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OIIMCAHHUE U30BPETEHHUSA
2420-565025EA/026
CIIJTAB HA OCHOBE KPEMHUS, CITIOCOB ET'O ITIOJYYEHUS U IPUMEHEHHUE
TAKOTI'O CIIJTABA

O0aacTb TEXHUKH

Hacrosimee wm3o0peTeHne OTHOCHTCSI K CIUIABY Ha OCHOBE KpeMHHMs, Crocoly ero
NOJIy4€HHUs ¥ IPUMEHEHHIO TaKOro CILIaBa.

IIpeanocbliku co3aanus H300peTeHHUs

Oeppocummnmii (FeSi) mpencrabnsier coOOH CIlaB KPEeMHUST M JKejie3a U SIBJISIETCS
Ba)KHOU 100AaBKOW B TPOU3BOACTBE CTaJbHBIX W3NEHil. Takue CrjiaBbl OOBIMHO HA3bIBAIOT
(beppoCHITNLIMEBBIMU CIUIABAMH, HO TPHU BBICOKOM COAEP’KAHUH KPEMHHSI M/MJIHM TPU BBICOKOM
COZEPKAHUH JICTUPYIOIIUX 3JIEMEHTOB B CIUIABE MPHUCYTCTBYET OU€Hb HEOOJNBIIOE KOJIUYECTBO
Kee3a, TO3TOMY Uil 0003HAUYEHHUS] TAKUX CIUIABOB TAaKKe UCIMOJB3YIOT TEPMUH «KPEMHHEBBIE
(Si) crmaBey. Kpemuuii B ¢opme ¢eppocrmuus UCHONB3YIOT A yOAJICHUS KHCIOPOAa W3
CTali M B KA4eCTBE JICTHPYIOLIETO 3JIEMEHTAa JJIs YJIyYIIeHHs] KauecTBa KOHEYHOH craimu. B
YaCTHOCTH, KPEMHUH YBEJINYHBAET MPOYHOCTh U U3HOCOCTOHKOCTD, 3JIACTHYHOCTD (TPYKUHHBIE
CTaliM), OKAJMHOCTOMKOCTh (KapOINPOYHbIE CTAlM) W CHIKAET BJEKTPONPOBOIHOCTH H
MAarHUTOCTPUKLMIO  (3JIEKTPOTEXHUYeCKne  cramu). Ilpumepbsl  Mapok  QeppoCHInLs
NPEAIIECTBYIOIIErO YPOBHS TEXHHKH, IpOu3BeAeHHbIX Kkommanueidl Elkem, npuBeneHsl B
tabmune 1. CrniermanpHeli Gpeppocunuimii, Takoi kak LAl (¢ HU3KUM conepKaHueM aTFOMUHIS),
HP/SHP (BbIcOKO# unCTOTHI/TEXHUYECKON YrCTOTHI) U LC (HU3KOYIIIEpOAUCTBIN), UCTIONB3YIOT
IpU TPOU3BOJACTBE CHELMAJBbHBIX MapOK CTald, TAaKUX KaK 3JIEKTPOTEXHHUYECKas CTallb,
Hep>KaBeIolasi CTajlb, MOAMNITHUKOBAS CTallb, IPY>KUHHAS CTaJlb U CTaJb AJIS INUHHBIX KOPJIOB.

Tabmuna 1. [Ipumepbl Mapok heppOCHIIMIUEBBIX CIIABOB (BCe B Mac.%)

Mapku Si Al makc. Ti makc. C makc.
CtaHaapTHbIN FeSi 74-78 1,5 0,1 0,1
LC FeSi 74-78 1,0 0,1 0,02
LAl FeSi 74-78 0,1 0,1 0,04
SHP FeSi 74-78 0,1 0,05 0,02
HP FeSi 74-78 0,05 0,02 0,02

OnexTporexaudeckas u3orponHas craidb (NGOES) kpaliHe BakHa I MPOU3BOACTBA
MArHUTHBIX CEPICYHUKOB SJIEKTPUYECKUX MAIIHWH, TaKWX KaK JBUTATENH, TE€HEpaToOpbl H
tpancdopmaropsl. Kak npasuno, NGOES nerupyror kpemauem B nuanaszone 0,1-3,7 MaccoBbIX
% (mac.%) B 3aBUCHMOCTH OT MIPOU3BOAUTENSI U KAU4ECTBA, HO TAK:KE MOTYT BCTpedaThes Ooiee
BbICOKHE ypoBHHU comepxxkanust Si. Copta ¢ Hu3kuM cogep:xkanueM Si (oObrano < 1,5 mac.% Si) B
HACTOSIIEM JJOKYMEHTE YIIOMHHAIOTCS KaK HU3KOCOPTHBIE, IPU 3TOM cOpTa ¢ Oosiee BBICOKMMHU
ypoBHsiMu (> 2/2)5 wmac.%) KpeMHHsS YacTO Ha3bIBAIOT BBICOKOCOPTHhIMU. Cmpoc Ha

BbIcOKOKauecTBeHHYIO0 cTaiib NGOES pacrer Bo BceM mupe, 4TO OOYCIOBJIGHO pPACTyIIUM



ypOBHEM 3JiekTpuduKamu (HampuMep, POCTOM YHCNIA 3JIEKTPOMOOMIIEH) U HEOOXOAMMOCTHIO
cokpamenusi BeiOpocoB CO,. Takum oOpa3oMm, CylIeCTByeT HEOOXOOUMOCTb B pa3padoTke
HOBbIX copToB NGOES, nnsi koTOphIX, B CBOKO ouepenb, TpeOyroTcs Oonee 3(dexTrBHBIE
pelLIeH s, TTO3BOJIIIONINE TPOU3BOANUTD HIIH pa3padaThiBaTh TAKUE COPTA.

st NGOES tpeOyercst kak MOKHO OoJiee HM3KO€ ConepskaHue yriiepona (Kak MpaBHlio,
C < 0,005 mac.%). IIpu mpousBonctee NGOES cnenyer mcnonbp3oBaTh HU3KOYTJIEPOAUCTHIE
CILIaBbI, YTOOBI IO Mepe BO3MOXKHOCTH CBOAMTH K MUHHMYMY YIJIEPOIHOE 3arpsi3HEHHE CTaJIH.
Jns mony4yeHus: TpeOyeMOoro HHU3KOrO YPOBHS yIyiepoaa MOTPeOYIOTCSl AOMOJHUTEIbHbIE H
JIOPOTOCTOSIIINE TEXHOJOTHYECKUE CTAINH, €CJIA YPOBEHDb yIIIepoa B PaCcIIaBe CTAIH CIUIIKOM
BBICOKMI W3-3a 3arpsi3HEHHsT CO CTOPOHBI  JOOaBIIEHHBIX CIUIABOB. BOT  mouemy
HU3KOYTJIEPOIUCTBIE (hepPOCUTHIINEBbIE/KPEMHHEBbIE CIUIABbI ITUPOKO MPUMEHSUIN paHee H TO-
MPEeKHEMY IMHPOKO UCTONB3YIOT npu usrorosiennn NGOES B ¢opme LC, LAl umu HP/SHP
FeSi.

B mnocnenHee Bpemsi MapraHel BCE 4Halle MCIOJB3YIOT B KayeCTBE JIETUPYIOIIErO
snemeHTa B BbICOKOCOPTHBIX NGOES. OpgHuM M3 OCHOBHBIX MCTOUHUKOB 3arpsi3HEHUs
yIJIepoaOM NPU MPOM3BOIACTBE TAKUX COPTOB CTANU IMOMHUMO KPEMHHEBBIX CILJIABOB SIBISETCS
UCTIONIb30BAHNE MAPTaHIIEBBIX CIUTABOB. J[i1st monep kaHus HU3KOTO COAepKaHus 100aBIEHHOTO
yriepoaa 4acTo MPUMEHSIOT JOPOrOCTOSIINE COPTa MAapraHla, TakKue KaKk HU3KOYIJIEPOIUCTBIN
deppomapranen (LC FeMn) mnu merammmueckuii mapraHer. Tekyimash NMpakTHKa BKJIFOYAeT
UCTIONIb30BAHUE PA3JeNIbHOrO 00ABJIEHUS HU3KOYIJIEPOAMCTOrO CIUIaBa HAa OCHOBE KPEMHHUS,
takoro kak LC, LAl umu HP/SHP FeSi, u Hu3KOyTNIepoANCTOro CruiaBa Ha OCHOBE MapraHLa,
TAKOro Kak Huskoyriepoauctsiii peppomapranen (LC FeMn) mnu meranmnueckuil Mapraser,
11 TOCTIKEHMS JKeJlaeMOoro ypoBHs Si 1 Mn B cTajy, Ipu 5TOM HOAJEP’KUBAETCS KaK MOXHO
Oonee HU3KOE coneprkaHue yriepona B ctanu. [Ipon3BoACTBO HU3KOYTIEPOAUCTBIX KPEMHHUEBbIX
CILUIABOB M HU3KOYIJIEPOAUCTHIX (heppOMApraHUEBbIX CILUIABOB CTOUT AOPOro, U HEOOXOAMMO
n00aBJISAT 5TH CILIABBI B CTAJIb IO OTAEIbHOCTH.

OCHOBHO¥ 3arpsI3HSIOLINI 3JIEMEHT B CIJIaBaX Ha OCHOBE MapraHLa MPencTaBysieT coOou
yriepoa, KOTopelii MokeT cocTtaBisaTh 0,04-8 mac.%. Ilpumeprl kOoMMepUYeCKH IOCTYITHBIX
crutaBoB Mn npeactaBisitoT coboli Beicokoyriepoauctsiii peppomapraner; (HC FeMn), oObraHO
UMEIOIINI  cofepkaHue yriepoma 6-8 wmac.%, cpemaHeyriepomucteiii ¢deppomapranen (MC
FeMn), obbraao conepskammii 1-2 mac.% yrimepona C, u HU3KOYTIepOOUCThIN (eppoMapraHer]
(LC FeMn) ¢ conep:xanuem C oxomno 0,5 mac.%. Kpome TOro, HOCTyHHBI 3JEKTPOJIUTHYECKHUI
mapraner ¢ conepxaaueM C nHe Oonee 0,04 mac.%. Moryt ObITb JOCTYITHBI JPyTU€ CIUIABBI C
Pa3NIUYHBIM coneprkaHueM yriepona 1o 8 mac.%. Cnenyer Takke OTMETUTh, YTO CaMO€ HU3KOe
CoZlepKaHue Yriiepoia B CIUTaBax Mn HaOMIOMAeTcss B 3JIEKTPOJUTUYECKOM MapraHue, IMpH
MPOM3BOJICTBEHHOM IIPOLIECCE KOTOPOTo, KaK M3BECTHO, BO3HUKAIOT SKOJOTHYECKHE MPOOIEMBI 1
TpeOyroTcst Oomblame 3arpatbl Ui peamm3annu. Hioke B Talnuie 2 mMOKa3aHbl MPUMEPHI
MapraHLeBbIX CIIJIABOB JJIs1 KOMMEPYECKOrO UCTIONb30BAHUS.

Tabnuna 2. [Ipumepsl MapraHIeBbIX CIUIABOB JII KOMMEPUYECKOTO HCIIOIb30BaHUS (BCE B

mac.%)



Cnnas Mn C makc. | P makc. | Si makc. | S makKc. MocTaBLWwuK
HC FeMn 78 MUH. 6,5-7,5 0,20 0,3 0,01 Eramet
MC FeMn 80-83 1,5 0,20 0,6 0,01 Eramet
LC FeMn 80-83 0,5 0,20 0,6 0,01 Eramet
INEeKTPONUTUYECKNIA Changsha Xinye
MMUH.99,7 0,04 0,005 H/n 0,05
meTannmyeckuii Mn Ind. Co. Ltd.
CUNnKOTe pMUYECKUMA
MWH.95 0,2 0,07 1,8 0,05 Felman trading
meTanamyeckum Mn

CymectByer psin mpobieM, CBsi3aHHBIX € TeKymuM criocobom mpousoactsa NGOES,
comepkamet Mn, TakuxX Kak BpeMsi 00paOOTKM BCIEACTBHE pa3feIbHOrO I00aBIICHUS
KPEMHHUEBOTO CITJIaBa M MAPTaHLEBOTO CIUIABA, CTOMMOCTD U Ka4eCTBO, & TAaKXKe HEOOXOIUMOCTb
no0aByieHUs1 OOJIBIIOTO KOJHYECTBA CILIABOB.

Takum 00pa3oM, LETBI0 HACTOSIIErO HW300pETEeHHs SBISIETCS CO3JaHHE HOBOTO
SKOHOMMYHOTIO CIjlaBa Ha OCHOBE KPEMHHUS C HU3KUM COJEp:KaHHeM YTJepona, COAep Kallero
Maprasel], KOTOPbIi MOXXHO HUCIOJIb30BATh B KAUECTBE €ANHCTBEHHOT'O CIUIaBa, 100ABISIEMOTO K
mapkam ctanmu, TakuM kak NGOES, B xoTopeix TpeOyeTcs HH3KOe COIep:KaHWe yriepona U
OTIpe/ieNIEHHOE COZIEp;KaHNEe MapraHiia.

Jlpyrasi iesb 3aKJIF0UAeTCsl B MPEAOCTABIEHUH CIIoco0a MoNydeHHust YKa3aHHOTO CIUIaBa
Ha OCHOBE Si.

Eme onHoli nenbio siBisieTcs oOecrieueHne NMPUMEHEHHUs] YKa3aHHOTO CIUIaBa HA OCHOBE
Si.

OTH W JApyrue NpeuMyLIecTBa HACTOSIEro HM300peTeHHs CTaHyT OYEBUAHBIMH U3
CJIEAYIOIIEro OMUCAHUS.

N3n0xkeHne cynHoCTH H300peTeHHs

B nepBoMm acrmekte Hacrosimee M300peTeHHe OTHOCUTCS K CIUIABY Ha OCHOBE KPEMHWUS,
conepskamemy 45-95 mac.% Si;

Mmakc. 0,05 mac.% C;

0,01-10 mac.% Al

0,01-0,3 mac.% Ca;

makc. 0,10 mac.% Ti;

0,5-25 mac.% Mn;

0,005-0,07 mac.% P;

0,001-0,005 mac.% S;

NpUYEM OCTAaTOK COCTAaBISIOT Fe 1 cirydaliHbple mpuMecH B OOBIYHOM KOJIMUECTBE.

B onHOM BapuaHTe OCYLIECTBJIEHHUS CIUIaB Ha OCHOBE KpeMHus copepkut 50-80 mac.%
Si.

B npyrom BapuaHTe OCYLIECTBJIEHHUS CILIaB HA OCHOBE KPEMHMUsI COAepKUT 64-78 mac.%
Si.



B onHOM BapuaHTe OCYILECTBJIEHHs CIUIAaB HA OCHOBE KpeMHHsl coxepkuT makc. 0,03
mac.% C.

B onHOM BapuaHTe OCYILIECTBIE€HMs CIUIaB Ha OCHOBe KpeMHusi cozpepxur 0,01-0,1
mac.% Ca.

B ogHOM BapuaHTe OCYLIECTBJIEHHs CIUIAaB Ha OCHOBE KpeMHHUs coiep:kut Makc. 0,06
mac.% Ti.

B onHOM BapuaHTe OCYINECTBJIEHHUS CIIJIaB HA OCHOBE KpeMHus comepkut 1-20 mac.%
Mn.

Bo BTOpOM acmekre HacTosiee M300peTeHHe OTHOCHTCS K Croco0y MOMyYeHHs CIUIaBa
Ha OCHOBE KPEMHHMs, KaK YKa3aHO BBIIIE, CIIOCOO BKIIFOYAET IMOJyYEHHUE KUIKOrO 0a30BOro
(beppocuHuLIeBOroO CriaBa, U 00aBJIEeHUE UCTOYHUKA Mn, COmEpIKaIlero yriepos, B KayecTBe
JIETUPYIOIIEro 3JIEMEHTA WM MPHUMECHOTO 3JIEMEHTA B YKa3aHHBIA KUIKUH (eppOCHITUINNA C
NOJIyYeHHEM TEM CaMbIM paciuiaBa, U papUHMPOBAHHE YKA3aHHOTO MOJYYEHHOTO pPAaCIUIABa,
npudeM padUHUPOBAHHUE BKJIOUAET yHaJeHHe OOpa30BaBLIMXCS YACTHULl KapOuaa KpEeMHUs 10
U/WTH BO BPEMSI JINThS] YKa3aHHOTO PacIljiaBa.

B opgHOM BapmaHTe ocymecTBieHHs po0aBineHHBIH Mn mpencraBieH B (opme
BBICOKOYIJIEPOAUCTOrO beppomaprasueBoro CILJIaBa, CPEIHEYTJIEPOIUCTOrO
¢beppomapranueBoro CILJIaBa, HU3KOYTJIEPOAUCTOrO ¢beppomapranueBoro CILJIaBa,
METaJUINYeCKOro Mn uiam ux CMecu.

B opHOM BapuaHTe OCYIIECTBJIEHHS >KMAKUNH 0a30BbIil (eppOCHINLUEBBIH CIUIAB
COZIEPIKUT:

Si: 45-95 mac.%;

C: 10 0,5 mac.%;

Al: no 2 mac.%;

Ca: o 1,5 mac.%:;

Ti: 0,01-0,1 mac.%;

Mn: g0 0,5 mac.%;

P: 10 0,02 mac.%;

S: mo 0,005 mac.%;

NPUYEM OCTATOK COCTABISIOT Fe U ciydaliHble mpuMecH B OOBIYHOM KOJIMUECTBE.

B onHoM BapuanTe ocymecTBieHUs1 Al 1oOaBIAIOT 11 KOPPEKTUPOBAHUS COMEPIKAHUS
Al B coorBercTBuu ¢ auamna3zonom 0,1-10 mac.%.

B nmpyrom acmekrte Hactosimee HW300peT€HHE OTHOCHUTCS K TPUMEHEHHIO CIUIaBa Ha
OCHOBE KPEMHHS, KaK ONPENEICHO BbIIIE B HACTOSIIEM JAOKYMEHTE, B KauecTBe NOOABKH IPU
MPOU3BOACTBE CTAJIH.

B onHOM BapmaHTe OCYIIECTBIEHHS HACTOSIIIEe N300PETEHNEe OTHOCUTCS K TPHUMEHEHHIO
CIUIaBa HA OCHOBE KPEMHHUS, KaK OINPENeJICHO BBILIE, B KauecTBe AOOABKHU INPH MPOH3BOJICTBE
3JIEKTPOTEXHUYECKON N30TPOIMHON CTaH.

IToapoOHoe onucanue n3odpeTeHust

B cootBercTBUM C HaCTOALIUM I/1306peTeHI/IeM NpeaIOKECH HOBBIM CIUJIAaB HAa OCHOBE



KPEMHUS C HU3KUM COZIEpKaHUEM yIJiepojia U CoAep kaHueM MapraHua 1o 25 mac.%.

CruaB B COOTBETCTBUH C H300PETEHHEM UMEET CIEAYIOLIYI0 KOMITO3ULHIO:

Si: 45-95 mac.%;

C: makc. 0,05 mac.%;

Al: 0,01-10 mac.%;

Ca: 0,01-0,3 mac.%;

Ti: makc. 0,10 mac.%;

Mn: 0,5-25 mac.%;

P: 0,005-0,07 mac.%;

S: 0,001-0,005 mac.%;

NPUYEM OCTaTOK COCTABJISIOT Fe U ciydaiiHbple mpuMecH B OOBIYHOM KOJIMUECTBE.

B Hacrosmiell 3asBke TEpPMUHBI «CIIJJaB HA OCHOBE KPEMHHUS» U «CIJIaB Ha OCHOBE
(beppocuHIIusTy MPUMEHSIOTCS B3aUMO3aMEHseMO. Si SIBJIIETCSI OCHOBHBIM 3JIEMEHTOM B 3TOM
crutaBe, MOOABJIIEMbIM B CTAJIbHOHN pacmuiaB. TpaluiuOHHO UCTONIB3YIOT 75 mac.% Si wiu 65
mac.% Si. @eppocununuii ¢ 75 mac.% Si npu nobOaeneHun naer Ooyiee BBICOKHI POCT
TEMIepaTypbl paciulaBa CTajd, 4eM mpu podaBieHun 65 mac.% Si, 4TO NPaKTHUECKH HE
OKa3bIBAeT BJIMSHMS Ha TemrepaTypy. B HacTosiee BpemMs B CTaleNUTEHHON IPOMBILIIEHHOCTH
penKo HCroNb3yroT Geppocunuimii ¢ MeHee SO Mac.% Si, ¥ 3TO 03HAYAET, YTO JJIsl JOCTHKCHHSI
LIEJIEBOTO COAEepKaHusA Si B CTAJIU MPUXOIUTCS N00aBIATh OONbIIOE KOJNUYECTBO CIUIABA, U3-3a
4ero BO3HUKAIOT MPOOJIEMbI IPU MTPOU3BOCTBE CTANH. Y poBeHb Bhille 80% B HaCTOALIEE BpeMs
UCHOJIB3YIOT PEAKO, MOCKOJIBbKY CTOMMOCTb NMPOU3BOJCTBA €IMHULIBI KPEMHHUSl YBEINYUBAETCS C
pPOCTOM copep:KaHusi KpeMHUs B crulaBe Ha ocHoBe Si. Takum o0pa3oM, NpearnodTUTENbHBIN
nuana3oH Si cocrasisierT 50-80 mac.%. Jpyroii npeanodTuTeapbHbIN ARamna3oH Si cocTaBisieT 64-
78 mac.%.

Yrnepon siBisieTcss OCHOBHBIM HekesnarenabHbIM djeMeHToM B NGOES, u ero momxHO
OBITh KaK MOKHO MEHbLIE B 3TOM HOBOM CIJIJABE B COOTBETCTBHH C HM300pETCHUEM.
MakcumanbHOE COAep)kaHue yriepoja B YKasaHHOM criaBe coctasisger 0,05 mac.%.
[IpennoururenpbHOe comepkaHue NODKHO cocTaBysATh Makce. 0,03 mac.% wnu naxke maxc. 0,02
Mac.%, 4TO XapakTepHO AJi HCIOJIb3yeMbIX B HACTOsIIEe BPEMsI HU3KOYTJIEPOAMUCTHIX COPTOB
(beppocunIus, HUCMOMB3YEMBbIX TPH HM3TOTOBJICHUM YKa3aHHOW cranu. [lonHoe ynajeHue
yrieposa MOXKET OKa3aTbCsl 3aTPYOHHUTEIBHBIM, TO3TOMY OOBIYHO B CIUIABE B COOTBETCTBUU C
uzobpereHneM Moxer mpucyrctsoBaTh 0,003 mac.% C. OgHUM W3 KIIFOYEBBIX MapaMeTPOB
SIBJIIETCSI COOTHOLICHHE YIJIepoAa M MapraHia, B OOJblLIeH CTENEeHH, YeM CaMO COIEpKaHHe
yraepoaa. Ilpu yBenuueHuu copep:kaHMsi MapraHia B CIUIaBe COZAep)kaHUE yriiepofia B HOBOM
CIUIaBE Ha OCHOBE KPEMHHsS B COOTBETCTBUU C H300peTeHHEM MOXKeT cocTamiATh Makc. 0,05
mac.%.

ANIOMMHUH SIBJIIETCS] IPUMECHIO B MPOU3BOACTBE CIUIaBAa HA OCHOBE KPEMHUS, OOBIYHO
okojio 1 mac.% u3 neun B cragapTHOM copre. Ero moxHo padunuposars 1o makcumym 0,01
mac.%, xots nnss NGOES makcumywm 0,03 mac.%. wiu naxe makcumyM 0,1 mac.% Obuti Obl

xopormumu permeHussMu. OnHako Al yacto nobasmsitoT B cranb NGOES B Manibix win 601bIInx



KonudecTBax. TakuM 0Opa3oM, B HEKOTOPBIX CIIy4dasiX MPEANOYTUTENbHBIM MOXET OBITh
noOaBjieHHE B CIUIaB B COOTBETCTBHH ¢ HM300pereHueM a0 5 mac.% wimm gaxke no 10 mac.%
ANIOMHUHMUSL.

Kanbuuii siBIsieTCsl MPUMECHIO B NMPOM3BOACTBE CIUIABOB HA OCHOBE KPEMHHs, U €ro
CofiepKaHue JOJDKHO OCTaBaThCs HU3KHUM, YTOOBI M30ekaTh MpoOJeM, TaKUX KakK 3aKylopka
CTaJIEpPa3IMBOYHOIO CTaKaHA, BO BpeMs MOJy4YeHHs CTaJIH U JUThA. B criaBe B COOTBETCTBUU C
u300peTeHneM  IuanasoH coaep KaHus KaJIbIIUS COCTaBJISIET 0,01-0,3 Mmac.%.
[IpennouturenpHepli  Auama3oH  comepxkanus kambuus — coctaBimsier  0,01-0,1  mac.%.
IIpennoururensHoe comepskanue cocrapysier mMakc. 0,05 mac.%. Ecnu comepskanune KanbLus B
UCXOJTHOM MaTepHuaJie JJisi MPOU3BOJICTBA CIJIaBa B COOTBETCTBUH C M300PETEHHEM BBILIE, YEM
JKeJlaeMoe CoiepyKaHue KalblMsl B YKa3aHHOM CIUIaBe, KaJbLIUH MOXKHO JIETKO YIAISATh BO BpeMs
NPOM3BOJICTBA TTOCPEICTBOM MPOAYBKH/TIEPEMEIINBAHUS C KHCIOPOAOM (C KHCJIOPOIOM U3
BO3AyXa W/MJM C YUCTBIM KHCIOPOAOM) U TE€M CaMbIM TOJYYaTb OKCHJ KaJbIHsl, KOTOPBIH
MOJKHO YAQJISTh KaK LIJaK.

Turan npencrasnsier coOOH NMPUMeECh B NMPOHM3BOICTBE CIUIABOB HA OCHOBE KPEMHMS,
o0prgHO Ookosio 0,08 mac.% u3 meun B 75 mac.% FeSi B craHmapTHOM NpOHM3BOACTBE, HO 3TO
3aBuCUT OT cMecH chipbs. OnHako B NGOES Huskoe copepkanue TUTaHa YacTO 1a€T HEKOTOPbIE
NpeuMyIIecTBa M TOMOraer u3dekaTb 0Opa30BaHUS BpPEAHBbIX BKIIOUeHUi. Takum oOpasom,
conepxanue Ti B HOBOM CIulaBe B COOTBETCTBUH C U300PETEHNEM MPENTIOUTHTEIBHO COCTABIISET
makc. 0,06 mac.% unu gaxe makc. 0,03 mac.%. B ykazaHHOM cruiaBe MOTYT IPUCYTCTBOBAaThb
cnensl Ti Takum 00pa3oM, 4TO MHHUMAaNbHBIA ypoBeHb Ti Moker cocraBisaTe 0,005 mac.%.
Pagunuposanue Ti B KOBIIE NpeNCTaBIsAeT COOOH CIOXKHYIO 3a/1a1y, TOITOMY JUIsl OOecrieueHus
HH3KOTO COZIep KaHus TUTaHa Tpedyercst xoporuas padoTa neyu u nogdop ChIpbsi.

Mapranen, Kak HpaBHJIO, IPENCTaBIsieT cOO0M MPUMeECh B NMPOU3BOACTBE CILIABOB HA
ocHOBe KpeMHusi. OnHAaKO aBTOPBI H300PETEHHS HEOXKMAAHHO OOHAPYXXWJIHM, 4YTO IIpH
JIETUPOBaHUU CIUIaBa HAa OCHOBE KpPEMHHUsl MapraHiem B nuana3oHe ot 0,5 mo 25 mac.% c
COXpaHEeHHEM HH3KOTO COIEpKaHHs yriiepoAa o0ecrednBaeTcsi CIUIaB C MPEBOCXOIHBIMU
CBOWMCTBAMH, OCOOEHHO IJIsl MCIIOJb30BAHHMSA B IPOU3BOACTBE MApOK CTalH, B KOTOPBIX
TpeOyercst HuU3Koe coaepxkanue yriepona, Takux kak NGOES. Jlpyrumu BO3MOKHBIMHU
nuanasoHamu coaepskanust Mn sisnsirotest 1-20 mac.%, nnu 1-15 mac. %, wmm 2-10 mac.%.

docdop npencrasisier codoil MpUMeCh B MPOU3BOICTBE CILUIABOB HA OCHOBE KpeMHUs. B
YaCTHOCTH, B CIUIaBaX Ha OCHOBE KpeMHHs ypoBHH P 0e3 mobaeneHnss Mn COCTaBISIIOT HIDKE
0,04%. OnHako ypoBeHb P 00bIMHO BBINIE B criaBax Mn, MO3TOMY JIerHpOBaHHE Mn MOXKET
NPUBOAUTE K OoJiee BBICOKOMY conepskaHuio P B koHeuHoM npoaykre. OnHako coneprkanue P B
cramu ¢ oOpa3oBaHMEM IpH AOOABJIEHUWH KPEMHHEBOIO CILJIABa COIJIACHO HACTOSIIEMY
n300peTeHNI0 OyeT TakUM >K€ WJIM HEMHOIO HIKE, 4YeM IpU pa3felbHOM A00aBIECHUH
KPEMHHUEBOTO CIIJIaBa U MapraHLeBOro CIIABA.

Kaxk npasuno, conepskaHue cepbl B IPOU3BOJCTBE KPEMHHUEBBIX CIIJIABOB HE3HAUUTEIBHO.
Onnako coxepxaHue S OOBIYHO HEMHOIO BbIIE B CIjIaBax Mn, mostomy JermpoBaHue Mn

MOJKET TNPUBOAHUTH K Oo0jiee BBICOKOMY COIEp:KaHUI0O S B KOHEYHOM mpoaykre. OmHako



comepkaHue S B CTaiu ¢ OOpa3oBaHHMEM IpPH NOOABJIEHWH KPEMHHEBOIO CIUIABA COTJIACHO
HACTOSIIEMY H300pETeHHI0 OyAeT TakUM >K€ HJIM HEMHOIO HIDKE, YeM IpU pPa3ieIbHOM
no0aBJIeHUN KPEMHHEBOTO CIIJIaBa U MAPTaHIIEBOIO CIIABA.

IIpennouTuTrenbHas KOMIO3ULUSA CIUIaBa B COOTBETCTBUH C M300pETEHUEM IPENCTABIISIET
coboii:

Si: 64-78 mac.%;

C: maxc. 0,03 mac.%;

Al: 0,1-10 mac.%;

Ca: 0,01-0,05 mac.%;

Ti: makc. 0,06 mac.%;

Mn: 1-20 mac.%,;

P: 0,005-0,05 mac.%;

S: 0,001-0,005 mac.%;

NPUYEM OCTaTOK COCTAaBISIOT Fe 1 ciydaliHbple mpuMecH B OOBIYHOM KOJIUECTBE.

CmiaB B COOTBETCTBHM C HACTOSIIMM H300pPETEHHEM TOJYYalT MyTeM O0aBJICHUS
UCTOYHMKA Mn, copep:kalllero yriepos, B KaueCcTBe JIETHPYIOLIEro 3JIeMeHTa UM MPUMECHOTrO
3JIEMEHTa B XXUJIKHH CIUiaB Ha ocHoBe Si. Mcrourmk Mn MoxkeT ObITh NpencTaBiieH B Gopme
TBEPIbIX WJIM JKUAKHX MAapTaHIEeBbIX HCTOYHMKOB, B (POpME MAapraHueBOro CIUlaBa WU
METAJUINYECKOTO MapraHia Wid ux cMmecd. MICTOUHMK MapraHIia MOXKET COIepKaTh OOBIYHBIE
NpUMeCH/3arpsi3HUTENN. MapraHueBelii CIUIaB  MOKET TIPEACTAaBIATbH COOOW, Hampumep,
deppoMapraHueBblii  CrulaB, TakOW  Kak  BBICOKOYIJIEPOAMCTBIM  (eppomMapraser,
CPeAHEYTJIEePOAHCThIN (eppoMapraHel], HU3KOYTJIEPOAUCThIN (deppoMapraHen] WIM HUX CMECh.
JUJ1st ICNOJIb30BaHUS B HACTOSIIIEM N300PETEHUH MOIXOANT KOMMEPUYECKH MapraHLeBbli CIJIaB,
HanpuMep, Kak yKa3aHo B TaOsuie 2 BbIlle, MM KOMOWHALMS W3 JBYX MM Oojee Takux
criaBoB. JloOaBisiemblii Mn IpenrnoYTHTENBPHO MPEACTaBiIeH B (OPME BBICOKOYIJIEPOIHCTOrO
(dbeppoMapraHua Wiv CpeIHEYIIEPOAUCTOro (heppoMapraHua.

JlobaBneHHbIH yriaepoa U3 HCTOYHUKA MapraHia OyZeT BCTYNaTh B PEAKLHI0 C KPEMHUEM
¢ ¢opmupoBaHueM TeM cambiM TBepabix 4dacTul SiC (kapOunma KpeMHHsI), KOTOpbIE BO BpeMs
paduHUpPOBaHMS YAAISIOT M3 pacIulaBa B OTHEYNOp KOBINA WM B JIOOOH IJIaK, KOTOPBIA
o0pasyercst 10 HIIK BO BPEMsI ITPOLIECCA JIUThS, MPEANIOUTHTEIBHO ¢ EPEMEIINBAHIEM B KOBIIE.
IIpn HEoOXOAMMOCTH TOJIYyYEHUs] JOCTATOYHO OOJBIIOTO pelenTopa s 3aXBaThIBAHHS
copmupoBanHbix yacTun SiC moryt ObITh mobaeneHsl HulakooOpasyrommue. B pesynbrare
NOJIYYaOT CIUiaB Si B COOTBETCTBHH C M300pETEHHEM C HHU3KHUM COZAEPIKAaHHEM YIJepoaa U ¢
COJZIep’)KaHHEM MapraHliia, C yKa3aHHbIM BbILLIE AUANa30HOM 3JIEMEHTOB.

ITprMepoM KOMITO3ULIMH JIsT HCXOIHOTO MaTepuajia MokeT ObITh xkuakuil FeSi u3 meun,
HO B 3aBHCHMOCTH OT KOHEYHOW crerm(HUKanuyd BO3MOXHBI U MHOTHE JIPYrHe KOMIO3HLIHH.
Jlpyroli BO3MOJKHBIH HMCXOOHBIH MaTepHajl MOXKET OBbIThb TOJNyYeH IEepPeruiaBOM JFOObIX
KOMMEPUYECKHX CIUIABOB HAa OCHOBE KPEMHHs, TaKMX KaK CTAHAAPTHBIM (eppOCHIMLUN WIIH
beppocruiuii BBICOKOH YUCTOTBL

Takum 00pa3om, BO3MOKHBIN UCXOHBII MaTepHall MOKET COAEPKATh:



Si: 45-95 mac.%;

C: 10 0,5 mac.%;

Al: no 2 mac.%;

Ca: mo 1,5 mac.%;

Ti: 0,01-0,1 mac.%;

Mn: mo 0,5 mac.%;

P: 1o 0,02 mac.%;

S: mo 0,005 mac.%;

NPUYEeM OCTaTOK COCTAaBJISIOT Fe U ciydaiiHble mpuMecH B OOBIYHOM KOJIHUECTBE.

Ecnu conepsxaHue afOMUHHUS B KOHEYHOM MPOAYKTe HeoOXoaumMo yeeauduthb (1o 10%),
B KOBII MOXHO J00aBJATh TBEPHAbIE WJIM JKUAKHE AJTIOMHHUEBbIE KOMIIOHEHTHL. B
AJITEPHATHBHOM BapHAHTE OCYIIECTBJICHHs AIIOMUHUI B MEYHON MpoOe MOXKHO yBEJINYHBATH
IyTeM BbIOOpa ChIpbs 1Jist Tieun. Al MOKHO HOOABISITH IJIs1 KOPPEKTHPOBaHUs conepxanus Al B
cootBeTcTBUM ¢ nuana3zonom 0,01-10 mac.%.

JIns monydeHWs CIUlaBa B COOTBETCTBHHM C HM300PETEHHEM MOXKHO BBINOJHATH
IOTIONIHUTENbHBIE ~ CTaOUH, BKIIOYaOIue paduHupoBaHue, crpedaHue IIaka W/Wim
NepeMeIINBaHe B COOTBETCTBHM C OOIIEM3BECTHBIMHU TEXHOJOTHSAMH, B YaCTHOCTH JJIst
IOCTIDKEHUs] HU3KUX YPOBHEW YIJIepoAa, 3asBIIEHHBIX B HacTosmeM uzobperenuu. Takue
CTaJ¥ MOKHO BBITTOJIHATD /10 MJTH BO BPEMsI IIPOLIECCA JIUThsI WJIM B KOMOWHAIIUH.

[IpencraBneHHble HUXKE TMPUMEPHl WLIOCTPUPYIOT HacTosimee u3o0OpereHue Oe3
OrpaHUYEHUs ero 00beMa.

IIpumep 1

B nByX OTHEnpHBIX 3KCIIEPUMEHTAaxX (eppOCHIIMLUI BbIMYCKAIN OOBMHBIM O0Opa3oM B
Pa3IMBOYHBIA KOBLI Ui TpUeMa IUIaBKH (KOBLI | M KOBII 2) MpH AOHHOM IEpeMELIMBAHHH
BO31yXxoM. Konn4ecTBo BBINYINEHHOTO B KaXAbIi KOBII (KOBII 1 M KOBII 2) (eppOCHIULus
cocTaBisiio okosio 5900 kr. B tabnuie 3 moka3zaHa KOMITO3UIUS UCXOAHOTO MaTepHualia B ABYX
UCTIOIb30BAHHBIX KOBIIAX.

Tabnuna 3. Ucxonubiii matepuan (mac.%)

UcxoaHbiii Al Si P Ca Ti Mn C
maTtepuan

Kosw 1 0,78 77,26 0,012 0,16 0,058 0,172 0,0533
Kosw 2 1,60 75,25 0,011 0,98 0,057 0,234 0,3794

ITocne Beimycka kpymHOKyckoBod FeMn ¢ 75,7 mac.% Mn, 6-8 mac.% C, mpuuem
OCTaTOK COCTaBISIIOT Fe u cnydalinble mpuMecH B OOBIYHOM KOJMYECTBE, JOOABISIH B KUIAKHUI
dbeppocMLE B Ka)XIOM KOBIIE B KOJUYECTBE, PaBHOM 246 KI HCTOYHHKA Mn, YTOOBI
obecrieunth ypoBeHb 4,5% Mn B xoHeuHOM mpoaykre. Ilockonbky ycBoeHne Mn He ObLIO
u3BecTHO, FeMn noGaBnsanu mocTeneHHO B TeueHue mnepuona 20-25 MUHYT IO JOCTHIKEHUS
neneBoro 3HaueHuss Mn 4,5% (moOaBieHUs: MOJKHO MPOBOAUTH 3a OoJiee KOPOTKOe Mk OoJiee

NPOJOJDKUTEIbHOE BpeMs). JIOHHOe nepeMelInBaHue NOAAePKUBAIN B TEUEHHE BCEro ImpoLecca



nobaBieHus ¢ odecrneueHHeM XOpOoLIero pacTBopeHuss Mn u yaassiin oOpa3oBaBIINECs] YaCTHLIbI
SiC u3 pacrmaBa Si-cruiaBa B 0Opa3oBaBIIMICS IITAK M K CTeHKaM KoBmia. Ilocie cramuu
paduHUPOBAHMS KOBLIM MOMELIANN B 30HY JIMTbS, OTKyZAa Opaju KOHEUHYIO KHAKYI MpoOy
nepes JUThEM B UyTYHHBIE JIUTEHHbIE HOPMBI.

ITpoObI HOBOTO CIJIaBa, MOJYYEHHOTO B COOTBETCTBUU C M300peTeHueM, Opanu B KOHIIE
KUIKOW CTaINM HENOCPENCTBEHHO Iepen JUTbeM. Pe3ynbTaThl Ui OBYX KOBILIEH IOKa3aHBI B
Tabmmue 4.

Bce mnpoObr ananmusupoBamu ¢ nomoinbld XRF (Zetium ® xkommanuu Malvern
Panalytical) Ha conmepxxanue Al, Si, P, Ca, Ti, Mn, a qia C ucnons3oamn LECO® CS-220
(aHATM3 METOZIOM CKUTAHUS MTPOOBI).

Tabnuna 4. Ananus (Mac.%) B KOHIIE JKUIKOH CTaaquu

Al Si P Ca Ti Mn C
Kosw 1 0,27 74,18 0,016 0,02 0,057 4,43 0,018
Kosw 2 0,22 73,47 0,015 0,01 0,058 4,74 0,008
IIpumep 2

Kunkwit peppocumuii BbITyCKaqu OOBIMHBIM 00pa3oM B pPa3jIMBOYHBIA KOBII C
JIOHHBIM TIEPEMELINBAHUEM BO3IyXOM. KOJHYECTBO BBIMYLIEHHOrO B KOBII (hE€PPOCHITHLIUS
cocTaisiio okojio 6000 kr. KoMmo3uuust HCXOMHOTO MaTepuaia MpeacTaBieHa B Taduuue S.

Bo Bpems Brimycka kpynHokyckoBoil FeMn ¢ 78,4 mac.% Mn, 6,85 mac.% C, npuuem
oCTaToK cocTaBIsAOT Fe u ciydalinble mpuMecH B OOBIYHOM KOJIMYECTBE, NOOABISAIM B KUIKHUIH
beppocmuuuii B konudectse, paBHoM 950 kr. Bmecre ¢ FeMn B pacrmiaB nobasinsimun 100 kr
KBapla, 4TOObI YBEJINYUTh 00BEM PELIENITOPOB I obecneueHus 3axpara oopaszosasiuerocs: SiC.
JIOHHOE MepeMelBaHue MPOAOIIKAIN B TEYEHUE BCEro mpouecca no0aBieHus ¢ obecrneyeHnem
Xopoluero pactsopenust Mn u ynanenus: oopasosasumxcs yactun SiC u3 pacmasa FeSi-crunasa
K CTEHKaM KoBmIa ¢ obpasoBanueM uutaka. Ilocne cragum padpuHHpOBaHMS KOBLI ITOMEIIATH B
30HY JIMTBSI, OTKyAa Opajy KOHEUHYIO KMIKYIO MPOOy mepen JUTbeM B YyT'YHHbIE JINTCHHbIC
(dbopMBbL.

ITpoOB! HOBOTO CIUIABA, MOJIYYEHHOTO B COOTBETCTBHH C M300peTEeHHEM, Opajii B KOHIIE
JKUJIKOH CTaJuu HEMOCPENCTBEHHO MepeA JUTbeM M B KOHEYHOM IPOAYKTE IIOCHE JIUThS.
PesynbraTe! npuBeneHs! B Ta0auIe S.

Bce mnpoObr ananmusupoBamu ¢ mnomomibto XRF (Zetium ® kommanuu Malvern
Panalytical) Ha conmepxanue Al, Si, P, Ca, Ti, Mn, a nius C ucnons3osamu LECO® CS-220
(aHATHM3 METOOM CKUTAHUS MTPOOBI).

Tabmuua 5. Xumudeckas komro3uiusi (Mac.%) Ha pa3IMYHbIX CTAIAHIX SKCIIEPUMEHTA

Al Si P Ca Ti Mn C
UcxogHbiit
0,57 75,66 0,008 0,33 0,017 0,21 0,030
matepuan
Mepep, 0,10 68,71 0,021 0,03 0,018 9,04 0,004
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NTbeM

KoHeuHbi
0,09 68,76 0,019 0,03 0,018 8,91 0,005

NPoAYKT

C ucnonbp30BaHHEM TaKOro criocodba aBTOPbl M300pETEHHs MOJydYand HU3KUH YPOBEHBb
yIJIeposa, YTO MOXKHO OOBSICHUTH HU3KOH PAacTBOPUMOCTBIO YIJIEPOAa B BBICOKOKPEMHHUCTBIX
criaBax. OHAKO HEOKHIAHHO OBUIO OOHAPY)KEHO, YTO MOXKHO JOCTHYb TAKHX JK€ HHU3KHX
YPOBHEH yrjepona, Kak U B HBIHEUIHHX COPTaX HU3ZKOYIJIEPOAMCTOrO (eppoCHiuius (CMm.
tabmuny 1).

CrulaB B COOTBETCTBHH C H300pETEHHWEM TMPEACTaBsieT CO0OW SKOHOMHYHYIO
aIbTEPHATUBY pPa3[esibHOMY H00aBIEHUIO TpeOyeMbIX JIerHpyrOLUX 3jeMeHToB Si 1 Mn 1o
OTAEIbHOCTH B BHE (PepPOCHIIULMS U MAPTAHIIEBOrO CILIABa HJIM METAJUTMYECKOrO MapraHiia 3a
CueT YAy4YLIeHHS BpEeMEeHH U KadecTBa mpouecca. C MNOMOIIBIO YKa3aHHOrO CIuiaBa
npousBogutenu NGOES cMoryT Takxke CHU3UTh OOllee CONep:kaHue yriepona B CTaIH |
nocTuyb OoJiee HU3KOTO YPOBHS, 4eM NpH 10o0aBieHUU (eppOCHITULINS/CIIaBa HA OCHOBE Si U
MapraHua B (popMe HU3KOYIJIEPOAUCTOrO MapraHLEBOro CIJIaBa WM METATHYECKOro MapraHiua
no oraenbHocTH. Kpome Toro, Omaromaps yKa3aHHOMY  CIUIaBy  MPOW3BOIHUTENH
BHGKTpOTeXHquCKOﬁ CTaJIi CMOT'YT BbIITYCKAaTh HOBBIC COpTa C 60.]'[66 BBICOKMM COACPKAHUEM
Mn ¥ npu 5TOM COXPaHSATh HU3KOE COIEpPKAHUE YIIIepPONa B CTAIM C HCIOJb30BAHHEM TOJBKO
OITHOM Jerupyroimei 100aBKuU.

W3 ommcanus Pa3JIMYHBIX BapUAHTOB OCYIICCTBJIICHUA I/1306peTeHI/IH crieguajaucraM B
TaHHOH obnacTu OyJeT OYeBHIHO, YTO MOKHO MPUMEHSTh U IPyre BapHaHThI OCYIIECTBIICHNUS,
BKJIIOHamOIe B ceOs yKasaHHble TMOHATUS. OJTH W Jpyrue MNpuUMepbl H300peTeHus,
IPOUJUTIOCTPUPOBAHHBIE BBILIE, IPUBEACHBI TOJIBKO B KaUeCTBE MPUMEPa, U (pakTHUeCKHi 00beM

N300peTeHNs! ONpeeNnseTcs U3 NPUBEAEHHOH HIbKe (pOpMyJIIbl H300peTeHMs.
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D®OPMYJIA U3OBPETEHUS

1. CrimaB Ha OCHOBE KPEMHHUS, COZleprKaInit

45-95 mac.% Si;

makc. 0,05 mac.% C;

0,01-10 mac.% Al;

0,01-0,3 mac.% Ca;

makc. 0,10 mac.% Ti;

0,5-25 mac.% Mn;

0,005-0,07 mac.% P;

0,001-0,005 mac.% S;

NPUYEM OCTaTOK COCTABJISIOT Fe U ciydaiiHbple mpuMecH B OOBIYHOM KOJTMYECTBE.

2. CmiaB Ha ocHOBe KpeMHus 1o 1. 1, copepkamuii 50-80 mac.% Si.

3. CriaB Ha OCHOBE KPEeMHUS 10 1. 2, conepskamuii 64-78 mac.% Si.

4. CrulaB Ha OCHOBE KPEMHUS IO JIIOOOMY M3 MPENIIECTBYIOIUX MYHKTOB, CONEPIKAIIUI
makc. 0,03 mac.% C.

5. CruiaB Ha OCHOBE KPEMHHSI IO JIFOOOMY M3 MPEIIIECTBYIOLUINX ITYHKTOB, CONEP KA
0,01-0,1 mac.% Ca.

6. CrutaB Ha OCHOBE KPEMHHSI IO JIFIOOOMY M3 MPEIIECTBYIOLINX IMyHKTOB, COAEP KaIUii
Mmakc. 0,06 mac.% Ti.

7. CruiaB Ha OCHOBE KPEMHHUSI 11O JIIOOOMY M3 MPEIIECTBYIOIINX TYHKTOB, CONEPIKaLINN
1-20 mac.% Mn.

8. Cnoco® mosyudeHus: CrulaBa Ha OCHOBE KpeMHMs o jmobomy w3 mm. 1-7, mpuuem
croco0 BKIIFOYAET MOJy4eHHe XKHAKOro 0a30BOro (peppocuimimeBoro CruiaBa, U n00aBlIeHHE
UCTOYHHKAa Mn, copep:kaliero yriepoj, B KaueCTBe JISTHPYIOLIEro dJeMEHTa WJIH MPUMECHOTO
3JIEMEHTa B YKa3aHHBIA JKUAKUH (eppOCHIMLUIA C TMOJyuYeHHEM TeM CaMbIM pacIulaBa, |
padvHUpOBaHME YKAa3aHHOTO TOJYYEHHOrO pacIulaBa, MpuU4eM padUHHUPOBAHUE BKIFOYAET
ynajgeHne oOpa3oBaBIIUXCS YACTHIl KapOuaa KPeMHHUsSI O W/WJIKM BO BPEMS JINThSl YKAa3aHHOTO
pacruiasa.

9. Cnocob mo m. 8, B KOTOpOM AOOAaBJEHHBIH MCTOYHUK Mn MpencTaBjeH B BHIE
BBICOKOYTJIEPOTUCTOTO beppomapraHIeBoro CILIaBa, CPEIHEYTIEPOIUCTOTO
¢deppoMapraHueBoro  CIUIaBa, HU3KOYIJIEPOAUCTOrOo  (eppoOMapraHIeBOro  CILUIaBa,
METaJUINYeCKOro Mn uiam ux CMecu.

10. Cnoco6 no mrobomy u3 1. 8 wiu 9, B KOTOPOM KHUAKUN 0a30BbIi (HeppOCHITNIUEeBBIT
CIIaB COEPIKUT:

Si: 45-95 mac.%;

C: 10 0,5 mac.%;

Al: no 2 mac.%;

Ca: mo 1,5 mac.%;

Ti: 0,01-0,1 mac.%;

Mn: o 0,5 mac.%;



12

. o/.
P: 1o 0,02 mac.%;
S: mo 0,005 mac.%;
MPUYIEM OCTATOK COCTABJIAIOT Feu CﬂyqaﬁHble NpUMECHU B O6bILIHOM KOJIMYECTBE.

11. Cnoco6 nmo mobomy u3 mm. 8-10, B kotropoMm Al noGaBneH IJs1 KOPPEKTHPOBAHUSA
conepxxanusi Al B coorBercTBuu ¢ quamnazoHom 0,01-10 mac.%.

12. I[IpumeHeHHe CrulaBa Ha OCHOBE KPEMHHUS 1O J00oMy u3 . 1-7 B kayecTBe 100aBKH
IIPYU IPOU3BOJCTBE CTAJIN.

13. Ilpumenenue o 1. 12 B mporecce MpOU3BOACTBA IEKTPOTEXHUIECKON U30TPOMHON
CTaJI.

ITo noBepenHocTn



N3MEHEHHAS ®OPMYJIA U3OBPETEHNA,

HNPEJJIOKEHHASA 3AABUTEJIEM U151 PACCMOTPEHHSA

1. CrimaB Ha OCHOBE KPEMHUS, COZep KaInit

45-95 mac.% Si;

Mmakc. 0,05 mac.% C;

0,01-10 mac.% Al;

0,01-0,3 mac.% Ca;

makc. 0,10 mac.% Ti;

1-25 mac.% Mn;

0,005-0,07 mac.% P;

0,001-0,005 mac.% S;

NPUYEM OCTaTOK COCTAaBJISAIOT Fe 1 ciydaliHbple MpuMecH B OOBIYHOM KOJIMUECTBE.

2. CmraB Ha ocHOBe KpeMHus 1o 1. 1, coxepkamuii 50-80 mac.% Si.

3. CriaB Ha OCHOBE KpeMHUS 110 1. 2, conepskamuii 64-78 mac.% Si.

4. CrutaB Ha OCHOBE KPEMHHUS 110 JIFOOOMY M3 MPENLIECTBYIOIUX MYHKTOB, COAEPIKAIIHHA
makc. 0,03 mac.% C.

5. CnaB Ha OCHOBE KPEMHHSI IO JIIOOOMY M3 MPEIIECTBYIOLINX MyHKTOB, COAEP KaIUil
0,01-0,1 mac.% Ca.

6. CrutaB Ha OCHOBE KPEMHHSI IO JIIOOOMY M3 MPEIIECTBYIOLINX IMyHKTOB, COAEP KaIUil
Mmakc. 0,06 mac.% Ti.

7. CruaB Ha OCHOBE KPEMHHUsI O JIIOOOMY U3 MPEIIEeCTBYIOUINX MYHKTOB, CONEP KU
1-20 mac.% Mn.

8. Croco0 mony4yeHusl CIulaBa Ha OCHOBE KpeMHHs 1O JiroOomy u3 mm. 1-7, mpuuem
YKa3aHHBIH CIOCO0 BKIIFOYAET MOJyYEHHE >XHUAKOro 0a30BOro (eppOoCHIMLUEBOrO CIUIABA,
CoZiepIKalIero

Si: 45-95 mac.%;

C: 10 0,5 mac.%;

Al: mo 2 mac.%;

Ca: mo 1,5 mac.%;

Ti: 0,01-0,1 mac.%;

Mn: o 0,5 mac.%;

P: 10 0,02 mac.%;

S: mo 0,005 mac.%;

NpUYeM OCTaTOK COCTaBJsIOT Fe u ciydalinble mpumecH B OOBIMHOM KOJIMYECTBE, U
nobaByieHHe HCTOYHMKA Mn B (opMe BBICOKOYIIIEPOIUCTOrO (heppoOMapraHueBOro CIUIABa,
CPERHEYTIEPOANCTOro (heppOMapraHIeBOro CIIaBa, HU3KOYIIIEPOAUCTOrO (heppoMapraHLieBOro
CIUIaBa, METAJUIMYECKOro Mn MM UX CMECH B YKa3aHHbIH SKUAKUH (QEeppOCHIIULHIN C
NOJIy4eHHEM pacIulaBa, U paQUHUPOBAHME YKA3aHHOTO TIIOJYYEHHOTO pacIuviaBa, IpHYEM
paduHIpOBaHNE BKJFOYAET ynajieHHe oOpa3OBaBIIMXCS YACTHUI[ KapOuga KpeMHHs 0 W/ BO

BpeMsl JINThbsI YKA3aHHOT'O PacIlIaBa.



9. Cnocob mo n. 8, B kotropom Al noGaBieH s KOPpEeKTUPOBaHUs coneprkanust Al B
cootBeTcTBUH ¢ nuarna3zoHoM 0,01-10 mac.%.

10. IlpumeneHune CrutaBa Ha OCHOBE KPEMHUS 110 JII000My U3 mil. 1-7 B kauecTBe JOOaBKH
IIPU IPOU3BOJACTBE CTAJIN.

11. Ilpumenenue no n. 10 B mpouecce MponU3BOACTBA JIEKTPOTEXHUIECKON N30TPOMHON

CTaJIH.
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