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BbICOKOTEMITEPATYPHBIE UCCJIEJOBAHUS OCOBEHHOCTEMN
BJINAHVA HU3KOBOJIbTHOTO IIOTEHILIAJIA HA ITIOBEJEHUE
IIJIAKO-METAJIJIMYECKOI BAHHBI ITPU TPOAYBKE CBEPXY

AHomauisn. BucoxomemnepamypHumu  00CniOneHHAMU o0coOausocmell hposey 6naugy
HU3bK0B80JIbIMHO20 NOMeEHYialy Ha KOHeepmepHy 8aHHy nidmeepoxceHi meHOeHUil, 8useeHi Ha
NPOMUCTI08UX KOHBepmMepax woo0o: eniugy no3umueHoi noasapHocmi Ha ¢Gypmi Ha nideulyeHHs
memnepamypu 8aHHU ma npoeioHa poJib xapakmepy npouyecy WidKoymeopeHHs HA 8eUUUHY
cunu cmpymy 8 JaHyr3i ¢ypma- eaHHa. BcmaHosneHo 3MiHHUL 3a x00om npodyeku xapakmep
nidliomy i ocidaHHs WiIAK0B80i hasu 3 NPoMuIeHUM HANPAMKOM 071 080X NOJSApHOCMel
nomenyiany. BusejeHo, wWo eapiaHm 3 NO3UMUBHON NOJIAPHICMI0 Ha Qypmi 6idpi3Hascs
NPOMINCHUM pigHeM (hopMoBaHUX WLIaKo-memanesux Opu30K, He38a¥awiu HA 8i3yanbHO
HalimeHwy KinbKicme winakoeoi ¢asu, a eapianm 3 He2amueHOW NOAAPHICMIO - OiblU PAHHIM
HagedeHHAM WAAKY 3 HAalibinpuum pigHem 1io20 nidtiomy i 3 HAliIMEHWION0 KinbKicmio OGPU30K.
BcmaHoenieHo 8niu8 HU3bK0BONbIMHO20 NOMEHYIAY HA 3HUMCEHHS pDigHS empam memany 3i
WAAaKoM: npu HezamueHili noaspHocmi 8 6invluiili Mipi 3 KopoasKamu, a npu NO3UMueHiil - 3
oKcudamu 3aniza 8 winaxy.

Kniouoei cnoea: sucokomemnepamypHa Mooens, KucHesd npodysKa, ULiako-memaiesa 8aHtd,
HU3bK0BOIBIMHULI NOMeHUian

Abstract. High-temperature investigation of the features of the low-voltage potential influence on
the converter bath confirmed the trends identified in industrial converters: the effect of positive
polarity on the lance on the metal bath temperature rise and on the leading role of the character
of the slag formation process on the value of the current in the lance-metal bath circuit. A
variable character of slag phase behavior with the opposite direction for the two polarities of the
applied potential was established. It was revealed that the variant with positive polarity on the
lance differed by the intermediate level of the formed slag-metal splashes, despite the visually
smallest amount of the slag phase, and the variant with negative polarity - by earlier liquid slag
formation with the highest level of its rise and with the smallest splashes. The effect of the low-
voltage potential on reducing the level of metal losses with slag was established: at negative
polarity with the metal drops, and at positive polarity with iron oxides in the slag.

Keywords: high-temperature model, oxygen blowing, slag-metal bath, low-voltage potential
ITocTaHOBKA MPOG/IE MBI

B Hacrogmee BpeMA KVICHOpO,Z[HO-KOHBepTeprIVI npomnecc  ABJIAETCA
OCHOBHBIM M Hambojiee 3KOHOMUUHBIM CIIOCOOOM MMpon3BOACTBa CTAaIN. HECMOTpH
Ha [OCTAaTOYHO JIMTEJIbHBIN rnmepmon CBO€ro CymecCTBOBaHMA M BCECTOPOHHErO

MUCCJIeIOBaHMS ero IMOTEeHIMaJl ITOBBIINIEHUST TEXHMKO-3KOHOMUUYECKMX IToKa3aTesen
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JIOCTATOYHO BBICOKMIA, UYTO IIPUIAET aKTyaJbHOCTDb MCC/IeTOBAHNSIM, HAIIPpaBI€HHBIM
Ha MCIIOJb30BaHME 3TUX PEe3epBOB M peIlleHMe TJIaBHbIX 3a[ayu — IOBBIIIEHUS
3¢bGeKTUBHOCTY IIPOM3BOICTBA U pecypcocbepeskeHue.

AHanm3 nmocjaegHUX UCCIeA0BaHM UM MOCTaHOBKA Ie/IN

MHorounucjieHHble IPOMBIIIJIEHHbIE ONBITHI B KOHBepTepax 60-T, 160-T u 250-T
B repuoapl ocBoeHusi B UM HAHY meTona moaBoga HU3KOBOJIBTHBIX ITOTEHLIMAIOB
K ypMe M MeTa/uIM4eCKOMY pacIuiaBy IOKa3aauM BO3MOXKHOCTb yJIydllleHue psaa
B)KHBIX TEXHOJIOTMUYECKMX II0Ka3zaTesel BblIUIaBKM cTany [1]. Llenpio JaHHBIX
MCCIeloBaHU  ObLIO  BBISIBJIEHME B JIaOOpPAaTOPHBIX YCIOBUSIX TIPUUMH U
O0COOEHHOCTe! BIUSHUS BHEIIHEr0 HU3KOBOJbTHOTO IIOTEHLMana Ha IIIaKo-
MeTaJUINYeCKyI0 BaHHY I10 X0y IIPOAYBKYM MeTaJlJla B KUCIOPOAHBIX KOHBEpTepax.

B paboTe paccMOTpeHbl pe3yibTaThl JIabOPaTOPHBIX BbICOKOTEMIIEPATYPHBIX
ucciaenoBaHuit 3p@PeKToB, BO3HUKAIOUIUX, ITPU MPOXOKIEHMUN 37IeKTPUUECKOro TOKa
IO 3JIeKTPUYEeCKOii Lenu: pypMa- crajeriaBuibHasi BAaHHA.

MeToauka npoBeaeHus 3KCIIepMMEeHTOB

Ha na6opatopHoit 6ase [I['TY 6buta paspaboTaHa M cO3JaHa MOJe/IbHAS
ycraHoBka (puc. 1) [2], Ha 6a3e WHAYKOMOHHON 160-T Tmeun, KOTOPYIO
I0000OpyAOBaAM CHUCTEMaMM: IOAA4YM KUCIOpoAa dyepe3 BepxHIOW ¢GypMmy, OTBOAA
OTXOOSILINX ra30B U 3JIEKTPUYECKON CXeMO ITOABOIa HU3KOBOJIbTHBIX ITOTEHLIMAJIOB
K ypMe ¥ KOHBEpPTEPHOJi BaHHE.

1-MHAUKIMOHHAY 11e4b,
2->KUIOKUIT MeTasll, 3 — IIaK,
4 — npoxyBouHas Gypma,

5 — MCTOYHUK TOKa,

6 — BBIIIPSIMUTE/b TOKA,

7 — MenHbIe TTIOIBOIbI TOKA,

8 — KOHTAKTHBII1 37IeKTPO]I,

9 — mycKaTeb,
10 — comnpotuBieHus,

11- peructpupyiomye npudopsl,
12- peoykTop, 13 — poramerp,

14 - 6aI7I0H C KUCJIOPOZIOM,

15 — undpoBoit MaHOMETD,

16 — Bugeokamepa

PI/ICVHI‘OK 1- CDYHKI.II/IOHHJ'IbHaH cXeMa IIpoBeaeHMA OIIbITOB I10
BbICOKOTEMIIEpPATYPHOMY MOOEJIMPOBAHUIO
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Ilo Hauvana 3KCIepuMMeHTa B MHIAYKIMOHHONM meuu paciviasasim 100-120 kr
YyryHa C cofepxkaHuem yriaepona 4,2-3,2 % macc. ¥ HarpeBajay OO0 TeMIlepaTyphl
1450- 1550° C. ITocse reusb BBIK/IIOUAIN, (PypMy pasBopauMBajIu B CTOPOHY II€UM U
OTyCKa/IM 10 paboyero ImosioxkeHust mopsigka 25-30 Kaamn6poB AuameTpa coruia Hap,
pacIiuiaBoM (BeIMUYMHA, XapaKTepHas i I[POMBILIJIEHHbIX KOHBepTepoB). i
TIPOOYBKM IMPUMEHSIIM UeThIpeX COIUIOBYI0 ¢ypmy (amameTp corvia 1,7 Mm, yroa
Hak/I0HA K ocu Gypmbl 14°). C HauaaoM moAauy Kucaopoaa (UMCToTo mopsaka 99,2
% tpu pacxome 0,18 Mm3/MuH) BKIOYAAM I[MOJAYy HAIpssKeHMST Ha Gypmy U
KOHTAKTHBIM 3/71eKTPOJ, OT HMU3KOBOJBTHOIO MCTOYHMKA TOKA. BbIIO MpoBeneHO 6
ONBITHBIX MPOAYBOK MO TpeM BapuaHTaM: Oe3 BO3AeicTBuii (BapuMaHT 1) u C
MOABOAOM HM3KOBOJIBTHOTO IOTEHUMA/Na OTPULATENbHOM (BapuMaHT 2) U
MOJIOKUTEIbHOM  (BapMaHT 3) TOMSIpHOCTM K ¢ypmMe (M COOTBETCTBEHHO
IIPOTUBOIOJIOKHOM TIMOJSIPHOCTM K KOHTAKTHOMY 5SJIeKTpoAdy).  IJIMTeIbHOCTb
MpOAYBKM MeTa/l/la Obljla OrpaHMYeHa IO MPUYMHEe HEeAOMYCTUMOCTH IOSIBJIeHUS B
OTKPBITOM THUIJIE MHAYKLMOHHOM Ileyy 3aMeTHOIO BCIIeHVMBaHMS LIJIaKa, YTO
XapaKTepHO [Jis Mepuojia MakKCUMMaJIbHOM CKOPOCTU Mpoliecca 00e3yrieposkuMBaHus
MeTaJUINYeCcKoro pacmuiaBa. C Lesbl0 MOBBIIIEHMS TPOBOAUMMOCTH LIJIAKOBOTO CJIOS
TJIaBKY TIPOBOJAWINCH C JIOMOJHUTENbHBIM BBOJOM OOOPOTHOTO KOHBEPTEPHOIO
1j1aKa B KoimuecTBe nopsiaka 10 %.

[ns BbISBIE€HUS BIAMSHUSA HU3KOBOJBTHOIO IIOTEHLMAalAa Ha IIpoLecc
BCIIEHMBAHUS 1UIaKa M [IO4beM BaHHBI B IIpoLecce IPOLYBKU Ha psLie IUIaBOK I10Cie
pacruiaBieHus IIPUCAIKU 060POTHOTO naKa IPOU3BOAVIIN
OTK/IIOUeHe/BK/II0UeHMe TI0aBaeMoro K ypme v BaHHe HaIIPSIKeHMSI.

HerpepsiBHO, HauMHas ¢ MOMEeHTa OmMycKaHus GypMbl B I1e4b ¥ IO MOMEHTa
[peKpaleHns npoayBKu, IpomusBoauaack peructpaunusg Ha [IK pspga nmokasaresneii:
JaByieHMs Kucjiopoa nepen ypmoit, bl TOKa B Leny ypMa — paciiiaB, a TaKKe
MIPOM3BOAMIACh BUAEO3AINUCh MOA(QYPMEHHOI 06/1aCTH C ITOMOIIbI0 3aKPeIlIeHHOI
B 1ITaTuBe CKOpocTHOM Bupeokamepol CASIO EXILIM EX F1 (uactrora 3ammcu 300

KaJapoB B CeKYHY).
N3n0xeHre OCHOBHOIO MaTepuaia ucciesoBaHuin

WccnemoBaHUSIMM B MHOYKIMOHHOM TeuM, B MEPBYI0 OUYepedb, YCTAHOBJIEHBI
BM3yaJbHbIE pa3InMuuMsi B XapakTepe TIPOAYyBKM 6e3 BO3IECTBUIA U TIpU
MCITOTb30BaHUM OTPUIIATEIBHOM M TIOJIOXKUTEIbHON TMOSIPHOCTE MOTeHIMania Ha
dbypme, KOTOpble BIIOCJAEACTBUM ObLIM TPOAHANM3UPOBAHBI IIPU ITTOKAJIPOBOM
MIPOCMOTpe BuaeoMaTepuanoB. Ha puc. 2 mokasaHbl 0COGEHHOCTY B3aMMOECTBUS
KUCJIOPOJHBIX CTPYil C MEeTa/ZIMYECKMM pacIlyIlaBOM I10 OITBITHBIM BapMaHTaM,
OTpakawllye XapakKTepHoe BMsHIE MOIIPHOCTM HU3KOBOJIbTHOIO MOTEHIMMala Ha
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IIpoIeCC ITPOAYBKYM B OIpe/ie/IeHHbIe MepUOIbl MPOAYBKY IIaBKM. OTMeueHO, UTO
IIJIaBKM, IPOBOAMMBIE 10 BAapMaHTY 1, B TeUueHMe BCeil MPOayBKM OTINYAINUCh Goslee
MeJJIeHHbBIM YCBOEHMEM IIPUCAKEHHO IMOpLUUM IIaka ¥ MEHBbIIMM YpPOBHEM
cBeTUMOCTM TtoAdypMeHHO obyacTu. BusyasbHO IS TPOAYBOK IO BapuaHTy 1
ObLIIO XapaKTepHO HaubOoJblllee KOJIMYECTBO OpbI3T Kalejgek MeTala ¥ IIaka
pas3IMYHbIX pasMepoB, OCOGEHHO Ha HAyaJbHOM 3JTalle IPOAYBKM, UTO OTpaxkaeT
ero BbIHOCA.

w0 "

BEPOATHOCTD 60J1ee BbICOKUX II0TEPb MeTaJljyia BCJIedCTBME

PucyHOK 2 — ®parmeHThl BUAe03alCy IIPOLYBKYM paciulaBa yyryHa yepes 4-X COIUIOBbBINI
HaKOHEUYHMK Ha Pa3IMYHbIX MUHYTaX MPOLYBKHU, IO ONBITHBIM BapMaHTaM:
1 — 6e3 BO37eiicTBUIA, 2 - OTpULIATE/IbHAS TIOJIIPHOCTD Ha pypme,
3 — MOJIOXKUTENbHAS MOJISIPHOCTD

[lnaBKM, TpOBeeHHbIE 10 BapMAHTY 2, OTINYAINCh BU3YyaJTbHO HAMOOBIIM
YPOBHEM TOJbeMa BaHHbBI, & 3HAYUT U OOJIBIIMM 00beMOM (OPMUPYEMOTO IIJIaKa,
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YTO MOXHO IIOSICHUTb He TOJIbKO aKTUMBHBIM YCBOEHMEM (PacTBOpeHMeM)
MIPMCAXKeHHOI1 MopLMK 000POTHOTO IIJIaKa, HO M OMOJIHUTENbHBIM IOCTYIUIEHUEM
(BBITA/IKMBAHMEM) IIVIAKA U3 PeaKUMOHHbBIX 30H Ha BCeX 3Talax NpoayBku. Kpome
3TOr0 MCC/Ief0BaHMS [I0Ka3aly, YTO OTPULIATENIbHO ITOJISIPHOCTY Ha (PypMe 110 XOAY
IIPOLYBKM XapaKTepHO (OPMMPOBAaHME BSI3KMX IIPOOMBAIOLIMX CJIOJ IUIAKa
BCIIJIECKOB B BMJE CTOJOMKOB, NMOJHMMAIOMIMXCSI HAa 3HAUMTEIbHYIO BBICOTY Ha[,
IIVIAKOBBIM pacIuIaBOM, ¥ KOTOpbIe I10[, BIAUSHMEM ITOBEPXHOCTHBIX CUJI Ha KaKOM-
TO 3Talle pa3BUTMA BCIUIECKA pas3pyllajuChb Ha KallM C pasMepaMmy,
COIIOCTaBMMBIMM C AYaMeTPOM BCIIECKA, VI MEHbLIMX Pa3MepOB.

YcraHoB/eHHbIT 3(ddeKkT, BeposSITHO, MOXHO IOSCHUTb OCOOEHHOCTSIMMU
npouecca 00e3yriepokuBaHMs MeTajula Py OTPULATENbHO MONSIPHOCTHU, BAVSHIE
KOTOPOJi MPOSIBISIETCS B aKTUBM3ALMM MOJUIJIAKOBOTO «KUIIEHUSI» C 0Opa3oBaHVeM
MeJIKMX Iy3bIpbkoB CO, ciamBawouiyxcs B 0ojiee KpyliHble oOpa3oBaHMS, U, NpU
oIpefie/IeHHOM KPUTUUECKOIi BeluuyHe 00beMa YKPYITHEHHOTO ITy3bIpsl, 3a CYET CUJ
ApxyMena ras BbITaJKMBAIOLMeCsS BBepX, MOAHMMAas KYIIOJA BSI3KOIO IIJIaKa Ha
3HAUMUTEJIbHYIO BBICOTY. YKa3aHHbBIN 9(PGeKT KOppecroHaAUpyeTCsl C pesyabTaTaMyu
IIPOBEIEHHbIX paHee MCCIeNOBaHMI, YKasblBalOLWMX Ha QopMmupoBaHMe IpuU
OTPULIATEIbHON TIOJSIPHOCTY KPYIHOIIOPUCTBIX C OOJIBLIMM KOJIMYECTBOM II0p
1IJIAKOB [3-4].

Jns T1aBOK, MPOBEAEHHBIX 10 BapMaHTy 3, XxapakTepPHbIM ObIJIO BU3yaabHO
HaMboIbLIasi UHTEHCUBHOCTb CBeUeHMsI MOoAQYypMEeHHOI 30HBI M0 XOAY IMPOIYBKH,
KOTOpasi, 0-BUIMMOMY, OTpakaeT HauOOJIbIINII TeMIlepaTyPHbI/i YPOBEHb BaHHBI B
3TOM BapyuaHTe. Ha MaHHBIX NpPOAYBKaX IIPUCAa’)KeHHAs IOPLMS LIaKa aKTUBHO
pacTBopsiziach U I10 X0y NMPOAYBKM LIIAKY ObLJIO MPUCYILe aKTUBHOE «KUIIEHME» C
dbopmyMpoBaHKEM SIPKMX BCIIbILIEK — CBULIEN HA IOBEPXHOCTU. BusyaibHO IPOAYBKYU
I10 BapMaHTY 3 OT/INYAINCh HAaMMEHbIIMM KOJIMYeCTBOM OpBI3T.

[lo rmonyyeHHBIM  BUIOEO3AIMCAM  IIyT€M  IIOCEKYHOHOIO  aHaaMsa
BuUJeoMaTepuasa Obula MpoM3BeNeHa OlleHKa YpOBHS IOAbeMa ILIaKko-
MeTa/l/IMYeCKOl BaHHbI 10 XOAY IIPOAYBKY, pe3yibTaTbl KOTOPO¥ IIpeiCTaB/JIeHbl Ha
puc. 3. BbIIBI€HO, YTO IO XOA4Y MPOAYBKY [IJI1 BCEX ONBITHBIX BAPMAHTOB B JAHHBIX
71ab0paTOPHBIX YCAOBUSIX YPOBEHD MObeMa BaHHBI MMeJsl ITlepeMeHHbIi xapakTep, C
IOCTVDKeHMeM MaKCMMyMOB ITofbeMa Ha 6 MUHYTe B BapuaHTe 1 1 3 11 Ha 8 MUHYTe
B BapuaHTe 2. [Ipy 3TOM Hambosee BbICOKME 3HAueHMs] MOAbeMa yYPOBHS BaHHbI
COOTBETCTBOBA/IM BapMaHTaM C [IOABOJOM HM3KOBOJIBTHOTO MOTEHIMaa, 0COGEHHO
B BapMaHTy C OTPULATEIbHbIM MOTEHLMAJIOM Ha (ypme B TeuyeHMe MpPaKTUUYECKU
BCEro BpeMeHM IPOLYBKI.
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PucyHok 3 — [IuarpaMMma M3MeHeHMs YPOBHS MOJbeMa NIJIaKO-MeTa/VIMYeCKON BaHHBI 10
X0y TIPOYBKM T10 ONBITHBIM BapMaHTaM: 1 — 6e3 BO3eiiCcTBUiA, 2 - OTpULIaTe/bHAS
MOJISIPHOCTb Ha PypMe, 3 — MOJIOKUTE/bHAS MOISIPHOCTD

VcTaHOBJ/IEHHbIE BY3Yya/IbHble pa3Inyyis B [I0BeJeHUN KUJIKOM BaHHbI II0 XO4Y
IIPOAYBKY I10 OIIBITHBIM BapyaHTaM M pa3nuus B ypOBHe NOJbeMa BaHHbI CBSI3aHbI,
KaK C OCOGEHHOCTSIMM BO3HENCTBMSI MOABOAMMOIO IMOTEHIMaaa TOW WIM MHOM
IOJIIPHOCTM Ha IIPOTEKaHMe OCHOBHBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
IIPOLIECCOB IO X0y IIPOLYBKMU, TaK U C BAUSIHUEM Pa3INYHOI MOISIPHOCTU Ha pypme
Ha (usMyeckye XapaKTepUCTUKM (IIOBEPXHOCTHOE HATsDKeHMe, KMHeMaTyyecKas
BSI3KOCTb) CaMOro IIJIAKOBOT'O pacIlyiaBa, ONMCaHHbIe B paboTax [3-4].

JJOTIOTHUTENIBHO HAa 4acTy SKCIIEPMMEHTOB ObLIN MPOBeIEeHbl MCCIefOBaHMs
0COGEHHOCTM peakuuy OTKIMKA CTaleIuIaBUJIbHOM BaHHbI Ha KPAaTKOBpPEMEHHOe
yepenoBaHue ornepauuu BKJIIOUEHVS/BbIK/IIOYEHUS IIOTeHLyaIa
MPOJOJIKUTEIBHOCTBIO 10 34-35 CeKyHJ, MpU pas3IMuYHbIX BapMaHTax IOABeIeHMNS
noteHuyana. OnbIThl ObLIY IPOBEEHBI B COIIOCTaBMMbIe ([J151 M3yUyaeMbIX OIBITHbIX
BapMaHTOB) MNepuonbl npoayBkyu. Ha puc. 4 npusemeHbl yd4aCTKM [Ayarpamm
M3MeHeHUsT CWIbl TOKa B lenu dypMa- Xuakas BaHHA B IepUOJ, MPOBeIeHMUS
omepauuy [0 BK/IIOYEHMIO/BBIKIIOYEHNIO IIOTeHLMajaa I10 BapuaHtam 2 u 3
COOTBETCTBEHHO (Ha PMUCYHKax BpeMsl MPOLYBKM OOHYJE€HO OTHOCUTEIbHO Hauasa
NIpOBeeHMs OollepaLy BKIIOUEHYS]/BbIK/IIOUeHMS ITIOTeHLMaa).
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PucyHOK 4 — Y4aCTKM TOKOBBIX AMarpaMm, 3alCaHHbIe TIPY YepeSOBaHUN Onepalun
M0 BK/IKOUEHUIO/BBIK/IIFOYEHUIO TOTEHIMANa, II0 OMbITHBIM BAPUAHTAaM C
MOJBOJOM HM3KOBOJBTHOIO MOTEeHIMa/Ia: 2 - OTpUIlaTe/bHas MOJISPHOCTb Ha QypMe,
3 — MOJIOXKUTEbHAS MOJSIPHOCTD

Kak ommucaHo B MeTOAMKe, Uil MOaHHBIX IIABOK ObUIO XapaKTepPHBIM
nobaBjeHue B caMOM Hayaje MpPOAyBKM OOOpPOTHOTO KOHBEPTEPHOrO Ijlaka B
KonmyectBe 10 % oT Beca uyryHa. V3 amarpaMm cjiemyeT, 4TO MpucajKa Ijiaka,
COJZIepsKallero OKMCIIbI sKejie3a, MOBBIIAeT MPOBOAMMOCTh CTa/IeIIaBUIbHOM BaHHbI
Y TI03BOJISIET TIOJIYYUTH CUJTY TOKA B Lieny ypMa BaHHA Cpa3y ke MOC/Ie BKIIUEeHNS
noTeHIyana. [Ipy rmepBoM BKIIOUEHMM MOTEHLMAAa OTPULIATEIbHON MOJISIPHOCTU
IepBOHAYAJIbHO ITOSIBUIMCH HeOOJbIliMe 3HAaueHUs CUJIbl TOKA, KOTOpble 3aTeM
YBEIMYMBAIUCH 10 MaKCUMMaJIbHbIX 3HAU€HMI, BEpOSITHO, 10 Mepe pacIlIaBIeHUsI
000pPOTHOTO IIVIAaKa. IJTO CBUAETEIbCTBYET O TOM, YTO OOOPOTHBINA IIJIAK
aKTMBU3MPYET TIIPOLIECChl, HAa KOTOpbIE BJMSET OTPUIATENbHAS IIOJSIPHOCTH
MOTEHIMajIa, B YaCTHOCTM HAKOIUIEHMEe B IIaKe OKCHUAOB JKeJe3a, IMOBBIIIAIINX
MIPOBOAMMOCTb Cpefbl. IIpy IOJIOXKUTENbHOV IMOJASPHOCTM Ha (ypMe cuia TOKa,
1oA06HO BapMaHTy C OTPUIIATENbHOI MOJSIPHOCTHIO, JOCTUIIA CBOMX HAMOOJIbIINX
3HAUeHMI IUIaBHO IIOCJIe BKJIIOUEHMSI MOTeHUMasa. OTO, I0-BUIMMOMY,
00yCJIOBIEHO OBICTPBIM pacCIUIaBIEHMEM OOOPOTHOrO IJIaKa B CWJIy Pa3sBMBA€MbIX
BBICOKMX TEMIIEPATyp B TOM BapMaHTE C ITOBBIIIEHUEM ITPOBOAMMOCTY BaHHBI.
OnHako, B JAHHOM BapMaHTe TaKke HAGIIOIAeTCs aHOMHOE BOCCTAaHOBJIEHUE
OKMCJIOB 3Kejie3a U3 IIaka, YTO MPUBOIUT K CHVDKEHUIO TTPOBOIMMOCTY BaHHBI, a,
C/leIOBaTebHO, M CWJIbI TOKa B Ilemu ¢GypMa — BaHHA, UYTO MPOSBISETCS B
CKaukooO6pa3HOM XapaKTepe M3MeHEeHMsI CUJTbI TOKa.

[Ipy BBIKIIOUEHUM TIOTEHIMAAa C OTPUIATENbHON MOJSIPHOCThIO Ha (ypme
BM3yaJIbHO YPOBEHb BaHHbI  MPOJOJDKAA  MOAHMMATBLCSI, UTO  OTPasKajao
MHTeHCU(UKAIIMIO TTpoliecca TOPeHNsT KpeMHMS, a TIPU BBIK/IIOUEHMM TTOTEeHIMaa C
TTOJIOKUTEJTbHO TTOJITPHOCTBIO HAa (DypMe OTMeUeHO yBeJIMueHMe BhICOThI U SIPKOCTU
cBeueHMs dakesa HaJ TOPJIOBMHOI KOHBEPTEPA, UTO CBUIETEHCTBOBAIO O paHHEM
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Hauajie OKMUCIeHNS YI/iepoia, B ITIepuo/, KOT/Ia elle MO/KeH OKUCISIThCSI KpeMHMIt (B
pesyJ/ibTaTe TeMIlepaTypa BaHHbBI POJI0/Kaia OBBIIIATHCS).

[Ipy TOBTOPHOM BKJIIOUEHUM TIOTEHIMAaAa o6eux IMOJSIPHOCTEN Ipoliecc
dbopmupoBaHus 1uIaka IMPOAOJIKAJICS, COMPOBOXKIASICHh yBeIMUeHMEM CUJIbI TOKA.
[lpy oTpuLaTeNbHOI IOMSIPHOCTM CUIAa TOKa IUIaBHO (0e3 3HAUMTEIbHbBIX
KojebaHMii) HapacTajza BIUIOTh [0 MOMEHTAa OTK/IIYEeHMS] TMOTeHIMaaa, UTO
COOTBETCTBOBAJI0O HAKOIUIEHMIO IIjlaka C IOJbeMOM BaHHbI U obecrieyeHuem
POBHOTO M IIOCTOSSHHOTO 3JIeKTPMUECKOro KOHTakTa B Henu @ypma -
MeTa//IMUecKuii paciiaB. [IpM  TONOKUTENbHOV TMONSIPHOCTM  CUJIa  TOKa
CKAaYKOOOpa3HO YyBeIMUYMBAIaCh IO MaKCMMAaJbHBIX JJISI 3TOTO IMepuoja MPOIyBKU
3HAYeHMIE, a 3aTeM Takke CKAYKOOOpa3HO Hauaja CHUKAThCS, YTO COOTBETCTBOBAJIO
CHayaja MoJbeMy BaHHbBI 32 CUET pa3BUTHS Ipolecca OKUCIeHUs yrjiepoja Iocie
ero BK/IIOYEHMSI, a 3aTeM BOCCTAaHOBJIEHUIO >Keje3a M3 OKMUCIOB C YXyAlleHeM
MPOBOJAMMOCTY BaHHbI, a, CAeJ0BaTe/lbHO, M YMEHbIIEHUIO CUIbl TOKAa. TO ecTb
YCJIOBUS IJIsl IIVIAKOOOpa30BaHMUSI C TOUYKM 3peHUs OOecrieueHus: 3JIeKTPUUecKoro
KOHTaKTa Mexxay hypMoii M BaHHO¥ ObLIM MeHee 61aronpusITHBIMM B Bapuare 3.

BusyasibHO TaK)Ke OTMEeUeHO, UTO BbIK/II0UeHYEe HM3KOBOJIbTHOTO IMOTEHIMaIa B
BapuaHTe 2 Ha 20 ceKyH] He BbI3BaJIO CHVDKEHUSI YPOBHS ITOAbeMa BaHHbBI, M Cuia
TOKa MOCJ/Ie BKIIOUEHUS TPOA0JIKI/IA MOBBIIATHCS O MaKCUMMa/IbHbIX 3HaUeHUI 3a
CYeT yBeJIMUeHUS] TTIOBEPXHOCTH COMPUKOCHOBEHMS HIIAKO-MeTalinueckoi ¢asbl C
KOpITycoM (pypMbl. DTO, KpOMe IIPUBEIEHHBIX BbIIIE€ OOBSICHEHUI, CBUIETETbCTBYET
O TOM, UTO pe3yJbTaT HaMpaB/JeHHOIO aKTUBU3MPYIOIIErO0  HeiCTBUS
HM3KOBOJIPTHOTO TIOTEHIIMajaa J[JaHHOM IIOJSIPHOCTM Ha M[UIaKOoOOpa3oBaHMe W
MpOTeKaHMe OCHOBHBIX IIPOLIECCOB TMPOAOJIKAJICS elje HeKOTOpoe BpeMms
(5-15 cexyH) mocJie pa3pbiBa BHeIIHel e [3,4].

B BapmaHTe 3 IepBOoe OTK/IIOUEHME ¥ IMOBTOPHOE BK/IIOUEHMEe TMOTeHIMana
HECKOJIbKO  YXYOIUIMIO KOHTaKT, O YeM CBHUIETeJIbCTBYeT Oojiee HU3KMUIL IO
CpaBHEHMIO C BApMAHTOM 2 YpOBeHb ITOAbeMa CUJIbI TOKA.

[Tocnenytomiee MOBTOPHOE BBIKIIOUEHME M TPETbe BKJIIOUEHMe MOTeHIMalia B
000MX BapMaHTax 3HAYUTEIbHO 0CAINIO YPOBEHb BAHHBI, UTO MIPUBEJIO K CHUKEHUIO
MaKCHMMaJIbHOTO YPOBHS CWIbl TOKa B 1enu ¢ypma — BaHHa (¢ 19 A mo 14,5 A B
BapuaHTe 2 ¢ 17 1o 12,5 A B BapuanTe 3). Kpome Toro, B BapMaHTe 2 3TO IMPUBEJIO K
3HAUUTENbHBIM KOJIeOaHUSIM  3apeTMCTPUPOBAHHBIX 3HAuUeHUI CUJIbI TOKA, a B
BapMaHTe 3 — K CHIDKeHUIO YPOBHS BaHHbBI M 3HAUMTEIbHOMY YXY/IIIeHMI0 KOHTAKTa
B 1eMNMu.

CnemoBaTeibHO, MPOBeNEeHHBIM [TOTIOJHUTE/NbHBIM MCC/IeIOBaHMEM peaKluu
IIJIAKO-MeTa/UIMUeCKO/i  BaHHbI ~HA  OMEpauuio  BKJIIOUYEHMS/BbIKIOIOUEHUS
NoTeHIIMajaa ObLIO YCTAHOBJAEHO Ha/MyMe HEKOTOpOro Iepuoga IMocaeneiicTBuUs
HM3KOBOJIbTHOTO MOTEHIIMAa 1Mocje pa3pbiBa 37IeKTPUUYECKOl 1erny, 0COOeHHO TIpu
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OTPUIIATENIbHOM TOMSIpHOCTM Ha ¢dypMe. Takke IOdyubleHble Ppe3yIbTaThl
CBUAETENbCBYIOT O HaJIMYMM BO3MOXXHOCTM  HAIIPABJIEHHOTO  BO34ENCTBUS
(KOpPEeKTHMPOBKM) Ha IIpoliecc TMoabeMa BaHHBI 0e3 yXyOIleHUS YCIOBUI
IIIaK000pa30BaHMS myTeM OCYIIEeCTBIEHMS IAaHHOM orepanumn
BKJIXOUEHSI/BbIKJIIOUEHUSI.

XuMu4ecKkuii aHaiu3 mpobd MeTasia, a TakKke ypoBeHb TeMIlepaTypbl BaHHBI,
MOoJy4yeHHble 10 M IIoCje TpOBeleHUs IMPOAYBOK, IpecTaBjieHbl B Tabiuie 1.
BhIsIBJIeHO, UTO TIIOCje IIPOAYBKM KMUCJIOPOAOM HauOOJIbIllee  ITOBBIIIEHME
TeMIIepaTypbl 06eCIIeuMBaja0Ch B BapMaHTe 3, TOTJA KaK HauMeHbIIIee ITOBbIIIeHNE
TeMIepaTypbl COOTBETCTBOBAJIO IIPOAYBKaM IO BapMaHTy 1. AHaiu3 M3MeHEeHUS
YPOBHS COAEpPXKaHMSI OCHOBHBIX KOMIIOHEHTOB MeTa/Ula 3a BpeMsl IIPOAYBKU
[0Kasajl, 4YTO OJIS IIAaBOK, IPOBEIEHHBbIX [0 BAapMAHTy 2, OTMeYeH MeHbIIUN
YPOBEHb OKUCJIEHMUS yriepojia, HO 0OJbllNii YPOBEHb OKUCIEHUSI KpeMHMUS, 4eM B
BapuaHTe 1. B TO BpeMs Kak B BapMaHTe 3 OTMeYeH IPOTUBOIIOJIOXKHBIN XapakTep
BJIMSIHUS Ha OKMC/IeHue npumecedi. [TosiyueHHbIe pe3yabTaThl KOPPECIIOHAMPYIOTCS C
pe3yibTaTaMy MPOBEeEHHbIX paHee paboT [3,4].

Tabauua 1
CpenHMii ypOBeHb ITOTYIeHHBIX ITOKa3aTesiei 1a60paTOPHBIX MPOIYBOK
N2 [TapameTpbl MPOYBKMA OmnbITHBIE BaPMAHTHI
IL.II. BapmanT 1 Bapwuanr 2 BapwuasnT 3
1 Temneparypa uyrysa, °C 1478 1450 1410
2 Temmneparypa MmeTtasia, °C 1630 1615 1638
3 [TpupocT TeMIiepatypsl 3a IpoayBKy, °C (152 165 228
4 XMM.COCTaB UyTyHa, %mMacc:
-yriepon, 4,32 4,42 4,26
-KpeMHUI 0,94 0,97 0,90
5 XuM.cocTaB MeTajIa, %macc
- yIaepos, 1,42 1,63 1,20
-KpeMHUI1 0,010 0,012 0,028
6 YaenbHOe KOJIMUECTBO OKMCIIOB Xeje3a (19,30 23,95 15,10
B IIJIaKe ), KI/T CTa/In
7 YoenbHOeE KOJINYEeCTBO Fe 10,74 4,84 10,94
MeTa/yIaueCckoro B IIaKe, KI/T CTaIn
8 HTOro rnorepu MeTasuia, Kr/T CTalin 30,04 28,79(-1,25) 26,04(-4,00)
YompeiesieHO Kak:
GFeO = Guutak-(FeO)-1000/100-Gcranb (1)
Guutak = [Si]JuyryH-GuyryH-MSiOy/[(Si02)-MSi] (2)

roe GFeO ygenbHblili Bec FeO B muiake, (Kr/T crann), Guuiak, GuyryH, u GCeTajap TAe BeC
nulaka, 4yyryHa u craiu, coorBeTrcTBeHHO (kr), (FeO) u (SiO;) BecoBoe conepskaHue
KOMIIOHEHTOB B lIlake (Macc.%), [SiJuyryH copepykaHue KpeMHMUsI B UyryHe (Macc.%), U
MSiO; u MSi MosspHble MacCbl COOTBETCTBYIOLIMX KOMIIOHEHTOB (KI/MOJIb).

™) mpuBeIeHO OTKIIOHEHMe OT BapuaHnTa 1
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Takke MmosiyueHHbIE pe3yIbTaThl CBUIETEIbCTBYIOT O TOM, UTO 00€ TOISIPHOCTH
B 11eJIOM OKa3blBalOT B/IMSIHME HAa CHIDKEHMe [oTepb MeTajla CO ILIJIaKOM: Ha
1,25 kr/T crasmu B BapuaHTe 2 u Ha 4,00 Kr/T cTajmu B BapuaHTte 3. IIpy sTOM Iipu
OTPUIIATEJIbHOJ MOJIIPHOCTY B OO0JIbIIIeli CTeleH YMEeHbIIAITCS ITOTEPH C JKee30M
B BuJie KopoabkoB (Fe MeTa/mueckoe): Ha 5,9 Kr/T cTaau, a IIpu MOJTOKUTETbHON —
C OKMCJIaMU KeJle3a Ha 4,2 KI/T cTanau, 6e3B03BpPaTHO TEPSIEMbIMM CO HIJIAKOM.

BoiBobI

BbICOKOTEMITEpATYPHbIMM  SKCIIEPMMEHTAMM TOATBEPKIEHbl TEHIEHIIUN,
BbISIBJIEHHbIE Ha ITPOMBIIIVIEHHbIX KOHBEPTEpaX: [0 paHXXMPOBKe BAPMAHTOB I10 CUJIe
BIMSIHUS MX Ha TEIUIOCOAepsKaHMe BAaHHbBI W IO BeAylIeW poJid XapakTepa Ipoliecca
IUIaK000pa30BaHUs Ha BEJIMYMHY CHIIBI TOKA B IIeTH ()ypMa- BaHHA.

AHanMsoM BuAeoOMaTepuaoB YCTAHOBJIEH IepeMeHHbI MO0 XOAY IPOIYyBKMU
TJIaBKM XapakTep MoAbeMa M OocellaHus 1IaKOBOV (asbl, MpUYeM M3MeHeHUe ITUX
rapaMeTpoOB MMeeT ITIPOTMBOIIOJIOKHOE HallpaBjieHMe [Ji IBYX IOJSIPHOCTEI
MOABOAMMOTO TOTeHIMana. OTMeUeHO, UYTO JIabopaTOpHbIE MPOAYBKM OTINYAINCH
10 SPKOCTM CBeUeHMS 30HbI B3aMMOMENCTBMUSI KUCIOPOOHOM CTPyM CO
CTaJeryIaBWIbHOM BAHHOM: caMoe SpKoe CBeueHue moAGypPMEHHON 30HBI
Habsomanoch B BapuaHTe 3, caMoe cjaboe cBeyeHue — B BapuaHTe 1. Takke
OTMEUEHO, UYTO BapMaHT 3 OTIMYAJICS MMPOMEXKYTOUHBIM YpOBHEM (GOPMUPYEMbBIX
OpbI3T MeTa//la M IIVIaKa, HECMOTpPS Ha HaMMeHblllee M3 4YMCAa M3YyUYeHHbIX
BapMaHTOB BM3ya/IbHOE KOJMYECTBO IIJIAKOBOI ¢a3bl, a BapuaHT 2 - 60jee paHHUM
HaBeJeHMEeM >KUIKOITOABVIKHOIO IIJIaKa ¢ HaMOOJIbIIMM YPOBHEM €ro IOabeMa, UYTO
TTOCJTYSKMJIO TIPUYMHOM YMeHbIIeHUSI OpbI3T MeTaJlia.

BoisiBiieH crienubudeckuii 3¢ @ekT Mo BAMSHUIO OTPUIIATETbHON MOJISIPHOCTH
Ha KOHBEPTEPHYIO BaHHY ¢ 06pa30BaHMeM JIOKAJIbHBIX BCILJIECKOB B BUE CTOJIOMKOB.
[TpensioskeH BEPOSITHBIN MEXaHM3M UX ITOSIBJIEHMUS.

YCTaHOB/IEHO BAMSHME IIOABOAMMOTO HM3KOBOJIBTHOTO T[IOTEHLMasa Ha
CHVKEHME YPOBHS IMOTEPh MeTasia CO IIJIAKOM: IPU OTPULIATEIbHO IOISIPHOCTU B
OosbIeli Mepe C KOPOJbKaMu, a TMPU TOJOKUTENbHON — C OKMUCIAMM Kejie3a B

HIaKe.
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