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Icmopuuna 0oeioka 0o 90-pivusa XHYPE

1930 poky Ha 6a3i OymiBenbHOTrO (akylIbTeTy XapKiBChbKOro mojitexHigyHoro iHctutyry (XIII) i
apxiTeKTypHOTO (aKyabTeTy XapKiBCHKOTO XYIOXKHBOTO IHCTUTYTY 3aCHOBAaHHWM BHIIMI HaBYAIBLHUN
3akiaa XapkiBebkuil iHakeHepHo-OyaiBeabHuil iHcTuTyT (XIBI). 1934 poky no cknagy XIBI ysidinum
XapKiBCbKUH reoie3ndHuil iHcTUTYT 1 HaykoBo-mociiHuil iHCTUTYT reozesii 1 kaprorpadii.

1944 poxy XIBI orpumaB Ha3By XapkiBCbKHH TipHHUYO-iHAYCTpPiadbHUH iHCTUTYT BYTiJIBLHOI
npomucioBocti CPCP (XI'Il). ®akynprern: MamuHOOyAiBHUH ((axu: TipHHYE MAIMHOOYAYyBaHHS 1
TEXHOJIOTisl MAITMHOOYIyBaHHSI ); TIPHUYO-EJICKTPOMEXaHIYHHI; TPOMHICIOBOTO TPAHCIIOPTY.

1947 poxy XI'Il nepeiimenoBanuii y XapkiBcbkmii ripamuuii incruryt MinBysy CPCP (XTT).
dakynbTeTH: TPHUYMH, IAaXTOOYAIBEIbHUN, TIPHUYO-EIEKTPOMEXaHIYHUN, IPOMHUCIIOBOTO TPAHCIIOPTY.

1962 poky XI'T orpumaB Ha3By XapKiBCbKHil iHCTUTYT NipHHYOI0 MAIIMHOOY1YBAHHS, ABTOMATUKH
i obumcaoBaabHoi TexHiku (XI'MAOT). dakynpTeTH: aBTOMAaTH3aIlisl BHPOOHHYMX IMPOIECIB Yy
TipHUYIA TPOMHCIIOBOCTI, PaIiOTEXHIYHUN, TIPHUYOTO MAITHHOOYTyBaHHS.

1966 poky XII'MAOT nepeitmenoBanuii y XapkiBcbkuil iHCTHTYT panioejiekTpoHiku (XIPE).
QakynereTd 1966 pOKy: aBTOMATHKH, OOYWCITIOBAIBHOI TEXHIKH, PATIOTCXHIYHHMA, pPaaiopi3HIHUH,
CJICKTPOHIKM, TIPHUYOro MammHOOynyBaHHs, 1972 poKy: CHCTEM KEpyBaHHS, KOHCTPYIOBaHHS
pamioanaparypu, paaioTeXHIYHHUA, 0OYUCITIOBAIBHOT TEXHIKH, SIICKTPOHIKH.

Ha mouarky 1970-x pokiB XIPE roryBaB iHxkeHepiB 3a 7-Ma (haxamMu: aBTOMATHKHU 1 TeJIeMEXaHIKH,
MaTeMaTH4YHI ¥ OO0YHCIIOBATLHO-BHPIIIAIBEHI TPUCTPOT; ICKTPOHHI MPUIaIN; MTPOMHUCIOBA EICKTPOHIKA;
paniodi3uka il eneKTpoHiIKa; paJloTEeXHiIKa; KOHCTPYIOBAHHS 1 TEXHOJIOTis BUPOOHUIITBA pajioanaparypu.

Y 1982 pomi IHCTHTYTYy HPHCBOEHO IM’Sl BHJATHOTO BYEHOTO 1 KOHCTPYKTOpa PaKETHO-KOCMIYHOI
TexHikd, akagemika M.K. Sarens.

1993 poky XapKiBCHKMI IHCTUTYT PaIiOCICKTPOHIKH NepeiiMeHOBaHNi y XapKiBcbKMil Aep:KaBHMIt
TexHiYHMH yHiBepcuTeT panioesekTpoHiku (XITYPE).

32001 poky - XapkiBcbkuii HallioHaJbHUI YHiBepcuTeT paaioenekrpoHiku (XHYPE).

Y 2020 poui yHiBepcuteT ckianaerbcs 3 8 ¢akynbreriB, 34 kadenp. B yHiBepcuTeTi HaBuUaeTbCs
0JIM3bKO 7 TUCSY CTYAEHTIB 3a pi3HUMHU (OopMaMu HaBYaHHS 3a 46 crenialbHOCTAMU 13 7 raiy3eidl 3HaHb.
3100yBatoTh 0cBiTY 0:13bK0 600 1HO3EMHUX CTYIEHTIB 13 Maiixke 40 KpaiH CBITY.

VHIBEpCUTET € MNOCTIHHUM MapTHEPOM Yy CHUIBHUX HPOEKTaX B paMKax MDKHAPOJHUX T'PAHTOBUX
nporpam €sponeiicbkoro Coro3sy, IIporpamu pozsurky OOH, bpurancekoi Pagu, HATO.

B yniBepcutreri mpamtorors 17 HaykoBux ki, Omm3pko 100 moktopiB Hayk, mpodecopi, 350
KaHIUAATIB HayK, JOLEHTIB, Ji€ BIAAUT AacHipaHTypu JOKTOpaHTypu 3a 14 croemniaabHOCTAMH, 7
CIeIialli30BaHuX pajl 13 3axucTy naucepraiiid. OpraHizaiio Ta KOOPJIMHAIK HAayKOBHUX JOCHIIKEHb
3nificHioe HaykoBo-70CmiIHa YacTHHA, y CKJIal SKOI MPalooTh AEKUIbKa HAYKOBO-JOCTIIHUX IIEHTPIB Ta
nabopaTopiid pI3HOTO CHPSIMYBaHHS. YHIBEPCUTET € TOJIOBHMM OPraHi3aTOpOM Ta CITIBOPraHi3aTOPOM
YHUCICHHUX HAYKOBHX KOH(epeHLid, y ToMy 4ucii MikHaponHux. HailakTyanbHimn poOOTH HayKOBIIB
XHVYPE ny6mnikyioTbcs y BIJOMHUX CBITOBUX HAayKOBHX >KypHajax, IIO BXOJATH /0 HAYKOMETpPUUYHHUX 0a3
Scopus Ta Web of Science, a Takox y npecTrHUX CIeliaTi30BaHUX HAyKOBUX BUAAHHSIX. J{JIsl CTYACHTIB 1
MOJIOJIUX HAyKOBIIIB ILIOPIYHO MPOBOAUTHCA MixHapoaHuil MonoAikHUK (opym «Panioenekrponika i
Mosoab y XXI cromitti» 3 12 KoH(epeHLiIMU Pi3HOTO CIIPSIMYBaHHS.

HayxoBa 016mioTeka MicTuTh nmoHaj 1,5 MiTbiiOHa MPUMIPHUKIB Ha MArepoBUX HOCISIX, Ma€ JOCTYI J0
HaliBiomimux iHpopManiiHux 6a3 cBiToBOro iHdopMmaiiiiHoro npoctopy. BumaioTecs 6 HayKOBHX
JKypHaJIiB, TPOBOATHCS HayKOB1 KoH(epenuii mifa erigoto IEEE.

VYHiBepcUTET 3aiiMae BUCOKI MiCIsl y 0araTboX BITYM3HSHHUX 1 CBITOBMX pEHTHHrax, 30Kpema: Times
Higher Education University Impact Ranking, Quacquarelli Symonds (QS) EECA. GreenMetric World
University Rankings ta Webometrics Ranking of World.

Ha uectsb yHiBepcuteTy HazBana mana rianera — 10681 XTVYPE.
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I'osoBa koHdepenmii — Cemeners B.B.

pexrop XHYPE, noktop TexHIYHHX HAYK, Ipodecop,
npe3uneHT AH IlpuknanHol pamioeneKTpOHIKH

Hobporo ans, manoBHI yuacHuku KoH(pepenuii «Indopmaniiini cuctemu Ta TexHonorii 1CT-2020»!

Sl BiTaro Bcix Bac Ha BimkputTi 9-1 koHdpepenmii ICT-2020, sxa npucBsaena 90-pivuro XHYPE. 3a 11i pokun
3MIHIOBAJIMCS TPIOPUTETHI HANpPsIMU COLaJbHO-€KOHOMIYHOTO JKHUTTS, 1€ BigOMBamocs Ha MOTpedax MiATOTOBKH
(haxiBIiB PI3HAX TEXHIYHMX CICIIANEHOCTEH. BIAMOBIIHI 3MIHI Mali MICII€ 1 y Ha3Bl HALIOrO HABYAIBLHOIO 3aKJIay:
3 1962 POKy moyanacsi epa 00YHCIIOBATIBHOI TEXHIKH, SIK OCHOBH JUISL CTAHOBJICHHS Ta PO3BHTKY 1H(OpMALiiHNX
TeXHOIIOTii, 3 1966 poky y Ha3Bi 3’SBHIIOCS CIOBO PajiiOCICKTPOHIKa, IO € TEXHIYHOW 6a30r0 Il peamisaiii i
3aCTOCYBaHHS HOBITHIX iH(OpMaiiHIX TEXHOJOTIH.

VY BUIIMX HaBYANBHHX 3aKiajax YKpaiHu OyB TpuBaluii miepiof 3pocTaHHs HaOOpYy Ha HaBYAHHS 33 IOPUAUIHUMH
Ta eKOHOMIYHHMH CHemiaJbHOCTAMHU. [leKidpKa OCTaHHIX POKIB CHOCTEpPIra€TbCs CTPIMKE 3POCTAaHHS TONMUTY Ha
(axiBuiB 3 1HPOPMALIHHUX TEXHOJIOTiH, 32 OCTaHHIH PIK TIBKA KUIBKICTh YHIBEpCHTETIB, SIKi MOYad TOTYBaTH
crerianictiB B oonacti IT 30inemmiacek Ha 30 BigcoTkiB. baxkaro mpejcTaBHUKaM yCix YHIBEPCHTETIB 1 opraHi3alli,
IO MPHUIMAIOTh y4acTh y KoH(pepeHIii, 100 KUTbKICTh epepocia B sSKiCTh!

Baxaro ycim yuacHrkam KoH(EpeHIii T THOT Tpalli i yCHiXiB Ha IUIAXY PO3BUTKY iH(OpMamiiHUX TEXHOJIOT !

IMouyecHuii cmiBrosioBa KoH(epenuii — Sobczuk Henrik

mupekrop [IpencraBaunrsa [Tonbcekoi akageMii HayK B
Kuesi, TOKTOp TEXHIYHUX HAYK, Ipodecop

MeHi myxe mpueMHO moeqHatucs A0 pobotu koHpepermii «ICT-2020». g koubepeHmis BimOyBaeThCs MOPOKY
Bxke 9-if pas, [IpencraBuunreo [lonschkoi akanemii Hayk B Kuesi 6epe ydacts y ii opramnizariii 3 2016 poxky.

Ha 3acimanHsX JTyHaIOTh JOMOBi/AI 3 HAWOUIBII aKTyaJlbHUX MpoOyieM iHGOpMaThKH, iHpopMaTH3allii Ta IHIINX
po0JIIeM, OB’ 13aHUX 3 00MiHOM iH(opMaIiern, 00poOKor0 Ta Oe3nekoro iHhopMarlii, Mo € TOM-TeMaMt ChOT'OJICHHSL.

baxaro yciM opranizaropam i yyacHHKaM KOH(epeHIIii T JHOT poOOTH Ta HOBUX BArOMUX HAYKOBHX PE3yJIbTATIB.
CriotiBarocs Ha POJIOBXKEHHS CITIBIIPalli y MaiOyTHBOMY Y pO3BUTKY HalicydacHimmx [T-TexHonorii.

CuiBrososa OpranizaniiiHoro komiteTy

TessimieB A.Jl. — 3aBimyBau kadenpu [Ipuknagroi
matemaTku XHYPE, nokTop Texniunux Hayk, mpodecop,
akanemik Hadrorazosoi akagemii Ykpainu

Birato Beix yuacHukiB koudepenuii «lHdopmauiiiti cucremu ta TexHonorii»! BoHa 3amouarkosaHa y HaloMy
yHiBepeureti y 2012 poui. Illopoky 36iibliyeTbCst KUIBKICTb JOIOBIACH, PO3IIAPIOETHCS reorpaqn;{ oprasizarmiii, ski
NPECTaBISAIOTH 11 yuacHHKH. [[poT0 poKy Briepie KOH(EpEHIlis TOBHICTIO TPOBOAUTLCS Y TUCTAHIITHOMY (popMarTi.

baxaro yciM ydacHuKaMm KOHQEpeHIlii MIIIHOTO 3/J0POB’sI, TUILHOT pOOOTH Ta HOBHX HAyKOBUX JOCSTHEHB!

Cuisrososa OpranizaniiiHoro komireTy

[erpumnn JI.b. — nokTOp TeXHIYHUX HaYK, podecop,
AGH University of Science and Technology (Kpaxis, ITonbiia),
[MpukapraTchkuii HalioHaNbHUH yHiBepcuTeT iM. B.Ctedanuka
(IBano-®pankiBCBHK, YKpaiHa)

Bama Marnidineniie, Pekrope XapkiBCbKOTO HAIliOHAJBHOTO YHIBEPCHTETY pPaJiOCNeKTPOHIKH, BiJ iMeHi
KepiBHMLTBa (akyiapTeTy YmpasiiHHs HaykoBo-texnonoriunoro yHiepcutery AGH BiTato Bac ta Konektus
ouomoBanoro Bamu yHiBepcurery 3 90-piuusim 3acHyBaHHs1!

Hama xoHdepeHmiss € uynoBor Harogow Juis (axiBIiB 1 HAyKOBIB OOMIHSATHCS JOCBiJOM, HOBHMH
JIOCATHCHHSIMH, BIIKPHTTSIMH, O3HAHOMHTHCS 13 Cy4aCHHMH HAIPAIIOBAHHAMH B ranysi IT. IlepexoHaHmii, 1o
npoeciOHaNi3M, 3HAHHS, JOCBIA 1 BHCOKi JIOJCHKI SIKOCTi, MOTY)KHHH HAyKOBHii Ta OCBITHIii IOTCHIiall HAIINX
¢daxiBUiB IamyTh y01 MOYKJIUBOCTI eq)eKTHBHo pO3BHMBaTH BITUM3HSAHY ramy3b [T W BHBECTH YKpaiHCHKHX
iHpOpMaTHKIB HAa HABUIINIT €BPONICHCHKUH PiBEHb.

Baxaro nikaBoi KoH(epeHLii, HOBUX KOHCTPYKTUBHUX 171eH, TUTiJHOT pOOOTH Ta HOBHX TBOPYHX 3100yTKiB!



Cekuist 1
Cyu4acHi iHbopMaLinHi cuctemm Ta TEXHONOTIT: Nnpobnemun, metogun, Moaeni.
YnpassniHHA NpoeKkTamu Ta nporpaMmamu.

Section 1
Modern information systems and technologies:
problems, methods, models.
Projects and program managements.
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Anotacja—Modelowanie proceséw zarzadzania w warunkach
kooperacji sektorowej na podstawie rozproszonych systeméw
informatycznych pozwala zmniejszy¢ koszty opracowania i
eksploatacji takich zlozonych systemow. Proponowana technika
analizy procesowej pozwala na dekompozycje calo§ciowego
procesu systemu zarzadzania oraz na wizualizacje modeli
informacyjnych oraz odwzorowanie w formie graficznej
proces6w i upraszcza porozumienie si¢ na etapie analizy i
projektowania pomiedzy klientem a producentem systemu.
Przedstawiono podstawy analizy systemowej i uproszczony
przyklad opracowania systemu zarzgdzania siecig
elektronicznego obiegu faktur zakupowych.

Abstract—Simulation of the processes of sectoral cooperation
management in distributed information systems allows to reduce
the cost of implementation and operation of such complex
systems. The proposed method of visualization of information
models graphically reflects the constituent processes and
simplifies the understanding at the stage of analysis and design
between the customer and the system developer. The basics of
visualization modelling and simplified example of models
development of multi-sectoral management system are presented.

Stowa kluczowe—analiza procesowa, modelowanie
wizualizacyjne, procesy informacyjne, kooperacja sektorowa,
systemy rozproszone, zarzqdzanie

Keywords—process  analysis,  visualization ~ modelling,
information processes, sectoral cooperation, distributed systems,
management
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l. WSTEP

Dokonano analizy informatycznego systemu zarzadzania
przedsigbiorstwem, ktory dotyczy¢ bedzie elektronicznego
obiegu faktur zakupowych. System ten bedzie nosi¢ nazwe
PAK (system Procesu Akceptacji Kosztow). W opracowaniu
zostang zawarte: cele wraz z funkcjonalnoscig wspomnianego
systemu, charakterystyka firmy, wymagania oraz wybrane
modele projektowe. Definicja faktury kosztowej wskazuje, ze
jest to dokument ksiegowy, ktory jest wystawiany na
zakupione przez firm¢ towary lub ushugi, niezbedne do
osiagniecia przez przedsigbiorce przychodu. Dokumentuje
wigc te wydatki, ktére mozna wilaczy¢é do kosztow. Zatem
kazdy przedsigbiorca prowadzacy dziatalno$¢ spotyka si¢ z
problemem obiegu duzej iloéci faktur, ktoéry czesto nie jest
wystarczajaco usystematyzowany. Wskazuje to zatem na fakt,
ze system PAK moze by¢ takim, ktory znajdzie zastosowanie
w niejednej firmie.

Celem wdrazania systemu jest utworzenie systemu PAK
do  zarzadzania  obiegiem  faktur  kosztowych w
przedsigbiorstwie. Informatyczny system zarzadzania bedzie
tworzony gtéwnie w celu: przejScia z papierowego na
elektroniczny obieg faktury kosztowej, ustandaryzowania
mechanizmu akceptacji faktur zakupowych, monitorowania
obiegu tych  faktur, zautomatyzowanej  dekretacji,
przygotowania danych do integracji z zewngtrznym systemem
finansowo-ksiggowym, rejestracji  wszystkich czynnosci
wykonywanych w trakcie obiegu w tym akceptacji i

Indopmaniiini cucremu Ta TexnoJorii ICT-2020
Cexuis 1 CyvacHi indopmaniiiHi cucTeMn Ta TEXHOJIOTII: MPo0JIeMH, METOH, MOJIEII.
YnpasiHHSl NpoeKTaMH Ta IPOrpaMaMHu.
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zatwierdzen szybkiego dostgpu do ewidencji faktur z

mozliwosciag wyszukiwania i przegladania historii.

Korzysci  jakie wigza si¢ z  wprowadzeniem
informatycznego systemu zarzadzania fakturami kosztowymi:

eobieg faktur zakupowych w systemie PAK eliminuje
wiele czynno$ci, ktore wprowadzaja batagan oraz
wymagaja niepotrzebnego naktadu pracy w trakcie
obstugi dokumentacji papierowej. Kiedy dokumentow
w firmie jest duzo, a w dziataniach operacyjnych,
takich jak: weryfikacja, analiza, opracowywanie i

zatwierdzanie, zaangazowanych  jest wigcej
pracownikow, szybko ros$nie ryzyko gubienia
dokumentéw oraz niedotrzymywania termindw

zwigzanych z przeptywem dokumentacji,

esystem zarzadzania pozwoli oszczedzi czas i pienigdze w
przedsigbiorstwie,

ewzro$nie wydajnos$¢ pracownikow,

einformacje begda bardziej bezpieczne, a zarzadzajacy
bedzie posiada¢ petniejsza kontrole nad wydatkami.

Il. CHARAKTERYSTYKA PRZEDSIEBIORSTWA

A. Analiza firmy i rynku

Przedsigbiorstwo dziata na rynku od 2010 roku i zajmuje
si¢ kompleksowa ostona okien. Maja do zaproponowania
ponad 30 systeméw produkowanych z materiatow najwyzszej
jakosci. W ofercie posiadajg rolety tekstylne wolno wiszace i
w prowadnicach, Zaluzje aluminiowe, drewniane, pionowe,
maty drewniane, siatki na owady i inne. Wszystko to w
olbrzymiej gamie kolorow i wzorow. Przedsigbiorstwo to jest
odpowiedzialne za:

eprodukcje oston okiennych,

esprzedaz wraz z
montazem,

wczesniejszym  pomiarem  oraz

e$wiadczenie ustug gwarancyjnych i pogwarancyjnych,

Rynek oston okiennych z roku na rok rozwija si¢ coraz
prezniej, a produkcja w firmie zwigksza si¢ dynamicznie. W
zwigzku z tym przedsigbiorstwo utrzymuje §ciste relacje ze
swoimi kontrahentami, a wraz ze wzrostem przychodow
wzrasta rowniez wielko$¢ kupowanych materialow do
produkcji. To z kolei prowadzi do zwigkszajacej si¢ liczby
faktur zakupowych, ktérych zarzadzanie staje si¢ bardzo
uporczywe. Faktura moze dotyczy¢ dowolnego centrum
kosztow, przyktadowo: zapotrzebowania, zaliczki, delegacji,
projektu itp. System obiegu faktur w firmie dotyczy¢ bedzie
faktur zakupowych dla zaopatrzeniowego centrum kosztow co
wynika z weze$niej analizowanych zaleznoSci.

B. Struktura organizacyjna firmy

Struktura organizacyjna firmy zostala przedstawiona w
sposob schematyczny na rys. 1. Schemat organizacji firmy jest
hierarchiczny. Do wlasciciela bezposrednio raportuje:

ekierownik dzialu produkcji i projektowania, zarzadzajacy
dziatem produkcji detalicznej, produkcji hurtowej oraz
dziatem projektowania,

ekierownik dzialu zaopatrzenia, sprawujacy nadzor nad
dziatem zakupow, dzialem transportu oraz magazynem,

egtowny ksiegowy, zarzadzajacy dziatem finansow i
ksiggowosci,

esamodzielny pracownik administracyjny, zajmujacy si¢
sekretariatem,

ekierownik dzialu handlowego, ktory opiekuje si¢ dzialem
sprzedazy, obstugi klientow oraz promoc;ji i reklamy.

Kazdy z poszczegolnych dzialdéw posiada samodzielnych
pracownikow o réznym doswiadczeniu, tak wigc w kazdym
dziale znajdujg si¢ specjalisci, seniorzy i mtodzi poczatkujacy.

Wiasciciel

i odz. Ker dz. Glowny ‘Samodzielny Kierownik dz.
produkciii P e Ksicgowy pracownik handlowega
projektowania - administracyjny

) =N
E £ ]
e =3

Rys. 1. Struktura organizacyjna i analiza funkcji poszczegdlnych jednostek
systemu.

&3 (

C. Funkcje jednostek organizacyjnych we wdrazanym
systemie

Projektowany system informatyczny ma postuzyé
usprawnieniu obiegu faktur kosztowych, czyli przejscia z
manualnego procesu akceptacji i ksiggowania kosztow do
catkowicie zautomatyzowanego. Glownymi interesariuszami
systemu PAK beda jednostki organizacyjne, ktore do tej pory
odbieraty, akceptowaly i ksiegowaly przychodzace faktury
zakupowe, a beda to:

esamodzielny pracownik administracyjny,
epracownik dziatu zakupow,

ekierownik dziatu zaopatrzenia,
epracownik dziatu finansow i ksiggowosci,
eglowny ksiggowy,

ewlasciciel.

W tabeli 1 przedstawiono funkcje jakie petnia wymienione
jednostki w procesie analizy kosztow oraz korzysci jakie
osiagna po wdrozeniu systemu PAK.
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TABLICA I

FUNKCIJE PELNIONE JEDNOSTKAMI W PROCESIE ANALIZY

KOSZTOW ORAZ KORZY SCI JAKIE OSIAGNA PO WDROZENIU SYSTEMU PAK

INTERESARIUSZE

FUNKCJE

IKORZYSCI

Podejmowanie decyzji
zarzadczych na podstawie
informacji o stanie finansow

- przejrzysta analiza
kosztowa,
- szybki dostep do dowolnie

(Wiasciciel firmy, pozwalajacych na wybranego dokumentu w
efektywne i rentowne systemie,
dziatanie firmy - utatwiona kontrola nad

kosztami firmy
IKontrola pracy finanséw i - utatwiona kontrola nad
ksiggowosci, wykonywanie |kompletnoscia i
dyspozycji srodkami rzetelno$cia dokumentow
pieni¢znymi, dokonywanie  |dostarczanych do dziatu
lkontroli zgodnosci operacji  |ksiggowo finansowego,
. . gospodarczych i finansowych |- dostep do dokumentéw w

Glowny ksiggowy z planem finansowym, dowolnym czasie,
dokonywanie kontroli - mozliwos¢ prowadzenia
kompletnosci i rzetelnosci przejrzystej analizy
dokumentow dotyczacych finansowej, raportowania i
operacji gospodarczych i szybkiej reakcji na
finansowych zachodzace zmiany
Zapewnienie obstugi - przyspieszenie pracy
ksiegowej poprzez zespotu w wyniku
prowadzenie ksiag integracji systemu
rachunkowych, rozliczen, Z zewngtrznym systemem

. Jdostarczanie informacji o ksiggowym,
Finanse Istanie finansowym firmy, - fatwiejszy dostep do
ksiggowosc '

sporzadzanie zestawien i
sprawozdan, wspolpraca z
urzgdnikami, audytorami,
wykonywanie operacji na
rachunkach bankowych

larchiwum dokumentow w
systemie

Kierownik  dziahy]
lzaopatrzenia

Koordynowanie i
nadzorowanie pracy m.in.
dzialu zakupow, zapewnienie
dostgpno$ci materiatow
umozliwiajacej wlasciwy
przebieg procesu produkcji i
realizacji zamowien,
utrzymanie optymalnego
[poziomu zapasow,
minimalizowanie kosztow
imateriatlowych i
logistycznych, weryfikacja
[poprawnosci dokumentow
zwiazanych z dostawami,
lakceptacja merytoryczng
faktur zewnetrznych

- sprawniejsze
Inadzorowanie pracy dziatu
lzaopatrzenia,

- pelniejszy wglad do
lkosztow,

- szybsza analiza kosztowa,
- fatwiejszy wglad do
dokumentow w systemie,

- szybsza weryfikacja
[poprawnosci dokumentow
zwigzanych z dostawcami i
lakceptacja faktur

Dziat Zakupow

Prognozowanie i analiza
zapotrzebowan na materiaty i
ustugi, negocjacja warunkow
lhandlowych, zarzadzanie
zapasami, postgpowania
reklamacyjne wobec
dostawcOw, zarzadzanie
informacjami dotyczacymi
zakupow i zapasow,
weryfikacja poprawnosci
dokumentow zwigzanych z

dostawcami

- utatwione zarzadzanie
informacjami dotyczacymi
zakupow i zapasow,

- szybsza weryfikacja
[poprawnosci dokumentow
zwigzanych z dostawcami,
- mozliwos¢ potaczenia
dokumentow w systemie z
lodpowiednimi
zamowieniami

- fatwiejsze i
bezpieczniejsze
prowadzenie archiwum
dokumentow kosztowych,

[Utrzymywanie porzadku w
archiwum, w pismach,
dokumentach, fakturach,
przygotowywanie i

Samodzielny redagowanie pism - szybki podglad obiegu

pracownik lurzgdowych, selekcjonowanie [dokumentow w systemie,

administracyjny  |i segregowanie - dostep do bazy
korespondencji firmowych,  [dokumentéw w dowolnym
dbato$¢ o obieg dokumentow, [czasie

sprawdzanie faktur pod
wzgledem formalnym

Wszystkie wymienione korzysci stanowig cele jakie
powinny zosta¢ osiagni¢te w przedsigbiorstwie po wdrozeniu
systemu PAK. Wprowadzenie informatycznego systemu
obiegu faktur kosztowych znaczaco przyczyni si¢ do:

ezwickszenia wydajnosci poprzez przyspieszenie procesu
obiegu dokumentu kosztowego,

ecliminacji papierowej formy obiegu dokumentow, a wiec
co za tym idzie oszczednosci kosztow papieru i
przesytek,

estandaryzacji procesu obiegu dokumentow,

eochrony przed naduzyciami pracowniczymi,

ekierowania  akceptacji zgodnie  z  nadanymi
uprawnieniami,

ebraku dublowania pracy w organizacji,

eautomatycznego  zapisu  ksiggowego  dokumentdéw
kosztowych — zmniejszona pracochtonnos¢ dziatow
ksiggowych,

ezmniejszenia ryzyka zgubienia dokumentow.

Przeniesienie procesu analizy, akceptacji, dekretacji i
ksiggowania faktur kosztowych do systemu elektronicznego
znaczaco wplynie na zwigkszenie efektywnosSci w
przedsigbiorstwie, przy jednoczesnym umozliwieniu biezacej
kontroli nad budzetem i przeptywami pieni¢znymi.

D. Wymagania funkcjonalne i niefunkcjonalne

Wymagania systemu dziela si¢ na wymagania
funkcjonalne i wymagania niefunkcjonalne (zwane takze
wymaganiami jako$ciowymi). Za wymagania funkcjonalne
uwaza si¢ wymagania dotyczace wyniku zachowania systemu,
ktére powinny zostaé¢ dostarczone przez funkcje systemu. Z
kolei wymaganie jako$ciowe to wymaganie, ktore dotyczy
jakosci tworzonego oprogramowania, ktore nie zostato
okreslone przez wymagania funkcjonalne.

E. Wymagania funkcjonalne

1) Definicja funkcji: Logowanie

Analiza: Funkcja ta pozwala na zalogowanie si¢ w
systemie danemu uzytkownikowi, posiadajacemu
uprawnienia. Po zalogowaniu uzytkownik moze korzysta¢ z
wszystkich dostgpnych dla niego funkcji i wprowadzaé
zZmiany w systemie.

Wejscie: logowanie za pomoca danych identyfikujacych
uzytkownika: login oraz hasto.
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Wyjscie:  po  zalogowaniu  uzytkownik  uzyskuje
widoczno$¢ strony domowej systemu, adekwatng do petnione;j
przez niego roli. Zalogowany uzytkownik moze korzysta¢ z
panelu glownego z ktérego mozna wywotywac odpowiednie
funkcje systemu.

Dostep: wilasciciel, gtéwny ksiggowy, upowaznieni
pracownicy dzialu ks1¢g0wo - ﬁnansowego kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dziatu zakupow,
samodzielny pracownik administracyjny

2) Definicja funkcji: Wprowadz fakture

Analiza: Funkcja ta pozwala na wprowadzenie
skanu(pliku) faktury kosztowej do systemu w celu rozpoczgcia
jej procesowania.

Wejscie: dodanie dokumentu faktury kosztowej z dysku
komputera.

Wyjscie: mozliwo§¢ automatycznego odczytu faktury i
poddanie jej dalszym procesom.

Dostep: samodzielny pracownik administracyjny.

3) Definicja funkcji: Uzupetnij dane

Analiza: Funkcja ta pozwala uzupetié¢ potrzebne dane dla
wprowadzonej  faktury, ktére umozliwia dalsze jej
procesowanie. Wymagane do uzupelnienia pola to: numer
kontrahenta na podstawie NIPu sprzedawcy, data wptywu,
forma i termin platnosci, wartosci brutto oraz netto.

Wejscie: Wymagane do uzupeinienia pola to: numer
kontrahenta na podstawie NIPu sprzedawcy, data wptywu,
forma i termin ptatnosci, warto$ci brutto oraz netto.

Wyjscie: Wstepnie analizaana faktura gotowa do dalszego
procesowania.

Dostep: samodzielny pracownik administracyjny.

4) Definicja funkcji: Usun fakture
Analiza: Funkcja ta pozwala usung¢ z systemu bledng
fakture, ktora nie zaczela by¢ procesowana.

Wejscie: wskazanie odpowiedniej faktury kosztowej, ktora
zostata zatadowana z dysku do systemu i uruchomienie
funkcji.

Wyjscie: usuniecie faktury z
procesowanie, a tym samym z systemu.

listy oczekujacej na

Dostep: wlasciciel,

administracyjny.

samodzielny pracownik

5) Definicja funkcji: Wyslij do akceptacji

Analiza: Funkcja ta pozwala na przestanie do wgladu i
akceptacji  wczesniej wprowadzonej faktury kosztowej,
uzupetnionej o odpowiednie dane. Uzytkownicy posiadajacy
te funkcje wysylajac fakture do akceptacji, wysytaja ja do
wyzszego od nich szczebla akceptacji.

Wejscie: przestanie faktury kosztowej do dalszej
akceptacji.
Wyjscie: powiadomienie o oczekujacej fakturze do

akceptacji, pojawiajace si¢ u uzytkownika znajdujacego si¢ na
wyzszym szczeblu akceptacji.

Dostep: glowny ksiegowy, upowaznieni pracownicy dziatu
ksiggowo — finansowego, kierownik dziatu zaopatrzenia,
upowaznieni pracownicy dzialu zakupdéw, samodzielny
pracownik administracyjny.

6) Definicja funkcji: Analiza

Analiza: Funkcja ta umozliwia analiz¢ otrzymanej faktury
przed przestaniem jej do dalszej akceptacji. Kazdy uzytkownik
akceptujacy = dokument przed  zaksiggowaniem  jest
odpowiedzialny za sprawdzenie go pod wzgledem
merytorycznym (sprawdzi¢ czy operacja gospodarcza miata
miejsce w rzeczywistosci), formalnym (sprawdzi¢ czy
dokument zawiera wszystkie elementy przewidziane
przepisami prawa) oraz rachunkowym (sprawdzi¢ czy
obliczenia rachunkowe zostaly wykonane prawidtowo).
Funkcja ta pozwala analizowa¢ fakture kosztowa
odpowiednim zamoéwieniem / centrum rozliczenia.

Wejscie: odpowiednie w zaleznosci od kompetencji
analizy faktury wilasciwg adnotacjg: "Sprawdzono pod
wzgledem merytorycznym, formalnym i rachunkowym".

Wyjscie: analizowana faktura gotowa do akceptacji i
dalszego procesowania.

Dostep:  wilasciciel, glowny ksiggowy, upowaznieni
pracownicy dziatu ksiggowo — finansowego, kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dziatu zakupow.

7) Definicja funkcji: Akceptuj

Analiza: Funkcja ta pozwala na akceptacje analizowanej
wczesniej faktury kosztowej i przygotowanie jej do dalszego
procesowania.

Wejscie: potwierdzenie poprawnosci faktury poprzez jej
akceptacje.

Wyjscie: zaakceptowana faktura, gotowa do dalszego

obiegu.
Dostep: wilasciciel, g%owny ksn—;gowy, kierownik dziatu

zaopatrzema upowazmenl pracownicy dzialu zakupow,
upowaznieni pracownicy dziatu ksiggowo-finansowego.

8) Definicja funkcji: Odrzué

Analiza: Funkcja ta pozwala w sytuacji braku pewnosci co
do poprawnosci faktury kosztowej na odrzucenie jej na
dowolnym szczeblu. Faktura ta wraca si¢ do osoby, ktora jako
ostatnia jg zaakceptowata.

Wejscie: odrzucenie faktury.

Wyjscie: niemozno$¢ jej dalszego procesowanla i
zatrzymanie w obiegu, az do momentu poprawy i ponownej
akceptacji.

Dostep:  wlasciciel, glowny ksiggowy, upowaznieni
pracownicy dziatu ksiggowo-finansowego, kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dziatu zakupow.

9) Definicja funkcji: Dekretuj

Analiza: Funkcja ta wumozliwia dekretacje faktury
kosztowej, ktora przeszla wszystkie etapy akceptacji.
Dekretacja nastgpuje przed dokonaniem ksiggowania w
systemie  rachunkowym  zintegrowanym z  systemem
procesowania faktur zakupowych.
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Wejscie:  zadekretowanie  dowodu  ksiggowego i
umieszczenie na nim informacji: dat¢ dekretacji, wskazanie
numerdéw kont i stron tych kont (Wn lub Ma), na ktorych
nalezy ksiggowa¢ odpowiednie kwoty, osoba wykonujaca
dekretacje.

Wyjscie: zdekretowana faktura kosztowa, bgdaca gotowym
dokumentem do zaksiggowania.

Dostep:
finansowego.

upowaznieni pracownicy dzialu ksiggowo-

10)Definicja funkcji: Zaksieguj

Analiza: Funkcja ta sprawdza poprawno$¢ dekretacji, a
nastegpnie ksigguje W zintegrowanym systemie
rozrachunkowym (ksiggach rachunkowych firmy)
odpowiednie koszty z faktury zakupowe;j.

Wejscie: ksiegowanie faktury zakupowe;j.

Wyjscie:  zapis  ksiegowy kosztow w  ksiegach
rozrachunkowych firmy.

Dostgp: upowaznieni pracownicy dzialu ksiggowo -
finansowego.

11)Definicja funkcji: Archiwum
Analiza: Funkcja ta umozliwia wglad do wszystkich faktur

kosztowych obecnych w systemie: oczekujacych na
procesowanie, procesowanych i zaksiegowanych. W
archiwum odbywa si¢ wyszukiwanie odpowiednich

dokumentéw przy zastosowaniu opcji filtrowania danych po:
dacie wystawienia, kontrahencie, kwocie, dacie
zaksiggowania, terminie ptatnosci, rodzaju ptatnosci.

Wejscie: wyszukanie dokumentu stosujac odpowiednie
kryteria.

Wyjscie: pelny wglad do informacji dotyczacych
wyszukanej faktury zakupowej.
Dostep:  whasciciel, glowny ksiggowy, upowaznieni

pracownicy dziatu ksiggowo — finansowego, kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dziatu zakupow,
samodzielny pracownik administracyjny.

12)Definicja funkcji: Stworz raport

Analiza: Funkcja ta pozwala na stworzenie dokumentu
raportujgcego poniesione koszty bazujac na wprowadzanych
fakturach do systemu. Raport moze ukazywaé zmiany kosztow
w czasie, stosunek kosztow w czasie, procentowy podziat
ponoszonych kosztow, ogbélng wielko$¢ miesieczna/roczng
kosztow w odniesieniu do danego dnia. Funkcja ta umozliwia
petng analize kosztow.

Wejscie: wybdr odpowiednich kryteridw raportowania.

Wyjscie:  gotowy raport kosztowy mozliwy do
wydrukowania lub zapisania w formie graficznej.

Dostep: wlasciciel, glowny ksiggowy, upowaznieni
pracownicy dzialu ksiegowo-finansowego, kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dziatu zakupow,
samodzielny pracownik administracyjny.

13)Definicja funkcji: Terminy ptatnosci

Analiza: Funkcja ta pozwala na sprawdzenie zblizajacych
si¢ terminéw platnosci w danym okresie czasu lub dla
konkretnej faktury kosztowej. Platno$ci wyswietlajg si¢ w

Sposob hierarchiczny od najwczesniejszych do
najpo6zniejszych.

Wejscie: wyboér odpowiedniego kryterium oczytania
termindw platnosci.

Wyjscie: otrzymanie informacji o najpilniejszych

terminach i rodzaju ptatnosci wraz z odniesieniem si¢ do
faktur i danych rachunkowych.

Dostep:  wlasciciel, glowny ksiggowy,
pracownicy dziatu ksiegowo-finansowego.

upowaznieni

14)Definicja funkcji: Aktualny status

Analiza: Funkcja ta pozwala sprawdzi¢ aktualny status
danej faktury, ktora jest procesowana w systemie. Dzigki temu
mozna zobaczy¢ na jakim etapie obiegu jest w danej chwili.

Wejscie: wybor faktury do sprawdzenia na podstawie
wybranych kryteriow.

Wyjscie: informacje na temat drogi danej faktury
kosztowej w systemie i jej obecnego statusu: kto juz ja
zaakceptowal, czy czeka do dalszej akceptacji, czy zostala
odrzucona, czy zostala juz zdekretowana, czy zostata juz
zaksiggowana.

Dostep:  wilasciciel, glowny ksiggowy, upowaznieni
pracownicy dziatu ksiggowo-finansowego, kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dzialu zakupow,
samodzielny pracownik administracyjny.

15)Definicja funkcji: Wylogowanie

Analiza: Funkcja ta wumozliwia wylogowanie si¢
uzytkownika z systemu, zapisujac wszystkie wprowadzone
przez niego zmiany.

Wejscie: wywolanie wylogowania.

Wyjscie: wylogowanie uzytkownika i zamknigcie strony
domowej systemu, powrét do panelu logowania.

Dostep:  wlasciciel, glowny ksiggowy, upowaznieni
pracownicy dziatu ksiegowo-finansowego, kierownik dziatu
zaopatrzenia, upowaznieni pracownicy dzialu zakupow,
samodzielny pracownik administracyjny.

F. Wymagania niefunkcjonalne
System zapewnia odtworzenie stanu systemu sprzed
awarii.

Mozliwo$¢ ciaglego funkcjonowania w systemie 24
godziny dziennie, 7 dni w tygodniu. Dopuszczalna jest
chwilowa przerwa w pracy systemu na czas uruchamiania
aplikacji w trybie awaryjnym.

Zapewnienie monitorowania o btgdach.

System zapewnia skalowanie, rekonfiguracje, osadzanie
nowych ustug bez zaklocania pracy innych aplikacji i operacji
biznesowych.

System zapewnia pelng ochron¢ danych dot. kontrahentow.
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Konta uzytkownikéw chronione
loginem 1 hastem.

sg niepowtarzalnym

Operacje w systemie mozna wykonywac¢ tylko i wylacznie
po zalogowaniu.

Uzytkownicy moga korzystaé z systemu w sposob
rownolegly.

Kazdy uzytkownik ma dostep do $cisle okreslonych
funkcjonalnosci systemu.

System oparty jest na wszelkich wymaganych regulacjach
prawnych, czy tez rachunkowych i spetnia je wszystkie.

I1l.  PODSUMOWANIE

W oparciu o opracowane metody wizualizacji przebiegu
funkcjonowania  ztozonych systemow zarzadzania w
warunkach kooperacji sektorowej okreslono podstawy
symulacji, ktore pozwolity na prezentacje przebiegu procesow
i umozliwily zarzadzanie systemem informacyjnym w czasie
rzeczywistym. Opracowany material jest zintegrowang czescig
publikacji [2], ktora przedstawia metody oraz technike
wizualizacji procesow zarzadzania, ktora z kolei pozwala
usung¢ barier¢ psychologiczng i unikng¢ wzajemnego
nieporozumienia migdzy klientem 1 twodrcg systemow
informatycznych a takze zmniejszy¢ koszty opracowania,
wdrazania 1 obstugi rozproszonych systeméw zarzadzania.

Osiagnicto cel projektu, jakim byta analiza procesowa
systemu zarzadzania. Dokonano dekompozycji systemu na
podstawie analizy procesOw zachodzacych w rzeczywistosci.
Dzigki wdrozeniu systemu mozna zoptymalizowaé koszty,
poprawic¢ jako$¢ obstugi oraz zautomatyzowacé procesy.

Wdrozenie  opracowanego systemu pozwolito na
usprawnienie wymiany informacji miedzy oddzielnymi
jednostkami i przejscie na elektroniczny system zarzadzania.
Wdrazanie zmian w systemie spowodowalo wzrost
konkurencyjnosci  firmy, a funkcjonalno§¢  systemu
dostosowano do standardéw rynkowych.

LITERATURA REFERENCES
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Analytical modeling of infosystems of automated management. /
Lyubomyr Petryshyn // Zarzadzanie organizacjami w gospodarce
rynkowej: X miedzynarodowa naukowa konferencja "Zarzadzanie
przedsigbiorstwem. Teoria i praktyka”: Krakow, 22-23 listopada 2007 r.
/ pod red. Wiestawa Waszkielewicza; — Krakoéw: Wydawnictwa AGH,
2007. — ISBN 978-83-7464-153-1 — S. 268-275. — Bibliogr. s. 338,
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[2] L. Petryshyn, P. Talar, M. Petryshyn, Visualization Modeling of the
Purchase Invoices Electronic Circulation Management System.

9th International science and technical conference «Information Systems
and Technologies» IST-2020: Kharkiv, November 17-20, 2020. —
Kharkiv, NURE, 2020, Ukraine. In press.
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Adnotacja—Modelowanie procesow  zarzadzania ~w
warunkach kooperacji sektorowej na podstawie rozproszonych

systeméw  informatycznych pozwala zmniejszy¢  koszty
opracowania i eksploatacji takich zlozonmych systemow.
Proponowana metoda wizualizacji modeli informacyjnych

pozwala na odwzorowanie w formie graficznej procesow i
upraszcza porozumienie si¢ na etapie analizy i projektowania
pomiedzy zleceniodawca a producentem systemu. Przedstawiono
podstawy modelowania wizualizacyjnego i uproszczony przyklad
opracowania systemu wielosektorowego zarzadzania siecia
elektronicznego obiegu faktur zakupowych.

Abstract—Simulation of the processes of sectoral cooperation
management in distributed information systems allows to reduce
the means of introduction and operation of such complex
systems. The proposed method of visualization of information
models reflects graphically the constituent processes and
simplifies the understanding at the stage of analysis and design
between the customer and the system developer. The basics of
visualization modeling and simplified example of models
development of multi-sectoral management system are presented.

Stowa  kluczowe—modelowanie  wizualizacyjne,  procesy
informacyjne, kooperacja sektorowa, systemy rozproszone,
zarzgdzanie

Keywords—visualization modeling, information processes,
sectoral cooperation, distributed systems, management

Talar Patrycja
dept. of Computer Science
AGH University of Science
and Technology
Cracow, Poland
p.talar@gmail.com

Mykhailo Petryshyn
dept. of Computer Science
and Information Systems
Precarpathian National University
Ivano-Frankivsk, Ukraine
m.l.petryshyn@gmail.com
ORCID: 0000-0001-6319-3768

I.  WSTEP
Zarzadzanie zlozonymi  systemami w  warunkach
kooperacji sektorowej wymaga zastosowania technologii

informacyjnej, ktéra zapewnia odwzorowanie  stanu
i umozliwia zarzadzanie systemem w czasie rzeczywistym.
Opracowany materiat jest zintegrowana czes$cig publikacji [1],
ktora przedstawia technike analizy procesowej w zarzadzaniu,
bedacej z kolei podstawg modelowania informacyjnego.
Wizualizacja proceséw zarzadzania pozwala na usunigcie
bariery psychologicznej 1 uniknigcie nieporozumienia
pomigdzy klientem i twoércg systemow informatycznych,
atakze pozwala zmniejszy¢ koszty opracowania, wdrazania
i obstugi takich ztozonych systemow.

Celem opracowania jest przedstawienie wizualnych metod
modelowania proceséw zarzadzania zlozonymi systemami
w warunkach kooperacji sektorowej, a takze opracowanie
uproszczonego przyktadu systemu zarzadzania
elektronicznym obiegiem faktur zakupowych w firmie.

Nowacja pracy jest opracowanie 1 przedstawienie
graficznych  metod modelowania, ktére zapewniajg
wizualizacje procesOw zarzadzania i upraszczajg zrozumienie
ich przeptywu.

Aspekt praktyczny polega na mozliwosci odwzorowania
struktury 1 przeplywu procesow zarzadzania, unikania
nieporozumien przy formulowaniu zadania i zapewniania
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wymagan klienta, a takze zmniejszania kosztow tworzenia i
eksploatacji systemow zarzadzania.

Podstawy modelowania wizualizacyjnego s3
opublikowane w [2]. Przeanalizujemy uproszczony przyktad
modelowania rozproszonego systemu zarzadzania siecia
elektronicznego obiegu faktur zakupowych. Na podstawie
analizy procesowej oraz dekompozycji systemu zarzadzania
[1] przeprowadzimy modelowanie informacyjne systemu.

W celu lepszego zobrazowania dziatania wdrazanego
systemu PAK w przedsigbiorstwie, przedstawione zostang w
postaci tabelarycznej operacje i ich definicje. Operacje te beda
dotyczy¢ glownego procesu obiegu faktury kosztowej w
systemie. Dodatkowo zaprezentowane zostang odpowiednie
modele analizujace ten proces. W sktad tych modeli wchodzi¢
bedzie: model matrycowy, tablice czasowe, diagram sieciowy
(Gantta), schemat blokowy i dodatkowo statystyki.

MODELOWANIE PROCESOW ZARZADZANIA

A. Operacje i ich definicje.
SPA — samodzielny pracownik administracyjny;
PDZ — pracownik dziatu zakupow;
KDZ — kierownik dzialu zaopatrzenia;
GK — gtowny ksiegowy;
W — wiasciciel;
PDFK — pracownik dziatu finansow0-ksi¢gowego.

TABLICA |. DEFINACJA OPERACIJI SYSTEMOWYCH

Dokument | Tres¢ Opracowanie

D1.01 Wybor pliku z faktura z dysku w | SPA 01
celu zatadowanie go do systemu

D2.01 Uzupehienie ogoélnych danych | SPA 01
analizaujacych fakture kosztowa

D3.01 Sprawdzenie poprawno$ci SPA 01

D4.01 Wystanie faktury do | SPA 01
odpowiedniego pracownika dzialu
zakupébw w  celu uzyskania
akceptacji o zgodnosci faktury z
zamOwieniem

D5.02 Akceptacja i analizaanie faktury | PDZ 02
(potaczenie jej z zamowieniem)

D6.02 Wystanie faktury do akceptacji | PDZ 02
Kierownika dzialu zaopatrzenia

D7.03 Weryfikacja poprawnosci | KDZ 03
analizau faktury

D8.03 Wystanie faktury do akceptacji | KDZ 03
Glownego Ksiegowego

D9.04 Weryfikacja rachunkowej strony | GK 04
faktury i analiza

D10.04 Wystanie faktury do akceptacji | GK 04
wilasciciela dotyczaca zgody na
poniesienie zweryfikowanych
przez pracownikow kosztow

D11.05 Sprawdzenie poprawno$ci faktury | W 05
i koncowa akceptacja

D12.05 Woystanie zaakceptowanej faktury | W 05
do zaksiggowania do
pracownikow dzialu ksiggowo -
finansowego

D13.06 Dekretacja faktury PDFK 06

D14.06 Zaksiggowanie faktury kosztowej PDFK 06

B. Model matrycowy

Model matrycowy procesu zarzadzania catego systemu
zawiera trzy podprocesy (rys.1): realizacj¢ zamodwienia,
promocj¢ i zlozenie zazalenia przez klienta (przypadek
uznania). Taki model pozwala na wizualizacje postepu

realizacji operacji systemowych w procesach
przedsigbiorstwa, wykonywanych ~ w  odpowiednich
jednostkach w skali czasu.
o1 oz a3 o4 o 06
- o,
e
g
5-1
o5 — ]g
" — .
: E B
17 1
- — I
N 2
b1 2201 z
Rys. 1. Model matrycowy systemu zarzadzania.
C. Tablice czasowe
Tablice  czasowe  zawierajg czasy  rozpoczecia,

formowania, przetwarzania, ustalenia oraz uktad przeptywow
operacji systemowych. Tablice czasowe okres$laja rozktad w
skali czasu poszczegodlnych operacji systemowych procesow.

Tabl. Il przedstawia czasy rozpoczecia, — tworzenia,
przetwarzania i ustalania  operacji  systemowych.
Natomiast tabl. 11l pokazuje czasy przekazania dokumentow

przy wykonaniu operacji systemowych.

D. Model ,, graf sieciowy”

Model graf sieciowy (rys. 2) jest podstawowym modelem,
ktory umozliwia przejscie do UML-modelowania i
przedstawia podstawowe parametry systemu takie jak
struktura, czas rozpoczgcia i trwania operacji systemowych
oraz potaczenie kanatdéw komunikacyjnych.

E. Model czasowy spojny

Aby ocenié¢ peine obcigzenie obliczeniowe
informatycznego systemu zarzgdzania stosuje sie spojny
model czasowy (rys. 3). Graf ten jednak nie uwzglednia
dziatow, w jakich wykonywane sg poszczegdlne operacje
systemowe.

F. Schemat blokowy algorytmu wykonania operacji
systemowych

Na podstawie modelu spojnego wykresu czasowego
pozostat opracowany schemat blokowy algorytmu programu
wykonania operacji systemowych (rys. 4), ktory na podstawie
programowania obiektowego umozliwia szybka
implementacje¢ i wdrozenie oprogramowania aplikacyjnego.
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TABLICA Il. CZASY WYKONANIA OPERACIJI SYSTEMOWYCH

TABLICA IIl. CZASY PRZEKAZANIA DOKUMENTOW W SYSTEMIE PRZY
WYKONANIU OPERACJI SYSTEMOWYCH

CZAS
. . . . Czas przekazania
Rozpoczecia Formowania Przetwarzania Ustalania Dokumenty dokumentéw
proi | 1 1 DL.01- D2.01 0
p201 | 2 1 D2.01- D3.01 0
D301 | 3 1 D3.01-D4.01 0
pDaoL | 4 1 D4.01- D5.02 1
D5.02 | 6 1 D5.02- D6.02 0
D6.02 | 7 1 D6.02 - D7.03 1
D703 | 9 1 D7.03- D8.03 0
D8.03 | 10 1 D8.03-D9.04 1
D9.04 | 12 1 D9.04 - D10.04 0
D10.04 | 13 1 D10.04 - D11.05 1
D11.05 | 15 1 D11.05 - D12.05 0
D12.05 | 16 1 D12.05 - D13.06 1
D13.06 | 18 2 D13.06 - D14.06 2
D14.06 | 22 1
1 D101
: NEEreE
' \_\
4 \_\
5 " e,
s \
[esmTosme]  [ormloesms] — [oosToms] (nslons] [oss |
1 [5 [0 [i= 3
Rys. 2. Model ,,graf sieciowy” (typu Gantta).
[esmToeem] (oresToees ] (s Tosoos] Ceuslons] Coses

Is

|12

Rys. 3. Model czasowy spojny wykonania operacji systemowych.

|15

|3
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Rys. 4.Schemat blokowy algorytmu wykonania operacji systemowych.

Symulacje procesowa przeprowadzono za pomoca
online programu BPSimulator, znajdujacego si¢ nha stronie
http://www.bpsimulator.com [2]. Ponizej znajduje si¢ model
uzyty do symulacji (rys.5) oraz raport z niego
wygenerowany (rys. 6). Symulacja pozwolita oszacowaé
koszty systemu i pokaza¢ $redni czas realizacji kazdego
procesu.

SYMULACJA PROCESOW W MODELOWANYM SYSTEMIE

V.

Zarzadzanie fakturami kosztowymi wptywa nie tylko na
prawidlowy przebieg wspotpracy z kontrahentami, ale takze
na efektywne zarzadzanie finansami firmy. Wprowadzenie
nowego rozwigzania pozwala na ewidencj¢ oraz obieg
faktur kosztowych i pozwala oszczedzi¢ czas i pienigdze w
przedsigbiorstwie. W oparciu 0 opracowane metody
wizualizacji przebiegu funkcjonowania ztozonych systemow
zarzadzania w warunkach kooperacji sektorowej okreslono
podstawy symulacji, ktére pozwolity na predstawienie
przebiegu procesow i umozliwily zarzadzanie systemem
informacyjnym w czasie rzeczywistym. Wizualizacja
procesow  zarzadzania  pozwolita usuna¢  barier¢
psychologiczng i unikngé wzajemnego nieporozumienia
migdzy klientem a tworcg systemow informatycznych a
takze zmniejszy¢ koszty opracowywania, wdrazania i
obstugi rozproszonych systemow zarzadzania.

PODSUMOWANIE

:‘J(-.D'r'

Osiagnigto cel projektu, jakim bylo modelowanie systemu
elektronicznego obiegu faktur zakupowych. Dokonano
modelowania  systemu na  podstawie = procesow
zachodzacych w rzeczywistosci. Dzigki wdrozeniu systemu
mozna zoptymalizowaé koszty, poprawi¢ jako$¢ obstugi
oraz zautomatyzowac procesy elektronicznego obiegu faktur
zakupowych. Wdrozenie opracowanego systemu pozwolito
na usprawnienie wymiany informacji miedzy oddzielnymi
jednostkami i przejScie na elektroniczny  system
zarzadzania. Wdrazanie zmian w systemie spowodowato
wzrost konkurencyjno$ci firmy, a funkcjonalno$¢ systemu
dostosowano do standardow rynkowych.
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Rys. 5. Model symulacji systemu zarzadzania.

M Created M Completed Throughput Time
10

M Processing  00:00:14
5

B Transpartation 00:00:00

M Queue time  00:00:00

2 4 6 8 10 12 14 16 18 20 22

40 60
20 80
0
M Queue Length 100% Summary
o Performance
Tasks created 4
b Tasks completed 3
Total Costs $1.67
Takt time 00:00:19
Cycle time 00:00:19

2 4 6 8 10 12 14 16 18 20 22

www_bpsimulator.com

Rys. 6. Raport symulacji obcigzenia informatycznego systemu zarzadzania.
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Various Presentations of Stimulus and Remote
Control
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Anomayia—Po3rasHyTa aKTyaJIbHICTh po3podKu
cneniajgizoBaHUX NCHXOAIArHOCTHYHUX AaNapaTHO-MPOrpaMHUX
KkoMiuiekciB. Onmucani cucteMHi Ta TexHiuHi BUMoOru 10 moaeJi
CHCTEMM, a TAKOK CTAHJAPTHI BUMOIH 0 MPOEKTY CHCTEMH B

koHUenuii  InTepHery  peueii.  IlpeacTaBieHa  mojensb
indopmaniiiHo-BuUMiproBaIbHOT CHCTEMH 3 (ynkuismn
Pi3HOBHUMIpHHMX IIpex siBJeHb CTHMYJIB Ta  BiggajeHoro

ynpasJjinaga. Onmucani gyHkuii Ta QyHKIiOHATBHI MOKIUBOCTI
indopMmaniliHo-BUMIpIOBATBHOI CHCTEMH.

Abstract—The urgency of development of specialized
psychodiagnostic hardware and software complexes is
considered. The system and technical requirements for the model
are described, as well as the standard requirements for the
Internet of Things projects. The model of information-measuring
system with functions of various representations of stimuli and
remote control is presented. Functions and functionalities of the
information-measuring system are described.

Knwwuoei  cnosa—inghopmauiino-eumiprosanvha
Inmepnem peueii; mikpokonmponep; 6asza Oanux;
cepeep; giodanene ynpasiinua

cucmema,
XMapHuit

Keywords—information and measuring system; Internet of
Things; microcontroller; Database; cloud server; remote control

l. Bcryn

Bruus (hyHKIIOHABHOTO, MICHXOJIOTIYHOTO Ta
cX0(]i310JI0TIYHOTO CTaHy Ha Tpare3laTHICTh JIOAWHU OYB
HaykoBO noBedeHuit y XX cromitti. [lcuxodizionoriunuit
ACTIEKT JIFOIUHU TOB'SI3aHU 13 QYHKIIOHAIBHUMH pe3epBaMu
i JIOKATh B OCHOBI BHKOHAHHS PI3HUX THIIB MisJIBHOCTi, B
TOMY WYHCIi Yy CTPECOr€HHHMX CHTYaIlisiX, XapaKTEPUCTUK
BTOMJIIOBAHOCTI, JISITBHOCTI KOTHITHUBHUX MPOIIECiB,
dopmyBanHi pisHoManiTHuX HaBuuok [1, 2, 3]. Came TOMy
BUHUKAE HEOOXITHICTH SKICHOI Ta OIEPATUBHOI OLIHKA
ncuxodi3ioNoriYyHNX MOKAa3HUKIB JoauHU. J[o TOro X, Ha
JaHWH dYac BIiIOMI JIarHOCTHYHI  amapaTHO-TPOTPaMHi
KOMIUIEKCH BHKOPUCTOBYIOTB JIMIIE JIBOMIpHI a0o0 imiTamiiHi
TPUBHUMIpPHI TIpel sIBICHHS CTHMYIB Ha MOHITOpI, IO HE €
MaKCHMaJIbHO HAOIMKEHUMH JI0 PeanbHOro *utTs [4, 5, 6].

Cuijf BiIMITUTH, 10 OCTaHHI POKH IIMPOKY HOMYJISIPHICTH
OTpUMaNIM TIPOeKTH y cdepi [HTEpHET pedelt, 3 QyHKIISIMU
BiJJIAJICHOTO YIIpaBJiHHSA, 300py, mepenadi, 30epiraHHs Ta
npesenTarii gauux [7, 8].

ToMy oOCHOBHOW0O 3ajader0 €
iHpopManifHO-IpOrpaMHOi

po3pobka  mozemi
CUCTEMU 3 GyHKIIIMU
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JIBOMIPDHOTO Ta TPUBHUMIPHOTO TPEI SBICHHS CTHUMYIIIB,
BiIaJICHOTO yIpaBIiHHA, 300py Ta Tepemadi MJaHUX,
30epeXKCHHS 1X 3aBISIKH XMapHOTO CEpPBEpy Ta HACTYITHOTO
OTiepyBaHHS HUMH.

[Ipomlec po3poOkM Ta CTBOPEHHS MOJENI CHCTEMH
nependavyae (HOPMYIIOBaHHS Psy HEOOXiAHUX CHUCTEMHHX,
TeXHIYHHX, cTaHmapTHUX loT — BuMoT.

MOJIEJIb IHOOPMAIIMHO-BUMIPIOBAJILHOT CUCTEMU

CucteMHI BUMOTH Hepen0adatoTh: iCHYBaHHSI CHCTEMH SIK
HUTICHOI CTPYKTYpH, B SKIH B3a€EMOAii MK eleMEeHTaMH Ta
30BHILIHIM  CEPEIOBHIIEM  YTBOPIOIOTH  (DYHKIIOHAJbHI
XapaKTePUCTHKH ii €JIEeMEHTIB; MOXJIUBICTh PO3IIUPEHHS il
GbyHKIIIH, HaIlpUKIa, PpO3IIUPEHHS Garapei
MICUXOMIIaTHOCTUYHAX ~METOJAWK; OOOB’SI3KOBY  B3a€MOJIIIO
€JIEMEHTIB CUCTEMH; MaKCHMaJIbHe BUKOPHCTAHHS
CTaHOAPTU30BaHUX EJIEMEHTIB.

loT-eumorn  Oynmu  chopMmynboBaHI  Ha  OCHOBI
pexomenmanii MCE-T Y.2060 i mpoekTy €BpoOIeHCchKOTO
inrerparniigoro mpoekty loT-A (Internet of Things -
Architecture) i ctanu CTpYKTYpPHOIO OCHOBOIO iH(opMaiiitHo-
BuMiproBanbHoi cuctemu [9, 10]. 3riaHO i3 HUMH BUMOTamH,
€JIEMEHTH, 10 MICTHTh CHCTEMa, IIOBMHHI BiJIIOBIJaTH
apXiTeKTypHUM piBHsAM mpoekTy loT: piBHIO momatku (cdepa
3aCTOCYBaHHS), PIBHIO KEPYBaHHs, PIBHIO IPUCTPOT, IIUTIO3H 1
Mepexa, PIBHIO CEHCOPH Ta aKTyaTOPH.

TexHiyHi BHMOrM 3000B'SI3yIOTh CHCTEMY MICTUTH
MOOUTEHHH JOJAaTOK ISl KepyBaHHS IMPOLECOM TECTyBaHHS,
BUKOPDHCTAaHHS alapaTHUX HPHUCTPOIB Uil  PI3HOMIpHUX
mpen’sBIICHh CHTHANIB Ta 300py peakmiii IociimKyBaHUX,
BUKOPUCTAHHSA  BIAMOBIMHOIO  MIKPOKOHTpPOJEPY  JJIs
KepyBaHHS arnapaTHUMH HPUCTPOSMH TECTYBaHHS;
BUKOPHCTAaHHS MPUCTPOIB JUIs 0e3poTOBOI mepenadi JaHHX,
3aCTOCYBaHHS XMapHOIo cepBepa Ta 0a3u JaHMX, NPOTrpaMHe
3a0e3Ie4eHHs.

3aBAsKkd MM BUMOraM Oyna po3poOiieHa CTpYyKTypa
iH(pOpMAaIiHO-BUMIPIOBaJIbHOI CUCTEMH, L0 MICTUTH OJIOKH:
Omoky ympaBmiHHA (poOoye Micle ekcmepta), OJoKy
TecTyBaHHs (CTEHA Ul IOJAHHS JOCIIIDKYBaHOTO JIFOJIUHI
KOHTPOJBHHUX CTUMYJIB), OJIOKY OTpUMaHHS i Tiepeaadi JaHUX,
610K 06poOKH i1 36epiranus manux [11, 12, 13].

Enemenramu 650Ky yrpasiiHHs (poboue Micie ekcriepTa)
€ MOOUTBbHHI [0JaTOK, IO 3aBIIKA CBOEMY iHTep(eicy
koHTaktye i3 [1IK. KoprucryBayamu 11b0oro OJIOKY € SIK eKCHepT,
Tak 1 iHKeHep, 110 KOHTPOJIIOE MPOLIEC TECTYBaHHS.

OyHKLIIsIMU GJIOKY TECTYBaHHS € IPOBENCHHS NPOLEAYpH
JIIarHOCTYBaHH, a came, Mpej sIBICHHs CTUMYJIB 1 dikcaris
peaxiii 3aBIAKHA BIJIIIOBITHAM TIPUCTPOSIM Ta
MIKpPOEJIEKTPOHOMY i IPOrpaMHOMY 3a0€3IE€YCHHIO.

IMpuctpoi st 00’€MHOrO IpEACTaBICHHS CTHMYJIB
OCHAIIICHI MaTpHIlsiMu OaraTobapBHUX cBiTIIOmioniB - RGB
ceiTomioniB WS2812B 3 BOymoBanmM KoHTpoJjiepoM. Taxi
cBiTIOAiONM Oynu TpHU3HAHI HaWKpalmuM BapiaHTOM JUIst
MPOBEJCHHS TICUXOIarHOCTUYHHUX JOCIHIIKeHb 3a PsIOM

O3HaK: pO3MIipy, SICKPaBOCTi, CIIOXKMBAHHIO €HEprii, BapTOCTi,
BiIHOCHI# MPOCTOTI i AKJTIOYEHHSI.

Ha puc. 1 npencrasnenuii pozpobnenuii maker LED-ky6a
po3mipom 8x8x8 i3 3 BHKOPHCTaHHSAM CBITJIIO MiOMIB JUIA
npea’sIBJIICHHST TPUBHMIPHUX CTHMYJIB. Take mpexa’sBIeHHS
CTHMYIIIB BIIEpIIE 3alpOIOHOBAHO, SK BapiaHT OTPUMAaHHSI
CTUMYJIB MaKCUMaJbHO HaONIDKEHWH 0  PEalIbHOTO.
[puctpiit msa peecTpamii peaxmii JIOIMHA MPEICTABICHAN Y
BUTJISIII KJIaBiaTypH (KOJILOPOBAa Ta YOpPHO-0iia), a TaKoxX
MikpodoH.

LR

Puc. 1. Maker LED-ky6a po3mipom 8x8x8 cBiTiomioniB mms mpen’ siBICHHS

TPUBHUMIPHUX CTUMYIIB.

3aBAsKM TPOCTOMY TIOCIIJOBHOMY  YIPAaBIIHHIO, €
MOJJIMBICTh JIETKOTO Ha0Opy MaHeneld Oyab-SKOTo pOo3Mipy
(Puc. 2), a 3aBasku Garatum 6iGmioTekam - MPOrpaMyBaHHs
Oynp-sk01 KOMOIHAIlil CBITIIOBMX Ta KOJBOPOBUX CTHMYIIB
JUTSL TOCITIDKYBaHUX.

Puc. 2. JIBomipHi madeni i3 anpecanx RGB ceitinogionis WS2812B.

Brok oTpumaHHS i mepenadi TaHUX MICTHTh B3a€MOJIIOYI
MK COOOK HACTYNHI KOMIIOHEHTH: MIKPOKOHTPOJIED
STM32F4 na muiati STM32F4Discovery [14], WiFi monyns
ESP8266, GSM momayns SIMSOOL, poytep.

Ilepenqaua nmaHWMX  MOXe  3OIHCHIOBATHCS  3aBISKH
M IKITIOYSHHIO 10 MIKPOKOHTpOJIepa JBOMa CIIOCOOaMM:

1.Yepe3s moxmyns ESP8266
3'€JHaHHS 3 CEPBEPOM

2.Yepe3 moayns SIM8OOL miist GSM / GPRS-3B's13Ky.

it 6e3nposimHoro WiFi-
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OOuzBa MOIyNi B3a€MOAIIOTH i3 MIKPOKOHTPOJEPOM 3a
norioMoroto AT-koMmaHn, a i3 TJIO0AIBHOI0 MEpPEXer —
3aBsiku crexy TCP / IP.

Ipotokonr MQTT na ocuoBi TCP / IP cmnpuse nepenadi
JaHuX A0 XxMmapHoro cepepy Thingspeak, mo Mmae cBoro
CVYB] [15]. 3aBasku mpuHImnaM po6oTtu mpotokory MQTT
MOXIIMBE  OllepaTMBHE OTpuUMaHHs iHdopmauii  1po
pe3ynmbTaTH TECTYBAaHHA(HABITHP y BHUIAOKaX HecTaOUIbHOL
nepe/advi JaHuX) Ta iIHTerpyBaHHs HOBUX MPUCTPOIB.

baza mammx cuctemm mependadae 30epiraHHi IaHUX i
dopmyBanns ekcriepTHOi ominku. Ii po3pobreHa cTpykTypa
BKIIIOYae 0a3y MdaHUX IPO KOXHOTO MJOCHIIKYBAaHOMY —
4OTUpU OJIOKM 30epiraroTh 3araibHy iH(OpMAIio Mpo
nmochimxyBanoro (I1Ib, Bik, mocamy Ta iH.), MOKAa3HHUKH
BIZIMOBITHO MEPBHUHHO Ta MOBTOPHO INPOBEIECHHX METOIHK,
MEepBUHHY Ta ekcrepTHy ouinku (Puc.3 Ta Puc.4).

Iné
IBaH lBaHoBMY

Ko, - Oprauisauia - Mpissiwe - Bik

1 000 Atnant

- -

Mocagz v (A

i

IsaHoB 30 iHmenep

Puc. 3. Biok 3aranbHoi iH(poOpMALii MPo AOCITIHKYBAaHOTO

3HEMEHHAZ » | 3HBMEHHAS 34
45 56
53 55

23 27

Kog = nie MeToguka 3Ha4eHHAL
1 leanoell.  M3MP-1
2 C3MP-1

3 Peakyis pozpizxenka- 1

57
52
98

Puc. 4. B0k MOKa3HUKIB IEPBHHHO MPOBEACHUX METOAUK

Brnokx «ExcmepTHa oOIiHKa» BIINOBigae 3a 30epe:KEHHS
NaHMX, [0 BIiANOBIAHI IOCTaBiIEeHi# 3amadi KiieHra. ToOro,
OCHOBHI 1 IOJAaTKOBI IIOKAa3HUKH METOIUK, KUIBKICTH IIOMHIIOK,
KoedirienTi YUIIa, BUPOTIAHICTS BUKOHAHHS HEOOXiTHOTO
3aBmaHHA  (piBHsAHHA  baiieca), koedimieHTH  TapHUX
KOpeJIsillii, TOKa3HMKH  MYJbTIKOJUTIHEapHOCTI 1 iHMN
MOKa3HUKH 3aJIe)KHOCTEH KpuTepiiB BUIpoOyBaHoro. biok
0CTaTOYHOI eKCIEPTHOI OL[IHKM BilIIOBIJIa€ IHTEPIPETOBAHUM
pe3yJibTaTaM TeCTYBaHHSI.

III. BUCHOBKU

3anpornoHoBaHa MoJeNb  1H(pOpMaliiHO-BUMIPIOBaIBHOT
CHCTEMH 13 PYHKIISIMHU PI3HOBUMIPHUX Tpe] IBICHb CTUMYIIIB
Ta BIAJAJICHOTO YMPABIIHHS SIBISIE COOO0  CKJIAIHHI
amapaTHO-TIPOrPaMHUK KOMIUIEKC Ta HpoekT y céepi loT
BOJIHOYAc. AmapaTHi Ta NPOTrpaMHi KOMIIOHEHTH CHCTEMHU
CIPSIMOBaHI Ha IICUXOAIarHOCTUKY JIFOIMHU B peajbHOMY Yaci,
nepeaauy manux 3a gomomoror WiFi-3'ennanns a6o GPRS-

3B'A3KY, KOM(OPTHOTO 30epEeKEHHS Ta KOPUCTYBAHHS TaHUMHU.
BuxopucTaHHs METOJIB CTATHCTUYHOI OOpOOKH pe3yibTaTiB
HampaBsjieHI Ha SKICHY 1 JOCTOBIpHY IIarHOCTHKY CTaHy
JIFOJMHHL.
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Anomauyia—Po06oTa npucBsiueHa po3podui MaTeMaTHYHOI
Mojesi aganTanii MPoeKTHOI KOMAaHAM Ta BHUPIlIEHHIO 3agadi
MOTHBYBAaHHsl il 4J/IeHiB /0 PO3BMTKY Ha OCHOBi 3HaHHs iX
MOTHBaLiHUX YycTaHOBOK. Po3poljieHa Moaeab PpO3BUTKY
KOMaHIM BpaxoBy€ (aKTOpH BIVIMBY HA MOTHBALI0 YjeHa
KOMaHIU TAa HeOOXiIHY KIIbKIiCTH pecypciB [Jsl 1OCSTHEHHS
MaKCHMAJbLHOIO ii piBHS.

Abstract—This work is devoted to the development of a
mathematical model of adaptation of the project team and
solving the problem of motivating its members to develop on the
basis of knowledge of their motivational attitudes. The team
development model takes into account the factors influencing the
motivation of a team member and the necessary amount of
resources to achieve its maximum level.

Kntouoei  cnosa—  IT-npoeckm;  npoekmna  Komanoa,
adanmauis; MOMuUeAis; MamMemamuuHa mooeis

Keywords— IT project; project team; adaptation; motivation;
mathematical model
l. BcTyn

VY cohepi inpopMaIifHUX TEXHOJIOTIH KOMaHIHA (opma
opraHizamii € OCHOBHUM a00 €IWHHM THIIOM OpTraHi3amii
npouecy BUKOHaHHs IT-npoexty. JKUTTeBUI LUK NPOEKTHOL

KOMaH/IM  CKJIQJIAETBCS 3 B3AEMO3B'SI3aHUX  CTajiil:
(dopMyBaHHS KOMaHIOW, PO3BUTOK, TpaHchopMmaris abo
posbopmyBanHs [1]. VY 3aranpHOMy BHIAAKy 3ajada

(dopMyBaHHS KOMaHIM PpO3INISAAIOTBCS SIK  33jada  IIpo
MIPU3HAYCHHS, KA OXOIUTIOE IIUPOKUH KIac ONTHMi3amiiHUX

Svitlana Ponomarova

dept. of System Engineering
Kharkiv National University of
Radio Electronics
Kharkiv, Ukraine
svitlana.ponomarova@nure.ua

3agad Bix (QOpMYBaHHA CKIagy KOMaHAM IO PO3MOILUTY
oOcsriB  pobit Ta ¢yHKOiA (mpodecifHUX ponen) |y
HEOMHOPIMHUX KoMaHAax [2]. Bijbll MepcreKTHBHUN Miaxig
Ut 3a71a4i (POPMyBaHHSA KOMAaHIM TPOEKTY IPYHTYETHCS Ha
KOMITETEHTHICHOMY IiJXO[li, BPaXOBY€ HE TIJIbKH npodeciiiHi
SIKOCTI MPETeHCHTIB, ane W mpodinbHi Ta ocobucricHi [3].
[pouecu po3BUTKYy Ta TpaHcdopMarii 3AIHCHIOIOTECS uepes
ajanTamilo Ta HaBYaHHSI KOMaHIH, €(EeKTHBHICTb SKUX
HEMOXJIMBO 3a0e3nmednTH 6e3 ypaxyBaHHS MOTHMBALIHHUX
YCTAaHOBOK  CIIBPOOITHWKIB, BMIiHHA IX ¢opMyBaTH i
HAaIpaBJIATH BIANIOBIJHO J0 HOBHX 3aBlaHb. Ynm goBiie Oyne
iCHYBaTH KOMaHJa, THM BHIIE Oyze 11 piBEeHb CIIPalbOBaHOCTI
i mpodecioHanizMy, i THM Kpaile i pe3y/lbTaTHBHillE BOHA
Oyne niSTH He TUTBKH Ha TIOTOYHOMY IIPOEKTi, a i Ha
HACTYNHUX, M0 BHKJIIOYa€ HEOOXITHICTH pPo3(opMyBaHHS
KOMaH[IU TicIsl 3aKiHYCHHS MPOEKTY. 3TiHO Cy4acHOi Teopii
YIPAaBJIiHHS JIIOAMHA, SK CIIBPOOITHHK, € LIHHUM DPECypcoM

opramizamii [4], 1 Bim TOro, HacKiIbKH e(PEKTHBHO
OpraHi3oBaHWil Mpolec Horo aganTaiii 10 HOBOTO MPOEKTY,
3aJICKUTh 1 PEe3yNbTATUBHICTh MOJANBIIOI  poOOTH, |1

peasizaris 31i0HOCTeH CIiBPOOITHHKA.

[Mig aganTamiero OyaeMo pO3yMITH PUCTOCYBAHHS WICHIB
MIPOEKTHOI KOMaHIOH, a caMe iX mpodeciiHMX HaBHYOK IO
BUMOI' HOBOT'O IIPOEKTy. 3a3BM4ail mpodeciiiHa amanraris
3MIACHIOETECSL Yepe3 yJ4acTh Yy pPI3HOMAHITHHX 3axolax 3
MiIBUINCHHS KBaslidikamii, 30KkpeMa, HaBYaHHI Ha Kypcax,
TPEHIHIrax, y4acTb y XakaToHaX, Toulo. [Ipu oMy nporpama
ajanTamii KOMaHIU € ciabogpopMalli3oBaHOI0, O yBarwm He
Oeperbcs  e(EeKTUBHICTH O0OpaHOTO BHAY HaBYaHHI Ta
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BMOTHBOBAHICTb CHIBPOOITHUKIB. Ortxe, npoOiema
(dopmarmizamii mporeciB IUTAHYBaHHS ajanTamii MpPOEKTHOT
KOMaH/IM 3 ypaxyBaHHAM MOTHBAlLii € aKTyaJbHOIO SK 3
TEOPETHYHOI, TaK 1 IPAKTHIHOI TOYOK 30PY.

[l. MATEMATUYHA MOJIEJIb IUIAHY AJIATITALUI [IPOEKTHOI

KOMAH/I1

BupiiieHHss nurTaHHS ~ajanTamii MPOEKTHOI KOMAaHIH
motpelye 3’SCyBaHHS TaKWX IHTaHb: KOTo Tpeba HaBYATH IS
3abe3neueHHs HOBOT'O MIPOEKTY MOTPIOHUMHU
KOMIICTEHTHOCTSMH, 3a0e3IeUeHICTh HaBYaHHA pecypcaMu
(KomTaMu), SIKUMU € TIPUHHATHI TEPMIHM HaBYaHHS, TOOTO
HEOOXIHO CKJIACTH IUIaH ajmanrtamii. [Ipu mipoMy MOXIHBO,
110 HE BCi CMIBPOOITHUKHM MaTUMYTh OakaHHsI OpaTu y4acTh y
HOBOMY TIPOCKTi 1 TOAI BHHHUKAE 3ajada iX MOTHBYBaHHS Ha
HaBYaHHS.

3amady aganTariii IpOeKTHOI KOMaHIN PO3TISTHEMO B TaKii
nocranosui [5]. Icnye xomamma X ={x}, i=1ns sxii

X BOJOJIE IOHAWMEHII OJIHIEI0

KOXCH i

YYaCHHUK

npo¢)eCiifHOI0 HABHYKOIO, 1  MOTOYHUN CTaH BOJIOMIHHS
npodeciiHUMH KOMIIETEHTHOCTSIMA OIMHUCYETHCSI  KOPTEIKEM

K= <kj(xi )> , ne Kk;(X) — piBeHb 3HaHb CHiBPOOITHMKA X;

32 |-10 KOMIICTCHTHICTIO, j=1,m. PiBeHb HEOOXiTHUX

npodeciiHnX HaBUYOK JUIs HOBOTO IIPOEKTY 3aJaHHi

K =(kj(x)). [
OCATHCHHS PIBHA HEOOXITHWX HABUYOK Tpeda MpOBECTH
HaBYaHHS THX CIIBPOOITHMKIB, YMi pPIBEHb KOMIIETEHTHOCTI

KOPTEKEeM  KUIBKICHUX  3HAYCHb

MeHIe HeoOxinHoro, 0610 K; (X )< k}k(xi ), j=1m. Jls

HaBYaHHS JOCTYIHa MHOXHHA 3axoniB z,, | =1,L, xoxen 3

SIKMX [OTPeOY€ MEBHHUX IPOLIOBUX BUTPAT C; Ta 4acy t;, ski

1i >
B 3QJIC)KHOCTI BiI YMOB TPOEKTY MOXYTh OyTH OOMEXeHi
I'PaHNYHUMH 3HAYCHHIMH C}, t]f . Okpim 1poro, pizHi 3axoau
MaioTh Pi3Hy e(EeKTUBHICTH a00 NPUBAOIHBICT, TOMY
JOLITPHO OOMpATH 3 HUX TaKWH, SKUH Mae cepen (axiBIiB
peiitunrosy ouinky Pr(K;)He menmy nomyctumoro piHs

Pr,*(kj ), Tobro  Pr(k;)= Pr,*(kj ). TlotpibHO cKiacTH
TakKUi IUIaH
CIIBPOOITHUK

amanTarii  KOMaH[IH,
Oyae  MiArOTOBJICHUI

komrereHTHOCTsIMH K :<kj(xi )> JI0 HOBOTO TPOEKTY 3a

opu  SAKOMY KOXKCH
3a BHU3HAYCHUMU

BU3HAYCHHH Yac Ta npu MiHIMaJIbHUX BUTparax.

Ha erani opmyBaHHSI KOMaHIM TPOEKTY ii ePEeKTUBHICTD

n m
OIIIHIOETRCS QYHKIER KopucHocTi P(X )= ZZ Pi(X), ne

i=1 j=1
P.(%)— edexruBHicTs i-ro cniBpoGiTHMKA BiANOBIAHO
NEBHIl KOMIETeHTHOCTI j [2]. s KOXHOro WieHa KOMaHA!
X; OKpeMa Horo KOMIIETEHTHICTh Ma€ HaiOIbIly BaXKIMBICTh
a0o € MPIOPUTETHOIO, a TAKOXK YMOBaMH aJanTailii Moxe OyTH
oOMeXkeHa  KUIBKICTh ~ KOMIIETEHTHOCTEH, SKi  MOJXKHA
mokpamuTd. JIig  [UX BHOAAKIB  3aCTOCYEMO  Barosi

m
KoeQilieHTH a;, Zaj =1, 0< a; < 1. ITicia apamrandi
=1

e(eKTHBHICTH CIIiBpOOITHHKA HaOyBae 3HAUCHHS

P*(Xi)zzajk?(xi) (1)
j=1

OCKUTBKM  e()eKTHBHICTh  aJanTalfii OIIHIOEThCS 5K
BapTICHUMH, TaK 1 (YHKIIOHAJHPHUMHU XapaKTEPHUCTHKAMH,
JIOLITLHO 3aCTOCYBAaTH B y3arajJbHEHHH KpUTEPil BUIY:

> E(X)

L

2.6

1=1

— max,,

BCINMYHNHaA KOMIIETEHTHICTh

ae E(x)
MpaniBHAKA B HUIOMY, 1 SKIOIO PiBEHb TOCTATHHO BHUCOKHIA,
Tomi MeHIe MoTpiOHO moBumtHcs. [y peamizaiii BUOOPY

3aX0/ly Z, BBEJIEMO OyNIEBY 3MiHHY 7, !

XapakTepu3ye

1, axwgo obpano 3axio I;

Y= .
0, inaxwe

3 YpaxyBaHHAM BHUIIC 3da3HAYCHOI'O0 MaTeéMaTU4HA MOJCIIb
BU3HAYCHHA ONTUMAJIIBHOTO IJIAHY aﬂaHTaHﬁ Mae€ BUA:

> Y n(P(x)-P (%)

n
i=1 j=11=1

o — max (2)
ZVlclj
-1
npu OOMEKEHHSX !
L N _
ZYltn <t, vj=1m ©))
=1
L . A R
Zchlj <¢;, Vj=1m 4)
-1
7 Pr(k; )= Pr (k) VI=1L; Vj=1m. (5)

Maremarnuna monenb (2)-(5) Bu3Hauae ONTUMANBHHUI
IUIAaH ~ ajanTamii  MpoeKTHOI KOMaHAW, TOOTO  SIKOTO
CHiBpOOITHIKA HAaIPaBUTH Ha HaBYAHHS HA TEBHUH 3axim ais
TIOKpalIeHHs] BU3HaUeHNH KoMIreTeHTHOCcTel. CIriJl 3a3HaYuTH,
mo y ¢opmynax (1)-(5) 3 MeToro AOTpUMaHHS €IUHHUX
iHTEpBaIiB BUMIpDIOBaHHS Ta 0€3pO3MIPHOCTI  BEIWYHMH
3aCTOCOBYIOTBCS HOpPMOBaHi 3a Bimomumu ¢opmynamu [6]

3HAYEHHS ITapaMeTpiB kj( X )i ¢
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111, OnmMc MOAEI MOTUBYBAHHS

VYcmix TmpoBeACHHS OpTaHi3alli€ro amanTailii i HaBYaHHS
NIPOEKTHOT KOMaH/1u 0a3yeThcs HA MOTHBYBaHHI ii WIEHIB 110
PO3BUTKY Ha OCHOBI 3HaHHSI MOTHUBAIIfHAX YCTaHOBOK,
BMiHHS 1X (pOpMyBaTH i HANPABIATH BIIIOBIIHO JO 3aBIaHb,
10 CTOSITH MIEpe OpTraHi3alielo.

JIIst KOXXHOrO 3 WieHIB KOMaHIW MOTHBYIOUHM (akTopu
MOJXYTb BIAPIZHATHUCS: OHI MOXYTh OyTH OiIbIIIe Opi€HTOBaHI
Ha 3MICTOBHICTH 1 CyCIIBHY 3HAUMMICTh Tpali, iHIII — Ha
OIIIaTy Ipami Ta CTaTyCHi IHHOCTI. Sk (akTopm MOTHBAIil
MOXYTh BUCTYIIaTH BUCOKa 3apo0iTHa IUIaTa, BUILIATA MIPEMiii,
Kap'epHe 1 mpodeciiiHe 3pOCTaHHs, 3M00YTTS OCBITH, PO3BHTOK
1 CaMOBIOCKOHAJICHHS, MOXKJIUBICTh MOJOPOXKYBATH, THYYKUH
rpadik poOoTH, CTpaxyBaHHS JKUTTS, BU3HAHHS B KOJICKTHBI
tomio [7].

3ajava MOTHBYBaHHS BUDIIIYETHCS y ACKiIbKa eTarmis [8].

Etam 1. Omiaka notpe® mpariiBHUKIB, SKi BU3HAYAIOTH iX
poOoYy OBEIHKY, CTaBJICHHS 10 pOOOTH i 3aBJIaHb.

Eran2. BusHaueHHs GpakTopiB, sKi BIUIMBAIOTH HAa TPYIOBY
MOTHBALIIO MTPAI[iBHUKIB.

Etanm 3. BupoOmeHHs 3axomiB BIUIHBY, M00ym0OBa
MOTHBYIOUOTO pPOOOYOro CEepeIOBHINA, SKE CIPHSIE BUCOKIH
3aIliKaBJICHOCTI B KiHIICBUX PE3yNIbTaTax.

Etan 4. BruiuB Ha TpyAOBY MOTHBAIiIO 3 ypaxyBaHHSIM
IHIMBIOyalbHUX  OCOONMBOCTEH TpalliBHUKA, MO 1 €
peatizalli€ro 3aBIaHHs YIPaBIiHHS MOTHBAIIIEIO.

Etam 5. Oninka eekTHBHOCTI OOpaHUX 3aX0/1iB BIUIMBY Ta
X KOpUTyBaHHs B pa3i HEOOXiIHOCTI.

PesynpTaTH BUKOHAHHS NEPIIMX ABOX €TAIlB € BXITHUMH
JAHUMH ]I BUKOHAHHS TPEThOIO €Tamy, SKUH MoTpedye
moOyIOBH MOJEIN YIpaBIiHHSI MoTHBamiero. Ha HacTymHHX
eramax 3ICHIOEThCS YIPABIIHHA MOTHBAIIIEID Ta OIliHKA
pe3yNbTATIB YIIPABIiHHS.

bynemo BBakaTu, 10 BiJloMa MHOXHHA rpyn (akTopis,

[0 BIUIMBAIOTh HA TPYAOBY MOTHBaMil0 Y = {y j}, j=1LM,

Ta MOYaTKOBUH PiBEHb MOTHBAIIT Ui(j) KOXKHOT'O CHIBpOOITHUKA

X; , SIKHH BimoOpakae 3aJ0BONEHICTh BAXIUBHMHM IJI HBOTO
KUTTEBUMH  TOKa3HUKaMu. OueBHAHO, 10  Oynb-sika
[iTecpsMOBaHa 3MiHa pIiBHSA 3aJ0BOJICHOCTI TMpaIliBHUKA
notpedye BUTpAT pecypciB, mpuuomy edekT Bin Tiel X
KUTBKOCTI BHTparT Oyme pi3HUM SK UIS pi3HHX (haKTOpiB
MOTHBAIlil, TaKk 1 pI3HUX [paliBHUKIB. Taky QyHKIIiO
3aJI©KHOCTI PIBHS 3a/I0BOJIEHOCTi i-r0 CIiBPOOITHHKA Bij
BATpaT pecypciB Ha j-i  Qaxrop mormsanii U (r;)
MPECTaBUMO JIOTiCTUYHOI (QYHKITIE0 S-00pa3HOTO BUIY

U; (1) =1/(1+d; exp(-byr; ), (7
SKa JI03BOJISIE OTPUMATH BUITYKII, YBIrHYTi Ta Maibke NiHIHHI
dyHKuii 3a 10mOMOro0 pisHMX 3HadYeHb mapametpis d; Ta

bij. Taka BrmacTuBicTh miel (QYHKIOIT  BakIHBa

MOJZEIIOBaHHS OCOOUCTICHUX XapaKTePUCTHK Ta CHPUHHATTS
30BHIIIHIX BIUTHBIB JIFOABMH Pi3HUX mcuxoTumis [9].

JJIA

Buxopucranssa ¢yskuii (7) 703BONSIE BUPINTYBATH 3a1aqy
MOTHUBYBaHHS Y JIBOX NOCTaHOBKAX:

® BU3HAYCHHS HEOOXiAHOI KiIBKOCTI pecypeiB I s

MTOBHOTO 3aJI0BOJICHHS MPAIliBHUKIB;

® [IPOrHO3YBaHHS 3pOCTaHHS BMOTHBOBAHOCTI
NPALIBHUKIB 33 PaXyHOK BKJIAJCHOI KiNbKOCTI pecypeiB Iy
MOTHUBYIOUi (haKTOPH.

IV. BUCHOBKU

3anpornoHoBaHi Mo/ieli CIIpsIMOBaHI Ha BHUPIIICHHS 3a/1adi
PO3BUTKY MPOEKTHOI KOMaHAM HUISIXOM  HOKpAaIIEeHHS
KOMIIETEHTHOCTEH MpaliBHUKIB, 10 JO3BOJISIE YHUKHYTH
erany pekpytuHry B IT-kommanii 1 Bupimye mnpoGiemy
MOIIYKY  HOBHX  BHUKOHABIIB  MaWOYTHIX  IIPOEKTIB.
3anponoHOBaHUN IiAXil, SKWAH TIPYHTYETbCS HA aganTamil
yepe3 HaBYaHHA Ta MOTHBAIii BIANOBIiTa€ CyYaCHUM
KOHIICTIIIIM  30€peKeHHST JIIOACEKUX PpEecypciB  KOMIIaHii,
HAaBYaHHS IPOTATOM JKUTTS, CKOPOYYE BHTPATH dYacy Ha
(bopMyBaHHS KOMaHAM HPOEKTy. [IpakTH4HEe 3acTOCYBaHHI
Pe3yabTaTIB IOCIKEHD MOTPEOy€E MOAAJBIIOrO 3’ICyBaHHS
MUTaHHA iJeHTUdIKalii mnapamerpiB, sKi MOTPiIOHI JuIs
MOJICITFOBAHHS PI3HUX MICUXOTHIIIB JIFOJICH.
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Anomayia—Po3rnsiHyT0 3a7a4y onTUMi3amii TOMOJOriYHUX
CTPYKTYp TPHPiBHEBHX IEHTPAJi30BAaHMX KOPHOPATHBHHX
KOMII’I0TePHUX Mepex 3a MHOKHHOI0 NMOKA3HUKIB.
3anponoHoBaHO MoAuQiKalil0 MeToay CHPAMOBAHOIrO mepedopy
3 BUKOPUCTAHHAM aJUTHBHOI QyHKIUII 3arajibHOI KOPHCHOCTI.

Abstract—The problem of optimization of topological
structures of three-level centralized corporate computer
networks on a set of indicators is considered. A modification of
the method of directed search using the additive function of
general utility is proposed.

Knrouosi cnosa—kopnopamusna Komn’iomepna mepedica,
mononoziuna cmpykmypa, 6a2amoxKpumepiaibHa ORMumizayis.

Keywords—corporate computer network, topological structure,
multicriteria optimization.

I. Bcryn
Iponecn ONTHMI3allil CyJ4aCHHX KOPHOPaTHBHUX
komm’rorepHux Mepex (KKM) mnepenbauarots iTepariiine
pO3B’s3aHHA  3ama4  IX  CTPYKTYpPHOI,  TOIOJOTIYHOI,

napaMeTpUYHOl Ta TEXHOJIOTIYHOI onTuMizamii. Taki 3amadi
MaroTh KOMOIHATOPHHI XapakTep, TICHO TOB’sA3aHi Mk c00010
3a BXIIHUMHU 1 BHUXIJHUMH JaHUMH Ta PO3B’SI3yIOTHCS 3a
MHOKHHOI0 (DYHKIOHATBHMX i BapTiCHUX TMOKA3HUKIB. IX
CIUTBHE PO3B’A3aHHSA JIO3BOJISIE TOKPAIIyBaTH IPOEKTHI
pillIeHHs1, TIPOTE MPHU3BOAUTH JI0 MPOOIEM 00UNCIIOBAILHOTO
Xapakrepy.

Vladimir Russkin

Department of Informatics,
Kharkiv Humanitarian and Pedagogical Academy
Kharkiv, Ukraine
v_russkin@ukr.net

3aranbHa 331a4a BUOOpY HaMKpaIoro BapiaHTy moOy 0BU
KKM mosxe 6yTu nogana y Burisii [1]:

OrJia1 CYY4ACHOT'O CTAHY ITPOBJIEMHA

s° =arg max P(T.R,G,A), (1)

Je S - MHOXHHA JOMYCTUMHX BapiaHTIB MOOyIOBH
Mepexi; P - ckamipHa omiHKa BapiaHTta; T - THIH
eneMeHTiB; R - apxiTekrypa mepexi; G - Tomosoris Mepexi;
A - TexHonorist QYHKI[IOHYBaHHS MEPEKI.

Hdus po3s’sizanHs 3amad Buny (1) po3poOneHi TodHi Ta
HaOIKEHI METOTM ONTHUMI3AIlii 32 MOKa3HUKOM BUTpaT [2-3].
Touni Meromu uepe3 BUCOKY OOYHCIIIOBAIBHY CKJIQIHICTB
3aCTOCOBYIOThCS Y 33/1a4ax 3 BiJHOCHO HEBEJIMKOIO KUIBKICTIO
exeMeHTiB. TOYHICTE HAOIMKEHHUX METOJIB ONTHUMI3alli, 1o
BUKOPHUCTOBYIOTh 1/1€i CHpPSIMOBAaHOrO mepedopy, Moxe
PETYIIOBAaTHCh Yy 3aJIEKHOCTI B PO3MIPHOCTI 3amavi Ta
MOTY)KHOCTI BHUKOPHUCTOBYBAaHMX OOYHUCIIOBATIBHUX 3aco0iB
[4]. HeoOxinHicTh 1 IBUILIEHHS (byHKIIOHATLHUX
XapaKTEepUCTUK ICHYIOUMX MeEpeX, €KOHOMIii BUTpaT Ha iX
CTBOPEHHS # eKCIUTyaTallifo OOYMOBIIOIOTh aKTyaJbHICTh
3aBlaHb PO3POOKK e(PEKTHBHUX METOJIB ONTUMI3aIii IX
TOTIOJIOTIYHUX CTPYKTYp 32 MHOXXHHOIO (YHKIIOHATBHHUX 1
BapTICHUX TOKa3HHKIB.
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3a pe3ynbTaTaMHd CHUCTEMOJIOTIYHOTO aHami3y 3amadi (1)
BUSIBJICHO, IO apXiTekTypa Mepexi R Bu3HauaeTbcs Ha
MHOXXHHI JOIyCTUMHX BapiaHTiB MOOYAOBH S 332 MHOXXHHOIO

PE3VJILTATU JJOCJIJPKEHH

qacTKoBUX KpuTepiiB K,(S)— extr, i=1,m (omepaTuBHiCTS,
seS

HAIHHICTD, )KUBYUICTh, EKOHOMIYHICTh TOIIO) 3 YpaXyBaHHIM
TUMIB eJeMeHTiB T , Micup ixHboro posramyBaHHi G i
TeXHOJIOTiT pyHKIIOHYBaHHS A':

2

ki(s)—>extsr, i=1,m.

3 ypaxyBaHHSIM HalpsMKIiB O0akaHOT 3MiHH XapaKTEepUCTHK
Mepexi i oOMexeHb, 10 BHUCYBAIOTHCS 0 HUX, 3amady (2)
MOJIaMO y BUIIISAI:
k,(s)—min, k,(s)<k],

seS

kz(s)—>misn, k,(s)<Kk;,

. (3)
k3(s)—>masx, ky(s)=k;,
k(5) > max, k,(s)2k},
Se.
e k;, k;, k;, k: - TpaHWYHI 3HAYEHHS [OKA3HHUKIB

BUTpaT Ha Mepexy K,(S), 1l omeparuBHOCTi (WBHAKOZIT)

k,(s), Haniiinocti K,(S) ixuBydocti K,(S).

YacTkoBUMHU BHMNagkamu 3anadi (3) € 3amavi ontumizanii
KKM 3a oanuM, [BOMa 4YM TpbOMa I[OKAa3HUKaAMU

ki(s)— es)itsr B yMOBax BinoBisux oomexens K (s) <k .

Jist cKaJsIpHOT OIIIHKM SIKOCTI BapiaHTiB MOOYZAOBH MEpexi

y paMKax Teopii KOPHCHOCTI BHKOPHUCTAEMO AIUTHBHY
3rOPTKY YaCTKOBUX Kputepiis [4]:
m

P(s)=2 4&(s) @
i-1

e A, i=1,m - Barosi koedimientu kputepiis K (S),
420, A=t é(s):[%j © ymeais
i=1 i K

KOPHCHOCTI 4acTKoBoro kpurepito K(S); ¢; - mapamerp,
. N
BHAY 3anexHocTi (niHiiiHa, onykna uu Burnyta); K (S), K,
ki - BiamoBimHO MOTO4YHE, HAaWKpalle Ta Hairipiie 3HAYEHHS
9acTKOBOTO Kputepito k; , i=1,m.
Toni 3amada BUOOpPY HaWKpamioro 0araTOKpHUTEPiaIbHOTO

BuOopy Bapianty mnoOynoBu KKM moxe Oytu mojana y
TaKOMY BHUTJISI:

P(s)= Y A& [k(s)], k(s)=()K;, i=Im. (5)

Jis  BuU3HAUCHHS BaroBUX KOE(IiLiEHTIB  aJUTUBHOL
3rOPTKH 4acTKOBUX KpuTepiiB (4)-(5) MoXHaA CKOPHCTATUCH

CKCIePTHUMU METOJaMH Y METOJOM  KOMIapaTOpHOI
imeHTudiKarii.
AHami3 3aJeKHOCTEH 3HAYCHb YACTKOBHX KpPUTEPIiB

k,(s), ky,(s), i k,(s) Big ximpKkocTi By3;miB y Mepexi U
[ 21U 1
3HadyeHHs U,

J103BOJIUB BUABUTH FpaHI/IHi l'[i)IMHO)KI/IHI/I

SE
KIJIBKOCTI  BY3JIIB  MeEpexi, ITCHs SKOr0 3HAYeHHS BCIX
YaCTKOBHUX KPHUTEPIiB MOTipuryroTscs [4].

e(PCKTHUBHHUX BapiaHTIB BiAmoBinae

Ilomyk Halikpamoro
BU3HAQUEHUX  TPaHMULAX

Bapianty mobymoBu KKM y
kinekocti  By3miB  [1lu.. ]
NPOMOHYETHCSL  3IMCHIOBATH  METOJOM  CIPSIMOBAHOIO

niepeGopy abo eBosoItifiHIM MeTomoM [1, 5].

Eomoniitnuii  Meton (Ha  BIAMIHY  BiJl  METOAY
CIPSIMOBAHOTO TIepedopy) peani3yeThbes MOCTIHHUH MOMIYK Ha
BCilf MHOXWHI MOXJMBUX 3HaueHb KIUJIBKOCTI  BY3JIB
1<u<u,, . 3a paxyHOK LOro MeToJ HalOyBae nepeBar 3a

MOKa3HUKAMU 4Yacy pO3B’S3aHHs 3a/a4i 1 TOYHOCTI Han
MeToJaMM Kjactepusaiii Ha ocHOBi K-means i momyky 3
3aboponamu (Tabu Search) [5].

IV. BUCHOBKU

3anpornoHOBaHO METOJ PO3B’sI3aHHs OaraToKpUTepialbHOT
3aadi ONTUMI3allil TOMOIOTIYHAX CTPYKTYP LEHTPali30BaHUX
tpupieHeBux KKM. Ha BimMiHy Bijg BiIOMHX METOIB, IIO
pealizyioTh TOBHUH abo chpsMOBaHH mepebip BapiaHTIB 3a
KUTBKICTIO 1 MICIFIMH PO3MIICHHS BY3JiB, CBOJIOIIHHUN
METOJ 3IiMICHIOE NOIIYK OJHOYAaCHO Yy BChOMY Jiala3oHi
MOXIIMBOI KUIBKOCTI By3iniB. lle 103BoJisie 3HU3UTH YacoOBY
CKJIAJHICTh TPOLEAYPH MOIIYKY pillleHb, L0 € OCOOJIHBO
Ba)XXJIMBUM TP pO3B’s3aHi 3a/1ad BEJUKOI PO3MIPHOCTI.
3anponoHOBaHHUI METOJ MOKHA TaKOX BUKOPUCTOBYBATH IIPH
PO3B’si3aHHI 3a1a4y onTuMizanii iHGopMaLiitHUX, JOTICTHYHUX
Mepex, IHIIMX TEePUTOPIAbHO UM MPOCTOPOBO PO3IMOIIICHUX
cucTeM OOCIYrOBYBaHHsSI y MpoOlecax iIXHbOTO NPOEKTYBaHHS,
IUIAaHYBaHHS PO3BUTKY YU PEIHKHUHIPUHTY.
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Abstract—The paper considers an intelligent decision
subsystem on the example of the popular Secret Santa system, in
which the main task is to distribute users. Recommendation
systems solve the problem of comparing users and objects on the
basis of known data. Therefore, the methods of recommendation
systems (content filtering method, collaborative filtering method
and hybrid method) were analyzed, their advantages and
disadvantages were identified. It is shown that all known gift
distribution programs have a disadvantage - the distribution is
random. Therefore, the purpose of the work is relevant: to
increase the efficiency of the process of distribution of users of
the Internet gift exchange system by developing an intelligent
decision-making subsystem. For the development of the
subsystem the method of collaborative filtration is chosen, its
modification is offered. It is shown that the developed
modification of the method allowed to achieve the set tasks, to
solve the main problem of this method, to improve the process of
user distribution and to make it rational. After all, analyzing the
data of participants from the questionnaire, they are distributed
according to similar characteristics.

Keywords—recommendation ~ systems;  internet  system;
intelligent subsystem; collaborative filtration; content filtering; gift
exchange; distribution

l. INTRODUCTION

Nowadays, there is a huge amount of information that is
growing every day. This should help with decision-making in
any field, but the need to take into account various economic,
political, social and other factors significantly complicates the
process of choosing the right solution. The rapid increase in
the amount of information received and processed leads to
significant changes in the methods and techniques of its
analysis. It becomes necessary to automate the data processing
process and intellectualization of organizational processes, the
introduction of effective methods and intelligent decision-
making technologies.

Today, it is difficult to imagine a field of activity in which
various intelligent devices are not used that simplify a person's
work or take on some of his responsibilities. The field of
games is no exception. The secret Santa game [1] is
widespread all over the world, in which the main task is to
distribute users. It is to optimize this process that it is
proposed to use an intelligent decision-making subsystem

Vladyslava Mynenko
Chair of system software and technologies of distance
learning
Odessa I.1. Mechnikov National University
Odessa, Ukraine
mynenko.vladyslava@stud.onu.edu.ua

[2, 3]. Its feature is the comparison of one person to another
based on user data, their interests and hobbies.

Il. OVERVIEW OF DECISION-MAKING METHODS IN

RECOMMENDATION SYSTEMS

Recommendation systems solve the problem of comparing
users and objects on the basis of known parameters and data.
Recommendation systems are a class of decision-making
systems that use knowledge of a person's interests and
preferences to assess his or her response to the offer of a
particular content, product, or service [4]. That is, these are
programs that try to predict which objects will be of interest to
the user.

There are two basic methods of building recommendation
systems (Fig. 1):

scontent-based filtering,
ecollaborative filtering.

CONTENT-BASED FILTERING COLLABORATIVE FILTERING

o

\ Similar articles

Read by both users

Read by user ‘,7 E|

Similar users
S

a

-

A=
=

Recommended
to user

Read by her,
recommended to him!

Fig.1. Basic methods of recommendation systems.

Content-based filtering [4] creates user and object profiles.
The user is recommended objects similar to those that this user
has already rated (Fig. 2). Similarities are assessed by the
characteristics of the content of objects. For example, if you
watch movies of a certain genre, the system will automatically
offer content that is close to that genre in certain positions.
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Examples of this type of system are Google Play Music
and Pandora Internet Radio. Each song is characterized by a
set of different musical characteristics that are used to identify
the user's musical preferences. This service gradually adjusts
to the user based on his ratings, and eventually plays only
those tracks that he likes. Pandora service does not work in
Ukraine, but it is very popular in America. Google Play Music
is used by many young people both in Ukraine and around the
world.

buy

A
I
\d

@

Collaborative filtering [5] uses information about user
behavior in the past, such as information about purchases,
preferences, or ratings. In this case, it does not matter what
types of objects are being worked with. The main idea of this
approach is that users who have equally rated some objects in
the past are likely to give similar assessments to other objects
in the future (Fig. 3).

Collaborative filtering involves the presence of a matrix of
user-object estimates [6]. Next, for each user you need to find
the most similar to him (in terms of preferences) neighbors,
and fill in the blanks of a particular user, weighing the known
estimates of "neighbors". Signs of similarity of one user to
others are not always part of this system, as in the previous
method. That is, for example, for a music system, user groups
can be determined not only on the basis of musical
preferences, but also on more general characteristics, such as
geographical location, social media profiles and other
parameters.

lar

= B
- |

@

likely buy

Fig. 2. Example of content filtering.

recommend \.

Fig. 3. Example of collaborative filtering.

Examples of collaborative filtering are Netflix, Megogo,
Facebook, LinkedIn, Last.fm. Facebook, LinkedIn and other
social networks use this method to recommend new friends,
vacancies, companies that the user might be interested in (by
exploring the connections between the user and his friends).
Last.fm creates a "station" of recommended songs based on
information about which groups and songs the user regularly
listens to, comparing his behavior with the behavior of other
users. Last.fm advises songs that are not in the user's library,
but which are listened to by users with similar behavior.

There are also hybrid methods that combine the above
approaches and use their undocumented innovations. They
allow to some extent to avoid the disadvantages and
limitations of both approaches. An example of hybrid systems
is advertising on social networks (AdSense, Yandex.Direct,
Google Ads, etc.).

After analyzing the advantages and disadvantages of the
basic methods (Table 1), we can conclude that hybrid systems
are the most effective, as they combine the advantages of other
methods. But for this task it is better to use the method of
collaborative filtering. Since the purpose of the development
system is the distribution of users, and objects are not
important.

TABLE I. COMPARISON OF BASIC METHODS OF CONSTRUCTION OF
RECOMMENDATION SYSTEMS

Method Advantages
A large user base is not
required because the
method does not require

ratings from other users.

Disadvantages

Dependence on the
subject area.

Extended product
information is required.
Content-based
filtering

There is no problem of
“cold start" for new
facilities.

The problem of “cold
start” for users.

Ability to recommend not
yet rated objects.

It is considered a universal
approach.

The problem of "cold
start” for users.

No detailed information
about objects is required.

A large amount of data is
required for high accuracy
Collaborative of forecasts.

o Recommendations do not
filtering

depend on the content of
the service.

The quality of user ratings
and preferences is used.

There are almost no
disadvantages and
limitations of both
approaches.

The complexity of
implementation and

support.
Hybrid filtration PP

The problem of "cold
start” for users.

There are a large number of programs for the distribution
of gifts [7, 8]. But the main disadvantage of all services - they
do not have an intelligent decision-making subsystem, the
distribution of participants is completely random, which is not
effective. These services do not take into account user data,
interests, hobbies and other characteristics.
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Therefore, the purpose of the work is relevant: to increase
the efficiency of the process of distribution of users of the
Internet gift exchange system by developing an intelligent
decision-making subsystem. Such an Internet system should
streamline the process of exchanging gifts between
acquaintances or in a group of strangers on any occasion,
taking into account the preferences of users, which will make
the exchange more rational.

I1l. COLLABORATIVE FILTRATION METHOD AND ITS
MODIFICATION

To achieve this goal, the method of collaborative filtering
was chosen, which was modified for the task of exchanging
gifts.

The main problem with the collaborative filtering method
is the "cold start" for users - the lack of data about users who
have recently appeared in the system and for whom there is no
history of their purchases, ratings, reviews, etc. This problem
will be solved by filling out a questionnaire at registration.

Users fill in information about themselves such as: gender,
age, interests and hobbies. The more similarities between two
users, the more likely it is that their other preferences will
coincide. That is, you can compare each other. It turns out that
we "recommend” to the user not a product, movie, music, but
another user who will make him a gift.

Algorithm of work:

1) The person is registered in the application, indicates his
data.

2) A matrix is created, where rows are users, and columns
- their data.

3) For each user, the distance to other users is calculated
using similarity measures (Cosine measure, Pearson
correlation  coefficient, Euclidean distance, Tanimoto
coefficient). The results are written to a new matrix that
specifies the similarities between them. That is, both rows and
columns are users, and elements are the distances between
them.

4) For each user you need to find the most similar to him.
Zero - means that users are as similar as possible. You must
have only one selected zero in each column and row.

4.1) On the diagonal will be the distance of users to
themselves, and this is 0. To avoid a situation where the user
is compared to himself, the diagonal is prescribed as large
numbers as possible or null.

4.2) Subtract from each line the value of its minimum
element. Now there is at least one zero element in each line.
Sometimes zeros are enough to make a distribution.

4.3) If at least one column does not have zero
elements, the distribution is impossible. In such cases, we
repeat step 4.2 for columns. We check.

4.4) Delete rows and columns that contain zero
elements. The number of strikeouts should be kept to a
minimum.

4.5) Of the other elements of the matrix we find the
smallest. Subtract it from all uncrossed rows and add to all

elements at the intersection of crossed out rows and columns.
Repeat the procedure (steps 4.1-4.5) until the distribution is
possible.

4.6) If there are several options for selecting zeros, the
minimum path is calculated and selected (the sum of the
distances that stand in the initial matrix in place of the selected
zZeros).

5) Next is the distribution of users. Everyone receives the
participant's data to send him a gift.

I\VV. EXPERIMENTAL PART
An experiment for a random group of 5 people on some set
of 10 questions.
1) Userl - User5 fill in the questionnaire:
eAge
eBecome

eWhat sport would you prefer? (football / basketball /
dancing / boxing / tennis)

eWhat genre of film would you prefer? (comedy /
melodrama / action / detective / thriller)

e\What occupation would you choose? (hunting / fishing /
mushroom picking)

eWhich literary genre would you prefer? (novel / fiction /
detective)

eWhich tourism would you prefer? (cultural-cognitive /
active / recreational)

oWhat style of dance is closer to you? (ballroom dancing /
contemp / hip-hop)

\Which games would you prefer? (computer games / board
games / intellectual games)

e\What genre of music is closer to you? (pop / jazz / rock)

2) A matrix is created:

12 0 2 4 0 2 0 0 2 O
25 1.0 1 2 0 1 2 10
18 0 3 01 1 2 0 1 2
211 4 2 0 2 2 101
30 01 3 110 2 21

3) For users, the similarity with others is calculated using
the Euclidean distance.

4) Search for the most similar user for everyone:

4.1) Large numbers are written on the diagonal.

oo 14,036 a8 10 18,248
14,036 oo 8426 6,708 6

g8 8,426 oo 4472 12,923

10 6,708 4,472 [v'a] 10,149
18,248 6 12,923 10,149 oo

4.2) Subtract min from each line element.

oo 6,036 0 2 10,248
8,036 oo 2,426 0,708 0
3,528 3,954 o 0 8,451
5,528 2236 0 oo 5,677
12,248 0 6,923 4,149 oo
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4.3) Repeat the step for the columns.

oo 6,036 0 2 10,248
4,508 co 2,426 0,708 0

0 3,954 co 0 8451

2 2,236 0 oo 5,677
8,72 0 6,923 4,149 co

4.4) Delete rows and columns with zeros.

oo 6,036 0 2 10,248
4,508 co 2426 0,708 0

0 3,954 co 0 8451

2 2,236 0 oo 5,677
8,72 0 6,923 4,149 co

4.5) Subtract the smallest element from the uncrossed
lines (min=2) and add to the elements at the intersection.

oo 6,036 0 0 8,248
4,508 oo 4426 0,708 0

0 5,954 oo 0 8,451

0 2,236 0 oo 3,677
6,72 0 5,923 2,149 oo

4.6) It is seen that there are several options for
choosing zeros.

Path 1: (U1;U3), (U2;U5), (U3;U4), (U4;U1), (U5;U2).
L1=8+6+4472+10+6=34.472
Path 2: (U1;U4), (U2;U5), (U3;U1), (U4;U3), (U5;U2).
L2=10+6+8+4.472+6 =34.472

5)Userl makes a gift User4, User2 — User5, User3 —
Userl, User4 — User3, User5 — User2.

CONCLUSIONS

Recommendation systems solve the problem of comparing
users and objects on the basis of known parameters and data.
The methods of recommendation systems were analyzed in the

work. The method of collaborative filtering is chosen and a
modification of the method is proposed. It is shown that the
developed modification of the method allowed to achieve the
set tasks, to solve the main problem of this method, to improve
and increase the efficiency of the process of distribution of
users of the Internet gift exchange system.

After all, analyzing the data of participants from the
questionnaire, taking into account their preferences, the
distribution was no longer random, but rational. Thanks to
this, participants can choose a more relevant and necessary
gift.
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Abstract—In this work the problem of forming informative
and representative samples is analyzed. Such sample can be used
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data quality, technical. aspects of data processing, and
peculiarities of testing.
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|. BBEJEHUE

PempeseHTarnBHAs BBHIOOpKA MOJDKHA BKIIOYATh B CeOs
MPOTHO3HBIC MEPEMEHBIC M JIOIOJHUATEIIBHBIC IapaMeTphI,
BIUSIOIIAE HA HHUX. BBIOOp NPOTHO3HBIX TEPEMEHHBIX U
JIOTTOJTHUTEIBHBIX TAPAMETPOB 3aBUCHUT OT IEIH. JlOomycTuM,
HEOO0XOIUMO CIIPOTHO3UPOBATH 3200JICBAEMOCTh (3apasKeHHE)
U CcMepTHOCTh B ycinoBusix mnangemun COVID-19 B
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3aBHCUMOCTH OT Japyrux (akropos. Torma nporHO3HBIMU
TIePEeMEHHBIMHU OynyT «ciydan 3a0071eBaHMS» u
«CMEPTHOCThY». B KauecTBe BIUSIOMIUX MEPEMEHHBIX MOXKET
BBICTYIIATh OrPOMHOE 4YHCJIO (PaKTOPOB, TaKUX KakK IO,
BO3pacT, pacoBas WIM OTHHYECKAs TMPUHAJICIKHOCTD,
MOTO/IHBIE YCIIOBUSI, BBEJICHHBIC BIIACTSAMH OrPAaHUYCHHUS B
COOTBETCTBYIOIIIEM PETHOHE W MHOTHE JApyrue. Beibop Takmx
(akTOpOB 3aBUCUT HE TOJBKO OT LIETH MOJCIHPOBAHHUS, HO U
HAJINYHS CTATUCTHYCCKUX JTaHHBIX.

OmHEM ¥3 OCHOBHBIX KpPHUTEPHEB KadecTBa BBIOOPKH
SIBJISIETCS €€ JI0CTaTOYHOCTh JUIsl BBISBIICHUS! TeHAeHIH. [1o
magmemunn  COVID-19, Bo MHOrMX cTpaHaxX, MJaHHBIC
mpenacrasieHsl ¢ MapTa 2020 roga @ B OCHOBHOM B
arperupoBaHHOM BHJIE, YTO SBISIETCS HEOOINBIION BBIOOPKOM.
OpHuM W3 CrOCOOOB YBENMUYEHUS OOBEMOB BBIOOPKH 3TO
MIPUBS3KA TI0 TEPPUTOPHAIEHOMY NPU3HAKY B paMKaX CTPaHBI,
KOrJa JaHHbBIE COOMpaloTCs C yKa3aHHMEM MecTa HuX
monydeHus. llpu 3TOM oMM W3 BaXHEWIHX (HaKTOPOB,
SBIISICTCA  OJMHAKOBOCTh  MHTEpIpETallud  COOMpaeMbIX
JAHHBIX. 3/1eCh MPUMEPOM MOXKET OBITh BEISBICHHE CIIydacB
OJTHUMH ¥ TEMH K€ METOJIaMH BO BCEX UCTOYHHUKAX JTAaHHBIX.

OCHOBHAS YACTb

MexnyHapoaHble HUCTOYHMKHM  JaHHBIX, TaKHe Kak
“European Centre for Disease Prevention and Control” [1],
“The Institute for Health Metrics and Evaluation (IHME)” [2],
“Our World in Data” [3, 4], “Johns Hopkins University” [5]
[6] u nmpyrue, OCHOBHBIMH CBOMCTBAMH BBIJICISIIOT «CIIy4au
3a00JICBaHAN» M «CMEPTHOCTH)» B TPHBS3KE K CTpaHe, a s
HEKOTOPBIX CTpaH C MpUBA3KOH K okpyry. ComyTcTByromiue
XapaKTepUCTHKH, TaKWe KaK, HalpuMep, pacupeaeicHre
3a00JIEBAEMOCTH U CMEPTHOCTH 110 BO3PACTHBIM KaTETOPUSIM —
OTCYTCTBYIOT. UWHpopManmuio o0 TakuX XapaKTePHUCTHKAX
MOYKHO TIOTIBITAThCS MOJYYUTh M3 O(UIMANBHBIX OTKPBITHIX
HCTOYHUKOB KOHKpeTHOW crpanbl. Hanpumep, CLIA Benér
CTaTUCTUKY 3a00JIEBAEMOCTH TaKXKE C YYETOM BO3pPacTHBIX
KaTerOpui M STHHYCCKUX MPU3HAKOB, OJTHAKO €CIIN JTaHHBIEC 110
3a00JIEBAEMOCTH U CMEPTHOCTH IMPEJOCTABISIIOTCS C y4ETOM
TeOpacloNOKCHUSA, TO paclpefelicHHe 10 BO3PAaCTHBIM
KaTeropusiM ¥ 3THHYECKUM IpPH3HAKaM IpelocTaBisiercs: 0e3
Kakoil 1m00 reorpaduueckoil MpHBS3KUA. TakuMm oOpa3om,
BBISIBUTH BJIMSHHE Ha pa3liMuHble BO3PACTHBIE KAaTErOpPHU
BBEJICHHEIX B pErHOHE OTPaHWYCHUN HE TMPEICTaBIsCTCS
BO3MOXKHBIM.

UYro kacaeTcss YKpanHbl, TO OCHOBHBIMH H, TIO-BHIHMOMY,
€MHCTBEHHBIMM HMCTOYHHKAMH JaHHBIX, ABIAOTCS «LleHTp
rpOMaChKOro 340poB’st YKpaiHu» [7] mpenocTaBiser JaHHbIE
B opmare Excel u caiit Kabunera Munuctpos Ykpaussr [8],
IpefocTaBisieT JaHHble B ¢opMar csv. JlaHHbIE HAa HUX
copmaznaoT. [IpeacraBneHo pacmpeneneHue ¢ yu€ToM pa3HbIX
BunoB tectupoBanus (IILP, UDA), a takxke pacnpenencHue
mo tumam peakuuu (IgA, IgM, IgG). Ilpm sTtoM maHHBIE
pacmpeneneHus M0 BO3PACTHBIM KaTerOpHsAM B HCTOYHHKE HE
NIPE/ICTABIICHBI, OJHAKO Ha Aambopne MpeiCTaBICHBI TOJILKO
arperupoBaHHbIC [aHHBIE 3a BECh NEPHOJ B MPOICHTHOM
cooTHomeHnn. Kak u B mpenplaymieM ciaydae HpOBECTU
BBIIICYKa3aHHbII aHAJIU3 HEBO3MOKHO.

A. Kauecmeo npedcmasnenuss ucxoOHbIX OAHHbIX

Bonbmioe 3naueHne mmeer uenoBedeckuit (aktop. OmuH
U3 acCIEKTOB 9TO BBOJI TEKCTOBBIX XapakKTEPHUCTHK, B
YaCTHOCTH, HAa3BaHHWE PAacOBOTO / AITHUYECKOTO Ipu3HaKa. 1o
JAHHOMY TIPU3HAKY SIPKAM MIPUMEPOM MOJKET CIYXKUTh LIEHTP
CDC, xak omuH U3 OCHOBHBIX MCTOYHHKOB maHHbIX CIIA. C
TEUYCHHEM BPEMEHHU Ha3BaHUE OJHOTO M TOTO JK€ 3HAUCHHUS
MOJKEH M3MEHAThCS. Eciam paccMOTpeTh NaHHBIE B (opmare
CSV, IIpe/locTaBisieMble YKPauHOM, TO Ha3BaHMs J1a0OpaTOpHit
W Ha3BaHUS CTOJOLOB MOTYT CONEp)KaTh HEIOIyCTUMBIC
CHMBOJIbI, TaKMe KaK IIepeBOJ CTPOKH. OTo Bc€ Tpedyer
JOTIOTHUTEIBHON TpenoOpaboTKH M TIIATEIFHOTO KOHTPOJIA,
nepen BHeceHueM B b1,

B. Texnuueckue acnexmul 06pabomru ucx0OHbIX OAHHBIX

3/1ech CyIEeCTBYeT MHOXKECTBO (DaKTOPOB, 3aTPYAHSIONINX
BHECCHHUE U JalbHEENIyI0 00paboTKy maHHbIX. K HUM cremyer
OTHECTH: pa3jinuHble (OpPMaThl NPEICTABICHUS JaT M YHUCEN,
YeIOBEUYCCKHH  (aKkTOp, BHECCHHE CAMHHI] H3MEPEHHUS
HEMOCPECTBEHHO B 3Ha4YeHWe. YacTo BCTpedaroTcs Ciydyaw,
KOIJla KaTeropuajbHble XapaKTEePUCTHKU IPEICTAaBICHBI Kak
CTPOKHM, a HE KaK CTOJOUbI, T.e. JJIs KaXIOW HaTel Oyaer
COJICPKATBCSI  HECKOJIBKO ~CTPOK, KaXkaas U3 KOTOPBIX
COOTBETCTYET CBOEMY KaTeropHalbHOMY 3HaueHHio. MHornaa
9TO BBITOJHO, KOTJIa HEOOXOIMMO MPOBECTH (HUIBTPALIUIO, HO
Yalie BCEro, HEOOXOAWMO IPOBOIUTH TPAHCIIOHUPOBAHHE
TaKHX JaHHBIX.

FIPS
Code Indicator

Total COVID-19 Non-Hispanic
deaths Deaths  White

1003 Distribution of all-cause deaths (%) 2009 104 0.897
1003|Distribut'\on of COVID-19 deaths (%)l 2009 104 0.808
1003 Distribution of population (%) 2009 104 0.832

Puc. 5. KareropuasipHble XapaKTEpUCTUKHU B CTPOKax

C. Tecmui

B naHHBII MOMEHT B MHpPE CYIICCTBYST OOJIBIIOE
KOJIMYECTBO CIIOCOOOB OOHApy)XEHUs KOpOHAaBHpyCa WIH
OCTaTKOB €r0 JeATEIHHOCTH B OpraHu3Me 4esioBeka. Kaxmprit
TECT UMECT CBOU HCAOCTATKH, 6y}11> TO 3KOHOMHWYECKUEC HIIU
TOYHOCTHBIC, Ha KOTOpHIE TPEJCTBPHO BaXXHO OOpaTHTH
BHUMaHUE. Y TECTOB 3a4acTyl0 HUMEETCs JBa IapaMmerpa,
OTBEYANOIINX 32 TOYHOCTH OTPEACTICHUs, OOJICH JIX YeJIOBEK, U
TOYHOCTb OnpeaeNeHUs 3710pOB m YEJIOBEK,
YyBCTBUTEIHHOCTD U CIIEIU(PUIHOCTH COOTBETCTBEHHO.

Hanpumep, paccmMoTpuM HaceleHne B | MHJUIHOH
yenoBek. Ecim mMbl npeanonoxum, 4to 15% uHOUINPOBAHBI
SARS-CoV-2, to oyzaet 150 000 uadunuposanusix u 850 000
HeMH()UIUPOBAHHBIX. B 3TOM ciydae caenaem
CEpOJIOTHUECKUII TeCT IUIs BCceX B HaceleHHH. TecT mMmeer
qyBCTBUTETHHOCTh 95%. DTO 03Hayaer, 4To TECT TOYHO JACT
HOJIOKUTENBHBIN  pe3ynabraT it 95% WHQUIMPOBAHHBIX
mope - u crnenuguyHocTh 95%, YTO O3HAYaeT, YTO TeCT
TOYHO JAacT  OTPUIATENbHBIM  pe3ynapTaT st 95%
HeMH(HUIMPOBAaHHBIX JIoAeH. B 3ToM mpumepe Mbl Takxke
MIpeaIoIaraeM, 9To HaJIM4rie aHTUTEN 03HAYaeT, YTO YEIOBEK
HeBocnipunMuuB K nHpeknun SARS-CoV-2.

Ucxonsa u3 stux ycnosui, 185 000 genoBek OyayT nuMeTh
TIOJIOXKUTEIBHBIA pe3ynbraT Tecta; 142 500 OyayT MCTHHHO
mosokuTeIbHEIMH, a 42 500 (23%) u3 HUX OyIyT JOKHBIMU.
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Otu 42 500 uenoBexk MONydYaT MONOXKUTEIBHBIA pPe3ynbTaT
TecTa, HO TO-TIPeXHEMY OyIOyT MOIBEP)KEHbI WH(PEKIUH

SARS-CoV-2. Takum o6pasom, u3 185 000 uenoBek,
cunTarommux  cebs  sammimeHHeiMH, 23%  ocTaroTcs
YSI3BUMBIMH.

Kpome Toro, 815 000 uyenoBek momydar OTpULIATEIbHBIE
pesynbratel  TectoB, HO 7500 w3 HuX  Oyayr
JIO)KHOOTPHULATENBHBIMY; 3TO JIIOAH, KOTOPBIE, KaK CYUTAETCS,
HE KMMEIOT aHTHTENl, HO KOTOpble, BO3MOXHO, yXe ObUIN
HHQUIHUPOBAaHK W H30aBWINCH OT Oojne3HH. B memom, xors
oOmas TouyHoCcTh BbIcoka (95%), u 95% Bcero HaceneHwus
MOJy4aT TOYHBIE DPE3yNbTaThl, KaK MOJOXKHUTEIbHBIE, TaK U
oTpuuareNnbHble, (YHKIUOHAJBHO M3 TeX, Yy KOro ecTh
MOJIOKUTEIBHBIM  pe3yabTaT TecTa U MPEANoaraeMbli
uMmyHutetr, 23%  Bce emle  MOABEPKEHBI  STOMY
3a00JICBAHUIO — TOYTH KaXIbli ueTBepThId. Tombko 77%
MOJIOKUTEIBHBIX ~ PE3YNbTaTOB OYAyT TOYHBIMHU 3TO
MIPOTHOCTUYECKAss LEHHOCTh IIOJOXKUTENIBHOTO pe3yibTara
tecta. IloHMMaHue OrpaHMYEHMI TecTa UMEET pellaroliee
3Ha4YeHUE IS UCIOJB30BAHUSA €r0 B KayecTBE MHCTPyMEHTA
JUTS IPUHATHS MOJUTHYECKUX WIIH ONEPALIMOHHBIX PEIICHUI.

TakuM 00pa3oM, MOCIEACTBHS OMIMOOK TECTUPOBAHUS -
JIOKHOTIONIOXKUTEIBHBIA MIIH JO)KHOOTPUIATENIbHBIN TECTHI HE

SKBUBAJICHTHBI. JIOKHOMOJIOKUTENBHBIM pPE3YNbTAT MOXKET
[IOMeEIAaTh YEJIOBEKY BEPHYTHCA K paborte;
JIO)KHOOTPULIATENbHBIM ~ MOXET MPUBECTH K  LENOYKe
SMUAECMUH.

Takxe CTOMT MOMUMO, HEMOCPEICTBEHHO, TECTUPOBaHMSA
OTMETUTH OIHY W3 3HAYMTCIBHBIX YacTeH BIMAIONIMX Ha
TOYHOCTh pe3yibTaTa, a MMEHHO, BPEMEHHOH INPOMEXYTOK
B3ATHSA TecTa. B 3aBHCHMOCTH OT BPEMEHH MBI MOXXEM
MOJIyYUTh KakK OoueHb TO4HBIN pe3ynbraT (100%), Tak u He
o4YeHb TOUHBIH (<50%) MONB3YSACH OMHUM H TEM KE TECTOM.

Pe3ynbTaThl TeCTHpPOBAaHUS M3HAYAIBHO HAXOIATCd B
mabopaTopusix WIM JPYTUX MEIULIUHCKUAX YUIPESKACHHSX,
M03TOMY OYyJeT Pe30HHO MEePEeHTH HEITOCPEICTBEHHO K HUM.

CylecTByeT OrpOMHOE KOJIMYECTBO J1abOpaTopuii, Kak
YaCTHBIX, TaK ¥ TOCYAApCTBEHHBIX. Ilo  ymomuyaHUIO
JIOBEpUTENbHAsE ~ JOJd  Ooiblie Yy  TOCYAapCTBEHHBIX
nabopaTtopHii, Tak KaKk HX KOHTPOJIHPYET TOCYIapCTBO
COOTBETCTBYIOIIMMHM MEXaHMU3MaMH. B ciyyae ke ¢
YaCTHBIMHU, BCE MOXET ObITH HEMHOTO MHauye, 00 9TOM CTOHT
TIOMHHTb, OJJHAKO UX JIOBEPHUTEIBHYIO IOJIIO0 TAKXKe MOXKHO
NOAHSATh, JOOABUB MEXaHHM3M HPOBEPKH pPE3YJIBTATOB C
HEKOTOPOH MepHoANYHOCThI0. [loMHMO JOBEpUTENILHOM n0oH
[0 YMOJYaHUIO, CTOUT PACCMOTPETh TOYHOCTH TECTOB,
MIPOBOAMMBIX Jabopatopuei, B ciydae eciu 100% TecToB
ObUTH BBITIONHEHBI C MaJIeHbKOW TodHOCTBHIO (<50-60%), He
CJIe/lyeT CHUIILHO JIOBEPATH pe3yibTaraM, HECMOTPSI Ha TO YTO
nabopaTtopysl BBINOJHWIA BCE MO TEXHOJOTMHM M HUTIE HE
ommbnack. [locne nabGoparopuii uHpOpManMIo 0 Tecrax
COOMpaeT HeoCPEICTBEHHO FOCYAapCTBO.

JINTEPATYPA REFERENCES

Download COVID-19 datasets “European Centre for Disease Prevention
and Control” [Online]. Available: https://www.ecdc.europa.eu/en/covid-
19/data

COVID-19 resources “The Institute for Health Metrics and Evaluation
(IHME)” [Online]. Available: http://www.healthdata.org/covid
Coronavirus (COVID-19) Testing “Our World in Data” [Online].
Auvailable: https://ourworldindata.org/coronavirus-testing

Hannah Ritchie, Esteban Ortiz-Ospina, Diana Beltekian, Edouard
Mathieu, Joe Hasell, Bobbie Macdonald, Charlie Giattino, and Max
Roser. A cross-country database of COVID-19 testing. Sci Data 7, 345

(1]

[2
(31
(4]

(2020)
[5] COVID-19 Data Repository by the Center for Systems Science and
Engineering (CSSE) at Johns Hopkins  University" url:

https://github.com/CSSEGISandData/COVID-19

Dong E, Du H, Gardner L. An interactive web-based dashboard to track
COVID-19 in real time. Lancet Inf Dis. 20(5):533-534. doi:
10.1016/S1473-3099(20)30120-1

Koponasipycua indekuis COVID-19. “IleHTp rpoMaachKoro 310poB’s
MinictepcTBa OXOPOHHU 3]10pOB’s1 VYkpainu” url:
https://phc.org.ua/kontrol-zakhvoryuvan/inshi-infekciyni-
zakhvoryuvannya/koronavirusna-infekciya-covid-19

(6]

[71

[8] Amanituuni madeni Ta Bimkputi jgawi. Bimkpuri gani. “KaGiner
Minictpis  Ykpainu” url:  https://covid19.gov.ua/analitichni-paneli-
dashbordy

Indopmauniiini cucremu Ta TexnoJorii ICT-2020
Cexuist 1 Cyuacni indopmauiiini cucteMu Ta TeXHOJI0Tii: Mpo0.1eMH, METOIH, MOJIEIi.
YnpaBiliHHS IPOEKTAMH Ta POTPaMaMH.

31


https://doi.org/10.1038/s41597-020-00688-8
https://doi.org/10.1038/s41597-020-00688-8
https://github.com/CSSEGISandData/COVID-19

Cekuis 2.
MaTtemaTnyHe Ta KOMM'OTEPHE MOAENIOBAHHSA Y iIHPOpMaLiMHUX cucTeMax.

Section 2.
Mathematical and computer modeling in information systems.

Indopmauniiini cucremu Ta TexnoJorii ICT-2020
Cexnis 2.
MartemMaTH4YHe Ta KOMII'IOTepHe MOACTIOBAHHS Y iHOpPMAaLiiiHUX CHCTEMAX.

32
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Abstract—This work is about development of a stochastic
model and a method of modeling of the operating modes of a
group of artesian wells.
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I. INTRODUCTION

Water supply of large cities is arranged, as a rule, from
open reservoirs - lakes, water reservoirs, large rivers, that is,
from sources with significant water supplies. In this case, the
water supply scheme includes: pumping stations of the first
lift, which take water directly from the reservoir; water
treatment system (cleaning); pumping stations of the second
and third lift, pumping clean water at considerable distances
and supplying it to urban settlements [1].

If the urban settlement is located in an area where there are
no large open water sources, or the geographical location of
the urban settlement allows the use of groundwater, in this
case artesian wells are used as a source of water supply.

Usually small urban settlements are supplied with water
from artesian wells. Artesian wells are widely used for the
water supply of villages, industrial water supply, for irigation
(watering systems), in the mining industry, to reduce the level
of groundwater. The advantage of using artesian wells to
supply residents with drinking water is that water is taken
from great depths and treated using natural filters [2]. Thus,
costs of water treatment are significantly reduced. The
disadvantage of using artesian wells is usually low well
productivity, strong dependence of water volumes in the well
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on climatic and weather conditions, depletion of wells as a
result of large construction or depositing natural resources, for
example, shale gas [3].

Il. WATER INTAKE WELLS

Individual water intake wells are widely used in private
domestic facilities. The productivity of some wells becomes
insufficient to supply water to urban settlements, so in water
supply systems there used groups (clusters) of spatially
distributed wells, combined with each other with sections of
pipelines (common manifold), which supply water to the clean
water reservoir (CWR). The group of wells together with the
CWR is called the water intake unit (WIU) of the water supply
system (WSS). After that water is supplied to consumers into
urban settlements from the CWR with pumping stations (PS)
of the second lift.

The mode of operation of the pump unit (PU), that is, the
position of the working point at every point in time, in each well
depends on the actual values of many internal and external
factors: dynamic water level in the well; actual characteristics of
the PU; position of control units (drive revolutions, degree of
opening of the control valve); hydraulic resistance values of
WIW pipelines; water level in the CWR; number and operating
modes of PU in other WIW wells [4], [5].

The water intake well is shown on Fig. 1.

The following names are used in Fig. 1: CWR — clean
water reservoir, SPU — submersible pumping unit, CP —
centrifugal pump, SEM - submersible electrical motor;
ISPU — SPU length, CV — control valve; geodetic marks
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according to: neck (ground level) of water intake well — hg;
CP - h%; CWR — h¢; depths of well — h,; depth of SPU
submersion (installation) — hgy ; pressure values: at the
output (neck) of water intake well — H,,; pressure developed
by CP — Hgp ; water levels: in CWR — Hgyg ; static level in
well (when water intake is at zero level) — H ; dynamic level
in well (when water intake is nominal) — Hy,; CP support
level - HE, .

CWR
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— X — §§< —
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Fig. 1. Scheme of SPU installation into the water intake well

I11. DETERMINISTIC MATHEMATICAL MODEL
OF WATER INTAKE WELL

When creating the deterministic mathematical model of the
water intake well, it is assumed that all parameters of the
water intake well are a priorily known. This allows to
determine the model of the water intake well operation in the
form of an interdependent system of algebraic equations of the
following type:

CP geodetic mark:

hée =h§ —hsy —0.5lspy - 1)
CP support value:
Hgp =h& —Hgy, )
Pressure made by CP:
Hep (Q)zao +a,0+a, 0. 3)
CP capacity losses:
Ne (Q) = Co +€.Q+C,Q%. @)

C3 performance coefficient:

MNep (Q) =dy +d;Q+d,Q?, )
where Q — water consumption via CP, a,, a;, a,, ¢, C, Gy,
dy, d;, d, — numerous values of CP parameters. H pressure
loss in the pipeline area H=H(Q) is expressed with:

H(Q)=sgn(Q)-¢-[Q", (6)

where Q — water consumption on the pipeline area [m?/s];
sgn(Q) — Q symbol; ¢>0 — hydraulic resistance of the

pipeline area; y >1 — non-linearity factor.

H pressure loss on CV has the following view:

C
H, = Esgn(QHQI , (7)

where C — equivalent CV hydraulic resistance in the «open»
position; E, [0,1] — degree of CV opening, where 1 is in the
«openy position; 0 is in the «closed» position.

If the value of water consumption via CP is known, then
the pressure value at the output (neck) of the well is expressed
in the following way:

Hy = Hg +Hep —H—H, . (8)
Also ratios are present:

H& >21m, 9)

Hst < den < hSPU . (10)

Stochastic mathematical model Water consumption
processes are stochastic processes, as they depend on many
uncontrolled and unmanageable factors. Parameters of WIU
technological equipment are also stochastic values, as they are
evaluated according to experimental data of the final
length [6]. To create stohastic models of technological
elements of WIU we will introduce a number of symbols: let

(Q,B,P) — Cartesian product of probability spaces
(%,B,R), i=12,..,n, Q=0 xQ, x..xQ,,
B=B; xB,x..xB,, P=PxP,x..xP,, where ; -

probability spaces; B; — c-algebra of events with Q;; P, —
probability measures on B; ). Then the stochastic model of the
water intake well has the following view:

H, ((x)):HéP (0))+ Hep (m)—H((x))—HV (0)) (1D

Her (Q(m)) =ay(0)+a:(0)0(0)+a,(0)0*(w). (12)
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H(Q(0))=san(0) ¢(w)-Q(w)" (13)
H,(0)= Cé;)) sgn(Q)-|Q ()| - (14)
He (0)=h (0)— Hyp (o) - (15)

IV. WIU STOHASTIC MATHEMATICAL MODEL

In mathematical modeling and optimization of WIU
operation modes, we will use a stochastic model of quasi-
stationary WIU modes.

Let us review WIU with n artesian wells (Fig. 2).

well
1

9

PS of the CWR
second

lift well
to town 2
well
6

The real WIU is put in line with the indicative graph
reflecting its structure.

Fig. 2. WIU scheme

We will present the WIU structure in the form of an
orgraph G(V, E), where V is a multiple of vertices, E is a
multiple of arcs (e=Card(E), v=Card(V), the real WIU is added
to the zero vertice and dummy chords connecting the zero
vertice with all the entrances (wells) and its output (CWR).
For mathematical formulation of the problem the following
WIU encoding is made: the graph tree is chosen so that
dummy areas of the network become chords. And real areas
will become chords partially, and partially they become
branches of tree. Tree branches with a pump are numbered as
1, other branches are numbered from 2 to v-1, chords of real
areas from v to v+m, —1, dummy areas with the given unit

consumption (from v+m, to v+m,+& —1, dummy areas
with the given pressure values from v+mn, +&; up to e, where
7. IS the number of chords of real areas, &, is the number of
outputs with the given unit consumption.

In this case the stochastic model of quasi-stationary WIU
modes will have the following view:

Cexuis 2.

02 1,(0(0)+ Thott (0(0) |0

(r=v...v+n,-1),

(h° Zblr.( H, (0( )+h9)J 0,

(r=v+ne,..v+n, +& -1),

W [(#,(0(0))+he ~H, (0) + Hu (0)

+Zb1r,( H(0( )+h9)] 0,

(r=v+n,+&.,...6; j=1...n),

M (4 () = [sz + 3 5,0 (0 j

r=v+ms

P(hf(m)z hi+)z o, (ax1),
i=(V+n,..., V4 +E-1),

P(Q(0)>0)=p. (b= 1), 1< N

H, (Qk (CU)) =sgn (Qk |Qk | .
k=(1,..v+m, —1)U(V+n, +&,....8).

G (o)

H(o)= gz S9N (0i)Qi (»)]. (j=1....n).
vj

Hiy (0) = iy ()~ gy (@), (=1,..0).
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Where stochastic values characterize: Q;(®) is water
consumption on the j section of the pipeline; hf(co) is free

pressure in the r unit of WIU (r=v+mn,,..v+n, +& —1);
ht is minimum permissible pressure in the r unit of WIU;
h? is a geodesic mark of the i section of the pipeline (ie M );
by is an element of the cyclomatic matrix; H,; () is
pressure at the output of the j source (j=1,..,n); H, (o) is
pressure at the output of the j source.

As the above research [6] has shown, this model provides
more adequate results of modelling of actual WIU operation
modes.
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Abstract—We consider detecting approach for discontinuities
in a trend function when the residual process exhibits long
memory. Using a wavelet estimation of the trend function into a
low-resolution and a high-resolution component, a statistic is
proposed based on the special asymptotic choice of hard
threshold for high-resolution domain. Asymptotic validity of the
approach is derived.
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l. INTRODUCTION
We consider time series data of the form

V=g(t)+§.(i=12,...n) 1
with g € L?([0,1]) and &; a Gaussian zero mean second order
stationary process with long-range dependence, i.e. with
autocovariances

Y(k) = EGdin) 1~ Gyl 2

for some constants @ € (0,1) and €}, = 0 where ,,~*“ means
that the ratio of the two sides converges to one.

For the spectral density
f(A) = (2m) 1Yy (k)exp(—ikd)

this corresponds to a pole at the origin of the form C;|A|*~*
for a suitable constant C- (see e.g. Beran 1994, Zygmund

1953, Samorodnitsky 2007). The issue addressed here is
detecting the jump in the trend function g. In the iid and
weakly dependent setting, the question of detecting changes or
structural breaks in a mean or a (parametric or nonparametric)
regression function has been considered by many authors. For
instance, change point detection in regression was considered
by Quandt (1960), Hinkley (1996) derived an approximate
distribution of a corresponding likelihood ratio statistic. An
interesting approach is taken in a recent paper by Ait-Sahalia
and Jacod (2009) who define an index of jump activity in a
short-memory context (also see references therein for related
literature). In the case of long memory, it has been recognized

that structural breaks can be confused with stationary long-
memory components, and standard tests do not apply (Hidalgo
and Robinson 1996, Gil-Alana 2008).

In spite of this insight, only a few formal tests are available
for the situation where the time point of the break is unknown
(Wright 1998, Kramer and Sibbertsen 2002, Lazarova 2005).
In particular, since sample paths of stationary processes with
strong long memory tend to exhibit local spurious trends, very
local changes in the mean function are difficult to detect. It is
therefore very difficult to decide whether a completely
unspecified (and thus nonparametric) trend function is
continuous or only piecewise continuous. No general test for
this hypothesis seems to be available in the long-memory
setting.

Due to their localization in time and frequency, wavelets
provide a natural approach to solve this problem. This
approach were taken in Beran and Shumeyko (2012). Beran
and Shumeyko (2011) derive data adaptive estimators, under
the assumption that g or some derivatives of g are piecewise
continuous. In the latter paper, it is shown that for functions
with continuous derivatives, the rate given in Li and Xiao
(2007) can be achieved without thresholding by choosing
optimal values of decomposition level J and smoothing
parameter g. This leads to a "low-resolution” estimator
Giow(t) for which exact constants for the MISE and
asymptotic formulas for the optimal choice of the tuning
parameters / and g can be given explicitely (Beran and
Shumeyko 2011). This is comparable to optimal bandwidth
selection in kernel smoothing (Gasser and Miiller 1984, Hall
and Hart 1990, Beran and Feng 2002a,c).

To capture discontinuities, additional higher resolution
levels combined with thresholding can be added so that the
estimator can be written as § = §iow + Gnign, Where gpign is a
high-resolution part. In Beran and Shumeyko (2012), a
bootstrap based test is developed for the null hypothesis that g
is continuous everywhere against the alternative that g has at
least one jump. In terms of the decomposition of § and g
respectively, this amounts to testing the null hypothesis
Hy: Gnign = 0 against the alternative that gp;zp is not zero for
at least one isolated point t. Properties of adaptive wavelet
estimators of g, and gn;on are used to derive a test statistic
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W based on bootstraped blocks of ¥; — §,,.(t;). Critical
values of W under Hy are obtained by suitable blockwise
resampling of ¥; — Gow(t;) — Gnign(t:). Previous references
to bootstrap in the long-memory setting include Lahiri (1993),
Hall et al. (1998, 2000).

Further, in Beran and Feng (2002a) a class of
semiparametric fractional autoregressive models was proposed
that includes deterministic trends, difference stationarity and
stationarity with short- and long range dependence. The
components of the model can be estimated by combining
maximum likelihood estimation with kernel smoothing in an
iterative plug-in algorithm. With the aim to improve the
algorithm the jumps should be properly localized.

As we pointed out earlier in this paper, due to wavelet
localization in time and frequency, this provide a natural
approach to solve this problem. In this paper, the adaptive
asymptotic statistic T; is proposed. Last based on high-
resolution part gp;;x(t) that may capture jumps.

The paper is organized as follows. Basic definitions are
introduced in section 2, the main results are given in section 3.
The results are illustrated by a simulation study in section 4.
Final remarks in section 5 conclude the paper. Proofs can be
found in the appendix.

Il. BASIC DEFINITIONS
To include a large variety of wavelet generating functions
(see Daubechies 1992, Cohen et al. 1993) we will use father
and mother wavelets ¢(t) and ¥(t) respectively with compact
support [0,N] (for some N € M) instead of [0,1] only. The
wavelet functions are assumed to be such that

[ e@adr= [ e?(de = [p*)dt=1, (3)

P(0) = p(N) = 0.

and, forany J = 0, the system {¢;.,1;1..k € Z, j = 0} with

(4)

1 j+j )
V(D) = NI T YN e k),
&5 (1) = NY22I2p(N2t — k),

is an orthonormal basis in L*(R). The number of vanishing
moments of i will be denoted by r € M, i.e.

[t p(dt =0,k =01,..,r -1 ()

and

[l erptdt=v, = 0. (6)

Throughout the paper, ¢ and ¥ will be assumed to be
continuous and piecewise differentiable. Daubechies (1992)
(Chap. 6) provides examples of wavelets satisfying these
conditions.

For every J = 0, functions g € L*([0,1]) have a unique
orthogonal wavelet expansion

w N2ltiog

S (t) + Z
TS0 k=—N+1

Nzl-1
g(t) =

k=—N+1

diptp(t), (7)

with wavelet coefficients

1 1
S = fo 9(O¢(Odt, d;, = fo 9O, (0.

A (hard) thresholding wavelet estimator of g is defined by

n2l-1 g wnaftiog

JqO= Y Sudu®+ )

k=—-N+1 j=0k==-N+1

éjkf(léjkl = 5;‘)%;;[3) (8)

where J, g and &; denote the decomposition level, smoothing
parameter and threshold respectively, and the wavelet
coefficients 5, and d,, are defined by

n n
1 n 1
S =£Zﬂ¢jk(tf)rdjk =£Z Vb (L) (9)
i=1 i=1

The estimator defined by equation (8) can be understood as
a combination of two components, a smoothing component

nzl-1

Gow@®= Y Sy

k=-N+1

(10)

consisting of the scaling function decomposition only with no
thresholding, and a higher resolution component

q N2/tiog
Gign(t) = Z Z djkf(|djk| = 5;)%&&) (11)

JE0E=—N+1

where estimated coefficients are filtered by thresholding. The
first component provides a good estimate of smooth functions
whereas the second component is useful for modeling
discontinuities (see Beran and Shumeyko 2011).

In the derivation of optimal data adaptive wavelet
estimators, the following constants play an important role (see
Beran and Shumeyko 2011, Li and Xiao 2007),

NN
3= [ [ x-yreomemawy, a2
o0

N

Ci. = C],J J lx — y|~“ )y )dxdy.

00

N

(13)

The asymptotically optimal rate of the MISE of g(t)
defined in (8) is attained for

1 CCER
Zr+a og2m +

IT=In= (14)
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q=qn =logzn—J (15)
and
- ) et 2 znazi'j+j:|('l—a:|
+ +i(2r+1)
2/ J,gj — 0, 2(+NEr "5;' —’09;5; . - o (16)
I1l. MAIN RESULTS
Throughout the paper, E, and Var, will denote

expectation and variance with respect to the distribution
generated by the resampling procedure, conditionally on the
observations ¥y, Y¥s, ..., ¥,. Similarily, P,(4) will denote the
conditional probability of A. Then the following yields

Theorem 1: Assume that g € L*([0,1]), g exists on [0,1]
except for a finite number of points, and, where it exists, g’ is
piecewise continuous and bounded. Furthermore r = 1 and

52 — 4eC{N~ 1 %(Inn)?
i N2t Hl-a)

Then holds:
a) If g has no jumps on (0,1}, then

2r+1

- 2r+12——(};;+i' N

En (dﬂ.’) = %gi-r) [:kN—lz—U,;+jj]N
4o (2 2r+1u”+ﬂ)

Var, [:d;;.) - CiN—('l—ajn—az—f];ﬁj)tl—aj +0(n™Y)

and

P[:|rfjk| >8;)=0(In"?n)

b) Suppose g has an isolated jump of size A at point

5°€(0,1). Thenforall 0 = j = g, and

[N2/n*is* | — N < k < |[N2/nti5*|
yields:

E(d,)=0 (2‘%),

Var,(dj,) = C3N~(-®p 2= Until-a) 4 g(n~1)
and

- i oj
—P(|dul > 6;) = 0 (77w %)

Theorem 1 means that under the assumption of missing the
jumps the high resolution component converges to 0 as n
increases, as well as in case of jump the coefficients of high
resolution persist in probability in the neighbourhoods of the
isolated jumps.

IV. STRUCTURAL BREAK DETECTION

Given theorem 1, a natural approach for detecting the
jumps is to evaluate the statistic

qi'! IPVZJH-‘--il E-J
Tin= Ng Z Z I{|dj] = 6,).¥i=1,...n (17)
J. I'\»,fz.-r:lz+.i' J

Herewith yields
Corollary 1:
Under the assumptions of theorem 1 yields

a) T!',n - lyl- = S* a.s.
b) T!'.n - O!L & U_i\.‘z‘fn (S*) a.s.

The following figure demonstrates the behaviour of the
high resolution coefficients.

Jumpsine Jumpsine

Kern est

B L . 1
TTTTTT m

0 500 1000 1500 2000
@ ®

Figure 1. Simulated data (a) with JumpSine trend incl. FARIMA(0, 0.3, 0)
process, and trend estimates obtained by kernel smoothing, minimax soft
threshold wavelet estimation and data-adaptive hard threshold wavelet
estimation (basis s4); (b) shows the coefficients of the data-adaptive wavelet
estimate.
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Abstract-The purpose of the research is the development of
stochastic models of management information systems
functioning based on queueing systems. It has been shown that it
is possible to use a single line queueing systems with the
generalized Erlang flow of random events. The study of such
systems is carried out and the main characteristics of operation
are obtained. This allows the planning of procedures for MIS
operation.

Keywords-time, criterion, model, service, process, design, flow,
system, event.

. INTRODUCTION

Management information systems (MIS) are difficult to
implement, their work is often associated with numerous and
mutually independent streams of input events, wearing casual
character. In this regard, on the design phase of such systems
the use of stochastic modeling is necessary [1, 2].

Il. MODELING OF MIS

Software of MIS provides the control of wide range MIS
individual sub-system tasks solution in real time. These tasks
are characterized by frequency of execution, duration of work,
priority, volumes of output and input information. The launch
on the execution of various tasks carried out by MIS
supervisor system on the commands, which the planner of
MIS periodically prepares [3]. The simple form of planning of
the real time tasks execution is synchronous, when slot
between sequential starts of the same task are equal to the
selected slot. The flexibility and efficiency of such planning is
greatly improved with the introduction of priorities, as well as
with the ability to solve the background tasks when the
computer system of MIS is free from solving real-time tasks
[4, 5]. A variety of characteristics can serve as a criterion of
the effectiveness of the dispatching operation of the system.
For example the delay of start time of individual tasks on the
planned time: the mean time, the probability that the time
delay exceeds a certain fixed value and so on [6]. The
knowledge of these characteristics can be used for synthesis of
the system of planning of MIS software.

Let the whole time interval is split with the timer into
separate interval A. For each interval a number of high-
priority and low priority tasks in accordance with the
operation of MIS is planned to perform. Time left free in the
interval from solving real-time tasks is used to solve

background tasks (for example, test equipment monitoring).
Interruption of low priority tasks is authorized.

Interrupted low priority task complete service after
processing of high priority tasks. If a low priority task is
interrupted in i - th interval, it continuation is added to the
execution of tasks in (i + 1) - th time interval. Each task

perform is planned with a certain period Ti. You can select
the main computing cycle T, which is the least common
multiple of T, 1=212,...,N, where N - total number of

individual tasks, that can be solved with the help of MIS
software. In general, the time of execution of each task can be
random; therefore it is important to know their solving time
delay. This is especially true for low priority tasks, the
beginning of the implementation of which can be shift by high
priority tasks.

For considering execution of high priority tasks assume the
next. Let fij is the time of execution of i-th priority task in the
j-th interval of time. Suppose that

D, = z§ij,i =12,...n,n+1,n+2,

Ielj

is the time of execution of all high priority tasks in the j-th
interval of time, where |, are scheduled tasks on the j-th

interval, and N=T, /A where T, is the main cycle of
execution of high priority tasks. Let ¢; is the average time of

execution of priority tasks in the j-th interval. The overall
distribution function of service time can be written as a
superposition of flows for each service interval

B(t) :1—12e**‘it ,
mi3

so it is described as hypereksponentsial distribution. Input
stream for such a system is regular, but it can be approximated
by Erlang distribution in the event that the coefficient of
variation approaches to zero.

So, the entire system can be represented as a single line
queueing system of type E/H/1. Let us investigate this system.
Let
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Zid
k

o]

are average intensity of the flows described in accordance with
the distribution of A(t) and B(t). a(S) and £(S) are the
Laplace-Stieltjes transformation of these distributions. So

Zﬂ.

EW

a(s)z[%ﬁj and f(s) =

If u> A, then for a stationary mode exists a function of

the distribution of the waiting time F(t), for which it is

possible to compile the Lindley integral equation [7]. It
corresponds to the factorization equationon

7(5) =8 _ o) p(s) -1
K_(s)
@
/Lll —
T
Notice, that function
. ]_[(ﬂJ +5)
W
— m i=1 /u +S _ Pm—l(s) 2
B(s) = 0.(5) @)

H(ﬂi +5)

is the ratio of two polynomials, and the degree of the
numerator is less than the denominator. Then the Laplace-

Stieltjes transformation from F(t) will be

Qu(s)

9(8) = " ay (3)
i=1 qi
where ¢; (1=1,2,...,m) are the roots of equation
M
s)=0=>— 1= 4
7( ) ( - j Z—l:/“ll +5S ( )
which are located in the left half-plane Res <0.
Using (2), we find in the left half-plane Res <0
S
ols)=— = __ ®

)

®

42

Let s=A(1—2), then the equation (4) will have the form

(6)

Bl Z — 7k
-ﬂM+za 2)
Solving this equation after the transformations, we will get

(1 +s)L-z)

m

o(s) = A" , )
li;[/‘i +[A1-17)-5s]
where Z; are the roots of equation (5) and
1<z, <1+4 <z, <<ltHia <z, <
A

@)

<1+ <zm<1+ﬂ.

A A

Taking the inverse Laplace-Stieltjes transformation from
(7), we can obtain an expression for the distribution function

of delay time in serving high-priority tasks F(t) .

Let's find the average delay time in the service of high-
priority tasks
[ | o

Probability that time of solving of high-priority tasks
& will exceed A is determined by the next expression

P{E>A}= Ze”'/

Real-time conditions have a strong impact on the execution
of lower priority tasks, for which the interruption of service is
allowed [6]. Suppose that i is the priority level and

T. =N, /A the period of performance of the low priority

m

t, = _¢’(S)|s=0 = Z

i=1

1
Az -1 p

(10)

task, which are scrutinized. Let U i is the time required to

execute this task in the j-th interval, and ; is the total time

of execution of all high priority task in this interval including
the time for the end of execution all tasks from (j - 1)- th
interval.

Then the time that remains in the j-th period for the
execution of low priority task is defined by the expression

Vij =max{0,T; —w,}, where V'J- is a random variable. It

can be either greater or less than the time u; required to solve

low priority task. Thus, the relationship between these random
variables is similar to the process of service of requests in a
single-server queueing system of type G/G/1; the sequence of
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values V'j describes the input stream of requests, and Uj -
service time.

To determine the relationship between the delay time Z
when executing a low-priority task and the waiting time in an
equivalent single-line queueing system, we will use the fact
that if the solution of the problem starts in the planned time

interval A, then 1 =12z, otherwise n=z-A-int(z/A),
where INt(X) is the integer part of the expression. So

Piz>t}=P {y>t"}=1-F(t-A
—1-W(t—A-int(t/A)),

[int(t/ A)) =

Where F(t) - is the law of the distribution of the waiting
time for an equivalent single-line queueing system, and
W (t) a is the distribution function of the waiting time.

Let us approximate the input stream and the service flow
with distributions that belong to the family of common Erlang
distributions. The Laplace-Stieltjes transformation from their
distribution functions have the form

i S

CRIECEP)

i=1 j=1

(11)

and is the ratio of two polynomials.

You can get comprehensive performance characteristics of
low priority tasks in real time if you will approximates the
input flow and service time by general Erlang distribution.
Exponential, hyper-exponential and Erlang distribution are
special cases of distribution (11). Any distribution of the
duration of intervals between neighboring events can be
approximated with any accuracy by the general Erlang
distribution, it is only necessary to choose the parameters
appropriately a;, Ay, nk. It is desirable that the values n,

and k will be small.

Let us consider a single-line queueing system with
expectation that simulates the process of servicing low priority
tasks, the input flow of requests and services for which are
given by generalized Erlang distributions with Laplace-
Stieltjes transforms from the distribution functions,

respectively (S) and f(S) .
The expression for the average intensity of requests for
low-priority tasks is calculated as follows:
-1
B k li @
O'=|xx 2
i=1g=1 Zig

A=-a (12)

The expression for the average intensity of the process of
servicing low-priority tasks will have the form

1

CEha

i=1 q_1

(13)

If u> A, then for the system, there is a steady-state

regime, for the study of which the above approach can be
used.

Il. CONCLUSIONS

MIS operate under random event flows. In this regard, on
the design phase of such systems the use of stochastic
modeling is necessary, in particular on the basis of queueing
systems. In paper process of planning of real time application
is analyzed. The planning cycle is composed of solutions of
high-priority and low-priority tasks. It has been shown that it
is possible to use a single line queueing systems with the
Erlang input stream and hyperexponential service time for the
simulation of high priority tasks.

The integral equation Lindley for such a system is
received. The solution of such equation is obtained by
factorization of integral equation. Explicit expressions of the
distribution function of the delay time of the real-time high-
priority tasks is received, as well as its average value.

The process of execution of low-priority tasks is analyzes.
It is shown that the analysis of this process can be done by the
use of queueing systems with the generalized Erlang flow of
random events. On the basis of the method of the integral
equation Lindley the Laplace-Stieltjes transform of the waiting
time in the queue and the average value of this time is
obtained.
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Anomayia—3anponoHOBaHO KOMOIHOBAHUIl  eKCHEePTHO-
MAIIMHHUH METOl PpaH:KYBaHHS BapiaHTIB [Jsi  cHCTeM
MATPUMKH TNPHIAHATTA OaraTtokpuTepialbHuX pilleHs Ha
MOTY:KHMX MHOKHHAX aJbTepHATHB. Y HbOMY mepeadaueHi
eTany BUAUIEHH NiIMHOKHHU  e(eKTHBHUX BapiaHTIB,
BHU3HAYCHHSl IlepeBar eKCHepTiB, NapaMeTPHM4YHOI0 CHHTe3y
y3arajibHeHoi (YHKIII KOPMCHOCTi, paHXKyBaHHSl BapiaHTIB 3
BHUKOPHCTaHHAM (yHKLIl KOPHCHOCTI Ta eKcIepTiB.

Abstract—Combined expert-machine method of ranking
options for multi criteria decision support systems on powerful
sets of alternatives is proposed. It provides for the stages of
selection of a subset of effective options, determining the
preferences of experts, parametric synthesis of the generalized
utility function, ranking of options using the synthesized utility
function and experts.

Knwuosi cnosa—niompumka npuiinamms piwiens, eapianm,
PAaHICYSAHHA, KOMNAPAMOPHA i0enmugixkayin.

Keywords—decision support, option, ranking, comparative
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I. BcTvi

3agadi  OPUWHATTA pilleHb Yy Cy4YacHUX CHCTEMax
NPOEKTYBaHHS W YNPaBIiHHS Yy3arajbHEHO MOJAIOThCS B
TepMiHaX «yMOBH — MeTay. [IpH 11bOMy YMOBHU pO3TIISAAIOTHCS
K MHOXHHa CHUTyaliii BUOOpy (craHiB 00'ekTa 1 orepaTopi
Iepexoay), a MeTa — sIK Halkpamie pimeHHs (OakaHWi CTaH
00'exta) [1]. EdbeKTUBHICTD MPUHHATOTO PILICHHS OIIHIOETHCS
32 MHOKHMHOK TOKasHMKIiB (4acTKoBMX KpuTepiiB). Jlo
HAfOUIPII BaXXJIMBUX CEpel 3agad IMpOoOIeMH MPUIHATTS
pillleHb BiHOCHTBCA 3ajla4ya PAHKyBaHHA aJbTEPHATUB. Ii
PO3B’SI3aHHS B aBTOMAaTH30BAaHUX CHUCTEMaxX MPOEKTYBAHHS I
YIPaBJIiHHS 3IHCHIOETHCS 3 BUKOPUCTAHHSM arapary Teopii
KOPHCHOCTI B paMKax KapanHajictuaHoro migxony [2]. Cepen
HafiOiIpII  MOIIMPEHHMX METONIB PpAH)XyBaHHSA  PIIICHb
BUAIIATECSL €KCHEpPTHI MeTonu (aHamizy iepapxiil, aHami3y
mepexx, ELECTRE, PROMETHEE To1no), siki BUMararoTh BiJl
eKcrieprta B SBHOMY BHIJSIII HajgaTh iHQopMalioo Ipo
BiJIHOCHY BaXKJIMBICTh OKPEMHX KpHUTEPiiB [3-4].

Indopmaniiini cucremu Ta TexnoJorii ICT-2020
Cexuis 2.
MaremaTuyHe Ta KOMII'IOTEpPHE MO/IE/IIOBAHHSA Y iH(opMaliiiHUX cHcTEMAX.

44


mailto:vladimir.beskorovainyi@nure.u
mailto:oksana.draz@nure.ua
mailto:%20dmytro.svidin@nure.ua
mailto:oksana.draz@nure.ua
mailto:%20dmytro.svidin@nure.ua

3a pe3yiabTaTaMu IIPOBEICHOTO aHajli3y METOHMiB 1
TEXHOJIOTIN pPaH)KyBaHHs pillleHb BCTaHOBIEHO, w0 [5-6]:
BOHM 30pi€HTOBaHI Ha BHUOIp cepel HEBENMKOI KiIbKOCTI
IBTEPHATHB; y HUX MOJXIIMBE BHHUKHCHHS PEBEPCY DAHIiB
(3MiHa paHTiB pillleHb NPH J0JaBaHHI HOBHX a00 BHIaJIeHHI
icHyrounx ampTepHatB). lLle 00yMOBIIOE aKTyalbHICTh
3aBIaHb PO3POOKH METOJIB PaH)KyBaHHS MOTYXHHUX MHOXHH
QIBTEPHATHB.

Merolo  mOCHKEHHS € po3poOka  KOMOIHOBaHOTO
EKCIIePTHO-MAIIMHHOTO METOAY pPaH)KyBaHHS BapiaHTiB I
CHUCTEM MiATPUMKH NPUIHATTS NMPOEKTHUX 1 YNPaBIiHCHKUX
pillIeHb Ha MOTYKHUX MHO)KUHAX aJIbTCPHATHB.

Jist  po3B’si3aHHS  33ja4  paH)KyBaHHS BapiaHTIB Ha
MOTY)KHAX MHOXXHHaX anbTepHaTHB S ={S} 3ampomoHOBaHO

PE3VJILTATU JOCJIJIXKEHH ST

KOMOIHOBaHUIl €KCIIEPTHO-MAIIMHHUN METOJ, KU BKIIIOYAE
eTany: BUAUICHHS HAa MHOXXWHI JOMYCTHMHX ITiTMHOXHHU
e(eKTUBHMX BapiaHTIB; BU3HAYCHHS Ha HIH mepesar
EKCIIepTiB; MapaMeTPUYHOTO CHUHTE3Y y3araibHeHO! (yHKIIl
KOPUCHOCTI; paH)XyBaHHS BapiaHTIiB 3 BHKOPUCTaHHIM
CHHTE30BaHOI y3aranpHeHOi (yHKIii KOPUCHOCTI; eKCIIepTHE
YTOYHEHHsI PaHTiB IiIMHOKUHN HAalKpaIIUX ajJbTEPHATUB.

Cytp eramy BHUAUICHHA MIIMHOXXHHH €(EKTHBHUX
anpTepHaTHB ST monArae y BHKIIOUEHHI 3 MHOKHHH
gonyctumMux  S={S} pmoMmiHOBaHMX (HCONTHUMAJIHHUX)

. . —E
aNbTepPHATHB, 10 HaJeKaTh ITJMHOXHHI 3roiu SeS !
—E —E )
S=S°US, S NS =@. Pimenns  HasuBacTHCA

epextuanM ([Tapeto-onTumansaEM) S € SE, Ko He icHye

GimbI Kpamoro pimenHs, T06To s5 ~s VseS.

3aneXHO Bi MOTYXKHOCTI, OIYKJIOCTI UM HEOIYKJIOCTi
MHOXMHH JONMYCTHMHX anbTepHaTHB S ={S} mouiipHO

BUKOPHCTOBYBAaTH OJWH 3 METOJIB BHIUICHHS MiIMHOXHH
e(eKTHBHUX BapiaHTIB: MapHUX IOpiBHIHb, KapiiHa,
Iepmeiiepa, eBoromiiHOTO OMIYKY [7].

3ajayy BHM3HAUEHHs IEpeBar EKCIEepTIB 4YM OCOOM, IO
npuitmae pimennst (OIIP), npomoHyeTbes 3ailiCHIOBATH
LUIIXOM  TTapaMeTPUYHOr0 CHHTEe3y (YHKII] y3araabHeHOi
KOPHCHOCTI BapiaHTIB pIICHh 3 BHKOPHUCTAHHSAM TEXHOJOTII
KOMIapaToOpHO1 inenTudikarii [2, 6]. Haii6inb
VHIBEpCATBHHMH ~ BBaXaroTbcd  (QYHKUiI  y3arajibHEHOI
KOPHUCHOCTI, 1o0ya0oBaHi Ha OCHOBI nojiHomy KonmMoroposa-
I'abopa [2, 6]:

P(s)= 2 A&(s)+ 2> A4&(8)E(8)+..., M
i-1 it
ne Ak o, =1,m - BaroBi Koeili€HTH YACTKOBHX
KputepiiB Ta ixmix moGyrkis; &(S),&(s) - dymkuii
KOPHCHOCTI 4acTKOBUX KpuTepiiB K;(s),K;(s), i =1,m.

IMpu upomy Kinbkicts gomankiB N B (1) BuOHMpaeTbCs
BHXOJISTYHU 3 HEOOXiTHOT TOUHOCTI BigHOBIIeHHs mepesar OIIP,

PO3MipHOCTI 3a7a4i 1 HassBHUX OOYKCITIOBAIBHUX PECYPCIB.

Baenemo nmo3naueHHS:

51(3)‘51(5) = §m+1(s)' ﬂl,l =/1m+1’

2)
é:l(S)~é:2(S)=éjm+2(S), 21,2 :ﬂ‘m+2""

3 BUKOPHCTaHHAM TI03HaueHb (2) dyHKIis kopucHocTi (1)
Moxe OyTH TNoAaHa Yy TpaJuUiiiHIA aguTHBHIA (dopmi:

P(2)= 24 &(x).

Hdns  nmiHifiHOI, omykioi, BurHyrtoi, S- 1 Z-momiOHOi
anpokcuMalii OWiHOK 3HAa4YeHb YacTKOBHX KpHTepiiB K(S)

MIPONIOHYETHCSI BHKOPHCTOBYBAaTH YHIBepcalbHY (PYHKIIIIO
kopucHocti £(S)Ha ocHOBI ckieiiku [8]:

a(b, +1)| 1| b, / bl+@ ,0<k(s)<ka;
k

a

&(s)={a+(1-a)(b,+1)x )
x| 1-| b,/ bz+M ka <k(s)<1,
1-Ka

e &(s)= E( s); Ka,a - HOPMOBaHI 3HAYEHHS KOOPAUHAT

touknu ckiueitky, 0<ka <1, 0J aJ 1; b;,b, - xoedimientn,
[0 BH3HAYAIOTh BUJA 3aleKHOCTI (3) Ha MOYaTKOBOMY i
KiHIEBOMY BiJpi3kax (yHKIII.

CyTp TexHOJOTii KOMIapaTopHOi imeHTH}IKaIil mepesar
OIIP monsrae B HactymHoMy [2,6]. OIIP anamizye mapu
BApiaHTIB JMINE 3 MiAMHOXHHM edekTHBHMX S,V eSF.
BucyHyra BuMora nmoB’si3aHa 3 THM, IO BpaxyBaHHS

. —E .
nomiHOBaHMX anmbTepHatmB 3 S =S\SF mpm dopmysanmi
OiHapHuX BigHomeHb cTporoi mepesaru R (S’') He Hece

KOpHCHOI iHdopMarii, To6To s>V VseSF i VzeS .Ilee
HACNIZAKOM TOTO, LIO BiJHOIIGHHS CTPOroi INepeBaru s
JIOMIHOBaHUX aJbTEPHATUB BUKOHYIOTbCS MpPH OyIb-IKHX

3HAaUEHHAX BaroBux koedinientis A =[/4 ]i’\il .

3a pesyapratamu aHanizy OIIP 3aiiicHIOE SIKICHY OIIHKY
KOPHCHOCTI BapiaHTiB, MO T03BOJAE€ CHOPMYBATH Ha JESKil

nigmuokuHI S’ — S GiHapHe BigHOIMIEHHS CTPOrOT NIepeBar:

R(S")={<syv>: syveS’, s>v}. 4)

BinmoBimHO 10 mocTynmaTiB Teopii KOPHCHOCTI Ui map
BapiaHTIB, sAKi BXOIATh 10 cknany Rg(S') (4), cnpaBemmiBoro
€ cucrema HepiBHOCTEH: S>V <> P(s)>P(v) Vs,veS'.

Takum 4rHOM, 33/1a4a TApaMETPHUYHOTO CHHTE3y (yHKIIN
y3araapHeHoi kopucHocti (1) a6o (3) 3BomuThCA N0

BusHauenns Bektopa A=[A4]Y, (e N - xigbkicTs

Indopmaniiini cucremu Ta TexnoJorii ICT-2020
Cexuis 2.
MaremaTuyHe Ta KOMII'IOTEpPHE MO/Ie/IIOBAHHS Y iH(opMaliiiHUX cHcTEMAX.

45



napaMeTpiB MOJIei), 10 33J0BOJbHSE c(hOPMOBaHIH CHCTEMI
HEpiBHOCTEH Ta HOPMYIOUHM YMOBaM:

>0 Vi=1,N.

N
A=1, 4 (&)

IMomamo cuctemy HepiBHOCTEH 1 piBHsHB (5)-(5) y BUrmsi:

=Y A E(8)> Y A E(V), <5y >eRy(S), j=Tns,

- (6)
nn +1(A)E /’l’l:l’ﬂ’lzo’izllN’
) i1
ne ng=Card Rg(S') - mOTYXHIiCTh BCTaHOBICHOIO
BiJIHOIICHHS CTpOroi nepesar (4).
Iepmra gactHa cucremud  (6) € OAHOPIAHHMH
HEpIBHOCTAMH, sIKi 3aJal0Th MHOXKHHY IUIOLIMH, IO

NPOXOIATh dYepe3 IOYaTOK KOOpIAWHAT, a JApyra 4YacTHHA
(HOpMytOUi YMOBH) — CiUHY IUIOIIHHY.

CcdopmoBana cucrtema HepiBHOCTeH 1 piBHsAHB (6) Moxe
OyTH HeCyMICHOIO (32 HasBHOCTI NPOTHpIYb y IepeBarax
OIIP) abo wMmarW HeE3NMYeHHY KiIBbKICTh pimeHp. 3amada

BH3HAUeHHSA BeKTopa A=[/ ]i’il mozerm (1) moxe Oyru
3BeJIeHA JI0 MOIIYKY Ye0HIIOBCHKOT TOUKH [2].

Jna 3MIHHY Ay,
obmexennst (6) i OymemMo BUMaraT, 00 BHKOHYBAJIHCS

oboro BBCIAEMO JOJAaTKOBY B

ymoBu 77;(A)< Ay, J=1,ng. Toni mouyk 4eOMIOBCHKOT

TOYKH cucTeMH (6) 3BOJUTHCS 10 PO3B’sI3aHHS 3aa4i:

Ansa — Min,
~7;(A)+ Ay, 20, j=1.ng,

N
Mya(A)= 24 =1,
i=1

O]

420, i=1,N.

Skmo cuctema HepiHocTel (7) cymicHa, TO iHAMKATOpHA
sminHa '=minmax7;(4)<0 i orpumane pimenns A° Gyne
A i

MaKCHUMaJIbHO CTIMKMM JI0 MOJJIMBHX 3CYBIB IUIOIIUH
obmexenb. Skimo x cucrema (7) HecymicHa, To r >0, i Oyne
OTPUMAHO YEOWIIOBChKE HAONMKEHHS, IO SBISE COOOIO
3HAYCHHS MIHIMQJIBHOTO YXWJICHHS Ui BUPIIICHHS JaHOT
cucteMHu. Y [BOMY BHIIQJKY JJIsI CHCTEMH IIepeBar, MomgaHol
OinapuuMm BigHoweHHsM R (S')(4), He icHye »xoaHOrO
BEKTOpa Koe(illieHTIB KpHTEPIiB

BaroBux YaCTKOBHUX

A=[41,, mo 3anososnbuse ymosam (7).

Ha HactymHOMYy eTarmi 34iHCHIOETHCS OOYUCIIEHHS 3HaYEHb
y3aranpHeHoi ¢yHkmii kopuchocti  P(s) (1) ams Beix
e(exTHBHUX BapiaHTiB S € ST 3 BCTAHOBIEHMMM 3HAUECHHAMH

Barosux koediuieHtie A=[4 ]i'il. Ile m03BOJISIE 3MIMCHUTH

pamXyBaHHS BCi€l MHOXWHHM €(EKTUBHUX BapiaHTiB 3
BUKOPHUCTAHHSIM 3HA4eHb CHHTE30BaHOI (PYHKIIII y3araapbHEHOI
KOPHCHOCTI.

Ha ocranHpOMy eTami Ha OCHOBI KUNBKICHOI OIIHKH
Bapiantie P(S), seS% sxiiicHioeThesa BinGip miaMHOKMHM
S° = S® samaHoi kinbkocTi N° Haiikpammx BapiauTiB. IIpu
usomy Card (S°)<<Card (S®). Ilicns usoro OIIP 3

BUKOPHCTaHHSIM METO/IB EKCIIEPTHOIO OIHIOBAaHHS 41
JeKCUKorpadigHol onTHMi3amii 3MiCHIOE OCTaTOYHHNA BUOIp

Hajikpamioro Bapianta s° € S°.

3a  pe3yiabTaTaMu  JIOCHIDKEHHS  3allpONOHOBaHO
KOMOIHOBaHUH EKCHEepPTHO-MAalIMHHUA METOX paH)XyBaHHS
BapiaHTiB y cucreMax HATPUMKH MPUAHATTS
OaraToKkpuTepiaJbHAX pIOICHb HA MOTY)KHUX MHOXHHAaX
aIbTepHATHB. Y HBOMY TepedaueHi eTanu BHIUICHHS
MIMHOXXKAHU €(QEKTHBHAX BapiaHTiB, BU3HAUCHHS IIepeBar
€KCIIepPTiB, MapaMeTPHUYHOTO CHHTE3Y y3arajbHEeHOI (yHKii
KOPHCHOCTI, paHXyBaHHA BapiaHTIB 3 BHKOPHCTaHHAM
CHHTE30BaHOI (DYHKIIIT KOPUCHOCTI Ta EKCIIEPTIB.

BucHoBKU

[lpakTHyHEe 3acTOCYBaHHS 3alPOIIOHOBAHOTO METOLY
JIO3BOJIUTh Yy 3ajauax BEJIHMKOI PO3MIPHOCTI 3IiliCHIOBATH
aHami3 i BimOlp BW3HAYEHO! KIMTBKOCTI JHUIIE e(EKTHBHUX
BapiaHTIB IJIsI OCTaTOYHOI ekcrepTusu i Bubopy. lle cTBoproe
YMOBH TUTS T BUIICHHS e(eKTUBHOCTI pitieHs
OaraToKpuTepiaJbHAX 3aJad ONTHMI3alii y CHCTeMax
ABTOMATH30BAHOTO MPOCKTYBAHHSA i yIpaBIIiHHSL.
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Anomauyia—/lana podoTa € NPOAOBKEHHAM HOCTIIKEHb
aBTOpiB 3 HAOGJMIKeHHS PO3PUBHUX (YHKUiH, IO ONHCYIOTH
BHYTpilHIO cTPyKTYpy 2D Tina 3 gomomoroio mpoekuiii, siki
NMOCTYNAKTh 3 KOMII'IOTepHOro TtoMmorpada. IIpononyerbcs
MeTo/ MOOYAOBH CILVIaH-QyHKIiI, KA Ma€ HA BKa3aHMX JiHisIX
Taki )k PO3PHUBHU MePUIIOT0 Poay, AK i HAGIMKyBaHa PO3PHBHA
¢ynkuis. Ha niii ocHoBi O0yayerbcsi HemepepBHa (yHKUisl, 115
BiIHOBJIEHHs1 AIKOI BHUKOpHCTOBYETbes:i Merod O. M. JlutBuHa
Ha0JMKeHHs cyMamu Dyp’e 3 BUKOpUCTAHHAM npoekuiii. MeTox
II0CTpyeThCS HAa KOHKPETHHX NMPHUKJIANAX HASIBHOCTI OTHiel Ta
aBox JiHid  po3spuBy. HaBegeHo aHanxi3  pe3yJabTartiB.
HinTBepaxyerbes: GakT 3HMKHeHHs BIIMBY siBuina I'idGca Ha
KiHIeBHii pe3yabTaT.

Abstract—This work is a continuation of the authors’
research on the approximation of discontinuous functions that
describe the internal structure of a 2D body using projections
coming from a computer tomograph. A method for constructing
a spline function is proposed, which has the same discontinuities
of the first kind on the indicated lines as the approximate
discontinuity function. On this basis, a continuous function is
built, for the restoration of which the method of O. M. Lytvyn
approximation of Fourier sums using projections. The method is
illustrated by specific examples of the presence of one and two
rupture lines. The analysis of results is given. The fact of

Oleksandra G. Lytvyn
Department of Applied Mathematics
Kharkiv National University of Radio Electronics
Kharkiv, Ukraine
litvinog@ukr.net

disappearance of the influence of the Gibbs phenomenon on the
final result is confirmed.

Knrwuoei cnoea—rxomn’romepna momozpagis, pekoncmpykuis,
300pasxcenns, po3puena QyHKyia, po3puenuil cnaain, cyma Qyp’e

Keywords—computer tomography, reconstraction,
discontinuous function, discontinuous spline, sum Fourier

image,

l. Bcryn

3amava BiTHOBJICHHS (YHKIIHA 3a JOMOMOIOK IMPOCKIIii
BHHUKAE B KOMIT FOTepHIH ToMorpadii, KOJIH
€KCIIEPUMEHTAJIbHUMH JJAHUMHU € HE 3HAueHHs HaOJIMKyBaHOT
¢GyHKIIT B OKpeMHX TOYKaX, a IHTErpajM B3JIOBX 3a/aHOI
CHCTEMH JIiHIH — MPOEKIi, SKi HOCTYNAIOTh 3 KOMIT FOTEPHOT'O
tomorpada. Y pobotax [1, 2, 3] BUKIageHa OCHOBHA 111es, sKa
MOXe OyTH BHKOpPHCTaHa Ui pO3B’SI3aHHS IOCTABJICHOT
3amaui. Lls igest momnsirae y BUKOHaHHI HACTYITHHX €TaIliB.

1. Beaxxaemo ninii po3puBy ¢GyHKIIT f(x,y) BIZIOMHMH.

Bynyemo crutaitH-(yHKIIIO Sp(x,y), sKa Ma€ Ha BKA3aHUX

JMHIAX Taki )X PO3PUBH IEPIIOTO POay, SIK 1 HaOIIKyBaHa
¢yHKIisL. Y naHid poOOTI BUKOPHCTOBYEMO METO]] TTOOYI0BH
PO3PUBHOTO CIUTAWHY, BUKIACHHI y poboTi aBTopis [1].
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2. 3HaxoauMo (GYHKIIIFO:

o(xy)=f(x,

3. BigHoBmoeMo GyHKIi0 ¢(X,Y) 3a IOMOMOroko MeToxa
ckingennnx cym ®yp’e, HaBemeHoro y pobGorti [4],
BpaxoByOuH, O [ (yHKIS He Mae po3puBiB. ToOro i
MOJXKHa HaONIKyBaTH 3 JOIIOMOTOIO BiIMOBITHHX cyM Dyp’e
6e3 sBrma I'i66ca. IlosHaunmo o Gyrxuio §(X,y).

y)—Sp(x,y).

4. BUKOPHUCTOBYEMO ISl aHai3y (QYHKIIT f(x,y) cyMy
noOyZ0BaHOIO BUILE CIUIAWHY Ta HAOMMKEHHS QyHKII
o(x,y) cymamu dyp’e.

Il. 3ATAJILHA IIOCTAHOBKA 3AJIAUI. TIPUKJIAJIA
BBaxkaemo, 1m0 o0nacTe, B sIKii 3a1aHa pO3pUBHA (HYHKILIS
f (X,y) NOBHICTIO HaNeKuTh KBaapary [0,1]° i Bizomi miHii

PO3pHBY HEPIIOTO poay (QYHKIT f(x,y), IO € KOJaMH 3
(0,5; 0,5),

LEHTPOM y  Toumi pamiycu  AKHX

R <R, <...<Ry.

V 3arajbHOMY BHMAJKy 3aJaHHA DO3PHBHOI (yHKIIi
f(x,y) Tta noGymoa pospusHoro cmmaiiny Sp(X,y)

HaBeJIeHA Y p060T1 [1]. ImoCpreMo el miaxia Ha MpUKIagax
HASIBHOCTI OJHI€T Ta JABOX JIiHIA PO3PUBY IS BHIAAKY, KOJIU

dyrkuis @(X,y) HenepepsHa.

Mpuxnanx 1. Habnmxene BiHOBIGHHS pO3pHBHOI (QyHKIIT
f(X,y), sika Ma€ Of1Hy JiHIO PO3PHBY, LIO € KOIOM.

3anaHa iHpopMarllis:

. M — KinbKicTb JHiHIN po3puBy, M =1,

. fi(x,y), fa(x,y) - sanasi dysxuii s
o0yI0BH TeCTOBOI po3puBHOT pynkmii f (X, y) ;

o paziyc kona Ry iioro uentp (0,5;0,5);

. npoekiiiini nani ws pynkuii f(X,y).

Po3B’s13aHHs 3a71a4i BUKOHYEThCS TaK:
1. TloGynoBa dymxuii f (X,y).

3amaemMo GyHKIIIO:

fL(xy), w; (X,y)>0;
)= REIEEOD) ) o
f2(x,y), wi (x,y) <0,

Wi (X,y) = Ri —/(x—=0,5)* +(y—0,5) .

2. TloGynoBa cruaiiny Sp(X,y).

Wl(XnY)

Ry

+(1— o gy)] fin (X,y), Wi (x,y)>0

fL(x,y)+ fz(x,y)’

f, (0,5,0,5)+

Sp(x,y) = 5 wi(x,y) =
w(x,y)
wixy)-w (xy) 2" (xoy)+
—w; (X,Y)

Wiy) W (xy) O (Xoy) e (y) <0

3. ®opmynu 1s GyHKUIH, BUKOPUCTAHUX U1 OOYHOBH
CIUTIaliHy.

fin (x,y) = (X (x,y).Y (%)),
Wi (X,Y),

Y(x,y)= y—wl(x,y)%wl(x,y).

X(xy)= x—wl(x,y)%

fan (%)= f2( X (X,¥).Y (x.y)),

X (%) =X () 2w (%),
Y(x,y)= y—wl(x,y)%wl(x,y).

w(x,y)=x(1-x)y(1-y),

-0
01, (1)~ ot 1 (09)+ S fa(Ly).
0,1 Ry X0
> Z(X’y)_O—l z(X,0)+1_0 2(x,1),
-1 -0
0.0, f,(x,y) = Oz f,(0,y)+ 002 f,(Ly),

Of, (X,y) =0 f2(X,y)+ O, f,(X,y)—O:0, f5 (X,Y).
4. TloGynoBa HenepepsHOi GyHKIiT @(X,Y).

o(xy)=T(xy)=Sp(xy).

O. M. Jlutuna [4]  mns
®yp’e 3 BUKOPUCTAHHSIM

5.3actocyBaHHS  METOXLy
3HAXO/DKEHHSI  KOe(illieHTIB
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MpoeKIiil ansg  ¢GyHKmii q)(x,y). BBakaroTecs BiZOMUMH

BinoBiHi npoexwuiiini gani. Orpumaemo ynkuio (X,Y).

6. HaGmmkere Binnosnenns dymxuii f (X,y).

f(xy)=Sp(x,y)+d(xy)-

VY uncenbHOMY €KCIIEPUMEHTI I PUKIaay 1 3agaBanuch
GbyHKIII:

fi(x,y) =k sin((x—O,S)2 +(y—0,5)2),
f, (x, y) = kze(x—0,5)2+(Y*0:5)2 ,
ne ki, k, —3anani uncna. Pagiyc kona R, =0,25, uentp kona

(0,5;0,5).

HaBoaumo reoMeTpuuHy iHTEprpeTaunilo 3aaaHoi (yHKIT
f(xy) Ta ii na6mokenns f(x,y); noGynosanoi ¢ynkuii
@(x,y) Ta ii HaGMIOKeHHS (I)(X,y) NP 3aJaHOMY MOPSIKY
cymu @yp’e N =16.

zT BZFSp

Prc. 1. 3o6paxenns ¢pynkuii f(x,y) ta f(x,y)

BZF 7T

Puc. 2. 3o6paxenns dpynkuii @(X,y) ta §(X,y)

Jlist IOpIBHSHHS HAaBOAMMO TAaKOX 300paxkeHHS (QyHKii
fr(x,y), ke oTpuMaHO  TpH  GE3MOCEPEIHBOMY
BUKOpHCTaHHI Merony cyM dDyp’e nmis pospuBHOi (yHKIIT
f(x,y). Ha pwuc. 3, 4 BUAHO MPHUCYTHICTh OCHMJISIIH, IO

BimmoBizae HasBHOCTI sBuma [i060ca. lleit daxT 3HaimoB
BigoOpakeHHs 1 ami B Tabnuii 1 npu miapaxyHKy MOXHOOK.

ZT BZF

Puc. 3. 3o6paxenns ¢pynxuii f(x,y) ta f*(x,y)

ZT-KK BZF-KK

Puc. 4. Hanmsronose 300paxents gynkuii f(x,y) Ta f*(x,y)
[opiBHsAHHA 1OXMOOK, HaBeneHMX Yy Tabim. 1, Takox

IOKa3ye  IepeBard  3alpONOHOBAHOTO  METOAy AN
BiTHOBJICHHS PO3PUBHUX (DYHKITiH.

TABJIMLS 1. TIOPIBHSIHHSI TOXUBOK JUISI IPMKJIAZLY 1
No. | MaxkcumaabHa Cepennno- Cepenns
BigHOCHA KBa/[paTHYHA a0CoJII0THA
Tpuxmaz 1 4 0,223 0,038 0,029
be3 BBy
ABHIIA 8 0,141 0,018 0,012
T'i66ca
Tpuxnaz 1 16 0,083 0,0079 0,0046
3 BIUTMBOM
SBUIIIA 16 0,317 0,643 0,258
T'i66ca

Mpuxaan 2. HabnmkeHe BiTHOBICHHS PO3PUBHOT (DYHKIIIT
f (x,y) , sIKa Ma€ 7Bl JIiHIi PO3PUBY, IO € KOHIEHTPUIYHUMHU

KOJIAMH.
3anana indopmaris:

. M — xineKicTh niHil po3puBy, M =2 ;

fi(x,y), f2(xy), fs(x,y) — samani Qymxuii
IUIst OOy I0BH TecTOBOT po3puBHOI (yHKil f (x, y) ;

° pangiycu kin Ry,R,, ix uenrp (0,5;0,5);

. npoekuiiini xani s pyrkuii f(X,y).
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Po3B’s13aHHS 33a71a4i BUKOHYETHCS TaK: f2(x,y)+ fa(x,y)

1. TloGynosa dymxuii f (X,y). Sp(xy)= 2 ’

3agaeMo GyHKIIIO: AKIO W, (X,Y)=R,.
fi(x,y), 0 <w(x,y) <Ry; Q(x,y) f:(X2(x,y).Y2(x,y))
fl(x’y);fz(x’y),w(x,y):Rl; Sp(xy)= Q(x,y)+(W(x,y)-R:)
f2(X,y), R <w(x,y)<R;; + OfS( Y)(w- )

fxy)= f2(x,y)+ fa(x,y) J{w(ey)-Re)
2 W(X,y)=R;; oW

L (xy), X2(x,y):x—(w(x,y)—R2)a—X,
(W(x,y)>Re ) A(x(1-x)y(1-y) 20), Y2(xy)=y—(w(my)—Rﬁ§g,

W(X,Y)=\/(X—0:5) +(y-05)" . sxmo (W(x,y)> Ry )A(x(x—1)y(y—1)=0).

2. TlobynoBa crmaiiny Sp(X,Yy).

Ri—w(x,y)

Sp(x,y) = R f.(0,5;0,5)+ Jani myskte 3), 4), 5), 6) aHajoriudi HaBEACHHM Y
npukiazai 1. 3okpema,

Q(x,y)=x(1-x)y(1-y).

+ W(I:’y) fL(X1(x,y).Y1(x,y)), 1 0
' aw Ol f3(X1y)= _1f3(01y)+1_0 f3(lvy)a
X1(xy)=x=(w(x,y)=Ri) =,
y-1
aW =
Y1(xy) =y =(wlxy)=Re) 35 0t (y) =3 f(x0) 15 B (x),
skao 0<w(x,y)<Ry, x-1 x-0
(xy) <R 0.0: s (x,Y) = 5 =7 02 s (0.Y)+ 7 2 s (L),
Sp(X )_ fl(xly)+ fz(X,y)
Y= 2 ’ Of; (x,y) =013 (x,y)+0, f3(X,y)—0i0, 3 (x,y),
Ko W(X,y)=R;. " v YHCEITBHOMY SKCIEPUMEHTI ISl IPUKIIALY 2 3a1aBajlnuch
YHKII:
w(X,y)-R;
Sp(xy)=—p—g— f(X1(xy)Y1(xy))+ fi(x.y) =kisin((x—0,5)2 +(y—0,5)*).
,Y)—R 2 .
+% f,(X2(x,y)Y2(x,y)), fo (X,y) = kpe*x-08) +(y-05)"
2 — 1

f5(X,y) =bo +by (W—R, ) +b, (W—R, )’ +bs (W—R, )’

ow e Kki,ky,by,by,b,,b; 3amani uwmcna. Papiyew kin R, =0,25,
Y1(x,y)= y—(W(x,y)—Rl)E, R, =0,35, uentp kixn (0,5;0,5).

R =0,25, R, =0,35.

HaBomumo reomeTpuuHy iHTEpIpeTariro 3aganoi GyHKIii

ow -
Y2(x,y)= y—(W(X,y)— RZ)E, f(x,y) ra ii mabmmxenns f(x,y); noGynosanoi dynkuii
@(x,y) Ta ii HaGmmkenns @(X,Yy) NPy 3a1aHOMY HOPSIKY
skimo Ry <w(X,y) <Ry, cymu @yp’e N =16.
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zZT BZFSp

Puc. 5. 3obpaenns dynxuii f (x,y) Ta f(x,y)

BZF 7T

Puc. 6. 3o6paxenns Gpynxuii ¢(x,y) Ta §(X,y)

Jlns mopiBHSHHS HABOAMMO TaKOX 300pa)keHHS (YHKIIIT
fr(x,y), ke oOTpuMaHO  TpH  GeE3MOCEPEIHBOMY
BHKOpPUCTaHHI MeTony cyM Dyp’e mis po3puBHOi (PyHKIIT
f(x,y). Ha puc. 7, 8 BUAHO TPHCYTHICTh OCHMJIAILIN, IO

BiINOBinae HasgBHOCTI sBUma [i00ca. Llei QaxT 3HANUIIOB
BiIOOpaXCHH 1 ai B Ta0I. 2 PHU MiIPaxyHKY MOXHUOOK.

T BZF

ZT-KK

BZF-KK

Puc. 8. Hanuronose 306paxenns pynkuii f (x,y) ta £*(x,y)

INopiBHsHHS TOXWOOK, HaBEeNCHHX Yy Tabl. 2, TaKoX
MOKa3ye MepeBard 3amporoOHOBAHOIO METOIY AJISl PO3PHUBHUX
GyHKIIH.

TABJIULIA 1. TIOPIBHAHHSA [HOXWUBOK JUIS TIPMKJIALLY 2

No. | MakcumaabHa Cepennno- Cepenns
BigHOCHA KBaIpaTH4YHA a0CoJII0THA
Mpuknan 1 4 0,553 0,021 0,016
be3 BBy
ABHINA 8 0,223 0,0055 0,0040
I'i66ca
Ipuknaz 1 16 0,128 0,0025 0,0016
3 BIUIUBOM
ABUINA 16 0,493 0,987 0,509
I'i66ca
I1l. BUCHOBKU
1Ly PO3IIISIHYTHX HpUKIIafax pi3HHL MK

HAOIDKYBaHOIO (PYHKIIEIO f(X,y) 1 PO3PUBHUM CIUIAHHOM

Sp(xy) e
HaONMMKyBaTu 11 3 BUKOPUCTAHHSIM METOAY CKIHUEHHHUX CYM
®yp’e 3 MPOSKIIHHIMHA TaHUMH.

HEICPEPBHOIO  (PYHKIIEIO, M0  JI03BOJISIE

2.30UIbIICHHS  TOPSAAKY  CKIHYeHHHX cyMm Dyp’e
MPUBOANTH 10 3MCHIICHHS IMOXWOKM HaONMKeHHA (QyHKIIT

f(x,y). IMpn mpomy mnst obumcineHHs koedinientiB Dyp’e

BUKOPHCTOBYIOTBCS POCKIII.
3. SlBumie ['i60ca B HaOMMKyBaHi# QYHKIT BiICYyTHE.

4. 3anpornoHOBaHUN METOJ] € OJHUM 3 e(EeKTHBHHX
MiXOMIB yHUKHEHHs siBuia [100ca, sSkuii BUHHKAE MpU
HaOmmxeHHI cymamu Dyp’e po3puBHHX (YHKLIH ABOX
3MIHHHUX.

JIITEPATYPA REFERENCES

[1] O. M. Lytvyn, O. G. Lytvyn, O. O. Lytvyn and V. I. Mezhuyev, «The
Method of Reconstructing Discontinuous Functions Using Projections
Data and Finite Fourier Sums», The IX International Scientific and
Practical Conference «Information Control Systems <&Technologies
(ICST-2020)», 24-26 of September 2020, Odessa, pp. 661-673.

[2] O.M.Jlutsun, O.T.JlurBun, «IIpo OAMH MiAXig K0 HAGIMKEHHS
PO3pUBHHUX (YHKIIH 3 BHKOPUCTAHHSAM HPOCKLIH i CKIHYEHHUX CyM
Dyp’en, Obuucnosani memoou i cucmemu nepemeopeHHs iH@opmayii.
30. nip..V-i Hayk.-TexH. kKoH(., JIbBiB, 45 x0BTHs 2018 p. JIbBiB: DMI
HAHY, 2018, c. 8-11.

[3] O.M.Jluteun, O.T.JlurBun, «MeTo BiHOBIEHHS PO3PUBHHX
GyHKIiH  crermiarbHOTO BUTIIAAY 3 BHKOPHUCTAaHHAM —MPOEKIIH i
ckinueHHHX cyM @Dyp’e», 7-a MikHapogHa HayKOBO-TEXHIYHA
KoH(epeHis «/npopmayiiini cucmemu ma mexuonoeii ICT-2018», 10—
15 Bepecns 2018 p., Xapxkis-Koo6nese, 2018, c¢. 120-122.

[4] O.M. Jlutsun, «Ilepiognuni crulailHu i HOBHIl METOJ PO3B’SI3aHHS
IUIOCKOI  3a7adi  PeHTTeHiBChKOi  KOMIT'IoTepHOI  Tomorpadii»,
Cucmemnuil ananis, ynpaeuinua i inghopmayiiini mexnonociii: BicHuk
XapKiBCBKOTO JiepK. MOJNITeX. YH-Ty. 30ipka HayKOBHUX IIpalb.
Bumyck 125. Xapkis: X1V, 2000, c. 27-35.

Indopmaniiini cucremu Ta TexnoJorii ICT-2020
Cexuis 2.
MaremaTuyHe Ta KOMII'IOTEpPHE MO/Ie/IIOBAHHS Y iH(opMaliiiHUX cHcTEMAX.



Marematnune MogaenroBanHs [10BEpXOHB

Oneparopamu IHTepcTpinanmii

Onner JlutBuH Onnexciii CraBik
Ka. indopManifiHiX KOMITIOTEPHUX CHCTEM | MATEMATHKH kad. iHpopMaiiHIX KOMII'FOTEPHUX CHCTEM | MATEMATHKN
YKpaiHcbKa IHXCHEPHO-TIEJArOT14Ha aKaAeM1s YkpaiHcbKa IHKEeHEpHO-TIEJaroriyHa akageMis
XapkiB, YkpaiHa XapkiB, Ykpaina
academ.mail@ukr.net aleksey.slavik92@gmail.com

Mathematical Modeling of Surfaces Using
Interstripation Operators

Oleg Lytvyn Oleksii Slavik
dept. of Information Computer Systems and Mathematics dept. of Information Computer Systems and Mathematics
Ukrainian Engineering Pedagogics Academy Ukrainian Engineering Pedagogics Academy
Kharkiv, Ukraine Kharkiv, Ukraine
academ.mail@ukr.net aleksey.slavik92@gmail.com
Anomauis—B po6oTi HABeEHO OIS POOIT i3 BUKOPUCTAHHS 3HAYCHb BTPAUYCHMX ITKCEJIB BUHUKAE Y OUIBIIOCTI BHUIAIKIB
oneparopiB iHTepcTpinauii aJsi MaTeMATHYHOI0 MO/JETIOBAHHSA pO3B’s3aHHA 33734 MUPPOBOro 0OpoOICHHS 300paxeHs abdo,
nopepxonb. IIpoBeneHO O00YMCIIOBAJILHI  €KCIEPHMEHTH 3 HANPUKJIAA, MiJ Yac pPO3B’sI3aHHS 3ag1a4  00poOieHHs
Bi/IHOBJIEHHSI IUTY4YHO NOIIKOIKEHUX IMOBEPXOHb HABeIEHHUMU apXiBHI/IX ,I[OKYMGHTiB y (I)OpMi 306pa)1<eHL, oo MAaKTh
ONepaTOpamMH IHTepCcTpINanil. PI3HOMaHITHI  CHOTBOPEHHS (NOAPSIIMHM, IUIIMH, TIHJ,

HEeNOTPiOHI HamucH, NiHil 3TUHY Tomo). ToMy akTyaabHHM €
PO3pOOJICHHST METOIB BiJHOBJCHHS 300pakK€HHS B THUX HOTO
YacTHHAX, J¢ iHGOopMaIlis 3 THX UM HIIUX NMPUYUH € BiICyTHS
a00 € HEMOBHICTIO B1JIOMOIO..

Abstract—The paper presents an overview of works on the
use of interstripation operators for mathematical modeling of
surfaces. Computational experiments on restoration of artificially
damaged surfaces by the given interstripation operators are

carried out. Il. MATEMATUYHE MOJIEJFOBAHHS [IOBEPXHI OTIEPATOPAMU

. , , . . . . , , THTEPCTPIITALIIL JIJIST CMVYT, TIAPAJIEJIBHUX OCSIM KOOPJIMHAT
Knwuoei  cnosa—inmepcmpinayia;,  inmepninayia;  Ho6i

ingpopmauiiini onepamopu; mamemamuune MoOeI06anHs Hexaii 300pakeHHs] MMOBEPXHI BIJOMO JIHIIIE HA CHUCTEMI

. - - . . - . - BCPTHUKAJIBHUX CMVT'.
Keywords—interstripation; interlination; new information CpTHKal cMy.

operators; mathematical modeling G, ={a, <x<B,,ye[v.5,,]}, k=Lm, m=>2
. Bervin a0o (Ta) Ha cUCTeMi TOPU3OHTAIBHUX CMYT: .
. . =y <y< = >

VY pobotax [1-4] mpoBeneHO AOCHiIKEHHS OIEpaTOpiB G, {YI = y—sl'xe[al’ﬁmﬂ]}’ I=1n, nz2.
iHrepcTpinanii (Bim auri. inter — wmix, Big aHrm. Stripe — Baenemo no3HavyeHHS:

CMyra)." (by.HKLIII/I JIBOX 3MiHHHX, TOOTO BiXHOBICHHS i Guxr =112 \(lek UGl,k+l)’ k=Lm-1,
GYHKLIT MK CHCTEMOKO CMYT, SKIIO iH(OpMAalis Hpo Lo B
(GYHKILIIO € BIIOMOIO JIMIIE B TOYKAX 3a3HAYEHUX CMYT. Goypsr =02 \(GZI UG,,., ) l=1n-1.

VY pesynbraTi aBTOpaMH OTPUMAHO JIEsKi pe3ysbTaTH, sKi BBaxxaemo, 110 MOBEPXHs, SIKY MM XOYEMO BiHOBUTH, €
MOXHA  BHKODUCTOBYBATH  TaKOX  JUIi  BiJHOBJICHHA BiJIOMOIO JIMIIIEe HA 3a3HAYEHUX BUIIE CMYTax, TOOTO
MOIIKOIKEHUX (DaiiniB, 1m0 MICTATh rpadiuny iHGOpMAIIO. _

JOKEHUX mo 1 pagiuny ingopuan PO, ey, = T 069, e SXSB, 1, <Y <B,,,
Hanpukian, mix gac nepemadi Mepexero (aitim MoxXyTh OyTn X<
MIOIIKO/DKEHI BHACIJOK IMOMWIOK Yy THepenadi JaHux abo f(x, y)|y e = 0069, 7, SYy<9,, oy SX<B,.,
1SYSO ’

nepeBaHTaXKeHHS Mepexi. [loTpeba B OIiHII CHpaBXKHIX
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o, <P <oy, <Py k=Lm,
Y <& <y <, l=1n.

Bepyun 1o yBarm HaBeieHI BHIIE  IO3HAYEHHS
MaTeMaTU4Hi MOJIeJi IOBEpXOHb, iH(pOPMAIIis PO sIKi Bigoma
JIMIIE Ha CMYTax, TPaHMIli SKHUX TapajieibHi 0CIM KOOpJIUHAT,
MaTUMyTh BUDIIAA [5, 6]:

f, . (X, X, G k =
L1 .I: (X, y) — 1,k( y) ( y)_E 1k
El i FOGY) (X Y) €Grkksa, k=1, m-1
f,, (X, X, G,,, | :1,_,
L2 f (X, y) — 2,1 ( y) ( Y)_E 1,1
E,ia f(x,y) (x,¥)eGzuia, 1=Ln-1
fl,k (X! y) (X y) € le =1 _m
L1,2 f(xy)= 1:2,| (x,y) (x,y) e G2 . 1n;
1 G KK+ G L 0+1
Ey, (X Y) (X, ¥) € Grikez NGaiia
k=1m-1 I=1n-1

Omneparopu inteperpinauii Ey, ., f(X,y), Ey ., F(XY)

ta E ,, f(X,y) MoxyTs OyTn npesicTaBieni y BUIIs i

B 100 = P (s )4 S 1B ),
k k k+1
E f(x I f YV f(x. S
2 F(Y) = (X, Vi) + (x, 8,),
Yis1 ~ O O — Vi

ELufxy)= |:E1,k,k+1 +E; 1 _El,k,k+lE2,I,I+1:| f(xy).

I1l. MATEMATWYHE MOJIEJTIOBAHHS ITOBEPXHI OITEPATOPAMU
IHTEPCTPIMALIIL 1711 CMVT 13 TPAHULIAMUA Y BUTJIAII [TPAMUX,
PO3TALIOBAHUX ITIJ] AOBUIbHUM KYTOM

Hexait BIZIOMO  JIHIIE

Burmsiny [7]:
G, ={(x V) 0 (X, V) X y <0y (W)}
Oy (X Y) = 0 X+ By Y =Yy
@y (X, Y) = Oy X+ By Y = Vo
oy Bl = oy By =1 k =1m,
ne o, (X,y) 1a o, (X Y) — Aeski npsmi, ski € rpaHALAMH

BiJJOMHUX JIITHOK 300pakeHHS (CMYT).
BBaxkaeMo, 110 MOBEPXHS, SIKY MH XOYEMO BiJHOBHUTH, €
BIZIOMOIO JIMIIIE HA 3a3HAYCHUX BUIIE CMYTax, TOOTO

Fouyl, =y (R y) €6, k=1m.
[To3HAaUMMO TOYKM IEPETHHY MpPSAMHUX, IO € T'PaHUISIMU
CMYT 4epes
Agr (1) eR={(1):T, NI =A; k=1, k1=1m}.
Tonmi maTemaTMdHa MOJENb MOBEPXHI Tida, iH(pOpMAIis

PO SIKy BifjoMa JIMIIE HAa CMYTax, TPaHMI SKUX € MPsIMi, 10
po3TanioBaHi i JOBITBHUM KyTOM, Ma€ BUTJIISI:

300pakeHHS TTOBEPXHI CMyT

f(y) (%y)eG, k=1m;

0, f(xy)= { _
AL T(XY) (Xy)eG,, k=1Lm,

Aoy = H (% Y) A F(XY).

(khewi=1 @ (Ak,|)
ikl

Omepatop A, f(X,y) — omeparop imrepcrpinamii mix
k-to Ta |-f0 cMyramu BUISIIY:
P (X, Y)
P(x,y)

P (X, Y) - .
+W (X6 (xY),

PO = 20 (1, 1).

A 6 y) = 600 Ve (6 )+

b 1) = (X ) —x) + (v -y

* Yk By
X (X, y) = A,
(X, Y) aky—ka ak/k
Yk
X, A,
yk( Z Bk aky_BkX/k
A = o, By
‘ B oy .

IV. MATEMATHUYHE MOJIEJTIOBAHHS TIOBEPXHI OTTEPATOPAMU
IHTEPCTPIMALIIT TSI CMVYT 13 KPUBOJITHIMHUMM I'PAHULISIMUA

Hexaii 300pakeHHs] MOBEPXHI BIJIOMO JIHINIE HA CHUCTEMI
CMYT 13 KPUBOJIIHIHHUMY IPAHUISIMU BUTJISIAY .

Gl,k = {ak (V) <x<B,(y)ye [Y1'6n+1]}’ k=1m, m>2
abo:

G, ={n () <y<8(x),xel[oy,By,l}, 1=1nn>2.

BBeneMo no3HaYeHHs:

Gikka =0%\(G,, UG, ), k=1m-1,
Goua =0°\(G,, UG,,,,), I=Ln-1.

Bepyun 1o yBarm HaBeleHI BHIIE  IO3HAYCHHS
MaTeMaTHUYHI MOl TOBEPXOHb, iH(QOpMAIIis PO sKi BigoMa
JIMIIEe HAa CMYyrax i3 KpUBOJIHIHUMH TPaHUISIMH, MaTUMYTb
suriiz [8]:
fl,k (xy) (x,y) e lek, k=1

Eafxy) (xy)e Guirki, kK= -1

Lfyy=l =Y (X y)€G,,, | 1,_;
o E,af(xy) (X!y)€62,l,l+1, l=1n-1

Llf(X,y)={

B nanomy BHmanky omepaTopH iHTepCTpimarlii MaTHMYTb
BUTJIISA;

—By (V)

AN (5 ,
()P (y) | raVh )

Eaf(xy)=
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X_a‘k+1(y) 0,122, 61:3
—f b H
B W)=y B

Ha puc.] HaBemeHO 300pa)keHHSI IOBEpXHI Ha CHCTEMi

y =38, (X) CMYT, pPE3yJbTaT BiIHOBJICHHA

By F(Y) =———— (X, 1. (X)) +
" V1 (X) =, (X)

Y=Y (X)
& () =711 (%)

MOBEPXHI  OMEpaTopamu
iHTEepCTpinamnii Ay CMyT, MapajelbHUX OCAM KOOpPJHHAT, Ta
noxnOKa HaOJIMIKEHH.

f(x, 8,(x)) .

V. MATEMATHYHE MOJIEJTIOBAHHSI [IOBEPXHI OTTIEPATOPAMU
[HTEPCTPINALIL /11 CMVT 13 TPAHULIAMUA Y BUTJIA/L
3AMKHYTUX KOHTYPIB

Jns BuUmamkiB cMyr, TPaHUIl SKUX TWpPEACTaBICHI Yy

BUTJISIAI ~ 3aMKHYTOro  KOHTYpY  edekTuBHUM  Oyxe

3aCTOCYBaHHS ONEpaToOpiB iHTepcTpimamii B  MOJSIPHHUX
KOOpJHHATaX:

f(r,p)=f(rcosg,rsing).

Puc. 1. Pe3ynprat OOUYMCIIOBANIBHOTO EKCIEPUMEHTY Ha CHCTEMY CMYT,
Ilpy mpoMy MaremMaTHuHa Mojenb mOBepxHi  Oyxe IPAHHIL] SKHX apanelbHi 0CAM KOOpMHAT
NpeNCTaBlIeHa y BUIIISL
. _ AHaNOTiYHUH ~ OOYHCIIOBANIBHUN  EKCIIEPUMEHT  OyB
z f (r, o) (r,p) eG,, k=1m; MIPOBEJICHI JUISI CHCTEMHU KPUBOIIHIHUX CMYT BUIJISAY:
of (r,p) = - — I
O F(r@) (r¢) €Guia, k=1Lm-1 8,(x) =-3, 1,(x) =1+0.5sinx,
G, ={(r.9):r. (@) <r<t,(p), 0<p<2rm}, 8,(x)=—1+0.5¢c0s X, 7,(x) =3.
G = {(r 0) 1L, (@)<T<T ., (p), 0<p< 271_} . J11s MOBEpXHi, 10 OMUCYETHCS (PYHKIIIEI0 BUTIISAY:
Xy
One_paTop iHTEepCTpinanii Moxke OyTH TpEACTaBICHUH Y f(x,y)= g 3 3
BUTJISLI:
- ~ - Ha puc.2 HaBeneHO 300pa)keHHsI TOBEpXHI Ha OTpUMaHii
Ouca fF(r @) =Hy i (r o) f(r . (). ) + CHCTEMi  CMyr,  pe3ynbTaT  BiJHOBICHHA  MOBEPXHI
~ - orepaTopamH iHTepcTpinanii st cMyr i3 KpHUBOJIHIHHUMH
+Hy (o) F (N1 (), 0)

TpaHUIIMHA Ta TOXHOKa HAOIMKCHHS.
M=l (®)

Hi e (1) = —————,
Lkt Mo (9) = Terr (0)

r=r., (®)

Hy o (1 90) = ———————.
2kt rk+1,1(‘P)_rk,2 (@)

VI. TIPUKJIAJIU MOJETIOBAHHS [TOBEPXOHb OIIEPATOPAMU
IHTEPCTPIITALIIT

Hasenemo MPUKIIAN MOJEIOBAHHS MOBEPXOHb
HaBEICHUMH B JaHIH poOOTi METOZaMHU.

300pakeHHs MOBEPXHI Ma€ BUTIIS;

Puc. 2. Pe3ynbraTn 0OUHMCIIOBANIBHOTO E€KCTIEPUMEHTY Ha CHCTEMY CMYT i3
KPUBOJIIHIHHIUMH TPaHUIISIMU
. T T
f(x,y)=0.2sin 2 X+0.2cos 2 Y. OcraHHii ~ OOYMCIIIOBAIILHUH  €KCIEPUMEHT  OyIIo

MIPOBEJCHO ISl TaKkoi JK IIOBEpXHI Ha CHUCTEMi CMYT, IO
[Mpunycrumo, mo iHdopMmamis Npo IOBEPXHIO Bigoma

OIMMCYKOTHCA HACTYIITHUM YUHOM:
JIMIIC Ha CMYyTrax BI/I]"J'I?{Hy:
x? +y? <1+0.1cos(10arctan(x, y)) ,
a, =-3, B, =-2
x> +y? > 4+sin(10arctan(x, y)) .
a, =-1 B =1,
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Ha pwuc.3 HaBeneHO 300paskeHHsI TOBEPXHI HA OTPHMAaHiil
CHCTEMi  CMYT,  pe3yiabTaT  BiJHOBICHHA  MOBEPXHIi
omepaTopaMy iHTepCTpimamnii B TOJSPHUX KOOpPAMHATAX Ta
MOXUOKa HAOIVKCHHS.

b o
ey e S
Eay 3 i. N
D Wi

R T LT

A e
et T =

Vigawy

<7
<2

Puc. 3. PesynpraTé 0OYHCIIOBAIBHOTO EKCIEPUMEHTY Ha CHCTEMY CMYT i3
3aMHYTUM KOHTYpPOM

BUCHOBKU

B nmaniii po0OTI HaBEACHO MAEsSKI MaTEeMaTHYHI MOJENI
MOBEPXOHb 13  BHUKOPHCTAaHHSIM  PI3HUX  OIEpaTopiB
iHTepcTpinanii HermepepBHUX (YHKIIH JBOX 3MIHHHX, a came
omeparopiB  iHTepCcTpimamii JiIs CMyr TpaHHIi  SKHUX
ONHUCYIOTBCS: TPSIMUMH, HapajelbHOMH OCSM KOOpJAWHAT;
OpSIMAMHM,  PO3TallOBaHMMH  IiJ  JOBUIBHHUM  KYyTOM;
KPUBOJIIHIMHUMY ~ (QYHKLISIMHM; 3aMKHYTHMH  KOHTYpPaMH.
[IpoBeneHoO HU3KY OOYHCIIOBAJIBHUX CKCIICPHMEHTIB IS
MOBEPXOHb, 3 SKUX BUAAIAINCA CMYTH pi3HOi (GopMu Ta
BiTHOBJIFOBAJINCS HaBEACHUMH B POOOTI METOIAMH.

IMoOymoBaHi B poOOTI MaTeMaTH4HI MOJENi, METOIU Ta
NTOPUTMH MOXYTh OyTH BUKOPUCTaHI AT OOpOOKH apXiBHIX

JAHWX Y BHIJISAIl 3HIMKIB, JaHHX CeHcMiuHOi Tomorpadii,
KOMIT'IOTepHOI ToMmorpadii, peHtreHorpadii, aepokocMidHOT
3WOMKH, PaIioIoKaTOPiB OOKOBOro oy Toio. [Ipu nmpomy
(GyHKIIT, O OMUCYIOTh TMOBEPXHIO MOXXYTh SBISTH CO00I0
IHTCHCUBHICTh OCBITJICHHS TOBEPXHI B KOXHIH TOYIl
MTOBEPXHIi, pIBHEM Pali0aKTUBHOCTI TOIIO.
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Anomauia — B naniii po6oTi npoaHaJi3oBaHO BUKOPUCTAHHSA HalinmomumpeHinmM METOIOM pO3B'SI3aHHS TaKOTO POy
SABHUX (GopMyJ i CIVIAHHIB N'ATOr0 CTeNeHsl Ha TPUKYTHiH 3a7lad € METOJl CKIHYCHHHMX eJIeMeHTiB. [l 30iibImeHHs
ciTui By3JIiB IPH MO/Ie/II0BaHHI NPOTMHY NJIACTHH Pi3HOI dopmu, TOYHOCTI HAOIMKEHHS BHHHMKAE HEOOXITHICTL 30UILIIMTH
0 OMHCYIOTHCH  OirapMOHiiHMM  DIBHSHHSM i3 IKOPCTKO KUTBKICTh BY3IiB, TOOTO 3pOCTa€ CTEIiHb NOJIHOMA, IO
3aleMJIeHHMH IPAHHISIMH. MPU3BOJUTE J0 3pOCTY MOXUOKH OOYMCICHb 3 BU3HAYCHHIM

3HAYEHHS CaMoro IMoJIiHOMAa. BUKopuCTaHHA crutaifHiB n'sToro
CTENEHs1 JJIsi PO3B'A3aHHS TAaKOr0 THUILy PIBHSHb METOJOM
CKIHYCHHUX CIIEMEHTIB MOTpeOye PO3B'sI3aHHS CHCTEM PiBHSIHB
i3 21 mapamMeTpoM Ha KOXXHOMY €JEeMEHTI PO30MTTs, L0 B
CBOIO Uepry morpedye 3HauHUX 00UHCITIOBAILHUX PECYPCIB.

Abstract — This paper analyzes the use of explicit formulas
for fifth-degree splines on a triangular grid of nodes in modeling
the deflection of plates of different shapes, described by a
biharmonic equation with rigidly clamped boundaries.

Kniouogi cnoea — oicapmoniiina 3adaua; ymosu d3Hcopcmrozo BukopucTaHHsA SIBHHX dopmyn Ceprienxo 1. B.,

- ~ 12 - oo .
3a.merleHH}l, CRJIAUHU N 'AMO20 CMENEeHs, MPUAH2YIAULA, Memoo JIutBuna O. M_, JIutBuHa O. O.’ I[eHI/ICOBOl O.L [1] TUTS
Pimya CIUIAMHIB I’ATOTO CTENEHA HAa TPUKYTHUKY JacTh 3MOTY
Keywords — biharmonic problem; conditions of rigid clamping; YHUKHYTH 'Hp06ﬂeMH 06‘IHCHIOB?UTBHHX TNOTY)XHOCTeH NpH
fifth-degree splines; triangulation; Ritz method PO3B'sI3aHHI TaKOTO KJIACy 3a4ad i MOXKE 3HAYHO IOKPAILTUTH

TOYHICTH HAOJIMKEHOTO PO3B'SI3KY.

l.  BcTtvyn
. - Il.  TIOCTAHOBKA 3AJTAUI
Metoan maTteMaTHdHOi (I3UKH BUKOPHUCTOBYIOTBCS Y

pi3HMX Talmy3sX Haykh Ta TexHiku. IIpoekTyBaHHS Ta Cramionapna 3aja4a TIpO 3TMH  TOHKOi  IUIACTHHH
CTBOPEHHSI KOHCTPYKIIiH, SIKi HaIiliHI B €KCIUTyaTallii i JOCUTh 3aKpilUieHoi Ha TpaHWLi, Ha sKy Jie HaBaHTaxeHHs f(Xy),
€KOHOMIYHI, TPU3BOAUTH A0 HEOOXITHOCTI PO3TJIIATH BCE ONMCYEThCS PIBHAHHAM YETBEPTOTO MOPSIKY:

6in¥>m CKJIa THi KpS:ﬁOBi 3ag51qi 3THHY TLIACTHH, AK1 3BOASTHCS AU, y) = F (X Y):

IO IHTETpYyBaHHS OIrapMOHIHHOTO PIBHSIHHS. ! Vb
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TOOTO GIrapMOHIHUM PIBHSHHSM, TP KPaHOBUX yMOBax:

ou
'61/66

e

u =0,

0 . .
ac g — MOX14Ha 110 HOpMaJIl.

TakuM 4YHMHOM, OCHOBHA 3ajaya I OirapMOHIHHOTO
piBHSHHS TONATAE B 3HAXOoMKeHHI  QyHKIT  U(X,Y),
HETICPEPBHOI0 pa3oM i3 MEPIIOK MOXIAHOI, B 3aMKHYTIH
obmacti GUOG, 1mo Mae moximHi 40 Y4eTBEPTOro MOPAAKY Y

G, mo 3anoBomense A’U(X,y)= f(X,y) B G, a Ha rpanumi
3a/I0BOJIBHSIE YMOBAM JKOPCTKOTO 3alIEMIICHHS:
ou

L=
0V

0.

uae_

I1l. METOJ] MATEMATUYHOI'O MOJIEJIIOBAHHS [TPOI'MHY
IIJIACTUH CKJIAJHOI ®OPMU I3 BUKOPUCTAHHSM CIUIAVHIB
II'ATOrO CTEIEH

Jns mocraBneHol OirapMoOHIHHOI 3amadi TPOTOHYETHCS
[IYKaTH PO3B'I30K TAKUM YHHOM [2]:

1) O6nacte G po30mBaeMo Ha TPUKYTHUKH. B pesymprati
Takoro po30UTTs 3amgana oOsacth G Oyne poszoura Ha N
TPHUKYTHHKIB.

2) Bpomumo miHIMHY HyMepaulil0 HapaMmeTpiB, sKi
BIINOBINatOTh (YHKISIM Oa3sUCHUX IIOJIHOMIB  IT'SITOTO
cTeneHs Npu BepumnHax. JIis BepIIMH TPUKYTHHKIB, SIKi
3HAaXOMAThCA Ha TpaHdii obmacti G, 3amii 3aT0BOJICHHS
IpPaHUYHUX YMOB IIOCTABJICHOI 3a]aui, BIAIOBIIHI MapaMeTpu
MOKJIaJAf0ThCSI PIBHUMH HYJIIO.

3) Ilponomxyemo IiHIHHY HyMmepalilo IS HEBIJIOMHUX
mapaMeTpiB, sAKi  BIANOBIZAalOTE  (QYHKIIAM  Oa3MCHUM
MOJIHOMIB M'SITOTO CTEMEHs IPU HOPMaJIsSIX JI0 CEePeIH CTOPiH
TPUKYTHHKIB. /)1 mapamMeTpiB, IO BiAMOBITAIOTH HOPMAJISIM,
PO3TAIIOBAaHMM Ha TPAaHUIl 00JacTi, MOKIAAAI0TECS PIBHUMHU
HYJIIO.

B pesynbrari myHkTiB 2 Ta 3 oTpuMaemo HaOip i3 K
HEBIJIOMUX ITapaMeTpiB.

4) ByyeMo CIUTaifHU II'SITOTO CTENEHS BUTIIAAY:

3

S, (X, y) =w(x,y)+ C; —
2 (% Y) = w(x, y) (%T 0,

Hi,j (X1 y) ’

ij

W(X: y) = Z Z Ci s 'hi,ﬂ (X7 y) )

i=0 0<|p|<2
@-18)
(x=x )% (y—-y, )"
hes (X, y) = k 2 k w,?(x, pi— Lt |
ﬂl 'ﬂZ ’ a)ij (X’ y) (% ¥k)
H, 0, y) = o (X, )i (X, y)oy; (X, y)sign(A;)

(Dﬁ( (Xij » Yij )(D?k (Xij » Yij ) |A Ai |

[ XX Yt
I 2 2

J:(Xij'yij)a

|A1‘Aj|:'\/(xi_Xj)2+(yi_yj)2 )

X Y
Ag =% Y ,
XY
Xy
o (X, Y) =% Y '
XY

Ae G, — HeBLIOMI IapameTpy, WO BIANOBIAAIOTb Oa3UCHUM

}yHkuisM npu BepumHax N ,; €, — HeBizomi mapamerpu,

Hi,j (X! y)
HOpMaJIIX OO CEPEANH CTOpiH TPUKYTHHUKA 3 BEpIIMHAMHA i Ta

IB

ij
o0  BiATOBiNAlOTH OasucHUM (QYHKLOIAM TIpH

5) Byayemo iHTerpamn Ha KOXHOMY i3 TPHUKYTHHUKIB
pOo30UTTS BUTTIAAY:
2 2
oS, (X,
Lo B )
OXoy

In:J aSn(xly)

oS (x,y)2

o _26(x, y)S, (%, y) |dxdy
+[ Y j (% ¥)S, (X, y) |dxdy

2
5 OX

n

6) O6UHCITIOEMO 3HAYEHHS BUPA3Y:

=31,

n=1
7) 3HaxomUMO ONTHMAJIbHI 3HA4YEHHS [apaMeTpiB,
PO3B'SI3aBIIHN TAKY CUCTEMY PiBHSHb:
ol .
—=0, i=1K.
oc

8) IlincraBisieMo OTpUMaHi 3Ha4YeHHsS IApaMeTpiB Yy
CIUTaiiHU Ha KOKHOMY TPHKYTHHKY PO3OHTTSL.

Otpumanuii HaOip cIUIAiiHIB Ta TPUKYTHHKaX PO3OHTTS €
HAOIIDKEHNM PO3B'SI3KOM OirapMOHINHOT 3a1a9i IS )KOPCTKO
3aIeMJIEHO] TIIACTUHM.

IV. MATEMATUYHE MOJIEJTFOBAHHS ITPOTMHY TIJIACTUH
CKJIAJTHOT ®OPMH METOJIOM PITIIA 13 BUKOPUCTAHHAM
CIUIAMHIB IT'SITOCO CTEIEHA

[IpornoHyeTbcsi BUKOPUCTOBYBATH Yy3arajlbHEHHS METOIY
Pitna poss'sizaHHs OGirapMOHIMHUX 3a1a4 13 BHKOPUCTAHHIM
ABHUX (OpMyJT i CIUDIAWHIB I'ATOTO  CTENEeHsS Ha
TpUKyTHHKAX [3, 4]:

Po30uBaemo obacTe G Ha TPUKYTHUKH, BBOAMMO JIHIHHY
HyMepallilo napaMeTpiB Ta Oy yeMO CIUIAifHN HA TPUKYTHUKaX
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PO30UTTS 32 aHAIIOTIYHOK CXEMOIO HABEICHOTO BUIIE METOIY
(mynkTH 1-4).

5) Bynyemo noxanmbHi MaTpuii A, Ta JIOKaJbHI BEKTOPH

b, k=1 N U1 KOXHOTO TPHKYTHHKA PO3GHTTS BHIISLY:
A =1 A A = [[[(@20 (x, )+ (x, )
Tn
x(@F(x, y) + DL (x, y))] dxdy} :

b, ={bi b =jj[f(x,y)-<1>i(x,y)]dxdy}, k=LN,

ne O(x,y), ?(x,y) ta ®?(x,y) aBasoTs co6OIO TaKi
BEKTOPH:

q’“”{%’ i=1,_21},

2
o0 f(xy) . —
o -{E )
6) Byayemo marpuui nepexony U, , kK =1N BUTJISAY:
Lck=c; _
Uk: UIJ:UIj: T y k:].,N
0,¢x #c;.

7) ByayeMo po3nmpeHi IOKaIbHI MATPHIT BUTIISIY:
A =UJAU,, k=1LN.
8) Byayemo riobaibHy MAaTPHIO:
N *
A=> A,
k=1
Ta rI00abHUI BEKTOP:
b= z by .
k=1

9) 3Hax0AMMO HEBiIOMI apaMeTpH, PO3B'sI3aBIIU CUCTEMY
PIBHSIHB, sIKa B MAaTPUYHINA (OPMi Ma€e BUTIIS:

A.c=h.
10) TIlizcraBnsieMO OTpHMaHi 3HAYCHHS MApaMeTpiB Y
CITaliHU Ha KOKHOMY TPHKYTHHKY PO3OHTTS.

OtpumManuii HaOip CIUTAiHIB Ta TPUKYTHHKAX PO3OUTTS €
HaOJIMKEHUM PO3B'I3KOM OirapMOHIWHOI 3a7adi I )KOPCTKO
3aI1eMJICHOT IJTaCTHHH.

V. JIEAKITIPUKJIAJIA MATEMATHYHOTO MOJIEJTIOBAHHS
IPOTUHY IJIACTHH CKJIAJTHOI ®OPMU

HaBemeni B poOoti Meromm Oymno 3acTOCOBAaHO [0
OirapMOHIMHHX 33134 13 KOPCTKO 3aleMJICHUMH TUIAaCTUHAMU
pizHOi (opMH: KBajgpaTHOI, KPYyriioi, 6araTOKyTHOI BHUITYKJIOi
obuacti Ta 007acTI 13 BXiTHUMHU KyTaMH.

I'padiune 300pakeHHST OTPUMAHUX PO3B'SI3KiB HABEACHO B
Tabm. 1.

TABJINIIA 1.  T'PAGIYHE 305PAXEHHS OTPUMAHUMX PO3B'SI3KIB
BICAPMOHIMHUX 3AJIAY HA PI3HUX OBJIACTSX

Po306uTrTs odsacTi

IIporun niacTunn Jlinii piBHs

OTpumaHi pe3yIbTaTH OOYHCITIOBABHUX EKCIICPHUMEHTIB
OyJl0 TOpIBHSHO 13 pO3B'A3KaMH, OTPUMAaHUMH B poboTax
C.Il. Tumomrenko, /. B. Baitan6epra, B. JI. PBauoBa Ta
JI. B. Kypmmn.

Tax mns xBagpaTHOI 00IAcCTi MaKCHMallbHE 3HAYCHHS
nporuny jgocsraetbes B Touii (0, 0) ta gopisaroe 0.00126531
3rigHo [5] Ta, 3rimHO HaBemeHO B poOoTi MeToxy, 0.00126532.

Jlyis BUMYKJIOro 0OaraTOKyTHUKA MAaKCHMaJIbHE 3HAYCHHSI
nocsiraetbest B Toui (0, 0.97) ta gopisaroe 0.0193874 3rigHo
metoy [6] Ta 0.0191495 3rigHO HaBEACHOTO METOY.

Jis obnacti i3 BXiTHIMU KyTaMH MaKCHMaJIbHE 3HAYCHHS
nocsiraetbest B Todtli (0, 0) Ta mopiBaroe 0.0105521 3rigHo 13
[7] ta 0.00960909 3rigHO i3 HABEACHUM METOJOM.

s kpyritoi o6s1acTi MakCUMaabHE 3HAYCHHS JOCSATAETHCS
B touui (0, 0) ta nopiearoe 0.0186114 y pobGotax [5, 8] Ta
0.0140245 3rigHO 13 HABEAEHUM METOLOM.
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Takox Oyno TMPOBEAEHO JOCHIPKECHHSI Ha HENEepepBHICTh
MDK OTPHMaHHMH CIUITAHHAMH  KOXHOTO  HaOJIMKEHOTO
pO3B'I3Ky 3anadi. Pe3ynbTaTH AOCHIUKEHHS ITOKa3aid, IO
siBHI (OPMYNH U CIUIAHHIB IT'ATOTO CTENEHS TapaHTYIOTh
HEMEepepBHICTh PO3B'SI3KYy Ta HOro MOXIJHUX JO MEPIIOro
HOPSAKY BKITIOYHO.

BUCHOBKU

B poOoti HaBeneHO MeTOAM PO3B's3aHHS OirapMOHIMHOT
3a/1a4i 71 KOPCTKO 3aIlEMIICHHX IIACTHH i3 BUKOPHCTAHHAM
SBHUX (opMyNn Uil CIUIAMHIB I'ITOr0 CTemeHs Ha
TpUKyTHHKaX. [IpoBeneHO OOYHMCIIOBANBHI €KCIEPUMEHTH 3i
3HAXO/DKEHHSI PO3B'3Ky OirapMoHIHHOT 3ajadi MpoO 3THH
KOPCTKO 3amIeMJICHOI IUIACTHHH pi3HOI (OPMHU y BHUIIIAIL:
KBaJ[paTa, OMNYKJOro OaraTOKyTHHKa; 00JacTi i3 BXIJHHUMU
KyTamy; Koja. Pesymbratm momaHo y BHUIIIAAI TpadikiB ix
NOBEPXOHb Ta JIHIH piBHA. PesynbraT mnpoBeIeHUX
OOYHCTIOBAIFHUX  ©KCIIEPUMEHTIB  TOPIBHIOBANUCS i3
pesynbratamMu orpuManumu B poGorax C. I1. Tumoinenko,
J1. B. Baitan6epra, B. JI. PBavoBa Ta JI. B. Kypmm.
[opiBHSHHS OTPUMaHHUX PO3B'A3KIB OIrapMOHIMHOI JOBOJHUTH
OOpY Y3TOIKEHICTh i3 BIJOMHM CBITOBHUM pe3yJbTaTaMH.
OTpumaHi pesynpTaTH € OCHOBOK [UIi  PO3B’SI3aHHS
NPUKIaAHUX 3a/ad MareMaTHyHol (i3MkH, MaTeMaTHYHUMHU
MOIEISIMH SIKUX € OirapMoHiiiHe pIiBHAHHS i3 YOPCTKO
3aIIeMIICHUMH KpasMHU.

[1]

[2

(31

(4]

(5]

(6]
(71

(8]
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Relational tools for building logical network models

Dmytro Shevchenko

Department of Software Engineering
Kharkiv National University
of Radio Electronics
Kharkiv, Ukraine
dmytro.shevchenkol@nure.ua

Anomauis—OxapaxKmepuzo6ano mamemamuyHuil anapam 01
onucy nwOcbKoi Moeu - anzedpa npeouxamis, mMaxK camo
oxapaxmepu3oeani  egpekmueni  mexmuiuni  3acobu  0na
MOOeNO6AHHA MO6U Ha 0a3i Ybo20 anapamy - J102iuHi mepedici.
Po3pobneno ma o6rpynmoeano memoo 0Oinapnoi Oexomno3uyii
¢yuxyionanvnux npeouxamis, AKuIl 6IOPIZHACMbCA 8I0 3A2ANLHOZO
Memoody 0eKapmoeoii 0eKOMNO3UYIl MUM, w0 KiIbKiCmb 3HaA4eHb
00nOMIICHOT 3MIHHOI 36€0€H0 00 MIHIMYMY

Abstract—The mathematical apparatus for the description of
human language - algebra of predicates is characterized, the
effective technical means for modeling of language on the basis of
this apparatus - logical networks are also characterized. The
method of binary decomposition of functional predicates is
developed and substantiated, which differs from the general method
of Cartesian decomposition in that the number of values of the
auxiliary variable is minimized

Knwuoei cnosa—anzedpa Kinyeeux npeouxamie; penauiiini
Memoou; GinapHa 0eKOMNO3UYisA; 102IUHI Meperrci
Keywords—algebra of finite predicates; relational methods;
binary decomposition; logical networks
. Bcryn

Hamaranas BupimeHHA 3aJad TOBHOLIHHOI 00pOOKH
3BUYHOI HAM MOBH, Yepe3 PO3poOKy clelialbHUX Hporpam,
poOmAThCs 3 MOMeHTY cTBOopeHHI EOM.

Igor Shubin

PhD, professor
Department of Software Engineering Kharkiv National
University of Radio Electronics
Kharkiv, Ukraine
igor.shubin@nure.ua

Pa3oM i3 THM BupilIeHHS TPOOIEeMH KOMYHIKAIi{ IO JMHA
3 EOM 3 BUKOpHCTaHHSM JIOJCHKOI MOBH, aBTOMAaTHYHOTO
mepekyamy Ta MOIIYKY KOHTEKCTHOOpieHTOBaHOI iH(opMariii
BUpIIIEH] HE MOBHICTIO.

Jus omucy TakMx MexaHi3MIiB Oyla cTBOpeHa aireOpa
KiHneBux mpeaukaris [1]. 3a momomororo 1iiei anre6pu Gyio
CTBOpeHO Oarato (OpMANBHUX ONHKCIB Pi3HUX YaCTHH
JIOJICBKOT MOBHU. AJie Mij 4yac iHTerpaiii uux Mojenei icHye
nmpoOieMa BHPIMICHHS BEJIMKOi KUIBKOCTI PIiBHAHB anreopu
KIHIIEBUX NPEINKATIB y PeallbHOMY Yaci.

[Momryk qOCKOHANMIIINX TEXHIYHUK METOMIB [T BUPIIICHHS
piBHSIHb aJreOpu KiHIEBUX MPEIMKATIB B peaJbHOMY wYaci
NPU3BIB 10 CTBOPEHHsI JIOTIYHMX MEPEK OPIEHTOBAHMX HA
napanensHy o06pooky indopmariii [2].

OpHak MOJeJb JIOTIYHOI MepesKi MMOBUHHA OyTH MOJaHa y
BUTTJISIII CHCTEMHM OiHapHHUX pIBHSHb aiureOpu KiHIIEBUX
MpeAnKaTiB Ta OyTH MaKCUMAaJIbHO KOMITAKTHOIO /ISl EKOHOMIT
pecypciB EOM.

IcHyrodi MeToan MiHIMI3aIT TEKOMITO3UIII] IPEIUKATIB HE
BPaxOBYIOTh B3a€MO3B’S3KiB MK 3MIiHHMMH. BpaxyBaHHS
TakAX OCOOIHMBOCTEH [O3BOJSIE TPOBECTH pPAalliOHATBHINTY
IekoMmmo3uIiito. B Teopii pemsmiiiamx < 6a3  maHUX
MPOTIOHYIOTHCS METOIM JCKOMIIO3HIIi 3B’SI3KIB Y BHUIISII
TBEPJUKEHB TIPO 3B’ 3KH aTPHUOYTIB.
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OCKUIbKM TpenuKaTd Ta peisilidHi  3B’S3KM  TICHO
MOB’SI3aHI — MOXXKHA BHKOPHUCTATH METOIU JIEKOMITO3UITii
3B’SI3KIB 3a U1 BUPIIICHHS 33/1a4i AEKOMITIO3UIIT IPEANKATIB.

CTBOpCHHS HOBUX YU YAOCKOHAJICHHS iICHYFOUHX METPUK €
HEOOXiAHMM sl pOOOTH aaNTHBHUX HABYATIBLHHUX CHCTEM [2].

Metoo poOOTH € BIOCKOHAJNICHHS ICHYIOUMX 3aco0iB
JIEKOMIIO3UIIi  IpeIuKaTiB 32 paxyHOK BUKOPHUCTAHHS
ICHYIOYHX METO/IIB IEKOMIIO3ii 3B S3KiB.

Il. JIOrTYHA MEPEXI TA ICHYIOUM METO/M CTBOPEHHS iX

MOJIEJIEN

barato BueHux XxoTuim O pO3poOUTH  ineanbHUI
mapajxeabHU KOMII I0Tep, Mo 0a3yeThCs Ha METOAax 00poOKH
inpopmanii moacekum Mo3koM [3]. OcHOBHME miaxin o
pO3poOKH  «MO3KONOAIOHOTO» KOMIT'IoTepa 0a3yeTbcs Ha
rimoTe3i mpo Te, IO JIOJCHKUAN IHTENCKT € MarepialbHUM
BTIJIGHHSIM J1esKOI yHiBepcanbHOI JoriuHoi anredpu. ToOTo
JUIl CTBOPEHHS TAaKOro KOMIT'IOTepa HEOOXIJHO CTBOPHUTH
MaKCHMaJIbHO TOYHHHA (hopManbHUIl omuc Tiel anreOpw, sSKy
BUKOPHCTOBYE JIIOICBKUI 1HTEJIEKT.

Takum umHOM Oyma po3poOiea anreOpa MpeauKaTiB Ta
anreOpa MpeIuKaTHUX OTCPaIlii.

ImxenepHa peanizamii GopMyr UX anredp MPU3BOIUT O
PpIlLICHHSI, SIKe HA3UBAETHCS JIOTIYHOT MEPEIKEIO.

Jloriunas Mepexa me TpWIan [UIA BUPIMICHHS PiBHSIHD
anreOpy NpeanKaTiB NoAaHuX y OiHapHOMY BurJsiai. Jloriyna
Mepexa CKIaIacThCsl 3 MONIOCIB Ta TUIOK Ta Mae aJrOpHTM
poboty, skl onmcye ix B3aemoito [4]. Vi moriuni Mepexi
MAalTh OJHAKOBHUIl alropuT™M poOOTH, ale CKIal MOJICIB Ta
TITOK PI3HUTHCS B 3ale)KHOCTI Bim Momeneto. Came depes 1e
JUIsl KOXKHOT MoJiesti OyiyeThcst OKpeMa JIoTiuHa MepesKa.

Mopens 3amaeTbes maporo <X, R>, ne X — xiHmeBa Hemycra
MHOXuHa piBHAHb AKII 3 ofiHI€I0 IPEIMETHOIO 3MIHHOIO, SKa
MpeCTaBIsIe€ MPeAMETHI 3MiHHI MoJeni Ta obxacti ix 3MmiH; R
— ne MHoxwuHa piBHAHb AKII 3 nBOMa 3MiHHMMH, KOTpi
OMHCYIOTH OiHAapHI 3B’S3KH MK 3MIHHUMH Monem. Mojens
<X, R> HazuBaTHMEMO MOJICIUTIO JIOTIYHOT Mepexi. MHOXHHA
X — monroca Mepexi, a R — TiTku Mepexi.

3arajibHy ~ CTPYKTYpy  MEpEeXi  MOXHA  300pasuTu
HEOPIEHTOBaHWUM 3B’S3HMM TpadoM 3 BepmmHamu X Ta
pebpamu R.

[Momoc Mepexi — KoMipka HaMm'aATi, KOTpa y KOXHHHA
MOMEHT 4Yacy MICTHTh JIesKYy IiJIMHOXKHHY 3HaueHb 3 00JIacTi
3MiHEHHS BiJNOBIAHOI 10 HET 3MIHHOI.

lnka wmepexi — mapa ¢(yHkuiit: 3 Oymiana o6uacti
3MiHEHHs 3MiHHOI X B OyIiaH 00JacTi 3MiHEHHS Y Ta Ha3al.

3a/yisi  MOJIENIOBAHHS  IHTEJEKTyaJbHUX MpPOLECIB B
JIOTIYHUX Mepekax HEOOXITHO OMHCYBATH IIi MPOICCH JIHIIC
6inapanmu piBHsSHHEAMH AKII. InHakme kxaxydw, A OmHCY
MPOLIECiB HEOOXITHO CTBOPIOBATH MOJZENI JIOTIYHUX MEpPEex.
Ha panwmii yac icHye AekibKa MiIXOMiB /Ui MOOYJOBH TaKHX
Mozenen.

Jo mepmoro miaxogy BapTO BUAUINTH TaKi METOAH
o0yZ0BH MOJIeNIel, 10 BUOKPEMITIOIOTh OiHAapHI 3B SI3KHM 1€

mix gac Qopmanizanii 1OCTiHKyBaHOTO 00’€KTYy, OTpUMYIOUi
OiHapHI pIBHSHHS 3 CaMOTO IMOYaTKy. Takuil minaxim Oyso
3aCcTOCOBaHO B poOoTi [5], mo po3poduia Mojens JTOTiYHOT
Mepexi BiIMiHIOBaHHS IOBHUX MPHUCBIHHUX NMPHUIMEHHUKIB. B
pe3ynbTati 1iei podoTH Oyao CTBOPEHO (OPMAaIbHHH OIHC
HEBEJIMKOTO KiHIIEBOT'O IPEIMETHOTO POCTOPY.

Jpyruil miaxiag CKIamaeTbesi 3 BHOKPEMJICHHS OiHapHHX
3B’A3KiB 3 OiHapizaimiero QopmanizoBaHUX 3B’S3KiB OUTBHOI
apHocTi. Tyt OiHapHi 3B’S3KM OTPUMYIOTHCS B pe3yJbTari
Oimapizarmii Bke (opMaTi30BaHWX BITHOCHH, OJHAK JesKi
OiHapHi 3B’3KHM BCE X BUAUIIOTBCS Ta (POPMATI3YHOTHCS
OKpeMo.

JoninsHo OyBae iHIOAI MOBHICTIO BiJIENUTH (hOPMATEHHUN
OTHC MOCHIKYBAHOTO TIPOIECY Bim OiHAPHOI JEKOMITO3HUIIIT
Horo mozenmi. Tomi Mo)KHa pO3IJSIHYTH TaKWH MiAXid 1O
CTBOPEHHS TOJAENEH JIOTIYHHX TepeX, KOJIH 32 OCHOBY
OepeTbes BKe iCHyI04a (hopMalibHA MOJIENb JAESIKOTO MPOIECY
Ta BUKOHY€EThCA Jnie i1 OiHapHa JeKOMITO3HILs.

TepMiH «IEKOMNO3MLIsA» Yy 3araJbHOMY CEHCI O3Haae
mpoIiec po30opy IEAKOr0 MaTeMaTHYHOTO 00’€KTY — 3B’S3KY
npeauKaTa, piBHAHHA Ta iHme. 3a3BUYail IEKOMIIO3HUIIEIO
Npe/inKaTa Ha3WBAaIOTh TEPETBOPECHHS JAHOTO INpeauKara B
JesKy CHCTeMY IpeauKaTiB. [|eKOMITO3HIIS 3aBXAN IOBHHHA
Oyt 000pOTHOIO, TOOTO 3 OTPUMAaHOI CHCTEMH IPEAKATIB
3aBXAM MOXKHA OTPHMAaTH NEepBHHHUI mnpenukar. biHapHa
JIEKOMIIO3HIlis Mozeli, onucaniii Ha Mosi AKII, 3BoauThCs 10
OiHapHOT MEKOMIIO3WII KOXHOTO 11 piBHAHHA. biHapHa
nexommno3uuis piBHsHHS AKII - ne mopaHHs 1bOTO PIBHSHHS
CHUCTEMOI0 OiHApHUX pIBHAHB, TOOTO pIBHAHB 3 JBOMA
3MIHHHAMU.

binapra nmexommosumis piBHsHHS AKII 3BommThCS 1O
OiHapHOi KOH'tOHKTIBHOW JIE€KOMMO3MINI BiJMOBIIHOTO 1O
POTO pIiBHAHHA npeaukara. lle o3Hagae, MmO BUXiTHHUN
MperKaT MOTPIOHO NPEACTABUTH y BHIVIAMl KOH'TOHKIIIT
OlHapHHMX TPEeIUKaTiB; MPH BBEICHHI JOTOMDKHHUX 3MIHHHIX
Taka KOH'TOHKI[SI MOXE MICTUTH KBAaHTOPH ICHYBaHHS, IO
3B'SI3YIOTH JOMOMIXHI 3MiHHI. TOMY IEKOMITO3HUIiS TIpeIUKaTa
MOXXE BHKOHYBaThUCS a0b0 0e3 JOMOMOrH JOMOMIKHHX
3MiHHUX, a00 3a JOMOMOrO HHUX. Y TEpIIOMY BHUIAIKY
JICKOMITO3HIIiSI HA3MBAETHCS CKBIBAJCHTHOI, Y IPYroMy -
HEEKBIBAJIEHTHIHN.

binapHa /JeKOMIIO3UIISI NpeinKaTa MOXKE MPOBOIMTHCS B
KiTbKa eTamiB. SIKIIo mpeAuKaTr Ma€ BiATIOBIAHY BHYTPIIIHIO
CTPYKTYpY, TO Ha MMOYATKOBOMY €Tarli 3a JOIOMOTO0 3ac00iB
KOH'IOHKTIBHOM JIEKOMIIO3WII JaHWH TpeauKaT MOXKHA
MPEJCTaBUTH y BUTJLAI KOH'IOHKIII KITBKOX IIPEIUKATIB

MEHIIOK apHOCTi. Mera MiAroTOBUOro eramy: 3poOuTH
KOH'IOHKTIBHYIO ~ JICKOMIIO3HULII0  BHUXITHOrO  IpeauKara
HaWOUIbII  palioHaJbHUM criocobom. [licis  mporo o

OTpUMAaHUX HeOIHApHUM TpeluKaTaM Tpeda 3acTocyBaTd
MeTonu OiHapHOI MEKOMIO3MIIil, m00 OCTaTOYHO OTPHUMATH
OiHapHE MpPEeICTaBICHHS BUXIAHOTO MpeaukaTa. Takuid ImiIxin
MOXKe 3a0e3meynTH OUThII KOMITAKTHE MPEICTAaBICHHSA
BUXITHOTO  MpeauKaTa, HiX TpH  OE3MOCepeaHEOMY
3aCTOCYBaHHI METOAy OiHApHOI IEKOMIO3UINI J0 BHXiJHOTO
MpeINKary.
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3 orysy Ha BUIECKa3aHe, HAC OYIYTh IIKABUTU HE TUIBKH
Meronu OiHapHOI JeKOMIMO3wWiii, ame 1 Oyab-saki 3acobu
KOH'FOHKTIBHOH JICKOMITO3UIIIT IPESTUKATIB.

PosrisiHeMO MeToj JekapToBoi mexkommosumii [5, 6] sk
NPUKIIa]] KOH FOHKTHBHOT J€KOMITO3UIIii.

CyTp IeKapTOBOH JEKOMIIO3HWINI TpeAnKaTa IOJATaE B
HacTynmHOMY. Ko)XKHOMY KOpTeXKy BIAHOCHHHM, BiIIOBIZHOTO
BHXIJTHOTO TIpeAnKaTy, Tpeba NMPHUBIACHUTH YHIKaIbHE iM'S.
Tak, 3a JOIIOMOT'0I0 JOTIOMIXKHOT 3MiHHO{, III0 BUpa)kae iMeHa
KOPTeXiB, 3 BHUXITHOTO MpPEIUKAaTa YTBOPIOETHCS HOBHHU
npeaukar. [l TOBEpHEHHS 10 BHUXIAHOTO IpPEIUKATy
HEOOXiJTHO 3a TOTIOMOTOI0 KBaHTOPA iCHYBAaHHS BHUKIIOYHTH 3
noOyZ0BaHOIO TpenuKara JOIOMDKHY 3MiHHY. Tak camo 3a
JIOTIOMOTOF0 KBaHTOPIB iCHyBaHHS BUKOHYETHCS
JIEKOMIIO3UIliSl JONOMDKHOTO IpeauKarta B CHUCTEMY Tak
3BaHMX NPOEKIIMHMX mpeaukaTiB. KokeH NpoeKuinHui
npegukar €  OimapamM. Tak  mocsaraerscs — OiHapHa
JIEKOMIIO3UIlisl BUXIIHOTO IIPEUKaTa.

lonoBHi  mepeBard  JCKapTOBOM  IEKOMIO3MLIT -
yHIBEpCaJIbHICTh, ~MPOCTOTA 1  TrapaHTisi  KOPEKTHOCTI
pesynbraty. Lle o3Hauae, M0 ASKOMITO3HLIisSL, BUKOHYETHCS 0e3
BTpaT iHdopMmauii: 3'€AHABIIM NPOEKLIHHI NpenuKaTtd i
BHKITIOYHBIIH JOTIOMIKHY 3MiHHY, Oyie OTPUMAaHUH BUXiTHUN
MpenKaT.

Po3rnsiHyBIIM IeKapTOBY AEKOMIO3HLIIO 3 TOYKH 30py 0a3
JIAaHUX, JIETKO MOOa4YMTH TOJIOBHUI HENOJIK LBOTO METOAY.
JlomoMidkHa 3MiHHA, sKa BBONUTBCA NPH JEKapTOBON
JIEKOMIIO3ULIIi MPpeAnKaTa, rpae pojib KI0Ya, SIKMHA MOBHICTIO
BU3HAYA€ KOPTEXK BiJMOBITHOTO LOMY MPEIUKATY BiTHOCHHH.
3 0Oe3miyl BCIX TakUX IMEH YTBOPIOEThCS 00JACTh 3MIiHM
JIOTIOMI>KHOI 3MiHHOI. B pe3ymnpTati JekapToBOi JeKOMITO3HIIIT
BIZTHOCHHH OTPHUMY€EMO CHUCTEMY OiHApHHX BIJHOCHH, KOXXHE 3
SIKX MICTHUTH KITIOY (IOTIOMIKHY 3MiHHY) 1 OHMH 3 aTpHOYTiB
BUXIHOTO BigHOCHHHM. ToMy KOXHe OiHapHE BiTHOIICHHS
MICTHTh TaKy K KIJTBKICTh KOPTEXiB, SAK 1 BHXiJHE
BiJHOIIIEHHS.

I11. PEJILIAHI 3ACOBU [TOBY JIOBU MOJEJIEN JIOTTYHUX
MEPEX

OyHKIIOHANEHUM  (OMHO3HAYHMM) Ha3BEMO IIPEIUKAT
PePre(S) 3 (yHKIIOHANBEHOI 3alexHICTIO X —Y , it

skoro X Y =V [7]. Inakiie xaxy4u, B QyHKIIOHATBHOMY
MpeauKaTe MOBHHHA MICTUTHCA (DYHKIIOHANBHY 3aJEKHICTD,
sIKa OXOILTIOE Bci Horo 3minHI. [Ipemukar P e Pre(S) MOXeE
MICTHTH (DYHKIIOHATBHY 3aJeKHICTE X — Y , aje MpHu HbOMY
He Oyt ¢yHkmionansHuM. Lle MoximBO B pasi, Komu
X UY £V, T00TO K0Ji (hyHKIIOHAIBHA 3aJI€KHICTh OXOILTIOE
He Bci 3MiHHI peaukata P.

Jlnst 9iTKOi IMOCTAHOBKH 3aBJAaHHS BBOJMMO ITO3HAYEHHS,
o0 XapaKTepU3yIoTh MpenMeTHe mpocTip. Hexail 3amaHuit
octoB T <V xU, a KiHIIEBA MHOkKHHA V CKIIaJa€ThCs 3 IBOX

HEMepeciuHux  Ipym X ={X, X0, X, } 1

Z={z,,2,,..,2,}, V ={X, Xprees X1 2y, Zpree 2,
Hexait mpeametruii poctip S posmipaocti 1 yrBoproeThes

3MIHHUX:

TOOTO

3a JIOTIOMOTOI0 OCTOBA | SIK AeKapToBiii TBip o6macTeit 3MiHu
3minHuX 3 V .

HeoOxinHo BuKOHATH OiHAapHY JIEKOMIO3UINIO MpeauKara
P(X,Z) 3a AONIOMOIOK0 OZHI€l JONOMiXKHOT 3MiHHOT.

CyTHIiCTh 3aIpOMOHOBAHOTO METOY OiHapHOT
JICKOMITO3HIIIi IONSTae B CIIOCO0ax MOOYIOBH TOITOMIKHHUX
MpeJUKaTiB, HAa OCHOBI SKHX 3a JONOMOTOK KBAaHTOPIB
icHyBaHHS (UIUIAIXOM BHUKIIOUYEHHS 3MIHHHX) YTBOPIOETHCS
Oesnmiu OiHapHux mnpenukariB. OcTaHHI 1 € pe3ylbTaToM
OimapHOi JexoMmo3Wmii BHXiZHOTO mpenukara. [loOymoma
JIOTIOMDKHUX MPEINKATIB MOKE BUKOHYBATHCS MMO-PI3HOMY, a
MOXE 1 30BCIM He 3HAoOWTHCS. 3 TOYKH 30py OyHZOBH
BUXIZHOTO (DYHKI[IOHAJBHOTO TpeIvKaTa MOXJINBI TPH Di3HI
CHUTYaIlii, sIKi BU3HAYAIOTH ITOCIITOBHICTD Mil I TOCATHEHHS
OiHApHOT JIEKOMITO3UIIiT MiHIMATBHOKO IIHOIO (B 3a3HAYCHOMY
BUIIE CEHCi). Po3risiHeMO KOXeH BHIANOK B HOPSAKY
3pOCTaHHS CKJIaTHOCTI.

[Mpu 6iHapHOi AeKOMIO3ULIT (HYHKIIOHATFHOTO TpearKaTa
P(X,Z) wnacammepen TpebGa mepeBipHTH, 4H € apryMEHTH

{Xi,XZ,...,Xm} ¢byHKii pA—)C
HE3aJe)KHUMU OOWUH Bifg oxaHoro. B3aeMHa He3anekHICThb

X, Xy peeey X

BUKOHAHHS 3aleXKHOCTI Z —>> X | X, | . | X, - Hust crporoi

ONUCYBAHO1

m 3MIHHHUX B IIpEAUKAaTe P(X,Z) o3na4ae

nepesipku npemukara P(X,Z) Ha HagBHICTH 3aIekKHOCTI
Z—>> X, | X, | | X, HEOOXiIHO BHUKOHATH JU3'FOHKTUBHE
posknaganns npeaukata P(X,Z) 1o 3miHHEM Z . Ticns
poro By nporo poskiiagaHHs TO3BOJUTE TOYHO BCTAHOBHTH,
sanexuicts 2 —> X | X, |...] X

BUKOHYETBHCHA B

npemmkari P(X,Z) uu Hi.
P(X,2Z)
Zo>X X ] | X,

BUKOHYETBCS JOCHTh OpocTo. IIpM 1bOMY MOXIIHBI JBi
cutyari.

Skmo mpenukar 3aJI0BOJIBHSAE  3aJIS)KHOCTI

To OiHapHA  JCKOMITO3HIIS

[lepmra cutyaris Mae wicme, KOJMH Tpyma 3MiHHUX Z
CKIanaeThes 3 oauiel 3minHoi - Z. Toni gomomikHa 3MiHHA
He noTpiOHa: GimapHa nexommnosuuis P(X,Zz) BukoHyerbcs

3a JIONIOMOTOI0 KBaHTOPIB iCHyBaHHs Oe3MOCepeHbO Ha
OCHOBI Ii€1 3aJIC)KHOCTI KOH'FOHKIIIT, IKY MOYKHA TIPEICTaBUTH

y w2 D6.Zh e {73} e
HaWmpocTimmil BUMagoK. TpoXu CKIAJHIIIMNA BUITAIOK - KOJH

rpyna Z CKIajacThes 3 JIBOX 1 OiNbIE 3MIiHHMX; TOJAI Mae
MICIIe JIpyTa CHTYyaIlisl.

VY npyriii curyariii Tpeda 3aMiHUTH TpyNy 3MIHHUX OJHI€T
JIOTIOMIDXKHOI 3MIiHHOT, MICJIS 9OTO 3MIMCHUTH HepeXiJ 0 ABOX
ponomiknux npenukatie P (X,y) i PR,(y,Z) sxi e
pe3yabTaTOM IPOMDKHOI JIEKOMITO3UINi npeankara. biHapHa
JIEKOMTIO3UIISl TPEIUKATIB 1 3IMCHIOETBCS 32 JIOMOMOTOIO
KBAaHTOPIB ICHYBaHHS Ha OCHOBI 3aJIe)KHOCTCH KOH'FOHKIII

R OZ0 AR U0 R A0 3 S 70N AV e
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{y,z,}} simnosizmo, sxi, sk Gyse mnokasaHo Jai,
BUKOHYIOTBCS B CHITY TTOOY/IOBH IINX MPEINKATIB.
P(X,Z)

Z >> X |X,|...| X, TO Ma€ Micue HalcKIaHila CHTYyauis 3

Komn HE 3aJI0BOJIBLHSEC 3aJIEKHOCTI

TPhOX MOXUIMBUX. TyT Tak caMoO BiOYBa€ThCSA MEpexia 0
MONOMIKHAX NPEAUKATiB P(X,y) 1 Pz(y,Z) 3 [IOJANBIIOKO
6iHapHOI HeKoMIIo3uIer octaHHIX. OHAK cTIOci® yTBOpEeHHS
JIAHUX JTOTIOMDXKHUX TPEIUKATIB B I[bOMY BHIAIKy Habarato
CKJIaIHIIIE.

Hexait 3amaHmii KIHIEBHH TIpeauKar 3

P(X,Z)
(YHKIIOHATBHOIO 3aJIeKHICTIO X —» Z . 7 BUKOHAHHS ioro
OiHapHOI AEKOMIMO3HWIIi 3a IIOTIOMOTOI0 OJHi€l JOTOMiKHOT
3MIHHOI, IO TNpHUHMae MIHIMAJIBLHO MOXIHMBY KUIBKICTBH
3Ha4YeHb, TpeOa BUKOHATH HACTYIIHI KPOKH.

1. BukoHaTu [U3'IOHKTUBHE pO3KJIAJaHHA NpeauKaTta
P(X,z) mo 3MinEuM Z. TIlepeBiputH, 4YM BHUKOHYETHCS

3QJIEKHICTE 7 —>> X, | X, |m|xm B IIPEIMKAT1 P(X,Z) YH HI.
SIKmio 3a3HavYeHa 3aJEKHICTh BUKOHYETHCS, TO ITOJAIIBINI
KPOKH 3aJI€KaTh Bil KiTbKOCTi 3MiHHMX Z ={Zl, Zyy..n, Zn}.

skmo N=1, To mepedtu mo0 myHKTy 2; skmo N>1, To

nepeuTu il MIYHKTY 3. Skuo 3aJIeKHICTh
Z 5> X | X, |...|X, He BHKOHyeThCs, TO mepeiiTH [0
IyHKTY 5.

2. B maHomy BuUNajky mpeaukaT P(X,z) 3anoBoibHsE

. .
sanexnocti kon'tonkuil “{{z,x}, {z,%}, - {Z,xm}}. 3
JIOTIOMOTOI0 KBaHTOPIiB iCHYBaHHS Ha OCHOBI ITi€l 3aJIe)KHOCTI
BHKOHATH OiHapHY JEKOMIIO3HUIIIIO P(X,z2). Binapna

JICKOMITO3HIIIS TIPEeIMKaTa BUKOHAHA.

3. BBecTr J0MOMiXHY 3MiHHY.

4. Yreoputu lonomiknni npeqmkar P,(y,Z). Yreopuru
JIOTIOMDKHUH TIpeIuKaT Pl(X ) y) . Ilepeiitu 1o myHkTy 7.

5. P(X,C), i=12...1,
NPEACTaBUTH Y BUIIISII BUpa3y Tak, 100 YHMCIIO JO/AHKIB B

IFOMY BHpa3i 0yj0 MiHIMambHIM. BBeCcTH TOMOMiXHY 3MiHHY
3a (hopMysIaMu.

Koxen  mpenukat

6. 3a ¢dopMynamu YTBOPHUTH IONOMDKHUH TpeanKaT
R(X,y). 3a dopmyramu yTBOPUTH AONOMDKHUN MpEIHKAT

P(y.2).

7. Bukonatm OiHapHY [EKOMIIO3UINIO TOMTOMIKHIX
MPEIUKATIB Ha OCHOBI 3aJIeKHOCTEHW KOH FOHKII, 10 B HHUX
MICTATBCH, 3a JIOTIOMOT 010 KBaHTOPIB ICHYBaHHS:
JICKOMITO3UINI0 TpEeIrKaTa P(X,y) BuKOHAaTH Ha OCHOBI

sanexuocti “{{x,,y}, {X,, ¥}, - {X,., y}}:; Aexomnosnuuio

npermkata  P,(y,Z) BUKOHaTH Ha OCHOBi 3aJeXHOCT

“Hy. .z} {y.z.}

IpeauKara P(X ,Z) BUKOHAaHA.

. {y,zn}}. Binapra nmexoMImo3uIis

IV.  BHCHOBKH
B pesymprari  mpoBeseHOro  JIOCTIJKEHHs ~— Oyna
OXapaKTepH30BaHO MaTeMAaTHYHHI amapaTr MmjIi  OIHUCy
JIOJICHKOI MOBM - anreOpa IpegukariB, Tak camo
oxXapakTeprn3oBaHI  e(pEeKTHBHI  TEeXHIYHI  3aco0m Ui

MO/ICJTFOBAHHSI MOBH Ha 0a3i IIbOTO amapary - JOTiYHI MEepexi.
[IpoananizoBaHo cydacHHH cTaH TIpoOneMH B oOmjacTi
PO3pOOKU JIOTIYHHX MEpeK Ta MaTeMaTHYHUX 3aco0iB Jyis
moOynoBu ix wmozeneil. BusBneHO HecTady pO3BHHEHHX
3aco0iB B Wil ramy3i. OOIpyHTOBAHO HEOOXIMHICTH PO3POOKU
3ac00iB KOH'TOHKTIBHON JAEKOMIIO3HIIIi, 3aCHOBaHMX Ha TEOpii
HOpMamizalii peNsUiifHuX BIJHOCHH 1 OpIEHTOBAaHMX Ha
VSBJICHHS NIpeIUKaTiB B OiHapHii popmi

[TpoBeneHo aHaii3 3B'I3Ky MiXK ONEpaLisMH B PeSIiiHII
anreOpi i B anreOpi CKIHYCHHUX MPEIUKATIB.

3a JONOMOroI0 PeALiHNX TBEP/PKEHb IMPO 3aJIeKHOCTI
OTPUMAaB MOJAJBIINHA PO3BUTOK aNreOpH anapar ASKOMITO3HIIT
MPEIUKATIB.

V pesyneTati aHamizy 0yio po3poOieHO Ta OOTPYHTOBAHO
MeTOJ OIHApPHOT JCKOMIIO3HIIIT (PYHKI[IOHATBHUAX MPEAUKATIB,
SKANA BIAPI3HSAETHCSA BiJ| 3aralbHOrO METOJY JEeKapTOBOMN
JNEKOMIIO3HUIii THM, M0 KIIBKICTE 3HAYEHb JOIMOMIXHOT
3MiHHO{ 3BEJICHO JI0 MiHIMyMY.
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Fuzzy Sets and Fuzzy Logic as a Tool for Formalizing

Olga Ashurova
Department of Software Engineering
Kharkiv National University
of Radio Electronics
Kharkiv, Ukraine
olha.ashurova@nure.ua

Anomauin—3po6aeno aHami3 METOAHK  MOJEJIOBAHHS
HEYiTKMX BHMOIr 10 BHOOPY 00’€KTiB # OLIHKH CYKYHNHOI MO
napaMeTpax BiImoBigHocTi THMIB aJbTEePHATHBHOIO HadoOpy
00’€KTiB MPONMOHOBAHHM BHMOraM Ha OCHOBi eKcCIepTH3H
XapaKTepUCTUYHUX NapaMeTpiB B TepMiHaX He4iTKHUX BHpa3iB.
Po3po0jieHo anroputM o0YHC/JIEHHSI arperoBaHoi BiamoBixHocTi
00’€KTiB mno CYKYNHOCTI JIOKAJILHUX BiamoBigHOCTEH
XapaKTepHCTHYHUX i IJbOBMX mapaMeTpiB 3 BHKOPHCTAHHSIM
OaraTomMipHuX QYHKUiN NPHHAJIEKHOCTI.

Abstract—The analysis of methods for modeling fuzzy
requirements for the choice of objects and assessing the
aggregate parameters of the conformity of the types of an
alternative set of objects to the requirements on the basis of the
examination of characteristic parameters in terms of fuzzy
expressions. An algorithm has been developed for calculating the
aggregated correspondence of objects by a set of local
correspondences of characteristic and target parameters using
multidimensional membership functions.

Kntouosi cnosa—oacamokpimepianvha onmumizayisn, nedimki
euMo2U, A0anmueHi HewimKu HelpoOHHI mepeici.

Keywords— multi-criteria optimization, fuzzy requirements,
adaptive fuzzy neural network.

I.  BcTyn
AKTyaJbHUM 3aBJAHHSIM CHHTE3y TEXHIYHOI CHCTEMH €
BHOIp TaKOrO CKJIAQAY CHCTEMHHX  CJIEMCHTIB, SKHH
3a0€3M€YUT,  MOYKJIMBICTH  JOCSATHEHHS  MaKCHUMAaJIBHOL
(YHKIIOHATBHOT S(PEKTHBHOCTI. 30Kpema, I¢ 3aBJaHHI
BHHUKA€E TPU CHHTE31 BUPOOHMYOI CHCTEMH, MPEICTABICHOIO
CYKYITHICTIO ~ B3a€EMOJIIOYMX  CIEMCHTIB  YCTAaTKyBaHHS.

Igor Shubin
PhD, professor
Department of Software Engineering Kharkiv National
University of Radio Electronics
Kharkiv, Ukraine
igor.shubin@nure.ua

Heo0OxigHo BuOpaTh Take ycTaTKyBaHHS, sike Oyae HalOimbIIe
aJIeKBaTHO BHUpOOHMYMM yMmoBaMm [linxix, 3acHOBaHMU Ha
HEJiTKOCTi BHMOT, 3abe3meuye B3a€MO3aMiHHICTh
aIBTEPHATHB 1 MOMIHBICTh X ONTUManbHOTO BHOOPY [1].
Yucno XapaKTEePUCTUIHUX napaMeTpiB CKJIaZIHOTO
YCTaTKyBaHHS MOXKE IEPEeBHIYBaTH KiJIbKa JECSATKIB, a iX
3HAQUeHHA B  alNbTEPHATHBHUX  BHIAaX  YCTATKyBaHHS
HalyacTime cynepedaTh IPOINOHOBAHUM BHMOraMm. Tomy
BUOIp yCTaTKyBaHHS, 34aTHOTO 3a0E3NEYUTH JIOCATHEHHS
HalKpalux MOKa3HUKIB e(eKTHBHOCTI, BUMArae
3aCTOCyBaHpHS 1H(OpMaliifHOI aBTOMATH30BAaHOI CHCTEMH
MiATPUMKH TpUiHATT piteHs (CIIIIP).

Il. CYYACHI IIIIXOU IO PO3POBKM CUCTEMU IIITPUMKU

IPUHATTSI PILIEHD

Juns anamizy  ocobmmBocTeid  00poOKM iH(oOpmarmii B
CIIIIP  po3risiHyTO  OCHOBHI  NpOUERYypH  NPUHHATTS
pilIeHb, SKi MOXKHA BiIOOPA3UTH Y BUIIIAII CXEMH, ITOKa3aHOI
Ha puc. 1.

At Bubip onniei abo
CHUHTE3 MHOXMHMN o IHOpMaLiHMX o 0
» > [eKinbKox
ansTepHaTUB XapaKTepHCTHK
ansTepHaTuB
anbTeEPHaTUB

Puc. 1. CxemMa OCHOBHUX NPOLEAYP MPUHHATTA PillIeHb

Pucynox 1 mokasye, mo cuctema MiATPUMKH MPUAHATTS
pillieHb BUMarae BEJIMKOi KUIBKOCTI crienu¢ivyHoi iHpopmMarii
it iHpopMamiHHUX TEeXHOJOTIH as il 00poOku. binmemre Toro,
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OijblIa pPO3MIPHICTE BEKTOpa BHMOI 1 CyNepewIUBIiCTh
KOMITOHEHTIB ~ BiJINIOBIIHOTO BEKTOpa XapaKTECPUCTUIHHX
napamMeTpiB anbTePHATHBHHUX THUIIB YCTATKYBAaHHS BUKIHKAE
HEOOXIOHICTP  arperyBaHHs JIOKQJTbHUX  BIIATOBITHOCTEH
KOXXKHOTO BekTopa. Cxema peaiizanii 6JI0OKy aHaJi3y MOKa3aHO
Ha puc. 2.

L1 L2 Ln - BEKTOp UiNbOBKX NapameTpis
| Ananis nokanbHoi BiAnOBIAHOCTI
KOMMOHEHT BEKTOPIB
m M2 Mn - BEKTOp napameTpis Tuny obnagHaHHA
C1 C2 Cn - BEKTOp NoKanbHuX BignosigHocTen
> AC - arperosaHa BINOBIAHICTb TUNY

obnafHaHHA BUMOoram

Puc. 2. Cxema peanizaliii 6JI0Ky ITapaMeTpUYHOTO aHaJli3y BiAMOBIIHOCTI
YCTaTKyBaHHS BUMOTaM

HeoOximHO BiA3HAUMTH, IO arperyBaHHsS 3IIHCHIOETHCS
OKpPEMO MO TEXHIYHHUX 1 KOMEPIIIHHIX BUMOTaX. ArperyBaHHs
CaMHX BHUMOI HE BiZIOyBa€ThCs, TOMY [0 BOHO CIPHYUHHUTH
HEMHUHYYy BTpaTy iH(popMaIIii. [IpoBenenmit  anami3
ocobmuBocTel iHpopMamiiinoro 3adesmedyenns CIIIIP s
BUOOPY YCTaTKyBaHHS JO3BOJISIE CHOPMYIFOBATH MPOBEICHHS
MOJAaTKOBUX  aHANITHYHHUX  JOCHIIKEHb, SKIi  IOBHHHI
3a0e3neynTH BUOIp HAMOUTBII pamiOHATPHHUX MIiAXOIIB IO
CHHTE3y MaTeMaTHuYHuX Mojenei i meroais CIIIIP.

OmHi€l0 3  aKTyaJbHUX 3aBAaHb  JOCTIIKCHHA €
BCTaHOBJICHHsSI  JIOK&IBHOI  BIJNOBIIHOCTI  IMapameTpiB
aNbTEPHATHBHUX  BHIIB  ONHOPIZHOTO  YCTATKyBaHHS
MPOIIOHOBAHUM BHMOT'aM, a TaK0X PO3PAaXyHOK arperoBaHoi
BIINOBITHOCTI AN  KOXKHOTO THIMY  aJbTEPHATUBHOTO
ycratkyBaHHs. HeoOXiHO TIPOBECTH aHai3 MOMKJIMBOCTI

BUKOPHCTAHHS [UISl PilICHHS IbOTO 3aBJaHHS MaTeMaTHYHOTO
anapary HEYITKMX MHOXKHH 1 HEYITKOTO JIOTIYHOTO BUCHOBKY.

Heuitki Momeni MoXKHa po3rismaTH SK e()EeKTUBHHMA
IHCTpYMEHT aHayi3y W NPHUHHATTSA pilleHb Yy HACTYIHUX
crnenuivHIX cUTyamisax [2]:

— HEIOCTaTHICTh 1 HEBH3HAUYCHICTH iH(pOpMAIlil MPO CTaH
OCTiKyBaHOi cucteMd. UiTKi KITaCHYHI MOZIEN HE MOXKYTh
OyTu oTpuMaHi ab0 € 3aHAATO CKJIAIHUMH IS MPAKTHIHOTO
BUKOPHCTAHHSI,

— 3HayYHa JacTHHA iH(opMarii MIpeCTaBICHA
EKCIIePTHUMHU  OIliHKaMK  a00  BepOaJbHUMHM  ONHCAMH
MpoIleciB, IO BiAOYBAIOTBCSA; BIACYTHI HITKI TPaHHUI
JTOCTIIKYBaHUX TPOIICCIB 1 SIBUIIL;

— naHi OTpHMaHi B pesynbTari BUMIpiB

XapaKTePU3YIOThCS BHCOKOKO TOTPINITHICTIO W  MOMKJIMBOL
3MIIIEHOCTI MOJI0 TIHCHUX 3HAUEHb;

— TpamulidHi METOAM HE TUIBKM HE JO03BOJSIOTH
aZicKBaTHO OOpOOJNATH Taki JlaHi, ajie TaKoXX HE JO3BOJIIOTH
ypaxyBaTH BJIACTUBY iM HCBH3HAYCHICTb.

IHdopmanis, 0 ONUCYe XaPaKTEPUCTUKK YCTATKYBAHHS i
BH3HAUYa€ Woro BUOip, 6araTo B 4OMY BiIMOBiJa€ 3a3HAYCHUM
ocobmuBocTAM. OTXKe, HEUITKI MHOXHHHM M HEUiTKa JIOTiKa €
e(eKTHBHUM IIiIX0IOM /IO pillleHHs JaHOI IMPOOIIeMH.

BukopucraHHs ~ HEWITKMX  JIOTIYHHUX  BHpasiB s
(opMymIOBaHHA JIOKAIBHUX HEYITKHX BHMOT IO BHOOpY
YCTaTKyBaHHS MOJXKE IIPUIYCKaTH MPOJOBKEHHS 3aCTOCYBaHHS
HEUITKOI JIOTIKH SK JJIS arperyBaHHS JIOKAIbHUX BIUMOT, TaK i
JUIsl BHOOpPY YCTAaTKyBaHHs, L0 MaKCHMAJIBHO BiJIOBia€E
arperoBaHuM BUMoOraM. JlOCTIPKYEMO TaKy MOXKJIMBICTB, IJIA
YOT0 PO3MITHEMO OCHOBHI HPOLEAYPH HEYITKOI'O JIOTI4HOTO
BHUCHOBKY. HewiTKkuii TOTiYHN BUCHOBOK IPHUITYCKAE, IO IS
OLIIHKM AaKTUBI30BaHOi (YHKIII NPHHAIC)KHOCTI IMOBHHHA
BHUKOPHCTOBYBAaTUCS CYKYNHICTh IpaBmil. Taka CyKyIHICTB y
HEYITKOMY JIOTIYHOMY BHCHOBKY Ha3MBAa€ThCSI 0a3010 MPaBUII
abo 0a30l0 3HaHb MpO JIEsKYy IPEAMETHY 00JacTh.
BuxopuctaHHS CyKyITHOCTI MpaBmi 3a0e3nedye OifbIl MOBHE
MOKPHUTTS IIPOCTOPY TIOCHIKM W OJHOYAacHO JO3BOJIIE
T ABUITUTH BipOTiTHICTh BUBEICHOTO BUCHOBKY [3].

Ha ocHOBI cykymHOCTI mpaBuWi OyayeTbCs CHUCTEMa
HEYIiTKOT'0 JIOTiYHOTO BUCHOBKY, III0 MTOKa3aHa Ha pHUC. 3.

CrocoBHO 10 BHOOpY YCTaTKyBaHHs, 3MiHHI Ha pHC. 3
MOJKHA IHTEPIPETYBaTH B TaKWH CHOCIO: y SKOCTI BXIiTHHX
CUTHAJIB X BUCTYNAIOTh 3HAYEHHS IapaMeTpiB KOHKPETHOTO
YCTaTKyBaHHSA, Y SKOCTI HEUITKUX BHUCIOBICHh A — HEUIiTKi
BUMOTH JI0 BUOODY, BUXIiJHI CUTHAJIHM 6 1 HEYITKI BUpazu Y —
CTYIIiHB BiIMIOBITHOCTI H HEUiTKA BIAMIOBIAHICTH BiIOBITHO.

Mpasuno 1

‘ﬂkmoxue/ﬁ }i.’ y-ueBy ’

Mpasuno 2

X ‘ﬂKmox-ueAz}lf'y-ueBZ’

Arperatop

[Jedasudikatop —> 'y

Yitka
MHOKIHA

HeuviTka
MHOKIHA

Mpasuno M

Aruwo x - ue AM M y-ueBM

Puc. 3. Cucrema HEqiTKOTO JIOTIYHOTO BUCHOBKY

VY cucTeMi HEYITKOrO JOTIYHOTO BUCHOBKY ISl KOXKHOTO i-
ro TmpaBwWiIa OOYUCIIOETHCS CBOs (YHKINSI MPUHAJIEKHOCTI
Pyic ( yi ) BiAmoBiAHO 10 OXHOTO 3 MpPaBWII HEYITKOT
KOMIIO3HILiT.

II1. OMUC ITPOEKTYBAHHS AJITOPUTMIB CUCTEMU

Bumorn 1o BHOOpYy BHpPOOHHYOTrO YCTaTKyBaHHS 3 JESIKOT
OJIHOPITHOT ~ CYKYMHOCTI HOro  ajbTepHATHBHUX  BUIIB
3a71al0ThCSl y BUTJISI CYKYITHOCTI IHTEpBaJIBHUX a00 SIKICHUX
3Ha4YeHb IapaMeTpiB TIMOTETUYHOTO, «iJeaJbHOTO» BUY.
Bubuparucs Oyzne Takuii anbTepHaTUBHHUI BUJI yCTaTKyBaHHS,
KW HaWKpalie BIAMOBiZa€ 3aaHOMY «ileamy» IO BCid
CYKYNHOCTI TlapameTpiB. 3aBiaHHs (HOpMai30BaHOTO OMNHCY
«imeamy» 1 BH3HAUEHHS CTYINEHI BIAMOBITHOCTI UiTKHX
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3HAUEHb MapaMeTpiB aJbTEPHATUBHHUX BHUIIB OJHOPIJHOTO
YCTaTKyBaHHS IPOIIOHOBAHUM HEYITKMM BHMOI'aM JOLIBHO
BUPINIyBaTH 3 BUKOPHCTaHHSIM TeOpii HEUITKUX MHOXHH 1
HEJITKAX JIOTIKH. 3TigHO i3 II€I0 TEOpi€ro, EeKCIePTHUM
LUIIXOM  BH3HAUAE€ThCS MEPENiK  YCIX XapaKTepUCTUYHUX
mmapaMeTpiB yCTaTKyBaHHS, IUTbOBI 3HAYCHHS SIKHUX 3aTal0THCS
B HeuiTKOMY Bumi [4].

i mapamerpm Hamaimi pO3TILAAIOTECS SK JIIHTBICTHYHI
3MiHHI. EkcriepT 3aae HEOOXiTHI KOMIOHCHTHU JIHTBICTHYHUX
3MIHHHX, TIEBHUM KOPTEKEM.

Jnst pileHHs 3aBIaHb CIIITP aKTyaJlbHUMU
KOMIIOHEHTAaMH €: IM'd JIHTBICTUYHOI 3MIiHHOI; TIepesiK
TEpMiB, TOOTO iIMEH NPUHHATHX JIHI'BICTUYHOT 3MiHHOI ( TOOTO
HEYITKUX 3MIHHHX), YHUCJIOBa INKajla, Ha SKiH 3aJal0ThCs
3HaueHHs W (QyHKOIi NPHHANEKHOCTI KOXHOTO HEYiTKOTO
3HAYCHHS:

(PAT I HE U {PI}); i 1..n (1.1)
ne P — iM's nimreicruunoi 3miHHOi; 7 j — 3HaYeHHs | -0i
HeuiTkoi 3MiHHOT; U — yHiBepcanbHa 4ymciioBa mikaia; Pi —
GbYHKIIS MPUHAICKHOCTI | — 0if HEYiTKOI 3MiHHO].

Tepmu T ; 3ajmaroTbes skicHUMHU (0OaraTo, BHCOKO, HE
Oinpiie # T..) abo iHTEpBAIBHUMH (Xpmin O X 0 Xpax)
3HAYCHHSAMH. B OKpeMOMy BHIAJKy TEPM MOXE MATH ILIKOM
BU3HAYCHE, YITKE 3HA4YCHHs. Y Teopil HEYITKUX MHOXHH
BaXIIMBUM € TIHTAaHHS TMPO KUIBKICTE TEpMiB KOXHOI
JIHTBICTUYHOI 3MiHHOI MOCHJKH abo0 BHCHOBKY. KinbKicTh
SKICHUX Tpajaliii Jeskol BeIMYHHH, SKE i BHU3HAYAE YHCIIO
TepMiB, OakaHe OOMEXyBaTW 4YUCIOM 9, 110 NEPEKOHINBO
nokasade B po6orTi [5].

Ha mpakrtuni 3a3Buuail BUKOPHCTOBYEThCS HE OLIbII 5-6
TepmiB. OpHAaK TpHd  3aBAAHHI HEYITKHMX BHUMOT IO
yCTaTKyBaHHS EKCHepT NPOEKTYBAIBGHUK 3aBXKAW 3aJlac
€IMHE HEYITKEe 3HAUYCHHs, BUXOASYM 3 IHXKCHepHOI Teopii i
JIOCBi/ly, a He HISIXOM BHOOpY 3 IIEBHOIO HabOpy HEYITKHX
3HAYEHb, 3aJJaHUX B Oe31epepBHOMY a00 AUCKPETHOMY BHII.

Jit  po3rnsHyTOi  HpenMeTHOi  o0yacTi  HEeoOXiIHO
PO3poOHUTH METOAUKY (HOPMAIIBHOI BHCTaBH HEYITKHUX BHUMOT
0 BHOOpY, IHAMBIOYaJlbHUX JJIsi KOXHOTO KOHKPETHOTO
BHPOOHHUIITBA, HOTO OCOONHMBOCTI, IO BPaxOBYIOTh, 1
XapaKTepUCTUKU. B OCHOBI Takol METOAMKHU MOBHHHI JIe)KaTH
TOJIOXKEHHST TOOYZOBH Il arperyBaHHs HEYITKHX JIOTIYHHX
BHUPpAa3iB.

Bubip 3HAa4YCHb KOHCTPYKTUBHUX mapameTpiB
YCTaTKyBaHHS,  BIAMOBIMHHUX 110  TEXHIYHUX  BHMOT,
BiAIIOBiaJIbHE  3aBJaHHS, OCOONMBO U1  IIOTEHIIHHO

HeOe3MeYHUX BUPOOHHYMX MPOIECIB, 1O SIKUX CTaBISATHCS
mporiecd HaTOra3oBoro BUPOOHUIITBA. BimnmoBigaisHUME 3a

pIlICHHS Takoro 3aBIAaHHS € MPOEKTYBAIBHUKH, SKi
BHCTYIAIOTh Y POJIi €KCTIEPTIB.
KpiM TexHIYHMX BHMOI, HEOOXiZJHO BpaxOBYBaTH

KOMepIIiiiHi BUMOTH, OOyMOBIJIEHI XapaKTepUCTUKAMU PHHKY
ycTraTKyBaHHS. TakuM 9YMHOM, Tpeba po3risigaTd aBa KIacH
BHMOT: TEXHIYHI 1 KOMEPIIiifHI BUMOTH [6]..

TexHiuHI BUMOTH SIBJIAIOTH COOOI0 CYKYNHICTb LIIJIBOBHX
3HaYeHb  TEXHIYHMX  XapaKTePUCTHYHUX  IapaMeTpiB,
BiJINIOBIJTHUX JI0 BUPOOHUYMX YMOB IO CKIIAJIUCS HAa TOMY abo
iHmoMy pomoBuii. L1ib0B1 3HAUEHHS 3a1aI0THCS €KCIIEPTaMHU
— MpPOEKTYBAJbHUKAMM TEXHOJOTiYHOro mpouecy. lLliapoBi
3HA4YCHHS 3aJal0ThCS Yy (opMi IJTHTBICTHYHHX 3MiHHUX 3
imemamu P, i=1,...n; n KUIBKICTh ~ TEXHIUYHHUX
XapaKTepPUCTUYHUX  MapaMeTpiB  yCTaTKyBaHHs.  TepMu
JIHTBICTUYHUX 3MIHHHX PO3TJIINAIOTHCS SK HEYITKI IIIBOBI
3HAYCHHS 3 BIATIOBITHUMH (PYHKITISIMH TTPUHAIEKHOCTI.

Komepuiitai xapakTepucTHKH (POPMYIOTHCS 3a aHAJIOTIEI0 3
TeXHIYHUMH 3 THM BiIMIHHICTIO, IO eKCIIEpTaMH TYT
BUCTYNaroTh  iHI  ¢axiBumi  kommanii.  Komepuiitni
xapaktepuctukn P, i=1,..,n, Takok  HEOOXimHO
BpaxoBYBaTH IPH BUOOPi yCTATKYBaHHSI.

Texuiuni i KOMepLiiiHI BHUMOTM MOXYTb BCTyNaTH B
npotupigys. Hampuxman, OinpIn migxonmsdme 3 TEXHIYHOI
TOYKH 30pY YCTAaTKyBaHHsS MOKE BHSBUTHCS JOPOXKYE IHIIMX
NPUITYCTUMHX  albTepHATHB. Taka CHUTyallis 3MyIIye
PO3IIIsIaTH TEXHIYHI W KOMEpIiifHI BUMOTH Ha eTami BUOOpY
okpeMo. OmHAaK Ha eTami ONUCY JIOKalbHUX BHMOT, TOOTO
LIILOBUX XapaKTepUCTUK, y TEepMiHaX HEYITKOI JIOTiKM iX
PO3IIIA MOXKHA 00'eTHATH.

Cxema iH(GOpPMAI[MHKUX KOMIIOHEHTIB I-T0 IJIBOBOTO
nmapameTpy ( SK TEXHIYHOTO, TaK i KOMEPUIHHOTO) MMOKa3aHO
Ha puc. 4.

Ty p(x)
L]

< —
I m :uT m (\)

Puc. 4. Cxema 3aBJaHHsI HEUITKUX BUMOT JJIsl i-TO I[IIbOBOTO MAPAMETPy

I[Ipu ¢dopmymoBaHHI BHUMOTH eKCIEPT NpHU3HAYAE 3
MOXKJIMBUX 3HA4€Hb Tjj — OJHE Oa)kaHe 3HAUEHHS T, VLA
KOKHOTO rapamerpa i .

Kon’tonkTHBHA dbopma CKJIQJIEHOTO HEYiTKOTO
BUCJIOBIICHHS A iHTerpye OaskaHi 3HAYEHHS BCIX IUTHOBHX
napameTpis:

A= «Pl € T:L?K‘e,‘l P2 € T29:ce,1 Pn € Tno/ce,v»-

(1.2)

V  Bupasi (1.2) «koxHuii winmboBuit Tepm, T
IHTEPIIPETYETHCS CBOEIO (DYHKINE MpHHAISKHOCTI — Pry ((x),
mo  3amaerbcs  ekcrneproM. DyHKIIS — NPUHAIEKHOCTI
OynmyeTbes HaJl YHIBEPCAILHOIO MHOXHHOIO, sIKa BU3HAYA€THCS
BCiMa MPUITYCTUMUMH 3HAYEHHSIMH BiIIIOBITHOTO IapaMerpa,
1110 XapaKTepU3y€e YCTATKyBaHHSI.

Hexaif, wHampukmax, OaxxkaHe  3HAYEHHS  JESKOTO
XapaKTEpUCTUYHOI'O IIapaMeTpa BH3HAUCHE EKCIIEPTOM Ha
npomixkky nosxutu x [100; 150] U sk «Bemuike».
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Toni ¢QyHKLIIO NPUHANEKHOCTI JIOTIYHO TIPEICTABUTH,
HaIpUKJIAL], y BUIJIS, IOKa3aHOMY Ha puc. 5.

JlilicHO, SIK TIOKa3ye puc. 5, OUTBIINM 3HAYCHHSIM JTOBKUHH
BIINOBINArOTh OiNBIIi 3HAYCHHS (YHKIII MPHUHAIEKHOCTI.
3HayeHHsI OBXKUHM piBHE 150 Mae Halikpama BiJMOBIIHICThH
(Pr (150) 1) momsitTio «6isnbinay. MYHKINS TPUHAIEKHOCTI
Ma€ BUDIIS[ JiHiKMHOI 3anexuocti: Py (x) 0,02 x 2, ne X —
3HAUCHHS IIKAJIN YHIBEPCAIbHOI MHOXHHH, Y PO3IJSIHYTOMY
BUIAJIKY — KA TOBKUHH.

A
#r(x)
1

100 150 x

Puc. 5. OyHKIis NPUHATIGKHOCTI TepMa «OiJIbIIay JOBXKUHA

Hexaii Temep Kilbka BHIIB OJHOPIZHOTO YCTaTKyBaHHS
MaloTh YiTKI 3HA4YCHHS XapaKTepUCTUYHOTO IapaMeTpa i3
npurryctumoro maianasony[100;150]. Hanpuknan, 3HadeHHA
XapaKTepUCTUYIHOTO MapaMeTpa Buny | craHoBuTh 120 1nuB., a
Buny 2 — 140 guB. Toni BiOMOBIAHICTH IUTHOBIH (OakaHiif)
BUMO3i «OiJIblIIa JOBXHUHA» O0UHCIIOETHCS B TAKUH CIIOCIO:

— mepuroro Buay ycrarkyBauus Py (120) 0,02 1202 0.4;
— Japyroro Buay ycratkyBanus Pr (140) 0,02 1402 0.8;

BoueBunp, 1110 APYrUid BHI YCTAaTKYBaHHS 10 3a3HAYCHOMY
XapaKTepUCTUYHOMY  TapaMeTpy  Oijblie  BiAmoBizae
3a3HaYCHUM HEUYITKUM BUMOTaM.

BinnoBigHicTh BUMOTaM MO OJHOMY XapaKTCPUCTUIHOMY
napaMeTpy YCTaTKyBaHHS OyJeMO Ha3MBaTH JIOKAJIbHOIO
BiINIOBIHICTIO.

BusHaueHHs ~ CYKYHMHOTO  CTYIGHS  BIATIOBIAHOCTI
KOHKPETHOTO BHJY YCTAaTKyBaHHS HEYITKMM BHMOTaM IO
CYKYIHOCTI ~ JIOKaJbHUX  LUTBOBUX  XapaKTEPHUCTUYHHUX
rapaMeTpiB MOXKe 3/IIICHIOBATHCS PI3HUM 00pa3oM.

Hacammnepen, MOJKHA cnpoOyBatu CKOPHUCTATHUCS
BIJOMUMH METOJAaMH HEYITKOI'O JIOTIYHOTO BHCHOBKY. Y
[OMY BHMAJKy €KCIEepT IMOBHHEH MO0YIyBaTH CHUCTEMY
HEUITKMX MPOAYKIIWHMX IPaBWI, 10 BCTAHOBJIIOKIOTH
3aJICKHICTP MK BEKTOPOM HEYITKHX  BIINOBITHOCTEU
JIOKQJILHUM BUMOTaM 1 BiJINOBIIHICTIO YCTaTKYBaHHS B IJIOMY
Mo BCill CyKyMHOCTI JIOKaJbHHX BuMoOr. Hampukmam, y
BUIAJIKY JBOX MapaMeTpiB IIi MPaBWIa MOXXYTh BUIJISIATH B
TaKui crocio:

SIKIO Py € «senuxe» TA P, ¢ «senuxe», TO Y ¢ «sucoxa,
SIKIO P; € «senuxe» TA P, € «manen, TO'Y € «cepednsny,
SIKILO Py € «mane» TA P, € «senuxe», TO Y € «cepeonsny,
SAKIIO P1 € «mane» TA Py ¢ «mane», TO Y € «nHuzbka»,

ne Y — JHIBICTMYHA 3MiHHA
YCTaTKyBaHHS CYKYITHOCTI BUMOTY.

«CTYIIHb BIJIOBIAHOCTI

HaBeneni B rmpukiangl mpaBwiIa eKCHEPT Yy  CTaHi
chopMyITIOBaTH, CHCTEMa IPaBUIJI MOXE 3a0e3NeYNTH TOBHE
MOKPHUTTSI TIPOCTOPY TOCHJIKM W aJeKBaTHHH BHCHOBOK IIPO
BIITOBIIHICTB.

Y 3aBmaHHi BUOOpPY B@XJIMBO BHOpaTu TaKky TpyIy
OTHOPITHOTO YCTaTKyBaHHS, MapaMeTpH SKOi 3a0e3MmedyroTh
JIOCSITHEHHSI MaKCHMaJIbHOI CYKYIHOi BIJIOBIZHOCTI SIK IO
TEXHIYHUM, TaK 1 IO KOMEPIIHHNX BUMOTrax. [Hakme Kaxy4w,
BUOIp TMOBMHEH OyTM ONTHMaJbHHM 32  KpUTepieM
BignoBigHOCTI. Taki 3aBJaHHS B paMKax HEUYITKOI JIOTIKH TOKH
HE MaroTh PillICHHS.

Y npoMy 3B'I3Ky TPOIMOHYETHCSA IHIIMN UUIAX, SKHHA
JTO3BOJIUTh OOYMCIIIOBATH arperoBaHy BIAMOBIAHICTH Ha
OCHOBI O0YHCIIEHNX JOKAIBLHUX BinmoBigHocTeH. OOUNCIEHHS
arperoBaHol BiIMOBITHOCTI MOXHA 3BECTH 10 NOOYIOBU
OaraTo3Ha4yHOI (YHKIIi MPHHAIEKHOCTI ¥ OOYUCICHHIO Ti
3Ha4yeHb. baraTo3HauHa (pyHKIIiS ITOBMHHA BilNOBITATH PAIY
OOOB'SI3KOBHX  YMOB, SKi BH3HAYAKOTHCA  MPHUPOJHUMU
BJIACTHBOCTSIMH BHOOPY YCTATKyBaHHS:

— TMOBHA JIOKajbHA HeBiAMOBiAHICTH (P, 0) xoya 0 mo

OJTHOMY napameTpy TSATHE MOBHY arperoBany
HEBiAMOBIAHICTE;
— moBHa arperoBaHa BiamoBimHicTh (P, 1) Moxe

JIOCATATUCS TINBKK TpPU TIOBHIM JIOKaJbHIA BIAMOBIIHOCTI
(P,ox 1) 1O BCiM XapaKTEpPUCTUYHUM MApaMETPaM;

— CTYIIHb arperoBaHol BIAMOBIJHOCTI HE MOXeE OyTH
OimpIle MiHIMyMY CTYTIEHIB JIOKaJbHUX BiJIOBITHOCTEH,
i ]
Peos d min{ P, }.

Haemennm ymoBaMm BiamoBimaroTe OiHapHI —oreparmii
peaizaiiii KOH FOHKI[IT HeYITKIX 3MIHHUX
I'padiuna ITFOCTpAis GyHKIIH BiJIIOBiTHOCTI

«BOKJIMBUX» 1 «HE BaXKIMUBUX» MapaMETPiB IOKa3aHa Ha
puc. 6.

Hr(x)
1

"He Baamsuit"

>
>

\

Puc. 6. dyHKIIiT NpUHANEKHOCTI aIeKBATHI HOHATTIM «BayKIMBHI» TTapaMeTp
1 «HE BOXJIMBHID» ITapamMeTp

Taxi HemiHIMHI (YHKIIT MOXKYTh BHKIUKATH YTPYIHCHHS
IIPH eKCTepTHiH MmoOy/IoBi, 3 HUMHU CKJIaIHIIIE BUKOHYBATH
pi3Hi oOumcneHHs. ToMy NPONOHYETHCS ANpPOKCUMYBATH IIi
(hyHKIi{ O61IBII POCTUMHU — JiHIHHUME, 30€epIirIIi IpH IEOMY
BiIMIHHOCTI B iHTEepIpeTaLlii.

[TporoHyeThCsT Ul «BXKJIMBHX» MapaMeTpiB 30epertu
3BUYaliHy  CTaHAapTHY  TpUKYyTHY  Qopmy  QyHKmii
MPUHANISKHOCTI, SIK TOKa3aHo Ha puc. 7 a). Jna «ue
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Ba)XJIMBUX» MapaMeTpiB (yHKLis NPHHAJIEKHOCTI NpHiiMae
(dhopmy, o mpeacTaBiaeHa Ha puc. 7 0).

: 4 0)
fir(x) "Bawavsui" 4y

T e S e

{I ' n ~n
He BaX/MBUU

Puc. 7. AnpokcumoBaHi (yHKIIT IPUHATIC)KHOCTI aIeKBaTHI HOHATTAM
«BAXJIMBHUID MapaMeTp 1 «HE BaXXIUBHID HapaMeTp

CxeMa alnropuTMy OOYMCIICHHS JIOKAJIBbHUX 1 arperoBaHux
BIINOBITHOCTEH THUMIB aJIbTEPHATUBHOTO  yCTATKyBAaHHS
MPOIIOHOBAHUM HEYITKMM BHMOTaM II0Ka3aHOo Ha pHC. 8.

O

PopMyBaHHA MHOXUHU MNpea'asneHHA anbTEPHaTUBY |
anbTepHaTUBHUX TUNIB

obnagaHHa
Po3paxyHoK noKanbHoi
ExkcnepTHa knacudikauis BIANOBIAHOCTI i-My NapameTpy
napameTpis obnaaHaHHA 7
("saxnusi", "He Baxnusi")

i=i+1 |

MouaTok hopmyBaHHA
noKanbHUX BUMoT, i = 1

i

DOpMyBaHHSA HEYITKOrO
Bupasa Ansa 1-ro napameTpa

v

i=i+1

BIANOBIAHOCTI NO ansLTepHaTUBI |

!

| |:J+1 |

Puc. 8. Cxema anroputMmy 0O4YHMCIIEHHS JIOKAIBHUX 1 arperoBaHuX
BIiZINIOBITHOCTE}! aJIbTepHATUBHUX THIIIB IIPOIIOHOBAHUM BUMOTaM

Po3paxyHoK arperosaHol ‘

Po3zpaxyHok arperoBaHoi BIIMOBITHOCTI Oyne
NPOBOJMTHCS 32 IPABUIIOM, CTPYKTYPHO IAEHTUYHOMY MOJEII
Cyreno [6], ane 3 HeniHIIHOIO (YHKIIE MPUHAJIEHKHOCTI
BUCHOBKY.

IV. BUCHOBKH

PesynpraTi JOCHiKEHHS TOKa3aJd, 10 €(QEeKTUBHICTh
BAPOOHMYOI TEXHIYHOI CHCTEMH MOXe OYyTH IIiJIBHIICHA 3a
paxyHOK OimbII OOTPYHTOBAHOT'O BHOOpPY yCTaTKyBaHHS IO
TEXHIYHMX 1 KOMEpUiHHMX BuMorax. Takuii  BHUOIp
3abe3neuyetscst CIIIIP Ha ocHOBI MOOYZOBHM MaTeMaTHYHHX
Mozenei i AITOPUTMIB MOPiBHSUIBHOTO aHawizy
aNbTEpPHATHBHUX THIIB  yCTaTKyBaHHA ¥  omrTuMmizarmii
npoueayp Bubopy. OOrpyHTOBaHA MOKJIMBICTh BUKOPHCTAHHS
HEYIiTKUAX JIOTIYHUX BHPa3iB 1 omepariii HEYiTKOI JOTIKH s
(opMai3oBaHOTO ONHCY EKCIIEPTHUX BUMOT JI0 BHOOpPY
YCTaTKyBaHHS ~ BHUPOOHMYMX  TEXHIYHHUX  CHCTEM, IO

3a0€3MeUnII0 OICpXKAHHA YHCCIIBHUX OI_IiHOK JIOKaJIbHUX

BIIMMOBIAHOCTEH  MapaMeTpiB  ajJbTEPHATUBHUX  THIIIB
yCTaTKyBaHHs 3a[aHUM BUMOTaM.
Po3pobnena wmertoamka MaTeMaTWdHOI —Qopmaizarmii

HEJITKHX BHMOT [0 BHOOpPY YCTaTKyBaHHA Yy ¢opmi
CYKYNHOCTI HEYITKMX JIOTIYHMX BHpa3iB MNpO  IIbOBI
napaMeTpyd  YCTaTKyBaHHA 3  HACTYIHOIO  arperariero
JIOKAJbHUX BIiJIOBITHOCTEH Yy KOH FOHKTHBHHUH CKJIaJCHUMA
BUpa3, MO MJO3BOJSIE€ IPOBOJUTH aHAII3 aAIbTCPHATHBHUX

THUITIB YCTaTKyBaHHs Ha BiJIIOBIIHICTE BUMOTaM.

3anponoHOBaHUN ANTOPUTM PO3PAXyHKY arperoBaHol Mo
napaMeTpax — BiQNOBIZHOCTI  THUMIB  aJbTEPHATHBHOTO
YCTaTKyBaHHS, 3aCHOBAaHMH Ha  OOYHCIICHHI 3HA4YCHb
MOJU(DIKOBAHUX TPUKYTHUX (YHKLIH NHPHUHANEKHOCTI, IO
3armobirae HEBUIPABIAHE 3aHIKEHHS OIIHOK BiAMMOBIXHOCTI
yCTaTKyBaHHS BUMOTaM.

Po3pobnena momens MoamdikoBaHOTO 0araTomiIbOBOTO
TPaHCIOPTHOTO 3aBJaHHS Ui BHOOPY YCTaTKyBaHHS 3
MaKCHUMAaJbHOIO BiIOBITHICTIO TEXHIYHHM 1 KOMEPI[iHIM
BUMOTaM, sIKa Ha BiJJ]MiHYy BiJl KJIACHYHOI MoJeli 3abe3nedye
OJTHOYACHO ONTUMAIIbHUN PO3IO/ILT 3aKyIiBEIb YCTATKYBAHHS
0 TOCTa4albHUKAX 1 PO3MOLI YCTaTKyBaHHS 110 BUPOOHUYUX

CTPYKTYpax.

Po3pobnena Mojenb OIHKH 33  KPUTEPIsIMH, IO
XapaKTepU3yIOTh PH3UKH aNbTePHATHB HPOCKTY
BIPOBAJKEHHSI YCTaTKyBaHHS 3 YpaxyBaHHSIM IHTOMHX Bar
KOXKHOTO PU3HKY II0 TPOEKTY, 5K y Tpymi (PU3UKH Ha cramil
TUIAaHYBaHHS ¥ pU3MKHM Ha cTajii peamizawii), Tak 1 Mo BCid
CYKYHHOCTI ~ NPOSKTHHUX  PH3HKIB, J€  IPOSBISETHCSA
CHUHEPTeTHYHUI edexr SIK JIOJTaTKOBUH (axTop
HEBU3HAYCHOCTI 13 3aCTOCYBAHHSAM HEYITKHX MHOXKHH, 10 Ja€
OiNIbII aJICKBAaTHY arperoBaHy OL[IHKY PH3HKIB IPOEKTY.

3anponoHoBaHa npouenypa CTPYKTYpYBaHHS
aNbTEPHATHB, 3aCHOBaHa Ha aJalTOBAHOMY IIiJl HEYITKI
MHOXXUHH MOJEJI, 110 CYTTEBO PO3LINPIOE HOT'O MOXKJIMBOCTI i
JO3BOJIIE  OJEPXKATH  IJACYMKOBY  OLIHKY  KOXHOI
aNbTEpPHATHBH 3 OOJIKOM SK [OKAa3HHUKIB EKOHOMIYHOT
e(eKTHBHOCTI, TaK 1 PHU3UKY II0 IPOCKTY, 3aBISKH YOMY
KEPIBHUIITBO MOXE NPHUUHATA OOIPYHTOBaHE DILIEHHS IIPO
BIPOBA/)KEHHI KOHKPETHOTO MPOCKTY.
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AnHoTanus — PaccmaTpuBaercs mpodjieMa MoOJeJIMPOBAHUS
MacIITa0HO-MHBapUaHTHLIX  cereili. IIpepnaraercs  mopean
3J1aCTHYHOM CeTH ¢ HesIBHBIM MCHOJIb30BaHMeM HHGopManuu o
cTeneHsax y3JoB. OcCHOBHOH 0OCOOEHHOCTHIO MOJEIH SIBJISACTCSH

HCNOb30BaHHEe  ()aKTOpa  KONHPOBAHMSI B KayecTBe
yOpaBJsioniero mnapaMeTpa MojAeJd BMeCTO TPAAUIIMOHHO
HCMOJIb3yeMOro  KoJU4YecTBAa  CBfi3eil  BXoAsIIero  ysia.
MonyyeHnast Mojedb covyeTaeT KJAIOYeBble MNpeMMyLIecTBa

MOJIeJIM ¢ MpUcoeTUHEeHHeM, OCHOBAHHBIM HA MOCPEIHUYeCTBe, H
Mojaean iacTuyHoii ceru. CBoiicTBa pa3padoTaHHOii Moaean
HCCIETOBAHBI AHAJUTHYECKH W TOATBEPKIEHBI pPe3yabTaTaMHu
YHCJIEHHOT0 MOIeTMPOBAHUSI.

Abstract — The problem of modeling scale-free networks is
considered. Model of elastic network with implicit use of node
degree data is proposed. Using the copy-factor as the control
parameter instead of traditionally used number of incoming links
is the main feature of the proposed model. This model combines
the key benefits of mediation-driven attachment model, and
elasticity-based model. The properties of the proposed model
have been studied analytically and fully confirmed by the
simulation results.
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I.  BBEJIEHUE

W3BectHo [1,2], yTo MHOTME W3 CETEHl peanbHOr0 MHpa
SBISIIOTCST MacmTabHo-uHBapuantHeiMu (MUC), Hampumep,
COLIMAIEHBIE CETH, CETH COTPYJHHYECTBA, CETH CBS3H,
HEHUpOHHBIE M OEJIKOBBIE CETH, HEKOTOpbIe TPAHCIOPTHHIE
cetd U T.1. KirroueBnsiM cBoricTBoM MUC sBisieTcst CTENEHHOM
3aKOH pacmpeesieHus] Yucia CBS3€H y Y3JI0OB TaKMX CeTei.
B cBoro ouepenp, CTENeHHOE pacIpelelicHHe SBISCTCS
XapaKTepHOW UYepTOi (ppaKTAIBHBIX CBOMCTB CHCTEMBI U €€
CHOCOOHOCTH K CaMOOpTaHH3alMU. OJTOT (akTOp SBISIETCS
enl€ oqHOM NpUYMHON uHTEepeca K moaensim MUC.

B ocHoBe OoipmIMHCTBAa COBpeMeHHBIX Mojeneit MUC
JeKHUT MOJIENb, NpeaoxeHHas bapabamu u Ansbept [3]
(BA-mozenb). XOTs B HAcTosllee BpeMs CYIIECTBYET
MHOXKECTBO paciiupeHuii u 0000menuit 3toit mogenu [4-9],
MHOTHE W3 HHX O00JajaloT OOIMKUMU CYIIECTBEHHBIMU
HEIOCTaTKaMH, BOCXOIIINMH K BA-Momenw.

B oToif cBA3M HAWOONBIIMKA WHTEpPEC MPEICTaBISIOT
MOJIETIb TIPUCOCMHEHHUS, YMPABISIEMOro MOCPEAHUYECTBOM
[10], u momens smacTuunbIx cered [11-12], mossosstromnime
COOTBETCTBEHHO HE HCIIOJIb30BaTh UH(OPMALUIO O CTEMEHsX
Y3JI0B U CTPOUTH IUIOTHBIE CEeTH. IIOCTpOEHHE MOJETH CETH,
coYeTamledl MNpPerMYIIeCTBA BBINICHA3BAHHBIX ~ MOJIEIEH,
COCTAaBJISIET MPEAMET JAHHOTO UCCIIE0BAHMS.
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CornacHo KOHICIIIUU POCTa, HAYaJIbHAsA CETh COCTOMT M3
no Y3J10B U |_0 cBA3CH MECXKIAY HUMHU, a 3aTEM Ha KaK10M MIare

OB30P MOJIEJIEI MUC 1 ITIOCTAHOBKA 3AJJAUM

K ceTH J00aBisieTcss HOBBIA y3en. Takum o0pa3oM, pasmep
cetd N (KOJIMYECTBO Y3JI0B) MOXKHO HUCIOJIB30BATh B KAYECTBE
MepBI BpeMeHH, HoMep y3ia (1 ) — Kak BpeMsi €ro posKIeHusI, a
BEJIMYKMHA N—i CIyXUT BO3PACTOM y3Ja.

Kaxxaplii y3en ceTH XapaKTepU3yeTCsl CBOEU CTENEHBIO
(T.e. xonmdecTBOM cBsazeld, K;) u npyrumu cBoiictBamu P, .

CBOWCTBa CETH ONPEACIAIOTCS IPABIIIOM IPUCOECTMHEHHS,
TO €CTh 3aBHCUMOCTBIO BEPOATHOCTH 77; IPUCOEAMHEHMS

HOBOM CBSsI3M K Y3y OT €ro HHIMBHAYAIbHBIX CBOMCTB
(i,k,P) m or obmmux mapamerpoB cetm (e€ pasmepa N,
HayaJIbHBIX yCIOBUH Ny, L, n ynpapmsromux napamerpos U ):

m = f(i,k,ny, Ly, R,U). (1)

Junamuka pocta
CcCBUIOK  M(N),  COEOMHSIOIIUX

CEeTH ONPENENeTCs KOJINYECTBOM
BXOJAIIMK  y3en ¢

CYILIECTBYIOIIMMH, HITH CPEHEH cTeneHbio y3mos K (n) .

KiroueBbiM cBolictBom MUC sBisieTcst pacnpenerneHue
y370B 10 uncny cBszeit p(k), koropoe momkHO (MO KpaiHei

Mepe aCUMITOTHYECKH), MO TUMHIThCS 3akoHy FOna-CaiimoHa,
SIBIISIIOIIEMYCSI B CBOIO Oue€pellb JAUCKPETHBIM aHaJOrOM
CTEIEHHOI0 3aKOHA:

rK
r(k+7)

k‘7

p(k) =C k>k, ")

IMapameTp y >2 Ha3bIBaeTCs MOKa3aTeNeM CKEMIINHTA.

Camast mpoctoit u usBecTHOM Mojenplo MUC sBrsiercs
Monenb BA [3]. B e€ ocHOBe nexaT aBe (yHIaMEHTaIbHBIC
KOHIICTIIIUH: KOHIICTIIIUS POCTA U KOHIICTIIUS MPEIIOYTHTEIb-
HOTO TIPUCOEIWHEHHS, COTIIACHO KOTOPOW BEPOSTHOCTH TOTO,
9TO HOBBI y3enm (c HoMepoM N+1) mnpucoeaMHUTCS K
CYIIECTBYIOIEMY (HOMED | ) MPOIOPIMOHAIbHA €r0 CTEMEHH:

7, =K /Zki

Jlerko BupeTh, 4TO oONMCaHHOE TpaBwio (3) sBiIsAETCA
IIpOoCTEeHIUM JacTHEIM ciaydaeM (1). Monens BA npuBonut x
pacnpeneneHuo creneHe y3noB no 3akony lOma-Caiimona
(2) c¢ moxkazateneM ckeWnmHra ¥ =3. YIPaBIAIOIINM

mapaMeTpoM  CIYXHT  KOJHYECTBO m=const,
HHIAICHTHBIX BXOAIIEMY Y3IIy.

3

CBs3ei

B Hacrosiiiee BpeMsi CyHIECTBYET MHOXECTBO Pa3JIMYHbBIX
pacumpeHnii U o6oOmenuit Momenn BA, kotopsle TeM He
MEHee YKIaAbIBaloTCs B 00myto ¢opmy (1) reHepupyromero
mexanusma (1) (durHecc-momens [4], Momens ¢ dakropom
crapenust [5], ¢ (akTOpOM IOMOIHHUTENHHON MPHUBJIEKATED-
HOCTH [2], Ha OCHOBE HEJNMHEIHOrO MPEANOYTHTEIBHOTO

npucoenuuenus [6], mepeHanpasnenus ceszeit [7], ¢ yuérom
CBOMCTB y3JIOB BTOPOI'0 YPOBHS cOCeACTBa [8] U T.11.).

He Bce u3 nepedncieHHbIX MOzeNeil OpoXaaloT HIMEHHO
MUC. Tlokazano [6], 4TO 3TO MPOMCXOMUT JIHIIL B TOM
cloydae, Korga mpaswio mnpucoeauuenus (1) sBisercs
aCHMITOTHYECKH JIMHEHHBIM oTHOCHTENbHO K;, T.e. 7, ~a k;.

C npyroii CTOpOHBI, HECMOTPS Ha IIHPOKOE PacIPOCTPaHCHHE
mozeneit MUC B TeopeTHUeCKUX UCCIEIOBAHUIX, ITOT KiIace
ceTell ABISETCS OAJIEKO HE EIUHCTBEHHBIM CpEeAMu CeTel
peanpHoro mupa [9].

SBnssick sinpom mMoaeneit MUC, BA-monens Hecér B cebe
pSiI  HENOCTATKOB, YHACICOOBAaHHBIX U IEPEYHCICHHBIMH
HHUCXO/SIINMH MOJIEIISIMU:

e B cerax peanpHOro MHpa CpEenHSS CTENEHb Y3JIOB

Kk (n) uMeeT TEHIEHIMIO K POCTY C pasMepoM CETH, B
TO BpeMsi Kak B BA-mozjenu oHa mocTosHHa. Takum

00pa3oM, 3Ta MOJIeNIb TeHEPHPYET OUEHb Pa3peKCHHBIC
ceTw;

Monens BA mnopoxnaer ceTtu, HEUTpanbHblE IO
accopratuBHocTH [7, 13], B TO BpeMs Kak collHaIbHbIC
CEeTH CYIIECTBEHHO aCCOPTATHBHBL, & OMOJIOTHIECKUE U
TEXHUYECKHE — AU3aCCOPTATUBHBL;

IIpennonaraercs, uto UHGOPMAIUA O CTCICHU Y3JIOB
ki HCIIOJIB3YETCS SIBHO, T.€. BXOIAUIMM y3en "3Haer"

(MM MOXKET OIEHHTH) CTETIICHH BCEX CYIIECTBYFOIIHX
Y3JI0B CeTH,;

Mozernei (Hampumep, M),
MacITabHO-3aBUCUMBIMH,
KOHIICIIIIMK MacIITaOHOU

VYopasisomuye napaMmerpbl
SBISIFOTCS,, KakK MpaBHIIO,
YTO IPOTUBOPEYUT CAMOU
WHBAPHAHTHOCTH.

Jlis mpeonoficHus MEPBOTO M3 YKa3aHHBIX HEIOCTATKOB
ObLIa MPeNIOKEeHA MOJIEITb ITacTHIHbIX ceTei [11-12]. B atoii
MOJIEJIA TPEAIOJIAraeTCs, YTO OTHOCHTENBHBIC TEMIIBI POCTa
YKCIa CBA3EH U Y37I0B pa3iuyHbl. X OTHOIICHHUE HA3bIBACTCS
[TOKAa3aTeNEM 3JIaCTHYHOCTH.

P oL(t) _AL() /An(t) _ 0 L(n+1)—L(n)
on(t) L(t)/ n(t) L(n)

“)

IMpu A =const (1<A<2) obuiee KOJMYECTBO CBS3CH B
CETH paCTET ACUMIITOTUYECKH TI0 CTENEHHOMY 3aKOHY € TIOKa-

sareeM A . Cpexusist crenenb y3moB K(N) Takxke sBisieTcs
HE TIOCTOSTHHOM (paBHOW M), & pacTéT MO CTEMEHHOMY 3aKOHY
L -1
k(n)=L(n)/nocn**. %)

Tak, npu A >1 Kakablii HOBBIH y3€ll IPHHOCUT OOJIBIIE
cBsi3el, yeM Tekyluee cpeaHee ux 3Hauenue (5). Hampumep,

geM OOJIbIlle HAyYHBIX CTaTel OBUIO HANHMCAaHO, TeM OoJbIe
CCBUIOK JIOJKEH NIEPECMOTPETH aBTOP HOBOM CTaThU.

Takum 00pazom, HCI0JIb30BaHUE KOHIIEIIUN
AACTUIHOCTH 00001IaeT UCXOAHYI0 Monielnb BA u mo3BossieT
co3aBarth mIoTHeie MUC.
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Mopens TpHUCOEAMHEHHUS, YIPABISEMOTO MOCPEAHUYECT-
BoMm (MDA), mpemioxennas Xaccanom u ap. B [10],
[O3BOJISIET  NPEOAOJETh  BTOPOM U3  MNEPEYUCICHHBIX
HENOCTATKOB ceMelicTBa BA-Mozernei: sBHOE MCIIOIb30BaHUE
UH(POPMAIIUHU O CTETICHIX Y3JIOB.

Cornacao monmenn MDA, HOBBIH y3ed BBIOMpaeT OIHOTO
U3 CYNIECTBYIOIIUX B KAUECTBE MOCPEIHUKA (PABHOBEPOSITHO)
1 3aTeM COeTUHSETCS (Taxke paBHOBEPOSATHO) ¢ M cocelsiMu
sroro mocpennuka. Ilokasano [10], wro mpm m>14
BEPOSATHOCTh IPUCOSAWHEHHSI HOBOTO y3JIa K CYIIECTBYIOIIE-
My 3aBHCHT TOJBKO OT €r0 CTEICHH, OJJHAKO B OTJIUYUC OT
ceMeiictBa BA-Moeneii aTa 3aBUCHMOCTh HEsIBHAS.

Jis  GompliMHCTBA peasibHBIX ceTedd mpaBmwiio MDA
BBITISIANT HAMHOTO €CTECTBEHHEE, 4eM mpaBmwio BA, HO
TaKK€ HMEET HEKOTOpbIE CYILIECTBEHHBbIE HENOCTATKU. B
MEPBYIO OYEpelb, B CHIy TOTO, 4TO IapamMeTp M cuuTaercs
MOCTOSIHHBIM, YTO MIPOTHBOPEYHT CBONCTBAM PEaIbHBIX CETEH.

Ha ocHOBE mpOBenEHHOTO aHaIM3a, OYEBHIHO, YTO
IIPUMEHEHHEe KOHIENMIUN »3jJacTuyHocTd k  MDA-Monenu
MO3BOJINT ~ COEAWHHUTH JIOCTOMHCTBA OOOMX  ITOJIXOJIOB.
ITocTpoenue Monenyu 3J1aCTUYHOM CETU C INPUCOCIUHEHHEM,
ynpasisieMbiM niocpegaundectBoM (EMDA) u uccienosanue
e€ CBOMCTB ABJISETCS IIEIBI0 HACTOSAIIEH PaOOTHI.

I11. MOJIEJIb 3JIACTUYHON CETU C ITIPUCOEIUHEHUEM,
YIIPABJIIEMBIM I[IOCPEJJHUYECTBOM

CornacHo NpoBeASHHOMY aHajIM3y MpeAMETHOW 001acTH,
Mbl npeaiaraeMm [14] uamenuts npaBwio MDA, npuMeHHB B
Ka4yecTBe YNpPaBIIOIEr0 napamerpa (akrop KOIUPOBaHUS
(Q) — BepoATHOCTB, C KOTOPOH Yy3eI-cocell IOCPETHHKA
CBA3BIBACTCSA C HOBBIM Y3710M. Takxke yCTaHOBUM, YTO Y3el-
MIOCPEAHHUK CaM BCETIA CBSI3BIBACTCS C HOBBIM y3JIOM (pHC. 1).

Takum 00pa3oM, KOIMYECTBO CBA3€H HOBOro y3ia
sIBIsIeTCsT He KOHCTaHTOM (kak B mpaBwie MDA), a paBHO
m=1+q-K, (tze K, — crenens y3na-nocpenxnka). Torna
MaTeMaTHYeCKOe OXKUIaHNUE STOH BEIUYUHBI COCTABIAET

= L(n
E{m(n)}=1+qg-E{k, ., }=1+q-k(n) =1+q%. 6)
(2 2 (2)
O 4 O 12~ a— A ®
1 : q >\ 1 « : q
N CIAN s4 L /1
(new (hew) (new)
N N N
p =v1/3 p -v1/3 p =v1/3
(o)
(Or— 2 T——(3)
NS A1+2g N
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149> 1 .7 1+
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(new)
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Puc. 1. BepostHocTH TIPUCOETUHEHHMS HOBOT'O y3na COTJIACHO

MIPEATIOKEHHOMY 3JaCTHYHOMY TipaBuiry MDA.

ypaBHCHI/Ie JAWUHAMHUKHU pOCTa KOJIMYECTBA CBSI3CH CETU:

L(n+1)-L(n)=2(1+qg-L(n)/n). @)

C yuérom HauaneHbIX ycnoBuil L(1) =0, u3 (7) nmomydum
3aBUCUMOCTb 0OIero kojudecrsa cBsaseil cetm L(n) u

cpemeii crerienn e y3nos K (n)=L(n)/n or pasmepa ceru:

[ lj .
Cpasuus (5) u (8), MOKHO yOETUTHCSI, UTO MPETOKECHHAS

monenb EMJIA  sBaseTcs 2J1aCTUYHOM ¢ TIOKasareyieM
snactmaHocTn A =2q. Ilpu 0<q<0.5 cpemnsas crenens

=2/(1-2q), a
npu 0.5< g< 1- paCTéT HCOTPAaHUYCHHO MO aCUMIITOTUYCCKH
2g-1

2
29-1

[(n+2q)
I'(n+)r@+2q)

K(n)

®)

¥3JI0B BO3pAaCTA€T 4O KOHCUYHOT'O IMpeaciia klim

crerenHoMy 3akony K (n) ocn

I[J'IH HAXOXJACHUA DPACIIPCACIICHHA Y3JI0B IO KOJUYCCTBY
CBﬂSCﬁ, 3aluIeM YpaBHCHUC JWHAMHUKHW MaTEMaTHUYCCKOTO
OXXHJIaHUA Yrucja cBs3CH Y OpOU3BOJIBHOTO Yy3Jia i:

ki(n+1)_ki(n):w, )
O6ee pemenue (9) umeet BU
I'(n+q) 1
k(n)=C. ———=-=, 10
M =C (10)

Koadpunuentel C, Moryr ObITh HalifieHBl M3 YCIOBUS,

YTO OXKHIAaeMOe 3HAUCHUE CTCIICHH y371a | B MOMEHT BPEMEHHU
i paBHO OXumaeMOMy KOIHYeCTBY pébep, NOOABICHHBIX Ha
mare i—1 (6), T.e. k(i) = E{m(i —1)}. CnenosatensHo,

| b oo

Cormnacuo (11) mpu il 1 sror koaddumHeHT acuMITOTH-
YECKH PAacTET COrJaCHO CTENIEHHOMY 3aKOHY OT 1 !

1

) ri-1+2q)  T() 1-g
' 2g-1

L(i+o)r(2g) I'(i+a) q

1 ja-1
¢, o {0 05 (12)
‘ a1 i-q
gl 0<g<05
B cumy monotonnoctn — 3aBucumocterr  (11)-(12)

OTHOCHUTEJIBHO HOMEpA y371a, €r0 MOKHO paccMaTpUBaTh Kak
paHr pacrpejielieHHsl y3J0B MO0 4Yuciay cBsa3ed. Takum
00pa3oM, paHroOBOE pACIPENCICHUE Y3JIO0B aCHMIITOTUYCCKU
CJeyeT CTEIIEHHOMY 3aKOHY € IIOKa3aTesleM

B =min{q,1-q}. (13)
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CTeneHHOMY 3aKOHY PAHTOBOTO PACIPE/CICHHS CTCIICHEH
y370B ¢ TokazatesneM (13) COOTBETCTBYET CTENEHHOW 3aKOH
YaCTOTHOTO pacnpejeicHus (2) ¢ mokasaTeiaeM CKelnHra

y=1+1/ f=1+1/min{g,1—q}. (14)

Takum  o0Opa3oM, B  pe3ylbTaTe TEOPETUUCCKOTO
HCCIIeIOBaHMA MTOKa3aHo, uTo mpemtoxkeHHas EMDA-monens
MOPOXKIAET CETH, SBJIAIOUIMECS 3JaCTHYHBIMU ¢ A =2( WU

MacITaOHO-WHBapUAHTHBIMY C TTOKa3aTesieM ckeinmara (14).

IV. YUNCJIEHHOE MOJIEJIMPOBAHUE EMDA-CETU

Ha  nepom  arame
HCCIENOBANIaCh JUHAMHKA
EMDA-cetn. /3nauansHO
coeqMHEHHBIX pebpoM. Ha

YHUCIEHHOTO  JIKCIIEPUMEHTa
pocta uuciaa CBA3E€H y y3J0B
CeTh COCTOMT M3 JBYX Y3JOB,
Ka)XXJOM Imare moOaBisuics OIUH
y3el U CBS3BIBAJCA C  CYHIECTBYIOIIUMH  COIJIACHO
MPEATOKEHHOMY IpaBWiIy. UHCIEHHBIE pE3ylbTaThl |
COOTBETCTBYIOII[E TEOPETUYECKHE 3aBUCHUMOCTH CpeaHel
CTEIICHN Y3JI0B OT pasMepa ceTh H (haKkTopa KOIMHPOBAHHSA
NOKa3aHbl Ha pHcC. 2.

3areM OBUIO HCCIEOBAHO pPAHTOBOE pacIpeaeiIeHHe
CTEINIeHEH Y3JIOB B 3aBHCUMOCTH OT ( IpU (PUKCUPOBAHHOM

pasmepe cetd n=4096 . [loryuyeHHbIE YUCIIEHHBIE 3aBUCUMOC-
TH BMecTe ¢ TeopetnaeckuMu (15)-(16) moka3ansl Ha puc.3.

8 T . . . ; .
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Puc. 2. 3aBUCHMOCTB CpeHEl CTENeHU Y3JI0B OT pa3Mepa ceTd M (akTopa
KOITPOBAHHUS
9 . . . . .
Num (0.6}
S L ot s B S A R Theor(0.6) ||
Num {0.3)
75 Theor{0.3) |.

\og2(Degree)

12

log,(Age)

Puc. 3. PanroBoe pacnpenenenue creneHu y3mos npu q = 0.6 mq=0.3

V. BBIBOJbI

PaccmoTtpena mpobiiema Mmoaenuposanuss MUC. TIposenén
aHanmm3 cymniecTByromux mojaeneid MUC u cOOTBETCTBYIOIINX
MPaBUJI MPUCOCAWHCHHS Y3JIOB. BBISBICHO, YTO OCHOBHBIMHU
HEIOCTaTKaMH TPAJIWIUOHHBIX MOJICNICH SBISIOTCS JIMHCHHAS
3aBHCUMOCTh KOJIMYECTBA CBS3CH B CETH OT YHUCJA Y3JIOB U
SIBHOE HCIIOJIb30BaHUE HH(GOPMAIIUU O CBOWCTBAX CYIIECTBYIO-
IIUX y37I0B ceTH. Moenb 3imacTuaHoi cetn u Moxens MDA
MO3BOJISIFOT MCIPAaBUTh YKa3aHHBIE HEJOCTATKH, OHAKO, JIUIIb
10 OTAEIBHOCTH.

[IpennoxxeHa Moaenb MACTUYHON CETH C MPUCOEAUHEHHU-
eMm, ympaBimsieMbiM —mocpenauuectBoM  (EMDA-momens).
[TonmydenHass Monens codeTraeT B cede JOCTOMHCTBA OOOMX
POUTENBCKUX MOJENCH: SBISCTCS JJIACTHYHOH U HE
HCIIONB3YET CTATHCTHKY y3JIOB.

AHaIUTHYECKH TOJIYy4YeHa 3aBUCUMOCTh CPEIHEW CTENEeHU
y3JI0B OT (haKTopa KONMPOBAHUS M pa3Mepa CEeTH, a TaKKe
3aBHCHMOCTH MTOKA3aTEIsI PAHTOBOTO PACIPENIEIICHNS CTETICHH
y3JI0B OT (hakTOpa KOIUPOBaHHS. Pe3ynbTaThl IPOBEAEHHOTO
YHCIEHHOTO MOJEIHPOBAHMS IOJHOCTBIO COTJIACYIOTCS C
TEOPETUYECKUMU.

AHanu3  CBOICTB  acCOPTaTUBHOCTH  IPENJIOKEHHOU
EMDA-monenn MUC paccmaTpuBaeTcs Kak HEpCIEKTHBHOE
HaImpaBJICHUE JaIFHEHITNX UCCICTOBAHHM.
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Anomayia—Po3rasifaerbess  0c00IMBOCTI  (PPaAKTAIBLHOIO
aHaJNi3y 4YacoBHX PpsifiB  OCHOBHMX mapaMeTpiB  MOTOKY
NPUPOHOTO Ta3y B mponeci ioro TpaHCNOPTYBaHHS 1O
MaricTpajJbHHUX ra3onpoBoJax.

Abstract—Features of fractal analysis of the main parameters
of natural gas flow time series of in the process of its
transportation through main gas pipelines are considered.

Knrouosi cnosa—npupoonuii 2az; uacosuii paod; ¢paxkmanvHuii
ananiz;noka3nuk Xepcma.

Keywords—natural gas; time series; fractal analysis, Hirst
index.

1. BcTtyn

Bimomo, mo pWHOK IPHUPOAHOTO Ta3y Mae (ppakTaabHUHA
xapakrep. Lle o3Havae, 0 3MiHKU KUTBKOCTI MPUPOIHOTO Tazy,
SKi ONHCYIOTh PUHOK NPOJAXy IPHUPOJHOTO Tazy, TaKOX
MaloTh (pakTanbHuii (camonoaioHuit) xapakrep [1].

[IpuponHi ra3u Npu NEBHUX YMOBAaX, MOXYTh IPOSIBISTH
HEpiBHOBaXHI BJIACTHBOCTI. Min HEpiBHOBAXXHICTIO
PO3YMIETBCS BJIACTHBICTH CHCTEMH BIIIOBIIaTH Ha 3MiHY
30BHIIIHIX YMOB 3 JISKUM 3ali3HEHHSM. B IIbOMy BHIIQAKY

XapakTepHa  CHTyallis, KOJM HEpIBHOBaXHA CHCTeMa
3HaXOJUTHLCS B CTaHI MOBUIBHHUX 3MiH, X04Ya 30BHIIIHI YMOBH 1
3aJIMIIAI0THCS HE3MIHHUMH.

HepiBHoBaxHi BJIACTHBOCTI 0COOIHBO SICKpaBO
OPOSIBJIIIOTBCS. B TEXHOJIOTIYHHMX  CHUTYyaIlisfX,  KOJHU
BiZIOYBA€ThCS MUTTEBHH CTPHOOK B 3MiHI THCKY (Iyck abo
3yIHHKA ra30TepeKkavyBajbHUX arperaTiB Tomo). Jis omiHku
HEpIBHOBOXHHMX  BJIACTHBOCTEH  raziB, $K  [PAaBUIIO,
BHKOPHUCTOBYIOTbCA SK imeHTH(iKamiiHI Mojemi, Tak i
TEpMOJWHAMIYHUKA MiAxig. BukopucroByrounm oOuaBa 1i
METO/Ia, JUIS OTIMCY HEPIBHOBAXKHHX SBUII B IPUPOTHUX ra3ax
MOTpiOHO BHOpAaTH a/JleKBaTHE PIBHSIHHS CTaHY AJSI peajbHUX
rasis.

YuciaeHHl JTOCHIDKCHHS TIOKa3alM, 10 CTOXaCTUUYHHI
XapakTep — TMEepexigHUX  PeKUMIB B MaricTpaibHHX
ra3ompoBO/iax J00pe Y3roKYEThCS 31 3MIHOIO (DpaKTaIbHOI
MipH KPUBHX AWHAMIKH 3MiHA OCHOBHHX ITapaMeTpiB MOTOKY.

II. OCHOBHUIA MATEPIAJI

B nmaniii po0otri cTaBHThCA 3aBOAHHS (PAKTAIHHOTO
aHaNi3y YacoBHUX ps/iB OCHOBHMX IIapaMeTpiB IOTOKY
MIPUPOJHOTO Tra3y B Tpoleci HOro TPaHCIOPTYBAaHHS MO
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MAariCTpajdbHUX Ta30MpOBOJAaX, 3 METOK MOOYJOBH Kiacy
MPOTHO3HHUX I1HIMKATOPIB, sIKi 0a3yIOThCS HA MOJIOKCHHIX
(hpakTaIbHOT MATEMATHKH.

Jo  Takmx  iHOWKAaTOpiB  BiAHOCATH
PO3MIpHICTD, TOKa3HUK XepcTa, CTapIIuid
JIsanyHoBa TowIO.

Li imgmkatopym OyOyIOTBCS 3 METOK BCTAHOBICHHS
CTYIICHsI JETEePMiHOBAHOCTI JOCIIIKYyBaHOTO Tporecy abo
ONMM3BKOCTI JIaHOTO TpOLECY [0 BHIIAJKOBOTO. 3 ILBOTO
BUHMKJIA 33/1a4a 3aCTOCYBaHHS (PaKTaJbHUX HMOKA3HHKIB JI0
aHai3y YacoBUX psNiB, IO ONHUCYIOTh pe3yJIbTaTu
MOHITOPHUHT'Y TIPOLIECY TPAHCIIOPTYBaHHS IIPUPOIHOTO ra3y 1o
ra30TpaHCHOPTHIN CHCTEMI.

(bpaxranpHy
MOKa3HHK

OCKiNBKM  Ta30BHH TOTIK  OIHUCYETBCA  CYKYITHICTIO
mapameTpiB  ¢ismgHHX (BHTpaTa, THCK, TeMmIeparypa) i
(i3UKO-XIMIYHUX ~ BJIACTHBOCTEH (KOMIOHEHTHHH CKIag,
HIJTBHICTh, €HEPrOEMHICTh TOIIO), TO L€ 3aBJAHHS 3BOAUTHCS
bi (o) MOPiBHAHHS o0y IOBaHUX IHIMKATOPIiB 3
MyIbTH(QAKTOPHUME — MOKa3HHKaMu. Bouu  dopmyroTbes
KiJTbKOMa (ppakTaJIbHUMH IPOLETyPAMHU.

Po3risiHeMO pe3ysibTaTH YHCENBHOTO EKCIIEPUMEHTY, B
XOJi SIKOTO BUKOPHCTaHI AaHi mpo croxxuBaHHs rasy Ha ['PC
MEBHOTO  MAriCTPaJbHOTO  ra3ompoBOAY.  AHaNi3yBaBCs
yacoBuil psan nowxuHoro 8000 peamizamiii 3HaYeHb 0OCSTIB
CIIOKMBaHHS Ta3y UIOTOJIWHHU, HaBeleHWdH Ha puc.l. s
AQHANII30BAaHOTO psAxy OyB pO3paxoBaHUH Yy3araJbHCHUIl
HOKa3HUK Xepcra METOJIOM MyJIbTU(QPaKTAIBHOTO
JeTpeHioBanoro ¢guykryariinoro ananizy (MODA) [2].

6000 - 2]

5000 [ &
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1000

5000

1000 2000 3000 4000 6000 7000 8000 9000

Puc. 1 YacoBwuii psa gaHUX CHOXKUBAHHS MPUPOJHOTO Ta3y.

AHaiti3 9acoBOTO psmy, 300pakeHOTO Ha PUCYHKY |, mae
MOJKJIMBICTh CTBEPKYBATH NMPO HOTO HECTAI[iOHAPHICTbH, SIKa
00yMOBJICHA HAsBHICTIO HENIHIHHOTO TpeHAy (10, B CBOIO
4epry, Moxxe OyTH 00yMOBIICHa CE30HHUM YHHHUKOM).

Hactymamii kpok mepenbadae IpOBENCHHS —aHAI3y
¢aykryaniii psay BinmHocHO TpeHny. Ha puc. 2 HaBemeHmi
rpadik 3aJexXHOCTI IeTpeHJ0BaHO1 QIyKTyamiiHOi QyHKIIT

1N 2
Fan (1) = 37 2 [Y0) - (0]

BiX Ign_

Fluctuation function

0.22

02

logF

0.14 1 = 1

0.12

10° 10°

Puc. 2 3anexnicts Fgra(n).

Jnst 3HAXO/KEHHsI MMOKa3HUKa XepcTa pO3risiIaeThes
TITBKY IiIAHKA, OITM3bKa 1o JiHiiHoi, Tomy H =0.2.

OTpuMaHe 3HAYEHHS Y3araJbHEHOTO MOKa3HMKa Xepcra
h(q) ans Bcboro psmy mokasaHo Ha PHCYHKY 3.

1.4 T T T T T
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0 1 1 1 1 | 1 I ! 1

5 4 3 2 1 0 1 2 3 4 5
Puc. 3 I'pacix 3uauvens h(q)

Bemukuii  mepenman  3HadeHb  h(q) roBopuTh  HpO
MyJIbTH()PaAKTATBHICTD pany. IToka3Huk Xepcra

H=h(2)=0.2. Omke npouec aHTHIEPCUCTCHTHHii, TOOTO

KoedillieHT HWMOBIPHOCTI TOTO, IO PSX 3MIHUTH CBOIO
tenaenuio nopisaoe 1—0.2=0.8.

Hami po3i0’eMo wacoBHMil psj Ha TpPH IHTEpBaJM, IO
MOCHIIOBHO BiAITOBIZAIOTh TEHAEHINT HA 3MEHIIEHHS HassBHUX
3Ha4eHb, OLIBII CTAOUTBHIN MOBENIHII y cepelHhOMY Ta
TEHJEHIN] 3pOCTaHHA OOCSTIB CHOXXHWBaHHS (Il HAOYHO
BIJIIOBi1a€ TIOBEIHIN aHaTi30BaHKMX JaHUX Ha puc.l).

IIpoBenemMo QpakTtanpbHUil aHami3 B KOXHOMY 3 IIHX
IHTEepBaJIiB Ta 3HAWAEMO 3HAYCHHS y3araJlbHCHOTO IMOKa3HUKA
XepcTa It KOKHOTO OKpeMo (auB. puc 4 -9).
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Puc. 7 I'padix mapamerpa h(q) s CTaIiOHAPHOI TiITHKH

Ha wiif ginsHIi 3HaAYCHHS apaMeTpy h(2) =0.12.

h(2)=03.
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Puc. 9 Ilapamerp h(q) JULSL TUUTSTHKHA 301IBIICHHS CIIOXKUBAHHS Ia3zy

OOuncneHas A OUITHKA 301UIbIICHHS CIIOXKUBaHHS a3y

natots h(2)=0.27.

III. BUCHOBKU

Po3rnsHyTi 0COONMBOCTI (DpaKTaTBHOTO aHANi3y YaCOBHUX

PSZIiB CIIOXKMBaHHS MPUPOHOTO r'a3y BKa3ylOTh Ha HAsBHICTh
BJIACTUBOCTI 1X MYyJIbTH()PAKTAILHOCTI Ha TPbOX ALISHKAX
4acy CHOCTEPEKEHb.

Jnst BCIX 1UMX AUISTHOK BCTAHOBJIGHO aHTHIIEPCHCTEHTHHN

a00 eproAnvHUi XapakTep mpolecy 3MiH y uacoBomy psi. Lle

o3Havae,

o dKOo CucreMa JAEMOHCTPpYE 3pOCTaHHA B

MoTiepe/iHil mepioj, TO, MIBHIIIE 3a BCE, B HACTYIIHOMY
Mepioi MOYHEThCSA CHaj, 1 HaBmakdu. Takuid psag OimbIn
MIHJIUBHH, HI)K PSIJ] BUMIAJKOBHH, TaK SIK CKJIaJA€ThCS 3 YACTUX
peBepciB cra-TiIiom.

(1]

(2]
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Anomayia—3anponoHOBaHO BapiaHT Mojaesai JMHAMIKM 1Js
CHCTEMH KepyBaHHS BHPOOHHYO-30yTOBMM  TpOLECOM 3
YIOCKOHAJIEHUMH peryjasitopaMu Ha ocHoBi Internet-rexuouiorii
npouecy 360py indopmanii 11010 NONUTY HAa TOBAp, PAKTHYHMX i

O0axkaHux 3amaciB  Bcix piBHiB. 3anpomoHoBaHi pimeHHs
O03BOJIATh  MiABHINUTH  SIKICTb  KEPYBAaHHA  BHPOOHHYO-
30yTOBUMH npouecamMu 3a paxyHoK 3MeHIIeHHS

nepeperyJIiOBaHHs B yCiX JIJAHKAX CUCTEMH.

Abstract—A variant of the dynamics model for the production
and sales process management system with advanced regulators
based on Internet technology of the process of collecting
information on the demand for goods, actual and desired stocks
of all levels is proposed. The proposed solutions will improve the
quality of management of production and marketing processes by
reducing over-regulation in all parts of the system.

Knruosi cnosa—eupoonuuo-3oymosuii npoyec, Ounamika,
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I. BcTvi

[IIBuaKi 3MIiHM EKOHOMIYHHX 1 TEXHOJOTIYHHX YMOB, B
SKUX (YHKIIOHYIOTh Cy4acHi BUPOOHHYO-30yTOBI KOMIUIEKCH
BAMAraloTh BIONOBITHHX 3MiH B TEXHOJOTISX KEpyBaHHS
Humu. DyHKmii aBTOMaTM3amii KepyBaHHA BHPOOHHYO-
30yTOBHMU mporecaMu nepeadavaoTh iTepariitne
PO3B’sI3aHHS KOMIUIEKCY 3ajaad 300py iHdopmarii 11010
MONHUTY Ha TPOAYKIIO, MPOTHO3Y IIOA0 HOTo 3MiHH, CTaHy
migcucTeM BUPOOHWITBA Ta 30yTy, NPHUHHATTA pIIICHB,
¢opmyBaHHS Ta peamizalii kepyrounx BrumBiB [1-2]. Taki
3a1a4i  pO3B’SA3YIOTHCS 32 MHOXXHHOIO (DYHKI[IOHAIBHUX 1
BapTICHUX TIIOKa3HWKIB B YMOBaxX HEMOBHOI BH3HAY€HOCTI
JaHuX. MOXJIMBOCTI CyYacHOT OOYMCIIOBAIBHOI TEXHIKH
JIO3BOJISIIOTH X CHUIBHE PO3B’SI3aHHS, IO YMOXIIMBIIIOE
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CYTTEBE IOKpALICHHS SKOCTI YIPaBIiHCHKUX pileHb. [Ipu
IbOMY 3 YaciB CTBOPEHHS METOJOJIOTii CHCTEMHOI TUHAMIKH
JIx. ®doppecrepoM ofHIEO 3 TPOOIEM KepyBaHHS BUPOOHHYO-
30yTOBUMH  KOMIUIEKCAMH €  BH3HAUEHHS  BIUIUBY
OpraHizaniiHOT CTPYKTYpH ¥ NpaBWJI NPUIHATTS pilIeHb Ha
BUHUKHEHHA HeOaXaHWX SABHII Yy Tpoleci IXHBOTO
¢dbyHKIioHyBaHHS [3-4]. Bimomo, 1110 B HACTIIOK 3aIli3HIOBAHb,
SKi MaloTh Miclle Ha BCIX eTamax BHPOOHHY0-30yTOBOTO
npolecy, TEMIH BHPOOHUITBA MOXYTb 3MIHIOBaTHCH Y
3HaYHO OUTBIINX MeXaX, HDK (PAaKTHIHI TEeMIIH CIIOXKHBYHX
NOKynok. OJJHUM 3 OCHOBHHX (pakTOpiB HECTAOIIBHOCTI TaKNX
MIPOIIECIB € TEXHOJOTii (pOpMyBaHHS 3aMOBJIEHb Yy CHCTEMax
KEepyBaHHS HUMH.

MeToro JOCHIIDKEHHS € aHalli3 Ta yIOCKOHAJICHHS
TEXHOJIOTIT (OPMYBaHHsS 3aMOBJICHb Yy CHCTEMi KEpyBaHHS
BUPOOHHY0-30yTOBUMHU IPOLIECAMHU.

Il.  PE3YJIbTATH JOCJIJPKEHHS

OO0’eKTOM ~ JOCH/DKEHHSI € TEXHOJOris (OpMyBaHHS
3aMOBJICHb Y CHCTEMi KepyBaHHS TPUPIBHEBOIO BHUPOOHUYO-
30yTOBOIO CHCTEMOIO, sIKa CKIIaJaeThes 3 BHpoOHHuoi (BJI),
onrooi (OJI) Ta po3mpibHOi manok (PJI).

VY Kkimacw4HIif MoJeNni CHCTeMHOI TUHAMIKH (OpPMYBaHHS
3aMOBJIEHb 3IMCHIOETBCS y JIaHKaX pO3ApiOHOT TOpTiBii,
ONTOBOT TOPTiBII Ta 3aBOJACHKOIO CKIAAy 3 BHKOPHCTAHHAM
NPONOPLIHHKUX peryisropis [3, 4]:

tzr = pzr+ krzr[(jzr — fzr)+ (Jjuzr— fuzr)+(nzr— nnzr)] , Q)
tzo = pzo+ krzo[(jzo — fz0)+(juzo — fuzo)+(nzo— nnzo)] , (2)

jvp = pzp + krzp[( jzp - fzp) + (juzp — fuzp)+(nzp - nnzp)} , (3)

ne tzr, tzo - Temnu 3akymiBens B PJI i OJL; jvp - Gakanwuit
TEMIT BHUIYCKY MpOAyKuii; Pzr, pzO, Pzp - TeMOH IMOTOKIB
samosiens PJI, OJI i BJI; krzr, krzo, krzp - koedimienTtu
perymoBaHHs 3araciB i 3alMOBHEHHS KaHamiB; jZr, jzO, jzp -
Oaxani 3amacu TtoBapis; fzr, fzo, fzp - dakruuni 3amacu
TOBapiB; juzr, juzo, juzp - GaxkaHi piBHI 3aITOBHEHHS KaHAJIB
3abe3neueHHs; NZr, NZO, NZP - HEBUKOHAHI 3aMOBJICHHS; NNZI,
NNzo, NNZP - HOpMaJIbHI KJIKOCTI HEBUKOHAHUX 3aMOBJICHb.

Ha nmepmomy erami  yIOCKOHAJIECHHS  TEXHOJOTII
(dbopMyBaHHS 3aMOBJICHb y BCIX JIaHKaX 3aMiCTh PEryJsTOPiB
(1)-(3) BHUKOpUCTAEMO HCKPETHI aHAJIOrW MHPOIOPIIHHO-
IHTerpayibHO- U (epeHIiabHIX PEryJsiTopiB, 10 J03BOJTH
BHU3HAYATH TEMITH BHJadi 3aMOBJICHb 4Yepe3 PO30KHICTh Mik
O0a)kaHMMU Ta peaJbHUM 3HAYCHHSIM MOKa3HHUKIB CTaHy
npouecy:

t
tzr = pzr +Krxr - e, +k|RJ.eR(t)dt+kDR %, (4)
t
tzo = pzo+ero~eo+k,ojeo(t)d’t+|<DcJ %, ©)
t
jvp= pzp+erp'eP+kIPIeP(t)dt+kDP %* (6)

1e Kz, Kor Kior Koo Kips Kpp - Koedimientu s interpanbHoi
i mudepeHIianbHOI CKIIANOBOI  PEryssiTOpiB  po3apiOHOT,
ONTOBOI Ta BUPOOHUIOT JTAHOK;

e = (jzr,fZF)+(juzr7fuzr)+(nzrfnnzr) , (7
ey =(jzo— fz0)+(juzo— fuzo)+(nzo —nnzo), ©)
e =(jzp— fop)+(juzp — fuzp) +(nzp —nnzp). ©)

Bukopucranns perynsatopis  (4)-(9) nmemo migBumIye
00YHCITIOBANIbHY CKJIQIHICTh METOy (DOpMYBaHHS 3aMOBJICHb.
[Ipote ne m03BOJIIE 3MEHIUUTH IIEPEPETYITIOBaHHS TEMIIIB
BU/Ia4i 3aMOBJICHb 1 KOJIMBaHHS PIBHIB 3aIaciB y BCIX JIaHKax
CHCTEMH.

JlIsi  pakTUYHOTO BHMKOPUCTAHHS MOJENI JAWHAMIKA
BHPOOHNY0-30yTOBOI Tpomecy 3 perymstopamu (4)-(9) y
crcTeMax KepyBaHHS 3alpOIIOHOBAHO YJOCKOHAIUTU IPOLEC
300py iH(poOpMamii IIOZO TOTOYHOTO CTaHy CHCTEMH.
Peanizaniss mporecy 300py iHpopMaiii om0 TMONUTY Ha
TOBap, (aKkTHYHUX i OakaHUX 3aImaciB BCIX PiBHIB Ha OCHOBI
Internet-texuoutorii JIO3BOJISIE CYTTEBO 3MEHIINTH
3aIli3HIOBaHHS MPUUHATTA PIllIeHs MIOA0 3MiH TEMIIB BHIadi
3aMOBJICHb 1 ixHpOro mnepecwianHs. lle, B cBow uepry,
JIO3BOJISIE i IBUIIMTH SIKICTh KEPYBaHHS POLIECOM 33 PaxXyHOK
ajanTanii MoJeli Ha BU3HAUEHHUX TaKTaX KEPYBaHHS LUISIXOM
3MiHH TTapaMeTpiB PEryJsATOpiB Ha OCHOBI iH(opMarii momao
MOTOYHOTO 1 02)KAHOTO CTaHIB MPOIIECY.

VY pesympTaTi IOCHMKEHHS BHKOHAHO aHAJI3 KJIACHYHOT
iMiTamiiHOl ~ MOJeni  JUHAMIKA  BHPOOHHYO-30yTOBOTO
nponecy. 3 METOI BHUKOPHCTAaHHS i y CHCTEMaxX KepyBaHHSI
3aIpOIIOHOBAHO BapiaHT 11 yIOCKOHANEHHS, SIKMH mnepeabdauae
(opMyBaHHS 3aMOBJICHb y BCIiX JIaHKaX 3 BHKOPHCTAHHAM
MPONOPLIHHO-1HTErpaTbHO-TN(PEPEHIIIAIBHUX ~ PETYIISATOPIB.
Lle no3Boyisie BU3HAYATH TEMIIM BHJIa4i 3aMOBICHb Yepes
pO30ODKHICTE MDK Oa)kaHWMH Ta peajJbHUM 3HAYCHHIM
NOKa3HUKIB cTaHy Tpolecy. 3ampormoHoBaHa Internet-
TEXHOJIOTIsl TIpoiiecy 300py iH(opmarii I0g0 MONHUTy Ha
ToBap, (pakTHYHMX i Oa)KaHWX 3araciB BCIX PiBHIB JO3BOJISE
CYTTEBO 3MEHIIMTH 3aIli3HIOBAHHS NMPHUHHSATTS PIlIEHb I0J0
3MiH TEMITiB BHJadi 3aMOBICHb 1 IXHBOTO IIEPECHIIAHHS.
3anpornoHoBaHi  PIllICHHS TO3BOJSTH MIJABHIUTH  SKICTh
KepyBaHHS BUPOOHHYO-30yTOBHMH MpOLECAMU 33 PaxyHOK
3MEHILCHH IepePeryII0BaHHs B YCiX JIAHKaX CUCTEMH.
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Abstract—The issues of creation and functioning of the
Ekoflex Information Monitoring System intended for accounting
and forecasting values the consumption of energy resources of
the enterprise, have been considered. A description of the system
architecture and its software content has been given. A common
digital network for centralized data collection and processing has
been developed. The energy consumption of the enterprise can be
monitored from any device anywhere in the world through a
cloud web interface and a mobile interface. The gas (flow)
consumption forecasting module takes into account several
external factors (exogenous variables) and the structural specifics
of the enterprise.

Keywords—information system, forecasting, modeling, data
collection and processing, software content

I. INTRODUCTION

The efficiency of the functioning of an industrial enterprise
directly depends on the resources available to it, first of all,
energy carriers: gas, water, electricity, chemicals, etc. The
transition to energy markets and the dependence of the
resulting cost of energy resources not only on the volumes of
their consumption, but also on the difference between the
declared (planned/predicted) and actual volumes of their
consumption at a given time interval [0,T] led to the fact that
the task of monitoring (control, accounting, analysis, and
forecasting) the costs of energy resources of the enterprise is
becoming extremely relevant. A systematic solution to this
problem by creating an information and analytical system for
monitoring the energy resources of an enterprise (IASMERE)
allows not only to reduce direct costs for energy resources, but
also to control parameters, such as the equipment operability,
its shock-absorber characteristics, frequency of its renewal and
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Dmitrij Kostarev
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modernization, environmental and hygienic indicators, the
product quality, etc.

Il. RESEARH OBJECTIVE

The problems of control and accounting of energy
resources of the enterprise are solved by technical means of
control and accounting of energy resources, while the analysis
of current and forecasting of future volumes of energy
consumption is possible only on the basis of methods of
mathematical statistics and mathematical models of
interconnected non-stationary random processes. It is known
[1, 2] that the processes of energy consumption are random
processes with a complex correlation structure, depending on
the type of an enterprise and three main groups of factors:

« chronological (time-of-year, month, day of the week,
hours of the day);

» meteorological (ambient temperature, wind speed and
direction, air humidity, etc.);

« organizational  (scheduled
technological equipment, etc.).

switching  on/off  of

The complex influence of these factors on the processes of
energy resource consumption and the random nature of a
number of these factors led to the fact that, as a rule, these
processes are non-uniform non-stationary random processes.

The influence of chronological factors on energy
consumption processes result in the appearance of
polyharmonic trends in them, the nature of which is
determined by the cycling of technological processes.
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The influence of the ambient temperature, as well as the
speed and direction of the wind, led to the appearance of
polynomial trends in the processes of energy consumption,
caused by changes in meteorological conditions. Changes in
consumption volumes, for example, of natural gas in relation
to changes in meteorological conditions always occur with a
certain time delay due to the inertia of the heat exchange
processes of the heated buildings and structures of the
enterprise with the environment.

The influence of organizational factors on the processes of
consumption of energy resources result in a violation of the
homogeneity of these processes and a sharp change in the
dynamic properties of these processes.

The complex influence of unobservable and uncontrolled
factors on the energy consumption processes gives rise to the
appearance of stochastic trends in them.

I1l. RESULTS

Developed by Ekoflex IASMERE solves the problems of
monitoring the consumption of energy resources, carries out
their automated collection, accounting, storage, and provides
analytical information both for the entire enterprise and for its
individual divisions.

IASMERE provides the integration of all enterprise
resource meters into a common digital network for centralized
data collection and processing. The ability to control the
energy consumption of the enterprise from any device
anywhere in the world is provided through a cloud web
interface and a mobile interface—it is enough to have an
Internet connection and to be a registered user in the system
with the appropriate access to the archive of data on resource
consumption at the enterprise with varying degrees of detail.

Customer’s side installation

Data from all flow meters are collected in a single
storage—in a database installed on the server. The system
collects and processes data around the clock. Average and
current indicators are available to users for viewing via the
Internet at any time of the day. The server performs the
function of notification when the instantaneous consumption
of a resource exceeds the threshold set. In such situations, the
users specified in the system will receive an email. During
normal operation, no manual action is required by the
operating personnel.

It is possible to add additional data acquisition devices
working with different parameters. The system allows
generating reports, in accordance with certain specified
criteria and the ability to automatically send them to
responsible persons. IASMERE is geo-referenced with the
ability to view the enterprise plan with applied equipment and
meters at the installation sites, which provides additional
information for various enterprise services about metering
points, communications and allows to more -efficiently
building the energy balance in the context of workshops,
sections, equipment units that are displayed on map. One can
also carry out an online search for objects on the map, solving
the direct and inverse problem of GIS systems. Moreover,
IASMERE provides the possibility of operational control and
further analysis of resource costs for certain production
operations (both regular and irregular), the ability to obtain
various types of reports that allow analysis and identification
of the most resource-intensive production areas and/or
technological operations in order to further optimization.

For data collection, special pulse counting devices are
used. Up to 8 flow meters can be connected to one such
collecting device and remote collecting devices will be
connected by the RS-485 serial bus (fig. 1).

Web-interface of system
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Fig. 1. Common structure of monitoring system "Ecoflex"
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The data collectors are connected to the server via the
same serial line. A specially developed program is constantly
running on the server, which constantly inquires all collection
devices and stores the data in the storage. The data collector
itself does not store data but transmits it to the server for
processing.

The controller is a microprocessor-based circuit that
performs two main functions—counting pulses from meters
and communication via a digital line [3].

Ekoflex IASMERE allows:

— to shape the balance of energy resources of the enterprise
in real time;

— to analyze the specific cost of energy resources per unit
of production for individual structural divisions of the
enterprise (workshops, areas, pieces of equipment, etc.);

— to maintain constant data of certain resources in critical
areas of production (for example, on humidity and temperature
in cold stores);

— to analyze the depreciation of the equipment (for
example, engine hours) and to inform about the need for its
modernization and replacement;

— to create and to integrate local control systems into a
single “cloud” information space for the purposes of
accounting for consumption and distribution of resources (for
example, electricity, steam, gas, humidity temperature,
equipment operating time, etc.);

— to provide online access to information on energy
consumption for various categories of users and to instantly
inform about deviations from the set limits of resource
consumption and values of temperature, humidity, as well as
the need for maintenance of one or another equipment
connected to the system.

One of the main tasks solved in Ekoflex IASMERE [4] is
the task of predicting the consumption of all types of energy
resources of the enterprise based on data collected for previous
periods and predicted data on changes in external factors
(manufacturing parameters, temperature and humidity in the
premises of the enterprise, during the external environment,
etc.).

The results of the system analysis of modern methods of
forecasting energy resources, the study of physical
characteristics and the nature of their relationships with
external factors have shown that the most adequate models of
energy consumption processes can be obtained in the class of
linear discrete stochastic models of the form:

@, (B*)D3 (B%)...®) (B™)

Yi = 2Vi(B)Fi + Via(B)a (M
ieM .

where Y, — the value of the consumption process of the

analyzed type of energy resource at time t (t=12,...);

V,(B), ieM - the operator of a linear discrete transfer

function, connecting the process of energy resource
consumption Y, with the i-th meteorological or organizational

factor Feo M=@12,...m) —a variety of meteorological and
organizational factors F,, influencing the process Y,;
V.,.,(B) — an operator of a linear discrete transfer function,
linking the process Y, with chronological factors; a, — the
residual model error.

In order to take into account the relation of energy
resources with meteorological and organizational factors, it is

most expedient to use the class of linear discrete transfer
functions with a rational structure of the form:

Vi = Vi(B)F =5;*(B);(B)B"Fy, ieM, (@

where Y, — the component of the process Y, associated with
the i-th  meteorological or organizational factor,
;(B) = (g — 0B ..~ 0iB4): §(B) =(1-8;B~..5,;B")
— polynomials in B degrees r;, c;; B — backward shift

operator BDi Fi =F; —b;; b; —the delay factor y; and F;,
which can take values 0,1, 2, ....

If the influence of all meteorological and organizational
factors on the process is eliminated, then the process
determined by the equation

Ymirt = Yt = .ZMSi_l(B)(’)i (B)B"'F; @)
le

is associated only with chronological factors. The nature of the
influence of chronological factors on the volume of energy
consumption is much more complicated. The influence of
these factors leads to the appearance of periodic components
with random parameters, as well as deterministic or stochastic
trends, reflecting the general trend of increasing (decreasing)
natural gas consumption, in the processes under consideration.

An adequate description of such a process structure is
possible in the class of multiplicative autoregression models—
an integrated moving average (ARIMA) of the form:

n a 3 Di n —
...(Dpn(BS”)VglvsDz ---Vsj VSDn Ymae =

(4)

=0, +0, (B%)6: (B%)...6) (B™)...6; (B™)a,,
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where je N , N :{1, 2,..., n} — a set of periodic process

components y . .; Sj — the period of the j-th periodic

component and S; =1 ; Vg — simplifying operator defined
]

as Vg_j =(1-B*H"i; D; — the order of taking the j-th
]

difference;

ol (B%)=(1-0/B% - 0B - -0l B"®) (5)
Pj 1 2 Pj

. Si . -
— polynomials B™' in degrees Pj, determining the
autoregressive component sj of the periodic component;

6}, (B%)=(-0{B> -0}B™ —..—0] BY) (©)

— polynomials B in degrees qj which correspond to the Sj

moving average components of the periodic component;
a; — the residual model error; 8, —a common constant.

If VjeN, Dj =0, then model (4) describes the class of

linear stationary processes. If 3 k € N suchas D, # 0, then

model (4) allows one to obtain an adequate description of
homogeneous non-stationary processes, for which taking all
D, =0 differences transforms them into a stationary
reversible process. If D; > 0, then model (4) describes a non-

stationary process containing a polynomial trend of the degree
D, -1.

If 6, =0, then model (4) allows describing random

processes with stochastic trends, i.e. with a random level or
slope. If 6, # 0, then model (4) corresponds to the processes

containing deterministic trends.

The mathematical model (1), which adequately describes
the real processes of consumption of various types of energy
resources of the enterprise, is obtained by solving the
problems of structural identification, rough and accurate

estimation of the model parameters, followed by checking the
correlation value of the residual model errors a,. For an

adequate model, the values of the residual model errors are
practically not correlated with each other and with the values
Fe.leM.

Model (1) allows us to calculate the forecast of future
volumes of energy consumption with a given lead in the form
of a conditional mathematical expectation. Moreover, for each
forecast value, its upper and lower confidence limits of the
forecast, in which, with a given probability, the actual value of
the volume of consumption of the predicted type of energy
resource will be located, are calculated. The use of model (1)
makes it possible to adequately describe almost all types of
energy resources of the enterprise, and the variance of forecast
errors approaches a practically achievable minimum within the
framework of the correlation theory of random processes.

IVV. CONCLUSIONS

Developed Ekoflex IASMERE allows for centralized data
collection in a cloud architecture, automatic data processing,
and provision of results of both direct data collection (in
digital, tabular, and graphical form) and forecasting data—
with the possibility of further data export to other external
systems (MSExcel, XML, 1C).

Ekoflex IASMERE with this forecasting module can be
used at many enterprises to estimate and to predict energy
costs and, as a result, it can be one of the important tools in the
complex of the enterprise energy efficiency.
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Measuring and Computing Complex of the
Automated Electricity Metering System
Pomenergy/E7

lhor Sokorchuk
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Kharkiv National University of Radio Electronics

Kharkiv, Ukraine
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Anomayin—po3rasiaaeTres BHMIpPIOBAJILHO-004H CJTI0- eHeprii 3 NpHENHAHOIO MOTYXHICTIO moHax 150 kBT abo
BAJNbHUI  KOMILUIEKC AaBTOMATHU30BaHOI  CHCTEMH  OOJIKY CepeHHiM cnoxuBaHHsAM Big 50 MBt1*rox Ha micsub TOBUHHI
eHepropecypciB  Pomenergy/E7, nobynoBanmii Ha  Oasi BeCTH  OONIK  eIeKTpUYHOi  eHeprii 3  JONOMOTOI0

Binkputoro UNIX-cymicHoro mnporpaMHoro 3a0e3lne4YeHHs.
OnucywThess apxiTekTypa Ta 0yaoBa HbOro KOMILIEKCY. Y
KOMILJIEKCI BHKOPHUCTOBYETHCH pillleHHSI 3 KJII€HT-CEPBEPHOI0
apXiTeKTYpOI0 3 «TOBCTUMHM KJI€HTAMW» HA POOOYHX CTAHIIfAX.
Bxa3aHo nmepeBaru Takoro pileHHs. T

aBTOMAaTU30BAHUX CUCTEM KOMEpLIiHOTOo 00Ky
enektpoeHeprii (ACKOE) abo sokaapbHOro YCTaTKyBaHHS
300py Ta 06pobku nanux (JIY30/).

OCHOBHA YACTHHA

Abstract—The measuring and computing complex of the Jns ACKOE Ha ceorogHi Moxe OyTH BHKOPHCTaHE
automated energy accounting system Pomenergy / E7, based on  mporpamne 3a0e3neueHHs 3 BiIKDUTHM BHUXiJHUM KOJOM
open UNIX-compatible software, is considered. The architecture (Open Source). BuMipioBanbHO-0GUHCTIOBATBHAN KOMILIEKC
and structure of this complex are described. The complex uses a ABTOMATH30BAHOL CHCTEMH 06Ky eHepropecypcis

solution with a client-server architecture with "rich clients on P .
- - N omenergy/E7 moOymoBaHuii 3 BHKOPHCTAHHSIM TaKOTO
workstations. The advantages of such a solution are indicated. . .
mporpaMHOTO  3a0e3nedeHHs. BiH Mae KIi€HT-CEpBEpPHY
apXiTeKTypy 1 CKJIAmaeTbcsl i3 miacucTeM: 300py JaHWX,
00poOkm JaHmx, 30epekeHHS JaHWX, OOMIHY JaHUMHU,
BiI0OpakeHHS JaHUX Ta TeHepaIlii 3BITHOI JOKyMEHTAIlii.

Kniouoei cnoea—ACKOE; mosecmuit knienm;
Keywords—Automated Electricity Metering System; rich client
l. Betvn KOMIIOHEHTH B3a€MOJIFOTE MK COGOI0 3 BUKOPHUCTAHHIM

Ognmicro i3 akTyanbHHX 3alad Ha ChOTOAHI € OOINK HPOTQKQHiB TCP/IP, HTTPS, SMTP, POP3, SSH Ta
eHepropecypciB. B Vkpaiui, yci cnoxuBadi eneKTpHYHOT crenianizoBanoro nporokony YIIIJB.
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KopucryBadi B3a€MOIIIOTh 3 CHUCTEMOIO y PEXHMi BeO
pocrymy. Cucrema Mae MOAyinbHY OYyZOBY Ta CTaHOBHTb
co00f0 CYKYITHICTh MpPOTPAMHUX MOZIYIIB, SIKi YTBOPIOIOTH
(YHKIIOHAJIBHO LIUTICHY CUCTEMY.

Ha pucynky 1 HaBenmeHo nmiarpaMmy pO3TrOpTaHHS IIHOTO
KOMIIJIEKCY.

NiYNIBEHWKWN

APM KOpUCTYBa4a eneKTpoeHepril eNeKTpUH4HOI eHeprii

Beb Gpaysep

Beb6 Gpayzep

APM BMQOEHMKB enekTpoeHeprii

HTTPS

MowToswni cepeep

POP3/SMTP

NiYUNEHWUKKN
eneKTpUYHOI eHepril

3
SSUTLS LCPMP | Cepsep sactocynxis E7/DB
HTTPS SS5LTLS
DLMS/COSEM POP3 HTTPS
SMTP
SSL/TLS o
SMTP ACKOE
nyso Internet Fromenergy/e? TcpAP
Maria DB
TCP/IP Mepexesnii
eKpaH
E7/SES Simulator
TCP/IP

ACKOE

{RS422/

TCPfIP

Ni4nnbHUKK
ENeKTpHUHHOI eHeprii

X

{R5422/R5485} DLMS/COSEM

Cepeep 36opy naHux

ACKOE
Promenergy/E7

TCP/IP

TCP/IP
S5L/TLS
HTTPS
POP3
SMTP
MakeTwn

TCPfIP
HTTPS

E7PathFinding
E7/Transportation

G5M modem '

.
GSM modem

DLMS/COSEM

MoBinbHa
GsM
Mepexa

TCP/IP

TCP/IP

Cepsep Ba3n paHux

485}
Beb cepaep
PILTACL ALY ACKOE
enekKTpU4HCT eHepril — Apache
Puc. 1 — Jliarpama posropranas ACKOE Promenergy/E7
Ho cxiany Promenergy/E7 BXoasTs: [lizcucTeMn BCTAHOBIIOIOTBCS Ha KOMI'FOTEPH, IO

— IIpoTpaMHi MOAYINI 3YATYBaHHS MJaHUX 13 MPUCTPOIB

00JIiKy eJNeKTPUYHOI eHeprii;

— MporpaMHi MOy 0OpOOKH NEPBUHHUX JIAHHX;

— IIporpaMHi MOAYJIi BeIeHHS 0a3 JaHuX;

— MpOTpaMHi MOy aMiHICTpYBaHHs 0a3 1aHUX;

— TIporpaMHi Moyt opMyBaHHS 3BITiB,;

— IIPOTpaMHi MOAYJIi €KCTIOPTY, IMIOPTY JaHHX;

— IIpOTpaMHi MOAYJIi KEpyBaHHSI POOOTOIO.

Jna 30epekeHHS TaHWX BHKOPHCTOBYETHCS pellliiiHa

0a3a maHux.

BIJIITOBITA€ TAKUM BUMOTaM:

Cucremue nporpamHe 3a0€e3eueHHS

— onepariitia cucrema — GNU/Linux y ckmapi:

— sapo GNU/Linux;

— KOMaHAHUH iHTeprperarop bash;

— CITy’k0a epioTMIHOTO 3aITyCKy IPOIIECiB cron;

— cyx0a BeneHHs 00Ky syslog;

— cyx0a BignaneHoro noctymny sshd;

— yrunity: chat, date, mdSsum, tar, gzip, find;
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— CUCTeMHI YTWIITH Ta CHUCTEMHI CIy)KOM HEOOXimHi IJIs
poboTn omepamiitroi cuctemu: ifconfig, route, iptables, udev,
upsd Tormo.

— CYB/Jl — MariaDB;
— Beb-cyx6a — Apache.

JlokanmpHi  aBTOMartM30BaHi  poboui wmicus (APM)

HiATPUMYIOTBCSL Ha 0a3i apXiTEeKTypH 3 «TOBCTHM KIIIEHTOMY
[1] (fat, rich client).

VY NOpiBHSHHS 13 apXiTEKTYpHUM DILIEHHSM i3 OKPEMHMH
ABTOHOMHHMH POOOYHMMH CTaHISIMH, [I¢ PIilIEHHS Ma€ Taki
nepeBaru:

— IIEHTpai30BaHe
KOMILIEKCY;

aZMiHICTPYBaHHS MIPOTPAMHOTO

— CHpOILeHe 00CITyrOBYBaHHS IIPOrPAaMHOTO 3a0e3IIeUeHHS
Ha poOOYMX MiCIISIX;

— MEHIIIA BapTIiCTh alapaTHOr0 YCTaTKyBaHHS;

— MeHIa Baprictb [13;

— LIeHTpasIi30BaHe 30epexeHHs iHpopMallii;

— MiBUIIECHA HAIHICTh 30epeKeHHs iHpOpMaIIii.

Y mNOpiBHSHHI 13 KIII€HT-CEPBEPHOIO apXITEKTYPOIO 13
«TOHKUM KitieHTOM» [2] (thin client) 3anponioHOBaHe pillIeHHS
Mae Taki nepeBaru:

— 3HAYHO MEHILIC HABAHTa)KCHHS Ha MEPEXKY;

—3HAYHO MEHII BHMOTH JO0 OOYHCIIOBAIbHUX PECypCiB
cepBepiB;

— 3HA4YHO
CTaHIIN.

Kpalle BUKOPHCTaHHS pecypciB  poOoumx

VY mpomy pasi, Ha PoOOYMX MICISIX BHKOPHCTOBYIOTHCS
0e3aucKkoBi  pobGoui  cTaHIii 31 30UTBIIEHUM  OOCSITOM
OTepaTUBHOI MaM'dATi, SKi MATPUMYIOTh 3aBaHTAXEHHS i3
Mepexi 3a nporokonom PXE .

Jlist 3aBaHTaXXeHHS pOOOYMX CTAHIIH, y JOKAIBHIH MepeKi
BCTAHOBJIIOETHCSL OJMH a00 OUIbIE CepBepiB, IO HANAIOTh
KITIIEHTaM TaKi CepBiCH:

—3aBaHTAXEHHS Ha poOOYi cTaHLil 3aBaHTaXyBada
omepauiitnoi cuctemu (boot loader) — dhepd, tftpd, pxelinux;

—3aBaHTAXCHHA Ha pobodi CTaHIMii sapa omepariiHoi
cucreMu (vmlinuz) Ta KoOpeHeBoro o0Opazy aiioBoi
cucremub (initrd) i3 6azoBum cucremuum I13 — tftpd;

— HaJIAIITYBaHHS OIEpamiiHOl CHCTEeMH Ha pPoOOYnX
crannisx — dhepd, xirieHTChKi ckpunTH bash;

— 3aBaHTaXCHHs poOodoro obpasy ¢aitoBoi cucremu i3
npuknagaum I13 — ftpd, httpd;

— moctyn 10 poaatkosoro I13 ta gqanux — nfsd;

— JIOCTYI JI0 IIEHTPai30BaHOrO CXOBHMINA JaHuX — Sshd,
fuse.

Le#t  xommimekc Oyno  BBEIEHO B MPOMHUCIOBY
SKCIUTyaTalliio i BiH YCIIIIHO eKCILIYaTYEThCS TPUBAIUI Yac.
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ImiTamiitna Moaens Bupo0Oitky Enexktpruunoi Eneprii
ConsauHor EnekrpocTaHiiero

Irop Cokopuyk
Kadeapa mporpaMHoOi iHKeHepii
XapKiBCHKUH HAIlIOHAIEHUH YHIBEPCUTET PaliOCIeKTPOHIKI
XapkiB, Ykpaina
ihor.sokorchuk@nure.ua

Simulation Model of Electricity Generation from a
Solar Power Plant

Ihor Sokorchuk
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Kharkiv, Ukraine
ihor.sokorchuk@nure.ua

Anomayin—po3risiHyTo imMiTauiiiny MozesTh AJIst MoTped pi3HUX TPYNI CHOXMBAdiB y 00CArax CIOKHBAHOI
NPOrHO3YBaHHA  00CAriB  BHPOGITKY eJ1eKTPHYHOI  eHepril eHeprii.
COHAYHOIO eJleKTpOCTaHIIiCIO, OIMMCAHO pe3yJbTaTH TaKoro
MoJe/TI0BAHHS. Il.  MOJEJI HOTYKHOCTI COHSTYHOI EJIEKTPOCTAHIIIT
Abstract-the simulation model for forecasting of electricity Ilepmr 3a BCe HEOOXiAHO PO3MISHYTH XapakTep 3MiH
generation on a solar power plant is considered, the results of MOTYHOCTI COHSYHOI €JEKTPOCTAaHINI MpOTATOM 100H, sKi
such modeling are described. 00yMOBIIOIOTBCS  reorpadiuHUMK  Ta  METEOPOJIOTIYHHUMHE

. . . 0COOJIMBOCTSIMH MICIISI 11 pO3TaIllyBaHHS.
Knrouosi C106A—COHAYHA CIeKMpPOCmanylis, sup061m01<

efleKmpuynoi enepzii; imimauyiiine MoOen06annsL. Ha puc.1 HaBemeHo rpadix 3MiHM HOTYXXHOCTI
Keywords—solar power plant; electricity generation; simulation CIIEKTPOCTAHILi MPOTATOM 100H, H06YHOBa}.Mﬁ Ha OCHOBI
modeling. JaHUX, OTPUMAHUX Ha II0YaTKy BECHHU 13 BBEACHOI Y
NPOMHCIIOBY ~ eKCIUTyaTalmito y M. XapKiB  COHSYHOL
I.BCTyn €JIEKTPOCTAHIIITi MAKCUMAJIBHOO TIOTYKHICTIO 25 KBT.
BukopucranHsi eHeprii BiTHOBIIIOBaHHUX JDKEpeEIl MOTpedye 2 ‘ ‘ _
perenbHOT yBaru 3aBAsKH CHPSMOBAHOCTI Ha 30epeKeHHs Croxmsans

BUKOIIHMX CHEPrOHOCIIB Ta JOBKIUIA, IO BIAMOBIAAE I[iIAM
crasoro po3BuTky OOH. O6csaru BUpOOITKY Ta CIOXKHBAaHHS
eNeKTpUYHOi eHeprii coHsuHor0 enekrpoctannieio (CEC)
MaloTh BHpaXeHy mnepioguyHicTs. OuH i3 TepiomiB Mae
CEe30HHMH XapakTep. MaloTh Miclie TAaKOK 3Ha4YHI KOJIMBAHHS B
oOcsirax BHPOOITKY Ta CHOXXHMBaHHS €JIEKTPUYHOI eHeprii 3
nepiogamMu 24 rogumHM Ta 7 ni6. Takox, crocrepiraroTbes
3MiHM Y 1 BHUpPOOITKY Ta CIIOKMBaHHI, MOB's3aHi 31 3MiHOIO

EnekTpHuHa eHeprin, KBT*roa

cepeHb01000BOT TEMIIEpaTypH Ta PiBHS XMapHOCTI. st

OTxe, OnHIEID 3 0COONMBOCTEH THpolecy NPHUHHATTS
pillieHb MO0 TUTAHYBaHHS OOCSTIB TMOCTABOK EINEKTPUIHOL ;E E[E oL
eHeprii € HeoOXiaHICTh ypaxyBaHHs MUKIYHOCTI MPOLECIB il %o B 10 15 n =
BUPOOITKY 1 CHOKHBAHHA NPOTArOM 00U Ta MOBTOPKOBAHOCTI roaser (52 a0ty 27.03.2020 pecy)
MPOTATOM OLJTBII TPUBAJIOTO Yacy, IO MOB’sI3aHO 31 3MiHAMU Puc. 1 — 3MiHa MOTYXHOCTi COHSIYHOT €JICKTPOCTAHIIIi IPOTATOM 100U
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I'padix memMoHCTpye HOBONI KOPOTKMH BiAPI30K dacy,
MIPOTATOM SIKOTO BUPOOITOK €JIeKTpOeHeprii qocTtaTHid s ii
MOCTa4YaHHs 10 po3nofimbuoi Mepexi. JloBKMHA Takoro
BIPI3KY [UIA TIEBHOI MiCIEBOCTI 3aJ€XHUTh Bil IOTOTHIX
YMOB, HalO1IbIIIOI0 OyBa€ BIITKY, HAHMEHIIIOIO — B3UMKY.

3wmina mortyxHocTi 1i€i CEC mpoTsAroM OHOTO Micsis
NOKa3aHa Ha PUCYHKY 2.

BurpobiTok

'.' "' “‘\V

B

15
0 = /////////// 10 FoauHun

[Hi (3 01.09.2020) 25 30

EnekTpyyHa eHepris, KBT*roa

Puc. 2 — 3MiHa MOTYKHOCTI COHSYHOT IEKTPOCTAHIIT IPOTATOM MiCSIIst

ILle mo3BONs€ WPUIYCTHTH, MO IMITaliifHA MOJIENb
BupoOiTKy enextpuuHoi eneprii CEC, ska 3abe3neuye
JIOCTAaTHIO UIsI ONEPATHBHOTO IUIAHYBAaHHS TOYHICTH, MOXKE
OyTH MpencTaBlicHa Y BUTIISAL MPOCTOI MATEMATHYHOT MOJEII,
0 OIHUCYE BHPOOITOK EIEKTPUYHOI CHEprii COHSIYHOIO
CNIEKTPOCTAHIIIEID Yy 3QJICKHOCTI BIJ CTYIEHS 1HCOJAINT
OpOTSTOM J00M Ta 3MIHM pIBHSA IHCONAIII Yy HACTiIOK
XMapHOCTI, y TAKOMY BHUTJIAI:

P(t) = (kg - sin(kyt + k3) + kg - sin(ks't + kg)) - k7 - (t - tp), (1)

P(t) =0, sxmo P(t) <O0;

nme: k; — makcumansna motyxHicth CEC; k, — TpuBamicth
nobu; k3 — 3MilneHHs: cTyneHs iHcousiii y 4Yaci mpoTsrom
mobu; k, — 3MiHa pIiBHSA IHCONAIII MPOTATOM pOKY; Ks —
TPUBANICTb POKY; Ks — 3MillleHHs CTYHEHs iHCOJsil y waci
npoTsiroM poky; k; — 3mina moryxHocti CEC Big xmMapHOCTI;
t — gac; to — MoYATOK Mepioay IMITAIIIHHOTO MOJICITFOBAHHS.

Jnst minTBepDKeHHS LBOTO INPHIYIICHHS, IPOBEICHO
JIOCHI/DKEHHST  JAaHUX 13  COHSYHOI  eJeKTpocTaHuii 3
JIOIIOMOTO0 METOJIIB CIIEKTPaIBbHOTO aHATI3Y.

Ha ocHOBIi gaHuX, OTpUMaHUX 3 COHSYHOI €NEKTPOCTaHII1,
3a JOTMIOMOTOI0 JUCKPETHOIro nepeTBopeHHs Pyp'e BU3HAUECHO
rapMoHilHI ckiagoBi. Ha pucyHky 3 HaBeneHO OTpUMaHy
aMIDTITYHO-9aCTOTHY XapaKTePUCTUKY MOTYKHOCTI COHSIYHOT
€JIeKTPOCTAHIII.

L[s aMIutiTY/JHA-4aCTOTHA XapaKTEPHCTHKA IIATBEPIKYE
NPUCYTHICTh Y 3MiHI TOTY)XKHOCTi, T€HEPOBAHOI COHSIYHOIO
€JIeKTPOCTAHIII€I0, 3HAYHWX TapMOHIHHUX CKJIAQJAOBUX 1
JI03BOJISIE TTOOYyBaTH IMITALIHY MOJIENb, IO ONHCYE 00CATH
BHUPOOITKY €IEeKTPHYHOI €Heprii COHAYHOIO €IEKTPOCTAHIIIEI0
3 OUIBIIOI0 TOYHICTIO.

VY Takiii imiTauiiiHii Mozgexi 3MiHA MOTYXHOCTI COHSYHOT
€JIeKTPOCTAHINI  MpOTAroM  J0OM  OMHCYETHCS  CYMOIO
BU3HAYCHUX 3a JOIOMOIOI0 CIEKTPalbHOIO aHaji3y IaHHX
TapMOHIYHHX CKIIAZIOBHX.

Wl sqrt(Sxx)
W 5xx

0.000 0.025 0.050 0.075

f [mHz]

Puc. 3. — AMIiTyAHa-9acTOTHA XapakTepucTHka 3MiHu notyxHocti CEC

0.100 0.125

Jns BU3HAuUCHHS MapaMeTpiB OMUCAHUX IMIiTamiiHUX
Mo/Iesiell 3apOIIOHOBAaHO BUKOPUCTOBYBATH TaKHH aJlTOPUTM:

Kpok 1. OtpumaTu naHi mpo BHUPOOITOK €IeKTpOeHepril
CEC 3a BCTaHOBIICHHI TIOTIEPEIHIH TIepioN y KiJibKa Ji0.

Kpok 2. 3 pmomomororo Meromy JliHIMHOI  perpecii
noOyayBaTH MOJENb BHPOOITKY IUIi KOXHOI IONeperHbol
J106u.

Kpok 3. I3 orpumanux mapamerpiB JiHiiHOT perpecii, ajs
KOXHOI MonepeaHboi A06H, 3 JOMOMOIOK METOXY JiHiiHOi
perpecii, OTpUMaTH MPOTHO30BaHI MapaMeTpu IMiTaI(iitHOT
MOJIeJTi Ha HACTYIHY J00Y.

Kpok 4. IlobynyBatu imiTauiiiHy Mojenb JHS HACTYIHOT
o0u 1 obuncnuTH rpadik BUPOOITKY eIeKTpOeHeprii Ha IIto
n00y.

3a pe3ympTaTaMH JOCIHIIDKEHb CTBOPEHO IPOTPaMHY
peaizawito iMiTaLiitHOT MO COHAYHOT eNeKTPOCTaHIIT IS
PO3IIMPEHHS  MOXJIMBOCTEH  aBTOMATH30BaHOI  CHUCTEMH
KOMEpLIHHOro 00Ky eJeKTPU4HOi eHepril 10JaTKOBHUMH
(GYHKIISIMH TIPOTHO3YBAHHS BHPOOITKY ENEKTPUYHOI eHeprii
COHSIYHOIO eJIEKTPOCTaHIlie€r0. Y Mojeni OyiaM BHKOpPHCTaHI
nporpamii 3acobu «BOK ACOE Promenergy/E7» [1].

s mepeBipku poOOTH 1i€i MOENi, BUKOPUCTOBYBATHCS
JlaHi OTPUMaHi 3 COHSIYHOI €NEKTPOCTaHLii BCTAHOBIECHOI Yy
MicTi Xapkosi 3a mepioz 3 1 ciuns go 1 muctomama 2020 poky.
OTpuMaHi  pe3yJpTaTH IOKa3alM, M0 3alpoloHOBaHa
iMiTamiiina MOJCb MOXKE 3a0€3IeYUTH TOYHICTh
NPOTHO3YBaHHA, IOCTATHIO JUIS ONEPAaTHBHOTO IUIAHYBaHHS
o0csTiB  BUPOOITKY  €JNEKTPUYHOI  €Heprii  COHSYHOIO
€JIEKTPOCTAHIIIETO.

JIITEPATYPA REFERENCES

[1] Coxopuyx I II. Kowmm'torepna nporpama «BumiproBanbHO-
00YMCITIOBAJIBHUI ~ KOMIUIEKC ~ AaBTOMAaTH30BaHOI  CHUCTEMH  OOJIKY
eHepropecypciB  Promenergy/E7»,  cBimouTtBo mpo  peecTpaiito
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Anomauia—Yy uiii crati po3rVIsIHYTI mpodJeMH NpHU
BINPOBA/XKeHHI  00JiiKy  KiIbKOCTI  NpUpPOAHOro ra3y B
eHepreTHYHUX OJMHMIAX TA METOAHU, IKi MOKYThb JOIOMOITH /sl
BUPillleHHS] BUKJIaJIeHUX Npo0JeM.

Abstract—In this article discusses the problems at
introduction of the account of amount energy of natural gas are
considered and the methods that can help address these issues.

Knrouoei cnosa—npupoonuii 2az; 8y3011 001iKy 2azy; eHepein

Keywords—natural gas; gas accounting unit; energy

I.BcTyn

AxTyanpHIiCTh TIepexoay YKpaiHM Ha BU3HA4YEHHs 00cAry
ra3y B OJIMHMISIX €HEPTii MoJsirac B MOJIIIIEHHI PO3paxyHKiB
MIX CIIOKHBAYaMH 3a paxyHOK audepeHIaiii BapTocTi rasy,
BUXOJISIUM 3 TOKa3HHUKIB HOro SKOCTI SIK TOBapy, a TaKOX
BIZIKpMBAaE€ WULIX A0 IHTerpauii BHYTPIIIHBOIO pPHHKY
MIPUPOIHOTO Tra3zy YKpaiHu 3 ra3oBuM puHkoM €C, 30Kpema
3aJy4eHHS €BPONEHCHKMX IapTHEPiB 10 BHKOPHCTaHHS
ra30TPaHCHOPTHOI CUCTEMHU Y KpaiHH Ta ii ra30CXOBUILL.

BaMBICTh CBOEYACHOTO BHKOHAHHS MiATOTOBYUX POOIT
JIO BIIPOBAJKEHHS OOJIIKY MPUPOJHOTO ra3y B CHEPreTHYHHX
OJIMHUIPIX UIIOCTPYE 3MICT NPOEKTy 3aKkoHy YKpaiHH BiX

Yurii Ponomarov
deputy director for scientific work
PhD
Institute of Gas Transportation JSC "Ukrtransgaz”™
Kharkiv, Ukraine
ponomarev-yv@utg.ua

06.12.2019 Ne 2553 "IIpo 3ampoBa/UKeHHS Ha pUHKY
MIPUPOJTHOTO Ta3zy OOJIKY Ta pO3paxyHKIB 3a 0OCSroM rasy B
oauHuIsIX eHeprii” [1].

3akoHOTBOpYA iHIliaTHBa Iependayae 3MiHYy B 3aKoHi
VYxpaiau "lIIpo puHOK mpHpORHOTrO ra3y" MOJOXKEHHS LI0I0
3IiICHEHHS pO3paxyHKIiB B OIEpallisix 3 MPUPOJHUM ra3om "3a
00CATOM TPUPOJHOTO Ta3y B OJMHHUIIX €Heprii, o
BU3HAYA€ThCA 3a BHUINOIO TEIUIOTOIO 3ropsHHA. OIMHHUIE0
BUMIpIOBaHHS €Heprii NPUPOJHOTO Ta3y € KiJIoBaT-TOAMHA
[kBrTox]." Ta TpIOPUTETHOCTI BH3HAYCHHS  00CATY
MIPUPOJTHOTO T'a3y B OJMHUIIAX €HEpTii Ha pUHKY NPHPOIHOTO
rasy B Iepumly depry '"HUIIXOM BHMIpIOBaHHS o0csTy
NPUPOJHOTO Ta3zy B OJIUHHMIMX eHeprii', i, mo-gpyre —
"IUIAXOM MEepeBeACHHS 00CATY MPUPOTHOTO a3y B OJMHHUILIX
00’emy (KyOi4YHHMX METpIB) J0 0OCATY HPHPOJHOrO razy B
ONMHUIX eHeprii (KijoBaT-roJuHax), IO BHU3HAYAETHCS 3a
BHUIIOIO TETUIOTOO 3rOPSIHHS..." .

JoctaTHbO  TPUMHATHAM 1  TakWM, IO  CIpHsE
ABTOMATH3YBaHHIO, € METOJ| PO3PaxyHKYy CHEproBMiCTy 3a
BiZIOMMMH 00’€MOM rasy 3a CTaHJApTHHX yYMOB Ta BHIIOIO
TEIJIOTOI 3ropsiHHA rasy (i1 po3paxoBylOTh 3TigHO 3
JACTY ISO 6976:2009 [2] 3a KOMIIOHEHTHUM CKJIaJIOM, SIKAN
BU3HAYA€ETHCA XpoMaTorpaiuHIM METOIO0M).
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Il.  OCHOBHA YACTHMHA

3a HasBHOCTI aBTOMAaTHM30BaHOI CHUCTEMHM BU3HA4YCHHS
00’eMiB razy, sika 0a3yeTbcsi Ha BUTPATOMIPHUX KOMILIEKCAX,
10 TpU3HAYEH] JJIs BUMIPIOBAHHS a3y B OIMHULAX 00’€My,
BUKOPDHCTaHHI ~ aBTOMATHYHHMX  OOYHCIIIOBa4iB/KOPEKTOPIB,
pe3yIbTaTOM 3aCTOCYBaHHS SIKMX € BEIHYHHA 00’€My rasy B
CTaHJApTHUX YMOBAX, 3aCTOCYBaHHI 3aco0iB BH3HAYCHHS
KOMIOHEHTHOTO ~ CKJIamy Ta3y Ta pO3paxyHKy Horo
KaJIOPIHOCTI, Ta MPOrpaMHOMY 3a0e3MeUeHHi, ke 00’enHye
oOnmamHaHHA B €OUHY iH(QOpPMAIliifHY CHCTEeMy — MOXKHA
TOBOPUTH TPO JOCSHKHICT KIHIIEBOI METH MPOCTHMH
CIoCcO0aMH.

Sx Bimomo 3 Kogekcy rasocxosuin [3], oOcsr rasy B
OIUHUILIX eHeprii "... sSKuil mepenaeTbcs y TOYIl BXOXMy 1
BiZIOMpaeThCS y TOUI BHUXOAY, BU3HA4YaeThCs SIK JOOYTOK
00’eMy TPUPOJHOTO ra3y, BUMIPSHOIO Yy BIANOBIAHIH TOYII
BXO0/1y 200 BHXO/y, 1 TEIJIOTH 3rOPSIHHS, BU3HAYECHOT JJIS TaKOi
TOYKH BXOAY a00 TOYKH BHXOTY.".

E=V™*Hs

ne E — oOcsr rasy B oguHUILIX eHeprii, KBT*rog.,
3
V — 00’eM razy, M,
3
Hs — Buma terutora 3ropsiHAs, KBT*rog./m”.

BinnosigHo 1o posniny 2 «Ilopsmaok 00Ky MPHPOIHOTO
rasy» rmaBu Il «Hopmm  sxocti ...» Koxekcy
ra30TpaHCIOpTHOI cucTeMu [4] mis o04MChIeHHs KiTbKOCTi
NPUPOJTHOTO ra3zy B EHEPreTHYHHX OJMHMIIX MependadeHi
TaKi BapiaHTH:

a) o0csT eHeprii MPUPOTHOTO ra3y, IO MPOXOIUTH Yepes3
KoMepIiitHuit By301 00miky razy (BOT), skuit po3ramoBanuit
HAa MapuipyTi, SKHA OONaJHAHWHA TTOTOKOBHMH 3aco0aMu
BuMiproBanbHOI TexHiKH (3BT) Bu3HaueHHS (Di3MKO-XiMigHIX
moka3HukiB (O XII) razy, Moxke BU3HAYATHCS:

e B AaBTOMATHYHOMY pEXHMi 3  BHMKOPHCTaHHSIM
KOpekTopiB abo oOumcmioBawiB 00’eMy Trazy 3
(bYHKII€I0 pO3paxyHKy €Heprii IMPUPOAHOrO Tazy, sKi
OTPUMYIOTh JaHi Oe3mocepennbo 3 moTokoBux 3BT
Bu3HaueHHsa OXII razy;

e y HamiBaBTOMAaTHYHOMY pPEXHMi 3 BHKOPHCTaHHSM
CIICIiaTi30BaHUX MPOrPaM Ha OCHOBI CepeIHIX 3HAYCHD
TEIUIOTH 3TOPSHHA 3a TroauHy 3 mnoTokoBux 3BT
Bm3HaueHHs OXII ra3zy ta 00’eMy rasy 3a TOAuWHY 3
KOPEKTOpiB/00YHCIIOBaYiB 00’ €My Ta3y;

0) oOcsr eHeprii IPUPOJHOTO Ta3y, MO MPOXOIUTH depe3
koMmepuiitauit BOI', sSxuii po3ramioBaHWid Ha MapHIpyTi, Je
Bu3HaueHHs: OXII razy mnpoBOAWTHCS 3 BHUKOPUCTAHHAM
BUMIPIOBAJIbHUX XIMIKO-aHATITHYHUX JabopaTopii, MOxe
BU3HAYATHUCS:

e Yy HamBaBTOMATUYHOMY PEKHMiI 3 BHUKOPHCTAHHSIM
KOpekTopiB abo oOuucioBadiB 00’eMy Tazy 3
(yHKITIEI0 PO3paxyHKYy €Heprii MPUpOJHOTO Ta3y Ha
OCHOBI 3HAa4YeHHS BHUINOI TEIUIOTH 3TOPSHHS, LIO
BBOJIUTHCS JI0 o0uncIroBaya/KopeKkTopa 3
BUKOPHCTAHHSM CIELiali30BaHUX NPOrpam K yMOBHO-
MOCTIHHMIA Tapamerp, Ta 00’eMy Tazy 3a mepion
PO3paxyHKy;

® y HamiBaBTOMAaTW4YHOMY pPEXHMi 3 BHKOPHUCTaHHSIM
CIeMiaTi30BaHUX MMPOTrpaM Ha OCHOBI 3HAYCHHS BHUIIOI
TEIJIOTH 3TOPSHHS, WIO JOPIBHIOE OCTAHHHOMY
BU3HAYCHOMY 3HAYCHHIO BHIIOT TEIUIOTH 3TOPSHHS, Ta
00’eMy ra3y 3a TOAMHY 3 KOPEKTOPiB/OOYMCITIOBAYIB
00’eMy ra3y (mpu LBOMY, BHIIE3TaJaHe 3HAYCHHS
BUIOI TEIUIOTH 3TOPSIHHS BUKOPHCTOBYETHCS LIS
pO3paxyHKy, IMOYMHAIOYM 3 TOAWHM, HACTYIHOI 3a
TOAMHOIO, TiJ Yac sKoi 10 004MCIIIOBava/KOpEeKTopa 3
BUKOPHCTAHHSM CIIENiali30BaHUX MPOrpaM BHECEHI, SIK
YMOBHO-TIOCTIHHI, TapaMeTpy 3HaYE€HHS T'YCTUHHU Ta3y,
BMICTY a30Ty Ta JIOKCHy BYTJICIIIO).

Hdo mporpamMHOro 3a0e3MeYeHHS aBTOMATH30BaHOTO
30upanHs, 30epiraHHs Ta TMEperiiAy Ta30BHUMIpIOBaJIbHOT
inpopmanii (puc. 1) — mporpamuoro komrurekcy (IIK) Ask-2
Oyio momaHo HOBUH (DYHKITIOHAN, SIKHMI TMOBHICTIO BiAIIOBinae
BUMOTaM HOPMAaTHBHO-TIPAaBOBHX aKTiB:

a) y 9acTuHi rpadigHOTO iHTEpPEHCY:

® BiOOpaKCHHS 3HAYCHHS TCIUIOTH 3rOPSHHS Mia Yac
Heperyisily CTaTUYHUX —IapaMeTpiB  aBTOMAaTHYHHX
obuucoBayiB Ta/abo KOPEKTOPIB;

e BiTOOpaKCHHS 3HAYEHb OOCITy Ta3y B OIMHHUILIX
eHepril Ta TEeMJIOTH 3rOPSHHS IPH Meperisiii 1000BuX,
TOAMHHUX Ta TEPIOJUYHUX apXiBiB ABTOMATHYHHX
o0urcIroBadiB Ta/ab0 KOPEKTOPIB;

0) y 9acTHHI pO3paxyHKy 00CSTy ra3y B OIHHHUIISX CHEPTii:

® Ul BHIAJKy HASBHOCTI BUMIPIOBAIBHOI CHCTEMH, Y
ckiani sikoi icaye BOI', mo Hajgae BenmumHy 00’eMy
NPUPOJHOTO Ta3y B CTAaHAApPTHHX YMOBax, Ta
MOTOKOBUH Ta30BHU Xpomarorpad, SKuii 0O0YHCIIIOE,
30KpeMa, BUIIY TEIUIOTY 3rOPSHHS;

e ISl BMIIQJIKy HAsBHOCTI BHMIPIOBAJBbHOI CHCTEMH, Y
cknaai sikoi icnye BOI, mo Hajgae Benu4yuHy 00’€My
OPUPOJHOTO Tra3y B CTaHJAPTHUX yMOBax, Ta
nabopatopHuii  xpomarorpad), SKHHA ~ OOYHCIIIOE,
30KpeMa, BUIIY TEIUIOTY 3rOPSHHSI.

Jnst  HaNe)KHOTO BUKOHAHHS HOBOrO (YHKI[IOHATY B
IIK Ask-2 6yn0 nomaHo HOBuWil rpadiuduii iHTepdeic mis
KOpHCTYBaua JUIsi CTBOPEHHs Ta Meperisiny  CKiauy
pUpoIHOTO Tasy (puc. 2 ta 3):
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Puc. 1.

CrpykrypHa cxema ¢yrkuionyBanns [TK Ask-2.

h J

Ask 1.0

Miarotoeka cknany rasy

MapameTpu Ans 3aHeCeHHA:

Tun ryctmim abc.

I:| lyctuxa Kr/m3

[ Bwicr co2 %

[ Bwmicr N2 %
Bmict H2 %
ATM. THCK MM.pT.CT.

[ Tennora sropsana
Temnepartypa CY 20 °c
Bmict He %
Bmicr 02 %
Bmict CO %
Bwmict H20 %
Bmicr H2S %
Bmicr Ar %

MoTouHi 3HaYEHHA:

0,7046 .. 0,7046
0,2002 .. 0,2002

0,6873 .. 06873

MapameTpu Ana 3aHeceHHs:

MoTouHi 3HaUeHHs:

Bmict CH4 %
Bmict C2H6 %
Bmict C3H8 %
Bumict iC4H10 %
Bmicr nC4H10 %
Bmict neoC5H12 %
Bmict iIC5H12 %
Bmict nC5H12 %
Buict nC6H14(+) %
Bmicr C7 %
Bmicr C8(+) %
Bumicr C9 %
Bmict C10 %
Miarotyeaty Biamina

Puc. 2.

BiKHO CTBOPEHHSI HOBOTO CKJIaly rasy.
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I8 Nepernna cxnany rasy

Honannit wvHoBW ¢yHKmionan no IIK Ask-2 magae

Oneparop / Borop BYN3T / Borop % MM / 6BYM3T / 15-10 / Ocrosa MOXJIMBICTE 0€300/11CHO HpOfITPI HepeXiHHI/Iﬁ HepiOI[ (I[O
moBHoi 3amiam 3BT 3 miATPUMKOIO  aBTOMATHYHOTO

Tun nepiozy =] 00uMCIEHHs eHepril ra3y) IpH BIPOBAMKEHHI OOJIKY 00CAT
[ O 3a poby ® 32 Micaus Cenmabpe 2020 p Y) p p A y y

Aata aMiHn [xepeno ©XN Abcrycuia  CO2 N2
23.09.2020 14:03:43  nacnopt ®XI 07047 0,2000 06924

TennoTa aropAHHA

MIPpUPOAHOTO a3y B CHEPIreTUIYHUX OJAUHULIAX.
flata cknaay rasy  Kopucryeay
3823 22.09.2020 07:00:00 metr

JIITEPATYPA REFERENCES
[1]

IIpoekr 3akony Ykpainu «IIpo 3anpoBa/keHHS HAa PUHKY IPUPOJHOTO
ra3y oOJiKy Ta po3paxyHKIiB 3a 00CATOM Ta3y B OJAMHHMILIX CHEpTii» Bif

06.12.2019 Ne 2553

JACTY 1SO 6976:2009  Ilpupoxuuii ra3. OOYHCICHHS  TEIUIOTH
3rOpSIHHS, TYCTHHH, BiIHOCHOI TyCTHMHH 1 uucia Bo0OOe Ha OCHOBI
kommonernTHoro ckiaany (1SO 6976:1995/Cor. 2:1997, Cor. 3:1999, IDT)

«Komeke raszocxoBumy, 3atBepmkeHuii [loctanoBoro HamioHanbHoi

[2

(31

‘ Buxin ‘

Puc. 3. BikHo mepersiay ckiangy rasy, mo 0ysio 3anucaso 1o 3BT.

Hapasi IIK Ask-2 mo3Bosisie meperisigaTé  3HAUCHHS

eHeprii Ta TemIoTH 3ropsHHs (puc. 4) Ta

KOMicii, 10 31iliCHIOE AepkaBHE PEryIIoBaHHA y chepax eHepreTuKy Ta
KoMyHanbHHX mocyr Bix 30.09.2015 Ne 2495.
[4] «Komekc ra3orpaHCHOpTHOI CHCTEMH», 3aTBepkeHHil IloctaHOBOO
HauionaneHoi KoMicii, 1110 3AiHCHIOE IepiKaBHE PEryJIIOBaHHs y cdepax
CHEPreTUKH Ta KOMyHaJIbHHX mociyr Bix 30.09.2015 Ne 2493.
(opMyBaTH 3BITH.

= Ask-2[3.3.2020.202] - 0 X
OonuTyBaHHA Mepernag a &metr v & (7]
@ WoaoGosi (B MutTesmx Y. " BTpydaHb |52 NMacnopT raay OcHoBa 07,10,202()@3 m =g CTBOPUTK 'f 3siT 2 Po3spaxyHoK BUTpaTH
E} MoroguHKi ||| CtaTnapameTpie || Beaneku Mpadpiku |v| Moski ©XN |55 Nacnoptrazy 5 MoskoTa gaHux
¥ Mepioanuni [l Asapiii u Kanipysaxb Z 3BegeHa ||l Nipob'ekti &7 Tabnuui 1B, KopexThicTs ganmx
Tun apxisy HanawTysaHHA BigobpakeHHs MNacnopt dpyxk OopaTrosi mogyni
4 OB'ekTU _I'IoronMHHi Onepatop rasocxoeuiy / MpuHcbke BYM3I / Conoxigckke MCI /
4 A}Eoroponuamhke BYM3r MBBI" Conoxiscbkoro MM / TestVR2 / [lyénb
| 4 BoropoavaHcbke MG Cratyc Dara/dac E, MBTrog v, M3 Hs, kBT'rog/mM3 aP, krc/m2 P, kreicm2 T, °C
4 “PMpuHcsre BYN3T [l s 07.07:00-08:00 62.95 5990.62 * 10.51 3150.00*  7.50* 26.85*
4 4@ Conoxiscbke MCI L. a" 07.08:00-02:00 62.95 5990.62* 10.51 3150.00* 7.50* 26.85*
4 =, MBBI Conoxiscbkoro MM ; " 07.09:00-10:00 62.95 5990.62* 10.51 3150.00* 7.50* 26.85*
4 1 Test_Daniflow . ; A 07.10:00-11:00 82.48 7 849.95* 10.51 3150.00* 7.50* 26.85*
‘:OCHOEaI [Banndpnoy Ab-1 1.1] ,; " 07.11:00-12:00 227.46 21648.14 " 10.51 3150.00™ 750" 26.85~
= OyGno: [Aakudnoy Ad-11.2] A s 07.12:00-13:00 227.46 2164814~ 10.51 3 150.00 % 7.50* 26.85*
[ KonTponb: [aHucnoy Ad-1 1.3] [ s 07.13:00-14:00 227.46 21648.14 * 10.51 3150.00* 7.50* 26.85*
==Xpomarorpag: [SITRANS CV 3.1] [ s 07.14:00-15:00 207.46 21 648.14 * 1051 315000*  7.50* 26.85%
4 “IgTest VR2 [ & 07.15:00-16:00 227.46 21648.14 " 1051 315000°  7.50° 26.85°
= OcHoga: [ProyTek BP-2 11.1] [ s 07.16:00-17:00 207.46 2164814 " 10.51 315000  7.50* 26.85°
i dvBne; [Proyrer BR:2,11.7) [ # 07.17:00-18:00 227.46 2164814~ 1051 315000°  7.50* 26.85°
£ Kowpone: [@noyTex BP-2 11.3] [ # 07.18:00-19:00 227.46 21648.14 " 1051 315000°  7.50° 26.85°
=nXpomarorpad: [SITRANS CV 3.1] -
A L. & 07.19:00-20:00 227.46 21648.14 " 10.51 3150.00" 7.50* 26.85~
I i Mponetapcbke BYN3C - . . . . . .
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Abstract—This work is devoted to the problem of creating
and using video analytics of aerial objects with the aim to solve
the variety of problems of airspace monitoring in the visible and
infrared frequency ranges for security systems of general and
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I. INTRODUCTION

Video analytics (VCA, Video Content Analysis) is a
technology that combines a variety of accurate analytical and
approximate numerical methods for the automated analysis of
the sequences of images that coming from video cameras in
real-time mode, as well as from archive records. Video
analytics is implemented as software tools (SW) for video
content processing. A wide range of mathematical models and
methods is a core of the SW for video analytics, which allows
video monitoring and performing intellectual analysis of data
without the direct human intervention.

Currently, there are numerous examples of successfully
solved problems using video analytics technology application
in video surveillance systems [1-17]:

e recognition of people and moving vehicles for the

purpose of counting their number;

ID numbers
documents, etc.);

recognition  (vehicles, banknotes,

detection of events (shifting, movement, crossing of
admissible lines and borders, staying in zones,
throwing of objects over a fence, etc.);

detection of dangerous situations (crowds, abandoned
objects, fires and smoke, etc.);

recognition of dangerous objects and identification of
human faces and their search in databases.

The global video analytics market is showing its rapid
growth due to the fact that the prices for high-resolution video
cameras are constantly declining. Individuals, small and
medium-sized businesses are now quite able to purchase an
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autonomous video surveillance system with at least basic
video analytics functions. Modern IP cameras have high
resolution and remote access capabilities, both over the
Internet and through a distributed corporate network, which is
a necessary condition for the operation of video analytics
systems. Widespread use of IP-cameras allows adequately
mirroring the real world onto a parallel world, which is purely
digital one with its own settings of strict conditions (laws) of
staying and behavior for different subjects of this world.
Video analytics, without the intervention of individual
persons, allows most effectively monitoring the
implementation of these conditions by different parties and, in
the first stage, to issue emergency messages in case of
violation. In the next steps, the video analytics provides
support for decision-making on the measures and facilities that
should be applied to the subjects who violated the conditions
of stay and behavior, up to their implementation. Airspace
monitoring systems use video cameras with rotation, tilt and
zoom functions. These are PTZ cameras, named for their
ability to rotate left and right in panoramic (horizontal) plane,
tilt up and down in vertical plane, zoom and convert images.
Rotating cameras perform these actions thanks to a unique
combination of pan, tilt and zoom control functions. The
overall zoom capability of the PTZ camera consists of digital
and optical zoom values. Digital zoom uses electronics to
enlarge and reduce the image, while optical zoom uses the lens
movement.

The total zoom value of the video camera can be
calculated by multiplying the digital and optical zoom values.

Il. BASIC FUNCTIONS OF VIDEO ANALYTICS OF AERIAL OBJECTS

Video analytics of aerial objects (AO) automates a variety
of airspace monitoring functions. The basic functions of video
analytics software are as follows:

1) obtaining video data, forming and delivery images from
video cameras in the visible (VIS) and infrared (IR) frequency
bands;

2) image filtering and enhancement provides noise
reduction (denoising), elimination of blurring (deblurring),
smoothing, increase of contrast and strengthening of edges,
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improvement of color reproduction, illumination of dark
fragments, etc.;

3) AO detection. Detection of the AO is performed using a
video motion detector. Video analytics allows selecting and
analyzing of all moving AO in the field of view of VIS/IR
cameras;

4) identification of the high-contrast points that form the
boundary of both specific AO and the boundaries between
different objects;

5) formation (selection) of AO tracking point. For stable
tracking at selected points, it is usually necessary to fulfill the
condition of significant inhomogeneity of the image around
the point. Corners meet this condition. The use of corner
points is necessary for most tracking methods;

6) AO classification allows dividing the AO being under
observation into classes: aircrafts, helicopters, cruise missiles,
drones, quadcopters, etc .;

7) AO identification allows performing identification the
type of AO within the selected class;

8) AO tracking. The task of AO tracking is following. For
each point of observation time it is necessary to ensure the
most accurate alignment of the optical axis of the video
surveillance camera mounted on the Optical-Electronic Station
(OES) with the selected tracking point on the AO image
(angular, center of gravity, Chebyshev, most vulnerable, etc.).
Trackers that implement tracking algorithms are used to solve
this problem;

9) evaluation of the parameters of the AO trajectory. The
OES, which are equipped with EO/IR systems and laser
rangefinders, for each time t allows measuring three
parameters that characterize the state of the AO relative to the
location of the OES: azimuth, angle and inclination between
the OES and the AO. In the chosen coordinate system, this
information is sufficient to estimate the parameters of the AO
trajectory;

10) predicting the trajectory of the AO. Kalman filter and
its numerous modifications are used in modern video analytics
to predict the AQ trajectory;

11) detection of events related to the behavior (trajectory)
of the AO.

All  functions are performed repeatedly, providing
continuous refinement of hypotheses about the number,
location, the AO type and its intentions in the airspace
controlled area. AO recognition means a wide range of tasks:
from binary classification of the AO type meaning target/noise
distinguishing to the identification or verification of the AO by
its features.

The task of airspace monitoring in the visible and infrared
bands has been and remains extremely relevant for general and
special purpose security systems. The use of video analytics
software in airspace monitoring systems makes it possible to
solve the problems in the process of video surveillance that are
usually only possible for humans, in automatic mode of
operation, without human intervention,. This technology is
used both to ensure the security of the objects under protection

and to stop the AO from being in the controlled airspace. The
processing of video streams and images is carried out using
high-speed computers, as well as FPGA [18,19], which
significantly increases the speed and efficiency of algorithms
used in video analytics.

I11. FIELDS OF APPLICATION OF AO VIDEO ANALYTICS

Video analytics of the AO is used with the aim of
obtaining an objective assessment of the effectiveness of
airspace monitoring, as it is able to produce continuous and
automated collection and analysis video data on non-human-
dependent basis and generate reports at the request of the user
at any time.

Depending on the sizes of the objects under protection,
OES can be combined into a single information and
monitoring system (IMS). Airspace IMS of general purpose in
the visible and infrared frequency bands is used to control the
airspace of airfields, to prevent drone flights in crowded
places and mass events, monitor compliance with air traffic
rules at sporting events and air shows, to protect airspace from
drones over private property in order to counteract video
recording, etc.

The field of IMS of special application is much wider and
includes:

A. Covert, continuous, round-the-clock monitoring of
airspace in the visible and infrared frequency bands by the
OES sensor network.

The OES sensor network allows performing covert,
continuous, round-the-clock monitoring of airspace in the
visible and infrared frequency bands. In this case, the control
of the AO position in the controlled space is carried out using
two or more OES of the sensor network using triangulation,
when each OES measure the azimuth and the angle on the AO
without the usage of laser rangefinders to measure the slant
distance between the AO and each OES. The absence of laser
irradiation of the AO does not allow him to identify the fact of
its detection. This provides a real opportunity for covert
airspace monitoring.

B. External trajectory measurements during AO field tests.

The main purpose of field trials is to measure the external
trajectory parameters of the AO (coordinates, velocity vector,
angular positions in space, etc.). Using this values one can
estimate their quality and identify the causes of abnormal
situations. For the most objective assessment of the AO
operation at the test during the shot (launch) it is necessary to
ensure receiving of initial information and, accordingly,
tracking of AO from its start (departure of artillery
ammunition from the barrel, and for missiles or jet munitions,
respectively, leaving the launcher) to the point of target
hitting.

The initial speeds of various missile and artillery
projectiles being under test at a modern facilities, can vary
from 50 to 2000 m/s, and have the distances of their flight
from several hundred meters to tens of kilometers. The OES of
small size are used for tracking of the AO, which are located
along the route of the AO. Each OES in its area of
responsibility is programmed to track the AO on the predicted
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section of the trajectory. The programming process is
automated and performed simultaneously for all OES. Each
OES in the process of tracking transmits through the
communication channel the current coordinates of the AO for
the OES, which is next in line staying in standby mode. Based
on these data, the coordinates of the expected capture point
and the flight path of the AO are adjusted relative to the
predicted values. The number of OES in the IMS is
determined depending on the length of the route on which the
AO is tested.

C. Management of the AO defeat systems

The rapid pace of creation and use of high-precision
weapons (HPW) for massive air attack with the widespread
use of anti-radar missiles and electronic countermeasures has
revealed an urgent need to create facilities for target detecting
and tracking which are alternative to active radars. One of the
ways to repel air attacks with maximum secrecy until the
opening of fire is the use of small OES of detection, tracking
and high-precision targeting to the AO. OES provide the
necessary secrecy and the highest accuracy of guidance. The
use of narrow-beam thermal imagers operating in the infrared
range in the OES allows to ensure round-the-clock and, to a
large extent, all-weather and noise immunity of their
exploiting. The problem of high-precision targeting of the AO
is one of the system-forming problems for almost all tools.
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Abstract—The work is devoted to a method for determining
the coordinates of an aerial object in a polygon coordinate system
based on the results of data processing obtained using
optoelectronic trajectory measurement stations, united into a
single infocommunication network without the use of laser
rangefinders to measure the slant distance.

Keywords—aerial ~ object, infocommunication  network,

optoelectronic trajectory measurement station.

I. INTRODUCTION

Currently, the scientific direction of developing tools for
testing modern samples of missile and artillery equipment
during their field trials is developing intensively. A new
solution for the methodology of building an information-
measuring system (IMS) is proposed in [1-5] to solve this
problem. For control and automation of IMS it is suggested to
create it on the principle of a sensor infocommunication
network of optoelectronic stations of trajectory measurements
(OESTM).

The network of such type of spatially spaced OESTM
provides detection of targets in the visible and infrared range
of the spectrum, tracking and issuance of coordinates in real
time in conditions of direct visibility for several stations. IMS
OESTM can be used for various flight experiments,
certification of aviation and missile and artillery systems, to
provide information about the trajectory and video information
to monitor the characteristics of various munitions with
subsequent analysis of their test results.

One of the tasks that are solved when conducting field
trials is to determine the coordinates of the air object in the
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polygon coordinate system. In this work the corresponding
technique is developed, and the results on its verification with
use of the software for the personal computer allowing
carrying out modeling of coordinate’s measurement process of
aerial objects are given as well.

Il. THE PROBLEM STATEMENT AND BASIC

CALCULATION FORMULAS

OESTM are located on the test site along the test track. All
OESTM are combined into a single information and
measurement network and grouped into clusters, each of
which contains at least two stations (Fig. 1). If necessary,
increasing the number of stations in each cluster, as well as the
organization of the network topology, in which each OESTM
belongs to more than one cluster, allows achieving higher
accuracy when measuring the parameters of the trajectory of
the aerial object.

The following are the calculations for the case when the
aerial object at any time is in the field of view of at least two
stations from their set, located along the main direction of the
polygon. The result of the measurements is a vector of object
trajectory parameters in the local Cartesian coordinate
system (LCCS):

an = (XMI !YMI IZMt IVXt lVYt !VZt ) s

where t=t,, t;,t,.., b, T, t=t+i-At, t=t,+i-At —
sampling interval; t,, T are the times of start and end of the
object trajectory measurement; T —t,=N-At, N is the
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number of points on the trajectory at which measurements
were made; X, Ym, Zwe are the coordinates of the point of
the object’s trajectory at the time t; Vy,Vu,Vz is the

projection of the object’s velocity on the LCCS axes at
the time t .

In Fig. 1, which shows a cluster consisting of two OESTM,
the designations are as follows: OX,,YuwZy is the local
b (polygon) coordinate system; X,,0Z,, is the plane, which
is tangent to the surface of the reference ellipsoid at the
measurement site; (x7,y®,z°) are the coordinates of the
station i in local coordinate system OXyYuZy: Ywm, Y,
yS, are heights above the plane X,,0Z, of the object,
stations i and i+1, accordingly; «; is the angle between the
direction from station i to station i+1 and the projection of
the line of sight of the object from the station i to the plane
XuOZy ; ai,q is the angle between the direction from station
i to station i+1 and the projection of the line of sight of the
object from the station i+1 to the plane X,,0Z,; B; is the
angle between the direction to the object from the station i
and the plane passing through the point of the station i
location parallel to the plane X,,OZ,,; d; is the slant distance
to the object from station i; I;,, is the distance between
stations; L;;,; is the distance between stations i and i+1
projections onto a plane X, OZ,, .
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Fig.1. A cluster consisting of two OESTM

The calculation of the height of the object Y,, and its slant
distance d; from the station i at the time t with the given
coordinates of the stations (x°,y8,z%), (X1, Y51,2% ), and
the known values of «;, o, PBi, obtained as a result of
measurements, is carried out as follows.

For a triangle, lying in the plane X, 0OZ,, , by the law of
sines, we have:

a b Liit

sinay,y sinay  sin(ouy—oy)

Q)

Hence:
L' Sinocm >
a=Ljy 7,
: lsm(a”l—ai) @
Sin(li
b=L;, 3)

! sin (o, —oy)

It follows from Fig. 1, that the height of the object and the
distance between the object and the station i are determined
in the following way:

sino;.1 tgp;

_ s
Yy = Ysin (am “ o ) +yr. “4)

i+

Sin(li”_
sin (o, — o )cosp;

d = (5)

ii+1

The distance between the projections of the stations i and
i+1 onto the plane XyOZ, according to the known
coordinates of the stations is determined by the formula:

Lija = \/( Xbq =X )2 +(Zis+1 -z )2 (6)
Substituting (6) into (4) and (5), we finally get:
Y = \/(Xis+1 - % )2 +(Zis+1 -z )2 X
sina;,; tgp; s )
sin (o1 — o) b
dy = (x5 =) +(282 -2 ) x
sina,, (3)

X

sin (o1 —a )cosp;

Let’s calculate the coordinates of the object in LCCS.

Using the method of polar intersection [6] for determining
the unknown coordinates of a point by two anchor
nodes (stations i and i+1), knowing the angles «; and v;

(directional angle of the line AB between stations i and
i+1), we have (see Fig. 2):
X =X +acos(a; +7i), )
Zw =77 —asin(o; +7v;). (10)
After completing all the substitutions, we finally get:
Xy = X +\/(Xis+1 X% )2 +(Zis+1 -z )2 X
(1D

sina;,,Cos (o +71)

sin(ou,q — o)
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Zy =7} _\/(Xisu — X )2 +(Zis+1 —-zf )2 X
sina,;sin (o +71) (12)
Sin(am —Oti) .

In this case t=(i—1)k+1,(i—-1)k+2,..,ik, where
i=1,2,..,N/k, k is the number of points on the trajectory
obtained during measurements from each cluster.

0 Xis XMt XS XM

i i
i Object i
1., projection |

j

Fig. 2. Schematic of the polar intersection method

Thus, according to the results of measuring the angles of
direction to the aerial object, obtained from two OESTM, the
coordinates of which are known, the coordinates of the aerial
object at each time t are uniquely calculated by formulas (7),
(11), (12). If necessary, the projections of the object’s velocity
onto the LCCS axis are calculated from the results of two
successive measurements of coordinates with known time
interval (sampling interval At) between them:

Xt = Xyt

Vi, :M‘TM(”)’ (13)
Yue = Ymeo

Vi = (14)
Zyt — Lo

Vy = Mt AtM([ 1) . (15)

1. ALGORITHM AND ITS SOFTWARE
IMPLEMENTATION

The algorithm for determining the coordinates of an aerial
object in a polygon coordinate system based on the results of
data processing obtained using the OESTM network is
depicted in Fig. 3.

To verify the algorithm, software for a personal computer
was created that allows modeling the process of determining
the coordinates of an aerial object and verifying the data
received and processed during field trials on a polygon. An
interactive graphical user interface (GUI) is integrated into the
software module, with the help of which the data and the
parameters for modeling are entered, as well as the
visualization of calculation results (Fig. 4) is performed.

Hardware and
software
initialization

v

Measuring direction
to the object,
station 1

YES NO

s the distance to the
object known?

Measuring direction
to the object,
station 2

Calculating the
object coordinates

Pointing to the Bbluncnenve
object KoOpAWHaT 0bbekTa
Stations 2... N

Pointing to the
object
Stations 3... N

Entering of measurement data
into the processing program
and reconstruction of the
object trajectory

Fig. 3. The algorithm for determining the coordinates of an aerial object in
a polygon coordinate system based on the results of data processing obtained
using the OESTM network
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Fig. 4. Graphical user interface that simulates the process of measuring the
coordinates of an aerial object

Modeling procedure consists of several interrelated stages:

e when the program is launched for execution, a GUI
window opens, in which all parameters are set by
default;

e the user enters the coordinates of the stations and the
angles of the directions to the object in the
corresponding fields on the GUI panels;

o the results of calculating of the object coordinates are
displayed in digital form;

o the location of the object and the direction of the
optical axes of the video cameras of the stations are
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visualized on a three-dimensional chart with the
possibility of detailed analysis by rotating it along each
of the three axes.

IV. CONCLUSIONS

The paper presents the mathematical model and the

method for covert estimation of an aerial object coordinates by
two OESTM. It is shown that the estimation of the coordinates
of the aerial object can be carried out by measuring the object
azimuth and elevation by each OESTM without the use of
laser rangefinders to measure the slant distance between the
aerial object and OESTM. The absence of irradiation by a
laser beam makes it impossible for onboard systems to
determine the fact of the aerial object detection, which allows
covert monitoring of the airspace.

(1]

[2
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Abstract—The report is devoted to the problem of creating a
modern range instrumentation complex (RIC) for the testing of
the precision-guided weapons. RIC will provides extremely
achievable accuracy and reliability of estimation the trajectory
parameters of the highly dynamic objects being tested.
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I. INTRODUCTION

At present, in Ukraine, the problem of creating a modern
Range Instrumentation Complex (RIC) for flight-design tests
of precision-guided weapons (highly dynamic flying vehicle —
HDFV) — aeroballistic, cruising and antiaircraft missiles, air-
launched weapons, etc. is extremely urgent.

In the course of field tests using trajectory measurement
systems (TMS), the parameters of the HDFV trajectories
(coordinates, velocity vector components and acceleration
vector components) are determined [1-12, 28-33]. These
independent high-precision measuring instruments make it
possible in the RIC Information and Analytical Center (IAC)
to compare the data of the on-board HDFV navigation systems
and the independent TMS determinations transmitted via
telemetry channels and objectively assess the quality of
functioning of the on-board HDFV guidance systems, as well
as identify the causes of emergency situations at all stages of
flight of various types of precision-guided weapons.

The accuracy of determining the HDFV trajectory
parameters using the TMS should be several times (usually
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~5-10 times) higher than the accuracy of the on-board
navigation systems of the HDFV guidance loop, which makes
it possible to objectively perform the metrological control and
certification of the on-board HDFV navigation and guidance
means. The results of the preliminary analysis show that
depending on the HDFV type and the tasks they solve, the
root-mean-square  (RMS) errors for determining the
parameters of surface objects trajectories (including
determining the rendezvous point position) in a given
rectangular topocentric coordinate system should be in the
range from ~0.1-0,5m to ~3-5m. The RMS of the velocity
vector components determination should not exceed
~3-7cm/s. The range instrumentation for trajectory
determination existing in Ukraine [12, 28-33] do not satisfy
such requirements or partially satisfy.

Currently, for field tests the radio location stations (RLS) and
Laser Opto-Electronic Stations (LOES) [13-21] are used, which
provide the measurements of azimuth, elevation, range (RLS,
LOES), as well as Doppler frequency shifts (RLS) of the
monitoring objects. Based on the results of the measurements, the
required HDFV trajectory parameters are determined in given
rectangular or in other coordinate systems. Analysis of the RLS
capabilities [12] to ensure testing of the existing and prospective
HDFV samples showed the unsatisfactory level of trajectory
determination accuracy (from several tens up to hundreds of
meters in coordinates). As for the existing LOES, their angular
coordinates measurement errors are in the range from ~10-30 to
~60-100 angular seconds. [11] that is also not enough in order to
achieve the modern requirements for the accuracy of the
trajectory parameter determination for a limited operational range
of LOES (~10-20 km) [11].
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Taken together, this causes the necessity of the development
and implementation of modern high-precision measuring
systems, opto-electronic and radio engineering ones, as well as
the creation of technologies for cooperative centralized
processing  (complexation/data  fusion) the  measuring
information of TMS, included in the RIC, in order to improve
the trajectory determination validity and accuracy during field
tests of the already existing and prospective weapons.

The report considers the systemic solution to the problem of
creating a modern RIC which will provide centimeter/decimeter
accuracy and validity of the assessment of the trajectory
parameters of the HDFV samples by complexation (data fusion)
the measuring information (with spatial-temporal redundancy)
of the TMS with different physical principles of architecting
and functioning.

The cooperative operation and processing of the redundant
results of trajectory measurements of several systems will
provide a significant increase in the validity and accuracy of
trajectory determination results, will allow evaluating the error
parameter models of the measurements of each of the systems,
will identify and eliminate unaccounted systematic errors of
RIC measuring systems, to carry out the certification of other
measuring instruments, in particular, the on-board measuring
systems of navigation (radio engineering, inertial, etc.) and
HDFV motion guidance. It is expected that the determination
of the HDFV movement parameters will be carried out with
centimeter/decimeter accuracy throughout the entire coverage
area of the measuring systems that are part of the RIC.

PURPOSE OF THE PROJECT

I1l1. THE STRUCTURE OF THE RANGE INSTRUMENTATION
COMPLEX

To ensure the spatial and temporal redundancy of trajectory
measurements, it is proposed to use small-sized LOES, united
by an information and communication subsystem into opto-
electronic systems (OES), as well as to use multi-position Phase
Comparison and Doppler Radio systems (PDRS) which use the
Global Navigation Satellite Systems (GNSS) signals.

The opto-electronic system being created assumes the use
of a group (network) of stations (LOES), which are located
along the HDFV flight route. Each LOES in its area of the
responsibility is programmed to support the HDFV on the
predicted trajectory section. The programming process is
automated and is carried out simultaneously for all LOES. In
the process of tracking each LOES transmits through the
communication channel the current HDFV coordinates for the
LOES, which is next in line in the standby mode. Based on
these data, the coordinates of the expected capture point and
the HDFV flight path are corrected in relation to the predicted
one. The number of LOES in the optical-electronic system is
determined depending on the length of the route and the
maximum flight altitude of the controlled HDFV. 1t is
expected that the joint use of a group (network) of LOES will
significantly increase (in relation to individual LOES) the
accuracy and validity of the HDFV trajectory determinations
and achieve a centimeter/decimeter accuracy level in the
autonomous mode of operation.

PDRS includes the equipment that is installed on board the
HDFV: an on-board GNSS-receiver, an onboard transmit/receive
antenna system, a telemetric radio line «airborne-ground», a
network of ground (or sea) GNSS base stations located along the
HDFV flight path. PDRS is based on the principles of accurate
GNSS positioning using on-board dual-frequency code, carrier-
phase and Doppler GNSS observations [16-20], which are
transmitted via telecommunication channels to the center for
gathering and processing of measurement information. To
achieve high accuracy in determining the trajectory parameters of
the HDFV movement it is proposed to use base GNSS stations
and the method of differential and autonomous carrier-phase
GNSS-positioning, which implements the centimeter/decimeter
accuracy of the trajectory parameters [17, 18, 20]. For reliable
reception of GNSS signals (under conditions of HDFV
maneuvering and/or rotation while in motion) and the
simultaneous transmission in real time of measurement results
from the HDFV to receiving stations, the implementation of on-
board antennas of various configurations are considered. The
expected accuracy (RMS) of autonomous HDFV trajectory
determinations using PDRS is (depending on the implementation
method) from ~3-5 cm to several decimeters for coordinates and
~5 cm/s for velocity vector components.

The cooperative processing and analysis of measurement
information is provided by IAC of the RIC. The RIC equipped
with OES and PDRS will ensure the operation in the widest
possible range of weather conditions and time of day,
assessment of the parameters of trajectories of all types of
HDFV in the specified ranges of altitudes, speeds and overloads
from the moment of launch to the moment of rendezvous with
various air-based, surface-based and sea-based objects.

In the course of work it is supposed to develop and
test (both by mathematical modeling and by carrying out real
field measurements) a RIC prototype, including OES and
PDRS prototype units, as well as a prototype of mathematical
and software complex for autonomous and cooperative
processing of observations in the IAC.

IV. CONCLUSIONS

The structure of a modern RIC, including high-precision
Opto-Electronic System and Phase Comparison and Doppler
Radio System, as well as an Information and Analytical
Center with the functions of complexation (data fusion) of the
redundant trajectory measurements is proposed. Such a
complex will provide the opportunity of carrying out the
reliable tests of existing and promising samples of domestic
high-precision weapons which will help to increase the
defense capability and security of Ukraine.
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Abstract—The article considers a method for determining the
type of an air object on a digital image by comparing it with
standard images using the phase correlation method.
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I. INTRODUCTION

Systems for the detection and recognition of various
classes of airborne objects (AO) are increasingly using optical
video surveillance as an additional and even as basic tool. This
is due both to the use of stealth technologies that mask the
characteristics of an object in the radar detection area, and to
advances in computer vision. Until recently, only airplanes
were the object of detection in the tasks of recognizing the air
situation. But in modern conditions, the list of AO classes has
significantly expanded due to the use of unmanned aerial
vehicles (UAVs), quadcopters, cruise missiles, and
helicopters. This fundamentally changed the range of the AO's
detectable parameters, from the shape and size to the dynamic
characteristics of motion. In this connection, the task of
improving the quality of recognition of the AO classes from
digital video is especially urgent.

Video processing by ground-based air monitoring systems
can be divided into a number of tasks. Among them, the
following tasks can be distinguished: detection of a moving
flying object; determination of object characteristics (range,
size, speed, maneuverability, etc.); definition of AO class. These
tasks can be solved both in stages and simultaneously. This can
be the detection of all objects in one frame with the definition of
their class and their subsequent accompaniment in the sequence
of video frames, or the detection of moving objects in the video
sequence with the subsequent identification of objects at each
frame. In the proposed approach, we assume that a moving
object or objects will first be detected and localized in the video
image, and then the problem of assigning each object to a
certain class will be solved.

In the field of pattern recognition in an image, the following
stable terminology has been adopted for defining tasks [1]:
detection — determining the class of each object in the image;
classification — determination of the class of one object in the
image; classification with localization — classification of one
object and indication of its place in the image.
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In this terminology, our task is the task of classifying an
air object in a digital image.
Il. THE PROBLEM STATEMENTS ANALYSIS

AND RESEARCH OBJECTIVES

In recognizing a AO class important to highlight the
numerical characteristics of an object that are sufficient for its
identification. The problem is that these features must be invariant
with respect to geometric distortion (displacement, orientation,
scale) of the object, which is especially important for AO. To
partially overcome this difficulty, an approach is used with the
calculation of numerical values that are invariant to the rotation of
the image on the plane. These characteristics include Xy
moments, Zernike moments and Wavelet moments [2, 3].

In this case, the classification problem is solved, as a rule,
by machine learning methods [2] which leads to large
expenditures of computing resources at the stage of training
and operation.

In [4] various methods of using invariant moments are
presented, and in [5] the application of these methods for
recognizing AO classes is shown.

The paper [6] describes the solution of the recognition
problem based on phase correlation. In [7], a method for
comparing three-dimensional objects using phase correlation
is described. In this paper, a method is proposed for
calculating the degree of similarity between 3D objects, taking
into account displacement and rotation along the X, v,
and z axes using the phase correlation method.

This approach gives good results for aircraft recognition in
aerospace images of aerodromes, where variations in object
position are limited by turns on the plane. These methods are
less suitable for recognizing a flying air object. For this kind of
tasks, various methods of recognizing three-dimensional objects
are used. Phase-Only Correlation (POC) allows you to
recognize similar objects and determine their transformation [8].

The invariance of the moments with respect to image shift,
zoom and rotation in the shooting plane gives good results in
the problem of recognition when two-dimensional images are
the reference ones. In practical problems associated with AO
images, objects are usually present not only at different angles,
but also with different illumination. However, the phase
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correlation method is robust to uneven, time-varying lighting
changes. Therefore, the phase correlation method gives a
better result than the approach based on invariant moments.

This work is devoted to the study of the phase correlation
method. Section 3 discusses the theoretical background of the
method, and Section 4 proposes a method for generating a set
of images for the experiment. Section 5 describes an
experiment with detecting an airborne object and determining
the angle of rotation with respect to the standard. Section 6
discusses the results obtained.

I1l. THEORETICAL BACKGROUND OF THE PHASE
CORELATION METHOD

In describing one-dimensional signals, the phase of
harmonic signals in spectral decomposition is quite important.
But this is most clearly seen when obtaining a spectrum of
a photographic image as a result of a two-dimensional Fourier
transform.

Fig. 1 illustrates this statement using a real image of the
A380 as input. The Fourier transform is applied to it. If we
reconstruct the image in the first case by ignoring (zeroing)
the phase, and in the second case, ignore the difference in
amplitudes (all equal to 1), we find that information about the
phase component is more important for understanding the
image.

The phase part of the Fourier transform of the image
contains much more recognizable information.

250 300

Fig. 1. Importance of phase information to Fourier transform Original image
reconstructed ignoring phase and ignoring amplitude

The phase correlation is based on the Fourier shift property
theorem: a coordinate system shift between two functions
results in a linear phase difference in the frequency domain of

the Fourier transform. If two two-dimensional functions
g1(x,y) and g,(x,y), representing two images, are shifted
relative to each other by a; horizontally and a, vertically:

02(X, y) = ga(x+ay, y+ay), 1)

then their corresponding Fourier transforms Gi(u,v) and
G,(u, v) are related to each other as follows:

Ga(u, V) = Gy(u, V)exp{-i(a;-ut+a,v)}. (2
The phase correlation is calculated as the normalized

cross-spectrum between G; and G, and is represented by a
matrix:

- 3)

where G, (u,v) is conjugate to G, (u,v).

The inverse Fourier transform for K(u,v) is the delta
function:

K(x,y) = 8(x+ay, y+ay). 3)

In a discrete case, this means that the point at which k(x, y)
reaches its maximum determines the amount of shift between
images. And the maximum itself determines the degree of
similarity of the images.

If the spectrum is logarithmized, the phase shift in the
exponent becomes a normal shift and can be detected by the
maximum brightness values in the correlation image of the
logarithmic spectra. This allows you to evaluate the rotation of
the image.

IVV. DATABASE GENERATION

To recognize an airborne object, a set of reference images
is needed, which is collected into a single database, with
which a real sample will be compared.

To generate the initial AO images, we used three-
dimensional mesh models as in Fig. 2.

Fig. 2. Grid three-dimensional model of the A380 aircraft
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For this task, models were used to determine one of the
classes: aircraft, UAV, helicopter, quadcopter (Fig. 3).
Different kinds of objects were used for each class.

At the same time, for each object, images corresponding
to three different projections were used as a reference flat
image (Fig. 4).

Plane Helicopter Quadrocopter

Fig. 3. Three-dimensional models of the main classes of AO for testing the
phase correlation method

Fig. 4. Images corresponding to three different projections for aircraft
and UAV

V. EXPERIMENT RESULTS

The experiments were carried out with test images of the
same classes as those used in the database. Fig. 5 shows the
reference and test image of the UAV. Their Fourier transforms
already show the similarity of the images, the logarithmic
spectrum translates the difference in angular position into the
usual linear displacement.

Fig. 5. Image processing phases: a — reference and test image of the UAV, b —
its Fourier transform; ¢ — logarithmic spectrum

The correlation function (Fig. 6) allows not only to
determine the similarity, but also to set the angle of rotation in
relation to the reference image.

50 100 150 200 250 300 350

Fig. 6. Image of the correlation function for logarithmic spectra

The software for the project was developed in terms of 3D
modeling in C #. The results processing programs are written
in Python using the OpenCV library.

VI. CONCLUSIONS

The proposed approach makes it possible to obtain a
solution to the problem of assigning an AO to a certain class
and to calculate the characteristics of its position. This will
also make it possible to determine the AO maneuver when
analyzing the video sequence of images.
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I. INTRODUCTION

At the present time, the problem of detecting, tracking of
mobile objects in the air and their recognition is extremely
relevant for short-range missile artillery systems. In conditions
of complete suppression of radar systems, optoelectronic
stations on board the vehicle become the main equipment for
target detection. This is confirmed by the growth in the
number of such developments presented at exhibitions and
reviews. For example, the fighting vehicle 2S38 of a self-
moving anti-aircraft artillery complex (Russia) is equipped
with an optoelectronic detection and aiming system, which
was developed by the Minsk company «Peleng» [1, 2]. It
allows for 360-degree panoramic observation of the terrain, as
well as for a sector view.

The detection range through one of the video channels of a
small unmanned aerial vehicle of the Bird Eye 400 type in the
panoramic mode is declared of 700 m, and of 4900 m in the
narrow field of view mode. The A-10 attack aircraft is detected
in the first mode already at a distance of 6400 m, and in the
second case at a distance of 12300 m. The thermal imaging
channel allows detecting targets with a size of 2.3x2.3 m with a
probability of 80 % at a distance of 10000 m and recognizing
them at a distance of 4000 m. Fighting vehicles of similar
characteristics have been developed in the USA, France, Great
Britain, Israel, Canada, Russia, etc. However, the declared
detection ranges can be provided only in open space. In reality,
obstructing factor such as a terrain, trees and buildings always
exists. In addition, the vehicle itself must be in cover so as not
to become a target itself. To hit a target on a collision course, it
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is necessary to obtain target designation in advance for guiding
the missile. Given the restrictions on the use of own intelligence
assets this is possible in the case of usage of a network of
brought forward optical-electronic stations of trajectory
measurement (OESTM) [3-9], which will provide fighting
vehicles with target designation, and will also be able to correct
the missile flight until it captures the target itself. To test the
efficiency of such a scenario, depending on the number of
OESTM, their location, and data transmission delays, it became
necessary to develop a simulation model.

Il. THE PROBLEM STATEMENT

1.  Create a simulation model of a missile flight over the
rough terrain to a moving target.

2. Carry out a simulation of tracking and measuring the
coordinates of the flight of a missile and an aerial target using
OESTM.

3. Adjust the flight parameters of the missile to reach
the optimal guidance trajectory.

Within the framework of this report, a model of a missile
flight over rough terrain to a moving target is considered and a
method for calculating the pixel coordinates of these objects in
the image taken by the OESTM camera is be determined.

I11. DEVELOPMENT OF A SIMULATION MODEL
OF OBJECTS FLIGHT

To solve the first task, one needs to create the following

models:
e land terrain;

trajectories of the missile and target over the terrain
surface;

scene that ensures the relative position of objects
during their movement.

A possible implementation of simulation modeling is
shown below.
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A. Terrain modeling.

The terrain is modeled based on a height map. The RAW
file format is used for storing height maps. This format, unlike
a BMP file, is easy to read as it does not contain headers with
any information about the image, such as size or type of
image. The size of the map can be arbitrary, but it is more
convenient to use a square one, with a side size multiple
of 128: 128x128, 256%256, ..., 1024x1024. In 8-bit height
maps, each byte within the RAW file represents the height of
the peak. Height values range from O to 255, where 0
represents the lowest peak height and 255 (FF in HEX) is the
maximum possible peak height. One can expand this range by
using a scaling factor that is multiplied by the specified height
value. To build a terrain from a height map, one first need to
build a mesh of vertices with the same dimensions as that of a
height map, and then use the point (pixel) height value from
the height map as the height for the peak in the mesh of the
peaks. Points are selected with certain step spacing. As
known, any surface can be represented by triangles (surface
triangulation). Therefore, any four adjacent points of the
height map define a rectangle, which we can be divided into
two triangles and drawn. In OpenGL, one can use a primitive
of type GL_TRIANGLE_STRIP for this purpose.

Color interpolation can be applied to terrain painting. So,
when drawing a triangle, a different color for each peak is
needed to be set. In this case, OpenGL itself will interpolate
the colors. In OpenGL, the color of one point in an image is
described by three color components Red, Green and Blue.
Defining all three components or only one of them as a
function of height, allows getting a better representation of the
terrain, specifically, high points will be lighter.

B. Modeling the trajectory of moving objects.

Two objects are moving over the terrain. There are a
missile and a target. The trajectory of movement of each of
them is determined by 4 points: R iS the initial point;
Rgnisn 1S the finish point; R yrrent IS the current point; Ry 1S
the next point after the current one. The y coordinate of points
is determined as a function of the flight altitude of objects
at a point with coordinates x, z: y = H(x, 2).

The target starting position and the point where it moves
are determined using random numbers. The x and z
coordinates of the target points Rga and Rgpn are
determined by a random number generator: x=rand ();
z=rand (). The Rqare point of the missile is at the origin of
the coordinate system (with y = H(0,0)), the finish point of the
missile coincides with the R,.s point of the target:
RIgcket = RN The missile and the target move
synchronously in a step-by-step mode, so that the positions of
the points R cyrren: and Ry e are defined as follows:

R currentx = Ryrarex + (Reinishx — Rstarex ) " 1/ ,

Reurrentz = Rsrarez + (Reinishz — Rstarez ) 1/1k ,

0<i=i

Rcurrent.‘f =H (Rcurrent.x ' Rcurrent.z) .

Target defeat occurs when i = i..

C. Scene modeling.

The problem is solved on the basis of the mathematical
apparatus of affine transformations. Two coordinate systems
are used. In the local (polygon) Cartesian coordinate
system (LCCS) X, ¥y, Zy, the terrain is modeled, the points of
the trajectory of objects and the position of the local
coordinate system are determined. In the local coordinate
system XYZ, a missile model is created. The missile model is
represented by two mutually perpendicular triangles; the target
model is a large point. The position of the local coordinate
system relative to the LCCS is determined by the current point
of the missile trajectory, as well as by the angles ¥5 (yaw),
O (pitch) and Yz (roll).

The current parameters are determined by the points of the
current missile position (R cyrren: aNd Rpex):

dx = Ryeex — Reurrentx :

dy = Rpesry — Reurremty -

>

dz=R R

nextZ ~ ‘‘currentZ -
b

dl

Jdx? +dy?+dz? ;

W, = atan(dx/dz) - 180 /m;

0Oy = asin(dy/dl) - 180/m ;
YR = I{ " d"PR

where d¥W5 = Wg(i) — Wg(i — 1).
The coefficient k is set so that Y, < 45°.

The missile launch is initiated by pressing the P (launch)
key. The parameters of the missile initial position are
determined by the initial position of the target. Geometric
transformations are implemented in OpenGL using the
functions:

e glTranslate (Xx,y,z) performs a transfer, adding the

values of its parameters to the coordinates;

glRotate (angle,x,y,z) rotates the object by the angle
value angle around the vector (x,y,z);

glLookAt (eyeX, eyeY, eyeZ, centerX, centerY,
centerZ,upX, upY, upZ) is the direction of view of the
scene.
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The explosion when the missile reaches the target is
simulated by a sphere or a point of the large size
glPointSize(45).

IV. MEASURING THE FLIGHT COORDINATES OF A MISSILE AND
AN AERIAL TARGET USING OPTICAL-ELECTRONIC STATION OF
TRAJECTORY MEASUREMENT

Consider how the image of the observed object is formed
from a geometric point of view. In particular, we look at the
mathematics of how a point selected on the surface of a
missile or aerial target in 3D space is projected onto the image
plane. At a large distance from the camera, the entire object
will be perceived as a point. Let us consider the case when one
OESTM is installed on the terrain surface. OESTM is tracking
a point object in space. Let us denote it by point P. The task is
to find the pixel coordinates (u, v) of this three-dimensional
point in the image taken by the OESTM camera. There are
three coordinate systems involved in this model.

1. LCCS.

First, one need to determine the LCCS to find the location
of an object in space:

o select a reference point: use the initial position of the
missile in the polygon coordinate system as the

reference point (0,0,0);

select the direction of the axes (X;; Yy Zy) of the local
(polygon) coordinate system. Usually (X3;0Zy) is a
plane, which is tangent to the surface of the reference
ellipsoid at the origin point ¥;;. The normal to this
plane X, is directed along the polygon main direction.

Using the above, the 3D coordinates of a point object at
any given time can be found by measuring the distance to its
position from the origin along the axes Xy, Y and Z.
Further, an uppercase font (for example, X,) is used to display
the axes and a lowercase font is used to display the
coordinates of the point (e. g. x,,). In LCCS the coordinates of

the point P are x

2.

The image of the object will be captured using the OESTM
camera, and therefore the three-dimensional coordinate system
XY Zp, which is attached to this camera, is in consideration.
Let us place OESTM on the terrain surface in some arbitrary
place with coordinates x.,V..z; of the station in the polygon
coordinate system Xy, Y3, Zy;.

p'Vpr Zp-
Camera coordinate system.

At the initial moment of time the camera view is in
arbitrary direction. 3D rotation is described using three
parameters that are yaw, pitch and roll. For a mathematical
description, it is convenient to encode the rotation as a
3x3 matrix (three degrees of freedom). The coordinates of the
LCCS and the coordinates of the camera are related by a
rotation matrix R and a three-element displacement vector t.
This means that the point P with Xp:Vp:Zp coordinates in the
LCCS, has different xy, V.2, coordinates in the camera
coordinate system. The two coordinate values are related by
the following equation.

+t. (1)

X
l},k‘| - R
ZLr

The 3x1 transfer vector is added as a column at the end of
the 3x3 rotation matrix to produce a 3x4 matrix called the
external matrix:

Ap
Yo
Z b

Xy, *p
Vi | = [R’/t] _‘_L-’p
-zk 5| @

1

where the external matrix T has the form:

T =[R/t]. 3)

A three-dimensional point (x, y, z) in Cartesian coordinates
can be written as (x,y,z, 1) in homogeneous coordinates.
More generally, a point in homogeneous coordinates
(x, ¥, z, w) coincides with a point (x/w, y/w, z/w) in Cartesian
coordinates. Homogeneous coordinates allow to representing
infinite quantities using finite numbers. For example, a point
at infinity can be represented as (1, 1, 1, 0) in homogeneous
coordinates.

3.

Once we get a point in the 3D camera coordinate system,
applying rotation and transfer of the points in LCCS, we can
project the point onto the image plane to get the location of the
point in the image. In the image, we are looking at the point P
with coordinates xy. V., 2 in the camera coordinate system.
Previously, we converted its coordinates to LCCS using an
external matrix to get the coordinates in the camera coordinate
system using equation (2).

Image coordinate system.

The optical center (point aperture) is denoted by 0. An
inverted point image is formed on the image plane. For
mathematical convenience, we simply perform all calculations
as if the image plane is in front of the optical center, because
the image readings from the sensor can trivially be rotated by
180 degrees to compensate the inversion. In practice, even this
is not required because the sensor of a real camera simply
reads data from the bottommost row in reverse order (from
right to left), and then from bottom to top for each row. With
this method, the image is automatically vertical and the left
and right in the correct order. So in practice image rotation is
not necessary. The image plane is located at a distance f (focal
length) from the optical center. The following formulas give
the image (x, y) of 3D point xp, V., 2.

x=flxp/z], v=Fflv/z:]. 4)

The above two equations can be rewritten in matrix form
as follows:
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The K matrix shown below is called the internal matrix and
contains the internal parameters of the camera.

f 0 0
K=|0 f 0] (6)
o 0 1

The above simple matrix only shows the focal length.
However, the pixels in the image sensor might not be square,
so it should be two different focal lengths f. and f,. The
optical center (c,,c,) of the camera may not coincide with the
center of the image coordinate system. In addition, the
nonzero angle y between the x and y axes of the camera sensor
gives slight skew. Taking all of the above into account, the
camera matrix can be rewritten as:

o v &
E=|0 f, ¢, @)
n o 1

However, in the above equation, pixel coordinates x and y
are relative to the center of the image. The origin is at the
upper left corner of the image when working with images. Let
us represent the coordinates of the image as (u,v,w):

115 % i)

(8)

where

u=wfw, v= v w. )
Thus, the projection of a three-dimensional point in LCCS
into the pixel coordinates of the camera is performed i

three stages:

e a three-dimensional point is converted from LCCS to
camera coordinates using an external matrix, which
consists of rotation and movement between two

coordinate systems;

a new three-dimensional point in the camera
coordinate system is projected onto the image plane
using an internal matrix, which consists of the camera
internal parameters, such as focal length, optical
center, etc.

V. CONCLUSIONS

The development of a simulation model makes it possible
to assess the efficiency of the OESTM in a network that unites

them with fighting vehicles, depending on the selected
parameters and external conditions. As a result, due to the
reasonable choice of parameters, operating algorithms and
components, costs are reduced at the stage of manufacturing a
prototype of the OESTM network.

Further research will consist of completion the solution of
the assigned tasks and creation a convenient tool for practicing
various scenarios for tracking and guiding a missile to a target.
Also, recommendations will be developed on improving the
accuracy of target designation, taking into account the
influence of various factors:

o network-related: choice of topology, data transmission

delays, data transmission errors, the number of
OESTM involved and the distance of their placement
from each other;

OESTM-related: accuracy and resolution of missile
and target coordinates measurement, maximum
measurement range, measurement delays;

target-related: trajectory, speed and flight altitude.
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Abstract—This paper is devoted to the development of the
software interfaces for multipoint air objects trajectory
measurements system.

Keywords—aerial objects tracking, user interface, multi-
threading, cross-platform, signals and slots, performance.

I. INTRODUCTION

For optical-electronic system of aerial objects trajectory
measurements (OESTM) the development of the interface and
software requires the use of the fastest methods to provide
sufficiently small delays for the operation of the entire system
in real time and the ability to obtain video recording of high-
speed supersonic targets.

The programming language is C++, some individual
modules are written in C. This provides the highest
performance on modern x86-64 compatible processors on
Windows and Linux operating systems.

The basis of the user interface is made in the QT
framework, which is written in C ++, is characterized by high
speed, cross-platform and powerful methods of managing
software flows. Each individual computing function that
requires real-time performance or is directly involved in data
exchange with stations is performed by a separate thread,
which independently of other program modules is performed
in parallel. Due to the multi-core processors, it is possible to
run several threads simultaneously without interruption, each
of which loads the entire processor core [1].

Individual threads in QT are implemented on the basis of
QThread classes. Each object in QT allows you to transmit
signals to the slots of any other object. All elements of the
interface are objects implemented on the basis of its class
which are the successors of the base class QObject.

Il. SIGNALS AND SLOTS IN QT

Signals and slots are used for communication between
objects. The signals and slots mechanism is the main feature
of Qt and is probably the main part of Qt that differs the most
in functionality from other libraries.

Qt uses an alternative technique to callbacks: signals and
slots. A signal is emitted when a certain event occurs. Qt
widgets have many predefined signals, and you can always

Anton Koliadin

Department of Applied Mathematics
Kharkiv National University
of Radio Electronics
Kharkiv, Ukraine
anton.koliadin@nure.ua

subclass them to add your own signals. A slot is a function
that is called in response to a specific signal.

All classes inheriting from QObject or one of its subclasses
(for example, QWidget) can contain signals and slots. Signals
are emitted when an object changes its state, if this change
may be of interest to other objects. All objects do this to
communicate with other objects. They don't care if anyone
gets the signals they emit. This is a true encapsulation of
information, and it ensures that objects can be used as separate
pieces of software. Signals are emitted by an object when its
internal state changes, and if it might be of interest to its
clients or owner. Only classes containing signal definitions
and their subclasses can emit signals.

When a signal is emitted, the slots associated with it are
executed immediately, just like a normal function call. When
this happens, the signals and slots mechanism is completely
independent of the GUI event loop. Execution of the code
following the emit statement will continue as soon as all slots
have finished executing. In the case of queued connections,
the situation is somewhat different; the execution of the code
following the emit will continue immediately, and the slots
will be executed a little later.

The slot is called as soon as the signal connected to it is
emitted. Slots are regular C ++ functions and can be called in
the usual way; their only feature is that signals can be attached
to them.

Since slots are regular member functions, they have the
same access rights as regular member functions. However, as
slots, they can be called by any component regardless of the
access level by means of a signal-slot connection. This means
that the signal emitted by an object of an arbitrary class can be
associated with a private slot and called in a completely
foreign class.

I1l. QT THREAD MANAGEMENT TECHNOLOGIES

Qt provides support for threads in the form of platform-
independent threading classes, a thread-safe way to dispatch
events, and the ability to establish signal-slot connections
between threads. This makes it easier to build portable
multithreaded  applications and take advantage of
multiprocessor machines. Multi-threaded programming is also
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a useful paradigm for performing time-consuming actions
without freezing the user interface.

The QMutex, QReadWriteLock, QSemaphore, and
QWaitCondition classes provide thread synchronization
facilities. Although the main idea behind threads is to make
threads as parallel as possible, there are times when a thread
must stop its current operations and wait for other threads. For
example, if two threads simultaneously try to access the same
global variable, the result is usually undefined.

The QtConcurrent namespace provides high-level APIs
that make it possible to write multithreaded programs without
using low-level threading primitives such as mutexes, read-
write locks, wait conditions, or semaphores. Programs written
with QtConcurrent automatically match the number of threads
in use with the available number of processor cores. This
means that applications written today will continue to scale
when deployed to multi-core systems in the future [2].

IVV. PERFORMANCE OPTIMIZATION FOR REAL-TIME TASKS

The main task of the development is to minimize delays in
the transmission of information from some parts of the system
to others, that is, from video cameras to servo drives. In view
of the high speed of the target, the time for correcting the
position of the next camera after receiving the image of the
previous one is significantly less than a second, about 200ms.

The second no less important task is to ensure the
continuous operation of the image processing modules by
carrying out all the interruptions to the input, output and
transfer of information to separate streams.

A module executing in a separate thread is responsible for
each resource-intensive operation. The main streams are the
image acquisition stream for each camera, the image
processing stream for each station, the servo control stream,
the target trajectory calculation stream, the operator control
stream, the telemetry recording stream.

The mechanism of signals and slots QT has certain delays
inherent in any interface; therefore it is used at the stage of
initialization and system configuration. Directly in the process
of recording a trajectory, the main modules use direct access
to memory and the functions of accessing variables of the
processing flow, the flow of trajectory calculation [4].

V. GUI INTERFACE VIEW

For the convenience of the user, the interface is divided
into separate tabs combined into separate groups. The main
groups of tabs are settings, telemetry separately for each
station, combined video image from all stations.

The number of stations controlled by the program can be
adaptively changed in the development environment.
VI. CONCLUSIONS

Developed interfaces and introduced approaches can be
used for other similar tasks, where speed and ease of use come
first.

For the further development of the communication
network of OESTM stations, the possibility of connecting

several control points is provided, each of which receives a
picture and controls a group of stations into a single network.
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Figure 1. Telemetry picture of an individual station
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Figure 2. Station settings and control tab
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