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B ycAOBMAX HeCTaOMABHOTO KaueCTBEHHOTO ¥ KOAUYECTBEHHOIO COCTaBa IIMXTOBBIX MAaTePUAAOB IIPEAAOXKEH IIOAXOA K BBIOOPY IpOrpaMm
3arpysKu OECKOHYCHOT'O 3arPy304HOTO YCTPOJICTBA, OCHOBAHHBII HA YMEHBIIEHNN Y/CAA PAOOYMX YTAOBBIX IIOAOXKEHUIT AOTKA Y CMELeHUN OT
[OPLMY K IOPLMY YCAOBHBIX T€OMETPUIECKUX IPeOHEN BAOAD PAANYCA KOAOIIHVKA. [T0AOKUTEABHBIIT OMBIT PEAAM3aLIMI TAKOIT IIPOrPAMMBI
3arpysKu I0KasaH Ha IprMepe AoMeHHOI rmeun Ne 3 EHakneBCKOrO MEeTaAAYPIUYeCcKOro 3aBoAa. IIprBeAeHbI OCHOBHBIE OCOOEHHOCTH yCTa-
HOBKI Ha AOMEHHBIX ITe4aX CTal[IOHAPHBIX TEPMO30OHAOB 1 0COOEHHOCTM XapaKTepa PaclipeAeAeHsI TEMIIEPATYP 110 PAAUYCY TIedu IIPK pas-
AVIUHBIX PACXOAQX IPUBEAECHHOTO TOIAMBA. YCTAHOBAEHBI CBSI3M TEMIIEPATYPBI HaA MOBEPXHOCTDIO 3aChIIN LIMXTBI C COAEP)KAHMEM B LIMXTE

OKaThbIlLEN.

KArueBbie caoBa: AOMEHHasl 11e4b; IIpOorpaMMa 3arpys3Ku; BSY, Macca IopAavy; pyAHasa Harpyska; BbICOTa CAOA; TEPMO30OHA; Ka1€CTBO KOKCa;

TIBIA€YTOABHOE TOITAVIBO; COAEPIKaHVE OKaThIllIeN B IIMXTeE.

Ba)KHbIM HalpaBA€HueM MOBbILIeHUsT 3ddek-
TUBHOCTU PpaboThl AoMeHHbIX meueint (AIT) sB-
ASIETCSI COBEpPIIEHCTBOBaHUE PEXMMOB 3arpy3Ku
IIMXTOBBIX MaTepnasoB B AIT u panmonaapHOe uX
pacIpeaeAeHre M0 PaAUYCy U OKPY)KHOCTYU KOAOLI-
Huka. ITo cOBpeMeHHbBIM MPEACTABAEHUSM YPOBEHb
TEXHUKO-9KOHOMUYECKMX IMoKa3areaeir paborer AIT
B 3HAYUTEABHOII Mepe ornpepeAsieTcs: 3¢ deKTUBHBIM
dbopmupoBaHMeM CTOAGA LMIMXTHI U Ta30BOrO MOTO-
Ka. DToMy crnocobcTByer npumeHenue Ha AIT Gec-
KOHYCHbIX 3arpysounbix yctpoicts (B3Y) [1, 2]. B
MMOCAEAHVE TOAbI PEKOHCTPYMPOBaHHbIE MAY BHOBB
crpostiuecss AIT ocHamatorcst b3V, koTopeie B oT-
AMYMEe OT KOHYCHBIX 3arpy304HbIX ycTpoiicTB (K3Y)
00AaAQIOT MIMPOKUMU BO3MOKHOCTSIMU YIIPaBAEHHUS
pacrpepeAeHreM IIMXTOBBIX MaTEPUAAOB 110 PAAUY-
cy u okpyxkHoctu AIT [1].

Kak mokasbiBaeT OIbBIT pa3pabOTKU MpOrpaMm
3arpysku neuu, obopyaoBanubix b3V [1], Tpapuiu-
OHHO MOPLMM LIMXTOBBIX MAaTEPUAAOB PaCIIPEAEAsI-
IOT IIPAKTUYECKH 10 BCEMY PAAUYCY KOAOIIHMKA U C
Pa3AMYHON LMKAMYHOCTDIO BBITPY’KAIOT KOKC B LI€HT-
PAABHYIO 30HY KOAOIIHMKA AAST GOPMUPOBAHUS OCe-
BOJ1 OTAYLIMHBI (30HBI IOBBIIIEHHON ra30IpOHMLIAe-
MoctH). ITo pabounm yraAOBBIM MOAOXKEHVSIM AOTKA
IIMXTOBble MaTEPUAABI TIPUHSATO PACIPEAEASTh, KaK
MPaBUAO, C 3aAQHHOM HEPAaBHOMEPHOCTbIO, YTO IO-

3BOAsIeT 0e3 M3MeHEeHUs CTPYKTYPbI IPOrpaMMbl 3a-
IPY3K! OTIEPATMBHO M3MEHSTb PYAHbIE Harpysku u/
AU 0ObeMbI MaTEPUAAOB B 30Hax [1, 3]. [Tpu Takom
dbopMupoBaHMY ITPOrpaMM 3arpy3Ku 0becreynBaeT-
Cs YKAAQAKA MaTepMaAOB C MMHMMAABHBIM Ilepepa-
CIIpeAeAeHMEM XTI BAOAB PaAUyCa.

B cTaTbe mpeaCTaBAEHBI pe3yABTATHI ITPAKTUYE-
CKOro ocBoeHuA nporpamm 3arpysku Ha AIT-3 Exa-
KIEBCKOT0 MeTaAAyprudeckoro 3aBoaa (EM3) mocae
BBEAEHMI TeYy B 9KCIIAyaTaluio B oKTsiope 2011 r.
C ycTaHOBKOI1 BTOporo B YKkparHe b3Y ¢upmbr Paul
Wiirth [4], mo3BoAuMBIIME B YCAOBUSX HECTaOUAB-
HOTO ¥ HM3KOIO KayecTBa IIMXTOBBIX MAaTEPUAAOB
MMOAYYMTDb HOBBIE 3HAHMS O BAMSHUM PEXVMOB 3a-
IPY3KM Ha MOKa3aTeAu paboThl Ieun, IepecMOTPEeTh
CYIIECTBYIOI[/E TIOAXOABL MpU pa3paboTKe pauuo-
HAABHBIX [IPOTPaMM 3arpysKi, a TaK’ke 000CHOBATh
BO3MO>XHOCTb MICIIOAB30BaHMsI MHPOPMALIUU COBpe-
MEHHBIX CPEACTB KOHTPOASI AASI YIIPABAE€HMS IIPO-
LjeCCaMM TIAABKM B CAOXKMBLINXCSI YCAOBHUSIX PaOOTHL.

Payuonarvmvie peumbt 3aepysku AIT 0rs ycao-
BuUll pabomvl ¢ HeCMAOUADHBIM HUSKUM KAHeCBOM
WLUXOBDLYX MAMEPUAL0B NPU MAAOL BeAUHUHe MAc-
cot nodaqu. PeaansoBanuble Ha AII-3 mporpammbl
3arpysKu, pa3paboTaHHbIE B COOTBETCTBUM CO CHop-
MYAMPOBaHHBIMU paHee B VIHCTUTYTe YepHOI MeTaA-
aypruu um. 3.J1. HekpacoBa HAH Ykpaunst (JIUM)
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moAokeHusiMu [1, 2], Ha Ha4aAbHOM STarie paboOThI
neyy obecreynBaAu CTaOMABHBIN XOA TT€4M U IIPUEM-
AeMble TEXHUKO-9KOHOMMYECKYE TIOKa3aTeAU AOMEH-
HOJl TAQBKM, IOCKOABKY KayeCTBO >KEAE30PYAHOIO
CBIPbSI ¥ KOKCA ITPU 9TOM OBIAO YAOBAETBOPUTEABHBIM
[4]. Co BTOpOIT MOAOBUHBI 2012 T. CYLIIECTBEHHO YXYA-
IIMAOCh KaueCTBO LIMXTOBBIX MaTepuaAoB. [lepexop
Ha BBICOKOOCHOBHBIN araomepar (ocHoBHOCTh CaO/
SiO, yBeamdmaach ot 1,2 A0 2,2) IIpu HEyAOBAETBO-
PUTEABHOM COCTOSIHMM 000pYyAOBaHuMs araohabpukm
3aBOAQ C OAHOBPEMEHHO HU3KUM KayeCTBOM arAo-
IIMXTHI CIOCOOCTBOBAA CYIIIECTBEHHOMY YBEAUYEHNIO
AOAU MeAKMX (pakumil B CKUIIOBOM araoMepare U
CpeAHEKBaAPATUYHOTO OTKAOHEHMS er0 OCHOBHOCTM.

BmecTe c aTuUM N0 CpaBHEHUIO C HayaAbHBIM
ATAINlOM SKCIIAYaTaLlMU MEYM YXYALIMAOCH KaueCTBO
KOKCa, YTO IPU OTCYTCTBUU BO3MOXXHOCTU MCIIOAb-
30BaHMsI IPOMBIBOYHBIX MaTepHAAOB IIPUBEAO K YBe-
AMYeHMIO urcaa cropeBinx ¢ypMm. CAOXMBIIMECS
ycaoBusi 06ycaoBaMBaAu pabory AIT ¢ maaoi mac-
COJT TOAQYM M HU3KUM YPOBHEM 3aChini (HIDKe 2,5 M).
Macca KOKCOBBIX MOPIuit cocTaBasiaa 7,0...8,0 T (npu
MaKCUMMAaAbHO BO3MOXHOI 10,5 T), 4TO COOTBETCT-
BOBAaAO TOAIMHE CAOs Kokca meHee 0,40 m. Takue
IapaMeTphl 3arPY3KM IO3BOASIAU B 3TOT IIEPUOA MU-
HUMM3UPOBATh BEPXHUE «IIOABUCAHUs» U Obecre-
YYBaTh LieHTpaAbHOe rasopacrpepesenHve. OAHaKO
COXpaHsIBlLIeeCs] UHTEHCUBHOE IOpeHMEe BO3AYLIHBIX
dbypM, CHIPKEHME TPOM3BOAUTEABHOCTH I€Y U BbI-
COKMUII PACX0OA KOKCA B TAKMX YCAOBMSIX pabOTBI IIeun
00YCAOBMAM IIEPECMOTP TMOAXOAOB K paspaboTke pa-
LIMOHAABHBIX IporpaMm 3arpysku b3V c momckom
HOBBIX, paHee He VICIIOAb3YeMbIX pelleHNI.

Taxk, OAHOI M3 OTAMYUTEABHBIX OCOOEHHOCTeI
HOBOJ1 NPOTrpaMMbl 3arpy3K/ CTAAO YMeHbIIEHUE C
LIECTU—BOCBMU AO IISITU YUCAA PAbOYMX YTAOBBIX
MOAOKeHUI AoTKa b3V npu BeIrpyske Ka’kAOH IOp-
LM B LYKAE 3arpy3Ku. JTO MO3BOAMAO YBEAUUUTD
TOALIVHY CAO€B LIMXTOBBIX MaTepMaAOB Ha 3arpy-
»KaeMbIX y4yacTKax papuyca neuu. [TomumMo 3TOro B
MPEAAOKEHHOI IIPOrpaMMe 3arpy3Ku Kaskaast IIoCAe-
AyIolasi MOpLs LIKAQ 3arPy3KM CMelllaAd YCAOBHBII
«rpebeHb» LIMXTOBBIX MAaTEPUAAOB OTHOCUTEABHO
YCAOBHOT'O «IpeOHsI», CHOPMUPOBAHHOTO BBITPY3KOI
MpeABbIAYILIel MTOPLMM, YTO HAlPpaBAEHO Ha M3MeHe-
HY€e HallpaBAEHMSI ABVMPKEHVS Ta30BOr0 MOTOKA.

Ha puc. 1 mpeactaBaeHbl rpadyKy M3MeHEHUs
pacyeTHBIX BBICOT CAO€B IO PAAUYCY IeYy IOCAe
BBITPY3KM TpeX HOPUMIT KEAe30COAEPKALIMX Ma-
TEpUaAOB B LMKAe 3arpy3ku (Ne 2, Ne 4 u Ne 8) aas
ABYX paccMaTpuBaeMbIX INPOrpaMM 3arpy3Ku: UC-
noabsyeMont B 2012 r. oo yxyamenus u B 2013 r. —
MMOCA€ YXYAIIECHMS ChIPbeBbIX yCAOBUIL. Kak BMAHO
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Puc. 1. VI3MeHeHMe BBICOTBI CAOEB IO PAAYCY IeYl I0CAE
BBITPY3KH >KeA€30COAEeP>KALX MOPLMIT AAS IPOrPaMM
3arpysKu, ICMIOAb30BaHHbIX B 2012 1 2013 rr.

u3 rpaduxoB (cMm. puc. 1), ucnoansyemasi B 2012 r.
IporpamMma 3arpyskiu NMpakTUYecky He obecreynBa-
A2 BBICOTY CAOs1, peBbimatoniyio 0,5 M, B To BpeMs
KaK IporpaMMa 3arpysku, peaausoBaHHas B 2013 r.
obecrneunBaet BbICOTY cAosi 0,6—0,7 M Ha pasany-
HBIX, U3MEHSIOUMX (OT MOPLUY K MOPLUU B LMKAE
3arpysKu) CBoe IIOAOXKEHME, YUaCTKaX paAuyca Meyn.
PacyeTHble BbICOTA CAOEB U PYAHBIX Harpysok (PH)
MOAYYEHBI C MOMOIIBI0 pasdpaboraHHoit B VMIUM u
apanTupoBaHHON K ycaoBusaM AIT-3 EM3 moaeab-
HOJ CUCTEMBI AASI IOAAEPXKKM NMPUHATUS PelleHUN
IO BBIOOPY U KOPPEKTMPOBKE NPOrpaMM 3arpysKiu
[5]. Ha puc. 2 mpeAcTaBAeHbI CpaBHUTEAbHbIE pac-
YeTHbIe CTPYKTYPbI CTOADA IIMXTOBBIX MaT€PUAAOB
AASL ABYX IIPOTPAaMM 3arpy3KIU.
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Puc. 2. PacyeTHast CTPYKTYpa CTOAOA IIUXTOBBIX MATEPUAAOB
AASI IPOrPaMM 3arpy3Ku, HCIIOAb3yeMoli B 2012 1. (a) u
ycraHoBAeHHOIi B 2013 1. (0)

AAsl aHaAVM3a IPOTrpaMM 3arpy3KM U OLIEHKU ITOAY-
YaeMOoro C UX IMOMOIIBI0 PACIIPEAEAECHUSI MATEPUAAOB
[0 PAAMYCY IeYM, KaK MPAaBMAO, UCIOAB3YIOT 00liie-
MPUHSATHIE TTOKA3ATEAU PACIPEAEAEHUST — 00beMbI U
PH 3a 1juKA 3arpy3Kku 1e4u B A€CSITY PaBHBIX I10 ITAO-
I[aAY 30HaX KOAOITHMKA [1, 2]. 3apaHHOE pacmpeaeae-
HUeE 3TUX MoKa3aTeAell [0 PaAUYCy Meun 3a LUKA 3a-
IPY3KM MOXXHO 00€eCreYnTb MHOXKECTBOM BAPMAHTOB
nporpamm 3arpysku. Ilpu paspaboTke HOBOI MpO-
rpaMMBl 3arpysKu AAsl ycaoBuit pabotsr AIT-3 EM3
AASI aHaAM3a 006eux MPOrpaMM C IIeAbI0 BBISIBAEHUS
UX OTAUYUTEABHBIX TPUSHAKOB U 0COOEHHOCTEN OBIA
UCTIOAB30BaH MoKa3aTeAb [4] pacuetnsix PH B pecst-
TU PaBHBIX IO MAOLIAAM 30HAaX KOAOIIHMKA BHYTPU
LIMKAQ 3arpy3KU ITOCA€ BBITPY3KU KaXKAOM Haphbl IOp-
LU KOKCA U YKEAE30COAEPIKAIIUX MATEPUAAOB (Aa-
Aee TOCAe BBITPY3KU KaXAOM mopauu). C moMolibio
3TOTO MMOKa3aTeAsl BO3MOXXHA OlleHKa mameHeHus PH
B K&XKAOJ 13 30H BHYTPU CTPYKTYPbI CTOAOQ LIMXTHI,
cbOpMMUPOBAHHOI BBIIPY3KOI LIMKAQ 3aTPY3KU.

Anaaus pacripepeaenus pacuetHoix PH B pecsatu
PaBHBIX IO ITAOLIAAY 30HaX KOAOLIHMKA BHYTPU LIMKAQ
3arpysKy IIOCA€ BBIIPY3KM KaXKAOM MOAQUU AASI TIPO-
rpaMMbl 3arpysKu, ucrnoabsyemon B 2012 r. (puc. 3, a)
u ycraHoBAaeHHoiT B 2013 r. (puc. 3, 6) mokasaa, 4To
HOBasi MPOrpaMMa 3arpy3Ku XapakTepusyercs: 0OAb-
LINM AMarla3oHoM usmeHeHuss PH B Ka)kpoOl 30He
KOAOIITHMKA OT MoAauu K mopavye. OcoOeHHO Xapak-
TepHa mepudepuitHas 30Ha, TA€ AMAMA30H M3MeHe-
Hust PH AAsT HOBOJT IpOrpaMMBI 3arpy3Ku COCTaBASIET
2,35...9,66 T/1 (0, = 2,64 T/T) IO CPABHEHUIO C AMATIa-
30HOM M3MeHeHus PH AAst ipeAbIAyIIIelT TporpaMMBbl
sarpysku — ot 3,51 a0 5,28 1/T (0, = 0,63 T/T). Ilpn
UCTIOAB30BaHMU KOKCA HM3KOTO KaueCTBa 9Ta 0COOeH-
HOCTB CII0OCOOCTBYET IMOBBILIEHUIO Ta30IPOHNULIAEMO-
CTU IUMXTBI ¥ YBEAUYEHMIO CTEIEeH) UCIIOAb30BaHUS

BOCCTAaHOBUTEABHON CIIOCOOHOCTY ra30B BCAGACTBUE
yBeAMYeHUS BpeMeH! peObIBaHMs Ta30B B [IEYN.

[Tocae M3MeHeHMsI TIPOTrpaMMbl 3arpysku pado-
ta AIl-3 Ha mepBoM 3Tare XapaKTepus3oBaAach He-
CTAaOMABHBIM XMMMUYECKMM HArpeBOM YyIyHa C U3-
MeHeHMeM copepkanusa KpemHus ot 0,21 ao 1,01%
([Si]Cp = 0,62%) u copepkanuem cepst 0,026-0,269%
([S]Cp =0,072%), 4TO MOXXHO OOBACHUTH OOHOBAEHMEM
KOKCOBOI1 HAaCaAKM TIPY IIePECTPOIIKe CTOADA IIUXTHI B
meun. [TocAe 3TOTO CXOA IUXTHI CTaA boAee CTaOMAD-
HBIM 0€3 «II0ACTOEB» I «0OPBIBOB», TEMIIepATypa Iie-
pudepuiHbIx ra3oB MocAe crabuausauuu pabodero
ypoBHs 3aceimu (1,3 M) ymeHbimAach Ha 65 °C (npu
YBEAMYEHUU B IIVXTE KOAMYECTBA FOPSIYEr0 arAOMe-
para 5TO MO3BOAMAO B AQABHENIIIEM TPOAAUTH CPOK
cAyx0b1 AoTKa B3Y). Temneparypa KOAOILIHMKOBOTO
rasa yBeAUYMAACh He3HAUYMTEABHO — oT 295 p0 310 °C.
[Tocae M3MeHeHMsI TPOrPaMMBbI 3arpy3Ku MpeKpaTu-
AOChb MHTEHCUBHOE ropetue Gpypm, cTara BO3MOKHOM
paboTa 6e3 BepXHUX «IIOABUCAHUI» C YPOBHEM 3aChl-
mu 1,3 M, KOTOpasi CONPOBOXAAAACh OTHOCUTEABHO
CTaOMABHBIM BEDXHUM TIE€PETIAAOM AaBAEHUS. AAS
npuBepeHus: ATT-3 K OAMHAKOBBIM YCAOBMSIM PaboThI
AO 1 TIOCA€ I3BMEHEHVSI TIPOTPaMMbI 3arPy3Ki OBbIA BbI-
MMOAHEH PACYeT BAUSHUS TEXHOAOTUIECKUX (PAKTOPOB
Ha YAEABHBIN Pacxop Kokca [6], KOTOpbI MoKasaa,
YTO TIPUBEAEHHBIN PACXOA KOKCA MOCAE M3MEHEHUs
MPOrpaMMbl 3arpy3Ky YMeHbIIMACS Ha 2% [4].

Takum obpasom, paspaboTaHHasi mporpamMmma 3a-
IPY3KU, KaK OCHOBHAsI, YCIIEIIHO MCIIOAB30BAAACh HA
ATT-3 c beBpaasi 2013 1. ¢ HEKOTOPBIMU KOPPEKTUPOB-
KaMy, HallPaBAEHHBIMU Ha oOecrieyeHure pasBUTOrO
LEHTPAABHOTO Ta30PACIPEAECAEHUST TIPU U3MEHEHUU
CbIpbeBbIX YycAOBUIL. Ha ocHOBe 3TOM mporpamMmbl
ObIAM TaKOKe pas3pabOTaHbl U MCIOAb30BAHBI CKOP-
pPEeKTMpPOBaHHbIE BApMAHTBI MPOrpPaMMbl 3arpysKu:
BapuaHT AAsI pa3AyBKu AT mocae MAQHOBBIX OCTaHO-
BOK, OTAVYAIOIUIICS OT OCHOBHOIT IPOTPaMMbl 60Aee
«packpeitoi nepudepuein» (YMeHbIIEHHBIMY PYAHDI-
MU HarpyskaMu B 9TOM 30He), @ TAK)Ke BapUaHT IpoO-
rpaMMbl 3arpysKu AAsl MOBbIIeHHOTO (OoAee 50%)
COAEP’KaHUsI OKATHIIIEN B MIMXTE, 0OECTeynBatoImit
MMHVMAaABHYIO MX KOHLIEHTPaLMIO B IepudepuitHoii
U IIEHTPAABHOI 30HAX KOAOIIHUKA.

Ha ocHOBe 13A0)KEHHOTO B CTaThe IIOAXOAQ pa3pa-
0O0TaHbI U peaAM30BaHbI TPOrPAMMBI 3arPy3KU IPU KUC-
MOAb30BaHUM TEXHOAOTUM BAYBaHUS MBIAE€YTOABHOTO
tonausa (ITYT), koTopas 6p1aa peaansoBana va AIT-3
EM3 B 2016 1. [7]. OcHOBHOE 13MeHeHMe TIPOrpPaMMbl
3arpysku npu mcrnoab3oBaHuu I1YT — ymeHbineHue
4yCcAQ PabOUMX YTAOBBIX TIOAOKeHMI AOTKa B3Y mpu
BBITPY3Ke KOKCa — OT IISITU AO YEThIPEX U YBEAUUEHIe
OT IISITU AO IIECTU 4YUCAQ pabouMX YrAOBBIX ITOAOXKeE-
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Puc. 3. PacnipepeAeHue pacueTHBIX PYAHBIX HATPY30K MO PAAMYCy KOAOIIHNMKA BHYTPU IIMKAQ 3arpy3KU MOCA€ BBITPY3KH KaXKAOI
IOAQYM AASI IPOTPAMM 3arpy3Ku, NCnoAb3yemoit B 2012 r. (a) u ycranoBAenHoii B 2013 1. (0)

HUII TIPU BBITPY3Ke MOPLUIL JKEAe30COAEp KaUX Ma-
TepMaAOB. IDTU M3MEHeHUs] 00YyCAOBAEHBI pPaboToI
AIT c yBeAnyeHHON cpepaHell pyAHOI HArpysKoil Ipu
BAyBaHuu ITYT u HampaBAeHBI Kak Ha obecreuyeHue
AOCTATOYHOJ Ia30NpPOHNULIAEMOCTU CAOEB LIMXTOBBIX
MaTepuaAoB IO BBICOTE CTOADA, TaK ¥ Ha UHTeHCUU-
KaLMI0 B3a/MHOTO IIepeTOKa Ta30B MeXAY LieHTPaAb-
Ho 1 tepudepuitHoi 3oHamu eun [8].
HcnoavzoBanue uHgpopmayuu o memnepamype
HA0 NOBEPXHOCHMIDIO 3ACHINU UWUXIDbL OAS KOHMPOAAL
OdomeHHOU niasku. AAs 3pdekTuBHOrO BbiOOpa U
OLIeHKM PEXJMOB 3arpysku HeOOXOAMMA HaAeXXHas
MHpoOpMaLMA O pacIpeAeAeH!M Ta30BOro IOTOKA 110
paanycy u okpyxHoctu AIl, KoTopoe, Kak IpaBuAO,
OLIEHMBAIOT IO INOKa3aHMSAM TepMOIap CTaLMOHAap-
HBIX TEPMO30HAOB 1M/MAY XMIMUYeCKOMY COCTaBY Iasa,
MOAYYaeMOIO C IOMOIbI0 TIa300TOOPHBIX MAIIVH
[1, 8-10]. B mocAeaHee BpeMsi AAST OLIEHKU pacripe-
A€AeHMsI TA30BOTO NOTOKA BCe LIMpe IMPUMEHSI0TCS
TEPMO30OHADBI, KOTOpble YCTAaHAaBAMBAIOTCS HAap IIO-
BEPXHOCTDBIO 3aCHINM IIMXTHI B IIeUM MO OAHOMY VAU
HECKOABK/M AMaMeTpaM KOAOLIHMKA. B oTamume or
ra300TOOPHBIX MAIIVH B)XHBIM KX AOCTOMHCTBOM SIB-
ASIeTCs HeINIPepbIBHOCTb M3MEepeHMI1, YTO MO3BOASIeT
VICIIOAB30BaTh IIOAYYaeMYIO C VX IIOMOIIbI0 MH(OpMa-
LIVIIO AASI OTIEPATUBHOM OLIEHK! ¥ KOPPEKTUPOBKHU pe-
kumos 3arpysku AIl K raaBHoMy HepocTaTKy Tepmo-
30HAOB CA€AYeT OTHEeCTU IOAy4YeHMe HeKOPPEeKTHOI
uH}oOpMaUMy NpM TMOHIDKEHUSX pabouux ypOBHe
3acpinyu. HeKoppeKTHOCTb moAy4yaeMoit MHdopmaLumn
0 pacIpeaeAeHMM TeMIlepaTypbl Ia30B MO paAMycaM
HeyM B 3TUX CAYYasIX OOBSACHSETCS MepeMellBaHeM
rasoBbIX IOTOKOB, MMEIOLIMX DPa3AMYHBIN XMMMUYe-
CKUI1 COCTaB U TEMIIEPATyPy B 00pa30BaHHO YBEAU-
4YEeHHOI! 30He eyl OT ITOBEPXHOCTU 3aChIIM LIMXThI
AO TEPMO30HAOB. DTO CBUAETEABCTBYET O OOABILeEN

5(hPEKTUBHOCTY TIPUMEHEHNST TEPMO30HAOB, 0COOEH-
HO AASL YIIpaBAEHUSI PaAMaAbHBIM paclpepeAeHMeM
mMXTOBbIX MaTepuaAoB Ha AT, obopypoBantbix B3V,
TA€e M3MeHeHle YPOBHSI 3aChINY He MCTIOAb3YETCS B Ka-
YyecTBe MHCTPYMEHTA YIPAaBAEHUSI pacIpeAeAeHreM
IINXTHI. AAH TMMOAYYE€HMA AOCTOBEPHBIX U CTa6I/IAbeIX
MOKa3aHMII TEPMO3OHABI AOASKHBI PacIioAaratbCs Ha
paccrostiuu ~0,50 M oT moBepxHocTu 3ackinu [1]. Kak
MPaBUAO, AASI 0becIieueH s IPUOAUBUTEABHO PABHBIX
PAacCTOSIHMI OT NMOBEPXHOCTU LIMXTBI AO TepMoIap
MO0 pPaAUYCy Ileuu TEPMO30HABI YCTaHaBAMBAIOTCS
MOA YTAOM HaKAOHA K TOPM3OHTY, peanoAaras ¢Gpop-
mupoBaHue B AIT BopoHkooOpasHoro mpoduasi mo-
BEPXHOCTU 3achimy uimxTbl. OAHAKO 3TO TpeboBaHMe
AKTYaAbHO AMIIBb MpYU POPMUPOBAHUM NTOBEPXHOCTU
muxThl ¢ nomoibio K3Y u He sBAseTCcsS HEOOXOAU-
mbIM nipu ocHaweHuu AIT B3V, nmporpammsl 3arpysku
AASI KOTOPBIX NPEAYCMaTPUBAIOT BBITPY3KY MOPLMIL
KOKca B oceBYy1o 30HY AIL

[TokazaTeAeM OLIEHKY pacIpeAeAeHVsT IXTOBBIX
MaTepuaroB 1o papuycam AIT, HEOOXOAMMBIM AAsI
MPUHSTHS PeLeHUII TI0 KOPPEKTUPOBKE PEXKMMOB 3a-
TPY3KH, SIBASIIOTCSI PYAHBIE HArPY3KU B K&KAOM ceye-
HUU papmyca rneun. PacnpepeaeHrie pyAHBIX HAIPY30K
M0 PaAMyCY TECHO CBA3aHO C pacmpeaeaennem CO,,
sTa CBA3b MMeeT npsimoit Bup [11]. Ouenka pacmpe-
A€AEHVISI pYAHBIX Harpy3oK 1o MHGOpMaLy, TOAyYa-
€MOIl TEPMO30HAAMM, OCHOBaHa Ha YCTaHOBAEHHOI
MICCAEAOBATEASIMU B3aMIMOCBSI3/ MEXAY pacIipepeae-
Huem CO, 1 TeMIepaTypon ra3oB Haa MOBEPXHOCTHIO
3aChIIY MIMXTHI [0 PAAMYCY IeYy, KOTopasl BbIpaxka-
ercs obpaTHoit 3aBUCUMOCTbIO [1]. OAHAKO Ta B3au-
MOCBSI3b HapYILIAETCs [IOCAE BBIIPY3KU IOPLMY KOKCa
B OCEBYIO 30HY I1€4M U IMPU TOHVDKEHUSX pabouero
YPOBHs 3acbinu. Taxke TeMIeparypa MOBEPXHOCTU
IIMXTBI 3aBUCUT OT TOALIMHBI CAOSI I TEIAOEMKOCTHU
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MaTepUaAOB B KOAbLIeBbIX 30Hax meun [1]. CaepoBa-
TEABHO, AASI IPUHATUA YIPABASIOIMINX BO3AECTBUN
moAyyeHre oOBEKTUBHOI uHPopMmanuu 00 usMe-
HEHUY TeMIIepaTypbl MTOBEPXHOCTY 3aChINM LIMXTHI
AOAYKHO OCYILIECTBASITBCS C MICIIOAB30BaHMEM CITEL-
AABHBIX AATOPUTMOB 00pabOTKM AQHHBIX [8].

HeraTuBHOI 0COOEHHOCTBIO TEPMO3OHAOB, MMe-
IOIIVX IVPUHY KOHTAKTHOI MOBEPXHOCTU C IIOTOKOM
BBITpy)XaeMolt ¢ AoTKa b3V mmxter O6oaee 200 Mm,
SIBASIETCSI 00pa3oBaHue B Me4M YTAYOAEHUI MOA Tep-
Mo30HAAMU, pocturaommx 0,5 M u 6oree. 1o mpu-
BOAUT K HEPAaBHOMEPHOMY PaCIpeAeAEHUIO KaK IIMX-
TBhI, TAK ¥ ra30BOT0 MIOTOKA 110 OKPY)XHOCTH meun [12].
ABa Takux TepMO30HAQ ObiAM ycTaHOBA€HBI Ha AIT-3
EM3 B okts6pe 2011 r. PesyabTaThl NMpeANyCKOBBIX
uccAepoBaHMin [12] moOKasaAM HaAM4YMe MCKAKEHUS
TEPMO30HAAMU PaCIPEAECAEHUS] IMIUXTOBBIX MaTepu-
aAOB IO OKpy)XHocTu meun. Ilo pexomeHpauum aB-
TOpoB AaHHOM crarbu Ha AIL-3, mocae mpoBepeHMst
KalIMTAaAbHOTO peMOHTa 3-ro paspsipa B uoHe 2014 r.
OBIAM YCTAQHOBAEHBI 4YEThIPe HOBBIX, OXAQKAAEMbIX
A30TOM TEPMO30HAQ OTEUYEeCTBEHHOTO IPOU3BOACTBA
C HIMPUHOV KOHTAKTHOM NMOBepXHOCTU MeHee 200 MM.
Eme opAHOV TOAOKMTEABHON KOHCTPYKTUBHOM 0CO-
0EHHOCTHIO0 YCTAHOBAEHHBIX TEPMO30OHAOB, B OTAMYME
OT KOHCTPYKLIT 0OABLIMHCTBA 30HAOB
VHOCTPAHHOTO IPOU3BOACTBA, SIBAS-
eTcsl  BO3MOXHOCTb  OOBEKTUBHOTO
KOHTPOASI CTelleH! pa3BUTHs Hepude-
PUITHOTO Ta30BOT0 IOTOKA: PacCTOs-
HMe OT CTeHK! KOAOIIHMKA AO KpaliHeil
nepudepuitHoil TepMOmapbl COCTaB-
AasieT 50 MM, a AO BTOPOM TepMoONaphbl
NpPUCTEHOYHOI1 30HbI — 310 MM.

B HexoTopbIx mybAnkaumsix [9, 13,
14] BcTpevawTCs NPOTUBOPEYMBBIE
CBEAEHIUSI O BAUSHUU OXAQKAEHUS
TEepPMO30HAOB Ha UX MOKa3aHUs. Tax,
nccaepoBanus [13] BAMSAHUA OXAa-
JKA€HUS Ha TTOKa3aHUS TEPMO30HAOB,
BBIIIOAHEHHBIE ITYTEM I1€PUOANYECKO-
IO OTKAIOYEHMS IOAQYUM a30Ta, IO-
Ka3aAM OTCYTCTBME CYIeCTBEHHBIX
JMCKa)KeHUI1 T0Ka3aHuil TepmoIiap,
YTO TPOTUBOPEUYUT BBIBOAAM, W3-
AOXeHHbIM B pabore [9]. CoraacHo
nccaepoBaHUSAM  [14], oXxAaxkaeHue
KOHCTPYKLIMM TEPMO30HAOB BAUSET
TOABKO Ha MOKa3aHMUA KpallHell Npu-
CTEHOYHOI TepMOIIapbl U3-3a OTXO-
AALLETO  a3oTa. OTU  YTBEP’KAEHMS
TpeOYIOT MPOBEAEHNSI AOTIOAHUTEAD-
HbIX 9KCIIEPUMEHTAABHBIX UCCAEAO-
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BaHMI1 BAUSIHMSI KPaTKOBPEMEHHOI'O OTKAIOYEHUS
xAapareHTa. AAsi OOBEKTUBHON OLIEHKU TeMIepa-
Typbl nepudepuitHOro ra3oBoro MOTOKa HEOOXOAM-
MO MCIIOAb30BaThb CpeAHVE 3HAUEHNSI ABYX KpailHUX
Tepmornap npucteHounon 3oHel AIl. Bmecrte ¢ Tem,
MICTIOAB30BaHME OXADKAEHUSI 0COOEHHO HEOOXOAM-
Mo nipu pabore AIl Ha ropsiuemM araomepare, KOraa
MCKAIOYEHA BO3MOXKHOCTb TTOAYYeHMsI 00 BEeKTUBHOM
nHbopmaLuu npu pabore TEPMO3OHAOB Oe3 OXAa-
>KaeHusL. [Ipu aToM cAepyeT OTMETUTD, YTO IPaKTHUKA
VICIIOAb30BaHMsI TOPSTYETO arAoMepara IMpPOKO pac-
npocTpaHeHa Ha 6oAbiHCTBe ATT YKpauHs.

AAsL aHaAu3a U3MeHEHMsI TeMIlepaTyp, peru-
CTPUPYEMBIX CTaLMOHAPHBIMM TEPMO30HAAMU, IpU
Pa3AUYHBIX TEXHOAOTMYECKUX YCAOBUSIX IIAABKY,
ObiA BeIOpaH mepuop paborsr AIT-3 ¢ 21.06.2014 mo
21.07.2014 r. AHaAM3 MOKa3aHUI TEPMO30OHAOB ITOKa-
3aA, 4TO mpu paboTe Mmeun Co CTAOMABHBIM YPOBHEM
3aCBhIM pacllpeAeAeHVe TeMIEpaTypbl MOBEPXHOCTU
IIMXTBI XapaKTepu3yeTcsi yMEPEHHO Pa3BUTBIM Li€HT-
PaAbHBIM razopacrpepesenuem (puc. 4). DTo COOTBET-
CTBYeT MOAOXeHUsIM paspaboranHon paHee B VUM
MHCTPYKLMY IO BEAEHMIO AOMEHHO ITAQBKU C MICIIOAb-
30BaHueM MHGOpMaLy O TEMIIEpAType MOBEPXHOCTU
LIMXTbI, COTAACHO KOTOPOI OCEBOJ Ta3OBbIl MOTOK

|

-~ TO1-TO 3
-~ TO2TO4

-3,6-3,2-2,8-2,4-2,0-1,6-1,2-0,8 -0,4 {) 04 08 1,2 1,6 2,0 24 28 32 3,6

| o
| -~ TO1-TO 3
-o- T02TO 4

-3,6-3,2-2,8-24-2,0-16-12-08-04 0 04 08 1,2 16 20 24 28 32 3,6

PaccrosiHue ot ocu eun, M

Puc. 4. PacipeaeAeHne TeMIIEpaTyPbl HaA MOBEPXHOCTHIO 3aChINM IMKXTHI 1O
ABYM U3MepsieMbIM AAMEeTPaM AASL IepuopoB paborbr AII-3 ¢ MuHumMaAbHbIM ()
U MaKCUMaAbHBIM (6) pacxopom Tonausa (IO 1...4 — yeTpIpe ra300TBOAA)
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ueBble 30HbI) eun (ITD). Aas sToro
ObIAM BBIOpAHBI IISITH TIEPUOAOB pa-
6otbr ATT-3 (panee NeNe 1-5). B me-
proae Ne 1 B (A+O) cocTaBasiro
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150

325 350 MOAEABHOIT cucteMbl [5], B cpea-
@ HeM cocTaBuAro 42,8%. B mepuope

Ne 2 — 46,0% (A+O) u 41,4% (I1D),

-5 B mepuope Ne 3 — 41,0% (A+O) u

_':'_i 37,4% (T1®), B mepuope Ne 4 — 53,2%

- ; (A+O) u 46,2% (I1D), B mepuope

—e -4 N5 - 36,0% (A+O) un 31,5% (T1D).

0 025 050 0,75 1,00 1,25 1,50 1,75 2,00 2,25 2,50 2,75 3,00 3,25 3,50

PaccrosiHue oT ocu euun, M

Puc. 5. PacnipepeAeHne copep>KaHUs OKaTbhIIIEl B )KeAe30PYAHOI CMeCH B KOAbIIeBbIX
30HAX 10 PaANyCy KOAOUIHUKA () U IPUBEAEHHOI K OAHOMY PAANYCY TeMIepaTypbl
HaA MOBEPXHOCTHIO 3aChIM IUXTHI (6) AASL ATU IepUOAOB paboTsr AIT-3:

Ne 1 —29.06.2014, ®_ B CMECHU C arAOMepaToM — 48,1%, B T1® 30He — 42,8%;

Ne 2 - 01.07.2014, B cmecnu ¢ araomeparom — 46,0%, B [1® sone — 41,4%;

Ne 3 - 02.07.2014, w B cMecu ¢ araomepatom — 41,0%, B I1D sone — 37,4%;

Ne 4 —09.07.2014, w B cMecu ¢ arAOMepaToM — 53,2%, B T1®D 30ne — 46,2%;

Ne 5 -16.07.2014, w B cmecu ¢ araomepatom — 36,0%, B I1D sone — 31,5%

CA€AYeT CUMTATb Ype3MEPHO Pa3BUTHIM, ECAU TEMIIe-
paTypa MOBEPXHOCTHU IIVXTHI B 0CEBO 30HE PAAMYCOM
1,5...1,7 M mpeBbllIaeT TeMIiepatypy nepudepuitHoin
3oubI Ha 300...350 °C. B paccmaTpuBaeMoM mepuoae
pabotsr AIl-3 Temneparypa B 0CeBOI1 30He MpeBbILIa-
Aa TemIepatypy B nepudepuittoit Ha 80...160 °C.
AAH OLI€HKN BAVAHUMA TE€XHUMKO-2KOHOMMNYECKUX
IOKa3aTeAell TAaBKM HA XapaKTep paclpeAeAeHNs
TeMIlepaTypbl IOBEPXHOCTY 3aCBINY MIMXTBI AAS Ka-
JKABIX CYTOK MCCAeAyeMoro mepuopa padorst AIT-3
OBbIA ONpPEAEAEH PACXOA NMPUBEAEHHOTO K KOKCY TO-
MIAVIBQ, YYUTHIBAIOLMIT KOAMYECTBO VICIOAB3YEMOTI'O B
LIMXTe KOKCOBOT'O Opexa ¥ KOAMYECTBO BAYBAEMOTIO
npupoaHoro rasa. Ha puc. 4 npeacTaBAeHO paciipepe-
A€HVe TeMIIepaTypPhl IOBEPXHOCTY LIVXTHI IO AVlaMe-
TpaM KOAOLIHMKA AASI ABYX IepuoAO0B paboter AIT-3
¢ MuHUMaAbHbIM (29-30.06.2014 1., cm. puc. 4, a) u
makcumaabubiM (03.07.2014 1., cm. puc. 4, 6) pacxo-
AOM TOIAMBA. B mepBoM mepuope pacxop TOIAMBA
ObIA Ha 3,5% MeHbIlle, yeM BO BTOPOM. B mepuop pa-
60tbl AIT ¢ MUHUMAaABHBIM PACXOAOM TOIMAUBA TEM-
nepaTtypa B ocu nieuy Ha 128 °C Bplllle 110 CpaBHEHUIO
C IEPMOAOM C MAaKCUMAABHBIM PACXOAOM TOIIAMBA.
Ha caeayiomem sTarne MCCA€AOBAHUI OLIEHMAU
BAMSIHME Ha pacIlpepeAeHMe TeMIlepaTyphbl Hap IMo-
BEPXHOCTbIO 3aChINM COAEPXKaHUs oKaTbimen (o, )
B cMecu ¢ araomeparom (A+O) u B mepudepuitHoit
30He (AeBATAas U AeCSITasl, paBHbIE 110 MAOIAAY KOAD-

PacripepeaeHue TemIiepaTypbl Hap
[MOBEPXHOCTBIO 3aChIIM IIMXTHI U
COAEp’KaHMsI OKAThILIEN B >KeAe30-
COAEpJKalX MaTepuaAax 1o papu-
yCY KOAOIIHUKA AASL TIATY TIEPUOAOB
pabotst AIT-3 mpuBeaAeHs! Ha puc. 5.
N3 puc. 5 caepayert, 4TO TeMIiepaTypa
Hap MOBEPXHOCTBIO 3aCHITN IIMXTEI
TeM BBbIllle, YeM MEHbIle COAEpIKa-
HMe OKaTbhIllIel KaK B CMeCU C arAo-
MepaToM, TaK U B )XeAe30pyAHol1 cMecu B [1D-30He.
Takum 06pa3oM, YCTAaHOBAEHO, YTO YBEAUYEHUIO
(ymenbutennio) o B I1D-30He neun Ha 1% cooTseT-
CTBYeT MOHIKeHMe (IIOBbILIIEHe) TEMITEPATYPbI HaA
MOBEPXHOCTHIO 3achiny mKXThI Ha 3...8 °C. O0BbsicHe-
HUSIMU TIOAYYEHHOM 0COOEHHOCTM CAY)KaT KaK BAMSI-
Hlie TIePEMEHHOTI'0 KOAMYECTBA FOpSYero araoMmepara
(MecTHOTrO MpPOM3BOACTBA), TaK U YBEAUYEHIE KOAU-
yecTBa FeO B mepBMYHOM IIAQKOBOM pacIiAaBe Mpu
YBEAYEHUM COAEP’KaHMsI OKATBIIIeN, COIIPOBOXKAA-
foieecsi OOABIIMMM 3aTpaTaMy TelAa AASl BOCCTa-
HOBAEHMSI KeAe3a. BcAeACTBME 3TOTO MPOMCXOAAT
VM3MEHEHMS YCAOBUI IIAABAEHMS Y BOCCTAHOBAEHNS,
MIPUBOASIINE K YMEHBIIEHMIO TEMIIEPATYPhI HaA I10-
BEPXHOCTHIO MUXTHI. Takum o6pasom, nudpopmarus,
MoAyYaeMas OT CTALMOHAPHBIX TEPMO3OHAOB, IIO-
3BOASIET KOHTPOAMPOBATDb COAEP’KaHMe OKAThIIIEN B
nepudepuitHoOi 30He MeYn, YTO KpaliHe Ba)KHO MpU
¢$bopMMpoBaHMM 3aLUTHOIO rAPHMUCA’KaA B TIEYN.
3akAueHne. B ycAOBUSIX HeCTaOMABHOTO Kaye-
CTBEHHOTO U KOAMYECTBEHHOI'O COCTaBa KOMIIOHEHTOB
IIMXTOBBIX MaTE€PUAAOB IPEAAOXKEH HOBBIN TOAXOA K
BBIOOPY paLiMOHaABHBIX ITporpamm 3arpysku b3V, ocHo-
BAHHBII HA YMEHbIIEHUM KOAMYeCTBA pabO4MX YTAOBBIX
MOAOXKEHMI AOTKA U CMEIeHUM OT MOPLMY K MOPLN
YCAOBHBIX T€OMETPUYECKUX «IPeOHEei» BAOAD papuyca
KOAOWIHMKA. [TOAOXXUTEADbHBIV OMBIT peaAusaluu Ta-
KOJI IPOTpaMMBI 3arpy3Ku Ioka3aH Ha npumepe AlIT-3
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EHakneBCKOro METAaAAyPIUMYECKOTO 3aBOAQ, A€ OoAee
YyeThIpex AeT OHa C HEKOTOPbIMU KOPPEeKTUPOBKAMU UC-
MOAB30BaAaCh 1 00ecreyrBasa HapsIAY C APYTUMU Me-
pONpUATUSAMU 3aAAHHbIE VAU BBICOKME TEXHUKO-3KO-
HOMMYecKue nokaszareAar. Ha ocHOBe mpepAO’KeHHOTO
MOAXOAQ OBIAM TaKKe pa3pabOTaHbI U PEAAN30BAHbI Ba-
PUAHTBI IPOTPAMM 3aTPY3KU AASI Pa3AYBOUHOTO IIepUO-
A TIeYU, AASI PEXKUMOB PabOThI C BBICOKUM COAEPYKaHU-
€M OKaTblllIell B COCTaBe MMXThI, & TAKKE AASL YCAOBUI
BAYBaHUs IBIA€YTOABHOTO TOINAMBA. YCTAaHOBAEHbI
0COOEHHOCTM M3MEHEHUsI TeMIlepaTypbl HaA MOBEpX-
HOCTDIO 3ChIIY LIUXTHI B 3aBUCUMOCTY OT COAEPIKaHUA
OKaTbllIell B IPUCTEHOYHOI 30He, 4YTO OTKPbIBAaeT BO3-
MO>XHOCTb AQABHEMIIIEro UCTIOAb30BaHMsI MH(pOpMaLUu
TEPMO30HAOB AASI OTIIEPAaTMBHOIO YIPABAEHUsS paclpe-
A€AEeHUEM IIMXTOBBIX MaTEPUAAOB MPU GOPMUPOBAHUU
3aIIUTHOTO FAPHUCAXKA B IIEYM.
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EFFECTIVE MANAGEMENT OF BF CHARGING AND
USING MODERN MEANS OF CONTROL IN VARIABLE
TECHNOLOGICAL CONDITIONS

© Semenov Yu.S., Shumelchik E.l., Horupakha V.V.

In conditions of unstable quality and quantitative composition of the charge materials, an approach to the selection of the
BLT charging programs based on reducing the number of workers and the angular positions of the tray shift from batch
to batch of conditional geometric ridges along the radius of the furnace top is offered. The positive experience of such a
charging program implementation is shown in BF#3 “Yenakiieve Iron & Steel Works” The main features of the installation
of stationary PTC probes on blast furnaces and features of the nature of the temperature distribution along the radius
of the furnace are given at various costs of reduced fuel. Temperature relationships were defined over the surface of the
charge bed with the content of pellets in the charge.

Keywords: blast furnace; charging program; BLT; mass flow; ore load bed height; temperature probe; the quality of coke;
pellet content in the charge.
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