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Hean. Beibop npoueaypbl CHHTE3a ONTUMAIBHOTO PEryJIsITOpPa TEMIEpaTyphl paciiaBa B JIEKTPOLYroBOi Neuu-
MHKCepe, MOJTyYeHHEe MATEeMaTHYECKOrO OMUCAHMs, IIO3BOJIIOIIETO PEIIUTh 3a1a4y CHHTE3a PEeryysTopa, u pa3pador-
Ka croco00B OLICHUBAHHUS TEMIIEPATyphl paciuiaBa Mo X04y MpoLecca 10 BbIAYU paciiiaBa Ha JIMTEHHBINA KOHBeHep.

Metoauka. MeToJ0M pelieHHs OCTABICHHON 3aJa4l ONTHMAIIBHOTO YIPaBJICHUs ObUT BHIOpAH MPHHIMIT MaK-
cumyma [ToHTpsrHHA, a IUIsl OLCHUBAHUS IAPAMETPOB, OIMCHIBAIOIIMX 00BEKT YIPAaBICHHS, HCIIOIb30BaNACh IPOLe-
Iypa HOJIy4eHHUs] yPaBHEHHS PErPECCUHL.

Pesyabrathl. ChopmynupoBansl npobieMsl, 6e3 pelIeHns] KOTOPBIX HE IPEACTABISLCTCS BO3MOXKHBIM PEIICHIE
3a/1a4i CHHTE3a ONTHMAJIBHOIO PEryisTOpa TEMIICPATypPhl BaHHBI JICKTPOLYTOBOIl €4, paboTAaIoNIeii COBMECTHO C
JauTeiiHBIM KoHBeiepoM. [Toka3aHo, 4To CPeAn HUX MOXKET OBITh BBIICICHO OTCYTCTBHE MAaTEMAaTHYECKOIO ONMCAHUSI
00BeKTa YIPaBICHHUS U CIOKHOCTh HEMOCPEICTBEHHOTO OLCHHMBAHUS [TAPaMETPOB, OMUCHIBAIOmuUX mporecc. Ilpex-
JIO’KEeHa TPOLeNypa OLCHUBAHMS TEMIIEPaTyphl BaHHBI [0 X0y IpPOLECCa TEPMOBPEMEHHON 00pabOTKH paciuiaBa,
HAXOJIAIIETOCS B DICKTPOIICYH-MHUKCEPe, OCHOBAHHAS HA MOCTPOCHHUH YPABHEHUsI PErPECCHH, OIMICHIBAONICH Temite-
paTypHbI# IPOQUITH BaHHBI, U TTO3BOJISIONIAS TPEOAOJIETh OCHOBHYIO CIIOKHOCTh CHHTE3a ONTHMAIBHOTO PETYISTOPa,
CBSI3aHHYIO C HEBO3MOXKHOCTBIO H3MEPEHUSI IAPAMETPOB, OMUCHIBAIOIINX OOBEKT YIPaBICHHS.

Hayunas HoBu3HA. [Ipe/iOKEHHBIA BApHAHT MATEMATUYECKOTO OMMCAHHsl OOBEKTA YIPABICHHUS MO3BONISET PELINUTh
3a/1a4y CHHTE3a ONTHMABHOTO PEryJjIsaTopa TeMIIepaTyphl B YCIOBHSX, KOTa MapaMeTphl, OMUCHIBAOIINE MPOLECC, He
HOJIC)KAT HEMOCPEICTBEHHOMY M3MepeHHI0. [[puMeHeH e MOIyYeHHOrO IPH 3TOM ONTHMAIIBHOTO PEryJITOpa MO3BOIIS-
€T [OJIy4YaTh ONTUMAJIBHBIC, B CMBICIIE OBICTPOACHCTBHS, IEPEXO/IHBIC IIPOLIECCHI B OOBEKTE PErYIHPOBAHHSL.

IIpakTnueckasi 3HaYUMOCTb. COCTOUT B TOM, YTO IPUMEHEHUE NPEIOKEHHOTO PErysITOPa HA IIPOMBIIUICHHBIX
9JIEKTPOYTOBBIX MeYaX, BBITOJHSIOUIMX POJIb MUKCEPa HA IUIABHIBHO-3aJIMBOYHOM YYaCTKe LeXa, 00eCIeunBaeT BO3-
MOKHOCTB JIOBE/ICHHUS XMMHUYECKOIO COCTaBa PACIIaBa [0 3aJaHHOrO 3a KPaT4aiIlinx CPOK IPH MHUHHMAIBHBIX JHEp-
FETUYCCKUX 3aTparax. CﬂeﬂCTBI/IeM 9TOT'O SABJACTCA CHUKCHHUE BO3MOXKHBIX IIPOCTOCB JIUTEHHOTO KOHBeﬁepa 1o 1mpu-
YHHE OTCYTCTBHUS KAQUeCTBEHHOTO pacIiliaBa M CHU)KECHHE 3aTPaT TEXHOJOTHYECKO# 3JIEKTPOIHEPrHH Ha dTare TepMo-
BpEMEHHOW 00pabOTKH pacIuiaBa.

KunioueBble cnoBa: pecynamop, cunmes, ypasHenue pecpeccuu, memMnepamypHulil npoguib, 6aHHA INEKMPOneYu,
MEXHON02UYecKas cxema, 00beKm YnpasneHus

BBenenne. OnHOI W3 OCHOBHBIX 33/1a4 yIIPABIICHHS
3JIEKTPOIYTOBEIMH IT€YaMH, pAOOTAFOIINMH COBMECTHO C
JTUTEHHBIM KOHBEHEPOM W BBIMOIHSIOMIUMHU POIb MHK-
cepa, SIBISETCA 3aJada IMOCTPOCHHUS ONTHMAIBHOM TeX-
HOJIOTHYECKON CXEeMBI Mporecca TEPMOBPEMEHHON 00-
pabotku [1]. Takas TexHONIOTHYECKAsT CXEMa MMO3BOJISIET
YCTaHOBUTH MOMEHTBI BKIIFOYCHHUA-OTKIIOUCHUS TIEYN JIA
BBbIJIa4M pacillaBa HAa KOHBEWEp U KOJIMYECTBO paciijiaBa,
KOTOpO€ HeO6X0[lI/IMO BblJIaBaTh B LlaHHblﬂ MOMCHT Bpe€-
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MeHH. B meprossl BpeMeHH, COOTBETCTBYIOIINE BBIICPK-
K€ paciuiaBa B NEYH B KOJIWYECTBE, 33/laHHOM TEXHOJIOTH-
YeCKOM CXeMOM, MPOUCXOMAT (U3UKO-XHMUIECKHE IPO-
LIECCHI B CHCTEME ,,pacIuiaB-IIIak-(pyTepoBka™. JlanHbre
NPOLECCHl  TPEACTABIAIOT  COOOH  OKHCIHTEIBHO-
BOCCTAHOBUTENBHBIE PEAKIUH, MPOTEKAOIINE B 00BEME
pacriiaBa ¥ Ha rpaHuLe paszgena (a3, U BbI3bIBAIOLINE
N3MEHEHHE COIEP)KaHUS KaKIOro 3JIeMEHTa XUMHYECKO-
ro cocraBa. OCOOEHHO Pa3BUTHE 3THX MPOLECCOB 3aBUCUT
OT TeMIepaTypsl BaHHBI. B pesynprate 3TOr0o Xmmmude-
CKHMI COCTaB CIUIaBa B MOMEHT BBIJIaUM OYepeHON HOp-
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IINH pacilaBa Ha KOHBEHep MOXET OTIUYAThCS OT HEoO-
XOIMMOTO COCTaBa. Tak Kak COAEpKaHHWE XUMHIECKOTO
3JIEMEHTa B CIUIaBE HEBO3MOXKHO M3MEPUTH HEIOCPENICT-
BEHHO, /IS PEICHUS 3a7a4y ONTHMAIBFHOTO YIIPAaBICHUS
OIMMCaHHBIMU TIpOLCCCaMH MOTYT 6bIT]> HCITI0JIb30BAaHbI
YPaBHEHHS PETPECCHH, IMOJTYyYECHHBIE METOAOM HCKYCCT-
BEHHON OPTOTOHAJIM3AIMHU 110 MaJION BHIOOpPKE HEYETKHX
JIAHHBIX — CYThb COAEPKaHUS KaXI0T0 AJIEMEHTa XUMHUYe-
CKOro cocraBa B paciuiase [2—8].

Ecnu pacnonaraTte MareMaTU4eCKOW MOJIENbIO, OMH-
CBIBAIONICH M3MEHEHHNE BO BPEMEHH COACPIKAHMS KaxkII0-
TO DIIEMEHTa XUMHUYECKOTO COCTaBa, MOKHO IMOCTPOHTH
ONTHMAIIEHOE YIPAaBJICHHE, IEPEBOISINIIEE CHCTEMY 3a
MUHHMAaJBHOE BPeMs U3 IPOHU3BOJIHHOTO HAYAIBHOTO CO-
CTOSHUS B 3a/laHHOE KOHEYHOe cocTosHue. llpu 3Tom
HadaJlbHOE COCTOSHHE OTPEAeTseTCs] XUMHUYECKUM CO-
CTaBOM pacIllaBa I0CJ€ BbIAAUYU OIpPEACIEHHOW €ro
mopuruy U3 1ne4Yu, a KOHCYHOEC — Tpe6yeMLIM XUMHUYECCKUM
COCTAaBOM CILJIaBa, MOJIy4aeMbIM Ha OCHOBE a/IeKBaTHBIX
YpaBHEHHI PErpeccuu IMocie aHajlu3a MOBEPXHOCTH OT-
kiuka [9]. B kauecTBe Takoi MOJENH IEIECOO0pPa3HO
B35ITh KMHETUYECKUE YPABHEHHS, OINKCHIBAIOIIME H3MeE-
HEHUE BO BPEMEHHU COJEPXKAHUS KaXIOro 3JIEMEHTa B
paciuiaBe Ipu Pa3IMIHON Macce pacIuiaBa B Ie4H (COOT-
BETCTBCHHO, TIPH Pa3HOH TIIyOWHE BAaHHBI W IUIOIIAIH
MMOBEPXHOCTH pa3zena (a3 METalUI-IIIaK) U Pa3HOH TeM-
nepatype BaHHBEL [Iporemypa OIleHWBAaHUS MapaMETPOB
TaKUX ypaBHEHHUH IpesiokeHa B padore [10].

He pemeHHBIM BOIPOCOM B KOHTEKCTE CHOPMYIHPO-
BaHHOW 3a/1a4M SIBIIETCS PETyIUPOBAaHHE TEMIIEpaTyp-
HOTO PEXMMa BaHHBI Kak (hakTopa, UMCIOIIETO OOJIBIIIOEe
3HAaUYCHUC HE TOJIBKO Jid YHIpaBJICHHUA XUMHWYCCKHUM CO-
CTaBOM CILJIaBa, HO ¥ JUIS SHEPTOCOCPEIKEHHS B POIICCCE
miaBkd — Beap KIIJ[ snmekTpomyroBoit meuu B HEpUoO
neperpeBa u J0BOJKU He npessimaet 25%.

Pemenne Bompoca 0 perynmpoBaHHUM TeMIIEPATyphI
BaHHBI [IPEIOaracT HaJNdre MPOIeIypsl CHHTE3a OTl-
THUMAJIBHOTO PETYIISATOPA, IIPH 3TOM ONTHUMAIBHOCTH TI0-
HHUMAeTCs B CMBICIIE BOBMOXKHOCTH BOCCTAHOBIICHUS pe-
TYJISTOPOM TEMIIEpaTypbl BaHHBI JO 3a/JaHHBIX 3Haue-
HUWA MOCIE BblAAYM OYEPENHOM NOpLMM paciulaBa Ha
KOHBeiep 3a MUHUMAaJIbHOE BpeMs.

HocranoBka 3agauyu. Cl0XHOCTb CHUHTE3a ONTH-
MaJbHOTO PEryJjsiTopa TEMIEPATypbl BaHHBI CBSI3aHA C
PSAAOM IPUYHH, CPEIH KOTOPBIX MOTYT OBITh BBIACIICHBI:
OTCYTCTBHE MAaTEMaTHIECKOTO OIMHMCAaHUS 0OBEKTa U He-
BO3MOKHOCTh HETIOCPEICTBEHHOTO H3MEPEHHUS TeMIIe-
paTypsl BaHHBI 110 XOXy TEXHOJIOTWYECKOrO IpoIiecca.
IIpeononenue 3TUX CIOKHOCTEW — TJIaBHAd 3ajaya, pe-
[IEHHE KOTOPON IMO3BOJIMIO OBl MPEIIONKHUTH MPOLETy-
Py CHHTE3a ONTUMAJILHOTO PEryJIsiTopa.

Hean padortel. [lonyuyeHue MaTeMaTHYECKOTO OTH-
caHusi OOBEKTa YIIPaBIICHUS, CIIOCOOOB OIICHUBAHUS
TeMIlepaTypbl IO XOAY TEXHOJOTHYECKOIo IMpoliecca
TEPMOBPEMEHHOM 00pabOTKH pacIuiaBa B eYU-MHUKCEPE
IO BBIJJAYM €r0 Ha KOHBEep, ¥ BHIOOP MPOIeAyphl CHH-
Te3a ONTUMAIBHOTO PETyISATOpA.

HN3n0:xeHHEe OCHOBHOIO MaTepHuaJia. YUUThIBas He-
BO3MOKHOCTh HETPEPHIBHOTO KOHTPOJS TEMIIEPaTyphI
M0 XOIy TEXHOJIOTHYECKOTO IIPOoIlecca W HEOJMHAKO-
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BOCTh TEMIIEPATypHl paciiaBa 1Mo TyOMHE BaHHBI U 110
TOPHU30HTaM, HEOOXOUM TaKOH METOJ] pacueTa TeMIepa-
TYpPHOTO TIOJNISI pacijiaBa, KOTOPBIM oOOecrednBaeT Mo
JIaHHBIM, JOCTYIHBIM JJsi KOHTpOIS, aJEKBAaTHBIE pe-
3yJbTaThl U HE TPeOyeT HEeMPEephIBHOIO KOHTPOJIS TeMIIe-
parypbl. DaKTHUECKH TAKUMH JTAHHBIMHU SIBIISIOTCS U3Me-
PEeHUS TeMIIepaTyphl paciijiaBa IPH BBITYCKE €ro U3 Medu
B 3a/IaHHBIII MOMEHT BpeMeHH. MakcuManbHas TeMiepa-
Typa pacijiaBa JOCTUrAaeTCsi HENOCPEACTBEHHO B 30HE
JefcTBus Ayr, T.e. B 30HE, OTPaHUYCHHOW MaKCHUMallb-
HBIM JIMaMETPOM pachafa 3JeKTPoJOB. TemI0eMKOCTb
YyryHa HEBBICOKA, OOJIbIIas YacTh TEIUIa HAYMHAET pac-
CEMBATHCS M0 BHYTPEHHEMY IIPOCTPAHCTBY IME€YH, ITO3TO-
My TEMIIepaTypa BaHHBI HAUYMHACT TafaTh BIIYOb M IO
pamuycy rtopm3oHTa. s ompexmeneHus (haKTUIEeCKOit
TEMIIEPATypPhI paclljiaBa B MOMEHTHI BPEMEHH, 3aJaHHBIC
TEXHOJIOTUYECKOW CXEMOH mporiecca, HEOOXOAUMO KOH-
TPOJIMPOBAThH BEIMUMHY TEMIIEPATYPHI HA Ka)KIOM TOpH-
30HTE 3€pKaJla paciulaBa, 3aBUCAILETO OT MACChl pacIlla-
Ba B JIaHHBIII MOMEHT BpeMeHH. BHyTpeHHMI npoduib
JIyTOBOM €YU COOTBETCTBYET HAPY>KHOMY IPOQHIIIO 110-
BEPXHOCTH paciuiasa (puc.1).

PeamuoHHaA
MOBSPXHOCTE

Puc. 1. Buympennuii npogunv 6anHvl 371€Kmpooyeoeoti
newu-muxcepa

3aBHCHMOCTh MAacChl paciiaBa B YU OT TITyOHHBI
BaHHbI Ha IIPUMEpE IEKTPOAYTOBOI NEeuH-MUKcepa EM-
KocThio 10T. moka3aHsl Ha puc. 2.

12000
10000 \_“
8000
T‘--..,_1
6000 \-

4000

2000 \\
: ™

0 02 04 0.6
ImyOwuHa BaHHb! H, M

Macea

Puc. 2. 3asucumocms maccol pacniasa 6 neuu om enyou-
Hbl 8aHHbBL 07151 Y2080l neyu émxocmoio 10m.
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Kak Oput0 OTMEYeHO BBINIE, TeMIepaTypa paciuiaBa
MOCTIe BBIITYCKa ONPEACTICHHON ero MOpuyy B KOBII Ha-
YHHAET OBICTPO CHIDKATHCS, YTO CBS3aHO C YMEHBIICHH-
eM 00beMa BaHHBI — CKOPOCTh OXJIAKIACHUS TeM OOJIbIIIe,
4eM MEHbIIe 00beM BaHHBI M, CJIEIOBATENIBHO, €€ TIIy-
6una. /{7151 BOCCTaHOBJIEHMSI 33JJaHHOTO TEMIIEPATyPHOTO
peKHMMa Te4Yb BKJIIOYACTCS Ha MOJOTPEB, W PAaCIUIaB
OIATh HArpeBacTcs A0 3aJaHHOM Temmeparyphl. [lpu
CJIEIYIOIIEM BBIITYCKE paciliaBa ero TeMIeparypa cooT-
BETCTBYET 33aJJaHHOW, OJJHAKO TEeMIIepaTypa, (QUKCHpye-
Masi IIIPOMETPOM, COOTBETCTBYET TeMIIepaType 3epKaia
MeTaJula, TOPU30HT KOTOPOTO CTall HIbKE. Mexmy IByMs
COCEHUMH H3MEpPEHISIMA CYIIECTBYeT BpPEMEHHas
CABIKKA, B TCUCHHE KOTOPOH M3MEHMJICS YPOBEHB 3ep-
Kaja paciuiaBa. Pe3ynpTaT HM3MepeHuUs, NOJIYYEHHbIN
MIPU 3TOM, MOKET OBITh HCIIOJIb30BAH YISl ONPEICICHUS
(hakTHYECKO TeMIepaTyphl paciijiaBa Ha rIyOuHE

H=H, -4H,

rae H; — xoopauHaTa BBICOTHI 3€pKaja MeTajlla B MO-
MEHT BBIITyCKa pacIuiasa f;,; [;; — KOOpAXHATa BBICOTHI
3epKana MeTajlla B IpPEeAbLAYIUIl MOMEHT BPEMEHH BbI-
nycka t;;; 4H — nepenan BBICOTHI 3€pKajia paciiaBa 3a
BpEMsI MEX/[y COCETHUMH BBIITyCKaMH PACIIaBa.

Ecnm ymaercst monyduTh ypaBHEHHE PETPECCHH, CBS-
3bIBAIOIIEE BPEMSI M TEMIIEPATypy, B BH/C MOJMHOMA CTe-
TIEHH 71, TO OyJIET CIPaBEIINBO CIEAYIOIIEEe BEIPAKECHUE

dr " dT dh
—=aq,t ) at =——=
dt p dt dh
n n ? (1)
dT dh

[peoOpazoBanne ypaBHeHws (1) IPUBOIKT €ro K BUIY
dT S
—=b+ ) bt',
dh 0 ; i

TZie 6; — OLIEHKH KOA((UIIEHTOB YpaBHEHHUS! PErpeccun
mocye npeodpazopanus; i=0, ..... N

Takast mpouexypa OIEHHUBAHUS TEMIIEPATYpPhI MO3BO-
JISIET TIOCTPOUTH TEMITEPaTypHBIH NMPOQUIb BAaHHBI, TIOKa-
3aHHBIN Ha IPUMEPE JIEKTPOAYIOBOM NEYH-MUKCEpa EM-
kocteio 10T. Ha puc. 3.

Tenepp, Korga MosBIAETCS BO3MOXKHOCTH OLICHHBA-
HHS TEMIIEPATYPbl, MOXKHO MPUCTYNaTh K MaTeMaTHye-
CKOMY OIHCaHHIO OOBEKTa YIpaBIICHUS — TeMIleparyp-
HOT'O pCKrMMa BaHHBI. OHO MOXKET 6I)IT]J BBIIIOJIHCHO M3
crenyromux coodpaxeHuid. OTOOp M3 1Me4n HEKOTOPOTO
KOJINYECTBA PACIUIaBa NPUBOJUT K YBEIMUYEHUIO KOJU-
yecTBa Teria (),, OTAaBaeMOro BaHHOMU. 3afaueil ympas-
JEHUsSl SIBISIETCSl TIOJIEPKaHWE 3aJaHHOTO 3HAYCHUS
TemrepaTypsl 7 IpyU BO3MOXKHBIX W3MEHEHHSAX IOTEPh
Teruta BaHHOU Q). [Ipuxon Tema B BaHHY (J; OCYIIECTB-
JSIETCSI OT AIIEKTPUUECKUX AYT MPU BKIIOUYCHHOM Ha BBI-
OpaHHOU CTyNeHHW HanpsbkeHus: TpaHcdopmarope. Pery-
JMPOBaHKE OCYIIECTBISIETCS N3MEHEHUEM BEITMYHUHBI (),
omnpezensieMoll HarpsbkeHueM U BBIOpaHHOW CTYyIEHH

54

HanpspKeHus TpaHcopmaropa, MEepPEeKITIOUeHNE CTYIIEHH
HAaIpPSDKEHUS! OCYILECTBIIAETCA IPUBOAOM D.

S 1460 : . . :
= y = -080,32¢% + 830,027 + 66,802x + 13152

A0 R?= 0,9997

1420 4

1400

1380 4

1360 4

1340

1320 2

Puc. 3. Temnepamypnulii npogpune eanusi d1eKkmpooyeo-
60U neuu: h — evicoma 3epkaia pacniaea (coom-
semcemayem x 6 ypasnenuu peepeccuu);, T — memne-
pamypa pacniasa (cCoomgemcmsyem y 8 ypasHeHuu
peepeccuu)

Pe3ynbTaToM pemieHus 3amaun MOMCKa ONTUMATEHOTO
VIpaBICHUS SBIIACTCS OIpEACIICHHE 3aKOHA HM3MEHCHHS
U(t), pu koTOpOM TIF000E OTKIIOHEHHE TEeMITePaTyphl BaH-
HBI, BEI3BIBAEMBIC N3MEHEHHEM e€ 00beMa, yCTpaHseTcs 3a
MHHUManbHOe Bpems. JluddepeHnnansHoe ypaBHEHHE,
OTMCHIBAIOIIEE M3MEHEHNE TEMIIEPaTyphl BaHHBI, BbI3BaH-
HOE U3MEHEHHEM e€ 00beMa, C YUEeTOM OIMCAHHOM MocTa-
HOBKH 3a1a4u, MOXCT 6blTl) MpEACTaBJICHO B BUIC

dT
Q53=Q—Q, (2)
rae C, — TeIIoéMKOCTh BaHHBI; (J; — TEIUIO, ITOABOIH-
MoO€ K BaHHE OT 3JIEKTPUYECKHUX AyT; O, — TeIIo, OTAa-
BaeMO€ BaHHOW BCJIE/ICTBHE YMEHBIIEHUS €€ 00bema.
Tak Kak Terio, MOJABOIMMOE K BaHHE OT JIEKTpUYe-
CKUX JIyT, NPONOPIHOHAIBHO HaNpsDKEHHI0 TpaHchop-
MaTopa, YpaBHCHUE, OMHCHIBAIOIICE 3aKOH HM3MEHCHUS
BCIIMYUHBbI Q1 B 3aBUCHUMOCTH OT HaHpﬂ)KeHI/lﬂ Tpch—
(opmaTopa, UMeEeT BH]

dt

rae k — ko3pULHEHT, yYUTHIBAIOIINA COBOKYITHOE BIIHS-

HHE XapaKTepUCTHK TpaHchopMaropa W MpHUBOAA Hepe-

KITIOYEHHsI CTYIIeHeW HalpshKeHHs TpaHcdopMaropa.
Benuuuna Hanpsokenus U orpaHudeHa

~U, <U<U,.

[lepemennrpie 00BEKTa yIpaBIeHUS B CTAIlIOHAPHOM
pEeXXHME CBSI3aHBI CIEIYIOIINM 00pa3oM
T'=T, AQ =AQ,.

B kauecTBe XapaKTEpUCTHKH TEMIIEPATYPHOIO pe-

JKMMa BAaHHBI MOXXHO IPWUHATH BEINYNHY OTKIOHCHHA
TEMIIEPATYPHI BaHHBI oT 3aIaHHOT'O 3HAYCHUA:

ISSN 2071-2227, HaykoBun BicHuK HI'Y, 2012, N2 6



®I3BNKA TBEPAOTIO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

AT =T —T,. Torna nns CTalluOHAPHOTO COCTOSIHUS, T.€.

UHTEpBaJla BPEMEHU BBIICPKKU paciulaBa B I1€YU Mac-
COW m 110 BBIJAUU OYEpPEeNHON ero MopIUH Ha KOHBEHep
B COOTBETCTBUM C TEXHOJIOTMYECKON CXEMOH TepMOBpe-
MEHHOI 00pabOTKH, CIPaBeNINBO COOTHOILICHNE

AT =0.

C y4eToM OIMCaHHBIX BBILIE PACCYKICHHM, 1EIeCco-
00pa3HO BBECTH HOBbIE IIEPEMEHHBIC

x =40, x,=CAT, g=AQ,, u=kU. (3)

Torpa cucrema ypaBHeHHH (2) MOXKET OBbITh Hepernu-
caHa B BUJIC

dx,
di
dx,
dr

(4)
=X —q

OrpaHuueHns Ha YOpaBICHHWE, TPH 3TOM, MOTYT
OBITh 3aIKCaHbl B BUJIE

—uy Su<u,. (5

Jlyist IoMcKa ONTHMANBHOTO YIPABIEHHS TIPU TaKOM
ONMCAaHUM O0BEKTa MOXKHO BOCHOJIB30BATHCSI MPUHIIHU-
oM MakcuMmyMa I[IOHTpsrMHa W 3agadya MOXKeT OBITh
chopMyIHpOBaHa CIESIYIOIUM 00pa3oM: I mpoIiecca,
OTIMCHIBAEMOTO CHCTEMOH ypaBHEHHH (4) MpH HATMYUU
OTpaHWYEHUI Ha ynpaBieHue (5), HATH 3aKOH M3MEHe-
HUS (1), IPU HCIIOJH30BAHUU KOTOPOTO IMpOIECcC M3
IPOU3BOJIBHOIO HAYAILHOTO COCTOSIHUS

X, (0) = xl(o), X, (O) = xéo) (6)
NeperaET B KOHEUYHOE COCTOSIHUE
xl(rk):q’ xz(z’k):o (7

34 MUHHUMAJIbHOC BpEMH 7.
l'amunpTOHMaH UMeeT BUI

H=/11u+ﬂz(x]—q). ®)

Tak Kak ynpaBJ€HHE ¢ BXOJIUT JIMHEHHO B ypaBHE-
HUe (4), OmUCHIBAaIOIIEe MPOIecC, ONTUMAIBEHOE YIpaB-
JeHue OyAeT KyCOYHO-TIOCTOSIHHOW —(yHKIMEH u(t),
NPUHUMAIOIIEH B HMHTEpBaNax IOCTOSHCTBA IPECIb-
Hble 3HaueHUus u3 orpanndenuit (5). [Ipu sTom makcu-
MallbHOe 3HauyeHune QyHKuuM (8) nocTHraercss B TOM
cllyyae, €clii NpH BbIOOpe 3HaKa YIPaBJSIIOIIEro BO3-
JeicTBHsI coOIII0JaeTcsl caeaylomiee yCIoBHe

u, eciu A, >0

u,,, = . 9
|\ —u, ecu A, <0 ©)

I/IHH uonm (t) = u() Sgn ﬂ’l 2
+1 ecru x>0
rae sgnx=9 0 ecru x=0 .

-1 ecu x<0
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Cucrema auddepeHIHanTbHBIX  ypaBHEHHN Ui
(dhyHKLWMIA 4;(2) ¥ 15(2) nmeet BuL
o4, oH
—_— ——= —ﬂ ,
ot ox, ? (10)
94, __oH
ot ox,

HenocpencreennsiM uHTerpupoBanueMm (10) momy-
qaroTcst PyHKIUH

At)=-Ct+C, A,(t)=C,.

Tak kak ¢yHKIEA A, (t)f TuHeWHas (YHKOUS ¢ |

MO3TOMY MOXET MEHSITH CBOIl 3HaK He Ooyiee OJHOro
pasa mpH H3MEHEHHMH f, ONTHMalbHOE YIIpaBJICHHE,
omnmceBaeMoe ypaBHeHHEM (9), mMeeT He Ooliee OTHOM
TOYKH NEPEKIIIOUCHUS C OAHOTO NPeNeTIbHOI0 3HAYCHUS
B Apyroe. B mHTepBanax MoCTOSHCTBA yNpaBIEHHS CHC-
Tema (3) MOXeT OBITh POUHTETPUPOBAHA

x (1) =ut+C,
(1)

x, (1) = %utz +Cyt+C,

VYpaBHEHHE TpaeKTOpUHU Tpolecca B KOOpPIAMHATAX
X7 — X5 IMEET BH]
1 2 :
% =o-(x—g) +C- -, (12)
2u 2u
T7Ie TIOCTOsIHHAsT WHTerpupoBaHust C MOXeT OBITh Haii-
JICHA M3 YCJIOBUSI, YTO TPACKTOPHsI, OMKChIBaEMasl ypaB-
HenneM (12), mnpoxomuT dYepe3 3aJaHHYIO TOUKY

( X0 x0 ) dazoBoit IOCKOCTH
C =Y _L(x(o) —q)z +q—.
2o\

IToncranoBka (12) B (11) maér
1 2 01w\
(‘xl_q) +Xx; _Z()ﬁ _Q) >

2u
TJIe BTOPOE U TPEThE ClaracMble OMPEACIISIOT ITOCTOSH-
Hy10 C), IMCIOIIYI0 BaXKHOE 3HAYCHUS JTS OTIPEICICHUS
TPAeKTOPUH, IO KOTOPOH MOXHO TIOMAcTh B KOHEYHOE
COCTOSIHUE

Xy

_o_ Loy
C, =x! 2u(x1 q) - (13)

VYpaBuenue (13) onucbiBaeT Ha (pa30BOH IIOCKOCTH
TPAEKTOPHUIO, TIPOXOJIAIIYIO Yepe3 MPOU3BOIBHYIO TOUKY

0 0
C KOOpAUHATAMU (xl( ),xg)) , B TOM YHCJIC U TPACKTO-

PHIO, TIPOXOJIAIIYIO Yepe3 KOHEYHYIO TOYKY, KOOpAWHA-
TBI KOTOpO# 3amansl ycioBusMu (7). CremoBarenbHO,
YpaBHEHHE TPACKTOPUH, MO KOTOPOH MOKHO TOMNAcTh B
KOHEUHOE COCTOSHUE, UMEET BU]I
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1

= Z(xl —q)z .

Takum o0Opa3om, ypaBHeHue (14) ommchIBaeT coBo-
KyITHOCTH TO4YeK (ha30BOH INIOCKOCTH, U3 KOTOPHIX TIepe-
X0J B KOHe4HOe cocTosHue (7) BO3MOXKEH IIPU HCIOJb-
30BaHUM [TOCTOSIHHOT'O yTIPaBJICHUSL.

Ecmu u=u,, T0 ypaBaenue (14) numeer Bug

(x,—q)".

(14

X

1

X, = ——
2
2u,

Ecmu u=-u, To ypaBHenue (14) umeer Bua

1 2
X, =——(x,—q) .
2 1
2%( )
Bun tpaexkTopuu mpH MOJOXKHUTEIBHOM M OTpHULA-
TEJIBHOM YTIpaBJICHUH MTOKa3aH Ha puc. 4.
X

7
2u, u=u,
4
. q
_ ,g' = —Lf.j
2uy,
2

Puc. 4. Buo mpaexmopuu npu nonoscumenswom (1) u
ompuyamenvrom (2) ynpagieHuu

JleBble u mpaBble yacTu mapabon / U 2 COOTBETCT-
BEHHO OITHCHIBAIOT COBOKYITHOCTH TOUYeK (pa3oBoif mtoc-
KOCTH, M3 KOTOPBIX MOXKHO IMEPEHTH B KOHEUHOE CO-
CTOSIHUE, HE MEHsS 3HaKa yrnpasieHus. M3 mro0bIx apy-
THX TOYeK (pa30BOI ITUIOCKOCTH IEPEBOJ CHCTEMBI B KO-
HEYHOE COCTOSHHE BO3MOXKEH TOJBKO TIPH HCIIOIB30Ba-
HUHM YIPAaBISIOMIETO BO3ACHUCTBHUS, HMMEIOMIETO TOUYKY
MEPEKITIOYEHUST C OJHOTO TpeleNbHOro 3HadeHus (5) B
npyroe. O0liee ypaBHEHHE 3TOM KPUBOI UMEET BUJL

sgn| x, -
0

() (xl(O) _q)2

X, (x] —q)2 sgn(q—x]). (15)

zz—uo

VYpaBrenue (15) onmceIBaeT KPUBYIO, SBISFOIIYIOCS
TE€OMETPHUECKUM MECTOM TOYEK IEePeKIIOYEeHUS ONTH-
MalbHOTO yrpaBieHus. CremoBaTenbHO, JI00as Tpaek-
TOpUS Tpoliecca, Al KOTOPOW JIMHMEW NepeKTtoyYeHus
SBJISIETCS JieBasi BETBb Mapaboibl /, B HaYaJIbHBIA MO-
MEHT JIOJDKHA MMETh OTpPHUIIATeNIbHOE 3HAUYeHHE YIpaB-
JISIOIETO BO3JAEUCTBUS

(0)

X 4-%(x1 —q)2 >0.
0

Kak cnenyer u3 ypasHenus (15), ycmoBuem pacno-
JIOKEHUSI TOUKH (X1,X,) BBIIIE JIMHAH TIEPEKIIOUCHHS SIB-
JsieTCs yCIOBUE

1

2
xz——(xl—q) sgn(q—xl)>0, (16)
2u,
a HIDKE JTHHUH MIEPEKITIOYCHUS — YCIOBHE
1 2
xz——(xl—q) sgn(q—xl)<0. (17)
2u,

[Mony4eHHbIe TaKUM OOPa30M TPACKTOPHU COBMECT-
HO C JIMHUEW TNEepeKITIOYeHUs] SBISIOTCS MCKOMBIMHU OII-
TUMAaJIbHBIMU TPAEKTOPUSMH, 0 KOTOPBIM MpOLECC U3
MIPOU3BOJHLHOTO HAYaJIBHOTO COCTOSTHUS (6) TIEpEeBOIUT-
csl B 3aJJaHHOE KOHEYHOe cocTosiHue (7) 32 MUHHMaJlb-
HOE BpeMs Ty.

OnTUMaabHOE YIpaBICHUE 3aMaTcs YCIOBUSAMHU
(16) u (17) mnst mro6oit Touku ¢a3oBoit wiockocTu. Ta-
KUM 00pa3oM, ONTUMAIFHOE YIPABIICHUE B aHATHTHYC-
cKoit popMme mmMeeT BHTT

1
uonm = u(] Sgn %(xl _q)z Sgn(q_'xl) _XZ

MoMeHT NepeKIoueH s 7, U o0lee BpeMs HMepexo-
HOTO TIpoIecca 7y MOTYT OBITh ONIPE/ETICHbI COBMECTHBIM
pemenueM ypaBHenuit (11) u (15).

Ha puc. 5 nokaszan rpaduk n3MeHeHHs MapamMeTpoB
Iporecca peryaupoBaHus TEMIIEPATYPHI BO BPEMEHH.

YpaBHEeHUS AJIs ONpEAEIeHHs MOMEHTA IMepeKiroye-
HHS 7, ¥ OOIIEro BPEMEHH INEePEeXOAHOro Mpouecca T
HUMEIOT BUJT

sgn(g—x"

) |+
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—qsgn

MU (xl(O) _q)2

- sgn(q—xl(o))

0
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1 X =
+2 —xgo)-i-—(xfo)—q) -
u, 2 u,
.'Il
) E—
EA | i '
o T | -
N >
-t | : i
o | e
M :
Outg 77777 prec
O | =

R N e B L T Y
|

Puc. 5. Ipaux usmenenus napamempos npoyecca pezy-
JUPOBAHUS MeMNepamypvl 80 8PEMEHU: T — BPEMs;
T — mexywas memnepamypa pacnnasa, Ty — 3a0an-
Has memnepamypa pacnnasa;, Q) — KOAUYeCmso
menia, noosooumo2o K eaute;, (Jyy — KOAUUECMBO
menia, omoagaemo2o 8aHHOU 6ce0Cmaue yYMeHbliie-
Hus eé 0ovéma,; (Qz + q) — Koruwecmeo menia, 8ge-
Oenue KOMOpo2o KOMHEHCUpyem nomepu menid
8cre0cmaue OXAaxicOeHUs 6anHbl, Ty — MOMEHM nepe-
KAOUeHUs, Ty— 00uee 8pems nepexo0Ho20 npoyecca

[TpuMmeHeHrne OMMCAaHHOTO PETYJATOPA MO3BOJISET
MOJTy4aTh ONTHUMAaJbHBIE, B CMBICIE OBICTPOAEHCTBUS,
MIepeX0/JHbIE TIPOLIECCHI B OOBEKTE PEryIMPOBAHMSI.

BeiBoabI:

1. Jlns oueHWBaHUs TeMIIEpaTypbl BaHHBI 110 XOIY
mpolecca TepMOBpEeMEHHOH 00paboTKH paciiaBa, Ha-
XOMSIIETOCS B 3JIEKTPONEYN-MHUKCEPE, MOXKET OBITh
TIPUMEHEHO YPaBHEHHE PErPECCHH, OMHICHIBAIOIIEE TEM-
nepaTypHbIil IpOGUIs BaHHBL, YTO MO3BOJSET MPEOIO-
JIETh OCHOBHYIO CIIOXHOCTh CHHTE3a ONTHMAJILHOTO pe-
TYJIATOpA, CBA3aHHYIO C HEBO3MOXKHOCTBIO M3MEPEHUS
HIapaMeTpOB, OIKCHIBAIOIINX OOBEKT YIIPABICHUSL.
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2. IlpennokeHHBI  BapUaHT MaTEMaTHYECKOTO
OmHCcaHus 00BEKTa YIPABICHHUS MO3BOJSIOT PEIINUTH 3a-
Jlady CHHTe3a ONTHMAaJIbHOTO PETYJIATOpa TeMIepaTyphl
B YCIOBHUSX, KOTJa MapaMeTphl, OMHCHIBAIOLINE IIPO-
1[ecc, He TMOAJIeKAT HEMOCPEICTBEHHOMY H3MEPEHHUIO.
[IpumeHeHue MOTYyYEHHOrO MPU 3TOM ONTHMAIBHOIO
perynsiTopa IO3BOJSIET IOMYYaTh ONTHUMAalbHBIE, B
CMBICTIE OBICTPOAEHCTBUS, IEPEXOJIHBIE IPOIECCH B
00BEKTE PETYIUPOBAHUSI.
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Meta. Bubip npouenypy cuHTe3y ONTHMaJILHOTO pe-
TYJISTOpa TEMIIEpaTypH PO3ILIaBY B €JEKTPOAYTOBIH me-
Yi-MiKcepi, OTpUMaHHS MaTEeMaTHYHOTO OIHUCY, LIO JI0-
3BOJISIE BUPIMINTH 33/1a4y CUHTE3Y PeryisTopa, i po3poo-
Ka crioco0iB OIIHIOBAaHHS TEMIIEPATYpH PO3ILIaBYy 3a XO-
JIOM TIPOLIEeCY 10 BHJa4i PO3ILIABY Ha JIMBapHUIl KOHBEED.

MeTtoauka. MeToZ0M BUPIIIEHHS MTOCTABJICHOT 3a/1a-
4l ONTUMAIIFHOTO KepyBaHHS OyB 0OpaHMiA IPUHIIAI Ma-
kcumyMmy [loHTpsATriHa, a IS OLIHIOBaHHS IHapameTpiB,
[0 OMHCYIOTH 00’€KT YIpaBIiHHS, BUKOPHUCTOBYBAaJacs
MpoIeAypa OTpUMaHHS PIBHSIHHSA perpecii.

PesyabraTtu. ChopmynsoBaHo npobdiemu, 6e3 Bupi-
HICHHA AKHUX HC MPEACTABIAECTHCA MOXKIIMBUM piﬂleHHH
3ajJ]a4yl CUHTE3y ONTHMAJIBHOTO PEryJsiTopa TeMIepaTypu
BaHHHM EJICKTPOJYTOBOI I1€di, IO MPAIfOE CYMICHO 3 JIH-
BapHUM KoHBeepoM. [TokaszaHo, o cepen HUX Moxe Oy-
TH BUAUICHO BiICYTHICTh MaTEMAaTUIHOTO OIMHUCY 00’ €KTa
YOpaBIiHHA Ta CKIAJHICTH O€3MmocepeTHbOro OIiHIOBaH-
HS TIapaMeTpiB, [0 OMKHCYIOTH MpoLec. 3anpOHOHOBaHO
npoLenypy OLIHIOBaHHS TEMIIEpaTypH BaHHU 3a XOZOM
MIPOIECY TEPMOTOANHHOI 0OPOOKH PO3IIIaBy, M0 3HAXO-
IUTBCS B €JIEKTPOIedi-MiKcepi, 3aCHOBaHy Ha MOOYIOBi
PIBHSHHS perpecii, 10 OMUCY€E TeMIepaTypHHi mpodiib
BaHHH, Ta JI03BOJISIE TIOI0JIATH OCHOBHY CKJIAHICTh CHH-
T€3y ONTHUMAaJbHOTO PETYJSATOPA, MOB’SI3aHy 3 HEMOXKIIN-
BICTIO BUMIPIOBaHHS MapaMeTpiB, IO OMHCYIOTh 00’€KT
yIpaBJIiHHS.

HaykoBa HoBHM3Ha. 3anpONIOHOBAHWH BapiaHT MaTe-
MATHYHOTO OMHCY 00’€KTa YIPaBIiHHS JO3BOJISIE BUPIIIH-
TH 33/1a4y CHHTE3y ONTHMAJBHOTO PEryJsiTopa TeMmIepa-
TYpH B YMOBaXx, KOJIM ITapaMeTpH, [0 OMHUCYIOTh MPOIIEC,
HE TiUIAraoTh 0e3rmocepelHOMY BHMIpY. 3aCTOCYBaHHS
OTPUMAHOTO TIPH LBOMY ONTUMAJILHOTO PEryisATOpa Jo-
3BOJISIE OTPUMYBATH ONTHMAJIbHI, Y PO3yMiHHI [IBUAKOIIT,
MIePEXi/IHi MPOLIECH B 00’ €KTI PETYIIIOBAHHS.

MpakTuuna 3Hayumicts. Ilonsgrae B Tomy, mo 3a-
CTOCYBaHHS 3alpOIIOHOBAHOTO PETYJSITOpa Ha IPOMUC-
JIOBUX €JIEKTPO/IYTrOBUX Ie4ax, 10 BUKOHYIOTh POJIb Mi-
Kcepa Ha IUIaBWIbHO-3aIMBAJIBHIN JTUTHHHMII 1IEXY, 320e3-
IeYye MOJIIMBICTh JOBEJCHHS XIMIYHOTO CKJIamy pO3II-
JaBy IO 33[JaHOTO 32 HAHKOPOTIINH TEpPMiH MpH MiHIMa-
JBHUX CHEPreTUYHMX BHTparax. Hacmigkom nporo €
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3HW)KEHHS MOXIIMBHX TIPOCTOIB JIMBAPHOTO KOHBEEpPA 3
MPUYHHN BiZICYyTHOCTI SKICHOTO PO3IUIABY Ta 3HIKCHHS
BUTpPAT TEXHOJIOTIYHOI €JIEKTPOCHEPrii Ha eTami TepMo-
TOIMHHOT 0OPOOKH PO3IIABY.

KuarouoBi cioBa: pezynsamop, cunmes, pigHsHHA pe-
epecii, memnepamypHuil RPoQinb, SAHHA eleKmponeu,
mexHoN02IUHa cxema, 00 €Km Ynpasinis

Purpose. To choose a procedure of synthesis of op-
timal regulator of melting temperature in electroarc
holding furnace, obtain mathematical description that
will provide the solution of regulator synthesis problem,
and design the melting temperature evaluation methods
to use during the process before the melt handling over
on the casting conveyor.

Methodology. To solve the problem of optimal con-
trol we have chosen the principle of Pontryagin’s max-
imum. To evaluate the parameters describing the con-
trol object, the procedure of regression equation obtain-
ing was used.

Findings. The article defines the problems to solve
for synthesis of optimal temperature regulator of the
electroarc furnace bath, working along with casting
conveyor. The problems include the lack of mathemati-
cal description of the control object and the complexity
of immediate estimation of the parameters describing
the process. The procedure of estimation of the bath
temperature based on the plotting of the regression equ-
ation has been suggested. It takes place during the tem-
porary thermic process of melt treatment in a holding
furnace. It describes the temperature profile of the bath
and allows to surmount the main complexity of the syn-
thesis of optimal regulator associated with the inability
to measure the parameters describing the control object.

Originality. The suggested pattern of mathematical
description of the control object allows solving the
problem of synthesis of optimal temperature regulator
when the parameters describing the process are not sub-
ject to direct measurement. The use of the obtained op-
timal regulator allows getting optimal transients in the
control object.

Practical value. The application of the suggested
regulator in industrial electroarc furnaces, operating as
an electric shaker on the melting-priming area of a
workshop, provides the possibility of bringing the melt
chemical composition to the designated in the shortest
time with minimal power expenses. This results in the
reduction of possible downtime of casting conveyor
caused by the absence of the melt of the proper quality,
and the reduction of power expenses at the stage of
thermothemporal processing of the melt.

Keywords: regulator, synthesis, regression equa-
tion, temperature profile, bath of the furnace, flowsheet,
control object

Pexomenoosano 0o nybnikayii doxm. mexn. Hayk JLI". Pac-
KiHum. J{ama naoxooxcenns pykonucy 03.08.12.
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