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CrnenuanbHbIN BBITYCK

C.A. I'y6anos, /I.H. Yukumesn
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

YCKOPEHHOE KOHTPOJIMPYEMOE OXJIAXKAEHUE,
IMPUMEHSAEMOE HA TOJICTOJIMCTOBBIX CTAHAX
JIJISA ITPOU3BOJCTBA BLICOKOITPOUHBIX CTAJIEN

B cmamwve npusedena xknaccugpuxayus cywecmayromux cnocooos ycKopeHHO20
OXJLANHCOEHUS, NPUMEHAEMBIX HA OMEUeCMBEHHbIX U 3aPYOeHCHbIX MOICMOIUCTNOBHIX
cmanax. Paccmompenvl ocHogHbie 0COOEHHOCU MeMNepamypHbiX PeHCUMo8 U Ux
GAUSIHUE HA MUKPOCIMPYKIMYPY CIAIU.

Knrouesvle cnosa: eopsuas npoxamxa, ycKopeHHoe 0XaaxcoeHue, 8blCOKONPoY-

Hble cmau, MOJICMONUCMOBOU CIAH.

VYBenuueHue npoTsHKEHHOCTH TPYOONPOBOIOB ISl TPAHCTIOPTUPOBKHU YTIIEBO-
JIOPOJAHOTO TOTUIMBA CO3Aa€T MOTPEOHOCTh B TpyOax OOJBIIOTO JAMAMETPA, BBIMOJ-
HEHHBIX U3 BBICOKOMPOYHBIX cTasiei. [locTpoiika HOBBIX MarucTpagbHBIX TPyOOMIpoO-
BOJI0B B paiioHax Kpaiinero CeBepa u ceiicMOOIacHbIX palioHaX, a TakKe HE0OXOIu-
MOCTb B YBEJIMUCHHUH MPOITYCKHOM CIIOCOOHOCTH HEWM30EKHO MOBBIIIAECT TPEOOBAHUS
K TPYOHBIM CTaJIsIM.

Cy1iecTByeT HECKOJIBKO CITOCOOOB TMOBBIMICHUS MEXaHWYECKUX M JKCIUTyaTa-
IUOHHBIX CBOMCTB. K HUM MOXHO OTHECTH JIErMPOBaHUE, TEPMOOOPAOOTKY, KOHTPO-
JUPYEMYyI0 TPOKATKy M YCKOpPeHHOe oxjaxkiaeHue. Hawmbornee mepcreKkTHBHBIM Ha-
MPaBJICHUEM Pa3BUTHUSI TEXHOJOTUM TIPOU3BOJICTBA BEICOKOIIPOUHBIX CTaJIeH SIBISETCS
KOHTpOJIMpYyeMas MPOKaTKa ¢ MOCISAYIOUUM YCKOPEHHBIM KOHTPOJIMPYEMBIM OXJia-
xaenueM (YKO). OxnaxaeHue ocylecTBIsSETCs ¢ MPOKATHOTO HarpeBa myTéM OTBe-
JIEHUsI TeTUIa OXJIaXAarollen cpenoi (Boaoi), mojaBaeMoil Ha MOBEPXHOCTh TOPSUETO
packara. [Ipu »ToM cmoco® W CKOPOCTh TMOAAYM BOJBI HAa METAUT CYIIECTBEHHO

BJIMSIIOT HA KOHEUHBIE CBOMCTBA T'OTOBOTO IIpoKara. I[J'I}I BO3MOZKHOCTH ITPOU3BOACTBA
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CrnenuanbHbIN BBITYCK

KOHKYPEHTOCTIOCOOHOM MPOAYKUHU OOJBIIMHCTBO COBPEMEHHBIX TOJCTOIMCTOBBIX
ctaHoB (TJIC) 0060py1oBaHbl yCTaHOBKAMHU KOHTPOJIUPYEMOTO OXJIAXKACHHS, KOTOPBIE
pacrioyiararoTcs B JIMHUYU CTaHa 3a MPOKAaTHOW KJIeThio [1, 2].

TexHuko-s3koHOMHYECKass 000cHOBaHHOCTh npuMeHenuss YKO na TJIC mpo-
JTUKTOBAHA PSAJIOM JIOCTUTAEMbBIX PEUMYIIECTB:

— TIOBBIIICHHE KAaYeCTBA U MOTPEOUTEIHCKUX CBOMCTB MPOAYKIIHH;

— CHIKEHHE Ce0ECTOMMOCTH 3a CYET CHUKEHUS COJEpKaHHUS JOPOroCTOsI-
IIMX JIETUPYIOIIKX 3JIE€MEHTOB, a TaK e 3a CYET OTCYTCTBUS HEOOXOUMOCTH AOIOJI-
HUTEIBHOU TEPMUYECKON 00pabOTKH;

— TMOBBIIICHUE POU3BOJUTEIBHOCTH CTAHA;

— pacUIMpEeHHE COPTAMEHTA.

CymiecTByronIMe YCTaHOBKM KOHTPOJIUPYEMOIO OXJIAXKICHHUS MOYKHO KJIACCHU-
bunpoBaTh MO0 HECKOJIBKUM MPU3HAKAM.

ITo cxeme nepeMeneHus OXJIa)X1aeMoro JUCTa:

— OJHOBPEMEHHOI'0 OXJAXJCHHMs, IMPU KOTOPOM IOJadya BOIbI OCYLIECTBIIS-
€TCsl Ha BCIO MTOBEPXHOCTh packaTa OAHOBpeMEeHHO. [Ipu 3TOM Bo3HUKaeT nmpobdiema
OTrpaHUYEHMs JJIMHBI pacKaTa M3-3a OTPAaHUYECHHOW JIJIMHBI 30HBI OXJIAXKACHUS ycTa-
HOBKH;

— IIOCJIEI0BATEIBHOIO OXJIAXIECHHUS, IPU KOTOPOM I10JIOCA PABHOMEPHO U I10-
CJIEIOBATEIBHO JIBUJKETCS YEPE3 30HY OXJIAXKICHUS.

[To crocoOy nmoja4yu BOAbI Ha MOBEPXHOCTh CYIIECTBYIOIINE YCTAHOBKU YCKO-
PEHHOTO OXJIAKIACHUS MOXKHO Pa3JIeIUTh Ha OXJIaKIaroliue ycTpoiictea (puc. 1):

— JaMUHApHBIMH CTPYSIMHU;

—  CTpYSIMH BOJIBI U3 (DOPCYHOK (IYIIUPYIOIIHE);

— BOJSHOW MOAYLIKOM;

— BOJ0-BO3AYIIHON CMECHIO;

— BOJSIHOM 3aBECOM.

PeanuzyemMble pesKUMbl MOKHO Pa3JeIUTh HA TPU OCHOBHBIX THIIA:

— yckopenHoe oxnaxaenue (ACC — Accelerated Controlled Cooling);

— npsamas 3akaika (DQ — Direct Quench);
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CrnenuanbHbIN BBITYCK

— 3akanka ¢ camootiyckoM (DQST — Direct Quench and Self Tempering).
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Puc. 1. CrtocoOs! moj1auu BOJbl B YCTAHOBKAX YCKOPEHHOI'O OXJIAKICHUS:
a — QyIIMpOBaHUEM; O — JaMUHAPHBIMU CTPYSIMH; B — BOJITHON 3aBECOM;

T — BOJIO-BO3AYIIIHOW CMECHIO; JT — BOASHOM IMOYIIKON

Pexxum ACC mokHO pazmenuth Ha msarkoe u xkéctkoe (HACC) yckopeHHOe
oXJaxJeHue. Msrkoe oxJaxkaeHue ocymiecTisieTcsi co ckopocthio 10-20°C/c mo
temrepaTypbl 450-550°C ( BbllIe TeMIiepaTypbl MapTEHCUTHOTO MpeBpaleHus). Ke-
CTKO€ YCKOPEHHOE OXJIaXKJEHHE MpoTekaeT co ckopocthio 20-50°C/c no Temmepary-
pot 200-450°C. [Ipu gaHHBIX peXUMaxX MPOUCXOIUT U3MelbueHue 3épeH pepputa u
NepJnUTa U BO3MOXKHO OOpa3zoBaHue OEMHUTA U MroJIbY4aToro (eppura, 4YTo, B CBOIO
ouepeb, o0ecreuynBaeT KOMIUIEKC CBOWMCTB Kiacca mpounoctu X80. Ha pucynke 2
nokazaH temmepatypHsbiii pesxkum ACC [3].

[Ipsimas 3akanka DQ ocymiecTBiasieTcss ¢ BBICOKUMH CKOPOCTSIMU OXJIAXICHUS
(cBeimre 50°C/c) u mocneayommuM OTITYCKOM /10 KOMHATHOUM Temmeparypsl. M3mene-
HUE TemnepaTypsl pexxuma DQ uzo0paxkeHo Ha pucyHke 3.

Pexum 3akanku ¢ nocieayrommm camoorinyckom DQST mpousBoautcs ¢ BbI-

COKOM MHTEHCHUBHOCTBIO OTBCACHHU:A TCILNIa C IMIOBCPXHOCTHU JIHMCTA. CKOpOCTB OXJIaxK-
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nenus npu 3toM npesbimaeTr 50°C/c. [Tomaya Bobl OCYIIECTBISETCS 10 TOTO MOMEH-
Ta, IOKa TEMIIepaTypa MOBEPXHOCTU HE OMYCTUTCS HMKE TEMIEpPaTypbl MapTEHCUT-
HOT'O IIPEBPALLEHHUS, ITOCJIE YETO MPOUCXOJUT CaMOOTITYCK 3a CUET TEeIlla BHYTPEHHUX
CJIIO€B MEeTaJlIa JUIsl CHATUS BHYTPEHHMX HanpspkeHuid. [lomydenHnas npu 3TOoM Map-
TEHCUTHAsI UM OCHHUTHO-MapTEHCUTHAs CTPYKTypa O0OECIeurnBaeT KOMIUIEKC MeXa-
HUYECKUX CBOMCTB, COOTBETCTBYIOIMX Kiaccy mnpoyHoctu X100-X120. Temmnepa-

TYPHBIH PEKUM 3aKaJKHA C CAMOOTITYCKOM M300paxEH Ha pUCYHKE 4.
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Puc. 2. Temnepatypusiit pesxkxum ACC Puc. 3. TemneparypHetii pexxum DQ

|
T

Ha puc. 2-4: Ty, — TemnepaTypa Hayana
OXJIAXKJEHUS; t, — BpeMs OXJIaXKICHUS.

—— — TeMIIepaTypa Ha MOBEPXHOCTH;

Temnepartypa

— TEMIIEpaTypa B LICHTPE;

- = = — TeMIiepaTypa MapTEHCUTHOTO

Bpems

TpEeBpaICHUS
Puc. 4. Temnepatypnsiit pexkxum DQST

[lepBpIMH YCKOpPEHHOE KOHTPOJIUPYEMOE OXJIXKACHUE B TMPOMBIIUICHHBIX
MaciTabax nmpuMmeHwm B BenmukoOputanuu B 1962 roay Ha MIMPOKOIIOJIOCHOM CTa-
He. Ho nanbonee cunbHoe pasButue cucteMbl YKO mnonyuunu B SOHUM B KOHIIE
70-x romoB. Toraa simoHcKast koMmanuu 1Mo npousBoacTBy craau NKK Corporation
pa3pabortana u BBeina B okcmayatanuio cucremy OLAC (on-Line Acceterated
Cooling) mys mpou3BOACTBA CYJAOCTPOUTENILHOTO MpokaTa. B manmbHeitem 00Jib-

muHCTBO cTaHoB Snonun, CIIIA u EBpombl cTamm ocHamaThCcsi MOJAOOHBIMHU yCTa-
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HOBKaMH, YTO B CBOIO OYepeib IMOBIHUIO Ha CO3JIaHUE Pa3HOOOPa3HBIX HOBBIX CHC-
TEeM U KOHCTPYKIWH. Ha JaHHBII MOMEHT MOYKHO BBIICITUTH HAHOOJIee pacipocTpa-
HEHHBIC CUCTEMBI:

— ADCO (Adjust Cooling) — cuctema perymmpyeMoro oxJIaKaCHHS,

— ACP (Accelerated Cooling Process) — mporiecc yCKOPEHHOTO OXJIaKICHHS;

— CWOC (Curtain Water Cooling) — oxnaxaeHne BOISHOMN 3aBECOI;

— DAC (Dynamic Accelerated Cooling) — quHamMuYHOE YCKOPEHHOE OXJIaX-
JICHHE;

— ICS (Intense Cooling System) — cucTemMa HHTEHCUBHOTO YCKOPEHHOTO OX-
JKICHUS;

— OLAC (on-Line Acceterated Cooling) — yckopeHHOE OXJIaXJIEHUE B TIOTO-
Ke cTaHa (nanpHelee pa3putrue cuctembl — Super OLAC);

— KLC (Kobe steel’s Accelerated Cooling) — koHTposmpyemasi pokaTka 1
yckopeHHoe oxnaxkaenue Kobe Steel;

— MACS (Multipurpose Accelerated Cooling System) — cuctema yHUBEp-
CAJIbHOTO YCKOPEHHOTO OXJIAKICHWS,

— MACOS (Mannesmann Accelerated Cooling System) — cucrema yckopeH-
HOTO OXJIaXKIeHWs1 MaHHECMaHHa;

— HDTLFS (High Density Tube Laminar Flow Cooling) — oxnaxnenue ja-
MUHAPHBIMHU CTPYSIMH;

—  WPC (Water Pillow Cooling) — oxnaxxaeHue BOSHON MO TYIITKOM.

Kaxnas u3 mpeacTaBiCHHBIX CHCTEM 00JiafacT YHUKAIbHOW KOHCTPYKIIMCH U
KOMIUTIEKCOM TaKHWX TEXHOJOTHYECKHMX XapaKTEPHCTHK, KaK CIIOCO0 MOoJa4u BOJBI Ha
MOBEPXHOCTh, paboyee MaBICHHUE W PACXO BOIBI, TEOMETPUICCKHE pa3Mephl 30HBI
OXJIAKICHHS, PACCTOSIHUE OT KJICTH, HalWdue OOOpYHAOBAaHHUS Il SKPAaHUPOBAHUS
KPOMOK TIOJIOCHI W T.I. Hampumep, CKOpOCTh OXJaKISHUS, peaiu3yeMasi CHCTEMOM
MULPIC, anst Tonmuast mcta 10 MM coctasisier okosio 80°C/c, Toraa Kak y CucTte-
Mbl OLAC Bcero 8-25°C/c. Jlnana3oH peryJMpOBaHUS CKOPOCTU OXJIaKIACHUS IS
cuctembl KLC mpu Tommuue momockl 20 mm cocrtaBisger 3-25°C/c, a cucrema

MACOS npu Tako# ke TOJIIKMHE COCOOHA pealn30BaTh 0o0Jiee Y3KHM Juara3oH —
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8-20°C/c. JlaHHbIe XapaKTEPUCTUKU HAMPSIMYIO BIMSIOT Ha TaKHE TEXHOJOTUYECKUE
napameTpbl peaau3yeMoro Mnporecca, Kak CKOpoCTb © PaBHOMEPHOCTb OXJIAXKICHMUS,
MPOU3BOAUTENILHOCTD, IIMPUHA JIHANla30Ha CKOPOCTEN OXJIaXKJIECHHUSI, BBIXOJ TOJHOTO
u T.1. Beibop Toit uinu uHoit cuctemsl YKO B nepByro odepeb JOJKEH ObITh MPOU3-
BeJIEH C yYETOM COpTaMEHTa BBIITYCKAaeMOM MPOAYKIIMH U TpeOyeMbIX K HEll Mmokasa-
TeJell MEXaHMYECKUX U SKCIUTyaTallMOHHBIX CBOMCTB. Takyke BO3MOKHO COBMEIICHHE
HECKOJIbKMX CHUCTEM B JIMHUH OJHOTO CTaHa I MOBBIIIEHUS () (HEKTUBHOCTH TPOU3-
BoJicTBa [4].

Pacrymias KOHKypeHIMs Ha pbIHKE METAUIONPOKaTa 3aCTaBIII€T MPOU3BOINUTE-
Jeil TOBBIIATh KAaYECTBO M MOTPEOUTENILCKUE CBOMCTBA CBOEH MPOAYKIMH, HE NIO-
ImycKasi IIpU 3TOM CHUJIBHOTO pocTa IieH. [IoBblIeHrne KauecTBa U MOTPEOUTENbCKIX
CBOMCTB MPOAYKIMU BO3MOKHO 3a CUET COBEPIICHCTBOBAHUS MPOU3BOJICTBEHHOIO
000pyIOBaHMUS 1 OCBOCHHSI HOBBIX TEXHOJIOTHI [5-6]. Pa3BuTHe cucreM yCKOpEHHOTO
KOHTPOJIMPYEMOI'O OXJIAKIAEHUS SBIISIETCS MEPCIEKTUBHBIM HAlpaBICHUEM B YyIIyd-
IIEHUU TEXHUKO-PKOHOMHYECKUX IMOKa3aTesIeld TOJCTOJUCTOBBIX CTaHOB. OCHOBHBI-
mu npodsemamu cucteM Y KO Ha 1aHHBII MOMEHT SIBJISIFOTCSI:

— obecrieueHHe PaBHOMEPHOCTU OXJIAXKJICHUS MO TOJIIMHE JINCTA MYyTEM BbI-
O0opa ONTHMAaJIbHOTO COOTHOLIEHHUS MEXAY O00bEMOM M CKOPOCTBIO MOJAauyud BOJBI C
BEPXHEN Y HWXKHEU YaCTH JINCTA;

— oOecrnieueHre BO3MOKHOCTH JTUPPEPEHIIMPOBAHHOTO OXJIAKICHUS Pa3HbIX
yacTel JucTa (roJOBHAsI M KOHIIEBAsl 4aCTH, KPOMKH) MyTEM MPUMEHEHUS! SKPaHOB,
(GOpPCYHOK U KOJIJIEKTOPOB C MHAMBUAYAIbHBIM KOHTPOJIEM 00bEMa U CKOPOCTU MO-
JTa4u BOJIBI;

— pacHIMpEeHHE COPTAMEHTa BBIITYCKAEMOM MPOAYKIMHU B PE3YJIbTATE YBEIIU-
YeHHs Arana3zoHa CKOPOCTEN OXJIaXICHHUS,

— MOBBIIIEHHE TOYHOCTH KOHTPOJIS TEMIIEPATYPHI B MPOLIECCE OXJIAKICHUS 3a
CUET MPUMEHEHHNS COBPEMEHHBIX aBTOMAaTU3UPOBAHHBIX CHCTEM;

— CHIDKEHHE DHEPreTHYECKUX U MaTepuajbHBIX 3aTpar oOOpyJOBaHUS s
CHIDKEHHUSI c€0eCTOMMOCTH POAYKIINH;

— obecneyeHne MIOCKOCTHOCTH IT0JIOCHI P UHTCHCUBHOM OXJIAKACHUU.
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T.M. Hacsipos, B.H. Jlerumun
OI'BOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

’KEJIE3OPYIHBIE BPUKETHI 1JIsI JOMEHHOM ILIABKA

bpuxemuposanue 6v110 nepgvim cnocobOM OKYCKOBAHUSL MENKUX dHcene30pyo-
HbIX MAmMepuanos 0as OOMEHHOU NIA6KU YyeYHA. [[1a u3yyeHus mexHoI02U4ecKux
cB0lCM8 8 1a60PAMOPHBIX YCI0BUAX OBLIU U320MOGIEHbl OPUKEmbl C UCNONIb308AHU-
eM 8 Kauecmee C8A3yIue20 KaK u3eecmu, maxk u yenepooocooepicaueco — hycos
KOKCOXUMUYECKO20 NPOU3800CMEQ.

Knrwoueswvie cnosa: oomennas naiaexa, 6pukemup06aHue, ceAsyrwuue, uzeecmso,

dycoi.

bpuketnpoBanne ObUIO TTEPBBIM CITOCOOOM OKYCKOBAHHWS MEIKHX JKEIE30PY/I-
HBIX MaTepHaJOB JIJIs1 JOMEHHOH IUIaBKU 4yryHa. Ho ¢ mosiBIeHHEM arjioMepanuu u
MO3/IHEE OKATHIBAHMS OHO MOTEPSJIO CBOE 3HaUYCHHUE. B TO ke BpeMs 10 CpaBHEHHIO C
HUMH OPHUKETUPOBAHHWE TEXHOJOTHUYECKH IPOIINE, MEHEe DPHEProeMKO M HE TpeOyer
OoNbIINX KanBJIOKEHUH. OCOOCHHO IIEHHBIM SIBJISICTCSI TEXHOJIOTHYECKass THOKOCTH
OpUKETHUPOBAHUS: BO3MOXHOCTh OKYCKOBAHHUS CAMBIX Pa3IMYHBIX 1O CBOUM (DHU3HKO-
XUMHYECKUM CBOMCTBAM MaTEpHaJIOB U IOJyYeHHE OPHUKETOB MPAKTHUYECCKH JIFOOOTO
cocTaBa C 3aJaHHBIMHM, Oo0Jie€ BBICOKMMH TEXHOJIOTUYECKMMHM CBOMCTBAMH, YEM
OOBbIYHAS MMXTa IS TOMEHHOH IUTaBKM YyryHa — arjiomepaT W okaTeimu. [Iporecc
MOJIYYCHUS] OPUKETOB SIBIISIETCS MPAKTUYECKU OE30TXOHBIM, MPOTEKAET MPU HEBHICO-
KHX TEMIIepaTypax H, CJICI0BATEIbHO, IBISCTCS SKOJIOTHICCKU YHCTHIM.

BBuay wcromieHus psga KpyImHBIX MECTOPOXKICHUN JKEJIE3HBIX PYI U IMOTEPH
HekoTophix nocie pacnaga CCCP, a Takke 0CTpoil KOHKYPEHIIMU HA PBIHKE YEPHBIX
METaJUIOB MpoOJieMa CHAO0XKEHUS METAJUTYPTHUCCKUX MPEINPHUATHN CPaBHUTEIHHO
JIEMICBBIM M KauyeCTBEHHBIM KEJIE30PYAHBIM CHIPHEM B HACTOSIIEE BPEMs CYIIECT-

BEHHO o0ocTpmiack. OcoOEHHO OCTPO OHA CTOMT B YPAIbCKOM PETHOHE C €r0 MOTII-
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HBIM METaJUTyprU4eCKUM MPOU3BOACTBOM. B TOXe BpeMs 3/1€Ch UMEeTCs PsiJl 3HAUU-
TEJIbHBIX U J0 CErOJHAIIHEr0 JHS HEJOCTATOYHO HCIOJIb3YEMBIX MECTOPOKACHUN U
JIPYTUX MCTOYHHKOB >KEJIE30PYIHOTO CBHIPhS, T/I€ OPUKETUPOBAHUE MOMKET OKa3aTbCs
BecbMa () (PEKTUBHBIM H JaKe €AMHCTBEHHBIM PEIICHHEM Mpo0aemMbl. K HUM MOXHO
OTHECTH, HanpuMep, bakanbckoe MECTOPOKACHUE CUACPUTOBBIX Py, 3amachl KOTO-
pBIX oleHuBarTcs Oosiee yem B 1 mupp 1. [lomyuaembliit Ha 6aze ATUX Py BBICOKO-
KaueCTBEHHBIN KOHIIEHTPAT 00KUTMarHUTHOTO oOoramenus (He meHee 50% Fe) us-
32 HEJOCTAaTOYHOM MPOYHOCTU NPHU TPAHCHIOPTHUPOBKE U TEPErpy3kax IMOITHOCTHIO
paspymaercs (10 ¢bpakuuu menee 1,0 mm). YcranoBiaeHo, 9To Haubomee 3G heKTuB-
HBIM CIIOCOOOM OKYCKOBaHHSI KOHIIEHTpAaTa MepeJl €ro UCMOoIb30BAHUEM B JJOMEHHOM
IUTaBKE SIBJISIETCS] OpUKETUPOBAHKE.

[lepcniekTUBHBIM SIBISIETCS OPUKETHPOBAHUE OXPHUCTO-MOPOIIKOOOPA3HBIX Oy-
PBIX KEJNE3HIKOB, MECTOPOXKIECHUN KOTOPBIX MHOTO Ha Tepputopuu Poccun: bakanb-
ckoe, 3urazuHo-KomMapoBckoe, AnanaeBckoe Ha Ypaie, XaluIOBCKOE U B LIEHTPAIb-
HOM parioHne Tynbckoe, Jlunenkoe u apyrue. B Hacrodmee BpeMs u3-3a TPyAHOCTEN
OKYCKOBaHHUs OOBIYHBIMH CTIOCOOAMU 3TH PYAbl MPAKTUUECKHU HE UCTIONb3YIOTCA. Tak,
B CIIELIOTBAJIAX TOJBKO 3UraznHO-KOMapoBCKOrO MECTOPOXKIEHUS MX 3amachl Ipe-
BBIIAIOT 20 MIIH T. DTH pYJbl 3a4aCTYIO COAEPKAT MAJIO BPEAHBIX NPUMECEN U CpaB-
HUTEJIbHO BBICOKOE, YYMTBIBAsA JIETKOCTh BOCCTAaHOBJIEHUS, COAEpP)KAHUE Keje3a —
44,0% u Gosee. Bo3MOXKHOCTh BBO/Ia B COCTaB OPHKETOB YTIIEPOIOCOAEPKAIINX Ma-
TEpPHUAJIOB MO3BOJISIET MOJHOCThIO HEUTPAIM30BATh OJUH U3 CEPHE3HBIX HEIOCTATKOB
MPUMEHEHUS B IOMEHHOM TJIaBKe OYpBIX JKEJIE3HSIKOB — MOBBIIICHHBIM pacXoj] KOKca.
Uccnenoanusimu UM (YkpanHa) yCTaHOBJIEHO, YTO MCIOJIb30BAHUE B JOMEHHOM
JIaBKE KaueCTBEHHO HOBOT'O KEJIEe30pyAHOTO MaTepuaa OKCHUJO-
YTIAEPOI0COIEpKAIUX OPUKETOB MOKET 00€CTIEUNTh COKpAIEHUE Pacxo/a Kokca J0
300-350 xr/T BeIUIaBIsIeMOro yyryHa (BMecTo 00bIdHBIX 400-500) 1 MOBBICUTH MPO-
U3BOUTEIBHOCTD Tieueit Ha 25-30% [1].

Hpyrum 0OBEKTOM HCHOJB30BAHUS OPUKETUPOBAHMS JJI pacluupeHus: 0azbl
YKEJIE30PYAHOTO ChIPbSI METAJUTYPTHUECKUX MPEANPUITUIN SBIISIIOTCS MOCTOSSHHO BOC-

MMPOU3BOAUMBIC U B 3HAUUTCIIbHBIX KOJIMYCCTBAX cOOCTBEHHEIE JKEIJIC30COACPKAIIINC
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OTXOJbl. JTO, MPEX/IE BCEro, MbUIb U LIJIaMbl Ta300YMCTOK JOMEHHBIX U CTaJeIia-
BUJIBHBIX 1I€XOB, KOTOPBIE 110 Pa3HbIM MPUYMHAM YTHIU3UPYIOTCS Ha OOJBIIMHCTBE
3aBOJIOB HEY/OBJIETBOPUTENIBHO U UAYT B OTBAJIbI, HUIAMOHAKONUTEIN U OTCTOMHUKH,
3arpsI3HASA OKPY>KAIOILYIO CPELy.

HecmoTps Ha 10CTOMHCTBA OPUKETUPOBAHUS KaK METOJ]a OKYCKOBAaHUS MEIKUX
MaTEpUajIOB U MOATOTOBKH JKEJIE30PYIHOTO ChIpbs K JOMEHHOMN IIaBKE 4yTryHa, OHO
JI0 CHX IOp HE HAIJI0O TNPUMEHEHHs B OTEYECTBEHHOW MPAaKTUKE. DTO OOBICHAETCA
KaK CyOBEKTHBHBIMU MIPUUMHAMU (HEIOBEpUE), TaK U 00BEKTUBHBIMU. K mocienHum
OOBIYHO OTHOCAT OTCYTCTBHE 3((HEKTUBHBIX TEXHOJOTHI, 00€CIeUNBAIONINX MOY-
yeHue OpPUKETOB HEJAOPOTrMX U HEOOXOIMMOIO JJid AOMEHHOW IUIABKUA KayecTBa -
IIPOYHOCTH, XUMCOCTaBa, TEPMOCTOMKOCTH U TIp.

JlaBHO 1 MHOTO B BONpPOCE OPUKETHPOBAHUSA MEJIKUX MATEPHUATIOB C LIEIBIO UX
YTWIA3aUMU W TMOATOTOBKM K MCIOJIB30BAHUIO B JIOMEHHOM M CTaJICIUIaBHJIBHBIX
npoueccax pabotana kadeapa MeTaLTypruM craid MarHMToropckoro ropHO-
METaJUTypruyecKoro MHCTUTYyTa (B Hactosuiee BpeMs kapeapa MUM MI'TY). B oc-
HOBE pa3pa0OTaHHBIX TEXHOJIOTUHA OPUKETHUPOBAHUS JIEKUT CHOCOO «XOJOTHOTO
(Mpy HU3KUX TeMIlepaTypax) MPECCOBaHMs C MCIOJb30BAaHUEM HENEe(PUIIMTHBIX, HE-
JIOPOTUX M )K€ MOJIE3HBIX JIJISI METAITyPIrHUECKUX MPOLECCOB CBA3YIOMIMX (M3BECTD
U yTJIepOI0COEPIKaIIKE) U MOCIEIPECCOBBIM YIIPOUHEHUEM OPUKETOB ITyTEM 3KOJIO-
ITMYECKU YHUCTON M 3HeprocOeperamie Hu3koTeMIepaTypHoil 00paboTKU MM Mpo-
CTO BBUIC)KMBAHUS Ha CKJIaJe. YUYUTHIBas CKa3aHHOE U C LIEJbI0 OLIEHKU 3P (PEeKTHB-
HOCTH MCIOJIb30BaHUs pa3pabOTaHHBIX TEXHOJIOTM OpUKETHpPOBAHUA ISl MOJIy4de-
HUS KeJe30ocoepKalinux (pyaHbIX) OpUKETOB M UX COOTBETCTBUSA TPEOOBAHUSAM J10-
MEHHOM I1aBKH, B 90-X rogax mo 3aka3y benopeunkoro Meramrypruueckoro KomMmou-
HaTa ObLIO BBIMOJHEHO KOMIUIEKCHOE uccienoBanre. OHO BKIIIOYANIO Kak M3y4yeHHE
TEXHOJOTMYECKUX CBOWCTB OpPHKETOB, TaK M OMBITHO-NPOMBIIIJICHHbIE HCIIBITAHUS
TEXHOJIOTHI OPUKETUPOBAHUS U CaMUX OPUKETOB B IOMEHHOM IUIABKE YyTyHa.

JUist u3ydeHusi TEXHOJIOTUYECKUX CBOMCTB B JIAOOPATOPHBIX YCIOBHUSAX OBLIU
M3TOTOBJICHBI OPUKETHI KaK C MCTOJIH30BAHUEM B KauecTBe CBsizytomiero u3sectu (10-

20% OT «pyAHOW» OCHOBBI), TAK U YIJIEPOAOCOAEpKaIEro — (ycoB KOKCOXUMUYE-
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CKOTO TIPOon3BOJCTBA (3-6%). BpuKeThl IUIMHAPUICCKONW POPMBI C TUIOIIAIHI0 OCHO-
BaHHMS 5 cM° M BBICOTOIA, paBHOW KOPHIO KBaJpaTHOMY U3 mocieaHeu umu 21-23 MM
(cormacHo pexomengaiusM TropenkoBa H.I'. [2]) U3roToBIsUIM Ha TUAPABINYECKOM
npecce noa aasieHueM S0 Mlla (500 Kre/cM? IUIOMau Opukera). B kauecTBe xele-
30coJiepKaIleii OCHOBBI MCIOJIB30BaId pyAHYyI0 Menoub (ppakuueit — 5,0 mm) Ty-
KaHCKOTO MECTOpPOXK/IeHUs. Bl M3ydeHbl MPaKTUYECKU BCE OCHOBHBIE TEXHOJIOTU-
YECKHE MapaMeTpbl OPUKETOB KaK pyJIHON YaCTH IIUXThI JOMEHHOM IJIaBKHU, & UMEH-
HO: MPOYHOCTHBIE XaPAKTEPUCTUKH, IOPUCTOCTb U TEPMOCTOMKOCTb.

3a mokasareay MPOYHOCTU OBLIM MPUHSATHI JBa OOLICTIPUHATHIX B OPUKETHUPO-
BaHUM PYAHBIX MAaTE€pUAJIOB NapameTpa [2]: compoTuBIEHUE OPUKETOB pa3/laBliiBa-
HUIO U COINPOTUBJICHHE yAapy MpH cOpachlBaHUU C BBICOTHI IByX METPOB Ha METaj-
JUMYECKYH0 MIUTy. CUMTAIOCh, YTO OPUKETHl UMEIOT HEOOXOAUMYIO JUIsl ITPOMBILI-
JIEHHOT'O MCIIOJB30BAHMS IPOYHOCTh, €CJIIM OHM Ha Pa3lIaBIMBAaHUE BBIICPKUBAIU
nasienue B 5,0 Mlla, a nmpu cOpackiBaHNM (IBYKpaTHOM) KOJMYECTBO 00pa3yrolei-
Csl IPH pa3pylIeHUH OPUKETOB MeIouu He npesbimaio 10%.

SKCHepI/IMCHTBI IIOKa3aJik, 4YTO IMOJYy4aCMbIC 6pI/IK€TI>I I10 IIPOYHOCTH OTBCUYAIOT

TpeOOBAHMSIM:
B3 o COTIPOTHBIICHUE KOJIMYECTBO COpachIBaHUI
BSI
T cOpaceiBanuio, Mlla JI0 pa3pylIeHHUs
U3BECTh 11-17 2-3
bycol 13-14 3-4

[Ipu MHOTOKpaTHOM COpachbIBaHUU OPUKETHI PACKAJIBIBAIOTCS HA KPYMHbIE KY-
couku 0Oe3 oOpazoBanust Menoud. Ilpu yBenuueHuun naBiIeHUS NpeccoBaHUs (10
100 MIIa) unu UTENTbHOM XpaHEHUH Ha BO3/IyX€ MPOYHOCTh OPUKETOB CYIIECTBEH-
HO Bo3pactaeT — Ha 20-30%. bpukeTbl UMEIOT BBICOKYIO BJIarOCTOMKOCTb.

[Topuctrocts OpukeToB omnpeaensui nmo crannaptHoit metonuke (I"OCT 2409-
67) myTeM HachbIIIEHUs BOJOW MOJ BaKyyMOM. BBUIM MOJTyd€HBI CIEAyIOIIUE 3Hade-
HUSL OTKPBITOM MOPUCTOCTH ISl OPUKETOB B CPABHEHUU C OOBIUHBIMU KEJIE30PYIHbI-

MU MaTCpHaIaMM:
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bpuxkets! npu naBnenun npeccosanus, Mlla [Topucrocts, %
50 (500 xrc/cm2) 31,70-32,88
160 (1600 xrc/cm2) 26,73-29,24

CpaBHHTCHBHble JKCIJIC30PYAHBIC MAaTCpHUAJIbI:

Kenezopyaublii MaTeprai [Topuctocts, %
Oxkatpeimn CCI'OK 21,80-28,40
Arnomepat 8,60-15,70
Kenesnas pyna 19,30-19,70

Kak BumHO, OpHKETHl UMEIOT CYIIECTBEHHO 0OJiee BBICOKYIO MOPUCTOCTh, YEM
OOBIUHBIE JKeNe30pyAHbIe MaTepralibl. ClaenyeT npeanoyiokuTh, YTO OPUKETHI TAaKKe
OyIyT UMETh U 00JIe€ BHICOKYIO BOCCTAHOBUMOCTb.

TepMOCTONKOCT — CHOCOOHOCTH BBIIEPKUBAaTh O€3 pa3pyllIeHHUs HATPEB A0
TEMIIEpaTyp, UMEIOIIMX MECTO B BEPXHEH YacCTH IIAXThl JOMEHHOM I€YH, SBIIIECTCS
BKHEUIIUM MapaMeTPOM T'OJHOCTH >KEJIE30PYIHOTO ChIpbs K IulaBke. McmbiTaHus
TEPMOCTOMKOCTH OPUKETOB C MCHOJIb30BAaHUEM H3BECTH-CBSI3KM IPOBOAMUIU B IMEUU
TamMmaHa, umeromeld rpa@uUTOBbId HAarpeBaTellb COMPOTUBIICHHUS U JIOCTATOYHO XO-
pOILIO MMUTHPYIOIIEH BOCCTAHOBUTEIBHBIE YCIOBHUS BEpXa IIAXThl JTOMEHHOH IEYH.
Harpes ocymectisiim 10 600°C. BpuKeThl CUUTAINCh TEPMOCTOMKUMU, €CIIU MOCIIE
HarpeBa M BBIACPKKHU MPU MaKCUMaIbHOUN Temrieparype B Teuenue 20-30 MuHyT co-
XpaHsu cBorO (hopMmy (HE pa3pylIaiuch). BbUTM UCTIBITaHBI pa3Hble OPUKETHI: «ChI-
pbIe» (cpa3y mocie npecca), HOJABEPrHYThIE YIIPOUHEHUIO CYIIKON U BBUICKUBAHUEM
B T€YEHHUE 5 CYTOK Ha Bo3ayxe. Bo Bcex citydasx OpHKeThl COXpaHWIIU CBOIO (popmy U

AaXXC UMCJIN JOCTATOYHO BBICOKYIO OCTATOYHYIO ITPOYHOCTD!:

ComnpoTusiieHue
Bun 6pukeTon P [Tpumeuanue
pasnasinuBanuto, MIla
«CrIpbIey 2 Buanb! TpemuyHb
YTNpoyHEHHBIE CYIIKOU 2-3 BuHb!l TpemyHbl
YIpOoYHEHHBIE BBUIEKUBAHUEM 2-6 TpewmuH HeT

[Ipu ucnbeiTaHuu Ha «cOpachIBaHHUE» OPUKETHI pa3pylIanCh C MEPBOro pasa,

HO 0e3 00pa3oBaHUs CKOJbKO-HHOYJb 3HAYUTEIBHOTO KOJUYECTBA IBUICBUIHOMN

bpakuuu.
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OmnpeneneHre TEPMOCTOMKOCTH KEJIE30PYIHBIX OPUKETOB, M3TOTOBJIECHHBIX C
MCIIOJIb30BAHUEM YTIIEPOAOCOAEPIKALIETO CB3YIOIIEr0, IPOBOJANIN HA CIIELHAIBLHON
YCTaHOBKE JIaDOpaTOPUU METAILTypruM YyTryHa, IJ1€ OHU IOJIBEPTaJIUuCh NIPOJYBKE Ia-
30M-BoccTaHoBuTeNneM B TeueHue 40 munyT npu temneparype S00°C. bpukets (kak
OOBIUHBIE, TaK U OQIIOCOBAHHBIE W3BECTHSIKOBOW KPOUIKOM) MOKAa3aJId BBICOKYIO
TEPMOCTOMKOCTh M HE TOJBKO COXpaHWIN (OPMY, HO U UMEJIM BECbMa BBICOKYIO OC-

TaTOYHYIO ITPOYHOCTD:

COTIPOTHUBIICHUE
cocTaB OpUKETOB (TI0 MTUXTE)
pa3naBnuBanuto, Mlla
100% pyna + 6% ¢ycel 50-100

(90% pyna + 10% uzBecTHsIK) + 6% ¢ycCh 50

ONBITHO-TIPOMBIIIJIEHHYIO alpO0alii0 TEXHOJIOTUH MOTYyYEHUs] OPUKETOB s
JTOMEHHOM TJIaBKU U CaMHUX OpPUKETOB MPOBOUIU B ToMeHHOM Iiexe «bBMK». bpuke-
TUPOBAHUE BBHITIOJIHSIIA HA 000PYOBAaHUU OT/IENICHUSI OPUKETUPOBAHUS IKCIIEPUMEH-
TaJIbHOM YCTAHOBKHU IO MOJIYYEHHUIO rydouatoro xene3a. CMech UCXOAHOM IMIUXTHI TO-
TOBUJIACh B OeryHKOBOM cmecuTene mojenu 15101 (nureiinblil yameunsrit). Macca
onxHo# mopumu cMecu coctarisuta 300 kr. [IpeccoBanue BBITIONHSUIA Ha THAPABINYC-
CKOM TOpU3OHTAIILHOM Ipecce moaenu b 6238. bpukeTsl nmummHapudeckoit hopmbl
arameTpoM 150 MM u Beicotor 120-130 mm Becunm 3-4 xr. CocTaB pyaHON 4yacTu
IIMXTHI OpUKETOB ObLI cienytouuii: 55% xene3noi okanuHbl U 45% KOJOIIHUKOBOU
nbUTH. Pacxoa M3BECTU-CBA3KU OT PYAHOM Macchl MUXThI cocTaBisiia 20%. Beero ObI-
J0 TiepepaboTano 21 T xene30coAepKalMnX OTXO0A0B U MOJy4eHO Topsiaka 25 T Opu-
KETOB. BBIJIO YCTaHOBJIEHO, YTO OpUKETHI HEOOXOIUMOMN «CHIPOM» MPOUYHOCTU MOJY-
YalOTCs MPH CPAaBHUTEIIHPHO HU3KHX JaBieHUIX — He Oosiee 60 MIla. Ilpu nagenuu B
KOpOOKY OpHKETHI, KaK MpaBujio, He pa3ouBaiuck. [loBbIlIeHHEe NaBIeHMI TpeccoBa-
Hus ceeime 100 MIla (mo 230) compoBokmanoch, u3-3a 3¢ hexkTa mepenpeccoBKH,
MOSIBJICHUEM TPEIIUMH Ha IMUJIWHIPUYECKONW MOBEPXHOCTH OPUKETOB U TMOHMKEHUEM
ux npouHoctH. [locnenpeccoBoe ynpouyHeHre OpUKETOB MPOU3BOIUIN ITyTEM UX BbI-
JepKku B kKopoOkax B TedeHue /-10 cyrtok. Ilocme meperpy3ku ux Ha miatdopmy

(nymnkap) mapTusi OpHKETOB COCTOsJIa B OCHOBHOM W3 IIENbIX KycKoB. [laxe mocie
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BBITPY3KH OpPHKETOB Ha 3CTAKaJA€ PyAHOTO ABOPA JOMEHHOTO IieXxa ¢ OOJBIION BBICO-
Thl OHM COXPAaHWJIM KyCKOBAaToCTh (He MeHee 10 MM) M MpaKTUYECKU HE COAEPHKaIH
BpETHOM MBUICBUIHOMN (hpaKIIuu.

3arpy3ka OpHKETOB B JOMEHHYIO I1€4Yb ObliIa BHIINOJIHEHA KOHIEHTPUPOBAHHO
(3a Bpemst He Ooiiee 4-X yacoB). PyqHas 4acTh MIMXTHI B 3TOT MEPHOJI COCTOsIA U3
JIBYX BaroHETOK C OKATHIIIIAMHU U OJJHON — ¢ OpuKeTamMu. 3aBOJICKOM KOHTPOJb 3a pa-
00TOI1 JOMEHHOM M€Y B MEPUOJI IPOBEACHUS IKCIIEPUMEHTA HE MTOKA3aJl yXyAILICHUS
X0/la IOMEHHOW IUIABKHM M yBEIWYEHUs BbIHOCA NbUIH. COCTaB YUyryHa Ha NPOTSHKeE-
HUU BCETO €ro BBIMYCKa B MEPUOJ IPOIJIABKK OPUKETOB COOTBETCTBOBAI JIEUCTBYIO-
M Ha BMK tpeGoBanusim.

Y4uThIBas MOJOKUTEIBHBIE PE3YJIBTATHI SKCIIEPUMEHTOB U UCTOILCHUE 3aIia-
COB COOCTBEHHBIX KyCKOBBIX pya Tykanckoro mecropoxaenus, Ha BMK B 2001 rogy
OBbUIO MPUHSTO PEIIEHUE O CTPOUTENLCTBE MPOMBIIIICHHOW (aOpHKu U OpraHU3aluu
Ha 0a3e COOCTBEHHBIX KEJIE30COAEPKAIUX OTXO0A0B, PyAHON MEIOYH U OPOLIKOBBIX
pya npousBoacta 80-100 Teic. T pynHbIX OpukeToB. [l MONydeHus pyIHBIX Opu-
KETOB B IpoeKTe (paOpuKu MpeaycMaTpUBallaCh YCTAaHOBKA BBICOKONPOU3BOAUTEb-
HbIX (10 50 T/4) BambleBbix mnpeccoB (Gupmbl «Cnaitnepmainny (ExatepunOypr).
OnBITHO-IPOMBIIIJICHHBIA BapUAaHT 3TUX MPECCOB ¢ OaHIaXaMH KIaCCHUYECKON KOH-
CTPYKIMH (I OTyYeHUs MOAYIIKOOOpa3HBIX OPUKETOB) U KeI004aTO-3y0UaThIMU

IIPOILIENI BCECTOPOHHHUE U YCIIEIIHbIE UcnbITaHus Ha «bMK».

BoiBOABI

1. Kak meTon moAroToBKH K JIOMEHHOM IJIaBKE jKeJIE30pYAHOI0 ChIpbsi Opu-
KETUPOBAaHUE MMEET MO CPABHEHHUIO C TPAJULHUOHHBIMH CHOCOOAMHU OKYCKOBaHUS
(armomepannel M OKATBIBAHHEM) PsIi NIPEUMYLIECTB: NPOCTOTAa U TEXHOJIOTMYECKas
rMOKOCTh MPOIECcCa OKYCKOBAHMS; BBICOKOE KayeCTBO PYIHBIX OPUKETOB KakK HIMX-
Thl; HU3KHE KAalBJIO)KEHUS M PacXojbl MO Mepeneiy; 0e30TX0IHOE U 3KOJOTHUYECKH

YUCTOC ITPOU3BOACTBO.
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2. llpemnaraembple TEXHOJOTHH «XOJOIHOT0» OPHUKETUPOBAHUS C HCIIOJIB30-
BaHMEM HEJOPOTHX M MOJIE3HBIX JIJISl TOMEHHOM IJIABKU CBS3YIOIIUX — U3BECTh U Y-
JIEPOJOCOIEPIKAIIME, HU3KOTEMIIEPATYPHOU YIPOUHSIONIeH o0paboTkol obecnevu-
BAIOT MOJy4YEHUE OPUKETOB HETOPOTrUX U HEOOXOAMMOTO ISl JOMEHHOM IUIABKU Ka-

qcCTBa.
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JepOA0COIepKAIIMX OPUKETOB C BHICOKUMHU METAJUTyprUueCKUMM CBOMCTBaMH. AB-
Toped. nuc. ... JlnenponeTposck, 1985. 26 c.

2. Trwopenkos H.T. bpuketupoBanue pya. M: Metamnypruzaar, 1948. 128 c.
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T.M. Hacsipos, B.H. Jlerumun
OI'BOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YeCKuM yauBepcuteT uM. ['.11. HocoBa»

OTXO/Jbl METAJLTYPTUUECKUX NPEJNPUATUHA
IOKHOI'O YPAJIA U ITPOBJIEMA UX YTUJIN3AIIUA

Ha MMK 6 nacmoswee épems exi#ce200HO 2a3004UCMKAMU CIMANENIABUNbHBIX
U OOMEHHbIX Yexo8 YIaIueaemcsi cevluie NOJYMULIUOHA MOHH WIIAMOS U NbLIEU.
I'nagnou 00veKMuU6HOU NPUUUHOU HEYOO08IeMBOPUMENLHO20 UCNOIb308AHUS UX 8
COOCMBEHHOM NPOU3BOOCHEE MEMAIyP2ULeCKUX Npeonpusimuil A611emcs blCOKOe
cooepxcanue 6 Hux yuuka. Cywecmeyem 08a cnocodoa peyuxkiuHea Hiceneso-
YUHKOCOOEPIAHCAUUX NBLIU U WIAMA 68 NPOYECCbl 8bINIABKU CMATU. NymeM 80YB8AHUS
UX 8 Memaii cmpyeu 2a3a-Hocumens U 8 OKyCKkosanuom euoe. Haubonee a¢pgpexmus-
HBIM CNOCOOOM OKYCKOBAHUSL NOCIEOHUX ABIAEMCs UX OpUKemuposanue ¢ npedsapu-
MenbHbIM 00eCYUHKOBAHUEM.
Knrouegvie cnoea: ymuauzayus, PEeYUKIUHS, Opukemuposatue,

06€C141/IHK0661H1/£€.

bonbmmme ycnexu Ha FOxHOM Ypasie JOCTUTHYTHI B YMEHBIIEHUN 3arps3He-
HUS aTMOC(hepbl, KOJIMYECTBO MPOMBIIIICHHBIX BRIOPOCOB 3a mociennue 20 Jet co-
KpaTUJIOCh B JIBa pa3a. 3HAYUTENIbHO XYK€ OOCTOMUT Je]0 ¢ HelTpanuzauuen Bpea-
HOTO BJIMSIHUSI HAa OKPY’KAIOUIYIO cpelly (MMOYBY M BOJY) TBEPIBIX TEXHOJOTMUYECKUX
OTX0JI0B, KOTOpbIE 00pa3ylOTCs Ha METAJULYPTHUECKUX MPEANPUATUAX B OTPOMHBIX
KOJINYECTBAX U YTUJIIM3UPYIOTCS HEYAOBJIETBOPUTENBHO. Tak, TONBKO B YPaAIbCKOM
PETHOHE UX €XKETOJHOE BOCIPOU3BOJACTBO IIPEBBIMIAET B HACTOSIIEE BPEMS
120 mutH T, U3 KOoTOpBIX 75% mipuxonutcs Ha FOxubpil Ypan. Ha nanHbrii MOMEHT Ha
npeanpusaTusax YenssOMHCKOM 001acTH yKe HaKOMUIOCh 4 MJIPA T IPOMBIIIIEHHBIX
OTXOJI0B, KOTOpPBbIE MOTYT OBITh MyIICHBI Ha TiepepaboTky. B memnom, B Poccuiickoit

denepanun yxe HakoruieHo nopsaka 100-120 mupa T TBEPABIX OTXO0B M €KETro1-
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HO JOMOJHUTEIBHO BOCIPOU3BOAUTCS eule S-7 mipj T. I3 HUX B HacTosiee Bpems,
B TOW WJIM MHOM CTENEHH, UCIIONb3YyeTCs 2 MIPA T (B OCHOBHOM 3TO CTAJICTLIABUIIb-
HbI€ U JOMEHHbIEe nUTaku). OcTanbHbIe MEIKUE U OCOOCHHO MEJIKOAUCIEPCHBIE (Ha-
MpUMEp, KEJIE30COACpKAIIUE IUIAMbl U TBUJIM Ta300YMCTOK CTaJlCIIaBWIbHBIX U
JIOMEHHBIX 1I€XOB) M0 Pa3HbIM MPUYMHAM YTHIM3UPYIOTCS HEYIOBIETBOPUTEIBHO U
B OCHOBHOM HIYT B OTBaJIbl, IIJAMOHAKOMHUTEIN W PA3JIUYHbIE OTCTOMHUKH HWIIA
NOABEPTaloTCA 3aXOPOHEHUI0. DTO COMPOBOXKIAAETCA HE TOJBKO MOTEPER ILIEHHOTO
CBIPbsI JJIsl COOCTBEHHOI'O0 METAJUTYPIHUYE€CKOTO U APYTUX MPOU3BOJCTB, HO U TIPUBO-
TUT K U3BATUIO U3 000pOoTa OOJBIINX TIOMIAEH, 3arPS3HEHUI0 OKPYIKAIOIIEeH cpe-
Il M, KaK CJEACTBHUE, K JOMOJHUTEIbHBIM YKOHOMUUYECKUM MOTEPsIM (MO JAHHBIM
3apyOeKHBIX HCTOYHHUKOB Oosiee 100 $§ Ha TOHHY OTXO/IOB).

Ha MMK B Hacrosiiee Bpemsi €KEeroqHO ra3004YMCTKAMU CTaJEIJIaBUIbHBIX U
JIOMEHHBIX LIEXOB YJIAaBJIMBAETCS CBBIIIE MOJYMUUIMOHA TOHH IUIAMOB U TbUIEH, U3
KOTOPBIX YTHIM3UPYETCS B arjoJIOMEHHOM Mpou3BojicTBe He Oosiee 50%. Cranemnna-
BWJIbHBIC IUIAaMbl U TBUIH, HauOosee OoraThie >Kele30M, UIYT B MOJHOM OOBEME B
NUIAMOHAKOINUTENIM WM TOJBEpPrarTcs 3axopoHeHuto. K HacTosmemy BpemMeHU
TOJBKO B JIEBOOEPEKHOM IIJIAMOOTCTOMHUKE M THAPOOTBAJIC HAKOMMWIJIOCH MOPSIKa
4 muH T Ooratbix xene3oM (50-60% Fe) nutamoB u B mmamoxpanuiuiine Ne2 — CBbI-
mie 12 mutH T ¢ conepxkanuem 30% Fe.

['maBHOW OOBEKTUBHOW MNPUYMHON HEYAOBIETBOPUTEIBHOIO HMCIOJIb30BaHUS
YKEJIe30COoIepKAIUX MIJIAMOB U TIBUIA B COOCTBEHHOM MPOU3BOJICTBE METALTypruye-
CKHMX TIPEANPUSATUNA SIBJISIETCS BBHICOKOE (C TEHJCHIIMEH YBEIMYEHUS) COJIEp)KAHUE B
HuX nuHkKa. Coxaeprkanue nocnennero Boiire 0,3-0,5% nenaer HEBO3MOKHBIM UX HC-
MOJIb30BaHUE B JIOMEHHOMW IJIaBKE (B MPOU3BOJCTBE KEIE30PYAHBIX OKATHIIIEH U ar-
JoMmepara Jijisl Hee). B To ske BpeMsi KoJIMYecTBO LIMHKA B 1I1aMax (TbLUIK) KUCIOPOI-
HO-KOHBEPTEPHBIX 1IEXOB yxke ceiiuac mpesbimaet 1,0%. OcobeHHO MHOTO ITMHKA
(10 20-35%) HakamIMBaeTCA B IMBLIM TA300YMCTOK AJICKTPOCTAICIINIABUIBHBIX 1IEXOB.
Haunbomnbiniee npuMeHeHre B MIPAKTUKE 00ECIIMHKOBAHUS JKEJIe30COIePKAIUX MThUICH
U [IJaMOB NEpeJ] UX HCIOJIb30BAaHUEM B ariioJJOMEHHOM MPOU3BOJCTBE MOIYUYUIU

MUPOMETATYPIHYECKHE CIIOCOOBI, COYETAIOIIME MPOIECChl TBepA0(a3HOro BOCCTa-
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HOBJICHUSI OKCHUJIOB YIJIEPOJOCOACPKAIUMHU MaTepruanaMu (KOKC WJIU YroJib) C BO3-
TOHKOW METAJJTMYECKOTO IIMHKA, CBUHIIA U JPYTUX JICTYYUX NpUMeced (aHajor Cro-
coba «BemnbI-nporiecc» B BETHON METaLTYypruu). JIoCTOMHCTBOM MUPOMETAILTYPTH-
YECKHUX CIOCOOOB 00ECIIMHKOBAHUS MBUICH W MUIAMOB METALIYPTHYECCKUX MPEIIPH-
ATUN SABJISICTCS. BO3MOXHOCTh TOJIYYCHMS BBICOKOM CTENEHU YIAJCHHUS IIMHKA U
cBuHIA (10 75-90%) ¢ OJTHOBPEMEHHBIM TOJIYUYCHHEM METAIUTU3UPOBAHHOTO JKEJI€30-
COJIep Kalllero MpOoaAyKTa JJjisi MPOU3BOJACTBA UyryHa U ctaid. Ho y HUX uUMeroTcs
KPYITHBIE HEJIOCTATKHU: CJIOKHOCTh TEXHOJOTMYECKON CXEMBl U CUCTEM YJIABJIMBAHUS
NbUTA; OOJIBIIIAE KANMUTAJIBHBIE 3aTPAThl, SJHEPTOEMKOCTb M PACXOJIbI 10 TEePECIy;
BBICOKasi THUPOGOPHOCTH (IO CAMOBO3TOpaHMsl) MOJIYy4a€MOr0 METAUTM3UPOBAHHOTO
npoaykTa (ry0uaToro >keiesa); BO3MOKHOCTh 3arpsi3HEHHsI OKPY’KaIOIIeH cpeibl U,
3a4acTyl0, JIOCTaTOYHO BBICOKOE OCTAaTO4YHOE (MpeBbimiaromiee aomyctumbie 0,5%)
COJIEp’KaHHME LMHKA B JKEJIE30COJEprKallleld 4YaCcTU MPOAyKTa U cepbl. M3-3a 3TOrO B
OOJBIIMHCTBE CIIYy4aeB MUPOMETAILTYPrUYECKUE MPOIECChl 00ECIIMHKOBAHUS TbLICH
Y [IUIaMOB HEPEHTAOEbHBI U CYIIECTBYIOT 3a CUET JIOTAIlM, BBIICIISIEMBIX HA 3aLIUTY
OKpy»Karomen cpenbl. 110 maHHBIM KpPYITHEHIIEH CTaJeIUTEUHOM KOoMmIaHuu «l am-
oyprepiraibBepke» (r. 'amOypr, ['epmanusi), npenaBapuTeabHOE OOCCIMHKOBAHUE
TOHHBI TTBUIH C MOJYYeHUEM YEPHOBOTO IIMHKOBOTO KOHIIeHTpaTa (110 32% Zn) 06Xxo0-
nurcs e B 100 eBpo.

BBuy HecoBepIiieHCTBA U HEIKOHOMUYHOCTH CYIIECTBYIOIIUX METOIO0B 00ec-
[IUHKOBAHMS KEJIe30-IIMHKOCOIEPKAIMX MBUIM U MIJIAMOB, a TaK)Ke OBICTPOTO pa3Bu-
THUSI AJIEKTPOCTAJIEIIIIABUIIBHOTO MPOU3BOJICTBA U Y)KECTOUCHUSI TPeOOBaHUMN K IKOJIO-
ruu B 70-X Tojax mpouuioro CTojieTusi Obula MPEIoKeHa Uaesl U MOo3Hee peaan30-
BaHa MPOrpaMMa PElUKIMHra (BO3BpATa) KEI€30-IIMHKOCOACPKAIMX MbLUICH U IILJIa-
MOB B COOCTBEHHOE MPOU3BOJICTBO METAJLTYPrUYECKUX MPEANPUATHI 0€3 mpeaBapu-
TEJIHLHOTO MX 00ecMHKOBaHUA. OCHOBHBIM OOBEKTOM PEIHMKIIMHTA SBIISIFOTCS CTaje-
MJIABWIBHBIEC arperaThl, TI€ 0 IPUYMHE OKUCIUTEIBHOTO XapaKkTepa mpoliiecca Bpe/i-
HOTO BIUSHMS IIMHKA (KaK B IOMEHHOW Te4yun) He HaOmonaercs. Kak mokasana mpak-
THKa, BO3BPAT MbUIM U IUIAMOB T'a3004YUCTOK METAJUTYPrUY€CKHX LIEXOB B CTaJeIlIa-

BUJIbHBIE TIPOIIECCHI MO3BOJISIET YBEIUMYUTh B HUX COjiepkaHue IuHKa B 6-10 pa3 (10
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50-65%). Ha 3aBogax ¢pupm «Kpynm» u «IJAC» (I'epmanus) Takasi Ibliib OKyCKOBBI-
Ba€TCS U B KAUECTBE ChIPhS OTIPABIIACTCS HA 3aBOIbI IBETHON METAJLTyprUy.
CymiectByeT JBa croco0a pelUKINHTa KeIe30-IMHKOCOAepKAIINX TbUIA U
[IaMa B IMPOLIECCHl BBIMIABKM CTAJIM: IyTEM BAYBAHMS MX B METal CTpyed rasa-
HOCHUTEJI U B OKYCKOBAHHOM BHjI€. PEIIMKIMHT MBI CyXHUX Ta300YHUCTOK AJIEKTPO-
JYTOBBIX T€Yel MyTeM €€ MHXKEKIIMH B COOCTBEHHBIN MPOIIECC BBHIMUIABKU CTAM Ha
100- u 140-tonnsix [JCII ucnons3yercsa pupmamu «KEP» (I'epmanus), «DDSy» ([a-
aust) U «K° Crun Hlupuec» (AHrius). YuuTeiBas HEHAICKHOCTH IMHEBMOCHCTEM
TPAHCTIOPTUPOBKM M BBOJAA WBUIM B METAI CTpyed rasza-HOCUTENs, (QUPMOil
«Crenxo» (Kanama, 1993-94 rr.) ObuTH mMpoBeIEHBI MCCICAOBAHMS IO €€ IMoaade B
TUTAaBUJIBHBIM arperat B OKyCKOBaHHOM Buje. Ha 3aBojmax ¢upmbl B XuiToHe OBLIO
nepepadboTano 50 ThIC. T MBI B KOHBEpPTEpax BMECTUMOCThIO 150 T u B JIelk-DOpu —
30 TBIC. T IIJJAMOB COOCTBEHHBIX ra3004ucTOK — B 230-ToHHBIX. IIpeaBapuTenbHO
IbUIb U 1AM OBUIM MOJBEPTHYTH OKYCKOBAHHIO, COOTBETCTBEHHO, OPUKETUPOBAHU-
€M U METOAOM 3KCTPYAUPOBAHHOIO MPECCOBaHUA. TpaHCHOPTUPOBKA M 3arpy3ka
OKYCKOBAaHHBIX MaTEpHAJIOB HE BbI3BAJIa HUKAKUX OPraHU3AIMOHHBIX 3aTPY/THEHUU.
DKCTpYAUPOBaHHBIA MaTepHall OJIaBAJIA B 1IEX B MEIIKaX, a OpUKEThl — KOHBeWepa-
MU ¥ 3arpy’kajii T0-pa3HOMY: C JJOMOM B 3aBaJIKy WJIHM 4Yepe3 BEpXHUU OyHKep, 0 U
MOCJIe CITMBA YyTryHa WJIM BMECTE C ChIyuyuMH. B mporiecce OKycKOBaHHS ISl KOM-
MEHCALlMU TEIUIOBBIX MOTEPh B CMECH JIJISl MOJYUYEHUS SKCTPYAUPOBAHHOIO MaTepHa-
Ja OOaBISUIM YTAEPOIOCOAEPIKAINIYIO KOJOUTHUKOBYIO THUIb M IIJIAaM JOMEHHOTO
npou3BojicTBa (1Mo 17% kaxaoro) u OPUKETOB — KOKCOBYIO Menoub (22%). [lpu mro-
OOM BapHaHTE MOJIa4u B KOHBEPTEP OKYCKOBAHHBIX MaTEPHAJIOB BHIOPOCOB BO BpeMs
TJIaBKH HE OBIII0. YPOBEHB CONEPKAHUS KHCIOPO/Ia B KAMUHE CHCTEMbI OTBOJIa Ta30B
ocTajsicsi Ha 6e3omacHoM ypoBHe. Cojnepikanue cepsl U pocdopa B MeTaie ObUIO Ha
OOBIYHOM ypOBHE. 3aMKHYTBIN ITUKII TIEPEPAOOTKHU DIIEKTPONEYHON MBUIA OCYIIECTB-
JsieTCs B HacTosimee Bpemsi Ha 3aBogax ¢gupm «Bethlehem Steel», «Badcock and
Wilcox», «Empire-Detroit Steel», «LASCO», «KARMCO», r/ie 27eKTporeyHast Mbljib
no0aBisieTcsl B MIMXTY B BUJE OKathimer uiu OpukeroB. @upma “Crucible Steel”

(CILIA) moBTOPHO HMCMOIB3YET BCIO MbLIb, 00OPa3yIOUIYIOCS B 3JIEKTPOCTAIEIIaBUIIb-
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HOM Llexe Ha 3aBoie B Mwumienne. Ha 3ToM 3aBoje BBIIUIABISIIOT JIETMPOBAHHYIO
CTayib. PenmpKymnsiys MUl CIOCOOCTBYeT 0oJiee MOJIHOMY HCIOJIb30BAHUIO JICTH-
PYIOILIUX 3JEMEHTOB, IPUCYTCTBYIOIINX B IIMXTOBBIX MAaTEpUAJIAX.

OddexkTuBHO BO3BpAT KEIIC30IMMHKOCOAEPIKAMINX MIJIAMOB U TBUICH B CTaje-
MJIaBUIIBHOE MPOU3BOICTBO MOKET OBITh OCYIIECTBJIEH 32 CUET M3TOTOBJICHUS Ha MX
OCHOBE YTJIEPO0COAEPKAIIUX MITAKOOOPa3yIOIIUX U OKCHIO-YTOJIbHBIX OKYCKOBaH-
HBIX MaTepuayioB. [lepBbie MO3BONIAIOT PaMKAIBLHO YIYUIIUTH MPOIECC IIIakooopa-
30BaHUS U, KaK CIIEJICTBUE, TOBBICUTH CTOMKOCTH ()yTEpOBKH TUIABWIIbHBIX arperaTos,
YIIYYIIUTH TPOLECCH Aecyabdypanuu u aedocopaiuu 1 yBeITUIUTh BHIXO]] TOTHON
ctanu Ha 1-2%. [llnakooGpa3zyromiye MmaTepuaibl B BUAe OPUKETOB ObUIN UCIIBITAHBI B
MapTEHOBCKUX U JByxBaHHBIX nedax (MMK — 1961 u 1988 rr., 3aBog um. J3epxkuH-
CKOro M «A30BCTanb») U KOHBepTepax (3aBonabl uM. IlerpoBckoro, «Kpuopoxk-
ctanby 1 MMK — 1995 r.). UccnenoBanusi, BeinojiHeHHbIE Boarorpaackum rocyaap-
CTBEHHBIM TEXHUYECKHUM YHUBEPCHUTETOM, U OIBITHBIE IJIABKA HA METAJTYPTrUYECKUX
npeanpuatuax «Kpacueiii OKTs0pb» 1 benopycckom MeTamryprudyeckoM 3aBofe Mo-
Ka3aJld, YTO KEJIE30COJIEPKale OKCUIO-YrOJIbHbIE MaTepHalibl (OpUKEThI) MOTYT
ObITh A(PPEKTUBHO HMCIOIB30BAHBI B AJIEKTPOCTAICIIIIABUIILHOM TMPOU3BOJICTBE KakK
3aMEHUTENU Je(HUIIUTHBIX U JOPOTHX YYTyHA U CTAIBHOTO JIOMA.

Kak nimakooOpa3yromue, Tak U OKCHI0-YIJIEPOJUCTBIE MPEABAPUTEIBHO OKY-
CKOBaHHbBIE MaTepHalibl HEOOXOJAMMOr0 COCTaBa MOYKHO IMOJIYYUTh TOJBKO OpUKETH-
poBanueM. OrcyrcTBrUe 3h(HEKTUBHOTO MPOU3BOJICTBA OPUKETOB HA METaJLTypruye-
CKUX KOMOMHATaX Ha OCHOBE MEJKHX OTXOJOB (XOTS MOMBITKH JIE€JAINCh JIaBHO U
BE€3/I€) SIBJSIETCS OCHOBHBIM IMPEMSATCTBUEM Ha MyTH BHEAPEHUS PELUKIIMHIA KEJIe30-
LIUHKOCOAEPKAIUX OTXOJ0B B IPAKTUKY CTAJIECILNIABUIIBHOTO TPOU3BOCTBA.

B MI'TVY B pe3ynbrare MHOTOJETHEN padoThl, B ocHoBHOM HAa MMK u BMK,
co3faHa opuruHajgbHas U d(Q(PEeKTUBHAS TEXHOJOTHS MPOU3BOJCTBA CAMBIX Pa3INy-
HBIX OpHUKETOB (LITAKOOOPA3YIOUINX U OKCHI0-YIJIEPOIUCTHIX) U3 CAMBIX Pa3IMYHbBIX
MaTepHaoB U MEJIKUX OTXOJOB, B TOM YHUCJIE C BBICOKOW CTENEHbIO YBIQKHEHUS (10
20% BIXXHOCTH — YaCTHYHO 00€3BOKEHHBIC ITITaMbI). TEXHOJIOTHS MPOIILIa OMBITHO-

IIPOMBILICHHYIO MTPOBEPKY Ha IITEMIENbHBIX IPECCAX OTHEYIIOPHOIO MTPOU3BOCTBA

KamubpoBounoe 6ropo (Www.passdesign.ru). 2014. Bermyck 3.1 23



CrnenuanbHbIN BBITYCK

MMK (1961, 1988 u 1995 rr.), mTeMnenbHbIX U BallbLIEBBIX Mpeccax OTACJICHHS
OopuxetupoBanusi gomeHHoro mexa BMK (1991 u 2001 rr.). Bapuant yrunuzanuu
LIAHKO- W YKEJIE30COAEPKAIINX [IJIaMOB METAJUTYPrUYeCKUX LEXOB C MOJYyYEHUEM
UIaKOOOpa3yronMx OpUKETOB IS CTaJEIUIaBUIIBHOTO Mpou3BojacTBa B 1984 romy
MIPOIIIEIT IKCIIEPTU3Y B FOJIOBHOM, TOT/IA IO YJIABJIMBAHUIO U YTUIN3ALMM MbLIECH Me-
TajuTyprudeckux npeanpustuit, uHctutyre «BHUUIT4epmeTsHeproounctkay (T.
XappkoB) U moayyua ogoOpenue. Marauutoropckuil I'mmnpomes aBaxasl (1984 wu
1991 rr.) menan MpoOEKTHYIO MPOpPaObOTKYy OpraHU3alMK MPOU3BOJCTBA ILIAKOOOpa-
3YIOIUX OPUKETOB HA OCHOBE MEJIKUX OTXOJOB (10 TexHoJorudeckon cxeme MI'TY)
B IPHUCTPOE K 3AaHUI0 BaKyyM-(QuibTpalloHHOM ycTtaHoBKH (BDY) I'OII MMK.
OrneHka mokaszajna, 4To KalnuTaJOBJIOKEHUS Ha pealn3alldio MpoeKTa (OpraHu3alfio
npousBojacTBa 600-800 ThIC. T OpuKeTOB) HEe TpeBBICAT 60-80 MiH pyO., IpU CpOKe
OKyImaemMocTu He Oojiee onHOro rojaa. OpraHuzanus y4yactka (OTAeNIeHUs) OpUKETH-
pOBaHMs, KpOME YTHIM3ALMHU KEJIE30COACPKAMNUX [IIaMOB, MO3BOJIUT BEPHYTH B
MPOU3BOJICTBO U YTUIM3UPOBATH C O0ONBIINM d(PGHEKTOM Apyrue MeaKue oTxoanl. bo-
jee Toro, 26.06.1995 r. Ha 3acenanuu Texuuueckoro copeta MMK 6bu1o mpuHsTO
pemieHue «...o npuMeHennn Ha OAO «MMK)» TexHonoruu npous3BoACTBa MUIaKO00-
pa3yoIMX OPUKETOB... B MporpaMMe CTPOMTENIBCTBA 3-T0 KOHBepTepa...». Ha BMK
B 1995 roay mo Haiei TeXHOJIOTHH Obljla HayaTa PEKOHCTPYKIIMS OTHEYIIOPHOTO Iie-
Xa C LUEJIbI0 OPraHMu3aluy MTPOU3BOICTBA B HEM | MIIH T pyAHBIX OPUKETOB HA OCHOBE
OTCEBOB PYJHON MEJIOYM U MOPOLIKOBBIX OXPUCTHIX pyd TyKaHCKOrO MeCTOpOXKIe-
HUS U MEJIKUX OTXOJOB METaJUTypruueckoro nepezgena. Ho no psany oObeKTUBHBIX U
CyOBEKTHUBHBIX MPUYUH HA TOT MOMEHT MPOEKTHI HE ObUIH peali30BaHBI.

Peanuzamnus nmpupomooxXpaHHBIX MEPONPHUATHI TpedyeT, Kak Mmoka3aja MHpPO-
Basl MPAKTUKA, 3HAUUTEIIbHBIX MaTEpUAIbHBIX U (PMHAHCOBBIX 3aTpaT U 3a4acTyIO SIB-
JSETCS ISl METaJUTyPTHUECKUX MPEANPHUITHI yOBITOUHBIM JIEIOM. YUYUTHIBasl 3TO,
BIIepBbie MUHHCTEPCTBOM MPOMBINIIEHHOCTH YensOnHckol o0nacTu Obuia pa3pado-
taHa nporpamma «llepepaboTtka oTxon0B YensOunckoi odmactu» Ha 2012-2015 rr.,
KOTOpasi TPEeAyCMAaTPUBAET CO3/IaHHUE OJArONMPHUATHBIX YCIOBUU JUIsl TPUBJICUEHUS

OTEUECTBEHHBIX U 3apyO€KHbIX UHBECTULUMN B cdepy nepepadoTKH OTXOI0B U CTH-
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MYJIMPOBAHUE CO3/IaHUSI HOBBIX KOHKYPEHTOCIOCOOHBIX MPOU3BOJICTB IS PEIICHUS
ATOM 3a/aun. 3aKOHOJIATEIIbHOMY COOpPaHUIO 00JIACTH PEKOMEHIOBAHO PACCMOTPETh
BOIIPOC O BHeceHHnU u3MeHeHuil B denepanbHbiii 3akoH «O0 OXpaHe OKpY>Karolen
CpeIbl» MO YKOHOMUYECKOMY CTUMYJIUPOBAHUIO TIPUPOJTOOXPAHHBIX MEp ISl TTPOM-
NPEANPUATUANA, a 00JACTHOMY MPaBUTEILCTBY MpopadboTaTh BOMPOC MPEAOCTABICHUS
JUISL 9TOTO0 WMHBECTULIMOHHBIX KPEIUTOB M HAJOTOBBIX JBroT. B wacTHOCTH, OBLIO
MIPEIIOKEHO 3aTPAThl HA PEATH3AIUIO PUPOIOOXPAHHBIX MEPOTIPUITHNA BKIIFOUHUTH B
CUET BCEI CyMMBI IUIAThI 32 HETATUBHOE BO3JICHCTBUE HA OKPYKAIOIILYIO CPEy.

B nacrosmee Bpems B UensiOnHCKO# 0051aCTH M, B 9aCTHOCTH, B MarauTorop-
CKe, I7ie paboTa Oblia HavaTa pasbliie Bcex (B 1960 T.), cloXUIMCh OIaronpusiTHbIC
YCIJIOBHUSI JIJISl PEIICHUs MPOOJIEMbI YTUITU3AIUH BPEHBIX OTXOJ0B METAJLTYPIHUE€CKUX
MPEANPUATANA W JIMKBUJIAIIAN 3arPsS3HEHUST UMH OKPYXKAIOMEH Cpejibl: MMEIOTCS He-
00XO0JIMMbIE KaJphbl (HAYYHBIM MOTEHIIUAN) C MHOTOJETHUM OMBITOM pabOThl U KOH-
KpETHbIE  HAay4YHO-TEXHUYECKHE  pa3pabOTKH, KOTOpbIe€ TMPOIUIM  OMBITHO-
IIPOMBITIUICHHYIO TIPOBEPKY M MPOCKTHO-KOHCTPYKTOPCKYIO MPOpabOTKy, ompenese-
HbI TyTH (rHaHCUpoBaHUs. OCTaTOCh HEMHOTO, HO 0€3 Yero Helb3sl PEIUTh ATy Iie-

pE3pEBIIYIO MPOOIEMY, ITO — KIIOTUTHYECKAS» BOJIA.
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T.M. Haceipos, B.I'. /Ipy:;kkoB
OI'BOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YeCKuM yauBepcuteT uM. ['.11. HocoBa»

MOJIYYEHUE ATJIOMEPATA W3 MUHUOKATBIIIEN
B IABOPATOPHBIX YCJIOBUAX
PI'BOY BIIO «MI'TY UM. I''M. HOCOBA»

B nabopamopnuvix ycnosusx @I'bOY BIIO MI'TY um. Hocosa nposedenul uc-
C1e008AHUSL NO NOIYUEHUIO 2UOPUOHO20 A2loMepama no SNOHCKOU mexHono2uu. Pe-
3YIbMamsl UCCLEO08AHULL OAIOM BOIMONCHOCHb VEETUUEHUSI BbICOMbL CNEKAeMO20

CJIOA.

Knroueswie crnosa: OKOMKO6dAHUeE, CneKaHue, 2u6pu0an7 aziomepam.

BBuny HCTOLIEHHSI KPYITHBIX MECTOPOXKACHUM JKEIIE3HBIX Py B YPaJbCKOM
IIPOMBILJICHHOM PETHOHE C €ro MOIIHBIM METAJUIyPITMYECKUM IIPOU3BOJACTBOM
npobsieMa CHa0XKEHUsT METaUTypruuyecKUX 3aBOJOB OTHOCHUTEIBHO JIELIEBBIM U
KAUYECTBEHHBIM JKEJIE30PYJHBIM CBIDbEM B HACTOSIIEE BpPEMS CYLIECTBEHHO
o0ocTpusiack. 37eCh HMMEETCS psJl 3HAYUTENBHBIX M HE pa3paboTaHHBIX
MECTOPOXKICHUIN OCTHBIX PY/I.

[Ipu oOoramenun Takux pya mnoiydator ¢pakmuio 0,074 mm. [TosTtomy
pelieHne npoodsieM OKYCKOBaHHsI TOHKOAMCIIEPCHBIX MAaTepUasoB SIBISETCS Ba)KHBIM
IIPOIIECCOM B YCIIOBUSIX COBPEMEHHOW SKOHOMUKH.

OCHOBHBIM MPOAYKTOM OKYCKOBaHHUS TOHKOW3MEJIBUYEHHBIX KOHLIEHTPATOB
SBJIIOTCSL OKAThIIIM. OHAKO OHU 00JIaJJal0T TOCTATOYHO CEPHE3HBIM HEJOCTATKOM —
HU3KOM ropsyed mnpodHocThio. Ha HekoTopeix arjmodabpukax Mupa TOHKUN
KOHIIEHTPAT CIIEKAIOT, ITOJy4as arjJioMepar — HaWwIyyllee CbIpbE ISl JTOMEHHBIX
neyel. CriekaHue TOHKOM3MEJIbYEHHOTO KOHIIEHTpaTa OrPaHUYEHO BO3MOYKHOCTAMH

9KCrayCTCpOB, TaK KaK TAKOC ChIPhC NMCCT OUCHDb HU3KYIO Ia30IMPOHUIIACMOCTh.
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SAnonus u VYKpanHa SBIAIOTCA «IEPBOOTKPHIBATENSIMI» HOBOTO BHUJA
JKEJE30PYAHOTO  ChIpbl — THOPUIHOTO arjiomMepara (araomepartshiiieit). ITo
CPABHUTEJIBHO HOBBIA MPOAYKT OKYCKOBAHMSI TOHKOJMCIIEPCHOTO 3KEIE30PYIHOTO
ChIpbsi, OOBEIMHUBIIUN B CBOEH TEXHOJOTUM CTaJUU MPOIECCOB IMOJTYUYCHUS Kak
aryiomepara, Tak U OKaThIIIeH.

C 80-x romoB mpomuioro Beka B Snonum [1-4] HavaTto MPOU3BOJICTBO
ruOpuaHoro arimomepata mo TtexHonormm HPS  (Hybrid Pelletized Sinter).
['mOpuAHBIH arioMepar MmoJy4aroT B HECKOJIBKO cTajuii (puc. 1).

CornacHo SIMOHCKOM TEXHOJIOTMM CHayajga MPOBOJAUTCS MPEIBAPUTEIHHOE
OKOMKOBAHHE TOHKOJMCIIEPCHBIX KOHIIEHTPATOB B TpaHysbl (MUHHOKATBIIIN)
KpynHocThio 5-10 MM B TapenpyaThiXx TpaHyIsTOpax. 3aTteM B OapabaHHOM
OKOMKOBATE€JI€ Ha TOJYYEHHbIC TpaHyJibl HAKaThIBAETCSI TOHKOM3MEIbUCHHOE
TBEPJIO€ TOIUIMBO (KOKCHK WJIM yroiyib). Jlamee TOMydYeHHBIH MOJYyNPOAYKT
OTOPABJISIETCA HAa  arjflOMEPallMOHHYIO  MAallMHy KOHBEHMEPHOrO THUIA  HA
cuekanue [5, 6]. CrekaHWe NPOW3BOAMWTCS Ha arjoMalllHe, OTIUYAOIIEHCS OT
OOBIYHON HAJTMYHUEM 30HBI CYIIKH MEPEe]] 3aKUTATEIHbHBIM TOPHOM.

[IpenBaputenbHOE  OKOMKOBaHHE  TOHKOM3MEJIBUECHHBIX  KOHIICHTPATOB
MO3BOJIMJIO  YBEJIMYHUTH  BBICOTY CIEKAaeMOro CJIOS 3a CYeT  YIy4YlICHHUS
ra3olpOHUIIAEMOCTH CIIEKAEMOIr0 CJIOSl, @ HAKAaThIBAHUE TOIUIMBA HA MOBEPXHOCTH
MUHHOKATBIIIEH JOCTUYh YACTUYHOTO TUIABJICHUS KaJIbIIUEBOTO (peppUTa U MOTYyUUTh
KOHEUYHYIO CTPYKTYPY THOPUIIHOTO arjiiomepara, COCTOSIIIYIO TJIaBHBIM 00pa3oM H3
MarHeTUTa ¢ BLICOKON BOCCTAHOBUMOCTBIO.

AHaM3 TpPUMEHEHUsT TUOPUIHOTO OKYCKOBAHHOTO ChIphsi B DykysiMa U
Kypacuku (SnoHus) npu BbIIUIaBKE YyryHa IMOJATBEPJIMI, 4YTO IO CBOEMY
IPaHYJIOMETPUYECKOMY COCTaBY OHO OJM3KO K CTAaOMJIM3MPOBAHHOMY arjioMepary.
Jlaxxe mpu HaiMuuu B TUOPUAHOM aryiomepare 7-8% menodu KpymHOCThio 0-5 mMm
MPOTUIABKA €ro B JIOMEHHOM MEYU MPUBOJUT K YBEJIMUYECHUIO MPOU3BOJUTEIBLHOCTHU €€
M CHWXKEHMIO pacxoda Tepaoro TtommmBa [4]. Ilo gaHHBIM HCCIEIOBAHUS

MOJTYYEHHBIN B JJa0OpaTOpUU THOPUIIHBIA TIPOAYKT colepkuT 61,9% Fe06w; 25,0%

— FeO; 7,8% - SiO,; 5,87% — CaO; Mocne AMUTETBHOTO XpaHEHHUS TIPOUHOCTHBIE
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XapaKTEPUCTUKU Marepuana Haxoawauch Ha ypoBHe JICTY 3200-95: npouHocTs Ha

ynap M ¥ = 75,0%, npoyHocTh Ha nctupanue M ™ =65% [9].
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Puc. 1. Texnonornyeckasi cxeMa IpOMBILUIEHHOTO 000pYy10BaHUS AJIsl IPOU3BOCTBA
arnomepata npoueccom HPS: 1 — mmxToBbie OyHKEpHI; 2 — COOPOUYHBII TpaHCTIOPTEP;
3 — cMecuTeNnbHbIN OapabaH; 4 — TEHTOYHBIN TPAHCIIOPTEP; 5 — TapeabuaThIi
IpaHyJIsATOp; 6 — KOKCOBasi (YrojbHas) MelIoyb;7 — CTepKHEBask MEJIbHULIA; 8 —
OapabaHHBII OKOMKOBATENb; 9 — ponnKoBbIi ykiaguuk; 10, 11 — OyHkepa TOHHOH U
ooproBoii moctenu; 12 — mamiera; 13 — 30Ha cymiku; 14 — 3akuraTenbHbINA TOpH; 15 —

BaKyyM-kamepa; 16 — rpoxor; 17 — poTopHas n1poOuika

VYKpanHCKass ~ TEXHOJIOTHS ~ IIPOM3BOJICTBA  THOPHUJHOIO  arjomepara
CYIIECTBEHHO OTJIM4YaeTcs oOT smnoHckoi. IlepBas cramus  mpow3BOjCTBA
arJIOMEpPATHIIICH 0 YKPAWHCKOW TEXHOJIOTHH 3aKJIFOYaeTCs B TMIPOU3BOJICTBE CBHIPBIX
OKaThIIIEeH BBICOKOW M HU3KOM ocHOBHOCTHU. Ilocie mo3upoBku mo macce 50 Ha 50

MPOLIEHTOB MOCJEIHUE CMEIIMBAIOTCA W 3arpy’KaloTcs Ha OOXKHUTOBYIO MalluHy. B
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30HE 00KHTa B BBICOKOOCHOBHBIX OKAThINMIax 0Opasyercs kunakon (aser 6omee 20%
or obObema oxateiueid [10]. KanwwigpHbele cuibl HE B COCTOSHUU YAEpP’KaTb
paciuiaBpl BHYTPU OKaThllla, OHHU BBIXOASAT HAa IMOBEPXHOCTb, CMAYUBAIOT
HU3KOOCHOBHBIE OKaThIIIM U 00pa3yroT MEHUCKH. B 30HE OXJaXIEeHHsI pacIuIaBbl
KpUCTAJUIM3YIOTCS, 00pa3ys crnekd. HegoctaTrkoM yKpamHCKOW TEXHOJOTHHU, TIO
HallleMy MHEHHIO, SIBIIIETCS TO, YTO OCHOBHBIM >KEJIE€30PYIHBIM MHHEPAIIOM TaKHX
arJioMepaTbllieil SABISETCS TreMaTUT. A, 3HAYUT, NPU BOCCTAHOBJIEHUM B IIaxXTe
JIOMEHHBIX TI€4e BO3MOXKHO pa30yxaHUE M pa3pylIeHUE MX KaK Y TPaJAUIIMOHHBIX
OKATBIILIEH.

B Poccun npoBoasTes nepBble MIaru Ha IMyTy K AaHHOM TexHonoruu: Ha OAQO
«HJIMK» BBeneH y3enl KOMOMHMPOBAHHOIO CHOco0a OKOMKOBAHHUSI —ILUXTHI
OapaOaHHBIN-TapeTbUaTBIA CMECUTENH [7].

B 2013 romy B maboparopuu mnoarotoBku ceipesi ®I'BOY BIIO «MI'TY
uMm. ['11. HocoBa» Oblna mpoBeleHa cepHsl OMNBITOB MO MOJYYEHUIO THOPUIHOTO
arnomepara u3 KoHreHrpara OAO «MMK» 1o ImMOHCKOW TEXHOJIOTHH.

TexHonorus mnpou3BOACTBA THOPUIHOTO arjioMepara BKIOyanda B ceOs:
U3MEJIbYEHUE  KEJIE30PYAHOT0, YIrOJbHOTO ChIPbsSl, M3BECTHAKA U KOKCHKA;
paccenBaHMe IO (PPaKIMsIM; JO3UPOBAHWE W CMEIIMBAHHE KOMIIOHEHTOB IIMXTHI;
OKAThIBAaHUE IIMXTHI JIO TIOJYyYCHUS] MUHHUOKATHINICH (TpaHys) B JaOOpaTOpPHOM
TapenbuyaToM TpPaHYJIATOPE; HAKaThIBAHWE TBEPAOrO0 TOIUIMBA HA MUHHUOKATBIIIH;
pacceuMBaHHWE IIOJYYEHHBIX TpaHys [0 KPYNHOCTH; IIPOBEPKA MPOYHOCTHBIX
XapaKTEPUCTUK MUHHOKATBILIEH; CYIIKa IPaHysl ONTUMAIbHONW KPYITHOCTH; CIIEKAHHE
MUHHUOKATHIIIEH Ha 1a00paTOPHOI aryioyailie; UCIbITAHUE TIOJYyYEHHOTO THOPUIHOTO
arjjomMepara Ha IPOYHOCTh W HMCTUPAEMOCTH; HCCIECJOBAHUE MUKPOCTPYKTYPBI
MOJIy4YeHHOTO MPOAYKTA.

BrisiBneHO omnTuManbHOE BpeMsi OKOMKOBAHHMSI TOHKOTO KOHIEHTpaTa 0e3
HAKaThIBAHUSI KOKCHKA HA MOBEPXHOCTh U TIPU HAKATHIBAHUU €TO.

OnbITHBIM TTyTEM OBUT BBISIBJIEH pallMOHAIBHBIA pa3Mep MUHHOKATHIIIEH (pUC.
2) nipu BbIcOTE criekaemoro ciioss 240 MM. YBEIUYUTH BBICOTY CIIOSl HE MO3BOJISLIIN

IapaMeTpbl YCTAHOBKH.
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Puc. 2. IlonyuyeHHbie B 1a00paTOPHOM TPAHYISITOPE MUHUOKATHIIIN

[Tomy4yeHHbIE MUHHOKATBIIIN MTOJABEPTaIN YIIPOUHSIONIEH CYIIIKE B CYIIUILHOM
mkadgy npu temmneparype 300°C B Teyenue 1 u. Emie ropsiuvie BbICYIICHHBIE
MUHUOKATHIIIM ~ 3arpykaJiub B CIICKaTCNIbHYI0  damry  JIabopaTOpHOU
arJIOMEpPallMOHHON YCTAHOBKH.

[Tomy4eHHBI TTPOIYKT MO MAKPOCTPYKTYype HANIOMHHAII «TPO3JIb BHHOTPAJIA»
(puc. 3, 4). beuia mpoBeieHa cepus OMBITOB MO MTPOBEPKE THOPUAHOTO arjoMepara Ha
XOJIOIHYIO MIPOYHOCTH U UCTUPAHHE.

belmn  M3TOTOBNIEHB AHNIIU(BI TOJYYCHHOTO THOPHUIAHOTO ariomepara u
caenanbl (ororpa@uu MUKpPOCTPYKTYpbl (puc. 5). B panbHeiinieMm miaHuUpyeTcs

u3ydyeHue (pa3oBoOro U XMMUYECKOTO COCTaBa MOJYyYEHHOI0 THOPUIHOTO arjoMepara.
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Puc. 3. 'ubpuauslii arnomepar Puc. 4. I'ubpuauslii armomepar
C OIITUMAJIbHBIM PAaCX0JI0M C U30BITKOM TBEPJOTO TOIJINBA

TBCPAOI'oO TOILIMBA

Puc. 5. MukpocTtpykTypa THOpuHOTO arjoMepara, oJy4eHHOTO B TAOOPATOPHBIX
ycnoBusaix @I'bOY BITO «MI'TY um. I''1. HocoBa»: a u 6 — COOTBECTBEHHO HU3 U

cepellrHa arJIOMEPAlMOHHON Yallu
bubanorpadguyeckuii cnucox
1. Progress of granulation technology for sinter mixture at JFE Steel /

T.Higuchi, N. Oyama, T. Kamino, K. Yamashita // Zairyo to Pros-esu=CAMP ISIJ.
2010. Nel. P. 125-128.
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2. The improvements of granulation technique for sintering efficiency
developing / S.Kawachi, S. Kasama // Zairo to Prosesu=CAMP ISIJ. 2010. Nel.
P. 121-124.

3. Development of sinter mixture granulation at Nisshin Steel Kure works /
O.Tadashi, Y. Sassa, S. Naoya et al. // Zairo to Prosesu=CAMP ISIJ. 2010. Nel.
P. 117-120.

4. Husa S. IlpombllJICHHOE TPOU3BOJCTBO OKYCKOBAHHOTO PYAHOTO
JTOMEHHOTO CBIPbSl C MAacCOBBIM HCIIOJIb30BAHUEM PYAbl C HU3KUM COJEpPKaHHEM
nmycToil mopozsl // Dkcmpecc-0030p. Hoseiimue 3apyOexHble goctmkeHus. 1993.
Neb6.

5. Cymnimenko C. Eneprosbepiraroua TEXHOJOTIS KEPOBAHOTO Piako(da3HOro
CIIKaHHA TOPUHOTO 3a1130pyAHOT0 MaTepiany JJis JOMEHHOTO nepeainy: ABToped.
JIUC. ... KaH[.. TeXH. HayK. J{HinponeTpoBcbk, 2010.

6. Wuanzymu T. Hoseiimme HOCTHXKEHUS B arjioMepaldu KeJIe3HbIX pyn //
Tomy To xarand. 1996. T 82. Nel12. C. 965-974. .

7. Wcaenko I. CoBeplieHCTBOBaHHWE TEXHOJIOTMH KOMOMHUPOBAHHOIO
OKOMKOBAHUS, 3arpy3Kd, 3aKUTaHUsl M CIEKAHWS arJIOMEPallMOHHOW IIUXTHI,
ABtoped. auc. ... kauj. TexH. Hayk. Jlunenk:, 2011.

8. bmusntokoB A.C. Pa3zButue nporiecca OKOMKOBAHHS arJIONIUXTHI B SIMOHUN
// HoBocTu yepHoit MeTaurypruu 3a pyoexom. 2011. Nel. C. 14-20.

9. BnusHue  TUOPUAHOTO  COBMEIICHUS ~ METOJIOB  MHTEHCHU(UKAIMH
arJIOMEpAIlMOHHOTO MPOIECcca Ha MOKa3aTeau CIEKaHWs U KayecTBO arjomMepara /
C.E. Cynumenko, H.B. Urnatos, B.B. bouka, B.H.KoBmos, E.E.Bsuynko //
W3BecTus BoicnX ydueOHbIX 3aBefeHuil. Uepnas metammyprus. 2011. Nel2. C. 3-6.

10. bepexxnoii H.H., ®enopor C.A., bunoyc B.H. MccnenoBanue nosydeHus
IPOYHOTO  OKYCKOBAaHHOIO ChIpbSi C CaMOIUIABKOW IIYCTOW IOPOJAOM W3
BBICOKOKPEMHE3EMHUCTBIX  JKENE30PYIHBIX  KOHIEeHTpaToB  //  IloBbImeHue

s pexTruBHOCTH PabOTH JOMeHHBIX neueit. 1983. C. 11-15.
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B.A. burees, I0.A. Kojaecaukos, /I.C. Ceprees
OI'BOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

OBb30P BAPUAHTOB UCITIOJIb30BAHUA ITBIJIEBUIHBIX,
KEJE30COAEPKAIINX METAJIUTYPITHYECKHUX OTXO10B

B cmamuve paccmompensl pasiuiHsvle Memoobl yarasiuearnus u npeo6pa306aﬂuﬂ
9fC€JZ€3OCO()€p9fCCZWMX, NbLICBUOHBIX OMX0008 Memayrypecuieckoco l’lpOUS’@OC)CWlGCZ
C ydaﬂeﬂueM U3 HUX YyeeniHovlx memallos U I’lOCJleayiOLL!uM NnO6MOPHBIM UCNOJIb306A-
HUem.

Knioueswvie cnosa: memaiiltypeuveckas novlib, NEXHOCEHHbLE OWZXOabl, npumeHe-

HUe 8MOPUUHO20 CbIPbS, OKPYAHCAIOWAS cpedd, nepepabomia, 2a3004UCHKA.

B ducne rinaBHBIX MPOU3BOACTBEHHBIX 3a/1a4 COBPEMEHHOTO BPEMEHU CTOUT
KOMIIJIEKCHOE HCIIOJIb30BAHUE CBIPbSl PA3JIMYHBIX METALIYPIrUYECKUX IEPEIEIOB.
[TpencraBien 0030p BapuaHTOB NMPUMEHEHHUS JKEJIE€30COAEpXKalluX OTXOJ0B, oOpa-
3YIOLIMXCS HA METAJTypPTruYecKOM POU3BOJICTBE.

KoMIuiekcHOe TpUMEHEHUE TEXHOTE€HHBIX OTXOJ0B METaJUIypTHUECKUX Ipel-
NpUATUN MpUOOpeTaeT 0co0yl0 3HAYMMOCTh B CBETE POCTa MPOOJIEM OKpPY KaoIIen
Cpellbl M CHU)KEHMS COJIEpKaHUS TVIABHBIX KOMIIOHEHTOB UCXOAHOTO ChIpbs. [Ipunopu-
TETHBIM HAIPABJIEHUEM IOJIHOLUEHHOTO MCIOJIb30BAHMS ChIPbSl B METAJUTYPTUU SIBJIS-
€TCsl ONTUMAaJbHasl MOJHOTA W3BJICYEHUS TJABHBIX U COIMYTCTBYIOIIMX 3JIEMEHTOB,
YTUIIU3alKs OTXO/I0B OOOTalleHHs pa3Iu4HbIX BUJIOB pya. [lomrmo Bcero mpouero,
METaJUTyprus — BECbMa Pecypco- U 3Heproemkas orpacib. K coxanenuto, naxe npu
HAJIMYUH TEXHOJIOTUHU U3BJICUCHUS [IEHHBIX KOMIIOHEHTOB KE€JI€3HON Py/bl OOJIBIINH-
CTBO IOJIE3HBIX MaTepHasioB cOpacbiBaeTcsi B OTBajbl. [IoMHMMO OCHOBHBIX KOMIIO-
HentoB pyna (Fe, Mn, Cr) Taxxe Bcrpeuarores Ti, W, Ni, Zn, Co, Cu u t.1. [1].

Peanu3amus G0JBIIMHCTBA METAJLTYPTUYECKUX MPOIIECCOB HJIET CO 3HAYUTEb-

HBIM HBIH€O6p330BaHI/IeM. II611B HYXHO YJIaBJIMBATb U MOABEPraTh yTUJIM3allUH, U3-
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BJIEKATh COJIEpIKaIlMECs] B HEW MeTaJlbl, MOAAEPKUBATH JOJKHBIA YPOBEHb 3aIUTHI
okpyxatomeir onmocuctempl. C 3TOW METbI0 UCTIOIB3YIOT KOMIUIEKCHI MOKPOTO U CY-
XOro mneuieyiaBiauBanus. OqHoN U3 mpobsieM SBISETCS MPUCYTCTBUE IMHKA U CBUH-
1a, yXyIIIAIOMKUX X0/1 TEXHOJIOTHUYECKUX MPOLIECCOB M KAY€CTBEHHBIX MOKA3aTEIICH.

[1bu1b MOXKET MPUMEHSTHCA B METAILTYPrUYECKOM TIEpeieie B KaueCTBE OJJHOTO
U3 IIUXTOBBIX KOMIIOHEHTOB. YBBI, MOBBIINIEHHOE KOJMYECTBO IIMHKA W CBUHIIA
yXYJIIAeT Ka4eCTBO CTaJIM M 4YyTyHa, HapyllaeT paOo4yuil XoJ nedyed, IpOUCXOIUT
YBEIMYECHHE KOHIICHTPALMKA JAHHBIX META/VIOB BHYTPH Meueld Mpu MOBTOPHOM HC-
MOJIb30BaHUMU.

CIHIA mMeeT HECKOJIbKO BAPUAHTOB OTIECICHUS U YTWIM3AILUW LIBETHBIX ME-
TaJUIOB U3 METAJUTypruyeckor nputd. OIHO U3 PEUIEHWM OCHOBAHO HAa Pa3jiMyuu B
XPYIKOCTH, TBEPJAOCTH, MPOUYMUX CBOMCTBAX COCIWHEHMH jKejie3a, CBUHIIA U I[MHKA.
[1p11b, BBUTETAIONIASE U3 METAJUIYPrUYECKHX arperaTroB, MOCIEI0BATENbHO HaKaIlIu-
BaeTcs B AIEKTPOPUIbTpax, /ajee B Ckpyooepax MOKPOM OYUCTKH (ITOCIIE YaCTUYHO-
ro yAaJIeHUsl Bjiarv) MOCTyHaeT B JIPOOUIIKY (CEJEKTUBHOE apoOiieHue). ['oToBbII
MEJIKOAUCTIEPCHBINA MPOAYKT COCTOUT TJIaBHBIM 00pa3oM M3 COCIUHEHUUN IHMHKA U
CBUHIIA, a 00Jiee YKPYITHEHHBIM, B OCHOBHOM, U3 OKCUIOB *keje3a. C 1enblo COpTH-
POBKHM MPOAYKTA IO pazMepaM UCIOJIb3YIOT CIIEHHAIN3UPOBAHHBIE BAKYYMHbBIE CElla-
paTophl, ocaxkaaroue 0ojiee MeJNKUe 4acTHIlbl. KpyIHbIe e MOCTynarT B (UIbT-
PBI-IPECCHI, MOCIE MPOXOAAT CYIIKY M arjioMepalfio, BO3BpAIllasiCh B METALTYyprHU-
yeckuil nepenen. M3 cemapatopoB OCaXJEHHbIE KPYMHIIbI [[BETHBIX METAJLIOB Ha-
MPaBJIAIOTCS Ha BTOPUYHOE UCIIOJIb30BaHUE.

UtoOBI MPOBECTH yJaJ€HUE OKCHUIA IMHKA U3 KOJOIIHUKOBOU MBUTH, peallu3y-
I0T €€ CMEIIMBaHUE C OTPabOTaHHBIM TPABUJIBLHBIM PAacTBOPOM. bosbiias 4acTh OK-
cujJia IIMHKA pacTBOpsETCs, mepexoas B cyiabdar u xmopua nuHka. Ocalok oKcuaa
xenesa u menee 0,5 mac. % okcuaa MHKA 3aTeM MCHOJIb3YIOT B IIUXTE JJISI OKYCKO-
BaHMUS.

PaznuyHbie ONMBITHI ¢ BhIIETAYUBAHUEM KUCIIOT (a30THOM, YKCYCHOM, CEpHOU 1
T.J.) BOJIHBIMU PacTBOPAaMH TOKa3alid CIIOCOOHOCTh BOJHBIX PACTBOPOB CEPHON KH-

CJIOTBI paCTBOPATH IMPAKTHYCCKH IMOJHOCTBIO BECh TMHK KOJIOIIHUKOBOM MNBLIN C yue-
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TOM €ro ompeaeseHHoTo coaepkanus (okono 120 r/m). C MeHBIIMM coaepKaHueM
MIOHM)KAETCS] PACTBOPEHUE IMHKA M HAYMHAETCS HEXKEJIATEIbHOE PACTBOPEHHE Keje-
3a. BonHblil pacTBop ykcycHOU KUCHOTHI (250 1/1), JEerko BOCCTaHABIMBASICh, TIEpe-
BOAUT B ce0st 0koio 90% cBuHua, 75% nuHKa. BecbMa mepcneKkTUBEH IBYXCTaaHil-
HBII MPOLECC BBIIIEIAYMBAHUS: HA TIEPBOM JTAll€ CBUHEI] SKCTPATUPYETCS BOIAHBIM
pacTBOPOM YKCYCHOM KHCJIOTBI; HA BTOPOM JTalle MPOXOAUT BBIIIEIAYNBAHNE [IUHKA
BOJIOM [2].

B CIIIA na o6oratutenbHbIX hadpHUKax OTXOJbI UCIOJIB3YIOTCS JTUO0 pa3ielib-
HO, 1100 BMeCTe€ C KOHIeHTpaTamu U pynoi. K mpumepy, Ha 3aBoae (upmbl
«Bethlehem Steel» Bce oTX0ab1 IpeANpUATHS YTHIN3UPYIOT Ha arjiodadpuke; Ha 3a-
Bojie ¢upmbl «Inland Steel» Bech armomepar crnekaroT U3 OJHUX CTAJICTIABUIBHBIX
oTx0/10B. Takke pa3pabdOoTaH MPOIECC KOMIUIEKCHOM MOATOTOBKHM KEJIe30CoepKa-
IIUX MbUIEH, TUIAMOB KOKCOBOW MEJIOYH, a TAKXKE 3aMaCICHHON OKAJIMHBI METOJOM
KOMIUIEKCHOI'O OpUKETUPOBAHUS CO CBS3YIOIIEH 100aBKON KAMEHHOYTOJILHOTO IEKA.
B mmxte AOMEHHBIX MeYell HCHOJB3YIOTCS OpUKEThI B KoiudecTBe 10 105 kr/t
IIUXTBHI.

®upma «Pelletech» ucnonb3yer cranemiaBUIbHYI0 U KOJOIIHUKOBYIO MbUIb
COBMECTHO C MEJKOJIUCIIEPCHOW OKaJMHOM, HerameHo u3BecTbio (0T 4 1o 5% mno
Macce), a TakkKe KBapleBol MyKod B konmdecTBe oT 1 g0 2 mac. %. KoMroHeHTsI
CMEIIMBAIOT C BOJOM, BBIAEPKUBAsT HECKOJIBKO YaCOB M OOECHeurBasi 3TUM YCIOBUS
ISl TUApaTanuy u3BecT. I1ocie onmMcaHHbIX 3TANoB UAET TPaHyJIMPOBAHUE U CYIIIKA
MOJIYYEHHBIX OKAaThILIEH, NMPUMEHSEMBIX B JIOMHE, B KoimuecTtBe 10% oT Macchl
IITUXTHI.

Ha Teppuropun I'epmanum ObuT co3/laH mpoliecc MpeoOpa3oBaHus U yTHIIA3A-
1Y ObLIEH 3JeKTPOPUIBTPOB METAJUTYPrUYECKUX Npeanpustuil. U3 anekrpopuiabT-
POB TIUIH PABHOMEPHO IMOCTYIAET B 0aCCelH, HAIOJHEHHBIM BOJIOW, B KOTOPHIN BBO-
JISIT MIETI0Yb, TIO3UPYEMYI0 TakuM 00pazom, utoOsl pH = 9,3-9,8. Takue ycrnoBus me-
PEBOST COJIM CBUHIIA U IIMHKA B HEpacTBOpUMbIe coequHenus. Co3aaBaeMasi roMO-
IeHHas CyCIEeH3Us OCTYNAaeT B CMECUTENb, Iie pa30aBiseTCsl BOJIOW B COOTHOIIEHUN

1:2. Ypoenb pH nmoHWXKAIOT TONOJHUTENBHBIM BBOJAOM Menouu 10 8,7-9,0. B npo-
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1[eCCe TOCIEAYIOMEeT0 OCBeTNIeHHus (ImTeabHOCTh 30-60 MUH) W 00€3BOKUBAHUS
nuiamMa B Tpecc-QpuiIbTpe 00pa3yeTcss KeK C BIAKHOCTBhIO 0koyio 40%, comeprkaruii
8-12% cBunna u 25-35% nunka. [Ipumensiercst Ha 3aBoj1ax IBETHOW METaLTyPIHUH.

3aBonbr «August Thyssen-Hutte AG» (I'epmanust), «British Steel» (Aurmms) u
JIp. TPAHCIIOPTUPYIOT CYXYIO CTaJNICIJIaBUIIBbHYIO MbUIb Ha YCPEITHUTEIbHBIE CKIIAJIbI,
Ir7ie IPOBOJIAIT €€ YTHIM3AIMI0 BMECTE C OKaIuHOM B KoiudectBax A0 100 kr/t armo-
mepara. llnampl mogatoT B 6apabaHbI-OKOMKOBATEIIH.

CymiecTByeT pa3HOBHUIHOCTH mporiecca Midrex, coBmecTHO pa3paboTaHHas
xomnanusmMu «Kobe Steel» u «Midrex corporation» — mporecc moxy4eHus ryodaro-
ro >kene3a Fastmet, BnepBrie peann3zoBaHHbI B 1995 roay Ha 3aBoje SIMOHCKOIO TO-
pona KakoraBa. MIcXoqHbIE CBIPHEBBIE MATEPUAIIBI — KEIE30PYIHbIA KOHILIEHTPAT U
BOCCTAHOBUTENH (KOKCOBAsi MEJIOYb, U3MEIbYEHHBIN YT0jb). DTOT NPOLECC MPIMOIO
BOCCTAHOBJICHUS KEJ€3a MO3BOJISIET YTHUIM3UPOBAThH IMbUIU AJIEKTPOCTANECTUIABUIBHO-
ro, JOMEHHOI'O U KMCIIOPOJHO-KOHBEPTEPHOTO ITPOU3BOICTBA.

AHaIIOTUYHO MOXET OBITh HCIONb30BaH Tporecc 1tmk3, pazpaboranusbiii «Ko-
be Steely» (Slmonus). OH sBIsAETCS Pa3HOBHIHOCTHIO Mpolecca Fastmet, koropsiii, B
CBOIO OU€pe/ib, TAKXKE SBIISETCA Pa3HOBUIHOCTHIO Mpouecca Midrex. I'maBHO# oTiu-
YUTEILHON YEPTOM MpOLIeCCOB sBJIsIETCsl TeMmnepaTypHblid pexuM [IBII (neuun ¢ BbI-
JBUKHBIM TOJIOM), @ TaK)K€ BHUJI TOTOBOTO MOJYIPOAYKTa. AHATOTHYHO OOJIBIIHHCT-
BY mporieccoB, ocymectBisieMbix B [IBII, Itmk3 mo3BonsieT ynaBimBaTh IWHK U3 Tie-
pepabaTbIBaeMbIX MaTeprajIoB Ha ypoBHE 95%.

[lepcnextuBen mpouecc PRIMUS, cozmannsiii pupmoit «PAUL WURT» u
peanu3yeMblid B HWJIMHIPUYECKOW, BEPTUKAIBHOM, MYyJIbTUKAMEPHOM II€YU C pacHo-
JararolUMHUCs OpYTr HaJ JPYroM CTAallMOHAPHBIMU MojaMu (Tul 3Taxepku). Mcxon-
HBIMH IIMXTOBBIMU MaTE€pHalaMH BBICTYIAIOT MEJIKOJIUCIIEPCHAs KeJle3Has py1a Win
METAJUTypPTruYeCcKue OTXOJbl (KOHBEpTEpHbIE, JoMeHHble uuiambl, neuib JCII, mpo-
KaTHasi OKaJlWHA) M YriecoAepKallhue MaTephalibl B KayeCTBE BOCCTAHOBUTEIS.
DHeprus uisi mpouecca BbipabaTbiBaeTcsi Ojarogapsi TEIUly, BBIACISIOUIEMYCS TPH

IIOJIHOM OOKHWT'aHHNHN COm JICTYUUX BCHICCTB YTIJIA. HI/IHK N CBUHCI CBIPLCBBIX MATC-
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pHATIOB BOCCTAaHABIMBAIOTCS, UCTIAPSIOTCS M OKHUCIIAIOTCS B MTOTOKAaX Ta3a, yJiaBlIUBa-
SCh B CHCTEME Ta3004HCTKHU C pyKaBHBIMH (prutbTpamu [3].

AHanu3 MOKa3bIBaeT, YTO OCHOBHBIM BEKTOPOM MPUMEHEHHS MEIKOIUCIIEPC-
HBIX OTXOJOB METAJUTYPTHYECKOTO TPOW3BOJICTBA SBIISICTCS 3aMbIKaeMbIH ITUKI HC-
MI0JIb30BaHUSI BHYTPHU MPEINPUITHS C BO3ZMOKHBIM M3BJICUCHUEM IIBETHBIX METAJIJIOB.

BHenpeHne HOBBIX TEXHOJIOTHUECKUX ATAMOB, JAIONIMX MaKCHUMAaTbHBIA SHEp-
rocOeperaronyii, MPUPOIOOXPaHHBIH YPPEKT U IKOHOMHIO PECYpPCOB, MOXKET OBITH
JIOCTUTHYTO 32 CUET TPaMOTHO-BBICTPOSHHOW, KOMIUIEKCHON CHCTEMBI TpeoOpa3oBa-
HUS PA3IMYHBIX BHJIOB CHIPHs, @ TAK)KE IBOJIIOIIUU COTJIACOBAHHOCTH YPOBHEH TEXHO-

JIOTUYECKON UH(PPACTPYKTYPBHI.
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A.A. Cnupunonos, E.B. Hmkosa
OI'BOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YeCKuM yHuBepcuteT uM. ['.11. HocoBa»

AHAJIN3 CIIOCOBOB YCTPAHEHUSA N3TUBA XOJIOJJHOKATAHOM
MOJIOCHI B MPOLIECCE ACUMMETPUYHOM MPOKATKHA

B pabome npeocmaenen 0630p cnocobos npedomspaweruss uzeuba nepeone2o
KOHYA XOJIOOHOKAMAHOU NOJIOCHL NPU ACUMMEMPUUHOU NPOKAMKe, d MaKice OnuUca-
Hbl (hakmopul, erusiowue Ha HanpasieHue uzeuba. llpednacaemcs ucnoiv3osamo
cMmeujenue pabode2o 8anKa NO HANPABLEHUI0 NPoyecca NPOKaAmKu Ois YCMpaHeHUs
HapyuweHus NPAMOJIUHEUHOCIU KOHYO8 NOJIOCHl HA 8bIX00€ ee U3 8ANIKO8.

Kniouesvie cnosa: acummempuunas npoxkamka, paccoeiacosanue cKopocmell

pa60qux 6AJIKO6B, cMeulernue pa6oqezo eajikda.

AKTYaJIbHOCTH

J171s1 TOBBIIICHUS] KOHKYPEHTOCIIOCOOHOCTH OTEUYECTBEHHOM JIMCTOBOM MPOAYK-
LIMU Ha 3apyOeXHBIX PhIHKAxX Mpo0JeMa COBEPIIEHCTBOBAHUS TEXHOJIOTHI (HOpMOOO-
pa30BaHUs JIMCTOB SBJISIETCA aKTyalibHOM. OCHOBHAS LEIb JUCTOMPOKATHOTO MPOMU3-
BOJICTBA — YJIY4IlIEHHE KayeCTBa MPOJAYKIUHU, MOBBIIMICHHE TOYHOCTU T'€OMETpUUe-
CKHMX TOKa3arened JHUCTOB M 1ojioc. COBEPIIEHCTBOBAHUE TEXHOJOTHH IO3BOJISIET

IIOJIy4aThb ITOJIOCHI U JIMCTHI 3alaHHBIX I'COMCTPUICCKUX PA3SMCPOB.

Cocrosinue Bonpoca

Hcnonb3oBaHue Impornccca aCHMMeTquHOﬁ IIPOKATKM II03BOJIACT CHU3UTH
JaBJICHUC MCTAJlJIa Ha BAJIKW, YMCHBIIUTD ITPOAOJIbHYIO PA3HOTOJIIIWMHHOCTD ITOJOCHI
H BCJICACTBUEC 3TOI'O IOBBICUTE TCOMETPUICCKHUE IMMOKA3aTCIIN IIPOKATBIBAEMOTI'O JIMCTA.

AcuMMeTpus MOKET OBITh pealn30oBaHa B BUJE PACCOTIACOBAHUS CKOPOCTEH pado-
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YUX BaJKOB WJIM HCIOJb30BaHHS BAJIKOB pa3HOro auamerpa. B cimydae, ecnu Hempa-
BUJIBHO TO/I00paHbl KOA(P(UIIMEHTHl aCUMMETPUH, TaKOW MPOLIecC MOXKET Hexema-
TEJILHO TOBJMSTH Ha IMOJIOCY, B YACTHOCTH, B BUJIE M30BITOYHOTO U3rH0a MOJIOCH 1O~
cjie BbIXOJla €e U3 oyara jaedopmaluyd B BEPTUKAIBLHOW WM TOPU30HTAILHOM ILJIOC-

KOCTH, HapylIad TCM CaMbIM e€ HpHMOHI/IHeﬁHOCTB.

ITocTanoBKka 3a1aun

Uccnenosanue cnoco0oB yrpapieHUs: (GOpMOUA MOJOCH TPU aCUMMETPUYHOMN

IIPOKATKE U IIPCAOTBPAIICHUC M3ruda MmoJIoCkl IoCiIe BBIXO/Ja U3 o4dara Ile(i)OpMaHI/II/I.

Pe3y.lIbTaTLI HCCJIeJ0BaHUA

PaccormnacoBanue ckopocTeil pabouux BajKOB IMO3BOJSET MOBBIMIATH dPek-
TUBHOCTb MpOIiecca MPOKATKH, 3Ta Pa3HOCTh CKOPOCTEN pabouMX BaJIKOB 3aKJIIOUAET-
cs B koo durmente acummerpuu [1]. B cityuae, koraa HeHTpallbHBINA yToJl paBeH HY-
JI0 U 00pa3yeTcst TOJIBKO OJIHA 30Ha OTCTaBaHUs, B o4are jaedopmaiuu oopasyercs
00J1aCTh, B KOTOPOW CHJIBI KOHTAKTHOTO TPEHUS HAMPABJICHBI B MPOTHUBOMOJIOKHbBIC
cTopoHbl. OHAKO TP BBICOKOW pPAa3HHIIE PACCOTIACOBAHHUS CKOPOCTEH MPOKATKU
BaJIKOB MOXKET BO3HUKHYTbH CIIy4aid, KOTJa CUIbHOE OTKJIOHEHUE OT TOPU30HTAIbHON
OCH HE TIO3BOJUT JUCTY BOMTH BO BTOPYIO KJIETh, HAPYIIAs TEM CaMbIM COOCTBEHHO
IpoLecc MpoKaTKU. PazHUIa CKOPOCTEN BIIMSIET HA NPAMOJMHEUHOCTD MOJIOCHI, MO-
Joca u3rubaercs Ha BAJIOK MEHBIIIETO UaMEeTpa, a MPH pa3HHIle B 00XKATUAX M3TUO
MOJIOCHI OYJZIET B CTOPOHY Bajika OOJbIIero nuaMeTrpa. Paznuune mpoaoiapHBIX CKOPO-
CTel MeTajla MO TOJIIMHE IMOJIOCHI B IJIOCKOCTH BBIXOAa U3 odyara JedopManuu
BJIMSICT Ha HampaBlieHue u3ruba. B mporecce mpokaTky B KIETH, T/€ AUAMETPHI pa-
00YMX BaJIKOB PaBHBI MEKIY COOOM, HO CYIIECTBYET Pa3HOCTh OKPY>KHBIX CKOPOCTEH
pabouux BajKOB, M3TMO TMOJIOCHI HAa BHIXOJE U3 oyara aedopmaiuu OyneT 3aBUCETh

oT K03 PUIMEeHTa pacCcorIacoOBaHUsI OKPYKHBIX CKOPOCTEH BajIKoB M Kod(duineH-
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Ta, XapaKTEePU3YIOIIEr0 OTHOIICHUE ONICPEKEHHSI HA BAJIKaX, C Pa3HUIICH B CKOPOCTSX
(puc. 1):

_ 14
- - 1
1+1,
VBl

Ky =57 )
VBZ

K.

1)

rae K —  KOd(PUIIMEHT ONEPEKEHUS BAJIKOB;

Ky —  KOd(PUIIMEHT aCUMMETPUM, CTEMECHb PACCOTIIACOBAHUSI

CKOPOCTEWN;

Vg uVp, —  CKOPOCTb BEPXHETO M HUKHETO pad0Yero BaJlKa.

R e,

Puc.1. Cxema npokaTku ¢ paccoriiacOBaHUEM CKOPOCTEMN

N3ru6 monockl Ha BbIXOJAE METalsla U3 BaJKOB MOXET ObITh HallpaBJIeH KakK B
CTOpPOHY OOJIbIlIer0 paboyero Bajka, TaK U MEHBIIETO, B 3aBUCHMOCTH OT Mpeodna-
JaHUSI OTIpeIeTICHHBIX (hakTOpoB [2].

JlnvHa BepxHel MOBEPXHOCTH JIUCTA!

HIDKHEN
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rneVy uV, —  ckopocTtb BepxHeil M HIKHEW TOBEPXHOCTH JIHCTA;
t - Bpewms.

C y4eToM MOoCJIeTHUX BBIPAKEHUN TOTYyUUM:

Lo Vi

) 5
L, r, V, ©

rae [ ul, — pagdyc u3ruoa 1mojoCs CO CTOPOHBI BEPXHEH M HUKHEH TIOBEPXHO-

CTH MOJIOCHI,
[Tonenus paguycel U3ruda MoJIOCkl Ha BBIXO/IE U3 BAJIKOB CO CTOPOHBI BEpXHEH

1 HUOKHEM IIOBEPXHOCTH, ITOJTYYHUM.

n_Vp(+h) o @)

=———=K, =) (6)
r, Vo (1+i,) (1+i,)
1+
K=Ky M (7)
1+i,)
K=KyK;; (8)
V) =V (1+iy); 9)
Vl u V2 — TIPOAO0JIbHAS CKOPOCTh IOJOCHI Ha BBIXOJIE M3 BAJIKOB CO CTOPOHBI
BEPXHEW U HUYKHEU TTOBEPXHOCTH.
1-¢,)R
1= ( 1) 17/1 : (11)
h
1
1-¢e,)R
'2:( 2) 27/2’ (12)
hl
rae €, u €, — BeJIMYMHA YIIMPEHHA B o4are 1e(opManuy CO CTOPOHBI BEPXHETO

N HUXKHCT'O BAJIKOB,
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7/1 n 7/2 — BCJIMYMUHBI KPUTHYCCKUX YTJIOB CO CTOPOHBI BECPXHCTO U HUIKHECTO

BaJIKOB.

Kak cieayer U3 NpHUBEICHHBIX PABEHCTB, M3TMO MOJIOCHI HA BAIOK 3aBUCHUT OT
cooTHomreHust koodpuumentos Ky, u K;.

N3rub momockl OyAeT MPOWCXOAWTh HAa BAJOK C MEHBIIEH OKPYXHOW CKOPO-
ctbi0, ecan koadpumment Ky >1,a K; <1,

N3rub mosock OyneT MPONCXOANTh Ha BAJIOK C OOJIBINEH OKPYKHOM CKOPO-
ctbi0, ecin koadpunuent Ky >1,a K; > 1.

Jlig ciyyasi aCHMMETPUYHON MPOKATKHU, Korjga o0a pabounx Bajka SBISIOTCS
IPUBOJHBIMU M UMEIOT Pa3HbIi JuaMeTp, mpodiemMa u3ruda mnojaochl MOXKET PeIIaTh-
csl IyTEM 3aJauu MeTajljla B o4ar AeQopMaliu Mo yIioM.

OCHOBHBIMHM I'€OMETPUUECKUMU NTapaMEeTPaMU TaKoro ovara Jaedopmariiu siB-

jstroTes (puc. 2):

— YIroJl 3axBdTa Ha BCPXHCM BAJIKC aOB ;
— YI'oJI 3aXBaTa HAa HUKHEM BaJIKC aOH ;
— JJIMHa KOHTaKTHOM IMOBCPXHOCTH HAa BEPXHCM BAJIKC |B ;

— JJIMHa KOHTaKTHOM IMOBCPXHOCTHU HA HUKHCM BAJIKC IH ;

— TeKyIlas BeIcOTa ovara Jeopmaruu h.

Jns1 onipeniesieHust 3TUX MapamMeTPoB MOJIYYEHBI CIECIYIOIIUE COOTHOLICHHUS:

g = h, cos@d —h; ; 13)
Rg
h
Qo = Kg| 0tgg — ——2>— 14
OH =KR| %08 T oin g (14)
IB - RBaOB, (15)
Iy =Ryagy, (16)
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kg +1
h=h += RB (-R"9)a?, 17)
2 Kg

rne hyu hy  — cooTBeTcTBEeHHO HAuANBHAS M KOHEYHAS TONMIMHA TOJOCH

0 —  YIoJI BXOJa I0JIOCHI B 04ar ae(opMaluy;

Rg —  pagryc BEPXHETO BAJIKa;

Ry —  paguycC HIDKHETO BaJIKa;

Rg y
kg = R, k03] QHUIMEHT reOMETPUYECKON ACUMMETPHH;
H
o —  yIJIOBas KOOpJAMHATA CEYeHHs o4ara ae(opManum.

Puc. 2. Cxema npoKkaTKu ¢ pa3HbIMU JUaMeTpamMu pabOdHuX BaJKOB

OTKJIOHEHHE 3aJIHETO KOHIIA MOJIOCHI OT MPSIMOJIMHENHOTO COCTOSHUS, €ro Io-
BOPOT B BEPTUKAIBHOM IJIOCKOCTH MPOU3OUAYT B TOM Clly4yae, €CId MPOAOJIbHAs
CKOPOCTh BEPXHEW M HUKHEW MOBEPXHOCTHU ITOJIOCHI CTAHYT HEOJWHAKOBBIMU. Ecin
MIPOJIOJIbHASI CKOPOCTH TMOJIOCHI HAa BXOJIE B BAJIKU 1O BEPXHEW MOBEPXHOCTH Oy/eT
OoJIbllIe, YeM 0 HMYKHEHW TTOBEPXHOCTH, TO 3aJJHUI KOHEI] MOJIOChl KaK KECTKOE TEeJIOo
OyZeT MOBOPAYMBATHLCS 110 YaCOBOM CTPEIIKE HA YTOJ.

Juddepennuan yria moBopoTa MOXHO 3aIUCaTh B BUJIE:
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ho

do , (18)

rae AVy =V, —Vyp — pasHOCTb NPOAOIBHBIX CKOPOCTEIl MEKIY BEPXHEH M HHXK-

HEl TOBEPXHOCTSMHU TIOJIOCHI B TUIOCKOCTH BX0J1a B BaJkH; [ — Bpemsl.
[IponosibHBIE CKOPOCTH HA BEPXHEHW U HWKHEN IMOBEPXHOCTAX IOJIOCHI B ILIOC-

KOCTH BXOJa B BAJIKU MOTYT OBITH 3aITMCaHbI BHUJC:

Vo, = \Q, (19)
A
V
Vn, = ﬂ, 20
02 2, (20)
rme Ay u Ay —  BBITSDKKA [OJIOCHL.

C Y4CTOM ITIOCJICOIHHUX PABCHCTB PA3HOCTH IIPOJOJIbHBIX CKOpOCTGﬁ MCIKIY
BerHeﬁ U HIDKHEH IMOBCPXHOCTAMMU ITIOJIOCHI B IIJIOCKOCTH BXOJda B BAJIKM MOIKCT

OBITH 3aIMcaHa B BHUIC:

AV, :\@_\ﬁ (21)

2o

C ydeToM onepexeHuil Ha BEpXHEM U HM)KHEM BallkaX MPOJIOJIbHBIE CKOPOCTH
Ha BEPXHEU M HMXKHEW MOBEPXHOCTSX MOJIOCHI B INIOCKOCTH BBIXO/Ia U3 BAJIKOB MOTYT

OBITH 3aIIMCAaHbBI BUE:
Vi =V (1+1), (22)
Vi, =V, (1+1,). (23)

[ToxcraBisss BENMYUHBI MPOJOJIBHBIX CKOPOCTEM HA BEPXHEHM M HUKHEM I10-

BCPXHOCTH ITIOJIOCHI B IIJIOCKOCTHU BbIXOJAa U3 BAJIKOB B BBIPAXKCHUC IJIA AVO , IIoJry4da-

CM:

AV, :Vsl(;-: i) _VBZ(ﬂl;_ iz), (24)
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C YUETOM MMOCJICAHCTO BBIPAKCHUSA PABCHCTBO IJIA d 6 6y,Z[eT HUMCTb BU:

(VBl(1+ i) Vg 1+ iZ))dt

do—_ A 2 | (25)
hO

AHanu3upys TOBOPOT 3aJHEr0 KOHIA IMOJIOCHI, OTMETUM, YTO B Pa3HbIA MO-
MEHT BPEMEHH NOBOPOT 3aJHETO KOHIIA MOJOCHI MTPOUCXOAUT BOKPYT HEKOTOPOU TOY-
KM Ha TpaHu BXOJla MeTajuia B oyar jaegopmanuu. B obmiem ciiydae KOOpAuMHATHI
TOYKH ITOBOPOTA U3MEHSFOTCA 10 BPEMEHH.

CwMmelieHue pabodero Bajika 10 HapaBJICHUIO Mpoliecca MPOKAaTKHU, B KOTOPOM
CKOPOCTb BBIXOJIa METaJlIa U3 ovara jehopMalii MEHBIIIE, O3BOJIAET YCTPAHITh U3-
ru0 mepeHero KOHIA MoJ0Ckl. ITO OOBICHAETCS TEM, YTO HAINPABJICHUS U3THOOB 13-
3a pa3HUIbl CKOPOCTEW BBIXOJA METalla U3 odara Jaedopmaiuu U u3-3a CMEHICHUS
BAJIKA I10 HANPABJICHUIO NMPOKATKU IPOTUBOIIOJIOXKHBI U IIPU ONPEACICHHON BEJINYU-
HE CMEIIECHMs, PABHOM O, KOMIIEHCUPYIOT IEHCTBME OAMH Apyroro. B pesynsrare

HepeHUN KOHEIl TOJIOCHI BBIXOJHUT U3 BAIKOB 0e3 m3ruda (puc. 3).

Puc.3. Cxema nmpoKaTKu CO CABUTOM BaJIKOB
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HGO6XOI[I/IMBIG BCINYNHBI CMCIIICHUS BaJIKa 0 , IIPA KOTOPBIX IMOJIHOCTBIO YCT-
paHACTCA n3rud NepeaAHCTrO0 KOHIA ITOJIOCHI OIMPCACIICHBI SKCIICPUMCHTAJIBHO B 3aBU-
CUMOCTHU OT PA3HOCTH CKOpOCTGﬁ BbIXOJa MCTalllla M3 Oo4ara I[G(bOpMaHI/II/I. C YBCIIN-
YCHUCM PAa3HOCTHU CKOpOCTeﬁ HCO6XOI[I/IMa$I BCINYMHA CMCIICHUA 0 BO3pacTacT CHA-

Yajia MpsMo IPOMOPIHUOHATIBHO, a 3aTeM I10 00Jiee CIIOKHOU 3aBUCUMOCTH [3].

0=2412AV mpu AV <012; (26)
0 =432,71AV % —86,83AV +7,09 pu AV >0,12, 27)
rac () — BCJIMYHNHA CMCHICHHUA BaJIKa, MM,
AV — Pa3HOCTH CKOpOCTGI?I BbIXOJa METAJlJIa U3 o4ara I[e(i)OpMaHI/II/I, M/ C.
BriBOJ

B caydae paznoctu aumamMeTpoB pabodmMX BaJIKOB M3-3a JCUCTBUS YCHUIIHUS TPO-
KaTKu BajJku OyayT Hporudarbcsi HEOJMHAKOBO, YTO CHU3HUT TOYHOCTh Pa3MEpOB
MIPOKATBIBAEMOTO METAJIIa, HAPYIITUTCS CUMMETPHS TMPO(HIIA MONEPEIHOTO CCUSHUS
JUCTOB W HAPYIIUTCS TUIAHIIETHOCTh M3-3a HEPABHOMEPHOCTH BBITsDKEK. s 3ama-
HUS yIJla BXOJa W BBIXOJIa TIOJIOCHI M3 oyara jedopmanuu HE0OXO0IUMO HCIIONb30-
BaTh JIOIOJHUTEIIbHBIE OTTHOAIOIINE POJIMKH, PACTIONOKECHHBIE Mepe] KaXIon Kie-
THIO, YTO MPUBOJIUT K OOJILIIUM 3aTpaTaM B TUIAHE PEKOHCTPYKIIMH U dHEprooodectne-
YEHUS.

Hcrmonp3oBanne KJIETH ¢ BO3MOXHOCTBIO CIIBHTA pa0OYMX BAJKOB IO3BOJISICT
YMEHBIITUTh U3THOBI MEePeIHNX KOHIIOB U YNPOCTUTH MOAAUy IMOJOCHI B BAJIKU Clie-
OyIOIIeH KiaeTu. bmaromaps peryampyeMOCTH KOMIUICKTOB BaJIKOB MOXET OBITh yC-
TAHOBJICH PEXKHUM PaOOThI KaK CO CMEIICHUEM pad0vMX BAJIKOB, TaK U 0€3 CMEIICHHUS.

B nnane peKoOHCTpyKIMH KJIETh HE TpeOyeT OOJBIITNX 3aTpar.
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bubauorpadguyeckunii cnucok
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B.H. Ileryxos, J3.®. bypanosa, C.K. Cubdarary/uiun
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TeXHU4YEeCKUM yHuBepcuteT uM. ['.1. HocoBa»

VJIYUYIIEHUE KAYECTBA NBLJIEYTOJIBHOI'O TOILINBA
JIJISI JOMEHHOM IIJIABKHA

Hccnedosana 603M04CHOCMb CHUNCEHUS 30]IbHOCU NbLIEY2OJIbHO20 MONIUBA
npu e2o noocomoeke Oonee yem 8 2 paza NpuUMeHeHuem 6 Kauecmee peaceHma-
ecnenusamelisi Ky608020 ocmamka npou3eoocmea smuicuiukama-32, a 6 kawvecmee
peazeHma-cobupamerss — mepmocasoui.

Kntoueswie cnosa: Ilvineyeonvroe monaueo, Kyo6osvie oCcmamru 3MUulCUIUKA-
ma-32, euopogobuzayuonHas cnocoOHOCMb, CeleKMUBHOCMb, Y2OJbHbIL KOHYEH-

mpam.

[IprMeHeHne TBUICYTOIBHOTO TOIUIMBA SIBJISICTCS TEPCIICKTUBHBIM HaIpaBJie-
HHUEM COBEPIIICHCTBOBAaHMS PabOTHI JOMEHHBIX nedeit Poccuiickoit deneparuu. s
TOCTIDKCHHSI HAaWTydIIUX PE3yJIbTaTOB B COBPEMEHHBIX YCJIOBHSAX IMPH OMPEACIISIO-
el poJId CHIIOBOTO B3aMMOJICHCTBHS TOTOKOB IIUXTHI M ra3a HEOOXOIUMO YIIyU-
IaTh KA4€CTBO KaK KOKCA, TaK W MbLJIECYTOJbHOTO TOIUMBA [1]. YcTaHOBIEHO, B YaCT-
HOCTH, YTO ONTHMaJbHas BeIMUMHA peakiuoHHou criocooHoctu CRI [2] cocraBnser
32,5%, a ropstiaeii mpouroctu Kokca CSR [2] — 52,0% [3]. B nbLieyroasHOM TOILIHBE
CoAEpKaHUE 30J1bl HE AOJDKHO MpeBbIaTh 9%. BHeapeHne TEXHOJIOTWH BIyBaHUS
ITYT c noBeaenuem ero pacxoza 1o 140-160 kr/T gyryHa mo3BOJIUIIO MOJTHOCTBIO OT-
Ka3aThCs OT WCIOJIB30BAHUS TIPUPOJTHOTO Ta3a B JIOMEHHOU IJIaBKE, CHU3UTh PACXO.
Kokca ¢ 492 1o 393 Kr/T, HOBBICUTH MIPOU3BOIUTENIBHOCTH ¢ 7719 o 8779 1/cyr. [4].

Hamu uccrienoBano BIUsSHUE TEXHUYECKUX TMPOIAYKTOB HehTexuMuu u HedTe-
nepepaboTKM B Ka4eCTBE pPEarcHTOB-BCIICHUBATEICH Ha 3(P(GEKTHBHOCTH IMpoIiecca
¢dnotanuu  yronbHOM Menoun Kys3Hekoro yronbHOro OacceifHa € 30JIbHOCTBIO

18,4%. IlomoOpan omnTHUMalbHBIM pEAreHTHHIH peXuUM. B KauecTBe peareHTOB-
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BCIIEHUBATENEH HCIONb30BaNu TexHuyeckue mpoaykTel: KOBC (kyOoBbIli OCTaTOK
OyrunoBbix cnuptoB) 1 KO DTC-32 (kyOOBBIif OCTaTOK MPOU3BOICTBA ITUIICHUIIMKA-
ta-32). i npoBeneHus sKcrepuMeHToB BeiOpaH yroib [HOD «benoBckas» 305bHO-
cteio  18,4%. MWccnenoBanusi TpoOBENM MpH TMOCTOSHHOM PAacXOAE€ pearcHra-
coOupaTessi TepMOra3zomisi, KOTOPbI MIMPOKO HCIOJB3YEeTCs Ha yriaeoOOoraTUTeNb-
HBIX (habpukax. Pacxon Tepmora3zoitns cocrasisii 1,88 Kr/T.

W3ydeHne BIUSHUS peareHTOB-BCIIEHUBATENEH U (DIOTALMU CBSA3aHO C OCO-
OCHHOCTAMM MX TPYNIOBOTr0 XuMHueckoro cocraBa. Hampumep, B coctaB KOBC
BXOJIUT CMECh 2-3THJIT€KCAaHONAa U JPYTUX OKTHJIOBBIX CIIUPTOB, aJbJETHJIOB, alleTa-
nei, 3pupoB U HEOOIBIIOE KOJIUYECTBO HEHACHIMIEHHBIX YIJeBoaopoaoB. Ho eciu
3aMEHHUTH aTOM YTJIepOo/ia B OUIMKIMYECKHUX alleTalsaX Ha aTOM KPEeMHHUS, TO 3TO MpH-
BEJIET K MOBBIMICHUIO (DIIOTUPYEMOCTH YIJIeH, Tak Kak HanboJjiee BHICOKOU (prioTaru-
OHHOM aKTUBHOCTHIO 00Jalal0T OUIMKIMYECKHE KPEMHUHOPraHUYECKUE COE/IMHE-
HUs, COJIepXallire B MoJIeKyJie (DeHMIbHBIN paaukai, kak B cocrae KO 2TC-32, B
KOTOPBIA BXOJAT OJUTO3TOKCHUCUIIAHBI, AUMETHIN30AIKMIOKCHCHIIAHbI, TETPa3TOK-
CUCHWJIaH, OUC (TPUMETUIICUIIOKCUTEKCaH ).

B xonme uccnenoBaHMs YCTaHOBJIEHO, YTO IMOBBIIIEHHE pacxoja peareHTa-
BCIIEHUBATEISI TPUBOAUT K 3aKOHOMEPHOMY MOBBIIIEHUIO BbIX0Ja KOHIIEHTpaTa. Tak,
Harmpumep, yBeiaudenue pacxojna Benenusatess ¢ 0,04 go 0,10 kr/T nmpuBeno x yBe-
JIMYEHUIO BbIX0/1a KOHUEHTpata ¢ 8,7 1o 10,2%. Jly4imme pe3yapTaThl OIyYEHBI IPU
pacxone pearenta-BcrienuBatens 0,04 kr/t. [Ipu 3ToM BBIXOJ KOHIICHTpaTa IMOBBI-
mrasncs Ha 1,2% (Tabmuna).

30JIBHOCTh OTXOJ0B cocTaBmia 71%, a u3BneueHne roproueii Macchl B KOHIICH-
TpaT 94,9%. [lanbHeiilliee yBenTuYeHUE pacxojia BCIICHUBATENS, HECMOTPS HA HEKO-
TOPOE TOBBIIIIEHUE BBIXOJIa KOHIIEHTpATa, MPUBOAUT K CYIIECTBEHHOMY MOBBIIICHUIO
ero 3oJbHOCTU. Tak, Hanpumep, npu pacxone BcneHupatenss KO 9TC-32 B konuue-
crBe 0,1 Kr/T 30JIbHOCTH KOHIIEHTpaTa moBbickiIack a0 10,2% (puc. 1).

OCHOBHOM NMPUYUHON YBEJIMYECHUSI 30JIbHOCTH KOHIIEHTpATa MPHU YBEIUMUYCHUHN
pacxona BcrienuBatenss KO 9TC-32 cnenyer cuuTaTh BO3MOXKHOCTD MPEIBAPUTEIIb-

HOTO BBaHMOﬂeﬁCTBHH XUMHUYCCKUX COC)II/IHeHI/II\/’I, BXOOAIIINX B TEXHUYECKHUU Inpo-
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JTYKT Ha MUHEPAIBHBIX KOMIIOHEHTAX, YTO 00ECIEYNBAET MOBHIIICHHYIO THAPOGHOOH-
3aIMI0 MUHEPAIN30BAaHHBIX YTOJBHBIX 3€PEH M MEPEBOJ] MX B MIEHHBIN TTPOTYKT.
Tao0muna

Pe3y.]'IBTaTBI HCCIJICAOBAHUA BIIMAHWA PA3JIMIHBIX KOHHCHTpaI_[I/Iﬁ

pearcHTa-BCIICHUBATCIIAA HAa (1)J'IOT8,LII/IIO Yo

ITokazarensb Quioranmu

30116
IIpoxykr Macca) 7 HOCTb Z}/ ZAd 3

Pacxon pearenra

cobupa | BCIEHU

oo r %
TeIA BaTes
0,94 0,98 | Konnentpar 1 | 42,8 |75,7| 8,4 |757| 8,4 |84,9
0,47 0,51 | Konnentpar2| 2,3 | 6,9 | 10,3 [826| 86 |925

0,47 0,04 0,51 | KonmenTtpar3| 0,8 | 1,2 | 16,0 (83,8| 8,7 |93,8

OTx0abI 45 |16,2| 71,0 | 100 | 18,4
Hcxomubrit 50,0 | 100 | 18,4

0,94 1,0 | Konmentpar1 | 434 |765| 85 |76,5| 85 |858

0,47 0,53 | KonmenTtpar2| 2,8 | 7,0 | 11,2 {835 8,7 |93/4

0,47 0,06 0,53 | Konnmentpar3| 1,1 | 15(17,0 850 89 |949

OTXx0bBI 2,7 1150|749 | 100 | 18,4
Hcxonubrit 50,0 | 100 | 18,4

0,94 1,0 | Konnenrpar 1| 443 |772| 86 |77,2| 8,6 |865

0,47 0,53 | Konnentpar2| 3,0 | 81 | 13,8 |853| 9,1 ]950

0,47 0,08 0,53 | Konnentpar3| 0,7 | 1,1 ] 205 /862 93 |958

OTx0/1BI 20 [136| 78,0 | 100 | 18,4
Ucxonubrit 50,0 | 100 | 18,4

0,94 1,04 | Konuentpar 1| 45,3 [78,4] 95 [784] 95 |86,9

0,47 0,57 | Konnenrpar2| 3,7 | 8,6 | 155 |87,0| 10,0 | 959

0,47 0,10 0,57 | Konnentpar3| 0,8 | 1,2 |20,01/88,2| 10,2 | 97,1

OTx0/1BI 0,2 [11,8| 83,0 | 100 | 18,4
Ucxonubrit 50,0 | 100 | 18,4

PearenTsl: cobuparens — TepMoras3oitsib, BecnenuBatens — 9 TC-32.
Y — BBIXOJ KOHLEHTpATa; Zy/ — CyMMapHBbIH BbIXOJ KOHIIEHTPATa; Z Ad - cym-

MapHasi 30JIbHOCTh; & — U3BJICYCHUE TOPIOYEii MacChl B KOHIICHTpAT.

Uccnenosanus ruapodoOu3auoHHON CIIOCOOHOCTH peareHToB-
BerienuBateneid KObC n KO 9TC-32 no3Bosiniay yCTaHOBUTH, YTO B CIydae IMpHUMeE-

HeHuss KO OTC-32 BbIixoja BCIUIBIBIIETO MPOAYKTA B ammnapare XalJMMOHAA HEmpe-
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phIBHO TOBBIIIAeTcs c yBenudeHnem pacxoga KO OTC-32. Ilpu 3TOM BBIXOA

BCIUIBIBIIIETO MPOayKTa B cirydae npumeHeHnss KOBC 3HaunTenbHO HIke (puc. 2).

10,3
10,1 )<
9,9 _.-/
r A
i /‘
291
6\ Fl -__,...--"""
8,7 k—-""”" ____/
8’5 . _——-—-'"..
8,3
75 77 79 81 83 85 87 89
CymMmmapHBIii BBIX01,%
=——0,04 —3=0,06 =4=0,08 =—==0,1
Puc. 1. Biustaue paznuunoit konnentpanuu KO 3TC-32
Ha CCJICKTHUBHOCTD ITPOLCCCa (bJ’IOTaHI/II/I
72
68
64
60 —
56 —
52 A~
48
44 =
40 [
32
S —
20 L
5 15 25 35 45 55 65 75
KoHueHTpanua peareHTa B Boae,%
=—4—HKObC =——KO 3TC-32

Puc. 2. BnustHue peareHTOB-BCIIEHUBATEIEH

Ha UX TUAPO(HOOU3AIMOHHYIO CIIOCOOHOCTh

Jliist mosrydyeHus: HanboJsiee BRICOKUX MOKa3aTeNe MPOIyKTOB (JIOTaIuu HEOO-

XOJMMO TIOJAJIEpKUBATh pacxoja peareHTa-BcrneHuBarens OTC-32 okono 0,04 xr/t,
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yTO 00ecIeynBaeT YBCIIMYCHUEC BbIXOJd KOHICHTPATA U CHUIKCHHUEC €TI0 30JIbHOCTHU 110
CpPaBHCHHIO C TPAAUIIMOHHO HCIIOJIBb3YyCMbIMH PCArCHTAMU-BCIICHUBATCIICIIIMA HA yI'-

Jeo0oraTUTeNbHBIX (habpukax (cM. TabIuILy).

3ak/JIoYeHue

BrisBIeHHBI peareHTHBIA peXUM OOOTaIeHUs] C PaCXOJIOM TEXHUYECKOTO
npoaykra KO 9TC-32 B konuuectse 0,04 kr/t, a Tepmoraszoiis 1,88 kr/T obecnieun-
BaeT MOJIYYEHUE U3 YISl 30J1bHOCTHIO 18,4% KOHLIEHTpaTa B Ka4€CTBE MbUICYTOJIbHO-
ro TOIUIMBA JUIA JOMEHHBIX IIe4ed C 30JbHOCTBIO 8,4% 1mpu CcymMmapHOM

BeIXOME 75,7%.
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Y.B. HaymoBa, H.B. CkapJbiruaa

OO0O «KopnopartuBHbie cucteMsl [1mrocy

NCITIOJIb30OBAHHME 3D ATJIACOB OBOPYJIOBAHMU S
JJIA TOATI'OTOBKU MOJIOABIX CHEIIUAJIMCTOB
TOPHO-METAJLTYPTHYECKOM OTPACJIN

Ha cerogusmnmii 1eHb cucteMa 00pa30BaHUs HAXOJAUTCS B COCTOSTHUM HEmpe-
PBIBHOM MOJEPHM3allMM U KOMIBIOTEpU3auuu. Llenb NTaHHBIX MPOLIECCOB — 3TO IIO-
BBIIICHUE KAYeCTBa U COBEPILICHCTBOBAaHUS 00pa30BaHMs, a TAaKXKe MOBBIIICHUE TPO-
(heccuoHaNbHOTO YPOBHS BBITYCKHUKOB BBICIIUX M CPEAHUX CHEUUATBHBIX y4E€OHBIX
3aBefieHU. B amoxy uH(popMaTth3auuu JOCTHKEHHUE ATUX IIeJIed HEBO3MOXKHO 0e€3
UCIIOJIb30BaHUsl B 00pa30BaTeNbHOM Ipoliecce MHPOPMAIMOHHBIX U TEIEKOMMYHU-
KAalIMOHHBIX TEXHOJOrui. boyiee TOro, moBpllIeHHE KayecTBa 0Opa30BaHUS CETOJIHS
OIIPENIENSAETCS NCIOJIb30BAHNEM HOBBIX aKTUBHBIX METO/I0B O0YUYEHHSs, KOI/1a POUC-
XOJUT BOBJICUEHHUE YUEHUKA B 00pa30BaTENIbHBIH Mpoliecc.

AKTHBHOE NpUMEHEHNE MH(OPMAIIMOHHBIX TEXHOJIOTHI CIOCOOHO PE3KO MOo-
BBICUTH 3(HEKTUBHOCTH OOYUEHHSI MOJIOJIBIX CIICIIMAIMCTOB, BEh COBPEMEHHOE TO0-
KOJIEHUE, KaK HUKTO 3HAKOMO C KOMIBIOTEPHBIMH CpPEICTBAMH, HOBBIMU TEXHOJIO-
TUSIMH, a TAK)K€ CPEICTBAMHU CBSI3M M MHTEPHETAa. MOJIOABIM CHENUATNCTAM YK€ HE
MHTEPECHO M3y4yaTh MaTepHall B TPAJUIIMOHHON dopMe, uX Bce OOJIbIIE MPUBIECKAIOT
HOBBIE TEXHOJIOTHH, KOTOPBIE CIIOCOOHBI BOBJIEYB B MPOLIECC OOYUEHHUS U CIENATh €ro
HEOOBIYHBIM U MHTEpECHBIM. K TakUM TE€XHOJOTHSIM OTHOCATCS CPEJICTBA 3JIEKTPOH-
HOTO OOYyYEHMs, @ UMEHHO: CUCTEMbl JUCTAHIIMOHHOTO OOyUYEHHUs, SJIEKTPOHHbIE U3-
JaHus1, 00pa3oBaTeNIbHbIE MOPTAJIbI, & TAKXKE OJIHO U3 MPUOPUTETHBIX HANPABICHUH B
NOCJIeIHEE BPEMS — MYJIbTUMEANIHBIE 00yYaIOl1e CUCTEMBI.

Hamnpasnenue «MynbTuMenniiHble 00y4daromue CUCTEMbD) Tpynna KOMIaHUN
«SIKE.KoprnoparusHasie cuctembn» ¢ 2006 Tofa ycnenrHo pa3padaThiBacT U BBOJIUT B
IPOMBIIUICHHYIO 3KCIUTyaTallMio 00y4arolliue CUCTEMBI, 3aCTyKHBAIOLINE BBICOKYIO

OIICHKY KOPIIOPaTUBHBIX M TOCYAapCTBEHHBIX 3aKa3uukoB. «3D Atmac oOopynoBa-
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HUSD - OJUH U3 MOCJEAHUX MPOAYKTOB HampaBieHus. OH npeaHa3HadyeH sl OAro-
TOBKH MOJIOJIBIX CIICIIMAINCTOB TOPHO-METAJUTYPTHYECKOM OTpACin, OOyJaroNuXcsl B
BY3ax u CC¥Y3ax. 3D Atnac BkiIto4YaeT B ce0s TPEXMEPHBIC MOJEIU CJICTYIOIINX
MPOMBIILICHHBIX arperaToB:

— JIOMCHHOMH II€YH;

— JIyrOBOW CTAJICTIJIABUIIBHOM T1€YH;

— arperara ne4b-KoBII (OJHOMO3UIIMOHHBIN);

—  KHCJIOPOJHOI0 KOHBEpPTEpA C BEPXHEW MPOTYBKOM;

— COpPTOBOM MaIlIMHBI HETPEPHIBHOTO JIUThSI 3arOTOBOK;

—  cas100BOM MAaIIMHBI HEMPEPHIBHOTO JIUTHSI 3aTOTOBOK;

— THUJIPABINYECKUX DJIEMEHTOB.

3D Artnac xaxjoro arperara mokas3blBaeT HE TOJBKO OOOOIIEHHYIO KOHCTPYK-
LU0 TEXHOJIOTHYECKOW YCTAaHOBKH, HO U YCTPOMCTBO €€ OTAENbHBIX Y3JI0B. B 3D AT-
jace coOpaHbl Hanbosiee paclpOCTPAHEHHbIE THUIBI O0OPYIOBaHMS, MOKAa3aHbI MX
paznuuusi, ONMMCaHbl UX MPEUMYIIECTBA U HEAOCTaTKU. Takasi mojadya UHQpOpMaIuu
HarpaBJieHa Ha (OpMHUPOBAHUE y YUCHUKA 1IEJIOCTHOTO MPECTABICHUS O KOHCTPYK-
I[MU arperara, €ro Ha3HaYeHUU U MPUHIIUIIAX PAOOTHI.

Paccmotpum cnenupuxky 3D Atnaca Ha mpuMmepe arperarta «JlyroBas crane-

TIaBUIIbHAS Tieuby (puc. 1).

3D Artnac
Ayrosas cranennasunbHas neub

:

® Perncrpauus

Puc. 1. «I'maBHOE MEHIO»

KamubpoBounoe 6ropo (Www.passdesign.ru). 2014. Bermyck 3.1 54



CrnenuanbHbIN BBITYCK

3D Atnac mpocT u ynoOeH B 3KCIUTyaTallUW: CHCTEéMa yCTaHaBJIMBAeTCs JIO-

KaJIbHO Ha KOMIIBIOTECP, ITOCJIC YCTO II0JIb30BATCIIb ITPOXOAUT PETrUCTPAIMIO.

PepakTupoBaHWe: cnpaBoYHUK NOJjb30BaTeNein

PNO* @ MeTtpoe MeaH NeaHOBUY

damunus* (Jnerpos)

Nma* @ Vean
Otuecteo* (JUEDLENE
Nornu™* @ Metpoe
Mapone™

Maponb

(nogTEEpMAEHKME)®

Puc. 2. «®opma peructpanum

3D Arnac umeer aBa pexxuma paboTel — «JlemoncTpanus» u «TecTuposa-
HHE».

B pexunme «/leMOHCTpanus» NOJIB30BATENO JOCTYIIHA KOHCTPYKIHS TEXHOJIO-
rMYECKON YCTAaHOBKH, peann3oBaHHasi mocpeactBoM 3D-Mopneneit. TpexmepHas KOH-
CTPYKLHS MTO3BOJIAET HAIVISIAHO U3YYNUTh YCTPOWCTBO M HA3HAYEHUE OCHOBHBIX Y3JIOB
U arperaToB o0opyaoBanus (puc. 3).

TpexmepHble MOJENN arperaToB ¢ MAaKCHMAJIbHOW TOYHOCTBIO ITOBTOPSIFOT
KOHCTPYKIMIO PEalbHO CYIIECTBYIOIIMX 3JIEMEHTOB 00opyAoBanus. B mpouecce pa-
OOTBI AJIEKTPOHHBIN aTjac JelaeT BO3MOKHBIM TIIATEIbHOE U3YYEHHE KOHCTPYKLIUU
arperata: 3D mMozienp MOKHO IMOBOPAYUBaTh, MPUOJINKATh, YAAISITh, CKPIBATh OJIHU
DJIEMEHTHl YCTAHOBKH, OCTAaBISAA I NETAIBHOIO PAaCCMOTPEHUS IpPYrHe, HacTpau-
BaTh I[BETA.

B pexume «TecTtupoBaHue» oOydaronieMycs MpeiaraeTcsl OonpeaeanTb ypo-
BEHb IOJYUYEHHBIX 3HAHUI MO YCTPONCTBY HM3y4eHHOro oOopyaoBaHus. KoHTpoIib-

HBIC 3aJaHuA NPCACTABJICHLI B BUAC YKA3aTCIbHBIX BOIIPOCOB - yTOOBI OTBETUTH Ha
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BOIPOC, HEOOXOJMMO YKa3aTh Ha MOJIENIN CIIPAIIMBAEMYIO B 3a/laHUM J€Tajlb TEXHO-
JOTHYECKON YCTaHOBKH. Takas HeTpaJAUIIMOHHAs, HETEKCTOBas (popmMa KOHTPOIbHBIX
3aJlaHUM HE TOJIBKO JEJAaeT UX BBIIOJHEHUE UHTEPECHBIM, HO U MAaKCUMAaJbHO IpU-
OJIMKaeT MOJIb30BATENs K PEaJIbHOMY IOBEJICHUIO B NMPOU3BOACTBEHHON AESATEIBHO-

ctu (puc. 4).

Hacrpodikn _ Koncrpyxuws

~l=lrlvisls & &| e e el Lusfeel=efio B8] x|
Puc. 3. «/lyroBas craneriaBuibHas 1e4by

Cranskosw

[=l=lel v (7] 21 $\ Ll e
Puc. 4. «TectupoBanue»
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ITo 3aBCPIICHUHN TCCTUPOBAHUSA ITOJIb30BATCI/Ib MOJKCT O3HAKOMHUTLCS C PE3YJib-

TaTaMHU U OLICHUTh YPOBEHb CBOMX 3HaHU (puc. 5).

SIKE

3D Atnac
AyroBas cranernsiaBuJbHas neyb

‘ €MOHCTPauus lonb3oBaTerns ‘ eTpoB VBaH MBaHOBMY ‘ O6HOBM b
pau
ﬂa ac 25.12:2013 o 16:03\ (o} 31.12:2013 0 23:59

Yo

o
= ‘ Bpems ‘
oNo AOara v P ‘BbII'IOnHeHHbIX
BbINONHEHNSA | &
‘ | 3apanvin ‘

@ TectupoBaHue

PesynbTaThl
.|NeTpoe UBaH 25.12.2013 e
_;MBEHOEMH CraneBso3 16:03:14 00:02:11 85,71

@ [onb3oBatenu

MoMouwb

J Bonpoc v BepHbiit J‘
YKaXuTe 31eKTponpusoa
cTanesoza
YKaxuTe Tenexxky
cTaneeoza

SNeKTponpuBoA CTanesosa @

Tenexka cTanesoza

YKaxuTe cuenky c

>|3NeKTPOMarHUTHbIM CuenKa C 371eKTPOMarHUTHbIM NPUB0AOM
npueogom
YKa)uTe CTanbKos CTanobkosw

KaXXute nnaTt M

= SnnaTdiopmy, MNnatdopma secosasn
BECOBYHO
YKaxuTe Hanpasnsawowme
kabens
|YKaxuTe MexaHnsm
HaTsHkeHus Kabens

Hanpaensawowwe kabens

MexaH13M HaTsxeHus kabens

| |Ykaxute kabens Kabenb
YKaxuTe 3aluUTHbIE
| |nnacTuHbl
Ykaxure
Bbixog Keneso-6eToHHy0 JKenezo-6eToHHan KOHCTPyKUMS

3awmTHbIe NNacTUHbI

Puc. 5. «Pe3ynprarsl TECTUPOBAHUS

Pe3ynbrathl TECTHpOBAHUS XPaHATCS B CUCTEME MO KaXIOMY IOJIh30BATEIIO,
YTO MO3BOJISIET OTCIAEANUTD X0 U JUHAMHUKY OOYUEeHHS.

Taxkum o0pa3om, k focTtouHcTBaM 3D ATi1aca MOKHO OTHECTH:

— MPOCTOTY U JOCTYIHOCTh MPEACTABICHUS CI0KHON U OO0JBIION 1O 00beMY
uH(pOpMaIlMHU, YTO MO3BOJIIET OCBOUTH YCTPOMCTBO TEXHOJIOTMYECKOW YCTaHOBKH B
MaKCHUMaJbHO KOPOTKHUE CPOKH.

— ynoOCTBO paboThl: paboTa ¢ AJIEKTPOHHBIM aTIaCOM MOXET MPOXOJUTH B
JH000M yTOOHOM JIJ1s1 TIOJIB30BATEINSI PEKMME: B KOMITBIOTEPHOM KJIacce ¢ MPerno/iaBa-

TCJICM HJIM CaMOCTOATCIIBHO B CBO6OI[HOC BpCM:.
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— BO3MOKHOCThH 00y4ueHus ¢ momMotibio 3D ATiaca Kak ONBITHBIX CIIEIIAAIIN-
CTOB, pabOTAOIMINUX HETIOCPEACTBEHHO Ha arperare, Tak U TeX, KTO TOJIhKO HaYWHAET
U3y4aTh OCHOBBI TEXHOJOTHYECKUX YCTAHOBOK.

3D ATtiac — COBpeMEHHOE CpeACTBO 00yueHus, odecneunBaroniee d3HPEKTrB-
HYIO TO3HABATEIbHYIO JEATEIHHOCTh MOJb30BATENIC C y4EeTOM CHEIM(HUKU TMpea-
METHOU 00JIaCTH, MCUXOJOTHIECKIX 0COOSHHOCTEH BOCIIPUATHS U YCBOCHHS HHMOP-

MaIiH, pa3BUTUS YMEHHI paboThl ¢ HHPOPMAITUEH.
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CBEJEHHUA Ob ABTOPAX

Burees Baxut AOapamuToBU4Y — JOKT. TEXH. HayK, mpodeccop, 3aBemyro-
il Kadenpoit MeTaJTypruu YepHbIX METAIJIOB, IUPEKTOP HHCTUTYTA METaJUTyPrUH,
MalmuHOCTpoeHus: U Marepuanooopadbotku ®I'bBOY BIIO «MarHutoropckuii rocy-
JIAPCTBEHHBIN TeXHUYeCkni yHuBepcuter uM. .M. HocoBa», r. Marmuroropck.
Ten. 8(3519)298559.

BypanoBa JabBupa ®aputoBHa — CTYACHT Kadeapbl METAIUTYPTHH YEPHBIX
MetaisioB  ®I'BOY  BIIO «MarHutoropckuii  roCyAapCTBEHHBIA TEXHUYECKHIM
yausepcuter uMm. [.M. Hocoa», 1. Marnutoropck. Ten. 89124705646.
E-mail: elvira.buranova@mail.ru.

I'y6anoB Cepreii AjiekcaHAPOBUY — CTYJICHT Kadeapbl 00pabOTKU METAILIOB
nasiearneM OI'bOY BIIO «MarauToropckuil rocyapCTBEHHbIA TEXHUYECKUN YHH-
BepcuteT uM. [ .1. HocoBay», r. Marautoropck. O01acTh HCClIeIOBAaHUN: TPOU3BO/I-
CTBO TOJICTOTO JIUCTa W3 BBICOKOMPOYHBIX CTaleil g TpyO OOJBIIOro AHaMETpa.
Ten. +7(982)3251425. E-mail: gybanov@inbox.ru.

JpyxxoB Buranuii 'aBpuiioBHY — KaHJI. TEXH. HAyK, JOIEHT Kadeapsl Me-
tamuryprun 4epHsix MetauioB ®I'bOY BIIO «Marautoropckuii rocy1apCTBEHHBIN
texHudyeckuit ynusepcurer um. ['.M1. HocoBay, r. Maruuroropck. O0macTs uccieno-
BaHMIi: U3y4EHHUE MTPOIIECCOB B ropHe MomMeHHoM neun. Tein. 8(3519)228430.

NmkoBa Ejgena BacuinbeBHA — cTy/IeHT Kadeapsl 00pabOTKU METAJIOB JaB-
neauem @OI'bBOY BIIO «MarHuToropckuii rocyJapCTBEHHBIM TEXHUYECKUI
ynusepcuter uMm. [.M. Hocoa», 1. Marnutoropck. Ten. 89090939223.
E-mail: lena.ishkova@mail.ru.

KonecnukoB IOpuii AjlekceeBMY — KaHJ. TEXH. HayK, JOIEHT Kadeapbl Me-
TAJUTYPTrAU YEPHBIX METAJIJIOB OI'bOY BIIO «MarauToropckuu

roCyIapCTBEHHbIN TexHU4Yeckuil yHuBepcuter um. ['.1. Hocosay», r. Marauroropck.

Ten. 8(3519)228464.
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Jlerumun Baaauciaas HukonaeBU4 — KaH7. TEXH. HAyK, JOIEHT Kadeapsl
Metautyprud 4epHeix MetaimioB GI'bOY BIIO «MarHuToropckuii rocyaapcTBeH-
HBIM TexHuyeckuit yausepcuter uMm. I'.1. HocoBay, r. Maruuroropck. O6nactb uc-
CIIEIOBaHM:  OpUKETUPOBAHHWE  MPUPOAHOTO M TEXHOTEHHOTO  CHIPBSL.
Ten. 89028674501.

HaceipoB Tumyp MyxTtacapoBu4 — CTyJIeHT KadeIpbl METAILUTYPrUu Y€PHBIX
MetauioB @I'BOY BIIO «MarHuToropckuili rocy/1apcTBEHHbI TEXHUYECKUN YHU-
BepcuteT uM. ['.. HocoBay, r. Marauroropck. O0JacTh UCCIIEI0BaHUNA: OKYCKOBA-
HUE MPUPOTHOTO U TEXHOTCHHOTO CBHIPhS I JoMeHHO# maBku. Tem. 89517807047.
E-mail: tim-urr@mail.ru.

HaymoBa Yiabsina BanepbeBHa — crienuanuct mo paspadotke UT-npoexTon
00O «Kopnopatusnsie cuctemsl 1ntoc», r. Marautoropck.

IleryxoB Bacuamii HukosiaeBu4 — JOKT. TeXH. HaykK, npodeccop Kadeapbl
dbusnueckoit xumun U xumudecko texuonorun GI'BOY BIIO «Marauroropckuii
rOCyJ1apCTBEHHBIN TeXHUYeCKH yHuBepcuTeT uM. I'.11. HocoBa», r. Marauroropck.

CepreeB /[Imutpuii CTaHmcaaBOBMY — aclUpaHT Kadeapsl METaLTypruu
yepHbiX MeTaiuioB GPI'BOY BIIO «Marnutoropckuii rocyaapCTBEHHbIA TEXHHUYE-
ckuii yauBepcuteT uM. .M. HocoBay, r. Marautoropck. Texn. 8(3519)307519.

Cubararyaann CanaBat KaMmuioBMY — JOKT. TeXH. Hayk, mpodeccop Ka-
denpsl Metamutypruu yepHbix MetaimioB ®I'BOY BIIO «Marauroropckuii rocyaap-
CTBEHHBIN TeXHUYECKUM yHuUBepcuteT uM. I'.11. HocoBay, r. MarHuToropck.

Cxapabiruaa Hanexxna BiagumMupoBHa — Ha4allbHUK OFOPO CONPOBOXKACHUS
u pazsutua UT-npoekToB otaena odyvaroumx cucreM OOO «KopnoparuBHble cuc-
tembl [mtocy, r. MarHuToropck.

CoupunonoB [IMutpuii AJjiekcaHAPOBHY — CTYACHT Kadeapsl oO0pabOTKu
MetaioB nasieHneM OI'BOY BIIO «Marnutoropckuii rocy/1apcTBEHHBIN TEXHUY €-

ckuii yHuBepcuter uMm. .M. HocoBa», r. Marauroropck. Ten. 89507460734.

E-mail: devildead13@mail.ru.
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YukuieB /lenuc HukonaeBu4 — KaHj. TEXH. HAyK, JOIEHT Kadeapsl oOpa-
0otkn MetamoB gasiaeHueM PI'BOY BIIO «MarHuTOropckuil rocyaapCTBEHHBIN
TexHuueckuit ynusepcurer um. ['.M1. HocoBay», r. Maruuroropck. O0nacTh uccieno-
BaHUH: MPOU3BOJICTBO TOJICTOTO JIUCTA M3 BBICOKOMPOYHBIX CTajeil /it TpyO O0Jib-

mroro auamerpa. Ten. +79028958755. E-mail: chikishev_denis@mail.ru.
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