VY 3B’S3Ky 3 UM y MOAAJIBIINX JOCTIPKEHHAX JOIUIBHO 3aJIyYUTH Cy4acHI METOIH
EBOJIIOIIITHOTO MOJICIIOBAHHSA, 30KpeMa, TeHETUYHI aJITOPUTMH, JUIsl PO3B’ sA3aHHS 3ajadi
HAJAIITyBaHHS HEYITKUX CHCTEM KEPYyBaHHS PEKHMOM IIyCKYy TMPOIECY EKCTPy3il
MOJIIMEPIB.
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HanamryBaHHSI HEYiTKOI CHCTEMH KEPYBAHHS PEKHMOM IYCKY Mpolecy eKcTpy3ii mogimepis /
JI. JI. SIpomyk, O. A. Kyuenko // Bicauk HTY «XIII». Cepisi: HoBi pillieHHsI B Cy4aCHUX TEXHOJOTIsX.
—X: HTVY «XII», — 2013. Ne 38 (1011). -€.44-50. —bibmiorp.: 7 Ha3B.

[IpencraBiens! pe3ynbTaThl HACTPOMKN HEUETKOM CUCTEMBI YIPABIEHUS PEKUMOM ITycKa Mpoliecca
sKCTpy3un noiumepoB. [lokazano, yto (akTopamu, KOTOpble HauOoJee BIUSIOT Ha KaueCTBO CHUCTEMbI
yIpaBIIeHUs], SBISAETCS KOJMYECTBO TEPMOB JIMHIBUCTUYECKUX IEPEMEHHBIX M COOTBETCTBYIOIIHE
(GYHKIMN TPUHAICKHOCTH, JWANa30HBI BXOAHBIX INEPEMEHHBIX, a TaK)Ke COCTaBHbIE 0a3bl MpPaBUIL
[IpensiosxeHHbIE HATIPABJICHUS MTOCIEAYIOINX UCCIIETOBAHHHA.

KiroueBble c10Ba: HEUYeTKas CUCTEMA, TIOJIUMED, SKCTPYAEP, PEKHUM TyCKa.

Results of fuzzy control system tuning of startplyase of polymers extrusion process are presented.
It is shown that the most influential factors omtol system quality are terms quantity of lingiaist
variables and corresponding membership functiocalirgy factors and rule base. Directions of future
researches were proposed.

Keywords: fuzzy control, polymer, wood, extruder, start-uape
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HEMPOCETEBOE YIIPABJIEHUE B 3AJIAYAX ITPECJIEJJOBAHUSA

3amaun TpeciieIOBaHUs PEIIAloTCs Ha OCHOBE HeWpoceTeBOro ympasiieHus. HelipocereBas cuctema
YOPABJICHUS CTPOUTCS HA OCHOBE HEHWPOCETEBOrO0 KOHTPOJUIEPA, KOTOPBIK COCTOMT M3 TpPEX CIIOEB
HEWPOHOB MPSAMOro pacrpocTpanenus. llpennararoTcs npuMepsl peaau3alud HEMpOCEeTEBOTO YIIPABICHUS
B 33/1ayax mnpeciepoBanus. [IpuBoasTes pe3ynbTaTsl 00y4eHHUs] CUCTEMBI.

KuloueBble ciaoBa: HeillpoceTeBoe yIpaBieHUs, 3aJadydl MpecielOBaHUs, HEWPOCETEBOU
KOHTPOJIIEP, MPSMOE paCPOCTPAHEHHE, AITOPUTMBI 0OPATHOTO PacIIpOCTPAHEHUS OIIMOKH.
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BBenenue. CTtpeMuUTENbHOE pa3BUTHE HOBBIX HMH(DOPMAIMOHHBIX TEXHOJIOTHH B
HAIPaBJICHUH CO3/IaHUSI HHTEIUICKTyIbHBIX CPEACTB 00paOOTKM MH(POPMAIINU, TAKUX KaK
HEHUPOCETEBBIC METO/IbI, TCHETUYECKUE AJTOPUTMBI M T.M., OOYCIOBIMBAET WX AKTHBHOE
BHEJIPEHHE Ha BCEX CTAaIMUsSIX pa3pabOTKH W COBEPIICHCTBOBAHUS MaTEMaTHUYECKOTO
obecrieueHnss WHOOPMAIIMOHHO-YTPABIISAIOMIUX CUCTEM BO BpPEMsl pEHICHHUS IIMPOKOTO
criekTpa (PyHKIIMOHAIBHBIX 3a7ad. MHTETPAIbHBIX W HHTETPAbHO-IH(EPECHIIMPOBAHHBIX
cOMMKeHus, U TpecieoBanus. Bce 3To m03BOJAET CyIECTBEHHO MOBBICUThH HAJEKHOCTh
NPUHATHS PENICHUN OTHOCUTEIBHO pEIICHHUs 3a7ad mpecieaoBaHus. KoTopeie, B CBOIO
odepeib, MpeayCMaTpUBAIOT HAJIMYKME JBYX WX O0jiee CTOPOH, CIIOCOOHBIX BJIUSATH Ha
MPOIIECC C MPOTHUBOIOJIOKHBIMU WJIM HE COBMAJAIOIMMMU LielsaMu. K pemenuto 3amad u3
9TOM 00JIACTH OTHOCHUTCSI TE€OpHsl KOH(MDIMKTHO YMpaBiseMbIX IMpoiieccoB. JlaHHas Teopus
B CBOCH OCHOBE MMeeT OOIIyI0 TEOPUIO WUIP, MATEMATHYECKYI0 TCOPUIO YIIPaBICHUS
Teopuu AudPepeHImanbHbIX YPaBHCHU.

D} GhHEeKTUBHOCTP ~ MAaTEMaTHYECKOTO  OOECTICUCHHUS  YIPaBISIOMIMX  CHCTEM
HEMOCPEJICTBEHHO CBS3aHA C YBEJIWYCHHEM TOYHOCTH MAaTEMaTUYECKUX MOJICIIeH,
UCIIOJIb3YEMBIX JUIsI PEIICHUS COOTBETCTBYIONICH (hYHKIIMOHAIBHOW 3aJayd U, B CBOIO
odepeib, TOCTATOUYHOM CTETICHBIO OMPEAeIAeTCs MOAX0A0M K BEIOOPY METO/Ia TOCTPOSHUS
ATHUX MOJIEJIEH.

Onnako mnpemonpenensonuM (akTopoM BBIOOpa METOJa TOCTPOCHHS MOJENH
SBIIAECTCS XapakTep MOAU(PUKAIIMKA BO BPEMEHHU BXOJHBIX MEPEMEHHBIX 00BEKTa, KOTOPHIN
MPUXOAUTCS HCCIIETY EMbBIM.

Bosnbiioe BHMManue B paboTax JaHHOM IIKOJIBI YACISETCS BOMPOCAM MPAKTHYECKON
peanu3aiuu Mnporeayp yHpaBlIeHUs W YUCICHHOTO PEIICHUs MPUKIAIHBIX 3a1a4 TEOpUHU
mupdepennmanbapix urp. OIHAKO 3a7a4d MPECIICOBAHUS PACCMOTPEHBI JOBOJIBHO
MOBEPXHOCTHO, HEOOXOJAMMOCTh YJIYUIICHHUS PEIIeHUs 3a7ad TPeCiieI0BaHUs SBISICTCS
aKTyaJbHOM B YCIIOBHSIX COBPEMEHHOCTH, OCOOCHHO OTHOCUTEIILHO PEIICHUS YIIOMSHYTHIX
3a/1a4y C TIOMOIIHI0 HEHPOCETEBOTO YIIPABJICHHUS.

AHanu3upysi MHOTOUYHCJIEHHYIO JIUTEPATypy, KOTOpasi OTHOCUTCS K HEHUPOCETEBOMY
YIpaBJIE€HUIO, HEOOXOAMMO OTMETHTh, YTO Ha CETOJHSIIHUN JCHb HEWPOCETEBOE
yOpaBJICHHE B 3ajJadax MpecieIoBaHus, SBIACTCS OJHON M3 MajousydeHHbIX. OJHaKo,
MOAXO/IS1 K U3YUCHHIO JAHHOTO HAIPaBJICHUS B TEOPUHU YIIPABISIEMBIX MPOIECCOB, CICTYET
OTMETUTh, YTO WCCJICIOBAHUE TAKOTO 3aJaHus paclIupseT Kpyr APYruX HE MeEHee
WHTEPECHBIX 3a7a4, KOTOphIe, B CBOI OYEpeIb, COCTOSAT W3 MHOTOYMCIECHHBIX
KOMOMHAITUH, TIPU PEIICHUN KOTOPBIX 3a4acTyI0 BO3HUKAIOT TEXHUYECKUE MPOOIEMBI. ITO
0OBSICHSIETCSI OTPOMHBIM HAaOOpPOM 3HA4YEHWM, KaK MEPEMEHHBIX, TaK M TMOCTOSHHBIX, B
ciaydae, Korga HeoOxoaumo oOpaborarth OonbInoi o0beM wuHbopManmu. I[Ipu sTOM
MOSIBJICHUE MHTETPUPOBAHHBIX PACIPEACIICHHBIX MPOTPaMM CaHKIIMOHUPOBAIO K HOBBIM
BO3MOKHOCTSIM TIPUMEHEHHUS YUCICHHBIX METOJIOB MPHU PEIICHUU 3aJ1aud MPECiIeI0BaHusI.
Hcxons w3 3TOro, BO3HUKAET BOMPOC O pa3pabOTKE HOBBIX METOJOB U aJTOPUTMOB,
MHOTHE M3 KOTOPBIX TPEOYIOT HAUMEHBIIINX 3aTPaT BPEMEHH B IIPOrPAMMHON pean3aliny,
Ha OCHOBE ATOTO JaHHBIC 33/1a4l BBHICTYIAIOT aKTyaIbHOM 3a/1aueH.

Ha cerogusmHuii 1eHb J0CTaTOYHO TIOyOOKO M3y4YeHbl (yHIaMEHTAIbHBIC
pE3yNbTaThl NMPUMEHEHUS MO3WIIMOHHOTO TMOAXO0/Ja B WTPOBBIX 3a7adax IMpeciieloBaHus,
KOTOPBIE KAaCarOTCS CHUCTEM, JIBIDKCHHE KOTOPBIX OMHUCHIBAIOTCS AuddepeHInaIbHbIMU,
WHTETPaIbHBIMH, UHTETPO-Au(depeHIIUaATbHBIMUA YPABHEHUSIMU.

OcCHOBHEBIE pe3ybTaThl MOAAHBI B Hay4HBIX Tpyaax M. M. Kpacosckoro [1,3], IT. JI.
I'nme6osa [4], B.I'. benoyc [5], K.E. Po6uenko [6], .. 3unuenko [7], cTaiud BaKHBIM
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0a3ucoM TpU  BBHIIOJIHEHMHM JaHHOW  paboThl. TeopeTwueckue  HCCIACAOBAHUS
J.J1. 3uHYeHKO CTaJdd OCHOBOM B HCCJIEAOBAaHMHM IIO3WIIMOHHOTO METOJa I
WHTETPAIbHBIX WP ¢ (UKCHUPOBAHHHIM MOMEHTOM OKOHYAHUS WIPhl U KECTKUMU
YCJIOBUSIMH Ha MapaMeTphl MTPOIIECCOB.

Pemenne nuddepeHnanbHBIX WP C y4acTHEM TPYIIIBI MpeciieoBaTeiield ObLIN
npeiokedsl B padorax O.J. Muponenko [8], B.A. Tepexosa, [I.B.Edumosa,
N.IO. Tioxkuna, B.H. Autonora [9], H.T. Kuidyru [10], JI.C.Ilotpsaruna [12], A.A.
Mumnsiino [13], K.€. Pobuenko [6] u MHOrmX Apyrux MateMaTHKoB. OTMETHM, YTO
TOJTYKOM K TIOSIBICHHIO OOJIBIIIOTO KOJHWYECTBa PabOT MO YKa3aHHOM TEMaTHKE CTajia
cratbsi Pobuenko K.E.. boapmmHCTBO padoT, MOCBAIIEHHBIX KaK 3aJadM IPECICI0BaHUS,
TaK M 33/1auyd yOeraHus paccMaTPUBAIMCH MPU OMPEACIICHHON MPEBOCXOJCTBE OJHOU M3
CTOPOH.

MeTtoauka >kcnepuMeHToB. CyImHOCTH MPOOJEMBbI, HaJ KOTOPOW MPOBOIUTCS
WCCIIeIOBaHNE B JAHHOW paboTe, 3aKIF0YaeTCsl B TOM, UTO IS MPUMEHEHUS B 3a/1adax Jjis
MPOIIECCOB C TaMSATBIO CYIIECTBYIOIINE Pa3pabOTKU Mojene Ha 0a3e MO3MIIMOHHOTO
MeToJa TpeOyIOT 3HAYUTEIHLHOTO YCOBEPIICHCTBOBaHMS U 0000meHus. bonee Toro,
YUHUTBIBAS AaHAJIN3 COCTOSTHUS TTPOOJIEMBI, OKa3bIBAETCS, YTO paHee 3aauu B IIpeIiaraeMou
MOCTAHOBKE HE pacCMaTPUBAIIUCh.

Hear paGotbl. PemieHune 3amaun mpecieoBaHUS C TOMOIIBIO HEHPOCETEBOTO
yrpaBieHus. Pe3ynbTaT pelieHus akTyajdeH g HCHOJb30BAaHUS MHOTOCIOMHBIX
HEUPOHHBIX CeTel. A Tak)Ke MPOrpaMMHON peanu3alliy pelieHus Takux 3ajaad. HayuHas
3HAYMMOCTh JAHHOTO MCCJIEIOBAHUSI COCTOUT B MIPUMEHEHUU HEUPOCETEBOTO MOAX0a IS
ONTUMAJILHOTO YIIPABJIECHHUA B 3a]1a4€ MPECIICI0BAHUS.

OO0cy:xkneHue pe3yabTaToB. PaccmMoTpuMm 3agady MHOpeciaefoBaHUs, KOTOPYIO
IIPEACTABUM CUCTEMOM YPABHEHUM:

x=u, |u|lsa, a>1, xOR",
y=v, |v[<1, yOR'
rae X, Y, - TeOMETPHYECKHE KOOPMHATHI TPeCciieoBaTelisi U Oerjea COOTBETCTBEHHO;
u(t), v(t) , - msmepumsie o Jlebery dpyukuuu. Ypasinenue Geriena

v(t) OpHUHAIIIEKNAT X(f) . rorcmscesem
mapy s :{ X0 R || §< ]} . Ypasienue \ i EOR—
u(r) ‘“\"\:; S 7 e —,
npecnenoBarens u(t) BelOMpaeTcs u3 T / e
\\\% ~ Z

mapa pajuycom a:

aS:{ ad R: 1 }B MHoxecTBa D

Bermer

BCEX TAKUX yIPABICHUN HA3BIBAIOTCS
IOy CTUMBIME U 0003HauatoT ux Q. () V(1)

U Q, COOTBETCTBEHHO. Puc. 1 —3anaua mpecnenoBaHus

[IpencraBum rpadudecku
JaHHYI0 3amady mnpecienoanus (puc. 1)JlanHyro 3amady peaiumsyeM B HEWPOCETEBOM
CHUCTEME YIIPABJICHHUS.

HelipoceTeBas cucteMa yrnpaBieHUs B NIEPBYIO OYEpPElb COCTOUT M3 HEMPOCETEBOTO
KOHTPOJIIEPA, KOTOPBIA COCTOMT M3 TPEX CIOEB HEWPOHOB IMPSAMOrO PACIPOCTPAHEHUS.
[IpuHun paboOTHl JAHHOTO KOHTpOJIEpa CIEAYIOIIMM, Ha BXOJ CETH TOJAETCA Pl
napamMeTpoB. TEOMETPUUYECKHE KOOPAWHATHI TMIpecienoBaTeiss W Oeryema, CKOPOCTh
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JABMKCHHA, TPACKTOPHA IOBHXKXCHHA, KOJIHYCCTBO OIICPaHIOB. Ha BeIxoge noJrydyacm
YHOpaBJICHYCCKOC BIIMAHUEC, KOTOPOEC, B CBOIO O4YCPEAb, COCTOUT U3 TPEX KOMIIOHCHTOB,

JUIMHY BEKTOpPa yNPaBISIONIETO BIUSHUS .
U YT0JI TIOBOPOTa OOBEKTA B CETH. J_'

JUJ1s1 TpOTHO3UPOBAHMSI UCITIOJIB3YEM PRCTRAOBATE: ‘ BETVIET ‘
TPEXCIIOMHYIO CeTh [IPSIMOI'0 \ 7
pacrpoCTpaHEHUs. Ha puc. 2 z, 5, h{“
IIpE/ICTaBIICHA apXUTEKTypa

N

TPEXCIOWMHOW HEWPOCETH B PE3YJIbTATE
HEKOTOPBIX SKCIEPUMEHTOB.
HeiipocereBass mMozenp oOydaiach

‘ TIPECJIEJOBATEL
Pap mapaMetpos

aJIrOPUTMY 00paTHOTO =

pacmpocTpaHeHus, a MMEHHO Y

MO U (DHUKAITHH SCG. AnropuT™ BRoACETH ‘ . j

obpatHOro PacmpoCTpaHEeHUs! v

IpeUI0KEHHBIIT Puc. 2 —Apxurekrypa TpexciloiHOM
Monnepom codeTaeT uiaew Meroaa HEHPOCETH PeaM3aLUH 33/1a4H1

COIIPSKEHHBIX I'PAJIUEHTOB C HPECIC0BAHNA

KBa3WHBIOTOHOBCKMMH METOJaMH, ¥ B YACTHOCTH TMpEAJaraeT TMOJaX0J, KOTOPBIU
peanuzoBan B anroputme JleBenOepra-MapkBapaa. OgHako, 3TOT aJIropuTM TpedyeT
OoJbILIEro YKcia UTepaluil YeM JApyTrue, HO MPHU 3TOM o0Iee KOJTUUYECTBO BbIUMCICHUN Ha
KaXXJI0W UTepaIliy CYIIECTBEHHO COKPAIIIEHO.

[Iporecc 0OyueHus OTpakeH Ha puc. 3.

Jis oOyyeHust Mojenu ObUIM HCIOJIB30BAHBI MaTepuajbl KOTOpPbIE BKIIOYAIU
pe3yNbTaThl TOJYYCHHBIX HCCIICJIOBAHUN PA3IUYHBIX BapUAHTOB MPECIIECIOBAHUS.
Kotopeie npusenenst B paborax JILII. T'me6osa [4], JI.C.Ilotpsruna [11] u M. M.
Kpacosckoro [2].

Jlanee mpoBeneM NOATOHKY OOywarolell BBIOOPKHM Ha YK€ OOYy4YeHHOW CeTH.
PesynbTarhl npeacraBuM Ha puc. 4.

NpecTeIoEATeETE

— OByuEHHE ":(r) H(f)

~ o

z(1)

Germen

y(t)

nrkana obyuerna 11(]‘)

Puc. 3 —IIpouecc oOydenus HeiipoceTeBon Puc. 4 —Pe3ynbpTaThl MOATOHKH
MOJIEJIH aJropuT™Ma 0OpaTHOTO oOyyaroreil BBIOOpKHU Ha yKe 00ydeHHOU
pacrpocTpaHeHHUs ceTn

W3 ananw3a MoJydYeHHBIX pE3yJbTAaTOB BHJIHO, YTO NMPOBEpPKa Ha OOYYCHHOW CETH
nmaet He 100 % TouHBI pe3ynbTaT. TOYHOCTH JAHHOTO TMPOTHO3a HA MPOBEPOYHOU
BBIOOpKeE cocTaBisieT /7 %.CormacHo pe3yibTataMm pa3padoTaHHAsS CHCTEMa MOYKET

CIIY>KUTh JJI OBICTPOTO M IOCTATOYHOTO pacyeTa ONTUMAILHOTO My TH
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mpeciacaoBaTciid, a COOTBCTCTBCHHO U PCHICHUA 3aJa4U IPCCIACAOBAHMAA.

BoiBoabl. Teopusi KOHGIMKTHO YIPaBISEMBIX IMPOIECCOB SBWJIACH HJI€ATbHBIM
noJieM JJii TOPUMEHEHHs HEeWPOCETeBBIX TEXHOJIOTHM, W HMMEHHO B 3TOH OTpaciu
HaOonaeTca HauboJiee SIPKUN MPAKTUUECKUI ycreX HeUpOMH(POPMAIMOHHBIX METOJIOB.
DTO TMO3BOJUT PEIIUTh MHOTHE BOIPOCH MaTeMaTHYecKoro acmekrta. CBOEBpEMEHHOE
HEHpPOCEeTeBOE YMPaBICHUE MO3BOJUT PEUINTh MaTeMaTuueckue auddepeHIuanibHble U
WHTErpoBaHO-IH((HepeHIIMAIbHBIC 3a7]a9H JTOBOJBLHO MTPOCTHIM U YI0OHBIM CTIOCOOOM.

OmucanHpli B paboTe HEHPOCETEBOM MOAXOJ CAHKIMOHUPYET OOBCIMHCHUE
muddepeHnaIbHbIX YpaBHEHUI B OJHO 0O0lllee ypaBHEHHE, LIEJIbI0 KOTOPOTO SIBISETCS
OouepUYMBaHUE TUHAMUKH KaK OOBEKTOB, TaK U CHUCTEMbl YpPaBHEHHUH, KOTOpPbHIE, B CBOIO
odepe/lb OIMMCHIBAIOT OOyYCHHE MHOTOCIOWHBIX HEWPOHHBIX CETCH, M TEM CaMBbIM,
OTPENENSAIOT TMapaMeTphl, oOecrneunBaronIie yCTOMYUBOCTH 0OydeHus. [IpuBeneHHas
TpexclioiiHas HeillpoceTeBas CUCTEMa IMO3BOJSET MOJAEIUPOBATH AJTOPUTMBI JIBYMEPHBIX
3a/1a4 IpeciieI0OBaHus.
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3aBmaHHA ~ TIEpeCIiyBaHHS BHPINIYIOTECSI Ha  OCHOBI  HEWPOMEPEKEBOTO  YIPaBIIHHS.
HeiipomepekeBa cucTtema ympaBiiHHS OYIyeThCS Ha OCHOBI HEHPOMEPEKEBOTO KOHTpOJepa, SKHA
CKIIQJIAE€ThCS 3 TPHOX IMApiB HEHPOHIB TPSIMOTO MOMMUPEHHSA. [IpOTOHYIOTBCS TPHUKIAIW peaizalii
HEeWPOMEpEIKEBOTO YIIPABIiHHS B 3a7a4ax repeciiayBanHs. HaBonsTbes pe3yabTaTH HABYaHHS CHCTEMH.

KarouoBi cioBa: HelipoMepekeBe YIpaBIiHHS, 3aBIaHHS TEPECTiayBaHHS, HEUPOMEPEKEBHMA
KOHTPOJIEp, MPsIME TIOIIMPEHHS, aITOPUTMH 3BOPOTHOTO MOLTHUPEHHS TOMUIIKH.

Tasks of persecution solved on the basis of newgtork control. The neural network control
system is built on the basis of neural network gigr, which consists of three layers of neurohdirect
distribution. Offers examples of implementationrefural network control in problems of persecution.
Given the results of the training system.

Keywords: neural network management, tasks of the perseguti® neural network controller,
direct distribution, algorithms back propagatioreafor.
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