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Computer Modeling of Variable-Order Reaction-
Subdiffusion Process

Andrii Hulianytskyi
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Anomayia—3anponoHOBaHO JAWCKPETH3AILII0 32 YacoMm
piBHsIHHS peakuii-cyoaudy3ii 3MiHHOT0 MOPSIAKY, NMPOBEIEHO
aHaJi3 30ikHOCTI JAHCKpeTH3anii Ta 4YHMceJbHI €KCIEPUMEHTH
JJ15 BU3HAYEHHS eKCHePUMMEHTAILHOI0 HOPSAAKY 301KHOCTI.

Abstract—Temporal  discretization of variable-order
reaction-subdiffusion equation is offered. Convergence analysis
was considered and numerical experiments were conducted in
order to get experimentally determined order of convergence.

Kniouosi  croea—opooosi  oughepenyianvhi
cyooudyysisa, uacoea ouckpemuszayis, L1-memoo

PieHAHNHA,

Keywords—firactional differential equations, subdiffusion,
temporal discretization, L1-method

1. BcTtyn

JlpoGoBi i epeHtiaabHi PIBHSHHSA HIUPOKO
JOCITIDKYIOTECS BIIPOAOBXK OCTAaHHIX AECATIUITH. lpobGoBa

moximHa  Pimana-JliyBUuis — HEUIOrO — MOPSAKY ﬂ
BHU3HAYAETHCS 3a (HOPMYJIIOIO
1 o u(s)
DPult)= ds. 1
(fu)e) F(l_ﬂ)ati(t_sﬂ (1)

PiBHsiHHS CcyOmudy3ii, mo Mictute noximHy Pimana-
JliyBiisi, Moxe OyTH 3aCTOCOBaHE IPH MOJCIIOBAHHI
aHOMaIILHOT Iuy3ii, B SKil XapaKTepHa HasIBHICTh IIACTOK B
cepelloBUILL, SIKI CYTTEBO BIUIMBAIOTH HA MPHPOAY HEPEHOCY
peuoBuHu. IIpHKIagoM MoOXe CIIyryBaTH I103aKJIiTHHHE
cepenoBuile emOpioHa. [IpoTsiroM paHHBOrO PO3BUTKY
eMOpioHa gudepeHmiamis ¥WOro KIITHH BU3HAYAETHCS
KOHLCHTPALIIEI0 NEBHUX PEYOBUH, LIO  HA3UBAKOTHCS
MopdoreHamu. MopQoreHu ceKpeTyroThCsl B JesKiid YacTHHI
eMOpiOHa 1 pO3NOAUISIOTBCS [0 TUTy LUIIXOM JHy3ii.
JlocsATHeHHsT OPOroBoi KOHLEHTpauil MOP(OreHiB aKTHBYE
YYTJIMBI JI0 IIOTO I'€HH KIIITHH, 1110 1 BU3HAYAE 11 MOaIbIINIA
po3BuToK. TakuM YHHOM, KOHIIGHTpAIliss MOpPQOreHiB
[ICBHUM YHHOM KOJ[Y€ PO3BUTOK TKAaHMH eMOpioHa [1].

B [2] moka3zano, 0 MIIIBHICTh Yacy O4iKyBaHHS CTPHOKa
IuYHIYI0U0l YaCTHHKH Mae IoBTuil xBicT. e nmpm3BoauTs
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JO TOro, HI0O CepeIHBOKBAIpATHYHE 3MIIICHHS 3pOCTac
MOBUTBHINIE, HDK JiHIHHA QYHKIiA, dYepe3 MO Mpolec
OIHCYEThCA CYyOMUPy3iel, a He 3BUYAiHOI0 THQY3i€lo.

CporosiHi BXKe 3allpONIOHOBAHO 0arato pi3HHUIEBHX CXEM
JUIA piBHAHHA CcyOmudysii cramoro mopsaky (Hamp. [3]).
[lpore mis BHUIAmKy 3aj€)KHOTO Bi MPOCTOPOBOI 3MiHHOI
HOPSIKY YHCEIFHHX METOMIB PO3B’s3aHHS IIPEACTABICHO HE
Oyno. BingmoBinHe piBHSHHS OTpUMaHe Ha OCHOBI IIPOIIECY
BUIIAJKOBUX  OJlykaHb 3  HENEPepBHUM  4acoM B
HEOHOPIAHOMY CepeaoBuIli [4].

II. TIOCTAHOBKA 3AJIAUI
Mu pocrmimKyeMo HAcTyIHE pPIBHAHHS B OOMEXKCHIN
oOmacti (2 Ha YaCOBOMY HIPOMIKKY (O,T ] SIK MaTeMaTHYHY
MOJICIT TIPOIIECY MEPEHOCY MOP(OTCHIB

% _ A(e_e(x)tK(x)D(l]_a(x)(eg(X)lu))_ H(X)Ll + f(x,t),

3 II0OYaTKOBHMHU Ta KpaﬁOBI/IMH yYMOBaMu

Ul g=Up(x), (€)

U |o0=0. “4)

TyT u — HeBigoMa KOHIEHTpalisd, § — Koe(illieHT peakIli,
@ — 3aIeKHUH Big TPOCTOPOBOI 3MIHHOI IPOOOBHIHA
HoKaszHuK Judys3ii, f — IHTEHCHUBHICTb JDKEpeN Ta CTOKIB

pedoBuHH, a oxigHa Pimana-JliyBisuis 6epeThCst 32 4aCOBOIO
3MIHHOIO.

Mu IIpONOHY€EMO TaKy AWUCKPETH3ALiI0 332 4acoM LbOro
piBHsiHHs. [{i1s HaOnmkeHoro od4uciieHHs noxigHoi Pimana-
JliyBimns  3actocyemo Ll-meron [5]. Bymemo 1rykaru
KOHIIEHTpallil0 Ha 4acoBid citmi 0 =1, <t <...<t, =T 3i
CTallM  KpPOKOM 7  3a  JIOIOMOIOI0  HACTYIIHOTO

HaIlBANCKPETU30BAHOTO PIBHIHHS



uy =t [ ol a1 s e,
— 1 =A 'K " P
. e (x)r l;)pﬂe Uy )
—«9():)14 IR
3 MOYATKOBOIO 1 KPAaiiOBOKO yMOBaMH
Uy = UO (x)a
e u; = u(x,t]-) s f]- = f(x,t]-) Ta Koedimientamm L1-
JIUCKpeTH3aLii
L(1+ alx))p e (x) =
1, k=0
=L (=1 2k W) 4 (k1)) k=1, -1
(=1 =k —ale) M, k=
Mn CTBEPIKYEMO, 11 () IS PO3B’SI3KY

HaHiBI[I/ICerTI/ISOBaHOIII 3az[aqi Mae MiCHG TaKe TBCPAKCHHA.

Teopema. Hexait QcRY, N e {1,2,3} Ta BHKOHYIOTBCS
TaKi yMOBH:

e alx)ecla)

e O<ay<alx)<a <1,
e K(x)2kK,>0,

e H(x)>0,

. GQeC2,ueL2(Q,C2([OaT]))

Toni Je>0 Take, m0 mOXMOKAa  ampOKCHMAIT
e; (x) = u(x,tj )— u; (x) 3aJI0BOJIbHSIE

e. <crt

" Tz, ()

Takum YUHOM, MOXKUOKA 32 YACOM Ma€ MEePIIUi HOPSIIOK,
TaKu# xe, K 1 U1 piBHAHB CyOandy3ii cTamoro Nopsaxy.

III. PE3YJILTATH YMCEJILHOT'O MOJETIOBAHHS

Jliist po3B’si3aHHs HAMIBAKMCKPETU30BAHOTO PIBHSHHS (5)
OyJl0 BHKOPHCTaHO pI3HULEBE HAONKEHHS oreparopa
Jlammnaca Ha citui 3 # By3namu. B mepiry depry IikaBuM €
[UTAHHS NP0 ONTUMAIbHICTH OUiHKH (9). s oOuucieHHs
EKCIepPUMEHTAIIBHO BH3HAYeHOTro mopsaky 30ikHOCT (EII3)
BUKOPUCTOBYBaJIaCh HACTYIHA (hopMyJia

(|2 (e /()
ln(Tl / 72) ’
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(6)

(M

®)

©)

(10)

ne E (z’) — BiIHOCHA TTOXHUOKA OTPUMAHOTO PO3B’S3KY.

B obmacti Q=(0,1) Ha wacoBoMy mpoMiKKy (0,1] UL

3agaHux QyHKmid: K (x) =1,

a(x)=0.6+0.3 exp(— 8(x— 0.5)2) (12)
0(x)=(x-0.25), (12)
ulx,t) = e ¢ sin(mx), (13)

Ta BignoBiaHoi npaBoi uactuHu f upu n =101 EII3

o0YHCIIEHUII B HOpPMi IIPOCTOPY Lz(Q,CZ([O,T D) Ta

C
Ta

(Q,C 2 ([O, TD) Bignosiani pe3yiabraTi HaBeneHi B Taoi. |
Tab6n II.

TABJL L. EII3 B HOPMI L, (Q,cz([o, T]))
T,N\7,|  0.025 0.02 0.0125 0.01
0.02 1.002
0.0125 1.009 1.012
0.01 1.010 1.012 1.014
0.005 1.012 1.013 1.014 1.014
2
TABJL II. EII3 B HOPMI C(Q, c?(o, T]))
T,0N\UT,| 0025 0.02 0.0125 0.01
0.02 1.017
0.0125 1.012 1.010
0.01 1.013 1.012 1.016
0.005 1.013 1.013 1.014 1.014

ExcnepuMeHTH MOKa3yloTh 30DKHICTE 3 TOPSIKOM,

OJIM3BKUM 10 OJJUHULI, 10 Y3TOMKYETHCS 3 TEOPEMOIO.

(11

[2]

[3]
[4]

[5]
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Abstract—Considerations on some issues of software
implementation of optimal control of the temperature state of a
hollow composite cylinder. An algorithm for the numerical
identification of temperature state parameters is proposed. The
results of solving a model example are presented.

Anomayia—Po3risiHyT0 Jesiki NUTAHHA  OPOrpamMHol
peadidanii ONTHMAJBLHOTO YNPABIiHHA  TEMIIEPATYPHHM
CTAHOM TMOJIOT0 CKJIAJeHOro NMJIIHApPa. 3anmponoHOBaHO
aJIrOpuT™M 4HMCeJTbHOI0 inenTngikauii napamMeTpis

Temnepatypuoro crany. IIpeacraBiieni pe3yJbTaTH po3B's3Ky
MOeJIbHOT0 MPUKIATY.

Keywords—temperature  deformation, optimal control,
software implementation gradient methods, cylindrical bodies

Knrouosi  cnosa—memnepamypuuii  cmaH, ORMUMATIbHE
KepyeaHHsa, Npozpamua peanizayia zpadieHmui  memoou,
uuninopuuni mina

[. INTRODUCTION

For creating new materials required for modern industry,
developers have to deal with various tasks. One of such
problem is the deformation of various materials under the
influence of temperature, in particular for cylindrical bodies.
To reduce the cost of research, mathematical software that can
perform calculations without the use of full-scale experiment
is widely used. Thus for the developers there is a question not
only about the creation of the software, but also the choice of
a suitable mathematical model and method that not only will
be able to model the most complete tasks, but also is
convenient for the software implementation.
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One of such method is the method proposed by V.S.
Deineka and 1.V. Sergienko [1-3], that has been developed in
[4-6] and based on the optimal control theory.

II. FORMULATION OF THE PROBLEM

Consider long thick isotropic composite hollow circular
cylinder. The temperature change T satisfies the equation [1,
8]:

1d

rdr

(rkd_Tj: £(r) reQ (1)

dr

where Q=(r,&)U(&r2); k — the coefficient of thermal

conductivity (for different Q,, Q)); Ar)acC; i=1,2;
Q1=(r1,%), Q=(&,r2). Boundary conditions are:
—kd—T:—(iT, r=r, kd—T=ﬂ2, r=r. 2
r dr

At point » = £ — on the circumferential surface of the
contact components Q;, Q, of the body, transmission
conditions of nonideal contact are:

ar\” dT
(e} = [+ 7

where u=const>0, [T|=T"-T", T={T}*=I(&0). u — is
considered to be unknown.

0. 3)

Setting monitoring:

Z(u)=CT(u), CT(u)=T(un,). “4)



With each control ue U=R the value of the functional of
value:

u):"CT(u)—Zg"; +(Eu,u)u ’ )

where a known element z, eH =R . a=const> 0. For each

fixed ue U we will use the generalized solution of problem
(1)—(3), i.e. function 7(r)e V that Vz(r)e V" satisfies

a(y;z)=1(u;2), (6)

where V:{v(r):v|gl EVVZI(Q[),I.:L2} s (Q) T Sobolev’s
space of functions defined on a Qi i=1,2; [p]=¢'—¢,
)

T w Z“J‘rkd—T—Werru[T][w]er2 (z)w(rz), (7)

2
jrfwdr+ruw rl)+ﬁrzw(rz)
1

=l o,

Let 7=T(u"), T"=T(u") be solutions of (6) on V with
element ue U equal respectively u’, u” Given the generalized
Friedrichs inequality [8] have

|T! T"| (V <a||Tr T”" <a T! Tn T! T”)_
— (ol ) (11 "

)
Inequality ensures continuity of the linear functional L(-)

and bilinear forms n(-,-) on U

2

u):"T(u)—zg": +(au,u) = ﬂ(u,u)—ZL(u)Jr"zg —Y(O)"

H

where
ﬂ(u,v)z(Y(u)—Y(O),Y(v)—Y(O))Jr(Eu,v),
Y(v)=T(vn), L(v)=(z, - Y(0),Y(v)-Y(0)).
Or_l the basis of [7, Ch. 1, Theorem 1.1] proved the
assertion.
Theorem 1.

The state of the system be defined as a single solution of
the problem (6). Then there is a unique element u convex
closed in U of Us for which

J () = inf J(w). ®)

Following [2,3] conjugate state w(r)eV'=V for each
control veU is defined as by a generalized solution of the
boundary value problem given by equations:

—i(rkd—‘//j =0, reqQ,

dr dr )
7 P 7 I )|
arl., " kdr‘,v,f A
dy dy " )
{ E} e =0, {k?} =uly], e(v):(T(v,rz)—zg).

Definition

A generalized solution of the problem (9) is a function
w(r)e Vthat Vz(r)e V satisfies

a(y.z)=e(v)z(r) (10)
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and delivering at least a functional V

CD(W):a(w,w)—E(T—zg)w

e (1D

Following [2, 9] only optimal control € U determined by
the identities (6), (10) and inequality

(T(u)—zg,T(v)—T(u))H +(a_u,v—u)U >0,vVveU,, (12)

at Us e U (without constraints), we have
ny (r)+au=0. (13)

III. IDENTIFICATION PARAMETERS IN NONIDEAL CONTACT
POINT WITH A KNOWN TEMPERATURE AT THE OUTER
SURFACE.

The state of the system is described by the boundary value
problem (1)—(3) wherein ue U is unknown. We believe that at
r=r; known temperature

T(1)= fi (14)
A functional-discrepancy
1

J ()= | ()= £ (as)

To solve the problem (6), (15) we will use gradient
methods [4]:
u

n", (16)

where the direction of descent p, and coefficient 3, is given
by

n+l T un _ﬁnpn’ n :0919---

2
p,=J., B, :e_z (17
|V
Insofar as
<JL:" ,Aun> = (T(u”)—f('),T(um)—T(un )) ror =HY (rl)Au
i, =nw (1) (18)

IV. SOFTWARE IMPLEMENTATION OF THE METHOD OF
NUMERICAL IDENTIFICATION PARAMETERS BASED ON
CONTROL THEORY

Proposed method is convenient because it involves
discretization of the model of temperature state by finite
element method. Thus, instead of solving differential
equations, we will can solve the systems of linear algebraic
equations. Such conversion greatly simplifies the
programming.

The resulting matrix build with help of finite element
method (FEM) have a band structure, which in turn allows the
use of diagonal storage circuit. Thus, reduced amounts of
RAM, required for the task.

Another important advantage of realization of the
proposed method is its scalability to solve problems on
multiprocessor computers.

Based on mentioned, the appropriate software was
developed and a series of experiments was made. One of this
experiments is shown below.



Example.
r=n/16, rn=n/4, &=n/8. Classic solution of (1) - (3) on the

interval [1/16, /8) is T=cos(-0,37)—1,5, on the interval (1/8,
n/4] is T=0,6c0s(0,3r)+1,1, a=0,9; B=1,511; k1=2; k»=1,637.

TABLE L
uo 1 0 -10 10 100 10
Un 0.293 0.293 0.293 0.293 0.293 0.293
en _2*10»13 1*10-14 3*10»12 ]*10-12 _2*10-11 _3*10»11
N1 20 20 20 50 50 30
N2 20 20 20 50 30 50
n 2 2 2 2 2 2

where uy — initial approximation of the iterative process; u, —
the resulting value; e, - error; N; — the number of partitions on
a segment [r,£]; N, — number of partitions in the
interval[ £72]; n — the number of iteration, which terminates
the iteration process.

ue U unknown. For a given data example is solved by the
gradient method, where at each step determining the (n + 1)
the approximation u,:+; solutions ueU direct and adjoint
problem solved by the finite element method using piecewise
linear functions by minimizing the respective energy
functional. In this case, the error of the method O(%) in norm
of Sobolev’s spaces "2 1421, where / - the largest of the lengths
of all finite elements. Table 1 shows the results of the
computational experiment.

CONCLUSIONS

Based on optimal control theory, thermal states of a hollow
cylinder is studied. A software for indification of parameters
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of the hollow composite cylinder has been developed. A series
of experiments was by which conducted.
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Anomauia—Po6oTa npucBsiYeHa OrJsily iCHyIOUHX METOIIB OOYMCIIeHb |  JIOMOITUCS  SIKICHUX — DPE3YJbTaTiB, IO

OaratoBumipHoi anpoxcumauii ¢yukuiii Ta obaacreii ix
3aCTOCYBAaHHS; PO3pOdLi NPOrpaMHOro MPoAyKTY, 10 peasizye
AJITOPUTMHU N00Y10BHU iHTepnoasiniiiHux nmoainomis Jlarpam:ka,
HbloTona, a Tako:x Merony Oiky6iunoi iHTepnmonsiuii; aHaxizy
pe3yJbTaTiB Ta MOMKJIMBOCTI IX 3aCTOCYBaHHS 10 PO3B’SI3aHHSA
3a1a4, 0 BUHUKAKTH Mi 4ac 00po0KM Ta MaclITadlyBaHHS
uudpoBuX 300paKeHb.

Abstract—This work is devoted to a review of existing
methods for multidimensional approximation of functions and
areas of their application; to developing a software product that
implements the algorithms for constructing Lagrange and
Newton interpolation polynomials, as well as the bicubic
interpolation method; to analysis of the results and evidence
their correctness. The developed software product can be
functionally developed and adapted to solve the
multidimensional approximation problems that arise in
computer graphics and when processing and scaling of digital
images.

Knwuosi cnoea—oazamosumipna anpoxcumayin @yuxuyii,

iHmepnoneanua, anzopummu  OiKyoiunoi  inmepnonauyii,
npozpamuuil NPOOYKm, Macuimady8anHa 300paj;ceHs.

Keywords—multidimensional  function approximation,
interpolation, bicubic interpolation algorithms, software, image
scaling.

I. Bcrynm

AnroputMu  anpokcuMmanii  gyHkuii, sk Bigomo [l1],
MpU3HAYCHI M1 HAOIMKCHOTO OOYMCICHHS MPOMIKHHX
3HaueHb (QYHKLIi 3a HAasBHUM JUCKPETHHM HaOopoMm ii
3HAYCHb Ha CKIHUCHHIH CYKYITHOCTI 3aJaHUX (BY3JIOBHX)
TOYOK B 0011aCTi BU3HAYEHHS. 32 JOIIOMOTOI0 OaraToBUMipHOT
AMPOKCUMAIIi] BUPINIYETHCS TOCUTH IMUPOKUHA KIIac 3a1a4 B
Maremaruili, (i3uii, iHhopMaTUI Ta IHIIHMX 00JIACTIX HAYKU
1 TexHiku. BUBYEHHS aNTOPUTMIB ampokcuMarlii Ta ix
MIPAaKTHYHE 3aCTOCYBAHHS JOIIOMArae ONTHMI3yBaTH MpOLIEC
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0e3CyMHIBHO € CKJIaJI0BOIO PYXy TIPOTpecy.

II. 3ACTOCYBAHHS

3acrocyBaHHs 6araTOBUMIPHOT IHTEPIIOJIALII SIK OTHOTO 3
HaWOUIbII MOUIMPEHUX METOMAIB arpokcumauii (QyHKLiH,
30KpeMa, JIOTIoMara€  MOJIETIIMTH  I[pouec  oOpoOku
JIBOBUMIPHHUX TaOJMLb YUCIOBUX JAHHUX, IO € JOCTATHBO
LIMPOKO PO3MOBCIO/PKEHOI0 33/1a4€l0 B METEeOopoJIorii,
riipoJrHaMmiLi, oropi Marepiaiis Ta iH. TakuMu, HaNPUKIIAJ,
€ Tabnumi TEPMOOUHAMIYHMX  (QYHKIIH ra3iB, 1e
HEe3aIeKHUMH 3MIHHUMHM 3a3BHYail € Temreparypa i
IineHICTE [2]. [HTEpHONIOBaHHS 3aCTOCOBYIOTH TAKOX LIS
3ryuieHHss  tabnuipb.  AlroputMu  Ge3locepesHbOro
obOuncnenHss Oaratbox (QyHKOIH JyXe CKIAmHI, TOMY
3a3BUuail (HyHKIiIF0 OOYHCIIOIOTH B HEBENWKIH KiTBKOCTI
BY3JIiB, TaK IIIO TAOJHUIN TaHUX MAIOTh BEIUKUN KPoK. [ToTiM
3a JIOTIOMOTOIO IHTEPIOJIil BHCOKOTO TOPSIKY TOYHOCTI
CITKY BY3JIiB 3TYILYIOTh 1 JIOTIOBHIOIOTH Tabmuito. Kpox 1miei
TaOIUIl BUOUPAIOTH TaKUM, 100 HAHTIPOCTIIIIa iHTEPITOIISIIS
3a0e3medyBana HEOOXi/THY TOUHICTB.

III. Omuc pOBOTU

VY poboTi mporpamMHoO peaizoBaHO AITOPUTMHU O0YIOBU
JIBOBUMIPHHMX 1HTEpHOJSILIHHUX MHOrowieHiB Jlarpawika,
HeroroHa Ta anroputm 0ikyOi4HOT IHTEPIOIISILIII.

BXimHUMH NaHUMH B NPOIECI IHTEPIIOJIOBAHHs OyIn
OpUUAHATI: KUTBKICTh (k+1)x(m+1) By3miB iHTEpHOILI,
YTBOPIOIOYHX  HPSMOKYTHY CITKy B  PO3IJIsiyBaHii
JIBOBUMIpHi# o0xnacTi Ha miowmuHi xOy; KoopauHaTH (X;, 1)),
i=0,1,....,k; j=0,1,...,m 1UX BY3JiB, a TAKOXX 3HAYCHHS
zi=z(x;,¥;) neskoi ¢yHkuii z(x,y) B Hux. Peamnizoani
ITOPUTMHU I03BOJISIFOTH OTPUMYBATH HAOJMKEH1 3HAUSHHS
¢yHKIii z(x,y) y NPOMDKHMX TOYKaX, pO3TAIIOBAHUX
ycepennHi  KOMIPOK  CITKH, YTBOPCHHX  BYy3JIaMHU
iHTepnonsuii. PesynmpraTH  po3paxyHKIiB TOAAIOTHCS Y



BUIIAAI rpadikiB BIAMOBIIHUX MOBEPXOHb
Ta0JIUIb 3 YUCTOBUMH PE3yJIbTATaAMHU.

(Puc. 1)

Ta

180 32001
R RN, 1]
ax AT T

SO0+ R
= AL
Fate ]

Puc. | I'padiunmii pe3ynpTaT iHTEpIONAIii

A. ]sosumipnuii inmepnoaayivnuii MHozounen Jlaepanica

ANTOpUTM MOOYIOBA MHOTOYICHA IIOJSATA€ Y TOMY, IO
Ha ciTii 00MpaeThes NPSIMOKYTHA KOMIpKa, Y SIKY TOTparuisie
mpoMibKHa Touka (x,y). Hami HmpOBOAUTHCSA IHTEPIOIIIS
CHOYATKy IO psAAKaxX, a moTiM 3a croBOuem. [locmigoBHy
IHTEpIOJAIII0 MOXHA omucatd (HOpMyJIOI0, AHAIOTIYHOIO
onHOBUMIpHIX Gopmydi Jlarpanxka [3]:

‘ (x=x)-y))
Paen =Y 3, HH—
i=0 j=0 jp ()q() _xl‘)(yq_yj)
pP#EL q#]
Y  mporpaMHiii  peamizauii = aNroOpUTMy  CHOYATKY

PO3paxoBY€EThCs JOOYTOK B ABOX BKJIAJICHUX LUKJIAX, HOTIM
MHOXKUTbCS Ha TIeBHE 3HaueHHs QyHKUil y By3ui. Lukimiuynum
MiACYMOBYBaHHSM IIMX HOOYTKIB HAMPHKIHI OTPUMYETHCS
3HAYCHHS MHOTOWICHA y 3aaHiil To4i (X, ).

B. Jlsosumipnuii inmepnoaayiiinuii mnozounen Hotomona

MHorouieH BHUKOPHCTOBYE MOJiNIeHI pi3HUI (QyHKIT
JIBOX 3MiHHMX. Tak, noxineHi pi3HULI NEPLIOro HOPSKY

Z(Xo,y)—Z(Xl,y)

2y 5 ) = 222
0 1
Z(xsy )_Z(xoy)
Z(x;y(wyl):#'
0 1

3 Takux e MiIpKyBaHb, K B OJHOBHMIPHOMY BHUIAJKY,
JBOBUMIpHHI MHOrOwIieH Hprorona mae Burysiz [3]:

n n—i i-1 J-1
xi;,V(),---»J’_;)H(x_xp)l_[(y_yq) ’
p=0 q=0

P, (x,y)zZZz(xO,...,
i=0 j=0
ne (nt+1)x(n+1) — KiIIBKICTh BYy3IiB iHTEpHOIALIL; Z(Xo, ...,
V0s-- -, ;) — NIOJIIEHA PI3HULIA.

VY mporpami croyatrky po3paxoBY€ThCsi 100YTOK B JABOX
NOCTIIOBHUX IUKJIAX, MOTIM MHOXHUTbCS Ha MOIUICHY
plSHI/IL[IO pO3paxoBaHy 1HIIKUM alrOpUTMOM. HukiiaHum
[iJICYMOBYBAHHSM IMX 100YTKIB Hanpmcmu] 3HAXOUTHCS
3HaYeHHs MHOrowieHa HploToHa y 3aiauiit Touii (x, y).

Xi,

C. Bikybiuna inmepnonsayis

AsropurM OiKyO1YHOT IHTEPIOJAIIT [UIS 3HAXOIKECHHS
HAOIDKEHOrO 3HAYeHHS (QYHKOiT B 3amaHiil todudi (x,))
BUKOPHUCTOBYE 3HaueHHs Liel QyHKUIT B 16-TH HaROMMKIUX
Toukax [3]. SIKmo HEOoOXiHHO IHTEPHOJIOBATH 3HAYECHHS
¢byskuil z(x,y) B Touumi (x,y), sKa JIEKUTh BCEPEAMHI
kBanpara [0, 1]x[0, 1] i Bimomi 3Ha4YeHHs z(X,y) Y BYy3iIax
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&, y), i=-1,0,1,2; j=—1,0,1,2, 0 QpyHKuiro, WO 3a1a€
IHTEpPIIOJIbOBAHY ITOBEPXHIO, MOXKHA MOJATH Y BUTJISII

303
P(x, J’):zza;‘jxl_lyj_l B
i=0 j=0
1€ a;;— Koe(ilieHTH, Ki 3HaXOAATHCS 3 YMOB IHTEpIOJIALIT B
16-tu Toukax. Y mporpami Cro4arky OOYHCIIIOETHCS 3CYB
TOYKH, B SIKii HEOOXiJHO IPOBECTH IHTEPIIOJLALIIO, IIOAO
HOYaTKy CITKH, 1 Jajdl TIeHepyrTbcsi Koe(iluieHTH [yist
BIJIOMHX 3HaueHb QYHKIIT z(X,y) y By3I1aX inTepmossiii. i
Koe(iLiEHTH MACTABISIIOTLCS Y BUXIJHY (QopMyITy.

IV. PE3VJIbTATU JOCIIJDKEHD

B pmaniii po0OTI pPO3IISHYTO ICHYHOYI aJNrOpUTMH
OararoBumipHOoi  anpokcumanii  ¢yHkuiit.  CTBOpeHO
mporpamMHuii MpoAyKT Ha MoBi C#, 10 pealtizye alropuTMu
JMBOBUMIPHOI  IHTEpHOJIsAMii, nOOyJ0BaHI HAa  OCHOBI
IHTepHOJALiiHNX MHorowieHiB Jlarpamka i HeioToHa, a
TAKOX aNroputM OiKyOIYHOT IHTEPIOJISLIT. HporpaMHMﬁ
TPOJYKT JO3BOJISIE OTPUMYBATH PE3YJILTATH PO3PAXYHKIB K
B YUHCEIILHOMY BUIJISLI, TaK 1y BUIIIsLAI 300pakeHb rpadikis
BIATIOBIIHUX TIOBEPXOHb. [IpOBENCHO PsiJi O0UYHCITIOBATIBHIX
€KCIIEPUMEHTIB, BHKOHAHO MOPIBHSUIbHUIMA aHasi3
pe3yJIbTATIB, 3pO0JICHO BHCHOBKH CTOCOBHO €(hEeKTHBHOCTI
peanizoBaHuX anropuTmiB. A came, meroj Jlarpamxka Ta
MeTo OiKyOIYHOT IHTEpIOIIALIT TOUUIBHIIII IS pO3paxyHKiB
Yy BHIIaAKaX, KOJMHM BY3JIH IHTepHOIALii (ikcoBaHi, aie
3MIHIOETHCS (PYHKIIIA, IO HAOMMKY€eThes; MeTo HeroToHa 3K
OUTBPII eKOHOMIYHHH (3 TOYKH 30py OOYHCIFOBAIBHUX
3aTpaT) y BUNAJKy, KOJH BUHHKAE HEOOXITHICTH NOIYUUTH
HOBI TaOJMMYHI 3HAUYCHHS HAOMIDKYBaHO! (PYHKIIII.

BUCHOBKU

PesynbpraT JOCHiHKEHP MOXYTh OYTH 3aCTOCOBAHI ITif
Yac MOJANBIIOI HAyKOBOi poOOTH aBTOPIB 31 CTBOPEHHS
HOBUX Ta  BJOCKOHQJICHHS  ICHYIOUHX  aQJTOPUTMIB
ampokcumanii. Po3poOiieHmii mporpaMHUIT TIPOOYKT MOXKE
OyTH (YHKIIOHANBPHO PO3BHHCHWHA 1 aJaNTOBAaHWHA JUIS
PO3B’A3yBaHHA 3amad OaraTOBHMIPHOI ampoKCHMAIIil, IO
BUHHKAIOTh B KOMI'IOTEpHiH Tpadimi, mig gyac oOpobku Ta
MacmTadyBaHHS NHUGPOBUX 300pakeHs ab0 iX pO3TOPTKH 3
onHi€i CITKM IiKceniB B iHmIy. [HTepmossmis 300paskeHb
TpaIfioe B JIBOX BHMipaxX 1 MparfHe OOCSITTH HaHKpamoro
HAOJDKCHHS B KOJIBOPI 1 ICKPABOCTI MIKCENIS, IPYHTYIOUUCH
Ha 3HAUCHHAX OTOUYYIOUMX IIikceniB. Ha maHmii MomeHT
ICHYIOTb pi3Hi alrOpUTMHU 00pOOKH 300paskeHb [4 — 6], mpoTte
KOXCH 3 HUX Ma€ CBOI 0COOJIHMBOCTI, mepeBaru Ta HeMOJIKH,
TOMY BHOIp aIropuTMy ampokcumailii MOXe 3HAuHO
BIUIMHYTH Ha BUXIJHUH pe3ysbTar.
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AHoTanisi—B po6oTi po3riassHyTo nporpamMue 3a6e3neyeHHs
AJas  MOHiTOpMHIY Ta  kiaacudikaunii  xMapHocTi 32
inTencuBHicTIO Ta perionamu. Hapegeno iioro npusHaveHus,
OCHOBHi ()YHKIIOHAJIbHI MOMKJIUBOCTI.

Abstract—This paper reviews the software for cloudiness
monitoring and classification. It’s purpose and basic functional
capabilities.

Knwuosi  cnosa—xmapuicms,  mexnonocii,
Haguanus, 06poodKa Oanux.

MauiunHe

Keywords—cloudiness, technologies, machine learning, data
processing.

I. Bcryn
Crpimkuit PO3BHTOK CYITyTHUKOBHX METOIIiB
BHMIPIOBaHh Ta ICHYIOUlI MOXKIIHBOCTI OIEPAaTHBHOTO
OTPUMAaHHSI CYMYTHUKOBHX JaHHX, a TaKOX Cyd4acHi

YSIBJICHHS PO MEPCIEKTUBK MTOJATBLIOTO X BUKOPUCTAHHS
Yy CHHOINTHYHIM METEOpOJIOrii — yce 1€ HACTIIbKU LIBHJIKO
3MIHIOETBCS, IO MOTPeOyE MEPIOJIMYHOr0 OCMHUCICHHS 3
METOI0 OUTbII €PEKTUBHOTO iX MPAKTUYHOTO BUKOPUCTAHHSI,
mo poOuTh mpoOJIEeMy MOHITOPUHTY Ta Kiacuikaii
XMapHOCTI JIOBOJII aKTYaJIbHOIO.

VY 3HIMKax 3 CYNyTHHKA ICHyBaHHS XMap Ma€ BEJIHKHI
BIUIMB Ha SKICTh 300paKEHHS 1 MOJAbIly OOpPOOKY
300pakeHb, OCKUIBKM 300pakKCHHsS, IOKPHUTI XMapamu,
MICTSTh MajJo KOpHUCHOI iHpopmanii. Tomy BHsBICHHS 1
pO3Mi3HABAHHA XMap € OJIHI€I0 3 OCHOBHHX IPOOJIEM IpU
BUKOPHCTAHHI 3HIMKIB 3 CyITyTHHKA.

vy i poboriB JIOCTIIKYIOTBCS aNropuTMHU
KJIacTepm3amii  iHTCHCHBHOCTI ~ XMAapHOCTI  Taki  SIK
Knacrepusanist MmetonioM k-cepennix|[ 1] Ta mpocre po30UTTs
3a piBHeM iHTeHCHBHOCTI. Lle m03BoNse€ MOBOJI TOYHO Ta
00’€MHO OIIIHUTH XMapHiCTb.
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II. IIOCTAHOBKA 3AIAUI

[Iporpamue 3a0e3meueHHs Mae 3a0e3medyBaTH TakKi
(hyHKILIT, SK: IMITOPT 300pa)KeHHS] XMapHOCTI, KJIacTepu3allis
3a BKa3aHUMH IIapaMeTpaMu, (PiTbTparis Mo iHTeHCHBHOCTI
Ciporo KoIbopy, eKCIIOPT pe3ybTaTy aHalizy.

III. TExHOIOT1i PEANIZALIT ITPOTPAMHOTO 3ABE3IIEUEHH S

Jma pearmizamii mporpaMHOTO IIPOAYKTY BHKOPHCTAHO
apxitektypHuit migxin MVC. Ilpz pospodui Oymno
BHKOPHCTaHO MOBY mporpamyBaHHs C# Ta (peliMBOpK
Microsoft NET[2].

IV. IIIgX11 TA AJITOPUTMU

VY miit poboTi BHUKOPUCTAHO aJTOPUTM K-CEpPEIHIX Ta
PO3OHTTS 32 pIBHSAMH iHTEHCHBHOCTI CIpOTO KOJIBOPY.

Po30utTs 3a piBHAMEH IHTEHCHBHOCTI CipOTO KOJIBOPY
BinOyBa€eTbcss MOBOJII TPOCTO. YCi MIKCENH BXiJHOTO
300pa)keHHS 3BOMATHECS 10 3HAYCHHS IHTEHCHBHOCTI CipOTO
KoJIbOpy (oOupaeThest MakcuManbHe 3HaueHHS RGB). SIkiio
IHTEHCHBHICT IiKCENTa 3HaXOOWTHCS B NEBHUX MEXax, TO
Lel TiKcen MOTparvisie Y BiIIMOBILAHUHA BiAPI30K (KUIBKICTH
BiJ[Pi3KiB 3aJI€XKUTH BiJ n).

HenmomikoM 1poro Meromy € HOTO HETOYHICTh, HPOTE
IIBUIKICTE pOOOTH 3aeXKHUTH JIHIIE Bil PO3MIpYy MAacHBY
mikcenmiB. 1llo mo3Bonse BHKOHyBaTH aHaii3 Ha JOCHTH
CKIIATHUX 300paKeHHSX.

MeTa METOY K-CepEIHIX — PO3IUIHTH N CLHOCTEPEIKECHB
Ha k kiactepiB, Tak 1100 KOXHE CIIOCTEPEIKESHHS HAIEKATIO
10 KJIacTepa 3 HalOJIMKYUM JI0 HHOTO CEPEHIM 3HAYCHHSIM.
Mertox 6a3yeThcs Ha MiHIMI3alii CYMH KBaJpaTiB BiICTaHEH
MK KOXXHHUM CIIOCTEPESIKCHHSIM Ta LIEHTPOM HOTo KjacTepa.

B 1novatkoBuii MOMEHT POOOTH AJITOPUTMY JIOBUIBHUM
YMHOM OOMPAIOTHCS LEHTPU KIIACTEPIB, daiil JUISI KOXKHOTO
€JIEMCHT MHOKUHH ITEPaTUBHO 00OPAaXOBYETHCS BiJICTAHb BiJl
LEHTPIB 3 NPUEJHAHHIM KOXKHOTO €JIEMEHTa JI0 KiacTtepa 3
HAWOMMKIUM  LEHTpOM. JIJsl KOXHOTO 3 OTPUMAHHUX



KJIacTepiB  OOYMCIIOIOTHCST HOBI  3HAYCHHS  ICHTPIB,
HaMaralo4uch TpH IHOMY MIHIMI3yBaTH (QYHKINO, MICIs
YOTO TIOBTOPIOETHCS TIPOIICAYPa TEPEPO3MOILTYy EIEMEHTIB
MiX KJIACTCpaMH.

I'onoBHi mepeBaru MeTony k-cepenHix — #ioro mpocrora
Ta TIBHIKICTH BHKOHaHHA. Meronm k-cepemHix OLIBIIT
3pyYHHM Ui KJIacTepu3amii  BENMKOI  KUIBKOCTI
CIIOCTEPEKEHD.

Hespaxkaloun Ha OYEBMIHI I€peBard METOMy, BiH Ma€
CYTTEBI HEJOJIKH:

e Pesynprar kimacudikamii CHIBHO 3aJIEXKHTH Bill
BUIIA[IKOBUX [OYAaTKOBUX MO3ULIH KJIACTEPHUX
LEHTPIB

e  AuropuT™M YyTIMBUH 10 BUKHIIB, SIKI MOXYTb
BUKDPHBIIFOBATH CEPEIHE

e KinbkicTh KiacTepiB oBuHHa OyTH 3a3/ajerinb
BU3HAYEHA

V.APXITEKTYPA TA OCHOBHI ®YHKIIOHAJIbHI
MOXXJIMBOCTI

OcHOBHAM (PyHKIIIOHQIOM TPOTpaMHOro 3a0e3medeHHs
MOJKHA BUIUIUTH:

e  Immopt 300paxkeHHs xmMapHocTi (puc. 1).

e Kiactepu3ariiss 3a BKa3aHHMH IapaMeTpPaMu
(puc. 2, puc. 4).

e DinpTpamis MO IHTEHCHBHOCTI CipOTO KOIBOPY
(puc. 3).

Puc.2. Kitactepuszanis 300paxeHHs

Puc.3. dinprparis o iHTECHBHOCTI CIpOT0 KOJIBLOPY
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Puc.4. Knactepusariist npodiabTpoBaHOTO 300paskeHHS

BHUCHOBKI

Pospobnene mporpamHe 3a0e3nedeHHs A€  3MOTY
HPOBECTH aHAJII3 XMApHOCTI 32 IHTEHCUBHICTIO T4 BUKOHYE
yci BuIle3a3Ha4yeHi (QyHKI1OHaNbHI BUMOTH.
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Abstract—The paper is focused on the managerial and
technological perspectives of building a custom software
product in the Beauty industry. It elaborates on the current
industry challenges and opportunities that drive innovative
solutions. Within the work, the roadmap of product
development is described in regards to the information system
for personalized cosmetics selection. Besides that, the room for
future application enhancement is covered.

Anomauyia—HaykoBa podora 30cepe/KeHa Ha
YNPaBJIiHCBKHX Ta TEXHOJOTIYHMX MePCreKTHBAX CTBOPEHHSI
NPOIPaMHOI0 NPOAYKTY B iHaycrpii kpacu. JlocaigxeHHs
JA€TAJIBHO OMUCYE MOTOYHI BUKJIMKHU Ta MOKJINBOCTI rajysi, sKki
CNIPUSIIOTH BNPOBAXKEHHIO iHHOBauiiiHUX pimensb. B podoti
ONMCAHMI IUIAH PO3POOKM NPOrpaMHOro HNPOAYKTY uepe3

npusmMy CTBOPEHHS indopmauiiinoi CHUCTEMH
nepcoHamizoBanoro Buoopy kocmeruxu. Kpim Toro, mpaus
OXOILIIOE MOTEHIiaJ] /ISl NOJAJBIION0  BJAOCKOHAJIEHHS
3aCTOCYHKY.

Keywords—product, application, cosmetics, personalized.

Kniouoei  croea—npooyxkm, Kocmemuuni

3acobu, nepconighikoeanuii.

3ACmMOCYHOK,

1. INTRODUCTION

According to the recent studies, the Beauty industry is
growing faster today than ever before with an accelerated
estimated market value [1]. While the manufacturing
processes of the cosmetic industry are actively exposed to
macro automation trends [2], the mechanisms of product
distribution virtually neglect innovative transformations.
This negative trend is caused by the complexity of
implementing innovative solutions in this field. An
information system of this level shall assimilate not only
demographic but also individual characteristics of potential
end users.
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For these and other reasons, we aim to develop an
information system that offers methods and tools for
automating the process of personalized cosmetics selection.
To achieve this ambitious goal, the following tasks must be
performed:

1. Investigate and analyze existing market solutions;

2. Identify users involved in such a system;

3. Identify the functionality and acceptance criteria of the
system;

4. Build a model of the appropriate information system.

II. MARKET AND COMPETITOR ANALYSIS

Market analysis is an effective tool that helps reduce the risks
associated with a product launch. There are many methods
and approaches to conducting market analysis. In the context
of this research, we will describe only a few.

In particular, one of the tools available is Google Trends
(trends.google.com), a Google service that analyzes the
popularity of search inquiries by region, time period, and
language. Having analyzed the data for “makeover app”
search inquiry, we can conclude that audience interest in
remained high throughout the past four years.

For a deeper market analysis, we have also identified the
media activity in the corresponding subject area. This
approach is especially relevant for the information system
being created, as our target group actively interacts with
social networks and the online press. According to our
hypothesis, niche Internet resources will become one of the
main channels for generating new users.

Based on our findings, reputable online resources publish
content about competitive solutions of the future platform.
Among other things, comparative and rating articles have
gained considerable popularity and broad user reach over the
last few years.

Besides market analysis, we have also taken a closer at the
competitors of the information system. The competitor



analysis comes in handy when estimating a potential demand
for the service, the activity of its target audience, and the
future market positioning. Besides that, it allows to anticipate
changes in the market, identify new trends and successful
strategy to become the market leader.

Several similar solutions were found within the most
common online application marketplaces. When evaluating
competitive entities, we concentrated on the following
aspects: functionality, intuitive interface, speed and
performance. Having developed a system for evaluating and
comparing the characteristics of competitors and our own
information system, we concluded that the implementation of
such a solution is relevant and up-to-date. The future platform
will have several competitive advantages. It will have
optimized characteristics in a number of features, in
particular, the ability to customize your personal profile.
According to the findings of the competitor analysis, the
killer feature of the system is the selection and testing of
cosmetics in regards to individual physical characteristics.
Other features allow a user to create a gallery of images and
categorize them in order to save time when choosing a
product, take photos and share them in social media, add a
product to the category “Favorites”, create a shopping list and
place an order. The Use Case UML diagram that covers

functional requirements of the application is shown in  Fig.
1.
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Fig. 1. Use Case UML diagram

III. TARGET AUDIENCE ANALYSIS

To build a solid foundation for our solution and accordingly
tailor the marketing messaging, we have identified our target
audience and a buyer persona.

Given the current economy state, a well-defined target market
is more important than ever. In order to reach the widest
possible market segment, young businesses often make the
typical mistake of audience generalization. On the contrary,
with a high level of competition, a niche market is an
effective strategy for small businesses. Working with a
narrow target audience will allow young businesses to adapt
their marketing approach to the needs of a specific user
category. Targeting a specific market does not mean that a
business does not serve people who do not meet its criteria.
Instead, targeted marketing allows you to direct your
marketing resources to a more profitable market.
Segmentation is an extremely important marketing task.
Effective engagement with your target audience requires
understanding of their demographics and psychographics.
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Combining this data allows you to form a buyer persona - a
detailed description of a future end user.

We have taken into account age, location, income,
educational attainment, marital status and occupation when
evaluating the demographics of a future target audience.
Based on the results of problem interviews and industry
research, we have formalised a demographic description of
the target market. Future users of the information system will
be women aged 18 to 25 years. They reside in the territory of
Ukraine and mainly represent the Ukrainian nationality. The
target group has acquired or is currently undergoing
professional or higher education. Their income ranges from 3
to 15 thousand UAH per month. The audience includes
unmarried women who may, however, have a long-term
relationship. They represent the modern innovative
professions in the field of journalism, public relations,
entrepreneurship, economics.

[V. RISKS, ASSUMPTIONS AND [ IMITATIONS

At the initial product development stages, the importance of
identifying potential risks and formalizing assumptions
cannot be overestimated [3]. We have identified a few non-
technical risks, that may affect the development flow:

e No performance requirement defined;

e Field for entities are not defined;

e Change requests may affect work that was done and
postpone delivery date;

e Sprint duration can be delayed for one day
maximum due to national holiday reason.

During the project initiation process we have made

the following assumptions:

e Main stakeholders are available for communication
by the rules defined in communication plan;

e Detailed scope and tasks decomposition are
completed during the Business Analysis phase;

o Detailed flows are approved by all stakeholders
during Sprint 1;

e The technical implementation does not imply any
paid third-party services;

e The team has access to end users.

V. PROJECT MANAGEMENT METHODOLOGY

In order to ensure the effective product development flow and
efficient communication between the project stakeholders, it
is crucial to follow the best practices of a software
development methodology. It implies a set of methods used
at different stages of the software development lifecycle that
share a common philosophical approach [4].

Having considered several options, we prefer using the
Scrum methodology product development as it offers
maximum openness and predictability. According to this
approach, the project is broken down into 2-weeks long
sprints and thus, iterative deliveries contribute to the project
success.

The most important aspect of the Scrum adoption is focusing
on detailed business requirements analysis, mapping them
into system requirements [5]. Only when the requirements are
described in a sufficient manner, the software architecture
design and coding can be carried out. With this aspect in
mond, we will engage a business analyst as an active team



player. They actively participate both before the project
begins and during the project execution and development.
Moreover, according to the selected project management
methodology, each development stage has a “prototype and
feedback” window [6]. As soon as feedback from project
stakeholder is collected, necessary changes are implemented
during the early stages of production. Iterations (sprints) are
planned to be used for the project development.
Each sprint (incremental iteration) will have:

e Planning session;

e Daily status meeting;

o Demonstration session;

e Retrospective meeting.

CONCLUSION

Summarizing the paper, in the Beauty industry there is a
competitive niche for automation of personalized cosmetics
selection. To meet the expectations of end users, the future
information system shall allow real-time cosmetics effects
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and the automatic product selection. In the future research,
we are to focus on the platform monetization. This stage
includes drafting an investment proposal and planning
activities and resources to promote the solution.
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Anomayia—Y nauiii po0oTi onucaHi nepeBaru Ta HeAOJIKH
MOHOJIITHOrO Ta MiKpocepBicHOro madJoHiB apXiTeKTypu Ta
YMOBH, KOJIH JOLIJIbHO iX BUKopucToByBaTH. Ha psany 3 uum
BHIiTeHO OKpeMy KaTeropiio omepamiii pedakTopuHry —
pedaKTOPHHT A0CTYMY, a TAKOK HaBeJAeHUH Mepesik onmepauiii,
0 BXOAATH A0 [JaHOI KaTeropii, MoxJIuBicTHL iioro
BHKOPHCTAHHS MPH NepexoAax MiK madJoHAMH apXiTeKTypHu
Ta NpPH BHHUKHCHHI mNoOAiil, mo0 mNOB’s3aHI 3 NOJITHKOIO
0e3nexu.

Abstract—This paper describes the advantages and
disadvantages of monolithic and microservice architecture
patterns and when it is appropriate to use them. In addition,
there is a new one category of refactoring operations —
refactoring of access and its list of operations, the ability to use
them in the migrations between architectural patterns and in
the security-related events.

Knrwuoei crosa—mikpocepeicu, cepegic-opienmosana
apximexkmypa,  pegaxkmopunz,  pegpakmopunz  docmyna,
MoOHOIm, Oa3u 0anux.

Keywords—microservices, service-oriented  architecture,
refactoring, refactoring of access, monolith, databases.

I. Bcryn

Po3BuTok iHQOpMamiHHUX TEXHOJNOTIM BIUIMBAaE Ha
Oararo ctep xutTa cydacHoi moxunu. [Iporec cTBopeHHs
MIPOrpaMHUX 3ac0o0iB € IOBONI CKIAQAHHM 1 TBOPYHM i
PYTHHHHMM OJHOYACHO, ajie JIIOAChKUH (aKTop HEe MOXKIMBO
OMUHYTH. JIyIsi TOKpAlleHHS KIHLEBOIO IPOrpaMHOrO
HPOJAYKTY BHMHHMKIA KOHLENUis pedakTOpUHry, siKa
HalpasjeHa Ha TMOKPAILIEHHs EJIEMEHTIB CTBOPIOBAHOI'O
[POrPaMHOTO TPOAYKTY 3 METOKH 3MEHLIMTH BHUTpPATH
pecypciB  Ha #oro BmockoHaneHHs. PedakropuHr €
CKJIQJIOBOI0 YACTHHOKO MPOLECY pPO3POOKH IIPOrpamMHOIO
KOy, CTPYKTypu 0a3 JaHWX, a TaKoX Mae pi3Hi [Tl
3aCTOCYBaHHSI.

II. OCHOBHA YACTHUHA

[Ipu npoexrtyBaHHi iHpOpMAIIHHOI CHCTEMU OIHUM 3
K/IIOYOBMX MOMEHTIB € BHUOIp LIa0ioHY i1 apXiTeKTypH.
Haiiuacrinle Ha [OYaTKOBHX erTanax po3po0KH HOBOTO
cepaicy (bizHec-1nel) PO3pOOHUKH HPOrpaMHOro
3a0e3leueHHs] HaJaloTh HepeBary MOHOJITHOMY ILAOJIOHY
apXITEeKTypH, OCKUIbKA OCHOBHOIO 3 YHCJIEHHHMX IepeBar €
MOJKJIUBICTH J€NIeBOI PO3pOOKU MiHIMAITBHO KUTTE3AATHOTO
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npoAykTy (aHria. minimum viable product — MVP). Tlpu
BUKOPHCTAHHI MOHOJIITHOT'O IA0JI0HY apXiTEKTYPU BEAETHCS
po3po0Ka TPOrPaMHOTO TPOAYKTY, B SIKOMY iHTepdelc
KOpHCTYBaua Ta BHKOHaHHs IPUKIAIHUX 33734 0O0poOKu
JIAHUX MO€JIHAHHI Y €JIMHUIA IporpaMHuil Moaynb. Cucrema,
po3podiieHa 3a TaKUM 1IA0JIOHOM apXITEKTYpH, aBTOHOMHA
Ta TMpaIoe€ B paMKaxX OJHIE] 0OYHCIIOBAILHOL cHCTeMH, 0e3
3aJIKHOCTI BiJl IHIIUX MPOTPaMHUX TOJATKIB.

OCHOBHUMH TI€peBaraMid BUKOPHUCTA@HHS MOHOJITHOTO
1a0IIOHy apXiTeKTypH €:

®  MpPOCTOTa PO3POOKH;

®  IIPOCTOTA PO3TOPTAHHS;

®  TIPOCTE MacCIITa0yBaHHS.

Bapro 3BepHyTH yBary Ha Te, IO IpPH PO3LIMPEHHI
(yHKIIH cucTeMH Ta 3MiHI KOMaHIW PO3POOHUKIB MOXYTh
BUHUKHYTH HACTYIHI HEJONIKH MOHONITHOTO IIa0JIOHY
apXiTeKTypH:

® CKJIAQIHICTh MIOTPUMKH Ta PO3IMIMPECHHS BEIHKOTO

MPOTPaMHOTO MTPOIYKTY;
HaJIMipHE HaBaHTAXXCHHS Ha 3ac00H po3pOOKH;
HaJIMipHE HaBaHTa)KCHHS Ha CEPEIOBUIEC BUKOHAHHSL;

YCKIIQIHEHICTh Oe3MepepBHOTO PO3TOPTAHHS;

npobsieMa  MacIITa0yBaHHS MacuTaOyBaHHS
MOXXJIMBO  TUTbKA  TOPU3OHTAJbHO, IOTCHIliIHE
BUHUKHEHHS CTaHy TOHUTBU (aHri. race condition,
race hazard).

[Tpote BHUIIIEONHUCAHI HEIOJIIKU MOHOJIITHOTO
apxXITeKTypHOTrO IIA0JOHY BUPINIEHI B MIKPOCEPBICHOMY
11a0JIOHI, 110 € CYYaCHUM YSBJICHHSM CEpBIC-OpPIEHTOBAHOL
ApXITEKTYpH IIPOrPAMHOr0 3a0e3MeYCHHSI.

Pecypcu, cTBOpeHi 3 BUKOPHCTaHHSIM MiKPOCEPBICHOTO
Ia0JIOHy apXITEKTypH, CIPOCKTOBAHI SK OKpEMi CepBicH B
paMKax ojHi€l iH(POPMAIIIHOT CHCTEMH, IO B3aEMOJIIOTH

MK  CcO0OF0  dYepe3  CTaHAapTHI  3aco0M 3B SI3KYy
(rinepTexkcToBuii TpaHCIOPTHUI MPOTOKOJI, yepru
MOBIJIOMJIEHD TOIIIO). Baxiusoro 0COOJIUBICTIO

MIKPOCEPBICIB € Te, 1[0 KOXECH PO3POOJISETHCS, TECTYETHCS,
PO3TOPTAETHCSA 1 MAcIITaOy€eThCS HE3aJICHKHO BiJT IHIIIUX.



Po3pobka iHpopmaniiiHoi cucTeMH 3 BHKOPHCTaHHSIM
MIKPOCEPBICHOTO [IA0JIOHY apXITEKTypH Ma€ Psill IIepeBar:

e 3a0e3neyeHHs1 OE3IePEePBHOIO PO3rOPTAHHS CUCTEMU
4epes MOCTikiHe OHOBJICHHs! iH(opMaLiiiHOT cucTeMu;

® YCYHEHH: JIOBFOCTPOKOBOT BL1aHOCTI

TEXHOJIOI'TYHOMY CTEKY;
® BiIHOCHO HEBEJHMKHU PO3Mip KOXKHOTO MIKPOCEPBICY;
e 3a0e3reueHHs 130JisLlii HeCIIPaBHOCTEH.

Takox MikpocepBiCHHI IIAOJOH AapXiTEKTyph Mae
HACTYIIHI HEJIOIIKH:

®  CKIaJHICTh PO3TOPTAHHS;
e 30lIbIICHE CIIOKHUBAHHS PECYPCIB;

® BHUHUKHCHHS MOTPEOW B IHTCTPAIlITHOMY TCCTYyBaHHI
B paMKax B3a€MOJIIl MK MiKpOocepBicaMu.

Ilpn  mpoekTyBaHHI  NPOTPaMHOTO  TPOIYKTY Y
BIZIMOBIJTHOCTI /10 MOHOJITHOTO IIA0JIOHY apXiTeKTypH,
BHUKOPHCTOBYIOTH OJIHY 0a3y JaHuX, 1o 30epirae yci Oi3Hec-
BaXJIMBI JaHi. B cBOO dYepry, Impu MiKpOCepBiCHOMY
1abJIOHyY apXiTEeKTYpH MaroTh MiCIIE /JBa BapiaHTH B3aeMOJIi
3 Oa3or0 manux: “Oasa mammx Ha cepsic” (database per
service) Ta “cribHa 6a3za manux” (shared database). 3 Hass
MIIX0/1iB MOXKHO 3pO3YMITH, 0 B MEPIIOMY BHUIAKy KOXKCH
CCpBIC TPAIIOE BUKIIOYHO 31 CBOEK 0a3010 [aHWX, B
JIPyTOMY BHUIIaJKy BCi CEpBiCH BHKOPHCTOBYIOTH OJHY 0a3y
JAHUX.

[lin gac ekcmoIyaramii Ta PpO3SIIUPEHHS MOHOJITHOTO
[POrpaMHOro MPOAYKTY PO3POOHHUKH SICKPAaBO 0avaTh BY3bKi
MICIIsSI, IO TOTPeOyrTh MacITa0yBaHHs, 1 HalvacTime
TaKMM BY3bKHUM MICLIEM € 3allUTH 10 0a3u JaHuX. BuHukae
HEOOXIIHICTh BUALICHHS BY3bKOTO MICISI B OKPEMHH CEPBIC,
110 € NEePLIMM KPOKOM JIO CEPBIC-OPIEHTOBAHOI apXiTEKTYPH.
B zarasipHOMY Bunaaky MmacimitabyBaHHs 0a3 J@HUX
3IIMCHIOETHCSL TPhOMA BapiaHTaAMMU: peruliKallis, apJUHT Ta
MApTUIIOHYBAHHSL. [MapTuiionyBaHHs MOXITHBO
3aCTOCOBYBATH B paMKax ICHyrOUol 0a3u JaHHX, MPOTE HPU
3aCTOCYBAHHI PpEIUTIKAI[l Ta MIAPJMHTY JIOPEYHO BY3bKe
Miclle BHAUIMTA B OKpeMmy 0asy panumx. llle ommiero
MepeBaror0 BU/IUICHHSI B HOBY 0a3y JaHHX € BiIOKpEMIICHHS
Ta 130JILisI POOJIEMH, IO 3MCHIIUTH BIUIMB HAa CHCTCMY
3aranoM. BuminenHs okpemoi 6a3u JaHuX 3 CIUTBHOI Mpu
CTBOPEHHI OKPEMOI'O CEpBICY, BUAIJICHHS BY3bKOTO MICIS B
oKkpeMy 0a3y MaHWX, 0OMEKEHHsS MpaB JOCTYIY JIO JaHUX Ta
iHIIe — Bce Ie MPH3BENO0 OO0 HEOOXITHOCTI CTBOPEHHS
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OKpeMOi KaTeropii omnepailiii peakTopuHTy — pedakToprHT
JIOCTYILY.

OxpeMum BHTIAJKOM BUKOPUCTAHHS omeparii
pehakTOpuHTY JOCTYITy € TOIiT, 1110 TIOB’sA3aHi 3 MOJITHKOIO
OC3MeKH MiIMPUEMCTBA, a CaMe:

® poTaIfist mapoJIiB;
® KOMIPOMEHTAIIiS TAPOITIB;
®  [iBHUINCHHS/3MEHIIICHHS BUMOT 0 ayTeHTH]IKaIIii.

Kareropist pedakropunr aoctymy akymymroe B coOi
3MIHHM B CHUCTEMi YMpaBJiHHS 0a3010 JaHUX, [0 MOB’s3aHi 3
JIOCTYNOM 710 naHux. /1o naHoi kateropii HajiexaTh HaCTYIHI
oreparii:

e 3MiHa aTpuOyTiB ayTeHTU]IKAIIIT;
e 3BY)XXCHHS 00JIaCcTi BUIUMOCTI 00’ €KTiB 06a3u NaHUX;

e pO3MHUpEHHS 007acTi BUAUMOCTI O00’€KTiB 0a3u

TTaHUX;
e 3BY)KCHHS NPUBLNIEIB JOCTYITY;
® PO3IIUPEHHS MIPUBLICTB OCTYILY;
e BUJUICHHS CXEMH 0a3d TaHUX;

e 3IUTTI cXeM 0a3 JaHuX.

BHCHOBOK

[ligBoAstumM MiICYMKH, BaXKITMBO 3a3HAYKTH, IO OIEparlii
KaTeropii peakTOpUHTy MOCTYIy OAlOTh HaM MOXJIHUBICTH
KOHTPOJIbOBAaHO BUKOHYBAaTH 3MIHHM y CHCTEMI YHpaBIIiHHSA
0a3010 MaHWX Yy YacTUHI OOMEXCHHS IOCTYILy, CTBOPUTH
perilaMeHTOBaHi MMPOIeCH peakilii Ha MoJil, 1o OB s3aHi 3
TIOJITUKOIO OC3MEKTL..
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Abstract—Ha CbOroaHi npod;aema CTBOPEHHS
iIHTEPAKTUBHHX CHCTeM HABYAHHA € OJHI€I0 3 OCHOBHHX B
OHOBJIEHHI miaxomy A0 aucTaHuiiHoro mpodgecilinoro
HaBuyaHHA. B crarTi posrnsgaerbes miaxin 40 CTBOpPeHHS
yHijikoBaHoi Moxesi mo0yaoBH ANCTAHUIMHUX HaBYAJIbHHX
KypciB 3 BUKopuctanHam 3D-06’exriB.

Abstract—Today the problem of creating interactive
learning systems is one of the main goal to updating the
approach to distance learning. This article describes how to
create a unified model for building distance learning courses
using 3D objects. State-owned enterprises and commercial
companies pay great attention to improving the skills of their
employees, especially in the training of operators of complex
technical systems (industrial enterprises, aviation, transport,
etc.). Refresher training involves training in real-world settings
and in real-world settings, which can be very dangerous or
expensive. There are two basic functions that must be
implemented for the representing a virtual environment with
using of 3D objects in distance learning: the description of the
objects themselves and the rules for their interaction. These
fuctions allow to create, edit and save information about
objects and how they interact. Creating a unified model of
visualization of 3D objects in distance learning systems
involves the following areas of study: 1) development of the
unified model of 3D objects for use in online distance learning
systems; 2) development and modification of existing methods
of 3D-visualization in distance learning systems;
3) development of methods of 3D-visualization of educational
materials in online distance learning systems; 4) development
of a conceptual model for building software to support the use
of 3D visualization in distance learning systems.

Knrwuosi cnosa—oucmanyiiine nasuanns, gizyanizayis 3D,
cucmemu HagUanH

Keywords—distance learning, 3D visualization, learning
systems.

I. Bctyn
Ha nanuii MOMEHT He TUTBKHU Jiep>KaBHI MiANPHEMCTBA, a
1 KOMepLiiiHi KoMIaHil Bce Oulblly YyBary IpUIUISIOTH
ITABUIICHHIO KBalTi(iKaIlii CBOiX MpalLiBHUKIB, 0COOIHUBO 1ie
CTOCYEThCS TPEHYBaHHs OIEPATOPiB CKIAAHUX TEXHIYHUX
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cucteM (BUpOOHMYI MIANPUEMCTBA, aBiallis, TPAHCIOPTHA
ranmy3p Ta iH.). IligBuinenHs kpamidikamii mepeabadae
HABYaHHS Ha PEAIbHUX YCTAHOBKaX 1 B peajbHUX YMOBax,
mo Moke OyTH myxke HeOesmedHuM abo KomrToBHHM [1].
ANBTEpHATUBOIO € KOMII'IOTECPHI IMiTaIlifHO-TpEeHAKEPHi
KOMIUICKCH, SIKIi B MaKCUMaJIbHO MOXJUIMBIM HaJaroTh
MO>KJIMBICTD 3MOJICIIOBATH PEeajbHi YCTAHOBKH, CTBOPIOIOTH
BipTyasbHi Tabopatopii i 103BOJISIOTH OTPUMATHU MPABUIIBHI
CTIKi HaBWYKH TiJ 4ac HaBYaHHA. [liqrotoBKa omepaTopis
CHCTEM Ha JIaHUHf MOMEHT BKIIIOYAE SIK TEOPETUUHY YaCTHHY
(BUBUCHHA BIATIOBINHUX MAaTEMAaTHIHUX MOZENCH, Teopil
irop, AuQepeHIiaTbHAX CHUCTEM, KPHUTEpiiB HamilHOCTI 1
T.JI.), TaKk 1 TMpPaKkTUYHYy, SKa Tependadac HE TUIBKA
OTpUMaHHs  CTIMKMX  HAaBUYOK  YIpaBIiHHA, a i
HalpaoBaHHs MOTOPUKH PYXiB.

CporosiHi IUCTaHIlIiHE HaBYaHHA HaOyBa€ BCe OLIBIIOL
Ba)XKITMBOCTI JUII CyYaCHUX BY3iB, OCKUIBKH 3 KOKHIM POKOM
BCce OULTBIN OUYEBHIHI MIOOAMI3AIliiiHI TEHICHINI Y BHIIii
OCBITI, 5IKi 3HIDKYIOTh Oap’e€pyl JUIs MOUIMPCHHS 3aXiTHUMH
By3aMH CBOiX TEXHOJIOTiH HaBUAHHS Ta OCBITHIX MPOJYKTIB,
TATHYTh 32 C000I0 IIPo0JIEeMy KOHKYpPEHTOCIIPOMOXKHOCTI
BITYM3HSHUX BY3iB Ha PUHKY OCBITHIX mociyr. Hasite B
chepi mimBumIeHHS KBamiikamii aucTaHIiiiHa (opma
HABYAHHS, SIKA XapaKTePHU3y€eThCsl OLTBIIT HU3BKOIO BAPTICTIO
B TOPIBHSHHI 3 TPAJWI[IIHUM OYHMUM 1 HaBITh 320YHUM
HaBYAHHSM, HaOyBa€ BCE OULTBIIOI TOMYIIPHOCTI, 0COOIUBO
Yy BHWIIQJKaX HEMOXIUBOCTI (DaXiBIFO BiTipBATUCA Bif
pobouoro  mporecy. Tomy  po3poOka  BipTyalbHHX
TPEHaXepiB sl y BUKOPHUCTAHHS Y JIMCTaHIIITHOMY
HaBYaHHI HaOyBa€e TPaHAiI03HIX MaCIITa0iB.

II.

B mucraHmifiHii OCBiTI OUIBIIOrO PO3NOBCIOMKEHHS
HaOyau  cucremd  3D-Bidyamizamii 3 eJIeMEHTaMH
IHTepaKTUBHOCTI.  |HTepakTHBHICTH  Tependadae 5K
MO>XKJIMBICTh HENIHIMHOrO BUBYEHHs MaTepiany (3a BiacHUM
CLICHapieM Y4YHs), TaK 1 BHUKOPHCTAHHS CTaHAAPTHHUX
CLIeHapiiB, sIKl 3aK/I1a/IeH] B CUCTEMY PO3POOHHKAMH.

[TUTAHHS JOCTIIKEHH

CaMe IHTEpaKTHUBHICTP € OCHOBHOI IIPOOJIEMOIO ISt
pO3pOOHMKIB  TOMIOHMX  KOMIDICKCIB  [2],  OCKLIBKH
3a3[ajerifp IMAroTyBaTW 1 mependaduTu BCi MOTPiOHI



paKypc, HampsIMKd pyXiB, JjaHmuadra 1 neisaxi
PO3ISIHY TUX cuTyarin [PAKTHYHO HEMOXJIUBO.
OOYHUCTIOBAIBHIM ~ CHUCTEMi  JTOBOJUTHCS  CHHTE3yBaTH

BIpTyaslbHE OTOYEHHs, TOOTO CTBOPIOBATH Ha OCHOBI
iH(popMalii, 110 3HAXOAUThCS B 0a3i JaHUX, Te 300paXKeHHS,
SIKe TIOBMHEH OauynuTH KOpHCTyBad 3 Ti€l TOYKH, J€ BIH
nepeOyBa€e 3 ypaxyBaHHsAM IEPEMIILEHHs B NPOCTOPI ioro
caMoro 1 foro TOBapHILiB N0 HABYAIBHOMY KJacy (SKIIO Lie
nepen0avueHo B HABYATHHOMY KOMIIICKC).

III. YHI®IKOBAHA MOJIEJIb BIPTYAJIBHOI'O CEPEJJOBUILIA
CUCTEMAX JIMCTAHIIIMTHOTOHABUYAHH S

Jus  npencraBieHHA BIPTYyalbHOTO —CepeloBUIA 3
BUKOpHCTaHHAM 3D-00’€KTiB y CHCTEMaX TUCTaHIIIHOTO
HABYAHHSA HCOOXITHO peani3yBaTH JBI OCHOBHUX (DYHKIIIT:
ONHMCaHHI CaMHX O0’€KTIB Ta mpaBWiI ix B3aemomii. [lami
¢yHKOii mependavyarOTh CTBOPEHHS, pedaryBaHHS Ta
30epexxeHHss iHGopMamii Mmpo o00’e€KTH 1 npaBWiIa ix
B3aeMomii. Y BigmoBigHOCTI A0 [3] Momemb iHTEpaKTHBHOI
3D Bisyamizamii B cucTeMi IUCTAHIIIHHOTO HaBYAHHSI MOXKE
OyTH TpencTaBlcHa OIMCAHHAM XapaKTEPUCTHK HASBHUX
3D o6’extiB (¢izuuni Ta (yHKIIOHATBHI MapameTpu) Ta
otouyiodoro cepegosumia (I3DV — mopens Bizyamizauii
inTepaktuBHOro 3D cBity):

— napaMeTpu 00’ekTiB: (iznuHi nmapamerpu 3D 00’ekTiB
(T 00’€KTy, KOOpPIUHATH Y HpocTopi, (opma, CKiIam,
KoJlip, Marepiay, TOIO) Ta (YHKUIOHAIBHI Napamerpu
(mpoxoanmicTh 00’€KTy, mapameTrpu (i3ndHOi B3aeMoii
MDK 00’eKTaMu, (DYHKIIOHAJIBHI 3aJI€KHOCTI MIX CTaHOM
00’€KTiB, TOIIO);

— mapaMeTpu OTOYYHOUOrO CepeloBHINa (OCBITIEHICTB,
CHWJIa TSDKIHHS, IOTOTHI YMOBH).

B pobGori [3] mnokazaHo Moxens  Bizyamizauii
IHTepaKTUBHOTO BipTyaimbHOTO 3D CBITY uWepe3 ommcaHHS
IaHoro cepepoBuina /3DV 3a MOIOMOTOI0 TPEACTABICHHS
TpyIH apaMeTpiB:

13DV = {OP{PP, EP}, EP},

ne OP — MHOXMHA niapameTpiB 00’exty; PP = {pp1, pp>,

. DDk} — HIIMHOXUHA (Qi3MuHUX HapameTpi; FP = {fp,

fp2, ..., fpi} — migMHOXMHA (YHKIIOHAJIBHHUX IApPaMETpiB;
EP = {ep;, epy .., epsn} — MHOXHHA IapaMeTpiB
HaBKOJIMIIHBOTO CEPEIOBHINA.

Oi3uuHi  mapameTrpu ~ O0’€KTIB  CIIig ~ BBaXKaTu

mapaMeTpamu I-ro (HaWHIKYOrO) pPiBHA, HA SKI MOXYThb
BiumBaru  (yHkuioHansHi mapamerpu (Il piBens) Ta
napamerpu otouyrodoro cepeposuuia (111 pisets).

B cBow  uepry, (yHKUIOH&JIBHI  mapamerpu
PO3ALIAIOTHCS HA 3aIeXkKHI (OIUCYIOTh IIapaMeTpu 00’ €KTy Yy
B3aeMomii 3  iHMHMMH  o0’ekTamMuM  (HaIpaBIICHHS
nepeMilieHHs 00’€KTIB y paniyci BHOyXy)) Ta He3alexkHi
(mpoxoanumicTh 00’€KTy, MOXJIMBOCTI TEpEMillleHH Y
TIPOCTOPI).

[TapameTpy OTOUYIHOHOrO CEpeNOBHIIa MOXKYTh BILUTMBATH
Ha (i3uuHi Ta QyHKIIOHANBHI mapameTpu 00’ €KTiB (SIK BCiX
00’ekTiB, Tak 1 O0’€KTiB 3a 00OpaHOI0 O3HAKOIO (BTpaTa
(dbopMH Ta BIACTMBOCTEH TMamepoBUX OO €KTIB I dYac
omy)).

[Moai6Humit miaxin Moxxe OyTH BUKOPHCTAHO Y OyIb-sKiil

CNCKTPOHHIA CHUCTEMI HaBYaHHSA [4], 10 J0O3BOJISIE
CTBEP/DKYBATH PO yHi(IKOBaHICTh JaHOrO Mmiaxody. B
3aJ€KHOCTI  BII  HAMOBHEHHSA  MOJEHl  3HAYECHHAMU

mapamerpiB  Oyzne BinOyBaTuCh HAONWKEHHS MOZAETI JIO
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peanbHOro cBiTy. Tak Jyis MpeCTaBICHHS MOJIETI BYTUTbHIAX
MIaXT Ui IHTEPAaKTUBHOTO HABUAHHS METOZaM JIKBimarlii
HACII/IKIB MOXJIMBHAX aBapiii MOXHa 3aJisiTH HE BCi
napameTpH, a Tibku ¢izuuHi [3].

Tak Ha puc. 1 mpencTaBieHO BipTyaslbHE CEpeIOBHUINE
JUTA THATPUMKH TpoBeaeHHs Kypey «CydacHi iHdopmartiiai
cucteMu B TypusMi». Jlane cepenoBuile Iependaydae

MOJIIMBICTh HE TUIBKH NPOXOOUTH TPOTpaMmy Kypcy
JNACTAaHLIMHO, a TAaKOXK O3HAHOMIIIOBATHUCHL 3 00 €KTaMu
EKCKYpPCIiil IPaKTHYHO HAXHUBO.

Puc. 1. Ilpuknax BinoOpaxenns HauionansHoro 3samoBinaHuky "Coodis
Kuicpka" mns  gucranuiiinoro kypey «CydvacHi iH(opmamiitai
CHCTEMH B TYypH3MI»

B 3anexHocTi BiJ KUIbKOCTI napaMeTpiB HA OCHOBI SIKHX
Oyayerbest onucaHHs 00’ €KTIB BIPTYallbHOIO CEpE/IOBHLLA,
NPOBOAUTHCS HAOJIDKEHHA MOZEN [0 peanbHOro CBITY.
Hanpukian, HaBeleHa Ha pHC. 2 MOJENb BYIUIBHUX LIAXT
UL IHTEpakTUBHOTO HAaBYaHHA MeTozaM  JIiKBizawii
HACII/IKIB MOXUJIMBUX aBapii MICTUTh TIUIBKH MapaMeTpH
PO3TalllyBaHHA IIAXT Ta TOYOK X 3’ €HAHHS.

Puc. 2. Ipuknaa cXeMaTU4HOTO BiJOOPaXKCHHS INAXT IS MOJCIHOBAHHS
YCYHEHHs HACJTiKiB aBapii

IMpu po3poOui BIPTYyaIbHUX CEPENOBUIL OCHOBHHUMH
BHMOTaMH JI0 HHX €:

1) mocTaTHRO NMOKJIAJHA BipTyalbHa MOIEIb 00 €KTiB, a
TaKOX HABKOJHIITHHOTO CCPEIOBHINA (31pKH, BOJHA 1 3¢MHA
TIOBEPXHA 1 T.1.);

2) BHCOKa SKICTh Bi3yamisailii, 0¢3 CXOJHMHOK Ha
KOpIoHaX 00’€KTiB, 63 3HUKHEHHS a00 MUTOTIHHA APiOHIX
JIeTaleH;

3) poboTta B peallbHOMY PEXKHIMi Yacy, TOOTO Bi3yamialis
CIIEHHM 31 IIBHUJIKICTIO HE MeHIIE 25 KaJpiB B CEKYHY;

4) iMiTamis 30BHIIIHIX YMOB JOCIIIKYBaHOTO IPOIECY
ab0 00’cKTa;

5) iMiTamis TpmWiIamiB i CHEMiaNBHEX — 3aco0iB
CTIIOCTEPEKCHHS, a TaKOX pEATbHUX YMOB pOOOTH, IO



BKIIIOYAIOTh IEPEIIKOAW, 3acBiUCHHs, BIIONHCKH  Bif

ONTHYHUX MPUIALIB 1 T.1.

[Ipu cTBOpEeHHI BipPTYadbHOTrO TMPOCTOPY B SKOCTI
BUXIJHUX IAHHUX JUIS KapKACHOI MOJET BUKOPHUCTOBYIOTHCSI
€JIEMEHTH TMPOEKTHOI JOKyMeHTalii, aepo(oTO3HIMKH 1
3HIMKH, 3po0JieHI 3 KOCMOCY, JaHi pajlapHUX YCTaHOBOK 1
MICTOOYiBHI T1aHK 200 KiHO3HOMKH pealibHUX 00’€KTiB 400
CHHTE30BaHi 300pa)keHHsl (KO 00’€KTH B PEAbHOCTI Lie
HE CTBOpeHi) 1 iH. B 3aBmaHHAX HaBYaHHSA [TOBHHHI
BHKOPUCTOBYBAaTHCA BCi IepepaxOBaHi BUINE Bi3yallbHI
3aco0u.

CTBOpeHHIO NONiOHIX HABYATHHUX KOMIUIEKCIB IIEpeIye
po3pobka Momenell 1 METOMIB BHUPINICHHS 3aBmaHb 3D-
Bi3yamizamii i cuHTe3y iHQoOpMAIii, sKi B MaKCHMAalIbHO
MOXIHBIH Mipi HaONWKalOTh HaBYAIbHI KOMIUIEKCH [0
peabHUX ~ YCTAaHOBOK, 3a0e3MeuyIoTh 00’ erHAHHS
pi3HOpinmHOi  aynioBizyanbHOi iH(OpMAaIi, JO3BOJSIOTH
KOPHCTyBadyaM CHCTeM TpHI0AaTH NPABIIIBHI 1 CTiHKi
HaBHYKH.

BHCHOBKU

CrBopenns ywidikoBanoi wmozmenmi Bisyamizamii 3D-
00’€KTIB B cUCTEMax JHUCTAHIIHHOIO HaBYaHHA
nepeadavaroTh HACTYIIHI HATIPSIMU TOCTIHKCHHS:

1) pospobka yHidikoBanoi Moxmeni 3D-00’exTiB s
BUKOPHCTaHHS B OHJAHHOBUX CHCTEMax JIUCTAaHLIHHOTO
HABYaHHS;
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2) p03p061<a Ta MOL[H(f[)lKaulﬂ icHyrounx wmeronis 3D-
Bizyaizalil B CUCTeMax JUCTAHLIHHOTO HABYaHHSL;

3) pospodka wmeromuk 3D-Bi3yamizamii HaBYAIBHHX
MarepiajiB B OHJAWH CUCTEMaX JUCTAHIIHHOIO HABYAHHS,

4) po3poOKa KOHIENTyaJdbHOI MOJAETI MOOYIOBH
MPOrpamMHOro 3a0e3neyeHHs! AJsl MATPUMKH BUKOPUCTAHHS
3D-Bi3yaizanii B cucTeMax AUCTAHI[IHOTO HABYaHHSI.
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Anomauia—J{ana  po0oTa  NPUCBAYEHA  NPAKTHUHIMH y pizaEX chepax. OOUHCITIOBATBHI MO MAIOTh BayKJINBE
peanizauii  aHAJITHYHMX Mepe:xk Ta  JOCHILKeHHS  iX 3HAUeHHS [UIA aHAli3y Ta MOJCTIOBAaHHA CKIATHHUX
XapaKTePHCTHK HA NPUKIALi po3podKH mnporpamMu s MPUPOJHUX CHCTEM, HE3aJIS)KHO BiJl PO3MIpIB, BiJ IyxkKe
aBTOMATHYHOL rexepanii imiTaniiinoi Moxeldi  \aneHBKHX, TAKMX SK poOOTa OGakTepii, 10 Ay’kKe BETHKHX,
aymiocunresatopa.  Takox  meif  NPOEKT  NPEICTABISAE  paxyx sk MIAHETAPHI NOTOJHI TA KIIMATHYHI cuCTeMH aGo
METOA0JIOI'1II0 IJIA aHaII3y 3BYKOBHUX MOKJIHBOCTEH

CHHTE3aTOpa Ta OCHOBY /JIsi BHKOPHCTAHHS €BOJIOLIHHMX
AJITOPUTMIB 3 METOI0 «peBepc IHKUHIPIHTY» cmocoly, SIKHM
CHHTE3aTOP MOKe BUAABATH 3aJaHUIi 3BYK.

Abstract—This work is devoted to the practical
implementation of analytical networks and researching their
characteristics on the example of developing an application for
the automatic imitation model generation of an audio
synthesizer. This project also introduces a methodology for
analyzing the sound capabilities of a synthesizer and a basis for
using evolutionary algorithms to reverse engineer the way a
synthesizer can produce a given sound.

Kinouosi  cnosa—ananimuuna  mepedca,  2eHeMUYHULL
anzopumm, ayoio cunmesamop, imimayiitna mooensp

Keywords—analytical network, genetic algorithm, audio

synthesizer, imitation model

. BCTVII

OcraHHI JOCSATHEHHS HAyKH Ta TEXHIKM IPHU3BEIH 10
30UIbILIEHHSI CKJIQIHOCTI iHKeHepHuXx cucrteM. CriianHy
CHCTEMY MO)KHa BHM3HAYHMTH SIK CHCTEMY, IO BKIHOYAE
KOMIIOHEHTHU Ta B3a€MO3B'SI3KH, B3aeMoIii  4M
B3a€EMO3AJIEKHOCTI, 5KI BAXKKO OMNHCATH, 3PO3YMITH,
nependaunTH, KepyBaTH, MPOSKTYBaTH YM 3MiHIOBaTH [1].

i imKeHepHI CHCTEMH CKJIAQHAlOThCS 3 0ararbox
HIJICHCTEM, SIKI TEXK IEMOHCTPYIOTh CKJIAJHY IOBEIIHKY.
Bararo 3 mmx ¢opM NOBeHiHKM BHUHHKAIOTH BHACIIIOK
HEJHIMHUX — MPOCTOPOBO-YACOBUX  B3aEMO3B'S3KIB MK
ITiIcCKCTEMaMy Ha Pi3HUX PIBHAX a0cTpakimii Ta opraHisarii.
CKIIaIHICTh B iHKEHEPHUX CHCTEMax TaKOX Iiepeadayae, Mo
pi3HI TIiICHUCTEMH TOEMHAHI TakK, IO 3MIHH B TEBHHX
iCHCTeMaX MOXYTh BIUTHBATH Ha iHIIII MiACHCTEMH.

MopenioBaHHS TaKUX CHUCTEM 3aiimae Oarato gacy. e
BY3BKOCIICIIiaTi30BaHa MisUIbHICTD, KA 4aCTO BUMAarae 3HaHb
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CHCTEMH 3ipOK i TAJIAKTHUK.

Amnani3 ta nosicHeHHst (PyHKI[IOHYBaHHS — JIMIIE OJHE i3
OaratboXx 3acToCyBaHb Mogeneil. Mogerni J03BOJNSIOTh HAM
npuiiMaryd  pilieHHs. BoHM MOXyTh JOHOMOITH Ham
Bi3yalli3yBaTH, IPOTHO3YBATH, OITHMI3yBaTH, PEryJIOBATH
Ta KOHTPOJIIOBATH CKJIA/IHI CUCTEMHU.

BipryanpHuil aynmiocuHresatop Oyae B i poOoTi
CIIlyryBaTd MPHUKIAAOM CKJIAIHOI CHCTEMH, Ha MOOYIOBI
MoOzeNni  SKOro  Oydae  JOCHIDKCHO — XapaKTCPUCTHKH
AHATITHYHAX MEpeXkK. AYNIOCHHTE3aTOPH 3IaTHI BHUAABaTH
HaWpPi3HOMAHITHINI 3BYKHM, SIKi BUIUIMBAIOTH 3 YHCICHHOI
KUTBKOCTI TTapaMeTpiB, sSIKi BUKOPHCTOBYIOTHCS IS BIUIUBY
Ha reHepoBaHuii 3ByK. OCHOBHOIO TIPOOJIEMOIO IPH PO3POOIIi
iMiTamiitHOT MOZeTi aymio CHATE3aTOpa € Te, MO VI KOXKHOL
MoJieNTi MOTPiOHO OaraTo yacy i TOTO, MO0 BHUABUTH, SK
BHYTpIIlIHI KOMIIOHEHTH Ta iX HapaMeTpH BIUIMBAIOTh Ha
TCHCPOBAHUH 3BYK.

II. TEHEPALIA MOJEJI CUCTEMU ITOBYJOBAHOI HA OCHOBI

KOMIIOHEHTIB

[MoOynoBa milicHOi imiTamiiHOI Momeni 3aiimae Oararto
yacy. lle By3bKocmewiagi3oBaHa IiSUIBHICTh, $Ka YacTo
BUMarac 3HaHb y pi3Hux cepax. CKIagHO CKIIACTH MIHCHI Ta
e(eKTUBHI ~ MOJelNl,  BpPaxoBYHOUYM  CKIAJHICTb  Ta
MacLITAOHICTh CHCTEM, IO MOJIEIIOKTLCI  ChOI'OHI.
30araruBiuy 0a3dy 3HaHb 3 MOJICIIOBAHHS Ta CHUMYJISILIH,
BYCHI, SIKi 3aiMaOThCsI MOJETIOBAHHSAM CHCTEM, OUYHHAKOTh
pO3risiIATH  NMTAHHS, MOB'S3aHI 3 ABTOMATHYHOIO
reHepaniero moneneii (AI'M). AI'M poOUTb CHUMYILIIHI
JIOCJIKeHHS JAi€BIIIMMH Ta edexTuBHiIuMY. Lle He Tibku
MOKpAIIy€e caM NPOLeC MOJICIIIOBAHHSI, aJie i Kpallle iHTerpye
HOro 3 NporpaMHUMHU CHCTEMaMH, TAKUMHU SIK CUMYJISITOPH,
IHKEHEepHI Ta HaBYaJIbHI IIPOTPaMHu, TOIIO.



Jesxki ocTtaHHI JOCHIAHWIBKI ~ POOOTH CXWIBHI [0
iHTerpamii gaHux B Moxenb [2]. OCHOBHOK METOH TaKHX
poOIT € reHepais iMiTaliifHUX Mozesel Oe3nocepenHso i3

30BHILIHIX  JOKEpe, BUKOPHCTOBYIOYH  AITOPUTMH
CTPYKTypH3aUii Ta aHalidy JaHuX [UIsi CTBOPEHHS Ta
HAJAINTYBAaHHS ~ Mojeyi. Takuil  MAXiA — HA3UBAETHCS
“xkepoBanuM  jgaHnmu’  (data-driven). AI'M  moxHa

Kiacu(ikyBaTH Ha TPH OCHOBHI KaTeropii:

e [lapaMeTpuyHi MiAXOAM: MOJEII CTBOPIOIOTBHCA Ha

OCHOBI ICHYIOUHX OJIOKIB MOJETIOBAHHS
(30epiraroTbess B OiOmioTekax  imitarii),  sKi
BHOWPAIOTECS Ta HAJAINTOBYIOTBCS Ha OCHOBI
rapaMeTpiB.

CTpyKTYpHI TiIXOIu: TeHeparliss Momemni 0a3yeTscs
Ha JaHUX, [OI0 ONHCYIOThb CTPYKTYpy Ta
KOMITOHYBaHHS CHCTEMH, SIK TIPaBUIIO, 3 BiIIOBIIHUX
cucteM aBToMaTu3oBaHoro npoektyBaHHA (CAIIP)
Ta cucteM apromatu3oBaHoi imkeHepil (CAE).

lopuani migxomw, ‘“3aCHOBaHI Ha 3HAHHAX: IIi
MiIXOAM TMOENHYIOTh METOAM IUTYYHOTO IHTENICKTY
(HampuKJIag, CeKCICPTHI CUCTEMH Ta HEHPOHHI
Mepexi) 3 000Ma BUIIE3a3HAYCHIMH ITiTXO0IaMH.

KommnonentHe = MognemoBaHHs ~ (abo  mporpamHe
3a0e3MeYcHHs] Ha OCHOBI KOMIIOHEHTIB B3arajli) Ta HOTro
nepeBard ILIMPOKO OOrOBOPIOIOThCS B JliTeparypi. BoHo
0a3yeTbcsl Ha MapajuIMi, CIUTBHIA Ui BCIX 1H)KCHEPHHX
JUCHHUIUTIH: CKJIQJHI CHCTEMH MOXKHA OTPUMATH IILJISIXOM
CKJIaJ]JaHHs 3 KOMIIOHCHTIB, SIKi CIYTYIOTh OYHiBEIbHUMU
0JI0KaMH, MPU 1OMY KOMIIO3MILSI BUKOPUCTOBYETHCS JUIS
moOyJIOBA CKJIaJHUX KOMIIOHCHTIB 13 OULTBII TPOCTHUX.
CkJajHa cucTeMa MOYKEe PEKYpCHBHO PO3KIaJaTHCSl Ha
MICHCTEMH JI0 IOCATHEHHS SJIEMCHTAPHOTO PIBHS, Ha IKOMY
mcucTeMa BXKE HE MOXe OyTH pO3KIaicHa; KPHUTEpPieM
PO3KIIaIEHOCTI € (QYHKITIOHANBHICTE. Take po3kiIaganHs (abo
KOMITO3HIIis, SKIIO crocrepirath i “3Hu3y-Bropy”, a He
“3BepXy-BHU3”) (HOPMye CHUCTEMy Ta MOJEIb CHCTEMH B
iepapxivHy CTPYKTYpY.

III. PO3POBKA AJITOPUTMA ABTOMATU30BAHOT'O
I[MTPOEKTYBAHHS MOJEJII CHUHTE3ATOPA

[eHeTH4HHUH  aNropuT™M e TexXHika IOLIyKY
BUPINICHHS NpO0JIeM 13 BEJHKHM IOIIYKOBUM IPOCTOPOM,
oo abcTparye eBOIIOLII B NPUPOIHOMY cBiTi. BiH wacto
3aCTOCOBYETbCS TaM, KOJIM 3BUYAMHUN QJITOPUTM IOLIYKY
OyB OM HENPAaKTUYHUM 1 HE ICHy€ OYEBHIHOTO IPSIMOTO
migxony. IcHye Oararo pi3HMX Bapialiii Te€HETHYHOI'O
IrOPUTMY, B LBOMY PpO3AUN BHUKIAJeHAa 3arajibHa
iHpopMalliss MPO aNropuT™, sKud OyB BUOpaHMH uis
peadrizarii.

[Mepuinii KPOK — MPEACTABUTH MOTEHIIKMHI pIlICHHS Y
BUTJIsIL TIOCiioBHOCTI "reHiB", moaibHoi go JJHK, mo icHye
B nipupoji. lle Bitouae KojlyBaHHsI NapaMeTpiB y CTUCIHIH,
3po3yMiniii  ¢opmi, 1mo0 MoxkHa OyJIO0 BHKOPUCTOBYBATH
€IUHY CTPYKTYpy manuxX. Ha 6a3oBoMy piBHI I1e pOOUTHCS 3a
JIOTIOMOT'0F0 OITOBHX CTPIUYOK — JIOBI'HMX IBIMKOBUX PSIKIB,
SIKI 1HTEPIPETYIOThCS HUIIXOM pO3OUTTS TapaMeTpiB Ha
BIATIOBIHI TIOJISL B OITOBIH CTpIvIl, K [TOKa3aHO HAa PUCYHKY
l. Takuit cmoci0 mpeACTaBICHHS MiAXOAUTH JIUINE [T
npo0IeM, JUIs SIKHX € (DikCOBaHa KiJIbKICTh MapaMeTpiB.
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Puc. 1. bitoBa cTpiuka, sika mpeacTaBise 4 mapamMeTpu

[Momynsmist po3rSIIAETHCS B KOXKHIA TOYI alTOPUTMY
JUlsl  OPUAHATTS  OlibliocTi  pilieHb. TakuM — 4YHMHOM
PO3LISIIAEThCSl  0araTo PpI3HUX 3HAYEHb Ul KOXKHOTO
napamerpa mnapajiejbHO. 3a3BHYail IMMOYATKOBA ITOIYJISLIs
MICTHTh BHUIIAJKOBO 3I'€HEpOBaHI ‘“ocoOMHH’, aiie iHOAI
BUKOPHUCTOBYETBCS BIJJOMA TMOIYJISILISL, NPHAATHICTH SIKOT
Kpallla 3a PaHJOMHO 3reHEPOBaHY.

Ha koxHOMY erarli airopuTMy BCi OCOOMHH OIIIHIOKOTHCSI
Ha NMPUIATHICTG. [1i1 TepMIHOM “NpUAATHICTE” PO3YMIETCHS
IHTEpIIpEeTaIlisi TeHIB JUI OTPUMAaHHS “‘pealibHOTO pillleHHs”,
SIKWI BOHH MPEJICTaBIAIOTh. [1icsl IbOro BUKOPUCTOBYETHCS
¢yukiis  npuaatHocTi s OOYMCICHHS — 3HAYCHHS
TNPUAATHOCTI st Beiel momyssimii. DyHKIS mpuUAaTHOCTI
noBuHHa OyTH Oe3MepepBHOI0 1 MOBHHHA MPHCBOIOBATH
3HAYECHHS Oyab-sKitt 0coOuHI, OCKIJIBKHA BOHA
BUKOPHUCTOBYETBCS ISl TIOPIBHSHHS ~CYKYMHOCTI  (Bci€i
TIOMYJISIIT).

[Micnsa mpOro BHKOHYETHCS BifOip HAHOLIBIN MPUAATHIX
0ci0, HampuKIam, 3a JOIOMOIOI0 alrOpUTMY pyJeTku. lle
TATHE 3a CO0OK BHOIp OCOOMH BHIIAAKOBUM YHHOM
HNPONOPLIHHO X NPHUIATHOCTI IOPIBHAHO 3  CYMOIO
npuaatHocTi Bciei momysinii. Takum ywmHOM, OCOOM 3
Kpall[Ol0 MPHUIATHICTIO MAIOTh OUIbIIMKA [IAHC OYyTH
oOpanumu. Takuii HeneTepMiHOBaHUE BiAOip, K ONMUCAHO
BUIlIC, HAHKpalie MiIXOAUTh [Uii BHKOPHCTaHHSI B
TCHeTHYHOMY  alIrOpPUTMi, OCKUIBKM BiH  3amo0irae
MONAJaHHIO B MICLIEBI MAKCUMYMH, /i€ IPUIATHICT BUCOKa
MOPIBHSIHO 3 aHAJOTIYHUMU OCO0aMH, 1 3aBASKA LOMY
BIJLIYKYETHCS INI00aNIbHUNA MAaKCUMYM.

Iorim BimiOpaHi OCOOMHU PO3BOISATH JJIsI OTPUMAHHS
HACTYITHOrO TMOKOJiHHA. Yacro ix 30uparoTh B mapy
BUIIATKOBUM YMHOM [T OTPUMAaHHS ITOTOMCTBA 10 THX IIip,
TIOKH IIOMYJIALiS HE 3allOBHUTHCA HOBUMH OCOOMHAMH. 3a
JIOTIOMOTOF0  0iTOBOI CTpPIUKM 1€ MOXKHa 3poOHTH 3a
JIOTIOMOT'OF0  OJTHOTOYKOBOTO KPOCCOBEpa — BUOMPAETHCS
BUTIAJIKOBA TOYKA 1 BHOMPAIOTBCA OiTH y OyAb-SKOTO 3
0aTBKiB 3 IBOX CTOPIH TOYKH PO3IIJICHHS.

[IpoOnema, 1m0 CTOITH TEpE] CTPATETIEI0 PO3BCACHHS,
MoJsira€ B TOMY, IO BOHA IIOBHHHA YHHKATH MOILTY
VCHINIHAX TEHIB OCOOMCTOCTi, OJHOYACHO JIO3BOJIIOYH
BKITIOYATH Kpaluii TeHEeTHYHHWH MaTepial Big iHIIOTO
OaTbKa. Xodya  OJHOTOYKOBHUH  KpOCCOBEpP  4acTo
BUKOPHUCTOBYETBCS 32  3aMOBYYBAHHSAM, alie  Kpama
MPOIYKTHBHICTh YaCTO BUXOMUTB i3 OLIBII JOCKOHAIUX CXEM
po3BeneHHs. IcHye Oararo iHIMHUX BapiaHTIB, TAKUX SK
KpPOCCOBEp N-TOYOK, IMOBIPHICHMH KpOCOBEp Ta CXEMH Ha
OCHOBI JIepeB, OJHAK HAWIPOCTIIIAM PO3MIUPEHHIM JUIsI
HAMOLIBIIIOrO MOCUIICHHS € IBOTOYKOBHI KPOCOBEP

[Micns xomOiHamii MOXeE 3aCTOCOBYBATHCS MyTallis —
paHIOMI3aIls JEKUTBKOX TCHIB, 100 YHHUKHYTH 3acTOIO
"reHo¢onmy”. Toai HOBI 0coOM MICTATH pI3HOMAaHITHI
KOMOIHaIT paHilie yCIiHuX MOCIiIOBHOCTEH TCHIB, 1 BOHH
MaloTh IIAHC OyTH HAaBITh MPHIATHIIAMHU 32 IOMCPE/IHIO
0CcOoOuHY.

IMoTiM anropuT™M IUMKIIIYHO TTOBTOPIOE OIIHKY, BiIOIp Ta
PO3BE/ICHHS JUTS KOXKHOTO TIOKOMIHHA. [IpumuHeHHss po6oTH
TEHETUYHOTO JITOPUTMY MOJKE BIIOYTHCS B 3QJICKHOCTI BiJT



mporpaMu: y BHIQAKY Komu abo "mocraTHho Xopomia"
HPUIATHICTE HONYJSILil, a00 JOCSATHYTO MaKCHMajbHOTO
YHciIa TOKOJiHb, a00 OyAb-SKWH IHINMHA TECT, SKUH MOXKeE
3a0€3MeYUTH KOPHUCHICTh pIlleHHS. Y JAESKUX Hporpamax
ONTUMAIIbHE pIIIEHHS MOXe OYTH JIeTKO BITI3HABAaHHM.
3aranpHuidl UMKIT POOOTH T€HETHYHOIO AIrOPUTMY MOXKHA
n00aYNTH Ha PUCYHKY 2.

IHiLianizadia P
oIme
MoYaTHEoEl DuHKa H BigGip H J
g - LEHHA

Puc. 2. 3aranbHuii UK pOOOTH TEHETHYHOTO AITOPUTMY

IV. IIPAKTUYHA PEAJII3ALIIS ITPOTPAMU JIJIA
ABTOMATU30BAHOTI'O TPOEKTYBAHHS AHAJIITUYHOL
MEPEXI TA JOCJIJIXKEHHS If XAPAKTEPUCTHK

[Ipu po3pooii IIpOTpaMu MusicSynth
BHKOPUCTOBYBaJach mapamurmMa mporpamyBanas OOIL
O0'extHO-0OpieHTOBaHE mporpamyBanHs (OOII) — ue Mozxens
MOBH TIPOTPaMyBaHHS, B SAKii MPOTpaMH OpraHi3oBaHi
HABKOJIO JaHUX ab0 00'€kTiB, a He (yHKIH Ta yoriku [3].
O0'eKT MO’KHA BU3HAYHTH SIK ITOJIE TAHHX, SKE MA€ YHIKAIbHI
atpuOyTn Ta mnoBeniHky. Ilpukimagu o0'ekra MOXYTh
BapiroBaTucs Bin (I3MYHUX OCIO, TaKHX SIK JIIOQUHA, sKa
OIUCYEThCSI BIACTUBOCTSIMH, TAKUMH SIK 1M’sI Ta ajpeca, ax
IO HEBEIWKUAX KOMITTOTEPHUX IPOTPaM, TaKuX SIK BIIKETH.
Lle mpoTUCTOITh ICTOPUYHOMY MIJIXO/Y JIO HPOrpamyBaHHS,
Jie poOUBCS aKIICHT Ha TOMY, SIK OyJia HammcaHa JIoTiKa, a He
Ha TOMY, SIK BA3HAYMTH JIaH1 B JIOTIIII.

Jns  peamizanii  rpadiuyHoro  intepdeiicy  Oymo
BukopucraHo JUCE Framework, sikuii Bxe Oyno 3ragaHo

panime. I[HTepdelic cTBOpeHOi mporpamm, SKUH MOXHA
no0a4YnTH Ha PUCYHKY 3, CKJIaJIa€ThCsl 3 HACTYMHUX YaCTHH:

®  KHOIKA BITKPUTTS aymio ¢aiina

®  BiKHO BHBO/Y BXiJIHOIO CHTHAJy B 4aCOBOMY JJOMEHI
BIKHO BUBOJIy CIICKTPY BX1JIHOTO CUTHAITY

BIKHO BHBOJy CHHTE30BaHOTO CHTHAIy B YacOBOMY
JOMeHi

BIKHO BHBOJIy CIIEKTPY CHHTE30BaHOTO CHT'HAITY

®  BIKHO 3 JIOI'YBaHHSIM

e  BikHO BUBOJY oruHarouoi ADSR

e  BIKHO BHBOJY IMiTauiiiHOT MOzeIi CHHTe3aTopa

CSYSC-2019

27

Puc. 3. Iurepoetic nporpamu

Y TecTyBaHHI IIBHAKOCTI Ta MpPaBWIBHOCTI Mmindopy
napaMeTpiB IMiTaliifHOI MoJesl cuHTe3aTopa Opayll y4acTh
pisHi THmm aymio curHamiB. llpm cuHTE31 KOXHOTO 3
PI3HOBUIB CTAJIOHHOTO CHTHAIy IporpaMa BHKOHYBAIACh
pi3Hy KimbKicTh dacy. Haiimenme wacy 3aifHIB CHHTE3
MPOCTOI CHHYCOiTanbHOI Ta MmuiIkonoioHoi xBuii (3-5 XxB),
HanoOumeme — HoTa robos (~25 xB). ILle mepm 3a Bce
MOB’SA3aHO 31 CKJIAJHICTIO CaMOr0 BXIJIHOTO CHTHAaNy. J[is
Woro  BIATBOpeHHA MOTpiOHA  CKIagHA  KOMOiHAIliS
reHepartopiB Ta (GuIbTpiB. Takox Bil CKIaJHOCTI €TAJIOHHOTO
CHUTHAITy 3aJIe)KaB BIJICOTOK TMOMIOHOCTI CHHTE30BaHOTO
CUTHAITy B TIOPIBHAHHI 3 ¢TATOHHUM. [TicTs 3MiiCHCHHS BCiX
HEOOXITHUX HAIAIITYBAaHb BiICOTOK ITONIOHOCTI KOJIMBABCS B
nianasoHi Big 75 10 93%.

BHCHOBKU

OCHOBHMIA TAXi A7Is1 BUPIMICHHS TPOOIEMH CTBOPSHHS
IMITaIifHOT MOZENI CHHTE3aTopa MOJATaE Yy BUKOPUCTAHHI
CTOXaCTUYHHUX ITOPUTMIB IOUIYKy IJIsI aBTOMATHYHOTO
MporpaMyBaHHS CHHTE3aTOpa TaK, 100 BUXiAHUM CHTHAJIOM
(3ByuanHsM) OyB LIbOBHI 3BYK. Llell MeTon MOKIagaeThCs
HAa  BHUKOPUCTaHHS  IE€HETHYHOrO0  aJIrOpuT™My  JUIs
IPaJiEHTHOTO CIYCKY, HaMaratouuch 3MEHLINTH CTaHAAPTHY
NOMMJIKY MIXK LJIbOBUM 3BYKOM Ta CUHTE€30BaHUM 3BYKOM.
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Anomauyia—IIpn 3acTocyBaHHi HeHPOHHHMX Mepex /10
PO3B’sI3aHHSI NPAKTHYHHX 3a4a4 BHHHKAa€ mpodjema ix
cTpyKkTypHoi ontumizanii. To0To, BHOIp onTHMAJLHOIO
Ha0opy rinmepmapaMeTpiB Mepeki, MpH SIKOMY JA0CATAETHCS
Haii0inbma TouHicTb. Oco0aMBO rocTpo ud mnpodaemMa
BHHUKA€ MNpPH aHcaMO0/J1eBOMY HAaB4YaHHI, KOJM Heo0XiTHO
J0AATKOBO ONTHMI3yBaTH IapaMeTpH CaMoro ascamo.io
HEHPOHHUX Mepex. Y PpodoTi 3aCTOCOBYETHCS TeHETHYHMIA
aJITOPUTM /Il ONITUMI3aNil IK caMUX HeHPOHHUX MepeiK, TaK i
ix ancam0.iB. HaBoasiTbesl pe3y/ibTaTH 004K CAECHb.

Abstract—Neural networks applying to solving practical
problems require some structural optimization. That is,
choosing the optimal set of hyperparameters delivering the
highest accuracy. This problem is especially acute in ensemble
training, when it is necessary to further optimize the
parameters of the neural network ensemble itself. The
standard requirement of the ensemble construction is a
different networks structure in the ensemble or different
networks hyperparameters. The genetic algorithm is used to
optimize both the neural networks themselves and their
ensembles. We suggest using Snapshot ensemble method. The
neural networks in the ensemble have similar structure but
different weight matrices. The results of the calculations are
given.

Knwuoei  cnosa—rxnacughikauin, 320pmkosi
Mmepedici, aHCamob, 2eHemuYHi aneopummu

HelpoHHi

Keywords—classification,
ensemble, genetic algorithm

convolutional neural network,

I. Bcrynm

Iryyni  HeHpoHHI Mepexi OTpPUMalld  IIMPOKE
HOILIMPEHHS] Y PI3HOMaHITHUX MPAKTHYHUX 3aCTOCYBAHHSX.
CporonmHi  iCHye  BeJNHMKa  KUIBKICTH  Pi3HOMAaHITHHX
apxiTeKTyp HEWPOHHHX MeEpeK. 30Kpema, Jyisi  3ajaadi
po3mi3HaBaHHA 00pa3iB, BUKOPUCTOBYIOThCS TaKi HEHpPOHHI
Mepexi  OpsSMOro  HOIUMPEHHS, SIK  OararouiapoBHi
MEPUENTPOH Ta 3rOPTKOBI HeHpoHHI Mepexi. [Ipu 1pomy,
OCTaHHIMH pPOKaMH B 3ajadax pO3IMi3HABAHHS IepeBara
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HaJla€ThCsl caMe 3TOPTKOBUM HEHpOHHMM Mepexkam. lle
MOSICHIOETHCSL  3[ATHICTIO  TaKOTO  THIy  MEpeX [0
AaBTOMaTHYHOTO BUJUICHHS O3HAaK CHUTHAIy, 110 B CBOIO
4epry, 3a0e3MeUyeThCs HASBHICTIO CHEHIANbHUX —THIIB
IapiB: 3ropTKH Ta cyOauckpermzamii [1]. 3aBasku cBoiid
CTPYKTypi, TIMOWMHHI 3TOPTKOBI HEHPOHHI MEpexki, TNpH
B/IAJIOMY HaJIallITyBaHHI, MOXYTh 3HAXOJIUTH
3aKOHOMIPHOCTI y BHXIJJHUX JaHUX Ta BUKOPHUCTOBYBATH X
JUisl po3B’si3anHst 3aaau kiacuikarii. CyvacHi apXiTeKTypu
3TOPTKOBUX HEHPOHHMX MEPEX MOXYTh BHKOPHCTOBYBaTH
necsatku mapiB. Tak, apxitektypa VGG (anrn. Visual
Geometry Group) BukopucToBye 19 mapiB «3roprka-
HenmiHidHICTh-cyOaucKkpeTu3ais», a  GoogleNet Ta
DenseNet (anrn. Dense Convolutional Network) BigmosigHo
22 rta 250 mapu [3]. Kinekicte mapiB cy4yacHux ResNet
(anrn. Residual Convolutional Network) Bxe Onu3bKO
THCSHI.

OpHUM 13 aKTyalbHUX NHTaHb 3aCTOCYBaHb HEHPOHHHX
MEpeXX € IXHS CTPyKTypHa ONTHMI3alls, ToOTO, BHOIp
ONTHMAJILHOI ~ KUIBKOCTI  ImapiB, HEHpPOHIB,  (GYHKIH
aktuBanii Tomo. Taka onTHMi3alis MOXKE MMPOBOIUTHUCS SK
BpPYyYHY, 3a YMOBH BIJJHOCHO HEBEJIMKOI  KUIbKOCTI
mapamerTpiB, TaKk i B aBTOMAaTUYHOMY pexumi. ['eHeTHuHi
QICOPUTMH JIOCUTH JIABHO BUKOPUCTOBYIOTHCS IJIsl 3a/1a4
CTPYKTYpHOi omnTuMizauii HeWpOHHHX Mepex [2], omHaK,
BOHM MEHILE 3aCTOCOBYBAJIMChH [yl MigOOpYy Napamerpis
aHcaMOIIiB Mepek. MeTa wiel poOOoTH mmojsrac y po3pooii
FEHETUYHOI0  aJrOpUTMy  CTPYKTYpHOI  omnTumizauii
3rOPTKOBUX HEHPOHHUX MEPEeX Ta IX aHcamOIiB B 3ajadax
MEIMYHOI J1arHOCTUKHU.

II. OrJisii YBJIKALIA

Teopito EBOJIIOLINHHUX,  30KpeMa,  IeHETHYHMX
AITOPUTMIB Ha JaHuil yac 1o0pe po3po0IieHo, HAPUKIIA, Y
poborax [2, 3] dopmanizoBaHO OCHOBHI TOHSTTS Ta
TPHUKIAIA 3aCTOCYBaHb J0 3a/a4 JUCKPETHOI OMTHMIi3arlii.
OCKiJIbKA TCHETHYHI alTOPUTMU € METaCBPHCTHKAMU,
JIOCSTHEHHS TJ00AbHOTO ONTHMYMY HE TapaHTYEThCA,



OJIHAaK, Il MiAXoau noOpe 3apeKoMeHyBainu cebe y HH3Ii
3aJ1a4 JUCKPETHOI MATEMATHUKH.

3araipHa ~ cXeMa  3aCTOCYBaHHS  TCHETHYHHX
ITOPUTMIB 10 HEHPOHHHX MEPEXK IOJAra€ y HACTYIHOMY.
Ha nepwomy erami ciig o0pard cnoci® KoOJyBaHHs
HapaMeTpiB HeMpOHHOT Mepexi y BuIJsyii OiHapHOro abo
YHUCIIOBOrO BeKTopy. Jlaii, BUKOHYETbCS BHOIP IUIHOBOL
¢byHKIT, ssKka Oy/e BU3HAYATH HAHOLIBII BAATY apXiTEKTypy
OKpEeMHX HEHPOHHHX MEpEeK Ta CTPYKTypy aHcaMOio B
uitomy. Taka ¢yHKIisE TOBHMHHa OyTH OJHM3BKOIO 3a
3HAYCHHSM 10 (QYHKIIT BTpAT, M0 BUKOPHCTOBYIOTHCS MPU
HAaBYaHHI HEHPOMEpPEeXK.

Jami BW3HAYAIOTBCS CTAaHOAPTHI Ui TEHETHYHIX
ITOPUTMIB OIIEPATOPH: CEJIEKIii, KPOCOBEpy, MyTamii Ta
BinOopy. JlOKIamHO 3MICT Ta MPU3HAYSHHS IUX ONEepaTopiB
BHKJIaJIeHO B MoHOrpadii [3].

Iligxomu 0 BHUKOPHUCTAHHS TCHETHYHHUX aITOPUTMIB

JUIS  ONTHMI3aIlii  3TOPTKOBMX  HEHPOHHHX  MEPEeX
posrisiHYTO B [4]. Y OpakTHYHMX ~— 3aCTOCYBAHHSX
IFEHETUYHUX  QITOPUTMIB [0  HEHPOHHUX  MEpex

PO3B’sI3yl0ThCS  33a4i BHOOpPY HAaWOUIbII ONTUMAJIBHOT
CTPYKTYpH IIapiB, ONTHMi3amis TineprapaMeTpiB Ta BHOIp
¢yukuii BTpar. OCHOBHUMH 33aJjadyaMy B IIbOMY BUIAJKy €
BUOip METOAy KOAYBaHHS MOXIIMBHX pPO3B’3KIB Ta
BU3HAYEHHS BHAY T€HETHYHUX onepaTtopiB. Ciig Takox

3a3HAYUTH, 10 KUIBKICTh TIOTCHIIAHUX MEpPEKEBHUX
CTPYKTYpP EKCIIOHCHIIHHO 30LIBIIYETHCS 3 KUIBKICTIO IIapiB
y wMepexi [5], mo poOUTh TEHETHYHI aITOPUTMHU

e(EeKTHBHIM MHiIXOJOM JUIS IOLIYKY Y TAKOMY BEIHUKOMY
TIPOCTOPi MOKIIMBUX PO3B’S3KIB.

B pobGori [6] TpONMOHYIOTBCS  HOBHH  METO]
aHCcaMOJIFOBaHHs HEHPOHHUX Mepex — Snapshot ancamOmb.
OcHOBHa iJes LbOr0 METOJy IOJSrac B TOMY, LIO IIpU
rnapamerpuyHiii  onTuMizauii  oAHiel  HeWpomepexi,
3araM’siITOBYIOThCS. 3HAYEHHS BaroBoi Marpuili HEHpPOHIB
TIPY TOTPAIUISIHHI Yy M TOYOK JIOKaJbHOTO MiHiMyMy [licis
1IBOTO, JUIS KOXHOi 3 M BaroBWX MaTpHIlb TE€HEPYETHCS
BiJMIOBiIHA HEWpOHHa Mepeka. TakUM UYHHOM, dYac
HaBYaHHSA aHcaMONI0 3 JEKUIBKOX MEpex Maibke He
BIIPI3HSETHCSA BiJ 4Yacy HABYaHHA OJHi€i HEHPOHHOT
Mepexi.

Omxe, B JaHii poOOTI TPOBOASTHCS OOYHCIIOBAIBHI
EKCIICPUMEHTH 3 T'CHETHYHHM QJTOPUTMOM ONTHMI3aIll
3rOPTKOBUX HEWPOHHUX Mepex Ta ix Snapshot ancamOGiiB
Julsi  po3B’si3aHHs  3ajadi  OiHapHoi kiacubikauii npu
MEAWYHOMY J[IarHOCTYBaHHI.

III. Ommuc TECTOBOI'O HABOPY AYIO JAHHX TA IIPOTPAMHA
PEAJIIBALILS KJIACUDIKATOPA

B po6Gori Bukopucrano uadip manmx C NMC 2019
(https://app.box.com/s/xeclwwd2xep9ntljtgyptmtdk Swone9On
), SIKAP MICTHUTB 300pakeHHs pakoBuX (B-mim¢oobaacTiB) Ta
30pOBUX KIiTHH. Bel 300pakeHHs] OTpUMAaHO 32 T0IIOMOI0F0
€JIEKTPOHHOTO MiKPOCKOIIA.

B HaOopi JaHuX sl TPEHYBaHHSI BUKOPHUCTOBYHOTHCS
300pakennst 10 661 xiituH, 3 HUX 7 272 pakosi Ta 3 389
3I0POBUX KJIITHH.

CSYSC-2019

29

[Ipu mporpamuiii peanizamii BUKOPUCTOBYBAIUCS TaKi
6i0uiorexn MoBU nporpamyBanHs Python: NumPy, Pandas,
Keras.

IV. PE3VJIbTATU OBUNCIIIOBAJIbBHUX EKCIIEPUMEHTIB

BekTop MOMUIMBUX PO3B’SI3KIB IOMYJISILINA CKIIALABCS 3
TaKUX BIIACTHBOCTEH HEHpoMepexki, SK KUIBKICTh IIapiB
3rOPTKM Ta [IOBHO3B’SI3HMX IIApiB, a TAaKOXK THII
onrtuMizaropa, (yHKIIs aKTHUBAIil, MeTOJl CyOarCKpeTn3amil
Ta KUIbKICTh Mepexx y Snapshot ancamOumi. YV Tabmumi 1
HaBeJIeHO TOYHICTh OTPUMAHUX MoOJENel (croBneub %) Ha
PI3HHX eranax reHeTHYHOrO aJIrOpUTMY, OTXKE, JUlsl PI3HUX
KoHpirypanid. Tak, MoxxHa mMo0aunTH, IO HAHOLIBII
BAaI0K0 KoH(irypamieo € 4 mapis 3roptka (Conv) Ta 4
noBHO3B's13HHX (Dense).

TABIMIA 1 TOYHICTH MO}IEI[Eﬁ
% CTpykTypa Heilipomepe:ki
IHapu Onmumisz AKm'm; Mem{)[) Ancamén
amop ayia nioeudipku
4 Conv+
0,83 4 Dense Adagrad Selu Average 10
+
088 | 4Conv Adagrad | Selu Max 10
4 Dense
5 Conv+
0,87 4 Dense Adagrad Selu Max 10
‘YmMoBoro 3aBEPILICHb o0umnciIeHb TEHETUYHOTO

AITOPUTMY TIOHWKCHHS METPUKH TOYHOCTI JUIi HOBOL
TIOIYJIAL] Y TIOPiBHSHHI 3 TIOTIEPEIHBO0, TOXK Y pe3yIbTaTax
00YMCITIOBAJIPHUX CKCIEPHMEHTIB TPOCTEKYETHCS IICBHE
HACJiTyBaHHS KOPHCHUX BJIACTUBOCTEH.

BUCHOBKUA

Y poboTi MPOLTIOCTPOBAHO 3aCTOCYBaHHS I'CHETUYHOTO
ANTOPUTMY JJISI  CTPYKTYPHOI ONTHMIi3amii 3TOPTKOBHX
HCHPOHHMX  MeEpexk. Po3rmsiHyro  3amady — OiHapHOI
wracudikamii 300pakeHb, OTPUMAaHUX 33 JIOTIOMOTOIO
CIEKTPOHHOTO Mikpockomy. IloOymoBaHa crcTeMa MOXE
3aCTOCOBYBATHCS Y 33[]a4aX MEIMYHOTO JIarHOCTYBaHHS.

[epcriekTBM TOAANBIINX JOCTIHKEHb IIOB’S3aHO 13
po3umMpeHHsM cepr 3aCTOCYBaHHS TCHETHIHHX aITOPUTMIB
JI0 HEHPOHHUX MEPEeX, HAIPUKIAM, [Vl ONTUMI3aLil Habopy
03HAK, 110 0JIA0ThCS HA BX1J1 HEHpoMepeKi.
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Anomayia—CTBOpEHO nporpamy MO/, TI0OBAHHS
KBa3iMIaCTHKH KANiISIpHUX NMOBepXOHb BHcsYoi kpamiai. The
program of the model of the capillary surfaces for the method of
pendant drop has been developed.

Knwuoei  cnosa—eucaua  kpannsa, padiyc  Kaninapa,
Kaninapua cmana, oughepenyianvhe pieHAHHA, OUCKpemu3ayis,
pendant drop, radius of the capillary, capillary constant,
differential equation, discretization.

I.  BCTVII

O0’€KTOM AOCIIIKEHHS B IaHid POOOTI € METO]| BUCSUOL
Kparui.

AKTyaJbHICTP POOOTH TOSCHIOETHCS  HEOOXIiJHICTIO
BUKOHYBATH CKJIaJ[HI pO3PaxXyHKH CTaHy BUCSHOI KpaIuli, 110
BUMAarae MaTeMaTH4YHOTO MOJCIFOBaHHSL.

Bbyne ommcaHo Tmpollec CTBOpEHHS TpOrpaMu B
cepenoBuili MATLAB st MonemoBaHHS KBa3iIIaCTHKH
KaluIIpHUX MIOBEPXOHb BUCSYOT Kparuii.

Metoro poOOTH € JMOCHITUTH TEOPETUYHI OCHOBH JUIS
MOJICIIOBAHHS  (M(epeHIiaibHe PIBHSIHHS) Ta CTBOPUTH
mporpamy Ha MoBi MATLAB mis MonemoBaHHS
KBa3IIDIACTHKY KAMUIAPHUX MTOBEPXOHB BUCAYOI KPATLIi.

II. OI'JIsAJ TEOPETUYHOI OCHOBU
MOJIEJIKOBAHH

Po3riisiHeMO BHCSIUY KPAILTIO 3 IApaMETPaMU SIK Ha [bOMY
300pakeHHl (TyT ¢ — Ue KyT MDK BICCKO Z 1 TOYKOIO JIiHIT
KpaIuii, X i Z — FOPU30HTANIbHA 1 BEPTUKAIbHA KOOPIUHATH
TOYOK JITHIT Kparuii).
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: g
ByneMo BUKOpUCTOBYBAaTH KalUISPHY CTaly a? = p?, e

p — TyCTHHA KpaIlli, g — rpaBiTaliifHa crana, ¢ — BeIMYMHA
MOBEPXHEBOTO HATATY.

B niteparypi [1] onmcano cuctemy audepeHIiaTbHIX
piBHsHD, BHBeAeHHMX JlarmmacoMm (TyT iHAEKC a O3HAYae
BCJIMYUHY PO3JUJICHY Ha a, ad0 Y BHIAJKY IUIONI ITOBEPXHI
BHCSYOI KpaIuli — Ha a’, Iy 00°eMy — a’):

( dx,
L. cos@
dz, )
aL, = sing
do 2 sing
X =————17z,
dL, R, x4
d‘/(l — 2 .
L. XG * Sing
ds
dLZ = 2mx,

TyT R, — IO4aTKOBHUIA pajiiyc KpUBU3HH, PO3IUICHIH Ha a.
B nopanpmiomy OyzeMo BUKOPHUCTOBYBaTH BenuuuHy K, =
2

Rg
III. PO3POBKA ITPOI'PAMU

Hwkue omucani ronoBHi (GyHKIII, sIKI BUKOPUCTaHI IS
MOJICITIOBAHHSI.

OyHkuis mudepeHIiaIbHOTO PiBHIHHS:

function dYdl = Differential Equation(l, Y, ka)
if1==0
dYdl = [ka/2;
cos(Y(1));
sin(Y(1));
2 *pi *Y(2);
pi * Y(2)°2 * sin(Y(1)];

else
dYdl = [ka - sin(Y(1))/Y(2) - Y(3);
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cos(Y(1));
sin(Y(1));
2 *pi ¥ Y(2);
pi * Y(2)°2 * sin(Y(1)];
end
end

OyHKIis po3B’s3yBaHH AU(EpEHIiaIbHOTO PIBHIHHA 3
JIOTIOMOTOR0 Po3B’si3HuKa odel 13:

function [L,Y] = Solve_Equation(ka, ra, L _end)
options = odeset('RelTol', 1e-013, 'AbsTol', ra*1e-13);
Lspan=[0, L_end];
YO0 =[0; 0; 0; 0; 0];
[L,Y] = odel13(@Differential Equation, Lspan, YO0, options, ka);
end

OyHKIis TapaMeTpiB Kparwi:

function [L,Y,X,Z,Par] = Get_Parameters(Ka, ra, L_end)
[L,Y] = Solve_Equation(Ka, ra, L_end);

N =length(L);

R =ones(N, 1);

Z=(Y(,3)-R*Y(N,3))/ra;

X=Y(:,2)/ra;

Par =[Y(end,1) * 180/pi,
Y(end,3)/ra,
Ka * ra,
2 * L(end)/ra,
Y(end,4)/ra2,
Y(end,5)/ra"3];

end

chHK].liH 3HAXO’KCHH KPUBU3HU UL 3a1aHOI'O 1a:

function Ka = Find_Ka(ka, ra, L _end)
function dxa = Integration(x)
[~ Y] = Solve_Equation(x, ra, L_end);
dxa =Y(end,2) - ra;
end

Ka = fzero(@Integration, ka);
end

OyHKLiS  OCTYIIOBOTO OTPUMAHHA KPUBU3HHM  JUIsL
3aaHoro ra (3 nukiivHIM Bukopucranus Find Ka):

function [Kr, Table] = Generate Kr(loopArray, Table, dL)
if max(loopArray) < 1
loopArray = flip(loopArray);
end
for a2r = loopArray
ra = sqrt(1/a2r);
[~,idx] = min(abs(Table(1,:)-a2r));
if Table(1,idx) == a2r
Ka = Table(2,idx);
Kr = Table(3,idx);
continue
end
Ka=Find Ka(Table(2,idx), ra, dL + ra);
Kr=Ka *ra;
Table(:,end+1) = [a2r; Ka; Kr];
end
end

®yHK1is M00YIOBH OCTAHHBOT JIIHI:

function Parameters = Draw_Last_Line(Ka, ra, L right, L_wrong,
Parameters, type)
Ka_Condition = Ka;
function forceMinusVolume = Condition_Function_Volume(L)
Ka_Condition = Find_Ka(Ka_Condition, ra, L);
[~Y] = Solve_Equation(Ka_Condition, ra, L);
forceMinusVolume =2 * pi * Y(end,2) * cos(Y(end,1)) -
Y(end,5);
end
function angle = Condition_Function_Angle(L)
Ka_Condition = Find_Ka(Ka_Condition, ra, L);
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[~,Y] = Solve_Equation(Ka_Condition, ra, L);
angle = Y(end,1);
end
if stremp("volume", type)
func = @Condition_Function_Volume;
clse
func = @Condition_Function_Angle;
end

L_final = fzero(func, [L_right,L_wrong]);
[~,~,X,Z,Par] = Get_Parameters(Ka_Condition, ra, L_final);
Parameters(end+1,:) = Par;
Draw_Line(X,Z,'r");
end

T'onoBHa (hyHKIIs A71s1 MOZIEITFOBAaHHSI BUCSAYO1 Kparwii:

function Parameters = Pendant_Drop(a2r, dL)
Table(1,1)=1;
Table(2,1) = Find_Ka(0.25, 1, dL + 1);
Table(3,1) = Table(2,1);

ifa2r>1
loopArray = My _Vector(1, 0.1, a2r);
else
loopArray = My_Vector(a2r, 0.1, 1);
end
ifa2r==
Kr = Table(2,1);
else
[Kr,~] = Generate_Kr(loopArray, Table, dL);
end

ra = sqrt(1/a2r);
Ka0 = Kr * sqrt(a2r);
L end =ra;
i=1;
Draw_Line([-1,1],0*[-1,1],'1");
hold on
while true
L end=L_end +dL;
if i<3
Ka(i) =Ka0 * i;
else
Ka(i) = interp1(1:i-1, Ka ,i, 'spline', 'extrap');
end
Ka(i) = Find_Ka(Ka(i), ra, L_end);
[L,Y,X,Z,Par] = Get_Parameters(Ka(i), ra, L_end);
if 2 * pi * Y(end,2) * cos(Y(end,1)) >= Y(end,5)
if Y(end,1) <0
L _wrong = L(end);
type = "angle";
break
end
Draw_Line(X, Z, 'b");
Parameters(i,:) = Par;
L _right =L(end);
else
L wrong = L(end);
type = "volume";
break
end
i=1it+l;
end
Parameters = Draw_Last_Line(Ka(end-1), ra, L _right,
L_wrong, Parameters, type);
save Parameters.mat Parameters
end

PosrimsaeMo poGoTy po3pobieHoi mporpaMu s pi3HUX

BUIIAJKIB.
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Kpams 3 a2r=1,dL =0.01:

Kpamns 3 a2r=2, dL = 0.01:

Kpams 3 a2r = 0.5, dL = 0.05:

Kparuist 3 a2r = 0.2, dL = 0.05:

N\
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Kpamns 3 a2r=10.1,dL =0.1:

3 PUCYHKIB BHUIIIE YITKO BHJHO, IO 31 3MEHIICHHIM a2r
Kparisi crae Bce OUIBIN 1 OUTbIIe BUMYKIOK(BIHYTOKO
BcepeauHy). B pucyHKax 3 BEeIMKMMH a2r CHocTepiraiach
IHIIA TEHJEHIUS: 4uM Olnplie a2r — TUM OJIMDKYOI0 10
niBcepu € KiHIeBa JIHis.

BUCHOBKU

B namiii po6oti Oylio MpOBEAEHO O TEOPETUYHUX
OCHOB MOJIEIIIOBAHHSI KBa3IIJIACTUKU KallIIPHUX [HOBEPXOHb
BUCA4YOI Kparuli i po3po0JieHo Nporpamy Ajis MOJICTIOBAHHS.
[Iporpama po3Bossie MantoBaTu rpadikd BUCSYOT Kparui i
BUBOJIUTH [TapaMETPH KParuii, IPUBEIEHI 10 pajiyca Kamispa
r.

Jani pe3yiapTaTH MOXYTh OyTH BHKOPUCTaHI B
JOCHIDKEHHAX MeTOAy BHCsAuoi Kpam B MibkdasHii
TEeH310MeTpil.

AKTyaNbHICTh  POOOTH  IIOSICHIOETHCS.  HEOOXIJIHICTIO
BUKOHYBATH CKJIaJIHI PO3PAaXyHKH CTaHY BHCSIYOI Kparuii, o
BHMarae MaTeMaTHYHOTO MOJCTIOBaHHS.
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Anomayia—Po3pobdiieno nporpamte 3a0e3neveHHs ABTOMATH30BaHE BHABJICHHS TOJIOCOBHX pO3JamiB 3a
BHUSIBJIEHHS 1e()eKTiB MOBH HA OCHOBI aHAJI3y ayaio-curHaJis. IOIIOMOT0OI0  OOUHCIIOBAIBHUX METONIB — II€ HOBa

Onucano Ta NpoaHaJIi30BaHO iCHYI0Yi MeTOAHM aHAdi3y aynio-
CUTHAJNIB sIKi BHKOPHCTOBYIOThCS /IS 3aBJAHb PO3Mi3HABAHHS
MOBH, METOIH MAIIMHHOIO HABYAHHS, SIKi BHKOPHCTOBYIOTHCS
AJs  posnidHaBaHHa MoBH. Ha ocHoBi mnpoananizoBaHux
MeTO/liB BHKOHAHA ONTHMI3alisi MeToly MeJI-4acTOTHHX
KeNncTpaJbHUX Koe(ilieHTIB 1151 OTPpUMAaHHS BJIACTHBOCTEI
ayJio-CUrHaJIiB Ta 3aNPONOHOBaHMii MeToA KiIacHpikaiii.

Abstract—Speech defect detection software based on audio
signal analysis has been developed. Existing audio signal
analysis methods used for language recognition tasks, machine
learning methods used for language recognition are described
and analyzed. Based on the analyzed methods, the optimization
of the mel-frequency cepstral coefficient method was obtained
to obtain the properties of the audio signals and a classification
method was proposed.

Knrouosi C106A—KEeNnCMpanbHUl ananis, uacmoma
ouckpemu3sayii, Mmen-yacmomui Kencmpanwvhi Koeghiyicnmu,
enacmueocmi aydio-cuznanis, Knacugikayis.

Keywords—cepstral analysis, sample rate, mel frequency
cepstral coefficents, properties of audio signals, classification.

I. BCTVYII

HanzBuuaiiHO BaKKO YSIBUTH HallEe MOBCSAKIECHHE JKUTTS
0e3 CIIKYBaHHsI, aJ)Ke caMe MOBJICHHS € OJHUM 3 OCHOBHHUX
CHoco0iB, 3a JONOMOIOK SIKOTO JIIOAMHA IIepeaae CBOL
IYyMKH, MOYYTTs, iH(QopMamiro Ta imei IHIIHM JTFOISM.
Jlroncbka MOBa Ha/3BUYAKHO CKiIaqHa. BoHa ckiaaerbes 13
3BYKOBHX XBHWIb PI3HOTO Iialla30Hy YacTOT, iHTCHCHBHOCTI
Ta aMIUTITYZ, SKi TIepeAaloTh KOHKpPETHY iHpopmamito. [l
(opMyBaHHS Ta NPUIOMY IMX 3BYKIB IOTPIOHA HAIC)KHUM
9yHOM (YHKIIOHYBAaHHS CIYXOBOI CHCTEMH, a TaKOX
HEYIIKO/PKCHUX 1 30POBUX TOJOCOBHX 1 3BYKOT€HEPYIOUUX

CTPYKTYD.

MoBIICHHEBE CIIIKYBaHHS MOKe OyTH yCKJIagHEHE, abo 1
30BCIM YHEMOXJIMBJIICHE uUepe3 MOPYLICHHS JUXaHHS,
MOpyIIeHHS  (YHKIIOHYBAaHHA TOpPTaHi, MiATIOTKOBOTO
TOJIOCOBOTO TPaKTy, ab0 MOpPYLICHHS, IO BIUIMBAIOTH Ha
IUITHKM MO3KY, $Ki OOpOONSIOTH MOBJEHHS Ta 3BYK.
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OCTiTHAIbKA O0JacTe B Taly3i MEAWINHA. BusBICHHS
pO3Iamy TOJOCY 3a JOIOMOTOI0 OOYHCITIOBAIbHAX METOIIB €
CKJIAJTHOFO pobIeMOr0, OCKIJIBKHA aynmio-nmaHi 3
Oe3mepepBHUMH, dYepe3 M0, OTPUMAHHSI  BiIIOBITHUX
0COOJMBOCTEIl Ta 3aCTOCYBAHHS MAIIMHHOTO HABYAHHS €
BaXKHM Ta HEIOCTOBIpHHUM. EJIeMEHTOM JOCHIIKEHHS Yy
IaHii poOOTI € YIOCKOHANEHHS METOLy AaBTOMATHIHOTO
BUSIBJICHHS PO3J1a/1iB MOBIIEHHS Ta X Kiacuikariis.

ToMy MeTor0 maHoi poOOTH € JOCHIKEHHS iCHYIOYHX,
BJIOCKOHAJICHHS 1 IpOrpaMHa pearisalfisi OJJHOro 3 BUOPaHHUX
METOMiB OOpOOKM aymio-CHTHAILy Ui aBTOMATHYHOTO
BUSABJICHHS nopymeﬂb MOBIJICHH.

II. OCHOBHA UACTHHA

T'omocoBwmii curHai GOpMyeThCS 1 IEPENAETHCS Y BUTILAL
3BYKOBHX XBWJIb. J[)KEpPEIOM TOJIOCOBOTO CHUTHAIY € MOBO-
YTBOPIOIOUUH TPakT JtoauHU. [IpuiiMauem curHainy € JaT4uk
3BYKOBHX KOJINBaHb, MIKPOGOH — HPHUCTPIA MEPETBOPCHHS
3BYKOBHX KOJIMBAaHb B CICKTPHUYHI.

JIyig 3aBaHb SKi [TOB’s13aHI 3 PO3MI3HABAHHAM TOJIOCY 5K
MPaBHJIO  BHKOPHUCTOBYIOTH ~ METOAM  KEICTPAbHOTO
aHami3y[1]. 3aBmaHHs KENCTPAIbHOTO aHAII3y — PO3ILIATH
MOBJICHHS HA ii BUXiJIHI Ta CHCTEMHI KOMIIOHEHTH 0e3 OyIb-
SIKUX alPIOPHHUX 3HAHB [P0 JHKEPEJIO Ta CHCTEMY.

MeTtomu  KENCTpalbHOTO — aHaliy, sKi HaidacrTiie
3aCTOCOBYIOTBCS JUIAl 3aBAaHb PO3Mi3HABaHHS IOJIOCY:

e Merog MEJI-4aCTOTHUX
KoeilieHTiB

KCIICTPAJIbHUX

e Merox AenbT Ta AETBTA-NCIBT KOSQIli€HTIB

e Metox JIHIAHOTO MPOTHO3YBaHHSA
KelcTpalibHUX Koe(illieHTIB
e Merox MEPLETNTUBHOTO JIHIAHOTO
nepej0aueHHs
Jnsa  peamizamii anroputMy BHSBICHHS  JIe(EKTIiB
MOBJICHHSL  Oymn BUOpaHi METOAW MEeI-4acTOTHHX



KETICTPaIbHUX KOe(IIi€HTIB Ui OTPUMAaHHS BJIACTUBOCTEH
aymio-paiiilie Ta Meron K-HaWOMMKYMX — CYCIAiB IS
knacugikamii[ 5].

OpuriHajbHUA METOJ MeJ-KeNCTpalIbHUX Koe(ilieHTIB
MICTHTB TaKi Kpoku[2-3]:

e  Po30urTst BXigHOrO curHaily Ha Qpeimu

e OO0YHCITIOETHCS OLIHKA CIIEKTPAIBHOI IIUIBHOCTI 32
JIOTIOMOTO10 TiepeTBOpeHHs Pyp’e

e  BaHk-GinbTpyBaHHA,
KOKHOMY (DinbTpi

CyMyBaHHS ~ €HEprii i

e Jlorapudm eHepriii mo QinpTpax
e  JluckpeTHe KOCHHYCHE IIePeTBOPEHHS

e  B3ssrtu nepumx 2 — 13 xoegimieHTIB.

Metos MEN-4acTOTHHX KEICTPAIBHHUX KOe(IilieHTiB
MOXe TmoBepTarh 26 KOedillieHTiB, ane OUTbII BHCOKI
KOeQIIieHTH MPEICTABIAIOTh MIBUAKI 3MIHH CHeprii i
HOTIPLIYIOTh CUCTEMH PO3Ii3HABAHHS MOBH.

Jliist oTpuMaHHs OUTBII TOYHHX PE3YJIBTATiB AOCIiIKEHb
B mapl 3 MEroJOM  MEN-YaCTOTHHX  KEIlCTPaJIbHUX
Koeili€HTIB BUKOPHUCTOBYEMO METOJ JeNbTa 1 JejbTa-
JiesibTa Koe(ILieHTIB sIKI 1l1e Ha3UBalOTh AudepeHLiaIbHUMU
KoedimieHTaMH Ta KoedillieHTaMu TpUCKOpeHHs. Jlenbra
KOe(IIi€HTH BHPAXOBYIOTHCS HA OCHOBI MJI-4aCTOTHHX,
JIeNTbTa-1eIbTa Ha OCHOBI JAeJbTa KOS(IIIEHTIB.

BBo/MMO HEBeNMKE IIOKpAleHHs, sIKe O0a3yeThcsl Ha
3aCTOCYBaHHI OJIMHIYHOI TYYHOCTI Ui HAaOJNVKCHHS PiBHSI
YyTJMBOCTI JIIOJJMHU 0 4yTHOTO 3BYKY 40 nb. Buxomsuu i3
3aKOHY CIPUUHSTTS TYYHOCTI 3BYKY JIFOJMHOIO, CIICKTPaIbHI
KOC(DII[IEHTH CTHUCKAIOThCS LUISIXOM OOUUCICHHS KyOi4HOIO
kopeHs. JlaHuid Tpolec MPOBOAMMO Michs OOGUUCICHHS
OLIIHKH CMIEKTPaIbHOT IIITBHOCTI.

@ = B.

3acTocoByBaTH ONHMCAaHUW MeTOX OyIeMo Ui aynio-
daitmie  B3stux 3 «Saarbruecken Voice Database» -
Oe3KoITOBHHI Ha0ip MaHUX SKUU MIiCTHTH 869 3amuciB Oe3
nedekriB  mMoBneHHs Ta 1356 3 pI3HUMH  TOJIOCOBUMHU
nedexramu[6]. 3pa3ku roocy MarTh TpUBATiCTh Big 1 1o 3
CeKYHJI ITOCTIHHUX TOJIOCOBUX 3BYKIB «@», «i», «y». Bynemo
BUKOPHCTOBYBATH TUIbKHU (DAIIIH I'OJIOCOBUX 3BYKIB «ax.

Oo6upaemo 371 3amuc 6e3 nedekrie ta 371 3anuc ms 4
TOJIOCOBUX Je(EKTIB:

Xopuekromist (59 3anucis)
Hucoonis (101 3anuc)
[Maxinzepwmis (71 3ammc)
Jlapunrituszm (140 3amuciB)

[Ticsst BUKOHAHHSI METO/IIB /ISl OTPUMAHHSI BITACTUBOCTEMN
MOXEMO IepexoauTh A0 knacudixamii. s xiacudikarii
00paHuii MeTo K-HaOMMKIMX CYCIIIiB.

Merox k-HaliOmmKunx cycimiB MPOCTHit
HEMapaMeTPUYHUH  KiIacuQikalliiHUi MeTom, JHe s
knacugikanii 00’€KTIB y pamMKax IpPOCTOPY BIIACTHBOCTEH
BUKOPHUCTOBYIOTBCSI BIJICT@HI, 1OpPaxoBaHi [0 YCIX IHIIUX
00’ckriB. BubuparwTecs 00’€kTH, OO0 SKUX BiICTaHb
HAMMEHINA, 1| BOHU BHUIAIOTHCS B OKPEMHH KJIAC.
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Krnacudikaris BinOyBaeTscs y aBa eranmu. Ha meprimomy
eTarni BHKOHYETHCS MPOCTa Kiaacu(ikaIlist ¢ BH3HAYAETHCS
M BXiJTHAH ay/io-(haiin HAISKUTD JI0 KIacy «3I0POBUX» UM
«meeKTUBHUX» 3amuciB. SIkmo mporpama kiacudikysaia
(aiin, sK «37M0poBMity — Knacugikamii 3aBepiiena. Skmio
(atin wracudikoBaHui, K «Ie()EKTHBHHI» — IPOBOIUMO
HacTynHy Kiacugikamilo, e Kiacudikyemo 1o skoro 3 4
«IU(EKTUBHUX» KJIACiB HAJICKUTH ayio-(aiii.

Bapro 3a3HaunTH, 1m0 kiacudikaiis BiIOyBaeTbes st
KOXXHOTO peiimy ¢aiimy, a He [uia ¢aiimy B LUIOMY.
PesyibraToM BBaXkaeMO Kjlac 0 SIKOro  kiacugikoBa
OUTBIIICTh (hpermiB.

BUCHOBKH

B nmaniii poGori Oy mpoBeneHHWH aHaNi3 iCHYHOUYHX
NTOPUTMIB PO3Mi3HaBaHHA Ne(EKTIB MOBJICHHS HAa OCHOBi
aHaiizy ayaio-curHaiiB. Ha ocHOBI MpoBeIeHUX TOCTIKEHD
Oyno mPHWIHATO pPIIEHHS TIPO PO3POOKYy NPOrPaMHOTO
MPOMYKTY A Kiachdikamii 1eeKTiB MOBICHHS Ha OCHOBI
TepefaHNX TOJIOCOBHX CHTHATIB. Bynmo mpuWHHATO pilIeHHS
PO BIOCKOHAJEHHS ICHYIOYMX alITOPUTMIB OTPUMAaHHS
BIIACTUBOCTEH aymio-(aiiiiB Ta anroputMy Kiacudikarii.

B pesynprari BHKOHaHHA pPoOOTH OyB po3pobieHHi
TPOrpaMHUI HPOAYKT i B pe3ynbTaTH TECTYBaHb MOKA3aiH,
III0 aJITOPHUTM CIIPABIISETHCS 3 IOCTABICHUMH 3aBJaHHAIMU 1
MpaIioe  KOPEKTHO. € HEOOMiKH, AKi OymyTh yCYHEHI y
HACTYITHUX BEPCisX IPOrPaMHOTO MPOIYKTY.

OCKUNBKH TporpamMa i aarOpUTMH YCHIITHO MPAIFOIOTh,
MOKHa BBa)KaTH, III0 METa pOOOTH TOCATHYTA.
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NP-complete Problems and Their Algorithms
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Anomayia—CTBOpPeHO NporpamMu  peajizauii ajropurmy
JlitTaa Ta HAlGIMKYOro cyciga.

Abstract—The programs for the implementation of Little's
algorithm and the nearest neighbor.

Knruoei cnoea—NP-noenuii
noninomiansuuil knac P, opmoopoma.

Knac, Knac NP,

Keyword—NP-complete class, class NP, polynomial class P,
orthodromic distance.

I. BCTVYII

OO6’eKTOM JTOCTi/DKEHHSA B JaHI poOOTI € MeToau
BUPIIICHHS 3aJa4l KOMiBOSDKEpa.

AKTYaJbHICTD POOOTH TOSCHIOETHCS  HEOOXiTHICTIO
NPOKIagaHHs  HAaHKOPOTIIOTO LUIIXYy MDK  TEBHUMH
IMyHKTaMH y pI3HOMaHITHHX cdepax Big OizHecy 10
TIOZIOPOIKYBaHHSL.

byne ommcaHo Tporiec  CTBOPEHHS
cepemoBuili Pycharm mis  orpumanHHS
BHpIMICHHS IPOOJIEMH KOMiBOSDKEPA.

mporpaMu B
MPAaKTUIHOTO

Mertoto poOOTH € JOCHIAUTH ONTHMalbHI EBPUCTHUYHI
ITOPUTMH OTPUMAaHHS IIUIAXY KOMIBOsDKEpa, Ta IIOKAa3aTh
PI3HHIIO B OTPUMaHMX peE3yAbTYIOUHX Habopax 3a
noromMororo Mosu Python 3.

II. OI'JISAJ TEOPETUYHOI OCHOBU

MOJIEJIKOBAHH

PosrstHemo npobiemy komiBosbkepa. CyTh il mossrae y
BiBiIaHHS TOPTiBIEM YCiX MICT i3 TOBEpPHEHHIM Y
II0YaTKOBY TOYKY 3a Haﬁxopommﬁ Ta HalilemeBIINi yac.
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J1iist noIIyKy pe3yJibTy04oro Habopy MociioBHOCTI MiCT
Oylie BUKOPHCTAHO arOPUTM HaiiOJIIKYOro Cycifa Ta MeTo
JliTTia 1o € YaCTKOBUM BHUIAKOM METOAY I'JIOK Ta MEX.

Jis oTpuMaHHS BiICTaHI MiX MiCTAMH CKOPHCTaEMOCS
(hopMyJI0I0 OPTOAPOMH.

d =rAo,
JIe T — cepe/iHe 3Ha4YeHHs pajiyci 3emiti. A Ao onucyeThes 3a
hopmyIoro:

Ao = arccos(sing,sing, + cos@,cos@, cos(AN)),
Iie @1, P, BianosigawTs gosroram (longtitude) micra i3 sikoro
NpsIMy€ KOMIBOSDKED Ta TOro, y sIK€ TPUMAE MUISX,
BiAMoBinHO. A AA = |A;—A,| HaOyBae 3HaueHHs aOCOTFOTHOT
pisanmi mix mmporamu (latitude) mepmoro Ta apyroro
HACEJICHUX ITyHKTIB.

III. PO3POBKA [TPOI'PAMU

Hukue ommcaHi rojioBHi METOAU, IO BUKOPUCTOBYIOTHCA
JJIA OTPUMAHHSA 1ICEBAO-ONITUMAJIBHOTI'O NIJIAXY.

OyHKIis MOOYI0BH MaTPHLI BiICTAHEH MiX MiCTaMu:

for i in range(len(lat)):
# reHepaTop CHHCKY
matrix[i] = [0] * len(lon)
for j in range(len(lon)):
# MOIIYK BiJICTaHI Mk TOYKaMH Ha 3emiti
ifil=j:
dist_between = 6371 * np.arccos(np.sin(np.radians(lat[i]))
* np.sin(np.radians(lat[j])) +
np.cos(np.radians(lat[i])) *
np.cos(np.radians(lat[j])) *
np.cos(np.radians(lon[i] - lon[j])))

matrix[i][j] = dist_between
print("%6.2f" % (matrix[i][j]), end="")
else:
matrix[i][j] = np.inf
print("%6.2f" % (matrix[i][j]), end="")
print()

MeTo/1 MOIIyKY HIIAXY alrOpUTMOM HaiOIMKYOTOo cycina:
for i in range(len(matrix)):
temp =[]
for j in range(len(matrix[row])):
temp.append(matrix[row][j])
print()
print(temp)



# koxxHe micto Biaeigati TIJIbKU oqun pas, moBepHyTHCS Y

IIOYaTKOBE

if temp.index(min(temp)) not in cities or i == len(matrix) - 1:

minimal = min(temp)
else:
temp[temp.index(min(temp))] = np.inf
minimal = min(temp)
print(temp)
distance = distance + minimal
print("distance =", distance)
print("minimal =", minimal)
column = temp.index(minimal)
print("column =", column)

# BUKIIIOUYEHHS BiJIB1IaHOTO MicTa(HOro CTOBIIII)
for ¢ in range(len(matrix)):
matrix[c][column] = np.inf
for j in range(len(matrix[c])):
print("%6.2f" % (matrix[c][j]), end="")
print()
row = column
cities.append(row)

print("cities:", cities)
print("distance:", distance)

Merop 3Be/ieHHst MaTpuli s anroputMy JliTria:
def redact m(matrix_t, lower limit_t):
# MOITYK MIHIMAJBHOTO €JIEMEHTA Y PAIKY
minimal_in_row = []
for i in range(len(matrix_t)):
temp = ]
for j in range(len(matrix_t[i])):
temp.append(matrix_t[i][j])
minimal_in_row.append(min(temp))
# mipaxyHOK HIKHBOI FpaHuIli
lower limit_t=lower limit_t + min(temp)
print("Minimun in rows:", minimal_in_row)

# BiZHIMAHHS BiJl KOXKHOTO €JIEMEHTa B PAAKY 3HAYCHHS
MIHIMaJIbHOTO
for i in range(len(matrix_t)):
for j in range(len(matrix_t[i])):
matrix_t[i][j] = matrix_t[i][j] - minimal in_rowf[i]
print("%4.1f" % (matrix_t[i][j]), end="")
print()

# MOIIYK MiHIMaJIBHOTO €IEMEHTA y CTOBIIIIL
minimal_in_column = []
for i in range(len(matrix_t)):
temp =[]
for j in range(len(matrix_t[i])):
temp.append(matrix_t[j][i])
minimal_in_column.append(min(temp))
# MmiJipaxyHOK HW)KHBOI TPaHUIIl
lower_limit_t = lower_limit t + min(temp)
print("Minimun in columns:", minimal_in_column)

# BigHIMAHHA 3HAYEHHSA MiHIMAQJIBHOTO €JIEMEHTA BiJl KOKHOIO

€JIEMEHTA CTOBIILIS
for i in range(len(matrix_t)):
for j in range(len(matrix_t[i])):

matrix_t[j][i] = matrix_t[j][i] - minimal in_column(i]

# BUBEJICHHS 3BEJICHOT MaTPUIIL
print("reduced matrix")

for i in range(len(matrix_t)):

for j in range(len(matrix_t[i])):
print("%4.1f" % (matrix_t[i][j]), end="")
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print()

print("lower_limit:", lower limit_t)
return matrix_t, lower_limit t

IIporpamua peanizauist merony Jlitmia:
while len(matrix) > 2 :

print()

print(" Step number: ", count)

# momyk pebpa po3ranyKeHHs

temp_matrix = [0] * len(matrix)

for i in range(len(matrix)):
temp_matrix[i] = [0] * len(matrix)
for j in range(len(matrix[i])):

if matrix[i][j] ==
temp_list_ row =[]
temp_list_column =[]
for k in range(len(matrix)):
for | in range(len(matrix[k])):
ifjl=landi=k:
temp_list_row.append(matrix[k][1])
ifil=kandj==1:
temp_list_column.append(matrix[k][1])
# print(temp_list_row)
# print(temp_list_column)
coefficient = min(temp_list_row) +
min(temp_list_column)
temp_matrix[i][j] = coefficient
else:
temp_matrix[i][j] = -1
print("%4.1f" % (temp_matrix[i][j]), end="")
print()
max_elem = temp_matrix[0][0]
max i=0
max_j=0
for i in range(len(temp_matrix)):
for j in range(len(temp_matrix)):
if temp_matrix[i][j] > max_elem:
max_elem = temp_matrix[i][j]
max_i=1
max_j=]j
print("Maks elem: ", max_elem, max_i, max_j)

for i in range(len(matrix)):
for j in range(len(matrix[i])):
print("%4.1f" % (matrix[i][j]), end="")
print()

# BuKItOueHHs pebpa posranyxerus M1
matrix_M1 = copy.deepcopy(matrix)
matrix MI[max i][max _j]= np.inf
matrix_MI, lower limit M1 =redact m(matrix M1,
lower_limit)
print("Matrix M1:")
for i in range(len(matrix_M1)):
for j in range(len(matrix_M1[i])):
print("%4.1f" % (matrix_M1[i][j]), end="")
print()
# BKIIIOYEHHS pedpa po3rairyKeHHs M2

matrix_M2 = copy.deepcopy(matrix)
matrix_M2[max_j][max_i] = np.inf
matrix_M2 = np.delete(matrix_M2, max_i, 0)
matrix_M2 = np.delete(matrix_M2, max_j, 1)

print("Matrix M2:")

for i in range(len(matrix M2)):
for j in range(len(matrix_M2[i])):
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print("%4.1f" % (matrix_M2[i][j]), end="") JlaHi pe3ynbpTaTiH MOXYTh OYTH BUKOPHCTaHI y MOOYIOBI
print() JIOTICTUKM TPAHCIIOPTHUX KOMIIAHIH, MOIUTOBMX areHCTB Ta

) o ) TyPUCTUYHUX KOMITAHIMH.
matrix_M2, lower_limit M2 = redact m(matrix M2,

lower_limit) AKXTyaJIbHICTh POOOTH JUKTYETHCS HOTPEOOIO MOIIYKY
HAOUTBII EKOHOMIYHO BHTIIHOTO MUIIXY IIEPEBE3CHHS
if lower_limit M1 < lower_limit_ M2: TOBapiB, a0 MAaKCHMAJbHO HIBHJKOTO BIJBIJ@HHS MEBHOI
matrix = matrix_MI BUOIPKH MICT.
lower_limit = lower_limit M1
elif lower_limit M2 < lower_limit M1: JIITEPATYPA REFERENCES
matrix = matrix_M2 [1] Cormen, Thomas H.; Leiserson, Charles E.; Rivest, Ronald L.; Stein,
lower_limit = lower_limit_ M2 Clifford. Introduction to Algorithms. — 2nd. — MIT Press and
path.append(cities_from[max _i]) McGraw-Hill, 2001. — ISBN 0-262-53196-8.
path.append(cities_to[max_j]) [2] Hopceroft, John E.; Motwani, Rajeev; Ullman, Jeffrey D. (2000).
# cities_from.remove(max_1i) Introduction to Automata Theory, Languages, and Computation (2nd
# cities_to.remove(max_j) ed.). Addison-Wesley. ISBN 81-7808-347-7.
# print("path:", path) [3] 3amaua npo xniky [Enextponuuii pecypc] — Pexum moctymy mo
# if path[0] == path[-1]+1 or path[0] == path[-1]-1: pecypcy: https://uk.wikipedia.org/wiki/3agaya_npo_kiiky.
# matrix[2][2] = np.inf [4] 3anmaua kommuBospképa [Enexrponnuii pecype] — Pexum nocrymy o
print(matrix) pecypcey: https://ru.wikipedia.org/wiki/3anauya_xoMMHBOSKEDPA.
print("Path:", path) [5] Bepumnne noxpurts [Enexrponuuii pecypc] — Pexum poctyny no

pecypcey: https://uk.wikipedia.org/wiki/BeplunHHe HOKPUTTS.

PosrismemMo po6oTy po3po0IEHOI IPOrpaMH VIS MiCT [6] Anropurm Jlirtna [Enexrponnuii pecypc] — Pexum goctymy no
IBaHO—(DpaHKiBCLKO'l' oBIacTi: pecypcey: https://habr.com/ru/post/332208/.

[7] Gutin, A. Yeo and A. Zverovich, Traveling salesman should not be
greedy: domination analysis of greedy-type heuristics for the TSP.
Discrete Applied Mathematics 117 (2002), 81-86.

- [8] J.Bang-Jensen, G. Gutin and A. Yeo, When the greedy algorithm fails.
Discrete Optimization 1 (2004), 121-127.

[91 G. Bendall and F. Margot, Greedy Type Resistance of Combinatorial
Problems, Discrete Optimization 3 (2006), 288-298.

— T

Hrmxde mokazano KOHCONBHU BUBIJL ITPOTpaMu peatizariii
MCTOY HalOIMKIOTO Cycia.

BuUCHOBKI

B naniit poGoTi Oys0 TIPOBEEHO OIJISA TEOPETUUHHX
OCHOB IIIOJI0 BiJOMHX Ha CHOTOJHI BimoMOCTel mpo kiac NP
ta NP-complete. Po3po6iieHo MeToi eBpUCTUYHOTO [TOLTYKY
BUpILIEHHs TPOOJIeMH KOMIBOsLKEpa 3a IPUHHATHUIH Yac.
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Anomayia—meTo10 1aHO1 PoOOTH € OIJIsl KOHUeNuUi, mo
JIe)KaTh B OCHOBiI podoTu TexHoJsiorii WebAssembly, ii uiji,
npood.emu, siki BoHAa BUPILIYE, i Te, AK ST TEXHOJIOTiS NPALIOE.

Abstract—the purpose of this work is to review the concepts
of the WebAssembly technology, it’s goals, the problems it
solves, and how does it works.

Knruogi cnosa—eed-nnamgpopma; komninamop; JavaScript.

Keywords—web-platform; code compiler; JavaScript.

1. BcTtyn

CydacHi BeO-arumikarii BHMarawmTh JCAali OUIbIIe
pecypciB. BukopucranHs Takux cleHapiiB aiis BeO-I0IaTKiB
sk 3D-irpu, BipTyaibHa Ta JIONIOBHEHA PEAJIBHICTb,
KOMITFOTEPHUH 3ip, pelaryBaHHs 300pakeHb/Bileo Maibke
Hemox. KpiM TOro, TpuBaslicTh 3aBaHTAXEHHSI BEJINKUX
nmonatkie JavaScript MOXke € HermoMipHO BHUCOKe. MoOuIbHI
Ta iHmI OOMEXeHI B pecypcax IUIaTGOpMH MOXYTh I
OlnbIie 3HU3UTH i1 MPOAYKTHBHICTH. [l BUPIIIEHHS TaKHX
1po0JieM 1 BUHMKIIa HOBa TeXHoJIoTis - WebAssembly.

II. Orusag TEXHOJIOIT

WebAssembly - me TexHoJOris, IO HAJa€E HOBUH THII
KONy, SIKHIi MOJXKHA 3alyCKaTH B CydacHHX BeO-Opaysepax,
oo Hagae HOBI  (QYHKOIi 1 3HAYHE  IIiBUIIEHHS
npoaykruBHocti. Konx WebAssembly He npusHaueHuid [yis
HAIKMCaHHA BpPYYHY, BIH CHOPOEKTOBAaHHN I e(eKTHBHOI
KOMITUISIIIT 3 HU3bKOpPiBHEBHX MOB, Takux sk C, C ++ Ta
Rust.

WebAssembly m03Bosisie 3amyckatd Ko, HAIMCAHHNA Ha
pi3HUX MOBax B Wweb-IogaTkax Maike 3 BHXITHOIO
HIBUJIKICTIO, IO O3HA4a€ BEJIMKHN TpOpHUB Jyisi BeO-
wIaThopMH, TaK SK paHille 1e 3poOHTH OYJI0 HEMOXKITUBO.
Binpimme Toro, He mMOTPIOHO 3HATH SIK CTBOPIOBATH KOJ
WebAssembly, mo6 iforo BukopuctoByBaTH. Momyi
WebAssembly MoxHa immopTyBaTH y BeO-momaTkH, i
EKCIIOPTYBaTH 3 HUX (YHKIIl Ui BUKOPUCTAHHS depe3
JavaScript. JavaScript-ppeiiMBopku MOXYTh
BUKOPHUCTOBYBatu Moyl WebAssembly mis oTpumaHHS
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BEJIMKHX TIEpeBar B MPOJIyKTUBHOCTI 1 HOBUX (DYHKIIIH, B TOM
ke 4gac poOstan iX (PyHKIIOHANBHICTH JIETKO IOCTYITHOIO
JUIsl BEO-pO3POOHUKIB.

Texuonoris WebAssembly cTBOproBanach i3 TaKuUMH
TOJIOBHUMHU LIUISIMH:

e bByTH mBHIKOIO0, €EKTHBHOIO 1 IEPEHOCHOIO - KOJI
WebAssembly Moke BUKOHYBATHCSI TPAKTUYHO Ha
BUXIJHIA MIBUIKOCTI
BHKOPUCTOBYIOYH

MO>KJIMBOCTEN.

Ha pi3HEX TAaTPopMax,
nepeBaru arapaTHUX

Matu uutabenpHUil KOJ - 1Lie HHU3bKOpIBHEBA
aceMOJiepHa opy  LbOMY
ynrabenbHUH TeKcToBUil (opmar (crmerudikaris
JUIL SIKOTO IIIE JIOTMpPAalbOBYETHCS), KA JO3BOJIIE
i

MOBa, alic Mae

ncaru, BiﬂHaFOZ[)KyBaTI/I KOJ

BpPY4HY.
[MiarpumyBatn  Oe3rnexy

MepersIaTh
- xoxn WebAssembly

MPA3HAYEHUH NI 3aMycKy B

130JIbOBAHOMY ~ CEPCIOBHIILI

6e3nevHoMy,
Sk i
JavaScript, BiH Oyne OOTPUMYBATUCS IIOJIITUKU
Oe3neku Opaysepa.

He pyiinyBatm mnoToynuii BeO
WebAssembly  pospobiiena
MPEKPacHO  MOEAHYETHCS
TEXHOJIOTISIMH 1 MATPUMY€ 3BOPOTHIO CYMICHICTB.

BHUKOHAHHSA.

TEXHOJIOT'1S
110
IHIIUMUA

Tak, BOHa

3 BeO-

III. TEKCTOBE IIPEACTABJIEHHSI BAUT-KOLY WEBASSEMBLY

o6 mporpamicT MOTNIM YHWTaTH 1 peHaryBaTHd KOI
WebAssembly, icCHye TEKCTOBE MPEICTABICHHS BIIKOBOTO
tdopmatry WASM. Ile mpomixkHa ¢opma, mpu3HAUCHA IS
BiZTOOpa)kKEHHS B TEKCTOBHUX DPEAAKTOpax. Y ILOMY pPO3AiTi
MIOSICHIOETLCS SIK TIPAIIOE IeH TEeKCTOBHWH (PopMaT 3 TOUKH
30py CHHTAKCHUCY Ta SIK BiH TOB'I3aHHUI 3 OAlT-KOIOM, SKHI
TIPEICTABIISE.

Sk y nBilikoBoMy, Tak 1 B TeKCTOBOMYy (opmarax
ocHOBHHAM O1okoM komy B WebAssembly € momyms [1]. ¥V



TEKCTOBOMY (opmari MOAyJb IpPEICTaBICHUH SK OJUH
BEJIMKMNA S-BUpa3. S-BuUpa3u - Le [JyXe crapuid 1 ayxe
NPOCTUH TEKCTOBMH (opMmar mjst ysiBIEHHsS JepeB. | Tomy
floro MoOXHa YSBJIATH SIK JEPEBO BY3JiB, LIO OINHUCYHOTh
CTpYKTYpy Monyist 1 #oro kox. Ha BigmiHy Bifg
a0CTpaKTHOTO CHHTaKCUYHOrO  JiepeBa B MOBI
nporpaMmyBanHs, aepeBo WebAssembly nocute miocke i
CKJIQIA€ThCSI B OCHOBHOMY 31 CIHCKIB iHCTpYKUil. KoxxHuii
BY30JI ZIepeBa BXOJUTH B Mapy KPYIIHX TYXKOK - (...). [lepmra
MiTKa B Jy’KKaX TOBIIOMILSIE KU 11 THII By3JIa, 38 HAM CIIiJ
po3IineHuil mpoOinaMu CIMCOK aTrpuOyTiB abo JOYipHIX
BY3IIiB.
PosrnsnemMo npuknan S-supasy: [2]
(func))

(module (memory 1)

Ieit Bupa3s siBisie COOOIO JEPEBO 3 KOPCHEBUM BY3JIOM
«module» 1 1BOMA MOYIpHIMH BY3JIaMH - BY3JIOM «MEmory»
3 atpulOyTOoM «1» 1 By310M «funcy.

Becw xon B Momymni 3rpymnoBaHuil y (YHKIII, SIKI MAalOTh
HACTYITHY CTPYKTYpPY NICEBIOKOY:
(func <signature> <locals> <body>)
® signature oronomrye mo (QyHKOiS mOpuiiMac i
IIOBEpTac
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o locals cxoxi nHa 3MiHHI B JavaScript, ame 3
OTOJIONICHUMH TUTIAMH
e body - 1me TmpocTO  JIHIWHUA  CIHMCOK

HU3bKOPIBHEBUX IHCTPYKIIIH.

BUCHOBKU

VY wiii poboti Oynu po3misHyTI KoHmenii WebAssembly,
T JaHoi TEXHOIOTI], SKi IpoOIeMi BOHA BHPIIIYE, i TE 5K
BOHA IHTCTPYEThCsS y BeO-cepeloBUILE Ta TMpalioe. bys
posrisiHyTHI  Oaiit-konm, skwii reHepye WASM  micms
KOMITUISALT, 1 ONKMcaHa CTEKOBa MalllMHA, Ha SIKIH 0a3yeThCst
JIAHA TEXHOJIOTS.
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Anomayis—IIpoananizoBano MeTOIH
HeOIHOPiAHil yacoBiii ciTui.

inTepnonsuii Ha

Knwuosi cnosa—Inumepnonauyia, niniuna inmepnonayis,
Kpi2inz, HeOOHOPIOHA Yacosa cimka, MamMemMamuiHa Mooeb..

I.  BCTVII

[Notpeba B 1WOOyHOBI MareMaTHYHUX  MoOAeiel
(bYHKIIOHYBaHHSI IPUPOHUX 1 IUTYYHUX 00'€KTIB 1 IPOLECIB
BHUHUKAE B PI3HUX OOJIACTSAX HAyKH, TEXHIKH, BUPOOHUIITBA.
[lpy upoMy wyacTto HEOOXiJHO BHpILIYBAaTH, SK 3aqady
moOyJOBH TUHAMIYHOI MOJIENI TOCTIKYBaHOTO 00'eKTa ab0
poIIecy, Tak i mpobieMy BUOOPY ageKBaTHOI MOJICII 3 UUCIIa
ICHYIOUHX.

OCHOBHMM MiIXi M0 BHUpIMIEHHS JAHOTO 3aBIaHHS,
MIOJISITA€ B 3aCTOCYBaHHI JIO BiJHOBIIOBAHOTO 300pa’KCHHIO
METOIB IHTEPIIOJALI] 1 eKCTPATIOJIALI.

MeToro IOCHiKEHHS € aHalli3 MOXKJIMBOCTEM METOIIB
IHTepIIOIIAII] Ha HEOTHOPITHIHN YacOBii CITIIi.

[IpeaMeToM TOCITIIKCHHS € METOIU IHTSPIIOISIIIL.

O0’€KTOM JOCIIKEHHS € CYKYIHICTh HeOOXiTHIX YMOB,
mo  3a0e3meuyroTh  HaMKpalie  BHBUCHHSA  METOJIB
IHTepIIOIALi] HAa HEOTHOPITHIN YacOBiH CITII.

. 3ATAJIbHA XAPAKTEPHUCTUKA 3MICTY
THTEPITOJIALT

3aBnanHs iHTEpHosALii i HaOMVDKeHHS (QYHKIINA € TiCHO
OB’ I3aHUMU OJHE 3 OJJHUM 3aBIAaHHAMHU, 5Kl YKIaZAI0ThCS B
paMKu HacTyIHOI €auHOi HeopmanbHOi cxemu. Hexaii naHa
¢yukuis f (x), mo Hanexuts AesskoMy kiacy ¢yskumiit F, i
Hexall TakoK 3aaHui Kitac QyHKIin G.

Puc. 2.1. Pisnuys 3a60anb iHmepnonsyii i HAOAUHNCEeHH
dyuryin
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[MotpibHO 3HaliTH QyHKLIO g (X) 3 G, siKa B IEBHOMY CEHCI
«1ocuTh Onn3bka» (a0 HAaBITh «HAWOUIBII OJIM3BKA») 10
nanoi gyHkmii f (x).

3aiekKHO BiJ CEHCY, SIKMH BKIAJa€TbCsi B IOHATTS
«Onu3pKoCT» (PYHKIIN, B 3aJIEKHOCTI BiIl TOTO, SIKI came
¢yHkuii yrBoprotots Kiacu F i G, TyT MOXyTh BUXOAUTH Pi3HI
KOHKPETHI II0CTAHOBKH 3aBJaHb.

Ilpy 1LOMY KOPHCHO HAAUIATH PO3IVISHYTI Kiacu
(YHKIH JTONATKOBOIO CTPYKTYPOIO, HANPUKIAd, BBaXKaTH,
110 BOHM € JIHIMHUMH BEKTOPHUMH IIPOCTOPAMH 3 HOPMOIO.

Po3risiHeMO Taki BapiaHTH IHTEPIOJSILIi: KaHOHIYHHI
TIOJIIHOM, JTiHiiTHA IHTEPITOJISIIisL.

Burnsn kaHOHIYHOTO TONIHOMA CTYHEeHs n Mae OyTu
TaKHUM:

B(x) =ag+ a;xt + azx? + -+ ap 1 x™ T + ax™

Bubip OaratowieHa CTymeHs N 3aCHOBAHUN Ha TOMY
¢akri, mo vepe3 n + 1 TOYKY NPOXONUTH €IMHA KpHBA
crynedst n. [ligcTaBuBIIM BHUXIIHI PIBHSHHA OTPUMAEMO
CUCTEMY JIIHIHHUX anreOpaiYHuX PiBHSHB:

agtayxy +axd+ - +a,_1xF+axl =y,
ag+ayxy +axf+ - +a,xtHaxl =y,

Ao+ ay Xy, +ayxi + o+ ap X+ apxy =y



Bupimyroun 1110
piBHsIHb,  3HaWIEMO
[IOJIIHOMA 4y, 41, a2,..., ap.

CHUCTEMY JIHIHHUX airedpaiuHux
KOe(ILIEHTH  IHTEPHOJILIHHOTO

JliniiiHa iHTEpHOJISILIs oJIsirae B TOMY, LIO 3a/aHi TOUKH
3 KoopauHaTam# X;, yi npu i=0, 1, 2.... n 3’emHyrOTBhCI
HPSIMOJIIHIMHUMH  Biipi3kamu, a ¢QyHkuito y (X) MoOXHa
HaOJIM)KEHO YSIBUTH Y BUIVISIZIL JIAMaHOI.

PiBHSIHHSL KOXXHOrO BIIpi3Ka JIaMaHOi B 3arajbHOMY
BUMaAKy pizHi. OCKiNbKU € n iHTepBamiB (X; - 1, Xi), TO JUIA
KOXXHOTO 3 HHX B SKOCTI PIBHSHHS iHTEPIOJALIHHOTO
MHOTOWICHA  BHUKOPUCTOBYETHCS ~ PIBHSHHA  HPSIMOI,
MPOXOIUTHh Yepe3 OBi TOYKW: IS i-TO IHTEpBay MOXKHA
HanucaTy PiBHAHHS MIPSMOI, 10 MPOXOAUTDH Yepe3 TOUKH:

(i1, Yi-1) I (xi, y):

Y—Yi-1 _ X~ Xiq
Yi—Vi-1 X T Xi
3Biacu:
y=ax+b,xi_1<x < x;;
_Yi— Vi1 b =
Qi =" 0 =Yi-1— AiXi—q,
Xi = Xj—1
OTke, TUpU BHUKOPUCTAHHI JIHIAHOI IHTEPHOJSALIT

CHOYaTKy HOTPIOHO BU3HAYMUTH IHTEPBAJ, B SIKMU MOTpAILIsiE
3HAYEHHs apTYMEHTY X, a IIOTIM IiICTaBUTH HOro y BUXIIHY
(dbopmyity 13HaliTH HaOJIMOXKEHE 3HAYSHHST PYHKLIT Y L TOYLI.

HeninifiammMu ~ MeTomamMu  iHTEpHoJsii  HAa3WBAIOTh
METOJAM B SIKUX IHTeproiioioua (YHKLIs 3aJIeKUTh BiJ
rapameTpiB, 1i BU3HAYAIOTh, HEJITHIHHUM YMHOM. PO3B’s13aHHs
3aqaul HENHIMHOT 1HTEepmoil 3a3BUYall 3BOAMTHCS 10
PO3B’sI3aHHs CUCTEMU HEIIHIHHUX PIBHSHB.

[HTepnosiis 3a JIONOMOIOK PAIiOHANBHUX  (PYHKII#
BUJTY:

ap + a;x + ax? 4 -

= X) =
y y( ) b0+b1X+b2X2+"'
SIko y By3nax Xo, X1, ..., Xn 33J1aH1 3HaUeHHs QyHKLUIT Yo,
Y1, ---, Yo, TO TpeOa 3HAUTH [Pi0, AKUH MOXKHA IPEJACTABUTH Y

BUNIIIAL Y =y (Xi),1=0, 1,...,n.

Meron ouinHOI (hyHKLIT MOJENIOe anredpaiuHe piBHSIHHS
BIZITBOPEHOI KPUBOi, TOOTO B OCHOBY PpillI€HHsI HNOKJIAJACHUN
PO3B’SI30K anreOpaiuHiX piBHSIHb.

CyTb METOAY IOJISITAE B TOMY, 1110 32 PE3yJIbTATOM KPOKY
B3J0BXK Oy/Ib-sKOI KepoBaHOI KOOPAMHATH OOYHMCIIIOETHCS
noriombkHa (ouiHHa) ¢yHkois F, 3Hak sikoi BH3HAuae
HanpsMOK HACTYITHOTO KPOKY, IIPUYOMY ITIEPEMIIICHHS, IO
BHHHKA€E B PE3yJbTATi MBOTO KPOKY, HAOIIKae TPAEKTOPIlo,
10 BiNPAaIlbOBYETHCS, 10 3a/IaHOT KPHUBOI.

AnropuT™ HTEPIIONAIII IpeacTaBIeHIH Ha puc 1.2:
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Puc. 2.2. AJZZO}?L[mM iHmepnomJuii'Memodom oyiHHOT yHKYIT

Jlist Toro, mo6 MokHa OyJI0 BAKOPUCTOBYBATH AJITOPUTM
IHTEPIOAl Ha HEOTHOPIIHIM YacoBIidl CiTII B OLIBIIOCTI
MPAaKTHYHUX 3aja4, TOTPIOHO MOAM(IKYBAaTH IHTEPIIONISHT
HACTYITHAM YHHOM:

Diex Wi(x)Q;(x)

fr) = HEELEZLD Ryl = Ny <N
Yiexk Wi(x)

AHami3yloud airopuT™M IHTEPHOJsilii HA HEOJHOPIJHIN
YacoBi CITHI MOXHA TPUITYCTUTH, IO 00’€KTH, SKi
3HAXOISITh [TOPYY, OLIBIII TOII0HI OIUH OTHOMY, HK 00’ €KTH,
sKi BigmayneHi onuH Bix omHoro. I{o0 mpo iHTepnonroBaTtu
3HAYECHHS JUISI HEBIZOMOIO IIOJIOXKEHHS, BHKOPHUCTOBYEMO
BUMIpsIHI 3HAUEHHsS HABKOJIO MICISl PO3TAIlyBaHHSA, IO
IHTEPIIOJIIOETHCSI.

HaitOnmmx4i 10 1HTEepIIOIbOBAHOTO MICISI PO3TAlTyBaHHS
BUMIpsIHI ~ 3HQU€HHs MalOTh HAWOUIBIIMKA  BIUIMB  Ha
MIPOTHO30BAHE 3HAUEHHS, HIX BiJUIaJIeH] Bill HBOTO HAa 3HAYHY
BIZICTaHb.

Meton 3BOPOTHBO 3BaKCHUX BIICTAHCH MPHUITYCKAE, IO
KOXXKHAa BHUMIpSHA TOYKAa MAa€ JIOKAJbHWUN BIUTUB, SKHUH
3MCHINYEThCS 31 30UIbIICHHAM BiAcTaHi. Lle Hamae Benmuky
Bary TOYKaM, SIKi pO3TAIIOBaHI HAMOMIKYE 1O MICIII
pO3TalllyBaHHSA, IO  IHTCPIONIOETHCA. Bara  TOYKH
3MEHIIY€EThCS K (DYHKIIIS BiT BiACTaHi.

B momanpmioMy ROCHIIKEHHI PO3IIAHEMO MOKJIABOCTI
Kpiriar-iHreprmonsamnii. Kpiriar — me Bun y3araisHEHO!
miHiHOT  perpecii, SKHH BHKOPHCTOBYE CTATHCTHYHI
TmapaMeTpH I 3HAXOKEHHS ONTUMAJIFHOI OLIHKU B CEHCI
MIHIMAJIBHOTO CEPEJHBOrO BIAXWICHHA @pPU MMOOYmOBI
TIOBEPXOHb, KyOiB 1 KapT.

B oCHOBY MeTOIy MOKJIAACHO IPUHIMII HE3MIIICHOCTI
CEepeIHBOro; TOOTO, B3ATi BCI Pa30M 3HAYCHHS IOBUHHI MaTH
TIPaBUIIbHE CEPE/IHE 3HAUCHHSI.

3 TouKu 30pYy 3arajibHOi CTaTUCTUKH Kpil"iHI‘ noJjisira€e B

MiHimizamii aucmepcii MOXWOKM BHMIPIOBaHHS, SKa €
(hyHKIIi€I0 Bi/T BUMIPIOBaHUX Bar.
Minimizamis  miel  gucmepcii  3MEHIIye  CEpeaHIo

KBaJpaTHYHy MOXUOKY BIAXMICHHS OIIIHCHOTO 3HAYCHHS Bif
MOJKJIHBOrO. JIOCSTAETHCA 1€ MUIIXOM IIPHUPIBHIOBAHHS 10
HYJISL ICPIIOT MOXiTHOIO MOXMOKH IIOJ0 KOXKHOI HEBIIOMOTO
Bary.

B pesynbTati BUBOJUTHCS CHCTEMA PiBHSIHDB, PO3B’SI3KOM
SIKOT € BEKTOp Bar.



III. TTPAKTUYHA PEAJII3ALIA

[Mpu npaktuyHiid peaiizauii axropuTMy IHTEPHOIALIT Ha
HEOJJHOPIIHINA YacoBill ciTHi OyJI0 BU3HAYCHO PsIi OCHOBHHUX
nepeRar:

ONTUMAITbHI 3HAYCHHS 3HAXOATH MepeOoOpoM, aie
iCHye TpOCTHH Cmocid [Isi OTPUMAaHHS ONTUMAIBHHUX
3HAYCHB;

IIpale3aaTHICT B IPOCTOPi OyIb-sIKOi pO3MIpHOCTI;

nparne3jaTHicTh
HEPIBHOMIPHIHN CITIIi;

Ha Oyznp-sKiii piBHOMIpHIH /

JITOPUTM ITHOPYE MYJIBTHKOJIIHEAPHICTh JaHHUX Ta
3IATHUH YCHIIIHO MPAIFOBATH, HABITH SIKIIIO BCi TOUKA CITKH
BKJIJICHI B TIIIPOCTip MEHIIOI PO3MipHOCTI.

Takox mixg 9ac MOCHiMKEHHS OyJnOo BUSABICHO OCHOBHI
HENIOJIIKU allTOPUTMY:

ITOPHUTM TIEPEBEPITYE 3a MBUAKICTH OPUTIHATHHUI
[DW-anroputym TiTBKH Ha BETMKUX HA0OpaX TOUOK (TIOPSIIKY
JIEKITBKOX COTEHB) 1 B IPOCTOpax MOMIpHOI po3MipHOCTI (2—
5). Ha meHmux HaOOpax TOYOK I[O3HAYAOTHCS HAKJIAIHI
BUTPATH, TIOB’sI3aHi i3 HABIraIli€Io 1Mo IePeBy MOIIYKY, X0ua
HIBAAKO/IS ~ alNrOpUTMy SK 1  paHillle  3alUIIaeThes
MIPUIHATHOLO;

X04a aJrOPUTM TIpale3JaTHuil Ha Oyab-sKi CITIIi,
MIBUAKO/ISA 3HIDKYETHCS, AKIIO TOYKH BKJIQJEHI B MPOCTIp
MEHIIIOT PO3MIPHOCTI.

y JAeSKuX piakicHMX Bumaakax f (x) Moke maru
po3puBU. Po3puB BHHUWKAE SKIIO OUIBIIICTD HAWOIMKIAX
CyCiZIB TOYKH X 3HAXOIATHCA HA aOCONIOTHO OJHAKOBIH
BigcTaHi Bim Hei. Y IbOMy BHUIAAKy AaITOPUTM TOUIYKY
HaWOIIDKYUX CYCIIIB HE 3MOJKE 3p00OUTH OJTHO3HAYHUH BUOID,
1, B 3aJIGKHOCTI BiJl OKPYIJICHB B XOi OTIepalliii Ha/l YACIaMu
3 IDIaBalOYOI0 KOMOIO, B OKOJNHIIIX X HaWOMMKYI CyCimu
OyayTh BUOUPATHUCS BUTIAKOBIM YHHOM.

BUICHOBKU

B namniit po6oti Oyno mpoBeAEHO aHali3 ICTOPUYHOTO
acCleKTy BHMHHUKHEHHS Ta (OpMyBaHHS 3MICTy TEpPMIiHY
«IHTEPHOJIALILSD.

3reHopoBaHa XapaKTePUCTHKA KAHOHIYHOTO II0JIIHOMY Ta
NiHiiHOT iHTepronsAmii. 3 aHaily BWIUIMBAaE, IO JIiHIMHA
IHTEPIIOJISALIS - — HAUIPOCTIIIHNI 1 YaCTO BUKOPUCTOBYBaHUIA
BHJI IHTCPIIOJIALLIL.

[IpoaHami3oBaHO OCHOBHI METOIW IHTEPIIOJIAIII Ha
HCOJTHOPIAHIA YacoBill ciTmi. OXapaKTepW30BaHO METOJ
omiHHOi (pyHKIIi Ta HaBEIEHO OCOOIMBOCTI BUKOPUCTAHHS
AITOPUTMY IHTEPIOJISLIT Ha HEOJHOPIIHIHM YacOBIii CITI.

Oxpemo ommcaHo ocobmmBocti Kpiriara. Hemgomikom
Kpiriara € #oro o0uuciIOBaNbHA CKIAIHICTH, 1O 3HAYHO
OinpImia 3a CKIIaMHICTH 0araThOX IHTEPIOIATOPIB.

Po3pobnena MeTonmka MO3BOISE HMEPETBOPIOBATH OaHI
eMiciii 3a0pyAHIOIOUIX PEYOBHH BiJl JNIHIHHHUX Kepenl B
PETYISIpHY CITKY i3 3alaHUM T'OPHU30HTAIBEHHM JI03BOJIOM. B
3aBEpIICHHI MAHOTO JOCHIPKEHHS IPOBEICHO OOpOOKy

pe3ynbTaTiB  IHTEpIONAIMil  METOAOM  MaTeMaTHYHOL
craructukd (t-kpurepii CThroIeHTa).
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Using Tesseract for Optical Character Recognition

Andrii Chykharivskyi
Department of Computer Science
Vasyl Stefanyk Precarpathian
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Ivano-Frankivsk, Ukraine
a.chykharivskyi@gmail.com

Anomayia—meTo0 OaHOI POOOTH € OIVISIA TEXHOJIOTIH
po3niznaBannsi Texkery Tesseract, ii uiji, npodiemu, siki Bona
BUPIIIYE, i Te, IK ISl TEXHOJIOTisI IPaLIOE.

Abstract—the purpose of this work is to review the concepts
of the OCR technology Tesseract, it’s goals, the problems it
solves, and how does it works.

Knrwouoei cnoea—OP3; neiponni mepesnci; Tesseract.

Keywords—OCR; neural networks; Tesseract.

1. Bcryn

OnrtuuHe po3Mi3HaBaHHS CUMBOJIB (aHIJIHCHKOIO optical
character  recognition) -  eNEKTpOHHE,  MeXaHIuHE
MEPETBOPECHHS TpadiuHUX 300pakeHb 3 APYKOBAaHUM
TEKCTOM B TeKCTOBHMI Kox. OcCTaHHI MOZAIOTLCS B BUIVIALI
TIOCITiIOBHOCTI pi3HHX KOJIOBHX 3HauCHb, SIK1
BHKOPUCTOBYIOTBCSI ST  CHMBOJIHOTO — TO3Ha4eHHs[1].
Hanpukimax - TEKCTOBUH pemakTop, TeKcToBa (opma.
CHUMBOJIbHE PO3IIi3HABAHHS 3aCTOCOBYETBCS B Pi3HUX cepax
xuTTA. Hanpukmax, mis  Toro, 1mo0 KOHBEPTYBaTH
JOKYMEHTH 1 KHUTH B €IEKTpOHHHH (Qopmar. Takox naHy
TEXHOJIOTIFO  33/iI0I0Th 1100 aBTOMAaTH3yBaTH Oi3HEC
mnporieck abo oOmyOIiKyBaTH TEKCT Ha BeO-cTOpiHKax. €
MOXJIMBUM 3/{ICHIOBATH pe/aryBaHHs TEKCTY, MOIIYK IO
KJIFOYOBHUX CJIOBaX, HE BTPAYaTH SKOCTI MPU JEMOHCTPALl 41
PO3APYKOBYBaHHIO ~Marepiaiy, aHamizy iHpopmanii, ii
30epekeHHI B OUIBII KOMIAKTHOMY (opMmarti, JOCTymHE

LIHPOKO BUKOPUCTOBYBAHE CLOrOJHI CJIIEKTPOHHE
(opmaryBaHHSI.
1I. Orﬂﬂﬂ TEXHOJIOTI'Ti
Tesseract - Le onTUYHUI MeXaHI3M pO3MI3HABAHHS
CUMBOJNIB Uil  pI3HUX  omepamiiiHux cucrem. Lle

OC3KOIITOBHE MPOrpamMHe 3a0e3leUeHHs, BHITYLICHE IIiJ
minensiero Apache, a po3poOka croHcopyerbesi Google 3
2006 poxy.

Ha mannii yac Tesseract BBaXaeTbCsl OMHUM 13 HalOLIBII
toynnx OCR 3 BIIKPUTHM KOAOM, SIKHA JOCTYNHUH. [{BUTYH
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Tesseract cmouaTky OyB po3poOieHuit sk (ipMoBe
nmporpamMmHe 3abe3nedyenns B jadboparopisix Hewlett Packard y
Bpicromi, Anrmist ta Greeley, mrar Komopamo mix 1985 i
1994 pokamu, 3 ACAKUMH IHIIMMHU 3MiHAMH, BHCCCHUMH B
1996 poui no nopty va Windows, i mesikoto Mirpamiero 3 C
Ha C++ y 1998 pomi. bararo xoxy Oymo mammcano Ha C, a
MOTIM III¢ KiTbKa Oyno Hamucano Ha C++. Bigroni Bech Koj
TICPETBOPEHUI Ha NPUHAWMHI KOMIUIAIIIO 32 JOITOMOTOIO
komminsTopa C ++.

[Moumnmatounm 3 Bepcii 3.00 Tesseract minTpumye
(opmaTyBaHHsS BUXIZHOTO TEKCTY, TO3MLIHHY iH(pOpMAMilo
Ta aHANI3 MaKeTiB CTOPIiHOK [2].

Po3nounemo TpeHyBaHHs Haroi Mozeni. baxxano mo6 e
OyB peabHHN TEKCT, SIKHHA TTOTIM JTOBEIETHCS PO3ITI3ZHABATH.
BaxinBo, 100 KoxeH CHUMBOJ WIPUPTY 3ycTpivyascs B
BiJICKAHOBAaHOMY (pparMeHTi He MEHIIe 5 pa3iB, a 0axkaHo -
20 paziB. BuxopucroByBatu Oynemo Qopmar tiff, 6e3
CTHCHEHHs, Oa)XaHO He 0araTOCTOpPiHKOBHH, ane MOXHa i
OararocropinkoBuii. CtBopuTH OaratoctopinkoBuii  tiff
MOXHa 32 JIOTTOMOT 010 Tieperiisinaya IrfanView.

Mix yciMa CHMBOJIAaMH TIOBHHHI OyTH YITKO MOMITHI
npoMmikkn. Kiamemo Hame 300pakeHHS B OKpeMmy
JUPEKTOPII0 1 HA3MBAEMO Yy BHIIIAAI <KOJI MOBI>. <IM's
mpudty> .exp <Homep> .tif. 300pakeHHs MOxke OyTH He
OJHC 1 BIAPI3HATHACA BOHU IOBHMHHI TUTHBKH HOMEPOM B
HaiiMeHyBaHHI (aitmy. DopmaT HaliMeHyBaHb (ailliB TyXe
BaxxuBHiA. Ha ¢aiinm 3 HeBipHUMHU Ha3BaMU YTHIIITH, SIKi S
BUKOPHCTOBYIO OyIyTh JIasTHCS MOMIJIKAMU CETMEHTYBaHHS
i Tomy momiOue. Iy BuM3HAYEHOCTI OyaeMo BBaXKaTH, IO
BUBYAEMO MH MOBY ccc i 1mpudt eece. TakuM YHHOM
HasuBaeMo (ailm 31 CKaHOM TPEHYBAIBHOTO 3pa3Ka
lang.font.exp0.tif.

CuMBONM Ha IOYATKy pSAKA TIOBHICTIO BigIOBiZAIOTH
cuMBOJIaM B (aiimi? SIKImo 1e Tak, To TPEHyBaTH HIYOro He
MOTPIOHO, BU MOXKETE CIATH CIIOKIHHO. Y HAIIOMY BUIAJIKY
LIBU/ILIE 32 BCE CMMBOJIM HE 30IraTUMyThCs HI 1O CYTI HI 3a
kimbkicTto.  Tobro  Tesseract 31 CIOBHMKOM  3a
3aMOBYYBAHHSIM HE pO3Mi3HAB HE TINBKK CHMBOJIM, a i



mopaxyBaB Jeski 3 HuUX 3a jaBa abo Ourbine. MoXIHMBO
4aCTUHA CUMBOJIIB Y HAC “3JIMMHETHCS”, TOOTO MOTPAIUTH B
3arajibHy KOpoOKy i Oyme posmizHaHo sk oxmH. Lle Bce
HOTPIOHO MONpaBUTH MepUl HDK ity pami. [l HaBYaHHS

BHUKOpUCTOBYI0 Tporpamy jTessBoxEditor - penakrop
TpeHoBaHuX Mozenen aist Tesseract OCR.
BukonaBmm komaHny —“tesseract lang.font.exp0.tif

lang.font.exp0 nobatch box.train” orpumyemo Oararo
MIOMHJIOK, aje IIyKaeMo B KiHI moch Ha kmranT “‘Found
100 good blobs”. Axmo mmdpa icrorHO Olmbmre Umcia
“IOCTiKyBaHUX~ CHUMBOJIB, TO € IIAHC, II0 TPCHYBAaHHS B
nitoMy Bramacs. lHakmie - moBepTaeMocsi B TOYaTOK. B
pe3yibTaTi mBOTO  KPOKYy y Bac 3'sBUBCA  (pailn
lang.font.exp0.tr.

Jami otpumyeMo Halip cumBoNiB y BUrAl (aitmy
unicharset B MOTO4HI JUPEKTOPIi, 6 KOKEH CHMBOI 1 HOTo
XapaKTEepUCTHKH PO3TAIIOBYIOTECS B OKpeMOMY psinky. TyT
HAIIMM  3aBJAaHHAM OyJe TepeBipUTH 1 BHUIPABHTH
XapaKTepUCTHKA CHMBOJIB (pyra KoyioHka B (aiimi). s
MaleHbKUX OyKB an(aBiTy CTaBUMO O3HAKy 3, IJISl BEITHKHX
S, mast po3inoBux 3HakiB 10 s yncen 8, Bee iHie (Tumy +
= -) momivaemMo 0. Kwuraiicbki 1 SMOHCBKI ieporiipu
nomiuaemo 1. 3a3Buuaii BCi 03HAKHU CTOSThH IPABUIIBHO, TaK
110 LIeH eTan GaraTo Jacy y Bac He 3aiime[3].

CrBoproemo  ¢aiin  lang.font properties 3 eanHOIO
pankom: font 0 0 0 0 0. Tyt cmoyarky nuiemMo im's wpugTy,
notimM yucioM 1 ab6o 0 momivaeMo HasBHICTH y CHMBOJIIIB
ctiio (BigmosiaHo italic bold fixed serif fraktur). ¥V namromy
BUTAJIKy CTHJIIB HEMa€, TaK IO 3aJUIIAEMO BCE MO HYJISX.
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Teopetrnuno 3allOBHEHHS CIIOBHHUKIB 4acTo
BHKOPUCTOBYBAaHMX CIiB (i CliB B3arajgi) JOMOMAarae
Tesseract-y po30upaTucs B HammxX KapakyisX. CIOBHHKA
BHKOPHUCTOBYBAaTH HEOOOB'SI3KOBO, ale SKIIO pPalnToM
3axoueThest, pooumo daiinu frequent words list i words_list
B sIKi BIIUCYEMO (KOKHE 3 HOBOTO PSIIKA) BIMTIOBIIHO YacTO
BHUKOPHCTOBYBaHI 1 pocTo cioBa MoBH. 11106 koHBepTyBaTH
i CIOUCKM B  NPaBWIGHUA  (OpPMAT  BHKOHYEMO:
wordlist2dawg frequent_words_list lang.freq-dawg
lang.unicharset Ta wordlist2dawg words_list lang.word-
dawg lang.unicharset. HartpeHoBaHa MOje/ib BXKE MOXKE
3acTocoByBaTuch Tesseract st pO3Ii3HABAHHSI TEKCTY.

BUCHOBKU

VY wiit poboti Oynu posrisiHyTi KoHuenmii Tesseract, mimi
TAaHO1 TEXHOJOTii, sIKi MpoOJIeMn BOHA BHUIMIYE, i TE SAKUM
YMHOM  3JIMCHIOETHCA ~ TPEHYBaHHS ~ MOAEN  JUIA
pO3Mi3HABAHHS.
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Decomposition of Complex Systems with Analysis
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Anomayia—Po3rasineMo MeTOIH Ta AJIrTOPUTMH
MEeKOMIIO3UIiI CKJIATHUX CHCTeM Ta ii onmTuMizamii Ha OCHOBI
roTeJHbHOT0 KOMILIEKCY.

Abstract—Consider  methods and  algorithms for
decomposing complex systems and optimizing them based on
the hotel complex.

Kniwouosi  cnosa—eucaua Kpanns, padiyc  Kaninapa,
Kaninapua cmana, ougepenyianvhe piGHAHHA, OUCKPEMUZAUIA.

Keywords—pendant drop, radius of the capillary, capillary
constant, differential equation, discretization.

I. BCTVYII

OO0’eKTOM  JIOCT/DKEHHS €  TIpOleC  TPHHHSTTS
VIIPaBIIHCHKUX PIlICHb B CKIIAMHIN iH(pOpMAaLiiiHiA crucTeMi
TOTENFHOTO KOMIUIEKCY 3 aHAIi30M HEBH3HAYCHOCTI Ta
HEOCTATHHOI IOBHOTHU JITAaHUX.

AKTyaJbHICTP ~TEMU  TOJATa€ y  JOCIIIKCHHI
B332€MO3B’ 3Ky MK MOTpedamMu Ta BUAOM AISITBHOCTI JIFOAUHU
SIK KJIIEHTA, @ TAKOX HaJaHHsI OCIIYT 3 ypaxyBaHHsIM NOTpeO
KOHKDPETHOI JIFOJMHHU, 3MEHLICHHS CTEIeHs HEeBH3HAYEHOCTI
1111 9ac 3aMOBJICHHSI Ta YIIPABIIIHHs CHCTEMOIO.

Byne ommcaHo marematdHi MoJieni 1 KOHCTPYKTHBHI
MeTo/M 0araTOKpUTepidHOT onTUMIi3allii YHpaBJIiHCHKUX
piureHs B iHGopMamildHii CHCTEMI TOTEIEHOTO KOMITICKCY Ta
YMOBaX HEBU3HAYCHOCTI Ta HEJIOCTATHHOI MOBHOTH JIAHUX.

Metoro poOOTH € JOCHIIUTH TEOPETUYHI OCHOBH Ta
MABUIIMTH €(heKTUBHOCTI (DYHKI[IOHYBaHHS 1 YHpaBIiHHS
OCHOBHMUMH TMpOLIECAMH B TOTCIbHOMY KOMIUIEKCI 3a
JTIOTIOMOTOIO BITPOBAKEHHS 6araTopyHKI[IOHAIBLHOT CHCTEMHU
YIIPaBIiHHS, O MMOKPAIIUTh MPOIIEC OpraHi3allii yrpaBJIiHHSI.
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II.

PosrisimeMo  MeTomM Ta  ITOPUTMH  JICKOMITO3HITIT
CKJIaTHUX CHUCTEM Ta Ii ONTHMi3allii Ha OCHOBI TOTCIHLHOTO
KOMIIIEKCY, a TAKOXK TIPOaHaIi3yeMo iHpOpPMAaIliiiHi CHCTEMH,
110 € HEOOXiTHUMHU st (DYHKIIOHYBaHHS.

JIOCTIJKEHHS TA AHAJII3 TPOBJIEMU.

OprasizamiiiHa CTPYKTypa FOTEIFHOT0 KOMIUICKCY IIEePII
32 BCC  BH3HAYAETBhCA  I[ITLOBAM  IPHU3HAYCHHSM,
PO3TAIlyBaHHSAM Ta IHIINMH VHIKQJIBHUMH (haKTOpaMu.
Takox BIUIMB MarOTh POOITHUKH Ta PO3MOJUICHI MK HUMH
npaBa Ta OOOB’SI3KM. B 3araibHOMy MOKHA BHIUIUTH
XapaKTepHy MHOKHUHY CIIy)KO, 1[0 BJIACTHBA JUIsl OLIBIIOCTI
rOTEJIbHUX KOMIUIEKCIB
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Puc. 1 Muoxuny ciyx6

Jit  xoopamHamii  poboTu  migcucteM i ciyxO
BUKOPUCTOBYIOTh CIIUIHY CHUCTEMY KepyBaHHs ( cucTeMy
NPUHHATTS pillleHb TiJ yac KepyBaHHs). Lle mocsiraerses 3a
JIOTIOMOTOK0  iHTerpamii B OOHY €auHy iH(OpMaIiiHo-
Kepyrouy iHppacTpyKTypy OCHOBHHX ITIICHCTEM KOMILIEKCY 1
iX B3a€MOJII0 Ha OCHOBI €quHOI cdepu mnepemadi AaHUX
CTBOpPEHOI 3a MPHHIUIIOM CTPYKTYPOBaHOI KaOeapHOI
CHCTEMHU.




TlizcHCTEMA IhincucTema
fesmerH OCEITTeHHE
ILigcucTeMa % & I[LacucTenma
TP O THIIOHeEHO] EHEPTrOMNOCTAMAHHA
Qesmerm
ABTOMATHIOBIHA
CHCTEMA
VIpAEBTIHHEA
- [MizcucTemMa
ThincHeTeMa 36 ASEY @ % MeperTaay Depenagi
B TJaHHX
IMigcucTemMa CrpyerypoeaHa kabensHa [MizcucTemMa
MIKPOETIMATY CHCTeMA safesmeusHnA

Puc.2 €auny inpopmaniiHo-kepyrouy iHQpacTpyKTypy

ABTOMAaTH30BaHa CHCTEMa YIPABIIHHS BUKOHYE BHUOIp,
30epiraHHs Ta aHaJi3 JaHWX Bif PI3HUX IIJICUCTEM, a TAKOXK
VOpaBIiHHSA pOOOTOI0 IMX TIICHCTEM dYepe3 MepekeBi
IHTCTICKTYalIbHI KOHTPOJICPH
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Puc.3 ABToMaru30BaHa cucteMa ynpasiiHHS

KinmpkicTh 1 sIKiCTh TOTpPeO, SIKi MalOTh JKHBI ICTOTH,
3aJICKUTH BiA PiBHA IX Oprasizaiii, Bif crmocoOy *XHUTTS Ta
YMOB JKHUTTS, BiJI MiCIIsI, 3aiiMaHOTO BiATIOBITHIM OPraHi3MOM
Ha €BOJIIOIIIHNX CXOINHKAX.

BOpYICTL

CamoBpam eHHA MopaneHICTE

BwpiwryBanHs npoBnem

Camonosara,

Foaary BNeBHeHICTh, OCATHEHHA

CouiansHi Opywxba, ciM'a, IHTUMHICTE

Eeanexn

Eesnexa: 300POR'A, MaWHa, MaRbyTHsOr

Dizionoris

III.  AHAJI3 BXITHUX JAHUX, METOJU I AJITOPUTMU.

Bararoxpurepianbaa 3a1a9a MPURHSITTS YIPaBIIHCHKOTO
pimeHHs B iHGOpMamiiHii cUCTEMi TOTEIBHOTO KOMIUIEKCY
Moke OyTH c(hopMyITbOBaHA TAKUM YHHOM:
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Hexait Ha nesikoMy miHiTHOMY IpOCTOpi X1 BU3HAYEHO M
¢byHKIIA yi = 0i,(X), Kl MOXKHA PO3IJILAATH SIK IPHBATHI
Kputepii epekTuBHOCTI. [I0TpiOHO BU3SHAYNTH TaKe 3HAUCHHS
X*, sIKe TOCTABIISIE EKCTPEMYM (7151 BUSHAYEHOCTI MaKCUMYM)
KIUJIbKOM IIPUBAaTHUM KPUTEPLSM Yi , i=1,k yTpuMyroun iHIi y;
, i=k+1,m Ha aeskomy pisHi b; , i=k+1,m T00TO

!

=g (=) »may,
= e’

R(0)-pyixba b d=k+1m,

5(.i b ."Li = x;’,xi Eﬂ,i. =1..\-.-
Cucrema (hyHKIIOHATBHUX 00OMEXEHD MICTHUTDL
AQHATITUYHI 3JICKHOCTI TUIy OalaHCOBUX pIBHAHBL 1

CTaTUCTWYHI - y BUTILIAI BUpoOHMInX (ynkmid. [lapamerpu
OCTaHHIX OIIHIOIOTECS 32 PE3yJIbTaTaMU CIOCTEPEKCHb, a
TOMY MICTSTD BipOTiIHY HEBU3HAYCHICTb.

3aranmpHa 3a7aya MPUHHITTSA YIPABIIHCHKUX PIllICHb 3
(hakTOPOM HEBU3HAYCHOCTI MOXKe OyTH IpencTaBiICHA SK
MOJICITB:

Q(x11) = iy (X)e -0y (X))} = max,
D(x:y5.75) = {x € RYR; = ¢ (x.a75) 2 By,

aj(xy3) Sx; Shylxlys)x; 2 0,j=1Lnj

jge yl- KoMIlOHEHTa, M0 BijOOpaXkae HEBU3HAYCHICTH
MPOILIE/ypH 3TOPTKH KPUTEPIIB; Y2 - BUMAKOBA KOMIIOHEHTA,
0 Bij1oOpaxae apeid xapakTeprCTHK; y3 - JeTepMiHOBaHA
KOMITOHCHTA 3MiHU MOYaTKOBUX YMOB (BUXIJHUX JaHUX).

IV. TIPOTPAMHI 3ACOBU PEATI3AIII METOIB

Jloriune mpoexkryBaHHS ~0a3u  JaHUX -  MPOLEC
KOHCTPYIOBaHHsI iH(OopMaLiiHOi (JIOri4HOT) MOJIelIi Ha OCHOBI
ICHYI0YHX 0a30BHX MOJENICH JaHUX, HE3AJICKHO BIJl I[LLILOBOT
cucremu ymnpasiinHs Oasamu nanux (CYB/) ta iHImmx
(hi3uuHMX yMOB peaizauii.

[Micns ormsimy Ta mopiHHS icHyrounx CYBJl Oyio
BuOpano MS SQL Server sk Ha#fkpaiiudii BapiaHT st
BUPIIICHHS TaHOI IpOOIeMHu.



Hwmxue HaBeneHo rpagivne 300pakeHHs CTPYKTYpU 0a3u
JAaHUX Ta B3a€MO3B’sI3KIB y Hiil.
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[7] HeitK.[Ix. BBenenue B cuctemsl 6a3 naHHBIX, 7-¢ uznanue: Ilep. ¢
aurJ. - K.; M.; CII6.: U3narensckuii mom «BumbsiMey, 2006. - 863 c.
BUCHOBKU [8] Mamaes E. Microsoft SQL Server 2000. - CII6.: bxB-IlerepOypr,

B pesynpraTi BHKOHAHOTO JOCHTIIKCHHS PO3B’s3aHA
CKJIaJHA JUIS CUCTEMH YIPABIIHHA TOTCIBHUM KOMILICKCOM
3aBmaHHsA (opmaiizamii BIZHOCHHHM MK 00'€KTHBHUMHU
moTpedaMu KITi€HTA TOTEIO Ta IIEPETIKOM IIOCIYT CYy9aCHOTO
TOTETHHOTO KOMILICKCY.

3anpormoHOBaHa ~ MOJENb  TUIIOBOTO  TOTEIHLHOTO
KOMIUICKCY Ha OCHOBI CHCTEM MHOXWH IIOCIYT, BHIIB
JUSUTBHOCTI 1 TOTPEO JIOAMHY [T ChepH TOTSIHLHOTO Oi3HECY
JTO3BOJISIE PO3POOUTH MOJIETIi 3aMOBJICHB ITOCTYT KIIIEHTAMHA B
3aJIe)KHOCTI BiJl METHU MOCENICHHSI B TOTENb, 1110, B CBOIO YEpry,
JIO3BOJISIE 3BY3MTH IEPEIIiK HOCIYT, 3alpONOHOBAHUX JIJIsI
KOHKPETHOI JIIOJIMHU, 1, SIK HACIIJIOK, 3HU3UTH MIpy
HEBU3HAYCHOCTI 3aMOBJICHHSI.
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Multiagent Modeling of Crowd Behavior
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dept. of Sofiware Engineering
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Abstract—The research considers the problems connected
with the modeling of crowd behavior. Particular attention is
paid to the problems of an increase or a sharp decrease in the
speed of the local flow of people in the crowd.

Keywords—crowd
behavioral force

modeling; multiagent  approach;

I. INTRODUCTION

The human crowd is a complex social phenomenon. In
some cases, a crowd can be a well-organized structure and
demonstrate great constructive power. Attempts to predict
and to control the crowd behavior in different situations have
become a milestone for the works of many psychologists,
sociologists, mathematicians and programmers.

The crowd is not just a gathering of people — human
behavior can be triggered by the behavior of others, which in
turn can depend on various physiological, psychological and
social factors. Thus, "pure" mathematical approaches or
analytical models are unable to describe crowd dynamics
with a sufficient degree of reliability.

While analyzing the works on mathematical crowd
modeling, we can come to the conclusion that there are two
main approaches: the construction of micro- and
macromodels. In micromodels people as elements of the
crowd are described individually using basic primitives.
Movements are defined by ordinary equations with a certain
set of constraints and most often they are projected onto two-
dimensional surfaces that combine the area available for
movement and obstacles within the area.

II. PROBLEM STATEMENT

The practical side of the use of crowd models is of great
interest. There is a significant demand for crowd
visualization systems in the entertainment industry — the use
of ready-made visualized models of mass and battle scenes
can significantly reduce the financial costs of creating
cinematic products and increase its entertainment.

The paper proposes a solution to the problem by
constructing a framed agent-oriented crowd model taking
into account the restrictions imposed by social phenomena
and the environment.

In this context the main objectives of the study are:

e formation of a simplified framework of the crowd
model, taking into account the general principles of
its creation (number, manageability, orientation,

heterogeneity, etc.);

use of discrete-event, agent-oriented approach to
build detailed models of individual agents of the
system for a more complete simulation of the crowd
dynamics;

CSYSC-2019

48

Artem Lanovyy
dept. of System Engineering
Kharkiv National University of Radio Electronics
Kharkiv, Ukraine
artem.lanovyi@nure.ua

implementation of the granularity function of
individual elements with the possibility of
reassignment of their properties, the formation of
conditions of boundary transitions;

ensuring compatibility of different models at the
level of requests and the possibility of structural
modeling by identifying incompatible inputs and
outputs, as well as a variety of inputs and outputs.

III. GOALS AND OBJECTIVES ESTABLISHMENT

The generalized crowd model consists of two parts: the
environment (or state space) and a set of separate
autonomous elements of the system (agents) which interact
with each other and with the environment. For a more
complete description of many phenomena and processes
taking place in the crowd, it is also necessary to take into
account the "local" changes in the collective behavior of a
sufficiently large number of agents. Beside other factors, the
behavior of each individual agent depends on the choice of
behavior strategies of other agents who make an immediate
environment of the agent.

When constructing mathematical models focused on the
demonstration of social interaction between agents, it is
essential to take into account the conformity of behavior,
when individual behavior is largely determined by social
factors forming the system of social restrictions. Critical
mass models [1] represent one of the directions of
conformity research. These models are characterized by the
following features:

e agents make discrete (or binary) choices;

e agents are homogeneous in their preferences, i.e.
their behavior can be described by a single objective

function;

the utility function of an agent increases with the
proportion of other agents of its environment who
have made the same choice.

The position of the agent a; can be represented by
discrete points of its state space r,(¢), which can continuously
change over a long period of time ¢. Then the dynamics of
the agent can be described by the following equation of
motion:

dr,(1) _

v (¢
dt (l()

(0

Functions that limit temporal changes in the actual speed
of the agent’s movement can also be interpreted as driving
forces of that movement, and can be called behavioral or
social forces.



If the behavioral force is a reflection of wvarious
systematic influences on the behavior of the agent (from the
environment or other agents), the frequency of such
influences can be characterized as random behavioral
changes (resulting from accidental or intentional deviations
of the agent’s trajectory) and is described by the following
expression:

dv,
E—fa(f)ﬂga(f)

The behavioral force fy(t) will be the sum of several force
vectors that correspond to the different simultaneous
influences on the agent's behavior a;:

LO=10)+ L)+
+ z fa/)’(ra’va:

B(#a)

where £,°(v,) is the deviation within the so called relaxation
time 1, connected with the deviation of the actual speed v,
from the desired speed v,” due to the influence of the crowd,;
Jap 1s a boundary repulsive force which steadily increases as
the decreasing distance between the location r, of the agent
a; and the nearest boundary point rd decreases; Jap(tar Vo, 75
vp) 1s a repulsive force which indicates the fact that each of
the agents maintains a situation-dependent distance from the
other agents f3; fun(va, 1, t) 18 the force of mutual gravitational
embrace between agents a and # (friends or relatives). Here
below the desired speed v, is taken as the standard walking
speed in the direction e,:

£ov,) = }(vsea _—

we explain the equilibrium between the behavioral forces for
which the acceleration tends to zero based on these
expressions: if there are no external influences (both physical
and social), the position of the agent in space is determined
by the expression:

Zﬂﬂ(raaoar ,0) = O

B(=a)

A classic example of the situation where the speed of agents
in a crowd equals 0 is waiting on a railway platform for a
train to arrive. In case of additional factors of attraction (or
repulsion) fan (such as the performance of a celebrity at a
rock concert or the occurrence of a local hazard), the
equation (6) can be supplemented:

2 f;ﬂ(ra ’O’ rﬁ’o) + Zf;vn (ra’rn) =0.

B(#a)
Taking into account the possibility of a situation in a crowd

when an agent a; with the speed v,’, cannot catch up with a
deliberately slower agent B (v’ > v4*) due to the crowd
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counteraction, we change the expression (4) in such a way
that there is a balance between the force of acceleration £’
and the repulsive force fos. In this case the expression (4)
becomes:

1
T_(Vc(l}ea_Va)+faﬂ(ra’va’rﬂ’vﬂ):()a (7)

a

where the actual speed of the agents in the crowd is denoted
by v.. Having determined the distance vector between the
agents a and g as ||[r,— rg|, we direct the repulsive force fu3,
in the direction of motion e,, we get (8):

®)

faﬂ(ra) + fa/}(ra’eava‘!rﬂ + Araﬂeai'vaea) =
Ve =V,
+ faﬂ(ra,eava,rﬁ + Araﬂea,vaea) =0,

a

where fu(w.) is the force of acceleration 7, is the time which
the agent a; needs to accelerate in order to achieve the
desired speed v,. From this formula (given that the repulsive
force increases when the distance decreases) it follows that
the closer the agents are to each other (Arys = ||ra— rg| =
0), the greater the difference between their own desired
speed v,” and the speed of the previous agent vy is. This fact
corresponds to the well-known phenomenon of "pushing" in
the crowd. Thus, in the process of modeling it is necessary
to organize constant information interaction between
different levels of the model and switch between its
different agent-oriented levels, depending on the goals of
modeling.

SUMMARY

In recent years, there has been increased interest in crowd
modeling, especially from the entertainment industry and
government agencies. However, it should be noted that
despite significant advances in crowd visualization, the
construction of an adequate crowd behavior model of is still
to be done in future. At summary, in this paper we described
and have proposed models have been related to the
phenomenon of the local flow of people in the crowd. The
ultimate goal of the research is to develop a software
implementation of a model that could help assess the risks
related to the crowd dynamics in different settings and
identify possible ways of their resolution in case of
emergency and minimize the consequences.

REFERENCES

Cristiani, E., Piccoli, B., Tosin, A. (2011). Multiscale modeling of
granular flows with application to crowd dynamics. Multiscale
Model. Simul., 9(1), 155-182.

Helbing, D., Johansson, A., Al-Abideen, H. Z. (2007). Dynamics of
crowd disasters: An empirical study. Physical Review E 75: 046109.
Lighthill, M. J., Whitham, G. B. (1956) On kinematic waves. 1. A
theory of traffic flow on long crowded roads. Proceedings of the
Royal Society of London, 229 (1178), 317-345.

Piccoli, B., Tosin, A. (2011). Time-evolving measures and
macroscopic modeling of pedestrian flow. Arch. Ration. Mech. Anal,
199(3),707-738.

(11

[2]
[3]

(4]



MogpemoBanns Keaszimnactuku KamisspHux
IToBepxons Jlexxauoi Kamm

Kyxapuyk [.d.
Kadheopa xomn romeprux nayx ma inghopmayitinux cucmem
Ipuxapnamcoxuti HayionanbHuil ynigepcumen
imeni Bacuna Cmepanuxa
IBanO-®paHKiBChK, YKpaiHa
kuharchukivan123@gmail.com

Mamsko O.T.
Kagheopa xomn rtomeprux nayx ma inghopmayitinux cucmem
Ilpuxapnamcvruii HayionansHull ynigepcumem
imeni Bacuna Cmegpanuxa
IBanO-®paHKiBChK, YKpaiHa
malko.pochta@gmail.com

Modeling the Quasiplastics of the Capillary
Surfaces for the Method of Sessile Drop

Kuharchuk LF.

Department of computer sciences and information systems
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, Ukraine
kuharchukivan123@gmail.com

Anomayia—CTBOpEHO nporpamy MO/1€JTI0BAHHSA
KBa3ilJIaCTHKH KaNMISIPHUX NMOBEPXOHB JIe:Ka40i Kparii.

Abstract—The program of the model of the capillary
surfaces for the method of sessille drop has been developed.

Keywords—sessile drop, radius of the capillary, capillary
constant, differential equation, discretization, radius of curvature.

Knwouosi  cnosa—anesxcaua kpanns, padiyc Kaninapa,
Kaninapua cmana, ougepenyianvue pisHARNA, OUCKpemu3ayis,
paodiyc kpueusnu.

I. BCTVYII

O0’eKkTOM OCHIPKEHHSL B JaHiit poOoTi € MeTo] Jieyadyol
Kparuii.

AXTyasIbHICTh  pOOOTH  TMOSICHIOETHCS  HEOOXIJHICTIO
BHKOHYBaTH CKJIQJHI MaTeMaTH4YHI pPO3PaxXyHKH CTaHy
JIeKA4O01 Kparuti, 0 BUMarae MaTeMaTHYHOTO MOICTIOBAHHSI.

Byne onmcaHo Tpoiec CTBOPEHHS TMpPOrpaMu B
cepenouili MATLAB nams MonenroBaHHS KBa3iIIaCTHKH
KalUIAPHUX TTOBEPXOHB JICKAYOT KParLi.

Mertoro poOOTH € JOCTHiIUTH OCHOBHE AH()epeHIliaTbHEe
piBHSHHA Ta Hamucatu nporpamy Ha MoBi MATLAB mis
MOJICTIOBAaHHSA  KBa3ilUIACTUKM  KANUIIPHUX IOBEPXOHBb
Je)avyoi Kparui.

II.  OI'JIs1] TEOPETUYHOI OCHOBU

MOJIEJIFOBAHHA

PosrnsHeMo nexady —Kpalullo 3 IapaMerpamMu SK Ha
IBOMY 300paskeHHi (TYT @ — e KyT MiDXK BICCIO X 1 TOYKOKO
JiHii kpart, X 1 z TOPU30HTAIbHA 1 BEpPTUKAIIbHA
KOOpJAWHATH TOYOK JIiHii Kparwii).
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By/IeMo BHKOPHCTOBYBAaTH KallUpHy CTaily a’ = %, Ie
p — I'yCTHHA Kpaluli, g — rpaBitaliiiHa crana, o — BeJIMUMHa
MOBEPXHEBOI'O HATATY.

B usiteparypi [1] ommcano cucremy audepeHIiaibHIX
piBHsIHb, BuBeAeHHX Jlamiacom:

dx,
aL, = cos@
dzq _ .
dL. = sing
do 2  sing
dLg R_a_ Xa "
dVg 5 .
i, Xg * Sing
Ziz = 21X,

TyT R, — IO4aTKOBUH palliyc KpUBU3HH, PO3ILICHUI Ha a.

B nopanbuiomy OyznemMo BUKOPHCTOBYBaTu BenuuuHy K, =
2

Ra
III. PO3POBKA ITPOI'PAMU

Hwkue onucani rosioBHi (yHKUil, siki BUKOPUCTaHI ISt
MOJICITFOBAHHSI.



Oynukuiss  Laplas5 mnpencraBnsie  coOoro

JepeHLiaIbHOrO PIBHSIHHSL:

OCHOBHE

function dYdl = Laplas5 (1, Y, ka)

if1==
dYdl = [ka/2;
cos(Y(1));
sin(Y(1));
2 *pi *Y(2),
pi * Y(2)"2 * sin(Y(1)]:
else
dYdl = [ka - sin(Y(1))/Y(2) + Y(3);
cos(Y(1));
sin(Y(1));
2 *pi * Y(2),
pi * Y(2)"2 * sin(Y(1)]:
end
end

Oynukuis Surface la po3s’s3ye piBasHHs Laplas 5 3a
JIONIOMOroro po3B’siznuka odel 13:

function [L,Y] = Surface_la( ka,ra,la)
options = odeset('RelTol',1e-013, 'AbsTol', ra*1e-13);
Lspan = [0, la];
YO0 =1[0; 0; 0; 0; 0];
[L,Y]=odel13(@LaplasS, Lspan, Y0,options,ka);
L=L(end);Y=Y(end,1:5);
end
Oynkuis SurfaceOll € pyHKIiEI0 TapaMeTpiB Kparuti:

function [ L,Y,LE,YE ] = SurfaceOll( Ka,ra )
[L,Y,LE,YE]=SurfaceOll( Ka,ra );

N=length(L);

R=ones(N, 1);

Z=(Y(:,3)-R*Y(N,3))/ra;

X=Y(:,2)/ra;

plot(X,Z,R,Z);

P=Ka+YE(3);

Paramet=[YE(1)*180/pi, YE(3), Ka, 2*LE(1), YE(4), YE(5), P];

disp(Paramet);
end
Oynkuis Non_equal kafi € 3Hax0mKeHHAM KpUBU3HH 11
331aHOTO I3
function kafi = Non_equal_kafi( ka,ra ,fi)

function dxa = Surface_dx_fi(x)
P = Surface_fi4( x,ra,fi);

dxa =P(2)-ra;
end
[x,f]=fzero(@Surface_dx_fika);
kafi =x;

end

Oyukmis Generate Kr mpusHaueHa Uis TOCTYTIOBOTO
OTpUMaHHS KPHUBU3HM JUIA 3aJAaHOTO [, (3 LHUKIIYHEM
Bukopuctanas Non_equal kafi):

function [Kr, Table] = Generate_Kr (loopArray, Table, dL)
if max(loopArray) < 1
loopArray = flip(loopArray);
end

for a2r = loopArray
ra = sqrt(1/a2r);
[~,1dx] = min(abs(AK(1,:)-a2r));

if AK(1,idx) == a2r
Ka = AK(2,idx);
Kr = AK(3.idx);
continue

end

Ka=Non_equal_kafi (Table(2,idx), ra, dL + ra);
Kr=Ka *ra;

AK(:,end+1) = [a2r; Ka; Kr];
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end
end
Oyuknis Kr Table Finpusnauena mjst CTBOpeHHS (airy
3Ha4eHb A2 Ta BiANOBITHKMX iM 3HaYeHb K, Ta K,.:

function Kr_Table Fi(a2rl, da2r, a2r2,dFi)

if exist("AK.mat')
load("AK.mat'’AK");
else
AK(1,1) = 1;
AK(2,1) = Non_equal_kafi(0.15, 1, dFi*pi/180);
AK(3,1) = AK(2,1);
end
T'onoBHa (hyHKIIS 71T MOIECITIOBAHHS JICKAYOT KPATLITi:

function [Par] = Sessile_drop113_Fi 0_270( a2r ,Kr, dFi)

hold on

ra=sqrt(1/a2r);

dfi=dFi*pi/180;

i=0; key=0;

Ka0=Kr*sqrt(a2r);

iend=270/dFi;

disp(‘a’r ra');

disp([a2r, ra]);

disp(' Fi d Z a K a La S a V_a
P a NY;

for i=1:iend
Fi_r=dfi*i;
if i<3
Ka(i)=Ka0*i;
else
Ka(i)= interp1(1:i-1,Ka,i,'spline','extrap');
end
if<5

Ka(i) = Non_equal kafi( Ka(i),ra,Fi_r);
Par(i,:) = Parameters_Fi( Ka(i),ra,Fi_r);

end
for i=1:iend

hold off
end

PosristHeMo po6oTy po3po0sieHol mporpaMu sk Pi3HUX
BUIIA/IKIB.

I'padik snexaqoi kpamni 3 (a; = 1), npu KpUBU3HI
Kr=0.15 takyry dp =5:

Kpamns 3 a? = 1.1, Kr=0.16 , dp = 5:



Kpamsi 3 a; = 1.9, Kr=0.22 ,dgp =5:

-

Kpams 3 a2 = 10, Kr=0.54 , dp = 5:

CSYSC-2019

52

3 pHUCYHKIiB BHILE YiTKO BHJHO, IO 3i 36iIbIICHHAM a?
KpaIUIs CTa€ BCe OLIbII BUTATHYTOIO. B pUCYHKaX 3 ManmuM a2
CIIOCTEPIracThCs 3BOPOTHIN IPOLEC: YUM MEHIIE a2 — THM
OiJIpIIIE KAIUIS CTA€ CIUTFOCHYTOIO .

BHUCHOBKU

B naniii po0OoTi Oysi0 IPOBEAEHO OV TECOPETUYHHUX
OCHOB MOJIENIOBAHHS KBa3iIUIACTHKU KAIPHUX TIOBEPXOHb
Jiexayol Kparul 1 HalkcaHO Mporpamy Uil MOJENIOBAHHSI.
[Iporpama mo3Boisic MamroBaTH rpadiku Jiexadoi Kparoii i
BUBOJIMTB [IApaMETPH Kparuii, HPUBEEH] 10 pajiyca Kamnisipa
r.

Jani pesynbratd  MOXyTh OyTH BHUKOpPHCTaHi B
JOCHI/DKEHHSX METOMy Jiekadol Kparmi B MibkdasHid
TEH310MeTpii.

AKTyanbHICTH  POOOTH  TOSICHIOETBCS — HEOOXITHICTIO
BUKOHYBATH CKJIAJIHI PO3paxXyHKH CTaHy JIeXKa4oi Kparuii, 1o
BUMarae MaTeMaTHYHOTO MOJICITIOBAHHS.
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Abstract—Po3po06yeHo JeMoHcTpauniiiHy nporpamy st
PO3Mi3HABAHHS THUIY AiSUVIBHOCTI JIIOJMHH 32 0IOMOI0I0
MOOLILHHX TaTYHKIB.

Anomauyis—Demo application for human activity type's
recognition using mobile sensors has been developed.

Keywords—posniznaeanns JH08CLKOT OistbHOCHI,
PEKKypenma Heiipomepesca, Mawunne nasuanns, python, java.

Knrwuoei cnosa—human activity recognition, recurrent neural
network, machine learning, python, java.

I. BCTVYII

OO0’ekTOM IOCHIJDKEHHSI B JaHiit  po0OoTi
PO3Mi3HABaHHS JIFOJICHKOT HisTTBHOCTI.

€ MCETOO

AXTyaJIbHICTh POOOTH IOSICHIOETHCS LIBUAKUM POCTOM
MOOUTBHUX TEXHOJOTIH a OTKe METOHIB pO3Mi3HaBaHHI
JUSUTBHOCTI JIFOJJMHN Ha OCHOBI MOOUIBHHUX CEHCOPIB, IO Ha
CBOTOJIHI BUKOPHCTOBYETHCH y cdepax peabimiTamii *KUTTH,
CIIOPTi, pO3Barax, CIOCTEPEIKEHAAX y JOMAIIIHIX YMOBaX.

Byne ommcaHo mporiec CTBOpEHHS IMpOrpaMH B
CepelOBUII java s CTBOPCHHS HEHPOHHOI Mepexi IIo
PO3Mi3HABATHME BH/I TiSUTHOCTI JIFOAAHH.

Mertoro poOOTH € JOCTIAUTH TEOPETUIHI OCHOBH METOIIB
MAIIIMHHOTO HABYAaHHS Ta CTBOPHUTU MOOUIBHHI 3aCTOCYHOK
Ha MoBi PYTHON T1a JAVA i1 BU3HAUYE€HHS IIIECTH BHUIIB
ISUIBHOCTI JTFOIUHA

II.  TEOPETHMYHI OCHOBU TA METOAU

PO3POBKU

TeopUTHYHOI OCHOBOIO JaHOI POOOTH € PEKKYPEHTHI
HEUpOHHI Mepexi. PexkyppeHTHI HEHpPOHHI Mepexi ILe
HEMPOHHI MepeKi i3 3BOPOTHUMH 3B'SI3KaMH, 3aBISIKHA SIKHM
BOHM MAalOTh BJAcHy JUHAMIKy, IO BiapisHge IX Bix
CTaTUCTUYHUX HCHPOHHUX MEPEXK, HANPHUKIAL, HCHPOHHUX
Mepex mpsamoro posnoxairy. Cram PHM B morounomy
MOMEHTI Yacy BU3HAYA€ThCS HE JIMILE BXIIHUMH CHUTHAJaMU,
aje 1 momepeAHiM cTtaHoM. 3a paxyHok nporo PHM maroTh
Oe3KiHeYHy IMaMATh Ha BiAMIHY BiJl CTaTHYHHUX MEPEX KOTpi
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3aMaMsTOBYIOTh IH(OPMAIIiI0 Ha BXO/Iax JIUIIE 32 0OMEKESHUH
MIPOMDKOK Hacy.

CTpyKTypa pEeKKYPECHTpUX HEHPOHHMX MeEpexkK € 1i
OCHOBHOIO XapaKTCPHUCTHUKOIO, BiJ SAKOI HApsMy 3ajieXKaTh
BCl 1i BaactuBocTi. Buminsaiors nosHo3ssa3ui PHM i PHM 3
JIOKJIBHUMH 3BsI3KaMu. Y 1moBHO3Bs3HMX PHM yci Heliponu
3BA3aHIMDK COOOIO 110 IIPU3BOAUTEL 0 YIIOPSAKYBAaHHS BCIX
HEMPOHIB MEPEXKI IKOMYCh OTHOMY. Y PEKKYPEHTHIN MEPEXKI]
3 JIOKAJIbHUMH 3B'I3KaMHU KOKCH HEHPOH ITOB'SI3aHUI JIMIIIE 3
HEMpOHaMH B JEsAKiH 00JacTi HABKOJIO HHOTO. Taki 3B’SI3KH
dbopMmyroThCs AeTEpMIHOBaHMM a00 BHIIAJKOBHM YHHOM.
JlokanbHa 3B'I3HICTh Ja€ HEMpOHAaM OUIbIIE HE3aIEKHOCTI, B
pPI3HMX 00JIaCTSIX MOXKHA CIIOCTEpIraTd pi3Hl JUHAMIYHI
pexxumu. Icayrors npuxinaay PHM 31 3MIHHOIO CTpYKTYpOIO.
Y xoxi poObOTH HEUPOHHOT Mepexi y Hel MOXKYTh 3SBIISITHChH
YH 3HUKATH HEUPOHHI 3BSI3KU.

ITpy HeBENMKIN KUILKOCTI €JIEMEHTIB CTPYKTYPa MEPEXKI
IIPeCTaBIIsIe COOOK PELITKY B OJHO-, JBO- 1 MAKCUMAJILHO
TPEXBUMIPHOMY JUCKpeTHOMY Ipocropl. CraH HEUpOHHOT
MEPEXK]I XapaKTEPHU3YEThCS CYKYIIHICTIO 3HA4YeHb BUXIAIB il
HelpoHiB. g aHamizy  crpykrypy PHM  Moxe
3aCTOCOBYBATHCS HACTYIIHMM, 3aCHOBaHMI Ha Teopii rpadis
miaxia. Bid 3akirodactbes y 00YMCIIEHH] PI3HUX TOKA3HUKIB,
TaKMX, SIK LJISIXW, UK, MapIIpyTH, KIACTEPHI 1HIEKCH Ta
iH. Ha OCHOBI LIMX ITOKA3HUKIB MOJKHA IIPUOJIM3HO OLIHUTU
B3acMmoguiro einementris B PHM. Mepexa sBisie co00r0
IMHAMIYHY CHCTEMY, Ta IIpaIllo€ B OIUCKPETHOMY abo
Oe3mepepBHOMY Yaci. Y BHIAAKY AMCKPETHOIO IPOCTOPY
3HA4YCHb BUXOIIB, 3MIiHU ii CTaHIB MOXYTb OYTH OmHCaHi
crcTeMoIo audepeHianbHux piBHsHb (1.4.1):

xlt +1] = g1(xlt], U[t])
5 =92x.0)

ne X = (xq,%5,...,X,) - CTAH CHUCTEMH, N - PO3MIPHICThH
CHUCTEM; X; - 3HAYCHHSI i-T'0

Buxony PHM, U — BiumB Ha Bxoxi; g1 1 22 - GyHKIs 1
BiJJOOP@)KEHHS, 110 OIUCYIOTh 3AJISKHICTh CTAHY CUCTEMH Bl
MONEPEHOr0 CTAHY 1 BIUIUBY HA BXO/Ii.



III. PO3POBKA ITPOI'PAMU HapuanpHa yacTHHA MOJIEII MiCTUTE OaraTo iTepartiit. Mu

OCKUIBKH JUIsl HEAPOHHOI MePeKi HeoOXimHui 3Havumii ~ OYAEMO HAaBYaTH HaNly MOAEHb IpoTsaroM S50 irepamiii i
00CAr HaABYANBHMX JAHUX, y POOOTI BHKOPHCTAHO JaHi, Oy/1eMO BiJICII[KOBYBATH TOUHICTh TA HOMUJIKH:
HajgaHl Jaboparopicio 0e3IpPOTOBOIO BHMBYEHHS JAaHUX
(WISDM)[4]. Habip ganux OyB OTpUMaHuil y 1a00paTOPHUX N_EPOCHS = 50
YMOBaX, 3i6paHHX I PEaNbHOTO BUKOPHCTAHHA NPOTPAMH BATCH_SIZE = 1024
Ut cMapTQOHIB. saver = tf.train.Saver()
history = dict(train_loss=[],
train_acc=[],
test_loss=[],

Mogenb MICTHTD 2 IIOBHICTIO IOB'SI3aHUX IIApH Ta 2 IIapu
LSTM (cknageHuX oAuH Ha OTHOTO) 3 64 OAMHULIAMU KOXKEH:

N_CLASSES =6 test_acc=[])

N_HIDDEN_UNITS = 64 sess=tf.InteractiveSession()

def create_LSTM_model(inputs): sess.run(tf.global_variables_initializer())
W= { train_count = len(X_train)

'hidden": for i in range(1, N_EPOCHS + 1):
tf.Variable(tf.random_normal([N_FEATURES, for start, end in zip(range(0, train_count,
N_HIDDEN_ UNITSY))), BATCH_SIZE),

‘output”: range(BATCH_SIZE, train_count +
tf.Variable(tf.random normal([N_HIDDEN UNITS, 1,BATCH_SIZE)):

N_CLASSES])) sess.run(optimizer, feed_dict={X:
} X _train[start:end],
biases = { Y:y_train[start:end]})

'hidden': _, acc_train, loss_train = sess.run([pred_softmax,
tf.Variable(tf.random normal([N_HIDDEN UNITS], mean=1.0)), accuracy, loss], feed dict={ X: X_train, Y:y_train})

'output': _, acc_test, loss_test = sess.run([pred_softmax,
tf. Variable(tf.random_normal([N_CLASSES])) accuracy, loss], feed dict={ X: X test, Y:y_test})

} history['train_loss'].append(loss_train)
X = tf.transpose(inputs, [1, 0, 2]) history['train_acc'].append(acc_train)
X = tfreshape(X, [-1, N_FEATURES]) history['test_loss'].append(loss_test)
hidden = tf.nn.relu(tf.matmul(X, W['hidden']) + history['test_acc'].append(acc_test)
biases['hidden']) ifi!l=1andi% 10 !=0:
hidden = tf.split(hidden, N_TIME_STEPS, 0) continue
# Stack 2 LSTM layers print(fepoch: {i} test accuracy: {acc_test} loss:
Istm_layers = {loss_test}")
[tf.contrib.rnn.BasicLSTMCell(N_HIDDEN UNITS, predictions, acc_final, loss_final =
forget_bias=1.0) for _ in range(2)] sess.run([pred_softmax, accuracy, loss], feed dict={X: X test, Y:
Istm_layers = y_test})
tf.contrib.rnn. MultiRNNCell(Istm_layers) print()
outputs, _ = tf.contrib.rn.static_rnn(Istm_layers, print(f final results: accuracy: {acc_final} loss:
hidden, dtype=tf.float32) {loss_final}")
# Get output for the last time step Pe3ynbTaTd TOYHOCTI:
Istm_last output = outputs[-1] epoch: 1
return tf. matmul(Istm_last_output, W['output']) + test accuracy: 0.7736998796463013
biases['output'] loss: 1.2773654460906982
tf.reset_default graph() epoch: 10
X = tf.placeholder(tf.float32, [None, N_TIME STEPS, test accuracy: 0.9388942122459412
N_FEATURES], name="input") loss: 0.5612533092498779
Y = tf.placeholder(tf.float32, [None, N_CLASSES]) epoch: 20
pred_Y = create LSTM_model (X) test accuracy: 0.9574717283248901
pred_softmax = tf.nn.softmax (pred_Y, im's="y ") loss: 0.3916512429714203
epoch: 30
Bu3HauMMO TOUHICTH OMepartiit: test accuracy: 0.9693103432655334
loss: 0.2935260236263275
LEARNING RATE =0.0025 epoch:
optimizer = 40 test accuracy: 0.9747744202613831
tf.train. AdamOptimizer(learning_rate=LEARNING RATE).minim loss: 0.2502188980579376

ize(loss)

correct_pred = tf.equal(tf.argmax(pred_softmax, 1),
tf.argmax(Y,1))

accuracy = tf.reduce_mean(tf.cast(correct_pred, dtype=tf.float32))

CSYSC-2019 54



Puc.1 TpenyBanns mozeni dyepes itepamii

Harra Moziesis, cxoxe, 100pe BUMTBCS 3 TOUHICTIO, IIIO TOCSTAE
97%, a BTpaTy KOJIMBAIOThCS MPUOIU3HO Ha piBHI 2%.

BucHoBku

B nmaniit poGoTi Oysi0 TPOBEIEHO OIVISAA TEOPETUUHHX
OCHOB MAIIMHHOTO HaB4aHHA. [Iporpama  103BOJISIE
BU3HAYATH BHI MISUIBHOCTI JIIOAWHH BHUKOPHCTOBYIOUU
MOOIUTHLHUI CEHCOP aKCEIEPOMETD.

Jlama mporpama MoOXe BHKOPHCTOBYBAaTHCH y cdepax
pealimiTamii KUTTA, CIIOPTi, po3Barax, CIIOCTCPSIKEHHAX Y
JTIOMAIIIHIX YMOBaX.

AKTyanbpHICTE POOOTH MOSCHIOETHCS IMIBUIKAM POCTOM
MOOITBHUX TEXHOJOTIH a OTKe METONIB pO3IMi3HABaHHS
ISUTBHOCTI JIFOAWHYU HAa OCHOBI MOOLTEHUX CEHCOPIB.
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Anomayia—AHani3yerbess mpodjeMa CTPYKTypu3aumii Ta
crniocodu  nodyaoBu  Bed-cucteM. Po3riisiganoThest NUISIXH
NMOKpaIleHHs1 3pYYHOCTi BUKOpHCcTaHHs caiiTy. Byja nposenena
kjJacudikauis Bed-pecypcis 3a iX CTpyKTYpoI0 Ta Kiaacupikauis
BHMOT [/ TOKPAICHHS €ProHOMIYHOCTI KOpPHUCTYBaHHA 200
«103a0imiTi».

Abstract—The problem of structuring and ways of building
web systems are analyzed. Ways to improve the usability of the
site are discussed. Web resources were classified according to
their structure and requirements for improving ergonomics of
use or usability were classified.

Knrouosi cnosa—cmykmypa caiimy; knacugikayis; eumozu;
KOHmMeHnm; ananis;

Keywords—structure of the site; classification; requirements;
content; analysis;

[. Bcryn

[Migxin 70 moOy OBH CalTy MOBHHEH BCTAHOBUTH/3pOOUTH
BeO-pecypc  3pO3yMUIMM Ta 3pyYHHM Uil KOXKHOTO
KopuctyBada Mepexi IHrepHer. HeBin e€MHOI YacTHHOIO
KOXKHOrO CalWTy € 4YiTka CTpyKTypa, CIpsIMOBaHa Ha
KOHKPETHUH CTEKTp AiSIIBHOCTI YM TO KOMITaHisl, 4n TO OJor,
gn [HTepHer-marasun. be3 rapHoro mpencTtaBieHHs abo
30BHINIHBOTO BUIJISAY, SKAM HE TIOBUHEH BiJBOJIKATH,
BiJIBEPTATH yBary BiJ TOJIOBHOTO KOHTEHTY, YCIiXy Yy
KOpUCTYBaYiB Takuii BeO-pecypc He Oyne maru. Tomy 49um
npocTilie /it MPUAHATTS OyJie caiiT, TUM OLIbIIa ayJauTopis
OyJie y HBOTO, 1 THM YACTIlIIe IO HhOTO OYyTh 3BepTaTHCcs [1].
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II. AHAJI3 ITPOBJIEMU

PosrasiHemo caiT, sikuii 300pakeHuit Ha puc. |

Puc 1. 300pakeHHsI MAaCHBHOTO MEHIO-KaTaJory TOBapiB.

Janwuii caiit € [HTepHET-MarasmHOM 3 BEIMKHM OOCSATOM
TOBapiB. YepBOHOIO JIHIEI0 BUALIEHO MEHIO BeO-CalTy.
[TpaBwito cemM — 1€ JOCHTH BiJJOME TPAaBWIO, y KOTPOMY
HIEeThCS TIPO Te, IO JIF0AWHA JOCHTH 100pe 3amaM’aToBye 5-9
CYTHOCTCH 4M TpeIMETiB, aje He Oimprne [3]. Buxomsum 3
I[BOTO MOXKHA JIATH XapaKTEPUCTUKY MEHIO-KaTalory TOBapiB
K Jy)Ke He 3pydYHe Ta 3alulyTaHe I TOUIyKy MOoTpiOHOT
inpopmarii. lle omme nocuts mommpene I[IpaBmio TpboOX
KIIKIB — OJHE 3 HAMBIAOMINIMX MPABWI 3PYYHOTO JIs
BUKOPMCTAHHs caiiTy. Moro 03HaueHHsM € Te, 10 KOpHCTyBau
[IOBUHEH 3HaWTH iH(OpMalilo 3a TPU pa3u HATUCKAHHsS Ha
mury. TyT noTpiOHO 3a3HAYMTH, IO YUM OUTBII PO3raIyKeHa
CTpYKTypa caiiTy, 4uM Oilibllie eJeMEeHTIB Mae MEHIO, TO
MOJKHA IIMM [PAaBUJIOM HEXTYBaTH, TaK SK JOCTIIH, sKi Oyiun



onybnikoBani User Interface Engineering, roBopsitb npo Te,
110 BiJ KUTBKOCTI HATHCKaHb MOBEJiHKA KOPUCTyBavya Ta Horo
BP@XEHHS BiJ| caiiTy He 3aiexarb OIMH Bij ojHoro. Beo-
pecypc MOXKYTh 3aJHUIIUTH SK IICIS OJHOTO KKy Tak i Bifg
ABAAUATOrO.

ITI. CTPYKTYPA CAUTY

Cafitt MOXyTh OyTH pPI3HUMH 3a TPH3HAYCHHIM, TOMY
BOHM ITOBHHHI BiJIOBiIaTH KOKHUH CBOil CTPYKTYpi, a caMme
icHyroTh Taki mpukiamu sk Landing Pages (0gHOCTOpPiHKOBI
caiitn), Caiitu-karanoru, Caitu-popymu, CalTH-BI3UTKH,
KopmopatuBai caittu, [Ipomo-caiitu, IaTepHET-MaraszuwHu,
Imimkesi caiitu, Caitru-nopranu, On-line cepsicu Tomio [4].
DYHKII0OHAT KOXHOTO BHUIY BiPi3HSETHCS METOI CTBOPECHHS
Be0-CTOPIHKH, YM TO HAJATHU NOBHY iH(OPMAILIIIO PO HOCIYTH
GbipMu, YK IPOIATH TOBAP, UM 3aMOBUTH TYP /IS BiITIOUHHKY.

Maiixke 00OB’S3KOBO KOXHA CTOpiHKA MOBHHHA MICTHUTH
MyHKT TOPU30HTAJIBHOTO YHM BCPTUKAJIBHOTO MCHIO, 32
JTIOTIOMOTOI0 SIKOTO MOJKHA Oy/I¢ TOBEPHYTUCS IO TOJOBHOT
cTopinku. HermacHUM mpaBUIIOM € TIOBEPHCHHS Ha TOJIOBHY 32
JTIOTIOMOTOI0 HATHCKAHHSI Ha JIOTOTHUII CaliTy a00 KOMIIaHii.

[MpaBwibHa Oe3nepebiliHa poboTa BeO-CHCTEMM TapaHTYeE
ropHy KiieHTChbKy 0a3y. KokHa «monomanay» kHomka ado
TIOCUJIaHHSI Ha HEICHYIOUY CTOPIHKY KOIITYE KOPUCTYBadiB.
TloTpibHO AymaTH MPO 3pY4YHICTh KOPUCTYBAaHHAM CaWTOM,
mpo TMpaBWIBHY OpraHi3amilo poOOTH BEO-CTOPIHKH Ta
aKTyalbHIiCTh 1H(OpMAITT.

[ToTpiOHO BUKOPHCTOBYBAaTH OAHY W Ty CaMy CHCTEMY
HaBiramii Ha BCIX CTOpiHKax caiTy. Hespyuni caiitn
KOpHUCTYBaYiB HE MPUBAOIIOIOTE.

IV. KOHTEHT CAUTY

Konrenr caidty — ue Bcs iHdopmaiis, 110 HAa HbOMY
po3mileHa (TeKcTH, Bieo, ayaio, 300paxenHs, ororpadii).

Big Bwmicry caiity 0e3lmOCEpeAHbO 3ANEKUTh HOro
npuOyTKOBICTh. BinBigyBadui B mepmry depry OIYKalOTh
kopucHy iH(opmarliiro. ToMy, TUIbKH SAKICHUH 1 YHIKaJbHUN
KOHTEHT MOXE IapaHTyBaTH yciX. HeMOXIIMBO BUBECTH cailT
Ha BEPXiBKY MOIIYKOBUX BHJAY i ITIBUIIUTH HNPHUOYTKOBICTH
0e3 SIKICHOTO KOHTEHTY Ta PETYJIIPHOTO HOT0 OHOBJICHHS. YCs

indopmariss Ha caiiTi Mae OyTtm KopucHOW. Timpku
JIOCTOBIPHUM  GKCTIEPTHUH  KOHTEHT, SKHH  IIOBHICTIO
po3noBimae po BCi TepeBaru Ta HEJIOJIiKH

KOMIIaHii{/TOBapiB/TIOCIYT CIIOHYyKa€ 3IIMCHIOBATH IOKYIKH
[5]. TonoBHa in¢opmamiss moBHHHa OyTH CIOYaTKy. lmes
pecypcy MOBHHHA OYTH Ha TOJOBHIN CTOpiHII i OyTH MEpIIoo
iHpopmarieto, sSKy mmoOaunTh KopHucTyBad. He moTpiGHO
3aBaHTa)XyBaTH caliT 3aiiBolo iH(QopMalielo Ta BBOAUTH
KOPHUCTYBaYiB B OMaHy.

BucHoBKku

EpronomiunHicTh a00 3py4HICTh BHUKOPHCTAHHS — OIHI 3
TOJIOBHUX KPHUTEPIiB BiAOOPY B cydacHoMy >KuTTi. [Ipucrtpoi,
MeOITi, ToCy T, aBTOMOOLTI — JKOJICH KOMIIOHEHT 3 MIEPENiKy He
MOXKe 00iiTucs 6e3 miaxoay 103abiliTi, CAaWTH B TOMY YHCIIL.
BoOHM TOBHHHI CTBOPIOBATHCSI HAMpsAMY JUIsl 3BHYAHUX
KOPHCTYBauiB, 3 MOpPaBUIBHO OOpaHOI0  CTPYKTYpOIO,
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KOHTEHTOM, SIKI CIPHUSATUMYTb [O3UTUBHOMY BPaXKCHHIO Ta
3aUIIATHMYTh TapHi BIATYKH [6].

Kosken ToBap Ha KOMEpPLIHHOMY CaiiTi IOBUHEH MaTH OIKC
i BCIO JeTanbHy iH(OpMAaIifo mpo HOro CKiax Ta JOCTaBKY.
CaiiTu BI3UTKM MYCSITh B IIOBHOMY 00Cs31 HajaTu
KOPHCTYBa4y MOBHY iH(pOPMaLilo PO IMEBHUH BUI TisSUTBHOCTI
¢bipmu, kommnanii, opranizauii Tomo. OOpaHa CTpyKTypa
NOBHHHA MAaTH KOHKPETHY CIeLiaii3alilo, 0 XapaKTepusye
came 1ed BeO-pecypc, IO 3HAYHO IIOJICTIIYE OPIEHTAII0
KOPUCTYBa4iB Ha CaiTi Ta 3HAXOMKCHHS aKTyalbHOL
iHpopmarii

[ikaBuM pilIeHHSIM IS KOKHOI [HTepHET-CTOpiHKM OyIe
PeKUM 3MIHA MOBHM Ha CalWTi Ta (QYHKIS TIOMIYKy 3a

KIIOYOBUMH  CJIOBaMH, IO CHpPOCTWIO OWM  Tpoliec
3HAXOKEHHS iHpOopMaItii.
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Abstract—CTBOpeHo nporpamy s MOPiBHSIHHA
AJIrOpUTMiB (PPAKTATBLHOr0 CTUCHEHHS 300pPaKEHb.

Anomauis—A program has been developed to compare
fractal image compression algorithms.

Keywords—epakmansue kodyeannsa, Oomennuii
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ONnoK,

I. BCTVYII

O0’ekTOM JIOCHIJDKEHHST B JaHiil poOoTi € Meronu
(bpaKTaIbHOrO KOLYBaHHsI 300paKeHsb.

AXTyasbHICTh POOOTH TMOSICHIOETBCS B HEOOX1JIHOCTI
JNOCTIMTUTA Ta BJOCKOHAIUTH BXE ICHYHOUlI METOIU
(bpaKTaIbHOrO CTHCHEHHS 300paXKeHb.

Metoro poOOTH € TOCTITUTH Ta BIOCKOHAIUTH aJITOPHTM
(pakTanpHOTO CTHCHEHHS 300pakeHHs. Skuii OM 3Mir
Kpallle MpaIfoBaT 3 300pakeHHAM, BAaBaB MCHIIIC BTPAT i
MpAIlOBaB HA0AraTo MIBH/IIIIC.

II.  BA3OBMI AJITOPUTM KOJIYBAHHS
30bPAXEHD
Orxe, pO3rIIHEMO MaTeMaTHYHe OOIPYHTYBaHHs
MO>KJIUBOCTI (paxTagbHOTO CTUCHEHHSI. €

BiOOpakeHHsim: A— A , € — MHOXHHA BCiX MOXKJIMBHX
300paxkeHb. W € 00'eJHAHHAM BiJOOPaXKEHD w;

wmhﬂJmmg

ne R — 300paxens, a di — sikich oOmacti 300paxenus D.
Kosxue nepetBopenHs wi iepeBoauTh di B ri . Takum unHOM:

(R} U m

(1.1)

(1.2)

Byne noriuHo ysBuTH 300pakeHHs y BUIILAI (QyHKIIT
mBox 3MmiHEHEX f (X, y). Ha Oe3miui Bcix Takux GyHKIii
BBEIEMO METPUKY (BiACTaHb MDK  300pa’KCHHSIMH),
HaNPHUKIA1, TAKUM YHHOM:

CSYSC-2019

58

Semankiv M.V.

Department of computer sciences and information systems
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, Ukraine
semankiv.maria@comp-sc.if.ua

& gl = mar, , (fCe.y) —g(x (1.3)
3rinHo 3 Teopemoro banaxa, icHye neBHUIl Kjac

BioOpa<eHb, JUIsl SIKUX iCHy€ KOHCTaHTa ¢ < 1 Taka, Lo s

Oynb-sikuX 300pakeHb f 1 g BUKOHYETHCSI HEPIBHICTB!

SIW(F)L,W(g)) < c+ &(F. g) (1.4)

Taki BimoOpaKeHHs Ha3MBAKOTHCS CTUCKAKOYHAMMU, 1 VIS
HUX CHPABEIIMBO HACTYITHE TBEPKCHHS: SIKIIIO 110 SIKOrOCh
300paxeHHss FO Mu nouHemMo 6araTtopazoBO 3aCTOCOBYBATH
BioOpakeHHs1 W TaKUM YHHOM, 1110:

5 = W(E)
(1.5)

-
J"I

=WiF_,)

TO B MEXi, MpHW 1, sSKa TparHe A0 HECKIHYEHHOCTi, MU
OTPUMAEMO OJTHE 1 T€ X 300pa)KCHHS HE3AJIC)KHO Bif TOTO,
SIKE 300payKEHHS MU B3sUTH B sIKOCTi FO:

limF;, — F

e (1.6)

Ie xinmeBe 300paxkeHns F Ha3uBaIoTh aTTpakTopom, abo
HEPYXOMOIO TOYKOIO BimoOpakennss W. Takox Bigomo, 1o
SIKITIO TIEPETBOPEHHS Wi € CTUCKAIOUNM, TO ix 00'eqHaHHs W
TEX € CTUCKAIOUUM.

TurmoBa cxema (ppaKTanbHOTO CTUCHEHHS:

3 ypaxyBaHHSAM BHUIIECKA3aHOTO, CXeMa KOMIpeCii
BUIIISIAE TaK: 300paxkeHHs1 R po30MBa€eThCsl HA IMATOUKH Tl
, 3BaHI paHroBuMH oOmactTsmMu. Jlai a1 KoxHOI 00JacTi ri
3HaxomAT obOmacte di 1 TEpeTBOpPEHHS Wi Taki, IO
BUKOHYIOTHCSI HACTYITHI YMOBH:

1. di 3a po3mipamu OLIBIIE 11 .
2. wi (ri) Mae Ty %K Gopmy, po3MipH 1 MOJOXKEHHS, 1O 1 Ii.

3. KoedimieHT u mepeTBOpEHHST Wi TIOBUHEH OyTH MCHIIIE
OJUHHILI].

4. 3naueHHs Ma€ OyTH SKOMOTa MEHIIIE.

[Mepiri Tpy ymMOBHM 03HAYaIOTh, IO BiZOOpaXKEHHS Wi
Oynme cTHCKal4uM. A B CHJIy 4YeTBEpPTOi YMOBH KOJOBaHE



300paxkenHs R i tioro o6pas W (R) OymyTs cxoxi oquH Ha
onHoro. B igeani R = W (R). A e o3Hauae, mo Harie
300pakeHHs R i Oyne Hepyxomoro Toukoro W[17]. Came TyT
BUKOPUCTOBYEThCSL 1000y PI3HUX 4YacTUH 300pakeHHs
(3BincH 1 Ha3Ba - «(paKkTaIbHA KOMIIPECisD»). SIK BUABHIIOCS,
NPAaKTHYHO BCI peayibHI 300pPaKSHHS MICTSATh TaKi CXOXI
OJMH Ha OJHOrO, 3 TOYHICTIO 10 adiHHOrO NEPEeTBOPEHHS,
YaCTHHH.

Takum grHOM, I KOMITIpecii 300paxeHHs W moTpioHo:

1. Po3butm 300pakeHHA Ha paHroBi oOmacti ri

(renepeciuHi 00acTi, 110 TOKPUBAIOTH BCE 300pa)KCHHS).

2. JIns kokHOI paHTOBOi OOMacTi ri 3HaiTH obmacts di
(3BaHy ITOMCHHOI), 1 BIHOOpaKCHHA Wi , 3 3a3HAYCHUMH
BUIIIE BIACTUBOCTSIMHU.

3. 3amam'statu kxoediuicHTH apiHHUX TEepeTBOpeHbh W,
MOJIOXKEHHST JOMEHHUX obmactedl di , a TakoX po30HTTS
300paKeHHS Ha JOMEHHU.

BinmoeigHo, mms mexommpecii 300pakeHHsS IOTPiOHO
Oyxe:

1. CtBopuTH SIKHUCH (OyIb-sKE) OYATKOBE 300paXKeHHS
RO.

2. Bararopa3zoBo 3acTOCyBaTH 10 HBOTO BiOOpaXKeHHs
W (00'enHanHs wi).

3. Tax six BimoOpakenHs: W CTHCKyro4e, TO B pe3yJIbTari,
TICHST TOCTATHLOI KUTBKOCTI iTepartiid, 300paskeHHsT TpUiize
JI0 aTTPakTopy 1 MepecTaHe 3MiHIOBATHCA. ATTPakTop i €
HaIlIMM BUX1THAM 300pakeHHAM. [ekoMmpecis 3aBepIieHa.
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BHCHOBKH

B xomi maHoi po0OOTH OTPUMAaHO HOBI 3HAHHS TIPO
(hbpakTaNbHI aNTOPUTMH Ta IX peai3amiio Ha MPakTHlli, OyIo
BJIOCKOHAJICHO  OIWH 3 HHX. Pe3ymbTaTH JOCTiIKCHBb
MOKa3ylTh IO ()pakTalibHE KOJYBaHHS II€ MPOTPECHBHUIA
METOJ KU BapTO 3aCTOCOBYBATH HA TPAKTHII, HE TiIBKH
JUTS CTUCHEHHS 300pa)kKeHHsI aif IS {HITNX TaIy3ei.
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Abstract—We present necessary and sufficient conditions of
l-index boundedness for entire curves which map complex
plane in /.. These conditions are generalizations of
corresponding propositions known for other classes of
holomorphic functions of bounded /-index. These conditions
describe local behavior of maximum norm of the curve in /» on
the greater circle by the maximum norm of the curve in /x on
the lesser circle.

Anomayia—/Ina uiiux KpuBUX o0MexkeHoro l-ingekcy, mo
AiI0Th 3 KOMILIEKCHOI IUIOHUHU Yy /o OTPUMaHO HeoOXimHi i
J0CTATHI YMOBU NPHHAJEKHOCTI 10 uboro kaacy. Lli ymoBu €
y3arajJbHeHHSIM BiINOBITHMX TBepPIKeHb BCTAHOBJIEHHX
panime Jas iHmWMX KkaaciB rojaoMoppHux  QyHkmii
o0MexeHoro l-ingexcy. OTpuMaHi yMOBH OIMCYIOThH JIOKAJIbHE
MOBO/UKEHHSI MAKCHMYMa HOPMHM KPHBOI Yy /- Ha Giabumomy
KOJIi Yepe3 MAaKCMMYM HOPMH KPHBOI y /- Ha MEHLIOMY KOJIi.

Keywords—entire  curve, bounded l-index, infinite-
dimensional space, l<, local behavior.
Knwuoei  cnosa—uina Kpuea, oo0mexncenui Il-indexc,

HeCKIHYeHHOBUMIPHUIL npocmip, lx, 10KaIbHE NOBOICEHHA.

We will use notations from [1], [2]. Let ¢/~ be a
sequence space whose elements are the bounded complex
sequences. The space is equipped with the norm

PxP =sup,|x,|. Let F:C—{” be an entire curve,
ie. F=(f,fs5s[,>-+), where every f, is an entire

function, j € N. By B” we denote a space consisting from
F.Co/0”
compacta, i.e. /'€ B” if for every compacta G < C there

exists: C >0 such that for any z€ G one has
PF(z)P, <C. Let /:C — R, be a positive continuous

functions which are bounded on every

funcion. The notation F“*(z)  stands for
(NP @es /72500
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Recently, there was presented [1], [2] a generalization of
concept of bounded /-index for entire curves in /. Also

there was proved one criteria describing local behavior of
these curves. Here we continue these investigations and

present another criteria for the class B” .

Let us remind a main definition from [1], [2]:

Definition. A function F' € B” is called a function of
bounded /-index, if there exists m, € Z, such that for

every m€ Z_ and forall z€ C one has

PF™ (2)P. PF (2P
e ——— < max B aE— (H
m!l (Z) 0<ksmy, k!l (Z)
Let us denote
(¢
A, (17) = sup ) 11—t 1

L) 0 miniLe) L)) |

By O we denote a class of positive continuous function

1 ,tzeC

[:C—>R .» satisfying the condition

(Vn20):4,(n) < +o. (@)

Using results from [1], [2], we obtain the next criterion of

[ -index boundedness for functions from B” . Similar result
was firstly deduced by G. H. Fricke [5] for entire functions
of one variable having bounded index. Further it was
generalized for various classes of holomorphic functions [7],
[6], [3], [4]. Our main result is following:



Theorem 1. Let /€Q. A function F € B” has
bounded /-index if and only if for any 7, >0, 7, >0
(r,<r,), there exists B, = F(r,r,)=1 such that for

every z’eC

max{PF(z)P, :|z -z, I%} <
I(z")

< Pmax{PF(2)P. 1| z - z, —1—}.
I(z,)

3
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Abstract—The article dedicated to the analysis of the indexing and search technology, as well as spellchecking, hit
Ukrainian register of vehicles and their owners from 2014 till highlighting and advanced analysis/tokenization capabilities.
the 2019 years with use of ELK Stack (Elastic Search and In addition, there is a great visualization tool for
Kibana) and .NET Core technologies. The information about Elasticseacrh named Kibana, which is an open-source data
the strategy of analysis and the results of the data investigation. visualization dashboard for the database. It provides
visualization capabilities on top of the content indexed on an
Elasticsearch cluster. Users can create bar, line and scatter
plots, or pie charts and maps on top of large volumes of data.

Keywords—analysis,  vehicles, elasticsearch, kibana,
multithreading, .NET core, big data, statistics.

I. INTRODUCTION Ip the register, thfa information was kept in seyeral tar.gz

. archives which contained csv files with the operation rows. It

_ Ukraine government has created a portal of open data a5 not a convenient way to analyze the data and the chosen
with different types of data sets related to versatile operations  gatabase was tuned for JSON format. So, the next challenge

inside the country for all citizens [1]. The largest open  yhat e had was converting and transferring the data to the
dataset of the site is a register of vehicles and their owners local Flasticsearch cluster.

which contains all information about car operations such as
initial registration, registration of imported or re-registration To perform the operation we have created a C# tool,
of a vehicle to a new owner. All operations related to ~ Which parses csv data row, depending on a format, as files
vehicles are listed in the dataset. Single data row contains ~ have a little bit different ways of naming, then converts data
main information about the car (color, registration plate,  to standard view to be capable of making a comparison,
Capacity, brand, etc.), the owner (registraﬁon address, converts the resulting entity to JSON format and sends to
individual registration type) and the operation information  Elasticsearch. In order to perform that transformation, we
(name, code). have used CsvHelper and Json.NET (formally known as
) o Newtonsoft JSON). They both are distributed under the
We decided to format the data to one style, collect it in licenses which are free for commercial use (MS-PL and

one database, analyze and make graphs with the most  Apnache 2 for CsvHelper and MIT for Json.NET).
interesting findings. There were several decisions made

considering the huge number of the records in the dataset (11 The created solution did the job correctly however the
million) and the format it was kept. data processing speed was quite slow. The tool was able to
process 20-25 data records per second on the local computer,
which meant that 11 million data rows would have been
processing for more than 150 hours. We decided to improve

To analyze all the data and find any dependencies it had  the tool to make it use all the capabilities of modern
to be collected in one database and had to have a single  computers and made it multithread. The most time-
format, to be able to compare records. consuming operations were parsing the data from csv and
converting the data to JSON. As all datafiles were
approximately the same size, we decided to split the threads
by data source. That means that we will always have the next
number of working threads:

II. DATA PREPARING

The first question that we had was where to store the data
and how to display it. There were about 11 million data
records that should be filtered and aggregated quickly with
the ability to display the results of aggregation as charts.

After some investigation of the available tools and databases k=abs(m/n)ifn>mandk=n,ifn<m

for such purposes, Elasticsearch was chosen as the main )

database. Elasticsearch is a distributed, RESTful search and where k — number of active threads; m — number of
analytics engine capable of addressing a growing number of ~ €Ores; n —number of data sources.

use cases, it lets perform and combine many types of The parallel solution worked much better and the

searches - structured, unstructured, geo, metric, etc. So, it throughput was about 100 data rows per second, so all the

was perfect for storing a huge number of data and  gata were transferred to the Elasticsearch database in around
performing searches. The crucial think we had to think about 3035 hours and became ready to be analyzed.

is a performance of data filtering, aggregation and search in
general and Elasticsearch meets our expectations by using of
Lucene Core under the hood which provides Java-based
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III. RESULTS OF ANALYSIS

We created a dashboard, with statistics, taking into
account operation parameters, such as fuel type, popular
brands, registration region, capacity, etc., and we have got
some interesting results.

First of all, we have made an analysis of the imported
cars and have got the data displayed in Fig. .

Fig. 1. Number of imported cars from 2014 to 2019 (Per month)

We can see that in 2019 there is a very sharp increase in
the registration of cars imported from abroad. The
registration of imported cars increased to 80,000 items per
month in January which was not usual for Ukraine. It was
provoked by several changes in the law related to customs
clearance and new non-customs fines.

If we try to take a look in detail on which cars were
imported during the winter of 2019, we will see that the most
popular brand was Volkswagen. The number of imported car
registrations of brand Volkswagen rose to 900 units per day.
It is twice bigger than second popular in import brand —
Opel, which had up to 450 registrations per day (Fig. 2.).

o MEHRLEDES-BERL 3

Fig. 2. Popularity of brands for import (Per 24 hour)

Trying to dig deeper and find which cars had import
demand from 2014 to 2019, we have found out that the most
popular cars for import to Ukraine are cars with production
year between 2000 and 2010. There were about 60,000
registrations of the cars in January 2019 (Fig. 3.).

& < 1BB0
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1930-2000
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Fig. 3. Production years of cars for import from 2014 to 2019 (Per month)
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The most popular body type for import is a station
wagon, and during the import car registration raise in the
winter of 2019 the number of registered station wagons per
month was about 50,000 which was triple bigger than the
number of sedans (up to 15,000 per month).

Also, an interesting fact is that the most popular fuel type
of cars for import is diesel, however on average petrol is
more popular in Ukraine then diesel. More than 50% of
imported cars in January 2019 had diesel fuel type (Fig. 4.).

bt

B

P

Fig. 4. Popularity of fuel of imported cars from 2014 to 2019 (Per month)

So, that means that currently, we have a huge number of
diesel station wagons of brand Volkswagen of 2000-2010
production years, which will become a disposal disaster in
10-15 years.

The most popular brand of a car bought as a new in 2019
is Renault. The brand had up to 170 sales of brand-new cars
per day all over Ukraine. Also, Toyota brand was quite
successful in the sale of the new vehicles and had up to 100
sales per day. Then Volkswagen with 35 sales per day on
average. So, that means that Volkswagen is quite popular as
a used car but not so popular as a brand new in Ukraine.
Probably, it can show that Volkswagen vehicles are fairly
reliable cars to buy them in 10-15 years after production, but
still quite expensive for Ukrainians if they buy it from the car
showroom.

Despite the fact that at the top of statistics of imports and
sales are European brands, still, the most popular brand
among Ukrainians is AutoVaz — Russian automobile
manufacturer (Fig. 5.). It is because the cars are quite cheap
and used as the cheapest individual transport in the
country.
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Fig. 5. Brand popularity over resell operations from 2014 to 2019 years
(Per 24 hour)

With this new wave of vehicle electrification, electro cars
become more and more popular in Europe and America. We
decided to investigate the popularity of the type of cars in
Ukraine and can see that the demand for it constantly
growing from the 2014 year till now. The average number of



sold electro cars in 2014 was 70 per month and the average
number in 2019 is 2200. That means that the demand has
grown 30 times from 2014 (Fig. 6.).

The most popular electro car models are Nissan Leaf and
Toyota Prius. In addition, 20 percent of the cars were sold in
Kyiv, 12 percent in Odesa, 8 percent in Kharkiv and Dnipro.

Fig. 6. Number of operations with electo cars from 2014 to 2019 years
(Per month)
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Distributed Public Key Infrastructure using
Blockchain
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Abstract—The security of web communication via the
SSL/TLS protocols relies on safe distributions of public keys
associated with web domains in the form of X.509 certificates.
Certificate authorities (CAs) are trusted third parties that issue
these certificates. However, the CA ecosystem is fragile and
prone to compromises. Starting with Google's Certificate
Transparency project, a number of research works have
recently looked at adding transparency for better CA
accountability, effectively through public logs of all certificates
issued by certification authorities, to augment the current
X.509 certificate validation process into SSL/TLS.

Keywords—certificate, blockchain, public key infrastructure,
hyperledger, ssl, https, authority

I. INTRODUCTION

Currently, SSL/TLS heavily relies on trusted third
parties to assert the authenticity of a server's claim to its
public key. certificates authorities (CAs) are trusted third
parties that 1 endorse the public keys of servers by
performing checks and issuing X.509 certificates. An X.509
certificate is a digital document, signed using a CA's secret
key, attesting to the binding of a public key to a server's
identity. The client browser is pre-configured with the
public keys of a number of known CAs. An X.509 digital
certificate (signed using a CA's secret key) received over a
TLS handshake session is then verified by the client browser
using the CA's public key, if it is available with the client
browser. A typical installation of Firefox has public keys of
more than 1000 CAs in its database [26]. The above CA
model users from the following major problem. Suppose the
key-pair for a server hosting a domain, say d, is (pkd,skd).
Let T be a CA who is having the key pair (pkT, skT) and
who, on the request of d's owner, has issued, using skT , a
certificate certT—d/pkd attesting to the binding between d
and pkd. For the certT—d/pkd to be accepted by any
browser, T must be trusted (in practice a chain of CAs must
be trusted), i.e., the public key pkT must be available with
the browser. The communication to d can be intercepted by
an adversary A (having key pair (pkA,skA)) in one of the
following ways. As already mentioned, a browser typically
has thousands of CAs registered in it, and the user cannot be
expected to have evaluated the trustworthiness of all of
them. A might rst get an untrusted CA, say U with key pair
(pkU ,skU), to issue a certificate certU—d/pkA attesting to
an incorrect binding between its public key pkA and d.
Finally if A manages to insert the public key pkU of U into
the client's browser, the malicious certificate certU—d/pkA
gets accepted in turn. And therefore by getting a browser to
accept fake keys for standard services (such as bank web
sites and webmail sites), the attacker can intercept and
manipulate the user's trac with those sites [8], [14], [27].
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II.

The preceding discussion emphasizes the glaring
vulnerability in placing trust on certifications authorities
under the existing SSL/TLS system. In the current trust
model of X.509-based PKI, a single compromised CA can
issue a certificate for any domain. Moreover, such malicious
certificates can go unnoticed over long periods of time. A
variety of proposals have been made to reduce trust in the
CAs. Trusted certificate observatories such as Perspectives
[21], and SSL Observatory [2] confirms that a TLS
certificate seen by a client is the same as the one seen by the
notary. Other approaches attempt to reduce the scope of
CAs' authority [9], [10], [11], thereby reducing the amount
of trust and power held by CAs today. Another promising
approach is to create public-logs of all certificate operations.
This approach leverages high-availability servers called
public logs that maintain append-only databases of
certificates issued by CAs. These databases provide ancient
proofs of a certificate's presence in a log and of the log's
temporal consistency. Google's certificates Transparency
(CT) project [13] was among the rst to propose publicly
auditable logs as a way of providing better CA
accountability. CT creates a system of public logs, which
maintains a database of observed certificates issued by CAs.
The log then provides a proof of a certificate's presence in
the log's database, and this proof can be checked by clients
during the TLS handshake. Additionally, the log is publicly
auditable so that any party can fetch proofs of presence or
consistency from the hash tree of the log to monitor its
operations. Special entities called auditors and monitors
may perform these functions as a service for clients,
publishing any evidence of CA misbehavior. The end goal
of certificates Transparency is that web clients should only
accept certificates that are publicly logged and that it should
be impossible for a CA to issue a certificate for a domain
without it being publicly visible. Google's certificates
Transparency works on top of the existing X.509 PKI
assisted SSL/TLS. Therefore it is not a disruptive
technology and only creates an additional layer of security.
Unlike CT, some of the other proposals in this eld seek to
recommend fundamental changes to the existing system and
therefore a considerable analysis must be carried out for
them to be applied in practice. The Accountable Key
Infrastructure (AKI) [12], like CT, adds new entities such as
public log servers (called Integrity Log Servers (ILS) ) and
Validators.Validators are entities that monitor ILS
operations, by downloading the entire ILS data structure and
performing consistency checks. Additionally, AKI
certificates contain several extensions over standard X.509
certificates. Among others, it recommends multiple CAs to
sign a single certificate and the domain can specify in its
certificate which CAs and logs are allowed to attest to the
authenticity of the certificate. Attack Resilient Public-key
Infrastructure (ARPKI) [6] is a system inspired by AKI,

RELATED WORK



which redesigns and improves many aspects of AKI.
PoliCert [20] extends the AKI by giving the domain owner a
way to describe its own certificates and properties of TLS
connections. The crucial property that many of these log-
based approaches seek is the detectability of a log's
misbehavior, i.e., if the log presents a different set of
certificates to different clients at a given point of time, or if,
it does not respect the append-only property. A somewhat
necessary solution to this problem would be verifying
whether all (possibly worldwide) clients share a consistent
view of the log. A couple of gossip protocols for certificates
Transparency that aim at detecting several types of attacks
by log servers were proposed in [7].

I1.

Leveraging recent progress in blockchain technology,
we propose a novel system, called CTB, that makes it
impossible for a CA to issue a certificate for a domain
without obtaining consent from the domain owner. We
further make progress to equip CTB with certificate
revocation mechanism. We implement CTB using IBM's
Hyperledger Fabric blockchain platform. CTB's smart
contract, written in Go, is provided for complete reference.

THE GOAL
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Model Information System to Increase Social
Activity

Maryana Chenka
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Lviv, Ukraine
Maryana.chenka@gmail.com

Abstract— This study aimed at creating the project of the
development information system. The main purpose is the
development system that should increase the level of social
responsibilities. The designed system is like a charity e-
commerce platform. The study contains information about the
most important functionality and the process of the business
logic of the information system.

Keywords—social sphere, crowdfunding, charity, information
system.

Relevance of work. In today's realities, the issue of
social activity and the involvement of society in the
processes related to the social sphere is quite acute. The level
of social responsibility of the citizens of our country is low,
as evidenced by numerous social experiments conducted by
activists and sociologists.The importance of social activity is
hard to dispute. This is one of the factors in the formation of
a social order that ensures harmony and sustainable
development of the community and the country. The level of
social activity can be changed by creating convenient,
accessible and reliable information technology solutions that
will ensure involvement in volunteer and charitable
processes. However, when it comes to social inclusion, it is
worthwhile to provide convenient and accessible
mechanisms for doing so. Throughout the world,
volunteering is quite popular and is increasing in popularity.
This is seen as voluntary, socially oriented activity.
However, this area needs to be improved in the technical
part, because despite the popularity of successfully
implemented projects are scarce, or they occur without the
involvement of modern IT systems. Often the key factors are
the issue of usability, accessibility and reliability [1]. As one
example, the level of social activity can be changed by
creating IT solutions that will provide a convenient way to
get involved in volunteer and charitable processes.

The purpose of the study is to develop an information
system aimed at enhancing the level of social activity and
social responsibility. This service is designed to create a
comfortable environment for volunteerism and charity. The
project's ideology is based on the dreams of socially
disadvantaged children. Crowdfunding is gaining popularity
on social networks and media, which is why it is raising
people's awareness of how to engage in volunteering as a
simple and accessible method [2].

The object of work is the process of information and
technological support of the social sphere.

The subject of the work is an information system of
dreaming that promotes community involvement in
volunteering and charity through the use of a convenient and
accessible platform.
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Tasks to realize the purpose of the work:

o (Conducting an analysis of the phenomenon of
volunteering and specialized information systems to support
social projects.

o Developing a model of the information system
workflow

e Description and definition of platform functionality
requirements.

e Forming roles for all members of the system.

Performing a systematic analysis of this subject area, we
found several similar solutions. Analogs of such a system
exist in Ukraine. For example:

Mrii.in.ua - http://www.mrii.in.ua/wish, which gets in the
way of fulfilling the dreams of HIV-infected children.

Make a dream come true - https://wish.1plusl.ua, which
is mainly focused on raising funds to fulfill the dreams of
hospital patients.

Dream Realization Site - http://mrii.at.ua/

UBB - https://ubb.org.ua/en/projects/, which raises funds
for Help Operators.

Each of these information technologies has been
evaluated for the following characteristics: scalability,
unification, interoperability, scope, functionality, usability,
performance, reliability, mobility, user-friendliness, user
interaction, Accreditation for Performers, pervasiveness and
accessibility, user-friendliness.

The result of this comparison is a list of requirements for
the system that anticipates the achievement of the set
goals.There are a number of problematic issues that need to
be addressed in order for the system to meet all the above
tasks. So, the basic requirements for the information system:

accessibility for volunteer organizations and contractors;
the truth of published dreams;

transparency of financial information and confirmation of
dream fulfillment;

ease of use;
adaptation to different target audiences;

involvement of large corporations in using the system
through advertising campaigns.



The created information system will ensure the
interaction of three main participants of the process:
volunteer organization, patron and performer.

Volunteer organizations will fulfill the function of
collecting and publishing dreams. That is, with their own
databases of information on socially disadvantaged children,
in cooperation with other institutions, organizations will
fulfill the dream of children. The platform provides that each
organization has its own admin panel and access to its office,
where it can publish dreams, make changes, answer
questions from other actors and more.

There is another type of participant's cabinet, namely the
artist. That is, everyone who wants to realize the dream is
logged in to access the dream information.

After the dream is fulfilled, the Contractor must provide a
confirmation of the dream fulfillment, which is verified by
the platform administrator and the volunteer organization. If
the confirmation of the fulfillment of the dream is
satisfactory, then after double verification from the
administrator and the organization, the dream receives the
status of "Done".

Another option is that the dream requires significant
financial costs. Then the Executor "reserves" the dream and
indicates the amount that is necessary for realization with a
detailed list of financial expenses. After that, the dream
"waiting" changes the charter and moves to another section,
where you can donate a certain amount or fully pay for the
dream.

A simplified model of an information system is
represented by a UML diagram. Use case that reflects the
functionality of two actors - the volunteer organization and
the Performer (Fig. 1).
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Fig. 1. Use Case designed information system

Conclusions. The analysis of the studied subject area
allows to form a list of analogues of information systems for
volunteering, defines the functionality of the platform, which
is necessary to ensure the goal, and also defines the
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requirements for the developed system. A simplified model
of the information system was developed. Further research
involves the development of a detailed model of the
information system and a comprehensive list of
functionalities of the information system.
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Anomayia—Yy cTATTI PO3IJASIHYTO TOHATTH 3BedeHHS,
HAOIMKEeHNX PO3B’A3KIB i ckIagHoOCTI A1 KOMOIHATOPHUX
0araToKpuTepiajJbHUX 3a7a4, II00 JOCTIAMTH NHUTAHHS
peontuMizanii. JocaimkeHno edekT J0JaBaHHSA MHOKHHHM
BEPLINH 3 JIEAKUMHU iHUWIEHTHUMH pedpaMH /0 JAOBIILHOIO
eK3eMILIApa 2-KpuTepianibHOl 3agaui  mnpo  MiHiMasabHe
BepLINHHE MOKPUTTS HA ONTUMAJILHUN PO3B’SI30K.

Abstract—The article considers construction, approximate
solutions and NP-complexity to combinatorial multicriteria
problems to research questions reoptimization. The effects of
the adding a set vertices incident with some edges to an
arbitrary instance of 2-objective problem of minimum vertex
cover for the optimal solution.

Knwuoei croea—oazamokpumepianvna NP-cknaouicme,
OazamoKkpumepianoHuil  po3e’a3okK, OazamokpumepiaibHa

anpokcumayia, peonmumizauia, NOAIHOMIANLHO PO36°A3HA
3adaua.

Keywords—multi-objective ~ NP-hardness, Multi-objective
solution,  Multi-objective  approximation,  reoptimization,

polynomial-time solvable problem.

1. Bctvn

Pi3Hi eKOHOMIYHI, TEXHIYHi, NPUPOJHI 1 COLIAIBHO-
HAYKOBI IIpoIecH MICTSITh OararokpurepiaibHy
ONTHUMI3aLil0 NPUPOAHMM uUHOM. MmuoxuHa [lapero
CKJIAZIA€ThCsl 3 YCIX PO3B’SI3KIB, SIKI ONTUMAJbHI B TOMY
CEHCI, 10 He iCHy€ PO3B’s3KY, SKHW CTpOro Kpamui. J{is
0ci0, SIKUM TNPUXOIAMTHCS MPUIAMATH PIILIEHHS MHOXHUHA

[Mapero jgy»xe KOpPHCHA, OCKUJIBKM BOHA BPAaxOBYE
KOMIIPOMICH ~ MIXK ONTHUMAJILHUMHU  PO3B’sI3KaMU  JIJIsT
MOTOYHOTO  CK3eMIUApa. Mwu  OyaeMo  poO3TiIsgaTH

KOMOiHaTOpHY OaraTokpuTepianbHy onTuMizariio [1].
Konmemnis peontumizaiii [2-5] mosisrae B HACTYITHOMY.
Hexait Q — nesika NP - cxnagHa (MOXKIHBO NP - TIOBHA)

I- 0

ONTUMAEHUIN PO3B’SI30K SKOTO BioMUil. MU MPOMOHYEMO

3a7a4a, MOYATKOBHHM  CK3EMIULAp  3aaadi
. I . .
HOBH EK3eMILISP 3aja4i () , OTPUMAHUN AEAKUMHU

«HE3HAYHHMM» 3MiHAMU [/ . BuHukae nWTaHHS: K MH
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MOXXeMO e(QEeKTHBHO BHUKOPHCTOBYBATH 3HAHHSI IIPO
ONTUMAJIbHUH PO3B’S30K / JJIsl 3HAXO[DKEHHS TOYHOI'O
abo HaOmmKeHoro po3B’s3Ky ex3zemmupipa [' ? Mera
peonTuMizamii NPU BUKOPUCTAHHI HAOJMDKEHHX METOJIB -
3aCTOCYBaHHS 3HaHb IIPO  PO3B’SI30K MIOYaTKOBOT'O
exzemiusipa [ Julsl  JIOCSITHEHHS.  Kpawoi  sIKOCTi
HaOMDKeHHs (BIOHOIIGHHS ampokcuMarii), abo OuibIn
ehexTUBHOrO (3a YacoM) alropuTMy Uil BH3HAYCHHS
ONTUMAIFHUX a00 ONM3BKUX [0 HHX PO3B’sA3KiB abo
BHKOHAHHS IIEPIIOTO i APYTOTO MYHKTIB.

II. T"OJIOBHI PE3VJIbTATU

[oHATTS PO3B’SI3Ky MOXKHA IHODPIBHATH 3
3BeJleHb Uil 3aranbHoi Oararo3nauynol Qyukuii. Mu
BUKODUCTOBYEMO O3HAueHHs 3elibMaHa 3BEJCHHS 3a
MOJIHOMianpbHU  4Yac Triopidra It 6araTo3HaYHUX
¢dyHKII, 0OMEKeHUX 3arajpHOI0  0araTo3HaYyHOIO
dynkuiero.  3aranpHa  GaraTosHausa  QyHkmis  F
MOJIIHOMIANBHO 3BOAWUTHCS MO TropiHry 10 3aranabHOl
GararosHayHoi  QyHKUIl G,F <P G , AKWO ICHye

NIEeTepMIHOBaHA TNOJIHOMIabHO OOMEXEHa OpaKyJbHa
mammHa Tropinra M , Taka, mo yrounenss g ¢ymnkuii G

JOIIOMOT'OrO

BUIUIMBAE, WO M 3 g, K OpaKyJd OOYHMCIIOE 3aralbHy
¢yHKIi10, O € yrouneHusM F . Bigmitumo, 1o opakyiabHa

<

p .
T € TpPAH3UTHUBHUM, HABITb

set — F(x)

Mozenb mnependavae, 0

SKIO JOBXXHMHA  €JIEMEHTIB B HE €

TOJITHOMIAJIBHO OOMEKEHOTO 110 |x| .

[onsaTTss pO3B’SI3Ky /~ HA3UBACTHCSA IOJIHOMIAJIBHO
PO3B’S3HOIO, SKIIO ICHY€ 3arajbHa IIOJiHOMIiaJbHO
obuucnoBana QyHKUiA f, Taka, WO f € yTOYHCHHAM F .

IMousitTss po3s’sisky F HasuBaerbest NP - CKIaaHuM,
SKIO Bel 3amaui B NP moaiHoMiaabHO 3BOIATHCS 10 F .

Jna k - xpurepianbHoi  3ajaui 0=(S,f,<)
00roBopuMO Kinbka MOHATH "po3B’s3anHA (O ". Takum
YUHOM, MM 3aliKaBleHI TUIBKK B  HEJOMIHOBAHUX

po3B’si3Kax, sKi HasuBawThes ([lapemo-) onmumanvHUMU
D038 SI3KAMUL. 3ayBax1MO, 110 MHOXHHA s*

opt



HEIOMIHOBAaHHUX PO3B’S3KIB MOXKE MaTH KiJIbKa PO3B’SI3KIB 3
OJHAKOBUMH 3HaueHHSIMH. Tak sK Wi po3B’I3KH HE MOXYTh
OyTH PO3MII3HEHNMH, JOCTATHHO 3HAUTU OJMH PO3B’A30K IS
KOYKHOTO ONTHMAJIbHOTO 3HAYCHHS, K II¢ 3a3BH4ail OyBae B
OJTHOKpHUTEpianbHii. [le MOTHBYE Taki 03HAUCHHS.

D — O Jlominyroue moHATTS PO3B’A3KY

OO0uncIUTH PO3B’A30K, KU cimabo MOMiHye 3agaHdit
LILOBHI BEKTOP.

Bxin: ekzemmusip X , ninboBuii Bektop ¢ € N k.

Buxin: mesxuii s € S 3 £* a00 MOBIJOMHTH
X)<C ]
110 HEMAa€ Takux S .
W — O 3BaxeHe noHsiTTs cymu (TUIbKH, SKIIO BCI
&
1 Tpeda MiHIMI3yBaTH ad0 MAKCHUMI3yBaTH)
OpnHokpUTEpiaIbHA 3ajada  sAKa ~3Baxye’ Bel nui
putep Y
3aaHUM CII0COOOM.

Bxix: exseMIuisip > , Bektop Bar w e N*.

s 9 X : k x
Buxin: neskuit s € S*, mo onTumisye Zi:l w, [ (s)
a60 nosigomury, mo S =0

Mu mpuIyckaemo, mo Iii HOHSATTS aHAIOTIYHI MTOHATTIO
TOYHOTO ONTUMAJIBHOTO PO3B’SI3KY B 3BHYANHIN
OJHOKPHUTEPiabHilN OnTUMI3alii.

Hexait O = (S, f,<) € 2-KpurepianpHa 3agada Mpo
MiHIMaJIbHE BEPIIUHHE TOKPUTTS (2 — MVC , CKOPOYCHO)
eK3eMIusipaMu € N 2. BEPIINHHO-TIOMiYeH] rpadu
G=(V,E,I) SG = {C : C € BepIIMHHE IOKPUTTS G) s
I(v)=(l;(v),l;(v)),v €V 3 HeBix’eMHUMH KOMIIOHEHTAMH,

fG(C) = Z(Wlll (v)+ W2[2 (v)) AJLst BaroBOro BEKTOpa 3

ves9
HEB1J’EMHUMH KOMIIOHCHTAMHM ) — (W, w,)> £9(C) > min-

Teopema 1. 1) 2-xpurepianbHa 3amada Ipo MiHIMallbHE
BepUIMHHE HOKPUTTS ( 2 — MVC ) 3a70BOJbHSE IHOHATTIO

W? — O i€ noniHOMiaIbHO PO3B’SI3YBAHOI.
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2) 2-kpuTepiaibHa 3ajada MPO MiHIMaJbHE BEpIIUHHE

nokputts (2 — MVC) 3anosonsusie nonstrio DY — 0 i
€ TMOJIIHOMIaJIbHO PO3B’SI3yBaHOI0.

Peontumizaniiina Bepcist 2-KpuTepianbHOI 3anadi IMpo
MIHIMQJIbHE  BEepLIMHHE  IOKPUTTS BU3HAYAETHCS
JIOJTaBaHHSIM HE Olnbie HIK y/) BEPILUH
( h=0(logn),n - KUTBKICTh BepIIMH y rpadi) 3 ACIKUM
YHCIIOM IHIMIEHTHUX pedep. s peontumizaniitHux Bepciit
OaraTOKpUTEpiabHUX ONTUMI3AIMHUX 33734  OTpPHUMAaHI
TIOJIIIIICHI PO3B’S3KH (3 KPAIOO SAKICTIO HAOIIKEHHS).

BucHoBKU

BuBuaeThCs CKIIAAHICTh 1 HAOMWKEHHS KOMOIHATOPHUX
OararokputepiaibHux ~NP-  CKJIAQIHUX  ONTHMI3AIHHAX
3a7a4. BwusHaueni MOHATTS. PO3B’A3KiB, IO JAKOTh
MOJIMBICTh PO3IJIHYTH THIIOBI aNTOPUTMIYHI 3a1adi B
GaraTokpuTepianbHii onTuMizarii 3 JIOTIOMOT 010
ToiHOMiambHOT ~ 3BefieHOCTI  TropiHra, IO  JTO3BOIISE
MOPIBHIOBATH TIOHSTTSA  PO3B’S3KIB, a TaKOX BH3HAYHUTH
BIAMOBIIHI MOHATTA NP - CKJIaJHOCTI.
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Abstract—In this paper we propose a method for quality e Understand business processes.
assessment of business process models using computer vision ) ) .
and fuzzy logic. OpenCV library usage as well as bypassing of * Document business processes (for instructing people).

its drawbacks of template matching is considered. Membership
functions of metrics of the business process model quality are
outlined. Obtained results and future research are discussed.

e Analyze business processes (to find errors or measure
performance)

. ... . . e Improve business processes described by models.
Anomayia—B paniii po6oTi NPONOHYETHC METOA OLIHKH

SIKOCTi Mojesieil Oi3Hec-TPOlECiE HA OCHOBI KOMII’IOTEPHOIO Event-driven Process Chain (EPC) and Business Process
Gayennss Ta HewiTkoi Joriku. Po3IVIsIHYTO BMKOPHCTAHHS Model and Notation (BPMN) models are the most popular
6iomiorexn OpenCV Ta o0xin ii memosikie momo momyky 3a  process modeling notations nowadays. EPC business process
madnonom. Hasemeno ¢Qynkuii HameKHOCTI METPHUK SIKOCTI models are used in the field of business process automation,
mozeitei Oisnec-npouecis. Omucano orpumani pesyabratu ta  for example in SAP Reference Model [3]. However, there is
HANPAMKH NOAATbITHX T0CTiTKEHb. no open exchange format for EPC models and the available
tool ARIS Express allows to store designed process models
only in a form of images or text descriptions, which makes
their further analysis extremely complicated.

Keywords—business process model, quality assessment,
computer vision, fuzzy logic

Knrwuosi cnosa—moodenv 6iznec-npoyecy, ouinka skocmii,
Komn’lomepie bauenns, newimka 10zika B. State-of-the-art of Process Model Quality Assessment

Related work on business process model quality is shown
I. INTRODUCTION in [4]. There are three groups of methods related to business

Business Process Management (BPM) is one of the most ~ Process model quality are demonstrated:

popular management tephniqu;s. BPM includes methodg and e Process modeling guidelines, such as 7PMG.

tools for design, analysis, and improvement of organizational

activities. Business process is considered as a structured set e Process model metrics (e.g., the number of nodes Sy,
of tasks that takes one or more kinds of input and produces a connectors Sc, events Sg, functions Sr, arcs Sy) used
product or a service valuable for a specific customer [1]. The to evaluate correctness of analyzed models.

fundamental technique of BPM is process modeling, so it is
required to design such business process models that can be

easily understood by process performers, analysts, managers,
and stakeholders [2]. 1II. PROPOSED SOLUTION

e Threshold values for identified metrics.

II. RELATED WORK A. Templates of Business Process Model Objects

According to the introduced metrics, it is required to use

A. Goals and Notations of Business Process Modeling the templates (see Fig. 1) of connectors of all possible types
(XOR, OR, AND), events, functions, and arcs (that income

The goals of business process modeling include: from left, right, top, and bottom of an object).
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Fig. 1. Templates of detected objects

Open-source computer vision library OpenCV is used to
detect objects required to calculate process model metrics on
a business process diagram.

B. Overcoming Drawbacks of OpenCV Template Matching

The template matching algorithm of OpenCV library has
the drawback related to multiple detected objects around the
actual single object on the image. In order to define correct
values of the business process model metrics it is required to
combine such close matches.

For this purpose the Euclidean distance might be used to
merge close points that represent detected objects:

d(p.q)= )

Here p and g are 2D space points that describe the same
object on the business process diagram, which was detected
by the OpenCV template matching algorithm.

The following procedure is proposed in order to bypass
possible collisions of detected objects (Fig. 2).

b

{GET all locathe ne of chjacs delectesd by Ops 'lIC‘.h-":}

o . ~1J _—

 Slone the first delected point ags uniqus |

_/Taet e aexl datects:d poin: o ase maaeurs the elistanea’,
‘x Ap, i) fermit to 8l uniqua poicte o g

) L

Distancas gip. o4 = Shrashold
for &l pairs 0p, )

"?.fnm {he anint & ar ||nie'|.m.~]

¢

Elze

SR _'_*l'

Al Al deecled poinls Bre processed

Fig. 2. Procedure of possible collisions bypassing
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C. Applying Fuzzy Logic to Assess Process Model Quality

We can provide m = 5 process model metrics in a form of
the following tuple (Sv, Sc, Sk, Sr, S4), as well as respective
threshold values — (48, 8, 22, 40, 62). Therefore, by applying
fuzzy logic ideas, we can define the following membership
function for each of the j-th business process metric:

X
ijl,m:,uj(x)z ;,XSCI,
x> a.

@)

Here x is the value of j-th metric of the business process
model quality and a is the threshold value of the j-th metric.
These functions show degrees of truth that metrics overstep
the corresponding thresholds, which indicates possible errors
in a business process model. Since the all thresholds should
not be overstepped to ensure the quality of a business process
model, the intersection operation is applied:

hasErrors = min {,u ; (x)} 3)

Jj=lm

IV. RESEARCH RESULTS

Developed Python application that implements proposed
solution was used to perform calculations. EPC diagrams of
goods receipt and software development business processes
were analyzed (see Tab. 1) [5].

Obtained results of quality assessment demonstrate that
business process models of high complexity are more error-
prone than business process models of low complexity:

e “diagraml06.jpeg” — Sy=31, Sc=6, Sg=16, Sr=9,
S4 =151, hasErrors = 0.82;

o “diagraml07.jpeg” — Sy=7, Sc=9, Sg=4, Sr=3,
S =10, hasErrors = 0.18.

CONCLUSION

Quality of small process models is always higher than of
large models because of human ability to concentrate only on
a limited number of objects. Hence, further work in the field
of business process model quality is relevant and should be
focused on quality improvement methods and tools as well.
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Anomauyia—B naHiii  podoTi Ppo3risNAAETHCH NHUTAHHS
HIHHOCTI Pi3HUX IPyn KOHTHHIEHTY CTYIeHTIB, IO 103BOJISIE
MiHIMi3yBaTH BHTPATH BHILOI0 HABYAJIBLHOIO 3aKJaly Ha
cryaeHTiB. Minimizania BuTpaT Big0yBaeThbesi 3a paxyHOK
HA0OpPY «IOpPOrHX» CTYAEHTIB (3 Hal0iIbIIO BapTicTIO
HABYaHHSA) 3 YPaxXyBaHHAM PeCYpPCHHX oOOMeiKeHb Ta
00Me:KeHb, OB’ SI3aHMX 3 JileH3iiiHIM 00CATroM.

Abstract—This paper considers the problem of the value of
different groups of students in order to minimize the cost of
students for a university. Cost is minimized through the
recruitment of “expensive” students (with the highest cost of
study) with considering resource and licensing constraints.

Kniouosi cnosa—euwuit HaguaabHuil 3ax1ad, AiueH3IHuN
00caz, npoyechuil nioxio, yinnicms cmyoenmie

Keywords—higher education institution, license volume,
process approach, student value

[. BBEAEHHA

Y cydacHHX yMOBax COIlaJIbHO-€KOHOMIUHHI CTaH
KpaiHu Oe3MocepenHbo 3aJCKUTh BiJl TOrO BKJIALy, SIKHI
BOHA BHOCHTH B PO3BUTOK OcBiTu. KomepuiiiHa AisuibHICTH
BUIIKMX HaB4anpHUX 3akianiB (BH3) B ymoBax oOMmexxeHOro
OropKeTHOrO (piHAHCYBaHHS A€ M JOJATKOBHH MOTEHIAN
po3BuTKy. IIpakTH4HO BCi HaBYalbHI 3aKiagd ChOTOJHI
HaJIal0Th [UIATHI OCBITHI nociyru [1].

IcayBannss BH3 Hemmcimmo 0e3 miopigyHoro Habopy
HOBHX CTYIEHTIB, Bil SKOCTI SIKOTO 3aJIS)KUTh MaiOyTHE
¢ynakmionyBanas BH3 i akagemiuna nisutbHICTE. B ymoBax
HOCHJIGHHST MDKBY3IBCbKOT KOHKYypeHIii 3a abirypieHTta
Opi€HTAllsl HAa CHOXHBAa4a CTAE KIOYOBUM IPUHIUIIOM
oprasizaiiii OCBITHBOI IisUTbHOCTI .B pamMKax Takoro miaxomy
OHMM 3 TOJIOBHHX YMOB € CTBOPEHHS HaJaro/KeHOoi
CHCTEMH B3a€MOJii, SKa MOXE CTaTH OTHUM 3 (HaKTOpiB
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KOHKYPEHTHOT 3a0e3nCUnTH

yHiBepcurety [2].

nepeBaru i PO3BUTOK

CaMe TOMy, aKTyaJIbHOIO CHOTOJHI € TeMa ITiJBHIICHHS
e(eKTHBHOCTI PO3MOALTY MICIb JIIEH3IHHOTO 00CATY Mik
PI3HUMH KOHTHHTEHTaMHU CTYAEHTIB.

II. MATEMATHWYHE 3ABE3IIEYEHH

Y  ImisIbHOCTI  OCBITHBOI OpraHizallii BHINOI OCBITH
BR)XIMBHM € IUIAHYBaHHS pPAaIliOHAJBHOTO BUKOPUCTAHHSI
pecypciB s 3abesmedeHHs Habopy abiTypieHTiB Ta
MOJANBIIOTO iX HABYaHHSA 3a OCBITHIMH MpOrpaMaMu
OakanaBpaTy, MaricTpatypu (IIpu ABOpPiBHEBIi ocBiti) [3].

Binpmiicte  3aBmaHb  IUTAHYBaHHS  PalliOHAIBHOTO
BUKOPUCTAHHS pPECypCiB Uil Opraizamii TOB’s3aHO 3
BiAITyKaHHS HaiOUTbIl eEeKTHBHOIO BHPIMICHHS MIUITXOM
CIpsSIMOBAaHOTO Tiepebopy BCIX MOMIIMBHX  BapiaHTIB
posnoaily MarepiajbHUX, (IHAHCOBHX, HABYAIBHUX Ta
KaJIPOBHUX pecypciB. MeToji MaTeMaTHIHOTO NPOrpaMyBaHHS
JIO3BOJISIE BUPIIIYBATH 33a4l ONTUMI3AIl] Ta parioHami3aii
po3moniTy pecypciB 3a KiHieBe uucio itepamii [1]. LlimsoBa
(yHKIS 3arajbHUX BUTpAT HAa MiJrOTOBKY CTY/AEHTIB MO
CIEIaIbHOCTI 32 OJIUH CEMECTpP HABYAHHSI MAE BUTIIS/L:

(1

2 3 f
F(xukg)z ZZZ(Cu _aukg)'xukg — min,

1 xukg }

JIe ¢, —BUTpaTu Ha | CTyleHTa, 3 IPYIIH, L0 BIIIOBIIAE Xyjkg;

Qukg — BAPTICTh KOHTPAKTy 1 CTyAeHTa/BIIIIKOIYBaHHS
BUTpAT BiJ{ J€PKaBH, 3 IPYIH, IO BIIIOBIIAE Xykg;

(Cu— Aukg) — 3aranbHi BUTpaTH Ha 1 CTyJEHTa, 3 IpyIH,
IO BIiIIOBINAE Xy, 3 YPAXyBaHHSIM BapTOCTI KOHTPAKTy 1



CTy/I€HTA/BIJUIKOyBaHHS BUTPAT BiJl JEPKaBH, 3 IPYIIH, L0
BI/INIOBIZIAE Xykg;

f— KiBKICTh MOB g, SIKHMH € MOJJIUBICTh HABUATHCS Ha
CIIELIaJILHOCTI;

u — kBamiQikamidHWiA piBeHs: OakamaBp (u = 1), MaricTp
(u=2);

k— oromkerna (k= 1) abo koHTpakTHa PopMa HABYAHHS
JUTS BITYM3HSAHUX (k = 2) Ta IHO3eMHHX CTYJIeHTIB (k = 3).

[MineboBa (yHKIIsT MiHIMI3ye BUTpaTH Ha CTYJCHTIB 3a
OJIHIEI0 CHEHIANBHICTIO (3 ypaXyBaHHSM MIiHH KOHTPAKTY
KO>KHOTO CTyACHTa). PillICHHAM 3a1adi € KiTbKICTh MiCIlb, SIKi
HEOOXITHO BUIUIUTH 3 JINEH3IHHOTO 00CATY A KOXKHOI
TPYIH CTYICHTIB (OIOMKETHUKY, KOHTPAKTHUKH, 1HO3EMII,
10 HABYAKOTHCS PI3HUMH MOBaMH).

HeoOxinqHo HabpaTtu OuIbIE «JOPOTHX» CTYICHTIB, 3
ypaxyBaHHSM JHIEH3IHHOTO 00csary. OCKiNBKH Bim BHTpar
BIZIHIMA€ThCSl BapTICTh KOHTPAKTY/BIIIIKOIYBAaHHS BUTpAT
BiJ JepyKaBH, TO 3aralibHi BUTPATH HA «IOPOTHUX» CTYACHTIB

OynyTh MiHIMaILHUMH, IILOBA

MIHIMI3Y€TBCSI.

TOMY dyHKIIisA

III. TTPOLECHUUIIIIXI]T IO AHAJI3Y [IHHOCTI KOHTUHIEHTY
CTYJIEHTIB

I'padgiuno mporec anamizy MIHHOCTI KOHTHHICHTY
CTYJIIEHTIB y BHUILOMY HaBYAILHOMY 3aKiaji, MOXHa
300pasutn y Burisiai giarpamu B HoTauii IDEFO, mo
300paxkena Ha puc. 1. Criouarky, Bix ocobu, 10 HpHiiMae
pimenns (OITP), magxomurhe mnouarkoBa iHGopmamis. Ha
ocHOBI 1i€i iHpopMmauii (OpMYIOThCS BXiJHI HaHHI JUIst
BUpIMIEHHs 3amadi. TakoK Ha IbOMY €Tami MOXKe
B1I0YBaTUCS KOPEKLIS BXITHUX JaHHX.

Ha ocHOBI BXigHHUX HaHUX, BiIOyBAa€ThCS BUTAT JaHUX 3
0a3u jaHux (HAIPHKIAA, Ha OCHOBI CICIIAaIbHOCTI, MOXKE
OyTH BUTATHEHA OCHOBHA iH(opMallisi 1o pecypcam). Takum
YUHOM, (OPMYIOThCS JaHl, HEOOXijiHI Oe3nocepeiHbO JUls
BUpIlICHHA 3aja4i. B HamoMmy Bumaaky, Le 3aaada
niHifHOrO IporpamysanHs (1), onucaHa B pyroMy posziifi.

ANTOpHTM BHRILLEHHA
|HehopraLia 2aaad
Bip ONP IHchopaLia Npa pecypok,
L0 £ B HAABHOCTI
POpMYBAHHA /
abo kopekuis Burar 2 6azu
BXIAHUX OaHMX [aHNX, ¥
Al HeobxigHux ans Pexomennaui
X po3paxyHKie MposegeHHs P | wono poononiny
papax HEIB NILEHIIAHDMD
OaHux po3paxy _ / obcary
Bulael pani A2 A3 Ananiz
pig OMNP [y peayneTatis =<
. Dani ana DopMYBaHHA
IHfopMaLiiHa choTemMa Ad .
MPGBEAEHHA Pesynerar peKkomMeHgaLin
N POIPERYHEIE BUPILLEHHA ™
aanaui AB
Kopuorysas cucTemm

Puc. 1. Tlpouec aHanizy HiHHOCTI KOHTHHICHTY CTYICHTIB y BULIOMY HAa4yaabHOMY 3aKIaji

BuxopuctoByroun  oTpuMaHi  [aHi, 3IIACHIOETHCA
BUPIIICHHS 33/1a4i aHai3y HIHHOCTI KOHTHHTCHTY CTY/CHTIB
Yy BHIIOMY HaBYAIGHOMY 3aKiaji. Pe3ynbraT BHpIICHHS
3aJaul MOJAETHCS HA BXIJ HACTYIIHOIO €Taly — aHalli3y
pesysbrariB. KopucTyBau cucremMu aHaiidye  pillieHHs],
BUIaHEe CHCTEMOIO. [1icist 4oro BiH MOKE KOPEryBaTH BXiaHI
JIaHl Ta MPOBOJUTH aHami3 me pas3. Ha ocHOBI oTprMaHHX
pe3yabTaTiB  aHaimizy (OPMYIOTBCS PEKOMEHalii, 00
PO3TOALTY MiCITh JIIEH3IHHOTO 00CsTY.

BucHOBKI

TakuM 4MHOM MOXKHA 1100AYUTH, IO BUKOPUCTOBYIOUU
MPOLECHUH MiAXiA U PO3B’sA3aHH 3a/a4i aHAI3y LIHHOCTI
KJi€HTa, 0c00a, IO MpUMAaE pILICHHS, 3MOXKE HPUMHSITH
oOrpyHTOBaHe pimieHHs. Takok B MoOHeNi MNPHCYTHIH
iteparuBHuii  miaxig.  [licas  aHanisy  pesyJsibTaris,
KOPHCTYBad CHUCTEMH MOXKE IIOBEPHYTUCS JO KOpeKwii
BXITHMX [aHUX Ta NPOBECTH HOBUI aHami3. Ha oCHOBI
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TIPOBEICHOTO aHami3y OynayTh chopMOBaHI peKOMEHIAIi,
IIOJI0 PO3IMOILTY JIICH31HHOTO 00CATY.

JTEPATYPA REFERENCES

B. C. Bosniok, MapkeTuHr ocBiTHiX mociyr. Boiuncbka Kuura,
JIyupk, 2017.

B. C. lepuynckuii, @unocodus obpasoBanms pms XXI Beka, Bua-so
«CosepuienctBo», Mockaa, 2016.

(1]
[2]
[3]

O. A. I'pitnroBa, @opMyBaHHS JIOJCHKOTO KaIliTaly B CHCTEMI
ocBiTH i mpodeciitnoi miarorosku: Juc. a-pa ekon. Hayk: 08.09.01,
KuiBcbkuit HanioHansHU# yH-T iM. Tapaca IlleBuenka, Kuis, 2015.

V.S.
[3]

Voznyuk. Marketyng osvitnix poslug. Volynska knyga, Luczk, 2017.

B. S. Gershunskyj, Fylosofyya obrazovanyya dlya XXI veka,
Publishing House “Sovershenstvo”, Moscow, 2016.

[4] O. A. Grishnova, Formuvannya lyudskogo kapitalu v systemi osvity i
profesijnoyi pidgotovky: Thesis for doctoral degree in economical
sciences: 08.09.01, Kyiv Taras Shevchenko National Technical

University, 2015.



Using Generative Adversarial Networks for Text
Generation

Nikita I. Gezha
Department of Information Technology
Odessa National Polytechnic
University
Odessa, Ukraine
znongz1(@gmail.com

Sophia E. Tishchenko.
Department of Information Technology
Odessa National Polytechnic

Nickolay D.Rudnichenko
Department of Information Technology
Odessa National Polytechnic
University
Odessa, Ukraine
nickolay.rud@gmail.com

Kirill A. Belyaev
Department of Information Technology
Odessa National Polytechnic

Igor M. Petrov
Department of Sea Transportation
Odessa National Maritime Academy
Odessa, Ukraine
firmness@list.ru

Andrii S. Voytsekhovskyi
Department of Information Technology
Odessa National Polytechnic

University University University
Odessa, Ukraine Odessa, Ukraine Odessa, Ukraine
s5187565@gmail.com aska20135@gmail.com irbiis@ukr.net

Buxkopucranns ['enepatuBHo 3maranbsHux Mepex
s I'enepamii TekcTy

T'exxa H.I. Pynnivenxo M./, [erpos .M.
Kagheopa inpopmayiiinux mexnonoziti Kadgheopa inpopmayiiinux Kadgheopa mopcwrux nepesesens
OoecbKutl HAYIOHALHUL RONIMEXHIUHUU mexHonoeil Hayionanvnuii ynisepcumem «Odecvka

YHigepcumem
Opeca, Ykpaina
znongzl@gmail.com

Ooecovrutl HayioHaIbHULL
noaimexHiunull yHigepcumem
Opeca, Ykpaina

MopcbKa akademisy
Opeca, Ykpaina
firmness@list.ru

nickolay.rud@gmail.com

Timenko C.€. BoiinexoBcekuit A.C.
Kageopa ingopmayitinux mexnonoziu Benses K.O. Kagheopa ingopmayiiinux mexnonozii
OoecbKuti HAYIOHALHUL ROIMEXHIUHUU Kageopa ingpopmayitinux Ooecvrutl HaYiOHAIbHULL NOLTNEXHIUHULL
YHigepcumem mexuono2itl VHigepcumem
Opeca, Ykpaina Ooecbvirull HayioHabHUL Opeca, Ykpaina
$5187565@gmail.com noximexHiuHuil yHigepcumem irbiis@ukr.net

Opneca, YkpaiHna
aska20135@gmail.com

Abstract—In this paper, we provide the result of the
experiment on using the generative-adversarial network for
producing natural language text. We discuss the main
problems of the adversarial text generation task, describe the
proposed operating principle of the created model, and provide
recommendations for further improvements of the models.

Keywords—artificial intelligence, machine learning, neural
networks, generative-adversarial network, natural language
processing

[.  INTRODUCTION

The field of natural language processing uses text
generation for many tasks, such as modelling complex
language  structures, translating texts, composing
descriptions and summaries [1].

To improve the quality of the generated text an often-
used approach is to use generative-adversarial networks
(GAN). GANs have achieved significant results in
generating artificial images of people, animals, and other
objects, in addition they have also achieved success in
generating music [2].

Consequently, usage of GANs is possible for generating
text content of different genres as well. GANs are composed
of two artificial neural networks, one of which is producing
the required content (generator network), and another is
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discriminating between real and generated content

(discriminator network).

The learning process involves teaching the discriminator
to discern between real and artificial input data, and teaching
the generator in such a way as to make discriminator accept
its output data as real.

In this manner, during the fitting process the generator
learns to produce samples which are similar to the real ones

[2].

II. SPECIFICS OF THE TEXT GENERATION PROBLEM USING
GENERATIVE-ADVERSARIAL NETWORKS

Unlike imagery or music, natural language text is a
discrete information.

This presents special complications for constructing
generator and discriminator models, as the traditional
method of fitting neural networks (gradient descent) requires
generator’s output to be differentiable, which it is not in this
case.

Different approaches exist to work around this problem,
such as using a reinforcement learning — based model as a
generator, using a differentiable approximation of discrete
data, or using an autoencoder to project the text into a
differentiable form.



The first approach uses the “REINFORCE” algorithm, it
is successfully utilized in different models such as SeqGAN

[3].

Downsides of this approach include comparatively long
training time, as well as model’s tendency to localize at the
local maxima, especially with a large vocabulary size.

The second method is based on using the “Gumbel-
Softmax” distribution for approximating generator’s output
data to a one-hot code, which is then passed into
discriminator [4].

Downside of this approach is the fact that discriminator
is able to learn to discern approximated generated one-hot
code from the code that represents real text.

In this paper, we propose using a priori method, which
encodes the text into vectors with specified dimensionality
before training the adversarial network.

This way, generator’s task is to produce differentiable
vectors, not discrete characters, which will allow the
discriminator to discern real from generated vectors [5].

III.

For the development of the model based on the proposed
approach, we used “TensorFlow” library version 2.0 and
Python 3.6 programming language.

DEVELOPMENT OF THE TEXT GENERATION MODEL

The code was ran on Google Colab. As an example of
the real text, we used material from https://sherlock-
holm.es/.

Considering the conducted analysis, we decided to use
text encoding into differentiable vectors.

This architecture avoids long training times with
reinforcement learning and the downsides of using
approximations, while providing the ability to train the
model using gradient descent.

For text encoding, we created an autoencoder, capable of
encoding discrete symbols into a vector with a length of four
elements in range from -1 to 1.

The encoder is composed of one embedding type layer,
and the decoder applies a fully connected layer (FC) with a
softmax activation for decoding the vector into a one-hot
encoded symbol.

After training the autoencoder model, we encoded all
real text into a vector representation for its subsequent use in
the discriminator.

We used the decoder to convert generator output data
into a readable text.

The developed generator model utilizes long short-term
memory (LSTM) layers for generating sequences. Generator
receives a sequence of vectors with a random noise (mean =
0, std = 1) as its input.

The amount of vectors represents the amount of
generated symbols.

The LSTM layer with a dimensionality of 1024
processes the input noise and returns a sequence. Following
this, the sequence is encoded into vectors with a length of
four by the FC layer with batch normalization.
Discriminator model is composed of 1D convolutional
layers.
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During the research, we gave preference towards the
convolutional model, as it displayed a higher stability during
the training compared with LSTM layers.

Discriminator takes a sequence of vectors as its input
and processes it with convolutional layers, which have sizes
of 64, 128, 256 and 256 filters with a kernel size of three.
The first two convolution layers have padding with the size
of two elements.

A global average pooling operation is then applied on
the sequence, followed by two FC layers with sized of 128
and 1.

We used binary cross-entropy as the loss function. Loss
function for the generator equals—log D(G(x)), and the
loss function for the discriminator

— (log(1-D(G(x))) +log D(r)),

where G - generator, D - discriminator, X- random
noise, 7 - real encoded text).

equals

The developed learning algorithm is illustrated on the
Fig 1.

random noice

<y

Real text

generator
G(x) I
Y
discriminator decode
D(r) ¢ J, D(G(X))
calculate loss reacable
fext

v

update
discriminator
and generator

Fig 1. Proposed learning algorithm

The size of the generated text is 32 symbols, and the size
of one batch during training equals 64.

We used Adam as the optimizer for generator and
discriminator, with learning rate of le-4 for generator and
le-6 for discriminator.

We conducted training for 50 epochs, with 292 batches
in each one.

IV. RESULTS OF THE EXPERIMENT

After training the adversarial model during 50 epochs,
we observed low quality of the generated text.



Examples of the produced text are provided in the table
1. From the examples, it is seen that the generator has
learned several words (“wind”, “ha”, “oh”, and “hat”) and to
separate words with whitespaces.

wind e.eceF FeeF eeF e

ha.hathathatha.ha.ha.ha.hat p oh

ccwind FeeeF JeeF eeF

abc hyf legggt bjjgi bcajc

cat beug fiigob oofu fiidof ifoog

fliop hurioeioii. jeepfks kvifllk

Table 1: generated text examples

We visualized loss functions of generator and

discriminator with relation to training steps (Fig. 2).

Lass valua with relatian ta training steps
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Fig. 2. Loss value with relation to training steps

Based on the chart, beginning from 10000" step the
training becomes unstable, as loss functions of the generator
and discriminator start to change rapidly with a large
amplitude.

This problem could be resolved by reducing the learning
rate, using regularization, as well as using other generator
and discriminator architectures.

It is also possible that better experiment results would
emerge if the training lasted for more epochs, or had a
different batch size.

CONCLUSIONS

From the results of the experiment, we concluded that
the created GAN model becomes unstable during training.

To facilitate the improvement of models, we recommend
further research on GAN text generators with different
methodologies  of  selecting  hyperparameters  of
convolutional and LSTM models, as well as introducing
reinforcement-learning methods into the training process.

To increase model precision in the future, it will be
reasonable to alter learning rate of the generator and
discriminator based on their loss.
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Anomayia—Yy  po0oti  po3rasiHyTi  geski  dizuuni
MPUHIMIY, SIKi MOXKYTh OYTH MOKJIAIEHO B OCHOBY CTBOPEHHS
JATYUKIB KOHTPOJIIO SIKOCTI BOAU. 3anpornoHOBaHi MeTOIH
OI[IHKH SIKOCTI BOAM 3 BHKOPUCTAHHAM TPHUPOTHOIO
OCBiTJIECHHSI B ONTHYHOMY Jiama3oHi. 3ampomoHOBaHO
METOIUKY BH3HAYCHHS 3a0pyAHeHOCTi (mMpo3opocTi) Boau, sika
NOJISAIra€ y BHUKOPHUCTAHHI (yHKUiH po3moainy sickpaBocti
(iHTeHcHUBHOCTI) 300pa:KeHHsi, OTPUMAHOI0 MPH Pi3HUX
CTyHeHAX  3a0pyAHeHOCTI A BH3HaYeHHa  QyHKuii
CIIOTBOPEHHS CepeIOBHINA.

Abstract—The paper discusses some physical principles
that can form the basis of the creation of water quality control
sensors. Methods for estimating water quality using natural
light in the optical range are proposed.The technique of
determining the contamination (transparency) of water, which
consists in using the functions of distribution of brightness
(intensity) of the image obtained at different degrees of
pollution to determine the functions of distortion of the
medium, is shown.

Knwuosi cnosa—aynkuyii  po3nodiny ACKpagocmi,
ocnadnenna ceimna ¢ cepedosuyi, ONMUYHA NPO30pPicMmy.

Keywords—nbrightness distribution  functions, light
attenuation in the medium, the optical transparency.
I. Bcrvon
Slkictb  mmTHOT  BOOM €  OaraTOKPHUTEPIAbHOIO

XapaKTEPUCTUKOIO, 3AICKHOI0 Bif 0araTboX IOKa3HUKIB, Y
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ToMy 4HcHi 1 1 mpo3opocTi. [Ipo3opicTh BOOM BU3HAYAETHCS
- BIJHOIICHHSM IHTEHCHBHOCTI CBITJIA, 0 MPOMILIO Yepe3
1Iap BOIM, JI0 IHTEHCHBHOCTI CBITIJIA, IO BXOIHUTh y BOJY.
[MowmupeHHs: BUIIPOMIHIOBAHHSI B CEPEOBHLLI 3 BHIIAJKOBUM
PO3IOIIIOM MapaMeTpiB € KIACHYHMM 3aBiaHHsAM [1], wmo
Ma€ YHCJIEHHI 3aCTOCYBaHHS B PI3HUX Trajly3siX Cy4yacHOi
HAYKH 1 TexHiKku [2].

II. BUMIPIOBAHHS ITPO3OPOCTI BOJIU ITPU 11 ITIJJCBIYYBAHHI
MPUPOJJHAM ©®OHOM

Metomuka TONsATaE B peecTpallii  300paKeHHS TECT
CMY)KOK IITPHX-KOIY 4Yepe3 TOBIIy 3a0pyJHEHOI BOJH.
BukopucToByBaics 1Ba TUIXA BOJY : 3a0pyAHCHA IPYHTOM,
Taka, 0 Mae KOPUYHEBHUIl KOJIip, 1 3a0pysHeHa Boja y dasi
UBITIHHS, O Ma€ 3eJICHAN KOJIIp.

3MiACHIOBAIMCS BITHOCHI BUMIPIOBAHHS BOAM KOXHOTO 3
THUIIIB 3 MAKCHMAJIBHOO 3a0pyIHEHICTIO Y OiK ii 3HIKEHHS 3a
PaxyHOK PO3BEICHHS 3a0pyIHEHOI BOIU IMCTHIHLOBAHOIO B
3a3/aierib po3paxoBaxiii nporopuii. [Ipu oMy nepBuHHA
3a0pyaHeHicTh Opaacs 3a 100%.

Y mpo3opy UWIHAPHYHY KIOBETY 3  IIOJICTHPOIY
3ajMBajiacs  BOJA, 10 BuUMIpoeThes.  JIHO  KroBeTH
pO3TAIIOBYBaNOCS Ha OLIOMY JHCTi, 3 HAHECCHHMH TECT
cmyxkamu. Dororpadysanucst 300paxKeHHs MITPUX KOIY
yepe3 3a0pyJHEHY BOMY 1 Uil KOHTPOIIIO uepe3 MoBiTps. Sk

NPUKIIAJ Ha pUc.| MPUBEACHO OTPUMaHi 300payKESHHSL.



a)

0) B)

r) ) e)

Puc.1. Peectpamii

i

306pa)KCHH$I TCCT CMYXOK INTPUX-KOJa HYCPC3

CepemoBHUINC:a YHCTA Bo#a; O MOBIiTPs; B, ¢ -50% 3abpynHCHHS (KOpHYHEBA 1
3e/eHa BoJa BinmnoBigHo); I, 1 100% 3abpynHeHHs (KopudHeBa i 3eleHa Boja

BiNOBIAHO).

Bunmno, o mo Mipi 3a0pyaHeHHS BOIH, SK KOPHIHEBOTO,
TaK 1 3€JICHOTO KOJIbOPY 3HIDKYETHCS YITKICTh 300paXKCHHS
miHii mTpux xoxy. g obcTaBuHA i MOXKE JIETTH B OCHOBY
BU3HAYCHHS 3aracaHHs IO BHOCUTHCS ceperoBumieM. Jlis
mporo 3 cororpadoBaHnx 300paXKEHb BHUPI3yBaIHCT
IUISHKA ~OJHAKOBHX po3MipiB (32*32 mikcenmi), MOTIM
3IIACHIOBAJTIOCS 1X OLM(PYBAHHSI 1 OTPUMYBAIKCS MATPHII
300pakeHb. [lo HUX OymyBalMCs IMUTBHICTH 1 IHTErpaNIbHI
(hyHKIIT po3Moiry SICKpaBoOCTi (IHTEHCHBHOCTI) 300paskeHHSI
JUlsl  BU3HAueHHs (YHKLIM CHOTBOPEHHS CepeloBHUILA.
[okazano, mo Marounm QYHKIIIO PO3MOJIUTYy SCKPaBOCTI
MOYaTKOBOIO 300paKEHHSI 1 CIIOTBOPEHOIO CEpe/IOBUIIEM,
3ICTaBUBIIM  OJHAKOBI  KBaHTHJII  CIIOTBOPEHOTO 1
MIOYaTKOBOTO 300pakeHb, MOXHA OTPUMATH 3HAYCHHS
(hyHKIIIi CITOTBOPEHHSI.

Crij 3a3HauUTH, WO 1 CIOPaBeUIMBO Y pasi, sKIIO
oreparop OyayTh JiHINHI, 110, B 3aTJIbHOMY BHIIQJIKy, HE
BiAnoBizae  AIHCHOCTI. IMpore  sKMIO  LiKaBUTHCA
BIJIHOBJICHHSIM SICKPABOCTEH, IO OMUCYIOTHCS JiHIHHOIO
4acTHHOK (YHKINI PO3MOALTY, TO 1€ TPHIYIICHHS MpO
JiHIAHICTE QYHKIIT pO3MOJIiTy Bijl MapameTpa BUKOHYETHCS
y OLITBIIIOCTI BUTIA/IKIB.

Jlist pi3HUX THIIIB BOAM OTPUMaHIi, Ha IiACTaBI (YyHKLIN
pO3MOALTY NOYAaTKOBOTO 300paKEHHS 1 CIIOTBOPEHOrO -
(yHKUIT CHOTBOpEHHS, $Ki TPaHC(HOPMYIOTh I10YaTKOBE
300pakeHHs1 B HOBITpi / B 300pa’KeHHs, OTPUMAaHE dYepe3
KaJIJaMyTHE CEPEIOBHUIIIEe I. CriotBoprorodi (PyHKIIi MOKYTh
aNpOKCHUMYBATHCS! JIIHIHHOIO (DYHKIIIEI0 BUAY :

I=kI+b (1)

3anexHicTh KOe(IIieHTIB anmpoKkcumarii BiJi CTYIEHIO
3a0pyAHEHHs BOAM IpuBeneHa Ha puc.2. Ha pucynky 2a,0-
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BiOOpa)keHi [aHHI UL BOIU 3€JIEHOr0 KOJIbOpYy, 2B,T
KOPUUYHEBOTO.
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Puc.2. 3anexuicth KoeQillieHTIB ampokcumauii BiI — CTYIEHIO

3a0pyAHEHHs Boau : a, O- 3e/lieHa BOJA; B, I' - KOPUYHEBAa BOJA; a, B-
3anexHicTe rpagienta (k) Bix cryneHro 3a0pynHeHHs; 0, r- 3aJIeXKHICTH
3BopotHoro rpagienta (1/k) Bix cTyneHo 3a0pyaHeHHS.

3anexHicth rpajgieHTa k Big cryneHio 3a0pynHeHHsS
BOOM IIpHBeleHAa Ha puc.2a, B. BuuHo, mo orpumana
3aJIOKHICTh IpajieHTa K, 1m0 xapakrepusye Haxuin (QyHkuii
CHOTBOPEHHSI BiJ MipH 3a0pyJHEHHS, ICTOTHO HENiHiiHA -
puc.2a, B. B Toii e Wac 3aNnekHICTh - puC.20, T'. BEIMINHI
3BOpOTHOI TpagieHTy k, =1/k Big Mipu 3a0pynHEeHHS BoAU
MOYKE alPOKCUMYBATHUCS JTIHIHHOIO 3aJIEKHICTIO.

1

k,=—=k, C+b,, 2
0 k 1 1 ()

ne C - cTymiHb 3a0pyIHCHHS BOJIU.

Crin 3a3HaYNTH, IO I BEIMIMHA, SIK BHIHO 3 PiBHSIHHS
(1) BHKOPHCTOBYETBCA IS BiOOPAaXKCHHS CIIOTBOPCHOTO
300pa)KEHHSI B IOYATKOBE:

I-b, 3)

3 Bupasy (2) BUXOIUTD, IO CTYMHIHb 3a0pyIHCHHS BOAU
MO’KHA BU3HAYHUTH, SIK:
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c=fo i,

“4)

1
Tabmmmss 1 Koedimientn miHiHHOT — ampoKcuMaIii
3aJI)KHOCTI BEJIMYMHM 3BOPOTHOI rpaxmienty =1/k Big

CTYIICHIO 3a0pyIHCHHS BOIH.

y=ax+b a(rpajieHT) b

3enena Boga 0,117951176 0,54731452

Bouna i3 3emiero 0,622250558 3,68063478

TakuM YMHOM 3 BUKOPHCTAHHSIM BIJIOMOIO 3Ha4eHHs ki
b (Tabmmrs. 1) 1 Bupasy (4 ) OIIHIOETHCS 3HAYCHHS CTYIICHIO
3a0pyAHECHOCTI BOIH.

BUCHOBKU

VY po6oTi po3risiHyTO (Pi3MUHI NPHHIANH, SKi MOXKHA
OyTH TOKJIAcCTH B OCHOBY CTBOPCHHS MAaTYHMKIB KOHTPOJO
SIKOCTI BOJIW. 3aIpOTIOHOBAHO METOJU OIIHKH SKOCTI BOAM 3
BUKOPUCTAHHSIM TIPUPOAHOTO OCBITJIICHHS B OITHYHOMY
Iiarra3oHi.

[Tokazana METOMKA BU3HAYEHHS 3a0pyAHEHOCTI
(po3opocti ) BoIH, KA IOJSTAE Y BUKOPUCTAHHI (PYHKIIIH
posmonaity  sicKpaBoCTi  (IHTEHCHBHOCTI)  300paKeHH,
OTPUMAHOTO TPH PI3HHX Mipax 3a0pyTHCHOCTI IS

BU3HAYCHHsI (DYHKIIIH CIIOTBOPEHHS CEPE/IOBHIIIA.
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Abstract—GARCH is a statistical model that can be used to
analyze several different types of financial data, for instance,
macroeconomic data. Although an GARCH model could
possibly be used to describe a gradually increasing variance
over time, most often it is used in situations in which there may
be short periods of increased variation. (Gradually increasing
variance connected to a gradually increasing mean level might
be better handled by transforming the variable). In this article
we will see what is GARCH and how it’s helpful for analyzing
economic and financial data and how to use it in R-Studio.

Keywords—GARCH; Akaike, MSFT, statistical modeling,
stocks prices, volatility.

[. INTRODUCTION

This GARCH is a statistical model that can be used to
analyze a number of different types of financial data, for
instance, macroeconomic data. Financial institutions
typically use this model to estimate the volatility of returns
for stocks, bonds and market indices. They use the resulting
information to help determine pricing and judge which assets
will potentially provide higher returns, as well as to forecast
the returns of current investments to help in their asset
allocation, hedging, risk management and portfolio
optimization decisions.

The general process for a GARCH model involves three
steps. The first is to estimate a best-fitting autoregressive
model. The second is to compute autocorrelations of the
error term. The third step is to test for significance. Two
other widely used approaches to estimating and predicting
financial volatility are the classic historical volatility
(VoIlSD) method and the exponentially weighted moving
average volatility (VOIEWMA) method [1].

II. DATA DETAILS

A. Selecting data for GARCH usage

For algorithm was used historical dataset for Microsoft
(MSFT) symbol. The Company develops, licenses, and
supports a range of software products, services and devices.
The Company's segments include Productivity and Business
Processes, Intelligent Cloud and More Personal Computing.
The Company's products include operating systems; cross-
device productivity applications; server applications;
business solution applications; desktop and server
management tools; software development tools; video
games, and training and certification of computer system
integrators and developers.
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Fig. 1. Plot with MSFT prices data
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III. ALGORIGHM USAGE

In this part we’re going to show usage of this algorithm.
In R we need some additional packages for comfortable
work with GARCH and needed data.



Tidyverse: package for working with tables
Xts: package for working with time series
Lubridate: package for working with data
e Rugarch: package for garch usage
o

Forecast: package for displaying data

Next code related to model creating and usage.

«- msft_for_garchiClose
<— wmd Jvsft _for_ga-chinate)
mstthataxts < wtsly, order, oy-t]]

¥

Todizplayimsttootaxts]

mocde]l < ugarchepec(
vartance.modael = TisTigarcnurder = ci(l, L)},
nean, model — 1 st (armadrder — c(1, 17}

model_2sT «- ugarchfitspec model,
data=msTrhataxts)

Fig. 4. Code with model creating

“Ugarchspec” is a model, in the “rugarch” package, may
be described by the dynamics of the conditional mean and
variance, and the distribution to which they belong, which
determines any additional.

“Ugarchfit” details. The “out.sample” option controls
how many data points from the end to keep for out of sample
forecasting, while the “solver.control” and “fit.control”
provide additional options to the fitting routine. Importantly,
the stationarity option controls whether to impose a
stationarity constraint during estimation, which is usually
closely tied to the persistence of the process. The fixed.se
controls whether, for those values which are fixed, numerical
standard errors should be calculated. The scale option
controls whether the data should be scaled prior to estimation
by its standard deviation (scaling sometimes facilitates the
estimation process). The option “rec.init”, introduced in
version 1.0-14 allows to set the type of method for the
conditional recursion initialization, with default value ’all’
indicating that all the data is used to calculate the mean of
the squared residuals from the conditional mean filtration. To
use the first 'n’ points for the calculation, a positive integer
greater than or equal to one (and less than the total estimation
datapoints) can instead be provided. If instead a positive
numeric value less than 1 is provided, this is taken as the
weighting in an exponential smoothing “backcast” method
for calculating the initial recursion value [2].

IV. RESULTS OF USAGE

After model usage it will be used for prediction and have
some parameters which will be described.

Imfornation Criteria

Akad ke 4,1323
Eayas 42716
shibaca 4.1276
Hannan quinn 4. 18280

Fig. 5. Model details
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Akaike information criterion (AIC) (Akaike, 1974) is a fined
technique based on in-sample fit to estimate the likelihood of a model to
predict/estimate the future values.

Jptimal Pararmeters

Estimate std. E-ro- t walue Pri:=|t|)
1 2T. 164625 0. 912053 29, 87531 0. 00000
arl Q. 784420 Q.O98731 F,22500 G, 00000
12l 0. L2198l U284 0, 2edth (0, s0503
nMen A 1. 1R904% 0.957mM1 1.77716 0. 740605
glphsl @. 114246 O.LZ7702 0.8940565 00370828
gatal 0. 319375 0. 392838 1,.32211 0O.18613
nobust Standard Crrors:

Fatimate Std. Frro- F value Pri=|t])
i FPoA04620 1.8210%8 74, 91208 0. 000000
arl 0. 784420 0.18777 4.17735 0. 000029
WAl 0. 021951 2.12395 0, 23E38 0.Bl1433
omega 1. 1osgas JoBILAL 1.40Ex3 WU, 159504
zlphzl 0.114246 J.13417 0, 58E1B Q.538277
aetal 0.519375 2.43352 1.19B05 0. 230884

Fig. 6. Model parameters and errors

A good model is the one that has minimum AIC among
all the other models. The AIC can be used to select between
the additive and multiplicative Holt-Winters models.

Bayesian information criterion (BIC) is a criterion for
model selection among a finite set of models. It is based, in
part, on the likelihood function, and it is closely related to
Akaike information criterion (AIC) [3].

When fitting models, it is possible to increase the
likelihood by adding parameters but doing so may result in
overfitting. The BIC resolves this problem by introducing a
penalty term for the number of parameters in the model. The
penalty term is larger in BIC than in AIC.

BIC has been widely used for model identification in
time series and linear regression. It can, however, be applied
quite widely to any set of maximum likelihood-based
models.

If maximum likelihood is used to estimate parameters
and the models are non-nested, then the Akaike information
criterion (AIC) or the Bayes information criterion (BIC) can
be used to perform model comparisons. The two criteria are
very similar in form but arise from very different
assumptions. The AIC is derived from information theory
and it is designed to pick the model that produces a
probability distribution with the smallest discrepancy from
the true distribution (as measured by the Kuhlbeck—Liebner
discrepancy (see Bozdogan, 2000). The BIC is derived from
a large sample asymptotic approximation to the full Bayesian
model comparison (described later) [4].
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Anomayia—B podoTi A0CTiIZKEHO MOKIUBOCTI 3rOPTKOBUX
HeHPOHHUX Mepesk 1/ PO3Mi3HABAHHS PYKONUCHUX CHMBOJIB.
Apxitektypa 3HM mnpusHayeHa i BHUKOPHCTOBYETbCH IS
e(peKTMBHOr0 po3mi3HABaAHHA 300paskeHb, [¢ YEPrylThCs
LIAPM 3rOPTKHU 3 Iapamu cyoaickperizanii.

Abstract—In this work the possibilities of convolutional
neural networks for the recognition of handwritten characters
are investigated. CTT architecture is designed and used to
efficiently recognize images, where alternating layers of
convolutions with sub-sampling layers. To train the neural
network, we use the method of reverse error propagation. This
is an iterative algorithm that is used to minimize the mistake of
working a multilayer perceptron and obtain the desired result.
A software application is developed that recognizes a character
written by the user, creating a text and storing it in a file. In
addition, the software application provides the ability to create
its own neural network under the personal characteristics of
the letters and characters.

Knrouosi  cnosa—neipon, mepesca, cumeon,
320pmKa, cy6oicKkpemizayisn, HAGUAHHA, NOXUOKA.

mekcm,

Keywords—neuron, network, symbol, text, convolution, sub-
sampling, training, mistake.

I. BCTVYII

3ropTkoBa HelpoHHa Mepexka (aHri. convolutional neural
network, CNN) - croemiaspHa apxiTeKTypa IITYYHHX
HEHPOHHUX Mepex, 3ampornoHoBaHa oM Jlekynom y 1988
poui i HamijeHa Ha edeKTHBHE po3Mi3HaBaHHS OOpas3iB,
BXOJHTH JIO CKJIJy TEXHOJIOTiH TTMOOKOTO HaBYaHHS (aHIIL
deep learning) i ycminrHo 3apeKoMEHIyBalia ceOe B 3aad4ax
po3mi3HaBaHHA Ta Kiacu(ikaiii 300paxkeHb.

AXTyaJbHICTb pO3pOOOK B 00J7acTi HEHPOHHHX MEpek

00yMOBITIOETBCS ix MIHPOKAMU MOJKJIMBOCTSIMU
3aCTOCYBaHHS B CAMHX Pi3HHX 00JacTAX.
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Mertoro poboTn € po3pobdka MPOrpamMHOTO AONATKY, IO
pO3Mi3HAaE HAMUCAaHWH KOPHCTYBaueM CHUMBOJI, 30HMpae y
TEKCT Ta 30epirae ioro y ¢aitnr y dopmari txt. Kpim Toro
MPOTPaMHUHA JTOAATOK HAla€ MOXIIMBICTH CTBOPUTH BJIACHY
HCHPOHHY MeEpexy ab0 BHKOPHCTOBYBATH BXCE ICHYIOUY
HaBYCHY MEPEXKY.

B pobori Oyma peamizoBaHa
HEWPOHHOI MEpEeXi.

MOJICNIb  3TOPTKOBOT

ApxiTeKkTypa CTBOpPEHOI HEHPOHHOI MEpEeXi pealizye Tpu
izei:

® KOXEH HEeWpOH OTPUMY€ BXIIHHI CUTHan Bij
JIOKJILHOTO PELENTUBHOIO TOJIsl B IONEPEIHbOMY
mapi, 1o 3a0e3nedyye JOKalbHY JBOBUMIPHY
3B'S3HICTh HEHPOHIB,;
KOXEH MPUXOBAHMH I[Iap MEpeXi CKIaJaeThes 3
Oe3miul KapT O3HAaK, HAa SKWX BCl HEWPOHU MalOTh
3arajbHi Bard, 10 3a0e3Mledye iHBapiaHTHICTh JI0
3MIIIEHHSI 1 CKOPOYEHHsI 3arajibHOrO 4KCia BaroBHX
KOeiIi€HTIB MEpPExi;
32 KOXKHMM [IapOM 3TOPTKH iJie OOYMCIIIOBAIbHUI
map, SKWi 3AIHCHIOE JIOKATbHE YCEpemHEHHS i
miABUOIPKY, 1110 3a0e3neuye 3MEHILICHHS JI03BOITY s
KapT O3HaK.

Crix 3a3Ha4YMTH, 10 HABYAHHS MEPCKI 3MIHCHIOETHCS 3
BUHMTCNICM. BXiTHUMU JaHUMH HEHPOHHOI MEpexkKi €
300pakeHHs po3mipoM 250x250 mikcemiB. 3 1pOro
BUIUIMBAE, HI0 HA BXITHOMY IIapi MEPEeXi 3HAXOIUTHCS
62500 HelpoHiB.

II.  OCHOBHIPE3VYJIbTATU AOCJIJIDKEHHA

3a peamizalito CHCTEMH HaBYaHHsS BIAMOBINAE Kiac
EducationStrategy. HaBuanHsi poOBOAMTHCS HA MPUKIIAAAX 3
BYKE€ BIJOMOIO B1IITOBIIIIO.
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Puc.1 Anroput™ 3BOPOTHOTO IIONIAPEHHS TIOXUOKU

[Ticna 3amycky NPOrpaMHOTO NONATKY, Y TOJIOBHOMY
BikHi 3’sgBisteTrbes nBl kHomku «Load network», «Create
network» (fig 2).

EE mietwork

Puc. 2 T'onoBHE BIKHO IPOTPaMHOTO JOAATKY

s  pobOTH 3 HABUCHOIO HCEHPOHHOIO MCPEXKCIO
HEOOX1THO MAKIIOYATH (ailil 3 pO3MMUPESHHAM *.cnn.

SIKmo KopuCTyBad i3 TOJIOBHOTO MEHIO IEPEHIIOB MO
kuomiti «Create network», BIH Tmomaga€e B  MEHIO
HaJlalmTyBaHHs HelipoHHOT Mepexi(fig. 3 (a)).

Jlnst  cTBOpeHHS BiIacHOI Mepeki TOTpiOHO BBECTH
napaMeTpH Ul ii HallallTyBaHHS:

KinbkicTh m1apiB HEHpOHIB;
KinbkicTh HEHPOHIB B KOKHOMY IIapi;

CuMBONM, IO IIOBMHHA pO3IMI3HATH HEHpOHHA
Mepexa.

e KiulbKicTh HaBYAOUUX TNPUKIATIB U KOXKHOTO
CHUMBOJIY.

Ha fig. 3 (6) moka3zaHo mpuKiag BBEACHHS CUMBOIY JUIS
HaBuaHHsl, Ha fig. 3 (B) mokazaHo HaBYAHHS MEpexKi.

B menTpi BikHa BBeAeHHs cuMBoiiB (fig. 4) 3HaXOMUTHCS
roJie Ajsi HanmMcaHHs cUMBOIB. [licis Toro sk KopucTyBau
BBIB CUMBOJI i HaTUCHYB KHONKY «OK» B BepxHii uacTHHI
eKpaHy 3 SBIIE€THCA CHMBOJI, IO TPOUIIOB depe3 HEHPOHHY
MEpexy, 1 € po3mi3HaHuM. SKIIO KOpucTyBad 3pOOHB
MOMHJIKY, TO BiH MOXXE BHJAJWTH CHMBOJ 3a JOMOMOTOI0
kHomku «Backspacey.
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Puc.3 CrBopenns BiacHoi Mepexi

SIK11o HepoHHA Mepeka MPOMIIIa Kype HaBYaHHS],

KopucrtyBau Moxke BBecTH CIOBO OyKBa 3a OYKBOIO,
Mcas YOoro ITOCTaBHTH MpoOinm KHomka «Space». Komum
KOpPHUCTYBau BBIiB TCKCT, BiH MOXKE CKOTIIOBAaTH HoTo y Oydep
obminy (kaomka «Copy») abo 30epertu y ¢aitn(kHOIKA
«Save to filey).

M

Puc. 4 Beenenns i po3mi3HaBaHHSI CHMBOIIB

III. BUCHOBKU

Pozpo0iieHuid anropuTMm, KUl BUKOPUCTOBYE 3rOPTKOBY
HEUPOHHY MeEpexy, Moxe OyTH 3acTOCOBaHMH  JUIs
BUpILICHHS 3ajady OHJIAHH-PO3IMi3HABaHHS PYKOIUCHOTO
TekcTy. TOYHICTh pO3Mi3HABAHHA JOCTAaTHHO  BHCOKA.
EdexTuBHICTD peatizoBaHOT CHCTEMH 3aJIEXKUTh Bill PO3Mipy
HaBYaJbHOI Ta TeCTOBOI BHUOIPOK, KUIBKICTI IHapiB Ta
HEHpPOHIB 'y KOXKHOMY Imapi. TouHICTh BUpIIIEHHS
MOCTABJIEHOT0 ~ 3aBIAaHHA 3  BHUKOPHCTAHHAM  MOJeEIi
3ropTKOBOT HEHPOHHOT MOXKE OYTH IOJIILEHA NPAaKTUYHO
10 99%.

[Tporpamumii npoayKT 3a0e3meuye po3ii3HaBaHHS OYKB,
mudp, apuPMETHIHNX | TYHKTYAIlIHHAX CHMBOJIB. Y YHCIi
IHIINX 0COOMMBOCTEN 3HAYUTHCS poOOTa 3 JTIOOMMHU MOBaMH,
IIBa peXUMH poOOTH pO3Mi3HABaHHSI CHMBOJIIB (poboTa 3
YK€ HaBUCHOIO HEHpPOHHOIO Mepexer abo CrovyaTky
HABYATH MEPEXKy, a MOTIM poboTa 3 HEW) Ta CHCTEMa
HaBYaHHS HEUPOHHOI MEpEexi.
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Anomauia—Yy poodori PO3IIAHYTA MOKJIMBICTH
BH3HAYEHHS BiICOTKOBOI0 BMiCTy NOBIiTPSI B ra3o- NOBIiTpsiHiii
cymimi 3a 00YMCIIEHHSIM Pi3HHLI Mi%K NOJSIPU30BAHOCTSIMH
nopirtpa i razy. OrpuMaHi TeoperMyHo i migTBepIKeHi
€KCIMEPUMEHTAIBHO 3AJIESKHOCTI /Tie/IeKTPHYHOI NMPOHUKHOCTI
ra3o - moBiTpsAHOI cymimii BiZ THCKY i BiacoTkoBOro BMicTy
noBiTp1.

Abstract—The paper considers the possibility of
determining the percentage of air content in the gas-air
mixture by calculating the difference between the polarizations
of air and gas. Obtained theoretically and experimentally
confirmed the dependence of the dielectric constant of the gas-
air mixture on the pressure and the percentage of air content.

Knwuosi cnosa—nonapuszosanicms 2asy, 2a3oe6i cymiwi,
dieneKmpuyuna npoHuUKHicHb.
dielectric

Keywords—gas mixtures,

constant.

polarizability, gas

1. BcTtyn

OcCTaHHIM 4YacoM 3HAaxXOIsTh LIMPOKE 3aCTOCYBaHHS
METOIM KOHTPOJIIO, IO IPYHTYIOThCS Ha BHUKOPUCTaHHI
CEHCOpIB  pajlioyioKamii 10 BHWKOPHCTOBYIOTH  METOJ
JieTeKTpoOMeTpii  JuIs €KOJIOTIYHOTO MOHITOPHHTY
nmoBiTpsiHOrO OaceifHy mpu 3700M4i Ta TpaHCIOPTYBaHHI
npupogHoro razy [1, 2].Y poGoTi po3rissHyTO MO>KIHBOCTI
BUKOPHCTaHHS palioi3NIHNX METOIB KOHTPOJIIO Y Ta30Bil
rajy3i IpOMHCIOBOCTI.
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II. BUKOPUCTAHHS METOJIB JIEJEKTPOMETPII JJIs1 OLIHKU
KOMITOHEHTHOT'O CKJIAZTY TA30BUX CYMIIIEM

3apa3  npoOiiema  paI[iOHAIBHOIO  BHUKOPHCTAHHS
TIPUPOAHUX pecypciB Tpumdana OCOONMBY aKTYyaJIbHICTD.
Exonomika OTpuMy€e BiIdyTHHI 30MTOK BHACTINOK 3HAYHHUX

BTpaT IIPU TPAHCIOPTYBaHHI JO MicL  [OAAIBIIOL
nepepoOKH 3100yTHX KOPUCHUX KOHAIUH. Y 3B'SI3KY 3 LIMM
OCTaHHIM  YacoM 3pOCTa€ IHTEpeC JO  PO3POOKH
pamiopi3sMYHUX ~ METONIB  OMNEPAaTMBHOIO  KOHTPOJIIO

KOMIIOHEHTHOTO CKJajay Trasy, IO TpaHcrnopryerbes. Lle
3aBJaHHs MOXK€ BHUPILIYBATHCS 3 BUKOPUCTAHHSIM I1iJXOMIB,
MPUMHATHX B JieleKTpoMeTpii. 3 piBHAHHA MeHzaeneeBa -
Knamefipora i imeampHOrOo Tra3y 3  ypaxXyBaHHSIM
CHIBBIIHOIIIEHHS Knaysiyca - Moccori IS
MOJISIPU30BAHOCTI CYMillli KOMIIOHEHT 1 3 YpaxyBaHHSAM TOTO,
o s rasiB &, —1 << 1:

1
£ z1+—Za.p., @))]
r £
kT =
Koedimient momspuzoBanocTi rasy « , 3riguo (1), Mmoxna
BU3HAUMUTH, 3HAIOUU Ji€JIEKTPUYHY HPOHUKHICTD &, ( p) abo

£(p,)

&(p,)

iX BIZIHOLIEHHsI IIPH PI3HUX THUCKAX } = . IIpu npomy:

y=1+a/(kT+a)-p 2)

E

ne p,.=p—1 - HaAMipHAH THCK.



CriBBIHOLIEHHSA (1) II03BOJISIE OI_IiHIOBaTI/I HE JINLIE
,E[leJIGKTpI/I‘IHy HpOHI/IKHlCTL ras’oBMX CyMileH, ame i
BIZICOTKOBHH BMICT KOXHOI CKIIaZI0BOi B CyMIllli, Maro4u B
PO3MOPSIDKCHHI JaHi 110 iX MOJSPU30BAHOCTI i 3aralbHOMY
TUCKYy. BoHO Moxke OyTu mnokiajeHe B OCHOBY OLIIHKH
KOMIIOHEHTHOIO  CKJIaJly — ra30BMX cyMmimed 3a ix
JICNEKTPUIHAMA ~XapaKTepucTHUKamMu. JIiss BHMipioBaHb
BiTHOCHOI [i€NEKTPUYHOI MPOHUKHOCTI BUKOPHUCTOBYBABCS
creliaibHO CTBOPEHHH KOHJEHCATOPHHUI pedpakroMerp.
la3oBi cyMmimn yYTBOPIOBAIMCS MLUIAXOM 3MIIIyBaHHS B
OKpeMHUX pecHBEpax Tra3y NporaH-OyTaHy 3 moBitpsM. [Ipu
LIOMY MaHOMETpPaM{ KOHTPOJIIOBAJIMCS TUCK, SIK rasy, TaK i
HOBITPs, a TakoX OTpuMaHoi cymiun. Lle no3Bossuio
PO3paxyHKOBUM METOJIOM OLIHIOBATH 00’eMHYy
KOHIIGHTpaIifo rasy y cymimi. Ha puc.l moka3ano
pe3yJIbTaTH BHUMIPIOBAHHS  BIiHOMICHHS Ji€ICKTPHIHOL
MPOHHUKHOCTI 3 MPHUPOJHHM Ta30M i TMOBITPSAM IPH PI3HUX
3HAUEHHSIX HAJIMIIKOBOIO THCKY.
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Puc.1 3anexHicTh IPOHUKHOCTI MOBITPS 1 a3y BiJ TUCKY: M - TIOBITPS; ®, -
Ta3 miIBUIICHHS TUCKY; A,V - ra3 MOHIKCHHS TUCKY.

IcToTHAa pI3HULA MiX [OJIAPHU30BAHOCTSAMH razy i
HOBITPsiM  (IPHOJIM3HO y JBa pasu) CIyXKUTh (1)i3HqH010
epeIyMOBOIO, 10 3abe3Meuye PIlCHHs 3BOPOTHOI 3ajadi -
BU3HAYCHHS BiJICOTKOBOIO BMICTy MOBIiTps B Ta30 -
HOBITPsHIM cymiwi puc.2.
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Puc 2. TeoperwuHi i CKCIICPUMCHTAJbHI 3aJIC)KHOCTI BiXHOIICHHS

JUETCKTPUYHOT TIPOHUKHOCTI Ta30-TIOBITPSIHUX CYMIIICH Bifl THCKY.
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MOBITPSIM B IIUPOKOMY Jiama3oHi 00'€eMHUX KOHIICHTpALii
Bix 0 mo 83% i tuckiB Big 0 mo 4 aTMocdep mokasaid, 10
CKCIICPUMEHTATLHO ~ OTPUMAaHi  3aICKHOCTI  ¥(Puss)
3aJI0BUIBHO Y3TOKYETHCS 3 TCOPETHYHO OYiKyBaHUMHU -
puc.2 [1, 2]. Ha puc. 3 mpencraieHi oTpuMaHi 3a
eKCIIEPUMEHTAIbHUMH JTaHUMHU Pe3yJbTaTH OOYMCIICHHS
00'éeMHOr0 3MICTY MOBITPS B Ta30-HOBITPsIHIM CyMiLii
3JIKHO BiJl ICTHHHHUX KOHIICHTpAIi, PO3paXxoBaHUX II0
BIIOMHX TapHialbHUX TUCKaxX [2]. SIk BHOHO 3 pHUCYHKa,
OoOMIpsiHI 3Ha4YeHHS TPYIYIOTbCS HABKOJIO TEOPETHYHUX
OL[IHOK.
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PacueTHas KOHLICHTpALIs BO3MXa B rase

Puc.3. ExcriepuMeHTaNbHO BHMipsiHA KOHICHTpALS ITOBITPS B razo -
MOBITPSHIN CyMmili.

Lle migTBepmXKye  BHCHOBOK IIPO  MOJMKJIHBICTBH
BUKOPHCTAaHHS 3alPOIIOHOBAHOTO MINXOAY [UIL OLIHKA
KOMIIOHEHTHOTO ~ CKJIaJly —ra30BUX CyMileil, 30Kpema,
MOBITPA 1 ra3y METOAAMH JTieIIEKTPOMETPIi.

BucHoBKku

ExcriepuMeHTansHO MiTBEp/UKEHa HAsSBHICTH 1CTOTHOT
PI3HULI MDK HOJSIPU30BAHOCTSMH IOBITPsl 1 rady, wo i
3a0e3neyye MOXJIMBICTh BHU3HAYEHHs! BIJICOTKOBOIO BMICTY
TIOBITPS B Ta30 - MOBITPsAHIN cyMimi. OTpuMaHi TEOPETHIHO
1 M ITBEPHKEHI EKCIICPIMEHTAIBHO 3aJIEKHOCTI
JUENeKTPUIHOI MPOHUKHOCTI ra3o - MOBITPSHOI CyMilli BiJ
THCKY 1 BICOTKOBOrO BMicTy MOBiTps. I[IpomoHoBaHuMit
MiIXig MOXe BUKOPHCTOBYBATHCS JIsl CTBOPCHHSI TIpUIIAJIIB,
o 3a0e3MevyroTh ONepaTuBHUN 1 6e3nepepBHpm KOHTPOJIb
KOMIIOHEHTHOI'O CKJIaJly ra30BHX CyMillieid B MaricTpajibHUX
ra3oroHax.
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Software for Face Image Searching
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Anomauyia—IlpeacraBiieHo AJITOPUTM BHIIJICHHS
KOOPAMHAT OCHOBHHX O3HAK o0au44sA i momyky B 0a3si
300pa:keHb. BuaijseHi o3Hakum y Buai  WITpUX  KOAiB
BHUKOPUCTOBYIOTHCSI /ISl BH3HAYeHHsl  Biacrameid  Mik
300paxkeHHAMH. PeaxizoBaHe mporpamue 3a0e3medeHHs AJsI
MOLIYKY NOAi0OHUX 300paskeHb 00/1HY.

Abstract—In this paper an algorithm for determination of
coordinates of the main features in the face image is
considered. Distances between lines of barcodes are taken as a
goal function. The software to find similar face images by their
barcodes was developed.

Knarouosi cnosa— o3naxku o0auuus, wimpux Koou 6iocmani
Mide 03HAKAMU, PO3ROOITEHA KYMYJIAMUGCHA 2ICI0Zpama.

Keywords—face features, distance, barcodes, distributed
cumulative histogram.

I. INTRODUCTION

Human face searching tools are widely used in face
recognition and identification systems. The task of face
recognition has a serious practical perspective, since
methods of identification of a person are natural and are
implemented on an intuitive level [1]. It is expected that the
identification of a person by the image of his face will be the
most used biometric technology.

Nowadays, there are a great number of publications on
methods for facial recognition algorithms. The paper [2]
proposes to use two feature extraction method for two-
dimensional face recognition in particular Euclidean and
Geodesic  distances, Gabor Feature Based Boosted
Classifiers algorithm for facial feature detection, SVM, NN
and KNN for classification. They achieve 97.40% of
performance.
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The paper [3] proposes a method by using Viola-Jones
algorithm for face detection, ROI-based method for find
facial features coordinates and Euclidean distance between
them. For classification authors proposed Naive Bayes,
SVM and MLP algorithm and achieve 93.15% of
performance with Naive Bayes

The above-mentioned techniques are computationally
expensive that constraints their dealing with a large number
of DB samples or images from video streams. That is why
we present very simple approach and try to investigate it by
segmenting a three-dimensional object in metric and
intensity spaces. Our approach attempts to identify faces
using global representations. These types of methods
consider the face image as a whole and extract features from
the whole face region.

The aim of this paper is to propose a fast and simple,
one-dimensional face recognition algorithm by the facial
feature points detection using Distributed Cumulative
Histogram and compute a relative linear distance between
all main points.

1L PROPOSED METHOD

We propose our geometric approach based on face
feature points detection and compute a relative linear
distance between these points. This should allow to avoid
the restrictions within the existing methods of face
recognition.

Proposed method used four main human face features:
eyebrow, eye, nose, mouth. Distances between them are
unique for each human so could be used for classification of
same person on different images. In the classifying step, we
use sum of differences between each distance. The Fig. 1
shows steps of the proposed method.
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Fig. 1. Method arhitucture.
In preprocessing stage, the face image is converted to

grayscale and cropped oval area with most relevant data, as
it is shown in Fig. 2.

a b C

Fig. 2. Input image from [5] (a), grayscale(b), ROI of image (c).

In second stage, we formulate the distributed cumulative
matrix as sets of cumulative histograms of all original image
matrix rows or columns. For them we have the following
formulas of two matrixes:

J
b= fui=loW,j=1..H (H
k=1

h, = fii=1. W j=1..H (2)

tj
=1

=~

where f;,, f, ; are pixel frequencies in row and column.

The matrixes in (1, 2) we present by image in which
every pixel has intensity proportionally to the values of the
matrix element 7 .
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We applied (1-2) two times, for grayscale ROI image,
and then for the output histogram. For more accurate feature
extraction, we crop a right part of second DCH, and get so-
called barcode, as shown in Fig. 3.

The distributed cumulative histogram in Fig. 2b has
distinct peaks indicating coordinates of the main face
objects on the axis OY.

a b
Fig. 3. DCH of image (a), DCH of DCH (b) and barcode (c).

We apply statistical features considering a barcode as of
pixel intensity matrix. So, for every row or column of the
matrix we calculate the mean intensity by following formula:

— H .
B, :1/HZlb,..j,1£]£W, 3)

w
B, :1/WZ:‘bu 1<i<H, 4)
J= .
where b;; — pixel intensity in the i-th row and j-th column.
But it is inconvenient to read data from a part of
distributed cumulative because the image presents the 3-D
model (XYZ) of DCH. For main features localization we
applied equation (4). Then for extracted function, we use the
Ramer—-Douglas—Peucker algorithm [4] to get an
approximation of the intensity function, as shown in Fig. 4.

¥ ol

Xhxle

Fig. 4. Approximated intensity function with extremums.

Four maximal extremes points in the plot are taken as
four main facial features. So, it is our feature vector.

In third stage we calculate relative distances between
feature coordinates, using equation (5).
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d.:M, i=0,.kj=0,.k-1 (5)

J
Y=o
where d are distances, y, are coordinates of facial features.

Calculated distances for several barcodes generated from
images from [5] are presented in Fig. 5.

Barcode ...  Filename  Distances

0136363636 363636
0472727272727273
0.290309030903091

1a.bmp

0.148514851485149
0.57143514851458515
0. 336633663366337

1b.bmp

0.1935483587036774
0.453677419354829
0.3467741936458387

3b.brp

0.2285135569322034
0.474576271196441
0.296610163431525

4b.bmp

0.0534351145038168
0167932931297 71
0.778625954132473

3abmp

Fig. 5. Barcodes and distances between facial features.

Final stage includes calculation of distances between
each vector of distances using equation (6). The smaller
formula result is obtained, the closer the input face is to a
face from the dataset.

k
D=Y|d-d) i=0,..k (6)
i=0

where D is distance between faces, d and d' are vectors of
distances.

To process the face image and to search the most similar
to the input one the application under the Windows
operation system was developed. Software was
implemented on a base of the proposed method and was
tested on the [5] dataset. Some examples of faces are shown
in Fig 6.
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Fig. 6. Face images database from [5] in grayscale.
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In Fig. 7 processed barcodes and distances between them
are shown. The smallest value illustrates that the image la is
very close to 1b.
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Fig. 7. Software interface for searching of similar faces.

CONCLUSION

The distributed cumulative histogram was calculated
twice to obtain the main facial features. Distances between
faces are based on a sum of difference vectors of facial
feature. All proposed algorithms were realized in the
software application.
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Abstract—This article highlights the significant aspects of
information systems, researches the methods of creating them,
describes ways to create information models, presents a model
of information system functioning in the sphere of
psychological testing: thematic apperception test for the
Ukrainian language.

Keywords—information system, thematic apperception test,
UML, psycholinguistics research, text analysis.

[. INTRODUCTION

The information system is based on the thematic
apperception test (TAT) created by Henry Murray in 1930s
at Harvard. It is a projective method of analyzing the
emotional state of the person by making her create a story in
response to the picture provided. Then, the psychologist
interprets all said and makes a decision about a person’s
mental and emotional state. There were several attempts to
automatize this process to help psychologists and to apply
psycholinguistic researches. In the 1990s the LIWC
(Linguistic Inquiry and Word Count) was created as a
program analyzing texts. It uses the methods of mathematic
linguistics and  knowledge and  researches  of
psycholinguistics to provide a result. This program works
only with English texts and cannot be applied to Ukrainian.
The information system provided there will help to create an
instrument for analyzing Ukrainian texts as an aid for
psychologists.

II. THEORETICAL BACKGROUND FOR INFORMATION SYSTEMS

A. UML

UML was used to design the proposed information
system, so we will take a closer look at this toolkit. UML
(Unified Modeling Language) is a modelling language
(artificial one) that is used to represent structured and visual
knowledge, information or systems. Using UML, business
and other processes, as well as software-based systems, are
modelled, analyzed, designed, and implemented. UML is
used by business analysts, designers and software developers
to describe, design and document existing or new processes
or information systems structures. This language has its own
set of rules that help to understand the content of the
structural components. There is a great difference between
textual and graphic modelling languages: in the first case, the
material is presented descriptively using standardized and
specialized keywords and natural languages as well, whereas
graphic modelling languages use diagrams to structure
information.
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B. Use case and activity diagrams in presenting
information.

UML diagrams have at least 14 different types. In this
paper, two of them are applied. A use case diagram is a
diagram of behaviour in UML. It is used to visualize the
functionality of the system with the help of actors and
precedents. Use case diagram contains the set of actions and
functions that the system needs to perform. In this context, a
"system" is something that is developed or operated, such as
a website; "actors" are people or organizations that have
defined roles in the system. Such diagrams also help to
identify any internal or external factors that may affect the
system, since they should also be taken into account. Case
diagrams provide high-quality, high-level analysis from
outside the system. They indicate how the system interacts
with the entities, regardless of how this feature is
implemented. Use Case diagrams are good at visualizing the
functional requirements of the system, which are being
transformed into design decisions and development
priorities.

Also, to develop the model of functioning of the
information system, we will use the activity diagram, so we
will consider it in more detail. The activity diagram visually
represents a series of actions, similar to a flowchart. Activity
diagrams are often used in business process modelling. They
can also describe the steps of a use case diagram. Certain
activities or processes in the diagram can occur sequentially
and simultaneously. In both cases, the activity chart will have
a start (start point) and end (endpoint). Activity charts are
used in:

¢ dynamic modelling of a system or process;

e illustrating the various steps in the UML use case
diagram;

e modelling of program elements such as methods,
operations and functions;

e illustrations of simultaneous actions;

e display of constraints, conditions and logic of
algorithms.

III. THE MODEL OF INFORMATION SYSTEM

A model of functioning of the TAT information system
was projected. To do this, we used the Use case diagram,
which gives an opportunity to represent a set of actions and
functions that need to be performed in the system. The UML
model was used to create the operation model shown in
Figure 1. There are three types of actors involved in ensuring
the functioning of the information system: linguists,
psychologists, and IT-specialists. The linguist and
psychologist are directly developing the information system



model and new methods of psycholinguistic text analysis that
will be explored throughout the lifetime of this system. New
methods of text analysis in the psycholinguistic key include
identification of new indicators and coefficients, which can
be used to make reliable conclusions about the client’s
emotional state; study of the connection of individual words
of a certain emotional state [5;7], etc. In the meantime, the
IT-specialist should create the information system of
thematic apperception testing, and throughout the system, he
will constantly implement advanced researches of linguists
and psychologists in this field. All this will ensure the
functioning of the information system and its continuous
improvement.

The model of functioning of the information system for
the needs of the client of services of psycholinguistic
analysis can be depicted by means of the diagram of activity
(Fig. 2). To begin, the researcher needs to log in and enter
their own data and customer data (e-mail) to send the test
results. After that, you need to run a test and therefore write
the text in response to the picture. The program then
performs two parallel processes independently of each other:
statistical text analysis and lemmatization and, as a
consequence, further statistical analysis of lemmas. Later, the
program uses statistics to be obtained from previous parallel
processes to calculate various indicators.

be stored in a database for further research by psychologists
and applied linguists.
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Fig. 1. Use case diagram for operation model of information system

The model of functioning of the information system for
the needs of the client is depicted at the diagram of activity
(Fig. 2). A client is a person, who needs someone to be
assessed, for example, human resources manager, recruiter,
psychotherapist or military psychologist. To begin, the
person needs to log into the system and enter his/her own
data and client’s data (e-mail) for the test results to be sent.
After that, you need to run a test and therefore write the text
in response to the picture. The program then performs two
parallel processes independently of each other: statistical text
analysis and lemmatization and, as a consequence, further
statistical analysis of lemmas. Later, the program uses
statistic data from previous parallel processes to calculate
various indicators. The result of all the above processes is the
conclusion about the psycho-emotional state of the subject. It
is to be sent to the e-mail addresses of the investigated and
the client specified in the authorization. All written texts will
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Fig. 2. Activity diagram of the functioning TAT information system

CONCLUSIONS

To conclude, such information system will be used to
produce a psycholinguistic analysis of the texts, will be
adapted for Ukrainians, will work instantly, and will also be
open for continuous improvement by  scientists
(psychologists and applied linguists). All these and other
characteristics and functions of the information system will
be convenient for all participants of the process: potential
clients, researchers, psychologists and linguists.
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Anomayia—pana podoTa NPHUCBAYEHA  JOCJIIZKCHHIO
3aCTOCYBAHHA IHTepHoOIANil B KOMI'IOTEPHUX TEXHOJOTifAX, a
caMe BHKOPMCTAHHIO IHTEpPHOJSANil B  KOMIIIOTEPHOMY
MO/Je/I0BaHHI. 3a OCHOBY J0C/iJsKeHHSl B3fITI TeopeTHYHi
MeTOAM MOJeTIOBAHHS IpoleciB 3i 3acTocyBaHHAM MeTOXiB
inTepnoasmii.

Abstract—this work is about study of use of interpolating
polynomials, especially in use interpolation in computers
modeling. As base of study is theoretical methods of modeling
with use interpolation.

Knrwuoei crosa—ingopmayiiini mexnonozii, komn’romepte
MOOENIO6AHHA, MEPEHCEe6i MEXHON02il, MeaeKOMYHIKAyiltHi
mexHon02ii.

Keywords—information technologies, computer modeling,
network technologies, telecommunications.

. BCTVYII

VY [OBCSKIEHHOMY JKUTTI CY4acHI TEXHOJIOTil, sKi
3yCTpi4aloTh HAaC Jielb HE Ha KOKHOMY Kpoui (B Oi3Heci, B
ocBiTHIl cdepi, Bmoma, B odicax). Hampuxman, npu
KOPHUCTYBaHHI [HTEpHETOM MH KOPHCTYEMOCS MEPEKEBHUMHU
TEXHOJOTSIMM,  KOJW  JIUBUMOCS  TelieOayeHHs -
TENEeKOMYHIKaIli HHUMH.

OCTaHHIMH JCCATHIITTAME KOMIT IOTCPHI TEXHOJIOTIi BCE
YacTillle BUKOPHUCTOBYIOTBECS B cepax, NOB’SI3aHUX 3
KOMIT IOTCPHUM MOJICITIOBAHHSAM, MEPEKEBUMH Ta
TENEKOMYHIKAIIHHIMA TEXHOJOTiIMH, poboToTexHikoro. [e
4acTO CYIPOBOIKYETBCA 3 POOOTOI0 3 MEBHUM Ha0OPOM
AHWUX, M0 HEPilKO 3aJaeThCcs Y BHUIILLAL TaONUIp, SIKi, B
CBOIO YEpry, 3aJal0Th MEBHY (YHKIIIOHAIBHY 3aJICKHICTh
OJTHUX TTapaMeTPiB BiJl 1HIIHX.

VY 3B’A3Ky 3 THM, IO B 0araThoX 3ajgavax, Mar4d Taki
ITaHi, TOTPIOHO BCTAHOBHTH IIEBHY HEIMEpEpBHY (DYHKIIIIO,
sika OyJie BU3HAYEHOIO Ha MPOMIKKY, Ha SIKOMY 3aJiaHi JlaHi, i
sJKa Ja€ MOYKJIMBICTE Oomaili HAOMIKEHO OOYHCIIOBATH
3HAYeHHS JOCII/DKYyBaHHX ITapaMeTpiB, TO BUHUKAC MMUTAHHS
PO BUKOPHUCTAHHS 1HTEPIIOJISIIIi.

II. OCHOBHA YACTHUHA

OxnuM i3 BIJOMHX HampsiMKiB B iH(hOpMariiHIX
TEXHOJIOTISIX € KOMIT'IOTepHE MOJCTIOBaHHA. IHOmI mpHn
MO/ICTIOBaHHI KOHKPETHOTO MPOLIECY MH MA€EMO JIMIIC JEsKi
3HAYCHHS IICBHUX IIapaMeTpiB, 3aJCKHUX BiJ 1HIIOTO,
3HAUCHHS SKOTO /IS BiIOMHX 3HAa4€Hb MapaMeTpiB Bijoma
Takok. ToMy gacTo BHHUKAE noTpeda oOpaxyBaTH MPOMIKHI
3HAYEHHsS 3aJICKHHX mapamerpiB. s 1pOro 3a3BHyaii
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BUKOPUCTOBYIOTh IHTePIIOJLILIHHI IPOIIECH. Mg
IHTEPIOJSALIEI 3a3BHYall PO3YMIIOTh MPOLIEC 3aMIHU JaHOT
(hyHKIIT MEBHOTO KJjacy Ha (YHKIIIO IHIIOTO, 4acTo OLTBII

MPOCTOTO  KJIAaCy, sKa Ja€ MOXJIMBICTh  HAOJIMKEHO
00YHUCIFOBATH 3HAYCHHSI JOCITIHKYBAHOI.
Ilpu MozenaroBaHHI Ta JOCTKEHHI IEPIOJAAYHUX

NPOLIECIB MOIMYJISIPHUM € BUKOPUCTAHHS TPUKYTHHX METOJIIB
nigcymoByBauHs psiaiB @yp’e [1], Takux sixk meron Hipixie,
Ocitepa Ta iHmi. Ha ocHoBi Hux Oymu moOynoBaHi
BIJIIOBiIHI IHTEPIOJIHHI CyMH, SKi JOCHTH IINPOKO B
NaHWH Yac  BHUKOPHCTOBYIOThCS B iH(pOpMamifHuUX
TEXHOJIOTSIX, 30KpeMa, B TPOTHO3YBaHHI Ta HaONIMKEHHI
NPOLIECiB,  IOB’SI3aHUX 3  COHAYHOIO  aKTUBHICTIO,
0i0TOTIYHUME PUTMAMH JTFOIMHA, €KOHOMIYHUMH SBUIIAMH
MepioAnYHOrO  XapakTepy (Hampukiam, iHQIAMmisa) Ta
0araTbOX IHIINX MUTAHHIX, MO MAIOTh IEPIOAUIHUI
XapakTep.

I[lpu wMopemroBaHHI 1 mMoOmaNbUIOMY HOCHIKEHHI 3
BUKOPDUCT@HHSIM  3aCO0IB  KOMIT'FOTEPHHX  TEXHOJIOTiH
KOHKPETHHX IPOLECiB YacTo OyBae Takx, M0 JOCIIIKyBaHUI
mpoIec Mae€ MepioauvHuil  xapakrep. IIpu J10CTATHBO
BENUMKUX  o00cArax  JaHux L€ A€  MOXKIHUBICTH
BUKOPDHUCTOBYBATH  IHTEPHOJBILIIO 3  BUKOPUCTAHHIM
TPUrOHOMETPUYHUX MOJIHOMIB. Tak sK 3apa3 JOCHTb
aKTyaJ'[LHI/IM BBaXAETHCA ﬂOCHi}I}KGHHH Ta BI/IKOpI/ICTaHHﬂ
paniB @yp’e, TO, BIMOBIIHO, IE TO3BOJISIE BAKOPHCTOBYBATH
IHTePIOMAIINHI TONMIHOMH, MOOYIOBaHI 3a JIOTIOMOTOIO
MPOIIECIB iX MiJACyMOBYBaHHs. JIOCHTH ONTHMAIbHUMH B
IFOMY IUIAHI € IHTEPHOIMALiiHI MMoJiHOMH, MOOy/I0OBaHI Ha
Meroni miacyMoByBaHHs Jlipixie, siki MalOTh HacCTyITHHA
BUIJISL;

1 = sin ﬂ;l_i{.r—x;l.:]
O, (=) =EZ:& T
k=1 v ]

BiH € HeckiamHMM y peanizaiii, a TOMy HOro MO)KHA
BUKOPUCTOBYBATH NPU POOOTI 3 NEPIOJUYHUMH HPOLECAMH,

3 SKUMH MU [PAlOEMO MiJi 4YaC BUKOPHUCTAHHS
KOMIT FOTEPHHUX TEXHOJIOT1H.
Januii THTEePHOIILIHHAN [TOJIITHOM MOHA

BUKOPHUCTOBYBATH, HAIIPUKJIA, IPH CIPOO] OLIIHUTH YACTOTY
niepeboiB Mepexi [2] mpu neBHiH 11 3aBaHTa)xeHOoCTi. Takoro
POAy MUTaHHS € JOCHTh AKTYAJIbLHUMH B JAaHHW 4ac, TaK sIK
Bil IBOTO 3aJIGKUTh OUIBIIICTE HAUX cdep KHUTTH,
30KpemMa, cdepa Oi3Hecy, cdepa METUIMHU Ta iHII, IO
MOXYTb 0€3M0CEPEAHBO BIUIMHYTH Ha SKICTh JKUTTS JTIOJICH.



[Mopsix 3 TPUKYTHUMH METOJAMH I1IICYyMOBYBAaHHS PsIiB
®dyp’e ICHYIOTh NPSIMOKYTHI METOJIM, TaKi, HAIPUKIAMA, SIK
metoxn Abems-Ilyaccona, meron Beliepmirpacca, siki € OutbIn
e(peKTUBHUMH TIpU  3acTOCYBaHHI B  iHQopMauiifHux
cUCTeMaX, TaK sIK BOHM OyIyroTbCsi Ha MOIM(IKOBaHUX
cymax psaie Pyp’e, 110 BiANOBIAAOTH OUIBII PEaTbHOMY
HpOLECY, KU MOICIIOETHCS.

Tak sk TpPUKYTHI IHTEpHOJISILIAHI IOJIHOMH MalOTh
IIAPOKE 3acTOCYBaHHS B iH(GOpMaliHUX TEXHOJOTISX, TO

BUHUKA€ JIOTIYHE [UTaHHS NP0  BUKOPHUCTAHHI B
KOMIT IOTEpHUX TEXHOJIOTISX OinbI e(peKTUBHUX
MPSIMOKYTHUX IHTCPIOJMIIHHAX MOJTIHOMIB, HAIPUKIA],

nmoniHoMmiB AbGens-ITyaccona uu moniHoMiB Beiiepmpacca.
CaMuM TIpOCTHM, aie HaTiHHUM B JIOCHIDKEHHI Ta
BUKOPHCTAHHI € BUIIE 3raflaHiil iHTepIOJSILiHHNI TOJIIHOM,
moOynoBanmii Ha MeTomi Abems-ITyaccoHa mizcyMoBYBaHHS
pany @yp’e, a came:

2
1—gn

2] -
s
=

1 z
1—28 ncos(xy —x ) 4o n
J€ (x5 ¥y ) — BY3JIU IHTEpPIIOJIALII.

OcHOBHa yBara INpH AOCIIKSHHI 3BepTallach HA OIIHKY
ITOXHOKH 3aIMCAaHOTO BHIIE IHTEPIOJAIIHHOIO IOJIHOMA,
MOXHUOKY Tpu OOYMCIICHHI 3 HOTO BUKOPUCTAHHSM, Ha HOTO
3aMiHy BiATIOBiTHUMHU IpOOOBO-paIliOHATFHUMH CyMaMH Ta
Ha MOXHUOKY micJist 1IboTo mepexony. Ilpu upomy Opanucs 10
yBarn GyHKIMIi, 0 HamexkaTe A0 Kiacy H®, ToOTO Taki
GbyHKIIT, m0:

e x|l = Fre™y =[x+ 2"

Min 4ac JIOCIII[DKEHHS BUILE 3a3HAYEHOTO
IHTEPHOJBILIAHOTO TPUTOHOMETPUYHOIO TOJIHOMA OyIio
3anucaHo (OpPMyJy 3HAXOJDKEHHS I[OXMOKH, 3 SIKOI BIH
HaOmmkae mykany QyHkOiro. [Ipu 1mpomy, Takox OyIio
[I0Ka3aHO, 110 NPU 3aMiHi B OCTaHHLOMY CITIBBIJHOILEHH]
ccs(x —x.),k=T1n ©Ha BimmoBizny fomy dopmyiy
Teislopa 3 nepwMMM N €IEMEHTaMU, MU OTPUMYEMO
HACTYITHUH palliOHaJILHUHA TOJIIHOM:

Ly
l—en by
g“"‘-x:] == i E ] 2 L ¥ — T, 1
- u=1|{1+é‘ "]'l-ze? "EL:{—I]"LK—(;T:‘L
y3araJbHUBINM  SKWH, B  KIHIEBOMY  pe3yibTari
OTPHUMAEMO:
. I
- L—8 n W
Fypla == 17 F v 7y L - r—x )l
I v aTm [ K
=1 |k1. ter |t 2e i’!‘,:ﬂ{—'l]‘—:m-':‘L
OTpuMaHuii  IHTEPHOJMILIMHAN  TOJIHOM  MOXKHA

BUKOPHCTOBYBAaTH IIPH MOJCIIOBAHHI Ta IOAAJIBIIOMY
JOCITIDKEHH]I PI3HUX TIPOLECIB, OCOOJIUBO, MEPIOJUIHIX
npoueciB. Jlns npukiamy, iX MO)KHa 3acTOCyBaTH [UIsi
JIOCII/DKEHHsI COHSIYHOI aKTUBHOCTI, MOMEPEIHbO BBIBIIM
MHOXXHHY 3aMipiB 1 BpaxoByouH, 1o CoHLE Ma€e CBIH LIUKII
akTuBHOCTI - mnpubmm3Ho 11 pokiB. Takox maHuWit
IHTEPHOJISALIAHAN TOJIIHOM MOXXHA BHKOPHCTOBYBATH IS
JIOCIIDKEHHsI IMTOXUOOK MpH Tepeavi JaHuX B Mepexi [2-3]
4K 3001B y 11 po0oTi, punyckaruu, 1aHi nepioquuHumu. He
MOXHA HE BiJI3HAYUTH MOXJIUBICTh MOJICIIFOBAHHSI JIFOICHKUX
0l0JIOrIYHUX MPOIECIB 3ac00aMU  KOMIT FOTEPHOT TEXHIKH,
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sIKi, B CBOIO YEPTy, YaCTO TAKOX € mepioguyaumMu. Ha ocHOBI
I[LOTO MOJKHA OI[IHIOBATH CTaH JIIOJUHU Ta 11 370pOB’s, IO
MOJKE IOCUTH JTOIIOMOI'TH B MEIULIMHI.

III. BUCHOBKHA

B uwac cywacHux iHdopManiiHHUX TEXHOJOTIH BaXKO
oOifiTucst  6e3 3aco0iB, TOB’S3aHUX 3 KOMIT FOTEPHUM
MO/ICTIOBaHHSAM Ta MEPEHKEBUMH TEXHOJIOTiAMH. BoHu Ta
TUIO/IM X 3aCTOCYBaHHS OXOILUTIOIOTH JIOCHThH BEJIUKUH, SIKIIO
Il HE BECh CIICKTP HAIIOr0 HUHINIHBOTO KUTTA. Hampukian,
MH  TIOCTIHHO  KOPHUCTYEMOCS  Mepexero  [HTepHer,
CIIOCTEPIraEMO 3a PI3HUMH CKOHOMIYHHMHK MpOIleCaMH Ta
MPOTHO3aMHU MIOA0 iX MOXJIMBOI MOJANBINOI TOBEIIHKH,
MEPEAAEMO OTHH OJHOMY JaHi, BUKOPHUCTOBYEMO PIi3HOTO
pomy TexHikolo. Yacto Bce 1e €  pe3yapTaToM
KOMIT'IOTEDHOTO ~ MOJCNIIOBAHHA  4Yd  TECTyBaHHA 3
BUKOPHUCTAHHSIM IHTEpHOILiHUX npoueciB. lle Bce came
TOBOPHUTH PO 3HAYYIIICTh iHTEPIIOJIALI] Y HAILIOMY >KUTTI.

Yacro mpu poOOTI 3 BHUINE 3raJaHUMH I[IPOLIECAMH
BiOyBaeThCcA B3a€MOJIA 3 IIEBHUM HA0OpPOM JaHHX, SKi
MOXKHA PO3IsiAaTH K (QYHKIIIO, 331aHy y BUIJISI TaOJIULI
Ha TIEBHOMY 3aJlaHOMy IPOMDKKY. AJie TaKkoX HEpiIKo
OyBarOTh Takl 3ajadyi, sKi, Maw4Yd Takuii HAOIp HaHHX,
BUMAraloTh Ha LIbOMY HNPOMDKKY pPOOOTY HE 3 JUCKPETHHM
Ha0OPOM JIaHHX, a 3 IEBHOIO HEMEPEPBHOIO (YHKIIIE0, sKa O
0 [aHOMY JHUCKPETHOMY Ha0opy [aHUX HaOJKEHO
OIMCYBaJIa 3AJIEKHICTh MK IIApAMETPaMH Ta NapaMeTpamH,
0 BiI HHUX 3alexHi. B JaHoMy BHUIIAOKy € CEHC
BUKOPHCTOBYBATH IHTEPIOJIAILIIO SIK CIOCIO BHpILIEHHS
nocraeJieHol 3aj1aui.

Takoro Bumy 3amadi abo 3amgayi, IO BHPINIYIOTBCS 3a
pPaxyHOK HHUX, JOCHUTH IIUPOKO 3yCTPIYarOTHCS HABKOJIO HAC.
SIk yke 3a3HaYaNoCs BUILE, MOJCITIOBAHHS 3 BHKOPUCTAHHIM
IHTEpIOJIANIl MOXE BHKOPHUCTOBYBATHCS B Pi3HHX c(epax
KUTTEMISUTBHOCTI, 30KpeMa, B cdepi OizHecy, B cdepi
MEIUNWHY, B TPHPOAHWUYUX HayKax THIY TeoJorii 4u
Oiomorii. Ile Jmae HaM  MOXJIMBICTD  IOJIETIITUTH
NIPOTHO3YBaHHS 1, SIK pe3yJbTAaT, IUIaHYBaHHS PI3HOTO POIY
TIOJIi1, TIPOIIECiB, 3aXO0iB.

OTxe, BUAHO, IO IHTEPIOJAMIAHI TMOJIHOMH MalOTh
JOCHTh  INHPOKE  3acTOCyBaHHI B  cdepax, [e
BUKOPHCTOBYIOTECSI KOMIT'FOTEpHI TEXHOJIOTi, a ToMy
MOXYTh OyTH MJOCHTH KOPHCHHM IHCTPYMEHTOM JUIS
BUpIIIEHHS Psijly 3aiay, HaHOLIbLI 3HAYYIIMMU 3 SIKHX €
3ajaui, TOB’s3aHI 3 OXOPOHOI 3JI0POB’S, CKOHOMIKOIO,
MEIUIMHOIO Ta PO3BUTKOM HOBHX TexHousorii. lle
CTaHOBUTH TPUUYMHY JOCIIUKYBAaTH iX B IMOJAJbIIOMY Ta
IHTErpyBaTH B PI3HI HANPSAMU KOMIT FOTEPHUX TEXHOJOTIH,
TOB’SI3aHUX 3 BUINE 3TaJaHAMKU  cdepamMu  AisUuTbHOCTI
JIFO/TUHHU.
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Anomauyis—Po3rnsigaeTbesi 3agaya aBToMaTH3amii aHamgizy
AMHaMiyHOro iHTepdeiicy KopucryBaya 3 BHKOPHCTAHHAM
ingekcy cTpykrypHoi noaiéHocrti. JocaixkylThes BIaCTUBOCTI
SSIM i moxigHux Bix Hboro ¢gynkuiii. 3anpononosano Bapiantu
moaugikanii ingexcy SSIM.

Abstract—The problem of automation of the analysis of the
dynamic user interface using structural similarity index is
considered. The properties of SSIM and its derivatives are
investigated. SSIM index modification options are offered.

Knrwwuoei cnoea—mipa nodionocmi 300pascens, moougixayis,

Memoo noenozo cniecmasnennn, indexc SSIM, inmepgeiic
Kopucmyeaua.
Keywords—image similarity measure, modification, full

mapping method, SSIM index, user interface.

[. Bcryn

Cepesr KITIOYOBMX 3ajay, MO0 BHMHHUKAIOTh y CHCTEMax
KepyBaHHS TEXHOJOTIYHUMH IIPOLIeCaMH, ITPOBHX JOJATKaX,
IHIIMX 3aCTOCYBaHHSX, € 33jla4a aBTOMAaTH4YHOTO KOHTPOJIIO
MOHITOpHUX 300pakeHb, 110 mnepeadayae OLIHKY Mipu
noi0HOCTI 300paxkeHb. 3anexHo Bix crienudiky inTepdeiicy 3
Li€I0 METOI0 MOXYTh 3aCTOCOBYBATHCS Pi3HI METPHKH OLIHKA
SIKOCTi, OJTHICIO 3 KpalllUX Cepell IKUX € 3aCHOBaHa Ha iHAEKCi
crpykrypHoi momi6HOCTi (SSIM) [1]. Ommax SSIM-iHnmekc
CHOPUMHATIUBHNA JO IUHAMIYHHX €JEMEHTIB CTOPIHKH, IO
BHUMarae HaJalITyBaHHS JONATKOBOTO MOpPOTa, Ul BiICIKaHHA
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[TOMUJIKOBHX CIIPAI[bOBYBaHb. [1i/IBUIIEHHSI CTIHKOCTI METPUKH
JI0 JUHAMIYHHX €JICMEHTIB, 0e3 3HMKEHHS C(PEKTHMBHOCTI
3HAXOJUKEHHS IOMIJIOK, I[IO3MTUBHO BiJJOOpAa3UThCSI HA
NIOKa3HHUKY YHIBEpPCAIBbHOCTI cucTtemMH [2].

II. Kiro4oBI BIACTUBOCTI SSIM-®YHKIIIT

IMokasuuk SSIM 1pyHTYyETBCS Ha OOYHCICHHI TPBOX
KOMITOHEHT MO/II0HOCTI (ICKPaBOCTI, KOHTPACTY 1 CTPYKTYpH) i
00'eTHaHHsI X 3HAUCHD Y TICYMKOBHUH pe3ynbTar [3]:

(2 Ux*kly"'cl)*(z‘sxy"'cz)

SSIM(X,Y) = 1
( Y) (uxz+uy2+c1)*(5x2+6y2+c2)' Q)
e iy, MUy — TOKAa3HUKU CepeqHbOI SICKPaBOCTI IIKCETiB
nopiBHioBaHux 300paxens X i Y, o,, o, — aucmepcis

SICKPABOCTI TIKCEJB MOPIiBHIOBaHMX 300paxenh X u Y; o, —

KoBapiallis 306paxenb; ¢; = (ky *L)? i ¢y = (ky*L)? —
KOHCTaHTH; L = 255, — 3HaYeHHs AWHAMIYHOTO Jiama3oHy
sICKpaBocTi; k; 0,01, k, = 0,03 — excrnepuMEHTAIHHO
BH3HAYCHI KOHCTAHTH.

[pu ananiTuaHOMY aHamni3i iHgexcy SSIM, Oyio BHABIICHO,

IO TIPY PiBHUX 3HAYEHHSAX iy, Uy 1 o,, o, ingexc SSIM mae

3HaueHHs piBHE p (TOOTO, copoulyeTbest A0 KoedilienTta
kopesstiii [Tipcona [4]). BusiBiieHO TakoX, 110 BiH CKJIaJaETHCS
3 TPbOX OIIHOK: JIOKAJbHOI CTPYKTYpH — S, JIOKAJIBbHOL
SICKPaBOCTI — /, TIOKaJIbHOTO KOHTPACTY — C:



8xy+c3

S xl = ’
( y) Sx*8y+C3
2%y *Hy+Cq
l X, = 2
( y) P—xz“'liyz"'cl (2)
_ 2x8xytcp
ctx,y) = 8y +8y2+cy |
C3 = C2/2.
Ha ocHOBi KoMmOHeHTiB (2) iHIEKC CTPYKTypHOI
MOIOHOCTI, MOYKHA TIOJTATH y BUTIISMI:
SSIM(X,Y) = s(x,y)Pt = 1(x,y)P2 * c(x, y)Ps, 3)

JIe p; — BaroBi KOC(IIIEHTH BiAMOBITHMX KOMITOHEHT.

VY knacuuniit popwmi (1), 3HaUEHHS BaroBUX p; IOPIBHIOIOTH
1, a mokazuuk SSIM(XY) = SSIM(Y,X), mo € BaxXJIHBOIO
BJIACTHBICTIO, TPH CKIAQJaHHI TECTOBHX CLEHApiiB s
iHTepdelicy kopucryBaya. Metoro moaudikamii ingekcy (1) €
3HW)KEHHSI HOTO CHPUIHATIMBOCTI IO IMHAMIYHUX €JIEMEHTIB
iHTepdericy.

III. MOJU®IKALILI IHAEKCY SSIM

MyJabTHMacIUTAOHUI iHAEKC CTPYKTYpPHOI moAidHOCTI.
OnHUM 3 HaNOLTBII MOMMPEHUXK TOJINIIeHb iHaeKcy SSIM e
MyJIbTUMACIITAOHUN  IHOGKC  CTPYKTYpHOI  moAiOHOCTI
(MSSIM) [5]:

SSIM(x,y) = [y (e, IV T [¢(x, y)]ﬁj [s; e 9] ()

Horo BimMinmicTs monsrac B HEOOXiZHOCTI o0y moBH
nipaminu 'aycca 3 N piBHiB. IJ1s CIpOIIEHHST MOJIEN, aBTOPH
MIPOTIOHYIOTh BUKOPUCTOBYBATH PIBHI 3HAYCHHS JJISI KOHCTAHT
o, f, 7 Ha BCiX piBHAX moAaHHA. OOMEXye BHUKOPHUCTaHHS
iHgekcy (4) mnpu aBTOMaTM3alil aHANI3y AWHAMIYHUX
iHTepdeiiciB  KOpHCTYBauiB CyTTeBe 30UIBLICHHS 4acy
MTOPiBHAHHS 300pa’keHb.

Moaudikanis nokazHuka SSIM 3 BHKOPHCTAHHSIM
HeHPOHHUX Mepe:xK. BUKopHCTaHHS HEUPOHHUX MEPEX, I
nigdopy KoeimieHTiB p; (3) i KOHCTAHT k;, k> (2), € HAHOLTBII
e(eKTUBHIM METOJIOM, B JIOBIOCTPOKOBIH MepCcrekTuBi [6].
HepmonikoM JaHOro METOAYy € 3HAa4YHI BUTPATH Yacy Ha
HABYAHHSA MEPEXi, [0 POOUTH HOTO MPAKTUYHO HETPHIATHUM
y cHucTeMax, sSKi BUMArarmTh MOCTIHHHX 3MiH iHTepdelicy
KOpHUCTYyBaya.

Bubip 3nauymocri komnonentis. Mero BUOOpy 3Ha4€Hb
KoedimieHTiB A nojganHs (3) po3riasHyTo B poOoTti [7] Ha
ocHOBI 0a3u 300paxens TID2008 [8], B sKkili He BpaxoBaHi
iHTepdeiicu KOpUCTyBa4iB 3 BHCOKOI JuHamikowo. Jlis
iHTep(deiCciB 3 BHCOKOI JWHAMIKOK OYyJI0 BUSBJICHO, IO
HaOLIBIINI BIUTHB, HA AKICTH TOPIBHSIHHS, Ma€ OILIHKA §, a 5K
Haiiolmbin  edektuBHi  Juit  (3) BU3HAYCHO  3HAYCHHS
napameTpis:  p; =034, p>=0,74, p;=0,08. 3 ix
BUKOPHCTaHHAM OyJO 3HIDKCHO 3HAYCHHS IIOpOTa BIUIUBY
JMHAMIYHUX €JIEMEHTIB 0€3 3HAYHOI'0 3HW)KEHHS IIOKa3HUKIB
U IOMWIKY B iHTepdeiici (puc. 1). Sk pesynbraT, Boamocs
30UIBPIIUTH PI3HHULIO MDK 3HAYEHHSAMH, OTPHMaHUMH IIpU
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MOPIBHSAHHI CKPIHIIOTIB, 1[0 HE MICTATH 1 MICTATh TIOMUJIKH Ha
91%, 1110 HA MPAKTHILI JO3BOJIUTh CYTTEBO 3MEHIINTH KUIBKICTb
XHOHOIO3UTHBHUX CIIPAIIbOBYBaHb.

lalal earur

was
005

004

003
002
nat
nol eror

Puc. 1. Biaryk kinacuusoro i MoaudixoBaHoro nokassuka SSIM Ha noMuiIKu
i TUHAMIYHI 3MiHH CTOPIiHKH.

B

W =EI0 W ST e

[zerTndikarmis Baropux xoegdimientis SSIM (3) mo3uTuBHO
[03HAYMNIAcsl Ha TIEPEHOCUMOCTI CHUCTEMH, IO JO3BOJISIE
BUKOPHCTOBYBAaTH aBTOMaTH3allilo 0e3 3MIHM IOPOTOBUX
3HaYeHb NpU 3MiHI BUAY iHTepdelcy B BHACIIIOK 3MiHH
Bi3yaIbHOT CKJIaI0BOI.

BucHoBku

Y poboTi JOCHiIKEeHI OCHOBHI BJIACTUBOCTI IHAEKCY
CTPYKTYpHOI momiOHocTi 300paxkerp SSIM y pamkax 3amadi
PO3pOOKHM CHCTEMH KOHTPOJIO iHTEepdelicy KopucTyBada 3
BHCOKOIO JIMHaMikow0. UYepe3 BHCOKY 4YacOBY CKIAIHICTb 1
pusukn  npu  moaum(ikamii  CHCTEMH  BHKOPHCTaHHS
MmyJjbrumaciitabHoro  ingexcy MSSIM 1 moaumdikauii
noka3Huka SSIM Ha OCHOBI HEUPOHHHX MEPEX B paMKaX JTaHOL
3aJa4yl BHSIBUIIOCH HEHOLUIbLHUM. lneHTHdikalis BaroBux
koedinientiB SSIM 3 ypaxyBaHHsIM 0COOIUBOCTEH 300pakeHb
iHTepdeiCiB 103BOJISIE CYTTEBO MIABHUIIUTH SIKICTh POOOTH
CHUCTEMH KOHTPOJTIO Oe3 3MiH [MOKA3HUKIB 11 IIBUAKOMII.
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Anomayin—Y uonaniii po6oTi posriasnyTi indopmaniitui
MpoLecH KOHTPOJIIO OYMIEHHS CTiYHMX BoOA. 3anponoHOBAaHO
MoJeb NpuKIagHoi ingopmaniiinoi TexHoJI0Til NpoeKTyBaHHS
ABTOMATH30BAaHOI CHCTEMHU KOHTPOJIIO OYHCTKH CTIYHUX BOJ.

Abstract—This paper considered the information processes
of wastewater treatment control. The model of applied
information technology for designing the automated wastewater
treatment control system is proposed. The Toad Data Modeler
software was used to design the functional structure of the
database. The database is implemented in MySQL DBMS. The
implementation of the system will reduce the complexity of the
process of technological control, increase the accuracy of
calculations of the required volume of reagent, improve the
quality of water treatment.

Knwuosi cnosa—inghopmayiiina mexnonozis, ingpopmayinni
npouecu, Mooeltb 0anux, A6MOMAMU306ANA CUCHEMA OYUCIKU
cmiynux 600.

Keywords—information technology, information processes,
data model, automated water treatment system

I. Bcrynm

[Ipuckopene po3pocTaHHs MiCT, YTBOPSHHS METAIOMICiB,
PO3BUTOK IPOMHUCIIOBOCTI MPHU3BOATH 10 30UIBIICHHS
00CsIry CTIYHHX BOJ[ 1 3arOCTPEHHIO IPOOJIeMHU 3a0pyAHEHHS
BO/IH, SIKA € HAMLIHHILIMM IIPUPOJHUM pecypcoM B YKpaiHi

[1].

YacTKOBO BUPIMIUTH 110 MPoOJIeMy J03BOJISIE T00y10Ba
OYNCHHUX CIOpYH Ta 3abe3medeHHS ix Oe3mepediiftHoro
(YHKIIIOHYBaHHS, 110 JIOCSTAETHCSI 3acobamu
ABTOMATH30BAHOIO KOHTPOJIIO OYMIICHHS CTiYHUX BoJ [2].
Jnss 1nporo HEOOXiaHI JOJATKOBI MPOrpaMHO-TEXHIYHI
3acobu iH(pOpMaIiiiHO-aHATITHYHOT MIATPUMKHU TPOIECIB
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KOHTPOJIIO OYHIICHHS CTIYHHX BOJ, III0 MPAIIOIOTh y KOHTYPI
ACVYTII B pexumi peanbHoro dacy. IIpoekryBaHHS Takoi
aBTOMAaTH30BaHOI iH(pOPMAIIIITHOT CHCTEMU € TOCUTH CKJIaTHA
3aJa4a, Mo NoTpedye CUCTEMHOTO miaxony. ToMy po3poOka
iH(pOpMAIiifHOI TEXHOIOTIi MPOEKTYBaHHS aBTOMaTH30BaHOT
CUCTEMH KOHTPOJIO OYMCTKHU CTIYHHUX BOJ, € aKTyaJIbHOIO.

MeTto10 podoTH € po3pobka mpukIagHOI iHpOpMAITiiTHOT

TEXHOJOTii TPOEKTYBaHHS aBTOMAaTH30BaHOI CHCTEMH
KOHTPOJIIO OYHUCTKH CTIYHUX BOJ.
s JNOCATHEHHS [IOCTaBJIEHOT METH Oymu

c(hopMyJIbOBaHI HACTYITHI 3a/1a4i:

— MPOBECTH aHAII3 MPOIECIB KOHTPOJIK OYHIICHHS
CTIYHHUX BOJI;

no0yayBaru iHpopMaLiiHy TEXHOJIOT1I0
MPOEKTYBAHHS AaBTOMATH30BaHOT CUCTEMU KOHTPOIIIO
OYHUCTKHU CTIYHUX BOJ.

3rigno [3], iHopMmamiiHa TEXHONOTII — CYKYITHICTBH
METOJIiB,  MOJeJieH,  aJIrOpUTMIB  Ta  MPOTPAMHO-
TEXHOJIOTIYHUX 3ac00iB, 110 3a0e3neuyIoTh 30ip, 30epiranus,
00po0OKy Ta BuBenmeHHs iHpopmamii. [Ipmaomy, anropurMmu
peanizyloTbest K iH(MOpMALiiHI Tpolecu, Pi3HOMAaHITTS
AKX BHU3HAYAETHCS CHENH(DIKOI0 NMPEIMETHHUX Taly3ed Ta
BIAIIOBIAHUMH METOLAMHU 1 MOJEIISIMH.

Tomy pimieHHs 3amavi moOyayBaHHS iH(pOpPMAIitHOT
TEXHOJIOTI1 MOJISATa€ y po3pooii KOMILIEKCY
B3a€EMOIIOB’SI3aHUX  iHQOpPMAIIMHUX  TpoOIeciB, MO
BUKOPHCTOBYIOTH TTEBHI METOMH 1 MOJIEII.



II. BUKJIAJI MATEPIAJIY I PE3YJIbTATHU.

Y po6orti [4] OyJ10 3aPOIIOHOBAHO METO/, IKHI TO3BOJISIE

CHHTE3YBaTH  palliOHANBHUN  ckiax  iHQopMamiiHUX
TEXHOJIOII  MOHITOPUHIY  CKJIaJHOTO  TEXHOJOITYHOI'O
Iporecy.

3anpornoHoOBaHa METOAWKAa BUKOPUCTOBYETHCS y HaHIN
poboTi s moOynyBaHHS IHQOpMAIiWHOI TEXHOJOTIT
NPOCKTYBaHHA aBTOMATH30BAaHOI CHUCTEMH KOHTPOIIO
OUYHUCTKM CTIYHUX BOJ Ta IOJISATAa€ Y BUKOHAHHI HACTYITHUX
eTamiB:

(dopmyBaHHS Mojeni iH(POPMALIHOT TEXHOJIOTIT,
(dhopmyBaHHS ckiagy 0a3u JaHUX Ta 6a3 MOJETICH;
(opMyBaHHS KOMILIEKCY MaTeMaTHYHHX METOMIB 1
MOJICIICH;

(opMyBaHHS CTPYKTYPH KOMILICKCY iHpOpMamiitHuX
TIPOIIECiB;

po3pobka cxemu iHpopMaLiHHOT TEXHOIOTI.
OcHoBHI iH(popMamLiiiHi Tpolec pilmeHHA 3anadi, Mo

Oyna IOCTaBleHa, MPEICTABISAIOTh COOOI0 TEXHOJOTIYHY
MTOCTITOBHICTD Y BiIIOBITHOCTI 3 BHAUICHUMH €TallaMu:

JOCIIIKCHI CUCTEMU KOHTPOIIIO OUUCTKH CTIYHHX BOIT
(Puc. 1), meronn Ta iHpOpMAIiiiHI TEXHOIOTIi, IO
BIIPOBAJKEHI y TaKi CHCTEMH;

moOymoBaHa iMiTalliifHa MOJENb ISl PO3pPaxyHKY
HeoOXiHOT 103U peareHTy [5, 6, 7];

onwucani iHpopMaIiiiHi mporecu Ta ix B3aemois (Puc.
2);

noOymoBana Mojiens nanux (Puc. 3).
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Puc. 2. Jliarpama iH(popMalidiHUX MPOLECIB KOHTPOJIKO OYUCTKHA CTIUYHHX
BOJ

B/l hbopmyeThest Ha ocHOBI iH(pOpMAIi 3 TEXHOIOTTYHIX
pErIaMeHTIiB JaHUX MOHITOPUHTY TEXHOJOTIYHOTO IMPOIECy
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3acobamn  ACY TII Ta
00CITyrOBYBaHHIO OOJIaJHAHHS.

JaHUX 110 TCXHi‘{HOMy

Iadopmanis 3 Bl 3a6e3medye iHpopManiiHO-aHATITHIHO
HiATPUMKY TPOLECIB KOHTPOJIIO OYMIICHHS CTIYHHX BOJ.
Kpim Toro, irmdopmarnis 3 B/l Moke BUKOPHUCTOBYBATHCS
TOJIOBHUMH CIELialicTaMi MIANPUEMCTBA ISl KepyBaHHs
TEXHIYHHM OOCITyTOBYBaHHIM OOJalHAHHS.

B/l mnapamerpiB TEXHOJIOTIYHOTO TIPOIECY MICTHUTh

iHpOpMaIlifo O mapaMmerpax, IO KOHTPOJIOIOTHCS,
MOKAa3HUKKM JAaTYHKIiB, IO 3YUTYIOTHCS, IIPUB’SI3Ka [0
oO0NamHaHHS Ta TEXHOJOTIYHOMY IIPOIIECY, OJUHUII

BI/IMipIOBaHHFI, Hac Ta faTta 3UMTyBaHHS.
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Puc. 2. Cxema 0a3u gaHux

Cytaicts «O0MIK MepcoHany» MICTHTb Y c00i 0cOOUCTY
iHpopMmamito o0 CHoiBpoOITHMKaxX Ta [OaHi AOCTYIy [0
yopaBiiHHA cuctemMoio. «OOmik oOmamHaHHSIY — (QiKCye
iHpopmamiro Tpo Ha3By oOnmamHaHHA (yCepeaHIOBAY,
BIJICTIIIHUK, HAcOC), IaTy OCTaHHBOT'O PEMOHTY 00J1aHAHHS
ta rapanriiinunii Ttepmin. Cythicth «Ilocagm» MicTuTh
iHbpopMaIliF0 TPO Ha3By mocaad (TEXHOJOr, JIA0OPaHT,
orepaTop) Ta ITpaBa JOCTYyINy, IO IJs Hel mepenbadeHi.
CytHicte «KepyBaHHS» TpencTaBisie co0OI0 JKypHaI y
SKOMY (DIKCYIOTBCSI IaHl CTOCOBHO Iii, ki OyJie 301 CHEHO Y
pa3i BHSBICHHS HEBIJNOBITHOCTI TOKAa3HHKIB BOJHU
HOPMATHBHUM JOKYMeHTaM. «/laHi mpo cTaH Bomy CTIYHOT i
ounmieHO» (HiKCYIOTh MOKa3HUKH P00 BOJH, SKi OepyThCS y
pi3Huii 4ac, 3rimHO i3 poskimamoMm. Y «HopmartuBHIA 6a3i»
30epiraroTbcs JOMYCTUMI ITOKA3HUKU SIKOCTI BOOH 3a
HOPMATUBHOIO JIOKYMEHTALIEO.

VYV rtabmuni 1 BimoOpaskeHHI XapaKTEPUCTHKH OESIKHX
aTpuOyTiB 0a3u JaHUX.

TABHI/IHH 1. XAPAKTEPUCTHKA ATPUBYTIB BI[
ATpudyT Onucanus Ipukiaanx
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st mpoekTyBaHHs QyHKIIOHANBHOI CTpyKTYpH BJ1 OyB
BUKOpHUCTaHUi nporpamuuil nponykr Toad Data Modeller.
B/] peanizoBana B CKBJl MySQL.

BucHOBKI

TakuM 4YMHOM, 3aCTOCOBYIOYM CHUCTEMHHMH MiJXiA 10
MIPOCKTYBAHHs IPUKJIAJHUX i1HQOpMamiiHUX TEXHOJOTIH
MOHITOPUHTY  CKJIaJHHX  TEXHOJIOTIYHMX  MPOILECIB,
moOynoBaHa iH(QOpMaIliifHA TEXHOJOTIS NPOEKTYBaHHS
ABTOMATHU30BAHOI CHCTEMH KOHTPOJIFO OYMCTKU CTIYHUX BOJ.

BnpoBaJuUKeHHST  CHCTEMH  JIO3BOJIMTH  CKOPOTHTH
TPYOOMICTKICTh  MPOIECY TEXHOJNOTIYHOTO  KOHTPOIIIO,
MiIBUIIUTH TOYHICTh PO3PaXyHKIB HEOOXimHOTO oOCsTYy
peareHTy, MiABUIIUTH OKa3HUKH SKOCTi BOJOOYHIICHHS.
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Anomayia—3Bu4aiiHi nigxoau 10 oe3nexn Ta
KOHineHmiiiHOCTI, IK mMpaBuiIo0, He 3acTocoByrThes AJs loT,
rOJJOBHMM YHHOM 4epe3 iOoro JeleHTPATi30BaHy TOMOJIOTII Ta
o0MeskeHHs1 pecypciB Olabmocti if mpucrpoiB. Y wuiii po0ori
rauéume 3arJM0MMOCh Ta OKPECJHMO OCHOBHI KOMIIOHGHTH Ta
¢yHkuii posymHoro OyauHky. 3anpomoHoBaHa mJjardopma
po3ymHoro O0yaumHky Ha ocHoBi Blockchain 3axumena muisixom
peTeabHOro aHaJi3y il 0e3meKkH 3 ypaxyBaHHAM OCHOBHHUX LiJIei
Oe3nexu: KoH(pigeHuiiinoCTi, HiTicHOCTI Ta JOCTYMHOCTI.

Abstract—Conventional security and privacy approaches are
generally not applicable to IoT, mainly because of its decentralized
topology and limited resources of most of its devices. In this work,
we delve deeper and outline the basic components and functions of
a smart home. The proposed Blockchain smart home platform is
protected by a thorough analysis of its security, taking into
account the main security goals: confidentiality, integrity, and
accessibility.

Knwuosi cnosa—Blockchain; Inmepuem peueit; po3ymHuuil
0yOuHoK; maiinep; Kongioenyinnicmo; deuenmpanizayis; 6e3nexa.

Keywords—Blockchain; Internet of Things; smart home; miner;
security; confidentiality; decentralization.

I. BCTVYII

Iurepuer peueri (IoT) ckmamaerbess 3 TPHCTPOIB, SIKi
TeHEPYIOTh, OOpPOONAIOTH Ta OOMIHIOIOTHCS BEJIMYE3HOIO
KiJIBKICTIO KPUTHYHO B)KIIMBUX JUTS OE3MEKH JaHWX, a TaKOX
iH(popMmarlii, 3anexHoi Bifg KOHQIAEHIIHHOCTI, 1, OTXKe, €
puBaOIMBUMM LisIMU pi3HUX KiOeparak [1]. barato HoBHX
MEpEekKEBHUX IPHUCTPOIB, siKi ckinanarTs loT, mMawTeh HHU3BKY
eHeprilo Ta Jyierky Bary. Lli mpucTpoi NOBHHHI NPHIUIATH
OlLlbIIy YacTHHY CBO€i HOCTYHNHOI eHeprii Ta OO4YHCIIeHb
BHKOHAHHIO OCHOBHMX (DYHKIIIOHAJIBHUX IOJIATKIB, 10 POOHUTH
3aBlIaHHS JOCTYITHOI HiATPUMKH O€3MeKH Ta KOH(DiqeHmiHHOCTI
JIOCUTD CKJIaJIHUM 3aBaHHsAM. TpaauuiiiHi MeTou 0e3neKu, K
npaBwio, € jpoporumu st IoT 3 Touku 30py CrIOKMBaHHS
eHeprii Ta nepepoOHUX BUTpAT. bijbiie Toro, 6araTto Cy4acHux
cucreM Oe3NeKH € CHIbHO LIEHTPali30BaHUMHU, TOMY BOHH HE
000B's13k0B0  7100pe minxomsath Juisi loT uepe3 ckiaiHicTh
Macmraly, 0araToociOHMH XapakTep pPyXy Ta €IUHY TOYKY
BiamoBu [2]. [lns 3axucry KOH(}iIEeHLIHHOCTI KOpUCTYBadiB
ICHYIOU1 METO/IM YaCcTO BUSBJISIFOTH TAJIACIIHBI 1aHi 200 HETIOBHI
JaHi, IO MOXXE 3aBaJUTH JieskuM Tnporpamam [oT
TIPOTIOHYBaTH TepcoHantizoBani mociayru [3]. Omxke, IoT
BHIMAarae JIerKoi, MacIITabOBaHOI Ta PO3MOIIICHOI OC3MEKH Ta
3axucty KoH¢igeHuitHocti. Texnomoris Blockchain, ska
JISKUTHh B OCHOBI Bitcoin meproi cucteMun KpunToBaiioT [4],
Ma€ IMOTEHIian JUIs TOJOJAaHHS BHIIC3a3HAYCHUX MPOOIieM
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BHACTIZOK 11 pO3IMOAUIEHOr0, OE3IMeYHOro Ta MPHUBATHOTO
XapakTepy.

II. OCHOBHI KOMIIOHEHTH

Tpanzakmii. 3B'130K MK JIOKQJIGHUMH MPUCTPOSMH a00
By3llaMH  HakKJaJaHHS Ha3WBA€ThCS  TpPaH3aKWisMH. Y
po3ymMHOMY OymauHKY Ha 0a3i Blockchain mpoBonsaTbes pisHi
TpaH3akIii, KO)KHa TNpH3HadeHa i TeBHOi (yHKmii. Yci
TpaH3aKIii 10 PO3yMHOTo OyIUHKY ab0 3 HOTO 30epiraroThes
B MicrieBoMy nipuBaTtHOMY Blockchain.

Jlokanbumii  Blockchain. VY koxzHOMYy po3yMHOMY
OyOWHKY € JIOKaNbHUA TpUBATHUHA  OJIOKYEHH, SKHUU
BIJICIIIKOBYE TpPAHCAKIil Ta MAa€ 3arojJOBOK IOMITHKH, 100
3aCTOCOBYBATH MOJITHKY KOPHCTYBadJiB IMIOAO BXIIHHX Ta
BHXITHUX TPaH3aKITIH.

Jomamrniii maiinep. I[lpucrtpiii, 10 IEHTpPaNi30BaHO
00po0uisie BXiAHI Ta BUXIiZHI TpaH3akuii A0 Ta 3 PO3yMHOIO
OyauHKy. MaiiHep Modxe iHTerpyBarucs 3 AoMauiHim [HrepHer-
LIJII030M 200 OKpEMHM aBTOHOMHHM IpUCTpoeM. [loniOHO 110
ICHYIOUMX I[EHTPaJIbHUX TIPUCTPOiB  Oe3mekn, MaifHep
T/ATBEP/KYE, aBTOPU3YE Ta MEPEBIps€ TPaH3aKIIii.

JlokagbHe cxoBuIme. 3anmaM'sTOBYIOYMH  TIPHCTpIH,
HaNpuKIaJl PE3CPBHUM JIUCK, SIKUH BUKOPUCTOBYETHCS
TIPUCTPOSIMH JUTS1 JIOKAJTbHOTO 30epiranus nanux. Lle cxoBwumie
MoOXxe OyTH IHTErpoBaHo 3 MaiiHepoM abo Ie MoXxe OyTH
OKpEMHH MPUCTPIH.

III. OLIHKA T AHAJII3

AmnaJiiz 6e3neku. [cHye Tpu OCHOBHI BUMOTH O€31eKH, siKi
TIOBMHHI BIMOBIAAaTH Oy/b-SIKi TPOEKTH Oe3MeKH, a came:
KOH(QICHIIHICTD, IUTICHICTD Ta TOCTYMHICTbD, Biomi sk CIA
[5]. KonodinenuifiHicTs TapaHTye, MO JIMIIE aBTOPU30BaHUI
KOPDHCTYBa4 MOJXKE IPOYHMTATH NOBimoMIeHHsA. LlumicHicTh
rapaHrye, 10 HAJICIaHe I[IOBIJOMIICHHS OTPUMAHO B IIyHKT
IIpU3HAYCHHs 0e3 OyIb-IKHX 3MiH, a JOCTYIHICTh O3HAYAE, 10
KOXHa Tociyra abo JaHi AOCTYMHI KOPHUCTYBadeBi, KO Iie
moTpi6Ho. [list 301BIICHHS JOCTYTTHOCTI PO3YMHOTO OYIWHKY
MIPUCTPOI 3aXMINEHI Bil MKiIIMBUX 3anmuTiB. Lle mocsaraerbes
O0OMEKEeHHSIM MPUHHSITUX TpaH3akKLiid Ha Ti 00'€KTH, 3 IKUMH
KO)KeH NPUCTPIA BCTAHOBUB 3arajpHuil Kirod. Ormneparii,
OTpHUMaHi BiJ] HAKJIaICHHS, 103BOJICHI MaifHEPOM II€pel] TUM, K
nepecnary ix Ha npuctpoi. Kpim Toro, MoxHa CTBEpIKYBAaTH,
mo Hama cucrtema, mo Oasyerbcs Ha Blockchain, mume
BBOJMTH HE3HAYHE 30UIBIICHHS 3aTPUMOK 0OPOOKH TPpaH3aKIil
NOPIBHSIHO 3 ICHYIOYMMH HPOAYKTaMH LUIO3Y PO3YMHOIO
JOMY.



Ouinka edexkruBHocTi. Ha ocuoBi  Blockchain-
apxiTeKTypu mnependadeHi OOUYMCITIOBAILHI Ta  ITTaKeTHI
HAKJIaHI BUTPATH HA MPUCTPOI PO3YMHOTO JOMY Ta MaiHEp
JUTSE 3a0e3MeUcHHST Kpaiol Oe3neku Ta KoHdiaeHmiiHocTi. s
MOpIBHSHHS HAKIaOHUX BUTpaT Ha ocHOBi Blockchain
apxiTeKTypH, Tpebda 3MOJENOBATH IHINWN CICHApid, SKUN
00po0Oiisie  TpaHsakmii 0e3 MmHMQpyBaHHS, XEIIyBaHHSA Ta
Blockchain. Ieii MmeTon 6a30Boi JiHii MU Ha3MBAEMO «0a30BHM
Meromom». Bukopucramu IPv6 depe3 6e3apoToBi 6€3ApOTOBI
nepcoHanbHi Mepexi (6LoOWPAN) sk 0a30BHil MPOTOKOI
3B'A3KYy B HAIIOMY MOJEIIOBaHHI, OCKUIBKM BiH 100pe
OIAXOMUTh 0 OOMEXKEHb PECypCiB il  HaJaIlTyBaHHS
po3yMHOTO OyauHKY. TakoK 3MOJENIOBAIN TPU JATYUKH MOT
z1 (sKi IMITYIOTh PO3YMHI TOMAIIIHI IPUCTPOT), SIKi HAJCUIIAIOTH
naHi Oe3mocepesHb0 10 AOMAlIHBOIO MaifHepa (Takox
iMiTyeThCst ik MOT z1) koxHi 10 cexynn. KoxxHe MoienroBanHs
TpuBao 3  XBWIMHHM, @ TPEICTABIEHI  pe3ysibTaTu
YCEPEIHIOBAINCH IPOTATOM L€l TPUBAIOCTI. XMapHe CXOBHILE
Oe3mocepeIHbO MIAKIIOYCHO O MaiiHepa Uil 30epiraHHs
JAHUX Ta TIOBEPHEHHSI HOMepa Oioky. OUiHIOBaIM HACTYIIHI
MTOKa3HUKU:

e [laketHi HaxmagHi Ha

BUTpaTH  (IOCHJIAETHCSA

TPUBAJIICTD TI€peadl aKeTiB);

Yac HakiiaiHUX BUTpAT (IIOCHJIAETHCS HA Yac 00poOKH
JIIS KOKHOT TpaH3akiii B MaffHepi i BUMIPIOETHCS 3
MOMEHTY OTpPHMaHHS TpaH3aKmii B MaiHEp M0
MOMEHTY  HAJCWIAHHS  BIONOBIOHOI  BiAMOBii
3aIUTyBavYy);

CrioxuBaHHS eHeprii (BIIHOCHTBCSA IO €Heprii, sKy
CIIOXKUBAEe MaifHep Ha OOpoOKy omeparii, BiH €
HaliBUIIMM  CHEPrOBUTPATHHM  NPUCTPOEM Y

PO3YMHOMY OYIHMHKY, OCKUIBKH BiH 00poOJiie BCi

TpaH3akmii Ta BHKOHye 0araro XeUIyBaHHS Ta
mudpyBaHH).

[TakeTHl HaKJIa/HI BUTPAaTH: BUKOPUCTAHHs IN(PYBaHHS

TAa  XCUIyBaHHSIBAaHHS  30UIbIIYE  PO3MIP  KOPHUCHOTO

HAaBaHTAXKCHHsI TAKETIB; OJHAK, BPaXxOBYIOYM 3arojiOBKU

HWKHbOTO 1mapy (6Low-PAN), 30inbimmeHHS KOpPHCHOL

HaBaHTaKCHHS JTAaHUX Ma€ BITHOCHO HEBEIUKHUN e(eKT.

Yac Butpar: mpoekT Ha ocHOBi Blockchain Butpauae
Outblie wacy Ha OOpOOKY MakeTiB MOPIBHAHO 3 0a30BHM
METOJOM, SKMH MOMKHA BiJIHECTH O IOJAaTKOBHMX OIIeparLiii
muppyBaHHS Ta XEIIyBaHHS. Y TipUIOMY BHIAIKy IS
TpaH3aKMii MarasMHy Ha OCHOBIi 3aIWTIB TOJATKOBI HaKJIaIHI
BHUTpPATH, BBEACHI IMM METOIOM, CTaHOBIATH 20 Mc, IO Bce
OJIHO MaJIo.

Crio>kMBaHHsI eHeprii: Ha pUCYHKY | HaBeJeHI pe3ysbTaTu
criokuBaHHA eHeprii. Sk oueBumno, wmerox Blockchain
30inblIye cnioxuBanHs eneprii Ha 0,07 (Mmk). Y TaOmuui
BHHU3Y PHUCYHKa | BHKIAICHO CIOXHMBaHHA CHEPTil I TPHOX
OCHOBHHX 3aBllaHb, SKi BUKOHY€ MaifHep, a came: MpoIecop,
nepenada (Tx) Ta mpocmyxoByBaHHS (Lx). CrooxuBaHHS
eHeprii nmporecopoM 30ibImIocs npuoau3Ho Ha 0,002 (MmK)
B Halllil KOHCTPYKIII 32 paXyHOK MN(PyBaHHS Ta XEUIyBaHHS.
Ilepemqaua mOBmIMX TAKeTiB JaHWX yABiUi 30LIbIOIIIA
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CIIOXKUBAHHA €HEPTii VI IepeIatdi HalIoro METOIy MOPiBHIHO
3 0a3oBUM MeTonOM. SIKIIO pamio 3 HEepIOAMYHICTIO
BUMHKAETHCS JIJISI €KOHOMII €Heprii, TO BiJHOCHA HaKJIaIHI
BUTPATH Ha HPOCIYXOBYBAaHHS, 3MIHCHEHI HAIIMM METOIIOM,
Oynyts BumuMH. OIHAK, HaBITh SKIIO HPUIYCTHUTH YK
arpecuBHHN poOoumii mukin y 1%, BimHOCHE 30iNbIIEHHS
CHepril MPOCITYyXOBYBaHHS BCC OJHO CTAHOBUTHMC JIMIIIC
o0im3pK0 60%.

[ligBosuM MigCyMOK, HU3bKI HAaKJIaJHI BUTPATH, BBEICHI

MetogoM Ha ocHOBi Blockchain, 3HauHO mMepeBakarOTh,
BpaxOBYIOUM  3HAYHI TIepeBarm Iomo  Oe3meku  Ta
KOH(DiIEHITIHHOCTI.
— ;
_" 'r_ |
[femi ] o oW | oR T [
B bt I i TT DR e (DT R] GlimG  fs WWTE I #nity Wi s AT

Puc. 1. Oyinxa cnosicusanns enepeii 8 pizHux nomoxax
PyXy.

BUCHOBKU

Besneka [oT croromHi npuBepTae BEIMKY yBary sik 3 HAYKOBUX
KiJ1, TaK i 3 ranysi. IcHyroui pimeHHs: 6e3rexu He 000B'SI3K0BO
migxomsath 1 loT gepes Benmuki BUTpaTh eHeprii Ta mepepoOHi
BUTpaTd. Y mill poOOTI OKPECIICHO OCHOBHI KOMITOHEHTH PiBHS
PO3YMHOTO JOMy Ta OOTOBOPEHO pi3HI TpaH3aKIil
mporienypu, moB’s3aHi 3 Bitcoin  Blockchain.  Takox
MIPEICTABICHO BCCOCSHKHUHM aHaTi3 IMOJA0 WOro Oe3leKh Ta
KOHQIICHIIIIHOCTI. Pe3ympTaT MOICTIOBAaHHS TTOKA3YIOTh, 110
HaKJIaaHI BUTpaTH, 3MIACHEHI MM METOJIOM, € HH3BKHMHU Ta
KepoBaHuMH Ut ipucTpoiB [oT 3 Hm3bknmm pecypcamu. Lli
HaKJIa/IHI BUTPATH BapTi CBOEI Bard i Jlau 3HAYHI MepeBaru
110710 6e31eKy Ta KoH}iNeHIIHHOCTI.

Ta
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Anomauyia—Po3pobaeHo rigpaBiaiuHy Moaeab Ta mporpamy, BUMIpIOBaNIbHUI TiepeTBOproBau tumy HBII-1 [1]), Oyne
WO [03BOJAIOTL BHOpATH pexkuM  podoTH i mapamerpu ineHTuikyBaTH YHCTYy BOAy 3 OynbpOamKamMu 5K MYTHY.
prﬁO“pOBl}IHOl CUCTEMH, IJIdA 3a0e3neueHHs JIaMIHapHOro BHXOM"H/I 3 BUKJIAJIEHOIO aKTyaHBHOIO € 3ajgayda pO3pO6KI/I
NOTOKY BO/IM Uepe3 1aBad MyTHOCTI. rigpaBiiiuHoi Mojeni Tpy6OonpoBoLy 3 AaBayeM MYTHOCTI Ta il

Abstract—A hydraulic model and program have been AOCIIDKCHHSL. .
developed. The program allows you to select the operating mode Anst - pospobku  Mozeni  Oyno  obpano  cepesosuiue
and parameters of the pipeline system, to ensure laminar flow of ~ MozemoBanms TinkerCAD — online-cepBic it pobotu 3 3D
water through the turbidity sensor. o0'ektaMu 1 CIICKTPOHHUMU  CXEMaMHU [2] TinkerCAD
BUKOPUCTOBYETHCS K 3pY4HE CepenoBHIa 11 nodynosu 3D
Kniouoei  cnoea—-ziopaeniuna  modens,  mpyoonposiona 00'€KTiB 1 MArOTOBKH iX 10 3D-IpyKy.
cucmema,.ﬂamiuapuuﬁ nomik, mypoéynenmuuii nomik, o0aeau [igpaBitiuHa Mozenb TPyGOMPOBOLY 3 AaBaueM MyTHOCTI
MymHHOCHIL. 300pakeHa Ha puc. 1. J[OBXHMHA TPyOOMPOBOLY MO SKOMY
Keywords—hydraulic model, pipeline system, laminar flow, II0/IA€ThCA BOJA Bil Bono3abopy (Oepera piuku) 10 KOJOAA3S
turbulent flow, turbidity sensor. Jie BCTAHOBJICHO J1aBa4 MYTHOCTI CTaHOBUTH 50 M, a BHCOTAa BiJ
piBHs 3emiti 10 gaBada — 2 M. BincTaHp MiX BIALIEHTPOBHM
I Bemvn HAcOCOM Ta JJaBayeM CTaHOBHTH 0.5 M.
OpHi€0 3 BaXIMBHX 33724 MPH PO3pOoOI PO3MOIICHAX
CHCTEM MOHITOPUHTY Ta KOHTPOJIIO MYTHOCTI PIYKOBHX BOJI Ha
B0J103a01pHUX CTAHIIISIX € BCTAHOBJICHHSI J1aBauya MyTHOCTI Oijis
Oepera piYKd TaKMM YHHOM, 00 MIBUAKICTH IOTOKY BOJIHU
Yyepe3 HhOTO BiJIMOBifaa NIBUAKOCTI Tewil piku. B Garathox
BHUTAJIKaX peibed piuku (KpyTi Oepery) BuMarae BCTAaHOBJICHHS
JlaBada MYTHOCTI Ha 3Ha4yHIA Bigmam Bin Oepera piuku 3
IiZIBEICHHSIM BOJM 10 HHOTO 32 JIONIOMOI'OI0 BIJILIEHTPOBOTO
Hacocy. B 1pomy BuUmasky pexuM IIOTOKY BOIM B
TpyOOIIPOBO/Ii MOKE HE BINMOBiNATH pexumy Tedii piku. [Ipu
Mepexofi peXUMy TMOTOKy BOAM y TpyoOompoBomi 3
JAMIHAPHOTO B TYPOYJCHTHUH 3 YTBOPEHHSM KaBiTAIIHHOTO
PEKUMY MOXKYTBH CIIOCTEPIraTHCS Pi3HI CXEMH IIOTOKIB BOAX
(masto0yp0ankoBa, KpynHOOyibOamkoBa). I[TpoxomKeHHs
TAKOI'0 NOTOKY BOJIM Yepe3 JiaBau MyTHOCTI OyJie BIUIMBATH HA
pe3yJbTaTH BUMIPIOBAHHS OCKUIbKM 1aBad, BHUXOMIYM 3 Puc. 1 — 3mMozenboBaHuii TpyOONpOBIJL 3 3a3HAYEHIUMHU
IpUHOUNY #Woro po0OoTu (Hampukian, HedeIoMeTpUIHUH BiZCTAHAME
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Pexxum noroky BoAau y TpyOOIPOBOZI BHU3HAYAETHCS 32
yucinoM PeliHombaca Ta mepmmM 1 JIPYrHM  TIEpeXiTHAMU
yrcnamu PeitHonbca BinoBigHO [3].

Re=/2 (1)
14
Re, =104 @
A
Re, =204 3)
A

ne V — cepeHs WIBHJKICTh PyXy BOJY B TpyOOMpoBoOIi, M/cC;
d— BHyTpimHIH aiamMeTp TpyOOMpOBOAY; V — KiHEMaTHYHA
B’A3KICTh NMOTOKY BOAM , M%/c; A — abCOIIOTHA €KBiBaleHTHA
HIOPCTKICTh ~ BHYTPIIIHBOI ~ TIOPOKHHHH  TpyOOHpoBOIY
(mpuiiMaemo A=1-10" m).

Pexxum pyxy Boau B TpyOOIIPOBOIi:

- axkmo Re<Re,=2320, TO pexuM pyxy BOIU B
TpyOOTIPOBO/Ii TaMIHAPHHIA;

- siko Reg,<Re<Rej, To pexxum pyxy Boju B TpyOOITpoBOi
TypOyJIEHTHHUH B 30HI TTIAKOCTIHHOTO TEPTS;

- ko Rei<Re< Rep, To pexum pyxy Boau B TpyOOTIPOBOII
TypOyJIEHTHHU B 30Hi 3MIIITAHOTO TEPTS;

- skmo Re>Rey, To pexxum pyxy Boau B TpyOorpoBoai
TYpOYJICHTHUI B 30HI KBAJPATHYHOT'O OIIOPY.

ITouaTkoBi JaHi Il PO3PaxyHKIB: 3arajbHa JIOBXKHHA
TpyOompoBoxy L=52 wm; BHyTpimHiil miamerp TpyOompoBomy
d=0.015m.

3a 70omoMoror po3poOieHOi MporpaMu, BIKHO —SIKOT
HaBeJICHO Ha pUC. 2, AOCIIINMO IPH SIKHUX 3a8JaHUX 3HAYCHHSIX
MOYKHA OTPUMATH JJaMiHaPHUH PEXXNUM IIOTOKY B TPYOOIIPOBO/II.

3MOIEM0EMO PEKUMH IOTOKY BOIAH B TPYyOOIpPOBOII
nmiametpamu: 15, 20, 25 MM) Ta 3MiHU IIBUAKOCTI MMOTOKY BOJTH,
IaHi 3aHecemMo y Tabm. 1.

< uitles] e — i — Py
|

L . Bnanavenys of' cMuol

j NPOAYKTHBHOGCT CHETEMR
| |
Q1 pA3i
e e 00005
TYROYMEKTHMA 3T
V. Mo
& 1IEL ] ok by elT W

Puc. 2 — JlocnipkeHHS pe)KUMY TIOTOKY IIPH 3aIaHIX
rapamerpax

Tabnnms | — PesynbraTu JOCHIIKEHHS PEXXAMY MTOTOKY
BOAM B TpyOompoBoi

d, m V, m/c Re
0.2 2040.82
0.3 3061.22
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0.015 0.5 5120
0.7 7142.86
1 10204
0.17 2312.93
0.2 2721.09
0.02 0.5 6802.72
0.7 9523.81
1 13605.4
0.1 1700.68
0.12 2040.82
0.025 0.2 3401.36
0.5 8503.4
1 17006.8

SIK BHHO 3 TaOJIHIN JOCATTH JAMIHAPHOTO PEKUMY TMTOTOKY
B TpyOONpOBOAI MOXHAIMIICHb MPU JYXKE HHU3BKUX
IIBHJKOCTSAX MMOTOKY. OTpuMaHi pe3yabTaTd BiIoOpasuMo
rpadigno: d;=0.015m — 3eneHoro kompopy, d»=0.02m —
yepBoHOTo Ta d3=0.025M — CHHBOTO KOJIBOPIB (pHUC. 3,4).
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Puc. 3 — Pexxumu moToKy Bou y TpyOonpoBoii
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30LIBIIIMO HEOOXITHY HaM JIUISHKY Ta MPOBEIEMO TIPsIMY,
o BijioOpaxkaTiMe KpUTHYHE 3Ha4eHHs umcna PeitHonmbaca
(Re=2320), npwu sKiit BiIOyBa€ThCS 3MiHA PEKUMY MOTOKY 3
JIAMIHAPHOrO 10 TypOyJIaHTHOTrO (B 30HI IIIAJKICTHOIO TEPTS, B
30HI1 3MIIIAHOIO TEPTSI Ta B 30H1 KBAJAPATHYHOI'O OIIOPY).
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BucHoBku

Po3pobiieHo rigpaBiiyHy MoJIeNb TPYOOIIPOBOIY 3 JaBaueM
MyTHOCTI Ta mporpamy B cepemoBumii MATLAB, mo
O3BOJIIIOTH ~ BHOpAaTH  PEeXUM  poOOTH 1  THapameTpu
TpyOOIIpOBiAHOT cHucTeMH, A 3a0€3MEUCHHS JIaMiHApHOTO
ITOTOKY BOJIM Y€pe3 JaBad MyTHOCTI.

BceraHoBiaeHo, 1m0 mepexig  Bi  JaMiHAPHOTO  JI0
TypOyJICHTHOI'O PEXUMY pPyXy HpPOXOAMTh UIBHJILE HPU
30UIbIIEHHI TUTOMOT MacOBOT IIBUIKOCTI MOTOKY, 301IbIICHHI
€KBIBAJIGHTHOIO Jiamerpa TpyOOIpOBOLY Ta 3MEHLIEHHI
KoedirfieHTa B'SI3KOCTI PiJIHHU.
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Features of the use of neural network to the
classification of eye diseases
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Abstract—Deep learning is the most technology in
21century and it gives more information about how computers
can understand data and learning from. In deep learning,
networks of artificial neurons analyse large dataset to
automatically discover patterns. In this paper, we will
introduce the part of these techniques to know how can we use
deep learning to create our own model to diagnosis of eye
diseases. If we talk about diagnosis recognition medical
imaging, that means we will explain some basic of computer
vision field, and how can we explore this field to classifiers the
dataset using deep neural network, But the most idea will be
addressed is the evaluation performance model using confusion
matrix. In this study, we will compare three models of neural
network, CNN, Vggl16 and Inceptionv3 in order to evaluate
performance of the models.

In our work, a deep learning convolutional network based
on Keras and TensorFlow is deployed using python for image
classification. a number of different images, which contains
four types of eye diseases, namely Diabetic retinopathy,
Glaucoma, Myopia and Normal are wused for image
classification. Three different structures of neural network,
CNN, VGG16 and Inception V3 are compared on GPU system
in Google Colab, with three different combinations of
classifiers. It is shown that, the results for each combination
and observed that for multi-image classification, Inception V3
combination gives better classification accuracy (81.00 %) than
any other models. Using of confusion matrix showing us where
our classifier is confused when it makes prediction.

Keyword—Inception
confusing matrix,
Glaucoma, Myopia.

V3,
Deep Learning,

CNN, Vgglé,
Diabetic

eye diseases,
retinopathy,

L INTRODUCTION

One of the most important features of the use of neural
network are confusion matrix. It is not specific to a neural
network but it is applicable in general to any classification
algorithm.

Confusion matrix basically gives us an idea about how
well our classifier has performed with respect to
performance on individual classes. It is also identified as a
performance measurement technique for Machine learning
classification. typically, a confusion matrix is filled up based
on the test set whose true labels is known. The test data is
passed through the classifier and predictions are noted. A
table of predicted labels vs true labels is then filled out.

Confusion matrixes are important because it tells how
accurate a model’s outcomes, evaluate the performance of a
classification model and allowing developers to determine
which data their model may be unable to classify correctly.
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In this study, we need to know the performance of the
classification model on a test dataset to see the actual
values. Classification accuracy alone can be misleading if
you have an unequal number of observations in each class or
if you have more than two classes in your dataset.
Computing the confusion matrix can give you a better idea
of how well your classification model works and what
mistakes it makes.

The name of our project is Development of Neural
Network Algorithms for Automation of Early Diagnostics of
Eye Diseases (GMDsystem), it is a neural network expert
system to assist ophthalmologist in medical frontlines to
diagnose early eye diseases (Diabetic retinopathy,
Glaucoma, Myopia and Normal). In disease detection, for
example, in our work we have three diseases for
classification, the accuracy result could be high or low, it
rely on the model. So, we need to determine which data our
model may be unable to classify correctly.

The first step in evaluating a classification is to check
confusion matrix. Indeed, a number of statistical models and
accuracy measures are based on confusion matrix. digital
colour fundus photographs of the retina as it shown in Fig 1,
the focus will be on the features of the images to detect eye
diseases [1]. using convolution neural network CNN,
VGG16 architecture and InceptionV3.

Figure 1: Normal Fundus, Glaucoma, Diabetic retinopathy and Myopia

II.

Eye diseases have a large variety of forms, the textures
are sometimes hard to be identify and recognized by
optometrist. Therefore, using information technology to
improve current system must be made to provide maximum
comfort to the patient/optometrist and improve health care.
In this paper we will using the confusion matrix to evaluate
three different CNN architecture to determine in which
disease our model unable to classify correctly.

PROBLEM FORMULATION

III. RELATED WORK

Many researchers have suggested their work using neural
network Most of these studies have been conducted



recently, focusing on modern research and facts. Review of
few is as below:

Labatut, Vincent, and Hocine Cherifi. [2] In this work,
the author reviewed the main measures used for accuracy
assessment, from a specific classification perspective. they
consider the case where one wants to compare different
classification algorithms by testing them on a given data
sample, in order to determine which, one will be the best on
the sampled population. the authors considered three factors:
changes in the error level, in the class proportions, and in
the number of classes. Authors then compared the measure
from a more theoretical point of view. In the situation
studied here, it turns out several traits of the measures are
not relevant to discriminate them. First, all monotonically
related measures are similar to their work, because they all
lead to the same ordering of algorithms. This notably
discards a type of chance correction. Second, their range is
of little importance, because authors considering relative
values. Finally, complex measures based on the combination
of other measures are difficult or impossible to interpret
correctly. Under these conditions, authors advise the user to
choose the simplest measures, whose interpretation is
straightforward. They recommend using both the TPR and
PPV, or a meaningful combination such as the F-measure. A
weight matrix can be used to specify differences between
classes or errors.

Visa, Sofia, et al. [3] Authors introduces a new feature
selection technique and illustrates it on a real dataset. The
proposed approach creates subsets of attributes based on two
criteria: (1) individual attributes have a high discrimination
(classification); (2) the attributes in the subset are
complementary - that is, they misclassify different classes.
The method uses information from the confusion matrix and
evaluates one attribute at a time.

Nezami, Omid Mohamad, et al. [4] This paper presents
a deep learning model to improve engagement recognition
from images using pre-training on available basic facial
expression data, before training on specialized engagement
data. In the first of two steps, a facial expression recognition
model is trained to provide a rich face representation using
deep learning. In the second step, the authors used the
model’s weights to initialize their deep learning-based
model to recognize engagement. The model was trained on
new engagement recognition dataset with 4627 engaged and
disengaged samples. The results were the engagement
model outperforms effective deep learning architectures that
the authors applied for the first time to engagement
recognition.

Loussaief, Sehla, and Afef Abdelkrim. [5] The authors
used different techniques and algorithms in machine
learning framework for image classification. They
introduced the Bag of Features paradigm used for input
image encoding and highlighted the SURF as its technique
for image features extraction. Confusion matrix was applied
to evaluate the works. Through experimentations they
proofed that using SURF local feature extractor method for
image vector representation and SVM (cubic SVM) training
classifier performs best prediction average accuracy.
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Bizios, Dimitrios, et al. [6] compare the performance
of two machine learning classifiers (MLCs), artificial neural
networks (ANNs) and support vector machines (SVMs),
with input based on retinal nerve fibre layer thickness
(RNFLT) measurements by optical coherence tomography
(OCT), on the diagnosis of glaucoma.

No differences between ANN and SVM were observed in
this study. Both MLCs performed very well, with similar
diagnostic performance. Input parameters have a larger
impact on diagnostic performance than the type of machine
classifier. the results suggest that parameters based on
transformed A-scan thickness measurements of the RNFL
processed by machine classifiers can improve OCT-based
glaucoma diagnosis.

IV. DATA DESCRIPTION

Kaggle: A data science site that contains a variety of
externally-contributed interesting datasets. You can find all
kinds of niche datasets in its master list, from ramen ratings
to basketball data to and even Seattle pet licenses[11].

The dataset comprises more than 35 breeds of eye diseases.
To make it simpler, we’ll reduce the dataset with the 4 main
breeds. The dataset is comprised of photos of Glaucoma,
Myopia, Diabetic retinopathy and Normal eye provided as a
subset of photos from a large dataset of 955 Retinal Image.
all the images were collected in total from Kaggle dataset,
In high resolution images.

The images will be the input of our CNN. We are provided a
training set and a test set of images of eye diseases. Each
type of images has individual folder and each image has a
filename that is its unique id.

Python language will be used to achieve our goal in google
colab environment.

Table 1: Number of images according to eye diseases

Glaucoma Myopia Diabetic Normal
retinopathy eye
161 54 180 560

V. RESEARCH METHODOLOGY

The flow diagram of the three proposed methodologies is

shown in fig.2 and fig.3. Each block of proposed flow
diagram is clearly labelled and represents processing steps.
Using these methodologies, we compare three different
structure of CNN, VGG 16 and inception V3 in order to
evaluation using confusion matrix.
Firstly, step image dataset is prepared, there are 4 files in
dataset, which contains 955 images of Diabetic retinopathy,
Glaucoma, Myopia and Normal, where 955 images used for
training and 190 images used for testing purpose. In next
steps, we fit the created CNN to image dataset and Train,
Test the system with training and test datasets respectively.
Finally, we obtain the accuracy for different CNN structures
and compare these accuracies for performance
measurement, and then get the resultant CNN structures.

Three methods are studied in this paper in order to
evaluate our classifier using confusion matrix:

e The CNN consists of three hidden layers and pooling
layers occurring in an alternating fashion.



e Pre-trained CNNs based VGG 16 algorithms using
the last block layer training (Block 5).

e Pre-trained CNNs based Inception v3 algorithms
using the last block layer training (‘'mixed6).
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Figure2: The block diagram of CNN and VGG 16

A. Convolution Neural Network:

As the fig.2 shown for convolutional layer, the size of input
image is set to 150*150 pixels with 3 channels (RGB). To
extract the features from the image we use 32 filters of size
3*3 pixels. For pooling layer, we use a window of size 2*2
pixels, which used to compress the original image size for
further processing. After that we use another convolution
layer used 32 filters with size 3*3 and max pooling size 2*2.
The last convolution layers are used 64 filter size 3*3 with
max pooling size 2*2. And then we use fully connection
(Dense 64 units) and output layer (4 unit) for predict the eye
disecases. CNNs adjust their filter weights through
backpropagation, which means that after the forward pass,
the network is able to look at the loss function and make a
backward pass to update the weights.

In experiment, we use confusion matrix to evaluate our
work, and analyze that which combination gives better
classification accuracy for eye disease classification.

B. VGG 16

Is a convolutional neural network architecture developed
by Visual Geometry Group from oxford university in 2014.
This model loads a set of weights pre-trained on ImageNet
used 16-layer network.

The size of the input images in VGG16 network are
224x224 RGB, Images are passed through 5 blocks of
convolutional layers, where each block consists of an
increasing number of 3x3 filters. The stride is fixed to 1
while the convolutional layer inputs are padded. Blocks are
separated by maximum pooling layers. Maximum pooling is
done over 2*2 windows with stride 2. the five blocks of
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convolutional layers are followed by three fully connected
layers (FC). The last layer is a soft-max layer that
represented the output layer. The full form is shown in Fig.2
[12].

C. Inception V3

Inception-v3 is a convolutional neural network (CNN)
which has 48 deep layers that trained on more than a million
images from the ImageNet database. It can classify images
into 1,000 categories of objects [13, 14].

Inception-v3 is one of the most famous models can be used
for transfer learning, it is allowing to retrain the final layers
of existing model, resulting in a significant decrease time
training and the time the size of the dataset required. As
mentioned above inception-v3 trained on more than million
images from the ImageNet database, which means you can
maintain the knowledge that the model had learned during
its original training and apply it to smaller dataset, the
resulting in highly accurate classifications without the need
of training all the model and computational power.

Inception Layer as the Fig.3 show is a combination of set of
layers (namely, 1x1 Convolutional layer, 3x3 Convolutional
layer, 5x5 Convolutional layer) with their output filter banks
concatenated into a single output vector forming the input of
the next stage.

In addition to the layers mentioned above, there are some
important points in the original inception layer:

e 1x1 Convolutional layer before applying another
layer, which is mainly used for dimensionality
reduction.

e Parallel Max-Pooling layer, which provides another
option to the inception layer.

3} corwoiutions Axd o | =1 £

Fig.3: The block diagram of Inception V3

VI. SELECTED MEASURES

In this section, we formally describe the most common
measures used to compare the classifiers. various measures
based on a marginal rate of the confusion matrix. In this
article, the comparison will be done using the confusion
matrix to measure the model’s Recall, Precision, Accuracy
and F-measure.
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Pl ) F-measure: F-score helps to measure Recall and Precision at

B the same time to make them comparable. Because it is
Class] difficult to compare two models with low precision and high
Actual TP FP recall or vice versa.
Class2 FN TN
Actual 2*Recall*Precision

F - measure = —
Recall + Precision

Let us understand TP, FP, FN, TN for two class

classification:
VII. EXPERIMENTS AND RESULTS

True Positive (TP): Your predicted positive and it is true. According to the models that we explained above, all these

True Negative (TN): Your predicted negative and it is true. models are implemented using python language in google
Colab environments, and applied eye diseases as a dataset

(Diabetic Retinopathy, Glaucoma, Myopia and Normal) for
False Negative (FN): You predicted negative but it is false. classification.

We describe predicted values as Positive and Negative. And In our experiments, we use four categories of classification
actual values as True and False (eye diseases) according to the models above in order to

compare them in accuracy using the confusion matrix to
obtain the best model for the detection of eye diseases, and

False Positive (FP): your predicted positive but it is false.

Actual Values Predicted Values determine in any class the models confuse.
A. Results on CNN
(—\—\ {—1\—\ In this model, The CNN structure has been applied as it
Predicted
True False Positive Negative

Diabetic | Glaucoma Myopia Normal Total
How to Calculate Confusion Matrix for a 2-class Diabetic 10 0 19 7 36
classification problem: - Glaucoma 0 0 18 14 32

E -

Recall or Sensitivity: Is a measure of completeness or < | Myopia 0 0 10 0 10
quantity. simply, high recall means that an algorithm Normal 0 0 31 81 112
returned most of the relevant results. Total 10 0 78 102

shown in Fig.2 A, with eye diseases dataset and the results
Recall = TP-I:n-pFN reported as show in Table.2 below:

Table.2: CNN confusion matrix

Precision: Is a measure of exactness or quality, high
precision means that an algorithm returned substantially
more relevant results than irrelevant ones.

TP

Precision = ——— L vt
TP + FP L ._J_&.-llw:l withoyg sormmalpation :

Specificity: corresponds to the true negative rate of the I
considered class.

Specificity=TN/TN+FP PP g
Accuracy: Is a measure of how much we predicted the _ ) _
classes correctly. Figure4: CNN confusion matrix
Accuracy = TP/ TP+FP+FN+TN Here, how to read this matrix:
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The total number of test example of any class would
be the sum of corresponding row (i.e. the TP+FN
for that class).

The total number of FN for a class is sum of value of
the corresponding row (excluding the TP).

The total number of FP for a class is sum of value of
the corresponding column (excluding the TP).

The total number of TN for a certain class will be the
sum of all columns and rows (excluding that class’s
column and row).

All results shown in Table.5.

B. Results on VGG16

The structure of VGG16 as it shown in Feg.2 B has been
applied with fine-tune the final layers (Block 5+Fully
connected). The results reported as the following in Table.3:

Table.3: VGG confusion matrix

Table.4: InceptionV3 confusion matrix

Predicted
Diabetic | Glaucoma | Myopia | Normal | Total

Diabetic 33 0 2 1 36
_ Glaucoma 8 9 4 11 32
E
< Myopia 0 0 10 0 10

Normal 10 0 0 102 112

Total 51 9 16 114 190

Predicted
Diabetic | Glaucoma | Myopia | Normal | Total
Diabetic 35 0 1 0 36
Glaucoma 12 10 1 9 32
=
2
< Myopia 2 0 8 0 10
Normal 8 6 0 98 112
Total 57 16 10 107 190
i . "
srhiyon na B kit
B
: . I

Figure5: VGG confusion matrix

The result as shown in Table.5.

C. Results on Inception v3

As shown in Fig.3, we applied the structure of

inception v3 with pre-training and the results documented
as the following in table.4:
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FreaomNa s

Figure6: Inception v3 confusion matrix
The result shown in Table.5.

VIII.RESULTS

There are three classification accuracies obtained (as shown
in table 5) from above models, and these accuracies are
graphically represented in below graphs (a, b, ¢), where each

model structure shown with epochs and accuracies.




Table.5: Obtained accuracies with different combinations of confusion
matrix
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We compare accuracies of graph a, b and c, and we find out
the following:

e Inception v3 with Fine-tune (graph c) gives better
accuracy 81.00 %, which is far better than
accuracies of graph a (53.1 %) and graph b (79.4
%).

e The confusion matrix shows that all classification
model is confused with Glaucoma when it makes
prediction. Therefore, this problem must be
addressed to optimize the classification.

CONCLUSION

Deep learning is a learning method for data analysis and
predictions, now days it also become very popular for image
classification problems, in this paper we have presented three
systems for multi-class classification and we found that the
deep neural network models can outperform traditional
methods that rely on image classification.

We have compared between three models of multiclass
classification CNN, VGG16 and Inception V3 in order to
measure the accuracy using confusion matrix, to know where
exactly the classifier confuse. Due to the small number of the
training datasets (eye diseases), we implemented the Fine-
tuning and data augmentation to increase the accuracy of
experiments in the test set. All the models mentioned above
arec deployed wusing python for multiclass image
classification. In this study, we compared these three
different structures of CNN on GPU system using google
Colab. With experiments, we obtained results for each
combination and observed that for multi-image classification,
Inception V3 combination gives better classification
accuracy (81.00 %) than any other models as it shown in
table.5. So, the using of confusion matrix shows all
classification models in varying proportions are confused
with Glaucoma when it makes prediction.
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Anomayia—Isa crarrs BinoOpaskae cydyacHi morisam Ha
¢opmMyBaHHA Ta KepyBaHHA KoMaHI010. Takosxk y miid crarri
HaBeleHi mpukaagu ¢opMyBaHHA KOMAHIH, KOMYyHikaumii B
KOMAaH/i Ta NPUYMHH, Yepe3 sIKi JTI0AH MOKYTh HTH 3 KOMaH/IH.

Abstract—This article reflects current views on team
formation and management. This article also gives examples of
team formation, team communication, and reasons why people
may leave the team.

Knwuoei cnosa—komanoa, meneoicmennt, KepyeaHHs
KOMAaHoamu, memooonozii, po3pooHuxku
Keywords—team,  management, team  management,

methodologies, developers

I. Bcryn

e 20-30 pokiB TOMy B MPOEKTHOMY MEHEIKMEHTI
HalyacTille BUKOPUCTOBYBAIIMCS MPEAUKTHUBHI METOO0JIOTIT
(«KopeTki»). IX cyTh mosisiraia B TOMy, 110 NPOLYKT HE MaB
3MiHIOBaTHCSl MiJ 4yac po3poOku. ToOro crouarky Oysa
CTajis aHai3y JIsl BHSBJIEHHS BCIX BHMOI, HallMCaHHS
JIOKyMeHTaii, 1 3aTBep/KyBaHHsI, a [I0TIM BXXE ITOYHHAIUCS
mpolecu po3poOKM Ta TeCTyBaHHS. HamnpuKiHII TpOeKTy
pe3ynbrar OyB HE 3aBXKAM AKTyalbHUH, L€ € TOJIOBHOIO
poOJIEMOIO MPETUKTUBHUX METOIOJIOTIH.

Ae 3 pO3BHUTKOM CYYacHHX TEXHOJOTIH, 3’sBHIacs
motpeba «Oy i 3aBKIN B TPCHII», TOMY ITOYaB 3MiHIOBATHUCH
mAXigz K po3polbmi TpOEeKTy 1 aKTHBHO PO3BUBATHCS
MPOCKTHUN MCHEIKMCHT.

II. TIPOEKTHA KOMAHJIA

Komanma — me pecypc MpOeKTy, SKHAN pO3IOALIIE
3aBJIaHHS.
[IpoekTHa KOMaHJa CKIAJA€TBCA 3  PO3POOHHUKIB,

ﬂHSaﬁHepiB, TCCTyBEU'II)HI/IKiB Ta MPOCKTHOI'0 MCHCKEPA.

B cywacHmx kommaHisX KoMaHAy (OPMYIOTH 3a
MIPUHIIMIIOM TPUKYTHUKA: KiJTbKICTh HAMOUIBIN TOCBITUCHUX
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PO3pOOHHKIB («senior») BIAMOBiJAE BEpIIMHI TPUKYTHUKA,
KUTBKICTh HAWMEHII JOCBITYEHMX PO3POOHUKIB — OCHOBI
TPUKYTHHKA («junior»), B CEpeIiHI — pO3POOHHKH SIKI MAOTh
MIEBHY KUIBKICTh POKIB JOCBiMy Ta HasuBaroThes «middley.
Hanpuknan, 1 cenbiiop, 2 Miai-po3poOHuKa Ta 3 HKyHIOp-
po3pobHuka. CeHblOp BHCTyNae B POJi Jiepa, BU3HAYAE
MpaBuJia Ta HAMPSIMOK POOOTH KOMaHAH. MiI-pO3POOHUKH
pa3oM C CeHbHOPOM BHMKOHYIOTh CEpeHI Ta BaXKKi 3ajadi,
«HABYAIOTBY» Ta «MOIIMPIOIOTh 3HAHHS» 3  JDKYHIOp-
po3pobHuKkamu. KoxxeH IKyHIOP-pO3POOHHK HABYAETHCS Y
«CTapUIMX)» Ta BUKOHYE JICTKI/CepeHi 3a1adi.

V enunoi xoMaHAu — OAHA IIijIb, KA Habarato OLIbIIE,
HDK TIparHeHHs okpemoi ocobuctocti. Komm xomanma mae
«IUTICHICTE» Ta BTUIIOE OJHY I[iJIb, MO TOKAa3ye OLIBIIT
e(CKTHBHI TMOKKYHWKHA, HDK Ta KOMaHga B SKOI HEMae
CULITICHOCTI.

OfHUM 3 BKIUBHX (DAKTOPIB € TE KOJIM KOXKEH 3
KOMaHJIM PO3yMi€ SIKy IIHHICTb JIa€ PO3POOIEHUH MPOIYKT
KOpHUCTYBadaMm, Ta Te [I0 L0 [[IHHICTh BU3HAIOTh 1HIIII.

Takox BaxMBUM (HakTOPOM € 3JHATHICTb KOMaHIHU
JyMaTl OJHAKOBO Ta B OJHOMY HAIPAMKY, TOAI KOMaHza
Oyzme crpuiimMarid Ta aHamizyBaTd HOBY iHQopmauiio 3
OJJHAKOBOI O3ULIT, KOXEH MOKe OpaT y4acTb B IPUIHSATTI
3alPOIIOHOBAHOI0 PIlIEHHS Ta BIJBEPTO OOrOBOPHOBATH
3aIlPOIIOHOBaHY 1110 MiXK CO00¥0.

A.  Komyuixayis 6 komanoi

Haitedextuprimmii crocio KOMYHiKarii MiXK
yYaCHHUKaMU KOMaHIu — Oe3[O0CEepeIHE CIUIKYBaHHS MIDK
YYaCHHUKAMHU KOMaH/IH, HE3aJISKHO Bijl TOrO PO3IOJILIeHa e
KOMaHaa a00 3HAXOMUTBCS Yy MEXax IE€BHOI TEePHUTOPIl.
[HCTpYMEHTH KOMYHIKAIi Ta HAJArO/PKEHHS CTOCYHKIB B
KOMaH/Ii:

e IlloxeHHI MITUHIH-AIIEHTH.
o [l[oTwKHEBI MITHHIH-AIIAEHTH.

e PerpocnekTuBa Imici iTepamii Ta/ado mpoexTy.



e ['pyMiHr nepea HOBOKO iTepalli€lo.

e MiTUHIM OAMH-HA-OJMH 3 KOXXHHUM YYaCHUKOM
KOMAaHJIH IiJ1 4ac po3pOOKHU MPOEKTY.

e TuMOLIAUHIU.

B.  Osuaxu camoopeanizosanoi komanou

B pobGori [1] HaBemeHi O3HAKM CaMOOPraHi30BaHOL
KOMAaHJIH, Ha SIKi TIOCHJIAFOTHCS BCi Cy4acHi JuKepena:

o KoxHa JIIOJMHA BIANOBIJAJIbHA 32 METY IPOEKTY.
Takuii piBeHb BiAMOBINAIEHOCTI MOMIIUBHUM, SIKIIO
JUIA JOCATHECHHSA IIOCTAaBJIICHUX L[i.l'leﬁ KOMaHJ1a Mae€
[paBO MPUHAMATH PIlIEHHS 1 KOXKEH 11 yYaCHUK MOXKe
BUCJIOBUTH CBOIO JyMKY @O IUIAHYBaHHsS 1
BUKOHAHHSI [TPOEKTY.

e UjeHn KOMaHIU MOBa)KarOTh OJMH OJHOIO. SIKIIO B
KOMaHJi IMaHye arMocdepa B3a€MHOI IIOBaru, TO
HIXTO HE CYMHIBAETHCS, 110 KOKCH HaMaraTHMEThCS
BHKOHATH CBOIO POOOTY MaKCHMAIILHO 100pe.

e Bci 30cepemkeni Ha podoTi. B xomi itepariii KoxkeH
YICH KOMaH/M TIOBHICTIO KOHIICHTPYETHCS Ha ITiH
pobori. Konn koxkeH wieH KoMaHIu (GOKYCYEThCS Ha
mIsax itepamii 1 Mae mpaBo poOWTH Bce Ui iX
JIOCSITHEHHSI, TO BCS KOMaH/1a 3/aTHA
caMoopraHiyBatucs 1 BHUOpaTH IHIIMH HampsMOK
pOOOTH, SIKIIO MOTPiOHO MIOCH 3MIHUTH.

e KoMaHmu IHYIOTh BiJKPHUTICTh. YICHHM KOMaHIU
3aBXk/M TOBMHHI OyTH B KypCi TOTO, YUM 3aiHSITHIT
KOKCH 1 HACKUTBKHU II¢ HAONIDKAE TPOCKT JO MCTH.
Ocp YoMy mpakTHKH B 0a30Biil scrum-momeni
CIpPsSMOBaHI Ha CTUMYJIIOBaHHS BiJKPUTOCTI cepen
YICHIB KOMaHad. Hampukman, HOIIKM 3aBIaHb
JIO3BOJISIIOTH Bi3yalli3yBaTH pOOOYHMIA IIPOIIEC IS BCiX
VY9aCHHKIB KOMaHIH, Oa4uTh SKUiA oOciar poOiT
BHUKOHAHUM, a IO II¢ HAICKHUTH 3POOUTH KOKHOMY
YYaCHUKY KOMAaH/IH.

e UUjeHdn KOMaHIM MalOTh MYKHICTh BIJCTOKOBATH
npoekt. Koy  MeHekep INPOEKTY — BIIKHIAE
HEIpo30piCTh 1 BUOUpAE BIIKPUTICTb, TO L€ POOUTH
cwipHOI Komaniy. lle Bumarae MyxxHoOCTI, aie
MIJICYMKOM  CTalOTh  KpalulMid  NPOAYKT 1 B
HalKpaimomy pod04oMy CTaHi.

C. Esontoyis npoekmHoi Komanou

Hwkue HaBeneHi OCHOBHI MPUYMHU KOJH JIOAW WAYTH 3
KOMaH/{1 Ta METOM [UIs 3a1I00IraHHs LbOIo:

e BimguyBaroTh cebe 3HEOCOOJICHUMH, JJIsl YHUKHEHHS:

O Yy BCIX LepeMOHisix Oepy yd4acTb BCI 4JICHH
KOMaH/Iu;

O pilleHHs [PUAMAIOThCS 3 OIJILY Ha T0JI0C
KOXHOT0.

e Biguysatoth cebe HENOTPIOHUMHU, J1JIsl YHUKHEHHSI:
O SICHI 1,

O pe3yJNbTaT - MPaIOOYUil POTYKT;
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O OIiHKa 1 npiopite3aniss poOOTH 3 OOKY 3aMOBHHKA.
e Ix 3100yTKN HE BUMIpHI, 1T yHUKHEHHS:

O PETPOCIIEKTUBA, MITHHTH, YeCHUH (in0ek;

O Bi3yaui3aifisi pob0Joro mporecy.

Slkuio MeHekep xo4a 6 4ac BiI 4acy BHUKOPHCTOBYE
IHCTPYMEHTH KOMYHIKallil, HaBe/ieH] BUIlle, TO BiH BijdyBae
HACTI Ta CaMOMOYyTTs IIOJCH B KOMAaH/i, LI0O MOXe
JIOTTIOMOTTH B 3aN00IraHHI BIAXOY JIIOJCH 3 KOMaH/IH.

III. METOJIU KEPYBAHHS KOMAHJAMU

Ha cporonminmHiii [eHh BUKOPUCTOBYIOTh «THYYKI»
METOJIOJIONIT B MEHEKMEHTI. «3aCHOBHHUKOMY» «THYYKHX)»
METOOJIOTI BBaXKaroTh Agile.

Agile - me wHablp MeTomiB 1 METOMOJIOTIH, sKi
OTIOMAaralmTh Ballid KoMaHAi e(QEeKTHBHINIE MHUCIUTH,
nparoBaTy 1 npuiiMaru pimenns [1].

ToOTO OCHOBHMIA BEKTOP TPOEKTHOTO MEHEIDKMCHTY —
CTBOpIOBaTH OaraTo(yHKIIOHANBHI, ABTOHOMHI, BUIBHI ¥y
OpUIHATTI  pilleHb ~ KOMaHAXM 3  YCTaHOBKOK  Ha
BIIOCKOHAJICHHS CBOTX MOYKIIMBOCTEH [2].

JIns Takux KOMaHI JOKYMCHTAIlisd MOTpPiOHA TITBKH Y
BHTIAJIKaX, KoK MOTPiOHO nmeramizyBaTu Ta/abo 3adikcyBaTH
OCHOBHY 1H(OpMAIIitO.

OCHOBHA WIHHICTD U CYYacCHUX KOMITaHIl — Ie JTFOJIH.
MeHemkep TPOEKTY MIKIyEThCS Hpo Te Imo0 KomaHzaa
3HaXOMMIacs B KOM(OPTHHX YMOBax Ta HaBKOJUIIHE
OTOYEHHSI CIIPUSIIO PO3BUTKY KOMAaHIM Ta TPOEKTy. Tomy
IO TIMBPKM B LUX YMOBaX KOMaHJAA 3MOXE CTBOPUTH Ta
MPUHECTH HiHHICTh 3aMOBHHKY Ta KOMIIaHii.

BHCHOBKU

Ha cporomHimHii AeHb MPOCSKTHUH MEHEIKMEHT
PO3BUBAETHCS AYXKE IIBHIKO Ta aJalTyeEThCS IO CYy4acHOTO
CBiTY. 3’SBISIIOTBCS HOBI MeETOMAOJIOTII, (ppeiiMBOpKH Ta
METOM KepyBaHHS KOMaHJIOI0. AJie He BCi JIIOAM B KOMaH/i
BHYTPILITHBO TOTOBi OyTH «caMOOpTaHi3oBaHUMMY. [I0BMHHO
npoiitu e 20-30 pokiB mo6 Jroau B KOMaH/II Hamarajiucs
Oyau «OTHUM OPTaHIZMOM.

ToMmy choroaHilHs 3ajadya MEHeIDKepa IPOeKTy OyTh
sIKOMOTa OUIBII BIIKPUTHM T4 YECHUM 3 KOMaHIO0K. ByTu
KOMaH/[l JPyroM, a HE HAYaJIbHUKOM. TUIBKH Yy IbOMY
BUTIAJIKY KOMaHaa OyJie BidyBaTH €IHICTH Ta Oyje B3MO31
HIJIKOPSITH OY/1b-sIK1 BEPIIUHU.
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Abstract—The purpose of this work is to test the expert
Adpvisor in real time using different methods of analysis. The
object of the research is Forex trading. The subject of the study
is a market Advisor.
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Currently, information technology has reached such a

level of development that it is possible to manage funds
from your personal computer. You can, without leaving your
own apartment, around the clock to buy or sell currency,
making transactions within a few seconds through the
information and trading terminal. Mechanical trading
systems — expert advisors are used to automate trading.
Advisors, independent work that perform all kinds of
operations, from market analysis, calculation of available
capital, to the opening and closing of transactions. Develop
expert advisors based on trading strategies that show positive
results for a certain period of time. Advisors are divided into
fully automatic and semi-automatic. The first differ from the
second completely Autonomous, so there is no need to
interfere with the work of the trader. Semiautomatic is
created as a trader's assistant, with which he can perform
routine work. For example, to place stop orders and move
orders, to place profits. They perform all types of operations,
starting with market analysis, calculation of available capital
for opening deals, lots, ending with the opening, maintenance
and closing of transactions. All these operations are
performed by automated Forex experts constantly, regardless
of whether the trader watches their work and the market or
not. Expert advisors are developed on the basis of trading
strategies that show good results for a certain period of time
(at least a year). Also, experts are divided into indicator and
non-indicator.

INTRODUCTION

II. BENEFITS ADVISOR

Indicator advisors to enter a position use a trading
strategy that is based on Forex indicators, and it is not
necessary to enter a position, because you can close a
position on the indicator, as well as set stop orders. An
indicator-free expert Advisor is an expert Advisor that uses a
purely mathematical model of calculation to enter positions.
Both non-indicator and indicator advisors can be divided by
money management. According to money management, the
most popular are martingales, setters, varnishers, averagers,
as well as classic experts who use stop orders and profit.
Martingales — this is one of the most popular cashier among
experts, a feature that is a complete disregard for the stop
order. The essence of martingale is that the expert Advisor
opens a double lot at a loss position and in case of victory
wins back a losing position. Setters are experts who place a
network of orders above and below the price, and their
essence is that wherever the price goes, it gets into the
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network, and the adviser pulls out profit from the movement
up or down. The weakness of this kind of experts is flat,
when the price begins to cling to both purchase orders above
the price and below the price. Shifters are advisers who,
when a stop order is triggered, flip their deal and enter the
side of the stop with a doubled lot. Trend advisors are
experts based on a trend strategy. Scalping-these are experts
who work with market noise, opening positions often with a
small stop order and profit. Channel experts are sharpened to
work in the flat, the essence of which is to trade in a narrow
range of prices. In General, if you have an understanding of
the type of Advisor, you can see its weaknesses. For
example, channel experts give a lot of false signals in the
trend, and trend constantly catch stop orders in the flat. The
most optimal advisors are considered if they are based on all
three types of trading strategies that complement each other.

Using expert advisors provides the following advantages:
+ does not require a permanent stay at the computer;

* excludes the human factor;

» accelerates the process of making a profit;

» reduces errors when opening and closing trades;

« round the clock trade.

[II. DEVELOPMENT ADVISER

AOSO expert Advisor was developed for trading, which
uses Awesome Oscillator, Stochastic Oscillator methods. In
order to start trading in real time, you first need to test the
EA in the previous period. For testing, the settings of time
interval, Deposit, currency pair, time frame, leverage are set.
First, the EA is tested without optimization, and then the
parameters and optimization of the EA are set. The result
should be a Sharpe ratio greater than one[l]. Awesome
Oscillator is a convenient display of two moving averages in
the form of histograms, the location of which you can find
interesting trading signals. It is often possible to extract
serious profits by entering the market at the very beginning
of the nascent movement. Purchase is carried out in the
presence of two histograms: the first of them is below zero,
the second-above zero. For sales, on the contrary: the first is
above zero, the second is below zero. Stochastic Oscillator
can be called the most popular oscillator of technical
analysis. He is included in a large number of trading tactics
and has already been able to prove that he is a faithful
assistant to the investor during the search for entry points for
trading on the market. For testing, the settings of the time
interval, Deposit, currency pair, time frame, leverage are set.
First, the EA is tested without optimization, and then the
parameters and optimization of the EA are set. The result
should be a Sharpe ratio greater than one. The higher the



profit when using a trading strategy, the higher the risk. And
at some point, the risk of a loss outweighs the likelihood of a
profit. The Sharpe ratio is a parameter that shows how the
income from the strategy relates to the potential risk. What
should be the Sharpe ratio:

* "1 and above" - the optimal value of the coefficient,
indicating a good strategy or high performance portfolio
management;

* "0-1" - we can not say that the strategy is very good,
because the risks are too high, but its application is possible;

* "0 and below" - on Forex strategy is better not to use,
when investing in stock it is better to choose a different
portfolio[2].

IV. TRADING RESULT

For more relevant results of the EA, we will trade in real
time. The initial balance is $ 1000. Trading was performed
on EUR/USD, GBP/USD, USD/JPY currency pairs. The
trading period with 01.10.2019 for 16.10.2019. The trade
balance amounted to 1670,7$. In total, 90 trades were made.
Net profit amounted to 670,78, total profit 7319, the total
loss -60,38. Of the 90 perfect trades 80 trades were
profitable. The biggest profit was $§ 59.8, the biggest loss -
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$2.60. The Sharpe ratio was 1.13 and this suggests that the
EA is now fully stable, the risks of its use are minimal.

Thus, the trading Advisor allows you to solve the
following tasks: 1. conducting round-the-clock analysis of
financial markets and detailed tracking of trading signals; 2.
execution of the programmed strategy; 3. Autonomous
round-the-clock trading without the participation of a trader
and control of all transactions: sending any orders to a Forex
broker for transactions without human participation; 4.
lightning-fast processing of significant data sets; 5. no
illusions about the assessment of certain risks.
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KoMn’iomepnozo 0auenns, 6uUAGNEHHA, Kiracudikayii ma
giocmedicysanna 00°ckmie na eideo. Pozpooneno anzopumm
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Abstract—this article covers the concepts of computer vision,
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algorithm for tracking objects based on the Kalman filter is
developed.
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1. Bcryn

Ha cporopmimmiii geHp iHpOpMAlildHI TEXHOJIOTIT
PO3BUBAIOTLCA HEHMOBIpHUM TEMIIOM. buIbIIicTh peueit
MoYaayd aBTOMATHU30BYBATHCS, MO0 YHHKHYTH HACIiIKIB
moackoro ¢akropa. He BuHATKOM cTanu i Bimeocuctemu. Ha
JAaHUM MOMEHT € 0arato CHUCTEM Il BUSBIICHHS,
knmacudikamii 1 BimcTexyBaHHI 00’ekTiB Ha Bimeo. IIporte
OLIBIIICTD 13 HUX HE CIPABIISIOTHCS 3 MPOOJIEeMaMH OKKITIO3i1,
a SKIIO 1 CHPaBIIIOTHCSA, TO 1 3 3HAYHWMHM ITOXHOKaMH i
BCJIMKMMHU Harpy3KaMd Ha TeXHiuHe 3a0e3leueHHs, 4Yu
MPOCTO MPAIIOIOTH HE3AJICKHO OJIUH BiJl OJIHOTO.

Cran Takux pededl Ha CHOTONMHINIHIA JCHL 1 OakaHHS
MOKPAIUTH CHCTEMH TPEKIHTY, CIOHYKalno MEHE [0
HATIMCAHHS MariCTepchKoi poOOTH Ha BUOpaHy TeMy

II. BUABJIEHHS OB’ €KTIB

Omxke, MmO X Take BHsBIcHHS 00’ekTiB? Ile omma 3
HOBITHIX, KOMIT'IOTEPHUX TEXHOJIOTIH, SIKY MH BLTHOCHUMO IO
ctepn KoMI'10TepHOTO OaucHHA. BoHAa BHKOPHCTOBYETHCS
JUIS TOTO, TI00 BHSBUTH PO3MIIICHHSA 1 PO3Mi3HATH 00’ €KTH
Ha Bifico 9u (HoTo. ToOTO, ANTrOPUTMH BHSIBIICHHS 00’ €EKTIB,
JIO3BOJSIIOTh  KOMIT'IOTEPY ~ CaMOMy  3HAXOJUTH 1
po3mi3HaBaTH 00 €KTH, K MU LIe¢ POOMMO 4epe3 BIacHi odi

(2].

CSYSC-2019

116

Haiibinpie BUKOPUCTAHHS 11 TEXHOJOTiSA Mae B cdepi
IITYYHOTO iHTENEKTY, MEPEBaXKHO pa3oM (IO MPHHOCUTH
TapHUH pe3yibTar) 3 KiIacH(ikalier i TPEeKIHroM 00’ €KTiB
Yyepe3 CHCTEMH BiJCOHATIITY.

III. KIIACU®IKALIIA OB’€KTIB

Ha piBHI 3 BUSBIECHHAM OO0 €KTIB CTOITh TEXHOJOTISA
kimacudikariii 06’ekriB. OCHOBHOIO 3a7adeio SKOi, € OIliHKa

BUSIBIICHUX  00’ekTiB  Ha  300paxkenHi. [lepeBaxkHO
Kiacugikamis BiTHOCUTHCS 10 TEXHIK MapKyBaHHSI. MoKHa
CKa3aTd, IO  BUKOPHUCTOBYIOUM  III0  TEXHOJIOTIIO,

KOMIT FOTepHE OadeHHs MOXKE BHKOHYBAaTH TaKHUH XKE IIPOLIEC
CaMOCTIHMHO, KWl BiIOYBaeTbCs B HALLIOMY MO3KY, KOJIH MU
mpobyeMo MOIITUTH 00’€KTH Ha 300pakeHHI Ha KiacH, i
BEpPTATH BiIMIHHUI pe3ynbTaT

Tob6to, mo cyti, kinacudikaiis o0’€KTiB BIINOBiAae Ha
nutanus — 1o My Gaunmo Ha 300paxkenHi [4]?

Tak camo, fK 1 BUSBICHHA OO0 €KTIB, KIacU}ikarlis,
HalO11b1Ie BAKOPUCTOBYETHCS B Cepi IITYUHOTO IHTEIICKTY.
B ocHoBHOMY i Toro, mo0 po30MTH Ha TpyHnH i
npoMapKyBaTu 00 €KTH Ha 300pakeHH] (Y BUMaJAKYy Bieo —
Ha KaJpi).

IV. BIACTEXYBAHHS OB’ €KTIB

Opuicr0 3 HAHOUILII HEOOXIAHMX TEXHOJOIH B
KOMIT'IOTepHOMY OadeHHI € BIJCTEXYBaHHsS OO0 €KTIB Ha
Bijieo. Bona nonomarae HaM BHUSIBJISITA PO3MIIIEHHS 00’ €KTIB
Ha BIJIE0.

Ll TeXHOJOris ay)Ke CXOKa OO0 BHSBJCHHSA OO0 €KTIB 1
TOMYy MH MOXEMO 33JaTHCSl [UTAHHSAM — 4YOMYy MH
BUKOPDHCTOBYEMO  BIJICTEKYBaHHs OO’€KTIB a He iX
BUSIBJICHHS B KOXKHOMY KaJpi Bieo?

Hacnpasi, BijoBias ayxe npocta [3]. [lpu BusiBieHHi,
MU HE 3HA€EMO YU JIHCHO 00’€KT 3 MOTOYHOrO Kajpy € TUM
e 00’€KTOM 3 MUHOJIOTO Kajpy (y BHIJKY KOJIU Ha BII€O
nmpucyTHI Oinblie ogHOro 00’ekTa). BincrexkyBaHHs sKpa3 i
BUpIlye 1[I0 MpobiemMy, 1 He Tinbky 1o [1]. MoxiuBa e



CUTyalis KOJIM Haml OoO0’€KT Ipomagac 3 Mois 30py 3a
MeXaMHu 1HIIOro 00’ekra (aBTOMOOLIb 3aiXaB IIij MICT).
BignoBigHo o00’eckTa B Kagpi HE Mae, TO HE IMPALIOE
BusiBjieHHst. [5]. 1 Tyr 3HOBY Ha JOIOMOrY IHpPHUXOIUTH
BiJICTEKYBaHHSI.

BincrexyBaHHst 00’€KTIB, Tak SK 1 MHUHYJI TEXHOJIOTII,
HaiiOLIbIIIe BUKOPUCTOBYETHCS B c(pepi IITyIHOTO IHTEIIEKTY.
ITpore HalKpawui pe3yabTar BHJIAE, KON
BUKOPHCTOBYETBCS Pa3OM 3 BUSIBJICHHAM 1 KiacH(iKamiero.
SlckpaBUM = [pWIAZOM € CHCTEMa Bie0  KOHTPOJIO
JIOPOXKHBOTO Tpadiky [6], 1e aBTOMOOLII BUCTYIIAIOTH B PO
00’€KTiB, SKi BHUABIIIOTBCSA, KIACH(DIKYIOThCI 1 B
MOJAJIBIIOMY BiZICTEKYIOTHCS.

Sk Gymo cka3aHO BUIIE CTAH PeUeH CyYacHUX AOCTYITHUX
METOIIIB TPEKIHTY CHOHyKaB MEHE [0 peaji3amii BIACHOTO
ANTOPUTMY TPEKiHTY

V. WPF

Windows Presentation Foundation - me mmardopma
KOPHCTYBAIbKOro rpadiqHoro iHrepdeicy A CTBOPEHHS
MPOTPaMHUX JOMATKIB JUTA HACTUTBHHX CHCTeM. AJle IO K

take  rpadiummii  imTepdeiic? Kl  (I'padiunmit
KOpPHUCTYBAIlbKUil iHTepdeiic) — e KIHIEeBUH BHIIIAN
mporpaM  SKi  KOpPHCTyBad MOXKE  CIIOCTepiraTh Ha

BIJNOBIIHUX MPUCTPOsiX. BuubliicTh onepauiiHuX cucrem
MaroTh ['T 11t poboTH 3 KOMIT FOTEpPOM.

CyuacHi MOXJIMBOCTI rpadidHOro iHTepency KiHLeBOro
KOpHCTYBaua  JO3BOJSIIOTH  CTBOPIOBaTHM  JOAATKH 3
BEJIMUE3HUM CIIEKTPOM ejleMeHTiB iHTepdeitcy (mos,
KHOIIKH, BiKHA, SPJIUKH, cHOBimieHHs i T.1.). be3 I'l Ham
noTpioHO Oyso © MamioBaTH Il BCI €IEMEHTH BPYUHY i
o0poOsisaiT  Bce TakoX BpyuHy. Tomy 1 OurbmicTe
PO3POOHNKIB BUKOPUCTOBYIOTH Tpadiunuii iHTepdeiic, skuit
BUKOHA€ OUTBIIICTE OCHOBHOI POOOTH 3aMiCTh HUX CaMUX.

Icaye OGaratro I'KI-dpeiiMBopkiB, mnpoTe HAHOUIHII
MIOMYJIIPHUMA € Ti, SIKi peaji3oBadi Ha rwiatdopmi .Net.
WPF € 3HauHOIO YacTHHOIO i€l aTdopMu, sKa T03BOJISIE
HaM SKiCHO, IIBHIKO i IO OCHOBHE — 3Py4YHO, BUKOHYBaTH
00poOKy 1 nu3aitH rpadigHoTro iHTEpdEHcY

VI. TTPUHIIAII POBOTU AJITOPUTMY

OCHOBHUI TPUHIHUI poOOTH peali3oBaHOTO AITOPUTMY
300paKeHUI HA PUCYHKY HHXKYE.
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Puc. 1 — [Tpuntmn poGoTH po3poOIICHOTO aNTOPUTMY.

BUCHOBKU

3 BKa3aHOTO BHIIE MOXKHA 3pOOWTH 3aKIIOYCHHS, IO
peanizoBaHMiI MHOIO JITOPUTM Ma€ MpaBO Ha iCHyBaHHI, 0a
OinpIIre, MOKE TTOTEHIIIHHO BUKOPHCTOBYBATUCS BEITMKUMU 1
MaJIMMH YCTaHOBaMH JUIS BUKOHAHS 3aJ1adi aBTOMATH3aIlil
BUSBJICHHS, PO3MI3HABaHHS 1 BiACTe)KyBaHHS OO’€KTiB Ha
Bizeo.
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Abstract—An economic and statistical analysis of the
current state of foreign economic relations of the Baltic
countries and Ukraine in the context of deepening European
integration processes is carried out. Estimated indicators of the
level of development of foreign economic relations of
Lithuania, Latvia and Estonia are calculated using statistical
data and the mathematical apparatus. A structural analysis is
carried out and the main trends in the development of foreign
trade of Ukraine with the Baltic states are revealed. It is shown
that according to the results of processing a large data flow of
information, one can assess the level of foreign trade relations.

Anomayia—IIpoBeaeHo €KOHOMIKO-CTATUCTUYHMI aHaJi3
Cy4acHOr0 CTAaHy 30BHIIIHLOGKOHOMIYHMX BiIHOCHH KpaiH
Baarii Ta  Ykpainu B KOHTEKCTI  mOraudjaeHHs
€BpOiHTerpaniiiHux npouecis. Po3paxoBani OuliHOYHI
NOKA3HUKH PiBHA PO3BUTKY 30BHIIIHbOCKOHOMIYHHX BiTHOCHH
aast JlmtBu, JlatBii Ta Ecromii 3 BHKOpHCTaHHAM
CTATHCTHYHHUX JaHHUX Ta MaTeMaTH4Horo anapary. IIpoBeneno
CTPYKTYPHUIi aHa/i3 Ta BUSIBJIEHI OCHOBHI TeHeHIil PO3BUTKY
30BHiIHbOI  TopriBai  Ykpaimm 3  Ilpubaariiicbkumu
AepxxaBamu. Ilokasano, mo 3a pe3yabTaTaMH 00pOOKH
BeJIMKOr0 iH(QOPMALIHHOr0 NMOTOKY AAHUX MOKHA OLIHUTH
pPiBeHb 30BHIIIHHOTOPTrOBeJILHUX 3B’ A3KIB.
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L.

One of the realities of the modern economy is fierce
market competition. In these conditions, a business-oriented
approach to managing economic tasks has an advantage over
a functional approach. However, management based on
business processes cannot be effectively implemented
without the use of information technologies and systems.
Now the world is on the verge of an information society and
an avalanche-like flow of information has flowed onto a
person, preventing him from perceiving this information in
full.

INTRODUCTION

Modern material production and other areas of activity
are increasingly in need of information services and
processing a huge amount of data. Informatization of society
is one of the laws of modern social progress. And in the
concept of “informatization of society”, emphasis should be
placed not so much on technical means as on the essence and
purpose of social and technical progress — ensuring the full
use of reliable, comprehensive and timely knowledge in all
types of human activity [1].

In information theory, the concept of the amount of
information is associated with the degree of novelty of
information about an object, which, in turn, is a consequence
of the uncertainty of information about an object.
Uncertainty is measurable. In the production of information,
hardware, mathematical and software are used. Since
information is one of the most valuable resources of society,
the process of its processing can, by analogy, be perceived as
technology. Applying different technologies to the same
material resource, you can get different products. The same
is true if information acts as a resource.



II. METHODICAL RESEARCH DEVICE

The success of the first stages of the integration process
between countries depends on the nature of trade relations,
their balance and equality. It was this indicator that was
proposed to identify possible problems that arise as a result
of the creation of integration groups. The methodology for
calculating the coefficients of balance of foreign trade in
goods / services and the symmetry of foreign trade relations
of the two countries - criteria by which the results can be
interpreted have been developed in general terms by
A. Vanyushkin [2]. This methodology and advanced and
grouped coefficients can be used to analyze foreign trade
between Ukraine and the Baltic States.

For the estimation of the level of development of foreign
trade relations we use the coefficient of balance of foreign
trade, which is calculated by the formula:

k=<
T

3
>

€]
where K is the balance factor of foreign trade activity;
C - foreign trade balance (export minus imports);

T, - foreign trade (export plus import).

The function becomes zero at [ E. Thus, when
balancing export and import volumes, the balance factor of
foreign trade becomes close to 0. If there is a one-sided
relationship, i.e., when the volumes of export and import
differ significantly, the value of the coefficient depends on
the sign of the external factor. to +1 or -1. A value of +1 or -
1 indicates full one-sidedness of foreign trade relations,
meaning that these links are represented either by export or
import only. When K = 0, they should be considered fully
balanced.

The foreign trade balance ratio given for assessing the
level of foreign trade development has the advantage over
the foreign trade balance, since the coefficient automatically
includes the level of bilateral trade relations. The coefficient
of balance of foreign trade activity allows to carry out
simultaneous estimation of export-import transactions, and
hence the level of bilateral trade relations between
countries [3].

Analysis of the balance of foreign trade relations by
means of the coefficient of balance of foreign trade activity
is reduced to finding its quantitative value and determining,
within the limits of its possible value this value and allows to
carry out simultaneous assessment of export-import
transactions, and hence the level of bilateral trade relations.
The calculations are presented in Table 1.

TABLE L.

Year The coefficient of balance of foreign trade activity

Estonia Latvia Lithuania
2002 0,25 0,74 0,24
2003 0,69 0,65 0,27
2004 0,58 0,76 0,50
2005 0,10 0,66 0,02
2006 -0,05 0,52 -0,03
2007 0,18 0,37 -0,02
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Yenr The coefficient of balance of foreign trade activity
Estonia Latvia Lithuania
2008 -0,01 0,43 -0,25
2009 -0,27 0,24 -0,36
2010 -0,07 0,34 -0,41
2011 0,18 0,38 -0,44
2012 0,45 0,50 -0,53
2013 0,05 0,27 -0,50
2014 0,03 0,43 -0,48
2015 -0,08 0,27 -0,40
2016 0,19 0,10 -0,31
2017 0,23 0,19 -0,29
2018 0,23 0,32 -0,44

Table 1 shows that for the foreign trade activity of
Ukraine and Estonia from 2016 to the present, the coefficient
of equilibrium K is within the range of changes from 0 to
+0.5. Thus, we can say that foreign trade relations are more
or less balanced and are in the area of comparative balance of
exports. This is more profitable for Ukraine. However, there
were years (2003, 2004) when the K equilibrium coefficient
was within the range of changes from 0.5 to 1 — an area of
significant imbalance of exports (foreign trade relations not
balanced with a significant exaggeration of exports), which
indicated greater unilaterality of foreign trade relations. In
other words, these links are represented by more exports
from Ukraine and 2006, 2008-2010, 2015 — the coefficient
of balance K was within the range of changes from —0.5 to 0
— the area of comparative balance of imports.

For foreign trade activity of Ukraine and Latvia since
2007 and up to the present time the coefficient of balance K
is within the range of values from 0 to 0.5. Thus, we can say
that foreign trade relations are more or less balanced and are
in the area of comparative balance of exports. This is more
profitable for Ukraine. However, there were years (2002—
2006) when the K equilibrium coefficient was within the
range of changes from 0.5 to 1 — an area of significant
imbalance of exports (foreign trade relations not balanced
with a significant exaggeration of exports), which indicated
greater unilateralism of foreign trade relations. These links
are represented by more export supplies from Ukraine.

Further we observe that for the foreign trade activity of
Ukraine and Lithuania since 2006 and up to the present time
the coefficient of balance K is within the range of values
from —0.5 to 0. Thus, it can be said that foreign trade
relations are more or less balanced and in the area of
comparative balance of imports. However, there were years
(2002-2005) when the K equilibrium coefficient was within
the range of changes from 0 to 0.5 — the area of comparative
balance of exports, which indicated a greater representation
of export supplies by Ukraine and was a pain for our country.

Thus, it can be argued that Ukraine's foreign trade
relations with Estonia and Latvia are in the area of
comparative balance of exports and are more profitable for
Ukraine, and with Lithuania — in the field of comparative
balance of imports and more favorable for Lithuania. If we
evaluate the bilateral trade relations between Ukraine and the
Baltic States as a whole, it can be argued that export-import
operations are conducted on a mutually beneficial and
equitable basis and are balanced.



I11.

It should be noted that the effective implementation of
foreign economic activity will contribute to improving the
competitiveness of products of domestic producers, and is a
determining factor of economic growth, as well as a real
lever for structural transformation and stabilization of the
national economy of Ukraine.

CONCLUSIONS

In order to prevent risks and overcome threats to
Ukraine's foreign trade activities with the Baltic countries, it
is proposed to:

« diversify the geographical structure of foreign trade
while minimizing dependency on individual markets;

* optimize and balance the structure of imports and
exports;

* to develop long-term programs of international
cooperation of Ukraine with the Baltic countries and leading
importers of domestic products, taking into account the
dynamics of their development;

* identify the most attractive key regional players for
Ukraine, able to ensure that Ukraine's trade interests are
taken into account, both in bilateral and regional terms;

* develop a “road map” for intensifying investment
cooperation with the Baltic States;

« focus the efforts of the public, corporate and scientific
sectors on the creation of Ukrainian high-tech product groups
and their promotion into the European market through the
Baltic region. These are, first of all, electronics, energy,
biotechnology, engineering services;

* identify opportunities for project development in high-
tech areas;

* to use the World Trade Organization factor to influence
the Baltic States' position on diversification of foreign trade
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relations and building more fruitful cooperation with
Ukraine.

In conceptual terms, the foreign policy strategy of
Ukraine regarding the Baltic Republics should be based on
the specificity of these states, which is, first of all, in a
certain limited national production, raw materials, financial
and other resources, significant dependence of the economies
on imported energy resources, stay in balance zone almost
around the perimeter of the state borders.

In general, Ukraine's interest in developing equal
partnerships with Estonia, Latvia and Lithuania is due to the
favorable geopolitical location of the latter, gained positive
experience in political and economic reforms, joining
European structures and institutions, implementing a
balanced policy between the East and the West, as well as
the presence in the population of a significant number of
citizens of Ukrainian origin [4].

Thus, the results of the analysis make it possible to
conclude that there is a need for further integration and
increase of foreign trade volumes. And the solution of
organizational and economic problems between the countries
will promote the growth of both national and regional
economies.
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Abstract—The approach is proposed to construct of the
production functions theory based on the differential equations
of production dynamics formulation that take into account
productivity, depreciation and accumulation of real capital.

Anomayin—3anponoHoBaHo niAXia M NModya0BH

Teopii BHPOOHHYMX ynkuii Ha OCHOBI
nudepeHUiaJbHUX PiBHAHbL (POPMYITIOBaHHA TUHAMIKH
BHPOOHMITBA, 10 BPAXOBYIOTh NPOIYKTHBHICTb,

aMomeauim Ta HAKOIIMYCHHSA PeaJbHOI0 Kal’liTaJ’ly.

Keywords—dynamic  model, differential  equations,
production, capital, labor, income, economic.
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pienanns, supoonuymeo, kaniman, npays, 00xio, eKoHomika.

The basis for meeting the diverse needs of people is their
social labor activity aimed at the production of consumer
goods and resources of production (investment products). The
production phase of a social product is supplemented by the
phases of its distribution, exchange and consumption.
Although the phases of distribution, exchange and
consumption are completely dependent on the phase of direct
production, nevertheless, they have an inverse effect on the
functioning and course of social production. Therefore, the
study of the interaction and mutual influence of production,
distribution, exchange and consumption is a separate task of
economic science. However, it should be preceded by the
models construction with the functioning of each individual
phase.

The theoretical model of the production phase is based on
the idea of the production function, which is one of the main
provisions of macroeconomics. The production function is
called the functional dependence of output (GDP) on
production factors or expended resources, among which the
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most widely used are the volumes of capital and labor
employed in production [1-3]. Despite the quite sufficient
history, the existing ideas about production functions and their
construction are considered only as the initial accumulation of
certain knowledge in the economy[3], since there are still
quite a few problems of substantiation, construction and
application of production functions. From the well-known
production functions of Cobb-Douglas with ideal and
Leontiev with zero interchangeability of capital and labor, the
Leontiev’s function is closer to reality, since specific
production capacities always involve a certain amount of
people engaged in their work.

Let us to consider the construction of the dynamic model
of production processes. Take into account that without
production resources products are not manufactured and a
specific unit of capital is associated with a certain amount of
people employed in its work, the simplest model of production
can be represented by the equation

u=npn, (D
where u is the number of units of manufactured products,
n is the number of units of real capital employed in production,
p is the productivity of a unit of real capital (capital
productivity ratio) per unit time, the point above the parameter
is the time derivative.

The left side of (1) represents the national income in
material form, if we proceed from the production method for
determining GDP and take the year as a unit of time.
Moreover, according to the final destination, GDP can be
represented as the sum

u=m+n+an, 2)
where m is the increment in the unit of time of consumer
products and services or goods, 7 is the increment in the unit



of time of investment products or real capital, an is the
compensation for depreciation (amortization) of capital,
a is the rate of depreciation of capital per unit of time. If a unit
of capital employs / people, then the total number of people
employed in the production of people L is determined by
formula

L=In,

= 3)
the parameters 7, a, and / are generally functions of time.
Equation (1) contains two unknown time functions u, n or
u, m taking into account (2). To close (1), it is necessary to
formulate another equation that describes the law of
production  accumulation.  Although an individual
entrepreneur independently accumulates capital on the basis
of market conditions and his capabilities, an aggregate form
objectively implements some specific law, which, together
with the production (1), determines the nature of economic
development over time. We obtain the simplest version of the
law, assuming that the accumulation of capital in the current
period linearly depends on the income of this period, i.e.
taking into account depreciation of capital, we can write
n + an = su, 4
where s is the rate of capital accumulation (production
accumulation [2]), which is a dimensionless quantity that does
not exceed unity. Substituting (1) in (4), we obtain a first-order
differential equation with respect to real capital
n=(sp—an )
If the parameters s, p, a are constant or are functions of
time, then (5) will be linear and its solution is represented by
an exponential function

n=n,exp [fot(sp - a)dt], (6)

where n, is the initial amount of capital. From (1), (6) we find
the national income as a function of time
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U =n,pexp [fot(sp - a)dt]. 7

The ratio of the increment in the unit time of national
income (7) to national income determines economic growth

b _
p+sp a (8)

Hence, as a special case with p = const, a = 0, follows the
well-known Harrod—Domar formula for economic growth.

From (6-8) it follows that under the condition sp —a < 0
there is a decline in production. Under the condition
sp —a = 0, the growth of investment products is equal to the
depreciation of capital, i.e. the amount of capital remains
unchanged. Under the condition sp — a > 0, production
increases. An increase in national income and economic

growth occur under condition §+ sp—a >0, which

coincides with the previous one with constant productivity of
a unit of capital.

In the real economy, investments depend on changes in
income over several previous periods [1], which can be
described by keeping the time derivatives of income in
equation (4) u. To account for changes in income over three
periods, we use the linear law of capital accumulation in the
form

n+an =su+ci+ qu )

Substituting (1) in (9) and taking the parameters
p,a,s,c,q constant, we obtain a second-order differential
equation describing the dynamics of capital

qrii— (1 —cp)n+(sp—a)n=20 (10)
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Anomayia—B naHiii po0oTi mNpoBeaeHO OCITITKEHHS
BIUIMBY TOPHM30HTY YNPaBJiHHA, IK OJHOr0 3 HAJAIUITYBaHb
MPC-peryasiTopa, Ha HPOXOJKCHHs KaMIAaHIi BHNAJIOBAHHA
ByIJeleBHX BHPOOiB. 3po0/eHi BinmoBigHi, BUCHOBKH, W00
XapakTepy BIUIMBY 3MiHy TOPH30HTY YNOPAaBJIiHHA Ha
KEePYBaHHA MpoOLecOM BHIAJIOBAHHA B 0araTokaMepHUX
ne4yax BUNAJTIOBAHHS.

Abstract—In this paper, we study the influence of the
controls horizon, as one of the settings of the MPC controller,
on the progress of the carbon products baking campaign. The
relevant conclusions are drawn regarding the effect of the
change in the controls horizon on the control of the baking
process in multi-chamber furnaces.

Knwuoei cnosa—MPC-pezynamop, 20pu3onm ynpaeinHs,
6UNAI06AHHA, DA2AMOKAMEPHA NiY.

Keywords—MPC controller, controls horizon, baking, multi-
chamber furnace .

1. Bcryn

[lpn amami3i icHylOUMX CHCTEM KepyBaHHS OyJo
nmoBeneHo[1], IO AN SKICHOTO YIpPAaBIiHHSA IPOLIECOM
BHITAIFOBAHHS BYTJICLIEBUX BHPOOIB HEOoOXiTHO
BHKOPHCTATH MIiAXiJ TPOTHO3YIOYOTO KepyBaHHA. [l
3a0e3meueHHs]  33JaHOTO  TEIUIOBOTO  PEXXKUMY  TIedi
3allPOMIOHOBAHO 3aCTOCOBYBAaTH CHCTEMY KEpyBaHHA 3
MPOTHO3YIOUOK0 MOJICIUIIO. YTIPABIiHHA 3 TPOTHO3YIOUAMHU
MOJICIISIMU OCOOJIMBO JOIIBHO MPU YIPABIIHHI CHCTEMaMu
3 Oarathbma Bxojamu Ta Buxogamu (MIMO-cucremn), mo
MICTSITh TICHI B3a€MO3B’SI3KM Ta B SIKHMX [OTPIOHO
BpPaxOBYBaTH YHCICHHI OOMC)KCHHS.
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II. TIOCTAHOBKA 3AJIAUI

3 ommcy pobotn GaraTokamepHoi medi[2] 3p0o3yMiso,
[0 CHCTEMa KEPYBAaHHS BCIEH KAMITAHIEKD BUITAJFOBAHHS
SIBJISII0 COOOK0 CHCTEMY KEepyBaHHsI €TalloM Kamepa «ITi[
BOTHEM», 3 BpaXyBaHHSM BIUIMBIB Bifl IHILIUX €TAIliB.

Jis eramy KamepW «IiJi BOTHEM» KEpyBaIbHOIO
3MIHHOIO € BUTpara TajikBa, BUTpara TMOBITPI €
HEKOHTPOJIbOBAHOIO BEJIMYMHOIO, OCKUIBKM HOro rojada
3abe3nevyeTbcs TIATOK Ta IJICOCOM 3 HABKOJIHMIIHBOTO
CEepe/IOBHINIA, a TEMIIepaTypa MoBITPs B KOKEH MOMEHT 4acy
3aJICKUTh BiJ TPOXOMKEHHS IMPOIECY OXOJOKEHHS, 1
TaKOXX 3aJIC)KUTH BiJl TATH IMOBITPS a BiATaK HE € 3MIHHOIO
SIKOIO MOJKHA MaHIIIyJTIOBaTH.

MaremaTtiuHa MOJENb BHIMAIIOBAHHS BYTJICIIEBHX
BUpPOOIB y OaraTokamMepHii neyl BUMATIOBAHHS CKJIaa€ThCs
3 00’€qHaHUX MK COOOI0 TPHOX MOJCIICH OCHOBHMX CTAIliB
KaMIaHil, a BigTaK 1 CHHTE3 pEryjiaropa IOBHHEH
BiZI0yBaTHCh 3 ypaxyBaHH: 3B’ SI3KIB MK «eJIeMEHTapHIUMUY
MOJIJISIMH.

OCKUTbKM peaiizoBaHa MOJICNTb BUIAJIOBAHHS € B
POBIIOICHUX TTapaMeTpax TO B SKOCTI KOHTPOJbOBaHWX
BEIMYMH PO3IJIAJAE€ThCA TEMIIEpaTypa 3aroTOBOK, IO
BUIIAIIOIOTECA. Binrak 3amporoHoBaHa cTpykTypa MPC-
peryisaropa Mae 5  KOHTPOJBbOBAHUX  BEIWYMH
TEMIIEpaTypa B KOXKHIH 13 3arOoTOBOK Ta OAHY KEpyBaJbHY
BEIMYMHY — BUTpara nanusa. CTpyKTypa 3allpOIIOHOBAaHOTO
perynsaTopa HaBeleHa Ha puc 1.
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Puc. 1. Crpykrypa MPC-perynsaropa
HactymauM KpokoM Tmicisi 3aBAaHHS CTPYKTYpHU
MPC perynsTopa € HalalITyBaHHS HOTO ITapaMeTpiB, TAKUX
SK TOPH30HT IPOTHO3YBAaHHS, TOPU3OHT KEpyBaHH:,
0OMEKeHHSI Ha CUTHaJIW. 3 ONHCY pOOOTH PEryJisiTopiB Ha
0a3i mporHo3yrouux Moxenei[3] 3posymino, mo BUOIp
TOPU30HTY KEPYBAaHHS € [OCUTh BaKIUBUM CICMEHTOM
HANAIITYBaHHA  peryisaropa. Biarak mpm  cuHTE31
perynaTopiB  maHOTO  Kiacy HEOoOXimHO  BpaxyBaTh
0cOONMBOCTI BIUIMBY JaHOrO HapaMeTpy Ha mepeoir
HPOILIECY BUIMATIOBAHHS BYTJICLIEBUX BUPOOIB.

Came TOMy JOCH/KCHHS BIUIMBY TOPU3OHTIB
KEepyBaHHS Ha BEJCHHA KaMIlaHii BWITANIOBAHHSA €
Ba)KJIMBOIO HAYKOBOIO Ta MPAKTUYHOIO 3a/1auero.

III. OCHOBHA YACTHHA

JlocmipKeHHs IPOBOASATHCS SIK TOPIBHUIBHUHA aHAI3
pOOOTH CHHTE30BAHOI'O PETyJSITOpa 3a PI3HMX TI'OPU3OHTIB
kepyBaHHS, a came 50 ta 100 KpokiB.

A.  Hocnidoicennss pobomu MPC-pecynamopa 3
2opuzoHmom ynpasiinusa 6 10 kpokie

['padik 3MiHH TeMIIEpaTypH 110 BCIM 3ar0OTOBKaM IpH
poboTi po3polbiieHol cucTeMH KepyBaHHs Ha 0a3i MPC-
peryiasTopa 3 TOpU30HTOM yrhpaBmiaHs B 10 Kpokis
MPOTSATOM BCi€l KaMIIaHii BHIATIOBAHHS HABEIACHO Ha
pucyHky 2. MakcuMmanbHa BUTpaTH IanuMBa cKinagae 59
M/ron, KinmeBa 43M%/Ton, a cepelHe 3HAYCHHS CKJIAIAE

442 v3/ron.
AHani3 OpUpOCTY TeMIepaTyp B  3aroTOBKAxX
[OKa3aB, IO 3HAYEHHS IIPUPOCTY TEMIIEPATYypH HpU

MiIITpiBaHHI TUMOBUMU Ta3aMHU CTaHOBHTH -2...2.4 °C, mo
32JIOBOJIGHAE€ PEKOMEHIAINSAM IS TOCSATHEHHS IUTiCHOT
CTPYKTYPH 3aroTOBOK. MakCHMajibHI 3HA4YCHHs Iepernamgy
NPOCIIAKOBYIOThCS B 3aroToBiil Nel, MiHIMaJIbHI BIAIIOBIAHO
y 3arotoBmi Ne5, mio moB’s3aHO 3 OCOOJMBICTIO POOOTH
nedi. MakcumanpHUH TIpHpICT TeMIepaTypu Ha eTalli
KaMepa «IiJ BOTHeM» CTaHOBUTH 175 °C, a cepenHiit
BigmosignHo 4-3 °C.

E
2000
SaraToexa 1
JaroToEKa 2
16000 sarpromea 3
JaraToeKka 4
1200 - SaroToexs 5
B00
Ll
L] il 160 240 310 400 rog

Puc. 2. T'padik 3MiHM TeMIEpaTypH 3aroTOBOK IIPOTSAIOM KaMIaHil
BUIAITIOBAHHSA 3 3acTocyBaHHAM MPC-perynsaropa uist rOpu3oHTy
ynpasiints B 10 KpokiB
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b, focnioswcenna pobomu MPC-peeyiamopa 3
eopuzonmom ynpasnintua 6 100 kpoxie

I'padix 3MiHK TeMIIepaTypH 110 BCiM 3aTOTOBKaM IIpH
poboti po3pobieHoi cuctemu kKepyBaHHS Ha 06a3i MPC-
peryistopa 3 Tropu3oHTOM yrpasiiHHs B 100 Kpokie
NpOTArOM BCi€l KammaHil BHIIAIOBAHHS HAaBEJEHO Ha
pucyHky 3. MakcuManpHa BUTpPAaTH TaiduBa cCKiagae 63
mM>/ron a kiHuneBa 44M3/ron a cepelHE 3HAYEHHSA CKIAJIAE
44.1 m*/ron.

K
2000 Juroromen 1
Jurorongn 2
ighn:  JarorTosra 3
InroToRks 4
g
1200 FaroToREs
B00
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i £ 16 240 20

Puc 3. I'padik 3MiHM TeMIepaTypu 3aroTOBOK IPOTAroM KaMIaHii
BUITAJIFOBAHHS 3 3acTocyBaHHAM MPC-peryinsropa 11 TOpU3oHTY
ynpasininas B 100 kpokis

3 pe3ynbTaTiB BUAHO, IO 3HAYCHHS MPUPOCTY
TEMIIEpaTypu MPH MiJIrpiBi AUMOBUMH Ta3aMH CTAaHOBHUTBH -
1.5...2.5 °C, mo 3am0BOJBHIE PCKOMCHAAIIAM VIS
JIOCATHEHHS LIiCHOL CTPYKTYpH 3ar0TOBOK.
MakcumanbHUil MpUPICT TEMIEpaTypu Ha eTari Kamepa
«tmig Boraem» craHoBuTh 120 °C,a cepenHili BiamoBimHO 3
°C.

BUCHOBKU

V BHCHOBKax [0 JAaHOIO JOCIIOKEHHS HEOOXigHO
CKa3aru, 10 3MEHILIEHHS TOPU30HTY KEPyBaHHS HPUBOIUTH
JI0 30UIbLICHHS] 4acy HEOOXIIHOro Ha TEepMiYHy OOpOOKY
mpoxaykiii, a came 3 350-380 rog mo 370-390 rox mo
HAMXOIIOHIIII Ta HArapsYilIiii 3ar0TOBKaX BiIOBIIHO.

[Tpu 30inbIICHHI TOPU30HTY YHPABIIHHS OTPUMAHO,
3MCHIIICHHS IPUPOCTY TEMIICpaTypH B 3arOTOBKAX Ha erTari
HarpiBaHHA JUMOBUMH razamu 3 -2...2.4 °C go -1.5...2.5
°C, a Tako Ha eTari Kamepa «mijg Boraem» 3 4-3 °C no 3 °C.
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Anomayia—B podoTti PO3TIIsSIHYTA MOKJIMBiCTH
YAOCKOHAJIEHHSI  aBTOMaTH30BaHOI cucreMu «Po3ymumii
OyaIuHOK» B pexuMi xoponu. /s minBuieHHs1 e)eKTHBHOCTI
¢ynknii 3axmery OyaiBjai  3ampONOHOBAHO 3aCTOCYBAHHSA
J0/IaTKOBUX CHCTEM pPO3Mi3HABAHHSA PEYOBHX 3BYKOBHX
KOJUBaHb. JlJIsl /IOCATHEHHS] MeTH 3MIHIOETBCS AJITOPUTM
podoTH Ta caMa cHCTeMa [ONOBHIOEThCH IiJICHCTEMOIO
po3Mmi3HABAHHSI PeYOBHX 3BYKOBHX KoJuBaHb. IIpomec
po3nizHaBaHH#A 3AiliCHIOETbCS 32 METOAOM HeHPOHHOI CHCTeMH.
B po6Gouomy pexumi migcmcremMa BHKOHYE 101aTKOBe
HABYAHHS Ta HAKoNU4ye AaHHi. B pexumi oxopoHu mnpu
OTPHUMAHHI CHTHAJNIB BiA CEHCOpPIB cHCTeMa MepexoguTh B
PeXHM IHTeJeKTyaJbHOr0 ONMUTYBAHHSA. Y KOKHOMY BHIIAIKY
cHcTeMa MOXe IepeiiTH B 0COOMCTO NMPONMUCAHMI AJNTOPUTM
Aif. IcHyl0UH cucTeMM He BUKOHYIOTh PO3IiZHABAHHS KJi€HTa
3a HOro rojiocoM, a TiTbKM BHKOHYIOTL KOMaHAM Bix Oyab
KOT0, TO0TO 32 CHPOILIEHHM AJITOPUTMOM.

Abstract—The work considers the possibility of improving
the automated system "Smart home" in security mode. To
increase the function efficiency of the building protection, the
use of additional systems for speech recognition is proposed.
To achieve this goal, the algorithm of work is changing and the
system itself is supplemented by a subsystem for recognizing
speech sound vibrations. The recognition process is carried out
according to the method of a neural system. In operating mode,
the subsystem performs additional training and accumulates
data. In security mode, when signals are received from sensors,
the system enters intelligent polling mode. In each case, the
system can go into a personal action algorithm. Existing
systems do not perform client recognition by its voice, but only
execute commands from anyone, that is, by a simplified
algorithm.
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CporosiHi aBTOMAaTH30BaHi a00 aBTOMATUYHI CHCTEMH
BOyJOBaHI Maibke B Oyap skomy npwiafgi. Yacto mu i He
3aMHCIIIOEMOCS, L0 BXE KOPUCTYEMOCH SKOKCH HeOyIb
cucteMor0. BOHU 3aCTOCOBYIOTBCS Mail’ke B KOXKHOMY
eNeKTPOIIo0yTOBOMY TpHiIani: y MOOYTOBOi TEXHili, B
aBTOMOOIIAX, B JIiTakax, pakeTaX Ta KOCMIYHUX araparax,
poboToTexHini. bBinmbil CkiIajHI YHOpaBisiOTh OKPEMHUMHU
MpoIecaMy  MIMPUEMCTB, ab0 HAaBITh 1 IIJIKOM BCIM
HiAPUEMCTBOM, HANPUKIIAL, aBTOMaTU30BaHi CKJIaJH, LIeXa
Ta iHIIIE.

ABTOMaTH30BaHi, Ta B Je-IKOi Mipi IHTENeKTyanbHi
CHCTEMM ChOTO/IHI MaloTh BenuKy akTyanmbHicCTb. IX mist y
OULTHIIIOCTI BWITAAKIB CHPSMOBAaHA HA TMOKPAIICHHS JKUTTS
o uHE. Taku CHCTEMH JyXKe IIBHJIKO BIIPOBAKYIOTHCS B
Hawi OyIMHKU Ta KBapTUPH Ta MAawOTh Ha3By «Po3ymHuii
OyauHOK». lle HOBiTHI TEXHOJNOTIi, SIKHMH KOPUCTYIOTHCS
JIFOJM JJIS TOJIETILEeHHs Ta OE31EKHU JKUTTS, MAIOTh IUMPOKUI

Beryn

KOMIIJICKC pimem) Ta JO3BOJIAIOTH aBTOMaTPIEIyBaTI/I
CIIEKTPOOOITaIHAHHS B KBAPTHPI
Cucrema «Po3ymHMiIT OyIHHOK» MOXE 3HIHCHUTH

VIpaBiliHHS O00’€KTaMM Ta NpWiIajamMu OyAWMHKY: Bij
KOHTPOJIIO TeMIIepaTypy B KiMHATaX i PiBHS iX OCBITIICHHS
JIO YIPaBIIHHS PI3HUMH MPUIJaMH Ta CHCTEMaMH, B TOMY
gucmi 1 Oesmeku OymuHKy. KoXeH po3ymHH OyIWHOK
MOKHA MPUPIBHATHU JI0 OPTaHi3My, SIKM{ Ji€ 3JIaroykKeHa Ta



iHTeNeKTyallbHa. B TOll ke 4Yac cCIemiaimicTd MOXYTh
HAJIArOJUTH POOOTY TaKoi CHCTEMH 3a 1HIMBILyaJbHUMH
BUMOI'aMH Ta NPOHO3HLISIMHU TOTO, XTO 1i BrpoBapkye. Came
TaK JJOCAracThCsl HAlKpalKid pe3ynbTar podoTu.

OO0'eqHaHHs BCIX CHCTEM B OJHE IIiJie MPU3BOAUTH IO
fioro onrumanbHoro (yHkuioHyBaHHs. Bcl mifcucremu B
HBOMY MPALOITh 3J1aTOJKEHO, Y3TOJPKEHO i
B3a€MOMOB's3aHoO [1, 2].

II. CYYACHI CTAH ABTOMATH30BAHUX OXOPOHHUX

CHUCTEM

VYcraHOBKa pPO3YMHHX CHCTEM J03BOJISIE  JOCSTHYTH
3HW)KEHHS CIOXHMBAHHS €JIEKTPUYHUX Ta TEIUIO PECYpCiB,
miaBunrye  eQeKTHBHICTH 1 OBrOBIYHICTH  pOOOTH
IHKEHEPHUX CHCTEM, CTBOPIOE NPOCTHH B  YIIpaBIiHHI
KOMQOPTHHUH TPOCTIp.

B pob6ouomy pexxumi cuctema JO3BOJISIE YIPABIATH SIK
OKpeMUMH O00’€KTaMH, TaK 1 CHCTEMOI0 B IIJIOMy SK B
MICIIEBOMY PEXHMI TaK 1 IUCTaHIiHO, Ha Oymb SKOI
BigcraHi. [Ipy HEOOXiMHOCTI cHCTEMa JO3BOIISIE B OYAb-SIKUI
Yac MepeBOJAUTH aBTOMATUYHE YIIPABIIIHHS B PYYHHUI PEXKUM.
Jlns mporo cucreMa MICTHTh y COOi JIaTYMKH, YNPaBiIOUi
CJIEMEHTH, CNEMEHTH IpUHOMYy-TIepefadi JaHuX Ta
BUKOHABYI NPHUCTPOi. YTpaBisitoyi eIeMEHTH NPUIMaroTh
CHTHAIM 3 JAaTYWKIB — TIEPBHHHUX MEPETBOPIOBAYIB 1
KOHTPOJIIOIOTE  pOOOTY BHKOHAaBYMX NPHUCTPOIB, MAil0YN
BIMOBIAHO O 33JaHUX AITOPUTMIB 1 00'emHyrO9n
migcucteMu. JlaTymkiB Uit cucteMu «Po3yMHIN OyTUHOK
icHye Oe3mid, Ta X MOXXHA PO3IUTHTH HA TaKW KaTeropii:
JATYAKA  PyXY, JNaTYMKA [apaMeTpiB CepeloBHINA Ta
ATYUKH yIIPABIiHAA [3].

Cencopu cucremu «Po3ymMHOro OyIWHKY» BMIIOTh
OLHIOBATH  HABKOJMIUHE  CEPelOBHIIE,  JO3BOJIOThH
KOHTpOJIIOBAaTH 1i HapaMeTrpu, CTeXUTH 3a Oe3leKor i
pobutn  mpumimenHs Otk koMdopTHHM. Tyt
3aCTOCOBYIOTh 30BHILIHIHM Ta JIeKUIbKa BHYTPILIHIX 1aTYMKIB
TEMITepaTypy; JaT4UK BHTOKY Tazy, MPOTHIIOXKEKHUH
JIATYMK, JATYUKH BOJIOTOCTI JUISi 3aXMCTYy BiJ] TPOTIKAaHB.
Jatumky, sKi BIACTEXYIOTH pyx. Jlarumku mpucyTHOCTI
MPAIIOIOTE Ha OCHOBI Ti€i » TEXHOJOTII, aje BOHM OLIBIIT
YyTIMBI JI0 3MiHM MapaMeTpiB Ta iHIII.

Bcranosneni B cucreMi «Po3ymumii OyauHOK» NaTIUKi
pOOJIATh TPHUMIMICHHS OC3MCYHUMHM, TOBITOMIIAIOUHM IIPO
TIepIT 03HAKH HETIONAI0K, KOHTPOJIOIOTh 1 Mi/IallITOBYIOTh
napameTpu  koMdopty. CydacHi «Po3ymHI OymuHKN»
CHPOMOXHI TIEPEBOAUTH BCIO CHCTEMY 3 PEIKUMY YITPABIIHHS
B pe&XHM OXOpoHH. Jlmsd Tmepexoay B TaKUH PEKUAM
JIOCTaTHHO BKJIFOUEHHS / BUKIIIOUYEHHS OJHOTO BHMHKaya. B
Takii PeXMM MOXKJIMBO IICPCBECTH HABITH CaMy CKIATHY
CHCTeMy HAJaHHAM KOMaHIW 3 CMapT(OHY AMCTaHIIHA, B
Oynp-sikii yac Ta 3 Oymp skoro wmicisd. Taka komaHza
BUMHKHE BCl MPWJIaJM, 32 BUHATKOM THX, SIKi HE OaXaHO
BUMUKATH XOJIOWJILHAKHY, TOIO, a00 HAaBIAKW,
BBIMKHYTH, HANpHKIaJ, BojoHarpiBady. JlucraHmiiiHa
HOBEpHYB BCl MpUIaJd B poOOYMil pekMM MOXHA 1 He
MOMITUTH 110 CHCTEMA «BIJIMOYUBAJIA», MOKK HAC HE OYyJI0
BJIOMA.

III. ITpOIO3MLII 1O BAOCKAHAJIEHHS OXOPOHHOI CUCTEMU

Yacto B cucremMu BOYIOBYIOTH PEXKHM TOJIOCOBOTO
yrnpaBninHg. CucremMa po3mi3Hae Ta BUKOHYE TOJIOCOBI
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KOMaH/Id, KOMaHAW CBUCTKOM a0o0 momiecKyBaHHsiM. Taka
HIJICHCTEMA TEX MOXKE [EPEXOAUTH B PEKUM OXOPOHH, Ta Y
BUIAJKY CIIPALIOBAHHS, K IIPABUIIO, OJA€ 3BYKOBI CUTHAIIH
TUIy CHUPEHH MOJIIIiI, TaBKiT co0aKk Ta iHme. ChOroaHi BCiM
BiJOMi TaKd CHCTEMH pO3II3HABAHHA «CBIH-UYXIii» 5K
KOJIOBI 3aMKH, BIJIOMTOK maliblisl, HABITh PO3IMi3HABAHHS
oOnmuyysi. BOHM BXKe BCTAQHOBJIOKOTHCS [UISl KOXYBaHHS
MOOLIbHUX TenedoHiB. Ta i po3mi3HaBaHHS pedi Cy4acHUX B
TeneoHax TEX € BIIOMHM, aine TyT TOKM IIe He
BUKOPHCTOBYETHCS BU3HAYCHHS 32 TOJIOCOM CBIH-UYKHHA.

AHami3  MOXIUBOCTCH  aBTOMATH30BaHUX  CHCTEM
«Po3ymHHUiT OyAMHOK» CBIIYUTH MPO Te, WO AaJTOPUTMHU
HaBiTh 1 TAaKUX CHUCTEM MAalOThb MEXY MOXIHMBOCTeiH. B
OXOPOHHOMY PEXHMi MU TPOMOHYEMO BHKOPHCTOBYBATH
pO3Mi3HABaHHS 3BYKOBHX KOJIMBaHb JUIS MOZAJBIIOTO
BU3HAYCHHS TPHHAISKHOCTI Tojocy. B cBow depry
AITOPUTM POOOTH CHUCTEMH CIIiJI HANAarOIUTH TaKUM YHHOM,
mob cucrema, sSKa MOMITHIA PyX BiATOBIMHIAMHU JaTINKAMHI
— TOJIOCHO 3aJlaBajia 3allUTaHHs, Ta BiMOBITHO pearyBajia Ha
BiIITOBii 200 1 HA MOBYAHHS TOTO, XTO «ITOTIABCSD 32 PyXOM.
TyT ajaropuT™ cUCTEMHU HPALIIOE 32 3BUYANHUM PEXUMOM SIK
1 B peXUMiI BHUKOHAHHA TOJIOCOBHX KOMaHJ, SK Ou TO
MEPEBIPAIOYM BIOBIAb 33 AITOPUTMOM «TaK» YH «HI».
IMputomy  anst  migBUIICHHS ~ HMOBIPHOCTI  BIPHOTO
pearyBaHHsS CHCTEMa MOXXE BOJHOYAC TEPEBIPSATH JEKiIbKa
BIIMOBIZIEH, Y TOMY YHCII 1 IepeBipka Oy/b SIKOTO KOJIOBOTO
CciioBa, a00 TOCIIOBHOCTI CITiB, OYKB, Yrcelr, 800 HaOUpaHHS
miHy, abo HAaTHUCHEHHS BIIOWTKY Maiblsl, CKaHyBaHHS
obmuuus. JInst OCTaro4HOro TIEPEKOHAHHS CHUCTEMHU Y
BUTIAJIKY 11 CYMHIBY MOKE OyTH 33JlaHC KITFOUOBC 3alUTaHHS,
JIe B SIKOCTI BiATIOBiZi TaKOK MO>KHA BUKOpUCTOBYBaTH QR-
ab0 mITPUXOBIH KOJI.

3axuCT 3 BUKOPHCTAHHAM CKJIQJHOTO  QJITOPUTMY,
6e3yMoOBHa, 301IbIIyEe HAIHHICTL OXOPOHHOI CHUCTEMH, aie
JOCTaTHBO. TpuBaiM 3a YacoM alrOPUTMH IIEPEBIpKU HE
BUKIIIOYAIOTh [IaHCH 00iiiTu cucteMy. JlomaBaHHS cHCTEMHU
PO3Mi3HABaHHSA TOJIOCOBHX 3BYKOBHX KOJHMBaHb JO3BOJIUTH
3HAYHO 3HM3MTH LIAHC O00IWTH OXOPOHHY cucTeMy. ChOroHi
BXKE BIJIOMi PO3POOKH pO3Ii3HABAHHS MOBIIEHOI iH(QOpMAIil
3 BUKOPHUCT@HHSIM KOpEJSIIHHOro aHamizy, (poHEMHO-
OpIEHTOBaHUX METO/IB, BUKOPUCTaHHS €KCIEPTHUX CHUCTEM,
MapkiBcbkux Ta [ayCiBCbKMX — MOJIeJIeH, TOPIBHSHHS
BelBIeT-nepeTBopeHHs Ta nepersopennss dyp’e [4]. Tyt xe
BUCBITJICHO NpO iX mepeBard Ta Henojiku. [lepeTBopeHHs
®yp’e HAUOUTBII 3pPYYHHM IS BEJICHHS TapMOHIHHOTO
aHai3y Ta 3/IMCHCHHS HAKOMHMYCHHS JaHWX Ta HABYAHHS
(monaTkoBOro  HaBYAaHHS)  BUKOPUCTOBYIOUM  LITYYHI
HeliponHi cuctemu. SIkicTh igeHTHdiKalii TakMX CcHCTEM
3aJICKUTh BiJI apXiTEKTYpH CHCTEMH, BH3HAYCHHI KUTBKOCTI
Ta came MPU3HAYEHH KO)KHOTO MK HEHPOHHOTO 3B’ SI3KY.

HaiiOinbria mpoOsieMa B ajdropuTMi TakKol CHCTEMH
BUHUKAE B OC3MOMUIIKOBOMY PO3MI3HABAHHI Ta BHHECEHHS
OCTaTOYHOIO BEPIMKTY «CBii» abo «4yxuit» 3 HalOuLIbLI
BiIpHOIO IMOBIpHICTIO. J{J1s1 JOCSATHEHHS METH MOYKHA 3MIHUTH
IrOPUTM POOOTH CHCTEMH, Ta IPOBOAUTU JOBrOTPUBAJIE
OIIMTYBAHHS, [IOKU CUCTEMA HE OTPUMYE JOCTATHIH BiJICOTOK
IMOBIPHOCTI NPHUHSATTS NpPaBUJIBHOIO pilieHHs. Aje 3a
OararbMa (pakTOpaMH TaKHi METOX PO3Mi3HABAHHI MOXKE i
30BCIM HE JIOCSITHYTH IIPUHAHSATTS BIPHOT'O PiLLIEHHS.

Juii  3a0esnedeHHs  JOCTATHBOI — IMIBHAKOMII — MpH
MaKCUMaJbHOMY 3MEHILIeHHI IMOBIPHOCTI [OMHJIKOBOTO
PO3Mi3HABaHHS 3aIPONIOHOBAHO BHUKOPUCTOBYBATH
HelpocucreMHuid  miaxig. Taku cHCTeMH —BKIIOYAKOTh



NIEPBUHHHUN TIpolieC OTpuUMaHHA iH(opMmamii 3a KiJbKoMa
KaHaiamu,  Oe3locepenHbO  HEUpOHIB LEHTPIB
OararodakropHoi 00poOKM mpuiHATOT iHGOpMamii. s
po3Ii3HaBaHHs MPUHHATOT 1HpOpMaii HEHPOHOBHH LEHTp
IIPOXOANTH 1BA CTYIICHS HABYAHHS: OCHOBHMH (IIEPBHHHHUIA)
Ta poxarkoBuid. [lepuinii eran HaBYaHHS 3MIHCHIOETBCS TIPH
NIEpBUHHOMY HAQJIArO/PKEHHI CHCTEMH Ta Majo YHUM
BIJIPI3HSIETBCS BiJ| BIJOMHX CHUCTEM YIIPABJIIHHS TOJIOCOM.
TyT, siK mpaBuIo, cucTeMa Mpomnucye ¢Gpasu, cloBa, OKpeMi
mitepu Ta mudpu. Bce me mpommcyeThes B a3y JaHHX
[Ipouec po3mi3HaBaHHS MOKHA HPEICTABUTH SIK B PEKHUMI
«rpy00», BEAETHCS MOIIYK CIIiB Y CIIOBHUKY.

Ha ngpyromy erami posmi3HaBaHHS BCe 3HAYHO
ckmaaHime. Take po3mi3sHaBaHHSA MOXKHA HA3BaTH «TOYHHM.
TyT KOXHHI BXiJl HEHPOCHCTEMH «BHHEH NOYYTH Ta
po3mizHaTH OyIb SKi BiIXWICHHS TOJOCY, IHTOHALI{, BHMOBH
3BYKIB, OKPEMHX CIJIOBOCHONYYEHb, CIIB, JTEp Ta IHP.
OkpeMrM TUTAHHSAM PO3MI3HABAHHS € MPUIYIICHHS NIyMiB
Ta BU3HAYEHHS KOPHCHOTO CHIHAITY.

JomatkoBe ~ HABYaHHA  CHCTEMH  pO3IIi3HABAHHSA
3IICHIOETHCS B pobouomy peKIMI METOAOM
HIATBEPIKEHHS! OTPUMAHHUX CHIHAIIB TAa BHKOPHUCTOBYIOYU
JI0JIATKOBI CIIOCOOM ONMTYBaHHS (I11ATBEPPKEHHS).

B pexumi OXOpOHM TIpM OTPUMaHHI CHUTHAIIB BiJ
CCHCOPIB CHCTEMa MEPEXOJUTh B PEKHUM IHTEICKTYaIbHOTO
ONMUTYBaHHA. Y KOXXKHOMY BHITIQJIKy CHCTEMa INEpPEXOANTH B
PCKUM  BIMPAIIOBAHHS KIHIIEBOTO ATOPUTMY [iH, SKHI
TIPOTTMCaHNH KOpHCTyBadeM ocobucro. s po3mizHaHuX 3
JIOCTaTHBOIO IMOBIPHICTIO CHTHAJIIB CHUCTeMa OOMpae came
TOW 00pa3, SIKMH BOHA BU3HAYWIA, a JUIA IHIINX CHUCTEMa
pearye 3a iHIOMM aIrOPUTMOM, KUl OKpeMa OTOBOPIOETHCS
Ta MPOIUCYETHCS 3a IIIIXOM «CBii» a00 «ayxuit» [4].

Axmo 3a0e3meueHHSA 3aXHUCTy OXOPOHHOI CHCTEMH
3OICHIOBATIOCS 3a MOCTIJOBHHM QJITOPUTMOM, TO dHac
00poOkn iH(opMamii (po3mi3HaBaHHSA, iAeHTHIKAI) 3
BUKOPHCTAHHSAM HEHPOCHUCTEMHU BEIETHCS B pasy LIBHUIIIC 32
pPaxXyHOK BHCOKOI MApallebHOCTI anroputMmiB. Bimoma
BHCOKa CTIHKICTh HEHPOCHCTEM 10 MIEPEIIKOJ Ta PyHHYBaHb.
Ityyni  HEWpOHHI  MEpeXXH  MAKOTh  MOXJIHBICTh
HaKOIIMYEHHsI CBOT'O 3HAHHS Yepe3 IPOIeC HaBuaHHs, TOOTO
HAKOIIMYEHHsS 3aBiJioMO BipHOI iHpopmarii. g 1poro
BUKOPUCTOBYEThCSI Bara 3B’si3Ky MDK HelipoHamu. Koixxen
IITYYHUA HEUPOH BHUCTymae oOpoOHMKOM iH(popMaIlii,
OpUTOMY BIH 3acCTOCOBYE HemiHidHY (yHKiio. Bes
HEHpoHHA Mepexa 00’ €Hye JeKiTbKa miapiB. BxigHuil map
— BXIiJIHI ceHcopu. Bin iX KijbKOCTi Ta iX XapakTepUCTHK B

OUIBIIIOT CTEIeHl 3aJIC)KUTh yCIix MMOIAJILIIOTO
PO3Mi3HABAHHSI.

HaBuanHs HelipocucTeMu 3MiHCHIOETBCS HA  BXKE
3MOHTOBaHOI CHCTEMi, TOMYy JyX€ B@KIUBI HaBITh

aKyCTHYHA TMapaMeTpH MPHUMIMICHHS, B SIKOMY PO3TAIIOBaHI
MepBUHHI AaT4uKi (MIKpO(DOHH).
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MOXJIHBICTE ~ TIOIIUPEHHS  CHCTEMH METOI0
LIBUAIKONIFOYOT MaTeMaTU4YHOT 00poOKH CHUTHAJIUB,
3aCTOCYBaHHS METO/IIB HEUPOHHHUX MEPEX 3 BUKOPUCTAHHAM
[IOETAITHOr0 HABYAHHS CUCTEMH 3a Oararbma mapamerpamu
Juisi O€3MOMMIIKOBOIO po3ni3HaBaHHs. be3yMOBHO uisi Takoi
00poOkm cmix BukopucroByBath ALl 3 BUCOKUMH
IIOKa3HUKaMU. [HImmMu CJIOBaAaMHU cucreMma IIOBHHHAa
PO3II3HATH «CBOiX», a CaMeé B aJIrOPHTMI30BAHOMY TECTI
(3aaBaHHi MUTaHh — TMPHUAHSITTI BIJTIOBI/I) TTPUBIACHUTH
BIJITIOBIIHE iM’S, TPO IO BCTAaHOBJICHUM YHWHOM 3BICTHTH
CITiBPO3MOBHUKA.

3

BucHoBku

Takum 4MHOM, [UIsl BUPiLIEHHS IIPOOJIEMH PO3II3HABAHHS
3BYKOBUX KOJIMBaHb BHU3HAYCHO YIOCKOHAICHHS OXOPOHHOI
ABTOMATH30BaHOI ~ CHCTEMH  3aBISKH  BIIPOBA/DKCHHIO
Helipocucremu, ae:

[O- TIepIIe — IOUIMPEHHS METOAY PpO3Ii3HABaHHI
3BYKIB 32 pPaxyHOK HaKONHMYCHHS Oa3u «BipHHX
curHaimiB». Take HanmoBHEHHA 0a3W JaHWX ITOBHHHO
OyTH KiHIIEBUM, TOMY SIK II IEpEmOBHEHHsS Oyze
3aBa)KaTH CHCTEMi OOMpPATH ONTHMAJILHO MPaBUIIbHE
pilleHHs, TOOTO BUKOPHUCTOBYBATH HEHPOCUCTEMHUI
M OXIT;

Mo- JApyre — 3axUcT CHCTEMH BijJI TOMHIIKOBUX
CIpanbOBYyBaHb Ta (pomy, TOMy SK BCi CHCTEMH
MaroTh 3B'I30K 3 IHTEPHETOM, a 4Yacto 1 Bce
YyHpaBiiHHS 30epiracTeCsi B XMapHOMY CXOBHIII, TO
Sk Om Tam He Oyno 3aIMINAEThCS — LIAHC
HECAaHKI[IOHOBAHOTO BTpavyaHHA [5].
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Carbon Products Process Preparation Mode
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Anomayia—B paniii po6oTi NpoBeIeHO JOCITITKCHHS
BIUIMBY T€XHOJIOTIYHHX MapaMeTpiB, HA TeMIepaTypHi MoJisi B
npoueci ¢opmyBaHHsi  ByrjeueBux BUPOOiB. 3pod.ieni
BiINMOBITHI BMCHOBKH 1100 XapaKTepy BIJIHBY MOTY:KHOCTI
HarpiBauiB Ha TemmepaTypHi mojsi B mpoueci (opmyBaHHS
BYIJIeLeBUX BUPOOIB B PeKUMi MiIr0TOBKHU.

Abstract—In this paper, we study technological parameters
influence on temperature fields in the forming carbon products
process. The relevant conclusions are drawn regarding the
nature of the influence of the speed of pressing and the power
of the heaters on the temperature fields in forming carbon
products process preparation mode.

Kniouosi  cnoea—eupoonuymeo  gyeneyesux  eupooie,
2iopaesniunuil npec, opmysanns gyzneyesux eupoois, gyzieuesa
CuUpoeuHa, NPecy8anHs.

Keywords—carbon products production, hydraulic press,
carbon products formation, carbon raw materials, pressing. .

1. Bctyn

OgHuM 3 OCHOBHHX TEXHOJIOIIYHUX IIPOLECIB
BUPOOHMLTBA BYIJIELEBUX BUPOOIB € (JOpMYBaHHS OCTaHHIX
LUISIXOM  MPOAABJIIOBAHHS  €JIEKTPOIHOI Macu  uepe3
MYHAIITYK BiANOBiAHOI GOpMH y TipaBiiuHOMY Ipeci, 60
caMe Ha eTalll TpPECyBaHHS EJEKTPOJHHX 3arOTOBOK
3aKJIaJJaf0ThCsl B OCHOBHOMY BCi CIIa/IKOBi BIACTHBOCTI, IO
BH3HAYAKTh SKICTh ToTOBHX BHpOOIB [1, 2]. 3oxpema,
IpecyBaHHs B 3HAYHIA Mipl BU3Ha4ae (GpopMy 3aroToBKH, il
JTIOBXXUHY, TIOPHUCTICTh Ta MEXaHIYHY MIilHICTh. ToMy 3amaua
MiIBUIICHHS €(EeKTUBHOCTI JaHOTO TIPOLECYy € IyXKe
aKTyaJbHOIO 1 B CYY4aCHHX YMOBaX MOXe OyTH PO3B’s3aHa
IIIAXOM  SIK  PO3POOKM  KOMIUIEKCY — TEXHIYHHUX 1
TEXHOJIOTIYHHUX 3aXOMiB 3 MOJEpHi3amii TEXHOJOTIi TaK i
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CTBOPCHHS C(CKTHBHOI CHCTEMH ONTUMAIILHOTO KEPYBaHHS
JAHUM TIPOIeCOM. BaKIMBOIO HAyKOBOIO 3a/Ja4yero, sKa
MOCTa€ B JIAaHOMY BHUMAIKy € TOCTIKEHHS TEXHOJOTIl Ha
OCHOBi PO3BUTKY HAYKOBHX YSBJICHb IIPO TAaHUU TIPOIIEC.

II. TIOCTAHOBKA 3AJIAUI

[pouec ¢popMmyBaHHs ByrjeLeBUX BUPOOIB € IOCUTD
CKJIAJIHUM 3 TOYKH 30Dy (GI3UYHUX MPOILECIB, 10 B HBOMY
NPOXOJSITh, TOMY JUIsi C(QEKTUBHOTO KEPYBaHHS JaHUM
MPOIICCOM HCOOXITHO MPOBECTH MOCIIKCHHS 3aJICXKHOCTI
(hi3MYHUX OB BiJl 3MIHN TEXHOJIOTIYHUX PEKUMIB.

OCKUIBKM Ha SIKiCTh C(OPMOBAaHUX BHPOOIB B
3HAYHIN Mipi BIUTMBA€E TEMIICPATYPHUN PEIKUM JIOIUIEHUM €
JIOCITIJDKCHHSI caMe TeMIIepaTypHHX MOJIB.

B  pmamiit mpami Oyno  OOCHIIKEHO 3MiHY
TEMIEpaTypHOTO TOJS B  3aJEKHOCTI  BiA  TaKmX
TEXHOJOTIYHUX  MapaMeTpiB:  MOTYXHOCTI  IHAYKTOPIiB
(hopmyBasbHOT Ta KaNiOPYBaNbHOI 30HH MYHJIIITYKa, CBIYOK
JUIT  JTIOJATKOBOTO HArpiBy MYHAIITYKa, TEMIEpaTypu
TIOBEPXHI MacHOIo LAITHIPY . [ocmigoBHIiCTE
TEXHOJIONYHUX PEXHUMIB Ta TPUBAIICTh MOJAEIIOBAHHS IIPU
JAHUX PEKUMAX HABEIEHO B Ta0uI 1.



TabOnuus 1. TEXHOJIOITYHI PEXXUMU, 1110 BUKOPUCTOBYBAJIMCH B

JIOCJIJDKEHHI
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OCKUTBKH 1T OTpUMaHHSA 0e31e()eKTHOI mpOomyKIil

HEeoOX1/1HO, 00 KOXKEeH 3 HarpiBauiB 3a0e3nedyyBaB 3a1aHUi
(Takwuii, 110 3a0e3NeYnTh YMOBH MPOKOB3YBaHHS) PO3MOILT
TeMIiepaTyp B CBOTH 30HI MYHAILITYKa, TO JAOLUITLHUM Oyie
JOCIITUTH TaKOXX JAWHAMIKY TEMIepaTyp B TOYKax, IO

XapaKTEepU3yITh PO3MOALT TEMIEpaTyp B KiHII KOXXHOL

30HM (TIepepi3 HAIMPHKIHII KaliOpyBalibHOI 30HU - | mepepis
(T11-16), Tepepiz Ha Mexi QopMyBallbHa — KaniOpyBallbHA
30Ha — II mepepi3 (T2i1-26), lepepi3 Ha Mexi MacHUH LHITHAD
— ¢opmyBanpHa 30Ha — I mepepi3 (T3i36)). [lomoxxenns
JIaHUX TOYOK 300paxkeHo Ha puc.l — 2.

T
| Tn

\(r/ Jf#,,- B
p— fr\
Tl il

Puc.l. Toukm, W0 XapakTCPH3yIOTh pPO3IOIII TeMIeparyp B KiHII
KaniOpyBasbHOT, (POPMYBAIBHOT 30H MYH/IIITYKA Ta MACHOTO LIMJIIHIpPA

— Ty

1—__'[,,

Puc.2. Toukm, IO XapakTCPH3yIOTh PO3IOIIT TeMIeparyp B KiHI
KaniopyBaIbHOT, popMyBaIbHOI 30H MYH/IIITYKa Ta MACHOTO LATIHApA
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III. OCHOBHA YACTHHA

B nmaHomy myHKTI OyJI0 JOCIIIKEHO TeMIIeparypHi
OJIsL IIPY MoJiestoBaHH1 pesxumiB Nel-5 (tadu.1.).
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Puc.3. Jlunamika Temrepatypu B KOHTpOJIbHUX Toukax ((a) — I mepepisy,
(6) — IT nepepisy, (8) — I1I nepepizy)

BusiBneHo, mo B yMoOBax BiJCYTHOCTI HarpiBy
MyHamrTyka (pexum Nel) BimOyBaeTbcs — iHTCHCHBHE
OXOJIOJDKEHHSI MyHIIITYKa MK nepepizom I Ta nepepizom
III. ILe moscHOETBCS 3 ONHIE] CTOPOHU 3HUKHEHHSIM
JDKepelia TeIlia, a 3 IHIIO01 TeII000MiHOM MK eJIEKTPOIHOI0
Macolo, TeMIeparypa SKOi HWK4Ya 32 TEMIEpaTypy
MYHIIITYKa i caMuM MyHAITYKOM. Hanpukinmi pexumy 1
TemnepaTypa B nepepisi Il B 3Ha9HIN Mipi ycepeqHIOETbCS
ta cranoButh 105 — 107 °C. He 3Baxaroum Ha 3HAYHE
OXOJIO/KEHHSI MyHAIITYKA Olisl KaniOpyBaibHOTO HarpiBaya
Ta J0/IaTKOBUX HarpiBadiB Temneparypu B nepepizax I ta Il
B TOYKaX, pO3TAIIOBAHWMX OIS IOBEpPXHI MYHIIITYKa



3MIHIOIOTECA He 3HayHo: Big 0 mo 7 °C 3a 100 xB. g 1
mepepi3y (puc.3. (a)) Ta Bim 1 go 3 °C 3a Toit cammii gac
st 1T mepepisy (puc.3. (0)).

30inbIIeHHS TEMIICPaTypH B mepepisi I moscHroeThes
THUM, [I0 [TOYATKOBI TEMIIEPATypPH EJIEKTPOAHOT MacH st
L[bOT'0 Mepepi3y 331aBAIUCh 3 YPaxXyBaHHSIM TEIIOOOMIHY 3
HAaBKOJIMILIHIM CepeloBUIIEM 1 OyJid 3HAYHO HIDKYI 3a
TEMIIepaTypy MOBEpXHI MYHIIITyKa Ta IHIOMX [IapiB
€JIEKTPOTHOI MacW i B TOAanbIIoOMy Maca B mepepisi [
HarpiBajiach B pe3yJbTaTi TEIUI0O0OMiHY 3 OiNbII HArpiTUMA
TiJIAMH.

XapakTtep 3MiHH TeMIiepatypu B niepepisi I smymrye
3aMHUCINTHCH  HAJ HasBHICTIO  TPAaHCIIOPTHOTO
3aIli3HIOBAaHHS, 1[0 MOXKHA moOaguTu Ha puc.3. (6). Hasite
KOJIM TIOYMHAETHCS HArpiB TeMIlepaTypa B TOYKaX Ha MEXi
eJIEKTPOIHA Maca MOBEPXHS MYHJIITYKa TPOJOBXKYE
3MEHIIyBaTKCh HACTYIHI 25 XB. Taka OCOONUBICTH MOXKE
HETraTWBHO BIUIMHYTH Ha e(EeKTUBHICTh POOOTH CHCTEMH
KepyBaHHs 1 TOMy Mae OyTH BpaxoBaHa 1pH ii po3pooiii.

Temneparypa B TOYKax, IO 3HAXOJATHCS HAa OCI
cumetpii (Tie, T26, T36) 3pocTae (puc.3.) B ycix mepepizax,
OI0 TOSICHIOETHCS TEIUIOOOMIHOM 3 OUIBII HArpiTUMU
L1apaMH eJIeKTPOIHOT MacH.

B pesynprari BMHUKaHHS BCiX HarpiBayiB (pexxum
No2) 3HawHO 3pocTae TemImeparypa B 30HI Oins
KanmiOpyBampHOTO HarpiBada. TemmepaTypa B mepepisi
MTOYUHAE 3pOCTATU. J{JIsI TOUOK, IO PO3TAIIOBAHI OJIMKYIE 10
jnonarkopux HarpiBauiB (Ti2, Ti4) npupict temneparypu
cknas 13 °C 3a 100 xB, qg inmux — 11 °C 3a Toii camuii
yac. [IIBUAKICTh 3pOCTaHHs TeMreparypu B Todkax Tia, T4
MOCTYHOBO 3MCHINYETHCS, MO CBIMYUTH MPO  Majy
iHepmiiHicTe. [licns mepmmx  25-30  XxB.  HarpiBy
Temneparypa B niepepisi Il mounHae 3pocraTu 31 IIBHIKICTIO
0,04 — 0,06 °C/xB. B mepepisi Il Temreparypa B Toukax Ha
MEXI EeJIEKTPOJHA Maca — HMOBEPXHSA MYHIIITYKa MOYHMHA€e
pizko 3poctaru (6 — 8 °C 3a 100 xB.), mpu I[HOMY IIBUIKICTH
3pOCTaHHS TOCTYNIOBO 3MEHIIYETHCS, IO CBITYNUTH IIPO
Mary iHepuifiHicTb. IIIBHAKICTH 3MIiHH TEMIEpaTypu B
TOYKaX, 10 3HaX0aAThCs Ha oci cumetpii (Tis, Tas, T36) HA
HpsIMY 3aJICKUTh BiJl IPAJIEHTy TEMIEpaTyp B eJNeKTPOAHIN
Maci B KOXKHOMY 3 Iiepepi3iB.

[Ipn nopmanplioMy MOAENIOBaHHI 31 30UIBIICHOIO
MOTYXHICTIO CBIYOK JUISi JOIATKOBOTO HAarpiBy KyTiB
KaniOpyBaibpHOT 30HH (pexkuM Ne3) OyJo BUSIBICHO 3HAYHE
3pOCTaHHsI TEMIIEPATypH sIK MyHAIITYKa TaK 1 €JIeKTPOIHOI
Macu B 30HI Mk [ Ta II mepepizom. OueBugHO, IO
HAWOLIBII IHTEHCUBHO OyJie 30UIBITYBATUCH TEMIIEPATypa B
TOYKAX, IO 3HaXOoAsAThes Ot cBiwok (20 °C 3a 100 xB.) Ta
immmx toukax I mepepizy (17°C 3a 100 xB.) (puc.3. (a)).
IBuaxicte HarpiBy B II mepepisi 3pocrae go 0,075 °C/xs,
10 HAa TMEPUIMi MOIJSA CBIAYNATH TMPO BIUIMB 3MIiHH
MOTYXHOCTI CBiYOK Ha Temmneparypu B II mepepisi (puc.3.
(0)). Ane mnpu perampbHOMY aHami3l pe3yibTaTiB  Oyio
BUSBJICHO, IO 30UIBLICHHS MIBHIKOCTI  CIPHUYHUHEHO
IHEpLIHHICTIO Ta TPAHCHOPTHUM 3aIi3HEHHSIM.
Temneparypa x B III mepepisi 3pocrae na 2 °C 3a 100 XxB.
Taka 3MiHa CIpUYMHEHA MTOCTYMOBUM BHMXOJIOM TEpEXiJTHOT
XapaKTepUCTUKA Ha HOBWH piBeHb 1 CBIJYUTH IIPO
He3anexHicte Temneparypu B Il mepepisi Big moTy»KHOCTI
cBivOK (puc.3. (B)).

301IbIIEHHST MOTY)KHOCTI iHAYKTOpa KalliOopyBaIbHOT
30HA (pexuM Ned) mpu3Beno 0 3HAYHOTO 3O0UIBIICHHS
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TEMIIepaTypu MYHIIITYKa W €IEeKTPOJHOI Macu B Iepepisi
II. B mepepisi I mpupict Temmeparypu ckias 15 — 17 °C 3a
100 xB. 3MiHAa UIBHIKOCTI CIPHYMHEHA MOCTYIOBUM
BUXOJIOM TEMIIEpaTyp Ha HOBUH piBE€Hb 1 CBIIYHTH IIPO
HE3aJIeXKHICTE TeMIepaTypu B | mepepisi BiI HOTYXHOCTI
iHmykTOpa KamiOpyBampHOi 30HH. IIIBHAKICTE 3MiHH
temnepatypu B 1l mepepisi neprmi 25-30 XB. He 3MIHIOETHCS
B TMOpPIBHAHHI 3 TMOMEPEJHIM pPEXKHUMOM, IO IIe pas
JIOBOJIMTH ICHYBaHHS TPAHCIIOPTHOIO 3aIi3HCHHS, aJie MOTIM
3Ha4yHo 3pocrae g0 1,8 °C/xB. (puc.3. (0)). B III mepepisi
TemmepaTypa 3poctae Ha 1,5 °C, aHami3 OTpUMaHHX
pe3ynbTariB MOKa3aB HE3aIeXHICTh TemmepaTypu B 1II
niepepisi Bii MOTY>KHOCTI 1HYKTOpa KaJliOpyBaJILHOI 30HHU.

MopenroBanHst 31 30UIBIICHOIO  TTOTYXKHICTIO
iHykTopa GopmyBaigbHOi 30HH (pexuMm NoS) BHSBHIO
3HAYHE 3POCTAHHS TEMIIEPATypu 30HM MYHIIITYKa MK
iHgyKTOpamMu  (OpPMYBaJIbHOI Ta KalliOpyBaJlbHOI 30HU.
[pupict Temneparypu B I mepepisi 3meHmyerscs mo 14 —
15 °C 3a 100 xB. (puc.3. (a)), xapakTep 3MiHH TeMIIEpaTypH
B JAaHOMy TIepepi3i mae 3MOry 3poOHUTH BHCHOBOK IIPO
HE3aJICXKHICTh TeMIepaTypu B | mepepisi Bim HOTYXHOCTI
iHaykropa QopmyBaibHOT 30HM. A OT 30UIbLICHHS
mBKAKOCTI 3MiHK Temneparypu B 1l mepepisi no 2 °C/xs.
MOXe€ CBIIYUTH HPO HOBOJI 3HAYHHMKA BIUIMB MOTYXHOCTI
iHAyKTOpa (OPMYyBaJIbHOI 30HM Ha TEMIIEPATypy B LOMY
nepepisi. HaitGubmre 3pocia Temmneparypa B 111 mepepisi (15
°C 3a 100 xB.) (puc.3. (B)). Ilpm mupomy pauHamika
TEMIIEpaTypyu CBITYUTH TPO JIOCUTh HIBUAKY PpEaKiito
TeMIepaTypH B IIbOMY Mepepi3i Ha 3MiHy caMe MOTY>KHOCTI
iHAYKTOpa (OPMYBATEHOI 30HH.

BHUCHOBKU

B pesymbrari gocnimkeHHs Oyino BHSBIEHO, IO
HAOUIPIIMIT BIUIMB Ha Temmeparypu B 3oHax [-II mae
IHAYKTOp  KamiOpyBasibHOI  30HH. TakoX  IHAYKTOP
(hopMyBasIbHOT 30HM Ma€ 3HaYHUH BIUIMB Ha TeMIepaTypHe
mone B III Ta II 30mHax, a cBiuku Ha Temmeparypu B I Ta II
30Hi. [Ipn mpoMy BIMB HarpiBadiB Ha OULTBII BimmasneHi
30HH TIPOSBISIETBCS TimbKH 3a 20-30 XB. micnsd 3MiHH
NOTYXHOCTI ~ HarpiBaya, 110 CBIIYMTH PO  IOSIBY
3aMi3HIOBaHHS B MEPEXiTHOMY MPOIIECi.

OtpumaHi pe3yabTaTd HEOOXITHO BpaxyBaTH B
MOJabIIOMY IpPU CHHTE31 CHCTEMH KEpyBaHHS IIPOIECOM
(hopMyBaHHS BYTJIELEBUX BUPOOIB.

B nmomanpmoMy HEOOXIiMHO TOCTIAUTH  BIUTUB
TEXHOJIOTIYHUX TIapaMeTpiB Ha (OPMyBaHHS BYTJICIIEBUX
BHUPOOIB B pekuMi Oe3MOCEpEIHBO TPECYBAHHS, JOMABIITH
JI0O TEXHOJIOTIYHMX IMApaMeTpiB, M0 OyJNM BHKOPHCTaHI B
JTAHOMY JOCIIDKEH] IBUAKICT IPECyBaHHS.
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Anomayia—Y panHiii  poOoTi po3poldaeHO NPOTOTHI apXITEeKTypH. Cnpoctutu CTBOPEHHS e()EeKTUBHO
CHCTEeMH KepyBaHHsSI KOOpJAMHATHMUM BepcraTtoM Ha 6a3i IIJIK (DYHKIIIOHYFOUOTO KOZly Ha OCHOBI ONTUMAJILHOT
STM32 kommnanii STMicroelectronics, mo 06a3yoTbest Ha KOH(I)irypaL[i'l' arnapaTHUX pecpriB MK  noxkjimkadi
apxitektypi ARM (Advanced RISC Machines) Cortex-M,  cpnenianbHi mporpaMHi iHCTPYMEHTH [T PO3POOHMKIB.

30KkpeMa 37ilicHeHo BHOip KpoKOBHX ABHUIYHIB Ta JIpaiiBepiB,
03p00./1eH0 IPHHIMIIOBY CXeMYy Ta MpPorpaMHe 3a0e3nevyeHHs. .
POsp P Y y porp II.  BUEBIP TEXHOJIOI'TI JJ15 PO3POBKU
Abstract—In this work a prototype of the STM32 PLM32 CLOFOZ[Hi € JIOCUTh BEJIUKUMN BI/I6ip, SIK  OKpeMHX
coordinate control system based on the ARM (Advanced RISC IHCTPYMEHTIB y BHUIVIAAI PENaKTOPIB, KOMIIUISTOPIB KOy,
Machines) Cortex-M architecture was developed. In TaK i iHTerpoBaHux cucreM po3pobku (IDE). Moxna
particular, the selection of stepping motors and drivers were CKOPHCTATHCS IIATHUMH TrakeTamu 113 ipodyeciiinoro pisHs,
conducted; schematic diagram and software were developed. ONHAK € i AocTaTHiil BUGIp BUIBHO PO3IOBCIOIKYBAHUX
3ac00iB. OCTaHHIM HPUHHATO HPHUIIUCYBATH Psiji HEMOJIKIB,
00yMOBIIEHHX 1X OE3KOIITOBHICTIO 1 BKIIIOYAIOTh OOMEXESHUI
Ha0lp MOXUJIMBOCTEH, HEJOCTaTHBO OINEPATUBHY MIATPUMKY
Keywords—STM32 PLC, System Workbench, stepper motor HOBHX BEpCili, HAAMIPHICTh KiHIICBOT'O TEHEPOBAHOTO KOIY.

Knrwuosi  cnosa—ILUIK STM32, System  Workbench,
KPOKOGUIL 06UZYH

Opnak aBa HOBHX mpoxykti: STM32CubeMX i System

I Bervn Workbech for STM32, mnpusHaueHux 1 poboTd 3

CrBopeHHs BOYIOBAaHOTO HPOTPAMHOTO 3a0e3leYeHHsT € MikpokoHTposiepamu  STMicroelectronics,  BHIUISIOTBCS

OJIHUM 3 HAHOUIBII CKJIAJHUX 1 TPYAOMICTKUX 3aBIaHb IS UiTUM ~ pAaoM  Oe3lepeyHHX — HepeBar, — IOKIMKaHUX

PO3POOHUKIB MPUCTPOIB 1 cUCTEM Ha 0a3i MIKPOKOHTpOJIEpiB.  3a0€3MEYNTH MOAANBIIY MOMYJIAPH3ALIIO0 CEPEN PO3POOHHKIB
BoHo mie OUIbII YCKIAJHIOCTHCA 3 II0SBOIO CydacHMX  CiMelicTBa 32-po3psmHuX MikpoKoHTponepis STM32.

BUCOKONPOLYKTUBHUX ~ MIKPOKOHTPOJIEPIB,  PO3LIMPEHHUI

HaOIp MOMIIMBOCTEH SIKUX 3a0€3MeuyeThCsl 32 PaXyHOK BCE

OlUTpIIOr0  YCKJIaOHEHHS  amaparHoi 1 NIporpamHol

STM32CubeMX € BizyanbHUM TpadiqHAM pEIaKTOPOM
Uil KOHQITYpalil MiKpoKOHTpoepiB cimeticta STM32, mio
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IO3BOJsSIE  reHepyBatd kon Ha ocHoBl  moBu  C,
BUKOPHUCTOBYIOUH ISl LILOTO rpadivyHUX TOMIYHHUKIB.

Jlo HemomikiB TpamumiiHUX reHepatopiB komy misi MK
4acTO BIAHOCATH OOMEXKEHY KIJIbKICTh HaJaIITyBaHb, IO HE
JIO3BOJISIE BPAaxyBaTH BCi HIOAHCH TpoekTy. [Ipu po3pobii
JIMHAMIYHOT CUCTEMH 3 MOCTIHHO 3MIHHUMH [apameTpamu, i
HE 3aBKIAM MOXKHA TOBHOLIIHHO OIUCATH 3a JOIMIOMOTOI0
reHeparopiB koxy. HeoOXimHicTh BpaxyBaHHsS —BEJIHUKOL
KUTBKOCTI KPUTEPIiiB TSATHE 3a COOOK BHECCHHS BEIHKOT
KUTBKOCTI 3MiH B IIPOTpaMHY peai3aiito.

[Mpore, mpm BCiX 3a3HaYeHUX OOMEKCHHSIX HasBHI
mepeBarn JO3BOJNSIOTH 3 YCHIXOM y 0araThbOX BHITAQJKAX
BUKOPHCTOBYBAaTHU F'eHEPaTOpH Koy Juis iHiriamizanii MK.

CrBopenuii komnanieto STMicroelectronics mporpaMHauit
maker  STM32CubeMX  sBisie  co0or0  CHpaBKHE
aBTOMaTH30BaHe poboue MicIe A PO3POOHUKIB CHCTEM Ha
0a3i 32-6iToBuX MikpokoHTpoiepiB STM32, BUKOHaHHX Ha
ocHoBi simep ARM Cortex. Lle 3pydHe cepemoBwmie st

TIOBHOITIHHOT HacTpoiikm KoH¢irypauii MK 3 Buaauero
nakera (aiiliB iHIIIaNi3alil, TPUAATHAX YIS TOJAJBIIOTO
BUKOPHUCTAHHS B PsAi CHCTEM PO3POOKH 1 HAIATO/HKEHHS
kepytouoro koay MK. STM32CubeMX 3nauno crhporuiye
cTBOpeHHs BOymoBaHoro [10, MpUCKOpPOE Iiei mporiec, He
BHUMarae BiJ| MOYATKIBINB (haxiBIiB JTOCKOHAIBHOTO 3HAHHS
mokymeHTarii Ha MK, m03Bomsie 00INTHCS TOYaTKOBHMU
BIJJOMOCTSIMH TIPO amapaTHy 1 MpOrpaMHy apXiTeKTypy
KOHTpoOJIepa, npo  MoxuuBocti  Oibmiorek  I1O.
STM32CubeMX 4acTKOBO NO3BOJISAE €(PEKTUBHO IOEIHATH
poboTy HaJ CBOIMU MEpIIMMU IIPOSKTaMH 3 BHBYEHHSIM
moxsmBocteit MK.

Just nmoceimyeHux — po3poOnukiB  STM32CubeMX
(pucyHok 1) craHe 3pyYyHHM CepeloOBHIIEM 3 ycima
HEOOXiqHUMH /Jisi POOOTH IHTErPOBAHUMHU IHCTPYMEHTAMH.
[Maker € yacTHHOK (HIPMOBOTO NPOIPAMHOrO 3a0€3IECUCHHSI
STMicroelectronics STM32CubeMX, MTOKJIMKAaHOIO
HOJIETIIUTH TPAL0 PO3POOHHKIB, CKOPOTUTH TPHBAIICTh

[Lnata Dhscovery

\_ JlemorcTpaniiiHi npEKIAIR Oporpa

BUKOHAHHSI 1 BAPTICTh MPOEKTIB.
™y {/' _"\I

CretnamsHl ITIaTH

Utilites

r

USB Host,

Ll USB Device e

\‘_ Pigenst middleware {cvexn mporokome, Gibmorex)

Prafinopa
CHCTEMA

FAT CMSIS

PANECNY,

-~

[ ) ) ) ( ) ( ) ( ) )

Puc. 1. Cxnag STMCubeMX

CrBopeHe [yt MikpokoHTposiepie STM32 0e3xouroBHe
cepenoBuie "System Workbench" mnozbaBnene moniOHHX
HEIOJIKIB 1 J03BOJISIE 3HAYHO CHPOCTHTH 1 IPUCKOPUTH
PO3pOOKY MPUKIAJHOrO MPOrpaMHOro 3abe3NeyeHHs s
MIKPOKOHTpOJIEPIB BChoro cimeiicrea STM32.

Baxumugo i te, mo Bech maker SW4STM32 moxe Oytu
0OE3KOIITOBHO 3aBaHTKCHUI 3 BeO-caiiTy
www.openstm32.org, sSIKMi TakoX BKIto4Yae Gopymu, Ooru i
HaBYaJIbHI KYpCH AJIsl TEXHIYHOI MIATPUMKH PO3POOHHKIB.
Bci pecyper cailTy CTarOTh IOBHICTIO JOCTYIIHUMH BiJpasy
micist peectpanii kopucrysada. AC6 System Workbench for
STM32 He Mae OyJab-sIKHX OOMEXKEHb 1 BIJPi3HIETHCA
3pyYHHM B  HaJalITyBaHHI 1 poOOTI  Bi3yalbHUM
inTepdeiicom.

OcobmuBocti Workbench for STM32:

® BCCOCSDKHA MIATPUMKa MikpokoHTposepiB STM32 i
w1at At po3pooku Nucleo, Discovery;
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e BOynoBane [10 jus xoudirypauii STM32 (Standard
Peripheral library abo Cube HAL);

e BubHU kKommnsitop GCC C/ C ++;
e BuIbHMI Bimaquuk GNU;

e pooora Ha ratdopmi IDE Eclipse;
e cyMmicHicTb 3 Tarinamu s Eclipse;
e nigrpumka ST-Link;

® BIiJICyTHICTh OOMEXKEHb 3a PO3MIPOM BHMKOHYBAaHOT'O
Koy,

e migrpumka Windows, Linux, OSX.

HoBuit nporpamumii iHcrpyment mis STM32 mae i
iHmy, pobouy Ha3By - SW4STM32. BiH BukoHaHuil Ha
OCHOBI Ha0opy IUIAriHIB JI0 IONYJSIPHOT —CepeioBHUIL
po3pooku  Eclipse. SW4STM32 wmoxe miarpumyBatu
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pOrpamMyBaHHs OaraTosiiepHUX ACUMETPUYHHX
onHokpuctanbHux cucreM (SoC), Hanpukian, Cortex-A i
Cortex-M.

System Workbench for STM32 mo»e BCTaHOBIIIOBATHCS
s podorn mig Windows abo Linux sk B sKOCTI
jnonoBHeHHst 10 Eclipse, Tax 1 y BuUIIsiLi OKpemo uis
iHcTasimii. OOuWIBa BapiaHTH MOXKHA BUIBHO CKayaTH Ha
caiiTl Bifpasy miciisi peectparii.

III. JIPAMBEP KPOKOBOI'O IBUT'YHA SLA7026M

SLA7026M  (pucyHok  2)
BUCOKOE(EKTHUBHOI 1 BHCOKOIPOIYKTHBHOL
(hazHOro, OTHOMOJISIPHOTO KPOKOBOI'O JIBUTYHA.

NpU3HAYEHUI IS
poboru  2-

Puc. 2. lpaiiBep SLA7026M

Monyns po3paxoBaHuif Ha aOCONIOTHY MAaKCHMAIbHY
Harpyry 46 B (tabmuusg 1) 1 BUKOPHCTOBYE BIIOCKOHAJICHI
motboBi Tpar3uctopu NMOS i1 BUCOKOBOJILTHIX BHXO/IIB
IipaiiBepa.

TABJINLS [ — POBOUI TIAPAMETPU SLA7026M

Parmreter

ke Suppiy 'willege W i

JlaBuani TIOTROBI Tpam3uctopu (>100 B) 3abe3medyroTs
BIIMIHHUH OMip BKJIFOYCHHS, MOJIMIICHI KOPIYCHI Miomu i
ITyxKe IIBUJIKE TIePEKITIOYCHHS. Bararouinosi
XapaKTCPUCTUKH 1 IPOTYKTUBHICTD JAIOTh 3HAUHI IICpeBark
U KPOKOBUX JBHTYHIB B TIOPiBHSHHI 3 OUTBII BHUCOKHUM
PO3CilOBaHHSAM 1 OUIBII  TMOBUTBHUMH  INBHAKOCTSIMHU
IIePEeMHUKaHHS, TIOB'SI3aHAMH 3 OIMTOJIIPHUMHA TPAH3UCTOPAMHU.
SLA7026M, B CKIagHUX CHCTEMax 3 BEIUKHM CTPYMOM,
BHMAarae BiIIOBITHUX METOIIB TeIIONepenadi il HaTiifHOT
pobotu.

LIM cTpyM pEeryiorThCS 32 JIOTIOMOTOKO BiTIOBIIHOTO
BUOOPY CTPYMy 30H/yBaHHs PE3HUCTOPIB, ONMOPHOI HAIIPYTH,
MIOJIUTHHUKA HAIpPYTH, a Takok Mepeki RC cuHXpoHi3arii.
Kommnonent RC 00MexyloTh iHTEpBaJl BUKIIOYEHHS 1
3aracaHHs Kepyrodoro ctpymy. Bxoam cymicHi 3 norikoro 5
B i Mikponporiecopamu.

Mikpocxema SLA7026M Moe mpaiioBaTH y JIBOX
pexumax — «active high» i «active lown». Tlpu pexumi
«active high» npaiiBep OyJe BKIIOYATHCH KOIU JIOTIYHHIMA
piBeHb curHany AopiBHIOe «1». Ilpu pexumi «active low»
npaiiBep Oyje BKIFOYATHCH KOJIM JIOTIYHHI piBEHb CHTHATY
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nopisaioe «0». B manomy AWMIOMHOMY TPOEKTI apaiiBep
TpaIioe B pexkuMi «active low» (pucyHok 3)

Vee (46Y max)
o—se
+
¥ g ] Ly e
o | | [
Y 1T
W) R 71 s 1‘ 13‘ 11‘
L a4 Vs OUTA OUTE OUTe OUTE
rag rs I o LI
5
2 INe o INA | Active
Tv  SLA7026M - ok
e B —0 INE
C-,_ __Cz & INE 16 INE
Rsa REFa REFe Rss Ga  Ge

9

314._| 10 4 13

Ca LCe

T

]

Puc. 3. CxeMa miIKIIFOYCHHS B PEKUMI «active low»

TepeBaru Ta 0cOOMMBOCTI:

ExoHomiuHe, OaraTodinoBe pileHHs

Monyns kepyBanHst "mij Kimod"

Excrmyaramis apurysa 10 3 A 146 B

3-€ MOKOJIIHHSI BUCOKOBOJIFTHUX TPAH3UCTOPIB
[MoxparteHHi KOPITYCHI JTiou

HamiB- a60 MoBHO-KPOKOBHIA OIHOTIOJISIPHUI JIBUTYH
Edexrusamii, mBuakicauit LM

[Moxgiiine kepyBanHs ctpymom 1IM (2 dasu)

[IporpamoBane kepyBanHs ctpymom LIIIM

VY tabnuui 2 npejicTaBieH] eNeKTPUYHI XapaKTepUCTUKU
mikpocxemu SLA7026M.

TApanLs 11 — EJEKTPUYHI XAPAKTEPUCTUKM SLA7026M



: IV. KPOKOBI IBUT'YHHI
Porwmeier Symibal SLATICHM Uit
e e Sanyo Denki 103H7123 — nBodasuuii, oJHONOISIPHII
o Sugpty Cumen | — B ma KPOKOBHI JBATYH 3 Kkpokom 1.8°. B tabmiui 3 Hasezeno
Contl Supey ohage Ve 10 n_ | = v OCHOBHI XapaKTePUCTUKHU J[BUTYHA.
T “Wom 100 |
FET meSSares omor | [ conamon Ne=d1, lme2500h Oco6MBOCTi:
FET O Vallags b, | - T =
| ey oSkt T e Hanpyra sxusnenns: 24 B nocriiinoro ctpymy
1 TEE v | [ covemon Vowe= 100, Vet - Pos . 1 Al 20 .
. ™ [ == e PobGounit crpym: aza, 2-(ha3oBa aKTHBAILis
i FET Diicate Forwand vohige [ Conamn = (l'IOBHI/Iﬁ KpOK)
I | ah
E I Conditon VesZ AV, WesddV A
| T et i [ == - e Mowment Burarysanus: JL=0.94x10-4kg * m2 (npu
s e BUKOPHUCTaHHI TYMOBOi My()TH)
Vi | I P Yy y
TTL Inpad Voltogs | conaton = . . . . .
et High} Ve I [ ue B rtabnuui 4 onucaHo AOIMyCTHUMI pajiaibHi / TArOBI
[ conditon Ve ‘W~'| HaBaHTaXeHHs 11 nuryHa 103H7123.
-
TTL inpat “oitngs | conaton
[ At Loew ) L B
[ conaton
n LE]
H |_consitan
§| e [ -
Ts
E [ Canaition
TABJHLS ] - XAPAKTEPUCTHKM 103H7123
Holding torque at Rated Wiring Winding = ’ Motor
SR na 2-phasge snergization current resistance inductance RN M e length (L)
_Single shaft Dual shaft N-m min. Ajphase (Vphase  mHiphass =10‘kg-m’ kg mim
103H7123-0140 103H7123-0110 0.83 1 8.7 15 0.21 0.65 53.8
TABJIHLLS IV - JIOITYCTUMI PAJIIAJIbHI / TATOBI HABAHTAJKEHHS
Distance from end of shaft: mm
- Thrust load
Motor size Modelno. O 5 10 15 N
Radial load: N
7 S— 103H712 52 65 B 123 15
. V. KOH®II'YPYBAHHA MIKPOKOHTPOJIEPA
Ha pucynky 4 HaBeIeHO BiJHOIICHHS XapaKTEPUCTUKH i pearisamii  Kepysa otopa Gpao
KPYTHOTO MOME 0 9acToTH ITynsCy nauryna 103H7123. st 1t YBAHHA — MOTOpamil  BHOpaH
24 A HYIREY ABHIYH MIKPOKOHTPOJIEP STM32Nucleo-F401RE. Iepen
1.0 KOH(QIirypauieto nOTpiOHO BuOpaTy ImiHH, fKI OymyTh
MoJaBaTH JIOTiYHI cuUrTHaMM Ha Jnpaiisep SLA7026M
08 (pucyHok 5) Ha BuBoau 5, 6, 16 Ta 17.
T i
— ™~
£ 06 b
2‘ R
E | Pull-out torque
=04 i
k= \
02 AN
\"H.
0 " [T+
0.1 1 fs 10 100
Pulse rate (kpulse/s)
100 1000 2000 3000 5000

Number of rotations (min-'}

Puc. 4. T'padik xapaxrepuctux 103H7123
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Ve A6 e Jst KePYBaHHs Ha HHX HOTp16I.-If) T0/aBATH JIOrT4HHUii
= . ‘0’, a B cTaHi CIIOKOIO Ha HHX MOCTIMHO Mae OyTH JIOrivyHa
‘ omuHuisl. Ha rtabmuui V' 300paxkeHO  HEOOXimHY
1 HOCIIIIOBHICTh CUTHAJIB IS PyXy KPOKOBOI'O MOTODA.
- - TApULA V — ITOCIIIOBHICTE KOMAH/I IJ11 POBOTH IBUT' YHA
welN i @ 1_i& 11
s Wan OUTa CUTE CUTe OLTR Clock 0 1 2 3 0 1
(ST T 4 8 ] -
E R Ih o IMa
1 SLATOZ240 N -
2 ' = "
* TE TO26M e 17 o v Lo INA L H H L L H
1 P J027MU INj LA
T T L Rew REFa REF 1Rt Ga  Ga i INIA H L L H H L
I R R Fm. IRERE 15
Ez’ 2 -;_.C‘ INg L L H H L L
. T Fe Trs L
Fis P
- IN!s H H L L H H
Puc. 5. Cxema SLA7026M Cxema migkmoderas STM32Nucleo-F401RE 300paxena
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Puc. 6. Cxema miakmoueHHst STM32Nucleo-F401RE no nsox apaiieepis SLA7026M.

Tenep 3Haroum sKi IHM HaM MOTPIOHI, HAM TPOCTIIIE
Oyne ckoHpirypyBatn moptu KoHTpoiepa. lloptm mms
KOHTpo0 Mu BuKopuctoByemo: PAS, PA6, PA7, PAS Ta
PA9, PA10, PA11l, PA12. Takoxx HaM ciaig Ha3HAYATH
Kepyrodi miHH, 5Ki OyayTh MpUAMaTH JIOTIYHY OJMHHIIO 5K
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aKTUBHHHU curHan. J{is mporo mu BuOpamu minu nopty C, a
came PCl1, PC2, PC3, PC4 [nsa toro mo0 KOHTpoOJIEp
TpaIoBaB MOTPiOHO CKOH(DIrypyBaTH TakTOBUI TeHEPATOp
(Pucynok 7).
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Puc. 7. KondirypyBaHnHs 4acTOTH TAKTOBOTO TCHEPATOpa
O Plakin s AT e

Bximogaemo mmny rec->HSE 1 3acTocoByemMo HacTymHi
HACTpPOMKH:

e Input Frequency 8; iﬁi:,
e« HSE/S; i
e X336/4 DEE g
e PLLCLK B
e AHB Presclar 1 L@FPE

e ARBI Presclare 2
e ARB2 Presclare 1

[Micns, mx HamamTyBaHb KoHpirypamis BHXOHIB Oyze B
MaTd BUIJIAM, SIK 300pakeHO Ha PHCYHKY 8, 1 MoOXKHa 2
iMropTyBatu npoekT B SystemWorkBench for STM32. B

=3
B
25

AR Cutpmi

Puc. 8. Konodirypysanns ninis.3Po3po06xa nporpamu B cepenoBuiIi
SystemWorkBench for STM32

[ITo6 movaTu porpaMyBaHHS ITOTPIOHO 3TEHEPYBATH KO
B CubeMX Ta BHOpaTM  OmIi0  BIAKPUTH B
SystemWorkBench, sk 300paxkeHo Ha pucHMHKY 9, nei
IIPOEKT aBTOMATHYHO IMIOPTyeTbcAd 1 Oyae roToBHH 10
3aBaHTaKCHHS y MIKPOKOHTPOJIIEP.
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m Code Garmrathon

!

n The Code 15 successhlly generated under CoTarasFmallhplomn

Puc. 9. lianorose BikHo CubeMX miciist reHepanii 6a30Boro Koay

[Tpuknan xoxy 300paxeno Ha pucyHky 10.

m Halp
xR -~ i®C e R s

Tokile i)
: AR COOE EMD WHTLE

E COOE 3

EF [HAL _OFIC AssdPLA(OFIOC, 9PI0 FOM L) ! =GST0 AN FESET)
TERICA -200A B -[EBPT0_| FLE a | G0 _FIH d|,
L T LR E T
BHHM -HUK "= (oRLE PLH_ 3 | e FoM_ k]
HAL_Dwluy[dalay);
BPI0A ->00F "= (8PI0 FTH_ 3 | OPID PTM_J);
WaAL_Delay(oeag)|
P -0k S= (P10 PIN_5 | GPI0_FIM_E]}
HAL_Deluy [dalay];
e
1
EF [HAL _OFIC ResdFL1(OPICC, SPI0 PLM 2] =GRT0 AIN lf!f_j{
oI, -»ook D= w[3PLO_PIN ¢ |EPLO_IK_7);
HAL DeLayideley])
GRLOy - >{0A *= I:$"‘|:$ FIn & | &PLD_PIN_5)1
1

GFLOA -=00R = H‘I::l_l?lr._? | oPro_P_a);
HeL_Delysddelsyhl

GPTOW - +0{A *= [BPLO_PIN 5 | BPLO_FIN_511
Hail_Dalayidelayh:

antSiarti(];

iF (HAL_APIC_AemdPEr{OPTOC, APTC_PIM 211 =GSTo 22N FESETS
DPI0A -»DOR = =[QPIT_PIN 18 | OPIO_FIM_LZ);
AT My el me] |
GPLM -=00A ‘= (EFTO_3TR_18 | PTG PIM 3]}
KL [ leyddwlay):
QPIG4 -300R “= [LPLO_7IN 12 | &PIC_PIM_L1);
[P e
GPI3 -300R S= [EPTO_ITN.S | GPTO_FIN_13])
HL_pe=laypidelayh:
sekitart|];

iF [HAL_0rIG_NcedPi (0PTOC, AP0 PIM_8) | eGRTR AI8_PESET |
OPI0A -300F = <[IFTO0_PIR_ 18 | OPID PIN_11);
1bL DLy e Iap ] ;

GPLOA -+00A “= [GPTO_PIN_LE | GAT0_PTM_21)

Ha b lasguelayys

QPIDA ->00A “= [DPLO_FIN 11 | 0910 FIM_13);

AL _Dalayidelay);

GPLOA ->00A *= [EPTO_FIN 9 | GPLO_FIN_L81}

Puc. 10. Tososuuii muxn While
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JUtss MOKIIMBOCTI BiIJAJIICHOrO0 KEPYBAHHS CHCTEMOIO
OyJ10 PUIAHATO PIlLEHHS N0AATKOBO BUKopucTatH ESP8266
IUIsL KEPYBaHHSI OCSIMHU CTAHKA 3 YHUCIIOBHM YIPABIIHHSIM.

Pe3ynbrarom BUKOHaHHs 1aHOT poboTH Oysia po3pobdieHa
CHCTEMa YIpAaBJIiHHSA JBOMa OCSIMH CTaHKa 3 YHCJIOBUM
KepyBaHHsM. 3TiIHO 3aBaHHs OyJio po3poliieHO mporpamy
KEpYBaHHA KOHTPOJICPOM, sIKa BHKOHYE 3ajaHi y 3aBJaHHI
(yHKIIIT, 2 came TIOCITIIOBHO TO/Ia€ CUTHAJIM Ha JipaiiBep, 10
TIPU3BOJIUTH IO PYXY KPOKOBHX IBHUTYHIB, Ui KOHTPOIIO
CTaHy TmIpomecy Bce BimoOpaxkaerscss Ha LCD nuermei.
Kepytoui curhaau Ha IiaTy NOpUXOAATH BiJ KOHTpoJepa
ESP8226, Buxopucrosyroun WI-FI.

Jns BUpINIEHHA IIOCTaBIIEHOT'O 3aBJIaHHA
BukopucroByBasace ara STM NUCLEO-F401RE Ta
ESP8266.
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Anomayia—B  paniii  poGoti po3podiaeHo  cucremy
BillaeHOro MOHITOPMHIY Ha OCHOBI amapaTHHX 3aco0iB
STMicroelectronics 3 BukopuctanusiMm texHoJorii LoORaWAN
i3 MoxIMBicTIO 30epeskeHHSI Ppe3yJbTaTiB MOHITOPUHIY Ha
XMapHOMY cepBici.

Abstract—In this work, a remote monitoring system based
on STMicroelectronics hardware using LoORaWAN technology
was developed, with the opportunity to store monitoring results
on a cloud service.

Knwouosi cnoea—inmepnem peueli, LoRaWAN,
STMicroelectronics.
Keywords—the  Internet of  Things, LoRaWAN,
STMicroelectronics.
I.  Bcryn

Konuenuist Intepuery peueit (anri. Internet of Things)
JTABHO WIKABUTH [OCTIJHHUKIB MEPEKEBUX IPOTOKOIIB 1
BHPOOHUKIB TEICKOMYHIKaIiitHOro oOramHaHHs, 1 (axiBii
BCe OmrKYe MiIX0IATh 0 i1 BTUICHHS B XKUTTA. Bike € 0e3imiy
pillieHb, IO JO3BOJSIIOTH OAYWTH ITI0 KOHIEHINIO B il
Benmuky Himy B peamizauii koHuenmii [HrepHery peueit
3aitasam LPWAN-texrouorii (aari. Low Power Wide-Area
Network — eneproeexTrBHa MepeXKy JaJIeKoTo pajaiycy Aii),
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NPUHLMIT  SIKUX 33KJIaJIeHO B HACTYIHOMY: IIpH Mayiid
MOTY)KHOCTI TPUCTPIA MOXe BHPOOIITH Iiepenady Ha
OlIblIy BiICTaHb, MalOYM NPH IbOMY CYTTEBI OOMEKEHHS Ha
IIBHUIIKICTP TIepe/Iadi

II. MEPEXEBUI ITPOTOKOJI LORAWAN

Y 2015 poui Semtech Corporation i JOCTIIHUIIBKHM
ueatpom IBM Research 0OyB mnpexncraBneHunii HOBUiA
BIAKpUTHH ~ €HEeproeeKTUBHUI  MEPEeXEeBHH  HPOTOKOI
LoRaWAN (Long Range Wide Area Networks) mis
Oe3nporoBoi nepenayl JaHux 3 1 Ha npuctpoi loT, a Takox
OyB crtBopenuii anbssHc LoRa Alliance mns mpocyBaHHsS
nmaHoro cranaapty [1]. CraHmapt € BIAKPUTHM 32 BUHSITKOM
peamizamii Ha 4Wimi, sKa KOHTPONIOEThCs — Semtech
Corporation.

B ocHoBy curnainy LoRa noxnageno kanan 125 xl'm 3
CHTHAJIOM Ha OCHOBI PO3UIMPEHHS! CIIEKTPY LUISIXOM JITHIHHOT
gactotHoi Moxyisiii (CSS — chirp spread spectrum) 3
IHTETPOBaHOI TpsMOr0 Kopekuiero mommwiok FEC. OmHak
OCHOBHOIO oco0iuBicTiIo LoRa cramo cTBOpeHe HaBKOJIO
CTaHIApTy  CIIBTOBApPHUCTBO, fAKE IIOYAIO0  AKTHBHO
BIPOBAKYBaTH JIaHUH CTAaHIAPT 5K B SKOCTI ONEPATOPCHKOT
TexHONOTil (KpaiHum €BpomH), Tak 1 B SKOCTI JIOKAJIBHHX
piLlIeHb 1 OKpeMuX OyiBesh a00 HEBEIMKHX IiAIIPUEMCTB
(xpainm Azii). 3oxpema, maHUi cTaHmapT OyB MiITPUMAHUI



JESKUMU BEJIMKAMU CTUIBHUKOBUMH KOMIIAHISIMH, L0 Lie
OlIblLIE MIAIITOBXHYJIO PO3BUTOK €KOCHCTEMH IS JJAHOTO
cTraHmapTy. Bigkputicte 0Oi3Hec-mozeni cTaHmaptry (3a
BUHATKOM 4illa) [O3BOJIMJIA OIEparopaMm IHTErpyBaTH

Concentrator
fGateway

pimenHs LoRa B cBoro fmitody iHpacTpykTypy. 3arajibHa
cxema opranizauii ceppicy Ha ocHoBi LoRa mnokazana Ha
puc.1.

Netwaork
Server

Application
SErver

LoRa* RF TCPJIP SSL TCP/IP SSL
LofaWAN™ LoRaWAN™ Secure Payload
AES Secured Payload
Application Data
Puc. 1.3aranpHa cxema oprasizauii cepBicy Ha ocHOBI Lora
Tomy LoRaWAN — ne BigkpuTuii eHeproe(eKTUBHUI 3B'I30K 3  PO3MIUPEHHM  CIEKTPOM 1  BHCOKOIO

MEpPEKEBUN MPOTOKOJ 3B'I3Ky, IO 3a0e3meuye 3HAYHYy
mepeBary mepen Wi-Fi i cOTOBUMH MepexaMu 3aBISKU
MOJKJIMBOCTI PO3TOPTaHHS MDKMAIIMHHOI KOMyHikamii. Ha
OCHOBI IIbOTO TPOTOKONY CTBOPCHHH MPOCTHH Y
BUKOPHCTAHHI alapaTHO-MPOrPAMHUKA KOMIUIEKC, IO Ja€
3MOTY CTBOPIOBaTH CHCTEMH 3 MOJMIIUBICTIO O€3pOTOBOL
repenayvi JaHuX.

[IBunkicte nepenayi nanux no nporokoxy LoRaWAN B
cucreMi LoRa nexuts B miamazoni 0,3 - 11 kx6it/c. Tak, IMC
SX1272 nmigTpuMye MIBUAKICTH mepepadi qanux Bix 0,3 mo
37,5 x6ir/c, a SX1276 - Bix 0,018 mo 37,5 xbit/c [2].

11106 mpoIOBXUTH TEPMIH Clly)0u Oarapei/akymysiTopa
B KIHIIEBOMY NPHCTPOi 1 3arajbHy MNpPOIyCKHY 3/IaTHICTh
Mepexi, mepexesuii cepep LoRaWAN kepye HIBHIKICTIO
nepenadi JaHuUX 1 pagioyacTOTHUM BHMXOJOM KOXHOTO
KIHIIEBOTO MPHCTPOI0 okpeMo. KepyBaHHs 3/1iHCHIOETbCS 32
JIOTIOMOTOI0 ~ ITOPUTMY  aJalTUBHOI 3MIHM  IIBHKOCTI
repeaadi JaHux.

III. BUBIP ATIAPATHOI BA3U

B nmanill cucremi IUIaHY€ThCS BUKOPUCTATH MOAyii B-
L072Z-LRWANI1 LoRa® Sigfox™ Discovery Ta Iuiary
po3mupennas X-NUCLEO-IKS01A2.

B-L072Z-LRWANI1 LoRa® Sigfox™ Discovery — ne
IHCTPYMEHT PO3pOOKH, IO JO3BOJISIE BUBYATU 1 pO3pOOIATH
piieHHs: Ha ocHoBi TexHojoriii LoRa®, Sigfox™ i
FSK/OOK. 1Ieii Discovery KOMIUIEKT OCHAIICHUI
YHiBepcaJlbHUM Bigkputum moxysieM CMWXI1ZZABZ-091
(Bimx Murata). Monyne mnpamoe Ha STM32L072CZ i
TpaHcuBepi SX1276. [IlpuiimMay OCHAICHUI MOJIEMOM
LoRa® panmpHOT nii, mo 3abe3nedye BHUCOKOIIBUAKICHUI

CSYSC-2019

140

3aBaJIOCTIHKICTIO, III0 MiHIMI3y€ CIIOKUBaHHS CTpyMy[2].

X-NUCLEO-IKS01A2 I1aTa PO3UIMPEHHSA I
cimerictrea STM32 NUCLEO nHa ocHoBi MEMS naBauiB
pPyXy 1 mdaBadiB CTaHy HaBKOJMIIHBOTO CEpeloBHINA. Y
ckimami 1mmatd  X-NUCLEO-IKSO01A2 Bxomuts: MEMS
Jatunk pyxy LSM6DSL, mo ckiagaeTbcs 3 TPhOXOCEBOIO
nU(ppPOBOTO  aKcelnepoMeTpa i TPHOXOCEBOTO LHU(PPOBOTO
ripockorna; TPHOXOCEBUI LU(POBUI akcemepoMmerp i
TppoxoceBuil mudposmii  marmiromerp LSM303AGR
(esIeKTPOHHMI KOMIIAC); AATYUK TeMIeparypy i BOJIOIOCTI
HTS221, a Takox m'€30pe3UCTUBHUN NATYUK aOCOIFOTHOTO
tucky LPS22HB, mio ¢ynkmionye sk mudposuii 6apomerp.
Jns poboTn marta po3mIMpeHHsS BHUKOPHUCTOBYE iHTEpdeiic
12C [3].

THUMOBUM TIPUKITQJOM BUKOPHCTAHHS CHCTEMH MOXeE
OyTn 30ip OCHOBHHUX (i3I0JOTIYHMX MapaMeTpiB, TAKUX SK:
PUTM cepls, TemIieparypa, IMPUCKOPEHHS, MOJI0KCHHS.
Yepes mnumo3 loRa 10 XMapHOTO iHTEPHET-00JIATHAHHS
BIAMIPaBISITUMETECSI PUTM CEPUEOUTTS, TeMOeparypa Tijia,

TEMII PyXY.

3ragaHi oueBuAHi mepeBarn 1 Hemomikn LPWAN-
TEXHOJNOTIM poOIATh X MEPCIEKTUBHUMH IS peaiizarii
CCHCOPHHMX MEPCK, B SIKHUX BEIHMKA KUIBKICTH aBTOHOMHHX
TIPUCTPOIB-CEHCOPIB TOBUHHI PIiAKO TIepenaBaTH HEBEIMKI
MOPIIii JaHUX.

Texnonoris LoRa migxonuTs 10 IpUCTPOiB 3 BUMOTAMHU
HHU3bKOTO CIIOXHMBaHHSI €Heprii 1 BUCOKOI CTIMKOCTI 3B'SI3KY
HAa BEJMKUX BIJICTAHAX, @ TAKOX MOXIIUBOCTI MpUHOMY
JIAaHHUX 0JIpa3y 3 baraTboX JKEpEll.



IV. CTPYKTYPHA CXEMA

B cucremi, 1mo po3poOIs€eThCsi, BUKOPUCTOBYETHCS J1Ba
oesmpoBigHi momynmi B-L072Z-LRWANI1. [lo mnepimoro
MOy, SIKAH BHCTYIIAE y pOJII IeperaBada MPHEIHAHO
IUTaTy PO3MIMPCHHS NaTYMKa HABKOJMIIHHOTO CEPEIOBUINA
X-NUCLEO-IKSO1A2. 3amaua momjsrae B TOMYy, II00
MepeaaT JaHi Mpo TEMIIepaTypy, TUCK Ta BOJOTICTh Ha
Bigcranb 10 10 kM mo pamiokanamy. [Hmmid 6e3mpoBigHUI
MOIYTh Yy CBOIO 4YEpry INPHETHAHUN JO ICPCOHAIHLHOTO
KoMI'toTepa 3a gomomoroto iHTepdeiicy USB. Ha
KOMIT'IOTEpi TIOBUHHEC OYTH BCTaHOBICHE IPOTPaMHE

X-NUCLEO-
IKSO01A2

B-L072Z-
LRWAN1
NepepaBay

3a0e3nedyeHHs s 0OpoOKM iHOpMAIIl siKa TOCTyHae Bif
nepefaBadya. MoJylib 3 IUIATOIO PO3UIMPEHHS HOBUHEH OYyTH
3anporpaMoBaHMii Ha BIJIIPABKY JIJAaHUX , B TOH 4ac SK IHIIMH
MO/IyJib 3alpOrpaMOBaHUil Ha TPHHOM 1 mepeaady JaHUX
gepe3 rx / tX Ha MepCOHANBHUN KOMII IOTep. 3 KOMII I0Tepa
JlaHl HAJCUIAIOThCSI Ha XMAPHUN CEpRBIC, Ui 3a0e3MmedYeHHs
MOXJIMBOCTI JJOCTYTTy Ta IIEperisiay 3 Oy/b SIKOrO MPUCTPOIO.

OTpyMaEMO HACTYIHY CTPYKTYPHY CXEMy CHCTeMH
(puc 2).

XMapHUn cepsic

B-L072Z-
LRWAN1
Mpunmay

MK

Puc. 2. CtpykrypHa cxema CUCTEMHU

BHCHOBKU

OtpuMana cucrema 31aTHa e()eKTUBHO NepeiaBaTy JaHi
HAa BEJIMKI BiJICTaHi, OyAy4H P IbOMY HEEHEPro3aTpaTHOIO,
110 poOHTH 11 JOCUTH 3aTpeOyBaHOIO B OaraThox cdepax.
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The Usage of the SCRUM Metodology for
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Abstract—The article dedicated to the Scrum methodology
in project managing. Improvement of the development process
and the team communication via special rules of the
development process provided by Scrum methodology.

Keywords—SCRUM, Sprint, daily meetings.

L

Modern application development is rarely a solitary
effort. Designing, coding, testing, and packaging applications
requires a cross-functional team involving designers,
developers, testers and  graphic artists = working
collaboratively and each owning tasks dependent on other
members of the team. This is made more difficult by the fact
that requirements are more often than not unknown or
incomplete. Combined these make the process of developing
applications that meet user expectations, are stable, and are
delivered within time and budget constraints a highly
complex enterprise. Scrum is a lightweight framework
designed to help, close-knit teams of people develop
complex products.

INTRODUCTION

A scrum team typically consists of around seven people
who work together in short, sustainable bursts of activity
called sprints, with plenty of time for review and reflection
built in. One of the mantras of scrum is “inspect and adapt,”
and scrum teams are characterized by an intense focus on
continuous improvement—of their process, but also of the
product.

II. USAGE OF THE SCRUM METHODOLIGY

For using Scrum methodology next points should be
presented in your project:

Product Backlog: The product owner will make a list of
work that needs to be done, and they will they place it in
order according to priority. This is building your project
backlog. They do this by determining what is a must-have
item, which are less critical and those that don’t fit into the
timeframe allotted. That means the value of each item must
be clear. What is their impact, risk and how the item might
help in the learning process?

Sprint Planning: Using the product backlog, teams start
with the highest priority items and determines how to
achieve this objective. A good tip when planning is to do the
due diligence and only start with items that are ready. Also,
remember that planning is a short process, so don’t get
bogged down in the details. Just get to work on meeting the
objectives. Keep the plan collaborative. The team should also
ask the product owner and stakeholder questions.

The Sprint: A short duration to complete objectives,
usually two to four weeks, but with daily scrum meetings to
make sure things are progressing as needed. To make sure
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your sprint is as efficient and productive as possible. During
the sprint there should be no changes that would put the
sprint objective in jeopardy. Scope, however, can be clarified
and revised between the product owner and team.

Oversight by Scrum Master: The scrum master is just
that, an expert on scrum, who is overseeing the project
throughout and offering advice and direction based on their
experience and skills. The scrum master should only be
working on one project at a time, to provide it their full
attention, and focus on improving the team’s effectiveness.
They are not managers, but facilitators, and it’s crucial they
clearly define what being done means.

Completed Sprint: The sprint is complete only when the
work is ready to be delivered to the customer or shown to the
stakeholder. That means doing regression tests, not rerunning
everything on the sprint, but being selective. This collects
additional data, but can be expensive and time-consuming.
Therefore, you want to be as efficient as possible.
Automation can help resolve the issues of cost and time.

Review: You want to look back on the sprint and see
what worked and what didn’t. You can then take the
information and apply it to future sprints to replicate the
positive and reduce the negatives. Begin the process by
thanking participants, offering short introductions and setting
ground rules for the discussion.

Repeat: Once through this cycle, it starts over again by
going back to the backlog and taking the next ready item at
the top of the priority list. Then you just follow the above
steps, improving the process through the prior experience,
continuing to refine the work to make it as efficient as
possible.

Next images interpretations can ease explain main idea of
the Scrum methodology, so you can rebuild work flow of
your team in the shortest time and increase you efficiency

immediately.

24 HOUR SCRUM

SCRUM PROCESS

30 DAYS

Epeini Daciisg

Fig. 1. Example of the Scrum process flow [1].
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Fig. 2. Scrum process flow with to roles of the users

Scrum process can help you:

e Increase the quality of the deliverables

Cope better with change (and expect the changes)

e Provide better estimates while spending less time

creating them

e Be more in control of the project schedule and state

But Scrum has not only advantages for development. There
are some disadvantages to implementing Scrum in your
projects [2]:

There is a danger of scope creep if stakeholders keep
adding functionality to the backlog. This could be
encouraged by the fixed deadline.

Scrum works best with small teams of experienced
software developers. They need to be able to work quickly.

Scrum teams do not work well when the Scrum Master
micromanages their work.

Losing any team members can hurt the progress of the
project.

III. RESULTS OF INTRODUCTION OF THE SCRUM
METHODOLOGY

Firstly, it’s a quality improvement of the developed
product. After Scrum injection into the project flow team
should prepare main changes and fixes during the sprint that
allow always keep a workable version of the product. The
team has a possibility in the time of the one sprint to prepare
new functionality and test it. It decreases broken and
unworkable features in every new version of the product.

The next point of the Scrum is the speed of the
development. Scrum allows separating the amount of the
functionality by the sprints that allow developers to
concentrate directly on the task. Also one of the great things
of the Scrum methodology is a board with a task that
developers assign and change their statuses. It makes the
development process more understandable and every
teammate can see the progress of others via task-board and if
it needed to help each other cause them all feels like one part,
like on family. Also on of the advantages is that every
developer wants to move as many tasks as possible to the
column “Done” cause all of them wanted to be the best and it
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does some health concurrency for the developers and
changes routine work into some game for them.

Example of the task board:

Fig. 3. Example of the card board using for monitoring tasks

After Scrum injection was calculated spent time on every
Scrum activity and is a very small pay for advantages that
Scrum methodology provides for the team. Here is some
statistic information about the time that the team spends
every week on the Scrum activities.

e  Product backlog refinement: 1.00 hours/week

Sprint planning: 0.75 hours/week

Stand-ups: 1.50 hours/week

e  Sprint review: 0.50 hours/week

e  Sprint retrospective: 0.75 hours/week

e Learning: 2.00 hours/week

As you can see the average spent time for a week is 6.5
hours and it is less than one day. Off course, this hours you
can use for development of something else in the
development process, but Scrum provide something bigger
that another way to develop product, is a way to rally a team,
way to improve communication between team members and
allow developers to feel themselves part of something bigger
than simple task that they prepare every day. Also, Scrum
gives you a possibility to release safety every version
because it will be tested and ready for work every sprint
causes every developer to communicate with each other and
can strongly understand all troubles with integrating with
other developers, this is the main goal of the Scrum.
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Development of a Control System of a Rocking-
Machine Based on the Sinamics G120 Frequency
Converter and the Simatic S7-1200 Controller

Moroz I.B.
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Ukraine, Ivano-Frankivsk
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Anomayia—CnpoeKToBaHO  CHCTeMY  aBTOMATHYHOIO
KEPYBaHHSI BEPCTATOM KAYaJIKOI0 IO /T03BOJISIE PEryJTIOBaTH
pexxuMH po0OTH BepecTaTa KA4yaJKH B 3aJeKHOCTI Bin aedity
CBEP/1JIOBUHHU.

Abstract—The automatic rocking machine control system is
designed, which allows to regulate the operating modes of the
rocking machine depending on the flow rate of the well.

Kntouogi cnosa—cucmema asmomMamuyunozo Kepyeamms,
eéepcmam-kauanka, Oepim, uacMOmMHUIl  nepemeopiosal,
Konmpoiep.

Keywords—automatic control system, swing, flow, frequency
converter, controller.

I. Bcryn
Jnst  NpaBUIBHOrO — PO3PaxyHKy 1  BCTAQHOBJICHHS
TEXHOJIOTIYHOI0  PeXKUMY  HEPIOAMYHO  HPALOIOYHX
CBEPIVIOBHHH HEOOX1HO HPOBECTH KOMILIIEKC

JIOCIIHULIBKUX poOiT. ONTUMaNIbHUIT TEXHOJIOTITYHUH PEKUM
poOOTH KOXHOI OKpeMoi B3iTOI CBEpJIOBHHH BHMArae
HONEPEHbOI0 PETEILHOTO aHaJi3y BCIX XapaKTePHHUX JaHUX
SK eKCIUTyaTaliiHOro IUIACTY, TAaK 1 PeKUMY eKCIUTyaTaLii,
POXKMMY BIJKAYKH PIAMHM, YMOB eKcIulyarauii. Pexum
eKCIUTyaTalii CBEepIJIOBHHHA 1 PEXKUM BIIKAYKH — pi3HI
IMOHATTS, MUK SKHMMH HEMa€ OJHO3HAYHOI 3aIe:KHOCTI. Oqun
1 TOW >Xe pEeXHM eKCIUIyaralii MO)KHa 3IIHCHUTH 3a
IOTIOMOTOI0  Pi3HUX peXuMIB Bimkauku. llepeBeneHHs
ITTHOMHHO-HACOCHOI ~ CBEPAJIOBUHM  Ha  NEPioAWYHY
EKCILTyaTaIlif0 3a3BU49ail BUKIINKAETHCS HEBIATOBITHICTIO MiXkK
NPOAYKTHBHICTIO ~ BCTaHOBJICHOTO  HAa  CBEpAJIOBHHI
ycraTtKkyBaHHS i 11 gebitom. Y mamoneOiTHHX CBEpIIOBHH
MPOXYKTHBHICTh TNTHOMHHO-HACOCHOI YCTAaHOBKH 3ayacTy
TIepeBUIye 00'eMHY IIBUAKICTE MPAUTIKY PiluHH i3 Tacta. B
pe3yapTaTi Ileld HAacoC IIBUAKO BiJKAYye piouHy, IO
HAKOIIMYMIACS Y CBEPJUIOBHHI, PIBEHb ii 3HIDKYETHCA MO
npuiioMy Hacoca i KoeQilieHT mojaui Hacoca pi3Ko CIiajiac.

Pexxum pobotm Hacoca mpm HOro He3amoOBHEHHI
XapaKTepU3YEThCS HEBPIBHOBAKEHICTIO BepCTATAa-KayallKH,
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LI0 MPU3BOJMUTH A0 HPUCKOPEHOI0 3HOLIYBAaHHS YCbOI'O
Ha3zeMHOro obnamHanHs. KpiMm Toro, mpu poOoti Hacoca 3
MaJIM KOoe(ilieHTOM 3allOBHEHHs! IUBUKO BUXOSTh 3 JIay
Taki BY3JIH, SIK TUTYH)KEP-BTYJIKA, CAJbHUK 1 1H., 0 BU3UBAE
210 LIBUIKE 3HOLIYBaHHS IMOMHHO-HACOCHOTO
YCTaTKyBaHHsS, 3MEHIIYEThCS Koe(ilieHT KOpUCHOI nii
YCTaHOBKH, 30LIbIIYETHCS BUTPATa eleKTpoeHeprii [1].

VY 3B'si3Ky 3 IIMM y psijii BUMAJAKIB JIOIMUTBHO THMYacOBO
3yMUHATH HACOCHY YCTaHOBKY JISi HAKOMMYEHHS PiANHH Y
cBepmioBuHi. [Ipy 1poMy mNpWTIK piAMHEM i3 TUIacTa He
NPUNUHIETHCA. B TakoMy BWIIAIKy MOLLIBHO PO3poOUTH
CHCTEMY sIKa aBTOMAaTUYHO Oy/ie 3yNMUHATH BEPCTaT KayajKy
UL TOTO OO0 KUTBKICTh pimuHM Oylla MTOCTAaTHHOIO IS
MOJANBIIOro BigkauyBaHHs [2]. Cxema Takoi cucTeMH
300pakeHa Ha PUCYHKY 1.
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Puc. 1 — Cxema cucteMy aBTOMaTHYHOTO YIIPABITiHHS

Cxema Tpe/cTaBlicHa Ha puUC. | € OJHOKOHTYPHOIO
aBTOMATUYHOIO CHCTeMOIo mauckperHoi nii. Ilokm 3miHa
MUHAMIYHOTO PIBHS B MPOIICCI HAKOMWYCHHS 1 BiJKauyBaHHS
pinvEM y  HampsMKy 3OUTBIICHHS YW  3MCHIICHHS
3JUIIAETECS B 30HI NPUIYCTUMUX BiIXWICHb, CHCTEMa
3aJMIIaeThes PO3iMKHYTOI. [Ipu mOCATHEHHI OMHAMIYHUM
PIBHEM piIMHK BEPXHBOI UM HHXKHBOT 331aHOT MEXKI1 Uy TIIMBUH
€IIEMEHT JaBava IOAA€ CHTHAN Ha YIPABISTIOYMNA CIICMCEHT,
KWW Y CBOIO YEPry BIUIMBAE€ HA BHUKOHABYMI MCXaHI3M —
Bepcrar-kadanky. OCTaHHIN i€ Ha PEryiolYnid OpraH —
THUTY, 3ynuHsI04M 4n 3amyckatouy ii. JluHamiyHuil piBeHb



30UIBIIYeThCS Y 3MeHITyeThes. CrucremMa pO3MHKAETBCS 1
3aJIMILAECTHCS B TAKOMY CTaHl O HACTYIHOro uukiy. Sk
BUMIpPIOBAJIbHUI €JIEMEHT BUKOPUCTOBYIOTBCS AaBay PIBHs
PIAMHY B CBEP/JIOBHHI.

Cucrema 0a3zyetbcsi Ha KoHTposepi Simens S7-1200. Li
KOHTPOJIEPH MAlOTh MOJIYJIbHY KOHCTPYKLIiO 1 YHIBEpcallbHe
npusHadeHHs. BoHW 3paTHI mpamioBaTH B pealbHOMY
Macuitali 4acy, MOXKYTh BUKOPUCTOBYBATHUCS JUIsi TOOYNOBU
BIZTHOCHO TIPOCTUX BY3JiB JIOKaJbHOI aBTOMAaTHKH 200 BY3IIiB
KOMIUIEKCHUX CHCTEM aBTOMATHYHOTO YNPaBIiHHA, IO
MIATPUMYIOTh IHTCHCUBHHUI KOMYHIKaIliHUNA OOMIH JTaHUMU
gepe3 mepexi Industrial Ethernet / PROFINET, a takox PtP
(Point-to-Point) 3'eqnanns. [IporpamoBanuii koHTponep S7-
1200 3paTHWIT BUpINIyBaTH JIOTIYHI 3aBHAHHS, 3aBIAaHHI
aBTOMAaTHYHOTO PETYJIIOBaHHS Ta KEPYBaHHS MEPEMIIICHHSIM,
BHKOHYBaTH MaTeMaTW4yHy OO0poOKy iHpopmamii. Bin mae
MAPOKI  (YHKIIOHANBHI ~ MOXJIHMBOCTI,  BIIpI3HIETHCS
BiTHOCHO HEBHCOKOIO BapTICTIO i MOXKEe BUKOPHCTOBYBATHUCS
Yy BCIX CEKTOpax NPOMHUCIOBOTO BHPOOHHWIITBA, & TaKOX B
cucTeMax aBToMaru3anii Oynisens. [Iporpamua yactiuHa Oyne
peaitizoBaHa y mporpamMHomMy 3abesmedenHi STEP7(HumkHIN
piBeHP TporpamMHOro 3a0e3medeHHs, JIOTIYHI Omeparii,
obuucnenHss ta oOpaxyHku) ta WinCC(BepxHiil piBeHb,
iHTepdeiic kopucrysaya, rpadiku, giarpamu).
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Puc. 2 — ®parmeHT mporpamMHOTo 3a0e3MedeHHs CHCTEMA

Ha pucynky 2 300pakeHO (parMeHT MpOrpaMHOTO
3a0e3eyeHHs] CUCTEMH Y BUIIISAAL (DYHKIIIOHAJTBHUX OJOKIB,
e OJMH 3 METOMIB CKIIAJAaHHSI HPOTPaMHOTo 3a0e3redeHHs
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Puc. 3 — Bikno kongirypariii amapatHoro 3a0bes3rne4eHHs.
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IUIA JaHOTO KOHTpojepa. Lle Tak 3BaHWiI HWXHIA pPiBEHBb
CHUCTEMH Ji¢ BigOyBalOThCS JIOTIYHI omepamii, mii Hazg
BCIMYMHAMY, OOYMCIICHHS Ta BIANpaBKa CHTHATIB JI0
YacTOTHOIO NepeTBoproBada. YacToTHMH NEepeTBOpPIOBAY
3’eHaHo 3 KoHTpoaepom mepexeio PROFIBUS DP,

YacToTHUIT TIEPETBOPIOBAY I1€ MPHUCTPIH 32 JOMOMOTOI0
SIKOTO MOJKHA PETYJIFOBATH 00EPTH JBUI'YHA B 3AIEKHOCTI BiJT
3amannx mapametpiB. Yacrotamit mpueim G120 wmae
MOIYJbHY  KOHCTPYKI[IO 1 INUPOKI  (YHKI[IOHAJIBHI
MOJIMBOCTI. OCHOBY 4acTOTHOTO peryisaropa Siemens G120
cknanae cuwioBuit Monynb (Power module) 1 monyns
ynpasininas  (Control unit). Jlo Moaymo ympaBiiHHS
(CU250S-2) miakiIoo4yaTh JaTYUKH 3BOPOTHOTO 3B'SI3KY,
30KpeMa, €HKOLEpH, a TaK caMO pi3Hi iHTepdeicu st
nepeJadi AaHuX B CHCTEMY YIIPABJIIHHS €JIEKTPOINPHUBOIAMU
(USS, Profinet, Profibus, ModBus, CAN)[2]. OcraHHiM
eJIeMEeHTOM L€l cucTeMu € iHTepdeic KopucryBaua, TaK
3BaHMWii BEpXHil PIBEHb IPOrpaMHOro 3a0e3reueHHsl, e Horo
nasuBaroth SCADA cucrema, Lle inrepdeiic kopucrysaua e
MOJKHa Bi0OOpaKaTH pi3HI IapamMeTpu, CTBOPIOBATH ITOJIS IS
BBOJIy I1apaMerpiB, BiJoOpaXkaTH JaHl y BHUIJsIIL rpadikis,
3allUCyBaTd JIaHI y CHCHialbHI CIUCKH, CTBOPIOBATH
aHiMallil0 TaK pI3HOrO poOJy JIOMOMDKHI BIKHA  fKi
JIOTIOMO>KYTh JIFO/IUHI-0IIEPAaTOPy B3aEMOJIISITH i3 CHCTEMOIO.

Toesesy sar-pem Dw-

Puc. 4 — Cxpiamor BikHa SCADA cucremu.

BUCHOBKH

CHpOEKTOBaHO CHCTEMY aBTOMATUYHOIO YIPAaBIiHHS
BEpCTAaTOM Kayallkoro Ha 0a3i KoHTpoiepa Siemens S7-1200
Ta 4aCTOTHOTO NepeTBoproBada Sinamics G120 Ta inTepdetic
KOpHCcTyBada y nporpamaomy 3abesnederni WinCC.
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Anomayia—Ha ocHOBi JiTepaTypHHX JaHHMX, cTaTed Ta
JAaHUX Npo oco0auBOCTI i mpomec no0yAOBH CHMYJISLii
NPUPOJHHX CepeJOBHMI B JaHiii podoTi po3rIsAHYTO
3aCTOCYBaHHS Pi3HOMAHITHMX MeTOAiB MPOLe1YyPHOI reHepauii
OTOYYIUYHUX CepeloBMIN ii BIUIMBY iX XapaKTepUCTHK Ha
0anaHc ii 3aKoHOMIpHOCTI pPO3BHTKY Ta mporpecii Moaeneit
0io/IOTiYHMX CcHCTeM, 3ajJe:KHHX BiIl TAaKHX cepeJoBHIL,

3aCTOCOBHI /IJIsi BAKOPUCTAHHS B irpOBHX cHCTEMAX.

Abstract—Based on academic data, papers and data about
the features and process of natural environment simulation
creation this work is focused on the usage of various methods
of the procedural generation of the environment and its
parameters influence on the balance and laws of evolution of
the biological system models that depend on the outer
environments and are applicable in the games.

Knwuosi  cnosa—npouedypua
anzopummu 6a308aHi Ha NOUWLYKY

2enepayin  KoHmeHmy,

Keywords—procedural content generation, search-bsaed

algorithm

1. BcTtyn

I3 3HaUHMM PO3BUTKOM CepH po3pOOKH KOMIT IOTEPHHUX
irop Bce CHIBHIIIE MOCTAIOTh IWTAHHS 37CHICBICHHA Ta
HPUIUBHILEHHS Tpoliecy iX crBopeHHs. OnHUM 3 3aco0iB
3a0e3MeUYeHHs] BOTO € TOKpalleHHs (DyHKIIOHAIBHOCTI Ta
e(peKTUBHOCTI ICHYIOUMX 3aCO0IB CTBOPEHHS irOp TaKHX SIK
IHCTPYMEHTH MOJIEIIIOBAHHS iIrPOBHX PiBHIB, 3ac00M 3a1aHHs
HpaBWwil JJisl WITYYHOTO IHTENIEKTY, NPOrpaMHi cepenoBuIla
JUIsl CTBOPEHHS! KOLLy 1rop.

[HmmM ke, Oe3mocepenHbO IOB’S3aHUM 3 IIEPIIUM €
JIOCITIDKEHHS. METOJIIB MPOIICypHOI TeHepallii KOHTCHTY Ta
ICHEPATHBHUX  QITOPUTMIB IO  JajayTh  MOJXJIMBICTh
aBTOMATH3YBaTH 3HAYHY YACTKy PYTHHHUX 3aBJaHb MUTIIIB
Ta MPOrpamicTiB a TAKOXK C(bopmyBaTn HOBI MOXJIMBOCTI 151
p03p061<1/1 Ta eKanIyaTaun 1r0p HpoueaypHa TeHepaIis
CBITIB 3 BHCOKHUM pu;HeM JieTajizanii KOHTCHTY BXKE € BCE
OLMBIIMM TPEHZOM B IHIYCTpii, OJHAK NPOIEC CTBOPEHHSI
BEJIMKMX CBITIB M COI[IOCHCTEM € MEHIII JOCIPKEHNUM.
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II. PO3rjis/] HPOLIEJYPHOI TEHEPALIIA )11 CTBOPEHHS ITOP

Y nocmimxennasx amroputMiB [II'K ocobmusuit iHTEpec
npescTaBisie mpobieMa TPONETypHOI TeHepamii irpoBUX
MpaBWI, $IKi JIGKAaThb B OCHOBI BCIX, B TOMYy WYHCII i
HEEJIEKTPOHHHX, IrOp(SKi MO CyTi TakoX € CHUMYJLILISIMH
OLIBIIOl YW MEHINOi TOYHOCTI). PillIeHHS MaHOTO 3aBIaHHS
Ma€ TPaKTUYHY 3HAYYIliCTh, OCKUIBKM IpOLEAypHa
TeHepaliss TpaBWiI  JO3BOJIMTH HE TINBKA  ICTOTHO
YPI3HOMaHITHUTH BiZICOIrPH ¥ CTBOPUTH HU3KY pI3HUX
MapaMEeTPU30BaHUX CHUMYJALIN[2] 3a paXyHOK IWHAMIYHOT
3MiHM TIpaBUJI B IIpoOIeci CI/IMyJ'IHHﬁ (B ToMy wuwmcni,
aJlanTylo4H Ipouec CUMYJISIIT i1 OaaHHs HayKOBu;I) aie
1 MOKJIMBO, CTBOpI/ITI/I a6COJ'lIOTHO HOBI MCXaHlKI/I CI/IMyJ'lHI_[H
1 cuTyanii Jyist JOCHKESHHSL.

KpiM TOro, cucremu renepailii irpoBUX MpaBuil MOXKYTh
OyTH KOpUCHI JOCHIHUKAM aIrOPUTMIB  IITYYHOTO
IHTENEeKTY B cdepi yHIBepCalbHUX COLaIbHUX CUMYJIALIH, a
TaKoX IrpOBUM JM3ailHEpaM sl IIBHIKOTO CTBOPEHHS 1
TECTYBaHHSl PI3HUX IrpoBuX mportotumiB. [IponeaypHa
TCHepallisi irop HEMOXIMBa 0€3 MOBH ONHCY IrPOBHX
npaBmi, TOOTO JAesKoro crpororo Qopmary ix mojmaHHs B
MiAXOMIOMY  JUISL  AITOPUTMIYHOT o6p061<1/1 BUTITA.
Po3pobka Takoi MOBU onwcy noTp16Ha y 3B ﬂ31<y 3 BUMOTaMHU
HOBTOp}OBaHOCTl W JIeTepMIHOBAaHOCTI  pE3yNbTATIB
MpOoTrpaMu, OCKUTbKH ii pe3ysabTaToM Oye CTPOruii HayKoBO-
TEpMIHOJIOTIYHUH amapar, K| T03BOJUTH (OpMalTi3yBaTH i
OIKCAaTH IIPOCTIp MOXJIMBUX JIOTIYHMX IPABWJI OIUCY
3aKOHIB (DYHKLIIOHYBaHHSI CUMYJISILIIT.

B pobori B. Xoma i JI. Mapkca 3agadya aBTOMaTHIHOTO
CTBOpPEHHsI irop Brepiie Oylia pO3IJisHYTa SIK OKpema
aKkTyanpHa mpobiema B 00NacTi MITy4yHOro iHTeNekTy [3].
o poboru Oyso CTBOPEHHS aIrOPHTMY LSt re’eparii
30aIaHCOBaHUX irop, T00TO 1r0p, B SKHX BCi TIpaBIi
3HAXOJIThCS B plmmx YMOBax 1 MarOTh OJHAKOBI LIAHCH
BUrpatd. BapTo BiI3HAYWTH, IO CHMETPUYHICTb IPU He
rapaHtye ii 30ajaHCcOBaHICTb, TOMY IO HaBiTh [pH
IIEHTUYHOCTI TIPaBWI JIjIsi 000X TPaBIB IPaBIIs, IO XOAUTH
NEepIIUM, MOXE BOJIOJITH NepeBaru Hajl IpyruM rpasuem (i,
B OKPEMHX BUIIAJIKaX, HABIIAKH).
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3alpONOHOBAaHUI  AJITOPUTM  ABTOMATHYHOIO  3MIHU
OaJlaHCy 3aCHOBAaHHM HA FEHETUYHOMY QJITOPUTMI MOJISATae B
HacTymHOMy. Ha KOXHIH iTepauii aiaropurMmy 3 IEsKOro
HAOOpY irop MHUIAXOM 3MIHH 1 KOMOIHYBaHHS IX MPaBHII
IEHEPYIOThCS HOBI I'PH, B KOXKHY 3 SIKUX CHCTEMa I'pae cama
3 coboro 100 mMatyiB.

KoskHa Tpa OLIHIOETHCS 32 JAOIOMOror (YHKIIT OLIHKA
3a miKajor OanaHcy (OUIbLIY OLIHKY OTPUMYIOTH TI'pH 3
MIHIMaJbHOIO PI3HUICI0 MK KUIBKICTIO MEPEMOr y IBOX
TpaBIiB) 1 IIKaIOK pi3HOMAaHITHOCTI (OiMBIIy OMiHKY
OTPUMYIOTh TpH, HalMCHII CXOXi Ha paHille 3reHepoBaHi
pe3yABTATH), MICIIA Y0T0 (POPMY€ETHCS HOBHIA Habip 31 cTapux
1 HOBHX Irop 3 HaWOUIBIIOI OIHKOI 1 MOYHHAETHCS
HACTYITHA iTeparis.

BukopucTaHHS TEHETHYHHMX alTOPUTMIB 1  OIliHKa
pe3yIBTATIB ESKOI CUMYIIALiT, 8 HE CAaMHUX OCOOHH, € JOCHTH
MIONMIMPCHUMHU METOJAaMH TIPOICIYyPHOI TeHEepaIlil KOHTCHTY;
B HaHili poOoTi Oy70 MPOAEMOHCTPOBAHO, IIO Ii METOIH
MOXYTh OYTH VCIIIIHO BHUKOPHUCTaHI 1 IS JUHAMIYHOI
TeHepaIlii irop Ta CUMYJISIIH.

I[II'K € mnpemmerom JOCHIKEHb HE TUIBKA B
iHpOopMaTHIIi. [pycinkeBnu i Jlinnenmatiiep[5]
IIIKPECIIIOIOTh 3POCTAl0Yl IHTepeCH IHIIMX rany3ed HayKu,
BUKJIMKaHI 3aCTOCOBHICTIO BU€Hb B cdepi mporerypHoi
renepartii. OxHaK, TapMOHi3allis IHTEPECIB 1UX TUCIHUILTIH,
TaK sk 010JIOTis, apXiTEeKTypa, MiCTOOYTyBaHHS, TICHXOJIOTis
TOIIIO, 1 3HAXO/HKEHHS MPABMUIIBHUX (OPMAITi3MiB 1 CTPYKTYP
JlaHuX, SIKi MO)kHa Oysio O abcTparyBaTH BiJl KOHKPETHHX
3amad i chopMyBaTH y3araJbHEHHH TCOPCTHUHHI amapaT
BH/IAETHCSI 3HAYHOIO 33/1a4€IO0.

III. PO3IJLAA KPUTEPIIB BA3OBAHUX HA MOLIYKY
AJITOPUTMIB IPOLE/]YPHOI TEHEPAILI

OaguM 3 HaWOUIBII IUTIAHUX Ta IKaBUX B CEHCl
KOMEPIIIfHOTO 3aCTOCYBaHHS B PO3poOIl KOMIT IOTCPHHUX
irop MiAXOAiB JI0 TNpPOIEAypHOI TeHepauii € MpoueaypHa
reHepanis 6azoBana Ha moinyky.[1] [IpouenypHa reHepariis
0a3oBaHa Ha IOLIYKY II€ OCOOJMBHHA BHIAJOK IIIIXOMY
sreHepyil-rectyit 1o I1I'K 3 HacTynnHUMH BJIACTUBOCTSIMMU:

Tecropa (hyHKIIis HE IPOCTO NpUiiMae abo BIAXUIIE
MOXJTMBUI BMICT, & KJIacu]ikye HOro 3a 10IOMOrOK OJHOTO
YKCIIA Y4 BEKTOpA AIHCHUX YUCEL.

[eHepyBaHHS HOBOIO MOXJIMBOIO BMICTY €
cTa0lIbHUM BIJJHOCHO MPU3HAYCHHSI 3HAYEHHS
OpUOMVKEHHST JIO ijeany BIJHOCHO TIOMEPEIHIX TaKHX
3HAYEHb.
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B meBHOMY CEHCI HIUTIO € TeHepalliss HOBOr0 KOHTEHTY 3
OinpIMM 3Ha4YeHHs. JlaHW# MAXiA € pajiie MOIIYKOBUM,
aHDK EBONIOIIIHMM, aJke BiH BHKOPUCTOBYE CTOXAaCTHYHI
METOJIM 1 PI3HOTO POJy €BPHUCTHKM Ha BiJIMiHY Bij MOUIYKY
MOXIHUX BiJ] TOMEpPEeNHIX EeJIEMCHTIB W PEKOMOIHAIIH
ICHYIOUHX €K3eMIUIPIB BMicTY.[2]

IlenTpaibHe THTAHHS CTOXACTHYHOI ONTHUMI3aIii Ta
METAareBPUCTHKH CTOCYETHCS TOTO, SIK MPEIACTABIIATH BCE, IO
PO3BHBAETHCSA. |HIIMMHU CJIOBaMH, BAXIIMBE MUTAHHSA - SIK
reHOTHIU (CTPYKTYPH [aHUX, SKAMH KEePYE EeBOJIIOLIHHHIA
QIrOpuTM) BifIoOpaxkaroThest Ha (eHoTunu (CTPyKTypa
JaHUX ab0o Tpouec, SKUH  OLiHIEThCS  (YHKILIEO
OLIIHIOBAHHS).

PisHumo Mik TreHOTHNOM Ta (EHOTHIIOM MOXKHA
BU3HAYUTH SIK BIJAMIHHICTH MDK IUIAHOM 1 3aKIHYEHOIO
OyZOBOK, alIbTEPHATHBHO, SAK MDK  aJIrOPUTMOM i
PE3yJIbTaTOM aJropuTMy. Y cleHapii CTBOPEHHsI BMICTY 1rop
TeHOTHUI MOXKe OyTH IHCTPYKIIIEFO MIOZ0 CTBOPEHHS iIrPOBOTO
piBHs, a ¢eHoTHNOM (GAaKTUUHUH IrpOBHI piBEHb. 3aBXKIH
MO)XHAa TOBOPUTH PO PO3PI3HEHHs IeHOTHIy / (eHOoTHIY,
KOJIM BIJIOYBA€THhCSl CTOXACTHMYHHUM MOIIYK, HABITH Y TaKHX
BUIAJKaX, K KOPEHI PIBHAHHS; Y LIbOMY BHIIAJKY 3HAYCHHS
3MIHHUX € T€HOTHIIOM, PE3yJbTaTOM 3aMiHM LIMX 3HAueHb
3MIHHAMHY T€HOTHITY Ta OOYHCIICHHS JIIBOi YaCTHHU PiBHSIHHS
PIBHSHHS T€HOTHTI-(PCHOTHII.

BUCHOBOK

OTtox, 0a30BaHi Ha TOIIYKY AJITOPUTMH IIPOIETYPHOL
reHepauii JaloTh MOXIIMBICTH (POPMYBaTH pSIIA KOHTCHTY
IUIA BiIOOPY XYyOOXKHUKAMH @ TaKOX KOHTEHT IS Pi3HUX
IrpOBUX 30H sIKWil OyJe ONTUMI30BaHHUM  BiJJHOCHO
PI3HOMAHITHUX TIapaMeTpiB B 3alEKHOCTI Big MOTped
irpoBoro nu3aiiHy. Takoro THIly ajJrOpUTMH € LIKaBUM Ta
4acTO HENOCIUKEHUM II0JeM, SIKe B HEPCHEKTHUBI MOXe
OyTH Jty’e KOPUCHUM JyIsi IHAYCTpii po3poOKu irop.
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Anomayia—Yy  cTaTTi  NpoaHaNi30BaHO  0COOIMBOCTI yBark TPOCTOTY Ta JIETKICTh POOOTH 13 JIAHMM CepBicoM,
npouecy po3podku Android-gopatkis y cepenouii MIT App  MOOuITBHI JOAATKH iTPOBOTO XapakTepy MOXYTh PO3POOISTH
Inventor Ta HaBeneHO NPHKIAL PO3POOKH HABYAIBLHOIO 1 caMi y9Hi, 10 J03BOJIUTH iM KpAIIle 3aCBOITH HOBI 3HAHHS.
Android-mogaTky 3 ykpaiHcbkoi Jirepatypu 3aco6amMu
3ac00amMu 0JI0YHOI0 NPOrpaMyBaHHS.

II. OCOBJIMBOCTI ITPOLIECY PO3POBKH
Abstract—The specific of developing Android apps in MIT [MpaitoBaTu B cepe;[on[]_ui MOXYTb JIUIIE 3ape€c’[poBaHi
App Inventor is considered. The features of block  kopucrysaui, jus peecrpauii HeoOXiaHUH 00JiKOBHI 3anKC
programming are analyzing. The example of developing, using Google. Ilpomec NpoeKTyBaHHSA Ta pO3POOKH IOAATKY
MIT App Inventor 2, the education Android application for BinOyBaeThCs Gesmocepenubo B cepenouii MIT  App
learning Ukrainian literature is given. Inventor, sKke BiAKpHBacThCS Yy BeGOpaysepi, a st
TECTYBaHHSl TOTOBOIO MPOJYKTY HEOOXiIHMH MOOUIbHUIA
MIPUCTPIi, TOMY AJIsl IOBHOLIHHOT POOOTH 13 CepeIOBUIIIEM 3
MOJAJIBIIIOD anpoO0aIi€0 10AaTKy Ha MOOLILHOMY MPUCTPOT
HeoOXigHe cTiiike maKiIryeHHs 10 Wi-Fi.

Knrwuosi croea—MIT App Inventor, onoune
npozpamyeanus, inmepdgpeiic, peicum ousaiinepa, peNCcUM
po3poonuka, Android-oooamokx.

Keywords—MIT App Inventor, block coding, interface,

designer mode, developer mode, Android app. A. Ananis cepedosuwa po3pobru
Iponec po3podku mobOimesHOTO momatky B MIT App
I Bctvn Inventor BigOyBacThest B nBa eranu. llepummii eram —
OpHuM 13 CydacHHX HIKaBUX Ta Oararo(yHKI[IOHAILHUX IPOCKTyBaHHs IHTepdelicy KopucryBaya «SIk wue 63’46
cepenoBuill cTBopeHHs Android-gomatkiB € App Inventor BUIIAAATH», APYTHMH €Tall — IPOrpaMyBaHHA CIICMCHTIB

(http://ai2.appinventor.mit.edu/). ~ 3pyunuii, inTyitumo  Aomarky «flk Bomm Oymyre cebe Bectw». Lli sBa eramu
3posyminuii rpadiunmii intepdeiic, MiHiMaibHI BUMOrM g0 ~ PEATI3YIOThCS B OKPEMHUX PEKMMAX — pexuM «/lusaiinepy» Ta
PiBHS 3HAHb 3 NPOrPaMyBaHHs, IBUIKHMIA i IpocTuii moyatok  PexumM «biokm» [7].

pobOTH HazjaroTh IMPOKI MOXJIMBOCTI [UISi BUKOPHUCTAHHS
JaHoro cepefgoBuia. Jlis po3poOKM BHKOPUCTOBYETHCS
OJloYHE IporpamMyBaHHs, SKE MOXKHA pO3DIAIATH  SIK
MIPOJOBKEHHS PO3BUTKY inei, 3akmanenux y Scratch. YBary
JI0 LILOTO CEPEIOBHILA IIPUBEPTAIOTH BCe OiNbllle HAYKOBIIIB,
PO II30 CBITYHUTH 3POCTAHHS KITBKOCTI IMyOJIiKaIlii B IOMY
HanpsaMKy [1-3]. Cnix 3BepHyTHM yBary Ha HiITPUMKY Pexxum «brokm» BUKOPUCTOBYETBCA IJIs1 IPOTPaMyBaHHSA
YKpaiHCbKOi MOBM iHTep(elicy, IO CIpollye Ipolec  IOBEMIHKH JOJaTka i HOro €JeMEHTiB NPH Pi3HHX IifX
BHUBUCHHS JaHOTO CEpe/OBUINA Ta BIPOBAKEHHS HOTO KOopucTyBaya. Bci Omokm, 3 SKMX MOXE CKIagaTHCh

B pexumi «/lu3aiiHepy TPOEKTyeTbCs IHTEpQeEic
noxarka. Lleid pexuM BHKOPHCTOBYKOTH [UIsi BHOOpY 1
PO3MIIIICHHS PI3HUX €JIEMEHTIB JI0IaTKa: KHOIOK, OB IS
BBOJY TEKCTy, HAIUCIB Ta iH., fKi BiOOpakalOTbCs Ha
€KpaHi MOOITBHOTO TIPUCTPOIO.

BHKOPHUCTAHHS B OCBITHIl Iporec y HaBYANBHHUX 3aKJalax. mporpaMa, IOCOPTOBaHI B rpymd. ['pymu ONOKiB MOKHA
Oco0MMBO IIKaBUM JaHE CCPEIOBHINC OYIC I BUMTCIIB, PO3IUTUTH Ha 3arajbHi, AKi JOCTYIHI JUIA BCIX KOMIIOHCHTIB,
apke, XOo4ya Cy4YacHHIi PHHOK OCBITHIX  [OJAaTKiB @ TAaKoX, Ha OJOKH, SKi NOCTYIHI JIMINE V11 OJHOTO THILY
HaI3BUYAiHO  I[IMPOKHH,  YKPaiHOMOBHHX  OCBITHIX KOMITOHEHTIB.

MOOLIBHHX JOJATKIB BCC K TaKH HE BHMCTAYa€, THM I1ayc
3Ba)KAalOUM HA I[IBHIKICTh OHOBJEHHS  HAaBYAJBHOI'O B. 3asammaosicenuss ma nepezino dooamky
MaTepiamy [4-6]. BuxopucTaHHS Cy4acHHX METOIB
HAaBYaHHS 13 3aCTOCYBaHHAM IH(PPOBHX TEXHOJOTiH B
OCBITHROMY TIPOIIECi CIpUsE TTOCWICHHIO iHTepeCy YYHIB 10
HaBYaHH. TOMy JUIA  BYUUTCIA  BAXJIMBO  HABYUTUCA
CTBOPIOBAaTH TaKi JIOJIaTKM camocTiitHo. Takox, Oepydn 1o

3aBaHTaXXUTH JIOJAaTOK MOXXHa JIBOMa CHOCOOaMu:y
BUTJIAI BUXITHOTO KOy ((haiis 3 po3mipeHHsM .aia) abo y
BUTJISIAI ycraHOBUOoro ¢aitna (.apk). Takoxk, € MOXIUBICTh
HEPErsHYTH TOTOBUIT OAAaTOK Ge3 BCTAHOBJICHHS HOTO Ha
MoOimbHuE  TenmedoH. Ile MokHAa 3poOMTH  TphOMa
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cnocobamu: BickanyBaBmmm B gomarky  MIT  Al2
Companion App sreHepoBanuii Ha canti QR-kox, 3a
moromoroto  USB  kalernsi, 3a JOMOMOTOI0 eMyJATOpA,
BCTAHOBJICHOTO Ha KOMII FOTEP.

[II. PO3POBKA BIKTOPMHH1

Po3po0OKy BIKTOpMHU HEOOXiJHO PO3NOYATH 3 PO3POOKU
inTepdeiicy. i1 au3aiiHy  BIKTOPMHH — HaWKpaiie
BUKOPDHCTOBYBaTH TaKi EIEMEHTH SK KHOIIKA, HAIIUC,
300pakeHHsI Ta Mpanopelb, X04a MOXKHA BIOCKOHAIIOBATU
IporpaMmy Ta J0JaBaTH 3BYKOBI €()eKTH, BUKOPHCTOBYIOUH
3BYKOBI €JIEMEHTH, a TaKo)XK OOMEXeHHs B 4Yaci, 3a
JIOTIOMOTOK0 €JIeMEHTa «TaimMepy. Takoxk, /I NOKpaICHHS
Bi3yalbHOTO CIIPUIHATTSL, PEKOMEHIOBaHO
BHKOPHCTOBYBAaTH KOMIIOHCHTH TIpymnu Po3MilieHHsS, 3a
IOTIOMOTOK0 ~ SIKHX ~ CIIEMCHTH Ha  eKpaHi  OymoyTs
pO3MIILlyBaTUCh B MEBHOMY TOPSIKY: BEPTHUKAIBHO,
TOPHU30HTAIBHO, B BUIIISAAI TaONHMII 3 MOXJIMBICTIO ab0 0e3
MOXITHBOCTI ITPOKPYYyBaHHs €IEMEHTIB Ha €KpaHi.

SKmo po3poOHHUK XOoYe peali3yBaTH JICKiIbKa TCCTIB B
ONHIA TporpamMi, BiH MOXE BHKOPHUCTOBYBaTH JICKiJTbKa
€KpaHiB: TOJIOBHUI eKpaH Ta eKpaHu 3 NepeBipkamu. Ha
TOJIOBHUI €KpaH MOTPiOHO MJOJaTH [IEeKiUIbKa KHOIOK 3
HA3BOK  Kareropii, /g0 SIKOi BIAHOCSTHCS  ITMTAHHS.
HarucHyBIM Ha KHONKY, KOPUCTYBa4y BIIKPUETBCS €KpaH 3
BUOpaHuM  BunpoOyBaHHsM. /Jlu3aiiH iHIIMX  eKpaHiB
cKiIagacThes 3 TectiB (kommoneHTn Hannuc ta [Iponopens),
KHOIIKY «3aBEepLINTH», a TAKOXK, 3 HAJIUCY, B SIKOMY Oyxe
BiOOpa’KaTHCh Pe3yJIbTaT MPOXOIKEHHS TECTY.

[lpu cTBOpEHHI IPU-BIKTOPHUHU BAKIMBUM €TallOM €
CKJIaJaHHsi NHTaHb, PO3MOAUI IX II0 KaTeropisix piBHAX
cknaaHocTi. us npuknany, 0ysio CTBOPEHO BIKTOPHHY «S1 ¥
VKPATHCBKY JITEPATYPVY», y SKii € 1IBa pPO3ALIH:
«3HaHHS  NUCbMEHHHMKIB» Ta  «3HaHHS  TBOPYOCTI
MUCbMEHHHKIBY. [IpoekTyBaHHs iHTepdeiicy BinOyBaeTbCs B
pexumi «J{uzaiinep» (puc. 1)

-

- Tl e BRI IR sy APSTHADTY BEMIBHRTE
[

Fig. 1. Iurepdeiic BikropuH1

[Ticnst po3poOKku MH3aiiHy MPOTpaMu, MOTPIOHO meperTh
B pexkuM OnokiB. s movaTky, HOTPiOHO 3amporpaMyBaTH
KHOITKM Ha TOJIOBHOMY eKpaHi ((pparMeHT Komy 300pakeHO
Ha puc. 2).

(] giobal resull - |
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L

Fig. 2. ®parmenT kony B cepenouii MIT App Inventor
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Jist nporpamyBaHHs 0€3M10CEPEIHbO TECTIB 3HAT0OUThCS
3MiHHa, sika Oyne 30epirati pe3yJbTaT HPOXOKEHHS, TOMY
MOTPIOHO BUKOpHCTATH OJOK, SKWiA iHimiamizye ii. s
KOXXHOTO IIpanopus, MOBUHHI OyTH cBOi OJIOKM KOjy, ane
BOHH MPAKTUYHO HE BIAPI3HAIOTHCSA OJUH Bix oxguoro. st
KpalLIOro CHPUHHSATTS, IIPY HATUCKAHHI Ha INpanopelpb BCi

BapiaHTH  BIAMOBiNEHl HA TUTAaHHI  3a0apBIIOIOTHCS
BIAMOBIZIHUM KOJIbOPOM  (Y4EPBOHMMA Juisi XHOHOro abo
3CNCHAN  JI1  TPaBWIBHOTO), a  TaKoX, CTaloTh

HEJOCTYITHUMH UL TIOBTOpPHOTO BHOOpY. OCTaHHIM KPOKOM
€ BiTOOpaXeHHSI PE3yJbTaTiB IICIS MPOXOMKCHHS TECTY.
JIJ1s 11b0T0 TIpOTpaMy€eMO KHOIIKY 3aBEpPIIATH Ta BUCBIIYEMO
3HAYCHHS 3MIHHOI.

IaTepdetic po3podieHOTO TOAATKY 300paskeHO Ha puc.3.

dspoqpica umiCOE

A T
| A

Flma s

ru.uu,mn BOTHEIN ELFEs

EF -
sdpmds (aTew: Baga
(=T -q....-q,m.m_u " T!Ml:-'-! iy

Fig. 3. Turepdeiic nomatky «d ¥ YKPATHCBKY JIITEPATYPY»
3ayBaxumo, 110 po3p06neHy BIKTOPUHY  MOXXHa

BUKOPUCTOBYBATHU SIK mabJIoH 1 3a HEBEJIMKHUX YaCOBUX

3aTpar CTBOPIOBATH HOBI IiKaBi JOJATKH ISl HABYAHHS.

BUCHOBKU

MoskinuBocTi OJIOYHOrO IPOrpaMyBaHHS, 3aKOJNAJCHI B
MIT App Inventor, jaroTe 3MOry HaBiTh I[OYATKIBLISIM
CTBOpPIOBATHU BiacHi MoOLTBHI noxaTku. MIT App Inventor —
cyyacHa, iHHOBauiiiHa 1 (yHKUioHaibHA [uiardopma s
CTBOPEHHS IHTEPAaKTUBHOTO MPOTrPaMHOTO 3a0e3NeYeHHS IS
MOOUTEHUX MPHUCTPOIB.
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Anomauis—IIpoBenena 3arajibHa XapaKTePUCTHKA XNA Framework Microsoft XNA (anrm. XNA’s Not
MAIUMHHOI0 HABYAHHA. Acronymed) — Habip IHCTpYMEHTIB 3 KEpPOBaHHUM

cepenoBumem gacy BukoHaHHS (.NET), ctBopennii Microsoft

. , .
Kmiouosi cnosa—Komn’tomepna 2pa, 2paseys, mawunne I TIOJIETTLEHHS MOJETIOBaHHA KOMIT FOTEPHUX 1Trop.
nasuanusa, mamemamuune mooenroeanusn, XNA Framework,

Construct 2. IrpoBuii pymiii Blender BuKOpHCTOBYe cHcTeMy
rpadiuHuX «IOTIYHUX IETVIHH» (MOETHAHHA «IAaTIHKIBY,

I BCTVII «KOHTPONEPiB» 1 «IPHBOMIB») IS KOHTPOMIO pyXy it

BHKOPHCTAaHHS KOMITIOTEDHHX irop CTae Bee Oinpm — BUIOOP@KEHHS 06’ €KTiB y pymii. IrpoBuii pymii Takoxk Moske
AKTyaJIbHOIO TEHJICHIIIEI0 B CY9aCHOMY OCBITHHOMY ITPOIIECI. Oyru PO3IIMPEHHH 32 J10TIOMOT 010 Habopy Python manirypku.
KoMIr'1oTepHa Ipa B HABYAILHOMY TIPOLIECi SBIISIE COGOIO Ipy, 1K Blender, Bin Bukopucrosye OpenGL sk map

10 Mae HABYAIbHI LiMi. 3 {HIIOTO GOKy, KOMI'IoTepHa rpa  Kpocriargopmuoi rpadiku, mis 383Ky 3 rpadisum
MOJKE PO3TJIIATUCS SK HaBYAILHA CHCTEMa, B SIKiH IpoOIleC 00I1aiHaHHSIM irop.

HaB4aHHs HTEIPOBAHUU B IDY. Construct 2 — ne 3acuosanuii Ha HTMLS konctpykrop 2D
OG’€KTOM J10CIIJUKEHHS € CYKYIHICTb HeoOXiHUX yMOB 110D,  PO3POOIeHHid  KOMIIaHi€ro chn“.ra. Koncrpyxrop
IUIsl  [IPOBENEHHs  MOJENIOBAHHA CHCTEMH «rpaBelp-  CHIPAMOBAHO B IIEPIIY H4EPry Ha JIOACH, AK1 HE pO3yMIKOTHCA B
KOMIT'IOTEpPHA Ipa» 3a JOIOMOrOH METOMIB MaimpHHoro  UPOTPaMyBaHHl, — JO3BOJANOYMM — MIBMAKO  IPOBOJIMTH
HABYAHHSL. MOJICTIOBaHHSI KOMIT IOTEpHUX irop criocodom Drag-and-drop
3 BHUKOPUCTaHHSIM BI3yallbHOI'0 pEJaKTopa Ta JIOTri4HOi
M 2 . . . e
[IpemeToM JOCITJIKERHS € KOMIT KOTEPHA Tpa. CUCTEMM, 3aCHOBAHO1 Ha MPUHLIMII [IOBEJIHKYU Ta PeaKLii,
[MpoBeaeni ™ BaHHS UcTeMU rpaBelb-
poBeae OACImOBA CHCTEMH —  «TpaBeLl III. PO3POBKA IIPOIPAMU
KOMIT'IOTEpHa Tpa» 3a JIONOMOTOI0 METOJIB MAaLIMHHOTO
. . VY bAd b
HaBYaAHHS, 1100 JOCATaTH B IPi HABYAIBHUX IIUICH 1 30eperTu SKImo ckmacTH cxemy B3a€MOJIIl «TPaBeIb-KOMII IOTepHA
MpY LBOMY irpOBy HpI/IBa6JII/IBiCTI). rpa», TO BUI'JIIAaT BOHA 6yﬂe HpI/I6HI/I3HO TaK:
Merta 10CiKEHHSI TOJIsira€ B 03HAHOMJICHHI 3 HAYKOBOIO — I'paBenr mOYMHAE B3aEMOIIO.

JTEepaTyporo 3 00pPaHOTO HAMPSIMKY JOCIIPKCHHSL. — T'pasenp 3aKiHuye B3aEMOiI0

II. TIOCTAHOBKA 3AJIAUI TA METOJI IOCTIDKEHHS —  Yekae BigmoBizi.

Mu po3risiHeMO HaWOUIbII MOIMYJIIPHI CydacHi 3aco0u
UL PO3pPOOKH irop, pO3AUIMMO I1X Ha 3 Kiacu Ta
npoaHaixizyeMo  ix  0a30oBi  3asBiieHI  (DyHKUIOHaJIbHI rpaBenp Hie.
MOXIMBOCTI. [ OUIbIn geransHOro aHaiizy odepeMo 1o
OJIHOMY HaHONTHUMAJIBHILIOMY IIPEJCTABHUKY 3 KOXHOTO
KJ1acy 1Jis pO3pOOKH HaBYAILHOTO HPOEKTY IIPOTOTHILY IPH.

— JSxmo mBHOKOI BiNNOBiNI HE NepemndadaeTbes,

Biaemonii «rpaBerpb-KOMIT IOTEpHA Tpa» HE € YAMOCH
HOBUM. IX cCTpykTypa cxoxka 3 Ti€lo, Ky 3HaXOIfTh B
eIeMEeHTapHUX irpoBux mukimax. OmHaK, 3a yYacTIO SK

1. ®peiimMBOpK. MiHIMYM JIBOX TPaBIliB, 3aMiCTh OJUHOYHOI meTii Tam Oyze
2. IrpoBui pymiii. HMIBYJIIE IIOCh Oam3pke A0 yucaa 8. Lli mOHATTA cAraroTh
3. Konctpykrop irop Teopil KoMyHikanil, Ky B 1980-x pokax IPHCTOCYBaB IO

Teopii irpoBoro mu3aitny Kpic Kpoydopa. Bee me-6a308i inei,
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3 SKMMU NOBHHHI OyTH 3HalioMi Bci mIpodeciiiHi irpoBi
Ju3aiiHepu.

Y
Revqriacated Ly B

Puc. 3.1. Cxemamuyne 300padcenns 63aemo0ii «epaseysb-

Inimaed Ty A R, ] by

Komn romepHa epay

itiated by A 3amycK IMKITy TPaBIEeB A
Player A I'paBenp A
Reciprocated by B Peakuis y BignoBigs rpasis b
Player B I'pasens b
Reciprocated by A Peakuist y BignoBigp rpasis A
Player A I'paBenp A

[TouaTkoBHI HUKII:

Mojenb Ui TpaBLs a: rpaBellb BU3HAYAE Jit0 1 BUOMpae
MeTa-TpaBis a00 rpyIry IpaBIliB.

Jlist rpaBLst A: rpaBeLlb BUKOHYE JIFO.

[MpaBmwia: pe3ynbraTtd Ail BCTAHOBIIOKOTHCS BIAMOBIAHO
JI0 IrpOBOT JIOTIKOIO.

Bimnosine rpaBis A: rpaBenr A 0audTh HerauHi
pE3yJbTaTH, sIK TLIBKH X CTBOPUTH Ipa.

Bimnosiae rTpaBus b: rTpaBers b Oaunth HeraiHi
Pe3yJIbTaTH, SK TUTBKU iX CTBOPHUTH Ipa. 3ayBaxkTe, 1110 T€, IO
OauuTh rpaBenpb b, MBHAIIC 3a BCe BIAPI3HAETLCS Bil TOTO,
mo BinOyBaeThcs i rpaBist A. lle mpupomHuM YHHOM
TIPU3BOIUTH IO YTBOPESHHS Pi3HUX MEHTAJIBHUX MOJIENEH 1 1ae
MPOSIBUTHCSL TaKUM ITPOBHM MeXaHi3MaM SIK HPHUXOBaHa
iH(popMmarrii abo nependoadeHHs (1K y Tpi Yomi).

[NooporHuii nmkn. Mopgens anst rpaBus b; #ioro nii;
[paBuJIa; BiJIOBIAb IpaBlst b: BUOpaHi rpaBli HaMararThCs
3pO3yMITH, IO CTAJIOCS, 1 BUPOOHUTH BiOMOBiAHI Iii. 3 1OTO
MOMEHTY LUK «CTPUOAE» MiXK yJ4aCHUKAMH, HEMOB TEHICHUI
M’ STYHK.

YacroTa B3aeMoii.
High Frequency Low Frequency
Puc. 3.2. Onuc wacmomu 83aemo0ii 6 cucmemi «2paseys-

KOMN 1OmMepHa 2payKomn 1omepHa epay

High Frequency Bucoxka gactoTa

Low Frequency Husbka yacrora

Peanizauis mpororumy na Construct 2. PoGorta 3
rpapiuanmu  pecypcamu B Construct2 € BOyzmoBaHwmit
penakTop 300pakeHb B SKOMY € MOXJIMBICTH pelaryBaTH
300pakeHHs, HaK1agatu pinbTpu. PesymsraTtom pobotn Hag
300pakeHHsAM Oyne o0’ekt cmpaity. Lleit  00’exT
XapaKTepU3y€eThCs HE JIHIIE 300pakeHHSM, BiH Mae€ LUTHN
MeperliK BIACTHBOCTEH Ta XapaKTEPUCTHK SIKi JIOMOMOXYTh
HACTPOITH TOBENIHKY CHpaiTy Ta cmocobu  ioro
BiZoOpaKeHHI.
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Puc. 3.3 I'paghiunuii pedaxmop Construct 2

Hapnasni, Mu B3aemMo1ieMo came 3 00’ eKTaMu CIIPANTIB, /IS
KOHTPOJIIO BIIOOpa)XCHHST Ha CIICHI, TOsBI, MEepeMIlIeHHIO,
tomto. OKpiM rpadiuHUX 3MiH B PEAAKTOPI TaXK € MOXKJIHBICTh
3MIHIOBAaTH MOJITOH KOMi3ii, Ha puc. 3.1 BiH MO3HAYCHUN
CHHIMH JIHISIMM 3 4epBOHUMH rpansimu. Ilicns 3arpysku
300paKeHHs PEIaKTOp aBTOMATHYHO HAMAaraeThCsi CTBOPUTH
TaK{il TONITOH, BIH 3HAJ00UTHCS HaM I3HIIIE T poOOTH 3
¢disukoro Ta komiziero. IIpore sK Bke, HANICBHO CTallo
3pO3yMiIO 1Ba 00’€KTH BBAKAIOTHCA 3ITKHYTHUMH, SIKIIO X
HOJIIFOHM 3ITKHYJMCh. Tako B pelakTopi € MOXIHBICTh
nmomaBatu Image Points ToOTO sikick 0OCOOJMBI TOYKH Ha
300pa)KeHHI 10 SIKMX [OTI MOXXHA Oylie MpUB’sI3aTHCh IS
B3a€MOJIi1, ampiopi HAMIEPIIO TAKOK TOYKOK € CEeperHA
crpaidty. LI MOXJIMBICTh HAM CTaJlM y HAroJi npu oopooLi
TOCTPLIIB, aJ’ke MU 3MOTJIH IIOCTaBUTH TAaKy TOYKY Ha KiHII
miCTOJIETa T4 CTBOPIOBATH KYJIi BiJIITOBXYIOYHChH BiJ L€l
TOYKH a He BiJI LEHTPY CIPANUTy IpaBLst

Opranizaiis B3aemonii 3 rpasuemM Jliast Toro mo0 gatu
3MOT'Y TpaBLs I[EPEeMIIlyBaTH CBOTO amaTapa, MOTPiOHO
HKIII0YUTH 00poOKy KiaBiatypu ta MULIKH. OCKUIbKH Lie
KOHCTPYKTOD, SIKUM MOYKYTb KOPUCTYBATHCS HABITh Jitou Oe3
HABUYOK Yy TNporpaMmyBaHHi, st OaraTbox peueil wo
MpUTaMaHHI irpaM BK€ ICHYIOTh CTBOPEHHI O0’€KTH 1 HaM
moTpiOHO nuime obpaTh iX i3 KOHTEKCTHOTO MeHio Insert
Object

28 o
888 = & M
B2y 9o mE DM
5 ¢

-z e

e b s o de e | —

Puc 3.4. Mento scmasxu 06 ’exkmie Construct 2

TaM npucyTHi 00’ €KTH 3BYKY, CIIPATIB, TEKCTY, 3aJHHOTO
TUIaHy, KOHTPOJIEPIB Ta 1HIKX nepudepiitHux npuctpois. [1o
CyTi Bcsg poOOTa 3 TUM YH IHIIHM OO’€KTOM TOJNATaE B
JIOZaBaHHI HOro Ha ClHEHY [0 HaJAITYBaHHIO #HOTo
BJIacTUBOCTEH. BukoprcToByroun 1i 00’€KTH MU J0AAJIU O
ClIeHH 3aJiHIi (POH, KOHTpOJIEp TUILy MHIIA Ta KIaBiaTypy.
TakuM YMHOM Hagami mpu poOOTi 3 JIOTIKOW MU 3MOXKEMO
3BEPTATHUCS JI0 X 00’ €KTIB Ta JII3HABATHCS PO MAHIMYJISALIT
rpaBIisl.
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asHma

Baseacnas rpadisis
D e pan

Puc. 3.5. I'paghiuna cxema ieposozo aneopummy 63aemodii 6
cucmemi «2paseyb-koOMn 10OmepHa cpar

Pobota 3 (hisukoro Ta Komizier0, 00pobKa (hi3uKH, KOMi3ii,
Ta 6araTbox crenuivHIX eJIEMEHTIB IMTOBEIIHKA 00’ €KTIB IO
npuTaMaHHa OurbmIocTi irop i 3abpana O Oararto wacy Ha
peamizamito B JOTimi Tpu / , peamizyeThCs 3a TOTIOMOTOIO
BJIACTHUBOCTI Behaviors
w-n

Puc 3.6. [lianoce gixno odooasanus noeeodinku
Construct 2

Ilepr 3a BCe CTBOPIOKOYM HOBHMH 3amuc B TaOJIMIII
o0upaeTbcss O0’€KT JUIA ONUTYBAHHS, Jali CTaH SIKUH
OYIKY€ETBCSI BiJ] ILOTO 00 €KTY, Aaji 00°€KT Haj IKUM Tpeba
BUKOHATH JIif0 peakuii i camy nito. Hampuknan: Mumka /
Harunckanns 1iBoi KHOIIKH / TpaBenb / CTBOPUTH 00’ €KT Ky
Ha Image Points Nel. Takum unHOM i OymyeThes Bes JIOTiKa
TpH, B3a€EMOJIisl 00’ €KTiB TOIIO.

Puc 3.7. Ckpunm oas Unity 6 Visual Studio
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BUCHOBKU

[MpoBeneHa 3aranbHa XapaKTEPUCTUKA  MAIIMHHOTO
HaBYaHHA Ta TEPEIiYeHO 0COOIMBOCTI KOMII FOTEPHOI TPH, K
croco0y KOMYHIKarii IpaBIiB Ta Ha3BaHO OCHOBHI BHIH
KOMYHIKaIlii B KOMIT IOTEPHHUX irpax.

e JlochimKEeHO OCOONMBOCTI  B3ae€MOIl cUCTEMI

((l"paBeI_[I)—KOMH’IOTepHa Ipa».

B

[lepeniuero Ta KOPOTKO OXapaKTEpHM30BaHO OCHOBHI
TiIX0IM A0 Kiacudikariii KoMIT FOTePHUX iTop.

3a7a4i
CHCTEMI

Omucano  yMOBM  TIOCTAHOBKH
MOJICTIOBAaHHS ~ B3aeMofii y
KOMTII IOTEpHA Tpay.

Ha ocHOBI MareMaTH4HOTO Ta  IPOTPAMHOTO
MOJIEJTIOBAHHS aanTUBHAX irpoBuX METOIB
PO3POOIICHO aNTOPUTMU Ta TIPOTPAMHU, TPUIHAYUCHI IS
KepyBaHHs TOTOKaMH iH(opMariii B KOMIT IOTEPHHIX
Mepekax (B3aEMOJIiSA B CHCTEMI «TPaBEIlb-KOMII FOTCpHA
Tpay).

qepes
«TpaBelh-
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