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(57) Cnocob npon3BoACTBA rOPAYEKATAHON THTAHOBOMH IUTMTHI BKIIOYAET B ce0s (1) MuiaBieHue no MeHbIIeH

Mepe OfHOW YacTH OOKOBOI MOBEPXHOCTH THTAHOBOTO CIII0a ITyTeM BO3ICWCTBHUS Jyda WIH IUIA3MBI
Ha OOKOBYIO ITOBEPXHOCTH, HO HE Ha MPOKATHIBAEMYIO ITIOBEPXHOCTD, C TIOCICAYIONINM 00pa30BaHUEM B
OOKOBOI MOBEPXHOCTH ITOBTOPHO 3aTBEP/EBILETO CIIOsI, UMEIOLIEro MaMeTp 3epHa 1,5 MM MM MEHbIIe
n mryouny 3,0 MM wim Gonbie 0T OOKOBOM MOBEpXHOCTH; (2) BBIMOJIHEHWE Ipoliecca OTACIKH Ha
MIPOKATHIBAEMOU IIOBEPXHOCTH TUTAHOBOTO CJIA02, B KOTOPOM C(HOPMHPOBAH ITOT CIOH, YUTOOBI TEM CAMBIM
JIOBECTH TOKa3aTesb MIockocTHOCTH X cisida 1o 3,0 minu MeHsble; 1 (3) mogsepraHue THTaHOBOTO cisiba
MOCTIe TIpoIIecca OTACIKY rops4Yel MpoKaTKe Tak, 9To0BI JyinHa L 1yru KOHTaKTa BaJlka B IIEPBOM ITPOXO/IE
YepHOBOH MPOKATKH cocTapisia 230 MM WiH OoJIbIIIe.
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OIIMCAHUE U30BPETEHUA
2420-562443EA/17
CIIOCOB MMPOHU3BOJACTBA TOPAYEKATAHOU TUTAHOBOM ILIATEHI

OBJIACTH TEXHUKU

[0001] Hacrosiiee u3oOpeTeHne OTHOCUTCS K CHOCOOY MPOU3BOACTBA TOpPsSYEKATAHOM
TUTAHOBOM IUIUTHL

IMPEATTIOCBIJIKM U3OBPETEHHA

[0002] TopsiuekaTaHble THUTAHOBBIE IUIUTHI OOBIYHO TPOHU3BOASTCS C TOMOIIBIO
OMUCAHHOTO HIKe crocoda mpousBoacTBa. CHavana MiaBAT TUTAHOBYIO T'yOKy, MOJYyYEHHYIO C
nomotpio npouecca Kposna, Uiy TUTAHOBBIN JIOM, a 3aT€M OCYINECTBISIOT KPUCTAJUIM3ALIMIO
MaTepuaja ¢ 00pa3oBaHUEM CIIUTKA (MPOLIECC MJIABKK). 3aTeM CIIUTOK MOIBEPTatOT O0KATHIO HA
OJIIOMUHTe WM KOBKE, KOTOPbIE BBITIOJHSIOT B KayecTBE ropsueli oOpaOOTKH JaBlieHHEM, U
oOpabarbIBatOT B ciisi0, MMerommid GopMy U pa3Mepbl, MOAXOIAIINE U TOPSYEeH MPOKATKH C
LIEJIBI0 TTPOU3BOJICTBA TOPSYEKATAHON TUTAHOBOH TUINTHI (TIEpEeNeNbHBIN mpouecc). 3areM cisid
MOJIBEPTAIOT rOpsiYeil MpoKaTKe ¢ 0Opa3OBaHUEM TOPSYEKATAHON TUTAHOBOM TIJTUTHI.

[0003] B xauectBe cmocoba IUIABKH HCIIOJIB3YETCS TPOLECC BaKyyMHO-AYTOBOTO
neperiaBa ¢ HepacxoayembiM syiektponom (BJIIT), mpouecc 31eKTpOHHO-Ty4eBOro meperiaBa
(QJIIT) nnm mporece ma3MeHHo-ayrosoi riasku (IT/IIT).

[0004] B cnyuae ucmonb30BaHHS B KadecTBe Crocoba IUIAaBKU TPOLIECCAa JYTOBOTO
neperuiaBa €  HEPAcXOAyEeMbIM 3JIEKTPoAOM (opMa KPHCTAUIU3AaTOpPa OTrPaHMYHBAETCS
LWIMHAPUYECKOH (OPMOMN, YTO NPUBOAUT K HEOOXOOUMOCTH BBIMOJNHATh MEpeAeTbHBIN
nporecc. B ciaydae wucronp3oBaHMs B KadecTBE Crocoda IUIABKM TPOLECCa 3JIEKTPOHHO-
Jy4eBOro meperiaBa WK MpoLecca IUIa3MEHHO-AYTOBON IJIABKU HMEETCsl BBICOKAsl CTENEeHb
cBOOOBI BbIOOpa (POPMBI KPUCTAIIIN3ATOPA, MOCKOJIBKY METasUl IUIABUTCS B JAPYTOM MeCTe W
JUIIb 3aTeM OTJIMBaercs B Kpucraumsarope. CrenoBaTeabHO, MOXET OBITh  OTJIUT
NPSIMOYTOJIbHBINA CTONOYATHIN CIUTOK, MMEIOLIHHA MOIXOASIINE pa3Mepbl AJIsl TOPsiueil MPOKATKH
C LEJbK MPOU3BOJACTBA IOPsAYEKATAHOW TUTAHOBOW IIMTHL B ciydae MCHONb30BaHUS TaKOTO
BUAA TPSIMOYTOJILHOTO CTOJIOUATOrO CIUTKA Ui MPOU3BOACTBA THTAHOBOTO TOPSYEKATAHOTO
MarepHala nepeaesbHbIA MPOoIecc MOXKET ObITh UCKITFOUEH.

[0005] Hampumep, MeTOnbI, PpacKpbITble B MaTEHTHBIX JOKyMeHTax 1-3, MmoryT
UCTIONIB30BAThCSl B KAUECTBE CIOCOOOB MPOHM3BOICTBA TOPSUYEKATAHON THUTAHOBOW IUTUTHI Oe3
BBITNOJIHEHMSI ITEPEIeIbHOTO MpoLiecca.

[0006] ITaTenTHBIH TOKYMEHT 1 packpbIBaeT Criocod, B KOTOPOM MPSIMOYTOJIBHBIN CIIUTOK
YHCTOrO THTAHA, Y KOTOPOrO OTHOIIEHUE MIMPUHA/TOIIIUHA > 3,5, HarpeBaroT A0 TEMIIEPaTypbl
B nuanazo”He 900-1000°C, a mocne mnoBepraHus MNPSIMOYTOJBHOTO CIHUTKAa MPOKATKe, IpU
KOTOPOMU CTeneHb 00KaTusl HAXOMUTCsS B Tpenenax nuanasoHa ot 10% mo menee yem 40% mpu
temneparype nosepxHocTd 880°C nim Oosble B Havajie MPOKATKH, BBITOJHSIOT MIPOKATKY TaK,
9TOOBI MOJIHOE 00KAaTHE MPH MPOKaTKe cocTaBysno 70% wumu GoJblle B TAKOH TeMIepaTypHOI
objacT, B KOTOpOH TemmepaTypa MoBepxHOCTU coctaByisier MeHee 880°C, m Temmepartypa

MOBEPXHOCTH Cpa3y IOCJe YUCTOBOW NMPOKATKU HE cTaHOBHUTCS Hmke dyeM 650°C. B cmocoOe,



pacKpbITOM B TaTEHTHOM JOKYMEHTe 1, TmomepedHoe paclpeneieHre MaTrepuaia

>
NPEAOTBPALIAETCS IyTEM ITOAABICHHS MIPOXOa BaJKa B TEMIIEPATYPHON 00JIaCTH YCTOMYHUBOCTH
B-dba3er mo BenmmuuHBI He OoJblIel, YeM 3agaHHOe 3HadeHWe. llocpencTBoM 3TOro, B
COOTBETCTBUM C NMATEHTHBIM JOKYMEHTOM |, MpenoTBpallaeTcs BO3HUKHOBEHUE CUTYyallUH, B
KOTOpPOW KOpOOJIeHHe, KOTOpOe MPOMCXOAUT Y TOBEPXHOCTH HAa IPOKATHIBAEMOW CTOPOHE
IUIMTBI, TEPEMEINaeTCsl K IOBEPXHOCTU U3-3a IMONEPEYHOr0 PpACHpeneseHHss M CTaHOBUTCS
nedexTamu IIBOB.

[0007] B mnaTeHTHOM IOOKyMEHTe 2 MpeMIoKeH Crnocod, B KOTOPOM TOBEPXHOCTb
NPSIMOYTOJILHOTO CJIMTKA TUIACTHYECKH Ae(GOpPMHPYIOT B KauecTBe XOJOAHOH o0paboTku ¢
UCTIOJIB30BAHUEM CTAJIbHOIO HWHCTPYMEHTa, HMeEIoUero (GpopMy HAKOHEYHHKA C PaanyCcoM
KpUBHM3HBI 3-30 MM, MJIM CTaJIbHOTO IIapHuka ¢ panuycoMm 3-30 MM, M TeM CaMbIM CHaOXarOT
JYHKaMH, B KOTOPBIX CPEIHSIS BBICOTA MPO(UIBHOTO 3JIeMEHTa BOJHUCTOCTH cocTasisieT 0,2-1,5
MM, a CpemHsisi JUIMHAa NpO(UIBHOTO 3JIEeMEHTa BOJHUCTOCTH cocTaBiser 3-15 mm. B
COOTBETCTBHH C IMATEHTHbIM JOKYMEHTOM 2, 3a CYeT NMpuiaHus AedopMalud NPU XOJOAHOM
00paboTKe MOBEPXHOCTH MPSIMOYTOJILHOTO CIUTKA MOCPEACTBOM CTaJIbHOTO MHCTPYMEHTA WIIH
CTaJIbHOTO LIAPUKA, YMEHBLIAOTCS Ae(EKThl MOBEPXHOCTH, MPUITUCHIBAEMbIE KPYITHO3EPHUCTON
3aTBepAeBlIe MHKPOCTPYKType, KOTOpas BO3HUKaeT, KOIZa MPUIIOBEPXHOCTHAsl 4acThb
PEKPHUCTAJUIN3YETCs] BO BpEMsl HArpeBaHUsl CIUTKA ITPU ropsiueil mpokarke.

[0008] B mnateHTHOM JOKyMeHTE 3 pacKpbIT HCXOAHBI TUTAHOBBIM MaTepuan s
ropsiueil NpOKaTKU, B KOTOPOM HapY>KHBIN CJIOW MPOKATBIBAEMON TOBEPXHOCTH CIUTKA IUIABUTCS
U TIOBTOPHO 3aTBEPAEBAET, MOABEPIasCh OHOMY THUITy MJIM KOMOMHAIIMM BYX WM OOJiee TUIIOB
IIPOLIECCOB U3 BBICOKOYACTOTHOIO MHAYKLIMOHHOIO HAarpeBa, AyrOBOTO HArpeBa, MIa3MEHHOTrO
HarpeBa, HarpeBa 3JIEKTPOHHBIM JIYy4OM M JIa3€pPHOI'O HArpeBa TakK, 4TOOBI MUKPOCTPYKTYpa B
00JacTH OT HAPY’KHOTO CJIOS A0 TIyOMHBI 1 MM mim OoJibIIe cTana pacIIaBJIeHHOW W TOBTOPHO
3aTBepAeBLIeH MUKPOCTPYKTYpO. B COOTBETCTBUM C MAaTEHTHBIM JOKYMEHTOM 3 YMEHbIIAKOTCS
nedeKThl MOBEPXHOCTH, KOTOPbIE BOSHHUKAIOT M3-3a BJIMSHUS KPYIMHO3EPHUCTON 3aTBEpIeBIIEH
MHUKPOCTPYKTYPBI, IyTEM IUIABJIEHUS] M MOBTOPHOTO 3aTBEPIEBAaHUs HAPYKHOTO CJIOS CIIMTKA,
9YTOOBI TEM CaMbIM MOJYYHTb 3aTBEPAEBIIYIO MUKPOCTPYKTYPY, KOTOpAst SIBJISIETCS] YPE3BbIYAITHO
MEJIKO3EPHUCTON U UMEET HeperyJisipHble OPUEHTALIUH.

CIIMCOK IOKYMEHTOB YPOBHA TEXHUKU

ITATEHTHBIE TOKYMEHTHI

[0009] IMatentHbiit nokymeHT 1: JP7-251202A

[TaTentHblii nokymeHT 2: WO 2010/090352

ITatenTHsIl fokyMeHT 3: JP2007-332420A

CYIIHOCTDb U30BPETEHU A

TEXHUYECKAA ITPOBJIEMA

[0010] OgHako B OOBIMHBIX CIOCOOAX MPOU3BOACTBA FOPSTYEKATAHONW TUTAHOBOM IJTUTHI B
HEKOTOPBIX CIydasx Ae(eKTbl MOBEPXHOCTH, KOTOPBIE HA3bIBAIOT «Ae()EKTaMU MOBEPXHOCTH B
KpaeBOl 4acTH», BO3HUKAIOT B KOHIIEBBIX YACTAX B HANPABJICHUH IO LIMPHHE NMPOKATHIBAEMOM

MOBEPXHOCTH TropsiueKkaTaHol TuTaHOBOM ruuThl. OOpasoBaHue ne(eKToB MOBEPXHOCTH B



KPaeBOll YacTH SBJAETCS 3aMETHBIM, B YAacCTHOCTH, B TOPSUYEKATAHOH TUTAHOBOW IUIHTE,
INPOM3BOIUMON CIIOCOOOM, B KOTOPOM MEpeleNbHBIH mporecc HckmoueH. IIpuumHa 3TOrO
3aKJIIOYAETCS B TOM, YTO IOPBI (MEJKHE OTBEPCTHUS), KOTOPbIE CYIIECTBYIOT B IOBEPXHOCTU
CJINTKA, HE JeNaroTcsi 0€30MacHbIMH 32 CUET CBSI3bIBAHUS JIABJICHUEM B IEPENEIbHOM IpoLecce.
ITopel, ecnmu OHM NPUCYTCTBYIOT B TUTAHOBOM cJisiO€, KOTOpBIH OyneT MOABEprHyT ropsiueit
IPOKATKE, MOTYT NPUBECTH K Je(eKkTaM MOBEPXHOCTH B KPaeBOW YacTH BO BpeMs ropsuei
NPOKATKH, TOTOMY YTO TIOPBI, NPHUCYTCTBYIOIIHE B IPOKATHIBAEMON IOBEPXHOCTH, MOTYT
OTKPBITBCSI HA TOBEPXHOCTH, WJIM TOPBI, MPHUCYTCTBYIOIHE B OOKOBOW MOBEPXHOCTH, MOTYT
NEPEMECTUTBCST TI0 TMPOKATHIBAEMOW TOBEPXHOCTH B PE3YyJbTAaTe BBI3BAHHOTO MPOKATKON
TUTACTHYECKOTO TEUEHHSI U OTKPBITHCS HA TIPOKATHIBAEMOI MOBEPXHOCTH.

[0011] Korza B ropsiauekaTaHON TUTAHOBOW IUIMTE OOPa3yrOTCs Ae(eKThl MOBEPXHOCTH B
KpPaeBol 4acTH, HEOOXOOUMO YBEJIUYMBATH KOJIMYECTBO YIAISIEMOW B TPABHJIBHOM IPOLIECCE
MOBEPXHOCTH TOPSYEKATAHOW TUTAHOBOW IUIMTHI (BETMUMHY 3aYHCTKH), FJIH 00pe3aTh U AT
KOHLIEBBIE YaCTH B HAIPABICHHHM [0 IIMPUHE IPOKATHIBAEMOH IMOBEPXHOCTH, HAa KOTOPOH
NPUCYTCTBYIOT Ae(EeKThl MOBEPXHOCTH B KPAeBOW YacCTH, M, CIENOBATEIbHO, BBIXOJ TOTHOTO
YMEHBLIAETCS.

[0012] Llenp HacTosimero u300pETeHHs] COCTOUT B TOM, YTOOBI MPEMJIOKHTH CIOCOD
MPOU3BOJICTBA TOPSYEKATAHOW TUTAHOBOM ILJIUTHI, B KOTOPOU MOAABJIEHO oOpa3oBaHue ne(eKToB
MOBEPXHOCTH B KPA€BOM YaCTH M KOTOpast UMeeT OJIaronpusiTHbIE TOBEPXHOCTHBIE CBOWCTBA.

PEITEHUME ITPOBJIEMBI

[0013] [nst mopmaBneHuss oOpa3oBaHUs Ae(PEKTOB IMOBEPXHOCTH B KPAeBOH YacCTH
rOpsiYeKaTaHON THUTAHOBOM  IUIMTHI  aBTOPbl  HACTOSALIErO H300peTeHHs  PacCMOTPENH
BO3MOJKHOCTb ~MHTMOMPOBAHMSI OTKPBITHS TOp, TMPUCYTCTBYIOIUMX B  IPOKAThIBAEMON
NOBEPXHOCTH THUTAHOBOrO ciisiba W BOJMM3M OT MNPOKATHIBAEMOH IMOBEPXHOCTH B OOKOBBIX
NOBEPXHOCTSIX TUTAHOBOTO CJsi0a, BO BpeMs ropsiueil mpokatku. B pesynbprare mccienoBaHus,
NPOBEIEHHOTO AaBTOPAMM HACTOSLIEr0 HM300peTeHMs, OHM OOHAPYKWJIHM, 4YTO TOJBEpras
TUTAHOBBINA CJsI0 mepen ropsiueii 00pabOTKOI aBeHHEM MPOLECCY IJIABJIEHUS] U MOBTOPHOTO
3aTBEPAEBAHUs, KOTOPBIH VIOBJIETBOPSIET HIDKENPHUBENEHHOMY ycioBuio [1], u mpoueccy
OTHEJIKA, KOTOPBIH YIOBIETBOPSIET HIDKENPUBENEHHOMY YCJIOBHIO [2], @ Tak)Ke BBITOJHEHHS
ropsiueii oOpabOTKM NaBJICHUEM, KOTOpas YAOBJIETBOPSET HWKEIPHBEISHHOMY YCIOBHIO [3],
BO3MOXKHO TIOZIaBUTh 00Opa3oBaHue HeQEeKTOB TOBEPXHOCTH B KPAaeBOH YacTH, KOTOpPBIE
NPOUCXOAT U3 TIOP BOJM3H NMPOKATHIBAEMOH MOBEPXHOCTH TUTAHOBOTO CIIsI0a, M TAKUM 00pazom
NpULLTH K HacTosmeMmy u3o0pereHuro. CyTbh HACTOALIEr0 H300PETEHHs 3aKIOYaeTcs B
CJIEAYIOLIEM.

[0014] (1) Cnoco® mnpou3BOACTBA THUTAHOBOH IUIMTHI MYTE€M BBITIOJHEHUs] TOpsuei
NPOKATKH THTAHOBOTO Cis10a, MPOM3BENEHHOIO HAMpPSIMYI0 C HCIONBb30BAHHEM IIpoIecca
3JIEKTPOHHO-JIYY€BOTO MEperiaBa WK Mporecca MIa3MeHHO-1yTOBOH IUIABKU, COAEPIKAIINN:

KOTZIa NMOBEPXHOCTh TUTAHOBOTO CJIs10a, MOAJeKalasl ropsiueil mpoKaTKe, ONpenessieTcs
KaK «IpOKaTblBaeMasi IMOBEPXHOCTbY, a IIOBEPXHOCTb, KOTOpasl SBIAETCS IapauleIbHOM

HaIllpaBJICHUIO MMPOKATKU U MEPINECHAUKYJIIpHA HpOKaTbIBaeMOﬁ MOBEPXHOCTH, OMPECACIISICTCA KaK



«0OOKOBasi MOBEPXHOCTHY,

[1] craguro mJaBieHUsT MO MEHBIIEH Mepe OIHON YacTu OOKOBOH MOBEPXHOCTHU
TUTAHOBOTO CJs10a CO CTOPOHBI MPOKATHIBAEMON MOBEPXHOCTH IyTEM BO3JEHCTBHS JIy4OM HIIU
I1a3MOi Ha OOKOBYIO MOBEPXHOCTh 0€3 BO3IEHCTBUS JIyUOM WJIM IUIA3MOM Ha MPOKATHIBAEMYIO
NOBEPXHOCTb, a IIOCJE€ 3TOr0 IOBTOPHOTO 3aTBepAeBaHUsl ¢ oOpa3oBaHueM B OOKOBOM
MIOBEPXHOCTH CJIOS. MHKPOCTPYKTYPBI, UMEIOLIEr0 SKBUBAJIEHTHBIH AMAMETP OKPY>KHOCTH 3€pHa
1,5 MM nim MeHbIIe 1 uMeromiero ryouny 3,0 MM mti OoJbiie 0T 60KOBOW NOBEPXHOCTH,

[2] craguro BBIMOJHEHUsT TMPOLECCA OTAEIKH Ha MPOKAThIBAEMOW MOBEPXHOCTH
TUTAHOBOTO CJisi0a, B KOTOPOM C(HOPMHUPOBAH CJIOH MUKPOCTPYKTYPBI, YTOOBI JOBECTH 3HAUEHUE
X, onpexnensieMoe HIKenpuBeneHHon Gopmynoii (1), no 3,0 wiu MeHblIe; u

[3] craguio mogBepraHus THATAHOBOT'O CJisi0a MOCIe MPOIecca OTAENKH ropsiyei MpoKaTKe
NpU YCIIOBHH, IO KOTOPOMY 3HaueHue L, ompenenseMoe HIDKenpuBeneHHOW ¢opmynoit (2),
coctasisieT 230 MM miu Oonble.

X = (maubonbinee 3HaueHnue u3 Hy, H; u Hy) - (Haumenbinee 3navenne u3 Hy, Hy u Hy) ... (1)
L= (R(HoH)}'".. ()

I7Ie CMBICJIOBOE 3HAYEHHE Ka)KJOr0 CUMBOJIA B BBIIIETIPUBEACHHBIX (POpMyJax sIBISIETCS
CIIEAYIOIINM:

X: mokasaresb IIOCKOCTHOCTH ciisiba

Hp: TonmmuHa HEeHTpPaNbHOM YaCcTH B HANPABJICHUH IO MIMPHUHE TUTAHOBOTO Clisiba mocie
nporecca OTIeIKH (MM)

H;: TonmmuHa KoHIEBOH 4acTH (B MONOKEHUHU 1/8 MIMpPUHBI) B HANIPABJIEHUH IO LIHNPUHE
TUTAHOBOTO CJIsI0a MOCIIe MPoIecca OTASTIKU (MM)

H,: TonmmuHa KOHIIEBOH 4acTH (B MOJOXKEHUHU 1/4 MUPUHBI) B HANIPABJIEHUH I10 LIMPUHE
TUTAHOBOTO CJis10a MOCIe MPoLecca OTAEIKH (MM)

L: nnuHa nyru KOHTaKkTa BaJlka B IIEPBOM IIPOXOJI€ YEPHOBOM MPOKATKHU (MM)

R: panuyc mpokaTHOro BaJika B IEPBOM MPOXO/IE€ YEPHOBOM MPOKATKHU (MM)

H;: TonmumHa LEHTpaJbHON YacTH B HANpPaBJIEHUH MO LIMPUHE THTAHOBOTO Ciisiba Ha
CTOPOHE MOJa4H B TIEPBOM MIPOXOJI€ YEPHOBOM MPOKATKHU (MM).

[0015] (2) Cmoco® mpou3BOACTBA ropsiueKaTaHOW THTAHOBOH mwuTel mo 1. (1), B
KOTOPOM Ha ctafud [ 1] ciioift MUKpOCTPYKTYPbI POPMHUPYIOT IO BCEH OOKOBOM MOBEPXHOCTH.

[0016] (3) Cmoco® mpom3BOACTBA ropsiuekataHoH THTaHOBOH TwuTel mo 1. (1), B
KOTOpoM Ha crtaguu [1] Ha OOKOBOH MOBEPXHOCTH CIIOW MEJKO3EPHHCTOH MHUKPOCTPYKTYPHI
¢dopMHUpYIOT B 0OJACTH OT MPOKATHIBAEMOH MOBEPXHOCTH A0 MOJOKEHUS HA TI0 MEHbLIEH Mepe
1/6 TONIMHBI TUTAHOBOTO CIIsI0A.

[0017] (4) Croco® mpoOM3BOACTBA TOpsTYEKATAHOH THTAHOBOH mwuTHl Mo 1. (3), B
KOTOpoM Ha crtazuu [1] Ha OOKOBOH MOBEPXHOCTH CIIOW MEIKO3EPHHCTOH MHUKPOCTPYKTYPHI
(bopMHupYIOT B OONACTH OT MPOKATHIBAEMOHN MMOBEPXHOCTH A0 MOJOKEHHUS] Ha TI0 MEHbLIEH Mepe
1/3 TONLIMHBI TUTAHOBOTO CIIsI0A.

[0018] (5) Cnocob mpou3BoACTBa ropsiYeKaTaHONW TUTAHOBOH TUIUTHI IO JIOOOMY M3 IIIT.

(1) - (4), B xoTopoM Ha craauu [2] mepoxoBaTocTh (Ra) mpokaTbiBaeMoil MOBEPXHOCTHU JENAIOT



pasHoI1 0,6 MKM i QostbIe.

[0019] (6) Cniocob mpou3BOACTBA ropsiYeKaTAHONW TUTAHOBOH TUIUTHI TIO JIFOOOMY M3 IIIT.
(1) - (5), B xoTopoMm Ha craauu [3] paguyc MPOKATHOrO Bajka B IEPBOM IPOXOJE UEPHOBOMH
MIPOKATKH COCTaBIIsIET Oosbine ueM 650 MM.

[0020] (7) Cnioco6 mpou3BOACTBA rOpsiYeKaTaHOW TUTAHOBOH IJIUTHI MO JEOOOMY M3 TIII.
(1) - (6), B xoTOpOM Ha cTanuu [3] oOxkaTHe B MEPBOM MPOXOE YEPHOBOU MPOKATKH COCTABIISET
30% wu Oonblie.

[0021] (8) Crniocob mpou3BOACTBA ropsiYeKaTAHOW TUTAHOBOH TUIUTHI IO JIFOOOMY M3 ITIT.
(1) - (7), B xoropom Ha craguu [3] mepoxoBaTocTh (Ra) MOBEPXHOCTH MPOKATHOTO BAJKA
coctasiisieT 0,6 MKM Ui OOJIBIIIE.

IMOJIE3HBIE D®PEKTHI U30BPETEHUA

[0022] B cootBercTBHM €O CIIOCOOOM MPOU3BOJCTBA TOPSTYEKATAHON TUTAHOBOH ILIUTHI
N0 HACTOALIEMY HW300pPETeHHI0 TOsBIeHHE Je(peKTOB MOBEPXHOCTH B KPAaeBOH 4HacTw,
BBI3bIBAEMBIX TMOPAMH, MPUCYTCTBYIOIIUMH B OOKOBBIX TOBEPXHOCTSIX THTAHOBOTO CJisi0a,
MEePEeMEeNaoINXCs K TMPOKATHIBAEMOW TOBEPXHOCTH M OTKPBIBAIOINUXCS B IMPOKATHIBAEMOM
MIOBEPXHOCTH BO BpPEMs TOpsYeil MPOKATKU, MOKET OBbITh MPEAOTBPAINECHO, U JaXKe €CIIU MOPbI
MPHUCYTCTBYIOT B TPOKATHIBAEMON TMOBEPXHOCTH THUTAHOBOIO CJisi0a, MOsiBJieHHE Ae(eKkToB
MOBEPXHOCTH B KPAaeBOW YACTH H3-32 OTKPBITUS IOp, MPUCYTCTBYIOIIUX B MPOKATHIBAEMOM
MOBEPXHOCTH, MOXeT ObITh mpenoTspainieHo. ClienoBaTeNbHO, B COOTBETCTBHH CO CIIOCOOOM
NPOM3BOJICTBA TOPSYEKATAHOM THTAHOBOH IUIUTBHI IO HACTOSINEMY H300PETEHHMIO MOJIYy4aeTCs
ropsideKaTaHasi TUTAHOBAsl TUIMTA C XOPOLIMMH TOBEPXHOCTHBIMU CBOWCTBaMH. B pesynbrare
KOJINYECTBO MeETaJIa, YAAIseMOe C IOBEPXHOCTH TOpsA4YeKaTaHOW TUTAHOBOM IUIMTHI MpHU
3a4KCTKE B TPABHJIBHOM IPOLIECCe, MOXKET ObITh yMeHbIIeHo. Kpome Toro, muprHa oOpe3aeMbIx
U yIaJTsieMbIX KOHIIEBBIX YacTel TUTAHOBOMW IUIUTHI B HAPABJIEHUH 1O IIHUPUHE MPOKATHIBAEMOM
MIOBEPXHOCTH U3-3a 1e(hEeKTOB MOBEPXHOCTH B KPAE€BOI YaCTU MOKET ObITh YMEHBIIECHA, a BBIXOJ
T'OIHOTO YBEJINYEH.

KPATKOE OIIMCAHME YEPTEXXEN

[0023] ®ur. 1 mpencraBisier coOON CXeMaTUYECKOe M300paskeHue, WILTFOCTPUPYIOIIEE
NIOTIEPEYHOE CEYEHHE TUTAHOBOTO CJIsI0a, MPOU3BEACHHOIO ¢ MOMOIIBIO MPOIecca 3JEKTPOHHO-
JYy4EBOTO MeperviaBa Wik MpoLecca IIa3MEHHO-1yTOBOH TUTABKH.

Qur. 2 — BUA JUIS ONMUCAHUS OJHOTO MpHMepa MpOoLEecca IJIABJICHHUS U MOBTOPHOTO
3aTBEPIEBAHMs B CIOCOOE MPOU3BOICTBA TOPSYEKATAHOW TUTAHOBOHM IUIUTBHI B COOTBETCTBHHU C
HACTOSII[UM BapUAHTOM OCYIIECTBIICHHSI.

Qur. 3 — BUA UL ONMUCAHUS OOHOTO MpHMepa Mpolecca IJIABJICHUS U MOBTOPHOTO
3aTBEPAEBAHUSI.

Qur. 4 — BUA UL ONMUCAHUS OOHOTO MpHMepa MpOoLecca IJIABJICHUS U MOBTOPHOTO
3aTBEpAEBAHUSI.

@ur. 5 — BUA AN ONMHUCAHUS OJHOTO MPUMEpPA MPOIecca ropsiueil MPOKaTKH B criocode
MIPOU3BOJICTBA TOPSYEKATAHOW TUTAHOBOH IUIUTHI B COOTBETCTBHUU C HACTOSIIUM BapHAHTOM

OCYILECTBJICHHUSI.



®dur. 6 — BUA AN ONUCAHUS APYroro mnpuMepa Ipolecca IUIaBJe€HUs U MOBTOPHOIO
3aTBEPIEBAHMs B CIOCOOE MPOU3BONCTBA TOPAYEKATAHOM TUTAHOBOHM IUIUTBHI B COOTBETCTBHHU C
HACTOSILIIUM BapUAHTOM OCYILIECTBJIECHUS.

OITMCAHUE BAPUAHTOB OCVYIIIECTBJIEHUA

[0024] B crniocobe mpoOH3BOACTBA TOPSYEKATAHON TUTAHOBOW TUTUTHI B COOTBETCTBHH C
HACTOSILIUM BAapUaHTOM OCYLIECTBJIEHUS] TUTAHOBAs IUINTA MPOU3BOAUTCSA MYTEM BBINOJHEHUS
ropsiuell MPOKATKU MOCJIE BBIMNOJHEHUsI MPOLeCcca IUIABJIEHUsST U MOBTOPHOIO 3aTBEPAEBAHUS U
nporecca OTAENKH Ha TUTAHOBOM CJisiOe, MPOM3BENEHHOM HAMpPSIMYK C HCIOJIb30BAHUEM
npoLecca 3JIeKTPOHHO-y4eBOro MeperiaBa Wik MpoLecca IMIa3MeHHO-1yTroBol miuaBku. Jlanee
KaXIbI U3 3TUX MPOLECCOB OyIeT ONMHICaH CO ccbulkaMu Ha Pwur. 1-6.

1. YcnoBust mpou3BOICTBA TUTAHOBOTO CIIsiOa

[0025] Ilpu mnpousBOACTBE TropsiuekaTaHON TUTAHOBOH IUIUTBI B COOTBETCTBHH C
HACTOSIIUM BApUAHTOM OCYINECTBJICHUS] HCIIONb3YeTCS THTAHOBBIN CJsI0, MPOU3BENEHHBIN
HanpsIMyl0 C HCIOJb30BAaHHEM IIpoLiecca 3JIEKTPOHHO-IY4YeBOrO IeperiaBa WM IpoLecca
MJIA3MEHHO-AYTOBOM TJIABKH.

[0026] B sToM ciiy4ae B Ka4eCTBE TUTAHOBOT'O CJISI0a MOKET MCIIOIb30BAThCS CIIUTOK HITH
cisd B (opMe MPSMOYTOJNIBHOTO CTOJOWKA, MMEIOLIMH pa3sMephl, MOAXOMIINNE ISl ropsaei
NPOKATKH C LEJbI0 MPOM3BOACTBA rOpsiueKaTaHOH TUTAHOBOH IUIMTHI, & TAKXKE CISIO WIIN CIIUTOK,
NPOM3BENECHHBIN C HCIIOIB30BAHNEM MHOXKECTBA PA3JIMUHBIX CrTOcOO0B. B uacTHOCTH, B KauecTse
TUTAHOBOIO  Csi0a  MOJKET  MCIIONB30BATHCA  MPSMOYTOJNBHBI  CTONOYATBI  CIIUTOK,
IIPOU3BEEHHBIN C UCIOIb30BAHUEM IPOLIECCA 3JIEKTPOHHO-JIYUYEBOIrO MepersiaBa Win mpouecca
MJIA3MEHHO-AYTOBOM IJIABKH.

[0027] B cnydae TuTaHa, HMMEIOINETO COCTaB BBICOKOJETMPOBAHHOIO CIUIABA, CHJIA
peakLuy IpH MpOKaTKe MPH TeMIIEPaTypPHBIX YCIOBUIX obnactH a-dassl nnm obmactu a+P-das
sBisiercst Oosbiol. CrenoBaTesbHO, JOBOJIBHO 3aTPYAHUTENBHO MPOU3BECTH TOPSUYEKATAHYIO
TUTAHOBYIO TUIUTY, UMEIOLIYI0 COCTAaB BBICOKOJIETMPOBAHHOIO CIUIABA, KOTOPasi COCTOUT TOJIBKO
u3 o-(hassl Wik o-¢as3bl U B-pa3pl. COOTBETCTBEHHO, B CIy4ae BBIMOJIHEHUS TOPSYeH MPOKATKH
TUTAaHA, UMEIOIIETO COCTaB BICOKOJETMPOBAHHOTO CILIaBa, C BHICOKOW CTEMEHBIO 00XKATHsI, OHA
NPEATIOYTUTENIHO BBIMONHAETCS B 00nacTu P-¢aspl. OAHAKO KOrAa THTaH, MMEKOLINA COCTaB
BBICOKOJIETUPOBAHHOI'O CILIaBa, MOABEpPraercsi ropsiuedl mpokarke B oOmactu P-das3el, mmeer
MecTo Hebosbimoe obpazoBaHue Ne(EeKTOB MOBEPXHOCTH B KpaeBod dacTu. CremoBaTeNbHO,
TUTAHOBBINA CJII0, UCTIOJB3YEMBIH B HACTOSIIEM BAapPHAHTE OCYLIECTBICHHS], MPEANOYTUTENBHO
UMeEeT COCTaB, COCTOSIIUN W3 TUTaHA, B KOTOpoMm coxep:kanme Ti paBHO 99% wmnmu Oosblie
(Takke HA3bIBAEMOTO «TEXHHYECKH UHUCTBIM THUTAHOM»), WJIM THTaHA, HMEIOINEro COCTaB
HHU3KOJIETHPOBAHHOTO CIUJIaBa, B KOTOPOH TJIaBHOH cocraBisiromeil ¢a3oil sBisercs o-dasza
(Takke Ha3bIBAEMOTO «THUTAHOBBIM CIUIaBOM»). OAHAKO NpU HEOOXOIMMOCTH B KadeCTBe
TUTAHOBOTO CJIsi0A MOKET HCIIONB30BAThCS TUTAH, COCTOSMA U3 a-passl u B-(as3pl, a Takke
TUTAH, COCTOSIIUH U3 3-(a3sbL

[0028] Xumwudeckuidi COCTaB TUTAHOBOIO CJisiba OIpenessieTcss B COOTBETCTBUU C

XUMHUYECKHM COCTaBOM U MAaCCOBOM JOJIeH TUTAHOBOU I'yOKH W/WUJIM TUTAHOBOT'O JIOMa, KOTOPBIE



UCTIONIB3YIOTCSL B KA4yeCTBE ChIPbs, & TAK)KE€ XHMMHUYECKHMX COCTABOB M MAacCCOBBIX JOJIEH
no0aBJsIeMBbIX ~ BCIIOMOTATeNIbHBIX — MaTepuajioB. (CriemoBarenbHO, JJiE  TOro,  4YTOOBI
rapaHTHPOBATh MMOJIYYCHUE LEJIEBOr0 XUMHUYECKOrO COCTaBa TUTAHOBOIO CIisI0a, XMMHYECKHE
COCTaBbl THUTAHOBOH TI'yOKM M TUTAHOBOIO JIOMA, a TAaK)Ke€ BCIIOMOTaTEIbHOIO CHIPbsI 3apaHee
OTIPEEIISIOTCS C TIOMOIIBIO XUMUYECKOTO aHaju3a | T.I., U TpeOyeMble MacCOBbIE KOJUYECTBA
COOTBETCTBYIOILETO ChIPbsI ONPEAENISIOTCS B COOTBETCTBUU ¢ XMMUYECKUMHU cocTaBaMu. Crienyer
OTMETHTb, YTO JaXE €CIH B ChIPbE CONEPIKUTCS HEKOTOPBIA 3JIEMEHT (Hampumep, XJIOp HIIH
MarHuii), KOTOpPBI HCHAPSIETCS U YOANSEeTCs MPH DJIEKTPOHHO-TYYEBOM IEperuiaBe, 3TOT
SJIEMEHT He COAEPIKUTCS B TMTAHOBOM CiisiOe. B nmanmpHeitmem cumBon «%o», MCIONb3YeMbIH B
OTHOIIEHUHU CONEPKAHUS KAXKIOT0 3JIeMeHTa, 0003HAYAET «MACCOBBIN MPOLIEHTY.

[0029] Xwumuueckudi COCTaB THUTAHOBOTO Cisi0a IO HACTOALIEMY H300PETEHHIO
conepsxut, Hanpumep, O: ot 0 go 1,0%, Fe: ot 0 no 5,0%, Al: or 0 no 5,0%, Sn: ot 0 mo 5,0%,
Zr: ot 0 1o 5,0%, Mo: ot 0 10 2,5%, Ta: ot 0 1o 2,5%, V: ot 0 no 2,5%, Nb: ot 0 no 2%, Si: ot
0 mo 2,5%, Cr: ot 0 0o 2,5%, Cu: ot 0 10 2,5%, Co: ot 0 1o 2,5%, Ni: ot 0 10 2,5%, 31eMeHThI
matuHOBOM rpymmbl: OoT 0 10 0,2%, P3M: ot 0 10 0,1%, B: ot 0 1o 3%, N: ot 0 no 1%, C: oT 0
10 1%; H: ot 0 no 0,015%, a ocTanbHOE COCTABJSIOT TUTAH U IPUMECH.

[0030] B wacTHOCTH, 3JIEMEHTHI IJIATUHOBOH T'PYNITBI MPEACTABISIOT COOOH ONWH HIIH
bonee snemeHtoB, BeiOMpaeMbix w3 Ru, Rh, Pd, Os, Ir u Pt, u comep:kaHue 3JE€MEHTOB
MJIATHHOBOM TPYIINbI O3HAYAET CYMMAapHOE COAEP KAHUE BBIIIEYTIOMSHYTBHIX 3JIeMEeHTOB. Kpome
TOro, TepMuH «P3M» siBNsieTCs: OOIIMM TEPMHUHOM, UCIOIB3yeMbIM it 0003HAYeHHs B O0IIe
cnoxHOCTH 17 sneMeHTOB: Sc, Y U NaHTAaHOWJOB, U TEPMMH «coaep-kanue P3M» oTHocuTcs k
CYMMapHOMY COZIEPKAHUIO BBILIEYTIOMSHYTBIX 3JIEMEHTOB.

[0031] Hamuuue O, Fe, Al, Sn, Zr, Mo, Ta, V, Nb, Si, Cr, Cu, Co, Ni, 31eMeHTOB
iatTuHOBOM rpymmbl, P3M u B ansg Xxumuueckoro cocraBa He SIBISIETCS CYLIECTBEHHBIM, U
HIDKHUHM TIpefeN COoAep:kaHus Kaxaoro u3 3Tux sjeMeHToB coctaBiusier 0%. Ilo mepe
HEOOXOIUMOCTH HUKHUI mpenen conepskanus kaxaoro u3 O, Fe, Al, Sn, Zr, Mo, Ta, V, Nb, Si,
Cr, Cu, Co, Ni, anemeHTOB maTiuHOBO# rpymimbl, P3M u B mosxkeT ObiTh yeTaHoBsIeH Kak 0,01%,
0,05%, 0,1%, 0,2% unu 0,5% COOTBETCTBEHHO.

[0032] Bepxuwuii npenen conepxxkanust O moxeT ObITh 3amaH kak 0,80%, 0,50%, 0,30%
win 0,10%. Bepxuuii npenen conepskanus Fe mosxer ObITh 3anan kak 3%, 2% wiu 1%. Bepxawii
npenen conep:kanust Al Mmoxker ObITh 3amaH Kak 3%, 2% nnn 1%. BepxHuii npenen conepkaHust
Sn moxer ObITh 3amaH kak 3%, 2% wiu 1%. Bepxuuii npenen conepxanus Zr MOXKET ObITb
3amaH kak 3%, 2% wumu 1%. Bepxuuii npenen conepskanuss Mo MokeT ObITh 3amaH Kak 2%,
1,5%, 1% nmu 0,5%. Bepxuuii npenen copepkanust Ta moxer ObITh 3anaH kak 2%, 1,5%, 1%
win 0,5%. Bepxuuii npenen comepskaHusi V MoxeT ObITh 3a1aH kak 2%, 1,5%, 1% wumu 0,5%.
Bepxumuii npenen conepsxkanus Nb Moket ObITh 3a7aH kak 1,5%, 1%, 0,5% wiu 0,3%. BepxHuuii
npenen copepxkanusi Si MokeT ObITh 3amaH kak 2%, 1,5%, 1% wmu 0,5%. Bepxuuii nmpenen
conepxxkanus Cr moxeT ObITh 3a1aH Kak 2%, 1,5%, 1% wunu 0,5%. Bepxuuii npenen copepskaHus
Cu mosxer OpITh 3anmaH kak 2%, 1,5%, 1% nmm 0,5%. Bepxuuii npenen conepxxanus Co MoxeT

ObITh 3a1aH Kak 2%, 1,5%, 1% wm 0,5%. Bepxuuii npenen conep:kanust Ni MOKeT OBITh 3a1aH



kak 2%, 1,5%, 1% wnu 0,5%. Bepxuuii npenen conep:kaHusi 3J€MEHTOB TUIATUHOBOW T'PYIIIIbI
MoskeT ObITh 3a7aH Kak 0,4%, 0,3%, 0,2% wmm 0,1%. Bepxuwnii npenen conepskanust P3M mosker
ObITh 3a1aH kak 0,05%, 0,03% unu 0,02%. Bepxuuil npenen conep:kanus B moxer ObITh 3a1aH
kak 2%, 1%, 0,5% wunu 0,3%. Bepxuuii npenen congepkanus N moxer ObITh 3anaH kak 0,08%,
0,05%, 0,03% wmu 0,01%. Bepxumii npenen coxepxkanusi C moxer Obith 3amaH kak 0,08%,
0,05%, 0,03% wnu 0,01%. Bepxuwuii npenen cogep:xanus H moxer Obith 3aman kak 0,012%,
0,010%, 0,007% wmnu 0,005%.

[0033] TuTtaHoBBIH CJIsIO B COOTBETCTBUU C HACTOSIIIUM H300PETEHUEM MPENIOYTHTEIBHO
NPOM3BOUTCS TAK, YTOOBI yIOBJIETBOPSITh IUANIA30HY XMMHUYECKOTO COCTAaBa, ONMPEACICHHOMY B
pa3MUHBbIX CTaHAapTax. XOTsd cymecTBYIOT Takxke craHgaptel ASTM u AMS, npumepsl
CTaHAapTOB OYAyT OMMCaHBI TJIABHBIM O0Opa3oM ¢ ymopoM Ha crtaHmapTtel JIS B kadecTse
perpe3eHTaTUBHBIX CTaHnapTtoB. Hactosimee wu300peTeHHe MOXET HCIOJIb30BATHCS IS
NPOM3BOJICTBA TUTAHA, KOTOPBIA COOTBETCTBYET CIIELU(UKAIINSIM 3THX CTAaHIAPTOB.

[0034] ITpumepsl cTaHOAPTOB TS TUTaHA BKIIOUYAKOT B cedst Knaccor 1-4, onpeneneHHbie
B ctanpapte JIS H 4600 (2012), Knaccor 1-4, onpenenennbie B ctannapre ASTM B265, a Takxke
Knaccer 3.7025, 3.7035 u 3.7055, onpenenennsle B cranaapte DIN 17850.

[0035] TuraHOBBIH CrulaB, B KOTOPOM O0IIee KOJIUYECTBO JIETHPYIOIUX JIEMEHTOB He
npesbimaer 5,0%, a ocranpHoe — Ti U mpUMecH, MOXKET YIMOMHHAThCS KaKk NMPUMEpP TUTAHA,
UMEIOIIEeT0 COCTAB HHU3KOJIETHPOBAHHOTO CIUIABA, B KOTOPOM TJIABHOW COCTaBIISIIOINEH (ha3oii
apnsieTcs o-¢pasa. B 3ToM ciydyae mpumepsl JIErHPYIOLINX 3JEMEHTOB BKIIOYAKOT B cebs Al u
T.IL., KOTOPBIE SIBJISIOTCS 0.-CTAOUTM3UPYIOLINUMHU 3JIeMeHTaMH, Sn, Zr U T.I1., KOTOPbIE SBJSIFOTCSA
HeliTpanpHbiMu d5teMeHTamy, Fe, Cr, Cu, Ni, V, Mo, Ni, Si, Co, Ta u T.11., KOTOpBIE SBISIOTCS [3-
crabmmmsupyromuMu saemMeHTamy, Pd, Ru u T.1m., KoTopble SBISIOTCS 3JIEMEHTaMH LIaTHHOBOM
rpynmnel, Mm (mummMerami), Y U T.II., KOTOpbIE SBJSIIOTCS PENKO3E€MENbHBIMU METAJIaMH, a
takoke O, C, N u T.11., KOTOpBIE SABISIIOTCS ra3o00pasHbIMU dj1eMeHTamu. [IpennodrurenbHOe
cofiepKaHue O-CTaOMIM3UPYIOLUINX 3JIEMEHTOB WJIM HEHTPANbHBIX 3JIEMEHTOB cocraBjsier O-
5,0%, COOTBETCTBEHHO, a MPEATIOYTUTENBHOE COIEepKaHHE [B-CTaOMIN3UPYIOIUX 3JIEMEHTOB
cocrasjisieT 0-2,5%. [IpennoururenbHoe conepkaHue penKo3eMeTbHbIX METAJUIOB cocTaBisieT 0-
0,5%, a TpeArnoYTUTENIbHOE COAepKaHue Ta3000pasHbIX 3jeMeHTOB, Takux kak O, C u N,
cocrasisier 0-1,0%. Kaxxnoe u3 sTux coxmep:kaHuil OTHOCUTCS K CYMMapHOMY COZEP)KaHUIO B
ciydae 10OaBJICHUSI MHOXKECTBA 3JIEMEHTOB.

[0036] IIpumMepsl TaKUX TUTAHOBBIX CIUTABOB BKJIIOYAIOT B ceOsl KOPPO3MOHHOCTONKHIA
crutaB, kotopsbiit conepskut 0,02-0,2% Pd win Ru, KoTopble SBISIFOTCS 3JIeMEHTaMH TJIATHHOBOM
rpymmel, BMecTe ¢ Ti, WM KOPPO3UOHHOCTOMKHH criiaB, KoTopslil cogepxut 0,02-0,2% Pd wmn
Ru, xotopeie SBISIFOTCS 3J€MEHTaMU IIaTHHOBOW rpymmsbl, a Takxke 0,001-0,1% Mm wmm Y,
SIBJISTFOIIUXCST PEIKO3EMENIbHBIMU MeTajiaMu, BMecTe ¢ T1, Wi TepMOCTOWKHI CIUIAB, KOTOPBIH
comepxut 0,1-2,5% xaxnoro u3 Al, Cu u Sn, y KOTOPBIX BBICOKA PaCTBOPHMOCTH B d-(haze.

[0037] Kak nmpowumoctpupoBaHo Ha Dur. 2, TUTaHOBbIN csiO 10, KOTOPBIN SIBISIETCS
UCXOAHBIM MaTepuajoM Al TOpsYeKaTaHON TUTAHOBOW IIUTBHL, HMMEET IO CYIIECTBY

NpsSAMOYTONIbHYI0  cronOuatyro  ¢opmy.  IloBepxHocTH,  KOTOpBIE  NMPHUOIM3UTENBHO



NEepPIEHINKYJISIPHBI HAPABJIEHUIO 10 TOJIIMHE THUTaHOBOrO cisiba 10 (mpyrumu crioBamu, 1Be
MOBEPXHOCTH, HOPMaJIb K KOTOPBIM NPUOIU3UTENBHO MapajuielbHa HAPABJIECHUIO IO TOJIIINHE
TUTAHOBOTO CIsi0a), Ha3bIBAIOTCS IpoKaTbiBaeMbiMU mnoBepxHocTsMu 10C u 10D, xotopble
IIPOKATBIBAIOTCA BO BpeMsl ropsuei mnpokarku. Kak npoummoctpupoBaHo Ha @ur. 2,
npokatbiBaeMble noBepxHocTH 10C u 10D TuranoBoro cinsiba npuOIN3UTENBHO MPSIMOYTOJIbHBL.

[0038] Kpome TOro, mOBEPXHOCTH, KOTOpble MPUOIUSUTENBHO MapasjiebHbI
HAIpaBJICHUIO O TOJIIUHE TUTAHOBOTO cisiba 10 (apyrumu cioBamu, MOBEPXHOCTH, HOPMAJb K
KOTOPBIM NPUOTU3UTENPHO MEPIEeHANKYJIIPHA HAMPABIEHUIO MO TOJIIWHE THTAHOBOTO CJisida),
HA3bIBAIOTCSI «OOKOBBIMH TOBEPXHOCTSIMU». BOKOBBIE MOBEPXHOCTH TUTAHOBOro cisiba 10
nensTcst Ha aABa Bupa. OgHUM BUIOM OOKOBOH MOBEPXHOCTH SIBJISIETCSI OOKOBAsi TOBEPXHOCTD,
KOTOpasi MPHOJM3UTENBHO MapajuleibHa UJIMHHOH CTOPOHE MNPsIMOYTOJbHUKA, 00pa3yeMoro
npokaTeiBaeMbiMi TIoBepxHOCTsIME 10C u 10D (mpyrumu cioBamu, OOKOBasi NMOBEPXHOCTH,
HOpPMaJlb K KOTOPOHW NPUOSU3UTENBHO MapajuieibHa KOPOTKOW CTOPOHE IPOKAThIBAEMON
MOBEPXHOCTH). OJTOT BHJI OOKOBOH MOBEPXHOCTH VYIOMUHAETCS KakK «IJIMHHAas OOKOBas
noBEpPXHOCThY (0O03HaueHHas ccputouHbIME Iudpamu 10A u 10B ma Pur. 2). pyrumu
coBaMH, OOKOBAsi TOBEPXHOCTh, KOTOPAs SIBJSIETCS MapaJUIeIbHOW HanpasieHno D nmpokaTku B
npolLecce Topsiuell MPOKATKH, SIBJISETCS IJIMHHOW OOKOBOH IMOBEPXHOCTHIO. JIpyrum BHIOM
OOKOBOI MOBEPXHOCTH SBJISIETCS] OOKOBASI TOBEPXHOCTh, KOTOPasi MPUOIU3UTENBHO MapajuiesibHa
KOPOTKOH CTOPOHE NPSMOYTOJIbHUKA, 00pa3yeMoro mpokaTbiBaeMbIMu noBepxHOCTsME 10C u
10D (mpyrumu cnoBamu, OOKOBasi IOBEPXHOCTb, HOPMajb K KOTOPOW NPUOIU3UTENBHO
napajjienpbHa  JUIMHHOH  CTOPOHE  NPSMOYrOJIbHUKA, 00pa3yeMoro  IpOKaThIBAEMBIMH
MIOBEPXHOCTSIMH). DTOT BHJ OOKOBOH IOBEPXHOCTH YIIOMHUHAETCA KaK «KOpOTKas OOKoBas
MOBEPXHOCTHY.

[0039] Cnenyer ormeruTh, 4To OOKOBBIE MOBepXHOCTH 10A 1 10B, KOTOpbIE SBIAIOTCS
napajuleIbHbIMU  HampasiieHHto D mpokarku TutaHoBoro cisba 10, ucmombdyemoro B
HACTOSIIEM BAapUAHTE OCYINECTBJICHUs, O3HAYAIOT «UIMHHbIE OOKOBBIE MOBEPXHOCTHY». B
JaJbHEHIIeM ONMMCAHWM, €CJIM SIBHO HE YKa3aHO WHOE, TePMHH «OOKOBas IMOBEPXHOCTDHY
TUTAHOBOTO CJI10a O3HAYAET «IJTMHHYIO OOKOBYIO TOBEPXHOCTBY» TUTAHOBOTO CIIsI0A.

2. YcnoBus npouecca MIaBjeHnus U MOBTOPHOTO 3aTBEPAECBAHUS

[0040] Ilpouecc muaBieHUs U MOBTOPHOIO 3aTBEpAEBAHUS, KOTOPBIN BBIMOJIHSIETCS Ha
TUTAHOBOM CJI10€, TOJDKEH YAOBJIETBOPSTH HIDKEOITUCAHHOMY YCIIOBHIO [1].

[1] Tlocme maBneHWs MO MeHbIIEH Mepe OJHOM 4YacTh OOKOBOH IOBEPXHOCTH
TUTAHOBOTO CJsI0a CO CTOPOHBI MPOKATHIBAEMON MOBEPXHOCTH NMyTEM BO3JIEHCTBHS JIYYOM HIIH
TUIa3MOI Ha OOKOBYIO MOBEPXHOCTH 0€3 BO3IEHCTBUS JIyUOM WJIH IUIA3MOH Ha MPOKATHIBAEMYIO
NOBEPXHOCTb,  pPAaCIUIaBJICHHAss  4acTb  IOBTOPHO  3arBepnaeBaer, (Qopmupys  cioi
MHUKPOCTPYKTYPBI, UMEKO UM SKBUBAJIEHTHBIN JUAMETP OKPY>KHOCTH 3€pHa 1,5 MM WJIM MeHbLIE
10 TIyOuHBI IO MeHbIned Mepe 3,0 MM OT OOKOBOI MOBEPXHOCTU. DTOT CJIOH MHUKPOCTPYKTYPHI
npeAcTaBisieT coO0H MUKPOCTPYKTYPY, KOoTopast (GopMUpYeTCsl yTeM IpeBpaiueHust u3 B-dassl
B o0-pa3sy BO BpeMs TIUIABJIEHHUS M TOBTOPHOTO 3aTBEpIEBAHMs, M sBIAETCS Ooee

MEJIKO3EPHUCTON MHUKPOCTPYKTYPOM, YeM MaTepuHCKas ¢a3a, U HIKE YIIOMHUHAETCS] KaK «CIJIOH
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MEJKO3EPHUCTON MUKPOCTPYKTYPBIY.

[0041] Cnenmyer OTMETHUTB, YTO H3-3a TOrO, YTO THTAHOBBIN CJsI0, TPOW3BEIEHHBIN
HanpsIMyl0 C HCIIOJIb30BAHUEM IIpoLecca 3JIEKTPOHHO-JIY4YE€BONH WM IUIA3MEHHO-IyTOBOM
IUIABKH, MEIUIEHHO OXJIAKAAETCsl B BaKyyMe, MaTepuHcKas (pas3a, Ayl KOTOPOH He BBINOJIHEH
IpoLecC IUIABJIEHHs W TIOBTOPHOIO 3aTBEpPAEBAHMs, NPENCTaBIsieT COOOi Ype3BhIYaliHO
OONBIIYIO JIUTYIO MHUKPOCTPYKTYPY, UMEIOINYI0 AHMAMETP SKBHBAJEHTHOH OKPY)KHOCTH 3€pHA B
Heckoibko MM. C Apyroii CTOpPOHBI, MOCIE TOro, Kak OOKOBas MOBEPXHOCTb TaKOro BHAA
TUTAHOBOTO cJisiba OyZer BpeMEHHO pacIiaBlieHa B MPOLECCE IUIABJIEHUS U MOBTOPHOTO
3aTBEpIIEBAHMS], THTAHOBBIN CJISI0 OTHOCUTENIBHO OBICTPO OXJIAXKIAETCS 38 CUET PACCESTHHS TerlIa
u3 cimsiba BO BpeMsl MOBTOPHOrO 3aTBepaeBanus. CleaoBaTENbHO, CJIOW MEJIKO3epHHUCTOM
MUKPOCTPYKTYPbI TMPEACTABISIET COOOH MEIKO3EPHUCTYI0 MHUKPOCTPYKTYPY IO CPaBHEHHIO C
MaTepuHCKON (hazoi. JlmameTp SKBUBAJICHTHONW OKPYKHOCTH 3€pHA CJIOSI MEJIKO3EPHHCTOM
MHUKPOCTPYKTYpPbI ~ MPENNOYTHTENBHO CcOCTaBisieT 1,2 MM WiIM  MeHblne, U Ooiee
npeanoYTUTeNbHO 1,0 MM Ui MeHbIe. XOTs JHaMEeTP 3KBUBAJCHTHON OKPYKHOCTU 3€pHA B
CJI0E MEJIKO3EPHUCTON MHUKPOCTPYKTYPBI MOJKET OBbITb HACTOJNBKO MAaJIbIM, HACKOJBKO 3TO
BO3MOJKHO, €0 MPAaKTUYEeCKUN HUKHUN MpeAes cocTaBisieT 5 MkM. HuokHull mpenen nquamerpa
SKBUBAJIEHTHOHN OKPY>KHOCTH 3€PHA CJI0sI MEJIKO3EPHUCTON MUKPOCTPYKTYPBI MOXKET COCTaBJISITh
1 mxm. Ilopel, cymecTByromue B OOKOBBIX IOBEPXHOCTSX THTAHOBOTO CIisiOa, MOTYT OBITH
cnenaHbl Oe30macHBIMH INMyTeM (OPMHUPOBAHHS TAKOrO BHIA CJOS  MEJIKO3EPHHUCTOM
MHUKPOCTPYKTYPBI.

[0042] Kpome TOro, nuaMeTp 3€pHa CJOs MEJIKO3EPHUCTON MHUKPOCTPYKTYPbI MOXKET
OBITH U3MEPEH IyTEM IMOJIUPOBAHUS MOMNEPEUHOro cedeHus: T TuTaHoBoro cisida (MmonepeyHoro
CEYEHUs], TMEePIeHIUKYSIPHOrO OOKOBOW MOBEPXHOCTH M MApaJICIbHOTO HANPABICHHUIO 10
TOJIIIUHE THUTAHOBOTO CIJsi0A) W BBINOJHEHUS H3MEPEHMs C HCIOJIb30BaHHEM AH(PaKLNH
3JEKTPOHOB ¢ 0OpaTHbIM paccesHueM (EBSD). Ilpu 5ToM n3MepeHnH 3epHa pacCMaTpPHBAIOTCS
KaK OTJIMYAIOIIMECs], KOT/Ia UMEETCsl pa3HOCTh OPHEHTALIMH KPUCTAJUIOB B 5° MK OOJbLIe MEXITY
CMEXHBIMH TOYKAMHU H3MEPEHMs], ONpenensercs IUlomanb A KaXAOro 3epHa, U auamerp L
SKBHMBAJICHTHON OKPY’KHOCTH 3ePHA MOYKET ObITh BBIHCIIEH Ha ocHOBE (opmyubl A = x(L/2)7.

[0043] Korma TuTtaHOBBIA cisi0 moxBepraeTcss ropsiiel NMpOKaTKe, 4YacTH OOKOBBIX
MOBEPXHOCTEH IepeMelaloTCs Ha IMPOKAThIBAEMYI0 IIOBEPXHOCTb U3-32 IIONEPEYHOro
pacripeneneHus Mo MOBEPXHOCTH LIEHTPAIIbHOW YacTH THTAHOBOTO cistba. CrenoBarenbHO, eCliu
nedekThl TMPUCYTCTBYIOT HA YacTU OOKOBOW TMOBEPXHOCTH, OOJBIIOE KOJUYECTBO Ae(eKkToB
NOBEPXHOCTH HAa KpPaeBOW YacTH oOpasyercss B KOHIEBBIX YacTAX IO INIHPHHE IUIUTHL, U
3HAYUTENbHAS JOJIA 3TUX 4YacTed AOKHA ObITh OOpe3aHa, YTO YMEHBIIAET BBIXOA T'OJHOTO.
Jlaxxe B TOM ciydae, KOrja BeJIMYHHa NepeMeLleH sl IO MPOKaThIBaeMOIl TOBEPXHOCTH SIBJISETCS
OoNBIION, OHAa COOTBETCTBYET NpuOm3uTensHO 1/3-1/6 tommmubl cnsba. Hampumep, B ToM
ciydae, KOTrJa TOJINMHA cisida COoCTaBisieT B auamasoHe npuOmmsurensHo 200-260 mm,
BEJINYMHA TAKOTO IMEPEMEIEeHHUs] COCTAaBJIACT MPHUOJIU3UTENBHO HECKOJBKO JIECSTKOB MM.
CrnenoBatesbHO, Ta YaCTh, KOTOpPasl MePEMEINAETCs Ha MPOKATHIBAEMYIO NTOBEPXHOCTD, SIBJISIETCS

YacThlO, Haxondllelcs ONM3KO K IPOKATHIBAEMOH NOBEPXHOCTH (OKOJO MPOKAThIBAEMOMN
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MOBEPXHOCTH) Ha OOKOBOW MOBEPXHOCTH, M oOpa3oBaHue ne(EKTOB NMOBEPXHOCTH B KPAaeBOM
YacTH Ha TPOKATHIBAEMOH MMOBEPXHOCTH MOXKET OBbITh TOAABIEHO nAaxke Oe3 IUIaBIeHHs U
IIOBTOPHOT'O 3aTBepleBaHUs Bcel OOKOBOM mnoBepxHOCTH. (JenOBaTENbHO, JOCTATOYHO
copMHPOBATH CJION MEIKO3EPHUCTONH MHKPOCTPYKTYPBI Ha IO MEHbIIEH Mepe OJHOW 4acTu
KaXX10i OOKOBO MOBEPXHOCTH CO CTOPOHBI MPOKATHIBAEMOW MOBEPXHOCTU. bojee KOHKpeTHO, B
cllyyae TUIABJICHHMsS M TIOBTOPHOTO 3aTBEPAEBAHHUS 1O MEHbINEH Mepe ONHOW 4YacTH OOKOBOM
HIOBEPXHOCTH CO CTOPOHBI NMPOKATHIBAEMOH MOBEPXHOCTH, KOTJA TOJIIUHA THTAHOBOTO Cisiba
NPUHATA 32 «t», MPEONOYTHTEIBHO (POPMHUPOBATH CJIOH METKO3EPHUCTOH MHKDPOCTPYKTYPHI B
o0jacTH OT MPOKAThIBAEMOM TMOBEPXHOCTH MO MOjoxkeHuss Ha 1/3 t. Jlpyrumu clioBamu,
NPEATIOYTUTENIPHO PACIUIaBIATh M TOBTOPHO 3aTBEPAEBATH 1O MEHbINEH Mepe o0macTu OT
BEPXHEro W HIKHErO KpaeB cisiba BbICOTOH B 1/3 t. JIpyruMu clioBamHM, JaXke €CIIU MMEeTCs
o0yacTh, KOTOpasi HE IOABEPraeTcs IUIABJICHUI0 U IOBTOPHOMY 3aTBEPACBAHHIO, HO OHA
HAXOIUTCS HIKE TOJOXEHUs B 1/3 t B LEHTpe TOJIIUHBI IUIUTHL, oOpa3oBaHHe He(EeKTOB
MOBEPXHOCTH B KPAa€BOHW YaCTH Ha MPOKATHIBAEMOI MMOBEPXHOCTH MOXKET OBITh MPEIOTBPALIEHO.
Kpome Toro, npu noxBepraHui IJaBJIeHUIO U TOBTOPHOMY 3aTBEPAEBAHUIO TOJBKO OHON 4acTU
OOKOBOW TMOBEPXHOCTH MPOAOCJUKUTENBHOCTh O0paboOTKM MOKeT OBbITh COKpalleHa, a
NPOM3BOIUTENBHOCTh yBeanueHa. OIHAKO IMOCKOJBKY CYIIECTBYET PHCK TOro, utro 3(dext
NpeaoTBpalleHnss 00pa3oBaHusl AeQEeKTOB MOBEPXHOCTH B KPaeBOW YacCTH He OyIeT IMOoyyueH,
€CITU CJIOM MENKO3€PHUCTOH MMKPOCTPYKTYpbl Oyaer obOecredeH TONBKO B OYEHb Y3KOM
IUanasoHe, B ciydae OOECHeueHUs! CJIOsi MENKO3ePHHCTOM MHKPOCTPYKTYPBI B IO MEHBIIEH
Mepe OfHOH 4acTu OOKOBOH IMOBEPXHOCTH CO CTOPOHBI MPOKATBIBAEMON IOBEPXHOCTH CJIOH
MEJIKO3EPHUCTON MUKPOCTPYKTYpPBI MOXKET ObITh C(POPMHPOBAH B OOJNACTH OT MPOKATHIBAEMOM
MIOBEPXHOCTH JI0 MOJIO>KeHUs Ha 1/6 t.

[0044] C npyroii cTopoHbl, U BCS OOKOBas MOBEPXHOCTb MOXKET OBITH IMOJABEPTHYTA
IUIABJICHUI0 U TIOBTOPHOMY 3aTBEpAEBaHUI0. B 3TOM ciydae, B JONOJHEHHUE K MOAABICHUIO
oOpaszoBaHus 1e()eKTOB MOBEPXHOCTH B KPAEBOW YaCTH, BBI3BIBAEMBIX MEPEMEIICHUEM YaCTH
COOTBETCTBYIOLIMX OOKOBBIX MOBEPXHOCTEH Ha MPOKATHIBAEMYIO MMOBEPXHOCTb, KaK ObLIO
OMHUCAHO BbIIe, O0OpPa30BaHME KPAEBbIX TPEIIMH HA KOHLEBBIX YaCTSIX IUIUTBI MOXET OBITh
npenorspatieHo. Kpaesple TpeluHbl CHUXKAIOT BbIxoA roaHoro. Kpome toro, B ToM ciydae,
KOIZla XOJIOJHAs IMPOKaTKa BBIMOJHIETCS MOCJ€ BBITOJHEHUs Topsveil MPOKaTKU TUTAHOBOTO
NPOAYKTa, HMEIOLIEr0 CPAaBHUTENBHO BBICOKYKO IPOYHOCTh, MHOTZAA MOXKET IPOUCXOAUTH
pa3pbIB IUIUTHI U3-3a KpaeBbIX TpemuH. IlyTem miaBieHUs U MOBTOPHOIO 3aTBEpAeBaHuUs BCel
OOKOBOI MOBEPXHOCTH BO3HUKHOBEHHE TAKOTO Pa3phbiBa IUIUTHI MOXKET OBITH MPEJOTBPALLIEHO.
Omnpenesnenue TOro, Hy>)KHO JIU IJIaBUTh U MOBTOPHO 3aTBepieBaTh TOJBKO MO MEHbLIEH Mepe
OHY 4YacTb OOKOBOH NOBEPXHOCTH CO CTOPOHBI NPOKATHIBAEMOH MOBEPXHOCTH WM BCHO
OOKOBYIO MOBEPXHOCTb, MOJKET OBITh CIAENAHO Ha OCHOBE pa3Mepa MPOAYKTa (TOJIIUHBI) HIIH
nporiecca MPOM3BOACTBA (BKIIIOYAET JIM MPOLECC MPOM3BOACTBA B Ce0sl XOJOAHYIO MPOKATKY U
T.IL).

[0045] B HacrosimmeM mpolecce MpoKaThiBaeMasi MOBEPXHOCTb TUTAHOBOIO Cisi0a He

IIJIaBUTCA. HpI/I"II/IHa 9TOr0 3aKJIIOYACTCA B TOM, YTO ILJIABJICHUE WU IMMOBTOPHOC 3aTBEPACBAHUC
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IPOKATHIBAEMOI MTOBEPXHOCTH TUTAHOBOTO CJsi0a MOJKET BBI3BaTh 00Opa30BaHNE HEPOBHOCTEN Ha
NOBEPXHOCTH. B "acTHOCTH, B HAacTOSIIEM M300PETEHUH ropsidas MPOKATKa BBIMOIHAETCS TakK,
9TOOBI IJIMHA AYTH KOHTaKTa cocTanisa 230 MM min OoJblle, U ITO3TOMY UMEETCsl CKIIOHHOCTh
K 00pa30BaHUIO OOJNBIIOrO MJIACTUYECKOTO TEYEHUS B HAIIPABJIEHUH 10 IIUPUHE IJIUTHI BO BPEMs
ropsiuel npokatku. ClieaoBaTeIbHO, €CJIN NPOKAThIBAEMasl MOBEPXHOCTb MJIABUTCS U MOBTOPHO
3aTBEPAEBAET, Ha MOBEPXHOCTH MOTYT O0Opa30BaThCS JHMHEIHbIE Ae(PEeKThl ropsided MPOKATKH.
ITosToMy B HacToslEM MATEHTE IUIABJAEHHE U TOBTOPHOE 3aTBEPAEBAHME IPOKATHIBAEMOMU
MOBEPXHOCTU HE BBIMOJIHSAETCH.

[0046] dur. 2 moka3bIBaeT BUJ, OMHCHIBAIOLIUI OAWH MpUMEpP IpoLecca IMJaBICHUs U
MIOBTOPHOTO 3aTBEPAECBAHUS B CIIOCOOE MPOM3BOACTBA TOPSYEKATAHOH THUTAHOBOW IUIUTHI 1O
HACTOsILIEMY BAapUAHTy OCYLIECTBIEHUs. B COOTBETCTBMM ¢ NPOLIECCOM IUIABJICHUS U
MIOBTOPHOT'O 3aTBEPAEBAHUS MyTeM OOJYYEHHs 3JEKTPOHHBIM JIYUOM MJIA IUIa3MOH OOKOBBIX
nosepxHocTeil 10A u 10B 6e3 BRIMOSTHEHUS MPOLIECCa TUIABJIEHUS] U TOBTOPHOTO 3aTBEPACBAHUS
Ha mpokaTeiBaeMbix mNoBepxHOCTsX 10C m 10D, mo meHbInmed Mepe omHa 4YacTh OOKOBBIX
nosepxHocTell 10A u 10B co cToponb! npokaTeiBaeMbix nosepxHocTeit 10C u 10D, xotopas
napajjieNibHa HampaBieHHI0 D mpokatkm TuTaHOBOoro cisidba 10, TiaBUTCS W TOBTOPHO
3aTBepAeBaeT, W TpU 3TOM (opmupyercs Oonee MENKO3ePHHCTasi MHUKPOCTPYKTYpa, dYeM
MHUKDPOCTPYKTypa OCHOBHOro Merajuia. Ilpm 3TOM muaBieHHe M NOBTOPHOE 3aTBEPAECBAHUE
BBIMTOJIHSIOTCSL TaK, 4TOObI IIyOMHA CJIOS MEJNKO3EPHHCTOH MHKPOCTPYKTYPBI OT OOKOBBIX
nosepxHocteii 10A u 10B cocraBnsana 3,0 mm miau Oonpine. B mpomecce maBneHuss o
MIOBTOPHOTO 3aTBepAeBaHusl OOKOBbIX nmopepxHocTell 10A m 10B B HEKOTOPBIX CiIydasix 4acThb
KOHLIEBBIX oO0iacTeil mnpokareiBaeMblx mnoepxHocred 10C u 10D (mampumep, obnacrtei,
npoxonamux Ha 10 MM WM 5 MM OT KOHLIOB), CMEKHBIX C OOKOBBIMH MOBEpXHOCTSIMH 10A u
10B, MoOXeT TIUIaBUTBCSI M TOBTOPHO 3aTBEpAEBaTb, U MOXKeT (POPMUPOBATHCS CJIOH
MHKPOCTPYKTYPBI, TTOZOOHBIH CJIOI0 MEJIKO3€PHUCTOH MUKPOCTPYKTYPBI, U Takoe IUIaBJIEHHE U
MOBTOPHOE 3aTBEPAEBAHUE SBJISIIOTCS IPUEMJIEMBIMHU.

[0047] B xauectBe cnocoba HarpeBa, UCIOJIB3YEMOrO MPHU IUIABJIEHHH M MOBTOPHOM
3aTBepaeBaHUN OOKOBbIX moBepxHOCTe 10A um 10B, KOTOpbIe SBISIFOTCS MNapajueIbHbBIMU
HampaBjieHur0 D mpokaTtku TUTaHOBOTrO ciisiba 10 B HACTOSsIIEM BapUaHTE OCYINECTBIICHUS,
MOTYT UCTIOJIb30BATHCS AYTOBOH HArpeB (BOJb(MPAMOBBIM 3JIEKTPOJOM B CPENIE 3ALIUTHBIX ra3oB
(TIG)), na3epHBIii HAarpeB C HCIOJBb30BAHUEM Jia3epa Ha ra3000pa3HOM AUOKCUAE YIiiepona M
T.IL., TUIA3MEHHBIN HAarpes, IUIA3MEHHO-AYTOBOM HArpeB, MHAYKLHUOHHBIA HArpeB, 3JEKTPOHHO-
Jy4€BOW Harpes U T.I. B 4aCTHOCTH, B TOM Cily4ae, KOIAa UCIOJIb3YIOTCS MJIa3MEHHBINA HarpeB 1
3JIEKTPOHHO-JIY4€BOI HArpeB, MOCKOIBKY MOABOJ TEIIA MOXKET OBITh YBEJIMYEH, IMOJTyJaroInascs
IIPU JIUTHE MPSIMOYTOJIBHOTO CTOJOYATOrO CIUTKA HEPOBHOCTh MOBEPXHOCTU MOKET OBITH JIETKO
BbIpOBHEHAa. Kpome TOro, B TOM cCiydae, KOIZa MCHOJIB3YIOTCSl IUIA3MEHHBIM HAarpeB Hu
3JIEKTPOHHO-JIY4E€BOI HArpeB, MPOLECC IUIABJICHUS M IOBTOPHOTO 3aTBEPIEBAHHUSI MOXET ObITh
JIETKO BBIMOJHEH B HEOKHUCHsomen armocdepe. CnenoBaTenbHO, IJIa3MEHHBIH HAarpeB M
3JIEKTPOHHO-JIy4€BOH HArpeB SIBJISIOTCS MOAXOASIIMMHM B KadeCTBE CIOCOOOB IUIABJICHUS U

MIOBTOPHOTO 3aTBEPAEBAHUS TUTAHOBOIO ciisiba 10, KOTOPBIII COCTOUT U3 aKTUBHOIO MeTana. B
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Clly4ae BBINIOJIHEHMsI MpOLEeCCa IUIABJICHWs W IOBTOPHOIO 3aTBEPAEBAHUS B BaKyyMe [JIs
NPEAOTBPALIEHNS] OKHCIEHHs TOBEPXHOCTH THUTAHOBOTO ciisiba 10 skenaTenbHO, YTOOBI CTENEHb
BaKyyMa B I1€4H, B KOTOPOH BBIMOJIHSETCS MPOLIECC IUIABJICHHs] U MOBTOPHOIO 3aTBEPAECBAHUS,
cocrasisiia 3x107 Mm PT.CT. UJIM MEHBLIE.

[0048] TIpouecc muaBjieHHs W MOBTOPHOI'O 3aTBEPIEBAHUS IO HACTOSINEMY BapHAHTY
OCYLIECTBJICHUS] MOKET BBINOJHATLCSA OJHOKPATHO, WIM KOJIMYECTBO Pa3 BHIIOJHEHUs IIPOLecca
IUIABJIEHHUSI W TTOBTOPHOTO 3aTBEPAECBAHUS MOXKET OBITh YBEIMYEHO MO Mepe HeOOXOAMMOCTH.
Onnako yem Oouiblie pa3 BBIMOJHSETCS MPOLECC MJIABJICHHS U MOBTOPHOTO 3aTBEPACBAHUS, TEM
nonpie Oymer  MpOAOJUKUTENbHOCT  OOpabOTKH, dYTO TpUBENEeT K  YMEHBIICHHIO
MIPOU3BOJUTENBHOCTU U yBequ4ueHHro 3arpar. (CienoBaTesNbHO, KOJHMYECTBO pa3 BbIOJHEHUS
npolecca MJIaBjaeHusl ¥ MOBTOPHOIO 3aTBEPAECBAHUS TPEANOYTUTENBHO PABHO OJJHOMY WJIU ABYM.

[0049] B cooTBeTcTBMM €  HACTOSIIUM  BAPUAHTOM  OCYINECTBJICHHUS  CJIOU
MEJIKO3EPHUCTOW  MHKPOCTPYKTYPBl  (OPMHPYETCS IMyTeM IUIABJIEHHUS M  IOBTOPHOTO
3aTBEPAEBaHMs MO MEHbIIEH Mepe OmHON dacTh Ha OokoBbIX moBepxHOCTsX 10A m 10B co
CTOpPOHBI NpokaTbiBaeMbIx nosepxHocTeil 10C u 10D, kotopble SBISIOTCS NapaijielIbHbIMU
HanpasieHuro D npokatku tutaHoBoro cisiba 10. B turanoBom cisabe 10, mmeromem cioit
MEJIKO3€pPHUCTONH MHUKPOCTPYKTYPBl MO HACTOALIEMY BapUAHTy OCYLIECTBIEHUS, IMOCKOJIbKY
UMEETCsl 3HAYUTENIbHAsI PA3HULA MEXAY pPa3MEpPOM MHUKPOCTPYKTYPBI CJIOsI MENKO3E€PHUCTOU
MUKDPOCTPYKTYPBI U Pa3MEPOM MHUKDPOCTPYKTYPbl OCHOBHOI'O METajlla, CJIOW MENIKO3€PHUCTOU
MHUKPOCTPYKTYPbl M OCHOBHOM MeETaJlI MOXKHO JIETKO pa3JIM4UTh NyTeM HaOMIOAEHUs B
MHUKPOCKOIl TIONEPEYHOI0 CE4YeHHs, OPTOTOHAIBHOTO K HampasieHuro mnpokatku. Croi
MEJIKO3EPHUCTOH  MHKPOCTPYKTYpPBl BKJIOYaeT B Ce0s pacIUIaBI€HHBIH UM IMOBTOPHO
3aTBEPAEBLINI MeTaJlI, 0OPa30BaBIINICS B MPOLECCEe TUIABJIEHHS U TOBTOPHOTO 3aTBEPIEBAHNS,
a TaKke CJIoW 30HbI TepMuueckoro BiusiHusA (cinoit 3TB), oOpasyromuiicss B mpoLecce miaBieHHs
U MIOBTOPHOTI'O 3aTBEPIECBAHMUS.

[0050] B HacrosiimeM BapuaHTE OCYIIECTBJICHHS TIPU BBITTOJIHEHUH MPOLIECCA TIIaBIEHUS
U TOBTOPHOTO 3aTBEPIAEBAHMs CJIOH MEJNKO3ePHHCTOH MHUKPOCTPYKTYpPbI (HOpMHUpPYETCS 0
ryOunbl 3,0 MM W OOJBIIE HA MO MEHBbINEH Mepe OJHOH 4acTH Ha OOKOBBIX MOBEPXHOCTSIX
10A u 10B co croponsl mnpokateiBaeMbix moBepxHocTedr 10C u 10D. I'myOuna cnos
MEJIKO3EPHUCTON MHKPOCTPYKTYPbI MPEANnouTUTENbHO coctaBisier 4,0 MM wiau Oosbine. [Tpu
IIyOMHE CJIOST MEJKO3EPHUCTOH MHUKPOCTPYKTYpbl 3,0 MM miu OoJbIle TOpBL, KOTOpBIE
CYLIECTBYIOT B OOKOBBIX IOBEPXHOCTSIX TUTaHOBOro cistba 10, Moryr OBITh CHeNaHbI
6e3onmacHbiMH. Kpome Toro, npu riyOHHE CIIOsi MEIKO3ePHUCTOH MHKPOCTPYKTYPHI 3,0 MM WiH
Oonpine, B TOM ciydae, KOrja MPsIMOYTOJIbHBIA CTOJNOYATBHIA CIUTOK Cpa3y IOCHE OTJIMBKH
UCTIONB3YEeTCS B KAueCTBE TUTAHOBOro cysiba 10, HEpPOBHOCTh OTIMBKH Ha OOKOBBIX
MOBEPXHOCTSIX TUTAHOBOro cisiba 10 mMoxer ObITh yMeHbIIeHa. B oTnmume oT 3TOro, KOraa
ryOMHA CJIOS MENKO3E€PHUCTOW MHUKPOCTPYKTYpPbI cocTaBisieT MeHee 3,0 MM, TIOpBI,
CyllecTByroIue B OOKOBBIX TIOBEPXHOCTSIX TUTaHOBoro cistba 10, mepemermarorcs K
MIPOKATBIBAEMOM TMOBEPXHOCTH U3-3a BBI3BIBAEMOIO TIOpsiYed MPOKATKOM IUIACTUYECKOIO

Te4eHus, 1 oOpa3oBaHue e(pEeKTOB MOBEPXHOCTH B KPAeBOW YaCTH, KOTOPbIE BOSHUKAIOT M3-32
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OTKPBIBAIOLIUXCS HA IMPOKATHIBAEMON IMOBEPXHOCTH IMOp, HE MOXKET OBbITh MPEAOTBPAIICHO B
JOCTAaTOYHOU CTETIECHMU.

[0051] [nsa Toro, utoObl 3(pPEeKTHBHO BBIMOJHUTH NPOLECC TUIABJIEHUS M MOBTOPHOTO
3aTBEp/EBAHMsI, TIIyOUHA CJIOSI MEJKO3E€PHUCTONH MHUKPOCTPYKTYPBI NMPEANOYTHTEIBHO AETAeTCs
paBHoii 20,0 MM 1T MeHblIIe, a Gonee mpeanoyTuTesibHo 10,0 MM HITH MeHbIIIe.

[0052] B HacrosimmeM BapuaHTe OCYINECTBJIEHHUS TEPMUH «IIIyOMHA»  CIOS
MEJIKO3EPHUCTONH MHUKPOCTPYKTYPbl O3HAayaeT TIiyOuHy, KOTOpask H3MepsieTCs CIeIyIOLINM
cnocobom. Obpazen;, B KOTOpoM 00jacTb Ha OOKOBOIl MOBEPXHOCTH B TMOMEPEYHOM CEYCHUHU,
NePIEHIUKYJISIPHOM OOKOBOM MOBEPXHOCTH, CITY KUT HAOJIOJAaeMOi MOBEPXHOCTBIO, OepeTcst u3
TUTAHOBOTO CJisiba TOCHEe MpoLecca IUIABJICHUS M TOBTOPHOTO 3aTBepAeBaHus. lomydeHHBbIH
oOpasell 3auBaeTcsi B CMOJIy IO Mepe HEOOXOAUMOCTH, MOBEPXHOCTh HAOIOIEHUST 3ePKATbHO
NOJIMPYETCS]  MEXAHWYECKHM  MOJMPOBAHMEM, a 3aTeM [OJBEPraercs TPABJICHUIO C
UCTIONIB30BAHUEM pAcTBOpPAa Aa30THOM H (PTOPHCTOBOAOPOAHON KHCIIOTBI, W TIOJIS 3PEHHS
pasmepom 30%30 MM wmiu Ooibine HaOMIOAIOTCA B MHUKPOCKOI JJIsi TOTO, YTOOBI M3MEPHUTH
TIyOMHY CJIOSI METIKO3EPHUCTON MUKPOCTPYKTYphL. ClienyeT OTMETHTh, YTO B TOM CJIy4ae, KOraa
CJION MENKO3E€PHUCTONH MHUKPOCTPYKTYPBI SBJSIETCS TITyOOKUM, TOJNS 3PEHUS] YBEIUYHUBAIOTCS B
HANpaBJIeHUH TIIyOWHBI, U JUISI U3MEPEHUs] TIIYOUHBI CIIOS MEJNKO3EPHHCTOW MHUKPOCTPYKTYPBI
UCTIONB3YIOTCSE MUKpodoTorpaduu. CpenHee 3HaU€HUE BBIMUCISIETCS 3aTEM HAa OCHOBE IJTyOHHBI
CJIOSI MENIKO3€PHUCTOH MHUKPOCTPYKTYPbI B MPOU3BOJIbHBIX IISITH TOYKAX, M BBIYHCICHHOE
3HaYeHHE MPUHUMAETCS] B KAUECTBE INIyOUHBI CJIOSI MEJKO3EPHUCTON MUKPOCTPYKTYPBI.

[0053] Manee B kadecTBe ONHOrO MpHUMepa IMpolecca IUIABJICHUS U TMOBTOPHOIO
3aTBEP/EBAHMS 10 HACTOSINEMY BAapHUAHTy OCYLIECTBJEHHs OyleT ONMHCAaH Cly4dai, B KOTOPOM
OokoBele moBepxHOocTH 10A u 10B, mapannenbHble HampaBieHHr0 D mpokaTku THTaHOBOTO
cisiba 10, mIaBATCS C HCHONB30BAaHMEM JJIEKTPOHHO-JYYEBOTO HArpeBa W IOBTOPHO
3aTBEPAEBAIOT.

[0054] Chauanma, kak NOPOWLTIOCTpUpPOBaHO Ha Dur. 2, TuTaHOBBIA CcisiO 10

>
pacrionaraercst Tak, 4toObl OokoBbie moBepxHocTH 10A u 10B Obutm mpUOIH3UTETBHO
TOPU3OHTAIIBHBL. 3aTeM M3 3THX JABYX OOKOBbIX moBepxHocTer 10A u 10B tutanoBoro cisida 10
3JIEKTPOHHBIA JIyd W3 OJHOW 3JIEKTPOHHO-JIY4Y€BOM NMYyIIKHM 12 B KadyecTBE HArpeBaTeNIbHOIO
YCTPOHCTBA U3JIy4aeTCsl Ha Ty MOBEPXHOCTD, KoTOpast obpameHa BBepx (10A Ha @ur. 2), yToObI
TE€M CaMbIM HArpeTh 3Ty MOBEPXHOCTh, U MO MEHbINEH Mepe 4acTh OOKOBOM moBepxHOCcTU 10A
CO CTOPOHBI IPOKATBIBaAEMOM MoBepxHOCTU 10D mmaBuTCs M NOBTOPHO 3aTBEPAEBAET.

[0055] ®opma u myomanek oONydaeMoil 3JIEKTPOHHBIM JjiydoM obyactu 14 GokoBoi
nosepxHocTH 10A THTaHOBOTO Cisida 10 MOXKET peryJnupoBaThCsi B COOTBETCTBUU CO CIIOCOOOM
peryanpoBkHu (OKyca 3JEKTPOHHOTO JIyda W/MIH CHOCOOOM pPEryJMPOBKH IUIOTHOCTH IyYKa C
HCIOJIb30BAHUEM 3JIEKTPOMArHUTHOM JIMH3BI ISl OCLMJUBILIUM Majoro Jjyda C BBICOKOM
4aCTOTOM U T.II.

[0056] ITnomane obny4yaeMol 3JIeKTPOHHBIM JiydoM objactu 14 GOKOBOW MOBEPXHOCTHU
10A tutanoBoro ciisiba 10 HAMHOTO MeHbIIe, YeM o01ast rIomanab OOKOBOUM moBepxHOCTH 10A,

KOTOpas sBJEACTCA OOBEKTOM ILJIABJIEHHUSI H MOBTOPHOI'O 3aTBEPACBAHUA. CJ'ICZ[OBaTeJ'IbHO,
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MPEANOUTUTENBHO U3JIy4aTh 3JIEKTPOHHBIN JIy4, HEMIPEPhIBHO NepeMelasi 3JeKTPOHHO-Ty4eBYIO
nyuky 12 orHocurensHO O00KOBOH moBepxHOCTH 10A TuTaHOBOrO cisida 10, WM HeNpephIBHO
nepemerniasi OOKOBYHO MoBepxHOCTh 10A TuranoBoro ciisiba 10 OTHOCUTENBHO 3JIEKTPOHHO-
Jy4€BOU MyILIKH 12.

[0057] HampasneHue nepeMelleHHst 3JI€KTPOHHO-JIy4eBOM MNyIIKU 12 OTHOCHUTEIBHO
6okoBoit mosepxHocTH 10A ocobo He orpanudeno. Hampumep, kak NpOMJUTIOCTPHPOBAHO Ha
@Qur. 2, 3MeKTPOHHO-JIyueBas Myika 12 MOoXKeT U3JIydaTh SJEKTPOHHBIH JIyd, nepeMeriasichb (Kak
noka3aHo crpenkod Ha @Dur. 2) B HampaeneHuu D mnpokatku TutaHoBoro cisiba 10 (B
MPOAOJHHOM HarpaBjieHuu TuTaHoBoro cisida 10). ITocpeacTBOM 3TOro 3JIEKTPOHHO-JTyYeBast
nyuka 12 HenmpepbIBHO HarpeBaeT OOKOBYIO MOBEepXHOCTh 10A B BHIE NOJOCH ¢ mipuHOH W (C
auameTpoM W B ciiydae Kpyrjioro Jjy4a WM IUIOTHOrO mydka). Korma snekTpoHHO-yueBas
nymka 12 gocTuraer KOHIEBOH B MPOAOJIBHOM HANPABICHUU YaCTH TUTAHOBOTO cisiba 10, oHa
nepeMeInaeTcss Ha 3a/JaHHO€ PACCTOSHUE B HANPABJICHWH TO TOJIIWHE TUTaHOBOro cisida 10.
ITocne 3TOro B HEHArpeTo 00JACTH, KOTOPAst PACIIONOKEHA PSIIOM C HArPeTOl 00NACThIO B BHIIE
noJIockl Ha OOKOBOI moBepxHOCTH 10A, GokoBast moBepxHOCTh 10A HEnpepbIBHO HArPEBAETCS B
BHUJI€ IIOJIOCHI IyTEM NEPEMELIECHHs] DJJIEKTPOHHO-JIy4€BOM MNyIIKM 12 B HampaBleHUW,
IIPOTUBOIOJIOKHOM HAIPaBJIEHUIO MPEAbIIYILIEro NepeMeleH s B IPOI0JIbHOM HalpaBIeHHH.

[0058] Ilepemernenne >J€KTPOHHO-IY4YEBON MyImIKH 12 B MPOAONBHOM HANpPaBJICHUH
TUTAHOBOTO ¢Jisiba 10 U mepeMereHre JIeKTPOHHO-Ty4eBOM MyIKu 12 Ha 3alaHHOE PACCTOSTHHE
B HaIPaBJICHUH IO TOJILIMHE TUTAHOBOTO cJsi0a 10 BBINOIHSIOTCSA TAKUM 00pa30M MHOTOKPATHO
IUIs TOTO, YTOOBI HArpeTh 10 MEHbIIEH Mepe OIHY 4acTb WM BCKO OOKOBYIO MOBEPXHOCTH 10A
CO CTOPOHBI ITPOKATBIBAEMOM NoBepxHOCcTH 10D.

[0059] Korma Ttemneparypa OokoBoi moBepxHOCTH 10A CTAHOBHTCSI pPaBHOW WIIH
Oosnblueli TemnepaTypbl IIaBiIeHus: TuTaHa (00bpaHO mpumepHo 1670°C) B pesynbTaTe Harpesa
OokoBoii moBepxHOCTH 10A THTaHOBOro cisiba 10 myrem OONy4YeHHs 3JIEKTPOHHBIM JIYYOM,
HApY>KHBIA CjoH  OokoBo#t moBepxHocTH 10A  maButcs. IlocpencTBoM 3TOro, Kak
NPOMILTIOCTpHPOBaHO Ha Pur. 3, HepoBHOCTH 10P moBepxHOCTH oTivMBKU Win aedexts 10Q,
TaKHe KakK mopsl B 00KoBO# nmoBepxHocTH 10A TuTanoBoro cisida 10, nenaroTcst 6e30macHbIMH.

[0060] ITocne 3TOrO, KOraa HAPYKHBIN CIIOM OOKOBOM MoBepxHOCTH 10A oXJakaaercs 3a
CUET pacCestHUs TeIUla U3 OCHOBHOTO MeTajuia (BHYTPH TUTAHOBOTO ciisiba 10) moce miaBieHus,
U €ero TeMmIepaTypa CTaHOBUTCS paBHONH WM MEHbLIEH TeMIlepaTypbl 3aTBepAEBaHMUs,
pacIiaBJieHHbIH HapyKHbIA ol OokoBoil moBepxHocTH 10A 3aTBepaeBaeT W CTAHOBUTCS
pacIiaBJIieHHBIM M TTOBTOPHO 3aTBepaeBmuM 16. Takum obpasom B O0koBoi moepxHOcTH 10A
dbopmupyroTcst cioit 20 MENKO3epHUCTON MHUKPOCTPYKTYPBI, COCTOSIIUI U3 PACIIaBJICHHOTO U
MOBTOPHO 3aTBepAeBLIero Merajuia 16, u cioi 18 30HbI TepMuueckoro BiusiHus (cnoit 3TB) no
rJIyOUHBI, COOTBETCTBYIOINEW TMONBOAY Teruia 3JIeKTPOHHbIM JiydoMm. Croit 18  30HBI
tepmudeckoro BiusHus (cnoi 3TB) popmupyercs n3z obmactu o CTOPOHBI OCHOBHOTO METAIIA,
Kkorga ciou 16 pacmiaBisieMOro M NOBTOPHO 3aTBEPACBAIOILNETO MeTajjla JOCTUraeT
TEeMIepaTypbl HE HUXKE TOUKHU IpeBpaleHus 3, omaronaps HarpeBy rnpu GopMHUpOBaHUH ciios 16

pacIUIaBJIEHHOTO ¥ TIOBTOPHO 3aTBEPEBIIEr0 MeTalIa U rpeodpazoBaHuio B B-dasy.
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[0061] Cnenyer oTMeTUTB, YTO, KaK MPOWILTFOCTpUpPOBaHO Ha Pur. 3 u @ur. 4, rnyouHa
cnost 16 riaBneHys U MOBTOPHOTO 3aTBEPAECBAHUS U cIosA 18 30HBI TEPMUYECKOTO BIUSHUS (CIIOs
3TB), xoropbie GOPMHUPYIOTCA € HUCIOJNb30BAHUEM 3JIEKTPOHHO-JYy4E€BOro HarpeBa (riyOmHa
cinost 20 MeNKO3epHUCTON MUKPOCTPYKTYPHI), SIBJIIETCSI HEOMHOPOAHOH. B cioe 16 rutaBnenus u
HOBTOPHOrO 3aTBepaeBaHus U cioe 18 30HbI Tepmuueckoro BiausiHus (cinoe 3TB) riyOuna
SIBJISIETCS] HAMOOJbIIEH B LIEHTPAIBHON 4acTH 00Jy4aeMOH 3JIeKTPOHHBIM JIydoM obnactu 14, u
rayOuHAa TOCTENEeHHO CTAHOBUTCS MeHblIe K KpasMm oOiydaemoit obmactu 14, obOpasys
KPHUBOJIMHEHHYIO (OPMY, BBINYKJIYIO B CTOPOHY OCHOBHOT'O METajlla Ha MOMEPEUYHOM CEUEHUH.
CnenoBaresbHO, YTOOBI cenath TIyOHHY cyiosi 16 miaBieHus ¥ MOBTOPHOTO 3aTBEPACBAHUS U
cnost 18 3oHbBl Tepmmyeckoro BiusiHUS (ciaos 3TB) (rnybuny cnos 20 Menko3epHUCTOH
MHUKPOCTPYKTYPBbI), KOTOpble (OPMHPYIOTCS C UCTIOIB30BAHUEM HArpeBa 3JIEKTPOHHBIM JIYHOM,
paBHOW wiu Oonbiieit 3,0 MM, B HEKOTOPBIX CJIy4asiX HEOOXOOUMO PEryIUPOBATh WHTEPBAI
3JIEKTPOHHOTO JIy4a, H3JIy4aeMoro B (popMe MoJIOCHL

[0062] Hanpumep, B cily4ae HENMPEPHIBHOTO HAarpeBa Beel OOKOBOUM MOBEPXHOCTH MyTEM
MHOTOKPaTHOT'O BBINIOJIHEHUS TEepeMeIleHNs] 3JIeKTPOHHO-Iy4YeBOH NylKu 12 B NMPOIOIBHOM
HAIpaBJIEHUH TUTAHOBOTO CJIsI0a M MepeMeLeH s 3JIEKTPOHHO-JIyueBON NyIky 12 Ha 3aJaHHOe
paccTosiHME B HAMPABIIEHHUH I10 TOJIIMHE THTAHOBOTO ciisida 10, kak ObUTO OMHMCAHO BBIIIE, JENast
BEJIMUMHY NEepeMelIeHHs] 3JIEKTPOHHO-Iy4YeBOH MNyKd 12 B HampaBl€HUU IO TOJIIUHE
TutaHoBoro cisiba 10 He Oonbmed, wyem 1/2 mmpuHbl IUIaBNeHMs, ryOuHa ciost 20
MEJIKO3EPHUCTON MUKPOCTPYKTYPBI MOXKET OBITh CleNiaHa MPUOIU3UTEIBHO OHOPOIHOM.

[0063] Takum 00pa3oM, B COOTBETCTBHHM C HACTOALINM BAPUAHTOM OCYILIECTBIICHHS
NPEANOYTUTENBHO TUIABUTh U TOBTOPHO 3aTBepAeBaTh OOKOBYK NoBepxHOCTh 10A, ympasisis
MOZIBOJIOM TEIUIAa 3JIEKTPOHHBIM JIyYOM M HHTEPBAJIOM OOJIyd4EeHUs 3JIEKTPOHHBIM JIyYOM TakK,
4yToOBI TIyOMHa ci10st 20 MEIKO3epPHUCTON MUKPOCTPYKTYPBI CTaja paBHa 3,0 MM miu GoJblie.
IIpeanoururenbHO, YTOOBI PA3HOCTh MEXKAY MAKCHMAJIbHOW TDIIYyOMHOH W MHHMMAJIBHOM
ryOrHOH ciost 20 MeJKO3ePHUCTON MUKPOCTPYKTYPBI B KAXKIOM IOJIE 3pEHHS TPU HAOJFOICHUH
cocrapysuia 1,0 MM UM MEHBIIIE.

[0064] 3atem TuTaHOBBIN cisi0 10 momernaercss Tak, 4ToObI OOKOBasi moBepxHOCTH 10B
Obuta oOpaleHa BBEpX, W SJEKTPOHHBIN JIyd U3JIy4aeTCsl Ha Hee M3 OJHON 3JIEKTPOHHO-JTYYeBOH
nywkd 12 11 TiaBjIeHus W MOBTOPHOTO 3aTBEPAEBAHUS NMOBEPXHOCTH AHAJIOTMYHO OOKOBOH
nosepxHocTH 10A.

[0065] Ilpu BBIMONHEHHH BBIMIEONHCAHHOIO TMpolecca ciol 20 MeIKOo3epHHUCTOM
MHUKPOCTPYKTYpbl TrayOmHoH 3,0 MM wmim  Oonblie, cocrosmuid u3  Ooyee  MENKOi
MHUKPOCTPYKTYPbI, HY€M MHKPOCTPYKTYpa OCHOBHOTO Merajuia, (GopMupyercss B OOKOBBIX
nosepxHocTsax 10A u 10B, xoropble mapajuienbHbl HampasjieHH0 D MpokaTku TUTAHOBOTO
cisiba 10.

3. YcnoBus npouecca OTAEIKU

[0066] Heobxomumo, 4ToOBI MPOLECC OTAENKH, KOTOPBIA BBITIONHSETCS HA TUTAHOBOM
csa0e mocne mpouecca IUIABJICHUS U IIOBTOPHOTO 3aTBEPAEBAHMS, YIOBIETBOPSUI CIEAYIOIIEMY

ycJoBuio [2].
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[2] TIpokaTeiBaeMasi MOBEPXHOCTh THUTAHOBOTO CJisi0a, B KOTOPOM C(HOPMHPOBAH CIIOH
MEJKO3EPHUCTON MHUKPOCTPYKTYpPBI, MOABEPraeTcsl MPOLECCY OTAENKH TaK, YTO BEIUYMHY X,
OTIpeNeNseMYI0 HIDKenpuBeneHHoH Gopmynoii (1), nosoast 1o 3,0 unu MeHsbIue.

X = (maubonbiee 3HaueHnue u3 Hy, H; n Hy) - (Haumensinee 3nauenne u3s Hy, Hy u Hy) ... (1)

I7le CMBICJIOBOE 3HAYEHHE KAKAOIO CHUMBOJIA B BBILIENPUBENECHHOW (opMylie sIBISIETCS
CJIEYOLIM:

X: mokaszaresb IUIOCKOCTHOCTH Cist0a

Ho: TonmuHa LEHTPaJbHOM YaCTH B HAMPABJICHUH MO LIMPUHE TUTAHOBOTO Clisiba mocie
poLEecca OTIeIKH (MM)

H;: TommuuHa KOHIEBOH 4acTH (B MONOKEHUHU 1/8 IIMpPUHBI) B HANIPABJICHUH IO LIMPUHE
TUTAHOBOTO CJIs10a MOCIIE TMPOIecca OTHETIKU (MM)

H,: TonmmuHa KOHIEBOH 4acTu (B MOJOKEHUHU 1/4 IIMPUHBI) B HANIPABJICHUH T10 LIHNPUHE
TUTAHOBOTO CJIsI0a MOCIIE MPOIECCa OTASTKU (MM).

@ur. 1 mnpexncraBiser Cco0OW CXeMaTUYECKOEe H300paKeHHe, WLTIOCTPHUPYIOIIee
MOTIEPEYHOE CEYEHHE TUTAHOBOTO CJs10a, MPOU3BEICHHOTO C IMOMOIIBIO MPOLECcCa 3JEKTPOHHO-
Jy4eBOro IeperuiaBa UM Mpoliecca IUIa3sMEeHHO-AYyroBoi miaBku. B mporecce 371eKTpOHHO-
Jy4EBOro MeperuiaBa MM UIA3MEHHO-AYTOBOW IJIABKM TUTAHOBBIA CIISIO MPOU3BOAUTCS MyTEM
OTJIMBKU TJIABSINErocs METAIJINYeCKOro TUTaHa B KPHUCTAJUIM3AaTOP, & 3aTEM BbITATMBAHMUS
Metajula cHu3y. IIpu 3TOM, KOrga TUTAHOBBIN CIsI0 HAXOOUTCS BHYTPH KPHCTALIM3ATOpPA, €ro
NOTIEPEYHOE CEUEHUE CTAHOBUTCS TAKUM e, KaK U y KPUCTAJUIN3aTopa, MIOTOMY YTO TUTAHOBBIM
cnsA0 OrpaHHueH KPHCTAIM3ATOPOM C 4eTblpeX CTOpoH. OAHAKO KOrAa TUTAHOBBIA CIsA0
BBIXOJUT U3 KPHUCTAJUIM3aTOpa, ero (opma Oombine He orpaHuyeHa. IIpu 5ToM B LEHTpaIbHON
YaCTH TUTAHOBOTO cCJsi0a OCTAeTCS BaHHA PACIUIABJICHHOIO MeETalla, W MPOHCXOIUT
BCIyUMBAHHWE LIEHTPAIBHON YaCTH THUTAHOBOrO cisiba W3-3a JaBJICHWS HW3HYTPU HApPYXKYy.
CnenoBaresbHO, KaK IMPOUJUIIOCTPUPOBAHO HAa Pur. 1, B HampaBIeHUU MO MHUPUHE TUTAHOBBIN
cisid 10 mpuobpeTaet okpyriyio GopMy, B KOTOPOH LIeHTpajbHas 4acTh 11a cjerka BcmydeHa o
CPaBHEHHIO C KOHIEBBIMH YacTsiMu 11b. CnenoBarebHO, €CJIU ropsiuasi MPOKaTKa BBIMOIHIETCS
B TO BpeMsi, Kak TUTAHOBBINA Cyisi0 10 mMeeT Takyro (GopMy, AJIMHA OYTH KOHTAKTa MPOKATHOTO
BaJIKa OyZeT U3MEHSThCS MEXIy LIEHTPaIbHOM yacThio 11a 1 koHUEeBbIMU YacTsivu 11b, u anmuHa
Oyl KOHTAaKTa B KOHIEBbIX 4dacTsx |1b craner Oonee kopoTkoil. B Takom ciydae okoyo
KOHLEBBIX YacTeil 11b OTKpOrOTCS MOphl, U BO3HUKHYT Ae()EeKTHI TOBEPXHOCTH B KPAE€BOI HaCTH.
Ecnu MakcumanbHas pasHHLA B TOJIIMHE MEXAy LEHTPAJIbHOW 4acTbl0 lla M KOHLEBBIMHU
gactsamu 11b cocrasmser 3,0 MM MM MeHbINE, IJIMHA AYTH KOHTaKTa MOXET ObITh YCTOHYHBO

obecrieuena. CrnenosarenbHo, NOKa3aTenb IJIOCKOCTHOCTH X OTpefeNsieMbIil

,
BbIIeTIpuBeieHHOH ¢opmynoi (1), memaercs pasBHbiM 3,0 wmnm  Menblie. Ilokasarens
IUIOCKOCTHOCTH X TPEANOYTHTENbHO JeNlaeTcsl paBHbIM 2,8 wim MeHblne, a Oojee
NPEONOYTUTENIbHO 2,6  wiu  MeHblie. XOTS MPeAnoOYTHTEIbHO, 4YTOOBI  IMOKAa3aTelb
TUIOCKOCTHOCTH X OBUT KaK MOXKHO MEHbIIE, YVYUTBIBAS TEXHOJOTHYHOCTH, MPAKTUYECKUM
HIDKHUM NIPEAENIOM siBisieTcs 3HaueHue 0,5.

[0067] B HacrosimeM BapuaHTe OCYIIECTBJICHHS B KauyeCTBE NPHUMEPOB CIIOCo0a,
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HCIIOJB3YEMOr0 JJisl MOABepraHus mpokarbiBaembix mnosepxHocTedl 10C u 10D mpoueccy
OTHENIKA, MOKET OBITh YIOMSIHYT CIIOCOO, B KOTOPOM BBINIOJIHSIOT IMpOLecC HUTH(POBKH, TaKOH
KaKk MexaHudeckas IIIuQOBKA, W/WINM NPOLECC pe3aHus, TaKol Kak (Qpe3epoBaHHE WIIH
crporanue. Ilponecc muugoBKH OTIMYAETCS OT IMpOLEcca Pe3aHus, TaKoro kak ¢pesepoBaHue
WM CTporaHue. B xauecTse mpouecca OTAENKH Mocie 0Ope3ku MOXKET OBITh BBITOJIHEH MPOLIECC
mI(OBKY, TAKOH Kak MEXaHUYeCKas HUTH(OBKA.

[0068] B HacrosiiieM BapuaHTe OCYILIECTBJIEHHUsS] NPEANOYTUTENBHO MOJBEPraTh
npokatbiBaemble moBepxHocT 10C u 10D TturanoBoro cnsiba 10, wumeromue ciou 20
MEJIKO3EPHUCTOW MHUKPOCTPYKTYPBI, MPOLECCY OTAEIKH TaK, YTOOBI JOCTHYb LIEPOXOBATOCTH
noepxHoctu (Ra), paBHol 0,6 MkM wiu Oonbiie, a Oojee npenmnoututenbHo 0,8 MKM WM
Oonbmme. 3a cuer Toro, yro mepoxosarocTh (Ra) mpokarsiBaembix mosepxHocteit 10C u 10D
nenaercst paBHOH 0,6 MKM miu OOJIbLIe, B IIPOLIECCE TOPSYEH MPOKATKH OrPAaHMYUBAIOINAS CHIIA,
NpUKJIaabIBaeMasi K THTaHOBOMY CisiOy 10 MpOKaTHBIMH BalKaMH, KOTOPBIE CIKHMAOT
TUTAaHOBBIN CisiO 10, yBenmuumBaercs, U o0pa3oBaHue AeeKTOB MOBEPXHOCTH B KPACBOU 4acTH
nojasisieTcst B Oonbiuei creneHn. Eciy mepoxoBaToCTh MOBEPXHOCTH Ra sIBISsieTCS CIMIIKOM
BBICOKOM, TOSIBIISIETCS PHCK TOrO, YTO H3-3a LIEPOXOBATOCTH BO3HHUKHYT JAe(eKThl ropsuei
IIPOKAaTKHM, KOTOpble BBI3OBYT VYXYAIIEHHE IIOBEPXHOCTHBIX CBOMNCTB. (ClenoBaTenbHO,
LIEpPOXOBATOCTh NMOBEpXHOCTU Ra mpeanoururensHo penaercss pasHoW 100 MM uiau mMeHbLIe.
IITepoxoBaTocTh moBepxHOCTH Ra, paBHas 50 MKM WM MeHblIe, SBIsieTCs eme Oonee
MPEANOYTUTEIBHOM.

4. YcnoBust ropsiuei IpoOKaTKU

[0069] HeoOxomumo, 4ToOBI ropsidasi MmpoKaTka THUTAHOBOTO cClisiba MOCHe IMporecca
OTJEJIKU YAOBJIETBOpSJIA CAEAYIOLEMY YCIOBUIO [3].

[3] I'opsivast mpokaTka TUTAHOBOTO CJsiba MOCIIE MPOLEecca OTAEIKH BBIOIHAETCS TAKUM
obpa3om, uToObl 3HaUeHue L, onpenensiemoe HIKeNpUBEIeHHON opmyol (2), cocrassio 230
MM HJTH OOJIbIIe.

L= (R(HoH)}'"”.. ()

I7Ie CMBICJIOBOE 3HAYEHHE KaKIAOrO CHMBOJIA B BBIIIENPUBEACHHON (hOpMyIie SIBISIETCS
CIEeNYOLIUM:

L: nnvHa 1yru KOHTAKTa BaJIKa B TIEPBOM MPOXOJIE€ YEPHOBOM MPOKATKHU (MM)

R: panuyc mpokaTHOro BaJika B IEPBOM MIPOXO/IE YEPHOBOH MPOKATKHU (MM)

Ho: TonmmuHa LEeHTpajIbHON YacTH B HANPABJICHUH IO IIMPHUHE TUTAHOBOTO Clisiba mocie
nporecca OTAENKH (MM)

H;: TonmumHa LEHTpPaJbHON YaCTH B HANpaBJIEHHWH MO LIMPHHE THTAHOBOTO Ciisiba Ha
CTOPOHE MMOJJa4X B IEPBOM IIPOXO/I€ YEPHOBOH MPOKATKH (MM).

B sTrom cinydae B mepBOM IpOXO€ UEPHOBON NPOKATKU IJIOLIAb KOHTAKTa MEXIY
NPOKATHBIMH BaJIKAMH M THTAaHOBBIM CJSIOOM oOecrieunBaeTcsi B JOCTATOYHOW CTETEHH.
CrnenoBarenbHO, OrpaHMYUBAIOINAS CHJIA, TIPUKJIAIbIBAEMasi K TUTAHOBOMY CIISIOY NMPOKATHBIMH
BAJIKAMH, CXKMMAIOIIMMU TUTAHOBBIH CJIsI0, MoNydaeTcs 1oCTaTOYHON. B pesynbrare, naxe ecnu

NOpbl MPUCYTCTBYIOT B IPOKATBIBAEMON IMOBEPXHOCTH THUTAHOBOIO Ci0a, OTKPBITHE IOP,
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CYLIECTBYIOIIUX B MPOKATHIBAEMON MMOBEPXHOCTH, MPEAOTBpAIIaeTCs, 1 0Opa3zoBaHue 1e(eKTOB
MOBEPXHOCTU B KPaeBOW 4aCTU MOJABIISAETCS.

[0070] Crnoco® mpom3BOACTBa TOpsiMEKATAHON TUTAHOBOW IUIUTBI B COOTBETCTBUHU C
HACTOSLINM H300peTeHrneM OyIeT Tenepb OMucaH B 0oJiee moapoOHO.

[0071] Croco0 ropsiyel NMpOKaTKH, HCIOJNB3YyeMBI B IpOLIECCe TOpsiueil MPOKAaTKH,
0c000 He OrpaHUYeH, 1 MOXKET HCIOJIb30BAThCS CIIOCO0, M3BECTHBIN B JAHHOW 00JIACTH TEXHUKH,
U B TOM Cllydae, KOTAa ropsdeKkaTtaHas TUTAHOBAas IUINTA AOJDKHA OBITH IpeBpalleHa B
TOHKOJIICTOBOH MPOAYKT, OOBIYHO HUCIOJB3YETCsl MPOKATKa PYJIOHHBIM criocobom. Kpome Toro,
B CIy4ae M3rOTOBJIEHHsI TOHKOJHCTOBOTO MPOAYKTA TONLIHMHA TOpsiYeKaTaHON TUTAHOBOH IJIUTHI
OOBIYHO COCTABIISIET MPHOIH3UTENBHO 3-8 MM.

[0072] VYcnoBusi, KOTOpble H3BECTHBI B HaHHOW OOJIACTH TEXHHUKH, MOTYT OBITh
HCIIONIb30BaHbl B KAaueCTBE YCIOBUM HarpeBa B IIpoLecce ropsuyed npokarku. Hampumep,
AHAJIOTHYHO OOBIMHON TroOpsvYeil NpPOKaTKe THTAaHA, JOCTATOYHO BBIMOJHATH HArpeB M0
TeMIiepatypsl B Auanasone 720-920°C B teuenue 60-420 MUHYT U HAUUHATD TOPSIUYIO POKATKY
BHYTPU 3TOrO JAMana3oHa TeMIepaTyp, a 3aBepliaTh ropsdyl0 MPOKATKy INpU TeMIlepaType,
KOTOpasi paBHAa WJIM BbIll€ KOMHATHON B COOTBETCTBUU C XapaKTEpPUCTUKAMM CTaHa ropsidei
MPOKATKH.

[0073] ®ur. 5 nokas3plBaeT BHJ, ONUCBHIBAIOIIUN OAMH IpUMEp Ipolecca ropsuei
NPOKaTKH B Croco0e MPOU3BOACTBA TOPAYEKATAHOM THTAHOBOH IUIMTBHI IO HACTOSALIEMY
BapuaHTy ocyiuecTBiaeHus. Pur. 5 cXeMaTUYHO [IOKa3blBa€T IMONEPEUHOE CEUeHHeE,
WUTIOCTPUPYIOIIEE COCTOSIHUE, B KOTOPOM TUTAHOBBIA cist0 10, wumeromuii cmoit 20
MEJIKO3EPHUCTON MUKPOCTPYKTYPBI, MPOKATHIBAETCA MPOKATHBIMU BajkaMu 24, 24 mpokaTHOro
CTaHa B 3a30pe MeXJy BaJKaMH B IIEpBOM IIPOXOAE UEPHOBON MpoKaTku. B mpouecce ropsdyeit
IIPOKATKU IO HACTOSIIEMY BAapHAHTY OCYIIECTBJICHUS BBIMOJHAETCSl ropsiyas MpPOKaTKa s
NEepBOrO MPOXOJa YEePHOBOW MPOKATKM TUTAaHOBOro cisiba 10, wumeromero cnoit 20
MEJIKO3EPHUCTON MHUKPOCTPYKTYPBI, U MPHU 3TOM JyIMHA L Myru KOHTaKkTa AN KaXKIOro Balika
coctasiisieT 230 MM mu Oosblre.

[0074] Jnura L nyru koHTaKTa BajKa SIBJSETCS JJIMHOW TOW YaCTH, B KOTOPOH KaKAbIN
NPOKATHBIA BAJOK 24 M THTAHOBBIHN CJiI0 10 KOHTAKTHPYIOT APYT C IPYTOM, NMPH PACCMOTPEHUHU
IIPOKATHBIX BAJKOB 24, 24 mNpOKaTHOrO CTaHA B IONEPEYHOM CEUYEHUH, U OINpeAessieTcs
BBIIIETIPUBEIEHHOH PopmyIioii (2).

[0075] MedexTbl MOBEPXHOCTH B KPAeBOW YAaCTH TIOPSYEKATAHOH TUTAHOBOW ILTUTHI
BO3HHKAIOT B PE3yJIbTaTe BBHIMSTYUBAHUSA TUTAHOBOTO cisiba 10 Ha OOKOBBIE OBEPXHOCTH H3-32
ropsiueii mpokatku. COOTBETCTBEHHO, He(eKThl TOBEPXHOCTH B KPaeBOH YacTH OOBIYHO
BO3HHKAIOT HAa HAYAJbHOH CTaJUM HYEPHOBOW IPOKATKH, KOTAA CTENEeHb OOKATHS SIBJISETCS
Oonpimoi. B yactHOCTH, 1e(eKTh MOBEPXHOCTH B KPA€BOH YAaCTH OOBIYHO BO3SHHUKAIOT B MEPBOM
IPOXOJ/le YEPHOBOW NPOKATKH, U TNMPAKTUYECKH HHUKAKHX Ae(EKTOB MOBEPXHOCTH B KPaeBOM
4acTU HE BO3HUKAaeT BO BTOPOM M Mocieayrouux npoxoaax. CreaoBaTenbHO, JOCTATOYHO
crenath ANUHY L ayru koHTakTa Bajka paBHOH wiu Oosnpliel 230 MM TOJIBKO B IEPBOM IPOXOJE

YEPHOBOU MPOKATKH.
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[0076] Ilpu BBIMONHEHUU ropsiuel MPOKATKU B MEPBOM IMPOXOJ€ YEPHOBOM NMPOKATKU
tutaHoBoro cisba 10 mpu amuHe L ayru koHTakTa Bajka, paBHOM wiuu Oombmei 230 mwm,
o0ecrieunBaeTcsl AOCTATOYHAS MOBEPXHOCTb CONPUKOCHOBEHMS MEXIy NPOKATHBIMH BaJIKaAMHU
24, 24 n tutaHoBbIM cisioom 10. CnenoBaTenbHO, OrpaHUYUBAOINAS CHJIA, TTPHUKJIAIbIBAeMast K
TUTaHOBOMY CJisiOy 10 mpokaTHbIMU Bankamu 24, 24, CKUMAIOIIAMHU THTAHOBbIH Cisio 10,
NOJIy4aeTCsl aAeKBaTHOH, U IIEPOXOBATOCTb, KOTOpash BO3HMKAET HA IPOKATHIBAEMBIX
nosepxHocTsix 10C um 10D, moxker ObITh yMeHbIIeHAa. B pesynbrare, maxe €CiId IOpBI
MPUCYTCTBYIOT B TMpoKaThiBaeMbix moBepxHOCcTssx 10C u 10D TuranoBoro cisiba 10, ux
OTKpBITHE TPEAOTBpaIIaeTCs, W oOpa3oBaHHe Ie(PEKTOB IMOBEPXHOCTH B KpPaeBOH YacTH
nonasisiercst. Jlmiaa L nyru KoHTakTa Bajka Oosee MpennoYTHTEIbHO COCTaBseT 250 MM UiTH
OoJbIIe It TOTO, YTOOBI YBEIMYUTh ONPAHUYMBAIOLIYIO CHITY, IPUKJIAABIBAEMYIO K THTAHOBOMY
csa0y 10 mpokaTHeIME Basikamu 24, 24. Kpome Toro, ecnu jymHa L 1yri KOHTakTa Bajika Oyner
CJIMIIKOM OOJIBIION, TO HArpy3Ka Ha €IUHUILY TUIOIAAN YMEHbUIUTCS, U OTPAHMYMBAIOINAS CHJIA
craner Oonee cmaboi. CremoBarenbHO, MMHA L IyrM KOHTakTa BajKa MPEANOYTHTEIBHO
coctasiisieT 400 MM WJIU MEHBLIE.

[0077] Kak moka3aHo B BbIIENPUBEACHHON opmyiie (2), amuHa L nyru KoHTakTa Basika
YIUTMHSIETCS TIPH YBEJIWYEHUN paanyca R MpOKaTHBIX BaJKOB M CTETIEHU OOKaTHSL.

[0078] Hns Toro, 4ToOBI rapaHTHpPOBaTh ANMHY L Ayru KOHTakTa Bajika, paauyc R
NPOKAaTHOTO BajJka 24 TMpPEenrnouTUTENbHO CcOcTaBisgeT Oomee uem 650 mm, a Oonee
npennoutuTesibHo 750 mm wim Gonbme. Onnako ecnu paguyc R mpokatHoro Banika 24 Oymer
CIIMIIKOM OoJbIINM, TIOTpedyercst Oosee KpyImHOe MpoKaTHOe 000pyIOBaHUE, U TAKUM 00pa3oM
panuyc R mpokaTHOro Basika 24 mpeanouTUTeNIbHO cocTaBsieT He Oonbie yem 1200 mm.

[0079] Crenenp oOaTHsi B MEPBOM MPOXOJE HUEPHOBOH IPOKATKH MPEINOYTUTEIIHHO
ycraHaBiauBaeTcs paBHOH 30% wnu Oonblie, Oonee mpeanouTUTeNbHO 35% unu Oonblne, a erne
Gonee mpemnourutensHo 40% wnnm Oonbme. Ilpu cremenn oOXkaTHs B IEPBOM IPOXOIE
yepHOBOI npokatku 30% wiu Ooblie JIErkO rapaHTUPOBATh JJIMHY L IyrH KOHTaKTa BajKa M
MOJIaBUTh OTKPBITHE MOP, MPUCYTCTBYIOIIHUX OKOJIO MpOKaThiBaeMbIx nosepxHocTei 10C u 10D
TuTaHoBoro cisiba 10, m oOpazoBaHue ne(EeKTOB MOBEPXHOCTH B KPAaeBOW HYaCTH IMPH 3TOM
nojasysieTcst B Oosblied creneHd. OQHAKO Ui TOro, 4YTOOBI CHeNnaTh CTENeHb OOKaTHA B
NepBOM TMPOXOJE UEPHOBOW NpoKaTku Oonpmieit 4yem 50%, HEOOXOAMMO HCHOJIb30BATH
NpOKaTHOE OOOpPYyAOBaHUE, KOTOPOE MOXKET NPUKIANbIBATh OONBINYI0 HArpy3Ky, W
CJIEIOBATENIPHO pa3Mep MpOKaTHOro obopynoBaHust Oymer Oombummm. IlosTomy creneHsb
00aTusi B MEPBOM MPOXOJE UEPHOBOHW MPOKATKH MPEANIOYTUTENIbHO YCTAaHABJIMBAETCS HA HE
Gonee gem 50%.

[0080] IllepoxoBarocth moepxHOocTH (Ra) mpokaTtHOro Bayika 24 NPenNnOYTHTEIBHO
cocraBisier 0,6 MM wiu Oounblne, a Oojee mpennoututenbHo 0,8 MM wim Gonbire. Korma
epoxoBaTocTh nmoBepxHocTu (Ra) mpokarHoro Banka 24 cocrammser 0,06 MkM win Oosbiie,
OrpaHUYMBAIOIIAs CHJIA, MPHUKIAAbIBaeMast K TUTAHOBOMY ciisi0y 10 mpokaTHbIMM Baskamu 24,
24, KOTOpBIE CXKUMAIOT TUTAHOBBIA cisid 10, yBemuumBaercs, U oOpa3oBaHHE Ae(DEKTOB

NIOBEPXHOCTH B KPaeBOM YaCTH MOAABIsieTCs B Oonblei creneHn. OHAKO €CH [epoX0oBaTOCTh
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noepxHocTu (Ra) mpokatHoro Banka 24 OyAeT CIMIIKOM BBICOKOH, B HEKOTOPBIX CITydasix
MOBEPXHOCTHBIE CBOICTBA TIOpSYEKAaTAaHOW TIUIUTBI MOryT yxyawuTecs. CrenoBaTenbHO,
HIepOXOBATOCTh MOBEPXHOCTH (Ra) mpokaTtHoro Basika 24 npeamnoYTHTEIbHO COCTaBisieT 1,5 MkM
WM MEHBLIE.

[0081] B crnocobe mpou3BOACTBA TOPsiYEKATAHONH THUTAHOBOW IUIUTHI MO HACTOSIIEMY
BApUAHTY OCYIUECTBJIEHMUS, OCKOJBKY CJIOH 20 MENKO3epHHCTON MUKPOCTPYKTYPBI C TITyOUHOH
3,0 MM mm Oonbine popmupyercst B O0koBbIX moBepxHOCTsIX 10A n 10B, KOTOpBIE SBISIOTCS
napajyieIbHbIMA HampaBjieHu0 D mpokaTku TUTaHOBOro cisiba 10, myTem WX IJIaBJEHUS U
MIOBTOPHOT'O 3aTBEPIAEBAHUsS, IOPBI, CYLIECTBYIOIIME B OOKOBbIX moOBepxHOCTsX 10A u 10B
tutaHoBoro cisidba 10, moryt ObiTh cuenanbl Oe3omacHbiMH. COOTBETCTBEHHO, OOpa3oBaHUE
neGeKTOB TOBEPXHOCTH B KPAaeBOH YacTH, BBI3BIBAEMOE IE€PEMEIIEHUEM I0p, KOTOphIE
MPUCYTCTBYIOT B OOKOBBIX MoBepxHOCTsIX 10A u 10B TuTanoBoro cisida 10, K mpoKaThIBAEMBIM
nosepxHocTsM 10C u 10D BO Bpemsi ropsideil MpoKaTKu U MX OTKPBITHEM B MPOKATHIBAEMbIX
nosepxHocTsix 10C u 10D, Mmoxer ObITh MOAABIEHO.

[0082] Kpome Toro, B crocobe MpOM3BOACTBA TOPsMEKATAHOH THUTAHOBOW IUIUTHI TIO
HACTOSLIIEMY BapUAaHTY OCYLIECTBJIEHUS BBINOJHAETCS Takas ropsiyas IpoKaTka B IEPBOM
MPOXOJe YEPHOBOH MpPOKATKH TUTAHOBOro ciisiba 10, mmeromero cioii 20 MeIKO3epHUCTOM
MHUKPOCTPYKTYPBL, IPU KOTOPOM AnuHa L ayru KoHTakTa Bajika nenaercs pasHou 230 MM uaun
Oonpme. CnenoBarenbHO, OrPaHUYHMBANOIIAS CUJIA, TPUKJAAbIBaeMasi K TUTaHOBOMY ciisioy 10
MPOKATHBIMH BajiKamMu 24, 24, CXKUMAIOUIUMH TUTaHOBBIHN ciisid 10, monydaercst nocrarouHoi. B
pesysbTaTe, Aa)k€ €CIU MOpbl MPUCYTCTBYIOT B INpoKaThiBaeMbIXx mnosepxHocTsx 10C u 10D
TUTaHOBOrO ciisiba 10, MX OTKpBITHE MPENOTBpaIlaeTCs, U 00pa3oBaHue 1e(EeKTOB MOBEPXHOCTU
B KpaeBOW 4aCTH MOJABIISAETCS.

[0083] CrnenoBatenbHO, B COOTBETCTBHH CO CIIOCOOOM MPOM3BOIACTBA TOPSIYEKATAHOM
TUTAHOBOW IUIUTBI IO HACTOALIEMY BAPUAHTY OCYILECTBICHMs IOJY4YaeTCsl ropsueKaTaHas
TUTAHOBAsl TUIUTA C XOPOLIMMU IMOBEPXHOCTHBIMU CBOHCTBaMHU. B pesynbraTte B TOM ciyuae,
KOIJla TropsiueKkaTaHass THUTAHOBAas IUIMTA I[OJIBEPraeTcs TPAaBJIEHUIO, KOJMYECTBO MeETallia,
yIAJISIeMOTr0 C TMOBEPXHOCTH IPH 3a4YUCTKE, MOXKET ObITb yMeHblneHo. Kpome Toro, B TOM
cllydae, KOrja KOHLIEBble YaCTH B HAMNpaBlI€HUHU IO IIUPUHE IMPOKATHIBAEMON MOBEPXHOCTH,
uMermue AeQeKTbl TMOBEPXHOCTH B KPaeBOM dacTH, OOpe3aroTcss W YOAIIOTCS U3
rOps/YeKaTaHOW THTAHOBOH IUIMTHI, IIMPHHA OOpe3aeMbIX M YAAISEMBIX HaCTed MOXKET OBITh
ymeHbllleHa. COOTBETCTBEHHO, BBIXOJ TOJHOIO MaTepuana ropsyekaTaHoW TUTAHOBOW IUIUTHI
yBEJIMYNBAETCS.

[0084] Kpome TOro, mOCKOJbKYy B COOTBETCTBHH CO CIOCOOOM IPOHM3BONCTBA
ropsiueKaTaHoil TUTAHOBOM IUIUTHI IO HACTOSLIEMY BapHaHTy OCYILECTBJEHHUS MOJIy4aeTcs
ropsiuekaTtaHas TUTAHOBAs IJINTA, UMEIOINas XOpOollue MOBEPXHOCTHbBIE CBOICTBA, NEpeeNbHbII
IPOIECC MOXKET ObITh MCKIFOUEH, W MPOM3BOJUTEIBLHOCTD TEM CAMBIM MOXET OBITh YBEJINYEHA.
Kpome Toro, B crmocobe mpoM3BOACTBA TIOpsMEKATAHONH THUTAHOBOH IUIMTHI IO HACTOSIIEMY
BApPUAHTy OCYINECTBJICHHUS, AK€ KOTJa NPSMOYTOJNbHBIA CTOJNOUATBIA CIMTOK Cpasy IoCHe

OTJIMBKH HUCIIOJIB3YETCs] B KauecTBe THUTAHOBOrO ciisiba 10, HepoBHOCTh 10P Ha MUTHIX OOKOBBIX
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nosepxHocTeil 10A u 10B Turanosoro cisidba 10 mMoxkeT ObIThb yMEHBIIEHA NMPH BBIIOJIHEHUH
nporecca IJIaBJIEHUs U TOBTOPHOro 3arBepaeBaHus. (ClenoBaTenbHO, HET HEOOXOAMMOCTH
BBINOJIHATH TPOLIECC BBIPABHMBAHUS JMTHIX OOKOBBIX moBepxHocTel 10A m 10B TturanoBoro
cisba 10 oTaenpHO OT mpolecca MIaBJIeH:s] U TOBTOPHOTO 3aTBEPIEBAHMSL.

[0085] Taxkum obpasom, crmocod MPOM3BOACTBA TOPSYEKATAHOW THTAHOBOH IUIMTHI 1O
HACTOSALIEMY  BapuUaHTy  OCYINECTBJIEHUs  YPE3BbUANHO TMOJE3€H N1 COKpAalLleHUs
IPOU3BOACTBEHHBIX 3aTPAT, M MPOMBIILIEHHbIE 3()()EKThI SBJISIOTCS HEM3MEPUMBIML.

[0086] CnenyeT OTMETUTD, YTO CITOCOO MPOU3BOJCTBA TOPSIYEKATAHONH TUTAHOBOM IJIUThI
IO HACTOSIIEMY H300PETEHHIO HE OrPaHHYEH CIIOCOOOM MPOM3BOACTBA MO BBIIEOMHCAHHOMY
BApPHAHTy OCYILECTBJICHMUSI.

[0087] Hampumep, XOTs BBILEYNOMSHYTBIi BapHaHT OCYINECTBIEHUS OIMCAH C
UCTIOJIB30BAHUEM B Ka4deCTBE MpHUMEpa ciiydas, B KOTOpoM OokoBbie moBepxHoctu 10A u 10B
TUTaHOBOTO ciisiba 10 pacnonararoTcst MPUOTU3UTENLHO TOPU3OHTAIBHO, & 3aTEM IOJIBEPTAIOTCS
IUIaBJIEHUIO U TIOBTOPHOMY 3aTBEPJE€BAaHUIO, KaK MPOMIIIIOCTpUPOBaHO Ha Dur. 6, Tak:ke MOXKeET
UCTIONIB30BAThCS CIIOCO0, B KOTOpoM OokoBble moBepxHOCTH 10A u 10B tutanoBoro cnsda 10
pacronararoTcsi NPUOJNM3UTENBHO  TMEPHEHANKYJSIPHO  TOBEPXHOCTH  3€MJIM, a 3aTeM
MOJIBEPTatoTCs MJIABJICHUIO U TOBTOPHOMY 3aTBEPJIEBAHUIO.

[0088] XoTs B BBILIEONNUCAHHOM BapHaHTE OCYILECTBJEHMs ONUCAH MpUMeEp clyyas, B
KOTOPOM 3JIEKTPOHHO-JIyu€Basi Nylka |2 uW3JlydaeT 3JIEKTPOHHBIM JIyd, NEPEeMeIlasCh B
HarpasieHun D npokaTtku TutaHoBoro cisaba 10 (mpogosbHOM HampaBiIeHWH THTAHOBOTO Cisioa
10), snexTpoHHO-My4eBass mymKa 12 MOXET H3JIy4aTh OBJIEKTPOHHBIH JIy4, HENPEPBIBHO
nepeMelasiCh BIOJIb HAIIPABJIEHHsI, OPTOTOHAJIILHOIO K HampasjeHuto D npokatku (HanpasieHHs
IO TOJIIIMHE TUTAHOBOTO ciisiba 10).

[0089] XoTs B BBIIEONHUCAHHOM BapUaHTE OCYIIECTBJIEHHUsS OMMCAH NPUMEpP Clyyas, B
KOTOPOM 3JIEKTPOHHBIN JIyd H3jy4aercss Ha OokoBble moBepxHocTH 10A u 10B THTanoBOrO
cissba 10 ¢ MCHONB30BAaHHMEM OFHOH SJEKTPOHHO-Ny4eBOW MywmKd 12 B KadecTse
HArpeBaTEIbHOTO YCTPOHCTBA, MOXKET HCIOJNb30BaThCSI ONHO WM Oojee HarpeBaTeNIbHBIX
YCTPOHCTB, © MHOKECTBO 00JIaCTE€H MOYKET HArpeBaThCsl MPHU OJHOBPEMEHHOM HCIOJB30BAHUU
MHO’KECTBA HarpeBaTeIbHbIX YCTPONUCTB.

ITPUMEPEHI

[0090] [lanee HacTosimee uzoOpereHue Oyner omucaHo Oojee MOAPOOHO MOCPENCTBOM
IPUMEPOB.

[0091] TuranoBBIE MaTepUalbl C PA3TUYHBIMA XUMHUYECKUMU COCTaBaMH, TTOKa3aHHBIMU
B Tabmuue 1, Tabmune 4 u Tabmune 7, TIaBrid ¢ TOMOIIBIO MPOIECCa 3IEKTPOHHO-TYYEBOTO
neperiaa  (DJIII) wunmm  mpomecca mnasmeHHo-nyrosoit  mmaekw  (ITJIT), a 3arem
KPHUCTAJTU30BAJIH, TTOJyYUB MPSIMOYTOJIBHBIE CTOJNOUATHIE CIIUTKU B JIATOM COCTOSIHHH, KOTOPBIE
UCTIONB30BAINCh B KAa4yeCTBE THTAHOBBIX Cisi00B (mupunoit 1000 mMm). 3aTeM BBINOJIHSIIN
IpoIecC IUIABJIEHUs W IMOBTOPHOIO 3aTBEPAEBAHUS NPU PA3JIMYHBIX YCJIOBUSAX Ha OOKOBBIX
MOBEPXHOCTSIX THUTAHOBBIX CII00B (TpaHsAX, NapajIeNIbHbIX HAIMPABICHUIO TPOKATKH U

NEepPIEHINKYJSIPHBIX IPOKATBIBAEMBbIM TOBEPXHOCTAM). Ilocime 5TOro BBIMOMHAIM TPOLECC
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OTAENKA TPU Pa3IUYHBIX YCJIOBUSX, M THTAHOBBIE CII0BI TOABEPraji ropsiuell MpoKaTKe,
MOJIyUUB rOpsiue€KaTaHble TUTAHOBBIE MJIUTHI.

[0092] B BhimIeyNnOMAHYTOM MPOLECCE IUIABJIEHUS W TOBTOPHOTO 3aTBEPAEBAHUS
HarpeBaHue Kaxaod OOKOBOM IOBEPXHOCTH BBIMOJHSUIM COOTBETCTBYIOIIUMH CIIOCOOaMH,
ONUCAaHHBIMHU HIDKE. BOKOBYIO NOBEPXHOCTh HENPEPBIBHO HArpeBaju B (OpMeE IOJIOCHI MyTEM
nepeMeIleHHsT HarpeBaTeIbHOrO0 YCTPOHCTBA B NMPOAOJIbHOM HAIMPABJIEHHH THTAHOBOTO CIs0a.
Ilocne mOCTMKEHUS KOHIIEBOM YacTH B IIPOAOJIBHOM HAIPABIEHUM THUTAHOBOTO Cisiba
HarpeBaTeIbHOEe YCTPOWCTBO MEepeMeINaid B HAMPABICHUU IO TOJINMHE THTAHOBOTO Cisida Ha
paccTosiHue, SKBUBAJEHTHOE IOJOBHHE LIMPUHBI pacruiaBiseMoil mosockl. Ilocne storo B
HEHarpeTol OOJIaCTH, PACIOJNIOKEHHOH psiioM ¢ Harperoil obnmacTeid B (opme MONOChl Ha
OOKOBOI MOBEPXHOCTH, OOKOBYIO MOBEPXHOCTb HEMPEPHIBHO HArpeBasid B (hOpMeE TMOJIOCHI MyTeEM
NepeMeLIeH s HarpeBaTeIbHOIO YCTPOMCTBA B HAIIPABJIEHUH, IIPOTUBOIOIOKHOM HaIPABIEHUIO
IpebIIylero IepeMelieHHuss B IPOJOJbHOM HalpaBJeHUU. 3a CYeT MHOTOKPaTHOTO
BBIMIOJIHEHMSI TE€pPEMELIEHUs] HarpeBaTeNbHOrO0 YCTPOMCTBA B IMPOAOJIBHOM HalpaBlIeHUU
TUTAHOBOTO CJIs10a M MEepEeMEIeHUs] HArPEeBaTEeIbHOIO YCTPOICTBA B HANPABJICHUHU TIO TOJIIUHE
TUTAHOBOTO CJsI0A HA PACCTOSIHUE, SKBHBAJICHTHOE MOJIOBHHE LITMPUHBI PACIUIABISIEMOH MOJIOCHI,
HAarpeBajil MPEANHCAHHYI O0JacTh OOKOBOW TOBEPXHOCTH (BCKO OOKOBas MOBEPXHOCTh HWIIM
OJIHY €€ 4acTb CO CTOPOHBI IPOKATHIBAEMOI TIOBEPXHOCTH).

[0093] Kaxnplii u3 THUTaHOBBIX CISIO0B IMOCE MpOIecca IUIABJIEHHS U IOBTOPHOTO
3aTBeplEBaHsl OOpe3ajy B HAIpPABICHWU, OPTOrOHAJBHOM K HANPABICHUIO MNPOKATKH, Ha
paccrossHuu 200 MM OT KOHLIAa B HalpPaBJIEHUHU NMPOKATKU (YacTh, COOTBETCTBYIOINAS 3aAHEMY
KOHIy BO BpeMsl ropsiied NMpPOKAaTKH), ¥ U3 3THUX OTPE3aHHbIX YacTel H3BJeKanu oOpasLpbl, B
KOTOPBIX MOBEPXHOCTb PE€3a, OPTOrOHAJbHAsl K HAIPABJIEHUIO NMPOKATKH, HCIOJIb30BANaCh B
Ka4yecTBe MOBEPXHOCTH HaOmoxeHus. [lomydeHHbIil oOpaser] 3al1uBaiu B CMOJY, TOBEPXHOCTb
HAaOJNIONEHUST 3ePKAJIbHO TIOJIMPOBAIN C IOMOIIBI0 MEXaHHUYECKOro IOJMPOBAHUS, a 3aTeM
NOJBEPrajid TPABJICHHUIO C HCIOJb30BAHUEM pPAacTBOPa Aa30THOW M (PTOPHUCTOBOAOPOIHOM
KHUCJIOTBI, M TOJs1 3peHusi pasmepoMm 30x30 MM wnu Oonblie HaOMIOAamM B MUKpPOCKom. B
pe3yJabTaTe IJIsl BCEX THTAHOBBIX CIII00B OBLIO MOATBEPIKIEHO, YTO CJIOH MENKO3EPHUCTON
MHUKPOCTPYKTYPBL,  COCTOSIIIMHA W3  OoJiee  MEJNKO3EPHUCTOW  MHKPOCTPYKTYpBL,  4YeM
MHUKPOCTPYKTYypa OCHOBHOTO MeTaJuta, ObLI COPMHPOBAH HA MO MEHbBILIEH Mepe OTHOW YacTh
OOKOBOI MOBEPXHOCTH CO CTOPOHBI MPOKATHIBAEMON MOBEPXHOCTH. Kpome TOro, moBepXHOCTH
HaOJFOIEHUST KXKIOro 0o0pasua MOJMPOBAIA U M3MEPsUTH MIyOWHY M TUaMeTP 3KBUBAJIECHTHON
OKPY’XKHOCTH 3€pHa CJIOsl MEJKO3epHUCTON MHKPOCTPYKTYpbl ¢ ucrnonb3oBaHueM EBSD
(mudpakuuy 3JIEKTPOHOB € OOpaTHBIM paccesHueM). M3mepeHne nuamerpa 3>KBHBAJICHTHON
OKPY’>XHOCTH 3€pHa BBINOJHSUIM, CUMTasd 3€pHAa pPasHbIMM [0 KPUTEPHUIO Pa3HOCTH
KPUCTAJTMUECKON OpHeHTauuu 5° niam OoJblle MEXKAY CMEKHBIMH TOYKAMU H3MEPEHHs, U
onpezenss IUOMaAb A KaXA0ro 3epHa U BbIYMCAA AuaMeTp L 3KBHUBaJEHTHON OKPY>KHOCTH
3epHa Ha ocHOBe hopMyisl A = 1t x (L/2)%. 3aTeM BBIYHCISIN CPeNHIE 3HAYCHHS HA OCHOBE Ha
rIyOMHBI W JUaMeTpa OKBHUBAJEHTHOW OKPYKHOCTHM 3€pHAa CIIOS  MEJIKO3epHHUCTOM

MHUKPOCTPYKTYPbI B NPOU3BOJIBHBIX IIATH TOYKAX, W BBIUMUCJIICHHBIC 3HAYCHUS MPUHHUMAJIA 3a
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rMyOMHYy W JUaMeTp OSKBHBAJEHTHOM  OKPY)KHOCTH 3€pHA  CJIOS  MEJKO3EPHHUCTOH
MHUKPOCTPYKTYPBL

[0094] 3arem mnpokaThiBaeMble MOBEPXHOCTH THTAHOBOTO Cjsida TOCE TMpoLecca
IUIABJIEHUS] U TIOBTOPHOTO 3aTBEPAEBAHMSI TIOABEPIajy MPOLECCy OTAENKHU (mpoueccy HUIn(pOBKU
(Mexanudeckol nuMGOBKH) UMM pe3aHus (ppesepoBaHus)) A AOBEAECHUS TOMIIUHBI 10 200-
300 mmMm. ITocne sToro mepoxoBaTocTh MOBepXHOCTH (Ra) m3mepsin B MPOU3BONBHBIX ISATH
TOYKAaX Ha MPOKATAHHBIX MOBEPXHOCTSX THTAHOBOTO Cis10a, UCTIONB3Yysl IPUOOp I H3MEPEHUs
[IEpPOXOBATOCTH MOBEPXHOCTH, M OMpenesull UX cpenHee 3HadeHHe. Kpome Toro, usmepsiiau
TOJIIMHY B LEHTPAJIBHON YaCTH B HAIMPABJICHHUU IO IIUPHUHE M B KOHLEBBIX YAaCTAX TUTAHOBOTO
cisba mocie nmpouecca OTASNKH U ONMPEAeNIsIi MOKa3aTesb MNIOCKOCTHOCTH CIIsida.

[0095] 3atem mony4eHHBIE MOCHE MPOLIECCA OTHEIKU TUTAHOBBIE CJSIOBI HArpeBad B
tedeHure 240 muHyT npu temmneparype 820°C, a mocie 3TOro BBIMOJNHAIN TOPSIUYIO MPOKATKY,
KOTOpast BKJIFOYajia B Ce0sl YUEPHOBYIO MPOKATKY IMPH PA3JIUYHBIX YCIOBHUSX, YTOOBI TEM CAMBIM
NPOM3BECTH TOPSYEKATAHBIE TUTAHOBBIE TUTUTHI (PYJIOHBI TIOJIOCHI).

[0096] IlepoxoBartocth moBepxHOCTH (Ra) Kakaoro Bajka ONpenessijid CIEAYIOUM
cniocobom. ITlepoxoBaTocTh MOBEpXHOCTH (Ra) B MPOU3BONIBHBIX MATH TOYKAX HA TIOBEPXHOCTH
BaJIKa M3MEPSUIM C UCTOJIb30BaHNEM NPUOOpa I U3MEPEHHUsS LIEPOXOBATOCTH MOBEPXHOCTH H
OTIpPENEeNsUTN UX CpeHee 3HadeHne. Brramucisum creneHp 00KaTHs MepBOro MPOXoaa YepHOBOH
IIPOKAaTKM HAa OCHOBE IMEPBOHAYAJBbHOM TOJIIMHBI IJIMTHI U TONLIMHBI MJIUTHI MOCJE MEPBOTO
MIPOXO/a 4YE€pPHOBOM MpPOKATKU. [[IMHY AyrM KOHTaKTa Bajka B INEPBOM IPOXOAE UYEPHOBOU
NPOKATKH BBIYUCISUIN C MCIIONb30BaHUEM (HOpMYyJIbl (2) Ha OCHOBE paguyca MPOKATHBIX BAJIKOB,
NEPBOHAYAJIBHON TOJINMHBI IUIMTHI W TOJIIMHBI IUIMTHI MOCJE MEPBOrO MPOXOJa YEPHOBOM
IPOKATKH.

[0097] 3areMm pyJOH MOJOCHI TMPOIYCKAJN Yepe3 HENpPEPbIBHYIO JIMHUIO TPaBIICHHS
a30THOM U PTOPUCTOBOAOPOIHOM KHCIOTON M YAAJSUIN TIPU 3aUUCTKE MPUOTH3UTETBHO SO MKM C
Kaxxaol ctopossl. [locie 3TOro KOHIEBbIe YaCTH B HAMPABICHUH MO LIMPHUHE MPOKATHIBAEMbBIX
MOBEPXHOCTEH pYJIOHA TMOJIOCHI TOJABEPTad BU3YAJbHOMY HAOJIONEHUIO JJIsi BbISBJICHHS
ne(eKTOB MOBEPXHOCTH, M CTEMEeHb JAe()EKTOB MOBEPXHOCTH B KPACBOH YaCTH OLCHUBATHU IS
BCEH JJIMHBI PYJIOHA MOJOCHI B COOTBETCTBUHU CO CIAEAYIOLIUMU KPUTEPUSIMU.

[0098] He3nauutenpHas (oueHka A): JledeKThl MOBEPXHOCTH B KPaeBOI 4acTH HE ObLIH
3aMEYeHbl, WM HaOMIOAannch Ne(eKThl MOBEPXHOCTH B KPAeBOW YaCTH MEHBINE 4YeM S5 MM.
(Ouenka: Xopormasi)

JloBonpHO Oombinue nedektsl (oueHka B): Habmonmanmuck nedekTbl MOBEPXHOCTU B
KpaeBoil yacTu pazMepoM 5 MM uiu Gosbine 1 MeHbIne yeM 10 mm. (Ouenka: Xopormmast)

I'ny6okue nedexrts! (onenka C): Habmonamice nedekThl TOBEPXHOCTH B KPaeBOH 4acTH
pasmepom 10 MM mim Gonbire. (Ouenka: ITnoxas)

IIpou3BOACTBEHHBIE YCIOBUS U OLIEHKA MCXOAHBIX MaTepHaNOB AJi ropsiyeil MpoKaTKy,
nokas3aHHbIx B Tabmune 1, mokasans! B Tabmuue 2 u Tabmuue 3, mpoU3BOACTBEHHBIE YCIOBUS U
OLIEHKA MCXOIHBIX MAaTE€PHAJIOB JJIs ropsiuell MpoKaTky, MokazaHHbIX B Tabnuie 4, mokasaHbl B

Tabmune 5 u Tabnuue 6, U TPOU3BOACTBEHHBIE YCIIOBUS U OLICHKA MCXOIHBIX MaTEPUAJIOB IS
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ropsiueil MpoKaTKy, mokaszaHHbx B TaOnuue 7, mokaszanel B Tabnuue 8 u Tabmume 9.

[0099] [Tabmuma 1]

Hcxonnelii MaTepua ajst ropsidyer NpOKaTKu
Ne Cnocob Xumungeckuit coctas (Mac.%)
IIPOU3BOJCTBA 0 Fe N C H Ti
CJIUTKA
1 DJII 0,052 0,024 0,0032 0,0049 0,0044 OcranbHoe
2 OJII 0,060 0,036 0,0021 0,0039 0,0028 OcranbHoe
3 DJII 0,054 0,046 0,0026 0,0041 0,0027 OcranbpHOe
4 DJII 0,054 0,026 0,0038 0,0025 0,0046 OcranbpHOe
5 DJIIT 0,053 0,034 0,0040 0,0037 0,0030 OcranbpHOe
6 DJII1T 0,052 0,047 0,0036 0,0038 0,0029 OcranpHOe
7 DJII1 0,057 0,048 0,0036 0,0027 0,0056 OcranpHOE
8 DJII1 0,057 0,038 0,0030 0,0025 0,0021 OcranpHOe
9 OJII1 0,035 0,042 0,0031 0,0044 0,0041 OcranpHOe
10 | DJIII 0,046 0,060 0,0033 0,0026 0,0050 OcranpHOe
11 | 9JII 0,041 0,043 0,0033 0,0033 0,0037 OcranpHOe
12 | DJII1 0,044 0,049 0,0029 0,0027 0,0055 OcranbpHOe
13 | DJIII 0,043 0,056 0,0022 0,0033 0,0050 OcranbpHOe
14 | DJIII 0,048 0,038 0,0039 0,0045 0,0033 OcranpHOe
15 | OJIII 0,046 0,021 0,0037 0,0022 0,0044 OcranpHOe
16 | DJIII 0,042 0,051 0,0032 0,0042 0,0042 OcranpHOe
17 | 9JI1 0,057 0,022 0,0021 0,0035 0,0040 OcranpHOe
18 | OJIII 0,055 0,056 0,0033 0,0021 0,0056 OcranpHOe
19 | 9JI1 0,041 0,021 0,0028 0,0026 0,0021 OcranpHOe
20 | 9JII 0,048 0,041 0,0021 0,0038 0,0059 OcranpHOe
21 | BJII 0,092 0,058 0,0033 0,0035 0,0030 OcranpHOe
22 | QJII 0,193 0,085 0,0025 0,0041 0,0029 OcranpHoe
23 | OJII 0,322 0,185 0,0090 0,0090 0,0045 OcranpHoe
24 | OJII 0,050 0,030 0,0034 0,0045 0,0020 OcranbHoe
25 | OJII 0,047 0,026 0,0026 0,0038 0,0040 OcranbHoe
26 | OJII 0,054 0,030 0,0020 0,0020 0,0045 OcranbpHOe
27 | QJI1 0,054 0,044 0,0025 0,0042 0,0037 OcranbpHOe
28 | BJII 0,375 0,045 0,0250 0,0042 0,0037 OcranpHOe
29 | BJII 0,039 0,032 0,0480 0,0041 0,0029 OcranbpHOe
30 | DJII 0,185 0,085 0,0025 0,0920 0,0029 OcranpHOe
31 | 9JII 0,122 0,085 0,0025 0,0041 0,0115 OcranpHOE
32 | DJIII 0,150 0,365 0,0090 0,0090 0,0045 OcranpHOe
33 | DJII 0,045 0,044 0,0033 0,0035 0,0030 OcranbpHOe
34 | DJIII 0,045 0,044 0,0033 0,0035 0,0030 OcranpHOe
35 | DJII 0,095 0,065 0,0025 0,0041 0,0029 OcranpHOe
[0100] [Tabmnuma 2]
IIpouecc nmuaBku ¥ MOBTOPHOTO 3aTBEPAEBAHNUS IIpouecc otnenku
I'mybuna  |[duamerp § ITTepoxo ITokas
o cios SKBUBaJEHTHOH |OGnacts sarocts |ATEP
Cmocob MEJIKO3€pH |OKPY>KHOCTH TJ1aBJIEHUS C 5 IJIOCK
. nocod |MoBepXH
Harpesa UCTOM 3epHa CcJ0s OOKOBBIX ocri Ra |0CTHOC
MUKPOCTPY |MEIKO3EPHUCTON |MOBEPXHOCTEN (MEM) ™ X
KTYpPbI (MM)|MHKPOCTPYKTYPBI (Mm)
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(mm)

1 QJEGKTpOHH 2.0 0.20 OnHa yacth (1o |Ppesepo 0.6 3.0
bIN JIy4 1/4 t) BaHUE

) 9JEGKTpOHH 25 0.22 OnHa yactb (1o |Ppesepo 0.6 3.0
bIM JIy4 1/4 t) BaHUE

3 ageKTpOHH 3,0 0,25 Bcs nosepxHOCTD Ppesepo 0,6 3,0
BIH JIyY BaHUE

4 |PTEKTPOHH |1, 1.60 Bes nosepxrocts [ 2REER0 [1 0 |3
BI JIyY BAHUE

5 BJEGKTPOHH 11,5 1,30 Bcst noBepxHOCTB Ppesepo 1.0 3.0
BI JIYY BAaHUE

6 BJEeKTpOHH 10,3 1,10 Bcs noBepxHOCTB Ppesepo 1.0 3.0
BIN JIYY BaHUE

7 3JE€KTpOHH 5.0 0.30 Opnna vacte (no  (HInudos 30.0 3.0
BbII JIy4 1/3 1) Ka

3 3JE€KTpOHH 5.0 0.30 Opnna vacte (no  (HInudos 30.0 40
bII JIy4 1/3 1) Ka

g [DrexTpomH |y 0.27 Bes nosepxrocts [LMPOB 3o (39
BIN JIYY Ka

10 [PUCKTPORH |5 ) 0,30 Bes nosepxsocts [LPOB 3o (30
BIF JIYY Ka

1] [PUSKTPORH |5, 0,30 Bes nosepxsocts [[MPOB s g o5
BIF JIYY Ka

1g [PISKTPORH ¢, 0,75 Bes nosepxsocts [LPOB g a0
BIF JIYY Ka

13 9JEeKTpOHH 3,0 0,25 Bcs noBepxHOCTH Umcpos 22,0 1,8
BIF JIyY Ka

14 9?eKTpOHH 5,0 0,30 Bcs nosepxHOCTD i 23,0 L5
BIH JIyY Ka

15 3?eKTpOHH 5,0 0,30 Bcs nosepxHOCTD Crporan 11,0 1.5
BIH JIyY ue

16 3JEGKTpOHH 6,0 0,35 Bcst noBepxHOCTB Crporan 15.0 3.0
BI JIYY e

17 [P7exTROHH |3 0.25 Bes nosepxuocts [© PO (190 15
BIN JIYY ue

13 3J}6KTpOHH 5.0 0.30 Opnna vacte (mo  |Dpesepo 15.0 20
bII JIy4 1/3 1) BaHNE

19 3J}6KTpOHH 6.0 0.35 Opnna vacte (mo  |Ppesepo 5.0 25
bII JIy4 1/3 1) BaHNE

20 3J}6KTpOHH 3.0 0.20 Opnna vacts (mo  |Ppesepo 10,0 1.0
bII JIy4 1/6 t) BAaHNE

71 3J}6KTpOHH 5.0 0.30 Opnna gacte (mo  |Ppesepo 10,0 1.0
bII JIy4 1/3 1) BAaHNE

2 BJEeKTpOHH 6.0 0.35 Opnna vacte (mo  |Ppesepo 8.0 25
BbIN JIy4 1/6 t) BaHHE

23 3J36KTpOHH 3.0 0.10 Opnna vacte (mo  |Ppesepo 15.0 2.5
bIN JIy4 1/3 t) BaHNE

o4 QJEeKTpOHH 6.0 0.35 Opnna vacts (no  (HInudos 20.0 15
bIN JIy4 1/3 t) Ka

25 |IlnazmenHas (5,0 0,45 Opnna vacts (no  |[Ilnudos |14,0 2,3
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ayra 1/3t) Ka
26 |Masep 4,0 0,35 Onua wacts (no  [Tlmugos jo5 1 5
1/3 t) Ka
27 |TIG 4.0 0,40 Onna wacts (no [Hmgos |yg oy |
1/3 t) Ka
2g |PUCKTPORH |5 0.25 Bes nosepxrocts PR oo (1.0
BIH JIyY Ka
29 |DIEKTPORH | 0.30 Bes nosepxuocts [LVMPOB s o (10
bI JIy4 Ka
30 |PUeKTPORH ¢ 0,20 Bos nosepxnocts LM POB 3o |10
BIH JIyY Ka
31 |PHKTPORH ¢ ) 0,15 Bos nosepxnocts PR 180 [1.0
BIH JIy4 Ka
32 ajzeKTpOHH 3,0 0,05 Bcst noBepxHOCTD Imgos 18,0 1,0
Bl JIy4 Ka
33 3J}6KTpOHH 5.0 0.30 Opnna vacte (mo  |Ppesepo 10,0 15
bII JIy4 1/3 1) BAaHNE
34 3J}6KTpOHH 5.0 0.30 Opnna vacte (mo  |Ppesepo 10,0 15
bII JIy4 1/6 t) BAaHNE
35 3JE€KTpOHH 6.0 0.35 Opnna gacte (mo  (HInudos 25.0 15
bII JIy4 1/3 1) Ka
[0101] [Tabmnwuma 3]
IlepBolii MPOXOA YEPHOBOU MPOKATKU Ouetika
nedexToB
ITepoxo Ilepson MIOBEPXHOCTH
BaTOCTb Pau adayibH |TommuHa O6xar JnvHa  |moce
Ne [Ra ye ast TIJIUTBI we mpu AyTH TpaBJICHUs HpI/IMe‘{aHHH
e O g o
(Mm) P Ke (%) JIKA QW TJIMTHI
BaJIKa IUIATHL  [(MM) (Mm) (nedexTn
(MKM) (Mm) OKOJIO KPaeB)
1 Jos 700 |20 |14 35 P31 o CpaBHHTELHbI
npumep
2 0.6 700 (220  |144 45 231 |C CpasruTenbHpili
npumep
30,6 700 220|144 35 231 |B TIpuvep
4 los |00 220 144 35 31 o CpaBHHTELHbI
npumep
5 10,6 700 |220 144 35 231 B Ipumep
6 10,6 700 |220 144 35 231 B Ipumep
7 10,6 700 |220 144 35 231 B ITpumep
8 lo6 |00 220 |144 35 |31 o CpasHuTETLHbI
npumep
9 0.6 700 200 130 35 21 |c CparuTenbHbi
npumep
10 (0.7 700 200  |150 25 187 |C CpaBHHTELHBI
npumep
11 10,6 750 |240 150 38 260 A Ipumep
12 10,6 850 (260 155 40 299 B Ipumep
13 10,6 1100 (200 150 25 235 B Ipumep
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14 10,6 680 240 135 44 267 B ITpumep
15 10,6 750 (240 140 42 274 A ITpumep
16 (0,6 800 {260 160 38 283 B [Tpumep
17 10,6 800 {200 120 40 253 A ITpumep
18 0,6 800 |240 140 42 283 A ITpumep
19 (04 800 {260 155 40 290 B ITpumep
20 1,3 800 {200 130 35 237 B ITpumep
21 10,6 750 (220 140 36 245 A ITpumep
22 10,8 700 (200 120 40 237 B ITpumep
23 (0,8 700 (200 120 40 237 B [Tpumep
24 11,0 800 (240 140 42 283 A [Tpumep
25 (0,6 700 (200 120 40 237 A [Tpumep
26 (0,6 700 (200 120 40 237 B [Tpumep
27 10,6 700 (200 120 40 237 B ITpumep
28 (0,6 750 (200 125 38 237 B [Tpumep
29 10,6 750 [200 125 38 237 B ITpumep
30 (0,6 750 |200 125 38 237 B [Tpumep
31 0,6 750 (200 125 38 237 B ITpumep
32 10,6 750 (200 125 38 237 B ITpumep
33 (0,6 550 |220 120 45 235 B [Tpumep
34 104 700 (220 140 36 237 B ITpumep
35 (04 550 220 120 45 235 B ITpumep
[0102] [Tabnwuma 4]
Hcxonnelii MaTepua ajsl ropsiuyer NpOKaTKu
Ne Criocob Xumuueckuit cocras (Mac.%o)
PO o Fe N C H Ti
36 TTAT1 0,053 0,044 0,0023 0,0037 0,0022 OcranpHOE
37 TTAT1 0,133 0,047 0,0032 0,0020 0,0027 OcranbpHOe
38 TT11 0,265 0,122 0,0550 0,0045 0,0027 OcranpHOe
39 TT11 0,345 0,275 0,0045 0,0055 0,0036 OcranbpHOe
40 TAT1 0,045 0,040 0,0034 0,0038 0,0028 OcranpHOe
41 TTIIT 0,052 0,026 0,0024 0,0028 0,0059 OcranpHOe
42 TTAT1 0,050 0,021 0,0034 0,0047 0,0060 OcranpHOe
[0103] [Tabmnuma 5]
ITporece raBku ¥ MIOBTOPHOTO 3aTBEPACBAHUS IIpouecc otnenku
[nyOuna Jluaverp . Ilokas
S5KBHUBAJIEHTHON ITepoxo
Ne N OKPYKHOCTH Obaacts BaTOCTb areib
Crocod MEJIKO3epH TUTABJICHHS TUIOCK
Harpesa UCTOU 3€pHa cod . |OOKOBBIX Criocod TOBEPXH | - rHoC
MEJKO3EPHUCTOM . octu Ra
MHUKpPOCTPY MHKPOCTYKTY DI MOBEPXHOCTEH (vixcv) ™ X
KTYpBI (MM) (vm) (Mm)
36 |PTEKTPOHH |3 () 0,20 Ommavacre  \jyp o 4osca (250 |09
BII JTyY (mo 1/6 t)
37 |PTEKTROHH |5 0,30 Ompawacte o aosca 200 0.8
BIN JIy (mo 1/3 t)
38 |Onextponn 6,2 0,75 Opnavacte  [®PpeseposaH|S,0 2.9
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BII JTy4 (mo 173 t) ue
39 3J36KTpOHH 3.1 0.20 OpHa vacThb ®dpesepoBaH 24.0 1.4
BII JTyY (mo 173 t) ue
40 IIna3zmenHas 9.4 0.90 OpnHa vacThb ®dpesepoBaH 18.0 25
ayra (mo 1/3 t) ue
Opnna yactb
41 |JTazep 3.4 0,35 (10 1/3 1) MInugoska (20,0 1.4
OnHa yactb
42 |TIG 4,5 0,40 (10 1/3 1) [lmudoska (20,0 2,0
[0104] [Tabmnuma 6]
IlepBrlii MPOXOA YEPHOBOU NMPOKATKHU Ouenxa
nedexToB
Ilepson MIOBEPXHOCTH
[Mepoxos Panu aganpH |TommumHa O6sxat HmvHa  |mocne
Ne |aTocTb Ra ye ast TIJIUTBI ne pu AYTA  |TpaBJIE€HUs IIpumeuanus
MOBEPXHO BATKA TOJIIIHUH|TOCIE npoKaT KOHTAKT ropsiueKaTaHON
CTHU BaJIKa (MM) a MPOKATKH e (% ) a BAJIKA |[1JIUTHI
(MKM) TUTUTHI  |(MM) (Mm) (nedexThl
(Mm) OKOJIO KPaes)
36 (0,7 1100 ({300 165 45 385 A ITpumep
37 10,6 950 (300 195 35 316 A ITpumep
38 10,6 950 (300 195 35 316 B [Tpumep
39 10,7 950 |300 210 30 292 B [Tpumep
40 1,0 950 |300 195 35 316 B ITpumep
41 10,7 950 200 130 35 258 B ITpumep
42 10,6 950 {200 130 35 258 B ITpumep
[0105] [Tabmuma 7]
Hcxonnblit MaTepual Ajisi ropsiuedl MpoKaTKu
Crnoco6 | Xumuueckuii cocras (Mac.%)
Ne  (mpou3sso
actea [Al [Cu Ni |Si (Sn Nb|Pd Ru Mm |[O [N |[C |[H Ti
CJINTKA
43 (DJI1 R - 0,04 10,00 10,00 0,015 |OcranbHoe
6 2 5 5
44 (DJIT - - 1054 |- |- |- (0,05 2’03 (7)’00 (5)’00 0,023 |OcranbHoe
45 (DJI1 - - 1054 |- |- |- (005 (3)’00 2’04 (5)’00 (5)’00 0,012 |OcranbHoe
46 (ITAIT - 0,5 |- - - - - - (7)’03 (7)’00 (5)’00 0,035 [OcranbHOE
siom o hol | F F FOT 2’03 (5)’00 (5)’00 0,021 |Ocramshoe
48 (ITAIT - 1,0 |- - - 10,5 (- |- - 8’04 (6),00 (5)’00 0,001 [OcranbHOE
49 [rIarr - |- (1,0 |- [0,30(1,0 10,2 |- |- - (5)’03 g,OO (5)’00 0,023 |OcranbHoe
50 (QJIr 0,5 |- |- [045)- |- |- |- - (5)’05 (9)’00 8’01 0,017 |OcranpHoe
51 12Jar 109 |- |- 1035 |- |- | - 8’05 8’01 8’01 0,021 [OcranpHoOe
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[0106] [Tabnwuma 8]

IIporecc miaBkyu ¥ MOBTOPHOTO 3aTBEPAEBAHUS IIpouecc otnenku
HAnaverp IToka3za
I'nmyOuHa cnosi |3KBUBAJIEHTHOMN O61aCTD ITepoxo -
No MEJIKO3EPHHUCT |OKPY>KHOCTH BaTOCTh
Crocob oM 3epHa Cl1ost TaBICHIA Crioco6 |roBepxH | oo 0
Harpesa P .. |OokoBBIX PXH | rHoeT
MHUKPOCTPYKTY |MEIKO3EPHUCTOMN HoBepxHOCTEH octu Ra u X
pBI (MM) MHUKPOCTPYKTYPBI (MKM) (vm)
(vn)
DNeKTPOHH Bea [mudo
43 bl JIy4 33 0,20 MIOBEPXHOCTb  |BKA 13,0 0,6
44 DNeKTPOHH 82 075 Bea [mudo 10.0 L1
BIH JIy4 ’ ’ MOBEPXHOCTh  |BKa ’ ’
45 DNeKTPOHH 32 075 Bes [mudo 2.0 11
BIH JIy4 ’ ’ MOBEPXHOCTh  |BKa ’ ’
DNeKTPOHH Bes [mudo
46 bII JIy4 7,2 0,75 IIOBEPXHOCTh  |BKa 200 L1
DNeKTPOHH Bes Dpesep
47 bII JIy4 6,7 0,05 IIOBEPXHOCTh  [OBaHUE 9.0 2,2
DNeKTPOHH Bes Dpesep
48 bII JIy4 3.2 0,04 IIOBEPXHOCTh  [OBaHUE 17,0 2.1
DNeKTPOHH Bes Dpesep
49 BbIN JIy4 >3 0,02 MOBEPXHOCTb  |OBAHUE 13,0 1,3
DNeKTPOHH Bes Dpesep
>0 bII JIy4 6,3 0,03 MOBEPXHOCTb  |OBAHUE 20,0 2,2
DNeKTPOHH Bes Dpesep
> bIN JIy4 7,3 0.05 MOBEPXHOCTb  |OBAHUE 24,0 2.2
[0107] [Tabmuma 9]
IlepBblii IPOXO YEPHOBON MPOKATKH Ottenka niethekTo
[lepoxoBa g{ealili?; Tonmuna O6satit Jlnuna ~ [MOBEPXHOCTH MOCTC
No |TocTb Ra [Pagumyc . TUTUTBI e Y™ TpasjieHmt Hpumey
MoBEpXHOC|Baska |- [[0CHE o (E)KaTK KOHTakTa |TOPTICKAaTaAHOU AHHA
TH BaKa |(MM) | HJETH IPOKATKH eIZ‘V) BaJIKa TTHTBI (ehexTbl
(MKM) () (vm) " l(mwm) OKOJIO KpaeB)
43 10.9 800 200 120 40 253 A IIpumep
44 11,2 950 200 120 40 276 A ITpumep
45 [1.0 950 200 120 40 276 A IIpumep
46 0.8 1000|200 130 35 265 A IIpumep
47 10.8 950 200 140 30 239 A IIpumep
48 10.8 950 200 140 30 239 A IIpumep
49 10,8 950 200 140 30 239 B IIpumep
50 10,8 950 200 138 31 243 B IIpumep
51 10,8 950 200 136 32 247 B IIpumep

[0108] Cnenyer ormeruthb, uro B Tabmuuax 3, 6 U 9 «mepoxoBaTOCTh IMOBEPXHOCTH
BAJIKa» O3HAYAET «IIEPOXOBATOCTh ITOBEPXHOCTH IPOKATHOTO BalKa B IE€PBOM IIPOXOJE
YEPHOBOH NMPOKATKUY», «PAAMYC BAJIKa» O3HAUAET, YTO «PaaUyC MPOKATHOIO BajKa B IEPBOM

npoxone LIepHOBOI‘/'I IMPOKATKHW», <«IME€PBOHAYAJIbHAA TOJIIWHA TIUIATBD) O3HAYACT «TOJILIHUHY
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LIEHTPAJbHON YacCTH B HAIIPABJICHUH IO MIMPUHE TUTAHOBOTO CIsida TMOCiIe Mpomecca OTAEIKIY,
«TOJIMHA TUIUTHI TOCJE MPOKATKW» O3HAYaeT TOJIIMHY LIEHTPAJbHOM 4acTU B HANpaBIEHUU
IO IIHUPHHE TUTAHOBOTO Cisi0a HA CTOPOHE MO/a4YM B NIEPBOM IPOXOJI€ YEPHOBOW MPOKATKWY,
«JIMHA YT KOHTaKTa BajlKa» O3HA4aeT «AJIMHY AYId KOHTAKTa Bajka B IEPBOM IPOXOeE
YEepHOBOM MPOKATKMY.

[0109] Kax mokazano B Tabmmmax 1-9, B NeNe 1 u 2 riyOuna clios MeIKO3epHUCTOI
MHKPOCTPYKTYpBl He ObUla JOCTATOYHOH M cocTaBmia MeHee 4eM 3 MM. B Ne 4 nuamerp
SKBUBAJICHTHON OKPY>KHOCTHU 3€pHA CJIOSl MEJIKO3EPHUCTON MUKPOCTPYKTYpbI cocTaBui 1,60 mm
u Obu1 cuikoM OosbuM. B Ne 8 mokaszatens X MIOCKOCTHOCTH MPOKATHIBAEMON TOBEPXHOCTH
nocJje mnpouecca otaenaku coctaBui 4,0, 4yTo sBJsETCS BBICOKUM 3HaueHueM. B NeNe 9 u 10
JUTMHA TYTH KOHTAKTa BaJKa B IIEPBOM MPOXOJIE YUEPHOBOH MPOKATKH ObLJIa MAJIOH.

[0110] B pesynbrare B NeNe 1 u 2, 4 u 8-10 riyOokue nedexTel MPUCYTCTBOBAIU B
KOHLIEBBIX YacCTAX B HANpaBJICHUU MO LIMPUHE NPOKATHIBAEMbBIX MOBEPXHOCTEN ropsyeKaTaHoi
TUTAHOBOW TUTUTBHI, U KAa4eCTBO TOPSYEKATAHON THTAHOBOH IUIMTHI OBUIO HENOCTATOYHBIM. B
OTiIM4Me OT 3Toro, B KaxaoM u3 NeNe 3, 5-7 u 11-51, koTOpBIE YAOBIETBOPSIIN YCIOBUSIM,
OTpenensieMbIM HACTOAIIUM H300peTeHneM, ne(eKThl B KOHLEBbIX HacTSX B HANPABJICHUU IO
IIUPUHE  TPOKATHIBAEMON  TOBEPXHOCTH  TOpsiYEKAaTaHOH  THTAHOBOH  TUIMTBI  ObUTH
«HE3HAYUTEIbHBIMI» WU «IOBOJBHO OONBIINMHU nedeKTaMi», U IMOBEPXHOCTHBIE CBOICTBA
ropsiYeKaTaHON TUTAHOBOH TUTUTHI ObUTH XOPOLIMMH.

CITMCOK CCBIJIOUYHBIX OBO3HAYEHUU
[0111] 10 - TuraHOBBIi1 Ci1510

10A, 10B - bokoBasi TOBEPXHOCTb

10C, 10D - IIpoxaTeiBaeMasi NOBEPXHOCTh

10P - HepoBHOCTb NOBEPXHOCTHU OTJIMBKU

10Q - Hedexr

12 - DneKkTpOHHO-TyueBast MyIIKa

14 - OGny4aemast 00J1aCTh

16 - IInaBneHue u MOBTOPHOE 3aTBEPACBAHUE

18 - Cnoti 30HBI TepMHYECcKOTO BiusiHUSA (cioii 3TB)

20 - Cnolt MeNKO3epHUCTON MUKPOCTPYKTYPbI

24 - IlpokaTHbIN BalIOK

D - Hanpasnenue npokaTku

L - JInuHa nyru KOHTaKTa BaJIKa
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®OPMYVYJIA H30BPETEHUA

1. Croco® mpoW3BOACTBA TUTAHOBOM IIMTBHI IyTE€M BBINOJHEHHUS TOpsiUeil MPOKATKU
TUTAHOBOTO CJsi0a, MPOU3BEAEHHOIO HAINPSIMYK) C MCIOJb30BAHMEM IIPOLECCa 3JIEKTPOHHO-
JIy4€BOrO NeperuiaBa Uik Npouecca ia3sMeHHO-AyrOBOM IIABKU, CONEPKALLMIMA:

KOT/Ia MOBEPXHOCTh TUTAHOBOTO €104, MOoJIekalnas mpokarke, Koraa cisd moABepraroT
ropsiuell TNPOKATKe, ONPENeNseTcsli Kak «IpOKaThlBaeMasi IOBEPXHOCTb», U TOBEPXHOCT,
KOTOpasi sIBJISIETCS MapajiebHON HANPABIECHUIO MPOKATKU U NEPIEHIUKYIISIPHA IPOKATHIBAEMON
MIOBEPXHOCTH, OMPENEISIeTCsl Kak «OOKOBasi TOBEPXHOCTHY,

[1] craguro maBieHUsT IO MEHbIIEH Mepe OIHOW YacTH OOKOBOH TMOBEPXHOCTH
TUTAHOBOTO CJIsI0Aa CO CTOPOHBI MPOKATHIBAEMON MOBEPXHOCTH MyTEM BO3JIEHCTBHS JIYYOM HIIH
TUIa3MOI Ha OOKOBYIO MOBEPXHOCTh 0€3 BO3NEHCTBUS JIy4OM WJIH TUIA3MOH Ha MPOKATHIBAEMYIO
MIOBEPXHOCTB, a TOCJIE 3TOrO OCYIIECTBIIEHUs] TOBTOPHOTO 3aTBEPIEBAHUS C OOpa3OBaHHEM CJIOS
MHUKPOCTPYKTYPbI, HMMEIOIIEro ASKBUBAJIEHTHBIM AMAMETP OKPYKHOCTH 3epHa 1,5 MM umu
MEHbIIE, 10 TOJIOKEHUs] Ha riiyOuHe mo MeHbined mepe 3,0 MM OT MOBEPXHOCTH OOKOBOH
MOBEPXHOCTH B 10 MEHBIIEH Mepe OHOM 4acT OOKOBOH MOBEPXHOCTH;

[2] craguro BBIMOJHEHUs TMpoliecca OTHAENIKH Ha IPOKaThbIBAEMON MOBEPXHOCTHU
TUTAHOBOTO CJisI0a, B KOTOPOM C(HOPMHPOBAH CJIOH MUKPOCTPYKTYPBI, YTOOBI JOBECTH 3HAUEHUE
X, onpexnensieMoe HIKenpuBeneHHoH Gpopmynoii (1), no 3,0 miu MeHble; U

[3] cTaguo mogBepraHus THTAHOBOTO CJisi0a TOCTIEe MPOIIecca OTACIKH ropsiuei MpoKaTKe
IpU YCIIOBHH, TO KOTOPOMY 3HaueHue L, ompenensemoe HrpkenpuBeneHHOW Qopmynoit (2),
cocrapisieT 230 MM wiu OOJIbILIE;

X = (maubonbiee 3Hauenue u3 Hy, H; n Hy) - (Haumensinee 3nauenne u3s Hy, Hy u Hy) ... (1)
L= (R(HoeH)}'" ... (2)

I7ie CMBICJIOBOE 3HAUEHHE KaKAOTO CHMBOJIA B BBILIETIPUBEACHHBIX (OPMYJIax SIBISETCS
CIIEYHOLIUM:

X: mokasareJb MIOCKOCTHOCTH clisiba

Hy: TonmmuHa LEHTPaNbHON YaCTH B HANPABJICHUH MO MIMPUHE TUTAHOBOTO Clisiba mocie
poLecca OTIeIKH (MM)

H;: TommuuHa KOHIEBOH 4acTu (B MONOKEHUHU 1/8 MIMpPUHBI) B HANIPABJICHUH IO LIMPUHE
TUTAHOBOTO CJ1s10a MOCIIE TPOIecca OTHETKU (MM)

H,: TonmmuuHa KOHIEBOH 4acTu (B MONOKEHUHU 1/4 MIMPUHBI) B HANIPABJICHUH T10 LIHNPUHE
TUTAHOBOTO CJIs10a MOCIIE TMPOIecca OTHSTKU (MM)

L: nnuHa 1yru KOHTAKTa BaJIKa B TIEPBOM MPOXO/IE€ YEPHOBOH MPOKATKHU (MM)

R: panuyc mpokaTHOro BaJika B IEPBOM MPOXO/I€ YEPHOBOHU MPOKATKHU (MM)

H;: TonmumHa HEHTpPaJbHON YacTH B HANpPaBJIEHUH MO LIMPHHE THTAHOBOIO Cisiba Ha
CTOPOHE IOJJa4X B TIEPBOM IIPOXO/I€ YEPHOBOH MPOKATKHU (MM).

2. Cnoco0 mpom3BOACTBA TOPSUEKATAHOW TUTAHOBOM IUIUTHI MO M. 1, B KOTOPOM Ha
cragui [ 1] cnoit MUKPOCTPYKTYPbI GOPMHUPYIOT O BCeH OOKOBOM MOBEPXHOCTH.

3. Croco0 mpou3BOACTBA TOPSYEKATAHONW THUTAHOBOW IUTUTHI MO M. 1, B KOTOpOM Ha

craguu [1] Ha OOKOBOI MOBEPXHOCTU CJIONW MEIKO3EPHHCTOH MHUKPOCTPYKTYPBI (POPMUPYIOT B
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00JlacTH OT MPOKAThIBAEMOH MOBEPXHOCTH JI0 TOJIOKEHUSI HA TIO MEHbLIel Mepe 1/6 TOMmHUHbI
TUTAHOBOTO CJsA0a.

4. Cnoco0® mpou3BOACTBA rOpsYEKATAHONW TUTAHOBOM IUIMTHI MO I 3, B KOTOPOM Ha
craguu [1] Ha OOKOBOI MOBEPXHOCTH CIIOW MEIKO3EPHHCTOH MHKPOCTPYKTYPBI (POPMHUPYIOT B
00J1acTH OT NMPOKATHIBAEMOM MOBEPXHOCTH A0 MOJOXKEHUS Ha MO MeHblIeld mepe 1/3 TonmuHb
TUTAHOBOTO CJIsI0a.

5. Cnoco® mpou3BOACTBA ropsiMeKaTaHOH THTAHOBOW IUIMTHI 1O JitoOomy u3 mm. 1-4, B
KOTOpPOM Ha ctanuu [2] mepoxoBaTocTh (Ra) mpokaTsiBaeMoil MOBEPXHOCTH AeNatoT paBHOI 0,6
MKM HJTH OOJIbIIE.

6. Crioco® mpou3BOACTBA TOPSIYEKATAHONH TUTAHOBOM TUIUTHI 1O JitoOomy u3 mim. 1-5, B
KOTOPOM Ha cTaauu [3] paguyc MPOKAaTHOrO Bajka B IEPBOM IPOXOJ€ YEPHOBOI IMPOKATKU
cocTaiisieT OoJbie ueM 650 Mm.

7. Crioco® mpOU3BOACTBA TOPSIYEKATAHONH TUTAHOBOMW TUIUTHI 1O JitoObomy m3 mim. 1-6, B
KOTOpPOM Ha ctaauu [3] o0xkaTre B epBOM MPOXOJe YePHOBOU MPOKATKH cocTaiisieT 30% wuim
Oonpie.

8. Cnoco0® mpoM3BOACTBA TOPSUYEKATAHON TUTAHOBOHM IUTUTHI MO JiE0OOMy w3 mm. 1-7, B
KOTOpOM Ha ctamuu [3] mepoxoBaTocTh (Ra) moBepxHOCTH MpoOKaTHOTO Bajika cocraisieT 0,6
MKM WJTH OOJIbIIE.

ITo noBepennocTn
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