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HUCCIEAOBAHUE BJIUSAHUA COAEPKAHUA KPEMHUA B YYT'YHE U
EI'O TEMIIEPATYPBI HA DOKCEPI'ETUYECKUE IIOKA3ATEJIA
CUCTEMBI « IOMEHHAS IIEYb-KOHBEPTEP»

Hnemumym uepnou memannypeuu um. 3.14. Hexpacoea HAH Ykpaunwsi

Annorammsi. llenmpio  pabGoTel  sBISIETCS  HMCCIENOBAaHHE  AHEPTOEMKOCTH
METAJUIONIPOAYKIIMM B CHUCTEME (IOMEHHasl Te4b — KUCIOPOJHBIH KOHBEPTEpP» MHpHU
ocBoeHnH mbuieyronsHoro tommuBa (IIYT) B momenHom mpowmsBoacTBe. OmHUM W3
MapaMeTpoB, XapaKTePU3yIOIUM TEPMOJANHAMUYECKHE TTOKa3aTeIH JOMEHHOMN IIIaBKH,
SIBIISIETCS COZIEP KAaHNE KPEMHHUS B JKHIKOM UyTyHe. BBITIOIHEHO MCCIe10BaHNe BIHSHHS
COZIEpKAHUS KPEMHHMS B UyTyHE M €ro TeMIepaTyphl Ha MOKa3aTelu paboTel U
TEPMOANHAMHYECKHE II0KAa3aTeIM BBIIUIABKM CTald B TEXHOJOTMUECKOW IIEIH
«IOMEHHBIH — KHCIOPOIHO-KOHBEPTEPHBI IIeX» IIPU OCBOCHHH MBUICYTOJIBHOTO
TOIUIMBA B JIOMEHHOM Iiexe. PaccuuTaHbl npeeinbHble MUHEMAIbHBIE 1 MaKCHMaJIbHbIE
3HA4YEHUs] M3MEHEHUs IIPOU3BOJUTEIIHOCTH U pacXola KOKCa, M HKCEPreTHYECKUX
MoKa3aTesiedl MpU W3MEHEHUM COJCP)KaHUS KPEeMHHUs B YyryHE. YCTaHOBJIEHO, UYTO
YMEHBIIEHUE COJACpP)KAHMS KpPEeMHHsS M TEeMIepaTypbl UyryHa B IOMEHHOH Iiedn
MO3BOJIAET YMEHBIIUTh TOTEPU HKCEPrUM, YyBENUUUTh IKcepreruueckue KIIJI,
COXPAHHUTH HA MIOCTOSHHOM YPOBHE WJIH yJTy4IINTh SKOJIOTHUeCcKHe nokaszaTenu. OmgHaKko
YMCHBIIICHHE TeMIIePaTyphl YyTyHa MOXKET NPUBECTH K CYIIECTBEHHBIM PacCTpPOHCTBaM
B paboTe moMeHHOU meun. [lokazaHo, YTO HauOOJbIICEe BIUSHUC B TEXHOJIOTHUECKOM
CHCTEME <«JIOMEHHBIH — KHCIIOPOJHO-KOHBEPTEPHBIH II€X» OKa3bIBACT COJEpPIKAHUS
KPeMHHSI B  4YyryHe, YyMEHbUIEHHE KOTOPOTO  CHOCOOCTBYET  yBEJIHUYCHHUIO
skceprerruueckux KIIJI, yMEHBIIEHHIO 3KCEpreTM4ecKuX IMOoTeph U  YIYYIIECHHIO
JKOJIOTHYECKUX TOKa3areneid. TemmepaTypa dyryHa Ha OJKCEpreTHYecKne |
9KOJIOTHUYECKHUE MTOKA3aTEeNN B CHCTEME «JOMEHHBIH — KHCIOPOIHO-KOHBEPTEPHBIH 1EX)
OKa3bIBaeT HE3HAYWTENPHOE BIMSHUE, OJHAKO, YMEHBIIEHHE TeMIlepaTypsl 4yryHa
MOJKET MPUBECTU K CYILECTBEHHBIM PAacCTPONCTBaM B paboTe KOMIUIEKCA «JOMEHHAas
NeYb — KUCJIOPOJHBIN KOHBEPTEPY.

KiroueBble c10Ba: JoOMEHHas Ieub, KUCIOPOAHBINA koHBepTep, IIY T, conepxanue
KPeMHHSI B 4UyryHe, TeMmIeparypa 4YyryHa, SKCepreTHUecKHe M HSKOJOTHUECKUE
TIOKa3aTeIn

Ccepuika ausi nurupoBanusi: Yaiika AJI. MccnenoBanue BIUSIHUS KPEMHHUS B
YyT'yHE 1 €T0 TEMIIEpaTyphl Ha SKCEPTeTHIECKHE MTOKa3aTeNN! CHCTEMBI «JOMEHHas 11edb —
kucinoponuei  komBeprep» /  AJL Yaiika, A.I. Yepmaresmu, A.A. Coxamxuii,
A.A. Mockamuna, T.C. Tony6, JI.C. MomuanoB // «®yHIaMeHTalIbHbIE U TPHUKIAIHbIC
npo6nemsl yepHoii metatypruu. — 2018. — Beimn.32. — C.93-106.
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Investigation of the effect of silicon content in iron and its temperature on
exergy indicators of the blast furnace-converter system
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Abstract. The aim of the work is to study the energy intensity of metal products in
the "blast furnace - oxygen converter" system during the development of pulverized coal
(PCF) in the blast furnace production. One of the parameters characterizing the
thermodynamic indicators of blast-furnace smelting is the silicon content in liquid iron.
A study was made of the effect of silicon content in iron and its temperature on the
performance and thermodynamic indicators of steel production in the blast furnace —
oxygen converter shop chain during the development of pulverized coal in the blast
furnace. The calculated minimum and maximum values of changes in productivity and
consumption of coke, and exergy indicators with a change in the silicon content in the
iron. It is established that a decrease in the silicon content and the temperature of iron in
a blast furnace can reduce the loss of exergy, increase the exergy efficiency, maintain a
constant level or improve environmental performance. However, reducing the
temperature of the iron can lead to significant disturbances in the operation of the blast
furnace. It is shown that silicon content in cast iron has the greatest impact in the blast
furnace-oxygen shop technological system, a decrease of which contributes to an
increase in exergy efficiency, a decrease in exergy losses and an improvement in
environmental indicators. The temperature of the cast iron on the exergy and
environmental indicators in the "blast furnace - oxygen converter shop" system has a
minor effect, however, a decrease in the temperature of the iron can lead to significant
disturbances in the operation of the "blast furnace - oxygen converter" complex.

Keywords: blast furnace, oxygen converter, PUT, silicon content in cast iron, cast
iron temperature, exergy and environmental indicators.

For citation: Chaika A.L. Investigation of the effect of silicon content in iron and
its temperature on exergy indicators of the blast furnace-converter system / A.L. Chaika,
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JlocinzkeHHsl BIUIMBY BMICTY KpeMHil0 B 4YaByHi Ta iioro TemmepaTypn Ha
eKcepreTHYHi MOKA3HUKH CHCTEMH «I0MeHHA Miu-KOHBepTep»

Incmumym uopnoi memanypeii im.3.1. Hekpacosa HAH Yxpainu

AHoTanisi. MeTolo poOOTH € JOCHIIKEHHS EHEPrOEMHOCTI METAIONPOAYKIil B
CHCTEMI «JOMEHHA ITi - KICHEBHI KOHBEPTEP» IPH OCBOEHHI MHUJIOBYTLIFHOTO MaIHBa
(IIBIT) B momenHoMmy BupoOHMHOTBI. OgHMM 3 MapaMeTpiB, IO XapaKTEepPU3YIOTh
TEPMOJTUHAMIYHI TIOKAa3HUKH JOMEHHOI IUIABKH, € BMICT KPEMHIIO B piIKOMY YaBYHi.
BUKOHAHO NOCII/DKEHHS BIUIMBY BMICTY KPEMHIiIO B 4aByHi i Horo temmeparypu Ha
MOKAa3HUKH POOOTH 1 TEPMOAMHAMIYHI MMOKAa3HHKU BHUIUIABKH CTAJIH B TEXHOJOTTYHOMY
JIAHIOTY «JIOMEHHUH - KHMCHEBO-KOHBEPTEPHH I€X» NMPHU OCBOEHHI MUIIOBYTiTBHOTO
naiMBa B JOMEHHOMY Ilexy. Po3paxoBaHi TIpaHM4YHiI MiHIMaJdbHIi 1 MakKcCHMajbHi
3HAYCHHS 3MiHM MPOAYKTHBHOCTI 1 BUTPATH KOKCY, 1 €KCEPreTHYHOI MOKAa3HUKIB MpPHU
3MiHI BMICTYy KPEMHII0 B 4YaByHi. BCTaHOBJIEHO, IO 3MEHIIEHHS BMICTy KPEMHIIO 1
TEeMIepaTypd 4YaByHy B JOMEHHIH Tedi JO3BOJISIE 3MEHIIUTH BTPAaTH EKCeprii,
30ipmmTH  ekcepretmyroi KKJI, 306epert Ha TOCTIHHOMY piBHI a00 MOJIMIIHTH
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€KoJIOTi4HI nokasHUKH. OfHAK 3MCHIICHHS TeMIepaTypu 4YaBYHY MOXKE NPUBECTH M0
CYTTEBUX pPO3TafgiB B poOOTi momeHHOi medui. [lokazaHo, mo HaOUIBIINI BIUIMB B
TEXHOJIOTIYHIM CHCTeMi «JOMEHHHI - KHCHEBO-KOHBEPTEpHHH LeX» HaIae 3MICTY
KPEMHII0 B YaBYyHi, 3MEHIIECHHS SKOro crpuse 30utbmieHHo ekcepretuanoi KKJI,
3MEHIIEHHS EKCEepreTHMYHOi BTpaT 1 TIOJINIIEHHIO EKOJIOTIYHHX MOKa3HHUKIB.
TemnepaTypa yaByHY Ha €KCEPreTHYHOI 1 €KOJIOTiYHI ITOKa3HUKH B CUCTEMI «JOMEHHHUI
- KHCHEBO-KOHBEPTCpHHMH IIleX» Ma€ He3HauHMH BIUIMB, OJHAK, 3MEHIICHHS
TEeMIIepaTypH YaBYHY MOXKE HPHBECTH JI0 CYTTEBHX pPO3JIaNiB B POOOTI KOMILIEKCY
«IOMEHHA IIi4 - KHCHEBUII KOHBEPTEPY.

KirouoBi cioBa: nomenHHa miy, KucHeBUil koHBeptep, IIBII, BMicT kpemHil0 B
YyaByHi, TEMIepaTypa 4YaByHY, €KCEPreTUYHO] 1 eKOJIOTI1YHI HOKA3HUKH.

Hocunannsa ana uwuryBanusi: Yaiika AJI. MccnenoBanue BiIMsSHHSA KpEeMHHUS B
YyT'yHE U €T0 TeMIIEpaTyphl Ha SIKCEPTeTHIECKHE MOKa3aTeN! CHCTEMBI «JOMEHHas 1eub —
KucnoponHeiii  koueBeptep» /  AJL Yaiika, A.I. UepnsateBudy, A.A. Coxalkuii,
A.A. Mockamna, T.C. Tony6, JI.C. MonuanoB // «@ynoamenmanvhvie U NpukiaoHvle
npobnemvt ueprou memannypeuuy. — 2018. — Beim.32. — C.93-106.

Doi:

Cocrosinne Bompoca. OCOOCHHOCTH PabOTHI IHEPTrOTECXHOIOTHUCCKOTO
KOMIUIEKCa «JOMEHHasl Me4Yb — KHUCIOPOJHBIM KOHBEpTEp)» 3aKII0YaloTCA B
HEOOXOANMOCTH OJTHOBPEMEHHOT'O y4eTa OOJIBIIOro KOJIMUecTBa NoTpeduTenei
U WCTOYHUKOB O3HEPIUH pPa3IHMYHOTO MOTEHIHMANa M pPa3IudHON (U3UKO-
XMUMHUYECKOH MPUPOJBL.

OcHoBHyto pomo SHepruu (10 ~90%) B TEXHOJNOTHYECKOW IEIH
«IOMEHHas IIeYb — KUCIOPOAHBIN KOHBEPTEP» MOTPEOIIIeT JOMEHHasI TIeyb ¢ ee
pasBuTOH WH(PACTPYKTYpOH: KOKCOXMMHUYECKHM, arjoMEepanMoHHBIM U
SHEepreTuueckuM npousBoactBamu [1, 2]. IloaTomy mpou3BoACTBO 4YyryHa B
JTAaHHOU TEXHOJIOTUYECKOI Henu 9HEPronoTpedIeHus SBIISETCSA
OTIPENIEIIAIONINM 3BEHOM B PeCypcocOepeKeHUH.

W3onupoBaHHOE PAacCMOTPEHHE HCIOIB30BAHUS HHEPTHU IO arperaram
(momeHHas neyb, KHMCJIOPOJHBII KOHBEpTep) 6e3  ywera  HX
9HEPrOTEXHOJIOTUIECKHUX CBSI3€H HE 00eCIeUnBACT JOCTIDKEHHS PallHOHATBHBIX
peLIeHUiT ¥ TOJIy4eHUs] TJO0OAIBHOIO HSKOHOMHYECKOTO OINTHMyMa MpHU
BBIIJIaBKE CTaU. AKTyalbHOW 3a/lauell IBISETCS YMEHBIIEHUE YHEPTOEMKOCTH
METAJUIONPOIYKIIMU B CUCTEME «JOMEHHas Me4b — KUCIOPOIHBII KOHBEPTEP»
NP OCBOEHMH IblIeyroiabHoro torumBa (ITYT) B moMeHHOM NpOM3BOACTBE.
OTo cBsA3aHO C TeM, 4To Ipu ocBoeHHu IIYT mpoucxonsT HM3MEHEHHS B
TEIUIOBOW paboTe JOMEHHOW Me4yH, B YaCTHOCTH H3MEHEHHE TeMIepaTyphl
YyTryHa U COAEPIKaHUSI B HEM KPEMHHUS.

Heasio padoTbI ABJsIeTCs HCCIIEIOBAaHNE HEPTOEMKOCTH
METAJUIOIPOIYKIINH B CHUCTEME «JOMEHHAas MedYb — KHUCIOPOIHBI KOHBEPTEP»
IIpU OCBOCHMH TbUIeyToibHOTO ToruBa (IIYT) B moMeHHOM IpOM3BOACTBRE.

N30:keHHEe OCHOBHBIX pe3yJbTATOB HccaeqoBaHus. lcciuemoBanmus,
MIPUBEICHHBIE B CTAaThe, BHIITOJHEHBI 10 (PAKTUIECKUM CPEIHETOIOBBIM JTAHHBIM

paboTBl TOMEHHOTO ¥ KHCIOPOIHO-KOHBEPTEPHOTO IIEXOB OJHOTO U3
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MEePEeIOBbIX METAUTYPrU4eCKUX MPEANPUITHI MOJHOTO LMKIA YKpauHbl NpU
ocBoeHuU Ha HeM [IYT B 1OMEHHOM NPOU3BOJCTBE.

CocraBieHHe KCEepPreTHIecKuX OalaHCOB KOMIUIEKCA «IOMCHHAs Iedyb —
KHCJIOPOIHBIN KOHBEpTEP» BEITIOJTHSIIOCH c HCTIOJIb30BaHIEM
MOJICpHI3HPOBAHHBIX METOIUK B YCIOBHAX nmpuMeHeHus [1YT npuMeHHTenbHO
K CYIIECTBYIOIINM YCIOBHAM pabotsl [3-12]. CocraBieHue 3KCepPreTHYECKUX
0amaHCOB B TEXHOJOTWYCCKOH IIENMM <«JIOMEHHas IMe9b — KHCIOPOIHBIHA
KOHBEPTEP» BBIMOJIHEHO MOATANHO, OTIEIBHO ISl TOMEHHOTO U KHUCIOPOAHO-
KOHBEPTEPHOTO0 1I€XOB, a 3aTeéM BBIMIOJHEH WX CHHTE3 M COCTaBIeH
JKCEPreTHYCCKU OaJaHC CHUCTEMBI <«JIOMCHHAs T€4b — KHCJIOPOIHBIHA
KOHBEPTEP».

JlomeHHbII 1ex BKIOYaeT 4 JOMEHHBbIE NEeUYM CYMMAapHBIM TOJE3HBIM
o0breMoM 6953 M3, BBIIUIABJISIIOLINE MEPENENbHBI YYTYH CO CIEOYIOIIUM
cpenHerooBEIM xuMmudeckiuM coctaBoM: C = 4,35%, Si = 0,74%, Mn = 0,14%,
S =0,016%, P =0,069% n cpenHei TeMneparypoii 4yryHa Ha >kenooe 1490°C.
KonBeprepHBI 1IeX BKIIFOYaeT B cebs 2 KOHBepTepa eMKOCThi0 mo 350 T
Ka)XXIIbIii, TIepepabaThIBAIONINE STOT YyTyH.

H30:keHNe OCHOBHBIX MATEPHATIOB HCCIET0BAHMA.

JkcepreTuyeckuii 0ajaHc JgoMeHHOro uexa. PacueTsl BIUSHUS
coJiep KaHus KPEeMHUS MPU U3MEHEHUH ero cojiepkaHus B uyryHe ot 0,74% mo
0,34% u Temmnepatypax 4yryHa Ha Beimycke 1420 u 1490°C cooTBeTCTBEHHO Ha
HKCEPreTUIeCKHe MOKa3aTeau JOMEHHOTO 1ieXa BHITIOJHEHBI B IBYX BapHaHTax
(Tabmuma 1).

B nmepBoM BapuaHTe OIIEHKa BIUSHUS COJEpKAHUS KpPEeMHHS Ha
MPOM3BOMUTEIHHOCTh M PAcXoJ KOKCa BBIIOJHEHA C UCIIOJIB30BaHHEM
teriosHepreTuueckod monenu M. JI. Cemukuna [13, 14], a Bo BTOpoM — C
ucnons3zoBanueM aanubix U.I'. Toaposckoro u E.®d. Bermana [15, 16].

Tabmuia 1l — TIporHO3HBIC OKCEPreTHUECKHE TIOKa3aTear JOMEHHOTO IieXa MpH
W3MEHEHHH TEMIIEPaTyphl U COJICPKAHUS KPEMHUS B YyryHe™*
Temnepatypa yyryHa C 1490 1420
CojepxaHue KPeMHHUs B UyT'yHe % 0,74-0,34 0,74-0,34
TexXHHKO-IKOHOMHUYEeCKHE MOKa3aTe u:
MPOU3BOAUTCIBHOCTD IMEYH T/‘[aC M M
458 - 480 469 — 492
496 — 492 492 — 487
pacxon Kokca KI/T 496 — 472 492 _ 468
3 35-34 34 -33
pacxoj MpUpPOHOTO ras3a m°/T 35_ 35 3434
pacxoxn ITYT KI/T % %
581 — 575 574 — 568
pacxoj; yCIOBHOTO TOILIMBA KI/T 581 - 557 574 - 551
JkcepreTuyeckuii 0ananc:
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[Mpuxox sxcepruu (MJDx/T uyryHa):

TepMudecKas** sxceprus xythst| MJDx/T iigg : 11;; ijgg : iggj
TepMuUecKas™** sKkceprust M/ 1456 — 1434 1422 - 1400
MPUPOJHOTO Taza 1456 - 1434 1422 - 1400

XUMHUYECKHE IKCEPTUu:

16255 - 16105

16110 — 15960

KOKCa Mx/r 16255 - 15465 16110 - 15333
vt M | Yo7 1p00 | Tieo-1an
XKPC MJGx/t % %
W3BECTHSKA MJbx/t H %
Beero mpixoz oxceprm Mt 20905 — 20695 20663 — 20455

20905 - 20007

20663 — 19780

Okceprus npoaykTos maBku (M/Dx/T ayryHa):

Tepmuueckue sxceprum**:

ayryH M/ 8998 - 8910 8950 — 8862

8998 - 8910 8950 - 8862
788 — 788 758 — 758

uuiax MJlx/r 788 - 788 758 — 758

KOJIOITHMKOBBIN ra3 M/t 1270 - 7130 1175 - 709
7270 - 7190 7175 - 7095

KOJIOITHUKOBAS IbLIb M/t 476 - 476 476 - 476

476 - 476 476 — 476
(npodondcernue madauywl 1)
Bcero BeIxoa 3xceprun M/Dx/T 17533 - 17369 17358 - 17190
17533 - 17365 17358 - 17190

[ToTepu sxcepruun M/t 3370 - 3330 3305 — 3266

3370 - 2643 3305 - 2590
Oxcepreruueckue KIT/:

TEPMOJUHAMHYECK

C(e)r;e;ieﬁimo )elfw?eelmoro % 839-8339 840-840
83,9 - 86,8 84,0 - 86,9

nporecca

TexHosoruueckuit KIT/J % —'—’—iglg : ii’é —’—'—jgg : 2212

0000meHuHbIi KIT/] % 55,8 - 55,9 56,2 - 56,3

MTPOU3BOJICTBA YyT'yHA 55,8 - 57,8 56,2 — 58,2

DKOJIOrHYeCKHE TIOKA3aTEIN:

9KOJIOTOEMKOCTh JIOJTH 0,06 - 0,07 0.06 - 0,06
0,06 - 0,07 0,06 - 0,06

PeCypCcOeMKOCTh JIOJTH 130-131 130 - 1.30
1,30 - 1,26 1,30 - 1,26

K09 QUITMEHT SKOJOTHYHOCTH TIOJIA 0,72 -0,72 0,72 -0,72
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| | 072-074 | 072-074 |
* YHUCIAUTENb — C MCHOJb30BaHHMEM TeruodHepreruueckoir mogenu M.JI. CemukuHa,
3HaMEeHaTelb — ¢ Ucnoyib3oBaHueM JaHHbIX M.I'. ToBaposckoro u E.®. Bermana;

** cymma (pu3nUecKor M XMMHUYECKON 3KCEPTHH.

B mepBom BapmaHTe pacueTa C HCHOIb30BAHHUEM TEIUIOIHEPreTHYECKOi
monenu U.JI. CeMukrHa pU YMEHBIICHUH COAEPIKAHUS KPEMHUS B UyTyHE Ha
0,1% npu mpo4ux paBHBIX YCIOBUSAX YUUTHIBAIOCH, YTO NMPOU3BOAUTEIHLHOCTh
neun ysenuumBaercs Ha ~0,3+0,4%, a pacxom KOkKca yMEHbIIAeTcsl Ha
~0,2+0,3%. Bo BTOpoM BapuaHTe pacueTra C HCIOJIb30BAHUEM JIAHHBIX
N.I'. ToBaposckoro u E.®. Bermana npu yMEHbIIEHUN COJIEPKAHUS KPEMHUS B
yyryae Ha 0,1% mNpoOM3BOIUTENBEHOCTh TEUYM yBennumBaercss Ha ~1,2%, a
pacxon Kokca ymenbmaerca ~1,2%. Ilo ngaHHBIM JOpyrMX HCTOYHHUKOB
YMEHBIICHHE CcoOAepkaHus KpemHus B uyryHe Ha 0,1% mnpuBogur k
YBEJIIMYEHUIO IPOU3BOAUTENBHOCTH Iteur Ha 0,4-0,8% 1 yMEHBIIEHHIO pacxona
kokca Ha 0,5-1,0% [17-19]. CnemoBaTenbHO, PAacCMOTPEHHbIC BapHAHTHI
pacueTa yYHUTHIBAIOT IpefeibHble MUHMMAlIbHbIE U MaKCHUMaJIbHbIC 3HAYCHUS
W3MEHEHUS IPOU3BOAMTENBHOCTH M pacxoja KOKca, U 3KCEepPreTHYeCKHX
MoKasaresel Ipu U3MEHEHUH COJIepXKaHUs KPEMHUS B UyTyHE.

Ilo pesynmpTaTaM BBINOJIHEHHBIX PacyeTOB IOKa3aHO, YTO yMEHbBILICHHE
coJiepxaHus KpeMHus B uyryHe Ha 0,1% mpuBoauT K:

- YBEIMYECHHIO MPOU3BOAUTENHHOCTH Neun Ha ~0,3+1,2%;

- YMEHBUICHHIO Pacxoja KOKCa, YCIOBHOIO TOIUIMBA M CYMMAapHOIO
torutuBa Ha ~0,2+1,2%;

- YBEIMYEHUIO TEPMOAMHAMHYECKOIO  COBEPIICHCTBA  JOMEHHOIO
npouecca Ha ~0+0,7%;

- yBenmmueHwto TexHonormdeckoro KIIJI u o6obmennoro KIIJ
MpOU3BOJCTBA YyryHa Ha ~0-+0,5%;

- COXpaHEHHIO 3KOJIOTOEMKOCTH;

- YMCHBUICHUIO PECYpPCOEMKOCTH U yBelIW4eHHo Kkod(d¢uuneHra
sxosioruynoctu Ha ~0+0,8%.

‘YMeHbUICHNE TEMIIEPATYPHI UyTyHa Ha 50°C IIPUBOJUT K:

- YBEJIMYEHHIO TEPMOAMHAMMYECKOTO  COBEPIIEHCTBA  JOMEHHOTO
npornecca Ha ~0,1%;

- yBenunueHuto texHojoruueckoro KIIJ Ha ~0,2%;

- yBenmueHuto oboobmenHoro KITJ] npousBoactea uyryna Ha ~0,3%;

- COXPAaHEHUIO HA MIOCTOSHHOM YPOBHE KOJIOTUYECKUX MOKa3aTeIeH.

OO0o00ImeHre TOJMY4YEeHHBIX pe3ylbTaToB JKCEPreTHYecKOro  aHalins3a
BIMSHUS COJEpXKAHUS KPEMHHUS B UyryHe WU TEMIEpaTypsl 4YyryHa Ha
SKCePreTHYECKre MOKa3aTe I JOMEHHOTO I1eXa MOKa3bIBalOT, 9TO YMECHBIICHHE
COJIEpXKAaHNSA KPEMHHUS M TeMIIepaTyphl Yyr'yHa B JOMEHHOH I1€9M MO3BOJISIET
YMEHBIINUTE NOTEPU IKCEPIUH, YBEIUUUTh dKceprerudeckue KIIJ, coxpaHuth
Ha MOCTOSTHHOM YPOBHE WJIM YJIYYIIUTh 3KOJOTMYecKHe mMokazarenu. OmHako
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YMEHBLICHHUE TeMIlepaTypbl UYyryHa MOXET IPHBECTH K CYIIECTBECHHBIM
paccTpoiicTBaM B paboTe JOMEHHOMH IeYH.

JKcepreTuyecKuii 0ajJaHc KUCIOPOAHO-KOHBEPTEPHOIo exa. Bimsaue
U3MEHEHHs coJepkaHus KpemMHus B dyryHe ot 0,74% mo 0,34% c
TeMIIepaTypoii UyryHa Ha BBHITyCKe W3 goMmeHHoi meun 1420°C m 1490°C
COOTBETCTBEHHO Ha 3KCEPreTHUECKHE MOKa3aTeIH KHCIOPOJHO-KOHBEPTEPHOTO
nexa mpuBeneHsl B Tabmuie 2. IlpuHATO, 9TO TemmepaTypa dYyryHa MOpH
3aTMBKe B KOHBepTep yMmeHnbimaercs Ha ~100°C, 4To COOTBETCTBYET mpakTHKe
OTEYECTBEHHOI'0 CTaJICINIaBUJIBHOTO MPOU3BOJACTBA U CBA3aHHO C TEIJIOBBIMHU
MOTEPSIMU TIpU €ro TpaHcopTuposke [20].

DKcepreTMYecKUi  aHajiW3 KOHBEPTEPHBIX IUIABOK  IOKa3al, dYTO
yMEHbBIICHUE CcoJepkaHus KpemHHuss B uyryHe Ha 0,1% u ymeHblueHHe
TEMIIEPATYpPhl YyryHa Ha 50°C B YCIOBHSAX KOMIICHCAIMM PAa3HHUIIBI TEIUIa
U3MCHCHHUCM COOTHOIICHUA INHUXTOBBIX MAaTCpUAIOB (T.e. npyu YMCHBUICHUU
TEMIIEpaTypbl M COAEPKaHWS KPEMHHS B HEM IPOW3BOIAT YBEIMUCHHE €ro
JIOJTN B 3aBaJIKE) MPAKTHUECKH HE COMPOBOKAACTCS U3MEHEHHUAMHE B IPUXO/E U
BBIXOI€ O3KCEPrHH, OJHAKO TAaKWE W3MEHEHHS NPHUBOAAT K YMEHBIICHHUIO
BEJIMYMHBI SKCEPreTHUECKHUX MOTEPh Npoliecca KOHBEpTHpOBaHUs Ha 8-15% n
5-9% COOTBETCTBEHHO.

ITo pe3ynpraTaM BBINOJHEHHBIX IPOTHO3HBIX PAaCYETOB 3KCEPrETHUECKUX
NoKasaTeJieldl yCTaHOBJICHO, YTO YMEHBILICHUE COJCP)KaHHsl KPEMHHsSI B UyTryHe
MPUBOIMT K YBEIMUYCHUIO MOKa3aTeseil TepMOJMHAMHYECKOTO COBEPILICHCTBA U
texHostornueckoro KI1/I nmporiecca KOHBEpTHPOBaHHUS, a Takxke KoddduureHra
9KoJOrn4HOCTH. [Ipy 3TOM mMOKa3zaTean HKOJOrOEMKOCTH U PECYpCOEMKOCTH
HE3HAYUTEJIbHO YMEHbBIAIOTCA. YMEHbIIEHUE TEeMIIepaTypbl UyryHa Ha 50°C
MPAaKTHYECKH HE OTPa’KaeTcsi Ha M3MEHEHMHM II0Ka3aTeNied 3KCcepreTHdecKhX
KIII u sxosorruecKkux moka3aresne.

Tabauua 2. DKcepreTHIECKUii OalaHC KOHBEPTEPHOTO 1exa

Ha Bbinycke JI1 Oc 1490 1420

Temnepatypa v
ayryma nepe; 3aIuBKOil B oC 1390 1320

KOHBEpTEp
ConeprkaHne KpeMHUSI B IyT'yHE % 0,74 -0,34 0,74 -0,34
Jlois 4yryHa B KOHBEpTepe % 85,4 — 86,6 88,5 -89,8

OkcepreTudeckuii 6amanc
[Tpuxon skceprun (MJDx/T cTann):
YyTyH M]JDx/T 7622 — 7662 7853 - 7898
MHUKCEPHBIH MIJTaK M Jx/T 2-2 2-2
KHCIIOPOJT MJDx/T 18 - 17 19 -18
XUMHYECKHE SKCEPTUU:

JIOM MJlx/T 1747 - 1570 1546 — 1359
H3BECTh MJlx/T 130-70 132 - 68
IIABUKOBEIH IIITIAT MJlx/T 3-3 3-3
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(byTepoBka MJDx/T 5-5 5-5
Bcero npuxon sxcepruu Mx/T 9527 - 9329 9560 — 9353
Okceprust npoaykToB miaBku (MJDx/T crann):
cTaab MJDx/T 7945 — 7937 7953 — 7945

IIIaK MJDx/T 258 - 155 272 - 148

OTXOJISIIUE ra3bl MJIx/T 827 — 852 845 — 882

OKHCJIBI JKeJie3a MbLTH MJIx/T 20-18 20-18

KOPOJIbKH IIJTaKa MJx/T 81-72 81-72

BBIHOCBI M]Ix/T 81-72 81-72

Bcero BbIXOJ IKCEPrHU MJx/T 9212 - 9106 9252 - 9137

IMoTtepu 3kcepruu MJx/T 315 - 223 308 - 216

Oxceprerudeckue KIT/:

TEPMOANHAMHIECKOE

COBEPIIEHCTBO KOHBEPTEPHOTO % 96,7 - 97,7 96,8 - 97,7

mporecca

texnonorundeckuit KI1J{ % 83,4 -85,1 83,2 -84,9

DKOJIOTHYECKUE TTOKA3ATEIN:

9KOJIOTOEMKOCTE IO 0,15-0,14 0,15-0,14

PECYPCOECMKOCTh IO 1,20-1,17 1,20-1,18

K03 PUITHECHT SKOJOTHYHOCTH IO 0,71-0,73 0,70 - 0,73

JKcepreTuyeckuii  0ajaHC  KOMIUIEKCA  «IOMEHHasi @He4yb  —

KHCJIOPOAHbII KOHBEpTep». C HUCIIO0JIB30BaHUEM COCTAaBJICHHBIX

9KCEPIreTHYECKUX 0aJaHCOB JOMEHHOTO M KOHBEPTEPHOTO IIEXOB BBINTOJIHEH HX
CHHTE3 M COCTaBJIEH SKCEpreTHUecKHil OalaHC CHCTEeMBl «IOMEHHAas Iedb —
KHCHOpO}Z[HI;IfI KOHBEPTEP» B JIBYX BapHUaHTax, C UCIIOJIB30BAHUEM ITOJTYYCHHBIX
pe3ynpTaToB TO TemiodHepreTrnuecko monmemu W.J[. CemukuHAa W JaHHBIX
N.I'. Toaposckoro u E.®. Bermana. Pe3ysbraTel pacu€ToB 3KCEPreTU4ECKOro
GanaHca CHCTEMBI «JIOMEHHas Ieub — KHUCIOPOAHBIH KOHBEPTEP» MPHUBEICHBI B
tabnuue 3.

Tabmuma 3. DOkcepreTmueckuil OamaHC CHCTEMBl «IOMEHHBIA — KHCIOPOIHO-
KOHBEPTEPHBIN 1mex»*
Temmnepatypa Bbinyck u3 JAI1 1490 1420
4yyryna, °C 3arpy3ka B KOHBepTep 1390 1320
Conepxanue KpeMHMs B Uyryne, % 0,74-0,34 0,74 -0,34
IIpuxon TepMuyeckoii sxceprun®*, MJIx/T cTajau:
1280 — 1280 1295 - 1295
AyThe 1280 - 1238 1295 - 1250
— 1243 — 1243 1260 — 1260
1243 - 1243 1260 - 1260
KOKC 13882 — 13955 14260 — 14325
13882 — 13400 14260 - 13760
YT 1040 — 1040 1052 - 1052
1040 — 1040 1052 - 1052
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404 - 410 419 — 425
XKPC 404 - 412 419 - 425
U3BECTHSIK 5-5 5-5
5-5 5-5
i 2-2 2-2
MUKCEPHBII IIUIaK =5 2-2
KHUCIIOPOJL 18 - 17 19-18
18 - 17 19-18
J0M 1747 - 1570 1545 - 1360
1747 - 1570 1545 - 1360
U3BECTh 130-70 132 - 68
130-70 132 - 68
IJIABUKOBBIH IIIIIAT 3-3 3-3
3-3 3-3
(byrepoBka 5-5 5_§
5-5 5-5

19760 — 19597 | 19995 - 19815
19760 - 19002 | 19995 - 19208

Bcero TMpUXoa SKCEPrun

Tepmuueckasi IKceprusi NpoaAyKToB mJIaBku**, MJIk/T craam:

JIOMEHHBIH IIITaK 673 - 683 671 - 680
673 - 683 671 - 680
JIOMEHHBIH Ta3 6210 - 6230 6351 — 6367
6210 - 6230 6351 - 6367
MBUTE B TOMEHHOM Ia3e 407 - 412 421 - 427
407 - 412 421 - 427
CTanb 7945 - 7937 7953 - 7945
7945 - 7937 7953 - 7945
Ipooonscenue mabnuywt 3
KOHBEPTEPHBIN IIJIaK 258 - 155 272148
258 — 155 272 — 148
OTXOIAIIHE Ta3bl 827 - 852 845 — 882
827 - 852 845 - 882
OKUCJIBI JKeJle3a MbUTH 20-18 20-18
20-18 20-18
KOPOJIBKH 11IJ1aKa 81-72 81-72
81-72 81-72
BBIHOCHI 81-72 81-72
81-72 81-72

16500 — 16430 | 16695 — 16610
16500 - 16430 | 16695 - 16610

Bcero BbIXoA 3Kceprun

MoTepH skceprin 3260 - 3167 3300 - 3205
3260 - 2570 3300 - 2600
Ixcepreruyeckne KIII, %:
83,5-838 83,5838
TEPMOTUHAMHYECKOE COBEPIICHCTBO 835 - 86,5 83.5- 86,5
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TexHoxorunueckuiit KI1JJ 402 - 405 398-40.1
40,2 -418 39,8-414
IKOJIOrHYecKHe MOKa3aTeJH, J0JIu***;
0,17-0,16 0,17 - 0,16
JKOJIOTOEMKOCTh 017 -0.16 017016
140-1,38 140-1,38
PECYPCOCMKOCTE 1,40 - 1,34 1,40 - 1,34
K03(GUIHEHT YKOJIOTHIHOCTH 0.60-0.61 0,60 - 0.61
0,60 - 0,63 0,60 - 0,63

* YHUCIAUTENIb — C MCHOJNb30BaHHEM TerulodHepreruueckoir mogemu M.JI. CemukuHa,
3HaMEeHaTelb — ¢ hcnoyib3oBaHueM JaHHbIX M.I'. ToBaposckoro u E.®d. Bermana;

** cymMMa (hU3MYECKON M XUMHUECKOH 3KCepTHii;

**% 33 eIMHMUILY TIOJIE3HON MPOAYKINH MIPUHATA CyMMa TEPMUYECKHX IKCEPTHil CTaly 1
KOJIOIITHUKOBOTI'O Ta3a.

OKcepreTHYecKnii  aHanmuW3  BIMSHHUA ~ COJCP)KaHMA  KpPEMHHS  Ha
9KCEPTeTHIECKUE IIOKAa3aTeId CHCTEMBl «IOMEHHAas IeYb — KHCIOPOIHBIN
KOHBEPTEP» II0Ka3aJ, YTO yYMEHBIICHHE COJCpP)KaHWA KPEMHHUS B UyTyHE Ha
0,1% nmpuBouT K:

- YMCHBIICHHUIO pacxona sxcepruu Ha ~0,1-0,2%;

- yMEHBLICHUIO MoTeph dkcepruu Ha ~0,5-6%;

- YBEJIMYEHHUIO 3Kcepreruueckoro u texHoiorudeckoro KIIJ[ wa ~0,1-
0,8%

- COXpaHEHHIO 3KOJIOTOEMKOCTH;

- YMCHBIIGHHIO DPECYpPCOEMKOCTH U YBEIUUYCHHIO KO3 PHIIUeHTA
skosioruynocty Ha ~1,0%.

‘YMeHblLIeHHE TeEMIIEPATyphl UyryHa Ha 50°C MIPUBOJIUT K:

- yBEJIMYEHHIO BBIXOAa dKkceprnd Ha ~0,9% B OCHOBHOM 3a CUeT
YBEIMYECHUS] XUMHUUECKOH SKCEPTHH KOJIONTHUKOBOTO I'a3a Ha TOHHY CTally;

- YBEJIMYEHUIO MOTEph 3Kcepruu Ha ~1,0%;

- COXpaHEHMIO TEPMOJUHAMHYECKOTO COBEPIICHCTBA,;

- HE3HAYHTEJIbHOMY yMEHbIIeHnIo TexHoiornaeckoro K1/ na ~0,3%);

- COXpaHEHMIO 3KOJIOTOEMKOCTH, PECYPCOEMKOCTH M KO3 QHIMeHTa
9KOJIOTHYHOCTH.

AHanm3 3KCepreTHIecKrux 0alaHCOB CHCTEMBI «IOMEHHBIH — KHCIOPOIHO-
KOHBEPTEPHBIH II€X» TII0Ka3aj, 4YTO Cpeau ABYX (DaKTOPOB COIEpKAHUSA
KPEeMHHS B YyTYHE M TEMIIEpaTypsl YyryHa HauOoJbIee BIMSHHE OKa3bIBAaeT
CONIEpXKaHMsA KPEeMHHS B UYr'yHe, YMEHBIICHHE KOTOPOTO CII0COOCTBYET
YMEHBIICHUIO PacX0/la SHEPTeTHIECKUX PECYPCOB M IKCEPTETHIECKHUX MOTEPh,
YBEJIIMYEHUIO MPOU3BOJICTBA U YIYUIIEHHIO JKOJOTMUYECKUX IOKa3aTeleil.
Temmneparypa uyryHa Ha JKCEpreTH4eCKHE M SKOJIOTMYECKHEe I0Ka3aTeld B
CHUCTEME «JOMEHHBII — KHUCIOPOJHO-KOHBEPTEPHBI II€X» OKa3bIBaeT
HE3HAUUTEIbHOE BIUSHME, OHAKO, YMEHBIIEHUE TEMIIEPATYPhl UyTyHA MOXKET
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NIPUBECTH K CYIIECTBEHHBIM PacCTPOWCTBaM B pabOTe KOMILIEKCA «IOMEHHas
IeYb — KHCIIOPOJHBIH KOHBEPTEPH.

Jnst ymydmeHnst SKOJOTHIHOCTH PpabOThl KOMIUIEKCA «IOMEHHas Medb —
KHCJIOPOJHBI KOHBEPTEP» LEJIECO00pa3Hbl MEPOIPHUATHS O YMEHBIICHUIO
BEJIMYMHBI NTOTEPh TETUIA YyTyHa MIPU TPAHCIIOPTHPOBKE M IO PALHOHATIHLHOMY
HCTIONIb30BAHHIO YHEPTHU OTXOSIINX Ia30B M BOJBI CUCTEM OXJIXKICHUS.

Crparern4ecku BaXKHBIM JISl YIYYIICHHS SHEProd()eKTUBHOCTH PaOOTHI
KOMJIEKCA <«(IOMEHHBIi — KHCJIOPOJHO-KOHBEPTEPHBIN II€X» B YCIOBHUSX
npuMeHeHus IIYT B [OMEHHOM NPOM3BOJCTBE SBISIETCS YMCHBIICHHE
coJlepXKaHUs KPEMHUsSI B Yyr'yHE J0 YPOBHS, HE JOIYCKAOLIEro paccTpoilcTs
TETIOBOH pabOThI EYH.

3akaiouenne. [lo  pesynprataMm  pa®oThl  ajanTUpoBaHa U
MOJICpHH3NPOBaHA METO/NKa HKCEPreTHIECKOTO aHaIM3a
SHEPrOUCIIONb30BAHNS CUCTEMBI «JJOMEHHAS 11€4b — KUCIOPOIHBIH KOHBEPTEP)
K COBpPEMEHHBIM ycIOBHAM npumeHeHus IIYT, mo3Bossiomas B eJUHUIAX
9KCEPTUH OLECHHUTh 3(P(PEKTUBHOCTD BIUSHHUS TEXHOJOTMYECKHX, IIMXTOBBIX,
OPraHM3aIMOHHBIX ¥ HHBIX MEPONIPUATHI Ha e QYHKIIMOHUPOBAHUE.

Crparerndecky BaKHBIM [UISl YJYUIICHHUS IHEPro3(EKTHBHOCTH pabOTHI
KOMIUIEKCA «IOMEHHBI — KHCIOPOAHO-KOHBEPTEPHBIH I1€X» B YCIOBHUSIX
npumeHeHus IIYT B JOMEHHOM IPOM3BOACTBE SABJIACTCS YMEHBIICHUE
coJlepKaHUs KPEMHHUS B UyryHE J0 YPOBHS, HE JOIyCKAIOLIET0 paccTpoiicTB
TEIJIOBOH pabOThI EYH.

AHanmu3 JKcepreTHdyeckoro OajaHca KOMIUIEKCA <«JIOMEHHas TIedb —
KHUCJIOPOAHBIA KOHBEPTEP» MOKAa3al, YTO:

- YMCHBIICHHE coJepKaHusi KpemMHHs B 4uyryHe Ha 0,1% mpuBomut K
YMEHBIICHUIO MOTeph dKceprud Ha 18-180 MJIX/T cTamy, 9TO 3KBHBAJCHTHO
YMEHBIICHHUIO pacxo/ia yCIOBHOTo ToruuBa Ha 0,5-6,0 Kr/T cTany, yBeIMUeHHIO
IIpou3BOJCTBa uyryHa Ha ~0,3+1,2%;

- YBEIMYEHUE TeMIepaTypbl YyryHa Ha 50°C B nomeHHOil meun
MIPUBOJUT K YMEHBIICHHUIO IKCEPreTHYCCKUX MoTeph Ha 26-29 MJIx/T cramm,
YTO SKBUBAJICHTHO YMEHBILICHHIO pacxoja ycioBHoro torummsa Ha 0,9-1,0 kr/t
CTaJu.

B KuCIOpOIHO-KOHBEPTEPHBIX IUIABKAaX yMEHBIIEHHE COICPIKaHUSI
kpemaus B uyryHe Ha 0,1% u cHmwkeHme Temmeparypsl uyryHa Ha 50 °C B
YCIIOBHSIX ~KOMIEHCAIIMM  PA3HMIBI TEIUIa HM3MEHEHHEM COOTHOIICHHS
IIMXTOBBIX MarepuajoB (T.e. NPH CHIDKEHWH TEMIEpaTypbl W COAEpKaHUS
KPEMHHS B HEM TIPOU3BOJIAT YBEJIMUYEHUE €r0 J0JIM B 3aBaJIKE) MPAKTUUECKH HE
COMPOBOXKJAETCS U3MEHEHUSAMHU B IPUXO/E U BBIXOJE IKCEPIUHU, OJJHAKO TaKHe
U3MEHEHHs MPHUBOASAT K CHIDKCHHMIO BEIIMYMHBI OSKCEPreTHYECKHX MOTEpPh
npotiecca KoHBepTHpoBanus Ha 8-15% u 5-9% cooTBeTcTBEHHO.\

Bub6anorpaduyeckuii cnmcox
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