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M.1O. KY3BEMEHKO

HammonansHas Metamnyprudeckas AkageMusi Y KpauHbI

OIITUMAJIBHOE MHCIIOJb30OBAHUE HEINPEPBIBHOJIUTOI'O
CJINTKA B CKBO3HOM CXEME PACKPOS

YV cmammi nagedeno amaniz icHyouux cnocodis po3kporw be3nepepeHoco
3IUMKA npu 8UPOOHUYMEI mosapHoi memanionpooykyii. Haseoeno pesyromamu
MaAmMemMamudHo20 MOOEN08AHH MEMOOy KHACKPIZHO20» PO3KPOIO HA MAUUHAX
be3nepepeHozo TUmms 3a20Mo6oK.

B cmamve npueeden ananuz cywecmsyrouux cnocobo8 packposi Henpe-
PbIBHO20 CIUMKA NPU NPOU3BOOCHEE MOBAPHOU Memaiionpooykyuu. Ilpusede-
Hbl pe3yIbmamvl MAmemamuiecko20 MoOeiupos8aHus Memood <CK8O3H020»
PACKPOS HA MAWUHAX HENPEPLIBHO20 JIUMbsL 320MOBOK.

In this article you can see the analysis of existing ways of cutting a con-
tinuous ingot in the manufacture of metal products, and also the results of
mathematical modeling of the way of cutting on the continuous casting ma-
chines.

OCHOBHBIM TPEUMYIIIECTBOM PA3JIUBKU CTAIM Ha MaIlIMHAX HEMPEPHIBHO-
IO JHMThS 3arOTOBOK 110 CPABHEHUIO C PA3IMBKON B M3JI0XKHUIIBI SIBIISIETCS I10-
BBIIICHHBINA BBIXOJ] TOAHOIO METajljia 3a CYeT TOr0, YTO MPH HEMPEPHIBHOM pa3-
JIMBKE 00pe3aeTcs TOJNBKO KOHEUHAs 4acTh CIIMTKA B CAMOM KOHIIC Pa3IUBKU
iaBku. OiHAKO 3P PEKTUBHOCTh TEXHUYCSCKUX MPOIIECCOB MOTYYCHHS HEIpe-
peiBHONIMTOM 3aroToBku (HJI3) Bo MHOrOM mpemonpeaesercs pekuMoM oopa-

432



OOTKH CIMTKOB M padOThl 00OPYJIOBaHUs, MO3BOJIAIOIIME YBEIMYUTH BBIXOA
TOJTHOI'O0 METajula U MOBBICUTH NMPOU3BOAMUTEIBHOCTh MAIMHBI HENPEPHIBHOTIO
auths 3aroroku (MHJI3).

IIpoGsieMma u ee CBSA3b ¢ HAYYHBIMHU M NPAKTHYECKUMH 3agadyamu. Og-
HUM M3 BaXHEHIIMX TpeOOBaHUI K MPOIECCY HEMPEPHIBHOM Pa3IMBKHU CTaJIH
ABJIAETCS TPeOOBAaHME MAKCUMH3ALMU BbIX0/1a MEPHBIX 3arOTOBOK U3 UMEIOILIE-
rocs KOJIMYECTBA KUJKOro MeTaya. Pa3paboTka onTuManbHbIX CIIOCOOOB pac-
KpOsl PU OKOHYAHUU Pa3IUBKU Ha MHOropyubeBbix MHJI3 — akryanbHas Ha-
YYHO-TEXHUYECKAs 3a/1a4a.

AHaMM3 NpeabIAYIIMX HCCAeA0BaHMI M myOaukaumid. B cranuonap-
HOM IIPOLECCE PA3JIMBKH 33Ja4y PACKPOSI HEMPEPBIBHOTO CIUTKA MOXHO CUH-
TaTh pemieHHor. Ha cerogusmaunii near Ha MHJI3 mipu packpoe n1oOuBaroTCs
BBIXOJIa TOJHOrO0 MeTayia B (popMe CTPOro MEpHBIX 3aroToBok a0 96% [1].
JlanpHelee yBEIMYEHNE BbIXOJA TOJHOTO METAla CBA3aHO C MOCTPOEHUEM
ONTUMAJIBHOTO AJTOPUTMA YIPABJIEHUS HECTALMOHAPHBIM KOHEYHBIM IEPHO-
JIOM pa3iauBKU. Tak e ONTUMU3ALMS PACKpOs CIUTKAa HeoOXoauMa mpu oopa-
30BaHUU B HEINPEPBIBHOM CIIMTKE Y4aCTKOB, KOTOPBIE MOT'YT BO3HUKHYThH IPH
CMEHE TIOTPYKHOTO CTakaHa, MO0 MpPH pa3liMBKE CTAJIM METOJOM «IIJIaBKa Ha
mwiaBky». [lo TexHonoruu pasnuBKUA 3TU J€(PEKTHBIE YaCTU HEOOXOIUMO yJia-
JSITh U3 HEMPEPBIBHOJIUTOTO ClIUTKA. [[laHHOE 00CTOATENHCTBO CKa3bIBAETCS HA
KOJIMYECTBE IMOIYyYaeMbIX MEPHBIX 3aTOTOBOK.

[Ipu oxoH4YaHUU pa3nuBKU Ha MHOTrOpyubeBbiX MHJI3 Bo3HMKaeT 3amaya
MHUHHMU3ALUN CYMMapHbIX HEMEPHBIX OCTATKOB CIIMTKA, KOTOPbIE HEMPEMEHHO
IIOJIy4aTCs B KOHIIE PA3JIMBKHU Ha pyubsix. OKOHYaHUE Pa3IMBKU CTaIU MPOU3-
BOJST 1O BO3MOXKHOCTU Ha MEPHO JJIMHE C YYETOM O0pe3H JJisd TaHHOM 4acTH
3arotoBku. Tak Ha MHJI3 “MuTtepnaitn Crans” 0TX0/Abl METaia COCTABIISIIOT
10 6% ot muaBku. VIMEHHO 3/1€Ch elle UMEETCsl pe3epB YBEIMUCHUS MPOU3BO-
JUTEIbHOCTH MHOTOPYYbEBbIX MAIIIUH.

B 3axmrounTenbHON (aze pa3invBKA KpOME MHUHMMH3ALUU OTXOJIOB BO3-
HUKaeT 3aJlaya MUHUMU3ALUU BPEMEHM PA3JIMBKH, JUIS MPEIOTBPAIICHUS W3-
JMIIHETO NEPEOXJIAXKICHUS METallla B IPOMEXYTOYHOM KoBuie. Takum obOpa-
30M, COBEPIICHCTBOBAHHE AJITOPUTMOB onTuMu3anuu packpos HII3 u anro-
PUTMOB YIIpaBJIEHUs OKOHYaHHWEM pa3nuBku HAa MHJI3 1mo3BoOJIAIOT yBEIUYHTH
BBIXO/JI TOJIHOTO METaJLIA.

Ha cerogusimiHuii 1eHb €CTh MHOTO pa0OT MOCBSAIIEHHBIX UCCIIEI0BAHUIO
ONTUMU3ALMHU PACKPOs CAUTKA Ha oxHopyubeBo MHIJI3 B cirywae 3amanus
JOIYCTUMBIX JUTMH 3aTOTOBOK B BUE OJTHOW MJIM HECKOJIBKUX (DMKCUPOBAHHBIX
MepHBIX JUH. VIMeroTcst paboThl, MOCBSIICHHBIE ONTUMHU3AIMU PACKPOsST He-
TPEPBIBHOJIMTOTO CIUTKA [2].

Onnoit U3 crnenudpuyeckux ocoOeHHOCTeN packpos metamuia Ha MHJI3
ABJISICTCSI BO3MOKHOCTh U3MEHEHHUSI U PAacyeTa JUIMHBI BBIKPAUBA€MOM 3aroTOB-
KM B HEKOTOPOM MHTEPBAJIE MO ONPEIEICHHYIO MPOIYKIINIO, YTO 3HAYNUTEIIHHO
YBEJIMYMBAET YNCIO BO3MOXKHBIX BAPHAHTOB COCTABOB PACKPOSI.
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BonpmmHCTBO MMeEromuXcst pazpaboTOK B 3TOM 00J1aCTH OPUEHTUPOBAHBI
Ha ONTMMM3ALMHN YIIPABICHHUSI OKOHYaHUEM PA3JIMBKH TOJBKO JUIA Cllydas 3aaa-
HUSI OTHOM-JIBYX (DUKCHPOBAHHBIX MEPHBIX JITMH 3arO0TOBKH [3].

HecMoTpst Ha umeromuecs: pabOThl MHTEPECHBIM SIBISICTCS MPUMEHEHUS
METOJa «CKBO3HOT'O PAaCKpOs» B YCIOBUSAX MHOTOpYYbeBbIx MHIJI3.

ITocranoBka 3agaum. Ha cerogHsAImHni MOMEHT Kpyrias CTaJIbHAS 3aro-
TOBKA SIBJISICTCS HamOoJiee 3aTpeOOBAaHHOW M IKCIOPTUPYEMOH MPOIYKITUEH
METAJUTypru4eCcKOro NpOU3BOACTBA. JlaHHBIE 3arOoTOBKM IPUMEHSIOTCA IS
IIPOU3BOJICTBA OECIIOBHBIX TPYO U KEJIE3HOAOPOKHBIX Kosiec. Hanbornee kpyn-
HbIM TNPOU3BOJAMUTEIIEM KPYIJIOW CTaJbHOM 3aroTOBKM B YKpauHE SBISETCS
“Untepnaiin Ctanb’, MOIIHOCTh KOTOpPOro cocrasisieT 1,32 MIIH. TOHH Kpyr-
JIOM CTaJbHOM 3arOTOBKHU B rojl. MeTauTypruiecKuidi 3aBo1 o0ecreunBaeT coo-
CTBEHHOM CTAJIbHOM 3aroTOBKOM TPyOHOE M KOJIECHOE MPOU3BOJICTBO KOMIIAHWUU
“UnTepmnaiin’ — 4eTBEPTOM MO YPOBHIO MOIIHOCTEH TPyOHOU KOMITAHUU MUDA,
TpeTheil B MUpE TI0 IPOU3BOJICTBY ¥ ITOCTABKaM JKEJIC3HOAOPOXKHBIX Kojec [4].

Ha ceromssimHuMii 1eHb 3ajadya ONTUMAJIBHOIO PACKpOs CIUTKOB Ha
MHJI3 1mpu nmpou3BOACTBE KPYTJBIX CTAIBHBIX 3arOTOBOK PEIIAETCS IyTEM
COCTaBIICHUS PACKPOMHOIrO IJaHa MOJI 3aKa3HbIE JJIMHBI TPYyOOIPOKATHOTO U
KOJIECONIPOKATHOTO MPOMU3BOACTBA. [IpyM OKOHYaHMU Pa3IMBKU HA BCEX PYUbSX
MHJI3 BO3HUKAIOT MOTEPU FOAHOTO METAJLJIA B BUJIE YKOPOUYEHHBIX 3arOTOBOK,
KOTOPBIE B TAJIbHEUIIIEM HAIPABJISIOT HA IEPEILIABKY.

Jnunabl 3aka3biBaeMbix HJI3 M ucnosib3yeMbIX 3aroTOBOK IMOcajia Mpu
MIPOU3BOJICTBE rOpsAYEKATAHBIX OECIIOBHBIX TPYO HAa METATypTrUuYecKOM 3aBojia
“Unrepnaiin Huko Trro0” npuBeaens B Tad. 1.
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Ta0muna 1
Cmanoapmu3zosanmsle OJUHbL 3a20MOBOK U 3a20MOB0K nocadda no besocma-
MOYHOM PACKPOEe NPU NPOU3B0OCMEBE 20PAHEKAMAHBIX DECULOBHbIX MPYO.

nunaa HJI3 o pac-
A op 7,2 9,6 11 11,8
KpOsi, M
Kpatnoctemope3kt | | o |l il o |lw !l <l ow|lw! <ol ;| <
HJI3
JITMHa 3aroTOBOK | t|lo|lo |t RIFIS|SY
nocana, M d N | d|lJlN|o|N|lglaglaglS

[Tpu cocTaBieHnn pacKpOMHOTO TUTaHAa HA TPYyOOIPOKATHOM TPOU3BOICT-
BE, JJIMHA 3aTOTOBKU T10CaJ1a BRIOWPAETCS] B 3aBUCUMOCTH OT KOHKPETHBIX Tpe-
OOBaHMI K TOTOBOM MPOJYKIMH, YCIOBUN NIPOKAaTa U HAJTUYMs UCXOJIHOM 3aro-
TOBKH. Tak, Ha PeAYKIIMOHHOM CTaHE METAJUTyprHuecKoro 3aBoja “‘Murepmaiin
Huxo Trro6” myunbl BeikpanBaembix u3 HJI3 3arotToBok mocajaa B OOJBIIMHCT-
BC CIIy4asx HaXOJATCS B JUAIa30HE OT 2 10 3M., Ha KaTHOPOBOYHOM — OT 2 JI0
3,5 m. IIpu Takom packpoe HJI3 HenmpeMeHHO BO3HHMKAIOT IMMOTEPH T'OJHOTO Me-
Tajia — OTXOJIbI B BUJI€ 0OpeE3H.

B yciioBusix 3KOHOMHM 3HEPTeTUYECKUX W MaTEpPUAJbHBIX PECYpCOB, Ha
CErOJIHAIIHUM JE€Hb KaK HUKOT/Aa paHee Ha3pesia He0OXOUMOCTh B pa3paboTKe
Y peajnu3allid HOBBIX HAMNPABJICHUW MO ONTHUMAaJIbHBIM METOJAM PACKpOs He-
MIPEPBHIBHOTO CIIUTKA TOJT 3aKa3 TPYyOOIPOKATHBIX M KOJECOMPOKATHBIX MPOMU3-
BOJCTB. Ecnm ynacTcsi packpouTth HenpepbiBHbIN cnutok HAa HII3 ¢ pnuHamu
KPAaTHBIMU MEPE, KOTOPBIE BEIKPAUBAKOTCS O] ONIPEAECICHHBIA BUJ TPOAYKIIUH,
TO CO3HANYTCS YCIOBHS IO CYIIECTBEHHOMY CHIKEHUIO CYMMAapHBIX MOTEPh
rofiHoro metamia B oope3r Ha MHJI3 u nepenenbHbIX CTaHAX U MOBBIIIECHUIO
BBIX0/1a MEPHOT'O TOBAPHOT'O METAJJIONPOKATA.

[lenbt0 JAHHOW CTAaThU SIBJISETCS MPOBEICHHE aHAIM3a BO3HUKHOBEHUS
NOTepb TOJHOrO MeTajuia B 00pe3b npu mnpousBojctBe HJII3 u rotosoit mpo-
IYKIIHH.

N30xkennst MaTepuasia u pe3yJbTaThl.

[Ipn peamuszanuu packposi HENPEPHIBHOTO CIWTKA HA MHOTOPYYbEBOU
MHJI3, ocobeHHO TTpU OKOHYAHWM PA3JIMBKU W3-3a HEKPATHOCTH OCTATOYHOM
MAacCChl METaJla B MPOMKOBIIIE MacCe€ MEPHOM 3arOTOBKH HEMPEMEHHO IOIy4a-
FOTCSI OTXOJIbl TOJIHOTO METAJlIa B BUJE HEMEPHBIX OCTATKOB Ha PYYbsiX, KOTO-
pble B JAJbHEMIIEM HAIpPAaBIIOT Ha IeperuiaBky. llorepu rogHoro meranmna
BBI3BaHbI C OJIHOM CTOPOHBI TEXHOJIOTHEW MPOU3BOJICTBA, & C APYIrOM — HECO-
BEPIIIEHCTBOM aJITOPUTMOB packposi. Kak ObUTO yKa3aHO BBIIIE€ OTEPU T'OJTHOTO
MeTajia, B TaKOM CiIydae, TOCTUTaroT 6% OoT Macchl TIIaBKH.

Ha puc. 1 npuBenena quarpamma mnotepb T'OJHOTO METaia IPU MPOU3-
BOJICTBE 3aKa3HOM 3aroTOBKU IOJ TPYOONPOKATHOE MPOU3BOJICTBO JIMHOM
L, =11m (HOMHUHANBHAs €eMKOCTh cTanbkoBma P, =160T ).
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HOTepI/I rogHoro McCrtajuida, B TaKOM CiIydac, COCTaBUIIN 5% ot Macchl

YTV
E“I{IIHHHHHIIII fl’lfﬁﬁflf:’lflf
S
% EEVVVVLQ!VVVVE]!' ’vl!ﬂ?jv'vvlﬁﬂ

Macca pasjimBaeMoro MeraJujia, T
Puc. 1. luaepamma nomeps 200H020 Memainna npu npou3go0cmee 3aKa3Hou
3a20MOBKU NOO MpPYOONPOKAMHOE NPOU3BOOCHBO

[Ipu ucoap30BaHNUU TOJYYCHHBIX 3aTOTOBOK JJIS POW3BOJCTBA rOpsye-
KaTaHbIX OCCHIOBHBIX TPyO Ha TPyOOMPOKATHOM 3aBOJIe OOPa3yrOTCsS OTXOJbI
MeTaia B Buae obpesu. IlocienHsst momydaercs mpu pacKpoe OOIIeH JITHHBI
TpyOBI, TIOJYYCHHOHN IMPHU MPOKATKE 3arOTOBKH I10CaJa Ha MEPHBIC JJTUHBI 3a-
Ka3HoU TpyObl. Kak oTMedanoch BhIIIe, JJTMHA 3aTOTOBKH IMOCaja BRIOUpaETCs
B 3aBHCHMOCTH OT KOHKPETHBIX TPEOOBaHUN K TOTOBOM MPOAYKITUH U YCIOBUI
mpokara.

Ha puc. 2 npejicraBiieHa quarpaMma CyMMapHBIX TIOT€ph TOJTHOTO MeTall-
na B o0pe3b npu npoussBoacrse HJI3 mmuoi L, =11m u roroBoil ToBapHOMH

nponykimu (tpyba mepHo# mmnbt |, =12m , nnametp Tpy6s d,, =0,042m

TOJIIMHA CTEHKU S, =3MM ).
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Macca pa3jiuBaeMoro mertajija, T

Puc. 2. JJuacpamma cymmapHrvix nomepsb 200H020 MeMaiia npu npou3eo0cmee

3aKa3HOU 3a20MOBKU NOO MPYOONPOKAMHOe NPOU3B00CME0 U 20MOBOL MO8ap-

HOU NPOOYKYUU
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Kax BuHO U3 puc. 2, cymmapHble IOTEpU FOJHOTO MeTajuia B 00pe3b Mpu
pacKpoe HENPEpBIBHOTO CIWTKa Ha MHoropyuysesod MHIJI3 ¢ panpHenmmm
ucrosib3oBaHueM monydeHHbix HJI3 st mpousBoacTBa ropsiuekaTtaHbix Oec-
HIOBHBIX TPYO MOTYT cocTaBUTh /10 11% c oHOIM Mm1aBKH.

B cityyae npumeHeHnst MeTo1a «CKBO3HOIO packpos» Ha MHJI3, B ocHOBY
KOTOPOT0 3aJI0KEHO onpenenenne nnuubl HJI3 mox onpeneneHubii Bua ToBap-
HOM IPOAYKIMH C Y4YETOM TEXHOJOTHH INPOU3BOJACTBA, CYMMAapHbIE IOTEPH
TOJTHOTO MeTaljla B 00pe3b 3HAUUTEIBHO CHIDKaIoTCs (puc. 3).
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il ol ool )l Ll il
4225 215 12075 160
Macca pa3.]'ll/IB aeMoromMmertaJjJja, T

L=
el

CyMMapHblie IOTePH rOIHOTO MeTaJLIa, T

Puc. 3. JJuacpamma cymmaprvix nomeps 200H020 MemMaia npu npou3eo0Ccmee
3aKAa3HOU 3a20MOBKU NOO MPYOONPOKAMHOe NPOU3B00CMBE0 U 20MOBOL MO8aAp-
Hotl npodykyuu: 1 — npu cywecmayrowem packpoe; 2 — KCKBO3HOU pACKpOU»

BeiBoabI M HampaB/ieHHMe JajJbHedmmx pador. B pesynbraTe npose-
JEHHOT'O aHaJin3a CYIIECTBYIOIIUX METOJI0B PACKPOS HEMPEPHIBHBIX CIUTKOB Ha
MHJI3 ycranoBieHo, 4To Ha 00pa3oBaHUE OTXOJIOB I'OJHOTO METaJljia B 00pe3b
npu npou3BojicTBe HJI3 1 roToBoi MpOAyKIIMA OKa3bIBAE€T BIMUSHUE KAaK TEX-
HOJIOTHSI TIPOM3BOJACTBA TaK U MPUMEHSIEMbIA METOJ packposi. OnpenesieHsbl
IyTA CHIXKEHUSI TOTEPh TOJHOTO METaJlia, OJHUM M3 KOTOPBIX MOXKET CTaTh
ONTUMAJIBHOE UCIIOJIb30BAHUE HEMPEPHIBHOJINUTOIO CIUTKA B KCKBO3HON» CXEME
packpos.
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COBEPIIEHCTBOBAHUE IPOLIECCOB ®OPMUPOBAHUS
MHOTI'OKOMIIOHEHTHBIX NOPIUM IIUXTHI HA JOMEHHOM
KOHBEWMEPE

3anpononosanuil ancopumm YnpasiiHHs 3MIULYBAHHAM KOMNOHEHMIB Ull-
xXmu, KUl 3a0e3neyums MaKCUMAibHe 8UKOPUCAHHA NPONYCKHOI CNPOMOIC-
Hocmi cucmemu Wuxmonooaui.

Hpe()]lODfC‘eH ajleopumm ynpaejienHusl CmeuusaHuem KOMNOHEeHMOoE8 WUx-
mol, K0m0pblﬁ obecnequm MakCumManibHoe UCNOIb3068AHUE I’lpOI’lyCKHOMV cnocoo-
HOCMU cucmemsvl WUXmonooayu.

The algorithm of management mixing of components of charge is offered,
which will provide the maximal use of carrying capacity of the load system.

OcoOEHHOCTBIO Pa3BUTHUS JIOMEHHOTO MPOU3BOJICTBA SIBJISCTCS TMOBBIIIEC-
HHE KauyeCTBa BBIIJIABISEMOr0 YyryHa U CHIDKEHHE YIEIbHOIO0 pacxojia KoKca
Ha INIaBKy. 3aTpaTbl HAa TOILIMBO COCTaBISAIOT okoio 50 % cebecTtommocTH
yyryHa. CHIDKEHHIO pacxojia KOKca CIIOCOOCTBYET pallMOHAIBHOE Ta3opacipe-
JICJICHUE B IIaXTE JOMCHHOM IICYH.

IIpo6JieMa U ee CBsI3b ¢ HAYYHBIMH H MPaKTHYECKUMH 3agayamu. Vc-
ciemoBanus [1, 2] mokasanm, 4To 3arpy3ka B IIe4b CMECH PYIHBIX MaTepHUajIOB
1 KOKCa SIBJIICTCS OJTHUM U3 CIOCOOOB IMOJYyYEeHHUS paBHOMEPHOT'O pachpeierie-
HUS PYJIHOM HArpy3KH I10 CEUCHHIO IISYU. DTOT TEXHOJIOTHUESCKHUM IIprueM obec-
IICUYNBACT MHTCHCHU(HUKALMIO TEIJI0-MAaCCOOOMEHHBIX U (PU3MKO-XUMHYECCKHX
IIPOIIECCOB B CJIO€ B OCHOBHOM 3a CUET 00Jjiee paBHOMEPHOI'O pacHpeeeHUs
rasa B CTOJIO€ IIMXTOBBIX MaTEPHUAJIOB.

Kpome Toro, 3HaYUTEIBHBIC PE3EPBBHI YBEIWUYEHUS MPOU3BOIUTEIBHOCTH
paboThl 000PYIOBAaHMS, YIACTBYIOIIETO B 3arpy3Ke JOMEHHOM IeUH, 3aKIrova-
I0TCS B CHIDKCHUHW IMKJIOBBIX IOTEPh CHCTEMBI ITUXTOIOJAYU. Y MEHBIIICHHUC
BpeMeHH npocTost Ha 1% mo3BosisieT yMeHbIIUTh pacxoa kokca Ha 0,5% u no-
BBICUTH IIPOU3BOIUTEIBHOCTD arperaTa Ha 1,5% [3].

Takum 00pa3oM, BBEICHHE JOMCHHOM IUIABKH C HMCIIOJIB30BAHHEM KOM-
MAKTHBIX TOPIIUH MHOTOKOMIIOHCHTHOW IIMUXTHI, OOECIEYMBAIONINX MAaKCH-
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