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IIYTHU NOBBIINEHUA 39OPEKTUBHOCTHU UCIIOJIB30OBAHUSA TOIIJIMBA IIPH
PEHIEHUUA 3AIAY ABTOMATHYECKOT O YIIPABJIEHUSA

Annomanus

Cropoodozamosa U.B., Heescmaxkoe C.B., T'aépunenxo b.B. Ilymu noevleHus
Idhhexmuenocmu  UCnonNvL306AHUA  MONIUEA NPU  PEUICHUU 3A0AY  AGHOMAMUYECKOZ0
ynpaenenusn. Ilpoananusuposano  enusiHue — hakmopos  Ha  yCmaHosneHue — 3A0AHHO2O
meMnepamypHo20 pedxcuma 6 memooudeckol Hazpesamenvrou neyu (MHII). Obocnosana
HeobX00UMOCMb pecmpyKmypuzayuy O0elcmsyrowell cucmemsvl aA8MOMAMULECKO20 YAPAGIeHUs.
MeMNEPAmyYPHbIM PEHCUMOM 8 momuibHou 30He MHII u nosviwenue kauecmea Hazpesa memanna
3a cuem NOAHO20 C2OPAHUs MONIUBA.

Knrouegvie cnosa: memoouveckas HacpesamenbHas neub, Kodpouyuenm ucnoib308aHus Moniued,
menJio, Mooeib, Ka4ecmaso, Cmaounu3ayus.

O0mas nocraHoBKa NpoodJeMbl.

B ycnoBusX 3HaUMTENBHOrO KOJEOAaHUS CTOUMOCTH HHEPrOHOCUTENEH, MOBBILICHHA
TpeOOBAaHMI K HKOJIOTUYECKOM 0€301MacHOCTH IPOU3BOACTBA M KAUYCCTBY BBHIITYCKAaeMOH IPOIyKIIHY,
paboTa MeTalTypruueckoro KOMIJIEKCA OCHOBBIBAE€TCS Ha BHEJIPEHMHM HOBBIX TEXHOJOTHH M
HIOJTY9ICHHUN HEPTETHUCCKOro 3P (PEKTa OT HCHIOIL30BAHMS ITHX TEXHOIOTHH.

Jlns HarpeBa 3aroTOBOK MepeJ]l MPOKATKOW Ha JIMCTOBBIX MPOKATHBIX CTaHaX MPUMEHSIOT
meTtoauueckue Harpesarenbubie neud (MHIT). HenpepbiBublii xapaktep paboThl IeUd M HAJIUYUE
30H HarpeBa M BBIJIEPKKH MO3BOJISIIOT MOJIYYHUTh TMOKOE M3MEHEHNE TEMIEPATYPHOTO PEKKUMA JIs
MOATOTOBKH CJsi0a mepe mpokaTkoi [6].

HekoppexkTHo BbIOpaHHBIM TeMmmeparypHblii pexxum B 3oHax MHII xapakrtepusyercs
HEOJUHAKOBBIM TEIIOCOAEPIKaHUEM IO CEYEHUIO 3arOTOBKH, U MpH 00pabOTKe NaBIEHUEM Ha
IIPOKATHOM CTAHE IIPUBOJIUT K BBITSATMBAHUIO YYaCTKOB MaTepuaia ciisida 110 /UIMHE 3ar0TOBKH, a 110
IIUpHHE — K CKPYYHMBAHUIO, IIPU 3TOM UMeeT MecTo Aedopmanus MeTtania. BemeactBue 3Toro
oOpabarbiBaeMoe WM3eMe He 007a/aeT KadeCTBEHHBIMU XapaKTEPUCTHKAMH, OTMCUCHHBIMHU B
TEXHOJIOTUYECKOU KapTe Mpollecca HarpeBa 3aroTOBOK MeTaylia [8].

ITocTanoBka 3axa4m uccIel0BAHNS.

Jns KakAOH MapKy CTald HMEeTcs MAaKCHUMaJbHO JIOILyCTUMOE 3Haue€HHE TeMIlepaTyphbl,
UCKJIIOYarolee eperpes. JlernposaHHble cTajal U CTAIM C HOBBILIEHHBIM COLAEPKAHUEM YIIIepona,
KPEMHUS U XPOMa UyBCTBUTEIIbHBI K OOJBIINM II€pENaaM TEMIIEPATYPhl, TAK KaK HIPOKATHIBAIOTCS
¢ 6opmIMM compoTuBiIeHUEM aedopmannn [3].

Opnum u3 TpeOOBaHM, MPEXBABISICMBIX K HarpeBy METaija, SIBISCTCS PAaBHOMEPHOCTb
pacmpeiesiecHust TeMIIepaTyphl IO CCYCHHUIO 3aTOTOBKH [4]. PaBHOMEpHOCTH HarpeBa 00eCICUnBAIOT
BBIJIEPKKOM MeTajula B TOMUIbHOM 30He MHII. JlnurenbHas BelIepkKKa IpU TEMIEPATYpPE METallla

6onee 800 °C BeseT k 0OPa30BAHMIO OKANMHEI U 00e3yriepoxkupanmio [10]. Iepenas Temneparyp
Mo cedeHuio cisiba KoaebaeTcs mo 3aBojAckuM aanHbiM oT 100 °C o 300 °C . Bribop koHeuHoi

Pa3HOCTH TEMIICPATyp 3aroTOBKM 3aBUCUT OT WHCPIIMOHHOIO IEpPHOja, B TCYCHUC KOTOPOIO
rpagueHT TeEMIIEpATyphl pacTET BHYTPH 3aroToBku [ 10].
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Crabunuzanus temnepaTypHoro pexuma B MHII saBaseTcss 00g3aTeNbHBIM YCIOBHEM
NOJTy4eHUs Ka4eCTBEHHOH MPOTYKIUU U MOBBILIEHHS 3((HEKTUBHOCTH UCIIOIb30BaHUs TorukBa [1].

Takum o0pa3oM, HEOOXO0JIMMO PacCMOTPETh BCE (PakTOpPHI, Biustonue Ha APPEKTUBHOCTD
UCTIOJIb30BaHUS SHEPTOHOCUTEISL.

Pemmenne 3a1a4u U pe3yabTaThl HCCIeIOBAHUS.

YnpaBieHue NpoLeccoM HarpeBa 3arOTOBKH MeTalllla B METOIUYECKOM HarpeBaTeabHON Meun
(MHII) cocrout B BBIOOpE MapaMeTpOB M OOECICUYCHUHN ONPEIACICHHOTO PeXMMa PadOTHI TEHUH,
Heo0X0AUMOro JJIs MONTydeHHs cis10a 3alaHHOr0 KayecTBa ¢ MUHMMAJIbHBIM YIEIbHBIM PACXOJ0M
TOIIIMBA ITPH PadoTe arperara ¢ MaKCUMAaJILHON MPOU3BOAUTEIBHOCTEIO [5].

CrpykTypHas cxema ympabieHHs TerioBor Harpy3skoii MHII npuBeneHna Ha pucyHke 1.
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Pucynok 1 — CrpykrypHas cxema ylpaBileHuUs TeluioBoi Harpy3koi MHIIT

VpaBHEHUS TEIIOBOro OanaHca HarpeBa cistda M MOJOrPEBa BO3/yXa B PEKylepaTope,
omuchBaronue mpouecckl B MHII nMeroT BUI B COOTBETCTBUHM €O CXEMOH, MpEACTaBICHHOW Ha
pucyHke 1:

M""Vd '[[(le)_](sz)]
dr

Vo U (T,)—1,(T,)]=V, '[](le)_I(sz)]‘npor

rae [ —ynensHas sHramemus, kJx/ M; [ = f(I)—TIpH MOJCTMPOBAHNN 3a71a€TCS MACCHBOM

0, +a-V, -[U(T,)-I(T,)]=M-
, (1)

JaHHBIX; ()] — TEIIOTa CrOpaHWsl TOIIIMBA, K[[)K/M3; V., - NEHUCTBUTEIBHBIA Pacxoj BO31yXa,
nomaBacmbld B MHII g1 cokuranus ¢IyUHMLBI TOIJIMBA, M3/M3; V,- 00beM ABIMOBBIX Ia30B,
00pa3yromuxcs MpU CKUTAHUU €IUHUIIBl TOIIUBA, M3/M3; T,, T,- Temneparypa BO3AyXa 0 U

nocne pexyneparopa,’C ;T,,,T,, - TeMIlepaTypa IbIMOBBIX Ta30B [0 H MOcIe pekyneparopa, ' C ;

Ts - TemnepaTypa ctamu, "C ;M por - KOOP(QUIUEHT MOTEPD TEIUIOTEI B OKPYKAKOLIYIO CPELY.
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OCHOBHBIM TMapaMeTpPOM, KOTOPBLIM OMPE/ACIsACT DKOHOMHYHOCTH PAa0OTHl HAarpeBaTEILHOMN
1eun, sIBiseTcst KodguireHT ucmoiib3oBanust Torusa (KUT)MN ;
.
_ Qn + Qf\f - Qd - Q}’I _ Qzl; - Qa’ : (1 _nre(') - Qn
Ny = r - r
Qn Qn (2)

rac Qﬁ — KOJIMYECTBO TCILIa, BHOCUMOE€ B II€Yb C ITIOJOI'PETBIM BO3AYXOM Ha €IHMHUIY TOILIKMBA

3
IIpun €ro Harpe€BC€ 3a CUYET TCIUIa YXOIAIUX TIa30B, KI[)K/M C Qn- IIOoTepHU TCIIJIa OT HEOOXKOra

3
TOIININBAa, OTHECCCHHbLIC K €IMWHUIIC TOILJIMBA, KZ[)K/M 5 Qd - IIOTEpH TCIIa C CI)I/IZ’,I/I'-ICCKI/IM TCIIJIOM

YXOJIAIIAX TA30B, OTHECEHHBIE K SAMHNIIE TOTUTHRA, KUK/ ; N 00 - KOOPQUIMEHT peKyTIeparum.
OcHOBHBIMU (haKTOpAMHU, BIUSIOUIMMH Ha d(hPekTUBHOCTL Mcnofib3oBanus Tormauea MHIT B

COOTBETCTBUM C BBIPRKEHHEM (2) SBIAIOTCA: TEILUIOTA CropaHus TomuBa () ; TeMIeparypa

yxoaamux razos I,,; TemmepaTypa HarpeBa Boszayxa 7,,; Ko3(Q@uuueHT u30bITKa BO3lyXa O U

oboraIeHue TyThst KUCIOPoaoM. BeiOop crmocoba CKUTaHUS TOIUTMBA U KOHCTPYKITUU TOPEIOK
oOycnaBnuBaeTcs HEOOXOJUMOCTBhIO oOOecredeHnus 3aJaHHOTO TeIUIOBOTO HANpsKEHUS
pabouero npoctpanctsa MHII [6].

IIpu anamuze (2) ycraHosineHo: npu Q) =17 M/ (kokcoBbld ra3) yBenudeHue 7, ¢

800 "C 10 1000 °C cnmxaer snauenue Ny, ¢ 0,67 10 0,56. C nosbimenuem Q' =33 M/c
(mpupoAHBI Ta3) B TOM ke TemreparypHoM auanazoHe KUT Gyzner nexats B mpexene ot 0,74
no 0,7 [10].

TemuepaTypa Harpesa BO3LyXa B peKyHepaTope, kKak mpasuio, cocrasmsier 200—400°C ,

npu Q' =33 M/ KUT 6ymer cooTBeTcTBEHHO Konebarhesa B muanasone My, = 0,76..0,87 | s

KOKcoBoro raza ¢ Q. =17 M/[xc 3nauenne KWUT cocraBut™hy; =0,73..0,81. Cuenosarensuo,
BiusHUE nogorpesa Bo3ayxa Ha KWUT nouru OIMHAKOBO il TOIUIMBA C Pa3HOW TEIUIOTOM

cropanus. llogmepkaHue ONTUMATBLHOTO COOTHOIIEHUS Tvz u 1;) B COOTBETCTBUU C
YPaBHEHHEM TCIUIOBOTO OanaHca pekyrneparopa (1) mo3BoiuT MOBLICHTE (), , KOTOPOC B CBOKO

ouepenb mpuBoaAnT K noBeiieanio KUT, To ecTh 9acTHYHO 3aMEHSIET TEIJIO OT CKATAHMS Ta3a.

B HacTrosmiee BpeMsi Ha METAJUTYPIHYIECKUX 3aBOJIaX UCIIONB3YETCs cItoco0 IpsSMOTo HarpeBa,
OCHOBAHHBIH Ha C)KUTAaHUHU TOIUTMBOBO3IYIIHOM cMecH ¢ U30BITKOM Bo3ayxa o >1. Ilpu sTom
COOTHOIIIEHNE «TOIIMBO-BO3MYyX» coctaBiser 1:10. HemoctatkoMm cmocoOa sBisieTcss moOTeps Ha
yrap, BCICJCTBHE MOJICp)KaHusi OKHCIUTEIbHOM atMmocdepst B MHII [12]. Ilpu kosddummente

H30BITKA BO3ayXa o > BO3pACTArOT ITIOTEPHU TCILIA C YXOIAINWMUA ra3aMu Q 4 » 4TO IIPUBOJUT K

optim
CHIDKEHUIO TeMIlepaTypbl B pabodyeM MPOCTPAaHCTBE MeUd W ATUM OO0YyCIaBIMBAE€T HEMOIHOE
cropanue ToruBa [7]. Ilpu Oe3oKucnIHTENIbHOM HarpeBe o <1 yMeHbIIaeTcs yrap Merajia,
OITHAKO HEJOCTATKOM 3TOT0 CHOC00a SBIISICTCS HEMOJIHOE CrOPaHHUE TOILUIMBA WM TPCBBIICHUE B
MPOAYKTAaX CropaHusl COJep)KaHus yrapHoro rasa V,[3]. OpraHusanus MOJHOTO CXXUTaHWs
TOIUIMBA NPU ONTUMATBHOM KO3 (PHLMEHTE pacxoda BO3ayxa O B TOMHIBHOHU 30HE U CBAPOYHBIX
3oHax MHII npuBoaut k nospiiienuro KUT 3a cuer ymeHbuieHMsT [OTEPb OT XUMHMUYECKOI'O

HEOOKOora TOIIABA Qn- IIpu oboramenun BO3ayXa KHCIOPOJOM YBCIHYHUBACTCS KOJUYECTBO

BO3/1yxa, nojgasaemoro B MHII B enunuity Bpemenu. Ha kaxbrii 1 3 BJlyBACMOI'0 HPUPOIHOIO
rasa TMOBBIIIAIOT pacxo Kuciaopoaa Ha 1,6 — 2,0 »°, mpu 3TOM pacxof BO3/yXa YMeHbINAeTCs Ha

1,5-1,8%. C OOBBIIIEHUEM COJIEpPKAHUS 0, B BO3AYX€ YBEIMUYMBAETCS KOJIUYECTBO CIKUTAEMOTO
rasa [3].
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MHII saBnsieTcsi MHOTOMEPHBIM OOBEKTOM C HEJIWHCUHBIMU 3aBHCUMOCTSIMH CHCTCMBI
aBTOMATUYECKOTO YIPABIEHUS HArPEBOM CIIL0OB, BXOIbI M BBIXOJBI KOTOPOW BIHSIOT JIpYr Ha
apyra [9]. BHyTpeHHsIsl CTpyKTypa MHOIOMEPHOr0 00BEKTa OKA3bIBAET 3HAYUTEIILHOE BIMSHUE 1IpU
MPOEKTUPOBAHUN MHOTOMEPHBIX CUCTEM YIIpaBJICHHS [2].

Ha pucynke 2 npusenena crpykryprast cxema mojieian MHII B cOOTBETCTBHU € TCIUIOBBIM

Ganancom (1). O6GbemusIid pacxon raza V, ¢ y4eToMm €ro KOMIOHEHTOB Vo, Veo, Viyy, Veyyy,
Vo, 1 00beMHBIN pacxoy Bo3nyxa V., ¢ Vy, n V,,, koaddurment n30bITKa BO3/IyXa O C yIETOM
TeMIIepaTypsl HarpeToro Bo3ayxa 7, oOpas3yioT IBIMOBBIC T'a3bl IPH CIOPAHMY CIUHUIIBI TOILIMBA
cnexyromero coctasa Vy: Vg, Voo Vs Virao -

I'padukn mepexonnsix mpoueccoB (pric.3) MOIydYeHBI B COOTBETCTBUH CO CTPYKTYPHOI
cxemoit mogenmn MHII (puc. 2) B pesynbrate pacuera B cpeiec MATLAB B nmamasone pacxona
tommBa Bg =400..660 M’/4 ¥ CICAYIOMMX MapaMETPOB IPOLECCAa HATPEBA 3arOTOBOK B

v 0
tomuibHoU 30H¢ MHIT: 7, =310 "C, cOOTHOIEHUH «TOMIMBO-BO3LyX» 1:8.
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Pucynok 3 — [lepexomHbie MPOIECCHl MO YCTAHOBJICHUIO TEMIIEPATYPhl B pab0odeM MPOCTPAHCTBE
TOMUJIbHOM 30HKI MHIT

(1- Bg =660 m /u;2— Bg=600n"/u;3- Bg=400n"/u)
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PucyHok 4 — [lepexoaHblii poliecc Mo yCTaHOBIEHHIO TeEMITepaTypbl pabodero
IPOCTPAHCTBA B TOMIIIbHOM 30He MHII ¢ mpumenennem ITU]] - perymsitopa ( Bg = 660 v’ /4 )
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B tomuneHOM 30He MHII OCHOBHBIM KpUTEpPUEM pPETYIMPOBAHUS TEMIIEPATYphI SIBISICTCS
BBICOKAas TOYHOCTb TIPU OTCYTCTBHH IIEPEXOAHOTrO IIpoliecca C  IEPEPETYINPOBAHHUEM,
CJIEJIOBATEIILHO, B 30HE ATOI0 THUIIa HE0OX0uMo ipuMensiTh 1T — peryisarops! [1, 9]. [lunamuka
00BEKTa pEeryaupoBaHHs B COOTBETCTBUM C TOIYYEHHBIM MEPEXOAHBIM IpoueccoM (puc.4)
XapaKTEepU3yeTCsl OCHOBHBIMU 110KA3aTEJSIMM Ka4eCTBA: YCTAHOBUBILIEECS 3HAYEHUE TEMIIEPATYpPhl B
ToMunbHOH 30He MHIL cocrasmser Y., =1285 ’C, cremens 3atryxanus — vy =0,9, Bpems

perymupoBanust — ¢, =590 c¢; nepeperynuposanue —y =0,0077.

B pesynbrate BrinonHeHus pacuetoB B cpeae MathCad nonyden rpaduk pacnpeneneHus
TEMIIEpATyp 110 CEYEHHIO 3aIr0TOBKH, IIPEICTABJICHHBIN Ha PUCYHKE 5.

1400

1000

200
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400

200

0 02 04 06 08 1 12
T, 9

Pucynok 5 — Temneparypssiit pexxum MHII B cpene MathCad

Ha pucynke 5 o0o3HaueHo: 1 — Temnepatypa neuu; 2 1 4 — COOTBETCTBEHHO TeMriepaTypa
[IOBEPXHOCTHU U LIEHTpA 3aI0TOBKU; 3 - CpeiHEMACCOBasl TEMIIEpATypa METaLIa.

MakcumanbHOe KOie0aHME TEMIIEPAaTypHOIO peKMMa HMEET MECTO MpU Mepexole
oOpa0aThIBa€MbIX 3aroTOBOK MeETalja M3 METOJMYECKONM 30HBI B CBApOYHYIO 30HY, H
COOTBETCTBEHHO U3 CBAPOYHOIl 30HBI B 30HY BBIAECPIKKH, IIPH 3TOM B 30HE CHHKAETCS TEMIIEpaTypa

0
paGouero mpocTpaHcTBa. Juama3oH mo cedenmio cisoa coctasur Af =205 "C (puc. 5), uro

CBHUIETENBCTBYET O HEPABHOMEPHOM pacHpeleNieHHH TeMIepaTyp IO CEYEHHIO 3aroTOBKU. ITO
IPUBOJIUT K Opaxy Ipu 00paboTKe JaBICHIEM HarpeToro cisioa.

[Ipu aHamu3e TeMnepaTypHOTO U TEIJIOBOTO PEXKHUMOB B TOMUIBbHOM 30He MHII BeIsIBIIEHO
HeaPPEeKTUBHOCTD criocoba HEMOJIHOTO CKUTAHUS T'a3a.

Heo0xoauMo KayecTBEHHO U3MEHHUTH crnoco0 cxuranus raza B MHIL, uyto mpuBenmer k
HOBBIICHUIO TEILIOBOTO 3 (deKTa OT HCIOIB30BaHNS IPUPOIHOTO ra3a.

BriBoabl.

1. HAus cxuranws TOIUIMBA C MAKCUMAIBbHOW 3()(EKTHBHOCTHIO BaXXHO OOECIICUHTH
HOJICpIKaHNe ONTUMAILHOTrO KoadduuuenTa n30biTka Bo3ayxa Ol , TO €CTh 1MOJaTh OIPEACICHHOE
KOJIMYECTBO BO3/AYXA, MPU KOTOPOM MPOU3OUIET MOTHOE CTOPAHNE MPUPOJTHOTO rasa.

2. Vcmone3oBaHMe YHEPrOHOCUTENS JOKHO COTIPOBOXKIATHCS MOBHIICHUEM TEMIIEPATYPHI
BO31yXa U 00OTalCHUEM BO31yXa KUCIOPOIOM.

3. AHanu3 QakTopoB, BIUSAIONIMX Ha 3P(PEKTUBHOCTh UCIIOIB30BaHMUs TOIUINBA, MO3BOJISET
UCCIIEI0OBAaTh YPOBEHb CTAOWIM3ALMU TEMIEPATypHOTO peXumMa B TOMHIbHONH 30He MHIL.
[Momepkanue 3aJaHHOTO PEXKUMA SBISICTCS TJIABHOW 3a/1ad4eli aBTOMATUYECKOTO YIIPaBJICHUS, OT
crmocoba pelleHdnss KOTOpOH 3aBHCUT KadecTBO HarpeBa 3aroToBKU U 3(()EKTUBHOCTh
UCIIOJIb30BAHUS IIPUPOJIHOTO T'a3a.
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Abstract

Skorobogatova L.V, Neezthmakov S.V., Gavrilenko B.V. Ways to increase fuel-use efficiency in
the decision of automatic control problems. The influence of basic factors to establishment for
assigned temperature modes in the malleabilizing zone of continuous reheating furnace (CRF) is
analyzed. The indispensability of re-structuring operating system for automatic control temperature
modes in the malleabilizing zone of CRF and improvement of quality for heating metal on
application of complete combustion of fuel it is proved.

Keywords: continuous reheating furnace, fuel utilization factor, heat, model, quality, stabilization.

Anomauisn

Ckopooocamosa 1.B., Heesremaxoe C.B., I'aepunenxo b.B. Ilymi niosuwienna egrekmuenocmi
6UKOPUCIAHHA NAIUEA NPU PO36’A3Y6AHHI 300aY A6MOMAMUYUHO20 KepyeaHHa. [Ipoananizoeano
BNJIUE OCHOBHUX YUHHUKIE HA BCMAHOBICHHS 3A0AHO020 MEMNEPAMYPHO20 PEHCUMY 8 MOMUTbHIL
30HI MemoouuHoi Haepieanrvnoi nedi (MHII). Ob6ipynmosano HeoOXiOHiCmMb pecmpyKmypuzayii
0i10Y0i cucmemuy agmMoMamu4HO20 KepysanHs memMnepamypHum percumom 8 momunvuit soni MHIT
ma nioguleHHsl AKOCMI Ha2pigy Memany 3d paxyHoK NOBHO20 CRANIOBAHHS NANUGA.

Knrouoegi cnosa: memoouyna nazpisanvha niu, Koe@iyienm UKOPUCMAHHA NAIUBA, MENJLO, MOOelb,
sAKicmb, cMaoinizayis.
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