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BO3HMKHOBEHHE BTOPHYHOTO IleMeHTHTa. [Tocne Harpesa nonydabdpukara, conepxaiiero 0,80-1,15 mac.%
C, 1m0 Temmeparypsl IMpeBpalleHHss HE HIKE TEMIEPaTyphl Ay, €ro OXJIKAAIOT TaKUM O0pazoM,
4TOOBI CKOpPOCTH OXJakaeHHs B nauanasonHe 800-500°C ynmoieTBOpsia CIEIYIONIMM YCIOBUSIM: Ha
MOBEPXHOCTSX, OTIMYAIONIMXCS OT IOBEPXHOCTH KaTaHUs M TpeOHs, oHa Obuta He Ooixee Fnl,
orpezaensseMoro BeipaxkeHneM (1), B Toi 30He, I7ie CKOPOCTh OXJIAXKICHUS SBISETCA MUHUMAIILHOM, OHA
6pu1a He MeHee Fn2, onpenensiemMoro BelpakeHHeM (2), ¥ Ha TOBEPXHOCTH KaTaHMs U rpeOHs oHa Oblia
He MeHee Fn2:

Fnl = -5,0+exp(5,651-1,427%xC-1,280x81-0,7723xMn-1,815xCr—
1,519xA1-7,798xV) (1),

Fn2=0,515+exp (-24,816+24,121xC+1,210x51+0, 529xMn+2, 458xCr—
15,116xA1-5,116xV) (2).
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OIIMCAHME WM3OBPETEHNA
2420-559034EA/045
CIIOCOE MBT'OTOBJIEHMA XEJIESHOIOOPOXHOI'O KOJIECA M XEJIEZ3HOIOPOXHOE
KOJIECO

OnucaHme

OGJjiacThE TeXHUKU

[0001]

Hacrosmee wm300peTeHMe OTHOCUTCH K CIOCO0Y M3TOTOBJIEHUS
KEeJIE3HONOPOXHOT'O KOJIECA UM XEeJIE3HOINOPOXHOMY KOJIECY .

[IpeONOCHNIKM COBIOaHMsS M3o00peTeHus

[0002]

Kejle3HODOPOXHOE TPaHCIIOPTHOE CpencTBO repeMenmaeTcs 1o
peJibcam, oBpa3ynlrM XeJle 3HOIOPOXHBIN nyTh. KeJle3HOOOPOXHOE
TPaHCIIOPTHOE CPeICTBO BKJOUAET MHOXECTBO XeJIe3HOOOPOXHEIX KOJIecC.
XKeJjle3HOMOPOXHOE KOJIeCOo ofecreurBaeT OIOpYy DTOMY TPaHCIOPTHOMY
CpenOCTBY, KOHTaAKTUPySd C PeJbCoOM, UM IepeMellaeTcsa I[I0 peJbly,
KaTAChk IO HeMy. lM3—3a KOHTaKTa C pPeJIbCOM XeJIe3HOILOPOXHOEe KOJIeCO
M3HalMBaeTCAd. Hiad [DOBHIEeHUS HSOOeKTUBHOCTU TPAHCIOPTUPOBKMU  IIO
XKeJIe3HOM mopoTre CcTapalTcsa YBEeJIMUMTL BeCc TIpy3a, IIepeBO3UMOTO
XKeJIe3HOOOPOXHEM TPAHCIOPTHHM CPEeICTBOM, U YBEJIVWUUTHL CKOPOCTH
2TOT0 TPAHCIOPTHOIO CpelCTBa. Ilo3TOMy CYyIecTByeT IHOTpeOHOCTHL B
[IOBHIIEHNM M3HOCOCTOMKOCTM XKeJIE3HOOOPOXHEX KOJIeC, MCIIOJb3YEMBX B
XKeJIe3HOOOPOXHOM TPAHCIIOPTHOM CpPeICcTBE.

[0003]

TexXHOJIOTUH, obecrneuuBammme I[IOBHIIEHUE M3HOCOCTOMKOCTH
XKeJIE3HONOPOXHOTO KoJieca, IMNPpenJIOXeHH B ONyOJMKOBAHHOM 3asBkKe Ha
AIIOHCKUM raTeHT Ne 09-202937 (TlaTeHTHBIM OOKYMEHT 1),
Oy DJIMKOBaHHOM 3ag9BKe Ha ANIOHCKUM IaTeHT Ne 2012-107295
(IlaTeHTHHEM OOKYMeHT 2), ONyOJIMKOBAHHOM 3asgBKe Ha SIOHCKMM IIaTeHT
N 2013-231212 (IlaTeHTHHM OOKYMEeHT 3) U OINyOJIMKOBAHHOM 3agBKe Ha
ATIOHCKMM IaTeHT N 2004-315928 (IlaTeHTHBM IOOKYMeHT 4).

[0004]

XeJle3HOOOPOXHOE KOJIeCO, OINMCaHHOe B IlaTeHTHOM IOOKyMeHTe 1,

cocToMT U3 CcJenyomero (B mMac.%): 0,4% - 0,75% C, 0,4% - 0,95%
si, 0,6% - 1,2% Mn, 0-0,2% wmiau MeHee Cr, 0,03% mamu MeHee P mu
0,03% miam mMeHee S, ocTallbHOe - Fe ¥ HemzOexHBHEe IIPUMECH. B 3ToOM

KEJIE3HONOPOXHOM KoJlece OOJIaCTh OT I[IOBEPXHOCTM KaTaHMA 0O ITUIYyOMHE
10 MeHbmeM Mepe 50 MM HO CTPYKType COCTOUT M3 HepMTa. Crnocod
M3TOTOBJIEHUSA KeJIE3HONOPOXHOTI'O KoJieca B IlaTeHTHOM HOokyMeHTe 1

BRJIOUaeT STall 3akKaJlkKK, Ha KOTOpOM IIOBEPXHOCTE KaTaHMA KoJieCa



oxJlaxmamoT ~TakyM o0pa3oM, UTOOH KpMBasg OXJAXIEHVS IJIS STOou
[IOBEPXHOCTHM IIPOXOOuUJla Yepes 30HY o0pa30BaHMA IepJMTa Ha KPUBOU
NpeBpameHnsa IPpYM HEIPEePHBHOM OXJIaXIeHWM, ¥ HaxXOoIWUJIaChk Ha CTOPOHE

BoJsbmen OJIMTEJIEHOCTM I10 BpeMeHN oT KpMBOﬁ MapTeHCUMTHOTI'O

[IpeRpalleHn .

[0005]

Kelle3HODOPOXHOE KOJIECO, OIMCaHHOe B IlaTeHTHOM -IOKyMeHTe 2,
MMeeT CcJelyoluM XMMMUecKMM cocTaB (B Mac.%): 0,65% - 0,84% C,
0,02% - 1,00% si, 0,50% - 1,90% Mn, 0,02% - 0,50% Cr, 0,02% -
0,20% V m 0,04% miam MeHee S, ocCTajlbHOoe - Fe u OpuMecH, I[IPUUEM

comepxaume P < 0,05%, Cu £ 0,20% m Ni £ 0,20%. KpomMe TOTO, IJ4d
XVMMUECKOTO COCTaba COOJIIanTCAa CJenyllye COOTHOIEHMI:

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

0, 76xexp (0, 05xC) xexp (1,35xS1) xexp (0, 38xMn) xexp (0, 77xCr) xexp
(3,0xMo) xexp (4, 6xV) < 25

B IlaTeHTHOM HOOKYMeHTe 2 VYTBepXOaeTCcd, UYTO IIpU CcoOJnIeHUN
YKasaHHEIX BHIIEe XMMMUECKOT'O COCTaBa M COOTHOMEHUM CTajlb MOJid
KEeJIE3HOOOPOXHOTO KoJieca [I0O3BOJIAET 00eCIleunTh [IPEeBOCXOOHEE
MB3HOCOCTOMKOCTL, YCTAJIOCTHY CTOMKOCTE B KOHTaKTe KaueHUS U
CTOMKOCTL K BHKPANMBAHUIO.

[0006]

XeJjesHoOoopoXHOE KOJIECO, OIMCaHHOe B I[laTeHTHOM MOOKYMeHTe 3,
cocToMT U3 CcJenyomero (B mMac.%): 0,65% - 0,84% C, 0,4% - 1,0%
si, 0,50% - 1,40% Mn, 0,02% - 0,13% Cr, 0,04% mim mMeHee S, 0,02%
- 0,12% V, ocrajJbHOe - Fe u npumecu, nopuueM Fnl, pacCUMTHEBAEMHLM
nmo dopmyJie (1), cocTaBJageT oT 32 mo 43, u Fn2, pacCUuMTHBAaEMBI II0
OopmyJie (2), He mnpeBomaeT 25. ®opmysa (1) 4BJISeTCS CIenOyllen:

Fnl=2,7+29,5C+2,98i+6,9Mn+10,8Cr+30, 3Mo+44, 3V

u dopMmyJia (2) 4aBJageTcs clJenyiomen:

Fn2=exp (0, 76) xexp (0, 05C) xexp (1, 3551) xexp (0, 38Mn) xexp (0, 77Cr
) xexp (3, OMo) xexp (4, 6V) .

B IlaTeHTHOM HOKyMeHTe 3 YyTBepXmaeTcs, UYTO CTajlb OJI4d
KEeJIE3HOLOPOXHOTO KoJieca [I03BOJIAET 0BecneunTh IPeBOCXOIHEE
M3HOCOCTOMKOCTL, YCTAJIOCTHYK CTOMKOCTL B KOHTaKTe KaueHUA U
CTOMKOCTL K  BHKpallMBaAHUIO, ecJaM OHa ¥MMeeT VYKa3aHHHM  BHIIe
XVMUYUEeCKUM cocTaB, a Fnl u Fn2 yIOBJIETBOPADT YKa3aHHLEM BHIIE
COOTHOIMEHU M.

[0007]

XeJjlesHODOPOXHOE KOJIECO, OIMCaHHOe B IlaTeHTHOM HOOKyMeHTe 4,

InpeocraBjidaeT coboM lieJIbHOe KOJIeCco KeJIESHOOOPOXHOI'O TPaHCIIOPTHOI'O



cpencTea, cocTodllee M3 CTalM, MVMeKmel cJeIyiluli XUMMUUeCKUN
cocTaB (B Mac.%): 0,85% - 1,20% C, 0,05% - 2,0% Si, 0,05% - 2,0%
Mn wm, ecamu HeoOXOoOMMO, 3apaHee OIpelneJIeHHOEe KOJMUECTBO OIHOTO
i O6oJiee M3 CJAelIyRNMX XVMMHUUeCKMxX 2JemMeHToB: Cr, Mo, V, Nb, B,
Co, Cu, Ni, Ti, Mg, Ca, Al, Zr m N, ocTalbHoe - Fe u HeuzdbexHhe
IpuMecH, IIprUeM IO MeHbIIelM Mepe UYacTh IIOBEPXHOCTU KaTaHug u/Wian
[IOBEPXHOCTM TI'pebHA KoOJIleca II0 CTPYKType COCTOUT U3 IepjmuTa. B
[laTeHTHOM IOOKyMeHTe 4 yTBepXIOaeTcsd, UYTO CPOK CJyXOHE KoOJIeca
KeJIe 3HONOPOXHOT'O TPAaHCIOPTHOT'O CpencTBa  3aBUCUT OT CTEelleHn
M3HOCa I[IOBEPXHOCTM KaTaHMAa M IIOBEPXHOCTM I'pebHA (abzawn [0002]

[laTeHTHOT'O IOOKYMEeHTa 4) n, KpoMe TOI'O, 3aBUMCHUT OT HaJIMuMA TpellH

Ha BTUX [IOBEPXHOCTAX, BOBHMKHOBEHNE KOTOPHIX 0By CJIOBJIEHO
yBeJInUeHeM BHIOEJIEHU A TEeI1JIO TH pu TOPMOXEHUN B ciydae
BHICOKOCKOPOCTHOM  XeJIE3HOIOPOXHOM  MaTruCTpaJiM. B HeM Takxe
YTBepXIaeTcs, UYTO B CJydae, KoI'Za KOJIeCO XeJIe3HOIOPOXHOTO

TPAHCIOPTHOTO CpenCcTBa MMeeT VYKa3aHHYK BHIle CTPYKTYPY, MOXHO
YMEHBIIMTL M3HOC M He OONYCTUTE BO3HMKHOBEHUA TEepMUUECKUX TpPelUH
Ha [IOBEPXHOCTM KaTaHMA M IIOBEPXHOCTU T'pelHA.

CrMcok JIUTEepaTYPH

[laTeHTHasg JuTeparypa

[0008]

[IaTeHTHE @»OokyMeHT 1: Ony6iMKoOBaHHas 3agBKa Ha SIOHCKUM
maTeHT N 09-202937

[IaTeHTHEI @»OOKYMeHT 2: Ony6JMKoBaHHas 3agBKa Ha SIOHCKUM
maTeHT N 2012-107295

[IaTeHTHEM @»OOoKyMeHT 3: Ony6JMKoBaHHas 3agBKa Ha SI0OHCKUM
maTeHT N 2013-231212

[IaTeHTHEM @»OokyMeHT 4: Ony6JMKoBaHHas 3agBKa Ha SIOHCKUM

rnaTe”"T Nt 2004-315928
HellaTeHTHag JUTeparypa
[0009]

HenmaTeHTHHM pokyMeHT 1: F. Wever et al., Zur Frage der

Warmebehandlung der Stahle auf Grund ihrer Zeit-Temperatur-
Unmwandlungs—-Schaubilder, Stahl u Eisen, 74 (1954), ctp. 749-761
CymHOCTE MBoOpeTeHUs
TexHuueckad nOpobjeMa
[0010]

B KeJIESHOIOOPOXHEIX KoJleCcaXx, OIIMCaHHEIX B YKa3aHHEX BHIIIE

[IaTeHTHHX JOKyMeHTax 1, 2 M 3, M3HOCOCTOMKOCTL IIOBHIIAIT 3a CuUeT

aAKTVMBHOI'O COIOepPXaHMAd B COCTaBe V. OmHako IIprM IIpMMEHEHNWNM STUX



M3BECTHEX M3 JOKYMEHTOB YPOBHSA TEeXHMKM XeJIe3HOOOPOXHHX KOJIeC OJg
TPY30BOTO XKeJIE3HOOOPOXHOTO TPAaHCIIoOpTa, IOe TpedylonTcsa yBeJlndeHUe
Beca TIpys3a M IIOBHIeHMEe CKOPOCTM, He Bcerga MOXHO oDecleuuTh
OOCTATOUHYI M3HOCOCTOMKOCTL.

[0011]

B To e BpeMsa XeJIe3HOINOPOXHOe KOJIeCO, OIMcCaHHoe B IlaTeHTHOM
OOKyMeHTe 4, WM3TOTOBJIEHO M3 3asBTEeKTOMOHOM CTaJlM, B KOTOPOW IIO
CpaBHeHMIO C IlaTeHTHBEIMM IOOKyMeHTaMu 1, 2, 3 yBeJMUeHO coIepXaHue
C. Korma »TO XeJIE3HOIOPOXHOE KOJIECO IPMMEHSIeTCd IJIS I'PYy30BOTIO
KeJIE3HONOPOXHOTO TPAHCIIOPpTa, I'Ide TpedylnTca yBeJIMUeHMe Beca Ipy3a
u [IOBHIIEHYE CKOpPOCTH, IOTEeHIMAJIBHO BO3MOXHO o6ecrneunThb
OOCTAaTOUHYI M3HOCOCTOMKOCTE.

[0012]

IIpu STOM  HOaHHOEe  XeJIe3HOIOPOXHOEe KOJIECO U3TO0TaBIMBAT
OpuBeleHHHM Oajlee oOpas3oM. BueT (KpyIUlyld 3aTlOTOBKY) INOOBepIrapT
obpaboTke B TOpsAYeM COCTOSHMM C TIIOJIydeHMeM LHoJydabpukara,
uMenmero GopMy KeJIE3HOOOPOXHOTO KoJieca. IIoJIydeHHHM IoJIydhadpukarT
IoaBepralkT TepMUueckol obpaboTke (3akKajlke IIOBEPXHOCTM KaTaHudg) .
[Ipy 3akajike IIOBEPXHOCTM KaTaHMsA, I[IOoCJie HaTpeBa HoJiybabpukaTa Ha
€70 IIOBEPXHOCTH KaTaHMA M I'pebeHb PAacCbUIAT OXJIaXIallyl BOOY IJiA
ux OHCTPOTO oOXxXJaxneHud. OTMeTMM, UTO IIPM OHCTPOM OXJIaXIeHUN
[IOBEPXHOCTHM KaTaHusa ¥ TIpedHS Takxke OXJaxXIalonTcd uYacTb CTyIulla u
yacThs IOMCKa. B pes3yJjbTaTre B CTPYKTYPe MaTPMUB BHEMHeIO CJIoH,
HaxoOsamerocsa HeNOoCPeIOCTBEeHHO II0O IIOBEePXHOCTBLI KaTaHusI, U B
IPUIIOBEPXHOCTHOM UYacTu TI'pedHsS obpal’yeTcsad MeJIKOBEPHUCTHHM IIepJIUT,
VIMEMMY BEHCOKYID M3HOCOCTOMKOCTD .

[0013]

OoHako BO BHemHeM CJioe, HaxXoOdmeMCs HelloCpeICTBeHHO oI
[IOBEPXHOCTLI0 KaTaHMsa, ¥ B IIPUIOBEPXHOCTHOM UYacTM TI'pedHS TIoce
3akKaJIkM IIOBEePXHOCTHM KaTaHMS Hal CJOeM MeJIKOZEepHUCTOTO IIepjmMTa
Takke ofOpasyeTcda CJOM MapTeHcuTa u/miam OelHuTa. [ajlee CJIOH,
COCTOSAMMUM U3 MapTeHCHUTa u/uiaM OelMHMTa, KOTOPHIM BO3HMKAeT BO
BHEMHEeM CJiloe Yy IIOBepPXHOCTM KaTaHMS UM BHEMHeM CcJioe TIpebHa Opu
OBICTPOM OXJIAXIOEHUM 5STUX IIOBEPXHOCTM M TI'pebHA IIocJe TepMUUeCcKOoM
oBbpadboTKyY, HazBEBaeTCHd "3akaJIieHHEM cJioeM". IIpr  MCHOJIB30BaHUU
KeJIe3HODOPOXHOTO KoJleca, MMeomeIl'd 3akKaJleHHHM CJIOM BO BHEIMHEM
cJjoe 'y IIOBEepPXHOCTM KaTaHMSa UM BHemHeM CcJjioe TI'pebH4g, 2TOT
3akKaJIeHHHM CcJioM OyIeT IIoOBepTraThbCd M3HOCY BO BpeMd SKCILIyaTallu
KOoJIeca. ITo STOM opuurHe opu TPaIMLUMOHHOM V3TOTOBJIEHUN

KeJIe3HODOPOXHOTO KoJleca 3akKaJleHHHM CJIOV, BOSHUKIIMM BO BHEIMHEM



CJIoe Yy TIOBEPXHOCTM KaTaHMAg M BHEMHEM CJIoe TpebHsA, YIOaJdoT IYTeM
oBpaboTkKM pe3aHueM, UYTOOH Ha I[IOBEPXHOCTHL KaTaHMAg U IIOBEPXHOCTH
TpebHa noJdydadbpukaTa KeJIE3HOIOPOXHOTO  KOoJIeca  IIocJIe 3aKaJIku
IIOBEPXHOCTM KaTaHMA OTKPHTL MEeJIKO3EPHUCTHM IM[IepJMT. B pesyibTaTe
BHIIOJIHEHMSA OIIMCaHHOTO IIpollecca W3TOTOBJIEHUSA IIOJydarnT OOBUYHOE
KeJIe3HONOPOXHOE KOJIECO.

[0014]

OmHakKO B pes3yJibTaTe MCCJIelOBaHMs, BHIIOJJHEHHOT'O aBTOpaMu
HacToAmero m300peTeHusda, OBJIO OOHaApPyXeHO, UYTO B CJlydae, KoI'ga
KeJIE3HODOPOXHOEe KOJIeCO COCTOMT M3 3asBTEeKTOMOHOM CTajM, Kak B
[TaTeHTHOM HOOKYMeHTe 4, IOIpM MCIOJBb30BaHMM OOBUHOTO crocoba moJsd
M3TOTOBJIEHMA DTOTO KOJIeCca MOXeT VYXYIOIUTLCHA YyIOapHasd BSA3KOCTHb
YyacTy CTYIMUE M 4YacTu OUcKa. [OJjag OOBUYHOT'O XeJIE3HOIOPOXHOI'O
KOJleca, IIpu TOM, UTO CTPYKTypa I[IOBEPXHOCTM KaTaHMAd U TIT'pedHA
BXOOAIMX B COCTaB dYacTu oboma OwvJla WM3ydeHa C LeJb I[IPpONJIeHMA
Cpoka CITY XOBL KeJIEe3HONOPOXHOT'O KoJleca, He OBLIIU IpoBeIeHH
MCCIeIOBaHMAd HallpaBJIeHHHE Ha CTPYKTYPY UYacTM CTYIMIE W 4YacTH

OVICKa XeJIESHOIOPOXHOI'O KOJIeCa.

[0015]
Bamauva HacToAmero n300peTeHNns - NPenJIOXUTE croco®
U3TOTOBJIEHNA KeJIe3HOLOPOXHOTO KoJeca, 1O 3BOJIAKIUNA

I'apaHTHPOBaHHEIM O@pBBOM I10JIy4YaThb KeJIEeSHOOOPOXHOE KOJIeCO nus
3asBTEKTOMUIHOM cTaJirm, MVMeplmee IIPeBOCXOIHYI YIapHYKK BA3SKOCTE, a
TarkXe IPpedJIOXMTE TaKoe XeJIE3SHOIOOPOXHOEe KOJIeCO.

YcTpaHeHre OpoBJieMH

[0016]
Crioco® M3TOTOBJICHNUA KEeJIE3HOTOPOXHOTO KoJeca,
COOTBETCTBYINNA OOHOMY BapMaHTy OCyIleCTBJIEHUA HacToAmero

n30bpeTeHnUsa, BKJIOUAET »Tall Har'peBa M 5»Tall OxXJaxXIeHusa. Ha »Tarne
HarpeBa OoJydadpuKaT KeJe3HOOOPOXHOTO KoJeca, MVMeRIUM cJedyomui
XUMUUECKHMM coCcTaB, cCcocTosmmMM M3, B Mac.3: 0,80% - 1,15% C, 1,00%
nin ™MeHee Si, 0,10% - 1,25% Mn, 0,050% miam wmeHee P, 0,030% wmim
MeHee S, 0,025% - 0,650% Al, 0,0030% - 0,0200% N, 0% - 0,060% Cr,
0% - 0,12% V, ocTajgbHoe — Fe u OpuMecH, ¥ BKJIOYAMMUNA UYaCTb
CTYIMIIE, 4YacTb o0oIa, MMeKIyk IIOBEPXHOCTL KaTaHMA U TpebeHb, U
YacThk OMCKa, PACIOJIOKEHHYK MeXIy YacThbl CTYIMIE M dYacTbil obona,
HarpeBawT IO TeMIEpPaTypH IIpeBpaleHrsd He HWKe TeMIepaType A
(°C). Ha »sTame oxJaXmeHMs OOJIydDadprkaT oOxXJaxmoailoT TaKMM o0pasoM,
uTo

CKOPOCTL OXJaxkiIeHus B OuanasoHe 800°C - 500°C Ha ero



IIOBEPXHOCTAX, OTIMYAKIMUXCS OT I[IOBEPXHOCTM KaTaHMA ¥ IIOBEPXHOCTHU
TpeBHd, Owla He OoJjiee Fnl °C/c, ompemessgeMoro BopaxeHuem (1),

CKOPOCTL OXJlaXOeHrd B Ouanasode 800°C - 500°C B Tom
oBJlacTM, B KOTOPOM CKOPOCTH OXJIaXIeHUS HABJISeTCS MUHMMAJILHOM B
YIIOMAHY TOM noaydpabpukare, cocTapJidgeT He MeHee Fn2 °C/c,
onpeneyigeMoro BrlpaxeHueM (2), u

CKOPOCTEL OXJIaXIeHMUsT B  OUala30He goo°c - 500°C Ha
IIOBEPXHOCTHU KaTaHusg u IIOBEPXHOCTHU TpebHS YIIOMSAHYTOTO
nojnybabpukaTa CcocTaBJgeT He MeHee Fn2 °C/c:

Fnl = -5,0 + exp(5,651-1,427xC-1,280xSi-0,7723xMn-1,815xCr—
1,519xA1-7,798xV) (1)

Fn2=0,515+exp (-24,816+24,121xC+1,210xS1+0, 529xMn+2,458xCr—
15,116xAl1-5,116xV) (2), npruyeM KaX IO CUMBOJI BJIEMEHTAa B
BHIpaXeHN IX (1) u (2) T1noka3HBaeT CcoOepXaHMe COOTBEeTCTRYIIETO
3JIeMeHTa B Mac.S%.

[0017]

XKeJle3HOODOPOXHOE KOJIECO, COOTBETCTBYKIlee MHOaHHOMY BapMaHTY,

YMeeT CcJelyllui XMMMUeCKMM CcocTaB, cocTogmmy m3, B Mac.$: 0,80%

- 1,15% ¢, 1,00% wmim w™meHee Si, 0,10% - 1,25% Mn, 0,050% wuam
MeHee P, 0,030% wmiam wmMmeHee S, 0,025% - 0,650% Al, 0,0030% -
0,0200% N, 0% - 0,60% Cr, 0% - 0,12% V, ocTajJlpHOoe - Fe u

IpuMecHu, ¥  BKJIOUaAeT YacThb CTYIIMLEL, Jyacte oboma, VIMENTYI0
[IOBEPXHOCTL KaTaHMsA U TpedeHb, M UYacCThk OMCKa, PaCIOJIOXEeHHYI
MeXOy UYacCThbl CTYIMIE M 4YacTbl oboma. B MHUKPOCTPYKTYPE CTYIIMIIH
OOJIA TILJIomaiy IepJMTa cocTaBjgeT 95% wmam ©0oJjiee, U KOJUUECTBO
BTOPUUHOTO ILIEMEHTUTAa (DOBPBTEKTOMOHOTO ILIeMeHTMTa OT aHIJI. -
proeutectoid cementite), onpeneJjieHHOe TIIO TIPMBEOEeHHOM  HmajJiee
dopmyie (A), He [IpeBHIIAET 1,0 yaCTHUIIEL Ha 100 MKM. B
MUKPOCTPYKType 4YacTM IOUCKa OOoJIid IJoWaly IepJinTa cocTaBjdgeT 95%
iy ©oJjiee, ¥ KOJMUECTBO BTOPMUHOTO IEMEHTUTa, OIpeleJIeHHOe IIO
IpuBeleHHOM najiee OdopmyJe (A), He mnpeBmmaeT 1,0 uyacTuuel Ha 100
MKM . B MMKpOCTpPYKTypEe JacTu oboma OOJIg rJiomann nepamnTa
cocTaBJageT 95% wmiam OoJjiee, U KOJUUECTBO BTOPUUHOTO IIEeMEeHTHUTA,
ollpeneJieHHOe IIO0 IIpMUBeIeHHOW najiee ®opMmyJe (A), He nOpeBwmaeT 1,0
vyacTuuel Ha 100 MKM, T'Oe

KoJIMuecTBO BTOPMUHOTO LieMeHTHUTa (dacTui/100 wMxM) = ofmee
KOJIMYECTBO YaCTUI BTOPMYHOTO IIEMEHTHTa, UYepes KOTOPHE IMIPpOXOOAT
IBe OuaroHalJl¥ B KBagpaTHOM IoJjie 3penus 200 mxm x 200 mxm/ (5,66 x
100 mxM) (A).

[IpeuMyeCcTBa M300peTeHnd




[0018]
Crioco® M3TOTOBJIEHNUA KeJIe3HOOOPOXHOTO KoJeca,
COOTBETCTBYINNA HacTodleMy n300peTeHuo, IIO3BOJIAET

TapaHTHUPOBaAHHEM oBpa30oM IIOJydaTh  XKeJIe3HONOPOXHOEe  KOJIeco U3
3a3BTEeKTOUIHOM cranmu, KoTOopoe VMeeT IIPEeBOCXOIOHYIO YIapHYIO
BA3KOCTGE .

KpaTKoe OIIMCaHMne qepTexeﬁ

[0019]

Ha Oour.l npmuBeIeH pa3pe3 IIpM CeUYeHMM ILJIOCKOCTBI, MIPOXOLAmeN
napajijieJIJbHO LIeHTPAaJIbHOM OCU XeJIe3HOINOPOXHOTO KOJIeca.

Ha O&wmr.2 mnpuBeneHa OuarpaMMa, WUIOCTpMPYyKOIas CBA3b MeXOy
TBEePIOOCTBhID XEJIe3HOIOOPOXHOTO KOoJleca II0 BMKKepCcy M CTelleHbI M3HOCa
3TOTO KOJleca, OIpeleJIeHHOM TIIPpM MCHHTaHMM Ha M3HOC IIO CXeMe
Nishihara.

Ha Oomur.3 cxeMaTHM4YHO IIOKas3aHO MCIHETaHMe Ha M3HOC II0 CXeMe
Nishihara.

Ha @&wur.4 npuBeleHa OuarpamMMa, WUIOCTpUpYyKIas CBSA3b Mexny
comepxaHueM C, CKOPOCTBI OXJIaXIOeHMSa M HaJlMuMeM 3aKaJIeHHOTO CJIoA
M BTOPMYHOTI'C ILIEMeHTUTa, KOoTopad IoJIydeHa Ha OCHOBE pe3yJIbTaToB
VCIHTaHMA Ha TepMUUeckyln o00paboTKy, UMUTUPYKRIEIO TepMUUEeCKYIO
00paboTKy IIPU MITOTOBJIEHUM XKeJIESHOIOPOXHOTO KoOJeca.

Ha dur.5 IIpmBeleHa JMarpamMMa, MJIJIDCTPHPYIIa g CBA3b MeXIOy
comepxaHueM Si, CKOPOCTBLI OXJAXIEHMS M HaJIMuMeM 3aKaJIeHHOTO CJIoA
M BTOPMUYHOI'O ILeMeHTUTa, KOTOpad IIoJIydeHa Ha OCHOBe pe3yJIETaTOB
VCIIEITaHM A Ha TEePMNMUIECKYIO o@pa@oTKy, VM THUPYRIeI'O TEepMNMUYEeCKYIO
00paboTKy MIPM MITOTOBJIEHUM XKeJIESHOIOPOXHOTO KoOJeca.

Ha &wur.6 npueelleHa OuarpaMMa, WUIOCTpUPYKILAas CBSA3b MeXOy
comepxaHrueM Mn, CKOPOCTLI OXJAXIEHMS M HaJIMuMeM 3aKaJIeHHOTO CJIoA
M BTOPMYHOI'O LeMEHTUTa, KOTOpad IIoJIydeHa Ha OCHOBe pe3yJIETaTOB
VCIEITAHMA Ha TepMUMUecKyn o0padoTky, UMUTUPYIIETO TepMUUeCKYI
00paboTKy MIPM MITOTOBJIEHUM XKeJIESHOIOPOXHOTO KoOJeca.

Ha dur.7 IIpmBelleHa 1IMarpaMMa, VJIJIRCTPpHPYIad CBA3b MeXnOy
comepxanueM Cr, CKOPOCTLI OXJaXIeHMS M HaJIMuMeM 3aKaJIeHHOTO CJoA
M BTOPMYHOI'O LeEMEHTUTa, KOTOpad IIoJIydeHa Ha OCHOBe pe3yJIETaTOB
VWCHOBEITAHMA Ha TepMUUecKyn o00padoTkry, UMUTUPYRIETO TepMUUeCKYI
006paboTKy IIPM M3ITOTOBJIEHUM XKeJIe3HOIOPOXHOTO KoJeca.

Ha dur. 8 IIpmBelleHa 1IMarpaMMa, VMJIJIRCTPpHPYRIaAd CBA3b MeXnOy
comepxanrueM Al, CKOPOCTLI OXJAaXIEeHMS M HaJlMuMeM 3aKaJIeHHOTO CJIoA
M BTOPMYHOI'O LEeEMEHTHUTa, KOTOpaAd IIoJIydeHa Ha OCHOBe pe3yJIETaTOB

VICIIEITaHW A Ha TEPMNMUIECRYIO O@paGOTKy, VMV THPYRIIEIT'O TEePMNMUYECKYIO



00paboTKy NIPU MITOTOBJIEHUNM XeJIe3HOLNOPOXHOI'O KoJieca.

Ha &wur.9 npueeleHa OuarpaMMa, WUIOCTpHUPpYyKRILas CBA3b MeXOy
comepxaHreM V, CKOPOCTBK OXJIaXIOeHMsa M HaJlMdMeM 3aKaJIeHHOT'O CJIoA
M BTOPMUHOI'C LeMeHTUTa, KoTopad IoJiydeHa Ha OCHOBE pe3yJibTaToB
MCIHTaHUA Ha TepMUUeckyln 00paboTKy, UMUTHUPYRIEIO TepMUUeCKYIO
00paboTKy NIPM MITOTOBJIEHUM XeJIe3HONOPOXHOI'O KoOJieca.

Ha our.10 CXeMaTUUYHO IoKasaHo [IpMMepHOe oxXJlaxmaKimee
YCTPOMCTBO, WMCIOJbE3yeMOe B CHOCOOe M3TOTOBRJIEHMSA XeJIe3HOINOPOXHOTO
KOoJieca, COOTBEeTCTBYKIEM IPeNCTaBJIeHHOMY BapMaHTY.

Ha our.ll cxeMaTMUHO IIOKas3aH CIoco® U3MepeHMd KOJIMUeCcTBa
BTOPUYUHOTO LIEeMEHTHUTA.

Ha our.l2 npmBemeHH I'padMKM BaBUCKUMOCTM TBEPOOCTM I[IO MKajJle
C PoxpeJsiia (HRC) oOT paccToAHMA OT BONOOXJIAXIOEHHOT'O Toplia obpasla
OJIS MCHOBITaHuA [0 JDKOMMHM (KpMBHEe [DKOMMHM), KOTOPHE IIOJIyUYEeHH B
[lpuMepe HOPM MCHOHTAHUM Ha TOPLOBYI 3aKaJjiKy IO IXOMMHM.

HNompobHOe omMcaHMe BAPMAHTOB peans3alium

[0020]

KOHCTPYKIUMA XKeJIES3HOOOPOXHOTO KoJIeca

Ha Oour.l npuBeIeH pa3pes IPpM CeUeHMM IJIOCKOCTBLI, MIPOXOomsmen
Uepes LEeHTPAaJIbHYK OCH XeJIe3HONOPOXHOTO KoJieca. Kak IIoKa3aHO Ha
dur.l, xeJIe3HOIOOPOXHOe KoJeco 1 wmMeeT ¢QopMy IMCKa M BKJKOUYaeT
YyacThk 2 CTYOIMIE, YacThk 3 IMCKa M uYacTb 4 oboma. YacTb 2 CTYIIMIIEH
VMeeT UMIMHIPMUECKYID (QOopMYy M pPacIoJoXeHa B CpelHeM uacTu
XKeJIe3HOOOPOXHOTO KoJeca 1. UYacTe 2 CTYOMUE MMeeT CKBO3HOe
oTBepcTHe 21. lleHTpaJibHas OCBh CKBO3HOTO OTBepcTusa 21 coBIoamaeT C
LHeHTpaJIbHOM OCbhI XeJIe3HOOOPOXHOTO KoJieca 1. B CKBOBHOEe OTBepCTHUE
21 BCTaBJAKT OCEBOM BaJl, KOTOPHM He IokazaH. TojmuHa T2 4YacTu 2
CTYIMUE OoJblle TOJMMHE T3 wacTtm 3 IOMCKa. YacTb 4 obogma
obpasoBaHa Ha BHelHelM Iepudpepur XKeJIe3HOOOPOXHOTO koJieca 1. YacTob
4 obonma BEKJKUaeT B cebsa HOBepxHOCTE 41 kaTaHua U I'pebeHb 42,
[loeepxHOCTE 41 KaTaHMAg COIpSXeHa C I'pebHeMm 42. IlpM MCIIOJB30BaHUU
KEJIE3HONOPOXHOT'O KoJieca 1 mnoeepxHocTu 41 xkaTaHusa U I'pebHa 42
KOHTaKTUPYIT C IIOBEepPXHOCTBK peJbca. ToymmHa T4 wactu 4 obona
foJyipme TOJMMHE T3 YacTu 3 OMcCKa. YacTe 3 IMCKa pPacloJIOXeHa MeXIy
JacTel 2 CTyOMUE M 4YacTeo 4 oboma. YacTe 3 1OMCKa IO €T0
BHYTPEHHEMY Kpak COeIMHEeHa C YacCThbl 2 CTYNMIH M IIO BHENHEMY Kpak
coenmMHeHa Cc dYacTei 4 oboma. TommmHa T3 yYacTuM 3 »OMCKa MeHBbIe
TOJIIMHEL T2 YacTM 2 CTYIOMUH M ToJIIMHEL T4 uvactm 4 oboma.

[0021]

ABTOpBI HacToAdmeIro MSO@peTeHMH N3ydnJin Iy TN ITIOBHINIEHNMA



M3HOCOCTOMKOCTM  XeJIE3HOINOPOXHOTO  KoJieca. B  pesyJbTaTe  OHU
OOHaAPYXUIIM TIPUBEIEeHHOe Iajlee.
[0022]

[IOBHIIEHME M3HOCOCTOMKOCTHU OyTeM VBeJIMUeHMS conepxaHmsa C

Ha Oowur.2 npupemeHa IOuarpaMMma, WIIOCTPUMPYMAS CBA3b MEXIY
TEBEPOOCTBID XEeJIE3HOINOPOXHOTO KoJieca II0 BMKKepCy M CTeIIeHBI M3HOCa
2TOTO KoOJIeca, OIpeleJIeHHOM MNPpY MUCIHTAaHWMM Ha M3HOC II0 CXeMe
Nishihara. ®ur.2 nojgydyeHa B pesyJbTaTe IMIPOBEeIeHUS DKCIEPMMEHTa,
KOTOPEM pPacCMOTpeH gpmajiee. M3 KaxXmoro M3 CJAMTKOB, UMEKMUX
XVUMHUUECKHUM COCTaB, ykazaHHeM B Tabiuie 1, ObBJI MB3TOTOBJIEH KPYIJIBM

CTepXeHb IvaMeTpoM 40 MM.

[0023]
Tabmmua 1
Crasb XuMmueckuit cocraB (Mac.$, ocTajlbHoe — Fe 1 mnpumMmecu)
» C si Mn S Al N P Cr v

0,84 | 0,30 | 0,81 | 0,002 | 0,032 | 0,0038 | 0,001 - -
0,93 | 0,29 | 0,80 | 0,002 | 0,032 | 0,0042 | 0,001 — -
1,00 | 0,30 | 0,80 | 0,002 | 0,034 | 0,0040 | 0,001 - -
1,09 | 0,30 | 0,79 | 0,002 | 0,036 | 0,0040 | 0,001 - -
21 | 0,79 | 0,29 | 0,81 | 0,002 | 0,035 | 0,0030 | 0,001 | 0,10 -
22 | 0,76 | 0,29 | 0,79 | 0,001 | 0,034 | 0,0026 | 0,001 | 0,08 |0,028
23 | 0,75 | 0,29 | 0,80 | 0,002 | 0,034 | 0,0033 | 0,001 | 0,10 |0,058
24 | 0,75 | 0,29 | 0,80 | 0,002 | 0,034 | 0,0032 | 0,001 | 0,10 |0,097
25 | 0,78 | 0,75 | 0,82 | 0,002 | 0,036 | 0,0038 | 0,001 | 0,10 -
26 | 0,75 | 0,77 | 0,79 | 0,001 | 0,038 | 0,0034 | 0,001 | 0,09 |0,028
27 | 0,77 | 0,77 | 0,81 | 0,001 | 0,033 | 0,0032 | 0,001 | 0,10 |0,058
28 | 0,76 | 0,76 | 0,82 | 0,001 | 0,036 | 0,0027 | 0,001 | 0,10 |0,096

S WIN| P

[0024]

ns KpYyTJIOTO CTEPXHSA OBLIT M3TOTORJIEH HeoOpaboTaHHLM
MCIIEITaTeJIb HEI obpasel] (CoOoTBEeTCTBYIOIUNA noJjydadbpuraTy
XKeJIe3HONOPOXHOT'O KoJieca) B (GopMe KOJblla OMaMeTpoM 32 MM MU

muprHOM 10 MM.

[0025]
HeoBpaboTaHHHM VICTIEITa T eJIb HEM obpaserl OBLIT IIOOBEPTHYT
3aKalJke, KoTOpad MMUTHPpOBAaJAa 3aKaJIKy IIOBEPXHOCTH KaTaHu4g

XKeJIe3HONOPOXHOTO KoJieca. ECIM TOBOPUTH KOHKPETHO, HeoOpaBoTaHHEM
VICIIEITa T eJIb HHM obpasel ns KaxXnoomn craju, yKa3aHHOMU non
COOTBEeTCTBYIIVM HOMEPOM, BHIIECPXUBAJIC A npu TeMIleparype
TepMMUYeckol ofpaborTkr 950°C B Teuenue 20 MuMHYT. [Jg CO3OaHUSA

MEeJIKO3EPHUCTOW IMePJIMTHOM CTPYKTYPH II0CJIe BHIEPXKM HeoOpaboTaHHBIM
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VCIIETaTeJIb HEN o@paSeu OBJI BHHYT U3 I[Ieuu U IIOTPYXEH B COJIAHY

BaHHY, MUMEKIYI TeMiIepaTypy 550°C. BpeMs HaxOXIeHMS B COJIAHOMU

BaHHe COCTAaBJIAJIO 7 MUHYT . o MUCTeUueHUn STUX 7 MUHY'T

HeoOpab®oTaHHHM MCIOETATeJbHHM ofpas3ell ObBJI BHHYT M3 COJISHOM BaHHE
U OXJIaXOeH OO KOMHAaTHOM TeMraepaTyps (25°C). IJd MMMTaLMM OTIYCKa
BO BpeMsa M3TOTOBJIEHMNA KaxOnn

KeJIESHOOOPOXHOT'O KOJIeCa,

VCIIEIT & T eJIb HBIA nocrJe OXJIaXOeHN I
450°C B

TepM1UueCKOM

HeoBpaboTaHHHM obpaser

BHIEPXUBAJICA IIPU TeMIepaType TepMUUueckor o0paboTku

TeUeHVe 3 JacCcoOB. Ilocuie BEIODEPXKNM IIPU TeMIliepaType

obpaboTkmu 450°C B TeueHMe 3 uUacoB, HeoOpa®OTaHHLB MCIETATEJbHLIN

obpasel oxJlaxmaljicd OO KOMHATHOM TeMiepaTyps (25°C).
[0026]

llocae OXJIaXIOeHNMA OrLIa BEIIIOJIHEHA obpaboTka prezsaHrMeM

HeoBpaBOoTaHHOTO MCIHTATEJILHOTO obpaslia IO el'0 BHEMHEeN OKPYXHOCTU

OJIs [IOJIyUeHM s obpasua 100 KoJleca (cooTBeTCTBYKIETO
XKeJIe3HOOOPOXHOMY KOJIeCcy), KOTOPHM UuMeJl UMIMHIPUUYEeCKyl dopmy,
IokKkasaHHy© Ha Our.3. Obpazen 100 koJjieca wmMmes mgmameTrp D100,

cocTaBagomui 29,39 MM, u mmpuHy W100, cocCTaBJgLmylD 8 MM.
[0027]
Kpome Toro, ©OwnJla nojiydeHa CTaJb NM29, ykazaHHasga B Tabiuie 2,

KoToOpad OblJla MCIIOJIE30BaHa B KaueCcTBe MaTepualia pejikca.

[0028]
Tabauia 2
XuMMUYeCcKUll cocTaB (Mac.%, ocTajnbHoe — Fe u npumecu)
Crasnble
C Si Mn P S Cr
29 0,99 0,51 0,71 0,011 0,008 0,22
[0029]

N3 Cramm N29, Kak MaTepuala peJibCca, OBJI M3TOTOBJIeH ofpasell

200 perdwbca, uMenmu¥i 6GopMy KoOJblla M INOKa3aHHHM Ha dur.3. OBpasell

200 penbca wuMeJ guameTrp D200, cocrTaBgsommi 30,0 MM, ¥ OMPUHY

W200, cocTaBJgRmyD 5 MM.
[0030]

C MCIOJIE30BaHMEM OITHUUEeCKOI'O MUMKpOCKola HIpu 500-KpaTHOM

yBeJlInueHn OBJIa WM3YUYeHa CTPYyKTypa MeTaJula obpasna 100 kojeca B
IIOJIOXEeHVM Ha IJIyOuHe 2-3 MM OT BHEmHEeM OKPYXHOM IIOBEPXHOCTU K

HeHTpaﬂbHOﬁ oCHu. AHAJIOTUYUHEM OﬁpaBONb C MCIIOJIE3OBaHVeEM

OIITUUYECKOTO MMKpockomna Ipu 500-kpaTHOM YyBeJMUeHUM OBJla HM3ydeHa
CTpYyKTypa MeTajuia obpas3ua 200 perlkca B [OJOXEeHUMM Ha IUIyOmMHe 2-3

MM oT BHemHeM (DprXHOﬂZ IIOBEPXHOCTHU K HeHTpaﬂbHOﬂﬁ OoCHu. B

pe3syijieETaTe HM3YUYEeHMA CTPYKTYPEHE OBJIO YCTAaHOBJIEHO, UTO IIO CTPYKTYPEe



11

obpasusl 100 xoJjieca wm3 Crajgenr NN 1-4 um 21-28 cocTosalIM U3
eIVHCTBEHHOW IMHepJIMTHOM ¢as3w, U obpas3en 200 pejbca IO CTPYKType
TaKXe COCTOMAJ M3 eOMHCTBEHHOW MepJIUTHOM (as3H.

[0031]

[lomMmMo »TOTO, IJd obpaz3ua 100 kojJeca B TOM Xe TIIOJIOXEHUM,
UTO M INPU MBYUEHUM CTPYKTYPH, TO €CTb, B IOJIOXeHUM Ha IJIyOMHe 2-
3 MM OT BHEmHeM OKPYXHOM IIOBEPXHOCTM K LeHTpaJIbHOM OCH, I[IyTeM
IIPOBEeIeHMsa MCIETaHug II0 CcTaHmapTy JIS Z 2244 (2009) OBIIa
M3MepeHa TBepHOCTb IO BuMKKepcy. Bo Bcex ciydasax IIPM MCIETaHUU
cujla cocTaeJgayna 2,9421 H. AHaJOIMUHEM oO0Opas3oM, Jjd obpasua 200
peJlkca B TOM Xe IIOJIOXKEHUM, UYUTO U I[IPpU MUIYUEHUUM CTPYKTYPH, TO
eCcTb, B IIOJIOXeHMM Ha TJIybumHe 2-3 MM OT BHeEMNHeM OKPYXHOU
[IOBEPXHOCTHM, IIyTeM IIpOBeleHMHd MCIHTaHMA I[I0 CcTaHmapTy JIS Z 2244
(2009) ©Opula uM3MepeHa TBEPOOCTEL IO Bukkepcy. IIpM MCOHTaHUM CUIIa
cocTaBJdana 2,9421 H. B pesyjabTaTe TBepIOCTh [0 BuKKepcy obpasla
200 pesbca cocraBmia 430 HV.

[0032]

JeHTp WMPMHE BHeMHeY OKPYXHOM I[OBepxXHOCTM obpasua 100
KoJleca ¥ LeHTP MIMPMHE BHeNHel IIepudepUMHOM IIOBEepXHOCTH ofpasla
200 peynbca OBUIM TNPMBEIOeHE B KOHTAKT Opyr' C IpyroM, ¥ OBJIO
BHIIOJIHEHO MCHHTaHME Ha M3HOC CO B3aMMHBEIM BpameHueM obpasua 100
KoJleca M ob6pasua 200 peJbca OpM UX OPpMXaTUM OPpyT K IPYyT'y C CHUJION
900 MIla. CkopocTh BpameHusa obpasuna 100 xojeca cocrTaBJasaia 800

00/MMH, M CKOPOCTL BpameHMUsd obpasua 200 pejgbca cocTabidiaa 7175

o6/mMmu. TakmMm oOpasoM, OTHOCUTeJIbHOEe CKOJIbXeHue obpasna 100
KoJleca u ofbpasua 200 peabca cocTaBJasAJgo 1,1%. Ilo OKOHUYaHUU

VCIIEITaHUAa, a WMMEeHHO, IIoCJie coBepmeHmsa obpa3uom 100 xoJjseca 500000
oBopoToB, OHJIa M3MepeHa eI'o Macca (r'). 3BaTem ObvUla OIpenejieHa
Pa3HOCTE MexIy Maccou (r) obpasua 100 koJjeca OO MCHHTaHMA U eTo
Maccoy (r) TI1ocJle MCIOBTaHMsA, M B KauecTBe CTelleHM M3HOCa KoJleca
OHJI HOPUMHAT pPes3yJbTaT IeJleHUd STOoM pasHoCTM Macc Ha 50 (/10000
obopoToB) . OTMeTMM, UYUTO M3 KaxIoy cTaju OHJIO U3TOTOBJEeHO 4
obpasua 100 koJieca, ¥ @OJ4 KaxOIoM CTaJlM C MCIOJL30BaHMEM TaKUX
oBpas31loB OOHO M TO Xe& WMCIHETaHMe NIpOoBOIMJIOCE 4 pasa. 3a CTeleHb
M3HOCAa RKeJIe3HOOOPOXHOTO KoOJeca M3 KaxIoM cTaluM OBJIO IIPUHATO
CpeIHee B3HaueHMe OT cCTelleHeM M3Hoca obpas3uor 100 koJjeca, KOTOPHEe
OBUIM IIOJIYUEHH B STUX UYeTHpeX MCOHTaHMAIX. I[loJIydeHHBe IJIS KaxIon
cTajii TBepLOCTH 10 BHMKKepCy M CTelleHb M3HOCa obpas3ua 100 koJieca
OBJIM MCIIOJIB30BAHE OJIA cos3naHusa dur.2.
[0033]
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cumeomom @ ma  our.2 yKazaH pes3yJibTaT MCIOHTaHUM [Ipu
MCIIOJIL30BAHUM CTajJjiet, He colepxammux V, B KOTOPHX colepxaHue Si
ABJISETCHA NPUMEPHO IIOCTOSHHEIM UM COCTaBJAeT NOpudamsmuTesbHo 0,3%, U

comepxaHue C wmaMeHsercs oT 0,8% mo 1,1% (Dajlee HaszHBaTCA

"3aBPBTEKTOUOHEMKM CTaJIgIMU, He colepxamymu V") . CHUMBOJIOM O YKa3aHEL
pe3yJbTaTH  MCHOHTaHWM [IPpYM  MCIOJb30BaHUMU cranemn, B KOTOPHEIX
comepxaHue C HaxoIMTCHd B nuanas3oHe oT 0,75% mo 0,79%, comepxaHue
Si 4gBJageTcsda TIPMMEPHO IIOCTOSHHEIM M COCTAaBJAeT NPUOIM3UTEBLHO
0,3%, m comepxaHue V wusMeHseTcsa oT 0% po npubmmsmuressHo 0,1%

(DaJjiee Ha3HBaTCA "3anBTEeKTOUIOHBEIMM CTaJIAMU C PAa3HBEIM COIepXaHUeM

V uM HU3KMM coiepxaHveM Si"). CHUMBOJIOM A yKasaHH pesyJibTaTkH
UCHOBITAaHUM TIIPUM  MCIHOJIB30BAaHMM CTajleM, B KOTOPHX comepxaHme C
HaxoIUTCsa B OuanasoHe oT 0,75% mo 0,79%, comepxaHue Si 4gBJsSeTCA
IIPUMEPHO [IOCTOSHHEIM U cocTaBJIgeT IpUBIN3UTEJIEHO 0,8%, u
comepxaHue V wmsMeHdgeTca oT 0% po npubiamsmurenrHo 0,1% (majee
Has3HBalwTCAd "3a®BTEeKTOMIOHBEIMM CTajIsMM C Pa3HEM CcoOepXxaHueM V U
BEHICOKMM coIepxXaHueMm Si"). UmcJo psSIOM C KaxXIOEM CUMBOJIOM Ha Our.?2
- B5TO0 HOMep crTaju B Tabiauue 1.

[0034]

Eciam obpaturbcs K Our.2, 1[I0 Mepe YBeJMUeHUS comepxaHus V

yBeJIMuMBallaChb TBepOOCTb 10 BMKKepcy KOoJIeCa U3 3a9BTeKTOVMIHEIX

cTajle¥ C pa3HHM comepXaHueM V UM HUIKKMM coIepXaHueM Si (CUMBOJI O
). ECIM TORBOPUTE KOHKPETHO, TBEPIOCTL IO BUKKepCy YBelIMuMBajlach
IpY yBeJMUeHUM comepxaHusa V oT ©OesBaHaaueBou cTaau (Crajas 21) nOo
0,028% (Cranp 22), 0,058% (Crame 23) m 0,097% (Cranp 24). Ilpu
2TOM TBEPIOCTL II0 BUKKepCy oOCTaBajlack Ha YPOBHe okoJjio 350 HV, wm
CTelleHb M3HOCA CHU3WJIAChb BCeIrO JIMIIbE »HO HOpubimsmuressHo 0,015
/10000 o0oB6. B TO Xe BpeMs B 3a3BTEKTOUIHEIX CTaJIX C PAa3HBM
comepXxaHveM V ¥ BECOKMM cCoOepXaHueM Si  (CHMMBOJ Ay o Mepe
yBeJIMUeHUd comepXaHusa V oT 0e3BaHaouMeBoM cTaau (Cranas 25) @mo
0,028% (Crajip  26), 0,058% (Crasip 27) wm 0,096% (Crajip 28)
TEBEpPOOCTEL IO BHMKKepcCy YyBeIMUMJIachk IO NOpubIM3mUTesJIsHO 380 HV.
OmHako, HaXe HeCMOTpA Ha YBeJMUeHMe TBepOOCTM IO BUKKepcy,
CTelleHb M3HOCa KoJieca OCTajlaCh IOCTOSHHOM UM HaxXOoOWJIachk Ha YPORBRHe

npudiausuresgsHo 0,015 1©0/10000 06, ® JajdbHedmeIro CHWKEHUMS He
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[IPOU30ILIO .
[0035]

B TO xe BpeMAd B 3aSBTeKTOMIHEIX CTaJldX, He coepXallX %

(cuMBOJI <>), TBEPIOOCTE I1I0 BHMKKepCy yBeJIMUMBAaJIaCh IIPU YBEJUUEHUU
comepxanua C c 0,84% (Cranp 1) mo 0,93% (Crane 2), 1,00% (Craiub
3) m 1,09% (Crans 4). KpomMe TOIO, IIPpM YBEJMUUEHUM TBEPOOCTU IIO
Bukkepcy CTelleHb M3HOCAa CHU3MUIIaCh OO HNPpUOIU3UTEJIEHO 0,010

/10000 o06.

[0036]
Ha OCHOBEe YKasaHHOTO BERIIE MOXHO cKasarTh, uTo
M3HOCOCTOMKOCTE KeJIe 3HOOOPOXHOT'O KoJieca us cTanu,

IpeIHa3HaAUEHHOM IJid €TI0 M3TOTORJIEHMS, I[IOBHIMAETCS CUIIBHee, €CJu
YBeJIMUMBATE TBEePIOOCTE 3a CcUeT yBeJIMueHMA comepxaHuda C, a He 3a
cueT YyBeJIMUeHMS colepXaHusa V, m»axe Opu oOecledeHMM OOHOM U TOM
Xe  TBEepOOCTH. XoTa OpuuMHa STOTO He  ABJISEeTCH  OUYeBMIHOM,
npenmnoJjlaraeTcsA [IpMBeIOeHHOe najiee OOBACHEHNE. Bo BpeMmd
MCIIOJIE30BaHMA XKeJIe3HONOPOXHOTO KoJileca Ha IIOBEPXHOCTE KaTaHUAg
oeyicTByeT BHENHAS Ccuja (Harpy3ka) CO CTOPOHH peJbca. llon
oeyicTBMeM STOM CWUJIE LIeMeHTHUT, BXOOAMMUM B COCTaB [IepJauTa,
comepXxamerocsa BO BHEMHeEM CJIoe, HaXOoOAlleMCHd HEeNOCPeINCTBEeHHO 10X
[IOBEPXHOCTBK KaTaHMdg, paspyllaeTcd, W TBEPOOCTL OOIOJIHUTEJILHO
yBeJIMuMBaeTCca B pesyJbTaTe IUCIEPCHMOHHOTO VYIPOuHeHUA. Kpowme
TOTO, YIJIEPOL, comepXxammunc s B MeJIKO3EPHUCTOM PaszpyleHHOM
LEeMEHTUTEe, pacTBOpAeTCd B QeppuTe, BXOIDAINleM B COCTaB IIepyuTra, C
BO3SHUMKHOBEHMEM I[I€PECHIIEHHOTO pacTBoOpa, 4YTO IPUBOOUT K yBeJIMUEHUI
TBEPOOCTU BHEIHETO cJjo4, Haxomodmerocsa HENOCpeICTBEHHO non
[IOBEPXHOCTBID KaTaHWs, B pe3yJibTaTe TBEPOOPaCTBOPHOIO YIIPOUHEeHMS.

[0037]

YBeJIMUYeHMe comepXxaHms C B cTanu oyneT NIPUBOIOUTE K
YBeJIMUeHU OOBeMHOM MHOOJIM ILIeMeHTUTa B [IepauTe. [loMMMO 5TOTO,
IIOBHICUTCH  BepPOATHOCTE  BO3HMKHOBeHMSs  0ojlee  MEJIKMX  ILJIACTUHOK
nepJiuTa. B 3»ToM clydae, OpM OEUCTBUM OIMCAHHOTO BHIIE MeXaHWU3Ma,
M3HOCOCTOMKOCTE XKeJIE3HOOOPOXHOTO KoJieca OyHmeT TMOBHMATHCA. B TO
Xe BpeMd, eCJIM B CTajiM COHEPXUTCH V, €& TBEepIOoCTh YBeJMUMBaeTCHd
B pesyjabTare OUCIIEPCUOHHOTO YIIPOUHEHU I npu BO3HVKHOBEHUN
kapboHuTpuna V. B sTOM Cilydae, TakK KakK KapOoHUTpuI V BO3HUKAET B
beppuTe, OH YyBeJMUMBAET, IJIaBHEM OO0pa3oM, TBepHOoCTh deppurta. To
eCcThb, comepXaHve V He BJIMUAeT B 3HAUMTEJBHOM CTEeIeHM Ha

MsMeJIbYeHMre IIepJIiTa. I[Io »ToM IIpMyYriHeE, XOTS WMBHOCOCTOMKOCTL B
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onpenejyleHHOM CTeleHM MOXHO IIOBEHCHUTHL 3a cueT comepxaHus V, ee
HeJIb3A IIOBHCUTEL CTOJIb Xe CHMJIbHO, KaK B ccJydae OUCIEPCUOHHOTO
YVIIPOUHEHMA IIPM PaspylleHruM LeMeHTHTa M YIPOUHEeHMS Hu3—3a IIepexola
C B TBepHOEM pPacTBOpP.

[0038]

llosToMy IHaxe IOpu obecledeHMM OIMHAKOBOW TBEepPOOCTUM CTaJM
KeJIE3HODOPOXHOTO KoJIeca M3HOCOCTOMKOCTH MOXHO IIOBEHCUTL CHIIbHEe
3a CcueT YBeJMUeHMA comepxaHusa C, UeM 3a CueT BBeIOeHMS B COCTaB
V.

[0039]

Ha ocHOBe pesyJIbTaTOB OIMCAHHOTO BHIIE MCCJIEeIOBaHMSA AaBTOPEH
HacToAmero wu3o00peTeHMA IIPUIUIM K BHBOIY, UYTO B IIJJaHE IIOBHIIEHUA
M3HOCOCTOMKOCTM  IJIS  XEeJIe3HOIOPOXHOTO  KoJiIeca  [IPedlouTUTEJILHO
MCIIOJIL30BAaTh 3a3BTEeKTOUIHYIO cTaJib co CIenyl M  XVUMUUYECKUM
cocraBoM (B Mac.%): 0,80% - 1,15% C, 1,00% mum mMeHee Si, 0,10% -
1,25% Mn, 0,050% wm wMeHee P, 0,030% wmam wMeHee S, 0,025% -
0,650% Al, 0,0030% - 0,0200% N, 0% - 0,60% Cr m 0% - 0,12% V,
ocTajibHOe — Fe u npumecwu.

[0040]

HeponyueHne BO3HUKHOBEHMSI BTOPMUHOI'O ILIEMEHTHUTA

Kaxk omnmcaHO BHIIE, KeJIE3HOOOPOXHOE KOJIECO M3TOTaBJIMBALT,
nomeeprasa ero nojaydpabpukat TepMUUeCKOM obpaboTke (BakaJika
IIOBEPXHOCTM KaTaHuA). B XeJle3HOOOPOXHOM KOJIeCe M3HOCOCTOMKOCTE
HeoOxonomMa IOJIS IIOBEPXHOCTM KaTaHMA M TpebHsS, KOTOPHE IIPUBOIATCSHA
B KOHTAaKT C PEeJIECOM. [TosTOMYy npu TepMUUeCKOM obpaboTke
nojgydpabpukara B OOBUHOM IIPOLIECCe WM3TOTOBJIEHUSA XeJIE€3HOILOPOXHOTO
KOJIeCca Ha I[IOBEpPXHOCTBh KaTaHuia UM I'peeHb, BXOIAllMe B COCTabk oboma
3TOTrC HoJiybabpukaTa, PaCHBEUILRT OXJlaXIanlyrn cpely (BoOoy WK
TeKydyn Cpeny B BUIEe CMeCHM BOOE M BO3Oyxa) IJa MxX OHCTPOTO
OXJIAXIOEeHMS C BO3HUMKHOBEHMEM CTPYKTYPH W3 MEJIKO3EPHUCTOTO IepJiuTa
BO BHEIIHEM CJIOe, HaxXOoIdAlleMCH HeIOCPeOLCTBEHHO II0O IIOBEPXHOCTHBK
KaTaHMa, ¥ BO BHemHeM cJioe TpedbHsa. B To ke BpeMsa OpU OOHUHOM
TepMUUECKOM obpaboTke opyrue [IOBEPXHOCTHU KEJIEBHOLOPOXHOTO
KoJieca, oTJIMYaKnmuecs OT IIOBEPXHOCTM KaTaHMS U IIOBEPXHOCTHU
rpebHA, a WMMEHHO, I[IOBEPXHOCTH CTYIMIE, I[IOBEPXHOCTh IMCKa WU
BOKOBYK TIOBEPXHOCTE o000Ia, OXJaXnainT 0e3 pacHbUIeHMS OoXJaxIalmen
Cpenel. 370 O0OBACHAETCA TeM, UYTO, Kak OIMCaHO BHIe, TpebyeTcs
M3HOCOCTOMKOCTDL [IOBEPXHOCTHA KaTaHMad W  TIIOBEPXHOCTHU TpebHsH,
BXOOAMMX B cocTak oboma, ¥ He TpedbyeTcd M3HOCOCTOMKOCTL IPYIUX

HOBerHOCTeﬁ (HOBerHOCTeﬁ CTYIIMIIEI M IOMCKa U BoKOBOM IIOBEPXHOCTU
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oBoma) .

[0041]

B HO®BTEeKTOMIOHOM CTaJM M SBTEKTOMOHOM CTaJM, B KOTOPHX
comepxaHue C 4ABJISeTCS HMU3KUM, KakK B OOBUHOM XeJIE3HOIOPOXHOM
KoJiece, BTOPMUHHM ILIeMeHTUT BO3HMKATL He ©Oymer. Ho B ciydae
3a®’BTEeKTOMIOHOM CTaJlKM, B KOTOopoM colepxaHue C cocraBiasger 0,80%
i ©06oJlee, KakK B CllydYyae YKas3aHHOTO BHIIE XMMHUUECKOT'O COCTaBa,
MCCIeloBaHue, BHIIOJIHEHHOE aBTOpaMm HacTOAmMeIro n3obpeTeHmsd,
[IO3BOJINIIO BIIEPBHE OOHaAPYXUTE, uTo opu V3TOTOBJIEHUN
KEeJIE3HONOPOXHOT'O KOJIeCa C MCIOJb30BaHMeM OOBHUHOT'O clocoba B STOM
KoJIece MOXeT BOBHMKATL BTOPMUHHM ILIEMEHTUT WM, B UYaCTHOCTHM, eCTb
BEepOATHOCTL €TI0 BO3HMKHOBEHMS B YaCTM CTYNMUBE M YacTu IOMUCKa,
KOTOPHE IOoOBepranT OOBUHOMY OXJIQXIEeHMIO IIpM 3aKaJike I[IOBEepPXHOCTU
KaTaHusg. BTOPMUHBEI LEeMEHTUT yxXyIllaeT YIOapHyl BSI3KOCTbL. I[IOSTOMY B
XKeJIE3HOIDOPOXHOM KOoJlece, COCTodAmeM M3 B3al’BTeKTOMIHOM CTallM, B
KOoTOopoM conepxaHue C cocTarjsgeT 0,80% wmam 0OoJiee, NPedlOUTUTEJILHO
He [OOIIyCKaTb BO3HMKHOBEHMS BTOPUYHOI'O ILIEMEeHTUTa He TOJIBKO B
yacTu oboma, HO TakXke B YacTM CTYNMULE M YacTM IOMCKA.

[0042]

KpomMe T0T0O, yIOapHyK BA3KOCTL XeJIE3HONOPOXHOTO KOJIeCca TaKxXe
yxXynomaeT 3aKaJIeHHEM cJiou, BO3HMKAMIUN BO BHEMHEM cJioe
noygydpadbpuraTa BO BpeMd TepMUUeckoM o00paboTkKM, eCcJiM OH OCTaeTCs B
STOM KoJlece, a He ymajgeTcsa OyTeM o00paboTKM pesaHueM. [0 sToM
OIpUUMHe Ha OPpYyTMX IIOBEPXHOCTSIX, OTJIMUAKIUXCS OT IIOBEPXHOCTHU
KaTaHMsa U I[IOBepxXHOCTHM TI'pedHd, Ha KOTOPHX 3akKaJIeHHHM  CJION
yoansgeTcsa nyTeM obpaboTKM pe3aHMeM, a MMEHHO, IIOBEepXHOCTSAX YacTHU
CTYNMUEL M dYacTM IOUCKa U OOKOBOM IIOBepxXHOCTM dYacTu oborja,
OPenrnouTUTEeJIbHO He IOOINYyCKAaTh BO3HUKHOBEHMS BTOPUUYHOIO LIEeMEeHTUTAa,
a TakKXe He IOIIyCKaTb BO3HMKHOBEHMSA CBepXy HeI'O 3aKaJIeHHOT'O CJIOA.

[0043]

CoOTBETCTBEHHO, AaBTOPH HaACTOAMEIO M300peTeHuS UIYUMIU IIYyTHU
HeIONVIeHVS BO3HMKHOBEHUS BTOPMUHOTO LIEeMEeHTHUTa IIPpY UM3TOTOBJIEHUU
KeJIe3HONOPOXHOT'O KoJileCa He TOJbKO B uyacTm oborma, B COCTaB
KOTOPOTO BXOIOAT IOBEPXHOCTL KaTaHMa M TI'pedeHb, HO TaKXe B UYacCTH
oVCcKa u yacTu CTYTIMIIE . B pesyJbsTaTe aBTOPH HacCTOAmMEeTo
n3o0bpeTeHUsa ODHaAPYXWUIIM IIPUMBEIEeHHOEe Jallee.

[0044]

Ha ®wur.4 - our.9 nOpmMBeIeHH IMaTpPaMMb, WJLIIRCTPUPYKIUE CBA3U
MexIy coIOepXaHVeM B CTalM KaXIoTo M3 XUMUUECKMX 2JIeMeHTOB (dur.4

- conmepxaHue C, @ur.5 - comepxaHue Si, Our.6 - coIepxaHue Mn,
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dur.7 - comepxaHue Cr, @wur.8 - conmepxaHue Al u Oour.9 -
comepxaHmue V), cpemHell CKOPOCThID oxJjaxmeHusa (°C/c) B OuanasoHe
goo°c - 500°C m HajgMuMeM 3aKaJIeHHOTO CJIOS UM BTOPUYHOTO
LIEMEHTUTA, DTU CBA3M OBJIM IIOJIyUYeHH B pes3yJibTaTe MCIHTaHMA Ha
TepMUUECKYyKR 00paboTKy, MUMUTHUPYRIETO TepMUUeCKyln o00paboTKy BO
BpeMsad MBTOTOBJIEHUSA XeJIE3HOIOPOXHOT'O KOJIeca.

[0045]

dur.4 cosmaHa  Ha OCHOBe  pesyJIbTaToB, IIOJIYUEeHHEIX  I[Ipu
VCIIEITaHUY Ha TOPLOBYK 3akKaJiky I10 [DKOMMHM, KOTOpoe OyIOeT OIIMCaHO
HWXe, C MCIOJIb30BaHMEeM MHOXecTBa obpasuor (Cramu NN 1, 2, 3, 4 B
paccMOTpeHHOM Hmxe Tabiauie 3), B KOTOPHX pPas3jiMualioChk COIOepXaHUE
C. dur.5 cos3maHa Ha OCHOBEe pe3yJibTaTOB, I[IOJIYUYEHHHX IIPU MCIIETaHUMU
Ha TOPLOBYK 3aKaJIky IO IKOMMHM C MCIIOJIbE30BaHMEM MHOXeCTBa
obpasuoB (Cramm NN 5, 3, 6 B Tabauue 3), B KOTOPHX Pa3JIMUaJioCh
comepxaHre Si. O®ur.6 cosmaHa Ha OCHOBe pPe3yJIbTAaTOB, I[IOJIYUEHHEX
IIpM MUCHHTaAHMM Ha TOPLOBYI 3aKaJIky I[I0 IXOMMHM C MCIOJbL30BaHUEM
MHOXecTBa ofOpas3uor (Cramu NN 7, 3, 8 B Tabmuue 3), B KOTOPHX
pazanyaliock comepXaHue Mn. Our.7 co3maHa Ha OCHOBE pPe3yJbTaToB,
IIOJIYUEHHEX I[IPM MCIHHTAaHMM Ha TOPLOBYK 3aKaJky [0 [DKOMMHM C
MCIIOJIE30BaHMeM MHOXecTBa ofbpas3uor (Cramgmu NN 3, 9, 10, 11 B
Tabiauile 3), B KOTOPHX pPal3JMYualiloCk comepxaHme Cr. Omur.8 cosdaHa
Ha OCHOBE& PpPe3yJIbTaTOB, IIOJIyUeHHEX IIPM MCIBTAHMM Ha TOPLOBYII
3aKaJiky Mo JXOMMHM C MCIOJIb30BaHMEM MHOXeCcTBa o00pa3uoB (CTajsm NN
3, 12, 13, 14, 15, 16 B Tabauue 3), B KOTOPHX Ppa3JMyualJioChb
comepxaHue Al. our.9 cozsmaHa Ha OCHOBe pPe3yJlbTaTOB, IIOJIYUeHHEX
IPM MCHHTAaHMM Ha TOPLOBYK 3aKaJlky IO JIKOMMHM C MCIOJIB30BaAHUEM
MHOXecTBa o6OpaszuoB (Cramm NN 3, 17, 18 B Tabauie 3), B KOTOPHX

pasanyasiock comepxaHme V.

[0046]
CrMBOJI o Ha Our.4 - Oour.9 ykas3HBaeT Ha BO3HUKHOBEHME
3aKaJIeHHOTO CJIod (MapTeHcUTa M/MUiIM OelHuTa) . CHUMBOJI O YKaseBaeT,

UTO 3aKaJIeHHBEM CJIOWM He BO3HUMKAET, MUKPOCTPYKTYpa COCTOMUT, TIO
CyllecTBY, W3 IIepJuTa, W KOJNYeCTBO BTOPUYHOI'O LIEMEHTHUTa B
MUKPOCTPYKTYype CcoCTaiBJisgeT He Oojiee 1,0 wacTtuuue Ha 100 MM, TO
eCTb, BTOPWUYHHM I1IeMeHTUT, II0 CYMeCcTBY, OTCYTCTByeT. CHUMBOJ X
YKas3eBaeT, UYTO 3aKaJleHHHN CJIOM B MUMKPOCTPYKTYype He BO3HMKAaeT,
MUKPOCTPYKTypa COCTOMT, I[IO CyWeCTBY, M3 IIepJiuTa, U KOJIUYUeCTBO

BTOPUUHOTO IIEMEeHTHUTa B MUKPOCTPYKType cocTaBjgeT 0Gojee 1,0
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yacTuuel Ha 100 MKM, TO €CTb, B MHMKPOCTPYKTYypPe BO3HUKAET
BTOPMYHEM LIeMeHTUT. 3IeChb OQOpMyJIMPOBKa "MUKPOCTPYKTypa COCTOUT,
II0 CylleCTBY, W3 NDepjmTa" oO3HadaeT, YTO HOOJA IJIOMAaOM IIepJiuTa B
MUKPOCTPYKTYype cocTaiBJjgeT 95% wmam 0OoJjiee. [loMMMO 5TOTO, I[IO3OHEee
ByIeT pacCMOTpeH crnocob  onpelejyleHMs  KOJIMYUeCTBa  BTOPMYUHOTO

HeMeHTMTa (uacTmi/100 MKM) .

[0047]

dur.4 ABJSETCS IIOOTBEpPXIeHMeM TOT'O, UYTO B cJydae, eCJu
CKOPOCTEL OXJIaAXIeHMA ABJIIeTCSH CJIMIIKOM BEICOKOIM, BO3HUKAET
3aKaJIeHHEM cJIoNn. B maHHOM OIMCaHMM MaKCHMaJIbHad CKOPOCTBL

OXJIaXIOeHrA, IIpn KOTOpOﬁ B CTPYKTYpPE BO3IHUMKaeT IIepJIMT "M He oymeT

BO3HUKATL 3aKaJIEeHHHM CJION (CKOpOCTb OXJIaXIeHNMA Ha TI'PaHMIe MeXIy

cumeonamy @ u O ma dur.4), sBajaeTcd kKak '"mpenejbHas CKOPOCTH
OXJIaXIEHVs I[IPU  BO3HUKHOBeHMM Iepijura’. Ha Qowur.4 - Qour.9
IpeleJibHaA CKOPOCTE OXJIaXIeHU s nopu BO3HUKHOBEHUU nepjuTa
IoKaszsaHa  I[IyHKTUPHOM  JIMHUEN. Kak nokaszaHo Ha Our.4, npu
YBEJMUeHUM conepXaHusa C OpelejibHasd CKOPOCTH  OXJIaXIeHUA [IpU
BOBHMKHOBEHUM IIepjiuTa yMeHbllaeTcsa. Kak okas3aHo Ha our.5, npwu
YBeJIMUeHUM CcoIepXaHusa Si mOpeneJibHas CKOPOCTH OXJIaXIeHUSa IIpu
BO3HMKHOBEHUM IIepJiuTa yMeHbllaeTcsa. Kak okas3aHo Ha Our.6, n0pu
YBeJIMUeHUM coIepXaHusa Mn mOpenejibHas CKOPOCTH OXJaXIeHUSa IIpu
BO3HMKHOBEHUM IIepJiuTa yMeHbllaeTcsa. Kak nokas3aHo Ha our.7, nOpu
yBeJIMUeHUM comepXaHusa Cr mOpeneJibHas CKOPOCTH OXJaXIeHUSa IIpu
BO3HMKHOBEHUM TIIepJiuTa yMeHbllaeTcsa. Kak Hokas3aHo Ha our.8, npu
yBeJIMUeHUM colepXaHusa Al OpenejibHas CKOPOCTH OXJaXIeHUs IIpu
BO3HMKHOBEHUM TIIepJiuTa yMeHbllaeTcsa. Kak nokas3aHo Ha our.9, npwu
YBeJIMUeHUM CcoOepXaHus V IpelellbHasdg CKOPOCTL OXJaXIeHUs IIpu
BO3HMKHOBEHUM IepJiMTa yMeHbllaeTcsa. ToO ecThb, Kak I[IOoKa3aHO Ha
our.4 - omr.9, C, Si, Mn, Cr, Al m V obeclIeuuBanT YMeHbIeHUE

HpeﬂeﬂbHOﬁ CKOPOCTH OXJIaXIOecHMA IIPpM BOSHMKHOBEHNMM IIepPJIMTa.

[0048]

C IpyToM CTOPOHH, €CJIM CKOPOCTH OXJIaXIeHUS HABJISeTCS CJMIKOM
HU3KOM, B CTPYKTYpe MOXeT BOB3HMKATL BTOPMUYHHM IeMeHTUT. Kak
mokaszsaHo Ha O0ur.4, 1nOpu yBeJIMUeHUM conepxaHrsa C  BTOPUUHHM
IIeMeHTUT BO3HMKaeT, mHOaXe eCJIM CKOPOCTL OXJaxXIeHVsa  ABJISeTCd

BLICOKOM .
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[0049]
3mechb MaKcHUMaJibHa g CKOPOCThL oXJIaXIeHunsd, pu KOTOpPOM
BTOPUUHLIM I11eMEeHTUT BO3HMKAeT B KoJuuecTBe OoJjiee 1,0 yacTuUiE Ha

100 MM (Ha UYepTexe — CKOPOCTBL OXJIaXOeHMA Ha I'paHulle Mexnoy

cumBosam O u X) samaeTca KakK "CKOPOCTL OxJIaXIeHUd, KPUTUUIecKasd
0JI1 BOSHMKHOBEHMA BTOPMUHOT'O UeMeHTHTa". Ha Odmr.4 - OQur.9
CKOPOCTL OXJIaXKIOEHMA, KpUTUUecKad OJS BO3HUKHOBEHUSA BTOPUYHOIO

IIeMeHTHTa, IIOKa3aHa CILJIOMHOM JIMHUEN .

[0050]

Kak nokazaHO Ha Oour.4, nOpmM yBeJUMUeHUM comepxaHusd C CKOPOCTHb
OXJIAXIOEeHUA, KpUTUUeCKad [OJI9 BO3HUKHOBEHMHA BTOPUYHOIT'O LEMeHTUTa,
yBeJnurBaeTCca. AHAJOTMUHEIM o00pas3oM, Kak IIoka3aHo Ha dur.b, xord
M He TaK 3aMeTHO, KakK B ciydae C, HO IIpMU YBeJMUEHUM COLNEpPXaHUI
Si CKOPOCTH OXJaxXmeHUd, KpUTHuUeckas OJsS BO3HUKHOBEHMS BTOPUUHOTO
LIeMeHTUTa, yBeJIuumBaeTcsa. Kak nokazaHo Ha ®ur.7, XOTAa TakKXe He
Tak 3aMeTHO, KakK B cjJydae C, HO IIpM YyBeJIMUeHUM comepXxaHusga Cr
CKOPOCTEL OXJIaXIOeHMa, KpUTHUUecKasd OJS9 BO3HUKHOBEHUA BTOPUUHOTO
LIeMeHTUTa, yBeJluumpBaeTcsa. KpoMe TOIro, KakK IokKa3aHo Ha dur.6 m 9,
nopu YBeJIMUeHUN comepXxaHmusa Mn u \% CKOPOCTB OXJIaXIOeHUd,
KpUTHUUeCcKasa 0oJIs BOBHMKHOBEHMS BTOPUUHOTO LIeMeHTUTa, He
M3MEeHSAeTCHa HacToOJIbLKO CMJIBHO. B TO Xe BpeMs, KaK IIOKal3aHO Ha
dur.8, ecamM YyBeJUUMBaAEeTCHa colepXaHue Al, CKOPOCTh OXJaxXIeHUHd,
KpUTHUUYEeCKasa IOJIA BO3HMKHOBEHMS BTOPUUYHOTO ILIeMeHTUTa, 3aMEeTHO
yMeHbIaeTCd.

[0051]

Taxkum oBpaz3oM, C obecneumBaeT yBeJInJYeHN e CKOPOCTHU
OXJIaXIOeHMa, KPUTUUECKOM IJIS BO3HMKHOBEHUS BTOPUUHOTO LeMeHTHTa,
u Al obecrneuMBaeT YMeHbIleHMEe CKOPOCTU OXJaXIOeHUVsS, KPpUTUUeCKOM
OJIS BOBHMKHOBEHMS BTOPMUHOTO IIEMEHTHUTA.

[0052]

Mcxoma M3 OIMCAaHHHX BHIIE pPes3yJIbTAaTOB, AaBTOPH HAaCTOAMETO
nz3obpeTeHms OOTIIOJIHMUTEJILEHO N3YUNIIN CBA3b MexIOy npeneJjbHOM
CKOPOCTBI OXJIaXIOeHM npu BO3HMKHOBEHUNA nepuTa/CKOPOCTLO
OXJIaXIOeHMa, KPUTUUEeCKOM IJIS BO3HMKHOBEHUS BTOPUUHOTO LIeMeHTHTa,
n comepxaHuem C, Si, Mn, Cr, Al wm V. B pesyierTaTe OHU
OBHapPyXUJIN, uTo B ciaydae, ecmn KeJIe 3HODOPOXHOE KOJIECO
M3TOTORJIEHO M3 2asBTEeKTOMIHOM CTalM, MMellel VKas3aHHHEM BHIIe
XUMHUUECKUM  CcoCcTas, B IIpOolLlecCe WM3TOTOBJIEHUA TIIPUM  OXJIaXIeHUM

nojgybabpuraTa STOTO KOJleca IIOCJEe TepMMUueckold o0paboTKu IIpu
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TeMIliepaTrType He HUMXe TeMIIepaTyPE IIpeBpaleHnd A MOXHO He

IOMNYCTUTE BOSHUKHOBEHM S 3aKaJIEeHHOTO cio4, ecu CKOPOCTH
oxJjlaxmeumus (°C/c) B mmamnasoHe 800°C - 500°C He T[IpeBHIIaeT
SHaUYeHNd Fnl, NpencTaBJIgSnIero cobol  mpemesybHYI CKOPOCTH

OXJIAXIEHVS IIPUM BO3HUKHOBEHUM IepJiMTa M OINpPenesiieMOTO BrpaxeHUeM
(1). OHM TakXe OOHaAPYXWUIJIM, UYTO MOXHO He INOIYCTUTH BO3HMKHOBEHUS
BTOPMYHOTO  LIeMeHTHUTa, ecyM B2Ta CKOPOCTb  OXJIaXIOeHUd  MMeeT
3HaueHMe He MeHblle 3HadeHMsa Fn2, OpelcTaBJgomero coBoM CKOPOCThb
OXJIAXIEHNs, KPUTUUECKY -IOJIS BO3HMKHOBEHUS BTOPUUHOTO ILIEMEHTHUTA,
M OIpemneyiaeMor'o BrpaxeHueM (2).

Fnl = -5,0+exp(5,651-1,427xC-1,280x31-0,7723xMn-1,815xCr-
1,519xA1-7,798xV) (1)

Fn2=0,515+exp (-24,816+24,121xC+1,210xS1+0, 529xMn+2,458xCr—
15,116xA1-5,116xV) (2)

B dopmyJsiel (1) m (2) BMecTO ODO3HAUEHUM XUMUUECKUX BSJIEMEHTOB
NOOCTaBJAT MX CoOepxaHMe (B Mac.?). OrMeruMm, uro 800°C — 500°C
5TO TeMIepaTypHEM IMalas30oH, B KOTOPOM BOBHUKAWLT IIepJIUT U
BTOPUYHLIY LIeMeHTUT.

[0053]

Crioco® UB3TOTOBJIEHUSA XeJIe3HODOPOXHOTO KoJleca,
COOTBETCTBYWMNNUY ITaHHOMY BapMaHTy, KOTOPHM OHJI CO3IaH Ha OCHOBE
yKa3aHHOM BHIe oOHapyXeHHOV uHbOopMallMy, BKJIOUaeT STall HaTrpeBa U
sTan oxJaxneHusa. Ha 5sTale HarpeBa [OJdybabpuKaT XeJEe3HOOOPOXHOTO
KoJleca, KOTOPHM MMeeT CJeOylmui XUMUUeCKUM cocTaB (B Mac.$%):
0,80% - 1,15% C, 1,00% wmiamu wmeHee Si, 0,10% - 1,25% Mn, 0,050%
nim MeHee P, 0,030% wmim mMeHee S, 0,025% - 0,650% Al, 0,0030%
0,0200% N, 0% - 0,60% Cr m 0% - 0,12% V, ocrTajJlbHOoe - Fe

IpUMMeCH, M BKJKUAeT CTYyIOMly, o000, MMEeKMUM MNOBEePXHOCTL KaTaHUd U
IrpebeHE, n  OUCK, PACIHOJIOXKEHHEM  MeXIOy CTyouuern u  obomom,
HarpeRaT OO TeMIlepaTyphl He HIMWXe TeMllepaTypel A.,. Ha »rane
OXJIaXIOeHMA DTOT HoJydadbpukaT oxJaxnawnT. Ha sTame OXJIaXOeHUHA
nIoJlygadpukaT XKeJIe3HOLOPOXHOT'O KoJileca oxXJlaXnaonT TakuM ofpas3oM,
UYTOBE CKOPOCTL OXJIaXIeHMs B muanasoHe 800°C - 500°C Ha ero
[IOBEPXHOCTAX, OTJMNUAKIMXCSI OT IIOBEPXHOCTUM KaTaHUSA U IIOBEPXHOCTU
TpeBHa, OmJla He OoJsilee Fnl °C/c, omnpemengeMoro BrpaxeHueM (1), B
TOM 30He TnNoJaydabpukaTa, T'Ie CKOPOCTbH OXJaXIeHMsa B OMalla30He
800°C - 500°C gBngeTcs MMHMMAJIBHOM, OHa OBJIa He MeHee Fn2 °C/c,
onpeneyseMoro BrpaxeHreM (2), M CKOPOCTBH OXJIaXIeHMs B IOualla3oHe
800°C — 500°C Ha MNOBEPXHOCTM KaTaHMA ¥ IIOBEPXHOCTM TpPebHS BTOTO

nogybabpukara Owvla He MeHee Fn2 °C/c.
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Fnl = -5,0+exp(5,651-1,427xC-1,280xS1-0,7723xMn-1,815xCr—-
1,519xA1-7,798xV) (1)

Fn2=0,515+exp (-24,816+24,121xC+1,210xS1+0, 529xMn+2, 458xCr—
15,116xA1-5,116xV) (2)

B dopmysiel (1) m (2) BMecTO ODO3HaAUEHUM XUMHNUECKUX DSJIEMEHTOB
[IONCTAaBJART MX COIepXaHue (B Mac.3) .

[0054]

KpoMe TOI'O, Ha yKas3aHHOM BHIIEe 32Talle OXJIAXIeHUA [IoJydadpurarT
MOXHO OXJlaXIaTb TakuM o0pasoM, UYTOoOB CKOPOCTHL OXJIaXOeHUsa B
nnanasoHe 800°C - 500°C Ha TIIOBEpPXHOCTM KaTaHUSg U I[IOBEPXHOCTHU
TpeBHA Owila He MeHee Fn2 °C/c, He wMeHee 5°C/c m He 0oJee
200°C/c.

[0055]

[NonmydabpukaT OINMCAHHOT'O BHIIE XEJIE3HONOPOXHOT'O KoJieCa MOXeT

comepxaTh cCJenyommMe XuMUueckme sJjeMeHTH: 0,02% - 0,60% Cr u/wmiau
0,02% - 0,12% V.

[0056]

XKejlezHOOOPOXHOE KOJIECO, COOTBETCTBYyKWIEee HOaHHOMY BapMaHTY,
VMeeT CcJenyiommuy XUMHMUYeCcKMM cocTaB (B Mac.%): 0,80% - 1,15% C,
1,00% miam menHee Si, 0,10% - 1,25% Mn, 0,050% wmam mMenHee P, 0,030%

uim mMmeHee S, 0,025% - 0,650% Al, 0,0030% - 0,0200% N, 0% - 0,60%
Cr m 0% — 0,12% V, ocraJbpHOe — Fe u mnpuMecH, ¥ BKJKOUYaeT CTYIMULY,
obom, VIMEIOMmMM [IOBEPXHOCTD KaTaHug u rpedeHsb, u OVCK,
PACIIOJIOXEHHEY MeXOy CTynuier u ofomoM. B MUKPOCTPYKTYPE CTYIIMLE
OOJIA TILJIomaiy IepJMTa cocTaBjgeT 95% wmam ©0oJjiee, U KOJUUECTBO
BTOPUUHOTO ILIeMeHTHUTa, olIpenejieHHoe 1o ®opmyJe (A), He IpeBHIaeT
1,0 wacTmue Ha 100 MKM. B MHMKPOCTPYKTYpEe IOMCKa -OOJIA ILJIoWManu
IepJiTa cocTaejsgeT 95% wim 0OoJiee, ¥ KOJUUYECTBO BTOPUUHOTO
LIEMEHTUTAa, oOolpeneJieHHOoe 1o ®opmyJe (A), He mnperBwmaeT 1,0 YacTULEH
Ha 100 w~MrM. B MuUkpoOCTpyKType o0oha IOJiA IJIoWalu IlepJmuTa
cocTaBJageT 95% wmiam OoJjiee, U KOJUUECTBO BTOPUUHOT'O IIEMeHTHUTAa,
omnpeneyneHHoe 1o ®opmyse (A), He npeBemaeT 1,0 uyacTtuuer Ha 100
MKM .

KoJIMuecTBO BTOPMUHOTO LieMeHTHUTa (dacTui/100 wMxM) = ofmee
KOJIMYECTBO YaCTUI, BTOPMYHOTO IIEMEHTHTa, UYepes KOTOPHE IMIPpOXOOAT
IBe OuaroHalJl¥ B KBagpaTHOM IoJjie 3penusa 200 mxm x 200 mxm/ (5,66 x
100 mxMm) (A)

[0057]

[TonydpabprkaT MOXET COIEepXaTh CJeOyKnlye XUMUUECKME 3JIEMEeHTEH :
0,02% - 0,60% Cr u/mom 0,02% - 0,12% V.
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[0058]
Hajiee crioco® MN3TOTOBJICHNUA KeJIE3HOOOPOXHOTO KoJIeca u

KeJIe3HOOOPOXHOE KOJIECO, COOTBETCTBYHIME ITaHHOMY BapMaHTy, OYIYT

pacCcMOTPeHE IOOpPoBHO. IIpu yKazaHUM comepXaHusd XUMAYECKUX
3JleMeHTOB "%" - 270 Mac.$%, ecJqM He YyKasaHO MHoe.
[0059]

XYMMUECKUM COCTaB XeJIE3HOINOPOXHOTO KoJieca

XKeJjle3HOMOPOXHOE KOJIECO B IOaHHOM BapuaHTe BKJOUAET CTYIUIY
2, ouck 3 m obom 4, BKIOUAKINUM NOBEPXHOCTL 41 kaTaHua U I'pebeHb
42, Kak TIoKa3aHOo Ha 0ur.l. XuUMMUECKUM COCTaB XeJIe3HOOOPOXHOTO
KOJIeCa B OaHHOM BapMaHTe IIpUMBEIEeH allee.

[0060]

C: 0,80% — 1,15%

Yrjepon (C) yBeJuumMBaeT TBEPOOCTb CTaJlM ¥ M3HOCOCTOMKOCTE.

Eciu comepXxaHue C ABJIAETCHA CJIMIIKOM  HU3KUM, 2TU 20beKTE
ofecrneumTs HeBO3MOXHO. C OPYTOM CTOPOHH, ecJM comepxaHue C
ABJIAETCS CJMIIKOM BEICOKMM, Ha TI'paHUlax 3epeH IpellleCTBYKIeT O
aycTeHuTa BHOEJISAETCH BTOPUYUHLIM LEMEeHTUT, u YXYOmaKnTCAa
[LJIaCTUYHOCTE, yoapHasa BA3KOCTL UM YCTaJIOCTHad  OOJITOBEUHOCTH
cragu. IlosTomMy comepxanume C cocTaBjgsger 0,80% - 1,15%. HuxHee

IIpeneJyIbHOe SHadUeHN e COoIoepXaHM4d C IIpeoIIouTrTeJIbHO cocTaBJideT

0,85%, 0OoJyee npemnourTuTesJJbHO — 0,86%, eme ©OoJiee OPEeONOUTUTEJILHO
- 0,87% m maxe 0OoJee npennouruTresbHo — 0,90%. BepxHee mnpemeJibHOE

3HaueHMe comepxaHusa C OpedlouTHUTeIbHO cocTaBjigeT 1,05%, 0OoJiee
npenmnourmuresbHo — 1,00%.
[0061]

Si: 1,00% mam MeHee

Kpemuuit (Si) Heu3z0exHO BXOIUT B cocTaB. To eCTb, CcoIepXaHue
Si nperBwvmaeT 0%. Si ofechneuMBaeT yHNpOouHeHMe oQeppuTa B pe3yibTare
BOBHMKHOBEHMSA TBepIOT'O PacTBopa, UYTO OIPMBOOUT K YBeJUUESHUIO
TBEpOOCTM CTaJu. OOHaAaKO €eClIM colepXaHMe Si ABJISETCA CJIUIIKOM
BLHICOKMM, BepOATHO BOBHMKHOBEHME BTOPMUHOTO LieMeHTHuTa. Kpowme
TOTO, ecJIM coIepxaHue Si ABJISeTCSd CJHAMIIKOM BHCOKMM,  CJMIIKOM
CUJILHO TIIOBHIIAETCSA YIPOUHSAEMOCTL CTaJlM, U BepOATHO BO3HMKHOBeHUE
MapTeHCUTa. IToMMMO 3TOTO B MaTepuale, VICIIOJIb 3y €EMOM B
KeJIe3HONOPOXHOM KoJiece, TIIOI IeMCTBUeM TellJla, BHIOENAKMEeTrOoCsa IIpU
TpeHUM STOTO KoJieca M TOPMO3HOM KOJOIOKM, MOXEeT IPOUCXOOUTDH
3akKajika, UuTo yXyOmaeT CTOMKOCTL CTaJM K BO3HMKHOBEHMIO TPElMH.
IlosTOMy cConepXaHMe Si He 1peBvmaeT 1,00%. BepxHee TMpenejibHOe

3HaueHMe coIepXaHMsa Si OpendlouTuTesibHO cocTaBjageTr 0,80%, ©OoJee
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npenmnourmureJibHo - 0,65%, eme OoJjiee mnpenpnodruresiskHO — 0,45% wm

naxe OoJiee HOpennourmurTesbHo - 0,35%. HuxHee IIpelelI[bHOE 3HadeHMe

comepXaHus Si IpennouTUTEeJIbHO COCTaBJIgET 0,01%, BoJiee

nopenrnoururesibHo — 0,05% m eme OoJiee npemnouruTesisHO — 0,20%.
[0062]

Mn: 0,10% - 1,25%

Mapraxeln (Mn) of8ecneumpBaeT YIPOUYHeHMe deppuTa B pPe3VyJbTaTe

BOSHMKHOBEHNMA TBepOgoIro pacTeopa, uTo InpmBoomMT K YBeJIMYeHNMIO

TBEPOOCTM CTaju. Kpowme TOTO, Mn oO6pasyeT MnS3, obJleryanmmi
MexXaHMUecKyn o00paboTKy CcTalu. Ecim comepxaHme Mn ABJISETCH
CIIMIIKOM HM3KMM, 5T 200ekTH o0eclneunuTh HEeBO3MOXHO. C IpyTron

CTOPOHEI, ecJIM CcoepXaHlre Mn gBJIgeTCcd CJMIIKOM BEICOKVIM, CJIMIIKOM
CMJIBHO TIOBHIMIAaETCHA YIIPOUHAEMOCTE CTaJlM, M BE€pPOATHO BO3HMKHOBEHUME
MapTeHCUTa . [ToMMMO 3TOTO, B MaTepuale, VICIIOJIb 3Y €EMOM B
XKeJIe3HOOOPOXHOM KoJiece, IIOO IeMCTBUEeM TerlJla, BHOeJNAmMerocs IIpu
TPEeHUM DTOTO0 KoJleca UM TOPMO3HOM KOJIOOKM, MOXET IMIPOMCXOOUTDL
3akKajika, M MOXeT YXYOIUTLECS CTOMKOCTL CTaJlM K BO3HMKHOBEHUIO
TpemmH. IlosToMy comepxaHue Mn cocrarjasger 0,10% - 1,25%. HwuwxHee

IIpeneJIbHOE 3HadeHle comepxaHua Mn OpellloUuTUTeJIBHO cocTarJjideT

0,50%, ©OoJyee npegnoururesbHo — 0,60% M eme ©OoJee NPEeONOUTUTEJILHO
- 0,70%. BepxHee npenejibHOe 3HaueHue comepXaHns Mn

NIPenrnouTUTEJIbHO cocTamRJigeT 1,00% wmu OoJiee HOPenIoOUTUTEJIBHO -
0,82%.

[0063]

P: 0,050% wmiu MeHee

dochop (P) aBJjideTcd Heuns0exXxHOoM IIpUMeCho. To ecThb,
comepxaHue P nmperBwmaeT 0%. P BHOeJSeTCd Ha TI'PaHUIaAxX 3epeH,

yXyolasa YyOapHY BA3KOCTL cTalM. IlooToMy coIepXxaHue P cocTapjgerT
0,050% wmim MeHee. DBepxHee IIpemejlbHOe 3HaueHMe comepxaHusa P

opennouTmuTelibHO cocTaBjageT 0,030% wm OoJjlee NOPeldlOoUTUTEJIBHO -

0,020%. IlpedOlOoUTUTEJIEHO, UYTOOH CcoImepXaHMe P OBUJIO Kak MOXHO
MeHbIle. OOHaAKO UpesMepHOe CHUXEeHMe CcolepXaHusa P OpuBeleT K
Upe3MEPHOMY YBEJIMUYEeHMI CTOMMOCTM OUMCTKM. IlonToMy,  yYUYUTHBASL

OOBIUHEE VYCJOBUA IIPOMHIIIJIEHHOT'O IIPOM3BOIOCTBA, HIIXHee TIIpeleJIbHOe

3HaUeHHMe P IpennouTUTEeJIbHO coCcTaBJigeT 0,0001% u BoJiee
npenmnourmuresbHo — 0,0005%.
[0064]

S: 0,030% mnm MeHee

Cepa (S) HeuszbexXHO BXOIUT B cCcocTaB. To ecTb, comepxXaHue 3

nperwmaeT 0%. Ilpm BBeldeHMM S B COCTaB, OHa ofbpasyeT MnS, d4To
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oBJleryaeT MexXaHMUeckyn o0paboTKy CTalM. OmHako S  yXyImaer
yIapHYyK BA3KOCTBb CTalM. IlomToMy conepxaHme S coctTaBaser 0,030%
VI MeHee. BepxHee npenejibHOE 3HAUYEeHNe conepXaHus )
NpenrIouTUTEJILEHO cocTaBJIsgeT 0,020%. C YU4eToOM oBJjleryeHmn s
MexaHuueckoy o0padoTKM, HIMXHee IpenejlbHOe 3HaueHue coIepXaHusa S
npenmnouTrmuresibHo cocTaBjygger 0,001% wm ©Oojiee TNPeldllOUTUTEJIBHO -
0,005%.

[0065]

Al: 0,025% - 0,650%

AJTIOMUHUM (Al) IpensaTCTBYET BO3HMKHOBEHUIO BTOPUUHOTO
IIeMeHT1Ta, KoIga XeJIe3HOOOPOXHOEe KOJIECO I[I0 HOaHHOMY BapMaHTy
comepxuT C Ha YypoBHe 0,80% wmiam ©OoJiee, UTO IIOBHIIAeT YIAPHYIO
BA3KOCTL cCcTaiu. Kpome Toro, Al coemmHsgeTrca ¢ N ¢ obpasoBaHMEM
AIN m obecrneumBaeT OUUCTKY KPUCTAJJIMUECKOTO 3epHa. B pe3yibTaTe
OUMCTKM KPUCTAJJIMUECKOT'O 3epHa I[IOBHIIAeTCda yHOapHasd BA3KOCTH
cranmm. OTu 50PeKTEH HEeBO3MOXHO OO0eCHeuMTh, eCJM coIepxXxaHme Al
ABJIAETCHA CJMIIKOM HM3KMM. C »OPYTOM CTOPOHH, eClM comepxaHue Al
ABJISETCH  CJMIIKOM  BHCOKUM, YBEJMUMBAEeTCSa  KOJMUECTBO  KPYIIHEIX
HeMeTaJJIMUeCKMX BKJOUEHUNM, UTO yxXyIllaeT YyIapHyl BA3KOCTL CTalM.
lloeToMy conlepxaHmue Al cocraBjasger 0,025% - 0,650%. HuxHee

npenejibHOE 3HaueHMe comepXaHus Al OpedlouTUTEeJSJbHO COCTAaBJIAET

0,030%, BoJiee IpenrIouTUTeJIbHO - 0,040% u elne BoJiee
npennouruTesibHo — 0,050%. BepxHee INpeneslbHOe 3HAUEHME CONEPXaHUA

Al mnpennoutTuTeJIbHO cocTaBJgsgeT 0,450%, ©OoJjee MNpedloOUTUTEJIBHO -—

0,350%, eme OoJee mOpenmnoutuTeJibHO — 0,250% wm  pmaxe  OoJee
npennoururessHo — 0,115%. Ilom comepxaHueM Al 3OeChk UMEETCHd B

BUOY comepXxaHre Al, pacTBOPMMOI'O B KUCJIOTe (pacTB. Al).
[0066]
N: 0,0030% - 0,0200%

AsoT (N) O0BEeNMHAETCSA c Al C obpazopaHveM AIN wu
obecreunBaeT OUUCTKY KPUCTAJIJINYEeCKOT'O 3epHa. B pe3yJbTare
OUMCTKM  KPUCTAJJIMUECKOT'O  3epHa I[IOBHIIAeTCs yHOapHasd  BA3KOCTH
craimu. Ecam comepxaHre N ABJISeTCHd CIMIIKOM HU3KKUM, 5STOT 50deKT
ofecreumTs HeBO3MOXHO. C IOpyToM CTOPOHH, eClIM colepXxaHue N
ABJISETCA CJMIIKOM BHICOKMM, TakoM 5»odekT mDoCcTHUIaeT HaCHIIeHMUIg.
[loezToMy comepxaHue N cocTraBjgdger 0,0030% - 0,0200%. HuxHee
npenejlbHOe  3HaueHue comepXaHusa N I[IpeOlouTUTEeJIbHO COCTaBJISET
0,0035% wm ©OoJyee mnpempnourTuTesbHO — 0,0040%. BepxHee TMpelelJIlbHOE
3HaAUeHMe colepXaHrsa N OpeanodTuTesIbHO cocTaBiysgeT 0,0100% m OGoJiee

npenmnourmurespbHo — 0,0080%.
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[0067]

OCTaJIbHEIM B XMMMUECKOM COCTabe XeJIe3HOINOPOXHOTO KojJieca IIo
IOaHHOMY BapuMaHTy ABJAKTCH Fe u npuMmecu. 3meck "npumeck" — 3TO
XVUMMYUECKMM DJIEMEHT, KOTOPEM IIolalaeT M3 PYOH M JiIOMa KaK MCXOIHHBX
MaTepraJloB MJIM M3 IIPOM3BOIOCTBEHHOM CpPenOs UM T.II. IPU M3TOTOBJIEHUU
ONMCAHHOTO BHIIEe XeJIE3HOOOPOXHOTO KOJIeCa B IIPOMBILJIEHHHEIX YCJIOBUAX,
M CoOepXaHMe KOTOPOTO [OONyCKaeTCsa B IOMalla3oHe, He OKa3HBawlleM
OTPULATEJNILHOTO BJMAHMA Ha D2TO KOJIECO.

[0068]

ITo XUMUYECKOMY cocTaBy KeJIe3HOOOPOXHOE KOJIeCco,
COOTBETCTRyKIlee OaHHOMY BapMaHTy, BMeCTO UYacTu Fe Takxe MOXeT
comepxaTk Cr m V.

[0069]

Cr: 0% — 0,60%

Xpom (Cr) ABJIIEeTCS HeoOd3aTeJIbHBEM XMMUUECKMM 5SJIEMEHTOM U

MOXeT He BXOIOIMTL B cocTak. To ecTh, comepxaHre Cr MOXeT OHITE
PaeHO 0%. Eciaum Cr BXOOMUT B COCTaB, OH YMEHBIIAeT racCcToAdHMEe MeXIy
IDIaCTHMHKaMM IIepJjinTa, 4YTO 3HadMTeJIEHO IIOBHEIIaeT TBePIOCTE IIepjinTa.
OmHako ecyqu colepxaHue Cr 4BJILeTCH CJIMIIKOM BECOKMM, IIOBHIIAETCH

BEPOATHOCTE BO3HUMKHOBEHMS BTOPUUHOTO LieMeHTHTa. KpomMe TOI'O, eCJu

coIepXxaHue Cr ABJIAeTCH CJIUIKOM BLICOKUM, TIOBHEIMAETCH
YIIPOUHAEMOCTE, u yBeJIMUBaeTCH BEpPOSTHOCTDL BOBHMKHOBEHUS
MapTeHcUTa. IllosToMy colepxaHue Cr cocrarjgsgeTr 0% — 0,60%. BepxHee

npeneJibHOEe 3BHaueHMe coIepXaHusa Cr OpeOlouTUTeJIbHO COCTaBJIAET
0,30%, ©OoJyee npennoururesbHo — 0,25% U eme OoJiee NPEeOlOUTUTEJILHO
- 0,10%. IlpennouyTuTeJIbHOE HIXHee IpelleJIbHOEe 3HaueHMe CONepXaHUA
Cr mjsa mnoJydeHusa 5s0dpekTa yMeHLIIEeHUS PacCTOSHUMSA MexOy ILJIacTUHKaAMM
nepamra cocTarjgadger 0,02%.

[0070]

V: 0% - 0,12%

Bananoutt (V) 4aBJIAeTCsa HeoOA3aTeNIbHEIM XUMUUECKUM 3JIEMEHTOM U
MOXeT He BXOIUTL B cocTak. To ecThb, comepxaHue V MOXeT OHTH
paBHO 0%. Ecam V BXOOMT B COCTap, OH of0pasyeT KapOul, HUTPUL WU
KapBOHUTPHUIL, UYTO IIPUBOOUT K IOUCIEPCUOHHOMY VYIIPOUHEHMIO CTaju. B
pesyJsibTaTe 3SHAUMTEJIEHO YBeJIMUMBAEeTCHa TBEePINOCTE XeJIE3HOOOPOXHOTO
KoJleca, UTo [IPUBOIOUT K OONINIOJIHUTEJILHOMY [IOBEBIIEHUIO
M3HOCOCTOMKOCTM. OHOHAKO ecJiM CcoIepXaHue V  ABJSEeTCHA  CJMIKOM
BEHICOKMM, VYIPOUHAEMOCTE CTaHOBMTCSH BHCOKOM, U TIIOCJHe 3aKaJlKu
[IOBEPXHOCTM KaTaHMAg Upe3MEepHO YBEeJUMUMBAETCA TOJIUHA 3aKaJIeHHOT'O

cinoga. IlloeToMy conmepxaHue V cocTaBasger 0% - 0,12%. BepxHee
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IpenelJIbHOE  3HAUYEHMe COoIepXaHMda V TIIpelllOUTUTEJIBHO COCTAaBJIAET
0,09%. HwxHee TIpenesIbHOEe 3HaueHMe colepXaHusa V OIpedlodTUTeJIbBHO
cocrTaByugeT 0,02% m OoJjiee npennoutuTeibHO — 0, 03%.

[0071]

Cnocof M3TOTOBJEHMA XKEJIESHOIOPOXHOTO KOJIeca

HaJjiee BymeT onMcaH OIOMH IIPUMEPHEM CIOCOD M3TOTOBJIEHUS

ONMCAHHOTO BHIIE KeJIE3HONOPOXHOTO KoJjeca. Crnoco® M3TOTOBJIEHUS
KeJIe 3HOTOPOXHOTO KoJieca, COOTBETCTBYIMUI  OaHHOMY  BapMaHTy,
BKJIOUAET IIpollecC TepMuueckor obpadorTku. IIpollecC TepMHUUeCKOM

00paboTKM BKJIOUaAEeT 5STall HarpeBa M STall OXJIaXIeHUA.

[0072]

STan Harpesa

[lepen  BHIIOJIHEHMEM 5STalla Halpeka CHavajla M3T0TaBJIMBaKT
nonybabpukaT, KOTOPHM MMeeT YyKa3aHHHM BHIIe XMMUUECKUM COCTaB U
bopMy, OIMUBKYIL K QOopMe XeJIE3HOINOPOXHOTO KoOJieca, M BKIIOUaeT YacThb
CTYNMLE, 4YacCTb OMCKa M YacTb oboma. IllojnydpabpukaT M3TOTaBIMBAKLT,
HallpyMep, I[IPMBEINEHHEM Iajiee 0o0pasoM.

[0073]

C MCHOOJIb3OBAHMEM DJIEKTPUUECKOM IIeuM MJIM KOHBepTepa II0JIydaklT
pacIlaBJIeHHHE CTajl, MMellMe YyKa3aHHHM BhHIle XUMMUECKUM cocTaB. C
MCIOJIb30BaHEeM STHUX  PacCIUIaBJIEHHEIX  CcTaJleM I[IoJIydalT  MCXOIHHE

MaTepHralJlbl. Oiis IIprmMepa, M3ITOoTaBJIMBAKRT JIMTYIO IOeTaJlb, HallpuMep, C

MCIIOJIE 3OBaHMeM IIpouecca HelIpepPEIBHOT'O JINMTBEA. B KadueCTBe
aJlb TEePHaTWMBEH, C VCIIOJIE 3OBaHMeEM IIponecca JINTE A CJIMTKOB
nM3roTaBJIMBAKT CJIMTOK. JInTyio neTalJlb MJIn CJIMTOK rooBepIrarnT

nIpokaTKe  Ha BJIIOMMHT e MM  TopsaYyelM  KOBKe OJId M3TOTOBJIEHUS
3aTOTOBKM B KauecTBe MCXOOHOTO MaTepuaJa. VCXOOHEM MaTepuall
MOXeT npencTaBJsaTh cobomr JIUTYIO oneralb, M3TOTOBJIEHHYIO C
MCIIOJIE30BaHMeEM IIpollecCca HEIPEPHBHOTO JUThES. B NIPeOlouTUTeJIEHOM
ciydae MCXOOHHM MaTepualJl MMeeT LIMJIMHIPUUYECKY QopMy .

[0074]

VcrnoJsbayd IIOJIYUEeHHHM MCXOIHHEM MaTepualjl, CoO3OalnT OIVCaHHHM
BHIIIE noaydpadbpukat. VICXOOHEM MaTepmall pPexyT B TIJIOCKOCTH,
IIepIeHIVKYJIAPHOM IIPOOOJIbHOMY HalpaBJeHun. OTpe3aHHBM MCXOIHBM
MaTepmal rogepeprawnT Topsauen obpaboTke B HalpaBJIEHUU,
NEPNEeHOUKYJIAPHOM TIIOBEPXHOCTM pe3a, OJd [DoJydeHrsa OQOpMHL OUCKA.
Mocrnmenywolyn TopAuyln o00pafoTKy BHIIOJHIKT TakuMM o0pa3oM, UYTOOH
NOJIYUUTH noaydpabpukar, bopmMma KOTOPOTO OIM3Ka K bopme
KeJIe3HOOOPOXHOTO KoJleca. B xome Topsaduel o00pa®oTkM, HalpUMep,

BHIIOJIHAKT T'OPAYYK KOBKY, IIOCJIe YeIl'O IIpn HeOoOXOOMMOCTM BHIIOJIHAKT
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Topgadyrn IIpOoKaTKy ([IpoKaTKy KoJeca). B pe3yJbTaTe BHIIOJHEHUS
OINMCAHHEIX BHIIe IIPOLECCOB NOJydawnT IoJydadbpukar.

[0075]

V3T OTOBJIEHHLM nojaydpabpukar HarperawT. Ecinu TOBOPUTE
KOHKPETHO, noaydpabpukat HarpeBaoT oo TeMIIepaTypH  He HIDKE
TeMIIepaTyphl A (°c). Hanpuwmep, noJjyodadbpuratT IIOMeIanT B
HaTl'peraTeJIbHYK IIeub, KOoTopasda OOJDKHa OHThL HarpeTa OO TeMIepaTyph
(TeMepaTypH 3aKaJIKM) He HWXe TeMlepaTyph A.,. CKOPOCTb HarpeBa U
BpeMs BHIEPXKM IIpYM TeMIepaType 3aKaJlIkMu MOT'YT OHTE BHOPAaHBE M3

XOpomo M3BEeCTHEHX. XoTsAa TeMIlepaTypa A,y MeHAeTCA B 3aBUCHUMOCTU OT

XUMNUECKOTO cocTaBa CTaJM, TeMrepaTypa  3aKaJlKu, HapuMep,
cocTaBJygeT 850°C - 1000°C.
[00706]

STan oxJIaXOeHUA

IOa HarpeToro noJgydabpukaTa BHIIOJHAKT STall oxJaxieHrd. Ha
2TOM sTarne OXJIaXIOEeHM MUKPOCTPYKTYPH BO BHeMHEeM cJioe,
HaxoOAmeMCsS HEeINOCPEeOCTBEHHO IIOO IIOBEPXHOCTBIO KaTaHMA, ¥ BHEIHEM
cJyioe TpebHA nojaydpadbpukaTa XeJe3HONOPOXHOTO KoJeca, IIpeBpallalTcsd
B MEJIKO3EePHUCTHM [epJUMT, MMEe MMM BHCOKYHD M3HOCOCTOMKOCTL. BO
BHeIMHeM  CJoe, HaxoOAameMcsd  HeloCpelOCTBEeHHO oI I[IOBEPXHOCTHI
KaTaHMsa, ¥ BHellHeM cJioe T'peb®HS BHIIe MEJKO3EPHUCTOTO IIepJuTa
MOXEeT BOSBHMKHYTL 3aKaJIeHHHEM CJIOM OIpelneJIeHHOM TOJIIMHE  (CJIoM,
COCTOSAMMUN U3 MapTeHCUTa U/ uiaM OelHuTa). B 5ToM ciiydae 3aKaJleHHBI
CJIOM YyHaJIanT Ha IocjJenyileM sTale IyTeM o0paboTku pes3aHMeM. B To
Xe BpeMsS B MUKPOCTPYKTypPe He IOIIYyCKalT BO3HMKHOBEeHMe 3aKaJIEeHHOTO
CJIOSS Ha IOBEepPxXHOCTAX, OTJIUMYAKIMUXCS OT IIOBEPXHOCTM KaTaHUusa U
[IOBEPXHOCTH TpebHsa nojaydbabpukaTa. B pesyabTaTe MUKPOCTPYKTYPA
fyoeT COCTOAThL, IO CYIEeCTBY, W3 OepJuTa (OoJId ILJIomany [IepJiuTa
cocTaBJageT 95% wmim ©OoJee). 3mech IMMOBEPXHOCTM, OTIMYAKIMECS OT
IIOBEPXHOCTHM KaTaHMsa U IIOBEepPxXHOCTM TpedHsa nojaydadbpuraTa, DBTO
IIOBEPXHOCTL YaCTM IOMCKa, I[IOBEPXHOCTbL YaCTM CTYOMUL M IIOBEPXHOCTHU
yacTu oboma, KpoMe IIOBEPXHOCTM KaTaHMsa U IIOBEPXHOCTU TI'pedHH.
IIpuurHa, IO KOTOPOM He OONyCKaeTCsa BO3HMKHOBEHME 3aKaJIeHHOTO
CJIOS Ha IOBepxXHOCTAX, OTJIMYAKIMUXCH OT I[IOBEPXHOCTM KaTaHUuSa U
MNOBEPXHOCTU TpebHd noaydpabpukaTa, 3akKJIoUaeTCsa B TOM, UTO TPYIHO
nyTeM oBpaboTkM pe3aHueM YIaJUuTh BO3HMKIMM 3aKaJIeHHBM CJIOM C
STUX OTJIMUAKIKUXCA [IOBEPXHOCTEN.

[0077]

KpomMe Toro, B JwoboM 30He noJdydpadbpuraTa He OONYyCKaeTCHd

BO3HMKHOBEHME BTOPMUHOI'O LIeMEeHTHMTa. A VMeHHO, B nony@a@pMKaTe
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KeJIe3HONOPOXHOT'O  KOoJIeca, VMeKlleM YKas3aHHBM  BHIIE  XMMMUEeCKUN
cocTas, COOTBEeTCTBRYIMIUN 3anBTEKTOMIOHOM  CcTaJ, BO3HMKHOBEHME
BTOPUUHOTO IIEMEHTUTA He JOIyCKaeTCd He TOJBbKO B dYacTu oboma, HO
TakXe B YacTM IOMCKa M dYacTM CTYOMIE. 3a CcueT HeOolyleHUs
BO3HMKHOBEHMSA  3aKaJIeHHOTO CJIOS WM  HeIONymeHMS  BO3HMKHOBEHUS
BTOPUUHOT'O LIleMeHTUTa B Jrodonm 30HEe yacTu obonma, TIOMMMO
[IOBEPXHOCTM KaTaHMsA M TpebHLd, a TakKXe B YacTuM JOUcCKa U dYacTu
CTYNIMUE MOXHO He OONYCTUTL YXYIMeHMSI YIAapHOM BA3KOCTHM, IaxXe eCcJu
XKeJIEe3HONOPOXHOEe KOJIECO MMeeT YKa3aHHBM BHIE XVMMUUECKUM COCTaB,

COOTBETCTBYIIUIM SasBTEKTOMIOHON CTalli.

[0078]

Ecin TOBOPUTH KOHKPETHO, noJsiypadbpmkarT oxJlaxmalmT oT
yKaBaHHOﬁ BEHIIE TeMIIepaTy PRI S3aKaJIKM1 TaKVM O@paBOM, yTOOH
cobiyonalnuchk NPpMBeOeHHBEEe naJjiee ycjoBua (A) — (C).

(A) TonmydpabpukaT oxJaXnoaloT TakuM obpa3oM, UTOOH CKOPOCTB
oxJlakmeHMusa B mOuamnasoHe 800°C - 500°C Ha ero I[IOBEepPXHOCTHX,
OTJIMUAKIUXCA OT IIOBEPXHOCTU KaTaHMAd WM IIOBEPXHOCTU I'pebHA, TO
€CThb, Ha IIOBEPXHOCTM UYacCTM CTYNIMULH, I[IOBEPXHOCTM UYaCTU OUCKa U
BOOKOBOM I[IOBEPXHOCTM YacTu ofoIa (IOoBepxXHOCTM o0ona, OTJMUAKIENCH
OT IIOBEPXHOCTHM KaTaHUSa M IIOBEePXHOCTM TpebHsa) Owula He ©Oojee Fnl
°c/c.

(B) TIoaydabpukaT oxJaxmaioT TakuM o0pa30oM, UTOOE B TOM 30OHE
nojybabpuraTa, ITIe CKOPOCTL OXJIaXmeHMda B OuanasoHe 800°C - 500°C
ABRJISETCAS MMHMMAJILHOM, TO eCTb, B TOM 3B0HE BHYTPU UYaCTU CTYIIMIIH,
JyacTu IOMCKa UM dYacTu oboma, TI'IOe CKOPOCTH OXJIaXIeHUs SABJISAeTCH
MUHMMAJILHOM  (ODaJlee Ha3WBaeTCcsa "S0HOM C MMHMMAJBLHOM CKOPOCTLIO
oxJlaxneHua"), oHa OwpUla He MeHee Fn2 °C/c.

(C) TlomydabpukaT oxJaxialT TakuM oOpa30M, UYTOOE CKOPOCTHb
oxXJlaXmeHMs B muanasoHe 800°C - 500°C Ha MOBEPXHOCTM KaTaHUS U
[IOBEPXHOCTM T'pelHA ObJla He MeHee Fn2 °C/c.

[0079]

Ecim CKOPOCTHb OXJIaXIOEeHU A Ha IIOBEPXHOCTHU KaTaHug u
[IOBEpPXHOCTU TI'pebHa MeHbme Fn2 °C/c, B ofjacTax yacTu obola PaIoM
C D2TUMM TIOBEPXHOCTAMM OyIeT BHIOEJATLCS BTOPUYHLEM LIEeMEHTHUT.
[TosTOMYy CKOPOCTE OXJIAXIOEeHUA 3alalnT TakuM odpas3oM, UTOoOH Ha
[IOBEPXHOCTM KaTaHMA U TIOBEPXHOCTH TpebOHS oOHa OvJla He MeHee Fn2
°c/c.

[0080]

OTMeTHUM, UTO Ha BepxXHee IIpeleJIbHOE  3HaudeHMe  CKOPOCTHU

OXJIaXIOeHNA Ha IIOBEPXHOCTU KaTaHMAa 17 IIOBEPXHOCTU Ppe@HH
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KOHKPETHEE Ol'paHMUeHMA He HakKjaOeeawnTcsa. OIDHAKO eCJiM CKOPOCTh
OXJIaXIEeHNsS Ha I[OBEePXHOCTM KaTaHUSA M IIOBEPXHOCTU TIpe®Hs HABJISeTCH
CJIMIIKOM BHICOKOM, YBeJMUMBAETCH TOJIIMHA BO3HMKAKIETO 3aKaJIeHHOTO
cJjiod, U yBeJIMuMBaeTcd IUIyOMHa YyIOaJIeHMAa Ha 5sTalne  o0paboTku
pe3aHueM. [TosTOoMYy BepxHee npenejyibHOe 3HaUeHMe CKOPOCTH
OXJIaXIEeHUA Ha IIOBEPXHOCTHU KaTaHusg u IIOBEPXHOCTHU TpebHA
NIpennouTUTEeJIbHO coCcTaBJIgeT 200°C/c. [ToMmMO 3TOTO,
IPpedloUTUTEeJILHO, yTOOE  CKOPOCTH OXJIaXIOeHVSA Ha  IOBEepXHOCTHU
KaTaHMsg ¥ I[IOBEPXHOCTM TpebHS OwUla He MeHee Fn2 °C/c M He MeHee
5°C/c. B o5TOM cJydae IIPOMCXOOUT 0OoJiee CUJIbHOE WM3MeJIbUeHMe
IepjiTa BO  BHEMHEM  CJIOe€, HaxoOAmeMCa  HEeNOCPpeICTBEeHHO  II0I
IIOBEPXHOCTLID KaTaHWsA, M BHENHEeM CJioe TIpebHsS, ¥ MOXHO [IOJIYYUTH
eme 06o0Jiee BECOKYK M3HOCOCTOMKOCTE.

[0081]

3Iecb IIPUYUMHOM  3alaHusd  CKOPOCTM  OXJIaXIeHMS  MMEeHHO B
nuamnasoHe 800°C - 500°C gBjgeTrcs TO, UTO BTO TeMIepaTypHEHI1
IOVarnasoH, B KOTOPOM IIPOMCXOOUT IIEePpJIMTHOEe IIpeBpalleHre, a Takxe
TeMIIepaTypPHEM IMala30H, B KOTOPOM BO3HUKAET BTOPUUHEM LIeMeHTUT.
Ba CKOPOCTL oOxJaxkmoeHms B nuamnasoHe 800°C - 500°C [pUHMMALT
CPemHKI CKOPOCTL oxJaxneHuda (°C/c) B 5ToM [OualasoHe B KaxXnol
30He InoJaydabpukaTa XeJIe3HOIOPOXHOI'O KoJeca.

[0082]

CKOpPOCTM OXJIaXOeHMS Ha I[IOBEPXHOCTM U BHYTPpHU HoJiybadpukaTa
ByoyT pasjindaTbCcsa B 3aBUCHMMOCTM OT ero QopMeE (TO ecTb, GOPMH
XKEeJIE3HONOPOXHOTO KoJieca) u criocoBa OXJIaXIeHU . V3MeHeHUEe
TeMIIepaType Ha IOBEPXHOCTM (TO eCcTb, CKOPOCTL OXJaXIeHUS B
Kaxmor uyacTu) noaybabpukaTa BO BpeMsa OXJIAXIeHMS MOXHO ONpenesiUMThb
C MCIOJIB30BaHMeM IIpubopa, UW3MepSARIel'0 paclpelejieHMe TeIJIOTH, a
VMMEeHHO, TepMoTpadmuueckKoTro YCTpOMCTBa. TakuM o0pasoM, CKOPOCTh
OXJIaAXIEeHVS B 3B0HEe C MMHUMMAJIBLHOM CKOPOCTBI OXJIaXIeHUS TaKXe MOXHO
OIpeneJInTL IIpM IIOMOIM TakoI'o Ipubopa, WU3MEpAKIEeIo pacllpelel]lIeHUe
TEIJIOTH .

[0083]

IO1a mnpuMepa, W3MeHeHMe TeMIepaTypH B Kaxnoor objacTu (30He)
nojlypabpukara OIpeleidnT IIpM IIOMOWM IIPpUBEIeHHOI'O nJajiee criocoba.
Ha Qour.10 T1npuBemeH BuI cBOOKy oxJaxjawomero YycTpouctBa 10,
MCIIOJNIBE3YeMOT'O Ha 2Talle oxXJaxineHmsa. Kak T1okazaHo Ha our.l10,
oxJjlaXxamimee ycCcTpoMcTeo 10 BKIOYaeT Bpamaomee ycTpowcTteo 11,
VMelnee BpallalmUMcsa BaJl, M MHOXECTBO OoxJaxiawomux ¢opcyHok 12-14.

YIOMSAHYTOE MHOXECTBO OXJakIanmyx OG(OopcCyHOK 12-14 BKJIKOUYaAeT OIOHY
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i ©OoJjiee QOopcCyHOK 14 1mJd oxXJaXIeHMS IIOBEPXHOCTHM KaTaHusa, OIOHY
i  ©OoJiee QOPCYHOK 13 mia oxJlaXOeHMs dYacTu OUCKa W OIOHYy WU
BoJjiee QOPCYHOK 12 nJjg OXJaXIeHMS YaCTU CTYINIMIHE. YIIOMSAHYTEE OIHAa
i  6oJjiee  QopcyHOK 14 misa  oxXJlaXOeHMs IIOBEPXHOCTM  KaTaHud
YCTaHOBJIEHH OOBUHEM O0pasOM BOKPYI' Bpallallle'oCd BaJla. BHIIyCKHOE
OTBepCTUE bopCyYHKHU 14 IoJIS  OXJIaXIeHMsS  IIOBEePXHOCTM  KaTaHUL
PacIIOJIOKEHO  HalpoTuUB IHokepxHocTu 41 kKaTaHuA [noJydabpukara.
BrIIIyCKHOe OTBepCTHe (QOpCYHKM 14 1OJid OXJIaXIeHMS IIOBEePXHOCTHU
KaTaHMad  MOXHO  pacrojararTh HalpOTMRB  IIOBEPXHOCTU  I'pebHSA 42
nojgydadbpurara. YIIOMAHY TEE OODHa WM 0BoJjiee (QOPCYHOK 13 oJis
OXJIaXIOeHM A JacTu OucKa YCTaHOBJIEHH TakMM  oBpas3oM, UyTOOH
BHIIYy CKHOE OTBEepCTHE KaXxooy M3 HUX  pachojarajiochk HaIIpOTUB
[IOBEPXHOCTM 4YacTuU 3 IOMUCKa. YIOMAHYTHEe OHOHa WM O0oJjiee QOpPCYHOK 12
OJIS OXJaXOeHMSd YacTU CTYNIMUIE YCTAHOBJIEHEL TaKMM o00pas3oM, UYUTOOEH
BHIIYy CKHOE OTBEepCTHE KaXIoM M3 HMX paclojlaralioCh HaIIpOTUB
IIOBEPXHOCTM YaCTM 2 CTYIMIEH.

[0084]

OopcyHka 14 1jsa oxJaXIeHud IIOBEPXHOCTM KaTaHMSA PacCIBIISEeT
oxXJlaxmaKmyrn Cpely M3 BHIYCKHOTO OTBEpPCTMA IJIA  OXJIaXIeHud,
TJIaBHEM ofOpas3oM, I[oBepxHOoCTM 41 KaTaHMUA UM I[IOBEPXHOCTU TIpebHa 42
vactu 4 oboma. OdopcyHka 13 @OJa4d oxJaxIeHMsa OMCKa PacIbUIgeT
oxJlaxmaKmyl Cpely M3 BHIIYCKHOT'O OTBEPCTMA IJIS  OXJIaXIeHud,
TJlaBHEHM of0pasoM, YacTM 3 Oucka. OdopcyHka 12 @OJaa oxJaXIeHUS
CTYIMIUE PAaCIBJIAEeT OXJIaXOallyl Cpendy M3 BHIIYCKHOT'O OTBEPCTHUS OJIA
OXJIaXOeHMUsa, TJlaBHHM oO0pasoM, dYacTu 2 cTynuus. &opcyHka 14 1is
OXJIAXIOEHMSA IIOBEPXHOCTM KaTaHMSa MOXeT ofecCleuMBaTh OXJIaXIeHMe He
TOJIBKO IOBepxHOCTM 41 kKaTaHMUAg U IIOBEPXHOCTU I'pebHAa 42 yactu 4
o6oma, HO TakxXe oOxJaxIeHMe I[I0 MeHbIIeM Mepe YacTu 3 IOUCKa.
dopcyHka 13 104 oOXxXJaXIeHMd dYacTM »OMCKa MoxeT of0eclneurBaTh
OXJIaXIeHMe He TOJIBKO YacTu 3 »OUCKa, HO TaKxXe OXJlaXIeHre IIO
MeHbBIIelM Mepe uyactu 4 ofoma M/MUIM IO MeHBIel Mepe dYacTu 2
cTynuiiel. QopcyHka 12 51IJd OXJaXIeHUS CTYNIMIE MOXeT oO0ecleuMBaTh
OXJIaXIOeHMe He TOJBKO 4YacTu 2 CTYIMIE, HO TakXe OXJaXIeHMe IIO
MeHbIlel Mepe dYacTu 3 IMcCKa. PacHoJioxXeHVe UM umncjio ¢popcyHok 14 nisa
OXJIAXIOEHUSA TIOBEPXHOCTM KaTaHUA, OQOPCYHOK 13 IJId OXJIaXIeHWUS YacCTU
OIMCKa M QOPCYHOK 12 5IOJda OXJaXIeHMd YacTUM CTYIIMIE, I[IOKa3aHHHE Ha
dur.10, HgABJIATCA IIPUMEPHEIMM UM He HaKJaIeBalT oTpaHMueHuM. Ha
KOHCTPYKLUIO OXJIaXIAKMNX GOPCYHOK M3  YIOMSAHYTOTO MHOXEeCTBa
oxJlaXxIamnmyx GQOPCYHOK, BXOOANMX B COCTaBR OXJaXmalmeIo YCTPOWMCTERA,

KOHKPETHEIE OT'PaHMYEeHNA He HaKJIaOEBaKTCH, IIOKa Ha oTarlrie
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OXJIaXIOeHNA OHM MOTWYT BEITIOJIHATE OXJIaXIeHN e C cobneHneM

YKa3aHHBIX BHIIe YycJoBuM (A) — (C).

[0085]

Ha ykKaszaHHYK BHIIe OXJIaXIaKlyln Cpely KOHKPETHHE OI'paHUUYeHUS
He HaKJIaOHBaKnTCH, [IoKa MOXeT OHTB obecrieueHa CKOPOCTE
oXJIaXIOeHU4d, IIOOXOOAmas oJIs [IOJIyYeHU A TpedbyeMon CTPYKTYPH.

IpuMepaMy OXJIaXOakmel CcpenH fABJAKTCS BoOOa, BO3OYX, TyMaH, IIap
(RomsaHad MBUJIL) UM T.II.

[0086]

Kpome ToOTO, oOxJaxmaolee YycTpoucTBo 10 BrJIOUaeT OIOHO WU
BoJjiee  TepMOTpPadMUeCKMX YyCTPOMCTB (MHOPaKpacHEX IPMOOPOB  OJd

UBMEepeHM s paclipelejyieHusa TelyioTe) 20. TepMmorpaduueckme YCTPOMCTBA

20 YCTaHOBJIEHEL TaKMM obpasoM, UTOOEL B nojydpadbpurarTe
KeJIe 3HONOPOXHOT'O KoJieca, yCTaHaBJIMBaeMOM B oxJlaxmamwiee
YCTPOMCTEBO 10, MOXHO OBLIIO U3MEePATh TeMIlepaTypy BepxHen

[IOBEPXHOCTH, HMXHEM  IIOBEepPXHOCTU, BOKOBOM  IIOBEPXHOCTM  BTOTO
nosnybdpabpmurara M TeMIepaTypy BHYTPM HeT'o. PacloJioXeHUMe U UMCJO
TepMOoTpaduueckux ycTpomcTB 20, IMoka3aHHEHe Ha Our.l10, ABJIA0LTCH
IPVMEPHEMM M He HaKJaObeBalT oTIpaHuueHuM. Ha Oour.l10 yHooMsaHyToe
MHOXECTBO TepMoTpadmrueCKUX YCTPOMCTB 20 YCTaHOBJIEHO TaKMUM
oBpas3oM, UYUTOOE MOXHO OBJIO M3MEepPATL paclpeleljieHMe TeMIepaType Ha
noepepxHocTr 41 KaTaHMAg, IIOBEPXHOCTU TIpebHa 42, I[IOBEpPXHOCTAX
JacTHU 4 obonma, OTJIMUaKMMUXCSa OT TIoBepxHocTu 41 KaTaHuga U
IIOBEPXHOCTM TpebHsa 42 (HamopuMep, Ha OOKOBOM IIOBepXHOCTM oboma
4), a TakXe IIOBEPXHOCTM UYacCTM 3 OMCKa M I[IOBEPXHOCTM UYacTu 2
CTYTIMLIE.

[0087]

s npuMepa, B oxJlaxmamimeM YCTPOWCTBe 10 YCTaHOBJIeH
nojaydpabpukaT—odbpasel] (obpaszerl, KOTOPLI npenHasHaueH oI
U3MepeHusd TeMIepaType UM uMeeT Te Xe (opMy M XUMUUECKMM COCTaB,
uTo M noJydabpMKaT XeJIe3HOOOPOXHOTO KoJiecCa, M3 KOTOPpOTOo II0JydYakT
peajlbHOEe M3OeJMe), HaTpeTHM OO TeMIepaTyph He HIMXe TeMIepaTyp
npeBppameHusa Ao,. Oxjaxiawnmyl Cpelly PacHOBUISRT M3  OXJIaXIalmx
GOPCYHOK 12-14, KoImma nonydabpukaT—obpasel] NIPUBOOUTCSH BO
BpalleHMe BpallalllMM yCcTpoMcTBOM 11, B pes3yjbTaTe UYel'0 HauMHaeTCHd
oxJlaxImeHre. Bo BpeMsa OXJIaXIeHMS [IPpM I[IOMOIM YIIOMSAHYTOT'O MHOXECTBA
TepMOTpadUUecKux yCTporcTB 20 M3MepgiT M3MeHeHMS B paclpenesleHUM
TeMIepaTypH B HoJdydadbpukaTe—-obpasle.

[0088]

YTIOMSHYTOE MHOXECTBO TepMoTpadmuecKUx YCTPOMCTB 20
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COeIOUMHEHO co CPeICTBOM aHajiMz3a  paclpelelieHusd TeMIlepaTypHl,
KOTOpOe He IoKaszaHo. CpeICTBO aHajiM3a pacllpelleJIeHUA TeMIlepaTyphl,
HallpyMep, BKJOUaeT KOMIBOTEp M Ipol'paMMy aHallM3a pacllpelellIeHUd
TeMIlepaTyphl, XpaHANYyoCsa B I[IaMATM DSTOr'0  KOMIbTepa. Korma LIl
MCIIOJIHAET IIpol'paMMy aHalln3a paclpelelleHUA TeMIepaTypPH, CPeICTBO
aHaJlM3a paclpellelJIeHMA TeMIepaTypH aHaJlM3UpyeT B TPexXMepHOM BUIOe
M3MeHeHue TeMIlepaTypPEhl B eIVHUILY BpEeMeHU B KaxIoomn 30HEe
nogydpabpukara—obpasla (BrRJIIOUasa  3O0HY BHYTPM  HeTIO). CpencrTeo
aHaJlM3a paclpelelIeHMAa TeMIIepaTyphl MOXEeT BHIIOJHATL aHaliu3 IIpU
[IOMOIM XOPOWO WM3BEeCTHOI'O crocoba, MCIOJb3yHA XOPOWO WM3BECTHY
oporpaMMy aHajM3a TeIJIONPOBOOHOCTHM, B KOTOPOM IIPMMEHSeTCHS MeTOX
TPEXMEPHEIX KOHEUHHX 53JIeMeHTOBR (FEM) .

[0089]

[NonmydabpuraT—-obpasel OXJIaXOamT (BrICTPO oxXJIaxImamT) oo
KOMHATHOM TeMIepaTyph, UYTOOH ONPeleJIMThL MW3MeHeHUEe TeMIepaTypPH B
KaXOoo eIo 30He. BaTeM Ha OCHOBe OIpeneJIeHHOTO M3MeHeHMA
TeMIepaTyphl ONpemesialnT 30HY OojiybabpukaTa-odpaslla, B KOTOPOM
CKOPOCTL  OXJIlaXmeHusa B OuanasodHe 800°C - 500°C  gmigercs
MMHMMAJILHOY (30HY C MMHMMAJILHOM CKOPOCTBIO OXJIaXIEeHMS) .

[0090]

CKOpOCTB OXJIaXIOeHrd  IHoJiybabpukaTa-obpasla pelyJupyKoT c
MCIOJIb30BaHKEeM oXxJaxiaomero ycTporcTBa 10 TakuMmM oBpasoM, UTOOH
CKOPOCTL OXJIaXOeHusa B OuanasoHe 800°C - 500°C, wu3MepeHHas IIpH
IIOMOMM TepMoTpadrueckoro YycTporcTBa 20 Ha I[IOBEPXHOCTAX BTOTO
nojgypadbpmukara—odbpasiia, OTJIMUAKIMXCS OT IHHoBepxHoCcTM 41 kaTaHUS U
[IOBEPXHOCTU TI'pebHsA 42, TO eCThb, Ha IIOBEPXHOCTM UYacCcTU 2 CTYIIMLH,
[IOBEPXHOCTM dYacTu 3 OUCKa M IIOBepxXHOCTHAX 4yvactu 4 obona,
OTJIMYAKIIMXCSA OT IHOoBepxHOCTM 41 KaTaHMAg U IIOBEPXHOCTM I'pebHa 42,
GLla He 6oJsiee Fnl °C/c, CKOPOCTH OXJaxkmeHusa B OguanasoHe 800°C -
500°C B 30OHE C MMHMMAJILHOM CKOPOCTBI OXJIAXIEHMS, OIpeleJIeHHON B
5TOM IHOoJydabpukaTe—oOpaslie IIpM IIOMOIIM TpPexXMepHOT'O aHaliu3a, Owlla
He MeHee Fn2 °C/c, ¥ CKOPOCTL OXJaxOeHus B OuamnasoHe 800°C -
500°C, w3MepeHHas IPM I[IOMOIM TepMoTpadpuueckoro ycrpoicrea 20 Ha
[IOBEPXHOCTHU 41 KaTaHudg u [IOBEPXHOCTHU IrpebH4a 42 2TOTO
nojybabpurara—-obpaslia, OBJla He MeHee Fn2 °C/c. EciauM TOBOPUTH
KOHKPETHO, CKOPOCTM OXJIaXKOEeHUVsa pelyJiMpylT I[IyTeM pelyJIMpOBaHUMA
pacxoma oOXxXJaxXnawmeyr  CpenH, nomaraeMo¥ B bopcyHky 14  noad
OXJIaXIOeHMA I[IOBEPXHOCTM KaTaHMg, OGOPCyHKYy 13 g OXJIaXOeHMs YacTU
oVucka U QOopcyHKY 12 g oxJlaXIeHUS 4YacTu CTYNMLIE, W IyTeM BHOOpa

VICIIOJIb 3y eMEIX OXJIaXOarnmmx (]_)OpCVHOK nus YIIOMAHYTOTI'O MHOXeCTBa
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dopcyHOok 14 1Jd oOXJIaXIeHMS IIOBEPXHOCTM KaTaHMA, OGOpCYHOK 13 s
OXJIAXIOEeHWS dYacTu HIOUucKa U QOpPCyHOK 12 1JId OXJaXIeHMSd YacTU
CTYIMIE, KOTOPHE YCTaHOBJIEHH B OXJaxkiawomeM ycTpoucTBe 10. Ilocie
3TOTO PeTryJMPOBaHMA C MCHOJB30BaHMEM OXJaxIawmeTro ycTpoucTea 10
BMECTO OXJIaXOeHMsa I[oJiybabpukaTa—-obpaslia BHIIOJHAKRT OXJIaXIeHUE
nojgydpadbpukara, MCIOJIBE3YEMOI'O IJIA I[IOJIydeHUusda TOTOBOIO U3NEeJNd,
KOTOPEM HarpeT IO TeMlIepaTypH He HMXe TeMlIepaType A.,. B
IPenrIoYyTUTEJILHOM ciydae CKOPOCTb OXJIaXIeHU g nojgydabpurara—
obpaslla pPeryaMpynT OpM IIOMOIM OXJaxgalmero ycTpourcTBa 10 TakuMm
obpasoM, UTOOH CKOPOCTL OXJlaXmeHrd B mguanasoHe 800°C - 500°C Ha
[IOBEPXHOCTHAX, OTJINY AU X C A oT IIOBEPXHOCTHU 41 KaTaHug u
[IOBEPXHOCTH TI'pebHa 42, Opula He  OoJjiee Fnl °c/c, CKOPOCTEb
oxXJIaXkOeHMus B OuamnasoHe 800°C - 500°C B 30He C MUHMMAJILHOM
CKOPOCTLI OXJIaXIeHMs, OIpeleJIeHHOM B 5STOoM HoJybabpukaTe-obpaslie
npM I[OMOmMY TPexXMepHOTO aHaJaM3a, OwUla He MeHee Fn2 °C/c, wu
CKOPOCTL OXJIakmeHus B nuamnasoHe 800°C - 500°C, wu3MepeHHasd IIpu
IIoMOIIM TepMoTpaduueckoro ycTpolcTea 20 Ha noBepxHoCTM 41 KaTaHUA
M IIOBepxXHOCTH TIpebHa 42 »sToro nojgybdabpuraTa-obOpasla, OBJIa He
MeHee Fn2 °C/c, He MeHee 5°C/c u He BoJsiee 200°C/c.

[0091]

FEcaom Ha  sTane OXJIaXIOEeHVA  3alaTb CKOPOCTb OXJIaXIeHU I
noepepxHocTr 41 KaTaHMAg UM IIOBEpPXHOCTM TIpebHsa 42 nojaybdpabpukaTa Ha
YpOBHe He MeHee 5°C/c, B IMPUIOBEPXHOCTHOM YacTM, HaxoIAmelcs
HelloCPeOCTBEeHHO II0I IoBepxHOCTbi 41 KaTaHUdg, U OIPUIOBEPXHOCTHOM
yacTu TIpebHg 42 BO3HMKAET MEJIKOBEPHUCTHM IIepmT. ComepxaHue C B
XKEeJIE3HONOPOXHOM KOJIeCe II0 IaHHOMY BapMaHTy SBJISETCS BHCOKUM U
cocraBJyger 0,80% — 1,15%. 35T0 IHOBBOJISET IIOBHCUTL M3HOCOCTOMKOCTDL
MeJIKO3EPHUCTOTO IepiinTa. l[loMMMO BTOIO, OXJakIOeHMVe IoJydabpukara
TakMM oO0pa30M, UYTO CKOPOCTU OXJIaXIeHMSa I[OoBepxXHOoCTM 41 KaTaHUA U
IOBEPXHOCTM TpebHs 42 cocTaBJgioT He MeHee Fn2 °C/c, Takxe
[IO3BOJISET He HNONYyCTUTH BO3HMKHOBEHMS BTOPMUHOTO IEeMEeHTUTa Ha
DTUX TIOBEPXHOCTSAX.

[0092]

[loMmMO 2TOTO, HOJydabpukaT OxXJIaXnanT TaKuM o00pas3oM, UYTOOE
CKOPOCTBb OXJIaXIeHMSA Ha IIOBEPXHOCTHAX, OTJIMYAKIUXCSI OT IIOBEPXHOCTU
41 kaTaHMsa U IIOBEPXHOCTM IpebHa 42 (TO eCcTh, Ha IIOBEPXHOCTHU
YyacTu 2 CTYIMIH, I[IOBEPXHOCTM UYacTM 3 IMCKa ¥ IIOBEepPXHOCTAX UYacTU
4 obona, OTJUYAKIMXCSA OT IIoBepxHOoCTM 41 kaTaHMAg U IIOBEPXHOCTHU
TpedHa 42), Owula He OoJsiee Fnl °C/c. B pesyibTaTe He OOINyCKaeTcs

BO3HMKHOBEHNME 3aKaJIEHHOI'O CJIOA Ha IIOBEePXHOCTAX, OTJIMYaAKIMXCHA OT



33

noeepxHocTn 41 KaTaHMsa M I[IOBEPXHOCTU I'pebHa 42. IloMmMMO DTOTO,
nojaydpadbpukaT oxJakmanT TakKuM o00pas0oM, UTOOH CKOPOCTH OXJIaXOeHUI
B B0HEe C MMHMMAJILHOM CKOPOCTBLI OXJaXIeHMsa, HaxoIdmercsa B YacTu 2
CTYNMIE, dYacTM 3 OMCKa wmIu dYactm 4 obdoma, Owbjla He MeHee Fn?2
°C/c. B pesyabTare He [OONyCKaeTcd BO3HMKHOBEHME BTOPUUHOTO
eMeHTMTa. TO eCcCThb, Ha OIMCAHHOM BHIIE B»Tale OXJaXIeHMHd, B
OOIIOJIHEHME K TIIoBepxHocTu 41 kaTaHusa U TpebHO 42, YCUIUBAKRT
oxXJIaXIOeHue B 0O0JIacTAX, OT HUMX OTJMUaAKIMXCHd (B 4YacTWM 2 CTYIIMLEL,
yacTu 3 OucCke UM Ha OOKOBOM TIOBepxHOCTM duYacTu 4 oboma). TakuMm
oBpas3oM, DTall OXJIaXIOEeHWMS BHIIOJHAKT I[IYTEM BEHIIOJIHEHMA OIMCAaHHBIX
BHIle oOlepaluy. Ilocjle OKOHUaHMA 5STala oxXJaxIeHusda TeMIepaTypa
nojybpabpuraTa, HaIpuMmep, OyOeT paBHa KOMHaTHoOM (25°C). OmHako Ha
TeMIlepaTypy HojydabpukaTa IIOCJIe OKOHYaHMAg BTalla OXJIaXIeHusd
KOHKPEeTHHE OTI'pPaHMUeHMS He HaKJaIOHBAalTCS, ¥ OHa MOXeT OBTL Jodol,
HO He Bpme 500°C.

[0093]

STamn oTrinycka

ITocae sTara OXJIaXIOeHUa  IoJydpadpukaT I[IpU  HeoOXOoOUMMOCTHU
moneepramT OTIYCKYy. OTIYyCK MOXET BHIIOJHATHCA C MCIOJBL30BaHUEM

XOopomo M3BEeCTHHEX TeMIIepaTypPeE U IIepronga BpeMeHN. TemMmrepaTypa

OTIIyCKa He IpPeBHIMaeT TeMlepaTypy A.. TemnepaTypa OTIIYyCKa,
HalpuMep, cocraBager 400°C - 600°C, w BpeMsS BHIOCPXKKM IIPU
TeMIIepaType OTIyCKa, HallpuMmep, cocraBJygeT 60-180 wmHYT. HoO

TeMIIepaTypa OTIIyCKa u BpeMsa BEIIEPXKNU He OTPaHUUMBAITCHA
yKazaHHEMM . OTIIYCK MOXHO He BHIIOJHSATH .

[0094]

Sran o6paboTKK pe3aHMUeEM

IIpy ToM, UYTO IIOCJIe IIpollecca TepMUueckom o00paboTku (mTamna
HarpeBa WM BTala OXJaXIeHWUST) BO BHEMHEM CJIOe, HaxoOdameMcC S
HEIIOCPeICTBEHHO IIOH IIOBepxXHOCThK 41 KkKaTaHMUA, M BO BHENHEM CJOe
TpebHa 42 noaydpadpukaTa BO3HMKAET MEJIKO3EPHUCTHM [IepJIUMT, BLHIIe
HETO MOXeT BO3HUKATH 3aKaJIeHHHM CJIOW . ITpn VICIIOJIb 30BaHUN
XKeJIE3HODOPOXHOTO KoJieca 3akKaJlIeHHHM CJIOM XapaKTepu3yeTcsa ILJOXOoM
M3HOCOCTOMKOCTBIO. IlosToOMYy Ha IaHHOM »Talle 3akaJleHHBe CJIOM BO
BHEIMHEM CJIOe, HaxXOIAMeMCHdS HelOCPeOCTBEeHHO IIOH IIOBepXHOoCTh 41
KaTaHMa, ¥ BO BHeMHeM cJioe TpebHsa 42 ynajldaoT noyTeM obpaboTKu
pezaHueM. OO0paboTka pe3aHMeM MOXET BHIIOJHATHLCS C MCIIOJIb30BaHMEM
XOPOIIO M3BECTHOT'O crocoba.

[0095]

OrmMeTHM, 4TO B CHocofe M3TOTOBRJIEHMA IIO0 ITaHHOMY BapMaHTy
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3akKaJIeHHHM CJIo¥ He OyIeT BO3HMKATL Ha [NOBEPXHOCTAX, OTJIMYAMUXCSA
OoT ImnoBepxHocTM 41 KaTaHMA ¥ IIOBEepXHOCTM I'pebHa 42 (TOo ecCThb,
[IOBEPXHOCTM dYacCTM 2 CTYNMIH, [OBEPXHOCTM YacTM 3 HOUCKa U
[IOBEPXHOCTAX 4yacTm 4 oboma, oTJMUYaKIMXCS OT IoBepxHocTu 41
KaTaHusag U IIOBepXHOCTM TIpebHsa 42). Ilo »TOoOM OpUUMHe B cCHoocofe
M3TOTOBJIEHUA XEJIE3HOINOPOXHOT'O KOJIeca I[I0 IOaHHOMY BapMaHTy, Oaxe
HECMOTPSA Ha TO, UYTO BHIIOJHAETCSA OXJIaXIeHue He TOoJbKO uyacTtu 4
oBboma mnoJgydpabpmkaTa XKeJIE3HOINOPOXHOT'O KOJIeCa, HO TaKXe YacTu 3
O/MCKa M 4YacTu 2 CTYIMLE, HET HeoOXoOouMOCTM oOpabaTHBAaThb pPe3aHUeEM
[IOBEPXHOCTH, OTJIMYaKIMeC s oT [IOBEPXHOCTHU 41 KaTaHu4gd u
[IOBEPXHOCTM TI'pebHa 42 (TO eCcThb, I[IOBEPXHOCTbL 4YacTM 2 CTYIIULH],
[IOBEPXHOCTL YacTM 3 OUCKa M OOKOBYI IIOBEPXHOCTHL yacTu 4 oboma) .

[0096]

B pesyJabTaTe BHIIOJHEHMS OIMCAaHHBIX BHIIe 5STaloB IIoJydaknT
KeJIe3HONOPOXHOE KOJIeCO, COOTBeTCTBYyKIee ITaHHOMY BapuaHTy. Korna
KEeJIE3HONOPOXHOE  KOJIECO MI3TOoTaBRJAMBALT [OIpM IIOMOWM  criocoBa IO
OaHHOMY BapMaHTy, »OaXe HeCcMOTpsAs Ha TO, UYTO B DTOM KoJece
MCIIOJIE3YeTCd 3asBTEeKTOMOHAas CTajlb, B YacTu 3 OUCKEe U YacTu 2
CTYIOMILE He  OOIyCKaeTCd  BO3HMKHOBEHME  BTOPUUHOTO LEMEeHTUTE,
KOTOPHEM VYXyIllaeT YIAapPHYID BAI3KOCTL. IIOMMMO DSTOTO, »Oaxe HEeCMOTPS
Ha TO, 4YTO B D2TOM KOJIeCe MUCIOJb3yeTCsa 3asBTeKTouIHas cCcTallb,
MOXHO He IOINyCTMUTE BO3HMKHOBEHMS B UYacTu 3 IOMCKa M YacTu 2
CTYNMLE 3aKaJIeHHOT'O CJIoSS, KOTOPHM yXyOmaeT YIAaPHYD BA3KOCTDL.
OT™MeTUM, uTo BO3HUKHOBEHUE BTOPMUHOTO  ILIEMEHTHUTAa TaKxe He
oonyckaeTcda B yacTtu 4 oboma.

[0097]

CTpyKTYPpa XKeJIE3HOOOPOXHOT'O KoJieca

Hajee TI[pMBeleHa MUKPOCTPYKTYpa XKeJIE3HOINOPOXHOTO  KOJieca,
M3TOTOBJIEHHOT'O IIPM IIOMOIM OIMCAHHOT'O BHIIe crocoBa. [Io cTpykType
BHEMHUM  CJIOH, HaxOoOAMMMCHA  HEeNOCPeICTBEHHO IIOJ I[IOBEPXHOCTHIO
KaTaHudg, WU TIPUIOBEPXHOCTHAasa YacThk TIpebHA MOpedcTaBJIanT codon
HepsinT. KoJIMUueCTBO BTOPMUHOI'O LIEMEHTUTA He IIpeBrmaeT 1,0 4aCTULE
Ha 100 wMKM. JacTb CTYIIMIIEL, J4acThb O/MCKa M  4YacTb oboma,
oTJIMYarascsa OT IIOBEPXHOCTM KaTaHusa U I'pebHdg, [0 CTPYKType
COCTOAT, IO CYWeCTBY, M3 IIepJnuTa. TO eCcTb »OOJA I[Jollaly IIepjmuTa
cocraBJydgeT 95% wim Oojee. KpomMe TOI'O, KOJIMYECTBO BTOPUYHOIO
LeMeHTUTa He HpebbmaeT 1,0 wacTuue Ha 100 MrM.

[0098]

Ecim roBopuTe 0OO0Jiee KOHKPETHO, B XEJIE3HOLNOPOXHOM KoJleCe U3

3a2BTEKTOMIOHOM CTaJlM, VMeKIel VYKa3aHHBM BHIE XVMMHUUESCKMM COCTaB,
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B MMUKPOCTPYKTypPEe UYacTM CTYNMLE »OOJIA IJIoWalM IIepJiMTa CcocTaBJideT
95% wmam ©OoJilee, ¥ KOJUUECTBO BTOPUUHOI'O LEMEHTHUTa He IIPeBHIIaeT
1,0 wacTtmuel Ha 100 MrM. VM B MUKPOCTPYKTYpPE UYacTM IOUCKa IJOJA
mjomwany  Iepjmura cocrTaBJigeT 95% wim  OoJee, N KOJUUYEeCTBO
BTOPUYUHOT'O LEeMeHTHTa He IOpeBrmaeT 1,0 uyacTtuusl Ha 100 MrxM. Kpowme
TOTO, B MUKPOCTPYKTYpe dYacTu ofboma I[OJid IJIoWanu  IIepJinTa
cocTaBygeT 95% wmim 0OoJiee, U KOJMUECTBO BTOPUUYHOTO ILEMEHTUTa He
npesremaeT 1,0 wacTuue Ha 100 MEM. 30eChb KOJIMUECTBO BTOPUUHOTO
LIeMeEHTUTa olpenendgercda rno dopmyse (A) :

KomMuecTBO BTOPMYUHOTO leMeHTHTa (dacTui/100 wMkM) = oOmee
KOJIMUECTBO UYaCTHUL, BTOPUUYHOTO LEMeHTUTa, UYepes KOTOPHEe IIPOXOoOAT
IBe OuaroHalJl¥ B KBagpaTHOM IoJie 3penmusa 200 mxm x 200 mxm/ (5,66 x
100 MmMxM) (A)

[0099]

[Ipy 5TOM MUKPOCTPYKTYPY MOXHO BM3YyaJIbHO M3YUMTH I[IPU IIOMOIIM
IpUBEeIEeHHOTO Jajiee crocoBa. OO0paszell OJ4 BM3YaJIbHOTO M3YUEHUA
MUKPOCTPYKTYPH 0OepyT M3 KaxXIo¥ YacTu (CTYyIMUH, IMUCKa U obona)
KEJIE3HOOOPOXHOTO KoJleca B IIOJIOXKEHUM Ha IJIyOuHe OoJjlee 5 MM OT
[IOBEPXHOCTH. J3ydaeMyl I[IOBEPXHOCTL KaXOoro obpasla IIOJUPYT IO
3epKaJbHOTO OJieCcKa MeXaHMUYeCKMM CcrIocofoM. Ilocjie 53TOro M3ydaeMylo
IIOBEPXHOCTL TpPaBAT B pacTBOpe, CoIepxXameM CMeCh I[IUKPUMHOBOM
KMCJIOTE ¥ IHIOPOKCHMIA HaTpua. [locile TpaBJIeHMA IIOJydalnT QoToIpaduio
IPOM3BOJILHOTO TIoJa 3peHusa (200 mxM x 200 MKM) Ha HM3yJaeMou
[IOBEPXHOCTY C MCIOJIE30BaHMEM OITHMUYEeCKOT'O MHUKpOCcKona Ipu 5b00-
KpaTHOM YBEJIMUeHUM. Hajnume BTOPUUHOI'O LIEMEHTHTAa OIpelesigeTcsd,
MCXOOd M3 TOTO, YTO BTOT ILEeMeHTUT, BO3HMKAKIMIMK Ha TpPaHMuile 3epHa
IpelmecTBYKIETO ayCTeHMTa, MMeeT UepPHHM IIBeT.

[0100]

Kak mnokazaHo Ha Our.ll, B kBagpaTHoM IoJie 100 3peHUd
pazmMepoM 200 MrM x 200 MrM OpoBOHOAT nOBe nuaroHasgu 101. TIlocJe
BTOTC OlpenelidnT of0llee KOJIUUYECTBO UYaCTUL BTOPUUHOI'O LIEMeHTUTa,
Uepe3 KOTOpPHE IIPpOXOoOAT 5STKM Obe OuaroHagu 101, Kak 3amaHo
BrpaxeHreM (A), KOJIMUECTBO BTOPUUHOI'O LEeMeHTUTa Ha Kaxnele 100
MKM (uacTui/100 MKM) OIIpenesIsanT, pasnesB I[IOJIydeHHOe  ofllee
KOJIMYECTBO 4YacCTUL, BTOPUYHOI'O LEMeHTHTa Ha CyMMapHyn LJIMHY IBYX
nmaroHaJje 101 (5,06x100 MrM) .

[0101]

Ecim kKoOJIMUeCcTBO BTOPUMYHOI'O LeMeHTUTa He IpeBbmaeT 1,0
yacTuue Ha 100  MKM, cumMTaeTCcs, dYTO €U0 BO3HUKHOBEHME He

IOOITyCKaeTCHd B IOCTAaTOUHOW CTelleHU.
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[0102]

Dajee CHOBa BHIIIOJIHAT [IOJIMPOBAaHNUE TOM  Xe n3y4daeMomn
[IOBEPXHOCTM OO 3epKaJIbHOTO BOJIeCKa MexXaHMUeCKMM CIIOCODOM U IIOCJIE
2TOTO TpaBAT B HUTAJE (pacTBOpPE, CcoIepXalleM CMeCch a30THOM
KV CJIOTH n Ta”HoJa) . [TocJe TpaBJIEHU A [oJIy4amnT dboToTrpadun
IPOMBBOJILHOTO ToJA 3peHua (200 MM x 200 MKM) Ha M3ydaeMoun
[IOBEPXHOCTM C MCIIOJIB30OBAaHMEM OIITUUECKOT'O MMKpOCKomna npm 500-
KpaTHOM YBEJIMUEHUN . deppuT, BerHUT, MapTEHCUT u [IEPJIUT
pasinyamnTca IO TOHy. Takum o6pa30oM, MCXOOd M3 TOHa, MOXHO
onpenesMTh HaJluuMe 3aKaJIEHHOTO CJOoS U IIepjMTa Ha Hu3ydaeMou
[IOBEPXHOCTM. OTHOCUTEJIBHYK IUJIOAalb IIepJIMTa OIpemNelidlT, MUCXOOd U3
obmel IJIomany OIpenelIeHHOTO TaKuMM ofpa3oM IepJuTa M IIJIomanu

MByqaeMOﬁ ITIOBEPXHOCTNM .

[0103]
B KeJIe3HOLOPOXHOM KoJlece, N3TOTOBJIEHHOM pu [IOMOIIN
ONMCAHHOT'O  BhIle crnocoba, 4YacTe o00oma, BKJIOYad IIOBEPXHOCTDb

KaTaHusg U TpedeHb, B KOTOPOM HOOJIA IJIOWAaOM [IepJiMTa cocTaBjdgeT 95%
i ©6oJjiee, IO CylWecTBY, COCTOMT U3 IIepjnTa. JM KOJUUECTBO
BTOPUUHOTO LeMeHTMTa He mOpeBemaeT 1,0 wyactmuel Ha 100 MKM.
ITosTOMY 3TO KEJIE3HOLOPOXHOE KOJIeCO VMeeT IPEeBOCXOIHYIO
MB3HOCOCTOMKOCTE. KpomMe TOTO, B KeJEe3HOIOOPOXHOM KoJiece UYacThb
CTYIMIE, YacCTb IOMCKa M YacTb o6ola, OoTAMYaKnmascsa OT IIOBEPXHOCTHU
KaTaHusa U Tpe®Hs, IO CYmMecTBY, COCTOAT M3 IIepjuTa. [IoMMMO DTOTO,
B YacTM CTYNOMIH, YacTM MOMCKa ¥ dYacTu oboda, OTJIMYAKIENCS OT
IIOBEPXHOCTMU KaTaHusa U TpebHs, KOJMUECTBO BTOPUUHOTO IIEMEeHTHTa He
nperwmaeT 1,0 uvwacTuusl Ha 100 MmxM. TakuMm ofOpasoM, XKeJIe3HOOOPOXHOE
KOJIeCO, COOTBETCTByKIee ITaHHOMY BapMaHTy, ¥VMeeT MIPeBOCXOOHY
yIOapHyl BA3KOCTL, IaXe HECMOTpS Ha TO, UYTO OHO MMEeeT XUMUUEeCKUM
COCTaB, COOTBETCTRYKIMM 3asBTEeKTOMIHOM CTaJlM.

[0104]

OTMeTHMM, UYTO HEeNOCPeACTBEeHHO IOCJe 5BTalla OXJaXIeHMsa, Kak
ONMCaHO BHIIEe, XeJIe3HOINOPOXHOEe KOJIeCO MOXET MMETH 3aKaJlIeHHBM CJIoN
BO BHEMHeM CJIoe, HaxXOOAMeMCs HeNOCPeICTBEHHO II0J [NOBEPXHOCTHIO
KaTaHMdg, W BHeENHeM CJioe TpedbHa dYacTu oboma. OOHAKO Iepen
WCIOJbL30BaHMEM KeJIe3HONOPOXHOTO KoJjleca STOT 3aKaJleHHHEM CJIoM
yoaJjdaonT OyTeM ONMCaHHOM Bome o00pa®oTKM pe3aHMeM. B pesyJbTaTe
MUKPOCTPYKTYpPa Ha IIOBEPXHOCTM KaTaHMSa U TOBEepXHOCTH TpebHHA, IO
CymeCcTBY, COCTOMT U3 IepJnTa.

Mpumep 1
[0105]
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Bruim IIOJIYUEHH pacIliJjaBJIeHHEEe Cranmn NeNe 1-18, MMerIme

XUMUUECKUM COCTaB, YKaszaHHHM B Tabimuie 3.
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[0106]

Tabmmua 3

S XuMmyeckuyl cocrTap (Mac.$, ocranbHoe — Fe m npumecu) TeMnepaoTypa rol . Npyeuars

C Si Mn P S al N Cr \s Acmy C

1 0,84 0,30 0,81 0,001 0,002 0,032 0,0038 0,00 0,00 768 24,81 0,5 NsoBpeTeHne
2 0,93 0,29 0,80 0,001 0,002 0,032 0,0042 0,00 0,00 802 21,71 0,6 NsoBpeTeHne
3 1,00 0,30 0,80 0,001 0,002 0,034 0,0040 0,00 0,00 828 18,8 1,2 UsoBpeTeHne
4 1,09 0,30 0,79 0,001 0,002 0,036 0,0040 0,00 0,00 860 16,0 | 6,1 UsoBpeTeHne
5 1,02 0,05 0,81 0,002 0,001 0,031 0,0042 0,00 0,00 829 26,81 1,3 NsoBpeTeHne
6 1,03 0,89 0,80 0,001 0,002 0,036 0,0040 0,00 0,00 854 5,7 3,2 NsoBpeTeHne
7 1,04 0,29 0,40 0,002 0,001 0,030 0,0056 0,00 0,00 842 26,2 2,0 NsoBpeTeHne
8 1,02 0,31 1,23 0,002 0,001 0,030 0,0058 0,00 0,00 836 11,5 1,9 NsoBpeTeHne
9 1,05 0,29 0,79 0,001 0,001 0,033 0,0030 0,11 0,00 853 13,6 3,4 NsoBpeTeHne
10 1,03 0,29 0,78 0,001 0,001 0,034 0,0034 0,21 0,00 852 11,0 2,7 NzobpereHue
11 1,02 0,28 0,79 0,001 0,001 0,033 0,0036 0,51 0,00 868 4,5 4,2 NsoBpeTeHne
12 1,03 0,29 0,79 0,001 0,001 0,063 0,0041 0,00 0,00 838 17,3 1,4 NsoBpeTeHne
13 1,03 0,29 0,80 0,001 0,001 0,100 0,0044 0,00 0,00 836 15,9 1,0 NsoBpeTeHne
14 1,03 0,29 0,80 0,001 0,001 0,200 0,0046 0,00 0,00 832 13,0 0,6 NsoBpeTeHne
15 1,00 0,29 0,81 0,001 0,002 0,300 0,0034 0,00 0,00 817 11,0 0,5 NsoBpeTeHne
16 1,00 0,30 0,80 0,001 0,002 0,610 0,0034 0,00 0,00 804 4,9 0,5 UsoBpeTeHne
17 1,03 0,29 0,80 0,002 0,001 0,029 0,0048 0,00 0,03 843 13,4 1,7 UsoBpeTeHne
18 1,03 0,29 0,80 0,002 0,001 0,026 0,0047 0,00 0,09 842 6,6 1,5 UsoBpeTeHne
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[0107]

[Tpun [IOMOIIN mpolecca JIUTE A CJINTKOB C MCIIOJIE 30BaHMEM
YKa3aHHOMW RBHIIe pPacIJIaBJIEHHOWM CTajlM OBJI M3TOTOBRJIEH OKPYIJIHM
CIINTOK (B bopme YCEUEeHHOTO KOHYyCa C oraMeTpOM BepxHEN
nosepxHocTM 107 MM, OMaMeTpPOM HWKHEM NOBEPXHOCTM 97 MM M BHCOTOMU
230 mMM) . Tocjye HarpeBa mo 1250°C camTok OBUI MHOABEPTHYT ToOpSdeln
KOBKe B [OMarnasoHe TeMmiepaTyp 850°C - 1100°C nOJjg [OJydyeHuUs
KpyIJIOTO CTepXHSA OIS KeJIe3HOINOPOXHOTO KojleCa, KOTOPHM MMEET
oruaMeTp 40 MM.

[0108]

JcrIEITaHME HA TOPLOBYIO 3aKaJIKy IO IDXKOMMHU

V3 KpyIJIOTO CTepxHa OuamMeTpoM 40 MM M3 Kaxmowm Crajm NN 1-18
OBUI M3TOTOBJIEH oOpasell IJA MCHOBTaHMA [0 [KOMMHM C OUaMeTpoM 25
MM ¥ BrHcoToM 100 MM. EciaM TOBOPUTE KOHKPETHO, IIyTeM TOKapHOM
00paboTKM KPYIJIEM CTepXeHb 1nuaMeTpoM 40 MM ObUI IIpeBpalleH B
KPYIJIEIL CTepXeHb IuaMeTpoM 25 wMM. Ilocjie »TOT0 KPYIJIEM CTEepPXeHb
Opl  oBpesaH nmo gamMHEL 100 MM, UyTOOE IIOJIYyYMTH OOpa3ell IOJd
VCHIHTaHUA IO IXOMMHU.

[0109]

C wucnojJbps3oraHMeM ofpaslla OJ4 MUCIOHTaHMAg [0  [KOMMHM B
COOTBETCTEBMM CO CcTaHmapToM JIS GO0561 (2011) OvBUIO TIPOBEOEHO
MCIHTaHMe Ha TOPLOBYK 3akKajiIky IO [DKOMMHM IJIS MUMHUTalUUM I[Ipoliecca
TepMUUeCKOM obpaboTKU (mpTan Harpera u sTarn OXJIAXIOEeHU) ,
BXOIOAMETO B cocTasB opoluecca M3TOTOBJIEHUA  XeJIe3HOILOPOXHOIO
KoJieca. Ecim TDOBOPUTE KOHKPETHO, obpasell OJS UCIHTAHUA TIIO
I’KOMMHM BHIEPXMBAJICA B aTMochepe IeuM OpM TemIeparype 950°C,
KOTOpasd He HWXe TeMllepaTypH A, B TedeHue 30 MUHYT, B pe3yJbTare
yero CTPYKTypa 3ToTro obpas3lla CcTajla COCTOATH M3 OINHOM ayCTeHUTHOM
basel. Ilocme »sTOoro OBJIa  BHIIOJIHEHa  3akKajika Topla (BOOsIHOE
oxJlaxmeHre) . EcCaM TOBOPUTE KOHKPETHO, HIJA OXJIaXOIeHMI ONOHOTO
TopLa obpas3lua oJsA MCHOHTaHuAg [0 KOMMHM pacleulisjlack Boa. llocie
BOOAHOTO OXJlaXxIeHusa OOkoBafg IIOBEPXHOCTHE oOpas3lia OJS MUCIETaHUA 110
IxoMMHEM  OBUIA MeXaHUUeCKM OTIIOJNMPpOBaHa, WM B COOTBETCTBUM CO
cra”HmapToM JIS Z 2245 (2011) B 0OCeBOM HalpaBJIeHMM OBJIa WM3MepeHa
TBEPOOCTE 1o mKaJe C PokBeiia (HRC), HaumMHas oOT YIOMSHYTOTIO
TOopLa (BOOOOXJIAXOEHHOI'O TOpLAa) M C IIOCTOSHHEIM MHTEpPBaJIOM, UYTOOH
[IOJIYUUTE paclipelejieHue TBEpOOCTU. J3MepeHMre TBepIOoCTM 1o mkaje C
PokBeJijla BHIIOJIHAJIOCE C maroM 1,0 MM OT BOHOOXJIAXIEHHOI'O Topla Io
TOUKM, HaXOOAMeMCs Ha PpacCcToSHMM 15 MM OT »TOrO Toplla, M C IaTroM

2,5 MM IIOCJIe 2TOM TOUKM.
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[0110]

Ha dur.l2 o4 nprMepa IpUBeIeHO OIOHO [IOJIYUEHHOE
pacrnpenejyieHre TBepHocTu o wmkajie C PokBejula. Ha Odur.l2 nokas3aHE
pe3yJabTaTe nJja Crajer NN 1-4. Kak MOXHO BuIeTh Ha dur.l2z,
HauMHasg OT TBEepHOCTM Ha BOHNOOXJIaXIEeHHOM TOpLE MCIHTATEeJbHOTO
obpasua, Kpubkasa [IKOMUHM pas3nelideTcsa Ha OBe objacTu — o06JjacTb A,
B KOTOPOM TREPHOOCTL OHCTPO CHMXAETCS C YyBeJMUEeHMEeM PacCTOSHMUA OT
BOOOOXJIAXOEHHOTO Toplla, M objlacTk B, KoOToOpad HaAXOOUTCA najblle OT
3TOTO Toplia IO CpaBHeHMI C O0JacTe A, M B KOTOPOM C yBeJMUEeHUEM
paccToAHMA OT DTOTO Toplla TBEePpOOCTh CHMXaeTcd ©OoJjiee IIOCTEIIEHHO,
ueM B ofOjlacTu A. B pesysbTaTe BU3YAJILHOTO M3YUEeHMA CTPYKTYPE
OrUIO0 OBHapyXeHO, dYTOo ofJjlacTe A — BTO 3aKaJIeHHHM CJIOM, COCTOAMUMN
U3 MapTeHcUTa u/niam OeVHMTa. O00JacTh B cocTodyia, IO CYMecTBY, U3
nepanTa. Ha OCHOBe paclHpenejieHuUda TBepLooCcTH IO mkajie C Poxkseiula,
npuBeleHHOTO Ha Odur.l2, OplJla OlpenejieHa IUIyOMHa 3aKaJIeHHOTI'O
CJIOA.

[0111]

BusyajlIbHOE MBYUEHUEe MUKDOCTPYKTYDB

BusyajibHOe M3yUeHMe MUKPOCTPYKTYPE Ha BCeX pPaCCTOAHMAX OT
BOOOOXJIAXIEHHOTO TOPpLla BHIIOJHAJIOCH I[IPMBENEHHEM »Hajiee o0paszoM. B
KauecTBe M3ydyaeMOM  IIOBEpPXHOCTM  OwJla  BHOpaHa 30Ha BOKOBOM
[IOBEepXHOCTHK of0pasla IOJ8 MCIHETaHMA 10 [PKOMMHM, B OTHEJIBHBIX TOUKAaXx
KOTOPOM TIPOBOAMJIOCE M3MEepeHMre TBepIoCcTu o mkaje C PokBeJa,
n3ydvaeMasa IIOBEPXHOCTHL OBUIA OTIOJMpPOBaHa OO 3epkKallbHOTO O6Jecka
MeXaHUUeCKMM criocoboM, rocJje Jero OBLIIa npoTpaBJieHa C
MCIOJIb30BaHMEM pPacTBOpa, CcomepXamero CMeCch OUKPUMHOBOM KUCJIOTH U
rMOopokcuna HaTpusa. Ilocjle TpaBJIeHUS C MCIOJb30BaHMEM OITUUYECKOTO
MUKpocKkoa Hnpu 500-xpaTHOM YyBeJIMUeHMM OvJIa IIOJIydeHa ¢oTorpadmsa
IPOM3BOJILHOTO IoJg 3peHus (200 mxM x 200 MKM) Ha HM3ydaeMou
[IOBEPXHOCTHK . Hajuune BTOPUUHOT'O LEMEHTUTA MOXHO OBJIO OIpeleliUTh,
MCXOOA M3 TOTO, YTO BTOT ILEeMeHTUT, BO3HMKAKMMM Ha TpPaHMuile 3epHa
IpenuecTByKRLeI0 ayCTeHUTa, MMeeT UepHBEM I1LIBeT Ha UM3ydaeMoHn
[IOBEPXHOCTH .

[0112]

Kak nokazano Ha Odur.ll, B kBagpaTHoOM IoJie 100 3peHUd
pasMepoM 200 MrM x 200 MM OBUIM [IPOBeIeHH IOBe 1auaroHaam 101.
Ilocsme  »TOTO OBUIO  OIpeleJIEHO  KOJUYEeCTBO  YacCTU  BTOPUUHOIO
LeMeHTHUTa, Uepe3 KOTOpPHE IIpOXOOAT STM OBe OuaroHamm 101,
KoJIMuecTBO BTOPMUHOTO ILeMEeHTMTa Ha Kaxoee 100 MM (uacTumii/100

MKM) OBLIO OoIipeneJIeHO IIyTeM »OeJIeHMA IIOJIYUYEHHOI'O KOJIMYeCTBa YaCTHII
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BTOPUUHOTO IeMeHTMTa Ha CyMMapHyon OJIMHY »IBYX IMaroHajgewm 101
(5,66x100 w™MrM). To eCcTh, KOJUUECTBO BTOPUUHOTO IEeMeHTUTa OBJIO
OIIpelleJIEHO B COOTBETCTBMM C BrpaxeHnem (A) .

[0113]

Ecim KOJIMUEeCTBO BTOPUYHOTO ILeMeHTHUTa He Ipepwrmajo 1,0
yacTule Ha 100 MKM, CUMTaJjlIoOChk, UYTO €TI0 BO3HMKHOBEHME He
OOIIyCcKaeTCcsd. UMCJIEHHEIE 3HaueHMd, IIpUBeleHHBle B Tabauue 4 14
COOTBETCTBYIIMX PacCTOSHMM OT BOINOOXJIAXIEHHOTO Toplla IJA KaxXxIon
cTagM, STO KOJUUECTBO BTOPMUHOTO LeMeHTUTa (yacTui/100 MKM) .
Hanpumep, 3HaueHue 0,5 npu CKOPOCTHA OXJIaXIOeHMNA 13,1°C/c
(paccrogaHMe 13 MM OT BOIOOXJIAXIOEHHOT'O Toplia) mnoja JcnelraHma N4,
O3HayvaeT, 4YTO B MCHHTaATeJIbHOM oOpasle M3 JVchneTaHud N4 KOoJIMUYeCTBO
BTOPUUHOTO LIEMEHTHTA B TOUKe, HaxXOoOAMeMCsd Ha pacCcToaHMM 13 MM OT
BOIOOXJIAXIEHHOTO Topla, n3MepaeMOM B OCEeBOM HalnpaBJIeHUX,

cocraraayo 0,5 vacTtuuu Ha 100 MKM.
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[0114]
Tacmma 4
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[0115]

IDajiee OBJIO CHOBa BHIIOJIHEHO IOJMPOBAaHME TOM Xe U3ydaeMou
[IOBEPXHOCTHM OO 3epKalJlIbHOT'O OJleCKa MexXaHUUeCKMM CIOCOOOM U IIOCJe
5TOrO OBJIO BHIIOJIHEHO TpaBJieHMe B HUTalle (pacTBoOpe, CcolepXalleM
CMeChb a30THOM KMCJIOTH M »TaHoJa) . llocjie TpaBJieHMs ObUla [IOJIyUYeHa
doTOoTrpadmUsa TIMIPOUBBOJIBHOTO I0oJid 3peHus (200 mMxM x 200 MKM) Ha
MU3ydaeMol IIOBEPXHOCTM C MCIOJIB30OBaHMEM OITUUECKOTO MMKPOCKOIa
npu 500-xpaTHOM yReaudeHuun. DeppuT, OeMHUT, MapTEHCUT U IIepJIUT
paszjguuanTcd IO TOHY. B pesylabsTaTe, MCXOO4 M3  TOHa, OBLIO
OIpeXeJIeHO HaJuuMe 3aKaJIeHHOTO CJIod M I[DepJiMTa Ha HK3ydaeMou
[IOBEPXHOCTH. [JoJid IuUIoWlanM IepJinuTa Oblla olpenejieHa, MWMCXOOA U3
ofmey IJIoWanM OIpeleJIeHHOTO TakuM ofOpa3oM IIepjuTa M ILJomanu
M3ydyaeMol IOBEPXHOCTHU.

[0116]

OTMeTUM, UTO IOJIydeHHas IIyTeM I[IpOBeleHUd 5SKCIepUMeHTa CBA3b
Mexnoy pacCcToOAHMEM oT BOOOOXJIaXIEHHOTO TOopLIAa " BpeMeHeM
oxJlaxkmeHus oT 800°C mo 500°C BO BpeMsa MCIOHTAHMS Ha TOPLOBYD
3aKaJIky [0 [DKOMMHM I[IpMBeIeHa B JIMTepaTypPHOM MCTOUHUKe (F. Wever
et al., Zur Frage der Warmebehandlung der Stahle auf Grund ihrer
Zelt-Temperatur-Umwandlungs—Schaubilder, Stahl u Eisen, 74
(1954), pp. 749-761). Ha O0OCHOBEe IaHHHX M3 5BTOT'O MCTOUHMKA
paccTodgHMe OT BOHNOOXJIAXIEeHHOTO  Topla OBJIO IIpeobpa30BaHO B
CPeIHKI CKOPOCTL OXJaXIeHua B OuanasoHe oT 800°C mo 500°C B
Kaxmom TOUKE. CKOpOCTB OXJIaXIeHUI BOOOM, COOTBETCTBRYIIA A
PacCTOSHMI OT BOINOOXJI&XIOEHHOI'O Topla, IIpuBeleHa B Tabiuue 4.

[0117]

Hcrneiraume Formaster

C MCHOJIB30BaHMEM OIIMCAHHOT'O BHIIe oOpa3lla OJs MWCIBTaHUA IO
IxoMMHY OBJIO BHIIOJIHEHO MCIIEITaHME Ha HelpephBHOEe oxXJlaXIeHue C
HM3KOM CKOPOCTLI, KOTOopasd He MOXeT OHTb BOCIPOM3BeIeHa IIpU
WCHOHTaHMM Ha TOPLOBYK 3akalky oo [IXoMyHM. IO TepMUUeCKOM
00paBoTKM MCIOJL30BAJIOCE YCTPOWMCTBO MOJIS MCHOHTaHMA Formaster,
npomspogumMoe Fuji Electronic Industrial Co., Ltd. U3 KpyTJoTo
CTepXHSA IMaMeTpoM U3 kKaxnon Cramgu NN 1-18 ObUI HOJYy4YeH OOMH
VICIIEIT a T &JIb HHM oBpasel oraMe TpOM 3 MM U OJIVHOM 10 MM.
JMcnEITaTeLHEN ofpasell BHOoepxuBajica opu 950°C B TedyeHmMe 5 MMHYT.
Ilocjie »TOTO MCHHTATENBHEM ofpas3ell OXJaXIallcCa C IIOCTOSHHOU
CKOPOCTLI OXJaxkiIeHns, cocTaByigBmein 1,0°C/c. Tocje OXJaxIeHUS IpHr
[IOMOIM  OIMCaHHOT'O  BHIIe  cliocoBa  ObUIO  BHUMCIIEHO  KOJIMYECTBO

BTOPUYHOTO LeMeHTHTa (vyacTtui/100 MKM) B MCIOHTaTeJILHOM ofpaslie.
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[0118]
Iona  cranu, B KOTOpOoM He  OBJIO IOAOTBEPXIeHO  HaJlMuue
BTOPUUYHOTO 1IeMeHTUTa pu CKOpPOCTHU OXJIaXIeHns 1,0°C/c,

OOTIOJIHUTEJILHO BHIIOJIHAJIOCEH MCIBETAHME Ha TepMHUUeckyrn o00paboTKy C
HEIpPEepHBHEIM OXJIaXOeHreM coO ckopocTeio 0,1°C/c, ¥ HOPKM IIOMOIM TOTO
Xe OINMCAHHOTO BhIle crnocoba OoNpelesidayioCh KOJUUECTBO BTOPUUHOTO
LIeMeHTHUTa .

[0119]

PesyJjlbTaTE

(o) |
PesynbTaTH IpubBeleHH B Tabjuue 4. B 3ToM Tadjulle CHUMBOJI ® B
cToJIDLEe KOHKPETHOT'O paccToaHmd oT BOIOOOXJIAXIOIEHHOT'O TOpLAa
YKasHEHBaeT, UYUTO CTPYKTYPOM Ha 2TOM pPacCTOSHMM OBl 3aKaJIeHHHM CJION

@)

(MapTeHCUT u/Man OeMHuT) . IoMMMO STOTO, CHMBOJI B cToJBIle
KOHKPETHOT'O PAaCCTOSHMSA OT BOIOOXJIAXIEHHOTO Toplla yKa3hBaeT, UYTO
Ha STOM pPacCTOSHUM CTPYKTypa COCTOfJla, IO CYIecTBYy, M3 IIepJauTa
(DoJss IJiomanu epjauTa cocTaBJidja 95% WIIN BoJiee) , OBLIIO
IIOATBEPXIEHO OTCYTCTBME MapTeHCHuTa wWiIu OeVHuTa, a Takxke OBJIO
IOOTBEPXIEHO OTCYTCTBUE BTOPMYHOTO ILIEMEHTHTA. UMCIJIEHHOE 3HaueHUe
B cToJiBlle KOHKPEeTHOT'O PAacCCTOSHMS OT BOINOOXJIAXIEHHOTO  Topla
yKasbeBaeT, UTO CTPYKTypa CocTodJa, II0 CymecTBY, M3 IIepiauTa (moJd
Jomany IepJiuTa cocTarJisgia 95% wmiam OoJee), U IIOpencTaBysgeT cobom
KOJIMUYECTBO UYacCTMI BTOPUUHOTO ULeMeHTMTa Ha 100 MKM Ha 5STOM
paccrosgHuM. IloMMMO 5TOoTo, B Tabtimuie 4 OJsg KaxXOoM cTalM OuarasoH,
B KOTOPOM CKOPOCTBL oxJjaxmeHusa (°C/c) He mnpeBmmaeT Fnl, samaHHOE
BripaxeHmueM (1), M CcoCcTaBJIgeT He  MeHee Fn2, OTIPEenelIaseMoTO
BrlpaxkeHreM (2), 3aJuUT CepeM LeeToM. Kak BunHo u3 Tabmuuu 4, B
orarnas30He CKOPOCTM OXJaXIeHMs, 3aJIMTOM CephM 1LIBeTOM, 3akKaJleHHHM
CJIOM He BO3HMKAJ, ¥ KOJUUECTBO BTOPUUHOTO LeMeHTHTa He IIPeBHIaJio

1,0 vacTuusel Ha 100 MKM.

[0120]

Kak BupHO mM3 Tabmuu 3 u 4, KOI'Da CKOPOCTHE OXJIaXIeHus OvlIa
He MeHee Fn2 B Jiobol cCcTalM, KOJIMUECTBO BTOPUUYHOTO ILEMEeHTUTa He
IpeBHEIIAaJIo 1,0 yacTHLE  Ha 100 wMKM, maxe ecJm 3Ta cTallb
OpencrTaBJidaia coboM 3asBTeKTOMIHYI CTaljlb, MMellykl colepxaHme C Ha
YPOBHE 0,80% - 1,15%, TO eCcThb, BO3HMKHOBEHME BTOPUUHOT'O
IIEMEHTUTA HEe IOOIIyCKaJIoOCh. [l03TOMYy MOXHO OBJIO OXMIATE OOeClledueHUS

OOCTaTOUHOM yﬂapHOﬁ BA3SKOCTU KeJIESHOOOPOXHOT'O KOJIeCa. Kpowme
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TOI'O, €CJIM CKOPOCTE OXJIaXIeHMA He IIpeBHIIaJla Fnl, He »OOmycKalJloCh

BOSHUKHOBEHME 3aKaJIeHHOTO CJog. IlosToMy MOXHO OBJIO OXMUIATDH
ofecrneuyeHmns OOCTAaTOUHOM yIoapHOM’ BA3KOCTHU KeJIe 3HOOOPOXHOTO
KoJieca. TakumMmM oOpasoM, OBJIO OOHapyXeHO, UTO B cJjydae, eCcJu

nojaydadbpukaT OXJIaXIDanT TaKuM o0pasoM, UTO CKOPOCTH OXJIaXIeHMA B
nmanasoHe 800°C - 500°C Ha ero IOBEPXHOCTHSX, OTJIMUYAKMUXCS OT
[IOBEPXHOCTHU KaTaHug u [IOBEPXHOCTU rpedHs, TO ecThb, Ha
IIOBEPXHOCTM CTYIMIEH, TIOBEPXHOCTM IMCKa ¥ OOKOBOM IIOBEPXHOCTHU
oboma (moBepxHOCTM oboma, OTAMYAKIENCS OT IIOBEPXHOCTM KaTaHUA U
[IOBEPXHOCTM TpebHS), CcocTaBjgeT He Oojiee Fnl °C/c, B TOM 30He
nojgybpabpuraTa, ITHe CKOPOCTL OXJIaXIeHMsa B OuamnasoHe 800°C - 500°C
ABJISeTCA MMHMMAJILHOM, TO €eCTb, B TOM 30HEe BHYTPM CTYIMIEH, IMCKAa
u oboma, TIOe CKOPOCTL OXJaXIeHMA H[ABJLeTCd MMHMMAaJIbLHOM (Iajiee
HazwBaeTcsa "30HOM C MMHMMAJILHOM CKOPOCTBIO oOxJaxIeHua"), OHa
cocraBigeT He MeHee Fn2 °C/c, ¥ CKOPOCThL OXJaXkOeHMS B OgualasoHe
800°C - 500°C Ha MNOBEpPXHOCTM KaTaHMA M [NOBEPXHOCTM TIPeBHS BTOTO
nodydabpukaTa CcocTabBjigeT He MeHee Fn2 °C/c, B MU3TOTOBJIEHHOM
KEeJIE3HONOPOXHOM KOJIeCe HOJIA IJIomany HepsiuTa OyHOeT COCTaBJATE 95%
i 0BoJiee B CTyOMlle, IUCKe U obome, ¥ KOJIUUECTBO BTOPUUHOIO
LeMeHTUTa He OypmeTr 06oJiee 1,0 yacTmue Ha 100 MKM, M MOXHO He

OOITYCTUMTE BO3HMKHOBEHIMA 3aKaJIEeHHOI'O CJIOA Ha IIOBePXHOCTAX CTYIIMILEL

M IOUckKa.
[TpuMmep 2
[0121]

C MCIOJIB30BaHMEM KPYIJIOTO CTepxXxHa IunaMeTpoM 40 MM m3 CTaju
N9, IpUBEeOeHHON B Tabmule 3, OBJla UM3y4deHa CBA3b Mexny
KOJIMUECTBOM BTOPMUHOTO ILIEMEeHTMTa M YyIOapHOM BA3KOCThbID o [Mapnu
(OIx/cM?) . UeTHpe KPYIJIEIX CTepXHS M3 CTaju NS Ol BHICPKAHH IIPKU
950°C B TeueHue 30 MMHYT, rocjyie uyero OBUIM OXJIAXIEeHHE CO
CKOPOCTLI, VYKasaHHOM B Tabiuie 5. CKOPOCTH OXJIaXIeHUA 3alaBaliy,
BHIIOJIHAA I[IOTPYXEHMEe KPYyIJIOT'O CTEPXHA B COJAHYID BaHHY, HJMEKIYIO

PasJIMUHYyKn TeMIIepaTypy.

[0122]
Tabmuua 5
KommnuecTrO
CropocTb
CraJib TOPUYHOT'O YnapHas BS3KOCTH
OXJIaXIEeHUS, Fnl Fn2 5
e ° LeMeHTuTa, no Mapnm, Ix/cMm
C/c
vacTui/100 MM
9-1 3,86 13,6 3,4 0,53 23,3
9-2 0,88 13,6 3,4 2,67 19,0
9-3 0,50 13,6 3,4 2,40 17,8
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| 9-4 | 0,35 13,6 3,4 3,20 15,0

[0123]

BusyaJlIEHOE UBYUYEHUE MUKPOCTRPYKTYDBI

Ilocyle oxJaxIeHUI M3 CpelHeM YacTu KPYIJIOTO CTepXHS C KaXIbM
HOMEPOM  MCIETaHUA (c 9-1 mno 9-4) O  B3AT oOOpaseln OJ4d
BM3yaJIbHOTO V3y4YeHUHd MUKPOCTPYKTYPEH . N3y4yaemMas [IOBEPXHOCTH
obpaslla HOpelcTaBJjfdgjla CcoboM ILJIOCKOCTE, MEPIEHOUKYJIAPHYKD  OCHU
KPpYIJIOTO CTEPXHA. lJM3ydaeMas IIOBEPXHOCTH OBJIa OTIOJMPOBaHa 1o
3epKaJIbHOTO  OJlecKa MeXaHMUYeCKMM  CIocoboM, nocjie u4yero Owlla
IpoTpaBJieHa B pPacTBOpe, CcoIOepXalleM CMeCb IUMKPMHOBOM KUCIOTH U
TUOPpOKCHIOa HaTpud. Illocje TpaBJjeHua OwvUla HDoJIydeHa ¢QoTorpadmusa
IPOMBBOJILHOTO ToJia 3peHua (200 MM x 200 MKM) Ha M3ydaeMoln
[IOBEPXHOCTM C MCIIOJIB30BaHMEM OIITUUECKOT'O MHUKpOCKoNa Inpm 500-
KpaTHOM YyBeJIMUeHMM. Hajlnume BTOPMUHOT'O LEMeHTUMTa MOXHO OBJIO
onpeneiMThL, MCXOOS M3 TOT'O, UTO DTOT LEeMEeHTHUT, BO3HMKAMIMUNM Ha
TpaHMulle 3epHa IIpellleCTBYKIEero aycTeHUTa, MUMeeT UepHHM LBeT Ha
u3ydyaeMoM IIOBEepPXHOCTM. IIOMMMO STOTO, IIPM IIOMOmM TOT'O Xe crocoba,
uro u B Ilpumepe 1, OpUla oOIpelejieHa QOOJIA IJIomMaIM IHepJinuTa. B
pe3yJbTaTe BO BCEX MCIHTAaHMAX HOOJIA IJIOWAaIM IIepJiMTa cocTaBuia 95%
uiam BoJiee.

[0124]

Kak niokazaHo Ha Our.ll, B kBagpaTHoM 1oJe 100 3peHUd
pasMepoM 200 MrM x 200 MM OBJIM [IpOBeIeHH »OBe IuaroHaam 101.
[locye »TOrO OBJIO OIOpenejyiieHO ofmMee KOJMUECTBO UYaCTHI BTOPMYUHOTO
LeMeHTUTa, yepes KOTOPHE MNIPpOoXoOaT 55T »OBe 1guaroHaamu  101.
KoJIMuecTBO BTOPMUHOTO ILieMeHTMTa Ha Kaxgse 100 wMrxM (vacTuii/100
MKM) OBJIO ONpeneJleHO IIYTeM OeJIeHUSA II0JIYUYeHHOT O ofmero KoJIM4YeCcTRBa
YacTHUl BTOPMUHOTO ILEeMeHTMTa Ha CYMMapHyo IJIMHY »OBYX IOIMaroHalJen
101 (5,66x100 w™MrM). To eCcTb, KOJMUECTBO BTOPUUHOTO IIEeMeHTHUTAa
OHIJIO OIIPEeNeJIEHO B COOTBEeTCTBMM C BrpaxeHmem (A).

[0125]

HcnriTaHMe Ha yJapHYro BSA3KOCTE MO llaprnu

M3 KpyIJIOTO CTEPXHSA M3 KaXOoro MHchOeTaHusa (¢ 9-1 nmo 9-4) 06wl
IoJIydyeH ofOpaszell OJI9 MCIOHTaHMA Ha YIOapHyl BA3KoCcTb o lMapnm (10
v x 10 MM x 55 wmMm). Ock of6pa3la IJA MCHOHTAHMA Ha YIAapHYD
BA3KOCTE 1o llapnm coBhamalla C OCbK KPYIUIOTO CTEpPXHA. C
VCIIOJIbE30BaHMeM o0pas3loB IJIS MCIBETaHMA Ha YIOapHYK BS3KOCTB IIO
MMapnu B COOTBETCTBMM CO CTaHmapTtoM JIS Z 2242 (2005) npu
KOMHAaTHOM TeMrnepaType (25°C) ObUIO HPpOBENeHO MCIHTaHMEe Ha YIapHY

BA3KOCTE IIO HlapnM .
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[0126]

PeByJyiETaTE MCHOBITAHUS

PesyJbTaTH WCHHTaHMA IIpUBeNeHE B Tabjauie 5. Kak BUIHO U3
Tabiauuer 5, KoOI'Ia CKOPOCTH OXJIaxIeHMsa OwvJla He MeHee Fn2 (3,4)
(Crase N 9-1), KOJIMUECTBO BTOPMUHOI'O LIEeMEeHTHUTa He IIpebbmajio 1,0
yacTule Ha 100 wMmxM. IIo 2ToM OpMUMHEe YyIOapHasd BA3KOCTb o [Mapnm
6Lla BLICOKOM M CoOCTaBJjdja He MeHee 20,0 IIx/cMm?, TO €eCThb,
ofecrieuMBajJlack HOOCTaTOUHas yHapHas BA3KOCTb. C IpyT'OM CTOPOHEH,
KOI'Ia CKOPOCTHb OXJIaXImeHus Orvla MeHblle Fn2 (Crajm C HOoMepaMu C 9-
2 1o 9-4), ymapHasa BA3KOCTb 1o [Mapnu OBJIa HU3KOM M COCTaBJIAJIa
MeHee 20,0 IIx/cMm?.

[0127]

Brmie OBLIIN pPacCcMOTPEHH BapMaHTH  peajiM3aluu HacToAmero
nz3obperTeHusa. OOHAKO PacCCMOTPEHHHE BHIIEe BapMaHTH ABJILGOTCS BCeI'O
JIUIIE IIpUMepaMu peajM3aluy HacCcToAWel'd M300peTeHMdA Ha IIpaKTHUKe.
Taxkmm oBpas3oM, HacTodlee n3obpeTeHMe He OoT'paHuuMBaeTCH
pPacCMOTPEeHHEIMM BHIIEe BapuaHTaMu UM MOXeT OHThb peajiM30BaHO Ha
IpakTukKe oyTeM IIOAOXOOAmeM - MOAMOMKALMM  HaHHBIX BapMaHTOB B
openejiax CYHIHOCTM 2TOT0 M300peTeHUd.

CIIMCOK CCHJIOUHHX OBOOBHaueHM

[0128]

1 XeJjle3HOIOPOXHOE KOJIECO

2 YacThb CTYIIMLE

3 YacTe OMCKa

4 YacTte oboma

10 OxJjaxpapiee YCTPOMCTBO
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$OPMYJIA MBOEPETEHHUA

1. CnocoB M3TOTOBJIEHMSA XEJIE3HOINOPOXHOTO KoJleca, COoIepXalul:

- sTarn HaTpeBa, Ha KOTOPOM HaTpeBawT noJjypabpurar
KeJIE3HONOPOXHOTO KoJleCa IO TeMIepaTyphl He HIWKe TeMIepaTypH A
IIpeRpalleHusd, OpPpUUeM:

noaydabpurkaT mMMeeT CJeOVOIUM XUMMUEeCKUM CcOCTaB, COCTOAMUM
n3, B Mac.%:

0,80 - 1,15 ¢C,

1,00 mim MeHee Si,

0,10 - 1,25 Mn,

0,050 mau mMeHee P,

0,030 miau MeHee S,

0,025 - 0,650 AL,

0,0030 - 0,0200 N,

0 - 0,60 Cr,

0O -20,12 v,

ocrajJyibHOe — Fe M npuMecw,

1 VMeeT:

— YacThb CTYIIMLH,

— YacTb o00o0Ia, BKJIOUAKIYID IOBEPXHOCTL KaTaHMa U I'pedeHb, U

— YacThb IOMUCKa, PAacCIOJIOXKEHHYID MeXIy UYacCTblo CTYIMUBE M YacTho
oBoma; u

- sTar OXJIaXIeHUs, Ha KOTOPOM oxXJIaXxIanT HaTpeTHM
nojaydadbpmukaT, IIPUUEM:

Ha »Talle OXJaXOeHMsa I[HoJydadpukaT oXxXJaXIalnT TaKMuM o0pasoM,
YyTo:

CKOPOCTEL oxJlaXOeHMus B OualasoHe go0°c - 500°C Ha
IIOBEPXHOCTU TNoJdybhabpukaTa, OTIMUAKIENCS OT IIOBEPXHOCTU KaTaHUA U
IOBEPXHOCTM TpelHS, CcocTaBjigeT He OoJjiee Fnl °C/c, omnpemeiseMoro
Brepaxenmuem (1) ;

CKOPOCTL OXJlaXOeHrd B Ouanasode 800°C - 500°C B Tom
oBJlacTM, B KOTOPOM CKOPOCTHL OXJIaXIeHUS HABJISeTCS MUHMMAJILHOM B
YIIOMAHY TOM noaydpabpukare, COCTaBJIAEeT He MeHee Fn2 °C/c,
olnpeneigseMoro BrlpaxeHueM (2), u

CKOPOCTEL oxJlaXIeHus B  OualasoHe g00°c - 500°C Ha
IIOBEPXHOCTHU KaTaHusa 17 IOBEPXHOCTHU TpebHs YTIOMSAHY TOTO
noJydbadbpukaTa COCTaBJISeT He MeHee Fn2 °C/c:

Fnl = -5,0 + exp(5,651-1,427xC-1,280xS1-0,7723xMn-1,815xCr—-
1,519xA1-7,798xV) (1)

Fn2=0, 515+exp (-24,816+24,121xC+1,210xS1+0, 529xMn+2,458xCr—
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15,116xAl1-5,116xV) (2), npruyueMm KaxXIOn CUMBOJI 3JIEMEHTA B
BEIPaXeHU IX (1) u (2) IIOKAa3EBaeT COOepXaHMe COOTBEeTCTBYKIETO
2JIEMEHTaA B Mac.3.

2. Crooco® mno m.l, B KOTOPOM, HOOIOJHMUTEJILHO, Ha 2Tale
oxXJIaxIeHrsa ToJydpabpukaT oxJaxmalnT TakuMM o0pas3oM, UTO CKOPOCTH
oxJlaXmeHmMs B muarnasoHe 800°C - 500°C Ha IOBEPXHOCTM KaTaHUS U
TpeBHA cocTaBjgeT He MeHee Fn2 °C/c, M He MeHee ueM 5°C/c, U He
Gojiee uem 200°C/c.

3. Cnoco® mno n.l wimm .2, B KOTOPOM B KOTOPOM XMMWUUECKUN
cocTaB COIOEepPXMT OIOVMH WM HeCKOJIBKO DJIEMEHTOB, BHOPAHHEIX U3
TPYIIH, COCTOAMEN WU3:

0,02% - 0,60% Cr, u

0,02% - 0,12% V.

4, XeJle3HOIOOPOXHOE KOJIECO, CcomepxXalee

XUMUUECKUM COCTaB, COCTOANMM M3, B Mac.3:

0,80 - 1,15 C,

1,00 mim mMmeHee Si,

0,10 - 1,25 Mn,

0,050 Mg mMmeHee P,

0,030 mam MeHee S,

0,025 - 0,650 A1,

0,0030 - 0,0200 N,

0 - 0,60 Cr,

0 - 0,12 v,

ocTajlbHoe - Fe u OpuMecH, OpUUEeM XeJIe3HOIDOPOXHOEe KOJIeCO
uMeeT

— YacThb CTYIIMLEH,

— YacTb ofoIa, BKJIOUAKIYI IOBEPXHOCTL KaTaHud U I'pebeHb, U

— YacTb OMCKa, PAaCIIOJOXEHHYID MeXIy YacThbi CTYNMULIEeM UM YacThio
obomowm,

opuueM:

B MUKPOCTPYKTYpe  uYacTu CTYNMUE  OOJIA IJIomanu IIepJuTa
cocTaByageT 95% wuiam OoJjiee, U KOJUUECTBO BTOPUUHOT'O IIEeMEeHTHUTA,
onpeneyseHHoe 1o ®Qopmyse (A), He TnpeBemaeT 1,0 uyacTtuuer Ha 100
MKM,

B MUKPOCTRPYKTYPE yacTu oVCKa OOJIS Jiomann nepjanTa
cocTaByageT 95% wmiam 0OoJjiee, U KOJUUECTBO BTOPUUHOTO IIEMEeHTHUTA,
omnpeneyieHHoe 110 ®opmyse (A), He TnpeBemaeT 1,0 uyacTtuuer Ha 100
MKM, U

B MUKPOCTPYKTypPE yacTy  oboma  HOJIA  IUIOWAOM  IIepJInuTa



50

cocTaBJageT 95% wmiam 0OoJjiee, U KOJUUECTBO BTOPUUHOTO IIEMEHTHUTA,
omnpeneyieHHoe 1o ®opmyse (A), He npeBemaeT 1,0 uyacTtuue Ha 100
MKM :

KoJIMuecTBO BTOPMUHOTO LeMeHTHUTa (dacTui/100 wMxM) = ofmee
KOJIMUYECTBO YaCTHUI BTOPUUHOTO IIEeMEeHTUTa, uYepes KOTOPHEe IIPpOXOoOAT
IBe OuaroHalJl¥ B KBagpaTHOM IoJjie 3penmusa 200 mxm x 200 mxm/ (5,66 x
100 mxM) (A).

5. XeJIe3HOOOPOXHOE KOJIeCcOo IO .4, B KOTOPOM XUMHUUECKUM
cCocTaB COIOEepPXMT OIOVMH WM HeCKOJBKO DJIEMEHTOB, BHOPAHHEIX U3
TPYIIH, COCTOAMEN Wu3:

0,02% - 0,60% Cr, m

0,02% - 0,12% V.

IIo DOBEpPEeHHOCTHU
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