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0o0pa3oBaHMs JOIBTCKTOMJHOTO LIEMCHTUTA, Jaxe eciau comepxkanue C  SIBIACTCS BBICOKHM.
JKenesHomopokHOE KOJIECO B COOTBETCTBHM C OJHHAM BapHaHTOM OCYIIECTBICHHS HACTOSIIETO
n300peTeHus IMEET CIEAYIOINI XUMUIEeCKNH cocTaB B MaccoBbIX IporierTax: C: ot 0,80 mo 1,15 mac.%,
Si: 0,45 mac.% unu menbiie, Mn: ot 0,10 10 0,85 mac.%, P: 0,050 mac.% unu menbie, S: 0,030 mac.% win
mebiie, Al: ot 0,120 g0 0,650 mac.%, N: ot 0,0030 m0 0,0200 mac.%, Cr: ot 0 1o 0,25 mac.% u V: ot 0,02
10 0,12 mac.% c octarkom u3 Fe u npumeceit, npuyeM KOJIMYECTBO JOIBTEKTOUTHOTO LIEMEHTUTA, KOTOPOE
OTIpEICIISIETCS ¢ TIOMOIIBIO BhIpaxeHus (1), B MUKPOCTPYKTYpE JKeJIe3HOOPOKHOTO KOJieca COCTAaBISET
He 6omee 1,50 mT./100 MKM: KOIMYECTBO MOIBTEKTOMIHOTO IeMeHTHTa (1uT./100 MKM)=monHas cymma
KOJIMYECTBA 00aCTel JOIBTEKTOUIHOTO IIEMECHTUTA, KOTOPEIC MEPECEKAIOTCS ¢ IBYMs AUATOHATHHBIMU

JIMHUSIMHU B KBaZpaTHOM mose 3peHus pazmepom 200x200 mxm/(5,66%100 mxm) (1).
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OIIMCAHHUE U30BPETEHUA

2420-558905EA/23

KEJE3ZHOAOPOXHOE KOJECO

OBJIACTb TEXHUKH, K KOTOPOU OTHOCHUTCSA U30EPETEHUE

[0001]

Hacrosiee n300peTeHre OTHOCUTCS K JKEJIE3HOAOPOKHOMY KOJIECy.

IMPEAITIOCBIJIKHY CO3JJAHMA U30bPETEHU A

[0002]

JKene3HOmMOPOKHBINM BArOH €IET MO pesibcaM, 00Pa3yoIUM JKeJIe3HOAOPOKHOE TOJIOTHO.
JKene3sHOMOPOXKHBIM BaroH BKJIIOYaeT B ce0s MHOXECTBO JKEJIE3HONOPOKHBIX — KOJIeC.
KenesHonopoxkHOe KOJieCO TMOANEP)KUBAET BAaroH, HAaxXOAsCh B KOHTAKT€ C pEIbCOM, H
nepeMeliaercs Mo pebcy, Bpamasch Ha HeM. JKene3HOAOPOKHOE KOJIeCO H3HAIINBAeTCs
BCJICZICTBHE KOHTaKTa C pelbcoM. B mocnemHue roapl ¢ LEIbI0 MOBBIMIEHUS 3P (EKTUBHOCTH
JKEJIE3HOOPOKHBIX MEPEBO3OK OBUIM MPEANPHUHATHI MOMBITKA YBEIUYUTb TPY30MOABEMHOCTD
JKEJIE3HOOPOYKHOTO BArOHA M YBEJIMYUTh €r0 CKOPOCTh. B pesynbraTe BO3HHKIIA MOTPEOHOCTD B
MOBBILIEHUH U3HOCOCTONKOCTH KEJNEe3HOAOPOKHBIX KOJIEC.

[0003]

TexHONMOrMM [JIs1 TOBBIIEHUS W3HOCOCTOHKOCTH JKEJIE3HONOPOKHOTO KoJjieca ObLTh
NPEAJIOKEHBI B MyOIMKALIUH SITOHCKON naTeHTHOH 3asBke Ne 09—202937 (I1aTeHTHBIN TOKYMEHT
1), B myOnukaumu SMOHCKOW maTeHTHOH 3asBke Ne 2012-107295 (IlareHTHBINH HOKYMEHT 2), B
nyOJMKaluu AMOHCKON maTeHTHOHW 3asiBke Ne 2013-231212 (ITareHTHBIH MOKYMEHT 3), U B
nyOJMKaIuy SIIOHCKON nmaTeHTHOH 3asBke Ne 2004-315928 (ITaTeHTHBINH TOKYMEHT 4).

[0004]

KenesnonopoxHoe kojieco, packpeitoe B IlareHTHOM apokymeHntre 1, cocrour us, B
mac.%: C: or 0,4 mo 0,75, Si: or 0,4 no 0,95, Mn: ot 0,6 mo 1,2, Cr: or 0 no 0,2, P: 0,03 unwu
menbie, U S: 0,03 uaM MeHbIe, ¢ OCTaTKOM, MpeAcCTaBistomuM cobori Fe u HensOeskHble
npuMecH. B 3TOM jkene3sHOmOpOKHOM Kosece 00acTh oT pabouell MOBEPXHOCTH 4YacTu obona
Kojieca 0 riyOWMHBI MO MeHbined Mepe S0 MM COCTOMUT W3 MEPIUTHOU CTPYKTypbl. Crocod
NPOM3BOJICTBA JKEJIE3HOJOPOKHOrO Koyieca mo IlareHTHOMy mokymeHnty 1 Bkimoudaer B ceOst
CTaIUIO 3aKAJIKH, B KOTOPOH pabouast yacTb 000Aa KOJieca OXJIAXKIAETCS B TAKUX YCJIOBHSIX, YTO
KpUBasi OXJIAKIEHUsT padouell yactu odoma Kojieca MPOXOAMUT uepe3 o0nacTb (HOPMHUPOBAHUS
nepjauTa Ha KpUBOW MpeBpaLleHHs] IPU HEMPEPbIBHOM OXJIAXKIEHUHU, U HAXOAUTCS Ha AJIMHHOM
CTOPOHE KPUBOI MapTEeHCUTHOI'O IPEBpalleHHUs.

[0005]

Cranp nns xoneca, packpeitast B IlaTeHTHOM nokymeHTte 2, cocTouT u3, B Mac.%: C: ot
0,65 no 0,84, Si: ot 0,02 no 1,00, Mn: ot 0,50 mo 1,90, Cr: ot 0,02 no 0,50, V: ot 0,02 no 0,20, u
S: 0,04 unu menslue, ¢ octatkoM u3 Fe u npumeceit, npuuem P<0,05 mac.%, Cu<0,20 mac.%, u
Ni<0,20 wmac.%. XuMHUECKH COCTaB JOMNOJHHUTEIBbHO YAOBJETBOPSET  CIEAYIOIIUM
COOTHOLUEHUSIM:

[34<2,7+29,5xC+2,9xSi+6,9xMn+10,8xCr+30,3xMo+44,3xV<43] u



[0,76xexp(0,05xC)xexp(1,35%S1)xexp(0,38xMn)xexp(0,77xCr)xexp(3,0xMo)*exp(4,6x
V)<25]

ITaTeHTHBII AOKYMEHT 2 YyTBEPXKAAET, YTO CTalb IJIs JKEJIE3HOAOPOXKHOIO KoJeca
JOCTUIaeT MPEBOCXOJHOM H3HOCOCTOMKOCTH, YCTAJOCTHOM CTOMKOCTM TIPU Ka4eHUH U
CTOMKOCTH K pacCTPECKMBAHMIO, €CJIU OHA YAOBJETBOPSET BBIIECONHCAHHBIM XHMHUYECKOMY
cocTaBy U hopmysiam.

[0006]

Cranp s xoneca, packpbitast B [laTeHTHOM nokymeHTte 3, cocTouT u3, B Mac.%: C: ot
0,65 mo 0,84, Si: ot 0,4 no 1,0, Mn: ot 0,50 no 1,40, Cr: ot 0,02 mo 0,13, S: 0,04 unu MeHbIIIE,
V: or 0,02 no 0,12, ¢ ocratkom u3 Fe u npumeceii, npuueMm 3HadeHue Fnl, onpenensiemoe
BoipaxkeHueM (1), cocraBnsier 32-43, a 3HaueHwe Fn2, ompenensiemMoe BbIpaxkeHueMm (2),
COCTaBJISIET 25 Win MeHblIe. 31ech BeIpakeHue (1) BBINISANT Kak

Fn1=2,7+29,5C+2,9S51+6,9Mn+10,8Cr+30,3Mo0+44,3V,

a BeIpakeHue (2) — kak

Fn2=exp(0,76)*exp(0,05C)xexp(1,35S1)>xexp(0,38Mn)*xexp(0,77Cr)xexp(3,0Mo)xexp(4,
6V)

ITaTeHTHBIN TOKYMEHT 2 yTBEP:KAAET, YTO CTajb AJIs1 KOJieCa NOCTUraeT MPEBOCXOMHOU
WU3HOCOCTOMKOCTH, YCTaJOCTHOM CTOHKOCTH INPH KAYE€HUH M CTOMKOCTH K PACTPECKUBAHUIO,
KOIZ1a OHA MMEET BBILICONMUCAHHBIN XUMUYECKUHN COCTaB, U 3HaueHus Fnl u Fn2 ynosnersopstor
BBILIEONMCAHHBIM THANIA30HaM.

[0007]

Koneco xene3Honopo:kHOro BaroHa, packpbitoe B IlaTeHTHOM noxkymeHTe 4, sBJsA€TCS
UHTETPUPOBAHHBIM KOJIECOM JKEJIE3HOJOPOKHOTO BaroHa, COCTOSLIMM M3 CTalH, HUMEHLIeH
cneayromii xumuueckuit coctas B Mac.%: C: ot 0,85 mac.% mo 1,20 mac.%, Si: ot 0,10 mac.%
no 2,00 mac.%, Mn: ot 0,05 no 2,00 mac.%, ¥ OOMONHUTENBHO MO Mepe HEeOOXOAMMOCTH
npeaonpeaeieHHOe KOJIMYeCTBO OHOTo Witk Oosee 35eMeHToB, BeiOupaembix u3 Cr, Mo, V, Nb,
B, Co, Cu, Ni, Ti, Mg, Ca, Al, Zr u N, ¢ ocraTkom u3 Fe u qpyrux Heu30eKHbBIX MPUMECE, B
KOTOPOM II0 MEHblIeH Mepe pabodas 4acTh 000Aa W/WJIH MOBEPXHOCTh peOOpIabl Kojleca MMeeT
NEePJIUTHYIO CTPYKTYpy. IlaTeHTHBI MOKYMEHT 4 yTBEp)KOAeT, YTO CPOK CIYKOBI KoJieca
JKEJIE3HOJOPOYKHOTO BaroHa 3aBUCHUT OT CTEIEHU M3HOCA MOBEPXHOCTH paboduel yacTu odona u
pebopnasl (maparpad [0002] [TareHTHOTO TOKYMEHTA 4), U JOMOJHUTEIHPHO 3aBUCHT OT TPELIVH B
MOBEPXHOCTH 00o0nma W pedopnbl, BBI3bIBAEMBIX BBIIEJICHHEM TeIUla TPU TOPMOKEHHH Ha
BBICOKOCKOPDOCTHOM jkene3Hoil gopore. OH Takke yTBepXkKAaeT, YTO KOIrjJa KOJeco
JKEJIE3HOJOPO’KHOTO BAaroHa MMEET BBIIICONHCAHHYIO KOH(PHUIYpalmioo, BO3MOXHO ITOAABHUTH
U3HOC M TEPMHUYECKOE PACTPECKUBAHIE MOBEPXHOCTH padoueli vactu odona u peSopasbL

CIIMCOK ITUTUPOBAHHOM JIUTEPATYPBI

I[TATEHTHAA JIUTEPATYPA

[0008]

ITaTenTHbIi foKyMeHT 1: SInoHckas onyOankoBaHHas naTeHTHas 3asBka Ne 09-202937

ITaTenTHblli nOKyMeHT 2: SlmoHCkas omyOnMKOBaHHAs MaTeHTHas 3asBka Ne 2012-



107295

ITaTenTHblli HOKyMeHT 3: SmoHckas omyOJMKOBaHHas maTeHTHas 3asBka Ne 2013—
231212

ITaTtentHblii nokymeHT 4: SnoHckas omyOnMKOBaHHAas MaTeHTHas 3asBka Ne 2004-—
315928

HEITATEHTHAS JIMTEPATYPA

[0009]

HenarentHeiii nokyment 1: F. Wever et al., Zur Frage der Warmebehandlung der Stahle
auf Grund ihrer Zeit—-Temperatur—Umwandlungs—Schaubilder, Stahl u Eisen, 74(1954), p749 to
761

CYHIHOCTD U3OBPETEHMA

TEXHUYECKAA ITPOBJIEMA

[0010]

B konece >kene3sHOOOPOKHOrO BaroHa, mnpeajokeHHoM B IlateHTHOM nokymeHrte 1,
comepxanue Cr ynep>KUBaeTCs HU3KUM, U COIEPIKHUTCS MOIXOASINEee KOJNMUECTBO Si ISl TOTO,
9TOOBI 00ECTIeYNTh MOIXOSIIYI0 MPOKATMBAEMOCTb M CBOMCTBO, OOJerdaromee MoJydeHne
NEePIUTHOW CTPYKTYphl. OIHAKO KOJECO KEJE3HONOPOKHOTO BAaroHa B COOTBETCTBHH C
ITarentapiM nokymeHnToM 1 comepsxut ot 0,4 no 0,75 mac.% C, To ecTh, KOJECO AeaeTCs U3 TaK
Ha3bIBAEMOM JTO3BTEKTOMIHON cTanu. ClenoBaTeNbHO, CYIIECTBYET OrPAaHUUEHHE Ha YIIydIIeHHe
U3HOCOCTOMKOCTH.

[0011]

B cransx nms koseca, npensiokeHHbIX B IlaTeHTHBIX NOkyMeHTax 2 u 3, mepJuTHas
CTPYKTypa YIPOYHSETCs 3a CUeT coaepkaHus V B ctanu, umeromeit coaep:xanue C ot 0,65 1o
0,84 mac.%, ynydiias Te€M CaMbIM M3HOCOCTOMKOCTb. OAHAKO TOJBKO conepkaHue V uMeer
OrpaHUYEHHUE Ha YJIydLIeHHe H3HOCOCTOMKOCTH.

[0012]

C npyroii CTOPOHBI, B KOJIECE *KEJIE3HOIOPOKHOTO BaroHa, MPeniokeHHOM B [TareHTHOM
IOKYMEHTE 4, H3HOCOCTOHKOCTD YJIYUIIAETCS 38 CYET UCIOMb30BAHUS 3a9BTEKTOMIHON CTaJIH, B
KOTOpOH yBenuueHo conepskanue C.

[0013]

OnHuM mpuMepoM crmocoda MPOU3BOACTBA  IKEJIE3HOJOPOKHOTO KOJeca  SIBJISIETCS
cnenyromuii. Kpyrnass 3aroroBka (Owuier) mnomsepraercsi ropsiaeii  oOpaboTke, YTOOBI
copMHPOBATh MPOMEKYTOUHBIH MPOAYKT, HUMEOMHNA (POpMy >KEIe3HOAOPOKHOIO KoJeca.
CdopmupoBaHHBII TPOMEKYTOUHBIA MPOAYKT MOABEPraeTcsl TEPMUUECKON 00paboTke (3akajke
paboueii moBepxHocTH obona). Ilpum 3akanmke paboueil moBepxHOCTH 00OAA MPOMEKYTOUHBIH
MPOAYKT HArpeBaeTcs, W IMocyie 3Toro obox u pedopaa MpPOMEKYTOYHOrO MPOAYKTa OBICTPO
OXJIAXKNAKTCsl. B pe3ynbrare 3TOro B MaTPUYHON CTPYKType MOBEPXHOCTHOW dYacTu obona
o0pa3yercsi MEJIKOIUCTIEPCHBIN MEPJIUT, KOTOPBI UMEET BBICOKYIO M3HOCOCTOHKOCTh. OTHAKO
3aKaJIeHHBIN CJIOW, COCTOSIIIMIA U3 MapTeHCHTa (MJIM MapTEeHCUTa U OelfHuTa) 00pasyercs B Clioe

HaJl MEJIOKAMCIIEPCHBIM MEPIUTOM B IOBEPXHOCTHON HacTH 000za IMocje €ro 3akajku. JTOT



3aKaJieHHBI CJIOWM, CKopee Bcero, OyaeT W3HAINMBATBCS BO BpPEeMs HCIOJIb30BaHUS
KEJe3HOOPOXKHOro Kkoseca. CrlemoBarenbHO, MOCTE 3aKalkd pabodeidl MOBEpPXHOCTH o0ona
3aKaNeHHbIN CJIOH, KOTOpbIH Obul cOPMHPOBAH B CAMOM BHEIIHEM cjoe 00ona, ynajsercs
pe3aHueM TakuM o0pas3oM, 4ToObl OOHAXKUTh HAa 00011 MeNKOoAUCIepCHbIH nepauT. C moMoIb
OMMCAaHHBIX CTaAUN MPOLECCa TPOU3BOIUTCS JKEJIE3HOAOPOKHOE KOJIECO.

[0014]

Kak Oputo ommcaHo, KOJECO JKEJNe3HOAOPOKHOrO — BaroHa, IOJNY4YEHHOE U3
3a3BTEKTOUIHONW  CTalu, UMEeT TMPEeBOCXONHYK  M3HOcOCTOMKocTh. (OmHako, Korma
JKEJIE3HOOPOIKHOE  KOJIECO TPOM3BOMUTCS BBIIICONHCAHHBIM CIIOCOOOM TMPOU3BOJACTBA C
HCIIOJIB30BAHUEM 3a3BTEKTOUIHON CTaM, CTAHOBUTCS SICHO, YTO B OTJIMYHE OT JA03BTEKTOHUIHOM
CTali, JOSBTEKTOMIHBI IIeMEHTUT (pro—eutectoid cementite), BeposTHO, oOpasyercs B
JKEJIE3HOOPOKHOM  KOJIeCe, HAamnpuMep, B YaCTH IMCKa WJIM B YaCTH BTYJIKH (CTYIHLIbI)
JKEJIe3HOJOPOKHOTO Kosieca. J{09BTeKTOUAHBIN HEMEHTUT YXYAIIAET YAAPHYIO BS3KOCTb CTaJIu.
CnenoBarenbHO, MPEONOYTUTENILHO HMETh  BO3MOXKHOCTb  IOAABUTH  (POpMHpOBaHUE
JO9BTEKTOUAHOIO LIEMEHTHUTA B JKEJIE3HOJOPOKHOM KOJIece, BBIMOJIHEHHOM U3 3a3BTEKTOUIHOMN
CTaJu.

[0015]

3amaveii HACTOAIIETO M300PETEHUs SBISETCS MPEAJIOKUTD KEJE3HOJOPOKHOE KOJIECO, B
KOTOPOM MOJKET TIOAABIATHCS (OPMUPOBAHHME TOIBTEKTOMTHOIO LIEMEHTHTA, AaXKe eClu
conepskanue C cocrasisier 0,80 mac.% unmu Oonbie.

PEIIIEHME ITPOBJIEMbI

[0016]

KenesHonopo:kHOE KOJIECO B COOTBETCTBUM C HACTOSIIIMM BapUAHTOM OCYLIECTBJICHUS
UMeeT CIeIYIOIUN XUMUYECKH COCTaB, cocToswmii u3 , B Mac.%: C: ot 0,80 no 1,15, Si: 0,45
uian menbiine, Mn: ot 0,10 mo 0,85, P: 0,050 umu menbiie, S: 0,030 unu menbiue, Al: ot 0,120 mo
0,650, N: or 0,0030 mo 0,0200, Cr: or 0 mo 0,25, u V: or 0 nmo 0,12, ¢ ocraTkom,
npeacrasisomuM coboit Fe u nmpumecn. B MUKPOCTPYKTYpe KOJHYECTBO OSBTEKTOMIHOTO
LIEMEHTHUTA, ornpenenseMoe BbipaskeHueM (1), cocrapisier He Oonee yem 1,50 mt./100 MxMm.

[0017]

KommnyectBo nosBrekTonaHOro nemMenTura (mT./100 MKM) = mosHasi cymMMa KOJIHYeCTBa
o0yacTeil JTO3BTEKTOMIHOTO IEMEHTUTA, KOTOpBbIE TMEPECEeKATCsS C ABYMS JHArOHAJIbHBIMU
JVHUSMH B KBaJIPATHOM ToJie 3peHusi pazmepoM 200 MM x 200 mxMm / (5, 66 x 100 mxm) (1).

KenesHonopokHOE KOJIECO B COOTBETCTBUM C HACTOSIIIMM BapUaHTOM OCYLIECTBJIEHUS
MOJKET COZIEPKaTh B MUKPOCTPYKTYPE HUTPHU aJIFOMUHUSA CO CPEHUM pa3MepoM dactull 150 Hm
WJIM MEHBLIIE.

ITOJIE3HBIE DOPEKTHI U30BPETEHU A

[0018]

KenesHonopokHOE KOJIECO B COOTBETCTBUM C HACTOSIIIMM BapUaHTOM OCYLIECTBJICHUS
MOXXET HUMETb YMEHBIIEHHOE KOJUYECTBO MAO3BTEKTOMAHOIO LIEMEHTUTA, Ja)xe Korjaa

conepxanue C sIBJII€TCS BBICOKUM.



KPATKOE OTTMCAHUE YEPTEXENU

[0019]

[@ur. 1] @ur. 1 npencrasisier cobOl MonepeyHoe CeueHne, napajuieIbHOE HEHTPAIBHOM
OCH KEJIE3HONOPOKHOTO KOJIECa.

[@ur. 2] ®ur. 2 npencraBiseT coOOH AMArpaMMmy, WILTOCTPUPYIOIIYIO COOTHOIIEHHUE
Mexay coxpepkaHueM C, CKOPOCTBIO OXJIQXKAEHUS U MHMKPOCTPYKTYpPOH B CTalld, KOTOpBIE
TIOJIy4aOTCS TIPU MCTIBITAHUH Ha MPOKaTuBaeMocThb (B Tecte [komunn) u B Tecte Dopmacrepa.

[@ur. 3] ®ur. 3 npencrasisier coOOH aUArpamMmy, WUTFOCTPUPYIOLIYIO COOTHOLIEHHE
MEXIY comepskaHueM Si, CKOPOCThIO OXJIQXKIEHUS U MHUKPOCTPYKTYpOH B CTalld, KOTOpBIE
nony4aroTcs B Tecte JxkomuHu U B Tecte Popmacrepa.

[@ur. 4] ®ur. 4 npencrasisier cobOl aUarpaMmy, WUTIOCTPUPYIOLIYIO COOTHOLIEHHE
MEXAY comepkaHueM Mn, CKOPOCTBIO OXJXKACHUS U MHUKPOCTPYKTYPOH B CTajid, KOTOPBIE
nony4aroTcs B Tecte Jxomunu U B Tecte @opmacrepa.

[@ur. 5] ©ur. 5 npencraBisier coOOW aUArpaMmy, HUTFOCTPUPYIOIYK) COOTHOIIEHUE
Mexay conepkanreM Cr, CKOPOCTBIO OXJIAKACHUS U MHUKPOCTPYKTYPOH B CTajld, KOTOpPBIE
nony4arotcs B Tecte Jxomunu U B Tecte @opmacrepa.

[@ur. 6] ©ur. 6 npencrasisier cobOH aUArpamMmy, WJUTIOCTPUPYIOLIYIO COOTHOIIEHHE
MEXIy conepskaHueM Al, CKOPOCTBIO OXJIAXKACHUS M MHUKPOCTPYKTYPOH B CTajH, KOTOpBIE
nosy4aroTcs B Tecte J>xomunu u B Tecte @opmacrepa.

[@ur. 7] ©ur. 7 npencrasisier cobOH aUarpamMmy, WUTIOCTPUPYIOLIYIO COOTHOILIEHHE
MEXIy COAepKaHUeM V, CKOPOCTBIO OXJAXKACHHS U MHMKPOCTPYKTYPOH B CTalu, KOTOpbIE
nosy4aroTcst B Tecte Jkomunu u B Tecte @opmacrepa.

[@ur. 8] @ur. 8 mpencraBiseT coOOi CXeMAaTUYECKYIO AHATPAMMY, HILTFOCTPHUPYIOLIYIO
crocod U3MEpeHNUs] KOJIMYECTBA JOIBTEKTOUIHOIO LIEMEHTHTA.

[@ur. 9] ®ur. 9 mpencraBnser coOOl AMArpaMMy, WLTFOCTPUPYIOMIYIO COOTHOLICHUE
MEXIY CpemHUM pa3MepoM uHactui AIN U pasMepoM MpenuiecTBYIOIIEro ayCTeHHTHOTO 3epHa
mocjie IpoLecca IPOU3BOJACTBA JKEJIE3HOJOPOKHOTO KoJjieca IO HACTOSIIEMY BapUaHTY
OCYILECTBIIEHHUS.

[@ur. 10] @ur. 10 npencraBiasieT CcoOOH  CXEMATHUYECKYK)  JHUArPaAMMY,
WUTIOCTPUPYIOIIYIO MOJIENIbHBIE TEMIEPaTypHble MPOMUIN CTAAUH HArPEBaHUS MPHU TOPSUYE
koBke (Crammst 1) m cramum 3akanku padodei moepxHoctu obdoma (Cramus 2), KOTOpBIE
MOJIEJIMPYIOT MPOLIECC TPOU3BOJCTBA JKEJIE3HOIOPOKHOIO KoJjeca.

[@ur. 11] @Dur. 11 npencraBiasier coOOH  CXEMATHUECKYK)  JHArPaMmy,
WUTIOCTPUPYIOIIYIO MOJENbHBIE TeMIepaTypHble MPO(UIN CTAAWH HATrPEeBaHUs MPHU TOpsUel
koBke (Crammst 1) m cramum 3akanku padodeit moepxHoctu obdoma (Cramus 3), KoTOpBIE
MOJZIEJIMPYIOT TpPOLIECC TPOMU3BOACTBA JKEJNE3HOAOPOKHOTO KOJeCca, OTIMYAKOLIUICS OT
nokasaHHoro Ha @wr. 10.

[@ur. 12] @ur. 12 npexacraBisieT coOOH AUArpaMmy, WLTOCTPUPYIOIMYIO COOTHOLIEHHUE
MEXAY MOZEJIbHON TeMIEePaTypOU Harpesa MpU ropsiueil KOBKE U pa3MEpOM YaCTULl U CPEIHUM

pazmepoMm vactuul AIN B ctanu B TectroBoM oOpasue nocie Cragun 1 u mepen Cranueit 2,



noka3zaHHoMm Ha @ur. 10.

[@ur. 13] @ur. 13 npexacraBisieT cobON AUarpamMmy, WLUTOCTPUPYIOIYIO COOTHOLIEHHUE
MEKIY MOJEJBHOM TeMIIepaTypOl HarpeBa MpU ropsueil KOBKE U pasMepOM YaCTHULl U CPEIHUM
pasmepom gactull AIN B cranmu B TecroBoM obpasue nocie Craauu 2, nokazanHoit vHa ®@ur. 10.

[@ur. 14] Dur. 14 npeacrasisier coOOH AUArpamMMy, HIUTFOCTPUPYIOLIYIO COOTHOIIEHHE
MEXy MOJIEIbHON TEMIIEPAaTypOil HarpeBa MpH ropsiueil KOBKE U pa3MepOM MPEAIIEeCTBYIOLIErO
ayCTEHUTHOro 3epHa (mpemmectByromero y—hase) TecroBoro obpasua mnociae Cragum 3,
nokaszanHou Ha @wur. 11.

[@ur. 15] @ur. 15 npeacraBiasier coOOM  CXEMATHYECKYH)  JHArpaMMy,
WITFOCTPUPYIOINYI0 MOJENbHBbIE TeMIepaTypHble NPO(HIN CTaguN HArpeBaHUSl MPH TOpsSYEH
koBke (Cramms 1) m cragum 3akanku padodueit mosepxHocTH oboma (Cramgust 4), KOTOpbIE
MOJIEJIMPYIOT TPOLIECC TPOM3BOACTBA JKEJIE3HOAOPOXKHOIO KoOJeca, OTIMYAIIIUNCA OT
nokasanHoro Ha @ur. 10.

[@ur. 16] Dur. 16 npexacraBnseT coOON AUArpamMMy, WLTIOCTPUPYIOIYE) COOTHOIIEHHE
MEXAY MOJEIBbHON TEMIIepaTypOH Harpesa INpU ropsiuel KOBKE U YAAPHOHW BA3KOCTBIO IO
[lapru (Jix/cM”) B TecToBoM obpasue nocine Cranuu 4, mokasaHHoi Ha Dur. 15.

[@ur. 17] @ur. 17 npeacraBiseT coOON AUArpamMMy, WLTIOCTPUPYIOIMYE) COOTHOIIEHHUE
MEXy PacCTOSHMUSMU OT OXJIaKAaBIIErocs BOAOW koHLA U TBepaocThio no Poksemty HRC,
nojy4eHHbIMH U3 Tecta J>xomunu B [Ipumepe 1.

OITMCAHME BAPMAHTOB OCYIIECTBJIEHUA

[0020]

[Konpurypauus »xene3HoJopoKHOro Koeca]

@ur. 1 npencrasnser coOol MomepeuHoe CeYeHne, BKIIIYarolee B ce0sl EHTPAIbHYIO
OCb JKEJIE3HOJJOPO’KHOIO KOJIeCa B COOTBETCTBUU C HACTOSILIIUM BapUaHTOM OcyluecTBieHus. Kak
noka3aHo Ha @wur. 1, skene3HonopokHOE Kojieco 1 mMeer TUCKOBYHO (opMy U BKItOHYaeT B ceOs
YacTh BTYJKM 2, 4YacTh OUcka 3 ® 4acTb oboma 4 xkomeca. YacTb BTYJIKH 2 HUMeEeET
LWINHAPHYECKYI0 (HOPMYy W pacrojOKeHa B CpPeAHEH 4YacTH B PagUAIbHOM HANpaBJICHUH
(HampaBJIeHHUH, MEPIICHIANUKYJSIPHOM K LEHTPAJIbHOM OCH) KEJe3HOMOPOKHOro Koneca 1. Yactp
BTYJKH 2 wuMeeT CKBO3HOe oTBepctue 21. LlenTpanpHas ochb CkBO3HOro oreepctust 21
COOTBETCTBYET LIEHTPAJIbHONW OCU KEJE3HONOPOXKHOro KoJjieca 1. He moka3zaHHBI OCeBOH Bal
BCTaBIsieTCs B CkBO3HOE oTBepcTue 21. Tommuna T2 yactu BTynku 2 Gombie, yem Tonmmaa 13
yactu nucka 3. Yacte obona koneca 4 popMupyeTcss B KpaeBOi 4aCTH MO BHEIIHEH OKPYKHOCTH
KeNe3HONopoKHOro koneca 1. Hactb obona koneca 4 Bximouaer B ceOsi paboUyr0 MOBEPXHOCTh
obona 41 u pebopny 42. O6oxn 41 cesizan ¢ pedopmoit 42. Obox 41 u pebopna 42 HaAXOASITCS B
KOHTAaKTe€ C MOBEPXHOCTBIO pesibca BO BPEMsI MCIOJb30BAaHUS JKEJIE3HOAOPOXKHOro koneca 1.
Tommunua T4 gyactu odoma xosyeca 4 OGosnbine, yem Tonmuua T3 gactu aucka 3. Yacth aucka 3
pacrono’keHa MEXIy 4YacThl0 BTYJIKH 2 M 4YacThlo oboma kojeca 4. BHyTpeHHss1 kpyrosas
KpaeBasi 4aCTh 4aCTH AMCKA 3 CBsI3aHa C YACTbIO BTYJKHU 2, a BHELIHsS KpPyroBas Kpaesas 4acThb
YaCcTH JUCKa 3 CBsI3aHa C 4acThio oboma koneca 4. Tommunaa T3 yactu aucka 3 MeHbIIe, YeM

tonmuHa T2 vactu BTyaku 2 u tonmmuza T4 yactu obona koneca 4.



[0021]

Caayasia aBTOPBI HACTOSIIIETO U300PETEHUS] U3YYMIH XUMUYECKUI COCTaB, TOIXOISIIHN
IUTSL YITYUYIIeHUsT U3HOCOCTOMKOCTH JKEJIe3HOIOPOXKHOTO Kosieca. B pesynbrare ObUIO HalineHo,
YTO B KEJE3HONOPOKHOM KOJece TMpPU €ro HCIOJNb30BAHMM HMEHHO B  KauecTBe
JKEJIE3HOJIOPOKHOTO  KOJIeca, M3HOCOCTOMKOCTb — YIJIy4IIAaeTcss Jydlle, KOrja TBEPAOCThb
yBeNU4MBaeTCs 3a cueT yBenudeHus: conepxkanust C no 0,80 mac.% wnu Oosbline, YeM TOTAA,
KOTZla TBEPAOCTb YBEIMYMBAETCS 3a CUET YBEIMYEHMs CONepkaHus V, Aake eCclu MpU 3TOM
MOJIy4aeTCsl Ta e CaMasi TBEPIOCTb. XOTS 3TOT MEXaHH3M HESICeH, BO3MOXKHO CIeIyIoLIee.
O6ox UCHOIB3yeMOro KeJe3HOJOPOKHOTO KOJIeCa MOIBEPraeTcsi BO3ACHCTBUIO BHEIIHEH CHIIbI
(Harpy3Ke) CO CTOPOHBI pejibca. 3a CYET 3TOH BHEITHEH CHIIbI IEMEHTHUT B MEPJIUTE B HAPYKHOM
CJIOE HETMOCPEACTBEHHO moj pabouell MOBEPXHOCThEO 00072 W3MENb4YaeTcsi, U TBEPAOCTb
AOMOJIHUTECIIBHO YBEIUYIHUBACTCA 3a CHET AUCTICPCHUOHHOIO YIIPOUYHCHUA. KpOMe TOrO, yrjiepona B
U3MEJIbYEHHOM TOHKOM LIEMEHTUTE DPACTBOPSIETCS B IEPECBHIIEHHOM COCTOSHUU B (EppHUT B
NEePJINTE, YBEJIUYHBAS TEM CaMbIM TBEPAOCTb HAPYKHOTO CJIOS HEMOCPEACTBEHHO MOJ padoueit
MOBEPXHOCTBHIO 000712 32 CYET YIIPOYHEHHS TBEPAOTO PacTBopa.

[0022]

VBenuuenue conepxkanuss C B CTaiud TpHUBENET K YBEIHMYEHUIO OOBEMHOH JOJH
LIEMEHTHTA B MEPJIUTE, U TOMOJHUTENILHO K TOMY, YTO MEPJIUT C OOJIbIIEH BEPOSITHOCTHIO OyaeT
¢dopmupoBath Oosiee TOHKHE TUIACTUHKU. B 3TOM ciyuae M3HOCOCTOHKOCTD JKEIE3HOAOPOKHOTO
KoJsieca OyzieT yJydInaThCs 3a CHET BBIIEONMCAHHOIO MeXaHu3Ma. B oriamuue ot 3Toro, Koraa B
CTalI CONEPKUTCS V, TBEPAOCTh CTAIM YBEIHMYMBAETCS 3a CYET AMCIIEPCUOHHOTO TBEPIEHUS
kapOonutpunos V. B atom cnyuae, mockonpKy B (eppute obpasyercs kapOboHuUTpun V, OH
YBEIMYMBAET TJIABHBIM 00pa3oM TBepaocTh ¢epputa. Takum oOpasom, conmepxanue V He
OKa3bIBA€T 3HAYMTEIBHOTO BO3JEHCTBMs Ha H3MenbueHue nepiura. Ilo sToil mpuunHe, XOT
U3HOCOCTOHKOCTh MOJKET OBbITh yIIy4IlleHa 10 HEKOTOPOH CTENeHH 3a CYeT ComepskaHus V, OHa
HE MOXKET OBITb yiaydli€Ha TaK € BBICOKO, KaK 3a CUET AOUCICPCHOHHOIO YIPOUYHCHHSA
M3MeJIbYeHHBIM LIEMEHTUTOM U YIIPOYHEHHs TBepAopacTBOpeHHbIM C.

[0023]

3areM aBTOPBI HACTOSALIETO W300PETeHUs] MPEANONIOKIIN, YTO IS YJIYYIIEeHUS
MU3HOCOCTOMKOCTH TPENMOYTHTENBHO HCIIONB30BATh 3a3BTEKTOMAHYIO CTajlb, HMEHOIIYIO
conepxanue C ot 0,80 mo 1,15 mac.% B XUMHUYECKOM COCTaBE KEJIE3HOAOPOKHOTO KOJIeca.

[0024]

OnHako B pe3ynbTaTe UCCIENOBAHMS, IMPOBEJEHHOIO aBTOPAMH  HACTOSINETro
n300pereHusi, ObUIO HAHAEHO, YTO B JKEJIE3HONOPOKHOM KOJIeCe M3 3a3BTEKTOMAHOHN CTaiy,
umeroeit coneprkanue C 0,80 mac.% wnm Oonbine, MOXKET 00pa30BBIBATHCS O3BTEKTOUIHBIN
LIEMEHTUT. 3aTeM aBTOPbl HACTOALIETO M300PETEHHs HCCIIENOBAIN COOTHOIIEHHE MEXIy
COZIEpKAHNUEM Ka)XIOTO 3JIEMEHTAa B XUMHUYECKOM COCTaBE€ M KOJHUYECTBOM IO3BTEKTOUIHOTO
LIEMEHTUTA B JKEJIE3HOAOPOKHOM KOJIeCe, IMOIYYSHHbIM U3 3a3BTEKTOMIHOM CTalli, MMEroInei
BbICOKOE conepxkanue C. B pesynbprare Obuti MoyueHb! CIEAYIOIINE HAXOIKH.

[0025]



Qur. 2-7 mnpeacTaBIIIOT COOOH aUArpaMMmbl, HJLTFOCTPUPYIOIIHAE COOTHOIICHHE
CoZep KaHus KakIoro anemMenTa B cranu (Pur. 2: conepxanus C, @ur. 3: conepkanus Si, Our.
4: conepxanus Mn, @ur. 5: conepxanus Cr, @ur. 6: conepxkanus Al, @ur. 7: conepxanus V),
cpenHel ckopocTu oxjaxaeHus B auanazoHe ot 800 no 500°C, u 103BTEKTOUIHOTO LIEMEHTUTA
Ha OCHOBE pE3YJbTATOB TECTOB TEPMUYECKOH 00pabOTKH, MOAETUPYIOIUX TEPMHUECKYIO
o0paboTky BO BpeMs mpouecca MPOM3BOACTBA JKEJIE3HOJOPOXKHOrO Koseca. IlpuunHa
oTpeseNieHus CpeaHell CKopocTu oxJaxkaeHus B nuanazoHe ot 800 1o 500°C cocTouT B TOM, UTO
TeMIepaTypa BbIIEICHHUS JOIBTEKTOMIHOIO LieMeHTHuTa coctasjsieT ot 800 no 500°C.

[0026]

B gactrocTy, ®@ur. 2 co3aHa Ha OCHOBE PE3yJIbTaTOB, NOJYYEHHBIX B TecTe J>KOMUHU U
B Tecte @opmacrepa, KOTopble OyIyT OMUCAHBI TIO33KE, C UCTIOIB30BAHUEM MHOXKECTBA 00pa31oB
(Cramp Ne 1, 2, 3 Ilpumepa 1, xoTOpbIii OymeT OomMcaH MO3XKe), KAKIAbIH M3 KOTOPBIX MMEET
XUMHYECKHI COCTaB MO CYLIECTBY C MOCTOSIHHBIM conep kaHueM 3yeMeHToB Si: ot 0,29 mac.%
o 0,30 mac.%, Mn: ot 0,79 mac.% mo 0,80 mac.%, P: 0,001 mac.%, S: 0,002 mac.%, Al: or
0,032 mac.% mo 0,036 mac.%, u N: or 0,0040 mac.% mo 0,0042 mac.%, u pasnauyHOE
conepskanue C, ¢ octaTkoM, mpeacTasisitomuM codoit Fe u nmpumecu. @ur. 3 co3naHa Ha OCHOBE
pe3yIbTaTOB, MONyUYeHHBIX B TecTe J[)KoMuHH 1 B Tecte Popmacrepa, KOTopble OyIyT OMUCAHBI
NO3’Ke, C UCIOJb30BaHNEM MHOXxecTBa 00pas3noB (Cranp Ne 2, 4, 5 Tlpumepa 1, koropslii Oyner
OIHCAaH IMO3Ke), KAKABIH M3 KOTOPBIX UMEET XUMHUYECKUI COCTaB MO CYIIECTBY C MOCTOSTHHBIM
conepxanueM sneMeHToB C: ot 1,00 mac.% no 1,03 mac.%, Mn: ot 0,80 mac.% o 0,81 mac.%,
P: or 0,001 mac.% mo 0,002 mac.%, S: ot 0,001 mac.% mo 0,002 mac.%, Al: or 0,031 mac.% no
0,034 mac.%, N: ot 0,0040 mac.% no 0,0042 mac.%, u pa3audHoe conep:kaHue Si, ¢ OCTaTKOM,
npencTasisromuM coboit Fe u npumecu. @ur. 4 coznana Ha OCHOBE Pe3yJIbTATOB, MOJTYUEHHbIX
B Tecte J>komunn u B Tecte Popmacrepa, KOTopble OyIyT ONMCAHBI MO3KE, C UCIOIb30BAHHEM
MHOecTBa 00pa3oB (Cranp Ne 2, 7, 8 TIpumepa 1, koTopslit Oyaer onucaH mo3ke), KaKabIi U3
KOTOPBIX UMEET XUMHUYECKUH COCTaB IO CYINECTBY C MOCTOSIHHBIM COJlepkaHueM 3JieMeHTOB C:
ot 1,00 mac.% mo 1,04 mac.%, Si: or 0,29 mac.% no 0,31 mac.%, P: or 0,001 mac.% mo 0,002
Mmac.%, S: or 0,001 mac.% mo 0,002 mac.%, Al: ot 0,030 mac.% no 0,034 mac.%, N: ot 0,0040
mac.% 1o 0,0058 mac.%, u pa3nuyHOe conepskanue Mn, ¢ OCTaATKOM, MPEICTABIISIFOIINM COOOM
Fe u npumecu. ®@ur. 5 co3naHa HaA OCHOBE pPE3yJbTATOB, MOJIYYEHHBIX B TecTe J[PKOMUHM U B
tecre PopmacTtepa, KOTOpbIe OyAyT OMHUCAHBI TIO3KE, C UCIIOJIb30BAHUEM MHOKECTBAa 00pa3IoB
(Cramp Ne 2, 9, 10 Ilpumepa 1, koTopeIli OyaeT OmMUCaH MO3KE), KAXKIAbIH M3 KOTOPBIX MMEET
XHUMHUYECKHI COCTaB M0 CYLIECTBY C MOCTOSIHHBIM cofiepskaHueM anemeHToB C: ot 1,00 mac.% 1o
1,05 mac.%, Si: or 0,29 mac.% mo 0,30 mac.%, Mn: ot 0,78 mac.% mo 0,80 mac.%, P: 0,001
Mmac.%, S: ot 0,001 mac.% mo 0,002 mac.%, Al: ot 0,033 mac.% no 0,034 mac.%, N: ot 0,0030
mac.% no 0,0040 mac.%, u pasnuuaoe conepxkanue Cr, ¢ OCTaTKOM, MPEACTABISIOINM codoit Fe
u npumecu. Our. 6 cozgaHa Ha OCHOBE Pe3yJIbTaTOB, MOJYYEHHbIX B TecTe [[>KOMUHH U B TeCTe
dopmacTepa, KOTOpbIe OYAYT OMUCAHBI ITO3KE, ¢ UCTIOIB30BAHUEM MHOKECTBa 0Opa3ios (Cranb
Ne 2,11, 12, 13, 14, 15 Ilpumepa 1, koTopslii OyHeT OMUCAH MO3Ke), KAKABIH U3 KOTOPHIX HMEET

XHUMHYECKHI COCTaB O CYLIECTBY C IIOCTOSIHHBIM cofiepskaHueM 3seMeHTos C: ot 1,00 mac.% no



1,03 mac.%, Si: ot 0,29 mac.% mo 0,30 mac.%, Mn: ot 0,79 mac.% no 0,81 mac.%, P: 0,001
Mmac.%, S: ot 0,001 mac.% no 0,002 mac.%, N: ot 0,0034 mac.% no 0,0046 mac.%, u paznudHoe
comepxkanue Al, ¢ ocratkoMm, mpexctaBsromiuM coboit Fe m mpumecn. ®@ur. 7 co3mana Ha
OCHOBE pE3yJIbTaTOB, MOJYyYEHHBIX B Tecte JkomuHu U B Tecre Popmacrepa, KOTOpble OyayT
OMHUCaHbl TO3XKe, C UCMONb30BaHHEM MHoOkecTBa oOpas3uoB (Cramp Ne 2, 17, 18 Ilpumepa 1,
KOTOpBIH OyAeT OMUCaH MO3Ke), KaX bl U3 KOTOPhIX HMEEeT XUMUYECKHH COCTaB 110 CYIIECTBY C
NIOCTOSIHHBIM conepskanreM 3nemenToB C: ot 1,00 mac.% no 1,03 mac.%, Si: ot 0,29 mac.% no
0,30 mac.%, Mn: 0,80 mac.%, P: or 0,001 mac.% mo 0,002 mac.%, S: ot 0,001 mac.% mo 0,002
mac.%, N: ot 0,0040 mac.% no 0,0048 mac.%, Al: ot 0,026 mac.% no 0,034 mac.%, u pa3audHOe
comepskaHue V, ¢ OCTaTKOM, MPEACTaBISIOmUM codoit Fe u mpumecu.

[0027]

Tect JI>KOMHHM KOHLIEBOH 3aKaJKW MPOBOAMJICS cieayrommmM odpaszom. Tect J[xomunH,
coorBercTByromui cranmapty JIS GOS5S61 (2011), mpoBOAMIICS ¢ UCTOJNB30BAHUEM TECTOBBIX
oOpasuoB /[xomuHH (IPYTOK KPYIJIOTO CEUEHHs], UMeroIuil nuamerp 25 MM u anuHy 100 Mm),
HUMEOINX BBIIICONHCAHHBIE XUMHUYECKHE COCTaBbl. B HacTHOCTH, TecTOBBIN 0Opasen J[KoMuHH
BbIIEp)KUBANICS B meun c Temmeparypoit 950°C, koropasi sIBIsS€TCS TeMIlepaTypoll He HUXKe
TOUYKH TIpeBpaineHust A.,, B arMocdepe B TedeHne 30 MHUH Tak, YTOOBI CTPYKTYypa TECTOBOTO
oOpasna J[>koMUHU peBpaTUIIACh B €IUHCTBEHHYIO (pa3y ayctenura. [locie 3TOro BeIMOIHSIIACH
KOHIIEBasl 3akaika (BOAsIHOE oxyaxaeHue). B uacTHOCTHM, BOma pacmpULsuUlach TakK, YTOOBI
OXJIAIUTh OJIMH KOHEI] TeCTOBOro odpasna J[koMuHu.

[0028]

ITocne BOAsSHOrO OXJjaxkieHus OOKOBasi MOBEPXHOCTh TECTOBOro obOpasua JxoMuHwH,
KOTOpBI  OBLT MOABEPTHYT BOASHOMY OXJIQUKIACHUIO, MEXaHMYECKU IOJUPOBAIACh, U
HaOIOICHNE €€ MUKPOCTPYKTYPBI BBIIOJIHSIOCH HAa TIOCTOSTHHOM PACcCTOSIHUK OT OTHOTO KOHIIA
(KOTOpBIA OBLT TMONBEPrHYT BOASHOMY OXJIAKIEHHIO) B OCEBOM HampasieHud. [lonoskeHus
HaOJIFOIEHUST MUKPOCTPYKTYPBI pacroyiaraiuch ¢ maroM 1,0 MM OT OXJIaXKJaBIIErocsi BOIOM
KOHIIa JIO TOJIOKEHHsT 15 MM, W ¢ maroM 2,5 MM OT OXJIaXKAaBIIErocsi BOAOW KOHIIA IO
MOJIOKEHUSI HE MeHee 15 Mm.

[0029]

beul moaroroBieH oOpasel, MMEIMHN IUIOCKOCTh, BKJFOYAIOLIYI BBIMICOMHUCAHHBIC
NOJIOXKEHUsI HAONIOAECHUST MHKPOCTPYKTYPBL, B KadyeCTBE TMOBEPXHOCTH  HAOJFOJCHUS.
IToBepxHOCTh HAOMIOACHUS KaKIAOro oOpasua Oblia 3epKaJbHO OTIIOJMPOBAHA MEXaHHYECKUM
obpaszom. Ilocne 3TOro moBepxXHOCTh HAOMIOAEHHs ObLIa MPOTPABIEHA CMEIIAHHBIM PAaCTBOPOM
NUKPUHOBOH KUCIIOTHI M TUAPOKCcHAa HaTpust. PoTorpadudeckoe H300pakeHne MoIyvdanoch s
naroboro mosist 3peHust (pasmepoM 200 MkMm X 200 MKM) Ha MOBEPXHOCTH HAONIONEHUS TOCTE
TPaBJIEHUsT C MHCHOJb30BAHMEM ONTHYECKOrO0 MHKpockona ¢ ysenuueHuem S500x. Ha
MOBEPXHOCTH HAOJIOAEHUS TOIBTEKTOUIHBIN LEMEHTUT, KOTOPbIH (POPMHUPYETCsl Ha TpaHHIE
NPEAIIECTBYIOIIEr0 ayCTEHUTHOTO 3€pHa, MMeN 4epHbli 1BeT. COOTBETCTBEHHO, MOIJIO OBITh
NOATBEP)KIEHO TIPUCYTCTBUE WM OTCYTCTBUE J03BTekTOoMAgHOro uemeHturta. Korpa

MPHUCYTCTBHE JOSBTEKTOUAHOIO LEMEHTHUTA MOATBEPIKAANIOCH, ero KoauuecTBo (B mT./100 MkMm,



10

B JaJIbHEHIIEM TaK)K€ YIIOMHUHAEMOe KaK KOJIMYECTBO JOIBTEKTOUAHOHN (a3bl ©) onpenensinoch
cnenyromuM criocobom. Kak mokazano Ha Dur. 8, nBe AMAroHANbHBIX JIMHUU MPOBOIMINCH B
KBaJpaTHOM Mojie 3peHus pasmepom 200 mxkM x 200 MkM. 3aTeM omnpezensanach MojHas CyMma
KoJn4ecTBa obyacrell TO3BTEKTOMAHOIO LIEMEHTUTA, KOTOPbIE MEPEeCEeKaAITCs C STUMH ABYMs
IUaroHaJbHBIMU JUHUAMH. [lyTem neneHust onpeneneHHONW NOJHON CyMMBbI JO3BTEKTOUIHOIO
LIEeMEHTUTAa Ha TOJHYK AnuHy (5,66 x 100 MKM) ABYX JMarOHaJbHBIX JIMHUH ONpenensiach
KOJIMYECTBO JO3BTEKTOUAHOrO 1ieMeHTuTa O Ha 100 MkM (mT./100 MKM).

[0030]

3arem Ta ke camasi MOBEPXHOCTb HAOMIOJEHHs ObLIa CHOBA 3€PKAJIBHO OTIOJHPOBAHA
MEXaHUYECKUM 00pa3oM U MPOTPABJIEHA PACTBOPOM HUTAJS (CMEMIAHHBIM PacTBOPOM a30THOH
KUCJIOTBI ¥ 3TaHosa). Dororpapuyeckoe H300paKeHUE TMONIYyYaJIOCh C HCIOIb30BAHUEM
ONTUYECKOTO MUKPOCKOMA ¢ yBenuueHneM S00x muist moboro nons 3perus (pasmepom 200 MKM
x 200 MKM) Ha TIOBEPXHOCTH HAOJIONEHUS TOCTe TPaBJICHUS. 3aKaJleHHBIH CJIOH (MapTEeHCHT
u/vn OEWHHUT) W TEePJUT UMEIOT pa3jndaromuecs: KOHTpacThl. ClienoBaTebHO, 3aKaJeHHBIH
CJIOM W TEepPINT Ha TOBEPXHOCTH HAOJIOAEHUS HUIACHTU(PUIHMPOBAINCH HA OCHOBE KOHTPACTA.
Jlonst Tuomany mepiuTa ONpeAessiach Ha OCHOBE OOIeH IUIomanv HACHTH(GHIUPOBAHHOTO
nepianTa W IUIOLMAJXd MOBEPXHOCTH HaOmoneHus. Korma moarBep:kaanoch CyIIECTBOBAHUE
KaKOro—Jr00 3aKaJIeHHOTO CJI0s, CYUTAIIOCh, YTO 3aKaJICHHBIH CII0i c(hOpMUpPOBAH.

[0031]

Crnenyer OTMETUTD, YTO COOTHOLIEHUE MEKAY PACCTOSHUEM OT OXJIaKAaBIIErocs BOAOH
KOHIIa BO BpeMms Tecta J[>koMuHU U BpeMeHeM oxyaxaeHus oT 800 no 500°C skcnepuMeHTaIbHO
yctanoBjieHO B HenmarentHoMm nokymente 1 (F. Wever et al., Zur Frage der Warmebehandlung
der Stahle auf Grund ihrer Zeit-Temperatur—-Umwandlungs—Schaubilder, Stahl u Eisen, 74
(1954), p749 to 761). OcHOBbIBasCb Ha JUTEPATYPHBIX MCTOYHUKAX, PACCTOSIHUE OT
OXJIAXKAABLIETOCs] BOJAOH KOHLA MPeoOpa3OBBIBAIOCH, YTOOBI IOJNYYUTh CPEIHIOK CKOPOCTh
oxnaxaenus (°C/c) ot 800 go S00°C B KaKIOM MOJIOKEHHH.

[0032]

Cnyuyaii, B KOTOPOM CKOPOCTb OXJIaKAeHHs cocTapisieT He Oonee 1°C/c, He MOKeT ObITh
BocrpousBeneH B tecte Jxkomuuu. [losTomy nisi ciiydasi, B KOTOPOM CKOPOCTb OXJIAXKIEHHSI
coctaiisieT He O6osee 1°C/c, mpoOBOAMIICS TECT HEMPEPBIBHOTO OXJaxkaeHus (Tect Popmacrepa) ¢
HHU3KOH CKOpOCThIO oxyaxneHus. [Ipubop nist BeimonHeHUst Tecta PopmMacrepa MpOU3BOICTBA
komnanuu Fuji Electronic Industrial Co., Ltd. ucnons3oBancs mis Tepmudeckoit odpadorku. B
YaCTHOCTH, KaXIbIil TECTOBBIA oOpaser BoiaepkuBajics npu 950°C B teuenue 5 muH. Ilocne
3TOTO KaXKIIbIH TECTOBBIN 0Opa3er] OXJIaKAaucs ¢ IMOCTOSHHONW cKopocThio oxnaxaeHus 1,0°C/c
(mwmu 0,1°C/c). HabnroneHre MHKPOCTPYKTYPbI MPOBOAUIIOCH BBIIIEONMUCAHHBIM CIIOCOOOM Ha
TECTOBOM  OOpa3lle TMoclie OXJIXIEHHUs. 3aTreM, €CIH IOATBEPKAAIOCh  HAJIU4He
JO3BTEKTOUAHOTO LIEMEHTHUTA, €0 KOJIMYECTBO ONPENEIsUIOCh BhIMIEOMUCAHHBIM criocodom. Ha
OCHOBE Pe3yJIbTaTOB, MOJYYEHHBIX BBIIICOMUCAHHBIMU CrIOcoOamu, ObLTH co3aanbl Qur. 2—7.

[0033]

Cumson « © » Ha ®ur, 2-7 O3HAYAET, YTO MUKPOCTPYKTYypa MO CYLIECTBY COCTOUT W3
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MEPJIUTA, W KOJUYECTBO AOIBTEKTOMAHOTO (MIPOIBTEKTOHUIHOTO) LIEMEHTUTA B MUKPOCTPYKTYpE

cocrasisieT He 6onee 1,50 mrr./100 Mkm. CHMBOJI « * » 03HAYAET, YTO XOTS 3aKAJEHHBIN CJION He
ObUT COPMHUPOBAH B MUKPOCTPYKTYPE, U MUKPOCTPYKTYpPa MO CYLIECTBY COCTOUT U3 MEPIINTA,
KOJINYECTBO JIO3BTEKTOMIHOrO LieMeHTUTa Obuto Oosbuie uvem 1,50 mr./100 mxm. Crnenyer
OTMETHUTb, YTO (Ppasa KMHKPOCTPYKTYpa IO CYLIECTBY COCTOUT U3 MEPJIUTAy» O3HAYAET, YTO JOJIS
TUIOINAIM TIEPJIUTA B MUKPOCTPYKTYPE COCTaBjsieT He MeHee 95%. Kpome Toro, cumBoi « @ »
O3Ha4aer, 4yTo ObUIM CPOPMHPOBAHBI MAPTEHCUT W/HK OelHWUT (B HaJbHEHIIEM MapTEHCUT

u/vn OEHHUT TaKKe YITOMHHAIOTCS KaK 3aKaJEHHBIN CJIOH).

[0034]
MaxkcumasibHasi CKOPOCTh OXJIKIAEHHsI (CKOPOCTh OXJIAXKIEHUS Ha TPaHHULE MEXKIY

cuMBOJIoM « @ » U CHMBOJIOM «*» Ha 4yepTexke), IPpU KOTOPOUH KOJHMYECTBO OOPa3yHOIIErocs
JO3BTEKTOUIHOTO LeMEeHTHTa cocTaBiisseT Oombire yem 1,50 mt./100 MM, ompenensieTcss Kak
KPUTHYECKasi CKOPOCTb OXJaXAEHUs MOIBTEKTOUIHOrO LeMeHTuTa. Kputudeckas CKOpPOCThb

OXJIAKIEHUS JOYBTEKTOUIHOIO LIEMEHTUTA TOKa3aHa CIUIOIIHON TuHuel Ha dur. 2-7.

[0035]

Ha ®ur. 2 no mepe yBenuueHus conep:kanus C KpUTHUECKasl CKOPOCTb OXJIAKIEHUS
JNOSBTEKTOMAHOTO IIeMeHTHUTa yBenuunBaercs. Kpome Toro, Ha @wr. 3, 4, 5 u 7 xaxnabii u3 Si,
Mn, Cr u V oka3pBaer HeOosbmol 3(QexkT Ha KPUTHYECKYIO CKOPOCTh OXJIaKACHUS
JO3BTEKTOMAHOTO LIeMeHTUTA 110 cpaBHeHuIo ¢ C u Al

[0036]

C nmpyroit cTopoHbl, Kak moka3aHo Ha Pur. 6, Mo Mepe yBenuueHus comepykaHus Al
KPUTHYECKasd CKOPOCTb OXJAXKIEHHS IOIBTEKTOMAHOIO LIEMEHTUTA 3aMETHO YMEHbINAETCs,
NPUBOASA K 3aMETHOMY YMEHBULICHHIO KOJHYECTBa N0dBTeKTOMAHOro O. CnenoBaTenbHO, YTO
KacaeTcsi KOJMYECTBA IOIBTEKTOMAHOro © B cranmu, B TO Bpemsi kak C okasbiBaeT 3pdext
YBEJIMYEHHUS] KOJIMYeCTBa NOIBTeKTOUAHOro O, Al oka3biBaeT 3PQPeKT 3aMETHOrO YMEHBIICHUS
KOJIMYECTBA JO3BTEKTOUTHOTO O.

[0037]

Ha ocHOBe pe3ynbTaToB BBILIEONUCAHHOIO HCCIENOBAaHUS aBTOPbl HACTOSIIETO
N300peTeHNs] TMPEATONIOKIIIN, YTO B JKEJIE3HOIOPOKHOM KOJeCe M3 3a3BTEKTOHIHOM CTaly,
umeromeit copepkanue C mpudbnusurensHo 0,80—1,15 mac.%, ysenndenue copepikanue Al
MO3BOJIUT MOJAABUTH KOJIMYECTBO AOIBTEKTOMAHOIO O B 4aCTH JUCKA U YACTH BTYJKHU, B KOTOPBIX
CKOPOCTb OXJIAKICHHS SIBISIETCS HHU3KOH BO BpeMsl TepMHUYECKOW oOOpabOTKH B Mpolecce
IIPOU3BOJICTBA JKEJIE3HOAOPOKHOIO KOJieca, U TEM CaMbIM IOJIYYUTb IMPEBOCXOAHYIO YIAApHYIO
BA3KOCTb Jla)K€ B JKEJIE3HOJOPO’KHOM KOJIece€ W3 3a3BTEKTOMJHOM CTaju. 3aTeM Ha OCHOBE
pe3yJBTATOB  BBILIEONMHCAHHOTO  HCCIEJOBAHUS ~ aBTOPhl  HACTOSINEro  HM300peTeHus
JOTOJHUTENIPHO  UCCIEAOBAIM  XHMUYECKHMI COCTaB  JKEJIE3HOJOPOXKHOIO  Kojeca U3
3a9BTEKTOUIHON CTaNM, 4TOOBI OOHAPY)KUTh, YTO €CIIH XUMHUYECKHUH COCTaB XKeJIE3HOJOPOKHOTO

kouieca, cocrout u3 C: ot 0,80 mac.% mo 1,15 mac.%, Si: 0,45 mac.% wuiau menbine, Mn: ot 0,10
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Mac.% 1o 0,85 mac.%, P: 0,050 mac.% wnu menbine, S: 0,030 mac.% unu mensine, Al: ot 0,120
Mac.% g0 0,650 mac.%, N: ot 0,0030 mac.% mo 0,0200 mac.%, Cr: ot 0 mac.% g0 0,25 mac.%, u
V: or 0 no 0,12 mac.% c ocrarkom u3 Fe u mpumeceli, TO KOJUYECTBO O3BTEKTOUIHOTO O
MOJKET yIep>KHUBaTbCsl Ha ypoBHe He Oosee 1,50 mT./100 MKM nake B 4acTH AWCKA M YacTH
BTYJIKH, TJI€ CKOPOCTb OXJIAKIAEHUS SBJISIETCS] HU3KOM.

[0038]
Crnenyer oTMETHTB, 4TO, KaK IMOKa3aHo Ha Pur. 6, mo mepe yBenndeHus: copepkanus Al

3aKaJIEHHBIN CIION (CMMBOJ « ® » Ha uepTexe), CKopee BCero, OyaeT 0Opa3oBbIBATLCS BO BPEMSs
3aKayku pabodeil moBepxXHOCTU 00oAa. B 3TOM ciiydae mpenen TeKy4ecTH MMeeT TeHIEHIHIO K
YMEHBIIEHUIO B TMpoluecce MpousBoacTBa. ClenoBaTeNbHO, C TOYKU 3PEHMs] IOAABJICHUS
(bopMHUpOBaHUSI 3aKAJIEHHOTO CJIOS, BEPXHUH mpenen conepkaHus Al B BBIIEONHCAHHOM
XUMHUYECKOM COCTaBe mpeanouTuTenbHo coctasisieT 0,350 mac.%. OnHako ¢ LeNbo MOgaBIeHUs
BBIEJICHUs] JO3BTEKTOMIHOTO IIEMEHTHTA, U TEM CaMbIM YJYUIIEHUS YIApPHOW BSI3KOCTH,

conepskanue Al moxet cocraBnsaTh Oosiee yem 0,350 mac.% u BrioTh 10 0,650 mac.%.

[0039]

[M3menpyeHue NpealecTBYOINX ayCTeHUTHBIX 3epeH |

Kak Obuto ommcaHo Bblle, B Ka4deCTBE TEXHOJIOTUU TIOABICHHUS KOJHYECTBA
TO3BTEKTOUAHOTO IIEMEHTHUTa B JKEJE3HOAOPOXKHOM KOJeCe U3 3a3BTEKTOMIHOW CTaly,
umerorieit cogeprxkanue C ot 0,80 mo 1,15 mac.%, a¢dexrunBHO yBenunuuBaTh conepkanue Al no
0,120-0,650 mac.%. OpnHako B pe3yjbTaTe AOMNOJHUTEIBHOTO HCCIEIOBAHUS ABTOPAMU
HACTOsIIEro u3oOpereHust ObUIO HalaeHo, 4TO, Korga copepskaHue Al yBenuuuBaercs, B
JKEJIe3HOIOPOXKHOM ~ Kojtece MoskeT chopmupoBaTbess rpyOsiii  AIN. I'pyOenii  AIN  He
CrIOCOOCTBYeT TMOJABICHUIO pPOCTa MPEAIIECTBYIOLIEr0 AayCTEHHUTHOIO 3€pHAa BO BpeMs
HAarpeBaHusl TPU 3akKajke paboueil moBepxHOCTH obOoma. Yem Menbye NpenLIecTBYIOIIEE
AyCTEHUTHOE 3€PHO, TE€M CHJIbHEE YJy4InaeTcss ynapHas BsA3KoCTb. ClieoBaTeNbHO, MpHU
pPacCMOTPEHMH  JOTOJHHUTEIBHOTO  VIIYULICHHWs  yJApPHOH  BSI3KOCTH  Oojiee  Meykoe
NPEAIIECTBYIOIIEE ayCTEHUTHOE 3€PHO SIBJISIETCS MPEANOYTHTEIbHBIM.

[0040]

ABTOpBI HACTOSIIIETO HM300pETEeHHs HCCIESNOBATN AOMOJHUTEIBHOE H3MENIbUYSHHE
NPELIECTBYIOIIEr0 ayCTEHUTHOIO 3€pHa B KEJE3HOJOPOKHOM KOJiece, IOJNyY€HHOM U3
3a3BTEKTOUIHON CTaJIH, UMEOIell BRICOKOe copepikaHue Al. B pesynbraTe OHHM HaILIH, YTO, KaK
nokaszaHo Ha @ur. 9, ecnu cpenHuid pazmep vactull AIN B MUKpOCTpyKType cocTtaBisieT 150 HM
WA MEHbIIE B KEJIE3HOAOPOKHOM KOJIeCe, CACJAHHOM M3 3a3BTEKTOMIHOW CTajH, UMEOIEH
BBILIEONMUCAHHBI XUMUYECKUI COCTaB, pa3Mep MPEIIIECTBYIOUIEr0 ayCTEHUTHOTO 3€PHA MOXKET
OBITH YMEHBIIIEH 10 BeIMYHHBI He Oosiee ueM 50 mkMm. Jlanee 310 OyneT onucaHo moapoOHO.

[0041]

bBUIO MOArOTOBIIEHO MHOXECTBO TECTOBBIX 00pa3LoB (AMCKOB ¢ auamerpoM 40 MM u
tonmuHOM 20 MM), uMeromux xumuueckuil cocras Cramm 14 B Tabmuue 1, kotopas Oymer

onucana Huwxke. Kak mokaszano Ha @ur. 10, mogenupyemasi ctaausi HarpeBaHUsl IIPU TrOpsiYen
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koBke (Ctammst 1) BBIMONHANACH HAa TECTOBBIX 00pas3lax, MOAEIHUPYIOLINX IMPOLECC
NPOM3BOJICTBA JKEJIE3HOOPOKHOIO Koyeca. B 3ToM ciydae anms KaXaoro TecToBOro odpasia
Temneparypa BelIepkKu B neun coctasmsuia 1150°C (HP1), 1200°C (HP2), 1250°C (HP3) u
1300°C (HP4). Atmocdepa B meun npexncrasisiia coboit atMmocdepy razoodpa3HOro aprosa, u
BpeMsi BBIAEPKKU COCTaBisIO 60 MMH sl Kaxaoro TectoBoro odpasuma. TecToBblil oOpaser
OCTBIBAJI [IOCJIE UCTEUEHHUS] BPEMEHHU BbIIEPIKKU.

[0042]

ITocne w™onenupyemoli craauu HarpeBaHusi npu ropsiyeir koBke (Cramus 1),
BBITIOJTHSIACH MOZAENUpyeMasi cTamusi 3akajku padodeilt moBepxHocTH obonma (Cramus 2). Ha
MOJENIUPYEMOI CTauu 3aKaiku paboueli MoBepXHOCTU 000Aa TeMIlepaTypa B MEeYH COCTABJISIA
950°C pmnsi Kaxaoro TeCcTOoBOro oOpasuma, W BbimepxkuBasach B TeueHue 20 muH. Ilocie
UCTEUYECHUSI BPEMEHH BBIICPKKH BBITTOHSIACH 3aKkaika B Boge (WQ).

[0043]

Jns xaxkngoro TectoBoro obpasua nocie Cramuu 1 n nepen Cragued 2, a Takxke A
tectoBoro obpasua mnocne Crammm 2, cpennuii pasmep dvactun (HM) AIN onpenensics
OTMCAHHBIM HUXKE CIIOCOOOM.

[0044]

Kpome Toro, nns wusMepeHus pasMepa IpeLIECTBYIOLIEr0 ayCTEHUTHOIO 3€pHa
IIPOBOAMJICS CIEAYIOLUI TecT. B cyliecTByroleM XHMHUYECKOM COCTaBE€ TPYAHO Pa3INYUTh
I'PaHMLy MPEALIECTBYIOIIEro ayCTEHUTHOTO 3€PHA MOCIe 3aKajIKu pabodei MoBEepXHOCTH 00oza.
IMostomy Obutl pa3paboran Jy4muid crnocod U3MepeHuss pa3Mmepa MPEeALIeCTBYIOMEro
AyCTEHUTHOTO 3€pHa IyTeM BBbIAEJNEHUS JOOBTEKTOMAHOIO LEMEHTHTa Ha TIPaHULAX
NPEUIECTBYIOLIEr0 ayCTEHUTHOIO 3€PHAa BO BpeMs OXJIAKACHHs Ha MOAEIUPYEMOW CTaauu
3akanku paboueil moBepxHoCTH obonma. B uwacTHOCTH, BBIIEONMCAHHBIH TECTOBBIH OOpaser
MOJBEPTajicsl MOAENUPYEeMOil crTaauu HarpeBaHuss npu ropsuedt koBke (Cramus 1) wu
MOJEIMPYEMOl CTaIuu 3aKaiku pabodeit moBepxHocTH 0boaa (Cranus 3), moka3aHHbIM Ha Dwur.
11. Monenupyemast ctanus HarpeBanus npu ropstaeii koske (Ctaaus 1) Ha @ur. 11 Obuia ToO# *xKe
CaMOH, 4TO U MoJenupyemas ctaausi HarpeBanus npu ropsiueri koBke (Ctamus 1) Ha @ur. 10.
Mopnenupyemast cramusi 3akajku paboueil moepxHoctu oboma (Cramms 3) wa Dur. 11
OTJIMYANaCh OT MOJAEIHPYEMOH CTaauu 3akaiku padoueil mosepxHoctu oboma (Cramms 2) Ha
@ur. 10 ToNbKO CrOcOOOM OXJaXKAEHHs. B YacTHOCTH, HA MOAENIUPYEMOW CTaJMH 3aKaJKH
paboueii mosepxHocTH obona (Cramust 3) Ha @ur. 11 TecToBBIN 00Opasel MOC/e BBIIEPKKH MPH
950°C B Teuenme 20 MHUH TOrpyXkajcs B COJIEBYIO BaHHY ¢ Temmeparypoit 675°C wu
n3oTepMudecku BblaepkuBaics npu 675°C B Tteuenne 30 muH. B pesynbrate sTOrO
JO9BTEKTOUAHBIN [IEMEHTUT BbIIEJSUICS Ha IPaHULAX MPEALIEeCTBYIOIIEro ayCTeHUTHOIO 3€pHa,
TaK YTO HAJIMYHE MPEALIECTBYIOIEro ayCTEHUTHOTO 3€PHA MOTIJIO OBITh MOATBEPXKIEHO IMyTEM
HAOJIFOIEHUsT MUKPOCTPYKTYpbl. TecToBblli oOpaszerny mocie H30TEPMHUYECKON BBIIEPIKKH
OXJIaXKajcs 10 KOMHAaTHOH temmepatypsl (25°C). Pasmep mpenmecTByOLIEro ayCTEeHUTHOTO
3epHa TEeCTOBOro oOpasla, MOIBEPrHYTOro tepmudeckoin odpadorke Cramuu 1 u Cragum 3,

OnpeacIAiCAa crocobom N3MEPCHUS, ONMUCBIBACMbBIM HUXKE.
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[0045]

@ur. 12 npexacrasnsieT co00i quarpaMmy, WLTIOCTPUPYIOMIYIO CPEIHUN pa3Mep YacTHULl
AIN s xaxpoil MojenupyemMoi TemriepaTypel HarpeBa npu ropsiaer kopke (HP1 — HP4) B
TECTOBOM 0O0paslie Mocjie MOJAENIUPYEMO CTauu HarpeBaHus npu ropsiueil koske (Ctaaus 1) u
nepen MOAETUpPyeMOil cragueit 3akajaku paboueit mosepxHoctu oboma (Cramus 2). @ur. 13
npeAcTaBysieT coOOH ArarpaMmy, HILTIOCTPUPYIOIIYIO cpenHuil pasmep dactul AIN mis kaxmoit
MOZEIUPYyeMOil TeMnepatypsl Harpesa npu ropsueli koske (HP1 — HP4) B TecroBom obpasie
1OCJIe MOIENIUPYeMON CTaguu 3akanku padoueil mosepxHoctn obona (Cramus 2). ®ur. 14
npeAcTaBisier  coOOH  nuarpaMMmy,  WUIIOCTPUPYIOIIVIO — pasMep  MPEALIeCTBYIOIIEro
ayCTEHUTHOIO 3€pHa JJs KaXXIOW MOAENHPYEMON TeMIepaTypbl HarpeBa IPHU ropsiuedl KOBKE
(HP1 — HP4) B TecToBOM 00pa3iie mociie MOASTUPYEMON CTaIuU 3aKaiKi pabodell MOBEPXHOCTH
obona (Cragus 3).

[0046]

Cumson « O » na ®ur. 12 u 13 o3HauaeT U3MepPeHHOE 3HAYeHHe pasMepa 3epHa AIN,
MOATBEPIKIEHHOTO B KaXIOM HabmromaeMoM rmonie 3peHust npu kaxnoi u3 HP1 — HP4, u
rucrtorpamma ansi kakpod HP o3mawaer cpemnuit pasmep uactuu AIN, M3MepeHHbIH mpu
kaxgon HP. Kak nokaszano Ha @ur. 12 u 13, xorna Mmogenupyemasi TeMepaTypa Harpesa npu
ropstueit koBke Opia He Bbime 1200°C, AIN He MOSTHOCTBIO PACTBOPSUICS TOCHE CTaIUU TOpsYeH
KOBKH U Tepea CTaauel 3akaiku padouedi moBepxHOCTH oboma (Pwur. 12), m ocraBaioch
6onpmoe konudyectBo AIN. CnenoBarenbHo, Oonbinoe konauuecTBo rpyodoro AIN ocraBanoch
IIOCJIe HAarpeBaHMsl Ha CTAauu 3aKajku padoueil moeepxHocTu oboma (Pur. 13), u cpenHuii

pasMep 4acTHL[ TAKXKe OCcTaBajics rpyObIM, Oonee yeM 150 HM.

[0047]

B ornnume oT 3TOro, KOrga Monenupyemasl TeMreparypa HarpeBa MpU ropsideil KOBKe
obuta Beie 1200°C (HP3 u HP4), ocratounoe kosmmuectBo AIN (®ur. 12) mocne craguu
ropsiueil KOBKM YMEHBIIAJIOCh, a Korga oHa Obuia Bbiie 1250°C, AIN mONMHOCTBIO pacTBOPSLICS.
3arem, moOCje HarpeBaHUs Ha CTaguU 3aKajlKu paboueil moBepxHocTH oboma (Pur. 13),
BBIIEJSUIOCH O0JIbINOe Kou4ecTBO Menkoro AIN, u cpenHuit pasmep dacturl cran 150 HM wim
menbine. Kpome Toro, kak nokasano Ha @ur. 13 u 14, nockonbky cpenuuii pasmep gactury AIN
CTaJl MEHbIIIe, pa3Mep MPEeLIeCTBYIOLEro ayCTEHUTHOTO 36pHa TaKXKE€ YMEHBLIHIICS.

[0048]

@ur. 9 nokaspBaeT CcBOAKY Pur. 13 u 14, TO €CTb COOTHOIIEHUE MEKIAY CPEAHUM
pazmepoMm vactull AIN mocie MomenupyeMoi cTaauu 3akaiku padodeil moBepxHOCTH obona u
pasMepoM TMpeALIeCTBYIOIEro ayCcTeHUTHOro 3epHa. Kak mnokazaHo Ha Qur. 9, mo mepe
YMEHBLICHUs cpenHero pa3Mepa yactul] AIN B crany pa3Mep npenmecTByIIero ayCTeHUTHOTO
3epHa 3aMETHO YMeHbINaeTcs. 3aTeM, Koraa cpenHuil pasmep dactun AIN cTaHOBUTCST paBHBIM
150 HM M MeHble, CTENEHb YMEHBIICHUS pa3Mepa MPEALIECTBYIOIIErO ayCTEHUTHOTO 3€pHA,
CBSI3aHHOT'O C YMEHbIIEHHEeM cpenHero pasmepa 4actull AIN, ymenbinaercs. Takum oOpasom,

rpaguk pasmepa NPeNUIECTBYIOLIEr0 ayCTEHUTHOTO 3epHAa MMeEET TO4YKy mepernda B paiioHe
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cpenHero pa3mepa dactull AIN, pasHoro 150 M. 3arem, korma cpenauid pasmep dactui AIN
CTAHOBUTCsl paBHBIM 150 HM WM MeHbLIE, pa3Mep MPENLIECTBYIOLIEr0 ayCTEHUTHOIO 3€pHA B
JOCTaTOYHOM CTENEHU YMEHbIIAETCs, A0 SO MKM UJIM MEHbLIE.

[0049]

Crnenyer OTMETUTD, YTO Ha OCHOBE BBIIIEONHCAHHBIX HAOMIOACHUN aBTOPbHI HACTOSILErO
u300peTeHust B CIEOYIOLIeM TecTeé MOATBEePIWIM  YIIYUIIeHHWEe yIApPHOW  BA3KOCTH
JKEJIE3HOIOPOXKHOTO  Kojieca, CBs3aHHOe ¢  m3MenbueHneM AIN  u  u3MenbueHHEM
MPELIECTBYIOIEr0 ayCTEHUTHOTO 3€pHa.

[0050]

B uactHOCTH, Kak M B TecTaX, Moka3aHHbIXx Ha Pur. 12 u 13, ObUIO MOATOTOBIIEHO
MHOXecTBO o0pasuoB it Tecta apmu (10 MM X 10 MM X 55 MM), UMEIOIIUX XUMHYECKUN
cocraB Cranmu 14 w3 mpumepa, KOTOPbIM OyAeT OMHMCaH MO33Ke. DTH TECTOBble 00pa3Ibl ObLIH
NOJBEPTHYTHl MOZIENUPYEMOH CTaguu HarpeBaHuss npu ropsueil koke (Cragust 1) wu
MOJIEIMPYEMOl CTaiuu 3aKayku padboueit moBepxHocTu odona (Craaus 4), mokazaHHbIM Ha Dwr.
15. Mopenupyemasi ctanusi HarpeBaHus npH ropsuel koke (Cramusi 1), mokasanHas Ha Owr.
15, Oblia TOM K€ CaMOM, UYTO M MOZAEIHpPYeMas CTaausl HarpeBaHus npu ropsiueit koske (Cramust
1), mokazannas va @ur. 10 u 11. Monenupyemast cragust 3akagku paboueii moBepxHOCTH 00oza
(Cramus 4), nokasanHass Ha Pur. 15, Obuta ycTaHOBIIEHa B TMPEANOJOXKEHUH, YTO TECTOBBIM
oOpaser OXJIaXKIajcsi CO CKOPOCTBEO OXJIAXKIEHUs, NMPU KOTOPOH dacTh oboma kojeca Oyaer
OXJIAXKAThCSI TIPH 3aKajke 000Aa peajbHOro JKEeNe3HONOPOKHOro Koseca. B dacTtHocTH, Ha
MOJIETHPYEeMOH CTaanu 3aKajku padoueii mosepxHoct odona (Cranus 4) Ha @ur. 15 TecToBBIN
obpasen nocne Bbiaepxkku npu 950°C B TeueHue 20 MUH NHOTPY’KaJICS B COJIEBYIO BaHHY C
temneparypoit 400°C u usorepmuuecku Boiaepskuaics npu 400°C B teuenune 10 mMuH. 3atem
TECTOBbIE O0pas3lbl IOCIEe H30TEPMHYECKOH BBIACPKKU OXJIAKAAINCH OO KOMHATHOMH
temnepatypbl (25°C). Mcnons3ys obpasus! mst tecra llapnu, koTopbie ObUTH MOIBEPTHYTHI
BBIIIEONHCAHHON TepmMooOpaboTke Ha Cramuu 1 u Cragum 4, TeCT Ha yOApHYHO BSI3KOCTDH IO
[Mapnu, coorBercTByromuii cranmapry JIS Z 2242(2005), mpoBoamicsi TpU KOMHATHON
temrieparype (25°C).

[0051]

Qur. 16 npexncrasnseT coOOW nUarpaMMy, WIUTHOCTPHPYIOIIYIO PE3yJIbTaThl YIAPHOTO
ucnbiTanusl [lapmu. AbGcumcca TMOKas3bIBA€T KKAYIO TEMIIEpaTypy HarpeBa MOJAEIHPYEMOit
ropsiueii kosku (HP1 — HP4), a opaunata mokasbieaer yaapHbie Bsskoctd Ilapmi (Jix/cm®).
CTonbLBI Ha THATPAMME TIOKA3bIBAIOT CPEIHIE 3HAYSHHS yIapHbIX Bsiskocreit Ilapru (Jix/cm?),
noJiydeHHbIe Ha MHOkecTBe (0T 1 10 4) TecToBbIx 0Opasnos Ilapnu mns kaxnoit HP1 — HP4.

[0052]

Kak nmokazano Ha @ur. 16, mo mMepe TOro, Kak TeMmmeparypa HarpeBa MOIEIUPYEMOM
ropsiuefl KOBKHM YBEJIMYMBAETCs, yAapHas Bsi3kocTh Illaprnm pesko Bospacraer. [lanee, xorna
TeMIlepaTypa HarpeBa MOIEIHUPYEeMOU ropsiieii KOBku ctaHoBHTCS Oonbime dem 1200°C, poct
yaapHou Bsi3kocTH Illapnu, CBA3aHHBIN C yBEIMYEHUEM TEMIIEpPaTyphbl HAarpeBa MOIAEIUPYEMOU

ropsiueil KOBKHM, CTAHOBUTCSI MEHbLIIE, YeM NpHu Temriepatype He Oonee uem 1200°C. pyrumu
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cioBaMu, eciau cpenHui pasmep dacturl AIN cocraBisier 150 HM WM MeHbIIe, yoapHas
BA3KOCTb JKEJIE3HOJOPOXKHOIO KOJIeCa, HMEIOLIEro BbIIICONUCAHHBI XUMHUYECKHH COCTaB,
MOJKET OBITh TOTIOJIHUTENBHO YJIy4IIeHa.

[0053]

Kak yxe Obuio onmcaHo, ecnu cpenHuii pasmep dactuil AIN cocrasmsier 150 HM mim
MEHbIIIE, PEIIECTBYIOLIee ayCTEHUTHOE 3¢PHO OYAET B JOCTATOYHOH CTENeH! U3MENIbUYeHO, 1 B
pesysibTaTe yaapHas BA3KOCTb  JKEJIE3HOJOPOKHOIO KOJjieca JAODKHA — OMOJIHUTENBHO
ynyamuTthesi. OHAKO naske eciu cpenuuii pazmep dactun AIN cocrasnsier 6osbiie yem 150 HMm,
Kak ObUIO OMHUCAHO BBIIIE, €CIM KOJIMYECTBO JOIBTEKTOMIHOTO LIEMEHTUTA He mpesbiuaetr 1,50
wT./100 MKM, MOXKET OBITh TMOJyY€Ha yaapHas BA3KOCThb, 3(P(PEKTUBHAS B JKEJIE3HOAOPOKHOM
KoJjece.

[0054]

Jlns Toro, 4uToObl cuenath cpemHuil pasmep dactun AIN He mpepbiuarommuM 150 HM,
HampuMep, TeMIlepaTypa HarpeBa BO BpeMs ropsiiell KOBKH MOXKET OBITb CleJlaHa paBHOH
1220°C wunm Gombmme. B sTtom cimydae Gonbinasi yacte AIN B crajgm pacTBOpSIETCS BO BpeMs
ropsiueil KOBKH. 3aTeM, BO BpeMsl HArPEBaHMsI HAa CTAAMH 3aKaiku paboueli moBepxXHOCTH 0001a,
BbIgensieTcst Menkuid AIN, cpenHuii pa3Mep JacTHIl KOTOPOro cocrasisieT 150 HM WM MeHbIIe.
bnaromapst ckperusiromemy  gedictBuro  Menkoro AIN - orpyOrneHue mpeAmecTBYIOIEro
ayCTEHUTHOTO 3€pHa MOJABJISIETCs, IPUBOAS K U3MENbUEHUIO NPEIIECTBYIOLIEr0 ayCTEHUTHOTO
3epHa. B pe3ynprare yaapHas BA3KOCTb JKEJIE3HOAOPOKHOTO KOJeca JOJKHA AOMOJHUTENBHO
yJIy4lIaThCsl.

[0055]

JXKenesHomopoKHOE KOJIEeCO MO HACTOSINEMY BApUAHTY OCYLIECTBJICHHS, KOTOPBIH ObLI
3aBEPLIEH HA OCHOBE BBILUICONUCAHHBIX HAXOAOK, HUMEET CJEeAYHOLMH XUMHYECKUNH COCTaB,
cocrosmuii u3: C: or 0,80 mac.% mo 1,15 mac.%, Si: 0,45 mac.% uau menbine, Mn: ot 0,10
Mmac.% 1o 0,85 mac.%, P: 0,050 mac.% wiu menbine, S: 0,030 mac.% unu menbine, Al: ot 0,120
mac.% 1o 0,650 mac.%, N: ot 0,0030 mac.% mo 0,0200 mac.%, Cr: ot 0 mac.% g0 0,25 mac.%, u
V: or 0 mac% nmo 0,12 mac.%, ¢ ocratkom, npexacrapisomuMm coboii Fe u mpumecu. B
MHUKPOCTPYKTYpE KEJEe3HOJOPOKHOIO KoJieca KOJUYECTBO JO3BTEKTOUJHOIO LIEMEHTHUTA,
omnpenensieMoe BbipakeHueM (1), cocrasnsier He Oonee 1,50 mr./100 MkMm.

[0056]

KomnuectBo nosBrekTonaHOro nemMenTura (mT./100 MKkM) = mosHas cymMMa KOJIMYeCTBa
o0yacTeil JO3BTEKTOMIHOTO IIEMEHTUTA, KOTOPbIE IMEPECEKAIOTCS C ABYMs JUHArOHAJIbHBIMH
JVHUSMH B KBaJIPATHOM ToJie 3peHust pazmepoM 200 MM *x 200 mxm / (5,66 x 100 mxm) (1).

KenesHonopokHOE KOJIECO B COOTBETCTBUM C HACTOSIIIMM BapUaHTOM OCYIIECTBIIEHUS
MOJKET COIEPKaTh B MUKPOCTPYKTYP€E HUTPUJ aJIFOMUHUS CO CPEAHUM pa3MepoM vactull 150 um
WJIM MEHBLIIE.

[0057]

B Takom ciyuae mnpenmiecTByroIlee ayCTEHWTHOE 3€pPHO H3MeJbuaercs Onaromaps

menkoMmy AIN. B pesynbrare ynapHas BSI3KOCTb SKEJE3HOAOPOXKHOTO KOJecCa JOMOJHUTENBHO
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YITyUIIaeTCs.

[0058]

XUMHUYECKUI COCTaB BBIIEONMHCAHHOTO JKEJIE3HOIOPOKHOIO KOJIECa MOXKET COAEPKaTh
Al: ot 0,120 mac.% mo 0,350 mac.%. Kpome TOro, XuMU4eCKUil COCTaB BBILIEONMUCAHHOTO
JKEJIE3HOIOPOXKHOTO KOJIeCa MOXKET COAep:kaThb ONUH WM Oojiee 3JIEMEHTOB, BHIOMPAEMBIX U3
rpymsl, cocrosuieit uz Cr: ot 0,02 mac.% 1o 0,25 mac.%, u V: ot 0,02 mac.% no 0,12 mac.%.

[0059]

Hanee Oyner moapoOHO OMUCAHO JKEJIE3HOJOPOXKHOE KOJEeCO HACTOSIIEro BapUaHTa
ocyiecTBiieHus. B JaHHOM onmucanuu CUMBOJ «%0» OTHOCHTENIbHO 3JIEMEHTOB O3Ha4aeT mMac.%o,
€CITU SIBHO HE YKa3aHO HHOE.

[0060]

[ Xumudeckuii COCTaB KeJIe3HOIOPOKHOTO KoJjieca]

XUMHUYECKUI COCTAB JKEIE3HOMOPOKHOTO KOJIECa HACTOSIIEr0 BAPUAHTA OCYIIECTBICHUS
COIEPIKHT CIEAYIOIINE 3JIEMEHTBI.

[0061]

C: o7 0,80 mac.% mo 1,15 mac.%

Vraepon (C) yBenuuuBaer TBEPAOCTb CTAJM W YBEIMYUBAET H3HOCOCTOMKOCTH
KeNe3HONOopOoKHOTO KoJieca. Ecnu comeprkanue C SBISETCS CIMIIKOM HU3KUM, 3TOT 3P eKT He
MoxkeT ObiTh monyueH. C npyroit cTopoHsl, eciu copepkaHue C sBISETCS CIUIIKOM BBICOKUM,
OoNpIIOE  KOJMMYECTBO  JIOOBTEKTOMIHOIO  IIEMEHTHTA  BBIAENSETCS  HAa  IpaHHULax
NPEAIIECTBYIOIIEro ayCTEHUTHOIO 3epHa. B 3TOM ciyuae yaapHast BA3KOCTb XKeJIe3HOJOPOKHOTO
koseca yxyawmaercs. CnenosatenbHo, coaepskanue C cocrasnser ot 0,80 mac.% no 1,15 mac.%.
Hwxunit npemen comepxkanms C mnpennoururensHo coctasisier 0,90 mac.%, u Oonee
npeanourutensHo 0,95 mac.%. Bepxuuii npenen cogepsxanus C NpeAnodYTUTENBHO COCTABIISAET
1,10 mac.%, u 6onee npeanoururensHo 1,05 mac.%.

[0062]

Si: 0,45 mac.% wunu MeHbIIe

Kpemuwmii (Si) HemsOexHO comepKUTCs B CcTanu. Takum oOpasom, conmepkaHue Si
cocraByisier Oonbme yem O mac.%. Teepabiii pactBop Si ympouHsieT (eppuT, yBETHUUBAsS
TBeprOCTh cTamu. OgHAKO ecnu conepkaHue Si SBJSIETCS CIIUIIKOM BBICOKUM, CTAHOBHTCS
BEPOSITHBIM  00pa30BaHHE JOSBTEKTOMIHOIO IIEMEHTHTA, KOTOPBIH BBI3BIBAECT YXYIIIECHUE
yIapHoii BsiskocTu cranu. Eciu conepskanue Si SBISETCS CIUIIKOM BBICOKUM, MTPOKATHBAEMOCTh
CTaJI CTAHOBUTCS CITUIIKOM BBICOKOW, M CTAHOBHTCSI BEPOSITHBIM oOpa3oBaHHe MapTeHcuTa. B
TaKOM CJTy4ae TOJNIIMHA 3aKaJIECHHOTO CJIosi, 00Opasyromierocs: Ha pabo4eil mMoBepXHOCTH 000/1a BO
BpeMsl 3aKaJIKu pabodeii moBepxXHOCTH 000/, YBeIMYUBaeTCs. B pe3ysbraTe 3aKajeHHbIN CIOU
ynausiercss pe3anueM. ClenoBaTeNbHO, KOTrZa 3aKaJeHHbIM CIOW SIBISIETCS TOJICTBIM, OOBbeM
pe3aHMs YBENNYMBAETCS, M BBIXOA yMeHblnaerca. Korma comep:xanue Si sIBISIETCS CIUIIKOM
BBICOKHMM, BO BpE€Ms HCIOJb30BAHUS JKEJIE3HOJOPOKHOTO KOJeca MPOMCXOANT 3aKaJKa,
BbI3bIBAEMAsl TEIUIOTOM TPEHUS MEXAY KOJIECOM M TOPMO3HOM KOJOAKOW. B Takom ciydae

CTOMKOCTb  JKEJIE3HOJOPOXKHOrO  KojJeca K  PAaCTPECKUBAHMIO  MOXKET  yXYJIIUTBCS.
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CrenoBarenbHO, conepxkanue KpeMHus coctasisieT 0,45 mac.% win MeHblue. BepxHuil npenen
comepkanusi Si mpeamourutenpHo coctaBisier 0,35 mac.%, u Oonee mpemnoururensHo 0,25
mac.%. HuwxHull npenen conepkaHust Si, XOTsI OH 0COOEHHO HE OTPaHMYMBAETCS, COCTABIISET,
Hanpumep, 0,05 mac.%.

[0063]

Mn: ot 0,10 mac.% mo 0,85 mac.%

Teepaeiii pactBop mapranua (Mn) ynpounsier (epput, yBeIUuuBas TBEPAOCTb CTaJIH.
Mn ponosHuTenbHO oOpasyer MnS, yiaydimas Tem caMbiM 0OpabaTbiBaeMOCTb CTaimu. Eciu
comepxkanue Mn SIBJISIETCSI CIMIOKOM HU3KHM, 3TH 3(Q@exTsl He MOryT ObITh mony4eHsl. C
Apyrof CTOPOHBI, €CNIU CoAepKaHue Mn sIBJII€TCS CIUIIKOM BBICOKUM, MPOKAJINBAEMOCTD CTaJIH
CTaHOBUTCS CIIMIIKOM BBICOKOW. B TakoMm ciiyuyae TOJNIIMHA 3aKaJ€HHOTO CJIOSl YBEJIUYUBAETCS, U
BBIXOZI B Ipoliecce MPOU3BOACTBA yMeHblIaeTcs. Kpome Toro, 3akajika MOKET BbI3bIBAThCS
TEIUIOTOW TPEHUS MEXKAY KOJIECOM U TOPMO3HOM KOJOAKOM BO BpeMsl HCIOJIb30BaHUsA
JKEJIE3HOJOPOKHOIO KoJieca, yXyZAllas TeM CaMbIM CTOHKOCTb CTald K PacTPECKUBAHUIO.
CrenoBarenbHo, coaepkanue Mn cocrasysier ot 0,10 mac.% no 0,85 mac.%. Hwkuuii npenen
comepskanusi Mn mpenmoututenbHO coctaBisier 0,50 mac.%, u Gonee mpeamoururensHo 0,70
mac.%. Bepxuuiil npenen coaepkanust Mn npeanoututensHo coctasisier 0,82 mac.%.

[0064]

P: 0,050 mac.% wnm MeHbIie

@ochpop (P) sBusercs Hem3OexxHO conepskamneiicss npumechro. Takum obpazowm,
conepxanue P cocrasisier 6onbie yem 0 mac.%. P cerperupyercs Ha rpaHuLax 3e€pHa, yxXy/auias
TE€M CaMbIM YAapHYIO BI3KOCTh ctaiu. [loaTomy conep:xanue pochopa cocrasmser 0,050 mac.%
wii MeHble. BepxHuil npenen conepskanus P npennouturensHo cocrasister 0,030 mac.%, u
6onee npeanourutensHo 0,020 mac.%. ConepskaHue P npennoyTHTENbHO SIBISETCS HACTOJIBKO
HU3KUM, HACKOJIBKO 3TO BO3MOXHO. O/1HaKO upe3MepHOe yMeHblIeHue coaepkanus P npusener
K Ype3MEepPHOMY YBEJIIMYEHHIO MPOU3BOACTBEHHbIX 3arpar. IlosToMy, ¢ y4eTroM OOBIYHOTO
IIPOMBILIJIEHHOTO MPOU3BOJCTBA, HUKHUN TpeseN coaepKaHus P mpeanoYTuTeTbHO COCTaBIIsIET
0,0001 mac.%, u 6onee npeanoututenbHo 0,0005 mac.%.

[0065]

S: 0,030 mac.% unu MeHbIIe

Cepa (S) siBnsiercst Hen30exKHOW MpUMeChio. TakuM 00pa3oM, conepikaHne S COCTaBIseT
oonpire yem 0 mac.%. Cepa obpasyer MnS, yayudinas Tem cambiM oOpadarbiBaeMocTsb craiau. C
Apyroifl CTOPOHBI, €CIIU CONep>KaHue S SIBIAETCS CIUIIKOM BBICOKUM, yJapHasi B3KOCTb CTalu
yxyawaercs. CrnenosarenbHO, coiepxkaHue cepbl cocTtasiser 0,030 mac.% wunu MeHblue.
Bepxuuii mipemen comepikaHusi cepbl npeanoututeabHo coctaBisier 0,020 mac.%. Hiwkuuii
npeaen CONepkKaHMsl Cephl IS yiaydIleHus: oOpadaThIBa€MOCTH MPEANOYTUTENIEHO COCTABIISET
0,005 mac.%.

[0066]

Al: ot 0,120 mac.% mo 0,650 mac.%

Anromunuit (Al) monaensier (GopMHpPOBaHHE JOIBTEKTOMIHOIO LIEMEHTUTA, KOTOPBIN
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BBI3BIBAET YXYJIIEHHE ynapHOH Bsiskoctu cranu. Kpome toro, Al coemunsiercs ¢ N, oOpasys
AIN, m u3MenbyaeT MNPEIIIEeCTBYIOLINE ayCTEHUTHbIE 3epHa. [IOCKONBKY mNpenmecTByrmue
AyCTEHUTHBIE 3€pHA CTAHOBATCS OoJjiee MEJKHUMH, yOapHas BS3KOCTb CTAJIM IOIOJHHUTEIBHO
ynyuiaercsi. Ity 3pQPeKTrl He MOTYT OBITh IMOJIyUEHbl, €CIIN cozepskaHue Al SBIsieTcs CIUIIKOM
HI3kuM. OpHako ecnu copepkanue Al sBisiercst cnuinkoM BeicokuM, AIN orpyOnsiercs u He
pacTBOpsieTCsl NpU TeMIlepaType HarpeBa BO Bpems ropsdeil oOpabotku. CrenoBaTenbHO,
3¢ deKT pocTa MPeAIEeCTBYIOINX ayCTeHUTHBIX 3€PEH BO BPEeMs HArPEBaHUS NPH 3aKajke odona
HE MPOSIBISIETCS, M yIapHAsl BA3KOCTD JKEJIE3HOAOPOKHOTO Kojieca yxyamaercst. ClienoBareibHo,
conepxkanue Al cocrasnser ot 0,120 mac.% no 0,650 mac.%. Hwkuuii npenen conepxanus Al
npennoutuTeNibHO cocrasisieT 0,150 mac.%, u 6onee npeanoururensHo 0,250 mac.%. BepxHuii
npenen conep:kanusi Al mpennoututenbHo cocrasisieT 0,630 mac.%, Gonee MpeaNOYTHTENHEHO
0,600 mac.%, eme Gonee mpenmoururesnbHo 0,550 mac.%, u Haubosee npenmnourutenbHo 0,500
mac.%. C yueroM yMeHbIIeHus o0beMa pe3aHusl 3aKaJEHHOTO CJIOs TMOCJE 3aKallkh padoueit
NOBepXHOCTH 00oma BepxHUI mpenen comepskanuss Al mpemnoututensHo coctasisier 0,350
mac.%, Oonee mpeamnourureapbHo 0,320 mac.%, u eme Oonee mpeanoututensHo 0,300 mac.%.
Copnepxanne Al B HacTosieM DOKYMEHTE O3HA4aeT COAEp’KaHHe KHUCIOTOpacTBOpuUMOro Al
(pactBopumbIii Al).

[0067]

N: ot 0,0030 mac.% go 0,0200 mac.%

Azor (N) coemmnsiercst ¢ Al, obpasys AIN, u wu3Menpb4aer NPEAIIECTBYIOIINE
ayCTeHUTHbIe 3epHa. [IOCKONBKY NpEeIIecTBYIOLINE ayCTEHUTHBIE 3€pHa CTAHOBSTCA Oolee
MEJNKUMH, YAapHas BS3KOCTh cTanu yiaydmaerca. Ecnu comepxanue N sBiseTCS CIUIIKOM
HU3KUM, 3TOT 3 ekt He MoxeT ObiTb mojydeH. C Apyroil CTOPOHBI, €ciu coxepskaHue N
SIBJISIETCS] CIIMIIKOM BBICOKHMM, IPOMCXOAMUT HachlmeHne sToro sddexra. CrenoBaTenbHO,
conepxkanue N cocrasiser ot 0,0030 mac.% no 0,0200 mac.%. Huxuauii npenen conepsxkanust N
npennoututTesibHo coctaBisger 0,0035 mac.%, u Oonee mnpeamourureapbHo 0,0040 mac.%.
Bepxuuii mpenen copepskanusi N mpegnoururenbHo coctasnsier 0,0100 mac.%, u Oonee
npennoututenbHo 0,0080 mac.%.

[0068]

OcTaToKk XUMHUYECKOrO0 COCTaBa JKEJIE3HOMOPOKHOTO KOJeca B COOTBETCTBHH C
HACTOSIIIUM BAapUAHTOM oOcCyliecTBIeHUs1 coctout u3 Fe u mpumeced. Ilpumech o3Hauaer
3JIEMEHT, KOTOPBIH MOCTYMAeT U3 PyAbl U JIOMA, MJIM W3 MPOU3BOACTBEHHOHN Cpeibl U T.J. MPHU
MPOMBIIIJIEHHOM MPOM3BOICTBE JKEJIE3HOAOPOKHBIX KOJIEC, M COAEPIKAHUE KOTOPOTO SIBJISETCS
IOMYCTUMBIM ~ BHYTPH  JMAala30Ha, HE OKa3bIBAIOIIEr0 HETaTHBHOIO  BIUSIHHUS — Ha
KEJIE3HOIOPOKHOE KOJIECO HACTOSIIETO BAPHAHTA OCYLIECTBIICHHUSI.

[0069]

XUMHUYECKUI COCTAB JKEIE3HOAOPOKHOIO KOJIECa HACTOSIIEr0 BAPUAHTA OCYIIECTBICHUS
MOJKeT Taxke conepxkarb Cr BMecTo yactu Fe.

[0070]

Cr: or 0 mac.% mo 0,25 mac.%
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Xpom (Cr) siBisieTcsl ONIIMOHANBHBIM 3JIEMEHTOM, M MOJXKET He ConepskaTrbes. Takum
obpasom, copepkanue Cr moxer cocraBiuath 0 mac.%. Korna on conepxurcs, Cr ymMeHbInaeT
paccTosiHue MeXy IUIACTUHKAMU MEPIIUTa. ITO 3HAYUTENIbHO YBEJINUYUBAET TBEPAOCTD MEPIINTA.
Opnnaxo ecnu copepxkanue Cr sBIAETCA CIMIIKOM BBICOKHM, NPOKAJINBAEMOCTb YJIy4IIAETCs, U
TOJIIUHA 3aKaJEHHOrO CJIOS TOCie 3akajku pabodell MNOBEpXHOCTH 00ona HYpe3MepHO
yBennuuBaercs. CrnenoatenbHo, copepskanue Cr cocrasiser or 0 mac.% no 0,25 mac.%.
Bepxnuii npenen copepxxanust Cr npennouturensbHo cocrasisier 0,22 mac.%. HuwxHuil npenen
comepkanusi Cr mpeanouTUTENbHO coctaBiisieT Oosbine yem O mac.%. IlpeamouTuTeNnbHbIM
HIWKHUH npenen copepskanust Cr mist Gonee 3pdexTrBHOrO nojydeHus: 3gpgpexra yMeHbIIESHHS
PaCCTOSIHUSI MEXAY TUIaCTHHKaMu niepiuTa cocrasisier 0,02 mac.%.

[0071]

XUMHUYECKHUI COCTaB >KEJIE3HOJOPOKHOIO KOJIeca HACTOSIILEro BapHaHTa OCYLIECTBICHUs
MOXKET TaKXe COAep:kaTh V BMECTO 4acTu Fe.

[0072]

V: or 0 mac.% mo 0,12 mac.%

Bananuii (V) siByisieTCsl ONMIIMOHABHBIM 3JIEMEHTOM, U MOMKET HE Comepkarbes. Takum
oOpasom, comepkanne V mosker coctaBiatb 0 mac.%. Korma on comepskutcs, V oOpasyer
KapOuabl, HUTPUABI W KAapOOHUTPHUABL, YIPOUHSAS TEM CaMbIM CTalb JUCIIEPCHOHHBIM
TBepAeHUEeM. B  pesynbrare TBEpAOCTb  JKEJIE3HOJOPOXKHOIO  KOJeca  3HAYUTENbHO
YBEJIMYUBAETCs, JOMOJHUTEIbHO Yiydlllas H3HOCOCTOMKOCTh. OnHako ecnu coaepxanue V
SIBJISIETCS CIIMIIKOM BBICOKHMM, ITPOKAJIMBAEMOCTb CTAHOBUTCS BBICOKOM, U TOJIIIIMHA 3aKaJ€HHOTO
CJIOsI TIOCTIE 3aKaJKU paboueil moBepxHOCTH 000112 upe3MepHO yBennuusaercs. ClaenoBaTenbHo,
comepxkanue BaHaausa coctasyseT ot 0 mac.% no 0,12 mac.%. Bepxuuii npenen conepsxanus V
npennoututesnbHo coctasisier 0,10 mac.%. HuwxHuil npepen comep:kanust V IpeanouTUTENBHO
coctaBysier Oonbumie yem O Mmac.%, Oonee npeamourutensHo 0,02 mac.%, u eme Oonee
npennoututenbHo 0,03 mac.%.

[0073]

[KonmuuecTBO 103BTEKTOMIHOTO IEMEHTHUTA |

KenesHonopokHOE KOJIECO B COOTBETCTBUHM C HACTOSIIIMM BapUaHTOM OCYIIECTBJICHUS
UMeeT MHKPOCTPYKTYPY, B KOTOPOH KOJHYECTBO JOIBTEKTOMIHOTO LEMEHTUTA (KOJUYECTBO
JI03BTEKTOMAHOTO O), onpenensiemoe BoipaskeHueM (1), cocrasnser He 6onee 1,50 mt./100 MrMm.

[0074]

Komudectso nossrekrouanoro O (mr./100 MKkM) = mojiHasi cymMMa KOJIMYeCcTBa 00JlacTei
JIO9BTEKTOUJHOIO LIEMEHTHUTA, KOTOPblE€ MEPECEeKaroTCsl ¢ ABYMsl AUArOHAJbHBIMU JIMHUSMU B
KBaZpaTHOM roJie 3peHus pazmepoM 200 MM x 200 mxm / (5,66 x 100 mxm) (1)

bonee KOHKpETHO, KOJMYECTBO AOIBTEKTOMAHOro O, ompenensieMoe BblpakenHeM (1),
coctasisieT He Oonee 1,50 mT./100 MkM B yacTu 00012 KETEIHOJOPOIKHOTO KOJIECA HACTOSIIIETO
BapHAaHTAa OCYLIECTBJIEHHUS, KOJUYECTBO JOIBTEKTOMAHOIO LEMEHTHUTA, ONpeAeNsieMoe
BolpaskeHueM (1), cocraBiser He Oomee 1,50 mT./100 MKM B 4acTM OUCKA, M KOJHYECTBO

JO3BTEKTOUAHOTO LIEMEHTUTa, ompeznensemoe BoipaxkeHueM (1), cocrasiser He Oomee 1,50
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mT./100 MKM B 4aCTH BTYJIKH.

[0075]

Kax Obu1o ommcaHO BbIIE, KOTZAa KOJUYECTBO AO3BTEKTOMAHOTO O sBIsieTCs OONBLINM,
ylapHas BS3KOCTb >KEJIE3HOAOPOXKHOIO Koseca yxyawaercs. JKenesHOZOPOXKHOE KOJeco
HACTOSIIEro BapuaHta ocyiectsieHus cogepxkur 0,120-0,650 wmac% Al B cnyuae
BBIIIEOMHCAHHOTO XUMHYECKOrO COCTaBa 3a3BTEKTOUIHON cranmu, coxepskamei 0,120-0,650
Mac.% Al, KOIM4YeCTBO HOIBTEKTOUAHOTO © YMEHbIIAETCS B KEJIE3HOIOPOKHOM KOJece MoCye
CTanuu 3aKajkud padodveil MOBEPXHOCTH 00OHa B MPOLECCE MPOU3BOACTBA TaK, YTOOBI OHO
coctaBysiio He Oosee 1,50 mwT./100 mMxMm. BepxHuii mpenen Kojau4yecTBa HOIBTEKTOUAHOTO O
npennoutuTesibHo coctassier 1,20 mT./100 mxm, u 6onee npeanourutenbHo 1,00 wt./100 MrM.

[0076]

KommnyecTBo 103BTEKTOMIHOTO O M3MepsieTcs cieayoumm cnocodom. Obpasiubl bepyTest
U3 KaXIOr0 W3 LEHTPAJIBbHOrO TOJOXKEHHS B HANPABJIEHHH TOJIIMHBI YacTH obopma Koueca,
LIEHTPAJIbHOTO MOJOXKEHHsI B HANPABJIEHUH TOJIIHUHbI YACTH JUCKA, U LEHTPAJIbHOTO MOJIOXKEHHUS
B HalpaBJIeHUU TOJILIMHBI 4YacTH BTYJKHU JKEJIEe3HOJOPOKHOro kojeca. IloBepxHOCTb
HaOJTFOIEHUsT KaKAOro o0pasia 3epKajbHO MONUPYETCs: MeXxaHudeckuM obpaszom. I[locne sToro
MOBEPXHOCTh HAOJIOECHUS MPOTPABJIUBAETCS CMEIIAHHBIM PACTBOPOM MHUKPHHOBOW KHCIIOTHI
rugpokcuna Hatpusi. Pororpaduyeckoe M300paXKeHUE MOMYYAeTCsl AJsl JIEOOOro TMOJs 3pEeHUs
(pasmepom 200 MM x 200 MKM) Ha TIOBEPXHOCTH HAOJMIOACHHS TIOCIE TPABJICHUS C
UCIIOJIb30BAHUEM ONTHUYECKOrO0 MHKpockoma ¢ ysenuueHueMm 500x. Ha mnosepxnocTH
HAOOIEHUST  JO3BTEKTOMJHBIM  LIEMEHTUT, KOTOpbI  Qopmupyercss Ha  TpaHULE
NPELIECTBYIOLIEr0 ayCTEHUTHOIO 3€pHa, MMeeT 4epHbIl LBeT. ClenoBaTeNbHO, BO3MOKHO
NOJATBEPAUTh NMPUCYTCTBUE WU OTCYTCTBHE NO3BTEKTOMIHOrO LieMeHTHTa. Kak mokasaHo Ha
Qur. 8, nBe nuaroHanbHble TMHUU 101 npoBoxsTcs B kBaapaTHoOM nosie 3peHus 100 pazmepom
200 mMxkM x 200 wmkMm. 3areM onpenensercs IIOJHAs CyMMma KOJIM4ecTBa oOriacrtei
JOSBTEKTOUAHOTO IIEMEHTUTA, KOTOpble MEepeceKaroTcsl C 3TUMU JBYMs JHAarOHAJIbHBIMU
nuHusasMu 101. Ilyrem neneHus onpeneneHHoro nojgHOro KOJIWYeCTBA YaCTHUL] TO3BTEKTOUTHOTO
LIEMEHTUTA Ha MOJHYI HHY (5,66 x 100 MkM) nByx auaroHanbHbIXx JuHHHA 101 (TO ecTh Ha
ocHoBe Dopmynbl (1)), ompenesnsiercss KOMMYECTBO n03BTekTOMmHOro ©O (T./100 MKm).
KonuuecTsa 103BTEKTONMIHOrO O, ONpeeeHHble B KaXKI0M U3 LIEHTPAIbHOTO MOJOKEHUS YaCTU
obonma Kojeca, HMEHTPAIbHOIO TOJOXKEHHUS YaCTH IUCKA M LIEHTPAIBHOTO MOJIOKEHHS YacTh
BTYJIKH, BBIIEPKUBAIOTCS HA ypoBHE He Oonee 1,50 mT./100 MM,

[0077]

[Cpennuii pazmep gactun AIN]

B MuKpOCTpYKType IKENe3HONOPOXKHOIO KOjeca B COOTBETCTBUM C HACTOSLIUM
BapPUAHTOM OCYIIECTBJICHUs cpeaHuii pazmep yactul AIN npeanoururensHo cocrapisieT 150 HM
wi MeHbine. Kak nokaszaHo Ha @ur. 9, ecnu cpenumii pasmep dactul AIN cocrasisier 150 HM
WIM MEHbIIE, MPENIIeCTBYIOIEee ayCTEeHUTHOE 3epHO Oyner m3menpuarbesi. ClenoBaTenbHO,
ylapHas BSI3KOCTb JKEJIE3HOIOPOKHOrO Kojeca OyAeT MOMOJHHUTENbHO yiydlleHa. Bepxnuit

npenen cpeaHero pasmepa uvactun AIN mnpenmourturensHo coctaBnser 120 HM, u Oonee
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npeanoututenbHo 100 Hm. Cnegyer OTMETUTD, YTO HIMKHUMN MpEAeN CpeJHEero pa3Mepa 4acTHI
AIN, x0Ts1 OH 0COOEHHO HE OTPAaHUYUBAETCS, COCTABIIAET, HanpuMep, 10 HM.

[0078]

Cpennmii pasmep uyactun AIN onpenensiercs myreM HaONIONEHUS U3BJICUEHHOU
yriaepogoMm pernku obpasua ¢ nomoupio TEM-EDS. B wactHOoCcTH, OH ompernensiercs
cneayrommM crnocodbom. OOpasiel OepyTcsi U3 KaKAOrO M3 LEHTPAIBHOTO TOJOXKEHHUS B
HANpaBJeHUH TOJIIMHBI 4YacTH 00OAa KoJjieca, LEHTPAJIbHOTO MOJOXKEHHs B HAIpaBJICHUU
TOJILIMHBI YaCTH JUCKA, W LEHTPAJIBHOTO MOJIOXKEHUS B HAMPABICHUU TOJIIUHBI YaCTH BTYJIKU
JKEJIE3HOOPOIKHOTO KoJieca. [1oBEpXHOCTh HAOMIONEHHS MOJYYEHHOro oOpas3la MOJNUpPYeTCs.
[ToBepXxHOCTh HAONIOAEHUS TMIOCHE TOJUPOBKU TPABUTCS PACTBOPOM HHTAIA. Y TJIEpO.
OCaXKIAaeTCs U3 MapoBOi (ha3bl HA MOBEPXHOCTh HAOMIOIEeHUs ocie TpasieHus. OOpasen nmoce
OCAXIEHHs] yriepoAa W3 NapoBod (a3pl TOrPyKaeTcss B OTCIAUBAOIIUNA pAcTBOp JJIs
3IOMPOBAHUSI OIHOTO TOJBKO OCHOBHOIO MeTautla 0Oe3 pPacTBOPEHHs BBbIOENEHUH s
OTCJIaWBaHUsl TUICHKH PEIUTMKH OT OCHOBHOrO Mertajuia. B moje 3penus (pasmepom 6,5 MKkM X 9
MKM), r7ie OBLIO IOATBEPIKASHO MPUCYTCTBUE B IUICHKE PEIUIMKH BhIAENIEHNUH, poTorpadudeckoe
u3obpakeHrne (TOro ke CaMOro pa3Mepa, YTO W MOJie 3PEeHHs) MoIy4aeTcs ¢ moMombpio TEM.
Kpome Toro, xakmoe BbineneHue Ha QororpadgudeckoM H300pakeHUH HIESHTHUIUPYETCS C
nomotnpio EDS u ananmsza usobpaxkenuss nudpakuuu 371eKTpoHOB. Cpenu BbIIENIEHUH Takoe
BBIJIEJIEHUE, KOTOPOE UMEET XapaKTEPHYIO MPSMOYTOIBbHYIO WIN HIECTUYTOJBHYIO GOpMy, U Yel
UK B PEHTTEHOBCKOM CIIEKTpE, MOJTydYeHHOM ¢ nomoiubto EDS, Haxogurces okono xapakTepHOit
penTreHoBckol sHeprun snemeHTa Al (m3nyuenue Al Ka: 1,49 x3B), unenrudpunmpyercs: kax
AIN. IInomane xaxnoro uneHtuduuupoBanHoro AIN ompenensiercss ¢ HUCHOJB30BAHUEM
¢ororpaduueckoro n3oOpakeHus, ¥ AUAMETP SKBUBAIEHTHOH OKPYKHOCTH (HM) ONpenenseTcs
U3 9TOM ompeneneHHod rwomaau. CpenHee 3HaueHUE  ONPENENEHHBIX  JAUAMETPOB
SKBUBAJIEHTHON OKPY)KHOCTH ONperensieTcs Kak cpeaHuil pazmep vactur AIN (Hm).

[0079]

B kene3sHomOpOKHOM KOJIeCe€ HACTOSIILEro BapHaHTa OCYIIECTBICHUS (pasa «CpemHHi
pa3mep vactun AIN coctasnsier 150 HM MM MEHbLIE» O3HAYAET, YTO CPEAHUN pa3Mep YacTHI]
AIN B yactu obona Kene3HONOPOXKHOro Kosieca cocTtaBisieT 150 HM WM MeHbIne, CpemHHiH
pa3mep vactun AIN B yacTu aucka cocrasisier 150 HM MM MEHbIIIE, U CPETHHIHA pa3Mep YacTHUI]
AIN B wactu BTyJKHU coctaBisier 150 HM WM MeHbLIe.

[0080]

[MUKpOCTPYKTYpa *KeNe3HOJOPOKHOIO Koeca |

MukpocTpykrypa dactu oboma Kojeca, 4YacTH JAWCKAa, M YacTU  BTYJKH
JKEJIE3HOAOPOKHOIO KOJieca HACTOSIIEr0 BapuUaHTa OCYILIECTBJIEHUs IO CYLIECTBY COCTOMT W3
nepauTta. 371ech (Ppasa «mo CYLIECTBY COCTOMT W3 MEPJNTay» O3HA4YaeT, YTO AOJS IUIOMAAH
NepJINTa B MUKPOCTPYKTYpe cocTanisieT 95% numu Oosblie.

[0081]

Jlons miomany mnepiuTa ompeaesnsercs cueayrumM crnocodom. Obpasubl Oepyres u3

KaXaoro M3 LOCHTPAJIbHOTO TMOJIOKCHHA B HAIPAaBJICHUHW TOJIIWUHBI YaCTU 060/:[21 KOJIeCa,
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LIEHTPAJIbHOTO MOJIOKEHHSI B HATIPABJICHUN TOJLIMHBI YACTH IUCKA, U LEHTPAIbHOTO MOJOKEHHS
B HANpaBJI€HUH TOJIIMHbI YaCTH BTYJKH JKEJIE3HOZOPOXKHOrO Kojeca. IloBepxHOCTb
HaOJIFOIeHUsT KaKA0ro o0pasna 3epKajbHO MONUPYEeTCcs: MexaHnueckuM obpaszom. Ilocne sToro
HIOBEPXHOCTh HAOJIFOIEHHSI TPABUTCSl PACTBOPOM HHUTAJS (CMEIIAHHBIM PACTBOPOM MHKPUHOBON
KUCJIOTHI M 3TaHona). Pororpaduyeckoe n300paskeHUe MOJNy4aeTcs I JIFOOOro Mojs 3peHHs
(pasmepom 200 mMkM x 200 MKM) Ha TOBEPXHOCTH HAONIOAEHUsS TIIOCHE TPABICHUS C
UCIIONB30BAHUEM ONTHYECKOrO MHKpOckona ¢ yBenuueHueM S00x. 3akaneHHBIH Cioi
(MapTeHCUT W/mian OEWHUT) M MEPIUT HUMEIOT pa3nvaroumuecs KoHTpacTbl. ClenoBarenbHO,
3aKaJieHHbIH CJIOM W TMEePJUT Ha TOBEPXHOCTH HAOMIOMEHUS HISHTU(PHULUUPYIOTCS HA OCHOBE
KoHTpacta. Jloymst TUTOLIagM TMepiUTa ONpeleNsieTcss Ha OCHOBe OOuiel  Iuiomanu
UIEHTU(PHULMPOBAHHOTO MEPJIUTA U IIOIIAIN TOBEPXHOCTH HAOTIOICHMUS.

[0082]

[Criocob mpou3BOACTBA JKEJE3HOIOPOKHOTO KoJjeca ]

Jlanee Oyner omnmcaH OAWH TNpuUMEp CrHocoda MPOM3BOACTBA  BBIIIEOMUCAHHOTO
JKEJIE3HOIOPOXKHOTO ~ Kojleca. JIJTOT Crmoco0 MpPOM3BOACTBA BKJIKOYAET B Ce0sl  CTaaMIO
NPOU3BOACTBA CTAlIM Ui JKEJIE3HOAOPOXKHOrO KoJyieca (CTaui0 TMPOU3BOACTBA HMCXOIHOTO
marepuana), CTaauo (popMOBaHHs MPOMEKYTOYHOIO MPOAYKTa, UMeroLiero Gopmy koseca, u3
STOW CTaM [JIsl JKEJIE3HONOPOJKHOIO KOJieca C TMOMOINBI ropsiueil obpaboTtku (craauio
(opMOBaHUs), CTAUIO BBINOJHEHHUS] TEPMUUIECKON 00paboTKH (3aKajiku padoueil MOBEPXHOCTH
obona) st ¢cOPMOBAHHOTO MPOMEKYTOUHOT'O MPOAYKTA (CTAAHIO TEPMUUECKOH 00paboTKH), U
CTaMIO MOJYUEHHS JKeJIe3HOIOPOKHOT O KOoJIeca MyTeM YAAJICHHUS 3aKaJICHHOTO CJIOSI PE3aHUEM C
paboueii MOBEpXHOCTH 000712 U T.J. MPOMEKYTOYHOI'O MPOAYKTA MOCJe TEPMHUECKON 00padoTKu
(craguto pesanust). [lanee Oyner onucaHa Kakaasi CTaausl.

[0083]

[Craaust mpoM3BOACTBA UCXOAHOIO MaTepuana)|

Ha craguu mpou3BOACTBA KMCXOMHOIO Marepuaja paclijlaBJeHHbIE CTalH, UMEIOLIHe
BBILIEONUCAHHBIE XUMHUYECKHE COCTABbI, IUIABATCS C HCIOJNBb30BAHUEM JJIEKTPONEYU WU
KOHBEpTEpA, MOCJE Yero OTJIMUBAKOTCS i TOrO, YTOOBI MOJYYUTh CTalbHble ciuTku. Cremyer
OTMETUTb, YTO CTAJIBHOW CIMTOK MOKET ObITh MOJy4eH JHOO HENMpPEPbIBHOW Pa3JIUBKOM, JUOO
JuThEM B hopmy.

[0084]

OTnuBKa WM CIUTOK NOABEpraercsi ropstaell oOpaboTke IJIsi MPOU3BOACTBA CTAJBbHBIX
MaTepHANOB JUIS JKEJIE3HOJOPOKHOIO KOJieca, UMEIOIINX JKeJlaeMblil pasmep. IIpumMepsl ropsiaeit
00paboTKH BKJIIOYAIOT B ceOsl rOps4yr0 KOBKY, FOpsiUyK MPOKaTKy U ap. B cooTsercTBUM C
OMUCAHHBIM  MPOLIECCOM  MNPOM3BOACTBA  MNPOM3BOAATCS  CTajbHblE  MaTepHajibl  AJIs
KEJIE3HOIOPOKHOTO KOJIeCa.

[0085]

Crnenyer OTMETUTb, YTO CTalb JUIS JKEJIE3HOAOPOKHOIO KOJeca MOMKET ObIThb JIUThIM
MarepuajoM (OTJIMBKOW WM CIUTKOM). TakuM oOpa3oM, BBILIEONMHCAHHAS CTagusl ropsden

00paboTKH MOKET OBbITh OIMyINeHa. B COOTBETCTBUM C OMMCAHHON BBIIIE CTATUEH POU3BOAUTCS
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CTallb ISl JKEJIE3HONOPOJKHOIO  KOJIeCa, KOTOpasl sSIBJIACTCS HMCXOAHBIM — MaTepHUajioM
JKEJIE3HOIOPOKHOTO KOJIeCa.

[0086]

[Cragus popmoBanwMsi|

Ha cramum ¢opMoBaHus TNPOMEXYTOUHBIM NPOAYKT, HUMermuN ¢GopMy Koleca,
dopmyetcsi ropsiueii 00pabOTKOMN ¢ MCIONB30BAHHEM MOATOTOBJIEHHOIO CTaJbHOTO MaTepHualia
IJISL JKeJIe3HONOPOXKHOTO Kojieca. IToCKOIbKy MpPOMEKYTOUYHBIH MPOAYKT nMeeT GopMy Koleca,
OH BKJIIOYaeT B ce0sl 4acTh BTYJKH, 4aCcTh JUCKAa U 4YacTh 00oAa KoJsieca, BKJIOUasi obox u
pebopny. Ilpumepsl ropsideit oOpaOOTKM BKJIIOHAIOT B Ce0sl TOPSYYI0 KOBKY U TOPSYYIO
MIPOKATKY.

[0087]

TemmepaTypa HarpeBa CTaJIbHOTO MaTepualia JJIsl JKeJIE3HONOPOKHOTO KOJieca BO BpeMsi
ropsiueli 06paboTku npenmodrutebHO coctaisier 1220°C wmm Oonbiie. B atom ciydae AIN B
CTaJIbHOM MaTepHalie sl KeJIe3HOAOPOKHOIO KOJIeCa B TOCTATOYHOMN CTETIEHU PAaCTBOPSIETCS Ha
CTalMM HarpeBaHUsi BO BpeMs ropsiuelt oOpadotku. Ilo stoii npuunne menkuii AIN, umeronmuii
cpeaHuil pasmep 4dactul 150 HM WM MeHbLIE, BBIAEISETCA BO BPEMsl HArpeBaHHUs Ha CTaauu
TepMuYeckol o0paboTkm (3akanku paboyeill MOBEpXHOCTH 0007a), KOTOpasi SIBIISIETCS
ciaeaywlen craaueil. B pesyapTare 3TOro pasMep NpPealIeCTBYIOLIETO ayCTEHUTHOIO 3€pHa
u3Menpyaercsa 10 S0 MKM UM MEHee, Kak MOoKa3aHo Ha Pur. 9, NONOTHUTENBHO yiy4llas TeM
CaMbIM YIapHYIO BSI3KOCTb JKEJIE3HOIOPOIKHOTO KOJIECa.

[0088]

HuxHuii npenen teMmnepaTypsl HarpeBa BO BpeMsi ropsiuell 00pabOTKU MPEATIOYTUTENBHO
coctasisieT 1230°C, 6onee npeanourutensHo 1250°C, u eme 6onee npeamnourutensHo 1300°C.
BepxHmii mpenen Temmeparypsl HarpeBa BO BpeMsi ropsdeil oOpaOOTKM NPennoYTHUTENIHHO
cocrasisier 1350°C.

[0089]

Cnenyer OTMETUTh, YTO CINOCOO OXJAXKIEHHUs MPOMEKYTOUHOTO MPOAYKTA IOCHe
ropsiueli 00paboTKU OCOOEHHO HE OrPAHUYHBAETCS. ITO MOXKET OBITh €CTECTBEHHOE OCThIBAHHE
WJIN OXJIAKJEHUE BOAOM.

[0090]

[Cranus Tepmudeckoii 00paboTkH]|

Ha cragum tepmuueckoii o0paboTku cHOpMUPOBaHHBI MPOMEKYTOUHBIH MPOIYKT,
uMmermuil  popMy Koseca, ToaBepraercss 3akajike oboma. B dacTHOCTH, TPOMEKYTOUYHBIN
NPOAYKT Tocie ropsueid oOpaboTku (ropsiuell KOBKM WM TOpsSYed TMPOKATKH) IMOBTOPHO
HArpeBaeTcsi 10 TOYKU MpeBpaileHus: A, win Bbime (00paboTka moBTOpHOrO Harpesa). [locie
HarpeBaHusi o0on W pedopaa MPOMEKYTOYHOIO MPOAYKTA TIOABEPTarOTCs OBICTPOMY
oxJlakneHuro (3akanke oboma). Hampumep, obonm u pedopma OXNaXAaOTCS OXJIaKIAFOIIEH
cpenoii. Oxnakaaromas cpena npeacTasisieT coOo, HalpuMep, BO3AYyX, TyMaH, U nap (crpei),
1 0cO00 He OrpaHUYHMBAETCS MPH YCIOBUHU, YTO MOXKET OBITh MOJIyY€HAa CKOPOCTb OXJIAXKIAEHUS,

NOAXOAALIAs IS JKenaeMod CTpykTyphl. Creayer OTMETUTh, YTO BO BpeMs 3aKajlKu padoueil
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MOBEPXHOCTH 00072 HYacTh JUCKA W YacTh BTYJKH HE OXJIAXKIAIOTCS BOMAOH, a OCTHIBAIOT
€CTeCTBEHHBIM 00pa3oM. B HacTosmeM BapHaHTe OCYLIECTBICHUS MyTEM 3aaHUsl CONEPKaHHS
Al B XMMHYECKOM COCTaBE >XEJE3HONOpPOKHOro kojeca B auanaszoHe 0,120-0,650 wmac.%
BO3MOXKHO B JIOCTATOYHOH CTENEHU MOJaBUTh OOPa30BaHKUE JOIBTEKTOUIHOTO LIEMEHTHUTA, JTaxe
€CIIM 4YacThb IHCKAa U YaCTh BTYJIKM OXJAXKTAIOTCS BO BpeMsl 3aKajku pabodell MOBEPXHOCTH
ofoma Kak B MpPEALIECTBYIOLIEM Crocobe NpPOM3BOACTBA, W B YACTHOCTU KOJHYECTBO
JO3BTEKTOUAHOTO O MOXKET OBITh yAepKaHO Ha ypoBHE He Bbime 4yeM 1,50 mT./100 MKkM B yacTu
obona KoJjieca, 4aCTH AUCKA U YaCTH BTYJIKH.

[0091]

JlnameTrp  >KeNEe3HOJOPOKHOTO  KoJieca  HACTOSILIEro BapuaHTa  OCYLIECTBJICHUS
cocrasisier, Hanpumep, ot 700 MM no 1000 mm. Kpome Toro, mpeanouturenpHas CKOPOCTb
oxJiakaeHus: oboma BO BpeMsi 3aKajKu padouell MOBEPXHOCTH 00Oma COCTaBJISET OT 5 10
200°C/c. Kpome Toro, cpenu obmactedi wacTu odoma kKojeca, 4acTH JUCKA M YaCTH BTYJIKU
POMEKYTOYHOT'O MPOAYKTA MPENINOYTUTENbHAS CKOPOCTh OXJIAKISHHS Uil OOJNACTH, CKOPOCTh
OXJIAXKZICHUS] KOTOPOH SIBJISIETCSI CAMOI HU3KOM BO BpeMs 3aKajku pabouell moBepxHOCTH 00014,
coctasysier npubnusutensHo 0,1°C/c. B 3ToM ciyyae B NMPOW3BEACHHOM JKEJIE3HOMOPOKHOM
KOJIeCe, UMEIOIIEM BBILIEONUCAHHBIM XUMHUYECKUH COCTaB, KOJMYECTBO AOIBTEKTOMAHOro O
Oynmer cocraBnsaTe He Oomnpme yem 1,50 mr./100 mxm. OOmacTb MpOMEKYTOUHOTO MPOAYKTA,
CKOPOCTb OXJIAXKIAEHHsI KOTOPOH SIBJISIETCSI CAMOM HU3KOM, MOXKET OBbITh OIpeeNieHa, Halpumep,
NyTeM HU3MEPEHUs] W3MEHEHHUs paclpenesieHus] TeMIlepaTyp MPOMEXYTOYHOrO MpOAYKTa BO
BpeMsl OXJIAXKIEHHs palOoueill MOBepXHOCTM 000ga ¢  HCIOJb30BAHMEM MHOXXECTBA
TepMOrpaUUeCKNX YCTPOHCTB.

[0092]

B pesynbrate 3akanku pabodell MOBEPXHOCTH 00oxa B HApyKHOM cioe oboxa
obpasyercs Tpooctur. Cozmepkanne C B KEJIE3HOHOPOXKHOM KOJIECE HACTOSIIIEr0 BapHaHTA
ocymectBieHusi cocrapysier or 0,80 nmo 1,15 mac.%. Ilo sToli mpuuMHE W3HOCOCTOMKOCTH
TpoocTuTa yiyumaercsi. Kpome toro, conepskanue Al B jkeIe3HOTOPOKHOM KOJIeCe HACTOSIIEro
BapuaHTa ocyuectBieHus cocrasmsier ot 0,120 mo 0,650 mac.%. Ilo »sToli mnpuumHe
(opMHupoBaHKHE BO BpeMsl 3aKaJIKU pabovell MOBEPXHOCTH 000Ja JOIBTEKTOUAHOIO LIEMEHTHTA,
KOTOPBIH BbI3bIBAET YXYyALIEHUE YAAPHON BSI3KOCTH CTaJIH, MOAABJISAETCS.

[0093]

XOTsl TNpPOMEXYTOUYHBI MPOAYKT TIIOBTOPHO HAarpeBaeTcs B  BbILIENPUBEIECHHOM
OIHCAHNHU, MPOMEKYTOUYHBIH MPOAYKT IMOcie ropsyeil 00padboTku MokeT ObITh HampsiMyro (Oe3
MOBTOPHOTO HarpeBa) MOABEPTHYT 3aKajike 00oa.

[0094]

Kpome Toro, B BrIlIENpUBEEHHOM OMUCAHUM YaCTh JUCKA U YaCTb BTYJKH OCTHIBAIOT BO
BpeMsl 3aKaJKi pabouell MOBEPXHOCTH 000Ma, W MPU STOM 3aKAJIEHHBIA CIIOW C MEHbIIeH
BEPOSITHOCTBIO OyzeT cpopMHpPOBAaH HAa MOBEPXHOCTSAX YaCTH AMCKA M 4yacTu BTyJIkH. C npyroi
CTOPOHBI, BO BpeMsl 3aKajKu pabouell MOBEPXHOCTH 000Aa 4acTh AMCKA U YacThb BTYJIKU MOTYT

OXJIAXKAATbCA CO CKOPOCTBIO OXJIAXKACHUS BBILIC, YEM IIPH €CTCCTBCHHOM OXJIAKACHUH. B sTom
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cllyd4ae MpPENNOYTUTENbHO BBINONHATh OXJAXKIAEHHE C TAaKOM CKOPOCTBIO OXJAXKIAEHMs, IpU
KOTOPOU 3aKaJieHHbIN CJIOH He Oyaer (hOpMUPOBATHCS HA TMOBEPXHOCTH YaCTH JUCKA M YACTH
BTYJIKH.

[0095]

ITpeanouTHTENBHO MOCIE TOro, KaK MPOMEXKYTOUHBIH MPOnyKT Oyaer Harper no 1220°C
WIA BbIIE W TOABEPTHYT ropsueil oO0paboTKe, OH OXJaXAaeTcs. 3aTeM OXJIaXKIECHHBIN
IPOMEXYTOUYHBIM TNPOAYKT MOBTOPHO HArpeBaercs MO0 TeMIepaTypbl HE HIKE TOUYKH
npeBpameHuss A, U TOABepraercs 3akanke padoueil moBepxHOCTH oboma. B stom ciyuae
rpyObiii AIN B cTanu pacTBOpsieTCs MO NEeHCTBHEM HArpeBaHHs BO BpeMs ropsiueii o0paboTku, a
3ateM BbIessieTcs B Bune Menkoro AIN Bo Bpemsi moOBTOpHOro HarpeBaHus. ClienoBaTeNbHO,
NPEAIIECTBYIOIIEe ayCTEHUTHOE 3€PHO MOXKET ObITh M3MENBbYEHO, KaK ObLIO OMHMCAHO BBILIE.

[0096]

ITpoMeKyTOYHBII MPOMYKT MOCHE 3aKaiku padodell MOBEPXHOCTH 00OAa MOABEPraeTCs
OTIyCKy 1o Mepe HeobxomumocTH. OTIyCK MOXKeT OBITh BBIMOJHEH NPU H3BECTHBIX
TeMIlepaType U BpEMEHH.

[0097]

[Cranus pe3anus]

Kak ObUt0 OmmcaHO BbIIIE, B TO BpeMsi KaK TPOOCTHT (POPMUPYETCS B HAPY>KHOM CJIO€
o0oza MPOMEXKYTOYHOTO MPOAYKTA IOCHE TePMUYECKOH 0OpaboTKH, Hamy HUM (GOPMHPYETCS
3aKkajeHHbI ciaoi. [IockonbKy M3HOCOCTOMKOCTD 3aKaJIEHHOIO CJIOs SIBJIIETCS] HEAOCTATOYHOMU
ISl UCTIONIb30BAHUS XKEJNE3HOAOPOKHOTO KOJIeca, 3aKaJleHHBIN CJION yhansercs MyTeM pe3aHus.
Pe3anue MoxeT ObITh BBIOJIHEHO U3BECTHBIM CIIOCOOOM.

[0098]

KenesHonopo:KHOE KOJNECO HACTOSIIErO0 BapUaHTA OCYLIECTBJICHUS MPOU3BOJUTCS C
NOMOUIBIO BBIUIEONUCAHHBIX CTaAuil. B Kene3HOAOPOKHOM KoOJjece, NPOU3BEACHHOM C
MIOMOIIBIO  BBIIIEONMHCAHHOIO TMpoLiecca IPOU3BOACTBA, KOJUYECTBO JOSBTEKTOUAHOro O
cocrasyisieT He Oonee 1,50 . /100 mxm. CnenoBatenbHO, OKUAAETCS, YTO yOapHas BSI3KOCTb
JKEJIE3HOIOPOKHOrO Kojieca Oyzer yiaydmeHa. Kpome Toro, korma Temmepatrypa HarpeBa Ha
craguu ropsiueii o6padorku ycraHaBiuBaercs paBHoi 1220°C unm Oonblue, CpemHH pasMep
gactun AIN B cramu Oyaer coctaBisite 150 HM WM MeHbIe, a pasMep MPeaUIeCTBYIOLIErO
aycTeHUTHOro 3epHa — 50 MkM wmiuu MeHbuie. B 5TOM  ciydae ynapHas BsI3KOCTb
JKEJIE3HOIOPOIKHOTO KoJieca OyAeT HOMOJHUTEIBHO VIIyUIIeHA.

I[MTPUMEPBI

[0099]

[IIpumep 1]

brutn nmpousBenensl pacruiaBieHHble ctanu Ne 1-20, umerommne XUMHUYECKHE COCTABBI,
noka3anHble B Tabmuue 1.

[0100]

[Tabauma 1]
TABJIUIIA 1
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KomuuectBo
copMHupOBaHH
Xumnueckuii cocras (B Mac.%, ¢ OCTaTKOM oro
o Tommu
u3 Fe u npumeceii) JIO3BTEKTOUIHO
Cra :;Kane o LIEMEHTHUTA
b (rr./100 Mxm) | TTpumedanus
HHOT'O
Ne Ckopo |Cxopo
CII0s
(vn1) CThb CTb
C |[Si {Mn|P S Al [N |Cr |V OXJIAXK | OXJIax
JICHUS | JEHUsI
1,0°C/c|0,1°C/c
0,9 (0,2 10,8 [0,00 {0,00(0,03 {0,00 CpaBHUTEbHAS
1 3 19 |0 |1 2 2 42 | | 2.0 0.27 1.60 cTajb
1,0 (0,3 10,8 {0,00]0,00{0,0310,00 CpaBHUTEbHAS
2 0 (0 |0 |1 2 4 40 | | 10,0 2,40 4.80 cTajb
1,0 {0,3 {0,7 {0,00]0,00|0,0310,00 CpaBHuTENBHAS
309 lo lo 1 |2 |6 la0 |7 [T [P0 |8M PY e
1,0 {0,0 (0,8 {0,00]0,00]0,0310,00 CpaBHuTENBHAS
4 2 (5 |1 |2 1 1 42 | | 8,0 2,13 3.47 cTajib
1,0 {0,5 (0,8 {0,00]0,00]0,0310,00 CpaBHuTENBHAS
> 3 |8 |0 |1 2 4 41 | | 14,0 3,20 3.47 cTajib
1,0 {0,8 {0,8 {0,00]0,00]0,0310,00 CpaBHuTENBHAS
6 13709 o [1 |2 |6 |40 |= [T |M0 P P20 cam
1,0 {0,2 {04 {0,00]0,00]0,0310,00 CpaBHuTENBHAS
Todd o o 2 1 o Ise T [T |30 2B 12 lcam
1,0 {0,3 (1,2 {0,00]0,00]0,0310,00 CpaBHuTENbHAS
S o (1|3 2 |1 Jo |s8 |7 7 [PV 320 |- CTANb
1,0 {0,2 (0,7 {0,00]0,00]0,0310,00]0,1 CpaBHuTenbHas
2 A5 o lo |1 |1 |3 30 [1 |7 |30 2 |12P cram
1,0 10,2 {0,7 10,00]0,00{0,0310,00 (0,2 CpaBHuTenbHas
0137 1o g |1 |1 |4 |34 |1 |7 [B0  [#00 400 | o
1,0 {0,2 [0,7 10,00 (0,00 {0,06|0,00 CpaBHuTenbHas
W™ o |1 |11 13 Ja1 |~ |7 P9 |29 22 |cram
1,0 {0,2 (0,8 {0,00]0,00|0,10]0,00 CpaBHHTENbHAS
205709 o |1 |1 lo laa |7 |7 [190 267 293 |
Cramnb B
1,0 {0,2 (0,8 {0,00]0,00]0,2010,00 COOTBETCTBUU C
Bl o 11 11 lo |4 |7 |7 P9 927 |13 |hacrosmun
u300peTeHneM
Crainb B
1,0 (0,2 10,8 {0,00]0,00{0,30]0,00 COOTBETCTBUHU C
14 0 |9 |1 1 2 0 4 || 10,0 0,00 0.27 HACTOSILIIAM
n3obpeTeHneM
Crainb B
1,0 (0,3 10,8 {0,00]0,00(0,61]0,00 COOTBETCTBHHU C
Bglo o |1 |2 |0 |3 |7 |7 [V72 000 027 | crosmun
n3obpeTeHneM
Crainb B
0,9 (0,3 10,8 [0,00(0,00(0,19 (0,00 0,0 COOTBETCTBHHU C
19710 (1 12 |2 o a5 |7 |3 [MB0 993|133 |acrosmun
n3o0peTeHneM
17 (1,0 (0,2 {0,8 {0,00]0,00]0,02]0,00|— 10,0|11,0 2,13 — CpaBHUTEJIbHAS




3 19 |0 |2 1 9 |48 3 CTaJlb
1,0 {0,2 [0,8 0,00 (0,00 {0,02]0,00 0,0 CpaBHUTEIbHAS
18 3 19 |0 |2 1 6 |47 | |9 15,0 240 - CTaJlb
Cranb B
0,9 10,2 (0,7 |10,00|0,00 {0,19]0,00 (0,0 COOTBETCTBHH C
19 7 16 (6 |2 1 0 43 |8 | 11,0 0,27 1,33 HACTOSLIUM
n300peTeHreM
1,0 {0,7 [0,7 |10,00{0,00 {0,15]0,00 CpaBHuTenbHas
20 6 (8 |6 |2 1 0 |41 | | 17,5 2401293 CTaJlb
[0101]

Kpyrnblit  ciutok (B ¢GopMe YCEYEHHOrO KOHYCa, MMEIOMIero JHaMeTp BepXHeH
nosepxHoctd 107 MM, auaMeTp HWXKHEH NOBepXHOCTH 97 MM u BbIcOTY 230 MM), ObLI
NPOM3BENECH TMPOLECCOM W3TOTOBJEHUS CIUTKOB C  HCIOJIb30BAHHEM  BBIIEONMUCAHHON
pacmiaBjieHHOH cTtanu. Moaenupys CTaauro ropsideil oOpabOTKH B Mpolecce MpPOU3BOACTBA
JKEJIE3HOIOPOIKHOTO KOJIeca, 3TOT CIUTOK Obut Harper no 1250°C, a 3aTeM monBeprHyT ropsiaei
KOBKE JUJIsl TOTO, YTOOBI MPOU3BECTH 3ar0TOBKY KPYIJIOTO CEYEHUS, MMEIOIIyI0 aAruaMeTp 40 MM.

[0102]

[TecT MomenupyeMoii 3akanku padoueli moBepxHocTH 0dozaa]

Tect momenupyemoii 3akanku padodell MOBEPXHOCTH 000ma, KOTOpas MOAESITHPYET
3aKasiky o0oza B mpouecce MPOU3BOACTBA JKEJIE3HOAOPOKHOTO KOJIECA, BBITOJHSIICS Uil TOTO,
9TOOBI HMCCIIEOBATh KOJUYECTBO IOIBTEKTOMAHOrO O MOCHEe TeCTa MOIEIHPYEMON 3aKajKh
paboueii moBepxHOCTH 000N,

[0103]

[TecT usmepeHus KONUUYECTBA JOIBTEKTOUIHOTO O]

OOpasern amst TecTa TepMUUecKor 00pabOTKH, UMEIOLTH qruaMeTp 3 MM U JTHHY 10 MM,
Obu1 M3rotoBieH u3 nonoxkenus D/4 («D» o3Havaer auameTp 3aroTOBKHM KPYIJIOrO CEYEHUs)
KXol 3arotoBku kpyrioro cedeHuss u3 Craneir NeNe 1-15. IlpomonbHoe HampaBieHue
oOpasua [uisi TeCTa TePMUUIECKON 00pabOTKM COOTBETCTBOBAJIO HATPABJICHUIO [IEHTPAJIBHON OCH
3arOTOBKHU KPYTJIOTO CEYEHHS.

[0104]

Tect HempepbIBHOTO OXJIAXKIEHUS MPOBONWICA C HCIONb30BAHHEM HW3TOTOBJIEHHBIX
oOpa3uoB st Tecta Tepmudeckor odpabdborku. ITpubop st BeimonHeHus: Tecta Dopmacrepa
npousBoacTBa kommnanuu Fuji Electronic Industrial Co., Ltd ucnonp3oBaics st TepMUYECKOM
o0paboTku. B yacTHOCTH, 1Ba TECTOBBIX 00pasua s KAKIOTO BUIA CTAJIH MMOATOTABIUBAINCH U
BbInepkuBaich pu 950°C B Teuenune 5 muH. Ilocne 3TOro OOWH M3 TECTOBBIX OOpa3LOB
OXJIAXKNAJICS C MOCTOSTHHOM ckopocThto oxiaxkaenus: 1,0°C/c. Jlpyrodi u3 TeCTOBBIX 0OpasLOB
OXJIAKIAJICS C TIOCTOSTHHON CKOpocThio oxyaxkaeHus 0,1°C/c. KonudyecTBo H03BTEKTOMIHOTO O
OTIPENEISIIOCH CIEAYIOIUM CIIOCOOOM /ISl K&KOTO TECTOBOTO 00pasLia MoCie OXJIaXKISHHSL.

[0105]

beul m3rotoBieH oOpasel, UMEIUI MOoNepeyHoe CeueHue, NEePHeHIUKYISIPHOE K
NPONOJIPHOMY HAmNpaBJEHUIO o0pas3ua [ajsl Tecra TepMU4eckoii oOpaboTkh, B KadecTse

noBepxHOCTH HaOmoneHus. Ha moBepxHOCTH HAOMIOAEHUS KOJMYECTBO JTOIBTEKTOMIHOrO O
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u3Mepsioch creayrommuM  crocodbom. [locme Toro, kak MOBEPXHOCTh HaOMIOAEHHs Obuia
MEXAaHUYECKH OTIIONMPOBAHA, MOBEPXHOCTh HAONIOAEHMS TPaBWJIACh CMEIIAHHBIM PacTBOPOM
NUKPUHOBOH KUCIIOTHI M ruApokcHuaa Hatpust. Pororpadudeckoe n300paskeHne Moayqdanoch s
nroboro mosist 3peHust (pazmepoM 200 MkMm X 200 MKM) Ha MOBEPXHOCTHU HAOJIONEHUS TOCTe
TpaBJ€HUA C HCIOJb30BAHHMEM ONTHYECKOIO MHKpOckoma ¢  yBenuueHueM  500x.
JIOSBTEKTOM/IHBI LEMEHTHT B HAOJIOAaeMOM II0Jie 3PEHUs] MOATBEPIKNAICS HAa OCHOBE
KoHTpacta. Korna 1OSBTEKTOMIHBIN LEMEHTUT HAOIONAICS, KOJHMYECTBO JOIBTEKTOUIHOIO O
BBIYHUCIISJIOCH BBIIIEOMMUCAHHBIM CIIOCOOOM.

[0106]

[Tect uamepeHust riyOUHBI 3aKAJICHHOTO CJIO5 |

Kpome Toro, Tect JIKOMUHU BBIIOJHSUICS OTHOCHTEIBHO TITyOWHBI 3aKAJEHHOTO CJIOSL.
Tect JI>KOMUHU BBITIOJHSUICS clienyromuM oopasom. OOpasern mist Tecta J’KOMUHM, UMEHO LU
auaMeTp 25 MM U anudy 100 MM, HU3rOTaBIMBAIICA U3 3aTOTOBKM KPYIJIOTO CEYEHHs], UMEIOLIEH
nuamerp 40 MM, ans kaxkgoro Bupa cranu. LleHTpanpHas ock oOpasma st Tecta J[KOMUHU
COOTBETCTBOBaJla LIEHTPAJbHON OCH 3aroToBKM Kpyryoro cedenus. Tect JIxomMuHH,
cootBercTByrOImui cranmapty JIS G0561 (2011), BBIMOHSIICSA ¢ UCTIONB30BaHUEM O0pasma AJist
tecta JlxomuHu. B wactHocTH, oOpasen misi tecta JPKOMHWHU BBIIEPKHBAJICS B TEUU C
teMriepatypoit 950°C, xotopast siBJsieTCsl TeMIepaTypoil He HIDKE TOYKHM IpeBpaileHust Ay, B
armocepe B TedeHue 30 MHMH Tak, 4ToOBl CTPyKTypa oOpasua s Tecta J[»KOMUHH
NpEeBPaTUIIACh B €IMHCTBEHHYIO a3y aycTeHuTa. Ilociae 3Toro BIMONHANACH KOHIEBAs 3aKajlKa
(BomstHOE oxJjakaeHue). B wyacTHOCTH, BOIA pacmbpUIsLIach TakK, YTOOBI OXJIAAUTh OIUH KOHEIl
oOpasua st Tecta J[>KOMUHH.

[0107]

ITocne BOASHOrO OXJaXIEHHsT OOKOBasl MOBEPXHOCTb TeCTOBOro obOpasua JkomuHu,
KOTOpBIH ObUT MOABEPTHYT BOASHOMY OXJIXKAEHHIO, MEXaHMYECKU IMOJIMPOBANAch, U TECT Ha
tBepaocTh 1o Pokseny (HRC) ¢ ucnonb3oBanueM 1ikajbl C, COOTBETCTBYOMIMIA cTaHAapTy JIS
Z 2245 (2011), BBINONHSICS Ha MOCTOSTHHOM PACcCTOSITHUM B OCEBOM HAIMPABJICHHH OT OIHOTO
KOHIA (KOTOPBIA ObUT MOABEPTHYT BOIASHOMY OXJIAXKIEHHIO), YTOOBI MOJYYHUTh paclpeneieHne
HRC. Wsmepenus HRC Bbmonssuuch ¢ marom 1,0 MM 1o mnojoxkeHus 15 MM oOT
OXJIQXKIABIIErOoCsl BOAOW KOHIIA, M C IIaromM 2,5 MM A0 TIOJIOXKEHHUSI He MEHbIe 4eM 15 MM oT
oxJiaxkaasiierocs: Bogou koxma. M3 monydennoro pacnpeaenenuss HRC TommmHa 3akanieHHOTO
CJIOSI ONPEAEISIIACH CIEIYIOIINUM CIIOCOOOM.

[0108]

@ur. 17 npencrasiser coboli nmarpamMmy, WUTIOCTpUpyOmMy pacnpenenenne HRC
(xpuByto Jlxommuan) Craneii NeNe 1-3. Kak mokaszano Ha @wur. 17, Ha kpuBoi J[xoMuHU mipu
yBEJIMUYEHUHU paccTossHus D oT oxnakaasiierocss BopoH KoHLa Teeprocth no Poksenny HRC
OBICTPO yMeHbInaeTcst. 3areM, korga D cTaHOBUTCS paBHBIM MPENONPENEICHHOMY PACCTOSHHIO
wi 6onbine, TBepaocTh nmo Pokeemury HRC ymenbinaercst ysxe He tak OvicTpo. Obnmacts A, B
koTopoit TBepaocth o Poksemuty HRC ObIcTpo yMeHbIIAETCsI, ONPENeNnsieTcs] KaK «3aKaJIeHHBIH

cioit», a obnacte B, B kotopoii TBeprocth no Poksenny HRC ymenbinaercst He Tak ObICTpO,



30

OTpeneNnseTcss Kak «OCHOBHOW Metau». Obmacte A u oOmacte B moryT ObITh pasnerneHsl
nocpencTBoM ToYkH mneperuba. TonmuHa 3akaneHHOro ciosg (MM) ONpeAesulach MNyTeM
unenTudukannu oonactu A u3 pacnpenenerans HRC (kpusoit JpkoMuHM) 10151 KasKAOH CTaH.

[0109]

Crnenyer OTMETHUTh, YTO TECT HAONIOACHUS MHKPOCTPYKTYPBI HMPOBOAMICS B CHOCOOE,
onucaHHOM Bele Ha Pur. 2—-7, Ha obpasue s Tecta JPKOMHHU KaXIOH CTalIM IMOCIE TecTa
JUKOMUHM JUIS OTpeneNieHus] NOJM IUIOIAAN MepiIuTa B MUKPOCTPYKType B TOW 00JacTH, B
KOTOPO# He ObLI0 ¢HOPMHUPOBAHO 3aKaNEHHOTO ¢Jiosi. B "acTHOCTH, 0Opaser Opayics U3 4acTH,
cooTBeTcTByIOIEeN obnact B Ha @ur. 17, u3 obpasua Kakaow cramu s Tecta J>KOMHUHH.
IToBepXHOCTh HAOMIONEHUST KaXKAOro oOpasia Oblia 3€pPKaJbHO OTIOJMPOBAHA MEXaHUYECKUM
obpaszom. ITocne 3Toro moBepxHOCTh HAOMIOACHUS TPABUIIACH PACTBOPOM HHUTAJS (CMEIIAaHHBIM
pPacTBOPOM a30THOM KUCJIOTHI U 3TaHona). Pororpadudeckoe M300pakeHUE MONYYaIOCh IS
nroboro mosist 3peHusi (pasmepom 200 Mkm X 200 MKM) Ha MOBEPXHOCTH HAOJIOAESHHS IOCIHE
TpPaBJIEHUs] C UCIOJIb30BAHUEM ONTHYECKOro MHKpockona ¢ ysenuueHuem 500x. Ilepnut Ha
MOBEPXHOCTH HAOIOEHHS HASHTU(UIIUPOBAJICS HA OCHOBE KOHTpacTa. JloJIs Mmiiomany nepinura
ompenensyiach Ha OCHOBE OOINEH IJIoman WACHTU(PHUIMPOBAHHOTO TEPJIUTA W IUIOLIAIH
MOBEPXHOCTH HAOJFO ICHHSI.

[0110]

[Pe3ynbTaThl TECTA]

PesynbraTe! Tecta nokaszansl B Tabnune 1. Kak nokasano B Tabmuue 1, MukpocTpykrypa
B 00JIaCTH, OTJIMHAIOIIENCS OT 3aKaJIEHHOTO CJIOs, MPEACTaBIsIa COOOH CTPYKTYPY, COCTOSIIYIO
IO CYLIECTBY W3 MepiuTa, A mo0oi cramu. Takum oOpasom, NONs IUIOLIAAM NEpJuTa
cocrasisiia 95% wau Gonble.

[0111]

Kpome Toro, xumudeckue cocrasel Ctaneir NeNe 13—16 u 19 Opum mopxopsitumu. 1o
STOW MPUYUHE KOJMYECTBO AOIBTEKTOMIHOrO O Obuio He Gonbine yeM 1,50 mrt./100 MxkM npu
obeux ckopoctsax oxnaxkaenus, 0,1°C/c u 1,0°C/c. CnenoBarenbHO, 0XKHUIAJIOCH TOJy4YEHHE
MPEBOCXOIHOM yaapHOU BsiskocTu. CleayeT oTMeTuThb, 4To comepxkanue Al cocrasisiio 0,350
Mmac.% unu menbine B Ctamsix NeNe 13, 14, 16 u 19. o sToit npuunHe, B TO BpeMs KaK TOJIIHHA
3akaneHHoro cinos B Cramu Ne 15, B kxoropoit comepkanme Al Obuto paBro 0,610 mac.%,
coctaBisuia 17,5 MM, TommuHa 3akaneHHOro ciost B Cramsx NeNe 13, 14, 16 u 19 cocraBnsina
Bcero juinb 11,0 MM wIn MeHbIIIE.

[0112]

C npyroii croponbl, B Cramsax NeNe 1-12, 17 u 18 conmepskanue Al OBLJIO CIUIIKOM
HU3KUM. B pe3ynbraTe KoMu4ecTBO J03BTEKTOMIHOTO O Obuto Oonbme yeMm 1,50 mr./100 MrMm.

[0113]

B Cramu Ne 10 comepkanue Si ObUIO CIMIIKOM BBICOKUM. B pesyibrare KOJIHUECTBO
N03BTeKTOUAHOrO O ObL10 OoJbIie yem 1,50 1mr./100 MKM.

[IIpumep 2]

[0114]
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Kpyrnbiii  ciurtox (B ¢opMmMe yCEUEHHOrO KOHYCa, HMEIOLIEro IUaMeTp BepxXHei
nosepxHoctd 107 MM, nuamerp HUKHEH moBepxHOCTH 97 MM u BbicoTy 230 MM), ObLI
NPOM3BEIEH IPOLIECCOM H3TOTOBJICHHS CJIUTKOB C HCIOJBb30BAHHUEM pPACIUIABIEHHON CTaly,
umerorneit xumudeckuit cocraB Cranmu Ne 14 B Tabnuue 1. 3tor cnutok ObL1 Harper 1o 1250°C,
1IOCJIe Yero MOABEPrHYT ropsiuell KOBKE I TOro, YTOOBI MPOM3BECTH MHOXECTBO 3arOTOBOK
KpyrJjioro cedeHus, umeromux auametp 40 M. IIpousBeneHHble 3arOTOBKH KPYIJIOTO CEUEHHS
UCTIONIB30BAJIUCH B KAYECTBE TECTOBBIX 0OPA3IIOB.

[0115]

Kax nokazano Ha @ur. 10, s 3THX 00pas3LOB BBINOJHAIACH MOIEIHPYyEMasi CTaIHsI
HarpeBaHusi npu ropsiueir koBke (Cramust 1), Momenupyromas mporece MPOU3BOACTBA
JKEJIE3HOOPOIKHOTO Kojieca. B 3ToM ciydae il KakIoro TeCTOBOro odpasla Temmeparypa
BbIIEPKKU B meun cocrasisuia 1150°C (HP1), 1200°C (HP2), 1250°C (HP3) u 1300°C (HP4).
ATtMmocdepa B meuu nmpeacTasiisiia codoi atMocdepy razoo0pa3HOro aproHa, U BpeMsi BbIIEPIKKH
cocTaBysio 60 MHH JUISI KaKIOro TecToBOro obpasma. TecToBblli oOpasenm OCThIBAJ TOCHE
UCTEUYECHUS] BPEMEHH BBIICPIKKH.

[0116]

Ilocne wmopenupyeMON CTaauM HArpeBaHHUs MPU TOpsiYel KOBKE BBINOJHSIACH
MoJenupyeMasl CTaaus 3akajku padoueit mosepxHocTH odona (Cranusa 2). Ha monmenmpyemoit
CTaguu 3akajku pabodel MOBEPXHOCTH 000/1a KaKABIM TECTOBBIN OOpasell BBIIEPKUBAJICS B
neun npu temneparype 950°C B Teuenue 20 muH. Ilocne ucTeueHHs: BpEMEHU BbIAEPIKKHU
BBITIOJIHSUTACH 3aKaika B Boae (WQ).

[0117]

[Tect usmepenus cpeqHero pasmepa yactur AIN]

Jnst kaxpgoro TecroBoro obpasua mociae Cragmm 1 m mepen Craameit 2, a Taxke
TecToBoro obpasua nocie Cranuu 2, onpenensuics cpeanuii pasmep dactur AIN. B gactHocTy,
oOpasen; OpaJicsi M3 LEHTPAJIBHOIO IMOJIOKEHHSI MOMEPEYHOr0 CEYSHHs, MEePIeHIUKYJSIPHOTO K
NPOZIOJIbHOMY HAIpaBJIEHUIO TeCTOBOro obpasua. IToBepXHOCTh HAOMIOIEHHs B3ATOr0 obpasua
nojipoBaiiachk. [ToBepXHOCTh HAOMIONEHHs TOCHE MOJUPOBKU TPABHIACH PACTBOPOM HHTAJISL.
VYrnepon ocaxpancss w3 NapoBod (a3bl HA IMOBEPXHOCTh HAONIONEHHs IOCHE TPABJICHHUS.
OOpa3zer nociie ocaKACHUs yriepoaa U3 napoBoi (pasel Morpyskajcs B OTCIAMBAIOLINI PaCTBOP
IUI SJIFOUPOBAHMSI OHOTO TOJBKO OCHOBHOIO MeTayjia 0e3 pacTBOPEHHUS BBINCNEHHH IS
OTCJIAWBAHUsI TUIEHKH PEIUIMKH OT OCHOBHOrO Mertauia. B moOom mone 3penus (pasmepom 6,5
MKM X 9 MKM) B IUIEHKE perunku (oTtorpadudeckoe nzodbpaxkeHue (TOro e caMoro pasmepa,
YTO W TOJie 3peHus) mojiydanock ¢ momombio TEM. Kpome TOro, 3jneMeHTh B KasKIOM
BbIIEJIEHUH Ha QoTorpaduyeckoM H300pakeHnH ObUTH UAEHTH(GHIHpPOBaHbI ¢ nmomorbo EDS.
Omnpenpensinace  1iomanb Kaxaod wuneHTHguuupoBaHHOH dwactuiel AIN, u  guamerp
SKBHUBAJICHTHOW OKPYKHOCTH (B HM) ONpEnessuICs U3 3TOH ompeneneHHol ruomann. Cpennee
3HaYEHHE OTPENENIEHHbIX TUAMETPOB SKBHUBAJIEHTHON OKPYKHOCTU OIPEAEISUIOCh KaK CPEeIHUI
pasmep vactul AIN (B HM).

[0118]
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[TecT usmepeHus pasmepa MpeaLIECTBYIOLIEr0 ayCTEHUTHOTO 3€pHa |

TecroBblii oOpazen, uMmeromuii xumudeckuii cocraB Cranmu Ne 14 B Tabmuue 1, Obun
NOJABEPrHYT MOJEIMPYEMOH cTanuu HarpeBaHuss npu ropsiueii koBke (Cramus 1) wu
MOJIEIMPYEeMOl CTauu 3aKaiku pabodeit moBepxHocTH obona (Cranus 3), moka3aHHbIM Ha Pwur.
11. Mogpenupyemas craaus HarpeBanus npu ropsiaeii koske (Cragus 1) va @ur. 11 Obuia T xe
CaMoi, UTO ¥ MOJeIupyeMast CTaaus HarpeBaHust npu ropsiaeii koeke (Ctaaus 1) Ha @ur. 10. Ha
MOJEIUPYEeMOil cTaauu 3akanku padoueli nosepxHoctu obona (Cragus 3) Ha Dur. 11 TecToBbI
obpazer; ¢ Temmeparypoii 950°C morpy:kajics B COJIEBYKO BaHHY ¢ TemmepaTrypoir 675°C u
n3oTepMUYecku BbigepxkuBaica mnpu  675°C B TeueHume 30 MuUH. DTO  3acCTaBIISLIO
JO3BTEKTOUIHBIN [IEMEHTHT BBIICISITHCS HA TPAHUIAX MPEIIECTBYIOLIEr0 ayCTEHUTHOTO 3€PHa,
YTO TO3BOJIAJIO TMOATBEPAUTb HAJIM4YUE MPEUIECTBYIOIIEr0 ayCTeHUTHOIO 3€pHa Ipu
HAOJIFOIEHUN  MHKPOCTPYKTYphl. TecToBbIii oOpasen mocjie HM30TEPMHYECKON BBIIEPIKKH
OXJIAXKAJICS 10 KOMHATHOH Temmepatypsl (25°C).

[0119]

Obpaszenr  Opancss W3 LEHTPAJIBHOrO  MOJIOKEHUsT  TOMEPEYHOro  CEYEHUS,
NEePIEHIUKYIISIPHOTO K MPOJOJBbHOMY HAIPABJICHUIO TECTOBOIO 00pasna Mocje ero OXJIaKIeHHsL.
IToBepxHOCTH HAOMIOACHUS B3ATOTO 0Opasia mojaupoBanach. [loBepXHOCTh HAOMIOIEHUS TTOCTe
NOJIMPOBKH TPABUJIACh CMEIIAHHBIM PAaCTBOPOM MHKPHHOBOW KHUCJIOTHI U THAPOKCHAA HaTpus. B
mobom mone 3peHus (pasmepom 200 mMkM X 200 MKM) NPOTPaBIEHHOH MOBEPXHOCTH
Habmonenust ororpaduueckoe n3odpaxkeHue (TOro e CamMoro pasMepa, uTo U IOJie 3PEHUs)
nojydaisock ¢ nomombo TEM. Ha mnomyueHHoM QororpadudeckoMm H300pakeHUn
UIeHTU(QHULIUPOBAINCH TPEALIECTBYIOIUE ayCTeHUTHble 3epHa. Kpucramindeckoe 3epHO,
OKPY’K€HHOE JJOBTEKTOUAHBIM LIEMEHTUTOM, HAEHTU(UIMPOBAIOCh KaK IPEALIeCTBYOIEe
ayCTEHUTHOE 3€pHO.

[0120]

Pasmep mnpeniuecTByIOIEro ayCTEHHUTHOTO 3€pHA, HACHTH(QHLMPOBAHHOTO B TOJE
3pEHUs], OMpeAessuICs MEeTOAOM OTpe3koB. B uactHocTH, kak mnokazaHo Ha @ur. 8, nBe
nuaroHanbHbIX TMHUM 101 npoBoaunuck B kBaapaTHoM node 3peHus 100 pasmepom 200 MM X
200 MxM. 3areMm ompeneysulach TOJHAs CyMMa KOJIWYECTBA OOJNACTEH TO3BTEKTOHIHOTO
LIEMEHTUTA, KOTOPbIE MEPECEKAOTCS C STUMH ABYMsl AHAroHaIbHbIMU JuHUsMH 101. 3atem
pasMep MpeaUIeCTBYIOLIEr0 ayCTEeHUTHOIO 3€pHa OIpenessuics C IOMOILIBI0  CleAyroLei
DopMy bl

[0121]

Pasmep mnpenlecTByOLEro ayCTEHUTHOIO 3€pHa=CyMMa MJIMH JABYX JHMarOHaJbHBIX
muani 101 (566 mKMm)/o0mee KONMMYeCTBO YaCTHULl OSBTEKTOMIHOTO LEMEHTHTA, KOTOPBIE
MEPECEKA0TCs C AUaroHaabHoM guHuen 101,

[VnapHoe ucnbitanue Hlapmu]|

BBLUI0 TOATrOTOBIEHO MHOKECTBO TeCTOBBIX 0Opa3uos [lapmu (10 MM x 10 MM x 55 mm),
uMmeromux xumudeckuii coctaB Cramum Ne 14 B Tabmuue 1. Dt TectoBble 0Opasmbl ObLIH

NOJABEPrHYTHl MOJIENUPYEMONH CTaguu HarpeBaHuss npu ropsuedl koke (Cragus 1) wu



33

MOJIEIMPYEeMOH CTanuu 3aKayiku pabodeit moBepxHocTH obona (Cranus 4), moka3aHHbIM Ha Dwur.
15. Mopenupyemasi ctanusi HarpeBaHus npu ropsiueit koske (Ctamus 1), nmokasanHas Ha Pur.
15, Oblna TOM K€ CaMOM, UYTO M MOAENHpYyeMas CTaausl HarpeBaHus npu ropsueit koske (Cramgus
1), nokazannas Ha @ur. 10 u 11. Mogenupyemast craaus 3akajku padoueil moBepxXHOCTH o0oaa
(Cranusa 4), nokazannass Ha Pur. 15, Obuta yCTaHOBIEHA B INPEANOJIOKEHHH, YTO TECTOBBIM
oOpasen; OXJIAKAANCS CO CKOPOCTBEO OXJIAKAEHHUs, NPU KOTOpOoW 4acTh oboma kojeca Oyner
OXJIAXKAAThCSI MPU 3aKajike 000Ja PeasbHOrO SKEeNe3HOAOPOXKHOrO Kojeca. B wacTtHocTH, Ha
MOIEIUPYEeMOi CTaaunu 3aKajaku padodeii mosepxHoct obona (Cranust 4) Ha Pur. 15 TecTOBBII
obpazen mocne Bbimepxkku npu 950°C B TeueHue 20 MUH TOTPYIKAJCS B COJIEBYKO BaHHY C
temrieparypoit 400°C u uzorepmuuecku Boiaepskuaics npu 400°C B teuenne 10 muH. 3aTem
TECTOBBI OOpas3el] TMocjae M30TEPMHUYECKONH BBIIEPIKKH OXJIAXKAANCS JO KOMHATHOH
temrieparypbl (25°C). Ucnonb3ys obpasipl ais tecta [llapnu, koTopble ObLIM MOABEPTHYTHI
BBIIIEONHCAHHON TepMoobpaboTke Ha Crammu | u Cragum 4, TeCT Ha YOApHYIO BSI3KOCTH IO
[Mapmu, cootBercTByromuii cranpapry JIS Z 2242(2005), mpoBoamicsi mpu KOMHATHOH
temrieparype (25°C).

[0122]

[Pe3ynbTatThl TECTA]

@ur. 12 npexacrasnsieT co0Oi TuarpaMmy, WUTIOCTPUPYIOMIYIO CPEIHUN pa3Mep YacTHULl
AIN s kaxpmoit MojenupyemMoi TemriepaTypel HarpeBa npu ropsaer koske (HP1 — HP4) B
TECTOBOM O0paslie Mocjie MOJASNIUPYEMOH CTauu HarpeBaHus npu ropsiueii koske (Ctaaus 1) u
nepes; MOAETUpyeMOi cranued 3akajiku padoueil moBepxHocTu oboma (Cramgus 2). Dur. 13
npenacTaBisier co00i nuarpaMMy, HILTFOCTPUPYIOIYIO cpenHuii pasmep dactunl AIN s kaxaoi
MOZEIMPYyeMOil TeMnepatypsl Harpesa mpu ropsuedi koke (HP1 — HP4) B TecroBom obpasie
1OCJIe MOIENUPYEMON CTaauu 3akanku padoueit moBepxHoctn oboma (Cramust 2). dur. 14
npencTaBisier coOOH AMarpaMMmy, HIUTIOCTPHPYIOLIYIO CPEAHHMH pasMep MNpeIIlecTBYIOLIEro
ayCTEHUTHOIO 3€pHa AJi KaXXIOW MOAENHPYEMON TemIepaTypbl HarpeBa IpHU Topsiueidl KOBKE
(HP1 — HP4) B TecToBOM 00Opa3iie mociie MOAETUPYEMOI CTaquu 3aKaiku pabodeit MOBEPXHOCTH
oboma (Cramust 3). @ur. 16 npexncrasisier coOOi AuarpamMmy, HLTIOCTPHPYIOLIYIO 3HAYEHHS
yaapHoro ucneitanus Hlapnu (I[)K/CMZ) IJIs1 KAKJIOH MOZENIMPYEMON TeMIepaTypbl Harpesa npu
ropsiueit koBke (HP1 — HP4) B TecroBoM oOpasie mocie MOAETUPYEMOH CTaJiuH 3aKaJIK{
paboueit moeepxHoctu oboma (Cragust 4). dur. 9 mnpexacrasiser coOOW aHArpaMmy,
WUTFOCTPUPYIOINYI0 COOTHOLIEHHE MEXAY CcpenHuM pasmepoM dactun AIN u pasmepom
MPEALIECTBYIOIIErO ayCTEHUTHOTO 3€pHA, OCHOBAHHYIO HA pe3yJbTaTax, MOKa3aHHbIX HA Pur. 13
ul4.

[0123]

Kak nokazano ma ®@ur. 12 u 13, korga Mopenupyemasi Temreparypa Harpesa IpHU
ropsiueit koBke Obuta paBHa 1200°C nnmn menbiie, AIN He MOTHOCTBIO PacTBOPSIICS, M OOJbLIAs
gacTh AIN ocTtaBanach Jaxke mocje MOAEIHPYEMOro HarpeBaHus npu ropsiueii koske (Cranus 1)
(@ur. 12). Ilo >Tol mpuUYMHE OCTaBaJoCh OOJbLIOE KonudecTBO rpydoro AIN, u cpenHuii

pa3mep dacTHl coctaisul Oonee 150 HM, TO €CThb OHM OCTaBaJMCh Kak BCErna rpyObIMU aaxe
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nocye Harpesanus (Pur. 13) Ha MozmenMpyeMoil CTaauu 3aKaiku padouell MoBepXHOCTH 00ona
(Cranus 2).

[0124]

B ornuume oT 3TOro, korga Monaeaupyemasi TeMIeparypa Harpesa IpU ropsideil KOBKE
obuta Beime 1200°C, ocratounoe konudectBo AIN (@ur. 12) mocne momenupyemoi CTaguu
HAarpeBaHUs MPU Topsiueli KOBKE YMEHbIIAJOCh, a koraa oHa Obuia Bbime 1250°C, AIN
MIOJTHOCTBIO PACTBOPSJICS. 3aTeM, €CIM MOJENUpyeMasl TeMIepaTypa HarpeBa Inpu ropsiueii KoBke
Obuta Oonbine uwem 1200°C, Beigensuioch Oojbimoe KoauuecTBOo Menkoro AIN, mpuBoms k
cpeaHeMy pasmepy ydactul 150 HM WM MeHbIE MOC/e HarpeBaHUs Ha MOAEIUPYEMOU CTaauu
3aKayku pabdouei mosepxHoctu obona (Pur. 13).

[0125]

Kaxk nokazano Ha @ur. 9, OCKOJIBKY cpenHuil pasmep dactull AIN yMeHbIIUICS, pa3Mep
NPELIECTBYIOLIEr0 ayCTEHUTHOIO 3€pHA TakKe yMEHbBIIMJCS. 3aTeM, KOrAa CpelHUN pa3Mep
gactur AIN craHoBuTCS paBHbIM 150 HM WM MeHbIIe, pa3Mep MPealIeCTBYIOMIETro
AyCTEHUTHOTO 3€pHa B JIOCTATOYHON CTEMEHH yMeHbLuaeTcs, 10 S0 MKM WJIM MEHbIIE. 3aTem,
KaK mokazaHo Ha @wur. 16, mo mepe Toro, kak cpemHuii pasmep dactuil AIN ymeHbmmaics,
ynapsas Bs3kocTh no lllapnu yBenmuuBanace, U Koraa cpenauii pasmep dactur AIN cocrasun
150 Bm nnu MeHnblne, yaapHas Ba3kocTh 1o Hlapnu cocrasuna 10 I[)K/CMZ, [IOKAa3bIBasi, 4YTO €11e
OoJee mpeBOCXOAHASA yAapHas BI3KOCTb MOXKET OBbITh TOJIy4€Ha JUIS JKEJNIE3HOIOPOKHOTO KOJIeca.

[0126]

Bele ObliM OnMUCaHbI BApUAHTHI OCYLIECTBIEHHs HacTOsero usodpereHus. OmHakKo
BBILICONKUCAHHBIE BAPUAHTBI OCYILUECTBJIEHUs SIBJSIIOTCS MPOCTO MPUMEpPaMU OCYIUECTBIICHHUS
HacTosiero n3ooperenust. ClienoBaTeNbHO, HACTOsIIIEe H300peTeHne He OyeT OrpaHuYnBaThCS
BBIIICONNUCAHHBIMI BapHAHTAMH OCYLIECTBJIEHHUS, W MOXET OBbITb OCYILIECTBJIEHO IyTeM
HNOAXOSIIIEeH MOAU(UKAIIMY BBILICONNCAHHBIX BAPUAHTOB OCYINECTBJECHUS] BHYTPH HEKOTOPOTO
JUana3oHa, He OTCTYMAOLIEro OT AyXa HACTOSIIEro H300peTEHMSI.

CTIMCOK CCBIJIOYHBIX OBO3HAUYEHUI

[0127]

1 — Xene3aHogopoKHOE KOJIECO

2 —YacTb BTYJIKU

3 —Yactb qucka

4 —Yacte obopa koneca

41 — Pabouas moBepxHOCTb 000/

42 — Pebopna
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POPMYVYJIA U3OBPETEHUA

1. JXKene3Honopo:KHOE KOJIECO, UMEIOIEE CIAEAYOIUN XUMUYECKUI COCTaB, COCTOSALIMNMI
u3, B Mac.%:

C: 010,80 no 1,15,

Si: 0,45 unu MeHblIe,

Mn: ot 0,10 o 0,85,

P: 0,050 unu meHbIire,

S: 0,030 uau MeHbIIIe,

Al: ot 0,120 no 0,650,

N: ot 0,0030 mo 0,0200,

Cr:or0 100,25, m

V:010 000,12,

C OCTaTKOM U3 JKeJie3a U MpUMeceil, B KOTOpOM

KOJIMYECTBO JIO3BTEKTOMIHOTO LIEMEHTHTA, KOTOPOE€ OIpenessieTcss C IOMOLIBIO
BbIpakeHust (1), B MUKPOCTPYKType JKEJIe3HOIOPOKHOTrO Kojieca cocrapisieTr He Oonee 1,50
wt./100 MKM:

KommnuectBo nosBrekronaHoro nemMenTura (mr./100 MKkM) = mosHas cymMma KOJIMYeCTBa
o0yacTeil JO3BTEKTOMIHOTO IIEMEHTUTA, KOTOPBIE IEPECEKAIOTCS C JABYMsSl JHArOHAJIbHBIMH
JVHUSMH B KBaJIPATHOM ToJie 3peHust pazmepom 200 Mxm x 200 mxm / (5,66 x 100 mxm) (1).

2. XKene3HonopoKHOE KOJECO MO M. 1, B KOTOPOM

cpennuii pazmep dactull AIN B MUKpPOCTPYKTYpe cocTaBisgeT 150 HM WM MeHbLIE.

3. JKene3HomopoxHOe Koseco no 1. 1 unu 2, B KOTOpoM

XHUMHYECKHI COCTAaB CONEPIKHUT:

Al: ot 0,120 mac.% mo 0,350 mac.%.

4. XKene3HOmMOPOKHOE KOJIECO MO JII0OOMY U3 M. 1-3, B KOTOpOM

XUMHYECKHI COCTAaB BKJIIOYAeT B ceOsi ONWMH WM OoJjiee 3JIEMEHTOB, BbIOMPAEMBIX W3
IPYNIBI, COCTOSALIEH U3:

Cr: ot 0,02 mac.% 1o 0,25 mac.%, u

V: ot 0,02 mac.% g0 0,12 mac.%.

ITo noBepeHHocTH
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