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TEXHOJIOTUYECKHUE OCOBEHHOCTHA
HAIUIABKH BBICOKOJIEITMPOBAHHBIX CIIJIABOB

N. A. BAPTEHEB, xaun. texn. Hayk (Kaparanaunckuii roc. TexH. yH-T, Ka3zaxcran)

HpOBe}leH aHaJIu3 u 0606H_IBHI/IG ImapaMeTpoB TEXHOJIOTUYECKUX onepam/lﬁ HalJlaBKU CIUIaBOB YC€PHBIX U IBETHLIX METAJIJIOB
C BBICOKHUM COACPIKAHHUEM JICTUPYIOLIUX 3JIEMCHTOB. HOKaSaHO, 4qTO H606XO,HI/IMO€ MUHUMAJIBbHOC NEPEMCIINBAHUE OCHOBHOT'O
METaJu1a € BBICOKOJICTUPOBAHHBIM HAIUJIABJICHHBIM JOCTUIACTCA TOJIBKO IIPU UX Pa3fejbHOM IJIaBJICHUU. HawubGomnee nepce-
TNICKTUBHBIMU TCXHOJIOIMAMU HAIJIABKU TAKUX CIUIABOB SBJIAKOTCA IJIa3MEHHAsl HallaBKa IOPOLIKaMU U l"I/I6pI/IZ[HI)Ie TEX-

HOJIOTHHA.

Knwuegwvie croea. Hanuaeka, 6blCOK0fl€2upO(5‘aHHbllZ
cnilae, mexHojiocudecKkue OCO6€HHO€mu, njiasjieHue npuca()otmo—
20 memaila, Hazpes OCHOBHO2O Memdailld, nponiasjileHue OCHO6-
HO20 memajia

HamraBka kak TEXHOJOTHYECKHH TpoIecc BOCCTa-
HOBJICHUS Pa3MEpOB JCTalCl U UCIIPABJICHUS Je(eK-
TOB OTJMBOK u3BecTHa ¢ koHIa XIX B. [1]. OnHako
0oJiee paIOHAIILHOW SIBJISICTCS YIPOUHSIOIIAs Hall-
JlaBKa, KOTopasi 00ecreurnBaeT MOBBIIICHHE CTOHKOC-
T JIeTaJied BO MHOTO pa3 10 CPaBHEHUIO C H3rO-
TOBJICHHEM UX M3 KOHCTPYKIIMOHHBIX METa/LIOB. Jljst
HAIUTaBKH HCIOJB3YIOT BBICOKOJICTUPOBAHHBIC CTAIU
W CIUIaBBI JKeJie3a M I[BETHBIX METAJUIOB CO CIICIH-
QIBHBIMH CITYK€OHBIMU CBOWCTBAMH, KOTOPBIE MOXK-
HO pa3fieNuTh Ha ciefyoume rpynns! [2, 3]:
xpomucteie cramd (5...30 % Cr);

BbIcOKOMapranieBbie crtanu (11...18 % Mn);

opicTpopexymme cram (2...20 % W, 2...10 % Mo,
5...15% Co, 3...5% Cr),

XPOMOHHUKEJICBBIC ayCTECHUTHBIC
(12...20 % Cr, 8...25 % Ni);

BBICOKOXpOMHUCTHIE UyyTYHBI (2...5 % C, 18...35 %
Cr);

nukeneBble cmtaBbl (15...21 % Cr, 2..5% Si,
3..30% Mo, no 15 % Co);

KobanbToBBIe criaBhl (25...33 % Cr, 3...25% W,
1o 3 % C);

MeJHbIe CIUIaBbl (OpOH3BI, JIATYHW); KapOWIHBIC
kommoszunuu (10 3 % C, 25...33 % Cr, 30...70 % Co,
3..25% W).

HauGonpiyro TpyIHOCTb MPEICTABISICT HAIlJIaBKa
CIUTaBOB, TaK KaK TPeOYIOTCS TEXHOJOTHH, PEKHMBI
Y MaTepUaJIbl, OTIIMYAFOIIUECS OT HMIMPOKO PacIIpoc-
TPAaHEHHBIX B CBAPOYHOM IIPOM3BOJCTBE. DTO BbBI3-
BaHO TMOBBIIICHHOW CKJIOHHOCTBIO K OOpa30BaHHIO
TPEILIMH TPU HAIUIABKE BBICOKOJIETHPOBAHHBIX CILIa-
BOB, HEOOXOIMMOCTBIO JIOCTATOYHO TOYHOTO BOCII-
pousBesieHUsT TPeOyeMOTro XMMHYECKOTO COCTaBa
HAIUIaBJICHHOTO MeETalljla, BBICOKOW YYBCTBUTEIb-
HOCTBIO K 00pa30BaHMIO IOP, MOBBIIICHHONW OKHCIIS-
€MOCTBIO JIETUPYIOIIMX 3JIEMEHTOB, JuKkBaruei. [1Iu-

cTajinu
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POKO TIpUMEHSIeMbIe CIOCOOBI JTyTOBOW HAIUIaBKU
0COOCHHO CIUIABOB IBETHBIX METAJUIOB, OOBIYHO HE
obecrmegnBaroT TpeOyeMoe KaueCTBO U BBITOTHIIOTCS
B TPU-UYETBIpE CIIOS AJISl TMOJyYeHUsT HEOOXOAMMOTO
XMMHMYECKOTO COCTaBa U NMPHUITyCKa Ha MEXaHHUUYECKYI0
00paboTKy. [y npeaoTBpalieHnss HeraTUBHOIO BIIU-
SIHUSL 3TUX (PaKTOPOB IMPH HATIABKE BBICOKOJIETHUPO-
BaHHBIX CIUIABOB Pa3pabOTaHbl U MPUMEHSIOTCS Clie-
JOYIOIUE TEXHOJIOTHYECKHE MEpBHI:

TIIaTEIbHAS TOATOTOBKA IMOBEPXHOCTH JleTasieit
0] HAIUIABKY;

TEXHOJIOTUM HaIUIaBKH, 00ecrednBaroniine MUHHU-
MaJIBHOE TPOIUIABICHUE OCHOBHOTO METaJlIa;

HaJIe’KHas 3alluTa CBapOYHOI BaHHBI OT BO3JEiC-
TBUSI KHCJIOPOJA M BOJIOPOAA;

MIPEIBAPUTENBHBIN MOAOTPEB U 3aMEJIEHHOE OX-
JaXJeHUEe TOCTe HAIUIaBKH;

BO3/IE}iCTBHE Ha MEPBUYHYIO CTPYKTYpYy Harjas-
JICHHOTO METalia;

TepMuUecKas oOpadoTka Mociie HaIUIABKU;

HaHECEHHE MPOMEKYTOYHOTO IOCTOA.

Ilepen HammaBKOW BBICOKOJIETMPOBAHHBIX CILIa-
BOB, 0COOCHHO M3 IIBETHBIX METAJJIOB, IIOBEPXHOCTh
JeTanell JOJDKHA ObITh OYMIIEHA OT OKCHUAHBIX ILIe-
HOK M )KHPOBBIX 3arpsi3HeHU. [{i1st aToro npoBoanTcs
MexaHudeckas o0paboTKka METayUIOPEKYIIUM HHC-
TpyMeHTOM (pe3usl, (pe3bl, nuMpOoBaIbHBIE KPYTH)
C TIOCIIEAYIOUINM 00e3KUPUBAHUEM OPTaHUYECKUMHU
PacTBOPUTEISAMHU MM 00pabOTKAa XUMHYECKH aKTHB-
HbIMU (urrocamu. Takasi ounucTKa CIocoOCTBYET JTyd-
LIEMY PaCTEKaHHUIO M CMaYMBAHUIO IOBEPXHOCTH Hall-
JaBJIAEMON MEeTamu JKUIKUM TPUCATOYHBIM MeTall-
oM. OcoOeHHO ATO Ba)XKHO INPH HAIUIAaBKE C MHHHU-
MaJIbHBIM WM HYJIEBBIM MPOIUIABICHUEM TIOBEPXHOC-
TH, KOTJIa TIPOIecC Mo (PU3NIECKON CYIIHOCTH MPHO-
JIMDKaeTcsl K Mpolieccy MaiKH.

BriOop TexHONOTWI HamjgaBKu B OOJBIIMHCTBE
cilyyaeB 00yCIIOBJIEH HEOOXOJUMOCTBIO 0OecTIeUeH s
TOYHOTO COJIEPXKAHMS JIETHPYIOIIUX JIIEMEHTOB B
HAIJIaBJICHHOM METaJlIe, OT KOTOPOTO 3aBUCST CIy-
xKeOHble cBoWcTBa netaneid. [IpomnaBneHue OcHOB-
HOT'O MeTajla M €ro NepeMeIlUBaHNue ¢ HallJIaBJIeH-
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HBIM JIOJDKHO OBITh OJIM3KUM K HYJIO. DTOMY YCJIO-
BHIO YAOBJIETBOPSIOT CIIEAYIONINE CITOCOOBI HarliaB-
KH: TUTa3MEHHAs; UHIYKIIMOHHAS HATUTABKA 3aJIMBKOM
YKUJIKOTO MPHCATOYHOT0 METaIa; IEKTPOIIAKOBas
JIBYMS SJICKTPOAHBIMU JIECHTAMU WM C IPUMEHEHUEM
CIICITUANTBHBIX aKTUBUPYIOMINX (IIFOCOB; THOPUIHBIC
TEXHOJIOTUY HATUIaBKH.

O6mwmM (HU3UYECKIM U TEXHOJOTHYCCKUM TIPU3-
HAaKOM JTHX TPOIIECCOB SIBISETCS pa3JelieHHe TIIaB-
JIEHUs MPHUCAJOYHOr0 MeTajjla U TOJ0rpeBa OCHOB-
HOTO MeTauia.

B nagane 1940-x romoB paspaboTaHa HaruIaBKa
KUJIKAM TIPUCATOYHBIM METAUIOM [4], Ipy KOTOpOit
paCIUIaBJICHHBIN, HAIPUMEP, B MHAYKIIMOHHOHN Me4yu
WM DJIEKTPOTHUIJIE, METal BBUIMBAETCS Ha IOBEp-
XHOCTh JISTalld, TMOJIOTPEBAEMOU CIIa0O0TOYHBIM Y-
TOBBIM pa3zpsanoMm. [Ipr MUHUMAaTEHOM MPOILIABICHUH
JIETaN MPOU3BOIUTEIHHOCTh TOCTUTAETCS] BHICOKOH,
HO TIPU 3TOM TpeOyeTcsl JOMOJIHUTEIBHOE AIIEKTPO-
o0opymoBaHre. DTOT CIOCOO HAIEN OTPaHUYCHHOE
MIPUMEHEHUE JUTS HATUIABKH HEOOJIBIINX JIeTalleH Jier-
KOIUTAaBKMMH CIUIaBaMH, HampuMmep, 6adouramu Juist
BKJIAJBIIICH M BTYJIOK MOAIIUIHUKOB CKOJBKCHHUS.
B coBpeMeHHBIX yCIOBHAX 3Ta TEXHOJIOTHS HAXOIUT
MpUMEHEHNe KaK IeHTPOOeKHas 3aJIMBKa WM Hall-
JlaBKa, a TakXe Kak HaljaBKa HaMOpakKHBaHUEM C
WCTIOJIh30BaHNEM OOpPUIHBIX (DIFOCOB JII OYMCTKH
MOBEPXHOCTH JIeTald OT OKCHIHBIX TUIEHOK M aKTH-
Banu ee [3].

[Ina3zMeHHass HamIaBKa € MPUCAAKOM MOPOLIKa
3HAYUTEIHHO OTJIMYAETCS OT APYTHUX CIIOCOOOB HAIl-
JaBKU TIO0 TUMY MPUMEHSEMOro 00OpyJOBaHUS, Ma-
TepHalaM U TEXHOJOTHMYECKUM BO3MOXKHOCTSIM [5].
OCHOBHBIMH €€ MPEHMYIIECTBAMH SIBIISTIOTCS BBICO-
KOoe KayecTBO (POPMHUPOBAHUS M TMOJy4eHUE TpeOy-
€MOr0 XUMHUYECKOTO COCTaBa HAIUIABJICHHOTO MeTall-
JIa y’Ke B IIEPBOM CJIO€; MUHUMAJIbHBIC MTPOILJIABICHHE
M TepMHYECKOE BO3/ICHCTBHE Ha OCHOBHOW METAaJIT;
MEJIKO3EpHUCTAsl CTPYKTypa HAIUIABICHHOIO METal-
J1a; BO3MOKHOCTh HAIJIAaBKH CIUIaBa JIIOOOTO cocTaBa
MIPH UCTIOJIB30BaHUH TIPHCAIOYHOTO TTOPOIIIKA, TOTy-
YEeHHOTO PaCIbUICHHUEM JKUKOTO MeTalljla; HaJeKHas
3alIUTa Karejlb MeTajula U CBapOYHON BaHHBI MHEp-
THBIM Ta30M.

Ha mpomeccrl B3anuMoeiicTBHS KHIKOTO TIpHCa-
JIOYHOTO METajlla ¢ TBEPABIM OCHOBHBIM METAJLJIOM
BIIUSIFOT TeMIIepaTypa B 30HE HAIUTAaBKH M XHMHUYEC-
KHii COCTaB MeETaJJIOB. [JyOWHA MpOILIaBICHUS
YMEHBIIIAETCSI TPH UCIIOJIb30BAHHUH MTPUCAIOTHBIX Ma-
TepHajoB ¢ Ooyiee HU3KOHM, YeM y H3JIEJHs, TeMIle-
patypoil maBnenus. [lpm Oonbpmielt pasHuiEe TeM-
repaTyp MOYKHO IMOJTyYUTh MEHBIIYIO TIIyOUHY IIPOTI-
napieHusl. CyIIeCTBEHHO YIYYIIUTh pacTeKaHUE
KUJIKOTO TIPUCATOYHOTO MaTephalia M CMadnBaHUE
MMOBEPXHOCTH HAIUIABIISIEMOMN JeTanu 0e3 ee OIliaB-
JICHHSI MOKHO, TOOABHB MTOBEPXHOCTHO-AKTHBHBIE BE-
IecTBa, HalpuMep, 0Op W KPEeMHHH B CIUIaBbl Ha
OCHOBE KOOabTa, HUKEIS, Xpoma.
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YcTaHOBICHO, YTO TeMIlepaTypa TUIaBJICHHS JNC-
MEPCHBIX TOPOILIKOBBIX CIIJIABOB HM)KE TEMIIEPaTyphl
TUIABJICHUST MAacCHBHBIX 00pas3noB [6]. Ilonmkenue
TeMIIepaTyphbl IUIaBieHus nopomka A7 1o cpaBHe-
HUIO C TEMIIepaTypoH miaBienus 7' CIuIomHoro (mMac-
CHUBHOT0) 00pa3iia MOXKHO OIpPEIENUTh Mo (GopMmyIie

AT = 2T(csl,3 - 01,2)/[01,3 - (02,3 + 61,2)d]=

1€ G| 3, Gy, — COOTBETCTBEHHO k03¢ unreHT mno-
BEPXHOCTHOT'O HATSKEHHs TBEPJOTO MeTalljia U pac-
I1aBa; G, 3 — K03 hunHeHT Mex(pazHOro HaTsKe-
HUSl Ha TPaHUIE «TBEPABIH MeTaI—paciuiaB»; d —
muamMeTp (pa3Mep) YacTHIIHI ITOPOIITKA.
CrnenoBaTenbHO, MPUMEHEHUE TTOPOLIKOB TpeOyeT
MEHBIIETO TEIJIOBIOKEHHS B IPUCATOYHBIA 1 OCHOB-
HOM MeTaJul, 4eM HaIlUIaBOYHbIE MTPOBOJIOKH U JICHTHI
CIUTIOIITHOTO CE€YEHHs, YTO MPUBOANT K MEHBIIIEMY TIe-
perpeBy M pacIUIaBICHHUIO MOBEPXHOCTH JETAJH.
Harpes u pacmaBienne OCHOBHOTO MeTala Terl-
JIOTOH CXKaTol Ayru oleHuBaercss S(PQPEKTHBHBIM
KIIJI, KoTopbIii NpH MIa3MEHHOW HaIulaBke 1, ==
= 0,68...0,72. Ha HarpeB M pacliaBle€HHE 30HBI
MIPOTUTABIICHHS 3aTPAYUBAETCS TONBKO 9acTh A ex-
TUBHOW MOIIIHOCTH, KOTOpasi OLIEHUBAETCSI TEPMUYIEC-
kuMm KIIJI, 3HaueHus: KOTOPOTo OMPECICHBI YKCIIe-
pumenTanbHo [7] (, = 0,32...0,34). [lnomans npon-
JIABJIEHUS MOXXHO OTPENEIUTh U3 (HOPMYIIBI

n,=s.v

mp p.H

pH_/(IUn),

rie SHp — TUTOIIAAb MPOTIIABICHUS, oM’ paBHas Bh;
B — mmpuHa 30HBI IPOIUIABICHHS, CM; /I — TITyOnHa
TPOTIABJICHHS, CM; V,  — PE3YJIbTHPYIONIas CKO-
pOCTh HaraBku, cMm/c; IUn — sddexruBHas Moml-
HOCTb CIKaTOM Nyru, BT, paBHas g ; p — IUIOTHOCTS
MeTala, I/eM; H_ — ynenbHas SHTabIHUs pacI-
JIABJICHHOTO MeTajljla, BKJIOYasi CKPBITYIO TEIUIOTY
r1aBiaeHusi, Jx/Mob.

Haubosnpiee KoMu4ecTBO YaCTHI] METAJUINIECKO-
ro MOpOIIKa, MOAABAEMOr0 Yepe3 CKaTyro Ayry, Io-
MajiaeT B CBApOYHYIO BaHHY B BUE Kanens. Hanbonee
KpyIHblE (pPaKLIUM MOPOIIKA IUIABSTCSA YK€ B CBa-
pOYHOI BaHHE, HO NPH ONPEEeNEeHHBIX PeKUMaX Hall-
JaBKM U COOTHOLICHHUSX PAa3MEPOB (Macchl) 4aCTHIL
MEJIKUX M KPYMHBIX (Qpakiuii OHH CTAHOBSTCS J0-
MOJTHUTENHHBIMU IIEHTPAMH KPUCTAJIIM3AINHA  WJIH
«MHUKPOXOJIOJWIBHUKAMU». JTa 0COOEHHOCTh IaH-
HOM TEXHOJIOTMM NPUBOAMUT K WU3MEJIBUYEHUIO JUTON
MUKpPOCTPYKTYpPbl ¥ IOBBIIIEHHIO MEXaHUYECKHUX
CBOWCTB HaruiaBiieHHoro meramia (puc. 1). Habmro-
JaeTCsl TAaKXKe CTPYKTYPHAsl HACIEICTBEHHOCTD B CHC-
T€ME «HAIJIABOYHBIA MOPOIIOK—CBapOyYHasi BaHHA—
HaIlJIaBICHHBIA MeTa» [8].

[Ipn nma3smMeHHO-NOPOIIKOBOM HAIIaBKe JOCTUTa-
eTCcs MUHUMAIIFHO JIOCTATOYHOE 3HAUCHHE MPOILIaBIIe-
HUSI IOBEPXHOCTH AeTanu (He Oonee 0,5...1,0 Mm) npu
J1051€ OCHOBHOI'O METAJLJIa B HAILIABIEHHOM Y, B Ipe-
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Puc. 1. Mukpoctpykrypsl (x400) HaruiaBieHHOH ObicTpopexymied ctanmu 10P6MS mpu BBeneHHH MOPOIIKA KPYMHBIX (pakiuil B
MIPUCAI0YHBIN MOPOIIOK MEJIKUX (PpakIuii: a, 6 — HaIIaBKa CMEChIO ¢ 100aBIeHneM COOTBETCTBEHHO 30 1 45 % KpyNHBIX (paKIHii;
6 — HepacIUIaBUBIIASCS YacTHIA TOPOIIKaA (B IIEHTPE) NPH T00aBICHUH KPYIHBIX (pakuuii

nenax 2...8 %. bonee toro, mpu HamaBke camog-
JIFOCYIONTUXCS HUKEITb-XPOMOBBIX CIIaBOB THa KoJ-
MOHOH, conepxkamux 2...5 % Oopa u 2...5 % kpewm-
HUS U IMCIONINX TeMIIepaTypy IUIaBJICHUS HIDKE, 9eM
y cTanm, oO0pa3oBaHHE COEIWHEHHs HAIUIaBIEHHOTO
MeTajjila ¢ OCHOBHBIM MOXKET MPOUCXOAUTDH MO THUITY
MasHOTO, T. €. MPaKTHYECKH 0e3 OIUIaBIeHHS IMOBEp-
XHOCTH OCHOBHOTO MeTajuia. MHOTOKpPATHBIC HCIIBI-
TaHuA U paboTa B TMPOU3BOJCTBEHHBIX YCIOBHUIX Je-
TaJeil 3amopHON apMaTypbl BBICOKUX MapaMeTpoB,
METAJUIOPEKYIINX HHCTPYMEHTOB (KOHIIEBBIE (pe3bl,
METYUKH, TMCKOBBIC HOXH, PE3Ibl), IeTaIeH dKCTPY-
JIEpPOB, IIYaHCOHOB U JPYTUX U3CIUN, HATIABJICHHBIX
C MOMOLIBI0 IJIA3MEHHO-TIOPOLIKOBON TEXHOJIOTHH,
MOKa3aJld BBICOKYIO NMPOYHOCTh CLEIUICHHs HarliaB-
JIGHHOTO METajlla C OCHOBHBIM.

Ha Bemuunny v, mpu IU1a3MEHHO-TIOPOIIKOBOM
HaIUTaBKe, KaKk M MPH BCEX CII0CO0ax TyroBOM Ham-
JIaBKH, HauOoJbllIee BIUSHUE OKa3blBaeT CHUJAa TOKa
JIyTH TPSAMOTo eidcTBUSA. OCOOSHHO 3TO 3aMETHO MPHU
HeOOJNBIION TONIIUHE HaruiaBisiemoro cios. C yBe-
JUYEHUEM MAacCOBOW CKOPOCTH TMOJAYX TMOPOIIKa U
TOJILMHBI CJIOSI PACIIMPSETCS AMANAa30H TOKOB, MPHU
KOTOPBIX Y, HaXOIUTCs B MHpeenax 2...10 %, drto
OOBSICHSICTCS YMEHBIICHHEM MPSIMOTO BO3JICHCTBUS
JlyTH Ha OCHOBHON MeTaJll.

Ha mnpomnaBieHne OCHOBHOrO MeTajla 3HAYM-
TEJBHO BIIMSAET YBEIMYEHHE Pacxofa Mia3Moolpasy-
OLLET0 ra3za. TO CBA3aHO CO CTEIECHBIO CHKATUS IyTH
U COOTBETCTBEHHO BO3PACTAHUEM IABJICHUS ILIa3MbI
JlyTW Ha METaJul CBAPOYHOM BAaHHBI U IPOILIABIISIIO-
el CocoOHOCTH. AHAJIIOTHYHO, HO B MEHBIIEH CTe-
MEHN BIMAET Pacxo]] TPAHCHOPTHPYIOLIETo Taza. B
Ka4yeCcTBE IIa3MO00pa3yIOIIero, 3allUTHOTO U TpaH-
CITOPTUPYIOMIETO Ta30B IMPH ITOW TEXHOJOTHUU TPH-
MEHSETCS aproH.

B ornuumne oT TpaguUMOHHBIX METOAOB AYTrOBOM
HaIUIaBKU IPHU IJIa3MEHHO-IIOPOLIKOBOM HE MpOUC-
XOJIUT U3MEHEHUS TMPOIUIABIICHUS C yYMEHBIICHUEM
WM YBEJIMYECHUEM PACCTOSIHUS OT IUIa3MOTPOHA 10
W3IeNus (JUTMHBL IyTH). Y CTOMYUBOCTD JIYTH PSIMOTO
NEHCTBUS COXPaHICTCS, HO MPU PACCTOSHUU JI0 W3-
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nenust 0ojiee 15 MM BO3pacTaioT MOTEPH TOPOIIKA
U yXYAIIAeTCs 3alllyiTa HAIUIABIIIEMOTO MeETaia.

MaccoBasi CKOpOCTb ITOJIa4H TTOPOIIIKA CBsI3aHa C
CHWJION TOKa OYTH M CKOPOCThIO HaruiaBku. [Ipum on-
HOBPEMCHHOM YBCJIIMYCHHUU JTUX TPEX IMapaMETpOB
pexuMa Bo3pacTaeT mporuiaBieHue. Pexomenmyercs
CKOPOCTh HAIUIABKH OTPECIISITh 0 CIeyIomei dhop-
myne [5]:

v, =G /puBH,

rie G, — MaccoBas CKOPOCTh MOJIa4l MOPOLIKA, I/C;
U — KO3 HUIMEHT MOTHOTHI BaJlMKa NPU TUIa3MEH-
HO-TIOPOILKOBOM HarutaBke, paBubiil 0,8...0,85; B,
H — mmpuHa 1 BBICOTA HAIIABJICHHOTO BAJIHMKA, CM.
IIpumensiemMble ISl TJIa3MEHHOM MOPOIIKOBOM
HAaIUIaBKH TPAHYJIHNPOBAHHBIC IMOPOIIKA YEPHBIX H
[BETHBIX METAJJIOB OTIMYAIOTCS OONBIINM Pa3HOOO-
pa3ueM COCTaBOB U MOTYT OBITh M3TOTOBJICHBI pac-
MBUICHHEM TPAaKTHYECKH M3 JII000TO CIUIaBa, MPEexKIe
BCETO CIUIaBaMH HA OCHOBE JKelie3a, HHUKENs, MEIU
1 KoOanbTa. BemencTBrue TeXHOMOTHYECKUX OCOOCH-
HOCTEH TMJIa3MEHHO-TIOPOIIKOBOM HAIUIABKU COCTaB
HaIUIaBJICHHOTO METajula B TIEPBOM CIIO€ COOTBETC-
TBYET XUMUYECKOMY COCTaBY MPHUCATOYHOIO MOPOLI-
ka. [Ipu ornmuHOM (HOPMHUPOBAHMM HAILIABICHHBIX
BaJINKOB B OOJIBIIIMHCTBE CIy4aeB ATO MO3BOJISET OT-
PAHUYUTHCS OJTHOCJIIONHOW HAIIABKOW U 3HAYUTEIIb-
HO YMEHBUIUTh MPUIYCKU HA MOCIEAYIOIIYI0 MeXa-
HUYECKYI0 00paOOTKy HAIUIABICHHOW JETalH.
@nrocel U1 BBICOKOTEMIIEPATYPHOU Maliku U
CIUIaBBl C TEMIIEPATypOd IUIABJICHUS HUXKE, YeM Y
KOHCTPYKITMOHHBIX CTaJeH, MPUMEHSIOT B BUIC IITHUX-
ThI [IPM MHAYKIUOHHOHN HaruiaBke [9]. Ilpu Harpese
B BBICOKOYACTOTHOM II0JIC CHAaYaja IJIaBUTCS (IIroc,
conepxamuii Oypy, OOpHBIA aHTHIPHUI U CHIIUKO-
KaJbLMH, KOTOPBI OYUIIAET MOBEPXHOCTh JETAIU OT
OKCUIHOU TUICHKH, 4 3aTeM IIJIABUTCS M PACTEKACTCs
[0 AaKTUBUPOBAHHOW MOBEPXHOCTH MPHUCATOYHBIH
Marepuall. lIporecc HHIYKITMOHHONW HATUIABKU IIPO-
XOJIUT B 3TOM cllydyae Kak IpH MaiKe, a pa3HUIA B
TeMIiepaTypax IUIaBIICHUS HCKIIOYAeT BO3MOKHOCTH
NepeMEIINBAHUsI OCHOBHOIO METalla C HaIlJIaBJICH-
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Puc. 2. Makponum¢ HaraBiieHHOTo 00pasna (a) 1 MEKpocTpykTypa (x400) (6) BEICOKOMapraHieBoi cranu (cBepXy), HalIaBJIeHHON
Ha CT3 ¢ npuMeHeHnEeM KOMOMHHUPOBAHHOIO IPHCAIOYHOTO MaTepuaa

HBIM BBICOKOJIETHPOBAHHBIM CIIaBOM THra CopMamT.
N3rorosiieHHBIE 10 3TOH TEXHOJIOTMH JIEMEXH TTyTOB
ycrnemHo paboTaioT B yCIOBHUAX MHTEHCHBHOTO ab-
pPa3suBHOrO H3HOCA.

TexHONIOoruss TOPU30OHTAIBHON 3JIEKTPOLUIAKOBON
HAIUTaBKH ABYMS JIEHTaMH, pa3paboTaHHas aBCTpUKC-
koit upmoii «bémnep» nu UDC um. E. O. [larona,
MIPUMEHSIETCS JJISi W3TOTOBJICHUS OMMETATHIECKUX
TUTACTUH (HU3KOYTJIEPOAUCTAs CTallb + HepiKaBerolas
cranb) [10]. YcTOHUMBBIN DIIEKTPONIIAKOBBIN IMPO-
Hecc MPOTEKaeT MPH MCHONb30BaHUU (TOPUIHBIX
HU3KOKpeMHHCTHIX (hrrocoB Tuna AH-2611 u 48-O®-
10, a 3epkano BaHHBI MTOJHUMAETCS B 3a30pe MEXKILY
nentamu Ha 20...30 MM HaJ MOBEPXHOCTHIO OCHOB-
HOTO MeTayia. DTO TO3BOJIIET CHHU3HTH JOJIO OC-
HOBHOT'O M€Tajia B HarjaBjieHHOM 710 5...8 %. Eme
MEHbIIIEE 3HAYEHHE Y, MOXKHO IOJIYYUTh MPU IIIEK-
TPOLNIAKOBOW HAIUIaBKe MEJIU Ha CTajb C MPUMEHe-
HAEeM (PTOPUAHBIX M OOPHIHBIX (IIFOCOB, coaepika-
umx CaF,, NaF, KF, Na,B,0,, B,0,, kotopsie ak-
TUBUPYIOT TIOBEPXHOCTH JIETANN U PACIUIABIISIOT MTPH-
cagousbiii metam [11]. IIpu aToM npenorspariaercs
MOSIBIIGHUE TPEIIVH B CTAJIM HAa TPAHMIIE CIIIaBICHUS
U pacKJIMHUBAIOIIee NEHCTBHE KUAKOH Meau, IMpo-
HUKarole B 3tu TpeuwHbl (3ddekr Pebunuepa),
KOTOPOE MMEET MECTO TIPH OOBIYHO AIIEKTPOIyTOBOI
HaIUIaBKe CO 3HAYMTENbHBIM TporuiaBieHueM. llpu
3TOM TIPOIIECCe MPUMEHSIOT TTACTUHYATHIE AIIEKTPOIBI
Y TUIABSIIUECS MYHAIITYKH B BEPTHUKAIBHOM IIOJIO-
KEHUH TIPH TEMIIepaTypax HIDKE TeMIlepaTyphl IIaB-
nenus Huskoyrnepoauctoil cramu (1200...1350 °C).

Mesx3epeHHbIe TPEeIMHB B OCHOBHOM MeTale,
pactpocTpaHAOmuecs: OOBIYHO TEPIEHIUKYIISIPHO
TpaHMLe CIUIaBICHHS, MOTYT 00pa30BaThCs P Harl-
JIaBKE MEIHBIX CIUTaBOB Ha pAn ctaieil. [Ipumenenue
MOJICTIOST M3 XPOMOHHKENEBOH (heppUTHO-ayCTEHUT-
HOW CTalM C CO/AEpP)KaHHEM B CTPYKTYpe HE MeHee
40 % ¢eppuTHOi (ha3bl HOTHOCTHIO HCKIIOYAET BO3-
HUKHOBEHHE TOJOOHBIX TPEIIUH MPHU MOCIICTYIOIICH
HaIlaBKe Ha TaKOW MOJACION CIUIaBOB HAa MEIHOMU
ocHoBe. MHOTIa HEOOXOAUMOCTh TIOJICIIOS MOYKET BbI-
3bIBAThCA M JIPYTUMU NTpuarHaMu. Hampuwmep, mpu dk-

5/2011

Aoz

CIUTyaTalliy HAIUIaBIEHHOM JIETalli B YCIIOBHAX Tep-
MOLIMKJIMYECKHX HArpy30K H3-3a pasnuuuid Kod(pu-
[UEHTOB JITHEWHOTO PaCIIMPEHHs OCHOBHOTO M Harl-
JIABJICHHOTO METAIOB BO3HMKAIOT OOJbIIME TEpMU-
YEeCKHe HAIPsHKEHUs], BbI3BIBAIOLIME pa3pyIIeHUs B
pe3ynbTaTe TePMHUYECKOH YCTaIOCTH TIOCTE BO3Jeic-
TBUSI OINpPEJETICHHOI0 KOJMYECTBA ITUKJIOB.

K »T0li rpynne TeXHONIOruii MOXXHO OTHECTH TaK-
xe paspabarbiBaembiii B Kapl'TY cnoco6 HaraBku
C MPUMEHEHHEM KOMOWHHPOBAHHOTO TPHCATOYHOTO
Matepuana. HesHauntenpbHOe NpoIIaBIeHUE MOBEP-
XHOCTH HaOJIO/aeTCsl TOJIBKO MO KpasiM HarlIaBJICH-
HOTO BaJldKa IIUPUHOM 23 MM M BBICOTOH 6,5 MM
(puc. 2, a) npu 4eTKOM IpaHulle CIUIABICHUS B CPE-
Hel 4acTh ceueHHs Bainka. [BepAOCTh HallJIaBJICH-
HOTO MeTajula (BBICOKOYTJIEPOJHCTas MapraHIeBas
cTaib) B mepBoM cioe coctasisier HRC 44...52. B
MHUKPOCTPYKTYpE HaOII0IAI0TCS BECbMa MEJIKUE JICH-
JPUTHI, pacTyliyde OT TOBEPXHOCTH OCHOBHOTO Me-
Taua, ¢ OONBIINM COACP)KAaHUEM ayCTEHUTa U Map-
TeHcuta (puc. 2, 0).

[locite HarIaBKK BBHICOKOJIETHPOBAHHBIX CILIABOB B
OOJNBIIMHCTBE CIyYaeB IMPOBOJHUTCS TEPMOOOPaOOTKA
B BUjie OTIycKa. J[JIs1 HUKeTb-XpOMOBBIX CIUIABOB THIIA
HX15CP2 310 BBICOKHMII OTIyCK NpH TeMmIlepaTrypax
600...700 °C B Teuenne 3...24 9 s mepepacrpene-
JIEHUs] BHYTPEHHMX HANpSHKEHWH B COSIMHEHUM DPa3-
HOPOJHBIX CIIaBoB. COKpaIIeHHYIO0 TepMOOOpaboTKy
B BUJE JIBYX-, TPEXKpATHOrO oTiycka npu 560 °C npu-
MEHSIFOT JJIs OBICTPOPEXKYIIMX CTallel TOCTe Ta3MeH-
HO-TIOPOIIIKOBOW HAIUIABKH METAIOPEKYIIETO HHCT-
pyMeHTa mpocToil (OpPMBI (JMCKOBBIE HOXKH, PE3LbI).
OTIycK HE TOJMBKO CHIDKAET BHYTPEHHUE HAIPSKSHUS
B OBICTPOPEKYIICH CTanu, 3aKaJHBAIOLICHCS Ha BO3-
Jlyxe B Tpollecce HAIUIaBKH, HO M TIOBBIIIAET BTOPHUY-
Hyt0 TBepuocth 10 HRC 63...64 nns Boib(dpamo-
MonMOAeHOBBIX cTaneil u g0 HRC 66...67 mis Ko-
OanpToBBIX crasieil. [Ipy HamiaBke 3aroTOBOK MHOTO-
JIC3BUHHOT'O MHCTPYMEHTA TEPMOOOPa00TKa ObICTpOpE-
KYIIUX CTaled MPOBOAMUTCS TO TIOJIHOMY ITHKITY ISt
TaKUX CTaJled: OTKUT + 3aKajka + OTIIyCK.
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