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1. BeedeHue

B nacrosmee BpeMs, HECMOTPS Ha OOJBIITIOE YUCIO UMEIOIUXCS
METOJIOB W 3aKOHOB YIPABJICHHSA, MOAABIIONIee OONBITHHCTBO
KOHTYPOB YIPABJICHHUS TEXHOJIOTHYECKUMH IPOIECCAMU MOCTPOEHBI
Ha ocHoBe [IM/I-perymaropos. JlaHHBI (QakT CBA3aH C T€M, 4TO, B
IEJIOM, JTaHHBIA 3aKOH YIPAaBIEHUS SBISAETCS JOCTATOYHO MPOCTHIM
JUTSI IOHUMAHHS U pealn3alliy, a TakKe HaJeKHbIM B padore. OmHa-
KO, 007afas TaKUMH MPEUMYIIECTBAMH, OH OCTaeTCs JIMHEHHBIM, B
TO BpeMs Kak OOJBIIMHCTBO pPeaabHBIX 00heKTOB ynpapieHus (OVY)
00naa0T HEMMHEHHBIMU XapaKTepUCTHKaMH. B 3Toii CBsi3n mpume-
Henune [IN][-perynsTopoB ansi OOBEKTOB, SIBISIOMUXCA B 3HAYH-
TETHHON CTENEHN HEIMHEWHBIMH, COMPSDKEHO C OIpeeIeHHBIMU
TpyaHOoCTsIMH. IpruMepoM Takux 0OBEKTOB SBISIOTCS HArpeBaTellb-
Hple OY - meudw HarpeBa JUTOW 3arOTOBKH, AYTOBBIE M€Y U IIp.
W3menenue 3amanus, rpaduka 3aJaHuid, CTETICHN 3arpy3KU NIeUd IpH
nmocTOSHHBIX Kod(durnmentax [IW]/[-perymstopa 3avacTyio TpuBO-
JIUT K CHIDKEHUIO Ka4eCTBa PETYJIMPOBAHUA M K POCTY SHEpro3arpar
Ha BEJICHHE TEXHOJOTHMYECKUX ITPOIECCOB, MOCKOIBKY JUIS TOA00-
HeIX OY NpUHYIMTENIBHOE OXJIaXACHHE HEBO3MOXHO, BBHIY 4YEro
HaJIM4YMe Jake HeOONBIIOTo MmepeperyInpoBaHus TpeOyeT IIUTelb-
HOTO BpeMeHH Ha oxJaxaeHue [13].

dakTHyecku, AN Kaxaoro coctosiHud OY HeoOXoAuMoO MoJ-
Ouparb cBou 3HaueHus Ko3dduuumentos peryinstopa. OgHako, B
peanusix MPOU3BOJICTBA Yallle BCETO MCHOIB3YIOT BCEro OAWH HAOOp
TakuX KO3()(UIMEHTOB A BCEX PEKMMOB M HE IMPOU3BOIAT HX
MIEPEHACTPOMKY BBUY TPYAOEMKOCTH JaHHOIO IpOIECCa.

s pereHust ykazaHHOW NpoOJieMbl HEOOXOIUMO HOCTPOEHHUE
aJaNTHBHOM CUCTEMBI YIPABICHUS TEXHOJOTMYECKHUM IPOLECCOM
[8]. Anst co3manms TakuX CHCTEM pa3padOTaHO AOCTATOYHO OOJIBIIOE
yucio MeTofoB. Cpelu HUX MOXHO BBIAEIUTH TPYNIy Kiacchue-
CKUX METO/IOB, TAKUX KaK:

1) meron Iurnepa-Hukonbea [17], B OOMBIIHHCTBE CITyYacs mo-
3BOJIAIOLIMH MMONy4daTh KO3((UIMEHTHI, 3HaU€HHS KOTOPBIX AOCTa-
TOYHO JAJeKH OT ONTHMaJIbHBIX;

2) MeTo/bl, OCHOBaHHBIE Ha mocTpoeHuu mojnenu OY ¢ momo-
MIBI0 CHEIHATBHOTO MCHBITATEILHOTO CHTHajMa (CTYHNEHYaToro WM
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TapMOHHYECKOT0): dYacToTHBIA Meton A.I. Anekcanmgposa [6],
METOJl, 3aJIO)KEHHBIA B OCHOBY paboTel amantuBHBIX [IN]I-
peryistopoB ¢upmbl Siemens [13] (Ha MOZOOHOM e TPHHITHIIE
OCHOBaHBI aJalTHBHBIE perysaTopsl pupm Omron, Control Station u
Ip.) H TIp.

OTH METOJIBI MIPEATIONATAIOT MOTHBIA 0TKAa3 OT UCIOIB3YEMBIX B
HacTosIIee BpeMs B peryisaTope kKodhdunneHToB u moadop HOBBIX.
MoMeHTHI BpeMeHH, KOTJja He0OX0JMMO HCITIONh30BaTh METO/I a/1ar-
TaluH, OMPEIENIIOTCS YeIOBEKOM, KaK M aMIUIHTY/a WCIBITATelb-
Horo curHana. Kpome toro, meron, onmcanHbli B [6] crankuBaeTcs ¢
oTIpeieIeHHBIMU CIIOKHOCTAMU Tipu uaeHTu(ukammu OY ¢ mocrto-
ssHHO#M Bpemenu Oonee 800 ¢, a s meroma, omucanHoro B [13],
pe3ynbTaThl uaeHTUGuKaun OY naxe B CXOAHBIX YCIOBHAX MOTYT
BeChMa CYIIECTBEHHO OTJIMYAThCS.

Kpowme Toro, miist pemeHus: ONMCaHHON POOIEMBI MOTYT OBITH
HCIIOJIb30BaHbl MHTEJUICKTyal bHble MeTomsl [1, 2, 4, 9, 10, 14].
Cpenu HUX MOXHO BBLIETUTH TOAXONbI, B paMKaX KOTOPHIX Ha-
crporika [I1][-perynsaropa OCylIECTBISETCA C MOMOIIbIO HEYETKOM
aoruku [5, 16] u sxcneptHbix cuctem [7]. DTo mpumepsl 6e3Mo-
nenpHbIX MeroaoB Hactpoilku [IM/I-perynaropa. B uvactHocTH, B
TaKUX JKCHEPTHBIX CHCcTeMax B 0a3e MpaBWJI yKa3aHO Ha CKOJIBKO
MIPOIEHTOB CJEeAyeT M3MEHHTh aMIUIUTYIHOE 3Haue€HHEe TOTO WIIH
WHOTO KO3(QQUIMEHTa PEryisaTopa B 3aBHCHMOCTH OT TEKYIIEeH
CUTyaIlul, KOTOpas OIMCAaHa B YCIOBUU KOHKPETHOTO TIpaBUJIA.
[Ipobnemoii momoOHBIX MOAXOAOB SBISAETCS OTCYTCTBHE MEXaHU3Ma
00y4eHus1, MOCKOJIBKY MEPBOHAYAILHO CTeNeHb HenuHeHHocTn OY
JOCTaTOYHO TSDKEJIO OLICHUTh, B CBSI3HM C 4eM B 0a3y MmpaBui (B yacT-
HOCTH, B uX cieactBusi) OC WM HEYETKOW CHCTEMBI HE0O0XOIUMO
OyzeT BHOCUTH U3MEHEHUs yKe B IpolLiecce padoThI.

Jns pemieHus 3amad ynpaBieHUS CpPeOu HHTEIIEKTYaJIbHBIX
METO/I0B MCCIIEAOBATENH BBIIENAIOT, B YACTHOCTH, HEHPOHHBIE CETH
(HC), mockompky HC o00mamaroT HENTWHEHHBIMH CBOWCTBAMH U
CHOCOOHOCTBIO K OOY4YeHMIO, YTO MPHIAET aJanTHBHBIE CBOMCTBA
HEeHpoCceTeBBIM CUCTEMaM yrpaBieHusd. B wactHoctn, Curepy Omary
B [12] mpennoxua cxeMy ympaBieHHS Ha OCHOBE aBTOHACTPOWMKH
koapuumenros [N -perymsaropa Kp, K, Kp ¢ momompio HC
(puc.1, roe e — paccoriaacoBaHue).
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Puc. 1. Cxema ynpasnenus ¢ neupocemesbimM OnmumMu3amopom
napamempos pezyisimopa

Takas cxema MO3BOJISIET YYUTHIBATH HEJIMHEHHBIE CBOMCTBA
00BeKTa, He BHOCS 3HAYHMTEIHHBIX W3MEHEHHH B CYIIECTBYIOIIYIO
cxemy ympasiernus. Heobxogumo mums mogxmrounts HC k cymecT-
BYIOIIEH CHCTEME YIIPaBIIEHUS, YTO CYIIECTBEHHO CHW)XAaeT CTOH-
MOCTb BHEJIPEHUS TAKOW WHTEIUICKTYAITbHON HAJICTPONKH.

Opnako, peanuzauug uaed C. Omaty B BUAE, B KOTOPOM OHHU
OBLITM M3II0KEHBI B €T0 TPyAaX, He MMO3BOJIHIIA TTOYIUTh 3asSBJICHHBIX
pe3ynpTaToB. DTO BO MHOTOM CBsi3aHO ¢ TeM, 4ro HC He oOmamaer
CBEJICHUSIMH O CIelU(pUKe TOro OOBEKTa, KOTOPBIM VIPABIISET.
Takas cneruduka MokeT OBITh 3a/1aHa, Hanpumep, Habopom mpa-
BUJI, OTIPENIEISIFOIAM CUTyalnu, B KoTopeix o0yuenue HC meneco-
o0pa3zHo.

B pamkax naHHO# pa®oThl mpeyiaraercsi CKOMOWHUPOBATh Me-
ton mpumeHenns HC g xoppekuumu KodQQuuueHToB ¢ 0a30if
NpaBWJI CUTYaIMid, KOrJa HeOOXOAMMO NMPOBOAUTH TaKyI HACTPOU-
Ky. B kauectBe cieactBuil B mpaBuiax OyOyT BBICTYNATh CKOPOCTH
o0yuenus HeriponoB HC.

B pamkax naHHOro McciaenoBaHUsl PACCMOTPEHHAs BBILIE CXeMa
OblTa peanm3oBaHa B cpene Matlab. B xauectse OY Obuta BeiOpana
naboparopHast MydenbHas siektpoHarpeBatenpHas neus CHOJI-
1,6.2,5.1/11-14. Beuio mnpoBeneHO CpaBHEHHE pabOTBI CHCTEM
yIOpaBlieHHsT ¢ HEHpPOCETeBBIM ONTHMHU3AaTOPOM, BKIIOYAIOIIUM B
ceOs1 aBe HEHpOHHBIX ceTH, W o0bryHbIM [IW]/I-perymstopom s
pa3nuYHBIX pexxuMoB padoTel OV 1o 3arpy3Ke U rpaduKy 3aJaHuil.
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2. OnucaHue KOHMYypa ynpaesneHus

B xaugectse OY Obputa BrIOpaHa MydenbHas 3JIeKTpOHarpeBa-
tenpHas neus Tara CHOJI-1,6.2,5.1/11-114. Peanu3oBanHas cucreMa
yrpaBiieHHsT My(QelbHONH JIICKTPONeUblo, (YHKIUOHAIBHAS CcXeMa
KOTOPO#1 Tpe/icTaBlieHa Ha PUC.2, COCTOSIIA U3 TPEX YPOBHEH yrpas-
JICHUSI.

Ha HmwkHEeM ypoBHE HAXOIWIINCH TEPMOINApa, H3MEPSOIas
Temreparypy padoueil 30HbI Me4H, U pese, MOCPESICTBOM CHMHUCTO-
POB BKJIIOYAIOIIEE HATPEBATEIIHHBII JJIEMEHT.

YPOBEHE ! | WinCC =] Matlab |

BH3VAMH3AITHHI :_

YIOIPABIIAROIII Ethernet
YPOBEHE Simatic $7-300
mokEEE  —— | T
YPOBCHB MydenbHas
Pene
Snexrpu- —1
IECKAA | CHMHCTOPET {Tepmonapa
ceTh PEl B

~220B JERTPOIRUD

Puc. 2. ynkyuonanvuas cxema ynpasnenus neqvio

Vupasmsitonmii yposers (Simatic S7-300) ocyrecTBiis Herno-
CpeACTBEHHOE yIpaBjieHue MydesbHo! anekTponedsto. Konrposep
Nojy4aja AaHHBIE OT TepMoIaphl 4Yepe3 TepMolpeoOpa3oBaTeb,
NPOM3BOAMI X 00pabOTKy M OTIIPABIsUI HA pabodyr0 CTAHIMIO, OT
KOTOPOH OH moiylyyall 3Ha4YeHHWE YNpPaBIISIOUIET0 Bo3neicTBus. B
KOHTpOJIJIEpE TMPOW3BOAMIACH LIMPOTHO-MUMITYJIbCHAS MOIYJISLHS
YIPaBISIONIET0 BO3/ACHCTBHA M €ro BbIJada Ha HWCIOJHUTEIbHBIH
MEXaHHU3M BKIIIOUEHHUS] HArPEBATEIbHOTO JIEMEHTA.

Ha ypoBHe Bu3yanuzauuu Haxoaunack paboyasi CTaHIMSI C CHC-
temoii Buzyanmsaiu WIiNnCC u nakerom Matlab, B kotopom peanu-
30BaH HelpoceTeBold onTumM3arop mapameTrpoB [IHNJI-perynsartopa.
WiInCC u Matlab B3ammopeiictBoBanu mexay coboit uepe3 OPC-
uHTEpdeiic TOCPEACTBOM TETOB.
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Cxema ympaBiieHUs, pealin3oBaHHas B makere Matlab, mpuse-
nena Ha puc.3. WinCC nepenaBana naHabie 0 Temneparype (temper)
U ycTaBKy (zadanie) mo temmeparype B Matlab. 3amymennas B
Matlab HC ¢opmupoBana 3HaYeHHE YIPABISIOMICTO BO3ACHCTBUS
(upravl), koropoe uepe3 WinCC noctymnano B kouTposuiep. Groupl,
group2 — sro OPC 0j0KM 111 COOTBETCTBEHHO 3alMCH M YTCHHS
3HadeHni B Terax WinCC.

B Matlab peanmuzosan ITU/I-peryasitop (PID) ¢ HeiipoHaact-
poiikoii (cMm. 6ok S-function neuc_PID, puc.3) — ato HeipocereBoit
ontumuzarop. Ui, Up, Ud, Upid — curnans! ynpaBiaeHUs] Ha BBIXO/IC
i-, p-, d-kananoB u Bcero ITIN]JI-perynsTopa coOTBETCTBEHHO. biok
satur ucmonb30BaH U1 OrpaHUYeHusl curHana ynpasinenus ¢ [T/]-
perymsaropa ao pauamazoHa [0;100] emwmmn. U — ympasmnsomiee
Bo3neHcTBHUE, mogaBaemoe Ha OVY.

o+ .
=

¥ Ky §>Upid U
Ud sa

Kp upravl
PID
groupl

o+

‘
(1]
5

temper
zadanie
group

Puc. 3. Cxema ynpasnenus neuvio, pearuzosannas 6 Matlab

Jns mepBoro ombita rpaduKk CMEHBI 3aJaHUN BBITIISJICT Clie-
aytormmM  obpasom:  590°C—640°C—505°C—590°C u t.x. s
CMEHBI YCTaBKHM TeMIIepaTypa JOJDKHA YAEP)KUBATHCA B OKPECTHOCTH
3a1aHus, paBHOU 5% pa3sHUIEI MEXKTY TEKYIINM 3aaHUEM U TIPEIbI-
nyumM, B Tederne 30 MuHyT. J[71s1 BTOpOro ombITa ObLT MCTIOIB30BaH
cnepyrommii  rpaduk  sagammit:  590°C—620°C—570°C—590°C,
COXPAHSIOMNK TPEXHIOI 0a30ByI0 TemIepaTrypy, HO MpH STOM
aMIUIATy/la CTYIEHYaThIX CMEH 3aJaHuil BBIOpaHAa MEHbIIE (YTO
OTpa)kaeT YCIIOBHS MHOTHX IPOM3BOJCTB, TJ€ yCTaBKa MEHSIETCS
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HE3HAYNUTEIHHO). )1 TpeThero ombiTa OBUT BRIOpaH rpaduK 3adaHmi
C WM3MEHeHHOW 0a30BOW TeMmmepaTypol W aMIUIMTYJIOW CMEH 3ajia-
st 300°C—330°C—240°C—300°C u T.1.

Hnst paccmarpuBaeMoi ITycTO# TMeYn C TMOMOIIBIO HISHTH(H-
IIMPOBAHHOW paHee MOIENIH OBUIH TOMO0OpaHBl KO3(PDHUITHESHTHI
I[N A-perynsaropa. s nepexonos 505°C—590°C u 590°C—620°C:
Kp=0.6, K,=6.976*10® Kp=0. s mepexoma 240°C—300°C:
Kp=0.37, K;=2.66*10", Kp=0. T.e. mis [IPOBEACHUS SKCIICPUMEHTOB
o1 BeIOpan [IH-perymarop, mockonmbky J[-kaHam cymiecTBEHHO
MOJIBEP>KEH BIHSHHIO TIOMEX.

3. Cmpykmypa Helipocemeego20 onmumu3samopa

IIpu pabote ¢ HarpeBaTeIbLHBIMH OOBEKTAMHU HEOOXOANMO BEC-
TH YIPaBJICHUE IBYMs PA3IUYHBIMU 110 CBOCH MPUPOE MPOLECCaMHU:
HarpeBaHueM (KOT[la HOBas ycTaBKa OOJbIIE TPEABIAYINei) U oXJia-
JKJeHueM (Koraa HoBas yCTaBKa MeEHbILE Npenslnyuiei). B xone
NPOBEIEHHBIX MCCIEOBaHUI OBUIO BBISIBIEHO, YTO JOBOJBHO YacTO
JUI ONTHMAJIbHOCTH BEACHUS U TOTO, M JIPYroro mpouecca Tpedyet-
cs 1Ba Habopa K03(h(PUIMEHTOB peryiiaTopa, a He OJUH, IOCKOJIBKY
HarpeBaresibHasl Ie4b HECIIOCOOHA BECTH NPHHYIUTEIHHOE OXJIaXK-
JEHHE CBOEro BHYTPEHHEro mnpoctpaHcTBa. Hampumep, 3HaueHue
koadduimenta K; MoxeT ObITh ONITUMAIBHBIM IS TIPOIIEcca Harpe-
Ba, a IIPU OXJIAXKACHUH M3-32 MEAJICHHOM CKOPOCTH Mpoliecca Takoe
3HadeHue K; MOKEeT MpUBECTH K CHUIKEHUIO KAUECTBEHHBIX IOKa3a-
TeJel NepexX0HON XapaKTePUCTHKU M3-32 HACHIILICHNUS I-KaHaa.

B cBs3u c 3THM, HpeAsioKEeHO pPearn30BbIBaTH HEHPOCETEBOM
ONTUMM3ATOP B BHUJE JBYX MACHTHYHBIX HEMPOHHBIX CETeH, Kaxkaas
13 KOTOPBIX OTBEYAeT 3a ynpaBjieHue Ko3uuuentaMmu peryastopa
JUIS CBOETO THIIa Mpoliecca: HarpeBa M ocTeiBaHus. Jlo Hadama Kax-
JIOTO M3 JKCHEPUMEHTOB co3laBasuch ABe HeoOyueHHsle HC. Onu
MMENM OAMHAKOBYIO TPEXCIOHHYIO CTPYKTypy. KommuectBo u BUA
BxonoB HC Obutn onpezneseHbl SKCIEPUMEHTAIBHBIM IIyTEM B XOJ€
UcclIeJOBaHUN. Bo BXOJHOM cl10€ pacnoioKeHO 5 HEHPOHOB: TEKY-
iee 3aJaHue Mo TeMIleparype; 3aiep>kaHHbll Ha 1 cexkyHny, Ha 20
cexkyHa U Ha 40 cexyH] CHUTHAN IO BBIXOAY OOBEKTa yNpPaBICHHUS;
3aepKaHHBId HAa | CeKyHAy CHTHajl YMpaBJCHHUS MOCIE OTPaHuYH-
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tess. [logoOHas TUCKPETHOCTH 110 3a/lepKKaM ONpPEAeNsieTcs Nopsia-
KOM BpeMeHH 3ana3apiBausg OV, KOTOPbIM MOXKET ObITh ONpPEAEIeH
AKCIIEPUMEHTAILHO. B BEIXOTHOM clloe — TpH HEeHpoHa (0TBEUAIOT 3a
koadpdurmentsl [IN-perynsaropa Kp, K|, Kp). OxciepumenTansHO
OBLJIO YCTAHOBIIEHO, YTO B JAaHHOM ciiydae 15 HEHpOHOB B CKPHITOM
CJIO€ SIBISETCSl ONTUMAJIBHBIM YHMCIOM. B ckpeiTOM cioe Oblia uc-
N0JIb30BaHa (DYHKIMSA AaKTHBAaLUM TMIEPOOIMYECKHM TAHICHC, B
BBIXOJJHOM CJIO€ — JINHEHHAs (QYHKIHSL.

[epexiroueHre MexXay HEMPOHHBIMH CETSMHU MPOU3BOAMIIOCH B
MOMEHT OYepeqHON cMeHBl 3amanus. Ilpu sTom ompepemsuics T
MEPEXOIHOTO Mpolecca (HarpeB Wi OXJIAXICHHUE) U MPOU3BOIMIICS
BEIOOp cooTBeTcTByMOImEH cetu. ObOe cerm HaumHamm paboTy C
(dbopMUpOBaHUS Ha CBOEM BBIXOJIE OJMHAKOBBIX KO3 (MUIIMEHTOB
peryisTopa, NoJOOpaHHBIX 0 Hayajla AKCIEPUMEHTa sl IyCTOMH
neun (M. 1.2). DTOro ynanock AOOUThCS Omaromapst MOAU(UKAIU-
sIM, YKa3aHHBIM B 11.4.

Hetiponaacrpoiika nax I ][-perynsatopom Obuta peann3oBaHa
npy oMoInu cpelcts makera Matlab — sto S-¢pynkuus neuC PID
(cM. cooTBeTcTBYytOMMIA 670K Ha prc.3). BHyTpu QyHKInu peanuso-
BaH aJTOPUTM ONEPaTHBHOrO OOy4YeHHMs, KOTOPHIM HOJIB3YIOTCS 00€
ormucanablx HC, npexacraBistommii co0oil aaroput™M oOpaTHOrO
pacrpocTpaHeHusi OMHMOKH, MOAMMUIIMPOBAHHBIA PAIOM YCIOBHUI
(6aza mpaBui, ompenessAOLIas MOMEHTBHI BpeMEHH, Korga HeoOxo-
JUMO Hcnonb3oBaTh U 00ydate HC, a Takxke MO3BOJISIONIAs BBHIOM-
patb CKOpPOCTb OOYYEHHS Uil OTHIENbHBIX HelpoHoB). PaccmoTpum
9TH TIpaBWJja, MOJyYEHHbIE IO Pe3ybTaTaM MHOTOYHCIICHHBIX SKC-
NIEPUMEHTOB, TIOAPOOHEE.

4. Bbasa npaeun Onsi onpedesieHusi 3Ha4eHusi CKopocmu
06y4eHust omoesnibHbIX HelipOHO8

JanbHelimee onucanue 0a3bl MpaBwi OyJET MPUBEACHO IS
[IU-perynsropa, Hambosiee MIUPOKO MPUMEHSIEMOTO B CHCTEMax
YIpaBICHHUST TEXHOJIOTHUYECKAMHU OOBCKTaMH, TaK KaK HMEHHO OH
OBLT BBIOpaH I MPOBEJCHHS OMBITOB. Meroauka (GopMupoBaHus
HAYaJIbHOTO COCTOSIHUS HEWPOHHOM ceTu npuBeneHa B [3]. Paccmor-
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puUM ToapoOHEe caMH MpaBWJIa BEIOOpA CKOPOCTH OOYYEHHs, Ompe-
JICTICHHBIC SMITUPHYECKH.

4.1.0IIPEJEJIEHUE MOMEHTOB, KOI'JlA CJIEJJVET BECTH
OBYYEHHE HEHPOHHOU CETH

Bo-nepsbix, 06yuats HC cnenmyer, TOJIBKO €CIM CUTHANI YIIPaB-
nenws, Gopmupyemsrii [IN-perynsropom HaXOIUTCS B TOMYCTHMBIX
npenenax (B manHoM ciy4dae, [0;100]). B nmpoTuBHOM citydae kodd-
(UIUEHTHl perynsTopa MPHOOPETYT H3IUIIHE BBICOKOE (WM HU3-
KO€) 3HaYEHHUE, YTO NPHUBENET K HACHIILICHUIO HHTETPAJIbHOTO KaHaja
yopasnenus. bosee Toro, ecnu curHan ymopasnenus c [IA-
peryisiTopa BBILIEN 33 yKa3aHHBIE MpeIelibl, CIEAyeT BbIIaBaTh
3HaueHne kodddunuenta K, = 0.

Bo-BTOpHIX, MOCTE OYepenHON CMEHBI 3aaHusl 00y4eHHEe CTOUT
BECTH TOJBKO €CJIM PacCOIIaCOBaHHE MO KOHTPOJIMPYEMOH BEIHYU-
He ctamo MeHee 95% OT pasHMLBI MEXAY TEKYLIMM 3aJaHHEeM U
NPEAMECTBYIOIUM, TOCKOJIBbKY O 3TOI0 MOMEHTA, BBULY HaIHUMS
3anasasiBaHust B OY, OlleHKa CKOPOCTH HapacTaHMsl CUTHAJIA TEMIIe-
patypel Oyner Onm3Ka K HYJIO, YTO BBI30BET cpadaTblBaHUE psla
npaBul, MOAU(DUIUPYIOUNX KO3(PPULIMEHTHI PErysTopa.

4.2 IIPABUJIA [JVIA BBIFOPA CKOPOCTHU OFYYEHUA [IPU
VIIPABJIEHUU IIPOLJECCOM HAI'PEBA IIEYU

B-TpeTbux, ecnu uaeT mpouecc HarpeBa M paccoriacoBaHHE I10
TeMmriepaType Haxoautcsi B mepenenax oT 10% mo 80% pasHuibl
MEXIY TEKYLIUM 3alaHUEeM U MPEIbIIYIINM, H:

1) ckopoCTb HapacTaHus curHana temmepatypsl Menee 0.5°C (B
o0mieM cityyae TaHHOE 3HAYCHUE ONPEIEISeTCs yPOBHEM ITOMEX MPH
M3MEPEHNH KOHTPOJUpyeMOil BenuuuHbl) 3a 20 cexkyHO, TO mepe-
XOJHBIM MpoIecC JOCTUT CBOETO MHKAa paHblle HEOOXOIWMOIO H
CJIEZyeT BBI3BIBATH OJIOK MPaBHJ MO 00yYEHHIO HEHPOHA BBIXOIHOTO
CJI0s1, OTBETCTBEHHOTO 3a popmupoBanue kodxpduunenta Kp, BbIX0xa
KOTOPOTO B JIaHHOM CiIydae ciefyeT yBeanuuBatb. CKOpOCTh 00y-
YEeHHUsl TAaKOTO HEHpOHa OJDKHA OBITH Ha 3 MOpsAKa MEHbIIE 3HAYe-
Hust Kp. OcTanpHble HEMPOHBI BBIXOJHOTO CJIOSI MPH 3TOM HUMEIOT
CKOpPOCTBH 00Y4EHUs, PaBHYIO HYJIIO.
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2) CKOpOCTh HapacTaHWs CHTHAJIa TeMIepaTypsl Oojee oIyc-
TUMOH IO TEXHOJOIMYECKOH HMHCTPYKIMH, TO CJEAYET BbI3bIBAThH
0510k 1paBuiI 110 OOYYECHUIO HEHPOHA BBIXOAHOTO CJIOS,, OTBETCTBEH-
HOTrO 3a (opmupoBanue kodpdunuenta Kp, BBIXOQ KOTOPOTO B
JAaHHOM CJy4ae CieAyeT yMEHbIINUTh. CKOpPOCTh OOYy4EHHs TaKoro
HelpoHa MobkKHA OBITh Ha 4 mopsaka MmeHblne 3HadeHUs Kp. Oc-
TaJIbHBIE HEHPOHBI BBIXOJHOTO CJOS IPU 3TOM HMEKT CKOPOCTb
o0OydeHusi, paBHYIO HYIIIO.

B-ueTBepThIX, €CiIM HAET MPOLECC HArPeBaHUS U MPEObLAYIINI
050K ycroBHH HE ObUT BBI3BaH, TO IIOCJIE YMEHBIICHHUS Paccoriaco-
BaHus Hwke 20% Moxer cpaboraTh Apyrod OJIOK ycinoBuil. AJro-
PHUTM ero paboThI CIEAYIOIINH:

1) mpu ouepenHol cMeHe 3aJaHUS ONPEAEISIOCh, HAXOIUTCS
JU cECTeMa B CTaOMIBHOM COCTOSHHUH (CM. 11.5), TO ecTh paccoriia-
COBaHHE MEXIYy 3aJaHHEM U TEMIEpPaTypoil B ME4YH AOJIKHO OBITh
MeHee 3% OT pa3HUIBlI MEXKAY TEKYLIUM 33JaHUEM U IPEAbIIYLIIM B
teyenne He meHee 500 cexynn. Ecnu cuctema crabuibHa, TO TEKy-
iee 3aJaHue U CUTHaJl YIPAaBJICHUS COXPAHSUIMCh B CHELHANbHBINA
MaccuB. Takue BO3IEHCTBHS NPUHUMAINCH KaK ATAJIOHHbBIE IS
COOTBETCTBYIOIIMX 3afaHui. B TedeHme m1r1000r0 mnepexomHOro
npoliecca npy MEepPBOM NEPEeceueHU! 3alaHus (PUKCHPOBAIOCH 3HA-
YeHHEe CUTHAJla yIpaBlieHus B i-kaHane. Ecin 3T0 3HaYeHHe MeHbIIe
3TaJOHHOI0, TO NPUHUMAIOCH pelieHue o0 yBennuenun K, a eciau
OombIe — TO 00 YMEHBIIIEHHUH.

2) ecnu mpuHATO pemieHne 06 yBenuueHnu K, u nepeperymnupo-
BaHME NP 3TOM OKa3ajoch Oonee 5% OT pa3HHLIBI MEKAY TEKYIIUM
3aJaHUeM W TPEABIIYLINM, TO IPUHUMAETCS pelieHue 00 yMEHBbIIIe-
Hun Kp. s nelipona, ¢opmupytomiero Kp, cKopocTh 0OyueHHS
JOJDKHA OBITH Ha 4 Topsiika MeHbIIe 3HaYeHus KodppurnmeHTa K.

3) OGyuenue Heiipona, hopmupyromero K, mis yBeInyeHHs
€ro BBIXOJHOI'O CHUTHAJIa HAUWHAJIOCH MPH COOJIOACHUH CIIEAYIOMINX
YCIIOBHH: TEPEXOJHBIN MPOLECC YK€ JOCTUT CBOEro MEPBOTO Mak-
CUMyMa TOcJie TIePEeceYeHus 3a1aHusl, CKOPOCTh M3MEHEHHUs TeMIIe-
paTyphl 3a mocieaHue 2 TakTa padoThl CXeMbI (B JaHHOM cirydae 1
TakT — 910 20 cexynna) menee 0.5 rpagyca, a TEeKyllIee paccoriiacoBa-
HUe Oojbie 3% OT pasHUIBI MEXAY TEKYLIUM 3aJaHueM U Tpeabl-
nymmM. OOydyeHne 3Toro HelipoHa B CTOPOHY YMEHBIICHUS BBIXOJ-

XI BCEPOCCUMCKA S IKOJIA-KOH®EPEHIIUS MOJIOJIBIX YUEHBIX
“YIIPABJIEHME BOJIbIIMMU CUCTEMAMMW”



1007
HOTO CHTHAJIa HAYMHAJIOCH TP COOJIOCHUN CIEIYIOINX YCIOBHUIL:
CKOPOCTh M3MEHEHHS TEMIIEPaTyphl 3a IOcieIHre 2 TakTa paboThI
cxeMsl Oonee 0.5 rpagyca, a Tekyuiee paccoriaacoBanue 6ombie 3%
OT PasHMIBI MEXIY TEKYIINM 3aTaHueM M npeapaynmM. CKopocTh
00y4eHHs B ITHX CiIydasx OblIa Ha 7 MOPSIKOB MEHBIIE 3HAYCHUS
K.

4.3 1IPABUJIA JJIA1 BBIBOPA CKOPOCTHU OBYYEHUA TP
VIIPABJIEHUN ITPOLJECCOM OCTBIBAHHUA [IEYU

B cayuae, ecnu BeneTrcs OCThIBaHHE I€YM, NPEAJIOKEH Clle-
JIYIOUIUI aICOPUTM MIPOBEPKH YCIOBUIA:

1) ecnu cxopocTh yOBIBaHUS TEMIIEpPATyphl OKaszajlach MEHee
0.5°C 3a zBa TakTa paGoTHI CXeMEI, a ommOka Gomee 10% pasHHIE!
MEXIY TEKYIIHUM 3alaHUEM U MPEIbIOYIINM, U Tpa@HK TeMIepaTypsl
B TEUEHHE TEKYLIETo MEPEeXOAHOro Ipolecca elie He MepeceKal
3aJaHue, TO IPUHUMAJIOCh pelieHue 00 yBenudeHnu 3HaueHus K.

2) ecnu rpaduK TeMIepaTypbl IepeceKkall 3aJaHue, TeMepaTy-
pa B TeKyllMil MOMEHT OouyblIe 3aJaHHs, a OLIMOKAa COCTaBIISET
Oonee 5% paszHULBI MEXIY TEKYILIUM 33JaHUEM U MPEIbIAYIINM, TO
NPUHUMAJIOCh pemeHre 00 ymenbieHun Kp.

3) Takoe >xe pemeHre NPUHUMAIIOCH, €CJIU IpadUK TeMIIepary-
PBI IIEpeceK 3aJjaHre OJIUH pa3, a OIIMOKa B TEKYIIMH MOMEHT OoJjiee
5% pa3HUIBI MEKAY TEKYIIUM 3aJaHUEM H MPEIbLIYIINM.

ITocne npoBepku Bcex OJOKOB YCIOBHUM BBI3BIBAETCS aITOPUTM
00paTHOTO PaclpOCTPaHEHUS! OIIUOKH, KOPPEKTUPYIOUIHHA 3HAYCHHUS
BECOB M CMEIICHUH B COOTBETCTBHM C BBHIOPAHHBIMH C TTOMOILBIO
NPaBUJI CKOPOCTSIMH 00yUYeHHMS TSl KasKAOTro HEHpOHa.

5. OnpedeneHue ycmol4yueocmu rnpeosioxeHHoU
cucmembl ynpasneHust

B cootBerctBHu ¢ [15, 16], u3-3a Toro, uTo K03)PHUIUEHTHI pe-
TYJISATOpa SIBIASIOTCS (DYHKUMSMH BPEMEHH, OLIEHKA YCTOHYMBOCTH
NoJO0HON CHCTEMBI KIACCHYECKUMH MaTeMaTHYeCKUMH METOJaMH
ABJISIETCS. BECbMa 3aTPyIHHUTENbHOW. BO3MOXXHO JHIIL OLICHUBATDH
CTaOMJIBHOCTh KOHKPETHOTO TIEPEXOJHOTr0 Mpolecca M, B ciydae
0oOHapyeHHsT HEeCTaOMJILHOCTH, BO3BpaLIaTh PEryJsaTopy Kodh¢u-
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[IUEHTHI, KOTOPbIE UCIOIB30BAKMCH B PaMKax IMOCJIEIHEro yCTONYIH-
BOTO ITEPEXOHOTO TPOIIecca.

CymiecTByeT psii KPUTEPHEB MJISl ONEHKH YCTOWYMBOCTH KOH-
KPETHOTO TIEPEXOIHOTO Tpolecca. B pamkax maHHO# paboOTHI mc-
IOJIB30BAJIMCh TTOAXO/BI, ONKcanHbie AnmepconoMm [7] u Hecimepom
[11]. Cucrema cunTanach HEyCTOMYUBOM €CITH:

1) rpaduk Temmeparypsl OoJee Tpex pa3 mepecekan 3a1aHue, U
KaKIBIN pa3 aMIUIATYy1a KoneOaHuit Bozpacrana; MJIN

2) pa3HHUIa MEXIy 3HAUEHHUEM TEeMIIepPaTyphl U 3aJaHHs B JIFO-
00lf MOMEHT BpeMEHH TOCIie IEPBOTO NepecedeHus 3aaanus rpadu-
KOM Temriepatypsl gocturia 6onee 30% pasHHUIBI MEXAY TEKYIIIHM
3a/laHuEeM H TTPEIBIITYIINM.

B cnyyae BBIONHEHHWS OMHOTO W3 ATHX ITYHKTOB aJamlTaids
JTOJKHA OBITH OTKIIFOYEHA, a PETYISATOPY JOKHEI OBITH BO3BPAIIEHBI
MepBOHAYaNbHbIe KOA()(DHUIMEHTH, KOTOPHIE WCIONH30BAIUCH B
TEYEeHHE TIOCTIeTHET0 YCTOMIUBOTO MIEPEXOTHOTO MPOIIecca.

6. Pe3aynbmambi HamypHbIX 3KCIePUMEHMOo8

B pamkax uccienoBaHusi ObUIM MPOBEACHBI TPU Maphl 3KCIIEPH-
MEHTOB (Kaxas rmapa — AJIsl OAHOro U3 rpa)ukoB W3MEHEHUs 3aj1a-
Hust). Kaknas mapa cocrosiia U3 IBYX OJMHAKOBBIX I10 YCIIOBHSAM
9KCIIEPUMEHTOB JUIsI ABYX CHCTEM YIPaBICHHS — JJIsI CHUCTEMBI C
HelpoceTeBbIM onTuMHU3aTopoM napamerpoB IIM-perynsropa (mo-
CKOJIBKY K03(¢uimeHT Kp ObUT MPUHAT paBHBIM HYJIIO) U I OOBIY-
Horo [I-perynsaropa.

OKCIIEpUMEHT 3aKJII0Yalcs B TOM, YTO HCCieqoBanack pabora
CXEMBI B CIEAYIOMIMX YCIOBHUSX: C Ha4aJbHOI'O MOMEHTa U 10 MO-
MEHTa, KOrja 3ajaHue ObLIo0 M3MeHeHo 12 pa3, mydenbHas medsb
ObuTa MyCTOM, Janee B Hee 3arpyskanach JIUTas 3arOTOBKa 00beMOM
npumepHo 30% ot pabodero mpocTpaHcTBa MEUH, U 3aJaHHE U3Me-
HsUTOCH eme 12 pas, a 3aTeM Ieyb pa3rpyXkajach U IPOBOAUIOCH ElIe
12 nepexoaubix mpoueccos. Kaxxaplili mepexo Hblil pouecc cuuTa-
Csl 3aBEPUICHHBIM, €CITM TOCJIEe BXOAa B OKPECTHOCThH 3aJaHUs, paB-
Hyt0 5% pasHUIBI MEXIy TEKyIIUM 3aJaHueM U NpPEAbLAYIINM,
npoxoauso 30 mMuHYT. 3aTeM MpOUCXOAWNIa CMeHa 3anaHud. s
9TOro OBLI UCIIOJIB30BaH CUETYUK BpeMeHH. Ecin BHIXOIHOW CHUTHAT
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TEMIIEPaTyphl TIEYH BBIXOIMI 33 TPEIENbl OKPECTHOCTH, TO CUETIHK
BpeMeHH OOHyIsuicsa. HelipoceTeBol onTHMH3aTOp BCETAa HadWHAI
DKCMIEPUMEHT C W3BECTHBHIMHU 3HaueHmsMH Kod(pdummentos I[1U-
perynaropa, ykKa3aHHBIMH paHee KaK ONTHMAalbHBIE I ITyCTOH
neun. O6pranbIit [IU-perymnsTop Bcerma ncnoap30Ball TOIBKO HX.

Pe3ynpTaThl 3KCHIEpUMEHTOB, MOMY4YEHHBIE C HCIOIH30BAHHEM
HelpoceTeBoro ontumuzaropa mnapamerpoB IIM-perymsatopa u
obpranoro  [IM-perynmstopa, st rpaduka CMEHBI 3aJaHHUN
590°C—640°C—505°C—590°C npusenens! Ha prc.4 u puc.5.
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Puc.4. Pezynomamul 0115 2pagpura uzmenenus 3a0anus
590°C—640°C—3505°C—590°C ons o6viunozo ITH-pezynsmopa. 1 —
MOMEHM 3a2pY3Ku neyu, 2 — MOMeHm pasepy3Ku nedu

500 550 600 650 /o MomeHTa 3arpy3ku Iedu 0OJIBaHKOH 00e
CHCTEMBI BeAyT ceOs MpaKTHYeCKH OJWHAKOBO. B mepmom paboTsi
3arpy’KEHHOM II€4d CHCTEMAa C HEHUPOCETEBBIM ONTUMHU3ATOPOM
MO3BOJIMIA TOOUThCA 4% MepeperyiupoBaHus Ui MPOIECCOB Ha-
rpeBa U 2,2% - ANA OXJaXACHWN, B TO BpeMs Kak I OOBIYHOTO
[IU-perymnsTopa Ui IPOIECCOB HarpeBa 3TOT MOKa3aTellb COCTABUI
12%, s oxmaxnaenns - 4,5%. Ilocne pasrpy3kum meunm [IU-
PETYIATOpP C TEPBOTO MEPEXOJHOrO IMpolecca HadmHaeT paboTarh
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Kak 70 3arpy3ku meun. CucreMe ¢ HeHpOCeTeBBIM ONTHMHU3ATOPOM
TpeOyeTcs HEKOTOpoe BpeMsi, YTOOBI BEpHYTh MapaMeTPhl PEryisTo-
pa K UCXOAHBIM. 3aTeM CHUCTeMBbl HAUWHAIOT padOTaTh MPAKTHIECKH
uaeHaTngHo. OO0Imee BpeMsi OmbITa JUISI CHCTEMBI C HEHPOCETEBBIM
ONTHUMH3aTOpOM cocTaBmiio 29,08 wyaca mpu pacxoje dIEKTPOIHEP-
run 15,11 xBt*4, a muia o6sranoro [MH-perymsropa - 37,7 daca npu
pacxoze anekTposHeprun 17,56 kBt*4. Takum 006pazoM, SKOHOMHS
10 BPEMEHH Ha BBITIOJHEHHE TpaduKa 3aJaHus IPH UCTIOIH30BAHUA
HEHPOCeTeBOro onTuMmu3aropa cocraBuia 23%, a 3JIeKTPO3HEPTHH -
14%.
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Puc.5. Pesynomamel 0111 epagura uzmenenus 3a0anus
590°C—640°C—505°C—590°C ons neiipocemesozo onmumuzamo-
pa. 1L — momenm 3azpy3xu neuu, 2 — MOMeHmM pa3epy3Ku nedu

PesynpTarhl 3KCIIEPUMEHTOB, MOJYYEHHBIE C HCIIOIb30BAHUEM
HelpoceTeBoro ontummzaropa napamerpoB I[IM-perynstopa u
ooprynoro IIU-perynstopa, mns rpaduka CMEHBl 3aJaHHUN
590°C—620°C—570°C—590°C npuBenensr Ha puc.6 u puc.7.
[lepeperyaupoBanue i IEPEXOIHBIX MPOLECCOB MPH 3arpyKEHHON
neun 1 o0sryHoro [TU-perynstopa coctasuino 11% s npoueccos
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HarpeBa u 12% ams IpoIieccoB OXIaXKIEHUs, ISl CUCTEMBI ¢ HeHpo-
CETEeBBIM ONTUMU3ATOPOM - 6% Juis HarpeBa u 4% - JUIs OXJaxe-
Hus. O0Iee BpeMsl OmbITa JUIsl CUCTEMbI ¢ HEHPOCETEBBIM ONTHMHU-
3aTOpoM coctaBmiio 24,1 waca mpu pacxone IekTpodHeprun 12,9
kB1*4, a ans o6branoro IU-perymsitopa - 31,36 waca mpu pacxoxe
anekTpodHeprun 16,6 kBT*4 (3KOHOMHS IO BpEMEHH Ha BHITIONHE-
Hue rpaduka 3aganus - 23%, Mo pacxoy IEKTPoIHeprin - 22%).
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Puc.6. Pesyrsmamot 0151 2paghuxa usmeHenus: 3a0anus
590°C—620°C—570°C—590°C 0ns 06b1un020 IIH-pecyiamopa,
1 — momenm 3acpysxu neuu, 2 - MOMeHm pazepy3Ku neyu
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Puc.7. Pezynomamvl 0111 epagura uzmenenus 3a0anus
590°C—620°C—570°C—590°C ons netipocemesozo onmumuszamo-
pa, 1 — momenm 3acpysxu neuu, 2 — MOMEHmM pazepy3Ku nevu

Pe3y.]'H)TaTLI OKCIICPUMEHTOB, IOJYUYCHHBIC C UCIIOJIB30BaHU-
€M HelpoceTeBoro onrtumusaropa napamerpos IIM-peryiaropa u
o0biuHoro  [IM-perynsitopa, st  rpaduka CMEHBI  3ajaHHN
300°C—330°C—240°C—300°C mpmBenensr Ha puc.8 u puc.9.
[MepeperynupoBaHue AJsl IEPEXOAHBIX MPOIECCOB HAarpeBa B Teue-
HUC TI€proaa HUCIIOJIL30BaAHUA Sany)I(eHHOﬁ neuyn st OOBIYHOTO
[MU-perynsropa cocraBuno 10% s HarpeBa u 4% il oxJaxe-
HUA, A1 CUCTEMBI C HeﬁpOCCTeBBIM OINITUMH3AaTOPOM I3TH IOKaA3aTec-
i cocTaBuiu 6% st HarpeBoB U 2,2% - s oxnaxaeHuid. Oomee
BpEMs OIIbITA AJIA CUCTEMEI C HeﬁpOCGTeBBIM OIITUMH3aTOPOM COCTa-
Buio 30,2 daca, a pacxoj 3JeKTpodHepruu - 6,46 xBr*u, a mis
obwranoro [TH-perynsitopa - 40,08 waca u 8,2 kBr*4u. Takum o0pa-
30M, MOXKHO CJI€JIaTh BBIBOJ 00 9KOHOMHH 110 BpeMeHu B 24% u 1o
pacxony »neKTposHepruu B 21% Ha BbImonHeHUe rpaduka 3amaHus
IIPY UCIIOJIb30BaHUU HEHPOCETEBOI0 ONITUMU3ATOPA.
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Puc.8. Pezynomamot 0111 epagpuxa uzmenenus 3a0aHus
300°C—330°C—240°C—300°C ona cucmemwvr ynpasnenus c obru-
Hoim [TH-pezynamopom, 1 — momenm 3azpysku neuu, 2 — momerm
pasepysku neuu
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Puc.9. Pesynomamsi 0112 epagpuka uzmeneHus 3a0aHus
300°C—330°C—240°C—300°C onst cucmemvr ynpasnenus ¢ neiipo-
cemegbim onmumuzamopom, 1 — momenm sacpysku neuu, 2 — mo-
MeHm pazepy3Ku neyu

7. 3aknroyeHue

YkazaHHBIE BBIIIE PE3yNbTaThl MO3BOJSAIOT CHIEIATh BEIBOI O
TOM, YTO UCTIOJH30BaHUE HEHPOCETEBOTO ONITUMHU3ATOPA ITaPaMETPOB
[N -perynsiTopa AJid ydyera HENMHEHHBbIX CBOWCTB OV mO3BOIMIIO
COKPaTUTh TepeperyqupoBaHue W BpeMs, TpebyemMoe Ha BBIMIOIHE-
Hue rpaduka 3amaHWil, a TakKe CYIIECTBEHHO COKPAaTUTh PacXoj
ANEKTpOdHEPTUU. TakuM 00pa3oM, B YCIOBUSAX PEaTbHOTO TPOH3-
BOJICTBA Ha JTaHHOM arperaTe MOXET OBITh MHTEHCHU(UIIUPOBAHO
MIPOU3BOACTBO MPOAYKIIUH.

B TedeHue Bcex OMBITOB CHCTEMa YIPaBICHHS OCTaBaIach ycC-
TOMYMBOM C TOUKHU 3pEHUS BEIOPAHHBIX KPUTEPHEB.

B nmanpHeiimeM mpenmoniaraeTcs IMPOBECTH anmpoOHpOBaHHE
HEHPOCETeBOr0 ONTHMU3ATOpa Ha HArpeBaTENbHON Medd OOJbIIeH
MOIIHOCTH, a TaK)Ke MCCJIEI0BaTh BO3MOKHOCTE €0 MCIIOJIb30BaHUs
g OV, obnagaromux 0ojiee BEICOKOH JUHAMUKOM.

Pabora BeImoNHEHa npu nojiepkke Poccuiickoro donaa GyH-
JaMeHTaTbHBIX uccienoBanuid. ['panter Nel2-07-00252-a u 13-08-
00532-a.
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Abstract: An adaptive control scheme with on-line automatic PID-
regulator parameters tuning is considered. It is implemented to
control the muffle electroheating furnace, functioning in different
loading modes. The regulator parameters tuning is made with the
help of neural tuner. It consists of two neural networks, each of
which is responsible for heating or cooling processes respectively.
Having made the experiments, the conclusion could be made that
such an optimizer helps to achieve about 23% decrease of time
amount and 19% decrease of energy consumption for each setpoint
schedule in comparison with conventional PID-regulator.

Keywords: neural network, adaptive control, PID-regulator,
neural tuner.
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