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ENGINEERING SCIENCE

MULTICRITERIA OPTIMIZATION OF TECHNOLOGICAL
PROCESSES FOR DOUGH PREPARATION IN BREAD
PRODUCTION

Postgraduate student Pankov D.,
Ph.D. in Technical Sciences, Associate Professor Kishenko V.

Ukraine, Kyiv, National University of Food Technologies

Abstract. The article is devoted to the study of the automated intellectual subsystem of the
decision making support at bread production on the basis of the product quality optimization with the
use of vector optimization of the main technological processes of bread production: the sponge and
dough preparation. The intellectual system for bread production processes management based on the
principles of multicriteria optimization has been developed with the use of the knowledge acquired.

Keywords: bread production, multicriteria optimization, dough preparation, mathematical model.

Depending on the type of the object and the management tasks, the optimization goals to
finally achieve an automatic control have been determined. In the bread production, such goals are:
increased productivity, reduced costs, and improved product quality. The goals set are generally
heterogeneous and contradictory.

In general, the bread production processes management is a multi-step decision-making process
[1]. Each step in the decision selection procedure is associated with a certain target function of the
technological process management and is a set of control actions. The general target function is an additive
one, which consists of the sum of the target functions of each separate bread production process
management, however, optimal control of a separate technological process for a significant increase in the
efficiency of the control object operation is carried out on a multi-criteria basis. Determination of a multi-
criteria solution by its nature is compromise and based on subjective information [2].

The process of finding a solution consists of two stages. The pattern recognition of the situation is
performed at the first stage. At the next stage - with the help of the built-in scenarios [3] - the development
of optimal control in accordance with the set criteria of the technological process management is carried
out. Management scenarios are presented in the form of Petri nets with colored chips, which are determined
by the unclear values of technological factors in situationally significant zones.

When solving optimal management tasks, the following sets of criteria have been identified (1).

Aggregate criteria set:

S

I - quality;
_ : - productivity;
F TI (1)
Bmp, ), - loss.

The bread production process consists of many technological processes, the article deals with
the two of them:

- the sponge stage;

- the dough stage.

The optimization criteria for the sponge stage are:

- Quality - intensity of the sponge fermentation, m/CO,/kg*min

lsp.sr = T (tsptres Weptr, tsptr) 2
- Productivity - sponge fermentation time, hours
topsr = F (tep, Wsp) (3)
- Loss, %
Lss =1 (tspr-s Wepir tspsre) 4
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PHYSICS AND MATHEMATICS

OCOBEHHOCTH UCITOJIB30BAHUA OBJIAYHBIX
TEXHOJIOTUHA B MIPOLIECCE U3YUEHUSI
MATEMATHYECKOI'O MOJAEJINPOBAHUASA
MAI'HCTPAMMU SJIEKTPOOHEPI'ETUKMU,
IQJIEKTPOTEXHUKHU U DJJIEKTPOMEXAHUKHU

'kanouoam neoazozuueckux nayx, doyenm Hnona Bauyposcvka,

’kanoudam neoazozuueckux nayxk, doyenm Hamanva Pyuunckas,

Skanoudam nedazozuueckux nayk, cmapuiuii npenodasamens Anexceii Camoiinenxo,
‘kanoudam mexnuueckux nayx, accucmenm Bacunuii I'pyans,

'Huxonaesckuii nayuonanbublii azpapmulii ynueepcumenn, Kagheopa s1eKmpoInepzemuxi,
INEKMPOMEXHUKU U INEKMPOMEXAHUKU

’Hukonaesckuii HAWUOHATbHBLI AZPAPHBLI YHUGEPCUMEM, KADeopa IKOHOMUUECKOT
KubepHemuKku u Mamemamuyeckozo Mooeiuposanus

*IBY3 « Ynueepcumem meneoncmenma oopazosanusny, kagheopa OmKpoImvIX 00pPa308amenabHbIX
cucmem u UHGOPMAYUOHHO-KOMMYHUKAUUOHHBIX MEXHOI02UIL

‘MHAY, Kagedpa mpakmopos u cenbcKoOXo3alcmeeHHbIX MAWUH, IKCHIAYAMARUL U
mexHuuecKozo cepsuca

HenpepriBHOe pazBuTre 0O0pa3oBaHus B YKpauHe, MOBBIINICHHUS €r0 KauyecTBa U JOCTYITHOCTH,
WHTETpallisi B EBpOIEHCKoe o00pa3oBaTeNbHOE MPOCTPAHCTBO C COXPAHEHHEM HAalMOHATBHBIX
JOCTIDKEHUH W Tpaaunuii TpeOyeT BHEAPCHHS B BBICIICH IIIKOJIE COBPEMEHHBIX METOJ0B OOyUCHHS,
OCHOBAHHBIX Ha UCTOJb30BAaHUU UH(POPMAIIMOHHBIX TEXHOJIOTHUH, B YACTHOCTH, 00NauHbIX. O0IauHble
TEXHOJIOTHH TPeUIaraloT allbTepHATUBY TPaJUIIMOHHBIM (hopMaMm opraHu3aluu OoOydeHHsl, cO3/1aBas
BO3MOXKHOCTH JUJIsl MEPCOHANM3UPOBAHHOTO OOYYEHUS, MHTEPAKTUBHBIX 3aHATUA W KOJUICKTHBHOTO
o0Oyuyennsi. COBpeMEHHbIE MAaruCTPhl 3JCKTPOIHEPTETHKH, 3JEKTPOTEXHUKH M DIEKTPOMEXaHUKH
JOJDKHBI BJIaJI€Th OCHOBHBIMU NPHUHIUIIAMH ITOCTPOSHHS MaTeMaTHYeCKHX MoOJeleld B 3ajadax
UCCIIeZIOBaHUS (PU3NYECKHX IPOIECCOB, PELICHHs 3aJad pacyeTa yCTAHOBMBIIMXCS PEKUMOB M
aHaJM3a CTaTUYECKOH YCTOHYMBOCTH IJIEKTPOIHEPrEeTUYECKHX CHCTEM, a TaKXkKe 3a/Jad CHHTe3a U
aHaJIM3a JIOTHYECKUX CXEeM, a TaKKe IMPAaKTHYECKUMH HaBBIKAMU HCIIOJIb30BaHHUS COBPEMEHHBIX
METOJIOB KOMITBIOTEpHOTO MojenupoBanus [4;6;5]. B mpomecce oOydeHHs peanbHBIA OOBEKT
3aMEHSIOT €ro MOJETBI0O W 3aTeM HM3Y4aloT M aHAJIM3UPYIOT TOCIenHIoK. Bce ecrecTBeHHBIE U
OOILECTBEHHBIE HAyKH, KOTOPHIE MPEIXyCMOTPEHBI YU4eOHBIMH TUIAHAMH MTOJTOTOBKHA MarucTpa TaKkou
CIEIUATBHOCTH, HCIONB3YIOT MaTeMaTHYeCKWH ammapar ¥ HCIOJIb30BaHHE COBPEMEHHBIX
KOMITBIOTEPHBIX TIPOrPaMM U TEXHOJIOTHiA.

O6naunbie TexHosoruu (cloud computing) npeaycMaTpUBaIOT paclpe/ielieHHYIO YAaIeHHYTO
00paboTKy M XpaHEHUE AaHHBIX, ONPEACISIIOT JAWHAMUYHO MacIITa0MpyeMbli CBOOOIHBIH CIOCO0
JOCTyTa K BHEITHHM BBIYMCIUTEIBHBIM HWHQOPMAIIMOHHBEIM pecypcaM B BHJIE CEPBHCOB C MTOMOIIBIO
cetd UMurepher [1; 2]. Wueosorus 00jJauHbIX TEXHOJOTHH 3aKIIOYACTCsS B IEPEHOCE OpraHU3al|u
TEXHOJIOTHYECKHMX TPOIIECCOB M OOpabOTKHM JaHHBIX B CYIIECTBEHHOW CTENEHH C IMEPCOHATBHBIX
KoMITbIoTepoB Ha cepBepbl BeemupHoii Cern. Konmenims cloud computing ocHOBaHa Ha TOM, 4TO
cerb VIHTEpHET B COCTOSHHMU YJOBJIETBOPUTH IMOTPEOHOCTH TOJIB30BATENCH B TCHEPUPOBAHUH W
00paboTKe MaHHBIX B HIMPOKHX JAMAla30oHaX HX 3armpocoB. OOJauHbIe TEXHOJIOTHH IPEIararoT
MarucTpam 3JIEKTPOIHEPTeTUKH, IICKTPOTEXHHKU W IJIEKTPOMEXaHHKHA HOBBIC BO3MOXHOCTH JUIS
NPEIOCTABICHUS TMHAMAYHBIX ¥ aKTyaJIbHbIX, OCHOBAHHBIX Ha MHTEPHET-TEXHOJIOTHSIX MPUIOKCHUH
MaTeMaTHYeCKOT0 MOJICIIMPOBAHHMS /ISl JJICKTPOHHOTO 00pa3oBanus [2; 3]..

OOauHble TEXHOJOTMH TIPEIOCTABISIIOT BO3MOXKHOCTh XPAaHUTh JaHHbBIC, HPOU3BOJHUTH
OCHOBHYIO BBIYHCIIUTEIbHYIO pabOoTy, NMpPU HAIWMYUHM MHTEPHET MOAKIIOYEHHs. Takue TeXHOJIOTHH
00Ta]af0T OTPOMHBIM PSJIOM MPEUMYIIECTB: HE TPeOYIOTCS MOIIHBIE KOMITBIOTEPHI, YBEIHUYCHUE
MOIITHOCTH KOMTIBIOTEpa 3a CYE€T cepBepoOB, MEHbIIE 3aTpaT Ha MPHOOpEeTaeMoe NPOrpaMMHOE
obecrieyeHne, He TPEOYIOTCS MMOCTOSIHHBIE OOHOBJICHHS, TaK KaK BCE HAXOJUTCS B 00JIaKe, OTCYTCTBUE
NUPATCTBa, HEOTPAHUYCHHBIH 00bEM XPAHUMBIX JAHHBIX, JOCTYITHOCTh C PA3JIMYHBIX YCTPOWCTB U C
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Pa3IUYHBIX MECT, YCTOMYMBOCTH JAHHBIX K TOTEpPE, BBHITOJHEHHE MHOTHUX BUJOB y4eOHON paOOThI,
KOHTPOJISI ¥ OLIEHKU online; 3KOHOMHSI CPEJCTB Ha OIJIATy TEXHHUYECKHX CIECIMATHCTOB; 3KOHOMUS
JMCKOBOTO MPOCTPAHCTBA; OTKPBITOCTH 00Pa30BaTEILHON CPEIBI.

CxemMa BHeIpeHUS OOJAuHBIX TEXHOJOTMH B CHCTEMY OOYYEeHHS MaTeMaTH4eCKOMY
MOJIEIIMPOBAHUIO MaruCTPOB 3JIEKTPOIHEPTETHKH, IEKTPOTEXHUKH M DJIEKTPOMEXaHHKH Oa3upyercs
Ha B3aUMOJICHCTBUM TMIPETOAaBaTeIs] W MArucTpaHTa C HCIOJIb30BAaHHMEM OCHOBHBIX CEPBHCOB B
obrake, a UMEHHO, CHCTEMBI DJICKTPOHHOM MOYTHI, KajmeHaaped u koHTakToB Outlook Line; Be6-
npunoxxenuit Microsoft Office 365 u xpammmume OneDrive, Bumeo-cepuce Youtube u TOMy
nonoonoe. brmaromaps Office 365 sBnseTCS BO3MOKXHOCTh YCTAHOBKH IMTOJTHO(DYHKIIMOHATEHBIE BEPCUH
nporpamm Office u momydaTh AOCTYI K TOKyMEHTaM Ha Pa3lIMYHBIX YCTPOMCTBax. MBI mpeiaraem
a¢dexTnBHOE coueTaHne OONAYHBIX TEXHOIOTHHA C y4eOHOH cpemoil yHUBepcuTeTa. B coderaHum
KKABIA aBTOP COXpaHSET CBOM y4deOHBIE MaTepHajbl Ha COOCTBEHHBIX OOJakax W CTPYKTYPHPYET
CCBIIKM Ha HUX B y4eOHOU cpefe.

Benymyio ponr B (opMHUpOBaHWM HABBIKOB M MPUMEHEHWH MPHOOPETEHHBIX 3HAHUU Y
MarucTpoB JJEKTPOSHEPIeTHUKH, ODICKTPOTEXHWKHM U OIJICKTPOMEXAaHHKH MO MaTeMaTH4eCKOMY
MOJICIIMPOBAHMIO WIPAIOT NpaKTHUecKue 3aHATHs. [IpakThueckue 3aHATHS Pa3BUBAIOT HAYYHOE
MBILIJICHHE U S3bIK COMCKATEINIEH BBICIIETO 00pa30BaHusl, MO3BOJISIOT MPOBEPUTH MX 3HAHHMS, B CBSI3U C
YeM YIpaXHEHUS M 3aJaHusl SIBJISIETCS Ba)KHBIM CPEICTBOM JOCTaTOYHO OIEpaTHBHOW 00paTHOMN
cBsizu. llpakTuueckue 3aHATHS 10 MaTeMaTHYECKOMY MOJCIHMPOBAHHI0 (OPMUPYIOT CpPEACTBAMH
00JTaYHBIX TEXHOJOTUH M TMOJAIOT B Y4eOHOH cpele YHHUBEpCUTETa B TaKOH IOCIIEI0BATEIBHOCTH:
[eNb, WCXOJHBIE JaHHbIE, METOAWYECKHE YKa3aHHWA, alTOpPUTM peIIeHHs, 3aJaHus Ui
CaMOCTOSITETFHON paboTHI (110 aHAJIOTHH C PACCMOTPEHHBIM PaHEe METOJIOM), KOHTPOJIBHBIE BOIIPOCHI
COMCKATeNsIM  BBICIIETO  OOpa3oBaHMWS I 3aKperuieHHs  Marepualia, OIEHKH  ypPOBHSA
c(hOpMHUPOBaHHOCTH yMEHHUH, OOCYXIEHHEe XOoJa 3aHATHS ¥ BONPOCHI K TMPEroaBaTelio,
TIPEJICTABJICHUE IOMAIITHETO 3a/IaHUSI COUCKATEISM.

B crpykType 3aHATHS MO MaTeMaTW4ecKOMY MOJEIHMPOBAHUIO CaMOCTOSITENbHas padoTa
nomuHUpyeT. [IpernonaBaTens y4acTByeT Ha CTaIUU TMOCTAHOBKY 3aadd, TIPU Pa3padOTKe METOAMIECKIX
yKa3aHWH U OCYIIECTBISIET KOHTPOJb. [Ipy 3TOM mpakTHdeckas paboTa MarucTpa 3IeKTPOIHEPTreTHKH,
ANIEKTPOTEXHUKH U ANIEKTPOMEXAHUKH 110 MaTeMaTHYECKOMY MOJICITUPOBAHUIO MOKET OBITh:

® B TEKCTOBO-rpa)uuecKoM BUJIE B popMaTe BeO-CTPaHHIIBI;

® B BUJIE MYJIbTUMEAHHHON NMPE3ESHTAINH C TONIATOBBIM PEIICHUEM 33/1a4H;

e B BHJIE BHJEO3AMKCH IPOIECCa BHITOIHEHUS, HAlpUMEp, Ha JIOCKE WM Oymare, WU B
CIeIMATbHON MPOTrpaMMe (3aMKch ¢ IKpaHa KOMITBIOTEPa).

[IInpokoil NOMYJISPHOCTBIO CPEOU COMCKATENEH II0Jb3YKOTCS KMEHHO BHJE03alUCH K
NPaKTUYECKUM 3aHSATHAM 110 MaTeMaTHYECKOMY MOJICITMPOBAHHIO, IAIOIIME BO3MOXHOCTD B yI0OHOM
TeMIIe pa3o0paThCsi C TEMOW M PEIINTh TOCTABICHHBIC 3a/laud. Takue BHIEO COXPaHSIOTCS Ha BHUJIEO-
ceppuce Youtube U TpaHCIHPYROTCS B BeO-pecypce yueOHON mucnuiuivHbL. [lpuMeHeHue
BUJO(DparMeHTOB W JIPYTHX ayJUOBH3YaJIbHBIX CPEACTB B XOJI€ H3YYCHHUS MaTEeMaTHYECKOTO
MOJICJIMPOBAHHS BBI3BIBAET HHTEPEC Y COMCKATENEH BBICIIIETO 00Pa30BaHMs, MMOBBIIIAET MOTHBAIIHIO K
W3YYEHUIO AUCIUTUINHEL, TPOOYXKIaeT JIFOOOMBITCTRO.

Hcnonp3oBanne 00NaYHBIX TEXHOJNOTHMH B  Tpolecce W3YYCHHS MaTeMaTHYECKOTro
MOJISJIMPOBAHHS MarCTPAMU DIIEKTPOIHEPTETHKH, AIEKTPOTEXHUKH U DIIEKTPOMEXaHUKH MTO3BOJISET:

® [IOHATH, KAaK YCTPOEH pEalbHBbId DSHEPTreTHYECKUN OOBEKT, KAKOBBI €r0 CTPYKTYypa,
CBOWCTBA, 3aKOHBI PAa3BUTHS ¥ B3aUMO/JICHCTBUS C OKPYKAFOIIUM MUPOM;

® HAy4YUTHCS YMPaBIATH TaKUM OOBEKTOM (IIPOIECCOM), BHIOpPAaTh HAMIYYIIHHA CIIOCOO
(MoJienp) yrpaBiieHUs MPU 3a/IaHHBIX TIETISX;

® IPOTHO3MPOBATh MPSIMbIE U KOCBEHHBIE MOCIEACTBHS peau3aliy 3aJaHHBIX CIIOCOO0B U
(GhopM BO3EHUCTBHUSA HA OOBEKT.

Takum 00pazom, TpeIUIoKEHHass TEXHOJOTUSI IPOBEJEHHUS TPAKTHUECKUX 3aHSATHH TI0
MaTeMaTHYeCKOMY MOJICTUPOBAHUIO JUISI MAarucTPOB DIIEKTPOIHEPTeTUKH, JJIEKTPOTCXHUKH U
AJIEKTPOMEXAHHUKH MTO3BOJISIET YCKOPATH MPOIIECC TIONYUSHHS U 3aKpeTieHns WHPOPMAIIUK, YIIpolaTh
ee BOCIPHATHUS, OBJIAJETh B JOCTATOYHO KOPOTKHH CPOK OOJBIIMM KOJIUYECTBOM Y4EOHOTO
marepuaia. [loaToMy ucrnonb30BaHHE OOJAYHBIX TEXHOJIOIMH B OOYYEHHH - 3TO CIIEAYIOIIWH
SBOJIIOLMOHHBIA IIAr K TMPEJOCTAaBICHHUIO YYeOHOMY IpOLEcCy CBOWCTB aJalTHUBHOCTH, 'MOKOCTH,
OTKPBITOCTH ¥ MOOWIBHOCTH. VHTerpamus oOONaYHBIX TEXHOJNOTMH B  HMH()OPMAIMOHHO-
oOpa3oBaTenbHas cpeAa y4dyeOHOro 3aBEACHHUS 3HAYUTENBHO TOBBICHUT 3(PQEKTHUBHOCTh YCBOCHUS
3HaHUHM COMCKATENSIMH BBICHIETO 00pa3oBaHUs. BONBIIMHCTBO cOMCKaTenel BBICIIEro oOpa3oBaHUs C
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YAOBOJBCTBUEM Y4aTCsi HOBBIM TEXHOJIOTHSIM C TIOMOIIBI0 CBOMX TaKETOB, Pa3BUBAIOT
WHTEIUICKTYaIbHBIC CIIOCOOHOCTH W TIBITAFOTCS MOBBICUTH CBON YPOBEHBb HCIIOJIb30BaHUS O0JIAYHBIX
TEXHOJIOTHHA. A TPEernojaBaTeNId IOJIy4aloT BO3MOXXHOCTH (DOPMHPOBATH TPACKTOPHU Pa3BUTHS
KKJIOT0 MAarucTpa 3JCKTPOIHEPIETHKHU, HICKTPOTCXHUKH U DJICKTPOMEXAHUKH, ITPUHIMIHAILHO
HOBBIE BO3MOKHOCTH HJIsi OpraHU3alldd HUCCJIECIOBAaHUM, MPOEKTHON MAESITENbHOCTH U aJanTalluu
y49e0HOr0 MaTepuajia K pealbHOM >KH3HH, MPUHINIHAIHGHO HOBBIE BOZMOXKHOCTH TIepeIadll 3HAHUI:
BUJICOJICKITNH, BEOWHAPHI, BHUACOTPAHCIANNN, WHTETPUPOBAHHBIE TPAKTUYECKHE  3aHATHS,
KOOTIepaTHBHEIE TAOOPAaTOPHBIE PAOOTHI; OH-TIAIfH KOMMYHHKAITHSL.
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IITYYHI HEWPOHHI MEPEXI

Mowenuenxo M. C.

Ykpaina, Kuie, Hayionanvnuii mexniunuii ynisepcumem Ykpainu «Kuiecoxuii nonimexniunuil
incmumym imeni leopa Cikopcbkozo», cmyoenm

Abstract. Genetic algorithms and neural networks are the two powerful technologies that
consist of the phenomenon we can observe in nature. Neural networks are built on the principle of a
high degree of parallelism, which is a significant advantage in solving problems of classification and
pattern recognition. Genetic algorithms are based on one of the most important concepts of modern
biology - natural selection theory of Darwin used for various optimization problems.

Keywords: Neural networks, genetic algorithm, training of neural networks, artificial neurons,
pattern recognition, architecture.

Ityuni Heiiporni Mepexi (IITHM) — maremaTHuHi MOJIEINI CIIPOEKTOBAHI 3a MPUKIAIOM Jii
0i10JOTiYHUX HEHPOHHUX MEPEK.

OcnoBoro IIHM € Moptenp JTr0ACHKOT0 MO3KY, KU CKIQJa€ThCs 13 MUTBAP/iB HEHPOHIB 1110
3’€IHAHHI CHHANcaMHu. AHAJOTIYHO, IITY4YHI HEHPOHHI MEpeXi CKIaNaloThes 3 OOUYHCIIOBAIBHUX
€JIEMEHTIB sIKI Ha3MBalOTh ILITYYHUMHM HEHpOHaMH. 3B’S3KM MDK HEHWpOHaMHM BH3HAYAIOTh
XapaKTepUCTUKU SK MO3KY TaK 1 IITYYHUX HEHpOHHUX Mepex. HelpoHHI Mepexi BOJOJIIOTH
HACTYITHUMH TIepeBaraMu: rnapaiesizM, MOXKIIMBICTh HABUAHHS Ta 3JIATHICTh JI0 y3arallbHEHHSI.

JIroncekuit MO30K BOJIOJIIE€ BUCOKOIO CTYIIHHIO Mapayeni3My OCKUIBKH KOXXeH HeHpoH
3B’sI3aHUM 13 COTHSAMM IHIIMX HEHpoHiB oxHouyacHo. Tomy IIIHM Haiikpaimie mHiaxoaaTh s
pO3Mi3HaHHS 00'€KTIB, 110 BAKOPUCTOBYIOTH MApaJICITi3M.

[HIIOF0 BaXXJIMBOK MEPEBArOK) HEHPOHHHUX MEPEK HaJ 3BUYAHHUMHU QITOPUTMAMM € iX
3JIATHICTh JI0 HaBuaHHsA. HaBUaHHS CKIIQJA€ThCs 13 MOJAYi HA BX1JI MEpexki 0araThboX TPEHYBAJIbHHX
NPUKJIAiB, KOXKEH 3 SIKMX CKJIQJIAa€ThCs 3 HA0Opy BXOJIB Ta OaskaHMX BUXOJiB. Haii0inbm nommpeHum
METO/I0M HaBYaHHS HEHPOHHUX MEPEXK € AITOPUTM 3BOPOTHHOT'O MOIIUPEHHS TOMUIIKH.

HeiiponHi Mepexi MOXYTh BHUKOPMCTOBYBAaTHCH JUIsl DILIEHHS pI3HUX 3aJad TakuxX SK
po3mi3HaBaHHS 00pa3iB, anpoKcUMaLis (QyHKLIN, 3aJa4 ynpaBiliHH:I, 00poOKa 3alIyMIEHUX JaHUX Ta
iHmumx. OCKIJIBKM AJ11 HAaBYAaHHS HEHMPOHHMX MeEpeX MNOTPiOHI JMIle TpeHyBajbHI AaHi, XapakTep
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