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METPOJIOT'MYECKOE OBECIMNEYEHUE ACY TI
HEMNPEPbLIBHOIO JIUTbSAA MEQHON KATAHKMU

Ipoananuzuposanvt Memoovl U cpedCmea MempoaI0sudeckoeo obecnevenus O A8MOMAMUSUPOBAHHOL CUC-
membl YNpasileHust MeXHON02UYECKUM NPOYECCOM HENPepblBHO20 TUmbsl 6e3KUCTOPOOHOU MeoHoU KamaHku. [lony-
YU OanbHelulee pasgumue mMemoobl UMepeHusi memMnepamypvl HOOBUNCHOU MEMAIUYECKOU NOBEPXHOCIU, 3d-
KAIOYAOWUecs 8 UCHOIb3068anUL OJisi IMOL Yeau CKOb3suell 6e3Cnatinoll mepmMonapvl ¢ 08yMs MepMOILeKmpooa-
mu. JJocmuenyma cmabuiuzayus mexHoi02uieckux U 1eKmpomexHuueckux ceoucms MeOHOU KamaHKu, nouydde-
MOU Ha MHO20PYUbEBOLL TUMENHOU MAUHe, 8 COOMEEHCMEUU C MEXHUYECKUMU YCL08UAMU HA NPOU3BOOCEBO.

Knrwueswie cnosa: mempoocudecKkoe 06€CI’I€‘I€HL{€, mepmonapa, HenpepvlieHoe iumbve, KamanKka MeOoHast.

BBepeHue

IMocranoBka mpodaembl. Merponoruyeckoe
obecrieueHne ACY B 3HAUUTENBHOW CTEIIEHH 3aBHCHUT
OT TOYHOCTH U OBICTPONEHCTBHUS MPUMEHSEMOI H3Me-
putenbHOI ammapatypel. OCOOEHHO 3TO CTaHOBUTCS
BaxxHbiM B TII, B KOTOpBIX HM3MepsieMble MapameTphl
SIBJSIFOTCSL  ympaBisitonuMu - curHasiamu ACY u Tou-
HOCTh WX HM3MEPEHHH HalpsMyl0 BIMSET Ha pa3dpoc
(U3MYECKNX, TEXHOJIOTMYECKUX M JPYTHX CBOWCTB IO-
JIy4aeMOM MPOTYKITHH.

AHAJIN3 TOCTETHUX TOCTHKEHUH M MyGJauKa-
nmii. /{11 TpoW3BOACTBA 3aroTOBOK Uil BOJIOYEHHS
MEJHBIX TPOBOJOB TOHKHX U CBEPXTOHKHUX CEUCHHM
(KaTaHKHM) B HACTOSIIEE BPEMs HCIIONB3YIOTCS pa3iiny-
HbIE TEXHOJIOTUYecKue npoueccsl [ 1, 2]:

— ropsiyasi MPOKaTKa U3 MEIHBIX CIIUTKOB;

— HETPEPhIBHOE JIMThE 3arOTOBKU C IOCIEAYIO-
1Iel MpoKaTKoi 710 TpedyeMoro ceyeHus;

— HENpEepHIBHOE JINThE 3arOTOBKH C KOHEYHBIM
TpeOyeMBbIM CEUCHHUEM.

B nepBrIx nByx crnydasx nomydator ETP-katanky,
HO IIPU ATOM TNPOUCXO/UT HACBIIIEHHE MEIU KUCIOPO-
JIOM, YTO OTPHULIATENBHO CKa3bIBAETCsl HAa TEXHOJIOTUYe-
CKUX M JJIEKTPOTEXHUYECKHX CBOMCTBaX Menu. Tperuii
TeXHOJIorn4eckuil npotecc nozpoinseT nomryanuts HCOF-
KaTaHKy (OE3KHCIOPOJHYI0), YTO CYIICCTBEHHO COKpa-
I1aeT KOJIMYECTBO Pa3phIBOB MPU BOJIOYEHUH [2, 3, 4].

Ha TTAT «OJJECKABEJIb» 0e3kuciIopoaHyo Ka-
TaHKY ITOJYYalOT Ha MHOTOPYYbEBBIX aBTOMATHYECKHX
muausx (Upcast) B Bujie OECKOHEUHOIO CIUTKA MOCTO-
SIHHOTO CEYEHUs] TPH TPOXOKACHUH paciulaBa depes
y3en «Kpucramumsarop — oxyuagurens» [5]. Ilpu atom
UCIIOJIB3YETCsl MHOTOpYUYbeBas JIUTeHHasl MallliHa C JIBY-
Msl TEXHOJIOTMUECKUMH ocsiMH. Kakias TexHoiormde-
CKas OCh [T03BOJISET NONTy4YaTh KaTaHKy B § cTpeHr [4].

MopenupoBaHue MpOLECCOB TEIIOOOMEHa B
«KPHCTAJUIN3aTOpE — OXJIQJAUTENE» I03BOJSIET BHIOpPATh
OINTHUMAaJbHBIE PEKHUMBI YIPABIICHUS MPOLIECCOM JIUThHS

Uit obecriedeHus CTaOMIIBHBIX CBOKMCTB ITOTYy4aeMOit
kataHku [6 — 11]. B GonmpIIMHCTBE CilyyaeB COOTBETCT-
BYIOLIMH PEXHUM OXJIaXIEHHs BHIOMpaeTcsi Ha OCHOBa-
HUH JIMHEHHOH KOPPEISIMU CO CKOPOCTBIO JIUThS U He-
KAM OXXHMIAEMBIM BIIMSHHEM 3TOH CKOPOCTH Ha TEMIIe-
paTypy IOBEPXHOCTH CTPEHTM Ha I'pPaHHULAX 30H OXJIaX-
nenus [2, 5, 12, 13].

Takolt MoAXo K YIPABJICHUIO MIPOIECCOM OXJIaXK-
JIeHUsI B pa30MKHYTOM KOHTYype 0e3 0OpaTHOMW CBSI3U C
JIMHEHHOW cTaTh4ecKol komneHcanuen HeaddekTrBeH,
T.K. Ko3ppuuueHT tepMoanGy3ud U OTHOIICHHE Me-
Ay pacxoloM OXJIaKIaroIied BOJAbl U CKOPOCTHIO JIU-
Ths HETMHENWHO, a CaM IIPOIIecC XapaKTepU3yeTcs PsiioM
HEYCTOMYMBBIX cocTosiHUM [3, 14, 15, 16], uTo cymiect-
BEHHO BJIMSET Ha KayecTBO MoiydaeMoil kataHku. Kpo-
M€ TOro, NP JKCIUTyaTallid JaHHOW YCTAHOBKH BBISB-
JIEHO, YTO TIPU OJIWHAKOBBIX YCIOBHAX (TeMmeparypa
pacrmiaBa, CKOPOCTh JINThsI, TeMIepaTypa U pacxon Ox-
JaKAAoIeH )KUAKOCTH) Ha Pa3InYHBIX CTPEHrax IosB-
JIsieTCsl TIPOU3BOJICTBEHHBIN Opak, CBSI3aHHBINA C Hempa-
BIWJIBHBIM TEIUIOOOMEHOM B Y3JI€ «KpPUCTAJUIU3aTOp —
oxJjanuTenby [3], a cBOWCTBA KaTaHKU TOJTYyYaeMbIX Ha
Pa3HBIX CTPEHIax CYIIECTBEHHO OTJInYatoTcs [4].

O xoze mpoliecca KpUCTAUTH3AIMHA U HTHTCHCUBHO-
CTH TEII000OMEHa MOXXKHO CYIHTh 0 TEMIIepaType IIo-
BEPXHOCTHU CTPEHTH NP BBIXOJIE U3 JIUTEHHOI MaIlIuHbL.

Leanio padoTsl sBisieTcss pa3paboTka METPOJIO-
rudyeckoro obecrieuenus ACY TII nomydeHust KaTaHKH,
KOTOpOE CBOEBPEMEHHO U C HAWOOJbIICH TOCTHKUMOM
TOYHOCTBIO IIO3BOJIUT OIPENENATh TeMIepaTypy pac-
IUIaBa M TIOBEPXHOCTH KATaHKH B OXJIaJUTENIC U Ha BBI-
XOJIe U3 Hero JJIsl o0cuera yrpaBisIOIIUX BO3AEHCTBUIM
Ha CKOPOCTh JIMThS M pacxoja OXJaKIalolled BOABI,
YTO IO3BOJIHT ITOBBICUTH KA4eCTBO BBIYCKAEMOW IpO-
JYKIUH ¥ CHU3HUTH Opax.

N3noxeHne oCHOBHOro mMaTepuana

B HaCToAIICC BpEM 1A KOMIICHCAIlUM HU3MCHC-
HHH CKOpPOCTHU JIMTbs METOIAOM JIMHEHHOr0 | cTamuo-
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Memponozis, ingpopmayinino-eumiprosanvHi mexnon02ii ma cucmemu

HApHOTO YIPEXIAIOIIETO PErYIUPOBAHUS UCTIONB3YETCS
cXeMa ympaBJieHHs, n300pakeHHass Ha puc. 1, rae qot) —
MHUHHAMAIIGHO JOIMYCTHMBIA Pacxoj OXJIaXKIarolied Bo-
el [17, 18]. B pabote miast 3TOro MCIONB30BAIMA HEH-
ponHyto ceTh [19].
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Puc. 1. Cxema ynpaBiieHHs IPOLIECCOM TEILIO0OMEHa

CBs13b MCXKAY MapaMeTpaMu TEXHOJIOI'MU U Iapa-
MCTpaMU KaueCTBa HCIIPECPBIBHBIX MEAHBIX OTJIMBOK

IpecTaBieHa Ha puc. 2. Temmeparypy HOBEpXHOCTH
CTPEHT M3MEPSUIN TIPH TIOMOIIH POJIMKOBBIX TepMOIIap,
KOTOpBIE OJIHOBPEMEHHO MOT'YT BBIIOIHSATH POJIb IATHH-
KOB 00pbIBa cTpeHru. PonnkoBas TepMonapa npeicTaBILs-
€T co00ii MeTHBII TUIEepOONTNYECKII POJIHK C 3aIPECCo-
BaHHOW MeTHO-TPa(UTOBOM BTYJIKOH, B KOTOPYIO BMOHTH-
PpOBaH craii TepMorapsl.

Ha puc. 3 npuBeneHsl AaHHBIE 110 U3MEHEHHIO BO
BPEMEHH TEXHOJIOIMYECKUX IapaMETpoB Ipoliecca:
TEMIIEpaTypbl CTPEHI Ha BBIXOJIE M3 JINTCHHON Mallu-
HBI, CKOPOCTH JIUThI ¥ PACXO/a OXJIaXJarollel BOAbI, a
TaK)Ke CBSI3aHHBIMU C OTHMHU IIEPEMEHHBIMH Iapamer-
pamMH KadecTBa HENPEPHIBHONW OTJIUBKH: BpPEMEHHOE
COIPOTHUBIIEHHE PA3PbIBY M OTHOCUTEIBHOE YIUIMHEHUE
MeTajlla OTJIUBKU.

ITapameTpsl kauecTBa npoaykuun (OTK):

V nenpHoe 06BEMHOE FIEKTPUYECKOe CONpOoTHBIeHHE — He Goiee 0,01710 Om MM?/M;
BpemenHoe conporuBiieHHe pa3pbiBy — He Oosiee 160 MIla
OTHoOcHUTEIIBHOE yJIMHEHHE 1ociie pa3pbiBa — 40 %

Yucno ckpyunBaHUi — 10cp/1 Opacip

1T

CpoiicTBa NpoAYKIUH, ONpee/IsIIoNIHe KA4eCTBO:
CrpykTypa MeTaia

1T

IMapameTpsl u3aens, onpeeJisilolue CBOMCcTBA:
KoMIoHeHThI CTpyKTYpbl MeTajlla (HEMETaUIMYECKHUE BKIIFOUEHUS; OKCUJIbI MEJIH;
JKesie30coAeprKallie BKIIOUEHUs; ITyCTOTHI U T.1.)
Pasmep 3epHa (KpynHbINA, CpeHUN, METKUI)

1T

HapaMeTle TEXHOJIOTMH, ONIpeaACIsAIoMEe nNapaMeTpbl U3ACJIUAL

TemnepaTypa CTpeHI Ha BbIXOJ1€
Terp, °C

cTp>

Cpennuii pazmep neHapura
8,4, MKM

1r

l'[apaMeTle yYupaspJieHUus, onpeac/Jasiiommue napamMeTrpbl TEXHOJIOIHH

Pacxon Boabl

QBZQB( Tc‘rp; 8;()

PexyuM BEITATMBaHUS
VBBIT: VBBIT( TCpr 8}:()

TeMnepaTypa paciiiaBa
TCu: TCu( TCTp; 8;()

Puc. 2. Cs3p MCXKAY NnapaMeTpaMi TCXHOJIOIMHU U MapaMEeTpaMi Ka4eCTBa HENPCPBIBHLIX MEIHBIX OTJIMBOK

OnHako, MPH SKCIUTYaTallMU POTUKOBBIX TEPMOIIAP
BBISIBWJICS UX OCHOBHOM HEJOCTATOK — UHEPTHOCTH, YTO
MPUBOJUT K HECBOEBPEMEHHOH IMepenayd yIpaBlIsio-
X BozjaencTBui. [loaTomy IuIst u3MepeHus: Temiepa-
TypBI MTOBEPXHOCTH JBIKYINEHCS CTPEHIM OBLI pa3pa-
00TaH «30HI U1 U3MEPECHUS TEMIIePaTyphl MTOBEPXHO-
ctu Tenay [20].

enp co3manus mpeayiaraeMoro MeTojia — CHHUXe-
HUE TIOTPEITHOCTH U3MEPEHHUS.

ITocTaBneHHas 1eNb TOCTUTAETCS TEM, YTO B 30H/IE
JUTSI U3MEPEHUST TEMIIEpaTyphl MOBEPXHOCTH JJIEKTPO-
MPOBOJHBIX TEN MPUCYTCTBYIOT JBa TEPMODJIEKTPO.A,
BBITIOTHEHHBIX B BHUJE KOMIIEHCAIIMOHHBIX CITUPAJIEH.
DT TEPMODJIEKTPOJIBI CO3/IAI0T TEPMOIIAPY, 3aKpeIlIeH-
HYI0O B H30JIMPOBAHHOM cepleuHuKe. Paboumii koHel
TepMoOIlapbl HE UMEET cMhasi, a TEPMOENEKTPOAbl CBO-
0OTHO KOHTAKTHPYIOT C IMOBEPXHOCTHIO Tella, TeMIlepa-
Typa KOTOPOT0 U3MepSIeTCs.

Texunaeckuii 3¢ dexT, JocTUraeMblii IpU MPUMEHe-
HUM TIpEJIaraéMoro MeTojla, 3aKIo4aercsi B TOM, YTO

KOHCTPYKIIMSI 30H]1a ICKJTFOYaeT BHICOKYIO HHEPIIMOHHOCTh
Iporpesa cras TEpPMONapbl, a TaKKe paccesHHUE TeIula
IUTACTUHYATOM TNPY)KUHOM, K KOTOPOM IpPUBApEHBI CHau
TepMOMAaphbL, YTO CHKAET MTOTPEIIHOCTh H3MEPEHHUIH.

Ha puc. 4 u3o0pakeH 30H/, KOTOPHIA UMEET Tep-
MOAJIEKTPObI 1 1 2, CBOOOIHO PAacHONIOKEHHBIE Ha BBI-
XOJle U BBICTYMNAIOIIUE 32 IIOCKOCTh TOpIa 30HAA. BbI-
BOJIbI TEPMO3JIEKTPOJIOB 3aKPEIUIEHbI B H30JIHMPOBAHHOM
cepIeyHHUKe 3, BCTPOGHHOM B METAJIIMUECKUH CTakaH 4.

Uepes 00o0iiMy 5, BBHIIIOIHEHHYIO M3 IUIACTMAcCCHl,
MIPOJIOXKEH JAepkaTens 6 ¢ kabeneM 7, K )KuilaM KOTOpo-
rO IPUCOENWHEHBI BBIBOJBI TEPMOENEKTpoaoB 1 u 2.
Kaxnpiii TepMOENeKTpo UMeeT KOMIIEHCATOpP JUIMHBI,
BBINOJHEHHBIN B BUJIE CIIAPAJH 8.

Jlis u3MepeHust TeMIiepaTypbl 30H/1 IIPHKUMAETCS
K HUCHBITYeMOH IMOBepXHOCTU. [Ipu 3TOM, Tepmoemnex-
TPOIU BXOIAT B KOHTAKT C METAJUIMYECKOH ITOBEPXHO-
CTBIO U CO3JAI0T TEPMOIApPY, B KOTOPOH €CTh IIPOMEXKY-
TOYHBIN TPETUH 2JEKTPOJI, KOTOPHIN HE BIMAET Ha Tep-
MOJ/C, IOCKOIBbKY TeMIEepaTypa KOHTAKTOB paBHA.
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KoHCTpyKuust 30H1a, BBIIOJHEHHAS B COOTBETCTBHHU C
n300peTeHreM, KOTOPBIH MpeiaracTcsi, Mo3BONISIET H3-
MEPATh TEMIIEPATYPhl ABIXKYIIUXCSA METAUTHUECKUX
MOBEPXHOCTEH B TPYAHOAOCTYITHBIX MECTAX.

TemnepaTtypa cTpeHru Ha Bbixoae us JIM
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Puc. 4. TemnepaTypHblil 30HA U1 IpeAIaraeéMoro
METO/Ia U3MEPEHUH TeMIepaTypsl
MIOJBMKHBIX TIOBEPXHOCTEN

CpaBHEHHE METPOJOTHYECKUX  XapaKTEPUCTHK
CpEICTBA HW3MEPEHUS TEMIIEpATyphl  IOBEPXHOCTH
CTPEHTH JUTS NMPOTOTHUIIA M MPEIaraeMoro MeToja mpu-
BeZieHO B Ta0Oia. 1. Kak BumHO M3 Tabmn. 1, y mpeaarae-
MOI'O CpEICTBA HM3MEPEHHs TEMIIEPATyphl MOABHXHOM
METAJUTHUECKOM MMOBEPXHOCTH 3HAYUTENBHO YIIyUIICHBI
[0 CPaBHEHHIO C MPOTOTHIIOM IIOKa3aTeld YyBCTBU-
TENLHOCTH M MOTPENTHOCTH U3MEPEHHUA.

Tabmuma 1
CpaBHUTEIBHBIE METPOJIOTHUECKHE
XapaKTEPUCTUKHU CPECTBA U3MEPEHHS
TEMIIEPATYPhI TOBEPXHOCTH CTPEHTH

Ipororum:

POIIMKOBAasI

TepMonapa
1£0,07
1,72 °C

[Ipemnaraemsrit

XapakTepucTHKa
METOJL

140,03
0,83 °C

YYBCTBUTCIIbHOCTDH

HOpOT YyBCTBH-
TEJIHOCTH:

— I10 TeMIeparype
— I10 BPEMEHH

3¢ 0,65¢

JMana3oH IMoKa3aHui 50 - 500 °C 50 =500 °C
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OtHocHTENBHOE YUTHHEHUE, Yo

BpemeHHOE COnpOTUBICHHE

Temneparypa MOBEPXHOCTH KaTaHkH, °C

T

Puc. 3. 3aBucuMOCTb OT BpEMEHH TEMIIEPATYPHI
CTPEHTH Ha BBIXOZIE M3 JIUTEHHON MalluHbI (a),
CKOpPOCTH JIUThsI (0) U pacxoa oXJIaxkIaromiei Bopl (B),
a TaK)Ke CBSI3aHHBIE C ITUMH [IEPEMEHHBIMH TapaMeTpPhI
Ka4yecTBa HEIPEePbIBHOW OTJIUBKH: BPEMEHHOE
CONPOTHUBIIEHHE pa3pbIBY (T, 1) U OTHOCUTENBHOE
yuiuHenue (T, 2)

50 —-200 °C
+8%

50 —-200 °C
+4%

ITana3o” W3MepEeHUH

TIOrp€IIHOCTh

BbiBOoAabI

PaspaboTaHHbIil aBTOpaM¥ METOJl U3MEPCHHUS TEM-
nepaTypbl MOBEPXHOCTH TOKOMPOBOAHBIX TeN JBYMS
KOHTAKTHBIMUA TEPMOICKTPOJIaMH 00JIalacT BBICOKOM
TOYHOCTHIO M3MEPEHUH, MCKIIOYAeT HHEPIHMOHHOCTD
mporpeBa cmas TEPMONapbl U 00ecneYnBaeT ObICTPO-
neiictBue ACY. B pesynbraTe mpuMeHeHUs pa3pado-
TaHHOrO MeTpoyioruueckoro obecneuenus ACY TII
MOJTy4eHHUsI MEHOW HEeNpephIBHOW OTJIUBKH YJAI0Ch
MOJy4YHTh 16 pydbeB 0e3 pazdpoca GpU3MUECKHX, TEXHO-
JIOTUYECKUX U DJIEKTPO-TEXHUYECKUX CBOMCTB, a TaKkKe
PE3KO CHU3UTH MPOLEHT Opaka M3-3a «3aMep3aHHsD»
CTPEHT B KPUCTAJIM3ATOpPE, UX OOPHIBOB M ITYCTOTENO-
CTH U3-3a IIeperpeBa.

[IpennoxxeHHBIA METOA H3MEPEHUS TeMIepaTyphl
MOBEPXHOCTH TOKOMPOBOISAIIMX MAaTEPUATIOB MOXKET
OBITh HCIIOJIE30BaH B CHUCTEMax C TaKMMH OCOOCHHO-
CTSIMH, KaK TPYJHOJIOCTYITHOCTb, JIBM)KEHUE DJIEMEHTOB
CHUCTEMBI, Majasl BEIMYMHA MOBEPXHOCTH I U3MEpe-
HUS, HCBO3MOXXHOCTh NPHUMEHEHHS CTaHIAPTHBIX JaT-
YUKOB TEMIIEpPaTyphl.
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METPOJOINYHE 3ABE3NEYEHHA ACY TN BE3MNEPEPBHOIO INTBA MIOQHOT KATAHKU
B.O. Moprys, LB. IIpokonosuuy, M.M. Kocrina, }0.b. Mopryn

IIpoananizosano memoou ma 3acodu Mempono2iuno2o sabesnevyents Ons agmoMamu308anoi cucmem ynpasiinis mexHo-
Jl02iYHUM npoyecom Oe3nepepenozo aumms 6e3xkuchegoi mMionoi kamanxu. Ompumanu nOOAnLUIUIL PO3GUMOK MEMOOU SUMIDIO-
6aHHSL MEMNEPamypu pyxomoi Memanesoi no8epxii, siKi NOAA2AI0Mb Y BUKOPUCMAHHKT 05l Yiei Memu K083HOI Oe3cnaiinoi mepmo-
napu 3 0goma mepmoenekmpooamu. Jocsaenymo cmabinizayisi mexHonociyHuX i e1eKmpomexHiuHux 81acmueocmetl MioHoi Ka-
MAaHKU, SIKY 00epACYIomb HA 6A2amocmpymKo8oi TueapHoi mawiuni, i0N0BIOHO 00 MEXHIYHUX YMOB HA 8UPOOHUYMEBO.

Knrouosi cnosa: memponoziune 3abesnevenns, mepmonapa, b6esnepepene Tummsl, KAMauka Mioud.

METROLOGICAL ASSURANCE OF AUTOMATED PROCESS CONTROL SYSTEM
OF CONTINUOUS CASTING COPPER ROD

B.A. Morgun, ILV. Prokopovich, M.M. Kostina, Yu.B. Morgun

The methods and means of metrological assurance for the automated process control system of continuous casting of oxygen-
free copper wire rod. Further developed methods for measuring the moving metal surface temperature is to use for this purpose the
sliding no junction thermocouple with two thermoelectrodes. Reached stabilization technology and electrical properties of the
copper rod, received on multi-ribbed casting machine in accordance with the technical specifications for the production.

Keywords: metrological provision, thermocouple, continuous casting, copper rod.
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