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Necessary conditions for creating web-based software
for monitoring energy consumption

A. V. Maslivets, A. L. Perekrest
Kremenchuk Mykhailo Ostrohradskyi National University, Ukraine. maslivetsanatolii@gmail.com

Abstract. Effective software and technical
solutions for saving energy is a web-oriented systems
remotely monitoring, but due to lack of existing
standards to create them, very often have a variety of
problems or shortcomings when dealing with them. In
this paper, the option to create the necessary
documents, guidelines for developing such systems are
considered in-progress to the creation of other authors
and show the example of realized and implemented for
established monitoring system.

Key words. Web-Based System, System
Monitoring, Energy Monitoring.
AKTYAJIBHICTb POBOTU
Ha cporomHimm®i  JeHbp I[IHM  Ha

€HepProHocii CTpIMKO 3pocTaroTh. Ha puHKy
3'SBUIIOCS OaraTo pisHOMaH irHOTo 00JaIHaHHS
Ta HOBITHIX TEXHOJOIM UIS 3MEHIICHHS
CIIOXKUBAHHS YCIX BHJIB €HEPrOHOCIB B YCIX
cdepax ekoHOMIKU. B 3B’s13Ky 3 iuM B YKpaiHi
3’IBHJINCSL  TO3UTUBHI ~ 3pYIICHHS  IIOJAO
BIIPOBAKCHHSI CHCTEM €HEePIeTUYHOTO
MOHITOPUHTY. AJle Ha ChOTOHIIH I JeHb BCe
me HE CTBOPEHO 1 HE BIIIpaIrbOBaHO
MOBHICTIO CTaHJapTH MOOYyIOBU MOMIOHUX
CHUCTEM MOHITOPHHTY, 4Yepe3 M0 KOXEH
PO3pOOHUK oAi0HOTO POrpaMHOTO
3a0e3MedeHHs CTBOPIOE HOro Ha BIACHUM A,
oo YK€ YacTO NPU3BOJUTH [0 BEIUKOI
KUTBKOCT1 ITOMHUJIOK, @ B HACTINOK, 1 TPUAHATTS
HETMPaBIJIbHUX PillleHb, SIKI MOXYTh MPUBECTH
JIO 3HAYHHUX HACITIIKIB.

B Toii ke yac B 6aratboX Kyrodkax KpaiHu
BJXKE€ CTBOpPEHI 1 BIPOBAIKEHI CHCTEMH
BIIJAJICHOTO CHEPTeTUYHOTO MOHITOPUHTY.

13

Koxxna 3 momiOHUX CHCTEM Ma€ SIK CBOIO
nepeBard, Tak 1 HEHOMIKU, AKI JY)KE YacTo
OpU3BOJAATH 1O BaXKOro, abo B3araii He
MOYJINBOTO MKTIOYEeHHS JOJaTKOBUX
00’€KTIB, BEJIMKUX 3aTpaT Ha MPOBEACHHS
nomioHuX pobiT, TmpobiieM 3 mepemadero i
00pOOKOIO JaHUX.

BincyrHicTh chopMOBaHUX 1 MEpPEBIPEHUX
Ha MPaKTHII CTaHAapTiB — e mpodiema. Came
TOMY, OCTaHHIM 4acOM BCE€ YacTillleé HayKOBIIi
OPOBOJAATH AHANI3 YK€ CTBOPEHHUX MOTIOHUX
CHUCTEM MOHITOPUHTY, JJIsl TIOKPAIIEHHS SIKOCT1
00poOKM JaHUX, YIOCKOHAJICHHS CTapux 1
CTBOPEHHS HOBUX CHCTEM MOHITOPUHTY.
Takok CTBOPIOIOTBCS 1 BIPOBAKYIOTHCS
aHAJITHYHI JOBIIKUA, IOCIOHUKH, TOINO JJIs
€HeproMeHeKep B, IHXKEHEp B Ta
PO3pPOOHUKIB MPOTPAMHOTO 3a0€3MEYCHHS IS
CHCTEM MOHITOPHUHTY.

Bxe cTBOpeH1 JOKYMEHTH HaMararThCs

INPUBECTH JO0 CTaHAAPTY CTBOPEHHS U
BIIPOBAKCHH S cucreM BILIAJIEHOTO
€HEepPIreTUYHOro MOHITOPUHTY. Bonu
ONMHUCYIOTh BHUMOIM Ta PEKOMEHJAlil [0

CTBOPEHHS TaKMX CHCTEM, OCHOBHI 3ajadl
CUCTeM, iX THUIH, TepeBard Ta HEIOMIKH,
CXEMHU amapaTHOi Ta TEeXHIMHOI peaiizalrii
cucreM (puc. 1), ae He ONUCYIOTh CTPYKTYPY
OJHIET 3 TOJOBHHMX YaCTHH CHCTeMH — WeD-
YaCTUHY CHCTEMH MOHITOPUHTY, a 0e3 Iriei
JacTUHU, WED-MOHITOPUHT MO)KHA BBa)KaTH
HEMOXJTHBUM [1].
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MATEPIAJ 1 PE3YJIBTATHU
JIOCJIKEHD

Crpykrypa po3pobneHoi CHUCTEMU
E€HEePreTHYHOT0 Web-MOHITOPUHTY Mae 6arato
CKJIQJIOBUX, Cepell AKX OJHIEI0 3 OCHOBHUX €
web-uacTuHa.

Web-vacTuHy cHCTEMH  EHEpPreTUYHOrO
MOHITOPUHTY YMOBHO MOKHA DO3AUTUTH Ha
JIBI OCHOBHI YaCTMHHU: aJMIHICTPaTUBHY
YaCcTUHY, 3 JEKUIbKOMa PIBHAMM JIOCTYIy, Ta
KOpPHUCTYBALbKY, B KA HXKeHepH,
€HEeproMeHe/DKepH, Ta IHI KOPUCTYBadl 3
paBaMy JOCTYIY IO BBEJCHHS Ta OTPUMAHHS
Hpopmanii  3MOXYTh  OTPpUMYBaTH, Ta
pearyBaTH Ha OTpHUMaHi TOKa3HUKU CHCTEMH B
ornepatuBHoMy pexumi Ha pucynky 2
300paKEHO CXeMy OCHOBHHUX CKIAJOBUX
KOPHCTYBALbKOT YaCTUHU CHCTEMHU
€HEPreTHYHOI0 MOHITOPUHTY.

Enepro- s Ha npuseneniii cxemi 300pakeHO OCHOBHI
MeHegKep CKJIa0B1 KOpI/ICTYBaHBKO'l. YaCTUHHA
. pealn i30BaHOI CUCTCEMU CHCPICTUYIHOT'O
Pucynok 1 — Cxema cucteMu MOHITOPUHTY .
CHEPTOCTIONKHBAHHS MOHITOPHHTY. K0>I<Ha 3 HHUX SBJS€E c0§0}0
BaXKJIMBY, H(opMaTUBHY CTOPIHKY
CHeIaIbHOTO HarnpaBjeHHs. [[eski 3 cropiHok
TICHO MOB’s13aHi 3 H-IIMMH, 3aJI€XKAaTh Bil HUX
1 HACJTMYIOTh JIesKi iX BJac-TUBOCTI
PeccTpauia Myuiumnaniter —— Paiion — ObekT — Bynisna
mgb?gﬁtl:;la ] Tapupu Mignopagkyeaxus ] Ti4uneHKmn
‘ KopucTyeauska H
4YacTHHa
A i 7
KTHBHICTb . | .
o ——— "1 MporHo3 norogu Nepion 3BiTHocTi ——— CTEOPEHHA 3BITIB
Eﬁ;e;::m CTaH CHCTEMM BeefeHHA QaHux po‘g';gyg:g‘;: o0 "po':vlofg;“"“

Pucynok 2 — OCHOBHI CKJIaJIOBI KOPUCTYBAIbKOT YaCTUHU CHCTeMH WeD-MoHITOpHHTY

OHiEro 3 000B’A3KOBUX 1 HAWBaKIMBIIIMX
CTOPIHOK € CTOpiHKA peecTpallii KOpucTyBaya.
Ha erami peectpanii 3aknamaerscsi 0a30BUH
byHkuioHan Uit  TpoduII0  KOpUCTyBaya,
CTBOPIOETHCS HeoOXiaHa H opmar i,
3aJIeKHOCT1 0ararb0X CKIAZOBUX CTOPIHOK
cucreMu. CropiHKa peecTpauii Ta BIKHO
aBTOpHM3alii TOBUHHI OyrM BHKOHaHI 3
MaKCHUMAaJIBHUMH BUMOTaMH JIO O€3IEeKH, aJiKe
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BOHU BIIKPHBAIOTh MAaKCUMAJIbHO TOBHUU, B
3aJIEKHOCT1 BIX OTpUMaHUX Bi
aZIMIH ICTpaTopa Mpas, JOCTYI A0 MPaIOI0uoi
CHUCTEMH 1 HECAHKI[IOHOBAaHWH IIOCTYN [0
qy)KOTO  TpodUII0  KOPHCTyBaya  MOXeE
CIIPUYMHUTH BEJIUKY KUTBKICTh TTPOOJIEM.
[Ipodiip kopucTyBaya MOBUHEH MICTHUTH
0a3oBy  iH(opMmaIiro  3alMOBHEHY  MpHU
peecTpallii, HajalITyBaHHA KOpUCTyBaya, Ta
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HopmMalito mpo gocTynHi Homy 00’e€KTH
MOHITOpUHTY. TakoXX KOpPHCTyBad MOBHHEH
MaTd MOMJIMBICTh  MPOCTIIKYBAaTH  CBOIO
aKTUBHICTh B CHCTEMI, sIKi JIii BIH BUKOHYBaB,
KOJIUB BiABiMYyBaB cailT, Tomo. [lum camum,
KOPUCTYBad 3MOXE IIBHAKO BHUIIPABUTU
JOMYINEH1 MOMHJIKA B YIpPaBJIiHHI 00’€KTOM,
NPUINMHATH HECAHKIIOHOBAaHWK JIOCTYN  3i
CBOI'0 aKayHTy JI0 CUCTEMH Ta HIIe.

Cucrema He Moxe (GyHKIiOHyBaTH 0e€3
000B’SBKOBUX i  CKIAQJOBUX: CTOPIHKHA
MYH IIUMIANITETy, CTOPIHKA 31  CIHCKOM
paiioHiB, CTOD IHKH 3 00’eKTamMu
MITIOPAIKYBaHHS, Ta CTOPHKA 3 OOpaHOIo
s aHanBy  Oyaiero. Ile  ocHoOBHI
iHPOpMAaTUBHI  CTOPIHKA  CHCTEMH,  WIO
BIIKpUBAIOTh JOCTYn A0 iHdopmamii B
rpaiuHOMy Ta TabIMYHOMY BU/I],
JO3BOJISIFOTH CTBOPIOBATH PIBHOMAHITHI 3BITH,
CIiIKyBaTH 3a  poOOTOI  CHUCTEeMH B
KOHKpeTHil OyniBii abo wniiomy paifoHi 4u

HaBITb MYHIUIAITETi, HQPOPMYIOTH WIPO
¢biHAHCOB1 Ta €HEPreTUYHI BUTPATH, HAJAIOThH
JIOCTYII bi (o) CTOpPIHOK O y/Ib-STKOTO
BCTAHOBJIEHOTO B OYOWHKY JUUIBHUKA, IS
03HAOMIICHHSI, aHATBY YK 30€pEeIKCHHS JTAaHUX
110 HHOMY.

Takox, BaXJIHMBE 3HAUCHHS  MalOTh
CTOPIHKM BBEJCHHS JAHWUX, ITPOTHO3YBAHHS
BUTPAT IO  KOXXHOMY  €HEpropecypcy,
MPOTHO3YBaHHS MOTOJHUX YMOB Ta MOBEIIHKA
CHCTEMH 3a IPOTHO30BAHUX YMOB Ta CTOpIHKa
CTaHy cucteMu. Tapudu, MiIMOPSAKYBaHHS,
HpopMalis Mpo EHEePreTUYHI  pecypcu,
HCTPYKIii 1O poOOTI 3 CHCTEMOIO TaKOXK
MOBHUHHI BXOJUTH JO CKIaay CHCTEMH, ajie
MalOTh MEHIIC 3HAYCHHS JIJII CHCTCMH.

AIMIHICTpaTUBHA YacTHUHA cUCTEMU
eHepreTMyHoro web-Moniropunry (puc. 3)
MMOBUHHA MATH II¢ OUTBII JOCKOHAIUKM 3aXHCT
Bl HECAHKI[IOHOBAHOTO JOCTYIY JI0 CHCTEMH

CTBOpEHHA
3BiTiB, eKCAOPT/
iMNOpT gaHux B

rpadriyHoMy,
TabnuyHomy
BUMALI

ABTOpH3aALIA

BHeceHHs i
penaryBaHHA
CTATHHOT
inhopmauii gns
MyHILHNanTeTiE,
panoHie, obekTig,
Oyfieens i 1.

SK Ha MPOrPaMHOMY TaK 1 Ha HIMX PIBHAX.
p[e:;?rﬁ:gi CTBODEHHA FpyN

BNOKYBaHHA KOPHCTYBaYis

KOpMCTYBauiB,
HanaWTyEaHHA
npae gocTyny

HanawTyeaHHg
Bi0GPANEHHA
eNeMeHTIB CTOPIHOK

Mapcep 2eiTiE

AnMiHicTpaTMBHa
YacTHa

CTaH cucTeMn

IHCTpYELUiA no
poBoTi 3 CHCTEMORD

CTBOpEHHA HOBMX
obekTie, Oy gigens,
ToWo

BHeceHHA Tapuiie
Ha EHepropecypci

Beegennn i
pefaryBaHHA JaHuX
E PY4HOMY pexumi

CTteOpeHHs
Pe3epBHMX KOMiH
DaHuX

Mepernag nporHosy
NOTOAHHX YMOE

Pucynox 3 — OCHOBHI CKJIaJ0BI aJMIHICTpATUBHOI 4acTHHHM CUCTEeMH WeD-MOHITOpUHTY

AJMHICTpaTUBHY YaCTUHY YMOBHO MOXKHA
pO3AUIMTH Ha JAEKUIbKA OCHOBHHMX MOIYJIB:
MOJyTb aBTOpH3aIlii KOPHCTyBa4a, MOJIYIb
yIpaBJIiHHS KOPUCTyBauaMu, MOJYJIb 00pOOKH
Ta BHECEHHS JaHMX, HAJAIITYBaHHS CHCTEMH,
aHATHYHUKA 1 HpopmaTuBHUHE Mozayni o
CKIIay KOXXKHOTO MOJYJIIO TMOBHHHI BXOJIUTH
CIeliaTi30BaHl CTOPIHKA CHCTEMH.

Monynbs aBTOpH3aIlii CKIaIa€ThCs 3 OMHIET
CTOpIHKHM, II0 TOBMHHA OYTHM BHKOHaHa 3
MaKCHMaJIbHUMHU BHUMOTaMU Oe3mexu
KOPUCTYBAllbKUX JAaHHUX, Ta JAHUX CHCTEMHU
MOHITOPHHTY.
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Moaynes  ympaBJIHHS  KOPUCTYBauyaMu
000B’SI3KOBO MOBUHEH MAaTH Y CBOEMY CKJIaji
CTOPIHKY pelaryBaHHs JaHHUX KOPHUCTYBaua,
HaJaHHS Ta peJaryBaHHs TIpaB JIOCTYIy
KOpUCTYBaya B CHCTEMI, CTOPIHKY CTBOPEHHS
HOBOTO KOPHUCTYBaya, Ta CTOPIiHKY CTBOPEHHS 1
penaryBaHHs TPYN KOPUCTYBAadiB 3 PI3HUMH
PIBHSIMH JIOCTYNY B CHCTEML

OOpoOka Ta BHECEHHs JaHUX HE MOXKJIMBa
0€3 CTOPIHOK PYYHOTIO Ta aBTOMAaTH30BAaHOTO
BHECEHHsl JaHMX (32 JOIMOMOIoI0 IMapcepa
3BITIB), CTOPIHOK  3BITHOCTI,  CTOpIHKH
CTBOPEHHS 1 IMIIOPTYBaHHS 3BITIB.
AHANTITUYHUA PO3AUT TAaKOX MMOBUHEH MAaTH
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CTOPIHKM JJs1 TPOBEACHHS PI3HOMAHITHUX
NOPIBHSIHB poOOTH PBHUX Oy[iBenb, 00 €KTIB,
palioHIB, OKpEMHUX YH TPYN JIYUIBHUKIB B
OoJTHOMY Oy/IMHKY Ta IHILE.

HanammryBansst CHCTEMH MOBUHHI
JIO3BOJISITH  aMIHICTPAaTOPy aBTOMATU3YBATH
IPOLIEC CTBOPEHHS PE3epBHUX KOMil OyIb-
AKAX JaHWUX, 10 OyIb-KOMY E€JIEMEHTY
CHUCTEMH MOHITOPHHTY. AnmiHICTpaTop
NOBMHEH MaTH MOXJIMBICTh HaJallTyBaTH
Bi1OOpakeHHs Oylb-AKO1 CKIaJ0BOT CTOPIHKH
€JIEMEHTY MOH ITOPUHTY JAJsl KOpUCTYyBaya 4u
HaBITh IPYN KOPUCTYBAYiB.

PesynbraTomM mpakTuuHOi pearnizaifii Takoi
CUCTEMH BilIaJIEHOTO €HepreTUYHOro
MOHITOPMHTY CTajla cucreMa Ha  0asi

HABYAJIBHOTO 3aKIaay IpUBeAeHa Ha puc. 4-5

[2-3].

IHEPTETUMECKMA MOHMTOPMMI YMESHLIX SABEQEHUI

Pucynox 4 — Bikno Bu6panoro 06’exry (KpHY)
CHUCTEMH €HEPTOMOHITOPUHTY

Bowrn SHEPIETUMECKUIA MOHUTOPUHI YHEBHbIX 3ABEAEHUA

BUCHOBKH

Po3pobneno cxemu Ta miaxim A0 CTBOPEHHS
OCHOBHUX CKJIAJOBHX CHUCTEMH BiIJaJeHOro
eHepreTudHoro MoHiropunry. CrTBopeHO 1
BIIPOBQ/DKEHO CHCTEMY EHEepreTudHoro web-
MOHITOPUHTY Ha 0a3i HaBYAIbHOIO 3aKjaay, IO
JI03BOJIIE B OTIEPATUBHOMY PEKMM1 OTPUM yBaTH,
aHali3yBaTH, peJaryBaTd Ta BHOCUTH JIaHi,
cTtBopoBaTH 3Birn. CucTtemMa Mae MIHPOKI
MOXJIMBOCT1 B HaJIaIITyBaHHI PIBHIB JOCTYIy
KOpHUCTYBauiB, ao03Boisie udepe3 Web—Opaysep
criocTepiraTd Ta MPOBOAMTH  JOCIIIKE HHS
poOOTH EHEPreTHIHUX CHUCTEM Ha Oyab-sAKii
BincTani Big 00’ekTy mociimkeHHs. Po3pobneni
CXeMHu peanidamii web-4acTHHM MOHITOPUHTY
BIIPOBAJDKEHI B pealtizallii Mot 04HOT CUCTEMH, Ta
OynyTh BJIOC KOHAJTFOBaTHCh 1
BUKODUCTOBYBAaTHCh B  MalOyTHIX Bepciix
NpOrpamMHOro 3abe3nedeHHs.
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Pucynok 5 — BikHO aHaji3y TeIUIOCTIOKUBAHHS HaBYaIbHOTOKOpPIyCcy Ne 3

REFERENCES
[1] V. Lytvyn Analytical Reference Systems mo-
nitorynhu energy consumption in  budgetary

institutions Ukrainian cities [electronic resource].
"Municipal energy reform in Ukraine". - P. 11. -
Access: http://aea.org.ua/wp-
content/uploads/Analitichna-
dovidka_energomonitoring_ AEA_USAID.pdf
Knijnik, E.N, Perekrest, A.L. and Maslivets,
A.V.(2013), "Information support for remote
monitoring thermal power facilities", Injenerni ta
osvitni tehnologiiv elektrotehnichnih i ko mpyuternih
sistemah, Vol. 3,n0. 3, pp. 29-40.(in Ukrainian).
Perekrest, A.L. and Maslivets, A.V. (2015), "To
creation web-systems monitoring in municipalities”,
Tezi dopovidei konferentsii molodih uchenih,
specialistiv, aspirantiv, «Problemy
energoresursozberejennya v promislovomu regioni.
Nauka i praktika» [Proceedings of the conference of
young scientists, specialists, postgraduate students
"Problems of energy saving in the industrial area.
Science and Practice"], Mariupol, DVNZ «PDT Uy,
p.130. (in Russian).

(2]

(3]



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

Analysis of ergonomics problems contact-centers
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Abstract. The analysis of the ergonomic problems
of the contact center. It allocates main factors of
influence on man- operator.

Keywords. Ergonomics, Contact Center,
Operator, Queue, Workload, Queueing System.

INTRODUCTION

Modern organizations working in the service
sector, tend to clock and interoperability with
actual and potential users. Herewith, the contact
centers are an effective means of communication
with its customers companies.

Developers define parametres and the structure
thus to ensure the maximum performance and
reliability of customer service, when designing
such services. Herewith, in the less considered
state of the operator, which is constantly under the
influence of various physical and physiological
factors.

Ignoring the influence of these factors can lead
to erroneous work of the operator and further
deterioration in the efficiency of outsourcing
companies.

A large number of studies of domestic and
foreign scientists [1-3] devoted for questions to
the impact of the illumination of the working area,
noise, microclimate and comfort in the workplace
employee contact center. Herewith, questions of
the impact of physiological factors on the quality
of operators outsourcing companies do not fully
disclosed.

Man-

FORMULATION OF THE PROBLEM

It is necessary to analyze the ergonomic
problems contact centers to identify the main
factors influencing the activity of the operator in
the customer service.
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RESULTS

To identify ergonomic problems contact center
survey was conducted the poll of among
employees of such organizations [4]. To
participate in the survey were involved in the
passage of Ukrainian outsourcing companies,
among which are Global Bilgi, PortaOne,
NetCracker. Analysis of the survey results
showed that the owners of these companies care
about comfortable workplace human operator,
which positively affects operator activity. But the
principles of construction of modern contact
centers do not consider the maximum allowable
standarts activities of human operator [5] (fig. 1).

Among the ergonomic problems activities of
employees of contact centers can select a random
character receipt of requests for changes greatly
complicates the work of operators. It is also
possible deterioration of service efficiency due to
operational tempo, intensity of work, which is
characterized by intellectual, sensory, emotional
stress, the degree of monotony and mode of
operations of the operator.

Is necessary to take into account the following
ergonomic parameters for a comprehensive
analysis of the effectiveness of the contact center:
load factor of operator,
coefficient of queue,
queue length,
describing the information of load factor of
operator [5]. An important factor is also fixing the
operator for service a certain type of applications,
that appropriate to the skill level [6]. Otherwise
people will work under stress, that affecting the
correctness of execution of the application.
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Figure 1 - Result assess the impact of physical and physiological on operator contact center

CONCLUSIONS

The assessment of working conditions in
the workplace the operator of contact center
must take account of ergonomic standards and
requirements. The analysis allowed to
compare the level of influence of different
factors on staff outsourcing companies and
identify the most influential:

e awork in the terms of queues,

e the lack of procedures for securing
operators for the execution of certain
types of applications according to skill
level,

e dependence of the operator
psychological atmosphere of
collective.

Prospects for research - development
models for assessing conditions in the
workplace human operator outsourcing
companies with the influence of physiological
factors.

from
the

18

(1

2

[3]
[4]
(5]

el

REFERENCES

Toomingas, A., Cohen, P., Jonsson, C., Kennedy,
J., Mases, T., Norman, K., and Odefalk, A. A
Sound Working Environment in Call and Contact
Centres. - Advice and Guidelines. Stockholm,
Sweden. - 2005.

Ibrahnim H Garbie An Experimental Study on
Assembly Workstation Considering
Ergonomically Issues. - Proceedings of the 41st
International Conference on Computers &
Industrial Engineering. — 2001. — P. 275 — 282.

EN SO 6385. Ergonomic Principles in the Design
of Work Systems. — 2004.

Ocenka rabochego mesta operatora Call-centra.
Retrieved from https://goo.gl/Qj2ulZ.

Lavrov E.A., Krivodub A.S., Rybka A.V.
Bazovaja model dlja sistemy obespechenija
ergonomicheskogo kachestva tehnologij
upravlenija IT-resursami // Suchasni informacijni
sistemi i tehnologii AIST 2014, Sumy. — Sumy: —
«Mrija-1», 2014.- S. 38-40.

Lavrov E.A., Pasko N.B., Krivodub A.S,
Barchenko N.L., Kontsevich V.G. Ergonomika IT-
autsorsinga. Razrabotka matematicheskoy modeli
raspredeleniya zayavok mezhdu operatorami //
Vostochno-Evropeyskiy ~ zhurnal ~ peredovyih
tehnologiy. Ser. Protsessyi upravleniya. - Harkov,
2016.- 2 (80). — S. 32-42.



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

Selection of calculation methods for the analysis of
absorbed depth-dose distributions of electron beams

G.F. Popov', S.1. Savan', R.V. Lazurik?, A.V. Pochynok®
YW.N. Karasin Kharkiv National University, Ukraine, popov_gen@yahoo.com
20.Ya. Usikov Institute for Radiophysics and Electronics, Ukraine
% National University of State Tax Service of Ukraine, Ukraine

Abstract. The work is dedicated to comparison
methods of processing the results of measurements of
the absorbed depth-dose distributions (DDD) of the
electron radiation to determine the practical range of
electrons.  The sets of test data were obtained by
modeling the DDD with use Monte Carlo method.
The accuracy of the calculation method is determined
by the mean square error of processing results the
sets of test data. In the paper it was performed the
comparison of computational methods of processing
the measurement results that differs in the sizes of
the array of data being processed and types of
functions which use for approximation the data.
Comparison the accuracy methods is base for the
recommendations on the selection of computational
methods for determining the practical range of
electrons for computational dosimetry of electron
radiation.

Keywords. Electron Radiation, Computational
Dosimetry, Practical Range, Depth-Dose Distribution.

INTRODUCTION

In practice of the radiation-technological
centers, measurement of DDDs in the
dosimetric wedge or stack is used in the
standard method dosimetry of electron radiation
[1]. On the base of these measurements it is
determined the spatial characteristic of the
absorbed dose such as the practical range R,.
The standard describes the formal pro-cedures
for determining the spatial charac-teristics of
the dose distribution [1]. However, the
measurements results of depth-dose distribution
are usually provide as the set of discrete data.

Consequently, the formal procedures for
determining the practical range Rp are
connected with  solving of incorrect

mathematical tasks. The various types of
Approximations of tabular data are used for
obtaining quasi solutions of this tasks.
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In particular, to use of approximation the
measuring  results of the  depth-dose
distributions with software tool EMID [2] was
proposed in [3]. The method of Parameter
Fitting of Semi-Empirical Model (PFSEM) [3,
4] was used in this approach, for processing the
measurement results obtained with dosimetric
wedge. Approbation of computational method
PFSEM was successfully performed in
processing the results of measurements with
using of dosimetric wedge in the Institute of
Nuclear Chemistry and Technology, Warsaw,
Poland [5].

FORMULATION OF THE PROBLEM

The accuracy of the determination of the
practical range R, depends on methods and type
of functions which are used to approximate the
measurement results of the DDD of electron
radiation. In this work a comparison of various
methods of processing of measurement results,
which have different sizes of data area and type
of functions was used for approximation of
discrete data. The sets of test examples of the
DDDs for the statistical estimates of the random
errors of the methods were calculated. The
accuracy of the methods is defined as the
statistical estimate of the uncertainty in results
of data processing.

SELECTION OF COMPUTATIONAL
METHODS

The following methods were selected for
performing comparison:

- Linear approximation of the DDDs in a
limited diapason of the dose values,
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- Approximation of the DDDs in a limited
diapason of the dose values wusing the
polynomials of 4th degree,

- Parametric fitting of semi-empirical model
to the DDDs in the depths area, where the
values of doses were determined.

By comparing the methods, it was selected
the sets of dose values from different areas with
symmetrical boundaries relatively values the
dose D(xp) at the inflection point x,, of the DDD.
On the basis of numerical studies of DDDs the
D(x) in the aluminum target irradiated with
electrons energy of 10 MeV, it can be assumed

D(x
K, = ( p)zO.SO, where
Dre = max_ (D(x)).

As example, the following values are
presented in the Table 1: Ky, values for lower
and Kmax for upper boundaries of the doses
values.

Table 1. Practical ranges and dose of electrons

Rp- Rp-
Area | Knin | Kmax | Np Line Pol
A 0 1 27 -- 2.024
A, 0.2 08 | 12 | 2036 | 2.017
A; | 025 | 0.75 | 10 | 2.030 | 2015
Ay 0.3 0.7 6 2.024 | 2.014
As 0.4 0.6 4 2.018 -

The column N, shows the calculated number
of dose values, which belong to the data
treatment area (number of processed nodes).
Region A; has the maximum number of nodes
(Np = 27), because it contains the entire set of
data on the decline of depth-dose distribution.
Region A; has a minimum number of nodes
(N, = 6) to approximate polynomial of the 4th
degree, because the number of nodes to be
processed should be more than five.

Table 1 shows the values of practical range
Rp of electrons (in units of [cm]) calculated on
based processing of the DDDs, which has been
obtained with low statistical errors (<0.05%),
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with use the Monte Carlo method. The
processing of DDDs was performed using a
linear approximation (data in column Rp-Line)
and the approximation by polynomials of 4-th
degree (Rp-Pol column).

CONCLUSIONS

A comparison of various computational
methods for determining the practical range of
the electrons on the basis of processing of the
results of measurements of the DDDs of
electrons radiation, was performed. The set of
test cases for DDDs were calculated by the
Monte-Carlo method in the detailed physical
model for this purpose. The accuracy of the
computational method was defined as the mean
square error for the set of test cases. Compared
computational accuracy of measurement results
of processing methods, which vary in size and
field processed data types of functions, were
used to approximate the data. The results of the
comparison makes possible formulation of
scientifically substantiate recommendation of
two-parametric method of fitting a semi-
empirical model (PFSEM method) for
computational dosimetry of electron irradiation
in radiation processing technologies.
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Abstract: It is processed to use the geoinformatic
technologies for to solve the task of conformation of the
water quality model. The data model in a from of a
database, which contains information about the place,
where the water was taken, the analysis results, and
purifying recommendations is made on the backbone of
the analysis done.

Keywords.  Geographic  Information  System,
Database, The Data Model, Information Technology,
Web-Service, The Quality Of Drinking Water.

BCTVYII
CydacHmii  eTram  CBiTOBOrO  PO3BUTKY
XapaKTe pU3yeThCs CTpIMKUM HpOr pecom
iHpOPMAIIHNX TEXHOJOT1H, SKi OXOIUTIOIOTh BCE
mupmri  chepu  IBIIBHOCTI JKHTTS — JHOAEH,
CTBOPIOIOTH ~ MOXJMBOCT1  JJII  3pOCTaHHA
e(eKTMBHOCTI  BHUPOOHUWITBA,  KapjHWHAIHHUM

YUHOM 3MIHIOIOTh MEXaHi3MU (DYHKIIIOHYBaHHS
JIOCIII HULbK X HEHTPIB LIS BUDIIIC HHS
CKOJIOTMHUX TIHUTaHh Ta TOKPAIICHHS JKHUTTS
mopaei.

[Ipobnema BomomocTadaHHs  «100 POSKicHA
BOIAa B JOCTAaTHIA KUIBKOCT € OIHICI0 3
TOJIOBHUX TmpoOyieM moacTBa. EdexkTuBHIM

3ac000M MOHITOPHUHTY SKOCTI BOAHM MOXE OyTH
reoindopmaniiina cucrema (I'IC) [1], mo 36epirae
JlaHi TpO TIOKa3HUKU SKOCTI BOJAM Ta HAJAE
iHcTpymMeHTH aHanizy. [lana IC moBuHHa MiCTUTH
iHpopMarliro mpo mictie 3a060py BOAHU, pe3yIbTaTH
aHalizy, TOKa3HUKH SIKOCTI Ta Ha OCHOBI iX
NMOpIBHAHHS  HAJaBaTH PEKOMEHIAIl  MI0A0
3a0e3MeUeHHs] CaHITapHUX HOpM.  [IuraHHIM
SIKOCT1 MOBEPXHEBHUX BOJ TNPUCBAYEHO MUK Psilt
JIOCIIIKEeHb K B YKpaiHi [2,3,5] Tak iy cBiri [4].
Benuky  yBary mHTaHHAM ~ SKOCTiI  BOAH
NpUIUIIOTE 1 B €BPONCHCHKUX KpaiHax, Je
aKTUBHO Tmpalfoe €Bporneiicbkke ATE€HCTBO 3
Hapkonumusoro Cepenosunia (EAHC). Onniero
3 ocHoBHUX 3amad €AHC € MOHITOpHHT cTaHy
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BHYTPIIIHIX Ta 30BHIIIHIX BOJ KpaiH €BpoIu.
Onnum 3 mepcrnekTuBHUX mpoekriB €AHC mo
JIAHOMY HAMNpSIMKY € po3po0Ka €BpOTeHCHKOT
Mepexi MOHIT OpHUHTY Ha BKOJIMITHHOT O
npupoguoro cepegoBumia EIONET. Bona
OpIEHTOBaHa, B MEpIIy Yepry, Ha OOMiH JaHUM U
MOHITOPHHTY  HaBKOJIMITHBOTO  TPHUPOIHOTO
cepeloBHIa y PpBHUX cdepax, BKIIOYAOYH
CIOCTEPeXKEHHI 3a CTaHOM BHYTpIMIHIX Ta
MOBEpXHeBUX BOA. Ha chorogHi edexTuBHUM
METOOM MOHITOPUHTY SKOCT1 BOAH MOYE CTAaTH
Bukopuctannd ['IC nns 300py Ta 00poOKY MaHMX.
Hanmpuknan, BebG-cepic http://voda.org.ua/map
JI03BOJIAE TEperisiiaTh AaHi MpO CTaH BOAHUX
pecypciB  Ykpainm. Mertoro maHOi poOOTH €
BUpIMEHHA 3anadi (GopMyBaHHA MOHIEJi JaHUX
MOHITOPUHTY sIKOCTi murHOiI Bogu mus [IC
MOHITOPUHTY SIKOCTi1 MUTHOT BOAU B CyMCBKOMY
PpeTioHi.

[TporoHyeThes AaHHI BBOAUTH B Web-cuctemy,
gKa TakoX JO3BOJNWUTH MpU MOTpedi iX
neperisiHyTH Ta Oyne QopmyBath pexomeHmalii
MIOA0 3aXOiB [IOAO0 NIABHIICHHI SKOCTL Y
po3po0IroBaHIN cucTeMi BUBOJIUT IMETHCSA
neraidbHa kapra Bciei Cymcbkoi obOnacti; Oyme
MOXIIMBICTh ~ peecTpallii BinBigyBauiB caiiry;
HiATpUMKa 0araTOKOPUCTYBAIBKOTO peKUMY, IPH
SKOMY KO)KEH 3apeecTpOBaHUI KOPUCTyBad Oyje
MaTH MOXJIMUBICTh BECTH CBI BJIacHuUM OJor
MOHITOPUHTY SIKOCTi MUTHOI BOJM; OpraHi3aiis
MOIITOBOT TIANMUCKW JUI1 BiABiAyBadiB cairy-
KOXKEH 3alliKaBJICHUH 3MICTOM CcalTy 3MOXKe
3anuIaTi cBii e-mail Ta orpumyBaTH Ha HBOrO
OHOBJICHUH MaTepiall; MATpUMKa Meaia ¢popMaTis
(aymio, Bineo, 300paXkeHHS).
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METO/I1 BUPILLEEHHS ITOCTABJIEHO]
3AJIAUI

[pouec po3pooku I'IC po3duBaerbcs Ha
repamii [5]. Ha mepmiii irepamii a1 po3poOku
I'lC B poboTi cTBOprOETHCS MONENb AAaHUX Ta
npoekT iHTepdeicy.

Jns  moObynoBu  Moxmeni  gaHux — OyB
BUKOPHCTAaHUI METON aHajidy Ta CHHTE3y
IOCTIKyBaHMX  BJIACTHMBOCTEH 1  (Qakropis

MOKa3HUKAM 1 KPUTEPiIM MOHITOPHHTY SKOCT1
BoAH. B Xonmi aHanBy BHKOHYEThCS OIHKA Ta
NOPIBHAHHS JaHUX TMPO SKICTh BOAHM,  NpPH
BUKOHAHHI  CHUHTE3y NpOBOAUTHCS  BHOIp
pEKOMEHNAI 100 OUMILCHHS BOJIW.

PO3POBJIEHHA MOJEJII JAHUX

Monens naHUX Yy BHUINIAI CTPYKTYpH 0a3zu
nannx (b/I) mpencrasiena Ha puc. 1.

Pucynok 1 —Crpyxrypa BJ]

B/l pospobntoBanoi I'IC micture B co0i Taki
Tabmuui: 1) reomasi tabmuis i3 GPS-
KOOpIIMHATAMM Ta ajpecamu JDKEpes, 3BiTKU
OepyTbesi aHaNBYM BOAM; 2) THUI JKEpesia BOIU —
KOJIONI3b, CKBa)XWHA, BOAOMPOBIN; 3) aHamiz —
3HAYCHHS TMOKAa3HHKIB SKOCT1 BOIHM i3 3a/IaHOTO
JOKepera 3a 3a/IaHOI0 aJIPecoro i3 BKa3aHHSIM 4Yacy
MPOBEACHHS KOHTPONI0; 4) TMOKa3HUKU — SKIiCTh
BOIH B % CIBBIIHOIICHHI IO CAHITApPHUX HOPM;
5) Tmpu3HAYEHHS I AKOi caMe MeETH
BUKOPHCTOBYETHCSI B35iTAa HAa aHAIB3 Boma; 0)
CaHITapHI HOPMHM — CTaHOAPTHI HOPMH SIKOCTI1
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BOJIH, 3 IKUMHU OyJie TIOPIBHIOBATHCS SIKICTh BOIK;
7) pekoMmeHnaImii — MUCbMOBI TOSCHEHHS IIOAO
OUMINICHHS TIEBHOTO JDKEpesa s BigMOBITHOCTI
3aJJaHOMYy TIPU3HAYCHHIO BOJIH.

Jns popmyBaHHI 1 cTBOpeHHs cTpykTypu IC
Ha TIOYATKOBIM cCTajii BBOJMMO T€OMaHi TIPO
akicTh mwurHOI Bomu. Ilicns mporo obOwupaemo
MeToIHu O0pOOKH TaHHUX (00UPaEMO THII JXKE peria
Ta TpU3HAYEHHS 3pa3KiB BOAH), OTPUMYEMO
MOKAa3HHUKHU T4 CAHITAPHI HOPM U SIKOCT1 BOIH, Jaii
0o0HMpaeMo peKOMEHIAIll 100 OYHUIICHHS, SKIIO
BOHM TMOTPIOHI, Ta Ha 3aBepuIalibHIA CcTanii
30epiraemo onepkaHy iHpopmariiro Ha IT 3 web-
3aCTOCYBaHHSIM.

BUCHOBKU

B pobGori mpenacraBnmeno momens ganux IC
MOHITOPUHTY SIKOCT1 MUTHOT BOJM, SKa TMOBWHHA
MICTUTH iHpOpPMAIilo Mpo Micue 3a0opy BOIH,
pe3yJbTaTH aHajdiBy Ta pPeKOMEHIAIil 1010
3aX0/1iB OY HIIC HHS 171 3a0€3TIeUCHHS CaHITApHUX
HopMm. Ilepenbaueno, mo mama IC Oyne
peanidoBana sk \Web-cepBic, sIKuil 103BOIUTH
€KOJIOTAaM Ta JKHTEJISIM pEriOHy BHKOHYBATH
NpOLEAYPH MOHITOPHHTY CTaHy NUTHOI BOIM B
CyMchKiil obnacri.
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Abstract. Based on the physics of electricity
transmission, proposed real-mathematical model of the
power supply systems of a specific industrial power
consumer, which allows determining the level of
efficiency and electromagnetic compatibility of the
elements of the systems.
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BCTVYII

Sk BimomMo, 3amada BU3HAYCHHS HAyKOBO-
METOIMYHOTO TIIXOAY JO MOJCIIOBaHHI B
eJeKTpOoeHepreTUlli Ta B 11 migcuctemax Oyna
3aBKIHM 1 € HUHI aKTyalbHOIO 3ajadcto. Tomy,
MeTa JaHoi poOOTH — IOCTIIKEHHS CTYIeHs
BIITIOBITHOCTI Cyd4acHOi MaTeMaTHYHOI MOJeni

eJIEKTPOMAarHiT HOro OIS CHCTEM
enextpornoctayanas  (CEII) TIPOM HC JIOBUX
CIIOKMBAYIB  E€JEKTpOeHeprii, ¢izumi  Horo

¢dyHKIIIOHYBaHHS, SIK il poOOYOro iHCTpyMeEHTa.

PE3VJIbTATU AOCIIPKEHHA

Crupatouuce Ha [1], B pobori [2] Oyno
MATBE PIDKEHO, MO (BUIHO, SIEKTPOSHEPris €
CHEPTIEI0 EJICKTPOMArHITHOrO TMOJsl 3rajlaHuX
CUCTEM, SIKE CTBOPIOETHCS OJHOYACHOIO JIi€l0
HATIPYTH 1 CTPYMY MPOBITHOCTI CTPYMOBEIYY HX
YacCTUH KOXXHOTO €JIEeMEHTa TaKUX CHUCTEM Ha
JEJIEKTPUMHE CEPEOBUILNE IIMX EJIEMECHTIB.
OCKUTbKH, TpU IHOMY, BOHH JiIOTh Yy JBOX

B32€M HO Tie pIIie HI UK y JITPHUX HaTIPSIMKaX
(y3moBxk i MoTiepe K 10 HaTMPSIMKY
eJCKTpoIepeiaui) TO CHEepPTilo  IOJsIpH3allii
CJIEKTPHI HO MPY)KHOTO JUIEJIEKT Y HOT'O

CepeloBHIIA TAKHUX CHCTEM MOXHA, yMOBHO,
pO3KJagaTH Ha aKTUBHY (Y3IOBX HamIpsMKY
eleKTpornepesiayi) Ta peakTuBHY (momepek
HaMpsIMKY eJIeKTpornepeiadi) eIeKTPOSHEPTito.
Sk Bimomo 3 [1], MaTeMaTUIHOIO MOJEIIIO
€JIEKTPOMAarHiT HOr' O TOJISt Oyab-sikoi
€JIEKTPOE HepTeTHY HOT CUCTEMHU (EEC)
BBaxkaeTrbcsi Teopema IloiruHra, sky s
MHTTEBUX 3HAYCHb CUHYCOIMAaNbHOI HATPYTHU 1
CHHYCOiMaJdbHOrO CTPyMY  HpOBigHOCTI i

CTPYMOBEIy4UX YacTWUH, IO BIACTAE BiX
Hanpyru Ha  (asoBuii  KyT @ , MOXHa
MPEICTABUTH Y BUIJIsIL, KBA

s=u-i=U_sinet-1 sin ot—¢p =

=/2-Usinwt-+/2-1sin wt—p =

=2-U-l-sinot-sin ot—¢ =

=U-l- cosp—cos 20t—¢p =

=U-l-cosp-U-l-cos 2ot—¢ , (1)

ne U - MUTTEBE 3HAYEHHS CHHYCOINalbHOL
Hanpyrd, KkB; | - MuWITeBe 3HaueHHs
CHHYCOIIaJbHOr0 cTpyMy npoBinHocti, A; U -
aMIDIITyJHe 3HAYEHHS CHUHYCOIMajibHOI HATpYT,
kB; I -

m aMIUIIT YA HE

3Ha4¢€ HHA

CHHYCOinaapHOro cTpymy mnposimnocrti, A; U -
Jlifoue 3HAYEHHS CUHYCOiNajibHOT HATIPYTH, KB;
| - nmitode 3HAYEHHA CUHYCOITAaJbHOTO CTPYyMY
HPOBITHOCTI, A, @ - KyT 3CyBy (a3 MUTTEBUX
3HAYE€Hb CHUHYCOiJaIbHUX HATPYTH 1 CTPyMy
npoBigHOCT1 cTpymoBenyunx udacTud EEC, rpaz.

I'padix 3amexnocti S=f t | mo6ynosannii

B MaremarnaHomy cepenoBunii MATHCAD 3a
JonoMororo piBHAHHSA (1), sK MaTeMaTHYHA
Moaedab  ejaekrpoMmarHirHoro  momi  EEC,
MpeICTaBICHO Ha pHC. 1.

KBA

— T P 1’-‘
polmm s 2N N
40,057 PR A e
VoS /.

20,0 5]

an0f y i ; i

s="f t

Pucynok 1 — MatemaTiyHa 3aJe)KHICTD
Take yMOBHO-MaTeMaTHYHE MOJENIOBAaHHI

JIOTyCKAa€ HASBHICTh JIBOX OKPEeMHX BHIIB
eNeKTpoeHeprii (akTuBHOT — P Ta peakTHBHOT —
Q ), sKi  TeHepyITbCA  TeHEpaTOpaMu

enextpoctanmin EEC 1 3a  momomororo
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CICKTPHUIHUX MEPEIK CIACKTpOoICpeaaBabHUX

oprauianii (EO) mepenatorbcs nmo CEIl
cnokwuBadiB. Ix «urox» B CEIl KoHKpeTHOro
CIIO)KMBaya  BW3HAYAKOTh 32  JIOIOMOIOIO
CIIE LA JIb HUX KOMEPIIHHUX J114 WJIb HUK B

CNEKTPOCHEePrii 1 OIIa4yloTh 32 OKPEMHMH

tapupaMu  Ha  aKTHBHy 1  pCaKkTHBHY
€JIEKTPOSHEPTIIO.
[Ipy mpoMy, NOBHY [if04y TOTYXHICTh
BM3HAYAIOTH 3a (opmynoro, KBA
S=P*+Q%, (2
ne P - aKTHBHA MOTYKHICTh
eleKTpornepenadi, kBT
P=U-1l.cosg, 3)
Q - peaKkTUBHa HOTYKHICTh

eNeKTporiepesadi, KBap
Q=U-l-cos 90°F¢p =U-1-sing. (4)

Ha mpakrumi mnpumyckaroTh, O[O0 aKTHBHA
noryxHicTb CEIl € mo3/10BHBOIO CKJIa10BOI0 Y
HATIPSMKY eJIeKTporepe/iadi MOBHOT MOTYKHOCTI
enekrpomaruirHoro nois EEC, a ii peakTuBHa
MOTYKHICTh — TIOTIE PEYHOI0 CKJIaJIOBOI0 TaKOro
TIOJISI.

OckitbKH ToTIe pey Ha CKJIaJI0Ba
eJNleKTpornepeaadi, (hizmaHO, HEe MOXKe
nepe/laBaTUCh Hi CTIOXMBAYEBi, HI Byl HHOT'O, TO
Taky MOIEJb MOXXHA BBa)XXaTW YMOBHO-
matemarmaHolo Mogemiro CEIl koHkpeTHOro
CTIOXKMBaya ENEeKTPOCHEPrii.

[inxom O4YEBHIHO, o TOBaPHOIO
nponykuieto EEC € poGora, siky BHUKOHYIOTbH
TeHepaToOpHU 1i €NIEKTPOCTAHIIN JJIsi CTBOPEHHS
PBHHII TOTEHIIaliB HAa CBOIX 3aTHCKadax
(Hampyr).

ToGro, HATIPYTY MOYKHa BBa)KaTH
MOTEHIIHHOI  (QOPMOIO  JIEKTPOEHEprii, Ky
enekTponepenaBanbHi  opraniBanii  (EO), 3a
JOTIOMOT'OI0  BJIACHUX  EJEKTPHIHUX MEpex
MOCTABISIFOTh  CTIOKUBAYaM.

MaremaTudHa MOJEJb  €JIEKT pOMarHiT HOro
nosist CEII (puc. 1) cBiguurs mpo Te, mo 100 yToK
U-l-singp iioro apyroi CckiagoBoi €
aMIUNITyqHUM 3Ha4YeHHIM Q, 10 TiIXTBEpPIKE HO
¢BuKo0. TOMYy MOBHA MOTYXHICTh TAKOT'O OIS
S € xBunerw eweprii nonspmzalii eNeKTPUYHO
NPY)KHOTO JIeJIEKTPUIHOTO CEpe/IOBUIIA, sKa
Obkure Bim mxepena Hampyru CEIl pmo ii
enekrponpuiiMadiB. OdeBWIHO, 10 Aitode
3HAYEHHI TOBHOI HOro MOTYXHOCTI MOXHa
BIM3HAYUTU 3a dopmyior, KBA
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S, =P2+(Q,/v2)* =\[PF+Q2 /2, (5)
P

ne s - pO3paxyHKOBE AKTHBHE
HaBaHTaxXeHHS CEIl KOHKpeTHOTO CrHo)KuBaua y
pospaxyHkoBomy  mepiomi, kBt;  Qp -

po3paxyHkoBe peakTuBHe HaBaHTraxeHHsi CEII
KOHKPETHOTO CIIOKMBaua y PO3PaxyHKOBOMY
niepioxi, KBap.

[Ipuitmatoun 10 yBaru TOTOXKHOCTI

U=sS,

u,=pk ’ (6)

E=Q,
peanbHO-MaTeEMaTHIHY Moz€eJIb CEIl

KOHKPETHOT' O CTIO’)KMBa4a MOXKHA TIPEJICTABUTU Yy
BUIIISII puc.2.

/ Os Pr

\
Ir\/\%\\//

Pucynok 2 — PeanpHo-MaTeMaTHuHa MOJIEIb
HPOMHMCIIOBOTO €JIEKTPOCIOKUBAHHS

BUCHOBKMU

CydyacHe MOIETIOBaHHS €JEKTPOMAarHir HOTO
nomst EEC He BpaxoBye peambHy (QBUKY
npouecy CTBOPEHHS TIOTEPEYHOT CKJIaaoBOT
TaKoro MoJjsi, y HACIIOK YOro IpH BU3HAUEHHI
JII0YOr0 3HAYEHHA PEaKTHBHOI IOTYXHOCTI
CEIl cnoxuBa4iB BpaxoOBYETHhCS 1i aMIUIIT Yy HE
3HAYEHHS 3aMiCTh JII0YOro.
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Abstract. The aim of this study is to examine the
problems of improving information  security
management  organization,  modeling  business
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BCTVII

CydacHe TIOOPUEMCTBO  SIBIISE  COOOIO
CKIIAJHY CUCTEMY, JUTSL € (e KTUBHOTO
YIpaBJIHHA SKOT HEOOX|THO BUKOPUCTOBYBATU
CIeliJIbH1  THCTPYMEHTH, HallpaBJICHI Ha

JOCSTHEHHS KOHKpPeTHMX IIUlell Ta 3amad 3
HalMEHIIMMH BUTpATaMH. BrumBoBum
($hakTOpOM YyCHiXy B JTISUTBHOCT1 IMIATPUEMCTBA €
BIPOBA/KCHHST H(POPMAIIHHUX TEXHOJOTIH,
aBToMatu3aimii  poboYMX  MporeciB, IO
3a0e3neunTh  (PYHKIIOHYBAHHS BCIX CIYKO
ninnpuemctsa [1].

Urkuii OnMuC OCHOBHHX OBHEC-MPOIECB

(BII) Tta BuKkopucTaHHS  iHdopMaIliiHUX
TEXHOJIOT i JI03BOJIUTH Oyru
KOHKYPEHTOCIIPOMOKHUMH ~ Ta  HiABUIMTH

piBeHb e(PeKTUBHOCTI POOOTH MiANIPUEMCTBA.

METO/JN AHAJII3Y BII

Ha cporomni icHye BelMKa KUIBKICTh
METOIUK Ta IHCTPYMEHTIB, 110
BUKOPHCTOBYIOThCS [yl peanizaii moaeneit bI1
[2]. Merox moOymoBW i€papXidHUX MOJIETCH,
cupsMoBaHuii Ha omnuc bIl, sk eneMeHTB
€KOHOMIYHHUX CHCTEM.

Jlns BupimieHHsT 3aBaaHb (DyHKIIIOHATBEHOTO
MOJICITFOBAHHS, BAKOPUCTOBYETHCS METOJIOJIOT 15T
npoekryBanHs TexHosorit SADT [3].

butb11 po3BuHEHA MO/IEH ONTUCY TPOOJIEMHOT
obnacti mpomonyeTscsi B Metononorii ARIS,
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Ky OyJ0 BHUKOPHUCTAaHO B JaHId poOOTI IS
nobynmoBu  mogened.  Apxirekrypa  ARIS
JI03BOJISIE BUJAUIMTH B OpraHBaiii HacTyIHI
MICUCTEMH:
- Indopmaniiina. Omnucye oTpumaHHS,
MOIMPEHHS Ta JIOCTYII 10 iH(opmarril
- Opranizaniina. Busnagae opranBaimiiny
CTPYKTYpY MiJNPUEMCTBA - I€PAPXIIO
MITPO3UTIB, MOCAT I KOHKPETHUX OCIO.
- @ynkuioHanebHa. BusHavae QyHKIil, 1m0
BUKOHYIOTBCSI B OpraHBallil.

MOJAEJIYOBAHHA BIT IIAITPUEMCTBA

JlocmipKkeHHsT TPOBOAMIIOCS ISl H)KEHEPHO-
TEXHMHOT KOMIaHii «ABTOMAaTHK TPy,
CTPATETMHOIO I ULTI0 SIKOT€ 3a0e3MeunuTH CBOIX
3aMOBHHUKIB  HpodeciiHUM  cepBicOM IO
MPOCKTYBAHHIO, PO3pOO0II CYJaCHHX CHCTEM
eJeKTpooOIaHAHH ST Ta aBTOMaTH3aIl il
MPOMHUCIIOBOCTL

B pesynprari aHanBy — (yHKIIOHYBaHHS
KOMIIaH 1i 0y710 po3po0OJIEHO CXeMY, € BUIAUICHO
ocHoBHi Ta fomomibkHi BIT (puc.1).

OcHosH GisHec-

npoyecu

urso
posmmn [

| Bopatin TSR Wm—m Te—
e )‘ 33733)*':;’_;7-}“ 5'271?"}” o

NPO 3asepL esHn
posir

| Mpoexryssmm

il

samosnenH

TNiarpumytoui
Gianec-npouyecn

Ynpasninma
dinancosmumm
pecypeamu

Pucynok 1 — CxeMa MOTOYHHUX MPOIIECiB

KOpMAMIHME
cynposia

Ynpasninns
nepconanom

Ynpasninma
axieno

B xoni mocnimkenHs Oynu mpoaHali3oBaHi
NOTOYHI TpPOIECH Ta OpraHBaliiiHa cxema

KOMIIaH Ii, Ha OCHOB1490TO ¢(OopMOBaHa MOJIETh
«AS 1S» (puc.2).
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3acTocyBaHHsI JaHOT TEXHOJIOTII JT03BOJISIE
e(eKTUBHO BUPILMTH HACTYIHI 3aa4i.
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- MABUINCHHS MPOAYKTUBHOCTI MpOIECiB
MPOEKTYBaHHS Ta BUPOOHUIITBA;

- 3HIDKEHHS 3aTpUMOK Yy  Iepeaadi
Hpopmaii,

- 3MEHINCHHS ONepaliiHUX PU3HKIB;

- Tpo30picTh OBBHECY;

- peanBamis crTpaterii
PO3BUTKY.

Ta TIITPUMKA

BHUCHOBKU

B pesynbraTi mpoBeAeHHS AOCHIKEHHS B
o0yacTi MojeoBaHHs OI3HEC-TIpoIeciB  OyII0
BHBUYCHO psJI METOJWK Ta MeETOoJoJdorid. B
pe3yabTari MIPOBENICHHS aHaNBY
(GyHKIIIOHYBaHHS I IpUEMCTBA Oymo
noOy/l0BaHO MOJIeNIb OTOYHUX HpoIecB «AS
IS», Ha OcHOB1 AKO1 OynM BUSIBIIEHHI TPOOIEMHU
BEJIEHHd chnpaB Ha mignpuemctsl g
VCYHEHHsI  BUSIBJICHHX  Mmpobiem,  Oyna
3moaenboBaHa wmoaenb «TO  BE». [lanna
Mojaens mpornonye HoBi BIl, koperyBanHs
opraH BaniiHO1 CTPYKTYpH, YCYHEHHS
JyOTFOI0UN X byHKIT i, 3aCTOCYBaHHS
JIOTIOMDKHUX H(QOpMaIITHUX CHUCTEM.

Po3pobnena Mopenbp BUpIllye BHSIBIIEHI
npooemMu, 3a0esrneuye OUThII  SIKICHE
VIIpaBJIHHS  OpraHBaii€ro.  3acTOCYBaHHS
OBHec-Mojeni, 3a0e3neynTh MBUIKY Ta
epekTUBHY pOOOTY KOMMaHii Ta TpPo30py
B3a€EMOJIII0 3 KIIIEHTaAMHU.
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Abstract. Euclidean problems of linear-fractional
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BCTVYII

[To6ynoBa i qocnimKkeHHs MOoJieNne 6araTbox
IpoLeCiB 1 CHUCTeM  MpPHUBOAUTH  JO
PO3B’sI3yBaHHS ONTUMBAIIMHUX 33/a4, Y TOMY
gucai ¥ 3 OOMEXEHHSAMH KOMOIHATOPHOTO
xapakrepy. Taxi 3ajaui BUBUAIOThCS, 30KpeMa,
B paMKax  €BKIiOBOI  KOMOiHaTopHOi
O TUMIBBALIl

Merta nonoBini — moOyaoBa MaTeMaTUYHOT
MoJeNi OJHIET 3amayui mepeBe3eHHs SK 3aiadi
€BKJI1I0BOT KOMOIHATOpHOI oOmnmTHUMBAIii Ha
PO3MILIEHHSAX Ta MPEJICTAaBICHHS AJITOPUTMY
PO3B’sI3yBaHHS TaKO1 3a7ayl.

TIOBYJTIOBA MATEMA THYHOI MOJIEI
Hexaif ¢ipma 3 opranizaiii mepeBe3eHb Mae
napKk 3 77 TPAHCHOPTHHX 3aco0iB pBHOT
BaHTaXomimiioMHocTi 1 K<z wMapumpyriB
nepeBe3eHHs. {11 KOKHOTO MapupyTy Biomi
BuTpaTH d; Ha MepeBe3eHHs OJMHMIL TOBapy i

BIIMOBITHUN MPUOYTOK C;;

npubyTok, a 0, — BUTpaTH, HE3aICKHI BiI

Hexall TakoxX C, —

pO3MOALTY  TPAHCHOPTHUX  3aco0iB 3a
Mapipyramu. HeoOXigZHO Tak pPO3MOIUTUTH
TPAHCIIOPTHI 3aco0M 3a MapmpyraMu, o0
MaKCUMBYBAaTH PEHTAOEIbHICTb.
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Hns gopmanizamii oOMexeHHST Ha HasBHI
TPAHCIIOPTHI 3acoOM JOLUIBHO BHUKOPUCTATH
amapaT eBKI{I0BOi KOMOIHATOpHOT omTuMizall ii

[1]. Hexaii G — MyJIbTUMHOXHHA 3HAYCHBb
BAHTAKOMTMOMHOCTI TPAaHCIOPTHUX 3ac00iB,
TOMI  KOXHOMY  PO3MOAUTY  MammH 32

MapmpyraMud B3d€MHO OJHO3HAYHO Bi,Z[HOBi,I[aG
BCKTOp, IO € CICMCHTOM 3arajlbHO1 MHOXXHHH

PO3MILIEHB: X = X/ ..., X, eE: G OTxe,

3aada MOoJsIra€ y MakCHMi3allii Ha MHOKHHI
k
C;X; +Cq
_ A
k

> d;x; +d,
=

3HAXO/KEHH1 mapu <CD X ,X*> TaKoi, 1110

k
E, G dynxuii ® x , TOOTO y

max @ x ; X =arg max ® X
xeEf G xeEX G

D X

1

AJITOPUTM PO3B’3YBAHHS JJPOBOBO-
JIHIMHOI 3A JAYI OIITUMIBA LI HA
PO3MIIIEHHAX

3amaua (1) € Oe3ymoBHOW ApoOOBO-
JIH IAHOTO 3a/1a4€l0 KOMOIHATOPHOT ONTHUMI3aIl i
Ha po3MmiuieHHsX. [ng i po3B’sa3yBaHHS MOXe
BUKOPUCTOBYBATHCS AaHAJNITHUYHUNA MeTox [2],
npoTe TEOPETHYH1  OIIHKH CKJIQIHOCT1
aIroputMy HeBiomi Hukde mnpomnoHyeTbes
NOJIIHOMIATBHUN aJITOPUTM, SKHUH CHUPAETHCS
Ha METOJl TMapameTpu3alii po3B’S3yBaHHA
IpoOOBO-THIMHUX 3a/1a4 ONTHMBAILIL.

k
Posrnsemo ¢yHkniro ¢ X, A :ZCJ X; , ne
j=1

C, =¢; —/ldj Sxmo npu  geskomy A
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MaKCHMyM (/)* ¢yukuwii @ X,4 Ha MHOXHHI
E,'; G nopiBHoe ¢ = Ad, +C,, TO BinnoBinHa
MaKCHMallb X TaKOX 3a/10BOJbHSIE yMOBY (1).
Jnst Beix ieJp, (Tyr ipani I = r,..,S ),
je )™ obunciamo BenmumHA
¢ —C;
d;, - d;
M, siximo d, # dj,ci >Cj;

, sikio d; # dj;
(2)

ai,j

-M, sxmo d; # d;,¢; <c;,

ne M — Benuke 10JaTHE YMCIIO.
VYrnopsiakyemo BeanuuHM (2) 3a HECHaJaHHIM:

a ir—l’jr—l <
wfal, ), <M=.=«a
k k-1

a i, j =.. =—M<a i, ]

iy Jn

<

xe m= . Jmst Beix te ]!, mosHaumMo

It = i|a I, <ASa g b Hexaii

| r=1 = AA<a i, j :

TaKOX

| s = ﬂ,|ﬂ,>a I, Js Toni VAel t | ne

r-1
teJ, ,
3a/10BOJIbHAOTE YMOBH

C <C, Vrel!, T =C, Vrel®
3 JOCTaTHLO1 YMOBHU eKCTpeMaJ'Ii B

ONTHUM BallifHii 3a7a4di Ha PO3MIimEHHIX [1]
BUIUIMBA€, 110 Ui BH3HAYCHHI MaKCHMai

o xA m EG

3HATH KUIBKICTH

koe Qimienrn  pyukuii @ X, A

(3)

byHKIiT 3a ymoBHu (3)
noTpid HO

koediuieHris C .

A0daTHUX Cepea

. 1
3a3HaumMo, IO a1 jgoBimeHOro |eJ,

G =C-4d 26 - iy, g 0 , ToMy mpm

C > ly, Juy 0 maemo T >0 VAel t

SIkmo V — HAaWOUILINMEA IHAEKC TaKdhH, IO

.. _ 1
C, > byyjua dg » 10 T, >0  Vrzel]
Viel t Amanoriugo, sgkmo W @ —

Ha¥iMe HIMi iHaexc Takuit, mo C, <« I, J, d, |
Oy v Je Ha,
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1O C, <0 Vzrel! VAel t . Orxe, nonatuux
gucen cepel Koediuienris QyHkuii @ X, A s
nopimHnx A€l t He meHme V i He OUmbIE W.

Hexait peld! , Touka X € MiHiMawIIO
k

Gyskii ¢ X,A Ha E” G , e Ael t |

npuaoMy cepen koedinienris €, =C, —Ad, maemo

p nonatHux. O6umcIUMO A =d X Sxuo

takok A €l t | npumaomy cepen uumcen

¢, —Ad, (IeJ,) maemo p nomathux, To X —

TakoK MiHIManb (QyHKWIi ¢ X,A HaA MHOXHHI

E,'; G . A rtoni <ﬁ,*,x*>, AK 3a3HAYEHO BUILE, €
po3B’si3koM 3amaui (1). fAxmo nas xomHOTr O

ped, MiniMame ¢yskuii ® X Ha MHOXHHI

E,'; G smailimenma we Oyme, TO mepeigemMo 10

PO3TISITY HACTYIHOrO 3HAYeHHs 1.

ABTOpaMH TIOKa3aHO, IO Uil alrOpUTMY,
noOyZIOBaHOIO Ha OCHOBI BUKIQJCHUX BUIIE
NOJIOKEHb, CHpaBeJUIMBa Taka OILliHKA YacoBOi

ckmaauocti O k*

BUCHOBKH
Y nonoBini moOym0BaHO MaTEMATHIHY M OJICITh
omHiei 3amadi opraHBamii TEepeBe3eHb K

eBKJIIOBOT 3amadi KoMOiHATOpHOI omnruMi3amii
JIpoOoBO-MiHIMHOT (YHKIIT HA PO3MIIIC HHSX.
Po3rmmsiHyTO TakoX MONIHOMIallbHHN alrOpHUTM
pO3B’sI3yBaHHI TaKuX 3ajad.
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Abstract. The article deals with the problem of
analysis of technological system as a special kind of
socio & economic & technological systems. General
approach for technology concept is considered.
Structure of technological system that allows its
analyzing and developing proposed.

Keywords. Technological System, Technology,
Cybernetics, System Analysis, Structure.

INTRODUCTION

Technology as organized practical activity in
system nature is characterized by stable both
internal (between its structural components) and
external (with the environment) connections.
Technologies are closely interrelated, have a
mutual influence, form a system of technologies
(technological system). Any well-established
production  (tangible or intangible) or
complicated activity is a technological system.

One of characteristic features of modern
science, industry and life is unthinkable earlier
acceleration of development pace, caused by
scientific progress, technical and technological
innovations that requires improved
methodological base of its analysis. So the aim
of this article is to identify the frameworks of
system analysis of technological systems.

GENERAL APPROACH FOR
TECHNOLOGICAL SYSTEM

According to Thomas Hughes [1]
technological system consists of various
physical parts and also includes network of
political, social and economic relationships and
forces that control and shape the technology.

So modern technology is an integrated
dynamic system which includes:

1) products, operations and procedures,
rules, standards and norms and technological
activity and process control required for this:
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2) information and knowledge;

3) energy, raw materials, personnel and other
resources;

4) set of economic, social, environmental
and other outcomes (effects) that affect and
somehow change the environment of
functioning of the system.

All these components are characterized by
hierarchical position and stage of life cycle.

Any technological system is aimed at
transformation of input materials into products
and services, which are necessary for society
and with minimal for conditions costs and time.
Achieving this goal requires the preservation of
integrity of technological system (stable
structure) and increase the level of organization.

Technological system knowledge includes
understanding of input and  output,
transformation  processes,  control  and
understanding of ‘black box”, particularly in
sub-system design terms.

When we talk about modern technological
systems we should understand that in it wide
range of technologies are used which form
network (networks).

Among basic functions which need to be
served and analyzed within the technological
system [2]:

1) knowledge creation and diffusion;

2) guidance of search among users and
suppliers of technology directions;

3) supply of resources;

4) creation of positive external effects;

5) formation of new markets.

The necessity of wusing of system
methodology for technological system research
is based on the feasibility of this object study as
a complex system that consists of list of
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individual elements, which have multiple internal
and external linkages.

In the context of objectives of system analysis
and optimization technological system we
consider as mechanism of complex transformation
of wide range of initial resources into the final
results using the complex of tools based on
humanity-established knowledge, as well as
adequate information, management system of
necessary  resources and sub-system  of
dissemination  various  economic,  social,
environmental and other results of this system.

From the standpoint of classical cybernetics
technological system management should be
considered as a function-oriented (i) for
maintenance its basic properties (set of properties,
the loss of which entails the destruction of system
or its potential loss) in the environmental
conditions change and (ii) for implementation
certain actions, ensuring the stability of its
functioning and development to achieve some
target.

SYSTEM OF TECHNOLOGICAL LINKAGES

Any modern high-tech production is a complex
technological system the most important features
of which are multidisciplinary and cyclicality of
development processes, presence a lot of
processes types, high resource and capital
intensive and high impact on environment (other
technological systems) [3; 4].

Perspectives of intersectoral interconnections
first of all deal with ability for further
metallurgy technologies improvement. Potential
of intersectoral linkages should be observed
based on fact that any technological process has
to be examined as a part of more complicated
process and as a set of less complicated
processes. Every of these processes can both to
form unique competitive advantages of system
in general and create advantages of processes.

Today together with specialization and
differentiation  of  sectoral  productions,
cooperation and integration processes are
developed, which lead to formation of
sustainable producing relations between sectors
and create intersectoral complexes. Practically
every science-intensive sector can be observed
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as intersectoral complex, which is integrative
structure, characterized by interaction of
various sectors and their elements, various
stages of production and goods distribution.

One of reasons of innovation clusters
appearing is formation of technological relations
between producers in value chain and ability to
form competitive advantages through clusters in
interconnected economy areas. One competitive
sector can lead to creation of another one in
process to strengthen partnership relations
through cluster mechanism. This sector may often
be the most exacting purchaser of goods and
service from sectors, on which it depends on. Its
existing in country becomes important factor,
determining competitiveness of sectors-suppliers.

CONCLUSION

System approach to the analysis of
technological systems designed to implement
consideration of all factors and objectives of the
system (eg, products and related processes),
providing from the beginning consideration of all
the components are interconnected.

The technological system proposed to be
considered based on broad components: the
requirements  specification  (initial  state),
information model of the product (target, final
state), steps for achieving the goal.

REFERENCES

[1] Th. Hughes, “Networks of Power: Electrification in
Western Society 2. JHU Press, 1993.

S. Jacobsson, A. Johnson, “The emergence of a
growth industry — a comparative analysis of the
German, Dutch and Swedish wind turbine industries.
Department of Industrial Dynamics, Chalmers”.
University of Technology. Gothenburg, Sweden,
2001.

V. A. Omelyanenko, “Analysis of Potential of
International Inter-Cluster Cooperation in High-Tech
Industries”, Int. J. of Econometrics and Financial
Management, vol. 2, no. 4, pp. 141-147, 2014.

I. V. Krapyvny, V. A. Omelyanenko, N. O. Vernydub,
“International innovation networks as new stage of
innovation development”, Econ. Processes Mnt: Int.
Scientific  E-Journal. no 1. Available:
http://epm.fem.sumdu.edu.ua/download/2015_1/2015
_1 17.pdf, 2015.

[2

[3]

[4]


http://epm.fem.sumdu.edu.ua/download/2015_1/2015_1_17.pdf
http://epm.fem.sumdu.edu.ua/download/2015_1/2015_1_17.pdf

The 4" International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

Software implementation of calculating the value of a
logical expression in compilers

Z.1. Maslova®, T.V. Lavryk®
Sumy State University, Ukraine, *maslova@sumdu.edu.ua, 2metodist@dl.sumdu.edu.ua

Abstract. This paper describes an algorithm to
optimize a process of determining the value of a logical
expression. This algorithm is based on the principles of
the algebra of logic, graphs and automata theory. Fast
calculation of a logical expression is achieved by a
reduction in the number of operations. The program is
a multi-functional simulator.
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INTRODUCTION

Since the fifth wversion of the Pascal
language, compiler has had a function to
compute the value of a logical expression fast.
Initially, this function could be added on a
programmer’s request. Modern compilers
except for program translators from algorithmic
language  automatically have additional
functions to optimize the program [1].

One of this function is a rapid calculation of
the value of a logical expression.

PROBLEM STATEMENT

Fast calculation of the value of a logical
expression can be achieved by optimizing the
number of logical operations that affect the
result. The goal of this work is to create an
algorithm for calculating a logical expression
and to design a program code on its base. Initial
data in the given problem are logical
expression.

DESCRIPTION OF THE ALGORITM

The algebra of logic, graph theory and the
theory of automata is used to create an
algorithm for logic expression calculation.

Reduction in the number of operations is
achieved through the use of the basic properties
of the logical constants:
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XAl=X;
xvl=1;
XA0=0;
Xv0=x
Boolean variable x in terms of graph theory
is represented as a binary tree, with edges x and
x , and the leaves —0 and 1.

The graph for the whole logical expression is
constructed according to the rules [2]:

- for elementary logic conjunctions

X, AX,graph x, is attached to output one

of the graph for x,;
- for disjunction graph of x, is attached to
output zero of the graph x;
- for the graphical implementation of
negation X values of outputs are inverted.
Connection of the outputs of subgraphs with
the same names depends on the sequence
operations and the presence of brackets.
The graph for the logical expression (1) will
have form figure 1.

F 00X %, X0 %) = X VX X_3X4VX5 (1)
0

1

X,

Figure 1 —The graph for the a logical expression
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A visual representation of the graph (fig. 1)
is given by graph (fig. 2).

Figure 2 —The modified graph.

The next step of the algorithm is to build a
finite automaton for a calculated expression.
Automaton table (fig. 3) is constructed using
the graph. The number of states of the
automaton is equal to the number of variables in
the expression. Input alphabet (0, 1) are the
values of logical variables. The letter of output
alphabet is equal to the output value of the
previous variable, to which the current variable
iS joined.

Variable | Output “0” | Output “1”
X1 X2, — X3, —
X2 x5 0 x3 0
X3 Xs, 1 X, 1
X4 Xs, 1 Xs, 1
X5 X5, — X5, —

Figure 3 — Automaton table.

By using this table the program quickly
calculates the value of a logical expression. So, if
the value of the variable x; is zero, the program
proceeds to check the value of the variable x.
And if the value of x; is 0, the program will
immediately receive the value of the whole
expression. If the value of the variable x; is 1, the
program proceeds to the calculation value of (2):

XXV (2)
And the value of the whole expression will be
determined by the value of the expression (2).
PROGRAM REALIZATION

The complex [multi-functional] simulator
could be created based on the program languages
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PHP, Javascript, CSS and HTML. PHP was used
for this project. JavaScript was used to create the
database, while CSS stylizes pages based on the
determined parameters. HTML language is used
for the graphic design of the project. The output
of the project is created automaton for a fast
calculation of a logic expression, logic processor.

The program is constructed so that it can be
used in the educational process as a
multifunctional simulator. Functions of this
simulator are the following: demonstration of the
algorithm for solving the problem, training and
monitoring of students’ knowledge. The solution
process could be demonstrated without
participation of a student. The learning function is
realized with participation of a student in solving
the problem. Program monitors all actions of a
student. If the program detects an error, the
process stops. A student gets an opportunity to
consult with a teacher. If necessary, a student can
read theoretical material. It is possible to correct
errors. If needed, the steps may be repeated. The
final step is the monitoring phase. At this stage, a
student solves the problem by him-/her-self. The
solution is performed without any interruptions. It
is not allowed to correct errors and to consult with
the teacher.

CONCLUSIONS

The theory of logic algebra, graph theory and
automata theory is important section of discrete
mathematics. The developed program deepens
students’ knowledge of discrete mathematics. In
addition, students enhance knowledge on system
programming and familiarize themselves with the
functions of the compiler.
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Vortex Granulator: Calculation of hydro- and
thermodynamic conditions of granules with porous
structure creating

Artem Artyukhov, Pavlo Boiko, Viktor Obodiak
Sumy State University, Ukraine, vobodyak@gmail.com

Abstract. In the article the program “Vortex
Granulator” which appointed for calculation the
velocity of the gas flow, granules and output obtained
values in the form of graphical dependencies was
described.

Keywords. Vortex Granulator, Gas Flow, Granules,
Numerical Methods.

BCTVII

Opnniero 3 mnpobieM Uil HAyKOBIB 1
MPaKTUKIB-TIPOMUCIIOBIIIB,  fIKI ~ BHUBYAIOThH
TEOPETUYH1 OCHOBH MPOLECY TPaHYIIOBAHHS Y
BUXPOBOMY  IICEBAO3PLIKEHOMY  Imapi, €
PO3paxXyHOK TIAPOAMHAMIMHUX XapaKTEPUCTHUK
pyXy TOTOKB y pobOodoMy mpocTopi
rpa"yinstopa. Jlo TakMX  XapaKTE€pUCTHUK
BIIHOCSITH CKJIQ/IOB1 MIBUJKOCT1 PyXy Ta30BOTO
MOTOKY 1 TPaHy/, a TAKOK CyMapHi MBUIKOCTI
PYXY LIUX MTOTOKIB 1 MepeBakalounii BEKTOPHUI
HampsM IHUX HIBUJIKOCTEH.

HEOBXIIHICTb BM3HAYEHHA
I'TIPOAMHAMIYHNX
XAPAKTEPUCTHUK

AKTyanbHICTH ~ TOCTAaBJIEHUX  IpoOiieM
00yMOBJIEHA THM, II0 MEpPE] KOHCTPYIOBAaHHAM
MIPOMHUCIIOBOTO 3pa3ka BUXPOBOIO I'PaHyasATOpa

HEOOX|THO BU3HAYUTH WOrO ONTUMAIBHY
cxemy. Kpurepiem ontumBanii B JaHOMY
BUITAJIKy € 3a0e3reueHHs MIH IMaJIBHO
HEOOXITHOTO dYacy mnepeOyBaHHS TpPaHyIH Y
pobodoMy  TPOCTOpP1  TpaHyIsATOpa,  SIKUU
JIO3BOJIUTH chopMyBaTu 3aBepIICHY
KpUCTAJI [UH Y CTPYKTYPY rpaHyinu 3
BU3HAYCHUMU IOKa3HUKaMU MILIHOCTI,
MOHOAMCIIEPCHOCTI TOBAPHOI (dpaxitii.

Oco0mmBO 1€ BaXIMBO MpPH TMPOCKTYyBaHHI
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BUXPOBUX TPAHYIATOPIB JUIS  OJAEpIKaHHSA
rpaHyl 3  OCOOJMBHUMH  BJIACTUBOCTSIMH,
30KpemMa, MopucToi amiauyHoi cenmrpu. OKpiM
3a3HaYeHUX BHUINE TIOKA3HUKIB  TOTOBOTO
NPOAYKTY, TPAH YA TOPUCTOI aMiaqHOT CeNiTpU
MOBUHHI ~MaTH  HOPMAaTHUBHI  crHenudMHI
MOKa3HUKU, HAMpUKIA[, CTPUMYBAIBHY 1
MOTIMHAIOYY 3JaTHICTh 1O BITHOMICHHIO [0
nu3enbHoro manupa [1]. s Takoro BUManKy
BOKIMBUM € JOTPUMaHHS YMOBH, MpH SKiid
“rigpoJMHaMIMHUN” yac nepedyBaHHS TPaHyIu
B poOOYOMY MPOCTOpi amapaTa MOBUHEH OyTH
HE MEHIMM 32 “TepMOAMHAMIYHMI™ 4Yac (uei
napaMeTp BHU3HAYAEThCS KIHETUKOK MPOLECY
BUJAJICHHS BOJIOTH 3 Tpanynu) [2]. [Ipu npomy
BAXJIMBUM ISl 30epeXeHHs IIUTICHOCTI sipa
TpaHylIu € Te, WO ‘“TIPOJUHAMIMHUN Yac He
MOBUHEH ITIEPEBUIIYBATH ‘‘TEPMOJWHAM MHUHN
Ooupime HDK Ha 5-10%. Came perymoBaHHSM
TIPOAMHAMIMHUX XapaKTEPUCTHK PYXY MOTOKIB
1 JOCSTaeTbcs  ONTHMajbHA  KOHCTPYKIL i
BUXPOBOTO TPAHYJIATOPA, SKa 33J0BOJIBHSIE
BUMOTaM KPHUTEPIFO ONMTUMBAITIL

B yMOBax 3HA4YHOI'O CKOPOYEHHS
¢diHAHCYBAaHHS HAyKOBUX JOCIIKEHb 1 (POHIIB
PO3BUTKY BUPOOHHUIITBA, EKCIIEPUMEHTANbHI
poOOTH 1O CTBOPEHHIO HOBHX TEXHOJOTIH
NPAKTUYHO HE3AICHEHHL Y 3B'A3Ky 3 LHM,
3aBJlaHHSI ~ PO3BUTKY 1  BJOCKOHAJICHHSA
YUCEIbHUX METOI1B JOCTITKEHHS
TIPOIUHAMIKA CTa€ OCOOIMBO aKTYaJIbHOIO.

B poGoTi posrnsmaeTses mporpama “\Vortex

Granulator”, mnpusHadyeHa i TPOBEACHHS
BIIMOBITHUX pO3paxyHKIB Ta Bi3yauizaiii
OTPUMAHUX JaHUX Yy BUIIAAlI  rpadiuHUX
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3QJIC)KHOCTEH IIBHJIKOCTEH MOTOKY 1 TpaHyll Bif
paniycy rpanyasTopy Ta HIMX napamerpis. B
OCHOBY TEOPETUYHOTO OIHCY TIIPOAUHAMIKA
pyXy TOTOKiB Yy BHUXPOBOMY TPaHYJIATOPi
noknazeHa cucrema piBHAHB Hag’e-Crokca,
PIBHSIHHSI HEPO3PUBHOCTI OJTHO(A3HOTO MMOTOKY
1 cucrema audepeHIIHUX pPIBHIHL pPYyXY
TPaHyad B UMJIHAPUYHIA CHCTEMi KOOpAMHAT
[3-5].

OIMC IMTPOI'PAMHIX 3ACOBIB

Ilporpama po3pobneHa 3 BUKOPHCTAHHSM
MOBH TporpamyBaHHs Java 8. Ilpu cTtBOpeHHI
HTepdelicy mnporpamu Oyna BUKOpPHCTaHA
matdopma JavaFX. lng ctuniaiii mporpamu

TakokX Oyna BUKOpUCTaHA TaONUILSL CTUIIIB
CSS3.

CTPYKTYPA IIPOI'PAMU

B nporpami Bukopuctano 10 kiaciB Ta ouH
¢aitn cruniB. Cepes OCHOBHUX KITAaCIB € TaKi:
Main.java BimmoBimae 3a BimOOpa)KCHHS
TOJIOBHOTO MEHIO Ta NIIKIIOYCHHS 10
HBOTO HIMX (palisIiB porpamu;
Controllerlnput.java 3a6e3meuye BBeneHHS
JIaHUX Ui PO3paxyHKy CKIaJIOBUX Ta
CyMapHHX IBUAKOCTEH;
Theory.java BUBOJUTH
BIIOMOCT1 MpPO BUXPOBI
HOro mepeBaru Ta HeIOJIKH

TEOPETHYHI1
TpaH yJIATOPH,

e SpeedGas.java Ta Granuly.java
BioOpakaroTh  rpadiuHi  3aJeKHOCTI
CKJIQJIOBUX HIBUJIKOCTEH Ia30BOT0 MOTOKY
Ta TpaHyIl.

e Traektory.java  BimoOpakye  cymapHi
IIIBUTKOCTI.

Functional.java 306epirae BXimHi 3HaYCHHS
MPOrpaMy Ta MIiCTUTb METO U PO3B’sI3aHHS
1 ¢GopMyBaHHS MacuBB JaHUX JJIs
BitoOpaxkeHHs TpadMHUX 3aJ1eKHOCTEH.

CTPYKTYPA KJIIACY JJ11 BUKOHAHHS

PO3PAXVYHKIB
[Ticyist BBeIEHHS TaHMX, BOHH 3aITHCYIOTHCS B
BinmoBigHi moms kimacy Functional.java, me
00pOOISTIOTHCS Ta PO3paxoByIOThCS 3a
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dbopmynamu. Janmi mpu axkTuBamii HeoO0XimHUX
po3xiniB, mporpama (opMye MacuBM NAaHHX Ta
BimoOparkae OTpHMaHHI 3HAYEHHI Yy BUIILIAI
rpadiuHIX 3aJIeKHOCTEH.

OcHoBHUM U MeTonamMH kiacy Functional.java,
B SIKOMY PpO3paxOBYIOTHCSA CKJIAJOBi Ta CymapHi
MIBUIAKOCTI Ta30BOTO MOTOKY Ta TpaHys, € TaKi:
public speedGas(), public Vr(), public Vfi()
pPO3paxoBYyIOTH BINIMOBITHO BUTPATHY,
pamiaibHy Ta KOJIOBY CKIAIOBY IIBHIKICTH
ra3oBOr0 IMOTOKY;

public Wr(), public Wfi(), public Wz() -

pPO3pPaxoBYIOTh  BIINOBINHO  pagialibHY,
KOJIOBY Ta BUTPATHy CKJIAJOBY IIBUAKICTH
TpaHy;

e public resutSummSpeed() — pospaxosye

CyMapHy IIBHAKICTH Ta30BOTO IMOTOKY;
public resultSummGranul() — po3paxoBye
CyMapHy MIBUIKICTh TPaHYyIL

BUCHOBKH
TakyM 4WHOM, 3aNIPOMOHOBAHUI MpOrpaM HUH
IPOAYKT  [JO3BOJSIE IPOBOAUTH  PO3PAaXyHOK

TIIPOIMHAM Y HUX XapaKTEPHUCTHK ra3y Ta T'paHyJ
3 BByajiBali€el0 OTPUMAaHHX pe3yJbTATIB, IO
CYTTEBO TOJETIIYE CHOPUUHATTS BilMOBITHOTO
Marepiaiy.
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Abstract. In the paper the information system for
conducting statistical analysis of participation of
students in different kinds of extracurricular activities
and rating of structural subdivisions of the university by
criterions based on measure of coverage of students in
each sphere of activities was described.

Keywords. Extracurricular Ctivities, Information
System, Web Developing, Statistics, Rating, Yii
Framework.

BCTVII
Onniero 3 npobiem NpaliBHUKIB,

BIIMOBIMAIBHUX 32 MO3aHABYANBHY IIUTBHICT
CTYJCHTIB € MMOBHOTA 1 JOCTYNHICTh iH opmarrii
PO AaKTUBHICTh CTYACHTIB B PI3HUX BHUIAX
ISUIBHOCTI Ta il aHa3.

B poboti posrmmamaerses  iH(opmamniina
CHCTeMa, sKa JO3BOJSIE CIPOCTUTH IIPOIIEC
HaKOMUWYeHHs HdopMallii Mpo Mo3aHaBYAIbHY
JIBUTBHICTH CTY/IEHTIB Ta aBTOMATH3Y€E MPOIECH
dbopMyBaHHS PEHTUHTIB Ta CTATUCTUKA PBHUX
CTPYKTYPHUX  TiApO3ALIIB YHIBEpCUTETY
(HCTHTYTB, (aKyabTETB, TpPYI) 3a pIBHEM
OXOIUICHHS ~ CTYJCHTIB pBHUMHI BHUIAM
IBUTBHOCTI 1 Hajgae BiNMOBIMHY iH(opmallito
KOPHCTYBayaM.

OIUCITPOI'PAMHUX 3ACOBIB

Jl1st po3p0o0KH CHCTEMH BUKOPHCTOBYBAIIUCH
cydacHi  iHdopmaliiini  Web-opieHToBaHi
TexHoJjorii. Po3po0ka iHpopMaiiitHOT cucTeMu
npoBoaunacst 1B 3actocyBaHHsM  CYBJI
MySQL. Sk BeG-cepBep BHUKOPHUCTOBYBABCS
Apache HTTP Server 2.2. TIpu po3po6iti back-
end 3acrocoByBaBcs Yii PHP Framework, sikuit
peanBye KOHIICMINO mporpamyBanus Model-
View-Controller (MVC). Front-end
po3pobisiBcss 3a  pomomoroto JavaScript Ta
6iomiotexn jQuery.
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CTPYKTYPA IHOOPMALIMHOI CUCTEMU

baza pganux  HopmamiiHOT  CHCTEMH
ckamaerbess 3 19 Tabmuup. € Tabmumi 3
HpopMaliEl0 NMpPo HCTUTYTH 1 (aKyIbTeTH
YHIBEPCUTETY, OCHOBHOIO IH(opMalli€o mpo
CTYIEHTIB, IX TPYIH, CIELIATbHOCTI, KYpCH Ta
piBH1 migroroBku. Ilpu mpomy iHopmariliHa
CUCTeMa  CHHXPOHBYETBCS 3  €JUHOIO
IHTErpoBaHow  iHQopMamiiiHOIO  CHCTEMOIO
VIIPaBJIIHHS YHIBEPCHUTETOM Ta MIATPUMYE JaH1
y BKa3aHUX TAOJIUIISX B AKTyaTbHOMY CTaHi.

Oxpemi TaOnMIi BUKOPUCTOBYIOTBHCA JUIS
PO3MIIICHHS H popmarr it po BUIN
M03aHABYAIBHOI T1SUTFHOCTI, 10 aHATBYIOTHCS,
Ta TPO 3alHATICTh KOHKPETHUX CTYIACHTIB B
HUX 3 JICTAJIbHUM TOSICHEHHSIM PO Pl 3aHSTh,
JOCSITHEHH S, TOLIO.

[lo 3aBeplIeHHI0 HABUYAJIbHOIO POKY JaHi
HaBEJICHUX BHUILIEC TaONUIb KOMIOIOTECI 3
BHJIAJICHHSIM B apXiBHI TaONuIli, 10 3a0e3meuye
30epekeHHs H dopmarllii mpo 3aBepIeH1 3BITHI
nepiogd Ta YHEMOXJIMBIIIOE iX KOperyBaHHS
IICTIS 3aBEPIIICHHS 3BITHOTO TIEPIOY.

JInt  KOHTpoNr  3a  KOPUCTyBadyaMu
HpopMal iiiHOT cucTeMH, sKI MalOTh IpaBa Ha
pemaryBaHHs ~ JaHUX MO0  JISUTBHOCTI
CTYACHTIB, B OKpPeMYy TaOJMI[I0 BHOCHUTHCA
HpopMallil Mpo BUKOHAHI 3MIHM, Yac 3MIH 1
KOPHCTYBaya, SIKWii BHOCHB 3MiHH.

B iHdopmaniiiniii cucTemi peanai3oBaHO
(GYHKII0O aBTOJAOMOBHEHHS, IO IPUCKOPIOE
po0OTy KOpUCTYBa4iB MPH BHECEHI JAaHUX IPO
3MICT 11032 HaBYAJIbHOI JISUTBHOCT1 CTYACHTA.
[lpy 1mpOMy cucTtemMa BpaxoBye  BHIU
IIUTBHOCTI, H(OpMaIlito Mpo SKi BHOCUTH TOU
YU HIMHA KOPUCTYBad. JlaH1Mpo KOPUCTyBadiB
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iHdpopMaritnoi  cuctemMm  Ta ix

PO3MIIIYIOTHCS B OKPEMIiil TaOJIHIIL
POJII KOPUCTYBAUIB

IcHYIOTH YOTHpPY OCHOBHI POJIi KOPHCTYBayiB,
SAKi PO3PBHAIOTHCS B 3aJeKHOCTI Big TpaB

podi

JocTynmy — no  indopMamii  mpo  CTYICHTIB
KOHKPETHOTO CTPYKTYPHOro MiApo3Ailly (TpyImw,
dakymereTy) 1 (QyHKIiH pemaryBaHHI —Ta
aIMIHICTPYBaHHS PECYPCOM.

Pomp USEr npu3HaueHa BHUKIIOYHO UL
nepernsay  iHpopmarii  Tpo  T03aHABYAIhHY

JSJIBHICTh CTYJEHTIB TI0 BCbOMY YHIBEPCHTETY 3
METOI0 KOHTPOIIIO POOOTH KOPHCTYBAdiB, SKi
MarOTh NOBHOBAKCHHS HA peIaryBaHH.

Ponp superuser mpuzHaueHa UL CTapocT,
AKUM HaJlaHUM JOCTyn [0 TMepenisiay Ta
penaryBaHHsl iHGoOpMallii PO y4acTh CTYACHTIB
BIIMOBIIHUX TPYM Y MO3aHABYANIBHIN JISUTHHOCTI.

Pone moderator npmHaueHa AJisi 3aCTYHHKIB
JIeKaHIiB 3 TI03aHABYAJIbHOI JABUJILHOCTI Ta
CTYJCHTChKUX JEKaHIB, AKUM HAJaHUN JOCTYI 10
nmeperasaay Ta penaryBaHHA iH(opmamii mpo
y4acTh CTYACHTIB BiNNOBiAHHX (aKyJIbTETIB Yy
MO3aHAaBYAIbHIA  JBIJIBHOCTI 3  MOXIHUBICTIO
KOpEeTyBaTH TePCOHAbHI JIaHi CTY/CHTIB.

Pome admin mnpusHayaeThes aaMiHICTPAaTOpy
CHCTEMHU 1 HaJae AOCTyHn OO Takux (QyHKmin
aMIHICTPYBaHHI: pelaryBaHHi Ta CTBOPEHHI
HOBUX 3alWCiB KOPWCTYBauiB, CIieIliallbHOCTEH,
TPy, CTYACHTIB, BUAIB 3aMHAT OCTi, apXiByBaHHI
0azyn JaHUX, Teperysiy — IicTopii  BHECEHHS
iHbopmaii npo  aKTHBHICTH CTYJICHT iB.
AIIMIHICTpaTOp Ma€ MOMJIMBICTh TiePETISAIATH Ta
pemaryBatu Bcio iH(OpMamio, M0 SKOI MaroTh
JIOCTYI iHIIII KOPUCTYBAYi.

OCHOBHUI ®YHKI[IOHAJI CUCTEMU

[ndopmariiina cucrtema “ZalHATICTH
CTYIEHTIB y TO3aHABYAJbHUHA dYac’ CIPOLIYE
npouec BBEICHHS JaHUX TMpO  3aHHATICTH
CTYIEHTIB, a TaKOXX OTPUMAaHHSA CTAaTHUCTHYHOI
iHpopMamii Ta PEUTHHTIB 1O IHCTHUTYyTaM,
(baxynpTeTam, rpynam.

Ha romoBHii cropiHii po3MimeHa ¢opma
aBpTopm3allii Ta HeOOXMHUH iHTEpQelic mepersiay
PEUTHHIY HEaBTOPM3OBAaHMMH KOPHUCTYyBadaMMU.
i aBTOpM30BaHUX KOPUCTYBAYiB AOCTYIHI TaKi
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CTOPIHKW: pEeWTHHr, 3aWHATICTH CTYJACHTIB,
CTaTUCTHKA.

Cropinka  “peWTWHr”  mHpW3HA4YeHa IS
dbopmyBaHHI  3amury i1 BigoOpaske HHS

PEUTUHTY CTPYKTYPHHUX MilPO31UTIB Ta CTYACHTB.
Pesynprar 3amury moxe Oyru BimdubTpoBaHUMiA
3a CTeIialbHICTIO, KYpcOM, pPIBHEM AT OTOBKH,
HaBYaIbHUM  pokoM. KopwucTyBadi  MarTh
MOXJIMBICTh C(OPMYBATH JOKYMEHT IS APYKY.

Ha cropinmi ‘“3adHATICTH CTYAEHTIB” MOJKHa
N peTysaaTi Ta peJaryBatu iHGopMaito oKpeMo
Mo KOXHOMY 13 cTymeHTiB. CIHMCOK CTYACHTIB
Moxke OyTH BiZICOPTOBaHMI 1O HOMEpPY 3aiKOBOT
KHWKKHW, TPBBUILY, IMEHi, T'PyMi, CepeJIHbOMY
Oany, KUIbKICTIO BUIIB JISIHHOCTI, B SKHX BIiH
3aqiiHuM, Tomo. HasBHa maHens (iabTpaii
JIO3BOJISIE B 3PYYHUIA CTIOCIO 371 1HC HHOBATH MOITYK
CTYICHTIB Ta mepexim MK cnmuckaMu Trpyn abo
(hakymbTETaMU.

Jani mpo 3aWHATICTP KOHKPETHOI'O CTY/ACHTA
BHOCSITBCS Ha CTOPIHII “ympaBIiHHS
3aifparictio”. Ilpm 1mpomy kHOmka “Icropis”
BUKJIMKa€ MOJAAJIbHE BIKHO 3 JIaHUMU TIPO 3M iHH
BIIMOBIIHUX TOJNIB (/aTa, 9yac, KOpPUCTYBaY).

Cropika “cTaTucTHKa” TIpU3HAYeHa JIs
OTPUMAaHHI  CTAaTUCTHKH MO  MAPO3JiiaM:
peUTHHr, KUIbKICTh OaiB, KiIBKICTh CTYJCHTIB,
OXOIUIEHHA CTYACHTIB BIIMOBITHUM KpUTEpPiEM
nisnpHOCTL. BoHa wmae inrepdeiic amanmoridHui
CTOpIHII “peUTHHr”.

BUCHOBKU

Takum 4WHOM, 3ampONOHOBaHa iHpOpMaIliiHa
CHUCTEMa JI03BOJISIE TPOBOJMTU CTATHCTHUYHUN
aHaji3 ydJacTi CTyOeHTiB B pBHUX BHUAaX
MO3aHABYANLHOI JABIMBHOCTI Ta 3JiHCHIOBATH
OI[IHKY CTPYKTYPHHX MiAPO3iTIB YHIBEpCUTETY
3a KpHUTEpPIIMH Ha OCHOBI MiAPaxyHKY KiTbKOCTi1
CTYJICHT B, 3aJIITHUX y KOXHOMY 3 TaK”UX BUIIB
ISUIBHOCTIL
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Flexible Methodologies in the Management and
Realization of the Project Portfolio Internal
Diversification of Enterprise

Iryna Miroshnikova, Bohdan Haidabrus
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Abstract. The questions of the feasibility of using
flexible methodologies in the diversification projects
was consider in this work. It is shown, that in a related
diversification of projects, the most effective approach

to project management is the wusing of agile
methodologies.
Keywords. Project Management, Business

Diversification, Agile, Scram, Kanban.

BCTVII

I'Hydxi MeTOAOMIOT1i yrpaBIiHHS (HapUKIaz
Scram, Kanban), sik mpaBuio HaiOUIb I M POKO
3aCTOCOBYIOTBCS ISl YIPABIIHHS IPOEKTaMU
CTBOPEHHSI YHIKaJIbHUX MPOAYKTIB, BUMOTH JO
PO3pOOKH SKUX 3MIHIOIOTHCS MPOTSATOM BCHOTO
NUKITy iX CTBOpeHHsA. B mpomy 1 momsrae ix
KIII0Y0Ba BIIMIHHICTE BII KIIAaCUYHHUX
METO/IOJIOT T, 30KpeMa, KacKaaHOI MOJeNI, s
SAKUX XapaKTepH1 JOBT1 Y3TOMKEHHS 3 TPUBOAY
HalMEHIIMX 3MIH B MTPOEKTL

l'onoBHOO MeTo0 maHoi pobotm  Oyno
[IOKa3aTh MOXJIUBICTH Ta IOLUIBH ICTh
BUKOPHUCTAHHS THYYKUX METOJOJIOTIH B 3a/a9ax
YIIpaBJIHHS IIPOEKTaMH1 JuBepcu ikary i
OITIPUEMCTB, MTIITPUMKA KHUTTEBOTO LHKITY
CTBOPEHHS IIPOIYKTIB TOIIO.

I[TEPEAYMOBH BUKOPUCTAHHSA AGILE

[Mutanus dopmyBaHHS nopTdeto
IuBepcr(iKOBaHMX TPOEKTIB JOBOJII TapHO
BUBYCHE [1], /U1 BUPIIICHHS HOTO, SIK TIPABHIIO
BUKOPHCTOBYIOTh ~ HACTYNHI  migxoau  abo
METOJN: KOMIUIEKCHUI a00 CHCTEMHHM MImXis;
aHaJ 3 CTparerii PO3BHTKY IMIANPUEMCTBA;
HBeCTUIINHUNA Tiaxia. 3 MeTor dopManBaiii
MpOIIECIB TJIAaHYBaHHS TSUTBHOCT1
MIIIPUEMCTBA Ta MPOTHO3YBAHHS HACIIIKIB
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peanizauii mopTdens MNpPOeKTiB, SK MPaBUIO
CTBOPIOIOTh MaTeMaTU4Hy MOJIeTTh
BUKOPHUCTOBYIOUM HACTYMHI METOIM: TEOpist
MHO>KHH; IMOBIPHOCTI Ta CTATUCTUKU; KIHIIEBUX
Ta TIOpUAHUX aBTOMATIB; HEYITKOI JIOTIKH,
MepekeBl Tpadikd, TOIIIO.

Ha HAaCTYITHOMY erami B
3araJbHONPUMHATOMY  MIAXOA1  YHpPaBJIHHS
IPOEKTaMH, K  IPaBUIIO CTBOPIOIOTH

KaJICHAAPHUH IUIAH IIPOCKTY, SIKUHA € OCHOBOIO
JUTSL IPUAHATTS PAAY BOKIUBHUX YIIPABIIHCHKUX
pillieHb, IO  CTOCYIOThCS  IUJIAHYBaHHSA
orepartiitHoi JISUTBHOCT1 I ANPUEMCTBA,
po3noauly  pecypcis, BUJIaY1 3aBJlaHb
BUKOHABI[SIM, a TaKOX TMJAaHYBaHHS IHIIKX
IPOEKTIB. 3a3Buyai TSt noOynoBu
KaJICH/TapHOTO JIaHy IPOEKTY
BUKOPHCTOBYEThCS ~ MaTeMaTUYHUU  amapaT
MEpPEKEBOTO IUIAHYBaHHS [2]. Ane TpaauiiHIH
MiIXiT Ma€ BEIUKE KOJIO HENONIKIB, TOMY
NUTaHHS YOpPaBIiHHS HOpTQeneM MPOEKTIB
muBepcudikamii  migmpueMcTBa  HEOOXITHO
aHaIBYBaTH BpaxOBYKOUM, M0 KOXEH 3
MPOEKTIB Ma€ CBOi 4acOB1 0OMEeXEeHHSsI, OIOJIKET,
BUKOPHCTOBYE CIIUIbHI PECYPCHU M IIIPUEMCTBA,
TOMY TIPOILIECH peaji3allii MPOeKTiB MMOBUHHI
BpPaXoBYBATH THYYKI METO/IOJIOTIL

Ha cydacHoMy erami po3BUTKYy HayKku Ta
TEXHOJIOTTH HeoOXimHO posrsaaTu [T-mpoekrw,

K  mepenHii  (QpoOHT  PO3BUTKY  ramysi
VOpaBIHHS  MPOCKTaMH, Ta  3HAXOAHUTH
MOXITBOCTI HepeHECeHHS METOJI0IOTi1

npuiiasaTHOl Uit [T-mpoekriB B TpaauiiiiHi
chepu Taki, sSK pereis, IHTepHeT-TOpriBIA,
BUPOOHHUIITBO Cy4acHO1 €JIEKTPOH IKH,
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BHYTPIIIHI  CIYKOU  MIATPUMKH
MITIPUEMCTB TOIIIO.

OcTaHHE TBEp/DKEHHSI 0OYMOBIICHE B TIEPIITY
4epry HeOOX1HICTIO BPAXOBYBATH BEJIHKE KOJO
PU3MKIB, SKi BHUHHUKAIOTH T 4Yac peaniarii
MIPOEKTY, MOKJIMBICTIO BHECEHHS 3MIH Ta BITXIT
Bil MONEPEIHBOIO IUIAHYBAHHS, OCKUIBKH 32
YMOBH TJI00aJBbHOTO PHUHKY II0SIBAa HOBOTO
IPOAYKTY HAa PUHKY MOYKE€ CTUKHYTHCS 3 THM,
0 AHAIOTTHUN NPOAYKT 31 CXOKUMH abo
KpallMMU ~ XapaKTepUCTHKaMU 3’SBHBCS Ha
PUHKY TiI 4Yac peanBarlii BJIACHOTO IPOEKTY,
a0o0 B3araiii cycniibHa MOTpeda came B TaKOMY
OPOAYKTI 3 3aJaHUMH  XapaKTepUCTHKAMHU
CYTTEBO 3MEHIIMIIACS.

SIKIo0 TOBOPHUTH TPO TMEpeBard i HEAOJIKH
THYYKUX METOJOJIOTI B IIUIOMY, TO TOJOBHHUM
MIHYCOM CTaHE€ «IJIaBalouay OIliHKa TepMiHIB
po3pobku  Ta  OWOKETy, IO MOCTIfHO
3MIHIOIOTECS MapajelbHO KOPUTYBaHHS BHMOT.
Jo mmiociB xe agile-merononorii, 6e3ymMOBHO,
BAapTO BYAHECTH HHU3bKI TEPMIHU BUPOOHUIITBA
MPOAYKTY 1 BIUICYTHICTh MPOCTOIB Ha dac
MOTO/PKEHH I IPOEKTHOT TOKyMEHTaILji.

Agile moraHo ommcye MpOIECH YIPaBIIHHS
BUMOTaMM, MOXHa CKa3aTd, L0 Take MOHSITTS
IPOCTO BIICYTHE TOMY THYYKa METOJOJIOTIA
pO3pOOKM  HE  BKIIOYAE  JIOBTOCTPOKOBE
TJIaHyBaHHS (TIJIAHYBaHHS 3MIMCHIOETHCS TUThKH
Ha  KOPOTKOCTPOKOBY  TEPCHEKTUBY),  fIK
HACIIIOK BIUICYTHSI JIOPOXKHSI KapTa MPOAYKTY.
OcCKUIbKM IJIaHYBAHHS KOPOTKOCTPOKOBE (Ha
HallOnmuK4y  irepanito  po3poOkKu), a 1o
3aKIHYEHHIO KOXKHOI Irepailii aHaJaByeThCs
pe3ynbTaT 1 (OPMYIOThCSI HOBI BUMOTH, CaM
MPOJIYKT MOKE ICTOTHO 3MIHUTHCSL.

OCOBJIMBOCTI PEAJII3ALII
METOJJOJIOTTI KANBAN

B cyudacHux yMmoBax mIOOaIbHOIO pPHUHKY,
PO3BHTOK OY/Ib-SIKOTO MIIMIPUEMCTBA MOKITUBHIA
TUIbKA 332 YMOBH TIOCTI{HOTO pyXy BIEpes,
MOIIYKY HOBUX PUHKIB, CTBOPEHHS Ta peanizall i
HOBHX MPOJIYKTIB TOIIO. MOXKHA CTBEPIKYBaTH,
0 CyJacHEe MIAIPUEMCTBO 3HAXOJUTHCA B
MepMaHEHTHOMY CTaH1 peaniaiii mopTdesnto

BCIIMKUX
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MIPOCKTIB BHYTPIIHBOT nuBepcHpikal il
[lpukimagom  Takoi  cTpaTerii  pPO3BUTKY
HITIPUEMCTBA MOXKYTh OyTH HampHUKIaJ BEJMKI
KoMITaHii AucTpuO'toropu, abo HampuKiIan
InTepuer-pereitnopu, ne IIEPMAaHEHTHO
peamizyeTbess TOPTQENb MPOEKTIB BHYTPINHBOT
muBepcudikaiii KoMmMmaHii HampaBJeHUN Ha
peaizaiifo HaCTYITHUX 3aJad: BHUXI] Ha HOBI
PUHKH, PO3MIMPEHHS JIOTICTUKH, 30UIbIICHHS
OpOoAaX,  MAapKeTUHI,  30UIbLIEHHS  KOJja
MOCTAYaIbHUKIB Ta LEHTPB  AUCTpHOYII],
MOTHBAIlIFO Ta YIIPABIIHHS MEPCOHAIOM TOIIIO.
bBHec komMmaHii CYITE€BO 3aleXHUTh BI
ctabuibHOCTI po3pobneHux IT-mpoaykriB Ta
IIBUIKOCTI BIPOBA/PKEHH S HOBUX.

B BenmMkuX TEpUTOpIAILHO PO3MOAUVICHUX
KOMITaHIIX 3 METOI0 BHYTPIIIHBOI KOM YH IKaIl i,
BEICHHSA oBHecCY, HaJIarOKEHH S
H opMmarn iHHIX MOTOKIB JOI UITBHO
BUKOPHUCTOBYBAaTH OCHOBHHMI CAalT KOMIaHI, K
H opmMan HiHUH 1eHTp Beix mpouecB. [ T-rpyma
MIITPUMKA TTOBUHHA 3HAXOJIUTHCS B TOCTIAHIN

peamizaimii  TPOEKTIB BII  CTPYKTYPHHUX
MITPO3AUTIB  KOMIIaHI, TakKux SK: BIIALTY
MapKeTHUHTY, MPOJIAX, TUCTPUO'TOILi, JIOTICTUKH,
pexwrtamu, Oyxrantepii Tompo. OCKUIbKA, B
HAIlOMy BUIAAKy TMPOEKTH Bil pBHHUX
CTPYKTYPHHUX I ApO3a TR OynyTh
peari3oByBaTHCh TpyInoo IT-miarpumku

KOMITaHii, TO M MaeMO CIIPaBy 31 CIOPITHEHOIO

muBepcudikaiero i K HACHNOK B IOMY

BUITAJKy 3 METOI0 Y3TO/KCHHS IPOCKTB B

paMKax mopTeno A0 UTbHO BUKOPHUCTOBYBATH

rHYy4Ki MeTozosiori, Harmpukiax Kanban.
Oco0OmuBocTi peanBaii METOH0JOr1T

Kanban, mMoxyrh 3MIHIOBAaTHCS B 3aJIC)KHOCTI

Bil OCOOJMBOCTEH OTOYYIOUOIO CEepeOBHILA

OpOEeKTB, ajle B  BHUMNAJIKy KOMIaHii-

TcTpuO'toTopiB  abo  Hampukiany IHTepHeT-

pETEeHIOpiB MOXKHA KOPHCTYBATHCS HACTYITHOIO

cTparerieto (puc.l):

- TopTQenp TMPOEKTIB, PO3MOAUIETECS Ha
OKpeMi TIPOCKTH Ta 3aKpIUIIOEThCS 3a
BUIMOBITHUM  CTPYKTYPHUM  TIIPO3IUIOM
KOMITaHii, IKHi € 3aMOBHHKOM IIPOEKTY;
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BUKOPUCTOBYETBCS JIBA MOXIIMBHX BapiaHTa
BUKOHAHHS npoekrty  (TepMiHOBO -
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Pucynox 1 — Mozens peanizamii mopT¢emo MpoeKTiB B yMOBax AuBepcHdikarii

KOKEH IPOEKT JEKOMIIO3YEThCSI Ha OKpeMi
3a7a4i;

pobouili MPOCTIp T KOKHOTO TMPOCKTY
(3amaui) TOAUIGHWH Ha HACTYIHI CTaii:
«Inan», «OTOBHICTH 110 poboTH», «B3sTO

Ha  peanBanio», «B  poboTi» Ta
«PeanBoBanoy;

BCl craaii KpiM mouyaTkoBOi 1 (iHanIbHOI
MalOTh ~ OOMEXEHHS Ha  MaKCHMAIbHY
KUTBKICTh OJJHOYACHO BHUKOHYBAHHWX 3aBJIaHb
IT-rpynoro;

KO)KHA 3ajadya Ha II0YaTKOBOMY eTari

orpumye craryc — «lIman» (3amava me He
Mae JAeTalbHOro omucy Tta 13), a morim
craryc — «[OTOBHICTb 1O poOOTH» (IiCis
ysromkenHs T3);

TOII-meHemKMEHT ab0 MEHEIDKEp MPOEKTIB
BUILIYE SIKI TPOEKTH HAMOUIbII MPIOPUTETHI
Ha TOTOYHMA MOMEHT s OBHecy, i
BUXOJITYM 3 I[bOTO TIEpeMiliae  3aaadi
MpoekTy 31 cranii «['0TOBHICTh O pOOOTH»
1o ctanii «B3saTo Ha peanBaiito», sIK TUIbKH
rpyna IT-minTpuMku  3BUIBHMIIACS IS
po6otu. ITicis mporo 3aga4a MPOXOAUTH TPU
cragii: «B3sto Ha peanBaunio», «B poboti»
Ta «PeanBoBaHoy;

poboTa 3 TEPMIHOBUMH 3aBJIaHHSIMU Ma€ CBOi
0COOJIMBOCTI, OCKUIbKU BOHH
00CITyroByIOThCSl  1M03aueproBo. Ase 100
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TEPMIHOB1 3aBJIaHHS HE BIIMBAJIA CYTTEBO Ha

HOPMAJIbHOT TPOIIEC - KUTBKICTh OJIHOYACHHUX

TEpPMIHOBUX 3aB/IaHb OOMEKEHA.

3aBmskd  Takoi opraHizamii  pobotu €
MO>KJIMBICTh TapajieIbHO BUKOHYBATH JEKUTbKa
MPOCKTIB OJHIEI0 KOMAaHIOK B 3aJIEKHOCTI Bil
MPIOPUTETHOCTI, BIICTTKOB yBaTH Xin
BUKOHAHHS, KOPEryBaTH MpoILleCc Ta aHAIBYBAaTH
CHHEpreTHUHui eeKT Bi peanallii moptdemnto
MPOEKTIB BHYTPIIHBOI THUBEPCH DIKAITil.

BHUCHOBKU

3a yMOBH CHOpITHEHOI AWBepcHiKalrii,
JOLUTBHO 3aCTOCOBYBATH THYYKI METOJOJIOTII B
VIOpaBJIiHHI Ta peaiizanii mopT@ensi IpOeKTiB,
0 JI03BOJISIE MAaKCHUMAaJbHO 3aBaHTa)KyBaTH
pecypcu, THYYKO pearyBaTH Ha HarajibHi
noTpebu Ta IBHUIKO pPEali30BYBATH BHITYCK
HOBUX IIPOAYKTIB.
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Abstract. The concept of risk and uncertainty in
project and their relationship is investigated. Early
stages of complex product development projects and
their specifications are analyzed. It is suggested to
reduce the uncertainty and risk of the project in its early
development stages by making decisions between
alternatives with an awareness of the risks associated
with each alternative.
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INTRODUCTION

The development of complex products and
systems is a priority for the growth of any
country’s economy and is achieved by conducting
a series of complex and long-term projects and
programs. The most dominant properties of
complex projects are: presence of many
interconnected subsystems and components, high
degree of innovation and collaboration during
design and implementation; the use of various
approaches and large variety and number of
experts.

One of the most outstanding characteristic of
these projects is high degree of risk and
uncertainty as the result of their inherent
complexity.

THE CONCEPT OF RISK AND
UNCERTAINTY

Authors performed an extensive research about
the notions of risk and uncertainty and their
relation in project. It can be stated that there is not
a unique understanding and definition of them. In
some cases, the risk and uncertainty are referred
as synonyms; therefore, there is not any
connection between them. However, [1] believes
that risk and wuncertainty are not identical
concepts. The risk exists when the probability of
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its occurrence can be determined based on
statistics from previous projects or by expert
methods while uncertainty assumes the presence
of factors under which the results of activities are
not deterministic, and the degree of the possible
impact of these factors is unknown.

According to [2], uncertainty in projects may
be interpreted as two concepts: variability and
ambiguity. Variability refers to a situation when a
measurable factor can take on a range of possible
values. In this case, the event is defined, but the
outcome is uncertain because it is variable.
However, ambiguity refers to uncertainty of
meaning. Here the issue is not the probability of
an event producing a particular value; it is the
uncertainty about the event itself, with a lack of
clarity over some aspect of its existence, content
or meaning. Both ambiguity and variability exist
throughout the project life cycle, but they are
particularly predominant at the early stages of a
project [3].

In [4] project risk is described through the
interrelated categories: uncertainty, risk and loss.
Uncertainty is characterized by incomplete and/or
unreliable source of information about the project
and probabilistic character of future events and
can be described and analyzed by mathematical
concepts and tools. Then, project risk occurs as
the result of uncertainty of the future events, and
the amount of loss (damage) is the result of the
risk event.

RISK OVER THE PROJECT LIFE CYCLE

Analyzing the changes of risk and uncertainty,
the costs and the change costs over the project life
cycle shows that: Project costs are small in the
beginning, reaching a peak at the implementation
phase and rapidly fall at last phases (completion)
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of project. Risk and uncertainty have the
highest value at the beginning of the project and
decrease in the course of performing the
project. The cost of changes and correcting
errors and repeating the tasks, as a rule,
significantly increases as we approach to the
end of the project.

First phases of development are critically
important in complex product's life cycle
because this is when the main decisions are
made which in turn determine the product
performance and development project's cost,
time and quality. Some distinguished features of
these phases are:

1) High uncertainty due to lack of precise
knowledge of the projects and products

2) Large number of iteration cycles for
achieving the desired consistency of results

3) The requirement of making principal
project decisions (selection between
alternatives); the result of decision mainly
affect the project goals.

4) The predominant root causes of risks at
this stage are the scientific and technical factors
(comparing with cost and time root causes)

5) The mechanism for eliminating most of
the risk factors is rescheduling and repeating a
series of tasks.

Project risk management is one of main
project management parts and according to
the Project Management Institute's PMBOK, it
is one of the ten knowledge areas in which
a project manager must be competent. Various
methods and standards of risk management
have been introduced so far; but they suggest
the common steps and only differ in some
details. The main steps of project risk
management  process include  planning,
identifying, evaluating, responding, controlling
and monitoring the risks.

In our research, we propose the concept of
reducing the change costs of last project stages
by reducing the level of uncertainty in the early
stages of development.

One of the efficient ways for performing this
concept can be carried out within alternative
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(variant) selection activities. It is proposed to
make decisions between alternatives with an
awareness of the risks associated with each,
thereby helping to prevent late design changes
and their resulting risks and problems. The
alternative selection activities are not assumed
to be risk because they are inevitable activities
and probability of their occurrence in project is
100% while the definition of risk states that risk
event must have the probability of less than
unity. However, as the result of alternative
selection activities and depending on the
selected alternative, risks of  project
implementation may vary considerably. Once
the alternative is selected and its specifications
are established, the prevalent risk management
method can be used to manage risks against
these determined specifications.

CONCLUSIONS

It can be concluded that at the early stages of
the project the correct analysis and decision
making under conditions of high uncertainty
significantly affects the cost of the project
completion. The proposed concept helps the
project manager in reducing the sources of
uncertainty by increasing his knowledge about
the risks of different project solutions. This
uncertainty if not managed effectively, can be
key driver of cost overruns, schedule delays,
and in extreme cases, the project cancellation.
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BCTVII

[IpuitHATTSs  pillleHP €  HeBI1J €MHOIO
YaCTUHOIO CUCTEMH YTIPaBJIi HHS MPOEKTOM |1,
c. 4]. Ha cworomsi icHye JOCHUTh BEJIMKA
KUIbKICTh ~ TyOJliKamiii 9K 3 TIMTaHb
YIIPaBJIiHHS TIPOEKTaMHu [2, 3], Tak i 3 MUTaHb
OPUNHSATTS YTPaBIiHCHKUX pilieHs [4, 5].

[Tporpama BHUBYCHHS HOPMAaTHUBHOT
HAaBYaJIb HO1 TUCLIATUTIHU «Mertonu
NPUAHATTS TPOCKTHHUX PIIICHBY» CKJIaJeHA

BIAMOBITHO 710 OCBITHBO-TIPO (heCIHHOT
porpamu i IFTOTOBKU MaricTpa

CTICINATLHOCTI « YTIPaBIIIHHSA TPOCKTaMI».

[IpenmeTom BUBYCHH HaBYAJIb HO1
JUCHMIUIIHA € BHUKOPUCTAHHS CHUCTEMHOIO
aHamizy K  METOJIOJIOTIYHOT  OCHOBH
NpUMHATTSE ~ OOIPYHTOBaHMX  pIlIEHh B
MPOEKTHIN iSITHHOCTI.

PE3VIJIbTATU JOCII>KEHHA

MeToro BUKJIaaHHA HABYAJIbHOT
JTUCTTUTUTIHA «MeTo a1 MPUHHITTS MPOEKTHUX

pilleHb» € Ha0yTTd 3HaHb 1 BMiHb I3
BUKOPUCTAHH CHCTEMHOI'O  aHal3y SK
METOJIOJIOTTYHOT OCHOBH NP UAHATTS
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OOIpyHTOBAaHUX  PIIICHb MIPOEKTHIN
TUSIITHHOCTI.
3rilHO 3 BUMOTaMH OCBITHLO-TIPO(PeciiHOT

NporpamMu ClIyxadi TIOBUHHI

B

3HATH:
— METOAOJIOTIF0  MPUHAHATTA  MPOEKTHUX
pillICHb;
— TEXHOJIOTi}0 BUKOPUCTAHHA CHCTEMHOTO

aHaTI3y 100 MPUUHATTS TPOCKTHUX PIIIEHb;

BMITH:

— KOPEeKTHO  3aCTOCYBaTh METOAM Ta
MOJI€JIl CHCTEMHOTO aHali3y 1010 TPUUHSITTS
MPOEKTHHUX PIIICHbD;

— BUKOPUCTOBYBATH 1HpopMariitHi
TEXHOJIOT1i TPy OOTPYHTYBaHHI Ta MPUHHATTI
pEATLHUX MPOCKTHUX PIIICHb.

[npopmamiiinuit obcsr HaBYIbHO1
JUCIMIUTIHA CKJIQAA€ThCS 3 IIECTU TEM.

Tema 1. ExcrnepTHi MeTOAM OINHIOBAHHS
MPOEKTHUX pIlIICHB. Posrmsigatotees
0CO0MBOCTI 0cOOW, 10 MpHUAMaEe pilIeHHS
(OITP) sik HOC1s 1H(pOpMAIIT O LTI TPUHHATTS
pimenb. [lenpdificbkiit MeTon Kiacudikarii,
paHryBaHHS, B1JHOCHOT OINHKH.

Tema 2. bararokpurepiaibiai MeTOIU
TP UMHATTS MPOEKTHUX pIlICHb.
JlocmiKyeThCs CUHTE3 KPUTEPIiB Y BUITISIAL
Ib0Boi  pyHKII. MeTogu  rOJOBHOTO
KPUTEPII0, 3TOPTKH KPUTEPIIB (MaKOpUTApHA,
aIWTUBHA, MYJIbTHUILTIKATUBHA TOIIO).
OcoOnMBOCTI BUKOPHCTaHHS [JIsI BHOOpPY
ONTUMAITBHUX TMPOEKTHUX PIIIEHb.

Tema 3. Metoau
(KoJlerialbHOTO0) ~ MPUMHATTS ~ MPOEKTHUX
pimiesb. OIIP sk KOJEKTHMB €KCIEPTIB.
Metoau TOJOCYBaHHS, MO3KOBOTO MITYpMY,

rpyHoBOTO
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KJIIOYOBHX IIMTaHb, OCOOHMCTHX acoLjalji,
iHBepcii, ocoOucToi aHanorii, HOMiHAIBHOT
IPYyIH, CUHEKTHUKU.

Tema 4. IlpuiHATTS NPOEKTHUX DILLICHb B

yMOBax HEBM3HAYe€HOCTI. HeBu3Ha4YeHICTH
npoOJIeMHMX ~ CHUTyalliii B yNpaBiiHHI
MPOEKTaAMU. Bruius 30BHIIIHFOTO

cepenoBuia Ha mpoekT. [ToOymoBa CiThOBOI
MOJIeJIi TIPOCKTY 3 ypaxyBaHHSIM MpOOJIeMH
HEBM3HAYEHOCTI 4Yacy BHUKOHAHHA pOOIT:
meron PERT. OcoOnmBOCTI BHKOpUCTaHHS
METOMIB MPUHHATTS pIIIEHb B YMOBax
HEBU3HAUCHOCTI B MPOCKTHIN MiSTIBHOCTI.

Tema 5. IIpuiiHATTS TPOEKTHUX PIIICHb B
yMoBax pm3uKy. OCHOBHI CKJIQIOBI MPOIECY
NPUAHATTS ~ MPOSKTHHX  PIMICHb 100
YIpaBIiHHSA PYBHKAMH TPOEKTy. SIKicHUU Ta
KUIbKICHUH aHall3 pU3HUKIB IPOEKTy. MeToau
OINIHIOBAHHSA CTYTICHS PHM3HKIB: CTAaTUCTUYHI,
eKCTIEPTHI, aHATOTOBi. MeTonu KiJbKiCHOTO
aHaimily ~ TNPOEKTHUX  PIBHKIB:  aHaIi3
YYTJIMBOCTI, aHai3 CLEHapiiB, imiTaryiiHe
MOJIEJIIOBAHHS Mownre-Kapro. Metoan
peakilii Ha PU3UKH TPOEKTY.

Tema 6. IIpuitHATTS TPOEKTHUX PIIICHb B
yMOBax koHpumikty.[IpuHIITI
onTuMasbHOCTI (piBHOBaru) 3a Hemem 1 3a
ITapeto. IlopiBHgHuii aHami3. OcoOIMBOCTI
BUKOPHCTAHHS B MPOCKTHIN JiSITbHOCTI.

[TigroToBKa Ta 3aXUCT KOHTPOJIBHUX POOIT,
METOI0 BHKOHAHHS SKHX € KOMIUICKCHA
nepeBipka 3aCBOEHHS clIyxadaMu
TEOPETUUHHUX 3HAHb Ta HAOYTTS MPAKTHUIHUX
HaBMYOK 13 BHUKOPUCTAHHA CHCTEMHOTO
aHamizy  SK  METOJIOJIOTIYHOT  OCHOBHU
NPUAHATTS ~ OOTPYHTOBAaHMX  pIIIEHb B
MPOCKTHIN iSITBHOCTI.

3acBo€HHA Matepiany BigOyBaeTbCs TMij
qac ayJUTOPHHUX 3aHSTh (e,
MPAKTUYHUX), poOOYMX Tpymn (BUKOHAHHS
3aBlaHb MO OOIPYHTYBaHHIO TPOEKTHUX
pillieHb B Pi3HUX MPOOJIEMHUX CUTYaIlsX Ta
yMOBax HEBU3HAYEHOCTI, PUBHKY,

KOHQJIKTY), CaMOCTIHHOT  po0OTH  Hax
JUKEpETIaMU.

BUCHOBKHA
Jucuurizna «MeTtoau TPUNHATTS

NPOCKTHUX PINICHB» PO3KPUBAE CYTHICTh
VOpaBIiHHI TPOEKTaMH Yepe3 MeXaHi3M
NPUAHATTS TPOEKTHUX PIIIEHb. Y MPAaBIIiHHS

MpOEKTaMKU — 1€ [OpoLeC  MNPUHHIATTS
KOMIIE TCHTHHX pillIeHb KOMaHJ 010
yIpaBJi HHS MPOEKTOM CTOCOBHO

pe3yibTaTUBHOI Ta €(PEKTUBHOT KOOpAHMHAINT
NI K [UIICHOT CHCTEMH JUII OTPUMAHHS
MPOYKTY MPOEKTYy 3 YHIKaJIb HIMU
BJIACTMBOCTSIMH 3a MOKa3HHUKAMHU I[HHOCTI,
SKOCTI, 9acy, BapTOCTI Ta 3aJ0BOJICHOCTI

3aliKaBleHUX CTOpiH. J[ng  mpuisHATTS
NPOEKTHUX pIII€Hh BHUKOPHUCTOBYIOTH pi3HI
I IXO TU: €KCTIePTHI METOJIH,
OaraToxpurepiaib Hi METO/IH, METOIA
IPYNOBOTO TPUUHATTSA pIllI€Hb, HPUHHATTSA
MPOEKTHUX pileHb B yMOBax
HEBM3HAYCHOCTI, TMPUUHATTS  MPOEKTHUX

pillieHb B YMOBaX PHU3UKY.
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BBEJIEHME

Pa3paboTka OecnmMIOTHBIX  JIeTaTeNbHBIX

annaparoB (BIUJIA) sBisiercs uTEpaTUBHBIM
MPOIIECCOM, B XOZI€ KOTOPOTO MpopadaThIBaeTCs
MHOKECTBO QJITEPHATHBHBIX pEIICHUH, T.K.
MHOrooOpasue menerd wucnons3oBanus BITTA
TUKTYEeT HEO0OX0AUMOCTh CO3JJaHUS
JeTaTeIbHBIX anmaparoB c pa3HBIMU
xapakrepuctukamMu. HempaBuiabHO BbIOpaHHOE
KOHIIENTyallbHOE pEIIeHHE B  OTHOIICHUU
o0NMMKa W XapaKTePUCTHK IPOEKTUPYESMOTO
arnmapara MOXeT TMPUBECTH K TOBTOPHOMY
BBIMIOJIHEHUIO YK€  TPOBEACHHBIX  PadoT,
CJIEIOBATENbHO, K IOTEPE BPEMEHU U CPENCTB.
[losToMy akTyalnbHBIM SIBJISIETCS MPUMEHEHHE
aBTOMAaTH3UPOBAHHBIX CHCTEM Ui
KOHIIENTYaJIbHOI'O aHanM3a BAPUAHTOB
BeinosHeHus1 BIUJIA, 4To mo3BOJUT COKPaTUTH
BpEMsI Ha Iepex0 /1 OT MOXKENAHUHN 3aKa3dHuKa J10
JTana MPOEKTUPOBAHUS BBIOPAHHOIO THUIIA
U3JIETHSL.

[NPUMEHEHUE CUCTEM
ITPOEKTMPOBAHMA HA PAHHUX
CTAIUAX PASPABOTKH
BECITMJIOTHOT O JIETATEJIBHOI'O
AIITIAPATA

B 3aBucumocTtu ot Macurraba mpous3BOACTBA,
CIIOHOCTU OOBEKTOB TEXHUKU M (MHAHCOBOTO
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obecrieueHHs] HAa aBHALMOHHBIX MPEINPUATHIX
U B KOHCTPYKTOPCKMX OIOpO MOTyT OBITh
BHEJIPCHBI KaK KOMIUIEKCHbIe Tspkenbie (high-
end) CAD/CAM/CAE cucremnr (CATIA,
Unigraphics), tak u cpeaaue (middle-end)
cucreMbl, Takue kak SolidWorks, TFlex,
KOMIIAC, AutoCAD, SolidWorks, 3D Max,
Unity3D. B OOJNBIIIMHCTBE clydaceB
OTEUECTBEHHBIC MPEANPUATHS HAYT MO MYTH
MOSTAITHOW MHTETPalii aBTOMAaTH3MPOBAHHBIX
cucreM. lIprunHON 3TOro 3a4acTyr0 BBICTYIIAET
OTPaHWYCHHOCTh (PMHAHCOBBIX CPEJICTB, YTO HE
NO3BOJISIET Cpa3y OXBAaTHTh AaBTOMAaTH3AIIHIO

BCErO MpennpusaTus «c Hyas». [loatomy
aKTyalbHOW  3ajadedl  sBisgeTcs  BBIOOp
paloOHaAIBHOIO KOMILJIEKCa CpEICTB

ABTOMAaTHU3UPOBAHHOTO TPOCKTHPOBAHUS  Ha
Pa3UYHBIX 3TAIaX KU3HEHHOTO IIUKIIA U3/IEIHs
aBHAIMOHHOU TEXHUKU. CornacHo
HOPMATHUBHBIM JOKyMEHTaM II0 pa3paboTke
U3 TEXHUKUA BBIJICISIOT  CIEIYIOLHE
CTaJMM >KMU3HEHHOIO LMKIA: HCCIEIOBAaHUE U
obocHOBaHUE pa3zpaboTKu, paspaboTka,
MPOU3BOJICTBO,  AKCITyaTalus, KalUTaJIbHbBIN
PEMOHT. TpaauioHHbIMI MOIXOM K
MPOEKTUPOBAHUIO npearnoaraer, 4TO
MPOUCXOJIUT TOCIEAOBATENbHBIN TEpPeXo] OT
cTaluu K CTaauu, T.e. T[Ocie JTana
UCCIIEeIOBAHUS JOKHO OBITH chopMyIHpPOBAHO
T3 u Hawatbcs sTanm paspaborku [1]. OxHako
Npyd TakoM TIOAXOJE HECOOTBETCTBUA B 13
BBISBIIIIOTCS TOKE, U TPeOyloT mepecMoTpa
konreniuun camoro BIUIA. B paGore [2]
IpeaoXKeHa cxema Mpoiecca MpOeKTUPOBAHUS
BIUIA, rtme mnpeaycMOTpeHbl HTEpaTUBHBIE
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BO3BpATHI ITOKa3aHbl BO3MOHBIE
HAaIIPABJICHUS IIPUMEHEH U aBTOMATH3H-
POBaHHBIX CHUCTEM MPOSKTUPOBAHUA YK€ Ha
CaMbIX paHHUX CTaauiX aHanu3a TpeOOoBaHUIl
3aKa34yMka M BHIOOpPAa KOHIENIMU JIETAaTeNhHOTO
ammaparta. Takodt momxom OoJyiee MOAXOAUT K
WUTEpaTUBHOW  MOJENW  JKM3HEHHOTO  IMKJA
pa3paboTkw, yeM TPaJUIIMOHHBIN. Ha
KOHLENTyaJbHOM  3Tamne  OyneT  HeBbICOKas
TOYHOCTh MOAEJNEH W OrpaHMICEHHOE  YHCIIO
nMapaMeTpoB  IMPOCKTHUPOBAHMS, OIHAKO OHHU
JOJDKHBl ~ aTh  TPEJCTaBiIeHHWE O Haubolee
aydimeM Habope napamMeTpoB U3 JIOMYCTHMOIO
HaOopa pemenwid [3]. /a1 KOHIENTyasHOTO
srana MO>KHO HCTIOJIb30BaTh CHUCTEMBI
NPOEKTHUPOBAHUS IO CJIEYIOIINM IIaraM.

Mlar 1. Wcxomst w3 TpeOOBaHMIA 3aka3duka
(mome3nast ~ Harpy3ka, JajdbHOCTH, 00JacTh
MPUMEHEHU, CKOPOCTb, BBICOTA, pa3Mepbl U IIp.)
BEIOWpaeTcsl TpefaBapureibHas ¢opma (TN U
macmrab) BIIJIA, i mocTpoeHHS KOTOpOi
ucrnonszyetcs CAD-cucTeMBbl T€OMETPHU-UECKOT O
MOJIEJTUPOBAHUS.

[MMar 2. C yyeToM JOMyCTUMBIX M3MEHEHHH
MapaMeTpoB TEOMETPUM MOZAEJH OLEHUBAIOTCS
Takue TMOKa3aTelM KaK  adpOjaHHAM HIEeCKOe
KauecTBO, MaKCHUMalbHas  Macca  B3JeTa,
OlleHMBaeTCsl OallaHC Macc C WCIOJIb30BaHUEM
CAE-uHCTpYyMEHTOB.

ar 3. Ha srane BpiOOpa CUI0BON YCTAaHOBKHU
NPOBOAMUTCS  OICHKA HArPY3KM Ha  KpbLIO,
CKOPOCTH, YPOBHS HobeMa, B3JIETHOM
JUCTaHIMU U T.J..

Har 4. Ecnu mojydyeHHbIE XapaKTEPUCTUKHU
VIIOBJIETBOPUTEbHBI, TO BBHIMOJHIETCS TEPEXO.
Ha CTJINIO HcclieqoBaHus reoMmeTpuaeckoir CAD-

u

MOZAEIHN c WICTI0JTb3 OBAHHUEM
aBTOMATU3 UPOBaHHBIX MoA ynen aHanm3a
nanpsokeruid (flow analysis).

ITar 5. Hanee MPOBOJI UTCS
aBTOMAaTHM3UPOBAHHOE ITPOE KT UpOBA HYE
crpykrypHoit  Mmopenu BIIDIA u  pacuer

KOHCTPYKIHUHU C UCTIONb30BaHUEM MOAYJS METOJa
KOHEUYHbIX 3JieMeHTOB. Eciiu Ha mepeducie HHbIX
JTamax  MOJIydaeMble  XapaKTepUCTHUKH  HE
YIOBJIETBOPUTEIIbHBI, TO BBIMOJIHIETCS BO3BpAT
Ha  [OpelbIAyLIyI0 CTaAuIl0 M  I[POUCXOIUT
epecuer Opud  JONYCTUMOM  OrpaHMYEHUU
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[IEpEMEHHBIX.
Takum  o0pa3oMm, TEpeYUCIICHHBIE  IIATU
MHOT OKPaTHO MOBTOPSIIOTCS, cyxas

MPOCTPAHCTBO TMPOCKTUPOBAHMSA, W B KOHEY HOM
UTOre MO3BOJIIIOT OTOOpaTh JIyd LIYI0 KOHIIE MU0
ifa: BITJIA, a HCTIOJIH3 OB HHE
ABTOMATH3 UPOBA HHBIX CHUCTEM Ha
KOHIENITyaJlbHOM JTafe TMO3BOISIET COKPAaTHTh
BpeMs Ha MepelpoeKTHpOBaHHME M  pacyer
xapakrepucTuk KoHcTpykuuu BIIJIA. Otmerunm,
YTO Mpolecc BHIOOpPa KOHUECNIUH MPU TaKOM
MOJXOJE CTAaHOBUTCA Ooiee WTEepaTUBHBIM U
THOKUM , Tax KaK B ciydae
HE yZIOBJIETBOPUTEJILHOTO pe3ysbTaTa BO3BpAT HA
npeablIyIIue CTaJuu U MepecMoTp TpeOoBaHUH K
W3IENIMI0 CTAHOBWUTCSI MEHEe 3aTpaTHBIM U
JUTUTEJIb HBIM. Kpome 3TOrO, cpeacTBa
aBTOMAaTH3aIMM MPOSKTHPOBAHUSA B J1aJlbHEHIIeM
MOTyT OBITH JTOTIOTHEHBI 0a30i pa3padoTaHHBIX
pelie Hhid, KOTOPYI0 MOXKHO OYZIET HCIOJb30BaTh
KaK OCHOBY Uil OKCIEPTHOW CHCTEMBI B
OTHOIICHUH BHIOOpAa KOHLETIMH O€CUIOT HOTO
anmapata Ha OCHOBaHWM aHalm3a TpeOOoBaHUI
3aKa34uKa.

BBIBO/IbI

bonbmroe HPOCTPaHCTBO pene Hui
OTHOCHUTEJILHO OOJIMKA JIETaTeJIbHOrO amnmnapara u
€ro0 XapakTepUCTHK MPHUBOIAT K TOMY, 4TO
BO3BpaThl Ha MpeNbIAYIIHE LIaru MPOBOIATCS
JIOBOJIbHO 4YacTO M MHCIOJb30BaHUE MOJETEH,
noctpoeHHBIX B CAD-CAE cuctemax mo3Boiur
COKpaTUTh BpEMs Ha INEPECUYET XapaKTEPUCT UK.
Paccmorpen HOpSAJI OK UCII0JIb3 0BA HUS
ABTOMATH3MPOBAHHBIX CHCTEM Ha 3Tale aHaln3a
TpeOOBaHMI 3aKa3uuvKa H BBHIOOpA KOHIIE MU
BIIIA. Tlpennaraercst pa3paboTka 6a3bl JaHHBIX
peue HUA Ju1s BeIOOpa KoHnenuu BITJIA ucxons
3 TpeOOBaHMI 3aKa3ymMKa.
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BBEJEHUE

B Hacrosiiee BpeMs CTadM aKTyaJIbHBIMH
KPAaTKOBPEMEHHBIC U CPEIHECPOUHBIC MTPOCKTHI,
a HUMCHHO. IMPOCKTHI, OCHOBAQHHBIC Ha
BEHUYPHOU Hjee, KOTopasi OMpeemsieT MOaX0]
K co3maHuio HoBoro Startup. B mporecce
YOpaBJICHUA TaKUMHU ITPOCKTAMHW OYCHL BAXHO
HCIIOIB30BaTh MOJXOJAIIYI0 OH3HEC-MOJENb
JUTSL TIOJTy4eHHUsE 00 JIbIICH BBITOJIBI OT MPOEKTA.
[Tpu 3TOM, THIOJOTHS OM3HEC-MOJEN JIOKHA
OBITh OINKCaHA Ha MPEIUHBECTUIIMOHHOW (ase
npoekra. TakuMm 00pa3oM, TOMCK ONTHMAIIbHON
OW3HEC-MOJIENI TIO3BOJISIET COKPATHTh CPOKH
nepexojia OT UJCH K pealln3alliu MPOCKTa.

OCHOBHAA YACTD

Mopeasn baanka-Zlopga. B coorBercTBuN €
monenbto  bmanka-Jlopda [1] BeLgensioTcs
CICIYIOIME  ONpPEICJICHHsS:  CTapTar
BpPEMEHHasi CTPYKTypa, KOTopasi IIOMOTaeT
HAXOOUTh MOIEIb OM3Heca, CIOCOOHOTO K
BOCIIPOM3BEJCHUIO W  MacHITaOupPOBaHUIO;
HeyzaJya 9TO JIMIIb TOBOJ JJIsi Pa3BUTHS
cTapTramna M MOUCKA MOJXOJSIIETO crocoda ero
peanuzanuu; OU3HEC-TUIAaH 3aMEHsIeTCs] Ou3Hec-
Monenplo. B sTOM moaxoae OM3Hec-MOJIEb
COCTOMT W3 IIeJied M BOIPOCOB, Ha KOTOPHIC
HEOOXOJMMO OTBETHThH: KIMEHT (KTO OH, 4YTO
MBI MOXKEM TMPEUIOKHUTh, KaK UX YAEpXKarh?),
OPONYKT (KaHAbl COBITA), JOXOH (KaK MBI
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XOTHUM 3apaboTaTh, HA Y€M MBI XOTUM TOJIYIUTh
npuObLIB?), pecypchl  (YTO  HYXKHO  JUIA
JNOCTHDKEHUS  IIeNd, TA€ HaXOAATCs JTH
pecypchl, Kak MX MOJY4UTh?), MapTHEPHI (KTO
MOKET CTaTh HAIlMM MapTHEPOM, KaK HX
IpUBJIEYb?).

Beinenstorest  yetbipe 92Tama  paboOTHl  C
NOTPeOUTENSAIMU: BBISBICHHE (KaK MPOIYKT
MOXKET pPEHMTh MpodiieMy TMOKymarens?),
Bepu(uKanus (MpoBepka TUIOTE3, MOATOTOBKA
IUIaHa  MPOJAX,  PbIHOYHOM  CTpaTeruw),
npuBjicdeHue (MPONAXH TUIIOC BIIOKEHHS B
MapKeTHUHT), pOXIEeHHE KOMITAaHU U
(peopranu3anus M3 NTPOEKTa B CTAOMIIBHYIO
CTPYKTYDY).

Mogeas OctepBaiiigepa. C mnoMoIbio
monenu OcTtepBaitinnepa BO3MOXKHO pPa3BUTh
JMI000M OM3HEC, 4YTO [OKa3aHO MHOXKECTBOM
TEOpUH U  TPAKTUYECKHUX  PYKOBOJCTB,
OCHOBAHHBIX Ha 3ToM Mojend [2]. [Ipennoxenbl
NEBSITh CTPYKTYPHBIX OJOKOB MW TYTH UX
peanu3aluu: MOTPEOUTENLCKUM CETMEHT
o0CIy’)KMBaHUE OJHOTO MJIM  HECKOJIBbKUX
CETMEHTOB PBIHKA; I[EHHOCTHBIE MPEUIOKECHUS
BBIPA0OTKA KOHKPETHBIX MpPeUIOKEHUH,
CIIOCOOHBIX YIAOBJIETBOPHUTH 3HAYMMBbIE
NOTPEOHOCTU ayAUTOPUHU; KaHalbl cObITa —
nepesaloT  LEHHOCTHBIE TPEIIOKEHUS  OT
KOMIIaHUHU K TOKYyMaTessiM; B3aWMOOTHOIICHHUS
C KJIMEHTOM — OpTraHM3aIus CIyKObl 0 padoTe
C KIMEHTaMH; TOTOKH JIOXOJIOB TOXOJIbI
COCTOSIT W3 YCHEIHOI0 CEerMEHTHUPOBAHUS
pPBIHKA U YIOBJIETBOPEHHUS 3alPOCOB KIMEHTA;
KIIOYEBBIE PECYPCHI MOMCK TOTO, YTO
MIOMOYKET CO3/1aTh, IPEAJIOKUTD, PEAIN30BaTh U
JOCTaBUTh LIEHHOCTh MOTPEOUTENIO; KII0UeBast
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JESITeTbHOCTh M €€ BUJbl — OMPENeNUTh, YTO
UMEHHO JielaeT Ou3Hec Il CO3JaHUS
[IEHHOCTEH; KIIOYEBbIE IMAPTHEPHI — CO3/1aTh
Kpyr KOMIaHUW U YaCTHBIX JIUI] AJISl BBITOJIHOTO
COTPYOHUYECTBA; CTPYKTypa H3AEPKEK

COCTaBUThH NEPEUCHb

pacxooB, CBA3aHHBIX C OM3HEC-TIPOLIeCCaMH.

Lean canvas. /lanHas MoACNb MOXOXa Ha
NpeabIAyIIyl0, HO HMEET CYILECTBEHHOE
orianure: (OKyC BHUMAHUS COCPEJOTOYEH Ha
OuM3HECMEHEe M TpearnojaraeMo MpUOBLM OT
npoekta. HeoOxoguMo yka3aTh MpodiemMy,
pelieHue, YHUKAJIbHOE IIEHHOCTHOE
NpeUIOKEHNEe,  CKPBITOE  MPEUMYIIECTBO,
KIHEHTCKUE CETMEHTHI, CMBICITIOBBIE
aIbTepPHATUBBI, KIIOUYEBBIE METPHKH, KOHIEHT
BBICOKOTO  YPOBHs, KaHaJbl IPUBIICYCHUS,
pPaHHIOI  aJamnTai|io, CTPYKTYpy  3aTpar,
CIHUCOK IOCTOSHHBIX M MTEPEMEHHBIX H3AEPIKEK,
MOTOKU 10X0J10B. OTBETHl Ha BCE MPUBEICHHBIE
Omoxu MPUBEIYT K (hopMUPOBaHUIO
(uMHAHCOBOTO TIUIaHA, B OCHOBY KOTOpPOTO
MOJIOKEH KIIMEHTOOPUEHTUPOBAHHBIN 1o 1x04 B
JAaHHOW MOJETH MPEeIOKEHO TaKoe IOHSTHE,
kak unfair  advantage «HEUYECTHOE
MPEUMYIIECTBOY, CKpBITOE oT
HEeZ00pPOCOBECTHBIX KOHKYPEHTOB [31:
TEXHOJIOTUH, KOTOpBIC HEBO3MOXHO
CKOIMPOBATh WJIM BBIKpacTh. [ ycmemHoro
OCYILIECTBIICHUS IpOEKTa HE00XOMMO
o0s3aTeNbHOE HAIMYHE OJHOTO, a JIydIle,
Heckonbkux Unfair advantage.

Mopgeas JI:xxoHcona. CTpyKkTypa MOJENU
OCHOBaHa Ha TEOPHH <IIPOPHIBHBIX WHHOBAIHI»
Kneiitona Kpucrencena [4]. Ona npezacraBiena
B BHJIC «TPEYrOJIbHUKA 3aXBaTa», B BEpLIMHAX
KOTOPOTo PacIION0KEHBI : [IEHHOCTHOE
npeuiokeHue, opMysna u3BJie4eHus NpuObLH,
KIIFOUEBBIE PECYPCHI U Mpolecchl (puc. 1).

IEHHOCTHOE ITPETT-
JIOJKEHHE

BBIE IIPO- YEHH: ITPUBBLTA
IECCHI

4
(= ]

Pucynok 1 — Monens JI>xoHCOHa

KJIFOYE-
BBIE PE-
CYPCBI
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Mogeab UYecopo. Ona mnpeanuchiBacT
HCIIOJIB30BaHHE JIBYX THIIOB HOBBIX
TEXHOJIOTHH : BHYTPEHHUE HCCIEI0BATEIbCKUE,
KOHCTPYKTOPCKHE  pelleHus;  pa3paboTku,
KYIJICHHBIE Ha pBIHKE MaJbIX CTapTaros.
VHHOBALIMM HAXONATCA B «TE€XHOJOIHMYECKOM
JIOMEHE», OHU HEpa3pbhIBHO CBs3aHBI CO BCEil
CHUCTEMOH. ABTOp YTBEpXKJaeT, 4YTO IOCJe
BHE/PCHUS MHHOBAIMA — OM3HEC-MOJIENbh cama
CTAaHOBHUTCSI HMHHOBallMed, YTO ITO3BOJISIET
OCYIIECTBJISITh €€ TMPOAAKY KaK TPOIyKTa
npoekra [5].

BBIBO/IbI

AHanu3 CyIIECTBYIOUMX OH3HEC-MoOaenen
MOKa3aJl, YTO BCE MOJCIH HUMEIOT MHOXKECTBO
o0mmMXx  OcoOEHHOCTEH, HO TpPU  ITOM,
OTJINYAKOTCS BHYTpeHHI/IMI/I 3aKOHaAMH
pa3BuTHs, BHENHUMHU (akropamu. Takum
o0pa3oM, JUTs CTapTan MPOEKTa, B 3aBUCUMOCTH
OT OCOOCHHOCTCH pBIHKA, XapaKTCPHCTHK
[EJIeBON ayIUTOpUHM, HAIMYHE CTapTOBOTO
KamuTajga W T.O., HEOOXOIUMO OCYIIECTBIISAThH
noabop Hambosiee ONTUMAIBHOW  OW3HEC-
MOJICIIH.
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Abstract. The analysis of life cycle of projects of
creation the sophisticated technical machinery is
carried out. The cone model of life cycle of the project
of creation of sophisticated technical machinery
developed on the basis of spiral model of life cycle is
offered.

Keywords.  Project,  Sophisticated
Machinery, Project Life Cycle.

Technical

BBEJIEHUE

TepMHH <OKU3HEHHBIM IMKID» B HACTOSIIEE
BpeMsl ABJIETCS IIMPOKO YHOTPEOISIEMbIM KaK B
€CTECTBCHHBIX M TEXHUYECKHX, TaKk H B
TYMAHUTApHBIX HaykaX. JKH3HEHHBI LUK
(OKLI) mpoekra sBisieTcss 0a30BBIM, HMCXOJIHBIM
MOHSATHEM  JUISI  WCCIENOBAaHUS  MPOOIeM
peammzanun nipoekra. CormacHo PMBok XKI
MPOEKTa 3TO Habop (0ObIuHO
MOCIIEZIOBATEIbHBIX) (a3 MPOEKTa, KOJIUYECTBO
" COCTaB KOTOPBIX OTIpEIeIISIeTCSI
MOTPeOHOCTAMU yIIpaBJIeHUS OpraHu3aluel Uin
OpraHM3alUsIMH, YIaCTBYIOLIMMH B rpoekre [1].

B pabote mpennokeHa KOHHYECKass MOJEIb
KL mpoekra oTpakarolasi 3aTpaThl, CPOKH U
pe3yabTaThl (MPOrpecc) MpPoeKTa.

XAPAKTEPUCTHUKHM XI[ ITPOEKTA

XL mpoekra ompenensier ¢asbl, KOTOPbIE
CBS3bIBAIOT ~ HAuyaJlo  IpoeKTa C  €ro
3apepmieHueM. Ilepexox w3 omHoi (aszel B
Jpyryl0o B IIpeAenax KU3HEHHOIO IUKiIa
MPOEKTa OOBIYHO MMOPAa3yMEBAET HEKYIO (OpMY
TEXHUYECKON nepeaadu 1781071 caadu
pe3ynbraroB. B kauectBe xapakrepuctuk JKIL|
MOKHO BBIJIEJIUTh YPOBEHb 3aTpaT B TEUECHUH
JKII mpoekra (puc. 1), pucku U COCOOHOCTH
YYaCTHMKOB IPOEKTa MOBJIHUATH HAa KOHEYHBIE
XapaKTepUCTHUKU Tpoaykra B TedeHun KL
npoekra [1].

Taxue ussectupie Monenu XKL mpoekra kak
KaCKaJHas MOJENIb M CHUpalbHAsi MOJEINb
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bosma nmeroT psin HenocTtaTkoB. Tak KacKagHast
MOJIEJIb HE MO3BOJIIET OTPA3UTh UTEPALIMOHHBII

XapakKrep IIpOCKTa CO34aHUA CJIIOXKHBIX
texunueckux cucreM (CTC).
MpomexyTouHan casa (unu dassl)

T HausaneHas dasa e

a 4

= i \

" & - A

£ .

o P .

2 . N

s - .

> e s

1 1
Bpema —)

Pucynok 1 — Yposens 3atpaT npoekta mo ¢azam XKIJ
DTOT HEIOCTATOK YUUTHIBACT CIIUPAIbHAS

mogens JKIT [2]. Paspaborka wuTepanusMu

OTpakaet 00BEKTHBHO CYIIIECTB YIO U
cnupanbHbll Uk cozganus CTC. Henonnoe
3aBepuieHHe pabOT Ha  KOKAOM  JTame

MO3BOJILICT MECPCXOANMTH Ha CHC,Z[YIOILH/Iﬁ oTarl,
HE JI0XKUIAsICh MTOJTHOTO 3aBEpPIeHHUs pabOThI Ha
TeKylieM dtare. [Ipu UTepaTHBHOM CrOCo0e
pa3pabOTKH, HEIOCTAIONIyI0 pPaboTy MOXKHO
OyZeT BBIMOJHUTH HA CIEAYIOIICH HTEpaluu.
['maBHas ke 3amaya — KaK MOXKHO ObIicTpee

1oKa3aTh 3aKa3unu Ky paboTocrocoOHbII
IPOIYKT, aKTUBU3UPYS, TEM CaMbIM, IIPOLECC
YTOYHEHHS M  JIONOJHEHUs  TpeOOBaHUMA.

OCHOBHBIM HEIOCTATKOM CIUPATBHON MOJETH
KL, ¢ Touku 3peHHs UTEPALIIOHHOTO Ipollecca
peanmm3zanuu npoekra cozganus CTC, sBasercs
TO, YTO OHa IUIOXO OTOOpa)KaeT BPEMEHHbIE
COOTHOILIGHUSI MEXIY CPOKAMHU BBIMTOTHEHUS
paboT Ha pasHBIX BHUTKaX. B  pabore
MpeUIOKEHA YCOBEPIICHCTBOBAHHAS BUHTOBAS
mozenb JKII mpoekra [3], yunTsiBaroiias Bbliie
U3JI0’)KEHHbIE HEJJOCTATKH.
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KOHYCHAS MOJIEJIb K11

Eciu oOpaTtuThCst K M3BECTHBIM MOJEISAM
XKL B obmactu ¢usuku u OUOIOTHH, OONBIIOE
pacnpoCTpaHEHUE MOJYyYHIM MOJEIN B BHUJE
KOHYCHBIX M  LWIMHJPUYECKUX BHUHTOBBIX
auHui. Hanpumep, nuxindeckas MOJIEHIb B
KOCMOJIOTUH, Mpeajarami@s pacllMpeHue Hu

ckarue no  cnupam, wMmoxens  JIHK
(me30KcMPHOOHYKICHHOBAS KHCIIOTA) — ABOMHAS
cnupainb. [looTomy B KauecTBE  OCHOBBI

npemiaraemoii  mozxenu JKI[ mpoekra Obuia
MCIoJIb30BaHa BUHTOBas moaeib XK1 [3].
OJHUMH W3 OCHOBHBIX  XapaKTEPUCTHUK
MPOEKTa SIBIISIOTCS CPOKM M 3aTpaThl Ha €ro
BbIMOHEeHHEe. J100as MmpoeKTHasl JesSTeNbHOCTh
CTPEMHUTCSI JOCTUYh ONMTUMAIBHOTO PE3yibTara,
UCIIOJIB3YSl  OTpe/ICICHHbIE pecypchl. Mmeem
3a/1a4y MaTeMaTH4eCKOrO MPOTrpaMMHPOBAHUS:

R(t,c) —> max,
C < Crax+
t <o

rie R — pesympraThl mpoekra; C — CpeICTBa
peanu3anuy npoekra; t — Qakrmueckue cpoku

peanu3alui IPOEKTa; Cmax: Imax — MJIAHOBBIC
OIOJUKET U CPOK  pealu3alud  MPOEeKTa
COOTBETCTBEHHO. IlpuHMMas BO BHUMaHHE

WUTEPAIMOHHBIA XapaKTep IPOEKTOB CO3IaHMS
CTC, kaxnas utepanusi IpoekTa J0JKHA UMETh
OTpPaHUYEHUS Ha PECYPCHI U CPOKHU:

G < Cmaxi ,

ti < tmaxi ,

re Cj — CpelICcTBa pealu3alyy | -0l uTeparu

npoekra, {j — cpoku  peanm3anuu | -oif

UTEpalNU MPOEKTa.
Kaxnyro wmrepaunto XI[ mpoexra MoKHO

MpEACTaBUTh B BHAEC BUTKA KOHHYECKOU
BUHTOBOW JuHMU. [Ipemyiaraemass KOHHYECKas
MOJEIIb KL OTpa)kaeT pe3ymnbTarsl,

MOJYYEHHBIE HA KAKJIOW WTEpALMH IPOEKTa, a
TaKKe CPOKM M 3aTpaThl HEOOXOAMMBIE JUIsS
JAOCTHUIKCHU S OTUX PE3YJILTATOB.
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Ha puc. 2 npencraBieH 3J1EeMEHT KOHYCHOM
BuHTOBOU Mozenu KL mpoekra.

A,
AL Al

A,

Pucynok 2 — DneMeHT koHycHO# Moaemn JKIT

3mecs Ay — Hayalo WTEpalldyd MpPOeKTa, A —
OKOHYAHWE WTepaluu Tmpoekra, BpeMs
BBITIOJTHE HUS UTEpallid  TPOCKTA, R1
pe3yabTaThl, TOCTUTHYTHIE 32 BpeMs t. 3aTpaThl Ha
BBITIOJIHE HYE uTepanun MPOEKTa
MPOMIOPIIMOHANBHEI PACCTOSHIIO MEXKIY TOUYKaAMHU
CMEKHBIX BUTKOB, H3MEPEHHOMY 10 00pa3ylolie i,
Ha3bIBAEMOM IIIarOM  KOHWYECKOM BHHTOBOM
JIVHUH.

Pa3spabGoranHas Mojenh TO3BONSET HATIISAIHO
MPEICTABHUTh 3Talbl KU3HCHHOTO IMKJIA, CPOKU H
3aTpaThl Ha peaju3aldi0 KaXXJAOoro Jrama, 4YTO
O0COOCHHO aKTyaJbHO TpH pa3padoTKe JIMHEHKH
CTC. Ilpu cozmammu CTC, mponomxaromei
JIUHEWKY TPOAYKTOB NPOEKTa, P MPOEKTHBIX
3TafnoB B HOBOM IMPOEKTE MOYKET TOBTOPUTHCH.
IIpumeneHVe paHee HAKOIUICHHOTO OIBITA, MPHU
peaiu3aliii HOBOTO TPOCKTa MOXET ITO3BOIHUTH
COKpaTHUTh 3aTpaThl TpoekTa. B 3tom cirydae,
pa3paboTaHHasi MoOIEb OTPa3WT COKpAIeHUEe
3aTpaT B BHIE CXKAaTUl KOHUYECKOW BHUHTOBOWU
JIVHUH,

BbIBO/IbI
[IpoaHanu3MpoBaHBl OCHOBHBIE XapaKTepH-
cruku KI[ mpoexra. OTMedeHBI HEJOCTATKH

cymectBytorux mozaeneit JKI[. PaspabGorana
koHycHast moznens KL npoekra cozmanusa CTC.

REFERENCES

[11 A Guide to the project management body of
knowledge (PMBOK guide) [Text]. — USA: PMI
Standards Committee, 2008. — 467 p.

Boehm, B. A. Spiral Model of Software Development
and Enhancement [Text] / B.A. Boehm // IEEE
Computer. —1988. -21 (5). — P. 61-72.

Tolkunova Y. N. Screw model of life cycle of
sophisticated technical machinery multiproject’s
[Text] /I Collection of scientific works, KhAFU
Vol. 1(38). — Kh., 2014. — P. 236-240.

[2

[3]



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

An IT Project Risk Management Knowledge Base

M.A. Tkachenko
The Kyiv National Economic University, named after Vadym Hetman, Ukraine, tkachenko@rurik.com.ua

Abstract. In the theses, a knowledge-based risk
management model for IT projects that provides a
logical mechanism for knowledge-based systems is
described.
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INTRODUCTION

Modern IT projects are implemented under
conditions of wuncertainty and are highly
susceptible to risks because of dynamic changes
in requirements and immaterial deliverables.
The international risk management standard
ISO 31000:2009 defines uncertainty as “the
state, even partial, of deficiency of information
related to, understanding or knowledge of an
event, its consequence, or likelihood” [1].
Accordingly, the reduction of uncertainty
requires relevant information, or knowledge,
about processes and events that can affect
project objectives. This is particularly important
for IT projects that are knowledge intensive.

The principles and tools of effective use of
knowledge are developed within the knowledge
management discipline, which “promotes an
integrated approach to identifying, capturing,
evaluating, retrieving, and sharing all of an
enterprise's information assets” [2].

In recent years, numerous approaches
concerning the integration of knowledge
management with project management and risk
management were proposed [3-5]. In addition,
in the publications, the term “knowledge base”
(@an  organized repository of knowledge
consisting of concepts, data, objectives,
requirements, rules, and specifications) is
frequently mentioned.

However, the current approaches do not
specify the logic of the expert and decision
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support system as a component of the project
knowledge base. Therefore, it is necessary to
develop a knowledge-based risk management
model for IT projects that provides a logical
mechanism for knowledge-based systems.

KNOWLEDGE BASE

The expert system’s logic for the IT project
risk management knowledge base is shown in
figure 1.

w3

f w3
""""""""" . What was the
; 2 «———— prior project's
. W2 tate?
wi
_— Y
Addl:trg)sn:lre Are deviations
not required no e el
| 5 | yes
L S i
f A\ J
ek @ Yes Are deviations lower
nges than critical for w1?
l no
Project transited yes Are deviations lower

to the state w3 than critical for w2?

lno

Project transited to
the state w3

Figure 1 — Expert system’s logic

In order to prioritize knowledge-based risk
management procedures in IT projects, it is
proposed to use the buffer management
concept. The depletion of the project’s buffer,
which is composed from safety time extracted
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from individual tasks compared to the project’s
progress shows the overall level of project risk.
Thereby, buffer management can be used to
signalize that the current risk level requires
obtaining  additional  information  from
stakeholders for further analysis and taking risk
response measures.

The expert system’s logic is based on the
project’s transitions between certain states
depending on the buffer consumption rate
compared to the project’s progress. In terms of
buffer consumption rate, the project at a certain
moment of time can be in one of three states:
wl, w2 or w3.

According to the division into states, the
following rules can be formulated.

1. In the state wl, negative deviations either
don't occur or don't exceed the critical level for
wil.

1.1. If deviations don't take place, additional
measures are not envisaged.

1.2. If deviations in the state wl take place
but do not exceed the critical level, it is
necessary to track the consequent changes in the
project.

1.3. If deviations exceed threshold values for
wl, the project has transited from the state wl
to w2 or w3 since the last observation

2. In the state w2, deviations that may affect
the project's success negatively take place.

2.1. The project's being in the state w2
requires planning new or complementing
measures stipulated by the plan with respect to
minimization of deviations and returning the
project to the state wil.

2.2. If deviations are lower than immanent to
the state w2, the project has transited to the
state wl.

2.3. If deviations are higher than critical for
the state w2, the project has transited to the
state w3 since the last observation.

3. In the state w3, deviations negatively
affecting the project's success are present.

3.1. The project's being in the state w3
requires  taking measures  concerning

52

minimization of deviations and returning the
project to the state w2 or wl.

3.2. If the deviations are lower than
immanent to w3, the project has transited to the
state w2 or wl.

To represent the knowledge in the
knowledge base, it is proposed to use the CLIPS
language. CLIPS, though being simple,
provides comprehensive toolset including
procedural, rule-based and object-oriented
components.

The system has the property of subadditivity,
l.e. it can be complemented with new rules if
necessary. Based on specific information about
the causes, factors and conditions of risk
occurrence, the chains of questions and
responses  continue until  the  specific
recommendations are provided.

CONCLUSIONS

The use of the knowledge-based risk
management system provides a highly adaptive
mechanism of identifying and responding risks
occurring in a dynamic IT project environment.
With the use of knowledge management
techniques, the level of uncertainty in the
project is reduced within an iterative process
involving the feedback from stakeholders (tacit
knowledge) and performance indicators based
on project execution.
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Abstract. The work is dedicated to the improvement
of the test control technology of mastering the
educational material by the students. To achieve this
the information system of tests formation has been
worked out. The increasing of the variability of tasks is
provided by the use of linear congruent method of
pseudo-random numbers generating.

Keywords. Effectiveness of Studies, Testing, Model
of Information Technology of Test Control,
Information Systems of Testing, Pseudo-Random
Number Generator, Linear Congruent Method.

INTRODUCTION

The formation of the unified European
education and research area requires the
improvement of the existing educational
technologies. The teaching process may have a
sufficient level of quality only if it is equipped
with the tools of results control. The best
approach to ensure impartiality of the
attestation measures is the use of written tests.
The control of learning results using test
technologies is one of the most important stages
of the learning process, because it provides
check on the quality of education, providing
input information to improve the training and
methodological support.

The testing process should be provided by a
special information technology (IT) for the
formation of which it is necessary to analyze
the test technology of the knowledge control
(Figure 1). The important attribute of the testing
system is the possibility of a computer
knowledge control (e-tests), and the ability to
print test items for written test control and their
saving in the archive. The test system of a high
quality should provide a high level of variability
of tasks. To simplify and accelerate the results
check the test system should generate not only
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the key to the answers but be capable of
automated inspection of paper tests.

Types of question

Test tasks, keys. types of
1 check

Analysis of results

A Reconmpen-

datiohs.

Improvement of the TMS

and test tasks

Figure 1 — Conceptual model of the test control

DESIGNING OF INFORMATION SYSTEM
Conceptual model of information system

Testing Information System (IS) is a
combination of:
IS = <DB, GPRN, UI, ID> (@h)

where DB - a database;

GPRN - generating module of random
numbers;

Ul - user interface;

ID — input data.

In turn, the database is a set of questions
(SQ) formed from a plurality of created options
(CO):

DB =<SQ, CO> 2

The set of questions consists of a range of
disciplines (R d), topics (Rt) in the subjects and
questions (Rq) in the subject.

The input data to the system are the
discipline, list of necessary topics, quantity of
options for the formation and the number of
questions in the variant.

The wuser (teacher) collects database of
questions that are divided into the disciplines
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and topics within the discipline, and sets the
input data to form necessary test task.
According to the information received from a
plurality of questions the sample of all numbers
is created that match the criteria. GPRN module
creates a sequence of random numbers obtained
from the sample. Then from the set of questions
the user (teacher) selects such questions that
correspond to the data of generated sequence
and a test task variant is created in accordance
with the input data.

GENERATION OF RANDOM VARIABLES

The search of a necessary method has been
performed among the three main methods:
linear congruent method (LCM), Blum-Blum-
Shub algorithm (BBSH), Fibonacci method of
delays (MFD). For this test software in Visual C
# language has been created. Additionally the
built in the programming language method
GRN (Random) has been considered. The
model of the system of testing has been worked
out for choosing of the method of generation.
The base of questions consisted of 30 questions.
Using each of these methods the blocks of 15
options have been created.

The effectiveness of the method was
evaluated by comparison to a standard case.
The case is considered to be standard when
each question in the block occurs the same
number of times. After the experiment the
analysis of the received samples has been
conducted. For every experimental method
according to the formula (3) the score is
calculated:

K = 2ki
where K - resulting score

ki — the score of the experiment, which was
calculated according to the formula:

ki=2>(nj — ne) 4)

where nj- frequency of the j-th question in

the created block; ne — standard frequency of
question repetition.

The analysis of the received data showed

that in all the experiments linear congruent

3)
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method showed the best results. That is the
allocation of the sequence generated by the
algorithm LCM is more uniform compared to
other sequences in each series of experiments.
Based on this, for the creation of the test
options linear congruent method has been
selected.

CONCLUTIONS

The paper solved the relevant problem of
improving the current testing technologies of
the control of mastering of the educational
material with the help of the developed
information system of test items creation for
attestation measures in schools. The models of
IS have been created, its software
implementation, based on which the system
itseIf has been designed as software. The use of
such information system by the teachers can
significantly save time during the formation of
variants of the tasks. The use of the linear
congruent method provides a higher level of
variability compared to most similar software
products. For the analysis of the effectiveness
of the dewveloped information system two
samples assignments have been compared,
obtained with the help of the standard RNG
and linear congruent methods. The study found
that the linear congruent method showed a 35%
better result. The next stage of the development
of the IS is the addition of the electronic testing
module with the archiving of results which will
provide the teacher with the analysis tools of
the test results to improve the teaching,
preparation and monitoring of the level of the
students’ knowledge.
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Abstract. The aim of this work is to analyze and
develop application MyELIT for platform Windows
Phone 8.1.

This product provides access to the Sumy State
University news, schedule, radio, map and so on. It also
provide secondary tile that contain actual schedule.

Application will be useful for students, teachers and
applicants.

Keywords. Windows Phone 8.1, C#, eXtensible
Application Markup Language.

AKTYAJIBHICTH TINIATOOPMU
WINDOWS PHONE 8.1

Windows Phone 8.1 — me omnepariina
cucrema, po3pobsiena Microsoft st MoOUTbHUX
npuctpoiB. Ilpesentamis 1iei OC BigOymacs
2 xBiTHs 2014 poKy.

Window Phone 8/8.1 BUKOpHCTOBYe HOBY
apxirektypy: Windows CE Oyma 3amiHeHa
“meckromHuM” Windows NT [1]. Ilepexin Ha
ocHOBHE snpo Windows NpUBHOCHTH 0Oarato
sMmiH. Windows Phone 8/8.1 ta “meckromuunii”
Windows maroTh oj1HaKoBi (haiiioBi cucremu
(NTFES), rpadiunuii pymiit (DirectX), enemenTn
Oe3leKkr, MEpPEeKEBUH CTEK, Imap amapaTHUuX
abcrpakuii (hardware abstraction layer, HAL)
ta M. LI 3MIHM [03BOJSIOTH CTBOPIOBATH
yHiBepcanbuuil kon s Windows 8/8.1, 10 Ta
Windows Phone 8/8.1 3 MiHIManbHUMHU
3YCUJUISIMM. Takok  gomaHa — MIATpUMKA
OaraTosIepHUX MPOLECOPIB.

VYci pomatku st Windows Phone maroth
3BOPOTHY CYMICHICTh, TOOTO KOPHCTYyBaul Bepcii
8.1 MoXxyTh 3amyckatu fofatku aiast Windows
Phone 7 a6o 8.0.

Hns crBopenns nomatky MyELIT Oyma
oOpana mnargpopma Windows Phone 8.1. 3a
nmaHuMu 3a iroTai 2016 p. Bincotok cMapT (GoH B
Ha Windows Phone 7.x — nmume 4,5% (puc. 1) 1
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nei TOoKa3HUK Oyae 3MeHIryBaTucsa. Bci
kopuctyBauli Windows Phone 8 Mmoxyrh
onoputucs a0 8.1. KopucryBaui Windows
Phone 10 Takoxx MOXYTh KOPHCTYBaTHCS
nonatkamu Windows Phone 8.1. Tox Bubip
came 11ie1 Bepcil miaTgopMu € ONTHMAITBHUM.

Windows Phone 7.x
45%

Windows 10 Mobile
5.3%

Windows Phone 8.0
8.5%

Pucynox 1 — Po3nonin Bepciit onepariiftHux cuctem
Windows Phone 3a manumu ctaHoM Ha motuit 2016

OIMC ITPOI'PAMHUX 3ACObIB
U CTBOPEHHA JOJATKY

JUisi CTBOpPEHHS JI0JIaTKy sI BUKOPHUCTOBYBAB
MOBY mporpamyBaHHs C# Ta MOBY pO3MITKH
XAML.

Moga nporpamyBanHsi C# [2] Oyna cTBopeHa
1 po3BUBaeTbcs KommaHiero Microsoft, 106
337I0BOJIBHUTH  TOTpeOM  MPOrpaMiCTChKOi
cnieHOTH. Ll MoBa € Hamaakom C ta CH++
MOB Ta CICIIAIbHO MpPH3HAuYeHa JJIs POOOTH 3
mwiargopmoro .NET. MoBa po3pobisinacs, 1mo6
yBiOpaTH BCi mepeBard HIMX MOB 0e3 IXHIX
HEJIOJIIKIB.
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XAML [3] — 1me MoBa pO3MITKA CXOKa Ha
XML, BHKOPHUCTOBYETBCS s PO3POOKH
KopucTyBalnpkoro iHTepdeiicy. XAML Oyma
BBeAeHa pasoM 3 Windows Presentation
Foundation (WPF), mo6 3amictutu coOoro

Windows Forms. Hapasi XAML
BUKOPHCTOBYETHCS TSt IPOCKTYBaHHS
KOPHCTYBAIHKOTO mTep deticy TUTS

“necKTonHUX’ Ta MOOUIPHUX JOHATKIB
Byno Buxopucrane Visual Studio 2013 — ue

IHTETPOBaHE  CEpPEAOBHINEG  PO3POOKH  BiX
Microsoft. BoHO BxIOuae Bcl HEOOXIimHI
IHCTPYMEHTH  JUIi  CTBOPEHHS  JIOJIATKYy.

Expression Blend — incTpyMeHT [uisi CTBOpEHHS
HTepdeiicy kopucTyBaya, SKAH  JO3BOJISIE
peanByBatu  Oymb-ski  imei  ;auzaiiHepa,
BukopuctoByroun XAML a6o HTML. Visual
Studio Ta Blend 3a3Buuaii mnpamoOOTH B
tagaeMi. Po3poOHukM mpamiooTh B Visual
Studio, mo06 cTBOpuTH 0OazoBHii HTEepdelc Ta
BCIO JIOTIKY JIOaTKy, B TOW 4ac sIK JU3allHEepH
BHUKOpPUCTOBYIOTH Blend.

OITUC JIOJATKY

Mo06 inbHI JO0AATKH CTBOPIOIOTH HE TUTbKH JJIs
posBar, a ¥ JAnA pO3BUTKYy OBHeCcy Ta
KOPIIOPaTHBHUX PIllICHb.

MoGinpHuii gomatok «MyELIT» cTBOpe HHA
crienmianbHO 11 (PaKyIbTETy EJEKTPOHIKH Ta

iHpOpMaIiifHIX TEXHOJOT 11 CyMcbkoro
JIePKaBHOTO YHIBEPCHUTETY.
Jlonatok Hajnae aOITypieHTY MOJKJIUBICTB

o3HalioMuThCs 3 (akynbTeToM, KadenpaMu Ta
CIIeIIaJIbHOCTAMH, IHCTUTYTOM acIlipaHTYypu Ta
JOKTOpaHTYpH.  3abe3nmedeHo  AOCTyN 10
aKTyaJbHOI KOpHCHOI iHpopMallii, iHTe paKT UBHUX
Kapr, TpUKJIAJiB 3aBAaHb Ta BIPTyallbHUX
TpeHaxepiB. Takox icHye pagio «MyELIT
player», sikuii Bmimye B co0i 45 ykpaiHCBKHX
pamiocTaHuiii Ta Tpu odiniiiHi pagiocTaHIil
Cym/[1V.

Jonano po3ain 3 pozknagom Cym/JY. Poskian
JIONaTKy  JIO3BOJSIE  OTpUMATH  HEOOXimHY
iH(dOopMaIlifo I0J0 Map yHIBEPCUTETY LIBUIIIE, 3
MCHIIIUM BHUKOPUCTAHHAM IHTepHET-Tpadiky, 3a
paxyHOK BK€ JIeSAKOT 3aBaHTaXeHO1 iH opmarrii,
Ta B 3pydHoMmy Bursiail. Kpim Toro icHye
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MOJIMBICTb ~aKTUBYBAaTH  BIICIIIKOByBaHHS
po3kiany (puc. 2), o J03BOJHUTH MEPETIAIaTH
HOro Ha CTapTOBOMY €KpaH1 B (GKUBIi1» MIUTIIL
[l ¢pynkuis Oyne KOPUCHOIO SIK CTYJIEHTaM TaK
1 BUKJIaZIayaM.

R £
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¢

Fake GSM Network

IHpOpMaL,. TEXH. PEIHXKMH.
1:25-12:45 29.02.2016

302 {(nekuin)

IT-21 - Taiipabpyc boraad BonogumupoBmy

MNepeHoc e M305

..On
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d
Pucynox 2 — [pukmax BimoOpaxeHHs

BIJICITIZIKOBYBaHOTO po3kiaay aoxatkomMm MyELIT

Takox  gomaHO  pO3AIT 3  HOBHUHAMHU
yHIBepcUTETy Ta (PaKkynmbTeTy, IO JO3BOJSIE OyTH
B Kypci octannix moxii Cym/lY.

BUCHOBKU

Coorogni  Windows Phone € mocwurh
po3BuHEHOO TuIaThopmoto. [lodaBmu cBil NUIAX
HE TaK JaBHO, BOHA MOJKE JIOCTOWHO KOHKYpYBaTH
3 TakuMHu «ornoHeHTaMm» sk [0S Ta Android.

Mobinbanii nonatok «MyELIT» moxe cratu
rapHUM TIOMIYHUKOM Yy HaBYaHHI KOXHOMY

cryaenry Cym/JlY.
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BCTVYII
Kutrs y Ham dvac Baxko ysABHTH 0e3

InTepHeTy — BIH OXONMB BCl cepH TOACHKOI
JISUTBHOCT1, B TOMY 4KCIi i ocBTHIO. ChOTOAH 1
BUILI HaBYaJbH1 3aKIIaa1 [IOBUHHI
BUKOPHUCTOBYBAaTH PBHI CHCTEMH YIPaBIIHHS
ocBiroro. 3 ix gomomororo BH3 Oynyrs

KOHKYPEHTOCITPOMOKHUMHU Ta  HaIamyTh
CTylIEHTaM  IHTEpakTUBHE Ta  MOOUIbHE
CepeNIOBHIIE, BIAMOBIAHE TTI00aTFHUM TPEHIAM
Ha PUHKY.

Merta poboTH —~  I[poaHalByBaTH
O0COOJMBOCTI  BUKOPHCTaHHS  MOXJIMBOCTEH

COLIIAIBHUX MEpeX B OCBITHIX LUIAX 1
MOAUTUTHCS JOCB ITOM 1X 3aCTOCYBaHHS 3 METOIO
3aJy4€HHSl CTYACHTIB 70 HAyKOBO-IOCTITHOT
pobotu.

OCHOBHUWI TEKCT

ComianbHa Mepexa — riardopma, OHJIAWH-
cepic abo BeO-caiiT, WpHU3HAYEHUN I
noOy/noBH,  BimoOpakeHHsS 1  opradizarlii
COITIAJIBHUX B3a€EMOBITHOCHH, BBYyalli3alli€to
SAKUX € COLlaNbHI rpadu.

Y 3BUYalHOMY pO3yMIHHI, COIliaJbHA
Mepexa — L€ CHUIbHOTa JI0JeH, MOB'SI3aHUX
CHUIbBHUMHU IHTEpPEeCaMH, CIUIBHOI CIIPAaBOIO
a0 MarTh HII OPUYMHU JUIA CHUIKYBaHHS
MDK CO00¥0.
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B mHtepHeri, comianpbHa Mepexa — I
MpPOrpaMHUI CepBic, MalJaHUUK IS B3a€MOI il
mone B Tpymi abo B rpymax. CTOCOBHO 10
IHTEpHETY, II¢ BIpTyaJlbHAa Mepexa, II0 €
3aco00M 3a0e3MeueHHsl CepBiCiB, MOB'S3aHUX 3
BCTaHOBJICHHSIM 3B'SI3KIB MK foro
KOpUCTYBa4aMH, a TaKOX pBHUMU
KOPHCTYBayaMM 1 BIIMOBITHUMH IX IHTepecam
HpopMaifHUMH pecypcaMi, BCTaHOBJICHHMH
Ha caiTax rio0anpHOT Mepexi [1].

3acTocyBaHHS  COIIAJIBHUX MEpPeX Y
HaBYAJIBHIA JISUTBHOCT1 JIO3BOJISIE  yYaCHHUKaM
Mepex i CTBOPIOBATH MEPEKEBHIl HaBYAIbHUIA

KOHTEHT, HAJla€ MOXJIMBICTb BUKOHYBaTH
TpYNoOB1  3aBOaHHS,  3aCTOCOBYIOUM  Takl
JOMaTKOB1 omiii sk (opymu, KOMEHTapii,

OMUTYBaHHS, TOJOCYBAaHHS, CIPOIIye IIpoIec
0oOMIHY 1HdopmaIricro 1 mependavae peasnizalliro
NpUHIUITY Oe3mepepBHOT 0cBITH. CTBOPIOIOTHCS
nepeayMoBu s (opMyBaHHS PO (eciiHIX
KOMIIETEHIIII CTYIEHTIB  SIK  MalOyTHIX
YIPaBIIHIB : HaBUKHU B3a€EMO/|I,
camMoopraniailii, (GopMyBaHHS 3IaTHOCTI [0
KpeaTHBHOTO MHCIICHHS [2].

Ha crorogHinmMii 1eHb coliaabHi Mepexi
MOKYTh ctaTu  €(eKTUBHUM  3aco00M
MABUIIEHHS MOTHMBAIl Ta SKOCTI HaBYaHHI,
aKTHBI3aIlil HABUYAIBHOTO TPOIECY Ccepen
CTY/IEHTIB Ta BUKJIAJayiB.

[NozutuBHI aCIIeKTH BHKOPHUCTaHHS
COLlIAJIBHUX MEPEX B HaBYaJIBHOMY ITpOLIEC:
KOM(OPTHE Ta 3BUYHE JUIS CTYIACHTIB
CepeIoBUIIIE;

IIMPOKAM  Jlama30H  MOMKIIHUBOCTEH 1
dopM B3aEMO/Iii, pBHOMAHITHICTH (GOpM
KOMYHIKAIIii;

MOJKJIMBICTh CIIIBHOI JITIBHOCTI,
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— MOXJIMBICTh OpTraHBallii 6e3nepepBHOro
HaBYaHHS,
— TOCTiiHa
BHKJIA/Ia4€EM.
[Ipu BuUKOpUCTaHHI COILIAJIBHUX MEPEK
HEOOXigHO  3BakaTH, AKI 3  HHUX €
HAalMONMPEHIIMMH Yy KOHKPETHOMY pETiOH1.

B3a€EMOil  CTyAEHTa 3

CrarucTuka  CBITUMTH, MmO B  YKpaiHi
HalOUIBIIOI0  MOMYJSPHICTIO  KOPHUCTYETHCS
BKonmakmi,  sxuii  TakoX  J€MOHCTPYE

HalKpalry JAWHaMIKy
KopHucTyBauiB (puc. 1).
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Pucynok 1 — muHaMika MOMYJSIPHOCTI COIaIbHUX MEpex
B Ykpaini [3]

3 MeTow JOCHIKeHHS €(EeKTUBHOCTI

BUKOPUCTaHHS COIIAJIBHUX MEPEeX SIK 3aco0y

3aydeHHs CTYACHTIB J0 HAyKOBO-IOCIITHOT

TIISTTBHOCTI, aBTOpaMu MIPOBOIBCS
EKCTIEpUMEHT Ha 6asi CTYICHTCHKOTO
HaykoBoro ToBapuctBa (CHT) Iucrutyry

cycniiibcTBa KHIBCBKOTO YHIBEPCHUTETY IMEHI
bopuca [I'piHuenka. bymo cTBOopeHO psn
CHUTBHOT y PBHHX COI[IJIBHUX Mepekax
(tabm. 1).

Tabmuns 1 — Homynsapuicts com. cnitbHoT CHT

ChoinpHoTa Cou. mepe:xa | YyacHUKIB
CHT Incruryry | BKonTakri 40
cycnuibeTBa [4]

IH dopmart [5] | BKonTakti 29
['piHUeHKO Google+ 27
online [6-9] BKonrakri 21
Twitter 8
OIHOKJIaCHUKHU 3

COulbHOTH  pPeryasipHO  HalOBHIOBAMCS
HoBuHamMu CHT Tta yHIBepcUTETYy, aHOHCAMHU
3ax0/iB, IIKaBUMH (akTamMu Ta IHIIUMH
MaTepiaiamMu MOMI0HOT TEeMAaTHUKU.

BHUCHOBKU

JlaHi CTOPIHKHM TOJETIIIN KOM YH IKall IFO
BcepeauHi CHT, mo3uTHBHO BILUIMHYIU HaA Horo
IMIDK 1 TOMYNSpHICTh, HIIBHIJUIM iHTEpeC
CTYACHTIB JI0 HAayKH.

TakuM YWHOM, COMIAIBHI Mepexi —
HNOTY)KHUM 1 €(QeKTUBHUM IHCTPYMEHT, SKHUIl
Mae PO KU CIIEKTp MOYJIUBOCTEH,
0co0IMBOCTI SIKUX HE0O0XITHO
BUKOPHCTOBYBAaTH B HaBYaJIbHOMY IIpoleci
Cy4acHOT OCBITH.
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BCTYII
OCHOBHMMH TIPETEH3IMH  KOPUCTYBadiB
CIIEKTPOHHOTO  HAaBYaHHsS JI0  OpraHBaiii
MpOIIECIB B3aEMOIT 3 HaBYAJIBHUM

CEpeNIOBUIIIEM € HHU3bKAa IHTEPAKTUBHICTH 1
cmalka amanTaris 10 0COOTMBOCTEH JTIOAMHU i
pecypcHuX oOMexeHb [1].

Bupinmtu 3amady onTumBanii = sKocTi
JIOAMHO-MAIIMHHOI B3a€EMOAIT B HaBYAJIBHOMY
CEPEIOBUIII MOKHA 32 JIOTIOMOTOK) TEXHOJIOTTi
HTEJIeKTyalbHOrO areHra [2].

Opniero 3 HoOro migcucreM MOBHUHHA OyTH
nigcucTemMa pO3paxyHKy ONTUMAJIbHOT
TEXHOJIOTii HaBYaHHS.

Memoro nanoro AOCTIIKEHHSI € MPOBEICHHS
KOMII ‘FOTEPHUX €KCIIEPUMEHTIB 110 ONTHUMI3aIl il
JiaioroBoi B3a€MOAIl B CHCTeM1 HaBYaHHS
«CTYZECHT-KOMII ‘FOTEP).

JIOCJIJIYKEHHST

OcHo6Hi nonodicenHs
Jiasior B cucreMi €JIeKTpOHHOIO HaBYaHHS

Ma€e OCOONMBOCTI: JUCKPETHHH  Xapakrep,
MOKJIMBICTD JIe KOMITO3HIL ii €JICMCHTIB,
MOKJIMBICTb ~ CAMOKOHTPOJIIO,  MOXJIUBICTb
MMOBEPHEHHS bi (o) TOMepeTHIX eTanis,
MOXJIMBICTh  «IOOMPAIIOBAHHS)  OKPEMHUX
€JIEMEHTIB, pPIBEHb CKIAJHOCTI (parMeHTIB
MOJTYJISL.

Anroput™M HaBYaHHS OIHMCYETHCS

dynxkiionansHo0 Mepexkero CT ETC mpod.

60

['youncpkoro [3]. dyHkiioHanbHa Mepexa
OpIEHTOBaHMM Tpad, IO ONHCYe JOTiuH1
9acoBi 3B S3KM MUK JIiSIMH  Omeparopa
onepanisiMi TEXHMMHUX 3aCO0IB.

3amady omnTUMizaiii 1ialoroBoi B3aeMOJil
MOXHa c(HOpMYIIOBATH SIK 337a4y YIpaBJIIHHS
CTpyKTyporo (QyHKioHampHOT Mepexi Jlms
BUpIIIICHHs Takoi 3ajadi HEOOXiMHO MaTu
Mojeni  Jias  THMOBUX  (DYHKIIOHAJBHUX
CTPYKTYp 1 €IEMEHTIB JiaJIory Ta peayli3yBaTu
NpOLeNypy OI[IHIOBAHHS IUISIXOM  PeIyKI il
¢yHKIIOHATBHOT  Mepexl  Takl  OLIHKH,
OTpUMaHl i1 THUNOBHUX  (DYHKIIIOHAJIBHUX
CTPYKTYP Jianory 3 BpaxXyBaHHSM
ocobimBoCTEH JFOAMHU-0TIepaTopa,
BUKOPUCTOBYIOTBCS JUIsi (JOPMYBAHHS BXITHHX
JAHWX JUTS 3a]a4l OIITUMI3aLlil

2.2. Ilocmanoseka 3adaui ma 6xioHi Oami

Jns BUOOpY ONTHUMANBHOT CTparerii, SKy
IHTENCKTYaJbHUN areHT MOBHHEH MPOIOHYBATH
JFOIWHI-0TIepaTopy, MOCTaBJICHA 3a/1a4a
onTUMBalil, B fKi{ IUTLOBOI (PYHKIIIEO
JOUUTPHO BBAKAaTH MaKCUMAIbHY WMOBIPHICTh
0E3MOMUIIKOBOTO BUKOHAHHS, a OOMEXEHHS —
Yac BUKOHAHHS Ta PIBEHb CKIAIHOCTI

3amaua onTUMBanii 3BeIeHAa 10 3a1adi
JIH IAHOTO TIPOTPaMYyBaHHS, B SIKii KEPOBAaHUMH
3MIHHUMH € OiHapHi 3MiHHI, L0 OIHUCYIOTh
BUOIp aIbTepHATUBHUX JIAJIOTOBUX TPOIEAYD.

BxigHi maHi I8 onTUMIBaLil
MoOXIuBI  CTpYKTYpH
B3aemoii (puc.l)
[Iporao3Hi 3HayeHHs BUTpaT yacy M
1 OE3MOMHJIIKOBOCTI  BHUKOHaHHS
eleMEeHTapHUX (PparMEHTIB JIFOIUHO-
MalMHHOI B3aeMmonii B

jssIgien(d

. UAJIOTOBOT
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MaremaTuyHe OYIKyBaHHS KUTBKOCTI
MTATaHb CaMOKOHTPOJTIO S,
MaTeMaTUYHE OYIKYBaHHS KUIBKOCTI
OaniB 3a 1 mutanHs g

Y

Py

1 \,
P2 [ Py
M P

Pucynox — 1 MoxmBi CTpyKTypH AiaJoTOBOi B3aeMOil
(Pi — HaByanpHuit miamMoaye, K — caMOKOHTPOJIB)

Kowmn tomepne  moodenoeanns — onmumizayii

0141020601 83a€MOOII

PeanBoBana B MS Excel TexHomoris, ska
nepeabavyae OMHC OIIHIOBaHHS Ta BUOI
ONTUMAJILHOI CTpaTerii peanizaiii JiajJoroBoi
B3a€MOIIl, TO3BOJISIE HAa OCHOBI 00’€KTUBHUX
KUTBKICHUX MOKa3HUKIB MPOTHO3YBATH
3HQUCHHS TOKa3HHUKIB €(eKTUBHOCTI 1 Ha iX
OCHOBI 00HMpaTd  ONTHMAallbHI  TEXHOJOTI]
JFOAMHO-MAIIMHHOI B3a€MO/TIL.

Ha puc.2 HaBeneHo npukiaj OonTMMaIbHOTO
HIUBiTyalpHOTO  Mapmpyry (s JIBOX
HIIMOIYITIB TPETHOTO PIBHS CKIAJHOCTI).

HATIPSIM TIOJTAJIBIIIMX JIOCJIKEHD

Po3pobrieni momeni i aaropuTMu MOXYTh
Oyrn IHTErpoBaH1I B CHCTEMY YIpaBJIHHSA
HaBYAJIbHUM CEpEelOBUILEM, IO JI03BOJUTh
3a0€3MeYNTH BUCOKUI piBEHb HTEPaAKTUBHOCTI
1 aIalTUBHOCTI €JICKTPOHHOTO HaBYaHHSI.

4 VTOroBbIn MapLipyT

sy 2

4 L S

[

Homep moaenu

=

0

Moam.1Cna. 1 Moam.1Ch. 2 Moam.1Cn.3

Mogm. 2Cn. 1 Moam. 2Cn. 2 Moam.2Cn. 3

Pucynox — 2 Ilo6ynoBaunii rpadik po3paxoBaHOi ONTUMANBLHOI CXEMHU MiaJIOrOBOI B3a€EMOIIl «CTYIEHT-KOMII FOTEP»
y y Ty,
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Human-Computer

BCTVII

OCHOBHUMMH BUMOTaMHU JI0 Cy4aCHUX CHCTEM
HaBYaHHS € IX COPOMOXHICTh JI0 ajamnTarii 10
HIUB TyaTbHUX nmapamMeTpiB JIIONHA -
oneparopa (crynenTa) [1-3]. B 3anexxHocTi Big
HAMBiTYyaJbHUX TEepeBar 1 MOTOYHOTO CTaHy
HEOOXITHO TeHEepyBaTH H MBI yaJIbHU I
y400BUI1 BIIJIUB.

B [2]
HTENEKTyaJTbHOTO
eJIEKTPOHHOTO

KOHIICTILLis
areHTa CHCTEMH
HaBYaHHS «CTYNIEHT-
koMr ‘totep». Ilpm mpakTuuHili  peanizaiii
aKTyaJJbHUM  CTaJl0 NUTaHHA  BU3HAYCHHS
xorautuBHOTO KoMpopTy (KK) omeparopa, Tak
sk KK  OesmocepenHpo  BIUIMBaE  Ha
€(eKTUBHICTh CHCTEMH «CTYACHT-KOMII ‘TOTEP».

Memorwo naHoro IOCHIDKEHHS € po3polka
mincucremu  BusHadeHHss KK omeparopa
CHUCTEMH €JICKTPOHHOTO HaBYAaHHS «CTYAEHT-
KOMI ‘F0TEp».

po3polieHa
TSI

JOCJIJPKEHHA

Ocho6Hi nonodiceHHs

3a JleniHnroMm niajoroBa cuctema e(eKTHBHA
JIUIIE TOJ1, KOJU 3a0e3Mmeuye Te, MO OYIKYye Bif
HEI KOPUCTYyBaY.

CTymmiHb KOTHITUBHOTO KOMQOPTY IMOKa3ye

HACKUTHKH rmapamMeTpu HaBYaJIHHOTO
€IIEKTPOHHOTO  MOAYAS  CHIBMAgaroTh 3
noTpebamMu  CTylEHTa, SKi  OOYMOBJCHI
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HIUB I1yaJIbHUMU MCUXO0 P1310JIOTTUHUMHU
napaMeTpamy CTyJCHTA.
3a crTymeHeM KOTHITUBHOTO KOoMQopTy

PaHXYIOThCS Ta PEKOMEHIYIOTHCS HaBYaJIbHI
MOJyN1 HalOUIbII peNeBaHTHI BUMOTaM Ta
notpedam cryaeHTa. Monynb, sAKMMl oOupae
CTYACHT 31 CHHCKY pEJIeBaHTHUX MOIYJIIB

Ha3HAYa€ThCA 0a30B0I0 IaThopMOr0
HaBUYaHHSI.

Mooenv cmunio HagyanHs

HaiiG b IO LM PEHOO MOJIEJLITIO
BU3HAUEHHS  HABYAIBHUX  IHIWBIAYaJIbHUX
nepeear € VARK wmonens [4]. BByamu

BIIAIOTH TepeBary B OTpUMaHH1 iHdQopmarlii
yepe3 CHOCTEpiraHHs, ayaiaau yepes
IPOCIYXOBYBaHHS, BepOalm — 4epe3 YUTaHHS,
KIHECTETHKH — Yepe3 (DBUYHUN JTOCBIL.

Mooeniosanns KK.

CryneHeMm KOTH ITHBHOTO KOM(OPTY Ha3BEMO
gucio Q € [0;1]. Yum Oinbie 3HAUCHHS IILOTO
KPUTEPIIO, TUM OUIbIIEC MPIOPUTET y MOIYISA

JUId  TIPEACTAaBJIIEHHS  HON0  KOHKPETHOMY
CTYICHTY.
B OCHOBI MO/JIEJTIOBAHHS JIEKUTh

npunymeHHs: Yum Olibiie mapameTpu MO
..k 1,./.;J084BinmoB IMat0Th BHMOTaM CTY/ICHTA,
THM OUTbIle 3HaUYeHHS Q.

Hexaif 3a1aHo JesiIKy MHOKHHY JIOKQJIbHUX
NoKa3HUKIB KoTHiTuBHOTO KoMdopry K={kj},
j=(1,n). IcHye meska mporieaypa OI[IHIOBAHHS
BIIIOBITHOCTI JOKAILHUX MokasHUKIB KK.

Mopens  BIAMOBITHOCTI  TMPEACTABISATHME
(GyHKITIOHATBHE BIMOOpaXEHHS BULY:

R=(M U) — Q0 ¢€[0;1]
M={m;} i=(1,l) — mapamerpu moayms. U={u;}
iI=(1,l) — BiogoOaHHs cTyEHTA.



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

MHOXHMHa  KOHKPETHHUX  aHaI30BaHUX
napaMeTpiB B KO)KHOMY KOHKPETHOMY BUMAIKY
3aNeXUTh Bl Oarathox ¢akrtopiB. Y mMaHid
poboTi  Is  epProHOMIMHOI  EeKCIEepTH3U
oOmMexxuMocst  mapamerpoM  wmoayias  CTuib
MOJTaHH I H popmar ii 3 TaKUMHU
XapaKTepUCTUKaMHU:  BepOalbHE  IMOJAHHS
(TexcroBa iH(popMaiif), Bi3yaJbHE IOJAHHS
(cxemu, KapTUHKH, JlarpaMu), ayio YSIBJICHHS,
BiI€O ySABIICHHS.

[Mo3maunmo wepes Q - iHTErpadbHUU
nokasHuk cryrneds KK. [lns omHkm 1mporo
MOKa3HHKa Oynemo BUKOPHCTOBYBATH
HAaCTyNHY HpopMalio:

X — CTymiHb KOTHITMBHOTO KOMQOPTY 3a
BBYAIBHOIO  KOMITOHEHTI, OI[IHIOETbCA 3
ypaxyBaHHSIM HACTYIMHUX JTOKaJTBHUX
MOKa3HUKIB: x| - CTYmiHb MPOSBY Bi3yalbHOI
KOMIIOHEHTH MOJIyNs, X2 — BIIOAOOAHHS I10

B3yaIbHIA KOMITOHEHTI,

Y - CTymiHb KOTHITUBHOTO KOMQOPTY IO
BepOanbHOT ~ KOMIOHEHTI  MOAYNS,  SIKUH
OLIHIOETBCA 3  YpaxyBaHHSM  HacTymHHUX
MOKa3HUKIB: yl - KUIBKICTb TEKCTOBOTO

MaTepialy B MOIyNi, y2 — BIOJOOAHHS IO
BepOaTbHI KOMIIOHEHTI,

Z — CTyNiHb KOTHITUBHOTO KOMQOPTY IO ayaio-
KOMITOHEHTI, SIKUH OLIIHIOETHCS 3 ypaxyBaHHSIM
HACTYITHUX TIOKa3HUKIB: Zl- CTYIMiHB MPOSBY

mepeBarn  KOpUCTyBaya IO  ayJHaJIbH i
KOMIIOHEHTI,

V — cTyniHb KOTHITUBHOTO KOMQOpTy 1O
KIHECTETUYH I KOMIIOHEHTI, SKUi OLIHIOETHCS 3
ypaxyBaHHSM HACTYITHUX JTOKAJIBHUX
MOKa3HHWKIB: ml - CTymiHb IHTEPaKTUBHUX
€IeMEHTIB Yy MOAyAi, m2 - BIOJ0OAHHSA

KOpPUCTYyBaya 3 I1i€1 KOMITOHCHTI.

3aBIaHHS OIHKA TOJSTa€ B TOMY, MO0
orpuMatu 3HaueHHs cryneHs KK crynenra npu
poOOTi 3 MOJYNIEM 3 BITOMHMH ITapaMeTpaMH.
Pospooxa neuimkoi mooeni oyinku KK

3aranpHa cXema  pillleHHS  3ajaadi
IIOCJIIOBHICTh TaKUX [IIA:
- OuiHKa MOAYINS MO BUAUIEHUX MOKA3HUKAM 110
KTl TepMOMETpa.
- [Ipouienypa HEUITKOTO JIOTTMHOTO BHUBOJTY.
- Bcranosnenns crynens KK.
Kowmn ‘tomepne mooentosanns KK

Po3pobnena TexHomoris, 3acHOBaHa Ha
BukopucTani ¢ynkuii Fuzzy LogicToolbox B
Matlab, no3Bosise MOJENIOBATH  AJITOPUTM
poboTH  IsI  BU3HAYCHHS  KOTHITMBHOTO
koM popTy. Ha puc.1 HaBeneHo mpUKIa OIH KU
KK. PexomengoBano moayis 1 (KK=0,98).

HAIIPAM IO JAJIBHIWU X JOCJI/PKEHD

Amnpobartisi Ta JOCTiMKEHHS €(eKTUBHOCTI
cUCTeMHu. [HTerpamis B peaqbHi CHCTEMHU

€

aymualibHOT KOMIOHEHTH B Moaynmi, Zz2-  CJACKTPOHHOIO HaBYaHHI.
Omigka MOIYTIE 0o cTymeHi KK
IlapaMeTpH cTyAeHTa Mogymi JloxansHi KpHTEpil Crymias KK
Ctyzxent JlokanwHi KpHTepii Q
x1 y1 zl vl
Bisyan BepGan aymian KiHeCTeTiK : L___mmlji | | ‘ ggg
%2 y2 72 v2 ; | 10 jl____ ] Oil
Cryzenr 1 | |[ 1t 1| [ 1| [7 al[ [ K 051
Pucynok — 1 Ilpuknaa oninku KK
Bionics of Intelligence, vol. 2 (81), pp. 115-120,
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The Experience of E-learning Implementation in
“Computer Science” and “Probability Theory”
Teaching at Sumy State University

S. P. Shapovalov, 1. V. Vozna, O. A. Shovkoplyas
Sumy State University, Ukraine, shap@id.sumdu.edu.ua

Abstract. The article deals with the structure of E-
learning platforms in Sumy State University. Activity of
students learning materials in “Computer Science” and
“Probability Theory” has been under investigation.

Keywords. E-Learning, Test, Simulators, Open
Tasks.

BCTVII

Enextponne naBuanns (E-learning) — me
neperadya 3HaHb 1 YNPaBIIHHA MPOLECOM

HaBYaHHI 32  JIOOMOTOI0  CYY4acHUX
iHpOpMaIIHHUX Ta  TEJIEKOMYHIKAIlHHUX
TEXHOJIOT1iL. CyuacHi 1HpopMmariiiHi

TEXHOJIOT1i JTO3BOJISIFOTh JOKOPIHHO 3MIHHUTH
npoTieC Tiepeaadi 3HaHb, 3POOHUTH HOTO O1JIBIIT
THYYKUM, HACHMEHUM, 3PYYHHIM JIJIsl TOTO, XTO
HABUYAETHLCA. BHUIla oCBiTA MOKE BIIIIOBIIATA
BUMOTaM 4acy TiJIbKH 32 YMOBH TIOJATBIIIOTO
PO3BUTKY 1 TPHW TMOCTIHHOMY BHUKOPHUCTAHHI
HOBHX CYYaCHHUX JOCSTHEHb B HAYIIl 1 TEXHIII],
oco0ymBO B 00acTl  KOMITHOTEPHUX
TEXHOJIOT1H (KT). CBiTOBHIA IOCBIT
BIpOBakeHHsI E-learning B mporiec HaBuaHHsI
MOKa3ye, IO IIe JT03BOJISIE HE TUIbKU BHOCHTH
ICTOTHI 3MiHM B HAaBU&ILHHUU TMpolec, a M
HE3MIHHO BIUIMBAaTH SIK HAa BHKJIagaya, IO
CTBOPIOE €JICKTPOHHUM KOHTEHT, TaK 1 Ha
CTyICHTA, SAKWM  HENEPEpPBHO  OTPUMYE
HEOOXIIHI 3HAHHI Ta HAaBUYKUA. PO3BHUTOK
cBitoBoro pueKy E-learning BinOyBaeThes
nocutb aktuBHO. Y  CIIIA  enekTpoHHe
HaBYAHHI  MPOMOHYIOTh  Outemie 200
VHIBEPCUTETIB Ta THCAYl KOJEIXKIB, a
KUTBKICTh ~ OHJIAWH-KYpCiB  301JIbIIYETHCS
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npudnmuo Ha 30-40%  mopiyHO. Y
BemukoOpuranii pi3HOMaHITHI AWCTaHII iHI
NporpaMM  TPOTOHYIOThCS  moHany S50
yHiBepcuretamu [1]. B ocrtanHi poku ypsau
AK  PO3BHHYTHX, Tak 1 KpaiH, 110
PO3BUBAIOTHCA, HA/TAl0Th cucTeMam

€JIEKTPOHHOTO HABYAHHA 3HAuYHy YBary JJis
3a0e3MeueHHs] €KOHOMIYHO €(DeKTUBHOI, JIETKO
JIOCTYIHOI OCBITH JJIsl BCiX BIKOBUX TPYII i
COLIATbHUX BEPCTB, HE3AIEKHO BiJ Yacy 1
reorpadii. Hampuknan, E-learning sk
JIepKaBHUM TPOEKT BKJIKOYEHUH B IpOrpamy
po3Burky ocBitH Ha 2011-2020 poxu B
KazaxcraHi.

E-LEARNING Y CYMAY

3actocyBannst E-learning B Cym/1Y
nepedadae  3aCTOCYBaHHA  €JICKTPOHHUX
3aco0iB JIJI1 HABUAHHS 3a PI3HUMH (POopMaMH,
a came, JCHHOIO, BEUIPHLOIO, JTUCTAHIIHHOIO
TOJIOBHIM  YWHOM IS 1HAUBIAYyaJbHOI
camocTiiiHOi pobotu ctynenriB. E-learning
MOYHA PO3IJBIIATH SK 1HHOBAIMHWNA ITiXia
JUIE  HAJaHHI KOPHUCTyBady CIeIiaIbHO-
OpraHizoBaHoi, c(OKyCOBaHOi 1HTEPAKTUBHOI
iHbpopmari B €IEKTPOHHOMY BHUIJISIAL [2].
Maroun mneBHUH JOCBII pPO3poOJeHHA Ta
CYNPOBOJ/KEHHS JIMCTAaHIIWHUX KypcCiB Ha
aBTopchkiii miarpopmi Cym/lY, 3a3Hauumo
€pPrOHOMIYHICTh BUKOPHUCTAHHS CTBOPEHOTO
HABYQJIBHOTO KOHTEHTY Ta, SK BOKIHUBY
CKJIQJIOBY, MOJJIMBICTH I  BHKJIajada
CBOEYACHOTO KOHTPOJIIO 3HaHb, a JJsf
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CTY/CHTIB BIICTIIIKOBYBaHHA  CBOE1
yemimHocTi. CTpykTypa HaBYalbHUX BeO-
pecypciB CymJ[Y (aBTOMaru3oBaHa cucTeMa

JIUCTAHLITHOTO HAaBYaHHS Salamstain,
Lectur ED, OpenCourseWare-Cym/1V,
Ex3zamenapiym)  BXOOWUTh IO  €IHHOTO

1HOPMAIIIHHOTO Cepe/IOBUINA YHIBEPCUTETY
[3], m03BOIAE IMMOPTYBATU Ta €KCTIOPTYBaTU
HAaBYaJIbHI MaTepiaii pPI3HUX THUIMB MIX
CUCTEMaMHU.

TakuM  YWHOM,  pO3pOOMBIIM  KYpC,
BUKJIQJad Ma€ 3MOTYy BHMKOPHCTOBYBAaTu
€JIEKTPOHHUN KOHTEHT JJsl pi3HUX (opm
HaBuaHHd. Hanpukian, Takuid HaBYaIbHUN
00’€KT K TECTOBI 3aBJaHHA 3Py4YHO
BUKOPUCTOBYBAaTu JJIsl CTYACHTIB JI€HHOL
dopmMu B mepionuM MOAYNIBHOI artecTaiii, a
JEKIIAHUM MaTtepial  Kypey «AJTOpUTMU 1
CTPYKTYPH JAHUX» MO’Ha BUKOPUCTOBYBATU
B Kkypci «Teopis anropurmiB i MareMaThdHa
JIOT1Kay.

3pyyHIM 1HCTpyMEHTapieM-
KOHCTPYKTOPOM B MPAKTUIHOMY
BukopucTanHi  E-learning e  BeO-pecypc
Lectur ED. Bin 1o3Boisie  CTBOPIOBATH
pI3HOMaHITHI Ha4dalbHI O00’€KTH, 30KpeMma,
TECTOBI T[MTaHHA Ta 3a HEOOXIIHOCTI

€KCTIOpTYBaTH 3 IIaTGOPMHU AUCTAHIIHHOTO
HaBuaHHg Salamstain yxxe paiiie CTBOpPEH.
KinpkicTe mOCWIaHP Ha BY3JIM MarepiajiiB
BECh Yac MO’KHA 3MIHIOBAaTH, IO Jac
MOJKIMBICTh aBTOMATHYHO TEHEPYBAaTH HOBI
IIUTaHHS IS KOYKHO1 HACTYIHO1 IPYyTIN.

[Tpu mpoBeeHH! maICyMKOBOTO KOHTPOJIO
3HAHb CTYJCHTY PEeECTpallisi He TIOTpiOHa, a To
3aBEPICHHI TECTyBaHHA BIH OJpa3y 3HAE
KIJTBKICTE CBOIX OamiB, JJI1 BHKJIagadya
cucteMa 30epirae yci pe3yibTaTH, L0 €

3pydHo. Taka TmepeBipka 3HaHb CIIPHSIE
IIUPOKOMY  OXOIUICHHIO BCBOTO  CKJIaIy
CTYJICHTIB 31 3HAYHAM 3aO0IIAKCHHIM

HAaBYAILHOTO Yacy.
binpm metanbHy M1arHOCTHKY HaBYATbHHUX
JIOCSITHEHh ~ CTYJIEHTA MOHA 3pOOUTH Yy
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nepion CYIPOBOIKEHHS BUKJIaZlaueM
JUCTAHIIMHOTO  Kypcy. ABTOMarM3OBaHa
cucTeMa nepenoadae HAKOIIMY CHHSA

CTaTUCTUY HUX JaHUX TOTO, XTO HABYAETHCS,
Ta Ja€ MOXJIMBICTh BUSIBUTH JWHAMIKY 3MiH
Ta OCOOHUCTICHMX MPUPOCTIB CTyAeHTIB. B
po0OOTI Tmpe/CcTaBieHl pPe3yibTaTH aHai3y
AKTHBHOCTI CTYICHTIB CrieIlIbHOCTe i
inpopmaTuka, exoHomika Ta (iHaHCH, SIKi
BUBYAIH VKT JTUC LTUTUTI H: Teopist
AMOBIpHOCTE#l Ta MareMaTHM4yHa CTaTHCTHKA,
TEOpisl AITOPUTMIB Ta MaTeMaTHYHA JIOTIKa,
AITOPUTMHU 1 CTPYKTYpPH JIaHUX.

Pizmi BHIM  HaBYaIbHUX  OO’€KTIB,
NpeICTaBIICHI B KypcaX, HaJJal0Th MOJIMBICTh
CTyJleHTaM BHOWpaTH iX KUIBKICTh Ta
CKJIaHICTh. AHaII3 1X BUOOPY BCTAHOBUB, 1110
BUOMPAIOTHCS  HAWOIIBIN  JIETKI  THUIH
aBTOMAaTH30BaHUX 3aBJIaHb. Haii611b1m
TIOMYJSIPHAMH € TECTH, MOTIM — 1HTePaKTHUBHI
tpeHakepu (muB. puc. 1). TobTo TI THUMH
3aB/IaHb, SKI MOHA «IIPOXOJUTH» IIITXOM
«BIATamyBaHHSI», Ta 1O SAKUX 3poOJieHl
BiJIcOIHCTpyKIii. J[o ompaifoBaHHs 3aBIaHb
Ha Qopymax, CHIJIBHUX TUCKYCIiH, BIIKPUTHX
3aBlaHb TOIIO, CTYJACHT MPUCTYIAE TIIHKU
TOMl, KOJIM KIJBKOCTI CyMapHUX OaniB He
JOCTaTHRO  JUIA  OACpXKaHHI 32  KypC
MO3WUTHMBHOT OIIHKH.

3ranyethest Teopist Jlokka 1 Jletema, ska
CTBEpIKY€E, IO TOTOBHICTH  JIFOJAWHU
BUTpauaTd TIEBHI 3yCWDIA, BHUKOHYIOYHU
poOOTy Ha MEBHOMY piBHI, B 3HauHIi Mipi
3QJICKUTh BIJ] TAKUX XapaKTECPHUCTHK IIJICH:
CKJIQTHOCTI, CHeIM(IYHOCTI, NPUHHATHOCTI,
MPUXIWIHHOCTI M.

Orxe, notpe6ba y  JOCATHEHHIX
CNPUHAMAETHCS UMY BYCHUM U Y CBOii OCHOBI
notpeda B OTPUMAaHHI COLIATHHO 3HAYYIOTO
pe3yabTary, OCKUIbKM JOCSTHEHHS 1 €
COLiaTbHO 3HAYyLUM pe3yabTaToM
nismpHOCTI. TomMy mpu ¢opMyBaHHI T€CTOBOI
0a3u BUKJIQady HEOOXITHO 3BEpPTATH yBary
Ha Taki MUTaHHA, fAKI CHOpSIMOBaHI Ha
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OCMMCJICHHS
TOJIOKCHb,

OCHOBHHX
3J1aTHICTD

TEOPETUIHHUX
710

HA JIOTTYHOTO

MHUCJICHHSI, @ HE Ha MEPEeBIPKY JIUIIE TOTO, ITI0
3aram’ITas.

| CTyeHTH, Lo
onpautoBanu

>60% matepiany

CrygeHTy, Wwo
onpaurBanu

<50% marepiany

* CTY[IeHTH, L0 He
npauosanm

PrcyHOK 1 — AKTUBHICTS CTYJEHTIB IPOTATOM HABYAIBLHOTO CEMECTPY

BucHOBKI

Buxopuctannsi cyyacHux 1HpopMariiHux
TexHoJioTii B cuctemi E-learning mosposse

MOJIIIIIATH  TIPOIIEC  HABYAHHSA,  IMIHITH
CTaHNAPTH 1 JOJMYYUTHCA JIO TPOLIECy
HAaBYaHHS BIPOIOBXK YChOTO KUTTSI.

Enexrponne HAaBYaHHA PO3LINPIOE

YSIBJICHHS TIPO HOBI MOCIYTH, SIKI HEMOKJIMBO
HaJaBaTH B TpaauimiiiHii (popMi HaBUAHHS.
AKTyaJlbHUIM €  TaKO€  3aCTOCYBaHHS
3MIIIAHOTO HaBYaHHA, 110 00’enHy€e
TpaJuiiiiHe Ta eJIEKTOPOHHE HABUAHHS.
Po30ymoBa cucteMu eIEKTPOHHOTO
HaBYaHHA € OJHUM 13  TIPIOPUTETHHX
HarpsiMKiB po3Burky Cym/IY. Bukinagau mae
MO>KJIUBICTb HOCTIHHO MOJIEpHI3yBaTH
HAaBYQJIbHUN  KOHTEHT, KOpPEeryBarh XiJ
HAaBYAaHHA Ta TPOTHO3YBAaTWU IO ATBIIIHIA
PO3BUTOK HaBUAIBLHOTO Tpolecy. Bukmagau —
TEX € y4HEeM, TOMY NOBHHEH OpaTu y4acTb y
NOCTIHHIN pediiekcii CBO€T MisUTLHOCTI.
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The Technology and Construction Methods of Digital
Terrain Models

Yan Voitsekhovskyi, Vitaly Zubko, Iryna Baranova
Sumy State University, Ukraine, collinss@mail.ru

Abstract. Using of digital maps in simulators will
dynamically change the tasks options and improve the
quality of military professionals. The paper said existing
ways to get digital maps and focuses on the most
promising of them.

Also identified the main stages of the automated
vectorization process and analyzed algorithms used to
implement them.

Keywords. Vector Map, Bitmap Image, Algorithm,
Method, Vectorization.

BCTVYII
HeoOximHicTh  BOPOBA/PKEHHS  CydaCHUX
HpopMaIIfHUX  TEXHOJNOTi y  mpolec

MIITOTOBKA BiiChKOBUX (axiBI[IB Hapasi He
BUKIMKAaE CYMHBY. OpHi€0 13 CKIaIOBUX
I[bOTO MPOIIECY € BUKOPUCTAHHS PBHOMAH ITHUX
TpEeHaXepiB y HaBYAIBHOMY MIPOIIECi, TOMY iX
pO3po0Ka € aKTyaJbHOIO 3ajauelo.

B Garatrox TpeHaxepax, MpU3HAYEHUX IS
MIITOTOBKA apTUJIEPUCTIB, BUKOPUCTOBYETHCS
300paKeHHS penbe y MICIIEBOCT1.
3acTocyBaHHS PAcTPOBUX TONMOTrpaiuHUX KapT
HE J03BOJISIE JTIMHAMIYHO 3MIHIOBAaTH pENbe(
MICIIEBOCTI B TpEeHaXepl BIIMOBIMTHO 3MIHI
3aBJlaHHS, TOMYy OakaHO BUKOPHUCTOBYBATH
uudpoBi (ab0 BEKTOpPHI) MOJIENIl MOBEPXHI
OmHuM 1B  KOMIIOHEHTIB mudpoBOi Mo meni
micieBocti (IIMM) € Bekropra 3D-kapta
penbedy.

Haifuacrime BEKTOpHY KapTy OTPHUMYIOThH
HUTSIXOM  BEKTOpHM3allil ICHYr04oi pacTpoBOi
kaptu. [luTaHHIO BekTOpHU3aIlli KOJIHOPOBUX
pacTpoBuX 300pakeHb 3 METOI OTPUMAHHS
BCKTOPHHX  KapT  MPHUCBIUYEHO Oararo
JIOCITIPKeHb, TOMY IIOCTae mpodiemMa BHOOPY
HaWOUIBII BIAMOBITHOTO Ta MIBUIKOJIFOYOTO
METOY.
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Mertoro naHoi poOOTH € aHalIi3 ICHYIOUHX
TEXHOJIOT T Ta METO/IB BEKTOpH3aIL il
pactpoBux Kapt i [IMM.

CIIOCOBU OTPMMAHHA BEKTOPHUX
KAPT

Jlisi OTpUMaHHSI BEKTOPHUX KapT 3arajiom
BUUIFOTH TpH criocoow [1]:

- CTBOpPEHHS BEKTOPHOI KapTH BpPYYHY 3
BUKOPHCTAaHHSM MPOTPAMHHUX 3acCO0B st
BBCJICHHSI Ta pelaryBaHHs BEKTOPHOI rpadiku.
Hanuii cmocid € HaOUIBII TPYAOMICTKHM, 1
3apa3 Maii’Ke He 3aCTOCOBYETHCS;

- BHUKOPUCTAaHHS IUJIAHIICTIB-IUTITa3epiB
JUIL TIO-KOOPAWHATHOTO BBEACHHS HEOOX|THOI
Hpopmanii  anuit  cnocild  Takox €
TPYIOMICTKAM, OJHAaK HE BHMAara€ BiA
BUKOHABIIS kBasidikar it nipo eciiinoro
Kaptorpada.

- CKaHyBaHHS KapTH 3  TOJAJIBIIOKO
00poOKOI0 B cHcTeMi pO3MBHABaHHA a0o
pacTpoBO-BEKTOPHOIO  penaryBaHHsa. Jlanui
crocid € HalkpalmM, TOMY INO JIO3BOJISE
NEBHOIO MIpOI0  aBTOMAaTH3yBaTH  POOOTY
oreparopiB BBEICHHS JaHUX.

METOJIA TA AJITOPUTMHU TIPOLIECY
BEKTOPM3ALIIL

JeTansHuit po3rsn aBTOMAaTHU30BaAHOI' O
IpolLecy BEKT Opu3allii MoKa3ye, 110 ONT UMaJIb HUH
IIUKJI TIEPETBOPEHHS pPAcTPOBOTO 300paKeHHS B
mUQpPOBY MOJAEIh CKJIAJA€ThCS 3 HACTYIHHUX
eramiB [1].

1. OOpobka pacTpoBOro 300pakeHHI - II¢
3aCTOCYBaHHS JIEIKUX TEPETBOPEHb /O BXITHOTO
300pa’keHHS, SIKE 3MEHILY€E pPiBEeHb LIYMIB, yCyBa€
IpiOHi nedekTu i HeperyIpHOCTI Ha pacTpi, abo
BUJIUTSIE JIESIKI XapaKTEpHI TOYKH HA 300ParKCHHI.
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B mpomy HampsMi MOXHA BiIMITUTH POOOTY
KyuyranoBa A.B., mNpucBs4YeHy MONIMIIE HHIO
SIKOCT 1 KOHTPACT HUX Ta HATMBTOHOBHX
¢dboro300pakeHb 3a  paxyHOK CIeIiajlb HUX
aHanidyrounx QubTpiB [2].

B  wmonorpadii [3] npuBemeni aHaniz
O HO3HAYHOCT1  BYAHOBJICHHA  OJHOBUM IPHUX
300pakeHb 32 HETIOBHOIO iHGopMaIieo ix Dyp’e-
CIIEKTPIB Ta pe3yJibTaTH (paKTaJbHOr'O MilXOIY
o0 OOpoOKM MaJOKOHTPACTHHX 300 pake Hb.
Pobora Kypraios 1. [4] mpucBsiueHa po3poOii
ITEPaTUBHOTO MAXOAY IS CHUHTE3y aJalTHUBHHX
KOpeISIMiHHUX (QIABTPIB, IO TMOJIIMIIYE SKICTh
pO3Mi3HABAHHS 00'€KTIB.

2. lTlo6ymoBa rtpadoBOi MOmeni pacTpOBOrO
300pakeHHs (y 3arajJbHOMY BUTIBSIALI - JESKOTO
TIOCKOTO Tpada, I1o NpeJCTaBIsI€ IiHeapU30BaHy
MOJIeJIb 00'€KTIB, 300paKeHHX Ha PacTpi).

binpmricTs JTOC JTIKE Hb bOTO eramy
MPUCBAYEHI  TeMi  PO3pOOKHM  €(eKTUBHUX
knacudikaTopiB, fAKi JA03BOJAIOTH BHOKPEMUTH
00’eKTH Ha pacTpoBoMy 300pakeHHi Tak,
3okpema B podori JI. KynueBoi [5] HaBenmeHi
METOJU 1 aJrOPpUTM U AJIsI POEe KTYBaHHS OKPEMUX
knacudikaTopiB, aHali3 MIXOMIB /IO IMOEHAHHS
0a30BUX KJIACH(IKATOPIB Yy HOBI CTPYKTYpH.

3.  ABTOMaTMYHE 1  HaNiBaBTOMAaTHYHC
po3mizHaBaHHs 00'ekTiB. Lle mporec HaiwacTimie
peaiByeThcsl SIK  HAIMIBaBTOMATHYHA 100 yJ0Ba
00'eKTIB Ha  OCHOBI TOYOK, 3a3HAYEHMX
KOPHCTYBa4eM, BUKOPUCT OBYIOY M METOIIY A HAITBY
pacTpa B OKOJMIli 6a30BHX TOYOK.

Jns  BUpimIeHHs 3aBAaHHSA  BEKTOpM3AIii
0araToKOJIipHOT O pacTpoBoro  300pa’ke HHI
Hosiko HO.JIL. [1], Koctiok HO.JI. [6] B cBoix
poborax BHKOPHCTOBYIOTh yIOCKOHaJIe Hi

anrOpUTMU BWIIJICHHS TPAaHWMHUX JIHIA MK
objacTsiMU PBHUX KOJIBOPIB, PpO3Mi3HABAHHS
BEKTOPHUX  O0'€KTiB 1O  TplaHrymsamii 3
ooMexeHHIM U TOIO. JKypoB A.A. [7] HaBOOUTH
aNropuTM BEKTOpH3allii pacTpoBUX 300 pakeHb

METOIOM TMOmyKy TpadiuHHX TMPUMITHBIB, a
Bnacosa T.M. [8] — anropurm po3mi3HaBaHHS
BiTpBKIB UUGPOBHX MPIMUX Yy KOHTYpax

OlHApHUX 300pa’keHb.

B ¢yngamenranpHiii pobori [9] BukianmeHi
TeopeTWdHi  ocHOBM  muppoBoi  0OpoOku
300pa’keHp Ta PO3TJSHYTI HOBI MeTroaw i
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AITOPUTM U IIBUIKUX JTUCKPETHHUX
OpTOr OHAJILHUX TIe PETBOPE Hb, AHAJI3Y 300 paske Hb
3a JIOTOMOTOIO TOJI1 HATIPSIMKIB, BHSBJICHHSI 1
po3Mi3HaBaHHA 00'€KTIB Ha 300paKCHHSIX.

BUCHOBKU

AHani3  BEJWKOiI KUIBKOCTI  TIPHBEICHHX
METOAIB Ta aJrOPUTMIB CBITYHTH, IO Hapa3i HE
ICHY€ €IMHOTO YHIBEpCaJLbHOTO AITOPUTMY IS
aBTOMAaTH30BAHOTI'O npouecy  BeKTOpH3allii
KoxHmit 13 METOIIB BHUPINIYE CBOK YaCTKOBY
3amadyy 1 iX  3aCTOCYBaHHS  OOMEKYETHCS
KOHKpPETHUMHU BXITHMUMM YMOBaMHM, SKi He
BINTIOBIAIOTh TOCTAHOBIN 3aJa4i CTBOPEHHS
JMHAMIYHOT BEKTOPHOI KapTH I TPeHaXkepa.

Tomy, $K BHCHOBOK He 00X 1M HO
BJOCKOHAJIUTH  IiCHYIOUMH  anropur™m,  abo
CTBODHTH CBOIO  TEXHOJNOTil0, sKka Oyzae
BIIpBHATHCS MBHUAKICTIO MoOymoBu 3D-kapru 3a
KOJIbOPOBUM U KOM [TOHE HTaM 1 pacTpoBoro
300pakeHHsI.

abo
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Modification of Monitoring the Education Quality by
Implementing Information System

Yuriy Boyko
Sumy State University, Ukraine, Boyco-yura@yandexru

Since the moment at SSU is no system that allowed
to collect the views of students in the learning process
there was a need for a monitoring system to ensure the
quality of the learning process. The system is
implemented as a web application. Represents an online
questionnaire, which allows students to assess the
quality of the educational process and competence of
teachers. The system will make a detailed analysis of the
results and receive data in a convenient representation.
The system has three levels of access: administrator,
student representative of the department, which
delineates the interoperability of the system. The
monitoring system will facilitate the provision of quality
educationat Sumy State University.

Keywords. Monitoring Process, Education Quality,
Information System.

BCTVII

B VkpaiHi axkTuBHO BeAyThCcS TMPOIECH
OHOBJICHHSI CHCTEMH BUIIOT ocBITH. [IpHn 11soMy
MOCTYIIOBO  3MIHIOIOTBCS ~ TIIXOOW  IIOJIO
opraiaiii cucTeMd 3a0e3Me4YeHHS SKOCTI
HaBYAJIBHOTO Tpoliecy — (OPMYETHCS cUcTEMa
MOHITOPUHTY HaByajbHOro nmnporecy [1].
CucremMa MICTUTh B OCHOBI pE3ylbTaTH
ONHUTYBaHb  CTYIACHTIB,  BHUIYCKHUKIB 1
poOOTONABIB, IOJO SKOCTI HAaBYAJIBHOTO
mpolecy 1 KOMIETEHTHOCTI  BUKIagayiB
CyMCBKOTO JEp’KaBHOTO YHIBEPCHUTETY.

[HOOPMALIMHA CUCTEMA
MOHITOPUHI'Y SIKOCTI
HABYAJIBHOI'O ITPOLIECY

[HpopmaliiiiHa cucTemMa Ma€ Ha METi 3aMHY
JOCUTHh Hee(eKTUBHUX IMAalepOBUX OMNHUTYBaHb
Ha OUIbII Cy4YacHi OHJIAWH OINMUTYBAaHHIL
@OyHKIIOHAT CHUCTEMH JIO3BOJHTH  IIBHJKO
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OTpUMYBaTU pe3yabTaTd  ONHUTYBaHb Y
3pyJ4HOMY BHUTJISI/II 32 JOCHTH HEBEIUKUI Yac B
MOPIBHSAHHI 3 TANepOBUMH ONMUTYBAHHSIMU Ta
MPOBOJIUTH X aHAMB.

Jlna  3a0e3reyeHHd HAAIMHOIO  3aXUCTY
Hdopmarii, mo 30epiracTeCsi B CHCTEMI 1
PO3MEXYBaHHS JOCTYIY, Y CHCTEM1 MPUCYTH il
3 piBHEBMH pIBEHb JIOCTYNY: aaMIHICTPATOP,
npeacTaBHUK Kadeapu, crymseHT (Puc. 1-3).
PiBenb JOCTYIY CTYAEHT JI03BOJIUTH
3apEECTPOBAHOMY KOPUCTYBAdy TUTHKA TPOUTH
OMUTYBaHHs, OTPUMATH JOCTYI JI0 PE3yIbTaTiB
OMUTYBaHHS, a00 0 HIMX JAHHUX CTYIACHT HE
3moke. [IpencraBHuk kadeapu HaBIAKd He
Oyzne MaTH JIOCTYIy A0 NMPOXOJUKEHHSI aHKeTH,
aJie 3MOXKEe pelaryBaTu caMy aHKeTy 1 MaTHMe
JIOCTYIT 10 pe3yabTariB. ['0I0BHOIO (DYHKITIEIO
aiMiHicTpatopa Oyae KOHTpPOJIb JIOCTYMY 1
HaJaHHs BinmoBimHUX mpaB. Taka dQopma
JOCTYNy JO03BOJUTH IMPaBUIBHO PO3MEKYBATU
MO>KJIMBOCTI B3a€MO/Iii KOPUCTYBAYiB CHCTEMHU.

Tak 5K OCHOBOIO CHCTEMH € OHJIAIH
ONMUTYBaHHS, TO JUIsl CTBOPEHHS MeEpesiKy
NUTaHb JUIS OI[IHKWA TUIAHYETHCS MPOBEICHHS
AHKETYBaHHS Cepell CTYAEHTIB, 3a MIITPUMKHU
CTyACHTChKOTO nekaHaTy (akymnprery EnlT, mo
JO3BOJIUTh ~BUSBUTH AKI caMe  acleKTd
HaBYAJILHOTO TPOIECYy HAWOUIbINE I11KaBJIATH
CTYACHTH 1 IO iX HaWOUIbIIE TPHUBOXKHUTH.
OnuTyBaHHS JO3BOJMTH OTPUMATH aKTYaJIbH1
JlaHi, K1 3MOKYTh BUBSIBUTH Cy4acH1 IpoOieMu
1 HEJONIKM CTaHy HAaBYAIBHOIO IIpolecy Y
CyMCBKOMY JIep>KaBHOMY YHIBEPCHTETI.
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BB7 — Mepernag
IHCTPYKUT
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aHKeTYBaHHA

BB12 — Mepernag
rpadika TecTyBaHHA

“BKMOUMTES

BE13 —3anoBHeHHA
thopMut 380pOTHLOMD
38'AZKy

Pucynox 1. — Bukopuctanns IC ctynentom xadenpu

Pucynok 2. — Bukopucrtanust IC npeactaBHUKOM Kadeapu

BB15 — KokTpons
AocTyry Ao cuctemyt

aBKmOuNTLS

- BB1 -
ABTopuzayia B
. cncreni

AgivicTpaTop

B89 -
EkcnopT
ssiTie
anKeTyBanA

aRIOUNTE> “pacwmpiTer

3/ BB12 -
Mepernan
rpadika
TecTyBarHn

888 -
Mepernsn
aaiTie
aKeTyBaKH

Pucynox 3. — Buxopucrtanns IC agminicTpatopom

HAaKOIMMYCHHS JIaHUX 1 1X aHanB, I0I0 CTaHy
BIUCHOBKH HaBYAJILHOTO MPOLIECY, OY4UMA CTYIEHTIB.
CreoproBaHa  iHpopMmaniiHa  cucTeMa REFERENCES
MOHITOPUHTY JI03BOJITh YIOCKOHAIUTH IPOLEC

3a0e3MeUeHHs] SKOCTI HaBUYAIBHOTO TMporecy, [1] Z. Stepcheva, VA Osnovina, LA Mattis Monitoring
IUISXOM IMIUIEMEHTaIli B HBOTO CY4aCHHUX formation of professionally significant competences
iHdopmaniiinux texuosorii. IC mae Ha MerTi in terms of lifelong learning g Ulyanovsk, 2010.
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Creation the WEB Telephone Directory of Sumy State
University

Hanna Eliseeva', Vira Shendryk’, Olha Shulyma®, Helena Hetmanskaya®
1.2.3 gumy State University, Ukraine, anna.eliseeva.3000@gmail.com
* Vitebsk State University named after P.M. Masherov, the Republic of Belarus

Abstract. This paper is devoted to the procedure of
creation WEB Telephone Directory of Sumy State
University. Here is briefly presented the main stages of
the process with a focusing on a benefit of such
presentation and using. As a task to site’s developing
and functionality here are pointed information
requirements.

Keywords. Database, Database Design, Electronic
Directory, Website, Website Layout.

BCTVII

OcTraHHIM YacoM BEJHMKY MOIMYISPHICTh
HaOMPaIOTh OHJIANH TeneOHHI JOBITHUKH, SKi
BUIPI3HAIOTBCS Bil 3BHYAMHUX THUM, IO HE
noTpeOyroTh CcKauyBaHHsA 3 IHTepHeTy Ta €
Outbin 3pyuyHumH y Bukopuctansi [1]. Tomy
CTa€  aKTyalbHHM  Mojatu  TejeGoHHmit
JOBITHUK CyMchKoro JIEPKABHOTO
YHIBEpPCUTETY, SIKAW 3apa3 JOCTYIHHH JuIe y
pdf dopmari, y BUTIISAI caiTy.

[epen MOYaTKOM po3poOKu
€IIEKTPOHHOTO JIOB iTHUKA HEOOXITHO
PO3pOOUTH TaKy CTPYKTYpPY HAIlOBHEHHS CalTy

Hdopmariero, sfka Bimmosimana O JpyKOBaH i
komii goBimHuka. OKpiM TOro, HEOOXITHO
BU3HAUUTU LUIAXH MpeJCTaBiIeHHs HopMarll i
KopucTyBayaM. JlJisi JOCSATHEHHs MOCTaBJIEHOI
METH HEeOOXIHO:

1. CrBoputn 6a3y naHux TenepoHHOTO

JIOBITHHKA.
2. Po3pobutu maker caiTy.

CTBOPEHHA BA3U JAHUX

Crpykrypa 0a3m nmaHux Temne(oHHOro
NOBIIHMKA  NOBHHHA  BIONOBIZaTH  BCIM
KaTeropisiM, Migpo3[AlTiaM Ta Bimabiam, sKi
BKIIIOYA€E y co01 yHBepcuTeT. ba3za manux mae
lEpapXiuHy CTPYKTYPY, IO JO3BOJISE IIBHUIKO
Ta JIETKO OTPUMYBATH JOCTYI IO MOTPIOHOT
HpopMmanii. Po3poOka i cxemu JaHHX
sniiicHoBanacs y mporpami MySQLWorkbench
6.3.5, mpencraBieHa Ha pUCYHKY 1.

Pucynok 1 — Cxema maHHX po3poOoBaHOI 0a3u JAHUX Yl CJICKTPOHHOTO Tene()OHHOTO JOBITHUKA
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PO3POBKA MAKETY CAUTY
Maker TOJIOBHOT
caiiTy (puc. 2) HIOBHHEH nependavyaTu:

e [lomyk mo tenehoHHOMY JOBITHHUKY 3
MOYJIMBICTIO COPTYBaHHS 32 a(aBiTOM.

CTOP IHKH

e MOXIJIUBICTh TIEPEKITIOYCHHS MOB.

e ABTOpH3allll0 KOPUCTYBA4iB Ta 3MIHY
KOHTEHTHOTO  HANOBHEHHsS  TelneOHHOTrO
JIOBITHUKA aBTOPHU30BAHUMH KOPUCTYBAYAMH.

e Bulip 3 BUNAAaOYOro CHHUCKY JIBOi
OOKOBO1 MaHeNi pOo3AUTIB Ta MITPO3AUTB, SKI
OynyTh BUBOJIUTHUCS B OCHOBHI KOHTEHTHIi
YaCTHHL

e llepernisin nmpaBusl Habopy TenePOHHUX
HOMEpIB Yy BHIQJAOYOMy CIHMCKY MpaBoi
OOKOBOT MaHesl, 3 MOXIMBICTIO TIEPEXOAY 0
JoBinkoBoi ciyxou Cym/1V.

e MOXIUBICTh 3B’S3aTHCS 3 KOMaHJOIO
TEXHMHOT MIATPUMKH CalTy depe3 KHOIKY
3BOPOTHBOTO 3B’SI3KY.

e MOXIUBICTh TEPENNIIHYTH KOHTAKTHI
naHi BUKOHAaBIIIB MPOEKTY.
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PucyHnok 2 — Maker caiity
kepyBaHHs BmictoM Joomla 3.4.8, a Takox
BHCHOBKU

VY pe3ynbTaTi mpopo0eHo1 podboTu Oyio
CTBOPEHO CXeMYy JaHUuX s Tene(oHHOro
nosigauka CymJlY oHmnaifH, eKCIOpTOBaHO JaHi
0 CTBOpeHOi ©0a3u JaHUX Ha cepBepi
PHPMyAdmin Tta po3pobiieHO MakeT CaiTy,
SKAW BHU3HAYAE CTPYKTYPy Ta PO3MIIICHHS
CKJIAJIOBUX €JIEMEHTIB y 3pY4HOMY BUTIISIL JJIS
KOpPHUCTYBaYiB.

Hacrtynmaum  eramom  poboTH €
CTBOPCHHSI CAalTy 3 BUKOPUCTAHHSM CHCTEMH
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pPO3pOOKOIO BIIACHUX IJIATIHIB Ta MOIYIIB IS
MIIBUIICHHS (YHKI[IOHATBHUX MOJIHMBOCTEH.
Bumoramu 10 HpopmaiiiiHOro 3a6e3nedeHHs €

000B’s13k0Ba HasBHICTH Apache 2.4, PHP 5.6 ta
MySQL 5.6.
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Development of Information System to Search
Optimal Route

Dmytro Bychko', Vira Shendryk?

'Sumy State University, Ukraine, D.Bychko@mail.ru
Sumy State University, Ukraine, ve-shen@opmsumdu.edu.ua

Abstract. The paper is devoted to the question of
creating  the interactive information  system.
Mathematical methods of search optimal route are
considered. This system is intended for trucking
companies which select own criteria for finding the
optimal route.

Keywords. Optimal, Optimize, Route, Method,
Google Maps.
BCTVYII
Ha cporomminmii  gedp IT-xkommadii

CTBOPIOIOTh BEJIMKY KUIBKICTh IPOTPaMHHUX
HPOAYKTIB, SIK1 [TOJIETIIYIOTh JKUTTS JIOAUHU. B
iX OCHOB1 JeXaTb AIrOPUTMH, L0 HIBUJKO
00poOIOIOTE  HQOpMaIiifHI  TOTOKH  Ta
BUBOJATh pe3yabTaT. SICKpaBUM NPUKIAIOM
I[bOTO € IHTEpaKTUBHI KapTH. BoHM crpusioTh
OUIbII HIBUJIKOMY 1 JIETKOMY OpPIEHTYBaHHIO Y

Mictax. Y iX po3poOili BHUKOPHUCTOBYIOTh
HpopMaliiiHy  TEXHOJIOTiO0 BU3HAYCHHS
HAMKOPOTILIOTO MapIlpyTy.

l'onoBHOMO po0IeMOL0 ICHYIOUUX
KapTorpaMHUX pEeCcypciB € BHUKOPUCTAHHS
OJHOTO  QITOPUTMYy, MO  HE  3aBXKIH

33/I0BOJIBHSIE TOTpeOM KopucTyBadiB. Bonu
JO3BOJISIIOTE 3 JIETKICTIO BUPILIyBaTH JIHINE

mesikl  3agavl, Takl K HaBiramid — Ta
OpIEHTYBAaHHS Ha MICIEBOCTL, BiHOOpakeHHS
mam’sITOK apXITeKTYpH, 3HAXOIKCHHS
HAMKOPOTILIOTO IIUISIXY.

Mertoto JOCTIKSHHS € HayKOBE

OOTpYHTYBaHHS Ta BUPIIICHHS 33714 CTBOPCHHS
VHIBEpPCAJIBHOT 1HTEPAKTUBHOI 1HdopmMalliftHOT

CHCTEMH, sKa JO3BOJIATUME KOPHUCTYyBaudy
oOpatu  3a  BU3HAQUEHUMH  KPUTEPLIMU
ONTUMAIIBHUI MapIIPYT.

Tomy po3podka yHIBEpCAIBbHOT

H (opmarl ifiHOT TEXHOJIOT1i 103BOJIsIE€ BUP I TH
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IOCTaBJICHY METy Ta CTBOPUTHU SKICHUH
NpPOTPaMHUM  TNPOAYKT, SKAM  JIOIIOMOXKE
KOPUCTYBauy 3HAUTH HE TUIbKA HAWKOPOTIIMH,
a ¥ ONTUMAJIBHUM MapLpyT 3a WOro BIACHUMH
KpUTEPBIMH.

AHAJII3 METOIB TA AJITOPUTMIB
BU3HAYEHHA MAPIIPYTY

[onynspuoto € Google Maps, sika 103BOJIsIE
mepernafaTd KapTH OpaAMO Y Opaysepi. Ix
BUKOPUCTAHHSI 3HAYHO TOJICTIIYIO KUTTS, ajie
HE 3aBXXIU Ja€ MOXJIMBICTH 3aJ0BOJIGHUTH BCI
JIOJICBKI TOTpeOu. BuaimuMo aesiki 3 HUX, SAKi
BIICYTHI y HUHIHIX KapTax:
3HAXOJKEHHS
Mapuipyry,

H(popMallis Mpo BIICYTHICTh 3aTOPIB;
HopMalil Mnpo SKICTh JOPOKHBOTO
TTOKPUTTS;

HaMpsIMOK pyXy Mo joporax (ojaHa/mBi
CTOPOHU).

Jlnst BupimieHHs 3a7adl MPOBEIEMO aHajB3
JIesKUX BimoMux anroputMmiB [1,2] Ta mocminu
(Ha OIHOMY IMEpPCOHAIBHOMY KOMIT toTepi (Ha
6az3i OC Windows 7) Ta 3 OJIHaKOBOIO
KUIBKICTIO JIJaHWX), IO JIO3BOJISATh BH3HAYUTH
HEOOXITHUH alrOpuT™M Ui BHUPIMICHHS AaHOI
3agavi. Kpurepissmu Binbopy e€:

HallMEHIIA BUJIKICTH 00pOOKH (B MC);
HaiMEHIIA KUIBKICTh  ITepaiid  JuIs
PO3B’sI3aHHS 3a/aui

Jlanuii aHaM3 JIO3BOJIMTH OUIBII TOYHO
JOCIIIUTH METOIU Ta 00paTH HEOOXITHUM IS
BUpIIGHHS ~ HOCTaBleHOi  3ajadi  Loro
pe3yabTaT 300pakeHi y Tabmumi 1.

(] OIITUMAJIBHOTO
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3rifHO JaHWX, OTPUMAHUX I 4Yac
JMOCTIMKEHb OYJI0 BUSBIEHO, IO AJITOPUTM
Heiikctpu € Hailkpanmmu (32 IBUIKICTIO
0o0poOKM JaHUX Ta KUIBKICTIO BHKOHAHHX
repariii). Ik BimTOMO, BiH JIeKHTh Yy OCHOBI
nomyky mapmpyry y Google kaprax, aie He
JO3BOJII€ TOBHICTIO BHpIIIyBaTH BCl 3ajadi,
mo0 33J0BOJILHUTH JIOJChKI moTpedu. Tomy
JOIUTbHO ~ BUKOPHCTOBYBAaTH  WOTO ISt
3HAXO/DKEHHS HAHKOPOTIIOTO MapIIPYTy, TOOTO
HaiMeHINOT BigcTaHi MDK To4Ykamu. Jlos
3HAaXO/KEHHSI ONTHMAJIBHOIO, TOOTO TaKoro,
AKUI ~ BpaxoBye  KpUTepil KopHCTyBaya.—
BUKOPHUCTAEMO >KaJIOHUI aITOPUTM.

Tabnuis | — AHaniB anropuTmiB

Hassa anropnmy IBuaKIiCTE KitpkicTs
00poOKku (Mc) | Irepartii
JeiikcTpu 38 26
dnoiiga 65 41
[Momyky A* 42 37
MypanmHuii 81 49
['eneTnunUMM 73 51
Jhi 59 44
J>xoHCOHA 66 50
bemmvana - ®opaa 51 32
Jlirrina 64 34
Kanionuii 41 32

BUBIP TEXHOJIOI'TH TA METO/IIB PEAJTI3ALII

Po3pobmoBana  mopmariiina  cucrema
MOBUHHA 3abe3nevyyBaTu HACTYITHHH
¢yHKITiOHAT:

e IpocTuii iHTEpderic;
mBuaka o0poOka Ta BimoOpaXeHHs
HpopMaIi,
JOCTOBIPHICTH Ta MOBHOTA H(pOPMAILil.
Hns  po3poOku  iH@opmaniiiHoi cuctemu
BHKOpHCTAaEMO Binkputy Iutargopmy Google
Maps APl v3. Google Maps API no3Bossie
CTBOPIOBATH BJACHI KapTh Ha ocHOBI Google
Maps. BinkpuTuii 10cTynn 10 JOKyMEHTAIlil 1a€e
MO>KJIMBICTH 3alpOTpaMyBaTH BIIACHY MOTYXHY
CHUCTEMY MapIIPyTiB BUKOPHUCTOBYIOUH PECYpCH
web-riranTa.

75

[lepexoasuu 10 erany po3poOKu, HEOOXITHO
JOTPUMYBATHCS MPABUII, SIKi 3a0e3medyarb Kpoc-
naatTGopMHy poOOTy iHpopMaIiiHOT CUCTEMH.
Jns  ¢opMmyBaHHs  MakeTy  Web-cTopiHku
Bukopuctopyemo HTML Ta CSS.

Jlnst ctBOpeHHs (DyHKITiOHATY BUKOPHUCTAEMO
Java  Script. BiH macte  MOXIMBICTH
pO3paxoByBaTH ONTUMAJIBHUIN Ta HAWKOPOTIIM I
Mapmpyr. B sKoCTi migka3ok cTBopuMoO 0a3y
JTaHUX, sKa 30epiraTuMe Ha3BU BCiX BYIHIb Ta,
Npyd  BBEICHHI HAa3BH, BHKOPHUCTOBYIOYH
TEXHOJIOTIFO JSON, Oyne BUBOIUTU
HpopMaliiiHe BIKHO 3 BIPHHUM MPaBOIHCOM
Ha3BH HeoOXimHO1 Touku. Ha pucynkax 1 Ta 2
BiToOpakeHa poOOoTa alropuTMIB.

o
=]

cymn 8y xapexiecka 105

Ha aBToMoOI

Pucysok 1 — Ilomyx HaliKOpOTIIOTNO MapuIpyTy

«® g

Bg

o

‘ ?

Pucynok 2 — Ilomyk onTuManbHOro MapupyTy

BHUCHOBKU

Pesynbratom poboTH € aHani3 ICHYROUHMX
METO/IB TMOLIYKYy MapIIpyry Ta CTBOPEHHS
VHIKaTbHOT H opmar a1 CHUCTEMHU
onTUMBAI{l MapIIPyTy.
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Information System for Interactive Visualization of
Three-Dimensional Objects Using Virtual Reality

Ivan Nazarov, Yuliia Parfenenko
Sumy State University, Ukraine, nazarov.ivanl7@gmail.com

Abstract. This paper describes the solution of the
problem of the interactive 3D models visualization. The
application for 3D models visualization which is based
on the virtual reality technology for Android system has
been developed.

Keywords. Information System, Virtual Reality, 3D
Model, Visualization.

BCTVII

Ha cporognizagaya cTBOpEHHS BIpTyaJIbHUX
TpUBUMIpHUX O0O0'€KTB € akrTyanpHOMO. Lle
MOB’S3aHO 3 THM, IO  BIPOBAPKEHHS
TEXHOJIOT1i BIPTYyaJlbHOT peajbHOCT1 B MPOLEC
BByai3aiii JA03BOJISE MOKPALMTU PO3YMIHHS
Ta 3aCBOEHHS MaTrepialiB, IO € pe3yJbTaTaMu
TPUBUMIPHOTO MOJIEITIOBAHHS.

Mertoro poOOTH € CTBOPEHHS iH popMalifHO1
CHCTEMH BB3yali3allil TpUBUMIPHUX 00 €KTIB 3a
JIOTIOMOTOI0 BIPTYaIbHOT PEATbHOCT1 y BUTIISAI
Android-tonatky. Bumorn 1o a”ol
HpopMaI[ifHOT CHCTEMHU: HE3aJICKHICTh BN
HOTYXHOCTEH IEepCOHAIBHOIO KOMIIIOTEpa,
peanicTu4Ha rpadika, MOXKIMUBICTh YIPaBIIHHSI
0€3IpOTOBUM KOHTPOJIEPOM.

Jananit JIOJATOK MpU3HAYCHUI VIS
apXiTEeKTOpiB, TU3aliHEPIB, TaK SIK 3aBJISKUA HOTO
BHKOPHUCTAHHIO BOHH 3MOXXYTh

IPOJIEMOHCTPYBAaTH 3aMOBHUKY MOJE/b, SKa
pealicTHYHO BimoOpakae MallOyTHIA 00’€kT, B
Oyab SIKH MOMEHT 4acy, He BUKOPHCTOBYIOUH
IIPU [IBOMY [TEPCOHATBHUIN KOMIT FOTEp.

TEXHOJIOT'TI BIPTYAJIbHOT
PEAJIBHOCTI

Cucremu BIpTyaqbHOI peaJbHOCTI — I
KOMIT'IOTEPHI CHCTEMH, SKi 3a0e3MedylTh
BBYyaJIbH1 1 3BYKOB1 €(eKTH, IO 3aHYypIOIOTh
sigaya B YSBHUM  CBIT 32 €KPaHOM.
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Kopucrysau OTOUYYETBCS MOPOJKCHUMHU
KOMII'FOTepOM 00pa3zaMu 1 3ByKaMH, IO JAIOTh
BpaXEHHs peajdbHOCT. BiH B3aemonie 3
BIPTYaJIbHUM CBITOM 3a JIOIOMOIOI pPBHUX
CEHCOpIB, sAKi 3B'S3yIOTb HWOrO0 pyxXd Ta
aynioBByasbH1 eexru. Texuomnoris
BIpTyabHOT PeabHOCTI TO3BOJISIE HE IMPOCTO
JUBUTUCH HA IICEBAO-TPUBUMIPHUNH 00 €KT
Yyepe3 MOHITOp KOMIT'IOTEpa, a TMOPUHYTH Y
BIpTYaJIbHUW TPUBUMIPHUN CBIT TOBHICTIO. B
3MOJETTFOBaH Il pealbHOCTI MOKIIUBO HE TUTbKU
onsiaaTi 00’€KT 3 yCiX OOKIB, a i B3aEMOJIIATH
3 HUM.

[ToHsATTS mITydHoi peasbHOCT1 Oyll0 BIeple
BBeneHo Maiipon Kprorepom Hanmpukiniii 1960-
x [1]. ¥V 1989 poui [Ixxapon Jlanbe BBIB OUTbII

NONMYJASPHUNA  HUHI  TepMiH  "BipTyajbHa
peabHICTh" [2]. [eporo CHCTEMOIO
BipTyalbHOT peanbHOCTI cTama "KIHOKapTa

Acnena" (Aspen Movie Map), cTBOopeHa B
MaccauycercbKOMy TexHonoraHOMy
Iactutyri B 1977 poui Ilg xomm'torepHa
nporpamMa CHUMYIIOBAIA TMPOTYISHKY MICTOM
Acnien, mrat Komopano, maroud MOKIIUBICTh
BUOpaTH MDK pI3HUMH crocobamu
BinoOpaxkeHHst MicuieBocTi [3].

Y naHuii MOMEHT TEXHOJIOTIi BIPTYaJIBHOT
peabHOCT1 IMPOKO 3aCTOCOBYIOTHCS B P BHUX
00JIacTsIX JIIOJACHKOT MisUTBHOCTI: POEKTYBaHHI
W nu3aiiHi, BUAOOYTKY KOPHCHHMX KOIaJUH,
BIMCHKOBHUX TEXHOJOTLAIX, Oy IBHUIITBI,
TpeHaxepax 1 CHMYIATOpaX, MapKeTHHTY 1
pexiIami, HAYCTPii po3Bar TOIIO.

CyuaacHi JOCTIDKEHHS B obmacri
BIpTyalbHOi  pealbHOCTI  HampaBjieHi Ha
30UIBIICHHS BIMYYTTS PEaTbHOCTI TOTO, XTO
CriocTepirae 3a TPUBUMIPHUM 00’ €KTOM.
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PEANIIBALIS THOOPMAIIMHOI
CHUCTEMU BI3YAJIBALIT
TPUBUMIPHUX OB’E€EKTIB

Po3pobnena
BByamnizaiii
0a3yeThes

H opmarr iiina cucreMa
TPUBUMIDHUX  OO0’€KTIB, IO
Ha  TEXHOJNOTii  BIpTyalbHOT

pEaNBHOCTL, MPEACTaBiIse€ COOOK amapaTHO-
IPOTpaMHHI KOMIUIEKC. AmNapaTHy 4YacTUHY
3aIIPOTIOHOBAHOI CHCTEMH CKJIaJal0Th INOJIOM
BIpTyallbHOi  peanbHOCTI Ta  MOOUIBHHI
OPUCTPi, MO Tpamioe Iix orepamiiHO
cucremoro Android.

Pucynok 1 — IIpuxnan BByanizaiii TpuBUMIpHOTO 00’ €KTa

[Tosiom BipTyanbHOT peaTbHOCT1 — MPUCTPIH,
SKAW CTBOPIOE 30POBUM Ta aKyCTHYHUU €QeKT
NPHUCYTHOCTI B 3alaHOMy  KepYyHYHM
NPUCTPOEM  TpocTopl. BiH  3abe3nedeHwuit
BIICOCKPAHOM 1 cTepeo- abo KBazapo (POHMHOIO
akycTuuHoro cucremoro. Illomom cTBOpIOE
o0'eMHe 300pakeHHSI, MMOAAI0YN KO)KHOMY OKY
IBa pBHUX 300paxeHHs. bymo mposenaeHo
aHaJli3  ICHYIOYMX  INOJIOMIB  BIpTYyalbHO{
peansaocTi Google cardboard, Oculus RIift,
HTC Vive Ta PlayStation VR Ta nmopiBHSHHS iX
3a iHOK0. /1111 BUKOPUCTAaHHS B H (opMarl iifH iif
cuUcTeMi BByamizalii TPUBUMIPHHX 00’ €KTIB
obpano Google cardboard, amke meii mpuctpiii
€ HaizgemeBumM aHaimorom Oculus ane, B Toii
e Yac, He TMOCTYNA€EThCs KoMy (DYHKITIOHAJIOM.

[IporpamMua yactuHa maHoi iHQopmalliiHOT
CHUCTEeMH  pealidoBaHa  Ha  miargopmi
Android 5.0 ta nmpusHaueHa a1 cMapT(OHIB,
0 MAalTh BHCOKY pO3IUIBHY 3JaTHICTh
expariB 1920x1080 (400ppi) Ta BCi HEOOXinH1
JaTYNKA Ui 3aHYPEHHS B BIPTyalbHY
peanbHICTh, Taki SK TIPOCKOI, aKCceIepOMETp,
Kamepa, bluetooth  mms  minkTroUeHHS
KOHTPOJIEPIB.

7

Po3pobiiena iHQopmMmariiiina cuctema Mae
byHKIIIOHATBPHI ~ MOXJIMBOCTI  Bi3yamizaiii
TPUBUMIDHUX OO’€KTIB, OMISAYy CIEHH 3a
JIOTIOMOTOI0 TIPOCKOIY, PYXy 3a JOMOMOTOIO
0e3ApOTOBOTO KOHTpOJIepa Ta B3aEMOJIl 3
00’eKkTamu.

BUCHOBKU
Y pesymprari maHoi poOOTH PO3pOOJICHO
H popMar ifiHy CUCTEMY Bizyanizaitii
TPUBUMIPHHUX 00’€eKTiB, KA Oyne

3aCTOCOBYBATHCh B IPOCKTYBAaHHI Ta JAW3aiiHI
inTep'epis Ta excrep'epis. i BuKOpHCTaHHs
JI03BOJIMTH JEMOHCTPYBATH 3aMOBHUKY TOTOBU I
MPOCKT HE Ha Tarepi Y1 MOHITOP1 KOMII FOTepa,
a y BIpTyalbHOMY IPOCTOP], JIe, 32 JOIOMOTOIO
KOHTpoOJIepa, 3aMOBHUK 3MOXe B
IHTEPaKTUBHOMY PEXHMI1 JAETallbHO OIJISHYTH
BCi IeTali MaiiOyTHBOrO OYJMHKY 200 KIMHATH.
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The Algorithm for Determining the TOE and Camber
Parameters in the 3D Vision System

M. S. Babiy
Sumy State University, Ukraine, mbabiy@id.sumdu.edu.ua

Abstract. The process of calculating exterior camera
parameters is described according to the theory of
machine vision. To calculate the toe and camber angles,
an algorithm for obtaining the direction vector of wheel
axle was developed. Algorithm can be used as well,
when the lift plane is not horizontal.

Keywords. TOE, Camber, 3D Vision System.

BCTVYIUUIEHUE
Ha aBTOMOOMIIIX [JOJDKHA  BBINIOJIHIATHCS
e pUOJ I eCKast JIMaTrHOCT HKQ, KOTOPYIO

HE00XOMMO OCYIIECTBISATH uepe3 20 ThIC. KM
npobera, a Ha aBTOM OO WISAX 3apyO€IKHBIX MapoK
— uepe3 kaxabie 30 ThIc. KM mpodera.
ABTOMOOWIb JHATHOCTHPYETCS Ha CTEHIE.
PesymnpTaTom JVar HOCT MKH SBJIAIOTCS
BBIBEJICHHBIC HA HSKpPaH WIN MPUHTEp 3HAYCHUSI

MapaMeTpoB XOHOBOW 4YacTH AaBTOMOOWIA U
JIOIlyCT UMBIE pe1eJ1bI ITUX 3Ha4Ye HUI
OTHOCHTEIILHO JaHHOIO THMAa aBToMoOmmi. B
cliyuae OTKJIOHE HUHI rapaMmeTpoB oT
HOMMWHAJbHOTO  3HAYE€HMI  MNPOMCXOAMT  MX
pETyIUpoBa HYE.

OCHOBHBIMH PETYIHPYEMBIMH TapaMeTpamMu
SBIISTFOTCSI CXOXKJICHHE W Pa3Ball.

Cxoxnenue (toe) 3TO  Yroi MEXIy
IUIOCKOCTBIO BpallleHUs Kojeca U IMPOAOJbHOM
ocbio aBTOMOOWIA. CXOXIEHHE CIMOCOOCTBYET
MpaBWIbHOMY TOJOXKEHUIO TIEpeHUX KOJIeC MPHU
Pa3HBIX CKOPOCTSIX JABIMKECHUS U yriaxX MOBOPOTA
aBroMoOwis. Ilpu OTKIOHEHMM CXOXIEHHS OT
HOPMBI HaONIOJAIOTCS CHIBbHBIM TMHIO00 pa3HbIi
W3HOC INWH, TPecK MIMH TpH  [OBOPOTE,
MOBBIIIC HHBIH PacXoj TOIUIMBA M3-3a OOJBIIIOrO
CONPOTHBIICHUS TEPEHUX KOJIeC.

PasBan (camber) — yros Mexay BepTHUKaJbiO H
TUTOCKOCTBIO BpaIle HHs KoJieca npu
NPSIMOJIMHE THOM JIBIDKE HUU. B ciy4ae
OTKJIOHEHHUS pa3Bajia OT HOPMBI TaK)K€ BO3M 0KHO
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OTKJIOHEHWE AaBTOMOOWIA OT TIPSIMOJIMHE HHOT O
JIBIDKCHUST W OJTHOCTOPOHHHUH W3HOC TPOTEKTOpA.

[Ipu HCII0JIb30Ba HUU nH(ppaKpac HIX
IaTYUKOB WIM  aHAJIOTMMHOW  THOPUIHOM
mMepuTe b HOU CUCTEMBI Ha KoJieca
HaBE IIIMBAOTCS CIIO’KHBIE AIIE KTPOHHBIE
KOMTIOHeHTBl. Kaknplii pa3 MexXaHHK JOJDKEH
B3STh TAKOW MAaTYWK W3 MeCcTa XpaHeHW,
YCTAHOBHTH HA KOJIECO, TPOBECTH HEOOXOIUMBIC
M3MEPEHUSI U PETYITUPOBKH, CHATH W BEpHYTh Ha
MecTo. KpoMe Toro, k mH(ppakpacHBIM JaTYHKaM
HY)KHO TIOJjaBaTh THWTaHWE © TIePeaBaTh
pe3yiIbTaThl HAa KOMIBIOTCPHYIO KOHCONb. B
OJTHOM CJly4a€ »3TO peajau3yercss C MOMOIIbIO
MPOBOAOB, KOTOpPBIE KaXABIH pa3  HYXHO
MOJIKIIFOYaTh, a B JAPYrOM HYXHO CIIEIUTH 3a
YPOBHEM 3apsijia U COCTOSIHIEM aKKyM YIISITOPOB, a
TaKke OOpOThCS C paguoTIOMEXaMM, KOTOphIE
MOTYyT BO3HHMKaTh OT COCEJHUX YCTPOWCTB U
MemaTh paboTe cTeHaa.

Crennsl Ha ocHOBE 3D TEXHOJIOTHMH JIHIIE HBI
3THUX HEJOCTAaTKOB, TaK KaK B HHUX Ha KoJleca
yCTaHABJIMBAIOTCS NACCHUBHBIC M HILIC HU-
OTpaXkaTenu, KOTOphle HE COAEpPX,AaT HHUKAKUX
AIEKTPOHHBIX KOMIIOHEHTOB.

Kommbtorepusiit  ctenn  TexnoBektop 7
COIEP)KUT  CHUCTEMY TEXHHMYECKOro  3peHWUs,
KOTOpast COCTOMUT m 4  BuUIeoOKamep,
pacloJIOKEHHBIX B CNELMAJIbHOM  KOpIIyCe,

YCTAaHOBJIIEHHOM Tiepeji aBTOMOOWIEM, a TaKke
IJIOCKUX MHUIIEHEH C TpajieHTHBIM PHCYHKOM.

Pabora creHma BO3MOXKHAas Ha TOABEMHHKE
WIM HA PEMOHTHOW sMe TMpu 00s3aTeh HOM
BBITIOJTHEHUW YCIIOBUHA TIO TOPH30HTAJLHOCTH.
JlanHoe yciioBHME 3aKJo4aeTcsl B TOM, 4YTO
pasnudve  YpOBHEH  TNEepeHMX  IOBOPOTHBIX
miaThopM M 3aJHAX IUIOMAJ0K HE JOJDKHO
MPEBBILIATH 2 MM.
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Henbto naHHOUW paboOTHI sBIsIETCS pa3paboTka
aNropuTMa, BKITIOYAIONIETO KaJHOPOBKY KaMepbl
U pacyeT YIVIOB pa3Balia-CXOXKACHWSI C Yy4ETOM
HETOPM30HTAJIbHOCTH IUIOCKOCTH TOIBEMHHKA.

KAJIMBPOBKA BUJIEOKAMEPHI

HeoOxomuMpIM ~ 3TamoM  mpH  HaJaJKe
KOMIIBIOTEPHOT'O CTE€HAA, HCIOJIb3yeMOTo JJIs
JIMArHOCT KM COCTOSIHUS XOJIOBOH aBTOM 00 Wi,
ABISIETCSl KanuOpOBKa BHIEOKaMep cTeHna. B
KOHTEKCTE TPEXMEPHOTO MAIIMHHOIO 3PeHUs

KanuOpoBKa  TpelCTaBIsieT CcOOOHW  mpolecc
ONpeNeleHNsT BHYTPEHHUX TIE€OMETPHUYECKUX U
ONTHYECKUX TapaMeTpoB KaMepbl, a TaKkke
TI0JIOKC HUA n OpHC€ HTa IUU KaM€phbI B

MPOCTPAHCTBE MO M300Pake HUIO KaJIruO POBOY HOT'O
00BEeKTa.

OnauM m3 croco0OB KamuOpPOBaHUS KaMepbl
SIBIISICTCS UCTIOJIH3 OBa HUS TPEXMEPHOT O
KaJluO pOBOYHOr0 O0BEKTa € TOYHO 3aJaHHBIMHU
pasmepamu [1, 2]. Kak mpaBuio, 3TOT OO0BEKT
COCTOMT W3 JBYX WIH TpeX OPTOTOHAJbHBIX
miockocTel. MHOrma Haja 3THMM INTOCKOCTSIMH
BBITIOJTHI FOTCS TOYHO ompejesie HHbIE
TpaHCJSIMK. ODTOT cmocod Tpedyer aoporoi
ammapaTypbl U CKpYIyJe3HOrO HACTpauBaHUS.

Bropoit cniocod — aBrokanudpoka [3, 4]. B
3TOM Cly4yae HE HUCIOJB3YIOTCA  HUKaKue
KaJUOpOBOUHbIE OOBEKTHI, a OTCJIEKUBAETCS
JIBHKEHUE KaMmepbl B cTraTHdeckod cueHe. Ecnu
mobpakeHus OEpyTCs OT OIHUX U TEX XKE KaMep
¢ ()MKCHMPOBaHHBIM U BHYT PE HHIM H [1a paMeTpaMH,
TO COOTBETCTBMSI MEXIY TpeMs H300 paxeHUsIM U
JOCTATOYHO JJsI TOJy4eHUs BHYTPEHHHX U
BHEIIHUX  [MAPaMETPOB  KaMepbl, © I
PEKOHCTPYKIUU 3D CIIEHBI.

Cy1ecTBYIOT TaKke U APYTHe BUIbI TEXHUK, B
TOM 4YHCJie 0 TouykaMm cxona (vanishing points)
7L OPTOTOHAJILHBIX HampaBlieHWd [5, 6] u mo
YHCTOMY TOBOPOTY (pure rotation).

B Hamem wuccnemoBaHMH MBI OyzaeMm
UCTIONB30BaTh CMOC00, KOTOPBIM BBITEKAeT W3
caMoOil CTpPYKTYpbl CT€HIAa — KaJIHOpOBKa IIO
TJIOCKOM Y a0 JIOHY, MOKa3aHHOMY B HECKOJIBKUX
pa3Heix opueHTranmax [7]. Takoi mabIoH JIeTKO
HaTeyaTaTh ~Ha ~ OPUHTEpPE, a  TECTOBYIO
KaJMO pOBKY MOXHO MIPOBECTH JlaXke B JIOMAITHUX
YCIIOBMSIX.
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Hanbonee wacTo wcmomb3yloT MIaOIOHBI C
MaXMaTHBIM PHCYHKOM, WIH C H300pake HUEM
KPYyroB Ha KOHTPAacTHOM (hoHe.

Monens kaMepsl TOKa3aHa Ha puc. 1.

(R, 1)
Pucynok 1 — Mogens kamepsl

Touky ©Ha m300pa’keHUM 0003HAYMM Yepe3 M
=[u,v]", a Touky B mpoctpancTBe uepe3 M =
[X, Y, Z]T. COOTBETCTBEHHO B  OJHOPOJHBIX

(romorennbix) koopammarax M =[u,v, 1], a

M = [X, Y, Z, 1]". Touka m ¢opmupyercs
Jy40M, KOTOPBIM MPOXOmHuT depe3 Touky M u
onrraeckuid 1ieHTp kKamepsl C.

[IpoekruBHOE npe o0pa3oBaHME
(mepcmekTuBHAasE ~ MpoOEKUus), OTo0pakaroluee
TOYKY CLEHBI B TOYKY M300pakeHHsI, UMEET BHI

o y U,
sMm=A[RtIM,riecA=|0 B Vv, |
O 0 1

S — NpOM3BOJILHBIA MacmTaOHbIA KOD(HUITUSHT.
BHemHue napameTpsl MpencTaBlIeHbl MaTpuleif
noBopora R u BeKTopoM mepeHoca t, BHyTpe HHIE
napamMeTpel — MaTpumeid A, TIaBHasS TOYKA —
KoopauHaTaMu  Ug, Vo. OJNeMeHTBl o u f —
MacimTadHbie K03 PUuIMeHTB MO ocsiM U H V,
napaMeTp Y — CKOC MEXIy OCSIMHU.

B Hamewm ciydae xanmOpoBKa IPOBOAUTCS MO
TUIOCKOMY A0 JIOHY, TO3TOMY MBI MOXEM B3SITh

koopauHaty Z = 0. OOo3HaumMm I-i cronberr
MaTpHULbI R yepes ri,
Toraa
X X
N Y Y
siv|i=Afrrt 0 =Afrt 0
1
1 1
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Takum ob6pasom, cBase mexay M u M
MOXHO OIMCaTh TOMOrpaduei

Sm =HM ,rme H=A[r r; t].
h,

D
3anumem H B Bume [h; hs]. Ha

ocHoBe (1) mmeem

b. h, h=2Af r t.

rze A ecTh MPOM3BOJIbHBIN CKaJAp. BekTopsl Iy u

I,  SABISIIOTCSL OPTOHOPMUPOBAaHHBIMH, OTCHO/IA
nMeeM

h'A"A"h, =0; -

h'ATA'h, =hIA"Ah,.

Takum 00pazom, MBI TOTYY MM ABA OCHOBHBIX
OFpaHMYEHUA HAa  BHYTPEHHHE  NapaMeTpsl
romorpaduu. Bcero ke romorpadusi uMeeT

BOCEMb CTEIeHe#l CBOOOABI, B TOM WYHCIE IS
MIECTH BHEITHUX TAPaMeTpoB (TpeX sl MOBOPOTa
¥ TpeX JJIS TIepeHoca).

Pemrenne (2) mo3BossieT BBIYUCIUTH MaTPHUILY
BHYTPCHHUX TapameTpoB A.

OIIPEJEJIEHUE ITAPAMETPOB
PA3BAJIA-CXOXJIEHUA

[Ipumem, uTO TOUKa IM;  TONydYeHa TPH
HaJIM4MM rayccoBa IyMa C MaTeMaTH4eCKUM
okuganueM (0 W COOTBETCTBYIOIIEH MaTpHIeH
koBapuauuu. byaem cuwraTh pacnpezeneHue
l'aycca m30TpONHBIM, APYTMMU CJIOBAMH BMECTO
MeTpukn Maxananobuca OyneM HCIOJBL30BATh
METPUKY DBKIHAA.

Tornma OLIE HKa MaKCAMaJbHOT O
npapronogoous nist MaTpuisl H MoxeT ObITh
NoJTy4yeHa MUHHMM3aIMe (yHKIMOHANA

n m 2

ZZ mij _m(A’ Ri’ti’Mj)H '

i=1 j=1
rae | TpeiCTaBIsIeT HOMEp W300pakeHus, a | —
HOMEp TOYKH.

Ha crnenyromem srame MokeT OBITh ydTeHa
TaKKe pajualibHasg TUCTOPCHs M300pakeHHs.

B coorBeTcTBMM ¢ JaHHBIM QJTOPUTMOM
HamucaHa mporpamma Ha si3bike Visual C ++. Js
obmeryeHmst ~ paboTel ¢ W300pake HISIM
JIOTIOJTHUTEIPHO ~ HCTIONb30BaHa  OMONMOTEKa
KOM ITb}OTE PHOT'O 3peHUst OpenCV v2.0,
CKOMTHIIMpoBaHHas st cpenbl Visual Studio.
bubnuoreka HMeeT OTKPBITBIH KOX M MOXKET
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CBOOOIHO WCIIONB30BATHCS B AKAJEMHYECKHX H
KOMMCp‘ICCKI/IX e JIX. (DyHKI_[PIH
FindChessboardCorners 3TOM OuOInOTEKH
MO3BOJSIET C BBICOKOM TOYHOCTHIO HA OCHOBE
TPaUeHTHOTO IIOUCKA HAWTU U YTOYHUTH TOYKH
nepeceyeHuss JIMHUK IAXMAaTHOro ImabjaoHa

(puc. 2).

Pucynok 2 — Touku nepecedyeHus JIMHAN MIaXMaTHOTO

mrabnonHa
Munrnvmanus  QyHKIIMOHAJA  TIPOBOJUTCS
MetrongoM JleBeHOepra-MapkBapara. Hns

peHICHI/I}I 3aa4Y1 O HAUM CHbIIINX KBa;[paTax BHUIA
F() = [F O =2 f,2(x) — min
i=1

HaTIpaBJIeHUE ToWcKa P mo merony JleBeHOepra-
MapkBapaTa onpenensieTcsi U3 CUCTEMBI

[37(xi) I + Ad] pyc= - IT(xi) f(xi)

rae Ay — HeKOTopasi HeOoTpHLATe bHAs KOHCTAHTa,
J(X) — marpura Slkoou BekTop-pyukimu f(x), |
— CIMHUY HASL MATPHUIA, Xkr1=Xk + Pk , K — HOMep
UTEPALH.

HecnoxxHo 3amerwurb, 49TO mpH Ak 0
anropurM rnepexonur B merof ['aycca-HrroroHna,
a TpY JOCTATOYHO OOJNBIIIOM Ay HAMpaBJICHWE Py
HE3HAYMTEILHO OTJIWYACTCS OT HAIpaBJieHUI
HAUCKOpEHIIIero CIycka.

VpaBuenne (1) MOXHO  3ammcaTtb B
SKBHBAJICHTHOM BUIE
X X
VI=R|lY |+T
A Z
rne X, Y, Z — KOOpIWHATBI OTHOCHTEIbHO

HETIOJIBW)KHOUW Kamephl, X, Y, Z — KOOpJAHHATHI
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OTHOCUTENILHO MOBOPOTHON MuieHu. CMelieHue
TOYKM MHIIEHH B CHCTEME KOOPIMHAT KaMepsl
MpU TOBOPOTE M3 TOJIOKEHHUS | B mojoxkeHue 2
OyZeT BEeKTOpoM

X
d=R,-R)|Y |+(t,—t)
Z
BekropHoe MPOU3BE]IE HUE JIIBYX

HeKOJUIMHEeapHbIX BekrTopoB [dixdj] mms Touek
MHIICHH ¢ HoMepamu | ¥ j gact Bekrop N B
HaNpaBJICHUH, HOPMAJbHOM K TIOBEPXHOCTH
koneca. Hopmanmaunms Bexkropa N nmaer
KOOPAMHATHI Ny, Ny, N,

ITocnie 3TOro MOKHO HAMTH YIJIBI CXOXKIEHUI U
pasBana Oyge = arccos(nz), Ocamber = arccos(ny).

YTOYHEHMUE I1PU
HEI'OPU30OHTAJIBHOCTU ITIJIOCKOCTH
INOJABEMHUKA
HeropuzoHnraibHOCTB IUIOC KOCT U

MOJBEMHHUKA MOXXHO OTCJIEIUTH 10 OPHUEHTALUU
maccu aBTOMOOWI. MUIIEHU 3aKperuieHbl Ha
BCEX YEThIpEX Kojlecax aBTOMOOWIL. DTO ndaer
BO3MOXHOCTb PEKOHCTPYHUPOBATh
MPOCTPAHCTBEHHbIE  KOOPAMHATHI TOUEK
Me peceyeHms IIOCKOCTEW MUIIEHE W C IEpeTHE U U
3aaHe i ocsiM U aBTOM 00 WISI. YuursiBas
HETOUHOCTH B ONpEACICHUH  KOODPIMHAT,
NPEVIOKEHO OTPEeisATh IUIOCKOCTh MIACCH S
KaK PaBHOOTCTOSIIYIO OT MOJY4€HHBIX TOYEK, TO
€CTh TaKylo, 4YTO IIPOXOAMT YEpe3 CEpelHHbI
pebep TeTparapa ABCD (puc. 3).

Pucynok 3 — HaxoxzeHue paBHOOTCTOSILEH
TUIOCKOCTH S

COOTBETCTBEHHO KOOpAMHATBI HOpMaJu N
NEPECUYUTHIBAIOTCSA B KOOPAUHATBI HOBOI'O Oa3zuca.

81

BbIBO/IbI

Paspaboranel  anropurM M IporpaMma
KaJTMO POBKHU BUEOKaMEpPhl C TOMOIIBI0 M HIIIEHH
C IIaxMaTHeIM PHUCYHKOM. BplmonseH pacder
BHEIIHUX TapaMeTpPOB BUICOKAMEPHI.

PaccunraHel BEKTOpPBI OpUEHTALIUHA OCE U KOJIEC
aBTOMOOWISI M BBINOJHEH pacueT IapaMeTpoB
pa3Baia-CXOXKICHUS aBTOMOOWIS.

[IpennoxkeH MeToA OMpeAEICHUs OpPUEHTALUU
IaCCH  aBTOMOOMWJIA MPU HETOPU30HTAJBHOCTHU
IUIOCKOCTH MOABEMHHUKAa C ILEJbI0 aJanraluu
napaMeTpoB  pa3Bajla-CXOKACHHS K  HOBOMY
basucy.
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Program Complex of Statistical Calculations for
Control the Quality of Products at Lebedinsky Plant of
Piston Rings

M. Bahmach, E. Lavrov
Sumy State University, Ukraine, prof_lavrov@mail.ru

Abstract. The problem of quality control during
serial production. The program complex control and
quality management at Lebedinsky plant of piston rings.

Keywords. Modeling, Quality Control, Probability.

INTRODUCTION

It was identified the problem of low quality
products at Lebedinsky plant of piston rings,
which requires complex decisions of the
introduction of information technology quality
management [1,2].

FORMULATION OF THE PROBLEM

It is necessary to develop a software system
for the department of technical quality control,
which is based on an existing mathematical
tools of statistical analysis of the production
process, such as [3,4], will perform calculations
needed to support decision making on quality.

RESULTS

General characteristics of the software
system.

Basic functions (figure 1):

* determining the likelihood of defective
products;

* construction of number allocation
likelihood of defective products based on the
average number per unit time of marriage;

+ calculation of probabilities yield products
for a given statistical parameters;

* calculation of statistical
parameters of the known data;

* implementation of statistical analysis of a
sample of product parameters, calculate the
mean and variance limits of access and control,

unknown
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histogram  graphs  superimposed  with
probability distribution function of the density
of the normal law;

* construction of control charts (X-card and
S-Cards);

» calculation of risk-producer and the
customer at the receiving party quality control
of finished products using various combinations
of the control samples and risk graph depending
on percentage of defective products.

Maticmep cmamucmu4Ho20
KOHMPOJTIO

T e

MpuiAMaNLHKIA KOHTPOSL AKOCTI

CMb — Ye KoJnu ece spoﬁneno npasuano

Hasimb SKWO HIXMO He nepesipsie.”

j' (lexpi ®opd)

anan

KOHTPONb 32 KiNbKICHAMH NOKa3HUKAMK

CTanCTH4HHI aHani3 BUGIPKH

MoBy08a KOHTPONLHMUX KapT

Figure 1 - The main window

Main subsystems.

Subsystem "*Acceptance quality control™.

Purpose: used to calculate the risk of the
manufacturer and the customer during the final
control, depending on the different parameters
of the sample particles and permissible
percentage of defective products.

Risk is a manufacturer in the sense of

failure probabilities of receiving party products
lack percentage of which is permissible. The
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risk of the customer is the meaning of the
likelihood of unwanted party take percentage of
marriage.

Figure 2 shows the main window of the
subsystem.

[ . e
[ — Buip onmumansHux napamempis suGipku ong MiHiMisayii pusuris
P . 6UpOGHUKa Ma 3aMOgHUKa Mid yac fiepesipku napmii npodykuii
Naeorm atb) JveniueE
G Fpansan 2 ) p .
wpder
HIonHs wexa oo \ L
psy g | 05 . \
= QI 04 18 Vd
Bepn ez oI Y \ I.-'
pauEHTy panEast RgOfiE 08| \ 05
yRabog g2 1] 2 \ a !
= \ N /
[ o /
Yoo 4 \ e /
12 N w2/
. /
'
o 12 0 0 M 21 o
ph phh
- IPOUELTHE AMCra GparDEaH eupalie 8 Tapi;
Pl peLPD;
Pl . .
ewpodiep = AQL;
ADL- ooy e SR,
. o LTPD - Goayemuns apogesm egesmey apotie

Subsystem *'Control for quantitative
indicators™".
Purpose: construction schedule probability of
being the value set in parameter within a given
standard deviation.

The main window of subsystem presented in

figure 4.

Figure 2 - Main window of subsystem "receiving
quality control»

Subsystem  ""Control for
indicators™".

Purpose: construction of a number of the
distribution of defective products for a certain
period. We use statistics: the average number of
defective products per unit of time and the
maximum number of defective products for a
certain period, calculated the probability that
the number of defective products does not
exceed a given. The main window of subsystem

presented in figure 3.

qualitative

— —————— oL ]

B oo 1o oo Roaind

KoHmponb No AKICHUM NokasHuKaM enacmusocmed supoble
3 posyost ooy pozodny

TONBANIT pE0040IG epioy Psd posnodiny wuena Bpaxosanux eupobis 3a poBovui nepiod
=

] 1 [P [ B 2
x

- KifTaAicis, GPaRDS ST SUDOGIE 13 SUIAENSHUL NEDIOA.

Figure 3 - Main window of subsystem " Control of the
Quality indicators»
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Figure 4 - Main window of subsystem "Control for
Quantitative indicators»

Subsystem  "Statistical analysis  of
sample™".
Purpose: statistical analysis of sample

parameters, histogram superimposed on the
graph of the probability distribution density of
the normal law. The main window of subsystem
presented in figure 5.

B oo e anliper ~dffue - v emm—— =) 5 i
Cmamuemuvrui asanis mapmi eupotie
1 3 ' 5
- | i o pecnadiny
£ [
s

‘
cl=[sle = oo [ R o]

Noomose sowenmasiond 215 T Py

3 2 Bl 0 1 2 k]
Figure 5 - Main window of subsystem " Statistical
analysis of the sample»
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Subsystem *""Control cards"'.

Purpose: building control arithmetic cards
(X-Card), which is applied selectively
arithmetic mean of the controlled parameter,
building S-Card, that contains the value of
sample standard deviation..

The purpose of control charts - find
abnormal changes in the data for processes that
are repeated and give criteria to identify lack of
statistical control. The process is statistically
controlled state, if only due to random
variability causes. After determining that the
received variability of any deviation from it

considered the result of special reasons, which
should identify, eliminate or reduce their
impact.

The using of the control cards and careful
analysis will lead to better understanding and
improvement  process, minimizing  losses
marriage.

The problem of statistical process control -
maintenance and support processes at a
reasonable and stable level that guarantees the
products and services specified requirements.

The main window subsystem presented in
figure 6.
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Vi sapavepie,
o sl B R 1
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»

CONCLUSIONS

The system passes test
Lebedinsky plant of piston rings.
Full-scale implementation of the system
will solve the problem of assessment of the
likelihood of violations of the process, optimize
production processes, choice points, methods
and techniques of control measures to ensure
high quality products.
The results may be useful for engineering
enterprises with discrete production.

operation at
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Development of a Method and Architecture of the
Information System for Automated Collection of
Thematic Information on the Internet

Ruslan Plaks, Natalia Fedotova
Sumy State University, Ukraine, lol.croatoan.lol@gmail.com

Abstract. The aim of my research is to develop the
information  system  architecture collection  of
information on the Internet, which will allow to
automate the process of information search. It must
satisfy with setting the entire region searching and
finding documents in accordance with it. Develop
information system architecture model, which consists
of indexing, searching service and virtual data
warehouse that allows the researcher quickly obtain
data on the topic of your search from various sources.

Keywords. Internet, Search System, Thematic Seach,
Knowledge Bases.

BCTVII

OcTaHHIM YacoM Yy 3B'SI3Ky
PO3BUTKOM KOMITIOTEPHOT
TEJICKOMY HiKa [IHHUX TEXHOJIOT i
npobieMa  TOWYKY iHpopmaii Mepe xi
[HTE pHET. Ha CHOTOAHINIHIA  JCHb B
CJIEKTPOHHOMY BHTIISIII 30€piraerbcsi Belndue3Ha
KUIbKICTh ~ JIOKYMEHTIB, ONHCIB, IHCTPyKIIIiH,
MiIPYYHMKIB, HAYKOBHX CTaTel Ta Oarato iHIoi
HECTPYKT ypOBaHOI iHdopMaIii. [IpoGiema
3HAXOJKEHHSI Cepell Takoro oocsary morpidHoi
iHpopMmarii crae BKpail Ba)JIMBOIO 1 HaigacTime
BaAXXKO  pO3B'a3yBaHOi 0€3  BHUKOpPHCTaHHS
cremiagbHUX  3aco0iB. TakuMm  4yMHOM, Ha
CBOTOJHIMIHIA  JIeHb  icHye  morpeba B
OTMpaIfOBaHHI  IJIOTO  PsAAY  AachekrTiB, Mo
CTOCYIOThCS (hYHKIIOHYBa HHS CUCTEM
HQOPMAI[iHHOTO TIOIIYKY.

3aBASKH IIbOMY PO3BHJIN CBOIO IMOTMYJSIPHICTH
pBBHI iHpOpMaIiifHO—TTIONTyKOB1 CHUCTEMH,
MTOIITYKOB1 po0O OTH, METa — CUCTEMH TOIIO. AJie 11l
CUCTEMHU €(QeKTHUBHI AJ MOUIYKY MOIMYJIIPHOI Ta

3 IMBUIKUM
TEXHIKA i
3pociia

B

peneBanTHOI iHpoOpMalii, mpoTe BOHH HE
BUPIMIYIOTh ~ KOMIDIEKCHHX  3aaad. IcHyrodui
MOUIyKOB1 CHCTEMHU 3[aTHI 3HAWTHU BEJUKY
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KUIbKICTh 1HpOpMAIii, 4acTWHA  SKOI TUM YU
IHIIMM ~ YWHOM  BITHOCHUTBCS  JI0  3aIUTy
KOpUCTyBada, ajie OinpIia vacTWHa iHGOpMaii
aBisie coboro cmirTa. Lle BinOyBaeThcs ToMy, 110
MONIYKOBI CHUCTEMHU Il TONIyKy iH(QopMalrii
BUKOPHCTOBYIOTh KJIIOYOBI cioBa. BoHm He
BIIpBHAIOTH iHQOpMaLito MK coboto. s mporo
HeOOXITHO 3acTocoByBaTH GiNbTpH, sKi O
po3aimsinu iHdopMalio Mo mpeaMeTHid obiacti
Ta BUKOHYBaJIM TIOIIYK BCepeuHi i€l o0macTi.
Ha puc.l mokazaHo chpoIlieHe CXeMaTH4HE
300pa’keHHs] pOOOTH MOJIEi TIOIIYKOBOT CHCTEMMU.

Kopuctypad 3anmr
v
ITomyk [Tomyx
1Hpopmarni TIpeJIMETHOI
obmacTi
: Bmpaua
Tasekcartis > A
pesyIpTaTy

Pucynok 1 — biok — cxemMa Moen MOmyKoBOT
CUCTEMH

OTxe, HEOOXTHO PO3POOHMTH METOJ TOIIYKY
iHpopMarlii, skuii OW 3aJ0BOJLHUB TOCTABICHI
3aBIAHH.

3ABJIAHHSI JOCJIJDKEHS

Jns  BupilmeHHST  MOCTaBJeHOI METH B
NOCTaBJIeHIH  poOOTI  BHM3HAYEHI  HACTYIHI
3aBJaHHA  JOCHIIKEHHA: pPO3po0Ka  METOmy
PO3PaxyHKY BIIIIOBITHOCTI JOKYMEHTa 3aIlUTY;
po3pobka anropurMy MOMYKY 1 300py [aHHX;

po3poOka KpuTepito e(PEeKTHBHOCTI TOIIYKY;
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MPOEKTYBAHHS  apXITeKTypH
TMIOITYKOBO1 CHUCTEMH.
HaykoBa HOBM3Ha poOOTH TOISITaE B TOMY,

iHbOopMaIiiHO-

06 BIiEplIE 3aCTOCOBaTH  TEXHOJIOTi0
CEMaHTHKO-€ HT pOTIiifHOr 0 MOIIYKY 3
BUKOPHUCTAHHAM  MOZENI  KOHTEKCTHO-4aCcOBOI

OHTOJIOTI JI TOIIYKY HeopMai3OoBaHUX JaHUX
3 pBHUX JKEped, BUKOPUCTATH OOpPOOKYy Ta
aHaji3 CEeMaHTMYHUX JaHUX B  CHUCTEMax
HiATPUMKHU TPUHHATTS PIlIEHh 3 BUKOPHCTAHHIM
KOHTEKCTHO-4aCOBOI  OHTOJIOTIi, 3acToCcyBaTu
CEMaHTUKO-CHTPOMIMHUNA TOmYK B  MEpexi
Internet, moOymoBaTm MOAENh,  KOHTEKCTHO-
4acoBOi OHTOJNOril: BBECTH TOHATTA (akKTopa
MIOCTOBIPHOCTI, IO  3aJIe)KUTh  Bil  dYacy;
3alpONIOHYBAaTH  METOJ PO3PaXyHKY  OIIIHKH
HEBU3HAYCHOCTI 3alMTy 3  BHUKOPHCTAaHHIM
SHTPOMIHHOI OLIHKH, 3aMpONOHYyBaTH METOJ
PO3PaxXyHKY OIIHKH PeJIeBaHTHOCTI JTOKYMEHTIB 3
ypaxyBaHHIM KoeQilli€eHTB JTOCTOBIPHOCTI, SIK
pO3paxyHOK Mipu OJIU3BKOCTI rpadiB, OTpUMaHHUX
IUISIXOM ~ MOOYZOBM  CEMAaHTHYHHX  MEpEx
MIOKYMEHTA 1 3alWTy Ha IMACTaBi MOOymOBaHOT
€KCIIEPTOM KOHTEKCTHO-4aCOBOi OHTOJIOTiL.

[IpakTvdHa IIHHICTH POOOTH 3aKITIOYAETHCS B
po3pobmi  apxirekrypunoi momemi IC, mo
CKJIAJa€ThCcsi 3 IHIEKCYKYOro, IOIIyKOBOTO
CepBiCy 1 BIpTyaJIbHOTO CXOBHIIA JaHUX Ta HAJa€e
MOXJIVMBICTH JIOC JTiI HUKOB1 oTiepaT MBHO
OTPHUM yBaTH JIaHi M0 TEMi CBOTO IMOIIYKY 3 PI3HUX
JUKEpedL.

TIITOTE3A JOCJIDKEHH S

JocmimkeHHsT  Tmoisirae B ToMYy, 100
3aCTOCYBATH MOJIE JTb KOHTEKCTHO-4aCOBOT
OHTOJIOTI JI TOIIYKY HeopMami3oBaHUX JaHUX
3 PpBHUX JXKepel 1  KOHTPOJIOBAaTH  iX
BIIIOBIOHICTE BHMOraM 13  3a0e3IeYeHHIM
¢yskmionyBanus IC  BigmoBigHO 40 BUMOr
CIIOXKHBAY B, sKa JTO3BOJIUTH IT1B UILUT U
edexkTUBHICTh (yHKIIOHYBaHHA iHGOpPMAIHHOT
CHCTEMHU B IIVIOMY.

[TpumyckaeTbcsi BUKOPUCTOBYBATH B POOOTi
METOAM JOCHIIKeHHS, sKki 0a3yloTbcs Ha
BHUKOPUCTaHHI PBBHUX METOJIB TEOPil:

- Teopii rpadis;

- Teopil MPUAHATTS PIlICHB;

- Teopil iHpopMaIrii;
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- HEYITKOI JIOTIKH;

- Teopii WMOBIPHOCTI
CTaTHUCTUKY;

- MeTOoiB iHpOPMAI[IITHOTO TONIYKY;

- MaTeMaTHYHOIO MOJICIIOBAHHS;

- rpadoBoii KIacTepusalli,

- MOAYJbHOTO 1 00'€KTHO-OpIEHTOBAHOIO
nporpamMmyBaHHI.

Ta MaTeMaTHIHOI

BHUCHOBKU

B nmammit wac pobora 3 JOKyMEHTaMu B
iHTepHeTi Oe3 3acTocyBaHHA iHGOPMALIHHO —
NOIIYKOBUX CHCTEM Maibke HEeMOXJuBa. Aue
HAaBITh 3 HUMHU Ii¢ 3aiiMae JOCUTh BEJIHUKOI
KimbkocTi wacy. Tomy pmama pobora Oyma
MPUCBAYEHAa PO3POOIl apXITEeKTypud Ta MOAENTi
iHpOpMaIliifHOT CHCTEMHU aBTOMAaTHUIHOTO 300py
TemaTnuHoi iH(opMmatii B Mepexi Internet.

Odikyerbcsi, 1O  po3podJieHA  MOZICINH
MOTITYKOBOT CUCTEMHU 3HAYHO T BUIIUTh TOYHICTh
OTpUMaHMX PEe3yNbTaTiB, 3 PaXyHOK IMOIIYKY IO
3aaHil MpeMETHIA o0nacTi.

bynun mpoananizoBaHi  icHyO4i  Momeni
MOIIyKOBHX CHUCTEM, arcHriB, poboriB.
3actocoBaHi Meromu Teopii rpadiB, Teopii

NPUHHSTTS pillie HEsI, Teopii iHdopMaii, HediTko1
JOTIKM, Teopii MMOBIPHOCTI Ta MaTeMaTHIHOI
CTaTHCTUKH, METONIB 1H(OPMAIIHHOTO MOIIYKY,
MaTeMaTUIHOr O MOJIETIOBaHHS, rpaoBoi
KJIacTepmsallii, MOAYIHHOTO 1 00 €KTHO
OpIEHTOBAHOTO TPOrPaMyBaHHS TOLIO.

REFERENCES

[1] Cutting D., Pedersen J.O., Karger D., Tukey J. Scatter
/Gather: A cluster-based approach to browsing large
document collections. // Proceedings of SIGIR'92,
Copenhagen, Denmark, June 21-24 1992, pp. 318-
329.

Craven M., DiPasquo D., Freitag D. et al. Learning to
construct knowledge bases fromthe World Wide Web
/I Artificial Intelligence 118(1-2), pp. 69-113.

Berendt B., Hotho A., Stumme G. Towards Semantic
Web Mining // ISWC 2002, LNCS 2342, Springer-
Verlag Berlin Heidelberg, 2002, pp.264-278.
Goldszmidt M., Sahami M. A probabilistic approach
to full-text document clustering // SRI Technical
Report ITAD-433-MS-98-044, 1997.

Dhillon I.S., Fan J.,, Guan Y. Efficient clustering of
very large document collections // Data Mining for
Scientific and Engineering Applications, Kluwer
Academic Publishing, 2001, pp. 12-31.

[

[3]

[4]

[5]



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

Hardware and Software Approach to Control
Streamlined Surface of Aircraft

Serhii Tovkach
National Aviation University, Ukraine, ss.tovkach@gmail.com

Abstract. The problem of microelectromechanical
systems (MEMS) development for near-wall turbulent
flow control has been considered. Complex solution
based on MEMS and graphic processing platform
NVIDIA Jetson TK1 has been proposed that
demonstrates the development of powerful embedded
application to process the stream of data from the
streamlined surface. It will help to reach better
maneuverability, increase the range of aircraft payload
capability by reducing the turbulent drag due to control
system that includes combination of on-chip
information modules, sensors and actuators.

Keywords. Turbulent Flow, Microelectromechanical
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BCTVII
B aeponmHamini TpUIiISETHCA BEIUKAa yBara
po3pobui MeTOAIB  yMpaBIiHHS TOTOKOM B
MPUMEXKOBOMY Tmapi 1 3aco0iB  3MEHIIeHHs

TYpOYJIEHTHOTO OTIOpY.

OCHOBHUMU CKJIaJOBUMHU MOBHOTO OTIOPY TP
Ha0Opi BHUCOTH 1 KpEHWCEPChKOMY  peXuMi
NOJbOTY, Ha TIOAOJAaHHS SKOTO BHTPAYa€ThCs 10

90% CIIOKMBAaHOTO naJiiBa JI03BYKOBOT'O
TPAaHCTIOPTHOTO  JliTaka, € ONOpHU: TepTA,
1HI YKT UBHHH, XBWJIb OBUH, 00yM OBJIe HUI

iHTepdepeHIliclo 1 BUKJIMKAHUNA HEPiBHOCTSIMU.
HeBaxko moMirWru, Imo poJib MEPIIMX JBOX
CKIIaJIOBUX B  Jlala3oHi  HAaBKONO3BYKOBUX
MIBUIKOCTEW Jocsrae BinmoBigHO Onm3bko 48 i
37% mNOBHOrO OINOpPY CY4YacHOIO J03BYKOBOIO
MaricTpalibHOro nacaxkxupcbkoro iiraka [1]. Jlms
MTBOAHUX YOBHIB 1 TOPTE] POJIb Ii€] BEJIMY HHH
3pocrae g0 65-70% [2]. 3Bincu sCHO, M0
3MEHIIEHHI ONOpY TepTs JITaJbHOTO amapaTy Ta
IHIIUX PYXOMHX TUT MPENCTaBIsie COOOK ONUH 3
Ha 0 116 111 BEJIMKHX pe3epBiB €KOHOM ii
EHEePropecypciB.

Jlo omHOro 13 MOJIMBUX CMOCOOIB KepyBaHHS
TEUi€I0 MOXXHAa BIIHECTH YNPABIIHHA HA OCHOBI
MiKpoenekTpoMexaHiaHux cuctem (MEMS), mo
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JI03BOJIUTh ~ CTBOPHUTH  IHTEI'POBaHy CHCTEMY
YOpaBIiHHSA 32 PaXyHOK MO€AHAHHA HA OJHOMY
KpucTalli iHQOpMaIiiHO-KEPYIOUHX, CEHCOPHUX 1
BHKOHABYMX MOJYJIB.

CrBopeHHsT Ta  TpakTHdHAa  peajizalls
NPUHIIMIIOBO HOBOI CTpaTerii i1HTEpaKkTUBHOTO
yOpaBIiHHA TYypOYJeHTHHMH TE€UIIMU 1 CTaBUTh
HOBI HAyKOBiI Ta IMKEHEPHI 3aBOaHHI MIOAO
po3mopiieHoro ympaBiiHHS ©Ha ocHoBi MEMS
JUHAMIKOIO  B3a€MOAil  BUXPOBUX  CTPYKTYpP
TYpOYJICHTHOTO TIOTOKY SIK MiX c00O0, Tak 1 3
OCEpeTHCHOI0 TEYi€I0 Ta TIOBEPXHEID B PEKHUMI
peambHOro 4acy, JOCHIIKEHHS MOXINUBOCTEH
V3rOJDKeHHA Ta oNnruMiBamii (QyHKIIOHYBaHHS
MacuBY CTpYKTypHUX enemMeHTiB MEMS 3anexno
Bil BIACTHMBOCTEH TOTOKY 1 BUWBYCHHS SIBUII
peakilii TypOyJieHTHOI Tedii Ta OCOOJHMBOCTEH
redepallii Ta eBOJIOII BUXPOBOI CTPYKTypH
TYpOyJICHTHOCT1 32 YMOB OOTIKaHHS YyTJIMBUX JIO
pBHOMacmTaOHUX 30ypeHb TMOBEPXOHb PI3HOT

hopmu.

MEMS SK CUCTEMU YIIPABJIIHHA
TYPBYJIEHTHUM ITOTOKOM

Ha  croromHimHuiii  Jg€HP  PO3MOAUICHE
ympaBiiHHsa Ha ocHOBI MEMS mnotpebye 3HauHNX
00YHUCTIOBAJbHUX TIOTYXKHOCTEH KOMIT IOTEPHOT
TexHikn. Taki cucTeMH MOXYTh Ooyru
peandidoBaHI B PI3HOMAHITHUX METO/IOJIOr Y HUX
Oasucax Ta HA PI3HOMAHITHIA eJleMeHTHil 0a3i,

aje HaMOULIIOTO MOMIUPEHHST  OJ[EPrKaIH
napajebHl TEXHOJOTIL.

3 TOYKH 30py 0araTornoT 04 HOro
nporpaMmyBaHHS, OaraTtonporiecopHi
(bararosepHi) CUCTEMH BBa)Ka IOThCS
CUMETPHUY HAM U (SMP - symmetric

multiprocessing): koXeH MOTIK Mae JOCTYI [0
yciel BipTyalbHOI mam’ATi; dYac JOCTYyNmy He
3aeXuTh  Bim  axgpecu. Jlng  Toro,  mob
NPUCKOPUTH BHUKOHAHHA TPOrpaM¥ JOCTaTHHO:
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CTBOPUTH TOTOKH, HAaJaTH NOTOKAaM HACKUIbKH
MOXJTUBO He3ale)KHy  poOOTYy; cucrema
3aBAHTAXHUTh PBHI MPOIECOPH BHUKOHAHHIM
PI3BHMX TIOTOKIB aBTOMAaTHYHO.

Ilepen BUKOHAaHHSM IPOrpaMU I KOHCTaHTU
3aBaHTAXYIOTHCS y TJIO00QIBHUN KEeIl KOHCTAHT.
[Ticns mporo cremianbHUA JUCTIETYEP BUIUIIE
MeBHIH mporpami neBHy KinmbkicTe SIMD-0610KiB,

Ha SKUX BOHa Oyme BUKOHyBaTHcs. Slapa y
SIMD-61momti  po3aUItOTh  TOTIK  IHCTPYKIIIH.
KoxHe smpo omHOYacHO MOXke 00poOIsTH

JIEeKiIbKa TIOTOKIB, KUIBKICTH SKHUX OOMEXKeHa

JUIIe PO3MIpOM  JIOKaJbHOT  mam’sTi sjpa.
MackyBaHHS 3aTpUMKH TIpU 3YUTYyBaHHI 3
rio0asHOT mam’siTi BinOyBaerhcs npu
OJTHOYACHOMY PO3MIIEHHI JaHWX Yy MaMm’sTiTa
MOYEProBOMY BUKOHAHHI IHCTPYKIIH 3 IHX
TIOTOKIB.
MporpamHa YacTuHa
Morik 1 Morik 2 MoTik n
< - <= <~ X =
— c
— © o~ .“_' o|
o X o o 2| ©
= o = T o [ =
s |& & e |&| &
N @ ¥ ¥ gl ¥
AnapartHa YyacTuHa

Pucynok 1 — Mozenb nporpamysanns Graphic
Processing Unit

Ha puc. 1 moka3aHO y3arallbHEHY MOIENb
nporpamyBauusi GPU (Graphic Processing Unit).
CyuacHi miatropmu  API (Application
Programming  Interface) mms mporpamyBaHHST
GPU minTpuMyIoTh MOJIHMBICTh BUKOPUCTAHHS
JIEKUTbKOX ~BimeoajamrepiB y Mexax OjHiel
cuctemu — SLI y NVidia, Crossfire/CrossfireX y
AMD/ATI.

Ane, depe3 TOSBY TaK BIACTUBOCTEH fIK,
KOM TAKT HICTh npuiajis, 3pOCTaHHs
00YHCTIOBANIb HUX M OXKJTUBOCTEH, Maca Ta piBeHb
CHEPIrOCTIOKMBAHHI, BUWHHKAE HEOOXITHICTH Y
crBopeHri MEMS Ha ocHOBi mmardopmu
NVIDIA Jetson TKI, ska mnoOymoBaHa Ha
npouecopi Tegra K1, mnepmomy MoOinsHOMY
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nporecopi 3 minrpumkoro Texnonorii CUDA [3].
Tegra K1 micture 192 mporpamoBaHuX sapa, M0
3a0esneuye 300 T'duiomc  oOuucIHOBANBHOT
notysxHocT1 L{isapa nobynoBaHi Ha apXITEeKTypH
Kepler, sixa 3HaXOAUTHCS B OCHOBI HAMIIBHIIIITUX
y CBITI CYIepKOMITIOTEPIB.

[Moennannsa apxirexktypu Kepler i minTpumku

texdosorii CUDA  pobmare Jetson TKI
BIIMIiHHUM pimeHHEIM s po3podbku MEMS
pO3MONIEHOTO ~ KepyBaHHA  TypOyJe HT HUM

rorokoM. Ille ogHi€r0 HEOOXITHOIO OCOOIIMBICTIO
3alpONIOHOBaHOT IJIaT(HOPMHU € TpeCTaBIICHHI
JlaHWX, TOOTO iX Bizyaniamis g KOpPEKTHOTO
HaJIAINT YBaHHI BUKOHABUYMX MexaHi3MiB MEMS:
PO3paxyHOK MapamMeTpiB TMOTOKY, MPECTaBIICHHI
nanux (QineTpamis; peHAESPUHT 3 JJTOIOM OT OO
OpenGL, Ray Tracer, Volume Renders;
KOMTIO3UTHHT ), JTOCTaBKa HCOOXTHUX TAKETIB.

BUCHOBKU

B xomi mpoBemeHOTO aHamizy  METOMY
3MEHIIICHHS OTOpY TePTsi OOTIMMHOT TMOBEpPXHI
JiTaJpHOro amapary Ha ocHoBi MEMS Bu3HaueHo
HeOOXiTHI TMporpaMHO-amapaTHi MMAXOAH JO
noOyZOBU CHCTEM KEpyBaHHI MPHUMEKOBOTO
mapy TypOyJIEHTHOTO TOTOKY.

B moemnanni 3 MEMS-ceHcopaMu THCKY
(Bucoka poO3AiNbHA 3MATHICTP BUMIPIOBaHHS),
MEMS-akrioaropamy, a  TakoX  po3podii
aJNroOpHTM iB Ta nporpamMHoi peasizanii
MaTEeMaTUIHUX MOjeJei TypOyJIeHTHOrO MOTOKY
JIO3BOJIUTH ~ MOOYAYBAaTH  TOTYXHY CHCTEMY
YUCENhbHOTO aHaniBy Mopdoiiorii moBepxHi, 1O B
CBOIO  yepry Tmpu3Bene 0  3MEHIICHHT
€HEePTOCTIOKMBAHHS JIOCIIKYBaHOTO 00’ €KTYy Ta
301J1b I11€ HHS KOHKYPE HTOC TPOMO’KHOCT 1
JTaJbHOTO amapary.
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Abstract. Ergatic automated systems with many
active operators are researched. The problem of
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BBEJEHUE

B COBPEMECHHBIX cucTemMax
aBTOMAaTU3UPOBAHHOIO YIIPaBJICHUS
TEXHOJOTHYCCKUM TPOIIECCOM KOMITPECCOPHBIX
CTaHIIMH CYIIECTBEHHO HW3MEHWJIACh  POJIb
YeJ0BeKa-oneparopa. BbeICOKas OnepaTHBHOCTD
U HaIpsOKCHHOCTb ACATCIIBHOCTH IIOBBIIIACT
aKTYyaJIbHOCTb 3a/a4 PrOHOMHUYECKOTO
obecrieyenus, B TOM qUCIE 3a1a4
“OpraHu3allMOHHOM  APrOHOMHUKH,  CpeIu
KOTOPBIX 0CO00€ MECTO 3aHMMAIOT 3aJla4d
pacripeneneHus byHKUMA [1-3].
OTBETCTBEHHOCTh 32 pEIICHHWE TaKUX 3amad
BO3JIaraeTcs Ha OTepaTopa—pyKOBOIUTEIIS.

NHOOPMAIIMOHHAS TEXHOJIOI'MA
PACIIPEAEJIEHNA ®YHKINU MEX/Y
OIIEPATOPAMU

Merononorus.  [Insa  pewmleHus  3aaadu
HCIOJIb30BaHa METOJ0JIOTUs (YHKIIMOHAIBHO-
CTpyKTypHOIi Teopuu nipod. A. M. I'ybunckoro
[4]: cTpositca popmanbHBIE MOJIETT BAapUAHTOB
OpraHu3aluu  JEATeIbHOCTH B BHJIE
byHKIMOHANBHOU ceTu [3-5]; reHepupyroTcs
BO3MOKHBIC  BApuUaHTBl  3aKperuieHud  [5];
GopMUPYIOTCSL ~ UCXOJHBIE  JaHHblEe  JUIA
OTJIENIbHBIX orepanuii QITOPUTMOB
JESITEIbBHOCTH B 3aBUCHMOCTU OT BapHaHTa
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3aKperuieHus  (QYHKUUM; pemaercs 3ajada
BBIOOpa BapuaHTa C y4eTOM OTpPaHHYECHHI Ha
OPrOHOMHUYECKHE HOPMBI U TpeOOBaHUS U
CBOEBPEMEHHOCTb peasin3alliu.

Peanuzanusi. MeTtononorusi peann3oBaHa B
BHJIC UHQPOpMAITMOHHON TEXHOJIOTHU
pacnipeneneHuss QyHKIUN, oOecrmeunBaromen
dopManM30BaHHOE OMHUCAHHE ATbTEPHATHUBHBIX
ITOPUTMOB BBITIOJTHEHU S 3asBOK,
dopMHUpOBaHHNE U XPAHEHHE UCXOAHBIX JaHHBIX
M0  BBIIOJNHEHUIO  OTHCNBHBIX  OIeparuii
pasHBIMH  OIIEPATOPaAMH, OLICHUBaHUE
BapUaHTOB, BEIOOP BapuaHTOB [4, 5].

HUcnons3oBanmue. HNudopmannonHas
TEXHOJIOTHSI UcToib3yeTcst kak anemeHT CIITIP
JUISL OIIepaTOpOB-PYKOBOAUTENICH B CHCTEMaX C
00Ib M KOJIMYECTBOM OJTHOBPEMEHHO
paboTaumx OnepaToposB.

Anaau3 3¢ PeKTUBHOCTH KOMIBIOTEPHOI
TeXHOJIOTHH. st UCCIIEIOBAHUS
3(GPEKTUBHOCTH MOJeNell TMpOBEIeHa Cepus
KOMITBIOTEPHBIX IKCIIEPUMEHTOB IO HCXOJAHBIM
JAaHHBIM W MaTepuaiam PEeANPUSATHS
ra30MpOMBIITICHHOTO  KOMILJIEKca Y KpauHbI
KC-33 ,I'pe6iHkiBcbka”. OOCmyKUBaHUEM H
JKCILTyaTallMel  ra3oTypOMHHON  yCTaHOBKHU
razonepekaunBatomero arperara ['TIA 3andaTo
10 omepatopoB. OCcOOEHHOCTSIMH OpraHHU3AIUH
JESTEIbHOCTU ONEPATOPOB SBJISIOTCS:

rpaduk mIaHoBO# pabOTHI COCTaBIseTCA
nepen HayauoM pabodell CMEHBI;

TEKYIIME 3asBKHA CBS3aHBI CO CPOYHBIMU
paboTamMu, BO3HUKAIOUMMU Ha  OOBEKTE
OoOCTy)KMBaHUS, U HMEIOT OCOOCHHOCTH:
BO3HHMKAIOT B CIIydaliHbIE MOMEHTBHI BPEMCHHU;
UMEIOT JKECTKHE OTpaHUYECHUsT Ha CpPOK
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WCIIOJIHEHU S, BBITIOJIHEHUE 3asBKH C OIMOKOU
WJTU C HapyIIEHUEM CPOKOB BIIEUET YyIIepO.
DKCIIEPUMEHT TPOBOAMIICS C YUETOM JIBYX
TUIOB  3asBOK Ha  BBIMOJNHEHHE  paboT
omepaTopaMu,  KOTOpPhIE  IOCTYMalOT B
ClTy4aiiHbIE MOMEHTHI BpeMenu: 1-it tum, f1 -
YCTpaHEHHE HEUCIPAaBHOCTU Ta30TypOMHHOTO
arperara:  «llpm  3amycke  OTCyTCTBYeET
BO3rOpaHUE TOIUIMBHOTO rasay; 2—ii T, f2 -
YCTpaHEHHE HEUCIPABHOCTU Ta30TypOMHHOTO
arperata: «Cnaboe JaBjeHUE Maciia Ha BXOJIEC B
I'TA». [JupexktuBHOE BpeMs  BBINOJIHEHUS
3agBkd Thma f1—40 mun, tTuna 2 — 30 mum.
Jis  kakJaoTo THIMA 3asBOK IOCTPOCHBI:
TUIIOBasi MOJIENb €€ BHITIOJIHEHHS B BUJIE rpada
paboT; ¢dopMarbHOE OMHCaHUE Ha  S3bIKE
OTTUCaHUSI (GYHKIIHOHAITLHOM ceTH;
KOMITBIOTEpHAsE MOJIENb (C 3aHECEHHEM B 0azy

JAaHHBIX aBTOMaTI/I?)I/IpOBaHHOﬁ CI/ICTCMBI).
P6.-Pca

S0 - cyyaiiHanA reHepauMA
BapHaHTa

§2

S 1- ciyyaiiHbii BbIGOp M3
CE0GO/HbIX ONeNaT opoB

052~ cryqaitHb i BbIGOp M3
HaGonee noaroroBNeHHs|
oneparopog

053~ cryqaitHb i BbIGOp M3
HaGonee NoaroroBNeHHs|
CE0G0/HLIX ONEPaT opoB ¢
BOMYCTHMBMH YCTOBHAMM
Ha paBouen Mecre

@S’ BapUaHT, BbOPaHHLI
cHcTeMoil

Tun s ew f1 Tun 3anexu f2

Pucynox — | Cpenxue 3HaYCHHS BEPOSITHOCTH
0€30INO0YHOTO 1 CBOEBPEMEHHOTO BBITIOJIHEHUS IS
3asiBOK Ka)XKJOTO TUIA B 3aBUCHMOCTH OT BEIOpaHHOI

CTpaTeruu

[lpu wuccnenoBaHUM pPA3IHMYHBIX CHOCOOOB
3aKpeIUICHHsI  3asBOK 32  HCHOJHHUTEISMHU
paccMaTpuBaIOCh HEKOTOPOE OTPaHHYEHHOE
MHOXXeCTBO cTpareruii: SO ciydaiHas
reHepanusi BapuanTa; S1 — ciydaiiHblid BBIOOD
U3 CBOOOIHBIX OMeEpaTopoB; S2 — cCiydailHbII
BBIOOp W3  Hambojee  IMOJTrOTOBJICHHBIX
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ormepatopoB; S3 — chnydallHBI BBIOOp H3
Haubosee MOJrOTOBJIEHHBIX CBOOOTHBIX
OIEPaTOPOB €  JIOMMYCTHMBIMH  YCIIOBUSMHU
Tpyna; S*- BapuaHT, BHIOpaHHBIN CHCTEMOIA.
Cpennue 3HAYEHUs BEPOSITHOCTU
6e30 1M 009YHOTO u CBOEBPEMEHHOTO

BBIITOJIHEHUS [UId 3adBOK KaXJOrO THUIA B
3aBHCUMOCTH  OT  BBIOpaHHOW  CTpaTeruu
IpeJCTaBlIeHbl HA PUCYHKE 1.

BBIBO/IbI

Hcnonp3oBanne B KadyeCTBE IOJCHCTEMBI
CIIIIP mporpaMMHOTO KOMIIJIEKCA OIEHUBAHMS
U BBIOOpa BapuaHTa pacmupeesieHus] PyHKIIUH,
OCHOBAaHHOTO Ha TEOPHHM DPrOTEXHUUYECKUX
cuctem npod. A.W. 'yOuHCKOrO, MO3BOJISET:
[MpuaIMaTH ApTYMEHTHPOBAHHBIC PEIICHUS.
[ToBBICUTH OTIEPAaTUBHOCTD PEILICHUM.
CyIecTBEHHO MOBBICUTH 0€30 MIMOOYHOCTH U
CBOEBPEMEHHOCTD Peaiu3alluy 3asBOK.
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Abstract. The automation of business processes
performance  provides the computerization of
management processes in information systems. It is
possible to achieve this aim using the strict formal
description of the automation object. The main idea of
the proposed approach consists in the basic description
of business processes on the basis of the formal
language that allows to model, to design and to verify
the program implementation of the management system
and the business process model. The language for the
description of the business processes performance is
developed for the implementation of the main ideas of
the management theory as an option of the logical-
mathematical language.

Keywords. Business Process, Business Process
Model, Language for Description of Business Process
Performance, Business Process Management.

INTRODUCTION

Progress in all branches of manufacturing
consists in the gradual transition from manual
work through mechanized work to automated one.
The labor productivity during the design works
performance always lags behind the productivity
of the main industrial manufacturing. It was
supposed to solve this problem with the creation
of the systems for the design works automation
(CAD systems) [1,2]. The management theory
development of that time hasn't allowed to
implement the proposed ideas, and the
abbreviation “CAD systems” has become a brand.

THE CONCEPTUAL BASIS FOR THE FUNCTIONING
OF SYSTEM S OF THEDESIGN WORKS AUTOMATION

The system for the design works automation is
rather resource-intensive, thus it has to carry out
the maximum amount of functions. For example,
the function for the management of the
performance of the contracts set, for the
management of the performance of each contract,
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for the management of the performance of each
design operation. Different tasks are carried out
and different methodologies are used on each of
these three levels. Each manager wants to find the
contract and the financing and to organize the
implementation of the order. The supervisor of the
system for the design works automation has to
track the limit, after which the system won't be
able to perform all contracts. According to each
contract, from the point of view of the
development of projects of designed objects, the
situation mostly coincides with the principles of
the project management in sense of the
performance of project phases and its stages, but
as for the performance of separate design
procedures, the situation is fundamentally
different. The essence is that the course of the
design procedure performance is defined not so
much by requirements of the external
management, according to design procedure, but
by the substance of subject area, a set of data,
relations and patterns of the change of working
and geometrical parameters, in general, by the
“knowledge” of subject area.

The last aspect will not be investigated, but the
first ones fall under typical strategies of
management. The theory of processes is presented
in work [3]. Miller's approach about the business
processes description on the basis of messages has
found further development in it. However it
doesn't allow to plan business processes on the
basis of their time of performance. Therefore we
develop separate own version of the business
processes theory, using requirements to formal
theories from work [4], based on results of
work [5].
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THE DATA STRUCTURE OF SIMPLE
BUSINESS PROCESSES

For the analysis of the simple business process
it is necessary to identify it, to present its original
name, to establish the position of this business
process in the hierarchies of more general
business process and the status of the business
process performance, to know the planned and
actual values of timepoints of the beginning and
end of its performance, the executive person of
the business process, which implements the
planned purpose.

The specified parameters (or indicators) form
the main table in the database of business
processes. According to specifics of subject area,
the additional table with the relation 1:1 can be
attached to the main one, containing the specific
information, for example, the information about
financial, human and other resources and other
types of supports.

Each business process for the management
system has to form information, which provides
“economic” functioning of the system for
business processes manage ment. Such
requirement can be provided by the function,
which returns a value of the Boolean type.

If function returns a value with the satisfactory
state, thus, according to it, the load to the
management system will be minimum. The
performance of two identical business processes
doesn't happen during the design, except specific
cases. Therefore the function, which describes the
separate business process, is designated as P;.

THE DESCRIPTION OF COMPLEX
BUSINESS PROCESSES

Even for the simplest business process,
consisting of one stage, it is possible, and
sometimes, is expediently, to carry out the
decomposition on simpler business processes. For
example, the business process of the analysis of
Terms of Reference, its performance, control and
results approving. It is complex and has to
decompose for simpler business processes to
perform them separately by different executors.
The main order of business processes
performance can be both sequential (1) and
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parallel (2), depending on the nature of performed
works.
P+ Py (1)

where P; — business process, which is performed
the first;
P, — business process, which starts to perform
after the completion of P1;
+ — sign of business processes performance
sequentially.

Py * P, 2

where P; — business process, which is performed
the first;

P, — business process, which starts to perform
along with P; at the same time;

* — sign of business processes performance in
parallel.

CONCLUSIONS

The formalized description of business
processes for their modeling and maintenance in
information systems is offered. The chosen form
of the description allows to carry out an
inspection of a correctness of the project
description by lexical and syntactic analysis. The
strict and unambiguous formal description of
business processes allows to create on its basis
other forms of descriptions, which are more
adapted for different participants of design, for
performance and management of business
processes, for example, a text form - for
conceptual design by supervisors, a graphic form
— for detailed development by analysts, a tabular
form — for program maintenance of business
processes performance.
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Abstract. The  effectiveness of  enterprise
management is providing by common wuse of
information systems, which can only increase through
flexible data management. The creating mechanisms for
data integration are one of the most pressing issues in
the field of information system. The nature and
complexity of integrating methods are greatly depends
on the level of integration, the features of various data
sources and their set as a whole, and the identified ways
of integration.
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INTRODUCTION

The data integration in information systems is
understood as providing a united unified interface
to getting access to the some integrity of
nonuniform independent data sources. The
problem of data integration is quite multifaceted
and diverse [1]. The complexity and nature of the
methods, which are used to solve it, depend on the
level of integration, data source properties and
methods of integration.

Data sources are the one of the problem areas,
they have different properties, support the
presentation of data in different data models, can
be static or dynamic, etc. Difference between data
sources appears in the data integration systems in
various aspects of the physical, logical and
semantic levels [2].

During the creation of a system’s integration
should be identified a number of major objectives:

1) The development of the architecture of data
integration system;

2) The development of global data model;

3) The integration of metadata;

4) The development of mechanisms of data
semantic integration;
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5) The development of mechanisms of data
presentation.

THE ARCHITECTURE OF SYSTEMS OF
INTEGRATION

In systems of data integration to solve the
derived problems, is necessary to use data
converters that provide integration data model
(DM) and mechanisms for DM representation.
The wuse of object adapters (Wrappers) and
«intermediaries» (Mediators) [3] allows to
develop methods, architecture of which provides
interaction between data processing facilities that
are used in various information systems. The
intermediary has task of supporting a single user
interface based on a global representation of data
that contained in the sources, as well as support
for the mapping between global and local data
representations. The user request, that is
formulated in terms of a single interface, is
decomposed into a plurality of sub-queries are
addressed to the necessary local data sources.
Based on the results of their processing is
synthesized a complete response to the request.

The use of two kinds of architecture with
intermediary - Global as View and Local as View
allows cover the entire life cycle of information
exchange. The first of these (Global as View)
provides a definition for the global integrated data
in a way that are defined by templates for local
sources. This approach allows work more
effectively with a variety of used sources. If the
system of integration is used to support the full
materialized view of integrable data, data
conversion processes from sources to a single
global view are making at the same time.

When using a second kinds of of architecture
(Local as View) it is assumed that representation
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for each of the local data sources is specified in
terms of a given integrating global representation.
Although in this case becomes more complicated
mapping user queries to local data sources
environment, this approach allows the presence of
the dynamic set of data sources. It also allows
using a new source at the development stage, and
at the operation phase.

ELEMENTS OF INTEGRATION SYSTEM

As global data models to support a single user
interface in the systems of integration ordinary
widely used data models are used more often, for
instance, relational or object model. In connection
with the expansion of the web application
development as the integrating data model, model
based on XML standards has been widely used.
When using the heterogeneous data models in
different data sources, very often to provide the
support of the global data representation is created
a special integrating data model (IDM). That can
provide a representation of both structured and
semi structured data [4]. During IDM
development is used an approach, that is based on
supporting different data sources. Such integrating
both models provide a solution to the dual
problem - support for a variety of different
representations of the same data.

The semantic integration of data is based on
the use of semantic intermediaries - Mediators.
They are mechanisms, which are based on the
ontological source specification. For Mediators is
need to use integrated ontologies of data sources.
They are paired with IDM integrates semantic
data. To solve the problem of semantic data
integration from multiple sources is need to use
the device descriptive logics. Its implementation
is easy to do with the description language of
ontologies OWL. In this domain ontology is used
as a conceptual scheme. The advantage of this
approach is that the basis of the user interface in
this case is a high-level semantic data model.

An inalienable element of the functional
architecture of data integration system is a
mechanism for displaying data models. The
concept of the gateway is using in systems that
enable the integration of external data sources in
the environment of database systems. It is seemed
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like a mechanism for source data representation
into the database system environment. The
standardization of such SQL  databases
presentation is provided by using specifications
SQL / MED. During data integration based on
CORBA platform is used object adapters -
Wrappers. The ability to support the IDL-
interface of encapsulated information resources
allows to "encapsulate™ non-object resources, for
instance, legacy systems databases. It allows to
create and use the object integrated environment
of heterogeneous information resources in a
future.

CONCLUSIONS
In this paper were conducted studies in the

direction of improving the mechanisms
development of data exchange between
information systems. This issue is important

because it provides the full-fledged integration of
information systems, which allows to manipulate
the data flexible. To ensure the full life cycle is
proposed to use two kinds of architecture with a
mediator - Global as View and Local as View.
The use of a mediator, in turn, supports a single
user interface using the global data reporting.
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Abstract. Classification criteria that classifies
current working mode of a cloud application with
variable load peaks was formed. Introduced criteria
allows to differentiate three classes of cloud application
states. The criteria is based on Page-Hinkley method
and is improved by using a calendar of events that can
cause load peaks to increase precision of forecasting of
a cloud applicationstate.
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BCTVYII
Bubip  momeni  TNpOrHO3yBaHHS  CTaHy
XMapHOro 3aCTOCYHKY, IO BHUKOHYEThCS IPH
OPUHHATTI  pillleHh  MOAO0  MacIiTa0yBaHHS

XMapHOT'O 3aCTOCYHKY, 3aJIeKUTh BiI pEeXHUMY
fioro poborm. Tomy akTyaldpHOIO € 3agada
PO3pOo0KH KpuTepist Kiacudikaii pexxuMy podoTu
XMapHOT 0 3aCTOCYHKY 3 ypaxyBaHHIM
iHpopMarii mpo Horo 3aBaHTAXEHICTH 3a MEBHUMA
nepios Jacy.

KPUTEPIN KIIACUDIKALT PEXXUMY
POBOTU XMAPHOI'O 3ACTOCYHKY

[Ipu npuiHATTI pilieHb MO0 MacIITa0yBaHHS
XMapHOIr'0 3aCTOCYHKY CJIiI BpaxoOBYBaTH HOro
MOTOYHUHM peXuM poOOTH Ta Kiac, 0 SIKOTO BiH
BimHocurbcs. Ile B cBoO depry BuUMarae
PO3pOOKH BINMOBITHOrO KpuTepis kimacudikail
[Torounuit pexxuM poOOTH XMapHOTO 3aCTOCYHKY
MOX€E BITHOCHTHCH JO TaKWX KJaciB:

1. Pexum, B SKOMYy BIICYTHI KU
HABAaHTKCHHSI Ta BICYTHI TpEHI.

2. Pexum, B  SKOMy  HasBHI  MIKH
HABAaHTAXCHHS Ta 3pOCTAIOYMH TPEeH.

3. Pexmm, B sgKkoMy  HasBHI  MIKH
HABAHTAXKCHHS Ta CMIAJAIOUUNA TPEHI.

s BU3HAYE HHA HasIBHOCTI miKy
HABaHTAXXEHHSI  JOLUIBHO  BUKOPHCTOBYBATH

METOH, Mo He mnorpedye HaBYaIbHOI BHOIpKH,
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Opi€EHTOBaHMU HA NIBHWIKE BHSBICHHS TOMINA MPH
NIBUIKOMY 30UIbIIEHHI KUIBKOCTI MepekeBUX
3amuTiB 10 XMapHOro 3aCTOCYHKY. Taxnm
BUMoram BinmnoBinae mertoxn I[ledmxka-Xinkmi [1].
Hannit METOZ, nepenbayae pO3paxyHOK
arperyiouoro 3Ha4eHHI M
3aUTIB 10 XMapHOro 3acCTOCYHKY

4acoBOrO DAY
MepeKeBUX

.

T
mT:z((t_)_(T —5’, 1
t=t,

ne X, — cepelHE 3HAYEHHS 4YacOBOro psly B

MomeHt wacy T, (tp = 1) — iHmekc mepIioro

€JIeMEHTY 4acOBOTO Py, 0 — MarHiTy/a.
Buxopucranns METONY e fimxa- XigKai

nepenbayae PO3paxyHOK M IHIMaJIb HOr O

3HaYC HHA MT:mlnmo,...,mT/ B  BCIX

3Ha4eHb [M; 3a NPOMDKOK Yacy, WO Miijsrae

aHaizy. Meton nependayae, 1110 MK
HABaHTA)KCHHS BHUHHKAE 3a yMOBH (2).

(mr —Mr > 7), )

e 7 — TOpPOroBEe 3HAYCHHI, W[0 3a3BHYAil

BCTAHOBJIOETBCSl  TMPOMOPIIHHUM  CEPEeIHbO-

KBaJ[paTMMHOMY BiIXWICHHIO (J) 4acOBOTO PALY,
mo posrsiaaerses (3).

7 = 40lo. 3
[Tlixk  HaBaHTaX€HHI  3aKIHIYETBCA  IPHU
BUKOHAHHI yMOBH (4).
X = X, “)
ne t,,, — KpOoK yacy, IO BiATOBiTa€ MOYATKY
[OTOYHOrO IKYy HABaHTaXKEHHS, X ~

Gt
cepeHE 3HAYCHHS YacOBOTO Py HAa TPOM DKKY
[tO; tnou]-

Ja knmacudikallii pexxuMy poOOTH XMapHOTO
3aCTOCYHKY HEOOX{THO, KpiM BU3HAYECHHS IiKiB
HAaBaHTAXXCHHs, BPAXyBaTH PEeXUMH pOOOTH Mix
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yac O3HAYEHHWX IiKiB, a caMe pexuMm B3
3pOCTaHHAM YH PEXXHWM 13 CIAJaHHSAM KUIbKOCTI
MEpe)KeBHX  3anuTiB.  MeTon  TOpIBHSIHHA

JIOKaJbHUX MAaKCUMyMIB [2] I03BOJIsI€ BU3HAYUT U
HATIpSIM TPEHIY YacoBOro pAAy Ta IOJIATae B
criBcTaBJIe HHI 3HaYe Hb ocTanHboro LocMax(X, 0)
ta mepemoctanuboro LocMax(X,1) mokambHOro
MaKCHUMyMa 4acoBoro psaay X. SIKmo mpu 1pbomy
OCTaHHIH JIOKAJILHUM MakCUMyM OUbIIUN 3a
nepeaoCTaHHIN, TO XMapHHAHA  3aCTOCYHOK
3HAXOAHUTBCS B PEXUMi 3pPOCTAIOYOro YHCIA
MEpeKEeBUX 3alUTIB Ml Yac MKy HaBaHTake HHS,
THa K1IIe B pEeXHMi cTHafarwdoi KilbKOCTI
MEpEeXKEBHUX 3aIUTIB T Yac MKy HaBaHTaXeHH.
[TopiBHAHHS 3 TPETIM 1 MOAA I ILINM H JIOKA JIb HUM U
MaKCUMyMaMHu JO03BOJIIE€ 301MbIINTHU TOYHICTh
BU3HAYECHHS TPEHAY YacoBOro psay, ane
XapaKTePU3yEThCS 0 LTbIITMM IHepUiiHIM
MepioioM 3 BpaxyBaHHSAM HEOOXIMHOI KUThKOCTI
€JIEMEHTIB MiCJ MOBOPOTY TpeH1Y. BpaxoByroun
Te, IO TPHWBAIICTh TIKYy HABaHTAaXCHHSI B
XMapHUX 3aCTOCYHKax € KOPOTKOIO,
OTICPAaTHBHICTh BWSBJICHHS DPO3BOPOTY TPEHAY €
IPiOPUTET HOIO, BUKOPHUCTOBYBAaT UMEThHCS
NOPIBHAHHS JUIIE JBOX OCTaHHIX JIOKaJbHUX
MaKCHMYMIB.

Jns BW3HAYEHHS JIOKAJTHHOTO MAaKCUMyMy
4acoBOI'0 Psily MEPEKEBUX 3aIUTIB 10 XMapPHOTO
3aCTOCYHKY BUKOPHUCTAEMO PeKypc UBHUH
amropurm LocMax (X, K), ne X — gacoswuii psia, K
— HOMED JIOKaJbHOTO Makcumymy. Lle#t anmropurm
MOXe OyTH YTOUHHMM 3a PaxyHOK BUKOPHCTaHHI
KajJeHaaps TMOAii, MO0 MOXYTh HPHU3BECTH 10
BUHUKHEHHS  MIKiB HaBaHTaxcHHI. KaseHmap
nofid Moke OYTH TpeICTaBICHUI M HOKHHOIO

nap (5).

C=¢g,c,,.C, , (5)
ne Ci = (i, di) — momis, mpeacTaBIeHA YacOM
nouatky tj Ta TpuBasictio d;. Toni monis Hactae
npy BUKOHaHHI ymoBH ¢&; (6,7).

~
g =€t 2L <t, +d, 6)

¢.d, >=c3ceC. @)

OnHak, wiacudikamisi peXuUMiB  poOOTH
XMapHOro 3aCTOCYHKY Ha  OCHOBI  JIWIIE
KaJeHIapHUX JaHUX MOXe MpPM3BECTH 10O
HEBpaxyBaHHA TIOMWIOK Ta  BIICYTHIX Y
KaJleHnapi MiKiB  HaBaHTaXEHHi, a TOMY
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JOUILHUM €  BpaxyBaHHI B  Kpurepii
KIacudikamii IK 3HAYEHHI YacOBOTO psny, Tak 1
KaJeHIapsi MO

OTtxe, kpurepii knacudikalii pexumMy podoTH
XMapHOro 3aCTOCYHKY MOXe OyTH BU3HaueHHM
cmiBBinHOIC HEIMHU (8 - 13).

T ~
m; ., = Z ((t - X - aco s (8)
t=t,
T _ ~
mT,cl = Z ((t - X - ac1 _ 9)
t=t,
mT,cO - I\/IT,CO > 7[00 |—|8, (10)
mT,cl - MT,cl > Ty | g, (11)
acO > 8cl’ (12)
E=EVE,VEn, (13)

e mTyco, MT,cO'ﬂ.cO — NOTOYHE arperoBaHe
3HAYCHHI 9aCOBOT'0 PAJY, MiHIMAaJIbHE arper oBaHe
3HAYECHHS Ta TOPOrOBE 3HAYEHHA ISl OYyab-sIKOi
TOYKK I YacoBOro psjay, KA He IOTpaIuisie B

xanennap moxii, M, ., M., 7 — moroune

cl
arperoBaHe 3HAYEHHS 9acOBOT0 Py, MiHIMAaJIb He
arperoBaHe 3HAYEHHS Ta TOPOrOBE 3HAYCHHS JJIS

Oynb-1KO01 TOYKH T YacoBOTO psmy, sKa
NOTparuisie B KaJeHAap O i 860 Ta 801 -
MATHITYIH JJIsl IBOX BHIIE3TAJaHAX PEKUMIB.

BUCHOBKU
Takum uwmHOM, Oynmo c¢opMOBaHO KpuUTepid
BITHECEHHS  TOTOYHOrO  PEXUMY  podoTH

XMapHOT'0 3aCTOCYHKY J1O OJJHOTO 3 TPhOX KJACIB,
mo 0a3yerbest Ha Metoi [leimxa- XiHKTi.
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Abstract. The categorical model and decision
support system learning algorithm are considered in the
article. Proposed algorithm allows to create decision
support system, which is functioning in a cluster-
analysis state. Synthesis of the decision support system
is based on maximization of informational system
ability due to making additional information restrictions
in the learning process.
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BCTVII

[lepeBakHa OUIBIIICTH METOAIB KiIacTep-
aHai3y 3acTocoBye Tmporenypy K -cepemHix.
Ile He mo3BOisie MOOYAyBAaTU YITKE PO3OUTTS
MPOCTOPY O3HAK HA KJIACH PO3II BHABAHHS Yepe3
BUKOPUCTAHHS TV CTAHIIAHUX KpUTEPIiB
OJM3BKOCTI, OCKUIBKM ampiopHO Ha MPaKTHII
BOHO € HEUITKUM.

[IpononyeTbcss B pamMkax iHopMaliiiHO-
eKCTPEMAIBHOT  HTENEKTyalbHOT TEXHOJOT1l
(IEI-texnosorii), = sika  TPYHTYeTbCS  Ha
MaKCHUMIi3allii B MpOIleci MAIMHHOTO HAaBYaHHS
HpopMariiiHO  CHPOMOXKHOCTI  CHCTEMH
po3Mi3HaBaHHS, 3IIMCHIOBATH KlacTep-aHali3
BXJIHMX  JaHUX 3 METOI  TOOYIOBHU
KJI1acH (piKOBaHOT HEUITKOT HaBYAIbHOT MaTpHIL],
Ha OCHOBI #AKOoi OyIylOThCS B  Mpoleci
H (opmarl il HO-eKCTpEeMaIbHOTO HaBYaHHS
OesnomuIikoB1 BUpimaneHi npasuia [1]. Takuit
MIXig € BUIIPABJIaHUM B 3asagax
po3mi3HaBaHHS 00pa3iB 3a HAsSBHOCTI CIIOBHUKA
o3Hak abo angaBiry KIaciB poO3MBHABAHHSI
BEJIMKOI MOTYKHOCT1, KOJM  (opMYyBaHHS
anpiopHo Ki1acu(piKOBaHOI HEUITKOT HaBYAIbHOT
MaTpHIIi BHMarae Bill po3poOHIKa
HdopmariiiiHoro  3a0e3neyeHHs]  CHCTEMH
po3mi3HaBaHHS ~ JOBTOTPUBANOl  PYTUHHOL
poboTH.

98

Oco0nMBO aKTyalbHOI € aBTOMAaTH3aIlisd
dbopMyBaHHS BXIIHUX HaBYAJILHUX MaTPUIlb 13
3aCTOCYBaHHSM  KJIacTep-aHAJIBY  BXIIHUX
JAaHUX TpH  PO3Mi3HABAHHS  300paKcHb,
HalpUKIaJa, Tpu HQopManiiHOMY CHHTE31
CUCTEM JIIATHOCTYBAHHS MAaTOJIOT{ B MEAUITUHI,
po3nBHABaHHI 00’€KTIB Ha MICI[EBOCT1 TOIIO.

AJITOPUTM HABYAHHA CUCTEMU

PO3IMIBHABAHHSA
CdopmoBaHa 3a pe3yabTaTaMud KIacTep-
aHajizy BXimHa  KiIacu(ikoBaHa ~ HEUITKA

HaByaibHa Marpuilsl B pamkax IEI-texnomorii
TpanchopmMyeTbcsi B OHApHY HaBYAJIbHY
MaTpUIll0, Ha OCHOBI skoi B  mporueci
OoNnTUMBalil  MmapaMmeTpiB iH opMmarr iitHO-
EKCTPEMAITbHOTO HaBYaHHS Oy yIOThCS
0€3MOMHIIKOB1 BUpIIIAJIBH 1 IpaBUJIa.
3actocyBaHHs 0€3MOMMIIKOBUX 32 HaBUYAIbHOIO
MaTpHIIEIO BHUPIMIAJBHUX TPaBWI  TPH
GYHKIIOHYBaHH1 CHCTEMH pO3IMI3HAaBaHHS B
peXHuMi  eK3aMeHy, TOOTO Oe3mocepeHbOro
pO3II3HABAHHS, [JO3BOJSIE OTPUMATH IOBHY
HMOBIPHICTh MPaBUIBHOTO NMPUHHSATTS PIILEHb,
HaOJIMKEHY 10 MaKCUMaJIbHOI TPaHHUYHOL

BximHuii MareMaTWYHUM OIIMC CHUCTEMH
pO3MI3HABaHHS  PO3MISIHEMO Yy BUIVIAAL
CTPYKTypH

Ag =< G, T,Q0ZY .V, X;D,,0,, D, O3 >,
ne G — MmHOXMHaA BXigHHX @QakTopiB; T —
MHO)XMHAa MOMEHTIB 34MTyBaHHs 1H (dopmall i,
() — mpocTip 03HaK po3M3HABaHHS; Z — IPOCTIP
(byHKIiOHATBHUX CTaHB; Y’
Heklacu pikoBaHa HaBYalbHAa MaTpuls; Y —
Kiacu (pikoBaHa BXiTHA HaBUYAIbHA MaTpHIls; X
— OiHapHa HaB4yasbHa Matpuiyt ©;, @, P —
oneparopu (OpPMYBAHHS BXIIHUX HaBYAJIbHUX
Mmatpuilb, £, — omeparop KiacTep-aHaIBY



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

BXITHUX JaHUX, skuil Oyaye 3a merogoM K-
cepenHix po3ouTTs N
KATErOPIITHA MOJEJIb IHO®OPMA LIIITHO-
EKCTPEMAJIBHOI'O KJIACTEP-AHAJII3Y

Ha puc. 1 mokazaHo KaTeropiiHy MoOJeNib
iH op MaI iifHO-eKCTPEMaIbHOTO HaBYaHHS, sKa

€ OJIHOYaCHO Y3araJibHEHOI CTPYKTYPHOIO
CXCMOIO  aJTOPUTMy  HAaBYaHHS  CHCTEMH
pO3IBHABAHHS.
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Pucynok 1 — Kateropiitna moenb iHGopMaIiiHo -
eKCTPEMAIIbHOTO KJIaCTep-aHali3y

TpuBanicTh KIacTep-aHaldBy BXIIHUX JaHUX
3aJIeKUTh B BUKOHAHHS YMOBHU HAIlOBHEHHS
KOHTEHHEpIB KIaciB pO3Ii3HABaHHS 3aJaHOI0
MIHIMaIbHOIO KUTBKICTIO peanizanii. 3 1i€ero
METOI0 omeparop Fi OOYMCIIOE  KUIBKICTh
peanBaimii B KOXHOMY KiIacTepi 1 TMpH
HEBUKOHaHHI YMOBHM 3YNHMHY BHOupae B
MHOXXHHA R BITNOBiIHE 3HAuYeHHS pajiyca, a
omeparop Iz 3MIHIOE pajilyCH KIacTepiB.

B nporeci HaBYaHHS CHCTEMH
po3Mi3HaBaHHs omepaTtop ; Oymye po3OHTTS

S .
R TreOMETPUYH1 apaMeTpH SKOro (GpopMmyroTh

BUPIIIAJIBH 1 MpaBuJja. e oreparop
Ki1acH Qikar ii Y  mepeBipsie OCHOBHY
CTaTUCTUYHY TiOTE3y TPO  HAJSKHICTh

peanaiii BiIMOBIIHOMY KJacy po3IMBHABaHHS
i Qopmye muoxuny rimores | ' ne |
MOTYXHICTh MHOXKHHU. Omeparop y o04uucitoe

MHOXHHY TOYHICHUX XapaKTepUCTHK Slq', ne q
I>. Omepatop ¢ obuncmioE 3HAUYCHHS
Hpopmariiinoro  kputepiro E, sgxuii €
(yHKITIOHAJIOM TOYHICHUX XapaKTePUCTHK.
[lpaBuii KOHTYp oONTUMBALl 3aMHKA€THCS
omeparopoM 0, sKMii 3MIHIOE TE€OMETPUYHI
napaMeTpu KOHTEHHEpIB KIaciB po3I BHABAHHS.
KoHTyp onTuMBalii KOHTPOJIBHUX JAON YCKIB Ha
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O3HaKM pO3MBHABAHHS 3aMHKAIOTBCA Yepe3
MHOXHHY D — crcreMa KOHTPOJIBHHX JIOMYCKIB.

VY pamkax IEI — TexHonorii BuUpimIaigbHi
npaBuiia OyIYIOThCS CIIOYaTKy TUIS
rinepcpepuyHuX KOHTEHHEpIB KJIaciB
po3mi3HaBaHHS. SIKIO B MpoIleci HAaBYaHHS HE
BHaiocs  moOynyBaTu  OE3MOMHUIKOBI  3a
HaBYAIBHOI MATPHUIICI0 BHUPIMAIBHI MPaBWIIA,
TO HEOOXITHO TepelTH 3a  JOIMOMOTOIO
oreparopa V 10 KOHTEHHEPIB OUThII CKIATHOT
reoMeTpuyHoi Qgopmu  (TIEPUIITIHIAPOITHOI,
enincoimHoi a6o Hmoi gopmu). Ha puc. 1 V -
MHOXMHA  TUMIB  BUPIMAJBHUX  MPaBUIL.
Omneparop U periaMeHTye  MpoIec
H opmarl i HO-eKCTpEeMaTbHOTO K1acTep-
aHaNBy.

BHUCHOBKU

TakuM 4YMHOM, BHUKOPUCTaHHS B paMKax
1H (hop MaIl i HO- EKCTPEMATEHOTO Ki1acrep-
aHaJi3y NUCTAHIIMHUX Ta 1HGopMaIliiHuX MIp
OMU3BKOCT1 J103BOJIIE  COPMYBATH  BXITHY
HEYITKY KJIacH (piKOBaHy HaBYAIbHY MaTPHUIIIO.
Peannaris anroputmy HaB4aHHs y pamkax [EI-
TEXHOJIOTil 3 BHUKOPUCTaHHSAM CGHOPMOBAHOI
HaBYaJIbHOI MaTpuIll JI03BOJISIE
TpaHcopMyBaTH ampiopHO HEYITKE PO3OUTTS
OPOCTOPY O3HAK Ha KIAacH pO3MiBHABAaHHS B
YiTKe pO30OUTTS, TOOTO no0ynyBaru
0€3MOMIJIKOB1 32 HABYAJIBHOI  MaTpHIEIO
BUpIIIATBH 1 PaBUJIa 1 aBTOMAaTU3YBaTH MPOLIEC
dopMyBaHHS BXJIHOIO MaTe€MaTH4HOIO OIHUCY
CHCTEMH PO3II3HABAHHSL

REFERENCES

[1] Dovbysh A.S. Fundamentals of intelligent systems:
manual. guidances. — Sumy: A publ. is Sumy State
University, 2009. - 171.

Dovbysh A. S. Information-extreme algorithm for
recognizing  current  distribution maps in
magnetocardiography / A. S. Dovbysh, S.S.
Martynenko, A.S. Kovalenko, N.N. Budnyk // Journal
of Automation and Information Sciences .— 2011.— V.
43— Ne 2.—P. 63-70.

[2



The 4™ International Conference « Advanced Information Systems and Technologies, AIST 2016»

25-27 May 2016, Sumy, Ukraine

Fuzzy Model Thermal Image Analysis for Detection
Breast Cancer in WWomen

A.Yu. Titova
Donetsk National Technical University, Ukraine, a.titova.wk@gmail.com

Abstract. Fuzzy model thermal image analysis
diagnostic information system was described. Input and
output linguistic variables of fuzzy model of information
system diagnostic of breast cancer in women were
characterized. Selection of membership functions was
realized. Fuzzy knowledge base was created on the basis
of expert statements.

Keywords. Linguistic Variables, Membership
Function, Fuzzy Knowledge Base, Information System.

BCTVYII

OHKOJIOT M Hi 3aXBOPIOBaHHS MOJOYHOT 321031
(M3) wMaroTh BeTWKiI TOKa3HUKU CMEpPTHOCTL
Tomy po3BuroK iHGOPMAIIMHUX TEXHOJOTH s
BU3HAUYECHHS 3aXBOPIOBaHb HA PaHHIX CTalBIX Irpae
BEJIMKY POJIb B CBOEYACHOMY J[ialrHOCTYBaHHI Ta
nikyBaHHi mamienriB [1]. CywacHi cuctemMu
JIar HOCT UKH 3aXBOPIOBaHb Ha OCHOBI
TepMmorpadii MpaiioTh 3 BUKOPUCTAHHIM 3HAHb
MEIMIHUX EKCTIePTIB Ta PO3PaxyHKY KiJIbKiCHHUX
MOKa3HUKiB Tepmorpam [2]. Jms opranizamii
MacOBOI'O CKPHWHIHTY TAIi€HTIB aKTyalbHOI €
aBTOMaTH3allisl AOCHIIKEeHHI Tepmorpam M3 3
METOI0  BWSBJICHHI  O3HAK  OHKOJIOTTIHHX
3aXBOprOBaHb. MeTa poboru — 3abe3meunTH
MOXJIMBICTh aBTOMAaTH3allii aHANiBy TepMOIpaMm
M3 nns BUSBJIEHHS 3aXBOPIOBAHb 32 PaxyHOK
po3poOku  Hewirkoi Momesi  iHpoOpMaIiiHOT
CHCTeMHU JiarHOCTWKH. Jlsg 1poro HeoOXimHO
dbopmanizyBaTi BXiqHI Ta BHXiIHI JIHTBICTUYHI
3MiHHI; BW3HAYUTH iX (QYHKI[H HAJEKHOCTI,
copmyBaTH HediTKky 0a3y 3HaHb.

MATEPIAJIA JOCJII/DKEHHA

[ToOymoBa HeuiTKOT MOJIeIi OJISITAE B MOLITYKY
(GyHKIIOHATLHOT 3aJI€’KHOCTI THITY:

X = )i,xz,...xn JlaY, (1)
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JIe X — BEKTOp BXITHHUX 3MIHHHX, SIKI MICTSATh
JMIarHOCTMYHI O3HAKHM 3axBopioBaHb M3; Y —
BHXI{OHA JIIHTBICTUYHA 3MIiHHA, SKa BU3HAYAE
TIoTIepeIHIN  TiarHO3.

Jlo Bekropa BXIiIHUX
HACTYIHI JIHTBICTMY HI 3MiHHI:

X; — Otib B M3, Tepmu dKoi «HEMae,
«caabkay, «piaKOY, «JIOKAJII30BaHa,
«TIepIoIMI HA», «CWIbHA», «IYKE CHIbHAY.

Xo— TeMIepaTypa Tila TallieHTa 3 TepMaMHu:
«HOpMay, «IIIBHINCHA», «BHCOKA.

X3— 3MIHU MKipu M3, TEPM U AKOT: «BIICYTHSI,
«IOKaJbHE TIOYCPBOHIHHA», «IIOYCPBOHIHHS,
«BEJIMKEC TOYCPBOHIHHSY, «IIOYCPBOHIHHSA Ta
TYILICHHS».

X4 — BWIUICHHI 3 CcOCKiB M3, ne TepMu:
«HOPMAJTLHOTO XapakTepy», «3eJICHYBAT»,
«KPOB’SIHI», (GKOBTD.

X5 — (opMa HOBOYTBOPCHHS 3 TEpPMaMH: «HE
MajgbIyeThCs»,  «BY3J0Ba»,  «HETPaBWILHAY,
«ryajika KynbKa», <«3HAYHA Ta HETPaBWILHAY,
«MarIaHIvK.

Xg — cepemHs pBHUIS Temmeparyp M3 3
TepMaMH: «B MeEXax HOPMH», «JeJb BUIIC
HOPMW», «BUIIEC HOPMU», «IYXKE BUILIE HOPM I,
TICPECBHINCHHSA HOPMU», «BEJIUKE IICPEBHIICHHS
HOPM WD),

X7 pBHUIL TeMmIlepaTyp CHMETPUYHUX
MO3UIIIN, TEPMU KOTPOT: «TPaHUIHI», «JI€Ib BHIILE
TpaHUYI HUAX», «BUINE TPAHUIHHX», «IyXKe BHUIIC
TpaHUY HUX Y, «TIe peBUIIIE HHS r'paHNY HUXY,
«MaKCUMaJIbHE TICPEBUIIICHHS.

Xg — MaKcUMalbHE JIOKaJIbHE TIePEBHIIEHHS
TeMmMreparypu  mpaBoi M3, gme  TepMH:
«HOpPMallbHE», «IYKE HE3HAUYHE», «HE3HAUHEY,
«HE3HAYHO OumpmEey, «OUBIIE», «3HAYHO
OUTbIIIE.

3MIHHAX BXOISTH
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X9 — MakcuMallbHe JIOKaJbHE TiePeBHUIIe HHS
TeMIeparypH JiBoi M3 3 TepMaMu: «HOpMaJbHey,
«Iy’Xe He3HAuHE», «HE3HAYHE», «HE3HAYHO
OUIbIIEY, «OUIBIIEY, «3HAYHO OUIBIIEY.

X10 MakcuMallbHa JIOKaJbHA acHUMETpis,
MICTUTh ~ TEPMH: «HE 3a3HaueHa», <«JIyKe
MaJlcHbKa», «MaJlcHbKa», «CEPeHA», «BEIHKAY,
«ITyXKE BEITHKAY.

X11 — TUIOMIA TiMEPTEPMii, Ie TEPMH: «MEKOBAY,
«OUIbIIIE MEXOBO», «OUIbINA», «HAMOIIbIIAY,
«MECHIII MaKCHMaJjbHa», «MaKCHMaJbHa.

X1 — Komip Timeprepmii 3 TepMaMu:
«3eJIe HUM, «KOBTHID), «IIOMapaHIEB U,
«YEPBOHUIN.

Yy — TomepeHiN MiarHO3, M0 MICTUTh TEPMHU:
«Hopmorepmorpamay, «By3snoBa dopma paky»,
«Indysna thopma paxky», «Kicray,
«Macromatis», «pak [Tamkera», «Mactumomio Ha
dopma paky», «MacTtury.

byB BukopuctaHuii Meron Komicii Ta
CTaTUCTUYHOT OOPOOKW EKCTIEPTHUX JaHHX IS
BU3HAYCHHA BUAY (QYHKLII HaJEKHOCTI, IO
HaBesieHa Ha puc. 1 [3].
ng

HW

38 3 40

moul varmbks X2

Pucynok 1 — @yHKIIT HAJEKHOCTI BXITHUX 3MIHHHX:
TeMIIepaTypH Tila.

B mpoueci ¢opmanizamii JTHIBICTHYHUX
3MIHHUX BHUKOPHUCTAaHO CHMETPUYHY TayCOBY
(QYHKIII0O HaJIeKHOCTI HACTYITHOTO BUIY:

~b?

€ e 2%

&)

ne 4 € — QyHKIS HATEKHOCTI 3MIHHOT x 70
TepMy t ; b mapaMeTp, IO BIIMOBiTAE
KOOpJMHATI MaKCUMYMY; napameTp
IMPUHU I3BOHY».

Ha ocHOBI JNHIBICTUYHHUX 3MIHHHX Ta
OMUTYBaHHS EKCHepTiB cgopMoOBaHA HEUITKa
0a3a 3HAaHb y BHUNISAI CHCTEMH HEUITKHAX
npoaykuii. Jlam HaBeneHi AesKi MmpaBuJa.

c
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SAKIIO x1= «emae» I Xp= «wopma» I X3=
«BiICYTHI» | Xa= «HOpM. Xapakrepy» I Xs= «@e
nanenyetbess» [ Xg= «B Mexax HopMm» [ X7=

«rpanuuH» | Xg= «@opMambHe» | Xo=
@wopmasibHe» [ Xj0= «@e 3asHadeHa» [ Xii=
«wexoBay I Xpo= «@enenuity ABO  Xio=

«oxoBTHI» TO Y= «HopmoTepmorpamar»

SAKHO Xi1= «iepiognunay | Xo= «HOpMa»
ABO Xp= «aimBuieHa» I X3= «incyrHs» [ Xa=
«koBT» [ Xs5= «y3noBa» ABO  Xs=
«enpasunpHa» | Xg= «@ume Hopmu» I X7=
«1y)Ke BUIIE TpaHUUYHUX» | Xg= «wHe3HauHne» |
Xo= «HOpMaJIbHE» | X10= «ayxke ManeHbkay» I
X11= <«Outbma» [ Xip= <«okoBTHi» TO Y=
«MacTomarisy.

BUCHOBKH

B poGoti dopmanizoBani BXigH1 Ta BUXITHI
JHTBICTUYHI 3MIHHI HEYITKOT MOJENi aHaniBy
TepMorpaM M3  Tmpu  BUSBIEHHI  O3HaK
OHKOJIOTTMHU X 3aXBOPIOBaHb, BH3HAUEHI iX
¢byH K1 i HanexkHOCTi, copMoBaHa 0a3a 3HAHb Y
BHUIJISIII CHCTEMH HEUITKUX TTPOTYKITIA.

Pesynbratu poOoTH MOXKHA BHUKOPUCTATH
npu po3podui iHdopMaliitHoi cuctemMu A
JOCHIKeHHsT TepMorpaM M3 mpu oprasizanii
MacoBOTO CKPUHIHTY HAaceJIeHHS 3 METOI0
CBOEYACHOTO BUSABJICHHS O3HAK OHKOJOTTIHHX
3aXBOPIOBAHb.
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Optimization of Facial Image’s Brightness Limits for
Person’s Emotional and Mental State Diagnostics

I.V. Shelehov, D.V. Prylepa, V.S. Ageev
Sumy State University, Ukraine, prilepa.dmitrij@ meta.ua

Abstract. The method of person’s emotional and
mental state recognition with optimization of the top
and bottom limits by facial images pixel brightness is
considered. The efficiency of using the limit interval
pixel brightness on functional efficiency of learning
diagnostic system was proved.

Keywords. Information and Extreme Intellectual
Technology, Limit of The Brightness of Image Pixels,
Learning, Recognition.

BCTVII
3acTocyBaHHS 0a3zoBHX AT OPUTM iB
iH(pOopMaIliifHO-eKCTpeMalbHOI  IHTEJIEKT yallb HO1
TEXHOJIOTi1 (IEI-TexHOMOT 1) [1] TUIST
iHpOopMaiiHOTO aHAJIBBY i CHUHTE3Y

KOMIT IOTEpU30BaHOI CHUCTEMHU JTIaTHOCTYyBaHHS
(KCJI) eMoOmiifHO-TICMXIYHOTO CTaHy JIFOAWHH 32

300pakeHHAIM 1T oOmmyus [2, 3] mo3BosE
ITiZ1 B ULLUT U JIOCTOBIPHICTH IarHOCTHAY HAX
pimeHp. Alle SKIIO Ha 300pa’KeHHI MICTATHCS
¢boHOBI 3aBaluM  HEOOXIMHO  BIPOBAJKE HHSI
KOHTypiB onT UM i3a1ii T OaTKOBUX
(byHKIII0HAJIb HUX napameTpiB CHUCTEMM.
Posrisirem o MoaudiKaIlio iH(popMaiiHO-

ekcTpeManbHoro ajropurmy HaBuanui KC/I, B
SKii BUKOPUCTOBYETHCSI ONMTHUMi3allisi MOPOrOBHUX
3HaY€Hb SICKPABOCT1 MIKCETIB 300 paskeHb 3 METOIO
3MCHIICHHS BIUIMBY iX (OHOBHX MAULTHOK Ha
JIOCTOBIPHICTh PO3Ti3HABA HHSI.

[NOCTAHOBKA 3AAUI

Hexaii namo angasir {X3|m=1M} kiacis
pO3Mi3HABaHHS, AKI XapaKTepH3YIOTh E€MOIlIHO-
ncuxonorui  crann  (EIIC) mamienra, i
HaBYaJIbHY MAaTpUII0 SCKPaBOCTi 300pakeHH]T

00U ||y,(Tf?i lLi=LN,j=Ln, ne M, N, n —
MOTYXHICTh andaBiTy KiIaciB, KUIBKICTh O3HAK

po3mi3HABaHHA Ta BEKTOpiB-peamizamiid (mami
peaniBamii) KiaciB pO3Mi3HABAHHA BiAIOBITHO.
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I[Ipy 1pOMY psSAOK MaTpwil {yr(nj’)i i :1,_N}
Iy
{yﬁn{)i | j=1,n} — HaBuasbHy BHOIpKY 3HaueHb I-1

BHU3HAYAE peamidamito, a  CTOBIMUK

O03HaKW. Bimomuwuii
napaMeTpiB HaBYaHHSI

CTPYKTYPOBaHHUI  BEKTOD

0=<Xny,dn,0,An>,

I€ X, — CTAJIOHHA peaBalis-UeHTp KOHTEHHepa
KIacy Xg§; d, — paniyc KoHreifHepa Kimacy X ;
J - mapameTp MNoJjsg KOHTPOJbHHX JOIYCKIB Ha
O3HAaKW; Anp - IHTEpBall TOPOTOBUX 3HAYCHB
SACKpaBOCTiI mikcemnss 300paxkeHp. llpu 1poMy

3aJjaHO0 OOME)KEHHSI Ha MapaMeTpy HABUAHHS:

1) dpe hd€,®x. >1, ne d€, ®x, — xomosa
BIICTaHP MDK LEHTPOM X, Kmacy Xg 1 X, -
[EHTPOM HAHOMKYOro JI0 HBOTO KIIACY;

2) sepoy/2 ., me Sy — HopMoBaHe mONe
JIOMYCKIB Ha O3HAKY PO3IMi3HABAHHS;

3) An 3miHIOeTBCA B Aiamasoni Bim 0 g0 255
rpajarii sCcKpaBOCTi.

HeoOxinHO Ha erami HaBYaHHS OITHUM 3YBaTH
KOOPIMHATH BEKTOPY ( [UIIXOM  TOILIyKY
171002716 HOTO MAaKCUMYMY YCEpEIHEHOr 0 3HAYCHHS
iHpopMmariiiHoro  kpurepito  QYHKI[IOHAIBHOT
epexruBHOCTI (KDE) [1]

E:

(1)

TAYES

1
— > max Ep,
M m=1 Gg

ne E,— indpopmaniitnuit KOE HaBuaHHA cuctemu

0

po3Mi3HABaHHIO peaniBamii kmacy Xpn ; Gg —
poboua (momyctmma) 0O0JaCTh  BHM3HAYECHHI
¢ynkuii KOE.
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AJITOPUTHUM OIITUMI3ALIIL
[NHOPOI'OBUX 3HAYEHbD SAICKPABOCTI
30BPAXEHb

Monudikaliro CTPyKTypOBAaHOTO ajrOpUTMY
MOUIyKy ONTHUMaJILHOrO B iH(QOpMamidHOMY
pPO3YyMiHHI TMOPOrOBOr0 3HAYCHHS SICKPaBOCTI
MmKcest 300paxens [4] mogamMo y BUNIISIAL

(2)

* 1M
An =<arg{max— > {max E,}}>
Gg Mmag

d, m
ne Gg ta Gy — 001acTh TOMyCTUM UX TTOPOTOBHUX
3HaYeHb KPOKY KBaHTYBaHHS 7 Ta pazaiyciB O
KOHTEMHEpPIB KJaciB x{ — JBO- 1 X§ —
MpaBOMIBKYyJIbHUN  mopTper. Imes amropurmy
MoJsira€ y TMOCJINOBHIA ONTHUM3allii CHMOYaTKY
HIDKHBOTO (Dmin) (60 BepxHboro (bmax)) mopory, a
MOTIM — IHIIOTO Topory sickpaBocTi. [Ipu 1pomy,
inTepBat A = Bmax — Dmin. BXinHUIM U qaHUM 1 1151
(2) € HaBuanmbHAa MAaTpPHI SICKPABOCTi ;ﬁr

300pakKeHh OOJIMYYS TIAIEHT iB.

PE3VJIbTATU DPI3UYHOI'O
MOJEJIFOBAHHA

Peanizamito BuWIIE HABEIEGHOrO aJrOPUTMY
napuanus KCJI  mokazaHo Ha  mpuUKIani
posmizHaBaHHs HectabimbHOro EIIC mromuuum 3a
300pakeHHAM o0Jmausi. Ha puc. 1 300paxeHo
rpadik 3aexXHOCTI ycepeaHeHOro 3a andasiroMm
knaciB po3nidHaBaHHI K®E (1) Big HMXHBOrO
nopory Dpmin ickpaBocTi TiKCeNTiB 300paKeHs.

0.8 Ebpin

b

100

140 160 180
Pucynox 1 — I'padik 3anexuocti KOE (1) Bin HIXKHBOTO

MOPOTY SCKPABOCTI MIKCENIB 300pakeHb

AHanid puc. 1 mokasye, B pobouiii obnacti
ONTUMajbHe  3HAYCHHS  HWKHBOTO  IOPOrY
SCKpPAaBOCT1  MIKCENiB  300paxkeHb  JIOPIBHIOE
b"min =209 rpagamisM sickpaBocTi IIpH ImoMy
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MakCcUMallbHOMY 3HaueHHi1 ycepeqHeHoro K®OE
3poctae 3 mouarkoBoro 0.6077 mo 0.7186, o
BKa3ye Ha 30UIBIIEHHS TOBHOI JOCTOBIPHOCTI
posmizHaBaHHg Takoro EIIC Ha 7%.

PesynpTaT omruMBaIii HMXHBOTO MOPOTY
SICKPaBOCTI MIKCeNB Dpmip OKa3aHo Ha puc. 2.

Eb,

‘max

0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

0.0

'max

Pucynoxk 2 — I'padik 3anexxuocti KOE (1) Big BepxHbOrO
MOPOTY SICKPaBOCTI MiKCeJNB 300pakeHb

AHaniz puc. 2 TOKazye, IO TIOYATKOBE
3HAYCHHA D max = 255 BiANoOBinae MakcuMymy
3HaueHHs1 ycepegHeHoro K®E, mo Oyno
OTPUMAaHO Ha MOTIEPeHHOMY €Tarli ONT UM Ballii, i
TOMY HE 3MIHIOETBCS B IPOLIECI HABYAHHS.

BUCHOBKU

TakuM YMHOM, 3aNPONOHOBAHUN aJTrOPUTM
HaByaHHI AiarHoctuaHOi CIIIP 3 onrum Bawiero
MOPOTOBHX  IMApaMeTpiB  SCKPAaBOCTI IKCETIB
peLEeNTOPHOrO0 Mol  300pa)KeHb  J1O3BOJIIE
30UIBIIUTH MOBHY JOCTOBIPHICTH PO3Mi3HABAHHA
300pa)keHp  4epe3 3MEHLICHHI BIUIMBY  iX
(hOHOBUX JTUTSTHOK.
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Improving Information and Software Support for Data
Mining System of Drones

A.S. Dovbysh, J.V. Symonovskiy, O.V. Korobchenko
Sumy State University, Ukraine, kras@id.sumdu.edu.ua, julius.simonovskii@gmail.com, elena9191@gmail.com

Abstract. The aim is to improve information and
software support of intellectual system of recognition of
objects on the ground. It was formed input mathematical
description of data mining system. This description has
been made for the purpose of development of intelligent
analysis system of information data of drones that can
be trained within the current IEI-technology. The
mathematical models of the system functioning under
training and test conditions has been developed.
implemented optimization algorithms and evaluated the
effectiveness of the system. The issues of development
and implementation of software of optimizing
algorithms as well as the issues of assessment the
effectiveness of the system have been analyzed.

Keywords. Drones, Data Mining System, Geographic

Information  System, Information and Extreme
Technology.
BCTVII
OcraHHIM YacoM Ma€ MiClle IHT€ HCUBHUI

po3Burok reoindopmaniiinux cucrem (I'IC) y
PBHHX Tamy3siX, ¢ BUHHKa€ morpeda 30epiraHHsI
Ta 00poOKH iH(OpPMAIIl TPOCTOPOBOTO XaPAKTEPY.
3o0kpema, Taki iHpOpMaIiifHi CHCTEMHU TIOKa3ylOTh
CBOIO e(exkTuBHICTD y reoaesii Ta
KaprorpadyBaHHi mig yac oOpobie HHI MaTepialliB
MOJbOBUX 3HOMOK, 30epiraHHs Ta MiITPUMaHHI
aKTyaJbHOCTI KaprorpagHHX MaTepiaiiB, IIix
4ac  BHTOTOBJICHHI  Kapr.  BukopucTaHHI
0esninorHuX JgitanpHuX anapatiB (BIIJIA) Ha 6a3i
3aCTOCYBaHHS IMX CHCTEM B aepodoToreonesii
CTa€ Bce OUTHII TMOMYJIPHAM Ta PO3TIOBCIOIKE HUM
SIBUIIIEM. OCHOBHUM H niepeBaram u ix
dbyHKIIOHYBaHHS € 3a0e3nedeHHs Heo0XimHOT
MIBUIKOCTI OTPUMAaHHSI JaHUX Ta EKOHOM M HICTh
peaniamnii. ToMy 31ilOMKa HEBEJMKUX TEPUTOPIH 3
METOI0 BEJIMKOMACIITAaOHOro KaprorpadyBaHHI 3a
JIOTIOMOT OO0 BITJTA € 0 UTb 111
KOHKYPE HTOC IPOM 05K HOTO, HDK KJIaCHY HA
aepogorozifoMka abo CymyTHHKOBa 3HOMKa 3a
4aCOBUM U Ta I[IHOBUM U MOKa3 HUKaMU.

ITinBuiue HEA e(eKTMBHOCTI CHCTEMHU
po3mizHaBaHHA O0’€KTIB HAa  MICIEBOCTI SIK
cknanoBoi BITJIA morpebye ymockoHaneHHS i
iHpoOpMaLIfHOTO Ta MporpaMHOro 3abe3rneyeHHs

Ha OCHOBI1 BUKOPHUCTAHHA 1HTEJIE KTYyaJIb HUX
CHCTEM.
Metoro  poGotm €  po3poONeHHI  Ta

yIOCKOHAJICHH 1H(OpMamiifHOrO Ta MporpamM HOT'o
3a0€3MeYCHH] CUCTEMH pO3Mi3HABaHHA 00’ €KTIB
Ha MICTIEBOCTI HA OCHOBI BUKOPHUCTAaHHS METOIIB
IHTEJIEKTYaJIbHOrO aHAJI3y JaHUX.

IHOOPMALIIMHE TA ITIPOI'PAMHE
3ABE3INEYEHHA CUCTEMU BITIA

I'eoindopmariiitai cuctemu — 1ie iHpOpMaIiiiai
CHCTEMH, MpU3HAYCHI Ay 30 upaHHs, 30epiraHus,
aHAIBY Ta BByasi3amii mpocTopoBuX nanux [1].

I'lC cknmamaioTbCs 3 TaKUX KOMIOHEHTIB:
NPOEKI[IHI MepeTBOPeHHI, Kiacupikallis JaHUX,

cucTeMa  ympaBJiHHA  0a3aMu  JaHUX ~ Ta
AHAJITUIHUI amnapar.
OcHOBHIM KOM IIOHE HTOM Oyab-sKoi

MPOCTOPOBOI iH(MOpMAIl € JaHi MPO TMONOXKEe HHS
KOXKHOI TOYKH KOHTYpYy O0'€KTYy Ha MICIIEBOCTI
(BumiproBaHHI 00'ekTiB). Ilpm mpoMy ciin
BPaxOBYBaTH, 110 NMOBEPXHA peajbHOI MICIEBOCT1
HE € IJI0CKO0. /17151 BiTTBOpE HHSI 3¢M HOT TIOBE pX Hi
Ha Twiomi B Kaprorpadii 3aCcTOCOBYIOTHCA
crieniajbHi mpoekmiHi neperBopenns. Tomy I'IC
NMOBUHHA  MOCTIHHO  BUWKOHYBaTH  Omepallil
nepeTBOpeHHs] BUMIipiB. Bing mBumkocti Ta
TOYHOCT1 BUKOHAHHS OTIEpalliii 1UX TepPeTBOPEHb
3QJIEKHUTH AKICTh POOOTH CUCTEMH B LIUIOMY.

s poborn 3 nmammmu ['IC moBMHHa Matu
PO3BHHYT1 3aco0u poOOTH 3 0a3aMu JaHHX.

IMin awanirmaauM  amapatom [IC  cuig
po3yMmitTu HabOip ajaropurMiB 1 3amad oOpPoOOKH
IPOCTOPOBUX JIAHUX, L0 BKIIOYMIN A0 CKIAIy
MIPOrpaMHOro 3a0e3rneue Hus pO3pO0 HUK U
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cucremu. Ckmaj asamitmaHoro amapary [1IC
00YMOBIIOETHCS 1i IPU3HAYCHHSIM.

I'[C cporomni BHpIIYIOTh BaXkimBi 3anadi [2]:

1. O6poOka MaTepialiB MOJILOBHUX BHM IPIOBaHb
Ta CIIOCTEPEIKEHb, PO3POOJICHHS KapT.

2. 30epiranHs TPOCTOPOBUX JIAHMX.

3. Tlomyk pgaHmx 3a 1iXx aTpuOyramu,
pO3TaIlyBaHHSIM BITHOCHO 3aJIaHOTO O0'€KTY.
4, Amani3 MicHe3HaXOmKeHHS  00'€KTIB,

TOMOJIOTTI HAX BiTOOPa’kHb TOIIIO.

PosnizHaBaHHA 00pa3iB € OMHUM 3 MANTAHHUX
MPONECIB MPHUHHATTS PIllleHb, IO HA3WUBAETHCS
«aBTOMATUYHOIO Kiacudikaictoy. CTaHOBIEHHS
Teopii aBTomMaTHd HOT Kiacudikaiii BigOyBaeThes,
TOJOBHMM  YHMHOM,  [UIIXOM  TIOAAJBIIOTO
PO3BUTKY METOAOJIOTIl po3mi3HaBaHHsA 00pa3is,
CTATUCTHUYHOI TEOpii MPUUHSTTS PillleHb.

Toni 3agauy po3nizHaBaHHA (yHKIIIOHAJHHOTO
CTaHy CHUCTEMHU pO3Ti3HA BAHHSA MO Ha
chopMyIOBaTH TaK: Ha eTali HAaBYaHHSI 3HAWTHU
OTNTUMaJIbHE PO30UTTS MPOCTOPY O3HAK HA KJIACH i
Ha eTall eK3aMeHy 3a pe3yJbTaTaMH 00MEXKeHOr 0
Yycia  BUNPOOYBaHb TNPUHHATH  JOCTOBIpHE
pillleHHs TPO HAJEXHICTh BEKTOpa-peanizaii
o0pa3y, MmO pO3MBHAETHCS, O JNEIKOTO KIacy 3
anmpiopHO BU3HAYEHOrO CKIHYEHOro angaBiry
KJIaCiB PO3ITi3HABA HHSI.

Ha mamy nymKy, AOUUIBHUM € pO3po0Jie HH
CHCTEMU IHTEJICKTya JIb HOTO aHanBy
reoindopmaniinux nmanmx BITJIA, mio 3matHa
HaBUaTHCS B paMKax cydacHoi iHdopmamiitHo-
eKCTpeMaJbHOI IHTEJIeKTyalbHOI TexHooril s
ii Bupimenns Oyino cdopmoBaHO BXimHUIA
MaTeMaTUIHUN OTHC CUCTEMH IHTEJIEKTYyaJbHOT O
aHAIBY TeOoiHPOPMALIHHUX JaHUX, PO3POOJICHO
MareMaThdHi Mojiesi QYHKIIOHyBaHHSI CUCTEMH B
pEeKUM1 HABUAHHS Ta €K3aMEHY.

bazoBum wmeromom IEI-texHomorii € MeTox
(yHKI10HAJIb HO-CTaTUCT MIHUX BUNPOOYBaHb
(M®CB) [3] — Hemapametrpuanuil iHpOpMAaLIHHO-
eKCTpeMalbHHI METOJ] aHali3y Ta CUHTE3Y 3[1aTHO1
HABYATUCS CHUCTEMH MATPUMKHA  TPUAHATTS
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pimenb. [Ipu3HavueHHIM METOAY € BHUPIlICHHSI
3amady  KOHTPONIO Ta  YHOpaBimiHHA  crmabo
dopMani3oBAHUMHU  CHCTEMaMH  aBTOMATHYHOT
HEBU3HAYEHOCTI.

Sk kpurepil omTmMiBamii mpolecy HaBYaHHI
CHUCTEMHU MNPHUHHATTIO pileHb B pamkax M®OCB
JIOLIJIb HO 3aCTOCOBYBATHU CTaTUCTHY HAI
koe imieHT (yHKIIOHATbHOT € (heKTUBHOCTI, SIKHH
€ TPHUPOJAHOI MIPOK PI3HOMAHITHOCTI KiaciB
po3Mi3HABaHHS.

AJNTOpPUTM ONTHUMi3alii KOHT pOJIbHUX JTOIYCKIB
3a M®CB mnonsirae y HaOaIWKeHHI T7100aJ1bHOTO
MaKCUMYMY iH(pOpMaIITHOT O KpHUTEPIIo
onruMBaNii 10 HAMOIMBIIOro MWOTO 3HAYEHHSI B
obsiacTi 3HaueHp ¢yHKIIL Bbyno 3anmpomnoHoBaHO
MOEJTHAT M allTOPUTM U TIapaJjielib HOi Ta IMOCIIiI OBHO1
ormruMizarii, BignoBimHo, LEARNING-2 Ta
LEARNING-1.

BUCHOBKU

Takum dguHOM, Oyno c¢oOpMOBaAHO BXiTHUN
MaTeMaTHYHUII ONKC Ta MaTeMaTHdHlI MOIENi

CUCTEMU 1HTEJIEKTyaJIb HOTO aHANBBY
reoindopmManiiHuX JTaHUX, a TaKOX
MpOaHaTi30BaHO MTUTaHHS pO3pobIIe HHS
ONTUMBAIITHUX aJTOPUTMIB HABYAHHS CHCTEMH.
KoM mexc Huit aJIr OpUTM PEKOME HIOBAHO
peaniBdyBaTH  3a  JONOMOIOI0  CEpelOBHIIA

po3pobku Borland Delphi 7.
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ECoG Eigenvalues Analysis for Motor Activity
Detection

Mykola Yanenko, Anton Popov
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anton.popov@ieee.org .

Abstract. In this publication the results of Principal
Component Analysis (PCA) of finger movements
electrocorticography (ECoG) are presented.
Eigenvalues configuration was analyzed for ECoG with
and without any motor activity. PCA components of
ECoG can be separated into motor activity and
background parts, enabling spatial localization of motor
activity areas in future.

Keywords. ECoG, Finger Movements, PCA, Motor
Activity.

BCTVII

Enexrpoxoprukorpama (EKoI') — omun 3
BHUJB €JIEKTPO(PI3UUHOIO MOHITOPUHTY MO3KY,
0 BUKOPUCTOBYE EIEKTPOOM  PO3MIIIEH 1
0e3mocepeTHb0 Ha KOPi1 TOJIOBHOTO MO3KY.
Taxuii curHam Moxe OyTH BUKOPUCTaHHMM B
cucTeMax 3B’s3Ky M0O30K — kommtorep (Brain-
Computer Interface, BCI), npu 1misomy BiH Mae
CyTTeBi mepeBaru Haj 3actocyBaHHsM EEIT B
i obmacti. Takui cur"Haax € HE TakuM

YyTIIMBUM 10 apTedakTiB, Mae MEHIIE
PO3MHTTSI €NEKTPOMATrHITHUX CHTHAIB Bil
nediponis  Hbk EEI. [JloBegeHO  CuibHY

KOPEJISI[IF0 CUTHATY 3 MO3KY B CMy3i 4acTot 65
- 200 T'm 3 pyxom mambuiB pyku [1]. Lle
JI03BOJIIE CTBOPIOBATH MAalMHHI HTep delicu
JUISL YIIPaBIHHA PI3HOMAHITHUMU MPUCTPOSMHU.

OcTtaHHIM  YacoM  €JEeKTPOKOpPTHKOTpama
BUKOPUCTOBYETHCS g yIpaBIiHHS
KOMITIOTEPHUM KypCOpOM 1 pOOOTH30BaHOIO
pykoio [2].

Pyxu wms31B, 30Kpema manbliB, BUKIUKAE
30y/KeHHST TIEBHUX 30H MOTOPHOI KOpH

TOJIOBHOTO MO3KY.
JInst kepyBaHHS pyXaMH HAJIBIB B CHCTEMax
BCI na ocnoi EKol', norpibHO po3MmilryBaru
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IMIIJITAHTOBAHUMA €JIEKTPOJ] Ha Tl JAUISHIII KOPH,
0 BIMMOBITAE 32 PYXH KOKHOTO MAaJbIIs.
Metoro nmaHoi poOOTH €  BU3HAYCHHS
MPOCTOPOBOI JIOKAIBAIIl AUISHKA KOPH, ITIO
HaNOUTBII aKTUBYETHCS M 4ac pyXy HaJIbI[B.

OIMC AOCJIJIPKYBAHUX JAHHNX

B poboTi BuKopucTaHi JaHHI, OTPUMaH1 s
nposeneuns BCl Competition IV [5].

VY cy0’exra AOCTiHKEHb Ha MTOBEPXHI MO3KY
OyJI0 PO3MIIIEHO MAacHUB 3 64-X €IEeKTPOIB s
3alUCy EJNEKTPOKOPTUKOTPAMH 3 YacTOTOIO
muckperuzanii B 1000 I,

ITin ywac 3anmucy (QIKCYFOTHCS KOOpPIWHATH
KOYXHOTO MaJjblisl 3 YaCTOTOIO AMCKpeTH3allii 25
['m. TlamieHT 3aiiicHIOE pyXd  MaJbLSMU
noueproBo. Bchoro 3a Bech Tmepiof 3amucy
naiieHT 3aiicHuB Onm3pko 150 pyxiB. IchHye
Jesika HEBH3HAUEHA 3aTPHUMKAa MDK PYXOBOIO
AKTHBHICTIO 1 pealbHUM pyXoM TnanbliB. [laHHi
Oynu BindinsTpoBaniB cmysi yacror 0,15 — 200
I'u.

Pucynok 1 — a) Koopmuata BenMkoro manbis, 6)
JinstHkd, BUOpaHi i aHAII3Y.

METO/I 'OJIOBHUX KOMIIOHEHT

B pmanniii poGori s ananBy EKol
IPOIIOHYETHCSI BUKOPUCTATH METOJ TOJIOBHUX
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KOMITOHEHT (Principal Component
Analysis,PCA) 1m0 [103BOJIIE BUKOPHUCTATH
OpPTOTOHAIIFHE MTEPETBOPEHHS HAOOPY MOMKIIMBO
KOpPENbOBAHUX CIIOCTEPEkKEHb B HAOIp JIHIAHO
HEKOPEIbOBAHUX 3MIHHUX, IO HA3UBAIOTHCS
TOJIOBHMMH KOMITOHEHTaMH [3].

T'onoBHMII KOMIIOHEHT, SKHH BigIOBIiIae
MaKCHUMAJIBHOMY BJIACHOMY 3HA4YE€HHIO, Mae
HaWOUTbIITy JUCIEpCto, 1 JUCHepcis HImMX
KOMIIOHEHT MPOIOpIiiiHA BIIIOB IIHUM
BJIACHUM 3HA4YCHHSM [4].

B nmanmomy nocmimkeHHi Oymu BuOpaHi
nissakd ECOG anst KOKHOTO eNnekTpoja, IIo
BIIMOBINAIOTE PYXy KOXHOTO 3 MajbIliB JUIS
MOAAJIBILIOTO aHANIBY TOJOBHUX KOMIOHEHT.

B pobGoTi poOUTBCS NTPUITYIIEHHS, ILO
KOMIIOHEHTH, $KI BIINOBITAIOTh  PYXOBIH
aKTUBHOCTI MarOTh OUIbIIYy JUCHEPCII0 HIK
KOMIIOHEHTH (OHY, IO 3aBXKIM TNPUCYTHI B
EKor".

PE3VIJIBTATU JOCIJIIIKEHD

B mporeci mocnmimkeHHss OylIo OTpUMAaHO
BJIACHI YU CIA JIJIS KOXKHOTO PyXy JUISI KOXKHOTO
3 ENeKTPOJiB, a TaKOX BIACHI 4YHCla IS
nustHok EKol™ min yac BincyTHOCTI pyxy.

Pucynox 2 — Ileprme BnacHe 9HCIIO I KOXKHOTO 3
€JIeKTPOIiB.
0 — 0e3 pyxy, + — Iix 9ac pyxy.
Ak 6auMMo, MaKCUMyMHU IE€PUIOrO BJIACHOTO

Ypclia TpUIagae Ha OJHAKOBI €ICKTPOIH IS
BCIX PYXIB.

PosristHemo Bcei BiiacH1 4mciia i €JIEKTPoaa
3 MaKCUMAaJbHUM MEPIIMM BIACHHUM YHCIIOM,
o noB’si3ane 3 qucrepciero (Pucynok 3).
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Pucynok 3 — BiacHi uncia mig 9ac pyxy ta 6e3 pyxy.
0 — 0e3 pyxy, + — Iix 9ac pyxy.

BuwiHo, o nume mepmii ABa BIACHI YHCla €
CYTT€BO OUIBIIMMU MiJ Yac pPyXy TNOPIBHSHO 3

BIICYTHICTIO pyXy, TOMY BOHH IMOBIpHO
BIATNOBigaloT, TUM KoMmIloHeHram EKol', 1o
MOB’s3aHI 3 PYXOBOK AakTWBHICTIO. Peira
BJACHUX 3Ha4eHp 0e3 Ta migm dac pyxy
BIIPBHAIOTHCS Melie, TOMY HMOBIpHO
BIIMOBIAAIOTh BOHOBIH aKTHMBHOCTI.

BUCHOBKHM
Hocmimkenns  BaacHuUX  3HadeHb  EKol

JIO3BOJISIE BHU3HAYMTH JIOKAJI3AIII0 MUITHKA Ha
KOpi MO3KY, aKTUBHICTh SIKOT BIIP3HAETHCS 1032
pyxoMm Ta mim4yac pyxy. JlaHHi pe3yiabTaTu MOXHA
BUKOPHUCTOBYBAaTH I TPOCTOPOBOI JOKATi3allii
Jokepen akruBHOCTI EKol.
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Abstract. The aim of this work is to develop an
algorithm of automatic recognition of electron
diffraction patterns using information extreme
intellectual technology and standard genetic algorithm.

Keywords. Information Extreme Intellectual
Technology, Genetic Algorithm, Signs of Recognition.

BCTVYII
OnHuM 13 mepcreKTUBHUX HATPSMIB aHAJi3y 1
CUHTE3Y 3/1aTHUX HaBYaT HCS CHCTEM

po3Mi3HABAHHSA € 3aCTOCYBaHHS inel 1 METO[iB
iHpOpMaIiHO-eKCTpeMaIbHOI  1HTEJIeKT yaslb HOi
texnojorii (IEI - TexHomorii), Mo rpyHTyeThCs Ha
MaKCHUM Ballii B poneci HaBuaHHs iHhopMamiiHOT
CIIPOMOYKHOCT1 CUCTEMHM po3Mi3HABaHHA [1].

Sk edexTuBHI MeTonu OaraTomapaMeTpUdHOI
onmruMBalli y 0aratbox 3ajadax, MOB S3aHHUX 13
CUHTE30M THTEJIe KTya b HUX CHUCTEM
3aCTOCOBYIOTh T€HETHYHI aJITOPUTMH.

B poboTi  MPOBOAMTHCS OTIT MM 131115t
napaMeTpiB CUCTEeMH KEPYBaHHS, [0 HABYAETHCS
Ta ONTHMBalis  TNapaMeTpiB  CeJeKTOPHOI
anepTypu  eJeKTpoHOrpamMa 3a  JOTIOM Or OO
TeHETHYHHX aJITOPUTMIB.

[TIOCTAHOBKA 3AAUI

Hano X’|m=1M - andaBir M xiacis, ski

MOXYTh  TEpeTHHATHCSI, 1  HECTaliOHApHY

marpumo sickpasocti ||y, L s=LN, j=1Ln, ne

N,n - KIIbKICT O3HAK pO3Mi3HABAHHA 1
peanizamliii  oOpazy BinmoBinHo. HeobximHO
BU3HAYUTH ONTHUMaJbHI 3HAYCHHS BEKTOPY-
KOPTEXKY nmapameTpiB
HaBYa HHS On =<Op1rn0 g G o> 3

obmesxennamu R. (g, .-, 9.) <0.

ChopmoBare mpu
cyOmapanenryaabHOMY

OiHapHOMY
O3HaK

IbOMY B
pocTOopi
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po3mi3HABa HHS Hed ITKe po3ourTs, 10
CKIIafaeTbcsl 3 TimepcPepuuyHUX  PO3JLIhHUX
MOBEPXOHb — KOHTEHHEPIB KJIACiB pO3Mi3HABAHHS,
MOBUHHO 3a0e3reuyBaTH MaKCUMYM KpPUTEpPito
¢yHnkuionaasHOI € pekruBHOCT1 (KDE) HaBuaHHs.
B pobori posrisinanucs sik 6a30Bi (yHKIIOHAIbHI
napameTpu HaBuaHHi 32 IEl — TexHosoriew
(reomeTpudHI MapaMeTpu KOHTEHHEpIB, CUCTEMa
koHTposbHUX gomyckiB  (CKJl) ©Ha oO3HaKwm
po3mi3HaBaHHA), Tak 1 crnenudiuHi MapameTpu
CEJIEKTOPHOI amnepTypu eleKTpoHorpada.

OIIUC MATEMATHUYHOI MOJIEJII

3amaga BuOoOpy Ta oOuucieHns KOE e
11 HT PaJib HOO pood IEMOIO OI[IHKH
(G yHKIIOHAJIL HOT e(e KTUBHOCTI CUCTEMH
po3mizHaBaHHA. B po0oTi BHKOPUCTOBYETHCS Mipa
Kynn0axka, sIKa JI03BOJISI € OI[IHIOBAT
nupepeHLiiHy HPOPMATUBHICTh O3HAK:
(k) Dl[“ Z(M (k) (k) (k) (k)
J"=0,5log. — (D +D, )-(a +8) =
a’ + g i
(k) (k) (1)
2-(a@ +p) . .
= log (— 1-@" +4") .
2 *) ()
a +p

k k k .
ne ¢, g%, DY, D — nomwika nepuroro i
Jpyroro poay, Tepma i Japyra JOCTOBIPHOCTI
BIIMOBiAHO, oOTpuMaHi Ha K — TOMy KpoIi
HABYaHHA CHCTEMH PO3II3HABA HHS.

PE3VJIbTATU MOJIEJIFOBAHHA

Ha mnouatkoBoMy eTami Oymno mpoBeJeHO
orruM Batiro CKJ] 3a mapanensHUM alropuTMoM
[1] nns enmexrpoHorpada 0e3 CeneKTOPHOI
aneprypu. BinmoBinnHa JTMHAM iKa 3MiHU
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ycepeaHeHoro 32 andairom kiacis K®E mpu
omrumianii CKJI nmomana na puc. 1.
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Pucynok 1 — IIponec ontumizanii cucteMu KOHTPOJIBHHUX
JOIyCKIB Ha IOYaTKOBOMY €Talli

Ananiz puc. 1 moxkasye, IO ONTHMAJILHOI B
iHpopmaniitnomy pozyminni € CKJ[ 3 mupunoro
0 =30. [Ipu mpomy ycepennene K®E pnocsarae
MaKCHMaJh HOT O 3HAYEC HHA 3.6043, a
MaKCHMaJlbHa TIOMWIKAa He nepeBuinye 7%.

[Ipn onrmMmiBamii mapameTpiB CceIeKTOPHOI
anepTypu eJeKTpoHorpada po3risiaiucs LeHTP
(R) Ta xoopnuHatu (X, Y) OTBOpPY B Hill, IKi Oyiu
nojaHi y BUMAL OiHApPHOI XPOMOCOMH 3TiTHO
BiITIOBiHOT poLEeAypH KOJlyBaHHS
CTaHJApTHOTO TeHeTHuHOro airopurmy [2]. Ha
puc. 2 TOAAaHO OMHAMIKY 3MIiHH YCEpeIHEeHOrO
K®E npu omrmmBamii CKJl ans BapiaHTy
CENIeKTOpHOI amlepTypu 3 mapaMeTrpamMu OTBOPY
x=50,y= 8_, R =7 3 mo4aTKOBOI TOMyJIs ITii.

Pucynok 2 — IIporec ontumizariii cHCTeMH KOHTPOJIbHHUX
JIOTTyCKIB Ha HYJBOBIH iTepartii

AHani3 puc. 2 MoKa3ye, O[0 ONTUMAaJbHOK B

iHpopMmamiiiHoMy po3yminHi € CKJ 3 mupuHoro

60 =18. Ilpu momy ycepennene KOE nocsarae

MaKCHMaJjhHOI'O 3HA4Ye HHI 3.64979, a

MakKcuMallbHa NMOMWIKa He nepesuitye 4%.
OntumaneHuAM BapiaHT CEJIEKTOPHO1

anepTypu  XapaKTepu3yBaBCs  IlapaMeTpamu

x =58, y=24, R=15 1 BianmoBinaB HaiOUIbII
MPHUCTOCOBaHIH OCOOWMHI KIHIIEBOI MOIYJISIIiL
Ha  pwuc.3 IIOIaHO JMHAMIKy  3MIHH
ycepenneHoro K®E npu ontumianii CKJ] ans
I[bOTO BapiaHTy.
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Pucynok 3 —IIponec ontumizanii CKJI Ha ocTaHHIH
ireparii
AHani3 puc. 3 mokasye, M0 ONTUMAaJbHOI B
iHpopMmartiitnomy pozyminai € CKJ[ 3 mupuHOIO
6 =62. Ilpu mpomy ycepennene K®DE mocsrae

MaKCHMaJb HOT' O 3HAYE HHA 4.02106, a
MakKcuMajlbHa MOMWIKA HE NepeBHIye 7%.
Onrumans Hi 3HaYe HHA TeOMETPHI HUX

mapameTpis Gasooro kmacy X d*= 257 mpu

MiKueHTpOBili Bincrami d¢=373, wmacy X7
d*;=369 mnpu mikueHTpOBiii Bimcrani d.=374,

kimacy X 3 d*,=372 mpu MDKIUEHTPOBIiM BigcTaHi
de=373. Kpim TOro ceiekropHa ameprypa, ska
Oyma  orpuMaHa Ha  OCTaHHROMY  KpOII
OIIT MM 3a1lii 3MEHIIIY€E PeLeNTOPHE TI0JIE, a OTXKE 1
MOTYXHICTh CJIOBHMKAa O3HAK pO3Mi3HABAHHA 3
10000 mo 707 o3Hak 0e3  3MCHINCHHSI
€(EeKTHBHOCTI PO3M3HABAHHS EJICKTPOHOIPAM.

BUCHOBKU

Takum dYuHOM, Yy poOOTI Oyno OTpUMaHO
QIrOpuUTM, 1[I0 CHUHTE3y€E ONTHMalIbHY B
iHpopMalliiiHy ceHci CHCTeMYy KepyBaHHs
eJleKTpoHOrpaoM, TIO 37aTHA BUKOHYBATH
aBTOMaTHYHE  TO3UI[IOHYBaHHI  CEJEKTOPHOI
amepTypyd JaHOTO TPHCTPOIO.

Anropurm Oyno mepeBipeHO Ha 3ajaadi
CHHTE3y CHCTEMH aBTOMAaTHYHOI Kiacwudikaii
eJIeKTPOHOrpaM, 0 OTiepyBaja aldaBiToM Kiacis
pO3MiBHABAHHSA 3 TPHOX KIIACIB.
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BBEJEHUE

B cBMUM ¢ TNOCTOSHHBIM YBEJIMYEHUEM
CKOPOCTH U O00BEMOB MyONUKaIMil, KOTOpOE
eme HOCHUT Ha3BaHWE «H(OPMAIIMOHHBIA
B3pBIB», BCE OOjiee aKTyallbHOH MpoOIeMoit
CTaHOBUTCS npobiema OPUTHUHAIBHOCTH
nHpopmanuu. OHa NpUBIEKAET MPUCTAIBHOE
BHUMaHUeE Kak Ou3Heca, TaKk ¥ HaydHOTO MHpA.

Lensto JoKmama  sBIsectess  0030p
MMPUMCHCHU A MOACIIU BCKTOPHOTO
OPOCTPAHCTBA JUIS CPaBHEHHUS TEKCTa W
MOJIYYCHH A KOJIMYECTBEHHON OL€HKU
CpaBHEHHS.

MOJEJIb BEKTOPHOT'O
[MPOCTPAHCTBA

BekropHas MOJIETb — KOJUICKITH ST

JOKYMEHTOB, IPEJICTaBJICHHAs BEKTOpaMU B

OJIHOM OOILEM ISl BCEH KOJIJIEKIUU BEKTOPHOM
npocTpaHcTBe. JIOKyMEHT B O3TOM MOAEIu
MPEACTABIIACTCS KAaK MHOXKECTBO TEPMOB B
HeynopsgoueHHoM Buje. CiaoBoM «repm» B
MH(OPMAIIMOHHOM MOMCKE 0003HAYaroT CIIOBO,
KOTOpO€ COCTAaBJISIET 4acThb TEKCTa.
JIoKyMEHTOM MOKET OBITh TEKCT, MPEIJIOKEHNE
WJIM JIpyrasi TEKCTOBask €AMHULA, UCIIOIb3yeMast
Juisi cpaBHeHus [1].

Kaxnpiii TepM MMEEeT CBOWM OIpEeIeHHBIN
BeC («BIIMSHHUE»), 3aBUCALMU OT KOJINYECTBA
MOSBJICHUA JIaHHOTO TEpPMa B KOHKPETHOM
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nokymenTe. CylecTBYeT HECKOJbKO CIoco00B
onpeneneHus Beca repma. Cpeny cTaHAapTHBIX
GYHKIMH B3BEIIMBAHHS MOXHO BBIJCIUTH
TaKue CIOCOOBI:

1) ByneBckuil Bec — pOBHSETCS EIUHHIIC,
KOT/1a TEPM €CTh B IOKYMEHTE U HYIIO B
WHOM ciydae. JlaHHBIM crioco0 ydie
BCETO MHCIOJB30BaTh [UISl CpPaBHEHMUS
MpPEeAJIOKEHNH, TaKk KaKk OJIMHAKOBBIE
CIIOBa PEIKO BCTPEYAIOTCA B OJHOM
MPEAJIOKEHNH, HO 3aTO  I03BOJISET
COKpaTUTh pecypchl BBIYUCIICHUS
TpeOyemble MJIsl CO3/aHUSI BEKTOPHOTO
npocTpaHcTa [2].

Tf (term frequency) - Bec 3amaercs
3aBHCUMOCTBIO oT KOJINYECTBA
MOSBJIEHUST  TepMa B  JIOKYMEHTE.
Henocrarkom JIaHHOTO crocoba
ABJIAETCS TO, YTO KaXIplii TepM
CUMTAETCS OJUHAKOBO BAXHBIM, a 3TO
3HAYUT, UYTO CIyXKeOHBbIE CJIOBa M CIIOBA

2)

KOTOPBIC COOTBCTCTBYIOT TEMATHU KE
TekcTa Oynyr Memarh TMOUCKY W
cpaBHeHHIO [2].

3) Tfidf (term frequency - inverse
document frequency) - Bec onpeaessiercs
Kak  MpousBeneHUe  (PyHKIUU oT
KOJIN4eCTBa BXO)KI[GHI/Iﬁ TCpMa B
JOKYMCHT H q)YHKHI/II/I OT BCJIWYUHEI,
o0OpaTHON  KOJMYECTBY JIOKYMEHTOB

KOJUICKI[H, B KOTOPBIX BCTPEYAETCS 3TOT

TepM. To ecTh OH OyzeT MaKCUMAaJbHbIM,

€CITM TEepPM BCTPEYAETCSl MHOTO pa3 B

HEOOJBIIIOM KOJIMYECTBE JOKYMEHTOB M

MHHHMAJIBHBIM, €CIIH TEPM BCTPEYacTCs
MOYTH BO BCEX JOKyMEHTax [2].

Jnsi modydyeHus BEKTOPHOrO MpPOCTpaHCTBA

BCC TCPMBbI, KOTOPBIC COACPKATCA B AJOKYMCHTaXx
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obOpabaTbiBaeMO KOJUISKITUH, HYXHO
ynopsmodurs. Jlns Hawama Hy»)XHO CO3/1aTh
INPOCTPAaHCTBO, pa3MEPHOCTh KOTOPOTrO paBHA
KOJIMUECTBY pa3IMdHBIX TEPMHHOB BO BCEH
KOJUICKIIMU. 3aTeM i KaXIOoro JIOKyMeHTa
CO311aTh BEKTOP B 3TOM IIPOCTPAHCTBE, Y4 HUTHIBAS
BeCa TEpPMOB, W TEpPMBl KOTOPBIX HETY B
JOKyMeHTe. Pa3MepHOCTh Kak NMPOCTPAaHCTBA, TaK

Y BEKTOPOB sBJsieTCsS onuHakoBo# [1], [2].

IMPUMEHEHUWE BEKTOPHOI'O
IMTPOCTPAHCTBA B CPABHEHUN
TEKCTOB

Paccmorpum mpoctedmnii nmpuMep CpaBHE HUS
JIIBYX TEKCTOB. IIepBBIN TEKCT CONEPXKUT TpH
cnoBa: «lIpuBer, Mopssk BaH», a BTOpOH TEKCT
nBa cioBa: «MBan - mopsk». Torna BekTOpHOE
MPOCTPAHCTBO OYAET COCTOSATH M3 ABYX BEKTOPOB
B TPEXMEPHOM MPOCTPAHCTBE, IJI€ Kakaas oCb —
3TO O HO yHHKanbHoe cioBo (puc. 1). [Ipu Takom
IIPECTaBIIE HUH IIPOYC XOI UT noTeps
OTHOCUTEJILHOTO TOpsJIKa CJIe0BaHUS TEPM UHOB,
YTO TMO3BOJSIET HAXOAWTH IUIATHAT, AaXKe TMpHU
CMEHE MOopsiKa TEPMHHOB.

F.
-
a
> Y
-l
b
Pucynok 1 — IlpeacrtaBieHue TEKCTOB B BEKTOPHOM
MIPOCTPAHCTBE

B nanHom cnyuae cnoBy «/Baw» COOTBETCTBYET
och X, CIOBY «MODPSK» OCh Y, a CIIOBY «IIPHBET»
cooTBEeTCTBEHHO 0Ch Z. IlocKoibKy cioBa He
TIOBTOPSIFOTCSI M CPaBHUBAIOTCSI BCETO JIBA TEKCTA,
TO MOXHO WCIIOIb30BaTh  JIIOOOH  MeTof
B3BEILIMBA HU. Jnst mpocTOThl  MCTIOJb3YyeTCs
OyneBCKHII METO, MOTOMY BeKTOp a (TekcT Nel)
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mmeer koopauHatel (1; 1; 1), a Bekrop b
koopauHatel (1; 1; 0). [usx omnpeaeneHus
COBIIAJICHUA TEKCTOB HCIOJIB3YETCS] KOCHUHYCHas
Mepa CXOACTBa Mexay Bekropamu (1), KoTopas
MO3BOJISIET KOMIICHCHPOBAaTh BIWAHHE JUIMHBI
JOKyMeHTa (ecly JIMHA JOKYMEHTOB CHWIbHO
ornuyaercs). B maHHOM cimydae mepa cxomcTBa
Oynet paBna (.82.

(a,b)
all
B obmewm jxe ciryuae BEKTOpPHOE MPOCTPaHCTBO
MOXeT OBITh TIpeficTaBlIeHO Gopmynon (2), rae
dj - BEeKTOpHOE MNpeJICTaBICHHE j-TO JOKyMEHTa,
Wjj - Bec I-To TepMa B j-M JOKyMeHTe, N - ob1ee
KOJIMIECTBO  PAa3NMYHBIX TEPMOB BO  BCeX
JIOKyMeHTax Koywiekimu [1].

D)

CoOSa =

d i (le’sz""’an) (2)
B peanbHOM curyanuu nepea CpaBHEHUM, TEKCTHI
HYXHO 00paboTaTh: 3aMEHUTHh H3MCHCHHbBIC
MOXO0XKHE JIATUHCKUE W KHPWIMIECKHE CHUMBOJIBI,
UCTIOJIB30BATh [l CPABHE HUSL HE CJIOBA, & OC HOBBI
CJIOB, yOpaTh cily)keOHble CHMBOJNBI U T/. TIL

BBIBO/IbI

JIOCTOMHCTBOM ~BEKTOPHOI'O  TIPEJICTABIIC HUS
TEKCTOB IS CPAaBHCHUS M TOUCKA SIBJISACTCS €ro
NPOCTOTA M JOCTATOYHO XOpOIIasi TOYHOCTb.

OTOT METOA MOXHO HCIIOJB30BAaTh H IS
CpaBHEHMS TIPEJUJIOKCHUM, €ClIM Mepa CXOJACTBa
TEKCTOB NPEBBIIIACT OIpeseseHHylo Hopmy. C
Yero CJeyeT, YTO OH MOXET ObITh UCTIOJIb30BaH B
Ka4eCTBE Apa CUCTEMBI MOUCKA IUIaruaTa.
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BBEJIEHME

Ceifuac cymecTByeT MHOTO CHCTEM KOTOpbIE
paboTaroT ¢ TekctaMu. OueHb BaXKHBIM 3TalloOM
npu  paboTe ¢ TEKCTaMH  SIBJISIETCS  €TO
HOpMaJHM3alus, Beb OHA MO3BOJISIET YAYUIIUTh
Ka4eCTBO O0OpabOTKM W B KOHEYHOM HTOTE
BBIJIaTh O0Jiee TOUHBIN pe3ynbrar. Cam mporiece
HOpMaJM3allud MOXHO pa30UTh Ha MHOIO
gacTedl M B KaXKJIOM KOHKPETHOM CITydae MOTYT
ObITh cBOM oOcoOeHHOCTH. B manHO# pabdote
Oyayr paccMOTpEHBI OCHOBHBIE  JTaIbl
HOpMaJiM3anu JJis1 1OUCKa U CpaBHCHHUA
TEKCTOB.

OCHOBHAA YACTDH

Ilepen HavasioM CpaBHEHHUS TEKCTOB Haj
HUMH HY)KHO MPOBECTU OIPEICNCHHYIO paboTy.
CrepBa uMmeercss JOKYMEHT B ONPEACICHHOM
dopmare, KOTOpBHI HYKHO pazobpars. Kax
NpaBUJI0O  KaKIbl  ¢GopMaT HUMEET CBOIO
cnenuduky, HO mpu pazdope mobdoro ¢opmara
HY)KHO YyOpaTh OTJIaBJICHHE, TAaOIHIIBI, CIHCOK
JUTEPATypbl W TUTYAbHBIE CTPAaHUIIBI (OHU
coJiepKaT KOPOTKUE, KaK MPAaBUIIO CIY)KEOHBIE,
CTPOKH, KOTOPBIC TOJIBKO YBEIHMYMBAIOT 00BEM
TEKCTa W MEIAIT CpPaBHEHUIO), YyOpaTh
KapTUHKA W TIOMETUTh MHTEpHET anapeca. Jlms
HTML CTpaHUII MOYHO HACKITIOYNTH
KOJIOHTHUTYIIBI U OOKOBBIE KOJOHKH.

3areM HYXHO 3aMEHUTD BCE
BBICOKOXY/I0’KECTBEHHBIE FOHUKOJIOBCKHUE
CUMBOJIBI Ha IIPOCTbIE — KAaBBIYKU EIOYKOM,
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KaBbIUKH B BHJIE€ IIE€PEBEPHYTHIX 3allSTHIX,
JUIMHHBIE W TONYAJUHHBIE THpE, anocTpodsl,
TpoeTours. 3aMEHUTh J[Ba arnocTtpoda moapsia
Ha HOpMaJIbHbIE KaBBIUKU, a JBa TUpE — Ha
onHo. Bce mocnemoBarenbHOCTH MPOOETHHBIX
CHMBOJIOB 3aMEHUTb Ha OJWH OOBIYHBIHA
npoben. W Hamocnmegok — yOpath  Bce
VIOPaBISIOIME CHUMBOJBI, KpPOME OOBIYHOTO
nepeBojia CTpoku [3].

3aTeM HYKHO HaWTH KUPWIJIMYECKHE U
JATUHCKUE CUMBOJIbI MMOX0XKHE MO HAUCAHUIO,
Hanmpumep aHrmiickue OykBel “B”, “p”, “c”,
“e” M TH. B PYCCKHUX CJIOBaX U OYKBBI PYCCKOTO
andaBuTa B AHMIMACKUX CIOBaX. AJITOPUTM
TaKOTO TIOMCKa JIOBOJILHO MPOCTOM, XOTSA HE
CTONMPOLIEHTHBIM. 3aTO OH MO3BOJMSAET HE
UCIIONB30BaTh 0a3y JaHHBIX CO CIOBaMU
OTIPENIECTICHHOTO S3bIKa M YYUTHIBAET TO, UTO
TEKCT MOXKET COJEep’KaTh CJIOBa C Pa3HBIX
s3pikoB. CHavana J0DKHA OBITH co3fmaHa 0asza
JaHHBIX ~ C  COOTBETCTBUSIMHU MOXOXKHUX
KUPUJUTMYECKUX U JIATHHCKUX CUMBOJIOB. 3aTeM
BBITOJIHUTH CJICTYIOIAE IIIarH
1) IMosygaeTcsi UCXOAHOE CIIOBO
2) IIpoBepsieTcs, ecTh U B HEM OJHOBPEMEHHO
Y KAPUJITUYECKUE U JTATHHCKAE CUMBOJIBI, €CIIH
HET MOKHO TMEpEeXOJUTh K CIeIYIOLIEMY
CJIOBY.
3) 3ameHs0oTCS BCE JATHHCKUE CHMBOJIBI Ha
KUPHJUTMYECKUE, HUCHONIb3yd 0a3y MdaHHBIX C
COOTBETCTBUAMH. [[poHCXOIUT Tepexo]l K mary
nBa. Eciu mpoBepka He mpolnia, 3aMEeHSIOTCS
BCE KUPHUJUITMYECKHE CHMBOJIBI Ha JIATUHCKUE U
3aHOBO IIPOMCXO/UT MEPEXO K 1ary 2.
[lopsimok 3aMeHBI JIATUHCKUX CHUMBOJIOB Ha
KUPUJUTHYECKUE WIJIM HA00OpOT JIydIille MEHSTh,
B 3aBHCHUMOCTH OT TOro KaKHE€ TCKCTBhI 4YaIle
oOpabaThIBalOTCSA. ANTOpUTM He cpaOoTraeT Ha
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CJI0OBaXxX, KOTOPBIC IIOJTHOCTBIO COACPIKAT ITOXOXKHUEC
KUpUIIIIMYCCKUE W JIATUHCKUE CHUMBOJIBI, CCJIH
HCTIIOJIB3YETCA HE HOI[XOI[HHII/If?I TIOPsI/1OK 3aM€ HbI.
HaHpI/]]\/Iep HMEETCs CJIOBO «Bop», B KOTOpOM
CUMBOJI «P» - 3TO JaTHUHCKasd 6yKBa. Eciu ma
TPETHEM miare 6y,Z[YT 3aMCHC HbI BCC
KUpUIIIIMYCCKUE CHUMBOJIBI Ha JIATHHCKHE, TO
IMOJIy4UTCsA CJIOBO C TIIOJTHOCTBIO JIaT MHCKUM U

OykBaMu H TpoBepka Ha mare 2 JacT
MOJIOKUTENbHBIM  pe3ynbrar.  OOpabaThiBaTh
Takhe Ciay4al MOKHO TIO0 pa3HOMY, HEMHOTO

MOIU(DHIIMPOBAB AJTOPUTM.

Eme onHrM MexaHU3MOM, KOTOPBIN yiay4IIaeT
CpaBHHMBaHHE TEKCTOB, SIBIIETCS CTEMMUHI — 3TO
NPOIECC HAXOKACHMSI  OCHOBBI _ CJIOBA  JUIS
3aJJaHHOrO0 WCcXomHoro ciosa. OcHOBa CioOBa
He00s3aTebHO COBIAJNaeT € MOP(OIOrMIECKUM
KOpDHEM _cJoBa. 3ajgada HAaXOXIEHHI OCHOBBI
CJIOBa MPEJCTABIET co0O0i AaBHIOI MpoOIeMy B
00acTH KOMIBIOTEpHBIX Hayk. CTEMMHHI B
OCHOBHOM TPHUMEHSAETCSI B TMOUCKOBBIX CHUCTEMax
TUTS pacmupe Hust TIOVIC KOBOTO 3ampoca
NOJb30BATENs M SBISETCA YacThlo Ipoliecca
HOpPMaJIM3aI[M1 TEKCTa.

Hcnonp3oBaHMEe CTEMMHUHIa MOXKET YIydIIaTh
MIOWCK M CpaBHeHHE TEKCTOB. [Ipmmep mowmcka, B
KOTOPOM CTEMMHUHT naet pe3yibTaT:
MoJIb30BaTeNb UIeT 1o clioBy «fishy, HO Tarke
MOJIy4aeT pe3yJibTaThl B KOTOPBIX COICPKHUTCS
cimoBo “fishing” u waobGopor. B cpaBHeHUH
TEKCTOB IUIATMATOPbl 4YacTO MEHAIOT CJIOBa
MEeCTaMHM, a COOTBETCTBEHHO MEHAIOTCS MaJeKH U
OKOHUaHWs cioB. Ecim He WCHOIB30BATH
CTEeMMHFHI', CpaBHCHHE HE JacT MOJOKHTENbHBIX
pe3yJIbTaToB, BEIb TeXHUIECCKH (3713%)
CpaBHHMBAaThCSl JIBa pa3HbIX cjoBa. EcTe MHOro
QITOPUTMOB CTEMMHHTa, B TOM YHCJIE IS
YKPauHCKOT'O M PYCCKOrO SI3BIKOB [1].

Eme omHmM, He Majo BaXHBIM B IIpolecce
CpaBHEHMsSI TEKCTOB, 3TAIIOM sIBJIAETCS pa30ueHue
Ha TIpeJUIOKEHUsI, KOTOPhIH B 3apyOeKHOU
JUTepaType HOCUT HazBaHue “text segmentation”,
BeJlb KOHCYHOE CpaBHEHHE MPOWCXOAUT HUMEHHO
no mnpexnoxeHusM. Ilpu  pa3Obuenun  Ha
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MPEJIOKECHUSI, HY)KHO YYUTHIBATH, YTO B HHX
MOryT OBITh COKpallleHHBbIE cJioBa, BeO-aapeca,
[UTATHI, APOOHBIE YHCIA U TMH., TO €CTh MPOCTO
pa3OueHNe Ha TPEJIOKCHHUS MO TOYKaM, 3HAKaM
BOIIPOCA Y 3HAKAM BOCKJIUIAHUS HE JTaCT HYKHBIT
pe3yabTar. I pelmeHus 3TOW 3aJa4d MOXKHO
HCTIONIL30BaTh PETyJPHBIC BBIpAXKCHUA M 0asy
JAaHHBIX C COKpalleHWAMH, KoTopas Oyner
COJlepKaTh THIIOBBIE COKpAIeHUs M 4acTd BeO-
aJpecoB, HATIPUMEP «.COM», «CM.», «TBIC.» H TJI.
[Ipu mpaBUABHOM MNPOCKTHUPOBAHUH PET YIS PHBIX
BBIpa’ke HUi MOYKHO TOKPBITh MOYTH BCE CIIy4aw,
NpU YCJIOBHUH, YTO TEKCT O(OpPMIIEH KOPPEKTHO

2.
BBIBOJIbI

B nannoii pabore ObITN pacCMOTPEHBI CIIOC 00bI
¥ QJITOPUTMbI HOPMAaJIM3a 11K, KOTOpbIe B OOIIE i

CyMME 3HA4Y UTCJIb HO YJIIyqaarT Ka4uyCCTBO
CpaBHCHMA U IIOMCKAa TCKCTOB.
HpI/I HCII0JIb3 OBa HUH 9THUX mpoueccoB

00pabOTKM TEKCTa MOKHO CO3/1aBaTh Pa3JIvd HbIE
CHUCTEMBI i paboTBl C TEKCTOM OHJIA TH
CEPBUCHI, IECKTOI WJIU MOO HJIbHbIe TIPUIIOKE HUS,
HATpUMep CEepBUCHI Ul pa30MeHMs TeKCcTa Ha
OpeIOKeHUsI,  maparpadpl ~ WIA  JIpYrue
CTPYKTypHBIE  €OWHHIBI, TIOMCKa IUIaruara,
CpaBHEHMsSI TEKCTOB, MOWCKAa B TeKcTax. Takke
OHU MOTYT BBIBOJUTH CTaTUCTHKY OO0pabOTKH,
HATPUMEpP KOJIUYECTBO COBIAJICHHUH, KOJIUIECTBO
3aMeH, BeO agpeca, CeMaHTHMECKHI aHAIN3 | TII.
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Abstract. This thesis is devoted to solve the problem
of determining the content of the primary principle
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BCTVII

3arabHO  B)KMBAaHUMHU KaTerop sIMu
KOTHITOJIOT1l B JOCHI/PKEHHI IHTEJIEKTyaJbHUX
CUCTEM €: «HTENEKT», «JaH», «iHdopmarisi»,
(@IOHSATTSY, «3HAHHSI», «PO3YMIHHS», «CMHCIT»
Tomo. B TOll ke wac BINCYTHI OJHO3HAYHI
BU3HAYCHHS iX 3MICTIB, IO MPHU3BOJUTH IO
MPOTUPIY y 3aCTOCYBaHHI

OCHOBHUI BUKJIAJ] MATEPIAJTY

Y poboti [l] po3misgaroTbCs HACTYIHI
BU3HAUCHHS KaTEropid «IaH1», «iHQpopMaIii»,
(GHAHHSD:

«Jlani sBIAIOTH cOOOr0 HQopmariito, MO
pPO3IVISIAETBCSI B YHMCTO  CHHTaKCUYHOMY
acriekri, To0To. 0e3BimTHOCHO a0 i 3MiCTy i
BUKOPUCTaHHS, TOOTO. CEMaHTHUIIl 1 TeIeonorii
(3a3Buyail Ha Oyab-sikoMy HOCii a00 B KaHai

nepenayi). [Hdopmamis - ne  JaHi
MPOIHTEPIPETOBAH1 3 BUKOPUCTAHHSM
Te3aypyca, TOOTO OCMMCIEHI JaHi, IO

PO3IIISIIAIOTECS B €JHOCTI CHHTAKCHYHOTO 1
CEMaHTUYHOTO aCIeKTIB.»

Y pobGoti [2] 3micT Kareropii «3HaHHS»
PO3KPUBAETHCS HACTYITHUM YHHOM:

«TepMiH 3HaHHS, HANPHUKIAJI, BKUBAETHCS
MOHAWMEHIIlE B JBOX pBHUX ceHcax: 1)
1oH GOpMOBaHICT, PO CTaH cHpaB abo
BOJIOMIHHA (hakTaMu (HAIPUKIAJ, 3HAHHS TOTO,
0 XTOCh mepedyBae BaOMa abo IO Boja
CKJIAJIA€THCS 3 BOJHIO 1 KMCHIO) 1 2) BOJOJIHHS
MPAKTUIYHUMH HAaBUYKAMU. »

Y pobGori [3] mnpomuTOoBaHI HACTYIHI
BU3HAYCHHS KATETOPil «IHTEICKT»:

«Ha cporogHimmiii pgeHb IicHye 0e3miy
TpakTyBaHb JaHoro moHsATTA. Cepen HHX
MO>XHA BUJUTMTH BHU3HAYEHHS, CPOPMYITbOBAHE
I'. AzimoBuM: «IHTENEKT - 3arajgbHa 37aTHICTh
O TBHAHHSA 1 BHUpINIEHHS mpolOieM, sKa
00'emHye BCi MBHaABaJbHI 3M10HOCT1 HAUBINA:
BITYYTTS, CHPUHHATTS, TaM'siTh, YABIICHHSI,
MUCJICHHS, YSBY ....

CaigoMicTh omepye 0e31i4ui0  (QakTB 1
0e37Mu4I0  B3a€MO3B'S3KIB ~ MDK ~ pBHUMH
dakxramu, ki 30epiraroTbesi B maM'sati. Brazani
Oe3niui (hopMyroThCs B npotieci
KUTTEABUIBHOCT1 HIUBITyyMa Yepe3 T i3HAHHS
HaBKOJIUIIIHBOTO CBITY.)»

3 BHUKOHAHOTO OISy BH3HAYEHb 3MICTY
KaTeropii «HTENEKT» Ta MOB’SI3aHUX 3 HEI0
KaTeropii Ciimye BiICYTHICTh OJTHO3HAYHOTO iX
TIyMayeHHSI. [pu, IbOMY  OCHOBHOIO
po0IeMOoI0 € BCTAHOBJICHHS 3MICTY
O0OHO3HAYHO20 TIPUHITUITY BITHOIICHb ITOMDK
MU KaTerop SIMU. B PO3TIISH YTHX
BU3HAUCHHSX 3aCTOCOB YETHCS TTPUHIIHIT
NPUYUHHO-HACAIOKOBUX BITHOCHH.

Mera IOCITIKEHH S [IOJISATaE y
BCTaHOBJICHH1 TIEPBUHHOTO MPUHITAITY
BIIHOILICHb TTIOMDK KaTEropiiMu

VY pobori [4] HaMU BUKOHAHO JIOCIIHKEHHS
NPUHIUITY BITHOLIEHb MOMDK KaTETOpisIMH, SKI
OMHUCYIOTh  IHTENEKTyalbHYy  CHCTEMY  SIK
opraHBOBaHE IIie Ta il AUTBHICTE. J[oBeneHO,
MO TPUHIUN JIAJICKTUYHUX BiIHOIIEHb Y
dopMi «3aranabHe» / «0IMHUYHE» € TEPBUHHUM
Ggopmylouum  TPUHIOUIIOM, A  IPUHITUAI
MPUYUHHO-HACTIIKOBUX BITHOCHH €
peanizyiouum TPUHLOHUIIOM i 00 €IHAHHS
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YaCTHH IJIOr0 B JIAJIEKTUIHO OpraHi3oBaHe IIile,
a TaKoX JUIsl 00’ €HAHHSA 33724 K1 BUPINTYIOTHCS
YAaCTHHAMU IJIOr0 B JIIaJICKTMMHO OpraHi3oBaHy
LUTICHY ABUIBHICTD OIVHUII JISJIBHOCTIL

Crin TakoX 3BEpHYTH yBary Ha HACTYIIHE.
Y pobori [5] HAMU JOCTITKEHO MOIE]Ih 3HAHD
PO TPEIMETHY 00JacTh HA OCHOBI IieHT pajibHOI
3aKOHOM ipHOCT1 1HTErpaT UBHOT J111J1b HOCT1 MO3KY,
aKy  BcTaHoBUMB  akagemik  [I. K. AHoxiH.
[Tokazano, moO BcTaHOBIEHE B [5] mpaBmiIo
aJeKTUIHOCTI:

«... SBJIE COOOK METOMOJIOTIMHY OCHOBY IS
MOJAIbIIOr0  JOCHINXEHHS  3aKOHOM ipHOCTEH
Gdopmysanns yini OisabHOCmMI Ta HPUUHAMMS
piwennss Tpo il  JTOCATHEHHS HAa  OCHOBI
«IEHTPaJbHOT 3aKOHOMIPHOCTI IHTErpaTHBHOI
JUSITBHOCT1 MO3KY, & CaMeé Ha OCHOBI OJTHOYACHOT
KOHBEPre HIlii 30y17KE Hb <MOTHBaIil,
o0ctaHoBouHOi 1 myckoBoi adepenramii Ta
HaM'siTD> Ha OTHOMY 1 TOMY K HEHpOHD.

B [5] Takox:

«BCTaHOBIICHO, 1110 YOTUPU BUM ipH 3HAHb, AKi
po3rsiAaIucs I1. K. AHOXiHUM, a came
mMomueayis, obcmarnogouna i nyckoea
aghepenmayii ma nam'smi MOXyTb OYTH O IIEHI
Ha npoyecui Ta pecypcHi ¢ghakmopu, Ki B CBOIO
4yepry MOAUIAIOTECS Ha Tapu, B KOXKHIA 3 SIKHX,
KaTeropii  CHMIBBITHOCATHCS 32  MPUHIUTIOM
JIATEKTMMHOT €HOCTI KaTeropid «3arajibHe» Ta
«onumamaHe». Came TOMy X yChbOTO YOTHPH.)

3 HaBEIC HOTO TAKOX CJIIAy€ BHCHOBOK IPO TE,
IO K 111 AiaJIeKT MIHO OpTaHi30BaHOTO LLIOTO
(iHTEJIeKTyalbHOT CHUCTEMU) TakK 1 JUII MO3KY
Mmi3HAHHA ~ 3aKOHOMIpHOCTEH  #oro  6ymma
MOXJIMBE JIMIIE TIPU YMOBI JOCHIDKEHHS  HE
TUIBKH HOTO CTPYKTYpH Ta QYHKIII a W 1iic HOT
JATIEKTMMHO OpraHi30BaHO1 JisIbHOCTI ¥ (opMmi
BHUpIIICHHST BIITIOBITHUX 3a]ay.

BuHuKkae nuraHHA, SKHH 3MICT IUX 3a7a4d?

Jiis  BW3HAYeHHs X  3MICTy  HEOOXimHO
MoTepelHhO  BH3HAYHMTH  3MICT  KaTeropii
«iHTeNneKkT». be3 BW3HAYCHHA 3MICTy i€l

KaTeropii HEMOXJIMBO BECTH MOBY IPO 3MICT
IHTEeJIeKTYaJIbHOI JiJIbHOCTI 3a aHanoriero 3
(YHKITIOHAJILHOIO CHUCTEMOIO JIJISl JTOCJII JKE HHS
IBTBHOCTI MO3KY TpeACTaBHUMO Horo y ¢opmi
TAJIEKTUIHO OPraHi30BaHOTO IIIJIOT0, YaCTHHH
SIKOTO 3JIaTHI BUPIIIYBAaTH BINMOBIAHI 3ajadi.
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B [6, c. 44] Buc1OBJIeHO MPUITYUIEHH PO TE,
1I0:

«Eauanii  cmocid, SKWUM  JIOAMHA  MOXKE
Mi3HATH Led  MIHIUMBHEA  CBIT, 3HAWTHU
IHBapiaHTHY CTPYKTYpY IS 3MiHHOTO IIOTOKY
Hpopmarrii »

Binkpura II. K. AHOXiHUM «IicHTpajbHa
3aKOHOM IpHICTh iIHTETPaTUBHOI J111J1b HOCTI MO3KY,
a caMe Ha OCHOBI OJIIHOYACHOI KOHBEpreHIlii
30ymIKeHb <MOTHBalii, 00CTaHOBOYHOI 1 ITyCKOBOT
adepeHTalii Ta MAM'ATI> HA OAHOMY 1 TOMY X
HEWPOHI» 1 € IJ€I0 THBapiaHTHOKO CTPYKTYPOIO.

BUCHOBKU

TakuM YWUHOM, JUIS JOCHIIKEHUX KaTEropii
TNIC PBUHHUM € TIPUHIIMIT [ ia JICKT W4 HUX BITHOCHH Y
dbopMi «3aranmbHe» — «OAMHHMYHE». HasiBHICTH
pOr0 THUIY BITHOCHH MOPOMKYE IPUIHUHHO-
HACJTIZIKOBI BIMHOCHHM Yy (OpMi JeKapTOBOTO
JIOOYTKY KaTeropiil.
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Abstract. This article is about bragorectification
setting as a complex object of regulation, operating
under uncertainty.From the viewpoint of analysis and
synthesis automatic control BRS is complex machine of
consistent-parallel structure.lIt is proved that automatic
control systems analysis and synthesis BRS of alcohol
plants are multifunction objects. The analysis of
existing control algorithms, discussed the advantages
and disadvantages of these algorithms. Properties of
automated rectification device are showed through
interconnection of input options causes changes of
output parameters.
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BCTVYII
[lpn gocnimKeHHI YacoBUX pAAIB, IO
ONMHUCYIOTh  CKIaaHI  00'ekTH  Taki  fK

Oparopexru ikarfiiina ycranoBka (bPY), 3
METOI0 aBTOMATH3allil Tpolecy BUSBICHHS
moaii 1 craHB TakuxX OO0'€KTiB, CHUIHAJ
CIOTBOPIOETHCS BIUIMBOM HAaWPI3HOMAHITH 111K X
LIyMIB.

JIo TakMX CUTHAIIIB MOXXJIMBE 3aCTOCYBAaHHS
TEXHOIOTIT Data Mining.locimkeHHs
curHaiie metogom Data Mining mpoBoauThcs B
KUTbKa eTaIliB.

OgHMM 3 TakMX eTaniB € 3aCTOCYBHHS
BEHBIICT-TIEPETBOPEHHS, 10 J]a€ YABJICHHS IPO
CUTHAJ Y YaCTOTHO-4aCOBIA 00JacTi.

OCHOBHI ITOHATTS ITPO BEMEBJIET

BrpoBamkeHHss B MexaHBMH  OOpOOKH
JaHUX METOJIIB  BeHBIIeT-aHANBY, HAOYHO
[oKa3ye IXHA 3ATHICTh KOMILJIICKCHO
MIXOMAUTH JI0 pIilleHHS 3aBIaHb OOpOOKH
H(popMalrtii.

Beiiietrn — 1me  y3arajJbHeHa  HasBa

ciMeiicTBa MaTeMaTM4YHUX (QYHKIIA [EeBHOT
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dopMu, SIKi € JIOKATBHUMHU B 4aci Ta 4acTOTi, Ta
B SKUX BCl CKIagoB1 (PyHKIil OTPUMYIOTECS 3
onHiei 6a30BOi1 (0aTHKIBCHKOT) 3a JOMOMOTOIO
3CYBIB Ta po3TsryBaHb mo ocivacy. L1 gpyrxiii
MOKYTh OYTH CUMETPUYHUMH, ACHMETPUUYHUMHU
1 HECUMETPHUYHUMHU. PO3pBHAIOTH BEUBIIETH 3
KOMIIAKTHOKO OOJIACTI0O BU3HAUEHHS 1 IO HE
MaroTh  Takui. Jleski  ¢QyHKUil  MaroTh
aQHAJIITUYHE BUPAXKEHHS, IHII IIBU KU
QITOPUTM OOYMCIICHHS TIOB'SI3aHOTO 3 HUMH
BEUBIIET-TIEPETBOPEHHS. SIK IpaBUiIO, BEUBIICT-
neperBopeHHs (WT) moauisiioTh Ha IUCKPETHE
(DWT) 1 6e3nepepsue (CWT). BeiiBner-anani
€ OCOOJIMBHM THUIIOM JIiHIHHOTO MEPETBOPEHHS
CUTHANIB Ta (IBUYHUX JaHUX 310paHUX 3
MEPBUHHUX TepeTBOPIOBAYIB JIUTSTH KA
Oparopexru ikar il CIIUPTOBOTO 3aBOJIY.
VHIKaIBH]1 BJIACTUBOCTI BEUBIIETIB T03BOJISIOTH
CKOHCTPYIOBATHU 0a3uc, B SIKOMY MIPEACTABICHHS
ITaHUX 31HCHEHO BCBLOIO IEKUIbKOMa
HEHYJIbOBUMU KoediieHTamu. LI BIacTuBICTh
pOOUTH BEHBIIETH AyXKEe NPUBAOTUBUMHU IS
YIIaKOBKH MAaCHBIB JaHUX.

BUKOPUCTAHHS BEMBJIET B OBPOBLII
JAHUX bPY

BeiiBnetu MaloTh BUTJIS KOPOTKHX
XBWJIBOBUX [aKETIB 3 HYIBOBUM CEPEIHIM
3HAYEHHSIM, JIOKaJIBOBAaHUX IO OCi apryMeHTIB
(He3aneXHUX 3MIHHMX), IHBaplaHTHUX JI0 3CYBY
1 JHIMHEX [0 omepamii MacmTaOyBaHHS
(ctucHenHs / po3rsaryBaHHs). [lo nokanizaiii B
YacOBOMY 1 4YacTOTHOMY TIPEICTaBJICHHI
BEHBJICTH 3aiiMalOTh MPOMDKHE MOJOKEHHS M DK
rapMOH IMTHUMH  (YHKIIIMH, JIOKaJi30BAaHUMHU
1o 4actoTi, 1 ¢pyHkiieto Jlipaka, JIOKaI30BaHOT
B 4aci.
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Teopis BeiiBieTB He € (PyHIAMEHTAIHHOIO
GIBUYHOI0 TEOpicro, ajie BOHA JAa€ 3pYYHUU 1
epEeKTUBHUM IHCTPYMEHT U1 BUPILICHHS
0araTb0X TMpakTHYHUX 3aBHaHb. (OCHOBHa
o0nacThb 3aCTOCYBAHHS BECUBJICTHOTO
MEepEeTBOPEHS - aHaIB 1 O0poOKa CHUTHAIIB 1
byHKI1, HecTalioHapHUX B dYaci abo
HEOJHOPITHUX B TPOCTOPI, KOJH PE3ylbTaTH
aHaJi3y MOBWHHI MICTUTH HE TUIBKH YacCTOTHY
XapaKTepUCTUKY CHUTHaNy (po3moain eHeprii
CHUTHAIy 10 YacTOTHHUX CKIQJOBUX), a H
BIIOMOCT1 TIPO JIOKAJIbH1 KOOpJIMHATAX, Ha SKUX
BUSIBJIIIOTH ce0€ Ti UM HII TPYNU YaCTOTHUX
CKJIQJIOBHX 200 Ha SKUX BIIOYBAIOTHCS IMBHUIKI
3MIHM YaCTOTHUX CKIAJOBUX CHUTHaNy. TepMiH
BEUBJICT-TIEPETBOPEHHS TOEAHYE JBA BUIHU
IIEpETBOPEHD npsiMe 1 3BOPOTHE, SKi,
BIOIIOBIIHO, MepeBOATh JOCHIKYBaHy
(I)yHKuiIO f(X) y HaOip BeiiBaeT-KOCDIIIEHTIB

W, (a,b) f

OesmepepBHE 1 AMCKPETHE TIEPETBOPEHHS, B

OCHOBHOMY BHUKOPHUCTOBYIOTh Oe3lepepBHUI

BapiaHT
besnepepsHe

1 3BOpOTHO.  PO3pi3HAIOTH

BEUBIICT-IIEPETBOPEHHS
OynyeTbCsl 3a  JIOMIOMOTOI  Oe3lepepBHUX
MacIITaOHUX  NEpeTBOPEeHb 1  IEepeHociB
Beiiaera Y(t) 3 OOBUIBHUMH 3HAYCHHSIMH
MacurabHoro koeilieHTa a i mapaMerpa 3cyBy
b[OM I

W (a,b) =[a] " j f )y (—)dt, &

k

€  CHUMBOI [O3HAYa€e  OIepawito
KOMIIJIEKCHOTO CIIOJIy4EHHSI.
BeiiBiier-nieperBopenHss  oOepHeHe IS
Qymatii f 3 L2(R)
£t = | [We.by (J) dadb )
0 -0

Taxum YmHOM, Oy/Ib-sKa (1)yHKI_Ii5[ 3

L2(R) MOKe Oyru npeacTaBieHa
CYNEpIO3UIIEI0 MacIITaOHUX NEpPeTBOPEHb 1
3pyLIeHb 0asucHOro BeiiBieTa 3

Koe(iliecHTaMH, MO 3aleXaTh BiJ MacuIrady
(wacToTH) 1 mMapameTpa 3CcyBy (4dacy).
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PesynbraTom IOCIIIDKEHH S E
oJiepaHHs TpadikiB,Ta CHEKTPOrpaM CUTHAITY
3MIHM ~ TEMIIEpaTypd KOHTPOJBHOT TapiIKu
pekTH pikarl iiiHOT KOJIOHH, Ta 3MIHH TUCKY HU3Y
KOJIOHHM, IO Ma€ HaiOUILIMHI BIUIMB Ha SKICTH
CIIUPTY 5K KIHIIEBOTO TPOIYKTY BUPOOHHIITBA
(puc. 1).

Buxopucraemo BeiiBier layca s
buIbTpaIii 4aCOBUX PSAIB IIUX KOOPJIUHAT.

ey
Wy

Y

Pucynok — 1 Pesynptatn 06poxu BeiiBnetom ["ayca

BHUCHOBKU

OueBUIHO, 10 BUKOPUCTAHHS BEHUBJIET-
CIEKTPY MOXKE€ ICTOTHO CIPOCTUTH MOIIYK MIKIiB
y BXIZHUX JaHuX. [ligBUINIEHHS HAOYHOCTI
MOKe OYTH JOCATHYTE NUIIXOM OO YIOBH JIiH it
piBHS BeiBIeT-criekTpy. MaTeMaTH4HO IIe
O3Hayae, IO MPU MEBHOMY PIBH1 3 CHIOETHCS
MEPETUH TOBEPXHI B TPUBUMIPHOMY IPOCTOPI,
IO SIBJISIE BEHBIIET-TIEPETBOPECHHS, TIOMIMHOIO.
3acTocyBaHHs BJIACTUBOCTEMN BEHBJICTIB
butbTpanii BXIIHOTO CHUTHAIY JaJi0 3MOTY
YCYHYTH TIEPEIIKOJAM B YAacOBHX psAAax Ta
IPOBECTH SIKICHUM 1 IOCTaTHHO TOYHUMN aHaNB
TEXHOJIOTIYHOTO KOMILIIEKCY.
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Abstract. The method of optimization of the input
mathematical description of the information-extreme
classifier objects of interest for air reconnaissance is
considered.
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Point  Descriptor, Bag-of-Features, Information
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BCTVII

EdekTuBHICTE MOHITOPHUHTY TMOBITPSHOTO Ta
HA3eMHOTO OTOYEHHS 32 JOIOMOIOK Oe3MiloT-
HOr'O JITaJbHOrO arapary 3HAYHOIO MIpOIo
BU3HAYAETHCA 1H(OPMALIHHOIO CIIPOMOXKHICTIO
OOpTOBOT ONTHUKO-EJIEKTPOHHOI CHCTEMH iIEHTHU-
¢ikarii 00’eKTiB iHTEpecy.

I[Ipu po3pobIi OGOPTOBUX CHCTEM Bineo-
CIIOCTEpeXEeHH HAOyJIM IIHPOKOr0 BHUKOPHC-
TaHHA JIOKaJbHI 1 TI00adbHI JECKPUNTOPHU
(¢parMeHTiB 300pakeHHs, OCKIJIbKM BOHHU 3a0e3-
MEeYyIOTh 1HBAPIAHTHICTH JIO 3MiHH MaciTaly,
ocBiTIeHOCT1 Ta adinHMX meperBopeHs [1]. Ilpu
IIhOMY TIepeBaXKHa O UThITICTH Tpallh, OB’ A3a-HUX
3 imeHrudikaiiero 00’€KTiB Ha MICIEBOCTI,
MPUCBSYCHI JOCHKEHHIO 1 PO3po0Ili HOBUX
AMTOPUTM B KpaTHOMAacITabHO1 ¢impTpamii 300-
paXXeHp Ta OOYHMCICHHSI JIOKAJbHUX JECKPHII-
TopiB okpemMux @parmenris. [luranns BuOOpy
CTPYKTYpH 1 PO3MIpPHOCTI IJ00albHUX JECKpHII-
TOpiB 00’ €KTB Ha 300pa)keHHI BCe IIE 3auIIa-
€Tbcst MajonocaimkeHuM. OJHHM 3 TepCIeK-
THBHHMX IIJSIXiB OOTpYHTYBaHHS BHOOpPY Tapa-
MeTpiB (OpMYBaHHA BXIiTHOr0O MaTeMaTH4HOTO
onmucy CuUCTeMHU ineHTudikalii o00’€KTiB Ha
300paXCHHI € BUKOPHWCTAaHHSI iIe¥ 1 METOMiB
iH(popMaIliifHO-eKCTpeMalbHOT  1HTEJICKT yalb HO1
texHotsorii (IEI-rexHomorii), mo rpyHTyeThCsl Ha
MakcuMBBamii B Tporeci HaB4YaHHA  iH(DOp-
MaIliHOT CIPOMOXKHOCT1 CHUCTEMH [2].

B pobori B pamkax I[EI-texnomorii posrusa-
JIA€THCS METOJ CHHTE3y Kiacugikatopa 00’ €K-TiB
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HA MICIEBOCTI 3 ONTHMalbHOKO B iH(OpMa-
HIHHOMY  CceHCi  PO3MIPHICTIO  T100anbHOrO
JIECKPHIITOpa, WIO0 OIUCY€E BEKTOPHU-peanizamii

KJIaciB HABYAILHOI MAaTpHIIL
OCHOBHA YACTHUHA

Hexait nano angasir { Xr?] Im=1,M } knacis
pO3MMi3HABaHHA, SKi XapaKTepm3yIOThb 00 €KTH
iHTepecy Ha MicueBocTi Sk peanizamii KOXHOrO
KIacy pO3Mi3HABAHHA PpO3IIAAAIOTHCSA BIIOPA[-
KOBa Hi JICCKPHITT OpHi BEKTOpH O3HaK

M Im=L,M;j=1ny; i=LN}, ne M -

MOTYKHICTHh andaBiTy KiIaciB po3mi3BHaBAHHA, Nm

— KUIBKICTH peanizamliii  Kjacy Xr?w ;N -
KUTbKICTh O3HAK PO3MI3HABAHHS, IO OIUC YIOTh-CS
JECKpHUIITOopaM¥u  BikHAa  Tomyky. Bimomuit
CTPYKTYpPOBaHHII BEKTOp MapameTpiB:

g=<N,6,dpn >, (1)

ne 0j — mapamerp, SKHil BU3HAYAE MIBIIUPUHY

CUMETPUYHOTO TOJI1 KOHTPOJIbHHX JOIyCKIB Ha
3HAYeHHs | -i O3HAKM PO3MBHABAHHI BiIHOCHO
yCEepEeHE HOTO 3HAYEHHIO | -1 03HAKKM B 0a30BOMY
knacy X, €{X’}, sxuit xapaxrepusye 06’ext
Haiibinbworo inrepecy; d,, — KomoBuil paniyc
O UHUY HUU

rinepc pepuaHOro (BMHUCAHOIO B

rineprapanenenines]) KOHTEHHepa Kiacy Xr?] ,

SKWH BITHOBJIIOETHCA B pajiaJbHOMY Oa3zwuci
OiHApHOTO TPOCTOPY XEMMiHra.
Bimomi oOMexeHHs Ha TapaMeTpu (QyHKIIO-

nyBaubt § : 6 €[0;0maxi] » e Omaxii
MakCUManbHa  IDMPUHA  TIONS  KOHTPOJIbHUX
nonyckiB; dp<d(Xpm @ Xe) , ne d(Xy @ Xc)

KOJIOBa BIACTaHb MDK €TAJOHHUMH BEKTOpaMu
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KJ1acy X,CT’] Ta HAWOJIMKYOro A0 HHOTrO KJacy
X2.

[Iporec MamMHHOTO HABYAHHA TMOJATAE B
opraHBaIll MOCIIMOBHUX ITepallifHUX TPOLE-AYP
onruMBalii mapamerpiB HaBuaHHI (1) 3 MeTorO
3a0e3MeueHHs MaKCUMyMYy ycepelHe-HOro 3a
angasirom KJaciB poO3Mi3HAaBaHHA
iHpopMamiifHOTO  KpuTepito  (QyHKIIOHATHHOT
edexruBrocTi (KOE) [2]

M
— > maxE
M o

iHpopmaniiinuii K®PE nHaBuaHHA

E =

m s (2)
ne Ep -
CHUCTEMH KepyBaHHS pO3IMi3HABATH peajizalil

kiacy X& ; {k} — BropsakoBama MHOXHHA
KpOKiB HaBUaHHA (BITHOBJCHHS KOHTEWHEPIB
KJIaciB pO3I3HABAHH).

OCHOBHUM eTanoM OOpOOKM BXIMHUX JAHUX €
MOTIIYK Ha 300pa’ke HHi 3a JIOTIOM OTOI0 OTlepaTopa
I'ecce xmodoBux (hparMeHTiB 1 0OUMCICHHST AJISA
KO)KHOT0 3 HUX JiokalbHUX fneckpuntopie SURF,

mo BigoOpakaioTh  GiAyK-Tyamii T'pagieHTy
HaBKOJIO IHEHTPAJIbHOT ~ TOYKHM  KOXKHOIO
¢parmenry [1]. CnoBHHK O03HaK 00 €KTIB

iHTepecy popMye€eThCs 3a pe3yibTa-TaMU KlacTep-
aHaji3y JOKaJIbHUX JI€CKPUNTO-PiB, B pe3yJbTaTi
SKOTO CXOXi (hparMeHTH 00’ €THYIOTHCS B OJHY

rpymy,  AKy NpEeJICTaBIISAE ycepe He HUi
JIECKPHUIITOP.
Sk amropurM  KJacTep-aHaJiBY — MOXKHA

BUKOPHUCTATU OJMH 3 HAaHNPOCTIMINX, HATPUKIIAJ
amropurm  K-cepea-uix [1]. Ilpu 1mpomy BHOIp
ONTHUMaJIbHOI B 1HpOpPMALIHOMY CEHC1 KUIbKOCT1
*
k

CJIOBHHUK

KJIacTepiB

b opM yIOTh

CKCTpEMAJIb HOT'O

KIIOYOBUX  (parMeHTiB, 10

03HaK  iH(opmatiiiHo-

K'=N",
3alpONOHOBAHO 3/1M-CHIOBATH 3a PE3yJbTaTaMH
repaIiiHoi po-TieAYpH MAaKC MM 13a Iii
yCcepe1He HOTO 3a anda-pirom KJaciB
inpopmaniitnoro K®E (2) B nonyctumiii obnacTi
BU3HAYECHHSI MOTO (PyHKIIiT

kinacudikaTopa
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N = arg max< max E .
{N} | Gs
3 MerToro 3a0e3neueHHs IHBApIAHTHOCTI IO
MacmTady mIodalbHUX JECKPUIITOPIB M OXKHA
BUKOPHUCTOBYBAaTH KpaTHOMacIuTaOHe IOIaHHI
300pa’keHHs, IO 1HKOJIW HA3WBAIOTHL ITipaM i oro
300paxenp [1]. ITipamiga 300pa’keHb MPEaCTaB-
Jsie 0000 TOCTITOBHICTH 300 paskeHb, /e KOXK-He
HACTYIIHC 300pa)keHHI OTpUMaHe 3 TMOIepe/-
HBOTr0 HUIIXOM (UIBTpallii i MPOPIMKEHHS B ABa
pasu.
Ha puc. 1 mokazaHo NpHUKIaAX HaBYaJbHHUX
300paxKeHb.

(3)

Pucynoxk 1 — [pukiaju HaBYaIbHUX 300PaXKEHb:
a — 00’exT iHTepecy; 6 — MICIEBICTh

BHUCHOBKHU

TakuM, YHUHOM airOpUTM MAIIMHHOTO HAB-
YaHHI CcHUCTeMH igeHTU(iKaIii o00’€KkTiB Ha
MICIIEBOCTI 3 BM3HAYEHHAM ONTHMaJLHOI B
iHpOpMAIIHHOMY CEHC1 PO3MIPHOCTI TJI00aNh-
HOT'O JECKpHITOpa 00 €KTIB IHTEpeCy IOJsrae B
irepamiiiHiii mpouenypi HaOMMKEHHS TJ100ab-
Horo Makcumymy iHdopmaniiHoro K®E (2) no
WOr0 TPaHNYHOTO 3HAYCHHI.
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The Method for Detection of the Reference Signal

Victor Avramenko, Anton Konoplianchenko, Ruslana Ponomarenko
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Abstarct. The article describes a method for
detection of the reference signal, with presence of the
periodic additive noise. The characteristics of noise are
unknown. The problem is reduced to finding the
occurrence of a proportional relationship between some
intermediate signals after a time interval equal to the
period of the noise. The appearance of proportional
relationship detected with using the function of
disproportionality by the first order derivative.

Keywords. Periodic Additive Noise, Reference
Signal, Function of Disproportionality, Proportional
Relationship.

BBEJAEHUE
Pacrio3HaBaHne mOJIE3HOTO CHUTHanNa IpU
HaJU4Md  NIOMEXM  IIPpU  MHUHUMAJbHBIX

CBEICHUAX O €€ XapaKIepUCTHUKAX SBJSAETCH
aKTyaJbHOU 3a/Ja4uei.

B nanHoit pabGotre paccmarpuBaercs
ciyJai, Koraa HMeeTCs aJIUTUBHAS
IEpUOJNYECKas TIOMeXa C HEHU3BECTHBIMHU
CHEKTpaJbHBIMU  XapakrepucTHKaMu. JlaHo

byHKIU N f j (t) )

j=1n ONKCBHIBAIONMX  MEPUOANYCCKHE
3TAJIOHHBIE CUTHAJIBL.
AHanuzupyercs CUTHal

y(t) =k f; (1) + k, (t)n(t),

e f, ()
MHOXKECTBA , KOTOPBIil HY)KHO PacliO3HATb;

k,, K, (t)- Heu3BecTHBIC KOIPUITHEHTHI.

k, (t) coboit
KBa3MCTAI[MOHAPHBIH CITydallHbIN IpoLiecc.

n(t) - nepuoauueckas moMexa.

KOHCYHOC MHO>XECTBO

3

1)

CHUTHa]lI M3 3aJaHHOIO

MPEJICTABIISAET

[lepron momexu He COBIAAACT C MEPUOTAMU
3TAJIOHHBIX CUTHAJIOB.

TpeOyercst Mo MTHOBEHHBIM 3HaueHHsM Y(t)
u Y'(t) pacrosnare kakoil U3 OTATOHHBIX
CHTHAJIOB BXOJIUT B aHAIM3UPYEMbIi CHTHAJ.
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[lpennaraercas mo  ouepenu ot (i)
OTHUMATh STATOHHBINA CUTHAI:

y, (1) = y(t) —cf (1) =

= Kf, (t) — cf, (1) + K, (On() @

Ecmu pacnosnaercst curnan f,(t), xoropsrii

BX0ZUT B Y(t), T0 Y, (t) umeer BUI:
Y. (t)= (k1 - C)fi (t)+ k2 (Hn(t) ]

mipn € =Ky y, () =k, O7(0).

os1 Kk,

JIOCTaTOYHO OBLIO ObI T0OOUTHCS paBEHCTBA
Yi(t) =y, (t+T,), urober penmts 3amaqy ¢

Ecnu ObII  IOCTOSH HBIM, TO

Yy4eToM Toro, uro no ycnouwo 7(t) =n(t+T,).

To €CTh, JIOCTaTOYHO OBLIIO OBl
3a(KCHPOBATh TIOSBICHUE MEPHOIHIECKOTO
npouecca ¢ nepuogom T, .

Onnako B 00IIeM ciydae BCIEICTBHE
usmenenns K, wmexny y,(t) u y,(t+T,) npu

c=k, BO3HUKAET IPONOPLMOHAIBHAS
3aBUCHUMOCTDB:
Y, (t) = Kyl (t + Tn) 3)

Takum o0Opa3oM, TNPU3HAKOM TOTO, YTO
umenHo f,(t) Bxogut B y(t) u Toro, uto € =K
SBJSIETCS  TOSBJIEHHE  MPOIOPIHOHAIBHON
3apucumoctu (3). I[lpum sTOoM KO3 pdunHEHT
POMOPIIMOHATBHOCTH K HEn3BeCTeH.

B »THX ycrmoBHsX ISt OOHapyKEHHS

IPONOPIMOHANBHON  cBs3  Mexay VY, (t) u
Y.(t+T,) IpeuIaraeTcst UCIIOJIB30BATh
byHKUHIO HETPOIOPLIHOHAIBHOCTH no

Mpou3BOAHOMU 1-T0 mopsinka [1]:
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2, () =@d,,y, (t+T,) =
Y. (1) y1(0)
B ciyuae, korna mexay Y, () u y, (t+ T)

MOSIBJIIETCS TIPOTIOPIIMOHA b HASI 3aBUC UM OCTh (3),
a  TaKke, KOrga  CKOpPOCTh  M3MEHEHHS

kosppuumenra K, (t) un kz(t+Tn) Onmska K

(4)

Hymo. [TockoJIbKYy TO YCJIOBHIO 3a1adyu kz(t)-
KBa3WCTAIlMOHA PHBI CJIyJaiHbI A npotiecc,
MOXXHO CYHUTATh, YTO 3a BpeMs pELICHHS 3aJaqH
K, .
koddpunmerra KB (3)), noctosiHHOE.
CrieoBaTenpHO

2, (=l 1) IO
o y.(t) y,(t)
Takum

obpa3zoMm, mepeOupas dTaJOHHbBIE
CHrHAJBI U WMewsIs koddduumenr ¢ B (2),
HE00XOIMMO JOOWBATHCS BBITIOJHEHUS YCIOBHSA
(5).

OTO yclloBHE MMO3BOJIAET YAOCTOBEPUTHCS, YTO
fi ('[) Bxoaur B Y(t) ¢ xosddummenrom C = kl
MpH HEM.

B obmem cimydae Uil HEKOTOPBIX 3HA4eHUI

t=t* nomexa ncuesaer N(t*) =0 un N'(t*) =0.
Jns oOHapykeHus: 3Toro ¢axra HeoOXOauMO

O HOBPEME HHO m3 BBIY MICJIE HUEM
HEeTMTPOTIOPIMOHATHEHOCTH (4) HYKHO BBIYHCISITD

3HAUCHHE KO3 duIueHTa (a 3HAaumr W

Ky'l(t+Tn):0(5)

nenporopumonamsrocts Y(t) mo T (t):

Z (t) @d(l) (t) y(t) y’(t)
f,(1)

(6)

!

f. (1) f (t)
Ecmu f () sxomur B y(t), To mpu t=t*

HETIPOTIOPIIMOHATIFHOCTE (6) paBHsAETCS Hylo. B

3TOM CJIyda€ MOXKHO BBIYHCIUTH KO3(duiueHr

k,:
f(t*)

OnHako

n'(t) =0

1

B caysae, ecin N(t) =0 no
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K 2N k.n'(®)
f, (1

Ecnn ny1 (t) mveer Bux (7), T0 ycnosue (5)

Z, (t)= )

HE BEBIIOJHIETCSI. OTO HE JacT BO3MOXHOCTH
BBIYHMCJIUTH kl:

Paccmorpum Gonee oOmuii ciaydail, korja
M3BECTHO JIMIIb TO, YTO TIIOMEXa TJajgkas M

nepuouiecKkasi, Ho e€ nepuon Tn HEU3BECTHBIIL

TyT BO3MOXKEH BapuaHT, KOrja TMepUOA T.

CTAJIOHHOI'O CHIrHaJjia fi (t) u Tn' OJHMHAKOBBIC.

IMosromy memponopunonasaocts Y(t+T.)
no ¢ynkimu Y(t) paBHa Hymo (8).

Z,0=@dVy(t+T;)=0
y(t)
Otor ciaydyail He 1aéT  BO3MOXKHOCTH
UCTIONB30BaTh METOJM, KOTOPBIA TpeiiaraeTcs.
Ecnmu mepuox moMexum HEM3BECTEH, TO I
pelIeHusl 3ajauyd HeoOXOAMMO MOAOUpaTh He
TONBKO KO3 dUIMEHT ¢ B (2) HO Takke U MEPHOJ

(8)

IIOMEXHU Trl IIOKa HC 6y21€T BBIIIOJTHEHO YCJIOBUC

).

B k

k2 MOI'yT W3MCHATBLCA CKa‘IK006p33HO. B stom

obmem ciydae KO3 UIIUEHTBI u

1

ciaydae Oyznet HaOIIOIaThCs IIe PEXOJHOM mporece
z,., (t) 4), xorma ycnosue (5) me 6ymer
BBITIOJIEATHCS. [IpU3HaKOM ero oxkoH4aHUs Oynmer

PaBeHCTBO Hymo Z, (t) 4).

BBIBO/IbI
PaGorocmocoOHOCTh TpeaIaraeMoro MeToja
NpoBepeHa C  IMOMOMIBI0  KOMIBIOTEPHOTO
MOJeUpoBaHusA. TakuMm o0pa3oM pemaercs

3ajlaya pacTio3HABAHUSA ATAJIOHHOTO CUTHANA TIPH
aJIIUTMBHON MOMEXE, O KOTOPOU W3BECTHO JIMUIb
TO, YTO OHA MEPUOAMYECKas. ITOT CIydal OueHb
4acTo CIy4aeTcs Ha MpaKTHKe.
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Abstract. The aim of the study is opportunity to
develop digital systems what based on table tools. The
article describes a tabular language THDL and its
features.
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BCTVII

B wac, xonmu Ha BHUPOOHHUIITBI BCE IMPIIE
BUKOPHCTOBYIOTbCS ~ MPOrpaMOBaHi  JIOTTUH1
mrerpanpHi cxemu (IUIIC), B sxmx norika
poOOTH HE BU3HAYAETHCS NPU BUTOTOBJICHHI, a
3371a€ThCS 32 JOMOMOTOI0  IPOTPaMyBaHHS,

IIOCTa€  MHUTAHHS  CIPOILIEHHS  IIpOLeEecy
MPOEKTYBaHHS U(PPOBUX IPUCTPOIB.
Bxe ICHYIOTB CepeloBHUILA JUIS

MPOEKTYBaHHS MU(PPOBUX MPHUCTPOIB HA OCHOBI
IUTIC (ISE, Quartus), siki MOKHa pO3MOAUTHTH
Ha TekcToBi Ta rpadiudi J[o TEKCTOBUX MOKHA
BilHecTH MoBHM onucy amapatypu VHDL,
Verilog ta iH., a mo rpadiuHuX - 3acoOm
CTpyKTypHOTO omnucy (y BUIJISAAI OIOKOBUX
JiarpaM) 1 TOBEIIHKOBOTo omucy (y BUIIIAII
JiarpaM CTaHiB).

Slx mpuriag, TNpuU CTBOPEHHI HOBOTO
KOMIOHeHTa y cepemoBuim ISE, omuc
HTeppelcHOl YacTUHU MOMJIMBUH IUISIXOM
3alI0BHEHHS TaOJMIIl BXOJIB-BUXOJIB, a B
TekcToBii MoBi AHDL icHye Tabnuuna
koHcTpykiis TABLE, sika no3Bonsie omucatw
JIOTIYH1 3aJIeKHOCTL

VYHBepcaTbHUX TaOJIMYHUX MOB, sKi ©
JO3BOJIM OMMCYBAaTH ULMQPPOBI MPUCTPOi, HA
JTAHU MOMEHT HE ICHYE.

MeTtor0 € CTBOpEHHsI TaOIUYHO-TpadHUX

3aCO0B OMHUCY, W0 TMOEAHYIOTH B  €00i
HAO0YHICTh ICHYIOUH X rpadiaHuX 1
YVHIBEPCATbHICTh  TEKCTOBHX  MOB, 1o

JIO3BOJIUTH CIIPOCTHTH IIPOIEC PO3POOKH Ta
HIIBUIIMTH SKICTh MPOTPAMHOTO 3a0€3MeueHHS.

OIMC MOBH TA CEPEJJOBHUIIIA
IMPOEKTYBAHHA THDL

THDL — moBa omucy uM(pPOBUX CHCTEM
(hardware description language), koHCTpyKITis
SIKOT Ma€ He CKJIaJHUI TaOIMYHUI BUTIIS.

Ha puc.l 300pakeHO 30BHINHIA BUIJIAL
cepenoBuia mnpoekryBanHs THDL 1 iioro
OCHOBHI BiKHA, fKI JO3BOJISIIOTH BIICTEKHUTH
iEpapXilo yChbOTO MPOEKTY, 3aMUCATH B TAOIHITIO
ONMHMC KOMIIOHEHTAa Ta AaKTUBYBATH MeEpeKiIaj
TaOJIMYHOTO KOy y TeKCTOBHH.

7 EditorTHDL [ X |

®aiin  Bug [Mpoekr Tabnnusl MMomous
=) ) hﬂl L [ ﬂ

HasuraTop npoexta & X -

f 8 &8 & | B B

Hassanue komnoxe COMPONENT

4 Projectl

Le register register

1 || BINARY SIGNALS

TYPE | NAME |[MSB | LSB || ELEMENTS (| VALUE

CLOCK || ck

m

Mp... & X &=

Hasganue npouecca [ out [ 0

MpoBepka cuHTaKCK... REG
Mepesog

2 || CONDITION | ACTTON

CE=1 Q=D

register

Pucynox | — 30BHIMHINA BUIIAI cepeIy NPOECKTYBaHHS
THDL
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Crpykrypa mnporpamu ©Ha MoBi THDL
CKJIQJIA€THCS 3 TAKUX OCHOBHUX PO3/IUTIB:
- Posain onucy iHTepdeiicy Ta cUrHamiB;

- Posnin omucy noriku.

v po3auti (0117(9% JIOTIKH
BUKOPUCTOBYEThCSL J1BI KoHcTpykuii Ilepma
KOHCTPYKIis - Tabmums ictmHHOCTI INnput-

Output Tab (IOT), sika Bu3Hauae, AKi 3HAYECHHS
NOBMHHI OyTM TIPUCBOEHI CHUTHajJaM, IO
3HAXoAAThCsl B mpaBiii wactuui  (OUTPUT),
Npyd YMOB1 BIAMOBITHOCTI 3HAYE€Hb CUTHAJIB
BKA3aHUM 3HAYE€HHSAM 3 JIBOT YaCTUHU TAOJIMI
(INPUT). Hpyra - Tabmuusg  yMOB-Iid
Conditions-Actions Tab (CAT), sika Bu3HadYae,
skl ail 3 mepioi 4acTUHHW TaONHIll MOBHHHI
Oyrn peani3oBaHi MpH BUKOHAHHI YMOB,
OIMMCAHUX B JIIBIi YaCTHHI TAOIHIIL

BikHa CTBOpEHOTO HOBOTO MPOEKTY, HOBOTO
KOMIIOHEHTY, HOBO1TaOJIMYHOT KOHCTPYKIIii Ta
pesynbrat Tpancsnii THDL-onucy B Verilog-
ormuc 300pakeHo Ha puc.2- puc.5
ek

Project1

I EditorTHDL

Vms npoexTa:

0Ofizop
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Pucynox 3 — BikHO cTBOpEHHS HOBOT TaOIMYHOT
KOHCTPYKIIil

D |

# | EditorTHDL
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PucyHok 4 — BikHO CTBOpEHHSI HOBOTO KOMIIOHEHTY
'ﬁ EditorTHDL . - o o5
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—————|// Thdl component: register.thdl |
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Projectt: = = (lesssescceescaossanios
_& | 4 ProjectlVerilog
register module register (clk,RESET,D,CE,Q); =

=
input clk; Il
input RESET;

input D;
input CE;

Mpovueccel & X
Hazeanue npouecca output Q7
Mposepka cuHTakcuca _
Mepesoa wire clk;
wire RESET: [

wire D;
wire CE; -

J register.v (£ |

| register.thdl

PucyHox 5 — Pe3ynpTaT aBTOMaTUYHOT TPAHCIIALIL
THDL-omucy B Verilog-omuc

BUCHOBKU

Bynmu po3poGieni Meronu TPOEKTYBaHHS
nuppoBUX CHCTEM, SKI OpIEHTOBaHI Ha
BUKOPUCTaHHS JBOMIPDHMX TaOJIUYHO-MOBHHX
KOHCTPYKIIIH OIMKMCY IHTepQeiicy, MOBEIIHKA
(YMOB 1 f1iif), a TakoX apXiTekrypu. Po3pobieno
MOJeNll JBOMIpHUX TaOMMYHUX KOHCTPYKIL i
ornucy amaparypu. Po3poOneHo Momenb Ta
npouenypy — TpaHcmsanii  TaOIMYHO-MOBHHX
KOHCTPYKIIi B MOBM ONHCY amaparypu, IO
JIO3BOJISIE IHTETpyBaTH TaOIMIH1
IHCTpYMEHTaJIbH1 3acobu B iCHyroui 3acoOu
KOMI Uil Ta TPOEKTYBAaHHS JIi CTBOPEHHS
UGPOBUX CHUCTEM 3a JIONIOMOTOK TaOIMYHUX
MOB OIHUCY anaparypu.

REFERENCES

[1] Malinovsky M.L., Furman L.A., Bovchaluk C.Y. The
design of digital devices based on PLD, 2006, no.
164.
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Cloud Computing Security Issues

Dmytro Panteliuk, Volodymyr Romaka
Lviv Polytechnic National University, Ukraine, panteliuk.dmytro@gmail.com

Abstract. Features of cloud services are described.
Different models of cloud deployment are compared.
Analyzed the disadvantages of cloud computing.

Keywords. Cloud Computing System, Information
Security Threat.

BCTVII

Ha croropnimHiii AeHb TEXHOJIOTIi XMapHUX

00uYMCIieHb CTalOTh KIIOYOBOI  CTPATETIEIO
PO3BUTKY IT-aycTpii. AHaIIITHKH
ONTHUMICTUYHO OI[IHIOIOTH TEPCHEKTUBU PUHKY
XMAapHUX  mOCHyr.[1] [Ipote YUCIICHH1
JOCITIKEHHS 1 ONUTYBAHHS CTBEPKYIOTb, IO
TOJIOBHUM  YAHHHUKOM, IO  YIOBUIBHIOE

PO3BUTOK PHHKY XMapHHUX MOCIYT € CyMH iBH
NOTEHIITHUX KOPUCTYBayiB B JOCTaTHbOMY

piBHI iHopManiiHOI Oe3lekd B XMapHUX
MOJIETISX.

JlilicHo, y CydJacHUX yMOBax CTa€ BCe
CKIQJHIIE 3a0€3MeYUTH 3aXUCT KPUTHUYHO

BOXKIIMBHUX JUIsi OBHECY CHCTeM 1 JoJIaTkKiB. 3
MOSIBOIO XMapHUX  CEpBICIB 1ovasnach
MacirabHa Mirpariis OUThIIOCT1 CHCTEM Ha HHUX,
OJHaK pillleHHs 3afau 3a0e3neuyeHHs Oe3rneKu,
MOB'S3aHUX 3 €KCIUTYyaTalli€l0 JOJATKIB B IIbOMY
HOBOMY CEpEIOBHIII, BHMAara€ oOCOOJIMBOTO
MITXOTy.

KJTACUDIKAILSI MOIEJIEN
OBCJIYTOBYBAHHS

[cHYIOTB TpU OCHOBHI MOEJ1 PO3rOPTaHHS
XMapHHX cepBiciB[2]:

IappacTpykrypa gk  mocimyra  (aHIJL
Infrastructure as a service, laaS) - HagaHHs
Oo0UMCIIOBAIBHUX pPECYpCIB 3a 3allUTOM, Ha
KA X 3aMOBHUK Ma€ MOXJIUBICTb PO3TOPHYTH 1
3aIlyCTUTH JIOBUIbHE MpOrpaMHe 3a0e3MeUYeHHs,
o0 BKIIOYaE B ceOe omepaiiifHi CUCTeMH 1
JIOJTATKH.
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[Tnatdopma sk nocnyra (anri. Platform as a
service, PaaS) - namanHs xMapHOI riaThopMu
JUI pO3TOPTaHHS MPOTrpPaMHOro 3ale3lneyeHHs,
CTBOPEHOro Ha 0a3i MOB MpOrpaMyBaHHS 1
IHCTPYMEHTIB, SIKI HIATPUMYIOTHCS XMapHUM
MpOBai IepoM.

Inmepgbelic

SaaS ®yHkyioHanbHe 13

Cepedosuuie 8UKOHaHHS
Middleware
oC

Bipmyanisauisi
Cepsepu
36epicaHHsi 0aHUX

PaaS

IaaS

Kommn’rtomepHa
mepexa

Pucynox 1 — Crex xMapHUX TEXHOJOTIH
[Iporpamue 3abe3neueHHs K ociyra (aHIul.
Software as a service, SaaS) - HagaHHS B

KOPHCTYBAaHHS 3aMOBHHKY JOJaTKIB,
pPO3TOpPHYTMX Ha XMapHid iHdpacTpykTypi
nposaiiiepa.

Taxum uunHOM, crnenudika Oesneku s
TPHOX XMApHHX MOJIEJeH O0yMOBJICHA pIBHEM

KOHTPOJIIO Ham eJIeMeHTaMu XMapHO1
HppacTpyKTypH (puc.l). Poznonin
BIAIIOB IDAJIBHOCT1 BUIIISIIAC HACTYTHUM
YUHOM[2]:

SaaS: xopucryBau - 1% (koH}ineHIHHICTH
JTaHux), nposaiaep - 99% (3abesneyeHHs BCIiX
PIBHIB 3aXUCTY);
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PaaS: xopuctyBau - 20% (3axmcT OOHATKIB),
npoBainep - 80% (3axuct iHdpacTpykTypHu i

maTopm);

[aaS: xopuctyBau - 80% (3aXuCT mONATKIiB i
mwiatdopm), mpoBaiimep - 20%  (3axuCT
HPpacTPyKTypH).

[nmmmu cnoBamu, B SaaS KopucTyBau Hece
BIIIIOB11aJIb HICTH TUIBKM 34 mami, Kl
3aBaHTAXYIOTHCS B XMapy, MNOpPHIOMY 3a IX

30epeskeHHs TeX BigmoBimae mnpoBaimep. Came
TOMY MOJIeNb SaaS BiIPi3HSIEThCS BUIIUM pPIBHEM
Oesniexn, Ha BinMmiHy Bim PaaS i [aaS, ockimku
MpaKT M HO 3HIMAETHCS 3arpo3a MopyIlieHb 3 OOKY
KOpHCTYBa4iB. ToOMy JOUUIBHO pO3TISHYTH
3arpo3u, SKi BHHHUKAIOTh TPU  PO3TOPTaHHI
OHecy Ha SaaS miaTdopmi.

HEJIOJIIKM XMAPHUNX OBYNCJIEHDb

3abe3mneucHHs iHopMa miHOT 0e3neku
XMapHUX TIOCJYT Ii¢ 3aBJAHHS, K€ CTOITh Iepe]
npoBaiinepoM. KoHTpons i ympaBiliHHA XMapaMu
CKIlaJiHe 3aBAaHHA. [apaHriif, moO BCi pecypcu
XMapu  TopaxoBaHi 1 B  HbOMY  HEMae€
HEKOHTPOJIbOBAHUX BIPTyaJIbHUX MAIIHMH, He
3alyloieHO 3aliBUX TMPOIECIB 1 HE MOpyIIeHa
B3a€MHA KOHQIrypauisi €JeMEHTIB XMapu HEMae.

[le BUCOKOpIBHEBUH THN 3arpo3, TOMY HIO BiH
NOB'SI3aHUH 3 KEPOBAHICTIO XMapolo, SK €JJHHOI

iHQOpMAIIfHOI0  CHCTEMOIO 1 IS  HBOTO
3araJlbHuN 3aXHUCT noTpid HO OyayBaTu
1HA MBI yaJb HO. Hns 16 Or0 HEOOX i HO

BUKOPHUCTOBYBAaTH MOJEIb YIPABIIHHS pU3UKAMH
JUTL XMapHHUX iHPPAaCTPYKTYP.
[IpoananizyBaBumin  cTaH
XMapHUX o0uuciieHp [3,4],
HACTYIHI 3arpo3u:
SIKmo B TpaaAMLidHKUX IEHTPax 00pOOKH JTaHHX,

Oe3mexu  Momeli
MOXXHA BWIUINTHU

JOoCTyn  iHKEHepiB 7O  cepBepiB  CTpOro
KOHTPOJIIOEThCA Ha (GI3WUHOMY PpiBHI, TO B
XMapHUX  OOYHWCIEHHAX JIOCTYN  IHXKEHEPiB
BinOyBaeThCs depe3 [HTepHeT, Mo NPU3BOIUTH 10
MOSIBU BII OB i1 HUX 3arpos. BinnosinHo,
KPUTHMYHO BXKJIMBUM € CTPOTHH KOHTPOJb
JNOCTYIy Ui aJMIHICTpaTopiB, a  TaKoX

3a0e3MeueHHs KOHTPOJIO 1 MPO30pOCTi 3MiH Ha
CHCTEMHOMY PiBHI.

Bipryameni wMamman < (BM)  nuHaMivHL
MiunuBicth BM  jayke CWIBHO YCKJAJIHIOE
CTBOPEHHS 1 WIATPUMAHHA WUTICHOT CHCTEMH
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Oe3neKu. VYpazauBocTi 1 TOMWIKH B
HAJAIITYBAaHHIX  MOXYTh  HEKOHT POJIbOBaHO
nomupioBatuca. KpiM 1poro, ayxe HeHpocTo
3adikcyBaTH Ui TOJAJBIIOTO AayAWTy CTaH
CHUCTEM 3aXUCTy B OyIb-KWi TeBHUH MOMEHT
qacy.

Cepsepu XMapHUX o0uHCIIe Hb
BUKOPUCTOBYIOTH Ti X OMeEpaliifHi CUCTEMH 1 Ti kK
Be0-3aCTOCYHKH, L0 1 JIOKaJibHI BipTyasibHI, 1
¢BmIHI cepBepu. BigmoBimHO, 1A XMapHHUX
CHCTEM 3arpo3a BiIJajeHOTo 3JIaMyBaHHI a0o
3apa’keHHs MIKIIJIMBUM KOJOM TaKOX BHCOKA.

Ockimpku  Qaitnu  kopuctyBauis 1 BM
BUKOPHUCTOBYIOTh ~ pO3IMONAUICHE  CEpEelOBHILEC
30epiraHHs JIaHWX, ICHYE 3arpo3a IUTICHOCTI
naHux (kommpomerarlisi, BTpata). lliTicHICTB
orepaIliiinoi cuctemu i ainiB JOMATKIB, 8 TAKOK
BHYTPIIIHA AKTHBHICTH TOBHMHHI KOHTPOJIOBATHCSI.

BUCHOBKU

[pyHTyIOUHCh Ha aHAJIBI MOXIMBUX 3arpo3 B
XMapHUX OOYHCIICHHAX, MOXKHA 3aIpPOIIOHYBATH
MOXJIMBUH  NPOrpaMHO-allApaTHUH  KOMILIEKC
3aXUCTy O€3MeKH XMapHUX OOYHUCICHb, IO
BKIIIouae B cebe 5 TexHomorii: OpanmMmayep,
CHUCTEMa BWSBJICHHS Ta 3amno0iraHHi BTOPrHEHb
(IDS), xOHTPOJIbL WINICHOCTI, aHAN3 XypHATiB 1

3aXHCT Bif KA JIUBOTO IIPOrpam HOr O
3a0e3nedeHss (aHTHBIPYC).
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DSP-Based Information-Measuring Microdevice for
Electrical Impedance Spectroscopy Analysis
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Abstract. Novel software-intensive approach and
algorithm real-time measuring device for
electrochemical impedance spectroscopy are considered.

Keywords. Information-Oriented Technology, Signal
Processing, Impedance Spectroscopy,Fourier Analysis.

BCTVII

B poboti posmismaerscs  po3poOieHuit
HOBMH MeToN 1 mpuian, sAkud Ha 0Oasi
nudpoBoro curHaneHoro mpoiecopa (DSP) Ta
H Qopmarr iftHIX TEeXHOJIOT I JIO3BOJISIE
peaqByBaTH EKCIpEC-peecTpalifo Ta aHAIB
IMITeJTAaHCHUX CIIEKTpiB MIEPBUHHUX
MepeTBOPIOBAYIB 0i0CEHCOPHUX CHCTEM.
OcoOnMBICTIO TPOMOHOBAHOTO  MINXOAY €
IMIOYABCHUNM METOJlT OTPUMAaHHS IMIEIAHCHUX
CIIEKTPIB  CEHCOPHHMX  €JIEMEHTIB,  SKUH
KapJIUHAJIBHO CIIPOIIyE amapaTHy peaniallito
MPUCTPOIO 1 MAaKCHUMAaJIbHO BUKOPHUCTOBYE
nporpamHi pecypcu DSP. B ocHOBY npuHIIHITY
moOyI0BU TPHIIALY 3aKIaJIeHO MPOTPAMHO-
OpIEHTOBAaH1 METOJIM CUTHAJIBHOIO aHaNBy
H@opMariiHUX CUTHAIB Ta  MOJEIBHUX
npeacTaBlieHb QyHKIIOHATBHUX TTEPETBOPEHbD.

OCOBJIMBOCTI IMIIEJJAHCHOI
CIIEKTPOCKOIII BIOCEHCOPHHUX
CHUCTEM

[lepBunHI TepeTBOproBayl CYJacHHX
010CEHCOPHUX CHCTEM IMPEICTABIAIOTH COOOIO
retepoda3Hi HAHOKOMIO3UTHI CTPYKTypH 1B
CKJTQJTHOIO BHYTPIIIIHBOIO OpTaH Barl i€1o.
[ngopman iiHuil BINKIMK TaKUX CEHCOPIB Ha
XIMYHAM, OIONOTMHUN YU (QI3UYHUN BILIUB
IpH B3a€EMOJIl 3 aHAJITOM XapaKTepU3YEThCS
3HAYHOIO 1H(QOPMATHBHICTIO, ajleé OJHOYACHO
MOpPOJUKYE  CKIQAHY 3adady IHTeprperarii
orpuManuXx gaHux. Cepen ICHYIOUMX METOIB
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peectpartii H popman HHUX CHUTHAIB
OIOCEHCOPHHUX  CHUCTEM  OCOOJMBE  MicIie
BIIBOJIUTHCS CHEKTPOCKOIii €IeKTPOXIMIIHOTO
iMIeIaHCy. YHIKaJbHICTh METONy 00yMOBJIEHA
THUM, IO BIiH J03BOJA€ BUIUINTA BIIKIUK
OKpEMO B34TOr0 Tpoiiecy (TepeHoc 3apsay
yepe3 TrpaHulo ¢a3, audysis peareHris,
azcopOIiss, necopOiis Ta iH.) 13 iX CyMIiCHOTO
BIUIKIMKY 3aBISIKM IHIWBITyalbHIA YacTOTH it
3aJI)KHOCT1 BIIKIUKIB 00’€KTIB 1 TpOIECiB
CEHCOPHOT MaTPHIIL

B npomoHoBaHOMy Migxoni Ui KOXHOTO
CEHCOPHOTO eJieMeHTa EPBUHHOTO
MepeTBOPIOBaYa PO3POOIIAETHCS EKBIBaJIEHTHA
CICKTPHYHA  CXeMa  3aMillleHHs,  TOOTO
MOJIETIbHE TPEJICTABIICHHS CXeMOK Ha 0a3i
NAaCHUBHUX  PaJIOKOMIIOHEHTB  (pe3ucTopis,
KOHJIGHCATOpiB,  KOTYWIIOK  IHIYKTHBHOCTI).
Cxema 3aMiIIEeHHS MPEICTaBISETHCS
CIEKTPUYHUM UYOPUPHUIIONIOCHUKOM, SKHH B
pobouoMy Jianma3zoH1 YacTOT XapaKTepU3YeEThCs
IMIETaHCHUMH TIapaMeTpaMU iIIEHTUYHUMHU 3
XapakTepucTukaMu ceHcopa. OCKUIbKH s
KOXKHOTO €JIEMEHTApHOTO TPOIlecy B CEHCOpi

MOXHa CTBOPMUTM  MaTe€MaTU4yHy  MOJEIb
(Momens mmudysii, amcobmii 1 T.O.), TO
BPaxOBYKOYH HIUBITyal bHUN Xapaxrep
YaCTOTHOTO  BIAKIMKY KOXKHOTO  IIPOLECY,

CKIIaIOB1 TOBHOTO IMIIEJAHCHOTO BIIKIHUKY
CHCTEMH MOJKHA aHAJIBYBaTH IHIWBIAYaIbHO 1
OTpUMYBAaTH JIETAIbHUNA  ONUC  TOBEIIHKU
CEHCOPHOI CHCTEMH B IITIOMY.

BUMIPIOBAJILHO-OBUYHNCITFOBAJILHUIA
METO/l OTPUMAHHA IMITEJAHCHOI'O
CIIEKTPY

OTpuMaHHS  IMIIEJAHCHOTO  CIIEKTPY
peanBYETbCSI METOJOM T0/a4i KOPOTKUX IO
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TPUBAJIOCTI 30HIYIOUMX IMIYJIBCIB HANpyTrH
Usx (t) Ha BXIif KOYKHOTO eJIEMEHTA
MyJabTUCEHCOpHOiI  Marpuili. CHHXpPOHHO 3
nojavyero IMMIyJbCiB 3 JIOMOMOrOK  aHaJioro-
U(POBOT0 MEPETBOPIOBAYA PEECTPYETHCS CHIHAI
BIIKIIMKY KOXXHOTO e€JIeMeHTa MaTpulli Ha
IMITyJIbCHY JHif0. PeecTpoBaHMil BUXITHUN CUTHAI
BUIKITUKY Ugx(t) 3riqHO 3 BIZOMOIO TEOPEMOIO
Jroamenst MoxHa TIpecTaBUTH iHTErpajiom [1]:

U, ()= [u, (z)-h(t-7)dz =
- €

= r]ugx (t—-7)-h(r)dr

ae Ugx(t), Unix(t)
CHTHAJM BIZIOBITHO,
XapaKTepPUCTUKA CEHCOPHOTO eJeMEHTa, sKa
(yHKIIIOHATEHO 3B ’s3aHa 3  TapaMeTpaMu
CKBIBAJICHTHOI ENEKTPUYIHOI CXEeMU 3aMille HHI
JIAHOTO EJIEMEHTA.
30HAYIOUI IMIYIbCU BXiTHOT HATIPYTH Ugy(t)

- BXIIHMHM 1 BUX1ZHUH
h(t) IM ITyJIbC HA

NPEACTABISIOTBCS TCBHUM — HAOJMKCHHIM 710
MOZIeNll  aHANITHIHOTO  IMOyJbCy  O-QyHKIT
Mipaka:
o npu t=0, y
5(t) = Ta [st)dt=1 (2
® {0 npu t+0, 7;[ ®

[Tpu 3mimeHHI IMITyJbca 1Mo ocit Ha BeJIMY UHY
T BHpa3 U O-PYHKIII 3amUCYy€eThCs B OUTHII
3araibHii opMi:

o t=r,
St—71) = { e 4 3)
0 npu t=r,
[MincraBnsaroun y dopmyny (1) 3amicTs
30HAYIOUOTO  IMIyJbCy  Ugx(t) MOJICJIb He

npeacrasne HH O-pyHKUii (2), (3), 1 BpaxoByrouu
GITBTPYIOYY BIACTUBICTH O-QYHKIIT OTPUMYEMO,
II0 BUXITHUN CUTHAJ BIIKIHUKY Uy (t) TOpiBHIOE

IMITYJIbC Hild XapaKTepUCT HIIi h(t)
JIOCJIIKYBAaHOTO CEHCOPHOTO €JIEMEHTA.

I[Ipy 1HOMY HEEKBIBaJCHTHICTH Mojeme
peanbHOro (BUIHOrO IMIyIbca  Ug(t) Ta
imeani3oBaHOTO MaTeMaTHYHOro 00’ €kTa - O-
GyHKLIi KOpPEKTYeTbCs MNpU OOYMCIEHHAX 32

JIOTIOMOTOI0  TIONIPABOYHMX KOEQIIlIEHTIB.
IMmynbcHa XapaKTEpUCTHKA CE HCOPHOT MaTPHIIL
BUKOPHCT OBYETHCS JUUII BH3HAYCHHS YacTOTHOTO
KoeillieHTa TIepenadi MaTpuill B poOOYOMY
nmiamazoni  4gactor. Ilpomenmypa  oOuucieHHs
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OCHOBaHa Ha (haKTi, IO KOM IDIEKC HUI Koe (piIlieHT
nepenaui yorupunomocHuka K(jo) € Dyp’e-
TpaHc GopMaHT 00 Horo iMmysbcHOT QyHKii h(t)

[2]:

K(jo)= jh(t).e-iwtdt (4)

Y JIUCKPET HOM Y npeACTaBICHHI
HeMepPEepBHOMY  aHaioropomy curhainy  h(t)
BIITIOBIMAIOTh BIIIKA JHUCKPETHOrO CHIHAITY

h(nT), skuii 3amKa€TbCsl CKiHUE HHOKO MHOYKHHOKO
CBOiX BIUTIKOBUX 3HAYEHb, JIc N — HOMEP BILJIIKY,
T — xpok awuckperumsarii. /i 1poro BUMAIKY
YacTOTHMHA KOeQIMiEHT Teperadi Ma€ BUMIISIA:

K(jw) =Zh(nT)-e_"n“’T (5)
n=0
Orpumana QopMysia OIUCYE CHEKTpaIbHI

napaMeTpu CEHCOPHOI MaTpulli B MOMEHT nii
30HAYIOYOr0 IMIYyIbCY. AHAN3 I1HTE€HCUBHOCTI
CIICKTpabHUX JIHIA JJI1 KOKHOTO 3HAYCHHS
4acToTh  ©=2nt TI03BOJIsIE CEJICKT UIBHO
BiICITKOBYBaTH 10501070:30 0%: 301331 4acTOTHi
BIIKJIIMKH OKPEMUX TPOLECIB CEHCOPHOI MaTpHIi
B MPOLIECI BUMIPIOBAHHS.

BUCHOBKU

Ha BinMiHy Big CcKIagHUX amapaTHO-
OpIEHTOBAaHMX CHUCTEM pEECTpalii Ta aHaIBYy
IMIIEJJaHCHUX CIIEKTPiB CEHCOPHUX €JIEMEHTIB,
3aIPOMOHOBAHMK HOBHMH  MIIXIiM, IKUA 3
MiHIMaJIb HUIM U anapatypHUM A 3aTpaTamu
peaniBye maHy 3amady Ha 0a3i CHTHAJIbHOTO
mporiecopa  Ta P POBUX  00YHCITFOBAJb HUX
TexHoJsorit. [IpomemoHCTpoBaHO €(eKTUBHICTD
3aCTOCYBaHHSI TPOTPaMHO-OPi€HT OBAHUX METOJ B
Ta MOJEIBHHUX TPEJCTABICHb, CUTHAIB B SKOCTI
0azoBHX eneMeTiB sl TOOYJOBH CyYaCHUX
iHpopMaIli HHO-BUM ipIOBaJlb HUX CHUCTEM.
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