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The article deals with the problem of estimating the charac-
teristic features of the behavior of the rectification of mash
installation as a complex control object based on wavelet analy-
sis of time series of technological variables.

The analysis of wavelet coefficients allows to detect the
unsteadiness of the investigated process on any frequency-time
scale, and to obtain both qualitative and quantitative non-statio-
nary characteristics.

The time series of the main technological variables of the
bragorectification installation of the alcoholic beverage factory
were analyzed: steam consumption, flow rates, alcohol consump-
tion, temperature and pressure of the bottom and top of columns.
In the analysis of time series that describing the behavior of the
processes of bragorectification, various types of wavelets were
used: Mhat (Mexican hat), Morl (Morle), Gau (Gauss).

In addition, in contrast to the Fourier transform, wavelet de-
composition allows analyzing a signal as a component of its
localized time elementary processes, which is convenient for lo-
cating periodicity, non-stationary, jumps, discontinuities, and
variations of values with high steepness, etc.

The use of wavelet transformations allowed us to examine in
detail the features of behavior manifestations in both the time
and frequency domain, and will provide an automatic assess-
ment of the state of the control object when developing strate-
gies for situational management of alcohol production.

Wavelet analysis allows you to obtain local high-frequency
and global large-scale information about the object. An important
characteristic of methods based on fractal representations and
wavelet transformations is their versatility. So, the relevance of
the use of wavelet analysis of time series for automation tasks of
the technological processes of bragorectification is not in doubt.
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AOCNIAXXEHHA MNOBEAIHKA I§PAFOPEKTI/I<DIKAL|,II7IHOT
YCTAHOBKU METOOAMU BEUNET-AHANI3Y

B.[O. KnweHbKO, KaHA. TeXH. HayK

0.0. KpuuweHko
A.€. Kyuep

HaujoHanbHuli yHisepcumem xap4oeux mexHosnoeill

Y cmammi po3anadaembcsa npobriemMa OUiHKU XapakmepHUxX puc rnosediHku 6pazo-
pekmucbikauiliHol ycmaHoeku 5K cknadHoao ob’ekma KepysaHHsA Ha OCHosei eeligriem-
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aHaniay 4acosux psadie mexHono2iYHUX 3MIHHUX. 3acmocysaHHs eelierniem-nepemso-
peHb ano 3moey 0emarsbHO po3anisHymu ocobnusocmi rposeie noeediHkU K 6 4a-
coeill, mak i 8 yacmommiii obnacmi, wWo 3abeaneqyums asmomMamuyHy OUiHKY cmaHy
ob6’ekma KepysaHHS rpu po3pobui cmpameeili cumyauiliHo20 KepysaHHS Criupmosum
8UPOBHULMEOM.

Knrouosi cnoea: eelisnem-aHarnia, 6pazopekmucbikauiliHa ycmaHoska, Yacosuli psd,
cumyauiliHe KepysaHH=.

IHocTanoBka npo6aemu. bparopexrudikaniiina ycTaHOBKA CHHPTOBOTO 3aBOIY €
CKJIQJJHUM TEXHOIOTTYHUM 00 €KkTOM KepyBaHHd [1]. s Hboro XapakTepHHIA BUCOKUI
PIBCHB MIYMIB 1 ICPEIIKOA, 3HAYHA HCBU3HAYUCHICTD, CYTTEBA HEIIHIHHICTD 3B SI3KIB MK
TCXHOJIOTIYHUMH MAPAMETPAMH, ICTOTHA HECTALIOHAPHICTh, CTOXACTUYHICTh 1 XaOTHY-
HICTB, IpOOJIEMATHYHA CHTYaLIiHA MOBCAIHKA Yepe3 HasBHICTh OiypKauiii, CIIeCKiB,
PO3PHUBIB Ta IHIIMX KapIUHAIBHUX 3MIHIOBaHb CTaHIB 00 ekta [2]. Taki ocobauBocTi
VCKJIAAHIOIOTh MPOLIEC NPUHHATTS PILICHb MOAO0 KEPYBAHHS: BUHUKAE HECOOXIIHICTE V
MOMYKY, OOIPYHTYBAHHI Ta NPUHHATTI B PEanbHOMY MacmTabi 4acy ONMEpaTHBHUX
CTpaTeriii KepyBaHHS 3TLAHO 13 CHTYaUIHHOI 0OCTAHOBKOKO B 00’ €KTI KEPYBAHH!, SKa
BH3HAYAETHCS HA OCHOBI MOTOYHOI Ta PETPOCIEKTHBHOI iH(poOpMalii npo Horo mose-
miHky. B mpoMy ceHCl 3 METOR 3a0C3MCUCHHS aBTOMATHYHOI peatizaii MPUKIa IHUX
(YHKIH KEPYBaHHS BAXKINUBE 3HAUYCHHS HAOYBAKOTh MCTOAM AHAJI3Y YACOBUX PSIIB
TEXHOJOTTYHHUX 3MIHHHX 00 ekTa kepyeanHd [3]. ng aHamizy BUNAIKOBHX MPOLECIB
IIHPOKO BUKOPHCTOBYIOTHCS TPAAULIHHI METOIH CTATHCTHYHOTO aHATI3Y BUIIAKOBUX
BeanuuH 1 QyHKUIH Ta cnekTpansHoro anamizy @yp’e [4]. [lopsa 3 HuMu B ocTaHHI
POKH HaOVBaIOTh MOLIMPEHHS CIOCOOH 0OpOOKH CHTHAIIB, 3aCHOBaHI Ha (pakTaib-
HOMY 1 BeHUBIET-mICpeTBOPCHHAX [5]. BeiBner-aHams € OJHUM 3 MEPCICKTHBHUX
METO/IB, IO 3ACTOCOBYIOTBCS HHHI TS aHATI3y YacOBUX CHUrHAiB [6]. BetiBaer-mepe-
TBOPCHHSA J00pE NOKAMI30BAHE B Yaci, IO A€ 3MOTY BHSBIITH CTPYKTYPY AOCTLIKY-
BAaHOT'O CHI'HAJIY HA OKPEMHUX YacOBHUX 1HTEpBajiax [6]. BixmiTHa 0COONUBICTh BEHBIICT-
MEPETBOPCHD TONATa€ B TOMY, INO BOHU MOPSA 3 TJIOOANTBHHMH XapaKTCPHUCTHKAMH
MPOLIECIB, PO3KPUBAIOTE OCOOMMBOCTI iX JOKambHOI CTPYKTYpH. BeliBner-anamis
3a0e3neuye JTIOKaIbHY BHCOKOYACTOTHY 1 I'NMOOANBHY BEMHKOMACIITAOHY i1H(OpMALIiO
mpo 00 €KT 1 Ja€ 3MOTY BH3HAYWUTH, B SIKUM MOMCHT YacCy 3 SBHJIUCS Tl UM 1HIII KOM-
MOHCHTH cUrHany. ToMy akTyaldbHICTh 3aCTOCYBAHHS BEHBICT-aHAIZY YAaCOBUX PSAIB
JUTS 3324 aBTOMATH3alli TEXHOJIOTTYHUX MpoueciB Oparopektudikanii He BHKIHKAE
CYMHIBY.

MeTa aociiazkeHb: NPOAHATI3YBATH YACOB] PAAH TEXHOJIOTTYHHUX 3MIHHUX Oparo-
pekTudikamiiHoi yCTAHOBKH 3a JOMOMOIQOK) BCHBJICT-NICPETBOPCHb, BCTAHOBHUTH
XapakTePHI MPOSIBU MOBEIIHKA 00 €KTa KEepyBaHHS, 3a0C3MCUUTH aBTOMATHYHHI
MOHITOPHHT' TEXHOJOTTYHHUX CHTyaliil Oparopextudikarii Ans oprasizanii onepaTus-
HUX ¢(EKTUBHUX CTpaTerid KepyBaHHS NPOLECaMU BUPOOHHLITBA CITUPTY.

Marepianu i MmeTtogu. Po3risggaerscs MaTeMaTHIHE Ta YHUCETBHE MOACTIOBAHHS
YACOBHUX PsAIB 3a JONOMOrOK BeWBIeT-aHa3y. OCHOBHHH aaroputM oOpoOKH
OVIYEThCS 33 YMOBU ICHYBAHHS YaCOBOTO PSAY 1 MOMMrae y BU3HAUCHHI MMOKA3HUKIB
CTOXACTHYHOCTI, XQOTHYHOCTI Ta AHAMI31 OCOONMBHUX CTAHIB CHCTCMH 32 JOIMOMOT OO0
BCHBJICT- -TIEPETBOPCHHSL. AHani3 BeUBneT-KOC(DILIEHTIB Ja€ 3MOTY BHUSBHUTH HECTAI[IO-
HAPHOCTI JOCTIKYBAHOTO IpOLIECy Ha 6y;u,-;n<nx YaCTOTHO-YACOBUX Macitadbax i
TaKMM YIHHOM OTPHMATH SK AKICHI, TaKk 1 KiNbKiCHI XapaKTePHCTHKH HeCTauloHap-
HOCTI, YCTAHOBUTH PIBCHb Ta XapakTep IIyMiB 1 30ypeHb, JiarHOCTYBATH XapaKTEpHI
MposIBH MOBEAIHKH 00 ekta kepyeanHa. Ha Biaminy Bix meperBopenns ®yp’e, mpu
AKOMY JIOKaTI3VIOTbCS YacTOTH, alle HE AAaeThcd 4acoBoi igeHTudikamii mporecy,
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BCHBIICT-TICPETBOPCHHS, IO KOPHUCTYETHCA PYXOMHM YACTOTHO-YACOBHM BIKHOM, IO
CaMOOPTaHI3y€eThCs, OTHAKOBO TOOPE BUAB/ISE SIK HU3bKOYACTOTHI, 3aBASKUA CKCHIIHT-
$yHKINI, O 3AIHCHIOE TPYOy AMPOKCHMALII CHTCHATY 34 JOMOMOIOK aIpOKCH-
MYIOUMX KOC(IIEHTIB, TaKk 1 BUCOKOYACTOTHI XapaKTCPUCTHKH CHUTHAIY, WO PO3-
KPHBAIOTh HOAPOOHLI CHTHATY HA OCHOBI ACTANI3YVIOUHMX KOC(]ILI€HTIB, HA PI3HHUX
4acoBUX Macinradax [6].

BeliBner-ananiz nondrae B NMOJAHHI BHXITHOTO CHrHANY, (QVHKUI V BHIIAIL
TiHIHHOT KoMOiHamil Aeskux 6a30BuX QYHKIIH — BelBneriB. BeliBaer-nepeTBopeHHs
3a0e3neuye ABOBHUMIPHY PO3TOPTKY JOCTIKYBAHOTO OJHOBHMIPHOTO CHTHANY, IO
CTBOPIOE MOJKJIMBICTH JUIS aHAMI3Y BIACTUBOCTCH CHTHANTY OJHOYACHO B dYaci 1 3a
yactororo. MacmrabHo-4acoBa JIOKami3alisl BEHBICT-IEPETBOPCHHS OOYMOBIICHA
MPHHIUNOM HOOYIOBH OPTOTOHAJIBHOrO Oaszucy posknaianHs [6]. Ha siaminy Bix
Oyp’e-nepeTBOpeHHS, A¢ AK OA3NC BUKOPUCTOBYIOThCA rapMoHiiHi ¢yHkuii [4], 6a3uc
BCHB/ICT-PO3KIAIAHHS CTAHOBUTH JIOKAII30BAHA B Yaci, TOOTO IMIBHAKO CHAJHA COJIi-
TOHOMOAIOHA BelBIeT — (PyHKI [6]:

\Ija,b :W(ﬂja (1)
a

e t — 4ac; g — macmrabHui Koe(ilieHT, IO BH3HAYAE BEIUYHMHY PO3TATYBAHHS
BEHBICTA, b MAE PO3MIPHICTh Yacy 1 BU3HAYAE BEIMUYUHY 3CYBY BeHBaCT-QOYHKIII [6].
HuHi icHye minumii psaa rakux QyHKLin [6].

OOuMCICHHS BEUBICT-TICPETBOPEHHS 3AIHCHIOETRCS UIIXOM 3TOPTKH JOCTIKY-
BaHOI YaCOBOI MOCTITOBHOCTI f{7) 3 BeHBACT-OYHKIIEO:

Wab)= | FOv,, (). @)

BetliBner-neperBopenns Gopmye 00pa3 K BEKTOpP BIACTHBOCTEH, INO BIATBOPIOE
MOTOYHHN CTaH TEXHOIOTTYHOTO HPOLIECY.

PospizusroTs Ge3mepepBHE 1 AUCKPETHE MEpeTBOPeHH:. beamepepeBHe BelBneT-
MEPETBOPCHHS OYIYEThCA 33 AOMOMOTOK0 OC3MEPEePBHUX MACIITAOHHX MEPETBOPEHB 1
MCPEHOCIB BEHBJCTA 3 JOBUIBHUMU 3HAYCHHIMH MACIITAa0HOrO koedimienra a i
napameTpa 3cyBy b [3]:

[ fy *(ﬂ)dr 3)

1/2

W(a,b)= ‘ar

J€ CUMBOJ * MMO3HAYAE OMCPALII0 KOMIUICKCHOTO CITOTYYCHHSI.

I[BonapaMeTquHa dyukuis W(a, b) nogae indopmaio npo 3MiHy BiZHOCHOTO
BHECKY KOMITOHCHT PI3HOr0 MacmTaly B Yaci i HA3HBAETHCS CIICKTPOM KOE(IiLieHTIB
BCHBIIET-TICPETBOPCHHSL.

Marouun BEHBIET-CIIEKTP, MOJKHA PO3paxyBaTH NOBHY €HEPIil0 CHTHATY:

dadb

E;=[f(ndt=[[w*(a b) “4)

1 rao0anbHUN CIEKTP €Heprii — po3moAin moBHOI eHeprii mo macmradax (Ckeii-
Jorpamy BEHBJICT-IICPETBOPCHHS):
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WCCNEAOBAHUE NOBEOEHUA
BPAIOPEKTU®GUKALIMOHHOWN YCTAHOBKHU
METOOAMU BEUBJIET-AHAIIU3A

B.O. Knwenbko, [1.A. KpuweHko, A.E. Kyuep
HauuonrarnbHbill yHUsepcumem nuuiesbix mexHonoaul

B cmambe paccmampusaemcs npobriemMa OUEHKU XapakmepHbIX depm roeedeHus
6pazopekmuchukalUOHHOU YCmaHOBKU KaK CIriI0KH020 06beKkma yrpasreHus Ha OCHose
selienem-aHanu3a epemMeHHbIX psadoe MexHOI02u4ecKUx rnepemerHbix. pumeHeHue
selisniem-npeobpasosaHull no3eonuno nodpobHo paccmompems OCOBEeHHOCMU
nposeneruli nosedeHus Kak 60 8peMeHHOl, mak u 6 YacmomHoili obnacmu, 4mo
obecrnieyum asmomMamuyecKylo OUEHKY COCMOoSHUA 06bekma yrnpaeneHus npu paspa-
6omke cmpameeaull cumyayuoHHO20 yrpaesneHus crupmosbimM rnpou3soocmeom.
Knrouyeeble cnoea: selisriem-aHanus3, bpasopekmugukalylioHHasa ycmaHoeka, epe-
MeHHoU pad, cumyayuoHHoe ynpassieHue.
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