobneHo cucteMy MiATPUMKH IPUHAHSTTS PillIeHb NPH
nposezaenHi JIJI/1 Ha ocHOBI (opmMaizamii eTariB IpOBEICHHS
JIJIJT ipu iX KOMIDIEKCHIN OIIiHII, 10 JO3BOJITE MiHIMI3yBaTH
PHU3UKH JIIKAPCHKUX IMOMMUJIOK, MiBHIIUTH JOCTOBIPHICTH 1
OOTpYHTOBaHICTh  pilleHb.  ApXiTeKTypa  HpPOrPaMHOTO
3a0e3MeueHHs] CHCTEMH J03BOJISIE JIETKO aalTyBaTUCS JIO
PI3HUX MPEIMETHUX 00JIaCTe MeTUIINHH.
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Geographical Information System that Stores the Data
About Graffiti in the City of Lodz

J. Rogowski

Adiunkt, Branch of the University of Lodz in Tomaszow Mazowiecki
Konstytucji 3 Maja str., 65/67, Tomaszow Mazowiecki, Poland

['eorpadiuna iHpopMalliiiHa cucTema ska 30epirae
naHi1 1mpo rpaditi B Micti JIoazs

S1. Poroscbkuii

Houent, YuiBepcuret B Jloazi, ®inis TomamriB-Ma3oBelbKui,
Byn. Koncrurymnii 3 TpaBus 65/67, m. TomamiB-MazoBeupkuii, [Tonbia

Abstract—The paper presents the Geographical Information
System that was elaborated within the subject "Geographic
Information Systems in Tourism" carried out in the Faculty of
Geographical Sciences at the University of Lodz. The
assumptions, functional and non-functional requirements for the
system are presented, as well as the implementation details. This
is probably the only such system in Poland.

Anomauvia—YyY CTaTTi npeacTaBjIeHa reorpadiyna
inpopmaniiina cucrema, sika 0OyjJa po3podjeHa Ha mnpeaMeri
"T'eorpadiyni indgopmaniiini cucremu B Typusmi', sAKkui
YHUTAEThCsl Ha (pakyabTeri reorpadgiyanx Hayk B YHiBepcHureri
Jlonzi. Y  pmamiii  poGori mpexacraBieHi  NMpUNyNICHHS,
¢ynknionanbHi i HeyHKNiOHAJbHI BHMOIM [0 CHCTEeMH, a
Takoxk Aetati peaiisauii. Ile, HameBHO, €quHa Taka cucTeMa B
Honbmmi.

Keywords—GI1S; graffiti in Lodz; OpenStreetMaps API

Knwuoei cnosa—I eozpagpiuna  ingpopmauiiina
2pachimi ¢ micmi J1003v; OpenStreetMaps APl

cucmema;

1. INTRODUCTION

Geographic Information System is a computer system that
allows the acquisition, storage, analysis and visualization of
spatial information having a reference to the Earth's surface.
GIS are widely used in geodesy and cartography, forestry and
agriculture, public administration offices, in local government
units, in the army, the real estate management, environmental
protection, trade, transport, industry and tourism.

Data stored by the system can come from various sources,
such as satellite and aerial images, Light Detection and
Ranging (LIDAR) data, geodetic measurements, field
measurements using GPS devices, digitized paper maps and
acquiring existing data in the form of statistical yearbooks,
records, measuring logs. GIS data can also be collected by
Internet users. A good example here is Wikimapia project. An

extremely important advantage of GIS is the ability to integrate
data from different sources.

The main module of GIS is a database of spatial
information. Before we can use the system, the necessary data
must be placed in the individual database tables. At the
moment, most of the Database Management Systems have
extensions that enable the storage of spatial data. Examples
include Oracle Spatial and Spatial Data for Microsoft SQL
Server. Oracle Spatial gives more possibilities than spatial
extensions of other Database Management Systems.

Within the subject "Geographic Information Systems in
Tourism" carried out in the Faculty of Geographical Sciences
at the University of Lodz it was decided to elaborate the system
that stores the data about the graffiti in the city of Lodz. It
would help to develop students' practical ability to acquire
spatial information and develop their own GIS systems.

II.  DESCRIPTION OF THE SYSTEM

To implement the system Java programming language was
chosen. This allows fast creation of complex systems. Java
provides quick access to object-relational Database
Management Systems using the JDBC Application
Programming Interface. In addition, the language has built-in
support for exception handling that allows the unified error
handling of the user input and information exchange with the
database. The choice of Java has enabled the use of
OpenStreetMap  Application ~ Programming  Interface.
OpenStreetMap API provides the data structures that give the
possibility to place the geographical objects on the map easily.
System uses Oracle DBMS to store its data.

The graffiti data for the system was obtained by the
students. Students were divided into teams. Each team
inventoried one area of the city.
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The data was collected in the field using mobile devices
and applications enabling the measurement of point
coordinates in GPS. Each project team travelled the route
determined by previously documented trail and found the
graffiti on the walls of buildings. The information obtained
included:

e photo of the graffiti,

e the coordinates of the place of the graffiti occurrence
(coordinate system PUWG 1992),

e address of the building on which the graffiti is located,
e category and description of the graffiti.

To store the graffiti coordinates data system uses the Oracle
Spatial extension. This extension includes SDO _GEOMETRY
object data type. This type allows to store the data of spatial
objects of different shapes in relational database tables. System
uses points to store the coordinates of the places of the graffiti
occurrences. In order to store the graffiti images data the object
type ORDSYS.ORDImage is used. All data operations are
implemented on the database side in the form of stored
procedures. Java code simply calls various procedures using
JDBC.

The project includes the implementation of the following
system modules:

e adding data of each graffiti,

o displaying graffiti objects on the OpenStreetMap map in
the form of icons,

e obtaining all information about individual graffiti
including photographs of the graffiti,

o editing the data of individual graffiti,
o displaying the summary list of graffiti data.

Graphical user interface of the system is developed using
the Swing (the Java standard graphical components library), so
that the user interface is standardized for different operating
systems. At startup, the system detects the screen resolution of
the output device and adjusts the size of the main window of
the graphical user interface in such a way that the window took
up the whole screen.

Fig. 1 shows the fragment of the main system window.
Individual graffiti are placed on the map as icons. Placing the
mouse cursor on the icon displays a thumbnail image of the
graffiti. Double-left clicking the icon displays a pop-up menu
that allows to display the window shown in Fig. 2. This
window enables to change graffiti data. Fig.3 shows the
fragment of the system window displaying the summary list of
graffiti data.

CONCLUSIONS

Operation of the system reveals a high deployment
potential of the software and the modular design allows for
easy software development and modification. It can be
considered that the project was completed successfully.

N
% '///: s
P

Fig. 1.
icons on the map

The fragment of the main system window presenting graffiti as

Nr zdjecia Iobszar_3_183

Adres IHeIeny Radlinskiej 7

Nr dzialki 72112

Kategoria [RTS

Opis (Grafiiti kibicow RTS
Fig. 2. The fragment of the system window presenting detail information

of the graffiti
ID Nr zdjecia Adres Nr dziatki Kategoria Opis

439 obszar_15_124 lgnacego _ Paderew... |494/28 RTSIKS Nie ma 5ci st
440 obszar_7_51 Lutomierska 119 45-183/49 KA Grafiti_tks na budynku
441 obszar_15_125 lgnacego  Paderew... |206/4 RTSAKS Nie ma Sci st
442 obszar_7_57 35 15-598/2 EKS GRAFFIT NA PLOCIE
443 obszar_15_126 Ignacego _ Paderew... |206/4 RTSAKS Nie ma mozliwosci st
444 obszar_7_52 |Sprawiedliwa 23 B45-18/27 LK Grafiti_tks na budynku
3447 obszar_7_53 L 151C B45-204/29 tKS Grafiti_tks na budynku
3448 obszar_15_128 Jarostawska 25 20419 RTSAKS Nie ma mozliwosci st
3449 obszar_7_54 |Obornicka 6 B45-208/54 [LKS Grafiti tks na budynku
3450 obszar_7_55 45 |P15-594 tKS GRAFFIT NA BUDYN.
3451 obszar_15_129 Jarostawska 10 20711 RTSAKS Nie ma mozliwosci st
3452 obszar_7_56 |Konstantynowska 35 ...|P15-598/2 [LKS Grafiti_tks na budynku
3453 obszar_15_130 Jarostawska 25 |204/38 RTS Graffiti nalezace do
3456 obszar_15_131 Chocimska 19 23719 LKS Graffiti nalezace do z.
3463 obszar_7_91 |Turoszewska 43 B44-26/8 |RTSAKS GRAFFIT NA BUDYN.
3464 obszar_15_132 5 1611117 RTSAKS Nie ma mozliwosci st
3465 obszar_15_133 Konstantego Ciotkow...|497/22 RTS Graffiti nalezace do z.
Fig. 3. The fragment of the system window presenting the summary list of

graffiti data
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AHaJ3 1 OI[IHKA €KOJIOTTYHOT0 CTaHy PET10HIB 3
BUKOPHUCTAHHSM grid-TeXHOJIOr1i

O.M. I'mazka, JI.B. 3youk, .M. Kapnosuu, B.O. CaBuu

kadenpa KOMIT'IOTEPHUX HAYK
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Analysis and evaluation of ecological condition of
regions with use grid-technologies

O. Hladka, I. Karpovych, L. Zubyk, V. Savych

Department of Computer Science
National University of Water Management and Nature Resources Use
Rivne, Ukraine
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Anomauia—Po3p00jeH0 METOIMKY PaH/KyBaHHS €JIEMEHTIB
CKJAJHUX CcHCTeM 3 BHKoOpucTaHHsaAM Grid-texHomoriii Ta
3aCTOCOBAHO ii 10 aHaJ i3y eKOJIOTiYHOro CTaHy MiBHIYHHX
paiionis PiBnencekoi obJiacTi 3a po3paxoBaHUMM
KOMIINICKCHUMH NMOKAa3HUKaMMHU.

Abstract—The study of the environment imposes specific
requirements for the construction and functioning of Grid-
systems. Forecasting of any complex system as a whole and
justification for adoption of respective decisions on the future
development of some of its components may be provided by
effective using, processing and analysis of data from various
sources and evaluation of objects, taking into account specific set
of attributes. Use of multivariate statistical analysis methods
allows to achieve the fullness theoretical description of objects
and objectivity of research findings, for example regarding
future investments. A complex comparative evaluation involves
the use of a specific set of methods: the summation of indicators,
the sum of places, distances, taksonometriyi, method of standard
coefficients, the sum of points on a continuous scale on the
selected interval, the sum of points with different scales for
different indicators and so on.

For a system analysis condition of the environment of region
in this work we developed the method of ranking the elements of
complex systems and algorithms for its implementation in the
form of applications modules Grid-systems that have been
applied to the analysis of the ecological condition of the northern
districts of Rivne region which calculated by complex indicators.
In calculations of complex evaluation was used indicators
condition of the natural environment, published by the
Department of Environment and Natural Resources of Regional
State Administration.

Knrouoei c106a—anaJli3
iHTeJIeKTyaJIbHA ~ CHCTeMa
mKaJxyBanns, Grid-rexnosoris.

JAHMX,
OL[iHIOBAHHSI,

paH:XKyBaHH1,
OaraToBuMipHe

Keywords—data analysis, ranking, intelligent evaluation,
multi-scale, Grid-technology.

I.  Bcrvn
Po3Burok  iHQopmamiiiHOro cycmiibcTBAa B yMOBax
r00ai3aliifHIX TPOIECiB  XapaKTepPHU3yEThCSl  aKTHBHUM

3aCTOCYBaHHSM 1HHOBAI[IHHMX KOMITIOTEPHUX TEXHOJIOTIH ISt
PO3B’SI3yBaHHSl aKTyaJIbHUX EKOJOTIYHMX Ta COIiaJbHO-
€KOHOMIYHHMX TIpo0ieM 3 MeTow 3a0e3ledeHHs] CTajoro
pO3BUTKY 1 Oesmeku. Ha peamizamito Takux 3amad sK B
perioHaIbHOMY, TaK i B TJ100abHOMY MaciiTali CripsMOBaHO
0araTo Mi>KHapOJHHX IMporpam i iHimjatus. B YkpaiHi, sk i y
BCBOMY  CBIiTi, = OTPUMYIOTb  PO3BUTOK  PO3IMOJiIEHI
iHopMaliiiHi CUCTeMH, sKi HAIalOTh JOCTYI JIO BEIUKHX
cxoBull iHpopMmamii Ta IHIIMX pPECypciB, a TaKOX
nependavyaOTh CyMiCHE BHKOPHCTaHHS  iH(pOpMAI[iiHUX
MPOAYKTIB 1 IHTErpAIlif0 PETIOHATBHUX Ta HAaIllOHATBHUX
cucTeM MOHiTopuHry [1].

Jlnst BimoOpakeHHS 1 MOJICTIOBAHHA PEaJbHUX SIBHIL 1
NIPOLIECIB B aHAINTHYHIN MpPaKTHI OCTaHHIX POKIB aKTUBHO
BukopuctoBytotecst  Grid-texnonorii (Global Resource and
Information Database) [2-3]. 3 MeTOr MiIBHUIICHHS
IHTEJIEKTYaJIbHOTO PIBHS €IEKTPOSHEPTeTUYHHX CHCTEM B DSl
KpaiH HaOyBalOTh MONIMPEHHS MpPOrpaMH BHKOPHUCTAHHS
konnenmii Smart Grid. 3okpema, B po0orti [4] nmpoaHaTi30BaHO
OCHOBHI TEXHOJIOT1YHI IEPEyMOBH peatizalii i€l KOHIemnIii B
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€HepreTUYHUX CHCTeMax YKpaiHU. OCHOBHOIO  i7Ie€r0
merononorii Grid-o0uucienb, SK BiJOMO, € OpraHizaris
LEHTPaTi30BaHOTO BiJIAJIEHOTO JOCTYILY JI0 PECypcCiB (IaHuX,
IporpaM, amapaTtHoro 3a0e3IeucHHs), HEOOXITHUX VIS
BUPIIEHHS PI3HOIO POy 3aB/IaHb, Y MEPIIY Yepry IoB’I3aHUX
3 yHi(iKaI€ero mporeayp 300py i omparroBaHHs iHpopMarlri Ta
BHUKOHAHHSM BEJTUKHX 33 00CsraMH 00YHCIIEHb.

II. METOU AHAJII3Y JJAHUX

JlociimKeHHs CTaHy HaBKOJIMIITHBOTO CEPEIOBHUILA BICYBA€E
cnemudiydi  BUMOrM 70 TOOYIOBM 1 (YHKIIOHYBaHHS
BignoBigHux Grid-cucrem. IIporHo3yBaHHs pPO3BHUTKY Oy/Ib-
SIKOT CKJIQIHOI CUCTEMU B LIJIOMY 1 OOIpYHTYBaHHS IPUHHSATTS
BiJIMIOBITHUX PillIeHb II0/I0 MaiOYTHHOTO PO3BUTKY OKPEeMHX il
KOMITOHEHT MOXKJIMBE 32 YMOBH €()E€KTUBHOTO BHKOPHCTAaHHS,
OIPaIfOBaHHS 1 aHaNi3y NaHWUX 3 PI3HUX JDKEeped 1 OLIHKH
00’eKTIB 13 BpaXxyBaHHSAM IIEBHOI MHOXMHHM  O3HaK.
Bukopucranas MeTofiB 0araTOBHMipHOTO CTaTUCTUYHOTO
aHanmizy [5-7] mO3BONIE MOCATHYTH IMOBHOTH TEOPETHYHOIO
ormucy 00 €KTIB JOCHTIDKEHHS 1 00 €KTUBHOCTI 3pOOJIEHHX
BHCHOBKIB, HAIpPHUKIAJ, CTOCOBHO MAaHOYTHIX 1HBECTHIIIH.
KomriekcHa mMOpIBHsUIBHA OI[IHKA BKIIOYAE€ BHKOPHUCTAHHS
MIEBHOI'0 HAOOPY METOJIIB: IiICYMOBYBaHHS MOKa3HHUKIB, CyMHU
MicIb (00’ €KTH PamKYIOThCS 32 TIOKa3HUKaMH-CTHMYJIATOPAMHU
y TOpAIKY 3pOCTaHHS 1 B TOW jk€ 4Yac 3a IOKa3HUKaMH-
JNECTUMYJIATOPAMUA — Yy TIOpSIAKY CIIQJIaHHA), BiJICTaHeH
(BHKOPHCTOBYETHCSI TIPUMOM HOPMYBaHHS), TAaKCOHOMETDIi
(BpaxoBYIOThCS HE TUIBKH aOCOJIOTHI 3HAUCHHS TOKa3HUKIB),
CTaHAapTHUX Koe(illieHTiB, CyMH OaliB 3 HeNepepBHOIO
IIKaJO0 Ha BUOpaHOMY BiJpi3Ky, CyMH OaJiB 3 pI3HUMHU
LIKaJIaM¥ ISl PI3HUX TTOKAa3HUKIB TOMIO.

Jlis cucTeMHOro aHaii3y CTaHy JOBKULIS PErioHIB y I
poboTi  pO3pOOJIEHO METONMKY paH)KyBaHHS — €JIEMEHTIB
CKJIaJIHUX CUCTEM Ta AITOpUTMHU II peaizauii y BUIIISAL
npuKiIagaux MoayniB Grid-cucremu, 1o Oy 3aCTOCOBaHi 10
aHaJIi3y eKOJIOTIYHOro CTaHy MiBHIYHMX paioHIB PiBHEHCHKOT
o0acTi 3a po3paxOBaHUMHU KOMIUIEKCHHMHM IMOKa3HUKamMu. B
po3paxyHKaX  KOMIUICKCHOI  OIIHKH  BHUKOPHCTOBYIOTHCS
MOKAa3HUKK CTaHy MPUPOJHOrO HABKOJUIIHBOIO CEPEeIOBHIIIA,
SKi OIMyOJIIKOBaHI JIeMapTaMeHTOM EKOJIOTil Ta MPUPOAHHX
pecypciB obnacHoi nepskaBHOI aaMiHicTpamii. Cepen HHX:
3arajbHi  IOKa3HUKKA  (30KpeMa, TycToTa  HacelleHH:);
MOKAa3HUKH, IO XapaKTePH3yIOTh MOBEPXHIO 3eMJi i Ha3eMHY
Oiocdepy (wrolma NPUPOTHO-3AMOBIAHOTO (HOHIY; BMICT
TYMyCy B IPYHTax; IUIOIIA JICIB; IUIOMIA CUTBIOCHYTiAb, IO

MiJMAI0ThC  BOJHIA  €po3il; BUKOPUCTAHHS IECTHIHUIIB,
MiHepaJbHUX JI00OpHB); XapaKTEePUCTHKH BOJTHOTO
Cepe/OBHINA;  IMOKA3HUKH, 10  XapaKTePH3YIOTh  CTaH

TIOBITPSIHOrO0 OacelHy (KUIBKICTh 3a0pyIHIOIOYMX PEYOBHH i3
CTalllOHApHHX, TEPECYBHUX JDKEPENT; IHTOMa HPOTSDKHICTH
JIOPIT TOIIO). SIK CTUMYJISITOPH PO3TIISIAOTHCS TaKi TOKa3HUKU
SIK TUTONIA TIPUPOIHO-3aI0BIHOTO (DOHAY, TIJIOMIA JIICIB, BMICT
TYMYCY B IpyHTaX TOIIIO.

B 3aranpHOMYy BUNAKy, Uil aHATi3y 1 IHTENEKTyalbHOI
00poOKM MOXYTh OYTH BHMKOPHCTaHI JaHi EKOJIOTIYHOrO
MOHITOPHUHTY, 30KpeMa, JlaHl CIOCTEPEKEHb 3eMIIi 3 KOCMOCY,
T'iIpOMETEOPOIIOTuHI JaHi, JaHi Te0JIOTiYHOI PO3BiIKH TOILIO.

KomriekcHa oliHKa €KOJIOTiYHOTO CTaHy PErioHiB MOXe
OyTH BHUKOPHCTaHA SIK YIPaBJIIHCHKUMH CTPYKTYpaMH Pi3HHUX
piBHIB, Tak i Ccy0’e€KTaMH TOCHONApPIOBaHHS Ui aHAi3y i
MIPOTHO3YBaHHS OFOJIKETHOI, IHBECTHIIIIHOT,
MIPUPOJOOXOPOHHOI Ta IHIIOI JSUTBHOCTI. 3amlporoHOBaHA
METOJMKAa DPAaH)KyBaHHS PETIOHIB MOXE BHKOPHCTOBYBATHCS
TAKOX  SIK  II0YaTKOBMH  eranm  Juid  OCHYMAapKUHTY
(Benchmarking) — cy4acHoi xoHuenuii ynpasiiHHs Oi3HeCOM,
ska mependavyae Oe3yNMWHHUHA TMOUIYK, BHUBYEHHS Kpamioi
MPAaKTHUKHA KOHKYPEHTIB Ta IMANPUEMCTB 13 CyMIXHHUX Tay3ei i
TIOPiBHSAHHS Oa)kKaHUX 3MiH Ta pPE3YJbTATIB 13 CTBOPEHOIO
€TaJIOHHOI0 MOJIEJIUTIO OpraHizallii, o, Ha HaIly IYMKY, MOXe
3aCTOCOBYBATHUCS 1 JIJIsi BU3HAYCHHS 1HHOBALIWHHUX CTpaTeriii
PO3BUTKY PETIOHIB Ta IPUHHSATTS CACTEMHHX PillICHb.

BUCHOBKHI

EdextuBHe  ajMiHICTpyBaHHS  BHMara€ CHCTEMHOTO
X0y 1 KOMIDIEKCHOTO aHaJli3y SIK COLiaIbHO-€KOHOMIYHOTO
CTaHy, Tak 1 CTaHy HaBKOJMIIHBOTO MPUPOJHOTO CEPEIOBHIIA
perioniB. ToMy 3aMOBHHKOM (3aIliKaBJICHOIO CTOPOHOIO)
pe3yibTaTiB  aHai3y  €KOJIOTIYHOr0 YW  COMiaJbHO-
€KOHOMIYHOT0 CTaHy perioHiB a0 TepUTOpiaIbHUX 00’ €JHAHb
MOXYTh OyTH ajamiHicTpauii BiamoBigHoro piHs. Came 3 ix
IHII[aTUBY AOLIIbHO (OPMYBaTH IeEpeltik i MpiIOPUTETHICTH
MOKa3HUKIB Ta (popMart iX IOJaHHsI.
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Anomayia—B Incruryri BogHuX mpodJjeMm i Memiopanii 3a
ydyactio  ¢axiBumiB  kadeapm  NpPUKJIATHOI  MaTEeMATHKH
HanionajbHOro yHiBepcHTEeTY BOJHOIO TOCNHOAApPCTBA  Ta
NIPUPOJAOKOPHCTYBAHHS po3poljieHo BeO-iHTepdeiic cucremnu
indopmaniiiHoro 3aGe3sneyeHHs1 arpapHoro BupoOHuuTBa. Ha
caiiTi Mo)kHa 3HaliTH BHYepnHy iHdopmamilo mpo cy4acHi
arpoTexHoJIorii i TexXHiuHi 3aco0u BeJIeHHS
ClJILCBKOrOCNOAAPCHKOr0 BHMPOOHHMITBA, PpPEeKOMeHJAWil 11010
NPOBEJCHHST  3PONIYBAHOI0  3eMJIEPOOCTBA, BHKOPHCTAHHS
MiHepaJbHMX A00puB, Kaprorpadiuny iHdopmamiro mpo
arpokJiMaTu4Hi pecypcm i TIDYHTOBHH IIOKPHB TepHTOpIi
‘Ykpainu Touio.

Abstract—Web  interface of agricultural production
information system is developed in Institute of Water Problems
and Land Reclamation with the participation of specialists of
Applied Mathematics department, National University of Water
and Environmental Engineering. The site provides
comprehensive  information about modern agricultural
technologies and technical means of agricultural production,
recommendations for irrigated agriculture, use of fertilizers, the
cartography of agro-climatic resources and the soil in Ukraine
and others.
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I. Bcryn

IBuIKMIA PO3BUTOK TEIEKOMYHIKAIIHHUX, KOMIT FOTEPHHX
i [HTEpHET TeXHOMOTIH, 3 ofHOro OOKY, Ta arpoTeXHOJIOTIH i
TEXHIYHHX  3aCO0IB  BEACHHI  CUIBCHKOIOCIIONAPCHKOrO
BUPOOHUIITBA, JWHAMIYHI 3MIHH CHTYyallii Ha arpapHOMY
PHMHKY, 3 IHIIOrO, CIPUSIOTH POCTY MONMTY Ha iHQopmarito
arpapHOro xapakrepy B Mepexxi [HTepHer.

[I{o6 3aM0BONBHUTH Iiei IMOMUT, B I[HCTUTYTI BOJHHUX
npobisieM 1 Mermiopanii ctBopeHo «CucteMy iH(pOpMaIiHHOro
3a0€3MCUCHHST arpapHOro BUPOOHHITBAY. IS CTBOpeHHS U
ajMiHiCTpyBaHHs 0a3u jaHuX 1 3HaHb BukopucraHa CKB/] 3
BigkputuM komoM MySQL [1]. Be6-intepdeiic cucremu
po3pobiieHo 3a ydyacTi (axiBHiB Ta CTYACHTIB Kadeapu
NPUKIaTHOI MaTeMaTHKd  HarioHaJbHOrO — yHiBEPCHTETY
BOJIHOTO TOCHOJApCTBa Ta MPUPOTOKOPUCTYBaHHSA Ha 0asi
athopmu WordPress [2].

II. CTPYKTYPA I ®YHKIIT WEB-CAUTY IHOOPMAIIMHOI
CHUCTEMMU 3ABE3IIEYEHHS ATPAPHOI'O BUPOBHHMLITBA

Bcs indopmanis noxineHa Ha 6 ONOKIB: «ATpopecypcHHA

MOTEHIIIA, «Mermiopartisi», «3eMiepoOCTBOY,
«TBapuHHHMIITBOY, «MexaHizamis Ta  mepepobka»  Ta
«IHTepakTHBHA arpoeKoJIoriuyHa KapTa Ykpaiam»,

peai3oBaHMX Yy BHUIVISAI OKPEMHX CTOPIHOK, /IO SIKMX MOXKHA
MepeiTH 3a JOIMOMOTOI0 BiJMOBIIHMX PUCYHKIB-IIOCHJIaHb
(puc. 1). I'onoBHe MeHIO CTOPIHKH MicTHTh yHKTH «IIpo Hacy,
«Peectpamis», «JloBigkoBa iHpopmanis» «KoHTakTn», e
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BUKJIaJIeHI KOHTaKTH Ta KOPOTKa iHpopMallis Ipo po3poOHHKIB
CHCTEMH 1 KOPHCTYBaUl CTOPIHKH MOXYTh IIPOMTH PEECTPALLIO.

Puc. 1. T'onoBHa cropiHka caiTy

ITyakr MmeHio «IIporpamu TEXHONOIIUYHHMX PO3PAXyHKIB»
IPOIIOHYE KOPUCTYBayaM psJ IHTETPOBaHUX IO CHCTEMH
MPOrpaMHUX KOMIUIEKCiB, po3pobsennx B IBIIIM HAAH.
BoHu peanizyroTh JieKiJibKa TEXHOJOTIYHUX PO3PAXYHKIB IS
CLIBCHKOrOCIIOAapchKoro BupooHuka. Hanpuknan, nigcucrema
«CiBO3MiHN» BU3HAYa€ ONTUMAJIbHUI B JIaHUX
arpoKJIiMaTUYHMX YMOBaxX IOCIOJApCTBA CKIAJ 1 YepryBaHHA
CLIBCBKOTrOCTIONAPCHKUX KyAbTyp. Ilizcucrema «Po3paxyHok
BOJIONOAAYI Ha 3POLIECHHS HAaHOJIMKUOI0 HACOCHOIO CTAaHIIIE0»
JorioMarae  mifiopaTth  CUILCHKOTOCIIONAPCHKI  KYJABTYPH B
YMOBaxX 3pOLICHHA, 1100 HE MEepPEeBUIIUTH MOXIIMBOCTI
HACOCHOI CTaHI{i, fAka mojae Bomy. LIi mporpamm MaioTh
KOMEpLIiHHNI XapakTep, OOMEXEHWH IOCTYN 1 NpalolOTh
4yepe3 BiJMOBITHUI JIOTiH 1 maponb. [lnaHyeTbcs po3MiCTHTH
TaKOXXK KaJIbKYJIATOp 103 A0OpUB, SKUH Oyne KOpUCHMH IUid
arpoHOMIB.

MapoTexHiuHa Merniopaua

Puc. 2. Cropinka “I'inpoTtexHidHa Memioparis’”

Cucrema, IO 3HAXOAUThCA Yy BUIBHOMY JOCTYIHi, Hajae
KOpHCTyBaueBi iH(opMalliio Mpo TEXHOJOTii BUPOLIYBaHHS
CLIBCHKOTOCTIOAPCHKUX KYJIBTYP 1 METORM 3aXUCTy IPYHTIB
Bil Jerpajamii Ta eposii, KOpOTKy iHoOpMalio Ipo
MIPOBEICHHS 0araTopiuHUX CTalliOHAPHHUX JOCITIJIB JOCHTITHOIO
mepexxeto HAAH, pexkoMeHpamii 100  BHKOPHCTAHHS
MiHepaJIbHUX J00pHB, Kaprorpadiudy iHdopmamito 1mpo
arpoKJIiMaTU4HI pecypcH 1 TIPYHTOBUH IIOKpDHUB TEPHUTOPIl
Yxpainu Tomo. Po3pobieHo okpeMi BeO-CTOPIHKH, IPUCBSYEHI

TEXHOJIOTIsIM ~ BUpouryBaHHi  (chopMoBaHi y  BUIJISIII
TEXHOJIOTIYHUX  KapT), Tepeniky CcopTiB 1  TiOpumiB
CIJIBCHKOTOCIIOAAPCHKHUX KYIBTYP.

Juns  memiopoBaHMX 3eMenb  iH(OpMaliiiHa ~cHCTeMa

peayizye 3amUTH KOPHUCTYBaya IPO HOPMH BOIONOTPeOU
BU3HAYCHUX CUTBCBKOTOCIOAAPCHKUX KYNBTYP 3 ypaxyBaHHIM
KITIMaTHYHUX YMOB perioHy. J[si KOHKPETHOro TOCIoaapcTBa
Ha/aeThes iH(pOpMaIllis Mpo JOIIYBalbHY TEXHIKY 1 HacoCHe
o0JiaiHaHHS IS POBECHHS MONUBIB (puc. 2).

apuiana

Bpowasicrs 2012 2013

Biecestu sisiepatssoe va opranisnue 205pis 2013

Puc. 3. IHTepakTHBHA arpoeKoJioriyHa kapra Y KpaiHu

3 rOJIOBHOI CTOPIHKH € Tepexijl Ha po3podieHy B [HcTuTyTi
IHTEPaKTUBHY arpoeKONOTiYHYy KapTy YKpaiHH, sika MiCTHTbh
CTaTUCTHYHY iH(popMaIiro 0-001acTIX po
3eMJIEKOPUCTYBAHHSI, IUIONI IOCIBY 1 BHECEHHs IOOpUB IIif
CIJIbCHKOrOCIIOAAPCEKI  KYIBTYPH, a TaKOK CEpeIHIO IO
obacti  BpOXaWHICTh ~ MEBHOI  CUIBCHKOTOCIIOJAPCHKOL
KynbTypH (puc. 3). [HTepakTHBHA KapTa HaTJISIHO BimoOpakae
arpoeKoJIOTiYHy AMHAMIKY B MPOCTOpi (U1 KOXKHOI oOJyacTi
VYkpainu) i waci (3a meBHi poku). Kapra BiakpuBaeTbcs 3a
JIOTIOMOT'0r0 BeO-nieperiisiaada (Opay3epa) y OKpeMoMy BiKkHi.

Crpykrypa iHTepdeiicy Halidye YOTHPH DPiBHI BKJIAJCHHS
CTOpPIHOK «TOJIOBHA CTOpiHKAa — CTOpiHKAa PO3JiTYy — CTOpiHKa
migpo3aiy — iHdopMaliiiHa cTopiHKa». binblia KiJbKicTh
BKJIAQJCHb IpUBEAE JO MEBHHX TPYAHOINIB  pobOTH
KOpHUCTYBaua 3 iHTepdelicoM CHCTEeMH, a MEHIIa — J0 BTPATH
CTPYKTYPOBaHOCTI iH(popMaii.

BUCHOBKM
PosBurok iHTepdeiicy iHpOpMAIHOI CHCTEMH Mae
CIIPSIMOBYBAaTHCh HA BUKOPUCTaHHS (GpeiiMBOPKIB aHATi THIHOI
CKJIJIOBOI — TEXHOJOTIYHMX PO3PAxXyHKIB  MiITPUMKH
NPUAHATTA ~ YHPaBIIHCHKHX  pilleHb 1  PO3MIMpPEHHS
iHpopManiifHoi 0a3u JaHUX cucteMH. /JlJIs  MOJINIIEHHS
Bi3yaJIbHOI TOCTYITHOCTI CaiiTy IUIAHYETHCS IIMpILE 3aTydaTH
i BukopucroByBatu I IC-texHomorii.
Jlana po3poOka Oyzme KOPHUCHOIO SIK JUIS HAayKOBIB a0o
CTY/ICHTIB, TaK i IS IPESACTABHHUKIB arpapHOTO CEKTOPY.
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Characteristic features
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Anomauyia—IIpoBeneHo aHajiz ICHyI0YOro reoMeTpHYHOIO
MeTOody po3mi3HaBaHHA 00,M4Y. 3aNpPONOHOBAHO 3aCTOCYBAHHS
JAHOI0 METOAY i BHU3HAYUCHHSI XAPAKTCPHHUX O3HAK HA IBOX
OTPMMAaHUX NPOQIILHAX 300paKEHHSIX.

Abstract— The existing geometric method of face recognition
is analysed. The author offers application of this method to
determine the characteristic features of the two images obtained
profile.

Knwuoei cnosa—zeomempuunuit memoo; xXapakmepHi 03HaKu;
xapakmepHi oonacmi.

Keywords— geometric method; characteristic features; typical
areas.

I.  Bcryn

Ha panuii yac posmi3HaBaHHA OOJIMY € aKTyaJbHUM Ta
BHKOPUCTOBYEThCS B 0OaraThox cdepax IKuTTI. Bapto
BIIMITUTH BUKOPHUCTAHHS PI3HOMaHITHUX METO/IIB
pO3Mi3HABaHHS y TAaKMX CHUCTEMaX, K iAeHTH(]IKaIis 0coOu
JUIs  HagaHHA  JOCTYIy QIO 3aXHIICHUX JaHUX YH
aBTeHTH(IKallil KOPUCTyBauya B CHCTEMI BHUKOPHUCTOBYIOUH
Horo 6ioMeTpuYHi JaHi, 30KpeMa OOITHIHsL

['eoMeTprYHMX METOA pO3Ii3HABaHHs OOJIMY Ha/I3BUYAITHO
CXOXHMU 13 TPUHIUIIOM pO3Mi3HABAHHS JIIOJNEH ISl CaMUX
mofer. IlepeBaroro OiOMETPHYHHUX CHCTEM PO3Ii3HABAHHS
00JIMY € MPOCTOTa iX BUKOPHCTAHHS , HE Mae HEOOXIJHOCTI y
(I3UYHOMY KOHTAKTi, He 000B’SI3KOBE 3aCTOCYBAaHHSI JIOPOTOTO
YCTaTKyBaHHS JIa€ 3MOTy OTPUMATH AOCTYM 10 iHdopmarii 6e3
MOXJIMBOCTI ii BUKpazeHHs 1 BTpatd. JlaHi cucTteMu Bce
yacTille BHKOPHCTOBYBaHI B CHCTEMax BiJICOKOHTPOIIIO
aeporopTiB, MaCOBOIO CKYITUEHHS JIIOAEH, KPUMIHAIICTHLY, B

O0aHkax, odicax, cymepmapkeraXx. OCHOBHMM 3aBJaHHIM
SBIISIEThCSA  3a0e3reueHHsT Oe3leKW JIIoJeH, YW HaJaHHA
3aXHMIIEHOTO0  JOCTYIy JO BJACHOI YW  MPU3HAYCHO-

KoH(iaeHiHOT iH(opMarii BiINOBIAHOMY CY0O’€KTY 1 TUIBKH
Homy. [yl TakMX CHCTEM YacTO 3aCTOCOBYBaHI Taki METOIH
sK: TpuxoBaHi MapkiBCbKi MOJENi, METOI T'OJOBHUX
KOMITOHEHT, T€OMETPUYHHUI METOM, METO] €JaCTHYHUX TpadiB,
IITYy4YHI HEWPOHHI MepeXi, aKTUBHHX MOJeJel 30BHINIHBOTO
BHIUIAAY Ta OaraTo iHmuX. B KOXXKHOMY 13 METO/IIB 3aKJiaIcHUN
MIEBHUI QITOPUTM pOOOTH, Bifl HOr0 3aJEKHUTh IIBHIKICTH
BUKOHAHHS ONEpaliii BiJIHOCHO SKUX BHHHUKAE 3aJISKHICTH
IIBHAKOCTI  OOpOOKM  OTPUMAaHUX  pe3ynbTarTiB. Biarak
nepesiueHi METOAM MaroTh CBOi IepeBard Ta HENIONIKH, IO
BIUIMBA€ HA OMNEPATHBHICTh HABYAHHS, PO3I3HABAHHSI Ta B
3arajibHOMY po0oTH crcteMu. OCHOBHHM HEIOJIIKOM METOJIIB
SIBIISIETHCSL BENIMKUHA 00’eM 00poOitoBaHoi iHpopMmamnii. B
3B’513Ky 3 IIUM TPOIOHYETHCS METO]] TE€OMETPHYHUX TOUOK JIJISI
3MEHIIICHHS 00’e€My OOpOOJIIOBAaHUX JaHUX Ta ITiBUILICHHS
LIBHIKO/IT CUCTEMH.

II. TEOMETPUYHMIA METO/I PO3III3ABAHHS OBJINY

Temaruka posmizHaBaHHA O0JMY CKJIagHa, 0a3yeThcs Ha
MOEAHAaHHI 00’€MHMX MaTeMaTUYHUX (OpMYJl, IIOHATH,
s3anexHocreii. ToMy peanisami€ro METOMIB PO3Ii3HABAHHS
00JINYb 3aMAarOThCA 0araTo K HayKOBHUX I'PYIL, TaK 1 KOMIIaHil
3 pO3pOOKH KOMEPIIHHOr0 IPOrpaMHOro 3abe3mneueHHsA| 1].

OmHuM 3 METOIiB  pO3Mi3HABaHHS,  SIBISETHCS
reomerpuunuii  mMeron. Cyre #oro momnsrac y BHAUICHHI
HaOOpy KIIOUOBMX TOYOK (abo oOmacteif) oOnwuus i B
HACTYITHOMY BUiJIeHHI HaOopy o3Hak. KokHa o3Haka € abo
BIJICTAHHIO MiX XapaKTepHUMH O3HaKaMH, a00 BiJIHOIICHHAM
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Takux BiactaHed. Ha BimMiHy Big MeTomy NOpIBHSHHS
eNacTUYHUX rpadiB, TyT BiJcTaHi BUOUPAIOTHCS HE K AYTH
rpagiB. HaOGopu  HaiOinmpmr  iHPOPMATUBHUX  O3HAK
BUAUISIOTHCS €KCTIEPUMEHTAIIBHO.

SIK KITIOYOBMMU O3HAKU MOXKYTh OyTH BUOpaHi KyTH OYeH,
ry0o, KiHYMK HOcCa, IeHTp oka i T. m Puc. 1. B sxocrti
KJIFOUOBUX OONacTeli MOXKYTh CIY)KUTH MPSMOKYTHI 00JIacTi,
110 BKJIFOYAIOTh B cebe: ryOu, odi, Hic, pOT.

Puc. 1. XapakrepHi o3HaKu 00JIMYs

pO3Mi3HABAHHS

TIOPiBHIOIOTHCS
HEBIZIOMOI 0COOM 3 O3HAaKaMH, 110 30epiraroThcs B 0asi. 3agadya

Y  mporeci 03HAKU
3HAXO/DKEHHS ~ KIIIOYOBUX  TOUOK  HAONIMIKAETBCS IO
TPYIAOMICTKOCTI Oe3mocepeIHbO PO3Mi3HABAHHS, 1 MPABUILHE
3HAXOJKEHHS KIIIOYOBHX TOYOK Ha 300pakeHHi 0arato B YoMy
BH3HAYae YCIIiX po3Mi3HaBaHHs. ToMy oTpuMaHHS 300payKeHHS
o0y JIouHE Mae OyTu Oe3 3aBajl, 110 3aBa)KaloTh MPOILECY
TIOIIYKY KITFOYOBUX TOUYOK. J[0 Takux BiTHOCATH OKYJSIPH,
0oponu, MIPUKPACH, SJICMEHTH 3a4icKu 1 Makishky. OCBITICHHS
MOBUHHO OYyTH pIBHOMIPDHMM 1 OJHAaKOBHM ISl  BCIX
300pakeHb. KpiM Toro, 300pakeHHs 00JIMYYs TIOBUHHO MaTH
($poHTaNBHUI ~ paKypc,  MOXJIMBO, 3  HEBEJIHKUMH
BiIXWIeHHsIMU. Bupa3 o0inyudst moBUHEH OyTH HEUTpaIbHHUM.
Ile moB's3aHO 3 THM, IO B OUIBIIOCTI METOMIB HEMAaE MOJEII
00JTIKY TaKHUX 3MiH.

TakuM YMHOM, MaHUH METOJ TpPen'sBISE JOCUTH CYBOpI
BUMOTU 10 YMOB 3HOMKHM 1 HOTpeOye HaAiiHOrO MeXaHi3My
3HAXO/PKEHHS KIIIOYOBUX TOYOK JUIS 3arajlbHOTO BUITAIKY.
Kpim TOro, motpiOHe 3acToCyBaHHSI OUIBII JIOCKOHAJIMX
MeroniB kinacudikamii abo moOymoBM Mozeni 3MiH. Y
3araJbHOMY BHIAJKy L€l METOJ| HE € HAMONTHMAIBHILINM,

OMHAK s JedkuX crenu@ivHuX —3aBJaHb BCE K
nepcriekTuBHUNA. Jlo TakMx 3aBAaHb MOXKHA  BIJHECTH
JIOKyMEHTHHH  KOHTPOJIb, KOJNIM  TOTPIOHO  TIOpIBHSATH

300pakeHHS OOJNHMYYs, OTPUMAHOTO B IOTOYHHHA MOMEHT, 3
¢dororpadiero B mokyMeHTi. [lo OTpUMaHHIO 300pakKeHHS,
CTBOPIOIOTBCS OiHapHI 00pa3u. 3 BUKOPHUCTAHHS KOJIHOPOBOI
KaMepu IIOTPIOHO IEPETBOPUTH KOJLOPOBE 300paKEHHS B
yopuoOute 3a ¢opmyinoro y=0.3r+0.59¢+0.11b [2]. Hami
aJITOPUTM JIOCUTEL IIPOCTHH: € JesKa IUIaHKa OLIHKH. SIKIo
KOJIIP BIATIHKY CIpOro BHILE - BIH BBAXKAETHCS OUIMM, SKILO
HIDKYE - BBAXAETLCA YOpHUM. IIpu oOuYMciaeHHI psay
MOPGhOMETPUYHUX O3HaK, BHKOPHCTOBVYIOTECS
MTOHATTS MEXaHIKH TBEPIOro Tijia. 30KpeMa, II¢ BiIHOCHUTHCS
JIO JIOBKHMH OCEH i1HepIIi 00'eKTa.

III. 3BACTOCYBAHHS IBOX KAMEP

[IpoBeneHo HoCHiKEHHs Ta BHOpAaHO SK OCHOBHHMH Ta
JIOTIOBHIOBAaHUH T'€OMETPUYHUI MeTol. B sikocTi mpuctpois
JUIE OTPUMAaHHS BHKOPHCTOBYETHCS JIBI KaMepH, a caMe BeO
KamMepu  JUIsd  3JCUICBICHHS  CHCTEMH.  PO3IISTHYBIIM
¢izioyoriyHi 0coOIMBOCTI OOJIMYYS JIIOJMHH, Ta aHATOMIYHY
HECUMETPUYHICTh, BUSBIICHO IO MpaBa Ta JIiBa IOJIOBHHA
obnnuus He € opHakoBuMH[3]. bepyun 1o yBaru He piBHICTH
HOCa, BiJIJICHICTD BiJl OCI pO3TalllyBaHHS BYX, HECHIBIIA i HHS
10 TOPHU3OHTAJ BHCOTH OpiB, J1a€ MOXIIUBICTH 30UIBIIUTH
TOYHICTh OTPUMAHUX €TAJOHHUX IIAOJIOHIB JUIS TOJNAIIBIIOrO
BUKODHCTaHHS B CHCTEMi pO3Mi3HaBaHHA. Sk BHIHO Ha
PHUCYHKY 2, 300pa’k€HO CIIPaBXHE OOJIMYYs Ta TOETHAHI IBI
MPaBUX Ta JIBHX YaCTHHH, SIKi BiPI3HIIOTHCS BiJ| OpUTiHAIY.
BpaxoByroun MOXXJIMBICTh BUKOPUCTAHHS ABOX KaMepH MOXKHA
OTpUMAaTH OIpa3y JBa 300pa)KeHHs JiBOI Ta MPaBOi YaCTHHU
00y,

Right me

Symmetric me Left me

Puc. 2. Hecumerpuunicts niBoi Ta npaBoi yacTHHK 06 mHUYS

BaHpOHOHOBaHO HOBUH MCTOAU OTpUMAaHHA CTAaJTOHHUX

300pakeHb,  SIKHMA  JO3BOJMTH  30UIBIIMTH  TOYHICTh
PpO3ITi3HaBaHHs, 3aB/SIKH IOPIBHIHHI O/Ipa3y JBOX 300pakeHb 3
pi3HUM  HAaOOpOM  XapaKTEepHHX  TOYOK,  30LIBLIMTHCS

3aXI/IIJ_IeHiCTI) CHUCTCMHU Ta HpHﬁHﬂﬂH piIJ_IeHHH JJIA HaJaHHIO
JOCTYITY CBOT'O KOpUCTYBayda 10 CUCTCMHU.

BUCHOBKHI

[IpoBeneHo aHai3  3alpONOHOBAHOTO  METOAY  Ta
MOXIIUBICTh aJIbTEPHATUBHOIO BHUKOPHCTAHHS YK€ BiJOMHX
XapakTepHUX O03HaK oOmuuus. ChopMynbOBaHO IPUHIMUI
BUKOPHCTAHHS T€OMETPUYHOTO METOy PO3Ii3HaBaHHs O0JIHY,
3 BHKOPHCTAHHS JIBOX KaMep Isi OTPUMaHHS JIBOX BXIJHHX
Ia0JIOHIB ISl TIOJANBIIOrO TOPIBHSHHS Ta TOTOPKEHHS 3
opuriHagoM. OTpumaHi pe3yabTaTH JOCIIIKEHb OYIyTh
BUKOPDHCTaHI B TMOAANbLIIH poOOTI Hax JAUCEpTaliidHOI0
poboTOI0 Ta OYAyTh BHUKOPHCTaHI B OCHOBHOMY aJITOPHUTMI
pOOOTH ITPOrpaMHu.
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Anomauia— Y crarti BigsHadeHo, mo IHTepHer cTaB
BAK/JIMBOI0 YACTHMHOI CY4YacHOI KOMYHiKamii i mae Oyrm
iHTerpoBanmii y mpomec po3poOKH cTparerii KOMyHiKaumii.
ABTOpH TOPKaKTLCSI MHTAHL PO3LIMPEeHHs iHdopManiiiHoi 0asu
3 MeTOI0 OTPHMAaHHS SKICHOIO aHaJi3y cepeloBHINA, NiJbLOBHX
ayIuTopii Ta KOHKYPEHTIB, SKHMH Hagadi Moxe OyTH
BHMKOPHCTAaHHIl y npoueci njaHyBaHHs KoMyHikanii. CounianbHi
Melia, Ta 30Kkpema, comiajbHa Mmepexa DeiicOyk, sika Haaae
JOCTYIl 0 AAHMX CBOIX KOPHCTYBadiB 3a JONOMOIOI0 JOAATKIB
nporpamHoro inrepgeiicy (API), € oguumu 3 Halinikapimmx
mxepeds iHdopmanii. ABTOPH HAJAOTh OIVISI HU3KH METONIB
300py JaHMX y CONiaJILHUX MeJia Ta IEBHUX iHCTPYMEHTIB 300py
Ta 00poOku InTepHer-manux. Y crarri 3ayBaskeHo, mo R (MoBi
NpOrpaMyBaHHs) NPATAMAHHI NIEBHi PHCH, 3aBISIKH IKHM BOHA
crae 0co0JuBO NMpUBaGIMBHM 3ac000M y Wid raaysi. ABTOpH
HABOIATH NPHKJIAJ BHKOPHCTaHHS R s THmoBoro amasisy
Facebook -cTopinok KOHKYpeHTIB.

Abstract— This article emphasizes the fact that the Internet
has become an important part of today's communication and, as
such, should be integrated in the process of communication
strategy development. It addresses issues of expanding the
information base in order to get a more thorough analysis of the
environment, target audiences and competitors which could be
later used in the process of communication planning. Social
media and particularly the social network Facebook which
provides access to the user data through the application
programming interface (API) are among the most promising

A. Volkov

The Department of Communication (IfK)
Westphalian Wilhelm University of Miinster
Muenster, Germany
a_volk07@uni-muenster.de

sources of information. The Authors overview different methods
of social media mining and special tools which could be used for
retrieving and processing Internet-data. They argue that the R
(programming language) has a number of features which make it
particularly attractive for those purposes. The Authors give then
an example of R being used for a typical first-step analysis of
competitors’ Facebook-pages.

Knwuoei cnosa—rxomynikayiiina cmpamezia; Inmepnem;
couianvHi mepedxnci; ananiz oanux; API methods; R.
Keywords— communication strategy; Internet; social

networks; data analysis; memoou API; R.

1. INTRODUCTION

The rapid development of information and communication
technologies, which resulted in the formation of the worldwide
web, plays an increasingly important role in the modern
society, enriching the existing business techniques and
methods, forming new channels of communication between a
customer and a company and opening new ways for public
relations.

However, despite the popularity of the Internet and its role
as the latest communications® environment, most of Ukrainian
companies have lesser understanding and thus effectiveness in
it if compared to those of the developed western countries.
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In 2013 Ukrainian office of Google together with "the GfK
Ukraine", presented the results of the study "Impact of the
Internet on the economy of Ukraine" [1]. This study confirms
that Internet tools are being used uncoordinated and
unsystematic. The choice of instruments is rather being
affected by modern trends, than by a careful analysis of needs
and capabilities of the company. Furthermore, only a handful
of companies realize the necessity and possible benefits of the
complex communication strategy and its constant evaluation.

In many ways, poorly developed methodological
framework leads to the fact that the majority of companies
using online communication tools, has no clear strategy for
their online presence and do not rationally adopt their budgets
for online communications, marketing and advertising. This
prevents exploitation of the Internet's full potential from
establishing an effective interaction with an audience, reducing
it to some rudimentary attribute [2].

Further improvement of methodical and practical aspects of
the strategy's formation in the field Internet-communication is,
therefore, a highly relevant field of studies.

Given the dynamics of the environment, continuous
renewal, differentiation and increase in volume of the required
data information aspect gains a particular importance and the
improvement of methodological and applied aspects of the
strategic  directions development in the field of
communications has a high relevance.

The purpose of this paper is to offer tools for the
development of the information base needed for the formation
of an effective communication strategy with the use of the
Internet.

II.  STRATEGIC APPROACH TO COMMUNICATION

The communication strategy is a result of the selection and
formation of the organizations communication direction; a
concept, a program, a general course of the managing subject
focused on identifying and achieving main goals of the
organization in the field of strategic management;
communication policy that ensures achievement of the
organizations long-term goals.

The communication strategy should be developed
according to the actual needs of the market, taking into account
the target audiences preferences and other factors. The main
objective pursued in developing of a communication strategy is
a management of the customer-brand relationship, formation of
an effective and predictable consumer-brand communication,
improvement of the brands image according to the customers’
needs, current trends and market conditions.

In the process of developing a communication strategy
necessary tasks are analyzed, communicative message and
purpose are generated and basic elements, which could be most
effective in mediating a message to an audience, are defined.

A strategic approach to communication is widely
represented in the foreign studies [3-5]. These works present
significantly different numbers of planning stages, their
sequence and essence, but each of them, one way or another,
highlights the necessity of researching target audiences,

competitors and a current situation. Addressing these issues
involves the use of a wide range of information sources and an
intensive analytical work.

Traditionally, the required data could be obtained from a
variety sources: published reports, speeches of management
representatives, business press, employees busy in a
distribution system, customers and suppliers common to the
company and its competitors, company's technical personal,
information gathered from competitors’ former managers and
other employees, and so forth [5].

The rapid growth of the social networks users numbers on
the Internet creates additional opportunities to expand the
required information base, which will enable a whole new level
of possibilities to ensure the formation of a company's
communication strategies. Given these possibilities, let us
consider the peculiarities of researching target audiences,
competitors and current situation.

The first of the mentioned researches should be directed at
the identification and the segmentation of a company's target
audiences on the Internet, identification and classification of
communication platforms with each target group, criteria
development for the evaluation of the each type of platforms,
determination  of  optimal communication  formats,
identification of opinion leaders, analysis of the interaction
process with customers and partners via social media.

All tasks dealing with the integrated analysis of
competitors’ presence in social media should be reduced to the
analysis of their marketing activities in social networks,
methods and platforms they use, their announced plans and the
overall analysis of their communicative activities. This is
necessary for the development of original ideas and ways of
promotion that haven't been used by competitors yet. Quantity
and nature of critical points, meaning those mostly significant
elements of the environment, vary from company to company.
Analysis of competitor’s communicative activity is limited by
the following time frames. In a short-term period, it is usually
possible to focus only on those elements that have a critical
impact on current operations of a company. On the other hand,
in the long-term period, opportunity arises to investigate the
general nature of competitors’ communications.

One of the important tasks in the communication strategy
development is the evaluation of a company's existing
resources and therefore its capacity to maintain some degree of
Internet presence. This capacity should not be overrated as the
higher variety of instruments a company chooses to use the
higher amount of financial and human resources as well as time
it should need. Therefore, such an assessment should be based
on a sufficient analysis of a previous communication
experience, state of the current information field and analysis
of an audiences’ image of a company and its products.

The sources for the necessary research in the Internet
environment are: online media, industry and business
platforms, thematic portals, search engines, comment sections
on websites, blogosphere, social networks and forums.

54



III.  SocCIAL MEDIA MINING

The data analysis of social networks is rapidly gaining
popularity around the world. Various institutions and
companies around the globe such as Carnegie Mellon
University, Stanford, Oxford, INRIA, as well as Facebook,
Google, Yahoo!, LinkedIn and many others are actively
collecting and studying this data [6-9].

Social Networking Services (or social networks) are online
services designed to organize and maintain network
communications. In addition to personal information contained
in users' profiles (age, location, interests, education, hobbies,
and so on.) it is possible to retrieve the data about users’ visits
to the pages of other users, their participation in the formation
of networks and groups with the same interests, and so on.
Furthermore, social networks, forums, news and entertainment
portals and blogs contain many valuable materials which can
be used to obtain information about preferences and
characteristics of different people and companies.

Experts from research centers and companies around the
world use social media data for the modeling of social,
economic, political and other processes from the individual and
up to the governmental level in order to develop mechanisms
which could help to influence these processes.

However, processing of social networks data also requires
the development of an appropriate infrastructure and
algorithmic solutions that would take into account their
dimension. Collecting and presenting data from social
networks in a convenient form is still a non-trivial task.

It is of course possible to collect and process that data by
simply using search engines and manually adding it to data
tables. Unfortunately, that would be the least efficient method
of all and by the time a sufficient amount of data could be
gathered it might already become out-of-date, thus losing its
relevance.

Another more effective way to collect and process data is to
use a variety of existing systems for monitoring social media,
such as the Youscan, IQbuzz, Kribrum, Wobot and
Brandspotter, which differ in their focuse on specific tasks.
Studying functionality of such systems leads to the conclusion
that none of the tools is able to give a full picture for
completing specific tasks, mentioned above.

Apart from that, data presented by those programs is often
not directly compatible with the formats required for analytical
programs that are used in a further analysis. Therefore, a
programming environments is needed to convert the raw data
into some usable data frame. At present, the most popular
languages suited for such tasks are Python, Perl, and Java. In
addition, there are some programs specifically designed for this
purpose which are already available to researchers.

Companies that own online social networking services (e.g.
Facebook, Twitter) actively invest in the development of
improved infrastructural (Cassandra, Presto, FlockDB, Thrift)
and algorithmic (new algorithms for searching and
recommending users, products and services) solutions for
handling large volumes of user data. Therefore, the third way
to obtain information from a social network is to use its

software interface or API (Application Programming
Interface), provided by almost all of the popular social
networks.

Based on the API methods, developers can create
applications that are compatible in the context of different
social networks for which the APIs differ in sets of available
data, restrictions on the number of requests and the cost of
access to the interfaces [10,11].

The advantages of this method are the possibility of
obtaining information about one client in a structured format
(JSON or XML) and the ease of integrating API protocols into
your own application.

IV. ANALYZING FACEBOOK WITH R

The social network “Facebook™ is among the most popular
platforms for extensive studies. The Facebook API can be
easily used to create applications which then become available
for other users of the social network. Facebook API allows
applications to utilize connections and individual information
of a user to make it more involving, and to publish activities to
the news feed and profile pages of Facebook, subject to
individual users’ privacy settings. With the API, users can add
social context to their applications by utilizing profile, friend,
Page, group, photo, and event data [10,11]. Facebook API uses
RESTful protocol and responses in JSON format.

In addition to that, API allows an adjustment of the data
flow not only to the external applications but also in the
opposite direction.

As a tool for framing and analytical processing of data
obtained through API could be conveniently used R. It is a
programming language for statistical data processing and its
graphical representation and which has a rapidly growing
community that now includes more than two million users.

Compared to other software, R allows experts to analyze
data quicker and using more advanced techniques, which
explains the rapid growth in popularity of R in the various
sectors of the economy [12].

Along with simple methods of statistical analysis, such as
frequency analysis, calculation of statistical characteristics,
contingency tables, correlation and graphing, this module
includes a t-tests and a large number of other non-parametric
tests as well as more sophisticated techniques like regression
analysis, discriminant analysis, factor analysis, cluster analysis,
analysis of variance, analysis of suitability (reliability analysis)
and multidimensional scaling analysis of multidimensional
tables, spatial analysis, creation of cartograms and more.

Among the technical advantages of the system are:

* Distribution of the program under the GNU Public
License;

* Source code and binary modules available through the
extensive network of repositoriess CRAN (The
Comprehensive R Archive Network);

+ Installation packages for Microsoft Windows (works on
both 32-bit and 64-bit versions), Mac OS X, UNIX-,
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Linux-, FreeBSD-based operation systems and OS
Solaris;

o Statistical procedures programming language R has
virtually became a standard. For example, it is now
fully supported in the new IBM SPSS Statistics
Developer system;

» Ability to exchange data with spreadsheets;

* Ability to save the entire history of computing for
documentation purposes;

» Excellent imaging capabilities.

A typical problem is that most companies choose to
perform only a partial analysis which allows to get just an
intuitive  understanding of the current competitors’
communication strategies along with their advantages and
weaknesses. Therefore, to illustrate the instruments proposed
above, a typical task faced by companies in the process of
developing a communication strategy should be presented:
comparison of competitors’ Facebook-page popularity growth.

V. EXAMPLE

In the early 90s Skateboarding and BMX industries got into
marketing competition with comparatively younger and weaker
aggressive inline manufacturers. That, together with the
identity crisis inside aggressive inline community itself
marginalized the sport, effectively denying them previous
public attention, together with the access to the best known
worldwide extreme sports events[16].

Consequently, Skateboarding and BMX became a
mainstream, thus losing their unique identities in the past two
decades. This potentially opens an opportunity for the
aggressive inline industry to communicate its new image to the
focus groups, winning back its reputation. The development of
the internet and adaptation of social networks to the needs of
corporate communication could help in exploring this
opportunity.

In the following example, the media activity on the official
Facebook profiles of the companies involved in the aggressive
inline industry will be to be analyzed and compared to those of
the BMX and Skateboard manufacturers to see how their
popularity progresses.

Popularity of the Facebook-pages will be compared by the
number of Page-followers, number of posts and likes those
posts get. Though, only the number of likes could be exactly
traced over time.

“Rfacebook” package of “R” (programming language)
provides an interface to the Facebook API and its function
“getPage” can automatically retrieve and frame information
from public Facebook pages[14].

The retrieved data will be plotted using the “ggplot2”
package for R, which can graphically present the smoothed
conditional mean for the plotted data with a function
“geom_smooth”. This function could be used to compare how
the number of likes for posts on the Facebook-pages progresses
over time [13, 15].

The smoothed conditional mean graphic of likes per post
over time for all the companies combined, shown on the Fig. 1,
indicates that all of the chosen Skateboard manufacturers have
dominantly a higher popularity than that of BMX and
Rollerblading manufacturers.

T () e
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[

Fig. 1. Likes per post over time

But only one BMX manufacturer (“Wethepeople”) has a
mostly higher popularity than that of Rollerblading. Popularity
of the two other BMX companies lies in the similar limits as
that of rollerblading [16].

The progression of the skateboard manufacturers’
popularity shows a rather strong fluctuation with a roughly
similar pattern and has a resemblance with that of
“Wethepeople” (BMX manufacturer). All these companies
show extensive growth in popularity in the period between
2012 and 2013 with a strong fall between 2013 and 2014.
Others show either a slow progression between 2012 and 2014
or a similar, however, much smoother pattern, which becomes
more noticeable between 2014 and 2016. Thus, almost all
companies’ Facebook-pages could represent the same pattern
of the popularity rate in 2014 —2015.

The comparison of the number of post, shown on the Fig. 2,
indicates that 4 out of 5 rollerblades manufacturers place last
with the range of almost 500 to almost 1400 post. On the other
hand, the 5th rollerblades’ manufacturer “Razors” is on the 3rd
place with almost 4000 posts.

IIIIID-”

Comparison of posting activity

Fig. 2.
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This basic study could be used by any company active in
one of these three extreme sports’ brunches. As an example
three of the following rollerblades’ manufacturers could be
compared: SEBA, Razors and USD.

SEBA is a relative newcomer both to Facebook as a
communication platform and to the industry itself is at the
bottom of all the represented graphics. Being rather unpopular,
SEBA has the second smallest number of followers (as shown
on the Fig. 3) and the smallest number of posts.

Comparson of follwers’ rurrtier

Compangasmes

Fig. 3.

Numbaroffollrmars

Comparison of followers' number

Razors, which on the other hand is almost 8 times more
active and have roughly 7 times more followers has a
practically identical popularity. Whereas USD, being roughly
in the middle by its activity and the number of followers, is the
leader among rollerblade manufacturers and shows a
successful, constant growth of popularity.

Without a corresponding analysis the nature of correlation
between popularity/followers/activity is uncertain. However, it
could be considered enough for practical use as in this case. It
is thus possible to speculate that Razors has troubles generating
content of their numerous posts and does not reach its
audience. The presented graphics could be then used to
determine which of the company's competitors’ Facebook-
pages are suitable for a deeper content-analysis, which in turn
could provide practical advice for the posting tactics.

CONCLUSIONS

The Internet should be used for the expansion of the
information base in the communication strategy formulation. In
this paper, we propose a method of using the Internet to expand
the range of information sources for analytical work.

Deep web analytics should be the basis of any
communication strategy in the Internet. This means using not
only such tools as basic metrics of Google Analytics or reports
of the Yandex.Metrika Webvisor, but foremost, such advanced
tools for automatic data mining and processing as custom-
designed R-applications adopted to specifics needs of a
company.

This paper overviews capabilities given by modern online
social networks’ APIs. It provides an example of an R-
developed application purposed for a typical task of a first-step
data mining and analysis using Facebook API as an access
point to the Facebook-pages of the several competitive
companies.

PR-managers and marketing strategists can use the ideas
presented in this paper to formulate more effective Internet-
based communication strategies.
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Anomauyis—Haseneno pesyJbTaTH pPo3po0KHM NPAKTHYHOIO
KYpCY 3 HpeaMeTy «ApXiTeKTypa 004HC/IIOBAJIBHMX CHCTeM» i3
3aCTOCYBAHHSIM MAaTeMATHYHOI0 amaparty Teopii MacoBoro
00CJIyrOByBaHHSI

Abstract— The results of developing the practical course "
Architecture of computing Systems" with the applying the
mathematical tools of queuing theory are presented
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I. Bcryn

3rigHO BIOPOBAaDKEHUX pPOOOYMX MporpaM Kadeaporo
iHpopMaTuku [IpukapnaTchKoro HaliOHAILHOTO YHIBEPCHTETY
iM. Bacunst Credannka B IBaHo-®paHKIBCBKY 1 Kademporo
olepamiiHuX JOCH/DKEHb Ta I1H(QOpMAamiiHUX TEXHOJIOTIH
HayxoBo-Texnonoriunoro yHiBepcutery AGH B Kpakosi, ski
CHIBIIPAIIOIOTH B paMaxX MiKHAPOIHUX MIKYHIBEPCHTETCHKHX
Ta MiK(aKyIbTETCBKUX YroJ MNpW MiArOTOBII (haxiBLiB 3
HanpsMKy iH(popMaThKa 3iHCHIOETHCS BUKIIAJAAHHS TIPEIMETY
«ApXIiTeKTypa OOYMCIIOBAIFHUX CHUCTEeM». HaBuanbHi IuaHu

Waszkielewicz W.

Department of Operation Research
and Information Technology
AGH University of Science and Technology
Cracov, Poland
waszkiel@zarz.agh.edu.pl

nepen0avyalTh BUKOHAHHS CTYAEHTAaMH HPOEKTHUX 3aBJaHb.
Pegynbratm  aHamisy = cy4acHHMX ~METOMAIB  aHAN3y Ta
MIPOEKTYBaHHS 0AaraTONpPOIECOPHUX OOUMCITIOBAIBHUX CHUCTEM
Ta po3NoiieHnX iHpOopMaLITHUX Mepexk, OTPUMaHi aBTOpaMH,
JIO3BOJIMJIM ~ OOTPYHTYBAaTH  3aCTOCYBAaHHS  IMOBIPHICHOTO
METO/IIB BU3HAUYEHHSI OCHOBHHUX IMapaMeTpiB Ta MPOEKTYBaHHS
apxiTeKTyp 0araTonpolecOpHUX OOYMCIIOBAIHLHUX CHUCTEM Ha
0a3i Teopii MaCOBOTO 0OCITYTOBYBAHHS.

II. TEXHIKA JUJAKTUYHOI'O I[TPOLIECY

CrynenTu MaloTh MOXIIHBICTb KOPHCTYBaHHS
€JIEKTPOHHUMH pecypcamu HaBYaJIbHO-METOANYHOTO
3a0e3reueHHs] B CEpeIOBUINAX EJEKTPOHHHX O0i0moTek Ta
aTopM JUCTAHIIHHOIO HAaBUaHHS 32 aBTOPU30BAHUM
noctynoM. [To3WTHBHUM  YMHHMKOM OOpaHOrO METOAY
MOJICTTFOBaHHS € MOJJIMBICTh 3aCTOCYBaHHS IMPOKOTO CKIIaly
MpOrpaMHOro 3a0e3leueHHs], 0 He BUMarae JHIIEH3yBaHHSI.
[Ipouec MomentoBaHHS 3/AIHCHIOETBCS Yy  BIPTYaJbHOMY
CepeoBUIL|, [0 HE BUMAarae 3BITHOCTI Ha MarepoBHX HOCISX,
ToJierurye poOOoTy BHKJIANAIBKOTO CKJIaxy 10 MOTOYHOMY Ta
3BITHOMY KOHTPOJIIO 1 JO3BOJISIE 3/IIHICHIOBATH JIOBIOTEPMiHOBE
apxiByBaHHs Ta KOHTpPOJIb IUIariaTy Mpu BUKOHAHHI MPOEKTIB
CTYIECHTAMHM HACTyITHHX KypciB. BrnpoBajpkeHHs — Takoi
METOJMKH 3aJIOBUIBHO BIHCYETHCS Y BUMOTH JUCTaHIIIHHOL
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OCBITH TO YMOXIIUBIIIOE BiJTaJCHUMN
KOHTPOJIb aKTUBHOCTI CTY/ICHTIB.

po3ocepeKeHui

CTpyKkTypa Kypcy AEKOMIIOHOBaHa Ha KiJIbka OCHOBHHX
PO3IUTIB, KOXKEH 13 SIKHX € OKPEMOIO CTPYKTYPHOIO CKJIaJJOBOIO,
3aIKCAHOI0 K OKpEeMHUI (haill i3 3aXHUCTOM BiJ] BHECEHHS 3MiH
Ta aBTOPHU3AIIEI0 JOCTYIy O BMIiCTy. BHKOpHCTaHHSI Takoro
METOJy Oprasizamii mpeaAMETy 3yMOBJIEHA MPaKTHYHUM
JIOCBIIOM, SIKMH TATBEPDKYE JOCTaTHIO JKWUBYYICTh Ta
aBTOHOMHICTB Y IpOIIeci pOOOTH.

[TizcTaBoro 3acTOCyBaHHS 3alpOIIOHOBAHOI METOIUKH €
LIUKIT MIpE/IMETIB 3 anapatHoro 3a0e31eueHHS
OOYMCITIOBAJIbHUX CHUCTEM, a TaKOX IIMKI MaTeMaTUYHHX
MIPE/IMETIB, OCHOBHUM 13 SIKUX € TeOpis iMOBIPHOCTI. OCKIIBKH
TEOopisi MacoBOrO OOCIYrOBYBaHHS SIK OKPEMHUI THpeaMeT He
BKIIIOYEHA B HABUAJIbHI IUIAHM, BU3HAYEHO 3a HEOOXiJHe
JIETAbHO TIOSICHUTH OCHOBHI TEOPETHYHI Ta METOIUYHI
TIOJIOXKEHHSI 3[IIICHEHHsI OOYMCIIEHBb IO KOXXHOMY 13 PO3IiJIiB
npoekTy. Meroauka MOAENIOBaHHA Iependavae  CKIIaHI
MaTeMaTU4Hi BUKIAJKU, (GOopMyiH i3 OararbMa 3MiHHHUMU, IO
3YyMOBHJIO HEOOXigHicTh (opMyBaHHS po3auty «OcHOBHI
MO3HAYEHHS! 1 CKOPOYEHHS», KOPUCTYBaHHS SIKMM B XOJi
HaBYaHHS 3HAYHO TOJIETIIYE 3acBOEHHS Matepiany. Jlis
OIIEpaTHBHOTO  3HAXO/PKEHHS  HEOOXIHMX  BiIOMOCTEH
CTBOPEHO po31ii “AjdaBiTHUI BKa3iBHUK OCHOBHHX IOHSTH
Ta BU3HA4YEHb Y TEKCTI IO 3MIiCTOBUX po3naiiax. KoxeH i3
3MICTOBUX pO3IUIB  (MiAPO3ALTIB) BMIILYE KOHTPOJIBHI
3alUTaHHI JJIsl CaMOIIepeBipKH. B 3aralbHOMY MeTOIMYHE
3a0e3MeueHHs] METOIUKH MOJICIIOBAHHS Ta MPOCKTYBAHHS Mae

HACTYIIHY CTPYKTYpY.
III. CTPYKTYPA HABYAJIBHOI'O MATEPIAJTY

VY BcTyni npoaHaizoBaHO NPOOJEMH, IO ICHYIOTH HpPHU
PO3pOOII OOYUCITIOBAIBHUX CHCTEM Ta OCHOBHI BiJIOMi METOJIH
ix BupimenHs. OOIPYHTOBaHO IOUUIBHICTh BUKOPUCTAHHS
IMOBIPHICHOTO amapaTy MOJICIIOBaHHS Ta Ha Woro 6asi Teopii
MacoBOIO0 OOCIyroByBaHHS. BHKIameHO OCHOBHI METOAM
MOJICITIOBAaHHS 6araToNpoNeCOPHUX OOYHUCTIOBATLHUX CHCTEM
Ta PO30CEPEHKEHUX KOMIT FOTEPHHUX MEPEK.

B nmepuiomy po3mini mpoaHai30BaHO OCHOBHI ITOHATTS
0araTomnpoIecCOpHUX OOYHCTIOBAIBHUX CHCTEM Ta OCHOBHU
MOJICTIOBaHHS 3a JIOTIOMOrOI0 arapary Teopii MacoBOro
oOciyropyBaHHs. Bu3HaueHO Taki mHapameTpH, SK BXiTHUI
MOTIK 1 4YacToTa TMOCTYIUIEHHS — 3aja4, 1MOBipHIiCHI
XapaKTEePUCTUKH PperyIspHOTrO, BHUIAIKOBOTO Ta
CTaI[iOHAPHOTO TOTOKIB, & TAKOXX BIACTHUBICTh HASBHOCTI Ta
BIJICYTHOCTI micismii. Bu3sHaueHO mMpUpoy i mapaMeTpu dacy
Ta MeXaHi3My OOCIyroByBaHHS B OaraTOKaHaJIbHHX 1
Oaratoa3oBHX  CHUCTEMax MacoOBOIO  OOCIYrOBYBaHH:.
IpoanasizoBaHO YMHHUKH (HOPMYBAHHS TUCIMIUTIHHA YEPTH.

B apyromy po3nini 31ifiCHEHO aHaIi3 CTPYKTYp i KpUTEpiiB
e(peKTUBHOrO (DYHKIIIOHYBAHHS OIHO- Ta 0araTOMPOICCOPHUX
OOYKCITIOBANIBHIX CHCTEM 3 OYIKYBaHHAM, 3 OOMEXKEHOI
Yeprolo, i3 BTpaTaMH, 3 NPIOPUTETHAM OOCITYrOBYBaHHSM Ta i3
HECHATIHHUMHU TIPUCTPOSMHU OOpPOOKH. BH3HAYEHO MOKA3HUKU
SIKOCTi 0OCITYTOBYBaHHS 0araTOMPOIICCOPHUX CHCTEM, a TaAKOXK

¢$yHKLIT po3noiny Yacy o4iKyBaHHS 3a/1adi, CEPEHHOrO Yacy
OYiKYBaHHS, IHTEpBay 3aHHATOCTI Ta TOBXKUHH YEPIH.

B TperboMy po3aii  BHUKIAACHO OCHOBHI aHAJiTHYHI
3aJIeKHOCTI XapaKTepUCTHYHUX  KPHUTEpiiB TpoLECiB
0o0CIyroByBaHHsi B  0araTolpOLIECOPHUX  CHUCTEMax 3
OUiKyBaHHSAM, 13 OOMEKEHHsAM Ta 0Oe3 OOMEXKEHHS BXIIHOrO
MOTOKY 3ajay, i3 OOMEXEHHSIM Yepru OYiKyBaHHS IOYaTKy
00CIIyroByBaHHSI Ta B CHCTeMax 3 Bi[IMOBaMH, B CHUCTEMaXx 3
Bi]MOBaMH IIpM BUKOPUCTaHHI HEHaJIIHHUX MPOLECOPIB 1 B

cucTeMax 3 HeOOMEKEHOIO KiJIbKICTIO TPOIIECOPIB.

B uyerBepTOMy poO3nidi HABEACHO METOAMKY ONTHMI3AIl]
MTOIITMPECHUX Ha TIPAKTHII 6araTonporecopHUX
00YHUCITIOBAJIbHUX CHUCTEM i3 BiJMOBaMH. BH3HaueHO OCHOBHI
TIOJIOKEHHSI  ONTUMi3alii MpoleciB  00CIyroBYBaHHs, Ha
MmiJcTaBl  SKUX  po3po0JieHa  METOOWKA  BU3HAYCHHS
ONTUMAJILHUX 3HAUCHb TAKHX KPHUTEPIiB €()EKTUBHOCTI, 5K
ONITHMAJIHOTO YHCJIa MPOLECOPIB OOYHMCITIOBAIBHOI CUCTEMH,

ONITUMAJIBHOTO  CEPeJHhOr0  4acy  OOCIyroByBaHHS 1
ONTUMAITLHOL IHTEHCUBHOCTI BX1JTHOTO TIOTOKY.
3ampornoHoBaHa ~ METOAMKA  TOKpAllleHHS  oprasizarii

0o0CIIyroByBaHHs Jisiriia B OCHOBY 3aBmanHsi Nel “Po3poOka
0araTonpoIecopHoi 00YNCITIOBAILHOI CHCTEMH 3 BiMOBaMu™,
BKa3iBKM JI0 BUKOHAHHS SKOTO HaBeIEHI B KIHII PO3JILTY.
3aBaaHHs CKIAJAETHCS 13 YOTUPHOX YaCTHH, IO KOXKHOI 13 SIKHX
chopMylibOBaHa ITOCTAHOBKA 3ajadi Ta XiJ pilIeHHsd 13
OCHOBHMMH  (OopMylnaMd Ta  JETAIbHUM  HOSCHEHHSM
MPOBENCHHS OOYKCICHb. BUXIiTHI JaHI KOXEH i3 CTY/ICHTIB
OTPUMYE iH/IWBITyaIBEHO.

B m’sitomy po3fini mpoaHasi3oBaHO MHUTAHHS ONTHMI3alii
0araTonpoIeCOPHUX OOUUCITIOBATILHUX CUCTEM 3 OUIKYBaHHSIM.
HaBeneHo OCHOBHI TeOpeTMYHI BHKJIAJKH Ta METOIUKA
onTuMi3aii 00CIyroByBaHHS B CHCTEMax 3 OYiKyBaHHSM, Ha
IICTaBi SIKMX 3aIpPOIIOHOBAaHA PO3POOKA BUKOHAHHS 3aBJaHHS
Ne 2 “Po3poOka 6araTonporecopHoi 00UUCITIOBATIBLHOI CHCTEMHU
3 OYIKYBaHHSIMHM’, IO CKJIQ/IAETHCS 13 YOTUPHOX YaCTHH.

B mrocroMy po3nmii HaBemeHO TEOPETHUYHI OCHOBH 1
METOJMKY ONTHMIi3allii po3Moily Pi3HOTUIIHUX TPyl 3a1a4 Ta
3ac00iB 0OPOOKH 3 METOO 301IBIIEHHST KUTBKOCTI 00CITY:KEHHUX
3a1a4 BXifHOro mMOTOKy. OOrpyHTOBaHO BHUOIp BHpIIICHHS
3aBJaHHS Ha OCHOBI CHMIUIEKC-METOAY Ta  MpaBWia
MIPOBENICHHS OOYUCIICHb 3a CHMIUICKC-Ta0auIsaMu. HapeneHuit
MIPUKIIaJ ONTHUMI3alii Po3MOIiTy 3a/kad BXiJHOTO IOTOKY Ta
CKJIaly TIPOIICCOPIB OOYMCIIOBAIBLHOI CHUCTeMH. B KiHii
po3nity BKIIOYeHO 3aBaaHHS Ne 3 3a Temor “Onrumizaiiis
posnoniiay iHGOpPMAIiHHUX MOTOKIB B  CIHEIiali30BaHUX
0araTompoIeCOpHUX  OOYMCIIOBAIBHUX  CHCTeMax” IO
CKJIaJIA€THCH 13 JIBOX YAaCTHH.

TakuM  YMHOM, BHUpIIIEHHSA 3aBIaHHS  IIOCTAHOBKH
MPAKTHYHOTO Kypcy JCIATUTIHH «ApxiTexTypa
00YHUCITIOBAIBHUX CHCTEM» MOJIATANO0 HAa aHajli3i aKTyalbHHX
METO/IiB MOJICITIOBAHHS Ta MPOEKTYBaHHS 6araTorpolecOPHUX
00YHUCITIOBAJIBHAX CUCTEM Ta PO30CEPEIKEHMX KOMIT FOTEPHHX
MepexX, pe3YJbTaTH  SKOr0  JO3BONMJIM  OOIPYHTYBATH
3aCTOCYBaHHs Ta PO3POOUTH METOAMYHHMN KOMILICKC Ha 0a3i
Teopil MacoBOro 00CITyTrOBYBaHHS.
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Social networking services as a tool of mass
communication
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Anomauyia—CyJacHuii PUHOK CONliaJIbHUX iHTepHeT-cepBiciB
NPEACTABJICHNI  BEJIMKOI  KiUIBKICTIO IHCTPpYMEHTIB It
opraHizanii B3aemonii akTopiB i goctymy no konteHty. OKpim
NMO3MTHBHUX KomyHikamiitnux BiaactuBocreii CIC € mkepesiom
3arpo3 iHgopmaniiiniii 6esneni (IB) nepxaBu, o noe’s3aHo 3
NMOIMPEHHAM JeCTPYKTHBHHX iHOpMaNiiHUX IOCWIIB ISt
MAaHIIy/JII0OBaHHSl CyCHiJbHOI0 cBinomicTio. Tomy BHHHKAE
HarajJibHa MoTpeda ynpapJiHHSA NPOLECAMH B3a€EMOJil aKTOpiB y
BipTyasibHuX cmibHOTaxX. Po3pofka edexTmBHHX MeTOdiB
CHHTE3y TAKHMX YNPABJSAIYHX Jili YCKJIAAHIOETHCSI BiICYTHICTIO
peryasinii indpopmanirinoro mpocropy CIC Ha nep:kaBHOMY piBHi
i ogHOYacHMM BHKOPHCTaHHAM akropam Jekinbkox CIC.
3anponoHoBaHo mniaxin no kiaacupikanii cygacuux CIC 3
BHKOPHCTAHHSIM O3HAKOBOr0 NPHMHUMIY Ta i€papxiyHoro
nmigxony. Bukopucrannsi po3po6Jienoi kiacupikanii 3ad6e3neunTs
yHidikanio mpouexyp CMHTe3y yNpaBJsIlOUAX Al MU mepexoxy
BipTyaJIbHOI cJIbHOTH 10 GazkaHoro crany Ib. 3anpononoBana
Kiacupikanis Oyne mokiIazeHa B OCHOBY (YHKIiOHYBAaHHS
cucremu 3ade3neyenns Ib nepxasu y CIC.

Abstract—The modern social networking service (SNS)
industry has many ways to organize its actors’ interactions and
grant access to the content. Though having positive
communication features SNS are a source of potential threats to
national security since their destructive outreaches can change
public attitudes. This presents a challenge to controlling SNS
actors’ interactions. Actors using several social networks as well
as authorities neglecting regulations for SNS activities make it
harder to synthesize efficient controlling techniques. The article
suggests a mechanism for classifying modern SNS by their

features and in a hierarchical fashion. This mechanism could
unify the control synthesizing procedures for the virtual unity’s
transition to the desired state of cybersecurity. The classification
suggested for SNS is recommended as the basis for the National
cybersecurity system.

Knwuoei cnosa—couianvni inmepnem-cepgicu; iepapxiuna
Knacugpikayia; akmopu; ingpopmauiitna de3nexa

Keywords— social networking services, hierarchical fashion,
actors, national cybersecurity.

1. Bceryn

B cywyacHux ymoBax comianeHi iHTepHeT-cepBicu (CIC)
HaOynmu  MOmyJsipHOCTI  SIK  e()EKTUBHUH  IHCTPYMEHT
KOMYyHIiKalii. B pe3ynbTari y4acHHKH BIpTyalbHUX CIUIBHOT —
akTopH, BUKOpHCTOBYIOTh CIC He TLNBKM Uil CHUIKYBaHHS,
ame 1 Juia camoopranizamii [1-2]. YTBOpeHHs 00'eaHaHB
rpomassia y CIC, siki B mporieci CBO€i MisTIBHOCTI 3MiHIOHOTH
CYCIIJIbCTBO, MOXJIMBE 3aBISKH IPOAYKYBaHHIO 1 OOMiHY
KOHTEHTY, III0 € CKJIAJIOBOI0 HaIliOHATBHOTO 1H(OpMAIliitHOro
npoctopy. OpHak, Takuii  KOHTEHT MOXE  HOCHTH
HEJIOCTOBIpHHH, HEMOBHUI abo yrepemkeHHd Xapakrep i
CTBOPIOBATH repeyMOBH JUTst MaHiITyJTFOBaHHS
IH/IMBI/TyaJIbHOIO YH CYCITIIBHOIO CBIZIOMICTIO.

Bigomo, mo CIC BigirpaBajiy KIIIOHYOBY pojib B IpOLECcax
oprasizaii akTopiB ISl OIIEpPaTUBHOI B3a€MOJIi 1 YIIpaBIiHHS
mig yac «KombOpoBHX peBONIONIH», «ApaOCBKOI BECHI»,
«riOpuaHOT BiMHM» Ha cXOJl YKpaiHM Ta IHIIMX HPOTECTHUX
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akuisx [2]. Tomy mnponecn B3aemomii akropie y CIC
MOTPEOYIOTh YIPABIAIOYMX BIUIUBIB Yepe3 ICHYIOUl KaHAIU
coliabHOT KOMyHIKamii g 3abesmedenHs 1b  momuHwy,
CYCHIJIbCTBA, IEPIKABU.

Po3poOka edexkTHBHUX METOMIB CHHTE3Y YIPaBIAIOUYHX
BIUIMBIB Ha moBeAiHKy akTtopiB y CIC [2] yckiaaHIOEThCS
BIJICYTHICTIO  perynsuii  iHpopmauiiiHoi  B3aemopii  Ha
Jiep>)kaBHOMY piBHI. B cBOIO uepry, akTopu Iuisi KOMYHiKaIii
BukopucroBytotb He omauH CIC, a ogapa3y nekinbka i3
3aCTOCYBaHHAM 3aco0iB iHTerpaiii IMOMIMPEHHS KOHTEHTY 3
onnoro CIC B inmmii. B pesynbrati y CIC yTBOpIOIOTHCS
CKNaJHI  OpraHizauiiiHi  CcTpyKTypu B3aemonmii. Tomy
knacudikanisi CIC € HeoOXiJHOIO YMOBOO ISl BCTAaHOBJICHHS
ix ocobimBocTed i momanbmol yHidikamii Ta Qopmaiizamii
MiIXOMIB JUIsI BHPOOJICHHSA YIPABJSIFOUYMX BIUIMBIB  HA
BipTyaJlbHI CIIUTBHOTH JIs iX TIepexony o OaxaHoro crany Ib.

II. XAPAKTEPUCTHKA COILIIAJIbHUX IHTEPHET-CEPBICIB

Cyuacai CIC npenctapisitoTh coboro miathopMmy abo BeO-
caiiTy, sIKi IPU3HAUYEHI U CTBOPEHHS COLIaJIbHUX Mepex abo
COIlIAIBHUX B3a€MO3B’SI3KIB MK JIFONBMH, SKi, HANPUKIA],
MaloTh CITUIBHI IHTEPECH, MiSUTbHICTh 200 YTBOPIOIOTH pealibHi
yn BipTyanbHi 00’emHanHs [3-5]. 3azBuuait CIC wictars
iHpopMalil0 TpPO KOXKHOTO aKTOpa, SKa HA3HUBAETHCH
npocdisem, Horo comiaibHi 3B'I3KH, a TAKOX PsI AONATKOBHX
nocayr. bingpmicts CIC marore BeO-iHTEepdeiic i HanaloTh
3aco0u s B3a€MOIT akTopiB yepe3 [HTepHeT.

BpaxoBytouu ocraHHi qociimkeHHs [2, 5] 1 0coOIrBOCTI iX
3aCTOCYyBaHHA B pI3HHX cdepax CyCHUIBHOI JisUTBHOCTI,
chopmymoeMo Taki aediHiiii kareropii: axkmop CIC — 1e
KOpHCTYBau, SIKUA Mae npodiib, crBopenuit 3acobamu CIC;
coyianeHUll iHmepHem-cepsic — 11e CepBic y Mepexi [HTepHeT
JUIE  CTBOPEHHS TPOQUIB aKTOpiB, BCTAHOBJICHHS HHUMH
B3a€MO3B’S3KIB 3 IHIIMMH aKTOpaMH 1 BipTyaJllbHUMHU
CHUTPHOTAMH Ta 3a0€3MeYeHHs] IHCTpyMEHTaMH KOMYHIKallii,
CTBOpEHHS ¥  TIOIIMPEHHS KOHTEHTY PpI3HOIO  THILY.
Bukopucraemo chiipHI NPUHIMON, TOKJIAAEHI B OCHOBY iX
(GYHKIIIOHYBAaHHS, I PO3POOKH y3araibHEHOI Kiacudikarii
CIC i3 3acTrocyBaHHSIM O3HAaKOBOTO NPHUHIUIY Ha OCHOBI
1€pPapXIYHOrO MiAXOMY

1. KITACU®IK AL COLIAJIBHUX IHTEPHET-CEPBICIB

Bupinstots Taki criocodbu goctymy aktopiB 1o CIC: wepes
BeO-Opay3ep — JOCTYI 10 CepBiCy peali3oBaHO Ha OCHOBI BEO-
inTepdeiicy; 3 BUKOPUCTAaHHSAM JONATKy — mependavae
pO3poOKy cremianpHoro jgomatky mis poboru 3 CIC mix
YIIPaBIiHHSIM ONEPaIliifHOl CHUCTEMHU KiHIIEBOI'O MPUCTPOIO
KOpHCTYBaya.

3a pocrymnictio CIC mnoxminsiooTe Ha: BIIKPUTI, fKi
JIOCTYIHI Uil peecTpaiii BCIM KOPUCTyBauaMm; 3aKpHUTI —
OesrneyHi IIaTOpMH, SKi BHKOPHUCTOBYIOTHCS OOMEKEHHM
KOJIOM aKTOpiB, WIO BIiJNOBIJAlOTh 33JaHUM BHMOTaM
BipTyaJIbHOI CITUTBHOTH.

3anexHo BiJl PYHKIIOHAILHOTO IPU3HAYECHHS PO3PI3HSIOTH
taki CIC: 1. CorrianpHi IOIIYKOBI cHCTeMH (social search) — e
cepBicH, SIKI JO3BOJIAIOTH aKTOPaM CaMOCTIHHO BU3HAYaTH

MIPIOPUTETHI HAIPSIMKK TIOIIYKY KOHTEHTY, 3aJ[aBaTH KJIIOYOBI
cioBa, o0HMpaTH JpKepena KOHTEHTY 1 Qopmy mnopaHHS
pesynbratiB. 2. ComianeHi 3aknanku  (social bookmark) —
LEHTpali30BaHa OHJIAHH-CIY)K0a, sKa J03BOJISIE aAKTOpaM
JOAaBaTH, aHOTYBaTH, penaryBath i  OOMiHIOBAaTHCS
3aKIaJKaMy, BUKOPUCTOBYrOUM Terd. 3. BikiBixi (Wiki) —
IHTepHeT-cepBic, NOOyJZOBaHWI Ha OCHOBI  TEXHOJOTIl
CTBOPCHHS KOJIEKIIiI 3B’S3aHUX MDK COOOIO 3amMCiB, SKi
MOXKYTh CTBOPIOBATH 1 pefaryBaTu yci akropu. 4. bioru (blog)
BUKOPHCTOBYIOTHCS [UIsl TyOJiKalil TUCKPETHUX TMOB1JIOMIICHb
i ix obroBopenns. 5. ComiansHi Mexia-cxoBuina (social media
hubs) mpusHayeHi s 30epiraHHs, kiacudikamii i oOMiHy
uudpoBumu  ¢otorpadisMu, aymio- Ta  Bijeo3amucamy,
TEKCTOBUMH (paiiiamMu, Tpe3eHTallisIMU H OOTOBOPEHHS IHX
pecypciB. 6. Kaptu 3Hawbs (mind map) — ue CIC misa
MPEJCTaBJICHHSA 3a7ady, TE3HUCIB, iNcH, 00’ €JHAHUX €IUHOI0
KOHIICNIN€0 y BUDLmi miarpam 1 rpagikis.  Yacto
BHUKOPHUCTOBYIOThCS JUIS Bi3yasizallii cepeloBHINA B3a€MOIl
akropiB. 7. CormiansHa Mepexa (social network) — ne CIC,
SIKMH TPYHTYEThCS Ha COLIaJbHIM CTPYKTYpi, CKJIQJA€ThCs 3
MHO)KUHH COLIaNbHUX CYO'€KTiB (aKTOpIB YW oOpraHizariii),
HA0Opy JiaJIHUX 3B'SI3KIB Ta 1HIIUX COIIAIbHUX B3AEMOJIN MK
HUMH. KoHteHT  comianpHOi  Mepexi bopmyeThes
0e3mocepeIHbO aKTOpaMH, 3 MOXIIMBICTIO BKa3aTH MaHi PO
cebe I IOAAJBIIOr0 CTBOPEHHS KOHTAaKTIB 3 I1HIIUMH
cyo’extamu. 8. CorianbHi reocepicH (social map) — CIC, sxi
3a0e3MeYyIOTh aKTOpiB 3acobamu imeHTUdIKaIT,
KOMEHTYBaHHS, TONOBHEHHs1 (pororpadisiMu 00'eKTiB Ha KapTi.
9. Meman (mesh up) ob'emuye ¢ykmii aeximpkox CIC 1
3a0e3reuye iHTErpaiil0 iX KOHTEHTY, B pe3yJbTaTi dYOro
YTBOPIOEThCSI HOBUH YHIKalbHUI cepBic. TakuM YMHOM, BOHU
BUCTYIIAIOTh ~ €(EKTUBHUM  IHCTPYMEHTOM HE  TUIbKH
KOMYHIKalii akTopiB, aje i B Ipolecax CcaMoopraHizaii
IPOMa/ITHCBKOTO CYCITIIbCTBA.

BrcHOBKI
Cyuacni CIC mpencrapieHi IAPOKHM KIacoM 3ac00iB JIIs

3aJI0BOJIGHHS TIOTped aKkTopiB y KOMYHIKallii, KOHTEHTI,
CaMOBHMpaXXEHHi,  comjamizamii  Tomo.  3amnporoHOBaHA
knacudikamis  cydacaux CIC  nmo3Bonse  BCTAaHOBUTH

0CO0JIMBOCTI X (DYHKIIIOHYBaHHS 1 IPOIIECIB B3aEMO/IIT aKTOPIB
JUTs  opraHizamii e(eKTUBHOI cHcTeMu 3abe3mnedycHHs [b
JIepIKaBH.
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Abstract — In the proposed research there was analyzed the
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I. Bcryn

[Ipu CTBOpEHHI MIPOTOTUILY IHTETIMeIIHHOT
inpopmaniinoi cucremu (IMIC) mns npouecy Oypinnst [1-3]
OYIJI0 PO3TJITHYTO PSIT APTYMEHTIB, SIKi TAKOX MOYKHA YCITIIITHO
3aCTOCYBATH JUIsl 33/1a4i CTBOPEHHS €KCIIEPTHOI CHCTEMH, sIKa
orepye 3 MyNbTHMEAIHHUM KOHTeHToM. OCHOBHa mpoOiiemMa
Ha [JAHOMY UDUIIXYy IIOJSIra€ B JIOCSATHEHHI e(QEeKTUBHOCTI
MpOLIECY TEepPEHECEHHSI EKCIEPTHUX 3HaHb Ta JIOCBIAY B
KOMIT'IoTepHy mporpamy. OcCHOBaHa OCOOJHMBICTH IOJSATAE
caMe B TOMY, IO TaKi 3HaHHS Ta JOCBIJ ONMUPAIOTHCS Ha
MYJIBTUMEIHHY OCHOBY. 3arajibHO BiJIOMO, 10 BUKOPUCTaHHS
MYJNBTUMEIHHUX NaHUX Ta TEXHOJOrd Ha JaHOMY eTari
PO3BUTKY 1H(OpMAIHHUX TEXHOJIOTIH TOB’SI3aHO 3 PSIOM
00MEXEHb, IKi CYTTEBO BIUTUBAIOTH Ha KOXKEH €TaIl JXUTTEBOTO
LUKy PO3POOKH EKCIIEPTHHX CHCTEeM. ToMy B SIKOCTI
OCHOBHOI TIpOOJIEMH MO)KHA BHIUIUTU MPOOJIEMY MPAKTUUHOI
IMIUTEMEHTAI T HUITXOM iHTerpaii TEXHOJIOTI]
IHTEJIEKTyalbHUX CHUCTEM Ta TEXHOJOril MYJIbTUMEIIHHNIX
CHCTEM 1 JaHUX, SIKi, KOKHA B CBOEMY KJaci €, B MPUHIMII,
JIOCTAaTHBO JOCITIHKEHUMH, ajie B IIUTAHHAX iX IHTErparlii, ska
JIO3BOJISITUME 30€pPEKEHHST caMe 1HTENEKTyalbHUX (DYHKIIH, €
PS1 HEBUPILIIEHUX aCIEKTiB, SIKUM, BIIacHE, 1 IPUCBSIUCHE JaHe
JIOCITiPKEHHSI.

I1. BBEAEHHS IHTEJIMEAIAHOIO IIIIXOLY

BaknuBuM IUTaHHAM B peatizalii cucTeMHu € BHOIp
cTparerii 3acBOEHHS 3HaHb Ha OCHOBI MYJBTUMEIIHHUX
BKIIIOYEHb, MIO TIOBHHHO IiepeadavaTd HAasBHICTH JESKOI
0a30BOI MHOKMHU 3HaHb IPEAMETHOI 00JacTi Ta HasBHOCTI
PO3YMIiHHS MeXaHi3My iH(EpPEHIli#l, IO 3aCTOCOBYIOTHCS
IHTeNIMEeMIiHOI cucTeMor0. JIaHW MpoIlec KOHTPOJIOETHCS
MHO)KUHOIO HaKJIaJIEHUX OOMEXeHb Ha KOXHY 3 BHIUICHHUX
HaBYAIBHUX CUTYallill Ta MHOXMHY HaBYAJIBbHHUX CHTYaIliii B
itoMy. SIKIIo Ha KOXXHOMY 3 DiBHIB HakjajJeHa MHO)XHHA
00MEXeHb 3aJI0BOJBHSETHCS, TO CHCTEMa OILIHIOE HaBYAIbHY
JUSUTBHICTh 00’€KTa HAaBYaHHS IOAO BHUPIIIEHHS HaBYAJILHOL
CUTYaIll K YCIINIHY (SIKIIO BCi OOMEKEHHS 3aJI0BOJICHI), SIK
YaCTKOBO YCIINIHY (SKIIO 330BOJICHO YAaCTUHY OOMEXCHB) 1
SK HE YCHINHY (SKIO0 KiTBbKICTh 3aJOBOJICHHUX OOMEXEHb
MEHIIa JAESKOr0 BH3HAYEHOI'O YHUCIOBOI'O 3HAYCHHS JUIS
MOTOYHOI HaBYaJbHOI curyauii). Cucrema MiATBEpPIKYyE
pe3yNnbTaTh HaBYAJIbHOI MisJIBHOCTI O00’€KTa HaBUaHHS 3
BUAiNeHOi  (TMOTOYHIM) HABYaJIbHOI  CHTyallll  IUIIXOM
BUBEJICHHSI  pEJIEBAHTHOI ~ MHOXXHHH  3a/I0BOJICHUX  Ta
MOPYILIEHUX OOMEKEHb.

OyHKIIOHYBaHHS CUCTEMH TPU TaKOMY ITiIXOi
BUMarae BHCOKOTO piBHS afanTHBHOCTI: 1) axTuBaris
(BUBEIEHH) KOPEKTYI0UOro Ta YTOUHIOIOYOT'0
MYJIBTUMEIHHOTO KOHTEHTY y BHIAJIKy HETOYHOI BiINOBiji
200 YaCTKOBO KOPEKTHOT'O pillieHHs (110 BU3HAYAETHCSI PiBHEM
3a[0BOJIGHHS]  BIJNOBITHMX  KOHCTPYKLIA HAa  OCHOBI
00OMEXEHb); 2) aKTHBallid BIANOBIAHAX MYJIbTHMEIIHHIX
¢ainiB gomoMoru (pacTpoBUX 300pakeHb, BifcodaiIiB) Ta
PO3ILTIB KOHTEKCTHO3AJICKHOI JTOMOMOTH a00 BiAMOBIIHUX
po3miniB  0a3u  JaHUX ~ MYJIBTUMENIMHOIO  HAaBYAIBHOTO
KOHTEHTY Yy BWIIQJIKy HENpaBWIBbHOI  BiAmoBigi  abo
HEKOPEKTHOTO pilleHHs; 3) aKTUBalis MOBiIOMIIEHb MPO

MiATBEPKCHHS TMPAaBWIBHUX BIAMOBiMEH a00 KOPEKTHUX
pillleHb, BHBEJIEHHS iJi€albHUX Ta AIbTEPHATHBHUX pillICHb,
Bepudikamis npodigro 00’€KTy HaBYaHHA Ta WOro 30HU
HAMONMKYOr0  PO3BHTKY 1  THOAajblle  3aCTOCYBaHHS
BIJIMIOBITHOT CTpATErii MyJIbTUMEIIHHOT0 HABYAHHS Y BUIIAJIKY
MIPaBUIILHOI BIJIIOBi/I 200 KOPEKTHOTO PIlllEHHS HAaBYaJIbHOI
TEXHOJIOTIYHOI MpoOJIEMH, 110 TE€HEPYE CUTYALil0 HeOoOXiqHOT

MATPUMKH TPUHHATTS pilieHHs. [HTeniMeniiiHi cUcTEMH
nmomioHO 70  KIaCHYHUX  CHUCTEM  JIaHOTO  Kiacy
BUKOPHCTOBYIOTh KiJIbKa BHJIIB KOHTEHTY:

HECTPYKTYPU30BaHUH KOHTEHT y BHUIJISAII MYJIbTHMEIIHHOT
iHdopMarllii  AOBUTBHOT  (GopMH, CIA0OCTPYKTYpU30BaHHI

KOHTEHT, HAIBCTPYKTYpPU30BAHUH KOHTEHT i
YITKOCTPYKTYpHU30BaHHI KOHTEHT. Tobro, OCHOBHA
BIIMIHHICT,  HOJSTaTHIME B TOMY, 10  HAIMOBHECHHS

HABYAJILHOTO MaTepialy MOXKE DPaHXYBaTHCS Bill MHOXHHU
MYJIBTUMEIIHHNX NaHUX JO MHOXHHH YHUCTUX 3HaHb. [IpoTe,
SIKICTh 3aCBOEHHS HAaBYAJbHOTO MaTepialy 3ajexaTuMe Bin
PiBHS 3HaHb, BMiHb T4 HABUYOK 00’€KTa HaBYaHHS (CTyICHTA,
oreparopa TeXHOJOorigHoro mporiecy). OCHOBHa 0COOJIHBICTh
MIPOITOHOBAHOTO KJIACy CHCTEM MOJATae B HaJaHHI cy0’ekTy
HAaBYaHHA MOXJIMBOCTI BUAOOYBaTH 3HAHHA Ha OCHBI
MYJIBTUMEIIHOTO  HABYAJILHOTO  MaTepialy, a TaKOXK
BHIOOYBATH JaHi Ha OCHOBI cTaHIApTHUX mpoueayp. Ilix uac
pobotn 3 cucTeMoro 3acobamu 11 MYJIBTHMENIHHOTO
inTepdeiicy 00’€kTH HaBYaHHS IHTEPHPETYIOTh KOHTEHTHI
MYJIBTHUMEIiFHI JaHi, KOHTCHTHI 3HAHHA Ta KOHTCHTHI MeTa
3HAHHS, OTPUMYIOYHM BIAIIOBIJHE NpENCTaBICHHS Y (opmi
MPEMETHUX 3HAHb, B HAIIOMY BHIAJAKY PO MPOIEC OYpiHHA
CBEpJUIOBHH, a caMe Mpo OypoBe 00JIaJHAHHS, TEXHOJOTIUHI
orrepariii, iy Ta pe>KUMH OypiHHSL.

B mponoHoBaHill iHTETIMeniHIil CHCTEeMiI Ha OCHOBI
oOMexeHb Mozenb o00’€kTa HaBYaHHS BKIOYaE B COOi
MHOXXHHU  PEJICBAHTHHUX, IMOPYIICHHX Ta 3aJOBOJICHUX
oOMexeHb. B IHTEIeKTyaJlbHUX HaBUAJIbHUX CHCTEMax KpiM
MHOXXHHHA CHCTEMHHX IIapaMETpiB  KOHTPOJIO  CTYIICHS
3aCBOEHHS KOHTEHTY HABYAJILHOT'O Matepiany
BHUKOPHUCTOBYETHCS TAKOXK MHOXKHHA MPABUII SKi JTO3BOJIAIOTH
MIPOrpaMyBaTH Ta KOHTPOJIIOBATH POOOTY 00’€KTa HABYAHHS B
HABYAJILHOMY CEpPENOBHINI CHUCTeMH. To00TO, Ha OCHOBI
MHOYKHHU TIPAaBUJI BU3HAYATUMEThCS BUOIp Ta IMIUIEMEHTAITIS
HABYAJILHUX CTpPATETil, T'eHepallis Ta KOHTPOJb 3BOPOTHOTO
3B’3Ky CHCTEMH 3 00’€KTOM HaBuyaHHS. B mpomnoHoBaHii
IHTEeNIMEIHHINA CHCTEM Ha OCHOBI IMiJXOMY IPEACTaBICHHS Ta

3a10BOJICHHA oOMeXeHh MHOKHHA ImpaBuiI 3aMIHAETECS
MHOXXHHOIO  O0M €XKCHb, IO 3a6e3neqy10TL BUKOHaHHsA
3aBIaHHA OIIMCaHUuX BHIIIEC, a TaKOX JO03BOJIAIOTH

MiATPUMYBATH 1HTENEKTYaJIbHICTh CHCTEMHU.

Croci6 mepemayi 3HaHb BU3HAYAETHCS HA OCHOBI
MIXOy TPENCTAaBIEHHS Ta 3aJ0BOJICHHS OOMEXKEHb, TOOTO
(parMeHT 3HaHb, SKHUH TNPEICTABIsS€ NpPaBUIbHE PIIICHHS
npodsieMu OIUCYETHCS BiJITIOBITHOIO MHOXHHOO
3aJI0BOJICHMX OOMEKEHb, IKi € PAH)KOBAHUMH 3TiTHO 3HAUYEHb
BaroBux KkoedinieHTiB. ToMy OCHOBHa XapaKTepHCTHKA
kopekTHHX 3HaHb B IMIC mossrae B iX omuci Ha OCHOBI
obmexenb, 1o skicHo BinpizHsie IMIC Ha ¢oni iHIMX
aBTOMAaTHU30BaHNX HABYAJIBHUX CUCTEM.
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HamoBHeHHsT ~~ HaBYaJbHOTO  KOHTEHTY  MOXKHA
NPE/ACTABIST Yy BUIJISAAI KOMIIAKTHHX BKIJIIOYEHb, SIKi
Ha3UBAIOTHCS Kelic-HabopaMHu, sIKi SBISIOTH COOOO MTOETHAHHS
TECTOBOro, rpagivyHoro, aymio, Bieo Ta MYJIBTHMENIHHOTO
KOHTEHTY HaBUAJIBHOTO Marepialy, IO MOXe OyTH
CaMOCTIHHO OIpalbOBaHUI 00’€KTOM HaBYAaHHSA. Y BHIIQAKY
IMIC piBeHp 3HaHb O0O0’€KTIB HAaBYaHHS BU3HAYAETHCS
00J1aCTI0 HAMOIMIKYOrO PO3BHUTKY, KiIBKICTh 3aBAaHb B TECTI
CIIIBBIIHOCHUTLCA [0 3arajibHOi KUIBKOCTI OOMEXKEHb, IO
OIMUCYIOTHh JaHWi TecT. JlaHe 3HAYEHHS OJAEPKYETHCS SIK
CyMapHe 3HaueHHS OOMEXKEHb IPUCBOEHHX KOXXHOMY
TECTOBOMY 3aBJaHHIO, IO TIPEJACTABISETbCS Yy BHUIIISII
MOCJTIIOBHOCTI HAaBUYAJIBHUX MPoOJieM. MHOXHHA OOMEKCHbD,
IO CTOCYETHCS TEBHOI HAaBYAJIBLHOI NPOOJIEMH HA3UBAETHCS
MHO)KUHOIO peJIeBaHTHUX OOMeEXeHb. B mporeci BUKOHAHHS
TecTy  O0’€KT  HAaBYaHHS  HaMaraerbcsl  BHPILIUTH
MTOCJTIIOBHICTh HABYAJIBHUX MPOOJIEM BHU3HAUCHHUX CTPATETIEI0
HaBYaHHA. B pe3ynbraTi B KOXHIH MHOXKHHI peJIeBaHTHUX
O0OMEXEeHb CHUCTEMa BHAUINTH IIJMHOXHHHU 3aJI0BOJICHUX
00MEXEHb 1 MOPYIIEHUX 0OMEXKEHb.

Taxox aHAI3YIOThCS 0COOJIMBOCTI M IXOMY
TIPE/ICTaBIICHHS Ta 33J0BOJICHHS OOMEXEHb, SIKi TOJISTAIOTh B
MOKJIMBOCTI OIUCY HETOYHHUX, HEYITKUX, HMOBIPHICHHUX,
MOXIIUBICHUX 3Ha4e€Hb, a TAaKOX 3HAa4YeHb 3 BaroBUMH
koedinientamu. [Ipore, B 3araibHOMY BUMAJKy TBEPDKEHHS
Ta CYKEHHS TIPEACTaBIICHI JIFOJWHOIO-EKCIIEPTOM  He
MOXIIUBO OITUCATH TUIBKM Ha OCHOBI YKOPCTKUX OOMEXEHb.
ToMy BHKOPHCTOBYIOTHCS TaKOX M’sKi oOMexeHHs. Cami
MOITYKOBI MPOOJEMH B 3aJICKHOCTI BiJl KIJTBKOCTI Ta SIKOCTI
00MeXeHb MOMIISIOTHCS Ha HAJI0OMEXKEHI, I SKUX HE iCHy€
pitieHs, 100 3aJ0BOJNIBHSAIM BCI HAKJIAJACHI OOMEXKEHHS 1
HEeOOOMEXEHHI, sl SIKMX ICHYE psil HEBIIOPSIKOBAHUX
pimenb.  bararo  momykoBuX = mpoOieM  JTO3BOJISIIOTh
BUKOHYBaTH TOIIYK HaWKpamioro (ONTUMAaJbHOT0) PO3B’SI3KY
Ha OCHOBI Hamepen 3aJaHuUX KpHUTepiiB onTuMmizamii. Sk
TIOKa3ye JOCBiJ/I, HEBU3HAYEHICTh 3aKjaJieHa B ()OPMYIIIOBaHHI
MOITYKOBOT mpoOyieMu Oyne TEepeHOCUTHCh B 3HAWACHI
po3B’si3ku. ToMy 0coOMMBO €(EeKTHBHUM BHUIIOM ITOLUTYKOBHX
3a7ad Ha OCHOBI OOMEXKEHh € Ti, IO JO3BOJSAIOTH
BUKOPHCTOBYBAaTH CHUCTEMY MpedepeHLiil B AeKIapaTUBHUX
onucax Ta aJITOPUTMAaX PIIIeHb, 0 YTBOPIOE OKPEMHI Kiiac
TIOIIYKOBUX 337134 3 IpedepeHIisiMu.

B mponoHoBaHOMY JTOCHI/DKEHHI BUKOHAHO MOOYIOBY
IMIC, mo 3abe3neuye MATPUMKY pPIMIEHHS TEXHOIOTIYHUX
po0JieM, OCHOBHUM €JIEMEHTOM SIKOi € BWJIIJICHHS ITOMUJIOK.
OcCHOBHA i/1es MiJIXOAY MOJISITae B TOMY, 0 00’ €KT MiATPUMKH
npuitaaTTa pimens ([1I1P) qonmyckae NOMHIKY TPpY BUKOHAHHI
TEXHOJIOTIYHUX 3a]ad, PIlllCHHS TEXHOJIOTIYHHUX MpodieM. Sk
TIOKa3ye JOCBIJl HOMHJIKH BUHUKATUMYTh HaBiTh TOJl KOJNU B
MoNepeIHIX CeaHcax BUBYAIMCS IPaBWIbHI  (KOPEKTHI)
crioco0u il Ta pinreHb. BianoBigHo 1o 1iei Teopii, Hkepenom
BUHUKHCHHS IMOMHIOK, € Te, mo o0’ekt IIIIP momyckae
TIOMHJIKH, OCKIIBKW 3aCBOEHHI HUM 3HAaHHS € JeKJIapaTuBHi, a
MIPaKTHYHE PIlIEHHs TEXHOJIOTTYHHX 3aJ]1a4 1 Mpo0iieM BHUMarae
MpoLEeAYPHUX (AITOPUTMIYHUX ) 3HAHD.

Kpim 11p0ro, BUKOHYETBHCS JOCIIPKEHHS ITpoliecy abayKii 3

METOI0 OOYHCIIEHHS TIeBHUX TMOSCHEHb JUIA  HasBHUX
CIOCTEpEeXEeHb, 10 € MPUKIAIOM HEMOHOTOHHHUX MipKyBaHb,
OCKIIbKM TIOSICHGHHS, IO BIiJIIOBIiZa€ OTHOMY CTaHy Oasu
3HaHb, MOKE CTABAaTU CYIIEPEWIMBUM IIPH NOCTYIUICHH] JESIKOT
HOBOI iHpopMmarii. AOyKTHBHI MipKyBaHHS
XapaKTepU3ylThCsS 1CHYBAaHHSM MHOXXHHHUX IOSCHEHb 1
BUOIp mpedepeHIiitHOro NOsSICHEHHS € BaXKJIMBOIO CKIIAJIOBOIO
nanoi mpobiemu. basoBum enemeHToM mpu  (OpMyBaHHI
€KCIIEPTHOI HAaBYAJILHOI CHCTEMH CIiJi BBaXKaTH cHenudixy
NPE/ICTaBJICHHS. ~ EKCHEePTHUX  JaHUX B KOHTEKCTI
aHaJII30BaHOTO MYJIBTUMEIIHOTO TpencTaBlIeHHs Ha 0asi
CHeLiali30BaHOT0 MNPOrpaMHOr0 Ta anapaTHOro pillIeHHS.
CaMe npoeKToBaHe MYJIbTUMEAIHE MPEACTaBIeHHS MOTpedye
JIETABHOTO CTPYKTYpHOro aHamidy. Lle mocsraeTbest nusixom
3aCTOCYBaHHS IHTENIMEAIHHUX BKJIIOYEHb HAa OCHOBI MeTa-
TeriB y MyJIbTUMEAiIWHUNA iHTepdeiic mporpamMoBaHOTO
piwenHsi. HeBin’eMHHUM €EMEHTOM € 1HTerpamis 3 iHIIMMHU
NpOrpaMHAMH ~ peaiizamisiMu  (HalpHuKiIaa, EKCHEPTHOO
CHUCTEMOI0) HE OOMEKYIOYH OCOOJMBICTh TIOEIHAHHS 3
IHIIUMH EeKCIIEPTHUMHU CHCTEMaMH, IO HE BIUIMBAIOTH Ha
CKJIaJTHICTh iHTepQericy. Oco0nHBiCTIO SIKICHOTO
MYJIBTUMEIHHOTO TIPENCTABIECHHS CJiJl BBa)KaTH, B IEpIIy
4yepry, MyJIbTUMEIiHHI JaHi, 10 IPYHTYIOTHCSI Ha eKCIIEPTHUX
3HAHHSAX, Ta HEOOXIJHICTh IIPOEKTOBAHOI'O TEXHIYHOTO
3abe3neueHHs1 Uil e(eKTHBHOI IHTerpamii iHTemiMeniitHuX
JAHWX Y HaBYaJbHYy EKCIHEPTHY CHCTeMYy. Takox,
0COOJIUBICTIO MYJIBTUMEAIHOTO MPEACTABIICHHS € BaXKIIMBICTh
iHTerpauii  aHiMalmiiHMX  €JEMEHTIB Ta  rpadiyHux
MIPE/ICTaBIIeHb Y KOHKPETHUI HaBYaIbHUH TPOIIEC.

BUCHOBKHI

IIpoananizoBaHO Ta 3alpPOIOHOBAHO  CIMpAMe2iio
3aC60€HHs 3HAHL HA OCHOBI MYJIBTHMENIHHUX BKIJIIOYEHb, IO
nependavae HasBHICTH 0a30BOi MHOKMHU 3HAaHb TPEIMETHOL
o0J1acTi Ta HasBHOCTI PO3yMIiHHSI MeXaHI3My iH(EpEeHIIi, 110
3aCTOCOBYIOTHCS  IHTENIMEMIMHOI CHUCTEMOIO. 3a3HauCHHU
MIpoLIEC MiAKOHTPOIBbHUI MHOXKHHI HaKJIaJIeHUX OOMEXeHb Ha
KOKHY 3 BHAUIGHHMX HaBYAIGHUX CHUTYyallli Ta MHOXHHY
HaBYAJBHUX  CHUTyallii B  IiJioMy. 3arajbHa  OLIHKa
MIPOEKTOBAHOTO IIPOTOTHITY 1HTENIMEeiiHOI iH(popMaiiHOT
CHCTEMHU TI0Ka3alia, 110 Uil HaTora3oBoi mpenMeTHol ooiacri
MYJNbTUMENIHI iHTepdelich Ta 0a3u 3HaHb 3 BKIIIOUEHHSM
MYJIbTHME/ia MOXYTh 3HAYHO MOKPALIUTH SIKICTh ITOJaHHS
inpopMmanii  mpeamerHOlI  o0JacTi B eKCHEPTHUX  Ta
IHTEJIEeKTYaJIbHUX CHCTEMaX BIiJIOBIIHO, IO B 3arajJbHOMY
00’€THYETHCS B KOHIICTIIIIIO 1HTETIMETii.
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Anomauia — TlpoanamizoBano craH po3BuTKy IT-ocBiTH B
Ykpaini. [Ipeacrasieno mogens mkijibHOI IT-ocBiTH Ta BUMOrH
oo Kypcey ingopmaTuku 3rigno 3i crangaprom K-12 (Computer
science standards). Buaisieno HeoOxigHi 6a30Bi 3HAHHSI Cy4acHHX
IT-paxiBuis. 3anponoHOBaHO KPOKHU IIOA0 MiABMIIEHHS SKOCTI
IT-ocBiTH B YKpaiHi.

Abstract — Process of reforming IT education in Ukraine is
analyzed. The model of school IT-education and requirements to
the studying informatics by the K-12 standard are considered.
Requirements to the level of knowledge of IT specialists are
studied. The steps to improve the higher quality of IT education
in Ukraine are proposed.
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ingpopmamuxa; IT-oceéima
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I.  Bcryil. CTAH PO3BUTKY IT-OCBITU B YKPAIHI

[Hdopmariiini Ta KOMyHiKamiliHi TEXHOJIOTii Ha OCHOBI
CHCTEM TEJIEKOMYHIKallil Y BCbOMY CBITI BU3HAHI KIIIOYOBHMH
TexHosorisiMu XXI CTOMITTS, M0 HAa HAWONKYI JeCATHPITUS
Oynyrs ocHoBHuMmH gsuryHamu HTII [1]. Indopmartmzaris
OCBITH € YacTHHOI LbOro TiobanpHOro mpouecy. CaiToBa
MpaKTHKa PO3BUTKY Ta BUKOPUCTaHHS i1H(OpMaIiiHO-KOMY-
Hikaniiaux texHosnorii (IKT) B ocBiTI 1eMOHCTpPYE TEHAEHIIIFO
JI0 3MiHHU TpaauLidHUX (opM OpraHizaiii OCBITHBOIO HpOIECY
B YMOBaX PO3BHTKY iH(OpPMAIiHHOro CycriibcTBa. BomHouac,
OYEBHIHO, 3MIHIOETHCS M 3MICT OCBITH, METOAWKHU Ta JMBaK-
THuHI migxomu. OcobmuBo 1e crocyerhes chepu [T-ocith,

Ya. Nykorak

Ivano Frankivs College of
Vasyl Stefanyk Precarpathian
National University
Ivano-Frankivsk, Ukraine
nykorak@pu.if.ua

sIKa TIOCTIHHO 3a3Ha€ 3MiH Ta MOTPeOye BIOCKOHAJICHHS 3TiIHO
3 BUMOTaMH Cy4acHOro iHopMamiifHoro cycniiscraa [2].

He 3Baxkarouu Ha HEMPOCTY CHUTYAIlil0 B JEpkaBi, cdepa
iHpOpMaliHHAX TEXHOJIOTIH B YKpaiHi ChOrO/HI € OJHIEI0 3
He0araTboX, SKi MPOJOBXKYIOTh ITOCTYIOBO PO3BHUBATUCH [3].
Hama nepxaBa Mae BemMuYe3HHMH IOTEHIal, abu JOCATTH
3Ha4HMX 3100yTKiB B [T-cdepi. [ns nporo B kpaini nmorpiGHO
BHUKOPHCTOBYBATH e(peKTUBHI CHCTEMH HaBYaHHS,
BIIPOBA/PKYBaTH 3acOOM MIATPUMKH JUisi (axiBUiB y raiysi
iHpopManiiHuX TexHonorii. 3a indopmarieto JlepxareHTcTBa
3 THWTaHb HAyKW, IHHOBAIii Ta iHQopmaTu3auii Yxkpainu,
nedinur kaapiB y cdepi inpopmauiiHux TexHoioriid B 2015
poui cknaB Oam3pko 170 Thc. oci6. MiHiCTEpCTBOM OCBITH i
HayKH, Moozl Ta criopty Ykpainu y 2011 poui 3aTBepKeHo
Konnemiro HaykoBo-neaarorignoro mpoekty «IT-Ocsitay,
METOIO SIKOT € po3po0Ka HOBOI MOJIEN OopraHizallii HaB4aibHO-
BHXOBHOI'O ITPOLIECY MIATOTOBKH (haXiBIUB sl 3a0e3reyeHHs
notped IT-inaycTpii Ykpainu 3 HagaHHAM peKOMEHAAIIT 010
i BopoBamkenHs. B Oepesni 2016 poky B Kuesi BimOynacs
Mpe3eHTallis OcCBITHBOro mpoekTy «llepexpecTst OCBITHIX
HOBITHIX TexHOnorid. Open Space-2016», skuil mepembayae
peami3aiiito  MoOJENIi  OpraHisaiii  HaBYAIBHO-BUXOBHOTO
MIPOIIEeCY 3 MiArOTOBKH (haXiBIiB It 3a0e3mnedeHHs notped 1T-
iHgycTpii YKpaiHM Ha OCHOBI B3a€MOJIl OCBITH, HayKH Ta
Oi3Hecy. Taka Mojenp NMOBMHHA BKJIIOYATH OadeHHS MIONO:
OCBITHIX  pe3ynbTaTiB  (CyKYNHICTh  3MICTOBHX  3HaHb,
cnenu(iYHIX HABUYOK Ta KOMIETEHIiH); CUCTEMH ITiTPUMKH
(crangapTh, HaBYaJbHI NPOrpaMH i METOAWKH, OLIHIOBAHHS
HAaBMYOK, CEPEJOBHIA HABYAHHSI); MEXaHI3My B3aeMOIl
3araJlbHOOCBITHIX 1 BHIIMX HABUAIBHHX  3aKJIaiB 3
PpOOOTOMABIIIMYU Ha BCIX €Tamax OTPUMAaHHSA OCBiTH [4].
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[NounHaroun 3 ciuns 2016 poky, B YKpaiHi peainizyeTbcs
mpoekT  «EBponeiickki  ocBiTHi  iHimatuew»y  (UCC,
http://itcompete.org/ua), cipsiMmoBaHui Ha Po3BUTOK IT-ocBiTH
Ta IHTErpalilo Kpamux CBITOBUX NPAKTUK Yy CHCTEMY
migroroBku IT-daxisIis.

Boanouac ciin 3ayBakuTH, 1o npobdiiema pehopMyBaHHS
OCBITH BIZIMTOBITHO 1O BHMOI CY4acHOTO CBITY B YKpaiHi
3aJIMIIAETHCS BIIKPUTOIO OCKUIBKHU iICHYE 3HAYHHH PO3PUB MIiXK
cranoM po3Butky IKT Ta ocBiTHIMEH mporpamamu, 3aco0amw,
METOJlaMU HaBYaHHS, YCTaJICHUMH TPOTSIroM OaraTbox
JNECATHIITh SIK y BHIIMX, TaK 1 CEpeIHiX Ta MOYAaTKOBHX
HaBYAJIBHUX 3aKiazax. HaBuanbHO-BUXOBHHUI TIpolec 3apas
HEMOXJINBO ysiBUTH Oe3 3actocyBaHHs IKT B ycix dopmax Ta
MeToax poOOTH Telarora 3 Yy4HSMH UM CTYACHTaMH, IO
BHMarae BiJIIIOBITHUX pedOpM y Tajiy3i OCBiTH, sika 0a3yeThCs
Ha IKT, To6T0 Tak 3Banoi IT-ocBiTH.

ABTOpaMH TIpOaHaTi30BaHO MOAENb MKUTEHOI IT-ocBiTH
srigao cranmapty K-12 (Computer science standards) , Bumoru
1o 6a3oBuX 3HaHb cydacHHX IT-¢axiBLiB Ta 3amporOHOBaHO
LUISIXH BJIOCKOHAJICHHS TIPOLIECY BUBYEHHS 1HQOPMATUKH B
pamMkax peopMyBaHHS OCBITH B Y KpaiHi.

II. PEGOPMYBAHHS IIKUIbHOI IT-OCBITH 3TJIHO CTAHJIAPTY
K-12- COMPUTER SCIENCE STANDARDS

B cranmapti K-12 Acowiamii BunTeniB iHQpOpMATHUKH
(CSTA K-12 Computer Science Standards) 3a3HaueHo, IO
KOMIT'FOTEpHI HAayKd Ta TEXHOJOTIi HepeOyBalOTh B CaMOMY
ceplli SIK eKOHOMIKH, TaK 1 BChOTO JKUTTS Cy4acHOI JIFOJIHU, a
TOMY CTY/ICHTH IIOBHHHI OyTH J00pe miaroroBaHi B Wil cdepi
Ta MaTH BIATIOBIJIHI PaKTU4YHI HaBWYKH [5]. B cranmapri Haro-
JIOUIYETHCSI HA HEOOXIHOCTI Tpe/CcTaBlIeHHs] 0a30BUX KOHIIETI-
Ii{i KOMIT FOTEPHUX HAyK BXKE Y TIOYATKOBIH MIKOJI, IMiArOTOBIII
KOMIT FOTEpPHO Ta MaTeMaTHYHO I'PAMOTHHX YYHIB CepelIHbOl
LIKOJTU IS TPOJIOBXKECHHSI HABYAHHS B CTapIIIii LIKOJIi Ta KoJe-
JDKaxX, 0 3a0e3MeYTh IMiATOTOBKY KPEaTHBHHUX MPUKIIAIHIX
coemiaiictiB. Takuil miaxig MOXHa BiTOOpasWTH y CTIPY-
KTypu3alii Kypcy iH(GOpPMaTHKHA 3a BIKOBHMHU KaTeropisiMu
Y4HIB 3TiTHO HACTYIMHUX PiBHIB (3 YMOBHMMH Ha3BaMH):
PiBenp 1 «Indopmaruka i s» (mouarkoBa mikona); PiBeHs 2
«Indopmaruxa i criiBToBapucTBay (cepenHs mkona); PiBeHs 3
«[IpuknagHi KOHUENIi 1 KpeaTuBHI pilleHHs» (cTapiia
mkona); PiBenp 4 «llornmOneHe BuBYEHHS 1H(QOPMATHUKI
(mpodeciitHo cnpsiMmoBaHI HaBYajbHI 3aknangu). OKpiM Takoi
YMOBHO BEpPTHKaJbHOI i€papXii, BUMOTH 10 Kypcy iHpop-
MaTUKH 3TigHO craHmapTy K-12 KOHKpeTH3YIOThCS y B3aeMO-
NOB’sI3aHUX HampsMKax (y opuriHami «strands»): oO4wmciio-
BabHe MucieHHs (Computational Thinking); criBmpars
(Collaboration); oO4ncIIOBaIbHE 1 MPAKTHYHE MPOrpaMyBaHHS
(Computing&Practice Programming); xoMm'rorepu i KOMyHi-
kauiitai npuctpoi (Computer and Communication Devices);
ro0anbHl 1 ermuHi Hacmiaku iHpopMarmsamii (Community
Global and Ethical Impacts).

III. Bumoru a0 HiaroToBKu IT & AXIBLIS

Y 3B’s3ky 3 iHTeHcHBHUM po3ButkoM IKT mocriitHo
pedOpMyIOTECS BUMOTH 10 piBHA miaroroBku IT-gaxisiiis,
CHpsIMOBaHI Ha PO3BUTOK MpodecioHanisMy 3 Opi€HTali€0 Ha
MDKHApOIHI CTaHAapTH sKOCTi. Ha maHoMy eTami B CHCTEMI
6azoBux 3HaHb [T-¢axiBuiB ciijg BiI3HAYUTH HACTYIHI

CKJIaJIOBi: 00JIaCTh MporpaMyBaHHS, MaTeMaTHYHA ITiITOTOBKA,
CHUCTEMO-TEeXHIYHA ITiArOTOBKA, MPOIECH aHaji3y Ta 00poOKU
JTAHUX, TEXHOJIOTII Ta MPOIIECH PO3POOKU MPOrpaMHOro 3abes-
MEYEHHS, CHCTEMO-TEXHIYHA ITiIT0TOBKA, 3arajbHa BUPOOHNYA
KyabTypa. Ha OCHOBi IHX BHUMOI BEIyTHCS PO3POOKH IPO-
(eciiiHuX cTaHmapTiB B ranmy3i miaroroBku IT-¢axisuis [S].

[HdopmaTu3amisi OCBiTM BHMarae BIPOBA/HKEHHS 1HHO-
BallifHUX 3a 3MICTOM METOJIiB, 3aC00IB Ta ()OPM ITiATOTOBKH
MaiOyTHIX (axiBiiB HOBOI (popmallii, CTBOPEHHS MOTYKHOL
iHpopManiiHol IHPPACTPYKTYPH Yy BHUIIUX HABYAIBHHX 3aK-
Jaiax 3 PO3BHMHEHUM iHQOpMaiitHO-KOMII IOTEPHUM HaBYalb-
HUM CEpEIOBHIIEM, BIIPOBA/PKEHHS EJIEKTPOHHOrO, HOOLTb-
HOT'O Ta 3MIIIaHOTO HABYaHHSL.

BpaxoBytouu BuIle cKa3aHe, MOXHA BHIUTUTH TaKi KPOKH
IIOJI0 TJIBUIIECHHS SKOCTI BHUBYEHHA 1HQOPMATHKH SIK
HalBaXIMBIIIOl cKianoBoi I T-ocBiTH:

e 3mMicT mkuTebHOI mporpamu «lHopMaTHKa» moTpedye
KapJuHaIBHOI ~ TepeOyJOBH 3  Opi€HTali€l0  Ha
MDKHapOJHI CTaHIapTH.

e IHpopmaTuIli HEOOXiAHO TMOBepHYTH cTaTyc (GyHIa-
MEHTAJIbHOI NUCHUUIUTIHA MaTeMaTHYHOTO HAMPSMKY.
Merty Kypcy Ciil BU3HAYUTH B IIEpUIY YEpry sIK TaKy,
IO CHpUSE PO3BUTKY OCHOB  aJrOPUTMIYHOTO
mucinenss. [Ipu npomy 06e3 HamaraHHsl MiATOTYBaTH B
LIKOJTi TPOQECciiiHUX MPOrpamicTiB.

e B crpykrypi kypcy «IHpopmaTnka» MOBHHHA IepeBa-
KaTh ITOPUTMIYHA MiATOTOBKA YYHIB, TOMY CITiBBi-
JTHOIIEHHS ~ HaBYaJbHOrO  4acy B Tporpami
PEKOMEHYETBCS Y TaKoMy criBBigHomeHHi: 70% —
aJropuTMisallis Ta nmporpamysanus, 30% — TexXHOJIOTIT
KOPHCTYBaHHS KOMIT I0TEPOM.

e TpaHchopmallis HamiOHaJIBHOI OCBITHBOI TOJITHKH

yepe3 npuckopenns 3anposaixerns [KT.

o 30inbIIeHHs Aepik3aMoBIiieHHS Ha [ T-crieriaabHOCTI.

BUCHOBKHI

BaxnmBoro cknasoBoro IT-ocBiTH € Tpoliec BUBYEHHS
iH(pOpMaTHKH, KU MOTpeOye MOCTIHUX 3MIH BiAIIOBIAHO 10
BuMor iHdopmariitHoro cycmiigberBa. Skicte miaroroBku IT-
(axiBIiB € BKpail BYKIMBUM YMHHHKOM YCITIITHOT'O PO3BHUTKY
iH(OpMaIifHOTO CYCIIJIBCTBA, IO 3YMOBIIOE pedhOpMyBaHHS
BUMOT JI0 0a30BHMX 3HaHb Hpu miarotosil I[T-cmemiamicTis.
Bracninok 1soro mporiec pedopmysanns IT-ociTu motpedye
MIPUIIUTBHOT YBaru He JIMIIE TPH MiAroToBLI NMpodecioHamiB y
BH3, a # npu BuBueHHi Kypcy «IHpopmaTnka», TOUMHAIOUH 3
MOYaTKOBOI JIAHKH OCBITH.
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Anomauyia—IIpoananizoBano mnepegyMOBH BHKOPHCTAHHSA
iHpopmaniliHO-KOMYHIiKalIifHUX TeXHoOIOrii B NOYATKOBIMH
ocBiTi, Bugineno muisixm ¢QopmyBannsi IKT-xkommerenTHocri
MOJIONIINX IIKOJSAPiB Ta 00IPYHTOBAHO AONIIBHICTH BHKO-
PHCTAaHHSI HABYAJILHO-ITPOBHX NMPOrPaM B SIKOCTi €JIGKTPOHHHX
IUAAKTHYIHHX 32C00iB.

Abstract—The basic causes of using information and
communication technologies (ICT) in primary education are
analyzed. The ways of developing ICT competencies of primary
school students are considered; the creating and using
educational computer games as didactic digital e-resources are
proposed.

Knwuoei cnosa— indopmaniiiHo-koMyHikaniiiHi TexHoJ0rii
(IKT); IKT-KOMIeTeHTHICTh; HABYAJILHO-ITPOBHUIi €JIEKTPOHHMIA
JUAAKTHYHUH 3aci0; (uew-rpa

Keywords— information and communication technologies
(ICT); ICT competence; didactic digital e-resources; flash game

I. Bcryn

Cy4acHa 1IKOJIa TIOBUHHA TOTYBaTH BUITYCKHHKIB JI0 )KUTTS
B iH(OpMAaIIfHOMY CYCHIJILCTBI, B SIKOMY TOJIOBHUMH TPOJIY-
KTaMH BHpOOHHUITBA € iH(opmaris 1 3HanHs. CporoaHi iHop-
MariiHo-komyHikaiiHi TexHonorii (IKT) posrmspatorbest sk
OIMH 3 HaWBa)KJIMBIIIUX KOMIIOHEHTIB 3arallbHOI OCBITH, ILO
BiJIirpa€e BENMKY POJIb y PO3B’SI3aHHI MPIOPUTETHUX 3aBJaHb
HaBuaHHS Ta BuxoBaHHA. 3 moHATTSIM IKT Hepo3puBHO
noB’si3aHi Taki noHATTsE K IKT-rpamornicts i IKT-xomme-
TeHTHicTh. [KT- -epAMOMHICIb — Tie BUKOPHCTAaHHSA uuQpoBUX
TEXHOJIOT1H, IHCTPYMEHTIB KOMYHiKamii 1 Mepex st
OTpUMaHHS JOCTyny 10 iH(popMalii, yrmpaBiaiHHS Hero, ii

Vasyl Stefanyk Precarpathian
National University
Ivano-Frankivsk, Ukraine

iHTerpauii, OI[HKA Ta CTBOPEHHS s (YHKIIOHYBaHHS B
Cy4acCHOMY CYCHUIbCTBI. [KT-komnemenmHicms — BIICBHCHE
BOJIOAIHHS BciMa ckiagoBumu HaBuukamu IKT-rpamorHOCTI
JUISl BUDIIIEHHS BUHUKAIOUMX MHUTaHb y HaBYAJIBHIA Ta 1HIIN
IUSUTBHOCTI, TPU LOMY aKLEHT POOUTHCS Ha Cc(OPMOBAHICTh
y3arajJbHEHHX Mi3HABAJIBHUX, ETHYHUX 1 TEXHIYHUX HABHYOK.
Ha ocuoBi IKT-rpamorHocti Ta IKT-kOMmeTeHTHOCTI
(dopmyeTbes iH(opMaliiiHa KynbTypa, sIka CTana HeBiJl €MHOIO
YaCTKOIO 3arajbHOi KYIbTYpH ocobucTocri [1].

BpaxoBytoun, 10 y 1MOYaTKOBiH IIKOJII BiAOYBa€eThCS II0-
CTYIIOBa 3MiHa ITPOBiTHOTO BUIY AisTIBHOCTI AUTHHH 3 irpOBOL
Ha HAaBYAJIbHY, HEOOXiTHO MaKCUMaJIbHO BUKOPUCTATH MOKIIU-
Bocti 3actocyBanHs IKT mnpu opranizamii sk HaBYaJIbHOL
TSUTPHOCTI MOJIOMIINX IIKOJNSPIB, TAK 1 BUXOBHOI ISUTBHOCTI
nenarora. Y 3B’s3Ky 3 IUM aBTOpaMu npoaHan13OBaHo nepe-
ymoBu BukopuctaHHs IKT B mouaTkoBiii OCBiTI Ta NUISAXH
¢opmyBanHs IKT-KOMIETEHTHOCTI MOJIOQUINX IIKOJSPIB, a
TAKOX BHIUICHO BHKOPHCTaHHS HaBYaJbHO-ITPOBHX E€JIEK-
TPOHHHUX JHMIAKTUYHHUX 3aC00iB, CTBOPEHHX 3a JOIOMOIOI0
(IIeII-TEeXHOJIOTIH, SIK OJJMH 3 IIPIOPUTETHUX HATIPSIMKIB.

II. TTEPEAYMOBU BUKOPUCTAHHSA IKT V TIOYATKOBII IIKOJII

Ircruryr FOHECKO 3 iHdopMaiiiiHuX TeXHOIOTiH B OCBITI
(IITE) npamtoe Han npoektom «IKT B mouaTkoBiit OCBITI»,
METOI0 SIKOTO € CTBOPEHHSI OCHOBW JUIsl TiJBHUILEHHS SIKOCTI
MOYaTKOBOI OCBITH 3a paxyHok Bukopucranss [KT [2].

Jlep>kaBHAM CTaHAapTOM II0YAaTKOBOI 3arajikHOI OCBITH
nependayeHo Bukopucranus IKT B OCBITHBOMY npouec1
MOYATKOBUX KJIACIB 3araJIbHOOCBITHIX HABYAIBHUX 3aKIIA/IB Ta
(opMyBaHHS 1 PO3BUTOK y MOJIOJIINX HIKOJISIPIB KITFOUOBUX
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KOMIIETEHTHOCTEH, IKT-

KOMIIETEHTHICTb.

cepea AKUX  MOXKHa BI/IZ[iJ'II/ITI/I

Be3yMOBHO, IisUIBHICTH Ieiarora € OIHMM 3 OCHOBHHX
(axTopiB, 0 BU3HAYa€ yCHiMHICTh y4uHs. Bukopucranns IKT
TIOBUHHO OYTH 3pYYHHUM, JTOCTYITHHM 1 €()eKTUBHUM Y HaBYAIIb-
Hill Ta BUXOBHi#l poOoTi. TiTbKM B IIbOMY BUNAJIKy BUKOPHUC-
tanss IKT Oyne MaTu ocMucieHui 1 TPOXYKTUBHUI XapakTep.
Po3rnsiHeMO mpHYMHY, SIKi CIIOHYKAQrOTh I€aroriB  BUKO-
pucroByBatu IKT B mpaktui pobotu moyarkopoi mkoin. [1o-
nepiie, B iH(GOpMAIIHHOMY CYCHUJIBCTBI, BaXKJIMBUM COIlialTh-
HUM 3aBJaHHSM € (POPMYBaHHS HOBOT'O CTHJIIO MHUCIEHHS. A
HAHOLIBII IHTCHCUBHO PO3BHBAETHCSA IHTEIICKT Y MOJIOIIIOMY
mKiTpHOMY Bini. [lo-zmpyre, 3 KOXXHUM pPOKOM 30UITBIIYETHCS
KUIBKICTh HIKOJISIPIB, SIKI MarOTh BIIACHMN KOMIT'IOTEp. YuHi
MOYATKOBUX KJIACIB IIKaBISATHCS KOMIT FOTEPHUMH IrpaMH 1
TOMY MOTHBAIIisl 10 BUBUYEHHS a3iB KOMI IOTEPHOI TPaMOTHOCTI
3pocrtae. Ilo-Tpere, 3anposamkenns IKT y HaBuansHuUit nporec
Ta 00’€mHaHHS iX 3 TpPagULIHHUMHM METOAaMHU HaBYAHHS
CIHOHYKA€ IIKOJISPIB 710 3aCBOEHHS HOBUX ()OPM HAaBUAHHS, JIO
CaMOCTIHHOTO MOUTYKY MI>KIPEIMETHHX 3B’ SI3KIB.

Jo ocHoBHux HampsiMiB Bukopuctanss IKT y mouaTkosiit
LIKOJII HaJIeKaTh: TPOBEIEHHS YPOKIB-TIPe3eHTallill, BUKOPHC-
TaHHS EJIEKTPOHHUX HAaBYAJIbHUX MOCIOHMKIB, PO3B’S3yBaHHS
IHTEPaKTUBHUX KPOCBOP/IIB, TECTOBHH KOMIT FOTEPHHI KOHT-
POJIb, KOMIT IOTEpHI JUIaKTU4HI irpH, [HTEepHET pecypcH ToIIo.

Ockinbku Bukopuctans IKT cripuunnse 3MiHN He e y
HaBYAJIBHIA JiSIBHOCTI Y4HIB, a W y BHXOBHIW MisJIBHOCTI
nenarora, y GopMyBaHHI HOBUX MIKOCOOMCTICHUX B3aEMUH SIK
y4eHb-Y4eHb, TaK 1 y4YeHb-BUMTENb, TO iHTerpamis IKT B
HaBYAJIBHUN TIpOIleC TOBMHHA (POKycyBaTucs Ha BCIX HOro
acmekTax — 3MicTi, ¢opmi, Merogax tomo. Jocmimkenns [ITE
MOKa3ylOTh JONUIbHICTh BukopuctaHHi IKT mpu BUBYeHHI
PI3HUX JUCLMILIIH K (yHIZAMEHT PO3BUTKY BMIHb i HABHYOK
ocobucrocti 21-ro cromitrs [1].

II1. POJIb HABYAJIBHO-ITPOBUX EJIEKTPOHHUX JUJIAKTUYHUX
3ACOBIB Y ®OPMYBAHHI IKT-KOMITETEHTHOCTI LLIKOJISIPIB

Xo4eMo 3YNMHUTUCS CaMe Ha poii HaBYaJIbHO-IrPOBHX
ENIEKTPOHHUX TUIAKTUYHUX 3aco0iB y ¢opmyBanni IKT-
KOMITETEHTHOCTEH MIKOJISIPIB MOYATKOBOI JIAHKU OCBITH, aJpKe
irpoBa MisNIBHICT — Ll 0ararockiIafoBUi 1 MPOTYKTHBHUI
MPOIIEC, CTPYKTYpa SKOTO BKIIFOYAE IHTENICKTYaJIbHY, ITi3Ha-
BaIlbHY, [OUIYKOBY, IPOCKTHY Ta iHIi OpMH NPOSIBY TBOPUOI
akTuBHOCTL. Irpi  ¢opmyioTs y auTHHK MOTI/IBaHII/IHy Ta
lHTeJ'IeKTyaJ'H)Hy TOTOBHICTb BHKOPHCTAHHS KOMIT'IOTEPHHX
3ac00iB JUIsl 3/IiCHEHHSI CBOET AisuIbHOCTI. JumakTuyuHi 3acobu
y (opMi KOMIT'IOTEPHOI TpH TPEHYIOTh I1aM’STh, JIOTIKY,
KOOPJIMHALII0 PYXiB, YMiHHSA IUIAHYBAaTH CBOIO HisUIbHICTB,
3HAXOMUTH iH(OpMAIliio, HEOOXiTHY IS JOCATHEHHS IOCTaB-
neHoi Metd. OCKUIBKHM KOMIT'IOTEPHI irpy CTajHu HEBiJ EMHOIO
CKJIaJIOBOIO PO3BUTKY CYYacHUX JITeH, TO TOCTae€ HarajbHa
notpeba CTBOPEHHS SKICHMX HAaBYAJILHO-ITPOBUX IPOrpam 3
METOI0 BUKOPUCTAHHSA IX SK €JIeKTPOHHHX JHIAKTUYHHX
3ac00iB. 3ayBa)XUMO, 1110 BUKOPUCTAHHS TAKHX IPOrpaM Hepo-
3pUBHO MOB’s13aHO 3 (popmyBaHHAM IKT-KoMIeTeHTHOCTI HIKO-
JISIPiB, IO 3YMOBIIIOE PO3BUTOK HACTYIHUX BMIHb Ta HABHYOK
Y4HIB MOJIONIIOTO IIKUIBHOTO BIKY: mexHono2iuni (Kopu-
CTYBaHHS KJIaBIiaTypoIO Ta KOMII'IOTEPHOI0 MHIICI0 B KOHK-
pEeTHHX cUTyamisix; podoTa 3 KOMI IOTEPHUMH MpPOrpaMaMH —
YMIiHHS ~ 3alyCcKaTH, 3aKpHBaTH, KOPHUCTYBATHUCS MEHIO,

OpIEHTYBATHUCS B HaBITallii IO MPOrpami TOIIO); MeaeKOMYHIKA-
yitini (BUKOPHUCTAHHS 4YaTy JJIsl MEpPEeKEBOTrO CITUIKYyBaHHS;
YMIHHS KOPHCTYBAaTHCS €JEKTPOHHOIO IIOWITOW);  aJeo-
pummiyni  (CKIaJaHHS  €JIEMEHTapHUX  QITOPUTMIB  JUIS
KEPYBaHHs EJIEKTPOHHUMHU T'epOsSIMH, IUIaHYBaHHS PO3BUTKY
MOAIM Ha OCHOBI aHaNi3y MOXIIMBUX UIULAXIB peaizamii
CKJIaJICHOTO aJITOPUTMY).

OpHUM i3 TPOBIJHHUX HAMNPSIMIB Y PO3POOII E€IEKTPOHHHX
JMUIAKTUYHUX 3aCO0IB € BUKOPUCTAHHS (DIICHI-TEXHOJIOTIH, 3a
JIOTIOMOT 010 SIKMX MOXKYTh OYTH p03p00JieHi HaBUAILHO-ITPOBI
NporpamMH, SKi MOXYThb MICTHTH TEKCTOBI (QparMeHTH,
aHiMOBaHI TpadivHi eJeMEHTH, BimecohparMeHTH, aymio-
cynpomz[, enemeHTn ympaeiiHes [3]. He cekper, o (bnem-
iIrpH  CTaTM OJHHUM 3 OCHOBHUX IHTEPHET-PECYpCiB, SKi
MIPUBEPTAIOTH TATSTOY yBary. Tomy CTBOPEHHS
aJbTEpPHATHBHUX HABYAJIBHO-TII3HABAIGHUX  (UIEI-irop Ta
BUKOPHUCTAHHS iX SIK TUIAKTUYHUX 3aCO0IB y HaBYAJIHLHOMY
TpoLieci MOJKHA BBaYKATH OJHUM 13 NPIOPUTETHUX HANPSMKIB
3anpoBajpkeHHst IKT B mouaTkoBiit mkoni [4].

Juis imrocTpanii MOXKJIMBOCTEH BHKOPUCTaHHS (hIielI-Tex-
HOJIOTiM aBTOpaMH pPO3POOJICHO MPOEKT HABYAIBLHO-ITPOBOI
nporpamu «He3HaWKOBI IIKUIBHI MIPUTOIM», CYTh SIKOTO Yy pe-
aizamii MKIpeIMETHHUX 3B’S3KIB Ha TIPUKIIA/ B3a€EMO3B’SI3KY
KOHKPETHHX TeM 3 Pi3HUMU AWUCHUILTIHAMH. [ 0JIOBHUM repoem
rpu € He3Haiiko, sikuii Mmi3HA€ a3 MIKUIBHOI HAYKH 1 OTpeOye
JIOTIOMOTH JIiTeH y TON0JaHHI pi3HUX nepenikoa. Hanpuxian,
po3polbiieHuii Momyiab «BecenkoBi HPUTOmu» MPUCBAYCHUMA
Temi «MHOKUHM» Ta Tepeadavyae pisHOMaHITHI 3aBJaHHs, I10-
B’sI3aHi 3 MHO)KHHAMH B MaTeMaTHI, iHPOPMATHIY, MOBI, ITpH-
poxai, Mmy3uni Tomo. Ha nanuii MOMEHT BeeThCsl po3poOKa Mo-
nyns «['ipcbki TpUroanmy, SKUW JoroMarae BUBYATH TEMY
«['eomerpuyHi ¢irypu» Ha NpHUKIaNax irpoOBUX 3aBlaHb 3 pi3-
HUX JTUCUUILTIH. BUKOpHCTaHHS NaHOoi MporpaMy B HaBYAJIbHO-
My Tpoleci T03BOJISE IMATPUMYBATH BHCOKHH PiBEHb MOTH-
Ballii y4HIB, pPO3BHMBATU IHTENEKTyalbHI, TBOpYi 37i0HOCTI i
CHpHSIE PO3BUTKY KOMYHIKATHBHIX HABHYOK.

BUCHOBKHI

CTBOpEHHS HaBYAJIBHO-ITPOBUX EJICKTPOHHHUX JTHIAKTHY-
HUX 3ac00iB, 30KpeMa Ha OCHOBI ()JICII-TEXHOJIOTIH, Ta BIIpOBa-
JUKCHHS 1X B HABYAJIBHUI MPOIIEC TIOYATKOBOI OCBITH € MPiOpH-
TeTHUM  HampsiMoM  ¢opmyBanHs  IKT-kommereHTHOCTEH
mkoysIpiB. Ile 103BOMsE CTBOPUTH TIPHHITUIIOBO HOBY 1HGOP-
MAIliTHO-0CBITHIO aTMoc(epy, 10 Haaae MIMPOKI MOKITUBOCTI
JUTST HABYAJILHOI JIsUTRHOCTI, 3a0e31euye iHIUBIqyaizalio Ta
JIu(epeHIIialio OCBITHBOTO MPOIECY, CIPHUSIE MOIASpHI3aIlil
TPaIUIlHHOI CHCTEMH HAaBYaHHS.
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Abstract—Peculiarities of computing in real time systems are
considered in the report. It is revealed, that traditional principles
of an analog-to-digital conversion (sampling, quantization and
encoding), which have been developed for systems, oriented on
transferring and registration of information, don’t meet
requirements of real time systems with a feedback. The same
thing concerns to principles of computing process organization.
The new theoretical fundamentals and principles of information
reconciliation of means for information conversion and
processing are proposed for real time systems. They are based on
a system approach and take into account peculiarities of real
time systems, their requirements and restrictions, solvable tasks,
and allow to evaluate the signal dynamics, information and
precision characteristics of methods of a continuous signal digital
presentation, and to select the most effective method for a certain
case.

Anomauia—B nonoBixi po3raAgaTLCH 0CO0JHBOCTI PoGOTH
00YMCIIOBAILHAX  3aC00iB B CHCTeMaX peajbHOro 4acy.
Ilokazano, w0 TpaauuiiiHi OCHOBM  aHaJI0ro-uM¢poBoro
NepeTBOPEHHs] CHTHAJIB (AMCKpeTH3alisi, KBAHTYBAHHA Ta
KOAYBAaHHsI), SIKi Ppo3podisiiuch JUIsi cUCTeM nepeaadi i
peectpanii iHdopmauii, He BiANOBiZalOTHL yMOBaM cCHCTeM
peajbHOro 4acy i3 3BopoTHMM 3B’s3koM. Ile k& crocyerbes i
NPUHIMINB  oprasisamii 004YMCIIOBAJLHOTO  Tpouecy.
IIpononyoThCSI HOBi  TeOpeTHMYHi OCHOBH | NPUHIHMIHA
indopmaniiinoro ysrogikeHHs 3aco0iB mepeTBOpeHHs i 00poOKH
indopmanii B cucremax peajpHOro 4acy, siki 0asyloTbcsl Ha
CHCTEMHOMY NiAX0di, BPaxoBYHTb 0CO0JMBOCTI CHCTeM
peajibHOro 4Yacy, iX BAMOIH Ta 00Me:KeHHs, PO3B’si3yBaHi 3a1a4i i
JAO03BOJIAIOTH ONIHWTH JWHAMIKY CHTHAJIB, iH(opmaniiini i
TOYHICTHI XapaKTePHCTHKH MeTONiB 1NU(pPOBOro MOXAHHS
HelepepBHUX CUTHAJIB Ta BHOpaTM 3 HHX Ha0iabII
eexTUBHUI VISl JAHOT0 BUNIAKY.

Keywords—real time system, analog-to-digital conversion,
system approach, dynamic information, 5-entropy.

Knrouosi cnosa—cucmemu peanvnozo uacy, ananozo-yugpose
nepemeopenHa, cucmemHuuil nioxio, ounamiuna ingopmauia, o-
enmponis.

[. INTRODUCTION

Computing in real time systems with fast processes
(automated control systems of moving objects, technological
processes, and digital-to-analog modeling complexes and so
on) has a number of peculiarities which result from a necessity
to converse form of information presentation, and to provide
requirements of real time.

Systems with a feedback are the most complex real time
systems, because besides providing productivity, information
processing efficiency is required in order to reduce a delay of
information in a feedback contour.

II. STATE OF PROBLEM

The traditional approach to analog-to-digital conversion
consists in conversion of a continuous physical signal with a
finite spectrum that is considered as a continuous random
process, in a random sequence of real values, which
characterize the state of a random process in fixed time
instants. Under that, analog-to-digital conversion comes to
consecutive execution of three processes: sampling,
quantization and encoding. In the theory of analog-to-digital
conversion there were developed some approaches, which
allow to optimize each of these processes and to provide
minimal number of signal samples, minimal number of
quantization levels under given variance of quantization noise
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and minimal number of information bits in one sample. These
theoretical fundamentals have been developed for systems of
communications and storing of large arrays of information,
which demand corresponding channels for transferring and
memory capacity for storing. Indeed, optimization of system
with respect to the criterion of information amount allows to
relieve transferring channels, to lower requirements to these
channels or to reduce their cost (to resolve the problems of
communication), to reduce memory capacity (to resolve the
problems of information storing). The high precision of a
signal sample presentation provides principle possibility for
further recovery of a signal form with a required precision.
Conditionally such model can be named the measuring model.

Presence of information lag, caused by finite time of
analog-to-digit conversion, transferring and storing, is not
essential for registration systems. It should be reconciled only
throughput of all tract elements. Information processing and
restoration of a continuous signal form are accomplished
separately, not in real time, by other means and therefore they
are not taken into account while considering the process of an
analog-to-digit conversion for registration and transfer of
information. Time of processing and restoration of a
continuous signal form are not fundamental for such systems.
Information storing is accomplished for further processing not
in real time and information processing substantially comes to
computing characteristics of random processes: mathematical
expectation, variance, correlation functions and matrices,
coefficients of discrete Fourier transform. In this case,
sampling of the process according to the Kotelnikov-Nyquist
theorem or the correlation interval provides the required
accuracy of characteristic computation of a random process
with a minimal number of samples. However, sampling of the
process with a long time step leads to necessity of
considerable increasing of time interval, within the analysis
of characteristics is being executed, and moreover, the
restoration of a continuous signal form by Kotelnikov series
causes considerable difficulties by using both analog and
digital way of realization. Actually, the sampling for signal
restoration is accomplished with considerably shorter time
step than according to Kotelnikov theorem, and a restoration
of a signal is executed by means of interpolating polynomials
of a zero, the first or a higher order. Hereby, the peculiarity of
interpolating methods is the principle necessity of introducing
a delay during signal restoration that restricts their usage in
real time systems of closed loop types. Extrapolating methods,
which are used to except a delay, lead to greater error of signal
restoration that grows with increasing of a sampling
increment.

Curves of an analog-to-digital conversion are given in
fig.1: a) ideal conversion without delay; 6) real conversion
with delay (1 clock cycle for an analog-to-digital conversion
and 0,5 of a clock cycle at the expense of stairstepping of
approximation).
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b) Real conversion with delay
Fig. 1. Curves of an analog-to-digital conversion

In addition, practically they are not acceptable for direct
processing of values of signal samples, which have been
obtained with methods of optimal or economical quantization
in accordance with a likelihood of signal values.

Thus, the classical model of analog-to-digital conversion,
which provides a minimum of information, transmitted and
stored in registration systems, does not take into account
particularities of subsequent processing and restoration of a
continuous signal form and does not provide the overall
system optimization even not in real time. At the same time,
the traditional Neumann organization of computational
process, that ensures minimization of the cost of computing
tools, has not sufficient possibilities to increase their
productivity and, in addition, does not take into account
particularities of control systems and does not provide high
requirements to operability of information processing. It
concerns to organization problem of operational information
input-output, memory organization, information processing
and so on.

Thus, analysis of the state of problem shows:
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o significant insufficiency of traditional fundamentals for
conversion and processing information in control
system with feedback;

e inconsistency of ways of digital presentation of a
continuous signals with the tasks in control systems,
methods of analog-to-digital conversion and forms of
information presentation at the ADC output with the
ways of the information processing;

e mismatch of organization principles of computing in
universal computers, complexes and systems to control
system requirements for information processing speed.

III. STATEMENT OF PROBLEM

As follows from the above there is a necessity of system
approach to issues of conversion, processing and recovery of a
continuous form of a signal.

The goal of this research is to create theoretical
fundamentals and development of principles of information
coordination tools for conversion and processing in real time
systems, as well as principles of computing organization in
control systems for fast and complex processes.

IV. DYNAMIC THEORY OF INFORMATION -
THE BASIS FOR REAL TIME SYSTEMS

To evaluate quality of information systems it’s widely used
theoretical and informative presentations, which constitute
substantial essence uncertainty, suddenness, diversity.
Information is a map of this diversity. In each case, there are
many forms (modes) of diversity, which is determined by
specific conditions, requirements, limitations, etc. That’s why
any definition of information associated with a particular
model of reality, that is underlie a study and which determines
the diversity which system quality or criterion of its efficiency
depends more from. Choice of information measure cannot be
settled by means of mathematics, and is purely heuristic
procedure that should take into account specific conditions,
requirements and peculiarities.

In order to select information measure, requirements for
digital presentation of continuous signals, let us consider
problems and particularities of real time systems from the side
of next following devices and restoration of a continuous
signal form as well as criteria of evaluation of presentation
quality.

Signals of real world have often continuous character and
map object behavior or processes, which take place on the
object. In real time systems information about the signal value
are extracted traditionally in sampling instants, from which
signal behavior can be restored if there are certain selection of
signal sampling increment and the appropriate approximation
method. In addition, information about signal variations within
time interval or signal behavior can be extracted from the
signal.

Each type of information has its own way of digital
presentation of a continuous signal. There is a relationship
between these types of information, so in case of carrying out
the relevant conditions, transitions from one type of
information to another are possible. Information about the

behavior of the signal are the most complete information about
it, thus it can be easy obtained information about the value of
the signal at fixed moments of time or about variations of the
signal at a time span. There is a relationship between these
types of information, so in case of carrying out the relevant
conditions it is possible transitions from one type of
information to another. Transition from information about the
signal value to information about to its behavior is more
complicated.

Considered kinds of information show different
characteristics of a signal, therefore their use is defined by the
character of problems, which are resolved by an information
control system.

Conducted studies have shown the following:

e codes of samples should save inside themselves the
parameter value to provide the possibility to process and
restore a continuous signal form in real time;

e the main sources of errors of digital presentation of a
continuous signal are information delay in feedback
contour, which is determined by latency of analog-to-
digital conversion, and signal approximation on
discrete samples;

e the problem of delay reduction comes to cutting
down of information content in one sample under
minimally possible sampling increment within technical
conditions, unlike conventional approach of cutting
down of information content by reducing sample
number;

e the concept and the measure of information and system
error change in dependance of concrete conditions,
demands and limitations due to the models of
considered processes. In case of need to process values
of random quantity, which characterize physical
parameters of system, their uncertainty should be
considered in terms of uncertainty of physical parameter
value, since time and complexity of value processing
directly depend on digital capacity of value
presentation. In case of need to restore the continuous
signal form in close control contour, which maps
behavior of physical system, uncertainty should be
considered as uncertainty of parameter variation, since
main errors, in these conditions, result from digital
presentation of a continuous signal and delay, which are
defined by process sampling increment. In order to
reduce sampling increment it should cut down
redundant information and process only useful
information which are in process changes, that is in its
dynamics.

The value (quantity) of the physical parameter, presented
in reference units (quanta), which characterize the precision
of its presentation, has been chosen as the main characteristic
of physical parameter, which is operated in the computing
engineering, and logarithm of quantization level number of
this quantity has been chosen as information measure of
parameter of this quantity, and this logarithm is one greater
than the parameter value in quanta.
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Unlike the Shannon entropy concept of the random
quantity state, the entropy concept of value of a random
quantity, that represents average number of bits, fallen on one
value of random quantity, has been introduced. The introduced
concept of adjusted entropy of random quantity characterizes
dispersion over digit capacity for random value presentation
and allows to evaluate reasonability to use variable digit
capacity for presentation of array numbers.

It has been introduced the concept of the S-entropy, that
presents average value of the modulus of the random process
derivative and characterizes the uncertainty of the random
process changes, that is process dynamics. The concept of
adjusted S-entropy is defined by the distribution low for the
signal derivatives and allows to compare according to
dynamics processes of different nature, to evaluate their
information content with different distribution laws for signal
derivatives.

The reviewed methods for determination of mathematical
expectation of random process derivative modulus, that is the
basis of J&-entropy evaluation, for different methods of
presentation of realisation or ansamble of realisation (in
analytical form or grafically), for different methods of
presentation of generalized characteristics of Gaussian
processes (through given distribution law for derivative
values, through given parameters of stationary normal process
and its correlational function, through given power spectral
density of stationary normal process) are considered.

The approaches to experimental measurement of 5-entropy
over the random processes realisations are developed.

On basis of é-entropy and adjusted S-entropy it was
received series of relations for evaluation of process dynamics
and informational content of process, necessary number of
samples for process presentation, sampling increment, errors
and amount of information that are obtained under sampling
with constant or variable increment, under quantization by
constant or variable increments. Relations for estimating of
benefits or losses during sampling and quantization with
variable or constant step and quantum are received.

The choosen information measure allows to evaluate not
only the amount of useful (dynamic) information, but also
system error, which is brought by the feedback contour.

Thereby, the concept and considered issues, introduced in
this work, are the framework of dynamic theory of
information. The dynamis theory of information is based on
system approach, takes into account particularities of real time
systems, their requirements and limitations, resolved
problems, and allows to evaluate the signal dynamics,
informational and precisional characteristics of methods for
digital presentation of continuous signals, and to select from
them the most effective method for given case [1].

The block diagram of the algorithm for analog-incremental
conversion on base of presented approaches is given in fig.2,
in fig.3 — the diagram of the analog-incremental conversion
with signal extrapolation during conversion and information
processing in a feedback contour.

lx(t)

e(t)=x(t)-%(r)

x (1)

sign(e;)

<
l}(t)

to processing

Fig.2. The block diagram of the algorithm for analog-incremental
conversion
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Fig. 3. The diagram of the analog-incremental conversion

The variant of analog-incremental conversion realisation is
given in fig.4.

Here the subtractor (SUB) determines difference between
the input signal and the feedback signal from DAC, which is
compared with the row of treshhold elements (TE), weights of
which are multiple of degree of two. The logical circuit (LC)
extracts the most significant from treshhold elements, that
was actuated from the difference signal. The encoder (Enc)
codes number of this treshhold element and yields encoded
value of difference (increment) to the output. The adder
accumulator (AA) sums up subject to sign of difference to
form a feedback signal through DAC. The complete digital
value of a signal can be also took off the AA, but that value is
not always used.
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Fig. 4. The block diagram of the analog-incremental converter

The recurrent algorithms and the circuits of signal digital
scaling and signal squaring are given in fig.5 and 6,
respectively. Operations are executed without multiplication
operation, scaling during one clock cycle, and squaring during
two clock cycles.

The scaling operation:

y=k-x,  yi,=k-x.,
Xy = X; +AX;,
Vi = kx; + kAx; = y, + kAx;,

Since increments Ax=(2j ) ,then y, =y, +k2 .

lx

Rg

+ signAx

AA

Fig. 5. The circuits of signal digital scaling

The squaring operation:
—_— 2 —_— 2 .
V=X Vg = X
X =X £AX;
2
Via =X TxAxtx, Ax, =yt xAx; L x

Vin =312/ x,£2/x,

Ax,.

i+l

t Incremental X
ADC

Fig. 6. The circuits of digital signal squaring

The examples of use of developed information basis for
technical realisation for signal involution into other degrees,
including fractional, for calculation of functions, polynomials,
correlational functions, coefficients of discrete Fourier
transform, digital filtration and so on, are also given in this
report.

This realisation is especially effective in modes of function
generation and signal (argument) tracking, that takes place
practically in all tasks of information processing and in real
time control.

All calculations in all these tasks are executed without a
multiplication operation, which is substituted for shift
operation on an arbitrary number of bits and which is executed
during one clock cycle with considerably less hardware costs.
Further development of the dynamic theory of information
was directed on resolving of systems of linear algebraic,
integral and differential equations with partial derivatives and
so on, and also on intelligent perception and preliminary
image processing in real time systems. More than 200 patents
on inventions have been got, many of them have been
implemented in real time processors, complexes and systems.

CONCLUSIONS

The fundamental framework of the work is the system
approach to processes totality of analog-to-digital conversion,
a continuous signal form processing and restoration, to
computing process organization, which subordinates them to
unitary quality criterion and makes corresponding
requirements to realization of each process in a complex.
Taking into account peculiarities of real time systems it allow
in information way to tradeoff methods of digital presentation
of continuous signals, analog-to-digital conversion algorithms,
which correspond to these methods, information processing
methods, which take into account methods of  digital
presentation of continuous signals and form of information at
an ADC output for cases with one and many channels,
principles of computing process organization in dedicated and
task-oriented processors and systems.
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Anomauyia—3piiicHeHo aHani3 0asucy Youma sik CHCTeMH
AUCKpeTHO-rapMoHiYHuX (yHkuiii Pagemaxepa i I'pes, a Takox
AUCKPETHO-HETADMOHIYHAX  MYJIBTHILNIKATABHUX  (QYHKHii
Yonma. BceraHoBieHO (a30BY B3a€MO3AJIEKHICTH CKJIATOBUX
¢ynkuii cucremn y napax. Busnadeno 6a3uc gynkuii Youma i3
PeKYPCHBHUM BHOPSAIKYBAHHAM

Abstract—The analysis of the Walsh basis as discrete
harmonic Rademacher and Gray functions and multiplicative
discrete nonharmonic Walsh functions system is done. The phase
interdependent of function system components in pairs is
presented. Defined Walsh functions basis with recursive ordering

Knwuoei cnosa—meopemuro-uucnosi nepemeopeHHs; Qynxuii
Yonwa; Pademaxepa; I'pesa; kodysanus

Keywords—  number theoretical transformation; Walsh
functions; Rademacher; Gray; coding
I.  Bcryn

TexHiKo-eKOHOMIYHA e(EeKTUBHICTh KOMIT FOTEPU30BaHUX
iHpopMaIliHHUX CHUCTEM B ICTOTHIH Mipi 3aJeKUTh BiX
3aCTOCOBAHOTO  METOAY  KOAYBAaHHS  TOBIIOMIIEHb 1
BIJIMIOBITHAX METONIB TNepeTBopeHHs1 (opmu iHpopMmalii Ta
muppoBoi  OOpOOKM  CHUTHAIIB  sSK  HOCIiB  00pasiB
iH(opMaIi HHIX IPOIIECIB OTOYEHHSI. JocmimxeHus
€(QEeKTHUBHOCTI CHUCTEM KOAYBAaHHS Ta MEPETBOPEHHsA (opMu
iHpopMalii € aKTyaJbHUM 3aBJaHHSM, BHPILIEHHS SKOTO
JIO3BOJIsIE OOIPYHTYBATH BHOIp 0a3uCy Ta 3MIMCHHUTH INBUJIKI
TEOPETUKO-YHCIIOBI MIepETBOPEHHS TIOBiJIOMJIEHB B
o0uunCTIOBaIbHIN cucteMi. MeToro poOboTH OYII0 MPOIOBKEHHS

JIOCITI/DKEHb METOMIB KOAYBaHHS Ta TEOPETUKO-UYUCIOBHX
MepeTBOPEHb MOBiIOMIIEeHb [1] mpu mepexomni BiJ AUCKPETHO-
TapMOHIYHUX CHCTEM THITy YHITApHHUX, JIUCKPETHO-(a30BUX,
IBIAKOBUX, ['pest TOLIO 70 JUCKPETHO-HETAPMOHIYHHUX CHCTEM
Tany Yomma Ta pekypcuBHHX [amya. JlocmimxeHHS
IPYHTYBAJIUCh Ha 3aCTOCYBaHHI amapaTty TEOPETHKO-YHCIOBUX
MIepETBOPEHB JICKPETHOT MaTeMaTHKH. [pakTruHa
3HAQUUMICTh ~ MOJATa€ Yy  MOXJIMBOCTI  3aCTOCYBaHHS
BCTaHOBJICHUX AaHAIITHYHUX 3aI€KHOCTEH Ui TMOOYAOBH
LIBHIKHX aJTOPUTMIB TiepeTBOpeHHs1 (opmMu Ta 1HpPOBOL
00poOku  iHpopmamii.  CywacHi  nudpoBi  cucTeMHU
(YHKIIIOHYIOTh 13 3aCTOCYBaHHSM OCHOBHHUX OiHaApHHX
TO3UIIIHHUX CHUCTEM YHCIIEHb SK TO YHITapHi Ta JBIMKOBi, a
TaKOX HENO3ULiHHOI Ty I'pest, CHHTE3 SIKMX MPOaHai30BaHO
B pobori [2]. Taki MeToaM BOJOAIIOTH PAIOM (YHKIIIOHATBHUX
o0MeXeHb K TO (OPMYBaHHS MIKKOIOBUX «IIMIIBOK» B
JBIMKOBUX CHCTEMaX, YM TO HEOOXiJHICTh iH(POOOMIHY Yy
napajeapbHoMy (opMaTi KOAOBHX CIIiB, IO CHPUYUHSIE IO
ICTOTHOrO HaBaHTa)XEHHS HAa KaHaIM 3B’S3KY, a TaKOX
3YMOBJIIOE HU3BKHHA  piBeHb 3aBaj03axHCTy. PO3BHUTOK
3aCTOCYBaHHS METOJIIB MOIaHHS HU(PPOBUX MOBIIOMIIEHB Ta iX
TEOPETUKO-YMCIIOBUX TEPETBOPEHb IMOJISTaB y Mi3HILIOMY
3aCcTOCyBaHHI 0a3WCIiB JUCKPETHO-HETAPMOHIYHUX (QYHKILIH
Yonma [3-5] Ta peKypCUBHO BIOPSIKOBAHUX CUCTEM (DYHKIIIN
[5-7]. Tlpore He Oymm BIiAOMI aHATITHYHI 3aJICKHOCTI
MOOYIOBU CHUCTEM PEKYPCUBHO BIIOPSIIKOBAHMX (YHKIH Ta
BiJITIOBI THUX cucTeM KOJTyBaHHS JIaHUX, o
YHEMOJKJIMBIIIOBAJIO 3IIMCHEHHS MiXKOa3UCHUX TEOPETHKO-
YHCIIOBHUX TIEpeTBOpEHb. [IpoaHaiizyeMo aHaIITHKY MOOYAOBH
JIMCKPETHO-HETAPMOHIYHUX ~Oa3UCHUX cucTeM Yoima i3
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JIMCKPETHO-TADMOHIYHUX 0a3uciB Pamemaxepa Tta I'pes, a
TAKOX BCTAHOBJICHI 3aJI©KHOCTI CHHTE3y CHUCTEM (YHKILIH 13
PEKYPCHBHUM BIOPSIKYBaHHSM, SIKI € OCHOBOIO PEKYPCUBHHX
METOMIB  KOAYBaHHS  IIOBIJIOMJIEHb, IO  BOJIOAIIOTH
PO3LIMPEHUM CKIIa0M (DYHKIIIOHAIEHHUX BIaCTHBOCTEH.

II. CUHTE3 CUCTEM ®YHKIINA YOJIIIA

3acTtocyBaHH: JMCKPETHO-TAPMOHIYHUX GyHKITIH
Pagemaxepa Ta I'pes, mo € TNOXiAHUMHU Sin- Ta COS-
TrapMOHIYHUX KOJIUBAHb, B IKOCTI OA3UCHUX B OCHOBHOMY 0YJ10
iICTOPUYHO 3yYMOBJICHO IPOCTOTOI0 TEXHIYHOI peaizamii
SKICHUX TapMOHIYHHMX TeHepaTopiB. 3 BIPOBA/HKEHHSIM
nUQpoBOi TEXHIKM CTaja MOXJIMBOIO IpOCTa peajizamis i
IHIIMX JWCKPETHUX 3aJISKHOCTEH, 30KpeMa JUCKPETHO-
HerapMoHIYHHX (YHKIIH sk To Youma [3-5] Ta pekypcuBHHX

lamya [6-9]. Lle cOpu4MHUIO JO IIMPOKOTO PO3BUTKY
MaTeMaTHYHUX OCHOB TEOPETHKO-YHUCIOBHX TMEPETBOPEHb,
IPYHTYIOUMCh Ha SKHX peajizoBaHo LU}poBi 3acobu
(dbopMmyBaHHS, 3B’ 513Ky, QiIbTparllii, 0OpOOKHU MOBIIOMJICHB, IO

BOJIOZIIOTh MTOKpAIICHUMU TEXHIKO-CKOHOMIYHUMU
XapaKTEePUCTUKAMHU.
Oyukiii  Yomma, BHopsakoBani 3a  Yommewm, Ilemi,

AnamapoMm, 4d iHIIUM YHHOM, BMIIIYIOTh iHBapiaHTHO IIOBHUI
HaOip QyHkuiit [3-5]. Hikue HaBemeHO Yy CIIpOLICHOMY
BUIUIAMI 13 BIJOOpPaXCHHSIM TIIBKH TOPSAAKIB CKJIAJOBHX

¢byukuii  Wal,i = Wal,(n,0,i,) mnponenypy HIHUCKPETHOTO
TPUTOHOMETPUYHOTO  Tepexomy A0  Oasucy  Youmia,
BIIOpSKOBaHOiro 3a YommeMm, i3 0asuciB Pagemaxepa

Radn = Rad(n,0) ta I'pes Gryn = Gry(n,0).

Wal,,0 = Rad0 = sign[sinn] = Gry-1 = sign[cosm/2]
Wal,1 = Radl = sign[sin27x] = Gry0 = sign[cosn]
Wal,2 = Radl Rad2 = Gryl = sign[cos2 7]
Wal,3 = Rad2 = sign[sin4r)

Wal,4 = Rad2 Rad3 = Gry2 = sign[cos4 7]

Wal,5 = Radl Rad2 Rad3 = {

Radl Gry2 = sign[sin 271:] sign[cos 4n]
Gryl Rad3 = sign[cos 2n] sign[sin 8n]

Wal,6 = Radl Rad3 = sign[sin2n] sign|[sin8)
Wal,7 = Rad3 = sign[sin8r)
Wal,8 = Rad3 Rad4 = Gry3 = sign[cos87]
Wal,9 = Radl Rad3 Rad4 = Radl Gry3 = sign[sin2r) sign[cos8]
Wal, 10 = Radl Rad2 Rad3 Rad4 = Gryl Gry3 = sign[cos2n] sign[cos87]

Wal,11 = Rad2 Rad3 Rad4 = {

Rad 2 Gry3 = sign [sin 471:] sign [cos 8n]
Gry2 Rad4 = sign [cos 471:] sign [sin 1 671:]

Wal, 12 = Rad2 Rad4 = sign[sin4 ] sign[sinl 6]
Wal, 13 = Radl Rad2 Rad4 = Gryl Rad4 = sign[cos2 7] sign[sinl6r)
Wal, 14 = Radl Rad4 = sign[sin2 ] sign[sinl6r)
Wal, 15 = Rad4 = sign[sinl 6m)

TakuMm yrHOM, NpuKIaA GYHKLIH Youia, BIOPSIKOBAaHUX
3a YommeM, abo 4acTocTi HaBeleHWH Ha puc. I, B CBOEMY
CKJIaJii BMIIIlye TUCKPETHO-TapMOHIYHI 0a3zucu Pajgemaxepa Ta
I'pes, a Takok Habip MYJbTUILIIKOBAHUX JUCKPETHO-
HerapMoHiYHMX BiacHe ¢yHkuid Yomma Wal,(4,0,i). bazucu
Panemaxepa i I'pest B ckitazi 6a3ucy Youina yrBOpIOIOTh TIOBHI
CHCTEMH JHMCKPETHO-TAPMOHIYHHMX BIJIMOBIJHO HEMapHUX Ta
napHux (QYHKIIH, a BHOIPKOBI AMCKPETHO-HErapMOHIUHI

¢yHKIIT TeX YTBOPIOIOTH BIANOBIAHO HEMapHi Ta MapHi
0a3ucHi ckiaaoBi [3-5].

III. ®A30OBA B3AEMO3AJIEXHICTb ®YHKLIN YOJILIA

I3 mpukiany QyHKINH Yoia 4eTBepToro mopsaky (puc. 2)
MO)KHA BCTAHOBUTH KOMIUIEKCHY B IMapax B3aeMO3aJICKHICTh
(a3 Gy Yomima, yropsakoBaHux 3a YoimeM [10]:

Wal,(1,0,1) = Rad(1,0) = Wal,(1,6,2) + n/2= Gry(1,0) + /2,
Wal,(1,0,2) = Gry(1,0) = Wal,(1,0,1) — n/2= Rad(1,0) — /2,
Wal,(2,0,1) = Rad(2,0) = Wal,(2,0,2) + n/4= Gry(2,0) + /4,
Wal,(2,0,2) = Gry(2,0) = Wal,(2,0,1) — n/4= Rad(2,0) — /4,
Wal,(3,0,1) = Wal,(3,0,2) — /2,
Wal,(3,0,2) = Wal,(3,0,1) + /2,

Wal,(3,0,3) = Rad(3,0) = Wal,(3,0,4) + 1/8= Gr/(3,0) + /8,
Wal,(3,0,4) = Gry(3,0) = Wal,(3,0,3) — n/8= Rad(3,0) — /8,
Wal,(4,0,1) = Wal,(4,0,2) + n/2,

Wal,(4,0,2) = Wal (4,0,1) — /2,

Wal,(4,0,3) = Wal,(4,0,4) — /4,

Wal,(4,0,4) = Wal,(4,0,3) + /4,
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Wal,(4,0,5) = Wal,(4,0,6) — /2,

Wal,(4,0,6) = Wal (4,0,5) + /2,
Wal,(4,0,7) = Rad(4,0) = Wal (4,0,8)+n/16= Gry(4,0)+m/ 16,
Wal,(4,0,8) = Gry(4,0) = Wal,(4,0,7)-n/16= Rad(4,0)-/ I6.

Wal(0,6)

Wal(1,61)

Wal(1,62)

Wal(2,6,1)

Wal(2,6,2)

Wal(3,61)

Wal(3,0,2)

Wal(3,6,3)

Wal(3,64)

Wal(4,0,1)

Wal(4,6,2)

Wal(4,6,3)

Wal(4,0,4)

Wal(4,6,5)

Wal(4,6,6)

Wal(4,0,7)

Puc. 1. ®yukuii Yosiia, BopsaKoBaHi 3a Y osiiem

Wal(4,6,8)

Y BcsKOMY JIOBUIBHOMY TOBHOMY Oa3MCHOMY HaOopi
¢byukuin  Yomma a8 KOXHOTO 13 MOPSIKOBHX — 3TiJTHO
BU3HAYEHOT'O /1 3HAY€Hb MAKCUMAIbHUI CTEIiHb AUCKpeTH3allii
no yacy abo MiHiManbHHE Kpok O craHoButh AO,=7/2" i3
BciMa 3HaueHHAMU nAO,=nn/2', ne n=nn-1,..,1,0, a
TaKOX 13 NOBHUM JOMOBHEHHSM Oa3zucy Habopom (QyHKIiH
MOJIOANIMX TOPSAAKIB [ 13  BIJNOBIIHUM  JUCKPETHUM
3amoBHeHHIM AB; = /2", e s koxkHoro n i =i, i—1, ..., 1, 0.

TakuM YMHOM, HUISIXOM EKCTpakIii BJIACHE Sin- Ta COS-
CKJIaZIOBUX 13 Habopy ¢yHkuii Youma orpumyeMo 0Oazucu
Pamemaxepa Ta I'pesi, HA OCHOBI YOr0 MOXKHA TBEPIHUTH, IO
6azuc Youma BMilllye MOBHI JMCKPETHO-TApMOHIUHI 0a3zucu
Pagemaxepa Ta Ipes, a Takox Halip JAUCKpPETHO-
HEerapMOHIYHHX (byHKIIH, OCTaHHI € MIOBHOIO
MYJBTHILTIKATUBHOIO Tpymoto ¢yHkuili Pagemaxepa-Ipes.

3a OTpUMaHMMHU pe3yJbTaTaMH JIOCHII/PKEHb MOXKHa
TBEpAMUTH, 10 Oazuc Youma € (QyHKIIOHAJbHO MOBHHUM 1

JO3BOJISE Y  pO3IIUpEeHOMY  (YHKIIOHAJIBHOMY  CKJIaJi
3I1IMCHUTH aHai3 JIOCITiJPKYBaHUX 3aJIEKHOCTEN
iHpopMalliHHUX YW IHIIMX TIPOLECIB OTOYEHHs. Taka
BJIACTHBICTH 3  iHmMOro OOKy  CHpHYHMHSE  3HAYHY
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Wal(2,6,1)

Wal(2,6,2)

[

Wal(3,61)

|

;

Wal(3,6,2)

Wal(3,8,3)

T

Wal(3,6,4)

H
]
1
:

Wal(4,6,1)

Wal(4,8,2)

Wal(4,8,3)

Wal(4,64)
Wal(4,6,5)

Wal(4,8,6)

Wal(4,6,7)

Wal(4,6,8)

Puc. 2. ®a3oBa B3aeMo3alIeKHICTh QyHKIH Youa

¢yHKIIOHANBEHY Oa3WCHY HaJUTUIIKOBICTh (YHKHIH Yora,
3yMOBJIEHY THM, IO iH(OpMaliiiHa NOTYXHICTh 0a3ucy
cranoButh P = N°, e N- MOay/ib nepepaxyHKy cucremu [11].
3 MeTor Imepexomy a0 Outkll epeKTUBHMX Oa3UCHHX
PEKYPCHBHUX BIIOPSIIKYBaHb (yHKIiH (Tak 3BaHMX [amya),
3MIHCHUMO  KilbKa  JUCKPETHHX  TEOPETHUKO-YHCIOBHX
MIepETBOPEHb.

IV.CHHTE3 CUCTEM ®YHKIIII
13 PEKYPCUBHUM BIIOPSIKYBAHHSIM

AHanorivHo 110 BHOPSIIKYBaHb (QYHKIiH VYomma 3a
BiJOMMMU TpaBwiiamMu Y omna, [leni, Anamapa [3-6], aBTopom
BIIEpIIE BBOJHUTHCS PEKYPCHBHE BIOPSAKYBaHHS (YHKIiH
Wal,i 6a3ucy Yomia, o J03BOJIsIE CHHTE3yBaTH HOBI 0a3MCHI
BIIOPSIKYBAaHHS, Ha OCHOBI SIKHX, B CBOIO 4epry, OYyIyIOThCS
cucteMu (YHKIH Ta CUCTEMH PEKYPCHBHOTO KOIyBaHHS. 3
METOIO CIIPOIIEHHS BUKJIA0K, 3aCTOCYEMO CHPOIIEHHH METOJ
MO3HAYEHb CKJIAJ0BUX (YHKIIH B cUCTEMaX, SIK Lie 3pO0JIEHO B
[4] i3 HackpizHOIO HyMepami€ro Bcix ckimanoBux Wali 3a
BUIIIUM TOPSIIKOM (SIK Ha pHC. 3), a He i3 BU3HAYCHHIM KOMXHOI
¢byHkIii 3a i1 1HIUBIAYyaabHOIO HYMEpPAIIEI SK CKIAJOBHX
BIJIMOBITHUX HYDKYKX MOpsAAKiB Wal(n,0,i) (1x Ha puc. 11 2).
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Wal,0 = Wal,,0 = Rad0 = sign[sinr| = Gry-1 = sign[cos/2]
Wal,1 = Wal,,l = Radl = sign[sin27n] = Gry0 = sign|[cosr]
Wal,2 = Wal,,3 = Rad2 = sign[sin4n]
Wal,3 = Wal,,7 = Rad3 = sign[sin87]
Wal,4 = Wal,,15 = Rad4 = sign[sinl 6]
Wal,5 = Wal,,14 = Radl Rad4 = sign[sin2n] sign[sinl 6]
Wal.6 = Wal,,13 = Radl Rad2 Rad4 = Gryl Rad4 = sign[cos2n] sign[sinl6r]
Wal,7 = Wal,,10 = Radl Rad2 Rad3 Rad4 = Gryl Gry3 = sign[cos2n] sign[cos8n]
Radl Gry2 = sign[sin 271:] sign[cos 4n]

Wal.8 = Wal,,5 = Radl Rad2 Rad3 =
Gryl Rad3 = sign[cos 2n] sign[sin 871:]

Wal.9 = Wal,11 = Rad? Rad3 Rad4 — Rad?2 Gry3 = sign[sin 471:] sign[cos 871:]
Gry2 Rad4 = sign[cos 471:] sign[sin ]6n]
Wal, 10 = Wal,6 = Radl Rad3 = sign[sin2 7] sign[sin8n]
Wal. 1l = Wal, 12 = Rad2 Rad4 = sign[sin4r) sign[sinl67]
Wal,12 = Wal,9 = Radl Rad3 Rad4 = Radl Gry3 = sign[sin2n] sign[cos8)
Wal,13 = Wal,2 = Radl Rad2 = Gryl = sign[cos2 7]
Wal,14 = Wal,4 = Rad2 Rad3 = Gry2 = sign[cos4n]
Wal,15 = Wal,8 = Rad3 Rad4 = Gry3 = sign[cos87]

Wal(4,6,0)

Wal,0 = Wal,0

Wal(4,8,1) Wal,,I = Wal,13 + 7'[/2,

Wal.13 = Wal.l —1/2,
Wal(4,6,3) Wal,2 = Wal.14 + 1/4,
Wal(4,07) Wal 14 = Wal,2 — 1/4,

Wal.8 = Wal.10 — /2,
Wal(4,8,15) Wal, 10 = Wal,8 + /2,

Wal.3=Wal.15 + /8,
Wal(4,614) Wal,15 = Wal,3 — /8,
Wal(4,0,13) Wal.12 = Wal,7 + 1/ 2,

Wal.7 =Wal.12 — /2,
Wal(4,610) Wal,9 = Wal,11 — /4,
Wal(4,05) Wal.ll = Wal,9 + n/4,

Wal.6 = Wal.5 —n/2,
Wal(4,6,11) Wal,5 = Wal.6 + /2,
Wal(4,06) Wal 4= Wal X + 1/ 16,

Wal X = Wal4 — 1/ 16.
Wal(4,612

( : 3a HeoOXigHOCTI 0aszuc (QyHKUiH Yonma i3 peKypcUBHUM
Wal(4,69) BIIOPAAKYBAHHAM MOYKHA IMOJATH 3TiJHO MOro HaTypalbHOro
Wal(4,62) YHOPSIKYBAHHS i3 BH3HAUCHOK (has0BOIO 3ANEKHICTIO i3
s BiIMOBiTHUME QYHKIIISIMH:
Wadod Wal,0 = Wal,0
al,0 = Wal,,

Wal(4,6,8) Wal.l = Wal.13 + 1/2,

Puc. 3. Ba3suc pekypcHBHO BHOPSIIKOBaHUX (YHKIIH Yorma

Jnst mpuknany QyHKIAE Yoimra dYeTBepToro IMOPSAKY

(puc.2) MOXXHA  BCTAHOBHTH  HACTYIHY
B3a€EMO3ANICKHICTE (a3  (yHkiiHd VYomma
PEKYpPCHUBHUM YIOPSAAKOBaHHIM [9]:

B

KOMIUICKCHY

napax

i3

Wal,2 = Wal,. 14 + /4,
Wal.3=Wal.15 + /8,
Wal.4 = Wal X + n/16,
Wal.5 = Wal.6 + /2,
Wal.6 = Wal.5 —n/2,
Wal.7 =Wal.12 — /2,
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Wal,8 = Wal.10 — /2,
Wal,9 = Wal.l1l — /4,
Wal10 = Wal,8 + /2,
Wal.ll = Wal,9 + /4,
Wal.12 = Wal,7 + /2,
Wal13 = Wal,.l — /2,
Wal 14 = Wal,2 — 1/4,
Wall5 = Wal,3 —1/8,
Wal X = Wal4 — 1/ 16.

AwnanoriuHo, sk Juisi GYHKUIH Youia, ymops/iKOBaHUX 3a
Yomnmiem, y BCIKOMY JAOBUTBHOMY IIOBHOMY Oa3zucHOMY HaOopi
PEKYPCUBHO BIOPSIKOBAHUX (DYHKINH Y OIIIIa JJIs KOXKHOTO 13
MOPSIIKOBUX IO 7  3HAYCHb MAKCUMAJbHHHA  CTEMiHb
JUCKpeTH3alii mo yacy abo MiHIMaabHHUH KpOK O CTaHOBUTH
A6, =7/2" i3 BciMa 3HaueHHamu nA0,=nm/2', a Takox i3
TIOBHUM JIOTIOBHEHHSIM 0a3ucy HaOOpoM (YHKIIH MOJOAIIMX
MOPSIAKIB {13 BIAMOBIAHUM JUCKPSTHUM 3allOBHCHHIM
AO,- =m/2 i.

BUCHOBKHI

3niticHeHo aHaniz 6azucy Youma siKk CUCTEMH JUCKPETHUX
(YHKILIN, IO CKIIagaeThest i3 6a3KCiB AUCKTEPHO-TAPMOHIYHUX
¢ynkuii Pagemaxepa i I'pest, a TakoX CHCTEMH IHCKPETHO-
HerapMoHiuHux (QyHKIIH Yomma. BceranosiaeHo —¢asosi
B32€EMO3AJIOKHOCTI CKIIafoBUX (YyHKHIH Youma MK co0oo B
mapax. Bu3HAaue€HO HOBY CHCTEMY 13  PEKYPCHBHHUM
BIIOPSAKYBaHHAM (yHKUIA B 0a3uci Yoia, sika € OCHOBOIO
MOOYIOBH CHCTEM PEKYPCHBHO BIOPSAKOBAaHHX (YHKILH Ta
METO/IB  PEKypCHBHOTO  KOMYBaHHS, [0 OOIPYHTOBYE
MEePCIEKTURY TOMANBIINX JOCHTiKEHb. BCTAaHOBIEHO TaKOXK
(a3oBi  B3aEMO3ANEKHOCTI  PEKYPCUBHO  BIOPSAKOBAHUX
GbyHKIIH B Mapax Ta 3TiJHO HATYPAJIBbHOTO iX BIOPSIKYBaHHS.
[IpencraBieHi pe3yabTaTd JOCHIHKEHb € TPOMIKHUM €TarioM
JIOCTI/DKEHHST BIIACTHBOCTEH Ta BCTAHOBJIEHHS AHAIITUYHHX

3aIeKHOCTEN Mik0a3UCHUX TEOPETUKO-YHUCITIOBUX
MEPETBOPEHh Ta  BIAMOBIAHUX IM CHCTEM  KOIYBaHHS
MTOB1OMJICHB.
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Definition of the extended Galois field GF(d™)
with minimal hardware complexity multiplier

1. Zholubak
Lviv Polytechnic National University ,
Computer Engineering Department

Ukraine, Lviv, S. Bandery street 12,
IvanZholubak7@ukr.net

Anomauyia—Yy podori mas cydyacaux IIJIIC nposeneno
TOPIiBHAHHS aNapaTHAX BHTPaT IOMHOXKYBad4iB eJeMEHTIB
pisunx mosiB Tanya GF(d") 3 npubIA3HO OIHAKOBOIO
KUIBKICTIO eJIeMeHTIB NOoJii 3 METOI) BH3HA4YCHHsl MOJA, Y
SIKOMY NMOMHO)KYBa4Y MAa€ HalMeHINY anmapaTHy CKJIAJHICThb.
Ilokaszano rio0anbHE 3pPOCTaHHS aNApPaTHAX BHUTPAT NpPH
30inbmenni ocHoBn moasi. Ilpu nbomMy iCHYIOTH JIOKAJIBLHI
MiniMymu, sikam cepen Hemaphmx d BiamopinaoTe d=2"-1, a
r100a1bHOMY MiHIMYMY - 3HAYeHHS d=7.

Abstract—The paper compared the modern FPGA hardware
cost to reduce hardware complexity implement multipliers for
Galois field GF(d") with approximately the same number of
elements. Totally the hardware cost increases while basics of the
field increase. Local minimums for odd d correspond to d = 2'-1
and the global minimum corresponds to the value d = 3.

Kniouosi  cnosa—nons Tanya GF(d™), nomnoxcysau,
Mmooudgpikoeana komipka I'inoa, LUT.

Keywords— Galois fields GF(d™), multiplier, modified Guild
cell, LUT.

I. Bcryn

Y cywacHux 3acobax 3axucty iH(popmamii MUpOKo
BUKOPUCTOBYIOThC mojiss [anmya GF(2"), ompatroBasmst
€JIEMEHTIB TakuxX ToiiB [1, 2] XapaKkTepu3yeThCsi BHCOKOIO
anapaTtHOI0, CTPYKTYPHOIO Ta YacOBOI CKJIAJHOCTSMH.
Tomy Bu3HAuUeHHS MOXKJIMBOCTI 3MEHIIEHHS arapaTHol
CKIaHOCTI mpu BHKopucTanui momiB [amya GF(d™) 3
ocHOBOIO d>2 (d — mpocTe YuCio) Ta MPUOIU3HO OJHAKOBOIO

KinbKicTio eneMenTiB (d”" ~ 2") € akTyanpHOIO 3a1a4€r0.

V. Hlukhov
Lviv Polytechnic National University ,
Computer Engineering Department
Ukraine, Lviv, S. Bandery street 12,
valeriygl@ukr.net

Mertoto poOOTH € BH3HAYEHHS IIOJIS, IOMHOXKYBA4 ISt
SIKOTO OyJie MaTH HaliMEHIITy arapaTHy CKJIa HiCTb.

II. PEATIBALIS HA ITJIIC
Omnepariiss MHOXKeHHS B Toyisix ['anya GF(d"), moxe OyTu
peanizoBaHa Ha OCHOBI MOmU]iKOBaHMX Komipok [inia
(KT). Momudikosani KI' st nonis Tanya GF(d") nosunHi
MaTH 3p BXOMIB Ta P BHUXOJIB (p =(log2 m—‘) [3] (puc.1).

Jnst  ixwpoi peamizamii Ha cydacHux ILJIIC  Tpeba
BuKopucTati 6-BxomoBi enemeHntd LUT y KkinbkocTi

3p-5
g =P -1-p.

Skio sk moMHOXKYBa4 Ta cymarop (puc. 1), siki MaroTh 2p
BXOJIIB Ta P BUXOIB KOXXHHI) peajyi3oByBaTu OKPEMO, TO
JUTS OO Oyne OTPiOHO

4y =2 (2219 - —1)- p ananoriuaux LUT. Toxi:
a9 @O p.p 2P _,p-l_m
9 2.2

_1).p 2.2%P73 2
PosrnsiHemMo amapaTHi BUTpaTH Uil peaiizalii KoMipok
lNaga 3 [BOX CKJIAJOBHX — IIOMHOXKYBaya Ta Cymaropa.
OOuncrenHss OymeMo  mpoBoauTH  3a  (hopMyJiaamu:

Koe(illieHT amapaTHUX BUTPaT kmu = kg *k e A€
k k
ko = gd , k, = kd_ Koe(IIieHTH CKJIATHOCTI Ta
g k k™ k
g2 k2
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R kk d Ta kk2 — kiapKicTe LUT

y KI' Ta xinekicte KI' y moMHoxyBaui miust noniB [anya
GF(d") ta GF(2"), BinnoBimHo.

kinskocti KT, kg g kg2

BXix — 3p OiT
p p p .
R . . BXill — 3p
oiT
A B
MUL

i Gn

p
B
s X

BUXig — p OIT

p Buxig—p OiT

Puc. 1. Monudixosana xomipka I'inga ams o6pobKH NEMEHTIB MOMiB
lanya GF(d™)

[pu dhopmansHOMY Tigxomni s ABilikoBUX moiiB [amya

kg2 =1, s 1HIIHAX
kg = (22ﬂ{10g2dw ~1)x (log 5 }*2 . Orxe
kg — (22*{log2dw—5 -1) *(log zd—‘ *2 .Y nBifKOBHX

nonstix  GF(2") s peanmizamii  MOMHOXKyBaua IIOTPIGHO

22 —n momubikoBarnux KI', a B momstx Tanya GF(d™)

2m?—m KU (ta m—-1 LUT jna 3HaxOmKeHHS

koeQilieHTa, Ha SIKMH TOTPIOHO TEPEMHOXXUTH HE3BIIHHIA

) 2m2 -m
TIOJIIHOM IS 3BENICHHS pe3yabTaty). OTke kk X5
2n“ —n
IIpu  npomy d™ ~ 2", Tomi it BeIUKUX N
L
logid log,d 3
mzlogdznz " ~—2 3 2 zlogzzd

) k
10g2 d 2n“ —n

2*{10%251}_5_1) {logz "*2 22

mul = log22 d 16log, d

OcHoBHOM —_—
< OcHosHoi
£ . ety
= OcHoBHOM il

OCHOBHO e

TN NN A N WNNNO - mM
O N o0 I INM OO N AN 0
NN NOMWLWOOmM W 0
A ANM LN OMNOWO-HANM
D I B I o |
d
OcHoBHOM

OcHoBHOM ‘%
Y ..a.O"'.

S
£
~ OcHoBHOM \__‘__d
OCHOBHOVI ..I..T..I. T T T T T T T T T T 1
< 2 Bl J J 2 )

~e~°§ ~e~°§ eq’é x\& \xo& \xdsb e~°<8b
o o & ¥ & o

d

Puc. 2. BinHOIIGHHS anmapaTHUX BUTPAT IOMHOXXYBAdiB €IIEMCHTIB IOJIB
Tanya GF(d™) Ta GF(2")

Juns manmux n kp,,, Tpeba po3paxoByBaTH 3a TOUHHMHU
dbopmynamu.

I'padix ¢ynkuii k,, w1 n=998 HaBeneHo Ha puc. 2, 1e
CYIIJILHOIO JIIHIEI0 TIO3HAYEHO BiMHOIIEHHS arapaTHUX
BUTpAT IIOMHOXKYBadiB ejgeMeHtiB monis anya GF(d™) ta
GF(2"), a myHKTUPHOIO — iX HAGJIMKEHA OIIHKA.

Sk BUIHO 3 puc.2 HaliMeHIIl amapaTHi BUTpaTH OyIyTh
st ot Tanmya GF(7™).

BUCHOBKHI

B cygacanx IUIIC mpm peamizamii nmoOynoBaHuMX Ha
OoCcHOBi Moau(ikoBaHMX KoMipok ['inga NOMHOXKYyBadiB
eneMeHTiB pisHux noniB Tamya GF(d™) 3 npubiausHo
OJTHAKOBOIO KUIBKICTIO €JIEMEHTIB TOJIsi TpH 30LIbIIECHH]
ocHOBM d amapaTHI BHTPaTH IJI00aIbHO 30UIBIIyIOTHCS. Ha
OKpeMUX JIOKIBHHUX JAUISHKAaX NpH 30u1blIeHH] d amapaTHi
BUTpAaTH 3MEHIIYIOThCS. JIoKanbHUM MiHIMymMaM cepen
nenapuux d Bignosigarots d=2'-1. IIpu 11b0My TII00AIEHOMY
MiHIMyMY BiAnoBizae 3HaueHHs d=7.
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MoaenroBanHs npoieciB I1PI B mo3uniiHux
aIUTHBHUX CUCTEMaxX YMCJICHHS HA OCHOBI METOY
IHAUKATOPHUX MOAEJIeH

MLJL Tlerpuima
kadenpa iHpopMaTUKH
[Mpukapnarcekuii HallioHAIBHUHN YHiBepcuTeT iMeHi Bacuns Credannka
IBaHO-®pankiBchk, YKpaina
M.L.Petryshyn@gmail.com

Modeling of TIF processes 1in additive positional
numeral systems based on the method of indicator
model

M. Petryshyn
Department of Computer Science
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, Ukraine
M.L.Petryshyn@gmail.com

Anomauyia—IIpoanajizoBano 32CTOCYBAHHA MeTony
MOJEIOBAHHSI TpoueciB neperBopeHHs (opmu indopmanii Ha
OCHOBi iHIAMKATOpPHOI MopeJi BHMIpIOBaHHS, peajli3oBaHO
aJIrOPpUTMH NepeTBopenHst Gpopmu indopmanii B yHiraphiii Ta
IBiHKOBil aJUTUBHUX MO3UIIIHUAX CHCTEMAaX Y CJIEHHS

Abstract— The method application of processes modeling of
information form transformation based on the indicator
mesurement model is analized. Implemented the algorithms
transformation of information form in a unitary and binary
additive positional numeral systems.

Knwuoei  cnosa—nepemeopenna  hopmu
AOumMuGHI cucmemu YUCa1eHHA; IHOUKAMOPHA MOOenb

iHhopmauii;

Keywords—transformation of information form, additive
numeral system; indicator model
I.  Bcryn
EdexruBHicTh 3IIHCHEHHS CHUCTEMHOI b yHKIii

neperBopenHs ¢opmu iHdopmanii (I1DI) Bu3Hauae 3aTpartu
00YHMCITIOBAJILHOI MOTY)KHOCTI iH(pOpMALiiHOI CUCTEMH, Yacy
MepeTBOPEeHHs  iHpopMamii Ta KOWITIB  BIPOBADKEHHS,
BUTOTOBJIGHHS Ta eKcIuTyaTauii TexHidHux 3acobiB I1DI [1].
Po3pobka MeroniB Ta 3acTOCYBaHHS MOJIEIIOBAHHS IPOIIECIB
[1®I no3Bonse Ha erami NPOEKTYBaHHS IPOAHATI3yBaTH Ta
3aJaTd HEOOXiJHI  TEXHIKO-€KOHOMIYHI  XapaKTEePUCTUKH
3aco0iB [I®I. AHaimi3 MeTOAIB MaTEMaTUYHOTO MOJIETIOBAHHS

Ta ONTHUMAJIbHUX adroputMiB IIDI 103BOJIMB BH3HAYMTH
aKTYaJIbHICTh JIOCIIPKEHb y HAIPSIMKY 3aCTOCYBaHHS METORY
Ha OCHOBI IHIMKATOPHUX Mojened, mo 0a3yeTbcsi Ha
TCOMETPUYHOMY MOJEIIOBaHHI, TOOTO BHM3HAYCHHI TOBKUHU
Bipi3Ka, 3HAUYCHHA SKOi € CKBIBJCHTOM IapaMeTpy
neperBopeHHs. MonentoBanHs npoueciB [IDI rpyHTyeThCS Ha
3MiHCHEHHI NEBHUX TNpoueayp MNopiBHAHHA. Ha npaxruimi
MOPIBHAHHS peai3yeThCs 3a JOMOMOTOK KOMIIapaTopiB, sKi
JIO3BOJISIFOTH BU3HAYMTH CITiBBiTHOLIICHHS HEBI1JIOMOI BEIMYMHU
3 JIeIKOI «ETAJIOHHOI BEJIMYMHOIO» ab0 «MipoIo», 4YH
«UIKaJom»,  COPMOBAHOID 3  «CUCTEMH  OJMHUIb
BuMiproBaHHsa». Ictota II®PI 3BOAWMTHCS 1O TOCHITOBHHX
MOPiBHSHDb HEBIZIOMOI BEJIMYMHU 3 33/lAHUMH 3HAaYEHHSIMHU
«Mipm», MO (GOPMYIOTBCS Ha KOXHOMY iTepamiiHOMYy KpOL
MPOIIeCY TEPETBOPEHHSA. 3a pe3yJbTaTaMHu  ITepalliiftHUX
MOPiBHSAHDb  (OPMYETHCS KIHIEBUI pe3ynbTaT KUTbKICHOT
OIIIHKY HEB1IOMOI BEJIMYMHHU BXiJHOTO MapaMeTpy.

II. IHAMKATOPHA MOJIEJIb BUMIPIOBAHHSI

Merox MoAeTIOBaHHS —Iependavyac 3HAXO/DKEHHS Ha
Bifpi3Ky AB neskoi TOYKM X NUIIXOM BU3HAYEHHS JIOBXKHHH
Bimpiska AX 3a J0HOMOror OmHOro abo k Tak 3BaHHX
ingukaTopHux eneMeHTiB (IE), kokeH 13 skux QakTHyHO
BUKOHYE (DYHKIiIO KOMIIapatopa. B pe3ysabraTi NpHKIageHHs
IE ma l-my irtepaniiiHoMy Kkpomi g0 JeAKoi TOYKH X
3IIHCHIOEThCS TIOpIBHSIHHA BiApiskiB AX Ta AX), ToOTO
KOHTPOJIb BUKOHAHHSI yMOBHU Oinbie (>) abo meHme (<). J-i
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IE mo cBoemy Buxomy hopMye nUCKpeTHe OiHapHe 3HaueHHs 0,
AKkmo AX < AX), Ta 3Ha4yeHHs 1, axkmo AX>AX;.

0, AX < AX,;
L, AX 2 AX, )

[putimemo, sikio J-uii IE 3HaX0AMThCs cripaBa BiJl TOYKH
X, 10 mo ioro Buxony ¢dopmyerscs 0, xomm x J-mit IE
3HAXOMUThCA 3JiBa, (QopMyeTbes 1. 3amada BUMIpIOBaHHS
JIOBXXKMHH BijIpi3ka AX B 1HOUKATOpPHIM MOelNi 3BOAUTHCS 10
3BY)KEHHSI 1HTEPBaJTy HEBU3HAUEHOCTI BiTHOCHO TOUYKH X [2].

II1. AHAJII3 AJITOPUTMIB [1DI

B cyuacniii Texnini [1®I mix craBoBUMH € anroputMu
aJIMTHBHOTO ONTHMI30BaHOTO IOLIYKY Ha OCHOBI YHITapHOTO
Ta JIBIIKOBOTO YHCIICHHSI.

A. Anzopumm Ha 0CHOBI YHIMAPHO20 YUCTEHHS

JlaHuii anroput™ BUKOpUCTOBYE Tinbku oauH IE (k=1) Ta
peaizyeThbest 3a 1 iTepalliiHUX KPOKIB, MPU I[bOMY KOHTPOIIh
JIOBXKUHM Binpiska AB 3nilicHoeThcs omauM IE  nursixom
iAPO30OUTTS BiIpi3Ka Ha n+] PIBHUX YaCTHH, Ta TOCIiIOBHOTO
TIOPiBHSIHHS 13 MipOIO, IPH LIEOMY (7, /)- TOUHICTh AITOPUTMY.

[Ipoananizyemo (GyHKITIOHYBaHHS aJTOPUTMY B
MIOKPOKOBOMY pexxumi (puc. 1).
0 1 2 3 4
° 7 —e —e —e
o —0
° ﬂA —e —e
o —0
[ 1 —o
o —0
——o

Puc. 1. 3-KpOKOBHIi aIrOPUTM Ha OCHOBI YHITAPHOTO YK CIICHHS

Kpox 1. 1E mnpuxknamaerscst o Touku 1. Ilpu npomy B
3aJIeKHOCTI Bij craHy, copmoBanoro mo Buxony IE, mykane
3HAYCHHS MOXKE 3HaXOAUThCS B Mexkax [0, 1] abo [1, 4].

a) sxmo IE B Touni 1 dopmye 0, e o3HaYae, 10 IIyKaHa
ToYKa X 3HAXOQUThCS Ha BiapizKy [0, 1], B 1ii cuTyanii npomec
TIOIIYKY 3aBEPIIYETHCS;

0) sxmwo IE  dopmye 1, oo Touka X

3HAXOJMThCS Ha Bipi3Ky [1, 4];

o¢ oO3Haydae,

Kpox 2. IE npuknagaeTbesi 10 TOYKH 2, B PE3YAbTATI YOTO
3MIHCHIOETbCS ~ TIOPIBHSIHHS ~— MYHKTY — TNPUKIAJCHHS  Ta
Bu3HaueHHs ctany [E B mexax [1, 2] abo [2, 4];

a) sxmro IE B Touri 2 ¢opmye 0, e 03HaYae mo IrykaHa
ToYKa X 3HaXOMUTHCS Ha BiIpi3Ky [1, 2], npu mpomy mporec
MIOUTYKY 3aBEPIIYETHCS;

0) sxmo IE dopmye 1, 1me o3Havae 1m0 Touka X

3HAXOJMThCS Ha BiPI3KY [2, 4];

Kpox 3. 1E mnpuknamaerbcs 10 TOYKH 3, 3IIHCHIOETHCS
TIOPiBHSIHHS Ta BU3HAUeHHs BUXiqHoro crany IE B Mexax [2, 3]
abo [3, 4];

a) sxmro IE B touri 3 ¢opmye 0, e o3Hayae mo nrykaHa
ToYKa X 3HaXOMUTHCS Ha BIIPI3Ky [2, 3], npu mpomy mporec
MIOUTYKY 3aBEPIIYETHCS;

0) sxmo IE dopmye 1, 1me o3Havae 1m0 Touka X

3HAXOIUTHCS Ha BIIPI3KY [3, 4];
AJNTOpUTM 3aBepiIye poOoTy.

Taxkum yunaOM, anroputMu I[IDI Ha OCHOBI YHITApHOTO
YHCIIEHHS € JIHIHHUMH, 110 3YMOBIIIOE BiJHOCHY IPOCTOTY iX
peadizarii, MpoTe KUIBKICTH iTepalliii IepeTBOPEHHS € IOCHTh
3HAYHOIO 1 BH3HAYA€THCS IIOBHOIO PO3PSAHICTIO YHITApPHOTO
KONy TEePETBOPEHHS, IO BIAMOBIAA€ KIJIBKOCTI KBaHTIB
Jliarna3oHy IepeTBOPEHHS Ta BU3HavYae ToYHicTh [1DL.

3MEHIIUTH KiJIbKICTh ITEpPallifHUX KPOKIB TOPIBHSIHHS
JIO3BOJISIE 3aCTOCYBAaHHs 3Ba)KEHHMX, 30KpeMa [BIMKOBO, Mip
LIKAJIK BiJIHECEHHSI.

B. Ancopumm na ocnogi 06itiko602o uucienHs

AJTOPUTMU aJAUTHBHOTO TOIIYKY Ha MPUKIAi ABIHKOBOTO
YHUCIIEHHS 3BOIATHCS JO JIBOX CIIOCOOIB MEpPETBOPEHHS
MOBiZIOMJIEHB. 3T1THO TIEPIIOro MOMIYK 3/1iHCHIOETHCS IIUIIXOM
TIOPIiBHSHHS HEBIIOMOTO 3HA4YeHHS 13 JBIHKOBO 3Ba)KEHHMH
MipaMHM IUTAXOM HOPiBHSHHS BiJl HAHMOIOALIONO i3 3HaueHs 2
710 crapuroro 2", 3rifHO Apyroro MOpiBHSAHHS 3IifiCHIOETHCS
B/l HaiicTapmoro 3uauenHs 2" o Monoxmoro 2.

Sx mokazye mpaktuka IIDI, Oimbmr  edexTHBHUM €
ITOPUTM 1TEPalliiHOTO TOPIBHSHHS IUIIXOM IIPHKJIAJaHHS
JBiKOBHX 3HAYEHb B HOPSIKY Bij cTapmmx 2" 10 MomoammX
2", siKuii 3HAHIIOB MIMPOKE 3aCTOCYBAHHS B MPAKTHII aHAJOr0-
IU(pPOBOro IMepeTBOpeHHs moBimomieHb [3]. Jis mpukiamy
NpUiiMEMO  3HAY€HHsS  PO3PSMHOCTI  JBIHKOBOrO  KOIy
mepeTBopeHHs n =3 a1 miamasony ke {0,1,...,7} i1
npoaHalizyeMo rpadiyHui Ta aHAJIITUYHUA AITOPUTMHU
(puc. 2).

0 1 2 3 4 5 6 7
[ ® ® ° ® ° ° °
A
[ ° ° ° °
A ° ° ° °

*r—10—0
o —o—0
A
*——=O
*——=0

Puc. 2.

Kpox 1.

3-KPOKOBHIA aJIrOPUTM Ha OCHOBI JBIHKOBOTO YHCIICHHS

IE npuknamgaeTbcs 10 TOUKHU-CKBIBAJIEHTa HAHCTapIIOro
JIBINKOBOT'O PO3PSIY i , @ caMe JI0 TOYKH 4, miciIs BUKOHAHHS
oreparii HOpiBHAHHS IO cTaHaX Buxony IE Bu3HauaeMo:

a) 0 mo Buxoxy 4-ro IE o3Hadae, mo IIykaHe 3HAYCHHS
3HAXOJMUThCS Ha Bipi3Ky [0, 4];
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0) 1 mo Buxony 4-ro IE o3Hauae, 1m0 IIyKaHe 3HAYCHHS
3HAXOJMThCS Ha BiPi3Ky [4, 7];

Kpox 2. OCKITbKH BiZIOyII0CH anbTepHATHBHE
PO3TATYXKCHHS,  NPOAHATI3yeEMO  TMONANBIIMA  IEPETiK
TIOPiBHSIHB IS IBOX BIiTOK Ha Bijpizkax [0, 4] ta [4, 7].

Sxmo Ha 1 kpoky IE copmysas o Buxoxny 0, Ha apyromy
kpoky IE npuknanaeTbest 10 TOYKH 2, B pe3yNbTati 4oro:

a) 0 mo Buxoxy 2-ro IE o3Hadae, mo IIykaHe 3HAYCHHS
3HaXOJMUThCA Ha Bipisky [0, 21;

0) 1 mo Buxony 2-ro IE o3Hauae, 1o mrykaHe 3HAYCHHS
3HAXOJUThCS Ha BiPI3KY [2, 4];

Sxmo Ha 1 kpoky IE copmyBas mmo Buxony 1, Ha apyromy
kpoky IE npukianaeTbest 10 TOYKH 6, B pe3ynbTati 4oro:

B) 0 mo Buxony 6-ro IE o3Hayae, 10 NIyKaHe 3HAYCHHS
3HAXOIUTHCS Ha BIPI3KY [4, 6];

r) 1 mo Buxony 6-ro IE o3Hauae, mo IIykaHe 3HA4EHHs
3HAXOIUTHCS Ha BIIPI3KY [6, 7];

Kpox 3. MOXJIMBUM € HACTYITHE JBOPA30BE TAyKCHHS, B
pe3yibTaTi yoro 3aiicHIOeThCs mopiBHsaHHA B IE 1, 3, 5,7

Jlmst  chpollieHHS BHKIAQJOK 3aKiazeMo, IO HEBiIOMeE
3HAYCHHSI MOXKE 3HAXOAUTHCh Ha Binpizkax [2, 3] um [3,4].
ToMy 13 4YOTHUPHOX IMONEPEIHIX aJbTEPHATHB KOHTPOIIO
1, 3,5, 7-1 IE y Hac 3aMuIIaEThCs €UHUN IIISX MPUKIAJCHHS
JIO TOYKH 3, B pe3yJIbTaTi YOr0 MOKIIUBO:

a) 0 mo Buxomy 3-ro IE o3Hauae, mo HeBimOMe 3HAYCHHS
3HAXOJUThCS Ha BiPi3Ky [2, 3];

0) 1 mo Buxony 3-ro IE o3Hauae, 110 HEBigOME 3HAYCHHS
3HaXOJUThCA Ha BiAPI3KY [3, 4].

Tak Ha TperboMy n=3 iTepalliifHOMY KpOIli 3aBEpIIyEThCs
Tpoliec BU3HAYECHHSI HEBIJOMOT0 3HAYECHHSL.

Takum yuHOM, mABifikoBi wMeromu IIPI BomomitoTh
IIBHMIOI  CXOOMMICTIO TIpH  OTPUMaHHI  pe3ynbTary
MIEPETBOPEHHS, KUIBKICTh iTEpallifHUX KpPOKIB BU3HAYAETHCS
€KBIBaJICHTHOIO PO3psIITHICTIO JIBIKOBOTO Koy
MIPECTaBJICHHS pe3y/IbTaTy Ta Bu3Ha4yae TouHicTh [1DI. [Tpote
MPaKTHYHA IMIUIEMEHTAIlisl aJITOPUTMY € CKJIaJHIIIA, OCKIIBKH
notpedye BH3HaueHHS Ta OOpOOKY BITOK JBIHKOBOro
Taly’)KeHHS] BEKTOPIB OTPUMAHHS KOy EPETBOPEHHSI.

BUCHOBKHI

[HoukatopHa Mozenp € 3py4HOO JUIS  3IiHCHEHHS
MonemtoBanHs mporeciB  [1dI Takum YuHOM, 3TigHO 3
HaBeneHuXx anroputMmiB [I®DI mnokazano, mo anroputM Ha
OCHOBI JIBINKOBOTO YHWCIIEHHS 332 OJHAKOBY KUIBKICTH KPOKIB
3MIHCHIOE TIONIYK HEBIZIOMOrO 3HAa4YeHHS Ha OUIBIIOMY
MIPOMDXKKY, aHiX aJITOPUTM Ha OCHOBI YHITApPHOTO YHCIICHHSL.
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Anomauia—IIposeneno aHami3 icHyr04YnX NaKeTiB
CTATHCTHYHHX AOCJTiZKeHb, BU3HAYECHO iX NepeBaru Ta HeJoJiKH.
onano pe3yJabTaTn JOCJIiKeHHS MOCJIiI0OBHOCTI
NICeBIOBUNIAIKOBUX 4YMce], sika copmoBana meroaom I'anya Ha
OCHOBi LIMKJIYHHX 3CYBiB, NPOBEJACHOI0 32 JONOMOIOI0 NAKETY
RaBiGeTe.

Abstract—Analysis of existing packages statistical studies are
done, their advantages and disadvantages are listed. Results of
research on the package RaBiGeTe sequence of random
numbers, which is formed by Galois through cyclic shifts, are
submitted.

Knrwouoei cnosa—eenepamop sunadkosux uucen, RaBiGeTe

Keywords—random number generator, RaBiGeTe

I.  Bcryn
Jus peamnizarii METOY aHasyoro-rgpoBoro
nepeTBopeHHss  MonTe-Kapiio  HeoOXiHO 3acTOCOBYBATH

TeHepaTopy BHIIAJKOBUX 3HA4Y€Hb ONOPHHUX CHIHANIB, Mepen
SKUMHU  CTaBIISITBCS BUMOTM  TIPOCTOTH  peaiizamii  Ta
3a0e3reueHHs] PiBHOMIPHOCTI PO3MOJITy TeHEPOBAHUX YHCEI.
CaMe pIBHOMIPHICTh PO3MOMUIIB BIDIMBAE HA TOYHICTH
MEpEeTBOPEHHS ISl JaHOTO METOAY  aHalor-IuQpoBoro
nepeTBopeHHs. Ha OCHOBI aHai3y CKJIQJIHOCTI TEXHIYHOI
peaizamii METO/IB TICEBIOBUIIAIKOBOIO T€HEPYBAHHS SIK OJMH
13 e()eKTUBHHX 3aITPOIIOHOBAHO METO/I Ha 0a3l BUKOPUCTAHHIM
HE3BIIHUX MoniHOMIB Haj rojeM [amya [1]. 3anponoHoBaHwMit
croci0 reHepyBaHHs IICEBIOBHIIAJIKOBHX 4uced [amya Ha
OCHOBI IIMKJIYHHX 3CYBiB JIETKO peali3yeThCsl IPOrpamHoO i
amapatHo. Ilocramo mnHTaHHS BHU3HAYEHHS CTaTUCTUYHHX
XapaKTEpPUCTUK 32  JIONMOMOTOI0  IOTY)KHOIO  MaKeTy

CTATUCTUYHHUX JOCIIKEHD, 10 JO3BOJIMB OM OLIHWTH SKICTh
PO3TONITY TEeHEPOBAaHUX BKAa3aHUM METOIOM IOCIIiIOBHOCTEH
IICEBIOBUIIAKOBUX YHUCEIL.

II. AHAJII3 [TPOTPAM JUJISI CTATUCTUYHOI'O AHAJII3Y
BUITAJIKOBUX YHCEJI

Ha choromHimHii JeHs 3ampoIlOHOBaHO O€3JiY METOJiB
TECTYBaHHs TICEB/IOBUIIAIKOBUX TOCIIIOBHOCTE. YMOBHO BCi
METOJM TECTYBaHHsS T'€HEPaTOpiB BUIAJKOBUX YHCEN MOXKHA
PO3IOUTMTH HAa TPU TPYIU: EBPUCTUYHI, rpadivHi 1
cratiuctiyHi [2]. JIo eBpUCTHYHNX TECTIB HAJIEKATh: IIEpeBipKa
IIBUAKOCTI (OPMYBaHHS YHCEN, MEpPEBipKa Mepiofy, TeCT Ha
TOYHICTh BHM3HAUEHHS JIEIKMX KOHCTaHT METoAOM MOHTe-
Kapno, mnepeBipka Ha kpumnTocTiiikicte. ['padiuni Tectn
(aBTOKOpEIISALIIHHA ¢byHK1IS, CHEKTpaIbHUN TeCT,
PIBHOMIpHICTh ~PO3MOALTY 4YHCeNT 1 1H.) BijoOpakaroTh
pe3ynpTaTd y  BUDIAAl  rictorpam i rpadiki, 110
XapaKTepU3yIOTh BJIACTUBOCTI JOCIIDKYBAHOI ITOCIHiJOBHOCTI,
aje He JalTh KUIBKICHOI OMIHKA. [l BCTaHOBJICHHS
YHUCENbHOI OIIHKH SIKOCTI ITOCIIIOBHOCTEH BHUKOPHUCTOBYIOTH
cratuctiyHi  Tectd. CTAaTUCTMYHI TeCTH 3a  3BHYAi
00'€eMHYIOTbCSI B TAKETH TECTyBaHHS (cepel HHUX MOXKHA
puaintu tectu DIEHARD, NIST STS, PractRand, testuOl,
RaBiGeTe Ta in.) [3].

Cepen BimoMux ciin Bim3Hauutu tectu [.KHyra, mis skux
XapakTepHi HIBUJIKI aITOpPUTMHU BUKOHAHHS  aie
HEBH3HAYEHICTh y TPAKTYBaHHI Pe3yJIbTaTiB, 30KpeMa BiJCyTHs
mporpamMHa peanmizamis. Tectu DIEHARD € HaiOumbm
CTPOTUMH 3 BiJIOMHX, IIPOTE JUI HUX HEMa JIETAIHLHOTO OIMHCY
TECTIB 1 METOJWKM TPAaKTyBaHHs IX Pe3yJbTaTiB, KPIM TOro
OLIIBIICTh TECTIB € EBPUCTHYHUMH. Benukoi momyssipHOCTI
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HaOyB maker crarnunux TtectiB NIST STS, mpore BiH Mae
HE3pYy4HU 11 BUKOopuctaHHs inTepdetic. [Ipu Bukopucransi
nporpam PractRand i testu01 Haiinermie 3a Bce iHTEpIpeTyBaTH
BucHOBOK. PractRand i Dieharder, sx npasuio, Haimpocrimnni
JUTS. aBTOMATH3allil TECTyBaHHSA 3a JOIOMOIOK iHTepdeicy
koMmaHHOro psnka. PractRand i RaBiGeTe Oymnu e tuHIMH, 110
3MIHCHIOIOTh MIATPUMKY 0araTornoTOKOBOTO — TECTYBaHHSI.
RaBiGeTe i NIST STS obunsa marots HaouHi iHTepdeiicu.

RaBiGeTe BpaxoByrouM HEMONIKH TMONEPEAHIX IAKETIB
CTaTUCTHYHUX JOCIIJDKEHb BKJIIOUWIA B ceOC OCHOBHI TECTH
BkazaHuX maketiB [4]. [Iporpama Bxitouae 24 Tectu, B CKiaj
skuxX norpanmiy BuOpani Tectu nakeriB NIST DFT, Diehard,
tectu J{.Knyra, Maypepa Ta /J0JaTKOBI CTaTUCTHUYHI TECTH.
KopucryBau Hajae 1BiHKOBUIA (aiii 3 reHEepOBaHUMHU YUCIaAMHU
Ta 3MIHIOE MTApaMEeTPH TECTYBaHHS B 3aJIEKHOCTI Bija motpeo.
RaBiGeTe mae 3pyunuii intepdeiic Ta Hamae MOXIHMBOCTI
HaJIAIITYBaHHS ITapaMeTpiB TECTYBaHHS, OTPHMaHI pe3yJIbTaTH
TIOAI0ThCSL Y YHCEIBHOMY Ta TpadiyHOMY BHIJISII. 3a3HAYEHI
repeBary CTajd TPUYUHOI0 BHOOpPY JAHOTO IPOTrPaMHOro
NPOAYKTY Ui CTaTHYHOTO  aHall3y  IOCIiJOBHOCTEH
TICEBJIOBHITA/IKOBUX YHCEI, IO yTBOpeHI meronoM [amya Ha
OCHOBI IIMKJIIYHUX 3CYBIB.

II1. PE3VJIBTATHU JOCJIJKEHHSI TEHEPATOPA "'AJIVA

[Iporpama RaBiGeTe micTuTh micts 3aknanok: Parameters
(ITapametpu TectiB), Table (Tabmuryt), Pearson (ITipcon),
Graph (I'padix), Messages (IToBimomiienns), Preferences
(HanamrryBanns).

e [lapamerpu CTOpIHKM: 3HIACHEHHS HaJAIITyBaHHS
BHUIIPOOYBaHb, a CaMe BKIIOYEHHS TECTiB, 3MiHa
mapaMeTpiB TECTYBaHHSA, JOBXHHU IIOCIiIOBHOCTI,
KUTBKOCTI TTOCTIIOBHOCTEH TS TECTYBaHHS 1 T.]I.

e TaOmuus: mokazye  XiA  BUKOHAHHS  TecTy 1
BifoOpaxxeHHs uucioBux pesyabratiB ("KC" — rtecr
KonmmoropoBa-CmipHoBa, "AD" AHnpepcoHa-
Hapmiara i "Bino" — OiHoMianekHMH TecT. pvals:
KUIBKICTh AIHCHUX p-3HaY€Hb. PV min: HalMEHIIe p-
3HAUEHHS B PS/IKY. PV Max: HaHOuIblIe p-3HaYeHHS B

PAIKY).

Test | pvals| Ks AD Bino | pvmin|pvmax| 1 2 3 | a
ks[ ] 35505811 0340
AD| 355/0.5877 |0.8578
Bino 3550.9927 0.9969
1/AMLS 2 50(0.1078 0.0105 |0.0125 (0.0021 |0.9861 0.9770 0.0811 0.9698 |0.3861
2/aMLs 4 50/0.0455 0.1227 |0.6638 (0.0219 |0.9979 |0.4434 0.1059 |0.7661 |0.7146
3/aMLS B 50(0.2985 0.2029 |0.8441 |9e-004 |0.9083 |0.2820 0.2212 0.6482 |0.9083
4/AMLS 16 50/0.3390 0.3472 |0.8599 |0.0089 |0.9909 |0.7429 0.8235 0.1530 |0.1686
5/AMLS 32 50(0.8384 0.6531 |0.8922 |0.0409 |0.9467 |0.2319 0.8060 |0.9290 |0.4923
6/ ANLS 64 50(0.5227 |0.7056 0.9927 |0.0277 |0.9917 |0.5161 0.6557 |0.4682 |0.6053
7|AMLS 128 50/0.8882 |0.8755 0.9995 |0.0074 |0.9706 |0.0249 |0.2462 |0.4910 |0.8908
8|BGdst 2 50(0.1423 0.0859 |0.3155 |0.0024 |0.9960 |0.7139 |0.0050 |0.1947 |0.0024
o/BGdst 4 50/0.4030 |0.3672 |0.6295 (0.0805 |0.9912 |0.1993 |0.7765 |0.4544 |0.3010
10/8Gdst 6 50(0.7139 |0.7362 |0.9883 (0.0047 |0.9988 |0.2143 |0.3537 |0.5661 |0.8243

Puc. 1. Pe3ynbTar NpOXOMKEHHsS TecTiB Uil MeTony ladya Ha OCHOBI
LMKJIIYHHX 3CYBIB

e Ilipcon: maHi p-3HaueHs Tecty [lipcoHa Xi-KBaapar.

e ['padik: nojgaHHs ~ Ha  rpadiky — po3momity
YIOPSKOBAaHUX p-3HAY€Hb, OTPHUMaHHX 3 KOXKHOTO
tecty; € aBi Touku (st KS i aust AD) st pesynbratis
TectiB 3 cropinku "Tabmuia" 1 "Ilipcon”. s sxicHoro
reHeparopa BUIAKOBUX YUCEN TOUYKU HE TIOBUHHI OyTH

3aHAJTO JAJIEKO BiJ| YOPHOI «ileaJbHOI» JIiHii, TOOTO
HaOmwkatuce 1o Hel. «YucioBa BiacTa"b»  Bif
iJleaIbHOI JIiHIT HaBEJCHA B JIiBii YaCTHHI CTOPIHKH, Je

y TabnMii MOmAHO  P-3HAYCHHSA  JUIA  JIESKHX
CTaTUCTHYHUX TECTIB.
r 4 B
@ RaBiGeTe_MT 32 bits - v20.0 - CRoiana Tecit o, D, MM (o] e S

Statistical tests

KS AD ||,
ks 0.93775 ||
|ap | 0.58767 0.86779 |
[sL |0.38717 | 0.83605
|cm | 0.43544  0.85678
|sw |0.36553 0.37828 |
|cc | 0.45989 | 0.56685
[av [0.39511  0.49543 | |°

[ Prefs [Messages[ Graph pearson [ Table [Parameters

- KS p-values
- AD p-values

0:24 Running time: 0:02:50.41 DONE.

Puc. 2. Posnonin p-3HadeHs st MeTony I'ayia Ha OCHOBI LIMKIIIYHUX 3CYBIB

e [loBigomiuieHHs:  BifoOpakeHHs Oyab-SKOrO  BHAY
moBiToMJIcHHS (iH(GopMalis TMpoO TONEpePKEHAT 1
TTOMUJIKH).

e HanamryBaHHs: OCHOBHI IapamMeTpiB BHOOpY TECTiB Ta
TIOPSIIKY BiZIOOpaskeHHS PEe3ybTaTiB TECTYBAHHS.

BrcHOBKI

Sk moKa3yroTh HaBe/IeHi B Ha pHc. 1 Ta puc. 2. pe3ysbTaTy,
3aIrpoIOHOBAHUI METOJ Ha OCHOBI IIUKJIIYHHUX 3CYBiB J03BOJISIE
OTpUMATH TOCIIIOBHOCTI IICEBJOBUNAAKOBHX YHCEIN 3 JOCHUTh
BHCOKOIO CTATHCTUYHOIO SKICTIO PO3IOAUTY p-3HAYCHb 3a
pe3ynbratamu  TecTyBaHHA RaBiGeTe 1 wMoxke Oyrm
BUKOPHCTAHHUH sl TOOYJOBU TeHEpaTOpa ICEBIOBUITAIKOBHX
YuceNn CKJIajl aHajoro-umgpoBoro rneperBoproBada MoHTe-
Kapio. IlpoctoTa peanizariii, HU3bka BapTICTh BUTOTOBJICHHS
Ta OTPUMaHHI  pe3yJNbTaTH  CTATUYHOIO  JIOCIHIJKEHHS
BU3HAYAIOTh TIEPCHEKTHBY BHUKOPHCTAHHS 3alpOIIOHOBAHOTO
TeHepaTopa BUIAIKOBHUX uucen 1 Mmetony Monre-Kapmo.
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Abstract — This article considers some aspects of the software
implementation of pseudorandom generators, for example
generator according to the scheme on the Galois shift registers
with linear feedback, with wusing high-level programming
languages, high-level languages with low level of abstraction and
language of Assembler. It is proved the efficiency of the software
generation of pseudorandom sequences of maximum length,
which is based on the algorithms by using the following
commands manipulate bits.

Anomauyia — B craTTi  pO3riIHYTO JeAKi  aCIEKTH
NporpaMHoi  peanizamii  reHepaTopiB  INCeBJOBHIAAKOBHX
NOCJIiI0BHOCTe, Ha NMPUKJIAAi reHepaTopa 3a cxemoro I'anya Ha
perictrpax 3cyBy 3 JIiHIiHUMM 3BOPOTHUMM 3B'SI3KaMH, 3
BHKOPHCTAHHAM MOB NPOrPaMyBaHHsI BHCOKOr0 pPiBHS, MOB
BHCOKOr0 PpiBHSI 3 HHM3bKMM piBHeM aOcTpakmii i MOBH
Assembler. JloBeneHo  eQeKTHBHICTH  NPOrPaMHOIO
3a0e3Me4YeHHs] TeHepYBaHHs ICeBJIOBUIIAKOBUX MOCJIiA0BHOCTEMH
MAaKCHMMAJIBHOI [OB:KMHH, fIKe 0a3yeTbcsl Ha aJIropurMax 3
BHKOPHCTAHHAM KOMaHJ MaHIiNyJII0BaHHA OiTamu.

Keywords—pseudorandom number generator; maximum length
sequence; a Galois field; algorithm; Assembler.

Knwuoei cnosa—zenepamop nceedosunadxosux uucen; M-
nocnioognicmu; none I'anya; anzopumm; Acemonep.
L INTRODUCTION

The pseudorandom number generators are widely used in
different areas of scientific and practical activities, simulation
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modeling, methods of statistical testing, probabilistic testing, and
applied cryptography.

One of the ways of obtaining random numbers is the use of
mathematical transformations which allow to obtain a numeric
sequence, which by their characteristics is close to real random
processes.

There are a number of methods for constructing pseudorandom
number generators [1-2]. Mainly focuses on hardware
implementation of digital elements, although many of the software
modules is the need to generate pseudorandom numbers it
programmatically.

The aim of the report is the analysis of the algorithmic features of
generating pseudo-random sequences over a Galois field GF(2) by
means of programming languages high-level programming language
of high level with low abstraction level and the Assembler language.

II. DESCRIPTION OF BASIC MATERIAL

Pseudorandom number generators are widely used in various
areas of scientific and practical activities, such as simulation,
methods of statistical tests, probability testing and applied

cryptography.
Mathematical transformations are one of the ways to generate

random numbers. This method provides a numerical sequence with
characteristics similar to real random processes.
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There are several methods for constructing pseudorandom
number generator (PRG). Basically it is a hardware implementation
based on digital elements, which allows to provide high speed
characteristics of the generator, although many software modules
needs to generate pseudorandom sequences using software methods.
Algorithmic  generator component implementation 1is given
insufficient attention.

The purpose of the report is the analysis of algorithmic software
features to generate pseudorandom sequence over a Galois field
GF (2) by high-level languages, high-level programming language
with low level of abstraction and Assembler language.

A key problem in implementing generators pseudorandom binary
sequences is the problem of the formation of pseudorandom sequence

(PRS) maximum length L[=20-1 statistical

characteristics.

with acceptable
One of the main ways to implement the generators PRS is the use
of linear shift registers (LSR) a maximum period of linear feedback.

This way, under certain conditions, provides a pseudo-random
binary M-sequences or maximum length sequences (MLS).

When using transformations over Galois fields GF (p”) for M-
sequence must fulfill certain conditions [3]:

e  p- prime number.
e All initial values are not necessarily equal to 0.

e  Generating polynomial is irreducible (not decomposed into
multipliers lower degree).

e  Generating polynomial is primitive (minimal polynomial of
a primitive element of the field GF (p) for a positive
integer m).

The figure shows the block diagram of the PRG configuration
over Galois primitive polynomial linear feedback is formed based on

a irreducible primitive polynomial /' 32=x32+x22+x2+x+1 [4]:

1 e e TeT1e]

Block diagram PRG

Fig. 1.

Galois generator compares each nonzero element of the field GF
(232) corresponding degree primitive element W = | 1; 0 |, modulo
£32=x324+x22+x2+x+1.

Depending on the outcome of the command and the installation
ROL and value CF, bats reverse connection will be formed according
to the following table (operation XOR):

TABLE I. CONVERTING BITS BASED ON THE CARRY FLAG

CF Previous bit Runny bits Action
1 0 1 Inversion
1 1 0 p.bits
0 0 Duplication
0 1 1 p.bits

To generate PRS effective methods are [5-6]:
1. Using bit instruction.

2. Using bit mask.

3. Using bits field.

1. Use the bit instruction

With the implementation of this oscillator manner appropriate to
have used the shift command and groups intended for inspection or
installation of specific bits register using Carry Flag processor
architecture IA-32. So for a status register 20 bit and 21 bit setting
(for the circuit shown in Figure 1), you can use the following
command sequence (MASM32):

NextCode proc ;START CONVERSION
ROL EAX,1 ; Rotate left EAX trough carry
IF CARRY?; Test carry flag (CF) =17
BT EAX, 20; Insert bit No20 EAX in CF
IF CARRY? ; CF ==
BTR EAX, 21 ; reset bit No21 EAX 0

.else
BTS EAX, 21 ; set bit No21 EAX 1
.endif
.elsén ; CF =

BT EAX, 20 ;Insert bit No20 EAX in CF
IF CARRY? ; CF ==
BTS EAX, 21 ; set bit Ne21 EAX 1
.else
BTR EAX, 21 ;reset bit No21 EAX 0
.endif

2. Using bits field

High level languages allow you to use structures that represent a
specified number of bits is "bit field". The bit field is interpreted as
an integer type.

struct BitSet {
unsigned short m00 : 1;
unsigned short mO1 : 1

1'1'risigned short m30 : 1;
unsigned short m31 : 1

B
This arrangement allows you to get easy access to single bits by

performing the necessary manipulations with them, but characterized
redundancy command processor to check individual fields.
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To perform shift operations is advisable to create the type of
union bit field and a variable of type integer (C language):

union mKode {
unsigned int kode;
BitSet mGalua;
}s
Then shift operation and establishing certain bit may be
represented by the following code:

if (t.mGalua.m31==1)CF=true; //check bits Ne31
t.kode=t.kode << 1; //shift left by 1 bit
if (CF) {
if (t. mGalua.m20 == 1) //check bits Ne20
t.mGalua.m21 = 0;//reset bits No2 1
else tmGalua.m21 = 1; //set bits No21
else {
if (t. mGalua.m20 == 1) //check bits Ne20
t.mGalua.m21 = 1; //set bits Ne21
else t mGalua.m21 = 0; //reset bits No21

..}
3. Using bit mask

The bulk of the high-level languages, can perform bitwise
operations on operands that are the basis for the program PRG.

Checking and setting specific bit can be performed using bit-wise
operations.

For example, the block diagram in Figure 1:

check bit Ne20 - mask 0x00100000, and the operation "logical
AND";

setting bit Ne21 - mask 0x00200000 and operation "logical OR";

reset bit Ne21 - mask OXFFDFFFFF and operation "logical AND".

Using masks for bitwise operations in the bit field for program
PRG, may presented as code (C#):

bool CF = false;

if ((t&0x80000000)>0)CF=true;//check bits Ne31
t=t<<l1;
if (CF){

if{(t & 0x00100000) > 0) //check bits Ne20
t &= OxFFDFFFFF, reset bits Ne21
else t |= 0x00200000; //set bits Ne21

elsé .{
f(t&0x00100000) = 0) // check bits Ne20

t &= OxFFDFFFFF; //reset bits No21
else t |=0x00200000; //set bits No21

}

II1. TEST CONDITIONS

Software implementation of the PRG of the field GF (232) based
on a primitive irreducible polynomial f 32= x32+x22+x2+x+1 and
length 231

Software:

OS — Windows 10 Home x32

bits instruction: MASM32

bits mask: Visual C# Express 2015
bits field: Visual C++ Express 2015

Hardware

Intel® Core™ i5-4200U (up to 2.60 GHz) 4GB DDR3

AMD Phenom II X4 955 Black Edition 3.2GHz, RAM 4GB
DDR2

Testing performance (seconds)
60

50
421

40
30
20

142
11,3
) .
0

Bit Set Bits mask Bit field

Ointel® Core™ i5-4200U (up to 2.60 GHz) Q3'13 ®AMD Phenom Il X4 955 Black Edition 3.2GHz Q4'09

Fig. 2. Testing performance (seconds)

CONCLUSION

Thus, studies have found that program implementation to generate
the PRS over a Galois field GF (2) offer a number of ways that include
algorithmic complexity and speed implementation.

Using bit instruction, are available in the language Assembler
have the highest performance, though inferior to hardware
implementation and are complex algorithmic solution.

Using bit mask available in almost all programming languages are
characterized by simplicity and algorithmic implementation is their
best solution, providing sufficient performance.

Using bits field in high-level languages with a low level of
abstraction can significantly simplify the algorithmic complexity, but
do not provide sufficient performance generation.

It should be mentioned that speed software implementation
significantly depends on the CPU architecture, speed RAM.
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Abstract— Face detection is one of the most important issues
in the identification and authentication systems that use
biometric features. In this paper we present algorithms for
detecting skin color. The selection and implementation of an
algorithm for automated authentication system and face
detection can significantly improve the effectiveness of such a
system. The second groups of algorithms are the ones responsible
for the gender classification. Because of their complexity they are
not suitable for nowadays mobile devices but can be used in
systems working on more demanding machines. The selection
and implementation of algorithms have accuracy about 80-90%.
We show the advantages and disadvantages of that methods and
future challenges to the researches.

Keywords—face identification, authentication, biometrics,
skin color, gender classification.

1. INTRODUCTION

In the soft biometrics face recognition and authentication is
still very important problem. Some of the examined features
are gender and skin color.

There are many gender classifications approaches and
methods. They can be divided in feature-based and appearance-
based methods [1]. They use different approaches but they
usually are trimmed on the same database. When they are
compared on the same FERRET database they show around
90% accuracy or even 99%. When the database is different
than the one used by the authors of the gender classification
method, then the methods’ accuracy drops to 60-70%.

Authentication and identification systems are increasingly.
Nowadays, more and more popular become NFC transactions
and mobile payments. We want to protect our resources against
unauthorized access. The commonly used authentication
method using login and password appear to be insufficient and
too easy. They are also exposed to a high risk of attack. There
is therefore a need to develop alternative methods, which seem
most promising biometric methods using individual human
characteristics. Biometric methods can use a variety of physical
characteristics such as fingerprints, hand geometry, ear and
facial geometry, iris of the eye [3][7]. Among these features
face as our individual identifier seems to be the most
interesting and gives new features research [4][5][6].

Face area is now one of the most interesting elements of the
image to the research on its location in the image, the
appointment of facial symmetry, finding the significant

Zofia Stawska

Faculty of Physics and Applied Informatics
University of Lodz
Pomorska str. 149/153, Lodz, Poland
zofia.stawska@uni.lodz.pl

points [7], searching for similarities between several images
and compared the skin color detection. Locating faces in the
image using its search algorithms need to be able to work on
the details and provides a basis for further research in the
diagnosis of skin color [3].

The paper is organized as follows. In Sec. II effectiveness
of the skin color recognition and classification methods are
presented. In the next Section we analyze gender classification
methods. Finally, Sec. IV concludes the paper.

II. SKIN COLOR RECOGNITION METHODS

The skin color recognition methods are divided into several
different groups. Several approaches propose to use color space
transformation [8]. Explicit threshold-based skin cluster
classifiers are the simplest and often applied methods to
classify skin and non-skin pixels. These methods explicitly
define the boundaries of the skin cluster in certain color
spaces [9].

TABLE 1. EFFECTIVENESS OF RECOGNITION METHODS OF SKIN
AND NON-SKIN COLOURS [11]
Method / classifier CDR (%) FDR (%) CR (%)
Traditional RGB method 81.27 23.71 77.04
Distance Map (DM) 89.97 9.27 90.61
Bayesian classifier [12][13] 83.92 10.92 88.30
Multilayer perceptron 83.33 11.54 87.69
classifier [14]
Color consisty with 85.60 10.68 88.76
implementing neural
networks[15]
Segment- and edge-based 82.62 10.44 88.44
refinements of Bayesian
classifier [16]
Principal feature analysis, 83.93 10.87 88.35
PFA and Markov random field,
MRF based methods [17]

Analyzing the effectiveness of the method one of the
methods has almost 90% accuracy in finding correct skin
region. In TABLE I. there are shown: (a) correct detection rate
(CDR)—percentage of skin pixels correctly classified, (b) false
detection rate (FDR)—percentage of non-skin pixels
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incorrectly classified as skin pixels, and (c¢) overall
classification rate (CR)—percentage of pixels -correctly
classified [7][11]11]. In assessing effectiveness used, there was
used Compaq database of the skin and non-skin images
[12][13]. It includes an appropriate number of images of
containing the skin regions (4000) and non-skin images (5500).
All the data obtained in TABLE 1. are the average values
based on simulation 500 test images. As it was mentioned
above the best method is method using distance map (DM). As
we show in the case of gender recognition methods it can
connected with the database properties.

II1. GENDER CLASSIFICATION METHODS

In the TABLE II. There are shown the results of different
gender recognition methods based on FERET database and a
database having pictures from Web in similar format as first
one. Both consist of images with and without hair. The results

of correct classification CR varies from 57% to 92% with
advantage of FERET database.

TABLE II. GENDER CLASSIFICATION METHODS CLASSIFICATION
RATE WITH HAIR (CRH+) AND WITHOUT HAIR (CRH-) [1]
FERET images Web images
Method
CRH+ (%) CRH-(%) CRH-(%) CRH+ (%)
Neural network 92.22 90 65.95 61.29
SVM 88.89 82 66.48 57.41
Threshold 86.67 90 66.29 66.75
Adaboost
LUT Adaboost 88.89 93.33 66.19 64.81
Mean Adaboost 88.33 90 66.14 67.02
LBP + SVM 80.56 92 67.25 66.54

Apart from the results shown above the best results were
reported by Zheng et al. For FERET database they obtained
99,1% and for CAS-PEAL database even better result — 99,8%,
but the authors were selected only frontal face images from the
datasets. For the images taken in uncontrolled environment the
results are a little worst The best result in this case was 94,8%
obtained by Shan et al. using LFW dataset.

CONCLUSIONS

It can be concluded that: (1) that the most promising results
can be obtained from the methods using the distance map, DM;
(2) methods and programs are trimmed into FERET DB; (3) it
is worth checking which set of method can make the CR the
highest; (4) in case of authentication or identification systems
the reliability of the result is so important that we should strive
to use algorithms that give the highest accuracy, even at the
expense of the significant increase in computational
complexity.
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Abstract—In the paper the communication security is
discussed. Nowadays applications mainly do not support end-to-
end security. In the paper we show the solution (SDEX method)
how to maintain end-to-end encryption in the data transferring
basing on public key distribution using social media. The
application of elaborated SDEX method is shown.

Keywords— secure communication, data encryption, public key
distribution,mobile applications, social networks, secure data
exchange method.

I.  INTRODUCTION

Nowadays, the Internet security is more and more crucial
and even normal Internet users are becoming more and more
conscious of the problem [1][2]. In recent years, there have
been several major stories about how easy is to eavesdrop and
breach our data or communication privacy like emails, e.g.
secret documents leaked by former U.S. National Security
Agency contractor Edward Snowden, WikilLeaks, HeartBleed
OpenSSL, etc. Majority of users is not conscious what
encryption is and that applications they use does not support it.
It will not help to change it by simply saying or advertising that
we users should rise our security level. There are some research
that show that your friends can raise your awareness and make
you more willing to implement the security measures [2]. The
research done by Electronic Frontier Foundation (EFF) has
shown that only 6 out of 39 popular messengers fulfills 7
criterions that may support end-to-end security properly [4].

In Sec. II the end-to-end security is described. In Sec. we
present Secure Data Exchange (SDEx) method. In Sec. IV. an
example of the method application is shown and possible
security problems briefed. Finally, Sec. V. concludes the paper.

II. END-TO-END MESSENGERS SECURITY

The sophisticated online surveillance techniques used by
the spy agencies pose the same problem as hackers. If the
governments can do it, hackers maybe can do that as well. The
problem of different types of attacks is described in several
publications, e.g. session hijacking. Facebook has said it could
enable end-to-end encryption between users exchanging data,
but said such technology is complicated and makes it harder for
people to communicate [5].

In the recent research [4] (Nov 2014) done by Electronic
Frontier Foundation (EFF) 39 services were checked including
popular tools from Apple, Google, Facebook, BlackBerry,
Microsoft and Yahoo. According to the EFF research, only 6
applications pass the security test. The EFF was interested in 7

possible questions/features [4]: is data encrypted in transit; is it
encrypted so the provider can't read it; can the service verify
contacts’ identities; are past communications secure if keys are
stolen; is the code open to independent review; is security
design properly documented; and has there been an
independent security audit?

All 39 examined by EFS applications encrypt content in
transit, but only six satisfied all of the EFF's security
requirements and managed to fulfill all seven EFF
requirements: ChatSecure + Orbot, Cryptocat, Off-The-Record
(Windows), RedPhone, Silent Phone, Silent Text and
TextSecure. Basing on the EFS criterions we prepared the
outline of the method that supports end-to-end security. The
idea of using the well-known methods of encryption to support
end-to-end security is presented in [6][7]. We show some new
methods how to strengthen the security of data exchange.

III.  METHOD SECURE DATA EXCHANGE (SDEX)

In the SDEx method that general outline is presented in
[6][71[8], we have sketched the idea of creating secure channel
that supports end-to-end secure connectivity. That method also
fulfills all of the EFS criterions supposing that we have the
code open to independent review and there has been an
independent security audit. It does not need the special
architecture because it uses existing Social Medial Networking
users profile. In the papers [9][10][11] we have also shown
several methods and techniques how to make end-to-end users
communication more secure.

A. The Method SDEx and Their Applications Prerequisites

The method Secure Data Exchange (SDEx) was presented
generally in [6][7] and [8]. The SDEx method is designed so it
can fulfill the first five requirements of the EFS research.

The application prerequisites that uses the SDEx method
[8]: (1) have the Internet and Social Medias Network access;
(2) can upload and download files/ images from them; (3) can
save data (keys) locally on the device; (4) can generate
QRcode, process QRcodes; (5) can capture and send text and
data from SMS, messengers; (6) can capture voice telephony
agent to work with the voice transmission; (7) can encrypt and
decrypt using well known methods. The prerequisites of the
applications can be widened or shortened due to the
application’s functionality.

B. Frame formats

Frame format of the published QRcode as a public key was
designed especially to find QRcodes in Social Media galleries.
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Frame metadata header of QRcode contains set number of 16
bytes [8]: unique set of bits for filtering the gallery — 4 bytes;
header length in bytes — 1byte; timestamp of key generation in
milliseconds — 8 bytes; version of the key — 1byte; key length
in bits — 2 bytes. The QRcode is storing only the data without
any tags. That data can be anything like names, phone
numbers, web page links, etc.

Social Media Network

[=] 5 E]
Pub_KeyB ;%
[Of-

Social Media Network

(
! Priv_KeyA
| o e o

data exchange

Fig. 1. General scheme of mobile applications using SDEx method

The designed frame metadata header of the message is
important part of the SDEx and it contains set number of 14
bytes [8]: application ID — 4 bytes; special unique code - 2
bytes; - message type and controls like new key request, key
received, key acknowledged, unrecognized key, etc. — 1 byte;
timestamp of key generation of the public key (user B) in
seconds — 4 bytes; version of the key used — 1 byte; message
length in bytes — 4 bytes.

IV.APPLICATIONS OF SDEX METHOD

At the Fig. 1 it is shown the general scheme of applications
that use SDEx method. In the paper [8] the whole method is
described thoroughly.

The example of implementation for the encrypted SMS
exchange is shown at the Fig. 2. The proposed header can vary
depending on the medium used, e.g. phone calls. In the text
messaging using SMS it can be simplified by omitting the
message length part of it. During the process of data exchange
it is possible to change the keys or change the communication
medium. For more details see [8].

The problems that need the research is how to protect the
initial exchange of the keys because of the possible man-in-the
middle attacks, lack of IT infrastructure and how to have the
keys that authenticate (and confirm) the end user.

CONCLUSIONS

The proposal of secure data exchange with everyday social
network as key store solves both of the problems. On the other
hand usage of images from social network gallery makes it
easy to accept by ordinary mobile user. The proposed method
can be implemented in mobile applications and description of

such application was presented. The application will be
presented in more details in next articles.

Social Media Network

EimE
Pub_KeyB {%
[=13%

Social Media Network

v

Pub_KeyA
O,

From: xxxxxxxxx

To:  YYYYYYYYY
Header: XXS3@TEm A
EncMsg: xohfddsvddgs

l.,
a

| ‘Pn'v_KeyA
S = <
Fig. 2. Text exchange using SMS

The problems that need to be examined are: (A) how to
protect the initial exchange of the keys because of the possible
man-in-the middle attacks, (B) lack of IT infrastructure and
(C) how to have the keys that authenticate (and confirm) the
end user.
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Abstract — In this article coding of vertices in selected 3D
mesh model using methods, namely residue number system
(RNS) and Fibonacci numbers, is considered. The efficiency of
these coding methods is analyzed, and also comparison with
existing ones is conducted. As a result, most optimal variant
coding of mesh vertices with quite low bitrate and sufficient noise
immunity was chosen.

Anomauia — Y paHiii cTarri pO3rIsAJAcTBCHA KOXYBAHHS
BeplIMH BHOpaHoOi ciTkoBoi 3D Mopesi 3a JONMOMOrolw TakHX
MeToliB, sIK cucremMa 3aaunmkoBux kiaaciB (C3K) i umcaa

®i0oHayui. AmHami3yeTbcsl eQeKTHMBHICTH TaKHX MeTONiB
KONYBAaHHSl, a TaKO0X IIPOBOIAMUTHLCH TOPIiBHSIHHA 3 yiKe
icHyrouumMu. B pesyabrari OyB  BuOpaHumii  HalOinbL

ONTHMAJILHAI BapiaHT KOAYBaHHS BePIIMH CITKM 3 [O0CHTb

HHM3BKOI0 IIBHAKICTIO HIHQPOBOro TMOTOKY i [J0CTaTHLOIO
3aBa0CTIHKICTIO.
Keywords — 3D mesh, geometry coding, Residue numeral

system, Fibonacci sequence, bitrate, noise-resistant

Knwuogi cnosa — 3D cimka, Kko0ysanHua zeomempii, cucmema
3anuwkosux Knacie, pao @Didonauui, weuoxkicmov yuPpPoseozo
nomoky, 3aeadocmiikicmeo

I.  INTRODUCTION

The choice of coding system is an important factor in
digital processing. Nowadays binary positional encoding
methods are widely used. But the new non-positional or mixed
coding techniques are implemented well, such as RNS
(Residue numeral system), Fibonacci sequence, Galois fields
and others. Although they are characterized by redundancy, but

O.B. OmapoBceka
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OHA3 im. O.C.ITonosa
Oneca, Ykpaina
osharovskaya@gmail.com

they are also enough noise immunity and can detect errors and
correct them in some cases.

II. COMPARISON OF DIFFERENT GEOMETRY CODING
METHODS

In previous papers [1,2] we examined geometry coding of
selected part on mesh model using Residue numeral system,
Fibonacci sequence and joint use of them. The result you can
see in the Table 1. The theory of Residue numeral system and
Fibonacci sequence can be found at [3, 4].

Using program Mashlab, a portion of mesh model was
selected and vertices of this portion were identified. This can
be seen in Figure 1.

Fig. 1. Chart bitrate comparison of different geometry coding methods

Next, the coding of obtained vertices was conducted using
different geometry coding methods. The result of encoding the
first two vertices can be seen in Table I.
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TABLE 1. Result of different geometry mesh coding methods

951 872

Coordinate 464 499

980 804
Binary representation 1110110111 1101101000
111010000 111110011
1111010100 1100100100
Residue numeral 110101 010 100011 001
system (RNS) 0010 0010 1001 010 100 101

000 001 101 01100001 1011

Fibonacci sequence

01011 10011 0011
00110011 010011
11011 10011

00011 1011 011
0011 00011 10011
01011 011 101011

Modified Fibonacci
sequence

100101000101011
00101010100011
100001010101011

000010100001011
10101010010011
001001010010011

RNS + Modified
Fibonacci sequence

010011 000011 0011
00110011 0100011
11 011 000011

01011 00011 011
0011 01011 000011
010011 011 0001011

Moreover we found values of bitrate in each case. The
result you can see in the Table I1.

TABLE 2. BITRATE OF DIFFERENT GEOMETRY MESH CODING METHODS

. Bitrate,
Geometry mesh coding method bits/coordinate

Binary representation 8.980
Residue numeral system (RNS) 11.212
Parallel processing of RNS 2.290...3.0
Fibonacci sequence 13.422
Modified Fibonacci sequence 14.421
Residue numeral system + Fibonacci sequence

: ; 15.0
with shift
Residue numeral system + Modified Fibonacci 16.614
sequence )
Pgralle] processing of RNS+ Modified 4.429. 5538
Fibonacci sequence

Using non-positional encoding methods allow obtaining the
capacity for self-correction, increase reliability, accuracy, noise
immunity and also uniquely define the encoding ending of each
number.

Initially in geometry coding each component of coordinate
was indicated with the number 32-bit IEEE floating point. But
as this accuracy is over the ability of human visual perception
and far more than necessary for most applications, so it was
decided to start finding more optimal and effective methods.
Some of them are specified in Figure 2. Also there are all of the
previously discussed methods.

The most optimal variant was obtained joint using Residue
numeral system and Fibonacci sequence. Moreover when we
use Residue numeral system, it is necessary to involve separate
encoders for each residue. Thus we achieved bitrate

4.429...5.538 bits/coordinate while maintaining advantages of
both numeral systems.

II 13 |

10898 12
I I I -
|-

= [EEE

® Diring coder
= Chow coder
m VRML (Taubin, Horn, Lazarus, Rossignac)
® Binary representation
= Residue numeral system
m Parallel processing of RNS
= Fibonacci sequence
Modified Fibonacci sequence (MFS)
m RNS + Fibonacci sequence with shift
= RNS + Modified Fibonacci sequence
Parallel processing of RNS+ MFS

415

Bitrate, bits/coordinate

Fig. 2. Chart bit rate comparison of different geometry mesh coding methods

CONCLUSION

Therefore, in this paper not typical methods of encoding
images, videos and proper mesh models were considered, such
as Residue numeral system and Fibonacci sequence, their
modifications and combinations.

Parallelization of codes in Residue numeral system allowed
us to obtain a short combination that will not lead to significant
errors. Coding Fibonacci sequence allowed getting the
opportunity to find and correct errors. It's greatly increases the
noise immunity of coding methods geometry.
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Anomauia—  Po3podieHo  0araTorakToBi  omepamiiini
NPHUCTPOI AJITOPAUTMY COPTYBAHHS HA OCHOBI KOMYTYIO4O0i Mepe:Ki
Benema 3 BHKODHCTAaHHSIM NPOCTOPOBO-4acOBHX rpadis.
OTpumaHo aHAJITHYHI BHpasH [JIA PO3PaXyHKy AamapaTHoOL
CKJIAJHOCTI PpPO3pO0JICHMX NPHCTPOIB Ta BH3HAYEHO, LI0 Y
TOpPiBHSAHHI 3 BiloOMIMH po3pod.ieHi onepamniiiHi MpUCTPOi MaKOTHL
B Pa3d MEHIIY anapaTHy CKJIAIHICTh.

Abstract— Developed multitact operating devices sortihg
algorithm based on Benes network using the spatio-temporal
graphs. The analytical expressions for the hardware complexity
and determined that in comparison with known operating
devices have been developed in times less hardware complexity.

Knwuoei cnosa—xomymywua mepesca benewa; anzopumm
COPMYBAHHA; NPOCMOPOGO-YACOBUIL Zpadh) anzopummy, ROMOKOGUIL
2pagh anzopummy
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I. Bcryn

CopTyBaHHsI TaHHUX € OIHOIO 3 THUIIOBUX IPOOIEM 00pOOKH
JaHUX 1 3a3BHYall PO3YMIETHCS, SAK 3adada PO3MIIICHHS
€JIEMEHTIB HEBIIOPSIIKOBAHOTO HAOOPY 3HAY€Hb, B IOPSIKY
3pocTaHHs a00 criamanHs [1]. 3a3Buuaii mapanesabHi alrOPUTMH
COpPTYBaHHA HAa3WBaIOTh COPTYBAJIbHUMH Mepexamu [2].
CopTyBajlbHy MeEpeKy OyayloTh 13 0a30BHX CJIEMCHTIB
COpTYBaHHs, SIKi BUKOHYIOTH 0a30BY OIepalifo “HOpiBHATHU i
MepecTaBUTH, sIKa IOJSrac B TOPIBHAHHI mapu i3 Habopy

BXITHUX JaHHX Ta IIEPECTAaHOBKH IMX JaHHX, SKIIO iXHIii
MOPAZIOK HE BiANoBizae ymoBaM copTyBaHHA. OnHuM 3
HaMBIJIOMIIIMX 1 HalKpallle BUBYCHUX JITOPUTMIB COPTYBaHHS
€ aJITOPUTM Ha OCHOB1 HEOJIOKOBHOT KomyTyro4oi mepexi (KM)
benemra [3]. Ilpore mpu copTyBaHHI BENHMKOi KUIBKOCTI
BXIJTHUX JaHUX, KOMyTyoua Mepexa beHemia MiCTHTh BENHKy
KIJIBKICTE 0a30BHX €JIEMEHTIB Ta 3B’ SI3KIB MK HUMH, SIKi 1HOZI
YacToO € He 3aJiTHUMH Ta MPOCTOIIOTh, OCOOIHMBO Yy BHIIAJIKY
BUOIPKOBOTO 3’€IHAHHS IESIKOTO JIOBUIEHOTO BUXOJY 3 JESKUM
JIOBUIBHUM BXOIOM. ToMy Tmocrae 3ajada po3poOKH Ta
JIOCITI/PKEHHsI HOBUX BHJIB KOMYTYIOUMX Mepex beHenra, siki 6
JIAJTd MOXKJIMBICTh TIPH HE KPUTHYHHMX YacCOBHX IapaMeTpax
36KOHOMUTH Ha amnapaTHid CKIaJHOCTI Ta IUIOw, sKy Oyne
3aliMaTH CIIPOEKTOBaHA MeperKa Ha KPHUCTAI.

[TocraBnene 3aBJIaHHA BUPIIIYETHCS LUIAXOM
NIPE/ICTaBICHHST KOMyTylouoi Mepexxi beHemra y Bursmi
sIpycHO-TIapajenbHoi Gopmu motokoBoro rpady (SAI1d I1T7) ta
i MPOCTOPOBO-YaCOBOTO MEPETBOPEHHS [4], 3 BUKOPUCTAHHIM
pI3HHUX THIIB TpocTOopoBo-dacoBux rpadie (ITUI), mro
JIO3BOJIUTH ~ BUOpAaTH ONTHMANIbHY CTPYKTYpPY BIJIHOCHO
3a[]aHUX TEXHIYHUX I[apaMeTpiB Ul BHpILIEHHS MOTPiOHOT
3ajadi.

II. MTPOCTOPOBO-YACOBE ITEPETBOPEHH MEPEXI
BEHEIIIA

Mepexka benemra 3 n BXoAaMU 1 7 BHXOJaMHU Mae€
CHUMETPUYHY CTPYKTYPY, B KOXKHIH ITOJIOBUHI SIKOT (BepXHi 1
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HIDKHIH) MK BXigaumu 1 Buxigaumu BEC posramoBana Taka
cama Mepexa bekernia, ane 3 n/2 BXogamu i n/2 BuxomamH [5].

Ha puc. 1 HaBeeHO CTPYKTYpy aJITOPUTMY COPTYBaHHS Ha
OCHOBI KOMYTYI04OI Mepexi berera 4x4.

0— —0
] BEC1 BEC3 BECS 1
2 — —2
3 BEC2 BEC4 BEC6 5

Puc. 1. Airoput™ copTyBaHHsS Ha OCHOBI KoMyTyro4oi Mepexi benera 4x4

Jlana Mepexa ckiamaeTthcsi 3 0a30BHX  CIIEMCHTIB
copryBanns (BEC), pobota skux moysrae B MOPIBHSIHHI JBOX
JAHUX Ta Mepefadi Ha OMUH 3 BUXOMIB OUIBIIOrO 3 HUX, a Ha
npyruii - MeHmoro. OOYHCIIOBaNIbHA CKIIATHICTh IIHOrO

anroput™y cknagae - N(log, N —1/ 2) 0a30BUX CIEMECHTIB, a

KiIBKICTB ApyciB - 2log, N —1.

Maroun AII® TIII' KM benema 3a  10moMororo
MIPOCTOPOBO-YaCOBOI'O IIEPETBOPEHHSI MOXKHA OTPUMATH Pi3Hi
tunu [TUIT Ta amapaTHO iX BimoOpasutu y crpykrypy BOII
BIJIMIOBITHOTO THITY.

Ha pwuc.2 HaBemeHo crpyktypy BOIl mociizoBHO-
iTepaniiHoOro TUIy KOMYTYyl04oi Mepexi benera 4x4.

X0 X1 X2 X3

2] [@r3]

_|M1l fli "

YO Y1 Y2 Y3

Puc. 2. BOII nociioBHO-iTepaliiiHOro Tiiy KoMmyTyrouoi Mmepexi benerua

Hana ctpykrypa BOIIl ckimamaetbes 3 JBOX 0a30BHX
enementiB  copryBanus  (BECI, BEC2), 4-ox
MynbTHILIeKcopiB (M1,...,M4), 4-0X JIeMyIbTHILIEKCOPIB
(Oml,....AmM4) Ta 4-ox tpurepiB (Trl,...,Tr4). BECI Ta
BEC?2 nocniioBHO B Yaci BUKOHYIOTh KOXEH IO TpH 0a30Bi
orepanii, MYyJbTUIUIEKCOPH MOCIIJOBHO MPOIYCKAIOTh
BXifHI JaHi Ta TMpoMixHI pe3yabrath Ha BXxomu BEC,
JIEMYJIBTUILUIEKCOPH PO3MOUIAIOTh Yy MOTPIOHI MOMEHTH
Yyacy NpOMiIXKHI pe3yJIbTaTh Ha BXOAW MYJBTHUIUIEKCODIB a
KIHIIEBI pe3yJIbTaTH HAa CBOI BUXOIH JUTSA 3aIMCY Y BHXIIHI
perictpu. EneMeHTH 3aTpUMKH TNPOMIKHHX PpE3yJIbTaTiB
(Tpurepu) 3aTpUMYIOTH TPOMDKHI JlaHi Ha BiINOBITHY
KUIBKICTh TaKTIB 3TiIHO IMOCIHigOBHO-iTepariitnoro ITUI.
KepyBaHHSI MyJNbTHIUIEKCOPAMU Ta AEMYJIbTHILIEKCOPAMHU
3IIIHCHIOETHCS 32 JOTIOMOT'OI0 TIPHCTPOIO KEPYBaHHSL.

3arpatn obOnamHaHHA Ha peanizamito BOIT mocmigoBHO-
iTepaliiHOro THITy /IS aJITOPUTMY COPTYBaHHS Ha ocHOBI KM
BeHrerna ckiaiatoTh:

Wosornr =N Wgge + Wamasy T Wonm oy + WTpe.) (1)

[MincraBuBmm y Qopmyny (1) 3Ha4YeHHs KUTBKOCTI
BEHTWIIIB, 3 sKHX ckiamaioteess BEC, wmynpTHIUIEKCOpH,
JIEMYJIbTUILIEKCOPU Ta TPUTEPH, OTPUMAHO YHCIIOBI 3HAYEHHS,
Ha OCHOBI SIKMX MOOYHOBaHO rpagik 3aJeXHOCTI arapaTHHUX
3aTpar BiJ KUIBKOCTI BXiHHMX AaHHMX Ml pizHuX TuriB BOII

(puc. 3).
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Puc. 3. I'padik 3anexHOCTI 3arajgbHOi KiJIBKOCTI BEHTHJIB BiJl BEIMYHHU
BXIIHHX JaHUX /1 pisHuX THHiB BOIT

AHanmizyroun  mpuBeieHI  pe3ynbTatd  Ha  Tpadiky
3a/IeXKHOCTI 0auuMoO, IO KiJBKICTh JIOTIYHUX BEHTHIIB, SIKI
MOTPIOHO ISl TOOY/IOBH CTPYKTYPH TTOCIIOBHO-1TEpaI[iHHOrO
ta irepauiinoro BOIl wmepexi benemra mnpu (N>128)
3MEHIIYEThCS. B pa3u y MOPIBHAHHI 3 il peami3amjieo Ha
cTpykTypi KoHBeepHoro OIT.

BUCHOBKHI

OTpyMaHi aHaNITHYHI BUpa3W IS OILIHKHA anapaTHOI
ckmagaocti  BOIl  pi3HMX  TUMiB, Ha OCHOBI  SIKHX
MIPOCKTYBAJILHUK MOXE BHOpaTH MOTPIOHY CTPYKTYpY, IO
JIO3BOJIUTH PO3B’SI3aTH IOCTABJIEHY 3aJ[ady MPU BCTAHOBJIEHHX
CHCTEMHHX MapaMeTpax.

3acrocyBanns ITUIT mnst po3poOku pizHux TtumiB BOII
JI03BOJISIEC 3HAWTH ONTUMAaJIbHE CIIIBBIIHOIIEHHS M) YaCOBUMU
Ta arapaTHUMU XapaKTePUCTUKAMHU.
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Anomauia — PeanizoBana mozaeanb podoru anajaorosoro LC-
reHeparopa TapMOHIYHHX  KOJHBaHb. 3anponoHoBaHO
BHKOPHCTAaTH Teopilo mudpoux xBuiaeBux GiIbTpiB s
imiTanii HeToYHOCTEH POOOTH peaTLHUX AHAJIOTOBHX CXEM.

Abstract — Software model of analog harmonic LC-oscillator
is realized. A wave digital filters theory for simulation of real
analog circuits inaccuracy is used.

Knwuoei crosa —  yugposuii xeunesuit ¢pinomp, LXD,
AHANI0208UIl 2eHEPAMOD, 2APMOHIYUHE KOTUGAHHS

Keywords — wave digital filter, WDF, analog oscillator,
harmonic oscillation
I.  Bcryn
CyuacHi MY3U4Hi CHUHTE3aTOPH OyIyIOThCS 3

BUKOPHUCTaHHSIM IHM(POBUX CUTHAJIBHUX TIPOIECOPIB Ta Yy
BUTJISIII CIIENIai30BaHOTO IMPOTrPaMHOro 3a0e3MedeHHs, SKe

BUKOHYETHCS B  peaJibHOMY dYaci Ha IEPCOHAIBHUX
KOMIT IOTepax. Mertoau CUHTEZY, SIKi IIUPOKO
BHUKOPUCTOBYIOTBCS  JUII CTBOPEHHS MY3HYHHX  3BYKIB,

0a3yloTbCS Ha alrOpUTMax, SIKi BUKOPUCTOBYBAJIHCh B
ITOBHICTIO aHAJIOTOBUX CHHTe3aTopax e B 60x-80x pp. XX cT.
[MonioHivHi aHAIOrOBI CHHTE3aTOPH MICTSAThH B CBOEMY CKIIa/i

O. Yevchuk

Department of Information and Telecommunication
Technologies and Systems
Ivano-Frankivsk National Technical University of Oil and
Gas
Ivano-Frankivsk, Ukraine
olga.yevchuk@gmail.com

3HauHy KinbkicTh iHTerpanpHux cxeM (IC), 1 OCKiIbKH
aJITOPUTM 1X POOOTH BH3HAYAETHCS AIlapaTHO - TaKi MPUCTPOL
MaloTh 3Ha4yHy BapTicTb. KpiM Toro, iM mnpuTamaHHa
HeiJleabHICTh (JOPM TeHEpPOBAHUX CHTHANIB 1 IIYMH, OJHAK
ICTOPUYHO CKJIaJOCh TakK, M0 I[i Bagd 1 BHU3HAYAIOTH
XapaKTepHy XYIOXHIO SIKICTh «aHAJIIOTOBOTO» 3BYKY. Tomy B
OCTaHHIM 4Yac 3ycwnIsi pO3pOOHMKIB  CHpsIMOBaHI  Ha
BINTBOPEHHS XWUO AaHAJOrOBHX CXEM B BHUIIAAI IH(POBUX
ITOPUTMIB, TIPHIATHUX JUISi BUKOPUCTaHHS B CHCTEMax
peanbHoro dacy mii [1]. B 3B’I3Ky 3 BHIICHABEACHUM
MIPOTOHYETHCS CMOCi0 MoOymoBY MUBPOBOI MOJIEIi TeHepaTopa
TapMOHIYHUX KOJMBaHb, SIKHA HE BHKOPHCTOBYE OJIOK
TPUTOHOMETPUYHMX (QYHKLIN Tporecopa, TaOJIUYHUI CHUHTES,
TOIIO, a I'PYHTOBAHMI Ha MPSMOMY MOJENIOBaHHI IPOLECIB,
sIKi BiIOYBAIOThCS B aHAJIOTOBHX €JICKTPOHHUX TeHEepaTopax.

1. BHBIP 3ACOBIB PEAJIIBALIIT

Jnst ppoBoi pearizaiiii aHAJIOTOBUX CXEM BHKOPHCTAaHA
Teopis 1uppoux xpwieBnx ¢ubTpiB (LIXB) [2]. Ha Biaminy
BiJl MOJICITFOBAHHS QHAJIOTOBUX CXEM 3a IOIOMOIOK0 1HIIMX
Croco0iB po3B’SI3KYy AU(PEPEHIIHHUX pPIBHAHb, TEXHOJOTIS
IX® no3Bonsge 3HAYHO CKOPOTUTH TMPOIECOPHUM dac
PO3paxyHKiB, a TaKOX 3a0€3MEYUTH CTIHKICTh pPe3yJIbTaTiB
MOJICTTIOBaHHS, TIPOTE PE3yNIbTATH MOJIEITIOBAHHS MOXYTh MaTH
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MOXHUOKY pO3paxyHKIB 0 5%, 10 OJJHAK KOPEIOE 3 TOYHICTIO
00pOOKM €EKTPUYHHMX CHTHAJIB 3a JOMOMOIOK aHAJIOTOBHX
cXeM.

III. MOIEJIIOBAHH I CXEMU I'EHEPATOPA

B sxocti cxemu-mporotuily BukopucraHa cxema LC
reHeparopa TapMOHIYHHMX KOJIHMBaHb, MpEJICTaBIeHa Ha puc.l.
BHaciimok Toro, mo peajibHa iHAYKTUBHICTH Ma€ 3HAYHUIA
BJIACHMH OIip, Takui TreHepatop Oyne MaTH TOrasi
XapaKTepUCTUKU Ha HU3bkUX yacTorax (HY). [Ipore y Bunmaaxy
MaTeMaTUYHOTO MOJICTIOBAaHHS, el e)eKT MOXKHA BUKITFOUHUTH
3 po3ndy, 1 Tomi opMa CHHYCOinu He Oyme 3ajJekaTd Bil
po0OUO0T YaCTOTH.

Puc. 1. LC-renepatop Ha onepauiiiHoMy mificHiI0BaYi

B naniii cxemi QopMyBaHHS TapMOHIYHOTO CHUTHAITY
3MIHCHIOETbCS B KOJNMBAJIBHOMY KOHTYpi. CHHXpOHHE
JONABaHHS €HEpPrii B KOHTYp 3MiHCHIOETHCS TO3UTUBHUM
3BOPOTHMM  3B’A3KOM 32  JONOMOIOI0  OIlepaliifHOro
migcumoBaya (OIT). Pesucrop R1 BuKopucTaHuii, OCKUIBKH
Buxigauii omip OIl € He3HauHuM, 1 Oe3mocepenHe HOTro
BKJIFOYCHHS JI0 KOJNHWBAJIBHOTO KOHTYPY, MPH3BOIUTH [0
HIBUIKOTO 3aTyXaHHS KOJHMBaHb. Y BUMAIKY KOJIH Koe(illieHT

nepenayi miacumosaua Ha OIl K, <1, reHeparop mpomykye

3aTyxaloui KoiuMBaHHA, komu K, >1 - KoJuMBaHHA
MATPUMYIOTBCS 31 3pPOCTAlOYOI0 aMILTITYAOI, 1 Y BHIAIKY
K, =1 - MaeMO KONMBaHHS 3 TIOCTiHHOI aMILTITYIO!O.

PeanpHi aHaNOroBi CXeMHM MICTATH OOMEXKEHHS II0 BUXIIHIN
Hampysi Ha piBHi mpubnmsno U, OIl, mpu 1poMy 3aMicTh
CHUHYCOIHUX MaTHMEMO KOJIMBAHHS, SKi HAraJylOTh MEaHp.
Tomy anroputM poOOTH TreHeparopa Mae OyTH HACTYITHUM:
IpH 3amycKy KoegillieHT mepenaui miacumoBada K, >>1, a
NPU  JOCATHEHHI 3aJIaHOTO PIBHA BHXIJHOTO CHTHAIy
Koe(illieHT TOBUHEH TUHAMIYHO 3MIHIOBATHCH, KOJHBAIOUUCH
HaBKOJIO 3Ha4yeHHsA 1. Yacrora KOMWBaHb T'eHEpaTopa IpU
[IbOMY BHU3HAYAa€THCS BJIACHOI 4YacTOTO KonuBaHb LC

1
KOHTypa: [ =———.
2N LC

[MobynoBa RLC mnanmkm B Tepminax LIX® Burmsgae
HACTYITHUM YUHOM (IMB. pHC.2)

R1 L1

°u|t_r\/\m_|

In

ne=a
—|‘@_SI n H b

Ty

Puc. 2. RLC-konuBanbHUM KOHTYP B MO3HA4YEHHsX agantepis [ XD

Peanizauis onepkanoi I[X® cxemum wmoBoro C++ 3
BUKopHCcTaHHM Oi0miorexku [[X®D [4] Mae HaCTYyITHUI BUTIISA

bool detectZeroCross(double in) {
static double prevVal = 0; bool trigg = false;
if (prevVal >= 0 && in <0 ) trigg= true;
if (prevVal < 0 && in >= 0) trigg = true;
prevVal = in;
return trigg;
H
double getKu(double in){
currentLevel = -RC.process(abs(in));
if (currentLevel > maxLevel && detectZeroCross(in))
Ku =minLevel / (currentLevel);
if (currentLevel < maxLevel && detectZeroCross(in))
Ku=1.0;
return currentLevel,
H
double LC_contour(double in) {
Pl.do b3(Cl.state, -L1.state);
S1.do b123(P1.b3, 0.0, in);
Pl.do blb2(S1.bl);
Cl.state =P1.bl;
L1.state = P1.b2;
double res = -(P1.al + P1.b1)*0.5;
return res;
H
double main_process() {
res= LC contour(res * Ku);
getKu(res);

return res;

100



Meron getKu() 3acTocoByeTbCs I aBTOMATHYHOIO
MiCTpOIOBaHHS  Koe(illieHTy — repemadi  MiACHIIOBaYa
TeHepaTopa B 3aJIC)KHOCTI BiJl 3HAYCHb OTMHAIOYOI, OJCPIKAHOI
BHACJIJIOK ODKYJOro 3ri1a/DKyBaHHS MOJYJISI IMCKPETU30BAHUX
3HaYeHb I'E€HEPOBAHOr0 CUrHaNy. [JJIsi MOYaTKOBOrO BUBEICHHS
CHCTEMHU 31 CTaHy PIBHOBaru BXiJHOMY 3HAYE€HHIO OJJHOKPATHO
TIPUCBOIOEThCs 3HaYeHHs 0.5. 3MiHa KOe]ili€HTIB ITiICHICHHS
B aNroputMi cralumizamii aMIulTyau BUXIZHOTO CHTHAITY
3IIHCHIOEThCS TUIBKM B MOMEHTH TEPEXOIy CHUTHAIly depes
HYJb, IIO JI03BOJISIE 3MEHIIUTH 3arajbHUNA PiBeHb HENHIHHUX
CIIOTBOPEHB.

[licns BUKOHAHHA PO3PaXYHKIB MOXKEMO CIIOCTEpIiraTu
EKCIIOHEHITiaJIbHE HAPOCTAHHsI aMIUTITYIH BUX1IHOTO CUTHAIY i
CIpAaIlbOBYBAHHSA  MPOTPaMHOI  CHCTEMH  aBTOMATUYHOIO
pery/IroBaHHS MiJACHICHHs CUTHAITY TeHepaTopa, sika cTadiiizye
PiBEHb BUXiJJHOTO CUTHAITY ( UB. puc.3) :

Puc. 3. Tlepexigni npolecy Mmpu 3amycKy reiepaTropa

Yacopa (hopMa BHXiTHOTO CUTHAJIy IpEICTaBIcHA Ha puc.4
1 HE MICTHTh BUJUMHX CIIOTBOPCHb.

Puc. 4. YacoBa ¢popma reHepoBaHUX KOJIMBaHb

YacroTHuil aHami3 OJCP)KaHUX KOJUBAHb (IUB. PHC.S)
CBITYUTH PO HASBHICTh HE3HAYHOI KIJIBKOCTI TAPMOHIK.

Puc. 5. YacrotHa popma reHepOBaHUX KOJIMBAHb

PiBeHp mapasuUTHUX TapMOHIK -70mb, 1o

CKJIaJIa€
BIJINIOBiJJa€ PIBHIO IIYMOBHUX 1 MAapa3sUTHUX CIIOTBOPEHb, SKi

MIpUTaMaHHI aHaJIOroBil TeXHiIl KiHIISA XXcr.
ExcrieppuMeHTanbHO BUMIpSHE HABaHTKEHHS Ha IIPOLIECOp
NpU TeHepalii OJHOr0 TapMOHIYHOTO CHUTHAIy B PEXHUMI
peanbHOro yacy ckianae 6auspko 0.4%.

BUCHOBKHI

Byna pospobnena Mopens aHAIOrOBOrO TeHepaTopa
TapMOHIYHMUX KOJHMBaHb 3 BHKOpUCTaHHsAM Teopii [[X®.
Peauizauis Mmozeni 3 BukoprcTanHsM Oi0mioreku L[X®D nosena
i1 mi€e37aTHICTh Ta ¢(PEKTUBHICTH 3 TOYKU 30py BUKOPHUCTAHHS
obuncimroBaibHUX ~ pecypciB  EOM. Heposrmsayrumu
3aJIMIIMINCH  eKCIIEPUMEHTANIbHI  XapaKTePUCTUKH  POOOTH
reHeparopa B peXKHUMi YaCTOTHOT MOAYJISLI.
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Anomauia—Po3rnsiHyT0  0COOIMBOCTI  IHTEPIOTIOBAHHS
JaHHMX aKceJlepoMerpa MOOLILHOr0 NMPHCTPOI0 MiJ KepyBaHHAM
oC Android. 3anponoHoBaHO MeTo[ JOCJIi2KeHHS
CIIeKTPAJILHHUX XapaKTePUCTUK JaHHUX, OTPUMAHUX Ha
HeOIHOPiaHIl YacoBii ciTui.

Abstract—The key features of Android mobile device’s
accelerometer data interpolation are studied. The spectral
analysis method of non-uniformly sampled data is proposed.

Knwuoei cnosa—nepienomipna uacoga cimka, axkcenepomemp,
Android, cnekmpanvui xapakmepucmuxu

Keywords—non uniform grid time domain, accelerometer,
Android, spectral characteristics

I. Bcryn

[IpoBeneHHs CrIEKTPAILHOTO aHaJi3y JUCKPETHUX CUTHAIIB
0a3yeThcsi HA BUKOPHCTAaHHI HIBUAKOIO IepeTBopeHHs Dyp’e
(FFT) six edexruBHOi peamnizauii neperBopenus ®dyp’e (FT)
CHTHAJIIB CKIHUEHHOI JIOBXKHMHH, PEaTi30BaHUX HA PIBHOMIpHIi
yacoiii citui. OfHak, iCHYIOTH 3ajadyi, KOTpi IIOB’si3aHi i3
HEpIBHOMIPDHMM  KPOKOM 4YacoBOi cCiTku. Taki 3amadi
BUHHKAIOTh Y PI3HUX TaTy3siX HAyKH Ta TEXHIKH, HATPUKIAMI:
npu 00poOLll CHTHANIB pajapiB, OOYHCIICHHI MEpPETBOPEHHS
Panona y tomorpadii Tomo. Po3B’A30k 1X OTpHUMYIOTH 3a
nonomororo Bifmoiguux anroputmis NUFFT.

Icaytotp  pizni  meromu NUFFT [1-5], ommum i3
e(pEeKTUBHMX BapiaHTIB SKUX € TaKWH, 10 BHUKOPUCTOBYE
KBa3ipiBHOMIpHI BX1JIHI BI/ITIKH.

OCHOBHa iiesl Takoro MiAXOAy MOJNSTae y IHTEPIOJSLii
BiJUTIKIB, OTpMMaHHMX Ha HEPIBHOMIpHIM 4YacoBill ciTii, Ta
NIPE/ICTAaBICHHI iX Yy BHIJISIII BiTIKIB, OTPUMaHHX Yy daci
PIBHOMIpHO.

[Ipouec 3MiHM 4YacoBOi CITKM TIOB’si3aHHMH 13 e(eKTOM
aJiaCUHTy, IIPOSBOM SIKOTO € CTYIIHYACTICTh BHUXIIHOIO
CUTHAJTY.

[lpyunHaMu  BHHHMKHEHHS  YacoBOi  HEPiBHOMIPHOCTI
BiJUTIKIB MOXYTh OyTH TEXHIYHI HECHpaBHOCTI oOJiaHAHHS,
OOMEXEHHS KaHallB [epelaBaHHS [aHWX, [IYyMH Ta
KOHCTPYKTHBHI ocobnuBocTi. [Ipukiagom mkepena AaHuX i3
HEPIBHOMIPHOIO YacOBOIO CITKOIO € CEHCOp IPUCKOPEHHS
MoOiIEHOTO TIpHcTpoto i kepyBanHsaM OC Android.

Cdepa 3acrocyBaHHs  MOOUIBHMX  JOJATKiB, IO
BUKOPHCTOBYIOTh ~ CHEKTpallbHI  XapaKTEPUCTUKH CHUTHAITY
BiOpaIlii, TOBOJII IIIMPOKA: BiI KOMIT IOTCPHHX irop 0 EKCIpec-
JIIarHOCTUKM CTaHy JOPOXKHBOTO MOKPUTTS, IO BU3HAYAE
aKTYaJIbHICTh JOCIIDKEHHS TaHOT TEMATHKH.

OCoONUBICTIO BUKOPUCTaHHS aKCEJIEPOMETPIB MOOUTBHHX
npuctpoiB mix kepyBaHHsM OC Android € HeMOXIHUBiCTH
MPOTHO3YBAHHS YH KEPYBaHHA MOMEHTAMH OTPUMAHHS
BIUTIKIB Y Yaci.
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OO0’eKTOM JOCTIJDKEHHST JaHOi pPOOOTH € CIeKTpalibHi
XapaKTEepUCTUKH CHTHATY JaBada IMPUCKOPEHHS MOOLIBHOro
npuctporo mix kxepyBanHsiM OC Android Ha HepiBHOMIpHIi
4acoBil CITII.

II. OCOBJIMBOCTI BUKOPUCTAHHST AKCEJIEPOMETPA
ANDROID-ITPHCTPOIO

VY Android Sensor Framework He nepenbaueno ynpasiiHHs
YacTOTOI AUCKpeTH3alii JaHUX akcelepoMeTpa MOOLIBHOro
npuctporo. Hatomicte, icHye psj JeKlapaTHBHUX KOHCTAHT,
KOTpi ONHUCYIOTh Oa)kaHi 3 TOYKH 30py KOPHCTYBaua iHTEpBaIH
OHOBJICHHA JAHHUX CEHCOpa, IpoTe OMepalliiiHa cucreMa He
3000B’s13aHa JIOTPUMYBATUCA 1X 1 IHTepHperye Iepioau
OHOBJICHHSA SK «3BHYAaHHMI», «IOCTaTHIN Mg iHTepdeicy
KOpHCTYBauay, «irpoBUil» Ta «HAWIIBUANIMI» Oe3 IPHB’SI3KH
JI0 KOHKPETHUX YUCIIOBUX 3HAUEHb.

Joctyn 10 IaHUX axcelepoMeTpa peai30BaHO uepes
MacuB 31 3HaUEHHSIM NPUCKOpeHHsI 3a ocsiMu X, Y Ta Z.

ImmiemenTanis intepgeiicy SensorEventListener mo3Bosie
nepesusHaunTH Metox onSensorChanged(SensorEvent event)
i, TAKMM YHHOM, OTPHUMAaTH JIOCTYII JO JaHWX JlaBaya (event)
MTiCIIst 3aBEPIICHHS BUMIPIOBAHHS Y MOMEHT, KOJIM OfepalliiHa
CHCTEMa TpUiiMe PIlIeHHS PO MOKJIMBICTh HAJAHHSI TaKOro
nocrymy. Ilone timestamp MicTuTh iH(pOpMAIO TIPO dYac
HAJXOMKCHHS TOBIMOMJICHHS TPO MOXIHUBICTH JOCTYIY [0
JAHUX.

THUMoOBMM ~ MAXOJAOM O  BHUKOPUCTaHHS  JIAHUX
akcenepomerpa € HacTynmHuil. OrojomrytoTh MacuB X. Y
MOMEHT, KOJM OlepamifiHa cucteMa MOBIIOMIISIE PO
OHOBJIEHHA cTaHy paBada (onSensorChanged), KkomiroOTH
BMICT BiJITIOBITHUX eeMeHTIB event 1o MacuBy X. [Ipu mibomy
MOMEHT HACTYITHOTO OHOBIICHHS HE MOKe OyTH mepeadadeHuit
i3 JIOCTATHBOIO TSI PAKTHYHOTO BUKOPHCTAHHS TOYHICTIO.

ImiTamiro mNEeBHOI YacTOTH OHOBJICHHS JaBada peaji3yroTh
3a JIOIIOMOTOI0 OKPEMOT'0 MOTOKY, KOTPUH YUTa€ BMIiCT MaCHUBY
X i3 3amaHo0 pery/sIpHicTIo. DaKTHYHO, TaKUH MMiAXina
peatizye CTyMiHYaCTy 1HTEPIIOJIALIIO, 10 Y BUITAKOBI 3aMiHH
4acoBOi CITKM TOpOMKyBaTuMme (HPaHTOMHI BHUCOKOYACTOTHI
CKJIafIOBI.

[Ipu 1poMy, BMICT €JIeMEHTIB MacuBy X € HE3MIHHUM IIiJ
Yac IMOCIiZIOBHUX ONMUTYBAaHb MOTOKOM 10 MOMEHTY Y€proBOTO
BHUKITUKY MeTony onSensorChanged().Y pexumi «game» MeTon
onSensorChanged() BuknukaeTbcs y cepeanboMy koxkHi 0-10
Mc. lleHtp QyHKIII TycTMHH WMOBIPHOCTI BIATIOBiZa€
3HA4YEHHIO ~5 Mc.

JlocmimkeHHsT TIPOBECHO i3 BHUKOPHUCTAHHAM MOOLIBHOTO
tenepona LG Nexus 5 D821min kepyBanasm Android 6.0.1.
IIpoananizoBano BuOipku i3 1000 eneMeHTIB IS KOXKHOTO 13
PEeXHMIB poOOTH aKcelepoMeTpa.

BanOByIO‘II/I, oo 4Yactora OHOBJICHHA JaHUX HE €
KOHCTAHTOIO0, BUKOPHUCTaHHSA X sk JOKEpeila OaHuX i
MPOBEACHHA HIBUAKOI'O MMEPETBOPCHHA q)yp’G HE € KOPECKTHUM.

Immnementanis  anroputmy NUFFT  no3Bonse orpumaru
CICKTPaJIbHI XapaKTEePUCTUKH ISl TOAIOHOTO THITY TaHHUX.
III. CHEKTPAJIbHI BIBPALUHI XAPAKTEPUCTUKU

IBunke mneperBopenns Dyp’e s BiUIKIB  Ha
HEepIBHOMIpHIH 4acoBiif CiTii, 3HCHIOIOTh y BiJIIOBITHOCTI 110
HACTYITHOI'O BUPa3y:

N/2-1
fi=F(@); = Zake"“”’ mis j=-N/2,.,N/2-1.
k==N/2
YacToTHi Bimmiku a)={a),N/2,...,a)N/2,l}, w; =2m/N e

[-7,7] — piBHOMIpHI; BiJJTIKK y dYaci t={t,N/2,...,tN/2,1},
t, €[-N/2,N /2] — HepiBHOMIpHI.

Ha ocHOBI mpOBEmEHOr0 JMOCTIMKCHHS pPO3pOOIICHO
JOJATOK JUIS MOHITOPUHTY BiOpaIlifHUX XapaKTePHCTHK 3
BUKOPDHUCTaHHSIM MOOUTPHUX TPHUCTPOIB MiJl YHPaBIiHHIM
Android.

BucHOBKI

OC Android He Hagae MOXJIHMBOCTI KEpPyBaTH YacCTOTOIO
OHOBJICHHS JIQHUX aKCEeIepoMeTpa.

OpHUM 13 BapiaHTIB JOCIIKEHHsS CHEKTpy BiOpamii Ha

OCHOBI JaHMX MOOUIbHOrO TeneoHa, € BHUKOPUCTAHHS
KBa3iE€KBIMCTAaHTHUX  BIiJUTIKIB, OTPUMAaHUX  IUIIXOM
IHTEPIIOJIALLI.

ExcniepuMeHTanIbHO BCTAHOBJICHI IIEHTPH (DYHKINH I'YCTHHH
IMOBIPHOCTI /ISl PeXHUMIB «game» «fastest» CTaHOBIATH 5 Ta
20 mc. Ilpu 1poMy poO3KHI 3HAaueHb BiJCTaHEH y dYaci MikK
JIBOMa CYCIIHIMH BiJUlikaMd CTaHOBUTH ~10 Ta ~20 MC
B1JIMIOBITHO.

VY pexumi «game» MaKCHMallbHa YacTOTa, KOTpa MOXe
OyTH OTpUMaHa y pe3yibTaTi 3aCTOCYBaHHS IIEPETBOPCHHS
Oyp’e, ckmagae Omuspko 50 I'm. Ilpu 1poMy MOOLTBHMI
MPUCTPi MOXe OyTH 3acTOCOBAaHMN I aBTOMATHYHOrO
OIOJDKETHOTO  €KCIPEC-MOHITOPUHTY ~ CTaHy  JIOPOXKHBOTO
MOKPUTTS 32 YMOBH JIOCTATHBOI dKOPCTKOCTI KPITUICHHS.
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Anomauyia—3niiicneno ¢daxropusaniro MaTpHub
OpPTOroHaabLHUX cucTeM QyHKuii [amya Ta po3pobiieno aaropurm
00YHMCJICHHS] JMCKPETHOI0 OPTOrOHAJILHOIO IEPETBOPEHHS B
JaHomy Oasuci. Bu3sHayeHO 4acoBy CKJIaJHICTH PO3po0JIeHOr0O
AJIrOPUTMY.

Abstract—It is considered two algorithms of discrete
orthogonal transform on Galois functions base. The proposed
algorithm is based on the procedure matrix factorization. It is
done matrix factorization of orthogonal Galois functions. It is
developed the calculating algorithm of discrete orthogonal
transform in this basis. The time complexity of this algorithm is
evaluated. The efficiency of the developed algorithm is proved.

Kniouosi  cnosa—cucmemu  ynxyin  Ianya;  Oouckpemmne
ODMOZOHANIbHE  NEPEMGOPEHHA;  AN20PUMM  NEPemEOPeHHA;
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I. Bcryn

Metomu 00poOku iH(opMarllii Ha OCHOBI OPTOTOHATBHUX
MIepEeTBOPEHD IIMPOKO 3aCTOCOBYIOTHCS Ha MPAKTHIl B Taiys3i
uudpoBoi  00poOkM  curHamiB. JIMCKpETHI IEpEeTBOPEHHS
JIO3BOJISIIOTH TIOJIATH JTUCKPETHI B Yaci CUTHAJIM B YaCTOTHHX
KoopauHatax. Haiwactime y 3amayax 1mudpoBoi 00poOKH
iHpopMalii BHKOPHCTOBYIOTHCSI JUCKPETHI MEpPETBOPEHHS
®yp’e, kocunycHe, Yommia, Xaapa Tta is. [1, 2]. IligpuiueHns
BHMOT JI0 IIBUKOCTI peatizaliii MeTOMIB 1 Mporeayp o0pooku
iHpopMarlii 3yMOBIIOE HEOOXINHICTh PO3POOKH IIBHIKHUX

aITOPUTMIB  OOYMCIICHHS, $Ki JO3BOJISIIOTH 3MEHIIMTH Yac
BUKOHAHHS IHMCKPETHUX IepeTBopeHb [1-2]. ¥V mpakTuii 1o
LBOTO  Yacy  IIHpPOKE  3aCTOCYBaHHA  JHUCKPETHOTO
OPTOTOHAIIBLHOTO MEPETBOPEHHS B cucTeMax (yHkuii [amya [3]
00MEXyBaJIOCh YaCOBOKO CKJIHICTIO aIrOPUTMY OOYHCIEHHS
MIEPETBOPEHHS MPSIMUM METOJIOM.

ABTOpPOM  PO3BUBAETHCS  HANPSIMOK  JIOCHI/DKEHHS Ta
PO3pOOKH IIBUIKUX AJITOPUTMIB TUCKPETHHUX IEPETBOPEHb B
cucreMax ¢yHKIiH Tamya OUIAXoM — BHUpIIIEHHS — 3aaadgi
(dakTopu3ailii MaTpHIlb Ta PO3POOKH AJTOPUTMY OOYHMCIICHHS
JIMCKPETHOTO OPTOrOHAJBHOTO TMEPETBOPEHHS B CHUCTEMAax
¢ynxiii Tanya.

II. OCHOBY OPTOI'OHAJILHOI'O ITEPETBOPEHHSI B CUCTEMAX
OVHKIIN [ ATTYA

Bazncom muckpeTHOro repeTBOpeHHs B cucTeMax (yHKIIiH
Tanya [3] € oproronansna cucrema {G(n,0,i)} mopsaky n, Ha

imtepani  0¢e[0;l), i=01...22" -1 [3], onepxana
OPTOrOHAI3ALEI0 PEKYPCUBHOI cucTeMu GyHKiH [anya.

PexypcuBHa cuctema ¢ynkuiii Tanya {Gal(n,0,i)} [2],
YTBOPIOETHCSA i3 PEKYPCUBHOI TIOCJTi IOBHOCTI

80:81:82>+-8yn ;> j=01,..2" =1, yrBopeHoi BiamnoBimHo

JI0 TTOpOLKyIoUoro Bektopa nos lanya GF(2™) .
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®ynkuii  {Gal(n,0,i)} B Toukax O=j;/N, N=2"

BU3HAYAKOTHCSL I3 OCIINOBHOCT & ; [2]

Gal(n,0,0)= Gal(n, j/N ,0)=1-2g,
Gal(n,0,i +1) = Gal(n,0+1/ N.i).

BiamoBimHo 10 HaBemeHumx mpoueayp  (OpMyBaHHS,
MaTpULi PEKyPCUBHMX cHCTeM (yHKILIH [anya € ToemnineBuMu
LUKJITYHUMHA abo raHKeJIeBUMU AHTUIUKITTYHUMH
(umpkymstHTaMn) [2].

I3 pekypcuHoi cucremu {Gal(n,0,i)}

Mmoaudixosana cucrema Gal,,(n,0,i)

OynyeThCs

Gal, (n,0,0)=1; Gal,(n,0,i)=Gal(n,0,i-1). (1)

Oproronanbhi  QyHkmii  {G(n,0,i)} [3] omepXyrOTh

3aCTOCYBaHHSIM MpOIeAYpH opToroHaizaiii I'pama — I1Iminra
G(n,0,0)=1,

G(n,0,k+1)=Gal,, (n,0,k+1)—

& (Gal,,, (n,0,k+1),G(n,6,1)) .0, )

-0 Gen,0.0]7,

ne k=0,,...N-1, ||G(n,6,i)||i2 — HopMa B TIpocTopi L,[0,1)

IHTETPOBHUX 3 KBaJIpaToM (hYHKIIIH, <Galm(n, 0,k +1),G(n,0, i)>
— CKaJISIpHUiT JOOYTOK.

JIMCKpEeTHe MaTpHUYHE OPTOrOHAJLHE IepeTBopeHHs [amya

[3] OJTHOBHMIPHOT'O iH(pOpMaIiHOTO MIOTOKY
{X(0),X(),...,X(N—1)} Bu3sHaA4Ya€eThCA K TOOYTOK
Y=GX, 3)

ne Y= [Y(O), Y(),...Y(N- 1)]T — BEKTOp CHEKTPaJbHUX
koedinienTis meperBopends lamya, G — MaTpuus po3mipy
Nx N 3Ha4eHs OpTOroHaNbHMX (yHKIiH amya.

[psmuii meron odumcnens 3rigHo (3) Bumarae N(N —1)
apu(METUUHHUX OIepaliii THITy JONaBaHHSA-BIIHIMAaHHS Ta
(N —n—-1)(N —1) nepeMHOXEHB.

II1. AsiropuT™ ITEPETBOPEHHS

VY pe3ynbrarti JOCHIDKEHHS 3ajeHOCTed (2) 3iiiCHEHO
¢akropuzanito Marpuii mneperBopeHHs G 1 nomaHHsA iy
(opMi 100yTKY MaTpHILIb

G=CxGal,, “4)

ne C — TpUKyTHa MaTpuId oproroHamizauii NxN, Gal, —
Martpuns 3Hauens ¢yakuii {Gal,(n,0,i)} B Toukax 0= j/N.

Enementn w™atpuii C € JIHCHUMH YHCIIAMH, SIKi

BU3HAYAIOTHCS PEKYPCUBHO
N-1 /
. i > cii-Galy, (n,— , k +1)
st = Galy (n L k+1)= 3 =0 N ¢
k+l,j — m ’N’ o N-1 5 y -
= > (ei)
=0

BcranoBieHo, o 1 BCiX k <n, j<n €IEeMEHTH MaTpuUll

C 3a10BONBHSIOTE YMOBH Cf =150 =0,k > .

I3 BukopucranaaMm ¢akrtopusarii (4) meperBopeHHs (3)
3anuuerses y Gpopmi

Y=C-Gal, X . (5)

ToerurinieBa nuKIIiyHa CTpyKTypa Matpuni Gal,, BU3Hadae
MOXIIUBICTh 3aCTOCYBaHHS aJITOPUTMIB OOYHMCIIEHHS 3TOPTOK 1
LIBHIKOro nieperBopeHHst Oyp’e npyu BUKOHAHHI IEPETBOPEHb.

Ha ocHoBi ¢akropu3arii MaTpuib po3po0IeHO HACTYIMHHN
aJITOPUTM OOYHUCIICHHS TIepeTBOpeHHS (5):

1) MHOXEHHS BXiZHOTO iH(OpMaIiiHOrO BEKTOpa Ha
LIUPKYIISHT 32 JOTMIOMOTOI0 IIBUIKUX aJTOPUTMIB OOUMCIICHHS
3TOpPTOK, HaBeAECHUX B [4].

2) MHOXCEHHS pe3ylnbTary Ha TPUKYTHY MAaTpHIIO
oproroHanizauii C , BioMy AJIsl JAHOTO NIEPETBOPEHHSL.

3MifiCHEHO OCIIPKEHHS Ta BU3HAYEHO YacOBY CKIIQJHICTh
3aIrpOIIOHOBAHOTO AJITOPUTMY.

BUCHOBKHI

TakuM 4uHOM, 3AiliCHEHO (aKTOPH3ALID MAaTpUIb
OPTOrOHANBHUX CHCTeM (yHKIiA lamya, Ha OCHOBI Yoro
po3po0IeHO aJITOPUTM 00YHCITCHHS JIUCKPETHOTO
OPTOTOHAJILHOTO IEPETBOPEHHS B JAHOMY Oa3uci.

BcraHoBieHO, IO dYacoBa CKJIAAHICTH PO3pOOIEHOro
ITOPUTMY € MEHIIOI0, TOPIBHSAHO 13 BIIOMHUM IPSIMUM
METOAOM  OOYMCIIeHb, IO  3a0e3ledye  MOXIIHMBICTh
€(eKTHUBHOIO 3aCTOCYBaHHS JJAHOTO TIEPETBOPEHHS Y METO/ax
udpoBoi 00pOOKK OHOBUMIPHUX 1H(QOPMAIIHHUX ITOTOKIB.
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Anomauia — Y [onOBiai mpeacraBjieHi NPUHIAINHN
no0yI0BH CHCTEMH KOHTPOJIIO JAOCTYIY BifjgajieHMX a0OHeHTIB
110 GaHKiBCHKMX Ta M0BigKoBHMX indopmaniiinnx pecypcis. Tx
peasizanisi, 3acTocyBaHHs Pi3HMX MeTOAIB i miaxonis (BeiiBJeT-
NepeTBOPeHb, KeNCTPAJIbLHOr0 aHadily, KjiacTepu3auii Ta iH.)
A MiABHINEHHs] MBHAKOAII Ta JocToBipHOCTI podoTm
JA03BOJINJI0 CTBOPHTH BHCOKOe()EKTHBHY CHCTEMY KOHTPOJIO 3
M POKOI (PYHKIiOHAJIBLHICTIO.

Abstract — The article presents the principles of
construction of access control system for remote subscribers to
the bank and reference information resources. Its
implementation and using of various methods and approaches
(wavelet transforms, cepstrum analysis, clustering, etc.) for
increase of speed and reliability of work allowed to create a
highly efficient control system with broad functionality.

Knrwuogi cnosa: cucmema konmpono 0ocmyny, MOHimopuHz
eMOYINiHO20 CIaHY.

Keywords: access control system, emotional state monitoring.

.  BCTVII

B ogaHmii wac icHye BeJIHMKAa KUIBKICTH IPOOJIEM,
MOB'SI3aHMUX 3 HaJAHHSAM JIIOIIM MOYKJIMBOCTI JUCTAHIIHHOIO
BUKODHCTAaHHS pecypCiB pi3HHX iH(OpMaLiiiHUX cHCTEM
(OaHKIBCHKHX, NOBIIKOBHUX Ta 1H.), fAKi HaJekKaTh IiM abo
3HAXOATHCA Y 3araJIbHOMY JOCTYIII.

OpHi€ro 3 TakUX NPOOJIEM € OpraHi3allis aBTOMaTHYHOTO
KOHTPOJIIO  BijmasieHMx aOOHEHTIB Ul  3amoOiraHHS
HECAHKIIIOHOBAHOT'O JOCTYIY J0 iH()OpMAIIHHUX pecypciB, a
TaKoX JOCTYyIly A0 HHUX oci0, sKki 1mepedyBaroTh B
HEHAJIEKHOMY NICUX0(i3i0J0riYHOMY (EMOIIHHOMY) cTaHi. Y
JIOTIOBI/I TPENCTABJICHI BHMOTH JO CHCTEM KOHTPOIIO

nmucraHIiiaoro (Bignanenoro) gocryny (CKIJ) no pecypcis
iHpOpPMAIIfHUX CHCTEM, BHUKOHAHHS SIKHX JIO3BOJIUIIO
3a0e3Me4YnTH BHCOKY JIOCTOBIPHICTD 1 IIBUIKOIIIO POOOTH
CK/JI, a Takox HaBeleHi MPUHIMIH MMOOYJIOBU T'OJIOCOBHX
CHCTEM, IO BiJIIOBIIAIOTh IIUIM BUMOT'aM.

II. BUMOT'Y, 1O BUCYBAIOTBCS 1O CUCTEM
KOHTPOJIIO AVMCTAHIIMHOI'O JOCTVIIY

Jo CKJIJI BuCyBatOThCS TaKi BUMOTH:

1. YV nmpomeci KOHTpoirO aOOHEHTa Mix — dYac
JIUCTAaHIIHOTO 3iMiCHEHHsI OaHKIBCHKUX Ollepaliii MaroTh
MPOBOAUTHCS Horo ayreHtHdikaiis, igeHTU(IKALiS NpH
HEMpOXOJDKEHHI  MpoLeAypH ayTeHTUdikamii, a Takox
BH3Ha4YeHHs emorliiiHoro crany (EmC) abonenra. KonTpons
EmMC aboHeHTa H03BOJMTH BIJCTEXYBaTH HOro 3MiHY B
npoueci TeaeoHHOI PO3MOBH 1 TPHUIUHATH PO3MOBY 3
a0OHEHTOM B pa3i BHSBJICHHS HEaJeKBaTHOCTI HOTO
TIOBE/IiHKH.

2. Jlng migBUINEHHS SKOCTI KOHTPOJIO TOBHHHI OyTH
3abe3meueHi  e(eKkTHMBHE  TPUIYUIEHHS  IIyMiB B
aHaJII30BaHOMY CHCTEMOI0 MOBHOMY CHTHANI 1 sKicHa
mepeqaya  MOBHOTO CHUTHANy BiJl HWOro JpKepena o
indopmartiiiaoi cucremu i CK/Jl mo TerekoMyHiKaI[iitHUM
Mepexam.

3a3HaveHi BUMOTM OOYMOBIICHI TaKUMH OCOOJIMBOCTSIMHU
3aCTOCYBaHHS TOJIOCOBUX CHCTEM KOHTPOJIIO:

1. Benuka KUIBKICTH 3aIldciB B 0a3zax HaHUX aOOHEHTIB
iH(pOpMAIIHUX CUCTEM.

2. Benuki Binacrami Bim mkepen (aOOHEHTIB) IO
npuiiMaviB (0aHKIBCBKMX Ta JOBIAKOBHX iH(opMamiiHuX



cucrem 1 CKJ/IJI) MOBHHMX cHrHagiB, $IKI 3YMOBIIOIOTH
BHKODHCTaHHS JPOTOBUX abo 0e31pOTOBHX
TeIeKOMYHiKalliHIX Mepex (moctyn 1o inpopmaniiiux
pecypciB  MOXe  3IIMCHIOBATHCS 3a  TOJOCOM i3
3aCTOCYBaHHSIM MOOUIFHHX 200 CTalioOHapHHUX TeNe(OHIB).

3. Bucoki piBHI mIyMiB B NMPUHHATUX MOBHHX CHUTHAJIAX,
00yMOBJIEHI HEIOCKOHAJICTIO TeleOHHOTO 3B'SA3KY 1
HasIBHICTIO 30BHIIIHIX 3aBa]l.

L HTTIPUHIATIV HHOBY JOBU CUCTEMU KOHTPOJIIO
JUCTAHIIMHOI'O JOCTVITY

[To6ynosa CKJIJ] mponoHyeThCs 3/1HCHIOBATH HA OCHOBI
TaKUX MPUHITUITIB:

1. Po3mizHaBaHHS aOOHEHTA MPOBOAUTHCS 32 OKPEMUMH -
TaK 3BaHUMH, KIIOYOBHMH — MOBHUMH (pparmMeHTaMu, sKi
BUAISIOTHCS 3 Oe31epepBHOI MOBU a0OHEHTA.

B sxocTi KI1I04OBHX MOBHHX ()parMeHTIB BUOMPAIOTHCS
ClIoOBa Ta  CJOBOCIONYYEHHS, SIKi 3a3BUYail  (4acTo)
BUKOPHCTOBYIOTHCS a0OHEHTaMH IIiJ] 4ac 3aruTy HeoOXiaHOoT
inpopmanii abo B Tmpomeci BUKOHAaHHS OaHKiBCHKHX
omepariid. 3ayBaxxumo, 1o y pasi, komu CKJ/J] B mporeci
JIiajJory MK HElo Ta abOHGHTOM BHMAarae Biax aOOHEHTa
NPOMOBJISITH  TIEBHI  cinoBa  abo  CIIOBOCIIONYYEHHS,
po3mi3HaBaHHA a0OOHEHTa MOXe OyTH 3BeleHe [0
PpO3ITi3HaBaHHS 32 KOMaH/IaMH.

2. CprKTypHa cxema CKJIJ Oynyerbcst Ha OCHOBI
METOIiB Teop11 posmi3HaBaHHA 00pa3iB [1], sika mepeanucye
B TIpoIeci ayTeHTanKaun inenTugikanii i kontpoiro EmMC
a0oOHEHTa TMOCIIJIOBHE TPOBEACHHS IONEPEAHbOI OOpPOOKH
MOBHOTO (pparmMeHTa, HOro mnapaMmerpusaiito, Kiacugikariio
Ta IPUAHSTTS PIMICHHS PO BiTHECSHHS IO ICBHOT'O KJIacy.

BupienHss  KIIOYOBUX ~ MOBHHUX  (DparMeHTiB 3
Oe3mepepBHOI MOBH a0OHEHTa MPOBOJHUTHCA JOJATKOBO
BKItOUeHOO 70 ckiany CKJIJ] migcucTeMoro po3mi3HaBaHHS
MOBHUX ()parMeHTiB.

3. Monymi KﬂaCI/I(bIKaL[n MiZICHCTEM  PO3ITi3HABaHHSI
MOBHHX (bparMeHTlB i ayreHTH(DiKalii aDOHEHTIB 6y}:[y10TLCSI
Ha OCHOBI WITy4yHHX HeWpoHHuXx Mepex (ILIHM), Ha BXix
SKHX TOJAIOThCA I1HQOPMATHBHI MapaMeTpH KIIOYOBHX
MOBHUX ()parMeHTiB.

[MapameTpu3artis OCTaHHIX MIPOBOJAUTHCSA 3
3aCTOCYBaHHSIM METOIy KOPOTKOYAacHOro aHamizy |[2]
(mimenHst curHanmy Ha (¢peiiMu Manoi TpHBajocTi) 3
MOOY/I0BOIO CUCTEMH iH(OPMATHBHUX MMapaMeTPiB Ha OCHOBI
KeICTpaJbHUX Koe]illi€HTIiB JiHIHHOrO nepeadadeHHsI.

Konkperni Bua IIIHM i 3HaueHHs mapaMeTpiB MOIYIiB
napamerpu3alii i knacudikaiii BU3HAYAIOThCS B Iporec ix
CHUIBHOTO TECTYBaHHS 332 KPHUTEPIEM MaKCUMyMY BiJICOTKa
MPaBWIILHOI ayTeHTU]iKaIii.

4. Tlincucrema ineHTU(]IKaIii aOoHEHTa OYIYEThCA i3

3aCTOCYBaHHSAM pO3pOOJIGHOI B  TPOIECi IPOBEACHHS
JIOCIIIKEHD MIpOIeTypU MIPUCKOPEHHS MIPOIIECy
iIeHTUdIKAITT.

3a3HaueHa Mmpoleaypa  3acHOBaHa HA  METOIaX

KITaCTePHOr0 aHamizy [3] 1 mojsrae B TIOCIiJOBHOMY
BUKIIIOUCHH] 3 PO3IISY IPH NPOBEiCHHI Knacnixauii B
PSOKHMI  pealbHOr0 Yacy HaiOinbIl — BiggaJeHUX  Bif
iIeHTU(IKOBAHOTO 3pa3Ka Mojielicii aDOHEHTIB (KJIacTepiB).

5. Y 3B'S3Ky 3 WiABUIIEHHMM pIiBHEM IIyMiB B
anamizoBanomMy CKJIJI MOBHOMY CHTHali HEOOXiTHO
BHKOPHUCTOBYBATH CHCTEMH IIIYMOIPHUAYIICHHS 3 BUCOKUM
PIBHEM OYHITICHHS.

Mopaynp IIyMONPUAYIIEHHS, IO BXOAWTH N0 CKJIany
MiJCUCTEMH TIONEPEAHBOI OOpPOOKHM MOBHOI'O (PparMeHTa,
MIPOITOHYETHCSI OyIyBaTH Ha OCHOBI BEHBJIETIB.

6. T'onocoBuii koHTpob EMC aboHeHTa 3MiHCHIOETHCS
IUISXOM BIiJICTeXKEHHS 3MiHM 3HAa4YeHb YacTOT OCHOBHOTO
TOHY Ta (OPMAHTHHX YaCTOT TONOCHHX (OHEM, IIO0
PO3paxoOBYIOTBCSA B Ipoleci MOGOHEMHOro  aHaiizy
KJIFOUOBUX MOBHHX (PparMeHTiB.

CerMeHrariro Ha (oOHEMH TIPONOHYETHCH, SIK U

UIYMONPHUIYIIEHHS,  NPOBOJAMTH 13  3aCTOCYBaHHIM
BEHBIIETIB.
JocmimKkeHHs, B TOMY 4ichai i3  3aCTOCYyBaHHSIM

KJIACTEPHOr0 aHaNi3y, MiATBEpAWIH iH(OPMALIIO PO Te, IO
3HAYEHHs YacTOT OCHOBHOT'O TOHY MAarlOTh JIOCTaTHBO YiTKY
TEHJISHIIII0 /10 miaBHUIIeHHs npu 3MiHi EMC monunaM 1o JniHii
«JETIPecisi, CKYTICTh - HOpMa - 30YKEHHSD).

BUCHOBKHI

Peamizamist mnpencraBieHWX B JONOBIMI  MPUHIIHITIB
mooynosu CKJ/IJI mo pecypciB OaHKIBCHKHX 1 JIOBIIKOBHX
iH(pOpMAIIfHUX CHCTEM, BUKOPUCTAHHS DPI3HHX METOMIB i
MiAXOMIB M1 MiABHINCHHA INBUAKOMII Ta JOCTOBIPHOCTI
pobotn (METONiB BEHBJIET-NEPETBOPEHb, KEICTPAIEHOTO
aHamizy, kinacrepusaiii, a Takox IIIHM i ajaropurmis,
3aCHOBaHMX Ha METPHKAX) J03BOJIsIE BUKOHATH BUCYHYTI IIO
CK/J BuMorm i CTBOPHTH CHCTEMH, IO MPAIOIOTH B
PeKHMI pEasbHOrO 4Yacy, 3aCTOCYBAaHHS SIKHX JIOIOMOXKE
3aro0irTM HeCaHKIi OHOBAHUM JIisIM TIOPYIIHHUKIB.
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Anomauia— IlpoanajyizoBano Bigomi mizxogm 10 po3podku
anapaTHHuX 3aco0iB KpunTorpagiyHoro nepersopeHns. Buaiieno
Ti 3 HHX, AKi MOXKYTh BHMKOPHCTOBYBATHCh SIK 0a30Bi 1s
peaJtizamii TICeBIOHeIeTepMiHOBAaHNX Kpunrorpagiyaux
NepeTBOpeHb Ta HABEACHO NPHUKJIAJ TaKol peasizanii.

Abstract—Known cryptographic transformations hardware
design approaches were analyzed. Those of them, which could be
used as basic ones for the pseudonondeterministic cryptographic
transformations implementation, were pointed out and an
instance of the implementation was presented.
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I.  Bcryn
KoHreriist BigkpuToCTi KpUnTorpadiuHux alnropuTMiB IpH
3aKpUTHX  IapaMeTpax  KpUnTorpaiuHuX  IepeTBOPEHb
(kmO4iB)  O3BOJNISIE  JIOCHIJUTH  HAYKOBIH  rpomaji

JOCHIDKYBaTH 1X CTiliKicTh. OCTaHHE CHpHsSE HAYKOBUM
JUCKYCISIM, a BIATaK IIBUIKOCTI PO3BUTKY KpHnTorpadii.
BoaHouac, mompu If0 HHM3KYy TNiepeBar Taka BiJKPUTICTH
KpHITOrpadivHuX IEepPEeTBOPEHB JIO3BOJISIE KPHUITTOAHAII THKAM
peai3oByBaTH aTakd, 0OYMOBJICHI BJaCHE TaKOIO BiIKPHTICTIO

anroputMiB [1-3]. Takum 4rHOM TIOCTaNa poOIEMa PO3POOKH
KpuntorpaiuyHuX — MEpeTBOPEHb, sIKI  MpH  30epexkeHi
BIIKPUTOCTI JO JOCTIKCHb 3aKpUBAJIA O BiJ 3JOBMHUCHHUKIB
crnoci0 kpunrorpadiuyHUX MEpeTBOPEHb, sKi BiOYBAIOThCS Ha
JNAHAMH, W0 3axumanTbes [4, 5], akTyalbHICTH SIKOT
00YMOBITIOETBCS BUILIEBUKJIAICHUMHU CyNepe4wIMBUMHU
TEHJICHINAMHU. PillleHHIO I1i€i poOJIeMU MPHUCBAYCHI, 30KpeMa,
JIaHi JOCITi JDKEHHSI.

Mertol0 AaHOTO IOCIHIPKEHHS € MiABUIIEHHS CTIHKOCTI
KpunrorpadiyHUX IEpPEeTBOPSHb 10 aHaji3y 3JO0BMHUCHHKIB
LUIAXOM peamizamii TICEBJIOHE/IETEPMiHOBaHUX
KpHITTOrpadiuHuX EpEeTBOPEHb.

Ha nwisixy mo [ocsrHeHHS JaHoi MeTH HeoOXiIHO
po3B’s3aT HU3KY 3amad. OpHI€0 3 OUX 3a7a4 € po3podKa
crieriayizoBaHuX ~ KpunrorpagiuHUX —amapaTHUX — 3acoOiB.
Po3B’s13aHHIO AKOT MPUCBAUCHO TaHy pOOOTY.

II.  CTPYKTVYPU OIIEPALIIMHUX ITPUCTPOIB

Bigoma Hu3ka poOIT NPHUCBSUEHHUX PO3POOII amapaTHUX
3aco0iB s peanizamii KpuITorpaiuHUX IEepeTBOPEHb, IO
CTBOPIOIOTH ISl 3JIOBMHCHHKA HEBU3HAYEHICTh B MapaMeTpax
oreparii, o BUKOHYIOThCS [6-9].

B pobGori [6] mporoHyeThCs CTPYKTypa YHi(iKOBAaHOTO
MIPUCTPOI0  KpHUNTOrpadiuHiX IEpEeTBOPEHb, SKUHA peasi3ye



HHU3KY MEpEeTBOPEHb, BHUOIp SKHX 3aJeKHTh BiJ BEKTOpa
KepyBaHHs. TakuM 4YHHOM, /IS 3JIOBMHUCHHUKA, SKOMY
HEBIIOMUIl BEKTOP KEpyBaHHs, YTBOPIOETHCS HEBH3HAUEHICTH
y BHUKOHYBaHOMY IiepeTBopeHi. Y poOoti [7] HaBomsTHCS
crierianizoBaHi MPHUCTPOI UIsi KEPOBAHUX KPHUIITOrpadivuHUX
MepeTBOPEHb HA OCHOBI KEPOBAHUX MEPECTAHOBOK.

AmapaTHi 3aco0M Ta CTPYKTypa CIICI[iajli30BaHOTO
mporiecopa il 0araToKaHaIFHOTO KEPOBAaHOTO TellyBaHHS,
posrisiHyTI B pobotax [8, 9], 0a3yroThCs Ha JIOTIYHUX
(YHKIISX, aHAJIOTTYHUX BUKOpHCTaHUM Y SHA-2, Ta xepoBaHi
3CyBHM apryMeHTiB 1ux ¢yHkuiii. Ha puc. 1 HaBeneno mpukian
TaKol CTPYKTYPH.
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3araJibHUM HENOMIKOM JaHMX 3aco0iB Ta MiAXOMdiB, IIO
JISKATh B X OCHOBI € Te, IO MONPHU IICBHY HEBU3HAYCHICTH Y
BUKOHYBaHHMX IICPCTBOPEHHSAX, 3JIOBMHUCHUKY 3aJIUIIAIOTHCS
BiJIOMHUMH KiJIbKICTh Ta YE€ProOBICTh IMX MEPETBOPEHbB, a TAKOK
JlaHi, HAJ SKUMHU Ii IIePETBOPEHHS BUKOHYBAIUCH. Y POOOTI
[4] 3ampomoHOBaHO  MOAENI  ICEBIOHEACTCPMIHOBAHHMX
KpunrorpadigyHuX IEpEeTBOPEHb, SKi TO3BOJSIOTH YCYHYTH
3a3HavYeHl HEAOTIKH.

Jus  peamizamii  Mojened  NCEBIOHENETEPMiHOBaHHX
NIepETBOPEHB MIPOITOHYETHCS YIOCKOHAJIUTH i axiz,
BUKOPHUCTaHMI B poborax [8, 9] 3 ypaxyBaHHSIM YTBOpEHHS
HEBH3HAYEHOCT] 3JIOBMHUCHHKA y JIAaHUX, IO 0OPOOJISIOTHCS Ha
neBHil itepawii. Ha puc, 2 HaBeneHO CTPYKTYpy Takoro
orepaniiHoro npucTpor. Moro mepesaror Hal CTPYKTYPOIO,
300pakeHO Ha pUC. 1 € MOXKITUBICTD aaNTyBATHCS O BX1THUX
JAHUX PI3HOI PO3MIPHOCTI. BJoK KoMyTaIli i yIIiJbHEHHS B
orepamiiHOMy TPHUCTPOI JIO3BOJISIE YIIUIBHUTH JaHi 0
JIONTYCTUMHUX B JIOTIUYHHX OJIOKaX, 3’€IHaHi 3 HOro BUXOJaMHu.

BUCHOBKHI

B naniii poOOTi BH3HAYEHO AaKTyalbHICTh peasizalii
TICEBJIOHEIETEPMIHOBaHUX KpunTorpadiuHux npuMmitusiB. Ha
OCHOBI BIJIOMHX CTPYKTYp KpHITOrpadidyHuX MpPUCTPOIB
3aMpONOHOBAHO CTPYKTYPY OIEPaIlifHOrO MPHUCTPOO, SKHA
MOXE BHUKOPUCTOBYBATHCh B CTPYKTYpl CIelliali30BaHOro
nporiecopa.
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Puc. 2. Ilpuxnan CTPYKTYpHU omepariiHoro HPUCTPOIO JUIs

IICEBAOHEACTEPMBIHOBAHOI'O ITIEPETBOPEHHA

HemonikoMm 3amponoHOBaHOI CTPYKTypH € Ti amaparHa
HAJJTUIIKOBICTh TOPIBHAHO 3 aHajoramu. lIpore maHWid
HENOJIK KOMIIGHCYETBCA 3a pPaxyHOK MOXJIMBOCTI HOro
BUKOPHUCTAHHS TS peaiizarii JEKUIBKOX Pi3HHX
KpunrorpadiyHuX MepeTBOPEHb, HAMPHKIAT CHMETPUIHOrO
0JIOKOBOTO IMU(PYBAHHS Ta T'€IITyBaHHS.
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Abstract — Methods and ways to perform denial-of-service
attack are analyzed and classified in this work. Famous Denial-
of-Service attack classifications are reviewed and analyzed.
Elements of modern DoS attack classification are proposed —
classification by the amount of devices, by time, by the source
computers belonging, by the source computer list, by the
triggering, by the correctness of the source address, by the
vulnerability, by the type, by the geographical position of sources,
by power dynamics, by power layer and by effect.

Anomauyia — Y crarTi NpoaHalizoBaHO Ta KjaacH(pikoBaHO
3aco0m Ta cmoco0M TPOBEeJeHHs AaTaKk Ha BiAMOBY B
o0cayropyBaHHi. Po3risiHyro Ta npoaHanizoBaHo Bigomi
kiaacupikanii  arak  Ha  BigMOBY B 00CIyroByBaHHi.
3anponoHOBaHO HOBi eJIeMEHTH Cy4acHOi kJacudikanii aTak Ha
BiIMOBY B o0O0ciayropyBanni — kJacudikanig 3a KiJbKicTio
3aJifHAX NPHCTPOIB, 32 YACOBUMH IapaMeTpamMH, 3a
NPUHAJIE/KHICTIO, 32 HasIBHICTIO CIMCKY [KepeJ, 3a CIHoco0oM
aKTHBalil, 32 KOPEKTHICTIO aJpecH-1Kepesia, 3a Bpa3IMBicTIO, 32
THIIOM, 32 TreorpaiyHMM NOJOKCHHSIM, 32 JAMHAMIKOI0, 3a
piBHEeM Ta 32 BILIHBOM.

Keywords: denial-of-service attacks, classification, computer
networks.

Knwuoei cnosa: amaku na 6i0mogy y 00c1y206y6aHHI,
Knacugpikayia, Komn’romepHi mepesici.

I.  INTRODUCTION

One of the most wide-spread threats in our time for
computer networks and systems is Denial-of-Service attack.
The Denial-of-Service attack makes impossible system
operation and partially or completely disables an access to
resources and services for users. Its important to not only
detect the fact of attack but also to properly identify attack
type to increase effectiveness of DoS-preventing technologies.

To simplify detecting and preventing Denial-of-Service
attacks a clear good-structured classification of the DoS
attacks is required. Currently there are a lot of different
classifications of DoS attacks, the basic is Mirkovic's
classification [1] but there is still no good classification

E.I. Komi6abuyk
kadenpa 3axucry inpopmarii
BiHHUIBKUI HAI[IOHATBHUI TEXHIYHUN YHIBEPCUTET,
VYkpaina
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adapted for today's features and trends with a possibility to use
with real systems.

II.  RESEARCH OF DOS ATTACKS
The main proposed classification criterion is listed below.

By the amount of source devices — DoS attacks can be
divided into simple DoS attacks, group DDoS attacks (with up
to 100 devices) and massive DDoS attack (more than 100
devices).

According to attack source computers belonging to
malicious attacks can be divided into voluntary attacks from
intruder’s machines, attacks that use bot networks, attacks that
use physical and virtual dedicated servers, tunnelled attacks
and random users' attacks.

Attacks from bot networks can be divided into attacks that
use infected servers, infected home computers and mobile
devices. It's important to know that mobile devices' IP address
is not constant and can be changed every time user connects to
different wireless network.

By the list of source computers DoS attacks can be divided
into static-listed (fixed list of computers), controlled dynamic-
listed (list of attacking sources constantly changes but there is
a list of possible attack sources somewhere and dynamic
unlisted when there is no way to constantly determine the list
of attack sources.

By the triggering attacks can be divided into manual (when
attacker manually crafts each required packed), controlled
(when distributed attack is remotely controlled) and automatic
(when the attack is triggered without manual actions).

Controlled attacks can be divided by the way of controlling
into direct-controlled attacks (attack is controlled from the
single point and infected computers has open ports that allows
to identifyfy them) and indirect-controlled (attack is controlled
with reverse-connections or additional protocols like
BitTorrent or IRC) [2].



Direct-controlled attacks can be divided by the way that
infected computers are added into network into: random
scanning (attacker randomly scans IP-addresses looking for
infected computers), list scanning (attacker uses the list of
infected machines) and reverse-scanning (infected machines
notify the attacker themselves).

Attacks can also be divided by the geographical position of
sources into local (regional) and worldwide. It’s useful for
better recognizing legitimate traffic.

By spread in time attacks can be divided into real-time
attacks which action «just now» and scheduled attacks that can
change during the time of attack or be planned to change
during a period of time.

By the correctness of the source address attacks can be
divided into: attacks with correct source addresses (it's
possible to determine the source of the attacking machine),
spoofed attacks (the source address in packets is malformed)
and reverse-attacks (use servers' replies for attacking, for
example DNS.

By the type of the vulnerability attacks can be divided into
protocol attacks and current implementation attacks.

By the power dynamics attacks can be divided into the
attacks with constant power, attacks with randomly changing
power, attacks with determined changing power, attacks with
fluctuating power and attacks with increasing power.

By the layer attacks can be divided into attacks on physical
layer (physical intrusion into a computer system, a cable
break, radiation), attacks on the data link layer [3]
(overloading on the frame layer), attacks on the network level
(attacks on the IP protocol layer), attacks on the transport layer
(attacks on the layer of datagram and segment), attacks on the
session layers (attacks inside of logical connections),
application level attacks [4] (attacks on the application
protocols like HTTP or FTP) and attacks on services (attacks
on the application that runs on top of the application layer, e.g.
cloud service or web framework) [5].

By the effect attacks can be divided into blocking attacks
(as a result it's impossible to connect to service for users),
draining attacks (attacks drain a lot of resources but the
service remains available) and damaging attacks (they damage
an attacking component for example a cache, file system or
protection mechanisms and as a result the data can be lost).

Blocking attacks can be divided into repairable and non-
repairable. Attack is repairable when the service becomes
available again after the attack stops without any manual
actions.

1m. EXAMPLES

The application of this proposed classification is an
identification of the DoS-attack using proposed methods.

For example, Slowloris attack. By the amount of devices
it's usually a single device attack or group attack because
usually it's enough to use the single device to block access to
webserver. By the source computer it's usually voluntary.
Because of using a single computer it's a static-listed manually
triggered attack. It's a semantic type of attack because it just
exceeds the limit of opened connections. The source address
it's correct because web server should respond to request. The
vulnerability there is in the implemention, not in HTTP
protocol. Only some web servers are affected, for example
Apache. By power dynamics it's a constant attack. It's an
application-level attack (on HTTP server) [7]. By the effect
the attack is repairable blocking.

SUMMARY

There were reviewed and analysed known Denial-of-
Service attack classifications in this paper.

New modern criteria of different types of Denial-of-
Service attack depending on different aspects was proposed
for future development.

Future plans are to complete investigation of different
Denial-of-Service attacks and to improve proposed
classification.
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I.  INTRODUCTION

As the latest research of domestic and foreign authors, one
of the most effective methods of encrypting data during its
transmission is a method based on the concept of session keys.
Therefore, the problem of creating a powerful mathematical
apparatus allows you to create a variety of session keys and
provides the basis for the creation of effective algorithms
working with these keys remains highly relevant.

II.  FORMULATION OF RESEARCH PROBLEMS

The formation concept of session keys in a structured space
is considered in [1, 2]. Implementation of this concept makes it
necessary to study the structure of linear space quasi orders
used to describe the images of session keys.
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III. THE RESEARCH RESULTS

To solve this problem the location points of the mixed
potential at the senior levels of the space of linear quasi-orders
were analyzed. All the basic concepts and definitions used
below, and are described in following work [1].

Let the points form a mixed potential space OB, OB < QL.
Multiple HOB points of OB points is define as:

HOB={R|ReQL, 7i, |Ri|>1, |Ri+Rs|>2i%s}, (1)

where R, - class that defines the potential rankings R.

To investigate the combined potential points location in
ranking space are introduced the next concepts.

To describe the ranking structure, that describes mixed-
point potential, we use the following reference designation:
I/ - equivalence class, whose power is equal to j, having the
i-th serial number in the ranking; P;- single element class that
has the i-th number in the ranking.

Then the ranking of R=(a-b,c,d-e-f,g) will have the
following form: R=(I,"P,I5’P,).

Points of mixed potential, showing a partition of set
A={ab,...}, |4]=N, having the same potential equal to U,
form a set of points X,,.

X,={R: ¥ ReHQB, Pot R=Pot U} )



where Pot U — the value of the potential hypersurface U, where
located points of set X,

The point of X, set with considering structure of described
rankings are divided into disjoint subsets forming a level

R
surface. Than X=[[Y,, YinY,=0, i=.
i=l1
When splitting the hypersurface at the levels is used the
information about class rankings equivalence which capacity
without taking into account the class, which determines the
potential of the point, the greatest.

Lemma 1. For any ranking R=(k; k..., k,), which
describes the point of the mixed potential on A4, there is a class
|kuR | > |k,-R|, i=1, ...n, i#u, i#s, u#s, where s-class
number, which determines the potential of the rankings R. The
level number, where located the point x will be denoted by
NuR.

Definition 1. The level number, where the R point is
located, is equal NuR= |k,, | -1.

From Definition 1 follows that the number of levels on
which the point of the R, one less than the capacity of the class
that defines the level of the point number. Power classes,
defining the number of levels of two points of one
hypersurface located on adjacent levels differ by one. Power
class defines the number of points the level of any building,
located on the ground level, is equal to two.

As the smallest number of classes, which contains the
ranking of elements of A, which describes the point of the
mixed potential, is equal to two, the greatest power of class
rankings, excluding the class that defines its potential for even
N is equal to N/2 when N is odd is equal to (N+1)/2.

Therefore, it is a hypersurface of the potential split in the
largest number of levels.

Lemma 2. The maximum number of levels, which are
divided points of mixed potential elements described rankings
of A power |4 1=N is equal, i.e.

N
Has Ay {7} -1 €)

It is obvious that the number of hypersurfaces points of
mixed potential, on which there are points of HOB for even N
is odd. The potential hypersurface whose set of points is
divided into the greatest number of levels equal to N/2. The
points of this hypersurface located on max /y level described
dichotomous partitions, that include the class of the Rg, which
determines potential of the point and the class of R,
determined by the level number, the power of which are:

|Rs| =R, | =N/2.
With decreasing values of the potential at the hypersurface

whose potentials are in the range from N—2 to N/2 unit, the
number of levels into which hypersurface this point is

incremented. This is due to the fact that the decrease in unit
performance class determined the potential points can increase
the capacity of the class, which determines the level number,
and per unit.

When changing value per unit potential of the
hypersurface whose potential is in the range of N/2 to 2 per
unit, the number of levels into which the set points of the
hypersurface is decremented. This is due to the condition of
Lemma 1, according to which class power determines the
potential of points, is not less than the power of any class of
the partition.

From the foregoing, it follows the following assertion.

Assertion 1. The number of levels into which a
hypersurface points of the mixed potential U for even N,
N=|4]l, equal to:

N —PotU -1, if PotU 2%
ey = .

PotU -1, if PotU <%

For odd N, N= | 4 |, the number of hypersurfaces, i.e.,
even potential. Potentials hypersurfaces, the set of points that

are divided by (3) at max Iy levels, and are equal to (N-1)/2
and (N+1)/2;

Then on the hypersurface U;, Pot U,=(N-1)/2, the level of
points having a number of max Iy, described dichotomous
partitions for which holds: |Rs | =R, |=1.

U, hypersurface point, Pot U,=(N—1)/2, located at the
level of numbers max Iy, describes three classes comprising
ranking. Two of these classes are classes R, and R,, which
| Ry | = |Ru |, and one singleton class.

With the decrease of potential values per unit of the
hypersurface whose potential is in the range of N—2 to the
number of levels into which the points of this hypersurface is
incremented. This is due to the fact that the decrease per unit
of class power determines the potential of points, can increase
the power per unit class, which determines the level of the
point number.

From the foregoing it follows that the following claims.

Assertion 2. The number of levels into which divided the
hypersurface mixed potential points U for odd N, |41=N, is
equal to

1
U= PotU -1, if PotU >~
ol = 2 4)
v N1
PotU —1, if PotU <

Simplifying the expression (3 and 4) to find the number of
levels into which divided any potential hypersurface.



Lemma 3. The number of levels into which divided the
hypersurface U mixed potential outlets for even N is

=53] _P”U). ©

Lemma 4. The number of levels into which divided the
hypersurface U, Pot U, mixed potential points when N is odd

g ne

Ny
2

Iy=

All points given potential hypersurface one level are
divided into subsets corresponding to that form of the orbit of
this level. Partitioning (level) of points on the orbit is made
with regard to the number of two-element classes included in
the ranking, describing the points under consideration. At the
same classes that define the potential points and their level
number, do not affect the orbit number.

The orbit number, on which the point R will be denoted
NoR.

Definition 3. The orbit number, on which is the point of
the mixed potential R=(R;,...,R,,) is equal to:

R
NoR=Z%+1; o={il |Ri|=2, i=1,...m, i=s, i=u} (7)
ieQ

where Rs-class that defines the potential of points R, Ry~ class,
which determines the number of levels on which the point R.

From the definition 3 follows that the first level of the first
hypersurface orbit of any potential, located points of the mixed
potential, described rankings do not contain any class of power,
equal to two, not including classes, defining the points and the
potential number of levels on which they are located.

The number of two-element classes in the rankings,
describing a couple of points of equal potential and level,
located on adjacent orbits differ by one.

Let derive expressions for defining the maximum number
of orbit into which divide a certain level of points given
hypersurface.

Let ranked objects sets 4=(a,b,c ...), whose power is equal
to N. The number of elements of which will be formed

j if PotU #

if PotU #

G

Theorem. The number of levels into which divided the
hypersurface of the U, a mixed potential points is equal to:

1
N+ when N is even

N+l when N is odd

two-element classes during the transition from one orbit to
another on hypersurface U, i-level, equal to N-PotU—(i+1).
As the first point of the orbit described by the rankings, which
contain apart from the class, which determines the potential of
the rankings, and the class that defines the level number, a
single-element classes, it follows that the following lemma
holds.

Lemma 5. The number of orbits into which the i-th level
of the U hypersurface, is equal to

r,-:{N—PotU—(i+l)}+l ®

2

Here the square brackets denote the integer part of the
number.

The definition 3 it follows that on the first level of the first
hypersurface orbit of any potential, located in terms of the
mixed potential, described rankings do not contain any class.

CONCLUSION

Results of the study hypersurface structure selected as a
space descriptions session key images form a field of
knowledge, to recognize the device, based on the use of the
geometric approach to finding solutions group.
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Anomauia — JloBeneno HeiCHYBaHHSA MaTpHIlb
MaKCHMAJIBHOIO iHIEKCY PO3rajiy:KeHHsl HaJl KiibLeM JIMIIKIB 3a

Mogy;iem 2" Ta TpoaHANi30BaHO HACTIAKH IS TOOYIOBH
Kpunrorpadgivaux anropuTmis, AKi BAKOPHCTOBYIOTH ONeEpaniio
JA0JaBAaHHsA 32 MOAYJIeM /ISl JTiHIifHOT0 po3ciloBaHHs.

Abstract — We prove that no matrix over the ring of residues

modulo 2" has maximal branch number and show how this
claim influences the cryptographic properties of algorithms
which uses modular addition in the linear diffusion layer.

Knwuoei cnosa —inodexc poszanysceHHs; po3ciloouuil wiap;
000a8anHA 3a MOOy1em

Keywords — branch number; diffusion layer; modular addition

I. Bcryn

Bci cywacHi cumerpuuHi OnokoBi mudpu moOymoBaHi
BIAMOBIAHO J0 KkiacuyHux npuHouniB IlenHona [1] i
CKJIaJIaloThCsl 3 JIHIMHUX NEPETBOPEHb, SIKI 3a0e3NeuyroTh
pO3citoBaHHS CTaTHCTUYHHUX Xapakrepuctuk (diffusion), Ta
HEJHIHHUX TEPETBOPEHb, SKi 3a0€3MEeUyIOTh MepeMillyBaHHs
(confusion) manmx Ta Kmo4a. Poscitoroumii map BHKOHYE
iCTOTHY ponb B OiokoBux mmdpax. Bin 3a0e3neuye cTiiiKicTh

V. Didan

Department of Mathematical Methods of Information
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Institute of Physics and Technology,
National Technical University of Ukraine
“Kyiv Polytechnic Institute”

Kyiv, Ukraine
vdidan@mail.ru

MPOTHM TaKWX BIJIOMHUX aTak Ha OJNOKOBI mmMdpH, SK
nmudepeHnianbHUA Ta JHIKHUN KpunToanams [2, 3].

OpHuM 3 HaWOUIBII MOMYJSIPHUX THUIIB  JIHIHHKX
MIepETBOPEHb, II0 BUKOPUCTOBYIOTHCS OJOKOBHX IIU(pax, €
MIepEeTBOPEHHS HA OCHOBI MaTPHIIb 3 MAKCHMAJILHUM 1HIEKCOM
pO3TaJy’)KeHHS] HaJ CKiHYEHHM II0JIEM XapaKTEePUCTUKH 2.
[Ilapy Takoro THITy BHUKOPHCTOBYIOTHCS B TaKWUX BiJIOMHX
onokoBux nmdpax, sk AES [4], «Ky3neuik» [5],
JICTY 7624:2004 («Kanunay) [6].

Ha paHuii MOMEHT mepeTBOpEHHS HaJ CKiHYEeHHUMHU
MOJNSIMU ~ XapaKTEPUCTUKK 2, SIKi BUKOPUCTOBYIOTHCS B
OnokoBux mm(pax, JOCTAaTHRO BUBYEHI, OOTPYHTOBAHHMH iX
BIUIMB Ha CTiHKIiCTh mHdpy A0 pi3HOrO poay aTak, 4oro He
MOXKHa CKa3aTH IPO TEPETBOPEHHS Hall KiJbLIEM JIMIIKIB 3a
MoxyneM. OnHaK omepauis JOJaBaHHA 3a MOIYJIEM Mae€ psi
OaxkaHNX KpHUINTOrpadiyHUX BIACTUBOCTEH, 30KpeMa, CYTTEBO
MiIBUIIYE CTIHKICTh mM(PIB 10 JHIHHOrO Ta aireOpaidHOro
KpunroaHaiizy. ToMy IocTae 3agada IOLIYKY IHEepPETBOPEHb
HaJ KiJIbIIEM JIMIIKIB 32 MOIyleM 2", BUKOPUCTAHHS SIKHX

nano 0 3Mory modyayBaTH KpunrorpadiuHo cridiki mudpu 3
TEOPETHYHOI Ta MPAKTUYHOI TOUKH 30DY.

[ocraBieHe 3aBAaHHS BHPIMIYEThCS IUIIXOM MOOYIOBU
MIEPETBOPEHHS HaJ  KUIbIEM JIUIIKIB aHaJIOTIYHO



HePETBOPCHHIO HaJ| CKiHUYCHHM IIOJIeM, a came: MoOymoBa
MAaTpHIli MAaKCUMAITBHOTO 1HICKCY PO3Taly)KeHHs HaJl KibIieM

JIMIIKIB 32 MoayneM 2" .
II.  HEOBXIJIHI TEPMIHU TA ITO3HAYEHH I
Kinbue mumxis 3a momynem 2" — 1ue anrebpaiuna
CTPYKTYpa, IO CKIAAAETHCS 3 MHOXKUHU KX uncen Big 0 1o

2" —1 Ta BM3HAYEHMMM Ha Hili OIepalisMU IOJaBaHHA Ta
MHOKEeHHS 3a MoxyieM 2" .

Martpuisa MXH Haj KiabLeM JIHIIKIB 32 MomyineM 2" — me
npsAMokyTHa TaOmuus A :Haiju’ 1<i<m, 1<j<n, ne

KOXKEH a,; € eJIeMEHTOM KiJIbIls JIUIIKIB 32 Mozrysem 2" .

[Minmatpumero MaTtpuili A HA3UBAETHCS MATPHUIIA, IO
OTpUMaHa UUISIXOM BHUKPECIIOBAHHS PSIKIB a00 CTOBIIIIB
Mmatpuri 4 .

Matpuus Haj KimbleM JumIKiB 3a Moxyaem 2" €
HEBUPOJKEHOIO, SIKIO i1 BU3HAYHUK B3a€MHOIPOCTHH 3 2",
TOOTO € HEAPHUM YHUCIIOM.

Iaaexcom posranyxenHs [ wmarpuii M po3mipHOCTI

kxk Hajm KimpleM JIMIIKIB 32 Momyinem 2" Ha3HBaeThCA
HaiMEHIIe YHCIO0 3 CYMH HEHYJIbOBHX  EJIEMEHTIB
kx1-Bektopa X Ta kx1-Bektopa ¥ =M -X (mo3HayaeThcst
sk wt(X) 1 wt(Y) BimnmosimHO) cepen Bcix X #0, T0OTO

B= r)r(lil(}{wt(X)+ wt(Y)}, ne X =(x;,%p,0x,) Ta
2

Y = (yl,yz,...,yk)r— BEKTOpH, IO CKJIAIAIOThCS 3 €JIEMEHTIB
KiJIBLIA JIMIIKIB 32 Momynem 2" .
[Hnekc posramyxeHHs [ Ha3UBA€ThCI MAaKCUMAaIbHUM,

KOO Ui Matpuili M posmipHOCTi
k+1 [7].

kxk BIH HOpiBHIOE

III. TIomyK MATPHULb 3 MAKCUMAJIBHUM IHIEKCOM
PO3TAJTYXKEHHSI HAJT KUTBIIEM JIMLIKIB 3A MOAYJIEM 2~
Jnsa matpuni M posmipHocti #1Xn  poseaeHo [8], mio

P =n+1 Tomi 1 TIIBKK TOMI, KOJH PaHT KOXXHOI IiJMaTpHUIl
Matpuni M posmipHOCTI kxk mdOpiBHIOE k IS BCiX
1<k<n, TOOTO BCl KBaJIpaTHi I IMATPHIT €
HEBUPOJKCHUMHU. [lepeBipruMO, UM BHKOHYETHCS JaHa yMOBa

JUI MATPHIb HAJ KiIbIeM JIMIIKIB 32 Moxynem 2.

Hexait M — maTpuis po3MipHOCTI 71X71 HaJ KiJbLIEM
JUIIKIB 3a MoxysieM 2", B — iHmeKC po3raayKeHHS MaTpUIli
M . Hexaii qus nx1-ekropa X wmaemo wi(X)=I[. Toxi
s Bektopa Y =M-X copasemmBo wt(Y)> -1 3a
BU3HAYCHHAM iHJEKCY PO3TalyKEHHS. PO3IJISHEMO BEKTOPH
X 3 OmHHUM HEHYJIbOBHM eleMeHToM, To0To wi(X)=1. Toxi
mob  iHAeKC posramykeHHs aias  wMatpuii M Gy
MaKCUMaJIbHUM HeoOximHo, mod wi(Y)=n. Ane sKIo
Bi/IMOBiAHMI CTOBIUMK MaTpHii M MICTUTH MapHi €JIEMEHTH,

TO JUIsSi HUX MOXKHA MiIiOpaTd Taki MHOXKHHUKH, SIKi JaxyTh y
PE3YABTYIOUOMY BEKTOpi Y HyJIbOBE 3HAUCHHS Y BITIOBIIHIN
KoopauHaTi. TakuM 4YHHOM, [UIS TOro, mmo0 iHIEKC
posranyKkeHHs OyB MaKCHMaJbHHM, HEOOXITHO, IO MaTPHIIL
M cknamanach Juie 3 HEMAPHUX €JIEMEHTIB.

PosrisiHeMo Temep NOBUIBHY MiJMATPHIO PO3MIPHOCTI
2x2 matpuni M . O4eBHAHO, 10 OCKIIBKHU BCi ii eTeMeHTH —
HEMapHi YKCIa, TO il BU3HAYHKK Oy1e mapHuM ducioM. OTxe,
BCI Il MIMATPHUIN € BUPOHKCHUMH HaJ KiJbIIEM JIMIIKIB 3a

monynem 2", mo cynepeuuth yMOBi. TakuM 4YMHOM, Haj

KiTbLIEM JHUIIKIB 32 Momylem 2" He icHye MaTpuub 3
MaKCUMaJIbHUM 1HICKCOM PO3TaTy)KEHHS.

IV. BUCHOBKHU

[HIeKC po3ranmyXeHHs € BaXKJIMBUM MapaMeTpoM JIiHIHHUX
TIepETBOPEHbB, SIKi BUKOPHCTOBYIOTHCSI Y CIIOBO-OpPi€HTOBAHUX
CUMeTpUYHHX mmdppax Ta rem-pyHKHisx. Yum Oinbie
3HAYCHHS 1HIEKCY pO3TalIy)KCHHS, THM BHWIIA CTIHKICTh
BiJITIOBITHOTO KPHUITOAITOPUTMY 10 JuepeHIlialbHuX Ta
JiHidHUX atak. Oneparisi MOAYJIBHOTO JOaBaHHS TAKOXK Mae
Jo0pi kpunrorpadiyHi BIACTHBOCTI, IO MiJBHUINYE CTIHKICTH
KpHITOrpadiuyHuX anropuTMIiB 0 JIiHIHHUX Ta anreOpaiuHHMX
atak. OmHak B JaHiii poOOTi Oy/lo MOKa3aHO, MO I JBI
BJIACTHBOCTI B JEIKOMY CEHCI cymepeuaTb OJHa OJHIH,
OCKIIBKM JIiHIMHI TIepeTBOPEHHS HaJ KiJbleM JIMIIKIB 3a

momynem 2"  IIpMHIMIIOBO HE  MOXYTh
MaKCHMaJIbHOTO 3HAYEHHS 1HJIEKCY PO3TaTyKEHHSI.

JOCSITHYTH

IMpu noOynoBi kpunrorpadiyHUX IMPUMITHUBIB IIEBHOTO
piBHA CTifiKOocTi HEOOXiMHO BpaxoByBaTh wel Qakr Ta
ITiIBUIIYBATH CTIHKICTB J0 BIIOMHX KpHNTOrpadiuHUX aTak He
TIIBKK 32 PaxXyHOK JIHIHOTO pO3CIIOIYOro miapy, ajie u
iHIMMH 3aco0amu. B mopanbmmx MOCTiHKEHHAX IUIaHYEThCS
3HAUTH MaKCHMajlbHE TEOPETHYHE 3HAYEHHS  IHIEKCY
pO3Tay)KeHHsI MaTpUlb Ha/l KUIbLIEM JIMIIKIB Ta MOOYyayBaTH
MIepETBOPEHHS, 32CTOCOBHI 3 KpUNTOrpagiyHoi TOUKH 30py.
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Anomauia — IlepeBipeno  kpunrorpaiyii  BJIACTHBOCTI
S-0nokie  mmppy ACTY 7624:2014 «Kanuna» Ta Joro

nonepeanboi Bepcii 2007-ro poxy. Ilokazano, mo S-00ku
OCTaHHBOI Bepcii Oynam 3HaligeHi He NLISIXOM BHIIAJAKOBOIO

MOWIYKY.

Abstract — We examine some cryptographic properties of
S-boxes of DSTU 7624:2014 (“Kalyna”) cipher and its previous
2007-year version. We show that S-boxes of last version of this
cipher cannot be randomly generated.

Knrouoei cnoea — S-010K; maonuuys imosipnocmeit
ougpepenyianie; madnuya imogipHocmeit MHIHUX anpokcumayii

Keywords — S-box;  difference distribution linear

approximations table

table;

I. Bcryn

HIBuaKkuiA po3BUTOK iH(pOPMALIHHAX TEXHOJOTIH 3yMOBUB
PO3BHUTOK 1 BIIPOBAKEHHSI KpUNTOrpapidyHUX aAITOPUTMIB i
MIPOTOKOJIIB B pi3Hi chepu Hamoro >kUTTs. [InTaHHA 3axucTy
KOH(DIICHIIIHHOCTI MaHWX IOCTAE Maibke B YCIX CHCTEMax
€JIEKTPOHHOI 00po0KH MaHuX. biokoBi mudpu € mommpeHuM
KPHIITOIIPUMITHBOM JUIsi  3a0e3nedeHHs KOH(iAeHIiHHOCTI.
CryIazioBi cydacHUX OJIOKOBHUX HIM(PIB OOHMPArOTHCSA uepe3
NPU3MY BIJIOMHX METONIB KPHIITOAHAII3y s 3a0e3neyeHHs
caMOro BHCOKOro piBHA HamifiHocTi. OpmHak MeToau

S. Yakovlev
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National Technical University of Ukraine
“Kyiv Polytechnic Institute”

Kyiv, Ukraine
yasv@rl.kiev.ua

KPHIITOAHANII3Y MTOCTIHHO BIOCKOHAIIOIOTHCS, TOMY HEOOXiIHO
MOCTIHHO MIPOBOJIUTH PETPOCTIEKTUBHY OL[IHKY
KpHITOrpadiqHoi CTIHKOCTI HasSBHUX aJlTOPHTMIB.

Y 2015 poumi B VYkpaini OyB NpUHHATHA HOBHHA
HalliOHATEHUH CTaHIApT 0JIOKOBOTO mUppyBaHHs
JCTY 7624:2004 («Kanuna») [1]. PO3poOHHKN CTBEpKYIOTD,
IO OJIHI 3 TOJIOBHUX CTPYKTYPHHX OJHMHHIb JTAHOTO MU Py,
TabnuLl HemiHiMHOI 3amiHu (S-Omokm), Oynu onepkaHi
LIJISIXOM BHIIQJIKOBOTO MOLTYKY. B naniii po6oTi 3a 10oMOroro
CTaTHCTHYHOTO aHaJIi3y Iie TBEPHKEHHs OyjIe epeBipeHo.

II.  HEOBXIJIHI TEPMIHU TA [TO3HAUYEHHS

S-65ok — (yHKIIs, 1110 pUiMae Ha BXix 7 OIT 1 mepeTBopio
X 3a BU3HAUEHUM IPABHJIOM, BHIAIOYHM Ha BUXOIi m OIT. n Ta
m He 000B’SI3KOBO PiBHI MiXK coOoto. SIkio m = n, TO MOBa
e npo OiexkTrBHUE S-0710K. B mmdpax, siki Mu po3risiiaemo,
BHUKOPHCTOBYIOTHCS caMe OIEKTHBHI MEPETBOPEHHSI.

Hexait f:{0,1}" — {0,1}" — nesxe BinoOpaxeHHs.

(Difference
Distribution Table, DDT) BinmoOpaxeHHs1 / — Marpuust "d,/"

Tabnuyss  imosiprocmeti  Ougepenyianie

posmiprocTi 2" x2" | 1€ KOKHUHN eneMeHT d,; 3HaXOIHUThCSA 32

dbopmyoro:



dy =[x < 0" f(@®D® [ ()= ji].
Tabnuys imosiprocmeil niniunux anpokcumayin (Linear

Approximation Table, LAT) BimoOpaxeHHs f — MaTpHIs "c,/"

posmiprocTi 2" x2" | 1€ KOKHUHN eneMeHT c; 3HAXOIHUTBCA 32
dhopmyoro:
_ n ., . - n=1 _ | xi® f(x)j
oy =|fxe 0" xei= £ -2 =42 (-D) .
X

ImoBipHOCTI mudepeHmianiB Ta JiHIWHUX anpoKCHMAIlii
BU3HAYAIOTh CTIHKICTB KPHITTOIIEPETBOPEHD b1 (o)
JIU(EepEHINaTBFHOIO Ta JiHIHHOTO KPUIITOAHATI3Y.

III. TIEPEBIPKA S-BJIOKIB HA «BUITAJIKOBICTbY

Po3pooOuuku mmdpy «KamuHa» gekiapyBaiu, Mo S-0JIOKH
JIAHOTO AJITOPUTMY OZEPIXKaHi IUIIXOM BUIAJKOBOTO IMOILIYKY:
reHepyBaach BUIAJKOBa IiJICTAHOBKA, sIKa IepeBipsulach Ha
psan yMOB Ha KpuntorpadiyHi mapaMmeTpH; IiJCTaHOBKH, SIKi
HE 3aJ0BOJIBHSUIM  yMOBaM, BIiIKWAAIHCh. TaOiwune
TIPE/ICTaBJICHHS. 3aMiCTh AHAJITHYHOIO BH3HAYEHHS (JK TO
3pobieHo, ckaximo, B mmdpi AES) Oyno oOpaHo crieniaibHO
JUISL 3aXUCTY Bijl anreOpaiuHuX aTak.

[cHYIOTH TEOpEeTHYHI OIHKH /ISl TEBHUX CTaTUCTUYHUX
rapameTpiB BHIIAIKOBUX S-OJOKIB — 30KpeMa, BHU3HAYEHO
TEOPETHYHY IMOBIpHICTh, IO Ui BUIAJKOBOrO S-OIOKY
MakcuManbHe 3HaueHHs A Tabmuui DDT (LAT) Oyzme
3ycrpivatuch He Oinblue Hixk N pasiB [4]. 3a gormoMoror nux
mapaMeTpiB  MO)KHA  BCTAHOBHTH, CKUIBKH  HEOOXITHO
nepedpaTH BUIMAAKOBUX S-0J0KiB, 100 3HaWTH S-OJIOK 13
3aJ]aHUMHU TlapaMeTpami. [3]

s DDT 8-GitHoro S-070Ky BIAIOBiZHA IMOBIPHICTB
OLIHIOETHCA 32 TaKOI0 (HPOPMYIIOIO:

2
i_] 2557t

N 2
Pr(A,N) =Y Ci..D(A)'| D.D(2d) ,
=0 d=0

A

e 2

2%d

napamerpoM Y. . Ananoriuna popmyna st LAT mae Bun
2557~

Pr(1,N) = ZN: C! o (L(A) + L(=2))’ ZZ L(2d) ,
=0 A

d=——+1
2

ne DQ2d)= iMOBIpHICTh po3noainty Ilyaccona i3

o+ 2
ne L(Zd):—( 'Zfzs)
256

— IMOBIPHICTh TiNEPreOMETPUIHOTO

po3moniny.

Hamu Oyno po3risHyTo BiciM S-0110KiB S,...,S, 3 mudpy
«Kanunay 2007 p. [2] Ta yotupu S-050KU 77),...,7; 3 WHUPPY

«Kamuna» 2014 p [1]. Jas koxHOro 3 HUX NHOOYIOBaHO
TaOJHII0 IMOBIPHOCTI TUdepeHIiaiB i TabnuIro iIMOBIpHICTIO
JHIHHUX anpoKcuMamiid Ta 0OYUCIeHO 3HAYEHHS ITapaMeTpiB

A, N 1a Pr(A4,N). Pesymprath OOYHCIICHb HaBENCHO Y
tabmuui 1.3nauenns imoBipuocreir Pr(A, N) anms DDT ta LAT
S-6nokiB mmdpiB «KannHay

TABJIHLS . 3HAYEHHS IMOBIPHOCTEN Pr(A, N) juisi DDT TA LAT S-
BJIOKIB IITM®PIB «KAJIMHAY

DDT LAT
S-onok
A N Pr(A,N) | a N Pr(1,N)

Ty 8 15 ~ 2 24 44 ~ Q7200
. 8 9 ~ 27100 24 28 Al
T, 8 7 ~ 27120 24 42 ~ 27200
Ty 8 9 ~ 27100 24 40 ~ 27200
S, 8 90 ~ 0718 32 2 ~20
S, 8 80 ~ 2720 30 6 ~ 20
S, 8 96 ~ 08 32 2 ~26
S, 8 96 ~ 718 32 4 ~075
S, 8 91 ~ 718 32 8 ~27
S 8 93 ~ 718 32 5 ~27
Se 8 101 ~ Q718 32 3 ~2°
S, 8 105 | ~2°18 32 3 ~275

3 HaBe#eHMX JaHMX Oauumo, mo S-Onoxu S,...,S;

nepmoi Bepcii mmdpy «Kammna» winkom Morim OyTH
3HaAM/IEeHI OUIIXOM BHUIIAIKOBOTO IOUIYKY: CKJIAJHICTh TAKOTO

18 . 520
TMOIIYKY B CEPENHBOMY CTAaHOBUTH 2~ +2° mepebopy. OnHak
BHITQJKOBUI TOIIYK S-OJIOKIB 13 MapamMeTpaMu ITiJCTaHOBOK

1 2
Tyrsm; Bumaratame 2'° +2°"  cnpo6. Tomy MoxHa

CTBEP/UKYBATH, WO S-OJIOKU 7,...,7; IIOHAMeHIIe Oyau

MEBHUM aHAJTITHYHAM YHHOM TIOKpAIEHI I ITiACHICHHS
CTIMKOCTI 10 AM(epeHIIiaNbHOrO Ta JIIHIHHOTO KPUIITOAHATI3Y.
IV. BHCHOBKHU

Byno mokazaHo, mio TeHepamis S-OJIOKIB aNrOpUTMY

umopysanas  JICTY  7624:2014  «KamuHay  nuisxom

BHITQJKOBOIO TIOIIYKY BHMAara€ 3aHAJATO BEIUKOi KiJIBKOCTI

pecypciB (Ha BiaMiHY BijJ reHeparii S-ONOKIB moreperHbol

Bepcil mmdpy «Kammna» 2007 poky). BimmosimHo, MoxHa

CTBEpIPKYBAaTH, IO JUIA TEHEPYBaHHA IMX S-OJIOKIB

BUKOPHCTOBYBAJIUCH TIEBHI aHAJITHYHI alrOPUTMH, OLIHKa

BIUIMBY SIKMX Ha 3arajibHy KpUNTOrpadiyHy CTIHKICTh MUPPY

Hapasi € HeJTOCIiKSHOO.
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Anomauia—Po3rnsigaeTeest MeTox Ta 3acié HeirepauniliHoro
reumyBaHHs, sIKe OasyeThes Ha BHKOPHCTaHHI
XAPAKTePUCTUYHUX O3HAK [JaHHX. HaBeneno MaTeMaTH4Hi
MoJeJIi 3alpONOHOBAHOI0 METOAY, a TaK0K (yHKIiOHAILHY Ta
CTPYKTYPHY MOJeJb  CHeliaJi3oBaHOro  Impouecopa  1Js
reuryBaHHs JaHUX.

Abstract — The method and tool of non-iteration hashing,
based on the use of the characteristic features of the data was
considered. The mathematical and schematic models and
functional and structural model of a specialized processor of this
method were presented.
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MIPUCTPOSIMU 3 HEBEJIUKUMU 00YHUCITIOBAIILHUMU
MOJKJIMBOCTSIMH, TIPUBOMATH 10 HEOOX1THOCTI pO3pOOKH HOBUX
METOJIiB TEIIyBaHHS, a TAKOX CIICI[iaJli30BaHUX MPHUCTPOiB [1,
2].

Bimomi remni-(hyHKINT nependavaroTh peaizaliiio y BUMIIAIL
itepauiitaux npouenyp. [Ipore, y 3B’s13Ky 3 THM, IO MUTAHHS
PO JIaBUHOMOIOHMN e(eKT 3 TOYaTKOBHM 3aIlOBHEHHSM TIPH
BEJIMKIM KUTBKOCTI iTepamiii HEIOCTaTHHO MOCHIKCHUH, 1,
BIJIMIOBITHO, BHWKOPHCTaHHS IMX (QYHKIOIH € HEeJ0CTaTHBO
00rpyHTOBaHUM. TakoXK, O HEOOMIKIB CJiJ BIIHECTH Taki iX
oco0mBocCTi [3, 6]:

1) pi3HuMi BIUIMB OJIOKIB JIaHWX HA OCTATOYHHH pe3yinbTar
TeUIYBaHHS 4Yepe3 HEeNIHIMHICTh (QYHKIIH NepeTBOpeHHs
(3HaueHHs1 mepuioro OJoKy Oepe y4acTb y (opMyBaHHI ycix
MPOMDKHUX Tell-3Ha4€Hb, a 3HAYEHHs OCTaHHBOTO OJIOKY
BPaxOBYETHCS JIMIIIE HA OCTaHHIH iTeparyi);

2) icHye TIOTEHIITHA MOXJTUBICTD 32 PE3y/IbTaTaMHU KOXKHOI
iTepauii 3HaWTU KOINI3il0, TOMY 3a3BHYaii B JNaHHX METO/AX



HaMararoThCs YCKIaIHUTU (DYHKINIO TIEPETBOPEHHS HA KOXKHIN
itepanii [4, 5].

Jlst ycyHEeHHs BKa3aHUX HEIONIKIB aBTOPU IMPOMOHYIOTH
HeiTepaliiHui METOT TeITyBaHHS.

II.  METoa I'EliyBAHHSI HA OCHOBI XAPAKTEPUCTUYHMX
O3HAK BAUTOBOI CTYPKTYPHU JIAHMX

KokHe  mOBiOMJIEHHST  MOXHA  OXapaKTepH3yBaTH
andasiToM, [0 BHKOPUCTOBYETHCS [UI MOOYAOBH LOTO
NOBiZIOMJIEHHS. SIK OJHY i3 XapaKTepUCTHK IOBiJOMIICHHS
MPOTIOHYETHCS BUKOPHCTOBYBATH KUIBKICTh BXODKEHb JI0
ITOB1TOMJICHHSI KO>)KHOTO OKPEMOro eieMeHTa ajidagity. Jpyra
XapaKTepUCTUKA TTOB1IOMJICHHS — 116 HOMEpPH TO3UIIiH, B SKUX
pO3TaIoBaHi KOHKPETHI eJleMeHTH andaBity. 3 ypaXyBaHHIM
LBOr0  MPOMOHYETbCSA  METOA, B  SKOMY  CIOYAaTKy
BH3HAYAIOTHCS TaKi JBI XapaKTEPUCTHKH, a MOTIM — 3ropTKa
OTPUMAaHUX PE3YNBTATIB 1O KOAY, IO Ma€ JOBXHHY TIell-
3HAYEHHSI.

Bxinne noBigomieHHss M po30MBa€ETHCSA HA MTOCIIIOBHICTh
OalTiB:

M= {ml, nmy, ..., mL}.

KokeH 0alT po3risifaeTscst sK YUCIO 71, IO BiJTOBiJIa€e
ASCII — xoxy cuMBomTy mipezictaBiieHoro Oaiirom my(l = 1 + L),
T00TO 1 = [ (MM1y).

[NoBinoMIIeHHS XapaKTepU3yeThCs KUTBKICTIO €IEMEHTIB £,
110 MalOTh YHCIIOBUH exBiBasieHT # (n = 0 + 255) Ta HoMepamu
TIO3UIIIH Y SIKMX PO3TAIIOBAHI 1li €JIEMEHTH.

Ha ocHOBI ITUX XapaKTEPUCTUK YTBOPIOETHCS J1BA MACHBH
KrtaS:

K = (k(), k],
S = (S(), S1,

e kzss),

s sts),

ne: k, — KiTbKiCTh OAalTIB, 110 MAIOTh YMCIOBHI €KBIBaJICHT N,

S, — CyMa HOMEpIB IMO3MIIiH, HA SIKMX pPO3TAIOBaHMUN OaWT 3
YHCJIOBUM €KBiBaJICHTOM n;

s, = (57, 1) mod 2.

V3araipHeHa cxema pouecCy reuryBaHds HaBCICHAa Ha pUC.

BxioHe nogidomsaeHHa M

DyHKUiA
YWinoHeHHA

Puc. 1. Y3aranbHeHa cxema IpOLECy I'elyBaHHs

Jis mimpaXyHKy TelI-KOAY BHKOHYIOTBCS Taki oreparii
Han exementamu MacuBiB K ta S.

1. omarotscs mobaiiTHO eneMenTd MacuBiB K Ta S, ski
MaroTh po3Mip 8 OaiiT, nmpuyomy enemenTH MacuBy K
OepyThCs 3 TIOYATKY, a eJIEeMEHTH MacuBy S OepyThcs 3
KiHIISL.

2. Ham nmepmor moOJOBMHOIO —OalTIB  pe3yiabTaTy
BUKOHYETHCSI IUKJIIYHUI 3CYB MpaBopy4 Ha 4 OiTH.

3. Jo mnepumx 4 OaliTiB pe3ynbTary JOHAIOTHCS 3a
MOJyJieM J1Ba OCTaHHi 4 OaliTH, sIKI mepecTaBieHi B
3BOPOTHOMY MOPSIKY.

4. Tlepuii 2 6aliTH pe3yabTaTy IMKIIIYHO 3CYBAIOThCS Ha 4
oitu.

5. Jlomarotbes 3a MomyiieM nBa 113, 2 14 Gaiitu.

6. Ilepmmii 6aiiT UKITIYHO 3CyBAETHCS Ha 4 OITH.

7. JlomaroTbes 3a MOIyJieM 2 TIepIIui 1 qpyruil GalTH.

Pe3ynbraToM BHKOHAHHS LUX OINEpAIiii € IMOCIiIOBHICTh
H* 3 256 Oaiir.

. * o
Ham macuB H npencraBisierses sik 8 32-0aliTHUX 4Yucen
* * * * * * * *
H*=(H, ,H,,Hy,H,,Hs,H;,H,,Hg). Bukonyethcs
HarpoMaKyBajbHe MHOKEHHS eJleMeHTiB MacuBy H*:

D\=H, X H,,D,=D\R H; , D;=D,X H} , ... D;=DsX Hy .

Tyr cumBon X o3Ha4yae 3BUYAiiHE MHOMKEHHS JIBOX 32-
O0aWTHUX CITIBMHOXKHHKIB, PE3yJIbTaTOM SKOro € 64-O0aiiTHui
KOJ, 3 MOJANBIIMM JOJABAHHAM 33 MomyldeM 2°° crapmmx i
Mojoammx 32 GaiTis.

Pesynprar remyBanss — A=D.

III. CHOELUIAJIIBOBAHUI IPOLIECOP

IV. CrnenianizoBaHuii mpouecop Ui TI'ellyBaHHS JTaHUX
Ha3BaHo MH-mponecop (message hashing). MH-mporiecop
MEBHUM YMHOM MiJKITIOYEHHUI 10 [EHTPAIBHOrO Mmporecopa
KOMIT'IOTepa 1 BOHM OOMIHIOIOTHCS ITOTOKAMH JaHHX,
BUKOHYIOUH (DYHKIIIT, TEpestik IKUX HaBeleHo B Talu. 1.



TABJIMIA 1. PO3ITIO/IJI BAKOHYBAHM X ®YHKIIIA MIXK

IMPOLIECOPAMU

Bukonysani gynxuii

Henmpanvuuit npoyecop Cneuianizosanuii npoyecop

1. 3uuryBanus ¢ainy a6o manmx | 1. OOuucieHHsS TIell-3HAYEHHsS 3a
Ta GopMyBaHHs TOCIiJOBHOCTI M. 3aMpONOHOBAHUM AJITOPUTMOM.
2. Orpumansst nocuigosHocti H.

Ockinbku Qaiinu, a1 skux Oyae OOYHCIIOBATHCH Telll-
3HaueHHs, 30epiraroTbCsi B MaM’sTi  KOMI'IOTepa, TO
nependavyaeTbCsl, IO  LEHTpaJbHUE  mpouecop  Oyne
BUKOHYBaTH  34YdTyBaHHA  (Qaimy Ta  (opMyBaHHS
nocimigoBuocti M. Ha  MH-mpoumecop  mokmanaroThes
00YHMCIICHHS TellI-3HAYECHHSL.

CxeMmy o00poOneHHs moToKy nanux y MH-nponecopi
HaBeleHO Ha puc. 2. IlosBieHHs AaHUX Ha BXiaHid mmHi MH-
Iporiecopa MPUBOIUTH N0 IHIIIFOBAHHS MPOIIECY «BXI]IHI/Iﬁ
JUCTIETYEP» (DI), sixmii cnpsimoBye mnotik manux (M) mo
npouecy iximiamizanii (PI). [axi motik AaHUX CHPSIMOBYETHCS
1o npouecy «3[OPTKA» (PC). PesynbraT mporiecy 3ropTKu
ininiroe npouec «MHOXEHHS» (PM). 3aBepuienns npouecy
PM mnpusomute mo aii mponec «BUXIJHWU JUCIIETYEPy
(DO), sikuit 30upae oTpuMaHi pe3yNbTaTH i OPraHi30BYeE 3 HUX
notik ganux(H) o 1eHTpaIbHOro mporecopa.

k Buxigaui
MOTIK

Bxigaui

TOTiK PCIYPM

Puc. 2. dyskuionansHa Mmogens MH-npouecopa

OynkrionaneHii  Moxeni MH-mporecopa, Bimnosingae

CTPYKTYpHa MOJIEIb, SIKY HaBeJeHO Ha (puc.3).

naui
—_— >
reu-3HauyeHHs MCO MM
<«
N
MI > M3

Puc. 3. Ctpykrypa MH-npouecopa

Jo cxiiany MH-niporiecopa BXOASTh:

- Monyab cucteMHux omepariii (MCO), mo 3ailicHIOE

3B’S130K 3 IIEHTPAJIBLHUM TPOLIecOpoM 1 peaiizye nponecu DI i
DO;

- MoayJs iHimamizarii (M), mo peamizye mporec PI;

- Moayis 3roptku (M3), o peanisye nporec PC;

- Moxynb MHOXKeHHSI (MM), 110 peanizye nporec PM.

Monysb iHimiami3aIii MiCTUTh JBi maM’sITi oocsarom 256x8
0alTIB KOXHa, $Ki BUKOPUCTOBYIOTBHCS JUIsi 30epiraHHs
MacuBiB K ta S. Jlivwmsauku Jligl i Jliu2, mro 3a6e3medyoTsh
TIOCITIJIOBHE 3YNTYBaHHS OAiTiB HaHHUX BiJ MOJIOJIIOTO OauTy
JI0 CTapIIOro Ta HaBHakH, BigmoBigHo. JliumimbHuk Jliu3
BUKOPHCTOBYETHCS ISl OpMyBaHHSI HOMEpY MO3UIIT, B SKil
3HAXOIUThCS KOHKpeTHWH Oalt manux. Cymarop CMI1
BUKOPHCTOBYETHCS ISl 301IBIIEHHST KUTBKOCTI TIEBHOTO OalTy
B noBigomieHHi Ha 1. Cymatrop CM2 BHKOPUCTOBYETBCS ISt
JI0AIaBaHHSI HOMEPY ITO3UIIii.

Moyib 3rOpTKH MiCTUTh IaM’sTh o00csAroM 256 OaiTiB,
110 BHKOPUCTOBYEThCS s 30epiranHs 61moky mammx H', 8
onHoOaliTHUX cymaropiB, 10 omHOOAWTHMX pericTpiB i
JYUIBHUK.

Moyb MHOXKEHHSI CKJIaJA€ThCs 3 MPHUCTPOI MHOKEHHS
. . 2
256 GiTHHX KOJIB Ta CymMaTopa 3a Moxynem 2°°°.

BUCHOBKU

3anponoHOBaHUM METON XENIyBaHHA HE Iepeadayae
iTepaTUBHOI MpOLEAYPH OOYMCICHHS Tell-3HAYeHHS 15K
HACJI/IOK, 10 HhOT'O HE MOXYTh OYTH 3aCTOCOBaHI BiJIOMi aTaku
Ha iTepaTUBHI Tem-pyHKII.

BUKOpHCTaHHS XapaKTEePUCTUYHHUX O3HAK BXIJHUX JAHUX
Ta 1x mobaiiTHa 0OpoOKa 3HAYHO MPHCKOPIOIOTH MPOIEC
OOYKCIICHHS TellI-3HAYCHHS, & TAKOX 3MEHIIYIOTh arapaTHi
BUTPATH HA PEATi3allif0 TAKOTO METOY.
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Anomauia  —  TlpoBemeHo  aHaJli3  KPHUNTOCTIHKOCTI
CTaHJApPTHHUX 3aco0iB 3axmucry indopmanii 3 o0MekeHHUMH
00YNCHIOBAILHAME  pecypcamu.  OOrpyHTOBaHO  YMOBH
iCHyBaHHSl OJHOCTOPOHHIX (yHKHIil 3 BpaxyBaHHAM CHMeTpii
yacy 3a JONOMOIOI0 Teopii JIHIHHMX NOCTiZOBHICHMX MAaIIMH
(JIIIC). PosrasinyTo (pyHKHiOHYBaHHS JIiHIHHAX KOHIPYEHTHHX
TeHepaTopiB Ha OCHOBiI aBTOMAaTHHMX Mopeseii B moai Iamya.
3anponoHoBaHA CTPYKTYpa MAJIOPECYPCHOI  OJHOCTOPOHHbOL
xem-pyHkuii Ha ocHOBi TeopeTnynoro amapary JIIIC.

Abstract — The analysis of cryptoresistance of the standard
protection with the restricted computable resources is done. The
conditions of existence of one-way functions taking into account
the time symmetry by help of the theory of linear finite state
machine (LFSM) are proved. The functioning of linear congruent
generators based on automaton models in Galois field is
considered. The structure of the low resource one-way hash-
function which based on theory of LFSM are suggested.

Knrouogi  cnoesa: MajopecypcHa  Kpunrorpadis,
OHOCTOPOHHS dynxuis, xemr-pyHKuis, reseparop
TNCEeBAOBUNAAKOBHX YMCel, JiHiliHA MOCTiI0BHICHA cCXeMa

Keywords: low resource cryptography, one-way function,
hash function, pseudorandom generator, linear finite state
machine

I. Bcryn

MaricTpalbHUM ~— [UIIXOM ~ PO3BUTKY  iH(pOpMamiiHuX
TEXHOJIOTIH B HaiOmwKk4i poku craHe I[nTepHer Peueii
(Internet of Things, IoT). Lleit HampsAMOK XapaKTe-pU3yETHCS

00’eIHAHHSAM B €IMHY O€3NPOBIJHY MEPEXY pi3HOMaHITHHX
MpWIIAZiB, CEHCOpiB, AaBadiB (THUIy MITOK pPajiouyacTOTHOL
inentudikauii, REID) [1].

CTpiMKHII PO3BHTOK TaKUX TEXHOJOTIH pOOUTH Iyxe
aKTyaJlbHUMHU TNUTAHHA, SKi MOB’s3aHi 3 iX iH(OpMAIiHHO
Oesniekoro. OCHOBHOIO TIPOONIEMOIO € Te, MIO 3a3HaueHi
[HTepHeT-3ac00M MalOTh 3HAYHI OOMEKEHHS Ha HPOrPaMHO-
amapartHi pecypcu, 0 poOUTh HEMOXKIIMBUM 3aCTOCYBAaHHS JI0
HUX BIJJOMHUX CTaHIAPTHHX CITOCOOIB 3aXUCTY iH(OpMAIIii.

EdextuBHuM  BupimieHHAM 1npoOneMu  3a0e3le-4eHHs
iHpopMmariiiHoi Oe3neku y cBiTi [HTepHeTy Peueil Mmoxe craru
Tak 3BaHa «MajopecypcHa» (low resource) abo «1eTKOBaroBay»
kpunrorpadis (lightweight cryptography, LWC) [2].

3amauer0  TPOEKTyBaHHS  3aco0iB  ManopecypcHOl
kpunrorpadii € 3HAXOMKCHHS KOMIIPOMICY MiX HAasBHUMH
OOMEXEHHSMH, I[HOI0 Ta KPUOTOCTIMKICTIO aJITOPUTMIB
3axucTy. Takuii KOMIIPOMIC MO)KHA UIYKAaTH SIK Ha OCHOBI
CIPOIIEHHS BIIOMHUX TaK i po3poOii HOBUX KPHIITOrpadiuHUX
3ac00iB. TakUM YUHOM, CHOTOJIHI € aKTyaJIbHUMHM JOCITiDKCHHS
3 mo3uuiii ManopecypcHoi kpunrorpadii Takux 0a30BHX
TIPUMITHUBIB SIK Xell-()yHKIIii, TeHepaTOpH NCEBI0-BUMAAKOBHUX
quce, OJIOKOBI Ta IOTOKOBI MIH(PHU TOMIO.

II.  OJHOCTOPOHHI ®VYHKIIIT

PosrmsiHemMo (QyHKIIO F, sfKa TEPETBOPIOE BIHKOBHUIA
PSIOK CUMBOIIIB JOBKHUHOIO 7 B JIBIHKOBUH PSIIOK CHMBOIIB
JIOBXHHOIO m (m<<n):



F:{0,1}" —{0,1}"

Oyukiiss F Ha3HMBAa€THCS OIAHOCTOPOHHBOK (one-way),
SIKIIIO BUKOHYIOTBCS Taki yMOBH [3]:

1. Jns nerepmiHoBaHOi MammHu ThlopiHra icHYye

aNropuT™, SKMH IS Oyab-IKOro  aprymMeHry x 3
TIOTIHOMIQJIFHOO CKJIQAHICTIO o0umnciioe y = F(x).

2. VmoBipHicHa MamuHa ThIopiHra MOXe 10 3aJlaHOMy )
BU3HAYUTH apIyMEHT x 13 pIBHSHHS Y = F(X) 3 qyXke MaJor
HMOBIpHICTIO:

P{F(TR(F(x)) = F(x)} <—— (1)
p(n)

ne p(n)— nesikuid TOJIiHOM PO3MIPHOCTI 71 .

Hedopmanbao Kkaxydu, OmHOCTOpPOHHS GYHKIIS F(x)
JIETKO OOYHCITIOE CBOE 3HAYCHHS 1Sl OY/Ib-SIKOTO apryMeHTy x
, OIIHaK, Oy)Ke BaXKO 3HaWTH aprymeHT OyHKIil 1o i
3HAYEHHIO.

OnHocTtopoHHS (DYHKIIS € IEHTPAJIBHUM MOHATTSIM B
kpunrorpadii,  Oarato  KpunrorpadiyHMX — MPUMITHUBIB
0a3yeThcst Ha 11 OCHOBI, alle caMme iCHyBaHHs Takoi QYHKIIT 10
LILOT0 Yacy MaTeMaTH4HO He JOBEEHO. SIK He IOBE/IeHO Ta He
CIpOCTOBaHO 30ir ki1aciB ckiaaanocti P ta NP (P # NP?).

[i;KOM MOXIIHBO, IIIO PO3B’s3aHH IIi€l IPOOIEMH HE
iCHye B paMKaXx iCHYI0UYOi IapaJiurMu 00YHCIIEHb.

Tomy cmpobyeMo  mpoaHali3yBaTu
iCHYBaHHsI OJJHOCTOPOHHBOI (PyHKIIIT 3 iHIIOrO OOKY.

npodaeMy

B cyuacHMX MopesIX —OOYHMCIIOBAJILHUX  IPOIIECIB
BUKOPHCTOBYETHCS JIiHIIHA CTPYKTypa Yacy, sika HampaBiieHa
BiJl MUHYJIOTO 0 MaiiOyrHboro. OmHak B (yHIaMEHTATbHUX
3aKOHAaX (Pi3UKU BiJ KJIACHMYHOI HBIOTOHIBCHKOI TUHAMIKHU IO
Teopii BIHOCHOCTI Ta KBaHTOBOI JMHAMIKU KaTEropis 4yacy He
MICTUTh B €O0i BIIMIHHOCTI MiXXK MHUHYJIUM 1 MailOytHiM [4].
Ile o3Hayae, m0 TeopeMu, sKi BipHI NpW 3MiHI Yacy Bix
“TenepilHbOro” 10 “Mai0yTHHOro”, OyayTh TAKOXK BIPHUMHU
TP 3MiHi Yacy BiJl “TernepiliHporo” 10 “MUHYIOro”.

Binpa3y BBeneMo HEOOXiIHI YTOUHEHHS.

[Mo-nepuie, Mu MaeMo Ha yBa3i He (i3UUHY
Yacy, a JIMIIe MaTeMaTHYHY.

KaTeropito

[To-apyre, 6yaeMO pO3MIIAIATH JIMIIE TUHAMIYHI CHCTEMH
(JIC), sAki XapakTepu3ylOThCI MHOXKHHAMH CTaHIB, BXOIIB 1
BUXO/IB, a TaKOX JBOMa (DYHKIISIMH: MEPEXOiB 1 BUXOJIB.
OOME)XUMOCH TiTbKH iHTerpoBaHuMH JIC 3 OMHUM CTyIICHEM
cBOOOIM, I SAKUX IOCTIJOBHICTL 3MIH CTaHiB B dYaci
YTBOPIOE B IIPOCTOPi CTaHIB CHUCTEMH 3aMKHYTY (a3oBy
TPAEKTOPIIO y BUTJIAAL Koiia [5].

Haii0inpmr PO3TIOBCIOIKEHUM MIPEICTABHUKOM
3a3HaueHnx JIC € aBTOHOMHI KiHIIEBI aBTOMATH, 30KpeMma,
aBTOHOMHI JiHi¥HI aBromath. Came Taki aBTOMAaTH 1
BHUKOPHCTOBYIOTHCS B Cy4acHii Kpunrorpadii.

III.  ABTOMATHI IIPEJACTABJIEHHS KPUIITOI'PAGIYHUX
OYHKIIHI

Baratoobimsrounm  migxomoM B kpunTorpadii €
BHUKOPHCTAHHS TEOPETHUKO-aBTOMATHUX MOJICIICH.

Posrisinemo kpunrorpadiydi NpUMITHBH Ha OCHOBI Teopii
niHiiHEX mocaigoBHicHuX cxeM (JIIIC) [6].

O3HAYEHHA 1. JIIIC 3 r enemednTamu mnam’smi, [
BXOJAMH 1 m BHUXOJAMH € KIHI[CBHM aBTOMAaTOM JIiHIHHOIO
Tury (JIiHIHHUM aBTOMaToM), sikuii Haj nosieMm [anya GF(q)
ormucyeThes (QYHKIIEIO CTaHIB (TIepexo/IiB)

S(t+1)=AxS(t)+BxU(t), GF(2) (1)

1 (DYHKIII€I0 BUXO/IIB

YO =CxS@t)+DxU(t), GF(Q2) )

Je ¢ — JMCKpeTHMH dYac, A= “aii o B= “b@.}. v

C= “c ;D= Hd XapaKTEepUCTHYHI ~ MaTpHIIi;
Yllmxr Yllyxi

S@) = ||s,~||r ; U@) = "“1" ¥ Y(t)= " yi"m — BIAMOBITHO CIIOBO
CTaHy, BXiJ[HE 1 BUXiJHE.

Enementn  matpumi A4 B (1) Bu3HAuUaIOTHCA
Koe]illieHTaMH TOPOIKYBAJIBHOTO IMOJIHOMA, IO CBITYHUTH
Npo TICHUH 3B’S30K aBTOMATHOTO 1 IOJIHOMIaJbHOTO
IIpeJCcTaBIeHb B Mojsx ["amya.

Haimpocrimoro  amapatHoro — peanmizamiero  JIIIC €
3araJbHOBIIOMHI pEricTp 3CyBY 3 IJIHIHHUM OOEpHEHHM
3B’ s13k0M (P3J103).

O3HAYEHHA 2. Asronomuowo JIIIC A 4, Han monem

GF(2) wnasuBaerbcs Taka JIIIC, ¢yHkuioHyBaHHs sKOi He
3QJICKUTh BiJ] BXITHUX CHUTHATIB 1 OMUCYETHCS (PYHKIIEIO
cTaHiB (TIepexo/IiB)
St+1)=4xS8@), GF(2) 3)
AnapartHoro peanizaniero asronomtoi JIIIC e P3JI03,
SIKMH TICIs 3amycKy Jani (QYHKIIOHYE Y BIJIBHOMY PEXHUMI
srimHo (3). Tlpu BuGopi matpuui 4 B (3) Ha OCHOBI
MIPUMITHBHOTO TIOPOKYBAJILHOTO MOiHOMY # -BuUMipHa JITIC
6yze renepyBat M-mocri-noBHicTh nepioxy 2" —1, ska mpu
BEUKUX 7 TPAKTHIHO HE BiAPI3HAETHCA BiJl BUIIAJKOBOL
nocnigoBHocti. TobTo, Taka JIIIC Oynme mceBmoBHIIAJAKOBHM
reneparopom uucen (IIBI'Y) B momi. GF(2)

Taxwmii [IBI'Y (Ha3Bemo Horo npsMuM)  (QYHKIIOHYE 1O
LIKaJIi yacy Bi “TenepilHboro” a0 “mMai0yTHOro”.

[Moznaunmo mouatkoBuii crad JIIIC sx S(0), a xiHneBuit
craH 4epe3 TakTiB poboru mpsimoro [IBI'Y sk S(n). Tomi

TIOCITIJIOBHICTh  O0YHCIIEeHb 3TigHO (3) MOXHAa KOMIAKTHO
3aIIMCaTH TaK:



S(n) = F 15, (S(0)) (4)

O3HAUYEHHS 3. OGepuenoto aBToHoMHo0 JIIIC Aj,,

Hax noneM GF(2) nasuBaetbest Taka JIIIC, gpyHKIioHYBaHHS

SIKOI HE 3aJIOKHTh BiN BXIJHUX CHTCHAJIB 1 OIHUCYETHCA
¢yHKIIi€l0 CTaHIB (MIepexo/iB)

S@) =4, xS(t+1), GF(Q2) 5)

AmnapatHoro peanizanieto odepaeHoi aBtroHomHoi JIIIC €
IIBI'Y (Ha3Bemo Horo oOepHEHUM), SIKMH  (DYHKI[IOHYE IO
LIKaJI yacy Bij “TenepilHboro” A0 “MHHYJIOr0”.

Oo0epuennit [IBI'Y renepye enementu B mom [amya B
o0epHEeHOMY MOPSIAKY B MOpiBHsAHHI 3 mpsmumM [IBI'Y. fxio
o6epHenuii [IBI'Y nmoune npamtoBatu micnst npsimoro [1BI'Y,
TOII MOXHa 31 ctany S(n) 3HOBY moBepHyTHCH B cTaH S(0) :

S(0) = Fipy (S(m)) (6)

He Baxko 3po3ymitu, mo moBepHytuch B ctaH S(0)

IHIIIUM ~ CIIOCOOOM, HANpPUKIAA, 3a JOIMOMOror (GyHKIIT
nepexofiB (3), «Iyke BaKKko». TakuM 4YHHOM, QYHKIIs
nepexomiB (3), uum ¢QyHKIA F 4t B (4), € OMHOCTOPOHHBOIO

ns mpsimoro TIBIY.

Awnanoriyno, mis obepueHoro I1BI'Y oaHO-CTOpOHHBOIO
¢byskuiero € pyHkuis craHis (5) uu GyHKuig Fj,, B (6).

LikaBo mpoaHaisyBaTH 3B’i30K MK QyHKUisMH F g, i

Fj,, 3 mo3uniit ckiaagHocTi o0uucieHs. Sk BunHo 3 (3) Ta (6)

i QyHKOIT B MareMaTHYHOMY CEHCI BiJPI3HSIOTHCS CBOIMH
XapaKTepPUCTUIHIUMU MATPHULISIMU.

Marpui 4 Ta A, € B3a€MHO OOEpHEHHMH, TOOTO iX
JO0YTOK ITOPiBHIOE OAMHUYHIN MaTpuil [ :

Ax A

inv =1
Sk BiIOMO, TIOCHIZIOBHMI aQJITOPUTM  3HaXOIDKEHHS
0o0epHEeHOI MAaTpulli B HAWripoIOMy BUINAAKY Ma€ YacoBY

CKJIaJIHICTh O(n3) [7]. Ha mnpakTtuiii BHKOPHCTOBYIOTHCS
Matpuili 4 Iyke MPOCTOi CTPYKTYPH, i (aKTHYHO Mepexis
BiJl OJTHOI MATPHI[ O IHIIOI BUMArae JIUIIE JABOX ITUKIIYHUX
orrepaniif 3cyBy psIKiB 1 CTOBIIIB MaTpHIb [8].

Taxum 4uHOM, 3ajaya nepexony Bin Fgy 10 Fiy, i
HaBIAK{ Ma€ TOJIIHOMIaJIbHYy CKJIAIHICTD 1 HAJIOKHTH JI0 Kiacy
ckmagaocti P . A cami obuucienns 3a gopmynamu (3) ta (5)
MaOTh JIiHIHHY ckiaaaHicTh O(n).

Mo cyri ¢ynxmii

Bi1IOOpa)KCHHAM OJIHA ONHOI 1 X MOXKHA PO3TJISLIATH SIK JIBI
cTopoHHU ofHi€i iHTerpoBanoi ¢yHkmii F . I msa dyHKis BKe
HE € OIHOCTOPOHHBOIO IPH POOOTI 3 PI3HUMHU IIKAJIAMH Yacy.

Fp Ta  Fjp, € I3¢pKalbHUM

B [9] orpumaHo ¢yHnaMeHTaNBbHUN pE3yJabTaT, SKUH
KOPOTKO  (OPMYIIOETBCSI Y  BUIJSIAI  Takol  TEOPEMH:
«TICEBJIOBUITAJIKOBI T€HEPATOPHU ICHYIOTH TOJI 1 JIMIIE TOI,
KOJIH iICHYIOTb OJTHOCTOPOHHI (DYHKIIIT».

Sk TOKa3yloTh BHIIEHABENCHI PO3paxXyHKH 3a3HaueHa
TeopeMa OyJe CHpaBeUIMBOIO NP BUKOPHUCTAHHI JIHIIE
OJTHOT'O YaCOBOT'O HAIIPSIMKY.

IV. JIHIMHUA KOHTPYEHTHUI TEHEPATOP

Jlinivinuii kourpyenTHuii reneparop (JIKI') nHanexuts 1o
HaMBIIOMIIINX TEHEPAaTOpiB  IICEBJOBHIIAJIKOBHX  YHCEI.
3BakarouyM Ha MPOCTOTY peaii3alii Ta MBHIKICTE pPOOOTH
HOro IIJIKOM MOXKHA BIJHECTH IO 3acO0iB MajopecypcHOI
kpunrrorpadii. He3Bakaroum Ha HU3BKY KPHIITOCTIHKICTb,
JIKI' mae myxe mupoky chepy 3acTOCYBaHHs, 30KpeMa, B
KOMITUIATOpax 0araTboX MOB IIPOrpaMyBaHHsL.

JIKT' ¢opmye 1nCeBIOBHIIANKOBE YHUCIO X;  3TIJHO

bopmynu

x; =(axx;_| +c)modm (7

ne a,c, m - NiaoYucioBi koucrantu (i =1,2,3,...),
X( - I0YaTKOBE 3HAYEHHA (3apOJOK, seed).

Heaxko nomitutu anaiorito mix JIKI ta JITIC.

@®opmymu (3) i (7) peani3yroTb NMPUMITHBHO-PEKYPCUBHY
¢yHKIII0 3 OJHUM 3MiHHMM mnapamerpom: 4ac ¢ s JIIIC i
x; nna JIKI. O6uucnenss 3a MmoayneM m B (7) aHajoriuue

obuucnenHto B noii [anmya B (3). [Ipu npaBuibHOMY BHOODI
koHcTaHT B (7) JIK[' Oyne reHepyBaTH JOCTaTHBO JIOBTY 1
CTATHCTUYHO XOPOIIY MOCTIMOBHICTh YHCEN, aHAIOTTYHy M-
nociigoBHocti st JITIC.

Jnst  amamisy kpunrocriiikocti  JIKT pO3TIIIHEMO
nporenypy renepamii uyucen B (7) 3 MO3HMINN CKIAIHOCTI
obumcieHb. SIKIIO 3apOmOK Xy € CeKPeTHUM M
CyNpoTHUBHHKA, TOAi Qopmyna (7) BiAmoBizae BHUMOram
OJTHOCTOPOHBOT (PYHKIIIT.

Uu MOXKHa OpraHi3yBaTH T€HEpalilo YKHCel 3a JOIOMOr 00
JIKT B 0OepHEHOMY TOPSIIKY?

Posrisinemo crniouaTky Hadnpocrimmii Bapiant JIKT, komu
c=0:

x; =(axx;,_)modm (8)

Inrepnperyroun JIKD sk kiHueBuit aBromar B noini ['anya

GF(m) HEBaXXKKO BHUBECTH bopmyny reHepartii
TICEBJIOBUITAKOBUX YUCEN B 00EPHEHOMY TOPSAKY:
Xi— = (@jpy X x;) modm )

1€ dj,, — KOHCTaHTa, 00epHeHa 0 KOHCTAHTH q .



®opmynu (8) 1 (9) € MOBHUMHU aHAJIOTAaMH BiJIIOBIIHUX
¢dopmyn (3) i (5) ana JIIIC. B 3araapHOMY BHIAAKY, KOJIA
c#0:
xi_1 =((x; +¢o)xaj,, +c+w)modm (10)
ne w=1 abo w=—1 B 3aJeKHOCTI BiJ CIiBBiTHOIIICHHSA MiX
KOHCTaHTaMHU d,C, M .

Benuuuny a;,, B (9) i (10) MoxHa po3rusgat, SK

oOepHeHUi eneMeHT mojist ['amya BiIHOCHO BENWYMHH a,
TOOTO CITIBBIJHOIIEHHS MK BKa3aHUMH YKMCIIAMHU TAKeE:

axag,, =lmodm

Omxe, no anamizy JIKI' MoxxHa 3acTocyBaTu BCi OCHOBHi
teopetnyHi mnonokenHs JIIIC BiTHOCHO OIHOCTOPOHHIX
(GYHKIIIH, sIKi OyJU pO3TIISHYTI BHIIIE.

V. MAJIOPECYPCHI XEII-®YHKILIT

[lepcriekTHBHUM HamnpsIMKOM B cdepi MiHiaTIOpu-3amii
00YHMCITIOBAIEHUX TIPUCTPOiB € po3BuToK RFID-Texnomorii
[1,2]. IIi TexHojorii 0a3ylOThCI HA  aBTOMAa-THYHIN
imeHTUdIKaIi 00’€KTiB, KOMU iH(pOpMAIlisl TePENacTbCs 3a
JIOTIOMOT'OI0  paJIiOCUTHAIIIB 1 30€piraeTbCs B CHELIAIBHUX
RFID-miTkax. OcHOBHUMH TpOOJIeMaMH TYT € 3a0e3leueHHs
MpaBUWIILHOCTI Tepenadi Ta 30epeXkeHHs KOH(iIeHNiHHOCTI
iH(popMaIii, 3anrcaHoi B MiTKH.

JI71st mepeBipKH IiTICHOCTI Ta ayTEHTUYHOCTI MOB1TOMJICHb
MO)KHA BHKODHUCTATH XCIIYBaHHS, TOOTO VITUTEHESHHS
II0YAaTKOBOI ITOCIIOBHOCTI X CHMBOJIIB JOBUIBHOI JTOBXKUHU
n B TOCTIJOBHICTh Y CHMBOIIB (ikCOBaHOI JIOBXXUHH
r (r<<n). 3-3a cyrTeBUX OOMEXKEHb Ha YaCOBI Ta amaparTHi

pecypcu musi RFID-texHosorii Mo»Ha BHUKOPHCTOBYBATH
JIUIIE MAaKCUMAJIBHO IIOJIETIIEHI» Xell-aIrOPUTMH.

Hns aHaJi3y Xeur-(pyHKITH TaKOX 4acTo
BUKOPHUCTOBYETbCs aBroMaTHWi minxin [10]. PosrmsHemo
MPOLIEAYPY XEUIYBaHHS Ha OCHOBI TEOPETUYHOI'O arapary
JIIIC [6]. B upoMy BuUmaaky MOCTiIOBHICTE X MOKHA
IHTEPIPETYBAaTH SIK BXIiJHY MOCIiOBHICTh CHUMBOIIB, IIif

nmieto sxoro JIIIC 3 nmesxoro mouatkoBoro crany S(0)
niepeiife B cran S(n). MareMaTH4Hi IepeTBOPEHHS B MPOIIEC]
ITepaTUBHUX OOYHCICHb 3MIHCHIOTHCA 3TimHO (popmynu (1).
OOuncnennii cran  S(n) 1 Oyme 3Ha4YeHHAM (QYHKIIT

xemyBanust H(X):
H(X)=S5(n)

Taka xem-¢ynkuis H(X) Oyne NpUOATHOI TIIBKH IS
TIepeBipKHU BiZICYTHOCTI HEHAaBMHCHHX CIIOTBOPEHb IEpeIaHnX
TMOBiZIOMJIEHB, TOOTO ISl IEPEBIPKH LITICHOCTI IaHHX.

[IpoananizyemMo JneTajpHilIE YMOBH KPHUIITOCTIH-KOCTI
3a3HavyeHol  xeul-(QyHKIl H(X).  HaiiBaxumsi-1ioro
BJIACTHBICTIO KpunrorpagivyHoi Xem-QyHKmii B TepMiHax

teopii JITIC € take: nerkictb oOuncieHHs ctany S(n) mo
3aJaHHOMY TmoyatkoBoMy crany S(0) 1 npakTH4HY
HEMOJJIUBICT (OKpIM TIOBHOTO Tepe0Oopy) 3HAXOKEHHs
crany S(0) mo Bimomomy crany S(n). Ilependavaerncs, 1o
CYNPOTUBHHKY MOXYTb OYTH BiJIOMi XapaKTepHCTUYHI
Matpuiti JITIC (cTtpykTypa oOepHEHUX 3B’SI3KiB TP peatizariii
y Buriani P3JI03). Inmmmu cnoBamu, xemi-¢yHkitis H(X)
Mae OyTH OIHOCTOPOHHBOIO (PYHKLIEW F g, .

OpHak Taka OJHOCTOPOHHS (YHKIIS Mae IiaKa3Ky
(«motaemuuit  BXim» —  trapdoorfunction):  TOYaTKOBE
3HaueHHs (seed) [IBI'Y, toOTOo mouaTtkoBuii craH S(0)

JIIIC. 3aBnsxu 3HanHiO S(0) OTpuMyBay JOaHHX MOXKe
3reHepyBatd cBoro xemr-pynkuiro H'(X) i mopisuaTa ii 3
nepeaanoro xem-pynkiiero H(X).

3BuyaiiHo, 3HaueHHs S(0) Mae Oyru 3akpuUTUM s
CYNpPOTUBHHKA, TOOTO Ma€ CTaTH r -PO3PSAHUM CEKPETHHM
kirodeM K , skuil BiIOMUi JHIiie mepeaBavy Ta OTPUMYBady
nanux. Takum uunoM, Xem-pyHkuiss H(X) Mae 000B’sI3KOBO
Oyrn xmodoBoro. OKpiM  MiABHIIEHHS KPHUITOCTIHKOCTI
CEeKpEeTHHHM K04 3a0e3leunTh TaKOK IMITO3aXHUCT B
MPOTOKOJIaX ayTeHTH(IKAIIT TOB1IOMIICHb.

Bci HaBeneHi Buie MipKyBaHHs OyIyTh CIIPaBeIJIMBUMHU
JIMIIE TIPH poOOTI B OHOMY YaCOBOMY HANPSIMKY, HAIPHUKJIA,
BiJl «TEHEPINIHLOTO» J0 «MalOYTHHOrO». AJle, 3 OJHAKOBHM
YCIIXOM MOXKHa TpAIOBATH 1 B TNPOTHUIICKHOMY YacOBOMY
HANpsSIMKY: BiJl «TEMepilIHBOro» n0 «MHHYnoro». Toxmi Bci
MaTeMaTU4Hi JIOKa3W CTaHyTh N3EPKAIBHO NPOTHICKHHUMH 1
xeur-¢pyHkiist H(X) mae OyTH OIXHOCTOPOHHBOIO (YHKIIEO

F.

my -

OpHocropoHHA (QyHKIIA Fj,, TakoX Mae MigKa3Ky:

ocranHiit cran S(n) JIIIC, ToO6TO came 3HaueHHS Xem-pyHKIi

H(X). 3acekperutu 3HauenHs: H(X) HeMOXIMBO, ane Horo

MO)KHA 3aXHUCTUTH 32 JOIOMOTOI0 7 -PO3PSIAHOTO CEKPETHOIO
KII0Ya, SAKAH Mae MepeJaBaTHCh  IICIsI  OCHOBHOI'O
IIOB1JOMJIEHHS.

I Ha 3aBepIICHHS PO3TJITHEMO HAHOIIBII TIOBHUMA CIICHAPIH
3aXUCTy JaHUX 3a JOMOMOIOI Xenl-(DYHKINI, KOJM MO)KHA
ITOYEPTOBO MPAIIOBATH B 000X YaCOBHUX HAIPSIMKaX.

Toxmi MOCHIMOBHICTH XEIIYBaHHS JaHUX Oyae TaKoM:
CIOYATKy XENIYEThCS CeKpeTHHH kimrou K , mami — OCHOBHE
ITOB1IOMJICHHS, 1 Ha 3aBEPILCHHS 3HOBY XCIIYEThCS CEKPETHHUI
ximou K .

B pe3ynbTaTi MaTMMEMO OJHOCTOPOHHIO XeuI-(hYHKIIIO 3
OTHMM 3aKpPHTHM CHMETPHYHHM KIIOYEM, Ta 3 BiJIKPUTUMHU
MOYAaTKOBUM CTaHOM (HynboBUM) i ocTaHHIM cranoMm JIIIC,
T00TO H(X).

VI. BUCHOBKU

bararo 00GUYHCITIOBAIbHUX IMPHUCTPOIB HE MAlOTh 3MOTH
MTOBHOIIIHHO pealli3yBaTH CKJIAJHI CYydYacHi 3acO0U 3aXHCTY,



o moTpedye pO3pOOKU KPHUNTO3acO0IB 3 BpaxyBaHHIM

oOMexxeHuX  pecypciB. [Ina  edekTUBHOrO  BUPIIICHHS
3a3HaueHOl MpoOJieMH B POOOTI MPOBEACHO TOCHIKCHHS
KPHIITOCTIHKOCTI JUIS HaANITPOCTIINX TeHepaTopiB

TICEBJIOBUITAJIKOBUX 4YMCEeN Ta Xeul-QyHKLid Ha OCHOBI
aBTOMAaTHUX Mojeneld. Bapro Big3HayWTH, IO TEOPETUYHI

pe3yabTaTH, 30KpeMa, MpO OJHOCTOPOHHI (YHKII 3
BpaxyBaHHSM pI3HHX YacOBUX IIKall, MOXYTb OyTH
BUKOPDHCTaHI TPH IIPOEKTYBaHHI  CHCTEM Oynp-sKoi
CKJIaJIHOCTI.
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Anomauyias—BukoHaHO MaTeMaTHYHe MOI€eJTIOBAHHSI
AWHAMIYHOTO NpoUecy MiJ 4Yac BMHKAHHS MeXaHi3My pizaHHS
TOPM30HTAJBHOI0 CTPIYKOBONUJIKOBOrO Bepcrara. BuHmukaroui
KOJIMBAHHSI MOJEJNIOITBLCS 3 YPAXyBaHHAM eJIEKTPOMATHITHHX
NpoueciB y IBUIYHI Ta KOJIUBAJILHUX NPOLECiB B eKBiBaJIeHTHIH
NpyXKHiA cucremi MexaHismy pisanns. CymicHuii po3B’si30K

cucreMn audepeHniaJbHUX  PiBHSHL KPYTHHX  KOJHMBaHb
NPY/KHOI CHCTEMHM MeEXaHi3My pisaHHs Ta JudepeHmiaIbHUX
PiBHSIHb  €JIeKTPOMATHITHOI0 CTaHy /[BHIyHa BHKOHAHMIi

metonom Eiisiepa y cepenosuiui Maple V.

Abstract—Mathematical modeling of the dynamic process
during the horizontal band saw machine cutting mechanism
turning has been completed. The resulting vibrations are
modeled on the basis of electromagnetic processes in the engine
and oscillatory processes in the cutting mechanism equivalent
elastic system. Compatible solution of the cutting mechanism
twisting vibration differential equations system and the engine’s
electromagnetic state differential equations are made in the
environment by Euler’s method.

Knwuoei cnosa—nepexionuii npoyec, KpymuiavHi KOAUGAHHS,
MEXAHI3M Pi3aHHA, e1eKMPOMASHIMHUTL CIMAH 0BU2YHA

Keywords—transitional process, torsional vibrations, cutting
mechanism, electromagnetic condition of the engine

JluHaMiyHI HABaHTA)KCHHS HA €JICMEHTH KOHCTPYKIIIN ITif
yac BMHKAaHHS [JBUTYHIB JIOCHI/DKYIOTH TEPEBAXKHO 3
BUKOPHUCTAHHSM 3BEICHUX JBoMacoBux Mojeneit [1]. Oxnak
OCOOJIMBOCTI KOHCTPYKIIH JESKMX MeXaHI3MiB MOTpedye
noOy0BU MojieNieid 3 OUIBIIOI KIJIBKICTIO 3BEIEHUX Mac.
OcCKiIbKH B~ MeXaHi3Mi  pi3aHHS  T'OPU3OHTAIBHOTO
CTPIYKOBOIMIIKOBOTO BEPCTATy 00epTaIbHi MACH PO3MIIIEH] Ha
TPhOX Bajlax, a CTPiYKOBa NHJIKA € BOAHOYAC 1 TATOBOIO
JIAHKOK, 1 MWISJIBHUM 1HCTPYMEHTOM, TO B PO3pPaxyHKOBiH
Mojeni 1i JOIIIBHO BHUIUIUTH SIK OKpPEMY TNPYXHY JaHKY
(puc.1). Taka po3paxyHKOBa cXeMa MeEXaHI3My pi3aHHs
JIO3BOJISIE BCTAHOBUTH JIOJIATKOBE JWHAMIUHE HAaBaHTAXKECHHS
Ha IHCTPYMEHT IIiJi 4ac IyCKy BepcraTa 3 ypaxyBaHHSIM
B3a€EMONIl  CKJIaJHUKIB  TpPYXHOI  CHCTEMH  BepcTara:
€JIEKTPO/IBUTYHA, MEXaHI3MiB IIepelaBaHHsl Ta MWISUIEHOTO
iHcTpyMeHTy. TomMy MeToro Ii€i poOOTH € MOJETIOBaHHS
MUHAMIYHUX TIPOLECIB Yy TPHBOAI MeXaHi3My pi3aHHS
TOPU30HTAJIBHOTO CTPIYKOBOIMIIKOBOTO BepcTaTa ITijl yac Horo
BMUKaHHSL.
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Puc. 1. Po3paxyHkoBa cXemMa MEXaHI3My pi3aHHS CTPIYKOBOIUIIKOBOTO
BEPCTATY

CkiiazieHi Ha mizacTaBi piBHsHb Jlarpamxka qpyroro poay ta
nogaHi y HopMmaibHOoMy Burianli Komn mudepeHmianbHi
PIBHSHHS MaJIUX KOJMBaHb €KBIBAJIEHTHOI HPYXHOI CHCTEMH
MEXaHi3My pi3aHHsS BIJNOBITHO JI0 PO3PaxyHKOBOI CXEMH
MaroTh BUIVISI

=d§91. =d§92.w=d§93
Yode Tt d T dr
do k c M (1)
D0~ Ay 0,) - )+ 11,
dt 1, 1, 1,
do, k k
: =_l(w1_w2)__2(w2_wz)+ (1)
d 1, I, ’
M
C, C. T,
+I_l(§01_§02)_l_2(§02_§03)_ 5
2 2 12
dCO; k2 C, T
===, -0 ) +—= (0, — ;) ——,
d 1, ( b 3) I, (0, —95) I,
ne I,,1,,1, — 3BeneHi 10 Baja €JIEKTPOABUIYHA MOMEHTH
1> 425 43 TP YH
iHepmii obepTanpHUX Mac, ¢, @,, ¢; — Yy3araibHeHi
KOOPJIUHATH, TKAMH € KYTH MOBOPOTY BIJIOBIIHUX 3BEICHUX
Mac;, @, ,, o, y3araJibHeHi  KyTOBi  IIBHAKOCTI
Bignosimuux w™ac, k, k,, c¢,c,— 3BemeHl KoedilieHTH
1 2 1 2

B’S3KOI0 OIOPY Ta JKOPCTKOCTI NPYXKHUX JAQHOK; M, , M, —

3BEJICHI MOMEHTH CHJI OIOpYy, 3yMOBJIEHI TepTsIM Yy

mimmmneukax — Bamie; M ()= % PoL, (i, —i i, -
eIeKTPOMATHITHUII MOMEHT [BUTYHAa, p, —
MarHiTHHX MOJNIOCIB JABHIYHa, L, — poOoua iHIyKTUBHICTH
ABUTYHA, i, i, i, i, — OPOEKUii CTPyMiB poTopa (iHaeKc 7°)
Ta craropa (iHAEKC §) Ha KOOpJAWHATHI oci X, y. Jlus
BU3HAUYEHHS CTPYMIB CTaTtopa Ta pPOTOpa BHKOPHUCTOBYIOTH
PIBHSIHHS €JIEKTPOMArHITHOTO CTaHy MalllHHH

YHUCIIO TIap

1

i
; =Au +Q ¥ -Ri)+B(Q¥, —Ri);
t

3)

s

d’f =A QY —Ri)+B u +Q¥, —Ri),
t

ae i, i, u, —

A.S"B.S"Ar’Br -
MaTpHIi

MAaTpHILI-KOJIOHKK CTPYMIB 1
MaTpHlli 3B’S3KY;
LP KR LP r -

Hampyr;
Qs > Qr -
MaTpHuIli

KBaJpaTHi

4acToT  OoOepTaHHS;

MOTOKO34ernenb; R, R, — akTHBHI omopu. J{ns oOGuuciIeHHs

BKa3aHHUX IapaMeTpiB 3a METOAWKOI [2] BHKOPHUCTOBYIOTh
TEXHIUHI XapaKTEePUCTHKHU €JIEKTPOBHUTYHA.

Cucremu audepenuianbaux piBHAHb (1), (3) HOBHICTIO
OITUCYIOTh JIMHAMIYHUIA CTaH €JIEeKTPOMEXaHIYHOi CHCTEMH
MEXaHi3My pi3aHHS TOPU3OHTAJBHOIO CTPIYKOBOIMIKOBOTO
BepCTaTy.

Jmst  cymicHOro po3B’sA3Ky cuUCTeM JudepeHIliaTbHIX
piBasab (1), (3) 3 ypaxyBaHHsM (2) UpUIHATI HYJIBOBI

nosatkosi  ymou: i, (0)=0, i,(0)=0, i.(0)=0,
i,(0)=0, ®(0)=0, ®,(0)=0, o,0)=0, ¢(0)=0,
?,(0)=0, ¢;(0)=0.

Cucremy audepeHIiabHUX pIBHSIHb MallMX KOJHMBaHb
MPY)KHOI CHCTEMH MEXaHi3My pi3aHHs CTPIYKOBOIHMIKOBOTO
Bepcrata (1) po3B’s3aHO  CyMICHO 3  PIBHSAHHAMH
eJIEKTpOMarHiTHoro crany nsuryHa (3) meromom Eiinepa B
cepemopunii Maple V. Ha puc. 2 mokasaHuii omuH 3
pe3yJIbTaTiB MOJAENIOBAHHS IIEPEXiJHOrO TPOLECy MiJ 4ac
ITyCKY MEXaHI3My pi3aHHsL.
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Puc. 2. I'padix 3MiHH MOMEHTY Ha IpYTiil HPYXHiil JaHIi

BcraHoBIeHO, 110 AWHAMIYHUNA MOMEHT IIiJ] Yac MycKy Ha
Ipyrii TpYXHIH JaHui mepeBUmIye y 8 pa3 oOepTaibHHI
MOMEHT, CTBOPIOIOYHM IOJAaTKOBE 3MIiHHC HAaBaHTaKCHHS Ha
MOJIOTHO CTPIYKOBOI NHJIKW. Take HaBaHTa)KCHHS BUKIIUKAE
MONIEPEYHI  KOJMBAaHHA  IIOJIOTHA, SKIi  MOXYTh  OyTH
PE30HAHCHUMH, Ta 3MEHIIIYE IOBrOBIUHICTh IHCTPYMEHTA.
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Abstract—We  describe a new implementation of
asynchronous pi-calculus in Maude which utilizes CINNI — a
calculus of explicit substitutions — to cope with name binding.
We believe that using late name binding, instead of early,
simplifies the implementation, which we intend to use later as
part of a workflow specification system.
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1. INTRODUCTION

The calculus of mobile processes (pi-calculus, [1]) is one
of the most popular proces algebras used in specification of
workflows (see e.g., [2], [3], [4]), or security protocols (see
e.g., [S]) There are many implementations of pi-calculus which
allow actually to run the pi-processes and to explore and
analyze the possible execution paths. Here we describe the
implementation in the language and term rewriting framework
Maude [6]. This is by far not the first implementation of pi-
calculus in Maude (see, e.g., [7]). In fact, we follow the basic
ideas of [7] such as incorporating transition labels into the
process terms (c.f., [8]) and utilizing CINNI [9] — a calculus
of explicit substitutions — to deal with name binding.
However, instead of early binding semantics, like in [7] we
implement a late semantics in a way in which the label part of
the process can also bind names, and to the best of our
knowledge this is the first such implementation.

II. ASYNCHRONOUS PI-CALCULUS

Let P, O, ... (perhaps with indices) denote pi-process terms
and let small latin letters denote channel names. Then the
grammar of asynchronous pi-calculus is given by (where [ is
finite and guards [1::=[1|1([1) ):

Do, P

iel

P:=0

a(b)|(P|Q)|(vx) P|!P|[x = ¥](P.0),

We will write Z%-Pi using an associative and

iel
commutative operator ,+°. We also consider “” to be
associative and commutative with 0 being the neutral element.
Operators (vx) and a(x) bind x in (vx)P and a(x).P,
respectively (and these are the only binding operations). We
denote by “=, ” the o -equivalence relation on pi-terms. Thus,

Pawel Maslanka
Department of Computer Science
Faculty of Physics and Applied Computer Science,
University of Lodz
ul. Pomorska nr 149/153, 90-236 L6dz
pmaslan@uni.lodz.pl

e.g., if y does not occur free in P we must have that a(x).P

and a(y).([x:zy]P) are o -equivalent, where [x:=y]P

denotes the capture avoiding substitution of name y for free
occurences of x in P. We assume that o -equivalent terms
behave identically. Processes evolve by performing internal
actions as well as receiving and sending public or private
names. 0 is the empty process which does nothing, process

E<b> sends name b on the channel identified by name a. For
any iel, process Z%-Pi can perform either an internal
iel
action (if o, =1) or receive value on some channel a (if
o, =a(x) and then become P,. Here our semantics is late
because we do not consider the value actually received as part
of the transition. P|(Q is a parallel composition of processes
which can evolve
replicates P, (vx)P

independently or communicate, !P
is a restricted process in which x is
private (but it can be sent to other process), and finally
[x=y](P.Q), evolves as either P or Q depending on whether

x is the same name as y or not. Thus, pi-process terms are states
in the labeled transition system.

We write P—Q when a process P can transition into QO
performing an action with label o There are four kinds of
action labels: t (internal transition), a(x) (value receive),

a(b) (public name sent), @(vb) (private name sent). The

possible transitions can be described precisely using rules: we
allow those and only those transitions which are provable from
the rules. For instance, the first rule below describes
communication between parallel processes, the second
describes sending of some private name:

J<b> : a(x) , E<b>
PoP 920 pcom, P22 020 open,
p‘gﬁp' [x=b]0" (vb)P > 0
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II1. IMPLEMENTATION

The main problem of implementing labeled transition
system in term rewriting system such as Maude, is that they
usually do not support labeled transitions. The fundamental
idea of [8] is to incorporate labels into process term —
effectively the process term drags with itself the full trace of all
actions performed so far by the process. Formally, one extends
the grammar of process terms with new syntactic category of
action process terms AP:

AP P|{a}AP

where o is an action label (e.g., © ,a(x), etc.) and P isan

ordinary pi-process term.  Denote by the unlabelled thick
arrow “=” the rewriting relation among action process terms.
It is defined with the following rules:

P={o}Q0 Q0= 4P
P:>{a}AP

P—Q
P={a}0
where P, Q are pi-proces terms, AP is an action process term

and o is an action label. We assume that action labels of the
form a(x) and @ (vb) bind name x in action process terms of

the form {a(x)} AP and {E(vx)} AP . Accordingly, we extend

a-conversion to action process terms and identify o -
equivalent action process terms.

1STEP, TRANS.

a(x)
-0.

identification of behaviour of o -equivalent terms we must also

For example, assume that Because of

a(y)
have P—[x:=y]Q for any name y which is not free in Q.

a(x)
This is evident when we write the transition P—Q with

unlabeled rewritings as P:>{a(x)}Q. Indeed, because we

extend the a-equivalence to action process terms we have that
{a(x)}Q and {a(y)}[x =)0 are a -equivalent.

Implementing capture avoiding substitutions and a-
conversion necessary to enable some transitions is
cumbersome. One way to deal with it is to use de Bruijn
indices instead of names. This would however be unreadable
for humans. A good balance between readability and
implementability is provided by the calculus of explicit
substitutions CINNI [9], and we follow [7] in utilizing it.
Namely, except for binding constructs, we use channel names
of the form a,, where a is a (user defined) name and » is a

natural number.

The meaning of n is as follows: Suppose that a, occurs in

the process or action process term 7. Then n is the number of
operations binding name a in 7 which one must pass while

going up the parse tree of T before either encountering an
operation which binds this a, or the root of the parse tree.

The signature of action process terms is extended with
various substitution operators (including the usual capture
avoiding substitution) defined through equations. On the other
hand, there is no longer any o -equivalence.

As an example consider the following translation of the
OPEN rule mentioned above into unlabeled rewritings with
CINNL:

r= {Z<x°_>} vz OPEN,, r= {x”’_*ﬁx(’ e OPEN,
(vx)P= {ym (vx)} 0 (vx)P= {xm (vx)} 0
CONCLUSION

We created a new implementation of late binding semantics
for asynchronous pi-calculus in Maude. We partly use the
ideas from earlier papers ([7], [8]). A novel (to the best of our
knowledge) aspect of this implementation is extending a-
equivalence to labeled process terms. We found out that
implementing late semantics is easier and more natural than
late semantics (as in [7]), particularly when using our main
idea. We created this implementation to become a part of a
system for workflow specification we are currently working
on.
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Anomauyia—Ilodynosano moaudikoBanuii MeTol CKiHYEeHHHX
eJIeMeHTIiB i3 BHKoOpHCcTaHHsIM cxemu I'pronBaibiaa-JlernikoBa
st Apo0OBHMX MOXigHUX 32 yacoM. Posrusinyro apoGoBi moxigni
Kamyrro Ta PiMmmana-Jliysins. IIpoBeneno yuciaoBmii anamis i3
BHKOPHCTAHHAM  €KCIIEPHMEHTAJbHMX  BXiIHMX  JaHMX.
PesynpTaTaMm  eKCIIEpHMEHTY  MIATBEPIKEHO  XapaKrep
MOBEAIHKH THCKY ra3y y HOPHCTOMY CepelOBHINi 32 HAsBHOCTI
HeTHNOBOI dinpTpanii. BeranoBieHo, mo mopsaok Ipo6oBoi
TOXiTHOI MOKe CJYKHTH IapaMeTpoM aJanTamii MaTeMaTHYHOL
MozeJIi.

Abstract—Built modified finite element method using
Grunwald Letnikov scheme for fractional derivatives in time.

Considered fractional derivatives Kaputto and Rimman-
Liouville.
Knwuoei cnosa—cxema I'pronsanvoa-/lemnixkosa; 0poodogi

HOXIOH; MEMOO CKIHUEHHUX e1eMeHMIE

Keywords—Grunwald-Letnikov scheme; fractional derivatives;
finite element method

1. Bceryn

Bimomo, mio Oarato (i3WYHHUX TPOIECIB OMUCYIOTHCS
MUHAMIYHAUMH CHCTEMaMH, B SKHX BPAXOBYIOTHCS IOXiJIHI
npoboBux mopsakiB. OOmacte 3acTOCOBHOCTI  Au(epeH-
LiaJIbHAX PIBHSHB JIPOOOBOTO MOPSAKY 3HAYHO MIMpIIA, HiXK
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JIu(epeHIiaTbHIX PIBHSHB 3 LIUIOYUCIIOBUM
MU(EpPEHIIIIOBAaHHAM, OCKIIBKM OCTaHHI € IX YacTKOBUM
BUIIAJIKOM.

[lineumennii iHTEpec 10 aU(EpeHIIATbHAX PIBHAHB

JpoOOBOrO TTOPAAKY 00yMOBIICHO ix Gbi3ngHOIO
iHTepnpertamiero. IlokazaHo, IO Tmepexig J0 IOXiJTHOI
JpOOOBOro MOPSIIKY 32 4acOM JI03BOJISIE BPaXOBYBaTH e€(EKTH
nam'ati cucremu. Lle 103Bosi€ OTPUMYBATH PUHIMIIOBO HOBI
pe3yibTaTd, OUThII TJTHOOKO OCMHUCIIMTH BiJIOMi pe3YJbTaTH,
CTBOPHUTH HOBI aJEKBaTHI KUIBKICHI MOJENI JOCIIDKYBaHHX
SIBUIIL.

II. ITIOCTAHOBKA 3AJIAUI TA YUCJIOBA PEAJIIBALIIS

Ilporiec  MacomepeHocy B NOPUCTHX — CEPEOBHINAX
PO3IIISIAEThCS HA TpUKNIaAl (uUIbTpawlil ra3y Ta piguHH, sSKa
OITUCYETHCSl PIBHSHHSAM 13 JpOOOBOIO IOXiTHOI 33 YacOBOO
3MiHHOMO [1]

e\ ofmma)_, (& (p) o)

ox\pyx ox ) oy\uy oy o\

Tyr [=2 jqus razy ta /=1 JUId HECTUCIUBOI PiAWHH;
a €(0,2] — creminp mpoGoBoi moOXimHOi; k =k(x,y,1),
m=m(x,y) 1@ h=h(x,y) Koe]illieHTH NPOHUKHOCTI,
MOPUCTOCTI Ta TOBIIMHA CEPEIOBHUINA BIINOBIAHO, M —

JVHaMiYHa B’A3KICTh PEUOBHHH, p, — aTMOCc(hepHHil THCK,

q —rycTHHa BinOOpy, ) — KOe(IIi€EHT CTUCIUBOCTI razy.

UucnoBa Momenb 0a3yeThCsl Ha METOMI  CKIHUCHHHX
€JIEMEHTIB B TOE€JHAHHI 3 ITEpalliifHOI0 MPOLEIYPOro, M0 i€

o“p

o

Ha KOXKHOMY 4acOBOMY TigiHTepBati. J[podoBa moxinHa

po3KIamaeThesi  3a  cxemow [ 'proHBasbaa-JleTHikoBa:

o [T/At] . )
“Dip = BTO(At) ; (-1)'| " |p(z—jar).

I'pronBaibaa-JIeTHIKOBA aNPOKCHUMYEThCS Ha poMikKy [0, 7]

Ornepatop

3 MiIIHTEPBAILHUM KPOKOM Af sIK

[/ A
GL o ~ (o) ;
Dip(t)= Y.\ p(x— jAr)
=0
Cxema MCE  3acrocoByeThcs  iTepamiiHO — Juis
JIIHEapu30BaHOTO PIBHSHHS Uil KOXKHOTO MOMEHTY 4acy i3
YTOYHEHHSIM KOE(]IiliEHTIB CTUCIUBOCTI Ta IIPOHUKHOCTI.

BUCHOBKHI

B mpami Ha 06a3i MeToAy CKIHYCHHHMX CJIEMCHTIB
3aMpoIOHOBAHO YMCIIOBY MOJIENb (QUIBTpaLlii ra3y B MOPHCTHUX
HEOIHOPIHAX CEPEJIOBHIIAX 13 BUKOPHUCTAHHAM JPOOOBHX
MOXiTHUX 3a YacoM. PosrimsHyTo npoboBi noxiani Kamyrro Ta
Pimmana-JliyBing.  IlpoBemeHuii  uyucioBMiA  aHamiz i3
BUKOPHUCTAHHSM €KCIIEPHUMEHTABHUX BXIHUX JTaHHX.
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MoaenaroBaHHs CTalllOHAPHUX IIPOIECIB
TEIJIOMPOBIIHOCTI B T1JIaX BUIIAAKOBOI CTPYKTYPH 3
BUKOPHUCTaHHAM J1arpaM DeriHMaHa

0.10. Uepnyxa

BT MATEMATUYHOIO MOJIEIFOBAHHS
HEPIBHOBA)XHUX MPOIICCIB

LleHTp MaTeMaTU4IHOTrO MOJIETIOBAHHS
[HCTHTYTY IpUKIIQAHUX IPOOJIEM MEXaHIKH 1 MAaTEMaTUKU
im. S.C.Ilincrpuraua HAH Ykpainu
JIbBiB, YKpaina
cher@cmm.lviv.ua

Modeling steady-state processes of heat transfer 1n
bodies of random structure using Feynmann diagrams

O. Chernukha

Department of mathematical modeling
nonequilibrium processes

Anomauyia—Po60oTa NMpHCBAYEHa MATEMATHYHOMY MOJEJIIO-
BAHHIO CTAlIOHAPHHUX MPOLECIB TEIIONPOBIIHOCTI y BUIIaIKOBO
HeomHopigHux Oarartodasuux crpykrypax. Kpaiioiii 3amauqi
TEILIONPOBIIHOCTI TOCTAaBJEHO Yy BiaANMOBiaHiCTH iHTEerpoande-
peHIiaJbHe PIBHSIHHS 3 BHIAJKOBHM SIIPOM, PO3B’SI30K SIKOIO
nodynosanuii y surisaai psaay Heiimana. 3 nonoMororw texHiku
giarpam @eiilHMaHa OpMMAaHO aHaJIOrM piBHAHHBL Jlaiicona i
Bera-CosmiTepa 1j1 cTanioHa3sHUX NpoNeciB TEIUIONPOBiAHOCTI
y GaratoazHHX CTOXACTUYHO HEOTHOPIAHUX TiJIAX.

Abstract—The work is devoted to mathematical modeling
steady-state processes of heat transfer in randomly nonhomoge-
neous multiphase structures. An integro-differentual equation
with random Kkernel, which solution is constructed in terms of
Neumann series, is obtained in accordance with the boundary
value problem of heat transfer. By using the technique of
Feiynman diagrams analogues of equations of both Dayson and
Bethe-Solpeter for the steady-state heat transfer processes in
multiphase stochastically nonhomogeneous bodies are obtained.

Knwuoei cnosa—mamemamuune M0O0eni06aHHA; Menao-
nposionicmey; cmoxacmuuna cmpykmypa; diazpama Peitnmana

Keywords—mathematical modeling; heat transfer; stochastical
structure; Feynmann diagram

I. Bcryn

CroxacTHYHUI XapakTep TEIUIOBUX MOMIB, SK NpPaBUIIO,
CIPUYMHEHHUH HEJIOCTaHbOI iH(opMaliero Npo HEOAHOPIAHY
CTpYKTYpy cepenoBuma [1]. IIpu mocmimkeHHI TEIUIOBUX T0-
JIB y BUMAJIKOBO HEOAHOPIMHHUX Tinax (puc.l) po3poOIsitoTh
METOIH, SIKi BUKOPHUCTOBYIOTH YMOBY €prOJUYHOCTI (KBasi-
€progUYHOCTi, TOOTO MOJISI € eProJUYHIMU JIUIIE B 00’ €Max,

Centre of Mathematical Modeling of Pidstryhach Institute
for Applied Problems of Mechanics and Mathematics,
Ukrainian Academy of Sciences
Lviv, Ukraine
cher@cmm.lviv.ua

MaJIiX MOPIBHSHO 3 XapaKTepHUMHU MaciiTabaMy 3MiH CTaTHC-
TUYHUX XapaKTEPUCTUK TOJsI) JIOCHIPKYBaHHX MPOLECIB
[2, 3], npu mocTaHOBIII KPaliOBUX 3aJ]1ay 3aIlUCYIOTh PiBHSIHHS,
OTPUMaHHS SIKMX BUMarae BBEIEHHS (pi3UUHO MaJloro perpe-
3€HTATHBHOI'O €JIEMEHTa TiJla, 10 HaKlIagae OOMEXEHHs Ha
BIAMOBiAHI BUIAAKOBI moist. Hukye 3a JOIMOMOIOI TEXHIKU
niarpam DeiHMaHa MOCIIIKYETHCS B CTAlliOHAPHOMY PEXUMI
MIPOIIEC TEIUTOMPOBITHOCTI Y BUIAJAKOBO HEOMHOPITHHUX TiJIaX
JUTS IOBUTBHUX PO3MIpiB BKJIIOUYeHb. [Ipu 1iboMy Kepena Ter-
Jla OIHMHCYIOTHCSA JICTECPMIHOBAHOI (DYHKII€I0, a CTPYKTypa
TiJa € BUIIAJKOBOIO.

II. MOJEJIFOBAHHS CTALIIOHAPHUX ITPOLIECIB
TEIUIOIPOBIJJHOCTI B TUIAX BUIIAJIKOBOI CTPYKTYPU

Hexaii B GaraTtogasHOMY TiJli 3 BHIIAJKOBO PO3TAIIOBAHH-
MU HEOTHOPIAHOCTSIMHU (pucC. 1) MPOTIKaIOTh MPOLECH TEILIO-
npoBigHocTi. Tiso ckmamaeTbes 3 N pi3HUX 33 TYCTHHOO (a3
(MaTpuii Ta BKIIOYEHB), B SKUX TEIIO(I3UYHI BIACTUBOCTI
MOXYTb 1CTOTHO Bijpi3HsTuCs. [Ipy npOMy TOYHA reoMeTpHy-
Ha koH(irypauis a3 HeBigoMa.

L J

Puc. 1. MoskiuBi peaizaiiii 6ararohasHoi CTpYKTYpH Tijia
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Posnonin BunaakoBoro TemneparypHoro noist 7'(#) B Ta-

KOMY TiJli y CTal[iOHApHOMY BHIAJIKy OIHCYE PIBHSIHHS TEILIO-
MIPOB1THOCTI

LATF) =V (MAVTEF)) = £, (1)

ne L(7) - BUIagKoBuii oriepaTtop piBHSHHS TEIUIONPOBIIHOCTI,
¥ — pamiyc-BekTop Oixyduoi TOukH, A(F) - BHMAJKOBHIA
Koe(iIiEHT TeIUIONpoBiAHOCTI, f(7) — I'YCTHHA JKEpen Teria
(merepminoBaHa (yHKINS). BBakaemo, 1o Ha IOJE TEM-
nepatypu T'(7) HakIaJIeHi JeTepMiHOBaHI IpaHHUYHI YMOBH.

I'pannuna 3amaya (1) 3BemeHa 10 iHTErpo-gudepeH-
iaJIbHOTO PiBHSAHHSA THIy ['aMMepIiTeiita:

Tr)=T,(r)+ IG(F,F')LS(F')T(F')dF' , 2)
)

ae T,(7) - po3B’A30K «OJHOPIAHOI» 3a1adi:
LT, (M)~ f(F)=0 (3)

3 BUXiJIHUMU IpaHnyHuMu ymoBamu; G(¥,F") - metepmiHoBa-

Ha QyHKIisa 'piHa, sika € pO3B’SI3KOM PIBHSAHHS 3 TOYKOBHM
JOKEPEIoM

Z(F)G(F,F') - f(F)=8(GF -7 4)

3a BiJNOBITHUX HYNTbOBMX I'PaHMYHUX yMOB; L (7) - BHNan-
KOBHH OIIEpaTop BHUIJISLY

L.(F)= L(F)— L(F) :Zj@-x}. m, (F)A+

j=1i=1

DTN, 8 =7 IV

j=1i=1

ne A =A(F) — ycepenHenuii 3a aHcamMb1eM peamisariii CTpyk-
Typu koedirieHT
L7Fe (Vi(j))
0,7¢ (Vi(j))

KOOpJMHAT, [k(?)]r__ - BeKTop-(yHKLisl cTprOKa KoedirieHTa

TEIUIONPOBIIHOCTI,

n,; (F)= BUMAJKOBa (YHKIiSI MPOCTOPOBHX

TEIJIONPOBITHOCTI Ha MixdazHuX TpaHULAX,
(V") - omHO3B’s13Ha 00acTh 3 06’eMoM V'), siky 3aiimae i -
Te BKJIIOYEHHA j -1 pa3u.

Po3B’s130k piBHAHHS (2) OyAyeMO METOIOM ITOCIiIOBHUX
HaOIKeHb, BUOMPAIOUM 32 HYJIbOBE HAOJIKEHHS PO3B’SI30K
3amavi (3). Tomi oTrpuMaemMo pEKypeHTHI CIiBBIIHOIICHHS,
SIKUM CTaBMMO Y BiANOBiAHICTD psia Helimana

T(F)=T,(F)+ ) R,(F), )
n=1
Tyt R, (7) - pisHUL MiX 1 -M Ta (n—1) -M ueHaMH.
BcraHoBI€HO YMOBH 1 JOBEEHO TEOpEMY MPO aOCONIOTHY
i piBHOMIpHY 30DXHICTH 1bOro psny [4]. Ha BimMmiHy Bix

HeCTalliOHApPHOTO BUMAJKY, KOJH Juisi 30i1xHOCTI psiny Helima-
Ha Ui BUIAJKOBOI'O IIOJISI TEMIIEPATYpH JOCTaTHHO YMOBH
obmexeHocTl TermnoiznyHUX KoedilieHTiB (a3 Ta BigMiH-
HOCTI BiJl HYJIsI TapaMeTpiB MAaTPHII, JUIsl CTAlliOHAPHOI TEIUIOo-
MIPOBITHOCTI HEOOXiMHAa NOJaTKOBa yMOBAa Ha OOMEXKEHICTh
00’eMy Tila a00 OOMEKEHICTh 00’€MY, SKi 3aliMarOTh BKJIFO-
4yeHHs. TakoxX cOpMyIbOBAaHO 1 JOBEIEHO TEOPEMY iICHYBaH-
HS pO3B’SI3KY 1HTErpo-IudepeHiaTbHOTO PiBHSHHSI.

o6 nocnmigutu cTpykTYpy psany (5), BBedeHo rpadidne
300pakeHHsI Oro elneMeHTIB y BUNIIAL JiarpaM P. deitnmana
[5]- Toxi psin (5) y rpadiuHoMy Burisiai HaOyne BUIY [6]:

I N B S 8

7P s
D R I A
P ol 70 (5a)
ge T(F)~ N, T,(F) ~ ™, G(F7") ~ ., L,(F)~ ].

=

¥
VYcepenneHe 3a ancamOnieMm KoHpirypamiii ¢as Tterose
ToJie MOYKHA MOJIATH TaK

’ x voe
i o
— = - + H L\J+ ;N + ! ' | N
. hd L] .
i P SN T z/'\‘\
' i
+ —0——.1—\1\_, + — o~ + & +
A L T )
SN ' ' ' 1
. 3 ' ' ' '
e —— e~ ... (6)
A
PG
= wr o 7 (k) E N
Tyr (T(7)) ~ ==, W (PP s P~ 7N
P =k

. . v r .
I[lal"paMI/I q)eI/IHMaHa, 3a JO0IOMOTI'OI0 SKHUX ITPEACTaABJICHUN

psan Hefimana (6), MaloTh mpo3opy (i3UuHy iHTEpIIPETALilo.
[iarpama / 3 psimy (6) onucye MOMMPEHHS TEIUIOBOTO TOJIS 3
Jokepena abo BiJ MOBEPXHi (B 3aJI©KHOCTI BiJl TPAaHUYHUX YMOB
Ta HAsBHOCTI BHYTDILIHIX JDKEpeN TeIuia) B OJHODPITHOMY
cepenoBuiii. Jliarpama 2 omucye HACTYIHHIA MPOIEC: TEIIOBE
Hojie TOWMPIOETBCA BiX JDKEpena 10 TOYKH 7 SK B
onHopizHOMYy cepenopuini. B Touni 7' BigbOyBaeThes 30ypeH-
HSI TEIUIOBOTO IIOJISL 3@ PAXyHOK TOTO, IIO IS TOYKA HAJICKUTh
BKIIFOYEHHIO 260 HOro Tpasulli (HAIeXKHICTs 7' 10 BKIIOUEHHS
BH3HaYae ycepenHenuit omepatop (L (7)), B iHakiomy

BHIIAJKYy BiH JOpiBHIOE€ Hym0). [lami 30ypeHe moie mocsrae
TOYKH ¥ , B Kiii BiIOYBA€THCS CIIOCTEPEKEHHS (pHc.2a).

u
7
27

Jukepeno abo
MOBEPXHA

abo

MOBEPXHA

F/\ o
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JUKepeno ado

MOBEPXHA
.

Puc. 2. OpHo- Ta ABOKpaTHI 30ypEeHHsI TEIIOBOrO OIS

Jiarpama 3 BiAmoBiTa€ MOIIMPEHHIO TEIUIOBOTO TOJS BiX
—-n .
JoKepesia JI0 TOUYKU 7, sika 3HAXOJUTHCS y BKIIIOYCHHI (omepa-

TOp <LS (r )> ), Ie OTpuMYye 30ypeHHs, MOTIM 30ypeHe IoJje

= .
MOUIUPIOETHCA 10 TOUKH 7, sIKa HAJIC)KUTH 1HIIIOMY BKJIIOUEH-

(L), - .
HIo (omeparop ‘' ° ), 1 oTpuMye napyre 30ypeHHs; MOTiM
JBidi 30ypeHe Ioye MOIIMPIOETHCS 10 TOYKU CHOCTEPEKCHHS

7 (puc.20). Jliarpama 4 Biapi3HA€TbCA Bil 3 HasBHICTIO
=1 ="
AV =y, (F,F") .
KOPEIAIIHHOT (DYHKIIIT , O BKasye Ha Te, IO MBI
= . = .
TOYKH 30ypeHHst I i 7' KopelboBaHi, To0OTO 00uaBa 30ypeH-

HS BIAOYIHCS y Til caMiii HEOMHOPIMHOCTI (puUC. 2B).

Bci pmiarpamMu Tpethoro mopsiaky S -9 MicTATh (GyHKII

T, (7" 7" 7 r" P
ol ), G, ), G, ), G, ).LIe O3HAyYae, II0 Tell-
JIOBE TI0JI€ TOMIMPHIIOCH 10 TOUKH 7 Ticis 30ypeHHs B TOYI
dd = . .o .
7", 10 TOUKU 7 - micis 30ypeHHs B Touni 7 i T. . OTxe, BCi
i JliarpaMy OMHUCYIOTh TPUKpATHE 30ypeHHS TEIUIOBOTO TIOJIS.
[pore miarpamu 5 - 9 € Tomonoriyno pizHuUMU. [liarpama 5 He
MICTUTh KOpeISIHHUX (yHKWiA, TOOTO Tpu 30ypeHHS
TEIJIOBOrO TOJIsI  BigOynucst B pI3HUX HEOJHOpiAHOCTSX. B

=

nmiarpamMMax 6 - 8 HasBHI KopessimiiiHi QyHKIT v, (7.7 ),

=1 =m

=1 =
v, (7.7 i v, (7.7 BiamoBigHo. Ile o3Hauae, 110 mMoOJE
30yPIOETHCS TPHUUI Y TBOX HEOJHOPITHOCTAX (puc. 3a-3B).

nkepesio abo

[OBEPXHS
-; 3
-e
.

JLKepesio abo

all

MOBEPXHSA
3 L

JLKepeno avo

MOBEPXHSA

Puc. 3. TpukpaTHi 30ypeHHs TEIIIOBOTO MOJIS

[Nonanus po3B’s3Ky 3aaaui (1) y BUIIIsAI CYKYIHOCTI fia-
rpam (6) o3BoJIsie epeTBoproBaty psii HelimaHa, BUKOpUCTO-
BYIOYH TOTOJIOTIYHI O3HAKH Jiarpam, siki MiCTHTh PO3B’SI30K.

Cymy psny (6) MOXKHA TIO/IaTH Yepe3 CyMy JesiKol HeCKiH-
YEeHHOI MiAMOCIIOBHOCTI IHOTO X psiay. i 1boro BBOAUMO
KJacudikaito giarpam Ha CHIBHO- 1 C1a0K03B’s13aHi, 10 BXO-
matb 'y (6) [7]. Ilicns BuaineHHs CHUIIBHO3B SI3aHUX Jiarpam
BCTAaHOBJICHO, 1110 psif (6) € po3B’si3koM piBHsHHS [laiicona

()

ne X(r)~ .

simpo MacoBoro omnepatopa [3]. Piustaus Jlaticona (7) B aHai-
TUYHIH HopMi Mae BUTIIS]

(T(H)=T,F)+ j G(F,F)EF)(T(F))dr" .
)

(7a)

3actocyemo 10 piBHsHHs Jlaticona (7) omepatop L(F)=AA.
Toni orpumaemo

MA(T(¥)) = MAT, (F) + j AMAGFEF)EF)(TE))dr . (8)
)

3rignHo 3 ¢opmynoro (3) mepmuii qogaHok piBHAHHA (8)
AT, (F)= f(F), a 3i cIiBBiIHOWIEHHS (4) BMIUIMBAE, IO

MA.G=8(F —F)— f(F).
JenbTa-QyHKIT 0TpUMaeMo

AA(T () - Z(F)(TF)+ £ ()| 1- j ZFEVTF))dr' | =0.09)
)

I3 nopiBustaHs (3) 1 (9) BuIIMBaE, W0 Ha BiOMiHY BiX
T,(r) , dynkmis (T(F)) 3aJI0BOJIbHAE He nudepeHInaibae, a
iHTerpo-nudepeHnianpHe piBHAHHS. 3 (I3MYHOT TOYKH 30py 1€
O3HAYaeE, [0 yCepeaHeHe MoJie B ASAKif ToUIll 7 3aJeXHTh i
BiJl OTOUYIOUHX I[F0 TOUKY HEOMHOPITHOCTEH (32 paxyHOK sapa
MacoBoro omepatopa X(7) ).

3 BUKOpUCTaHHSIM TeXHiku fiarpam deliHMaHa ofep>KaHO
piBasHHs THny bere-Conmitepa st GyHKIT KOrepeHTHOCTI,
sIKe onucye (PYHKIIIO KOPEeNsIii cTanioHapHUX TEMIEPaTypPHUX
NoIiB y 0araToga3Hux TiNax CTOXaCTHYHOI CTPYKTYPH

aq

IL\U ERSRON © §

OTmxe, MOgaHHS PO3B’S3KYy 3ajayl y BUIJISIAL CYKYITHOCTI

Jiarpam JI03BOJISIE TIEPETBOPIOBATH Psil Teopii 30ypeHb, BUKO-

PHUCTOBYIOUM TOIOJIOTIYHI O3HAKH Jliarpam, SIKi BXOJSTH Yy

po3B’s30K. Takok  3acTOCYyBaHHS TaKol TEXHIKH JIa€

MOXIIUBICTh BUPA3UTH cyMy psiny HelimaHa uepe3 cymy aeskoi
HECKIHUEHHOT ITiIITOCIII0BHOCTI IIOT'0 XK PAIY.

Toxi 3 BUKOpUCTaHHSM MNapHOCTI
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Anomayia—OTpPUMaHO 3aMKHEHY CHCTeMY CHiBBiJIHOLICHBL
TpafiiecHTHOI TEPMONPYKHOCTI, 10 BPAXOBY€ BILJIUB JIOKAJIBHOIO
3MilleHHA Macu Ha MexaHiuHi Ta TenJoBi nmpouecu. ust onucy
JIOKAJBHOTO 3MillICHHSI MACH BBEICHO y PO3IJIA/ HOBi mapamer-
pH, 1151 IKHX cGopMyJILOBAHO BifNOBiAHE 0anaHCOBe PiBHSIHHSA.
Po3p’sa3yBasibHy cucTeMy piBHSIHb MOJEJI Olep:KaHO MJIsl JIiHil-
HHX TepMonpy:kHuX TiJ. Ha niii ocHoBi Ha npukJazi i3oTponHuX
NPYKHAX MIAPY Ta KyJli BU3HAYEHO NIOBEPXHEBY eHepriio aedop-
Malii Ta BUBYEHO BIJIMB XapaKTePHOI BiggaJii Ha MexaHi4Hi mo-
as. ITokazano, mo nodynoBaHa Teopis 103BOJISE ONUCATH HEJIO-
KaJIbHi epexTH, 30KpemMa, NPUINOBepPXHeBi Ta MacIITa0Hi edexT.

Abstract—The fundamental set of equations for gradient
thermoelasticity is obtained. Mentioned equations take into
account the effect of a local mass displacement on mechanical
and thermal processes. New quantities associated with local mass
displacement were introduced and we obtained for it additional
balance relation. The linear equations governing the motion of
thermoelastic solids within the framework of this gradient theory
are set out. We obtained formula for surface energy of deforma-
tion of solids. The boundary value problem is presented to study
the effect of the characteristic length parameter on mechanical
fields in isotropic elastic layer and sphere. It is shown that the
developed theory is capable of predicting nonlocal effects, such as
the near surface and size effects.

Knwuoei cnosa—epadienmua mepmonpyscuicme; J10Ka1bHe
3MIU{EHHA MAcUu; NOGEPXHeGI HANPYICEHHA; NOBEPXHeA eHeplis
depopmauii; macuumadnuil egpexm

Keywords—Gradient thermoelasticity; local mass displacement;
surface stresses; surface energy of deformation ; size effect.

I. Bcryn

AmHani3 3aKOHOMIpHOCTEW PO3BUTKY Cy4acHOI HayKH CBif-
YHUTH PO HEYXWIILHUH 3POCTaI0UYHid IHTEPEC HAYKOBIIIB 10 PO3-
pPOOJSIHHS HOBHMX Y3araJbHEHUX TEOpiii MEeXaHIKH 3 METOIo
BpaxyBaHH: BIUIMBY MiKPOCTPYKTYPH MaTepialy Ha MEXaHiuHYy
noBeiHKy TBepAuX Til. [ToOynoBy Takoro mTuOy Teopiil cTu-
MYJIIOBaJIM TOTPeOHM CydacHOi TexXHiKH (HEOOXiIHICTh y po3-
pOOJSIHHI HOBMX HAHOMOPUCTUX 1 HAaHOKOMIIO3MTHHX MaTe-
piaJiiB, BIPOBA/DKEHHS HAHOTEXHOJIOTIH TOIIO) Ta BHYTPIIIHS
JIOTiKa PO3BUTKY KOHTHHYaJbHOI MEXaHIKH. Y pe3yJabTaTi
TaKUX JIOCHIPKeHb 0YyI0 c(hOpMYIbOBaHO HU3KY HEJIOKAIBHOTO
THUITY MOJIeJIel IPYXXHUX 1 TEPMOIPYKHHUX TiJl, 30KpeMa, HeJlo-
KaJbHy Teopito EpiHreHa, rpaiieHTHy TeOpil0 MPYKHOCTI
MintiHa, Moielli MiKpOIOISIPHUX, MYJIbTUIIONSIPHUX, MiKpO-
MOPQHUX TPYKHHX W TEpMONPYKHUX CEPEJOBHII Ta iH.
Y nporoHOBaHOMY IOCTIIKEHHI PO3BHHYTO HEIOKAIBHY TEO-
pito nedopMyBaHHS TBEPIUX TEPMOIPYKHHUX TUT HIJISIXOM Bpa-
XYBaHHSI Y MOZEIBHOMY OMNHKCI BIUIMBY JIOKQJIBHOTO 3MIIICHHS
Macu Ha MeXaHi4Hi Ta TerioBi noms. [Ipu mpoMy JOKaibHE
3MillleHHs MacH IOB’S3aHO 3 MOTOKOM MacH J . Hemudysiid-

HOI Ta HEKOHBEKTHBHOI MPUPOIH, 3yMOBIEHUM CTPYKTYPHOIO
nepeOymoBo0 Matepiady. Ha mpukiazi BUTBHHX BiJ 30BHIIII-
HBOTO HABAHTAKEHHS 130TPOMHUX T KAHOHIYHOI (hOpMHU
MIPOAHAJII30BAHO MOXKJIMBICTh BUKOPUCTAHHS PO3POOJICHOT TEO-
pii IS ONUCY MTPUTIOBEPXHEBUX Ta MACIITAOHHUX €EKTIB.
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II. CUCTEMA PIBHSIHb MOJIEJII
Posrmsimaemo nedopmiBHE TBepie TijIo, B SIKOMY IIPOTi-
KalOTh MEXaHIYHI ¥ TEIUIOBI MPOIECH. XapaKTepH3yBaTHMEMO
iX BINNOBINHO TeH30pamu HampyxeHb Komi & # nedopmarii
é, a TakoX aOCONIOTHOI TeMmIeparyporw 1, MHTOMOIO
GHTPOIIEI0 s Ta BEKTOPOM MOTOKY Terna J ¢ - bynemo rakox

BpaxOBYBaTH MOXKJIHBICTh 3MIHH CTPYKTYpH Matepialy y
Mekax (i3MYHO Mayioro eneMeHra Tina. [1oB’sbkeMo 3ranaHi
CTPYKTYpHI 3MiHH 3 TPOIECOM JIOKAJHHOTO 3MIIIICHHSI MacH.
Jly1s onucy 1bOTO MPOIIECY BBEAEMO Y PO3IIISL]] BEKTOPH JIOKA-
JILHOTO 3MiIEHHA Macu T, # moToky macu J . . Beaxaemo,

110 3rajJjaHi BEKTOPH TOB’si3aHi (HOPMYIIOH0

T, (r,1)=

e I — pajiyc BEKTOp, P — I'yCTHHU MacH, [ — 4Jac. BBegemo

t
oI (r,2")dt',

TaKOX MOTEHIUaN [, IK €HEePreTUYHY Mipy BIUIHBY JIOKaJIb-
HOTO 3MIIIIEHHS MacH Ha BHYTPIIIHIO €HEPTil0 CHCTEMH, a I'yc-
THHY HaBeJIeHOi Macd p,, O3HAauuMO (GOpPMYIO: p,, =

-1 . . .
=—p V~(pnm). BBeneHi BuIlle BENUYMHH iAMOPSIKOBaHI
0aJaHCOBOMY PiBHSHHIO:

olepn) g, J,. =0. 1)
ot

CucreMy CIHiBBiJHOIIEHb MaTEMAaTHYHOI MOJIEN, IO OITH-
Cye 3aKOHOMIPHOCTI 3B’s13aHHX IIOJIIB Ta IPOLECIB Y TBEPIOMY
NpY)KHOMY Tii OyzmeMo (opMyiioBaTH, IPYHTYIOUHCH Ha PiB-
HSHHI OaslaHCy ITOBHOI €Heprii, B SKOMY IOPS 13 BiJOMHMH 3
JiTepaTypu CKJIaJHUKaMHU OyZeMO TaKoX BPaxOBYBaTH MOTIK
€Heprii, 0B A3aHUl 3 poOOTOI0, 3aTPAUCHOIO Ha IIEPEHECCHHS
YaCTHHOK (DI3UMYHO MaJoro ejeMeHTa Tijla BiJHOCHO HOTro
LIEHTpa Mac, Ta HOTiK eHeprii W J,  , OB’ A3aHuil 3 pobOTOIO,

BHKOHAHOI0 BHACIIJIOK JIOKQJILHOTO 3MimieHHs Macu [1]. 3a
BpaxyBaHHs PIBHSHHS OalaHCy €HTPOINii 3 yMOBHU iHBapiaHT-
HOCTI piBHSIHHS OaJlaHCy NIOBHOI €Heprii CUCTEeMH MI0/I0 TPOC-
TOPOBHX TPAHCIHAIIN OTpUMYyEMO pIiBHSHHS OalaHCy Macu U
MEXaHI9HOTO IMITYJIBCY:

6‘;+V( v)=0, V.5, +pF = p&¥, ©)

dt

a TaKoXX PIBHSHHS OajaHCy BHYTPIIIHBOI €Heprii, Ha OCHOBI
SIKOro (pOpMYITIOEMO BUpa3 sk BAPOOHHIITBA EHTPOIIT Ta y3a-
rajnbHeHe piBHsHH ['100ca. OcTaHHE BU3HAYAE TaKi HEJTOKAIIb-
Hi pIBHSHHS CTaHY:

6.=pL, L S g T
oe or op, a(Vul)

Tyr v — BeKkTOp IIBHAKOCTI,
rombua, Hp=p;—W, H -
=6-p(p.-m,-Vu ), £ -
F.=F+p,Vu, —-=n,-V®Vu,, F — Bekrop MacoBux cui,

d 0
— =—+Vv-V . 3aMKHeHa cucTeMa pIBHIHb TPATIEHTHOI Tep-

dt ot

MOIIPYKHOCTI, 1110 BpaxoBy€ B3a€MO3B’s30K MpoOIeciB aedop-
MYBaHHS, TEIUIONPOBIHOCTI Ta JIOKAILHOTO 3MIIIEHHS MAacH,
OXOILTIOE: PIBHAHHS OajlaHCY EHTPOIIi1, MEXaHIYHOIO IMITYJIbCY
i macu (2), HaBeneHoi macu (1); BiOIOBigHI T€OMETPHYHI i
KIHeTHYHI CIIBBiITHOIICHHS, a TaKOX pIiBHSIHHA cTaHy (3).
3aranoMm 1ie HeliHilHa cucTeMa piBHSHB. Po3B’sI3yBasIbHY CHC-
TeMy PiBHSIHB MOJIeli CPOPMYIILOBAHO /ISl BUIIAKY JIIHIHHOrO
130TPOIMHOTrO TiNa.

f — BinbHa eHepria ['enbm-

XiMiyHMI moTeHuian, 6, =

ONMHUYHUNA  TEH30p,

II1. TIPUTTOBEPXHEBI TA MACIUTABHI EOEKTU

3a 130TepMIYHOTO HAOJIMKCHHS CITiBBIIHOIICHHS pPO3pO0-
JICHOT Teopil 3aCTOCOBaHI I OOYMCIICHHS TIOBEPXHEBOI €Hep-
rii geopmaiii, a TaKoX BHBYCHHS TPHIIOBEPXHEBOI HEOXHO-
plI[HOCTl HaIpy»XeHo- I[e(l)OpMOBaHOFO CTaHy y BUIBHHX BiJ
30BHIIIHFOTO HABAHTKEHHS TLIAX i3 IUIOCKOMApaleIbHUMH Ta
chepruyHIMH MeKaMH. BCcTaHOBJIEHO, 10 TIOBEPXHEBA €HEPTis
nedopmariii BUSHAYaETHCS TOBEPXHEBUM 3HAUCHHSIM ITPOEKINT
Ha HOpPMaJIb JI0 MOBEPXHI Tijla BEKTOPA JIOKAIEHOTO 3MIIICHHS
Mmacu [2]. JocmimkeHHs moBepxHeBoi eHeprii nedopmarii y
TBEPAMX TiJdaX TOKa3ald, 10 Yy TOHKOMY Tuli 3
TUIOCKOTIApaNIEIbHUMHU MeXaMU aOCOTIOTHE 3HAYECHHS TIOBEPX-
HeBoOl eHeprii nedopmarii 3MEHIIYETHCSl Y Mipy 3MEHIIECHHS
Horo TOBIIMHU. 3i 301IbIICHHSIM KPHUBHHH OITYKJIOi ITOBEPXHI
a0COJIIOTHE 3HAYEHHS NIOBEpXHEBOI eHepril medopmarii 3MeH-
LIYETHCS, TOPIBHSHO 3 TLIOM 13 INIOCKOIO MEXEIO.

BUCHOBKHI

Hacninkom BpaxyBaHHS y MOJIEIBHOMY OITHCI BIUIUBY JIO-
KaJbHOTO 3MIICHHS MACH Ha Npolech AepopMyBaHH Ta Terl-
JIONIEPEHECEHHS! € HEJIOKaJIbHI BU3HAYAIIbHI CITIBBIIHOIICHHS. 3
oIy Ha Iie po3poOsieHa 3a TaKOro MiJXOAy IPaJi€HTHOrO
THUITY TEOpisi TEPMOIIPYXHUX TBEPAUX TiJ JI03BOJISIE OMHCATH
anHOBerHeBi Ta MaclTaOHi epeKTH, y TOMY 4UCI, KiJbKic-
HO JIOCII/UKYBATH OBEPXHEBI HANPY)KCHHS H HATAT, MOBEPX-
HEBY eHepmo z[e(l)opMaun BHBYATH HA KOHTHHYAJILHOMY PiBHI
BIUIUB BUIbHOI NOBepXHI Ta ii KPUBUHM HA HAIPYKEHO-
nedopMoBaHH CTaH MaloOpO3MIpHHX 00 €KTIB (TOHKHX ILTi-
BOK, MaJIMX YaCTUHOK TOLIO).
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BukoprcTaHHs p13HUX CIIOCO01B aHAI3y BX1IHHUX
JAaHUX 1151 OOYMCIICHHS [IJIbOBO1 (PYHKIIT B 3a1a4ax

KOMOIHATOPHOI ONTHUMI3AII]
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Using different methods of analysis of input data to
calculate of the objective function in combinatorial
optimization problems

N. K. Tymofijeva
Integrated Research Department Of Information Technology
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Kiev, Ukraine
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Anomauyia—Onucano cnocodn aHaJizy BXiaHoi iHgopmanii B
3aJa4ax KOoMOiHATOPHOI onTHMi3anii Npu BH3HA4YEHHI 32 IXHLOIO
CTPYKTYPOI0  ONTHMAJIBHOro pesyabrary. Ilokasamo, mo
MeTodaMH, sIKi IPYHTYIOTbCH Ha pO3NI3HABAHHI CTPYKTYpH
BXigHoi iHdopmanii B mNOpiBHSHHI 3  KopeJsUiiiHMMM,
3HAXOAMTHCS IJ100aJILHAN PO3B'SI30K MOJIIHOMiaJbHO.

Abstract—The methods for the analysis of the input data in
combinatorial optimization to determine the optimal results for
their structure are described. It is shown that methods based on
the recognition of patterns of input data, compared with
correlation, find a global solution polynomial.

Knwuoei cnosa—xombdinamopna onmumizayisa, Kopenauiiini
Memoou, ananiz 6xionoi ingpopmauii

Keywords—combinatorial optimization, correlation methods,
analysis of input data

I. BCTYII

B 3amavax koMOiHATOpHOI ONTUMI3aIlii BXiaHI JaHI —
BHITAJKOBI BEIMYMHH, SIKI MAarOTh Oe3MagHy CTPYKTypy. Tomy
JUTSL OIIIHKK Pe3yJIbTaTy AOCHTh YaCTO BUKOPHUCTOBYIOTH Pi3HI
METOAM aHaN3y NaHWX, SKi MaloTh Miclle B MaTeMaTHYHIN
cratuctuui  [1]. Ile — posBimyBasmbHUE, IucnepciiHUH,
perpeciiinuii, KIacTepHHA, KOBapiallifHUM, TUCKPUMIHAHTHUH,
KopeJsuiiHui, (akTopHHU aHami3u. B iTepaumiiHuX Meromax

YaCcTO BUKOPUCTOBYIOTh KOPEISIIIHHIN aHai3. AJe el aHati3
NaHUX ~ BigoOpakae JuIIe JHHIMHY  3aJeXKHICTH  MDK
BUIIAJKOBUMH BEJIMYMHAMU Ta He BigoOpaxkae IXHBOT
¢yHKmioHanbHOT  3B's3aHocti. Ilpm  po3B’s3aHHI  3amad
knacudikamii  abo  kimacrepusamii Ui BU3HAYCHHS
(GYHKIIOHATBHOT 3B’S3aHOCTI MK CIIEMCHTAMH  3aJ[aHHX
MHO)XKUH BHKOPHCTOBYIOTH IMIJXOAW, IO TIPYHTYIOTHCS Ha
PpO3ITi3HaBaHHI CTPYKTYpH BXiqHOi iH(opMali (KiacTepHuii Ta
(baxTOpHMI aHaJi3H, METOJl OIIOPHUX BEKTOPiB TomO). Hikue
pO3TIITHEMO  JIesiKi  MiOXOOW 1O  PO3B’s3aHHS  3a1a4
KOMOIHATOPHOI ONTUMI3allii Ta CIIOCOOM OOYMCIICHHS TS HUX
iJTHOBOT (DYHKITIT.

II.  3ATAJIbHA [TIOCTAHOBKA 3AJIAUYI KOMBIHATOPHOI
OIITUMIBALIII TA ICHYIOUI ITIIXOAU 10 IXHBOI'O
PO3B’SI3AHHS

3amavi KOMOIHATOPHOI ONTHMI3allii 33IAI0THCS ONHIEID a00
KUJIbKOMa MHOXXHHAMH, €JIEMEHTH SKUX MaroTh OyIb-sKy
npupony. MK elneMeHTaMH IUX MHOXXHH ICHYIOTH 3B'SI3KH,
YHCIIOBE 3HAYEHHS SKHX HA3BEMO BaramMHM Ta 3aJaMo ix
MaTpuIsiMH (BXigHI AaHi), I3 eneMeHTIB omHiel 13 3aJaHHX
MHO)XUH YTBOPUMO KOMOIHATOPHY MHOXKUHY W — CYyKYIHICTBh
KOMOIHAaTOpHUX KOH(QIryparniii meBHoro Tumy (IepecTaHOBKH,
BUOIPKH pI3HUX THIIB, po30UTTS Tomio). Ha eixemenrax w
KOMOIHATOpHOT MHOXHHH W yBeAeMO WiJIbOBY (HYHKIIIIO
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. o *
F(w). HeoOxigHO 3HAMTH eleMEHT w MHOXHHH W, mis

skoro F(w) HaOyBae ONTHMaNbHOTO
BUKOHAHHI 3aJJaHUX OOMEKEHb.

3HAYCHHA IIpU

Jis po3B's3aHHS 3amad i3 KiaciB 3aaad KOMOIHAaTOPHOI
onTuMi3amii  BHIIIMMO Taki OCHOBHI  mimxomu [2]:
a) iTepaliiHi METOqM Ta aNrOPUTMH, L0 IPYHTYIOTHCS Ha
YaCTKOBOMY TiepeOopi BapiaHTiB, 0) METOAM Ta aJTOPUTMH,
IO TPYHTYIOTbCS Ha pO3IMI3HABAaHHI CTPYKTYpPH BXIJHOI
indopmarii. IX me HA3MBAIOTH EBPUCTHYHHMH, TaKHUMH, B
SIKMX MOJIEITIOIOTHCS TIpaBHiIa BUOOPY ONTUMAILHOTO PIillICHHS
JIIO/IMHU B PyYHOMY PEXUMI.

Jo irepalliiHMX METONIB Ta AJTOPUTMIB BiTHOCITHCSA 5K
YHIBepCcaJbHI METOAW MAaTeMaTH4HOIr'O MPOrpaMmyBaHHs, TaK i
creliaibHi, SIKi YpaxoBYIOTH crenugiky JIaHol HpodieMu
(Touyni Ta HaOmkeHi). Bigomi MeTomm Ta aNTOPUTMH, IO
IPYHTYIOTbCS ~Ha  PO3I3HABaHHI  CTPYKTYpH  BXIiJHOI
iHpopManii, epeKTUBHI 3a IIBHIKOMIEI0, ajie pe3ylbTaT
pO3B’SI3aHHSA INIpH I[IBOMY MOXe OyTH JajeKkuil Bif
ONTHUMAJBHOTO. 3 1Ii€i NpPUYUHM JPYroMy MiAXOAY,
HE3BaXXKalO4W Ha Te, IO caMme TXHE BUKOPHCTaHHS e(eKkTHBHE
Npy  PO3B'SI3aHHI 3aJad OOYKCIIOBAJIBHOIO IHTENEKTYy, B
JITEepaTypi AOCTATHHOI yBaru He IPUIIISIETHCS.

II1. CrtoCOBM AHAJII3Y BXIJIHUX JJAHUX [TPM OBYMCJIEHHI
LIJILOBOI ® VHKIIIT

JIJ1s1 OLIIHKK OTPHMAaHOTO Pe3yJIbTaTy MPOBOIUTHCS aHAII3
BXi/HOI iH(popManii criocobaMy MaTeMaTUYHOI CTaTUCTHKH, a
TAKOX PpO3MI3HAETHCS CTPYKTypa BXiAHOI  iH(poOpMALii.
ITepauiitni Meroam BiZHOCATBCS OO0 mepebipHUX, B SKUX
pO3pO0JICHO TIpaBWja 3BYKCHHS KUIBKOCTI BapiaHTIB, SKi
JOCHI/DKYIOTBCS ~ Ha ~ ONTUMAJIbHICTb. Komb6inaropna
KoH(QIrypallist (apryMeHT LiIboBOI (DYHKIIIT) 3HAXOTUTHCS HE 3
ypaxyBaHHSM CTPYKTYPH BXiJHOI iH(pOpMaIlii, a BU3HAYAETHCS
Ha TEeBHIN iTepanii BUMagKoBo abo 3a MEBHUMH NpaBHJIAMH.
Or1iHKa pe3yabTaTy MPOBOAUTHCS 3 BUKOPUCTAHHAM JIHIHHOI
uinboBoi  QyHKHii, sSKa HE J03BOJISE BCTAHOBIIOBATH
(yHKIIOHAJIBHY 3B'13aHICTh MK €IEMEHTAMU BXiJTHUX JIaHHX.
Po3pobneni Ha  OCHOBI  IMX  METOAIB  aJTrOPUTMH
MOIHOMIaJbHO BW3HAYAIOTH JIMIIE JIOKAJbHUH PO3B’S30K.
I'moGanbHuii ONTUMYM IHMMHU MiAXOAaMHU 3HAXOIJUTBHCS IS
HEBEJIUKOI PO3MIPHOCTI 3a/adyi, a JUId BEJIUKOI B MEepPEBaKHIN
OLIBIIOCTI 3HAXOAUTHCS EKCIIOHEHIIANbHO. 3 BUKOPUCTaHHIM
JHIHHOT iNbOBOI (QYHKIIT IHKOJIM 3HAWTH HOro HEMOMIINBO
HaBIiTh NOBHUM TIepeOOpOM i3-3a CUTYallii HEBU3HAYEHOCTI.

B Meronax, siki I[pYHTYIOTECS Ha PO3Mi3HABAHHI CTPYKTYPH
BXIJIHMX JaHWX, B MPOIECI pO3B’sA3aHHs 3a/1adi BU3HAYCHHIM
3B’SI3KIB MK €IEMEHTaMH MHOXXUHHM BXigHOI iH(OopMarrii
MOCHIZIOBHO ~ OynmyeTbcsi  KOMOIHAaTOopHa — KOH(QIrypamis
(aprymenT), gna  sAkoi  IboBa  (PYHKINSA ~ HaOyBae
ONTHUMAJBHOrO 3HaueHHs. Llei pesyapraT Moke OyTH 1
TII00AJIBHUAM PO3B’SI3KOM.

PosrisiHeMo MeTOz CTPYKTYpHO-aJI(paBiTHOTO MOUTYKY, IO
I'PYHTYETBHCS Ha PO3Mi3HABaHHI CTPYKTYPH BXIiAHOI iHpopmariii
Ta 3aJaHOMY BIIOPSIKYBaHHI ~ KOMOIHATOpHMX  KOH(i-
rypaiii [2]. Bin xapakTepH3yeThCsi BEIMYE3HOIO MIBHIKOIEO
Ta Ha MHOXHHI TEPECTAHOBOK (IIIAMHOXHUHI 130MOpGHHHUX

KOMOIHAaTOpHUX KOH(irypamiif) J03BOJIsSE€ MOJTIHOMialIbHO
3HAXOIUTH TJI00aJIbHUIM abo HaOMmwKeHWH JO HBOTO
PO3B’s130K. B HhOMY BHKOPUCTaHO HANMpPOCTIIIMH PO3B'SI3HUI
BUIAJIOK, KU 3a[aHO JIBOMa CHCTeMaMH nepecTaHoBok. [1in
PO3B'SI3HUMH MA€ThCSl Ha yBa3l NMEBHHUU IiAKIAcC 3amad, s
SKMX  BIZIOMMI  QHAJMTUYHUNA  cHoci0  3HAXOKEHHSA
rio0aNbHOrO po3B's3Ky. lle mae MOXIMBICTD BU3HAYUTU
MHOXKHUHY 3Ha4€Hb [i1b0BOT QyHKIIT 17151 6a30BOi 3a1adi.

KomGinatopaa  koHpirypamiss — (apryMeHT  LJIbOBOI
¢yHKIIT) B OroBOpeHOMY MiIXOXi OymyeTbcs B Iporeci
PO3B’sI3aHHS 33J1a4i Ha OCHOBI aHalli3y €JeMEHTIB MHOXXWHH
BXifHOT 1H(opMari. 30DKHICT IOCTITOBHOCTI pPO3B’SI3KiB,
MOOYOBaHUX IIMM METOJIOM HAaOJKAEThCS 0 HYJNS, a JUIs
MiJKIaciB  pO3B’SI3HUX 3aJad ONTHMAJIBHHH  PO3B’SI30K
36iraeTbes 3 TI00anbHUM. Moro MBHAKICTS — MOTiHOMiaTbHA
3a 00YHCITIOBAJIBHOIO CKIIA/IHICTIO.

Meroau, 10 IPYHTYIOTHCS Ha PO3II3HABAHHI CTPYKTYpH
BXI/IHMX JaHWX BUKOPUCTOBYIOTHCS Ul PO3B’sI3aHHS 3a7ad
IITy4HOro iHTenmeKkTy. Jlas cerMeHTamii MOBJIEHHEBOTO
CHTHAJy Ha MaibKe MepioAndYHI Ta HENepiOAWYHI JISTHKH,
BUKOPHCTOBYIOTh METOJ| JWHAMIYHOI'O MpPOrpaMyBaHHS 3
KOpEJSIIHHIM CIIocOOOM OOYMCIIEHHS IUIbOBOI  (DYHKIII].
OCKIJIBKH B IbOMY JITOPUTMI HE PO3MI3HAETHCS KOH(ITypais
CHTHAJTY, TO JUIsl [BOX CYCIJHIX IUISHOK JUIsl IEBHOTO BIIUTIKY
BUOUPAETHCS ONTHMANbHE 3HAYEHHS i3 OOYMCIEHUX B I
TOYIl 3HAYEHb YAaCTKOBOI IILOBOI (DYHKINT HE3aJEeXHO Bif
MOJIOHOCTI MIISTHOK, TOOTO OyIb-SIKUI CUTHAJ BiH PO3Ii3HAE
SK Maibke mnepioguuHuid. ToOTO HemepiomuuHi BiAPI3KH
CHUTHAJy TAaKUW aITOpPUTM MOXKE pO3ITi3HABaTH SIK Maibke
nepiognyni. MeToau, B SKHX PO3MI3HAETHCS KOHQIrypais
CUTHATy KOPEKTHO PO3B’SI3YIOTh MOCTABJIEHY 3aJady Ta 3a iX
JIONIOMOTOI0 ~ TIOCTaBJieHa  mpo0ieMa Ui BEJTUKHX
PO3MIpHOCTEH BUPIIIYETHCS B peaIbHOMY Yaci.

BUCHOBKHI

BukopucranHs pi3HUX MiAXOIB 10 aHATI3Y BXIIHUX JTaHUX
BIUIMBA€ Ha INBUAKOMIIO Ta TOYHICTH QJITOPUTMIB, IO
PO3pOOIISIOTECS ISl PO3B’s3aHHA 33724 KOMOIHATOPHOL
ontuMizamii. Meronamu, sIKi I'pyHTYIOTBCSI Ha pO3Ii3HaBaHHI
CTpYKTYpu  BXigHoi  iHdopmanii, B  IOpIBHAHHI 3
KOpEJSILIHHUMY, 4YacTo JJIs BEIMKUX PO3MipHOCTEl 3ajadi
IJI00aJbHUI  PO3B'SI30K  3HAXOJMThCS IMoNiHOMIianmbHO. Lle
TIOB'13aHO 3 THM, 110 KOMOiHaTOpHA KOH(Irypaisi (apryMmeHT
iTbOBOI  (YHKINT) OyIyeThcss B TPOIECI PO3IMTi3HABAHHS
€JIEMEHTIB MHO>KUHHU BXIJIHUX JaHHX, 3aBISKH YOMY MK HUMH
BCTaHOBJIOETHCS (DYHKIIOHANIBHA 3B’s13aHicTh [0 Toro x s
JeSKUX 3ajad 13 IITy4HOrO IHTENEeKTy, B SKHUX BHHHKAE
CHUTYyallisl HEBU3HAYEHOCTI, TaKi MiIXOAU MOXYTh OyTH €IJHHO
MOXITUBHMH JIJIs1 iXHHOTO PO3B'SI3aHHSL.
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IIpo oauH MeTO1 OOYHCICHHS
MYJIbTUILIIKaTOpa JICOHThEBA
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A Method for Calculating the Leontief Multiplier

Mirzoahmedov F.
Department of Mathematical and Information Modeling
Finance and Economics Institute of Tajikistan, Tajikistan
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Anomauyia—y ctarri NPOaHAIi30BaHO METOAUYHI miaxoam 10
OTPMMAaHHA KiJIbKiCHHX OIIHOK MYJbTHILIIKATHBHUX eeKTiB B
cydacHii exoHomimi. B sikocTi OCHOBHOro IHCTpyMeEHTY
o0YMC/IeHb aBTOPOM BHKOPHCTaHa MiKrajay3eBuili 0OamaHc
BHPOOHUITBA i po3noainy npoaykuii. IIpoananizoBano k/i04o0Bi
¢akrTopu, moO BIVIMBAIOTL HAa ONIHKY MYJbTHILIIKATOPIiB B
raaxy3sax exoHomiku Pecny6uaixkm Tamxuxucran (PT). Onmucano
MeTo/ 009 CJICHHS] MYIbTHILTIKATHBHOTO e eKTy.

Abstract—The article deals with the model of interbranch
balance Leontief underlying contemporary approaches to
economic and mathematical modeling of the interbranch
relations in the national economy. The focus is on the general
principles of construction and maintenance of the basic model of
interbranch balance in the context of the theoretical and
practical application of a multiplier for Leontiev sectors of the
economy of Tajikistan.

Knwuoei cnosa—misczanyseeuii  6anaunc, myavmuniaikamop
Jeonmuvesa, mynvmunaikamueHuii egekm, 6u0 EKOHOMIUHOT
diantbHoCmi, npAMi i ROGHI gumpamu, Memoo 00yuUcIeHs

Keywords—Input-output  analysis (IO analysis), Leontief
multiplier, multiplier effect of economic activity, direct and full
costs method of calculation

1. Bceryn

B nanmit wac wmikramyzeBuit Oamanc (MbB) Ha piBHi
HAI[IOHAJILHOI CKOHOMIKH CKJIaJaloTh B OuIbie 80-M KpaiHax
cBiTy. [Ins 1pboro OyAyrOThCS MOJAETI Ha pPIiBHI PETIOHIB 1
BEJIMKHX MICT, SIKi CTAHOBJISITH OCHOBY 115 (hopMyBaHHs Mb.

V OGainaHci 3BOIATHCA:

e CIIBBIJHOIIEHHS HAKOIMYEHHS 1
HaILIlOHAJLHIA EKOHOMIII;

CIIO’)KMBaHHA B

e (a30Be BUPOOHHUIITBO O KpaiHi;

® KIiHIEBE 1 MPOMDKHE CHOXUBAaHHS KOXXKHOTO BHIY
HIPOAYKTY;
e BuTpatu (pakTOpiB BUPOOHHIITBA (IIpalll i KamiTaty) B
rainysi;
® IIpsMI i 3BOPOTHI 3B'SI3KH MIXK TaJTy3sIMH.
Cepen ycix OanaHciB ofHuMM 3 BaxiuBux € MbB, Ha 0a3i
SIKOr0 OyAyIOTh CHCTEMHU HalioHanbHUX paxyHkiB (CHP) -
cydacHi cucTteMu iH(popMalii, sKi BUKOPHUCTOBYIOTHCS

MPaKTHYHO Yy BCIX KpalHaX CBITY IS aHalizy 1 PO3BUTKY
PHHKOBOI €KOHOMIKH Ha MaKpOpiBHi.

ABtop Ha 0a3i Tabmuii CHC - «Pecypcu-BUKOpUCTaHHSY,

MPOTIOHYE METOIOJIOTI 0 00YHUCTICHHS MaTPUYHOTO
MyJNbTHIUTIKATOPa  JIEOHThEBA IS MAaKpOEKOHOMiYHOTO
aHai3y.

I1. Buxigni JAHI gJis1 [TIoby 0B MOJIEJIER

VY crarTi BUXiIHOIO iH(OpMALE€I0 MOCTYXHiIa MaTPUL
MDKrajy3eBHX MOTOKIB, HaBeneHoi B Tabnuii CHP - «Pecypcu-
BukopucTanHs» i 51 ramysei PT 3a 2011 pik miaroroBneHoi
ArenrcrBoM mo cratuctuii npu Ipesunentoi PT [1]. s
Bi3yaJIbHOTO CIPHHHATTS pe3ynbTariB ananisy Mb CHP,
arperyroun nani 51 axrtmBHOI ramy3i 3 91 miarpymam,
MPE/ICTABUMO MATPUII0 MIKIaly3eBoro OOMiHYy Taiy3ed y
BHUIUIAMI 9-M OCHOBHMX Tajly3ei HAIliOHAJHHOI CKOHOMIKH Y
BHIJISAI 3BiTHOT Tabmuii MB 3 pealbHUMU JaHUMHY B Oa3UCHHX
miHax (tadmums 1).
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TABJIMLIA 1. MATPULIS MDKTAJTY3EBOI'O OBMIHY (THUC. COMOHI)
Cinbcbke

Tamy rocmo- Ipomuc- Tpauc- Bynis-
3b JapcTBO JIOBIiCTh Toprisas 1opT Iocayru Cepsic Ilepepooxa HUITBO ®Dinancu
1 41078 39 653 191 40 149 42129 9289 3133 77 465 5278 32
2 208 723 755521 129 369 181 504 114319 16 085 68 124 341 146 65 589
3 806 533 275228 202 890 81226 82 082 15945 80021 222 599 42 388
4 972 037 338 048 163 556 2253267 141522 118 876 103 602 487 455 140 904
5 298 862 26 079 27 698 208 245 422 140 35507 4636 28 419 33057
6 5809 1765 2573 13215 2043 4233 455 1742 8 150
7 2 445 3494 14 676 22755 5663 542 244 928 22778 178
8 8780 7311 22 605 20 457 4418 16 482 972 67016 8785
9 214 420 110 028 32260 350013 73 360 195 720 17 935 119 441 887 166

Arperamito OKpeMHUX Taly3ed 3IiHiCHEHO HaCTyITHUM abo

YHUHOM, 30KpEMa, ICAKI 13 HUX. (E —A) Y= Y, (2)

/Jlpyea Tay3b BKIIOYAE MiAMPUEMCTBA MPOMUCIOBOCTI, B
TOMY YHCJIi, TepepoOHOi.

Il'sma Tamy3p BKIIOYAE TiJIPUEMCTBA Tally3i MOCIYT -
TOPTIBJISL aBTOTPAaHCIIOPTHUMHU 3aco0aMH Ta MOTOLMKIIAMHU;
po3piOHa TOPTIiBIsL, 30KpEeMa, MAaIMBOM; PEMOHT IPEIMETIB
0COOHCTOr0 KOPHCTYBAaHHS, IIOCIYTH TOTENiB 1 PEcTOpaHiB,
CyXOIyTHHUH, aBiamiiiHUi 1 TPyOONPOBIMHUN TpPaHCHOPT,
IUSUTBHICTh TYPUCTUYHHMX areHTCTBO, IIOMTa Ta IOCIYTH
3B'S3KY, IIEHCIHI TOCIYrH, OCBITHI IOCIYIH, 3[0pOB'S Ta
COLiaJIbHI TIOCTYTH, KYJITBTYPHI Ta CIIOPTUBHI 3aXOIH.

Illlocma Ttamy3p BKJIIOYAE IiINPUEMCTBA Tady3i CepBicy,
30KpeMa Iociyru B cdepi HepyxoMocTi, OpeHaH, Oi3Hec-
TIOCITYTH, JIep>KaBHE YIIPABIIHHS Ta 000pOHa.

Jes'sma rtamy3p BkiIrouae (hiHAHCOBHMHA CEKTOp, 30KpeMa
0aHKH, CTpaxoBi, ()OHIOBI, TPACTOBI KOMIaHii Ta KOMIaHii 3
MIPOIaXy HEPYXOMOCTI.

III. METOJl MOJEJIFOBAHH S JIEOHTHEBA

Pozrnsnemo knacuuny moneinb Mb JleonTtreBa [2]:

()

n
X, = Z ax, +y, i=L..n,

Jj=1

ae a; =x;/;, (,j=1,2,..,n) - KoedillieHTH NPAMUX
MaTepialbHUX BHUTPAT BAJOBOrO MPOAYKTY -1  Tay3i,
CISIMOBAHOTO JJIsi BUITYCKY OJMHHIN BAaJOBOI MPOMYKIT j-i
raimysi, x;- MDKrady3eBe CIOKHBaHHsS (KUIBKICTh MpPOMYKIIi,
SIKY CIIO)KUBAE TaTy3b [ 3 Tay3i j).

Mogens JIeOHThEBA B MATPUYHOMY BUTJISJII 3AITUCYETHCS B
TaKui cI1ocio:

X=4AX+Y,

ne (1) 1 (2) mpencraBisoTh COO0K CHCTEMY 71 PIBHSIHB 3 21
3MIHHUMH; 7 - KUIBKICTh Tajy3ed; E - OTMHUYHA MAaTpHIL
posmipHOCTi 7; Y=(y}, V2,..., ¥u)' — BEKTOp, €IEMEHTH SKOIO €
kinneroto mnpoaykimieto (KII) i-i ramysi; X=(x;, x2,... ,x,,)T -
BEKTO, EIIEMEHTH SKOTO € BaJloBUM BUItyckoM (BB) j-1 ramysi;

A=(ay), i=1,n; j=1,n)- marpuus xoediuientis npsamux
MarepialbHUX BUTPAT (TaOmuLs 2).

Martpurist A > 0 BU3HAYaeThCs MPOAYKTHBHOO (productive),
SKIO st Oynb-sikoro Y >0 icHye pimeHHs X >0 piBHSHHS
(2). TobT0O A mNPOAYKTHUBHA, SKIIO a; >0, 0<qg;<l,

n

2 a, <L,
i=1
€KOHOMIYHHI CEHC [IbOTO BU3HAYECHHS TOJISITAE Y BiJICTEKEHHI
HEBIJIEMHOT'O CTaHy NpoAYKTHBHOI Matpuii 4 > 0. Skio icHye
TaKUi TO3UTHBHUI BEKTOp OOCSTIB BHUPOOHUIITBA Tairy3eil
X >0, To U1t KOXKHOT ray3i MOXKe ITPU3BECTH [0 KUTBKOX ¥ > 0
KIHIICBOI MPOTYKIIii.

n
Ta maxz a, <1, 1 icHye CTOBNELD j TAKUH, IO

i=l

CykymnHicTb criBBiaHomIeHs (1) 1 (2) Ha3MBaIOTh MOJEILIIO
MB JleonTheBa

Sx mpaBuno, momenb MB (2) BUKOPHCTOBYETBCS ISt
3HaXO/pKeHHs1 1o 3amaHomy Bekropy KII Y BigmoBimHOro
BekTopa BB:

X=(E-4) 7, (3)

Tyr B=(E-A4) L HA3UBAE€TbCS MATpPUIEI0 ITOBHUX
BuTpar (3Hak (-1) o3Hauae 3BepHEHHS MaTpHIli), a i eJeMeHTH
b;; - koedillieHTaMH OBHUX BHUTPAT y BaJOBilf MPOmyKIii, 110
03HaYalOTh MPOJIYKIIIO Taly3i i JjIs BUPOOHUIITBA OIMHUIII
KiHIEBOI MPOYKIIIT ramysi j.
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TABJIMLA I1.

TEXHOJIOTTYHA MATPULS [TPAMUX MATEPIAJIBHUX BUTPAT A

0,221621 0,07435775 0,006087 0,0044251 0,001515 0,000961 0,040145 0,00062351 1,5122E-05

0,0112608 0,086007 0,019614 0,0190649 0,018651 0,004935 0,035304 0,04030212 0,030810785
0,04351313 0,03133128 0,03076 0,0085319 0,013392 0,004892 0,041469 0,02629734 0,019912092
0,05244219 0,03848259 0,024797 0,236681 0,023089 0,03647 0,05369 0,0575867 0,066190084
0,01612385 0,00296873 0,004199 0,0218738 0,06887 0,010893 0,002402 0,00335739 0,015528773
0,00031342 0,000201 0,00039 0,0013881 0,00033 0,001299 0,000236 0,0002058 0,003828416
0,000132 0,00039779 0,002225 0,0023902 0,000924 0,00017 0,12693 0,0026909 8,35912E-05
0,00047371 0,0008323 0,003427 0,002149 0,000721 0,005057 0,0005 0,00791715 0,004126789
0,01156816 0,0125253 0,004891 0,0367649 0,011968 0,060045 0,009295 0,01411051 0,41674952

Marpuito B iHozi Ha3uBarTh MaTpulelo JleoHThEBa abo,
3a aHAJIOTI€I0 3 KEMHCIaHCLKOIO KOHIIEMIII €10
MYJIBTHIUTIKATOPA, MATPUYHAM  MYJIBTHIUTIKATOPOM  abo
MyJIbTHILTIKaTOpOM JleoHTheBa. Matpuid eneMeHTiB b; 10

CyTi € MYJIBTUILTIKATOPOM, SIKHH BKa3ye
MOMNTY, TEPBICHUM JDKEPEIOM SIKOrO €
MPOAYKIIifo (Tabmuirs 3).

e(eKT MouIMpeHHs
MOMUT Ha KiHIIEBY

TABJIMLA III. MATPULIS TTOBHUX MATEPIAJIbHUX BUTPAT OBUMCJIEHUX 3I'TIHO B:(E—A)’l

Cinbcbke
rocmnoaapc IIpomuc- Iepe- Bynis-
TBO JIOBiCTh Toprisas Tpaucnoprt Mocayru Cepsic podka HHUITBO ®dinancu
1 2 3 4 5 6 7 8 9
1 1,287815 0,105751 0,010739 0,010948 0,004806 0,002756 0,064772 0,006324 0,007429
2 0,020870 1,098977 0,023900 0,031898 0,024089 0,011068 0,049269 0,048264 0,063554
3 0,060426 0,041671 1,033873 0,015630 0,016786 0,008652 0,055024 0,030820 0,040003
4 0,095305 0,067088 0,037258 1,321955 0,037007 0,059148 0,091994 0,083125 0,156815
5 0,025445 0,007621 0,006028 0,032888 1,075505 0,015049 0,007107 0,006528 0,033122
6 0,000700 0,000484 0,000513 0,002193 0,000521 1,001808 0,000556 0,000470 0,006885
7 0,000653 0,000822 0,002769 0,003729 0,001300 0,000424 1,145822 0,003447 0,000787
8 0,001208 0,001397 0,003736 0,003341 0,001050 0,005734 0,001164 1,008449 0,007782
9 0,033139 0,030529 0,012056 0,085403 0,025255 0,107682 0,027094 0,031295 1,727851

Takok, MOXHa JIOBECTH, IO MAaTpUIO KoedillieHTiB

eIEeMEHTH MaTpulll TOBHUX BHTpar B 3a japyrum

MTOBHUX BHUTpPAT B MOYKHA OOUHCIIUTH HACTYITHUM YHHOM [3]:
E+A+A+4+. . +4+ .. =A-E)1,

ne wmarpumi A’ A1 A*  oGuncmororsest  mocmizoBHoO,
BpaxoByloun mo A°=A4""A, k- BwmsHauae posmipmicTh
MaTpuili A (tabnuiis 4).

VY piBusHHSA (3) mogaHOK A Y € pe3yabTaToM HEpPBUHHOIO
edexTy MyasTHITIKALG (po3knamanHs), 4° Y - BTOpHHHMM i
1.1, (Tabmums 4).

3 eneMeHTIiB TabuuIl 5 BHAHO, IO €JIEMEHTH JOJATHI, 110
03HAYAE:

® CICMEHTH TaOnuilh 3 1 4 Majo BiIPI3HAIOTHCS OJUH Bif
OJIHOT'O;

METOAOM MEHII HIK 3a nepumurM, OTKEC 3 MCHIIMMH
3aTpaTaMi MOXXHa OTpUMaTu TOM Ke pe3yabTar.

Takum unHOM (3) MOYKHA TIPEICTABUTH Y BUTJISL
X=E-A'"Y=E+A+4+4+.+4HY. (3-a)

Buxopstun 3 (3-a), pimieHHs piBHSHHS (2), KpiM CrIOco0y
(3), MOXXHa OTpUMATH iTEepaliiHuM MeTotoM Sko0i [3]:

X(k+]) :AX(k)+Y, (4)

ne k=0, 1, 2,.....HoMep iTeparii.

144



TABJIMLS IV. MATPUL TTOBHIUX MATEPIAJIBHUX BUTPAT OBUMCIIEHUX 3riHO B = F + 4 + A+ A+

Cinbcbke
rocmo- Ipomuc- Iepe- Bynis-

JIApPCTBO JIOBICTH ToprisJs Tpancnopt Hocayru Cepsic pobka HHULTBO ®dinancu
1 2 3 4 5 6 7 8 9
1,287812 0,105749 0,010738 0,010944 0,004805 0,002753 0,064769 0,006322 0,007408
0,020864 1,098973 0,023898 0,031888 0,024086 0,011061 0,049264 0,048261 0,063506
0,060422 0,041669 1,033872 0,015623 0,016784 0,008648 0,055021 0,030818 0,039973
0,095286 0,067074 0,037253 1,321922 0,036999 0,059123 0,091978 0,083113 0,156661
0,025442 0,007618 0,006027 0,032883 1,075503 0,015045 0,007104 0,006526 0,033095
0,000700 0,000483 0,000513 0,002192 0,000520 1,001807 0,000556 0,000470 0,006881
0,000653 0,000822 0,002768 0,003728 0,001299 0,000424 1,145822 0,003447 0,000785
0,001207 0,001397 0,003736 0,003340 0,001050 0,005733 0,001163 1,008449 0,007777
0,033092 0,030495 0,012043 0,085322 0,025235 0,107620 0,027057 0,031266 1,727458

B Tabnuii 5 HaBeeHO Pi3HUINIO MATPUIIb IIOBHUX BUTPAT PO3PAXOBAaHHUX MEPIIUM 1 JPYTUM METOJaMHU.
TABJIMLA V. PIBHULISI MATPULL ITOBHUX BUTPAT
Cinbcbke
rocnogapc | Ipomuca Iepe- Bynis-
TBO oBicTH Toprisas Tpancnoprt Mocayru Cepsic podka HHUITBO ®dinancu
1 2 3 4 5 6 7 8 9
0,000003 0,000002 0,000001 0,000005 0,000001 0,000003 0,000003 0,000002 0,000021
0,000006 0,000004 0,000002 0,000010 0,000003 0,000008 0,000005 0,000003 0,000048
0,000004 0,000003 0,000001 0,000006 0,000002 0,000005 0,000003 0,000002 0,000030
0,000020 0,000014 0,000005 0,000033 0,000008 0,000025 0,000016 0,000012 0,000155
0,000004 0,000003 0,000001 0,000006 0,000001 0,000004 0,000003 0,000002 0,000028
0,000000 0,000000 0,000000 0,000001 0,000000 0,000001 0,000000 0,000000 0,000004
0,000000 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000 0,000002
0,000001 0,000000 0,000000 0,000001 0,000000 0,000001 0,000000 0,000000 0,000005
0,000047 0,000034 0,000013 0,000081 0,000020 0,000063 0,000038 0,000028 0,000392

[lincrapisiroun B iTEpaTHBHY THpoueaypy (4) B sSKOCTI
[IOYATKOBOIO  HAOJIMKEHHS =Y, oOuncnumo edekr
MYJBTHILTIKAINI, IO TOPOPKYETHCS KIHIIEBUM IIOIIUTOM:
3aal04Yd 1HII TO3UTHBHI IOYATKOBI HAOIMKEHHS, 3MOKEMO
OIIIHUTH OTPUMAaHI pe3yJIbTaTH 3 EKOHOMIYHOT TOYKH 30DY.

IV.IIETPEBATY METOZY MOJEJIIOBAHHSI JIEOHTHEBA
BukopucraHHs B MiXKrajay3eBOMY aHali3i ITEpaTUBHUX
METOJIiB Ma€ HACTYITHI TIEPEBarH:

®  3pYYHICTH Ul 00UYHCIIEHHS e()eKTy MYJIbTHILTIKALLT;

e rmependadyeHHS anreOpailyHMX 3HAHb, HEOOXITHHX IS
00YHCIICHHS 3BOPOTHUX MATPHUIIh;

e MOXHA  pO3DIAAATH K  MOJAENb  MEXaHi3My
«HAJAIITYBaHHS» HEBAPTICHUX MapaMETPiB eKOHOMIKH
HaBITh 0E3BIHOCHO 10 MIXKTATy3€BOr'0 aHANTI3Y.

dopmyna [3] BU3HAUAE, KO CyMa €JIEMEHTIB MaTpulli 4 3
Oy/Ib-sKOr0 OHOTO CTOBIIIA (PSIIKa) CTPOrO MEHIIE ONUHMIII,
TO TpoLeC iTepauid CXOAUTHCS JO TOYHOTO PO3B'S3aHHS
CcHCTEMH TIpH OyIb-SKOMY MOYAaTKOBOMY BEKTOpi. SIKImIo
cyMa eneMeHTiB MaTpuii 4 B OyIb-sKoMY 11 CTOBMIIO (PSAKY)
HE TEePEBUIYE OIWHHIL, TO MPOLEC iTepalliii CXOAUTHCS N0
TOYHOI'O PO3B'SI3Ky CHUCTEMH IPH MOYaTKOBOMY BEKTOPi, IO
3HAXOJUTHCS JTOCUTH OJIU3BKO 10 HHOTO.

TakuM 4nMHOM, TIepeBipKa MaTpUIll NMPSIMHUX BHUTpaT A Ha
MIPOAYKTUBHICTh OJJHOYACHO € 1 TEpeBIPKOI iTepaliiifHoro
nporecy Ha 30DKHICTb. Y LbOMY IIONATa€e Jpyra Iepesara
METO/y iTepalliii mpu BUpimeHHi 3aBaanb Mb.

Crij 3a3Ha4YMTH, 110 TOYHE PILICHHS CHCTEMU OTPHUMYEMO
TIIBKM B PE3yJbTaTi HECKIHYEHHOTrO NPOLeCy 1 JOBLIbHHI
BEKTOpP 3 OTPUMAHOI MOCIITOBHOCTI € HAOJIMIKCHUM PIlICHHSM.
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Or1riHKa MOXUOKH I[HOr0 HAOJIMKEHOTO PILICHHS BH3HAYAETHCS
¢dbopmyoro [3]:

|X(k+l) —X®|< €,e = const,

Jie € - HEOOXilHa TOYHICTh pIlIEHHSA, SKa B OYIb-IKOMY
BUIIAJIKy HE MEPEBUIIYE TOYHOCTI 3aJ[aHHsI eJIEMEHTIB MaTpPHIIi
MIPSIMUX BUTPAT A 1 KOMIIOHEHTIB BEKTOpa KiHIIEBOI'O MPOIYKTY
Y. OCKinbKM TOYHICTH pIlIEHHS, OTPHUMAHOTO TPaAWLIHHUM
MeToaoM (3), TAKOXK HE MEPEBUIIYE TOUHOCTI 3aaanust 4 1 Y, 1o
Mporpairy B TOYHOCTI TYT HE CIIOCTEPIra€ThCsL.

IMpu ananizi Mb 3 kinbKicTiO ramy3ed MmoHan N'STh JUIs
BUpIIEHHsI cucTeMU (2) 3aCTOCYBaHHS METOXY 31 3BOPOTHUM
Matpuili (3) MpU3BOAUTH 1O BTPAT B TOYHOCTI.

3acrocyBaHHs MeTONy (4) BUAAETHCS OUIBII 3pydHHM, aje i
TYT MOXYTh OyTH HpoOJieMU TOUHOCTI. EnmemenTn matpuii A
BEJIMYMHHA APOOOBi i MEHII OAMHHUIN. SIKIIO MpH BHUpILICHHI
cucrteMu (2) merogom (3) AOBOAWTHCS MHOXKHTH, IUIUTH 1
BIMHIMATH TOAIOHI BETHMYWHHM, TO BHUHHKHEHHS MPOOJIECMHU
TOYHOCTI OTPUMAHOTO PillIEHHS] HEMUHYYeE.

3a pe3ynbTaTaMyd CYMYBaHHS CJIEMCHTIB MATpUIl TTOBHHUX
Butpar (Tabmuus 4) TO CTOBMIX OTPUMYEMO MaTPHYHHUIM
MynbTaUtikarop JleonteeBa (Tabnuis 6), sKWil, Mo cyrti, €
MYJIBTHILTIKATOPOM, IO MOKa3ye e(eKT MOIIUPEHHS IOIUTY,
TIEpBICHUM JpKepesioM sikoro € monut Ha KIT.

TABJIMIIA VI. MATPUYHUI MYJIbTUTUIIKATOP JIEOHTHEBA

Cinbcbke
rocnoji- IIpomuc- Tpanc- Iepe- Bynis-
JapcTBO JIOBiCTh Toprisas mopT Mocayru Cepsic podka HHUITBO ®dinancu
1,52547674 1,35427950 1,13084911 1,50784387 | 1,18628197 | 1,21221332 | 1,44273472 | 1,21867162 2,04354312

3 Tabnuui 6 - ramy3eBUX MYNBTHILTIKATOpiB JIEOHTHEBA,
MOXKHa 3pOOWTH BHCHOBKH, IO Koe(ilieHT e]eKkTHBHOCTI
JIOAATKOBOTO 1HBECTYBaHHS Ha 1 THC. COMOHI Jja€ 30LIbIIECHHS
BB y BiAmoBiHiI rany3i CTAHOBUTB: Y CIIIbChKE TOCIOIAPCTBO
1,525; B mnpomwucinosictb - 1,354; B Topriemo - 1,131;
Tpancnopt - B 1,508; mocayru - 1,18628197; cepgic B 2,774;
nepepoOKy - B 2,774; OyniBauuTBO — 1,219; dinancu - 2,044 .

Cepen mpoaHanizoBaHUX rajiysei, 30ubmenHss BB ramysi
TOCIYr € HaWOUTBIIMM, Xoua I Taly3b € HEBUPOOHUYOIO
YaCTHHOIO €KOHOMIKHM, 1 CBili MaKCHMaJlbHUA pPO3BUTOK
OTPUMYE TIJIbKH IIPH HASBHOCTI PO3BHHEHUX BHPOOHHYMX
rajy3ei: CiIbCHKOrO TOCIONApCTBA 1 IPOMHUCIOBOCTI (B TOMY
YHCITi, IEpepOOHOi 1 BUIOOYBHOT).

BUCHOBKHI

Takum 4ymHOM, BupoOneHi 3a MBbB oOumcrnenns 3
ypaxyBaHHSIM MYJNBTHILTIKATOpiB  JICOHTHEBA  JO3BOJISIOTH
OLIIHIOBATH IPsMi 1 HENpsMi HACTIAKK 3MiH, B TOMY YHCII

TEXHOJIOTI] 1 CTPYKTYp BUPOOHHUIITBA, B CIOKUBUOMY IOIIHTI,
IMIIOPTO3aMIlIEHHs, 3O0BHIIIHIA TOPTiBNI, I1HBECTYBaHHI, ¥y
CHIBBITHOIIEHH] IIiH 1 JOXOAIB 1 B Macmra®ax eKOHOMIKH
KpaiHHu.
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Anomauyia—IlpencraBiieHi pe3yJbTATH JOCJHiIMKEHHs Ta
aHaNi3 JMHAMIKM 3MiHH CepefHbOi 3aTPUMKH IaKeTiB Ha
inTepdeiici MapmpyTmzaTopa TeJleKOMyHiKamiiiHOI Mepexi.
BusHavyeno, 1mo BHKOPHCTaHHS CTAaNiOHAPHMX ONIHOK NIpH
004MCJICHHI TAKMX NapaMeTpiB, IK CePeNHE 3HAYCHHS JOBKHHH
Yepryu Ta cepeJHbOI 3aTPUMKH MAKeTiB A0MYCTHMO TiILKHA Mic/Is
3aKiH4YeHHsI mepexiqHoro mpouecy. B inmomy Bunaaky, 0axkaHo
BHKOPHCTOBYBATH Oinbin TO4HI audepeHmianbhi mogeni. B
pamMkax faociaigkeHHss 0yJI0 BHBYCHO BIUIMB CEpelHbOL
IIBUJKOCTI MOTOKY Ta NPOIYCKHOI 31aTHOCTI iHTepdeiicy pasoMm 3
TMOYaTKOBHM CTAHOM IEPEXiJHOro Mpouecy Ha CepPeaHI0 N0BKUHY
YePry Ta CePeHI0 3aTPHMKY ITaKeTa.

Abstract—Research results and analysis dynamics change of
average packet delay on telecommunication network router
interface presented. Determined that the use of steady state
estimations when calculating such parameters as average queue
length and average packet delay allowable only after the end of
the transient process. Otherwise, it is advisable to use more
accurate differential models. Within the research was
investigated the influence of the average flow rate and interface
throughput together with initial state at the beginning of the
transient process to the average queue size and average packet
delay.

Knwuoei cnosa—inmepgheitic mapuipymuszamopa; inmeHcug-
HiCmb NOMOKY; NPONYCKHA 30AMHICINb; 3A6AHMAICEHICMY Uepeu;
CePeOHs 006IHCUHA Uep2U; CePEOHA 3aMPUMKA NAKEmie

Keywords—router interface; flow rate; throughput; queue
utilization; average queue length; average packet delay

I.  INTRODUCTION

Technological mechanisms of queue management on
interfaces of telecommunication network (TCN) routers should
have effective procedures to analyze its state that enable
management decisions in comply with the requirements for
ensuring the specified level of quality of service (QoS).
Moreover, it is essential to have models describing the
dynamics of the network router interface state changes in time
in order to obtain more accurate estimates of the queue length
and associated QoS parameters (average packet delay and
others). Tools of queuing theory allow to obtain an adequate
estimation of the required parameters just for steady-state
interface operation, i.e., at the end of transient processes
associated with a change in state. The processes of estimating
the interface state and queue management are real time in the
range of tens milliseconds. Thus, in current research presented
actual analysis dynamics change of average packet delay on
TCN router interface, because estimations of limit values may
differ from the values corresponding to dynamics of transient
process.

II. QUEUE UTILIZATION DYNAMICS MODEL

There are currently known a lot of types of mathematical
models, based on different approximations of dynamics
changes in state of TCN router interface [1]. The most efficient
in relation to adequacy and clarity, in our opinion, is a model
based on use the nonlinear differential equation system of
network state obtained by the Pointwise Stationary Fluid Flow
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Approximation (PSFFA), where under the network state was
understood the average queue length on the router interface [2].
There are known the following model parameters: A is the
average flow rate (packets per second, 1/s) entering the
analyzed queue; u is the interface throughput (packets per

second, 1/s) allocated to this queue; p =A/u is the queue

utilization. Several special cases of model PSFFA M/G/1 can
be determined [1, 3]. Using M/M/1 queuing system in
approximation the following differential equation of average
queue length as function of time can be obtained:

N 0
Qe (D) = M(qave(t)ﬂ}rk' (1)

In turn, according to (1) and using Little's law can be
derived the equation for average packet delay on the network
router interface. Then we have

SN ()
wn=1 M[M(r)ﬂj ' @

The novelty of presented equations is that average queue
length and average packet delay are functions of time that can
be used in dynamic modeling of telecommunication system
behavior.

III. CONVERGENCE ANALYSIS OF AVERAGE PACKET DELAY TO
THE LIMIT VALUE

Within the research was investigated the influence of the
average flow rate and interface throughput together with initial
state at the beginning of the transient process to the average
queue size and average packet delay. There are shown
convergence (see Fig. 1 and Fig. 2) of average packet delay to
its limit value in steady state (dz/dt =0),1e. 7 =1/(u—21).
In this example the following two cases of router interface state
considered. For the first case queue is empty and consequent
initial delay is 7 =0 s. For second case transient process

begins with the initial value 7, = 0.4 s. Values of the flow rate
and interface throughput are indicated on figures.

Results of modeling revealed that with high utilization of
queue on network router interface (in the range of 0.96...0.97)
average packet delay doesn’t reach its limit value within
observation time interval. That’s why it is impossible to use
steady state estimations in network management process when
correct decisions can’t be performed because values of queue
lengths and packet delays can’t be estimated adequately. In the
case of zero initial delay using steady state values an
overestimation of these parameters observed (Fig. 1). While
when the queue on the interface is not empty (7o = 0),

parameters are underestimated, which is much more critical.
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Puc. 1. Convergence of average packet delay to limit value (=0 s).

0.4 R T T T T T
—%— \=120 p=125

o —O— X=120.5 p=125
20351 A=121.25 ;=125 |
o
©
2
2
S 03[
o
(]
jo)]
o
g 025
<<

0.2

Puc. 2. Convergence of average packet delay to limit value (%=0.4 s).

CONCLUSION

Presented model (1), (2) can be used in queue management
and in solving the problems of congestion management,
congestion avoidance and packet routing. Based on obtained
results, it is determined that the use of steady state estimations
when calculating such parameters as average queue length and
average packet delay allowable only after the end of the
transient process. Otherwise, it is advisable to use more
accurate differential models.
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Anomauyia—3anponoHOBaHO Ta JOCHIIKEHO MaTeMaTHYHY
Mogeab rerepoaudysii 1oMilIKOBOI peYOBHHH 3 BpPaxXyBaHHSIM
npouecis copOuii-gecopOuii y asodgasHoMy Tili 3 BHIAAKOBO
pO3TalIOBAHMM  HNpomwiIapkoM ongHiei 3 ¢a3. Orpumano
po3paxyHkoBi ¢gopMy.iu UIsi MOIETIOBAaHHS NPOLECY NOLINPEHHS
JOMIlIKH, HA OCHOBI SIKMX 3JilicHeHO  KOMII'IOTepHe
MOJCJIIOBAHHA [JiI1 BCTAHOBJICHHH BIUVIMBY XapaKTEePHCTUK
CepellOBUIIA HA PO3MOAIIH MNOJIB KOHLEHTpauii JoMilIKOBOL
pevoBUHM.

Abstract—The mathematical model of heterodifussion of the
admixture in a two-phases body with randomly located layer
taking into account sorption-desorption processes are proposed.
Calculating formulas for the modeling the admixture spread are
obtained. Based on the formulas computer modeling
heterodifussion process is used for the estimating an influence of
physical characteristics of the body on the distributing
concentration fields of the admixture.

Knwuoei  cnoea—zemepoougpysia;  0eohazne  mino 3
6UNAOKOBUM NPOULAPKOM; NOUIUPEHHA OOMIWKU; KOMN’tomepHe
MOOen6anna

Keywords—heterodifussion; two-phasys body with randomly
located sublayer; admixture spread; computer modeling.

I.  Bcryn

B cTpyKTypi peanbHUX CEpPEeIOBHUII YACTHHKU TOMIIIKH, SK
MIPaBWJIO, JIOKAJIHHO 3HAXOMATHCS B PI3HUX (PI3MYHUX CTaHaXx,
0 3yYMOBIIOE iX Ju}Y3il0 ACKUIbKOMAa IDISXaMH, sKa
CYIPOBOJDKYETBCSL TIEPEXOAaMHU 3 OJHOTO IIUISAXY Ha 1HIIHH.
Takumii mporec MacomepeHoCy JOMILIKOBHX  PEYOBHH
Ha3uBaloTh Tereponudysiero. Koporkuii ornsa 6idmiorpadii,
MIPUCBSIYEHOI TMTAHHSAM JOCHTIJDKEHHS rerepoau(y3iiHuX
MpoOIIeCiB, HaBeACHO y poOoTi [1]. 3a3HaueHi OCOOIMBOCTI
dysii XapakTepHi Ui MO KPUCTATIYHUX TiII,
JIPiOHO3EPHUCTUX CHCTEM Pi3HOI (Pi3MIHOI MPUPOJIH, TTOPUCTHX
HAaCHYEHHX piAMHOI cepenoBui Tommo. Okpemuil iHTepec
CTaHOBUTbH JIOCHI/DKEHHS MU(y31HHUX IpPOLECIB Y MOPUCTHUX
CepeloBUIIAX, SIKUMH, 30KpeMa, € IPyHTH, a/bke AuQy3iero
JIOMIIIKOBUX PEYOBMH 3HAYHOIO MIpPOK  BHU3HAYA€ThCS
MOMIMpPEHHsT 3a0pyJHEHb y HAaBKOJIMUIIHHOMY CEPEIOBHIII.
3ayBaxuMo, 1110 y MPUIIOBEPXHEBUX IPYHTOBUX IIapax MpoLec
MIPOCTOPOBOTO  TEPEHECEHHs  JOMIMIOK  BigOyBaeThCs
nekipkoMa nniixamu. JlocmiokeHHs: qudy3idiHUX TPOLECiB
YCKJIAJJHIOETHCS TAKOXK Y BUIAJIKY CTOXaCTHYHO HEOTHOPITHHUX
OaraTtoasHUX CEpEeNOBUIl 3 CYTTEBO PI3HUMHU  (i3HKO-
XIMIYHUMH XapaKTePUCTHKAMU Pi3HUX (a3 [2].

B nmaniii po0OTI HAa OCHOBI MAaTeMaTUYHOTO Ta
KOMIT FOTEPHOTO ~ MOJICNIIOBAHHS ~ JIOCH/DKEHO  TPOLIECH
rerepoandy3ii JOMIIIKOBOI pEeUOBUHH, sIKa AU(GYHIYE TBOMA
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LIISIXaMHU y IBO(a3HOMY 0araToOKOMIOHEHTHOMY
JIUCTIEPCHOMY ~ CEPEIOBHINI 3 BHIIAJIKOBO PO3TAIIOBAHUM
MPOIIapKoM, (i3UKO-XIMIYHI XapaKTEPUCTUKU SKOTO BiIMIiHHI
BiJl BIAMOBIIHMX MapaMeTpiB Marpuli. MareMaTHYHy MOJIEIb
MoOyI0BaHO 13 ypaxyBaHHSIM JIOK&IBHHX MEPEXO/AiB MiXK
PI3HMMH CTaHaMHU JIOMIIIKOBUX YACTUHOK (TIPOLECH THITY
copOrii—mecopOirii) Ta 32 YMOBH JIOKAJIBHOI TEPMOIMHAMIYHOI
PIBHOBaru MK JIBOMa CTaHAMH JAOMIIIKH [3].

II. MATEMATUYHA MOJIE/Ib
PosrisHeMo mucriepcHy ABOGasHy IapyBaTy CMYry
TOBIIMHOKW Z,, B sKiiH map onxiei ¢asum 2, MicTuTh
dazu 2,

topmuHOrO A (puc. 1). Ilpuwitmaemo, mo a3 B Timi
pO3TaIoBaHi 32 PIBHOMIPHUM PO3IOILIOM 1 00’€MHa YacTKa
obnacti (2, € Habarato OinbIIO 3a 00’€MHY uacTKy £2,,

BUIIAJIKOBO PO3TALIOBAHUIA MPOILIAPOK  1HIIOT

T00TO0 h<<z)—h, ne h=z,—z — ToBUIMHA obOmacTi f2,.
Hapmanmi  OymemMo  BBaKaTu  BHIAIKOBOIO
KOOPJIMHATY BEPXHbOI MEX1 NPOIIAPKY Z = Z, .

BCIIMYHNHOIO

V.24

X
QI . dl‘]‘,a’§”,p| A’f“.k}”

L B

Puc. 1. Tino 3 BUIIaAKOBUM IPOIIAPKOM

Hexali B mpoMy TuTi IOMIIIIKOBA pEeYOBHMHA AUQYHAYE
JIBOMa IIUIIXaMH, MEPEXOASYM 3 ONHOrO MUISXY Mirpamii Ha
iHmmii. BBakaemo, mo audy3iiHI BIACTHBOCTI YaCTHHOK
JIOMIIIKHK Y Pi3HUX (pazax MOXKYTh CyTTEBO BIIPI3HSATHC.

KoHneHTpalis JOMIIIOK pH BEpTHKAJIbHIN retepoaudysii
BU3HAYAETHCS 3 CHCTEMH B3a€EMO3B’SI3aHUX JU(EPEHIaIbHUX
PIBHSHB, KOEQII[I€EHTH SKHX € BHIIAQJAKOBUMH (YHKIISIMHU
IPOCTOPOBOI KOOPJIMHATH Z !

p(z )6"”' = {d( )6"' +d,(z )acz}_k&z)cﬁkz(z)%

o(z )602 _ |:d (z )602 d,(z )acl:|—k2(Z)Cz+k1(Z)cl’ (1

ae ¢, =¢;(z,t) — BUIAAKOBI KOHIIEHTpAIlii JOMIIIKH B CTaHaX,
IO BiJNOBiNafOTh mBHAKOMY (ipu i =1) Ta moBimbHOMY (
i =2) nusixaM TepeHEeCeHHS YacTUHOK; pP(z) — BUMAJKOBa
i=1,2 — BUIAAKOBI KiHETHYHI
koedimientn mudysii B 7-omy crami; d/(z), i=3,4 -
BHITAQJKOBI KOe(Illi€HTH, IO BIAMOBIIAIOTH 3a IMEPEXPECHY
mudy3ir0 YaCTHHOK JOMIIIKM Ha PI3HMX IUIAXaxX Mirparii;
k(z) — BumaakoBi KoedillieHTH IHTEHCUBHOCTI Iepexomy

JMIOMIIITKOBUX YAaCTHHOK 31 INBUAKOTO MUIAXY Mirpamii Ha
noBUTEHUIM (IpH { = 1) 1 3BOpoTHOTrO Mepexony (pu i =2).

TyCTHHA cepefoBHa; d,(z),

Hexaii B mNoOuYaTKOBMI MOMEHT Yacy B TUIl BIJCYTHS
JIOMIIIIKOBa pEYOBUHA, TOOTO

¢(z0),_, =0, ¢z, =0. ()

Ha Bepxwniit rpanuni Tina z=0 miaTpUMYeEThCS TOCTiiHE
3Ha4eHHA C, CyMapHOi KOHLEHTpaIlii JOMIIIKOBOI PEUuOBHHH.

Beenemo y posrisin mapamerp O (0< o <1), sxuii BU3Ha4Yae
YaCTHHY JOMIIIKOBOI PEYOBMHH, L0 3 IIOBEpXHI Tija
MOTpanmia Ha MIBHAKUH NUISX Mirpanii, Tol BHUKOHYIOTBHCS
YMOBH

¢ (z,t)L:O =(1-a)c, . 3)

=oc, , ¢ (Z’t)L:o
Ha HyKHIH TpaHUL TiJIa KOHLEHTPALis piBHA HYJTIO, TOAI

¢ (z, t)| =0,

7=z,

& (z,0)), : (4)

z=z,

I'yctuny cepenoBuiia, KiHeTHYHUH KoediieHT audysii Ta
Koe(il[iEHTH IHTEHCUBHOCTI MEPEXOAy BBAKAEMO CTaJIMMH B
00’eMi KOXKHOI 3 (a3:

1) i .
o(z) = pze, V0, ’i:m’p(”)zconst’j=1,2
p?,zeQ,
d(z)= d,ze 0,00, i—14 d? =const j=1,2
(2)’26912 b b b b
k(z)= k"2 e 0,00, i=12 k' =const j=1,2
kl(z)’Ztez b b b b

II1.TTOBYJIOBA PO3B’I3KY KPAMIOBOI 3AJ1AUI

d(;f) d(;f)
Hlnsxom  BBe pWw —| % 3

JICHHSI  MaTpHIb _ 1,

di/) d;z)
_k(;f) k(;f) (2.t .
KV =| " > |, BekTopa c(z,t) = 1(20) Ta dysxuii

k](]) _k;/) ¢, (Z, I)
l,zeQ; o o
CTPYKTYpH M;(2) = ae €, — i-Tud map j-Toi
! 0,z¢ Q. :

i
(a3u BuxigHy 3amaqy (1)-(4) 3BeJCHO 0 MaTPUIHOI 3a1aui.

TpakTyroun HEOJHOPIAHICTH CTPYKTYPH CEpelOBHUINA SIK
BHYTpIIIHI  JDKepena, OTPUMAaHO  CHCTEMYy  IHTerpo-
z[I/I(bepeHuianLHI/Ix PIBHSIHb, €KBIBAJICHTHY BHXIJIHIM KpaiioBiid
3amaui (1)- (4) Po3B’s130Kk OTpHMaHOi CHUCTEMH, SIKHHA OMHUCYE
KOHUCHTPAIii JOMINIKOBOi PCYOBMHM HA MIBHAKOMY Ta
MOBUIBHOMY IUIAXaX Mirpamii, moOymIoBaHO Yy BUIIISAIL
iHTerpasibHUX psniB HeliMaHa 3 BHKOPUCTaHHSM METORY
TOCITIZIOBHUX ~ HaONDKEHb.  YCEpelHEHHS BUpa3iB I
BHITQJKOBUX TIIOJIIB KOHIICHTPAIlifl JOMIIIKKA TPOBEICHO 3a
aHcamOyieM KoHQirypaiiii (a3 3 piBHOMIpHOW (YHKIIIEO
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pO3TONiIY y MPHIYIICHHI IPEBATIOI0Y0l 00’ €MHOI YaCTKH
MaTpHIIL.

Jis  ycepeqHeHOI KOHIEHTpalii JOMINIKM —OTPUMAaHO

HACTYIHI aHATITUYHI (HOPMYITH:

th (0)
(e(z.0)),, =¢(zD) +V72 j j G(p" -p? )%z’dz’dt’ -
00

)
T LKV -KD)e |+

h 0z
zo-h
+v2J: { G (p“)—p(z))ag—::)—(D(l)—D(z))—a;j:) dz'dt’ +

+v2jznf hG(K“> ~K®)edz'dr' -

0 &

t X, (0) (0)
~2[D(2)]_, || lim 6% _ar-Llg%
2h TR | X0+ oz’ 2 oz’

X, —h+ X Z'=h

dt',

ne c'”(z,¢) — BEKTOP KOHIEHTPALiH TOMILIKA B OIHOPiqHOMY
cepemoBuIli, Vv, — 00’eMHa yacTtka apyroi ¢azu 2,, G —

nerepMiHOBaHa MatpuuHa (QyHkiist ['piHa  BigmoBimHOT
MaTpU4YHOI KpaioBOi 3a1aui.

IV.PE3YJIBTATU KOMIT’FOTEPHOI'O MOJIEJIFOBAHH S

Jlisi  KOMIT'FOTEpPHOTO MOJIENTIOBAHHS  KOHIIEHTpaiiHUX
TIOMIB JIOMIIIKOBOT PEYOBMHM Ha DI3HHUX NUIAXaxX Mirpaii, a
TAKOXX CYMapHOi KOHIEHTpalii JOMIIIKK po3po0ieHo
MPOrpaMHUI KOMIUIEKC 3 BHKopucTanHsM Visual C++ 2010
Express. sikuii € OE3KOIITOBHUM Ui HEKOMEPIIIHHOro
BUKODHUCTAaHHS. YCi pO3paXyHKH IIPOBEIEHO Y NPUPOIHUX

= kz(])t / P -
Po3po0sieHuiT KOMIUIEKC [a€ MOXKJIMBICTh BHBYATH BIUIUB
(GI3UKO-XIMIYHUX ~ XapaKTepUCTUK KOXHOi 3 (a3 Ha
TIepepo3IOALT IOMIIIKH B CEPEAOBHIIl MUISIXOM BapilOBaHHSI
BXIJTHUX AaHUX. Ha pUCyHKY 2 cXeMaTHYHO 300payKeHO 3MiHY
CyMapHOro KOHIEHTpAIliifHOro Tmons Jomimkud c(E,T) B

: . 12
0€3pO3MIpHMX 3MiHHMX &= ( kg') / dl(l)) X,

NEeBHUH MOMEHT dvacy T=7T, =10 3a yMOBH BiJCYTHOCTI
nepexpecHoi  audy3ii YACTUHOK JAOMIIIKA y  BHIQAKY
d"(z)<d?(z) npu 3pocranni koediuienta d*(&). Iuumi
napametpu 3ajaui mpuitHato Hactymammu: p /p" =1.3,
KY =k =10, k" =k =1, £,=10,h=0.5, ¢y = 1.

o(&5)
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Puc. 2. CymapHe moie KOHIETpalil JOMILIKKH HpH 3pocTaHHI koediuieHTa
d}(z) yeunagky dl(z)<d;(z)(a)a=0,6) a=0.5,8) a=1)

OTKe, KOMIT'IOTEpHE MOJEIIOBaHHS MOKa3ayio, mo: 1)
HasIBHICTh BHIIAJIKOBOTO TPOIIAPKY TPH3BEJIO A0 TOSIBH
JIOKQJIEHOTO MaKCUMYMY KOHLIEHTpAIlii JOMIIIKK MpPU BEPXHii
TpaHHULl Ipyroro mapy nepuioi ¢asu, B TOH Yac siK B OJHOPI/-
HOMY CEepEeJIOBUILI HasIBHUH INIO0ATbHUI MAKCHMYM TIPU BEpX-
Hill rpaHuIl mWapy; 2) 3poCTaHHs KIHETHYHOTO KoedillieHTa au-
¢y3ii y npomapky Npu3BOJUTH 10 3aTPUMAHHS JOMIIIKH Yy
MpOLIApKy y BHUNAAKy, KOJM BCS JOMIIIKAa [OHaja Ha
TIOBIIBHUH HIISIX MIrpaii, Ta 10 HAKOWYEHHS TOMIIIKU TPH
BEPXHiX IpaHuIIX (a3 y BHNAAKy, KOJIM JOMIlIKa Iomnajia Ha
LIBHJKHUH IUTSIX Y MOPIBHY PO3MOALTHIIACS HA 000X HIIsAXaX.

BUCHOBKHI

JlocmipKeHHsT TPOLECiB MacONepeHOCy JOMIIIKK BOMa
LUISIXaMHU y TOPUCTOMY CEPEIOBUILI BUTIAIKOBO HEOTHOPITHOT
CTPYKTypH Ma€ TMpakTUYHE 3HAYCHHS TPU MPOrHO3YBaHHI
TIOMIMpPEHHs 3a0pyHEeHb y IpyHTaX. B po0oTi 3anmponoHoBaHo
Ta JOCHIIKEHO MaTeMaTH4HY MOJEib reTepomudysii naBoma
IUISIXaMHd Yy CEepEeOBUIIl 3 BHIIAJKOBUM IPOIIAPKOM Ta
OTPUMAHO AHAJITWYHI BUpa3H Ul KOHIECHTpAUIWHHUX IIOJiB
JOMIIIIKK Ha UIBUAKOMY Ta IMOBITBHOMY MIIAXaX, a TaKOX
CyMapHOI KOHIIEHTpalii, Ha OCHOBI $KOro 3JifiCHEHO
KOMIT FOTEpHE MOJENIOBAaHHS Ta TPOAHATI30BAHO BIUIHB
(GI3UUHUX XapaKTEepUCTHK CEepelOBHIa Ha Tepepo3MoIiI
JIOMIIIKH.
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Anomauia—PoGora NPUCBSIYEHA MaTeMaTHIHOMY
MOJECNIOBAHHIO TpoueciB rerepoaudysii gomimok 3a ix
KACKaJHOro po3naay B T 3 ABoMa nuisixamu Mmirpamii. Jus
KOHKPETHOI cXeMH po3naay copMyIboBaHi 3B’si3aHi KpaioBi
3apadi rerepoan@ysii kackaanoro Tuny. Po3p’sa3ku kpaiioBux
3aJa4  OTpMMaHi  3a  iTepamiiiHOl0  mpomexayporw 3
BUKOpHcTaHHAM QyHknii I'pina.

Abstract—The work is devoted to mathematical modeling
the processes of heterodiffusion of admixure under its cascade
decay in a body with two migration ways. For the specific
scheme of decay, associated initial-boundary value problems
of heterodiffusion of the cascade kind are formulated.
Solutions of the associated problems are obtained by iterative
procedure with using Green functions.

Knwuoei cnosa—mamemamuuna modensv; 2emepooudhysia;
KacKaoHuii po3nad; copoyia-oecopoyia;, kpaiosa 3a0aua; ynk-
yia I'pina.

Keywords— mathematical model; heterodiffusion; cascade
decay; sorbtion-desorbtion; initial-boundary value problem;
Green function.

I. Bcryn

[IporHo3yBaHHS TMOIIUPEHHS PO3MATHHUX JTOMIITKOBHX
CcyOCTaHIIIfl y TPyHTaX Ta OIIHKA 3aXHIIEHOCTI TPYHTOBUX

BOJI Bi/I TOBEPXHEBUX TEXHOTCHHUX 3a0pyAHEHb 0a3yeThCs
Ha TEBHHX MOJCNBHHUX YSBICHHAX MPO 1X JOKAJbHUH i
MPOCTOPOBHI TMEPEpO3NOAT Yy IPHUIIOBEPXHEBUX IIapax
3emui [1]. TIporec mepeHOCY YaCTHHOK JOMILIKOBHX CYyO-
CTaHI[ii € 0COOJIMBO IHTEHCUBHUM Y BHIQJKY 3BOJIOKEHHX
MIPUTIOBEPXHEBUX MIAPIB, KOJM MOPU CEPEAOBHINA Mpak-
TUYHO MOBHICTIO Hacu4eHi Bozoo [2]. Toxi gomimkoBi vac-
THHKU ~ 3HAXONATHCS B  Pi3HUX  (I3MYHUX  CTaHaX,
nepeOyBaroy B 00J1acTi TPaBITAIIIfHO PYyXOMOI'O BOIHOTO
MIOPOBOT'O PO3UMHY, aJcOpOLii i 3B SI3HUX 31 CKEJIETOM IIa-
pax Boau Ta obyacti camoro ckenery [3]. ¥V 1mmx craHax
YaCTHHKU MAlOTh Pi3HY PYXJIUBICTh, XapaKTEPH3YIOTHCS Pi3-
HUMHU Koe(illieHTaMU KOHIIEHTPALiHHOTO PO3LIMPEHHS, TO-
0. Y pe3ynbTari MpoIec MpoCTOPOBOrO MEPEHECEHHS TeX-
HOI'CHHHUX PEYOBHMH BiIOYBA€ThCS JCKUIBKOMA NUIAXaMHU 1
CYNPOBOIKYETHCS JIOKATEHIUMH TIEPEX0/IaMH 3 OJTHOT'O LIS
Xy mudysii Ha iHmMA (TIporecu TUmy copOuii-gecopOii).
BauBo0 OCOOTUBICTIO TIPOIIECIB TeTepomudy3ii TEXHO-
TCHHUX CYOCTaHIIIN € iX HaTypaJbHHIA po3maj (Ierpamaitis),
SIKMH BiTOYBA€ETHCS 3 OMMHAKOBOIO IHTCHCHBHICTIO Y KOXHO-
My 31 3raJlaHuX cTaHiB [4].

VY poboTi B paMKax MoOJIENi reTepoaudy3HOro Macore-
peHocy, Mo0yA0BaHOI Ha OCHOBI MIIXOJIB i METO/IB TEPMO-
MUHAMIKA HEPIBHOBAXKHUX TPOIECIB 3 BUKOPHUCTAHHSIM,
ySBJIEHb (DI3UKH TBEPOro Tija Ta MEXaHIKH CYIILHOTO ce-
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penowuia, [5] chopMmynbBaHO KpaioBi 3amaui audysii gBO-
Ma NUBIXaMU 3 ypaxyBaHHSM TpoLeciB copOii-necopOmii
YACTHHOK 3a iX KacKagHoro posmnaay [6], Koau po3B’s30K
3a]a4i Ha OJIHOMY €Talli € JDKEPEIIOM Ha HACTYITHOMY.

po3mnajgHa ,ElDMiLUKDBa peHOBHHA

copOLis

II. MATEMATHUYHE MOJIEJIFOBAHHS 'ETEPOJU® V3Ii
JIOMILLIOK 3A KACKAJITHOI'O PO3ITAJIY PEUOBUH

Hexali yacTMHKM OTHOTO XIMIYHOT'O COPTY, SIKi pO3Ia-
JAIOTHCS, MITPYIOTH y TUII 3 JBOMa NUIAXaMU Mirpaii
(IpiGHOMCTIEPCHE CEepEeOBUIIE, MOHOKPUCTAIN TOIO) [7-
10]. IlpuuomMy pe4yoBWHHM, SIKi YTBOPHJIHCS B HACHiIOK
po3maay, TAKOXK MOXKYTh po3nafaTucs. Sk MpuKIiIaj Takoro

po3naaHa ,HOMiLUKOBa peHOBHHA

K" y noposomy pozunni

zecopOutis

K;“” B ancopboBaHii BOIi

posnana (1)

JIOMILLIKOBa PeYOBHUHA

K" y pozunni

. 0
nomiukosa peuosuna K5

B anconbosaHiii Boni

posnazn (1)

po3naaHa JAOMILIKOBA PEYOBHHA

copOitis

po3nangHa JOMILLIKOBa pPeYOBHHa

K T(ll Y MOPOBOMY PO34HHI

A

JzecopOitis

K" B ancopBoraniii Bomi

posnau (2)

JOMITITKOBa pcUoBHHa

K l'“) Y po34HHi

nomiurkosa peuopnna K5

1 B anconOoBaHii BoIi

posnan (2)

posnan (N-1)

po3naaHa AOMINIKOBA PEHOBHHA copGuis po3mazaHa IOMINIKOBA PEHOBHUHA
K ;""" y noposomy po3zuuni necopGuis K™ 8 ancopGosauiii Boxi
...................... 3
e posnan (N) Pt posznaz (N)

JIOMiNIKOBA peuOBHHA

KI.("\L” Y pO34HHi

JAOMILIKOBA pevoBHHA K

B ancopOoBaHii Booi

#N-1)

A

Hepo3[ajHa AOMILIKOBa Pe4OBHHA

K r( M Y MOPOBOMY PO3HHHI

\

Hepo3MajiHa JOMILIKOBa PeUYOBUHA

K ™) B ancop6osaniii Boi
2 P

Puc. 1. Cxema po3naay JOMIIIKOBOI PEUYOBHHHM Ta IPOLIECIB MEPEX0AY YaCTHHOK MiK CTAHAMH Ul MOJIeJIi rerepoiu Qy3ii 1BoMa HuIsIXaMu

KacKa/IHOro po3najay MOXKHa HaBecTH pajioHykmigu [11] 3 ix
panioakTHBHUM PO3MaioM

140y~ 140~ 140 140 140
H0Xe—'2Cs “Ba La ICe

97¢r, 97 97 97 97, 97 97
3650 >3 7Rb——5gS1 ”3 404! 1 INB Mo

abo pI3HOro poay XiMiuHi CIIOTYKH (necmum[n HlTpaTI/I
HlTpI/ITI/I TOWI[O), SIKI PO3MAJAIOThCS BHACTIJOK XiMIYHHX
peakuiii [11, 12].

Juns Bunanky rerepomudysii JBOMa INUIIXaMU CcXeMa

KacKa/IHOro PO3Maay MIrpyl4nX peuoBHH KS-’) MoJjaHa Ha

N .
puc. 1, e YaCTUHKU pEe4OBUHU KS ) e HEpO3MaaHoIo (TYT i -

HOMeEp eTarry po3nany, j - IUIIX Mirparii).

MaremaTtuuHa MOJENb CKJIaJa€ThCs 13 B3a€MO3B’SI3aHINX
CHCTEM DIBHSHB TeTepoandy3ii JOMIIIKOBOI peUOBUHH JBOMA
LUISIXaMH 3 ypaxyBaHHsM IporeciB copOmii-gecopOmii [13].
3a KacKaTHOro po3maay MITPYIOUHX YaCTHHOK y 0e3po3Mip-

. — — oy /—con \/2 —
HUX 3MIHHMX T = kz(o)t ; ﬁ(“) = (kz(o)/Dl(lo))/ x@ , =13, ne

(@)

t -uac, x'* - IpocTOpOBi J€KAPTOBI KOOPAMHATH, MAEMO Ta-
K1 CUCTCEMHU plBHﬂHB
st i =0
acl(()) (0) (0) (0) 0) ,(0) 0) (0)
=Acq +d Ay —a)q a6,
5‘750) 0) 060 _ 400
7=d2 Agc +dA c b v alVe ayyc, , (1)

mg i =1, N -1

60(1’) ) ) ]
61 — dél)Agcl(l) +dl(l)A£C§ a(l)c(l) +a(l)c(l) +a(’ 1) (l 1)
T
608@ (@) (@) (@) @) ()() () (@) (1) (1)
2 _ i i e(i e(i i i e i) e(i e(i e(i
o dy’ A" +d"Ac," +ay ¢ 5 ¢ +a, ,(2)
mis i=N
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aCI(N) (N) (N) e(N) e(N) (N) _(N)
—=d, Aéc1 +d, Aéc2 —a;; ¢+

+afMee Z ) )
acE™)
—d8 ™ +d ™A + D™ -
&E b

N N iN
e+ Sl o

@ _ KOHIICHTpAIliS YaCTUHOK K(l) d g-i) -

ae cj Koe(illieHT

nudy3ii peuoBHHU Kg-l) (i= O,N ) Ha i -My Kpoli po3naay Ta

J-my mwmxy audysii, j=12, a,(cll) (k,=1;2)-
Koe(illieHTH  IHTEHCHBHOCTI copOOBaHMX  IIPOIIECIB;
agfj_l) - Koe(ilIEHT IHTEHCUBHOCTI pO3Majy PEYOBUHU KSH)

. 1 ar N . o
(i=LLN), a}(fl ). Koe(illieHT, SKUH BH3HAYAE YACTKY

HEpPO3MaaHOI PEYOBHHH, IO YTBOPHJIACS BHACHTIIOK PO3MAIy
Ha i -MY KpOoIli Kgi) (i=0,N-1).

JI71s1 OMHOBUMIPHOTO 3a MPOCTOPOBOIO KOOPAMHATOI BHU-
najxy (Iapy TOBIIMHU & ) HAKJIAJEHO Taki KpaloBi yMOBH

& =0

ey =0, i=GN @

(€], =ac, ED], =00 ©)

cj.")(g,r)t:o:o, =LN, (e, ‘c)| =0, i=0N,

Tyr o (0<a<l) - mapamerp, sKkuii BH3HAYa€ YaCTHHY
JOMIIIKH, IO 3 MOBEPXHi Tijla MOTPAITiiIa Ha MIBUAKUAHN IUIAX

nmudysii (cran 1), ToOTO dl(o) > déo) .

Po3B’s130k  kpaiioBoi 3amaui (1), (4), (5) mia i=0,
3HANIEHNH 3 JONIOMOT'OI0 IHTErpaJIbHUX NepeTBopens Jlara-
ca 3a vacoM 1 sin-neperBopeHHs @Dyp’e 3a NIPOCTOPOBOIO
KkoopauHaTtoro [ 14].

VY saranpHOMY BUNanky mis i =1,...,N —1 [15] po3p’s3ku
KpaiioBux 3aza4 (2), (4), (6) nonauno uepe3 ¢pyHkuii ['pina [16]

)
g =al? I I GV (Eg;n ) V(e )dedr L j=1;2.,(7)
00

ne Gg-i)(&,&';t,t') - ynxuii Ipina 3amagi (2), (4), (6) mis
i=1..,N—1, ToOTO € pO3B’sI3KOM BIMOBIAHOI 3a1adi reTe-
pomudy3ii 3 TOYKOBOrO [pKepena Ha i -My KpoIli po3many 3a
HYJTBOBHX KPalOBHX YMOB.

Jus Bunaaky i =N (Hepo3majHi a00 HEWIKIUIUBI JOMIlI-
ku) [17] mpolec MacomepeHECeHHsS OIUCYEThCS KpaHoBOIO
samauero (3), (4), (6). Ii posB’s30k Takok TOmAHO uepes
BianoBinHy QyHkuito I'pina ananoriuHo 1o (7)

=12.(6)

T & N-1

Memn=[[eMeein)

00 i=0
e GE-N )(ﬁ, Ej;t,t') - ¢yukuii I'pina 3amadi (3), (4), (6) i 3am0-
BOJILHSIOTH BiJINIOBI/IHI KpaiioBi 3a/1a4i 3 TOUKOBUM [KEPEIIOM

agN) (1)(@ t)d& dt’,

BUCHOBKHI

OTpuMaHHS aHATITHYHUX PO3B’sA3KIB KpalOBUX 3aaay Tre-
Tepoau(y3ii KacKaJHOrO THUITY IO3BOJSE HE TIIBKH IMPOBO-
JIUTH KUTbKICHUH Ta SKICHUH aHaJIi3 KOHIICHTpAITii po3naiHuX
JIOMIIIIOK Ha LIBH/IKOMY 1 HOBIJ'ILHOMy [UIAXax Mirpamii Ta
IXHBOT cym, a # 3HAWTH IXHI IOTOKM MAacH, SIK 1 BU3SHAYHUTH
KUIBKICTh BIAIOBIMHUX PEYOBHH, IO 33 TMEBHHHA MPOMIKOK
Yyacy NpPOWIUIM dYepe3 ONUHHINO IUTONI JCSKOi IOBEpXHI,
HAIPUKJIAJ, Yepe3 HIKHIO TPAHHMIIIO IIapy.
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Anomayia—O0OrpyHTOBaHO norpedy YHCEJTBLHOI0
iHTerpyBannsi  Tabuu4HAX  QYHKNII 3  BHKOPHCTAHHSIM
mHorowieHa Teigopa. BcranoBieno, mo y 0ararbox
NPAaKTHYHHUX 3aa4ax NepBicHy BiJ migiHTerpajabHoi QyHKIii He
3aB/KAM BJAETHC BHPA3HTH 4epe3 eldeMeHTapHi (yHkmii.
Po3pobGiieHo MeTox 4YHCEJLHOr0 iHTErpyBaHHs TaOJIMYHOL

¢yHkuii s oaHiel 3MiIHHOI 3 BHKOPHMCTAaHHSIM MHOIOYJICHA
Teiliopa. HaBegeHo KOHKpeTHIi NPUKJIAAM  00YHC/ICHHSA
iHTerpaJiB — HE03HA4YEHOr0 i 03HAYEHOr 0.

Abstract — Has been substantiated the need for numerical
integration of table functions using polynomial Taylor. Found
that many practical problems of the original integrand cannot
always be expressed in terms of elementary functions. Has been
designed the method of numerical integration of table functions
to one variable using Taylor polynomial. Showed the specific
examples of computing integrals — definite and indefinite.

Knrwuoegi cnosa — uucenvne inmezpysanHa Qyuxuiit; madnuuna
dyukuia; muozounen Teiinopa; inmepnoaAuiHUTL MHO20YIEH.

Keywords — numerical integration of functions; table function;
Taylor polynomial; polynomial interpolation.

I. Bcryn

[Ipu BupimeHHI npobneM mnporpaMHoi iH)XeHepii iCHye
0araTo NPUKIAIHUX 33]a4y, Y MaTeMaTHYHOMY (DOpMYITIOBaHHI
SIKMX BUHHKA€E MoTpeda 00UnCIIeHHs! iHTerpaliB — HEO3HAYEHHX
i O3HAYCHUX, OIWHAPHUX, TNOABIMHMX 1 TOTPIHHUX,
KPHMBOJIHIMHUX 1 32 MOBEpXHEIO Ta iH. HaiiBaxkuBin 3 Takux
3aa4 IOJSraloTh B OOYMCIIEHHI: IUIONII Ta JOBXWHH JyTH
mwiockoi ¢Qirypu; o0'eMy Tima 3a BIIOMHMHU IUIONIAMH
MONIEPEYHUX TEpepi3iB YU Tijla OOCPTAHHS, IUIONI MOBEPXHI
OyIb-SKOrO Tija 4YM TiIa OOEpTaHHS; CTATHYHUX MOMEHTIB 1
MOMEHTIB iHepuii IUIOCKUX Iyr i (iryp; KOOpIMHAT IEHTpa

M.Yu. Grytsiuk
Department of Information Technology and
Telecommunications, Lviv State University of Life Safety
Lviv, Ukraine
mariana.grytsiuk@gmail.com

Barn; pobotu 1 THcKky [1]. B Takux 3amauax nesika
migiHTerpaibHa (YHKIS y TPOIeci BUKOHAHHS 1HXEHEPHUX
PO3paxyHKIB 4acTo MOJA€Thesl Y BUMIIAAL Tabmuui. [1pu ripomy
HE3aJIeKHI 3MiHHI, 1110 BiIMOBIA0Th 32 11 IOy, 00'€M YH iH.,
BU3HAYAIOTHCS 3 CHCTEMH PIBHSHb, SIKA OTPUMYETHCS IIISIXOM
TIPUPIBHIOBAHHS IO HYJISl YACTHHHUX MOXi1MHUX (QYHKIIT MeTH
3a IIUMH 3MIHHUMH.

Jyxe uacto morpeba OOYMCIIEHHS IHTErpaily TaOIMYHOL
(GyHKIIT € MPOMDKHUM €TarnoM Y Tporeci po3B'si3aHHs TOI M
iHmOi iHKeHepHOI 3agaui. Tak, HemiHifiHA Mozenb CTaHy
o0'ekta  (JKW  ONMHCYETBCS ~ CHUCTEMOIO  HEJIHIHHHX
anreOpUYHUX PIBHSHB) MOXE MICTHTH OJHY a0o0 JAeKiJbKa
¢GyHKIIN, SKi 3a7aHO B TaOIMYHOMY BHIUIsAl. Hampukian,
SKIIO €JeMEHTOM O00'€eKTa € CIpecoBaHa JEpeBHHA 3
xapakTepuctukoro P =¢@[x] (x — BemuuuHa aedopmarii
JepeBuHM; P — cuia, M0 BUKIMKAE 10 Jedopmaliiio), Ky
3a[IaHO y BUIJIsII TaONUIII BiJ OJHIET 3MiIHHOT, TO PIBHSIHHS P =
@[x] = 0 Oyme ogHMM 3 pIBHSIHb HENIHIHOI CUCTEMH CTaHy
uporo oO'exkra. 3acrocyBaHHs Merony HbproroHa s
PO3B'si3aHHS 1€l CHCTEMHU pIBHSIHb BUMaraTuMe OOYHCIICHHS

TaKOro IHTEeTpaly I fIxkdx .

II. TIOCTAHOBKH 3AJIAY UUCEJIbHOI'O IHTEI'PYBAHHS
TABJIMYHUX ®YHKIIN

Hexait HeoOXiHO OOYHMCIIUTH 1HTETPaj

I={ flxldx (1)

3 kypcy Bumioi Matemaruku [1, cr. 261] Bimomo, mo s
¢byukuii f[x], HemepepBHOI Ha Bimpi3ky [a, b], iuTerpan (1)
iCHye Ta BU3HAa4Ya€eThes 3a popmyroro HeroTona-JletiOHima
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I={fIxldx=F[x]] = FIb]- Fla], )

a

ne F[x] — nepsicHa s ¢yskuii f[x]. OgHak 11 OUTBIIOCTI
NMPakTHYHUX 337a4 TepBicHy F[x] He 3aBXOu BIAETHCS
BUpa3uTH uepe3 eneMeHTapHi ¢yHkuii. B imkeHepHHX
pospaxyHkax (yHKIis f[x] 4acTo 3aJa€ThCA K AHATITHYHO,
Tak 1 y BHUrsaai Tabmumi ii 3Ha4eHb Uil TEBHUX 3HA4YeHb
aprymeHty. Bce 1e mopomkye moTpedy B HAOIMKEHHX
Meronax obuucienHs iHrerpana (1), siki yMOBHO HOAIISIFOTHCS
Ha aHAJIITHYHI Ta YUCIOBI. Anamimuyni memoou, 3a CBOEIO
CYTHICTIO, TIOJISITAIOTh y TOYHIA 4YM HaONWKeHid MoOymoBi
nepBicHOi F[x]| Ta moAanbUIOMy BUKOpUCTaHHI (Gopmynu (2).
Yucnogi memoou X JIalOTh 3MOTy Oe3rocepenHbO 3HAWTH
YHUCIIOBE 3HAYCHHS IHTEerpayly, 0a3yrouuch Ha BiJJOMHX
3HAUEHHSAX MigiHTerpanbHOi QyHKIil (a iHKOAM 1 Ha Ti
MOXiHHUX) y 3aJaHUX TOYKaX, sIKi Ha3WBAIOTH @yznamu. TyT
pO3TIISIATUMEMO  TUTBKM YWCIIOBI METOAM  IHTETPYBaHHS
TabnumyHux ¢yHknid. CaM TpoIec YHCIOBOrO BH3HAUEHHS
IHTErpally  Ha3UBAETBHCS  K6adpamypoio, a  BiJOBIJHI
bopMyIu — KeadpamypHumu GoOpMyIamu.

[TocTaHOBKHM 3a7a4 YHCEIBHOIO 1HTETPYBAHHS TaOIMYHHX
GyHKIIH 3 OHIEIO, TBOMA YU TPHhOMa HE3aJCKHUMHU 3MIHHUMU
3arajioM ()OPMYJIIOIOTHCS B OJJHOMY 3 TaKUX JBOX BapiaHTIB.

Bamaua 1. Jlng tabnuunoi QyHkuii Y =Y[X] 3 onmiero,
JBOMAa YM TphOMA 3MiHHMMH X =[x,i=13] mnoTpiGHO Y
JIOBUIBHIM TOYII IPOCTOPY HE3aNEKHUX 3MIHHUX, 3aJaHOL
KOOpAUHATAMHU X=X'=[x=x,i=13], OOUUCIUTH

[l [flnxldex,  an

HEO3HAYeHI
J.f[xlaxzax_%]dx]xzxs .
V 3aranpHOMY BUNAAKy GYHKIIIO Y = Y[X] MOXHA MOgaTh

y BUDNISAAL TaOm. 1, mig iHTErpajoMm sIKoi MOTPIOHO PO3YMIiTH
aHaITHYHUN BUpa3 11 iHTeprnoistHTH [3].

IHTErpaju

TABJIMLIA 1. 3ATAJIBHUI BUTJIAJ TABJIMYHOT dYHKIIIT
JUIA BAIATbOX HE3AJIEXXHUX 3MIHHUX
Ne By3s1a 0 1 i p
)71 X1,0 X1,1 X1,i X1p
)?z [X2,0 X2,1 X2,i X2,
)?3 X3,0 X3,1 X3, X3
Y 0 V1 .. Vi .. Vp

ne: ;:[xkyi,izﬁa; k=1m], Y =[y,i=1p] — Binomi uncra;
P — KUIbKICTB BY3JIiB IHTEPIIOISIHTH; #71=3 — KiJIbKICTh 3MiHHUX.

3agaua 2. Oyukiis Y =Y[X] 3 He3aJCKHUMHU 3MIHHUMHU
X =[x,i=13]

OOYMCIIMTH 3HAYCHHS O3HAUCHHWX IHTCTPANiB _[ SfIx,1dx,
o

3amaHa  y Burpigli tadm. 1. TlorpiOHO

”f [x,x,]dxx, YU _f _f I S, %y, X, Jdx,x,x, I8 3aJ@HAX MeX
D T
IHTETpYyBaHHSI.

O4eBHIHO, MOCTAaHOBKA 3a7adi 2 € OKPEMHM BHIIAJKOM
3amadi 1, omHAK Tl MepeBaXKHO PO3IVIIAIOTH K OKpEMY 3aj1ady,
OCKUIBKY B Hili OOYMCIICHHS BiIIOBIAHUX IHTETPAJIiB BHUMAarae

3aCTOCYBaHHS JIEII0 CKIaaHinmX QopMyl. IX HaszHBaoTh
Gdopmynamu  uucenvrHoco  inmezpysamus, a  TPOUEAYPY
oOuuCIIeHHs 1HTerpajdy 3a UUMH (opMylamMH Ha3UBAIOThH
YUCTIOBUM IHMESPY8AHHAM MAOIUUHOT DYHKYIL.

OnuH 3 MOMITUBHX croco0iB pO3B'sI3aHHA
chopMyIbOBaHUX 3aja4 0a3yeThCs Ha BHKOPHCTAaHHI PI3HUX
KBaJpaTypHUX (OpMYJT PHOIU3HO TAKOTO BUTIISLY:

b

I={fIxldx=(b- a)iAl. flx1=1, (3)

a

3 BIIOMHM 3aJIMIIKOBUM wWieHOM R (f[x])=I-1I, abo ioro

OIlIHKOI. 3arajioM 5K BY3JIOBI TOYKH X; TaK 1 Barosi
MHOXXHUKM A4; 3aBY4aCHO € HEBIIOMHMH 1 IIiIAraioTh
BU3HAYCHHIO  TNPU  BHBEJCHHI  KOXHOI  KOHKPETHOI
KBajpatypHoi ¢opmynu (3) Ha miJCTaBi BUMOT, ITPEA SBICHUX
10 Hel.

[IpakTH4HO, 3a7a4a YUCEIBHOTO IHTETPYBAHHS TaOIMYHHX
(GyHKIIIH € eKBIBaJICHTHOIO OI[IHFOBAHHIO CEPEIHBOIO 3HAUCHHS
¢byHKLIT, siKe Ha BIAPI3KY [a, b] BU3HAYAETHCS TAKUM BUPA30M:

[ fixlax . 4)

I= j fIxldx = (b-a)- fx], . 5)

a

BonHouac, BH3HaueHHS CEPEAHBOrO 3HA4YeHHS (GyHKIIT —
Lle CTaTUCTUYHA 3ajaya, sKa MICTUTh y co0i mpolieMu
MOCTITOBHOT BHOIPKHM 1 IUTaHYBaHHS eKcliepuMeHTy. Yepes
CKJIJIHICTD TaKOi IMOCTAHOBKH 3aJ[adi TYT 0OMEXHMOCH TLIBKH
KJIaCHYHMMHU METOAaMHU YHCENBHOrO IHTErpyBaHHs, IO
0a3yloThCs Ha MONEPEIHHOMY BU3HAUYCHHI SIK BY3JIOBUX TOYOK,
y SAKAX Mae 3aJaBaTHCsA IiHGOpMAIliA MPO IHTErPOBaHY
(YHKIIi0, TaK 1 CaMOlo Ii€I0 iHpOpMAIIi€TO.

BukopucroByBaHi HWKY€ B alTOPUTMax YHUCEIHLHOTO
IHTETpyBaHHS TaOMMYHUX (QYHKUIH KBaxpaTypHi Qopmynu
OyIyIOTbCs, SIK BXKE OyJ0 3a3Ha4€HO BHIIE, HA OCHOBI THX 4H
IHIIMX KPUTEPiiB, IO BHU3HAYAIOTH TMOJIOKEHHS BY3JIOBHX
TOYOK 1 BEJIMUMHU BAaroBHX MHOXHHUKIB. TakuMu KpuTepisiMu
MOXYTh OyTH: 1) MoJaHHs iHTErpayly y BUINISI 1HTErpabHOL
cymH; 2) IHTEpHOJIALs MiAIHTerpaibHoi (GYHKIIT (HAIpUKIaL,
MHorowieHoM Teinopa [2]) 1 mnopajiblie iHTErpyBaHHS
IHTepHoNANiHHOI (YHKIT; 3) BUMora, 1moou dpopmyna (3) Oyma
a0COJIFOTHO TOYHOIO TS BUSHAYCHOTO Kitacy QYHKIIIH, 1 T.1I.

III.  YMCEJbHE IHTETPYBAHHS TABJIMYHOI ® VHKIIIT
JUIS OJTHIET HE3AJIEXKHOT 3MIHHOT

Po3rmnsiHeMo TOCTiIOBHICT pO3B'si3yBaHHs 3amad 1 i 2
CHOYaTKy CTOCOBHO HerepioguyHoi TaOnmu4HOi (QyHKOIT st
OJHI€T HE3aIEKHOI 3MIHHOI 3 BHKOPUCTaHHSIM MHOTOYJICHA
Teiinopa, a motiM, y iHImKX IyOMiKamisx, 3 ABOMa 1 TpboMa
3MIHHUMH.

156



TABJIMLIA 11. 3ATAJIBHUI BUTJIAJ TABJIMYHOT dYHKIIIT
JUISL OJTHIET HE3AJIEXKHOT 3MIHHOT
Ne By3ia 0 1 i p
X X0 X1 . Xi - Xp
Y 0 V1 e Vi e Vp

3aranom QyHkmito Y =Y[X], AKy 3agaHO Talnl. 2, MOXHa
MOJATH AHAJITHYHO 11 IHTEPIIOJSIHTOI Y BUTJIAAI MHOTOYICHA
Tetinopa n-ro crenens [3]:

2 n

X x -
Y—co+cll—!+022—!+...+cpz—T[x]><C , (6)
ne: T[x] — panok Teitnopa; c" - TPAHCTIOHOBAHUN PSJIOK

(ctoBmens) koedirientis intepmonsati. CroBmenp C' €
KOpEHEM TaKoi JIiHIHHOT CHCTEMU PIBHSHb:

T I |
¢ = +.. +C, = =y,
T TG
x xﬂ
1 1
¢ o — Ao HC,—/— =y = o = =
0 11' pn! yl,:}T[X]XC[=Y[,(7)
-
x xﬂ
P P
¢, +¢,—+= +.. +c, L =y ;
T TR
ne: T[X] — wmarpuns Teiinopa, ska OGUHCIIOETBCA 3a
KoopauHatamMu  By3miB X iHTepmosii; Yr -

TPaHCIIOHOBAHMH PSIJIOK (CTOBIMEIb) BY3JIiB IHTEPIIOJISILIIT.
Heo3nauenuii oounapruii inmezpan Bia MHorouwieHa (6), 3
ypaxyBaHHsM (7), BU3BHAYAETHCS 32 TAKOIO (HOPMYIIOF0:

2 n+l

xIxxC', (8)

x=x

=]

. X x
Ij[x]dx—col—!+q?!+...+cp Y

a O3HaueHull oOuHapHUN iHmezpan BiI MHOrowieHa (6) — 3a
TaKkow (OpMYIIOL0:

b X 2 ! x=b

!f[x]dx=col—!+cl; p(n+1)'x:a=

=Tl xbox €| =T xexC = (9)
=(Ti[x]x_ —f'[x]x_u)xl=><5',

ne: T'[x] — inmTerpoBammii psagox Teifnopa; Ix — MaTpuis
iHTerpyBaHHs pska Teiinopa.
Omxe, mig Yac OOYMCIIEHHS OJMHAPHHUX IHTErpajiiB Bij
¢byHKii, 3amanoi Tad. 2, MoTpiOHO BUKOHATH TaKi Jii:
® 3a JaHUMH TaONMLi cPopMyBaTH MaTpUYHE PiBHSHHS
(7) Ta po3B's3aTH #oro;
T'[x]

e cdopmyBaTu iHTerpoBaHuii psimox Teiopa i

MaTpHIIIo fforo inTerpyBanHs X ;

® Ui HEO3HAYECHOTO IHTErpaty — MiICTABUTH Y POPMYITY
. 7T .

(8) orpumanuii KOpiHb ¢ piBHsHHA (7) Ta 4MCIIOBE

3HaUeHHss X =X' 1 BUKOHATW omepaiii MHOXEHHS
MaTpHIlh, BKa3aHi y Bupasi (8);

® Ui O3HAYEHOTO IHTErpajy — MiJCTaBUTU y (OpMYITy

. 7T . .
(9) xopiHb ¢ piBHsIHHS (7) Ta YHUCIIOBI 3HAYEHHS X = a
i X =b, a mOTIM BHKOHaTH ONepalii MHOXEHHS
MaTpHllb, BKa3aHi y Bupasi (9).

Ipuxnax. Hexaii Big ¢ymkuii Y =Y[X], 3agaHoi Tabm. 3,
MOTPiOHO OOYMCITUTH 3HAYCHHS HEO3HAUYCHOT'O IHTETPAITY MPH X
=x"'=1.1 ta o3HaueHoro —npux =a=0.9ix=5b=1.5.

TABJIMLA 111 3HAYEHHS TABJIMYHOT & YHKIIT JUIS1 OJHIET BMIHHOT
Ne By3z1a 1 2 3 4

X 0,90 1.00 1.25 1.50

Y 893 686 430 304

PiBHstHHS 1u1st mi€i TaOnuyHOT (QYHKIIT Ma€e TaKUi BUIIIS

x x’ X = =
Y=co+cll—!+022—!+c3§=T[x]><C , (10)

a PO3B'I3KOM MaTPUYHOTO PiBHSHHS (7) € TaKHMi BEKTOP:

c,| |9099.29

=~ o = o] |-18384.24

TIXT YT =C =1 1= | 26437.14 (10)
o, |-19485.71

3HAYEHHS HEO3HAYEH020 OOUHAPHO20 [HmMezpany Bif
¢byukuii ¥ = Y[x] npu x = x' = 1.1 3Hax0mumMo 3a GOpMYII0I0

(8):

[fIx¥ldx=T'[x]| | xIxxC" =
0000
CO
L '4|1000 .
P C SC M €3 M I ISR I A O
o2t 3 4| c,
0010
C%
000 1f "
=1 1.1 0.605 02218 0.0610|x
0000
Lo o ol |909929
-18384.24 (11)
<0 1 0 ofx =3562.68.
26437.14
0010
-19485.71
000 1

3HAUYCHHS 03HAUEHO20 0OUHAPHO20 iHme2paiy Bill QyHKIIT
Y = Y[x] npu x =a i x= b 3Haxomumo 3a opmynow (9),
BHACJII IOK YOT0 OTPHUMAEMO TaKUil PO3PaxXyHKOBHI BHpa3:
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jf[x]dx=(f'[x] T )xExE' -
0000 |,
2 13 14 2 3 4 1000 0
= ]éb_b_b__ aa a a XOIOOXC'(lz)
12 34 |2 3 4 o 01 ol o
0001] I

[nrerpoBanmii psaok Teinopanmpux =a=0.9ix =b=1.5
MaTHMe Takl 3HaYeHHS €JIEMEHTIB

Ti [x]|x:l.5 B Ti [x]|x:0.9 -

0.9° 09 09

15 15 1.5 1.5 0.9
41 |

2! 3! 4! 1! 2! 3!

=|0 0.6 0.720 0.4410 0.1836|,

a O3HAYCHUI IHTErpal — TAKe 3HAYCHHS

1.5
fIxldx=|0 0.6 0.720 0.4410 0.1836|x

0.9

000
9099.29

100
-18384.24

[0 1 0 0fx =304.12. (13)
26437.14

001
-19485.71

000

BUCHOBKM

BcraHoBiieHo, 1O Ui OLIBIIOCTI TMPAKTUYHUX —3a7ay
00YHMCIICHHS IHTErpaJIiB MEPBICHY Bif MiAIHTErpaJIbHOI (QYHKIIIT
HE 3aBX/IM BJIA€ThCS BUPA3UTH uepe3 eneMeHTapHi ¢yHkuii. B
IHKEHEPHUX pO3paxyHKax MiJiHTerpaibHa (QYHKIIS Yacro
3aMa€Tbcsl TaOiMuero 1i 3Ha4YeHb Uil TEBHUX 3HA4YEHb
apryMeHTy.

Po3pobneHo Mero YMCeNnbHOro iHTerpyBaHHs TaOIWYHOI
GbyHKIT A omHiel 3MIHHOI 3 BHKOPUCTAHHSAM MHOTOUICHA
Tetinopa. J1yst OOUHCIIEHHS HEO3HAYEHO20 iHMe2pa.Ty TIOTPIOHO
TIOMHOXKUTH 1HTETpOBaHMH psjok Teilnopa Ha MaTpHIKO
IHTETPYBaHHS Ta HA CTOBMEIb KOE(ILIEHTIB IHTEPHOJSHTH.
OOuuciIeHHS K O3HaueHoeo iHmezpany 3BONUTBCA 0
MHO)KEHHSI BHpa3y, SIKMH € PpI3HUIEI0 MK I1HTErpOBAaHUMH
psankamu Telimopa B 3aJaHMX MeXax, Ha MAaTPHIIO
IHTErpYBaHHS Ta Ha CTOBIIEIb KOE(II[i€HTIB IHTEPIIOSHTH.
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Anomauyia—The simulation model of drying granules in a
fluidized layer was developed. On the basis of computer models
conducted an experiments and designed the basic parameters,
factors and dependences, to optimize the corresponding process.

Abstract—Po3podsiena imiTaniiina Mogeab npouecy CylriHHs
TpaHyJATy y ncesaospimkenomy mapi. Ha ocHoBi po3podienoi
MoJeJli MPOBeAeHHI KOMIT'IOTEPHUI eKCIIepHMEHT i po3paxoBani
OCHOBHI mapaMerpu, (pakTopH i 3a/1€KHOCTi, 10 J03BOJSIOTH
ONTUMI3yBaTH BiANOBiAHUI npowuec.

Knwuoei cnosa—mamemamuuna mooenv, nceeoo3piodnceHul
wap,imimayitina mooens, CYWIiHHA ZPAHYIAMY, MEXHONO02IYHUI
npouec.

Keywords—mathematical model, fluidized layer, simulation
model, granules, technological process.

I.  INTRODUCTION

Drying in fluidized layer - the best way to monitor, uniform
drying granules. This process is characterized by a number of
parameters: quality and quantity of raw material and finished
product, temperature and relative humidity of environment,
product residence time in the dryer and others.

The essence of the drying process that takes place in a
fluidized layer, is next: the passage of a certain rate of warm
air goes through a layer of granular material (grain, chips,
etc.), a layer of particles obtains properties of liquidity and

0. M. MapTtusiok

CTyaeHT iHCTUTYTY ABTOMAaTHKH, KIOEPHETHKH 1
00YHCITIOBATILHOI TEXHIKH,
HanioHanbHuii yHIBEpCUTET BOJHOTO TOCIIONAPCTBA Ta
MPUPOIOKOPHCTYBaHHSI, M. PiBHe
Byn. CobopHa 11, m. PiBHe, YkpaiHa,
Wushubalo@ukr.net

resembles a boiling liquid. With such an active mixing of
warm air and granular material the drying process becomes
more intensive [1-3].

II. PROBLEEM SETTING

Model understanding of the process of drying of dispersed
materials in fluidized bed insufficiently developed, due to the
complex, heterogeneous structure of layer and the insufficient
degree of scrutiny it hydrodynamics movement phases.

According to the above, material balance equations for
dryers, heat balance equations for dryers, as well as for each
component are presented in the form of equations (1) - (6):

7
7=ml—m2+m—m”2, (1)
d(McT),)
T4= mT’ZCD _ngcparT;l +mITI'Cgr _mZT_;Cgr’ (2)
d(MC,)
T3=m_mm2cl) (3)
dMC dMC
(Tﬂzm_mmzcg (Te)zmch_mnzCe_mzcm (4)
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d(MC
(—g)=m1Cg -m,C, Q)
dt
d(MC
( dt ) =mCy —m,Cy —m,,C, (6)

where dM/dt - rate of change of mass, m; - the consumption of
moist granules, that goes into the apparatus, m, - consumption
of dry granules, that goes out from the section, m -
consumption of the heating air, m,, - the consumption of the
heating air, that goes out from the section, cp — heat capacity
of the air, ¢, - heat capacity of the heating steam, c, - heat
capacity of the granules, ¢z — heat capacity of the humidity, Cp
- concentration of the air, C, - concentration of the steam, Cr -
concentration of the granules, Cg - concentration of humidity
m; — the consumption of moist granules, that goes into the
apparatus, m, — the consumption of dry granulate that comes
from section; 7, - temperature of the heating air, 7, -
temperature of the pair, that goes out from section,
Copur =Cp 5 c, L s Cp =€, Sy Cy S5 heat capacity of the
Pp P, o Ps

steam, that goes out from section, 7; - temperature of the
moist granules, 75 — the temperature of dry granulate, cp - heat
capacity of the heating air, cp, - heat capacity of the steam,
that goes out from section, ¢, — heat capacity of granules.

The solution of equations were looked up by the following
data: m;=6,33 kg/s; my=5,56 kg/s; m,,=68,9 kg/s; cp=1,009
kl/kgK; c.=1,9 kl/kgK; c~=1,25 klJ/kgK; cg=2 kl/kgK;
pp=0,973 kg/m’; p~0,5 kg/m’; p~=1610 kg/m’; ps=972,69
kg/m3; T,=18 °C; T,=90 °C; T;=50 °C and the corresponding
to initial conditions.

[II. PROBLEM SOLUTION

The solving of the problem of modeling of technological
process of drying granulate was carried out by construction of
a simulation model. The algorithm of the program, the
software and simulation model were developed.

The application package Simulink Matlab was used to
implement the mathematical model of the process:

EE

HDEH

Fig. 1. A simulation model of dry granulate

As a result of simulation we obtained:

Fig. 2. Changing the heating air mass

Fig. 3. Changing the concentration of humidity in the granulate

1,¢

Fig. 4. — Changing the temperature of the heating air

As we can see from Fig. 2-4, the maximum warming air
mass does not exceed 70 kg, the concentration of humidity in
the granules should not exceed 0.14 %, and the optimum
temperature of heating air in the device is no more than 32 °C

CONCLUSIONS

A mathematical model was build. It describes the
dependence of mass change of heating air, changing the
concentration of humidity in the granules, changing the
temperature of the heating air. The solution of mathematical
model was found by using the application package Simulink
Matlab.
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Identification of the distribution model soil moisture
based on ABC

M. Dyvak
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Anomauyia—Posrnsinyro Meron igeHTudikanii  moneneit
00’ekTa 3 pO3NONIIEHMMHM  TIapaMeTpaMH Ha  OCHOBI
TOBEAIHKOBUX Mojeneil 01KoJIMHOI KooHii. I3 3acTocyBaHHsiM
3aMpPONIOHOBAHOI0 MeToAy No0yJ0BAHO MaTeMAaTH4YHY MoJe/b
PO3MO0JiTy BOJIOrOCTi TPYHTY Ha JiJISTHIII 1OJISI.

Abstract—Considered the method of identification models the
object with distributed parameters based on the behavioral
models bee colony. By using the proposed method building the
mathematical model of the distribution soil moisture in the field.

Knwuoei cnosa— anzopumm 60xuconunoi xonowii (ABK);
noeedinkogi  modeni  00)conunHoi  KONOHil;  cmpyKmypHa
i0enmupixayia mooeneit 00°€kmie 3 po3nodineHUM napamempamu.

Keywords— bee colony algorithm(ABC); behavioral models bee
colony; structural identification models the object with distributed
parameters.

I. Bcryn

EnexTponpoBimHicTh TpyHTY Oe3mocepesiHbO BU3HAUa€E
poatovicTs TpyHTY. J1JIsi MOZEIIOBaHHS €JIEKTPOIPOBIIHOCTI Y
npani [1] BUKOPHCTOBYEThCS 1HTEpBAIbHA JUCKPETHA MOJAEIbD
y BHUIJISAI pi3HHLEBOI cxemH. Taka Mojenb HENOCTaTHHO
aZIeKBaTHO BifoOpa)kae BIIACTHBOCTI E€JIEKTPONPOBIAHOCTI,
30KpeMa IMpU 3MiHi BOJIOTOCTI .

3amaua BCTAaHOBJIEHHSI POCTOPOBOI'O PO3MO/LITY BOJOTOCTI
TPYHTY € CKJIaJHOIO 3aJadyel0 arpoMereopoiorii. €auHuM
HAJIMHAM CHOCOOOM OTpUMaHHS iH(OpMAIli MpPo MpoIech

1. Madiudia

Department of Computer Science
Ternopil National Economic University
Ternopil, Ukraine
imadiudia@gmail.com

3BOJIOKCHHSI Ta OCYLIEHHS TPYHTY B pealbHUX YMOBAax
CLIBCHKOTOCIIOAAPCHKOT0 IIONIA € PO3PaxyHKOBHUH Meron 3
BUKOPHCTAHHSIM PsITy MaTeMaTUIHUX MOJIEIIEH.

EnexTponpoBimHicTh, sIKa € XapaKTEPUCTHKOI HOro
POAIOYOCTI, 3aleXHuTh Bix BMicTy Bojoru [2]. dudysiiini
MPOLIECH TIPU3BOAATH 1O 3MIHM BOJIOTOCTI 1 BiANOBITHO IO
3MiHH €JIEKTPOIPOBITHOCTI.

ToMmy, y omaHiii mpami  3ampoIOHOBAaHO  MOJENb
EJIEKTPOIPOBITHOCTI B SAKiH BPaxOBYEThCS IMPOCTOPOBHIA
po3monmia  BONOTOCTi  TpyHTY. IIpOCTOpOBWIA  pO3MOALNT

OTPUMAHO i3 3aCTOCYBAHHSIM IHTEPBAJIBHOI JUCKPETHOI MOJIEII
PO3TOLTY BOJIOTOCTI.

I1. Y3ArAJIBHEHW BUATJISIA MOJIEI EJIEKTPOIIPOBIJIHOCTI

[PYHTIB
[IporeneHi JIOCITI JPKEHHS, 111 (i (o) 3aJICKHOCTI
€JIEKTPONPOBIAHOCTI TPYHTIB /IO IHIIMX YHHHHKIB JAIOTh
MOXJIMBICT ~ COPMYITIOBATH  BHUMOTH  JO  CTPYKTYpH
MAaTeMaTHYHOI ~ MOZETI  EJICKTPOIPOBIAHOCTI, a  came:
MareMaTHYHa MOJENb [OBHHHA  OMUCYBaTH  PO3MOJILI

EJIEKTPOINPOBITHOCTI B MEXaX 3aJaHol MUISHKY; MaTeMaTH4YHA
MOJIENTb PO3MOALTY €JICKTPOIIPOBIIHOCTI MOBUHHA BKJIIOUATH Y
ce0e YMHHHK BOJIOTOCTI TPYHTY.

Mopenb €JIeKTpONpOBIAHOCTI MOOYAOBaHA Yy BUIIIAMI

PIBHSIHHS :

E = f"(EyorrE g By s By vy )-8 (1)
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ne  fT(e) - GasucHux  (QYHKIH; E

CNICKTPOMPOBIAHICT, B TOUIll 3 JAUCKPETHO-3aJaHUMU
koopaunaramu i =1,...0, j=1L..,J #insHKA 1mONA; Wy, -
HOPMOBaHa BOJIOTICTH B TOYIN 3

BEKTOP

JIMCKPETHO-33IaHUMHU

koopauHatamu i =1,..,I, j=1,...,J pmingakn noms. s
ypaxyBaHHS po3toaiTy BOJIOTOCTI B MoJei
€JIEKTPONPOBIAHOCTI  HEOOXiZAHO TOOYAyBaTH AUCKPETHY
IHTEepBaJbHY MOJIENb Y BUTIIS
2NN APPSO A (A1 SO A OO A
WoaD-g i=Le,1, j=1..J, (2)

re [vi;;
KoopJAuHaTaMH.

Crimpatounch Ha yMOBHU 3a0e3redeHHs1 3aJanoi ToqHocTi(3),
orpumyemo ICHAP[1].

v, ;] -iHTepBal BOIOrOCTI B TOYLI 3 JMCKPETHUMH

A Vi=lod, Vi=1J. (3)

v 1elv v

MaTeMaTHYHO 3HAXO/DKEHHS XO04a O OIHOrO PO3B’SA3KY
ICHAP chopmysaroemo y BUTIISII ONTHMI3aliiHOI 3aaadi, 3
1inpoBOIO (yHKIiE O (AS), iKa BU3HAYAE CTYMiHb IIOXUOKH 31
CTPYKTYpOlO As, Ti iHTepBasbHMX JaHuX. Ilpu 1BOMY
PO3YrO/KEHHS MK EeKCIIepUMEHTAILHUMHU  IHTEPBaILHUMHU
JNAHAMH 1 pe3ynbTaTaMH IPOTHO3YBAaHHS IPEACTaBUMO Yy
TAKOMY BHIJISL:

o=01-(wid(V, mlz,j)/wid(Vi,j))-IOO%, 4
Iie wid — NIUpHHA IHTepBay.
ChopMmynroBaHa 3ajada €  3a7a4Cl0  CTPYKTYPHOI
ieHTU(IKAITT.

II1.3ACcTOCYBAHHS ABK JUIS IIEHTU®IKALIT MOJIEJII
PO3IIOITY BOJIOTOCTI I'PYHTY

Jlnst  po3B’si3aHHS  MOCTaBIEHOI
iIeHTU (KAl BUKOPHUCTAEMO METOJT CTPYKTYpHOL
imeHTU(dIKaIli HA OCHOBI  aJrOpUTMY OJDKOJHHOI KOJIOHII,
pospobnenuit M. JluBakom Ta H. Ilopmmumero [3].
OcCoONuBICTh METOAY TMOJSArae€ y TOEAHAHHI KOMITOHEHTIB
TIOBEIIHKOBOI MOJENi 3 METOJaMHU aHalli3y IHTepBalbHUX
JAHUX 1 HAa 1[I OCHOBI ()OPMYJIIOIOTHCS TEOPETUYHI OCHOBU
MOOYOBH MPOIEAYP MOIIYKY II00aThbHOT0 MiHIMyMY () yHKIIIT
Metd O (As) B 3aa4i CTPYKTYpHOI ieHTH(iKaMil iHTepBAIBHOI
JIUCKPETHOT MOJIEII.

3aJa4i  CTPYKTYpHOI

B pesynbrati cTpykTypHOi ineHTH(DiKaMii Ha ocHOBI ABK,
OyJI0 OTPUMAHO TaKy JUCKPETHY MOJIEIb!

[V 39 ,1=0.3785 +

0.3795-[V2, 03V, 0,4 1+ 0.0273 [, ,_,3v,, L1+

0.2767 [V ;139 5,21+ 01510 [V 197, 1+
0,1310-[v, 140,1673-[v,, i/ 1+ (5)

0,0540-[v, +0,0028-[%5, , 5395 1,
LA i=1..2, j=1..2.

CTpykTypa iHTEpBaJIBHOI AMCKPETHOI MOJEII MICTHTH 8
CTPYKTYPHUX E€JIEMEHTIB Ta /IS OJIHI€T MPOTrHO30BaHOI TOUKH
BuMarae 21 omepaiito MHO)KEHHS Ta 8 orepariiii 1o1aBaHHs,
TOOTO € TOCTaTHBO MPOCTOr0. ['padik Ha puUCyHKY 1 UTHOCTpYyE
MOXUOKY PO3YTrO/DKEHHS MK BUMIPSIHUMH 1 CIPOTHO30BaHHM
3HAYEHHSIMU BOJIOT'OCTI rpyHTy

10[8(%0) |

L_hndlL

L4 *

1 2 7 9

1211’1211

1211’121]
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Puc. 1. Po3yromkeHHs MDK BHMIPSHHMH 1 CHPOTHO30BAHHMH 3HAYCHHSIMH
BOJIOTOCTI TPYHTY.

Sk 6aunmo, Mipa po3yrompkeHocTi He nepesutrye 10%, 1o
€ TIPUHHATHHUM 3 TOYKHU 30py NOXHMOKK BUMiptoBaHb y 10%.

BUCHOBKHI

Y mpami 3amponoHOBAaHO Ta OOTPYHTOBAHO MOOYIOBY
JIICKPETHY MOJIENb PO3MOALTY EeKTPONPOBIHOCTI HA JIUISHIL
oy, i3 BpaxyBaHHIM posmoiny BOJIOTOCTI.

Brepiie, Ha OCHOBI TOBEIIHKOBHX MOJENEH OJIHKOIMHOI
KOJIOHIT ~MOOYJ0BaHO iHTEPBAIbHY IUCKPETHY MOJEINb
pO3TONIIY BOJOrOCTI Ha MUIAHIN TIIONsA, SKAa BHU3HAYAETHCS
MOXUOKOIO MPOTHO3YBAHHS B MEXaX MOXUOOK BHMipIOBaHb.
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Modeling of external effects dissemination in higher
order complex systems
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Anomauia—Peanizopana Moaesb PO3IOBCIOKEHHSI
30BHIIIHIX BIVIMBIB Yy CKJIAaJHHX CHCTEM BHCOKOIO HOPSIAKY.
3anponoHoOBaHMil AJrOpUTM BH3HAYEHHS 3B’SI3HOCTI BXiJHMX i
BHXiIHMX BIUIMBIB Pi3HHMX IiJcHCTEM.

Annotation—The model of external influences dissemination
in higher order complex systems is being implemented. The
algorithm for the connectivity determining of the input and
output effects of different subsystems is being purposed.

Knwuoei cnosa—modensv, ennug, ingopmauia, 36’a3nicmo,
2paghu, Komnonenmu 36’a3nocmi zpaga

Keywords—model, influence, information, connectivity, graphs,
graph connectivity components.

I. Bcryn

3amavi  OCHIDKEHHS peakilii Ha 30BHIINIHI BIUTUBU
0araTo3B'si3HAMX CHUCTEM Ha PiBHI IiJICUCTEM BHHUKAIOTH IIPH
BUPIlIEHHI ITPOOJIEM IPOTHO3YBAHHS 1 YIPABIIHHS Y CUCTEMAX
pi3HOI npupoau. OcoOIMBO aKTyalbHOO 1S MpoliiemMa € mpu
JOCII/DKEHH] CKJIagHUX iHQOpMamiiHUX CHCTeM, a caMme
BEJIMKUX OpraHi3alifHUX CHCTEM, SIKI SK TpPaBHIO, MalOTh
0arato3B'si3Hy  CTpPYKTypy. IlpukimamoM  Moxe  Oytu
JOCII/DKEHHSI  PO3NOBCIOJDKEHHSI  BIUIMBY  TPUHAHSTTS
KOHKPETHHX  KEpYIOUMX DilleHb Ha peaklil pi3HuX
CTPYKTYPHHX KOMIIOHEHT (ITiICHCTEM) Y NpOCTOpi 1 Yaci, Ha
NpeAMEeT  BUSBJIEGHHS 1X [O3MTHBHOIO 1 HEraTHBHOIO
xapaxkrepy[1].

E. A. Olijnyk
Department of Differential Equations and Applied
Mathematics
Vasyl Stefanyk Precarpatian National University
Ivano-Frankivsk, Ukraine
madferiteugene@gmail.com

MopentoBaHHsI TIOAIOHMX TPOLECIB MOXKE 3iHCHIOBATUCH
Ha Pi3HMX PIBHSX Aerarizaii [2]:

1) NoriyHOMY y paKypci JBO3HAYHOT JIOTiKHU;

2) JNoriuHOMY y pakypci HedwiTkoi Joriku (¢asi JOriku)
BIHOCHO CJIA0KOCTI 3B’S3KIB  y IIJCHCTEMax Ta MiK
migcucreMamu [3];

3) 3 NpHUB’SA3KOI0 /O 4Yacy, HUISXOM BpaxyBaHHS dacy
MIPOXO/KEHHS BIUIMBY MO PI3HUM KaHalaM Y MiJICUCTEMax Ta
MIDX ITiICHCTEMaMH TIPU X CTATHYHOMY XapaKTepi;

4) Ha KUIBKICHOMY DiBHI Yy CTaTUYHOMY IIpEJCTaBIICHHI
MiJICHCTEM, MLIIAXOM HAaJaHHA BIiAIOBIAHOCTI 3B S3KU -
(YHKIIIOHATbHA 3aJI€KHICTB;

5) KINBbKICHOMY piBHI Yy JIMHAMIYHOMY IIpEJCTaBIICHHI
MiJICHCTEM, IUISXOM HaJaHHA BIiAIOBIAHOCTI 3B S3KM —
iHTEerpoanQepeHIiaIbHi 3aJIeKHOCTI.

II. MOJEJIFOBAHH S

Y naHili poOOTI pPO3MIANAEThCS TIBKM HAWOPOCTIilIa
MOJETb - Y pakypci [BO3HAYHOI JIOTIKHM, OJIHAK BOHA €
0a30BOI0, TaK SIK CIY)KUTb OCHOBOIO JJISi HACTYITHUX OLIBII
NOTYXKHMX piBHIB MomemoBanus. Jlocmimkysana cucrema FE
TIOJA€THCSA 33JA€ThCSI MHOXKUHOIO TiiacucteM E, (i=1...n), Ta

ix  BXimEmmMum X' =(x{,x),...,X,)  Ta  BHUXiJHHMH

y' =, »,...,y, ) BIUuHBaMH. 3B'S30K MK KOMIIOHEHTAMH

BEKTOpa BXO4y x' 1 Bekropa BUXOmy y' mixcucremu E,

BU3HAYA€ETHCA ornepaTopom TIEPETBOPCHHA T;i TOOTO

y =T,(x"). 38’130k Mix enementamu E, i E, T0OTO Mix
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I

BEeKTOpOM y' 1

K

BUXIHAM BXIJIHUM BEKTOPOM X

BU3HAYAIOThCA  BimmoBigmicTio S,  (x'=S,y"). Ilpn

BiZICYTHOCTI B3aeMoIii Mixk enementamu S, =0.

Jis y3arajgpHEHHS OOYHCIEHb MPH JOLUIBHO TTO3HAYHUTH
CYKYITHICTh BEKTOPIB BXO/IIB 1 BUXO/IIB BCIX €JIEMEHTIB uepe3

1 1

X
X2 y2

X= 2Y =" |, (D
X" yn

ne posmipaicth X 1 Y Oynyts K = Zkl, i M= Zmi .

i i
Omnepatopu 7, i BigmoBigHOCTI S, NPEACTaBIAIOTHCSA
CyOMaTpHIIIMHU, 3 SKHX (QOPMYEThCS 3arajibHa OIEpaTOpHA
MxK wmarpunsa T i crpykrypaa KxM matpuns S. Ski y
CYKYITHOCTI JJAFOTh MOYJIUBICTb ITOB’S3aTH BCI BXOU 1 BUXOIH,
Ta BUXOIH 1 BXOIM MIiJCUCTEM BiJIIOBIIHO:

Tll 0 0 0 SIZ In
T=0 T, 0,S=|S,, O .S, . @
0 0 . T S, S 0

T00TO 1 X =SXY.

OTpyUMaHUM MaTPUYHUAM CHiBBIJHOLIEHHSIM (QOPMYIOTH
BIJIMIOBIZTHOCTI, KOMITIO3HMIIIT SKUX Ja€ KBaJPAaTHI MATPHUIl IO
OB’ SI3YIOTh TIONIEPE/IHI CTaHU BXOJIB (BHXOIIB) MiJCHUCTEM 3
HACTYITHUMHU:

X =SxTxX® =RxX', Y =SxTx Y’ =PxY"*.

Ksagparui matpuri R i P wmokna posrisgata matpuii
CYMIDXKHOCTI oOpieHTOBaHOro rpada 3 BepmmHamMd X i Y
BimnoBifHO. [IpuyoMy, SKIO 3aMaHUN TUTBKWA BXiTHHHA BIUIAB
Ha CHCTEMY MO)KHA BU3HAUMTH ITOYATKOBE 3HAUEHHS BEKTOpa
BUXOZy uepe3 mouatkosuii Bektop Bomy: Y' =TxX’ | a B
MOMATBIIHX JOCITIKEHHAX BUKOpUCTOBYBaTH MaTpuii R i P.

[lpy  momanmpImIOMy  MOJENIOBAaHHI  BUKOPUCTAEMO
TeopeTW4Hi 3acagu Teopii TpadiB, ski 0Oa3yroThCI Ha
HaCTYIMHUX BU3HauYeHHsIX[4]:

e BepuiMHa W OpieHTOBaHOro rpada D JocskHA 3

BEpLIMHH V SKIIO € NULIX i3 WY V;

® KOMIIOHEHTOIO  CWJIBHOI  3B’s3HOcTi  rpada D
Ha3UBAETHCS MOTO CUIIBHO 3B’ SI3HUN miArpad, KUl He €
BJaCHUM 1A rpadoM HISKOro IHIIONO CHIJIBHO
3B’s13HOTO Tpada D.

e nosHaummo uepes A' =[a;'] k-Ty creminb Matpuui
(k)
i

YUCITy NUIAXIB JOBXKUHH K 3 i-TOT BEPIIUHH Y j-TY;

cymikHocTti 4 rpada D, Toai eneMeHT d; @ JOpiBHIOE

e MaTpuLs AOCSHKHOCTI 7(A4) 32 MaTpHLEI0 CYMIXHOCTI 4
nopisHioe: T'(A)=Ev Av A*v..v A",

e MaTpuis CWIBHOI 3B’s3HOCTI S(4) 3a MaTpHICo
cymixaocti 4 nopisaioe: S(A)=T(A)AT'(A), ne
T"(A) - TpaHCIIOHOBaHa MATPHULS A;

® 3a JIONOMOrOI0 MAaTpHIli CYMDKHOCTI A MaTpHil
nocspkHocTi 7(A) Ta matpulli cuibHOI 3B’ s3HOCTI S(A4),
sSKa TIOBUHHa OYTM CHUMETPUYHOCTI BUIUISIOTHCS
KOMITOHEHTH CHJILHOI 3B’SI3HOCTI 32 CUMETPUYHUMU i1
MaTpHLsIMH MaTpuiii S(4).

Takum 4ymHOM Oepydi y SKOCTI MAaTpHIl CYMIKHOCTI
orpuMaHi panime matpuii R 1 P 3actocoByroun MeToauky
Teopii rpa¢iB BU3HAYUTH [5]:

® MOXIHUBI IIEPEXOO 32 KOKHUM OKPEMHM IHKIIOM i

3arajbHi BEpUIMHHU SIKi 3B’s13aHi MiXK CO00I0;

® BHU3HAYUTH  KOMIIOHGHTH  3B’SI3HOCTI  OKPEMHUX
HE3aJISKHUX IIUKIIIB, SIKI OB’ s3aHl 3 BXiIHUM BILTHBOM
1 SIKi HE3aJIKHO MOXYTh YTBOPIOBATHChH Y CHCTEMI.

BUCHOBKHI

Byna po3pobieHa MoAenb IMITAIHHOTO MOJCITIOBAHHS
PO3TOBCIOJKCHHS ~ 30BHINIHIX BIUIMBIB Y  MiJCHCTEMax
CKJIaIHUX CHUCTEM BHCOKOTO TMOPSIKY, a TAKOK BHUSBICHHS
MOJKJIMBUX BHYTPIIIHIX KOMIIOHEHT 3B’SI3HOCTI, S HE3AJICKHUX

LUKIIB. 3allpOlIOHOBAaHMM BapiaHT MO MOXe OyTH
PO3IIUPEHUHA JUIS JOCHI/DKCHHS YacOBHX XapaKTCPHUCTHK
MPOXO/UKEHHS  1H(QOpMAIlifHUX  IOTOKIB,  JOCIIDKCHHS
HEYITKUX BIJHONICHh MK IIJICHCTEMaMH 1 BCEpEIUHI
I JICHCTEM.
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Anomauyia—BnockoHaneHo MaTeMATHYHY MoIe1b Keywords— finite element method, soil consolidation filtration,
B32€MO3B’sI3aHMX  npoueciB  ¢iabTpaniiiHoi  koHcominamii, mechanical suffusion, heat-mass transfer

TEIJIOMACOIIEPEHECeHHsI Ta KOHTAKTHOI cy(o3ii B HeoqHOpiaHNX
IpyHTax, IIporpamHo peanizoBaHo po3B’si30Kk BiaNOBiIHOL
KpaiioBoi 3apayi METOA0M CKiHYeHHuX eJIeMEeHTIB.
IIpoanasizoBano BmMB cy(osiiiHnx siBUIl Ha QinsTpaniiny
KOHCOJIiIaNil0 B I'PYHTI, OiHEHI MPOCIZaHHSA IPYHTY 32 PaxXyHOK
3MiHM HANOPiB Ta 32 PaXyHOK 3MiHHM KOHIEHTpauii cydosiinnx
YaCTHHOK.

Abstract—Mathematical model of interrelated processes of
filtration consolidation, heat-mass transfer and contact suffusion
in heterogeneous soils have been improved. Software solution
appropriate boundary problem finite element method have been
implemented. The influence suffusion phenomena on the
consolidation of filtration in the soil, soil subsidence due to
changes in pressures and by changing the concentration of
particles suffusion have been analysed.

Knrouoei Ccl106a—Mmemoo CKIHUEeHHUX enemenmie;
Qinempayinna konconioauia rpynmy; mexauiuna  cygosia,
menJoconenepeHecen s,

I.  TIOCTAHOBKA 3AJIAUI

PosrnssnemMo  macus obmacti  ,, saxuit

IPyHTY B
NPUBaHTA)XEHUH IPYHTOM B oOmacti (), OUIbII BEIMKOL
¢pakuii (puc. 1) Ilix BmmBOoM BHCXigHOTO (iNBTpaIiiiHOIO
noToky cydosiiiHi uactuHkM 3 obmacti €, MOXYTh
MIPOHUKATH B 001acTh (2, . B pe3ynbraTi Mexa KOHTAKTy JBOX
rpystiB [, (t) € PYXOMOIO 1 3MIHIOE CBOE IOJOKEHHS B Yaci.
Tomy oOmacte €, — 1e TIpyHT, SIKHH CKIQJAEThCS 13
«ckeneTy» Ta Ccy(}o3idHMX YaCTMHOK 3 KOHIIEHTpAIi€l0
G(X,Z). Ilig KoHIEHTpaMlieo G(X,Z) YaCTUHOK B JESIKOMY

BHUIUIEHOMY 00'emMi V mopucToro cepemoBuina OyaemMo
PO3YMITH BiIHOIIEHHS 00’€My Cy(QO3iHHMX YacTHHOK M0
BChOro BHineHoro o6’emy V. Tomy o, (X,7)=(-n)-n,,

ne n, — QyHKII{ TOPHUCTOCTI «YHUCTOro» IPYHTY B 0OJIACTIX
Q,,i=12.
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H,

Puc. 1. ®inprpariiiHa KOHCOMIAALISA Ta KOHTAKTHA Cy(HO3is B HEOTHOPITHOMY
MAacCHBI IPYHTY

II. MATEMATUYHA MOJEJIb ITPOLIECY ®UIbTPALIIMHOT
KOHCOJIIIALII TA KOHTAKTHOI CY®O3II

MateMaTudHa MOJEIh 3a1adi (iUTBTPaIifHOT KOHCOIIaaIil
3 BpaxyBaHHAM Oarato (¢pakuiiiHoi cydosii  3rigHO
BUIIIEHABEAECHOI  INIOCTAHOBKU  OIMUCYEThCS  HACTYITHOIO
KpaiioBoto 3aaaueto [1-4]:

onX.t)  [i+eNi+8)
ot Zya(l—io(i)J
i=1
xV- (K, (c,T,e)Vh(X,t)-K Ve(X,1)-
on" 1 00"

-K. . VT(X _—
VTXo0)+ ot +2y o’

V- (DVe(X,t))+ V- (D, VT(X,1))-

—ch(X,t)zn@+a—N,
ot ot
or
V- (MW T(X,1))- pchT(X,l‘)=Cr5,
v ’ (D(l)vo-(l)(x’ t) + f(O', O-max ’u’ul(:r) )X
_ b (i) X, _ _
XO'(I)(X;ZL)¢W,"VZ):¥9I.:LS9 XEQZ9
ON
Ez_}/l(c_cm)’

a"(X.0)=Flo".0,, wulli=15 X<,

max

u=-K,(c.T,0,eVh(X, 1)+ K Ve(X, 1)+ K, VT(X,1),

KiHEeMaTU4YHI TpaHUYHI YMOBH

(Gmax - ia(” (X, t)Jw _

dt
=_il(q<i>,nn (X,1)e (X, 1)
X))
dt n'? dt
214 j X1 4, (K1) e T, (X, ),

+ —_—
(l+€xl+§)r02(x’t) Ot
MOYaTKOBI yMOBH

h(X,0) = H, (X),c(X,0) = Co (X),

T(X.0)=T,(X).c!)(X.0)=c(X), i=1S8,

1) _r©
Ly, (O) =001y (O) =T’ Takox KpaiioBa 3aJa4a MiCTHTh
TpaHW4HI YMOBH U HEBIOMHX (YHKIIH, a TaKOX YMOBH
CHPSDKEHHS Ha MEXI KOHTaKTY.

III. YU CEJILHE PO3B’SI3AHH S KPAMOBOI 3AJIAUI

UYucnoBuii po3B’s30k c(hOPMOBaHOI MAaTEMATUYHOI MOAEINI
y BUIJISIII HEJIHIMHOI KpaioBoi 3ajavi HaMJEHO METOIIOM
ckingeHux enementis (MCE).

AmHani3 pe3yabTaTiB NPOBEICHUX YHUCIOBUX EKCIIEPUMEHTIB
PO3paxyHKy  Ha/UIMIIKOBUX HANOpiB Ta  KOHIIEHTpAIl
cyho3iiHUX YaCTOK CBiAYMTH, MO Cy(]o3iiiHI mpouecH He
3HAYHO BIUTMBAIOTh Ha po3noxin HamopiB. OpnHak, 3MiHa
KOHIEHTpalii cy(o3iiHIX YAaCTUHOK 3HAYHO OLNbIIe BIUTUBAE
Ha TPOCiIaHHs TPYHTY, HiX 3MiHA HaropiB. Taki mpocinaHHs
(BiI 3araJbHUX) MOXKYTh CKIIaqaTH 01r3bKo 80%.

BUCHOBKHI

OTKe, MOJKHA 3pOOHMTH BHCHOBOK, IIO NPU HPOEKTYBaHHI
Criopyll Ha HEOJHOPIAHUX Cy(]O3idHMX TIpyHTax OOOB’SI3KOBO
MOTPIOHO TPOBOJUTH TOMEpPENHI IPOTHO3HI PO3pPaxXyHKH
BEIMYMHH TIPOCIaHb IIOBEPXHI IPYHTY JUIS HEIOIyIIECHHS
aBapifHUX CHUTYAITiH.
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Anomayia—OO0IpyHTOBaHA HeoOXigHicTh aHaIizy i
MOJEJIIOBAHHSI MPONECiB 371eTy 0e3NmiJIOTHOro KBaJApoKonTepa i3
MOXMJIOI IVIOINMHH Ta i0ro MpH3eMJIEHHs HA MOXUJIY ILIOILHHY.
HlnsixoM MaTeMaTH4YHOIO MOJEIIOBAHHA BH3HAYeHI OCHOBHI
0cO0JIMBOCTI  BINIMBY YXWJYy Miclsl  CTapTy/NpU3eMJICHHS
0e3MJIOTHOr0 KBaJPOKONTEpa Ha MNpounec BHXOAY 10 3aJaHOL
TOYKH MapUIPYTy. 3anpONOHOBAHI METOAU CTAPTY/NPU3EMJICHHS
0e3MJIOTHOT0 KBaJAPOKONTEPa, AKWii 3HAXOAMTHCA HA TNOXMJI
TLUIOINHMHI.

Abstract—The necessity of analyzing and modeling process of
the takeoff unmanned quadrocopter from the inclined plane and
landing it on of an inclined plane is described. Through
mathematical modeling the basic features of influence of slope
the start / landing unmanned quadrocopter on the process output
to the desired waypoint are considered. The methods of launch /
landing unmanned quadrocopter which is on an inclined plane
are proposed.

Knwuoei—cnosea keadpoxonmep, eucomomip, 3-0cbosuil
2ipockon, 3-ocvoeuii axcenepomemp, 3-0Cbo6uill MazHimomemp,
KepyeaHHus

Keywords—quadrocopter, altimeter, 3-axis gyroscope, 3-axis
accelerometer, 3-axis magnetometer, control

I.  BCTYII

TpanumiiHO MaTeMaTHYHA MOJIEIb KBaIPOKOIITEpa OMUCYE
JIUHAMIYHI TIPOIIECH B CHCTEMi B IJIOMY NpH HYJIEBHX
nmouatkoBux ymoBax [1-5]. Lle o3mauae, mo xBagpoxornTep
HEPYXOMO CTOITh Ha TOPU3OHTAJBHIM IUIOMIMHI TIPU 3JIETI.
[IpuzeMycHHS BIiIOYBa€TbCI Ha Ty K TOPU3OHTAIBHY
wiomuHy. [Ipodias MicIst 3eTy/IpU3eMIICHHS KBaJpOKOITEpa
CKJIAJIAETHCS 3 OKPEMUX JIJISTHOK 3 TiiioMaMu a00 CITyCKaMH i
piamie 3 TOpH3OHTAIBHHUX AUIIHOK. Kpyru3na mimiiomy abo
CIIYCKY IUISIHKH XapaKTEPU3YEThCSA YXHIOM, MTO3IOBXKHIM 200
MoTepevHuM. PyX KBaJpokomrepa BiIOYBA€THCS IO TPHOX
0OCsIX: ITOB3JIOBXKHIM, ITONEpPEUHil Ta BEPTUKAJILHIA. Y SKOCTI
MMO3J0BKHLOI ~ OCl  BHKOPHMCTOBYIOTH  OymiBeIbHY  BICh
KBaJIPOKOMNTEPA, KA 3aKJIAJa€TbCs INPHU MPOeKTyBaHHI. [Ipn
o0epTaHHi HABKOJO HEi KBaJAPOKONTEP OITyCKae OIHY 1
migHiMae 1HIY OOKOBY KOHCOJIBb 13 MPUKPIIDIEHUM 10 Hel
€JIEKTPOABUIYHOM. Takuii pyx HaszuBaeThes «kpeH» (Roll).
[Tomepeuna BiChb - Ii¢ BiCh, NEPHCHAMKY/SIPHA IUIOMIMHI
cumeTpii KBaIpoOKOmTepa, COpsIMOBaHA B OiK IpaBoi KOHCOJII,
sIKa JIONIOBHIOE, TAKUM YHUHOM, ITOB'SI3aHY CHCTEMY KOOPIWHAT
IO IpaBol TpiMKM BekTopiB. Ilpu obGepTaHHI HABKOJIO i€l ocl
KBaJPOKONTEp OIyckae 9u ImmigHiMae Hic. Ledt pyx
(1 YTBOpPEHHI1 3 TOPU30HTAILHOKO IUIOIMHOIO KYT) Ha3UBAECTHCS
«ranrax» (Pitch) — xyr MK TO300BXHBOIO BiCCIO
KBaJIPOKONTEPa 1 TOPU30HTAIBHOI IUIOMIMHOK. PO3pi3HSIOTH
TaHT@X 31 30UIBIICHHAM KyTa — KaOpyBaHHsi, Ta 3i
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3MEHIIEHHSIM  KyTa — mikipyBanusa. OOepraHHsS  HAaBKOJIO
BEPTHKAIBHOI OCI Ha3MBAETHCS «PHUCKaHHS» (yaw), KyT SIKHIA
O3Ha4Ya€ KyT IIOBOPOTY KOPIIyCy KBaJpOKONTepa B
TOPU30HTAJIBHUI IUIOMIMHI, BIUIIYYBAHWI BiJ HANpPSIMKY Ha
miBHiu. L{i Tpu KyTH, KpeH, TAHTaX 1 PUCKaHHS, BU3HAYAIOThH
HaxWJ JITaJBHOrO amapara MIOJ0 WOro HeHTpy. Bakimso
3HATH SIK BIUIMBAIOTh Ha JWHAMIKY DPYXY KBaJpOKOITepa
HEeHyJIeBI 3Ha4eHHs KYTiB KpEHY, TAHTaXy 1 pUCKaHHS, SKi
OOyMOBJIEHI ~ yXWJIOM  TIOBEPXHI  3JIETY/TIpU3EMIICHHSIM
oesmiorHoro (BITJIA) kBampokomnTepa.

II. BJIOK-CXEMA KBA/IPOKOIITEPA 3 PETVJIATOPOM

KBagpokonTep KOHCTPYKTHBHO € TOEIHAHHIM JBOX
MiICKCTEM: BJacHe KBaJpOKONTEpa, SK eNeKTPOMEeXaHiuHOT
MJICKCTEMHU 1 TUIATH KEpyBaHHS TOJIBOTOM, SIK EJIEKTPOHHOL
migcucTeMa. EjnekTpomexaHiuHa IMiJCHCTEMa pealli3oBaHa y
BHIUIAI XPECTOMOIOHOI 0anKoBOI KOHCTPYKINI, y SKid Ha
KO)KHOMY 3 KIHIIIB OJHAKOBOI JOBXWHH OaJlOK MPUKPIILIEH]
ENIEKTPUYHI JIBUTYHH IIOCTIHHOIO CTpyMy 3 TOBITPSHUMHU
mporiesiepaMy i3 He3MiHIOBAaHHM KyTOM aTakKH Tak, IO CHJIH
TATW BCIX YOTUPHOX Map EJNEKTPHUYHUI BUTYH-TIpOIEIep
HanpsIMJICHI TEPHEeHAUKYISIPHO OO0 IUIONIMHU  OaJkoBOL
KOHCTPYKIIi{, MPUYOMYy ABHI'YHH Ha CYCIOHIX KIHIIX Oaslok
MaroTh pi3HI HpomeJepu: OAWH 3 HHUX — IPaBHH Mporernep,
iHmmii  —  miBud.  IIBumkocti  obepraHHA — POTOpIB
€JIEKTPO/IBUTYHIB 1, BIJNOBIHO, CHJIM TATH TIPOIENEPIB
3MIHIOIOTh, 3MIHIOIOUM HAIPyrH, SIKi MOAAIOTh HAa OOMOTKH
eNeKTpOnBUTYHIB [4,5]. EjekTpoHHa mijmcucTeMa pealtizoBaHa
SIK TIaTa yHOpPaBJIiHHS CHIIOIO TSATU €JIEKTPOABHUIYHIB HUISIXOM
BU3HAYCHHSIM Hampyr, sKi HEOOXiJHO TOJaTH Ha OOMOTKH
BIJIITOBIIHUX €JICKTPOIBUTYHIB IS TepeMIICHHS
KBaJJpOKONTEpa 3a 33JaHOI0 TpaeKkTopiero. [Iporec oduncieHHs
y  MIKPOKOHTpOJIepi ~ 3HA4YeHHs  CHTHAJIB  YIpPaBJIiHHI
BiIOyBaETHCs 32 pe3y/IbTaTaMU BUMIPIOBaHb CEHCOPIB.

Ha Puc. 1 300paxeHa 0JI0K-cXxeMa MOJENI KBaIpOKONTepa
pasoM i3 IUIaTOK0 KEpyBaHHS Ta CEHCopaMH, ae Z — BHCOTa
KBaJPOKONTEPa, V, — BEpTUKAJbHA CKJIaf0Ba MIBUAKOCTI, v, 0,
W — BIITIOBITHO KYTH KPEHY, TaHTQXy Ta PUCKAHHS, My, Mg, M
— KyTOBI MBHUIKOCTI 00epTaHHs kBaapokonTepa, U;, U, Us; Uy
— HAIpYTH, SIKi TIOAIOTHCS Ha JBHI'YHH KBaJPOKOIITEPA. Biox
CEHCOPIB CKJIATAETHCS 3 BI/ICOTOMlpa 3-0CcbOBOTO TipocKoma, 3-
OCBOBOI'0 aKCeJlepoMeTpa i 3-0CbOBOro MarHiToMeTpa.

|
|
I Cencopu <
| p Ksaznpokonrep |«
: [Z ®y> D m[b]
|
e e et Lt L _
NE o
I e, v
| v
| @ Perynsitop U
| o, 4 MikpOKOHTpOJIEp > )
L [V2,7.,9] A

3anaHi Z,v.6,¢
Puc. 1. Bnok-cxema KBagpokomnTepa 3 peryyisiropom

[II. MATEMATHUYHA MOJEJIb KBA/IPOKOIITEPA

MaremaTtiyHa MOJETIb KBaJIpoOKoNTepa B MONBOTI 3
BpaxyBaHH;IM OCOOJIMBOCTEH CEHCOPIB PO3MIISAAETBCA K JIBI
CYTTEBO pIi3HI MaTeMaTU4HI MOEJi: BJIaCHE MAaTEeMaTHYHOI
MoJielTi kBaapokonTepa, sk BITJIA, Ha BXif SIKOrO HOCTYIIAlOTh
3HAQUEHHSl HAINpyr OKUBJCHHS EIIEKTPUYHHUX [JBHUTYHIB, a
BUXOJIaMU € KYTOBI IIBHJKOCTI 0OepTaHHS BaliB €IEKTPUYHHUX
IBUryHiB; MarematuyHoi moxeni I[1J[ perymsaropa, Ha BXif
SIKOTO BIJI CEHCOpIB TIOCTYNAlOTh BHMIpSHI 3HAuYCHHS, a
MIKpOKOHTpoJiep peanizye anroputMm I[1J] perynsitopa i Bumae
Ha BUXiJ] 3HAUESHHS HATIPYT YKUBJIICHHS! ABUT'YHIB.

MaremaTiyHa  MOJIENb  KBAaJPOKONTEPA  OMUCYETHCS
crcTeMOo rdepeHnianbHUX piBHSAHB 16-r0 mopsaky y ¢popmi
Komi [4,5].

Jus KepyBaHHs TIOJIBOTOM KBaJJpOKOIITEpPa
BUKOPHCTOBYIOTh PETYJIATOp, SIKMW 3aJae HEOOXiJHI HampyrH
Ha JBUTYHH TporenepiB. B panii  poboti  BHOpaHO
nporopuiiHo-audepenuiiauii  perynsrop  (I1[]),  sxwii
PETYIIIOE BUCOTY MOJBOTY Ta KYTH HAXWIy KBaJpOKONTEpa,
3MIHIOIOYM BEPTHKAJIbHY CKIIAJIOBY CHJIM TSATH TPOIEJIEPIiB Ta
MOMEHTH CHJI, sIKi 00epTar0Th KBaIPOKOMTED.

Bucory 7 BuU3Ha4aloTh BHCOTOMIpOM. BepTHKaJIbHY
LIBHJKICTh BHYUCIIIOEMO, YHUCEIFHO IpoauQepeHIitoBaBIIN
BHUCOTY KBaJpokonTepa. KyToBi mMBHAKOCTI oy, ®y Ta ©,, 5AKi
MOBUHEH JaTH 3-OCBOBUH TipOCKOI, I BIAMOBIAHI 3MiHHI
CTaHy MOJeJi KBaJIpoKomnTepa. Marouu Ioka3u ripockomna 3a
JIOTIOMOT'0I0 ()OPMYJT YHCENHFHOTO 1HTETPyBaHHS BHYHCIIOEMO
KYTH TaHTaxy, KpeHy Ta pHCKaHHs. BpaxyBaBIim npu oMy,
110 TiPOCKON Ma€ 3MillleHHs Hyls A, OTpuMaeMo (HOpMY.Ty JUIst
00YHMCIICHHS KyTa KpeHY B MOMEHT 4acy £+ Ha OCHOB1 3Ha4eHb
IIUX KyTiB B MOMCHT Yacy f;

lis)
Yi+l = J‘ 0)1/

t,
i

IH

dt+J-4/dt+YINYI+O‘)/z(tz+l t)+4(lz+l i

AHANOriYHO OOYHCIIOIOTHCS KYTH TaHTaXy Ta PUCKAHHSL.
3a paxyHOK ITOXHOKH HyIIA ripockona (TPEThOro IONAHKY)
TNOXHOKA BU3HAYCHHS KYTiB TAHIaXYy, KPEHY Ta PHCKaHHs Oyze
HAKOMMYYBATHCSA, IO MPHBOIHUTH [0 BIJIXWJICHHS TPAa€KTOpil
HOJILOTY Bif 3aJ1aHOI.

s Toro, mo0 TPOBECTH KOPEKIII0 KYTiB TOJIOKEHHS
KBaJIPOKONTEpa BHKOPUCTOBYIOTh OOYHCICHHS NUX KYTIB 3a
MOKa3aMH aKceJepoMeTpa. 3-OChOBHH aKCeJIepoMeTp Hajae
npoekii (Ay, Ay, Az) CyMH BEKTOpa IPUCKOPEHHS BLILHOTO
MaJiHHA 1 BEKTOpa aOCONIFOTHOIO MPUCKOPEHHS 00’ €KTY Ha 0ci
X, Y, Z, cucreMu KOOpIWHAT, 3B’s13aHOI 3 00’ekToM. [lpu
HEpyXOMOMY 00’€kTi abo oro piBHOMIpHOMY pyci HaBejeHi
BHIIIC TPOEKIii OyayTh IPOEKI[IAMHU BEKTOpa TMPHCKOPCHHS
BUTbHOrO maninag G Ha oci X,, Y,, Z, kBaapokontepa. s
KOPEKIIii KyTa PUCKaHHSI BUKOPUCTOBYIOTh HE aKCEIepoMeTp, a
MarHiToMeTp. 3-0ChOBHUH MArHITOMETP BH3HAYA€ MPOCKIIiT
BEKTOpa MarHiTHOI iHmykiii Ha oci X,, Y,, Z, KBaapOKomnTepa
(BiAMOBiAHO Byo, By, Ta B,o).

Jlns anHanmizy BUKOPUCTOBYBaBCS HEsSBHMH MeToxa PyHre-
Kyrra TR-BDF2 (Ha nepiiomy erari piBHSHHS 1HTETPYyIOTbH
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METOJIOM Tparienid, a Ha JpyroMy eTari 3acTOCOBYIOThH
dbopmyny nudepeHItitoBaHHs Ha3aa APYroro mopsaky) [6].

IV.MATEMATHUYHE MOJIEJIIOBAHHS 3JIETY
KBAJIPOKOIITEPA 3 ITOXWJIOT IIOBEPXHI

3nmer  KBaJpokomTepa 3  TOPU3OHTAIBHOI  ITOBEPXHI
BinOyBaeThcst y BepTUKaibHOMy Hanpsimi [1-5]. Crnpoba
BUKOHATH BEPTUKAJIbHUI 3J1€T KBaJpOKONTEpa 13 MOXHIOL
TUTOLIMHA MOXKE NPUBECTH A0 HerependavyyBaHUX HACHIKIB:
Ha KOB3Kiil MOBEpXHI KBaJPOKONTEpP INEpeMIIaTUMEThCs, He
37TAIO4M, TO TOBEPXHI B HEKEPOBAaHOMY HampsiMi, a Ha
LIOPCTKIN TIOBEPXHi KBaIpOKoNTep abo 311iTae B HEKEPOBAHOMY
HampsMi, a00 MepeBePTAETHC.

[IponoHyeTHCS BUKOHYBATH 3JIET KBAJIPOKOINTEPA 3 TIOXMIIOT
IUIOIIMHA Y TEPHCHAUKYIIPHOMY HAIpsMi JO IUIONIUHU 3
BIIKITFOUECHUM peryisitopoM. [licns Toro, sk KBaJpPOKONTEP
BIIUIETHTh HA JCSIKY BIIIalb BiJ IUIOIIMHH, BKIIOYAETHCS
PETYIISATOD 1 IMOJIT HPOAOBKYETHCS 3a IIPOTrPaMOIo.

Ha Puc.2 npuBesieHi TpaekTopii 37eTy KBAAPOKONTEPa MPH
PI3HHUX KyTax TIIOB3JIOBXKHBOTO YXWIY IOXHJIOI ILUIOIIUHU.
Tpaextopis 1 AeMOHCTpYE 3J7eT KBaJPOKONTEpa 3 IUIONIUHU
yxwioMm -0.5 pan, 2 —-0.3 pax, 4 —+0.3 pan, 5 —+0.5 pan. dus
TOPIBHSHHS ~ TIPUBEAEHA  TPAaeKToOpis 3 TpaAWIiiHOro
BEPTUKAIBHOTO 3JIETY KBAIpPOKONTEpa 3 TOPHU3OHTAIBHOI
IUTOIMMHK. Bci TpaekTopii cXOAAThCS B OIHIN 1 Til K€ TOYII
MOAAJIBIIOT0 MapIIpyTYy.

Puc. 2. Tpaekropii 371eTy KBagPOKONTEpa IPH Pi3HUX KyTaxX IMOB3L0BKHBOIO
YXUITy MTOXHIIOT TUIOLMHH.

V. MATEMATHUYHE MOJIEJIFOBAHHS TTPU3EMJIEHH S
KBAJIPOKOIITEPA HA ITOXWJTY ITOBEPXHIO

Peanmizamiss mnpu3eMyIeHHS KBaJpPOKONTEpa Ha IOXHITY
IUTOIIMHY € Ba)KUa HDK peajizallis 3JIeTy HOro i3 MOXHIOl
IUTOIMUHA. AJDKe Micisl MPU3EMIICHHS KBaJIPOKOINTEP MOBUHECH
OyTH TOTOBHUM JO HOBOTO CTapTy 3 THMHU XK HEHYJIHOBUMU
MMOYaTKOBUMH YMOBAaMH IO 1 MPU MEPIIOMY 3JIETi 3 MOXHJION
TUTOIIHHH.

[IponoHyeThCS BUKOHYBATH NMPU3EMJICHHS KBaJIpOKONTEPa
Ha TIOXWIY IUIONIMHY Yy JABa eramu. IIpuW miaapoTi J0 TOYKU
MIPU3EMJICHHS peryasTopy 3agaerscst Bucota 0,5 M. Taxum
YHHOM, BiH IOBEPTAETHCA IO TOYKHM BMJIBOTY Ha BHCOTI 0,5 M.

[Ticnst IbOTO peryssATop BIAKIIOYAETHCS 1 KBaJPOKONTED, SIK i
NpU pPY4YHOMY VIIpaBiiHHI [7], THpU3EeMIS€TbCS HAa MOXUITY
IUIOIIUHY.

Ha  Puc.3 npuBeneni  Tpaextopii  NpU3EMIICHHS
KBaJPOKONTEpa IPH MiUTHOTI HOro 3 YOTUPHOX Pi3HHUX CTOPiH
cBiTy. Bci TpaekTopii cXOmaThCs B ONHIN 1 Till ke TOUIli Ha
Bucoti 0.5 M HaJ MiclieM MpPU3eMIICHHSI.

Puc. 3. Tpaekropii npu3emiIeHHs KBagpOKONTEpa IpPH MiAIbOTI Horo 3
YOTHPHOX PI3HUX CTOPIH CBITY.

BUCHOBKHI
PeSyJ'ILTaTPI MIPOBEACHUX ):[OCJ'Ii}:[)KeHB BHU3HAYAKOThH
e(beKTI/IBHiCTI) Ta TIPaKTUIHY 3HalII/IMiCTB BUKOPHUCTaHHA

3aMpOMOHOBAHUX METOJIIB 37ETY/IPH3EMIICHHS KBaJPOKONITEepa
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JIITEPATYPA REFERENCES

[1] Huang H. Aerodynamics and control of autonomous quadrotor
helicopters in aggressive manoeuvring / H. Huang. G. M. Hoffmann, S.
L. Waslander, and C. J. Tomlin // IEEE International Conference on
Robotics and Automation, May 2009, pp. 3277-3282.

[3] Wissiere D. Experimental autonomous flight of a small-scaled helicopter
using accurate dynamics model and low-cost sensors / David Wissiere,
Pierse-Jean Bristeau, Alain Pierse Martin, Nikolas Petit // Proceeding of
the 17th Word Congress The International Federation of Automatic
Control, Seoul Korea, July 6-11, 2008, pp. 14642-14650.

[4] Nartin P. The True Role of Accelerometer Feedback in Quadrotor
Control / Philip Nartin, Erwan Salaun // IEEE International Conference
on Robotics and Automation, Anchorage, May 2010, pp.1623-1629.

[S] Marcelo Becker. In-Flight Collision Avoidance Controller Based Only
on OS4 Embedded Sensors/ R.C.B.Sampaio, S.Bounabdallah, V.de
Perrot, R.Siegwart// Journal of the Brazilian Society of Mechanical
Sciences and Engineering. vol.34 no.3 Rio de Janeiro July/Sept. 2012 —
March 2012. — Vol. XXXIV, No.3, July-September 2012— C. 294-107.

[6] Baarirkob. MaTematiuHe MOJCIIOBAaHHS BIUIMBY —OCOOJIHMBOCTEH
CEHCOpIB Ha IpoLeC MONbOTy OE3MITOTHOrO  KBaJPOKOMTEpa
/ b. bnarirko, I.3asuyk, ). Mouynbchkuii / @i3uKo-MaTeMaTHUHE
MOJeNIoBaHHs Ta iHdopMawiiiai TexHomorii. —2015. — Bum. 21. —C. 22—
29.

[71 Mouyabcbkuii FO. Matlab y ¢Gi3udHHX TOCHIIKSHHSX: HaB4Y. - METO/.
noci6. — JIpBiB: BL JIHY im. IBana ®panka, 2004. — 121 c.

[8] Bnaritko b. MonentoBaHHs npoLecy KepyBaHHs BEPTHKATILHUM 3JI€TOM i
npu3eMiIeHHsM Oe3ninoTHoro kBaapokonrtepa /bB.Bmaritko, 1.3asuayk,
JLKit. }O.Mouynbcekuii/ ®@i3MKo-MaTeMaTHYHE MOJICIIOBAHHS Ta
indopmariiiai Texuonorii.-2012.-Bun.2.-C.111-117.

169



bararomapoBe MoJie10BaHHS (D1310JI0TTYHOTO
JI03p1BaHHS JIFOIUHU

1.B. Comxko

kadenpa iHTENEeKTyaIbHUX CUCTEM MPUHHATTS PillieHb
UepkachKuii HalliOHATBHUN yHIBEpCHUTET iMeHi bornana XMensHHUIIBKOTO
Uepkacu, Ykpaina
sopko20@ukr.net

Multilayer modeling human physiological
maturation

1. Sopko
Department of intelligent systems of acceptance of decision
Cherkasy National University Bohdan Khmelnytsky

Cherkasy, Ukraine
sopko20@ukr.net

Anomauyia — OOIPyHTOBAHO 3aCTOCYBaHHs 0araToliapoBoro
MeTOAYy NepeTBOpeHHs iHdopManii, MO0 N03BOJISIE NMiABHIIUTH
NMOTY:KHICTh AJITOPUTMY CHHTe3y MoJejei. 3anponoHOBaHO
BHKOPHCTAHHA HOBOI0 iHAYKTHBHOIO MeTOxy 0araromapoBoro
mojaenoBaHus. JlaHuwii MeTon A03BOJISIE 3HAYHO MiIBHIUTH
inpopmaTruBHOCTi MacHBY BXiIHHX JaHHX Ta MOTYKHICTb
cucremMu OaraTopiBHeBoro nepersopenssi gopmu indgopmanii.

Abstract — Multilayer method of converting information can
increase the power of the algorithm synthesis models. The use of
a new inductive method of multilayer modeling. This method can
significantly increase the informativeness of the array of input
and power systems multi-information conversion forms.

Knwuoei cnosa — memood o6azamouiapoeozo nepemeopeHHs
iHhopmauii; memoo  2pynoeozo  ypaxyeawHs — apzymeHmie,
THOYKIMUGHUIL MEM OO MOOENIO6AHHA.

Keywords — multilayer conversion method information; group
method of data handling, inductive method of modeling.

I. Bcryn

[Ipu MozpentoBaHHI TUHAMIKM MOKA3HUKIB (hi310J0TIYHOIO
JO3piBaHHA JIIOJMHM IIOCTae  MpoOjeMa  HEeIOCTaTHbOI
iHpOPMATHBHOCTI MacUBY BXiHMX pAaHux. IIpoGrema
YCYBA€ETHCS IUISIXOM:

1) TlimBuiieHHS BXIJHUX
JIAHUX;
2) TlimBUIEHHS TOTYXHOCTI aJITOPUTMY CUHTE3Y MOJIEIT.
IIpu Bxe 3aBeplIEHOMY NPOIECi MOHITOPUHTY 3400yTH

I[OI[aTKOBi IIOKa3HUKHU 3a MI/IHyJ'II/Iﬁ HpOMi)KOK qacy 4acTto

iHpOPMATHBHOCTI  MacHUBY

HEMOXJIMBO. TOMY OCHOBHMM HAMpSMKOM JIOCTI/DKEHb €
TIPOLIEC TiIBUILIEHHS ITOTYKHOCTI 3aCO0IB CHHTE3y MOJIEINEH.

Meroan 1HOYKTHBHOTO MOJENIOBAaHHS JalOTh HaIiHHY
MOJKJIMBICTh OTPHUMAaHHS TOYHOI imeHTHdIKaIil a00 MPOrHo3y
PI3HHUX CKIIaJHHUX IPOLECIB Yy BHIIQJKY MajoiH(pOpMaTHBHIX
ab0 3allyMJICHWX BUXIAHMX JaHuUX. Ha BiaMiHY BiX
JIelyKTHBHUX METOJIB MOJENIOBaHHS a00 HEHPOHHHX MEPEeX,
B pe3yabTaTi 3HAXOAATHCS SIBHI MaTeMaTW4HI MOJeli,
OoTpuMaHi 3a BiIHOCHO HeBenukuid 4ac. [Ipore mpu cuHTE3i
IHAYKTUBHUX MOJIeNied HEOOXiHO YMOBOIO JJISl OTPUMAaHHS
aZIeKBaTHUX MoJlejiedl € JocTaTHs 1H()OPMAaTHBHICTh MacHBIB
BXIHUX JaHuWX, a [e € mnpoOieMaTHyHUM. Husbka
aJIeKBaTHICTh MO/JIEJTIOBaHHS 00’€KTIB MOHITOPHHT'Y
010JIOTIYHOrO JO3piBaHHS JIIOAWHH OOMEKYE BUKOPUCTaHHS
IHTENEeKTyaJlbHUX 3aco0iB  TepeTBOpeHHs iHdopmamii B
crcTeMax 0araTopiBHEBOro MOHITOpUHTY [1].

Tak sk BUHMKae mpoOieMa BTpaTH O3HaK B MpOIECi
dbopMyBaHHS  MoOIeNieii  mocTayia  3amada  ITiJBHIICHHS
a7IeKBaTHOCTI OLIIHKH BIUIMBY ()aKTOPIB Ta MOTYKHOCTI 3aC00iB
cuHTe3y Mojened. [loTyXHICTh I1HIYKTHMBHUX aJITOPHTMIB
cunre3y moxenedi (ACM) d9acTo J03BOJSE 3HH3UTH MEXKY
iH(pOpMaTHUBHOI JJOCTATHOCTI Ta OTPUMATH aJIeKBAaTHI MOJIEIIeH
13 HEJIOCTATHHO 1H(QOPMATHBHUX PE3YJIBTATIB MOHITOPHHTY.

B mmx yMoBax ONHMMH i3 BU3HAUAJIBHHX (DAKTOPIB €

I ABUALLIEHHS MTOTYKHOCTI ACM Ta BUKOPHUCTATH
iHpOPMATHUBHICTh KOXKHOTO 13 OTPUMAHUX IIOKAa3HHUKIB.
[lnanyeTbcss ~ BUKOpUCTAaTH  METOAM  0araTourapoBOro

MOJIeNTFOBaHHs [2] is miAcHIeHHs oTyxHOCTI ACM.
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II.  ITOCTAHOBKA 3AJIAY JOCJIJ)KEHb

Mertoro 1i€i poOOTH € PO3B’sA3aHHA 3aJadi CTPYKTYPHOL
iTeHTU(IKAITT baraTorrapoBoi Mozei [IOKa3HUKIB
(i3i0MoriYHOr0 M03piBaHHsA JTIOAUHA. HeoOXiqHO BHU3HAYMTH
TepeiK MOJIENEH, OTPUMAaHUX 3a 3aBepIICHUMHU
aJIrOpUTMaMH, IO YTBOPATH CTPYKTYPY LIAPiB, Ta PO3B’S3aTH
3amady  y3rO/DKCHHS  B3aeMOJiM I1WMX  Mojened  mpu
(opMyBaHHI GaraTomapoBoi CTPYKTYpH.

III. METOJ CUHTE3Y BAI'ATOLLIAPOBUX MOJIEJIEN

Po3B’s130K mocTaBiieHHX 33724 MepeadavyacThCsi OTPUMATH
LUISIXOM 3aCTOCYBaHHS BHKOPUCTAaHHS HOBOTI'O 1HJYKTHBHOTO
MeToay 0araTtomapoBOro MOJIENIOBAHHA Ta 3aco0iB #oro
peaitizaii.

[locraBieHe 3aBIaHHS BHPILIYETHCS MUIIXOM PO3POOKH
0araTomapoBOro MOJIENIOBaHHS Ta yAOCKOHAJIEHHAM BiZIOMOTO
METO/ly MOJIEJTIOBAHHS CHCTEM MOHITOPUHTY.

Ha BiaMiHy BiZ iCHYIOUMX METOAIB Ta 3aCO0IB MOHITOPUHTY
B oOyacTi (i3ionorii JIOAMHA HOBHH METOJ A€ MOXIIUBICTH
aBTOMAaTH3allil MpoIecy MO0YI0BH BEPTUKAIBLHUX 3B’ SI3KIB MK
mapamu. lle 103BONHUTH MIHIMI3yBaTH BIUIMB CYO’€KTUBHHX
CyI)KeHb Ha Tpolec Mo0yZOBH CTPYKTYpPU CHUCTEMH
0araTopiBHEBOro TMepeTBOpeHHs iH(opmamil sK peamizarii
TEXHOJIOT] 0araTopiBHEBOIO MOHITOPHHTY  010JIOTiYHOTO
JO3piBaHHS ~ JIIOAWHHU. BupimeHHs 3agad4i 3 TOSBOIO
3alIyMJIGHUX JIAaHUX JOCATA€ThCS ILISIXOM BHKOPUCTAHHS
NPUHLMUITB  HECYMIIIEHOCTI CHTHaNIB TpH  (opMyBaHHI
KpHTepiiB BigOOpy iHPOPMATUBHHUX O3HAK.

OcHOBa JOCIIJUKEHHSI TPYHTYETBCS HA PIZHUX METO/aX
CTpYKTypu3alii Mogjeinel, 3arajbHa cXeMa METOHY CUHTE3Y
OaraTonapoBuX MojieNel peacTaBieHa Ha puc. 1.

—_—
—

2map | Y¥

—

X 1 map Y

Puc. 1. 3aranbHa cxema cuHTe3y OaraTolapoBUX Mojeen

B rTabimmi | mogaHHO mepenmik - ITOKa3HWKIB, IO
yrBopiotoTh [lepBunnuii onuc (I10) obekra.

B xoni mpoBeneHHs JOCIIIKEHHS BH3HAYEHO MPOOIEMH,
BUPIIICHHS OJIHI€l 3 SKUX TMPU3BOAUTH JO BUHUKHEHHS iHIIOL
Ta HaBmaku. [Ipu 30inblIeHHI 00’€My INEPBUHHOTO OIHCY
BUHHKaE IpoOJiieMa B MpoIeci BU3HAYEHHS (PAKTOpIB BILIMBY
Ha OloJIOTiYHE JO3piBaHHA JIIOMWHH 10 3i0paHuMX JTaHHX,
YCKJIAJHIOETBCSI HEAOCTATHICTIO MOTYXKHOCTI 3ac0o0iB aHaizy
Ta TPOOJIEMATUYHICTIO OOPOOKH BEIMKHX MACHBIB BXIiTHHX
JIAaHWX, a MPU 3MEHIIEHHI — HEeJJOCTAaTHICTIO iHOPMATUBHOCTI
TIEPBUHHOTO OIHUCY JUIs CTBOPEHHs ajiekBaTHOI Mojeni. [Ipu
0o0po0li  JaHWX 3arajbHa  KUIbKiCTH  iH(opMamii  He
30UTBIIYETHCA,  TOMY  JUIS  BiOOpaXKeHHSA  KIiJBKOCTI
iH(pOPMATUBHHUX MOKa3HHUKIB B MOZENI HEOOXIJHO PO3POOHTH
METOJl MOJENIOBaHHS, SIKMHA 3a JIOIIOMOTOK CTPYKTYpHU3allii
Momeneil  3700yBaTMMe  OLTBII  TOUHY iH(oOpMaIio 3
TIEPBUHHOTO OITHCY.

TABJIALIA 1. TTOKA3HMKH MACHBY BXIJIHUX JIAHUX
1/
No IMokaznuk Craryc 3miHHa
1. Kinbkicts 3y6iB Xi
2. Bix Xz
3. JloBsxuHa Tina X3
4. Maca Tina He3a:nemna Xy
5. | O6xBat rpyHOI KIITKH JuinHa Xs
6. JloBkKHA pyKH X6
7. JIOB)KMHA HOTH X7
8. ITam’s1TH i
9. VBara Y2
10. | CopurHicTs 3a.rl‘em1-la Y;
11. | Bir30m e
12. | I'myukicTs ¥s

Ha puc.2 HaBemeHO TIOpIBHSHHS pe3yJbTaTiB CHUHTE3Y
MoJIeIel 32 O/IHOIIAPOBHM Ta 0araToIIapOBUM aJTOPUTMaMHU
IO iX BiTHOCHUX ITOXHOKaX.

—@&— BinHocHa noxnbra BaratopagHoro MIYA

— ¥ — BigHocHa noxvbra BaraTowaposoro MIYA

10.00%

8.00%

6.00%

4.00%

2.00% -

0.00%5

@ = &3 x 03

76 74 76 69 83 70O 76 78 75 7B V1 73 695 €9 73
LLIE KmcTi

2 I rewganhol

Puc. 2. Pe3ynbTaTél MOpPIBHSHHSA BIAHOCHHX IIOXMOOK 3a OJHOLIAPOBHM
aJITOPUTMOM CHHTE3Y MOJIeJieit Ta 6araToIapoBuM

BUCHOBKHI

B pesynbraTi  TWpoBeNeHUX ~ AOCTIDKEHb,  OyJI0
3alpoIIOHOBAHO  BiJIOOpakaTH  3aKOHOMIpPHOCTI  (hakTopiB
BIUIMBY OIOJIOTIYHOTO JIO3piBaHHS JIIOMUHKA B CTPYKTYpi
IHAYKTUBHUX  Mopeneil.  Po3poOineHo  HOBWIT — Merton
OaratomapoBoi CTPYKTypH3amii JUTST ITi IBUTIICHHS
iHpOPMATUBHOCTI MacHBY BXIJHUX JaHHX Ta MOTY)KHOCTI
CHCTEMHU 0araTopiBHEBOTO NEpEeTBOPEHHs (opMHU iHopMarii.
OTpUMaHO eKCHepUMEHTAbHE MiITBEPIDKEHHS, 10 TOYHICTh
30utpmmiace Ha 31,25% B TOpIBHSAHHI 3 OXHOIIAPOBUM
METOIOM.
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Anomauyia—QOO0rpynToBano 3acrocyBanns merony QCP mnpn
eMyJslii cuHTe3y OlIKiB, 110 [J03BOJA€ 3HAYHO POSIIMPHTH
3HAHHSl TNPOCTOPOBOI oOpraHizamii CTPYKTYpH MOJIeKYJa Oijika.
3anponoHoBaHo  BuUKopucTaHHs  aaroputmy QCP  mias
Moaupikamisi HAABHMX CTPYKTYP Ta OTPMMaHHS HOBHX OLJIKIB i3
HOBHMMH BJIaCTHBOCTSIMH.

Abstract—QCP method used to emulating the synthesis of
proteins. It is increasing knowledge base of protein structure.
QCP method can be used for modification exist and generation
new structures.

Kniouoei cnoea — imimauiiine M0o0ent08anHs; cunmes OLIKie;
anzopumm QCP; npomein.

Keywords — simulation; protein synthesis; QCP algorithm;
protein.

. Beryn

3HaYHUI PO3BUTOK KOMIT'IOTEPIB Ta CYIIEPKOMIT FOTEPIB, sIKi
CBOTOJIHI CTaJM CAMOCTIMHUM I1HCTPYMEHTOM IIi3HaHHS B
CydacHii  MOJIEKYNApHiId  Oiojorii Ta y  pe3yiabrarti
po3umpyBaHHS CTPYKTYpU T€HOMIB BipyciB, MIKpOOPTaHi3MiB
Ta TEHOMY JIIOAMHH 3’SIBHJIHMCS Bennue3Hi oOcsaru iHdopmarii
OO0 ITOCTIIOBHOCTEH HYKJICTHOBHMX KHCJIOT Ta OuikiB. Ha
OCHOBI HAKONMUYEHOI iH(OpMAI[i MpOoIeC MOICITIOBAHHS
moTpedye HasIBHICTH MOXIIUBOCTI OAYUTH K MOJCTIOIOYY TaK i
eKCIIEpUMEHTAIBHY CTPYKTYpY Oinka [1].

IIpu po3poOui HOBUX JIKAPCHKUX TIpenapartiB Ta OLIHII
BIUIMBY JOBKULIS Ha CTPYKTYpY OLIKIB (HIPOTEIHIB) BHHHKAE
npobyieMa iMITAI[IfHOrO MOJIENIIOBaHHSI CHUHTE3y OLIKIB 3a
YMOBHM 30BHIIIHIX 30ypeHb. Ha choromsi, e(peKTHBHICTH
JIOCITI/DKEHHSI IMX MPOLIECiB BU3HAYAETHCS KiJIBKICTIO PECYPCiB,
SIKI Ha HUX BUTPAYalOThCsl, Ta KiJIBKICTIO KOPUCHOI iH(popMartii,
SKy 3100ymTd B pe3yibTaTi JOCTIDKEHHS. Y  BUMAJIKY
BUKOPHCTAHHS BapTICHUX MIPOrpaMHUX MIPOIYKTIB

A.Kryshtal

Department of Information Technology
Cherkassy National University
By Bohdan Khmelnytsky
Cherkassy, Ukraine
kristal 7@i.ua

(Rosetta@Home, Protein Data Bank, WebProAnalyst i T.iH.)
€(eKTHBHICTb 3HIKYETHCS 13 3pOCTaHHAM X BapTOCTI.

ToMy mocrae 3amavya €KCIHEPUMEHTAIBHOIO JOCHIIKCHHS
pe3yibTaTiB poOOTH ICHYFOUMX METOIB JUIS BH3HAYCHHS
JIOITYCTUMOT'O  3HW)KEHHSI BapTOCTI MOJCTIOBAHHS CHHTE3Y
OLIIKIB.

II. TIOCTAHOBKA 3AIAYI JOCII>KEHb

Meroro 11i€l poOOTH € PO3pOOKA CUCTEMH IS IMITAIIHHOTO
MOJICTIOBaHHS CHHTE3y OIJKIB 13 3aCTOCYBaHHSIM METOAY
Quaternion Characteristic Polynomial (QCP), mnst moOynosu
TPHOXMIPHOI CTPYKTYpH O1JIKa, IO JO3BOJHMTH BiJIOOpa3HTH
CTPYKTYpy B TIpOIECi TOETHAHHSA PI3HOPITHUX OLIKIB Yy
HOPMaJIFHUX YMOBaX, 3 METOI0 MaKCHMAJILHOTO HAOJIM>KEHHS 1X
JIO Ti€l, sIka BIZITBOPIOETHCS Y KUBIN KIIITHHI.

[locraBiene  3aBmaHHS ~ BHUpILIYETBCS ~ HAa  OCHOBI
3aCTOCYBAaHHs ICHYIOUMX METOMIiB Ta PO3POOKH HOBOTO
aIrOpUTMy MOJICTTIOBAHHS CHUHTE3y OUIKIB, IO JO3BOJISIE
3HAYHO PO3IIMPUTH X MOXKIIMBOCTI. Y TPAKTHIN 10 IIHOTO Yacy
IIMPOKE  3aCTOCYBaHHA MeETomiB  [4-6]  0OMeEKyBaloCh
ANTOPUTMIYHOIO CKJIAJIHICTIO Ta BUCOKUMH KOIITAMH MOOYTOBH
CHCTEM JIUISI TX MOJICITFOBAHHSL.

[II. OCHOBU MOJIEJIIOBAHHA CUHTE3Y BUIKIB

EMmnipu4HO BCTaHOBIIEHO, IO SKIIO MOCIIZOBHOCTI IBOX
OUIKIB 1ICHTUYHI OIWH OJHOMY Okl HiXK Ha 30%, TO BOHU
Maibke HameBHO € «pOAWYaMID» 1 CTYNiHb EBOJIOLIHHOL
JMUBEPIeHINT e HE HACTUIBKM BEJHMKA, MO0 iX CTPYKTYpH
BTPAaTWIA CHUTBHICTh. LIi cHOCTepeeHHA 1 € OCHOBOIO
METOJIMKH Tepe0aYeHHs] MPOCTOPOBOi CTPYKTYPH, HA3BAHOIO
MOJIC/TIOBaHHsAM Ha TiactaBi romojorii [3]. Ileit mporec
BKIIIOYa€ KiIbKa KpPOKIB, TOJOBHUMH 3 SIKHX € IIOUIYK
CTPYKTYpHOrO ImabjoHy 1 ToOyaoBa aMiHOKHCIOTHOTO
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piBHAHHS. BupimansHuMm ¢akropoM, IO BHU3HAYA€E SKICTh
OJICP’)KYBaHUX MOJIENIEH, € CTYIiHb TOMOJIOTIT ITOCHiJOBHOCTEH
MOJIEJThOBAHOTO OLTKA 1 IIa0JIOHY.

Ipouecu ¢omnminra i MI>KMOJIEKYIISIPHUX B3a€EMO[Iii OLIKIB
MOKYTh OyTH 3MOJEIbOBaHI 3 BHKOPHCTAHHAM MOICKYIIAPHOI
MEXaHIKH 30KpeMa, MOJIeKYIIAPHOI JMHAMIKH 1 MeToay MouTe-
Kapno, ski Bce 4dacTiie BUKOPUCTOBYIOTH II€peBaru
napaJieNIbHAX 1 PO3NOAITIEHNX O0YHCIIeHh 00 MOJIEKYIISIPHOTO
MozemtoBanHs [1].

B ocHoBy MonentoBaHHs noknaaeHo anroput™ QCP, skuii €
HAMOUTBII MIBUIKUM 3 BiJIOMHX aITOPUTMIB JUIS PO3B’S3aHHS
3aJa4i MiHiMi3aii cepeaHboKBaapaTiHyHoro BigxuieHHs (CKB)
MDK IBOMa MHO>KHUHAMH TOYOK. AJITOPUTM BHU3HAYa€ MATPHIIIO
noBopory 3x3, Ha sKy Tpeba MOBEPHYTH IPYTy MHOXHHY
To4yoK, o6 MiHiMizyBath CKB [2]. Cworomni, HaiiOiLibIn
MIOIIMPEHNMH € TaKi THITH MOJIEIOBaHHS OUTKIB: MOJIETIOBAHHS
yKIaJaHHi «3 Tnepmmx mnpuHmmmiBy  (ab  initio) [4],
nepenbaveHHs Ha ocHoBi romontorii (homology modeling) [5],
TpimiHr (threading) [6].

OCKIJIbKY, CUCTEMa MOJIEIOBaHHS MMOBUHHA MPE/ICTABIATH
OLIIHKY KopeKTHOCTi CBOIX pe3ynLTaTiB BXITHUMH JaHUMHU
MOJIyNsl € MBI CKIIaaHI npocmpom CTPYKTYpH Oinka, siKi
NPE/ICTABISIIOTBCA Yy BUIVIAI  KOOpAWHAT — aToOMiB Y
TPHOXBUMIpHIN cucremMi KoopauHat. biok-cxema pobotu
PO3pO0IIEHOI CHCTEeMH TI0IaHa Ha puc. 1.

BUI0OPAKEKHA KHONOK HABITBLT

Puc. 1. Biok-cxema AisuibHOCTI pO3pO0JICHOI CHCTEMH

VY pe3ynabTaTi MOAENBHOrO EKCIIEPUMEHTY BJAIOCh BHSBUTH,
IO KOHKAaTeHalisl BXIAHMX J@HUX TNPHU3BOAUTH  JO
YIOCKOHAJICHHsI B IPOEKTYBaHHI OiKa, SKU y CBOIO 4epry
MOXe Oe3IocepeHbo 3aCTOCOBYBATH IIPU CTBOPEHHI HOBHX
¢depmenTiB, BakuuH, Tomo. Ilpouenypa ananmizy pe3yibTariB
MOBMHHA OYTH HampaBiieHa Ha IIMOOKWI aHaNi3 CTPYKTYypHOL
CXOXOCTi OIIKOBUX MoJekyl. [lopiBHSHHS 3MOJENbOBaHHUX
€KCIIEpUMEHTAIBHUX OIKOBHX CTPYKTYpP BHKOHYETHCS y TPH
migxonau: 1) BizyaneHe nopiBHSHHS. Y JIOIUHY, SIKa TOCIIIKYE

€ MOJJIUBICTh HATJISITHO IOPIBHATH PE3YNILTAT MOJEITIOBAHHS
Ta eKCHEePUMEHTAIFHUX JaHUX, @ TAKOX IPOBECTH OIEPaLilo
obepraHHs U MacmtaOyBaHHSA IS BI3yaJIbHOI  OIlIHKH
KOPEKTHOCTI MapaMeTpiB BUKOPUCTOBYBaHOI Mozieni. 2) OmiHka
CKB, sixa B MOJIEKYJIIPHOMY MOJIEIOBAaHHI BUKOPHCTOBYETHCS
B SIKOCTI MPOCTOPOBOI MipW OJM3BKOCTI ABOX MoENeH, e
Hmbke CKB  o3Hauae  OMM3BKICTH  JIBOX  CTPYKTYP.
3) IlopiBHsIHHS CTPYKTYp SIK BY3JiB. [Ipoekiiisi TphOXpiBHEBUX
CTPYKTYyp OiJKa Ha IUIONIMHI MPEICTABISE COOOI CKIIAIHUIMA
BY30JI, TOMY TEOpis BY3JiB JO3BOJISE MPEACTABUTH 3aILTyTaHi
CTPYKTYPH Y BUTJISLI [TOTIHOMA.

Pe3ynbraT IpoOBENEHOrO MOJEIIOBAHHA CHHTE3y Ollka Ha
PI3HHX eTamnax 3i 3MiHO KOOPIUHAT MOJ]aHO Ha pucC. 2.

Upload your PDB files here:

Visualisation

Puc. 2. BikHO 1J11 MOJEIIOBaHHS CHHTE3y OLIKIB
BuCHOBKM

JlaHi IpO TPOMIXHI CTPYKTYPH, IO MPEACTABISIOTH 3MiHY
Oinka 3 ofHi€l KoH(oOpMAIl B IHIILY, HAaJAIOTh Oararo
inQopmawii npo ioro yHkuii. Excriepumentanbhi MeTou €
HEJOCTATHIMU IS BI/IpHJ_IeHHH LBOrO 3aBJIaHHS 3a PaxyHOK
NPAKTHYHAX 1 TEXHONONiYHUX OOMEKEHb. 3 Mi€l MPHIHHH,
CTpYKTypHa Oiosorist roctpo HOTpe6y€ QITOPUTMIB, SIKi
MOXYTh TOYHO TependauuTH MPOMIXKHI CTPYKTYypH, WIO
BiJJ00paxatoTh nmpolec KoHPpopManiiHuX 3MiH OiKa.

BcraHoBieHO, YMM MeEHIE BiJIXWJICHHS BiJl €TaJOHHOTO
CTPYKTYPHOTO KOJAY, THM B3a€MOJIisi OUIKIB B MeXax OIHOTO
npenapaty —migcumoetscd.  lle  no3Bonse  3a0e3neuynTH
napaMeTpuyHy ONTUMI3allil0  IPOLECY CHUHTE3y HOBHX
eneMeHTiB. E(eKTHBHICTP HOBOTO 3alpONOHOBAHOTO METOAY
MOJICTIOBaHHS IIBUIYETBCS 3a PaxyHOK TOro, IO BiH
O€3KOIITOBHMI ~Ta  JO3BOJISIE  OTPHUMYBaTH  aHAJIOTIYHI
pe3ysIbTaTH.
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BiZMOBiAHE MporpaMHe 3a0e3nedYeHHs], 3 BHKOPHCTAHHIM SIKOTO
NPOBEICHO YMCJIOBi €eKCIIEPHMEHTH Ta 3pO00JIeHO iX aHai3.

Abstract—Mathematical model of the salt transfer during the
non-stationary filtration and the moisture transfer in full and
partial saturation soils layers including osmotic and infiltration
phenomena is formulated. Numerical solutions of respective
boundary problems are obtained by means of finite differences
method. Proper software is developed using which numerical
experiments and their analysis are performed.
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I.  TIOCTAHOBKA 3AJIAUI

[IpoBeneHO oCiKEHHS IePEeHECeHHS COJIbOBUX PO3UHHIB
i BIUTMBOM iH(IIBTPATHBHUX Ta OCMOTHYHUX TPOIECIB B
HACHYEHO-HEHACHYEHOI I[IapyBaTOMy IPYHTI TPH HasIBHOCTI
BUIBHOI MOBepXHi (puc. 1).
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Puc. 1. CounenepeneceHHs B 11apax HACHYE€HO-HEHACHYEHOI O IPYHTY

3 armocepHHMH OMagaMu Ta TOJUBAMH Ha IIOBEPXHIO

I'PYHTY MOTPAIUISIFOTH COJNBOBI PO3YMHH 3 KOHIIEHTPALIIEO 50 .
. - . . .

B 3B's13Ky 3 1IUM, Ha jesKiit ruouni / | Bl OBEpPXHi TPYHTY

YTBOPIOETHCSL BiJIbHAa TOBEpXHs piBHA IpyHTOBHX BOA (PI'B).
Ha rmmbuni /) € GpOHT NpoMOdyBaHHs, SAKMH BBAXKAETHCS

HEPYXOMHUM.
TakuM  4yuHOM, Yy  0araTomiapoBOMy IPYHTOBOMY
cepemoBuli  chopmyBajocs ABI  00JacTi:  HEMOBHOTO

HacnueHHs (P<0) — MiX TOBepXHE IPYHTY 1 BLIBHOIO
noBepxHeto (PI'B), moBHoro Hacuuenns (P>0) — Mix BUIbHOIO
MoBepxHer0 1 ¢QpoHTOM  mpoMouyBaHHS.  Pozmomin
KOHIIGHTpaIlii coieli B 00JacTi HEMOBHOTO HACHYCHHSI B
NOYATKOBUI MOMEHT 4Yacy — (,, B OONacTi MOBHOrO

HAaCHUYCHHS — 5 . PO31"J'IHI[yBaHa 007aCcTh  HACHYEHOTO-

HACHYEHOr0 TPYHTY YTBOPEHA HIapaMH Pi3HOTO THUITY IPYHTIB.

II. MATEMATHUYHA MOJEJIb 3AJTAUI

MarematiyHa Mozenb KpaioBol 3amaui colernepeHeceHHs
TIpH BOJIOTONIEPEHECEHH] B mapax j =1, § o0nacTi HemoBHOro
HaCHYEHHS OMHUCYETHCS HACTYIHOIO KpaioBoro 3agaueto [1-5]:

N oc! . Noc
G[D{(c{) 'J 6[D{(c{) 'J i
ox N oy —U;(C]i)ai

—v' (e )a_c{_
0x oy ax oy
; . oc!
_J/l(cl -C ):O'i%, ()
N/ ) . o) o RN %
()% = 2 )2 2 ) 2
£ (6 o), )
’ i i o7 ahl i Gci
ox(c1)=—k1(cl,h|)a—);+v(c]>a—;, 3)
, NG . oc
Uy(cz)=—kl(cl,hl)a—y‘+v(cl)6—x‘,

1

. - oh
b (x,3,0)=H(x,y), k—‘|y:0 =—q(), “4)

Oy
hli (O’yJ) = F[f(y,t) P
¢/ (%,3,0)=Co(x,3)5 ¢ (L,y.t)=C, (3.0). (5)

MaremaTtuuHa MOJENb 3ajadi MacCONEPEHECEHHS IpH
(inpTpanii coNbOBUX PO3YMHIB B IMapax ;=S + 1, N obmaacTi

MIOBHOI'0 HAaCHUEeHHS Ma€ BUrJsn [1, 2, 4-6]:

o (c;)aacéla[l)z (C;)ac;]_u (

x oy .\ Och .\ Och
e > Cz)a—;—vy(cz)a—;—
P oc!
(4 -C)=o == (©)
9 . ;)% L9 ki ( ;)% _
0. o oy oy
0 i\ 0c 0 i\ Oc
s MG e G e N
Ox ox ) Oy oy
i ,Oh e
L, (02)=—k2(02,h2)6—xz+\/(02 6_)62’
. oLoh o
v, (cl)=—k2(cz,h2)a—y2+v(cz)a—yz, (8)
1 (x,2,0) = H(x, ), 1(0,y,0) = H{(7,1),
hz(lNaYat):ﬁz(y’t)a (9)

cé(x,y,O)ZCN'é(x,y), 02(1N3y3t):€2(y9t)‘ (10)

Ha mexi wapiB rpynry (;=§) oOnacreifl noHoro Ta

HEMOBHOI0 HacHYeHHs (KpUBIH jaempecii) 3a7ai0ThCS YMOBH
CHPSDKEHHS /IS HATIOPIB 1 KOHIEHTPAIi1 COIbOBUX PO3YHHIB!

=0. (11)

x=;

I, =lell,., = [cv - D(c)?}
X

B marematuuHux (1)-(5), (6)-(10), (11)
BHUKOPHUCTaHI TakKi (1), c(x,yt) -
KOHIIEHTpallii COJIbOBUX PO3YMHIB B IIapax o0JjacTell MOBHOTO

MOACIIAX
TIO3HAYCHHA:

. * .
i HemoBHOro HacudueHHs, C — KOHICHTpALis IPAHAYHOTO
HacuueHHs, D,(c|), D,(c}) — koe(illieHTH KOHBEKTHBHOI
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aubysii, & (c/,h), k,(c),h)) — xoediuientn dinprpauii, v, ,

' o . i
vl , V., v, — KOMIIOHEHTH WIBUAKOCTeH (inbrpamii, A -
Hamip BOJIOTH, /) m’e3oMeTpuyHuil  Hamip, p(h) —
koe(illieHT ~BONOrOEMHOCTI, Y,, Y, — KoedimieHTn

MacooOMiHy, G, — MOpPHCTICTh WIapiB IPYHTY, V,(c]), v,(c})
— ocmornuHi GYHKIT, f(t,x,h") — OyHKUis iHOiTBTpaI],
q(t) — MOTIK BOJIOTH.

II1. PO3B’ SI3YBAHHSI 3AJ1AUI

UuncenpHUl  pO3B’SI30K  KpaWoBOI  3ajmadvi, OMUCAHOL
matemarnunumu monensimu (1)-(5), (6)-(10), (11), 3naitneno
METOJIOM CKIHYEHHUX Di3HHIb 3 BUKOPUCTAHHSM JIOKaJIbHO-
omHoBuMipHoro Merony O.A. Camapcbkoro [6]. 3rigHo
JAHOTO METOAY JJIsl PO3B’SI3aHHS  BIINOBIAHMX  3a1a4
BoJtoromnepeHeceHns (2), (4) Ta GpiIbTpallii COTLOBUX PO3UNHIB
(7), (9) moOymoBaHO HESBHI pI3HHIEBI CcXeMH [6], s
Maconepenecenns (1), (3), (5) ta (6), (8), (10) — MoHOTOHHI
pizHureBi cxemu [6, 7]. ITonokeHHs BUTHHOI IMTOBEPXHI 1 MEXi
MPOMOYYBaHHs 3HAWJEHO 3 BHUKOPHCTAHHSM aJITOPUTMY,
onucaHoro B [7].

BUCHOBKHI

B pesymbrari mporpamHOi peanizamii 100yZOBaHOrO
OOYHCITIOBAILHOTO  QITOPUTMY 1 TIPOBEJCHHS YHCETBHUX
eKCIICPUMEHTIB 3HAWICHO PO3IMO/IiN HATIOPIB BOJIOTH B Iapax
005acTi HEMOBHOTO HACHYCHHS, IT€30METPHYHUX HATIOPiB

CONBOBHX PpO3YMHIB B  00JIaCTi ITOBHOTO  HACHYEHHS
LIapyBaTOrO I'PYHTY, 110 A0 MOXJIMBICTH JTOCIIIUTH TPOLIEC
COJICTIEPEHECEHHSI 1 BCTAHOBUTH PO3IIOJIT TTOJISi KOHIIEHTpALii
COJNIbOBHX PO3YMHIB B HACHYEHO-HEHACHUYCHOMY IIApyBAaTOMY
IPYHTI 3 BpaxyBaHHSM BIUIUBY TIIpoueciB iH(QIbTpamii i
OCMOTHYHHX SIBUIIL.
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Hysteresis strategy for retrial queue with limited
number of retrials
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Anomauyia—B podori posriasgaerbcs 3agaya ONTHMAJIBHOIO
KepyBaHHs IHTEHCHBHICTIO BXIiHOTO MOTOKY J1st
0araToKaHAJIBLHOI CHCTEMH 3 00MEKeHMM YHCJIOM CIpo0 movYaTn
obocayropyBannsi. Jljisi  faHOi CHCTeMHM BHKOPHCTOBYETBCS
ricTepe3sncHa cTpaTerisi KepyBaHHsi. 3HaiiieHO edeKTHBHMIA
AJITOPATM MiJPaxXyHKy CTaliOHAPDHUX WMOBipHOCTell Ta SIBHUM
BUIJIA] GYHKIiOHAJY SKOCTi B CTAlliOHAPHOMY Pe:KHMI.

Abstract—In this paper, an optimal control problem of rate of
the input flow for retrial queue with limited number of retrials is
considered. Hysteresis strategy for this system is used. The
effective algorithm for stationary probabilities and explicit form
of quality functional in the stationary regime are found.

Knrwowuosi cnosa—cmoxacmuuna cucmema 3 nOGMOpHUMU
SGUKTIUKAMU, Npouec 00CaAY2068Y8aHHA, CMAUIOHAPHI TMOGIpHOCMI,
2icmepesucna cmpamezis, onmumizayia

Key words—retrial queue, service process,
probabilities, hysteresis strategy, optimization

stationary

I. Bcryn

B kmacuuHiii Teopii cHCTEeM MacoBOI0 OOCIyrOBYBaHHS,
3a3BWYail, MPHUIYCKAEThCS, IO BHMOra, sKa HamifnUa B
CHCTEMY TIpH 3alHATOCTI BCIX KaHAIIB OOCIyroByBaHHs, abo
CTae B 4Yepry Ta IIOTIM OOCIYrOBYETHCS BIJMOBITHO JI0
BHU3HAYCHOI TUCIUIUTIHK, a00 K 3alUIlae CUCTEMY. IHKOJIU
HETEePIUIAYi BUMOTH 3aJIUIIAI0Th YePTY, TOMI BOHU BBAXKAIOTHCSA
BTpauCHUMH Ha3aBXJu. TakuM YHHOM, KJIACHYHI MOJEIi
Teopii MacoBoro oOCIyroByBaHHA He O€pyThb 10 yBaru
MOYKJIMBICTh TIOBTOPHOTO 3BEPHEHHS BUMOT' IO CHCTEMH Ta He

MOXYTh BHKOPHUCTOBYBATHCS JUIS PO3B’3KYy HPAKTHYHO
BaXiauBUX 3a7ad. Came TOMYy, CIiJ pPO3MISAAATH CHCTEMH
MacoBOro 00CIIyrOBYBaHHS 3 IOBTOPHUMH BHKIIMKAaMH, B SIKHX
BUMOTY, L0 HAAIWILIA JO0 CHUCTEMH IIPH 3aHHSATOCTI BCIX
KaHaJiB OOCIyrOByBaHHs, TMOBEPTAIOTbCS IICIS JIESIKOTO
nepiony dYacy, Io0 oTpumatu oOciayroByBaHHs. OcoOiuBe
3HAQUEHHS TaKi CHUCTEMHM MAlOTh Uil KOMII'IOTEPHUX Ta
TEJIEKOMYHIKaliiHUX Mepexk. Bijbln neranbHO MOpiBHSUIBHUN
aHai3 KIACHYHMX CHCTEM Ta CHUCTeM 3 MOBTOPHHMH
BUKJIMKaMH TIpoBefieHo B podorax [1], [2] . Tlpu upomy mist
CHCTEM 3 MIOBTOPHUMH BHUKJIMKaMH ITOKJIaIat0Th, 1110 IOBTOPHE
3BEPHEHHSI 3JIHCHIOIOTBCS 1O TUX Iip, TIOKH BUMOra He
orpuMae oOciyroByBaHHsA. lle € mwmiie HaOIDKEHHIM
peanbHUX CUTYalill, TOMY IO YKCIO MOBTOPHHUX 3BEPHEHb 10
cucteMu 4vacto OyBae oOMmexxenuM (muB. [3]). JocmimkenHs
cHCTEM 3 OOMEXKEHHM YHCIOM IIOBTOPHUX CIpPOO OTPUMATH
0OCIIyroBYBaHHSI € JIOCHTh aKTyaJbHUM Ha JaHUH dac,
0COOJIMBO 3 TOUKHU 30PY ONTHUMI3aIIT X pOOOTH.

II. MAPKOBCBKA MOJIEJIb

B pobori, 110 MIPOTIOHYETHCS PO3TIISIIAETHCS
OaraTokaHaJbHA CHCTEMa MaCcOBOTO OOCIYTOBYBAHHS 3 OJIHI€I0
cnpoboro moBTOpy. Ile o3Hauae, 1m0 BHUMOra, sSKa OTpHUMaia
BIIMOBY, 3QJIMIIAE CHCTEMY Ta MAa€ MOXKJIHBICTH IOBTOPHO
3BEPHYTHCS JJI1 OOCIYyrOBYBaHHS JIMIIE ONWH pa3 uepes
JIESIKUI BUIAKOBUH MPOMIXKOK Yacy, SIKUH Ma€ MOKa3HUKOBUI
PO3IIOALT 3 mapaMeTpoM V . SIKIIO MpH IIOBTOPHOMY 3BEpHEHI
BCl TNpWiaad € 3aifHATi, TO BUMOTa 3ajMIIAE€ CUCTEMY
Ha3aB)XIW. 330BHI BHMOIM HAIXOIATh JO CHCTEMHU 3
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IHTEHCHBHICTIO ﬂ.j, sKa 3aJCKUTh, B CBOIO 4Yepry, Bif

KiJIBKOCTI JHOKEPETT IOBTOPHUX BHUKJIMKIB HA ITOTOYHUI MOMEHT.
Yac O6CJ'Iy1"OByBaHHH BUMOI' € IIOKa3HUKOBO po3z[ineH010
BUIIAIKOBOIO BEJIMYMHOIO 3 MapaMeTpoM LU .

VY 3araibHOMY BUIAKY TPH JOBUIbHIN KUIBKOCTI JHKEpen
MOBTOPHUX BHUKIHUKIB 1MOOYAyBaTH sBHI (GOpMYIH IS
CTalliOHApHUX WMOBIPHOCTEH HEMOXXJIMBO, TOMY DPO3IJISIHEMO
ypi3aHy MOJEJb JTaHOI CUCTEMH, B sIKill CKiHYeHHE uncio N
MICIIb /ISl TIOBTOPHUX BHKJIMKIB, III0 MOXYTh 3pOOWTH OAHY
ITOBTOPHY CIIPOOY .

3MiHHMH XapakTep IHTEHCUBHOCTI BXIIHOTO TOTOKY B
MOJIEITi, IO PO3MNIANAETHCS, JAa€ MOXKIUBICTH CTaBUTH 1
pPO3B’s3yBaTH JUIsI HHMX ONTHUMI3AIliifHI 3amadi B Kiaci
ricTepe3uCHHUX CTPATETii.

[Iporiec kepyBaHHS Ha OCHOBI TiCTEPE3UCHOI CTpaTeril
MOXKHa OIMCaTH HACTyTHMUM 4uHOM. @IiKCylOThCs JBa
HEBiJ'eMHMX Linux uumcina H, T1a H,, AKi Ha3UBAIOTHCA
noporamu, 1, < H,. SIkmo B AesKuii MOMEHT 4acy KiJIbKiCTh
MOBTOPHUX BHUKJIMKIB B CHCTeMI He IepeBHllye /,, TO BOHa
(YHKIIOHYe B  MEpUIOMYy pEXKAMiI 1  IHTEHCHBHICTh
HaIXOMXKEHHS BUMOT JIOPIBHIOE /; SIKIIO KiJbKICTh IOBTOPHUX
BUKJIUKIB cTae Oinpiuoio 3a H,, To cucreMa (YHKIIOHYE Y
JIPYroMy peXuMi 3 iIHTEHCUBHICTIO HaIXOJDKEHHS BUMOT /. Y
BUIAJKy, KOJNW KIJbKICTh IIOBTOPHMUX BHKIUKIB JIGKUTH Yy
MIPOMDKKY (H L H 2] , TO CHICTeMa 30epirae Toi pexum, B IKOMY
BOHa (DYHKIIIOHYBasa B IorepenHii MoMeHT uacy. [loporn H,
ta H,npuiimators 3HauenHa 0,1,..,N. Sxkmo H, =N, 10

npu  Oyab-sIKid KUTBKOCTI JDKEpeNn IOBTOPHUX BUKIIMKIB
CcHCTEMa 3HAXOAUTHCS B MEPIIOMY pPEeXKHMi. Y BUIAJIKY

H=H, ((H.,H,]=9)

KepyBaHHsI IIPU MTOPOroBili cTparterii.

Ma€eMO YacTKOBUH  BHIAJOK
Ipu dikcosaniii ricrepesuciii crpaterii (H,,H,| cran
CHCTEMH MOXKE OYTH ONUCAHHUI TPUBUMIPHHM IIPOLIECOM

O, H,H,) =10, (t.H,,H,),0,(t, H,, H,),R(t, H,, H,),t > 0;

re O (t,H,,H,)

0,(t,H,H,)
BUKJIMKIB MOMEHT wacy ¢,R(t,H ,H,) — pexum pobdoru

— KUIBKICTh 3afHSATHX NPWIAliB B MOMEHT
qacy ¢, — KUIBKICTh JDKEpeN TOBTOPHHX

CHCTEMH MOMEHT 4acy ¢. Sxmo R(¢,H,,H,)=1, To cucrema
MIPAIOE B IEPIIOMY PEKUMI 3 IHTCHCUBHICTIO HAIXOKCHHS
BuMmor /h. Sxmo R(t,H,,H,)=2, To cucrema Ipaloe B

JIPYroMy peXHuMi 3 IHTEHCUBHICTIO HAJIXOIXKEHHS BUMOT /1, .

Iponec . Q(t,H,,H,) ., t 20 € nanurorom Mapkosa 3
HeTepepBHIM 4acoM i MHOKHHOIO cTaniB . S = S' U S’ L Ie

S'nS* =D, 8" ={i=(,j1):i=0,..,¢,=0,.,H,},

S*=1{i=(i,2):i=0,.,c;j=H, +1,..,N} .

II1. JOCHIKEHHSA CTALIIOHAPHOI'O PEXXUMY

Jam OCHOBHOIO MeTO0 € moOyaoBa (GoOpMyn s
CTAaIliOHAPHUX HMOBIPHOCTEH CHCTEMH, IO PO3TJIAIAETHCSA

uepes ii  mapamerpu. Ioswaummo  m,(r), (i,j)€S
CTaIliOHAPHUIA PO3IOALT CHCTEMHU.
BBeeMo HACTYIHI TO3HAYEHHS:
T 15 i= js
elc+D=(8, 8, 8.) .med, = 0.i% s

elc+D=(1 1 ... 1)
us (r)= (noj (r), uy (r),..., ng(’"))
A-f (r)= "a’{’ (r)||;,k:0 >

npuk=i-1,i=1,..,c—1,

T
5

—h
(h,+ip+jv), npu k=i, i=0,..,c—1,

)

ne aj(r)=1h,, nppuk=i=c,

-+, mpuk=i+1,i=0,...,c—1,
0,6 inHwomy eunaoxy;
B,(r)= "b”/‘ (r)”i,k:O ’
(+Dv, npuk=i-1,i=1,...,c—1,
e b, (r)=s+Dv, npuk=0,...chni=c
0,6 iHwomy 6unaoxy,
C,(n= "c’;‘ (r)"i,k:O ’
(H,+D)v,npui=cnk=0,...,c,

ze c; (r)= .
0, 6 iHwoMmy 6unaoxy;,
D= ”dik i k=0
Lnpu k=0,i=0,
Ac dik = N . .
a, ., (2), 6 inwomy eunaoky ;
Hl
[14" ®B,0)x
i=j
H, S 1
x| I + 47 M)B.1) |4, DHC,. D) |,
F ()= [ k;&l ,»:Hll e

j=0,..H,

Hy, (k-1

SITTA OB 4 (DC, (), j=H, +1,...H,;

k=j\ i=j

(3a momoBnenictio F), (1) nopismioe Hyb0Biii MaTpui);
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[14"@3@ |4 @c,@x

i=j

HZ
FO={1-3
k=j

H, -

SEREDY ﬁ A (DB(2) |4,'()C,(2) | x

k=H+1\_i=H,+1

j-1 N-1
<[] 4'@B@[[4'@B(2),)=H +1,...N-1.
i=j

i=H, +1

Hoknanemo F (2)=1= ‘

5,

c
-, OZMHHYHA MATPHILA.
i,j=

Jis cranioHapHux HMOBIPHOCTEH 7T (r) cnpasennuByit
HACTYIIHUM pe3ynbTaT.

Teopema 1. Sflkmo mapameTpu  Mozeli — THITY
M /M /c/N 3 omHieto cpoOo0 MOBTOPY € HEBHPOKEHI
h,h,, u,v>0, 10 us mpouecy
O, H,H,), t=0 icHye cranioHapHHi
cTalioHapHi IMOBIPHOCTI MarOTh BHUTJISI;

00CITyroBYBaHHS

pexuMm i

7, (0= 70 QF,(DF, (DD e, (c +1), j = O H .,

7;(2)=m,\(DF, (2)D'e,(c+1), j=H, +1,..,N,

e (7TON (2))_l =e' (c+1)x
143 F WF, @+ S F @D e+ D).

IV.ONTUMIBALIIIMHA 3AJIAUA

B po0oTi po3risigaeTbest onTUMizaliiHa 3aa4a

CISI(HI’H2)+C2S2(H1’H2)_
_C3S3(H1,H2)—C4S4(H1,H2)—)max (1)
H ,H,e{0)..},H <H,,

ae S,(t,H,,H,) — unuCI0 BUKIHKIB, 0OCIYTOBYBaHHS SIKUX
3aBEpUIEHO B CHCTeMi 3a 4Yac [ B TMEpIIOMY PpEXHMI;
S,(t,H, ,H,)— 4ucio BHUKINKIB, OOCIYrOBYBaHHS SKHX
3aBepUIEHO B cuUcCTeMi 3a 4Yac [ B JpPYroMy peKHUMI;
S,(t,H ,H,) — 4uCcino BUKJIHUKIB, fKi OTpUMAaU BiIMOBY B
OOCITyrOBYBaHHI 1  CTaJd  IOBTOPHHUMH  BHKIIUKAMU;
S,(t, H,,H,) — 4Ucno nepeMUKaHb iHTEHCUBHOCTI BXiJHOTO
notoky; C,— mpuOyTOK, TMOB’sA3aHHN 3 00CIyroByBaHHAM
OJHOTO BHUKIMKY B mepmoMmy pexumi; C,— mHpuOYTOK,
TIOB’SI3aHUI 3 OOCIYrOBYBaHHSM OJHOTO BHUKJIHMKY B JPYrOMY

pexumi; C,— mTpad 3a BigMOBY B obciyrosyBanHi; C, —
mrpad 3a nepeMUKaHHs IHTEHCUBHOCTI BXiJTHOTO TIOTOKY.

B ymoBax  iCHyBaHHS  CTalliOHAPHOTO  PEXHUMY

¢ynxuionamun S, (H,,H,), i=1,4 icayiors i MOXyTH GyTH
BHITUCAHI Yepe3 CTalioHapHi HIMOBIPHOCTI:

c M,

S,(H,H,) =Zziuﬂ|_,~(l) s

i=0 j=0

4 0

S,(H,H,) =Z Z ilfm]_;(z) >

i=0 j=H,+1

S,(H,,H,)= ihlnlj(l)+ Zw: hr,;(2),

j=H,+1

S,(H,,H,)= hlnz'Hz (1)+(H1 +1)Vzni/‘1,+l (2).

i=0

Posp’s3koM 3amaui (1) € Taki moporm H,,H,, fki

MaKCHMI3yIOTh CepelHiii MpuOYTOK BiJ POOOTH CHCTEMH.
[oniOHi onTuMmizamiiiHi 3amayi A CHCTEM 3 HOBTOPHHMH
BUKJIMKAaMH po3riisiianucs B podorax [4]-[6].

BUCHOBOK

B naniii po0OTi mNpoBENEHO OCTIIKEHHS CHCTEMH 3
0OMEXEHHSIMH Ha YHMCJIO ITOBTOPHUX CIPOO TpH KepyBaHHI
IHTEHCHBHICTIO BXIJIHOTO TOTOKY B KJIaci TiCTepe3NCHUX
crparerid. Jlns jaHOro THMNy KEepyBaHHS — 3HAMHIIEHO
eQeKTHBHUI ANTOPUTM MiIpaxyHKy CTalliOHAPHUX
WMOBIPHOCTEH Ta SIBHUM BUIVIAL 3aJISKHOCTI (DYHKIIIOHAITY
SIKOCTI BiJI MapaMeTpiB CUCTEMH B CTALlIOHAPHOMY PEXUMI, IO
JIa€ QJITOPUTM PO3B’A3KY BiAIMOBITHOT ONTUMI3AINHHOT 3a1aui.
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Anomauyia—B po0oTi npeacTaBIeHO MATeMATH4YHY MOJeJb
JBOKpHMTepiaJbHOI 3aJa4i onTHUMi3amii MBHIKOCTI Ta SIKOCTI
nepegavi mo TejdeKkoMyHikamiiHii Mepexki. Bona mpencrasiisie
co0010 JiHiliHY yYMOBHY MoOAeJIb Ha KOMIIO3uLiiiHOMY o0pas3i
3arajibHOI MHOXMHH IepecTaBJieHb i OyJeBoi MHOKHHH i MOKe
OyTn po3B’si3aHa SIK CTAHJAPTHHMHM METOAAMH KOMOiHATOpPHOI
onTuMisanii TAKMMH IK MeTOJ KOMOIiHATOPHUX BiacikaHb, Tak i
rpadoBMMH MeTOZaMHM SIK 3a4a4a ONTHMIi3alii HA CTPYKTypHOMY
rpadgi nepecrapiienn B noegHaHHi 3 rpadom rinepkyoy.

Abstract—The paper presents a mathematical model of a two-
criteria problem of optimization of speed and quality for
information transmission in telecommunications networks. It is a
constrained linear model over a composite image of the general
permutation set and the boolean set. It can be solved by standard
combinatorial optimization techniques such as the combinatorial
cutting method. Also, optimization on graphs is applicable in this
case, since it is simulated on both - the structural permutation
graph and the hypercube graph.

Knwuoei cnosa—menexomynikayiiina mepexnca; nepeoaya
iHhopmauii; akicHuil Koegiuienm 3a8aHmadrceHHA  Mmepedxnci;
CIMpYKmypHuil  2pag)p  nepecmagienb;  3aA207bHA  MHONCUHA

nepecmasnens; 0yne6a MHOMCUHA, KOMOIHAMOPHA onmuMizayis.

Keywords—a  telecommunications  network;  information
transmission; the network load quality coefficient; the structural
permutation graph; the general permutation set; the boolean set,
combinatorial optimization.
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I. Bcryn

CtBOpeHHS e(EeKTHBHOIO iH(QOPMAIIHHOTO MPOCTOPY
nependavyac aKTUBHE BHKOPUCTAHHS —TEJIEKOMYyHIKalliiHUX
CHCTEM 1 Mepex iHpopManiifHOro 0OMiHy, IIUPOKOMACIITa0HY
KOMIT'IOTEpH3allif0 TporeciB  00poOku iHdopmamii B ycix
cdepax misuibHOCTi. [HoOpMmamiiina iHdpacTpykTypa — 1€
KOMIUIEKC IPOrPaMHO-TEXHIYHUX 3aco0iB, OpraHi3alliifHuX
CHCTEM 1 HOpDMATHBHHMX 0a3, SKHi 3a0e3leuye OpraHizallio

B3aeMonil iH(pOpMaUiHHUX TOTOKIB, (YHKIIOHYBaHHS 1
PO3BUTOK 3ac00iB iH(opMaIiHHOT B3aEMOJIT Ta
iHpOpMaliHHOTO TPOCTOPY CBiTY, KOHTHHEHTY, KpaiHw,
perioHy uu opranizauii [1-6].

[ndopmaniitna  iHppacTpykTypa BKIIOWaE B ceOe
TEPUTOPIaIbHO PO3IMOJNIEHI Jiep)KaBHI Ta KOPIOPaTHBHI
KOMITIOTEPHI 1  TEJIEKOMYHIKaIlliiHI ~ MepexXi, CHCTeMH

KOH(ACHIIHHOTO TPU3HAYEHHsI 1 3aralbHOr0 KOPHCTYBaHHS,
MEpexi Ta KaHaJ W Mepeiavi MaHuX, 3aco0M KOMyTali Ta
YIIpaBJIiHHS iH(pOpMaLiHHUMH TTOTOKAMHU.

[TosiBa MOOLIEHOTO 3B'SI3KY Ta OE3JPOTOBUX MEPEX iCTOTHO
BIUIMHYJIA HA OpTaHi3allif0 TeJeKOMYHIKAI[IfHUX Mepex 1 Ha
CHOTOJHIIIHIA JeHh MepeKi BOHHM OXOIUIIOIOTH BEJIMYC3HI
TEpUTOPil 3 BEIHKHUM 4YuciaoM kopuctyBauiB [1]. Cepen
0araThbOX BHMOI, IIO BHCYBAIOTBCS 10 OE3JPOTOBUX MEPEX,
OCHOBHOIO € 3a0e3NeyeHHs BHCOKOI IPOMYKTUBHOCTI 3
rapaHTOBaHOIO SIKICTIO 00CITyroBYBaHHS 3aIuTiB
kopuctyBauiB. Cdepa TeNeKOMYyHIKalii € OmHHUM 3
HAHOLTBIINX CEKTOPIB CBITOBOI €KOHOMIKH, IO JWHAMIYHO
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po3BHBaeThbcss 1 (OpPMyE TIEPEAYMOBH sl  MOJAIBILIOTO
PO3BUTKY iH(OopMaIliHHOTO CYCIIIBCTRA. CgiToBa
TeJIeKOMYHiKaliliHa cepa HaJae IUPOKUIA CHEKTP Cy4acHHX
TENIEKOMYHIKaliiHUX 1 1H(OpMaIiHHO-KOMYHIKaI[i HIX
TIOCITYT, SIKICHI XapaKTePHUCTUKH SIKMX BIAMOBIIAIOTH MOTpedam
HAWBUMOTJIMBIIIIMX CIIOKMBaviB. B TOH jke dYac, PO3BUTOK
cdepu TeNEeKOMYHIKallii, B CBOIO YepTy, 3HAYHO BIUIMBAE SIK
Ha COLIJIBHUM, TaK i Ha EKOHOMIYHHMH PO3BUTOK OaraTbox
kpain. OTxe, [JOCHi/KEHHS THTaHb, TOBSI3aHUX 3
BU3HAYCHHSIM CTYIIEHs 1 3aKOHOMIPHOCTEH BIUIMBY PO3BHUTKY
TENIEKOMYHIKali#i Ha PpO3BUTOK EKOHOMIKM B  IJIOMY,
aKTyaJIbHI.

II.  TIOCTAHOBKA 3AJIAUI

B opranizamii  Oyap-sKoi TelNeKOMYHIKaliiHOT Mepexi
MOXKHa BUJUINTH DiBHI, SIKi BiZJOKpEMJICHI TEpUTOpIaJbHO 1
B3a€EMOJIIIOTh MK co0or0. B cBoro dwepry, mi piBHI cHCTEMH
MOYKHa PO3IJISIATH SIK HaKJIaJIeHI Mepexi pi3HUX TEXHOJIOTIH.

AbGcomotHa  OuThIIICT  iHQOpMANiWHKUX IOTOKIB, IO
MepeatoThCsl B CYYaCHUX TeJIEKOMYHIKALIHHUX Mepexax,
YTBOPIOIOTH MYNbTHMEAIHHUN Tpadik. BiH xapakrepusyerbcs
HEPIBHOMIPHICTIO HAJIXO/KEHHS 3aIlUTiB Ha Tepeaady MOTOKIB
MYJIBTUMEAIHHOT iH(popMallil, 110 MPU3BOJUTH A0 BUHUKHEHHS
SIK TUMYAacOBHX IEPEBAaHTAKEHb B MEPEXKi, Tak 1 iHTEpBaJIiB
Yacy 3 HEIOCTaTHHOKO 3aBaHTAXKEHICTIO KaHatiB [ 1]. BHaciimok
LBOr0, KaHajJH MEpeXi BUKOPUCTOBYIOTHCS HEJOCTATHHO
epekTrBHO. BimoMi pi3HI METOOUKH KUIBKICHOI OINIHKA
€(QEeKTUBHOCTI BUKOPUCTAHHS KaHAIIB TeJIEKOMYHiKallilHO
mepexi [4, 11]. Ix amani3 cBimuuTe mpo Te, mO BOHM He
JIO3BOJISIIOTH  TOYHO BU3HAYMTH, HACKUIBKM palliOHAIBHO
BUKOPHCTOBYETBCS MPOIYCKHA 3/aTHICTh KaHaJiB MeEpexKi.
Tomy Mu BBakaeMo 3a JIOIJIbHE 3HAWTH TaKWH CIIOCIO
OOYMCIICHHST 3aBaHTa)XEHOCTI KaHAy 1 SKICTh mepenadi
iHpopMmarii, sSxuid BimoOpakaB OM peasbHy e(pEKTUBHICTH
BUKOPHCTaHHS KaHAIBHUX PECYPCIB.

3 1i€I0 METOI0 PO3IIISIHEMO TEIEKOMYHIKalliiHy CHCTEMY,
0 HaKomuuye iH(QOpMAIil0 MO TNPEAMETHHX OO0JACTIX
(mopranax) 1 3ziiicHIOE Tepenady iHpopMarllii Ha CcepBepw,
poboui cranmii, TepMiHamy, Tomo. HeoOXiaHO CKIacTh Takuid
IUIaH PO3IOALTY AeSKoro o0'eMy iH(pOpMAIl M0 MpeAMETHUX
obnmacTsix Ha mopraysax i ii mepenmadi, 100 MiHIMI3yBaTH
CyMapHy IIBHIKICTH 1i TMepemadi Ha KOMI'IOTEpH 1
MaKCHMI3yBaTH CyMapHHH SKiCHUH KOe(il[ieHT 3aBaH-
TakeHHs1. [Ipy bOMy HEOOXiTHO BpaxyBaTH: IHTEHCHUBHICTh
MOTOKY 3amMTiB Ha mepepady iHdopmamii mo KaHamy
TEJIEKOMYHIKAI[IIfHOI Mepexi; CepeHIO IIBUIKICTh Nepeaadi
MOTOKY iH(OpMAIi; JUCKPETHICTh 00CATIB iH(pOpMAIii, 10
MepeaeThCs TOIIO.

J71st BUpimIeHHST JaHOT poOIeMaTHKU B psidi pooiT [10-11]
MIPOIIOHYETHCS ~ BUKOPUCTOBYBATH  MaTeMaTHYHYy  MOJEIb
Mepexi, o mpencrasise cobor Habip rpadis, sSKi MOXYTH
BIJIPI3HSTHUCS SIK KUIBKICTIO pedep 1 BEpIIHH, TaK 1 TOIOJIOTIE0
rpadiz B IioMy. Bim3HauMMO TakoX, IO B HaBEACHUX
poboTax MpOMOHYETHCS MOJENb MOOYIOBH TEJIEKOMY-
HIKaIIfHUX MEpPEeX 3a YMOBH, IO MiCIIE3HAXOKEHHS
oOlajHaHHS BY3JIB Mepexi, sKi 3a0e3neuyoTb (yHKI-
OHYBaHHs KOXHOTO 3 1i piBHIB, BiZIOMe.

Jl1st moOymoBM MaTeMaTUYHOT MOJIENI BBEIEMO HEOOXITHi
MO3HAYEHHS: BH3HAYMMO m  IPEJAMETHUX  oOjacreil

(moprami) i mo3HauMMO iX MHOXHHY A.ieJ, ={l,...m}.
k
I",kel, -

BBa)KaGMO, 10 Ha KOXXHOMY nopTani Ai HaAKOIMMYCHO ACAKY

Hexait Takox, HaOip BuAiB iH(OpMAILI.

HEBIJIOMY KiJIbKIiCTh g,}-rc onuHUI iHpopMatii Buay [ k. [Ipu

OMY 1H(OpPMAIlis PO3MOIIISIETHCS MK n TEPCOHATBHUMU
KOMITIOTepaMH (CepBepaMu, TepMiHaIaMu) B €Sy

.o . ) k .

Hexait Bizomi Hactymni mapamerpu: a) & - IIBHIKICTb

nepenavi oAuHuIi iHbopMaii BuIy [, 3 mpeaMeTHoi 061acTi

. ) k . .

A; Ha xoMmm'ioTep B It 0) dij - KoedillieHT SKOCTi

BinmoOpakeHHd ofuHHLI iHopManii Buay [ 3 HpeaMeTHOI
o0nacti A; Ha KoMI'IOTepi B ;.

[oTpiOHO cKiacTH IUIaH PO3MOALTY iH(pOpMAIii pPi3HUX
BUJIB Ha MOpTallaX Ta Iepeaadi ii Ha KOMITIOTEPH 3 METOIO
MiHIMi3amii cymapHOro 4acy mepeiadi i Makcumizamii
CyMapHOro SIKICHOro KoedimieHTa 3aBaHTaKeHHs  (ITif
CyMapHHM SIKICHUM KOE(IIliEHTOM 3aBaHTa)XEHHs OyaeMo
PO3YMITH CyMY SIKICHHX KOE(DIiIlli€HTIB 3aBaHTaKCHHS KOMXHOT

MpeaMeTHOI 00JacTi IMopTaly.) Ta 3a YMOBH BHKOHAHHS
HACTYITHUX YMOB:

. . k
a) HEBIAOM1 BEJIWYUHU G HaGyBaIOTI) JUCKPETHUX

3HaYeHb i3  MYIbTUMHOXMHM G ={g,,...g }, s=mp:

g,l-rc € G, i,k . Binpl TOro, BOHM B ILIJIOMY YTBOPIOKTE G :
N _o.
{gi }i r - G s

. k
0) Bech oOcar iHdopMmanii mepenaeTbcs g; Ha OIUH 3
KOMIT'IOTEPIB;

B) 00Csr MOTOKY iH(pOpMaIii, IO MepeNacThCcs Mo KaHaTy
«mpezMeTHa 00macTh A; - KOMI'loTep B;» He IepeBHIlye

3aJI1aHOl BEJTUYUHU ll-j, L,j;
') B KOO)KHOMY KOMITIoTepi B j Mae 30epiraTucsi He MEHIIe
3a/1aHOi BEIMYUHU b}c indopmauii Tuny Iy, j,k;

II) cepelHs IBHIKICTb Iepenadl MNOTOKy iHdopmaii
oOMexeHa BeTHINHAMHU Vijin > Vimax -

III. TloOymoBa MaTeMaTU4HOI MOAEINI
Jis moOymoBHM MaTteMaTW4HOI MOJENi 3a/adi BBEIAEMO B

PO3IJIAA MaTpULIO HEB1IOMHX g:( gl,k)ik, a TakoX Oynesi
3MIHHI yf/ : yZ =1, AKIIO Bes iHpopMallis 3 obnacTi A, BULY

I nepesaeThes Ha KOMI'ioTep B, inakme 0. Toxi glk . yl»lj- -
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me oo0csr BUAY Ik, 10

TOOTO BENTWYWHA 3 MYJIbTUMHOXWHN

inpopmanii 3 obmacti A

IepecwiacTbCad Ha B ;

{0} (i, j,k).

,] b

Hama 3amaya momsrae y BH3HAUeHHI MaTpHIb
g y= ( y;’C ) , K1 JIOCTaBJISIOTh:
i,j,k

y.l{.

k )
F(gy)= ZZ = (1)

gER ’YER =il j=1%

— k

F(gy)= ZZg, Zd,] vk, )

gER ,yER k=1i=1 j=1

3a HACTYITHUX OOME)KEHb:

a) KoMOiHaTOpHa yMOBa, sIka BPaxoBYE IEPECTaHOBOYHI
BJIACTHBOCTI 00JIaCTi TOMYCTUMHX PO3B’SI3KU & :

1 1
[ (o) 3)

ge s' - KimpKicTh pisHux eneMmeHTiBG, Eq(G) -

3arajbHa MHOXHHA s -niepecTaHoBok 3 G [12];

0) ymoBa OyieBOCTH Y :

1 1 t
(yl LoVl V o vees Vo ) e{0,1}" =B, t=m-n-p ,(4)

i ymoBa mepenaui iHdopmamii OJHOTO THIy 3 TOPTATy
HOBHICTIO:

n
Dk =ik (5)
J=1
B) OOMEKEHHS Ha OOCATH MOTOKIB iHPOpMAITii:
p
k_k -

D gyl <y (6)
k=1

) YMOBM Ha OOCSTM 3aBaHTaKEHHS
iH(OpMAIT€0 BiIIOBITHUX TUIIIB:

KOMIT'FOTEPiB

L k k
D v zbf ik (7)
i=l1

J1) OOMEXKEHHS 110 CepeIHiil MBIAKOCTI Mepeaayi:

-1 k
Vmin < gl /‘91] < Vmax ijk (®)

BUCHOBKHI

IIpencraBnena woxpens (1)-(8) -  mBOKpuUTepiaibHa,
YMOBHA, JIiHiifHA, KOMOiHATOpHA, IO (OPMYIIOETHCSI Ha
JEKapToBOMY H00YTKY FE(G)® B, 3araipbHOi MHOXUHH

MIEPECTAHOBOK 1 OyJIeBOI MHOXKUHM. 3 ii JOIMOMOrOK MOYKHA
MaKCHMI3yBaTH UIBHJKICTh TOIIYKY MOTPiOHOI iH(popMarii
JUIE KOpUCTyBada, 3a0e3leuylodd IMpHU LbOMY ii SIKICTh Ta
e(eKTUBHE BUKOPUCTAHHS PECYPCiB MEPEKi.

Jo ii po3B’d3aHHA MOXHA 3aCTOCYBaTH METOAU BEKTOPHOL
ONTHMi3alii, 30KpeMa METOJ 3TOPTaHHS KpUTepiiB I
3BENCHHA 3aJadyi 0 YMOBHOI JIIHIHHOI MoOHeNi Ha

' (G)® B, . lani 3aa4a MOXe PO3B’SI3yBaTHCS METOIaMH
YMOBHOI KOMOIHATOPHOI ONTHMI3allii
meronamu [10].

abo Ha rpadoBUMHU

JIITEPATYPA REFERENCES

[1] Koliechkina L. N., Dvernaya O. A., Nagornaya A. N. Modified
Coordinate Method to Solve Multicriteria Optimization Problems on
Combinatorial Configurations // Cybernetics and Systems Analysis. —
No. 4, July—August, 2014, pp. 154-161.

[2] Chiang M. Balancing Transport and Physical Layers in Wireless
Multihop Networks: Joint Optimal Congestion and Power Control / M.
Chiang // IEEE Journal on Selected Areas in Commun. — Vol. 23, No. 1.
—2005.-P. 104-116.

[3] Skalli H. Channel Assignment Strategies for Multiradio Wireless Mesh
Networks: Issues and Solutions / H. Skalli, S. Ghosh, S.K. Das, L.
Lenzini, M. Conti // IEEE Comm. Magazine. — 2007. — Vol. 45, No. 11.
—P. 86-95.

[4] Singh K. Review on Routing Protocols in Wireless Mesh Networks / K.
Singh, S. Behal // International Journal of Application or Innovation in
Engineering & Management (IJAIEM). — 2013. —ol. 2, Iss. 2. — P. 143-
149.

[5] Arees /I.B. Meron nmpoeKTHpOBAaHUS TEIECKOMMYHUKAIIMOHHBIX CUCTEM
C HCIONIB30BAHHEM IIOTOKOBOH MOJENIHM M MHOTOCIOHHOro rpada
[Dnexrponnsiii pecype] / J1.B. Arees // IlpoGiemn TeleKOMyHIKaLiid. —
2010.—Ne2 (2).-C.7- 22.

[6] Aree [I.B. IIpeacraBieHune Moeln B BHIE MHOI'OCIOWHOrO rpada s
pelieHns 3a1ad IUIAHUPOBAHUS HWH(OKOMMYHUKALMOHHOH CHUCTEMbI C
YYETOM CTPYKTYHPOBAHOM KaOeIbHON cUCTEeMbl [DJIEKTPOHHBIN pecypc]
/ J1.B. Arees // Ilpobnemsl TenekommyHukanuid. — 2013, — Ne 3 (12).
- C. 16 — 26.

[71 Tapkyma C.B. Ormig Tta wiacudikaiis NPOTOKOJIB MaplpyTH3aLil
B mesh-mepexxax crangapry IEEE 802.11 // 30ipHuK HayKoBHX Ipaub
BITIHTVYY ,KIII”. —2012. - Ne 1. — C. 14-23.

[8] Ilomosckuit B.B., Jlememko A.B., Esceea O.I0. CummmiuanbHas
MOZIC/Ib  OLEHKH CTPYKTYPHOH CJIOXHOCTH TEJICKOMMYHHUKALIMOHHBIX
cucteM // Bocrouno-EBporneiickuii xypHaI NepeaoBbIX TEXHOIOTHH. —
2003. — Bpin. 5 (5). — C. 48-51.

[9] Tapkyma C.B. OcobeHHOCTH UCIIOIb30BaHUS  runeprpadoB Ipu
MOJeMPOBaHIH MHOrOKaHalnbHbIX mesh-cereil cranmapta IEEE 802.11
// Papnortexuuka: Beeykp. Mexsen. Hayd.-TexH. ¢6. — 2013. — Beim. 175.
—C. 160-169.

[10] Homeup TI.II., Koneukina JI. M. ExcrpemanpHi 3amgadi  Ha
KoMOiHaTOpHHX KoH(irypauisx. — [Tonrasa: PBB ITYET, 2011. - 309 c.

[11] Cemenoa H.B., Koneukuna JI.H., Haropuas A.H.Ilogxox «
PCLICHHIO  BEKTOPHBIX  3a4ad  JUCKPETHOM  ONTUMH3aLMHM  Ha
KOMOMHATOPHOM MHOXECTBe IepectaHoBok // KubepHernka U

cucteMHbId aHam3 —2008. — Ne 3 — C. 158-172.

[12] Crosn 1O. I'., €merp O. O. Teopist i MeTOAM €BKIII0BOT KOMOIHATOPHOT
onrrumizarii. - K.: IH-T cucrem. gociimkens ocsitu, 1993, -188 c.

182



MoaenroBaHHS TEPTA Y BUKPHUBICHUX
Ha(pTOBUIO0YBHUX CBEPIJIOBUHAX

O.B. €Buyk
kadenapa iHpopMaIIiHHO-TEIEKOM YHIKAIl HHIX TEXHOJIOTIN
Ta CUCTEM
IBaHO-®paHKiBCHKUIT HaIliOHATBHUNA TEXHIYHUH
YHIBEpCHTET HA(TH 1 razy
IBaHO-®pankiBchk, YKpaina
olga.yevchuk@gmail.com

B.A. PoBiHchKkuit
kadenpa iHpopMaTUKH
[pukapniaTchKuii HalliOHATLHUN YHIBEPCUTET
imeni Bacunsa Credanuka
IBaHO-®pankiBchk, YKpaina
musicneutrino@gmail.com

Friction modeling in deviated o1l wells
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Technologies and Systems
Ivano-Frankivsk National Technical University of Oil and
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Anomauia — OOIPYHTOBAaHO HEOOXiIHICTL BpaxXyBaHHs
CyXO0ro Ta rpPAaHMYHOIO TePTs NPH MOJEIIOBAHHI PyXy INTAHIOBOL
KOJIOHH y BHKPHBJICHMX CBep/JIOBHHAX. 3amponoHOBaHO
BHKOPHCTOBYBATH napaMerpu4Hy KYOiuny CILJIAMH-
IHTEepnoJsANio A5l OiHKH MPOCTOPOBOi KoHdirypanii mraHrosoi
KOJIOHH, W0 JO03BOJHTH IIBHIIMTH TOYHICTH MOJIETIOBAHHS
NPUTHCKHHUX CHJI MiK IITAHT0BOI0 KOJIOHOIO Ta KoI0HOI0 HKT.

Abstract — Taking into account dry and lubricated friction in
modelling of rod string movement in deviated wells is
demonstrated. Proposed parametric cubic spline interpolation
for estimation of spatial configuration of rod string allows
increasing of contact force modelling between rod string and
tubing.

Knwuoei  cnosa—euxpueneni  ceeponoguHu,  WMAH2064
2TUOUHHO-HACOCHA YCIMAHO6KA, MEPM A, IHMepnonayis

Keywords—deviated wells, sucker-rod pumping unit, friction,
interpolation

I. Bcryn

OCHOBHUMH OCOOJIMBOCTSIMH ~ €KCILTyaTallii INTaHTOBHX
ruOuHHO-HacocHuX ycraHoBok (LITCHY) y BuxpuBieHux
CBEp/JIOBHHAX € IIiJBUIIECHE TEPTS Ta HASBHICTH JONATKOBHX
HaNpY)KeHb 3TMHY Ha [UISHKaX 13 3HAYHOI0 KPUBUHOIO
cToBOYpa CBEP/JIOBHHY, IO MPU3BOAUTH O MPHIIBUALIEHOTO
3HOCY LITaHT Ta 3’ €JHyBaJIbHUX MY(]T, a 3a4acrty i J10 OOpHBiB
LITAaHrOBOi KOJOHW. BpaxyBaHHS LUX (aKTOpiB HO3BOISIE

V.A. Rovinski

Department of Computer Science
Vasyl Stefanyk Precarpathian
National University
Ivano-Frankivsk, Ukraine
musicneutrino@gmail.com

OiTbIl  TOYHO  IHTEpHpEeTyBaTH  [JaHi  JMHAMOMETDIi
(BUMIpIOBaHHS 3yCHILIS Ha TOJIPOBAHOMY INTOKY HITAHTOBOI
KOJIOHH), SIKa 3QJIMIIAETHCS OCHOBHHUM METOJOM OTPHMAaHHS
JiarHOCTUYHOI iH(opMaIii B 3a/1a4ax JIarHOCTUKU TEXHIYHOTO
crany mranrosoi kononu Ta IIITHY B minomy.

Haiiyacrime TepTss MOJAENIOETBCS 32  JIOIIOMOTOIO
Koe(illieHTa B’S3KOr0 TEepPTS, IO BHUKOPHCTOBYETHCA Y
KJIACUYHOMY DPiBHSIHHI pyXy IITaHTroBoi Koionu [1]. IcHye psin
JIOCITIPKEHB, MPUCBSMEHUX BU3HAYEHHIO KOoe(illieHTa TepTsl, Jie
PO3IIISIAETHCS SIK BUKIIFOUHO B’s3Ke TepTs [2], Tak i rpaHHYHE
(i3 3MamryBaHHsM) Ta cyxe TepTs [3], e aHa3yeThCs BIUIUB
Ha WOTo BEJIMYHMHY Pi3HUX (PaKTOpiB, 30KpeMa i BAKPUBIICHOCTI
ab0 KyTy HaxXmi1y cTOBOypa CBEpJUIOBHHHU Ta IMPUTHCKHOI CHIIA
MDK  INTAHTOBOKO  KOJOHOK Ta  KOJOHOK  HAacOCHO-
KoMmIpecopHux TpyO. IlomiOHa 3amaua BUHHMKAE TAKOXK TPU
MOJICITIOBaHHI B3a€eMOii OypHibHOI Ta 00CagHOI KOJOHH B
npotieci OypiHHS cBepAoBUHU [4], Ta s HaQTOBUIOOYBHHX
YCTaHOBOK IHIIMX THIIB, 30KpeMa TBUHTOBUX [5]. B pamkax
noAiOHOT MOJIeNi 3/IHCHIOETBCS PO3PAXYHOK MPUTHCKHUX CHIT
10 JIOBXHHI CTOBOypa CBEp/UIOBMHM, HANpHKIAL 3a
JIOTIOMOT'OI0  YHCJIOBOTO MOJICITFOBAHHS METOIOM  KiHIIEBHX
€JIEMEHTIB [6].

II. Bujyi TEPTS Y IIJ3EMHINA YACTUHI IIIT'HY

[Ipu pyci mTaHroBoi KOJOHHM BCEPEIHMHI KOJIOHU HACOCHO-
komrpecopaux Tpyd (HKT) mranroBoi rimmOUHHO-HaCOCHOT
YCTAaHOBKM Ha INTAHTOBY KOJIOHY [IOTH CHIIM OIOpY,
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3YMOBJIEHI HACTYIHUMU BuAamu TepTs (puc. 1): B’si3ke TepTs
MDXK INTAaHTOBOK KOJOHOI Ta PIAMHO0, IO BHUI0OYBAETHCS,
TEPTs] MK IITaHTOBOIO KoioHOW Ta KonoHowo HKT y 3omax
KOHTaKTy MK HHMMH Ha BUKDPHUBJICHHUX JUISTHKax CTOBOypa
CBEpJIOBHHH; TEPTS Yy Mapi IUTyHXKep-IMIIHAP TTIMOHMHHOTO
Hacoca; TepTs MK CAIPHUKOM Ta IIOJNIPOBaHMM IITOKOM
LITAaHTOBOi KOJIOHW. B OCTaHHIX TPhOX BHIAIKaX IMEPEBaXKHO
Jli€ TpaHWU4YHE TepTs, TOOTO TepTs MK JBOMa TBEPIUMH
TIOBEPXHSAMH Y MPUCYTHOCTI 3MallyBaJbHOI piMHM B 3a30pi
MK HUMH. Cyxoro TepTsi 3a3BHYail CIJ YHUKATH, OCKUIBKH
BOHO MPHU3BOJUTH JI0 HIBHIKOTO 3HOCY MOBEPXOHb TepTs. TuM
HE MeEHIIe, Ha JAUBIHKAaX 13 3HAYHOI BUKPUBIEHICTIO
MIPUTHCKHA CHJIa MK IITaHTOBOIO KOJIOHOIO Ta KojoHoto HKT
JIOCSITa€  BEJNUYWH, SIKI 3yMOBIIIOIOTH IIOBHE BHTICHEHHS
3MAalIyI04yoro Mapy piAWHM 13 30HH KOHTaKTY, [0 TPU3BOAUTH
JI0 HasIBHOCTI CYXOro TepTs i, SIK HACII/IOK, IIBHIKOTO 3HOCY
TiJIa IITaHT i 3’€AHyBaIbHUX MY(T.

1

2

Puc. 1. Teprst y mig3emniii gactuni IITHY: 1- y napi caasHUK-TI0NipoBaHMi
IITOK; 2 — TipoAnHaMidHe; 3 — MiX IITAHIOBOK KOJIOHOK Ta KOJIOHOK
HKT; 4 — y napi niayHxep-LuiiHap

Y BepTUKaJNbHUX CBEpIOBHHAX Ta CBEPUIOBHHAX 3
HE3HaYHUM KyTOM HaXWJTy LIJIKOM JOITYCTHMO BPaxOBYBaTH B
MOJIEJ pyXy IITAHTOBOI KOJOHH JIMIIE B’SI3KE TEPTSI, OCKIIBKH
CyXe Ta TPaHUYHE TEPTS B IIbOMY BUITAJKy OOMEKYETHCS JIHIIE
rapaMy IOJIPOBAaHUM INTOK-CATBHUK Ta ILUTyH)KEp-IWIIHID
TJTMOMHHOTO HAcOCy 1 € He3HAYHHMH TOPIBHSHO i3 B’S3KUM

TepTaM.  Jlna  CyTT€BO  BUKPHUBIEHHX  CBEPAJIOBUH
cucTeMaTHU4YHa noxuoKa, 3yMOBJIEHA (akTHIHIM
MOJICTTIOBAaHHSM 1HIIUX BHIIB TepTs SK B’S3KOr0, CTae
CYTTEBOIO, WIO NPU3BOAUTH JO CIIOTBOPEHHA (QOpMHU

TUTYH)KEPHOI JAWHaMOTpaMy, L0 PO3PaXOBYEThCS 13 Ha3eMHOL
Ha OCHOBI MOJIEJII PyXY IITAHTOBOI KOJIOHH.

B 3B’a3ky 3 BHIIEGHaBEAEGHHMM BUHHKAaEe 3ajaya
BJIOCKOHAJICHHSI MOJIEITIOBaHHS CHJI TEPTS IIPU PyCi ITaHTOBOL
KOJIOHH y BHWKPHBIIEHHUX CBEPUIOBHHAX, 30KpeMa Ha OCHOBI
inpopManii mpo TreoMeTpuyHy KoHQirypamito cToBOypa
CBEPJIOBUHU 32 IAHUMH 1HKJITHOMETpII.

II1. ITHTEPITOJIALILS [IPOCTOPOBOI KOH®IT'Y PALIIT LITAHI'OBOI
KOJIOHU

Buxignoto iHdopmariero s po3paxyHKy CHJI TEPTS MiX
LITaHTOBOIO KoJIoHOK Ta KonoHolo HKT € pesynpratu
IHKJIIHOMETPUYHHUX JTOCHTIDKEHh — JaHI MPO KYT HAXWIy Ta

a3UMYT y CKIHYCHHIH MHOXXHHI OIOPHHX TOYOK IO JTOBXKHHI
cTOBOYpa CBepUIOBMHM. Ha maHumii wac i1 BU3HAYCHHS
TIOJIOKEHHSI OMOPHUX TOYOK Ta IHTEPIONALIT MPOMIKHHX
TOYOK HaHyJacTillle BUKOPUCTOBYETHCS METOX MiHIMalIbHOL
KpuBHHH [ 7], 110 Iepeadayvae MOIETIOBaHHS TUISTHOK CTOBOYypa
CBEpJIOBUHU CETMEHTaMU KOJIa TAKMM YHHOM, II00 B OTIOPHHUX
TOYKAaxX CHIBHAJalM TPAJI€HTH BiINOBITHUX KPHUBUX. Takum
YMHOM OTPHMYEThCS Oesika KpuBa f(x,y,z) (1 C', To6TO He
TapaHTYeThCsl HENIEPEPBHICTh KPUBUHU B OMIOPHUX TOYKAX.

IIporoHyeThCS  BUKOPUCTATH
CIUTAfH-1HTEePIOJISLI IO

napaMeTpuyHy —KyOiuHy

_-;,

x(t)=C, 1,(t)=C, -1,2(1) =

Jie ¢t — mapaMeTp, 10 MPUHMAEThCS PIBHUM JOBXKUHI KPUBOI Bif
THpyia CBepyIoBUHH (1=(0) 10 TOYKH 3 KOOpAWUHATAMH [ X(1),
y), z@)]; C_X,C_),C_ — BEKTOpH CILUIaiH-KOe(IIliEHTIB, IO
OOYHUCITIOIOTHCST OKPEMO 1 HE3aJIeKHO M0 KOXHIH KOOpAWHATI.
OCKIJIBKH JTaHi IHKJIIHOMETPIi, SIK TPaBHIO, OTPUMYIOTh Yepe3
PiBHI IPOMDKKH caMme IO BiJICTaHI BiJl THpJia CBEP/UIOBHHH, I1€
JTIO3BOJIMTH CIPOCTUTH PO3PAXyHOK CILIAHH-KOe(IIli€HTIB.

BUCHOBKHI

B pesynbraTi aHanizy ocoOIMBOCTEH TEPTS Y BUKPUBICHUX
CBEp/UIOBHHAX  BCTAHOBJICHO, III0  HEOOXIAHO  OKpEeMO
BpPaxOBYBATH CyXe Ta T'paHMYHE TEPTSA B MATEMaTHUYHIH MOJEII
PyXy KOJOHH INTAHT. 3alpOIOHOBAHO  BUKOPHCTAHHS
MmapaMeTPUYHOI KyOI4HOI CIUTaWH-IHTEPIOJISIIi IS OILIHKA

npocTopoBoi  KoHQirypamii mTaHroBoi komonu IIT'HY.
[lingBuieHHs TOYHOCTI IHTEPHONALIi (HOPMH  INTAHTOBOI
KOJIOHM  JIO3BOJIUTh TOKPAIIUTH TOYHICTH  PO3PAXYHKY

HpI/ITI/ICKHO.l. CHUJIM B 30HaX KOHTAKTy, IO € OJHHM 13 €TalllB
BU3HAYCHH CWJI TCPTH, SIKI Z[iIOTB Ha ITaHTI'OBY KOJIOHY.
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Improvement of the power method for eigenvalues
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Anomauyia—3anponoHOBaHO  NOKPAIlEHHA  CTENeHeBOoro
MeTOIy 3HAXOIKeHHsI Hal0iIbLIIoro 3a MoOIy/1eM BJIACHOIO YHCJIa
MaTpuni 3arajgpHoro Burisgy. IlokazaHo Ha npukjiIazax, mo
MeTOA NpalIo€e epeKTUBHO NIl MATPHULB i3 OyAb-sIKMM HaGopom
BJIACHUX YHCEJI, 10 HAJIEKATh KOMILIEKCHI MHOKHHI.

Abstract—An improvement of the power method for
eigenvalues proposed. The efficiency of the method shown for any
matrices with eigenvalues form the complex plain. Shown that
power method is very appropriate for the use in adaptive solver
for stiff systems.

Knwuoei cnosa—cmeneneguii memoo; Haiodinvuie 3a Mooy1em
614CHE YUC10; KOMNIEKCHI 6/1ACHI YUCIA MAMPUYT, HCOPCMKICH b

Keywords—power  method;  max

eigenvalues, stiffness

eigenvalue;  complex

I. Bcryn

Byxe BigmaBHa B OCHOBI OYIb-sIKOI HPUPOMHUYOI HAYKH
JIOKUTh EKCIIEPUMEHT. BiH 3'COBye IOCTOBIpHICTH Teope-
THYHHAX 3HaHb, a TaKOXK BCTAHOBIIOE 3B'I30K 13 IXHIM
MPAKTUYHAM 3aCTOCYBaHHAM. ICHYe 1Ba OCHOBHHX CIIOCOOU
MIPOBENCHHS EKCIIEPUMEHTY: (DI3UUHMIA Ta YHCEITbHHUIM.

YacTo yncenbHUN eKCIIepUMEHT 3BOAUTHCS 110 3aiadi Komri
[1] — pos3s's3anHs cucremu AuEPEHIIHHUX PpIBHIHB
(MaTeMaTH4HOI MOZEINi) Ha 3aJaHOMY IPOMIXKY i3 3aJaHUMHU
MOYaTKOBUMH YMOBaMHU.

VY MareMaTHYHOMY MOJEIOBAaHHI iCHYe OCOOJIMBHI Kiac
3a1a4, U PO3B'S3aHHS  SKMX ~ HEOOXINHO  3aTpaTHTH
HEBHIIPABJaHO 0arato OOYMCIIOBAJIBHHUX pecypciB. Y IHX

3aJa4ax MPHUCYTHI SK IIBUIKOIUIMHHI, TaK 1 TIOBIJIbHI MPOIECH.
[IpoGiiema B TOMY, 110 IIBUAKOIUIMHHI MPOIIECH (3a3BUYAif, 1ie
TIepexi/iHi Mpolecy) HaKIaAaloTh CHIbHI OOMEXEHHsI Ha KPOK
inTerpyBanHs. Ilicis TXHBOro 3aTyXaHHsS, KOJM MAalOTh MicCIie
TIOBIJIBHI TPOLIECH, KPOK IHTErpyBaHHS TEOPETHYHO MOXKHA
Oymo 0 30impmryBatH. IIpoTe, He3aBepIIeHI NIBUAKOILTUHHI
MIPOLIECH, SKiI BXKE€ HE JAar0Th BHIMMOIO BKJIALy B PO3B'S30K,
BHOCSITH CBOIO KOPEKTUBY Y CTIHMKICTh MpOLIECY iHTErpyBaHHSI.
To0TO, SKIIO MPOMIKKH, IO T[OBUIBHO 3MIiHIOIOTHCS,
IHTETpyBaTH 3 JIONIOMOIOI0 SIBHUX METONIB Ta NpOOyBaTH
30UIBIIYBATH KPOK, TO IIPOLIEC CTAE HECTIMKUM, PO3B'SI3KH
HAKONHMYYIOTh BEJHMKI MOXWOKM 1 CTaloTh HEJAOCTOBIPHUMHU.
TakuM 4MHOM, JIJISIHKU PO3B'SI3KY, SIKI TOBUIBHO 3MIHIOIOTHCS,
BHUMAraroTh Bijl SIBHUX METOJIB HEBHIIPABJAHO, 3 TOUYKH 30pYy
3aJI0BUILHOI TOYHOCTI, MaJIoro Kpoky. Taki 3a1a4i Ha3UBaIOThH
xopcTkumi [1].

IcHye cremianbHWI KJlac METOAIB Ul PO3B’S3aHHS
KOPCTKHMX 3ajad, sKi, [pore, He € e(QEeKTHBHUMHU IS
HEYKOPCTKHUX BHIAJIKIB.

[{ikaBuM € Te, 10 JKOPCTKICTh 3a/1aui MOXE 3MIHIOBATHCS Y
mpoIieci iHTerpyBaHHsA. TOoMy IOCTa€ MUTAHHSA TUHAMIYHOIO
BHOOpY KJIaCy METOY iHTEIpYBaHHS.

3 jitepatypu Biomo [2-3], 10 B I[bOMY MOXXE JOITOMOTTH
BH3HAYCHHS HAHOLIBIIOr0 3a MOMYJIEM BJIACHOTO YHCIIA
Matpulli SIko0i JiHeapu30BaHOI CUCTEMH JAWUQPIBHSIHb, SKY
interpyeMo. OCKUIBKM B TpOILECI IHTETpyBaHHS  TaKi
00YHMCIICHHST HEOOX1THO MPOBOAWUTH 0araToKpaTHO, TO METOJ
3HAXO/PKEHHS HAMOULIBIIOro 3a MOAYJEM BIIACHOTO 4YHCIa
MaTpulli Mae OyTH JyXe IIBUAKAM. TakoX Haroiocumo, IIo
BiH HE MYCHTh OYTH TOYHHUM, OCKIJIBKH JUI TMEpPEMUKaHHS

185



METOMIB IHTErpyBaHHSI HaM JOCTATHHO HAOJMKEHOI OIIHKU
BiIacHoro uwmcna. Ilicms orjsimy Jiteparypu Haml  BHOIp
3YIIMHUBCS Ha ITEepallifiHUX MeTomaxX. HaWmBHIIINM 3 HUX €
CTETIEHEBUH.

II. TIOKPAILIEHUI CTEIIEHEBU METO/]

Y  HaWOpoCTINIOMY  BHUIJIAAI  CTENICHEBUH  METOX
(hOPMYITIOETHCS TaK:
y(k +1)
(k+1) _ (k) (k +1) /
y A }\‘ max ( A ) ( 1 )’

J

ne y*“ - k-te HaGmmkenHs BIacHoro Bektopa, y\*V i y —
BiamoBigHi komnonenTyu Bexropis y** Ta y* (npu mpomy B
SKOCTI HOMEpPA j MOME BUKOPHCTOBYBATHCS OY/Ib-SIKE UHCIIO 3

JianasoHy j = I,n), n - po3Mip BEKTOpa ) .
Ocbh #oro nepeBaru:
® IIpOCTHH Yy peai3alil;
® iTeparliiHuii;
®  [IBUJIKHM.
[pore, € i HemoMiKK:

® TIOBLIBHO 30iraeThCs KOJIU JIBa HAHOLIBII 32 MOIYyJIeM
BJIACHI YHcIIa OJU3bKI 32 3HAUEHHSM;

® T[OTPIOHO 33/1aBaTH MOYATKOBE HAOJIKEHHS BIIACHOTO
BEKTOpa;

o CTaHZ[apTHI/Iﬁ AJITOPUTM  CTCIIEHECBOI'O METOAY HE
Ipamnroe Ko HaOIIbIIe 3a MOAYJIEM BJIACHEC YHCIIO
KOMIIJICKCHE.

B iHTepHeTI y BiIKPUTOMY AOCTYIi € KOJA MpOorpaMu Ha
C++ [4] creneneBoro MeToxy, AKMil MpaIioe [Uis BUIAAKIB,
KOJIM MaTPHIIS Ma€ KOMIIEKCHO-CIPSDKEH] BIIACHI YHCIIa.

TectyBaHHS IILOTO KOy TOKa3alio, IO BiH Ma€ HEIOJNIK.
Mertox He 30iracThest y ACSKMX BUMAKaX, KOIW HAWOLIbIIE 3a
MOJYJIEM BJIACHE YHCIIO JiHCHE.

[Micns ananmizy komy, y HbOMY OyJO 3Hai/IeHO JIOTiYHE
HEJIOOIPAIIOBAHHs, SKE IIOJNATae B HEMOBHOMY aHai3i
IUCKpUMiHAaHTa  KBajpaTtHoro piBHsaHHA. Kom  Oyno
MOM(DiKOBaHO 1 IepeBipeHO Ha TECTOBUX 3a/1a4ax.

III. TECTYBAHHS ITIOKPAILLEHI'O CTEIIEHEBOI'O METOY

TecroBi 3a7auyi BUOMpPATHCh TaKUMHM, OO0 OXONUTH BCi
BapiaHTH MaTpHIlb, SKI MOTJIM O BIUIMHYTH Ha €(EKTHUBHICTH
METoxy.

Tecr Nel. Aj=-2, A,=3
Tecr No2. A= 1+, = 1-1

Tect Ne3. A =0, A= 3.
Tect Ned. A =1, A,=1.001.
Tect Ne5. A =3, A= 3.

Tect Ne6. Ay =-2, L, =2
Tect No7. &= 10.08, A, = -3.54+2.98i, A3 = -3.54-2.98i.
Tect Ne8. A, =-0.08+14.591, A, = -0.08-14.59i, A3 =-0.83.

[TopiBHSAHHS TPOBOAWIOCH i3 TOTOBOK peali3alli€ero [5]
Metony QR [6]. BiH 3HaxoiuTh BCi BJacHI 4YUCiIa MaTPHIII
3arajibHOrO BUTJISAY Ta BBAXKAETHCSA ONHHUM 13 HAWKPALTUX VIS
PO3B’sI3aHHS MOBHOI MaTpUYHOI mpobieMu. J[Jis mokpameHoro

CTENEHEBOro MeToay 0yino 3a1ano noxubky & = 10 2

TABJIALIA 1. PE3VJIbTATU TECTYBAHHS TIOKPAILEHOI'O
CTEINIEHEBOI'O METOZY (PM) TIOPIBHSHO 13 METOJIOM QR
Tect PM, itepauiii PM, PM, BinHoCcHa
Ne 301IbIIIEHHST /1
IIBUAKOAIL, y noxubka | A, | ’
CKIIbKH pa3 %
1 1 4.2 0.00
2 1 2.0 0.00
3 0 5.9 0.00
4 1 2.5 0.00
5 1 4.2 0.00
6 1 4.7 0.00
7 4 1.9 0.05
8 2 3.6 0.10

3 Tabnuii BUAHO, IO TOKPAIEHNH CTEIeHeBUI METOJ JIa€
3HAQUHUH BUTpall y MIBUAKOAII MOpiBHSHO 3 MeTomoM QR,
30epirarouy po3B’3KH B MEKax JOMYCTUMOI MTOXUOKH.

BUCHOBKHI

BumnpaBieHO HEMOMIK y IOKPAIIEHOMY CTCIICHCBOMY
METO/I OIIHKKA HAHOLIBIIOro 3a MOMYJIEM BJIACHOTO YHCIIa
MAaTPHII 3arajIbHOrO BUIVISAY.

[Toka3aHo, IO TMOKpAIICHUI CTEHECHEBUM MeETon H00pe
MiIXOMUTh JJIi BUKOPHUCTAHHSA B aJallTHBHOMY aJTOPUTMI
MOJIEITFOBAHHS JKOPCTKUX CHUCTEM, IO Ja€ 3MOTY ONTHMI3YBaTh

BUTpATU 00YHCITIOBATIEHHX pecypciB B 3azayax
MaAaTEMaTUYHOTIO MOACITFOBaAHHA.
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Abstract—We study a packing problem of convex
polyhedra into a container (rectangular, spherical or
cylindrical) of minimal size. Continuous rotations and
translations of polyhedra are allowed. We use radical free
quasi-phi-functions and phi-functions to construct a
mathematical model of the problem as NLP- problem. We also
develop an efficient solution algorithm which allows us to
reduce the problem dimension and computational cost. Several
computational results are provided.

Keywords—packing, convex polyhedra, continuous rotations,
non-overlapping, mathematical model, nonlinear optimization

Optimal packing problem has a wide spectrum of
applications in modern biology, mineralogy, medicine,
materials science, nanotechnology, robotics, power
engineering, mechanical engineering, shipbuilding, aircraft
construction, civil engineering, etc. At present, the interest in
finding effective solutions for packing problems is growing
rapidly. This is due to a large and growing number of
applications and an extreme complexity of methods used to
handle many of them. These problems are NP-hard [1], and,
as a result, solution methodologies generally employ
heuristics [2-3]. We consider a problem of packing a
collection of a given non-identical convex polyhedra into a
container (rectangular, spherical or cylindrical) of minimal
size (volume, radius or homothetic coefficient.

Our approach is based on mathematical modeling of
relations between geometric objects and thus reducing the
packing problem to a nonlinear programming problem. To
this end we use the phi-function technique [4] for analytic
description of non-overlapping and containment constraints

taking into account their continuous rotations and
translations. We apply the concept of phi-functions,
extending their domains by including auxiliary variables.
The new functions, called quasi-phi-functions [5], can be
described by analytical formulas that are substantially
simpler than those used for phi-functions, for some types of
objects, in particular, for polyhedra.

One way to tackle the packing problem is use the existing
phi-functions for rotating polyhedra. In the paper we propose
alternative way to solve the problem which is based on
quasi-phi-functions, is capable of finding a good local-
optimal solution in reasonable computational time. The use
of quasi-phi-functions, instead of phi-functions, allows us to
simplify non-overlapping constraints, but there is a price to
pay: now the optimization has to be performed over a larger
set of parameters, including the extra variables used by our
new functions, but this is a small price. We believe our
quasi-phi-functions and our optimization algorithm described
below are more flexible and efficient than other techniques.

We propose a mathematical model as a nonlinear
programming problem by means of quasi-phi-functions and
phi-functions and develop a solution algorithm, which
involves a fast starting point algorithm and efficient local
optimization procedures.

Our solution strategy involves the following steps:

1. Generate a number of starting points from the
feasible region of our problem. We employ a new
starting point algorithm.
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2. Search for a local minimum of the objective function
of our problem, starting from each point obtained at
Step 1. We employ a special optimisation procedure
— Local Optimization with Feasible Region
Transformation.

3. Choose the best local minimum from those found at
Step 2. This is our best solution of our problem.

We present our computational results for some new
instances and several instances studied before. Figure 1
shows the local optimal placement of convex polyhedra in
rectangular container found by our algorithm.

Fig.1. Local optimal placement of polyhedral rectangular container

Figure 2 shows the local optimal placement of convex
polyhedra in cylindrical container found by our algorithm.

Fig.2. Local optimal placement of polyhedral cylindrical container

Figure 3 shows the local optimal placement of convex
polyhedra in spherical container found by our algorithm.

Fig.3. Local optimal placement of polyhedral spherical container

CONCLUDING REMARKS

Using our radical free quasi-phi-functions and phi-
functions we can develop exact nonlinear programming
model for optimal packing of convex polytopes and applied
our methodology to search for “good” local optimal
solutions. The values of the objective function, as well as,
the computational time reported in our paper for several
examples is achieved presently, but we expect that it will be
reduced in the future. The methodology may be extended for
a case of non-convex polytopes.
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Anomayia—XmapHi 00YMCJICHHSI € OJHi€I0 3 HeI0JaBHO
po3po0JieHMX  TEeXHOJIOTii I CKJIAJHUX  CHCTeM 3
umponcomacunaﬁnnm CHUILHUM BHKOPUCTAHHAM IOCJIYI, fKa
BiJpi3HA€TbCA  Bil CHCTEMM  CHIIBHOIO  BHUKOPHMCTAHHSA
pecypciBpo3nogijieHUX — 00uucjeHb. XMapHi  004YMCJICEHHS
NpuBadJIIIOTh CBOIX KOPUCTYBAYiB, HAJal04M  JOAATKH,
mwiatgpopmMu Ta iHGpacTpykTypn 0e3 Oyab-fIKMX NOYaTKOBHX
iHBecTHIIH, 10 € mepeBarol sl HEBEJHMKHX Oprasisamii.
IlepeBaroro xMapHHX 004YHCJICHB € IPOCTOTA JOCTYITY,II0 MOKHA
3poduTH 32 A0NOMOrow Be0-Opaysepa a0o HaBiTh cmapTdoHa.yY
JaHiii po0ori 3ampomoHoOBaHA MoJeJb OWIHKH TIOTOBHOCTI
XMapHOi iHpacTPyKTYpH, y siKiii BpaXOBaHO HACTIIKIB BiAMOBH
Pi3HMX KOMIIOHEHT CcepBepa, HACJHIAKIB BiAMOBH Mepexi i
JoKepeJia JKABJICHHS.

Abstract—Cloud computing is a recently developed new
technology for complex systems with massive scale service
sharing, which is different from the resource sharing of the grid
computing systems. Cloud computing delights its users by
providing applications, platforms and infrastructure without any
initial investment. The realistic beauty of cloud computing is that
there is no need for any sophisticated tool for access, web
browser or even smartphone will do. Fault tolerance, reliability
and availability in Cloud computing are critical to ensure correct
and continuous system operation also in the presence of failures.
In this thesis, we present an analysis of basic failures in Cloud,
and availability model of the fault of Infrastructure as a Service
(IaaS) in Clouds in the discrete-continuous stochastic system
form. In this availability model we take into account the failure

O.Mulyak

Department of Software Engineering
LvivPolytechnic
National University
Lviv, Ukraine
mulyak.oleksandr@gmail.com

behavior of various server components, failure behavior of
network and power source as in typical Cloud computing
infrastructure.

Knwuoei cnosa—Xmapni oouucnennsa; Bucoka zomoenicmu;
Biomosocmiiikicms; Mapkoscvka modens
High

Keywords—Cloud computing; Fault-

tolerance; Markov model

availability;

1. Bceryn

XmapHi OOYHCIIEHHS CTalOTh BCE OUIBII TMOMYJISIPHUM
3aco00M TIOCTauaHHS Oi3HEC-NIOCHYT, SKi IMIATPUMYIOTHCS
cheporo IT. BripoBamkeHHsS TEXHOIOTIH XMapHUX OOYHCIICHB
€ crmocoOOM  OTpUMaHHS  JOCTYINY JIO  JUHAMIYHO
MacimTa0OBaHOrO,  BIPTYaJli30BaHOTO  OOYHCIIOBAJIBLHOTO
cepenoBuina. OmntumaneHe [T-oOnmagnaHHs, mporpamHe
3a0e3MeueHHs, JOCBiJ 1 YIpaBIiHHA 1HQPACTPYKTypoOIO
pecypciB, sIKi € HEOCTYIHI 3 TOYKU 30py BapTOCTi, MOXYTh
OyTH IIBUIKO PO3TOPHYTI 1 JIETKO MAacIITa0OBaHI Ha OCHOBI
xMmapHoi iH@pacTpykrypu. Ilpomecu, momaTku 1 ciyxom
MOXYTb OyTH JOCTYIHI Ha TEpIly BUMOTY, HE3aJIEXHO Bij
MiCII ~ pO3TallyBaHHS  KOpHCTyBaua abo  HPHUCTPOIO.
[NocTayampHUK XMapHOTO CEpBiCy Hece BiAIIOBIJANBHICTH 3a
cepeloBHINe, TaK IO OpraHizaiii MOXYTb KOPHUCTYBaTHCS
pecypcaMu  TPOTSTOM KOPOTKHX MPOMDKKIB dYacy 0e3
MATPUMKH CEpeIOBUINA, KOJIIU BOHO HE BUKOPHCTOBYETHCS.

189



OCHOBHUMH TICPEIIKOaMU Ha NUIAXY BIPOBAKCHHS €
HaiiHICTh, Oe3leKa Ta PU3UKU eKcInlyaTamii. HamiitHicTs, a
30KpeMa Koe(]illi€eHT TOTOBHICTh XMapHOi 1H(QPacTPyKTypH,
sIKa BU3HAYAETHCSA 3a (opmyioro (1) € omHIEID 3 BaKIMBUX

po0JIeM, sika MoTpedye yBaru Ta JOCIiHKEHb.
Tcep
r=_——, ()
Tcep+Tpem
ae, Teep — CepeiHe 3HaUeHHs TPUBAJIOCTI POOOTH CHCTEMH 1O
BiIMOBH, Tpey — CEpeiHE 3HAYCHHS TPUBAIOCTI PEMOHTY

CUCTEMMU.

Tepmin «BucOKa TOTOBHICTH» [l] BH3HAYAIOTH SIK
3natHicTh IT-cucremu 3abesmedyBaT Oe3liepepBHE HaJaHHS
mociyr. lle muTaHHA € TMPOOJEMHHUM B CHUCTEMax OCKUIBKU
BOHO 30CepeiDKeHe Ha MporpaMHOMY 3a0e3mneucHHI. Bimomi
MOCTaYaJIbHUKM ~XMap MaJld  CIpaBy i3 THMYacOBOIO
BIJICYTHICTIO 3B’SI3Ky TPOTITOM JEKIJIbKOX T'OAMH 3arajoM.
TumuacoBa BTpara INpane3gaTHOCTI XMapHOTo CepBicy, SIK
3a3Havyae  Kishor Trivedi, npu3BoguTs 1O 3HAYHHX
¢inaHcoBux BTpar. B Tabmumi 1 HaBemeHO MOPIBHIHHS
BapTOCTI ONHIET TOAWHU MPOCTOI0 CUCTEMH B 3aJISKHOCTI BiJl
raity3i BAKOPUCTaHHS XMapHOi iIHppacTpyKTypH.

TABJIMLS 1. BAPTICTb OJIHIET TOIMHU TIPOCTOIO
Ne Tanyss Hoa. CIHA
1. bpokepcbki oneparii 6450 000, 00
2. Omnepariii 3 kpeautHumu | 2 600 000, 00

KapTKaMu
3. eBay 225 000, 00
4. Amazon.com 180 000, 00
5. CepBicH TOCTaBKH TOBapiB 150 000, 00
6. Llentpu oH-naitH pe3epByBaHHs 89 000, 00
aBiabineTiB
5. Mo6ibHui 3B'530K 41 000, 00

[Tpu anamizi tumnoBoi crpykrypu [3] Oynao BUIUIEHO TpU
OCHOBHI 4YacTWHM XMapHOI iH(QPACTPYKTypH MpPOSBIICHHS
BIIMOB B SIKMX MpPU3BOAMNTE TO THMYacOBOI BTPaTH
npane3naTHocTi. KpuTWYHWI BIDIMB Ha Mpane3laTHICTh
XMapHOi iHppacTPyKTypH MalOTh: BiJIMOBH anapaTHUX 3ac00iB
cepBepHOi 4YacTHHHU (IIEHTPAJILHUH IPOIECOp, OIepaTUBHA
nam'siTh, JKOPCTKI JMCKH, JDKEPENIo JKUBIICHHS Ta MEpexa) Ta
IeeKTH TPOTrpaMHOr0 3a0e3MeycHHS; BiAMOBH 3aco0iB
KOMyTallii Mepexi B YacTHHI cepBepy, Kiaacrepy Ta [lata-
HeHTpY (B KOKHOMY BY3JIi PO3MIIICHHN OCHOBHHMM Ta
pe3epBHHI CBiY); BIJMOBH JDKEpeENa eJIEKTPOXKHBJICHHS B
YacTHHI cepBepy, Kiacrepy Ta Jlara-neHTpy (B KOXKHOMY BY3Ji
MPUCYTHI JIBI HE3AJCKHI CICKTPOMEPESXKI Ta HKEPEso
0e31epeOiitHOTO eNTEKTPOXKUBIICHHS).

[lpu anamizi TOTOBHOCTI XMapHOi iH(QPACTPYKTYpU B
poboti [1, 3] aBTOpH pO3IIANAIOTH BCi IMEpeIivyeHi BUIIE
acriektd.  [Ipore  BH3HAa4YeHHS  TOTOBHOCTI  CHCTEMH
MPOBOJINTBECS. HA JOCHTh YKPYITHEHId Mofemn 3 psaoM
MPUMYIIEHb, [0 HE J03BOJSE IMPOBOIWTH OILIHKY BIUIUBY
KOXKHOT'O 3 KOMITIOHEHTIB Ha F'OTOBYICTh CHCTEMH B ILIIJIOMY.

Ornsan indopmamiiHux mkepen [2, 3, 6] mokasae, IO
MIUTaHHS OLIIHKK 3HAYEHHS KOe]ili€HTy TOTOBHOCTI XMapHOI
IHQPACTPYKTYpH € aKTyaJlbHUM Ta MOTpedye HO0AaTKOBUX
JIOCITi/PKEHB.

[MocTaBnene 3aBnaHHs BUPILNIYETHCS HA OCHOBI CTBOPEHHS
MoJIeJTi 00’€KTa y BUIIISI CTPYKTYpHO-aBTOMATHOI Mojei [4]
Ta aBTOMAaTH3alli€l0 BH3HAYEHHS Koe]illieHTa T'OTOBHOCTI
XMapHOi iHpPaCTPyKTypH.

II. AHAJII3 CTPYKTYPU XMAPHOTO CEPBICY TA AHAJII3 BIZ]IMOB

A. Cmpykmypa cucmemu XMapHoz2o cepsicy

ApXITEKTYypa CHCTEMH XMapHHUX IOCIYr MpeJCcTaBIeHa Ha
puc. 1, 10 ckiay sSIKoi BXOIUTH CHCTEMa KepyBaHHS XMaporo
(CKX) (Cloud Management System), sika BH3HAYaETHCSI
HaboOpOM cepBepiB (abo LIEHTPaJi30BaHHX, abo
posmopinennx). CucremMa KepyBaHHS XMapol BHKOHYE
qoTtupy pi3Hi QyHKIIT [2], sk TOKa3aHO Ha pHC. 1: KepyBaHHS
Yeproro 3aIliTiB, sKa MPHUHAMAae 3alHUTH Ha POOOTY Bija Pi3HUX
KOPHCTYBa4iB /Il ~ XMapHHX  CEpBICiB;  KepyBaHHs
obuucmoBabHUMU pecypcamu (Hampukian, [1K, kmacrepw,
CYNEepKOMIT'IOTEpU TOIIO) MO BChOMY [HTEpHeTy; KepyBaHHs
pecypcaMu JaHHX (TaKUMH sIK 0a3W JaHHX, ONPHIIIOJHEHA
inpopmais, 3mict URL Tomio); nimaHyBaHHS 3amuTy, MO
Horo Ha pi3Hi MiJ3a7avi 1 NpuU3HaYeHHS Min3ajad g0 Pi3HUX
00YHMCITIOBAIEHUX PECYPCIB, SIKI MOXKYTh OTPUMATH JOCTYII JIO
PI3HHUX pecypciB JaHuX uepe3 IHTepHer.

User

Results

s Cloud Management System (CMS)
o]
Cloud Requests
Services Scheduler
I Requgb
Computing Data
Res. Man. |[Res. Man.

UserUsers) 4|

Internet )

Schedule
Subtasks

Resources
(Data & Comp)

Internet

Internet

Internet

Puc. 1. CtpykTypa XMapHOro cepicy

B. Ananiz 6iomoe xmaproeo cepsicy

Sk moka3aHo Ha puc. 1, iCHYIOTH Pi3HI THITH BiIMOB, SIKi
BIUIMBAIOTh HAa HAMIWHICTh Ta TOTOBHICTH XMAapHOI'O CEPRBICY,
Taki SK TIEPEIIOBHEHHS, 3aBEpIICHHS 4Yacy O4YiKyBaHHS,
HecTaya pecypciB JaHHUX, HeCTaya 00UMCITIOBAIEHUX PECYPCIB,
NposiB 1eeKTiB MPOrpaMHOro 3ade3nedyeHHs, BiAMoBa 0a3u
JAaHWX, BiAMOBa amapaTHOro 3a0e3ledyeHHs Ta BigMOBa
Mepexi[2].

TABJIMLIA 11. AHAJII3 BIIMOB

Hacaiakn
Uepra 3amuTiB MOBHHHA MaTH OOMEXKEHHS Ha
MaKCHMaJIbHE YHCJIO 3alHTIB, SKi OYIKYIOTb Yy
uep3i. [HakIe, HOBUM 3alUTaM JOBEACTHCS YCKATH
HAATO [OBro, IO MOXKE MHPHU3BECTH A0 BIZAMOB
3aBEpLICHHS Yacy OYIKyBaHHSA. TakuM YHHOM,
SKIIO Yepra IOBHICTIO  3almOBHEHA,  KOJH
HPUXOANTh HOBHH 3aIlUT, BOHA IPOCTO IPHUIIHHIE
po6oTY i KOPHUCTYBayY HE B 3M031 OTPUMATH CEPBiC.

Tun BixMoBH

IlepenoBHeHHs

XMapHuii cepBic 3a3BHyail Ma€ BCTAHOBJICHHMIT 4ac
3aBepIieHHsT poborH. SIKIO dYac OdYiKyBaHHS
3aIUTy B 4ep3i € OLIbLINiA, HK BCTAHOBJICHHH 4ac

3aBeplieHHS —4Yacy
OYiKyBaHHS

3aBEpIICHHS] POOOTH, TO BHMHHKA€E BiJMOBa
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Hacaiaku
3aBEepLICHHS 4Yacy OYiKyBaHHS. SIK pe3yiabTat, Li
3aIIUTH, Ha SKUX BigOyJach BiIMOBA, BUIAJSIOTHCS
3 4epru, LLL06 HEC 3alIKOAWTH HACTYIIHUM 3alluTaM.
Y CKX, wmenemkep pecypciB ganux (DRM)
peecTpye Bci  pecypcu  naHux. llpote, €
HIMOBIPHICTB, 1110 AEsIKi paHille 3apeecTpoBaHi naHi
Oynyts BumaneHi, a DRM He Oyne oHoBiieHo. B
pe3yibTaTi, SKIIO Wi pecypcH MAaHuX OymyTh
IpHU3HAYEHI B MEBHOMY 3amuTi Ha pPoOOTY, BOHH
CIIPUYMHATH BIIMOBY HecTadl pecypciB JaHHUX.
OO0umnciioBalbHI pecypcd B XMapi e Oynab-ska
(izuuHa abo BipryasbHa KoMIioHeHTa. L[5 BigMoBa
MOXE  BUHHMKaTH, Hanpukiaa, komu  [IK
BUMHKAEThCs, He noBigomuBinn CKX.
HeBnaui  mporpamHoro  3a0e3redeHHs,  sKi
BiZIOYBalOThCsL uyepe3 MOMHJIKM abo HecnojiBaHi
pe3ysibTaTH B Mporpamax, IO HpalioloTh Ha
OJHAKOBUX  ab0  pI3HUX  O0YMCIIHOBAIBHUX
pecypcax.
ba3za panmx, sika 30epirae HeoOXimHi pecypcu
JTAHUX MOXKE BIIMOBHUTH Y 3B’SI3KY 3 NOMHJIKAMHU
BinmoBa 06a3u | mpu  OPOEKTYBAaHHI, HEBIAIMMH  CIpoOamMu
JIaHUX HIIKIIOYUATUCS 10 0a3u JaHuX 1 BUXOAy 3 nany. Sk
HACIIZOK, Mig3agadi mifx 4ac poOOTH HE MOXKYThb
OTpUMATH JOCTYII 10 HeOGXiL{HI/lX JaHuX.
OO6uuCIIOBaNBHI ~ peCypcH 1 pecypeH  OaHUX
BOJIOAIIOTH arapaTHUM 3a0e3nedeHHsIM
(HampuKIIajy, KoMI''orepu abo cepBepH), IKe MOXKE
3ITKHYTHCST 13 BIiIMOBaMHM amapaTHUX 3aco0iB,
HANpHKIaz, 30iil B 3a1aM'ITOBYIOYHX IPUCTPOSIX.
Ko mig3amaui 10CTynamThCs A0 BiJJaeHUX
JAHUX, KaHaIM 3BSI3KY MOXYTb OyTH 3/1aMaHi
¢i3uuHO 260 JOriYHO, 10 HPU3BOAUTH 1O BiIMOBU
po6OTH Mepexi.

Tun BixMoBH

Hecraua pecypcis
JaHUX

Hecraua
00YHCITIOBAIBHUX

pecypcis

Bigmosa
[POrPaMHOrO
3a0e3MeueHHs

Bigmosa
arnapaTHoro
3a0e3MeueHHs

BiamoBa Mepexi

III. HAQIIMHICHA MOJIEJIb XMAPHOI IHOPACTPYKTYPU

Merox  po3poOKM  HafifHICHOI  MOAETl  XMapHOI
iHQpacTpYKTypu y BUIJIIAI rpada CTaHIB Ta IEPEXOMIiB,
omucanuii 'y MoHorpadii [4], mepexbauae QopmainizoBaHe
MIPEJCTABIICHHS 00'€KTa JOCIHIHKEHHS Y BUMIAII CTPYKTYPHO-
aBromatHoi wmozeni (CAM). [ns moOymaoBH CTPYKTYpHO-
aBTOMATHOI MOJIEJIi HeOOXiTHO BUKOHATH HACTYIIHI 3aBIaHHS:
chopMyBaTH BepOaJbHY MOAETL 00’ €KTY JIOCIIIKCHHS;
BH3HAYUTH 0a30Bi MOMii; BU3HAYUTH KOMIIOHCHTH BEKTOpa
CTaHy, SKAMH MOXXHA OIKMCATH CTaH CHUCTEMHU B IOBIIbHHUI
MOMEHT dYacy; c(hOpMyBaTH MHOXKHHY IapaMeTpiB, SKHUMHU
MO)KHA OIKCATH CUCTeMY; CGhOPMYBaTH JICPEBO MPaBHII
MomudiKkaIlii KOMIIOHEHT BEKTOpa CTaHYy.

A. CmpykmypHo agmomamna mooeib XMapHoi
iHpacmpykmypu

BiamosigHo 10 TEXHOJIOrIT aHAIITUYHOIO MOJIEIIOBAHHS
[4] Ta Ha migcTaBi BH3HAYCHHWX 0A30BHX IOJiH, BU3HAUCHHUX
KOMIIOHCHT BEKTOpa CTaHy Ta IMapaMeTpiB, IKUMHU OIMHCYETHCS
IMTAC, npoBeneHo po3poOKy JnepeBa mpaBwia Moaudikarii
KOMIIOHCHT BEKTOpa CTaHy XMapHoi iH(PacTPYKTypH,
(hparMeHT SKOro MpeACTaBICHO B Ta0IuII 3.

TABJIALA TI1. JIEPEBO ITPABUJI MOJIU®IKALIIT KOMITOHEHT BEKTOPA

CTAHY
Onuc IIpasuio
e dopmysia .
cuTyauiii, B moudikamii
Basogi noaii SIKHX  POSPAXYHKY | o mmonent
. iHTeHCHBHOCTI
Bii0yBalOTHCSA .. BEKTOpa
. .. | ©a3oBoi noaii
0a3oBi moii CcTaHy
1.BiamoBa siapa
LCHTPAJIBHOr0 (VI=1) V1-Acpu V1:=VIi-1
porecopa cepsepa
2.BinmoBa mam’sTi B V2:=V2-1;
cepsepa (V2=2) V2 hram V4:=V4+1
3. Bigmosa B
JKOPCTKOT'O AUCKY (V3=D) V3 Auop V3:=V3-1
4. Bigmosa I13 V4:=V4-1,
cepaepa (V4=0) Vahsw V8:=V8+1
151; 3§K;HHCH“H51 (1/T1es)P3 \38::\3;:,
nepe3lzB];HLTlZ$<eHHﬂ (vV8=0) .
113 a cepepi (1/Tyes)Ps V8:=V8-1
Ha ocHoBi pospobmeHoi CAM T1a 3a [0IIOMOrOIO

MPOOJIEMHO-OPIEHTOBAHOTO MporpaMHOro 3acody ASNA
MIPOBO/INTBCS.  aBTOMAaTH30BaHa mo0yJaoBa rpady-CTaHiB Ta
nepexofiiB, (opmyerscs cucrema IUQEpeHIIHHNX PpiBHIHD
KonmmoropoBa-Uenmena,  po3B’s30Kk  sikoi  3abe3medye
BH3HAYCHHS TOTOBHOCTI XMapHOi iHGPACTPYKTYpH.

BUCHOBKHI

B naniii poboTi mpezcTaBIcHa HaaiiiHICHA MOJIEb XMapHOT
iHQPACTPYKTYpH 3 BpaxXyBaHHSAM: HEHATIMHOCTI amapaTHUX
3aco0iB  cepBepHOi 4acTHMHH (ILIEHTPAJbHUEI  mpolecop,
orepaTUBHA TaM'sITh, )KOPCTKI JIUCKH, JHKEPENIO >KUBIICHHS Ta
Mepexa) Ta MposABY NeeKTiB MPOrpaMHOro 3a0e3NeueHHS;
BiIMOBH 3ac00iB KOMyTamlii Mepexi B 4YacTHHI cepBepy,
kimacrepy Ta Jlata-nieHTpY (B KOXXHOMY BY3JIi PO3MIiICHHN
OCHOBHHMH Ta pE3epBHUI  CBiU); BIMOBH  JpKeperna
ENIEKTPOXKMBIICHHST B YacTHHI cepBepy, kiacrepy Ta [lara-

HeHTpY (B KOXKHOMY BY3Jl TPUCYTHI JIBi HE3aJIeXKHI
CIIEKTPOMEPEIKI Ta JDKEPETIo 0e3mepeoiitHoro
€JIEKTPOXKUBIICHHS ).
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for random structures
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Anomauyia—Opepxano ¢Qopmyay KopeasuiiHoi QyHkmii
OeTa-po3nonisly B 3arajJlHOMy BHIAJKY /I8 BUIAJKOBO HEOIHO-
pinanx crpykryp. IIpoBeneHo KoMIm’l0TepHe MOAETIOBAHHS Ta
BHM3HAaYCHUIl BIUIMB NapaMeTpiB po3noaiyly Ha QyHKUil0 Kope-
Jsauii Ta aucnepcii, 30kpema, IS TiJl 3 HEOXHOPIAHOCTAMH 30cCe-
pen:keHUMHU 0iJIA OHi€l 3 MOBePXOHb 200 MocepeauHi Tija.

Abstract—The formula of correlation function of beta-
distribution in the general case for random nonhomogeneous
structures was obtained. Computer simulation was carried out
and the influence of distribution parameters on the correlation
function and dispersion was established, in particular for bodies
with nonhomogeneities concentrated near one of the surfaces or
in the middle of the body.

Knwuoei  cnosa—obema-po3nodin;  Qynkuyia  Kopenauii;
oucnepcia; Komn’iomepHe mMo0enl06anH:A; 6UNAOKOG0 HEeOOHOPIOHA
cmpykmypa

Keywords—beta-distribution; correlation funtion; dispersion;
simulation; random nonhomogeneous structure

VY Bumajkax, KOJM HEBiZIOMOIO € TOYHA FE€OMETPHYHA KOH-
¢iryparis 6araTo(pasHuX TiJl, BAHUKAE HEOOXITHICTD PO3IIISIY
rapaMeTpiB CepeIOBHIIA K CTOXaCTHYHUX BETUYUH, 1[0 MPHU3-
BOJIUTH JI0 BUIMAJKOBOTO XapaKTepy MOCHIHKYBaHUX (Hi3UIHUX
nomiB. Tomi, m00 BCTAHOBHTH OCHOBHI OCOOJIMBOCTI JOCIi-
JOKYBaHOTO SIBHIIA, SIK TPAaBUIIO, 3ACTOCOBYIOTh METOJ CTOXAac-
TUYHOTO YyCepelHEeHHs. BHacmioKk 3IapKyBaHHS OKPEMHX
peaii3aliiii OTpUMaHi CTaTUCTHYHI XapaKTEPUCTUKH MOXKYTh
CYTTEBO PI3HUTHUCH BiJ| pealti3allii CTPYKTYpH CepeoBHIIa, IPH
IOMY TIOBHA CTaTHCTHKA MICTUTh BCIO 1H(OpPMAIIO TIPO

JIUHAMIYHY cucTeMy. SIK TpaBWiIO, Ha TPAKTHUI 3HAXOAATh
TIJIBKH TIEPIIl CTATHCTHYHI XapaKTEPUCTUKH, SIKi MOB’si3aHi 3
OHOTOYKOBUMH pO3NOAIIaMU KWMOBipHOCTeH. Y mpari [1]
3aIpOoIOHOBAHO MI/IX1J 10 MaTEMaTUYHOTO OIHCY AMCIIEepCii Ta
¢yHKuii Kopensmii (aBTOKOpesLii) IMois KOHUEHTpalii y
BHUIIaJIKOBO HEOJHOPIMHUX IIAPyBATHX CTPYKTYpax i3 3aJlaHUM
posmopiiom ¢a3. Ilpu orpumanHi BigmOBIAHUX (oMY
BUKOPHCTAHO IIOAaHHS BHIMAJKOBOTO IOJNS Y BUINIAIL psmy
Hetimana [1, 2], mo p#amo MOMXJIMBICTh BU3HAYHUTH JPYTi
MOMEHTH IT0JIs Yepe3 QPYHKIII0 Kopesilii ¢as.

BunankoBi CTpyKTypd MOXYTh MaTH PI3HHUH XapakTep
posTanryBaHHs HeomHopimHocTed. Ha puc. 1 mokaszaHo HpHK-
JIai OJIHOBUMIPHHX 3@ MPOCTOPOBOIO KOOPAMHATOI HEOIIHO-
PIIHUX CTPYKTYp (BHACHIZOK CHUMETpil 3a JBOMA IHIIMMHU
KOOpJIMHATAMH), y SIKMX PO3TAllyBaHHSA BKIIOYECHH MOXHA

OITMcaTH UMOBIPHICHUM O€Ta-po3MOAiIOM.

Puc. 1. Tlpukiaay BUIIAIKOBHX CTPYKTYP, IO OIMHUCYIOTHCS GeTa-po3noiijom

v

)
{%
)
\

Z

X

[IpoGnema 3HaxomkeHHst QyHKIIT Kopemsuii ¢a3 y 6araro-
(ba3HUX BUMAJKOBO HEOMHOPITHUX CTPYKTYpaxX TAKOK BUHUKIIA
OpH  JOCTIMUKEHHI TApHOTO B3a€MOBIUIMBY  IAPyBaTHX

192



BKJIIOUEHb Ha ycepeqHeHud mudysiiinuii motik [3]. 3okpema,
JULSL BUIAJKY CTPYKTYPH 3 00IacTiO HMOBIPHOrO pO3TaIlIyBaH-
HS BKJIIOYEHb OIS BEPXHBOI TPaHUIl Tiia, IO OIHCYEThCS
YaCTKOBMM BHIIQJIKOM 0€Ta-po3IOlilly BKIIOUCHb, BijUTOBiAHA
¢ynkuis kopemsauii das y mTepaTypl Biacyrus. Tomy B nmaHiii
pobOTi OTpUMaHO KOpeJALiiHy (yHKLil0 OGera-po3moairy Ta
JIOCITIPKEHO 3aKOHOMIPHOCTI 11 MOBEIIHKH.

DyHKIiA TYCTMHH [3-pO3MOAiNy B 3arajbHOMY BHIAKY
Mae BUTIIS [4]

T(a+p) oy Y
F(a)F(ﬁ)(ZoJ (I_Z_OJ cxelals g
0, er[O;zO],

S(x) =

ne I'(t) — rama-dynkuis, O, B — cTyneHi BiTbHOCTI.

Kopenauiiina gpynxuyin. Jlns 0era-po3nojiay BHUIIAJKOBHUX
BEIMYHU HA BIAPI3KY [0; zo] (puc. 1) nBoroukoBa (yHKIIs
Kopensuii (a3 BU3HAYAETHCS 4epe3 (YHKIiIO0 JTBOBUMIPHOIO
CIIJBHOTO PO3MOAUTY BHIIAJKOBHX BeIHUH W, (X,y) [4]
HACTYITHUM YHHOM [5-7]

y(x,p) = ﬂz 2wy (v yldzdz; . xyelniz], (@)

ne y(x,y) — byHkig kopendwii, ¥ — 06’em ycworo Tina, z;,
Z; — IPOCTOPOBI KOOPJAMHATH.

DyHKIIis IyCTUHM IMOBipHiCHOTO JBOBUMipHOro [3-po3mo-
niny JJxoyHca mae Burisan [8]:

T, B, +By) (iJm I(LJM 1(1_1JB2+B3—X1
INCIDIN (PPN (2R Zg Zg

B +B3-1 ~(Bi+P2+B3)
x(l—lj 1-2 , 3)
20 z;

ne I'(x) —rama-dynxuis, B, B,, B3 > 0 — cTyneni BitpHOC-

W2(x,y)=

Ti iMOBipHicHOTro po3noxiny, 0<x,y<z,.

[IpoBeneHO KOMIT IOTEpHE MOJIEIOBAHHS Ta BCTAHOBICHO
3aJI@XKHICTh (QYHKILIT KOpemslii BiJl MapamMeTpiB PpO3IMOALTY.
BcraHoBiieHO, 110 3MiHA CTYNEHIB BUIBHOCTI BIUIMBAE SK Ha
BEJIMYMHY, TaK 1 Ha MOBEAIHKY QYHKIIT Kopemsuii (puc. 2).

V()

Puc. 2. ®ynkuis kopemsuii y(x,y) s 3Hadens P =1, B,

B =B} =3,5, B, =1 (b)

=B,=2,5(a) ra

Po3risHyTO TakO)kK HACTYNHI YacTKOBI BHIIAQJAKH Oerta-
posmoziny 3a Jxoyncom (3):

L. IIpu B, =P, =1, B3 =P>1 dynkuis rycrunu (3) onucye
BHUIIAJIKOBO HEOJHOPIJHY CTPYKTYpYy i3 00NacTio HaiOinbII
HWMOBIPHOTO pO3TalllyBaHHS HEOMHOPITHOCTEH Oinst rpaHuIi
Tiza (B okomi Toukn) z=0. Takiif cTpykTypi BiAnoBigae Ta-
KOX 9aCTKOBHil BUMaaok posmominy (1) mpu a=1, B>1 (pos-
noxin f(x)). @ynkuia xopendawii (2) y 1bOMY BUHAIKY €
TaKoko

—-(B+2)

B B
wl(x,y)=AB(B+1)(l—ij (1—ij -2,
z

0 20 z
ne A= Hzl-zjdzidzj .
2

Ha puc. 3 naBeneHo 3D i 2D rpadiku y,(x, y) ang crymne-
Hi BibHOCTI =2,5 (puc. 3). Tyt i mani z,=1.

e

Puc. 3. ®ynkuis xopemsuii y,(x, )

IMoka3aHo, 110 30i7bIICHHS CTYIEHs BiJIBHOCTI [} iMOBip-
HICHOTO PO3MO/LITY NMPU3BOMUTH 10 3pocTaHHs (PyHKIIi Kope-
il y (x, ), Haitoinbme 611 Touxu (0;0).

II. IIpu B, =P, =P>1, B3 =1 PyHkuii rycrunu aBOBU-
MIpHOTrO CHUJIBHOTO OeTa-po3mnoainy (3) BimmoBimae croxac-
TUYHO HEOTHOPIJHIH CTPYKTYpi i3 00JIacTIO HAaWOiLIbII WMO-
BIpHOTO PO3TAIllyBaHHS BKIIIOYEHb 01l HOBEPXHI Tisa (B OKO-
1l Touky) z =z,. OnHoBUMIpHUM Oeta-po3nmoxin (1) Bixmosi-
nae Takiii ctpyktypi mpu a>1, =1 (posmomin f5(x)).
DYHKIIIS KOpEJsILii € HaCTYITHOIO

2[3F(2[3) + " e
X X X X
V() = Z TR ANE. Y P2
F (ﬁ) Zy 29 Zy Zy

Puc. 4. OyHkuis kopemnsii V(%)
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OyHKHito Kopemsii Y, (x,y) A CTyneHs BilbHOCTI 3
=2,5 mpouTIOCTpOBaHO Ha puc. 4. Y IbOMY BHIIAQAKY 3017b-
LIEHHS CTYIEHs BIILHOCTI [3 MPHU3BOIUTH A0 3pOCTaHHS (YHK-

i y,(x, y), HaOLIbIIe B OKOJI TOUKH ( Z); Z() ).

L. IIpu B, =B, =P5 =Pp>2,5 dynxuisa 6era-poznoxiny (3)
BIJIMOBiIa€ CTPYKTYpi i3 BKJIFOUEHHSIMH, CKOHIIEHTPOBAHUMHU
nocepenuHi intepBany [0;z,]. Lliifi cTpykTypi BiamnoBimae
4acTKOBUH BMNanoK posmoxaity (1) mpu a=B>1 (posmoxin
f3(x) ), a gyHKUiA KOpeTALi] 3a1a€ThCsl BUPa3OM

rGp) B-1 2B-1 -3
X X+ X X
Viley) =4 - >

r ($)) Zg 2y z4 Zg

Puc. 5 inmroctpye QyHKIif0 Kopenawii i (x,y) IpH 3Ha-
YeHHi CTyHeHs BilbHOCTI [3=3.

W, y)

Puc. 5. ®ynkuis xopemsuii y(x, y)

BcraHoBIeHO, 10 IS IHOTO BUMAIKY 301TBIICHHS CTYIIEe-
HS BUIBHOCTI TAaKOXX BHUKIMKAE€ 3pPOCTAHHS KOPEJSIiHHOI
(yHKILIT, TpY IFOMY YMM OUTBIINX 3HAYEHb HAO0yBa€e mapamerp
B, tam Oinbmie QyHkmis W3 (x,y) HaOMIKAETbCA O CUMET-
PUYHOTO BUTIISY.

/ucnepcin. 3 03HaYCHHS BHUILIUBAE, IO JTUCIIEPCis BUMIAI-
KOBOI BE/IMUMHH G> € OJHOTOYKOBOK (YHKIIEIO KOPEIAIIii.
Toni mist 6eTa-po3moaiTy MaeMO

LBy +B, +B3) (LJ
F@OTBITP3)\ 20

Br+p2-1
o’ (x) =y(x,x)=4

Pi+By+2p5-2 5 \~(Bi+B2+B3)
X X
v [1 —_) -5 .

) zg

Ha puc. 6-8 nomaHo po3mnofiiiv TYCTHHH OJHOBUMIPHOTO
Oera-po3noainy (puc. a) Ta aucnepcii (puc. b) s CTPYKTYpH

A a o1 (v) b
40 - T T 40 - T T T

Puc. 6. T'ycruna posnoziny f,(x) (a) Ta mucnepcis o, (x) (b)

13 BKITIOYEHHIMHM 30CepePKEHUMHU OISl BEpXHBOI TPaHMII Tina
(puc. 6), Ol HWKHBOI MOBEPXHI (pHC. 7) Ta MOCEpearH] Tija
(puc.8). Kpusi 1-4 moOymoBaHi ajsi 3HAY€Hb BiJIIOBITHOTO
CTYIEHs BiIbHOCTI 2; 2,5; 3; 3,5.

2
£ a O b
40 8,0

3,0

60

/ 3 //

2
20 40 S
1
2
10 20
=

00 | 0,0 :

0 0,25 05 0,75 X1 04 0,55 0,7 0,85 X1

Puc. 7. Tycruna posnominy f;(x) (a) Ta mucnepcis o5(x) (b)

o2 (x) b

a
S . 12

09

06

03

05 +

0,0 4 | 0,0 } |
0 0,25 05 0,75 X1 0 0,25 05 0,75 X1

Puc. 8. T'ycruna posnoginy f;(x) (a) Ta gucnepcis cg(x) (b)

BcranosneHo, 1o sk 1 ay1st GyHKIiT Kopensiii, 301IbIIeHHs
CTYIIEHS BIJIBHOCTI PO3MOALTY MPU3BOJUTH 1O 30UTBIICHHS
mucnepcii Ot BIANMOBIAHOI TpaHUIi, /€ CKOHIEHTPOBaHI
HEOIHOPITHOCTI, 200 B IEHTPI Bipi3Ka [O;zo] JUISL CTPYKTYPH
13 BKJIFOUEHHSIMU PO3TALIOBAHUMH TTOCEPEINHI Tija.
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KoM’ toTepHe MOAETIOBAaHHS APYTHX MOMEHTIB
BHUITQJIKOBOI'O IMOJISI KOHIIEHTpAIIli B IBIPOCTOP1 3
€PJIAHT1BCHKHAM PO3IOIIOM IIAPYBATUX BKIIOYECHD

10.1. Binymaxk

BIJUIUT MATEMaTHYHOTO MOJICITFOBAHHS HEPIBHOBAYKHHX IPOIICCIB
LleHTp MaTeMaTU4IHOTrO MOJIETFOBAHHS
[HCTHTYTY pUKITIAAHUX TTpOOIeM MexaHiku 1 MaTematuky iM. S1.C.ITincrpuraua HAH Ykpainn
JIbBiB, YKpaina
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Simulation of the second moments of random field of
concentration in a semispace with erlangian
disrtibution of layred inclusions

Y. Bilushchak
Department of mathematical modeling nonequilibrium processes
Centre of Mathematical Modeling of Pidstryhach Institute for Applied Problems of Mechanics and Mathematics, Ukrainian
Academy of Sciences
Lviv, Ukraine
byixx13@gmail.com

Anomauyia—Po60oTa NMpHCBAYeHa MATEMATHYHOMY MOJEJIIO-
BaHHIO nponeciB au(ysii fomMimKoBoi pe4oBuHH y ABO(dasHOMY
IapyBaToOMy IIBIPOCTOPi 3 ypaxyBaHHAIM BHIIaJKOBOI0 p0O3Ta-
IIyBaHHSI MAMApPiB Ta yMOB HeieaJbHOI0 MacOBOr0 KOHTAKTY
HA rpaHuNsX po3ainy ¢ga3. BusHadyeHo qucnepceiro noJst KOHIEHT-
panii 4aCTHHOK Ta JBOTOYKOBOI QYHKIiI0 KopeJsimii mojst Qs
npouecy augdysii B mapypaTomMy niBIpocropi 3 epJaHriBcbKUM
po3noainioM BkJI0OYeHb. Po3pobiieHO mporpaMHe 3aGe3nedeHHsI
TAa BU3HAYEHHI BIUIMB XapaKTEPHCTHK CEePeNOBHINA.

Abstract—The work is devoted to mathematical modeling
admixture difusion processes in a two-phase stratified semispace
with allowance for random disposion of a sublayers and the
condition of nonideal mass contact on interphases. Dispersion of
the field of particle concentration is defined as well as a two-point
function of field correlation for the diffusion process in the strati-
fied semispace with exponential distribution of inclusions. Soft-
ware is designed and influence of medium characteristics.

Knwuoei cnoea— mamemamuune moodentogannsa oughysia, wa-
pysama cmpyKkmypa, epianziecbKuii po3noodin, oucnepcia nois,
dyukuia kopenauii

Keywords— mathematical modeling, diffusion, stratified struc-
ture, erlangian distribution, field dispersion, correlation function

1. Bceryn

MarematinuHuii onuc mpoueciB nudy3ii 6azyeTbcs Ha
0allaHCOBMX CIIBBIAHOIIEHHSX Ta 3akoHax Dika, Ha OCHOBI
SIKHX (hOPMYIIOIOThCSl KpaiioBi 3amaui. [Ipu upomy st Gara-
To(a3HMUX TUT HE 3aBXKIU BIOMI TOYHI FEOMETPUYHI ITapaMeT-
PH BHYTPINIHBOI CTPYKTYpH [1]. SIKII0 HEBimOMO po3TainryBaH-
Hs (a3 B CEpe/IOBHII, TO MPOLECH, SIKI MPOTIKAIOTh Y TaKHUX
TiJaxX, pO3IJINAIOThCS SIK BUMAAKOBI. SIKIIO po3Mipu BKIIO-
YeHb € MAJIMMU B TIOPIBHSIHHI 3 pO3MipaMH TiNa, iX KUIbKICTh
MaKpOCKOITIYHa i HMOBIpHICHHI PO3IOJIiI BKIIIOUEHb OJIM3bKHUI
JI0 PIBHOMIPHOTO, TO JJISI OMHUCY IIPOIECIB IMEPEHOCY Y BH-
MAJIKOBUX CTPYKTYpaX MOXKHA 3aCTOCOBYBAaTH Pi3HI METOIH
romorenizauii [2]. J{ns BUnaiaky MOBUIBHUX PO3MIpIB BKIIIO-
YeHb, B TOMY YHUCII 1 CIIIBBUMIPHUX 3 pO3MipaMH Tijia, po3po0-
JICHWH TI/IXi[, SIKUi 0a3yeThcsl Ha 3BE/IEHH] KpaiioBoi 3a1adi 10
IHTErpo-IudepeHialbHOr0  PiBHSHHS, O3B 530K SIKOTO
3HaXOJUThCS y BUIIIsAL psiny Helimana ta ycepenHeHHI Horo 3a
aHcamOyieM kouirypamiii ¢a3. Ilpu mpomy y 30ypeHOMY
orepatopi audy3ii, i BiIIOBITHO B OrepaTopi sjpa iHTerpaib-
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HOTO PIBHSHHS, CKOPOUYETHCS MOXinHa 3a yacoM. Kpim 1iporo
Ha TIPAKTUI 3a3BUYall 3HAXOAATH JIMILE TEpPII CTATUCTUYHI
XapaKTEePUCTUKH TIOJs, SIKI MOB’s3aHI 3 OJHOTOYKOBHMH PO3-
noginamMu iiMoBipHocTeld. ToMy B poOOTI y3araibHEHO MijXif
JI0 MaTEMaTHYHOTO OMUCY U] y3il y BUMAIKOBO HEOAHOPITHIX
IapyBaTUX TiNax s JOBUIBHHX pPO3MIpiB BKJIIOYEHb 3a
HeiJlealbHUX YMOB KOHTaKTy Ha KOHIIEHTpAIl0, a TaKOX
3ampolOHOBAHO METOJI BH3HAYEHHS MAMCIIEpCii TOois KOH-
LEHTpallii MIrpyrouoi pe4YOBUHU Ta ABOTOYKOBOI (DYHKIIi KO-
perstii (aBTOKOPEIALIT) OIS,

II. MOJIEJTIOBAHHS BUIIAIKOBOT'O I10JISI KOHLIEHTPALIII B
HTAPYBATOMY IIIBITPOCTOPI

Hexaif 1OMIIIKOBI 4aCTHHKU MITPYIOTH Y 6araTomapOBo-
My HiBIIPOCTOpi, B SIKOMY PO3TallyBaHHS nu:[mapus € HeBiJo-
MuM. BBaxaemo, mo audys3iliHi BracTUBOCTI miapiB (oOmacti
Qo 1 Q, puc. 1), MOXyTb CyTTeBO BifpizHsTuca. [Ipuii-
Ma€eMO, IO PO3TAlIyBaHHS BKIIOYCHH (pHC. 1) MOPSIKOBaHO
epiaHriBcbkoMy posnoainy f(z) [3].

4 Y

=A =
oA :

R T Zz b

0, p. d,
Qs Por dy=

Puc. 1. CtpykTypa 0aratormapoBoro miBIPOCTOPY /Ul EpJaHriBCBKOrO

PO3MOALTY BKIIFOUEHD IIPH CTYIEHsX BiibHOCTI n =2 (a)i n>2 (b)

[Mpouec mudysii OOMIMIKK B TakUX TUIaX OMHCYETHCS
piBHsIHHSMH AUdY3ii, chOPMYIHLOBAHUMH JUIs KOXKHOI 3 (ha3:

oc (z,1) 0%¢ . (z,0) "
s j\% _ .

Py = 2e 9=y j=or
Ae c;(z,t) — BUNIAJKOBA KOHLEHTpALs; p; — YCTHHa; d ; — Ki-
HETHYHHH KOoe(iLi€HT TIepeHoCy; n; — KUIbKICTb mapiB ¢azu j,
Q, — i -Ta ONHO3B’s13Ha OONACTH cbaSI/I Jsi =Ln, n;, j=0,1.

Ha none c(z,t) HaKJIaJeHO Taki KpaioBi YMOBH
CO (Z’ t)|t:0 = C] (Z’ t)|l:0 = 0 > (2)
co(z, z)|2:0 =c. =const, ¢z, t)|z_m =0. 3)

Ha Mixk¢a3sHuX TpaHUIIX YMOBH HEiI€aTbHOTO KOHTAKTY
Jutst pyHKIIT KOHIIEHTpaIlii MaroTh BUIIIL [ 1]:

o =kie(z,0)

z=2,+0"
Pody a0 = P06 (2, z)/az|2:21+0; 4)
he@0|_, o =hkoo@0l_, 1, o0
p,d, o¢, /622:21”1“_0 =pody0c, [0z ey 50 Q)

ne k; — xoedilieHT KOHUEHTPALHHOI 3a/€KHOCTI XIMIYHOrO
noteHuiany y gasi j, s — TOBIIMHA BKIIOUEHHA (2 .
3a3HaynMo, 1110 MpH Takiii mocraHoBi 3axaui (1)-(5) Bu-
[aJKOBUMHU BEJIMYMHAMU € TPaHULl KOHTaKTy z=2z; Ta
z =2z, +hy, T06TO Mexi obmacteit Qg Ta 4, AKi € BHYT-

pitmHiMu i Tita. Lle, B cBOIO uepry, IpU3BOIUTH 0 CTOXa-
CTHYHOCTI TOJII KOHIICHTPAITIT JOMIIIIKH, sIKa MIrpye B TiJIi.

3 JomoMoror amapaTy Teopii y3aranbHeHUX (yHKIiH
KoHTakTHa 3a1a4a (1)-(5) 3BeneHa 70 piBHIHHS MaconepeHocy
y Bcill obmacTi Tina, onepaTop AKOro ABHO BPaxoBye CTpHOKH
KOHHeHTpaHll Ta ii TOXiHUX Ha IPAHHMLAX KOHTAKTY. OTpH-
MaHiif KpaloBiil 3ajadi IMOCTaBJIEHO y BiAINOBIIHICTH €KBiBa-
JICHTHE 1HTEerpo-AnQepeHIliatbHe PIBHSHHS, PO3B’SI30K SIKOTO
noOyoBaHMH y BUIIISAL iHTErpasibHOrO psiny Helimana:

t © t ©
Az =co(z,t)+ j j Gz, 2 )L (2 o (2o N e + j j Gz, 2,1,
00 00

t o

xLS(z',t')”G(z',z",t',t")Ls(z",t")co(z",t")dz"dt"dz'dt'...,(@

ne ¢y(z,t) — pO3B’S30K OAHOPIAHOI 3amadi, G(z,z',t,t') —

¢ynxuis ['pina,
Leo=p Yl e Snel Sl -
T ' i ! ot ey ' i ! oz zeQ,

if

1 n n
SY Yy ) Do) 8-z )., B2+
J=0 i /

+ Z[a/ az]z:zl+h“ 8(z—(z; +m)=[ 1oz, 8 = (7 + ) |
1

Ie ps=pg =Py, de =dy —dy, M - QyHKUIs CIPYKTYpH.
VYcepenHeHHsI OTPUMAHOTO PO3B’SA3KY MPOBECHO 32 aHCaM-

O11eM KoHDIrypariii ¢as3 3 epIaHriBChKO0 QYHKINEH PO3MOALTY.
[Nopmanust po3B’s3ky y BUM psiny Helimana (6) mosBoisie

3HAWTU JUCHEPCIIO MOl KOHIEHTpaIli /yisl mpouecy nudysii B

LIapyBaTOMY ITiBIIPOCTOPI 3 €PJIAHTIBCHKIM PO3IIOALTOM (ha3.
Jlucriepcis Mo 38 O3HAYCHHSAM JIOPiBHIOE

o2(z,0)= <c2 (z,t)> - (c(z, t)>2

st cepemHboro Bim MOOYTKY IIOJIB KOHIIGHTpAIl Mae
MicCIIe CITiBBiTHOIICHH [3]

<C(Zlat1 )C(Zzafz» :<C(Zlat1)><c(z2at2)>+Wc(zlatlaz2at2) ,
ne .(z,4,25,5) - GQyHKIIS Kopendwii (aBTOKOpenii) Mo
KOHIEeHTpalil ¢(z,¢) B Toukax (z;,4)) 1 (25,1,) [4].
3Bifick MOXXEMO BH3HAYMTH (QYHKIIIO KOpENslii moss
\j c(z, t,z, t) T00TO AMCHepcii B Touli (z,) :

v, (z, t,z, t) = <02 (z, t)> - <c(z, t))(c(z, t)) . (7

Tonmi cepeane Bii KBagpaTy HOJNS MOXXEMO 3aIHCaTH SIK
cyMy 1OOYTKIB Cepe/HiX Ta BiIHOBIIHOT (YHKIIT KOpEISLIii:

<02 (z, t)> = <c(z, t)c(z, t» = <c(z, t)}(c(z, t)> +vy C(z, t,z, t) .
[MincraBasiemo y (7) Bupa3 mist noist c¢(z,t) y BUITAML

psany Heiimana (6) i oOMeXyeMcs MEpUIMMH YOTHPMa dlie-
HaMHU PO3KJIaay, TOOTO BpaXxOBYeEMO HE OUIbIIEC HIXK HMapHUN
B3a€MOBIUTUB MiJIIAPIB, 3 IKUX CKJIAJIEHE TiJIO.
Bpaxyemo, mio ¢yukuis I'pina G(z,z',t,t"), omepatop
L,(z,t) 1 mone KOHIEHTpaUii TOMILIKKA B OJHOPiAHOMY Tili
¢y(z,t) € neTepMiHOBaHUMHU, & OTXKE € IETEPMIHOBAHUM BHUPA3
Zs(z,t)co (z,t) ; MO ycepemHEHHs MPOBOAMMO 3a aHcamOieMm
KoH(pirypamii (a3, TOOTO BHUITaKOBOIO BEITMYHHOIO € KOOPIH-
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HaTa «BEPXHbOI» MEX1 BKIIIOYEHb Zz; . [HTErpabHi BUpasy, 110

BXOJISITh B IUCIIEPCIIO 1 (PYHKIIIFO KOPEISIi 1MoJIst, JO3BOJISIOTH
MoAaTH J0OYTOK JBOX JIBOKPATHHX IHTErpaiiB y BUIJISIL
OJIHOTO YOTHPHKPATHOTO iHTerpana.

Tako, BBKAIOUH TTOJ[AHHS OIS KOHIICHTPAIT Y BULIISAII
psany Heiimana, BM3Ha4YeHO (YHKIFO KOpessiii (aBTO Kope-
JsLii) MoNs KOHIEHTpalli JOMIMKKH y OBoGaszHOMY Tl y
JBOX TOUKAX (z;,4) 1 (2,,t5)[5]

v, (zl,tl;zz’tz) =<c(zl,l‘1)c(zz,t2)>—<c(zl,t1 )><c(zz,t2)> .

Tomi, OCKiIbKH

=

il n

((Ma2))(Ma (@)Y + v, (2,.2,))

" "
2@ (2) ) =
i=1 k=1 i=1 k=1

ge v, (212) = ((n)" [T (2'2)" e - pymain
KopenAwii (a3 epIaHriBCbKOro po3mofily, a n 1 W — mapa-
MeTpH Iboro posnofiny, I'(n)- I'ama ¢yHkis, To orpuMaeMo
¢byHKIII0 KopenAwii mois KoHIEHTpauii B Toukax (zp,#;) i
(z5,t,) mna mpouecy naudysii IOMINIKOBOI PEYOBHHHU Y
JBO(pa3HOMY BUIIAJIKOBO HEOAHOPIAHOMY LIAPYBATOMY TiJli:

R
Wc(ZlatﬁZ'zalz):"lzIII G(zy,21,0,4)G(z2y, 25, 15,15 ) X
00 (1)?

Puc. 3. Jlucnepcist mosist KOHIEHTpaLii B pi3Hi MOMEHTH 0e3po3MipHOro yacy
t=0.2;0,3;0.4;0.6 (xpusi 1-4) npu =10, n=1 (a)

Ay [

Puc. 4. ®yukuis xopensuil 1mosis KoHuUeHTpauii B MOMeHT uyacy T, = 0.2;

T, =05mpu u=0,5, n=10

v/t

Puc. 5. ®yukuis kopensuii mons xoHueHrtpauii B MomeHt yacy T, = 0.05;

1, =001lnpu p=10, n=1

XZS(ZM{)CO(ZM{)ZS (Zzaté)co(zzsté)‘l’n(zpZz)d%alfédzzdf{ D~(SDI}J Bix nouarky nporikanna npouecy Auysii y punaixosiit

Tyr ZS (F,t)=p.0/ot—d, o° / & - 30ypeHuii onepatop audysaii.

Takum uymHOM MH oTpuManu Bupa3z (8) mia GyHKii
KOpeJALii MoJs KOHIEHTpallii AOMIIIKOBOI PEYOBUHU B IIBO-
¢azHOMy OaraTomapoBoMy TiIi B Toukax (zy,f) 1 (z3,f;),
SIKMH TTOJJaHU Yepe3 QYHKIIII0 Kopelsiii ¢as.

VY BUmNajKy IIapyBaTOro TiJla 3 €rpilaHriBCBKUM PO3IOIi-
JoM (ha3 oTpuMaHi po3paxyHKOBi (GopMyaH mUctiepcii mons ta
JIBOTOYKOBOI (PYHKIIT KOpEeJsLii Moyt KOHIEHTpamii Jo-
MIIIKOBOT PEYOBHHH. XapaKTepHI PO3NOMLIH wc(z,t;z,t) Ha-
BeZIeHI Ha puc. 2, puc. 3 Ta \VC(Z1J1§22J2) Ha puc. 4, puc. 5.

e a\
0,00015 / \
i / ;
2
o AN
0 1 2 3 4 5 [} 7 é 8

Puc. 2. Jlucnepeist mosist KOHIEHTpaLii B pi3Hi MOMEHTH 0e3po3MipHOro yacy
t=0,3;0.4;0.5 (xpusi 1-3) mpu n=0,5, n=10

fosi /’\
NN
RN\
NA AN -

0 1 2: 3 4

e

apyBaTiil CTPYKTYpi, TUCIIEPCis MOJsl KOHIEHTpalii IoYrHae
3pOCTaTH B OKOJI MIOBEPXHI, /e JIi€ [pKepeso MacH (puc. 2), a 3i
30UTBIICHHAM |l II€ MaKCHMMyM 3CYBA€ThCI B TUIMO Tijda
(puc. 3). 3 pocToM 4acoBOi 3MIHHOI (DYHKIiSI KOpesii pi3ko
3poctae Ol MOBEpXHi, Jie Ji€ [ukepeno Macu. Puc. 4, 5. inroc-

Tpye NOsIBY MakcuMyMy GYHKIIT Y. (2,45 25,1,) -

BHCHOBKM

TakuM YHMHOM Y3arajibHEHO MiAXiXA OO MaTeMaTHYHOrO
ormucy audy3ii y BUNaakoBO HEOAHOPIIHUX IIAPYBATUX TiJIax
JUTSL IOBUTBHUX PO3MIpIB BKIIIOUYEHb 33 HEl/leabHUX yMOB KOH-
TaKTy Ha KOHLCHTpAIIi0, a TAKOX 3aIPONOHOBAHO METOJ BH-
3HAaYEHHs JUCIEepCii MOl KOHLEHTpAMil Mirpyro4oi peYoBUHH
Ta IBOTOYKOBOI (PyHKIIIT KOpesinii (aBTOKOPEIISIIiT) OIS,
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Modeling and investigation of thermostressed state of
thermosensitive hollow cylinder during heat removal
by the way of evaporation of liquid
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Anomayia—CdopMyI1b0BAaHO MATEeMATHYHY MoOJedb Ta
NPOLIIOCTPOBAHO METOAMKY BH3HAYEHHS YCTAJIEHOI0 TeIJIOBOro
Ta HanpyskeHo-1edopmoBanoro CTaHiB TPHUIIAPOBOro
TEpPMOYYTJIHBOI0 IOPOKHMCTOr0 HWJIIHApa, Ha OJHiA 3
00MeKyBaJIbHAX MOBEPXOHDb SIKOT0 Bil0yBa€ThCsi KOHBEKTHBHO-
NPOMEHEBHIl TeIuIo00MiH, a d4epe3 iHIIY — TeILIOBiJABeICHHS
ILIAXOM BHIIapoByBaHHsi pinmnn. IIpu npomy npmiinsaTo, mo y
APYroMy miapi HWJIiHApPa HasBHI po3monijeHi 3a mapa0omivHIM
3aKOHOM JIepesia Telula, a MiK IIapaMH BHKOHYIOTHCS YMOBH
izeaJbHOro  TemI0BOro  KOHTakTy. JlocailkeHO  BILUIMB
32JI€KHOCTI  TEPMOMEXaHIYHMX XapaKTEePUCTHK  Marepiajis
apiB BiJ TeMmepaTypH Ta iHTEHCHBHOCTi BHIIADOBYBAHHsSI Ha
XapakTep i piBeHb pO3NOAiTy TeMIIepaTypH i HANPY/KEHb.

Abstract—On the example of the three-layered by axial
coordinate cylinder the formulation of the mathematical model
and the method of determination of steady-state distributions of
temperature and stresses are illustrated. The heat flux is directed
to one of the flat bounding surfaces, and the heat removal by
liquid evaporation takes place on the another surface. It is
assumed that in the second layer of cylinder there are heat
sources distributed by parabolic law, and between layers the
conditions of ideal thermal contact are performed. The effect of
thermomechanical properties of materials of the cylinder

Vasyl Popovych
Pidstryhach Institute for Applied Problems of Mechanics
and Mathematics of National Academy of Science of
Ukraine, Lviv, Ukraine
deptl 9@iapmm.lviv.ua

components depending on the temperature and evaporation
intensity on the nature and level of temperature and stress
distributions are investigated. It is shown, that neglecting the
dependence of thermomechanical characteristics (the
replacement for basic or average integral ones) causes the
significant differences between the distributions of stress-strain
state components in the thermosensitive and nonthermosensitive
cylinders, which may lead to qualitatively different distributions
(the compression in the thermosensitive and stretching in
nonthermosensitive one).

Knwuoei cnosa—oazamowaposuii yunindp, mepmouymiaugi
Mamepianu, memnepamypa, HANPYHCceHO-0ehOPMOSAnUIl CMmaH,
men06i06e0eH A, 6UNAPOBYSAHHA PIOUHU

Keywords—multilayer cylinder, thermosensitive materials,
temperature, stress-strain state, heat removal, evaporation of liquid

1. Bceryn

JlocmipKeHHsT  TEpMONIPY)KHOTO CTaHy OaraTolapoBHX
CTPYKTYp Biflirpae BaXXIMBY pOjb B 0araTboX rajy3sax TEXHIKH,
30KpeMa, B €JEeMEeHTax MikpoenekTpoHiku [8] mpu ix
MIPOEKTYBaHHI Ta eKCIUTyaTalii. B HUX MpOTiKae eneKTpUYHMUI
CTPYM, PE3YJIBTaTOM Jil SIKOTO € HEOAHOPITHE BHUIJICHHS Tell-
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Ja 1 3HaYHUI piBEHb TPajlieHTHOCTI TemnepaTypu. HamiiHicth
poOOTH TakWX €NIEMEHTIB rapaHTye JOTPUMAaHHS HaJeXHOro
TEIJIOBOTO CTaHy, SIKMHA MOXKHAa CIPOEKTYBAaTH, BHXOISYH 3
MOZENi TePMOUYTIMBOrO Tijla, L0 Nependadae BpaxyBaHHA
3aJIeKHOCTI TEIUIOBHX Ta MEXaHIYHUX XapaKTEPUCTHUK MaTe-
piaJiB mapiB Bij TeMIiepaTypy.

VY BuUMazKy, sKIO TeMIiepaTypa 0araTonapoBoro eieMeHTa
MIEPEBUIIYE KPUTHYHY, HEOOXIJTHO INBHUAKO 1 e(EKTHBHO il
crabunizyBaTh. Ile MOXXHA 3IHCHUTH 3a JOIMOMOTOKO IMPOIIECIB
TEIUIOBIIBEJICHHS KHUITIHHAM Y{ BUIAPOBYBAHHAM PiIMH 3 00-
MEXyBaJIbHUX MTOBepXOHb. Koy TeMnepatypa moBepxHi, yepes
SIKY BIJJBOINTHCS TEIUIO HE € TaKO0, MO0 3a0e3meunTr Ha Hill
KUMIHHSA piavHA [2], a00 TOBIIMHA IUTIBKH € JOBOJI Maja, TO
TEIIO TIePEeAacThcsl Yepe3 IUIBKY PiIUHU Ta BiJBOIUTHCS 3 11
MIOBEpPXHI B pe3ysIbTaTi BUNApoByBaHHS [3].

OrJ1siz [OCIiKEHb TEPMOIPYKHOTO CTaHy TePMOYYTIHBUX
TiJI JeTalbHO MoAaHo B poboTi [9]. Y npausx [1, 4-7, 9] Bkaza-
HO Ha Ba)XKJIMBICTb BpaxyBaHHsS TEPMOUYTJIHBOCTI MarepiajiB
mapiB IpH BU3HAYEHHI PO3MOJUIB TEeMIEpaTypu Ta Ha-
NpyXXeHb 0araTolrapoBux KOHCTpYKUii. IIporec TerosiaBe-
JIeHHSI IIUISIXOM BHUIIAPOBYBAHHS PIIUHU 3 0OMEXYBaJIbHUX I10-
BEpPXOHb OIMUCAHO B [3].

Tyt iIF0CTPYyEMO MOJIETTIOBAHHS Ta METOAMKY BU3HAYECHHS 1
JIOCITI/DKEHHSI TEPMOMPY)KHOTO CTaHY TEPMOUYTIUBHX ILapy-
BaTHX TUI 33 TEIUIOBIJBEJCHHS IIUIIXOM BUIAPOBYBAaHHS Diau-
HH 4Yepe3 00MEeXyBaIbHY TOBEPXHIO.

II. ®OPMVJIIOBAHHS 3AJIAUI

Posrmsimaerbest TpUmapoBuii Oe3MEXHHUI TEpMOUYTINBUMA
MTOPOKHUCTUH IWIIHIP, SKUH CKIAJAETHCS 13 TPHOX IHIIHAPIB,
BUTOTOBJICHUX 13 PI3HUX MatepianiB. L{uwmiHnp HarpiBaeTbes
HasIBHUM Y TIEPIIOMY Ta TPETHOMY Iapax JDKepesiaMu Teruia.
Uepe3 BHYTPILIHIO OOMEXYBaJIbHY IOBEPXHIO 7=r; BijOyBa-
€TBbCS KOHBEKTUBHO-TIPOMEHEBHI TEIUIOOOMIH 13 CepelioBu-
IeM, TeMIlepaTtypa SKOro (=t,, a Ha 3OBHIIIHIA 7r=r;—
TEIUIOBIABEACHHS IIUIIXOM BUMapoByBaHHs pinunau. Koediti-
€HTU TEIUIOOOMIHIB uepe3 IIi TOBEPXHi CTaji 1 piBHI a; Ta o
BimmoBigHO. Ha Mexax IOOTHKY CYCImHIX IIapiB r={7yr3}
BUKOHYIOTBCSI YMOBH  1[I€aJJbHOTO TEIUIOBOTO  KOHTAKTY.
[uniaapuyHi MOBEpXHI KOXKHOI i3 CKJIQJIOBUX € TEIlIoi30-
JILOBaHMMH, a OT)KE MOTIK TeIIa Yepe3 HUX BiJICYTHIMH.

3a TakuX YMOB CTaBUTHCS 3aBIAaHHs BHU3HAYUTU PO3IIOALIH
TEMIIEPATypH 1 KOMIIOHEHT HaIlpy>KeHO-1e(OPMOBAHOTO CTaHy
y LATIHAPI.

III. MATEMATHYHA MOJIEJIb JUISI BUSHAUYEHHS PO3ITOALTY
TEMIIEPATYPU

MaremaTuyHa MOZCIb JIs1 BUBHAUCHHS TEMIICpATypH MiCTH-
THUMCEC

e  DIBHSAHHS TEIUIONPOBITHOCTI CKJIATOBUX

Ld (o d) o
;;[ME Ke);} =W O (8,+8,).r <r<r,.i=13

e  KpaiioBi yMOBU Ha OOMEXYBaJbHUX MOBEPXHSIX

dt,
{kgw(;l)d—r‘—a(q —tl,l)—css(tf —t} )} =0,

r=n

dt P,.
O N R
r

evap l3 ¢

cn =
r=ry

®  YMOBHU iJICaJIbHOI'O TEIUIOBOTO KOHTAKTy CKIIAJIOBHX
HWTIHIpA

oo dt ; dt,
O I A O v B
I=lia =l

ne d; — cuMBon Kponekepa.

Merox noOynoBu po3B’ 3Ky [7] HemiHIHHOT 3a1a4i TerIo-
MIPOBITHOCTI BKITIOYAE TaKi KPOKH:

1) 0b6e3po3MipeHHs MaTEeMaTHYHOT MOJIEITI;

2) ampoKCHMaIlisl €KCIIEPUMEHTAIBHO 33JaHUX 3aIeKHOC-

Tei Koe(illiEHTIB TEIUIONPOBITHOCTI BiJ] TEMIIEPATYPH;

3) 3uilicnennst neperBopenHs Kipxroga;

4) po3B’si3aHHS OTPUMaHOI 3a/1a4i Ha 3MiHHI Kipxroda;

5) 3uilicnenHs oOepHeHoro neperBopeHHst Kipxroga.

3a3HaunuMo, M0 TEeMIEpaTypHi 3aleXHOCTI KoedillieHTIB
TEIUIONPOBIAHOCTI CKJIAJOBUX BiJ| TeMIlepaTypu TOJIaHi y
BUIJIAAL

A (1) =20 @A (1) =) (14 k(T = T,)),

ne k;— 3ajaui cram, a A\ = A\ (¢,) — ONOpHi 3HaUEHHs KOe-
(IIiE€HTIB TEMIONPOBIHOCTI.

IV.BU3HAYEHHS KOMIIOHEHT HAIPYKEHO-JE®OPMOBAHOT'O
CTAHY

BusHaueHHs KOMIIOHEHT HalpyKeHO-1e(OpMOBaHOTO CTa-
Hy 37ilficHeHO 3a Meromukoro [7]. Otpumani dopmynu ais
0OYHCIIEHHST HAINPY)KEHO-1e()OpPMOBAHOTO CTaHy CIIPaBE/IIHBI
TIJIBKH JUISI TOHKUAX CKJIQJIOBHUX, TOOTO TakKUX, IS SKUX TPU
00YMCIIEHH] MTPUCYTHIX B IHTETPAIbHUX PIBHSHHSAX 1HTETPaiB
3 3aJIOBIJIBHOIO ISl HAC TOYHICTIO CIIpaBeuiBa Gopmyiia Tpa-
newii

[Ydn =P (Y E)+Y(p).

Pi

SIKII0 K IWTIHIP MICTHTh TOHKI 1 TOBCTI CKIJIJOBi, TO
KO)KHOMY i3 TOBCTHX IIapiB CTaBUMO Y BiJAIOBIJHICTh HIEBHY
KUIBKICTh TOHKMX 3 OJIHOTO 1 Toro < Matepiany. IlepeBipky
JIOCTaTHOCTI PO3OMTTS TOBCTUX WIAPIB HAa TOHKI CKIJIAJOBI
3a0e3reuye BUKOHAHHSI IHTETpaJIbHOT YMOBH
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n Prsl

pi P —Prap: =, | no® (nydn,

k=1 p,

ne p=r/ly, ly — nesikuii XapakTepHUH pO3MIp, pi, p» — 3aAaHi
CTaJl TUCKH Ha BHYTPIIIHIH Ta 30BHIIIHII MOBEPXHSX IMTIH]-

pa, 6@ =c® ¥ —

N s CyYMapH1 HaIIpy’>KCHHA, 7 — KUIbKICTb

TOHKHX IIApPiB, SKi MOJCIIOIOTH TPUIIAPOBUH IIHITIHIP.

BUCHOBKHI

Omxe, cpopMyabOBaHO HEJIHIHY MaTeMaTHYHY MOJIEIb
JUIS. BU3HAYECHHS TEMIIEPaTypHOrO MOJS B TPUIIAPOBOMY TEp-
MOYYTJIIMBOMY MOPOKHUCTOMY LMJIIH/PI 332 CKJIQJHOTO TEIlIO-
obminy. [ToOynoBaHO PO3B’SI30K HEINiHIMHOI 3a1a4l TEerIonpo-
BiJTHOCTI Ta BH3HAYEHO KOMIIOHEHTH HaIIpyXeHO-1edopMoBa-
HOro cTany. J{ocnipkeHO BIUTMB TEPMOUYTIMBOCTI MartepialiB
LIapiB Ta IHTEHCHBHOCTI BUIIAPOBYBAHHS PiIMHM HA XapakTep i
PIBEHBb PO3MOJIIIIB TeMIEpaTypH, HarpyxeHs, nedopmariii ta
MepeMilleHb.

BcraHoBiieHo, 10 BpaxyBaHHsS TEPMOYYTJIMBOCTI MaTepia-
JIB IIapiB € BKpail BaXJIMBUM IIpU BU3HAYEHHI PO3IMOJIIIIIB
KOMITOHEHT HaIpy»XeHO-/1e()OPMOBAHOTO CTaHy, OCKLUIBKH
HEXTYBaHHS TEPMOUYTJIHMBICTIO MOXKE IIPUBECTH JIO BEJIHKHX
KUTBKICHUX 1 SIKICHHX (CTHCK B TEpPMOYYTIMBOMY 1 pO3TAT y
HETEpPMOYYTIIMBOMY IWITIHIPAX, Y HABMAaKK) PO301KHOCTEH.
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Anomauia — JlocjiIKeHO €JICKTPONPUBIA BOASAHOI0 Hacoca
MiABHIYBa4a THCKY BOAHU CHCTEMH BHYTPILIHBOTO
NPOTHII0KEKHOT0 BOAONPOBONY, IKHI ;KHBUTLCS BiJl pe3epBHOIO
JKepesia 3 aKyMYJIATOPHHMH OaTapesiMM i aBTOHOMHHUMHM
inBepropamu Hanpyru. PospoGiena maTemaruuHa Mozedb
€JIEKTPONPHBOAY Ta HaBeleHi pe3yJbTaTH MOJETIOBAHHS
€JIEKTPOMArHiTHHX Ta eJIEKTPOMEXaHIYHHX NMPOIeCiB B IBHIYHI
mijJ 4ac mycKy i po6orn Hacoca.

Abstract — Researched electric drive of water pump to
increase water pressure of internal fire water supply, which is
powered by redundant power with batteries and autonomous
voltage inverter. The mathematical model of electric drive and
presents the results of simulations of electromagnetic and

electromechanical processes in the engine during start-up and
operation of the pump.

Kniouosi  cnosa —  asmonomme  enekmpodyicusnenus,
e1eKmponpueio, MamemMamuyHa Mooens, el1eKmpPOMAZHImHI ma
eNleKMpOMexaniyni npoyecu, aKymyiamopHi oOamapei, 600aHUIL
Hacoc.

Keywords — autonomous power supply, electric drive,
mathematical model, electromagnetic and electromechanical
processes, rechargeable battery, water pump.

I.  BCTVII

BI/IKOpI/ICTaHHH ABTOHOMHUX JKEPEII CJIICKTPOKUBJICHHA B
CHUCTEMAX IMPOTUIIOKEKHOI'O 3aXHUCTY Ja€ 3MOT'y HiI[BI/IH_[I/ITI/I ix
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eEeKTHBHICTb 1 HAAIMHICTD Ta 3a0€3MeYNTH BUCOKHUH piBEHb
MIPOTHUIIOKEIKHOTO 3aXUCTY 00’ EKTIB.

Ha puc.1 HaBeneHa Oyok-cxema €JIEKTPOIIPUBOJIY Hacoca
[1], ne ABl, AB2, AB3 — axymynsaropHi Oarapei, 010k
tupucropiB (VS1, VS2, VS3); AIH1, AIH2 - Ttpudasni
aBTOHOMHI  iHBepropu  Hampyrw; 1T —  tpudasni
Tparchopmaropu; AJl — npuBigHUN aCHHXPOHHUH ABUTYH; H
— HacoC; CHCTeMa KepyBaHHA. Y CXeMi 3IiACHIOETHCS
MIEPETBOPEHHS HAIIPYTH TMOCTiHHOTO cTpymMy AbB y Tpudasny
3MinHy. KoeogilieHT rapMoHik Hamnpyrd OkuBieHHS Al
cTtaHoBUTh 12%. VY cxemi mependadeHO CTYIIHYACTE
KepyBaHHS mpouecoM mycky AJl 3a 3aKOHOM 4YacTOTHOTO
PETYIIOBaHHSI.

u U, U 1
—L==2="3=const, ey
Lo LS
ne U, f - BiINoBigHO Hampyra i 4yactora xuBieHHs A/l
AlH1
+4 . V53
AN =
=~ Vs2
as2 [ | -/ & An
T ks y e (O -
V\ AlHZ
L -
Ab1 |+
L g 4

I CHETEMA KEPYRARNE I

Puc. 1. Bnok-cxema enekTpornpuBoLy

II. MATEMATHWYHA MOJEJIb CUCTEMU

Juns nmaHoi cxeMM Ha OCHOBI Teopil MaTreMaTHYHOro
MOJICJIIOBAaHHS  €JeKTPOMAIIMHO-BEHTHJIBHUX  CHUCTeM  [2]
PO3pO0JIEHO MaTeMaTU4Hy MOJIETIb, SIKa JA€ 3MOTY IIPOBOJUTH
JOCII/DKEHHSI  €NIEKTPOMArHiTHUX 1 €IEeKTPOMEXaHIYHHX
mporeciB B AJl mpu mycky i poboti Hacoca. Ll momens
(dopMyBanach 3 MaTEMaTUYHUX MOZENEH OKPEMHX EJIEMEHTIB,
cepen sxux: Ab, VS1, VS2, VS3, AIHI, AIH2, TT, AXl, H,
cucTeMa KepyBaHHS. YCi IepeNiyucHi eIeMEHTH MpeICTaBiieHl
0araTomoMIOCHUKaMM, TPOLECH B  SKUX  OMHUCYIOTHCS
3aMKHEHOIO CHCTEMOIO PiBHSIHB (mudepeHuiiHuX,
anreOpuYHHX, JIOriYHUX). KOXXHHMI eneMeHT mpencTaBiieHO
30BHIIIIHIM BEKTOPHUM DPIBHSHHIM BHIY

pi,+G,-¢,+C, =0, )

ne i, = (ij,ei);0, = ((D],...,gon)l. - BEKTOPHU CTPYMiB 30B-
HIIHIX BITOK Ta MOTCHIIATIB 30BHIIIHIX TONIOCIB Oararoro-
mocuuka; G,,C - BiAmoBiAHO Matpuis (nxn) i BEKTOp

PO3MIpHICTIO n,  sKi  BH3HA4YalOThCA  IapaMeTpaMu
CTPYKTYPHOT'O €JIEMEHTA; /1 - KUIBKICTh MOJIIOCIB eICKTPUIHOIO
0araTomoIOCHHKA.

Kpim BekTOpHOro piBHAHHS Buay (2) eNeKTpUYHUIM
0araToMOJIIOCHUK ONMUCYETHCS 1€ i BHYTPIIIHIMU PIBHAHHIMHU,
SIKI BHKOPUCTOBYIOTBCSL JIJIsl PO3pPaxyHKy 3MiHHUX, IO He
BiJTHOCSATHCS IO CTPYMIB 30BHIIIIHIX BITOK.

Crooci0 3’e¢gHaHHsS MDK  co0OI0  30BHIIIHIX  BITOK
0araTOMOIIOCHUKIB MATEMAaTUYHO OIHCYETHCA MATPHIAMH

3’eqHanp 1/ ;» AKi CKIAJIAloTBCS JUIA KOXKHOTO ElEMEHTa 3a

TaKUM TIPUHIMIIOM: KUIBKICTh PSIIKIB MAaTpPUII piBHA KiJIBKOCTI
HE3aJIeKHUX BY3JIB CXeMH (TOYOK 3’€JJHAaHHA MiX COOOI0
30BHIIIHIX BITOK 0araToONOJIOCHUKIB, MpPUYOMY, KIJIBbKICTh
HE3aJIeKHUX BY3JIIB MU TalbBaHIYHO-3B’S3aHOI CXEMH Ha
OJIMHMITIO MEHIIIA BiJl 3araJIbHOI KIJILKOCTI BY3JIiB), @ KUIbKICTh
CTOBIIIIB piBHA KIJBKOCTI 3OBHINIHIX BITOK €JIEMCHTA.
Enemenramu matpumi € 0 i 1. Skmo i-ta 30BHIIIHS BiTKa
CTPYKTYPHOTO €JIEMEHTa BXOJHTh B j-Ui HE3aJSKHUIH BY30I]
CXeMH TO Ha TEPETHHI 1-T0 CTOBMYMKA Ta j-TO psjaKa
3aMUCYEThCs 1, BCI 1HII eJIeMeHTH MaTpHili piBHi 0.

CHiBBIIHOIIIEHHS. MIX ITOTEHIiaJIaMXA 30BHIIIHIX ITOJIOCIB
0araToOMOJIOCHUKIB Ta TOTEHIIAJIaMH HE3aJe)KHUX BY3JiB
CXEMH OIUCYETHCS PIBHAHHSM [2]:

¢, =H g, 3)

ae (0, - BeKTOp IOTEHIialiB He3aJeKHUX BY3JIiB CXEMH.

[oTeHmiany He3aleXHUX BY3IB CXEMH MOXYTh OyTH

BI/ISHa‘IeHi 3 BEKTOpPHOI'O piBHHHHH BUAOY:
G- +C =0, 4)

e Koe]illieHTH BHU3HAYAIOTChS Ha OCHOBI KoeillieHTIB
30BHIIIHBOIO BY3JIOBOIO BEKTOpPHOro piBHSHHS Buay (1)
KO)KHOTO CTPYKTYPHOTO €JIEMEHTa Ta MaTpHllb 3 €IHaHb
eJIeMeHTa 3a (hopMyIaMHu:

J?

GL,=ZH_I.-GF_I.-H.T‘ C. = .lni'cei )
j= i=

J

Jie m — KUIbKICTB €IEMEHTIB, 110 BXOAATH 10 ckiaxy EMBC.

Pigusuast (1), (2), (3), (4) pazoM 3 BHYTpIlIHIMH
PIBHAHHSIMH CJICKTPUYHHUX OaraTOMONIOCHUKIB (POPMYIOTH
MaTeMaTU4Hy MOJIENIb CXEMH €JIEKTPOIPHUBO.LY.

[Tix yac MaTeMaTHYHOrO MOJIENTIOBAHHS Ha KO)KHOMY KpOLI
YHCEITLHOTO IHTETpYBaHHS PO3paxoBYIOTh BEKTOp

IHTErpabHUX 3MiHHUX ) , €JIEMEHTAMHU SKOrO € BCi 3MiHHI,
SIKI OIMCYIOTH CTPYKTYPHI €JI€MEHTH CXEMH, 1 1HTerpyIOThCS,
TOOTO )7 = )7(1‘) . TToximHi iHTErpaJbHUX 3MIHHUX BXOMIATH 10
CKIIally BEKTOpa IHTEIpYBaHHA py, sSKUi (opMyeTbes 3

BEKTOpPIiB IHTETPYBaHHS CTPYKTYPHHX €JIEMEHTIB CXEMH,
TOXiTHAX 3MIHHHX, 1[0 HE BXOIATH Y BEKTOPH IHTETrpYBaHHS
CTPYKTYpPHHX  €JEeMEHTIB. Y  BEKTOPH  IHTErpyBaHHS
CTPYKTYPHUX €JIEMEHTIB  p)y, BXONATh BEKTOP MOXiJHUX

CTPYMIB 30BHIIIHIX BITOK pf‘e , SKUH BU3HAYAETHCS 3 PIBHAHHS

(1 Ta  TIOXIiJHI
0araTomoJIIOCHUKA.

3MIHHMX  BHYTpIIIHIX  pIBHSHB
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1. PE3VJIbTATU JOCJII’KEHb

[lporpamHo MaTemMaTMuHa MOJEdb  peaji3oBaHa 3
BUKOpHUCTaHHSIM MOBH IporpamyBanHs FORTRAN. 3arambni
MiANPOrpaMH € TUIOBUMH 1 IpU3HAYEHI [UIs: BUKOHAHHS
MaTeMaTUYHHUX ONepaliii Haj MaTPUISMH; YHUCEILHOTO
IHTETpYBaHHS CHCTEM  JU(EPEHIIHHUX pPIBHSAHb METOIOM
Pynre-Kyrra 2-ro  mopsaky; poO3B’A3yBaHHA  CHUCTEM
anreOpai4iX- - PIBHAHL - -MeTofoM - Trayeca; - -BU3HAYCHHA
MOMEHTIB - ApHpoAHOro- 3dkpuBaHHft: ~-BeHTHHB - (HioftiB  Ta

B Permbta— MuTe moBat v BHrGIT i
tupuctBpis). Pesynbratn MeeIrOBatHs Y BURIGII HTaCOBHX

Al gl e o bty s (Rl 1 o i Rl ey el s (e
3aeKHQCTCH HaBeigH] | pic.| 2. [Bou_ fTixTBepiKytoTh
TCOPETUYHI | TBEPHKEHHA| IIONO0 | CTYMHYACTOrO| YaCTOTHOTO

rr..r r j r r [n r r [
ITYCKY.200 AT+ 3LigHO T L) L 17 LMOMKINBICTE L _S(EKTUBHOTO

Bukopuctauus [AB 3- ATH -y cXémax- erddkrpoxuinens AJl

MPUBOY BOISIHOIO HATOCA.
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Puc. 2. YacoBi 3a/1eXHOCTI IPH CTYNIHYACTOMY YacCTOTHOMY mycky AJl Bix
aBTOHOMHOro pkepena 3 Ab: a) kBasicuHycoinamsHa (opMa KpHBOL
Hanpyru xusiieHHs AJl; 6) ctpym cratopa npu mycky AJl; 6) kyToBa
IIBUAKICTh oOepraHHs potopa AJl; 2) eNeKTPOMArHiTHHH MOMEHT i
MOMCHT HaBaHTa)XxeHHs AJl.

[NepeBipka amekBaTHOCTI MaTEMaTUYHOI MOJIENi 3/1ilCHEHa
Ha eKCIepHMEHTAIbHIA YCTaHOBII, BUTOTOBJIEHIH 32 CXEMOIo,
HaBeJIeHOo Ha puc.l. Pedynbratu mocnipkeHb GopMU KpUBOL
Hanpyru XUBJICHHS AJl 1 3aJIOKHOCTI CTpyMy BiJl Yacy Hpu
ITyCKY MOKa3aHi Ha puc. 3.

M| 4.00ms

WWWWWWA .0 Trigger X
118 —T

i

Puc. 3. Pe3ynbTaTé eKCIEpUMEHTIB: @) KBa3iCHHycoifanbHa (opMa KpHBOL
Hanpyru xxusiieHHs AJl; 6) ctpym cratopa AJl nipu mycky

BUCHOBKU

[NopiBHIOKOYH pe3yabTaTH JOCTI/IKEHB MOYKHa
CTBEPJDKYBATH, 1110 PO3OKHICTH MK PO3paxyHKOBUMH (pHc.2)
1 GKCIIepUMEHTAJbHUMHU IaHUMH (puc.3) He mepesuirye 6%
(popma 1 xapakrep 3MiHM CTpyMy Ta Halpyra), Mo
MiATBEPHKY€E JOCTaTHIM PIiBEHb aJeKBATHOCTI MaTEMaTHYHOI
Mozeni. Tomy 1i MOXXKHa TIPONIOHYBATH JI0 BUKOPHCTAHHS MPH
MIPOCKTYBaHHI aBTOHOMHUX jpKepen 3 Ab i AIH jyis sxuBieHHS
A]Jl npuBoay Hacoca.
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MoaenroBaHHs 0a30BOIr0 €JIEMEHTA OIEPaLITHOTO
M1ICHJIFOBa4Ya Ha OCHOB1 MAaTPUYHOI KOMIPKH J1J1s1
AHAITUYHUX MIKPOCUCTEM-HA-KPUCTAII

B. B. Jlosruii, 1. T. Koryr, B. L. I'omora
Kadenpa KOMIT' FOTEPHOI iHXKEeHepii Ta eeKTPOHIKH
[MpukapnarceKkuii HanioHaILHUHM YHiBepcuTeT iMeHi Bacuns Credanuka,
IBano-®pankiBckk, Ykpaina. E-mail: igorkohut2202@gmail.com

Simulation of operational amplifier basic element
based on matrix cell for analitical
microsystem-on-chip

V. Dovhij, I. Kogut, V. Holota
Department of Computer Engineering and Electronics
Vasyl Stefanyk Precarpathian National University,
Ivano-Frankivsk, Ukraine. E-mail: igorkohut2202@gmail.com

Anomauia— B poGoTi HaBeoeHO pe3yJbTaTH NMPOEKTYBAHHS
TOMOJIOrii Ta CXeMO-TONOJIOTIYHOIO MOJEIIOBAHHA 0a30BHX
iHTerpajbHHX eJeMEHTIB OnepauiiiHoro miaCHJII0BaYa Ha OCHOBI
cranaaptHoi 00’emHoi KMOH Ttexnouorii ta KMOH-TexHoJ0rii
3i  CTPYKTypaMHM «KpeMHili-Ha-i3oasiTopi». Taki eaemeHTH
MOKYTh OyTM BMKOPHCTAHi SIK Pery/IsipHi MaTpH4Hi eJeMEHTH
A CTBOPDEHHSI CXe€M AaHAJOroBoi 00pOOKM CHTHAJNIB B
iHTerpajbHNX CcXeMax Ta INepBHHHOI 00poOkm iHdopmamii B
aHAMITHYHUX MIKpOCHCTEeMaX-Ha-KPHCTaJTi.

Abstract— In this paper the results of layouts design and
circuit-topological computer simulation of operational amplifier
basic element based on standard bulk CMOS technology and
CMOS technology with the "silicon-on-insulator" structures are
presented. These elements can be used as a regular matrix
elements for analog signal processing circuits in integrated
circuits and initial processing of information of analitical
microsystem-on-chip.

Knwuoei cnosa— ananimuuna mikpocucmema-Ha-kpucmani,
onepauininuil  niocunioeay,  0azoea  MAMPUYHA  KOMIpKa,
CIMPYKmMypa «KpemHiii-Ha-i301amopi»

Keywords—  analitical ~ microsystem-on-chip, operational
amplifier, basic matrix cell, structures "silicon-on-insulator"

I. Bcryn

Jis  aHamizy  XapaKTepUCTUK HOBHX  IHTETPAIBHUX
€JIEMEHTIB Ta IHIIUX O0’€KTIB 3 MIKpO- i HaHOMETPOBUMHU
pO3MipamMH, B TOMY YHUCIIi 3 HEKPEMHIEBUMHU TEXHOJIOTISIMH, II0
MOXYTh OyTH IHTErpoBaHi B KpEMHi€BY, 30KpeMa B
TexHosorito Ha ocHoBi crpykryp KHI, a Takox mis

OITpaIfoBaHHs NepBUHHOI iH(opMallii nmpo (i3uyHi BeTHYHHU
JUTSI CEHCOPHOI €JIEKTPOHIKH, SIK IHCTPYMEHTAapii, MOXYTh OyTH
BUKOPHCTaHI YHi()ikOBaHI aHATITUYHI MIKpPOCHCTEMHU-HA-
kpuctam [1, 7]. IlepeBaroro Takoro aHajizy € MiHiMi3alis
Mapa3UTHOTO BIUIMBY 30HIOBHX €JIEMEHTIB Ta MPOBITHHUKIB.

ApxiTekTypa aHAJI THYHUX MiKpOCHCTEM-Ha-KpUCTalTi
nependavyac HasBHICTh «TEXHOJIOTIYHOI —IUIOMIAKK» IS
iHTerpauii Ha  HI  JOCHIIPKyBaHMX OO0 €KTIB, CXeM

TIepeTBOPEHHs iH(pOpMallii BiJ HUX Ta iHTEpPEHCHUX 3B’SI3KIB
i3 30BHIIIHIMU BHMIpPIOBAIBHUMH 200 KOMIT I0T€PU30BAHUMHU
MIPUCTPOSIMHU.

1I. MOJEJIIOBAHH I BA3OBOI'O EJIEMEHTA OIIEPALUIMHOTO
MIJICUJIIOBAYA 31 CTPYKTYPAMU «KPEMHIN-HA-I30JISITOPI»

Jly1s mepBUHHOI aHaJIo0roBoi 0OpOOKH CHUTHAJIIB OJHUM i3
0a30BHX €JIEMEHTIB € IHTErpaIbHUAN ONepaIlifHUH i ICHITI0OBaY
(OIl), sxuii BUKOPHUCTOBYETHCS IJISi BUOKPEMJICHHS Ta
MiJICHICHHS KOPHCHHX CHUTHANIB, SKi MOXYTh OyTH
CHIBPO3MIPHAMHM 13 IIYMOBUMH CUTHajlaMH. Takuii eneMeHT
SBIISIE  COOOI0 CXEMy TMOpIBHSHHS JBOX CHUTHAlliB Ta
migcuineHHst pisHumi ix Hanpyr. Ilpm mpoMy koedimieHT
nocnabaeHHst CMH(a3HUX CUTHAJIIB € IOCUTh BelMukuM. Cxema
CICKTpUYHA TpUHIMIIOBa 0Oa3oBoro ememenra OIl B
IHTETrpaJIbHOMY BUKOHAHHI 300pakeHa Ha puc. 1, [2].

VY wiii cxemi p-kaHajbHi Tpamsucropu VT1 i VT2
YTBOPIOIOTH J3€pKalio CTPyMy Ul peaiizallii aKTUBHOTO
HaBauTakeHHs OIl, a n-kaHaiabHiI Tpansucropu VI3 ta VT4
YTBOPIOIOTH  Ju(epeHiiiiny mnapy, 1 CHOpOEKTOBaHI 3a
Y3TOKEHUMHU KOHCTPYKTUBHO-TEXHOJOTI YHUMH
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napamerpamu. [Ipu momaui cuH(pA3HOrO CUrHaJNy Ha BXOAM
IN1 Ta IN2, B omHOMy 3 TpaH3UCTOPIB BiAOYyBa€eThCs
301IBLIEHHSI CTPYMY, @ B IHIIOMY — 3MEHIICHHsI HA OJHAKOBY
BEJUYUHY, 11O IPUBOJHUTH JI0 BiICYTHOCTI CUTHATY HA BUXO/I.

vDD
D

YT VT2

4 4 OuUT

YT3 VT4

M1 M2

<~

Puc. 1. EnekTpuuHa cxema iHTErpajbHOro OlepaiiHoro mijacuiroBaya

CrpoekToBaHa TOIOJIOT IS 6a3oBoro eJIEMEHTa
JTU(EPEHITIHHOTO MiICHII0BAYa Ha OCHOBI MaTPHUYHOI KOMIpKU
3TITHO CXeMH pHc. 1, 300paskeHo Ha puc. 2. Byno po3pobiaeHo
1 JOCTIDKEHO [Ba BapiaHTH TOIMOJIOTIH: 3 BHUKOPHUCTAHHAM
cranpaptHoi KMOH-texHonmorii Ha OCHOBI 00 €MHOTO
kpemHiro; Ha ocHoBi KHI KMOH — texnosorii [3-5].

Kpemuiesa nizikiaaxka

6)

Puc. 2. Tonosoris a) Ta 00’eMHe 300paxkeHHs 0) iHTerpaiabHoro OIT Ha
OCHOBI 0a30BOi MAaTPUYHOI KOMIPKH 31 CTPYKTYPOI «KpeMHii-Ha-
i301s1TOpi»: 1- CTIK-BUTOKOBI 00JACTi N-KaHAJIBHUX TPAH3UCTOPIB; 2 —
CTIK-BUTOKOBI 00JacTi p-KaHAJIbHUX TPAH3HCTOPIB; 3 — MOIIKpEMHi€EBI
3aTBOpPH; 4 — KOHTAKTHI BiKHa; 5 — mapyu Meraizanii

[opiBHAIBHI pe3ynbTaTtu CXEMO-TOIIOJIOTTYHOT O
MojieroBaHHs  0azoBoro enementa OIl Ge3nocepenHbo i3
TOIOJIOTiH, CIPOEKTOBAHMX HAa OCHOBI CTPYKTYp 3a
craHgaptHOO 00’eMHOor0 KMOH-TexHOMOri€ro Ta Ha OCHOBI
KMOH KHI-ctpykryp, HaBeneHo Ha puc. 3. MonentoBaHHS
MIPOBO/IMIIM TIPH Hampy3i sxkuBiieHHs 1,5 B, BXimHuil curaan
IN1 sBnsiB coboro 3MiHHHI curHaia udactororo 0,167 MI,
YacoM HAapOCTaHHsI Ta CaJaHHs | HC, TPUBANICTIO IMITyJbCY

2 He Ta amrutitynoro 0,04 B a IN2 — mocrifiHuii curHan 3
ammmtityoro 0,7 B.

Juis ontuMizamii Iwiomii Ta IOKpAIeHHsS EeNeKTPHYHUX 1
(GI3UYHUX XapaKTEPUCTHUK OINEPAIlifHUX ITiICHIIOBAYiB JUIs
MaTpUYHUX 3aCTOCYBaHb B aHAJTITUYHHX MIKpOCHCTeMaXx-Ha-
KpHCTaji OyIo MPOBEIEHO OLIHKY MOXIIMBOCTEH iX CTBOPEHHS
Ha OCHOBI TpuBUMIpHUX Tpan3ucrtopuux KHI-ctpykryp mo
aHajorii X mWOOyHOBHM, SK Ui TPUBHMIPHHX JIOTIYHHX
eJIeMeHTiIB [6].

1.5 (vl

\
\

o7

0000 o 20 20 40 50 60 70 &0 907 Timets)

Puc. 3. Pesymbraté cxemo-tomosoriuHoro moxemoBanns OIl: 1 — Bxiguuii
curan IN1; OUT1 — Buxiguuii curran OII, crpoekTOBaHOro 3a
06’emuor0 KMOH Ttexnonorietro; OUT2 — Buxiguuii curnan OIT 3i
crpykryporo KHI

BUCHOBKHI

Pe3ynbraTi cXeMO-TOMOJIOT YHOTO MOAEIOBAHHS 0a30BOTO
enementa OIl moka3yrOTh, O BUXIIHI CUTHAIU JJI CXEMH 31
crpykrypamu KHI mopiBasHo 3 00’emumMu KMOH wmaroth
CYTTEBO Kpauly B cepeaHboMy Ha 30% KpyTusHy (QpOHTIB Ta
OuTbIMi KOe(IlIEHT MiICUICHHS, 3aBISKH YOMY BUXITHHA
curHaja Mae piBeHb ammnityan Ha 20% Bummid. Taki
rnapaMeTpy  JI03BOJISITH  3HAYHO  3MEHIIWTH  CHOXXHUBAaHY
MIOTY)KHICTB TiJT 4ac MepexXiTHHUX MpoIeciB (MEHIIa TPUBATICTh
(GpOHTIB IMITYNBCIB), 1 SK HACTIMOK, MiABUIIUTA CTYIIiHb
iHTerpauii elIeMeHTIB B aHAITHYHIH MIKpocHCTeMi-Ha-
kpucram. OxpiM 1poro, peamsamis OIl Ha ocnoBi KHI-
CTPYKTYpP [O3BOJIUTH PO3IIMPHUTH TEMIIEPATypHUH Jiana3oH
BHUKOPHCTaHb.
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Anomauyia—3anponoHoBaHO Ta OOIPYHTOBAHO HOBY CXeMYy
PO3B’A3yBAaHHS  3arajibHOi NEpIIOi  JHMCKPETHO-HenepepBHOL
KpaiioBoi 3a1a4i 1/ PiBHSIHHA Tinep6oJiYHOro THIY 3 KyCKOBO-
cTaIMMH Koe(illiecATaMH Ta TOYKOBMMHM 30cepelkeHHAMH. B
OCHOBY CXeMH  PpPO3B’SI3yBaHHSl  IOKJIAJICHO  KOHLEMUilo
KBas3iloXiHHX, cy4acHy Teopiro CHCTEM JIHIHHAX
AudepeHmiabHAX PiBHAHB 3 MipaMH, a TAaKOK KJIACHYHHI
meron Pyp’e Ta Merom peaykuii. IlepeBaroro Metony €
MOKJIHBICTE  POIISHYTH 3aJa4y Ha KOXKHOMY BiapisKy
po30UTTH, a MOTIM HA OCHOBI MATPUYHOIO YHUCJICHHS 00’ €IHATH
orpuMaHi po3p’s3ku. Takuil miaxin A03BoJsie 3acTOCyBaTH
nporpamMHi 3acodu 10 npouecy BHpilleHHs 3aga4i Ta rpadgiunoi
LinocTpauii po3B’s3Ky.

Abstract—A new solving scheme of the general first
discretely-continuous boundary value problem for a hyperbolic

type equation with piecewise constant coefficients and pointed
concentrations was proposed and justified. In the basis of the
solving scheme is a concept of quasi-derivatives, a modern theory
of systems of linear differential equations with measures, the
classical Fourier method and a reduction method. The advantage
of this method is a possibility to examine a problem on each
breakdown segment and then to combine obtained solutions on
the basis of matrix calculation. Such an approach allows to use
software tools for the solution.

Knwuoei cnosa — keazioughepenuianvre pieHAnHA, Kpailoea
3adaua, mampuys Kowi, 3a0aua Ha enacHi 3HaAYeHHA, MemMOO
Dyp’e ma memoo enacuux Qynkuii.

Keywords — kvazidifferential equation, the boundary value
problem, the Cauchy matrix, the eigenvalues problem, the method
of Fourier and the method of eigenfunctions.
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I. Bcryn

OCHOBHUMH METOJaMM PO3B’A3yBaHHA KpalloBUX 3ajad €:
NpsiMi, OCHOBY SIKHX CTaHOBUTh METOJ BiJOKPEMIICHHS
3MiHHHX Ta MeToA GyHKILT [pina.

3anpornoHoBaHa B JaHiii pPoOOTI cXeMa HaJeKUTh 0
MPSIMUX METOJIIB PO3B’sI3yBaHHS KpallOBUX 3a1ay AJIsl piBHSIHb
rinepOoniyHoro Tumy. B ocHOBY peamizamii 1mieli cxemu
MOKJIAJEHO KOHIEIII0 KBa3iMOXIJHUX, IO JO3BOJISIE
“o0iiiTH” MpoOJIEMY MHOKEHHS y3araJibHeHUX (pyHKIIIH.

[epmioro Oyna po3’s3aHa MilllaHAa 3aqada JUIs PIBHIHHS
TEIJIONPOBITHOCTI 3 KYCKOBO - HENIEpEPBHUMU KoedillieHTaMu
3a 3araJIbHUX KpaloBHX YMOB mepiioro poxy [1].

ABTOpaMH JIOCHI/DKEHO 3arajibHy IepIly JUCKPETHO-
HerepepBHY KpaioBy 3ajady Ui PIBHSHHS TillepOOIivYHOro
TUIy 3 KYCKOBO-CTaJUMHU Koe(illieHTaMH Ta TOYKOBHMH
30CEpe/KEHHSIMHU.  3a  JIOIOMOTOK  METOAY  PemyKIIii
pO3B’sI3yBaHHS Takol 3aJavi 3BEIACHO [0 3HAXOPKEHHS
PO3B’SI3KY NBOX 3ajad: CTAIlliOHAPHOI OMHOPITHOI KpaioBOi
3a/a4i 3 BUX1IHUMH KpaiiOBUMH YMOBaMH Ta MIIIaHOI 33/1adi 3
HYJIHOBUMH KPalilOBUMH YMOBAMH IS IEBHOT'O HEOIHOP1THOTO
PIBHSIHHSL.

II. IIOCTAHOBKA TA PO3B’ 30K 3A/IAUI

Posrnsgaernes MilaHa

TrinepOoNIiYHOrO TUITY

3amaya  JuId  PIBHSHHSA

u_

ou
m(x)y— Gx(l(x)aj’ x€[0;7], t € (0;+x) (1)

3 KpaﬁOBHMH yYMOBaMHu

{M(XOJ) =wo(0), ¢ € [0;40) 2

(1) =17, (1),

Ta MOYaTKOBUMU YMOBaMH1

u(x,0) = o (x),

ou xe[0;7], 3)
_(xa O) =0 (x)s

ot

ge 0=xy<x <..<x, =/ — fgoBiTbHE pPO3OUTTA BiIpi3Ka
[0;/] midicHoi oci OX w©Ha n 4actud, OyHKLIT W(?),
l//n(t)eCz(O;OO), ©o(x), @ (x) — KyckoBo-HelepepBHi Ha

(0;7).

n—1 n—1
m(x) = Zmlﬂi + ZMZE(x—xl»),

i=0 i=1

Iloxnanemo, 10

n-1
g(x)zz,liei, ne m;, M;, A, — nificHi uucma, 6; —
i=0
XapakTePUCTHYHA

byHKIis MIPOMIKKY [x;5%51],

0; =0;(x—x;) — & - dynkuis lipaka 3 HOCIEM B TOULI X = X;

Po3B’s30k 3a1adi (1)-(3) nrykaemo y BUTIISII
u(x,t) =w(x,t)+v(x,t).
PosrisHemo ¢yHkiiro w(x,t). L ¢yHKINSA € po3B’s3KoM
OJTHOPITHOTO PIBHSHHS
(Awe )y =0, 4)
3 HEOJHOPIAHUMHU KpallOBUMH YMOBaMH

{W(XOJ) =y (1),

5
w(x,,t) =y, (@) ®)

PiBusHHst (4) € KkBasimudepeHLiaIbHUM — PIBHSHHSM.
ITo6ynoBa po3B’sisky w(x,t) kBasigudepeHIiaabHOl 3amadi

(4), (5) nHa ocHoBi BnactuBocreil Matpuii Komri aeransHO
onucana B [1]:

n—1
w(x,t) =Y w;(x,00; ,

i=0
21 41
ne w; (x,8) = o (t) + -0 (B (x, ) + 03
n
X=X -l
bi(x,x;) = » 0 = Z by (Xpi15 X)) -
i m=0
Oynkuito  v(x,f) OIyKaeMo SK PO3B’S30K  MilIaHOI

HEOHOPITHOT 3a1a4i

v 0 ov o*w
m(x)y—a(k(x)aj——m(x)?, ©)
(x,0) = D ),

ov 7
a(xao) = CD] (x)s ( )

ze ®o(x) =gy (x)—w(x.0) | d>1(x>=co1(x)—66—f(x,0>, 3

OJTHOPITHUMU KpailOBUMH yMOBaMH

{v(xo, 1) =0,

v(x,,t)=0. ®

Po3p’s30k 3amaui (6)-(8) mykaemo Mmertomom Dyp’e y
BUIJIAAL

v(x,t) = D T, ()X (x,0p) . ©9)
k=1

Brnachi dynknii X (x,;) € po3B’S3KOM y3aranbHeHOI 3aaui
Ha BJIacHi 3Ha4YeHHs [2]

(AX") +@*mX =0,

X(x9) =0,
X(x,)=0.
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[MigcraBnsiroun QyHKUito v(x,t) y Burisiai (9) B piBHIHHS
(6) Ta pO3BUHYBIIN IIPaBY YaCTHHY PIBHAHHS (6) 32 BIACHUMHU

%w

o0
byHKIIAME =~ —— = z wp ()X (x,0,), TPUXOIUMO 10
k=1

or?
UG epeHIIaTbHOTO PIBHSIHHS
" 2
T O+ o " Ti (1) =—wi (1),
3arajibHUI PO3B’ 130K SAKOTO M€ BUTIIS

T} (t) = a; cos oyt +d sinwyt —

t
1.
- j sinay, (£ —s)wy (s)ds , (10)
O
0
ne ay, dj — HeBinoMi cTai.
Po3BuBaeMo mpaBi 4acTHHH [MOYAaTKOBUX YMOB (7) B psiau

3a BnacHuMHU QyHKIiAMH X (x,®,) Ta miacraeasemo (9) B

(O]
(7). e nosBonse otpumatu a; =Dy, di =w—lk, ae Doy,
k

@y, — KoedillieHTH PpO3BHHEHb 3a BIACHUMHU (QYHKLiIMU
MPaBUX YaCTHH ITOYaTKOBHUX YMOB (7).

Mincrapmrostanr (10) B (9),
PO3B’s130K 3aaadi (6)-(8)

OCTaTOYHO  OTPHMYEMO

o0
D
v(x,t) = Z Dy, coswkt+—1ksincokt—
k=1 O
1 t
— j sin oy (1 —s)wy (s)ds | X (x,0;) .
Wy 0

Cyma dynkuin w(x,t) ta v(x,t) mawTh pO3B’SI30K 3a1adi
(D-G3).
BrcHOBKI

OtpumMaHoO siBHI (hOPMYSH JJIsl OOYUCIEHHS PO3B’SI3KY
Ta ¥oro kBazimoximHoi mnsd Oyab-sKOro MiAiHTEpBaa
OCHOBHOT'O TPOMIXKY, SIKi € CHpaBeUIMBUMH IJISI JIOBLIBHOI
CKIHUEHHOI KiJIBKOCTI TOUOK PO3PHBY IIEPIIOTO POy 3raJlaHnX
Bume  koedimieHtiB.  OTpuMaHi  pe3yabTaTH  MalOTh
Oe3nocepeiHe 3aCTOCYBAHHA B IPUKJIAJHUX 33/1a4ax.
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[lonepeuH1 KOJIUBAHHS B’ I3KOMPYKHUX MO3/I0BKHBO-
PYXOMHUX THYYKHX €JIEMCHTIB
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The transverse vibrations of viscoelastic axially-
moving flexible elements

L. Dzyuba
Department of Applied Mathematics and Mechanics
Lviv State University of Life Safety
Lviv, Ukraine
lidadz111@gmail.com

Anomayia—J10caixKy0OTbCS 3rUHAJbHI KOJIMBAHHS
PYXOMOro maca macoBoi mepenadi, siki onmmucylorbesi audepeH-
miaJbHUM PIBHAHHSIM, L0 MICTMTB 4YacoBY Ta HPOCTOPOBY

KOOpAMHATH. BpaxoBana HeJliHiliHicTh MeXaHiYHHUX
BJACTHBOCTeH Martepiasy. Bona onmcana B’SI3KONPY/KHOIO
mogesunio Kenbpina — @oiirra. 3 ypaxyBaHHsIM CKiHYeHOU

JAOBKMHM THYYKOI0 eJIeMEeHTa NPHHHATO NPHUIYIIEHHS Ipo
BILUIMB HEJiHIHMX CHJI Ha 3aKOHM 3MiHM B 4aci ammniTyam i
YacTOTH 3THHAJIBHUX KoJuBaHb. Tomy udepenuiaabHe
PiBHSIHHSI BBaKa€Tbesl €200 Heqdiniiiamm. Po3p’si3ok  ciaaGo
HeJliHiliHoro nudepeHniaTbHOr0 piBHAHHS B YACTKOBHX IIOXiI-
HHUX moOynoBaHmii 3 BHKOpHcTaHHsM Merony Kpmiiosa-Boro-
M000Ba-MHTPONOILCHKOIO i MOAAHAN Yy BHIUIAAI aCHMITOTHY-
HOro psaay. OTpumani Ha migcTaBi MoOyI0BaHOr0 PO3B’SI3KY IH-
(depennianbHi 3aeKHOCTI A aMILTITYIH Ta ¢a3u 3rMHAJBHHX
KOJIMBAaHb JOCTiIATH BIUIMB MBHIKOCTI M0310BKHLOI0 PyXy, MO-
ayas FOHra ta auHamivHOl B’sI3KOCTI MaTepiady Ha aMILTITyRy
Ta YaCTOTY KOJIMBAHb.

Abstract—In this article bending oscillations of moving belt
drive, which is described by differential equations are
investigated. They contain mixed derivative in time and space
coordinates. The nonlinearity of the material mechanical
properties is concidered. It was described by Kelvin - Voigt
viscoelastic model. Taking into account the finite length of
flexible element is made assumptions about the influence of

O. Khytriak
Department of Engineering Mechanics
National Army Academy named after hetman P.
Sahaidachnyi

Lviv, Ukraine
khytriakolga@gmail.com

nonlinear force on laws of change over time amplitude and
frequency of the bending vibrations. Therefore, the differential
equation considered to be weakly nonlinear. The solution of
differential equation and method of Krylov-Bogolyubov-
Mitropolsky are presented as asymptotic series. Ordinary
differential equations for the amplitude and phase of bending
vibrations are obtained. It is investigated the influence of the
velocity of longitudinal movement, Young's modulus and
dynamic viscosity of the material on the amplitude and the
frequency of vibration

Knwuoei cnosa—nacosea nepedaua, no3006)4CHbO-PYXOMi
ZHYUKI mina, KONUGAHHA, AMNIIMYOa, Yacmoma, Xeunbo06a meopis
Pyxy, 6’azkonpyycna modensv Kenveina-Doiiema, memoou 30ypens

Keywords—nbelt drive, axially-moving flexible body, oscillations,
amplitude, frequency, wave theory of motion, Viscoelastic Kelvin-
Voigt model, perturbation methods

I.  BCTVII

AMIiTyna 3THHAIBHUX KOJIMBaHb Yy  IIONEPEYHOMY
HaIpsIMi MiJ Y9ac MO3/I0BKHBOTO PYXY THYYKHX JIAHOK TTacOBOL
nepenadi MoXe JIocsraTd 3Ha4HMX BenuuuH. lle HeraTnBHO
BIUIMBa€ Ha JoBroBiuHicts maciB [1]. Tomy nocmimkeHHs
3TUHAIBHUX KOJIMBaHb 'HYYKHX JIAHOK MEXaHIUYHHX Tepenad €
aKTyaJbHUM 3aBIJaHHSIM. Pyxomuii mac macoBoi mepenadi
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MOXXHa TOAATH Y BHIVISAI CHUCTEMH 3 PO3NOALTICHUMH
rapaMeTpamMy — THYYKOr'O OJHOBHMIPHOTO €JIEMEHTa CTajloro
TIONIEPEYHOT0 NIEPEPi3y 3 BiIOBIIHUMHU YMOBAMH 3aKPIiILICHHS
KiHIiB. HemiHilfiHICTP TaKOI CHCTEMH, SK TPaBUIO, €
T€OMETPUYHOI0, 3YMOBJICHOIO  BJIACTHBOCTSIMH  MaTepialy
THYYKOTO €JIEMEHTa YM YMOBAMH CHUJIOBOTO HAaBAaHTa)XEHHS B
KOHCTPYKIIii [2]. HasBHICTH MO3MOBXKHBOIO pPyXy THYYKHX
€JIEMEHTIB CTBOPIOE CYTTEBI MaTeMaTH4HI TPYAHOIII MiJ 4Yac
IOCHI/DKEHHS IXHIX 3TUHAIBHUX KOJIMBaHb. AJaITalicro
XBHJIBOBOI TEOpii pyXy J0 TaKOro THITY 3a[ad TakKi TPYIHOII
JIONAIOThCS 32 YMOBH, IO Marepiajl THYYKOrO eJieMeHTa
BBOXAIOTh a0CONMIOTHO TIpyKHHM[3, 4]. OpHak THydKi
€JIEMEHTH, HANPUKIAJ] TacH, BUTOTOBISIOTH 3 BS3KOIPYXXHUX
MarepiaiiB, B SKUX BUHUKAIOTH ruiactuuHi aedopmanii. Tomy
METOIO ITi€l POOOTH €: CTBOPEHHS MOICTI I JOCIIKCHHS
3TUHAIBHUX KOJIUBaHb T103/J0B)KHbO-PYXOMOT'O
B'SI3KOINIPY>KHOTO THYYKOTO €IeMEHTa 1 po3podka edeKkTHBHOTrO
MiIXOMy I Tl MAaTEMaTHIHOTO aHAaI3y.

II. TIOCTAHOBKA 3AJIAYI

[lonepeuyni  3ruHaNbHI  KOJMBaHHSA  B'I3KONPYKHOTO
MO3/IOBXKHBO-PYXOMOT'O THYYKOTO E€JIEMEHTa OIHCYIOTh Y
3MinHux Edinepa [S] nudepeHuiansHuM piBHAHHM [6]:

p(uu +2vu, +v2um):(%+ajum +u.o,.» (1)

He 3meHmyloum 3arajibHOCTI, PpO3IJISIAEMO THYYKHHA
eNIEMEHT, JOBKHHA SIKOTO [, 110, HANMpPHUKIAT, JOPiIBHIOE
BIICTaHI MDK TOYKaMH JOTHKY Iaca J0 IIKIBiB IAacCOBOI
nepenadi. 3a yMOBH IOCTIHHOTO 0€3BiIPUBHOTO KOHTAKTY Iaca
31 MIKIBAMH JTOMYCKAEMO, IO B MICIMX JOTUKAHHS Maca Jo
IIKIBIB BiJICYTHI MONEPEYHI NepeMilieHHs. Take MpumyeHHs
3YMOBJICHE THM, IO MMaC y KOHCTPYKII Hepenadi MmornepeaHbo
PO3TATHYTUH TMO3M0BXHBOIO cwioto N . Ile mo3Bomse
JIOTYYUTH 110 piBHSHHS (1) Taki TpaHUYHI YMOBH:

u(x,t}x:o = u(x,t}x:l =0. (2)

ne E° — exiBaneHTHHil Momynh FOHra, mo € JedKuMm
JdepeHiatbHIM OIepaTopoM BiIHOCHO Yacy.

[MpuitHaBIIM U1 MaTepialy THYYKOTO €JIeMEeHTa B’S3KO-
npyxHy mozenb KenbBiHa — @oiirra, B siKiii €KBiBaJICHTHUIA
Moxynb FOnra

n

E =E, 1+ 1.9 ,
E, ot

OTpI/IMaeMO BI/Ipa3 JJIA HOpMaJ'ILHOFO Hapr)KeHHH
o(t) = Ege(t) +n(e(t)), » 4)

ne  E,— wmonyns IOmra,
B'SI3KOCTI MaTepiaiy.

n — Koe(illleHT JUHAMIYHOI

3 ypaxyBanHsM (4) piBusiHHS (1) HaOyBae BUIIISY:

u, +2vu,, —(0(2 —? by, = A(Euiuxx + 20Ut 2, +77umu§), 5

e A — MaJiui mapamerp, SKUil y mpaBili 4acTUHI PIBHSHHS
O3HaYa€ MaJly BEJIMYUHY HETIHIMHOI CKIamoBOI  CHJIM

MOPIBHSHO 3 BiJIHOBJIIOBAJIBHOIO; E =3E 0 (2 pﬂp)fl ;

F=n(pa)ys ot =T(4p)™".
. METOJMKA PO3B’SI3YBAHHSI

3anmaua (5), (2) HAIESKUTH 70 KIacy C1ado HENiHIWHUX, 0
Jo3BoJIsiE TS TTOOYMOBH 11 PO3B’SI3KY 3acCTOCYBATH 3arajibHi
MIPHUHIMITK METOiB 30ypeHs [8]. BiamoBiaHO 10 OMHOIO i3 MUX
MeToniB, a came Mertoay Kpuosa-boromro6oa-Mwurpormo-
JILCHKOTO [9], po3B’s130K piBHSHHSA (5) y HepIIoMy HaOIMKEHH]
MIPE/ICTABUMO Y BUTJISII

u(x,t)=U0(a,x,l//)+gU, (a,x,l//), (6)
Ie y=wi+¢; @— TnodaTkoBa (aza KOIWBaHb, a —
aMIUTITY[]a KONUBaHb, @ — 4YacTtora ; U (a,x,y) — po3B’a30K
minHiiHoro (npu & =0) ananory 3anaui (5), (2); U, (a,x,l//), -
HeBioMa 27 - TepiofuyHa MO  (QYHKIIs, SKa 3a/I0BOJIBHSE
KpaioBUM yMOBaM, 1110 BUILIMBAIOTS 13 (2).

Buznaunmo SK  HaKJIaJaHHA HpHMO.I. Ta

UO (a9x9W)
B1IOMTOI XBHJIb i3 XBHJIBOBUMH YHCIIAMHU K Ta ) BIIITOBITHO

Uo(t, x,y) = a(cos(loc + ot + (p)—cos()pc —ot — (p)), (7

ne K:kﬂ(a+v)/al, )(:kﬂ(a—v)/al, w:kﬂ(az—vz)/al,
k=12,....

OCKIJIbKHM THYYKI €JIEMEHTH MalOTh OOMEKEHI pO3MipH, TO
HEJHIMHI CHJIM BIUIMBAIOTh TUIBKM HAa 3aKOHW 3MIHM B 4Yaci
aMIUTTyd Ta YaCTOTH KOJIMBAHb, SIKi Yy MEpIIOMY HaOIMKeHi
3a[1al0Th y BUIIISAI 3BUYaHUX TU]epeHiabHUX PiBHSIHG [9]:

=M@ = 022 (), (®)

da dy
t
ne mpaBi vactmHu A(a) 1 E(a¢) wmykaoTh Tak, 100

criBBiHOMIEHHs (6) 3aJ0BOJNIBHSIIO 3 HEOOXiTHUM CTyNEHEM
TOYHOCTI BHXi/HE pIBHAHHSA (5), B IKOMY Ha Miclle apameTpiB
a Ta w  TACTaBIAIOTh  (QYHKLII 4Yacy, BH3HAYeHI

JudepeHianbHIMU PIBHSHHAMM (8).

Haxnanaemo nopaTkoBy yMoBYy, mo6 gyskuis U, (a,x,l//)
1 YaCTHHHI MOXiJHI MO ¥ 1 x JO APYroro MOpsAKy BKIIOYHO
HEe MICTWIM y pO3KJa/iax MOAaHKIB MPOMOPLIHHUX TOJOBHUM
rapmonikam. ITigcranstoun B (1) Bupa3 (6) 3 ypaxyBaHusM (8)
MChsl  yCepeAHEeHHS IO JIHIMHIA Ta 4YacoBii 3MIHHHX,
OTPUMYEMO OCTAaTOYHHMH BUTJISN JU(epeHIlialbHUX PIBHIHB
JUTSL BU3HAUYEHHS aMIUTITYJH Ta YaCTOTH KOJIUBAHb!

da _ -2z (1v* +6v%a> +3a*)

B 814a4(a4—v4) ’

s
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=13 3[4 2 2 4
dy w+lEk T (7v +6via” +3a )az. ©)

dt 813a3(a4+v4)

BUCHOBKHI

OTpuMaHi  aHATTUYHI  3aJEKHOCTI  JO3BOJSIIOTH
BU3HAYUTU AaMIUNITYIy Ta YacTOTy 3TMHAJIBHUX KOJHMBaHb
TIO3/IOBXKHBO-PYXOMOTO THYYKOro eneMeHTa. Ha mizmcraBi
PO3B’s3Ky mudepeHmiaabHuX piBHAHB (10) MOXHA JOCITITUTH
BIUIMB LIBHIKOCTI IO3I0BXKHBOTO pyxy, Monyns lOnra Ta
JUHAMIYHOI B’SI3KOCTI Marepialy Ha aMIUITYyIy Ta YacTOTY
KOJIBaHb.
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The direct method research of the first general
boundary value problem for the heat equation in a
rectangle

O. Trusevych

Department of Applied Mathematics and Mechanics
Lviv State University of Life Safety
Lviv, Ukraine
trusevl4@gmail.com

Anomauyia—3anponoHoOBaHO Ta OOIPYHTOBAHO  NPSIMHIA
MeTO[ PO3B’siI3yBaHHsI NeEpIIOl 3arajibHOI KpaiioBol 3amaui st
PiBHSIHHSI TEIUIONPOBITHOCTI B NMPAMOKYTHHKY. B ocHOBI qanoro
MeTOAY BUKOPHCTAHO MeTOJ peayKuii, kjaacuuHuii merox ®@yp’e,
MeTol BJIACHUX QYHKNiH Ta BjJaacHMX 3HaveHnb. IlepeBaroro
JAaHOT0 METONY € BJIACHE NMPSIMHIl MeTOoJ PO3B’SI3yBaHHS JaHOI
3agaui.

Abstract—A direct method for solving the first boundary
value problem for the heat equation in the rectangle was
proposed and justified. The basis of this method used a reduction
method, the classical Fourier method, method of eigenfunctions
and eigenvalues. The advantage of this method is actually a direct
method for solving this problem.

Kniouosi cnoea—3adaua Hna 61acHi 3HAYEHHA Ma 61ACHI
dyukuii, memoo @yp’e, pynxuyia Kowi, noogininuii pao @yp’e

Keywords—eigenvalue problem and their functions, Fourier
method, function Cauchy, double Fourier series

I. Bcryn

[lpu po3B’s3yBaHHI HECTALIOHAPHUX 3aJad  Teopii
TEIIONPOBIAHOCTI y BUIIAJKY, KOJIM TeMIlepaTypa € (pyHKIi€

M. Kusij

Department of Applied Mathematics and Mechanics
Lviv State University of Life Safety
Lviv, Ukraine
kusijmiroslava@gmail.com

Yyacy 1 JBOX IPOCTOPOBUX KOOpJAWHAT, BHHHUKAIOTh 3HAYHI
Tpynuomi. B monorpadii [1] posrismaroThes AesKi 3amadi
JIBOBUMIPHOT'O TEMIIEPATYPHOT'O TOJIs, KOJIU PO3B’SI3KH MOXKYTh
OyTH OTpUMaHI METOJaMH IHTETrpaIbHUX IEpeTBOpEeHb. Tam,
30KpeMa,  pO3DISIacThCs  JBOBMMIpHAa — 3ajgaya IS
NMPSIMOKYTHUKA, Ha OJHIA CTOPOHI SKOTO MiATPUMYEThCS
TeMIepaTypa, IO 3MIHIOEThCS B daci. HaTomicTh Ha TphHOX
IHIIMX CTOPOHAX MiITPUMYETHCS HYNbOBa Temmeparypa. Lls
3ajauya PO3B’A3YEThCS ILIIXOM 3aCTOCYBAHHSA CKiHYCHHOIO
CUHYC — miepeTBopeHHs Pyp’e 3 BiANOBIIHUM BUKOPHUCTAHHIM
(dhopMyii 00EpHEHOT'0 TICPETBOPCHHS.

OcraHHIM 4YacoM Bce aKTHBHIIlE NPH PO3B’s3yBaHHI 3a1a4y
HECTaliOHApHOI TEIUIONPOBIHOCTI 3aCTOCOBYETHCS TPSIMUIA
METO/I, B OCHOBY SIKOT'O TIOKJIaJIEHO PEAYKILito (3BEICHHS 3a1aui
0 JBOX MpOCTIIIMX, aje B3a€EMO3B’S3aHHUX) 3 HACTYIHHUM
3acTocyBaHHAM MomudikoBaHoro Merony Dyp’e BiacHHX
¢byukuii [1] - [4]. B maniit poOoTi 1 ies] BUKOPHCTaHA VIS
PO3B’sI3yBaHHS 3arajbHOi 3a1adl Uil NPSIMOKYTHHKA, KOIIU
KpaioBi yMOBHM, IO 3ajJeXaTh BiJl Yacy, 3aJaloThCs 0e3
00MEeXeHb Ha BCIX YOTHPHOX HOro CTOpOHAX.
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II. ITIOCTAHOBKA 3AJIAUI TA if MATEMATHUYHA MOJIEJIb

Po3risiHeMo piBHSHHS TETUIONPOBITHOCTI:

oT o°’T 0T
R s M

y IPSIMOKYTHUKY [T : {0 <x<h0<y< d}
3 II0YaTKOBOIO YMOBOIO:
T(x,y,O):f(X,y), )

KpalloBUMH yMOBaMU T| P

T, 3)

Ta YMOBaMHM Y3I'O/DKCHHSA B KYTOBUX TOYKax MNPIMOKYTHHKa
M:{0<x<h0<y<d}:

?(0,7) =y,(0,7),0,(d,7) = y,(0,7),

“4)
?,(0,7) =y, (h,7),0,(d,7) =y, (h,7)
) v (50
907
! 0,07
N
0 y/](x,r) ! *

Oynkuito  posnopiny  temmneparypu  1(x,y,T), SK
po3B’s30k 3amadi (1) - (4) 3HAWEHO y BUMISAAI CYMHU JIBOX
GbyHKIH (METOX PeayKINT (IuB., HAPUKIAL,[S]):

T(x,y,7)=U(x,y,7)+V(x,0.7) . (5

Oyakuia Ul(x,y,7) BuU3HayeHa SIK PO3B’SI30K KparoBoOi
,,V,

(xBazicrauionapHoi) 3axaui [dipixue:

2 2
AUE(a U+8—UJ=0,

o’ 8)/2
Ul =T|

r»

3 yMOBaMH y3roJDKeHOCTi (4) y Burisiii, (Hanpukian, [6]):

U(x,y,z') =
© shﬂ—y sh—(d—y)
= Z A, +B, h sin 2 x +
A sh ™y h ™ h
" sh—x h—(h—x)
+Z C, +D, sin— y +
= sh™ h " h
d
+W (x, y,7),

ne xoedimientn A, B, C, D  obuncmoorscs

n n
HACTYITHUM YHWHOM:

A, =%;|jy/2(x,r)sin%dx,
2t . Tnx

B, = Z'([Wl (x,r)sdex,
2% . ;ny

C, =E'([g02(y,r)sm7dy,

2 . ;ny
D =— ,T)sin——dy,
n db[gpl(y ) d y

a W(x,y,t)=A(t)xy+ B(t)x+ C(r)y+ D(r) - e
rapMoHiuHa (YHKIIiSA, sKa 3a0e3ledye BHKOHAHHSI YMOB
Y3TOKEHOCTI [6] B KyTKax NIPSIMOKYTHHKA

M:{0<x<h0<y<d}.

@ynkuii  A(r), B(r), C(r), D(r) 3HaXomuMo i3 CHCTEM
PIBHSIHB:

W(0,0,7) = {D(T) =¢(0,7),
D(7) =y,(0,7).
O
i
00 s

3BiIKH OJICPIKYEMO:

_ 0.0+, 0,7)
2

_ V(D) +9,(0,0) -9, (0,1) -y, (0,7)
2h ’

D(1)

E

B(z)
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_9(d,0)+y,(0,7)~¢,(0,7) ~,(0,7)

C
() 7
A(T) — 0, (dvT) +l//2(h’T) —VY, (h’T) — 0, (O’T) +
2hd
+ % (va) +Vy, (O’T) —? (d,T) _Wz(OaT)
2hd
Qyukuito  V(x,p,7) 3HaiiieHo i3 HeoaHOPiAHOrO
PIBHSIHHS TETUIONPOBITHOCTI:
o _ aAV — ou (6)
ot dr
i3 KpallOBUMH YMOBaMHU:
7| =0 (7)

Ta IMMOYaTKOBOIO YMOBOIO:

df
V(x,y,O)=f(x,y)—U(x,y,0)=go(x,y). (8)

(6) — (8) - xmacuuHa Mimana sagava wist Gyskuii ¥ (x,p,7).
Po3B’s13kH BiIMOBITHOT OMHOPIAHOI KPaioBOI 3a1a4i:

Y _anv 7| =0
or

3HAWIEHO METOJOM BJIACHUX (YHKLIH Ta BJIACHUX 3HA4YEHb
(muB. Hanpukiazm, [6]). [i BnacHi 3HaYeHHS:

2.2 2.2
wTm T n

A +——,meN,neN,
d

mn h2

a BIJITIOBI/THI BJIACHI (DYHKITIT:
. TTm . TTn
Vo = SIHTX . Sll’l7y .

Oynkuis V (x,,7), 5k poss’szok (6) — (8), 3HaiineHa y

BUTJISIII  PO3BHHEHHS B Psi 3a BIACHUMHU (QYHKIISIMH Ha
BJIACHI 3HAYECHHS:

V(x,y,7)= Ztmn (r)sin %x sin%y , 9)

m,n

ne t,, (r ) - ¢ynkuii mo wacy 7 . [lnst iX 3HAXOMKEHHS, MICIS
migcranoBku (9) B (6), oiepKyeMO HECKIHYEHHY CYKYITHICTb

audepeHiaTbHIX PiBHSHB MEPIIOro Mopsaky 1 £, (r ) :

t (t)+ar,t, ()=-a, (), (10)

mn mn-mn

4 c0U(x,y,7) . mm . 7N
ne a (t)=— || ———=->sin— xsin— ydxdy .
o (7) dhg ot h a 7

I[louatkoBa ymoBa 11st hyHKIiH 7, (T ) :

tn(0) =9, (11)
ae @, — xoedilieHTH NnoABiiHOrO psaxy Pyp’e 3a cucTeMoro

BJIACHHUX (YHKIIiH {sin%xsin% y} st GysHkuii (8),

TOOTO
Q, = —”(p(x )sin — xsin 20 yaxd
" dh? Y h d Y

Po3B’s3ku cykymHocti 3aaa4 Komri (10), (11) marots BUrIsi:

2 2
m- n
—ar(5+ 2

t.(T)=0, e ned (s)ds .

mn

2 2
)T B j-.e—aﬁ(%Jr;—z)(r—s)a
0

BUCHOBKHI

3anponoHoBaHa Ta OOrpyHTOBaHa (opMalbHAa CcXeMa
3aCTOCYBaHHS MpPSIMOIO METOAY pO3B’S3YBaHHS MepLIOl
3arajbHOI KpahoBOI 3a/1aul yisi pIBHSAHHS TEIUIONPOBIIHOCTI B
MPSIMOKYTHUKY.

3amava po3B’s3aHa B HAWOUIBIN 3arajJbHil MMOCTAHOBIN 3
HEHY/bOBMMH KpPaiOBUMH YMOBaMH Ha BCIX YOTHPHOX
CTOpPOHAX MPSAMOKYTHHKA. PO3B’S30K OTPUMAaHO Yy BHIIIAMI
pAniB B sIBHIH QopMi.

3amporioHoBaHa cxeMa 0e3 YCKIaJHeHb MOXe OyTH
MOIIMPEHa Ha BUMAAKA KPaHOBHUX YMOB APYrOro Ta TPETHOTO
pony abo Oymb-fKMX KOMOIHAIili TaKMX YMOB Ha pi3HHX
CTOpPOHAX MPSIMOKYTHHKA.
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Anomayia—3anponoHOBaHO Ta  OOIPYHTOBAHO  CXeMy of investigating boundary value problems of heat conduction
JOCJIiZKeHHs] PO3NOAITY HeCTALIOHAPHOI0 TeMIIEPATYPHOI'O MOJIs with piecewise continuous coefficients and stationary

10 TOBIIMHI 6araToImapoBoi MVIOCKOI KOHCTPYKIII 3 MOKJIUBICTIO heterogeneity.
pyHHYBaHHSI JOBIJBHOIO mAapy KOHCTPyKHii. B ocHoBi mamoi
CXeMH INOKJIAJeHO NPAMUH MeTo J0C/IiIKeHHs1 KPailoBUX 3a1a4 Knwuoei  cnosa—mennonpogionicms,  npamuit  memoo,

TEeIJIONIPOBIAHOCTI 3 KYCKOBO-HeNEePepBHUMHU KoedilieHTaMH Ta bazamowiapoea KOHCMPYKUin

CTaliOHAPHOIO HEOHOPiTHICTIO. . . . .
! P AHOPIA Keywords— thermal conductivity, direct method, multilayer

Abstract—A scheme for research and proved unsteady design

temperature field distribution on the thickness of the flat
multilayer structures with the possibility of random destruction
layer construction. At the heart of the scheme put direct method
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I. Bcryn

MopenoBaHHsL TIpOLiECY TIOMIHMPEHHS. HECTaI[lOHaAPHOTO
TEMIIEPaTYpHOro TIOJIsl IO TOBLIMHI 0araTolapoBHX IUTOCKHX
KOHCTPYKIIiH, Y MMOXEXHIH CIIpaBi, 4aCTO BUKOPHUCTOBYIOTh JIJISI
BCTaHOBJICHHS Mexi BOTHECTIHKOCTI OyniBeTbHUX
KOHCTPYKIii. Ha OCHOBI HAaTypHUX BUIIPOOYBaHB JOCHIKEHO,
0 MeXa BOTHECTIMKOCTI IIapyBaTUX KOHCTPYKLIH 3a
TPaHUYHUM CTAHOM BTPaTH TEIUIOI30IIOBAIILHOI 3/IaTHOCTI
piBHA 1 BHIIE CYMi MEX BOIHECTIHKOCTI OKpeMHUX 11 €JICMEHTIB
[1]. 30inpIIeHHsT KINBKOCTI IIapiB KOHCTPYKIIi HE 3MEHIIYE ii
MEXI BOTHECTIMKOCTI 3a TpaHMYHUM CTAaHOM BTPATH
TEIUIOI30JTF0BAJIBHOI ~ 37aTHOCTI. A sKIIO OaraTomrapoBa
KOHCTPYKIIisl CKJIQAA€Thes 3 mapy (abo rpynu mapi), siKi mif
yac HarpiBaHHS pyHHYIOThCS? [IpHKIIagoM IIBOro MOXKe OyTH
miap MiHOIUIACTY, SIKMH JOCUTh 4YacTO BUKOPUCTOBYETHCS Y
OyIiBHHITBI B SIKOCTI YTEIUIIOBaYa, ajie IpPH LbOMY
pyiiHyeThCs U TemIepaTypi 6mu3bkiit 10 100 °C.

OCKIUIBKY HAaTypHI BHIPOOYBaHHS 3aliMaloTh OaraTo 4acy
Ta (IHAHCOBUX BUTPAT, ABTOPH BBAXKAIOTh, L0 CHOTOJHI

aHATITUYHI  pO3pPaxyHKH MeXi BOTHECTIMKOCTI  OLIbLI
MIPaKTHYHI.

Jis  JOCATHEHHST  JIaHOTO  pe3yibTaTy  HEOOXiIHO
BUpINIyBaTH  TOCTIJOBHICTH  3a7ad  INPO  PO3MOALI

HECTaliOHAPHOTO TEMIIEpaTypHOr'o TOJsi y OaraToliapoBHX
TUIOCKUX KOHCTPYKIISIX 31 3MEHIIEHHSM KUIBKOCTI IHapiB.
Takuii miaxig (axTU4HO SBJsIE COOOK MOAM(IKOBAHHH Ta
aBTOMAaTU30BaHUI MeToJ BiacHUX (yHKUiH Ta Meron Dyp’e

[2].
II. METOJIMKA PO3PAXYHKY

VY nmaniit poOOTI 3aMPONOHOBAHO METOAUKY BCTAHOBJICHHS
MeXI BOTHECTIMKOCTI 3a TpaHMYHUM CTAHOM BTPATH
TEIIOI30JI0BAJIBHOI 3/IATHOCTI OaraTomapoBux OymiBeIbHHX
KOHCTPYKIIii 3 ypaxyBaHHAM PyHHYBaHHS JIOBUIBHOTO IIAPY.

ANTOpPUTM METOJUKH TaKHIA:
1. TTepium etamnom € BBEJICHHS MTOYATKOBUX JAHUX.

2. HacrymHuM KpOKOM € pO3paxyHOK IOIIUPEHHS
HECTAlliOHAPHOTO  TEMIIEPAaTypHOrO IOl 10  TOBIIUHI
OaraTomapoBoi IDIOCKOI KOHCTPYKIii 3a gomomororo EOM,
SIKMH TTOJ]aHO y BUIIIsAL opMmyiu [3]

t(x,7)=

- O‘f‘"[%(r)a” AGINAG) +(%(r)7w0(1))(" Ny a‘)}

a, a A

i

n

+Z[ﬁ e — J.e’“‘“"')uk (s)ds} X, (x,0,).
k=1 0

3. 3 3amaHUM iHTEpBaJIOM 4Yacy, OrepaTop IepeBipse aBa
OCHOBHHX MTOKa3HUKA pO3TOIiTY HECTaI[lOHAPHOTO
TEeMIICPATYpHOrO IO MO  TOBINMHI  OaraTomrapoBoi
KOHCTPYKIIIi, a came:

- BTpaTy TEIUIOi30JIF0BAIILHOT 3[ATHOCTI KOHCTPYKIIIT;
- MOXJIMBICTh PyHHYBaHHS JOBUILHOTO IIapy KOHCTPYKIIi.

Taxa nporeaypa TIOBTOPIOETHCS hi (o) BTpaTH
TEII0I30JI0BAJIBHOI 3JATHOCTI KOHCTPYKIi, a00 pyHHYBaHHS

JIOBIJIBHOTO 1Iapy (TpyIH mIapis).

BBeeHHSI MOYATKOBUX JaHUX:
0; — TOBIIIMHA i-20 APy KOHCTPYKIIIT;
p; — TYCTHHA [-20 APy KOHCTPYKIIIT;
¢; — TIATOMA TEIJIOEMHICTD i-20 IIapy KOHCTPYKIIii;

A; — KOeQIIIIEHT TEIUIONPOBIHOCTI i-20 APy KOHCTPYKIIIi;
Wo(T) Ta W,(T) — 3aKOHU 3MIHH TEMIIEPATyp CEPEIOBHIIL;
0 Ta @, — KoeiIliEHTH TEIUIOBIIaYi Ha TIOBEPXHSX;
@(x) — TIOYaTKOBHMI PO3IIO/ILIT TEMIIEPATYPH.

A\ 4

Opranizanisi 004uCJII0BATBHOT0 IUKJIY
3a I0MOMOrOI0 IPSAMOr0 METOLY BU3HAYAETHCS PO3IIOALT
TEMIIEPATYPHOT'O MOJIS 110 TOBIINHI KOHCTPYKIIi|

v A

[NepeBipka HacTaHHS [NepeBipka pyiHyBaHHS
BTpaTH TEILIOi30/IF0BATIBHOT > JIOBIJIBHOTO IIapy
3JIaTHOCTI KOHCTPYKII{

BcraHoBiIEHHS MEXX1 BOTHECTIMKOCTI.
BuBeneHHs pe3yibTaTiB

—

(mis «Tax» mo3HaueHa ; mist «Hiy - E )

Puc. 1. AnroputM OOYHCIICHHS BTPAaTH TEIJIOI30I0BAIbHOI 30aTHOCTI 3
ypaxyBaHHSM PyHHYBaHHS JOBIILHOTO LIAPY

4.1 SIKIIO0  KOHCTPYKINiE ~ HE  BTpaTWia  CBOET
TEII0I30JI0BAJIBHOI 3/JaATHOCTI, a BIUIMB TEMIIEpaTypH NPHU3BIB
JI0 pyHHYBaHHS JOBUIFHOTO LIApy KOHCTPYKIIi, pO3paxyHKH
NIPUTHHSIOTECS, Ta (ikcyeTbes wac Tp. Jlami mpoBOTUTHCS
MOCTAaHOBKa  HOBOI  3aja4i  pO3paxyHKy  pO3IOALTY
HECTAlliOHAPHOTO ~ TEeMIIEpaTypHOro TOoJsi  0araTomapoBoi
KOHCTPYKIIi 0e3 ypaxyBaHHs 3pyHHOBaHOro miapy (Tpymnu
mapiB). BBoasThCS HOBI 1MOYaTKOBi JaHi. 3HOBY MpPOBOISTH
PO3paxyHOK 1 omeparop TIepeBips€ ITOKa3HUKH BTpaTh
TEIIOI30I0BAJIBHOI  3JaTHOCTI Ta pPYWHYBaHHS JOBLIBHOTO
mapy KOHCTPYKLii. SIKmIo > BIUIMB TeMIlepaTypu 3HOBY
NPU3BIB 10 pyHHYBaHHS JOBUIBHOTO Imapy (IpynH Imapis)
KOHCTPYKIIii, TO PO3paXxyHOK NPUIUHSIETHCS Ta PIKCYETHCS Yac
1. Taka mpoumemypa  NpOAOBXKYEThCS /IO  BTpaTu
TEII0I30JF0BAJIBHOI 3IATHOCTI KOHCTPYKIIiI. 3aralbHUM 4acoM
BTpPaTH TEIUIOI30JIIOBAIILHOT 3IATHOCTI € CyMa BCiX (piKCOBaHMX
3Ha4YeHb Yacy, ToO0To 7=79t 7;+..+ 7T, Ie 7, Yac BTpaTu
TEII0I30JF0BAJIBHOI 3/JaATHOCTI.

4.2. Slkmo »x BigOyBaeThCs BTpaTa TEIUIOI30JIFOBAIBHOI
3IaTHOCTI OaraTomiapoBoi KOHCTPYKIHI 0e3 pyHHYBaHHS
JIOBLIBHOTO 1Iapy (TPYyITH LIapiB), pO3paxyHOK IMPHITHHSIETHCSL.

5. PesynbraTé po3paxyHKy BUBOMASTHCS y BUIISAJL SIBHUX
GbopMyIT PO3MOIITY HECTAIlIOHAPHOI'O TEMIIEPATYPHOTO IOJIS
JUIE KOXKHOTO 3 MIapiB KOHCTPYKIi. 3a JOIOMOTrOI0 JaHHX
(dopMyn pe3yiabTaT MOXKHA BHMBECTH Yy BHIVISII TaOMHMYHUX
naHuX, TpapiuHux 3anexHocted  (00’eMHHMX  rpadikis,
aHIMaIliif, TOII0) 3MiHH TEMIIEPATyPH 110 TOBUIMHI KOHCTPYKIIIT
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B 3aJICKHOCTI BiJ 4acy.

Peamizamist maHOI CcXeMH 3acHOBaHAa Ha 3acTOCYBaHHI
OTPUMAHOTO aBTOPaMH MPSIMOTO METOMY PO3B’SA3KY KpaOBUX
3a/a4 Teopiil TEIUIONPOBIMHOCTI /I OAraTOIIAPOBUX ILIOCKUX
KOHCTPYKIIiH.

III. MOJIEJIbHA 3AZTAYA

Y  skocTi MOzeNnpHOI  3ajadi  JOCIHIIPKEHO  BILIHMB
pYHHYBaHHSI JOBIJIBHOIO IIapy OyHiBeNbHOI KOHCTPYKIII Ha
Yac BOTHECTIMKOCTI (BTpPAaTH TEIUIOI30JIFOBAJIBHOI 3IATHOCTI)
OymiBeJIbHOI KOHCTPYKINH, sKa CKJIAJa€ThCs 3 BaIHAHOI
IITYKaTypKH, ITHOIUIACTY, UETJITHOI KIaJKH Ta BalHSHOL
mrTykaTypku [3]. YV mouaTkoBHHf MOMEHT yacy TeMIlepaTypa
CTiHKH TocTiitHa i nopiBHioe 25°C .

OpHa i3 3OBHIIIHIX ITOBEPXOHb HArpiBA€THCS IILITXOM
KOHBEKIIIMHOTO TEIIOOOMIHY 3 HABKOJUIIHIM CEPEIOBHUIIEM,
TeMIeparypa SIKOTO 3MIHIOETECS 3a 3aKOHOM

t.(t)=3451g(8c+1)+25.
CTODOHM  TIOBEpXHi, IO

o, =25 ByzK

M
o, =4 ByzK . Heob6xinuo BU3HAYUTHU po3moia
M

KoeginienT TemnoodMiny 3i

00ITpiBAETHCA,  CTAHOBHTH

, a 3 TIOBEpXHi, IO HE OOIrpiBaeThCsI —

HECTAI[IOHAPHOTO TEMIIEPATypHOrO MO IO TOBIMHHI Ii€l
KOHCTPYKIi Ta 3HAWTH Yac, 3a SKWi TeMIepaTypa MOBEepXHi,
o He obirpisaetbes, gocsrue 180°C (kpuTnuHa TemmepaTypa
BTpPaTH TEIUIOI30JTIOBAIIBHOI 3/]ATHOCTI ).

OCKIUIbKM ~ ApYTMi IIap KOHCTPYKIIT CKIAJAeThCs 3
MHOIUTACTY, TO ICHye 3arpo3a Horo pyiHamii, Konu
TeMIIepaTypa Ha MeXi MEepIIoro 1 Apyroro mapy mHiTHIMEThCs
70 100°C. Tomy mpoBeeHO /Ba Pi3Hi PO3PAXYHKH PO3MONITY
HeCTalioOHapHOro TemIleparypHoro nons (0e3 ypaxyBaHHS
pyWiHYBaHHS [Iapy MHOMIACTY, Ta 3  ypaXyBaHHIM
pyHHYBaHHsS IIapy IIHOIUIACTY Ta, SK HACTINOK, wIapy
LITYKaTYpKH).

BukopucraBim 3anpornoHOBaHUNA alTOPUTM AOCIIHKEHHS
PO3IIOALTY HECTaliOHAPHOTO TEMIEpPaTypHOro TMONs 110
TOBIIMHI KOHCTPYKINI 0€3 ypaxyBaHHS pPYHHYBaHHS IIapy
MHOIUIACTY, OTPUMAEMO PO3B’S30K Ii€i 3amadi y BUIIISAL
rpadiky, 110 NpeACTaBICHHIA Ha pHC. 2.

Jlocmigumo Terep TIOIIUPEHHS HECTaIliOHAPHOTO
TEMICPAaTypHOrO MOl IO  TOBINMHI  KOHCTPYKINI 3
ypaxyBaHHSAM pyHHYBaHHA Jpyroro Imapy. IIpoBomsun
BIJIMOBIIHI ~ PO3paxyHKH,  oxepkumMo  rpadik  3MiHH

TEMIepaTypy Ha TOBEPXHS, IO HE OOIrPIBAETHCA y BUIIIAMIL
rpadiky (puc. 2).

200 A

R B
130

|
160
140
120

100

80

T T T T T
0000 @O0000  FOO000
T

Y T T T T
] 10000 20000 30000 40000

Puc. 2. T'padix 3MiHM TeMmmepaTypd 3i CTOPOHHM IOBEpPXHi, [0 He
obirpiBaethbes: 1 — Ge3 ypaxyBaHHs pyiHYBaHHS IIapy MiHOIUIACTY; 2 — 3
ypaxyBaHHSM PyHHYBaHHS LIapy MiHOILIACTY.

BUCHOBKHI

BaxnuBicTh  ypaxyBaHHS ~pYyHHYBaHHS  OJHOTO  YH
JIEKUTBKOX IIapiB € JOCUTH CYTTEBOIO. IIpoBeneHi TeopeTnyHi
JIOCITI/DKEHHST Y BUIJISII MOJENBHOI 3a7adi YOTHPHILIAPOBOL
KOHCTPYKIIi (IITyKaTypka — ITHOIUIACT — LErIsiHa KiIaaKa —

IITYKaTypKa) IIOKa3ajld, III0 HEBpaXyBaHHA  (haKToOpy
pyHHYBaHHS JOBIIBHOTO APy MOXE MPHU3BECTH [0
TMIOMHUJIKOBOT'O BU3HAYEHHS Mex1 BOTHECTIHKOCTI.
TemoizomoBajgbHa  3MaTHICTH  Takoi  KOHCTPYKINI — 0Oe3

ypaxyBaHHS pyHHauii mapy MiHOIUIACTy CTAaHOBHUTH 18 roauH,
a 3 ypaxyBaHHSAM pyHHYBaHHA — 94 XB. Y pO3IISHYTOMY
BUIAJKy, YaC KPUTHYHOTO TPOTPIBY pEeajbHO 3MEHIIYETHCS
npubn3Ho y 11 pas.

JIITEPATYPA REFERENCES

[1] MunoBanoB A. @. OrHecTOMKOCTb JK€JI€300€TOHHBIX KOHCTPYKLUH, M.:
Crpoituznart, 1986. — 224 c.

[2] Tawiii P. M. 3arampHa Tperss KpaiioBa 3amaua sl PiBHSAHHS
TEIUIONPOBITHOCT] 3 KyCKOBO-CTAIUMH KOS]illieHTaMH Ta BHYTPILIHIMH
Jokepeniamu Teruia / P. M. Tauii, T. I. Ymak, O. 0. ITaszen // [Toxexna
6e3mneka: 36. Hayk. np. — JIbBiB : JIIY BXK/, 2015. — Ne 27. — C. 120-
126.

[3] Cemepak M. M. Temnouzonupyroiuas CIOCOOHOCTh MHOIOCIOHHBIX
CTPOMUTENIBbHBIX KOHCTPYKLMH C Y4€TOM pas3pyIIEeHHUs HPOU3BOJBHOIO
cios / M. M. Cemepak, P. M. Tauuii, O. 0. Ilaszen // BectHuk
Kokiierayckoro  TeXHHMYECKOro  MHCTUTyTa  MuHHCTEpCTBA IO
ype3BbIYaiHBIM cUTyauusMm pecriyosku Kasaxcran : CO. Hayu. Tp. —
Koxkieray : KTU KUC MB/I PK, 2015. — Ne 4 (20). - C. 8-17.

218



[Ipo po3B’s3HICTH 3a7a4l 3 (DYHKI1OHATbHUMU
KpallOBHUMH YMOBaMM JIJI KBa31AU(epeHIIIaTIbHOIO
PIBHSIHHS 3 MIpaMu B KOe(II1€HTax

B.B. Masypenko
kadenpa audepeHIiaTbHAX PIBHAHB 1 NPUKIIAIHOI MAaTEMAaTHKA
[Mpukapnarcekuii HallioHAILHUHN YHiBepcuTeT iMeHi Bacuns Credannka
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On the solvability of a functional boundary-value
problem for a quasidifferential equation
with measures as coefficients

V. Mazurenko
Department of Differential Equations
and Applied Mathematics
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, Ukraine
viktor.mazurenko@pu.if.ua

Anomauias—Ha ocHOBI NOHATTA NceBI000GepHEeHOi 32 MypoMm-
IIenpoy3om MaTpuni BCTAHOBJIEHO HeoOXiaHI i AocTaTHi ymMoBH
iCHyBaHHAl Ta €IMHOCTI PO3B’fI3KY 3aa4i 3 QYHKIiOHAILHUMH
KpailoBUMH YMOBAMH /JIsi KBa3iiu(epeHuiaabLHOro piBHAHHA 3
Mipamn B Koedimiearax. OTrpumano 300paskeHHsl PO3B’A3KYy B
inTerpanbHiii gopmi 3 monomoror Ppynkuii I pina.

Abstract—We consider a functional boundary-value
problem for a quasidifferential equation in general case
with the number of boundary conditions not coinciding
with the order of the equation. We obtain necessary and
sufficient conditions for the existence and uniqueness of a
solution of such boundary-value problem using a method
of pseudo-inverse by Moore-Penrose matrices. We
represent the solutions in the integral form by the Green
matrix.

Knwuoei cnosa—rxeaszioughepenvianvue pieHanHA 3 Mmipamu;
¢yukuionanvua Kpaiioea 3adaua; iCHy6aHHA pPO36°A3Kie; ncegoo-
ooepnena 3a Mypom-Ilenpoyzom mampuus; mampuys Ipina.

Keywords—quasidifferential ~ equation  with  measures;
functional boundary-value problem; existence of solutions; Moore-
Penrose pseudo-inverse matrix; Green matrix.

1. Bceryn

JociimkeHHs pi3HOMaHITHUX (I3UYHHUX TpoleciB (K, H-1I,
TIO3/IOBXKHI KOJIMBaHHS CTPHKHIB 3 KYCKOBO-3MIHHUM Iiepepi-
30M, KPYTWIbHI KOJMBAHHS BajiB 3MIHHOI dKOPCTKOCTI, TEMIIe-
patypHi 3ajadi 3 KyCKOBO-3MiHHMM KO€(iI[iEHTOM TeruIo-
MPOBITHOCTI Ta 1H.), KOTPi BPaxOBYIOTh MPUPOJHY €IHICTH
JIUCKPETHOTO (30CepEeKEeHI BEIMYMHH) 1 HEepepBHOro (pos-
TIOAIJIEHI BEJTMYMHU) TPUBOJUTH O HEOOXIJTHOCTI CTBOPEHHS
a/IeKBaTHUX MaTeMaTUYHHUX Mojeneil. barato 3 HUX ONHCYIOTh-
csi JuQepeHIliabHUMH PIBHSHHSMH, IO MICTSATh JOJAaHKH

(m) (n) - .
BI/IFJ'IHZ[y(a()C)y ) . 3a YMOBH HCIOCTAaTHLBOl TJIAAKOCT1

koeQimieHTa a(x) Taki pIBHSAHHS HE BJAEThCS 3BECTH (3
JIOTTIOMOTOI0 ~ OTepallii  7-KpaTHOTO TU(EPEHIIIIOBAHHS) [0
3BUYAlHMUX IudepeHuianbHuX. Binrak B HayKoBill JiTeparypi
X mpuitHATO Ha3uBaTH KBasiaudepenuiansuumu (KP).
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VY 1omoBiai po3riIAAIOTHCS UTaHHS PO3B’SI3HOCTI 3a/1a4i 3
($yHKIIOHANEHUMHU KpalioBumu ymoBamu st KJIP mopsinky
qg=m+n :

n

_ i( D (a,00 )" = fy, ()

Ly(O)=m., k=1Lp; )

TyT I} — niHiliHi GyHKIioHany Ha pocTopi BV [a,b] Henepeps-
HUX crpaBa (QyHKIIIH oOMexeHol Ha BiAPi3Ky [a,b] Bapiarmii, a
koedimientu K/IP (1) cipaBakytots yMOBH: a,) — OOMeXeHa i
BuMipHa Ha [a,b] QyHKuis; @, ,a,; — CYMOBHI 3 KBaIpaToM
i f— mipu Ha [a,b],
f=g . me
. . oo
b;,g € BV"[a,b], Tak mo nudepeHuiroBanHs i piHicTh B (1)

Ha [a,b] dyukuii (i=1,n, j=1,m);

a

T00T0  @; = b (izl,_n, j=1,_m) i

PO3YMIIOTBCS B y3aralbHEHOMY CEHCI.

Y Bumajky, konu GyHKuii a;(x) i g(x) € ragkumu abo

a0COJIFOTHO HeTlepepBHUMU Ha BiJpi3Ky [a,b], 3agada (1), (2) Ta
1l YaCTMHHI BHUIAAKH Taki, K 3amada Ko, IBOTOYKOBa
KpaiioBa 3amava, 3amada Komri-Hikonerri, 3agaua Bae-
[Tyccena, OaratoToukoBa 3ajada, 3ajJa4a 3 S-TOYKOBHMH
YMOBaMH 1HTETPAIILHOTO THITY, 3a][a4a 3 YMOBAMH CHPSDKEHHS,
B PI3HUX acIieKTaX BUBYAIOTHCS OaraThMa aBTOPaMH BIIPOIOBK
yxe Oinbplie cra pokiB. J[is kBasimudepeHuiabHUX PiBHIHB 3
MipaMH B KOe(QIlli€HTaX JOCTaTHHO BUBUEHUMH € JIWIIE
MOYaTKOBI 1 KpaiioBi 3axayi [1]. Illo crocyerbest 3amadi (1), (2),
TO OJIM3BKI 33 IOCTAHOBKOIO 3a/1a4i BUYAIKCH B [2, 3].

IcuyBanHi 1 €4UHICTL PO3B’A3K
yB p y

IIpu mocmiKeHHI yMOB PpO3B’SI3HOCTI  3ajadi

(1, )
. v= lq

")), e
K(x, ) — ananor ¢ynknii Komri K/P (1), mo 3a 3MiHHOIO X €
pose’sskoM KJIP (1) 3 mouarkoBumu ymoBamu KU!(¢,£) =0
(V = Oa q_z) ) K,[(qil](ta t) = 1 s
MilllaHy KkBasinoxigHy (i +j)-ro mopsaky [1,

BU3HAYaIbHOWO € (pxg)-marpuus M =(lefV

114}
a Bupas K"/ (x,t) o3Hayae
§13]. Hexait

T
M* =(mf )/rp — mceBaoobepHeHa 3a Mypom-Ilerpoyzom
=Lq

ij )iz
(g%p)-matpuus, taka mo MMM =M [2]. Toxmi martpuui
P,=E,-M'M i P.=E,—~MM" € MaTpuusmMu OpTOro-
HaJIbHOTO TPOEKTYBaHHs (P,é =P, = PA;,P};A =P .= PM)
opoctopiB R" i R” BianoBigHo Ha HyJIb-IIPOCTOPH
kerM:{ue]R” :Mu:O} i kerM” ={ve]Rm :M*v=0}.

Teopema. Hexau rankM =r <min{m,n}. Tooi kpatiosa
sadaua (1), (2) maec y npocmopi ACla, b] (q — r)-napamempuu-
HY CiM 10 p038 513Ki6 6uesoy

y(x) = Zq)l(x)c +ZZK (x, a)mq ‘A(

k=1 v=0

1,3, 0)+y,0 B)

noeHa cucmema JIHIUHO

de P (x)a"'a(qur(x) - q-r
He3anedcHux po3e’a3Kkie ooHopionoi (g =0,m, =0) kpaitoBoi

b
sajaui, a  y,(x)= WIK (x,t)dg(t) — uwacmunnuil

pose’azox K/P (1) axwo i minexu sikwo ge BV [a,b] 1
n, eR (k= E) 3A0060IbHAIOMb YMOBY, W0 micmums (p — 1)
CNiBIOHOUICHD:

PM* (n‘ _llyf(')’nz _Zzy‘/‘ (')a"-anp —l,,yf ()) =0 4

s eOnocmi po3s a3Ky yiel 3a0aui HeobXIOHO | DOCMAmMHbLO
BUKOHAHHSL 000AMK080I YyMOBU

P, =0. (5)

B sikocTi HacHiAKiB 3 Ii€l TEOpEeMH PO3MNIAIAIOTHECA TPU
“kpaiiHi” Bumanky, xomu rankM =g <p, rankM =p<gqi
rankM = p=¢g. 30kpeMa B OCTaHHBOMY 3 HHUX KpaiioBa
3amaya (1), (2) mae emnunmii po3B’szok y € AC[a,b] Tomi i
Tipku Tomi, Ko det M # 0. Ilpu 11sOMy pO3B’sI30K 300pa-

b
JKAETHCSI B IHTETPAIBHOMY BHIIAIL y(X) =IG(x,t)dg(t), ne

a

¢bynxkuis Ipina
K(x,a) K'“"(x,a) @(x,0)
Gy = VKD I (xa) (1)
detM : : : ’
[, K(x,a) ... lqK{q—l}(x,a) 1, D(x,1)

D(x,t

)= sign(zx—t) K(n.1).

BUCHOBKHI

IToctanoBka KpaI/IOBOI 3amadi y BUDISII (l) (2) mo3Bose
OXOMHTH 3HAYHY KUIBKICTh BUIQJKIB — BiJl MOYATKOBUX 1
KpaloBHX 3a/au Uil JIHIHHUX 3BUYANHUX AUQEpeHIialbHIX
PIBHSIHB 70 3a/1a4 3 6araTOTOYKOBUMH YMOBAaMH IHTETPaJIbHOI0
TUIy U JIHIAHUX ~ KBa3iAM(epeHIialbHUX pIBHSIHb 3
HerepepBHUMHU KoedillieHTaMu Ta Koe(ilieHTaMu iMl'IyJ'ILC-
HOrO THITy. YMoBa (4) TeopeMH pa3oM 3 YMOBOIO (5) i€l
TEOpEeMH [aroTh BiAIOBib HAa NHTAHHSI, UM ICHYE PO3B’S30K
KpaiioBoi 3amaui (1), (2), i B pa3i Horo iCHyBaHHsI — YH € BiH
enuHuM. Ha OCHOBI BiZIOMHX aJITOPUTMIB OOYHCIICHHS IICEBIO-
obepHeHol MaTpuii (opmyrna (3) H03BOJIAE KOHCTPYKTUBHO
OylyBaTd po3B’s30K wLi€i 3amadi, a GyHkuis I[pina no3Bomse
300pa3uTH pO3B’SA30K B IHTETPAILHOMY BHUIJISII.

BiazHaunmo Takoxk, 110 Y KpUTHYHOMY BUTIAJKY (PM* # O)

KOJIU KpaiioBa 3amada (1), (2) Hepo3B’si3Ha, IS MOJAIIBIIIOTO il
JOCTI/DKEHHS. BaXKJIMBO OTPUMATH KPHUTEPIH PO3B’SI3HOCTI
30ypeHoi 3a1aui.
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[IoOymoBa Ta aHam3 3aBaIOCTIMKAX MPOIECOPHUX
aApPXITEKTYP
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cucTeM
Opecbkuii HallioHabHUH yHiIBepcuTeT iMeHi [.1. MeunukoBa
Oneca, Ykpaina
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Oneca, Ykpaina
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Construction and analysis of jam protected CPU
design

Y. Gunchenko
department of the mathematical providing of the computer
systems
Odessa national university of the name I.I. Mechnikov
Odessa, Ukraine

E. Morozova
department of the mathematical providing of the computer
systems
Odessa national university of the name I.I. Mechnikov
Odessa, Ukraine

Anomauia — B poGori mnpoaHadizoBaHO NPHHIHIH
no0y10BH 3aBaIOCTIHKHUX BHIIB apXiTEKTYPH NMPOLECOPIB 1JIst
CYy4aCHHMX 004 CIIOBATLHAX cucTeM. Onucano
¢ynkunionyBanns i ocoOsmBocTI MoJepHi3amii s TPHOX
BHJIB apXiTeKTypH, IOKa3aHO iX IepeBarm Ta HENOJNIKH,
HABENICHO  3aJIeKHOCTI  IMBHAKOCTI  poborm  (KiIbKOCTI
IHCTpyKIil, 0 BHKOHYIOTHCHA) Bif HMOBIpHOCTI MOMMJIKH
004HCIIOBAHD.

Abstract — In this paper the principles of jam protected
CPU design for modern computing systems are analyzed.
Functioning and features of modernization for three CPU
designs are described, their advantages and disadvantages are
shown, dependences of work’s speed (number of executed
instructions) from probability of an error of calculations are
given.

P. Emelianov
department of the mathematical providing of the computer
systems
Odessa national university of the name I.I. Mechnikov
Odessa, Ukraine

E. Lyubkevich
department of the mathematical providing of the computer
systems
Odessa national university of the name I.I. Mechnikov
Odessa,

Knwuoei cnosa — npouecop, 3a6adocmiiika apximexmypa,
CcuUZHamypa, 00uUCII08ANILHA CUCHEMA.

Keywords — processor, CPU design, signature, computing
system.

I. Bcryn

Y  cydacHux OOYMCITIOBAIFHUX ~ CHCTEMax
CHELiaIbHOr0 MPU3HAYEHHS 4YacTo CTOITh mpolbiiema
Hazi#HocTi. [Ipy IbOMY BUPILTYIOTHCS TPY TUIH 33aBaHb!

® IIiIBUIICHHS HAAIHHOCTI 30epiraHHs JaHuX;

e IIiIBUIICHHS HAAIHHOCTI Mepeadi JaHUX;

® IIiIBUIICHHS HATIHHOCTI OOYUCIICHb (IOCTOBIPHOCTI
OTPUMAHUX JAHHX).

3aBIaHHs MEPUIOro Ta JAPYroro THIIB CIPSIMOBaHi
Ha BUSIBJIICHHS T4 YCYHEHHS NOMUJIOK, IO BUHUKAIOTh MPH
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nepenayi abo 30epiraHHi JaHUX, 1 OCHOBH iX BHPIIICHHS
MaloTh MaTeMaTHYHHN abo (Qi3udyHui xapakrep. IcHye
0e3nmiy  pi3HUX  CIOCOOIB  MIABHINECHHSA  HATIHHOCTI
30epiraHHs Ta Iepenadi JaHWX: BUKOPUCTaHHS KOHTPOIIO
(bita) mapHocTi, KomiB XemMiHra, XadQmaHa i I1HIIHX,
OLIBII CKJIATHUX KOJIiB.

PimeHHst x 3aBJaHb TPEThOTO THITY IIOB'S3aHO 3i
3MiHAMH apXIiTEKTYpH OOYMCITIOBAIEHUX MPUCTPOIB 1 camoi
CHCTEMH B IIIJIOMY.

HeoOXiqHiCTh MiIBUINEHHS HAMIHHOCTI OOYHCIICHB
HAMOINBII  CHJIBHO  BIJUYBA€ThCSl NpPU  OpraHizauii
posmoiieHnx ~ o0YMclieHb, @  TaKoK  HoOYymOBi
PO3IIOAINIEHNX  CHCTEM  YIpPaBIiHHA  PI3HOMaHITHOTO
npusHayeHHs.  [IpoOnema  MiIBUINEHHS  HaXiHHOCTI
00YHCIIeHb HA JaHUH MOMEHT € aKTYaJIbHOIO, a ii pillleHHs
- KOPHCTYIOTBCS TIONMUTOM. IliBHINEHHS HATIHHOCTI
00YHCIIeHb 32 JOIMOMOTrOI0 3MIHHM apXiTeKTypu MOXe OyTh
SK HeNpsIMHM, Tak 1 Oe3mocepenHbO BIUIMBAaTH Ha
HaJIAHICTE OOYKCIIEHD.

II. TIosyJIOBA TA AHANI3 3ABAJIOCTIMKUX
TIPOLIECOPHUXAPXITEKTYP

Apxitektypa 1. Ha puc. 1 mnpeacraBinena
CTPYKTypHa CXeMa 3aBaJoCTiKkoro mpouecopa. biok
BHUKOHaHHS koMmaHn 101 3'eqHaHuil 3 JTIYMILHUKOM KOMaHT
102, ¢aiin-perictpom 103, Oydepom 3amucy 104, 6aokom
reHepanii curHatypu 105 i OJOKOM KOHTPOJIO HOMHIIOK
106. Jliunnpauk komann 102, datin-perictp 103 i perictp
curHatypu 107 3'enHaHi 3 BiJNOBITHUMHU KOHTPOJBHUMHU
pericrpamu 108, 109, 110.

e 109
108| Perverpe

It
vy (1]

Cugtank 108 BNOK BLINONHEHUA 101
102 | kommang KOMang 108
[} 1
WHCTRYKUMIA | w| ROk
| cUrHaTYpb!
111
104 E"““"ﬂ
3anucun

107 | Curnatypa

Bnok
KOHTpONA
owmboK
106

112 | Banmuce Yrenve |113

Nanusie

Puc. 1. Crpykrypa npouecopa

@aiin-perictp 103 mae koHTponbHUil perictp 109,
SKMA MOXe 30epiraTé TOTOYHHIA CcTaH (aii-pericrpa
(CTBOpEHHST KOHTPOJIHOI TOYKHM) 1 MOXE BiJHOBIIOBATH
3Ha4YeHHs (ailyi-perictpa 3 KOHTPOJIbHOI TOUKHU. JIIYMIBHUK
komana 102 wmae xoHTponpHHM perictp 108, 3maTHUMIA
30epiraTi TOTOYHUN 3HAYCHHS JIYMWIBHHUKA KOMaHI 1
BiJTHOBJIIOBATH HOro 3HaueHHsS. BiIOK BHKOHaHHS KOMaH]
101 BukoOHYe iHCTpyKIii, O MicTAThCS B mam'siti 111, Ha
SIKI BKa3ye JuriabHuK KoMaHn 102. THcTpykuii 3UuTyI0ThCS
i 3MymyoTh ONoK BHKOHaHHS komana 101 onepysatu
BMicToM (aiii-perictpa 103. biok BukoHanHs koMana 101
TakoXk Moxe 30epiratu mani 112 i1 3aBanTaxyBatu 113 3
nam'sti 114. Bydep 3anucy 104 mMicTuth AaHi, SIKi TOBHHHI
Oyrn 3amucanHi B mam'ste. Llg omepamist BuUKOHye JBi

¢yukmii. [To-nepire, Oydep 3amucy 104 3BiTBHSE TPOIIECOP
BiJl 3yNHMHOK IiJ 4yac omepariii 3amucu. [lo-npyre, oOydep
3amucy 104 MicTUTh naHi, SKi MOXYTh OyTH BUKOPHCTaHI
a0o BIAKMHYTI B pa3i BUHUKHEHHS ITOMHJIKH. 3ayBa)KHMO,
mo Oydep 3amucy 104 He MOKe OyTH JKEPENIOM NaHMHX,
SKIIO aJpeca JaHUX TPU 3aBaHTaXEHHI 30iraerecst 3
anpecoro aHWX, 3amucaHux y Oydepi zammcy 104. Ile
00OMEXEHHS HeOOXiJHe A JOCSITHEHHS BiIMOBOCTIHKOCTI
naHoi apxiTektypu. biok renepaii curnaryp 105 npuiiMae
BCl pE3yNbTaTH OOYMCICHI OJIOKOM BHMKOHAHHS KOMAaHI
101. Jlo HuMX Tako)X BiZHOCATHCS BCl 3aBaHTa)KEHI JaHi.
Crioci0 oOuHCIeHHs CHrHATYpu B JaHiii poOoTi He
posrisimaerbes. biok renepanii curnaryp 105 30epirae
00YHCIICHY CUTHATYpy 10 BimmoBigHoro perictpy 107.
Perictp curnatypu 107 Mae CBili KOHTPOJBHUH pericTp
110, B gKuil 3aMUCYETHCS MOTOYHE 3HAYEHHS CUTHATYPH,
IIPY [IbOMY KOHTPOJBHA Komis curaatypu 110 Hikonu He
3amucyeThcss Haszan B perictp curHatyp 107. bBuok
KOHTPOJIIO MTOMIWIOK 106 KOHTPOJIIOE 3alUC B KOHTPOJIBHI
perictpu 108, 109, 110, xoHTpomOe ouHmINeHHs Oydepa
3amucy 104 1 mopiBHIOe moTouHy curHarypy 107 3
nonepeansoi 110.

Y crani "0" mporecop BHKOHYE IHCTPYKIHI Juist
(opMyBaHHsS CUTHATYpH, sika Oyae BUKOPHCTOBYBATHCS B
HACTYITHOMY CTaHi ISl BUSIBJICHHS IOMIJIKH.

VY crani "1" 3aHOBO BUKOHYIOTHCS BCI KOMaHIM JIJIS
BU3HAUEHHS HASIBHOCTI MOMWIKW. JSIKIIO CHIHaTypu
30iraloThesi, TO MOMIIKH He Oyio. [Iporiecop nepexonuTs B
cran "0". SIkmio mMOTOYHA CHWTHATypa He 30iraeTbcs 3
MONIepeTHHOI0, 3HAYMTH BHSBJIECHA IOMMIIKA 1 MPOLECOp
MepexoauTh B cTad "2".

Cran "2" NOYMHAETHCS 3 OUMIICHHSA Oydepa 3amucy.
Lle poOuThCst y 3B'I3KY 3 THM, 110 OyJ1a BHSIBJIEHA IIOMHIIKA
i pani, mo 30epiraloTbcsi B HBOMY, MOXYTh OyTH
HeBipaumu. Ilicas Beix mii B crani "2", mporecop
nepexoauTh B ctad "0".

ApxitekTypa 2. BHeceMo HeBeNHKi 3MiHU B BHX1THY
APXITEKTYPY 1 aTOpUTM (DYHKI[IOHYBaHHS, @ CaMe 3MIHUMO
aNropuT™ B cTaHi "2".

BigMiHHICTE BiJl MOYaTKOBOI apXiTEKTYPH TiJIbKH B
OmHOMY 3 OJIOKIB 1 B KIHIICBOMY mepexomi B cran "1".
Takum 4ymHOM, sKmO Tepexim B craH "2" He OyB
3nificHeHuil (He OyJ0 MOMHIIKH), TO BiIMIHHOCTEH MiX
JIAHOI0 apXITEKTYpU Ta IOYaTkoBoi He Oyzne. Slkmio x
mepexin B craH "2" OyB 3mificHeHu# (Oyina MOMMWIKA), TO
ounimnaeTbes Oydepa 3amucy. Ctan "1" Oyae mOYMHATHCS B
THUX CaMHX IIOYaTKOBHX YMOBaX, IO i B TMONEpEeAHil pa3 3a
BUHSITKOM TOTO, III0 B KOHTPOJIBHOMY PETICTPi CHUT'HATYpH
110 Oyme 30epiraeThCsi HOBE 3HAYCHHS CHTHATYPH.
BHecena 3MiHa mpu3Bena J0 TOro, MO OJOK KOHTPOIIO
MOMHJIOK BBa)XaTUME pE3YJbTaT BIPHHM, SKIIO HOro
CUTHATypa 30Iira€TbCs 3 CHTHATYPOI IOIEPETHBOTO
pe3ynbTary.

ApxiTekTypa 3. ApXITEKTypy MpoIlecopa MOXKHA
JIOAATKOBO Moau(ikyBarwy, LIJISIXOM JIO/IaBaHHS
KOHTPOJILHOTO PEricTpa CUTHATYpH 2 1 Ma)KOPUTAPHOI'O
€JIEMEHTY Ta BiJIIOBIIHOIO 3MiHOIO cTaHiB "1"1"2",

[Micns mimpaxyHKy CHUTHAaTYpH BUKOHYEThCS i
TOPIBHSHHSA 3 CUTHarypamu, 1m0 30epiralotbcsi B
KOHTPOJIbHHX PETiCTpax 3a JOMNOMOrOK Ma)KOPUTAPHOI'O
eNeMeHTy. Y  KOHTPOJBHOMY DpEricTpi Ha MOMEHT
TIOPIiBHSIHHSL ~ 30€pira€TbCs CHUIHATypa  IONEPEIHbOrO

223



pe3ynbrary. KOHTpONbHHI perictp Ha MOMEHT IEpLIOro
MOPIBHSHHS  IPOIHILiaNi30BaHO, a TPH  HACTYIHHUX
TOPIiBHSAHHAX OyJae MICTHTH CHTHATYpy, OTpUMaHy Ha
ToTepeTHHOMY KpOITi.

TakuM  4MHOM, OJIOK  KOHTPOJIO  IOMMIJIOK
BBa)KATUME PE3YJIbTaT MPaBHIBHUM, SKIIO HOrO CHI'HATYpa
30iraeThes 3 OJTHIEIO 3 IBOX IOIIEPEIHIX CUTHATYP.

III.  TIOPIBHSIHHSI APXITEKTYP

BuzHaunMo WMOBIpHOCTI OTPUMAaHHS IOMHJIKOBOT'O
pe3ynbrary  (MIOMWJIKOBOIO  CHUTHATYpH) JUIS  TPhOX
PO3IIISTHYTHX apXiTEKTYyp HPOIECOPIB.

[TpuiiMeMo WMOBIPHICTH OTPHMaHHS I[TOMHIIKOBOI
CHUTHATYpPH Ha KOKHOMY IMKJI (KpOIli) piBHOHMOBIPHOI Ta
PiBHIi p, TO/I HMOBIPHICTH OTPUMaHHS BIpHOI CUTHATYPH (
= 1 - p. BuKoHaHHS KOMaHIM MEHII HDK 3a JIBa IHKJIA
HEMOJJIUBO Hi B OJHIN 3 TPhOX PO3IJSIHYTHUX aAPXITEKTYP.
[oznaunmo uepe3 Pi (n) iMOBiIpHICTH BUKOHAHHSI KOMaHIN
Ha N-My Kpoui B i-H apxiTekTypi. BukoHaHHS KoMaHAM
MEHII HDK 3a 2 KpPOKM B pO3IJSIHYTHX apXiTeKTypax
HeMOxuBO 1 Tomy Pi(n)=0, mpu n <2 mis Oyap-sSKOro i.
Takox Bim3Hauumo, mo P (2) = q2 pmnsa Oyxap-sxoi
apXiTeKTypd, TOMY IO  BIAMIHHOCTI B  HHX
CIOCTEpIrafoThCs TUIBKM TIPU  BUSBICHHI ITOMWJIKH, a
NPUAHATTS pe3y/abTaTy Ha IPYroMy KpoIli CBIAYHMTH MpO ii
BIJICYTHICTb.

B apxirekTypi 1.

R(n=2k)=q"(1-g9)"" (1)
B apxiTtekrypi 2.

P(m)=p(p-1’A-F(n-3)) @

ne F (n)=Z:ZIP(i) —  (QyHKmis posnominy, Mo

JIOPIBHIOE ~ WMOBIPHOCTI ~ OTPUMaHHS  TPaBUILHOTO
pe3yNbTaTy 3a N-MEHII [UKIIB.

B apxitekTypi 3 3 BUKOPUCTaHHSM Ma)KOPUTAPHOT'O
CIIEMEHTY.

P(n)=(1-F(n-4)\pq) +
+(1-F(n-5))p(pq)

P(n)=(1~F(n—4)+ pF(n-5)pqg) @
e F(n)= Z; P()- ¢ysxuis  posmominy, 1o

€)

abo

JIOPIBHIOE ~ WMOBIPHOCTI ~ OTPUMaHHS  TPaBUILHOTO
pe3yNbTaTy 3a N-MEHII IUKJIIB.

CepenHsi KUIBKICTh IUKIIIB ((aKTUYHO 1HCTPYKIIN),
3a sKi Oyle BHKOHAaHa IOOAWHOKA IHCTPYKMLis s OyIb-
SKOI ~ apXiTeKTypu  BU3HAYAEThCI  MaTEeMaTHYHUM
ouikyBaHHsM ¢yHKUii Pi (n) BiamoBigHOi apxiTekrypw, i
Oe3rocepeHbO 3AICKUTD Bijl IMOBIPHOCTI TOMMJIIKH P!

N, =" iP(i).

Ha Puc. 2, 3 HaBenmeHi 3aJeXHOCTI CepeIHBOTO
YHCIla BUKOHYBAHHUX IMKIIIB BiJl IMOBIPHOCTI MOMMIKH P.
Buxingnii  apxitekTypi  BiAmoBimaroTe  rpadikm 1,
Moau(dikoBaHOi - 2, apXiTeKTypi 3 BHKOPUCTAHHSIM
Ma)KOPUTAPHOTO €NIEMEHTY - 3.

|-

0 01 02 0.3 04 05

Puc. 2. Cpexanee uncio uukios npu p<0,5

NW Ao 00
\

P

60, [
50 A1
40 ,
30
20 dVdvi
10—

p

0.5 0.6 0.7 0.8 0.9
Puc. 3. Cpennee uncio uukios npu p>0,5

Sk BumHO 3 Puc. 2, 3, npu Oyab-sikiii iIMOBipHOCTI
NOMHJIKH P Ui apxiTeKTypu 3 3 MaKOPUTapHHM
€IEMEHTOM  CEpeIHs KUIBKICTh LUKIIB  (BUKOHAHHS
IHCTPYKIIii) [UII OTPUMAaHHS pe3ysIbTaTy MiHIMaJIbHAa, a JJIs
BHXIiJHOI apXiTekTypu | - MakcumaibHa.

BUCHOBKH
Y poboti mpoaHagi30BaHO NPUHIUIHM TOOYIOBU
3aBaJIOCTIKMX apXiTeKTyp NPOLECOpIB sl Cy4acHUX
obuucmoBanbHUX cucreM. OmnucaHo (yHKIIOHYBaHHS 1
0COOJIMBOCTI MOJIEpHi3alii JJIsl TPhOX apXiTEeKTYp, MOKa3aHi
iX mepeBaru Ta HEIOJIKM, HaBE/IeHI 3aJIE)KHOCTI IIBHIKOCTI
poboTH  (KUIBKOCTI  BHUKOHYBaHMX  IHCTPYKLIH)  Bif

HWMOBIPHOCTI TOMHJIKH OOYHCIIEHb
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[IIupOTHO-1IMITYJIbCHA MOJYJISIISA CUTHATY KUBJICHHS
doromiona Ha ATmega 328P 1111 HE1HBa3UBHUX
IPUCTPOIB BUMIPIOBAHHSA P1BHSA TIFOKO3U B KPOBI

M. B. Koruk, I. T. Koryt
kadeapa KOMIT IOTEPHOI IHKEHEpii Ta eJIEKTPOHIKU
[MpukapnarceKkuii HalioHAILHKUHN YHIBepcuTeT iMeHi Bacuns Credannka,
IBano-®pankiBckk, Ykpaina. E-mail: igorkohut2202@gmail.com

Pulse-width modulation signal power on the
photodiode ATmega328P for noninvasive blood level
glucose meters

M. Kotyk, I. Kogut
Department of Computer Engineering and Electronics
Vasyl Stefanyk Precarpathian National University,
Ivano-Frankivsk, Ukraine. E-mail: igorkohut2202@gmail.com

Anomauyia — B pobotri HaBegeHO pe3yJbTaTH
MOJICJIIOBAHHA Ta MPOEKTYBAHHA NPUCTPOI0 LIMPOTHO-
iMmnyabcHoro Mmopemopanns (IHIM) curmamy Ha 0a3si
mikpokonTpoiepa (MK) ATMega328p. Taki mnpmcrpoi
MOKYTh 3a0e3lledyBaTH eJEMEHTH CTa0lILHOI HANPYIo0
#nBjaeHHs, i maloun Bucokmii KK/l BoHM MOXyTH 3HalTH
IIMPOKE MPAKTHYHE 32CTOCYBAHHS.

Abstract — In this paper presents the results of the
simulation and design of device simulation pulse width (PWM)
signal based microcontroller (MCU) ATMega328p. These
devices can provide stable voltage supply elements, and with
high efficiency they can find wide application.

Knwuoei cnoea—  wiupomuo-imnynbcra  Mooynayia
(LLIIM), ATMega328p, Heinga3ugHi 2niOKOMempu, MHCUGieHH:A
¢omodiooa.

Keywords —  pulse width modulation (PWM),
ATMega328p, noninvasive blood glucose meter, power of
photodiode.

I. Bcryn

BakBHM NEpBUHHUM €JIEMEHTOM JUTS HeiHBa3UBHUX
MIPUCTPOIB KOHTPOJIIO PIiBHS TJIOKO3W B KPOBI JIIOMUHU €
¢doromionn 1 ¢doronpuiiMaui, sKi (QYHKIIOHYIOTH Ha
nmoBkuHI XBWI A=940 HM. CTaOlIBHICTh 1 TOUHICTH POOOTH
TaKUX MPUCTPOIB B 3HAYHIN Mipi 3aJIC)KUTh BiJl CTa01IBHOCTI
HANpYTU XHUBJEHHs (oroenemMeHTiB. Tomy B naHiii poOoTi
JoCIipKeHO 1 mpomozenboBano 1M (mmpoTHO-iMIyiibcHa
moxynsuis, adr. Pulse With Modulation abo PWM)
CHUTHAJTy JUIsi OKUBJIGHHS TIapu — BUIPOMIHIOIOUOTO

CBITJIONIONA T4 YYTIIMBOT'O (POTOCIEMEHTA 3 BUKOPHUCTAHHIM
MikpokoHTposuiepa ATMega328p.

1I. HIHMPOTHO -IMITYJIbCHA MO YIS

IupoTHO-IMIYIbCHA ~ MOJIYISAIiSE -  HaONMKEHHs
OaxxaHoro curHany ( 3MiHHOTO a0 MOCTIHHOrO B Yaci ) 10
nificHux OiHapHUMX curHadiB ( 3 JBOMa pIBHAMH - BKI /
BUKII), TakK, IO B CEPEAHBOMY, 3a JESKUH BipI30K 4acy, iX
3Ha4eHHs piBHi (puc. 1).
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Puc. 1. Pisni mmapysarocti ILIIM: a) —ekBiBanent kpusoi; 6) - 10% —
ekBiBanent 0,5 B; B) - 50% — exsiBanent 2,5 B; r) - 90% —
ekBiBajieHT 4,5 B.
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Pesynpratom IIIM € iMnynbcHUE CHUTHAN MOCTIHHOL
YacTOTH 1 3MIHHOI IIMapyBaToCTi, TOOTO BiJHOIICHHS
nepiofy TPOXOMKEHHsS IMITYJbCy IO HOro TPHUBAJIOCTI.
3MIHIOIOYM BEIMYMHY LINApyBaTioCTi (BIAHOLIEHHS Yacy
YBIMKHEHHS 1 BAMKHEHHs, aHrII. duty cycle). Mo)kHa MiHSTH
cepenHto Hanpyry Ha Buxoai IIIM. V nudpoBux JOrivHAX
MPUCTPOSIX, HA BUXOJAX SIKMX MOXYTh OYTH TUIBKH JIOTi4HI
piBHI «0», «l» ab0 HEBU3HAYCHUI CTaH, HAOIWKCHHS
0a)KaHOTO CepeIHLOr0 PiBHA BUXOMY 3a fornomororo 1M e
a0COJTFOTHO 3BUYHUM.

III. PEXUMU ATIAPATHOI LM

Amnapatno IIIM moxe Oyrtu 37iificHeHa B JEKIJIbKOX
pexuMmax 13 3a3HadeHnMH komamu MK ATMega328p

(puc.2):

Y
OCRIA/OCR1B OCRIA/OCR18

TONT1
TCNT1

a) 6)

OCR1AJICR1

TCNT1

B)

Puc. 2. Puc.2 Pexumn renepauii IIIM: a) — cumerpuyna LIIM;
6) — mBuaka 1IM; B) — ckugaHHs pH 30iry.

e Cumerpuyna IIIM: y npomy pexumi Taiimep
paxye Big Hyas A0 TEBHOTO 3HAYEHHS, 3aJIKHO BiA
PeKUMY, a TIOTIM paxye B 3BOPOTHOMY HAmpsIMKY A0 HYJIS.
BuBixg OCxx npu nepuioMy 30iry 3 pericTpoM HOpiBHSHHS
CKUJIAETHCS, TIPH JIPYrOMY BCTAHOBIIOETHCS;

e IllBuaka IIIM: y npoMy pexxumi TaiiMep IMpartoe
tak : 30iutpmrye 3minHy TCNTX Big 0 mo top , mpum
neperioBHeHHI TCNTX BoHa ckupaetbest B 0 , i paxyHOK
MOYMHAETBCA 3HOBY; NpU KokHOMY 30imbmieHni TCNTX
niepeBipsie, 4 He piBHUI BiH pericTpy mopiBHsHHSI OCRXA
/ OCRXB, fKIIO MOPIBHIOE, TO BiANOBIIHWNA HOMY BHBIJI
OCXX BCTaHOBIIOETBCS B HY/lIb, a TIpU OOHYJEHHI
JYMIBHUKA [el BUB1J BCTAHOBIIOETHCS B 1

e BcraHoBneHHs npH 30iry: Taiimep paxye Big 0 no
pericTpy MOpiBHSHHSA, MpU 30iry 3 PericTpoM MHOpPiBHSHHS
ckumaeteess B 0. llell pexxum no0pe MiAXOAWTH JUIs
perynioBaHHS 4acTOTH, a00 KOJNU IMOTPiOHO BiIpaxoByBaTH
nepiozu.

IV. TIPOEKTYBAHHA JIXKEPEJIA IIIIM CUTHAJTY HA

ATMEGA 328p
Ha OCHOBI MIiKpOKOHTpOJIEpa ATMega328p
po3pobeHo BIJIKPUTY MIPOrpaMoBaHy anapaTHy

wiathopMy, Il poOOTH 3 Pi3HUMH (HI3HIHUMHU 00’ €KTAMH.
Hamn ©Oyno  BukopucraHo 1o  matdopmy, — uis
npoekTyBaHHs ;ukepena [1IIM curnamy (puc 3).

uc. 3.
IRCer HARPERAMIEr i oTRNAKTHYHA (6) peanisauis wkepena

BuCHOBKM

3aBnsiku ocHOBHIN mepeBasi IIIIM - Bucoxomy KKJI
HOro mMiJCHIIOBAYiB TIOTYXHOCTI, SIKMHA JOCATaeThCs 3a
pPaxyHOK BHKOPHCTaHHS BHKJIIOUHO B KIIIOYOBOMY PEXHMI,
3HAYHO 3MEHIIYETHCS BUAIICHHS MOTY)KHOCTI Ha CHIIOBOMY
nepeTBoproBadi. Pe3ynbraTu MOCIHIIKEHHS [TOKAa3yIOTh, IO
mporpamyBaHHs i cxemHa peanizaitis [IIIM curnany ma MK
ATMega328p n03BONUTH OTPUMYBATU CTaOLIBHI HANpYyru
JKUBJICHHSI /ISl ONTOEJEKTPOHHOI Haph — CBITJIONION —
¢doronpuiiMay, i OKpiM 1LBOro, LEH MIKPOKOHTPOJIEP
OJTHOYACHO OyJ/le BUKOPHCTaHUH JIsi OOpOOKH BHMIpSIHUX
JaHWX, iX 30epeXeHHs Ha 3aluCcyloYoMy MpPUCTPOI Ta
BUBEJICHHS Ha AUCIUICH Y 3pYYHOMY JUISl YATAHHS BUTIISII.
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MoaenroBaHHS TEPMOJIMHAMIYHUX MIPOIECIB B
CTAJICBUX PE3EPBYapax 3a YMOB ITOKEXK1

Yepuenpkuii B.B., Cemepak M.M., Muxaiinumma M.P.

JIbBIBCHKHIT JepKaBHAN YHIBEPCUTET OE3MEKH KUTTENISUTBHOCTI
JIsBiB, YKpaina

Modelling thermodynamic process in steel tanks
during the fire

Chernetskiy V.V, Semerak M.M., Mykhaylyshyn M.R.

Lviv State University of Life Safety
Lviv, Ukraine

Anomauyis— B poOoTi gociaigikeHo TemuioBi MOTOKH Ta iX
BILUIMB HAa XapakrTep HarpiBy Hadtonpoaykrty. Ilpu po3p’si3anHi
ganoi 3agaui  0yJ0 PpO3IVISIHYTO [Ba BHIOAJAKU: TeILIOBe
BUIIpOMiHeHHsI Bin OiuHMX CTiHOK pe3epByapa i TemjioBe
BUIIPOMiHEHHS BiJ cTaunioHapHOI NOKPiBJIi pe3epByapa

Abstract— During fires in tank parks the heat flow from the
flame of fire heated surface adjacent tanks. The most intensely
heated roof and upper sidewall belt which do not contact with the
oil. Heated reservoir elements in turn radiate heat to the surface
of the mirror petroleum product which there is in the tank.
In the work the heat flows and their impact on the nature of heat
of the petroleum product is investigated. To solving this problem
we considered two cases: a) thermal radiation from the side walls
of the tank; b) thermal radiation from fixed roof tank.

The analysis shows that the increasing of the reservoir radius
implies the increasing of the heat flows. Also the increasing the
value of h implies the decreasing of the heat flows.

Kniouogi cnosa— moodeniogannn mennosux nomoxu, Haghmogi
pesepeyapu

Keywords— modeling of heat flows, oil tanks

I. BcTyn

[Ipu moxexax B pe3epByapHUX MapKax TEIUIOBI IIOTOKH Bij
(dakeny TONXyM’s TIOKEXKI HATrpiBalOTh IOBEPXHI CYCITHIX
pe3epByapiB. HallOimpII iHTEHCHBHO HATrpPiBa€THCS MOKPIBIA i
BepxHi mToscm Oi4HOI CTIHKM SKa HE KOHTAaKTye 3
HadTonponykToM. Harpiti egeMeHTH pe3epByapa B CBOIO
4Yepry BHIPOMIHIOIOTH TEIUIO HA IOBEPXHIO J3epKaia
Ha(TOMPOYKTY, LI0 3HAXOUTHCS B pe3epByapi.

B po6oTi mocmimKeHO TEIUIOBI MOTOKM Ta iX BIDIMB Ha
xapaktep HarpiBy Hadronponykry. Ilpu poss’s3anHi naHoi
3amadi  Oyjlo pO3MITHYTO JiBAa BHUMAJKH: a) TEIUIOBE
BUIIPOMIHEHHS BiJi OIYHMX CTIHOK pe3epByapa; 0) TerioBe
BUIIPOMIHEHHS Bl CTal[iOHApHOI TMOKPIBII  pe3epByapa
(pucynok 1)

o] s e |

Bauarg

Bunazaok a) Bunaznox 6)

Puc. 1. Cxema fii TemIoBHX MOTOKIB Ha J3epKajo HaQTONPOIYKTY. @ — BiJ
Harpitoi OOKOBOI CTIHKU pe3epByapy, 6 — BiJl HArpiToOl MOKPiBIi
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CyMapHa iHTEHCHBHICTh TEIUIOBOTO MOTOKY BH3HAYAETHCS
3a (opmysoro

q=0,+0, @
i€ (|, - IHTEHCUBHICTh TEIUIOBOrO MOTOKY AKY BUIIPOMiHIOIOTH
Oiuni cTiHkm pesepByapy, Bm/m’; (- iHTEHCHBHICTb

TEIUIOBOTO TIOTOKY SIKy BHIIPOMIHIOE TOKPIBISL pe3epByapy,
Bmlm*.
[HTEHCMBHOCTI TEMIOBOTO MOTOKY (i (], BU3HAYAKOTHCA

3a hopmymoro [1]

LY (1Y 2
G =& 567 (ﬁ) _(ﬁj ¥

1

ne o - 1 +i_1 NPUBEICHUI CTYMiHb YOPHOTH CHUCTEMH

npu

gl 82
HaTOMPOYKT-CTIHKA pPe3epByapa; & - CTYNiHb YOPHOTH
CTiHKM pe3epByapa 1; &,- CTyNiHb YOPHOTH MOBEPXHi
HaQTONPOMYKTY; ,, — KyTOBUH KOE(DIIEHT BHIPOMiHEHH,
T,— TeMnepatypa a3epkaia HaQTOIPOIYKTY, IO HATPIiBAETHCS
Bl TemwioBoro notoky, K; T,— Temmeparypa BHYTpillHBOi
CTIHKH pe3epByapa, II0 HarpiBa€ThCs BHACIIAOK 30BHINIHBOT
noxexi, K.

st unaoky a) KyToBui KOeillieHT , BU3HAYAETHCA 3a

_(Ci+05) ©)
(B )

me ¢ — _P ;R-paniyc pesepsyapa, M; b = h2 , M.
2-R

dhopmyroro [2]

st 6unadxy 6) xyrosuii koeillieHT |/, BUSHAYaEThCA 32

(bopmynoro
y/2=o,5(5—\/32—4) @
2
e B=1+ 1+f\ : A=R h ; R- pagiyc pesepByapa, M.
A

3 BpaxyBanHsM Bupazy (3) i (4) mocmimkeHO 3MiHY
IHTEHCUBHOCTI TEIUIOBHX MOTOKIB B 3aJIKHOCTI BiIl paiiyca
pesepByapy R, 1 BemmumH b Tta h. Ilpum pospaxyHky
MpUMalNCh TaKi BHXINHI JaHi: TemIeparypa BHYTPIITHBOI
CTIHKH pe3epByapa, 110 HarpiBa€ThCsS BHACIIIOK 30BHILIHBOT
noxexiT,=823 K, temmneparypa asepkana HadTONpOIyKTY,
w0 HarpiBaeThest Bij Temiosoro moroky T, =300 K. Cryminp
pesepByapa g =0,76, a
napronponykry - £,=0,95. Pesynbraru

300pakeHi rpaivHO Ha PUCYHKY 2.

YOPHOTHU CTIHKH JA3CpKaJia

JIOCIIIDKEHD

2
q, KBm/m
10

R=5 |

1 2 3 4 5 6

Puc. 2. 3aneHiCTh IHTEHCHBHOCTI TEIUIOBOTO MOTOKY Bix b, mpu ¢ikcoBanux
paziycax pesepByapy

2
q, kBm/m
12

. JAR=T At
~~1R=64

4 -
(B=3 {t

Puc. 3. 3anexHicTh iHTEHCHBHOCTI TEIIOBOTO IIOTOKY Bij BiJicTaHI Harpitoi
MOKPIBJIi pe3epByapa A0 J3epKaia HaQTOMPOIYKTY, MpU (iKCOBaHUX pajiycax
pesepByapis

Ananiz rpadiyHMX 3aleKHOCTEH TIOKasye, IO TIpH
30UTBIICHI BENWYMHH pajiyca pe3depByapa R TemioBuil motik
36inbInyeThest. [lpu 36inbieHHi BenmmurHd h TemoBuii moTik
3MEHIIYETHCS.
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