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BBEOEHUE

[Mpn NOBEPXHOCTHOWM 3aKarnke HarpeBarT N OXNaXKAAKT TONbKO NOBEPXHOCTHbIE CrOU
Aetanu, N03TOMy M3MEHSAETCH CTPYKTypa TOMbKO 3TUX croes. B pesynbTarte Takon Tepmuye-
ckon obpaboTku nonyyaem getarnb, Yy KOTOPOW MOBEPXHOCTHbIE CMOM OYeHb TBEpAble, a
cepAueBUHa - NnacTuyHasi U BA3Kas. ATO OCHOBHOE NPENMYLLECTBO NOBEPXHOCTHOW 3aKasnku
MO CPaBHEHMIO C 3aKarkon Mpu CKBO3HOM HarpeBe (BCneactsBme NNacTUYHOM CepaLeBUHbI
yMeHbLUAeTCs XpynkocTb Agetanu). [1pn 3TOM NOBEPXHOCTb AeTanu NoYTU He oKucrnseTcs,
Tak Kak npouecc ocyulecTsnseTcsa 6bicTpo 1 gedopmMaumsa getany yMeHbLIaeTCs B CBA3N C
HarpeBOM U OXNaXKgeHUeM TONbKO HaPYXHbIX CNOEB.

Mpy NOBEPXHOCTHOWM 3aKkarike cokpawaeTcsl BpeMsi 06paboTkn gertanen, 4to yBenu-
yYMBaeT NPomM3BOAUTENBHOCTL 06opyaoBaHMA. osBRNsSeTCs BO3MOXHOCTb BKMOYEHUS ore-
pauun 3akanku n oTnycka B obLMi NOTOK 06paboTKM Ha METaNMopexyLmux CTaHkax 1 non-
HOM WMNW YaCTMYHOW MexaHu3auun KU aBToOMaTM3auuu NPOM3BOACTBEHHLIX Nnpoueccos. [lo-
BblLLEHME AO0NTOBEYHOCTM NpY NOBEPXHOCTHOM YNPOYHEHUN 0B6BbACHSETCA cnegytowmm: 1) B
MOBEPXHOCTHbIX YNPOYHEHHbIX CIIOSX CO34alTCHA OCTATOYHbIE HANPSHKEHUS CKaTus; 2) Npoy-
HOCTb MeTanna pasnuyHa no rnybuHe (MakcMmarnbHas NPOYHOCTb HA MOBEPXHOCTU) N COOT-
BETCTBYET yCcnoBusiMm paboTbl AeTanen npu nsrnbe n KpyvyeHun; 3) noBepxXHOCTHbIE Crou 3a-
KaneHHbIX AeTanen, UMes BbICOKME TBEPAOCTb, MPOYHOCTb M M3HOCOCTOMKOCTb, obecneyun-
BalOT JOCTATOYHYK NPOYHOCTb BCEW AeTanu.

B coBpeMeHHOM MaLUMHOCTPOEHUN MEeTOoAbl NOBEPXHOCTHOMO TEPMWUYECKOrO YNnpou-
HEeHNsA codeTatoTCs C MEeTO4OM XONOAHOM Nnactudeckon gedopmauun (obkaTtka ponukamu,
Haknen Apo0bbio), YTO NPMBOAUT K YBEITMYEHMIO HAMPSXKEHUIA CXKaTusA B MOBEPXHOCTHBLIX CrO-
AX N yBENUYMBAET CPOK CryX0Obl AeTanen. Harpee npu noBEpXHOCTHOM 3akanke MOXET npo-
N3BOAMTBLCA pasHbiMK criocobammn: ToKamm BbICOKON M MPOMbILUNIEHHOW YacTOTbl, NNa3MeH-
HOW CTpyen, NasepHbIM U3ryyeHnem n 1.4.

Tema 1. MUHOYKUWOHHAA 3AKAJTKA

MHAOYKUMOHHBIM HarpeB Onsi TepMuyeckor obpaboTkn, nNpeanoXeHHbIin n paspabo-
TaHHbIM Npod. B. . BonorgmHeiM, aBnseTca NponsBoanTENbHLIM U NPOrPeCCUBHBLIM CMOCO-
6om Harpesa. [py NpMMeHeHUn ero Ans NOBEPXHOCTHOW 3aKarikv MOXHO MOMy4MTb pasHbli
no rnybuHe 3akaneHHbI CNoN 1 3akanueaTb AeTanu pasHoobpasHOn KOHMUrypaumm; MOXHO
TaKkKe NOMHOCTbI0 aBTOMaTU3NPOBaTb NPOLLECC 3aKarkKu.

lMpn NOBEPXHOCTHOM 3akanke (MOBEPXHOCTHOM Harpese) rnybuHa Harpesa 4o Temne-
paTyp 3akanku npuMepHo paBHa rnybuHe 3akaneHHoro crosi. CTpykTypa cepaueBuHbl Mpu
3TOM ocTaetca 6e3 M3MeHeHusi, No3TOMY €€ YMPOYHST NpeaBapuUTeNbHONM TEPMUYECKOM
obpaboTkon (Hopmanusauuen unu ynydweHuem). [nsi NOBEPXHOCTHOrO HarpeBa getanu

HeobX0ANMMO CKOHLEHTPUpoBaTh BOMbLIOE KOMMYECTBO 3MEKTPUYECKON 3HEeprun B Hebonb-



oM obbeme mMeTanna (yaensHas moluHocTb 0,5-1,5 kBT/cm?) n npoBoauTb Harpes ¢ 6onb-
wumu ckopoctsamum (30-300°C/c). Bpems Harpesa npu aTom coctaengeT 1,5 - 20 c.

OcHOBHOE OTNMYMe UHOYKLMOHHOIO Harpesa OT Harpesa B nevax u gpyrux Harpesa-
TenbHbIX YCTPOMCTBAX 3aKrtoyaeTcs B TOM, YTO TeNno He NOABOANUTCA K AeTann OT BHELUHUX
NCTOYHUKOB (KOHBEKLMEN UMK Ny4encrnyckaHueM), a BbigenseTca HenocpeacTBEHHO B CaMoWn
aetanu.

7 PaccmoTpyM npuvHUMnManbHyto cxeMy Harpesa (pwc.

A 1). NepemMeHHbIN aNeKTPUYeCKUin TOK NOABOAMTCS K
'/, MHanpabnenue
/’ moxa

undyamope nHOykTopy 2. 3akanveaeMylo getanb 1 nomewaT B

MHOYKTOP. BHYTpU nHOyKTOpa BO3HMKAET nepemMeHHoe
MarHUTHoe norse, WHAYKTUpYloLee B MOBEPXHOCTU

AeTanu anekTPOoABWXKYLLYIO cuny, nog AeWCTBUEM KO-

Hdnpa(fmmue .
moxa 8 TOpou B MeTasruie BO3HUKAKT 3J1EKTPUYECKNEe BUXpe-

demanu

Bble TOKM (Tokn Pyko), BbI3biBaAKOLWME HArpeB getanmu
Puc. 1. Cxema MWHAYKUMOHHOIO 0O BbICOKOW TemnepaTypbl. Tenno BblAensieTca Ha
Harpesa: 1 - getanb; 2 - UHAYKTOP TeX y4yacTkax getarnu, Kotopble noasepraroTca BO3

AEUCTBMIO NEPEMEHHOIO MarHUTHOrO NONS N 3NEKTPUYECKOro Toka. ATo obecnevmBaeT Bbl-
COKYI0 CKOPOCTb Harpesa W MO3BOMSET NPOU3BOAUTL MECTHbIM Harpes. locne HarpeBa Ha
pas3orpeTyro NOBEPXHOCTb U3 Cnipenepa BbIOPbI3rMBaETCs 3akanoyvHas XUakocTb (Cnpenepom

MOXET CMYXMUTb cam MHOYKTOP B BUAe Moo TpYyOKnN C OTBEPCTUSIMM).

XapakTepHbIM SIBMSIETCA pacnpeaeneHme TOKOB Mo ce-
YeHuo NPoBOAHKUKa (aeTanun). NNOoTHOCTb NpoTeKatoLLe-

ro nepeMeHHoOro Toka 3Ha4nTesibHO fonblue Yy noBepx-

—

HOCTW, YeM BO BHYTPEHHUX CMOSIX NPOBOAHUKA (pucC. 2).
—2 Takoe HepaBHOMEpPHOE pacnpeneneHve nepemMeHHoro

TOKa B NMpoBOAHUKE Ha3blBAe€TCA MOBEPXHOCTHbLIM 3(*)-

finomuyocms moxa A
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W
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dekToMm. Bnarogapsa atomy adppekty neTtanb Harpesa-

eTCa Ha onpefeneHHyto rmybuHy, a cepaueBnHa - He-

3Ha4YnTeNbHO 3a cCYeT TernonpoBOAHOCTU UMM COBCEM

[}

PaccmoAnue om nobepxnocmu He HarpesaeTcs. [TNOTHOCTLIO TOKa B rnyboko pacro-

Puc. 2. PacnpegeneHne MNnoTHO- JOXEHHbIX Coax AeTanu npeHebperatoT; cHnTaroT, YTo

CTW NEPEMEHHOTo ToKa MO0 NPO- o7y yaery, NPOBOAHMKA Kak Obl cBoB6oaHA OT Toka. OTO

BOOHUKY: 1 - OencreutenbHoe
pacnpegeneHne; 2 - YCrnoBHoe [AONyLleHWe OTHOCUTCA K TEM CIOAM NPOBOAHWKA, B KO-
pacnpegeneHue

TOpPbIX

MIOTHOCTb TOKa CHUMXaeTCA I'IpVI6J'IVI3VITeJ'IbHO B3 pada no cpaBHEHUIO C NITIOTHOCTbIO TOKa Ha



NOBEPXHOCTU MPOBOAHMKA. YCrnoBHO cuMTaeTcs, 4to I'IepeMeHHbIIZ TOK MgeT He C HepaBHO-
MepHOIZ, a C 0QWHAKOBOW MNOTHOCTbLIO MO CroH0 npoBOAHMKA onpe,u,eneHHoﬁ FJ'Iy6VIHbI.9TOT
CIon HasblBaeTCA FJ'Iy6I/1HOI7I NPOHUKHOBEHNA TOKa. Takoe yCNnoBHOE pacnpenerneHue nnotT-
HOCTK TOKa Ll.enecoo6pa3Ho B CBA3UN C TEM, YTO Ha yCJ'IOBHOl7I FJ'Iy6VIHe NMPOHNKHOBEHUA TOKa
Bblaensaetcs okono 87% Bcero Tenna, BblAeNsAemMoro BUXPEBLIMN TOKaMMW. Takum o6pa30M,
pacnpepneneHne Toka no KpVIBOIZ 3aMeHAETCA YCIOBHbIM pacnpeneneHnemM rno 3alTpuxo-

BaHHOMY y4yacTKy. nybnHa npoHMKHOBEHWSI TOKa nNpu Temnepatype 20°C, Mm

820 = 20//F 1)

roe f - yactoTta ToKa, u. Ee yacto HasbiBalOT «XONOAHOM» FNyOMHOW MPOHMKHOBEHUS TOKa
Sxon. NMyOMHA NMPOHUKHOBEHMSI 3aBUCUT OT 4acTOTbl TOKA: YEeM BbllLIe 4acToTa TOKa, TeEM
MeHbLUE ero NPoHWKHOBEHME B rMybuHy aetanu. bonblias pasHuua B rnybuHe NnpoHMKHOBE-
HWUs1 ToKa HabngaeTcs Npu HarpeBe 40 TeMnepaTypbl, KOrga MarHMTHble CBOMCTBA CTarb-
HOW AgeTanu noHwkarTcs. MarHuTHble CBOWCTBA CTanu pes3ko MOHMXaKTCA Npy Temnepary-
pe, 6nuskon K Temnepartype B Touke Ai, KOrga nepnut npesBpallaeTcs B ayCTeHUT. Bbiwe
TemnepaTypbl TOYKM A1 3BTEKTOMAHAS N 3a3BTEKTOMAHAA CTanu HeMarHuTHbl. [JosBTekTona-
Hasi cTanb YaCcTU4YHO TepsieT CBOM MarHUTHbIE CBOMCTBA Mpu TemnepaTtype B Touke A; (nep-
NUT, NPeBPaTUBLLMIACA B ayCTEHUT), a YacTUYHO Npu TemnepaType B Touke A, (768°C) (cBo-
6oaHbI heppuT). MMybuHa NpoHMKHOBEHUS Toka Npy 850°C Bo MHOro pas 6onbLue rnyouHbl
NPOHMKHOBEHNS Toka npu 20°C (tabn. 1). MMybrvHy NPOHWKHOBEHMS TOKa MpW Harpese OO0
TemnepaTyp Bblle KPUTUYECKMX (B FOPSYMA MeTar) YacTo Ha3blBalOT «ropsden» rinyobuHom

NPOHUKHOBEHNA TOKa 6rop.

Tabnuua 1.
"MyBuHa NPpOHUKHOBEHMSA TOKa B AeTanb 13 ctanu 45
YacToTta Toka, Iy My6bnHa NPOHMKHOBEHNSA TOKa, MM
npu 20°C n u=50 npu 850°C n u=1

50 4.5 80

2500 0,64 11

8000 0,35 6,2
70000 0,12 2,1
1000000 0,032 0,55

MpnbnmxeHHo Takas rnybuHa NPOHUKHOBEHWS TOKa, MM

Srop - 600/ /T

(2)

YuntblBasi u3aMeHeHue rnyobuHbl NMPOHMKHOBEHWS TOKa Mpu pasHOM TemnepaType,

npouecc MHAYKUMOHHOIO HarpeBa MOXHO NpeacTaBuTb B Takon nocnegosaTtenibHOCTU. CHa-
Yana ObICTpo HarpeBaeTcsa Crown onpeaeneHHon rnyouHbl, paBHbIA rMybrHe NPOHMKHOBEHNS

TOKa B X0SiI04HbIN MeTann. lNocne noTepun 3Tum CrioeémM MarHUTHbIX CBOWCTB rny6|/1Ha NMPOHUNK-



HOBEHUSA TOKa YBENMYMBAETCA U HauyMHaeT ObICTPO HarpeBaTbCA CrneayloLwmii Cnon, pacno-
NOXEHHbIN rNyGxe, a NoBbILEHME TeMNepPaTypbl B YK€ HarpeTom crioe 3amegnsercs. MNMocne
NOTEPU MarHUTHbIX CBOWNCTB BTOPbIM CIIOEM HauMHaeT ObICTPO HarpeBaTbCA TPETUI CMOW U
T. O.

Takasa nocnegoBaTenbHOCTb HaArpeBa YKas3biBaeT Ha TO, YTO MPU MHOYKLMOHHOM
HarpeBe Tenmno ObICTPO pacnpoCTpaHSAEeTCA B CBSA3N C U3MEHEHMEM MarHUTHbIX CBOWCTB
(pnc.3). Harpee B npegenax rnyobuHbl NPOHUKHOBEHUS TOKA B rOpsiuMini MeTann npoTtekaeT
aKTMBHO M OCYLLECTBNAETCH 3a cyeT npeobpasoBaHUs ANEKTPUYECKOW SHEPTnn B TEMNSOBYIO.
Takon HarpeB HasblBaeTCs aKTUMBHbIM HarpeBOM C NMOMOLLBIO ToKa. Harpes meTanna B npe-
aenax rnyoduHbl NPOHNUKHOBEHMS TOKA B rOpSunin MeTan NpoucxoanTt BbICTPO (3a CEKyHAbI).

3a npepgenbl 3TOM rMyOMHbI NPOHUKHOBEHUS TOKa (B riybokonexawume criom) Tenno
MOXeT pacnpoCTPaHATLCS NULWb B pe3yrbTaTe TeNnonpoBOgHOCTH.

PacnpepneneHvne Temnepatypbl N0 CEYEHWUIO AeTanu nNpu akTMBHOM Harpese C NOMOo-

b0 TOKA UMK B pesyribTaTte TennonpoBOAHOCTU pasnnyHoe (puc.4).
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Puc. 3. T[pacdmk wuHaykumoHHoro Puc. 4. PacnpegeneHve TemnepaTtypbl MO CEYEHUIO
Harpesa aetanu:
1 - aKTMBHbIN HarpeB C MOMOLLbIO TOKa; 2 - Harpes
BCreacTBMe TEennonpoBOAHOCTU; X« - TOMLWMHA 3aKa-
NEHHOro Cros
HarpeB ¢ NOMOLLLIO aKTUBHOIO TOKa XapakTepusyeTca MarbiM rnepenagomMm Temnepa-

Typbl B Npefenax HarpeToro crnosi U KpyTbiM CnagomM BO BHYTPEHHEM Crloe, elle He noTe-
PSIBLLEM MarHuUTHbIX CBOWCTB (KpmBag 1). Npu HarpeBe Bcneactene TENSIONPOBOAHOCTU Mne-
penag Temnepatypbl 60nbLOW (NeperpeB NOBEPXHOCTHLIX CroeB AeTanu, kpusas 2). Nosbl-
LUeHne TemnepaTypbl MOBEPXHOCTU AeTanu Nnpu HarpeBe BCNeacTBME TEMnonpoBOAHOCTM
HeobXxoauMO ANs YyCKOpPEeHWs npolecca Tennonepeaaydun, Tak kak pacnpocTpaHeHve Tenna B
pesynbTate TennonpoBOAHOCTN COBepLUaeTcs MeasnieHHo. YTobbl npu Harpese BcneacTeme
TENMonNpPOBOAHOCTU MOMYYMTb 3afaHHYH0 rNyOMHY 3aKarieHHOro Crosi, NPUXOAUTCS NPOU3BO-
AUTb HarpeB ONIMTENbHOE BpeMsi, YTO MPUBOAMT K MEPEHOCY 3HAYMTENbHOrO KONMM4yecTBa

Tenna B cepaueBuHy AeTanu (6onblune TennoBble NOTEPM), B CBA3M C YEM pacxod SHeprum



yBenu4ymBaeTcs. [oaTomy ecnm HeobxoaMMo HarpeTb MOBEPXHOCTb AeTanu Ha onpeneneH-
Hyt0 ryOUHY, TO HY)XHO MPUMEHATb HarpeB 3a4aHHOro CNOs C NMOMOLLBIO aKTUBHOIO TOKa.
3710 gocTuraeTcsa npaBuiibHBIM BbIOOPOM ONpeAeneHHbIX 3Ha4eHMI CKOPOCTM Harpesa u Ya-
CcTOTbl TOKa. CKBO3HOWM HarpeB Aetanu obecneynBaetcs 60MnblWMM gMana3oHOM NapaMeTpoB
HarpeBsa, HO U B 3TOM clny4ae Heob6X04MMO OCYLLEeCTBNATL ObICTPbIA HArpeB, YTOObI yMEHb-
WNTb TENsoBblE NOTEPU U3MyYEHUEM C NOBEPXHOCTU AeTann U yBenuMynuTb Npou3BoauTENb-
HOCTb HarpeBaTeNbHbIX YCTPONCTB.

1.1. UHaykTopbl. KayecTBO geTanen, 3akaneHHblX Npy Harpese C NOMOLLbIO T. B. Y.,
B OOMbLION CTEeNeHW 3aBUCUT OT KOHCTPYKUUW WMHAOYKTOpa, €ro YCTaHOBKM M PacCTOSHUSA
MeXay WHOYKTOPOM M HarpeBaemow fgetanbto. VIHAYKTOpbl M3roTOBMAOT U3 MeOHbIX TPYOOK,
MO KOTOPbIM ANS OXNaXaeHWsi NPOonycKatoT BoA4y. M3roToBNAT Takke MHAYKTOPbI, B KOTOPbIX
HarpeBaroLLas YacTb KOMOMHUPYETCA C OXNaXaarLWmMm OyLeBbiM YCTPONCTBOM, Yepes KOTo-
poe Ha HarpeTyto geTanb NocTynaeT oxnaxaarolas XuakocTe. [Ina paBHOMEpPHOro Harpesa
Heobxoanmo, 4ToBbl paccTosiHMe OT MHAYKTOpa 40 AeTanu 6bI110 BO BCEX TOYKaX O4MHAKOBO.
O6bI4HO 3a30p Mexay MHAOYKTOPOM M HarpeBaeMou getarnbto coctaBndet 1,5-3 mm. LunuH-
ApvYeckne geTtanu paBHOMEPHO HarpearoTcst 6narogapsi BpalleHuo B nHaykrope. Ana ge-
Tanen Kaxagoro Tvna U3rotToBnAT OTAENbHbIM UHOYKTOP, KOH(UIypauusa KOTOporo cooTeeT-
CTBYeET (popme 3akanusaemon getanu.

PaanuyaloT uHOykTopbl Ans Harpea: 1) BHeELHEW NOBEPXHOCTU LMANHOPUYECKMX
aetanen; 2) BHYTPEHHEN MOBEPXHOCTU LMNMHAPUYECKUX AeTanen; 3) nriocCKOW U CIIOXHOM
noBepxHocTen getanen. B ogHOM 1 TOM Xe MHOYKTOpPE Hemnb3s HarpeBaTb pasfnunyHble Mo
dopme n pasmepy getanu.

Hanbonee pacnpocTtpaHeHbl KOHCTPYKUMM OAHO- M MHOFOBUTKOBbIX MHAYKTOPOB (puc. 5).
OOGblYHblE MHAOYKTOPLI UMEIOT HU3KMA K. . 4. (60-70%) BcneacTemne paccesHUs anekTpomar-
HUTHOrO NONA. YMEeHbLUEHNE NOTOKa pacCesHns 1 KOHLEHTPaUMs SNeKTPOMarHMTHOro Nons B
HY>KHOM HanpasneHnn 4OCTUraeTcs NPUMEHEHNEeM MHOYKTOPOB C MarHMTONPOBOAOM.

Mpn HanMuYMM mMarHUTONPOBOAA, C TPEX CTOPOH OXBATbIBAKLLErO aKTUBHYK YacCTb WMHAYKTO-
pa, NPOUCXOAUT KOHLEHTpaUUss MarHUTHOrO Nonsd Mexay WHOYKTOPOM M HarpeBaeMoun no-
BEPXHOCTLI0. [1pn 3TOM pe3ko Bo3pacTaeT K. n. 4. uHayktopa. MarHmtonpoBoapbl B Buae na-
keTa, HabpaHHOro u3 ToHkmx (0,2 MM), M30NIMPOBaHHbIX APYr OT Apyra NMMCTOB TpaHcdopma-

TOPHOW CTanu, NpUrogHbl AnNg MHAYKTOPOB, paboTatowmx npu yactotax go 10000 Mu.



Mpn paboTte Ha OonblKMX 4a-
CTOTax TaKoW MarHMTonpoBof
He NpUrodeH, Tak Kak ObICTPO
HarpeBaeTtcs. UTobbl B npouec-
ce HarpeBa Ha OOnbLUMX YacTo-
Tax  MarHuTonpoBog — Maro
HarpeBarncsi, ero W3roToBMsOT

n3 Marepuanos, MMeELNX npu

Takux 4yactoTax marble noTtepu
] Ha rMCTepesnc 1 BUXpEBbIE TO-
Puc. 5. MHOoykTOpbl ANs Harpeea: a, 4 - HapyXXHbIX MO-

BEPXHOCTEN LMNUHAPUYECKUX aeTanen; 6, e - BHYTpeHHMUX Ku. Takumu matepuanamv ss-
NMOBEPXHOCTEN UMMMHOPUYECKNX OEeTarneun; B - HapyXHbIX
NOBEPXHOCTEN KOHMYECKUX OeTanewn; r, 3 - NIOoCKMX no-
BEPXHOCTEN AeTane MeToooM MepeMeLLEeHst; X - ¢ Ay- HOBble MaTepuanbl-okcudepbl
LeBbIM OXNa)KaeHnem

JNIAI0TCA MaArHUToan3aneKTpuknn

(beppuThl). MarHutognanek-
TPUKM  MpeacTaBndaAlT  cobon
MOPOLUOK MarHUTOMSArKOro Mma-
Tepuana,

CMELLAHHbIA N CNPECCOBAHHbIN C MU30MMPYIOLLUM BELLECTBOM (OMINEKTPUKOM), Hanpumep,
Gakenutom, HUTponakamu, nonmcTvponom u gp. B kayectBe martepuana gns MarHUToau-
3NEKTPUKOB NPUMEHSIOT KapbOHUITbHOE Kene3o HEBOCCTAHOBMEHHOE; KapOOHMIbHOE Xene-
30 BOCCTaHOBMEHHOE, HanpuMmep, OTOXOKEHHOe B aTMocdepe BOAOPOAA; anbcudepsbl - xe-
nes3o-KpeMHUN-antoMUHNEBbIe crnaebl; okcudepbl (hbeppuThl) (okcmndep - okeugHbIn dep-
pomarHeTuk; deppuT - HasBaHue coeguHeHun Tuna MeFe,Os, rae M - NOH ABYyXBaneHTHOro
metanna (Fe, Ni, Mn, Cu, Zn »n gp.). - NOPOLUOK OKCMAOB METAsoB, CMELLUaHHbIW, CPecco-
BaHHbIN M cneveHHbIi npyu 1100-1400°C. B npon3BOACTBEHHbIX YCNOBUAX Haunydlwmve pe-
3ynbTaTbl MOMy4YalTCA NPU UCMNONMb30BaHMN MarHUTOMPOBOAOB, M3rOTOBIIEHHbIX U3 Kapbo-
HUMbBHOrO Xene3a (BOCCTaHOBMEHHOIO) U U3 OKCUepoB.

1.2. CnocoObl MHAYKUMOHHOWM 3akKanku. VIHOYKUMOHHYKO 3akanky npoBogaT pas-
NNYHBIMK cnocobamun B 3aBMCUMOCTM OT pasmepa U (popMbl AeTanen u npeabsBnsaemMbiX K
Hen TpebosaHui. MNpn 3akanke HeBONbLIMX AeTanen NPUMEHAETCS Harpes 1 BCnea 3a aTum
oxnaxkgeHue Bcen NOBepxHOCTW. [leTanb NnoMeLarnT B UHOYKTOP U cpa3y HarpesatoT, a 3a-
TEM BCIO MOBEPXHOCTb, Nognexaiuyto obpaboTke, oxnaxgatoT. Hanbonee 4acto npuMeHsOT
AylweBoe oxnaxaeHue. Ha BHyTpeHHe NOBEPXHOCTN UHAYKTOPA MMEKTCS MHOTOYUCIEHHbIE
OTBEPCTUS, Yepes KOTopble NOCre HarpeBa Ha NOBEPXHOCTb NOCTyNaeT BOAA wunuv gpyras 3a-
KanoyHas cpepa. 3akanky getanen 3HauuTenbHOM [fVHbI NPOBOAAT  HEnpepbiBHO-

nocrnegosaTtesnibHbIM cnocobom. [detanb yCTaHaBnmMBaloT B UEHTpax u And paBHOMEPHOCTU



HarpeBa HenpepbiBHO BPaLLAOT C OnpeaenieHHOW CKOPOCTbIo. 3akanka npoucxoguT npu ne-
pemMeLleHnn NHOyKTopa CHU3Y BBepX (Co ckopocTtbto oT 0,3 fo 3 cm/c). MNMpu Takom nepeme-
LLIeHMM B MarHUTHOE nose MHAYKTopa nocnegoBaTteribHO NonagatoT OOUH y4acToK AeTanu 3a
apyrvm. og MHOYKTOPOM pacrofioKeHO oxnaxaarouwee yCTPOMCTBO, NpeacTaBnsoLlee co-
GON COrHyTYHO KOMbLIOM TPYOY C MHOrOYUCNEHHBIMU OTBEPCTUSIMWN HA BHYTPEHHEN NOBEPXHO-
CTW, Yepe3 KOTOpble Ha HarpeTble y4acTKu AeTanu nocTtynaeT Boga M3 OyLIEBOro ycTpon-
ctBa. Takum o6pa3om, HenpepbiBHO-NOCHe4OBaTENbHO HarpeBaeTcs M oXnaxgaeTcs BCHA
NMOBEPXHOCTb AeTarnu.

Ecnn HeobGxoamMmo 3akanuTb OTAenbHble YacTu AeTanu, To LenecoobpasHo npume-
HATb cnocob nocnegoBaTeNbHOM 3akanku, Npu KoTopom obpabaTbiBaeMasi MOBEPXHOCTb
HarpeBaeTCsa M OXnaxgaeTcs No 4acTsaM, HanpuMmep, nocrefoBaTenbHasa 3akanka Kakaoun
LUEMKN KONEeHYaToro Bana, Kakgoro Kynadka pacnpegenurernibHOro Banuka, kaxgoro 3yba
KpynHOMOAynbHOro 3yéyatoro koneca u T. N. [na TOYHOW YCTaHOBKM AeTanu B UHOYKTOPE U
obecneyvyeHns onpeaeneHHoro 1 OAMHaKoOBOroO HarpeBa M OXNaXOeHUs KaXXaou HarpeBaemon
Aetanu, oT Yero 3aBMCUT Ka4eCTBO MHOYKLUMOHHOW 3aKarku, NPpUMEHST crnelmasnbHble npu-
cnocobneHuns, yCTaHOBKM, aBTOMAaTbl 1 MOfyaBTOMaThl Pa3fiMyHbIX KOHCTPYKLMNA.

Pexum WMHOYKUMOHHOrO HarpeBa onpeaensieTcs 4acToTOM ToKa, YAENbHOW MOLLHO-
CTbiI0 M BpeMeHeM HarpeBa. YactoTa Toka onpeaenser 3KOHOMMUYEecKyro adhpeKkTUBHOCTb
WMHOYKUMOHHOrO HarpeBa. Hanbonee Bbicokui K. n. 4. ungykropa (0,7-0,8) nonyyaeTca B ToM
cnydvae, Koraa HammeHbluasi KenaTenbHas YactoTa Toka, Heobxoaumas Ansa ocyuiecTene-
HWUS1 MHOYKLUMOHHOIO HarpeBa,

_ 20000
e
D

roe D - guameTp HarpeBaemow aetanu, cMm.

My,

MpK NOHMXKEHUN YaCcTOTbl TOKA YBENUYMBAETCA YAENbHbIA pacxon 3NeKTPO3HEPrum u
3HaAYMTENbHO YMEHbLUAETCS K. N. 4. MHAYKTOpa. HanmeHbllasa BO3MOXHasA YactoTa Toka (npu
K. N. 4. nugyktopa 0,3-0,54)

~ 5000
1- F

I'Ipvl YyacToTe TOKa MeHblue, YeM fi HEBO3MOXHO OCyLECTBUTb Harpes AIA 3aKallky,

My

TaK Kak K. N. 4. MHAYKTOpa Npu 3TOM HACTONbKO Marl, YTO 3Hepriu, nepefaBaemon B AeTarb,
He4OCTaTOMHO ANs KOMMeHcauun TensoBbIX NOTepb W Harpeea Aetanu 4O TemnepaTtyp 3a-
kanku. Noatomy ans obecneyeHms BbICOKOrO K. M. 4. UHAYKTOpPa U 9KOHOMWUW 3NEKTPOIHEP-
M1 NPy MHOYKUMOHHOM HarpeBse crieqyeTt NPUMEHATb YacToTbl bonee BbICOKME, YeM YacToTa

fo. Mpwn BbIBOPE YaCTOTbI TOKA HEOBXOAMMO YUUTbIBaTL TakKe U TOSLUNHY 3aKarieHHOro Cros.
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Puc. 6. 3aBncumocTn BpemeHu Harpesa tc (CnnowHble nvHMKM) K coobuwaemMon aetanu
YAENbHOW MOLLHOCTU Po (LUTPMXOBbIE NUHUM) OT AnameTpa D HarpeBaemow LunNuHOpuYe-
CKOW AeTanun AnA pasnuyHbIX TOMLWMH 3aKaneHHOro Cnosi X« MpW pasnunyHbIX YactoTax: a -

250000 INy; 6 = 8000 INy; B = 2500 Iy
[ins onpeneneHns pexxMMoB HarpeBa Npu MOBEPXHOCTHOWM 3akarike MOXHO MOSb30-

BaTbCcA puc. 6. Npegnonoxunm, HeobxoamMmo 3akanuTb Ban gnametTpom 60 mm Ha rnybuHy 4
mM. Onpegensiem, 4TO 3akarnky Ha rnybuHy 4 MM cnegyeTt NpoBOAUTb MpU Harpese C NOMO-
Wbt Toka YyactoTon 2500 Mu. CnepoBaTenbHO, HYXXHO NONb30BaTbCH puc. 6, B. [Ind nonyye-
HUA 3akaneHHoro cnos 0,4 cm Ha Bany gnameTpom 6 cm, Heobxoaum Harpes B TedeHune 5,5-
6 ¢ npu yaensHou MowHoctu p0 - 0,9 kBT/cm?.

Monyyaemble AaHHblE TONbKO OPUEHTUPOBOYHLIE: MO HMM MPOBOAMTCS 3aKanka He-
CKONbKMX OMbITHLIX AeTarnewn, nocrne aHanuM3a KOTOPbIX PEeXMM HarpeBa MOXeT ObiTb ycTa-
HoBneH 6onee onpeaeneHHo. VHAYKLUMOHHYIO 3aKanky NPOBOAST Ha cneumanbHbIX YCTaHOB-
Kax, TOK K KOTOPbIM NoAaeTCsl OT MaLLMHHbIX UM NaMnoBbIX reHepaTopoB. MallunHHbIE reHe-
paTtopbl umetoT YacTtoTbl oT 1000 go-10000 My npu mowwHocTn 60-1000 kBT, a namnoBble re-
HepaTopsbl - YacToTy 4o 100000 My n mowHocTb oT 5 go 220 kBT.

1.3. CBoncTBa cTanu nocre MHAYKLUMOHHOW 3aKanku. Pe3ynbtaTtbl MHOYKLMOHHOW
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3aKarku 3aBUCAT OT BbIbOpa Mapku cTanu, peXxvMMoB npeaBapuTenbHON Tepmmnuyeckon obpa-
BOTKM, PEXMMOB MHOYKLUMOHHOIO HarpeBa, OXnaxaeHus n HU3Koro otnycka. o cpaBHeHuto ¢
00bIYHON 3aKankon MHAOYKUMOHHAA 3akanka npuaaeTt ctanu 6onee BbICOKy0 TBEPAOCTb (Ha
HRC 1-2) 1 NpOYHOCTb NPU OTHOCUTENBHO MEHBLLUEM MOHMWKEHUN BA3KOCTU, a Takke Gonee
BbICOKU Npeaen BbIHOCNMBOCTU. OTU NpeuMyLliecTBa 00yCnoBreHbl M3MenbYeHneM 3epeH
aycTeHuTa. C yBenuyeHnem CKOpoCTU Harpesa (C NoBblLLIEHNEM CTENeHn nepeHarpesa) pes-
KO BO3pacTaeT YMCIO LEHTPOB NeprimTo-ayCTeHUTHOro npespaLleHus. NMoatomy obpasyetcs
O4YeHb Merkoe HavanbHOe 3epHO aycTeHuTa (M3-3a OTCYTCTBUS BbiAEPXKKM NpU Temnepartype
3aKarnku pocTta 3epHa He npoucxoauT). iamenbyeHve 3epHa aycTeHuTa npyMBoaUT K YMEHb-
LUEHNIO pa3mMepoB KpucTannoB mapteHcuTta. [1pn MHAYKUMOHHOM HarpeBe MOXHO NOSyYnTb
3epHO aycTenuTa 12-15-ro 6anna (npwu HarpeBe B ne4vax - 7-10-n 6ann). Ons nony4yeHus
MEsIKoro 3epHa aycTeHuTa npu MHAYKLMOHHOW 3akarnke HeobxoaMMo NpUMEHATb: cTann, Ma-
110 CKMOHHbIE K POCTY 3epHa aycTeHuTa, a Takke nogsepraTb 3akanke getanu ¢ Menkoguc-
NepcHON NCXOAHOW CTPYKTYPOW.

lMoBbiWweHne npegena BbIHOCAMBOCTM CTanu nocrne MHOYKLMOHHOW 3aKarnku CBA3aHO
C pacnpegeneHvem octaTouHbIX HanpsbkeHui (puc. 7). B 3akaneHHOM crnoe nmerTcs ocTa-
TOYHbIE HaNPSHXKEHUA CXaTus, a 3a NpegernamMmmy 3akaneHHoOro Cros - HanpsKeHust pacTsxe-

HUA. anHMHOVI YCTanoCTHbIX pa3pymeHMl7| ABNAOTCA TOJIbKO pacTtdrmBaroLne Hanpsa>KeHuA.
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Puc. 7. BnnaHne ocTaToyHbIX HanpskeHun B Puc. 8. TemnepaTypbl MOMHOW 3akanku
NOBEPXHOCTHO-3aKaneHHoOW feTanu Ha pacnpe- [OO3BTEKTOMOHOW YrrnepoamcTon  ctanwu
AeneHve pabounx HanpsXXeHU Mo CEYEHUI0 Ae- NPW Pasnu4YHbIX CKOPOCTSIX Harpesa (npwu
Tanu: 1 - pacnpegeneHve oCTaTOYHbIX Hamnpsi- WCXOAHOW HOPMAariM30BaHHOW CTPYKTYpe)
XEeHW nocrie NoBepxXHOCTHOW 3akanku; 2 - pac-
npeaeneHne HanpsXeHun, Bbi3BaHHbIX n3rnba-
OLLMM MOMEHTOM; 3 - pesynbTupyloLas anpa
Hanps>KeHn

Mpn pabote HanpsbkeHUs cxatusa OyayT ocnabnsaTtb pactaruBarowme (paspyliato-

LLI,VIe) HarnpsaxeHnd, BO3HUKarLWmMe B pesyribTaTte OENCTBUSA BHELUHUX CUIT. I'IoaTomy nocne
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WHOYKUMOHHOWM 3aKarnku npegen BbIHOCNUMBOCTM NoBbIWaeTcd. PaccMoOTpuM OCHOBHbIEe hak-
TOpbl, onpeaengtoLLme BbICOKMI KOMMMEKC CBONCTB NpW MHOYKLMOHHOW 3aKarke.

CkKopocTb HarpeBa npu MHOYKUMOHHOW 3aKarke Benuka, a Bpemsi Harpesa mano (He-
CKOMbKO cekyHA). [NoaToMy Ang 3aBepLUeHUs NpeBpaLLeHnin cTanbHyo AeTanb HYXXKHO Harpe-
BaTb 40 6onee BbICOKMX TemMnepaTtyp, YeM HOpMarbHasi TemnepaTtypa 3akankm npu Harpeee
B nevax (pwuc. 8). Yem Gonblue B cTanu yrnepoaa, T. €. YeM MeHbLUe n3bbiTO4YHOro deppuTa,
TEM MeHbLUEe BIIMSHWE CKOPOCTWN HarpeBa Ha TemnepaTtypy 3akarnku. Temnepatypa MHOYKL M-
OHHOW 3aKariku 3aBUCUT He TONbKO OT XMMUYECKOro cocTasa CTasnu, HO U OT UICXOLOHOW CTPYK-
TYpbl U CKOPOCTU Harpesa. cxogHas CTpykTypa cTanu MoXeT OblTb pa3nu4yHON: OHa 3aBu-
CUT OT TOro, KaKon NpeaBapUTESNIbHOM TepMuyeckon obpaboTke noaBepranachb cranb: OTKU-
ry, Hopmanusaumm unu ynydwenuno. Ha puc. 9 npuBeaeHbl MHTEpPBasnbl ONTUMarbHbIX TEM-

nepaTtyp MHAYKUMOHHOWM 3akanku ctann 50 B 3aBUCMMOCTU OT CKOPOCTW Harpesa U MCXOL4HOM

CTPYKTYpBbI.

op OmMoXmewHan cmpyxmypa HopmanusoBawnan crmpyxmy- !//)yuwemm;&crz’pykmypa

nepaAuUm + geppum pa nepaume«cemxa @eppuma
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Puc. 9. 3aBucMmocCTb MHTEpBana onTumarbHbIX TeMAepaTyp 3akanku ctanm 50 oT ckopocTu
HarpeBa 1 NCXOAHOW CTPYKTYpbI
Hanbonee y3kun nHTepBan onTMMarnbHbIX TeMnepaTyp UHOYKUWMOHHOW 3aKarnku - Ang

OTOXOKEHHOW cTanu; Haubonee LMPOKUIN - ANS YNyYWeHHON. JTOT MHTepBan paclumMpseTcs
rnmaBHbIM 06pa3oM B pesynbTaTe NOHWKEHWUS €ro HWXHEN rpaHuubl. ATO 06BbACHAETCS TeMm,
YTO UCXOAHbIE CTPYKTYPbl OTNMYAOTCHA CTEMEHbIo AMcrnepcHoCcTM das. Yem gucnepcHee mc-
XO[4HasA CTPyKTypa, Tem ObicTpee npoTekaeT npespalleHne npu Harpese (MpespalleHune
nepnuta B ayCTEeHUT NpoTekaeT MeArieHHee, Yem copbuta). Takum obpasom, AUCNEPCHOCTb
NCXOOHOWN CTPYKTYPbI ONpefenseT pexum Harpesa 1, cnefosartenbHo, pasMmep 3epHa aycre-
HuTa. lMpn HOpManuM3oBaHHOW CTPYKTYpe AO3BTEKTOUAHOW CTann MOXHO MOMy4YuTb 3epHO

aycteHuta 11 - 12-ro 6anna; npu 3akanke yryyleHHbIX CTPYKTYp MofyyatT CBeEpXMeskoe
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3epHo aycTteHuTta 14-15-ro 6anna. CkopocTb HarpeBa B obnactu ¢asoBbix npeBpaLleHui
onpegensaetcs rnybuHon Harpesa.

Mpn MHAYKUMOHHONM 3akanke Heobxoaumo oxnaxaaTb ObICTpo, 6e3 noacTyXMBaHWUS
HarpeTon NOBEPXHOCTM M pacnpoCcTpaHeHns Tenna B rnybb agetann. MoXHO NnpMMeHATb pas-
NNYHbIE CNOCOObI OXNaXaeHust: 3akanky ObICTPOABUXKYLLENCA BOAOW UM Macriom, Norpyxe-
HWe B BOAY UNn Macno.

LLInpoko NpUMeEHSsIIOT oxnaxaeHue AywemM Unu noTokoM BoAbl (BbiCTpoaBuMXyLLEncs
BoAon). OToT cnocob obecneunBaeT GOMbLUYIO MHTEHCMBHOCTb OXNaXXAeHUsl, OUKCUPYET B
MapTeHcuTe Hanbonbluee KONMYEeCTBO yriepoaa (ecnu CKOpoCTb OXNaxaeHus B UHTepBarne
TemnepaTtyp MapTEHCUTHOro npespalieHns MeHble 600°C/c, nponcxoaut OTMYCK MapTeH-
cuTa), YTO NO3BONAET NONYYNTb Hanbonee BbICOKYI TBEPOOCTb.

Ana nonyyeHus BbICOKOW TBEPAOCTU M MPedoTBPaLLEHUSA MOSABEHUSA 3aKaroOYHbIX
TPELNH CKOPOCTb ABWMXEHMS BOAbl OTHOCUTENbHO AeTanu ormkHa ObiTb B npegenax 5-30
m/c. MNpumeHeHne camooTnycka (120-150°C) npy MHTEHCMBHOM OXNaXneHun ObICTpOaABM-
XyLlencst Bogon NPakTUYeCKM He CHDKAeT TBepOOCTb (BO3MOXHO CHumkeHune Ha HRC 1-2) n
rapaHTupyeT OT NOsIBNEHUA TpeLwmH. Npn MHAYKUMOHHON 3aKarnke KpoMe OxnaxaeHust Bogon
NPUMEHSIOT TaKKe 3aKanoyHylo cpeay «akBa-nnacry.

1.4. OTnyck um camooTtnyck. [locne VMHAOYKUMOHHOW 3akankv geTtanu noasepraroT
HU3KOTEMMNepaTypHOMY OTNYCKY C HarpeBom B ne4dn npu temnepatype 150-250°C. Takon oT-
MycK, HEe3Ha4MTEeNbHO CHWXasi TBEPAOCTb, MOBbILIAET MPOYHOCTL Mpu n3rmbe (B 2 pasa),
CHWXKaeT BHyTpPeHHUe HanpshkeHna (Ha 25-30%) Kak Ha NOBEPXHOCTU, TaK U B CEpPALIEBMHE,

3aepXXunBaeT caMOoNnpOU3BONbHbIA pacnaj

*
800 MapTeHcuTa, NPUBOASALLMNIA K KOPOBeHuo n
N3MEHEHNIO pa3MepoB. TOHKOCTEHHbIEe Ae-
600 Tanu (TonwwmHa couamepuma C rnyémHon
w00 NMPOHMKHOBEHNSA TOKa) MOryT MoABepraTbCcs
OTNYCKY C  WHAOYKUUOHHBLIM  CKBO3HbIM
200 HarpeBoMm. [lpu WHOYKUMOHHOW 3akanke
0 LLUIMPOKO MPUMEHSIIOT CaMOOTMYCK.

Mpn 3akanke C €aMOOTMNYCKOM

Puc. 10. Cxema nameHeHus Temnepartypbl no
CeYeHMI0 fgeTanu npu 3akanke ¢ caMooTnyc-
KOM: He MOSIHOCTbIO, @ MNPEpPbLIBAETCH C TaKUM
1 - nepea Hadanom oxnaxgeHusd; 2 - nocne
npekpaLleHmsl nogayn oxnaxgarLwen Xnako-
CTW; 3 - MOCne BbIPABHMBAHNS (CamMoOTMyck); Tenna npousoLen OTnyck 3akaneHHoW fe-
tsac - TEMNEPATYpPA 3aKanku; tom - TEMNEPATYpPa
camooTnycKa

Mpouecc 3akanku ¢ camooTnyckom npueeaeH Ha puc. 10. Kpueasa 1 xapaktepuayeT pacnpe-

oxnaxgeHue nocrie Harpesa npon3BognuTcd

pac4yeTomMm, 4YTOObI 3a cyeT COXpaHuBLLEerocd

Tanu, aHanorM4HbIN OTMNYCKY B NeYu.
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AeneHvne Temnepartypbl B HarpeTon getanu. lNocne yckopeHHOro oxnaxaeHus B 3akaneHHOM
cnoe obpasyeTca CTpyKTypa MapTeHcuTa u Temnepartypa nagaet go 100°C n Huxe.

B aToT nepwog pacnpeaeneHve temnepaTypbl XxapakrepuayeTca kpuson 2. [Npu npe-
KpalleHnn oxnaxgeHus TemnepaTypa MOBEPXHOCTHOro crosi nosblwaetca (kpuBas 3) 3a
CYeT COXpaHeHUs BbICOKOW TemnepaTypbl HEMNOCPEACTBEHHO 3a 3aKaneHHbIM CI0eM, YTO U
NPMBOAUT K OTNYCKY MapTeHCcUTa 3akaneHHoro cnosi. lameHasa Bpems oxnaxaeHus, perynm-
pyloT TemnepaTypy camooTnycka. [nd paBHOMEPHOro OXMaxAaeHus 3akannBaemon Mo-
BEPXHOCTM BpPEMS OXMNaXOeHus1 Npu 3akanke AoimkHa obiTb He meHee 1-1,5 ¢. OCHOBHbIMU
napameTpamMu pexmuma camooTnycka SABMNSATCH Temnepatypa U BpeMs Bblaepxku. Ha pe-
3ynbTaTbl CAMOOTNYCKa B OCHOBHOM BNUSAET Temnepatypa. [10aToMy npu CHUXeHUn Temne-
paTypbl HEOBXOAMMO YBENUYUTL BPEMSA BblAEPKKW. [Ns NONyYeHNs paBHON TBEPL4OCTM Mpu
camMooTnycke (Mo CpaBHEHMIO C OTMYCKOM B MeYn) NpUMEHSIIOT ©onee BbICOKME Temmneparty-
pbl, HANpumep, aAnga getanen u3 ctanu 45 Ha 75-85°C npu Temnepatype otnycka go 300°C n
Ha 100-125°C npu 6onee BbICOKMX TemnepaTypax.

Ana obecneyeHns cTabunbHbIX pe3ynbTaTtoB CaMOOTMNycKa NpoLecChbl MHOYKLUNUOHHO-
ro HarpeBa M OXNnaXaeHus OOIMKHbl OblTb aBTOMaTU3MpPOBaHbl. Boaa ons 3akanku gomkHa
nMeTb TemnepaTtypy B npegenax 15-35°C, ee nogayy perynvpytoT ¢ NOMOLLbLIO perne Bpeme-
HW. NpUMeHeHne caMoOoTnycKa CoKpallaeT AnUTeNnbHOCTb 06paboTkm (oTnyck B neun 1 -1,5
4), NpeoXpaHsAeT OT MNOSIBIIEHUSA 3aKanouvHbIX TPELLMH, NO3BONseT aBTOMaTM3npoBaTb MNpo-
Lecc TepmMmmyeckon obpaboTku.

1.5. NoBepxHOCTHasA 3aKarnka ctanu (NpyM NOBepXHOCTHOM HarpeBe).

CKOpOCTb BbICOKOYACTOTHOIO MHAYKUMOHHOrO Harpesa moxeT goxoautb Ao 300-500
K/c, 4To Ha 2-4 nopsgka 6onblie CKOPOCTU 0BbIMHOro NEeYHOro Harpesa. Bbicokasi cKOpoCTb
WHAOYKUMOHHOIO HarpeBa obOycrnoBnvBaeT BaXHble 0COH6EHHOCTM (ha30BbIX NpeBpaLLEHUA U
nony4aroLencsa CTpyKTypbl.

Ha puc. 11 BugHO, 4TO C MNOBbILEHNEM CKOPOCTM Harpesa ha3oBble NpeBpalleHust
cMewaoTca B obnactb 6onee Bbicokux Temnepatyp. K atomy cnegyet gobasBuTb, 4TO B
A03BTEKTONAHBIX CTaNAX NoBblWEHWE TeMnepaTypbl NPy NHAYKLUMOHHOM Harpese Kak bl 06-
roHseT audpdysmio yrnepoga,. B pesynbTate 4Yero u3bbITOYHbI peppuT npesBpallaeTca B

MarnoyrnepoancTbii ayCTEHUT.
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CnepoBatenbHo, TeMnepartypa BbICOKOYACTOT-

HOW 3aKarku AoSKHa ObiTb Bbile TeMNepaTypbl 3aKanku
npv 06bIYHOM NEYHOM HarpeBe, U TeM Bbille, YeM 6orb-
LUe CKOPOCTb Harpesa u rpybee BblaeneHnsa n3bbITOYHO-
ro dpepputa. Hanpumep, ctane 40 npu ne4HOM Harpese
3akanueatoT ¢ TemnepaTyp 840- 860°C, npu NHOYKUNOH-

HOM HarpeBe co ckopocTbto 250 K/c - ¢ 880-920°C, a npwu

g 7 w w: w¥ w*  cxopoctu Harpesa 400 K/c - ¢ 930- 980°C.

Iudcpmnz; € Bbicoko4acToTHOW 3akarnke enaTernbHO noaBepratb
Pvc. 11. Ovarpamma U30TepMU- cranb ¢ M3MENbYEHHON UCXOOHON CTPYKTYPON, ANS Yero
Yyeckoro obpasoBaHus aycteHuTa
B [O3BTEKTOMAHON cTanm ¢ MOXHO MCMONb3oBaTb HOpManM3aumio, a B OTAENb HbIX
0,45% C npu ncxopHoi eppu-  criyyasx 1 yryulleHue, T. €. 0Bbl4Hy0 CKBO3HYIO 3aKasky
TO-NEPIMTHON CTPYKTYpe

C BbICOKMM OTMYCKOM Ha copouT.

C yBenunyeHnem cTeneHu neperpeBa CKOPOCTb

3apoxae-
HWUS1 LEHTPOB aycTeHUTa pacTeT BbICTpee NMMHENHON CKOPOCTU MX pocTa. MoaTomy B ycnosu-
SIX BbICOKOYACTOTHOIO Harpesa, OTNINYaloLLNXCS CUMNBbHBIM NeperpeBoM Bhille Tovek Ay 1 As 1
OTCYTCTBMEM BbIOEPXKM MNPUM MaKCUmanbHOM Temnepatype, obpasyeTrca O4veHb Mernkoe
ayCTeHUTHoe 3epHo. Ero pasmep MoxeT HaxoauTbCs B uHTepBane 2-7 MkMm (0o Ne 14 no
FOCTy), B TO Bpem4 KaKk nNpy Ne4YHOM Harpese MoA 3akarnky 06blMHO 0bpasyroTcst ayCTEeHUT-
Hble 3epHa pasmepom 6onee 10 mkm (Ne 7- 10).

M3-3a 60nbLLON CKOPOCTU Harpeea u OTCYTCTBUS BbIAEPXKKM NPU MakCUMasibHON TEM-
nepatype uukna anddy3nMoHHblE MPOLIECChI OKa3blBaAKOTCS He3aBEPLUEHHbIMW, U Yrrepos
pacnpegeneH HeO4HOPOAHO B MUKpoobbemax aycteHunta. Hanpumep, B ctanm 40 moryT 06-
pa3oBaTbCs MUKPOY4acTKn aycTeHuTa, cogepxawme 1,7% C.

OuyeHb Menkoe 3epHo, T. €. 6onbLuast MPOTAKEHHOCTb MEX3EPEHHbIX FPaHNL, U Heoa-
HOPOAHOCTb B pacnpeeneHun yrnepoga genatT ayCTEHUT MeHee yCTOM4YMBBbIM Mpu nep-
NUTHOM npeBpaweHnn. NoaToMy nocne MHAYKLMOHHOrO HarpeBa TpebyeTcsa WMHTEHCUBHOE
3aKanoyHoe oxnaxgeHwue.

B Mukpoobbemax aycteHuTa C pasHOW KOHLEeHTpaumen yrnepoga obpasytorcsa Kpu-
CcTansnbl MapTEHCUTA, TakKe pasnuyaromecs no cocrtaBy. B yyacTkax aycTeHuTa C HU3KOW
KOHLeHTpaunen yrnepoga Touka M. Bbicokas (CM. puc. 12) n MoryT BblAENATbCA AUCNepcC-

Hble Kap6l/lﬂ,bl npu oxnaxgeHnn MapTeHCUTHbIX KPUCTaryioB B UHTeEpPBasne oT
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1000 M. OO KOMHaTHOM TemnepaTypbl. AYyCTEHUT C O4YeHb
MEemKMM 3epHOM MpeBpaLlaeTcd B O4YeHb MerKMe Kpu-
600 cTansnbl MapTeHcuTa.
%500 YKasaHHble Bbllle 0COOEHHOCTU CTPOEHUs mMap-
§ TEHCMTa B CTanu nocne MHAYKUMOHHOro Harpeea oby-
§é00 CNoBNUBAOT MOBLILIEHHOE COMPOTUBMEHNE XPYNKOMY
R

paspyLUeHN0 U Aaxe HEeckonbKo Gonbluyto TBEpAOCTb

(Ha 4-6 eq. HRC Bbiwe, 4emM npu 3akanke C ne4vHbIM

HarpeBom).
Fe 05 r0 15 €

3aKanky C BbICOKOYACTOTHbIM WMHAYKUMOHHBLIM Harpe-
Codepmanie, % (no racce) y ayKy, p

BOM, OTNMYaroLWyocs 60MbLLION NPON3BOAUTENBHOCTLIO,
Puc. 12. 3aBncumocTb TeMnepa- | upoko NpUMEHSIOT NS MOBLILEHUS] TBEPLOCTU MO-
Typbl paBeHcTBa aHeprum Mb6ca .
ayCTEHWUTa W MapTeHCUTa OauHa- BEPXHOCTU W3AENUiA, yBEnMYeHUst COMpOTUBMEHNS W3-
kooro coctasa (To) 1 TemMnepaty- paiusanmio n ycranoctu. NoBbIWEHWIO Npedena Bbi-
pbl M., OT cogepxxaHus yrnepoaa B
cucteme Fe-C HOCIIMBOCTN CMOCOOCTBYIOT OCTaTOYHbIE CXMMaloLne
HaNpPsPKeHNS B MOBEPXHOCTHbIX CIOSX.

Tak kak rnybrHa NpoOHMKHOBEHUSA Toka OObIYHO He npeBbiwaeT rnybuHbl Npokanuea-
€MOCTM YrnepoaucThbiX cTanen, To He TpebyeTcsa MCnonbL3oBaTh NErMpoBaHHbIE CTanu ¢ no-
BbILLEHHOWN NPOKanMBaeMoCTbto. BbICOKOYACTOTHYO 3aKarKy LUMPOKO NPUMEHSIOT K AeTansam
N3 geleBbiX yrnepoancTbix ctanen, cogepxawmx 0,4% C n 6onee.

[na kaxgon koHdurypaumm getann HeobxoguMMo M3roTOBUTb CBOWM MHOYKTOP W MO-
AobpaTtb cBon pexum obpaboTku. [Mo3TOMy NOBEPXHOCTHas 3akanka C WHOYKUMOHHbIM
HarpeBoM peHTabenbHa Npu CEpUNHOM MPOM3BOACTBE OAHOTUMHBLIX AEeTanen, Kak, Hanpu-
Mep, B aBTOMOOUNBHON NPOMbILLIIEHHOCTW.

[Mpn NOBEPXHOCTHOWN 3aKarike MapTEHCUTHYIO CTPYKTYPY MMEKOT TOMbKO MOBEPXHOCT-
Hble Crnow, HarpeTble 40 TeMnepaTypbl 3akanku. bonbWMHCTBO AeTanen, nogBepraroLmnxcs
NOBEPXHOCTHOW UHAYKLUMOHHOWN 3aKarike, U3roToBMST U3 CpeaHeyrnepoancTbiX ctanen (Ma-
pok 40, 45) c cyxeHHbIMW Npegenamu no yrnepoady. B aBTomobunectpoeHun, TpakTopo-
CTPOEHUN, CENbCKOXO3ANCTBEHHOM MALLUMHOCTPOEHMM MPUMEHSIOT NIErMPOBaHHbIE CpeaHeyr-
nepoauctble ctanu (mapok 40X, 50 1 gp.) Ana n3rotoBneHms pexyLiero n 3mepmutenbHoro
WHCTPYMEHTa, NpoXoAsLero UHOYKUMOHHYIO 3akanky, ucrnonbe3yot ctanu Y7, Y8, Y10, Y12,
9X u gp. NoBepxHOCTHOM MHAOYKLUWMOHHOW 3akarnke MoABeprarT Takke geTanu u3d cepbiX 1
KOBKMX YyryHOB (MPEeuMyLLeCTBEHHO C NEPIMTHOM N NEpPNUTHO-PEPPUTHON MEeTanIM4ecKomn
ocHoBoW). TonwwmHa 3akaneHHoro cnos coctasngdet 0,5-8 mm.

MWKpOCTpyKTYypa AO3BTEKTOMOHOW CTanu XapakTepusyeTcs cnegylowmm pacnpege-

NEHnEeM CTPYKTYPHbIX COCTaBRSAWNX (OT nepudepun K LeHTPY): MapTeHcuT (3oHa 1); map-
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TeHCUT, heppuT u TPoocTuT (3oHa Il); hepput n nepnut (3oHalll) (puc. 13). Hanuuure B nepe-
XOOHOM crnoe goeppuTa ykasbiBaeT Ha 6onee HU3Kyl0 TemnepaTtypy B 3TOW 30HEe, Npw KOTO-
POV YacTb M3ObLITOYHOrO oeppuTa He NpeBpaTUNach B ayCTEHUT.

° Xapaktepy pacnpegeneHus CTpyk-
Enol TYp MO CEYEHMIO 3aKaneHHON! AeTanu cooT-
BEeTCTByeT pacnpegeneHne  TBepLoOCTW.
TBepgoCTb MOBEPXHOCTHOrO Criosi ¢ Map-

HRL
60

TEHCUTHOW CTpykTypon cocTtaenser HRC

60-65. ObecneyeHne BbICOKMX TBEPOOCTU,

43 NPOYHOCTN U NNAaCTUYHOCTWN OeTann 3aBu-

CUT OT FMYyBUHbI 3aKaneHHOro 1 NepexoaHo-
20 ro Crioes.

PekomeHayemas TonwmHa  3aKaneHHoro

cnosi x¢ = (0,14-0,15) D, rae D - gnametp

Puc. 13. 3aBNCMMOCTb CTPYKTYpbl U TBEPOO- peTanu, MM.
CTW 3aKanieHHOW AeTanu, WU3roTOBfIEHHON W13
cTanu 45, ot pacnpegeneHuna TemnepaTtyp no
TONLWWHE HarpeToro cros. 30% TOMWWHbLI 3aKaneHHOro Criod; 4Yem
t - pacnpegeneHve Temnepatypbl; HRC -
pacnpeneneHne TBepaocTu; 3oHa | Harpea-
eTcs Bbiwe TemMnepaTypbl B Touke Acs; 30Ha ll TOSILLIMHA 3aKareHHOoro Cros.
- BbllWe TemnepaTtypbl B Touke Aci 3oHa Il -

HWKe TemnepaTtypbl B TOYKe Aci.

lMepexoaHbIn Crion OormKeH coctaBnATb 25-

KpynHee getarb, TeEM bonblue OOJMKHa ObITb

Tema 2. MNASMEHHOE NOBEPXHOCTHOE YINMPOYHEHMUE (MNMY)

lMnasmeHHOe NOBEPXHOCTHOE YNPOYHEHNE Kak OOUH U3 MEeTOO0B YNPOYHEHUSA UCTOM-
HWKaMu HarpeBa C BbICOKOW MMOTHOCTLIO MOLHOCTU B HAcTosLee BpeMs HaXoauT LLUMpOKoe
N 3(pPEeKTUBHOE NPUMEHEHME KaK B YCNOBUAX MENKOCEPUAHOIO U €QUHNYHOTO (B TOM Yucne
PEMOHTHOrO), TaK N KPYNHOCEPUMHOIO U MaccoBoro npoussoactea. CyLHOCTb ero 3aknio4a-
€eTCA B TepMUYECKMX (Pa30oBbIX U CTPYKTYPHbIX NpeBpaLLeHUsax, NpoucxoasaLumx npy 6eicTpomM
KOHLLEHTPUPOBaHHOM Harpese paboyeit NoBEpPXHOCTM AeTanu nnasmeHHoW cTpyen (gyrom) u
TENnnooTBOAE B MaTepuan getanwu.

2.1. OcobeHHOCTM ycTaHOBKM gns MMMY.

C TOYKM 3peHnst NPaKTUYECKOro MCMNOMb30BaHMA MNa3MeHHbIN HarpeB SABNSETCH Tex-
HOMOIMYHbIM, NMOCKONbKY OH He TpebyeT BakyyMMpOBaHMA U3OENNUS, Kak B cnyvyae npumeHe-
HMS SNEKTPOHHOMYYEBOro Harpesa UK CroXKHOW ONTUKO-MEXaHNYeCKOM CUCTEMbI TpaHCMnop-
TUPOBKM Na3epHOro fny4a, a Takke cneuunanbHbiX METOAO0B NOArOTOBKW MOBEPXHOCTWU AN

obecneyveHns MakCMMarbHOIo UCMONb30BaHUA ﬂyLIMCTOVI SQHeprun.
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Bonee BbICOKMM KO3(hPMLMEHTOM MNONE3HOro AencTBuA obnagatT nnasMeHHble
yCTaHOBKM, paboTalolme Ha npuHUMne ayrn NpsAmMoro OencTBusi, KOrga nnasMeHHbIA LWHYP
BO3HMKAET Mexay nnasmoTpoHoM W obpabaTbiBaembiM magenuem. [nasmoobpasytowiasn
cpepa gomkHa obecneynBaTb HaMBONbLUYO YAEMbHYHO TEMMOBYH MOLLHOCTb MpU 3a4aHHOM
pacxoge rasa u 3aTpayeHHOW 3EeKTPUYECKOM BHEPrMK, a Takke NO3BOMATb CKOHLEHTPUPO-
BaTb MOSyYEHHYK 3HEPrn0 B TOHKUIM NNA3MEHHbIN LUHYP M COCPeaoTounMTb ee Ha onpeae-
NEHHOM Yy4yacTKe NoBepxHOCTM obpabaTbiBaeMoro metanna.

B kayecTtBe nnasamoobpasyoLlero rada UCrNomnb3yT aproH UM aproH B CMecu ¢ aso-

TOM M, KPOMe TOro, B OOMbLUMHCTBE CryyYaes
NPUMEHSIIOT 3aLUUTHbIV ras, valle BCEero aproH.
O4yeBUOHO, YTO MCMONBb30BaAHNE NHEPTHLIX ra3oB

3Ha4YNTEeNIbHO CHMXXaeT 3KOHOMUYeCKMe Mnokasa-

TeNnn npouecca. Becbma 3amMaH4YMBbLIM B 3TOM
nnaHe npeacraBndaeTcsa WCnosfib3oBaHMe BO3-

AYLIHOro NasmMoTpoHa, paboTalolwero Ha cxa-

TOM BO3ayxe, U, Hawewero wnpokoe npume-

4~ HEeHMe Ha TnMpakKTuke B KadeCTtBe BO34YLUIHO-

MY nnasmeHHoun pesku. [ina ee peanusaunn cosgaH
pag  MNPOMBIWEHHBIX  YCTAHOBOK,  Hamnpwu-
mep,"Knes-4","Kues-6", AIlP-404 wn pgpyrue.
Bosgyx sBnsertcsa Haubonee nogoxoaswimMm ra-

Puc.14. MpuHuMnManbHas cxema ycra- 30M Ans cTabunusauum nnasmeHHon Ayru. OH
HoBku Ang MY npu Temnepatype npumepHo 12000K nouTtw
nonHocTblo auccouuunpyetT. MNpun Temnepatypax 10000K BosgylwHas nnasma umeeT Tensno-
cogepxaHme B 5 pa3 Gonbluee, YeM aproHoBasi. PasymeeTcs, NpUMEHeHue BO3OYLUHON
nnasmbl, KOTOPYKD OTHOCAT K HU3KOTEMMNEPATYpPHOW, HE NULLEHO M HegocTaTKa - CUIbHOro
OKUCITUTENBHOIO BO3AEWCTBMSA BO3AYLUHO-NMA3MEHHOM AYrn Ha NoBepxHoCTb usgenua. Og-
HaKo, y4uTbiBas, 4YTO GOMNbLUMHCTBO MPOLECCOB TepMOOOPaboTkM TPebyloT OpuUrMHanbHbIX
onepaumi nNo o4YnCTke n obpaboTKe YNPOYHEHHOW MOBEPXHOCTU, @ TaKkKe BbICOKYH) 3KOHO-
MWUYHOCTb BO34YLUHO-NNIA3MEHHOro Harpeea, 3T0T MeTo Hanbonee npegnovTUTENbHbIN.

MpuHUMNManeHaa cxema yCTaHOBKU AS1S MNa3MEHHOro MOBEPXHOCTHOrO YNPOYHEeHUs
npeacraereHa Ha puc.14.

YcTaHoBKa BKMOYaeT B cebs criegyowme aneMeHTbI:

1. OpurMHanbHOW KOHCTPYKUUW NNAa3MOTPOH C YKPenreHHbIM Ha HeM arekTpomar-

HUTHbIM CKaHEPOM.



CnenyeT OTMETUTb, YTO KOHCTPYKLMS CEPUMHO BbiMyCKaeMblX NIa3MOTPOHOB BO3-
AYLWHO-Na3MeHHON Pe3kn NPaKkTUYECKN HENPUrogHa AN1s HarpeBa NOBEPXHOCTW NOA 3aKarky
N Npexae BCero M3-3a BbICOKOW MMOTHOCTWU Mna3MeHHon ayrin Gnarogapsi 3aBUXPUTENO U
Manomy guMameTpy conna. 3T0 NPMBOAMUT K Manomy NSATHY KOHTaKTopa niia3sMeHHON Ayrn Ha
YrNpPOYHAEMON MOBEPXHOCTU, BbICOKON MIIOTHOCTU SHEPTUKN, YTO B KOHEYHOM uTore Tpebyet
O4YeHb BbICOKMX CKOPOCTEWN B3aMMHOIO NepeMeLLeHnsa NnasMoTpoHa OTHOCUTENbHO MOBEpX-
HOCTW n3aenusl, YTodbl N3bexaTb ee onfaBfeHns.

N3 amnupuryeckon hopmynbi:

P
d-Vv

Z =

raoe  Z - rmybuHa 3akanku unu onnasneHus;

P - MOWHOCTb UCTOYHMKA HarpeBa;

d - gMameTp TENNOBOro UCTOYHMKA;

V - OTHOCUTENBbHAs CKOPOCTb NepeMeLLEHNS;
0YEeBUOHO, YTO NPU MPaAKTUYECKON OrpaHUYEHHOCTM CKOPOCTU NepeMeLLeHnsl, orpaHN4YeHHON
OKasblBaeTCAd M MOLLHOCTb TENmoBOro WUCTOYMHWUKA, a, cnefoBaTeribHO, U MPOM3BOAUTEMb-
HOCTb npouecca ynpoyHeHusi. [NpeogoneTb 3TO 3aTpydHEHWe Nno3sonuna naes ckaHupoBa-
HUSA NNa3sMeHHON OyrM B NONEpPeYHOM HanpasneHun, nepneHamKynapHoO OCHOBHOMY ee OBu-
XEHUIO OTHOCUTENBHO YMNPOYHSAEMON MOBEPXHOCTU. CKaHMpOBaHME CHWXKAET Ha MNOPSAOK
yOernbHYl0 MOLLHOCTb HarpeBa, yBenuymBaeT rnybuHy ynpovHEeHWsl, yMeHbluaeT BepodT-
HOCTb ONfiaBneHnsi U, B KOHEYHOM MTOre, AaeT BO3MOXHOCTb pacnpenenvTtb 60nbLuyto aHep-
Mo Ha Gonbllen nnowagu wnu, ApyrMmMmmn CrnosamMmu, NOBbICUTb MPOU3BOAMTENBLHOCTb MPO-
uecca. Co3gaBaTb YMCTO 3NEKTPOMEXaHUYecKoe korebaTenbHoe YCTPOMCTBO AN MacCcuB-
HOro nnasMOTPOHa, COEAMHEHHOrO K TOMY € MHOXECTBOM LUMaHroB nogayvm m otBoja
oxnaxgatroLen Boapl 1 nnasmoobpasyloLero Bo3ayxa, kabenemn anekTponuTaHnsa u nogxura
Ay He NpeacTaBnAnoch LenecoobpasHbim.

[na peanusaumm ynpaeneHus nnasMeHHoOW AYron UCMonb30oBanu 3feKTPOMarHuT,
CO34aloWmnn NePEMEHHBIN MarHMTHbIA NOTOK B 3a30pe Mexay COMnioM Mna3MoTpoHa u obpa-
OaTbiBAaEMO NOBEPXHOCTbLIO M3aenus. Bsaumogenctene 3Toro MarHMTHOINO MNOTOKA C MOCTO-
SAHHbIM MarHUTHbIM MOSIEM MNMIAa3MEHHOW Ayrn COrnacHoO W3BECTHOrO M3 (bM3Mku npasuna
NpPUBOANT K FAPMOHUYECKOMY CMELLIEHNIO Ay BAONb paboyero 3asopa anekrpoMarHura oT-
HOCMTENbHO BEpTUKanu, NMpu4emM cuna 3Toro B3aMmMogencTBuMs, a cregosaTtefnibHO 1 amnnu-
TyOa OTKITIOHEHMS, 3aBUCUT OT TOKa Ayrn U HanpPs»XKeHHOCTM Monsi.

B nnasmoTpoHe npumeHeHa BuxpeBas cuctema ctabunusaumm n obxatus crtonba
ayrn. MMpu aTom nnasmoobpasyowmin ra3 noctTynan B AYyroByl kamepy no KaHanam BUHTO-

obpasHon copmbl. Becrneacteme atoro ras B kamepe ABurasncs no cnupanu, oxsaTtbiBas

®3)
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cton® ayrn BuxpeBbiM MoTokoM. KaTogHoe nmATHO m cTonG AyrM aBTOMAaTUYECKM M TOYHO
dmKcMpoBanuchb B TOUKE NepeceyvyeHnst OCU KaHana comnna ¢ NoOBEpPXHOCTLI0 kKaToaa, YTo Mnos-
BOMWIO NPUMEHATb 3NEKTPOAbI C NIIOCKON paboyen NoBepxHOCTbIO. [pn 3TOM BO3pacTaeT u
CTOMKOCTb conna.

B kauecTtBe maTepuana gns katogos, paboTatowmx B KNCITOPOACOAEPKALLUNX cpeaX,
NpUMEHAITCA anemMeHTbl 4 A rpynnel nepuogudeckon cuctemsl O..MeHgeneesa (Hanpwu-
Mep, radHUN, LUMPKOHWI), Tak Kak Ux coeguHeHus obnagatoT BbICOKMMU 3MUCCUOHHBIMM
cBovicTBamu (manon paboTon BbixO4a 3NIEKTPOHOB, NErko pellaeTcs 3agada ctabunusauum
AYTN N OXNaxXaeHus KaTtoda), ABNATCH TEPMUYECKN YCTONYMBBIMKU. B CBA3KM € 3TUM KaToa
NNasmMoTpOHa U3rOTOBMEH U3 LIMPKOHMS.

OnucaHHas KOHCTPYKUMSI NNIa3MOTPOH-CKaHep NO3BOMNSeT NOMy4YMTb 3@ OOUH MPOXOA
Ha MOBEPXHOCTN obpasua 3akaneHHbI CNon WwupuHon go 40 mm, rmyobuHon go 2,5 mm, npu
3TOM noTpebnsiemMas NCTOYHUKOM NUTaHUST MOLLHOCTb - 4o 40 kBT.

HecnoxHbln pacyeT nokasbiBaeT, YTO NpU NPOMBbILLSIEHHOM YacToTe TOKa, NUTalLero
CKaHep M LWMPUHE YNPOYHEHHOW 30HbI paBHOM 40 MM CpeaHsasa fIMHEMHAa CKOPOCTb Mnnas-
MEHHOM Ayrn Npu ckaHnpoBaHuu gocturaet 400 cm/c. CkaHMpOBaHWE C TaKoW CKOPOCTLIO
Aaxke npu CKOpOCTU nepemMeLleHust nrnasmMoTpoHa OTHOCUMTENbHO MOBEPXHOCTM musgenus 5
CcMm/c Nno3BondAeT nNfasMeHHOM ayre eCATUKPAaTHO MPOWTM MO NOBEPXHOCTU YNPOYHSEMON 30-
Hbl Npexae, YemM OHa HayHeT oxnaxaaTbCs. be3yCcnoBHO 3TO co3gaeT npeanoyTUTENbHbIE
ycrnosus anga 6onee MArkoro, a cnegosartensHo, 1 6onee rnybokoro nporpesa ynpoYHAeMomn
30HbI. V1 3TO genctBuTenbHO NoATBEPXKOAETCS AKCnepuMmeHTanbHo. Ecnn npu ogHOKpaTHOM
npoxoge nnasMeHHbIM OYroBbiM paspsaoM AnameTpoMm 5 MM no noBepxHOCTUM obpasua u3
ctann 9X® makcmmanbHasa rinybuHa ynpodHeHHOro cnosa coctasuna He 6onee 0,3 MM, TO
CKaHMpOBaHMEe BO3AYLUHOW Mra3MeHHOW AYrol Takoro ke AnameTpa npu TOW Ke CKOPOCTU
nepemMeLleHns NOBEPXHOCTM OTHOCUTENbHO NMIa3MOTPOHa NO3BONSET NONYyYnUTb rMyOuHy 3a-
kankn 1,5 mm. He cneagyet npu aTom 3abbiBaTb U O NPOU3BOAUTENBHOCTU - LUMPUHA YNPOY-
HEHHOW 30Hbl BO BTOPOM criyyae B 8 pa3 6onbLue, 4yem B NepBOM.

2. CunoBon 6noK NUTaHWSa NNasmMoTpOHa WM BbICOKOBOSMbTHLIA OnOK nogxura Aayru
NPAMOro OEenCTBUS, Kak OTMedarnoch, OT YCTAaHOBKM ANSA BO34YLUHO-NNasmMeHHoN pesku "Ku-
eB-4".

Cwvnoson 6nok NMTaHUA NO3BONSET 3a4aBaTb CTYNEHYATO pPeXMMbl paboTbl yCTaHOB-
KM C BbIXOAOM B Criydyae Heo6XoAMMOCTU Ha pexum ctabunmsaummn Toka ayri. BelcOkoBoNbT-
HbI BNOK nogkura Ayrm KpoOMe CBOEW OCHOBHOW (PYHKLMKW NO3BOSISIET KOHTPONMPOBATb pe-
XuM paboThbl YCTAHOBKM MO TOKY M HANPs>KEHWUHO.

3. TpaHcnopTHoe ycTponcTBO. NpeaHasHavyeHo Ans nepeMeLLEeHNs MNa3sMoTpoHa OT-

HOCUTENbHO HenoaBwkHoM obpabaTbiBaeMon getanun. B HeMm nmeeTcsa perynmpyembin anekx-
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TPONPMBOA NOCTOAHHOIO TOKa, OT KOTOPOro NnoslyyaeT ABMKEHUE KOHCOSb, NepemMeLlaroLLas-
CSsl N0 CMEHHOMY KOHTYpY. Takum obpa3om, BO3MOXHa o6paboTka n3genuin pasnnuyHom KoH-
durypauun. TpaHCNOPTHBIM YCTPONCTBOM TaKOro Tuna 0bbIMHO KOMMMEKTYHOTCA CEPUHbIE
YCTaHOBKM 41151 BO3AYLUHO-Ma3MEHHON Pesku.

4. CneumnanbHbli pabounn cton-BaHHa. [NpegHasHadeH gns kpenneHus obpabaTbl-
BaeMblX U30envin 1 Nno3BonseT pacrnonaratb X B CTPOro onpegeneHHoOM MorIoXXeHUN OTHO-
CUTEerNbHO conmna nnasmMoTpoHa, YTo obecneynBaeT NOCTOSHCTBO AfIMHbI NNa3MeHHOW Ayrun, a
TaKkKe TakKe CNYXUT ANs NOAKNIYEHNSA U3aeNus K NONOXMTENbHOMY MOMCY UCTOYHUKA NK-
TaHus.

[na vccnegoBaHMsA NpPoLECcCOB XMMUKO-TepMUYeckon obpaboTkn npu Harpese BO3-
AYLWHON Nnia3mMon n Ansi 06paboTKM TOHKOCTEHHbIX U3OEeNMN Nog CroeM XWOKOCTU Ha CTon
MOXET YCTaHaBNMBATbCS BaHHA. B 3aBMCMMOCTM OT Uenen nnasmeHHon obpaboTkm B Hee
3anuBaeTcs BoAa, NMbB0O BOAOPACTBOPUMbIE XMMUYECKME peakTuBbl, cogepxalime Heobxo-
OVMbIA NErnpyroLWLnin NEMEHT U NX codeTaHune.

5. brnok 6bannacTtHbix peoctatoB. COCTOMT M3 OBYX CBapO4HbIX GannacTHbIX peocTa-
ToB TUNa PB-302Y2 ¢ napannenbHbIM NOAKMOYEHNEM U CNYXXUT ANS perynmpoBkn paboyero
TOKa nnasmMeHHon Oyru.

6. BosgywHbin komnpeccop. cnonb3yetcsa Ansg nogady cxkaTtoro Bo3gyxa kKak nnas-
MoobpasytoLlero rasa B conno nnasMoTpoHa. [ng crabunusaumm npouecca nnasmeHHOro
NMOBEPXHOCTHOrO YNPOYHEHMS MO pacxody nnasmoobpasyroLero rasa KoMnpeccop AoMofHEH
potameTpoM Tuna PC-5 ¢ obneryeHHbIM NONfIaBkOM U COOTBETCTBYIOLLEN NEePEeTapupOBKON.

BoasHoe oxnaxgeHwe nnasmoTpoHa B Mpouecce aKcniyatauuu nponsBoAMTCS OT
BHELUHEN rmapocucTeMbl C KOHTPONeM pacxoda XragareHTa Takke no ctTaHgapTHOMY poTta-
METPY TOro xe Tuna.

[nsa reHepmMpoBaHus NNa3mMeHHOro MCTOYHMKA HarpeBa LUMPOKO UCNONb3YTCH KpoMe
NNa3mMOTPOHOB C OTKPbITOW AYron Unv NpsMoro A4encTans (NONOXUTENbHbIV 3aps NogaeTcs
Ha ynpo4Hsemyto AeTarnb) NnasMOTPOHbI C 3aKpbITOM AYyroM — CTPYen UM KOCBEHHOro Aew-
CTBUA (OTpMUATENbHbLIN U MONOXUTENbHBIN 3apsabl NOAATCSA Ha AeTann nnasMoTpoHa —
COOTBETCTBEHHO KaToA U aHoA).

2.2. BnusaHne napameTpoB pexnma ob6paboTKu Ha CTPYKTYpPY M XapaKTepUCTUKN
YNPOYHEHHOW 30HbI

OCHOBHOW (hU13MYECKOW XapaKTEPUCTUKOM MOBEPXHOCTHOrO YNPOYHEHUS] BbICOKOKOH-
LEHTPMPOBAHHLIMN UCTOMHUKaMM HarpeBa SABMseTCA TemnepaTtypHoe none. 3Ta xapakrepu-
CTMKa No3BonseT onpeaennutb Temnepatypy Matepuana B fitob0n TOYKE 30HbI TEPMUYECKOrO
Bo3gencteua (3TB) B pasnnyHble MOMEHTbl BPEMEHWU, CKOPOCTb HarpeBa W OXINaXaeHus,

ANUTEeNbHOCTL NpebbiBaHWsA pa3orpetoro MeTtanna 3TB B 3a4aHHOM MHTepBare TemnepaTyp
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B 3aBMCMMOCTM OT NapameTpoB pexmma o6paboTkm n Tennouanyecknx xapakrepmctmk 0b-
pabaTbiBaemoro matepuana.

OCHOBHOM OTNUYMTENBHOM OCOBEHHOCTLIO METOLO0B MOBEPXHOCTHOMO YNPOYHEHUSNA
BbICOKOKOHLEHTPUPOBAHHBIMU UCTOYHUKAMWU HarpeBa SBNSAETCS BO3MOXHOCTb MNOSyYeHMUSs
CKOPOCTEN HarpeBa W OXNaXOeHWs MaTepuarnoB, Ha HECKOSbKO MOPSIAKOB MpeBbillatoLLmX
3Ha4YeHUs, XxapaKTepHble ANa TPaaNLMOHHBIX METOLOB YNPOYHEHUS (MEeYHON 3aKarnku, 3akan-
kn TBY, raszonnasmeHHON 3akanki u gp ), 4To CNOCOGCTBYET NOSYYEHMIO YNPOYHEHHbIX CNO-
€B C HeJOoCTUraeMbIiM paHee ypOBHEM 3KCMyaTaUMOHHbIX CBOUCTB.

B npouecce MHOro4McneHHbIX UCCNeaoBaHNA YCTAHOBIIEHO, YTO CKOPOCTb OXnaxae-
HWS1 NOBEPXHOCTHOrO Crosi MeTarnna, CTPyKTypa U CBOMCTBA YNPOYHEHHOW 30HbI onpeaens-
l0TCS B NEepBY0 ovepenb CTEMNEHbIO NoKanusauumn BBoga Tenna B obpabartbiBaemoe nsgenve
(B naTHO Harpea). OT 3TOro 3aBUCAT U Takne BaXKHble ANs NPaKTUKN PaKTopbl, Kak BEnMyun-
Ha OCTaTOYHbIX HanpskeHun n agedopmaumin, Heo6XO0AMMOCTb NPUMEHEHUSA AOMOSTHUTENb-
HbIX OXnaxgawLmx cpeq, NpomM3BoANTENbHOCTbL 06paboTKN, TEXHUKO-3KOHOMUYECKME MOKa-
3atenn. B obwem crnyvyae nopsigok BenMYMHbI CckopocTu oxraxaeHnusa (°C/c) npaktudecku
COOTBETCTBYET MOPSAAKY BENUYMHbI KOHLEHTPaLMUN TennoBon MOLLHOCTU (BT/cM?) UCTOYHMKAE.
OCHOBHbIE XapakTEPUCTUKN NOKaIbHbIX MICTOYHUKOB HarpeBa Ans NOBEPXHOCTHOMO ynpoYHe-
HWUsi NnpuBeAeHbI B Tabn. 1.

Tabnuua 1. OCHOBHbIE TEXHNKO-3KOHOMUYECKNE XapakTepuctnkn NCTOYMHNKOB Harpesa

McTouHuK HarpeBa MowHocTb, BT [MnoTHOCTb AP EKTMBHbLIN
MOLLIHOCTMW, Krng
Bt/cm? Harpesa
min max min max

a3oBoe nnams 102 10* 2-102 6-10 0,55

AnekTpuyeckas ayra 50 2-10° 5.102 4.10% 0,75

MnasmeHHas cTpysa 10° 10° 5.102 10° 0,80
Jlyuy:

NOHHbIN 10 103 102 10° 0,85

3NEKTPOHHbIN 10 10° 5.102 107 0,85

nasepHbIi 10 2,5.104 102 10%° 0,05

CornHeu4Hble HarpeBaTenu 10? 10° 10? 2-10° 0,75

YpaBHeHWe npoLiecca pacnpocTpaHeHust Tenna B MacCuBHOM MoONyGecKOHEYHOM Te-
fe OT MOLUHOrO BbICTPOABWKYLLEroCA HOPMaribHO pacnpeaernieHHoro UCTOYHMKa Harpesa,

Kaknum AaBnaeTca nnasmMeHHasa CTpysd, uMeeT BUa:

2
exp(— -
q p( 4at) (4)

21AL 1/t(to + t)

rae T — TemnepaTtypa HarpeBa °C; y, Z — WnpKHa v rnybrHa naTHa Harpeea, MM; t— Bpe-

T(y, z,t)=To +
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Ms, C; To — HavanbHaga Temnepatypa Ttena, °C; g — apeKkTMBHas MOLLHOCTb MrasMeHHOn
CTpym, Kan/c; A — ko3ppUNEHT TENNONPOBOAHOCTH, Kan/cmec*°C; v — CKOPOCTb nepeme-
LLIeHMSA UCTOYHMKA (CKOpOCTb 06paboTkmn), M/Y4; a — KOIPPUUMEHT TeMnepaTyponpoBOAHO-
cTn, cm?/c

MrHoBeHHas CKOPOCTb OoXnaxaeHua

W=06T/ot (5)

Ans npakTuyeckoro onpegenexHus temnepatypbl T 1 ckopoctn W B 3aBUCUMOCTU OT
napameTpoB pexuma HarpeBa MU KOHCTPYKUMM NnasmMoTpoHa HeobXxoaMMo pelunTb CUCTEMY
ypaBHeHun (4) n (5). PerynnpoBaHne xapakTepuCcTUK TEPMUYECKOTO LIMKIa BO3MOXHO B J0-
CTaToOYHO LMPOKUX npepenax. Tak, TemnepaTtypa HarpeBa perynvpyetcs B UHTepsane ot
HavyarnbHOW TemnepaTypbl 4O TemnepaTypbl NNaBfeHnsl, CKOPOCTb oxnaxaeHus — ot 10* oo
10%°C/c, 4TO COOTBETCTBYET YCMNOBUSAM OGPaBOTKN BbICOKOKOHLIEHTPUPOBAHHBLIMU UCTOYHW-
Kamu Harpesa.

OnbIT MCMNonb3oBaHUA MIAa3MEHHOrO YNPOYHEHUS MOKasbiBaeT, YTO TEepMUYECKUM
LMKIT HarpeBa 1 OxnaxaeHus matepmnanos Havbonee yaobHo BapbupoBaTb N3MEHEHNEM Ta-
KMX MapamMeTpoB pexuma, Kak TOK Ayru Iz U CKOpOCTb nepemMeLLeHnst nrnasmoTpoHa vn Npu
MOCTOAHHOM ONTUMarnbHOM YPOBHE ApYrvx napameTpoB (pacxod nnasmoobpasytloLlero rasa
Qr n oxnaxpgatowen sogbl QB, paccTosiHMe OT cpe3a conna Ao obpabaTbiBaemMon NOBEPXHO-
cTn).

B npouecce nccneposaHus xapaktepa BAUSHUS CKOPOCTU NepeMeLLeHns nrna3moT-
pOHa Ha TBEPAOCTb YNPOYHEHHOW 30HbI psifa cTanen yCTaHOBMEHO, YTO MPU CHUDKEHUM CKO-
POCTW LM HWKE HauMeHbLuero (MOPOroBOro) 3HayYeHUs AN Kaxgoro martepuana obpabatbl-
BaemMas MoBepXHOCTb onnasnsetcd. [na pasnuyHbiX cTanen noporosble 3HaYeHUss Heoau-
HaKOBbl.

C nosblleHNEM coaepxaHus yrrepoga 3T1 3HadeHus Bo3pactatoT. [pu aTom ysBenu-
4YMBAIOTCA U MaKCUMaribHble 3HaYeHUs1 TBEPAOCTU YNPOYHEHHOWN 30HbI.

BaxHoe npakTnyeckoe 3HayeHWe UMeeT XapakTep 3aBMCUMOCTU pa3mMepoB YMpou-
HEeHHOWN 30Hbl OT NapamMeTpoB pexuma nnasmeHHon obpaboTkn. [na pasnuyHbIX cTanen oH
yCTaHaBNMBaETCA MPUMEHUTENbHO K KOHKPETHOW KOHCTPYKUMM NNasMoOTpOHa M COOTBET-
CTBYIOLLMM YCNOBUSIM 06paboTKu.

Tennogunanyeckumm 0COBEHHOCTSIMM NNA3MEHHOro BO3AEWCTBUSA Ha Martepuanbl
(o4eHb BonbluMe CKOPOCTW HarpeBa WM oxnaxaeHus, BbiCOKas TemnepaTtypa Harpesa, manas
ANUTENbHOCTb NpebbiBaHWs HarpeBaemMoro MaTtepuana B WHTepBane Temneparyp, npesbl-
LIAKOLWMX KpUTUYeckne) obycrnoBnNnBatoTCs OTANYUTENbHbIE NPU3HAKM (Pa3oBbIX U CTPYKTYp-
HbIX NPeBpaLleHni, 1, creaoBaTernbHO, XapakTep CHOPMUPOBAaBLUMXCA CTPYKTYP Npu nnas-

MEHHOM YNPOYHEHUN B CPaBHEHWM C TPaAULMOHHbIMU criocobammu obLuen (neyHoi) u no-
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BEPXHOCTHON TepMuyeckon obpaboTku (3akanka TBY, rasonnameHHas 3akanka u gp.). Bax-
HerLwen OTNNYNTENbHOM OCOBEHHOCTBIO CTPYKTYP, CHOPMMPOBABLUMXCS MPU MrasMeHHOM
YNPOYHEHUN, KaK U Npu Apyrnx crnocobax ob6paboTkn BbICOKOKOHLEHTPMPOBAHHLIMU UCTOY-
HUKaMK HarpeBa, SIBMSieTCA BbICOKasi CTeneHb AUCNEPCHOCTN MapTEHCUTA, KOTopasa 1 onpe-
AensaeT KOMMNMEKC 3KCnnyaTauMOHHbIX XapaKTEPUCTUK.

MeTtannorpaduyeckun aHanms ynpovHeHHbIX cTanemn ¢ UCNonb30BaHWEM ONTUYECKOM
N 3NEeKTPOHHOM MWKPOCKOMUM MoKasas, YTo 30Ha TEPMMYECKOro BO3OENCTBUSA Ma3MeHHOM
CTpyn umeeT hopmy CerMmeHTa u No CBOEMY CTPOEHMIO aHanormyHa 3TB anekTpoHHOro un na-
3epHoro ny4yen. Npu obpaboTke 6e3 onnaeneHns OHa COCTOUT U3 3aKarieHHOW 30HbI, B KOTO-
POM MPOM3OLLNIM MAPTEHCUTHLIE MPEBPALLEHUS, U NOTPAHNYHOW (MEPEXOOHON K UCXOOHOMY
maTtepuany). lNpn obpaboTke ¢ onnaBfieHNEM BO3HUKAET AOMOSIHUTENbHAs NMOBEPXHOCTHAs
30Ha onnaBreHust (3aKkarnka 3 XXngKkoro COCTosiHMS ).

HesaBucumo OT cocTaBa CTanu, MUKPOCTPYKTypa 3akaneHHOW 30Hbl npeactaBnset
cobon BecbMa 0QHOPOAHbBIA BbICOKOANCNEPCHLIA MApPTEHCUT + OCTATOYHLIN ayCTEHUT + Kap-
6uabl. PopmMupoBaHNE Takon CTPYKTypbl OBYCrOBMEHO ManbiMU pasmepamun ayCTEHUTHbIX
3epeH, 00pa3oBaBLUMXCA MPU BbICOKOCKOPOCTHOM Niia3MeHHOM Harpese. Manbii pasmep
ayCTEHUTHOro 3epHa MOXHO 06bACHMTL criegyowmm obpasoMm. HecmoTps Ha OYeHb BbICO-
KMe TemnepaTypbl Harpesa npu onTUMarnbHbIX pexumax 0opaboTkn, 6nunskue K Temnepatype
nnasneHusl, pocT 3epHa ayCcTeHNTa, a TakkKe ero roMmoreHn3aumns He NpomMcxoaaT n3-3a ypes-
Bbl4aHO Mario AnutenbHOCTM NpebbiBaHWs MeTanna npyv AaHHOW TemnepaTtype v nocne-
AyloLlero peskoro oxnaxaeHus. Mo aTMM e npuynHam 3adepXvMBaeTCcs M pacTBOpPEHue
kapbmuooB. 3gecb TakKe CKasblBaeTCAa W MNOBbILWEHME TemnepaTypbl Hayana o—y-
npeBpaLleHni npu nnasmeHHom Harpeee Ha 100—150°C, obGycrnoBneHHOE BbICOKOW CKOPO-
CTbto HarpeBa (6onee 10%°C/c).

[MoBbIWEeHNe CTENEHN OUCNEPCHOCTU 3aKaneHHOW CTPYKTYpbl NPy fa3epHOM 1 nnas-
MEHHOM YNpOYHEeHUn OOYyCroBNEHO AOCTWXKEHMEM BbICOKOW CTEMEHW TeTparoHarbHOCTU
MapTeHCcUTa, NAOTHOCTM ANCNOKaUMI, a TakKe U3MENbYeHMEM peek U NNacTUH MapTeHCUTa.
Hapsgy ¢ 9Tum BaXHOe 3HadYeHue MMEET U MOBbILWEHHOE Coaep)KaHne OCTaTOYHOro aycre-
HWUTa B CTPYKType 3akaneHHON 30Hbl, 0COOEHHO B MOAMNOBEPXHOCTHBIX crnosix. Hanpumep, Ha
ctann WX15CI oHo gocTturaet 75%. Hanuume Ttakoro 60nbLIOro Konnyectsa ocTaToOYHOro
ayCTeHMTa MOXHO OOBSCHWUTL MOBbLILLEHHBIM COAEpPXKaHWEM yrrepoga B TBEPAOM pacTBope
NMOBEPXHOCTHbIX CMOEB 3aKarieHHOW 30Hbl MO CPaBHEHUIO C cepaueBnHon. o mepe npoasu-
XeHua B rnybb 3TB cogepkaHne oCTaTOUMHOrO aycTeHUTa CHUXKaeTCs.

MuKpOCTPYKTYypa NOrpaHNYHOM 30HbI 3aBUCUT OT MCXOOHOW CTPYKTYPbl YNPOYHAEMOro
mMaTepvana. [Ans 4O3BTEKTOMAHbLIX CTanen ¢ UCXOAHOW heppUTHO-NEPTIUTHON CTPYKTYPOM U

323BTEKTOMAHLIX CcTaneM ¢ NeprnTHO-UEMEHTUTHOMW CTPYKTYPOW B MNOrpaHN4yHOM 30He
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HabntogalTca y4acTkn n3bbIToUHbIX a3, NpeacTaBnaAoLWmMx cobon Ana ykasaHHbIX cTanen
COOTBETCTBEHHO heppuT MU uemMeHTUT. Hannume mn3bbiTouHbIX (a3 obbscHaeTca peanusa-
LUMen B MNOrpaHMYHOM 30HE MpeBpaLLEHUN N3 MEXKPUTUYECKOro WMHTEepBana temnepaTyp.
AncnepcHOoCTb 3TMX (a3 B HanpaBneHUn OT 3aKaneHHOW 30Hbl K MCXOL4HOW CTPYKTYpe CHU-
XaeTcs. B 9BTEKTOMOHbIX CTansx C UCXOAHOW MNEPSIUTHON CTPYKTYPOW NPOTSXKEHHOCTb MO-
rPaHMYHOM 30Hbl OYeHb Mana, n3bbiTouHble (ha3bl 30eCb MPakTUYEeCKU OTCYTCTBYHOT, AMC-
NepCHOCTb MapTEeHCUTa Ha rpaHuLe C UCXOOHOW CTPYKTYPOW HECKOMbKO HUXE, YeM B LIeHTpe
3aKarieHHOM 30Hbl.

Bbicokas MMKpPOTBEPOOCTb B 3aKareHHOW 30He OBycrioBfneHa Takke Hanmumyinem 3Ha-
YATENbHbIX OCTATOYHbIX TEPMUYECKUX W CTPYKTYPHbIX HanpsbkeHun. [lpn nnasmeHHOM
ynpoyHeHuun ctanen LWX15CIT, 8X®d n 45 Obino yCcTaHOBMEHO, YTO OCTATOYHbIE HaNPSKEHWS
pacnpegenaTcsa no rnyovHe n wupuHe 3TB Tak, Kak nokasaHo Ha puc. 15.

HanpsixeHus onpenensnuce peHTreHoB-

& Mz

CKUM METOAOM C WCMOMb30BaHWEM Au-
dpaktomeTpor Tvna JPOH-1 n RIGACH
STRAINFLEX. Ha nosepxHocTn 3TB

Ha6J'IPOD,aJ'II/ICb 3Ha4YnUTesIbHblE Hanpsxe-

1200
400

400
1200 800 400

GHMia

HUA cXaTus, JocTuratrowme Bo6nn3nM oce-
BOW JNMHUM 3aKkaneHHow 3oHbl 1320Mla,

4YTO HAaMHOro Bbille, YeM npn ncnosyib3o-

BaHMM GOMbLUMHCTBA TPagUnUMNOHHbIX Me-

d’MM TOOO0B NOBEPXHOCTHOIo ynpo4HeHUA

Puc. 15. 3ntopbl ocTaTo4HbIX HanpskeHuin B no- (490—980MTlMa nocne Haknena Apobbio,

nepeyHom cevennn 3TB ctamm WWX15CI (8, € — 590MMa nocne  sakankm TBY. 880—

pacCTOsIHNSI COOTBETCTBEHHO OT MOBEPXHOCTU U
cepeauHbl 30Hbl) 1270Mla nocne a3oTnpoBaHus).

3a npegenamu 3akaneHHOW 30Hbl HAMPSPKEHUA CKaTUA Ha MNOBEPXHOCTM Nepexoadtr B
HanpsXXeHna pactsxeHusa. Ha pacctosHum 1 MM OT Kpasi 30Hbl OHWM cocTasnsaT 115MIMa.
Mpun ynpoyHeHun ¢ nepekpbliTnem 3TB B 30HE NepekpbITUA Ha MOBEPXHOCTU TakKe BO3HUKA-
0T HanpsbkeHnsa pacTsxeHus, pasHble 30— 80MIa. Hanuume 6onblumnx HanNpspKeHUn cxa-
TMSA ABNAETCHA BaXHbIM (DAKTOPOM, yKa3blBaloLUM Ha BO3MOXHOCTb MOBbILLEeHUA paboTocno-
cobHOCTM geTanen nocrne ynpoYHeHusl, B MEPBYIO odepenb, AeTanewn, akcnnyaTnpyemblx npu
KOHTaKTHbIX N 3HAKONEPEMEHHbIX Harpy3Kkax.

MnasmeHHas obpaboTka MOXeT 3PPEKTUBHO MPUMEHATBCS AN YNPOYHEHUS He
TONbKO AeTanen U3 ctanu, HO 1 U3 yyryHa. B aTom cny4ae WMpPOKO MCMonb3yTCA B OCHOB-
HOM CMOCOObI NIasMeHHOro YNpoYHeHUs ¢ onnasneHnem paboyen NoBepxXHOCTN, obecneyn-

BaloLLME co3gaHMe Ha Hel oTBeneHHOro cros ¢ QUCNEePCHON OeHOPUTHON CTPYKTypown. Mpu
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3TOM CKOPOCTb OXNaXOeHWs pacnnasBa cocTaenseTt npumepHo 10* °C/c, 4To u obycnosnu-

BaeT BbICOKYIO CTeMeHb OUCMEPCHOCTU 3aKpuCTannmnsoBaBLUENCs CTPYKTypbl. PaccTosHue

MeXay BTOPUYHbIMU AEHAPUTaMM B 3aBUCMMOCTM OT NapaMeTpoB pexnma obpaboTkm name-

HseTcs B npegena: 2—5 MkM. nybuHa pacnnaeneHns n MMKpOTBEPAOCTb TakkKe 3aBUCAT OT

napameTpoB pexuma 00paboTku.

2.3. dkcnnyaTtauuoOHHbIe XapaKTepPUCTUKA MaTepuanoB Nocrie nia3MmeHHOro yrnpoyHe-
HUsA

CTpykTypa ynpo4HEHHOrO Criosi, XapakTepuaytoLlascs 6onbLuon TBEPAOCTbIO U BbICO-
KO OUCMEPCHOCTLIO, OKasbIiBaeT onpefensowee BAnagHUE Ha U3MeHeHue (ynydleHue munm
yXyALEHME) SKCMyaTaUNOHHbIX XapakTePUCTUK YNPOYHEHHbIX MaTepUanoB — N3HOCOCTOM-
KOCTb, MexXaHU4eckne cBoucTBa (MPOYHOCTb, MNACTUYHOCTb, TPELMHOCTOMKOCTb, BbIHOCIM-
BOCTb), TEMNJIO- N KOPPO3NOHHOCTONKOCTD.

XapaKkTtep M3MEHEHUs JKCMyaTauWMOHHbIX XapaKTEPUCTUK MPU Mia3MEeHHOM YMNpoY-
HEHUN Hapsay ¢ PasoBbIMU U CTPYKTYPHBbIMU NPEeBpaLleHns M 0OYCIOBIEH TaKKe peanuaa-
uven onpeaeneHHbIX MEXaHU3MOB YNPOYHEHMST MPU UX B3aMMOCBA3N. MI3BECTHO, 4TO B pe-
3ynbTaTe 3akanku NpoucxoauT KOMMMEKCHOe yNpoYyHeHMe maTtepuana, onpegensiemoe Bru-
AHMEM OedEeKTOB TOHKOW KPUCTAaNNMYEeCKon CTPYKTYpbl (AMCIOKaUUN, BaKaHCUA U UX KOM-
NEKCOB), MAPTEHCUTHBIMW NPEBPALLEHNSIMAN 1 BKOYEHUSMIN ancnepcHon dasbl. PaccmoT-
PUM BNUSIHWE PasfNYHbIX MEXaHU3MOB CTPYKTYPHOrO U CyOCTPYKTYPHOrO YNpPOYHEHUS Me-
TansmoB Ha NX 3KCNIyaTauNoHHbIE XapaKTePUCTUKN.

lMockonbKky B GOMbLWMHCTBE CrydyaeB MNrasMeHHOe YNpPOYHEeHWe MUcnonb3yeTcs Ans
MOBbILLIEHNA N3HOCOCTONKOCTWN AeTanen, OLeHMM ee B 3aBUCUMOCTU OT PEXMMOB U TEXHOMO-
rmn obpaboTkun. MNpn 3TOM MeToauKa UCMbITAHUI Ha M3HOCOCTOMKOCTb Ha3Ha4aeTcsl B COOT-
BETCTBUW C YCINOBUSAMMN SKCNITyaTauumn ynpoyHSeMbIX AeTanemn.

Tak, uChnbITaHMA Ha W3HOCOCTOMKOCTb MNOCMe MNIasMEeHHOro YrpOYHEeHUa cranen
30XICA, 9X® n 150XHM, ncnonb3yembix AN U3roTOBMEHMA AeTanen meTtannypruieckoro
obopyaoBaHus, NpoBOAUNN Ha MawwuHe TpeHns MU-1M no cxeme «BpaljaloLlleecs KonbLo
— HenoaswxkHas konogka» (puc. 16) B MacnsHo-abpasmsHou cpege. Mmmutuposanucb ycro-
BMS TPEHMSA «MeTans no metanny ¢ abpasvBHOW NPOCIONKOW», XapaKTepHble ANs JKCnya-
Tauum MHOrMX OeTarnen NpoKaTHOro, arnoMepauMoHHOro, JOMEHHOro U cTanennaBubHOro

060pynoBaHuMs, LUTAMMNOB ropsiveit LUITaMMOBKW.
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MN3HOCOCTOMKOCTb nocne
obbemMHOM  3akanku  (No
L spowénnme

Jons CTaHAapTHbIM Ana  AaHHbIX
mMaTtepuarnos pexumam),
NNasmMeHHOro  YNpPOYHEeHus

6e3 nepekpbiTna 3TB (do =

6 MM), NNasMeHHOro ynpou-
Puc. 16. Cxema ucnblTaHUn Ha N3HOCOCTOMKOCTb: HeHUsi G nepekpbuem 378
1— obpasey; 2 — koHTpTEno; 3 — macnsHo-abpasmBHas Ha 30 % (NO aHamorn4HbIM
cpena. pexuMmam) OueHMBanun o
koadpdbuumeHTy Ki, onpege-
NseMoMy KakK OTHOLUEHue
noTepu Maccbl NOEeHTUY-
HbIX 06pa3UoB B MCXOOAHOM HEYNPOYHEHHOM COCTOSIHMM K MOoTepe Macchbl oOpasuoB nocne
ynpo4vHeHus. Ha puc. 17 nokasaHo nameHeHne koadduuneHTa N3HOCOCTOMKOCTN B 3aBUCK-
MOCTW OT MUKPOTBEPAOCTM MNOBEPXHOCTU YNPOYHEHHbIX 06pa3LIOB.

BrivsHme MuKpOTBEPOOCTM HA WU3HOCOCTOMKOCTb B YMNPOYHEHHOM COCTOSIHUM AJis
KaXkOon Mapku CTanu OAHO3HAYHO: C yBENUYEeHMEM MUKPOTBEPLOCTU M3HOCOCTOMKOCTb MO-
BbiwaeTcs (3aBncumocTb Ki oT H nmeeT nuHenHbin Bug). B To e BpeMsi npu npakTudeckn
oanHakoson MukpoTeepgoctn (7500—8000MIMa) cTteneHb MNOBbILWEHUA WM3HOCOCTOMKOCTU
nccnefoBaHHbIX cTanen HeoguHakoBa (puc. 17) B CBA3M C UX Pa3HOM M3HOCOCTOMKOCTBIO B
NCXOOHOM COCTOSIHUK U MOPAONOrMYeCKMMN 0OCOBEHHOCTSAMN 3aKaneHHOW CTPYKTYpbI.

CHWKeHne M3HOCOCTOMKOCTW NpW NNasMeHHOM YNpoYHeHMU ¢ nepekpbiTuem 3TB no
CpaBHEHUIO C YNPOYHEHneM 6e3 NepekpbiTUN CBA3AHO C HEKOTOPbLIM YMEHbLUEHNEM MUKPO-
TBEpAOCTU B pe3yrnbTaTte NOBTOPHOro Harpesa (puc. 16). Kpome Toro, B aToM cny4ae Ha 06-
paboTaHHON NOBEPXHOCTU MOABNATCH 30HbI OTNYyCKa LWMPUHON 1—3 MM.

Mpn BbINONHEHME KaXOoro nocneayowlero Npoxoda Ha TOM yvacTke npeablayLuen
30HbI, rAe Temnepartypa Harpesa npesbilwana Aci NPOUCXOAMT MonHaa gasoBas nepekpu-
cTannusauus, a 3aTemM NoBTOPHAas 3akarnka, B pedynbTaTe 4Yero CTpyKTypa 3Toro ydacrka 30-
Hbl HE OTNMYaeTCsa OT CTPYKTYPbl HOBOW 30HbI Ha TOM yyacTke npeablgyLlen 30Hbl, rae TeM-
nepatypa HarpeBa Obina Huwke Aci, NPONCXOOUT CKOPOCTHOM OTMYCK paHee BO3HMKLLEN 3aKa-

NEHHOWN CTPYKTYpHI.



27

X/

o
|
f

n W Cp &y Mo

J6) IMLJ

~”

J41 /160 N
—T N
/|

1 524120

7| Z 7
N o 50 aoo”/“/ Ne &1

/ d
/

4000 6000 6000 10000 K, Mia 400
46

a aqz a4 Q6 Smm

Puc. 17. N3ameHeHne koapduumeHta mnsHococton- Puc. 18. NameHeHne mexaHn4eckux
KOCTM B 3aBMCUMOCTU OT MUKPOTBEPOOCTU MOCMEe XapakTepucTuK no rnybuHe ynpou-
ynpoyHeHus: 1— HannasneHHbln metann 3OXICA; HeHHoro cros:
Il — ctanb 9X®; Il — ctanb 150XHM; 1 — obbeM- 1 — g2 — 053 —
Hasl 3akanka; 2 — nnasMeHHoe YMNpOYHeHue C ne-
pekpbiTvem 3TB Ha 30%; 3 — nnasmeHHOe ynpou-
HeHne 6e3 NnepekpbITUI
CHMXeHMe MUKPOTBEpPOOCTU B 30HE OTMNyCKa Ha y4acTke NepekpbITUS LOPOXEK He

npesbiwaeT 20%. bonee nHTeHcMBHOE M3bupatenbHoe n3HawmBaHve Ha rpaHuuax 3TB u B
30Hax OTMycka OTCYTCTBYeT, NMOCKOMbKY MpOLEeCcC onpefenserca npexage BCcero nsHawvea-
HMEeM 3aKaneHHbIX JOPOXKeK. 30Hbl OTMYCKa 3aHMMAalOT 3HAYUTENbHO MEHbLUYIO Nowaab no-
BEPXHOCTM M MPU NUX U3HOCE NMPosiBNAETCs «TeHeBOM» adhdpekT. NMpakTnyeckoe npumeHeHue
NNasMeHHOro yrnpoyHeHns ¢ nepekpbitnem 3TB moxeT ObiTb 06YCNOBNEHO B psge crydaes
TpeboBaHveMm obecrneyeHns Gornbluen cTabunbHOCTM rMybuHbLI yNpoYyHeHHoro cnos. B ue-
nom, oba pacCMOTPEHHbIX TEXHOMOMMYECKMX BapuaHTa Mra3MeHHoro yrnpovHeHus obecne-
YMBAKOT BbICOKYHD W3HOCOCTOMKOCTb M MO 3TOMY MoKasaTerno 3HaunTenbHO 3deKTUBHEN
06BEMHOWM 3aKankw.

MoBbIWEeHne N3HOCOCTOMKOCTU NPW NNa3MeHHOM YNPOYHEHUU CTanen ycTaHOBMEHO U
B Mpouecce UCMbITaHWUN Ha CTeHAe, B YCNOBUSAX, UMUTUPYIOLLMX YCroBKS paboTbl Hanpasns-
IOLLMX MeTannopexyLmnx CTaHKOB (TPEeHWE CKOSbXEHWUs Npu BO3BpaTHO-NOCTynaTeribHOM
ABWKEHMUN C Nogadven cMaskm 1 abpasmBHbIX YacTuL, B MECTO KOHTaKTa), a Takke Ha MalluHe
TpeHua CML-2.

WccnegoBanocb BAMSIHME MNMA3MEHHOrO YNPOYHEHUS HA MeXaHW4Yeckue CBOWCTBaA
ctanu 45 npu ncexogHowm mukpotesepgoctn H = 2400MlMa. Pexumbl 06paboTkm nnasmoTpo-
HOM MPSAMOro AENCTBUSA BapbMpOBanuch B cnegyowmx npegenax: Ilg = 80—112A, v, = 60—
168 m/y, dc = 6 mm, Qr — 1 n/c, | = 10 mm. O6paboTka ocyuiecTensnacb 6e3 onnaBneHns
noBepxHoCcTU. MexaHunyeckne xapaktepucTukm (Nnpegen NPoOYHOCTU g, Npenern TeKy4ecTu Gs,

OTHOCUTENbHOE CyXXEHWe ) onpenensnuck No Metoay BAABNMBAHMS MHOEHTOpa (Luapvka
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AnameTtpoMm 5 Mm n3 3akaneHHon ctan» WX15 ¢ HRC62—66). YcTaHOBNEHHbIN Xapaktep
N3MEHEHMSA MEXaHMYECKMX XapaKTepucTuk (puc. 18) cBA3bIBalOT C MOCMONHBIM pacrnonoxe-
HMEM 30H pas3HOM MWKPOCTPYKTYPbl C pPasfMYHOM MUKPOTBEPAOCTbID. Ha noBepxHOCTM
YNPOYHEHHOWN 30Hbl YCTAHOBMEHO CHWKEHWE MPOYHOCTHBLIX U MOBbLILLEHNE MNacTUYECKUX Xa-
PaKTEPUCTUK, YTO CMOCOOCTBYET YETbIPEX-LUECTUKPATHOMY YBENTMYEHMIO WU3HOCOCTOWMKOCTM
MO CPaBHEHMIO C UCXOLHbIM COCTOSIHUEM.

Hapsagy ¢ oueHKon MexaHMYeCKMX CBOMWCTB BaXXHOE MpakTUyeckoe 3HavyeHne nmeet
OLEHKa TPELLMHOCTOMKOCTU MaTepuanoB. JTOT BOMNPOC OCOGEHHO BakeH npu paspaboTtke
TEXHOMOrMN NNasMeHHOro YMPOYHEHUS TakuUX W3AEenNuin, Kak NpOKaTHble Bamnku, POfvKU W
LTamnbl, meTannoobpabaTbiBaloWMii MIHCTPYMEHT.

Linknnyeckne BO3OENCTBUS TEPMOMEXAHUYECKNX HAMpPsKEHUW, BO3HMKAOLWNMX B MNO-
BEPXHOCTHbIX MMKpoOObemMax 3a cyeT Nepmoamnyeckoro KoOHTakTa Barnka (ponuka, wramna u
T. M.) C ropsivYnM MEeTanmnoM, U NPUHYANTENBHOrO OXNaXaeHus1 cnocobCcTBYOT 0Opa3oBaHMIO
Ha paboyelr NMOBEPXHOCTU CETKN TPELUH TEPMOMEXAHWYECKOW YCTanocTu («CeTku pasra-
pa»), NepBoHa4yanbHO OPUEHTMPOBAHHbLIX NPOM3BONbHLIM Obpa3oM. B npouecce panbHen-
LIen aKkcnnyaTaunm HabnogaeTca NpeanoyTUTENbHbIA POCT TPELLMH B HanpaBneHun npuno-
KEHMSA BHELUHMX Harpy3oK (4n1s BankoB M POSIMKOB — KOSbLEBbIE TPELLMHbI). DTN TPEeLLMHbI
npv onpeaeneHHbIX YCroBMaX MOryT CTaTb MarucTpanbHbIMWU, YTO NPUBEAET K MNOSTHOMY pas-
PYLLEHNIO n3aenus. Takne ycrioBust MOryT BO3HUKHYTb OS5 PACCMOTPEHHOro Kpyra u3genun
B pe3ynbTaTte BO3AENCTBUA OOMbLUMX ANHAMUYECKUX Harpy3ok (Hanpumep, npu Bxoge 3aro-
TOBKM B KOHTaKT C Bankamu). B cBA3n ¢ aTum cneumdmka akcnnyaTaumm n noBpexgaemocTu
yKasaHHbIX U34enuin BolABUraeT npu Bolbope onTumarnbHbIX TEXHOMOMMYECKNX NPOLLECCOB MX
YNPOYHEHUS1 OAHMM W3 [NaBHbIX KPUTEPUEB, HApsiAy C MOBbILEHWEM WM3HOCOCTOMKOCTH,
obecneyeHne JOCTaATOMHO BbICOKOW CTOMKOCTU K 3apOXOEHUIO M PAcipPOCTPAHEHNIO TPELLUH.
Hanbonee nonHyo OUeHKy TPELLUMHOCTOMKOCTN MOXHO NOMYYnUTb C UCMOMNb30BaHWUE KpUTEpU-
€B MEeXaHWK/ paspyLleHus, ABNawmnxcs yHaaMeHTanbHbiMM XapakTepucTmkamm Mmatepu-
aroB B MX KOHKPETHbIX CTPYKTYPHbIX COCTOSIHUSAX.

[nsa oueHKN TPELLMHOCTONKOCTM MaTepmanoB nocre nia3MeHHOro ynpoYHeHus Obinu
nNpoBeAeHbl UCMbITaHWA Ha yaapHbId n3rnb ¢ ocuunnorpadmpoBaHMeM npouecca paspyLue-
HWUS1 B KOOpAuHaTax «ycunue — Bpemsi». KOHCTpyKums o6pasuoB NS UCnbITaHUI nNokasaHa
Ha puc. 19.

Ha ocumnnorpammax paspyLleHus no M3BEeCTHbIM METOAMKaM Onpeaensannucb Kpute-
pyM OUHAMUYECKOW TPELWMHOCTOMKOCTM: yaapHas Ba3KocTb Kc, paboTa 3apoxaeHus TpeLum-
Hbl Kcs, paboTa pacnpoctpaHeHust TpewuHbl Kep, MakcumansHoe ycunue paspyeHns Prax,
pacyeTHoe paspylwlarollee ycunme Pc, KpUTUYECKUIA KOI(PMOUUMNEHT MHTEHCUBHOCTWU Hanps-

XeHuI Kic, CKOPOCTb pacrnpocTpaHeHNe TPELMHbI L. B pesynbTaTe ucnbiTaHuii ycTaHoBe-
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HO, YTO nocrne nina3sMmeHHoOro ynpo4HeHnAa pacCMOTPEHHbIX MaTepurarnoB
f yoapHaa BA3KOCTb CHUXXaeTCA

0 B 1,5—3 pasa.

| OTO 00bSACHAETCS  BbICOKOM
|

’ XPYNKOCTbKO  MOBEPXHOCTHOIo

70

3aKalieHHOro cnoa wu, cnego-
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BaTesibHO, PE3KNM CHWXEHNEM

54

paboTbl 3apOXKAEHNS TPELLUHDI
. B 9TOM crnoe. YNpoYHeHne Bbl-
Puc. 19. Cxema nsrotoeneHusi o6pasLoB 451 UCMbITAHUN P
mMaTtepuanoB Ha TPELMHOCTOMKOCTb MOCMe NMa3MeHHOrO0 COKOKOHLEHTPUPOBAHHbIMU
YNPOYHEHUS.

WUCTOYHMKAMWN HarpeBa MO CpPaBHEHUIO C TPagMUMOHHBIMW CMocobamMm MNOBEPXHOCTHOMO

ynpo4yHeHns obecneynmBaeT BO3MOXHOCTb MOSyYeHUs CTPYKTYp C Gonee BbICOKOW TBEpOo-
cTbio. OBbACHAETCH 3TO HanuumMem BoMbLUMX CTPYKTYPHBIX MUKPOHAaNPsKeHWn. Mo MHeHWo
nccneposaTenen, HEOAHOPOAHbIE CTPYKTYPHbIE MUKPOHAaMNPsKeHWs (BTOporo poga wu no-
KanbHble) U OBOYyCNOBMMBAKOT BbLICOKYIO CKMOHHOCTb K XPYMKOMY paspyLlUeHuo cTanen co
CTPYKTYpPOW MapTeHcuTa 3akanku. Paspywarowee ycunve n Koad@mUUNEHT MHTEHCUBHOCTU
HanpspKeHUn nocre YyNpoYHEeHUs Takke CHWXAKTCH, O4HAaKO B 3HAYUTENbHO MEHbLUEN CTe-
NeHu, YTO cBMaeTenbCTBYyeT O 6onee HNU3KON YyBCTBUTENBHOCTU CUMOBLIX KpPUTEpUEB Tpe-
LLIVHOCTOMKOCTM K NOBEPXHOCTHOMY OXPYMYMBAHMIO MO CPABHEHWNIO C SHEPreTUYECKUMN.

KayecTBeHHbIN aHann3 Haubonee xapakTepHbIX OCLUMNNOrPaMm paspyLleHUs HeKo-
TOPbLIX U3 UCMbITAHHbIX CTanen 4o 1 nocne ynpoYHeHUs nokasarn, YTo xapakrep paspyLueHUs
YMPOYHEHHbIX CTanen NPUHUUNMansHO OTNIMYaeTCs OT XapakTepa paspyLueHus HeynpoYHeH-
HbIX cTanen. MNpu ncnbltTaHny ctanen, KOTopoe B UCXOAHOM COCTOSAHUU HE UMEIOT YNPOYHEH-
HOro NOBEPXHOCTHOrO Crios, Korga CTPYKTypa WM MexaHW4yeckne CBOWCTBa OAHOPOAHbI MO
BCEMY CEYEHMIO paspyLLEeHNsi, NpoLecc paspyLleHns NpoxoauT B ABe CTaaun — 3apoxgeHue
TPeLLMHbI M ee pacnpocTpaHeHne A0 NOMHOro paspylueHus obpasua.

Mpu ncnbiTaHUn ynpovHeHHbIX 06pa3uoB, Korga CTpyKTypa cTanv B CeYeHun paspy-
LLIEHNA COCTOUT U3 [IBYX CNOEB — 3aKarieHHOro 1 UCXO0AHOro MeTtarnna, npouecc paspyLueHus
NPOXOOMUT B HECKOMNbKO CTaamMn — CyOMUKpOCKoNuyeckas TpeLunHa 3apoxaaeTcsa n pacTeT B
ynpo4YHeHHOM crnoe. Ha rpaHuue ¢ ncxogHolim (bonee Markum) metannoMm OHa OCTaHaBnMBa-
eTcd. [Insa ganbHenwero ee pacnpocTpaHeHUs HeobxoauMMbl CyleCcTBEeHHO 6onblune ycu-
nWsi, Yem YCUNns 3apoXOeHUst B YNPOYHEHHOM Crioe. Takon CrOXHbIN MexaHW3Mm paspylue-
HUS1 YNPOYHEHHbIX MaTepuanoB M3BECTEH B MeXaHWKe KOMMO3ULMOHHbLIX MaTepuaroB Kak
«MHOXXECTBEHHOE paspyLUeHue».

MukpodppakTorpadnmyeckmn aHanm3 U3rioMoB Nnokasarsi, YTo NPUMEHeHMe NrasMeHHo-

ro YyNpoOYHEHWUsI MO3BOMSIET U3MEHUTb MUKPOMEXaHWU3M paspyLlleHusi cTanen. YnpoyHeHHas
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30Ha MMeeT 6onee AMCNEPCHbIN MO CPaBHEHUIO C UCXOAHON CTPYKTYPOW MUKpopenbed 13-
noma v npeactaBnsaeT cobow KBa3MCKOM, XapakTepusyloLWwmnines nnoxo pasnmyinMmbiMu daceT-
KaMn ckona, coeuHeHHbIMU mexay coboun rpebHaMK oTpbiBa M Hernybokumu smkamu. C
yBENMYEeHNeM codepXaHust yrrnepoaa B CTanu U COOTBETCTBEHHO, CTEMEHW AUCNEPCHOCTU
MapTeHCcUTa yNpOYHEHHOW 30Hbl AUCNEPCHOCTb haceToK KBa3ucKona Takke Bo3pacTraer.

Peskoe pasnnune MMKPOMEXaHM3MOB paspyLleHUs B YNIPOYHEHHOW 30HE U B UCXOA-
HOW CTPYKType MO3BONISIET CYUTaTb CTanu, YNPOYHEHHble Mfa3MEeHHOW CTPYewn, CIIOUCTbIM
KOMMO3ULUNOHHBbIMWM MaTepuanamu ¢ TBepabiM 1 XpYnKUM NOBEPXHOCTHBLIM CITOEM U OTHOCU-
TeNbHO MAKMM U NNACTUYHBLIM BHYTPEHHUM crioeM. Ha n3nomax ynpoyHeHHbIx 06pasLoB Ha
yyacTkax nepexoga OT 3aKalleHHOW K MCXOOHOW CTPYKType, HabntogawTcsa crneundunyeckume
CTYMEHW, CBMAETENbCTBYIOLWME O TOPMOXEHUM TPELUMHbI MO MEXaHW3MYy WCKPUBMEHUS eé
TpaekTopumn. 3TO MOXHO OOBACHUTB, C OOHON CTOPOHbLI, 6oree BbICOKOW MAaCTUYHOCTBLIO MC-
XOOHOW CTPYKTYpbl 3TUX CTaneun, a ¢ Apyrom,— NepexoaomM Ha rpaHuue yrnpoYyHEHHOW 30HbI
OCTaTOYHbIX HanNpPsXXeHWN OT CKUMAIOLLMX K pacTArmBaroLwmnM, KOTOpble CTPEMSATCS U3MEHUTb
HanpaBneHne pacnpoCTpaHeHNs TPeLMHbI. Takon e MUKPOMEXaHU3M TOPMOXEHUSA TpeLLn-
Hbl yCTaHOBMNEH W ANs Opyrnx cnocoboB MOBEPXHOCTHOrO YMPOYHEHUS (a30TUPOBaHMS,
BMOpoyaapHoro, 60pupoBaHuns), XxapakTepU3YOLLNXCH, Kak 1 NNasMeHHoe, Hanninem aocrta-
TOYHO Pe3KOoW rpaHuLbl MeXAy 30HaMu C pas3nuyHbIMU CBOUCTBAMM.

BmecTe ¢ TeM BbISIBNEHHOE TOPMOXEHME TPELUMHbI Ha YNPOYHEHHbIX CTansax C Co-
aepxxaHuem yrnepoga 4o 0,9 % He cnocobCcTBYET NOBbLILLEHMIO UX TPELLMHOCTONKOCTU U3-3a
CUINbHOIO CHKEeHWUs1 paboTbl 3apOXAEHUS TPeLLUHbl B XPYNKOM NOBEPXHOCTHOM Crloe U He-
AOCTaTOYHO BbICOKOW BA3KOCTU pa3pyLUeHUs 3TUX cTanew B UCXOOQHOM COCTOsSiHWMMW. [Ons no-
BbILLEHMSA TPELYMHOCTOMKOCTM AeTanemn, yNPOYHEHHbIX NIIa3MeHHOW CTPyen n aKcnnyaTupy-
€MbIX B YCMOBUAX UHTEHCUBHbLIX ANHAMUYECKUX Harpy3oK, HeobxXxoaMmo nNpuHMMaThb LOmMors-
HUTENbHbIE TEXHOSTOTNYECKNE MepbI.

2.4. TexHonorn4yeckme npoueccbl KOMMJIEKCHOrO YNpPOYHEeHUs faeTtanenm ¢ Uc-
nonbL30BaHMEM NNa3MeHHOro HarpeBa

M3 mMeToaoB KOMMMEKCHOrO YNpOYHEHUs AeTarnen, OCHOBaHHbIX HA COBMECTHOM MUC-
NOMb30BaHMN Na3MEHHOIO M APYrMX METOAOB YNPOYHEHUs, B HACTOsILLLEe BPEMS M3BECTHbI
N NPUMEHSIIOTCS Ha MpPaKTUKe TONMbKO TPU: Nra3MeHHas XUMUKO-TepMmudeckas obpaboTka,
06BbEMHO-NOBEPXHOCTHOE YyNpo4vHeHne (obbemHas TepmoobpaboTka + nnasmeHHas obpa-
6oTka), KOMNNEKCHOE NMOBEPXHOCTHOE ynpoYHeHue (3akanka TBY + nnasmeHHas obpaboT-
Ka). TeXHNYeCKn BO3MOXHBIMW SABASKOTCS U ApYyrMe BapuaHTbl U COMETaHUs, O4HaKO AaHHbIe
06 3TOM B OTEYECTBEHHOMN U 3apybexxHON nuTepaType OTCYyTCTBYIOT.

Bo3mMOXHOCTb peanusaumm XMMHUKO-TepMUYeckon o06paboTkn npu  nNnasmeHHOM

HarpeBe AeTanel onpeaenseTca poaoM rasa, UCrosb3yeMoro B kayecTee nnasmoobpasyto-
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wero. Hanbonblee npakTtnyeckoe nNpMMeEHeHue Onst 3TUX Lenen nonyuvunu aprod (nnas-
MOTPOHbI MPSIMOrO M KOCBEHHOIO AEUCTBUSA) U CxXaTbi BO34yX (NNa3mMOTPOHbI NPSAMOro Aewn-
cTtBus). VMicnonb3oBaHMe WMHEPTHOrO rasa aproHa nNo3BongeT obecneynTb NonydeHune kKade-
CTBEHHbIX YMNPOYHEHHbIX CroeB 6e3 gedektoB M okucrneHus. Mpyn 3aTom He npoucxoauT
HacbILWEeHNe yNpOYHEHHOM NOBEPXHOCTU KakKMMU-NBO anemMeHTammn u Gnarogapsa CTPYKTyp-
HbIM M3MEHEHUSIM OCYLLECTBNAETCHA TONbKO TEPMMYECKOe ynpo4yHeHne. Bo3MOXHOCTb pea-
nm3aumm XMMMUKO-TepMmMYeckon obpaboTkmn B crydae MCMNoMb30BaHUS CKaToro Bo3gyxa Tak-
Xe B nutepaType He paccmatpuBaeTcd. M3 uncna akTMBHbIX ra3oB, NPUMEHSEMbIX B Kadve-
CcTBe Mnasmoobpasylowmnx npu NOBEPXHOCTHOM YMNPOYHEHUWN, U3BECTHO UCMONb30BaHWE Yr-
NEKNCIIOro rasa 1 asora (B TOM YMCNe B CMECU C aprOHOM).

BoamoxHo andy3MoHHOE HacbILLEHNE NMOBEPXHOCTU XMUOKOrO MeTanna yrnepoaom
N3 BbICOKOSHTAsbNUNHOW YIMEKNCIIOTHOM Nna3meHHon ayrn. O6paboTka ¢ onnaBrneHmMeM no-
BEPXHOCTM 06pasuoB n3 cranen 650, 45 n C13 ocywecTensnacb niasMoTPOHOM MPSIMOro
pencteusa B CO.. B pesynbtate ynpoyYHeHus JOCTUIHYT AOCTaTOYHO BbICOKUIA YPOBEHb TBEP-
AO0CTM YNPOYHEHHOW 30Hbl: Ha ctann .45 — HV650—720, 65  — HV720 — 800, C13 —
HV200—220, 4TO 3Ha4MTEeNbHO BhILE, YEM NPU aHaNOrM4YHOM BO34YLUHO-NNa3MeHHon obpa-
6oTke (Ha cxaToM BO3gyxe).

Bo3moxHO a3zoTmpoBaHue (HacbileHne a3oToM) YNPOYHEHHbLIX CMOEB MpU NiasmeH-
Hon obpaboTke. 34ech B kadecTBe NrasmoobpasyroLero rasa NpMMEHAEeTCA CMeCb aproHa ¢
asoTom. OxnaxgeHue getanen nNpy ynpoYyHEeHUn B 3TOM Clydae OCyLLEeCTBISETCA Kak ecTe-
CTBEHHbIM NyTeM, Tak U C MPUMEHEHNEM BHELLHEro NPUHyAUTENbBHOrO oxnaxaeHus. B pe-
3ynbTaTe Takoro KOMMSEKCHOro ynpoyHeHus ctanun 40 obpasyetcsa a3oTMpPOBaHHLIN CrOW
TonuwmHowm okono 0,4 Mm ¢ mukpoTBepaocTbio 9500—9800MIa.

WccnenoBaHbl 0COGEHHOCTM TOHKOWM KPUCTanNM4eCcKon CTPYKTYpbl LUMPOKOro psifa
ctanen (20, 45, Y8A, Y10, 40X, B30OXI'CA) npu BO30enNCTBAUN a30THOM MMa3MeHHOW CTPYyW.
YCTaHOBNEHO, YTO B pesynbTate YyNpoOYHEHUS OCTUTHYTOE NOBbILIEHWE TBEPOOCTU CBSA3AHO
C ApobneHnem B6roKOB MO3auKn N 3HAYUTENbHBIM YBEMUYEHNEM MIIOTHOCTU OehEKTOB KpU-
CTanM4Yeckon peLleTKn, NPeBbIAoLWMM 3TU BENUYMHBI ANS CNyvYaeB TPagMLMOHHOW 3aKar-
KN 3TUX cTanen.

HesaBncnumo OT pexmnmoB Nna3meHHON XMMUKO-TepMU4eckon obpaboTkun yctaHoBne-
Ha NYHEenHas NPSAMO NPONOpPLMOHanbHas 3aBUCUMOCTb MeXAy MNOTHOCTbI0 AMCNOKaUMi u
TBepaocTbio (puc. 20) n obpaTHas 3aBMCUMOCTb MEXAy padmepamu GrOKOB U TBEPAOCTLIO.
TexHonorns NNasMeHHoOn XMMUKO-TepMUYECKor 06paboTkn ncnonb3yeTcs Ans ynpovyHeHus
BasikoB pPe3MHOCMECUTENEN.

MccnepnoBaHnsi BO3MOXHOCTU NTa3MEHHOro a3oTMPOBaHMSA Nnokasanu, YTo TBEpAOCTb

ctanu nosbiwaeTca o HV950 B asotuposaHHoM crioe npotmue HV200 B ncxogHom coctos-
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HUWN. PEHTreHOCTPYKTYPHbIM aHanM3oM BbisiBNEHO o6pa3oBaHMe B NOANOBEPXHOCTHOM Crioe
a30THOro coeanHeHus FesN. 3To 06bsCHAETCA pacTBOpPeHMEeM aTOMapHOro asoTa nnasMmeH-
HOW Oyrn B UICXOQHOM MaTepuarne npu Harpese.

Mexay pacTBOpeHHbIM aToMapHbIM a30TOM U aToOMaMn UCXOOHOro Matepuana npo-
NCXOOMT XMMUYECKas peakuunsa, Kotopas M npuBoguT K obpasoBaHuio HUTpMAoB. CKOpPOCTb
peakunn andpdysnm aToMOB B CTanu) B pasnuyHbiX Toykax 3TB npsamo nponopumoHansHa
AOCTMraeMom Tam BennimHe TemnepaTtypbl Harpeea. B ueHTpe 3TB ckopocTb a3oTupoBaHuns
oKasblBaeTCH ropasfo Bbllle, YeM B NepudepumnHbIxX y4acTkax.

K 4yncny HECOMHEHHbIX NPENMYLLLECTB TEXHONOMYECKUX NPOLLECCOB MIIa3MeHHON Xu-
MUKO-TepMuyeckon obpaboTkun, TO eCTb YNPOYHEHUS C OQHOBPEMEHHbLIM HACbILLEHNEM afe-
MeHTaMn (a30TMpPOBaHMEM, HAyrNepoXmnBaHNEM U T. 4.) MO CPABHEHWUO C TPaAULMOHHbLIMM

MeToaamMn MOXXHO OTHECTU BbICOKYHO Npon3BoANTENIbHOCTb N SBKOHOMUYHOCTb.
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Puc. 20. BsanmocBs3b NNOTHOCTM AedeKkToB
KpUCTanmn4eckon peLIeTkn u TBEPAOCTU
ctanen 20, 45, 40X, 3OXICA, Y8A, Y10 npu

Puc. 21. 3aBMCMMOCTb MUKPOTBEPOOCTU 3a-
KaneHHOM 30Hbl OT TemnepaTypbl nocneay-
towero otnycka: 1— ctane 30XICA; 2 —

ctanb 45, 3 — cranb 9X®, 4 — cTanb
150XHM; 0 — MuKpoTBEpOOCTb Mnocrie 06b-
€MHOW 3aKarKu

Haunbonee wmnpokme BO3MOXHOCTU perynmpoBaHus 3KCMnyaTaumMOHHbIX CBOMNCTB pea-

pPa3nMMYHbIX peXxnmax ynpoYyHeHunq

NM3yTCA B Crlyvyae NPUMEHEHUS TEXHOMOrMM KOMMIEKCHOro YNPOYHEHWUs, BKMKOYaloLLen
npeaBapuTENbHYO UK NOCNEeAyoLWY0 06beMHy0 TepMuyeckyto 06paboTKy 1 nnasmeHHoe
yNpOYHEHME.

Pexunmbl 06beMHOM 3aKkanku BblOMpanucb B COOTBETCTBUM C OBLLENPUHATBIMU PEKo-
MeHaaunammu ans gaHHblx ctanen: 3OXICA, 45, n 9X® — HarpeB B neun go 850°C, BbI-
aepxka 1 4, oxnaxageHne B Boge, 150XHM— HarpeB B neun go 800°C, Bbigepxka 1 4,
oxnaxgeHvie B Boge. [pu Bbibope TemnepaTypbl OTRycka Mocre nna3MeHHOro ynpoYHeHus
npegBapuTenbHO OLEHMBANoCh U3MEHEeHNe MUKPOTBEPOOCTU 3aKaneHHON 30Hbl B UHTEpBa-

ne 0—450°C (puc. 21). Vicxoas n3 npegnochbinkv NOnyyYeHus 3HaYeHun TBEpAOCTU Ha OO-
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CTUrHyTOM, GOnee BbICOKOM, YeM NMpuM OOBLEMHOW 3akasnke, YpOBHe, TemrnepaTypa OTnycka
BblGpaHa paBHon 300 °C.

OTnyck nocne nnasmMeHHOro YNPOYHEHMSI NMPUBOAUT K CHUXKEHUIO MUKPOTBEPAOCTU
3aKanieHHOM 30Hbl 1 NOBLILEHMIO TPELMHOCTONKOCTM OIS BCEX MUCMbITaHHbIX cTanen. MNono-
XUTEeNbHOE BNMUsSIHME MocneayLwero oTnycka OOycrnoBneHO MNepexo4oM MapTEeHCUTHOM
CTPYKTYPbl YNPOYHEHHOM 30HbI B 6onee ctabunbHoe COCTOsIHME, YTO CBSI3aHO C penakcauu-
€N BHYTPEHHUX CTPYKTYPHbIX MUKpPOHaNpPsKeHun. Penakcaums B 9TOM crydyae MOXeT OcCy-
LLeCTBNATLCA 3a cdeT AnddY3MOHHOro nepepacnpeaeneHms aToMoB yrrepoga B Kpuctan-
NMYeckon pelueTke, NyTeM B3aMMOAEWCTBUA aTOMOB BHegpeHWa ¢ apyrnmu gedekramu
(ancnokaumsmn) nnbo 3a c4eT NpoTeKaHUs MUKPOCABUIOB. YKa3aHHble NpoLecchl He Bbi3bl-
BalOT CYLLECTBEHHbIX U3MEHEHUN MUKPOCTPYKTYpPbl — MapTeHcUT oTnycka B 3TB no Bu3y-
anbHbIM MpU3Hakam aHanornyeH ceexeobpaszoBaHHOMY MapTeHcuTy 3akanku. OgHako Ha
MUKpodpakTorpammMax M3NoMoB HabnwgaeTcs Oonee pasBuTbIN penbed KBasuckona c
6onbwKM nepenagomMm ypoBHEW MO CPaBHEHUIO C HEOTMNYLEHHbIM COCTOSHUEM, YTO CBUAe-
TenbCTBYET 0 GOorbLIEN 3HEPrOEMKOCTU pa3spyLueHusi. O6pasubl 3TOro TMna paspyLlarTcs Mo
«MHOXXECTBEHHOMY» MEXaHu3My C TOPMOXEHMEM TPELLUMHbI Ha rpaHuLEe 3aKaneHHoro u uc-
XOOHOrO Croes.

lMnasmeHHoe ynpovHeHne nocre o6bEeMHON 3aKanku No3BONSEeT CyLECTBEHHO MOBbI-
CUTb TPELUMHOCTOMKOCTb BCEX UCMbITAHHbLIX CTanen no CpaBHEHUO C OOBLEMHOWN 3aKkarikowu
0e3 ynpoyHeHus. MapTeHCUTHasa CTpyKTypa YNPOYHEHHOro Crosi Npu Takon crnoxHon obpa-
0OTKe NO CpaBHEHMIO C MAPTEHCUTHON CTPYKTYPON O0OBbLEMHO-3aKaneHHONW OCHOBbI XapakTe-
pusyeTcs 6ornee BbICOKOW CTEMEHLID OUCMEPCHOCTH, a Takke 6onee BbICOKOM MUKPOTBEPOO-
CTbto. Mpy 3TOM MUKPOCTPYKTYpa 3aKkaneHHOM 30Hbl MpU YNpPoYHEHUN nocne obbemHoNn 3a-
Kanky aHanorn4yHa MUKpPOCTPYKTYpe 3TON 30HbI Npu obpaboTke cTanen B MCXOQHOM COCTOS-
HUW, MPaKTUYEeCKN OAMHaKoBa U MWUKPOTBEPAOCTb. OTO CBMOETENbCTBYET 006 OTCYTCTBMM
BMUSIHMSA NCXOLHON (Nepen ynpoYHEHNEM) CTPYKTYpPbl Ha CTPYKTYPY M TBEPAOCTb 3aKareHHON
30Hbl. Pa3pylueHne 3akaneHHom 30Hbl B 060mnx crnyvyasax o6paboTkM NPOMCXOANT AN Kaxaoun
nccnegyemomn ctanu no O4MHaKoBbIM MUKPOMEXaHM3MaM KBa3uckona.

YBenuueHne CcTeneHn AMCNEpPCHOCTU MapTeHcuTa M ABMASETCA OAHOW U3 rMaBHbIX
MPVYUH NOBBILIEHWS TPELUMHOCTOMKOCTU. YMEHbLUEHNE pa3MepoB MaPTEHCUTHbLIX KpucTan-
NnoB Npv nna3meHHon obpaboTke 06yCnoOBMEHO YMEHbLUEHNEM PA3MepPOB UCXOAHOro aycre-
HUTHOrO 3epHa B CBSI3N C OYE€Hb BbICOKUMUN 3HAYEHUAMUN CKOPOCTU HarpeBa n OxnaxaeHus, a
TaKke Manow AnuUTenbHOCTbIO NpebbiBaHNA MeTanna B pa3orpeTomM COCTOSAHMU. JTO MOJSHO-
CTblO cornacyeTcs ¢ BbIBO4AMWU O MOMOXUTENIbHOM BUSIHUKW MOBLILUEHNS CKOPOCTU Harpeea
N YMEHbLUEHUS NPOLOIMKUTENbHOCTU ayCTEHUTM3aUUN Ha yBENNUYEHNE MPOYHOCTU N COMpO-

TUBMSIEMOCTN XPYMNKOMY paspyLleHuto. [oBblleHNe TPEeLMHOCTOMKOCTU C yBEeNMYeHneM
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CTeneHn AMCNepPCHOCTU MapTeHcuTa MOXeT BbiTb OO bACHEHO Takke C No3uuni puanyeckon
Teopun paspyLLleHUs MeTansioB, COrnacHO KOTOPOW KPUTUYECKOE HarpsiKeHWe XpYnkoro pas-
pyLeHnsa obpaTHO NponopLUNOHanbHO pa3mepy 3epHa (kpuctanna, naketa) d:

Cip = Kd12

KauecTBeHHbIN nepexod OT KPYMHOMIonb4YaTon MapTEHCUTHOW CTPYKTYpbl Mpu O0b-
€MHOWN 3aKarnke K BbICOKOOUCNEPCHOW MpW MrasMeHHOM YNPOYHEHUWU Bbi3blBaeT U Kaye-
CTBEHHOE M3MEHeHMEe MUKpOMEXaHu3mMa paspyLueHuss — nepexon OT MeX3epeHHOro (MHTep-
KPUCTanmUTHOIO) paspyLUeHns K BHYTPU3EPEHHOMY KBa3WCKOMbHOMY. AHanmn3 MuUKpOCTpoe-
HUS1 M3NOMOB Npy BOMbLUMX YBENUYEHUSIX MO3BONWUN cAenatbh criegyowue BblBoabl. Paspy-
WweHne obbeMHO-3aKaneHHoOro MapTeHcuTa NPOMCXOANT NPENMYLLECTBEHHO MO MEeXaHU3My
pacLLenneHnsa Ha rpaHmLax UCXOAHOro ayCTeHUTHOro 3epHa. AToMy CnocobCTByeT cerpera-
UMSA Ha YyKasaHHbIX rpaHuuax OXpynyuBaroLmx BKNoYeHun (kapbwgos, cynbduaos v ap.).
paHuuUbl 3epeH C cerperMpoBaHHbIMM Ha HUX MPUMECSMU NpeacTaBnsaT cobon aHepreTu-
yeckn Gonee BbIroaHbIN NyTb ABMXKEHMS TpelmHbl. Mex3epeHHbIn ckon obycnosnmeaeT no-
ny4yeHve B usnome pernbeda, COOTBETCTBYIOLLEro orpaHke 3epeH. Ha noBepxHOCTU rpaHen
3epHa YeTKO BUAHbI CerpernpoBaHHble BKMtOYEHUs. N3MenbyeHne ayCTEeHUTHOro 3epHa (U
COOTBETCTBEHHO MapTEHCUTHbLIX KpMUCTannoB) nNpu GbICTPOM U KOHLEHTPUPOBaAHHOM nnas-
MEHHOM HarpeBe YBENUYMBAET IJHEPIUI0 pPaspyLleHUs MNyTeM YBEeSIMYEHUA «MnacTUYHbIX
pa3pbIBOBY», HEOOXOOMMBIX A9 COeANHEHNS OTAENbHbIX TPeLmMH ckona. Kpome Toro, 6naro-
Aaps KparvHe manown AnuTenbHOCTU NpebbliBaHMA MeTanna B pa3orpeTtom COCTOSAHWUU cerpe-
raumsi SNemMeHToB NpMMecen Ha rpaHvLax 3epHa He ycnesBaeT MPOon3onTU, 3epHOrpaHnYHas
9Heprmsa OCTaeTcs AOCTAaTOMHO BbICOKOM U paspyLlleHue MpouMCXOoaUT NO BHYTPU3EPEHHOMY
KBa3NCKONbHOMY MexaHu3my. [pu yBenuyeHun cTeneHn AUCNepCHOCTM MapTeHcuTa (C no-
BblLLEHMEM COAepXaHusa yrnepoda B MCCNEeOOBaHHbIX CTansx) yBenvuMBaeTcs U CTeneHb
ANCNepCcHOCTU penbeda KkBasmckona.

Hapsagy ¢ nonydyeHuem Gonee 6GnaronpusTHOW MapTEHCUTHOW CTPYKTYpbl, APYrouv
BaXXHOM MPUYUHOM MOBLILEHUS TPELMHOCTOMKOCTU MPU NNA3MEHHOM YNPOYHEHUMU nocre
0ObEMHON 3aKanku SBNAETCS Hanuyine Mexay 3akaneHHoum 3oHonm 3TB u obbeMHo-
3aKarnieHHOM OCHOBOW MSFKOW 30Hbl OTMyCKa C BbICOKOAWCMNEPCHOW TPOCTUTHO-COPOUTHOWM
CTPYKTYpOW. "paHuLa Mexay 3akaneHHON 1 OTNYLLEHHOW 30HaMWu, Kak 1 B cnyvae ob6paboTku
B MCXOOQHOM COCTOSIHUM, JOCTATOYHO peskas. [poTsKeHHOCTb ee Takke onpefensercsa Be-
NIMYMHON TeMnepaTypHOro MHTepBana o—y— npeBpalleHns. MnkpomexaHmam paspyLueHus
B 30HE OTMNyCKa— MUKPOBA3KMUIA SIMOYHbIN, YTO U BbI3blBAaeT pPe3KOe MOBbILLEHNE ee TpeLu-
HOCTOMKOCTM.

PaspylweHune obpasuos nocne ABOMHOM (OOBEMHON M MIasMeHHOW) 3akarnky Takke

MPOUCXOOUT MO «MHOXECTBEHHOMY» MEXaHU3My C TOPMOXEHMEM TPEeLUMHbl Ha rpaHule C
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30HOW OTMyCKa NOCPEACTBOM WUCKPUBIIEHUSA TpaekTopuun. NpuynHaMmm TOPMOXEHMSA ABMSOT-
Cs1, BO-NEPBbIX, NEPEXO OCTATOYHbIX HANPSXXEHMUN B 3TOM MECTE OT CKMMatoLWUX K pacTaru-
BalOLLMM, N, BO-BTOPbIX, BbICOKas MAacTUYHOCTb MaTtepuana 30Hbl OTNycKa No CpaBHEHUIO C
YrNPOYHEHHOWN 30HOMN.

Takum 06pas3om, pesynbTaTbl WCMbITAHUA CBUMAETENbCTBYIOT, YTO MnasMeHHoe
YNPOYHEHME MOXET BecbMa adheKTUBHO UCNOMb30BATbhCA NS AeTanen, akcnnyaTupyemblx
B 06beMHOo-3aKaneHHOM cocTosHuK. [pyn 3TOM JocTUraeTcsd OAHOBPEMEHHOE MOBbILIEHWEe
Kak TBepOoCTu paboyen NOBEPXHOCTU, TaK U TPELLMHOCTOMKOCTU, YTO MPaKTUYECKN Heocy-
LLLEeCTBMMO MpU NPUMEHEHUN TPaOULMOHHBIX METOA40B 06BEMHOIO 1 NMOBEPXHOCTHOMO YNpoY-
HeHus. Ewe GonblieMy MOBbIWEHUIO TPELUMHOCTOMKOCTU CNOCOBCTBYET NPUMEHEHME Mo-
crneayoLero oTnycka nocne onMcaHHoM Bbille ABOMHOW 3aKarku.

B HacToswee BpemMss MMeeTCs NPaKTUYECKUA ONbIT MPUMEHEHUS Mra3MeHHOro
YNPOYHEHUS AeTanen B COBOKYNHOCTM C 00bEMHOM TEpMUYECKON 06paboTkon. AP deKkTBHO
NPUMEHEHWE MITa3MeHHOro yNpoYHeHNs1 AN NPOKaTHbIX BarikoB M3 ctanu 9X2MO, nmverowmx
npegBapuTenbHy (CepuiiHy) o6beMHY0 TepMO0OpaboTKy — 3akanky unm HopManmsauuto
C nocrneayrLwmMm BbICOKUM OTNYCKOM. VIBHOCOCTOMKOCTL NpU Niia3sMeHHOM YNpOYHEeHun (Uc-
NbiTaHus Ha MawuHe MU-1M) Ha 20% Bbiwe, Yem nocne o6bemHon TepmoobpaboTku. ny-
OGuHa ynpoYHEHHOro crnos 3gecb coctasuna 1,5 MM C MUKPOTBEPAOCTHIO Ha MOBEPXHOCTU
8500MMMa.

lMnasmeHHoe ynpoyHeHwe uenecoobpasHo Ana Aetanen TexHororm4eckoro obopy-
AoBaHus, nsrotoBneHHbix n3 ctanen 34XH1M, 40X, 5XHM, 6517, koTopble nepen ynpo4vHe-
HMeM JeTanu noaBepralTca npeasapuTenbHOMY ynyylleHuo (o6bemMHas 3akarnka C BbICO-
KMM oTnyckom). lNonyyaemas ynpoyHeHHas 30Ha wupuHon 10 Mm u rmybuHon o 1,5 mm
nmeet TBepAocTb Ha 6—8 eamHny, HRC Bbilwe, Yem nocne o6bemHon 3akanku. OTmedaeTcs
NoBbILLEHNEe CTOMKOCTU YNPOYHEHHbLIX AeTanen B 2—3 pasa.

B cnyyae ynpoyHeHus ¢ nepekpbitnem 3TB nyaHCOHOB M3 BbICOKOXPOMUCTOW CTanu
X12M (1,50 % C, 12,10 % Cr, 0,50 % Mo) ¢ npeaBaputenbHon 06bEMHOM TEPMUYECKON 06-
pabotkon — 3akankon npu 1020°C B macno + otnyck npu 320°C ycTaHOBMNEHO AOMNOMHU-
TenbHOE MOBbILEHNE TBEPOOCTM 3a CYeT BTOPUYHOro TBepaeHus. ocne MHOroumknoBon
aKcnyaTaumm WTamnoBOro MHCTPYMEHTa B 30HE MHTEHCMBHOIO TpeHUs HabnogaeTcs Takke
AOMOMHUTENBHOE YNPOYHEHNE HaKMEenom 1 3aMeTHOE CHWXEHME CKOPOCTWU naHoca. Ons pe-
rynMpoBaHusa 3KCNIyaTalMOHHbIX CBOWCTB AeTanen (npexae BCero TBepaocTu U TpewmHo-
CTOMKOCTN) BO3MOXHO MCMOSib30BaHWE nna3MeHHon obpaboTkm B KOMMMekce ¢ npeasapu-
TenbHOW 3aKarikon TokaMu BbICOKOW YacToTbl. KomnnekcHas obpaboTka ¢ npeasaputenbHom
3akankon TBY mnssectHa u gnga crnydas nasepHoro ynpoyHeHus. YNpoyHEHHbIE TakuM Cnoco-

OoOM geTany MMEerT KOMMO3ULMOHHLIN paboymnii CNon C BbICOKOW M3HOCOCTOMKOCTLIO U Tpe-
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LLIVHOCTOMKOCTBIO U OTHOCUTESbHO MSATKYI0 U NNAacTUYHYIO cepaueBuHy (puc. 22). MNpun atom
MMeeTCca BO3MOXHOCTb MPaKTUYECKN HEOrpaHWYEHHO perynmpoBaTth rryouHy ynpoYHEHHOro
cnos 3a cyet obpaboTkm TBY (mo 0,4D, rae D —anameTp getanm).

Mpupona obpasoBaHMA BHYTPEHHErO OTMNYLLEHHOrO CMNOSA WU ero pornb B MOBbIWEHWUN
paboTocnocobHOCTM aeTany aHanorMyHbl PacCMOTPEHHOMY BbIWE Criyyato Mnna3mMeHHOro
YNPOYHEHUS npefBapuUTeNnbHO 3akaneHHblx ctanen. OgHako crion, 3akaneHHbln oT TBY u
nvetoLwmn npm obpaboTke cpefHe- U BbICOKOYrNepoaUCTbIX CTanen CTpyKTypy KpynHOUMOnb-
yaToro MapteHcuTa, OygeTt obnagaTtb BbICOKOW XPYMKOCTbIO U HU3KOW TPELLMHOCTOMKOCTbLIO
M3-3a HanMuns HEeOL4HOPOAHbIX CTPYKTYPHbIX MUKpOHanpshkeHun. oatomy Ans getanen,
3KCMyaTupyeMbiX MpU 3HAYUTESbHbIX AUHAMUYECKUX Harpyskax, MOXHO peKoMeHOOoBaTb
KOMMNJIEKCHOE YMpPOYHEHNe, BKIoYatowee 3akanky TBY + nnasmeHHyto o6paboTky ¢ npome-
XYTOYHbIM 06BbEeMHbLIM OTnyckom. OTMycK 3akaneHHom ctanu nocne 3akanku TBY npuBoauT K
NOMy4YEeHNI0 PaBHOBECHOW CTPYKTYpbl Grnarofaps BblAeNeHuio yrrnepoga u3 MapTeHcuTa 3a-
Kanku M OCTaTOYHOIO ayCTEHUTA, CHWXEHUIO BHYTPEHHUX CTPYKTYPHbIX MUKPOHaNPSHKEHUHN,
N, B pesynbTaTte 3TOro, NOBbILEHUIO NAACTUYHOCTU 1
TpeLmHOCTOMKoCTU. B 3aBucumoctn ot Tpebyemoro go-
CTUraemMoro YpoBHS CnyXebHbIX CBOWCTB, TemnepaTypy
NPOMEXYTOYHOrO OTMycka HasHayalT B uMHTepBane
200—400°C. [na aHanusa CTPYKTYPHbIX NpeBpaLLeHui,
3aMepoB MUKPOTBEPAOCTU, OLIEHKM M3HOCO- U TPELLMHO-
CTOMKOCTW, a Takke xapakTtepa paspyLleHUs! BbINOSHS-
NOCb KOMMEKCHOE YMPOYHEHUE LMNUHOPUYECKUX O6-
pasuoB agnameTpom 35 mm 1 anmHon 200 mm 13 ctanen
Y8 n 75X2M.

Puc. 22. Cxema pacnonokeHuss YCTAHOBIEHO, YTO MpU NMa3vieHHOM YNpOUHeHnM nocne

YNPOYHEHHbIX CMNOEB AeTann Npu  sgkanky TBY gocturaloTca JOCTAaTOMHO BbICOKME 3HA4e-
NNasMeHHOM YNPOYHEHUW nocne
sakankm TBY: 1 — croit nnas- HWS SKCNIyaTauMOHHbIX XapakTepUCTUK, YTO MOXET Cro-
MEHHOTO BO3AEWUCTBNS; 2 — OT- coBCTBOBATL 3HAYNTENBHOMY MOBLILIEHMIO PaBoToCcno
MyLWeHHbIW crion; 3 — crou 3a- . . .
kankv TBY. cobHocTu feTanen. JononHUTENbHbIV NPOMEXYTOYHbIN
oTnyck (nocne 3akanku TBY nepen nna3meHHon o6paboTKoM), HECMOTPS Ha YCNOXHEHne
TEXHOINOrMKM, MO3BONSAET PErynupoBaTh 3JKCMyaTalUMOHHbIE XapaKTEPUCTUKU B  HYXXHOM
HanpaBneHnn B JOCTAaTOYHO LUMPOKMX Npeaenax.

Hanbonee GnaronpusiTHoe COOTHOLLUEHWE MNapaMeTpoB MPOYHOCTW, MNACTUYHOCTW,
TPELLMHOCTONKOCTN AoCTUraeTca npu Temnepartype otnycka, pasHon 300°C. B atom cniyyae
MO CPaBHEHMIO C KOMMIIEKCHbIM YNpOYHeHEeM 6e3 NMPOMEXYTOYHOro OTMyCKa YyCTaHOBMEHO

MoBbILLIEHNE MPOYHOCTHLIX XapakTepuctuk — B 1,2—1,3, nnacTU4ecKnx xapakTepucTuk — B
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1,4—2,0, ynapHon Bsaskoctu — B 1,3—1,4, TpewmHocTonkoctm — B 1,3— 1,5 pasa npu co-
XpaHEeHUN TBepOOCTU MOBEPXHOCTU M U3HOCOCTOMKOCTU Ha OOCTUIHYTOM BbICOKOM YPOBHE.
lMonyyeHne Takoro coyeTaHust KCNyaTauMOHHbIX CBOMCTB 0ObsICHAETCA peanusaunen Bce-
ro MHoroobpasms npoLeccoB NpeBpaLLeHNn CTPYKTYPbl MPU CIIOXKHOM MHOFOKpPaTHOM Harpe-
BE.

Mpn Temnepatype NpomexyTo4yHoro o6bemMHoro otnycka, pasHon 300°C, B cnoe 3a-
kanku TBY npouncxogat | v Il npeBpalleHns npu oTnycke ¢ nonyvyeHmem ¢hasoBoro cocrasa
cTanu —oTnyLLEeHHbIA ManoyrnepoaucTbii MapTeHeuT (C. cogepxaHunem yrnepoga ~0,1%) c
KybGudeckon pelLeTkor + nracTuHYaTbii LeMeHTUT. Takas CTpykTypa cTanu Hambonee 6na-
rornpuaTHa C TOYKN 3PEHUSI MOBbIWEHUS MAACTUYHOCTU U TPELLMHOCTONKOCTU NpU COXpaHe-
HUW BbICOKOW NPOYHOCTWN U TBEPAOCTU. Mpn 3TOM BO BHYTPEHHEM OTNYLLEHHOM Crioe, BO3HU-
KaloLLleM Mpuv nocreaylowen nnasmeHHon obpaboTtke (puc. 21), npouncxoasart Il n IV npeBpa-
LLeHNs npu oTnycke ¢ obpasoBaHMEM CTPYKTypbl copbuTa ¢ Hanbonee BbICOKOM MITACTUYHO-
CTbiO.

Hannyune 30HbI OTNycKa C MOBbLILEHHOW NIACTUYHOCTLIO obGecneyvvBaeT NoBbiLEHNE
TPELUMHOCTOMKOCTN KOMMIEKCHO-YNPOYHEHHOIO MaTepuana, a Takke TOpMOXeHWe JKcnnya-
TaLMOHHbIX TPELLMH, pacnpOCTPaHAOLLMXCA OT NOBEPXHOCTM AeTanun u3 TBEPAOro u Xpymnko-
ro crnosi NnasmMeHHoW 3akanku npu nepexoge B 6onee MArkMM M NAACTUYHbLIA OTNYLLEHHbIN
cnomn.

Taknm obpasom, KomnsiekcHyto obpaboTky, Bknovatowwyro 3akanky TBY, o6bemMHyto
TepMoo6paboTKy 1 B KayecTBe (PMHULLIHOM onepaunm nNnasMmeHHoe YNpoYHEHNE, MOXHO CYU-
TaTb O4HOWN 13 Hanbornee NepcnekTUBHLIX ANA AanbHENWEero passBuTsa 1 LUMPOKOrO NpaKTu-
YEeCKOro MpUMMEHEHUs ANS TAXeNOHarpyXXeHHbIX M3HalMBaeMblx Aetanen obopyaoBaHus,
meTannoobpabaTtbiBaloLLEero MHCTpyMeHTa 1 Apyrux U3genun.

O606wWwasa HaKONMEHHbIA OMbIT NMA3MEHHOr0 MOBEPXHOCTHOrO YMNPOYHEHUS, MOXHO
caenaTtb BblBOA, YTO AaHHAsA TEXHOSOMMSA Mo CPaBHEHUIO Kak C TpagMUMOHHBIMK criocobamu
MOBEPXHOCTHOrO YNPOYHEHUS (3aKarkon TOKaMW BbICOKOW 4acTOTbl, XMMMUKO-TEPMUYECKOMN
o6paboTkon 1 Ap.), Tak U C HOBbIMW cnocobamn, B TOM YMChe NasepHbIM U 3NIEKTPOHHO-
fny4yeBbIM YNPOYHEHWEM OTNMYaETCA PSAOM MPEeUMyLLecTB: OTHOCUTENbHOW MPOCTOTON WU
HU3KON CTOMMOCTbIO TEXHOSTOMMYECKOro 060opyaoBaHNA; OTCYTCTBMEM HEOOXOOUMOCTM B A0-
NOMHUTENbHOM MPUMEHEHUN OXNaXKdalwLWmx cped, Bakyyma, crneumanbHbiX MOKpbITUA Ans
MOBbLILLUEHNSA MOrnowaTenbHOM CNOCOOHOCTM YNPOYHAEMbIX MOBEPXHOCTEN; BO3MOXHOCTLIO
aBTOMaTM3aLMm n poboTu3aunm TEXHONOIMYECKOro NpoLecca; OTCYTCTBMEM MOHU3UPYIOLLMX
N3ny4eHun, onacHblx Ansa obcnyxmBatoLLero nepcoHana.

B TO e Bpems nnasmMeHHoe YNpoYHEeHWEe UMeEeT N psa HeAOCTaTKOB, Had yCTpaHe-

HMEeM KOTOpPbIX Heobxoanmo paGOTaTb npu coBepLleHCTBOBAHUN 3TOro TEXHOJ10rm4eckoro
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npouecca. K HUM OTHOCATCA HEBO3MOXHOCTb YNPOYHEHUST TPYAHOOOCTYMNHbIX MECT Ha AeTa-
NSAX CNOXHON POPMbI, YTO OOBACHSIETCS HEOOXO0AMMOCTbIO 0becnedeHms Mmanoro (nopsaka
5—10 mMm) 3a3opa Mexagy nnasMoTPOHOM U JeTarbio; OTCYTCTBUME CEPUIMHO-BbINYCKAaeMoro
TMNOBOrO creunannanpoBaHHOro obopynoBaHNst — NNa3MOTPOHOB U T. M.

Hanbonee nepcnekTMBHO M IKOHOMUYECKM 3PADEKTUBHO NPUMEHATL €r0 ANA CMEHHO-
ro TEeXHOJTIOrMYECKOro MHCTPYMEHTA, SKCMITyaTUPYHOLLErOoCA B YCMOBUSX MHTEHCUBHOIO Tpe-
HMA MeTann no MeTaniy B MacnsHoW u macnsHo-abpasuBHOWM cpefe — Basku, LWTamnbl,
MaTpuubl U3 YrnepoancCTbiX U NErMpoBaHHbIX CTanen, MeTannopexyLero MHCTpyMeHTa 13
ObICTPOPEXYLLMX CTanen n TBepAbIX CMMaBoB, a TakkKe MHCTPYMEHTa ans o6paboTkn Heme-
TannM4yecknx MaTepvanoB — MPOAYKTOB MULLEBON, KopMonepepabaTbiBatoLlwen, 4epeBooT-

aeno4vHom NPOMbILLUJIEHHOCTW.

Tema 3. PUSUYECKUE OCHOBbI IASEPHOU TEPMOOBEPABOTKU METANOB
M CNNABOB

OcobeHHOCTLI0 Na3epHOro BO3AENCTBUSA SBNSETCH NOABOA BbICOKOKOHLIEHTPUPOBaH-
HOW 3HEeprMm K MoBepxHOCTU obpabaTbiBaemMoro matepvana M U3MEHEHUEe CTPYKTYpbl W
CBOWNCTB B TOHKOM NMOBEPXHOCTHOM Cfl0€ 3TOro matepuana. B aTon cBsi3au nasepHbli Ny, Kak
MCTOYHUK Harpesa Npu Tepmudeckon obpaboTke maTtepuanos, umeeT cneumduryeckne oco-
GeHHOCTN 1 NpeumyLlecTsa:

1) BbICOKas KOHLUEHTpaums NOABOAUMOMN IHEPINN N NoKasribHOCTbL obpabaTbiBaemMoro
yyacTka, BCNeACTBME Yero NpoLecC OTNMYaeTcss MMHUMAarbHbIM TENoBbIM BO34ENCTBMEM
Ha BeCb MaTtepuan U MUHUManbHbIMA OCTaTOYHbIMK Aedopmaunsamn B obpabaTtbiBaeMon
mMogenu;

2) OTCYTCTBME MEXAHWYECKUX YCUNUN Ha obpabaTtbiBaeMblil Matepuan, 4to gaet
BO3MOXHOCTb 06pabatbiBaTb XpYrnKMe 1 axKypHble KOHCTPYKLNK;

3) BbICOKasi TEXHONMOMMYHOCTb Na3epHOro fny4va npu obpaboTke: GonbLas CKOpoCTb
06paboTKM, NerkocTb aBToMaTM3auun NpoLeccoB, OTCYTCTBUE BpeOHbIX OTXOA0B npu obpa-
ooTke n 1.4.;

4) BO3MOXHOCTb NOABOAA U3NYyYEHUS C MOMOLLbIO creunanbHbIX ONTUYECKUX CUCTEM
B TPYAHOOOCTYMNHbIE MECTa, YTO NO3BONseT npom3BoauTb 06paboTky B Tex cny4vasix, koraa
Apyrne Metoabl NPUMEHUTb HEBO3MOXHO;

5) BO3MOXHOCTb M3MEHEHUSA CTPYKTYPbl U CBOWCTB 0bpabaTbiBaemMon NOBEPXHOCTM B
O4YeHb LLUMPOKNX Npeaenax.

lMocneaHsst N3 nepeyvncneHHbiXx 0cobeHHocTen nogpasymeBaeT 06paboTky ¢ Harpe-
BOM [0 pasnuuHbiXx Temnepartyp (Bknioyas obpaboTky ¢ onnaeneHnem n 6e3 onnasneHuns

I'IOBerHOCTVI), M3MeHeHNne XMMN4YeCKOro coctaBa NnoBepxXHOCTHbLIX CloeB NyTemM HannaBkn U
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nernpoBaHus, a Takke BO3MOXHOCTb MOMNyYeHUs 3aJaHHbIX CBOMCTB NOBEPXHOCTU: TBEPAO-
CTW, LLEePOXOBaTOCTN, KOPPO3UOHHOM CTOMKOCTU U T.4.

U3yyeHne 3akoHomepHocTen hOPMUPOBAHUSA CTPYKTYPbl U CBOMCTB pasnU4YHbIX Ma-
Tepuanos, B MepBy odepedb MeTanmnoB U CnnasoB, MPU BO3AENCTBUM HA HUX flasepHOro
N3NyYeHus!, a TaKkke onpegerieHMe HaunyyLwmnx yCnoBuin, Npu KOTOpbIX MOXHO nonyyaTb Orl-
TUMarbHble 3aaHHble CBOMCTBA MOBEPXHOCTU, ABNAIOTCS LENbio HacTosLWero pasaena.

3.1. MexaHu3m aencTBUsA NasepHOro U3ny4yeH1Usa Ha MeTansiMyeckue martepmanbl

B 3oHax nasepHoro Bo3gencTBna MMeIT MeCTO SABNEHUS, CBOUCTBEHHbIE YNCTO Ten-
NOoBbIM nNpoueccaMm: HarpeeB maTepvana B MUKpoobbemax [0 pasfnuyHbiX TemnepaTyp,
onnaeneHve Unn ucnapeHme 3TMx MukpoobbemoB. CBETOBOE AaBrieHMe nasepHoro nyda
(nnun, vHadve, NOHOEPOMOTOPHOE AENCTBUE) MMeET HebonbLuoe 3HayveHue. Cnoxunach crie-
Aylllas cxema B3anMogencTBUS NnasepHoOro U3ny4yeHms ¢ NoBEpPXHOCTbLIO MeTansoB 1 cnna-
BOB. JlazepHoe n3nyyeHve, nonagasi Ha NOBEPXHOCTb MeTanna (cnnasa), NPOHUKaeT Ha He-
GonbLuyto rnyouHy nopsaka 10°-10° cm. Mockonbky Macca aneKkTPOHOB B MeTasnnax Ha He-
CKOJTbKO NMOPSIAKOB MEHbLLE MacCbl aTOMOB, 3HEPrus U3rnyvyeHns nepenaeTcs npexae Bcero
"9neKTpOHHOMY rasy" u BCNeACTBME 3TOr0 PEe3KO MOBLILAETCS ero KMHeTUYeckas aHeprmsi u
Temnepartypa. 3aTeM aHeprus nepegaeTcs atToMam KpUCTaniMyeckon peLleTkn 1 ee temne-

paTtypa noBbIlWAETCA, YTO MOXET ObITb ONMCaHo YpaBHEHNEM

dti / dt = (te — ti) / tp (6)

roe te, ti - TemnepaTtypbl pelweTkn B Ha4YarnbHbI MOMEHT U B MOMEHT i; Tp - BPEMs penakca-
Uunn, T.e. BPpEMSA U3MEHEHUS TeMMepaTypbl peleTkn Ao ti ; OHO XxapakTepusyeT CKOPOCTb ne-
pefayn aHeprum N3nyvyeHns KpucTannmyeckon peletke metanna.

Bpems penakcauun - npumepHo 10! ¢c. B pexume cBoGOAHOWN reHepauun AnuTens-
HOCTb UMnynbca cocTaenseT 1072 c.

Mmnynbc cocTouT M3 psiga MUYKOB ONUTENbHOCTBIO -10° ¢. OnuTenbHOCTb OAHOro
nMyKa Ha 5 nopsakoB Bonblue BpeMeHW perakcauun, 3a 3TO BPeMsi ycreBaeT Npou3onTu
nepegada aHeprum "9nekTpoHHOMY rasy" 1 3aTem MOHaM KpUCTannn4yeckom peLleTkn. Takum
obpasom, BeCb MeTans HarpeeaeTcsi B MMKpOOObeMe Kak CrnroLwHasa cpefa, U nasepHoe us-
nyvyeHue cnegyeT cpaBHMBaTb C OObIYHBLIM TEMNMOBbLIM UCTOYHUKOM Harpesa, OTnnyaroLmmcs
BbICOKOM KOHUEeHTpauuen aHepruun. lNpyn obnydeHnn noBepxHOCTU nas3epoMm B npouecce
Harpesa 1 oxnaxaeHus B MUKpoobbemax NPoUCXOoAsT (pa3oBble NpeBpaLLeHnst, U ecriv npu
39TOM MMeeT MeCTO YNPOYHEeHNe, TO OHO KraccudumumpyeTca Kak ynpoyHeHne npun asoBbliX
nepexogax. B yacTHoCTW, ANS OCYLLECTBNEHUA NasepHoOro YrnpoYHeHUs ctanen u 4yryHos
NoKarbHbIA y4acTOK MOBEPXHOCTU HarpeBaloT OO0 Temnepatyp Bbiwe Kputudeckux (ACq,
AC3), a nocrne npekpailieHms EeNCTBUS U3NYYEHUs 3TOT Yy4acTOK OXNaxaaeTcsl BCrnencTaune

TennonpoBoAHOCTN BO BHYTPEHHUE CIon MeTarna. Bblicokas CKOpPOCTb NpuBOOUT K o6pa3o-
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BaHWIO MapPTEHCUTHBLIX CTPYKTYP B ChfaBax Xenesa M K BbICOKON TBEPLAOCTU NOBEPXHOCTMW.
Mpouecc nonyymn Ha3BaHue nasepHon TepmoobpaboTkn (JTITO).

Mo xapakTtepy Bo3aencteusa JITO nogobHa MHAYKLMOHHOW 3akanke, XOTA UMeeT OT-
nnuusa. TNpu MHOYKLMOHHOW 3akarnke OXnaKaeHue BedeTcs BOASHbIM AyLWEM UM CKOPOCTU
HarpeBa U OXnaxxaeHust Npy 3TOM HUXKe, YeM Npu fasepHoM Harpese. [pu nasepHoin 3akan-
K& npouecc HeYyBCTBUTENEH K MarHUTHbIM CBOMCTBaAM MaTepuana; 3gecb 6onblioe 3Hadve-
HWe MMeeT OTpaXeHue U3nyyeHns NOBEPXHOCTLI0. MIMetoTes 1 gpyrue otnnyus.

Mpv BO3AENCTBUM MU3NYyYEHMEM C NINOTHOCTLIO MOoLHOCTM =108 BT/cM? 1 npu Bpeme-
HU Bo3aencTBust MeHee~108c NpoaoMKMTENBHOCTL Na3epHOro BO3AeNCTBUS NpubnmkaeTcs
K BPEMEHU penakcauum n pacnpocTpaHeHusi aHeprun B rybb meTanna 3a c4eT Tennonpo-
BOAHOCTM He npoucxoauT. [MraHTckas KOHUEHTpaunsa 3Heprum B MMKpoobbeme npuBoanT K
nepexody BelwecTBa B MNNa3MEHHOE COCTOSHME, BO3HMKHOBEHWIO OOnbluMX AaBrneHun
(~10*MMa) n obpasoBaHUo yaapHoW BorHbl. MicnapeHue matepuana ¢ NoBepXHOCTM MPUBO-
ANT K POPMUPOBaHNIO MEXAHMYECKOrO MMMyrbca, AEVCTBYHOLEro Ha obnyyaembli maTtepu-
an. [lenctene ygapHoON BOMHbI U MEXAHUYECKOro MMMNynbca cnocobHbl nnactTuyeckn aedop-
MUPOBaTb MeTans B 30He 00ny4eHusl, YTO NPUBOAMUT K yNpovHeHuto. B aTom cny4vae ynpou-
HeHue KnaccuduuupyeTcs kak yagapHoe (puc. 23).

Ha puc. 23 B koopauHaTax - T OTNOXeHbl MPUMEpPHbIE MHTEPBArbl PEXMMOB fasep-
HOW CBapKM C KUHXamNbHbIM MpOnnaBneHnem, NpobMBKN OTBEPCTUI U nasepHon obpaboTkm
MOBEPXHOCTU -yNPOYHEHMS NPW (Pa3oBbIX Nepexoaax, rnasypoBaHnd, yaapHOro ynpodHeHus:.
HaknoHHbIMW NMMHMAMM NOKa3aHbl YPOBHW yaerbHOM SHEPTrMKN, PaBHOW NPOU3BEAEHMIO OT. -

Kak cnegyet u3 gvarpammbl, npo-

g, 8m/cm2 .
1010 ueccobl nasepHonm ob6paboTku no-
L N\ \ \\ .
0%k :sta\i \ \\\ \\ BEPXHOCTU OTMIMYAKOTCH MEHbLUUM
N DHOE .
[ ynpouneniie N\ \ \\ 5 YPOBHEM yAernbHbIX aHeprui (1-10*
10 8- BONNXI N N CBeprenue £ .
0°K N2 RN 15,, \‘iv [x/cM?) No cpaBHEHWIO CO CBAPKOW
2 N X % . .
0" T n npobuskon oteepcTuin (10%-10°
\\\\:\\\\ \\.
0ok NRY AN B Dx/cm?). YpapHoe ynpodHeHue B
\ CBapxa -\\\ e \\
Ny N TexHonormnm obpaboTkn noka He
4 _ nony4nno pacnpocTpaHeHus n3-3a
.
0 npucywmx 3TOMy MeTody Heno-
J
0 . CTaTKOB: HanuuMs KpaTepoB W
1078 1076

yxXyaweHuna KadectBa [MoBEPXHO-

Puc. 23. KnaccudukaumnoHHas gmarpamma pasnuyHbix  CTV,  MalibiX pasmepos ynpo4HeH-
BMAOB I1a3€PHOM TEXHOMOTUM MO  SHEPTETUYECKU-  ppix 30H. HU3KOIA.

BPEMEHHbIM NapameTpam: ( - NNOTHOCTb MOLLHOCTY; T

- ANUTENbHOCTb BO34ENCTBUSA
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npoussoanTenbHoOCTN 06paboTkm 1 ap. Mano nccnegoBaH v gpyron npouecc o6paboTkm no-
BEPXHOCTU - rnasypoBaHue. OH 3aknyaeTcs B OMNSaBfieHUM TOHKOrO MPUMNOBEPXHOCTHOMO
cnos (10-20 mkm) meTanna npu GONbLLON CKOPOCTU NEpeMeELLEeHNs nasepHoro nyya. B pe-
3ynbTate B 3TOM cnoe (opMUPYIOTCA MENKOKPUCTANIMYeckme unu aMmopgHble CTPYKTYpbl C
0coObIMM CBONCTBAMM, KOTOPbIE MHTEHCUBHO UCCNEAYOTCS.

3.2. AHanu3 TennoBbIX NPOLECCOB NpU BO34eNCTBUU JTa3epPHOro U3nyyYyeHus Ha
cnnasbl

OcHOBHOM O0COBEHHOCTBLIO BO3AENCTBMSA Na3epHOro UsnyvyeHus Ha maTtepuanbl SBns-
€TCS NoKamnbHbIN XapakTep TENIOBOro UCTOYHMKA, obecneyvmBalomnin opMmUpoOBaHNE KECT-
KOro TEpMMYECKOro LuKna npu noBepxHOCTHON 0BpaboTke C BbICOKMMM CKOPOCTSIMU nepe-
MeLLEeHUS UCTOYHUKA HarpeBa U BbICOKMMM CKOPOCTSIMW HarpeBa W OXnaxgeHus metanna.
Tpebyemble cBonctBa noeepxHoctn npu JITO nony4yaloT co3gaHMEM COOTBETCTBYHOLLETO
TEPMMYECKOro UMKNa € 3adaHHbIMK ONTUMarnbHbIMKM NapameTpaMu (MakcMMarnbHOW Temne-
paTypon HarpeBa, CKOPOCTbIO HarpeBa, CKOPOCTbIK OXNaxaeHus, BpemeHeM npebbiBaHuS
MeTanna Bbllle XapakTepHoOW TemnepaTtypbl M Ap.). IHpopmaumss 0 TENSTOBOM COCTOSIHUK
mMeTanna B npowuecce 06paboTkM SBNSETCAa UCXOAHOM ANSA aHanmM3a reoMeTpun 30Hbl TEpMU-
YeCKoro BNUSAHUSA, XxapakTepa 1 cTeneHn asoBbIX NpeBpaLleHnii, KOHEYHOW CTPYKTYpbl Me-
Tanna, HanpsKeHHo-A4eopMUPOBAHHOIO COCTOSIHUS, UBHOCOCTONKOCTU U T.4.

B 3aBMCMMOCTM OT MAOTHOCTU MOLLHOCTU niasdepHoro uany4verus JITO ocyliecteBnsaeT-
CA Kak C pacnnaeneHnem metanna, Tak n 6e3 Hero. MNNoTHOCTb MOLLHOCTU U3NYyYeHUsa npu
NNTO He npesbiwaeT 3HaveHus (0,5-5,0) 10° BT/cMm?, kKOTOpoe COOTBETCTBYET Havany passu-
TOro ucnapeHus obny4aemon nosepxHocTu. Tennoeas a(pPeKTMBHOCTL NpoLecca nasepHomn
obpaboTkn onpenensietca apPPEeKTMBHON MOLIHOCTBI0 Psgp. T.€. MOLLHOCTBIO U3Ny4YeHus,
MOrNoLLEeHHON MeTannoM, KoTopasi, B CBOK o4epenb, onpenenseTcad MOLWHOCTbIO fla3epHoro
ny4ya P n acpdpektnBHbIM KMO My @ Page = P nu. KoadbduumneHT n, onpegenseTtcs, kak npasu-
10, 3KCMEePUMEHTANbHO KarnopuMeTPUPOBaAHNEM U XapakTepuayeT NoTepu, Nponucxoasiine B
OCHOBHOM M3-32 OTPaXEHUS M3IYyYEeHUs XONO4HOW MeTanfIMyeckon NOBEPXHOCTbIo. [Ang
yMeHbLUeHMa 3Tux notepb npu JITO npuMeHSAOT crneuunanbHble NOrmowarLme noKpbITUS.
3ameTum, YTO Npu pacnnasBrneHumM NOBEPXHOCTM MeTasnna oTpaXXeHne yMeHbLLIaeTCs.

Kpome oTpaxeHus, noTepy MOryT NPOUCXOAUTb M3-3a IKPAHUPOBAHUA M3NyYeHUs
nnasMeHHbIM 06nakom, BO3HMKaOLWMM BCIIEACTBME NOHM3aLMN aTMOocdepbl, NapoB MeTanna
N PasnoOXMBLUMXCS MPOAYKTOB MOMMoLWaroWwero nokpblitusa. MNotepn B nnasme 3aBUCAT OT
MMIOTHOCTM MOLLHOCTM M3MydeHUs, poga MeTanna, cocTaBa rasoBow aTtmocdepbl Hag no-
BEPXHOCTLIO U Ap.

Ha apdekTMBHOCTL MOrnoweHns nasepHoro M3nyvyeHust NOBEPXHOCTLIO MeTanna

cyuieCtBeHHOe BIIMAHWE OKa3bIiBalOT AJIMHA BOJIHbl U3Ny4YEHUA, PpaCcXoaAUMMOCTb U3JNyYeHuA,
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pacnpegeneHne nNNOTHOCTM MOLLUHOCTM B NMATHE Harpesa, YCNnoBusa hOKYCMPOBKM U Ap. JTO
O3HayaeT, YTO ONTUKO-3HepreTU4eCcKne CBONCTBA NasepHOro UanyyeHus cnegyet paccmart-
pvBaTb B Ka4eCcTBe NapameTpoB pexuma fasepHor TepmoobpaboTku.

[ns KOHKPETHOro MCTOYHMKA reHepaunn, CUCTEMbI TPaAHCNOPTUPOBAHUA N (POKYCU-
POBKM NAa3epHOro U3nyyvyeHust Hy>XHO 3afaTtb 3PEKTUBHYO TENMOBY MOLLHOCTb Psgpg U Xa-
pakTep ee pacnpegeneHns Ha obpabaTbiBaeMOn NOBEPXHOCTU, T.€. OQHO3HAYHO 3a4aTb UC-
TOYHWK HarpeBa.

PeweHnsa guddepeHumnanbHbiX ypaBHEHWA TEMONPOBOAHOCTU B JIMHENHOW NOCTa-
HOBKEe NPMBOAAT K aHaNUTUYECKUM 3aBMCUMOCTAM, NPOCTbIM U YAOBHLIM ANA UHXEHEPHbIX
pac4yeToB. [1pn 3TOM NpUHMMaETCA, YTO Tennoduandeckme CBOMCTBa MaTepuarna, Takme Kak
KO3(pPMUMEHT TENNONPOBOAHOCTU Ar N OOBEMHAsS TENSIOEMKOCTb C,, @ Takke KO3PULNEHT
TEeNnnooTaa4m ¢ NOBEPXHOCTEN o HE 3aBUCAT OT TemnepaTypbl. Pag pelweHun B Teopum Ten-
NOBbIX NPOLIEeCCOB Npw cBapke, paspaboTtaHHon H. H. PbikannHbiM, MOXXHO HENOCPEACTBEH-
HO MCNONb30BaTb ANSA aHanu3a TEennoBbIX NPOLECCOB NPWU NnasepHON NOBEPXHOCTHOW obpa-
6oTke.

Mpu pacyeTe Temnepatyp B 30He 06paboTkM MO 3aBMCMMOCTSAM, NpeacTaBneHHbIM
HWXe, cnegyeT UCNONb30BaTb CpedHue 3HayeHus KoaduumeHTa TennonpoBOLHOCTU Ar
TennoeMKoCcTH ¢,  TeMnepaTyponpoBogHoCTh o (Tabn. 2), obecnedvmBatoime 4OCTaTOUHYHO
TOYHOCTb AN MHXEHEPHbIX pacyeToB. YKasaHHble B Tabnuvue 3HavyeHus KoadpULNEHTOB,
B3ATbIX NPWN Tcp, YCTAHOBMNEHBI HA OCHOBAHUN COMOCTABMEHMUS OMbITHLIX U PaCYeTHbIX AaH-
HbIX.

Mpun nasepHon obpaboTke NOBEPXHOCTN CPOKYCMPOBAHHLIM U3NyYEeHUEM B BMAE OT-
AEeNbHOr0 MMMyNbCca WU HEMPEpPbIBHOTO BO3OENCTBUS B TE€YEHME KOPOTKOrO MpOMEXYTKa

BpeMeHN MOXXHO BOCMNOJIb30BATbLCA cbopmynoﬁl ana MrHoBeHHOro cocpeoTo4YeHHOro NcTou-

HUKa.
Tabnuua 2
O6pabaTbiBaeMbIn CpepaHsis KoadhdpuuneHT Ob6bemHas KoadhduumeHT Temnepa-
mMaTepwuan Temnepartypa | TensonpoBOAHOCTU | TEMNIOEMKOCTb | TYPONPOBOAHOCTU a, CM?/C
Tep., °C Ar, cy,
Iox/(cm®*K) Iox/(cm3-K)
Huskoyrnepogucrble 500-600 0,38-0,42 4,9-5,2 0,075-0,09
N  HU3KONernposaH-
Hble cTanu
Hepxasetowme 600 0,25-0,33 4,7-4,8 0,053-0,07
ayCTEHUTHblEe cTanu
Meab 400 3,7-3,8 3,85-4,0 0,95-0,96
JlatyHb 350-400 1,17 3,45 0,34
TexHn4ecknn TUTaH 700 0,17 2,8 0,06

MpoLuecc pacnpocTpaHeHNst TeNNOTbl MTHOBEHHOIO COCPeaoTOYEHHOrO UCTOYHMKA Q,
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BblOENMBLLENCS Ha NMOBEPXHOCTU I'IOJ'Iy6eCKOHe‘-IHOFO Tena B Ha4anbHbI MOMEHT BpeMeHun

t=0 B TOuKe O (MTHOBEHHbIN TOYEYHbIN UCTOYHUK) BblpaXaeTcs ypaBHEHNEM:
R 2 (7)

T(RY) = Qo aa +Tp
Cy(4nat)3/ 2
roe T — TemnepaTypa B paccMaTpyMBaeMon TOYKe C KoopauHatamu X, Y, z; t — Bpems, oT-
CUYMTbIBaEMOe C MOMeHTa BBedeHus TennoThl; R?= x% + y? + z2 — kBagpaT pacCTOsHUS OT
MCTOYHMKa TennoTbl Q OO paccMaTpMBaeMOW TOYKM Tena C KoopauHaTtamu X, y, Z; a = A./c,—
ko3appMUMEHT TemnepaTyponpoBOgHOCTU; To — TemnepaTypa OKpyXatowen cpeabl, T. €.
HavyanbHas Temnepartypa matepuana nepeg nasepHon obpaboTkon (B nocneayowwmx dop-
Myrax yCcrioBHO npuHumaetcs To = 0).

Tennootgada ¢ noBepxHocTn X0y He y4nTbIBaeTCA, TaK Kak ee BNnAHWE Ha TeNsoBble
npoueccbl B NoflybeckoHEeYHOM Tere HeCpaBHEHHO MEHbLLE MO CPaBHEHWUIO C pacnpocTpa-
HeHVWeM TennoTbl B Tene nytem TennonpoBogHOCTH.

W3 copmynbl (7) cnegyeT, 4To TeMnepaTypa Tovek Tena B Nobon MOMEHT BpeMeH! t

NpsAMO NPonopuUnoHanbHa KONM4ecTBy BBEAEHHOW TennoThl (puc. 24, a).

a) 8) 4
7 T T
™\
\ ol.’I5 0, m le
N /r”z 0
. N
\ ANGZEN
\ 7 =

0= 7 kom 0 1 2 3 48c 0 1 2 3 4 5i¢

Puc. 24. PacnpegeneHvne Temnepatyp B nonybeckoHe4YHOM Tene npu 4eNCTBUM MIHOBEHHO-
ro TOMEYHOro UCTOYHUKA: @ — PasfMYHOE KONMMYECTBO BBEAEHHOW TennoTbl Q; 6 — pasnnu-
Hoe pacctosHue R oo Toykn 0; B — pasnnyHas TennoeMKocTb MaTtepuana c,

XapakTep uamMeHeHus TeMmnepaTypbl B TOHMKAX Ha pasnU4YHbIX paccToaHuax R oT Tou-
kn O oQuHAKOBbIV: MOBLILEHWE TeEMMepaTypbl HA Ha4vanbHOW CTaauu, OOCTUMXKEHUE MaKCu-
ManbHbIX 3Ha4YeHUn 1 nocrnegyrollee ymeHblueHve (puc. 24, 6). MNpu atom B 6onee yaaneH-
HbIX TOYKax MakcMMmanbHasa TemnepaTtypa MMeeT MeHblLUee 3HayYeHne N JoCTUraeTcs no3a-
Hee. B Touke 0, rae NnpunoXeH MrHOBEHHbIM UCTOYHWUK TEMNMOTLI, B HA4YanbHbIA MOMEHT Bpe-
MeHn t = 0 pacyeTHasa TemnepaTypa CTpeMuTcst K 6eCkoHeYHOCTU. TemnepaTypbl BCEX TOYEK

I'IOﬂy6eCKOHe‘-IHOI'O Tena Cc TedeHUeM BpeMEHN CTPEMATCA K HYIO.
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B maTtepuane, nmetowem 6onbluee 3HadeHne koapdumumeHTa TeNIONPoOBOgHOCTU As
NPy NOCTOAHHOW TEMNSIOEMKOCTU C,, pacnpegeneHe TennoTol NPONCXOAUT UHTEHCKBHee. [pu
9TOM MakcuMarsbHble 3Ha4YeHUs TemnepaTtyp B PasfuyHbIX TOYKax OCTalTCA OOUHAKOBLIMW,
HO B MaTepuarne c 6onblen TennonpoBOAHOCTbIO MakCcMMarbHble TemnepaTtypbl AoCcTura-
oTcs ObICTpee.

M3meHeHne TennoemMKocTu ¢, Npu NOCTOSAHHOW TENIONPOBOAHOCTUN Ar HEOAHO3HAYHO
BMUSIET Ha NpoLecc pacrnpoCcTpaHeHusa TennoTbl. TemnepaTypa B pasfnuMyHbIX TOYKax Tena
YMEHbLUAETCs MpUM OAHOBPEMEHHOM 3amensieHUM npouecca pacnpoCTpPaHEHWUst TENnsoTbl.
OT0 HarnsgHO BMOHO M3 COMOCTaBIEHUSA U3MEHEHUSA TEMMNEpPaTypbl BO BPEMEHN B OAHOW U
TOW e TOYKe Tena npu pasnnyHbIX 3HaYEeHNUsIX TENSTOEMKOCTH C, (puc. 24, B).

Mpn AnnTEnbHOM AEUCTBUN TOHYEYHOrO UCTOYHMKA B TEHYEHNE NPOU3BOSIbHOIO BpeEMe-
HWM t MOXXHO MCNOMBL30BaTb MPUHLMN HANOXEHUA TemnepaTyp, 3akrovaloWwmnncs B COOTBET-
CTBYHOLLEM MHTErPUPOBaHMM BbipaxkeHusi (7) No BpemeHn t. [1ns aToro npeacTaBnstoT Bpems
AENCTBUSA HENpPepbIBHOrO MCTOYHMKA B BUOE COBOKYMHOCTM GECKOHEYHO MarnbiX 3f1EMEHTOB
dt'. Torga B Touke O 3a anemeHT BpemeHu di' yepea t' ¢ nocne HadYana OENCTBUS BblAENUTCA
aNemMeHTapHoe KOnM4YecTBO TENOoTbl

dQ =q(t’) dt (8)
rae q(t') — yHKUNA N3MEHEHUSA NHTEHCUMBHOCTU UCTOYHMKA BO BPEMEHM.

OnemeHTapHoe; konudectBo TennoTbl dQ (8), pacnpocTpaHasCb B Terne B TeyeHune
BpemeHu t — t', NpMBOAUT K NOBLILEHUIO TeMNepaTypbl K MOMEHTY BpeMeHu t, Bblumcnsae-
MOMY B COOTBETCTBUU C hopmyrion (8)

R2 )
dT(R, t-t) = 2dQ e 4a(t-1)
cy[4ma(t—t)]%/2

Ana onpegenexHns Temnepatypbl T(R, t) B MOMEHT t Npu gencTBum HenpepbIBHOrO

TOYEYHOro WMCTOYHMKA Ha MOBEPXHOCTU Terna HeobXoaMMO MPOUHTErpUPOBaTb BblpaXKeHUe
(9) no BpemeHu t:
t (10)
T(R; T) = de(R;t—t')
0

Moactasum (8) n (9) B HTerpan (10). Toraa
R2 (11)
2q(t')dt e 4a(t-t)

T(R; 1) =
o cy[dma(t—t)]3/2

Ecnu Ha NMOBEPXHOCTU TENAa ,D,eIZCTByeT Hel'lpepblBHbIIZ TOYEYHbIA UCTOYHUK MOCTOSIH-
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HOW MHTEHCUBHOCTU g = const, TO BbipaxkeHue (11) MOXHO NPOMHTErpupoBaTh B aHanuMTuye-
CKOM BUpge:

q ~, R (12)

TR; )= ——[1-O(——
R 273R [ O(m)]
rge b — (byHKLI,VIFl MHTEerpana BepoATHOCTU, NpeacrtaBjieHHad B CrpaBO4YHUKaX. |_|pl/l OOoCTa-
TOYHO ONNTENBHOM BO3AENCTBUN NUCTOUHMKA (t—00) TEMNepaTypbl BCEX TOYEK Tena ycTpeMm-
JTAOTCA K npeperibHbIM 3Ha4YE€HUAM:
q (13)

Tp=T(R, ©)= ———
a )2nxoR

MpenenbHble 3Ha4YeHns TemnepaTypbl 06paTHO NPONOPLMOHanbHbI paccTosiHUO R oT
NCTOYHMKA TennoThbl. TemnepaTypa Ha 3adaHHOM paccTosiHuM R npsamMo nponopumnoHansHa
WHTEHCMBHOCTWN MCTOYHMKA TENNOTbl q U 06paTHO NponopunoHanbHa KO3MULMEHTY Tenno-
nNpoBoAHOCTU Ar. CnegyeT oTMETUTb, YTO TemnepaTypHoe rnosne npeaenbHOro COCTOSHUSA He
3aBUCUT OT TENIOEMKOCTM Matepuana c,.

[na pacyeta Temnepatyp npu WUMMNyNbCHO-NEPUOANYECKOM BO3LAENCTBUWN crnepyeT
noactaBuTb B MHTerpan (11 dyHKUMIO M3MEHEHNS MHTEHCMBHOCTWN MCTOYHMKA BO BPEMEHU C
nocnegyroLwmnM YUCNEHHbIM MHTErPUPOBAHNEM BbIPaXXEHWS.

MogobHbIN NpUHUMN MCnonb3yeTca ANs BbIBOAA ypPaBHEHWU npoLecca pacnpocTpa-
HeHVs TennoTbl NPU OBWXKYLEMCS HenpepbiBHOAENCTBYHOLWEM UCTOYHMKE. COOTBETCTBYIO-
lwme npeobpasoBaHMa AN MNPOM3BOSIBHOMO BPEMEHW LEWNCTBUSA MNOABWMXKHBLIX MCTOYHUKOB
CBOOATCA K BbIMMCMEHMIO MHTEerpana B uucrneHHom Buge. OgHako And yCTaHOBMBLUEroCs
(KB@3MCTaLMOHAPHOI0) COCTOSIHUA, KOTOPOE HacTynaeT Kak npedenbHoe npu AnUTenbHOM
AENCTBUN NOABWKHOIMO UCTOYHUKA, MOXHO NOSTYYMTb aHaNMTUYECKUE BblpaXeHUs.

YpaBHeHMe KBasnCTaLMOHAPHOIo COCTOSIHUA Mpouecca pacnpocTpaHeHus TenmnoThbl
TOYEYHOrO0 UCTOYHMKA MOCTOAHHOW WMHTEHCUBHOCTWU (, OBWXYLLErOoCA C MOCTOSIHHOW CKOpO-
CTbiO L MO MNOBEPXHOCTU TENa, UMeeT CriefyLwmnn BUA:

vX LR (14)
TR,) = Le 2a 2a
2nh R
roe R - npocTpaHCTBEHHbIN pauyc-BEKTOp B NOABUXKHOW CUCTEME KOOpPAMHAT, T. €. paccTo-
SHMe paccmaTpuBaemMon Touknm A oT Hadana O NoABMXKHOM CUCTEMbI KOOPAWHAT, CBSA3aHHOM
C ABWXYLUMMCH UCTOYHMKOM Harpesa (puc. 25, a); x — abcumcca Toukm A B NOABMXKHOW CU-
cTeme KoopauHar.
PaccuntanHoe no cdopmyne (14) TemnepaTypHoe nofne npedenbHOro COCTOAHUSA

CUMMETPUYHO OTHOCUTENbHO ocn Ox (puc. 25, a,6). NpeacTtaBneHHble Ha puc. 25, a n3oTtep-
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Mbl Ha NMOBEPXHOCTU xOy MMEKT BUA OBaAJIbHbIX KPUBbIX. I'Iepe,u, MCTOYHUKOM TENNOTblI N30-
TE€PMbI CTAHYTbI, @ 3a NICTOYHUKOM— pa3aBUHYTbI.

Puc. 25. TemnepaTtypHoe none npe-
AENbHOrO COCTOSIHUS MPU  OBUXKEHUU
TOYEYHOr0 UCTOYHMKA NO NOBEPXHOCTU
nonybeckoHe4yHoro tena: q = 4000BrT,
v = 0,1cm/c, a = 0,1cm2/c, A+ = 0,4
Ibx/cm-c-rpag; a — M30TEpPMbl Ha Mo-
BepxHocTn x0y; 6 — mn3oTepmbl B no-
nepeyHon nnockoctn y0z, npoxoas-
LLer Yepes LLeHTP UCTOYHMKA TENMOoThI;
B — pacnpegerneHve TemnepaTypbl Mo
npsiMbiM, napannenbHeiM ocn 0x wn
pacnonoXeHHbIM Ha MNOBEPXHOCTU
MacCMBHOro Tena; r — pacnpegene-
HWe TemnepaTypbl MO NPsAMbIM, Na-
pannensHbiM ocn Oy u nexawum B
nonepeyHon nnockoctn x0z; o — cxe-
Ma  pacroniokeHns  KOOpAMHATHbIX
ocen

a}

=4

oo NN

f

Ha ctaguu HarpeBa TemnepaTtypbl Bo3pacTaloT ObicTpee, Yyem ybbiBalOT Ha cTagun
oxnaxaeHus (puc. 25, B). Ha puc. 25, a nyHKTUpHasa kpuBasa npoBefeHa Yyepes TOYKU C Mak-
cMManbHbIMK TeMnepaTypamn. JTa KpuBasi MakCUMarnbHbIX TeMnepaTyp pasgensiet noBepx-
HOCTb Tena Ha obnactb HarpeBa n 06nacTb OCTbIBaHWS.

B 6onblUMHCTBE CriydaeB TeXHOMOrM4yeckne npouecchl nasepHon obpaboTkm nosepx-
HOCTW OCYLLLECTBISOTCS C BbICOKMMW CKOPOCTSIMU, YTO SABMSAETCA OCHOBaHWEM A5l BBEAEHMS
MOHATUA TaK Ha3blBAaEMbIX MOLLHbIX ObICTPOABWXKYLLUMXCA UCTOYHUKOB. pn 3TOM pacyeTHble
dopmynbl ynpowatrTca: CumtaeTcs, Y4TO TennoBble NOTOKM B HaNpaBneHun, napannenbHoM
ocu 0x, He3HaYMTENbHbI MO CPABHEHMIO C TEMMOBLIMY NOTOKaMu B Hanpasnenusix Oy n 0z.

B page cnyyaeB nasepHas noBepxHOcTHas obpaboTka ocyllecTBAseTcs He CoKy-
CMpPOBaHHbIM, a pacnpegeneHHbIM N0 NOBEPXHOCTUN U3nyyYeHnemM. Toraa BbllenpuBeaeHHbIe
popmMyrnbl ANsi COCPEAOTOYEHHbIX ICTOYHMKOB AA0T NOrPELLHOCTY NpU pacyeTe TemnepaTtyp,
B OCOOEHHOCTN And Todek BONM3M MCTOYHMKA HarpeBa. Hambonee pacnpocTpaHeHHbIM 3a-
KOHOM M3MEHEHWS NIIOTHOCTN MOLLHOCTM B CEYEHUUN NTAa3ePHOro uanyyeHms B 60MnbLUNHCTBE
TEXHOMNOrM4Yeckux NnasepoB SABMSETCS HopMarnbHoe (rayccoBo) pacnpegeneHue. CooTseT-
CTBEHHO 3TOMY TEMMOBOW UCTOMHWUK HarpeBa Ha MOBEPXHOCTW Tena npu BO34EeNCTBUM MNO-
AOBGHOro M3nyyYeHns Takke XxapakTepmusyeTcsi HopManbHbIM pacnpeaeneHmemM niaoTHOCTM Mo-

ToKa (pwc. 26)
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—kr? (15)
T Jo (r)=dme  °
[ roe qm — MakcMmarnbHas MAOTHOCTb MOTOKa
Ha ocu nanydeHus; k — koadpdmumneHT cocpe-
b§ ST Loy OOTOYEHHOCTW, XapakTepusylowun  dopmy
[ // A RY \\ KPMBOW HOPMarnbHOro pacnpeneneHus.
r Mpeacraenser wHTEpeCc UW3MEHeHune
S g Temnepatypbl Ha MOBEPXHOCTN nonybecko-

Puc. 26. HopMaanoe pacnpeaeneHve HEe4YHOro Tefna B TO4Ke zZz = O, J‘le)KaLlJ,eVl Ha oCKn

MNIOTHOCTW MOTOKa B paanarnbHOM Hanpas-
NeHnn

nasepHoro mnsnydeHunsa (cm. puc. 24, 6). ns uMnynbCHOro pexnma, xapakrepusyemoro ma-

JIbIM BpEeMEHEM nencTeus nMmnyrnbca t—r1., YpaBHEHNE UMEET CJ'Ie,EI,y}OLLI,I/IIZ BM1Aa:

T(0, 1) = 2qe/(A-~at/ ) (16)

3.3. Tepmuueckoe Bo3genCcTBME HA MarTepuarn npuv nasepHom NOBepPXHOCTHOM
o6paboTke

PaccMmoTpeHHble paHee ypaBHEHWsI ONUCLIBAOT TeMMepaTypHble Nons npu 4encTeum
Ha NOBEPXHOCTM Tena COCPeAOTOHMEHHOrO U pacnpeaeneHHoro TenIoBoro noToka, cosaa-

BaemMoro nagaromm Ha NoBepPXHOCTb JTa3epPHbIM NU3Ny4YeHneMm.

Tt 4% 2.0
T =

T Z

A
s ‘(
=X —) +X 15

10
y T '
}—A!
-X / /y [/ Q &
\ \ ! e
s 95 1 15 20 25
vljf2a)
Puc. 27. lWvpuHa 30HbI 2|, HarpeBawwencsa Puc. 28. Homorpamma ana onpegeneHus
Bbille Temnepatypbl T LUMPUHBI 30HbI Harpesa npu OBUXKYLLEMCS

Mo MOBEPXHOCTM MNONyGecKoHeYHoro Tena
TOYEYHOM MCTOYHMKE TENNOThI
MpakTnyecknii MHTEpeC NPeACTaBnsAT pacyeTHble OLEHKM OCHOBHbLIX MapaMeTpoB

nasepHoro Harpesa, KOTopble MOryT ObiTb MONy4YeHbl U3 NpeacTaBeHHbIX ypaBHEHUA. [ns
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OLEHKN TEPMUYECKOro BIMSIHUS Ha obGpabaTbiBaembli MaTepuan B psige criyyaeB Heobxo-
ANMO onpefenaTb pa3mepbl 30HbI 2, HAarpeBaBLUENCS Bblle 3agaHHOW TemnepaTtypbl T B
npouecce na3epHON NOBEPXHOCTHOW 06paboTkm (puc. 27), T. €. MaKCUMarbHYO LUMPUHY
nsotepmbl Ti. KoopamHata Todkm A, onpegensiolias nonywmpuHy n3oTepMbl, HaXoanTcsa 13
yCNoBuWIr, 4YTO Touka A pacnonaraetca Ha nsotepme T; 1 B HEWM JOCTUraeTCa MakcMmarbHas
Temnepartypa Ha pacctosHuM y = |, T. e. dT/0x = 0. PeweHne ypaBHeHUn ans npouecca pac-
NPOCTPaHEeHUs TENMNOTbl TOYEYHOrO NCTOYHUKA NOCTOSSHHON MHTEHCUBHOCTU (, ABWXYLLErocs
C NOCTOAHHOW CKOPOCTbLIO V MO MOBEPXHOCTU MacCUBHOIO Tena, NpeAcTaBrieHo Ha puc. 28 B
BMAE HOMOrpamMmMmbl 4515 onpeAeneHns WUPKUHbI 30Hbl TEPMUYECKOrO BIMSHUSA. 10 3HaYeHu-
SIM MapameTpoB pexnma obpaboTku q, v U CBOWCTB 0OpabaTbiBaeMoro martepuana, BblYMC-
naetca 3HadveHue Ti4nk.a/(qv), a 3aTeM No HOMOrpamme onpegenseTcs 3HaveHue vi/(2a) n
Taknm obpa3om HaxoanUTCH LWNMpUHA 30HbI Harpesa 2| 4o 3agaHHom TemnepaTtypsbl TI.
AHanorm4yHo onpegensieTcs WupmMHa 30HbI TEPMUYECKOTO BMUSIHUA B Cly4Yae MOLLHO-
ro 6bICTPOABMKYLLETOCA TOYEYHOIro MCTOYHMKA TENMOThI HA NOBEPXHOCTM NONy6eckoHe4YHOoro

Tena:
8q 17)

2= |—"—
nevcyT)

[na onpegeneHns CTPYKTypbl U CBOMCTB MeTanna npu nasepHon obpaboTke Heob-
XOAMMO 3HaTb U3MEHeHMEe TemnepaTypbl B NPOLECCe Harpesa M OXNaxaeHusi B pasnnyHbIX
yyacTkax obpabaTtbiBaeMoro Tena, xapakrepusyemoe TeEpMUYECKUMMN LUKNamu.

Mpy NoBepXHOCTHOW Nna3epHoOn 06paboTke TEPMUYECKNE LMKbI TOYEK, PacnonoXeH-
HbIX Ha 6onee yaaneHHbIX PacCTOAHUSAX OT OCU ABMXKEHUSA UCTOYHMKA TENSOTbI, Xapakrepu-
3YIOTCS MEHbLUMMW CKOPOCTSIMU Harpesa, 3Ha4YeHUsiM» MakcumarbHbIX TEMepaTyp U CKOpo-
CTSIMM OXNaXKaeHus.

MpepcraBnsaeT HTepec BO3MOXHOCTb UX KONTMYECTBEHHOIO onpeaeneHus.

MakcMmanbHasa TemnepaTypa onpefensieTcs U3 yCroBUSA paBeHCTBa HYM nepBou
Npoun3BOAHON TemnepaTypbl MO BPEMEHN WK MO PACCTOSAHMIO. Ona MOLHOro 6bicTpoaBu-
XKYLLErocsi TO4EYHOro UCTOYHMKA Ha NMOBEPXHOCTM MaccuBHoro Tena (16) nonyyeHo aHanu-

TUYECKOE BblpaXkeHNe MakCuManbHON TemnepaTypbl:
29 (18)
TceuCy(y(zJ + 2(2))

Tmax =

MrHOBEHHbIE CKOPOCTU HarpeBa WM OXNaXAaeHus npeactaBnsaT cobon nepsble Npo-
N3BOAHbIE TeMnepaTypbl N0 BpeMeHU: o = JT/ot. B obwem cnyvae, ecnv MMEeTCs aHanuTu-
YecKkue BblpaXeHuUs TeMrnepaTypHOro noss, 4OCTaTOMHO BblYUCANTE U3MEHEHMEe TemnepaTy-

pbl B MHTEPECYIOLLEN TOYKE B Pa3fINYHble MOMEHTbI BPEMEHU N ONPEeAEeNnnNTb CKOPOCTb N3Me-
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HEeHVa TemnepaTypbl YACNEHHBIM AU dEPEHLMPOBAHMEM.

[na Tovek, pacnonoXeHHbIX Ha OCKM NepeMeLleHnss MOLLHOro GbICTPOABMKYLLErocs
MCTOYHMKA NO MOBEPXHOCTM MaCCUBHOMO Tena, NOoMy4YeHO aHanuMTU4ecKoe BblpaXKeHune Ons
BbIYMCINEHNSI CKOPOCTU OXNaXaeHNs

o = -2 T4 (19)
3HaK «MUHYC» 03Ha4aeT, YTO paccMaTpmuBaeTCsa oxnaxaeHne maTepuana.

[na nocnegytowero onpegeneHns TemnepaTypHOro noss, BO3HMKaKLLEro B npouec-
ce nasepHon obpaboTkn, UCNONbL3YIT ypaBHEHUSA TENNONpPoBOAHOCTM TBepgoro Tena. Lu-
POKYI0 M3BECTHOCTb NpMoBpeny aHanuTUYecKne BblpaXeHus, SBNAOLWMECH NPAMbIMU peLle-
HUSIMW ypaBHEHUS TENSONPOBOAHOCTU AM1S NPOCTbIX CriydaeB, Korga npuvHMMatoT Tennodu-
3M4eckme CBOMCTBa MaTepmana He 3aBUCALUMM OT TemnepaTypbl 1 BBOOAT HEKOTOPbIE ApY-
rme ynpotiieHus. [pn 3TOM HeNUHeHoe ypaBHEHWE TEMnonpPOBOAHOCTM MPMBOAMUTCA K Nn-
HeMHOMY BMAY, YTO NO3BOMSAET NosyyaTb aHaNUTUYECKUE peLleHUs, LWMPOKO NPUMEHSIoLWMe-
Ccsl Ans NpUKMAOYHbIX pacyeToB. ConocTaBneHne pesynbTaToB aHanUTUYECKUX PELLUEHUN C
9KCMepUMeHTanbHbIMM [aHHbIMW MOKa3blBaeT, YTO YAOBMETBOPUTENbHOE KX COBMNageHue
MMeeT MeCTO Npu HarpeBe OO0 HEBbLICOKMX Temnepartyp, Hanpumep, B ctandax o t< 400-
600°C. MNoaToMy nNpu BbICOKUX TEMMNepaTypax criegyeT nepexoanTb K pelleHno HENUHENHbIX
AnddepeHumnanbHbIX YpaBHEHUI TENNONPOBOAHOCTU. BaxHoe 3HayeHue npu 3Tom npuob-
peTalT NpubnmkeHHble MeToabl pelleHnst 3agad HenNMMHENHOW TennonpoBOL4HOCTU, cpeau
KOTOPbIX LLUMPOKMMWN BO3MOXHOCTSIMU U YHUBEPCANbHOCTLIO 061aaaloT YMcrneHHble MeToabl B
coyeTaHum ¢ OBM.

3.4. IlazepHble TeXHONOrM4eckne yCTaHoOBKM ANt NOBEPXHOCTHOW 06paboTKu.

3 pa3HOOBpasHbIX TUNOB ONTUYECKUX KBAHTOBbIX FrEHEpPaToOpOB, YacTO Ha3blBaeMbIX
nNpocTo nasepamu, ansg o6paboTkn matepnanoB B OCHOBHOM MCMOMb3yOTCA TBEPAOTENbHbIE
M rasoBble nasepbl. B TBepaoTenbHbIX fla3epax reHepaums usnydeHus OCyLLeCTBRASIeTCA B
TBEPAOM aKTMBHOM 3fiEMEHTE, B Ka4eCTBE KOTOPOro MCMOSib3ytTCA CTEPXKHM U3 KpucTanna
NCKYCCTBEHHOro pybuHa, ctekna ¢ NnpuMechto peaKko3eMerbHOro anemeHta Heogmma (C1-Nd)
NN NTTPUR-antoMMHUEBOrO rpaHaTta ¢ gobaskon Heoguma (MAI-Nd). B ras3oBbix nasepax B
KayecTBE aKTUBHOW cpenbl UCMONb3YTCA pasnuyHbie rasbl M cMeck rasoB. Hambonee pac-
NpOCTpaHeHbl ra3oBble Nnasepbl Ha anokenae yrne poga CO..

YkasaHHble Tunbl NasepoB o6nagatoT 60MbLWON BbIXOAHON MOLLHOCTBI, OTHOCUTEMb-
HO BbicokuMm KI1[, cTabmnbHOCTBIO NapamMeTpoB U3MNYyYEHUS U B CBA3U C 3TMM HaXOAsT BCe
Gonbluee NpMMeHeHNe B NPOMbILLITEHHOCTU. Pa3nuyaloT TeXHONormyeckne nasepbl UMNyrb-
CHO-MEPMOLMNYECKOro U HEMPEPLIBHOTO PeXMMa reHepaunm n3nyvyeHust.

TBepgoTenbHble nasepbl C aKTMBHbIM 3N1EMEHTOM B BuAe PYOMHOBOrO CTEPXHS

06bl4HO paboTaloT B MMMYSbCHO-NEPUOANYECKOM PEXMME U3MYYEHUsI C ANUTENBHOCTBLIO UM-
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nynbcoB t ~ 102 - 10° ¢ Ha AnvHe BonHbl A = 0,69 MKM. QHEprus U3ny4eHuss B UMnynbce
coctaensaeT E= 102 - 10° [Ix npu MakcumanbHOW YacToTe MoBTOpeHust nMnynbcoB F = 10
M.

B nasepax Ct-Nd n MAI-Nd akTnBHbIV 9nemMeHT npeactaBnseT cobon Kpuctannmye-
ckoe (MTTpUN-anioMMHUEBLIN rpaHaT) uinn amopdHoe (CTEKN0) BELLECTBO, B KOTOPOE MyTeM
nervpoBaHns BBeAEHbI NpMMecHble MoHbl Nd3*, reHepupytoLme nasepHoe U3nyyYeHue.

TBepgoTenbHble nasepbl C UCMOMb30BaHWEM HEOAMMa FeHepupylT M3rnyyYyeHue Ha
ANVHe BomHbl A= 1,06 MKM, HO OTnmM4YatoTCst BbicokMMM (fo 107 BT) 3HaYeHUsIMM MOLLHOCTY
N3ny4yeHns B MMMynbce MNpu MMMYNbCHO-NEPUOANYECKOM peXUMe reHepaunn. YacToTHbIN
pexnm paboTbl COBPEMEHHbIX TBEPAOTENbHBIX HEOANMOBBIX STa3epoB U3MEHSIETCA B Npeae-
nax (0,05 - 50,0) 10° 'u, coxpaHas cpedHo MolHocTb 20 - 50 BT npu Becbma BbICOKOM
ANa TBepaoTenbHbIX Nasepos anektpoontuyeckom Krf, pasHom 4 - 7%. Ipu HU3KUX YacTo-
Tax (0,1 - 1,0 u) aTK nasepbl CNOCOOHLI rEHEPMPOBATL AHEPIUIO B AECATKN [AXKOynen B UM-
nynbce nNpu AnuTenbHOCTU umnynbca nopsagka 100 mkc.

OTnnMunTenbHOM 0COBEHHOCTBIO TBEPAOTENMbHbLIX NTA3EPOB HA UTTPUN-ANtOMUHUEBOM
rpaHaTe SBNAETCA BO3MOXHOCTb TFeHepaumm U3Ny4YeHMs He TOMbKO B MMMYSIbCHO-
nepmognyeckom, HO U B HENPEPLIBHOM peXnme.

OpHako cpefHAs MOLLHOCTb M3MyYeHUsa aAaxe nNydwnx TBepAoTenbHbIX rnasepos
orpaHuMyeHa mMarnbiMy NMHENHBIMU pasmMepaMn CUHTETUYECKUX KPUCTanIoB U HU3KOW Tenso-
NMPOBOOHOCTbLIO, 3aTPYOHAOLLEN OXITaXAEeHNEe aKTUBHbIX 3NIEMEHTOB.

B nasepHon obpaboTke maTtepmanoB HacTynuil HOBbI NEPCMNEKTUBHBIV 3Tarn B CBS3U
C CO3[aHMeM rasoBblX Nla3epoB, CMOCOOHbLIX pa3BMBaTb B HacTodwee Bpemsi GOonbluyo
CPEAHIO MOLLHOCTb B HEMPEPbLIBHOM U UMMNYITbCHO-NEPUOANYECKOM PEXUMAX reHepaLnn.

B rasoBbIx nasepax akTMBHOW CpPedon SIBMSIETCA YMCTbIN ra3, CMECb HECKONbKUX ra-
30B MMM CMEeCb rasa C napamvm metanna, Bo3byxgaemble 3MNeKTpU4ecKuM paspsgom, npu
NpOTEKaHUM XMMUYECKMX peakumn, nmbo B npouecce aanabaTtHOro nctedeHms HarpeToro ra-
3a Yyepes3 CBEPX3BYKOBOE COMJI0. B COOTBETCTBUM C 9TMM pasnuyaloT ra3oBble fa3epbl arek-
TpopaspsiaHble, XMMUYECKMEe U ra30AnHaMnYeCKme.

Xummyeckue nasepbl Ha ypoOBHE COBPEMEHHbIX MPEACTaBMEHUI CMIOXHbI B 3KCMnya-
Taumm 1 Noka He HaxogAT LUMPOKOrO TEXHOMOrMYECKOro NpuMeHeHns. AHanormyHbiM obpa-
30M He npuMeHsaTCca ana obpaboTkm maTepuanoB B HacTosillee BpeMsi U rasogMHammuye-
ckue nasepbl, umetowme Husku Krg (0,1 — 1%).

3.5. ®a3oBble U CTPYKTYpHblIe NpeBpalleHusi B cnjaBax npu nasepHom TepmMmo-
obpaboTtke

3.5.1. OcobeHHOCMU ¢ha3oebix nepexodoe xese3zoyasepooucmbix crnjiasos

M3yueHne 3akoHOMepHOCTEN HOPMUPOBAHMSA CTPYKTYPbI Npu nasepHon Tepmoobpa-



51

BoTKe ABNAETCA BaXKHbIM BOMPOCOM, MOCKOSIbKY pa3Hble CrnfiaBbl U CTanu Nocne OAMHaKoBbIX
TEPMUYECKNX LMKNOB 06paboTKM MOryT MMeTb MPOTUBOMOSOXHbIE CBOMCTBA, @ WMMEHHO:
YNPOYHATLCA M Pa3yNpPOYHATLCA, UMETb Pa3Hy BEMMYUHY N 3HAK OCTATOYHbIX HaMpsiKeHW
n gecopmaunn U T. 4.

Mpn nasepHon 3akanke ©6e3 onnaBneHUs O4eHb

6, %
Y Y BaXXHOM saABNsieTcs oasa HarpeBa, Tak Kak B npoLec-
6,67 -
4 | | | I Cce nocrneayloLwero CKOpPOCTHOrO OXnaxaeHus qouk-
He f<— a4 .
: : . : ! CUpyoTCs CTagum npespawieHun npu Harpese. [pu
" |
04 | -}-- uabaallaz Ao -:—-J Harpese CnraBoOB Xene3a B Touyke Aci HaudMHaeTcd
1
| 4 B y : npespalleHMe nepnuta B aycteHut. Hanbonee Be-
|
: : : POATHLIM MECTOM 3apOXXAeHUA ayCTeHUTa B NepnuT-
|
I o
g02 1 HOW CTanu siBNdeTcs rpaHuua mexay depputom u
X

uemeHTUTOM. [locne o6pasoBaHua  3apoabiwa
Puc. 29. Cxema 06pasoBaHus aycTe- 2YCTEHM Ta WAET npespalleHue epputa B aycTe-
HWTa B NEPNNTHOW cTanu HWUT, KOTOPOE NMPOUCXOAUT B YCNOBUSAX MeOSIEHHOro

Harpesa nytem anddy3noHHOM
nepecTtponkn kpuctannuyeckon pewetkn OLK B pewetky MUK, T. e. nget nonumopcHoe
npeBpaLleHne 1 rpaHvua «ayCcTeHUT — doepput» cMeLlaeTcsa K LeHTpy deppuTHon dasbl
(puc. 29). OgHOBPEMEHHO C 3TUM MOET PacTBOPEHME LEMEHTUTA U rpaHuLa «ayCTEeHUT —
LEMEHTUT» CMELLaeTCs K LLeHTPY LLeMeHTHON ¢hasbl.

Mpouecc nepecTponkn peLLeTok CONpPoBOXAAETCH KOHLEHTPaUNOHHBLIM nepepacnpe-
AeneHneMm yrrnepoaa 3a cyeT Anddysnm ero B ayCTeHUTe OT rpaHuLbl C LEMEHTUTOM K rpa-
HuLe ¢ beppuToM. [locne CONpPUKOCHOBEHWS KPUCTanNmoB ayCTeHnTa apyr ¢ Apyrom, pacry-
LLUMX HaBCTpeYvy OT ABYX LE€MEHTUTHbIX MIacTuH, POCT MpeKpallaeTcs U ganee npomcxoauT
BblpaBHMBAHWE KOHLEHTpauuu yrnepoga B ayCcteHuTe, T. €. romoreHusaums. Npn meaneH-
HOM HarpeBe npeBpalleHve nepnuTa B ayCTeHUT MAET Npu NocTOAHHOW Temnepartype, no-
CKONbKy TpebyeTca aHeprus Ha nepecTpovKy KPUCTansMY4ecKoW peLueTKU, U Ha KPUBOW
HarpeBa Touka Act BblpaXXeHa B BUAe ropMsoHTarnbHon nnowanku. KnuHetuka dpopmMmpoBaHus
aycTeHuTa B 3TOM cryqae MoxeT 6biTb onvcaHa ypaBHeHuem A. H. Konmoroposa

t (20)
V(D) = Vo{1 - expl- [ G(D)o (1)t T}
0
rae V(t) — obbem aycteHnTa B MOMEHT BpeMeHu t; Vo — nucxoaHbln 06bem aycteHuta; G(t)
— CKOPOCTb pOCTa 3apofbillen aycTeHuTa; ¢(t) — obbem, 3aHATbIN 3apobilleM aycTeHuTa

B MOMEHT T.
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Puc. 30. Cxema cgsura kputudeckon toukum Puc. 31. IameHeHne KoHUeHTpauum yrnepo-
Ac1 Npu BbICOKNX CKOPOCTSIX Harpeaa Aa B ayCTeHWTEe Ha pasHbIX cTagusax aycre-

HUTM3aUUM NEPNIUTHOW CTanM Npu pasnmyHbIX
CKOPOCTSIX Harpesa
Mpwn BbICOKOCKOPOCTHOM NAa3epHOM HarpeBe npoLiecc obpasoBaHusi aycTeHnTa n3me-

HaeTcs. MogBoaumas Tennosasi 3HEepPrusi MPEBOCXOAUT SHEPrUo, HEOGXoAMMYO AN nepe-
CTPOWKM KpUCTANmMYEeCcKon peLleTkn, a caMa nepecTpomnka naeT ¢ HEKOTOPOW KOHEYHOW CKO-
POCTbI0. DTO NPUBOAMUT K TOMY, YTO NpeBpaLLeHne NPOTEKAET He N30TEPMUYECKN, a B HEKO-

TOPOM MHTEpBane temnepartyp oT Al(a:‘l+ no Aﬁll (cm. puc. 30). Torga roBopsiT 0 casure

KPUTUYECKON TOYKM Aci B 0OMacTb BbICOKMX TemnepaTyp, nogpasyMeBasi Npu 3TOM CMmeLLe-
HMEe KOHLa ayCTEHUTHOro npeBpalleHnsa Ha BenuunHy Ty AHanuTuyeckasi 3aBUCMMOCTb ANs
pacyeTa atoro casura nonydeHa HO. A. MewkoBbiM C MCNONb3OBaHMEM ypaBHeHus A. H.
Konmoroposa (20):
Tk = (ﬂ)uso%/s )
4D

roe D — koadppmumeHT andysumn yrnepoga B aycTeHUTE, vy — CKOPOCTb HarpeBa; X —
CTPYKTYPHbIV (pakTop, T. €. NONIOBMHA PACCTOSAHUA MeXAy COCeQHUMM LieHTpamMun Kpuctannu-
3auun ayctenunTta (puc. 29), K — napametp guarpammbl coctoaHus (anga cranen.K= 110).

COBuWr KPUTUYECKNX TOYEK B 3aBMCUMOCTU OT CKOPOCTU HarpeBa, MCXOLHOW CTPYKTY-
pbl M XMMWUYECKOro cocTaBa CTanm Haxoautcsa obblvHO B uHTepBane 50-200°C. Ha Bennumny
T« Kpome hakTopoB, curypupyrowmx B gopmyne (19), okasbiBaeT BrMsHNE COCTOSIHWE UC-
XOOHOW CTPYKTYpbl U bopMa LeMeHTUTa B nepnute. Tak, B CTanu ¢ 3€pHUCTbIM NEPINTOM
coBur Toukn Acq, Bonblue, 4em B CTanu € nnactuH4yatbiM nepnutom. [loatomy pacuyeTt no
dopmyne (19) saBnseTcsa BecbMa NPUONMKEHHbIM.

OTMeTuM, YTO B YCNOBUSIX CKOPOCTHOrO Harpesa npespalleHne ® — A (pepput —
ayCTeHUT) 3akaHuYnBaeTca npu Gonee HM3KOWM Temnepartype, Yem npespaweHune L — A (ue-

MEHTUT — aycTeHuT) (puc. 31). MNMpn 3TOM MOXHO BbIAENUTL TPU CTagun aycTeHnTusauumn: o



53

— A (), 4 — A (Il) n romorenunsauuto (lIl), 1. e. ouddy3MoHHOE BbipaBHUBAHNE KOHLEHTpa-
uuun yrnepoga B aycteHute. C yBeniM4eHMEM CKOPOCTM HarpeBa 3aBeplueHue 9TUX cTagui
cMmellaeTcs B 06nacTb BbICOKMX TemnepaTyp, a nepenaj KOHUEHTpauuu yrrnepoga mexay
ObIBLUMMUN LEMEHTUTHLIMU U (PEPPUTHBIMU yHacTKaMUn yBENUYMBAETCS.

Ecnu 3a Touky Aci NprHATH OKOHYaHMe npouecca npespaiieHna ® — A, Torga oye-
BMAHO B 9BTEKTOMAHOW CTanu Npouecc pacTBOPEHUS LieMeHTUTa 3akaHuMmBaeTcs Mnpu ewe
bonbwen Temnepatype (cm. puc. 31).

PaccmoTpum npouecc o6pa3oBaHusa aycTeHMTa B 4O3BTeKTongHon ctanu. Npu mea-
NEeHHOM HarpeBe Mpu Temnepatype TOYKM Aci NpoOTeKaeT M3oTepMunyeckoe npeBpalleHune
nepnuta B aycteHuT. lNocne okoH4yaHus npespawieHns 1 — A (nepnut — aycTeHuT) npwu
AanbHenwWweM noBbIlEeHMN TeMnepaTypbl OT TOYkM Act 00 Acs MAeT npeBpalleHne n3bbiToy-
Horo goepputa B aycteHuT. NMpn aTOM 3apoabilm aycTeHuTa ob6pasytoTca Ha rpaHuue ObiB-
Luero 3epHa nepnura ¢ u3bbITouHbIM heppuTom. [lanee naet pocT ayCTeHUTa K LLEHTPY 3ep-
Ha (bepputa nytem amddysmoHHon nepectponkn peweTtkn OLK B pewetky MUK ¢ andpdy-
3MOHHbIM NepeMeLLEHNEM Yyrrepoaa B ayCTeHUTe OT rpaHuLbl ¢ ObIBLLUMM NEPSINTOM K FpaHu-
ue ¢ cdepputom. PaBHOBECHbIE KOHLEHTpaUMM yrnepoaa Ha rpaHuuax M3MeHsIloTcs no nu-
Huam GS n GP gmnarpammbl xxeneso — yrnepod. 3akaHumBaeTCcs nepecTporika Kpuctannu-
YeCKOW peLleTkn B Touke Aca.

lNpn nasepHOM HarpeBe CTanen M3-3a BbICOKOM CKOPOCTW HarpeBa npespaldeHue 1

fax =1
— A nget B uHTEpBane temnepaTyp Acl - AR CnepoBartenbHo, npeBpalleHne n3bbl-

TOYHOro beppuTa B ayCTEHUT U MpeBpaLleHMe nepnuta B ayCTEHUT MOryT MATKU OgHOBpe-
MEHHO 1 aBTOHOMHO. [1pn BLICOKMX CKOPOCTSIX Harpeea obpasoBaHue 3apodblllen aycTeHnTa
MOXET MPOUCXOAUTb He TOSbKO Ha rpaHuuax 3epeH dpepputa, HO U B camux (eppuUTHbIX
3epHax no rpaHuuam 6510koB. OTO CTAHOBUTCA BO3MOXHbLIM MOTOMY, YTO C YBENUYEHUEM
CKOPOCTW HarpeBa yBenvyuMBaeTCs MeperpeB, CHMXKAETCA KPUTUYECKUA pasMmep 3apoAbla,
KOTOpPbIA MOXET CTaTb MEHbLUE LUIMPUHBbI rpaHny, 6nokoB. BBmuay Toro, YTo BO BCEX Criyvasix
pasmep 3epeH n3bbITo4HOro oepputa Gonblue pasmepa epputa B NnepnuTe, npespaLlleHne
nepnuTHOro oepputa 3akaHYMBaeTCa paHblue, YeM M3ObITOYHOro. PacTBopeHue xe LeMeH-
TUTa B nepnute naeT MeaNleHHee o—Y-NpeBpalleHns, LEMEHTUT MOXET COXPaHATLCHA He-
pacTBOPEHHbIM Aaxe mnocne npespalleHns n3bbiTouHoro gepputa. Toraa npyM CKOPOCTHOM
HarpeBe BO3MOXHO M3MEHEHMEe MOCNeaoBaTerNibHOCTU NPEBpPALLEHNs] CTPYKTYPHbIX COCTaB-
NALWMX: CHavana 3akaH4ymBaeTca npespaweHune @ — A, a 3atem [1 — A.

Bbicokas ckopocTb HarpeBa NpyvBOAMUT K TOMY, YTO AU Y3MOHHbIE NPOLIECCHI nepe-
ctpovikn pewweTtkn OLIK n3bbitouHoro pepputa B NUK-peluetky aycteHuTta, MoryT He ycne-

BaTb 3akaH4YMBaTbCA Ha NuHUKN GS anarpamMmbl xXenes3o — yrnepon n torga MMeet MecTo
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caBuvr Toukn Acs B 06n1acTb BbICOKUX Temnepartyp.

dopmanbHO BeNuuMHa casura Todkm Ac3 MOXeT ObiTb onpegeneHa C y4eToMm TOro,
YTO S8 NOSIHOrO pPoCTa ayCTEHUTHOro 3epHa (PPOHT ayCcTeHuTa AOIDKEH MPOOBUHYTLCH Ha
paccTosiHMe, paBHOE NOMOBUHE pa3mepa 3epHa u3bbiTouHoro epputa. OTcioga cnegyer,
YTO C yBenM4YeHUeM CKOpPOCTW HarpeBa TemnepaTypa T« yBenuumsaetcd. OOHaKo HYXXHO
y4YeCTb, YTO C POCTOM CKOPOCTW HarpeBa M CO CMELLEHMEM B BbICOKOTEMMEpaTypHyl 06-
nacTb MOTyT U3MEHATBLCH MeXaHU3Mbl o—>y-NpeBpaLLeHust.

Mpexae Bcero nepecTponika KpUCTaniMyeckon peLlleTkM MOXET OCyLLeCcTBNATbLCA 6e3
KOHLlEHTPaUMOHHOIo nepepacnpeneneHns yrinepoga, T. €. BO3MOXHO YUCTO nonumopdHoe
npespatlleHne. Kpome Toro, npu BbICOKOW CKOPOCTW HarpeBa He WCKMYEeHa BO3MOXHOCTb
NpoTeKaHusa a—>y-NpeBpaLleHnsa No MapTEHCUTHOMY MexaHu3My. OTn CoobpakeHnsa BeayT K
3aKITOYEHUIO, YTO B OENCTBUTENBHOCTM BENMYMHA COBUMra TOYKM AC3 CYLLLECTBEHHO MEHbLLE,
Yem onpeaeneHHas no dgopmyre (19).

lMocne 3aBeplleHMs a—y-NpeBpalleHns crieqyeT BblpaBHUBAHWE KOHUEHTpauuu yr-
nepoaa 3a cyet ero A dy3nm n3 ObiBLLUMX NEPNUTHLIX 3epeH B ObiBlUMe dheppuTHble. ITOT
npouecc 3aeepluaeTca npu ewe 6onblien TemnepaType, YeM Temnepatypa Touyku Ac3, u
3aBepLUeHMe ero Takke onpeaenseTcs CKOpPoCTblo HarpeBa. B ganbHerwem 6ygeTt nokasa-
HO, YTO BblpaBHMBaHWE KOHLEHTpauuu1, T. €. rOMOreHmn3aLms, okasbiBaeT peluaroliee BNng-
HMe Ha NpoLEeCcC NONy4YeHns CTPYKTYPbI NOSIHOW 3aKanky nocne oxnaxaeHus B JO3BTEKTONA-
HOW cTanw.

B 3asBTekTOMgHOW CcTanu npu MeasieHHOM HarpeBe B Todke Aci NMpoTekaeT n3oTep-
Muyeckoe npespalleHue 1 — A, a B nHtepBane temnepatyp Aci-Acm MOET pacTBOpeHue
BTOPUYHOIO LIEMEHTUTa, KOTopoe conpoBoXxaaetcs Auddysven yrnepoga oT BTOPUYHOIO
LeMeHTUTa K LLleHTpY ayCTEHUTHOro 3epHa, obpasoBaBLUerocs Ha MecTe ObiBLLEro nepnura.

ia+
Mpun 6bicTpOM HarpeBe npespalleHne M — A Takke ngeT B nHTepBane Temneparyp ACl

~

éf
Aﬁl W OOHOBPEMEHHO C 3TUM NPOTeKaeT pacTBOPEHNe BTOPUYHOIO LieMeHTuTa. INockornbky

npeBpalleHne NepnuTHoro depputa ngeT ObicTpee, YeM pacTBOPEHUE LIEMEHTUTA, B TOM
yncre M BTOPUYHOrO, TO B 3TOM CTanu TPYAHO OXuaaTb U3MEHEHUsl nocnenoBaTeribHOCTU
npeBpaLLeHns CTPYKTYPHbIX COCTaBRSOLWMX, KaKk B AO3BTEKTOMAHOM cTanu. PactBopeHue
BTOPUYHOIO LIEMEHTUTA U TOMOreHn3aumsi ayCTeHMTa MOXET He ycneBaTb NMPOUCXOAUTb [0
KOHLLa Npu HarpeBe 40 BbICOKMX Temnepatyp. Toraa B Cuny TOro, YTo LEMEHTUT HaxoauTcs B
KOHTaKTe C ayCTEHWTOM, Npu Harpeese A0 Temnepatypbl NMuHumM EF gmnarpammbl xeneso —
yrnepoa (1147°C) BO3MOXHO MpoTeKkaHue oOpaTHOM 3IBTEKTUYECKOW peakumn. OTO MOXeT

npmnBoAnTb K MUKPOOIJ1aBf1IEHNIO MOBEPXHOCTU MNMpPU na3epH0|71 06p860TKe.
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Takum ob6pa3om, B YCrOBUAX CKOPOCTHOMO STa3epHOro Harpesa XenesoyrnepoancTblxX
CnfaBoB MOryT MMETb MECTO Takme apdekTbl, Kak npoTekaHue npespaileHus 1 — A He
N30TEPMMYECKM, a B MHTepBarne Temnepartyp (obnactb 1, puc. 32), coBur KPUTUYECKON TOYKN
Acs B obnacTtb BbICOKMX Temnepartyp (obnactb 2), cmeleHne Todkm Acm U 06ycnoBneHHoe
3TUM MUKPOMMABEHNE rPpaHnLbl LEMEHTUTA C aycTeHUTOM (obnacTtb 3). Bo Bcex crnydasx
npouecc auddy3noHHOro nepepacnpenenenns yrnepoga B aycteHuTe, T. €. roMoreHnsaums

aycTeHuUTa, cMellaeTcsl B obnacTb eLle 6oree BbICOKMX TeMnepaTyp.

F

Puc. 32. Yuactok guarpammbl xeneso — Puc. 33. TemnepaTypHble 3aBUCMMOCTU CBO-
yrnepon C OCOBEHHOCTAMU CTPYKTYpPHbIX ©60OHON 3Heprun HeaedopMUpoBaHHbIX ep-
npeBpalleHnn  Mpu  BbICOKOCKOPOCTHOM puTa u ayctenuta (Fo, Fa) 1 gecdopmumpoBaH-
Harpese HbIX pepputa n ayctenuta (F'o, F'a, Fa)
Kpome caura KpUTUYECKMX TOYEK BbICOKAas CKOPOCTb HarpeBa Bbl3biBaeT CMeLLeHne

TemnepaTypbl pekpucTannusaumm gedopMUMpoOBaHHOrO cnnaea. Tak, Ans >xenesa, gedop-
MUPOBaHHOro Ha 60% npu yBENUYEHMN CKOPOCTU HarpeBa OT HECKONbKUX COTEH rpadycoB B
MuHyTY o 500-650 rpag/c, Temnepatypa pekpuctannuaauum nosbiwaeTtca oT 500°C go
700-900°C. lNpun aTOM UMEET MECTO N3MEHEHME NOCNeaoBaTeNbHOCTU CTagui pekpucTannu-
3auunn: NpU YCKOPEHUN HarpeBa He ycrneBaeT NPOUCXOANUTb NONMIOHM3aLMsa U NPOLECC Hauu-
HaeTcs cpa3dy C nepBuYHON pekpuctannu3auun. C yBenmyeHneM CKOpOCTM Harpesa Temne-
paTypa pekpucTannusaumm cmellaeTcs B 06nacTb BbICOKMX TeMnepaTyp 6onee UHTEHCUBHO,
yeM Temnepartypa Touku Aci.

MOXXHO NpeanonoXuTb, YTO CyLLLECTBYET HEKOTOpasi KpUTUYEeCKas CKOPOCTb Harpesa,
HWXXe KOTOPOW peKkpucTannunsaumsi NnpoTekaeT A0 3aBeplleHnst npespalleHms M — A, a Bbl-
LLIe 3TOM CKOPOCTM pekpucTannusaumnst npoTekaeT nocrne 3aBepLueHnst npespatenns N — A.
Mpn cBEPXBLICOKMX CKOPOCTAX HArpeBa pekpucTannmaauus MoXeT He NpoMcXoauTb BNNoTb
A0 TeMnepaTypbl NNaBneHuns.

M3BecTHO, 4TO B AepOopMMPOBAHHOM CTanNn MOXET UMETb MECTO MOHWXKEHNe Temne-

paTypbl hasoBoro npespatleHus (T) ot To go T'o npw Harpese, YTO criedyeT U3 paccmoTpe-
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HUS1 TemnepaTypHbIX 3aBUCUMOCTEN CBOOOAHBLIX 3HEPrMn AedOpMMPOBaHHbBIX U Hegedop-
MUpPOBaHHbIX ha3s (puc. 33). CHxKeHMe TemnepaTypbl a3oBoro nepexoga B gedopmupo-
BaHHOW cTanu OygeT B TOM Crlydae, eCnu ayCcTeHUT HacregyeT TOMbKO 4acTb AedeKTOB
deppuTa, T. €. NPU HEBLICOKOW CKOPOCTU Harpesa. Torga pekpucrannmsauusa npotekaeT 0o
3aBeplUeHnss (a3oBOro nepexoga W TemnepaTypHas 3aBUMCUMOCTb CBOOOOHOW 3Heprum
aycTeHuTa onpegenseTcs Kpuon F'a. MNMpy CBEPXBLICOKUX CKOPOCTSX Harpesa, Korga pekpu-
cTannusauma B doeppute MPOUCXOAUTb He ycrneBaeT, ayCTeHUT HacregyeT Bce OedeKTbl
depputa U TemnepaTypHas 3aBUCUMOCTb CBOOOOHOW 3HEpruvM aycteHuTa onpegensercs
KpuBon F"a, CHMXKeHUs TemnepaTtypbl 0a3oBOro npespalleHnsa B 4eopMMpoBaHHON cTanu
He MPOUCXOANT.

lNpn nasepHoOM Harpese 3aKafeHHOW WM HU3KOOTMYLLEHHON cTanu dopMmnpoBaHue
ayCcTeHuTa CyLeCTBEHHO M3MeHsieTca. MapTeHcUT cHayana pacnagaeTcs Ha BblCOKoAWC-
nepcHyto depputo-kapbuaHyto cMecb, KOTopas 3aTteM npesBpalaeTca B aycteHuT. Bosmo-
XXEH TaKkKe TakoWn criyyan, Korga npu 3HaduTerbHOM yBEnMYeHUM CKOPOCTU HarpeBa pacnaj
MapTeHCUTa Ha PEePPUTO-LEMEHTUTHYIO CMECb HE MPOUCXOAUT U ayCTEHUTHble 3epHa 3a-
poOXOalTCA B MApPTEHCUTHOW CTPYKType B MecTax HambornbLuero CKOMfeHWUs AMCIOKaLMNA.
PocT 3epeH aycTeHuTa B 3TUX criyqasx naet 6e3 KOHLEeHTpauMOHHOro nepepacnpeaeneHms
yrnepoga. Casur Toukn Act MOXHO onpeaennTb no gopmyre (26) ¢ y4etomM Toro, 4To napa-

MEeTpP X paBeH NOJI0OBNUHE PACCTOAHUA MeXOy CoOCeaAHMMK CKOoMNeHnaAmMun avcnokaumn, rae 3a-

poxpaetcs ayctennt. Torga x ~ 4/10/(pd) , rae pd — nnotHocTs Aucnokaumi, cm2. Oue-

BWAHO, YTO BENMUYMHA casura TK 3HaUMTENbHO MEHbLLE, YeM B NEPMTHOM cTanu. MocKonbKy
B 9TOM Ciydae HeT KPYMHbIX 3epeH U30bITOYHbIX a3, To ToUKU Acs U Acm MO CYLLECTBY OT-
CYTCTBYIOT, @ NPOLIECC FOMOreHM3aLm aycTeHuTa 3aBepLuaeTcst OYeHb BbICTPO Mnocrne o—>y-
npespaLleHus.

3.5.2. OcobeHHocmu obpa3oeaHusi Cmpykmyp € cmassix npu sia3epHoM Hazpe-
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Puc. 34. HeogHOpOOHOCTW CTPYKTYPbl B 9BTEKTOUAHOW CTanu

B pesynbTaTe nasepHoro Harpeea B cTansx oOpMUpYeTCst CTPYKTypa, 0COGEHHOCTU
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KOTOPOW 0BYCNoBMeHbl CTEMEHbIO 3aBEPLUEHHOCTM NpoLecca ayCTeHMTU3aumMmM nNpyu Harpese.
3aBepLUeHHOCTb Mpolecca ayCTeHUTU3auun ornpeaenseTcs CKOPOCTbd U TeMnepaTypomn
HarpeBa, BpeMeHeM BO34eNCTBUS, UCXOOHOW CTPYKTYPOW.

Mpexae Bcero npuv AOCTAaTOMHO BLICOKOW TemnepaTtype WnNu npu OTHOCUTEMBbHO
GonbLLIOM BpeEMEHN BO3LAENCTBUSA BO3MOXHO (DOPMUPOBAHNE OOHOPOAHOro aycteHuTa. lMpu
YMEHbLUEHUM TemnepaTypbl Harpesa U BpeMeHU BO3JeNCTBUS B pesyrnbTaTe MOBbILEHMWS
KPUTUYECKMX TOYEK M 3aMeasieHns npouecca roMoreHn3aunm aycTeHuT B CTanm oTnndaeTcs
6onbLION HEeOOHOPOAHOCTLIO, 0COBEeHHO no yrnepody. HeogHOPOAHOCTL CTPYKTYpPbl yCUMn-
BaeTcs TeM, YTO KpOMe ayCTeHuTa Npu BbICOKOW Temnepatype B CTanu BO3MOXHO Cylle-
CTBOBaHME HEPACTBOPUBLLNXCSA Kapbnaos.

PaccmoTpuM HekoTopble BuAbl HEOQHOPOLHOCTEN, KOTOPblE MOryT ObiTb B TOW UK
WMHOM YacCTW 30HbI la3epHOro BO34ENCTBUA CTanen.

B aBTekTOMOHOM CTanu B 3aBMCUMOCTM OT 3aBEPLUEHHOCTU TPEX CTaaun ayCTeHUTU-
3aumm (puc. 34) BO3MOXHbI HEOAHOPOAHOCTU, OOYCNOBMEHHbIE: 1) HEMONMHBIM NPEBPALLEHN-
em ® —» A; 2) HEnosnHbIM PacTBOPEHMEM LIEMEHTUTA; 3) HEMOSMHbIM BblpaBHUBAHNEM KOH-
LeHTpaumm yrinepoga B aycteHuTe. B nepBom criyyae B HarpeTomM COCTOAHUW B cTann nve-
toTCA TpM pasbl: LEMEHTUT, aycTeHuT n depput. Habnogaetca 6onblion nepenag no KOH-
LeHTpaumm yrnepoga mexay atumm ¢pasamu (puc. 34, a). Bo BTopom cnydae nmerotca ue-
MEHTUT U ayCTEHUT C 4OCTATOYHO BOMbLION HEOAHOPOOHOCTLIO MO yrnepoay (puc. 34, 6). B
TpeTbeM Crnyyae nmeetcs ogHa dpasa — ayCTEeHUT C HEOAUHAKOBLIM COAEPXKaHUEM Yriepo-
Aa Ha pasHbIX ydacTtkax (pvc. 34, B).

a) d)
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Puc. 35. HeogHOpOOHOCTU CTPYKTYPbl B AO3BTEKTOUAHOW CTanu
3ameTum, 4TO peyb naet o CybMMKPOHEOOHOPOAHOCTU, MOCKOSbKY MEXMNNaCcTUHOY-

HOe paccTosiHMe B nepnutHou ctanu coctaeBnget 0,25-0,6 MKM, U TpeTun criydar HeoOHo-



58

POAHOCTM 3achmKCMpoBaTb COXHO BBUAY 6OMbLUOM CKOPOCTU BblpaBHMBAHUS KOHLEHTpaLnUm
Ha TakOM paccTosiHMM. B O03BTEKTOMAHOW CTanM HEOAHOPOAHOCTb WUMEETCA He TONbKO
BHYTPM ObIBLUErO 3epHa nepnuta, HO M Mexay ObIBLMMU NEPAUTHbBIMU U DEPPUTHBIMU
yyactkamu. QTu criydam nokasadbl Ha puc. 35, a-r. [Npu HenonHom npeBpaweHun @ — A B
nepnute M u3bbITOMHOM heppuTe MMeeTcs Haubornbliass HeOOHOPOAHOCTb MO (Pa3oBOMY
COCTaBYy M KOHLEHTpaLumu yrnepoga. B HarpeToMm CoCTOSHMM B CTanu CyLecTBYIOT LEMEHTHT,
aycTeHuT u dpepput (puc. 35, a). BoamoxeH cnyyan, korga npespatleHne ® — A 3aBepLueHO
B Npedenax bbIBLIero 3epHa nepnuta, a npespatleHne n3bbITOYHOro hepputa He 3aBeplLue-
HO (pwuc. 35, 6). MNpwn 3aBepeHnmn npespaieHna @ — A n HepacTBOPEHUUN LieMeHTuTa (cny-
Yanm M3MEHEHMs NocneaoBaTeNlbHOCTU CTPYKTYPHbLIX NPEBPALLEHUIA) B CTansax UMETCs ABe
dasbl — LeMeHTUT 1 aycTeHnT (puc. 35, B). Nocne NonHOro pacTBoOpeHus LeMeHTUTa ume-
€TCA HEPaBHOMEPHOCTbL NO yrnepoay Mexay ObiBLMMY (PepPPUTHBIMU U NEPSIUTHBIMW YyYacT-
kamu (puc. 35, ).

B 3asBTekTOoMgHOM CcTanu Npu He3aBeplieHun npespaweHns @ — A nmeetcs
Hanbornbllass HeoOHOPOAHOCTb M NPUCYTCTBYIOT asbl: LEMEHTUT, ayCcTeHUT n depput. o
pacTBOPEHUSA NEPIMTHOrO LieMeHTUTa nepenag no KOHUEHTpaumu yrinepoga MMeeTcs Nnullb
B npegenax 6biBLIEro NepsIMTHOro 3epHa, a Nocne ero pacTBOPeHUs UMeeT MeCTO nepenag
MO KOHUEHTpauuun yrrnepoaa mexay ObiBLUMM NEePANTHbIM 3€PHOM U U3ObITOYHBIM LLEMEHTU-
TOM.

Kak yxe oTmeuanocb, B YCNOBUSIX CBEPXBbICOKMX CKOPOCTEN HarpeBa BO3MOXHO U3-
MEeHeHne MexaHM3MOoB npesBpalieHns ® — A, T. e. BO3MOXHO nonmMopdHoe npespaLleHme
6e3 KOHLUEeHTPaUMOHHOrO nepepacnpeaeneHms yrnepoga unu npespalleHne no MapTeHCcuT-
HOMY MexaHu3My. Torga npespaweHne @ — A MOXeT 3aBeplUaTbCHd BO BCEX Crnyvadx v Ha
puc. 34, 35 Ha mecTe ceppuTa MOXHO 0603HAUUTL ayCTEHUT, HO CXema pacnpeneneHust co-
AepaHus yrnepoaa no ydactkam NpuHUMNnanbHO He N3MeHseTCs.

Kpome ckopocTu HarpeBa, cTeneHb HEOQHOPOAHOCTM 3aBUCUT OT OUCNEPCHOCTU UC-
XOOHOW CTPYKTYpbl: YeM Merbye CTPYKTypa, TEM MEHbLUe HEOQHOPOAHOCTbL aycTeHuTa. Beu-
Ay 3TOro B 3aKarieHHOW MMM HU3KOOTMYLLEHHON CTann MOXET MMETb MECTO NULb KOHLEH-
TpaLMOHHAs HEOOHOPOAHOCTb ayCcTeHUTa, Aa U TO B Ype3Bbl4aHO OrpaHMyeHHon obnacTu,
KOTOPYHO 3KCMEPUMEHTaNbHO 3aPMKCMPOBaTb CITOXHO.

[locTaToO4YHO CNOXHBIM SABMASIETCS BONPOC O pa3Mepe 3epHa aycTeHuTa nocre nasep-
HOro HarpeBsa. M3BeCTHO, YTO yBeNMYeHMe CKOPOCTU HarpeBa CrnocoOGCTBYET MOMy4YeHuo B
ctanu 6onee menkoro 3epHa. Tak, ecnun nocrne NeYHoro Harpeea ayCTEHUTHOE 3epHO UMmeeT
7-10-i 6ann (nnowaau 3epHa 250-1000 MkM?), TO Nocne MHAYKUMOHHOIO HarpeBa B UHTEp-
Bane ckopocten 100-1000 K/c 3epHo uamenpyaetca B 15-30 pa3 go 11-14-ro 6anna (8-60

MKM?). B pesynbTaTe 0ObI4HO YBENMYMBAETCSA NPOYHOCTb M MAACTUYHOCTL CTanu, CHPKaeTcs



YYBCTBUTEITbHOCTb K KOHLIEHTpaTopam HanpsiXXeHun. 13 Mernko3epHUCToro aycreHura nocne
3akanku obpasyeTcs MenkogucrnepcHbIi MapTEHCUT, U B psige CriydaeB MOXHO MPUMEHSTb B
SKcCryaTaumMm HeoTnyLLEeHHbIE CTanu ¢ NOBbLILLEHHOW TBEPAOCTLIO NoBepxHocTn 61-65 HRC.

MonyyeHnio Menkoro Ha4YanbHOro 3epHa aycTeHuTa npu nasepHoM HarpeBe cnocob-
CTBYeT yBenuM4eHne yncna 3apofbillen ayCTEHUTHbIX 3epeH. OTO 0BYCNoOBNEHO TeM, YTO C
yBernm4yeHneM CTeneHn neperpesa pe3ko YMEHbLUIAETCH KpUTUYECKUI pa3Mep 3apoabilen u
3epHa aycTeHuTa Ha4yMHaloT 06pa3oBbLIBaTLCA HE TOMBKO Ha rpaHuuax 3epeH deppuTa, HO 1
Ha rpaHuuax 6rokoB U 0edeKTOB KPUCTamNNMYEeCKon pPeLUeTKn, a KonmdecTBo OedeKkToB
GonbLue BCrneacTene 3aMmeaneHns npoLeccoB pekpucTannmsauumn.

OpHako npouecc OpMMPOBaHMS ayCTEHUTA OCIOXHseTca adhdekTamm BOCCTaHOB-
neHust popmMbl U pasmMepoB 3epHa. M3BeCTHO, YTO heppuUTHbIE 3epHa NPU KOMHATHOM TeM-
nepatype uMmetloT OOy KpucTannorpaduyeckyio OpMeHTUPOBKY B npedenax ObiBLiero
ayCTEHUTHOrO 3epHa, KoTopasi yCrioBHO 0bo3HadeHa Ha puc. 36 ctpenkamu. Npu MmeaneHHom
Harpese (100K/MyH) npouecchbl pekpucTannmsaumm 1 NonuroHM3aunm NpMBoaAT K HapyLue-
HMIO OBLLHOCTN OPUEHTUPOBKU 3epeH ceppuTa, BCNeaCcTBME Yero nocre npespaweHms ¢ —
A B npegenax GbiBLEro aycteHnTa obpasytoTcsl HECKONbKO 3epeH ayCTeHuTa, No-pa3HoMy

OPVEHTUPOBAHHbBIX APYr K APYry U UMEILLMX YeTKMe rpaHuubl pasaena (puc. 36, a).

a) Aduibu Aﬁulm A""“‘

Punc.36. Cxema copmumpoBaHusa aycTeHuTa M3 peppuUTHbIX 3epeH, OOUHAKOBO OPUEHTUPO-
BaHHbIX B OblBLLEM ayCTeHUTE Npu MeasieHHoM (a) n 6eicTpom (6) Harpese
B aTtom cny4ae 3epHO He BOCCTaHaBNMBAETCH, @ NPOMCXOAUT MULb CTPYKTYpHasa ne-

pekpucTannusaumd. MNpn yBenuyeHMn CKOpOCTU Harpesa A0 Hadana npespaileHna ® — A
npoLecchbl pekpucTannm3aumm 1 nosiMroHn3aumm NponcxoauTb HeE yCcneBatoT, a heppuTHble
3epHa COXpaHsalT OOLLYy0 OpPUEHTUPOBKY. B pesynbTaTe obpasylowmeca mernkue 3epHa
aycTeHuTa Takke MMeT OOLLyl0 OpMEeHTUPOBKY B npedenax ObiBLIEro 3epHa aycTeHuTa
(pwnc. 36, 6). NpaHuUa Mexay O4MHAKOBO OPUEHTMPOBAHHBLIMU 3€PHAMMN ayCTEHUTa NposBNs-

eTca cnabo, a 4YeTko CbVIKCI/IpyeTCFl TOJ1bKO rpaHuua ObliBLLErO ayCTeHUTa. B atom crniy4yae ro-
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BOPAT O BOCCTAHOBMEHUWN 3epHa, T. €. 06 OTCYTCTBUM €ro U3MenbyYeHUs Mo CPaBHEHUIO C
npegbiayLwM HarpeBoM B ayCTEHUTHyt0 obnacTb. Takum obpa3om, yBenuyeHme CKOpoCTu
HarpeBa MOXeT He NPUBOANUTb K M3MENbYEHUIO 3epHa ayCcTeHuTa.

Mocne 3aBeplweHnsa asoBbIX NpeBpalleHnin B npouecce darnbHenwero Harpesa u
AaXe OXIaXOeHus uaet pocT ayCTEeHWTHOro 3epHa. POCTy 3epHa akTMBHO NPenATCTBYOT
kapbuaHble YacTuLbl, KOTOpble NPW NTAa3epHOM HarpeBe COXPaHSIITCA 4O BbICOKUX Temnepa-
Typ. Pasamep OencTBMTENBHOrO 3epHa aycTeHuTa, T. €. Takoro, Kotopoe obpasyetcsa B pe-
3ynbTaTe BCEro TePMUYECKOro UUKMa, 3aBUCUT OT COOTHOLUEHMS Takux (pakTopoB, Kak TeM-
nepaTtypa v BpeMsi BblAEPXKU Npu 3TON TemnepaTtype.

JlazepHas obpaboTka oTnmMyaeTca manbiM BpeMeHeM BO34ENCTBUSA, BCNeacTBue 4Yero
He ycneBaeT NpouCcXoauTb ABWKEHUE rpaHunL, Ha BonbLluoe pacCTOSHWE U YKPYMHEeHNe 3epHa,
Kak npu obblvHOM HarpeBe. OgHako npouecc nasepHon obpaboTkm ¢ Lenblo NonyYyeHus go-
CTaTo4HOM rNyOuHbI Cnos BedyT C HarpeBOM A0 MakCMMarnbHO BO3MOXHOW TemnepaTypbl,
BMNMOTb A0 Temnepatypbl nnaeneHus. [1o3aTomy nonyyuntb CBEpPXMENKoe 3epHO aycTeHuTa
npv 3TOM He yaaeTcs.

Kpowme Bblilwecka3aHHOro, cnegyet OTMETUTb, YTO ayCTEHUT, NOMyYeHHbIN Npu nasep-
HOM HarpeBe, OTNIMYAETCA MNOBbLILEHHbIM KONMMYECTBOM OedEKTOB, YTO NPUBOAUT K €ro
ynpoyHeHuio. MNoBblweHne konnyecTBa AedeKkToB MoXeT ObiTb 0OYCNOBNEHO Kak Hacneno-
BaHMeM ux u3 o-dasbl, Tak U obpasoBaHnem BCreacTBue ycuneHus adpdekra ¢a3oBoro
Haknena npv NpeBpaLleHn B YCOBUSIX BbICOKOW CKOPOCTM Harpesa.

3.5.3. BnusiHue 8bICOKUX CKOpocmel oxJslaxk0eHusi Ha ¢hopMuposaHue CmMpyK-
mypbI 8 crnslagax

PaccmoTpuM 3aKOHOMEPHOCTM (POPMMPOBAHUSA CTPYKTYPbl MPU BbICOKMX CKOPOCTAX
oXnaxgeHus, T. e. NPy Na3epHON 3akarske, Tak Kak aTOT npouecc nonyynn HanbonbLlee pac-
NpOCTpaHeHue.

[na nonyyeHua mapTeHcuTa B CnraBax Xenesa B UHTepBane MUHMMAanbHOW yCTOM-
ynsocTn aycteHuta (400-600°C) gomkHa 6biTb obecrnedeHa CKOPOCTb OXNaxaeHus 6onbLue
KpMTU4EeCKON, KoTopasa Ans 6oNbLUMHCTBA CMaBoB Xere3a HaxoauTtes B MHTepsane 50-200
K/c. MHorokpaTHOe yBenuYeHne CKOPOCTM OXIaXOAEHUSA HE NPUBOAMUT K (POPMUPOBAHMNIO HO-
BblX pa3 u CTPYKTYp — Npu Nla3epHOM TEPMOYNPOYHEHUN B CTanNn MMEKTCA Te e ¢asbl 1
CTPYKTYpbI, 4TO U Mpu OObIYHOM 3aKarke: MapTeHCUT, LeMeHTUT (kapbuabl), OCTaTOYHbIN
aycteHnT. OfHaKO BbICOKasi CKOPOCTb OXMaXAEHWUst NPUBOANUT K TOMY, YTO Mocrne oxnaxage-
HMA nmeeTca Oonbluas HEeOQHOPOAHOCTb CTPYKTYPbl, YTO CBS3aHO C HErOMOreHHOCTbLIO
aycTeHuTa. HeogHopogHocTb B nepnute (cMm. puc. 34, a) MOXET NPUBECTU NOCHE OXNaxae-
HUSA K CHUXEHWUO TBEPAOCTWU cTanu. B cnydae HeogHopogHoctu (cMm. puc. 34, 6) pggom ¢

MapTEeHCUTOM COXPaHAKTCA LUEMEHTUTHbIE NMNAaCTUHbI. lNoBbIWeHHada KOHUEHTpauuna yrnepo-
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Aa OKONMO LEMEHTUTHbIX NIAcTUH NPUBOAMT K O0Opa3oBaHMIO B 3TUX MeCTax OCTaTO4YHOro
aycTeHuTa.

B uenom mapTeHCUT HacnegyeT Nosioc4aToCTb CTPYKTYpbl. HeogHopoaHOCTH, noka-
3aHHble Ha puc. 35, a, 6 NpUBOAAT, KPOME TOro, K COXPaAHEHMIO B CTanu nocne oxnaxaeHus
N306bITOYHBLIX d)a3 MCXOOQHOW CTPYKTYpbl: dpeppuTa B OO3BTEKTOMOHOW CTanM U LEMEHTUTA
(kapbuooB) B 3a3BTEKTOMAHOMN.

Kak n3BecTtHo, onsi ycTpaHeHusi obpasoBaHuns depputa B 4O3BTEKTOMAHOM CTanm npu
CKOPOCTHOW 3aKkasfike TemnepaTtypy HarpeBa MNOBbILWAKT 3HAYMTENbHO Bbilwe nvHUKM GS Ha
anarpaMmme xeneso — yrnepog M 9To MNoBblleHne Temn 6onblue, Yem Bornblle CKOpOCTb
HarpeBa. 3Has TemnepaTypy MOMy4YeHUs OOHOPOAHOr0 MapTeHCcUTa ANS O4HOW CKOPOCTU
HarpeBa v, Temnepartypy 3akanku T1 Ans Apyror CKOPOCTM HarpeBa Vi MOXHO paccuuTaTb Mo

dopmyrne, BbIBEAEHHOW N3 Teopun nogobus:

12~ 1T1) _72q o -LAKT) (22)

rae nv=vi/v; k— noctosiHHas BonbumaHa. Npyn GONbLLUON HEromMOreHHOCTM aycTeHuTa B
A03BTEKTONOHON CTanu YyCTOMYMBOCTU ayCTEHUTHLIX Y4aCTKOB C pasHbIM COOepKaHUEeM Yr-
nepoaa npu oxnaxaeHun HeognHakosa. MMHMMaNbHOM YCTONYMBOCTbLIO O6NnagaeT ayCTeHnT
C ManbIM cofepXxaHnem yrnepoga. 9To MOXHO NpeacTaBuTh B Buae cMmelleHnst C-KpuBbIX Ha
Aanarpammax pacnaga aycteHuta ang pasHbix ydactkos (puc. 37). Ha yyactke ¢ manbiM co-
Aep>xaHuem yrnepoga BoO3MOXHO obpasoBaHmne heppuUTHO-LEMEHTUTHOM CTPYKTYpbI. B TO xe
BPEMS NPU TaKOW >X& CKOPOCTU OXJTAKAEHUSA Ha yvyacTke C MOBbILUEHHbIM COAEPXaHWeM Yr-
nepoaa npu oxnaxaeHun obpasyeTcss MapTeHCUMTHasA CTPYKTypa.

HeonHopoaHOCTb, NokasaHHada Ha puc. 35, B, MOXET NPMBECTU K hOpMMPOBAHUIO NO-

KasibHbIX BKIHOYEHUIN OCTAaTOYHOIO aycteHuTa.

T B obwem cnyyae, 6onbwasa cko-
A 7
ACs _______ i POCTb OXNaXXAEHNs NPUBOAUT K MOBbILLEH-
A — — HOW OedeKTHOCTU CTPYKTYpP, TaK Kak ycu-
1 B
)‘A 2>l nuBaeTca ¢as3oBbIA Haknen, 3aMeansioT-

Ccsl NpoLecchl

\
N\, Bsrcoxoyerne -
\ \\ poducmsie oTAbixa W pekpuctannusauum u 6Gonee

\
Huskgene - M\ N \{’W‘m’“’ MONMHO HacreayloTca AedekTbl y-chasbi.
pOOUCIT 18

yacmay

Mpn 3TOM NpoUCXoauT M3mMernbyeHue 6ro-

73 KOB, YBEMMYEHWE MMOTHOCTU AWCIIOKALMIA
Puc. 37. Ouarpammbl pacnaga HeromoreHHoro Y1 POCT HAMPSXEHUM B KpucTannmdeckon
aycTeHuTa B JO3BTEKTOMOHOW CTanm pewweTke (Tabn. 2). Hy>kHO 0OTMETUTb, YTO

9TV U3SMEeHEHNA B KpMCTaﬂﬂquCKOVI pelweTke MOryT nponcxoanTb HE TOJIbKO B CnJlaBax Xe-
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nesa ¢ MapTEHCUTHbLIM MpeBpalleHneM, HO M B LIBETHbIX CnflaBaX M B YMCTbIX MeTannax
BCneacTaune GonblUMX rpagneHToB Temnepatypbl. O6pasyowminca npn aToM MapTeHcuT 6o-
nee aucnepcHbln, Yem npu o0bbl4HOM 3akanke. Hanpumep B ctanu Y8 nocne obbl4HOM 3akan-
K1 onvHa urn mapTeHcuTa coctaendeTt 7-10 MKm, a nocrne nasepHon — Bcero 2-3 MKM.

Bce a1 ocobeHHOCTM NpMBOOAT K TOMY, YTO MUKPOTBEPAOCTb CMnaBoOB mnocrne na-
3EepHOM 3aKamnku Bblwe, 4Yem nocrne OoObluHbIX BWAOB 3akanku (ona ctanen Ha 1000-
2000MTMMa). OgHako MHOroe 3aBUCUT OT pPEXMMOB 06paboTKM, Tak Kak Npyu HEOOMbLUON CKO-
poCTK NasepHon 06paboTKM CcTanb MOXET MMETb TaKyto XXe TBEpPAOCTb, Kak 1 Mocne 00bl4HOM
3aKarsku,

3.5.4. U3meHeHue cmpykmypbi U ceolicme rnpu 3aKajlke C rnsiaesieHuUeM no-
eepxHocmu

Mpn nasepHon TepmoobpaboTKe C OnnaBrieHNEM NMOBEPXHOCTM KOHEYHast CTPyKTypa
dopMmpyeTCcs Ha CTagum OXNaXKO4eHust pacnnaeneHHoro metanna. Npyn sTom HambonbLwwii
WHTEpec npeactaBnsAeT BO3MOXHOCTb AOCTUXKEHUS BbICOKMX WU CBEPXBbICOKUX CKOPOCTEWN
oXnaxgaeHust Ans pacnnaBfeHHOro MeTanna, Tak Kak B 3TOM Criydyae MMmeeT MeCTO 3akarka
13 xnakon dasbl.

Pasmep 1 cdopma 3epeH. CKOpOCTb OXnaXkaeHusi okasbiBaeT O0onbLUIOe BNUSIHWME Ha

CTpOEHWe, CTPYKTYPY M CBOWMCTBA 3aTBep/AeBLUIero cnnasa.
a)

én Pasa A ¢ n

|
)
Paza 8 I ¢ | ﬂ

Puc. 38. Cxema obpasoBaHNs KBa3M3BTEKTMKN Mpu BonbLion nepeoxnaxgaeMmoctu dasel A
no cpaBHeHuto ¢ dhas3on B: a — nameHeHne napameTpoB Kpuctannusaumm ¢as; 6 — Bugo-
N3MEeHeHWe guarpammbl COCTOSHUS

Mpexge Bcero, npu GOMbLION CKOPOCTU OXNaXKAEHUs] pa3Mep 3epeH yMeHbLUaeTcH,

XOTS OAHO3HaYHYI CBA3b 34eCb YCTaHOBUTb TPyAHO. JTO oBycroBrneHo Tem, 4To oba oc-
HOBHbIX NMapameTpa KpucTannusaumm — CKOpoCTb pocTa kpuctannoB C un uyncno obpaso-
BaBLUMXCS 3apOAbILIEN N UMEKT CIOXHYI 3aBUCMMOCTb OT nepeoxnaxaeHus AT, T. e. OT
pasHOCTM Mexay TemnepaTypon paBHOBECHOMO NWKBMAYCA U OENCTBUTESNbHOW Temnepary-

pon kpuctannusaumm (puc. 38, a). MI3BecTHO, YTO NepeoxnaxaeHne 3HauMTenbHO yBenuyn-
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BaeTCsa Npu yBenu4eHnn cKopocTu oxnaxaeHus. Tak, Hanpumep, B cnnaBax antoMUHUS yBe-
nuyeHne ckopocTu oxnaxaeHusa oT 104 no 10° K/c npuBoauT K yBENUYEHUIO nepeoxnaxae-
Hua AT ot 100 go 300-350 K. Mpwn Takmx 3HaveHusx AT1, Kak npaBuno, 3aBucumocTtb C ot AT
NMEET MaKCUMYM MM yMEHbLUAETCs, TOrAa Kak 3aBUCUMOCTb M OT AT nNpu Tex e 3Ha4YeHUsIX
AT HaumHaeT pacTu. B pesynbtate yBeniMyeHne CKOpOCTU OXNaXKAeHUst 0 BbllleyKa3aHHOro
WMHTEepBana MoXeT NPUBOAUTL K YBENTMYEHUIO pa3mepa 3epHa, a B YKa3aHHOM MHTepBane —
K YMEHbLLEHMIO pa3Mepa 3epHa BCNeaCTBME UHTEHCMBHOMO YBENUYEHNS YnNCa 3apogbiLIei.

B uenom pasmep 3epHa cBsidaH C napaMmeTpamMn Kpuctannmsauyum cnegyrowmmm 06pa30M:

d=1,1(%)3/4
n

a)

’

10000000000
1080800007
000 X 00000

00

) )

Purc.39. CxemMbl KpuUcTannusauumM pacrnnabBfeHHOro NMoBEPXHOCTHOIrO Crosi Mpu pasfnyHbIX
CKOPOCTSIX OXNaXaeHuWs
PasnnyHbIM xapakTepoM 3aBMCUMMOCTU NMapameTpoB KpUCTanmnu3auum oT nepeoxna-

XOEHUS N ODODBbACHSETCA TPYAHOCTU YCTAHOBMEHUS HaAEXHbIX 3aKOHOMEPHOCTEW Mexay
pa3MepoM 3epHa U CKOPOCTbIO oxnaxaeHus. K ToMy ke rpaHuubl 3epeH BbisiBUTb B 60nb-
LUMHCTBE Cry4YaeB TPYAHO, Nlerye BbISIBNAETCA BHYyTPEHHEE CTPOEHNE 3EPEH.

dopma 3epHa N ero BHYTPEHHEE CTPOEHME MOXET U3MEHATbCS B 3aBUCMMOCTU OT
CKOPOCTU oxnaxaeHus. MNpn MeaneHHoOM oxnaxaeHun YMCno 3apoapblllen U CKOpOoCTb pocTa
KpMCTansmoB MMeT Hebonblune 3HaYeHns, 3apofpbii obpasytoTca no Bcemy obbemy pac-
nnaea, X HanpaefieHne pocTa HEOPUEHTUPOBAHO, U 0OPa3yTCs KpyrnHble 3epHa C MIOCKN-
MW rpaHvLamMu n ayeunctble 3epHa (puc. 39, a). B 6onblunHCTBE CrnyvyaeB 3epHa COCTOAT M3

OOHOrO UMW HECKONbKUX AEHOPUTOB, XOTS BO3MOXEH U HEeAEeHOPUTHbINA POCT.
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YBenuyeHne CKopoCTU OXIaXKAEHMS NPUBOAMT K TOMY, YTO Haubonbllee nepeoxna-
XOeHue OOCTUraeTcsa Ha rpaHuue ¢ NoasfioKKOM, a y MOBEPXHOCTU pacnfiaBa nepeoxnaxie-
HWe MeHbLUe. [oaToMy A4YencTble PaBHOOCHbLIE 3epHa MMEKTCS MKULLbL Y MOBEPXHOCTU, a BO3-
ne rpaHuupbl ¢ NoANoXKon, rae napameTpbl C 1 n umMeroT Hanbonblume 3HavyeHus, ctonbya-
Tble 3epHa pacTyT OT MOAMNOXKW K NMOBEPXHOCTM pacnnasa, Nnpuyem 3epHa COCTOAT U3 He-
CKOJTbKMX OAMHAKOBO OPUEHTMPOBAHHbIX AeHapuToB (puc. 39, 6).

Mexay pasmepamu EHAPUTOB U YCIOBUSIMU KpUCTannu3aumm uMeeTcs onpeneneHx-
Has 3aBMCUMOCTb. [Insa psiga cniaBoOB YCTAHOBMNEHA 3aBUCUMMOCTb MEXAY CKOPOCTbHO OXna-
XOEHUS N pacCcTOSiHMEM MeXay OCSIMU BTOPOro nopsiaka geHaputa, HasbiBaeMbiM AEHAPUT-
HbIM NapamMeTpoM. JTa 3aBUCMMOCTb AJ151 CTanen BolpaxeHa OpMyIIon:

d=Av™"
roe d — oeHApPUTHLIV NapamMeTp, MKM; V — CKOPOCTb oxnaxaeHusi, K/c; A n n— NocTOsIHHbIE.

[anbHenwee yBenMyeHne CKOPOCTU OXMNaXOeHUs1 MPUBOOUT K UCHE3HOBEHUIO SYEN-
CTbIX 3€pPEH Y NOBEPXHOCTEN pacnnasa, a B CTonb4aTbIX 3epHax pa3BeTBIIEHHOCTb AeHOPU-
TOB elle 6ornblle yMEeHbLIAETCSA U Ha rpaHnLe C NoAJIOKKOM MOMyT ncde3atb BTOPUYHbBIE OCK
(puc.39, B). Mpu ckopocTn oxnaxaeHua 10%-10° K/c BTOpuYHbIE OCU OEHAPUTOB UCHE3aloT.
Mpwu ckopocTun oxnaxaeHus Gonblue 108 K/c, koraa nepeoxnaxaeHue OOCTUraeT HECKOMbKUX
COTEH rpagyCcoB, POCT KPUCTANMOB MOXET COOTBETCTBOBATb HMUCNALaloWeMy yyacTKy 3aBu-
cumoctn C = f(AT). B aTtom cnyyae CKOpPOCTb poCTa y MOANOXKMA MEHbLUE, YeM Ha (PPOHTE
Kpuctannmsaumm. 3710 NpenaTcTByeT OEHAPUTHOMY POCTY KpuUCTanmnos, AEHAPUTHOCTb Bbl-
poxpgaeTtca n bopmupyeTcst Nocknin PpoHT 3epeH (puc. 39, r).

M3menbyeHne 3epeH GraronpusTHO CKa3blBAeTCA Ha CBOWCTBAX cChfasa, U, npexne
BCEro, BO3MOXHO OOCTWXEHNE Hanboree OnTMManbHOro codeTaHnsa NMPOYHOCTU U NIacTUY-
HOCTWU. OCOBEHHO CUIbHOE BNSIHUE U3MENbYEHNE 3EPEH OKa3bIBAET HA MOBbLILLEHWNE COMPO-
TUBMEHNIO MON3Yy4eCTU, NMOCKONbKY rpaHuubl 3epeH 3PEKTMBHO NPENSATCTBYIOT Miactuye-
CKOMY T€YEHMI0 MeTanna npu NoBbILWEHHbIX TeMnepaTypax.

Kpome wnameHeHus pasmepa, pOopMbl U BHYTPEHHEro CTPOEHWUS 3epeH CKOPOCTb
OXNaXXAeHNs1 OKa3blBaeT 3aMETHOE BNUAHWE HA OQHOPOAHOCTb XMMWYECKOrO COCTaBa Kpu-
ctannmaytowero obbema cnnasa. CHayana, Koraa CKOpOCTb OXNaXOeHWs HeBenuka, pas-
NNYHbIE YYaCTKM 3epeH MMEKT OAMHAKOBbIN COCTaB, KOTOPbIA COOTBETCTBYET WMCXOLHOMY
COCTaBy chnaBa, MOCKOSMbKY B MHTEPBAne Kpuctannuaawuum ycnesaeTt npotekatb auddysun-
OHHOE nepepacnpeaeneHne aNemMeHTOB Kak B XXMAKOMW, Tak U B TBepaon dase.

Mpy yBenuMyeHUn ckopocTn oxnaxaeHus anddysmoHHoe nepepacnpeneneHme ane-
MEHTOB B TBepaon dase NponcxoanTb He ycnesaeT. B pesynbTaTe yy4acTku 3epeH, 3aTBep-
AEeBLUME B Havane Kpuctannmsaumm (LeHTpanbHble OCK 4eHAPUTOB), oboralleHbl Tyronnas-

KUMKW 3NIEMEHTaMK, a y4acTKU 3epeH, 3aTBepaeBLUME B KOHLE KpucTannusauumn, oboralleHbl
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nerkonnaBkMMN arniemeHTamMmu. Bo3HuKaeT Tak HasbiBaemasi AeHAPUTHas NUKBaLUA, UK MUK-
ponukBauusa. BHayane ¢ yBenuueHmem CKOpPOCTM OXNaXOeHWs OeHOPUTHas NUKBauus yBe-
nMynMBaeTCs, a 3aTeM Mo Mepe YMEHbLUEHUs] Pa3BETBIIEHHOCTU OEeHOPWUTOB OHa B 3HAYM-
TENbHOM UHTepBarne CKopocTel oxnaxaeHus (opmeHTuposoyHo 103-108 K/c) ocTaeTtcsa npak-
TUYECKM NocTosiHHOW. Mpu ckopocTax oxnaxaeHus 6onee 108 K/c, koraa umeeTt mecTto dop-
MUPOBaHMe NIoCcKoro opoHTa Kpuctannmsauuu, nepepacnpeneneHme af1eMeHToB He ycne-
BaeT NPOMCXOANTb 1 B Xuakon dase. Toraa geHgpuTHasS NUKBaLUSA Pe3KO YMEHbLLAETCH.
OTMeTUM, 4YTO B MHTepBane ckopoctei oxnaxaeHus 103-10° K/c umeeT mecTo He-
NpepbIBHOE YMEHbLLUEHME pa3MeEPOB OEHAPUTOB 1 Nx ocen. NoaToMy, HECMOTPSA Ha NOCTOSH-
CTBO OEHOPUTHOM NMMKBALMM B 3TOM MHTEPBArie 3epHO MO XMMUYECKOMY COCTaBY CTaHOBUTCS
BCe e bonee 0gHOPOAHbIM, a 3TO MOXET MPUBECTU K YIy4dLLIEHMNIO MHOMMX CBOWCTB Crnaega.

PopMUpOBaHNE IBTEKTUK. CKOpOCTb oxnaxpgeHua okKa3blBaeT CylleCTBeHHOe BI1UA-

HWe Ha npouecc obpasoBaHNsa a3 N CTPYKTYPHbIX COCTaBASAOLWMX MPU KpUcTannnsaumm u,
npexae Bcero, Ha hopMMpoBaHne 3BTEKTUKU. N3BECTHO, YTO 3BTEKTUYECKME KOFOHMM pac-
TYT M3 ogHoro obuwero anga obenx gas 3apofbiia U BHYTPU KOMOHMU UMeeTCHa onpeaenex-
Hasg perynsapHocTb B pacrnonoxeHun pas. Takas 3BTeKTMKa HasblBaeTcs HopmanbHon. C
yBeNMYEeHMEM CKOPOCTU OXMNaXAeHUs Npexae BCEero yBenmyunBaeTcs perynsapHocTb B pacno-
noxeHuu das, a pasmepbl pas ymeHbLlaTca. [na nnactMH4aTon 9BTEKTUKN YCTaHOBIEHA
3aBMCUMOCTb MeXAY CKOPOCTbIO pocTa R 1 MeXnnacTMHOYHLIM PACCTOSHUEM A:
R=A/A?

roe A — napameTp, 3aBUCALLMIA OT TUNa cnnaea, Hanpumep, ans cuctembl Al —CuAl, 3Ha-
yeHne A = 100 m¥/c.

[lanee, ¢ M3MEHEHMEM CKOPOCTU OXNaXXAeHUs1 BO3MOXHO M3MEHEeHWe BHeLWHen dop-
Mbl U BHYTPEHHErO CTPOEHUNS 3BTEKTUKN. DBTEKTUHECKME KONOHUN MOTYT MMETb BUA NONN3A-
puyeckunx, cpepudeckmx nnmn ctonbyaTtbix 3epeH. B cBoo ovepenb, BHYTPU 3epeH 3BTEKTMKA
MOXeT ObITb MNAacTMHYaTOro, CTEPXXEHbKOBOrO, 3€PHUCTOr0, OEHAPUTHOro, PO3E€TOYHOIO U
ApYrvx BMOOB ANA OQHOTO M TOro e Buaa cnnaea. MNpu ckopocTu oxnaxaeHus 6onee 10°
K/c BBMAOY pesKkoro yBenuyeHust ynucna 3apofbllien U yMEHbLUEHUss CKOPOCTM pocTa CTaHo-
BUTCSA BO3MOXHbIM OAHOBPEMEHHOE N He3aBUCUMOoe hopMmupoBaHme Kpuctannos obeunx as
aBTekTMKN. OBe hasbl 04EHb MasbiX Pa3MepoB pPacTyT A0 CTONKHOBEHUS, NPUYEM perynsip-
HOro X pacnonoXeHust HeT. OTCYTCTBYIOT U rpaHuLbl 3BTEKTUYECKUX KOMOHWUN, a CyLLEeCTBY-
0T rpaHnubl Mexay dasamu. Takas CTpyKTypa Ha3biBaeTCA TOHKMM KOHriomepaTom ¢as.

B cnnaBax, cocTtaB KOTOPbIX BN30K K 9BTEKTUYECKOMY, NPU MeATIEHHOM OXNaX4eHuK
KpucTannmsaumsa HadnmHaeTCcsa C BblgeneHust U3bbITOYHLIX KpUCTanmoB, a 3ateM uaet gop-
MUpPOBaHWEe 3BTEKTUKK. NMpn yBENUYEHUN CKOPOCTU OXNaKAEHMST YNCIO U3BbLITOYHbIX 3apo-

AblLLEN KPUCTANMOB YBENIMYMBAETCS, @ PacCTosiHE MeXay HMMU YMeHbLUaeTcs 1 3aTBepae-
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BaHWe nepBov (ha3bl IBTEKTUKN ByaeT NpoucxoauTb Ha M3BLITOYHBLIX KpUCTannax, a BTopas
hasa OyageTr KpuCTanmnu3npoBaTbCA aBTOHOMHO. Takas 9BTEKTMKa Ha3blBaeTCsl pacCroeH-
Hon. OBbIYHO NPV 3TOM B ChnaBax yxyawaeTcs NnacTUYHOCTb Y BA3KOCTb.

B cnnaBax, cocTtaB KOTOpbIX BMM30K K 3BTEKTUYECKOMY, NepeoxnaxgaemMocTb das, T.
€. 3aBmcnmocTb napameTpoB C u n oT AT, pasHas. B yacTHocTu, kak nokasaHo Ha puc. 38, a,
nepeoxnaxgaemoctb ¢dasbl A 6onblue, yem pasbl B. Torga npu 6onbluert CKOpocTn oxna-
XOEeHus, Korga MeeT MecTo nepeoxnaxaeHve AT: npy Kpyctannusaumm O3BTEKTUYECKOro
cnnaea 1, pocT n3bbITOYHbIX KpMcTannoB A ByaeT 3a4epXuBaTbCs U3-3a Maroro 3Ha4yeHus
C. B 10 xe Bpems ckopocTb pocTa da3bl B, BxogsiLen B 9BTEKTUKY, BENNMKA — OHA MOXET
OblTb BegyLlen ha3on N YCKOPATb POCT BCEW 3BTEKTUKW. B pesynbTaTe M3bbITOYHbIE Mep-
BMYHbIE KPUCTanNMbl He YCNeBaloT BblPaCTW, a BCS XUOKOCTb pacxodyeTcs Ha obpasoBaHue
aBTekTUkM. CocTaB pa3 B Takon IBTeKTUKe OyaeT oTnm4aTbCsl OT cocTaBa PaBHOBECHOW 3B-
TEKTUKN. Takas 3BTEKTUKa Ha3blBaeTCH KBA3N3IBTEKTUKOW. [lnarpaMmma COCTOAHUS N3MEHSIET-
Csl — 9BTEKTMYecKas Touyka cMmelaeTcs B CTOpoHy dasbl A (puc. 38,6). MNpn atom cnnas
PaBHOBECHOIO 9BTEKTMYECKOrO COCTaBa Yyxe He ByaeT MMeTb 3BTEKTUYECKOW CTPYKTYpbI.

OTmeTuM, YTO NpU OOCTUKEHMM NepeoxnaxgeHnsa ATz (cMm. puc. 38, a), korga ckopo-
CTn pocta obeunx a3 cTabmnuanpyroTcs, pellarllee 3HayYeHne npmodbpeTaeT pasnuyune B
3aBucumoctn n =f(AT). B atom cnyyae 4ncno 3apopbiien nsbbiTodHon dasbl A mano, a
uucno 3apogsiwen B Benuko. Toraa Bcneacteue ObICTPOro nosBrneHns 3apoaplien gasnol B
psSAoOM C 3apoabiwamn dasbl A obpasyeTca odeHb Menkas CTPyKTypa, pa3mep a3 KoTopou
He npeBoCXoAnT pa3mepa a3 B 3BTEKTUKE. B aTom cnydae Takke obpasyeTcsi KBa3naBTeK-
TVKa, OAHaKo B OOMbLUMHCTBE Cly4YaeB OHA MMEET XapaKTep TOHKOro KOHrromepata ¢as,
MOCKOJSbKY PerynspHoro CTpoeHus B Her He HabnogaeTcs.

O6pa3soBaHne KBa3NIBTEKTUKM U CTPYKTYP TOHKOrO KOHrromepara das npuBoauUT K
CUNBHOMY M3MESIbYEHUIO CTPYKTYPbl U OTKPbIBAET NEepPCrnekTUBy Ans 3HAYUTESbHOro yry4-
LLIEHNSA CBOWCTB CrI1aBoB.

OcobeHHOCTUN TBepAbIX pacTBopoB. B GonbluMHCTBE CrnyyaeB npu yBenMYEHUN CKO-

POCTN OXMaXKAeHUs1 KOHLIEHTpauMsA pacTBOPEHHOro 3fieMeHTa B TBEpPAOM pacTBOpe yBeru-
YMBaETCA MO CPaBHEHMIO C PAaBHOBECHOW KOHUEeHTpauuen. Takue TBepable pacTBOpbl Ha3bl-
BalOTCA MeTacTabunbHbiMK Unn nepecobiweHHbiMU. O6pasoBaHne nepechieHHbIX TBepabIX
pacTBOPOB MOXeET BbITb 06YCNOBNEHO NogaBneHneM Kpuctannmsaumm ctabunbHblx gas npu
yBeNuyeHun nepeoxnaxgeHus. B aTom cnyvae kpuctannusaumsa naet no metactabunbHOM

Avarpamme coctosHus (puc. 40, a).
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Puc.40. O6pasoBaHne meTacTabunbHbIX TBEPAbIX PACTBOPOB o' B CMyiaBax:
a — C HeyCTOM4YMBbLIMU NPOMEXYTOYHbIMK (haszamun; 6 — obpasyoLmx 3BTEKTUKY; B — obpa-
3YHOLLMX NEPUTEKTUKY (CMIOLIHbIE NIMHUM — pPaBHOBECHAsA AMarpamma, MyHKTUPHbIE JIMHWK
— MmeTacTabunbHasa guarpamma)

B npvBegeHHoOM cucteme B 3a3BTEKTMYECKOM cnnaBe 1 npu nepeoxnaxaeHun Huxe

TemnepaTypbl T1 BO3MOXHO MNOAaBNeHWe KpucTannmsaumm NpoMexXyToyHon drasbl AmBn
BCNEeACTBME YMEHbLUEHMSI CKOPOCTU POCTa ee KpUCTasnoB Npy TakoM NepeoxnaXXaeHun unm
N3-3a MOHWXEHNSI CKOPOCTU 06pas3oBaHua 3apoapien. Toraa B cnnaee 1 HUXe NyHKTUPHON
nuHum AB, nokasbiBaloLLen TepMOgUHAMUYECKY0 BEPOATHOCTL 06pasoBaHmsa ¢asbl ApBq, B
Xmnakoctn obpasytotcs kpuctannbl ApBqg. TemnepaTypa 9BTEKTUMKM MOHWXKAETCH A0 TOYKM
nepecedyeHnsa nuHun AB ¢ nuHMen nukemayca TBEPAOro pacTBopa o, a KOHUEHTpauus Kom-
noHeHTa B B TBepaom pactBope nosbiwaeTcsa Ao Cni.

B cnnaBse Il npu nepeoxnaxgeHun Huxe Temnepatypbl Ti BO3MOXHO nofasfieHue
Kpuctannusauum asbl ApBqg. Toraa B cnnase |l Hwke nyHkTMpHOM nuHum CD, nokasbiBato-
Len TepmMoaMHaMNYECKyld BEPOSTHOCTb obpasoBaHusa dasbl 3, B XKWUOKOCTM obpasyloTcs
Kpuctannbl B. Temnepatypa 3BTEKTUKM MOHMXKAETCA 4O TOYKM nepeceveHms nuHum CD ¢ nu-
HWen nNuKBMayca TBEPAOro pacTBopa o, a KOHUEHTpauusamMum KOMnoHeHTa B B TBepaom pac-
TBOpe nosbiwaeTca Ao Cn.. B gaHHOM cny4vae nepechbllleHHble TBepable pacTBop obpasy-
IOTCS MPU COXpPaHEHUN paBHOBECHOrO nepepacnpeneneHnsa KOHUEeHTpauun 3neMeHTOB Ha
dpOoHTE KpucTanmMsaumm. 3To MMEET MECTO MpU HEGOILLLIOW CKOPOCTUN OXNaXaeHusi, 0bbly-
HO MeHbLue 10° K/c.

Mpu ckopocTu oxnaxaeHus Gonbluie 10° K/c amuddpysnoHHoe nepepacnpenenexHve
KOHLIEHTpaLUun arnemMeHToB Ha OpoHTEe KpucTannusaumm pesko 3ameansercs. Kpucrtannuaa-
una mMoxeTt Matu 6e3 nepepacnpeneneHnsl ANeMeHToB U Toraa o6pasyroTcs OQHOPOAHbIE
TBEpAble pacTBOPbI COCTaBa UCXOOHON XXMAKOCTU, B TOM YNCIE 1 NepecbiieHHble. Mpy aTom
He WUCKIloYeHa BEPOSITHOCTb M3MEHEHMsI Tuna TBEPAOro pactesopa: BMECTO TBEpAOro pac-
TBOpa BHegpeHus o6pa3syeTcd TBEpAbI pacTBOP 3aMeLLEHNS UK CMELLAHHOro Tmna.

NwmetoTca Tpu rpynnbl cninaBoB, 06pasytoLne nepechllleHHble TBepable pacTBOpbI.
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K nepBow rpynne OTHOCATCA ChfaBbl, B KOTOPbIX KOHLEHTpauusa yBenvumBaeTca Ao
HekoToporo npegena C nmax, NOCNEe KOTOPOro naet obpasoBaHme BTOpor dasbl. ITO Cnnasbl
antoMUHKA C Xenesom, KpeMHUEM, HUKENeM, Meabto, xenesa ¢ meabto u ap. ObpasoBaHne
nepechbILEeHHbIX TBEPAbIX PACTBOPOB NnokasaHo Ha puc. 40, a. B HeKoTopbIX cnnaBax nMeeT-
Csl 3aBUCMMOCTb MEXAy CTEeneHbio NepPECHILEHUs, T. €. OTHOLEHNEM NpeaenbHON KOHLEH-
Tpaumen Cn max K pasHoBecHoun Cp:

Cn max/Cp = 1/Tnn
roe Tnn — TemnepaTtypa nnasfieHnsa NPoOMeXyTOYHOM (hasbl.

O6bl4HO Cn max He NPEeBOCXOAUT IBTEKTMYECKON KOHLIEHTpaLMK, XOTa 1 bbiBalOT UC-
KntodeHnsa (Hanpumep, B cucteme Al — Fe). Kak npaBuno, koHueHTpauusa Cn max B He-
CKOIbKO pa3 npeBOCXOOAUT paBHOBECHYI KoHueHTpauuto Cp. Hanpumep, B antoMuHum
Cnmax moxeT gocturatb 11% (at) npu Cp =1,58%.

Ko BTOpON rpynne OTHOCATCS CnnaBbl, B KOTOPbIX BO3MOXHO NOSTyYeHne HenpepblB-
HOro psga TBepAblX PacTBOPOB MPU OrpaHUYEHHOW PacTBOPMMOCTU B OObIYHbLIX YCIOBUSX.
[nsa BbINOMHEHMSA 3TOro ycrnoBms HeobxoaumMo nogobue UsnKo-XMMUYECKUX CBOWCTB KOM-
MOHEHTOB, a TaKkkKe AOCTWXKEHME ONpeaeneHHON KPUTUYECKON CKOPOCTU oxnaxaeHus. Mpu-
MepoM 3Ton cucTeMbl aBnatoTes cnnaesbl Ag — Cu. O6pasoBaHne HeEOrpaHNYEHHOW pacTBO-
PUMOCTN BO3MOXHO B CUCTEMAX C 3BTEKTMKOW UNM NEPUTEKTMKOW. Toraa guarpammbl COCTO-
AHUSA N3MEHSAIOTCA TaK, Kak 3TO NnokasaHo Ha puc. 40, B.

K TpeTben rpynne OTHOCATCH cCrnasbl, B KOTOPbIX HE yAAEeTCHA MOBbICUTL PacTBOPU-
MOCTb B TBEPAOM pacTBOpe OAHOro M3 KOMMOHEHTOB Bbille PAaBHOBECHOW KOHLIEHTpaLMN BO
BCEM MHTepBarie ckopocTen oxnaxaeHusi. O6bIMHO 3TO cnnaBbl C 60MbWMM pas3nuMynem B
PU3MKO-XMMMYECKNX CBOMCTBAX KOMMOHEHTOB, Hanpumep, cnnaebl Al —Zn.

CaoncTBa cnnaBoB Mpu NOBbILLEHWM PACTBOPUMOCTN MOTYT M3MEHATHLCS MO-Pa3HOMY,
Hanpumep, B cuctemax Al — Cu, Al — Si pacTeT npo4YyHOCTb 1 TBEPAOCTb. [1pn yBENMYeHUn
KOHLIeHTpauun Mmeaun B TBepaoM pacteope o Ha 1% TBepAoCTb pacTBopa yBENMYMBaETCs Ha
500 Mra. B cnnaesax cuctembl Al —Mn yBenuumBaeTcs NNAacTUYHOCTb M OHW AOMycKalT
obxatune oo 90% 6e3 BbigeneHns BTOpUYHbIX has.

O0Opa3oBaHMe MeTacTabuIIbHbIX MPOMEXYTOYHbIX das.

MeTactabunbHble NPOMEXYTOYHble (Pa3bl OGbIBalOT OrpaHUYEHHON MeTacTabunbHO-
CTW, T. €. MeTacTabunbHbl B JaHHOW TemMnepaTypHOM WM KOHUEHTPauWOHHOW obnacTw,
N.HEOTPAHNYEHHOW, T. €. OHM B 4aHHOW cucTemMe MNpu OObIYHBIX YCHOBUSX HE obpasyoTcs.
O6pasoBaHne MeTacTabunbHbIX MPOMEXYTOYHBIX da3 OrpaHMYEHHON PacTBOPUMOCTU MOX-
HO npocneauTb Ha puc. 40,a. Mpu nepeoxnaxgeHnn pacnnasa Hwke nuHum AB BmecTo cTa-
BunbHoM hasbl AmBN kpuctannuampyeTca metactabunbHas B 3TOM uHTepBane gasa ApBq,

a npu nepeoxnaxgeHnn Hmke nuHnm CD BmecTo ctabunbHom dasbl ApBg 13 Xnokoctn Kpu-
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ctannusyetca MeTactabunbHas B 9TOM uHTepBane ¢asa . Kak npasuno, npu 6onbLiomn
CKOPOCTU OXNaXAeHWsi NepUTEKTUYECKNE peaKLuMn He NpoTeKatoT U pOCT MeTacTabunbHbIX
a3 npoformKkaeTcs OO0 NPOTeKaHMs 3BTEKTUYECKOoM peakuun. MeTtactabunbHbie NpoMexy-
TOYHble ha3bl OrpaHUYEHHON MeTacTabunbHOCTM 3adhnKCUPOBaHbI NPW 3akanke U3 pacnnaea
cnnaeos Al-Cr, Al — Mn, Al —Co, Al —V, Al —W u gp.

B HacTosiwee Bpems n3BecTHoO cebiwe 200 NpoMeXyTo4YHbIX a3 HeorpaHU4YeHHOM
mMeTacTabunbHOCTM, cCpean KOTopbIX Kapbwuabl Hukensa u kobanbTa, rekcaroHanbHOe &-
Xeneso v gp. OAns nonyyeHuss NPOMEXYTOYHbIX a3 HeorpaHMYeHHOW MeTacTabunbHOCTH
HeobXoaNMbl CBEPXBbLICOKME CKOPOCTM OXMaxXAeHWs, XOTS OTHOCALMICA K Takon cucteme
Kapbug xenesa Fe3C obpasyeTcs cpaBHUTENBLHO JNIETKO NPU HEBLICOKOM CKOPOCTU OXNaxae-
HUs. MpoMexXyTouHble dasbl HEOrpaHNYEHHON MEeTacTabmnbHOCTU BbI3bIBAKOT Y MCCNeaoBa-
Tenen ocobbli UHTEPEC, MOCKONbKY B 3TOM Clyvae MMEETCS BO3MOXHOCTb MOSTyYeHust co-
BEPLUEHHO OpUrMHarnbHbIX CBOMCTB LaHHOW CMUCTEMbI: Hanpumep, obpasyolmecss metacra-
BGunbHble a3kl B cnnaBax Au — Ge oTnn4arTca CBEPXNPOBOAUMOCTbIO.

Takum obpas3om, npu 3akasnke C nnaeBfneHMemM MOBEPXHOCTU Ha CTaguwn 3aTBepaesa-
HUS1 NPOUCXOAAT TakMe ha3oBble U CTPYKTYPHbIE NBMEHEHUS, KOTOPbIE BOOOLLE HEBO3MOXHDI
npu HarpeBe 6e3 pacnnaeneHusi. Bmecte ¢ Tem BO BpeMs ObICTPOro oxnaxaeHust nosHo-
CTbi0 3aTBEPAEBLUEr0 NOBEPXHOCTHOrO Crosi MPOTEKaOT NPOLECChI, XapaKTepHble A4S 3aKa-
NOK Ha MapTeHcuT n 6e3 nonmmopdHoro npespalLeHus. bnarogapsi cBepXxBbICOKMM CKOPO-
CTSIM OXNaXOEeHUs Npuy 3akanke c nrasfeHneM NoBEPXHOCTU CTPYKTypa No cBoen Mopdosio-
M n ¢a3oBOMYy COCTaBYy KayeCTBEHHO OTNMYaeTCHa OT TOro, YTO MOMy4aeTcs, ecnun Ty Xe
Aetanb NpouM3BoaUTb MeTodamu NuTbs. Takum obGpa3om, B pesynbTaTe 3akarnku ¢ nnasne-
HMEeM NMOBEPXHOCTU BO3HMKAET CTPYKTYpa, KOTOPYIO HEBO3MOXHO NOMYYUTb HU NPW 3aKarnke C
HarpeBOM B TBEPAOM COCTOSHUW, HU NP NUTbE AeTanewn.

HomeHknaTypa cnnaBoB 1 Aetanewn, NnoaBepraemblx 3akaske C nrnaBfeHnem noBepx-
HOCTM, a Takke ob6nacTn NPUMEHEHMST 3TOM0 HOBOrO BMAA TepMuveckon obpaboTku Henpe-
PbIBHO paclumpstoTcs. B HacTosiee Bpemsa 3akarnky C nnaBfeHnem noBepxHOCTM UCMNOMb3Yy-
0T B OCHOBHOM AnS YBENNYEHUSA CONPOTMBIEHNS pasHbIM Buaam U3HOCA, NOBbILIEHNS TBEP-
AOCTW N CTOMKOCTU NPOTUB KOPPO3UMN.

3akanka 4yryHoB. MHOXecCTBO AeTanei U3 ceporo YyryHa ¢ nracTuH4YaTbiM rpadu-

TOM, BbICOKOMPOYHOIO YyryHa C LUapoBUAHbLIM rpadduToOM M KOBKOFO YyryHa BbIXOOUT U3 CTPOS
B pesynbTaTe M3HaWmMBaHMs paboymx MOBEPXHOCTEN. YUnNTbIBAs, YTO B MALUMHO- U CTaHKO-
CTPOEHUN YYTYH - CamMblil AELUEBbIN NMUTENHBIA MaTtepman B MacCoBOM MPOM3BOLCTBE, OYEHb
OonbLION MHTEepec nNpeacTaBnseT MOBbILLEHNE WU3HOCOCTOMKOCTU YYryHHbIX AeTanen ¢ no-
MOLLbIO 3aKasnKu C niiaBfneHnemM NOBEPXHOCTH.

Mpu nasepHoMm Harpese rpaduT MOSIHOCTBLI0 UMM YacTMYHO pacTBopsieTcs B 06pasy-
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tOLLIEMCS Ha MOBEPXHOCTU XMOKOM CIoe, KOTOPbIV Npu nocnegyowem 6bICTPOM OXNaxaeHnm
3aTBepaeBaeT B Buae 6enoro 4dyryHa. Bo3amoxHbl gBa criydyas oopMUMpOBaHMSA CTPYKTYPbI
npu KpucTannmsaumm.

MepBbIi cnyvan - BHavane obpasyloTcs AeHOPUTBI NEPBUYHOrO ayCcTeHuTa, a 3aTtemM
Kpuctannuayetcs nenebyput. OBTEKTUKA MOXET BbIPOXKAATLCA: €e ayCTEeHUT HapacTaeT Ha
AeHOPUTBl NEPBUYHOIO aycTeHuTa, MeXay KOTOpbIMW pacrnofiaraeTcs novtyv HenpepbiBHas
ceTKka U3 3BTEKTUYECKOrO LieMeHTUTA.

BTopown cny4an - pacnnas npu onpegenieHHoOM peXxume Harpesa CUMbHO neperpesa-
eTcs, BcrneacTeue vero n bGonblle nepeoxnaxgaetcs. B pesynbTate nogasnsetcs obpaso-
BaHMe NepBMYHOro aycTeHuTa M BeCb 0ObeM pacnnaBfneHHOro Crosi 3aTBepaeBaeT B Buae
ayCTEHUTO-KapOMOHOWM 3BTEKTUKM NEPUCTOrO (TOHKOMIACTUHYATOr0) CTPOEHMS.

B nepBom cnyyae TBepaoCTb NoBepxHoCcTHOro crioss HV 600-800, BO BTOPOM OHa Ao-
xoauT go HV 1200. PeanunsoBaTb B NPON3BOACTBE BTOPOW Crlydan 0ObIYHO TPYAHO n3-3a 06-

pa3oBaHUS TPELLMH.

800 KoHueHTpauus yrmepoga B ayCTEeHUTE 9BTEK-
500} TUYECKOro NPOUCXOXAEHUS, a Takke B NnepndepuinHbIX
£
53 \ CrosiX NEpPBUYHbIX KPUCTannoB ayCTEHUTa [OIMKHa
Q 400 AN
3 ObITb O6M3KOM K TOYKE NpeaenbHOM pacTBOPMMOCTU B
& 20 .
& cucteme Fe-C-Si anga cnyvas paBHOBECUS C y4acTMem
o kapbuaa (~1,6% C). MNpy Takon KOHLEHTpaLun yrie-
-200 : ' - - poda B aycTeHuTe ABOWHbIX cnrnaBoB Fe-C mapten-
Fe Q4 g8 12 6 0

Codepmasue, % (o macee) cuTHasa Touyka M, Gnmska K KOMHaTHOM Temnepartype
M. puc.
Puc. 41. 3aBncumocTb TemnepaTtyp (cm. puc

Hayana (M.) n koHua (M¢) MapTeH- 41). B 4yryHax BbICOKOYINEepPOAUCTLIA ayCTEHUT CO-
CMTHOrO npeBpaLleHns OT coaep-

*aHUs! yrrepoaa B cucteMe Fe-C OEPXUT MapraHeu, XoTda U gpyrme anemMeHTbl, NOHU-

Xarowue Touky My 1o TemnepaTyp HUXe KOMHaTHOM.

B pesynbTate B 30He MOMHOrO pacnnaBfeHus nocrne oxnaxaeHus 0O KOMHaTHOM
TemnepaTypbl COAEPXUTCS O4eHb MHOTO aycTeHuTa (bonee nonoBuHbI 06bema BCero Crnos).
Y4yacTkn nepBMYHOro aycteHuta, obpasoBaBluvMecs npu Goree BbICOKUX TemnepaTypax,
AOMKHbI CoAepXaTb MeHbLLE yriepona 1 COOTBETCTBEHHO MMeTb.6onee BbICOKYH TOYKY M,

B aTux yyacTkax npovcxoauT MapTeHCcuTHoe npespalleHne. CKOpoCTb OXnaXaeHus ¢
MOHWXEHNEM TeMnepaTypbl CUNbHO YMEHbLLAETCS, 1 BO3MOXEH CaMOOTMYCK cBexeobpaso-
BaHHOro MapTeHcuTa C nosiBneHnem gepputa n AucnepcHblx Yactuy, kapbuga. Takum obpa-
30M, MOBEPXHOCTHbIN CMON MOCNEe 3aKanku COCTOMT U3 ayCTeHuTa, kKapbuaa 3BTEKTUHECKOro
npoucxoxageHus n obpasoBaBLUenCs Npy CaMooTnycke a-asbl, KOTOpas MOXeT npeacTas-

nATb cobon ManoyrnepoancTbini MapTEHCUT Unu eppuT. AyCTEHUT B 3TOM Crnoe MeTacTta-
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BGuneH n Tak Kak ero Touka M, HaxoanTca BGNM3M KOMHATHOW TeMnepaTypbl, TO NPU MEXaHU-
YECKOM BO3OENCTBUM OH MOXET MPeBpaTUTbLCA B MapTEHCUT HanpshKeHUs UNn MapTeHCUT
aedopmaLrmu.

MoBblweHne TBEpAOCTM B 3-5 pa3 n peskoe namenbyeHne CTPyKTypbl MOBEPXHOCTHO-
ro Crnosi ceporo, KOBKOro 1 BbICOKOMPOYHOro YyryHoB 06yCrnoBnmBatoT 3HaYNTENbHOE yBENU-
YeHne COMpPOTMBIIEHUSA M3HALLMBaHMIO paboyen MOBEPXHOCTU B Tpywmxcs napax. OTcyT-
CTBUWE YacTuy, rpaduTa, SBRASIOWNXCA LEHTPaMM 3p03nKN B NOTOKE CO B3BECbIO abpa3smBHbIX
yacTuu, obycrnoBnuBaeT NOBbILLEHNE CTOMKOCTM NPOTMB 3TOrO BMAA M3HOCA.

Mpwn 3aKkanke 4yryHoB C MiaBfieHNeM MNOBEPXHOCTM 06bIMHO 06pa3ytoTCst TpK 30HbI: 1)
pacCMOTpPEeHHasi Bbllle 30Ha MOMHOro pacnnaBneHus; 2) nepexofgHas 30Ha 4YacTUYHOro
onnasneHns ¢ 6onblWMM KONMYECTBOM rpaduta u 3) 30Ha Harpesa OO TemnepaTtyp Bbille
Acz ©e3 onnaeneHus, roe Npy oxnaxgeHuu npoLusia 3akarnka Ha MapTeHcuT. B TpeTben 30He
BONM3M rpaHnLbl CO BTOPOW OYeHb MHOMO OCTATOYHOrO ayCTeHUTa, TaK KakK KOHUEeHTpauus
yrnepoga B HeMm JoJSkHa 6bITb 6n1n3ka K npeaenbHOM Npu 9BTEKTMYECKOM Temneparype.

UyryH - 9TO nepBblil OOBHEKT LUMPOKOro MPOMbILLSIEHHOMO MUCMOSb30BaHNS 3aKarku ¢
nnaesneHmemM NoBEPXHOCTMU.

3akanka_cranemn. I'Ipemmyu_l,eCTBa 3aKkanku crtanen c nnaBneHuMem NOBEPXHOCTU NO

CpaBHEHWIO C MOBEPXHOCTHOWM 3aKamnkon Ha MapTeHcuT (6e3 onnaBneHns) MeHee O4YeBUOHDI,
yeMm B criydae 4yryHoB. OQHO M3 BO3MOXHbIX HanpaBfeHUn ee NCNOoNb30BaHUS - U3Merbye-
HMEe NepBUYHbIX KAaPOMAOB B NMErMPOBaHHbLIX CTaNAX AN NOBbIWEHUA BA3KOCTU (rpyOble ya-
CTuUbl kKapbuaos criykaT ovaramu paspywieHus). Npu obblMHON 3akanke TpyaHO A0OuTbeS
CYLLECTBEHHOMO MOBLILIEHNS BA3KOCTN 6€3 CHWKeHUS TBepAoCTu. B BbicTpopexyLuen ctanu
P6M5 MOXHO HabnogaTe AOBOMBHO KPYMHbIE YacTuLbl NEPBUYHBIX Kapbuaos, CHUXKatoLwmne
BA3KOCTb. Ecnn aTy cTanb nogBeprHyTb NasepHoOMy HarpeBy 40 MOMHOro pacnnaBneHns no-
BEPXHOCTHOrO Cosi, TO NpW NocneayoLleM GbICTPOM 3aTBepAeBaHNM pacnnasa (Voxn = 5-10%
K/c) kpuctannusaums kapbugoB M3 Hero NPakTUYEeCcKM MOSTHOCTLIO MOAABMAETCH, U NOBEpX-
HOCTHbIN Cron 3aTBepAeBaeT B BuAe OeHOPUTOB ayCTeHWUTa, KOTopble Npu AarbHenwem
oxnaxgeHun npespallalTcs B MapTeHeut. CogepxaHue yrnepoga v nernpyrowmx anemMeH-
TOB B 3TOM MapTEHCUTE NPakTUYECKU Takoe Xe, KaK 1 cpefHee cogepxaHue nx B ctanu. lNo-
cne omkura npu 770°C B TedeHne 4 4 M3 MapTEHCUTA BbIAENSATCS OYeHb OMCMEPCHbIE,
pa3mepoM meHee 1 MKM, kapbuabl, paBHOMEPHO pacnpegerneHHble No BceMy ob6bemy Crnos.
OTOXOKEHHYHO 3aroTOBKY MOXHO nogsepraTb MexaHudyeckon obpaboTke ans nonyyvyeHus He-

o6xoammon opMbl pexy-
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LWen KPOMKW, nocrne Yero mpoBecTu
00bIYHYIO 3akanky u otnyck. B pesynbta-
Te 6e3 CHWKeHnUs TBepaoCTN JocTuraeT-
C4 NOBbILIEHHAs BA3KOCTb.

Mpn nasepHOM HarpeBe [0
onnaBneHnst MNOBEPXHOCTM cTanen B
onpeeneHHbIX YCINOBUSX MO>XHO
HabnogaTe addekT Kpuctannmsaumm Ha
nogknagke: dopmupyolleeca u3 pac-

nnaBa 3epHO aycTeHuTa sIBMsieTcsl Npo-

[AOIMKEHMEM 3epHa M3 MOrpaHUYHON He-

Puc. 42. lNpopacTtaHne 3epHa aycTeHuTa n3 noa-
NOXKWN B pacnnaBrfieHHbI NOBEPXHOCTHbLIA CroN,
oOpa3oBaBLIMCA NPU NTA3EPHOM HarpeBe cTanmu
37XH3M®. X250 (B. O. Cagosckun, T. UN. Ta-
6aTtumkoBa, B. M. YMHoBa, A. A. OcrHueBa)
3akanka cnnaBoB LIBETHbIX MeTanaoB. 3akanky ¢ nnasfieHnemM noBepPXHOCTU MOXKHO

pacnnaBneHHOM 30HbI (puc. 42).

ncnonb3oBaTh ANS yBeNIMYEeHNS CONPOTUBNEHUSA N3HALLMBAHUIO AeTanen n3 cunymuHos. Mpu
ObICTPOM 3aTBEpAEBaHUM pacriaBfeHHOro Crosi pesko M3MenbYaeTcsl MUKPOCTPYKTypa:
CTaHOBSATCS MenbYe KpUCTanmbl a-pactBopa Ha 6ase antoMUHWS, KpeMHUS U apyrux as, B
TOM YUCHIE KEene3ocoaepKaLlmx, CHKaLWmMX NacTn4yHocTb. Kpome Toro, nepechbILeHHOCTb
o-pacTBopa OKa3blBaeTCHA YBEIMYEHHOW MO CPaBHEHMIO C OObIYHON 3aKankow; 37O - pesyrib-
TaT paclmpeHus obnactu o-pacteopa npu 6bICTpoM 3aTBepAeBaHMM C OLHOBPEMEHHbLIM
yMeHbLUeHEM 06beMHOM AoNM U3bbITOYHbIX (a3 KPUCTaNNM3auUOHHOIO NPOUCXOXAEHMUS
(Si, CuAlz, Mg2Si n agp.). bonee BbiCOKasi NepechILLEHHOCTbL TBEPAOro pacTeopa obycnosnu-
BaeT OOMbLINI NPUPOCT TBEPOOCTM NpU CTapeHnn. Bce aTn dhakTopbl U onpeaenstoT yBenu-
YeHne M3HOCOCTOMKOCTM CuUNyMUHa. TBepaoCTb HEKOTOPLIX CUITYMUHOB NOCre Takon obpa-
©oTkn Bo3pacTtaet B 1,5 pasa.

Mpyn 3akanke C nnaBreHMEM MOBEPXHOCTU MHOMOKOMMOHEHTHbIX arntoMUHUEBbLIX
OpPOH3 MOXHO NONY4YMTb FOMOrEHHYK O4HOGa3Hy CTPYKTYpY. Tak, Hanpumep, 6poH3a map-
k1 BpAXK9-4 B 06bIYHOM COCTOSAAHMM COCTOUT M3 a-pacTBopa Ha 6ase mean, aBTekTonaa oty
N xxenesocogepxallen asbl. 3Ta dasa nNpu 3akanke ¢ nNnaBreHNEM NMOBEPXHOCTU He ycne-
BaeT obpasoBaTbCsA U3 pacnnasa (voxn = 10° K/c), KoTopbIi KpUCTannuayeTcs B BUAE OOHOM
dasbl (BepoATHO f3), HE NpeTepneBaoLLMii B TBEPAOM COCTOSIHMM pacnaga ¢ obpa3oBaHUeEM
o- U y2-pa3. OgHodasHbIN CNov MMEET MOBbLIWEHHYI0 CTOMKOCTb NPOTMB KOPPO3UKU 1 KaBuUTa-
LLMOHHOro BO3AENCTBUS.

3akarnka ¢ nnaerieHMeM MoBepxHOCTU ewe cnabo mdydeHa. Mo mepe yrnybrneHus
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HaLIMX 3HAHWA O HEW, a TakKe C yBennyeHneM AOCTYMHOCTU TEXHOMOMMYECKNX fasepHbIX n
3NEKTPOHHO-MNYYEBbIX YCTAHOBOK ANd ee NPoBeAEHN B NPOMbILLNIEHHOCTU MPUMEHEHNE 3TO-
ro HOBOro BMaa TepmoobpaboTkn, HECOMHEHHO, ByaeT pacwupaTecs. Nouck obnacten umc-
nonb3oBaHMsA 3TOM 06paboTKM B nepByto ovepenb criegyeT BECTU NPUMEHUTENBHO K chnna-
BaM, B KOTOPbIX Npu GbICTPOM 3aTBEpAEBaAHUN 0Opa3yoTCsl HOBble MeTacTabunbHble dasbl
(Bkntovas amopdHbIE), CyLWECTBEHHO paclumpseTcss obnactb TBEPAOro pacTBopa, a Takke
nogaenseTcsa Kpuctannmsaumsa BpeaHbiX gas.

3.6. CBowcTBa cnnaBoB Nocre fa3epHomn 3aKarnku

3.6.1. U3Hococmolikocmb crisiagoe, yrpPoYHEHHbIX J1a3epoM.

OcHoBHas Lenb NasepHON 3aKarku — MoBbILLEHNE M3HOCOCTOMKOCTU AeTanen, pabo-
TalLWmMX B YCNOBUAX TPEHMS. YMEHbLUEHNE M3HOCA AeTanen nocne nasepHon 3akankum oby-
CIOBJIEHO PSAOM (PaKTOPOB: BbICOKOM TBEPAOCTbIO MOBEPXHOCTU, BbICOKOWM AUCMEPCHOCTLIO
CTPYKTYpbI; YyBENMMYEHNEM HECYLLUX CBOWCTB MOBEPXHOCTWU, YMEHbLUEHNEM KoapduumeHTa
TpeHusa n ap. Hanpumep, B yCnoBusix TPEHUS CKONbXEHWUsI MO TBepaoMy cnnaBy ctanu 45
KO3 (PULUMEHT TPEHUS NOCIEe NasepHOnN 3aKankv HenpepbiBHLIM JTa3epOM YMEHbLLAETCS Ha
10% no cpaBHEHWUIO C HOPManNU3oBaHHbIM UKW YRy4YlleHHbIM COCTOSIHMEM. pu aToM nocne
nasepHoN 3aKankm OTMEYEHO pe3koe YMEeHbLUEHNE BPEMEHN NpUpaboTKu.

3aMeTHO yBenunymBaeTCcs Y M3HOCOCTOMKOCTb YYryHOB B YCITOBUSIX TPEHUSA CO CKOJlb-
XeHunem nocne 06paboTkm HenpepbIBHbIM nasepom. NoBbiLeHNnE N3HOCOCTOMKOCTU YYTryHOB
nocne nasepHon o6paboTkm 06yCnoBNeHO KPOME BbILLEYNOMSHYThIX (haKTOPOB yIyylleHneM
YyCroBUN TpeHust n3-3a coxpaHuslieroca B 3JIB rpaduta. lNoBbiaeTca Takke U U3HOCO-
CTOWMKOCTb CTanen u HeKOTOpbIX APYrnX CNaBoB NPU TPEHWUM B LLENOYHON N KUCIOTHOW cpe-
Aax.

3.6.2. HanpsixeHHOe coCmMosiHUEe M08epPXHOCMHbIX CJ/I0ee8 rocsie sla3epHol 3a-
KaJiku.

dopMMpoBaHME HAMPSPKEHUA MPU OXITAKAEHUN MOBEPXHOCTU MOXHO NpeacTaBuUTb
Taknum obpasom. Nocne npekpallieHns nasepHoro Bo3nencTensa Hanbonee 6GbICTPO oxnaauT-
CA BHYTPEHHMM CMOW MeTanna, nexawunh Bosne Henporpetoro ucxogHoro crnos. lpuno-
BEPXHOCTHbLIN CINOW oxnaxaaeTcst U CKMMaeTCa B NocneaHio odepenb. C OaQHOM CTOPOHSI, B
npouecce CxaTusi OH BO3AENCTBYET Ha BHYTPEHHWN crion, opMUPYya B HEM CXKUMaloLLne
HanpshkeHnsl, B TO BPEMSI KaKk Ha MOBEPXHOCTM chopMupytoTa pactarnsatowme. C gpyron
CTOPOHbI, B MOBEPXHOCTHOM C0O€ CTanen MapTeHCUTHOE NpeBpalleHne naeT B NOCMEeAHIO
odepeab. [ockonbKy MapTEHCUT MmeeT GONbLUON yAeNbHbIN 06bEM, TO B NPUNOBEPXHOCT-
HOM Croe B 3TO BpeMsi MOET paclUMpEHNE U BO3HUKHOBEHUE CXXUMAIOLLMX HaNPsKeHUn 3a
cyeT pasoBbIX NpeBpalleHnin. B pesynbTtate BennumMHa N 3HaK OCTaTOYHbIX HANPAXEHUN Gocr

3aBUCAT OT COOTHOLUEHUA TEePMUYECKUX GCrepu U (ba3OBbIX Opas Hal'lpFDKeHI/IIZ C y4yeTOM BO3-
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MOXHbIX MacTn4ecknx addekToB. [1Pn Grepw > Ogpas HA MOBEPXHOCTU POPMUPYIOTCSA pacTs-
rMBaloLLne HanpsKeHUsi, a NMpu Grepw <Opas — OKUMatoWme. [na uccneposaHusa pacnpege-
NEHNs OCTaTOYHbIX HanpsHXeHU B NOBEPXHOCTHbLIX CIOSX MOCne fasepHon 3akankv npume-
HAIOT ABa MeToda: MeToq CTpasnvBaHus, Unu metoq [daBuaeHKoBa, U PEHTTeHOBCKUN Me-
TO4. JKCnepuMeHTanbHoe onpeaeneHve OCTaTOYHbIX HaMpsKeHU B NMOBEPXHOCTHOM Crioe
no metoay [aBnaeHKoBa OCHOBAHO Ha perncTpaumm nameHeHus cBOBOAHOro KOHLUA MioCcKo-
ro obpasua nocne CTpaBnNuBaHMsA UCCreQyemMoro NoBEePXHOCTHOro cros. Torga octaTtodHble

HanpsKEHUst MOXXHO onpeaenuTb Nno opmyne:

_ Ed? Afy
312(1—p) Ah

(¢

(23)

rae E — mogynb ynpyroctu; p. — koadduumeHT lNMyaccoHa; d — TonwuHa obpasua; | —
AnvHa obpasua; Afk— ctpena npornta; Ah — TonwmHa cHATOro crosi.

Mpn nasepHon 06paboTke MMelTCA 3HaYMTENbHAA HEPaBHOMEPHOCTL pacnpeene-
HUs1 TemnepaTtypbl NO rNyOGMHE W LUMPUHE 30HbI NAa3epHOro BO3L4ENCTBUS UM 3HAYMTENbHAas
CTPYKTYpPHasi HEOQHOPOAHOCTb. ATO NpMBOANUT K OOMbLUIOA HEPABHOMEPHOCTU B pacnpene-
NeHNMM OCTaATOuHbIX HanpskeHun. B Takom cnyvae meton [aBvnaeHkoBa Ansi MccneaoBaHus
pacnpeaeneHns OCTaTOYHbIX HanpPsXXeHU No NOBEPXHOCTM 30H Na3epHOro BO34eNCTBUS He-
NPUro4eH.

PeHTreHoBCKMin MeTo onpefeneHns OCTaTOYHbIX HanpsKeHU OCHOBAH Ha TOYHOM
N3MepeHMn NepuoaoB pelueTkn. B nnockoHanps)KeHHOM COCTOSIHUM U3MEHeHWe nepuopa
KPMCTanM4eckon pelleTkn B HECKOMbKNX 3epHax B HEKOTOPOM NPOM3BOSIbHOM HanpasneHum
NponopuUnoHanbHO AedopmMauun B 3TOM HanpasreHuu. Torga mexay OCTaTOMHbIM Hanps-
XeHneM, OeNCTBYLWMM NO NOBEPXHOCTM obpasua, U U3MeHEeHVeM nepuoda Kpuctannuye-

cKou peweTkn nMeeTCcd aHannTnyeckaa CBA3b:
Ad 1+ )
SW,Q-SZ—:—“G(PS"] \I]
d, E

WccnepoBaHne npoBoantcst 6e3 paspyLleHUsi MOBEPXHOCTU, HanpshkeHusi onpeae-

(24)

NSATCS B TOHKOM NPUNOBEPXHOCTHOM cnoe rnybuHon go 30-50 mkm. LnpuHa peHTreHoBCKO-
ro ny4yka Ha NOBEPXHOCTM MOXeT cocTaBnATb 0,5 MM, NO3TOMY MeToA NPUMEHAEeTCAa s Uc-
crnegoBaHusA pacnpeneneHns HanpsXKeHnn No ynpoYHEHHOM nasepom NoBEPXHOCTM.

Kak nokasanu uccnegoBaHusl, Ha NOBEPXHOCTM CTanbHbiXx 06pa3uoB, 06paboTaHHbIX
HenpepbIBHbIM UM UMMNYNbCHBIM fladepomM, opMUpyeTca BeCbMa HEOQHOPOAHOE pacnpe-
AeneHne oCcTaToYHbIX HanpshkeHun. O6nactb ¢ U3MEHEHHBIMU HaNPSHXKEHUAMM 3HAYNTENBHO

Gonblue pa3mMepoB 30H Na3epHOro BO3AENCTBUSA, NPUYEM MMEETCS onpedeneHHasi CUMMeT-
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PUYHOCTb OTHOCUTENBLHO LIeHTPa Nonockl Unn natHa. Ha puc. 43 npuBeaeHbl Kpusble none-
peYyHoro pacnpegeneHus oCTaTouHbIX HampsiKeHUA Ha pacCTodaHuM b OoT ueHTpa nonockl,
OENCTBYIOLLMX Nonepek norockl Ha MOBEPXHOCTU cTanu Y8 nocne ynpoyYHeHUs HenpepbiB-
HbiIM CO2-nasepom. Nocne ynpoyHeHnst 6e3 onnaBneHus unm ¢ HebonbLWMM OnfaBfeHneM B
LeHTPe Nonockl Unn NATHa OPMUPYIOTCA CXKMMatoLWme HanpsbkeHua. Ha rpanuue ¢ Heobny-
YeHHbIM MeTannom no o6e ctopoHbl oT 3JIB obpasyroTca pacTarnsatowme HanpskeHus. MNpn
obpaboTke ¢ GomnbLION CKOPOCTLIO Be3 ynpoyvHeHus, T. €. korga 3J1B HarpeBanacb 4o TeM-
nepaTyp HWXe KPUTUYECKUX, Ha MOBEPXHOCTU MONioCbl (POPMUPYIOTCH pacTarvsatoLLme
HanpshkeHns. OTO noaTBepXaaeT NpeanonoXeHne o TOM, YTO Ha CTagun OXNaXxaeHUst CKu-
matowlerocs obbema metanna B 3J/1B BO3HMKAKOT pacTarMBarowime HanpsbkeHus, a B3amMo-
AENCTBME paclmpsiloerocss.oobema MapTeHcuTa C WUCXOOHOW CTPYKTYpPOW MpUBOOAMT K
OpPMNPOBAHMIO CKUMAIOLLNX HaNpsbkeHu. Toraa yBenmyeHne obbema 3a CHET MapPTEHCUT-
HOro npeBpaLleHnst 6yaeT NPUBOAUTL K YBEJTUYEHMIO CKUMAIOLLMX HaNPSXKeHWN.

U3 puc. 44, roe npmBeaeHbl 3aBUCMMOCTU OCTaTOYHbBIX HaNpPsPKEHW B LIEHTpEe noso-
Cbl OT MOLLUHOCTW N3NYy4YeHNa HEMPEPLIBHOMO nasepa, BMAHO, YTO B cTansx 45 n 40X cxunma-
oLLKMe HanpshkeHns n3MeHaTcs B nHtepsane —100- -285MlMa, Toraa kak B TEXHUYECKOM

Xenese ¢ MEHbLUMM 06 bEMHBIM 3OPEKTOM MPU MAPTEHCUTHOM

&, mm

Puc. 43. PacnpegerneHve nonepeyHbIX OCTaTOYHbIX HaMpsiKeHU Ha MoBepxXHOCTU cTanu Y8 no
LUMPWHE NOSOChI Ha PasfMYHOM PaCcCTOSAHUM OT LieHTpa Nonockl nocne o6paboTkn HenpepbiBHbIM
COz-nasepom no pexmmam: 1 — P=| kBT, v = 41,8 mm/c; 2 — P= 0.5 kBT. v = 33,3 mm/c
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Coem, Ma 6, Mla
200 -

-1

100 190 \

7 )(ZMM
- 200 174 UBHAEaNE 7
4 -100 2
- 300
1 2 3 Pxém  -pggl.  Ynpounenwsie nonocst

Puc. 44. NameHeHne ocTaTouHbIX Hanpske- Puc. 45. PacnpegeneHne oCcTaTOYHbIX HanpsKe-
HAA B LEHTpe MofocCbl B 3aBMCUMOCTM OT HUIW MOMNEPEK MOSyioC YNPOYHEHUS Ha MOBEPXHO-
MOLLHOCTW U3Ny4YeHus ANs pasfiuyHbIX cnna- cTu npytka m3 ctanm 40X nocne obpaboTkm He-
BOB Xene3sa: | — ctanb ¥Y8; 2 — xeneso; 3 — npepbiBHbIM CO2-nasepom

ctanb 40X; 4 — ctanb 45

npespalleHun — B nHtepBane —10- —135 Mla. B ctanu Y8 o6beMHbIi adhdpekT npu map-

TEHCUTHOM MpeBpaLeHMn Ha noBepxHocTu 3JIB yMeHbLlaeTcsl N0 CPaBHEHUIO CO CTansmMu
45 n 40X un3-3a NOHWXKEHNS TemnepaTypbl Ha4yana MapTEHCUTHOrO NpeBpalleHnsa u ysenu-
YEeHMsl KONM4ecTBa OCTATOYHOrO ayCcTeHUTa, CMNOCOBGHOro nNacTUYeCcKM penakcMpoBaTb
HanpskeHus. Mo 3Ton NpUYMHE CXUMAaKOLWME OCTaTO4YHbIE HAaNpsXKeHNs Ha noBepxHocTu 3J1B
cranu Y8 meHblue, yeM Ha noBepxHocTn 3J1B cpegHeyrnepogucTbix CTanen.

Kak yxe oTmedarnocs, Npu fasepHon 3akanke BbICOKONIErMpoBaHHbIX CTanen B CTPykK-
Type NOBEepPXHOCTHOro Crnos OCHOBHOM (pa3oBOKM COCTaBNALLEN ABNAETCA ayCTeHUT, a Map-
TeHcuT obpasyeTcsa B ManioM Konmyectse ocobeHHo npu obpaboTke ¢ 60nbLMM ONnaBreHun-
eM. OTO NpMBOAMUT K TOMY, YTO Ha MOBEPXHOCTM ObICTPOpPEXYyLLEeNn CcTannm B OCHOBHOM ¢hop-
MUpYIOTCA pacTaruBarowime HarnpsbkeHus +100-400MMMa. BenuunHa, 3Hak u xapaktep pac-
npeaeneHns OCTaTOMHbIX HaNPSXXEHUN 3HAYUTENbHO U3MEHSIOTCA Npu obpaboTke ¢ nepe-
KpbITUEM NATEH unn nosoc. Ha puc. 45 nokasaHo pacnpeaeneHne HanpsbkeHUn Ha noBepx-
HOCTM nNpyTka n3 ctanm 40X nonepek ynpoYHEHHbIX MOSI0C, HAHECEHHbLIX Ha NMOBEPXHOCTb MO
cnvpanu ¢ nepekpbITMEM BUTKOB MpU YNpoYHeHun HenpepbiBHbiM CO2-nasepom. BugHo, 4to
Ha NOBEPXHOCTM MEPBLIX LUECTU MOIOC MMEKTCH pacTArnmBalolimMe HampsbkeHusl, a Ha no-
BEPXHOCTM ABYX NOCNegHUX—CXKUMatoLwme. 3To CBMAETENBCTBYET O TOM, YTO HA BEMNUYMHY U
3HaK OCTaTOUHbLIX HaMNPSHKEHUN pellalollee 3HaYeHne OKasbliBaeT B3aMMOLENCTBME OOBbEM-
HbIX M3MEHEeHUNn B MeTasnne obriyyaeMon nomnocbl ¢ MeTansioM npegbigylien nonocol. B
pesynbTaTe 3TOr0 B3aUMOAENCTBUSA HEU3OEXHLIM ABMASETCHA nocregoBatenibHoe hopmupo-
BaHWE pacTArMBaoLLMX HANPSHKEHNA NPY NEPEKPLITUN NOMNOC U NATEH.

BenuuvHa n vHTEepBan M3MEHEeHWUs pacTArMBaloLLMX HanpskeHun npyu obpaboTke C
nepekpbiTUEM 3aBUCUT OT PeXMMOB 06paboTku, 1 Npexae BCEro OT CTENEHN NEePEKPbITUS U
MOLLHOCTU nanyyeHus. [Npu yBenmyeHnn cteneHn nepekpbiTus MHTepBan U3MeHeHUs pacTs-

rmBaroLLnxX Hal'lpﬂ)KeHVIVl Nno NOBEPXHOCTUN yMeHbLUIaeTCA.
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3.6.3. Jeghopmayuu u no8oOKuU nocJie n1a3epHoU 3aKasiku.

BenuumHa un 3Hak gepopmaumm nocne nasepHon 3akasnkum 3aBUCUT OT COOTHOLLEHUS
pacTArMBaoLLMX U CXUMaOLWLMX HanpsbkeHun Bo BceMm obbeme 3J1B n B obnacTtsx, npunera-
tomx K 3J1B.

Ha pedopmaumio ctanen nocre nasepHom 3akanky okasblBaloT BUSHUE OCTAaTOYHO
MHOro ¢paktopoB. B 3aBMCMMOCTM OT COOTHOLUEHMSA TOMWMHBI U AnNvHbl 06pabaTtbiBaeMoro
MaTtepuana, a Takke rmyovHbl 3J1B nameHsieTca BennumMHa n 3Hak gedopmauun. Hanpumep,
npyv MMMNyNbCHOM 3aKarnke yeenuyeHue rinyouHbl 3/1B ot 90 go 140 mkm B obpasuax Tonwim-
Hor 3 MM m3 ctanu 45 npornb cesoboaHoro koHua obpasua Afk ysenmumaetcsa ot 1,1 go 1,6
MM. [Mpryem B 3TOM crydyae MoXeT UMeTb MecTo Npornd ctanbHbiX 06pa3sLOoB BbIMYKMIOCTbIO
HaBCTpedy nasepHoOMy fny4y npu TonwmHe ob6pasLoB 4O HECKOMbKUX COTEH MUKPOMETPOB a
TaKKe BOrHyTOCTbIO HAaBCTpeYy nasepHomy ny4y npu 6onbluen TonwmHe obpasuos.

OcobGeHHOo 6onbluMe NOBOAKM HabMOaaTCA NPy NAa3epHON 3akarike HenpepbiBHbIMU
CO,-nasepamu gIMHHOMEPHbIX AeTanen Ansa nonyvyeHns ynpoYHEeHHOro cnos rnyouHon 1mm
n 6onblle. Hanpumep, Npy HanoXXeHMN Ha LMPOKYI0 CTOPOHY Bpyca 13 YyryHa (nonepeyHbim
cevyeHnem 50X120 mm n anuHon 1800-2250 MM) BOCbMW MPOAOSbHBLIX MOMOC (LWMpuHON 16
MM 1 rny6uHon 1 Mm) Npormb LeHTpanbHOM YacTn 6pyca OTHOCUTENbHO KpaeB COCTaBNAn 2-
3 mMm. Mpuyem 6pyc aedopmMmpoBancst BOrHyTOCTbIO HABCTPEYY fa3epHOMY fyyy, Y4TO CBU-
AeTenbcTByeT 0 npeobnagaHnMn NNacTUYecKnx OCTaTouHbIX AedhopMaunii YKOPOYEeHUs B Nno-
BEPXHOCTHbIX crnosix. Ewe Gonblune octatoyHble gedopmauumn MMETCA Npu TaknuxX Xe pe-
Xnmax 0bpaboTkn 6pycbeB U3 cpegHeyrnepoaucTbIX cTanen.

C yBenuuyeHmem TBEpOOCTU CMNaBOB B UCXOLHOM COCTOSIHUM yBENWYMBaeTCs U ge-
dopmauusa nocne nasepHon 3akanku. Tak, nocrne ynpodYHeHus OfIMHHOMEPHbIX BpycbeB n3
Ceporo YyryHa no BbllleyKa3aHHbIM peXMMaM yBenunyeHne TBepaocTu MCXogHOro matepua-
na ot HB165-178 go HB195-225 npuBoanno k yBenuyeHuto npornba UeHTpanbHOW YacTu
Opyca B 2-8 pas.

Ocrato4Hble gecopMaumm, Kak NpaBumio, YBENMYMBaOTCA NPpU yBENUYEHUN CTENEHU
nepekpbITMA NATEH UK NOMoC ynpoyHeHus. Kpome Toro, pasmep aedopmauun 3aBuCcUT OT
Ko3pmumeHTa NnepekpbiTUA 1 KOOPAUHATHON nocnegoBaTensHOCTM 06paboTkn. OnTumans-
Hbl€ PEXMMbI C 9TON TOYKM 3PEHUS — PaABHOMEPHOE M CUMMETPUYHOE 3arnoSyIHEHNE NOBEPX-
HOCTW NSAITHAMKW WNKM nonocamu ynpodHeHusi. MNocne nasepHor 3akanku no onTUMarbHbIM
pexunmam npu OOCTaTOYHbIX padMmepax obpabaTbiBaeMblx AeTanen n HebonbLUMX pa3mepax
3J1B noBoAKM MWHMMArbHbI, 1 3TUM NPOLECC BbIFOAHO OTnMyaeTcs oT TepmoobpaboTku ¢
MOMOLL{bI0 HEKOHLEHTPMPOBAHHbLIX MCTOYHMKOB HarpeBsa.

3.6.4. ConpomuesneHue ycmasiocmu. Ha conpoTuBreHne ycTanoctu CnnaesoB Mo-

cne na3epH017| 3akanku 6onbluoe BANSHUE OKa3blBalOT Takme CbaKTOpr KaK BelininHa n 3Hak
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OCTaTOYHbIX HaNPSXXEHUN, MUKPOreoOMEeTPUS MOBEPXHOCTM U Hanuume OedeKTOoB, a Takke
0CODEHHOCTU MUKPOCTPYKTYPbI (pasmep 3epHa M opma CTPYKTYPHbIX COCTaBnsawowmx). B
CBSI3N C HEOAMHAKOBbLIM BIIUSIHUEM PEXMMOB fa3epHON 3aKarnku Ha 3TU haKTopbl O4HO3HAY-
HYI0 3aBMCUMOCTb CONPOTMBIIEHNSA YCTAnoCTU OT PEXUMOB YCTaHOBUTb HEBO3MOXHO, NO3TO-
My 3TOT BOMPOC peLuarnT B GONbLUINMHCTBE Cry4aeB 3KCMepUMEHTarnbHO. YCTanoCcTHbIE MHO-
FOUMKNOBbBIE MCMbITAHMA Ha MMagkuX LUIMHOPUYECKMX obpasuax B YCIOBUSX KOHCOSbHOro
n3rnba nokasbIiBaloT, YTO NOCE UMMNYSIbCHOW NasepHon 3akarnku npegen BbIHOCIMBOCTU MO-
HWXaeTcs npuMmepHo Ha 40% no cpaBHEHWIO C UCXOAHbLIM CcOCTosHMEM. B To e Bpems npe-
Jen BbIHOCIMBOCTU Takux ctanen, kak 0912, 35, 45, 40X, 75 nosbiwwaeTtca ot 200-300MlMa
B UCXoOHOM cocTosiHum o 280-520MIlMa nocne nasepHon 3akanku 6e3 onnaeneHns NoBepx-
HocTu. [ocne nasepHON 3akarnku ¢ onnaBfeHneM NOBEePXHOCTU COMPOTMBIIEHNE YyCTanocTu
cnnaBoB B BOMbLUMHCTBE CNyyYaeB yxyaLwaeTcs.

3.6.5. Tennocmolikocmb criagoe. TennocTOMKOCTb 3aKaneHHOW CTPYKTypbl B
cnnaeax 3aBUCUT OT CTENEHN MeTacTabunbHOCTM CTPYKTYPbl U ANPEY3MOHHOW NOABMXKHO-
CTM aTOMOB. bonbllas MCKaXXeHHOCTb KPUCTanfMyeckon pelueTkun, yBenvyeHue nnoTHOCTU
ANCNOKaUMi 1 BakaHCUI B CMNiaBax Xkernesa € yrnepoaoM, ynpoYHEeHHbIX la3epom, no cpas-
HEHVIO C TPaaMUMOHHBIMW BUOAMM 3aKankm NPUBOAAT K Gonee MHTEHCMBHOMY npoueccy
pacnaga mapTeHcuTa 3akasnku Ha PeppuUTO-LLEMEHTUTHYHO CMeCb. Toraa nocne nasepHon
3aKasnku ctanen MHTEHCUBHOCTb CHWXXEHUSI MUKPOTBEPAOCTW B Mpouecce OThnycka Bbille,
Yem nocne obblyHOW 3akanku. MNpu Harpese Ao 200-300°C 4yryHoB, BbICOKOYINEPOAUCTbIX U
NerMpoBaHHbIX CTanen BO3MOXHO MpeBpaLleHNe OCTaTOYHOro ayCTeHUTa B MAapPTEHCUT, U B
CBSI3U C 3TUM XapakTep M3MEHEeHNs1 TBEPAOCTU B NpoLiecce HarpeBa MOXeT ObiTb CNOXHbIM.

NamepeHusa mukpotesepaoctv no Bukkepcy B npouecce HarpeBa ctanu LLUX15 nocne
0bpaboTkn HenpepbiBHbIM CO2-naszepom 6e3 onnaBneHnUsi NOBEPXHOCTM U nNocne obbI4HON
3aKarnku nokasanu, 4to HarpeB npu Temnepartype 200°C npuBoguT K GOMbLUEMY CHUXKEHUIO
MMKPOTBEPAOCTM B CTanu nocre obbIYHONM 3aKarnku, YemM rnocne nasepHon. ATo 00ycrnoBreHO
60onbLUIMM KONMMYECTBOM OCTATOYHOIO ayCTeHMTa B 30HE Nla3epHOro BO3AENCTBUS; K TOMY Xe
OH oTnunyaeTcsa 6onblion AedeKTHOCTbIO, KOTopas NPUBOAUT K 6ornee MHTEHCUBHOMY nepe-
Xo4y ayCTeHuTa B MapTEeHCUT OTMycKa, U TBEPAOCTb NMOHMXaETCA MeHblle. bonbloe konu-
4YeCTBO OCTATOYHOro ayCcTeHUTa NpMBOAMUT K TOMY, YTO B MpOLIECCe HarpeBa npu Temnepary-
pe 300°C ctagum pacnaga 3akaneHHon cTpykTypbl 3J1B BbipaxkeHbl 6onee 4yeTko, Yem nocne
06bI4HOM 3aKkanku. B aTom crnydae B npouecce BblAEPXKKM A0 YeTbIpex YacoB umeeTcs ObICT-
poe MOHMXEHNEe MUKPOTBEPOOCTM, 3aTeM Mpu BOCbMW 4Yacax HabnwopgaeTcs nogbem Ha
HV120, 4To 0ByCnoOBMEHO NHTEHCUBHBIM NpPeBpaLLEHNEM OCTaTOYHOIo ayCTeHUTa B MapTeH-
cuT oTnycka. [Npun yBenuyeHun BblAepPXXKN 40 24 4 NPOUCXOAMUT NOCTENEHHOE CHMKEHNE MUK-

poTBepAocTn no Bukkepcy. Bo Bcex crnyyasx MUKpPOTBEPAOCTb CTanv B 30HaX fla3epHoro
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BO34encTBuA nocne Harpesa go temnepatyp 200 n 300°C Ha HV100-200 Bbliwe, Yem nocne
06bI4YHOM 3aKarnku.

HarpeB B TedyeHne 1-2 4 0O pas3nU4HON TemnepaTtypbl YyryHOB, YNPOYHEHHbIX Nase-
pOM, MOKa3blBaeT, YTO B 30HE OMMaBfieHUS MUKPOTBEPAOCTb BO3pacTaeT C yBENUYEHUEM
Temnepatypbl 0o 300-350°C, a 3aTeM pe3ko CHWXaeTcs. YMeHblUeHWe KonnyecTtsa ocTa-
TOYHOroO ayCTeHWUTa 1 yBENNYEHNE KONMYecTBa MapTEHCUTa B 30HE 3aKanku us Teepgomn ga-
3bl YYryHOB NpMBOAMUT K TOMY, YTO B 3TOM CIio€ MUKPOTBEPOOCTb HEMPEPbLIBHO MOHMXaeTCcH
npv yBenuMyeHum TemnepaTtypbl Harpesa.

Bonblias nepechbILeHHOCTb TBEPAbIX PACTBOPOB MOCHe NasepHON 3akarnkm 0CoO6eHHO
B 30HE OMnaBfieHNss MOXET NPMBECTU K BbiAENEHW0 B npouecce Mnocrneaylolero Harpesa
BonbLIOro KoNn4yecTsa MeTacTabunbHbIX cerperaumm n NPoMeXyTouHbIX has, YTo NPUBOAUT
K yBenuyeHuto tBepgoctu. lNpun HarpeBe obGpasuyoB m3 cnnaea AJl125, ynpoyHeHHbix CO»-
nasepom, B TeveHne 17 4 u3aMeHeHne MUKPOTBEPAOCTU NOAEHTUYHO TUMUYHBIM KMHETUYECKUM
KpMBbIM CTapeHus: B npouecce HarpeBa npu 150°C MUKPOTBEPAOCTb yBENMYMBAETCS; NpuU
200 n 250°C nmeetcst HeGOMbLLIOW MakCMMyM Mpu Bblgepxxke 1 4 n nocrnegyowee CHuxKe-
Hue; npn 275°C nmeeTca HeENpepbIBHOE CHMKEHNE MUKPOTBEpPAOCTU. Bo Bcex crnyyasx Muk-
poTBepaocTb B 3J1B Bbille MUKPOTBEPOOCTU UCXOAHOrO cocTosiHusa cnnasa AJ125, 3akanen-
HOrO M MOABEPrHyTOro CTapeHuIo MO OMNTMMasibHbIM pexumam. ITO CBUAETENbCTBYET O
Gonbluen nepechileHHOCTM TBEPAOro pacTBOpa Mnocne nasepHOM 3akanku, 4em nocrne
0Obl4HON 3aKanku.

3.6.6. Koppo3uoHHasi cmolikocmb nocrie sia3epHoli o6pabomku.

OOWUM NPUHUMNOM MOBLILWEHMST KOPPO3MOHHOW CTOMKOCTM CNnaBOB SBNSAETCS MO-
BblLLEHWE OAHOPOAHOCTM (hpa3osoro coctaBa. B atom cnyyae nasepHas obpaboTka ¢ onnas-
NIEHNEM HEKOTOPbIX CMiaBOB, B YACTHOCTU YYryHOB, aifltOMUHMEBLIX M MEAHbIX CMNMaBoOB,
amopdu3saunsa NOBEPXHOCTM NMPUBOAUT K MOBLILIEHNIO KOPPO3MOHHOW CTOMKOCTU 30H Obpa-
6oTkM. Tak, nocrne onnasneHns NOBEPXHOCTN ceporo vyryHa CY-25 HenpepbiBHbIM Na3epomM
3amMeqnsTCs KaTogHble U aHO4Hble NpoLecchl, NpumepHo B 5-10 pa3 ymeHbLIaeTcs KpUTu-
YecKkuh TOK M TOK naccuBaumm B pactBope H>SOs 3aMeTHO ymeHbLuaeTcsi TOK KOppo3un B
pactBopax H.SO., NaCl, KOH nocne nasepHon o6paboTku ¢ onnasneHnemM CunyMmMHOB.

Mpun nasepHon 06paboTke HepPXKaBEKLLMX CTanen BO3MOXHO pacTBOpeHue kapbuaos
Xpoma n 6onee paBHOMEpPHOE pacnpeeneHne Xxpoma B TBEPAOM pacTBOpe, YTO B pe3yrb-
TaTe NpMBOAUT K YBENTMYEHMIO CTOMKOCTU NPOTUB MEXKPUCTANUTHON KOPPO3UN.

Bmecte ¢ Tem, noBblWEHHAs KOHUEHTpauMOHHAs HEOO4HOPOAHOCTb MpU Nla3epHOoMn
obpaboTke yrnepoaucTbix CTanemn, CoOXpaHeHne 3NeMeHTOB UCXOOHON CTPYKTYypbl (dhepputa
unn kapbugos), HanmMuMe OCTATOYHOrO aycTeHuTa SABNSAETCS MNPEeAnOCbITKON YXyALUEeHUs

KOPPO3MOHHOW CTOWKOCTWM MNOCne 3akanky nasepomM. B cBA3M C 3TUM KOPPO3MOHHAA CTOW-
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KOCTb 3aBUCUT OT Krlacca O6pa6aTbIBaeMbIX mMaTepunanoB, pexmMmoB N TEXHOJTIOTMYECKUX

CXeM nasepHoun o6paboTku.

3.7. OcHOBHbIe NapaMeTpbl UMMNYJILCHOMN Na3epHON 3aKariku U XapaKTepuCcTUKH
YyNPO4YHEHHOW NOBEPXHOCTH

K OCHOBHbIM NapameTpamMm MMMynbCHOW Na3epHON 3akanku otHocsaTca W — aHeprus
B umnynsce, [x; d, — AgnameTp nasepHOro nNATHa, MM; tTj; — ANUTENbHOCTb UMMYMbCa, MC.
NHorpa B kayecTBe SHEpPreTUYecKMX XapakTePUCTUK Na3epoB UCMONb3YHTCA Takne Benu4u-
Hbl, KaK MOLLHOCTb B umnynece P, = W, 1i, BT 1 cpegHasa mowHocTb nasepa Pep = Py ti fi= W,
fi, BT, roe fi — yacTtota cnegoBaHusa umnynecos, My. [py ycnoBumn, 4YTo SHEPrus no NATHY

pacnpeaeneHa paBHOMepHO, NapaMeTpbl MOXXHO OObEANHNUTD:

_We _Pe

E=
Siti Sy (25)

roe S, — nnowaab nasepHoro nsaTtHa, cm?, E — nnot-

D

y rasepa (E,7;)

HOCTb MOLLHOCTH, BT/cMm?.

e - I'Ip|/| I/IMI'IyJ'IbCHOI7I 3aKalike onepupyroT nnoTHOCTbHO

MOLUHOCTN nagawuiero nsny4vyeHud. Ons onpeaeneHnd

Munsa NOrnoLEHHON NNOTHOCTU MOLLHOCTH q HeobxoaMmo yyn-

i TbiBaTb KO3puumneHT nornoweHna A n Torga q = A E.

] O6paboTka, kak npaBuro, NPoOu3BOAUTCS, B pacxoas-

AF a, femans LLEeMca ny4yke, Tak Kak aTo obecrnednsaeT nydllme rnoka-

\ ' j \ 3aTenu KayecTea TepmoynpoyvHeHus (puc. 46). MNMpu aTom

= HeobxoaNMbIN OnameTp ndaTHa nop,6mpar0T M3MEeHEHNEM

. pacdokycupoBku AF. NS yBenuYeHns paBHO MEPHOCTM

Puc. 46. Cxema uMnynbcHOi na- pacnpeaeneHnsa sHeprum no nATHy Heobxogmmo pabo-

3epHOK 3aKarku TaTb C MakCUManbHOM 3HEpPruen Haka4ku, Kotopasi pery-
nupyeTcsa Hanps>KeHMeM Hakavkn yCTaHOBKM.

MNOTHOCTb MOLLHOCTW U3IyYeHUs U3MEHSAIOT 3a cveT uameHenus dn, n W, npuyem cnegyet

YyYUTbIBaTb, YTO NpU n3MeHeHun W MOXeT U3MEHSITbCS U ANUTENbHOCTb UMMynbea Ti, a pe-

rynupoBaTb 3TO CMOXHO.

YnpoyHeHHas oT AeCTBUSA OAHOro MMMynbca 30Ha NasepHoOro BO3AencTBMS B nomne-
PEYHOM CeYeHUN MMeEeT BUA cermeHTa rnyouHon h n wupuHon b. OBbIMHO WNMPUHA 30HBLI HE
paBHa guameTpy natHa dn.

K xapaktepucTnkam ynpo4YHeHHOW NOBEPXHOCTU OTHOCHTCS: reoMeTpuyeckme pasme-

pbl 3/1B, MMKPOTBEPAOCTb U LLUEPOXOBATOCTb MOBEPXHOCTU. [MpM HanoOXeHun eavHUYHOro
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nsiTHa reomeTpuyeckune pasmepbl 3J1B BbipaxatoTcs ee rnybuHon h un wupuHon b. Xapakrep
npouecca nasepHon 3akarnku onpenensoT ABe BelMYUHbI: MOPOoroBas U Kputuyeckas nnot-
HOCTb MOLUHOCTW. [pn 0BpaboTke NOBEPXHOCTU MAOTHOCTHIO MOLLHOCTW Bbille MOPOroBOM
WHTEHCMBHOE pa3BuTME MOoMny4yatoT NpoLecchl UCnapeHns, uaeT paspyLlleHne noBepxXHOCTU n
obpasoBaHue kpatepa. LUnpunHa 30HbI YyNPOYHEHUSA NPU 3TOM YMEHbLUAETCS, TaK Kak 4acTb
3Heprum pacxogyeTcs Ha ucnapeHue.

Bce Buabl nmnynbcHon TepmoobpaboTkn BegyT nNpy NIIOTHOCTU MOLLHOCTU HUXE MNo-
POroBON, KOTOpas ANa pasNUYHbIX cTanen umeet 3HadeHune E, = (22-24)-10* Bt/cm?. Kputu-
yeckasi NAOTHOCTb MOLLHOCTM — 3TO 3HA4YeHWe MNMOTHOCTW, Bbllle KOTOPOro MpoucxXoauT
onnaeneHve NoBepxHOCTU. [na pasnuuHbIX ctanen 3HadeHue E., Haxoautca B uHTepBane
(2-6) 10 Bt/cm?. Mpouecc nasepHor 3akanku 6e3 onnaeneHns CTPeMsTCA NPOBECTU TaKUM
o6pasom, 4Tobbl HarpeTb NOBEPXHOCTb MeTanna 4o HavBbICWEN TeMnepaTypbl ANs nonyye-
HUA MakcumanbHow rmyouHbl 3/1B, B TO e BpeMsi He OOnycTMB onnaeneHus. [ns atoro
Heobxoanmo paboTaTb Npu pexmmax, 6nmsknx Kk Eq. Takne pexnmsl NPUHATO Ha3biBaTb OM-
TMManbHbIMKU. [NyGMHA YNPOYHEHHOW 30HbI HA CTansX Npy 3TOM, Kak NpaBuNo, He NpeBbl-
waet 0,1-0,15 mm.

Mpun obpaboTke B nHTepBane ot Ey A0 En rmybrnHa ynpoyHeHusa gnst pasnuyHbix cTa-
nen obblyHO coctaBnsieT 0,15-1,0Mm. QHeprusa B MMNynbCe COBPEMEHHbIX Nla3epHbIX ycTa-
HOBOK 0ObIYHO M3MEHAETCSA OT HECKOSTbKUX [KOYNen 0O HECKOSNbKUX COT [KOyNen, anuTenb-
HocTb uMmnynbca ot 0,1 go 10 mc, a guameTp nsatHa — oT 2 Ao 10 mm. ismeHeHne xapakTe-
PUCTKK YNPOYHEHHON NOBEPXHOCTU NPUHATO paccMaTpuBaTh .MPU N3SMEHEHNN TOSNIbKO OAHOMo
N3 OCHOBHbIX NApamMeTpOB Jla3epHOM 3aKankv U NpU HEN3MEHHbIX OCTarnbHbIX. YBenu4eHve
SHEprun N OnUTenbHOCTU UMNYNbca BeAeT K yBenuueHuto rmybuHbl u wunpuHel 3/1B. Yeenu-
YyeHne guameTtpa nATHa dn NPU NOCTOSHHBLIX 3HadeHnax Wy, 1 Ti NPpUBOOUT K YMEHbLUEHUIO
rNyGuHbI M YBESNTMYEHMIO LUMPUHBI 40 HEKOTOPOro npeaena.

LLlepoxoBaToCTb MOBEPXHOCTU MOCME Na3epHOW 3akarnkm MOXET M3MEHATbCA M3-3a
rmapoanHaMmmyecknx acpdekToB B pacnnase, n3ameHeHnss obbema npu ha3oBbix Nepexoaax,
YacTUYHOro ucnapeHns matepmana. Npu 3akanke 6e3 onnaeneHus, T. e. npu E < Ep aTn
3a(ppeKTbl HE3HAUMTEMBHbI MK BOOOLLIE OTCYTCTBYIOT M LUEPOXOBATOCTb MOBEPXHOCTU MpaK-
TUYECKN HE U3MEHSIETCS MO CPaBHEHUIO C UCXOAHOW. Mpn 3akanke ¢ onnaeneHueMm, T. €. Npu
E > Eip, WIepoxoBaTOCTb NOBEPXHOCTU U3MEHSETCA NO CPpaBHEHUO C ncxogHon. Hanbonb-
lee BNUSAHME oKasbiBaeT MMAOTHOCTb MOLLHOCTM MU3MydeHUs, Npu YBENMYEHUN KOTOPOM Lue-
poxoBaToCTb yBenuyuusaetcs. MUKpOTBEPAOCTb B 30HAX Jla3epHOro BO3OENCTBUS pasnuny-
HbIX MaTtepuarnoB TakKe MOXET 3aBUCETb OT COOTHoweHna E n E, npudem BHYTpU MHTEp-
Bana E«—E:n nnu npu E < E BnnsHue napametpoB Wy, dn U Ti,- MOXET ObITb 3HAYUTENBHbLIM

B 3aBMCMMOCTW OT TuMa cnriaBa 1 ero UCXoaHon CTPYKTYPBbI.
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Takum obpasom, KpuTudeckass NNOTHOCTb MOLLWHOCTU E siBNAeTCs BaHbIM napa-
METPOM UMNYNbCHOWN fla3epHON 3akanku. Ha ee 3HadeHne okasbiBaeT BNUSHUE Lenbli psa
¢akToOpOB, HEKOTOPLIE U3 HUX PacCMOTPEHbl HUXKe. lNMpexae Bcero ¢ yBenMyeHnem nernpo-
BaHHOCTU CTanewm Kputmyeckas NIOTHOCTb MOLLUHOCTU CHMXaETCs, YTO MPUBOAUT K YMEHb-
weHwnto rnyouHbl 3J1B npu 3akanke 6e3 onnasneHus. 3170 06ycnoBneHo TeM, YTO C yBenu4e-
HMEM coepXXaHus nervpylowwmx arnemMeHToB MOHWXKaeTcs TemnepaTtypa convayca, yMeHb-
laeTcsa TennonpoBOAHOCTb, YTO NMPMBOAMT K Gonee ObICTPOMY OMMAaBfEHUIO U CHIDKEHUIO
Ep.

Ha BennunHy Ey cyliectBeHHOE BnMsIHME OKa3blBaeT MCXOOQHOE COCTOSIHME MOBEpPX-
HOCTM: LUEPOXOBATOCTb, HANMMYNE OKCUOHbIX MIIEHOK M NMOBEPXHOCTHLIX MOKPbITUA. C yBENW-
YeHneM BbICOTbl MUKpOoHepoBHocTen R, ot 0,025 go 20 mkm E, ymMeHblIaeTca onga cranen
5XHM u WX15 ot (5,5-6,0)-10* Bt/cm? po (3,7-4,0)-10* B1/cm?, 1. e. B 1,3-16 pa3a, a Ans
ctaneit P6M5 n X12M or (3,9-4,1)-10* Bt/cm? oo (3,4-3,6)-10* BT/cm?, T. e. B 1,1-1,2 pa3a.
OT0 06BACHSETCA TEM, YTO C POCTOM LUEPOXOBATOCTN YMEHbLLLAETCS OTPaAXKEHNE M3NyyYeHns
NOBEPXHOCTbIO U YBENUYMBAETCS AOMS MOrMOLWEHHON NIIOTHOCTU MOLLHOCTU, YTO SBMSIETCS
Bonee npnemnembiM Npu NasepHoOn 3akarske.

M3-3a CHWXEHMS OTpakeHMs M3nydeHust cHmkaeTca E 1 npyu HaHeceHun nornoula-
OLLMX MOKPbITUA. B kauecTBe Takmx NOKPbITUIA NpY UMNYNbCHON 06paboTke MCMONb3YHTCS
ryawm, Tylwb, caxa. [pumeHsieTca Takke XMMMYeCKoe TpaBneHne, OKUCIIEHNE.

3HauveHue E,, Takke yBenuumsaeTcsa u npy obpaboTke B 3alMTHbIX Cpedax: aproHe,
asoTe, renuu, Bakyyme no cpaBHeHuo ¢ obpaboTkon Ha Bo3gyxe. Hanpumep, gns crtanu
X12M Ha Bo3pgyxe E« ~ 2,5-10* B1/cm?, a B a3oTe E,p ~ 3,2:10* B1/cm?. MNpryem noBTOpHOE
BO34ENCTBME MMMyIbCa B OOHO M TO XX€ MECTO B Cpefde a3oTa WM aproHa He MpuBOAWUT K
nameHeHuo Ey,, a npyu 06paboTke Ha Bo3ayxe Eq, cHUXaeTcs Ao BenuuunHbl ~ 2,1-10* B1/cm?
N B JanbHenwem He MeHsieTcs. OTo obbACcHAEeTCa TeM, 4To npu obpaboTke B 3aLLUTHBIX
cpefax OTCYTCTBYET OKUCIIEHME MOBEPXHOCTU, @ Ha BO3AyXe OKCUAHAaA NiieHKka yBennymeaeT
NOrnoLeHne N3nyyveHus.

Pa3fiMyHble CXeMbl MMNYJIbCHOrO Jfla3epHOro ynpoYHeHUss NoBepXHOCTU cnna-

BOB. Ecnun obpabaTbiBaemasa NoBEpPXHOCTb BMMCLIBAETCS B pa3Mepbl Na3epHoro nstHa, To
Xenaemown KoHUrypaumm ynpoyHeHuss 4obmBaloTCA HaNoXeHeM Ha NoBepXHOCTb Tpadha-
peTta nnm meTogomMm Macok (¢potowabnoHoB). HegoctaTkom TakMx METOO0B SABMAKTCA 0OMb-
LUMe NOTepun M3NyyYeHus, a Takke HU3Kas CTOMKOCTb TpadapeToB M Macok NPOTUB UX paspy-
weHus. BoaMoxXHO hopMmpoBaHmne yNpOYHEHHOW 30HblI HAHECEHWEM MOrMOLWALLNX MNOKPbI-
T Tpebyemon KoHUrypaumm, Ho 3To TpebyeT TouHoro noabopa pexmmoB 06paboTkn 1 He
Bceraa obecneunBaeT OTCYyTCTBME TEMNIOBOrO BAINAHMS HA HEMOKPbITYIO NOBEPXHOCTb.

NmeeTca Takke npuHUMnmuaribHaa BO3MOXHOCTb KOM6I/IHI/IpOBaHHOFO YNpPpO4YHEHNHA,
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KOTOpOEe 3aKkrnyaeTcs B nepemMelleHun getanu no 3agaHHOW TpaekTopuu BO Bpemda aen-
CTBUSA MMMyNbCa CO CKOPOCTbIO, COM3MEPUMON CO CKOPOCTbIO CTPYKTYPHbIX NPEBPALLEHNI B
cnnaese. HoO BO3MOXHOCTM 3TOro MeToda OrpaHvyeHbl Manon AnUTENbHOCTbIO MMMNynbca U
MOLLIHOCTbIO Jla3epHblX YCTAHOBOK, @ TaKkKe CIOXHOCTb0 CUHXPOHM3auuu npoueccos. Jla-
3epHOEe MATHO Ha NMOBEPXHOCTU AeTanu C NMOMOLLbIO Pa3fMYHbIX ONTUYECKMX CUCTEM MOXKHO
nony4nTb B hOpMe Kpyra, KonbLa, NPAMOYrofibH1Ka 1 T. 4.

Mpn ynpoyHeHnn Gonbluon nnowaan Tpebyemon koHdurypaumm Hanbonee pacnpo-
CTpaHeHo nocrnegoBaTeribHOEe HanoXeHue eavHNYHbIX NATeH B hopme Kpyra, T. e. ob6xog no
3aaHHOMY KOHTYpy C warom S. BaxHblM napaMeTpoMm Mpu 3TOM SBNAETCS KO3IPPUUNEHT
nepekpbiTus, onpegensaembin no dopmyne K, = S/dn. Torga ckopoCTb OTHOCUTENBHOIO NK-

HEeNHoro nepemelleHuns nyya no getanm v= K, dn f.

a) by g ¢ £y B,
‘ ; t by v
} b / “‘V __,_1,{_._‘49 foby _Jv el =
r | [ “ €| §
| | | l-c <
: ] T 1]
5 f s 11
T S f-— l

Puc. 47. CxeMbl HanoxeHust HeCKoNbKMX NsaTeH nNpu K, Puc. 48. CxeMbl HanoXeHnUs HECKOJbKUX

>1 (a) n K, <1 (6) nATeH ¢ 06xo40M no KOHTypy npn K, =1
Kak nokasaHo Ha puc. 47, npu K, < 1 naTHa HaknaabiBalOTCA C NEPEKPbLITUEM, a Npu

Kn > 1 naTHa HaknagbiBalOTCA HA HEKOTOPOM PacCTOSAHUWM ApYr OT Apyra, T. €. Mexay nNATHa-

MW MMEIKOTCH HeYyNnpOYHEHHbIe y4acTku. B Takom cnyvae K xapakrepucTukam ynpOYHEHHOM

NOBEPXHOCTU A06aBnATCA PaBHOMEPHOCTb rMybuHbI, onpegensemas OTHOWEHUEM MWHU-

ManbHOro U MakcnmarnbHoro 3HavyeHus (hmin/hmax), @ Takke Aona HeynNnPOYHEHHOW YacTu no-

BepxHocTu by/by. B TOM cnyyae, ecnu obpaboTka No KOHTYpy BeAeTcsa No ABYM KoopauHa-

Tam: no ocu Ox ¢ warom Sy n no ocu Oy ¢ warom Sy (puc. 48), To NpoLEecc MOryT XxapakTepu-

30BaTb Takke KOauumeHT 3anonHeHns K; n koadduuneHT ncnonb3oBaHus UMnynbcoB Ky:

n
K3 = Fynp / FKOHT; KM = Fynp / z FI (26)
i=1
roe Fynp — YNpOYHEeHHas nnowaab B KOHTYPE; Fiowr- — NMolaab KOHTYpa, Noanexallero

ynpoyHeHuto; Fi — nnowaab egMHUYHOro nsTHa.
Mpon3BoanTENBHOCTL NpoLecca YNPOYHEHUS Npu MMnNyrbcHon obpaboTke ¢ vacTo-

TOMm cnegoBaHUA MMNYINbCOB f onpeaendeTcd Tak:
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n
2.F . 27)
Feis s~ j=1 TEdZEéfi
N= —= Eé =
t t 4

I'Ip|/| ncnosib3oBaHnN LUNINMHAPUYECKNX JIMH3 30Ha Na3epHoro BO34ENCTBUSA, nony4vyeH-

Hasi B pesynbrate obnydeHus eanHMYHBIM MMMYNbCOM, Ha MOBEPXHOCTU 3aroTOBKW MMeEeT
BbITAHYTYI0 hopmy (puc. 49). Kak 1 B crniydae cpepuyeckmx nnH3, o6paboTky no KOHTYpy Be-

AYyT C NepeKkpbiTUeM NATEH. KOG(bd)I/ILlI/IeHT nepeKkpbiTnd B 3TOM Crlydae Nno KoopaunHate X

0
onpeaensetca cootHoweHnnem Kyj = Sx/|; a no koopanHaTte y COOTHOLLEHWNEM K%/ = Sy/be.

CKOpOCTb OTHOCUTENBHOTO JIMHENHOIrO NepeMeLleHNst NPy UCNOMNb30BaHUN LMAVHAPUYECKOM
OMTUKMN 3aMETHO BbllLE, YEM MPU UCMOMNb30BaHNN chepruyecKkon, 1 onpegenseTca no gop-
myne:

v=Suf=(+b Ky f

B cBA3n c 3aTMM yBenu4yMBaeTcsa U NPOn3BOAMTENBHOCTL 06paboTKM, HO NpakTMKa no-
KasblBaeT, 4TO 00X0o4 MO KOHTYPY C LUUITMHAPWUYECKOW OMTUMKOM AN NMOSyvYeHUs1 YCTOMYMBOWN
rny6uHbl 3J1B uenecoobpasHo NpoBoauTb Npu 3Heprn He meHee 30 [xk.

MpUHUMNManNbHO BO3MOXHbI ABE CXEMbl

obxofa no KOHTYpY, NokasaHHbIE Ha puUc.

T\ 48. B cxeme 1 naTHa BO Bcex psgax pac-

nonoXeHbl Apyr noa Apyrom, a war no

| x KoopaunHaTte X paBeH wWary no KoopanHa-

4 | Te y. Cxema 1 Bonee npocTta onsg TeXHO-

NOrMYECKOro MCMosnb30BaHUA U MNpUBO-
Puc. 49. Cxema HanoxeHusi NATEH MpPU UCMNOSb-

30BaHUN LMIUHOPUYECKON ONTUKK
OHa npumeHsaeTcsa Npu UCNonb3oBaHUN cddepuyeckon 1 LMnMHapuYeckon onTukn. B cxeme |l

ONT K YNPOYHEeHUIO oonbLuero KOHTYypa.

MMeeT MeCTO CMeLLeHNe NATeH B psgax Ha MomoBuHY Liara, NpuydeM Lwar no KoopavHate y
MeHbLUe, YeMm war no koopanHate x. Cxema |l 6onee crnoxHa B TEXHONOMMYECKOM UCMOSHE-
HUM. OHa NpPUMEHSeTCA TOMbKO NMPU UCNONb30BaHHOW CEPUYECKON OMTUMKU, HO Ka4eCTBO
YNPOYHEHUSA B HEW Bbllle, TaK Kak OONs HeyrnpoYHEeHHOW 4yacTu nosepxHocTu b.,/by 3pech
MeHbLle. DTN ABE CXeMbl MOryT umeTb pasHoBugHocTu npu K. > 1 n K, <1, yto npmBogut K
nameHeHnio K, n Ky, a Takke K M3MEHEHUI0 psda XapakTepUCTUK YMNPOYHEHHOro CRosi.
Hanpumep, B cxeme 1 npu Sx = Sy n K, = 0,7 nmeetcsa MakcumarnbHOe 3anofiHEHNE NOBEPX-
HocTn ¢ K; = 0,96, HO KO3 PUUMEHT NCNONb30BaHUA MMNYNbCOB HeBbicok: K, = 0,46, 4yto
NPMBOAUT K HENPOWU3BOAMTENBHOMY PacXO4OBaHMIO 3HepPrum nsnyyveHund. B cxeme Il npu Sy =

Sy = 0,8 d; HenpowusBoauTenbHbIE pacxodbl 3HEPrnn 3ameTHO yMmeHbluatotes u K, = 0,72; K,
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= 0,94. C 37O TOYKM 3peHNs Haunyylune pesynbTaTthl AaeT aTa cXxema YNpoYyHeHUAM npu Sy
=0,86 di, Sy = 0,74 dn, n Torga K, = 0,95; K, = 0,74.

PaccmoTpuM BnusaHne koadbduuneHTa nepekpbiTUs Ha XapakKTepUCTUKN YNPOYHEH-
HOW NOBEPXHOCTMU.

Mpn obpaboTke ¢ nepekpbiTneM nsateH (K, < 1) B ynpoyHAEMOM MeTanne MMerTcs
30Hbl OABYX-, TPEX- U YeTbIpex- KpaTHOro Harpesa (puc. 50). Beuay atoro Ha nepudepunHbIx
yyacTkax nNATHa, rae crtanb U YyryH HarpeBalTCa HUXKe KpUTuyeckonm temnepaTypbl Act, 006-
pasyrTCs 30HbI OTNYyCKa U MUKPOTBEPAOCTb B HMX NoHmxaeTcs 4o 3000-6000MlMa. 31o 06-
CTOATENbLCTBO MPMBOAUT K TOMY, YTO NPU MMMYNbCHOW 3akarke XenesoyrnepoaucTbiX cnna-
BOB Nonyyuntb by = 0 NpMHUUNManbHO HEBO3MOXHO. COOTHOLLEHNE pa3mMepoB YNPOYHEHHbIX
30H W 30H OTNycka BO MHOMOM 3aBUCUT OT

KoadpdpuumeHta nepekpblitua K, C
yBenmyeHnem KoadpdpuumeHTa nepekpbITUs
pasmep YNpPOYHEHHOro yyacTtka by yBenuum-

BaeTcs u npu ware S = by + b,y cTaHoBUTCS

MakcumarnbeHbiM. [Mpn atom Kn ~ 1. [pwn

AanbHenweM yBenuyeHun wara S n Koa-

duumneHTa nepekpbiTns K, gons Heynpouy-

HEeHHON YacTn noBepxHocTn by/by BO3pacTa-

eT (cMm. puc. 47). \ameHeHune koapdumumneHTa

Puc. 50. O6pasoBaHue 30H ABYX- (1), TPEX- U nepekpbITUSI CKa3blBAETCH M Ha LLEpPOXOBa-
YeTbIpeEXKPATHOro (2) Harpeea npu ynpo4yHe-

HUV C MEpeKPbITMEM TOCTV noBepxHOCTK. Mpu nasepHoit 3akarnke

C onnasneHnem c ysenunyennem K, wepoxo-
BaTOCTb, B 00LleM crnyyae, yBenuumMBaeTcs
N B 3aBUCMMOCTWU OT MNIOTHOCTU MOLLHOCTU MoXeT coctaBnaTb 8-100 mkm. KoadpdpuumeHt
nepekpbITUA OKasblBaeT TaKKe CyLLEeCTBEHHOE BMIUAHME HAa PAaBHOMEPHOCTb ryOMHbI YNpoY-
HEHHOro Ccros: ¢ ero yBenuyeHnem hmin/hmax Bo3pacrtaet, ocobeHHO cywiecTBeHHO npu K, >
0,6. MoaTomy ¢ ToukM 3peHnsa HanbonbLuen aPPEKTUBHOCTU N KAYeCTBa YNPOYHEHHOrO CNos
npouecc nmnynbCcHon 3akanku segyT npu K, ~ 0,5.
3.8. OcHOBHbIe nNapamMeTpbl fla3epHOM 3aKasfiku HernpepbiBHbIMU nasepamu U
XapaKTepUCTUKU YNPOYHEHHON NOBEPXHOCTU
JlazepHas 3akanka HenpepbIBHbIMW flasepamu NMeeT psia 0CobeHHOCTEN MO cpaBHe-
HUIO C UMMYNbCHOW. Bo-nepBbIX, HET OrpaHMYEHUn Mo ASIMTENbHOCTM Nas3epHoro BO3neu-
CTBUA. OTO MO3BOMSET YBENMYNTL NPON3BOAUTENBHOCTL MpoLecca U reomeTpuyeckue pas-
Mepbl YNPOYHEHHbIX 30H, a Takke B 6onee LWMPOKOM MHTepBane U3MEHSATb CTPYKTYpy U

ceovictBa 3J1B, B 4aCcTHOCTK, MOSIHEE OCYLLECTBNATL NPOLECC FOMOreHM3aunm aycTeHuTa



npu Harpeee cTtanu. Bo-BTOpbIX, NO ANUHE YMNPOYHEHHbLIX MONOC HEeT 30H MHOroKpaTHOro
HarpeBa, a cnefoBaTeribHO, UMEETCS BO3MOXHOCTb YBENUYeHUs paBHOMEPHOCTU CBOWCTB
Nno NOBEPXHOCTM.

OcHoBHble MapameTpbl fla3epHOW 3akarnku HenpepbiBHbIMU fasepamm—aTo MOLL-
HOCTb m3nydeHus P u gnametp natHa dn, KOTOpble, Kak U Mpu MMAynbCHoW obpaboTke,
onpeaensalT NNOTHOCTL MowHocTK. Kpome Toro, fob6aBnsaeTcs ele n CKopocTb nepemMeLe-
HWUS geTann v OTHOCUTENbHO fy4a, KoTopas onpeaensdeTt ANMTeNbHOCTb Na3epHoro Bo3aen-
CTBUS.

30Ha ynpoYyHeHNs Ha NOBEepPXHOCTU AeTann nmeet opMy NOSIOCkl, a cevyeHune, nep-
NEeHAVKYNSpHOE OBMXEHUIO, — TaKyto Xe dopMy CErMEHTa, Kak 1 Npu uMnyrbcHon obpaboT-
Ke. XapaKTepUCTUKMN YNPOYHEHHOW NMOBEPXHOCTU TE XKe, YTO U NPU NMMYSIbCHOWN 3aKarike.

PelweHne TennoBbIX 3agay nokasano, 4to rmybuna 3JIB 3aBucut oT ckopocTu obpa-

0oTku cnegyrowmm obpasom h ~ 1/\/V. Kak n npu umMnynbCcHOW 3akarike, yBerimyeHue gua-
MeTpa naTHa dn NPU NOCTOSIHHBIX 3HAYeHNAX P 1 v npnBoanT K yMeHbLUeHnto ryouHbl 371B n
K YBENUYEHUIO ee LUIMPWHBbI 40 HEKOTOPOro npederna, nocne Kotoporo wupuHa 3J1B moxet
YMEHbLLATbLCS.

B HacTosilwee BpemMsi umeeTca OOCTAaTOMHO MHOMO aHaNUTUYECKUX U IKCNepUMEH-

TanbHbIX 3aBUCUMOCTEN, CBA3bIBAKOLMNX MYOMHY YNPOYHEHUS C OTAENbHBIMU NapameTpamu
N CO BCEMU cpasy. Hanpumep, h ~ P/«/d-l- V n ap. ns psga criydaeB NOCTPOEHbI onepauu-

OHHbIE KapTbl, MO3BONAIOWMNE BblIOMpaTh HEOOX0OUMbIE MHTEpPBAIbl pexxMMoB. OgHa 13 Takux
kapT (anga ctanu ¢ 0,36% yrnepoga) npusegeHa Ha puc. 51. o Takon KapTe MOXHO Nerko
BbIOpaTh CKOPOCTb U MOLLHOCTb AnS NofydyeHus 3agaHHon rnyouHbl 3J1B npy NOCTOSAHHOM
AnameTpe nsaTHa.

CornacHo 3KkcrnepuMeHTanbHbIM

Inydurna 308, mm
P, kBm 45 G4 63 02 07 005  paunbim 1 TeopeTuueckum pac-

20
“E 7 yeTaMm MakcumanbHas rnybuHa
1,0 YNpOYHEHHOro 6e3 onnaBneHus
[ /
& Z CNnosa Ha cTtangax He npeBbllLaeT
95 F
5 A 2,5-3 MM, a Ha yyryHax 2-2,5 mm.
pawnuya onrabrewuva
Mpn obpaboTke c onnaBneHnem
A A" ' TW 3HAYeHWs MOryT ObiTb yBe-
10 100 v, mmfe °™ 3@ T y

nnyeHbl. MwukpoTBEpAOCTb  MO-
Puc. 51. OnepauunoHHas kapTa Bblbopa pexxMMoB nasep-

Hon obpaboTkM cTanu ¢ cogepxaHuem yrrnepoga 0,36% BEPXHOCTHOrO Cros 3aBUCUT OT
npu dn = 5,8 MM (no CTuHY) PEXUMOB 0BPabOTKN M OT XMMU-

4YeCKOro coctaBa criiaBa.
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Mpn obpaboTke C onnaBneHMem cpeaHeyrnepoancTon cTanu u psaa CnnaBoB MUKPOTBEp-
AOCTb YBENUYMBAETCA C YBENMMYEHMEM CKOPOCTU 0OpaboTKn. YBENU4eHne MuKpoTBEPOOCTH
NPy 3TOM CBSI3aHO C YBENIMYEHMEM CKOPOCTWN OXNaXKOEHUS.

C yBenuueHnem coaepxaHus yrrnepoga unuv nermpyrowmx 3f1eMeHTOB B CTann MUK-
pOTBEPAOCTb MPU YBENIMYEHMN CKOPOCTU 0BpaboTkn yBEeNMYMBaeTCsl HE Tak 3aMeTHO, Mo-
CKONbKY MpX 3TOM MOXeT Bo3pacTaTb KONMYECTBO OCTAaTOMHOro aycteHuTa. [pyn obpaboTke
6e3 onnaBneHns MMUKPOTBEPAOCTb MOXET YMEHbLUATbCA M3-3a He3aBepLUEHHOCTU npouec-
COB romMoreHusaummn. 3Tu npouecchl bbinNm paHee geTanbHO PacCMOTPEHBI.

MapameTpbl WEepoXoBaTOCTM NOBEPXHOCTM Npu obpaboTke C onnaBneHveM MMeroT
CINOXHYIO 3aBUCMMOCTb OT pexmnmoB. pn 6onbwiomMm obbeme pacnnaeneHHoro metanna (06-
paboTka ¢ 6OMbLION MOLLHOCTbIO) C YMEHbLUEHNMEM CKOPOCTU 00paboTKM BbiCOTa MUKPOHE-
POBHOCTEN U MakCMMarbHasi BbiICOTA HamnmbIBOB YMEHbLLAETCA 3a CYET yBENMYeHUs pacrte-
KaeMoCTu pacnnasa U CMa4ynBaeMoCcTu NnoBepxHocTu. Npu manom o6beme pacnnaBneHHOro
MeTanna (obpaboTka ¢ Manon MOLHOCTLIO) C YBENMMYEHNEM CKOPOCTM 06paboTku BbicOTa
HannbiBOB yBenuumsaeTtcs. Npy nepexode Ha pexvm nasepHon 3akankv 6e3 onnasneHus
napamMmeTpbl LLePOXOBATOCTM NOBEPXHOCTM NPAKTUYECKM COOTBETCTBYIOT MCXOOHbLIM.

MMepcnekTMBHbIM HanpaBfieHWEM ANSA YMEHbLUEHUS LEepPOXOBaTOCTU NpW fa3epHoum
3akarnke c onnaeneHneMm MoxeT OblTb pa3paboTka npouecca ¢ Ucnonb3oBaHvem 0o06aBOK,
YMEHbLUAKLWMX NOBEPXHOCTHOE HATSXKEHME pacniiaBa W yBENUYMBAIOLWLMX CMA4yMBaeMOCTb
NMOBEPXHOCTW.

3.9. TexHOnorn4yeckne cxemMbl 3aKasriku HenpepbIBHbIMM Na3epamMmum

Mpn obpaboTke GONbLINX NOBEPXHOCTEN HEMPEpPbLIBHbIMK Nasepamu Haubonee Liu-
POKO BCTpeYalTCsa ABa Cryyast NocrnefoBaTeNbHOr0 HanoOXeHUst YyNpoOYHEeHHbIX nonoc: 06-
paboTka MMOCKMX NoBepxXHOCTEN U obpaboTka LMNUHOPUYECKMX NoBepxHocTen. Kak u npu
UMMYIbCHOW 3akarike, B 4aHHOM Crlydae Ba)XHOW XapaKTEPUCTUKON SIBAAETCS KOIPPULMEHT
nepekpbiTna K, onpeaensembin no oTHoweHuo Ky = S/d,. MNMonockl MOryT 6bITb HANoOXeHbl C
nepekpbitvem (npu K, < 1) n 6e3 nepekpbitns (npu K, > 1). Toraa Kk xapakrepuctvkam
ynpoyHeHus gobasnseTca paBHOMEPHOCTb MYOuHbI hmin/Nmax M JONA HEYNPOYHEHHOW YacTu
noBepxHoCTH by,/by.

CnepnyeT OoTMETUTb, YTO B OTNNYME OT MMMYSIbCHOW 3aKkanku C NepekpbITUEM, rae B
nogasnsowem 6onblUMHCTBE criydyaeB uMmeeT mecto obpaboTtka ¢ K, = 0,5, npn HenpepbIB-
HOW 3akanke 3HayeHue K, nvb HEMHOIO MeHbLUE eAMHULbI U3-3a 3HAYUTENBHOrO TEMMOBOIO
BMUSIHUA NPY HaNoOXeHUU NOMoChkl Ha NpeablayLlyo nonocy. Bo MHormMx cnydasx pacnono-
XXEHWe YNPOYHEHHbIX MOMOC Ha HEKOTOPOM PacCTOAHMM ApYr OT Apyra, Tak, 4To obpaboTaH-
Hasa nasepom nnowagb coctasnsana 6l 20-50% o1 0bwen nnowagun, NPUBOANT K HAaMBosb-

LLern N3BHOCOCTOMKOCTM.
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Kak nokasaHo Ha puc. 52, 06paboTKy nnockmMx NOBEPXHOCTEN BeA4YyT NO ABYM CXeMaMm
HanoXeHWs Nonoc: NMHerHon (a) n knetovHon (6). Nocne HanoXeHusa kaxagow nonocel Ae-
Tanb UnNu nyy nepnoanyeckn CMeLLaroTcs B NornepevyHoM HanpasfieHUn Ha paccTosiHWe, paB-
Hoe wary S. Hanbonee NpocTo Npu KNETOYHON CxeMe MOSoChl HaknagbiBaTb NoA NpPsMbIM
yrnom Apyr K Apyry U ¢ OAMHaKOBbIM LIarom no obemm koopauHaTam, XoTa 60MbLUNX CRoX-

HOCTEW NS HAaNoXeHUs NONoC He NOA NPSIMbIM YIIIOM U A5t YNPOYHEHUsi ¢ Sy # Sy, HeT.

) é

Puc. 52. CxeMbl HaNoOXeHUs1 NOSOC Ha MOCKOW MOBEPXHOCTH
Kak nokaszaHo Ha puc. 53, 06paboTKy LMNMHOPUYECKMX NOBEPXHOCTEN BEAYT MO TPEM CXe-
MaM: HanoXeHne oOAHocnMpanbHbIX Monoc (a), HanoXeHwe ABYyXCrvpanbHbIX MNOJOC
HaBCTpedy Apyr apyry (6) ¢ NOCTOSHHOM OCEBOW Mogaden S a Takke HanoXeHWe Mnosioc
BOOSb OCK MO obpa3syroLen ¢ Nnepnognyecknm BpalleHneM geTtanu ans CMeLLEHNs Ha war S
(). Mo aTMm xe cxemaM BedyT YNPOYHEHME BHYTPEHHUX LMMMHOPUYECKMX NMOBEPXHOCTEMN.
YnpoyHeHne BHYTPEHHUX MOBEPXHOCTEN BTYNOK M APYrux AeTanen ocyLiecTBnaeTcs C no-
MOLLIbIO OTKIMOHSIOLLIEro 3epkana, BBOOUMOro BHYTpb getanu (puc. 54). B atom cnyyae Bo3-
HUKaeT HeoBX0aUMOCTb OXNaXKAEHUS 1 3alMTbl 3epKana oT ucnapeHumn u konotu. ns nony-
YeHWs1 cnupanbHbIX MNOMOC BTYMKa BpallaeTca HenpepbiBHO C YacTOTOWM N Afis NOfyveHus
3a4aHHON NMHENHOW CKOPOCTU 0BpaboTkM vV U OOHOBPEMEHHO NepemellaeTcs B NPOLOSb-
HOM HanpasfieHun ¢ nogadven S. BO3MOXHO Takke NpogonibHOE nepemMeLleHne onTUYecKomn
rOSIOBKM C Nnogayen S npu BpallaroLLencs BTyIKe.

Mpy ynpoyYHeHUn ¢ NpoaoSibHBIM HaroXeHneM Mofoc nepemMeLlaeTca UMnvHap unm
onTuyeckas rosioBka € JIMHEMHOM CKOPOCTLIO V, @ BTyNKa NepuogmMyeckn BpawaeTcs ans no-
nyyeHuns wara S. YnpodHeHWe ¢ BpallaloLencs rofloBKOM pacnpocTpaHeHUst He NOyYnno
N3-3a CNOXHOCTW KOHCTPYKTUBHOIO MCMNONHEHNd. B psage crnyyaeB BHYTPEHHUE MOBEPXHOCTH
YNPOYHSIOT, HanNpaBnaAsa nasepHbI Nyy nNog yrnom K noBepxHoctn (puc. 55), 6e3 Beoga oT-
KNOHSAOLLLEro 3epKana BHYTpb BTYSKW. BTynka npm aTom BpawaeTcs B NPOAONBHOM Harnpas-

JIeHun.
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Puc. 53. Cxembl ynpouyHeHusi Puc. 54. Cxema ynpouHeHust Puc. 55. Cxema yrnpoYHEeHUs BHYT-
LUUNUHOPUYECKUX aetanen BHYTPEHHEN UUNUHOPWUYECKON PEHHEW MNOBEPXHOCTM LMnMHApa
NMOBEPXHOCTU fly4OM, HanpaBfeHHbIM No4 YrrioM

K OCW BTYJSIKU
LLnprHa ynpoYHEHHbIX Y4acTKOB OrpaHu4yeHa, MOCKONbKy Npu Yyrre Mexay OcCbto

BTYJIKM M OCbIO Nla3epHOro fy4va meHblue 30° nponcxoauT yxyaLleHue KadecTBa ynpoYyHEeHns
n3-3a yBENMYEHUSA 40NN OTPaAKEHNS.

O6paboTka HeNpepbIBHbIM N3My4YeHMeM NO3BONAET NOBbICUTb OOHOPOAHOCTb MUKPO-
CTPYKTYpPbl U TBEPAOCTM BOOSb NOSIOC YNPOYHEHUS, OAHAKO nonepek Nonoc HeOAHOPOAHOCTb
BCE XXe MMeeT MecCTO. Tak e, KaK 1 Npun uMnynbcHon obpaboTke, npu K, < 1 MetoTcs 30HbI
NMOBTOPHOrO HarpeBa n 30Hbl OTMYCKa B paHee yNpoYHEHHOM obbeme wupuHon 4o 400 Mkm.
[na ymeHbLUeHNs X pa3mMepoB MMeEeTCs psaa pekomeHgauun. Bo-nepebix, npegnoytutenos-
Hee obpaboTka Ha Bonee BbICOKMX CKOPOCTAX C BbICOKMMU rpagueHtamu Temnepatypbl. Bo-
BTOPbLIX, peKOMeHAyeTCa oTcekaTb NepudepunHyto YacTb Na3epHOro nAaTHa C HEBbICOKOM
NNOTHOCTLIO MOLLHOCTU. C 9TOM TOYKM 3peHns Hanbonee NoaxoAsLUM AN TEPMOYNPOYHe-
HUS SIBNSAETCH paBHOMEPHOE pacnpegeneHne nnoTHOCTU MOLHOCTU MO MATHY UKW NNOTHO-
CTU MOLUHOCTU B UeHTpe nAaTHa Ha 20-30% MeHblle No cpaBHEHWO ¢ nepudepuinHbIMm
yyacTkamu.

MmeeTcss meTon ynpovHeHUs umnuHapuyecknx getanen 6e3 obpasoBaHWs 30H OT-
nycka, KOTOpbIN 3aknio4aeTcs BO BpalleHUM U nepemelleHun getanu unm onTUYecKon ro-
NOBKM B NPOAONBHOM HanpasneHun (cMm. puc. 53, a), npMyemM CKOpOCTb BpaLLleHWst 4OCTaTou-
HO Benuka, Ans Toro, 4ytobbl TemnepaTypa Ha NOBEPXHOCTM AeTanu 3a oauH obopoT He

onyckKariaCb HMXe TeMnepatypbl TOYKU Act anarpamMmmbl Xerne3o — yrnepoa. Hanpvlmep, npum
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o6paboTke npyTkoB AguameTpom 7-10 MM Heobxoaumas 4yacToTa BpalleHWUs CocTaBnser
2800-3000 06/MuH. B cBA3M C 3TUM AnameTp AeTann MMeeT OrpaHnYeHHble pasmepsl, a ge-
Tanb NPUXOANTCA OXNnaxaaTb BOAOW ANSA YBENUYEHUSI CKOPOCTU OXNaXKOEHUS.

CkaHupoBaHue 1U3nyyYyeHus npu fiasepHon obpaboTke

B ocHoBe mpuHUMNa CKaHUPOBaHWUSI NEXUT MHOrOKpaTHbIN npober nasepHoro nATHa
nonepek ABmxkeHnsa obpasua (puc. 56).

Mpun aTom MMeeT mecTo konebaHe TemnepaTypbl NOBEPXHOCTM B MHTEPBAne Temne-
paTyp 3akanku v NraBneHnst U NO3TOMY BECb Y4aCTOK NMOMNEPEK NOMOChl HarpeBaeTCst U 3aka-
nuBaeTcs 0gHOBPEMEHHO (puc. 57).

Ans nogaepxaHust TemnepaTypbl NOBEPXHOCTM B MHTEpPBane 3akasnoyHbix Temnepa-
Typ HeobxooMmo cKaHMpOBaHME C BbiCOKOW vacTtoTon - 200-300IMy. Hambonblwee pacnpo-
CTPaHEHWE NMONYyYnUIM MEXaHNYECKME N MArHUTOSNEKTPUYECKME CKaHaTOpbI.

PaboTta MexaHu4ecKknx CkaHaTOpOB OCHOBAaHa Ha MPUHUMNE MexaHn4eckoro koneba-
HMS ONTUYECKMX INIEMEHTOB, YaLle BCEro - OTKMOHALWNX 3epkan. VX HegocTaTok - BbicoKas
MHEPUMOHHOCTb M Bonblune Bubpauun. MpuHUMN ENCTBMSA MarHUTOSIMEKTPUYECKNX CKaHa-
TOPOB OCHOBaH Ha konebaHusiX KaTyLIKNU UM pamMKi C OTKMOHSAIOWMM 3epKarioMm B nNepemMeH-

HOM 3J1EKTPOMArHMTHOM norne. 70T TMN CKaHaTopoOB Haubonee pacnpoCcTpaHeH.

NasepHoid MYy I |
’ l / 1200 —1—
l / 119 1 A ’ l
l'i.?lf)\./ "
A==
J 60
/ o 400 H,,

06903 200

Puc. 56. Cxema ynpoyHeHus noBepxHocTn Puc. 57. Cxema nameHeHus temnepartypbl no-
CO CKaHMPOBAHNEM U3ITy4EHUS BEPXHOCTM MPU YNPOYHEHUN CO CKaHMPOBAHMU-
em

Mpy ncnonb3oBaHUN CKaHMPOBaHMSA ONs Bbibopa peXuMMoB yaobHbI onepaunoHHble

KapTbl, MO KOTOPbIM B 3aBUCUMOCTU OT Tpe6yeM0|7| FJ'Iy6I/IHbI YNPOYHEHHOIO CJ10A4 MOXXHO Bbl-
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BpaTb CKOPOCTb TEPMOOBOPabOTKN. B 3TOM crnyyae ckopocTb TepMOoBpaboTku onpeaensoT
YMHOXEHMEM LUMPUHBbI CKaHMPOBaHMSA Ha CKOPOCTb MnepeMelleHns obpabaTbiBaemMoro o6-
pasua. B gpyrux onepauuoHHbIX KapTax npu 3agaHHOW rmyGuHe 3akarnku MOXHO BblbpaTb
MOLLIHOCTb M3MNy4YeHUs NpU pasnnyHbIX CKOPOCTAX TepMoobpaboTku. Takve onepaumoHHbIe

KapTbl CTPOAT 3KCNEepUMEHTalribHO AJ14 KaXKAoro Kriacca MmatepuanosB.

Tema 4. TEOPETUYECKUE OCHOBbI JTA3EPHON XUMMWKO-TEPMUYECKOW
OBPABOTKU

4.1. dusmnyeckme npoueccobl

Mpn nasepHon o6paboTke NPOMCXOAUT MOrMOLEHME MOBEPXHOCTHbLIM CMOeM MmaTe-
puana 3Heprun CBETOBOro fydva. B pesynbTaTe CNoXHbIX Tennogusanyecknx n TepMoauHa-
MMWYECKUX NPOLECCOB, COMYTCTBYIOLMX MOrMOLLEHNIO CBETOBOW 3HEPriKn, B .Matepuarne npo-
TeKaloT (pasoBble U CTPYKTYPHbIE NpeBpaLLeHnsi, USMEHEHNSA cOCTaBa MOBEPXHOCTHOrO Cros,
obecneynBaoLLne U3BMEHEHNE €r0 COCTOSIHUSA.

Ha puc. 58 npuBegeHa cxema M3nMy4eCKMX NpoLECcCOoB, pasBUBAOLLMXCS MPU BO3-

AencTenm BbICOKO3HEpreTn4eckoro fa3epHoro ny4yka Ha noBepxHOCTb MmeTasnna.

flosepHoe
glnywenue meman-
NUNECKOU MUWEHU

Noenowerue
IHEP2UU  NDIEPHORD
nyyxa
Mpodow amMoc@eEDs!, Oxucnenue
cdoosodarue nnas - nobeparocmu
Mal

EETES

I.—-. Haozpel muwenu
Moenowenue

MEHUL
uanyyenur 8 nnasme Bonwa ranpameny

Mnabnewue, vcnape-
{ WUE noBepxrasmuoee
cNoA

MexoHuUECKUL 3
uNyase Jambepdebanue,
UIMEHEHUE DENSEQDT
nobepxwocmy
[ ]
Oxnamdenue,

npedpawenus 8§ mbep-
dom coCmorHuY

Puc. 58. Cxema dmnanyecknx npoueccoB, pasBMBaloOLLNXCA NPy BO3LENCTBMM nasep-
HOMO U3NYYEeHUs Ha MEeTanNN4YecKne MULLEHN
[MornoLeHne sHeprum NOBEPXHOCTLIO NPUBOAUT K ee Harpey. Npun nasepHom neru-

poBaHMK mMeTara B aTMOC(bepe QHeprua ny4ya 4aCtu4yHO nornoulaeTca Crnoem obmaskn unm

nernpywuiero KOMnoHeHTa, npenBaputeribHO HaHeCEeHHbIM Ha o6pa6aTb|Baemy+o noBsepx-
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HocTb. [Mpu onpegeneHHbiX ycrnoBuax obny4eHms y NnoBEPXHOCTM MeTanna unv Tak HasblBa-
€MOW MULLEHN BO3MOXEH Npobon atMmocdepbl ¢ obpazoBaHnem NnasmMeHHoro gakena. 3ta
nnasma moxet nornotutb Ao 100% aHeprun UanyvyeHus, NOSTHOCTBIO AKPaAHUPYS MULLEHb. B
3TOM CNnyyae MULLEHb HarpeBaeTCcs OT NnrasMbl, a He OT MOrnoLeHWs NasepHoro UsnyyeHus.

Mpn nasepHon xumuko-Tepmmuydeckon obpabotke (JIXTO) ¢ ncnonb3oBaHnem obma-
30K B COCTOSIHWE aKTUBHOM NSia3Mbl MOXET NEPENTM YacTb BellecTBa 06Masku.

HarpeB NoOBepxHOCTW MeTanfna M HaHeCEHHbIX Ha ero MOBEepPXHOCTb NermpyroLmnx
KOMMOHEHTOB A0 TemnepaTyp, 3Ha4YMTerNbHO MpeBblatoLmx TemMnepaTypbl nnaBneHus, co-
NPOBOXOAEeTCA UX MHTEHCUBHLIM uUcnapeHueM. pn 3TOM CKOpPOCTb MCMApeHns MOXeT ObITb
HacTOmNbKO BbICOKOW (10° cM/C), YTO BO3HMKaET TaK Ha3biBaeMbli MEXaHUYECKUA UMMNYNbC
oTgavn. SKCNepMMeEHTarnbHO YCTAHOBMEHO, YTO NPW HaHECEHMU Ha MOBEPXHOCTb CMMaBOB
Xenesa nerko ncnapsioLmMxcs NOKpbITUM (KBapua, CBMHLA) MEXaHUYECKUA UMMYNbC OTAaum
OT pPeakTUBHOIro AeNCTBUSA UCTEKaKoLero napa MoxeT coctaButb ~ 1MlMa.

HarpeB meTannoB npu BO3OeNCTBMM NA3EPHOro U3NyveHUst onpeaenseTcs ero aHep-
reTMMeCKMMN XapakTepucTukamm, Tennousnyecknmmn ceonctBamm obpabaTtbiBaeMoro ma-
Tepmana u HaHOCUMbIX NErMpPYOLLMX KOMMNOHEHTOB U XUMUYECKNM B3aMMOOENCTBMEM OCHOB-
HOro MeTanna MULLEHM, a TaKkKe NermpyrLLnx KOMNOHEHTOB C aTMOCAEPOr N Mexay cobon.
MpegnonaraeTcs, YTO NasepHOe nerMpoBaHue OCyLeCcTBNAeTCa B pesynbTaTe auddysum B
TBEpAOW (hase 13 nnasmbl, a TakKe 13 Xnakon drasbl NyTeEM KOHBEKTMBHOMO nepemMeLlnBaHns
pacnnaea.

B ycnoBusax obpasoBaHus neperpeTon XMAKOCTU Npyu OENCTBUM CBETOBOMO MOTOKA
OKI' ocHOBHasi yacTb nervpyrowero KOMMOHEHTa pacnpoCcTpaHseTcs B 30HE MNraBfeHus
HanpaBneHHbIMM NOTOKaMK NoA OENCTBMEM MEXaHUYEeCKUX CWM, a B pesynbtate anddysu-
OHHOrO MepeHoca OT ABWXKYLUUXCS MOTOKOB NErMpyloLnX 3feMeHTOB NPOUCXoauT ux nepe-
pacnpegeneHve no Bcemy o6bemy BaHHbI pacnnasa .

[nsa oueHKn reoMeTpu4eckux napaMmeTpoB 30HbI TIErMpoBaHus, asoBbIX U CTPYKTYp-
HbIXx npeBpatieHun npu JIXTO HeobxoanMbl 4OCTOBEPHbIE CBEAEHMS O CKOPOCTAX Harpesa u
OXnaxaeHusi, BpeMeHU AOCTWXKEHMA TeMnepaTypbl NNaBneHus 1 .pacnpeaeneHs Temnepa-
TYp MO CEYEHMIO 30HbI Na3epHOro BO34ENCTBMS.

TemnepatypHoe none npu Harpeee MU3nyYeHnem nasepa onpeaensaeTcsi ypaBHEHNEM
TEnnonpoBOAHOCTU A5 NONyOeCKOHEYHOro Tena B NIMHENHON (Tennoguanyeckne KOHCTaH-
Tbl MaTtepuarna He 3aBUCAT OT TemnepaTypbl) UNN HENMHENHOW (Tennoduanyeckme KOHCTaH-
Tbl MaTepuana 3aBuCAT OT TemnepaTypbl) nocTtaHoBkax, a B ycnosusax JIXTO - ¢ yueTom no-
rNOLLEHNS 3HepPrnm obMasKkom nernpyroLero KOMMoHeHTa.

Ona nMmnynbCHbIX NasepoB MfAIOTHOCTb MOLLUHOCTU M3MydeHus, Heobxoaumasi Ons

pacnnaeneHuss Takux metannos, kak Fe, Ni, Ti, W, Mo, Al, Cu coctasnsieT 103-10* B1/cm?.
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Mpy NnoTHocTu notoka 2-:107 BT/cm? B LeHTpe NaTHa (DOKYCMPOBKM NMy4a CKOPOCTb Harpesa
Ha NMOBEpPXHOCTM MeTannuyeckoi muweHn coctasnseT 10'%°C/c npu rpagueHTe TemnepaTyp
10%°Clcwm .

CKOpOCTb OXNaXKAeHus meTanna B 30He OeNCTBMSA fyda nocne npekpaweHus ero
pevicteusa gocturaet 10%°C/c 1 pe3ko yMeHbLIAeTCs C yBernuyeHUeMm paccTostHUA OT NoBepX-
HOCTW. Takne CKOPOCTU OXNaxOeHUs NpeBbIWatoT KpUTUYECKMe CKOPOCTU 3aKarku MeTannos
U3 xuagkoro coctosHus (10°%-10%°C/c) ana oBpas3oBaHua aMopdHbIX M MeTacTaburbHbIX
CTPYKTYP.

[na nporHosnpoBaHusa npoueccoB JIXTO HeobxoauMoO 3HaTb pacnpeernieHne Tem-
nepaTypbl B 30HE BO3AENCTBUA fyvya B 3aBUCUMOCTU OT SHEPreTUYeCcKnx napaMeTpoB M3ny-
YeHWst U pacnpeaeneHme CKopocTen oxnaxaeHUs Nocrne OKOHYaHUs AeUCTBUSA UMMynbCca.

TemnepatypHoe none npu JIXTO onpeaensieTca nornoweHnemM 3HEpPrnm noBepxHO-
CTbl0 MeTanna, kotopoe, B otnuumne ot JITO, B OONbLION CTENEHM 3aBUCUT OT TOJLMHbI
cnos, Tennou3anNYecknx CBOMCTB U XMMUYECKOro cocTaBa 0OMasoK Unu nervpylowmnx ane-
MEHTOB, HAHOCUMbIX Ha MOBEPXHOCTb HacbiweHnst. Ecnn xmmunko-tepmmnyeckas obpaboTka
NPOBOAUTCA B PEXMME pacniaBneHus, To Ansl OLEHKN reOMeTPUYECKMX NapaMeTpoB ynpoY-
HEHHOM 30Hbl HEOBXOOMMO 3HaTb rNYOGMHY pacnpPOCTPaHEeHUs U30TepPMbl MNaBneHusa. ATu
AaHHble MOryT ObiTb MOMyYeHbl MCXOAA M3 3MOPbl pacnpeneneHns TemnepaTyp C y4eTom
paccesiHUS SHEPrMn NErnpyowLmMMm KOMNOHEHTaMM.

4.2. DHepreTMyeckue ycrioBusi nepefayum nasepHoro UsnyyeHuss npu noBepx-
HOCTHOM flermpoBaHumn

OQHOM 13 BaXXHENLLNX XapaKTepUCTUK, onpeaensaowmx TepMoanHaMmnyeckmne N KuHe-
Tnyeckme npoueccol nNpu JITO n NIXTO, aBnsieTcss KONMYECTBO SHEPIUX, MOTMOLLEHHOE Me-
Tanmnom npu UCNosib30BaHUM U3IyYeHNsS ONTUYECKOro kBaHToBoro reHepatopa (OKT).

Mpun JIXTO (puc. 59) aHeprusa nanyyveHns OKI pacxogyeTca Ha NOrnoLleHne noBepx-
HOCTblo En , Ha noTepwn 3Heprum B pesynbTaTe OTpaXeHus, onpegensemble ONTUHECKUMU
csovicTBamun obmasku (En.o.), n Ha aHepruio, NOrnoLLeHHyo 0bMaskor 1 «He AoLleaLyo» 00
obpabaTbiBaemoro matepumana Eobm:

E=En+En.o.+Eobwm (28)
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Pwuc. 59. MNornoLieHne aHeprum npu nasepHon XMMmMKo-TepMmyeckon obpaboTke (a) n
TemnepaTypHOe nosne B 30HE BO3AENCTBUSA Nas3epHoro manyyenus (6); E - aHeprusa nanyde-
Hua OKI, En.o.- 3Heprusa, oTpaxkeHHasi NOBEPXHOCTLIO; EoOM- aHeprus, nornoweHHas o6-
Maskon; En - nonesHasa sHeprusi, obecneudnBaioasl onnaBneHne NoBepxHocTu; Tnn - m3o-
Tepma nnasneHus; Tmax -makcumarnbHas TemnepaTtypa NoBEPXHOCTH

UHnunaTtopom npoueccos, npotekatowmx npu JIXTO, asnseTcsa nornoweHHas aHep-

rma En. KonvyecTBeHHO NOrNOLLEHHYH0 SHEPIM0 MOXHO OnpeaensaTb U3 COOTHOLLEHMS
En=AoE

KoadpdpmumeHT nornowieHns Ao 3aBMCUT OT ONTUYECKUX CBOMCTB obpabaTbiBaemoro
MaTtepuana, COCTOSHUS MOBEPXHOCTU M XapakTepucTukm nanyderns OKIT .

Taknum obpasom, KOMMYECTBO MOMMOLEHHON 3HEprun onpenenseTt OO MNonesHom
ans o6pabotkm aHeprumn nanydenms OKI 1 pacnpegeneHve TemnepaTypbl B 30HE NasepHOro
BO3JENCTBMUA.

MoLLHOCTb nMnynbca, NOorfoLeHHasi NOBEPXHOCTLIO MeTanna,

PH(t)=q(t)/gmax; PH=Pu-Pn,

rae Pu - nonHas mowHoCTb umMnynbca; Pn - MOWHOCTE MMnynbca, normnoweHHast 06-
Ma3KoWn, cofepallen NernpyroLmm KOMMOHEHT.

Tak kak nasepHoe nerMpoBaHve OCYLLECTBMSETCA B PEXMME MNaBfeHns, To, paccyum-
TaB rnybuHy pacnpocTpaHeHUs U30TepMbl NnaBneHns Tnn , MOXHO onpeaennTb reoMeTpu-
Yyeckne napameTpbl 30HbI nermpoBaHus, rmybuHy h n guameTp d (cm. puc. 59,6).

Mpn pacyeTe rMybuHy 30HbI NNaBNEHUSA ONPEenensoT NCXOAA U3 3adaHHOM MMOTHO-
CTW MOLLHOCTU N ANUTENBHOCTU Na3epHOro nMmnynbca (458 MMnynbCHbIX a3epos), npeasa-
PUTENBHO NPUHSAB, YTO TeMnepaTypa Ha MNOBEPXHOCTU B LIEHTPE fyvya paBHa Temnepatype
ncnapeHus OCHOBHOIoO MeTanna:

T(x,z,7)=T(0,0,7)=Twucn.
Taknum obpasom, Ofs NPOrHO3MPOBAHUA rEOMETPUYECKMX NapamMeTpoB 30HbI flasep-

HOro nernpoBaHunsa HeobXxo4MMOo 3HaTb MOLLHOCTb nMmnynbca, NornoweHHy Clioem obmaskum
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Puc. 60. lpuHumnmnanbHass cxema BO3Oen-
CTBUSA Na3epHOro U3ny4yeHns ¢ NnoBepPXHOCTbIO
MeTanna, NoKpbITOW CrioemM 0OMa3sKu:

Pun - nonHaa mowHoCTb mMmnynbca: Pn - non-
Hasi MOLYHOCTb MMMynbca, MornoleHHas o6-
MasKol; (O- MakcuMmarbHas MIOTHOCTb MOLL-
HOCTM; (M- MNOTHOCTb MOLLHOCTW, MOrMOLEH-
Has obmaskon; dn - gumameTp oKanbHOro
natHa; d - gnameTp 30Hbl nernpoBaHusi; h -
rnybuHa 30Hbl nermpoBaHus; hl - rnybuHa 3o-
Hbl nnasneHuns; h2 - TonwmHa HannaBneHHOro
cnos; H - TonwuHa cnost oomasku

Mpn B3anmoaencTBMM HOpPMarnbHO-
KPYroBOro nasepHoro nany4yeHusi ¢ nosiHom
MOLLHOCTbIO MMnynbca Pu, makcumarnbHom
MNAOTHOCTbIO MOLLLHOCTU B LEHTPE ny4ka (o
n gnameTpom dokanbHOro naTHa dn ¢ no-
BEPXHOCTbIO MeTanna, NoKpbITON LnuKep-
HbIM crnoem obmasku, cogepxallen neru-
pylOLMIA 3NEMEHT TonwmHon H, Ha obpa-
OaTbiBaeMO NoBepxXHOCTM obpasyeTcs 30-
Ha nernpoBaHns Co crneayrlmnMmn reomeT-
PUYECKUMUN XapaKTepuctmkamm: gnametp d,
rnybuHa 30HbI nerMpoBaHusa h , rnybuHa
BaHHbl Nnaenenusa h; (puc. 60). Ouametp
30Hbl NErnpoBaHnsi Bcerga MeHblue, Yem
AnameTp nasepHoro nyya, 4to oObsACHAET-
Csl  HEepaBHOMEPHOCTbID pacnpegeneHus
MNAOTHOCTM MOLLHOCTU U3My4eHUs No ceye-
HWIO CBETOBOrO MOTOKA, MMELLEro MaKcu-
MarbHOEe 3Ha4yeHue B LieHTpe ny4ka (qo ), u
YMEHbLUAKLWErocsa no mMepe yaaneHus oT
LeHTpa no 3akoHy [aycca.Ecnu B ueHTpe
fnydya nonHas MOLWHOCTb mmnynbca Pu u

NAOTHOCTb MOLLHOCTM O , a Pn -

MOLLHOCTb MMMynbca (gn - NAOTHOCTb MOLLHOCTK), NOrnoLleHHasi o6Ma3sko, Tak HasblBae-

MadA noporosad MOLWHOCTb UMNybca ﬂp060ﬂ obmasku, 1o COOTBETCTBYKOLLMNE 3HAYEHUAM Pu

n Pn rayccoBckue pacrpefeneHnsa aHeprum UMeroT BUA, NOKasaHHbIn Ha puc. 60.

PasHocTtn (Pu - Pn ) n ( qo - qn ) onpeaensioT NOnesHyo -3Hepruto, NCNorb30BaHHYHO

npu nernposaHuun. KacatenbHasa ab Kk rayCCoBCKOMY pacrnpefeneHuto normnoLweHHon MOLLHO-

ctn Pn no Toukam nepeceyeHusa a n b ¢ rayccoBckum pacnpegeneHmemM rnornHOM MOLLHOCTU

nMmnynbcCa AaeT AnamMeTp 30Hbl NermpoBaHnA.

Takum 06Gpa3om, Hanas NOPOroBytd MOLLHOCTb MMNynbca npobos 06-ma3km Pn MOXHO npo-

rHO3MpoBaTb reoMeTpu4eckme napameTpbl 30Hbl IermpoBaHUA. OTa Heprua (MOIJ.I,HOCTb NM-

nynbca) sBnseTca PyHKUMen TepMOANHAMUYECKNX U ONTUYECKUX XapaKTepUCTUK MaTepuana

obma3sku, a Takke TONLWKUHbI crnos oomasku H.
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OnpegeneHne NOporoBon NIIOTHOCTU MOLLHOCTM ANSA WNMKEPHOro cnos obmasku 3a-
AaHHOW TOSNLWMUHBI NEerko pellaeTca akcrnepuMmeHTanbHbiM nyTem. [ng aToro SOCTaTovyHO
HaWTM MOLLHOCTb MMMynbCa, NPU KOTOPOW MPOMUCXOAUT NPOOOK LUNMKEPHOrO Crosi, HO eLe
OTCYTCTBYET BO3[EMCTBME Na3epHOro N3nyyeHns Ha NnoBEpPXHOCTbL MeTarnna.

4.3. dDopMmupoBaHMe YNPOYHEHHOM 30HbI NPU Nla3epPHOM fNerMmpoBaHum

dopmMupoBaHmMe yrNpoYHEHHOW 30HbI B pe3ynbTaTte NnasepHoro nermpoBaHus npoucxo-
auT nytem guddysnm n macconepeHoca nermpyrowmnx afIEMeHTOB B TBEPAON hase 13 xua-
KOW hasbl 1 13 Nnasmbl.

CTpyKTYpHble CBOMCTBA 30Hbl fIerMpoBaHWs 3aBUCAT OT KOHLEHTpauun NernpyroLmx
9NEeMEHTOB 1 NoNyYeHus a3 pasnmyHon cteneHn cTabunbHOCTU U ANCNEPCHOCTU, KOTOPbIe
o6pa3syloTcsa B npouecce Kpuctannusaumm n oxXnaxaeHus.

Hapsgy ¢ KoHueHTpaumen nervpyowmx KOMNOHEHTOB B 0O6Maske CTpOeHMe U CocTaB
30Hbl TEPMUYECKOrO BO3AENCTBUSA ONPEeAensitoTCa TEXHONOMMYECKUMN napaMmeTpamu nasep-
HOro obny4eHusi - NNOTHOCTbIO MOLLHOCTU M3IyYeHWsl, BpeMeHeM ero AeWCTBUS, YUCIIOM
MMMNYNbCOB, @ TakKe KONIMYECTBOM U XMMUYECKMM COCTaBOM 0OMa3Ku.

B 3aBMCMMOCTM OT 3HEPrUN N3Ny4eHUs N Konnyectsa oO6Maskm MOXHO U3MEHATb CO-
CTaB U CTPOEHne NoBepxHOCTHOro cnos. Hanpumep, npu sHepruv E = 10 )X Ha MMNynbCHOM
nasepe npu HebonblWOM KonnyectBe obmaskm obpasyeTcss 0OblyHas 30Ha TEPMUYECKOro
Bo3gencteusa. C ysennyeHmemMm Konudectsa obmMasku 30Ha nermpoBaHuUst B KOHEYHOM cyeTe
BbICTyNnaeT Haf MOBEPXHOCTbIO, CO3haBas HanmaeneHHbIn cnoi. MNpu gedokycnpoBke ny4va
MOXHO MPUNNaBnTb K MOBEPXHOCTU OTAENbHbIE YacTuLbl 0OMa3Ku.

Mpn yBeNUYEHNMN MOLLHOCTU MMMYyNbCa Bblle NMOPOroBOro 3Ha4YeHusa Ans crnosd ob-
Ma3Kku AaHHOW TOMLWMHbI HA NOBEPXHOCTM NOANOXKM HAaYMHaeT (hopmMMpoBaTLCA NerMpoBaH-
HbIn (MOOMAMLMPOBAHHbLIN) crioi. lMpyn oTHoweHun Pwu/Pn Heckonbko Oonblle eanHuLbl
pa3Mepbl 30HbI NIErMpoBaHus, NOfy4YaemMon B pedynbTate OAHOro UMNynbCca, Kak B AnameT-
pe, TaK 1 Mo TONWNHE HE3HAYNTENbHbI.

C yBennyeHnem 3TOro OTHOLLUEHMS pas3Mepbl NErmpoBaHHOM MM MOAMMULMPOBAH-
HOW 30Hbl yBenu4umBatoTcs. Npuyem BHavane pocT TOMLWMHbI BbICTyNaloLWwen Haa NoBepXHO-
CTbIO YacTu cnos (cm.puc. 60) onepexaeT yBenuyeHne TONWMHbI AMPEDY3MOHHOW 30HbI h 1
npovcxoanT Hannaeka meTtanna. [anbHenwee yBenudeHve otHoweHus Pu/Pn npuBoaut K
o6pa3oBaHUI0 HaMnaBkK Co Bce Bonee yeBenuumsaroLencsa 3arnybneHHon 4yacTblo, T.e. npo-
cTupatoLwenca B rnybb NoanoXku u3 OCHOBHOro metanna. [1py HEKOTOPOM COOTHOLLEHWUM
Pwu/Pn Ha noBepxHOCTM 06pasyeTcsl erMpoBaHHbIN CrON C paBHbIMK MO BENUYMHE «3arny6-
NEeHHON» 1 BbICTynawLwen Yyactamu. Nocnenytouiee yBenmyeHne MoLHoCTK obycnosnueaet
CHKEHUE 3HaYeHNS TOSLUHbBI HanIaBneHHOro ¢nos h, n Bo3pactaHue rmybuHbl 30HbI Neru-

poBaHus h.
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Taknm obpas3om, ANS KOHKPETHOW TOMWMHbLI Cnosi obmaskm cooTHoweHue Pwu/Pn
onpeaendeT TUM NerMpoBaHHOM MM MOOMMULMPOBAHHOW 30HbI: Hannaeka npu hy> h 1 ne-
rmpoBaHHbIi crnon npu h>h,. Tak kak 4eTKon rpaHuLbl MeXay HamnnaBkoM U NasepHbIM nerun-
poOBaHWEM He CyLLeCTBYeT, B AalibHEWLIEM YCMOBHO MPUHMMAaEM 3a TaKylo rpaHuLy MoLu-
HOCTb MMMyrbca, Npu KoTopon obpasyeTtca cnon ¢ napametTpamm h=h,. C aTON TOYKN 3peHNS
BeCb pabounin AnanasoH MOLUHOCTWU n3nyydyeHus Pu >Pn gna pasnuyHbiX TOMAWMH obmasku
MOXHO pa3butb Ha aBe obnactu: | - pexxuma nermposanus u Il - pexxuma Hannaeku (puc. 61).
HwxHen rpaHuuen obnactn pexuma Hannaeky SBNSETCS 3aBMCMMOCTb MOLLHOCTM nNpobos
OT TONWMHbI cnos (puc. 62).

Ha puc. 61 nokasaHbl Ans MMMyfbCHOro nasepa BO3MOXHblE 06NacTn peXMMoB fe-

rmpoBaHus 1 Hannaeku npm JIXTO.
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Puc. 61. Obnactn TexHonornyecknx pexmmos Puc. 62. 3aBMCMMOCTb MOLLHOCTU UMMYSb-
NPy pasfuMyHOM MOLLHOCTM uUMMNynbca M Tomn- ca, obecneuymBatowen adpdekt npmudbos ob-

LMHe crnosi obmasku: Ma3Ku, OT TOMNLUMHbI LLFMKEPHOrO Crost
1 - obnactb pexuma nermposanus; Il - 06-

nactb pexuma Hannaeku; Il - Hepaboyas 06-

nactb

[na Bcex TUMOB HAacCbILWEHHbIX 3IEMEHTOB PEXUM NEerMpoBaHUA MMEEeT MeCTO Mpu
CcooTHoweHun Pu /Pn > 1,5-2,0. MeHbluee 3Ha4YeHWe OTHOLUEHWS COOTBETCTBYET MasbiM
TonwmHam obmasok; nNpu yBennyeHnn TonwmHbl obmaskm Tpebyemoe npeBbIlEeHNEe MOLLHO-
CTV MMMyfnbCca Hag NOPOroBOM NpMbnmKaeTcsa K ABYM.

CTtpykTypa, ha3oBbili COCTaB M CBONCTBA 30H YNPOYHEHUSI 3aBUCAT OT aHepreTude-
CKMX NMapameTpoB U3My4YyeHUsl, HO B OCHOBHOM onpeaengalTca TUNOM U KONMYEeCTBOM Hacbl-
LLIAOLLLEero ariemMeHTa Unu TomnLWMHOM cnos obmasku.

Mpun JIXTO B0o3MOXHO obBpasoBaHMe MepechilleHHbIX TBepablX pacTtBopoB. Hanpwu-
Mep, Npu fnerMpoBaHumM xenesa BonbgpamomMm obpasyeTcsi o-TBEpAbIA pacTBOpP Ha OCHOBE
Xenesa C KoHUeHTpauuen Bonbdpama ~ 15-18%, 4TO 3HauUUTENbHO MpeBbillaeT Makcu-
ManbHYy PacTBOPMMOCTb €ro B Xernese Mo guvarpaMmme COCTOSHUSA. AHanornyHble AaHHble

nony4yeHbl Npu nernpoBaHUn xereaa MonnéaeHom npn MHOrokpatHoOM UMMNYJ1bCHOM O6J'Iy-
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yeHun. lMpn paBHOBECHOW KOHLUEHTpauun ~6,7% monubaeHa B o -xenese npu JIXTO KoH-
LUeHTpauma monubaeHa nosbicunack 00 28-36%. Bbicokasi KOHUEHTpauusi nernpyroLmx
9N1EMEHTOB B pacnnaBe Npu CBEPXCKOPOCTHOM oxnaxaeHumn B ycnosusix JIXTO npmBoguT K
06pas3oBaHunio NepechbILEHHbIX TBEPAbIX PaCTBOPOB.

BbiCcOkas KOHUEHTpauusa nernpyroLmx KOMMNOHEHTOB 1 BO3MOXHas HEPaBHOMEPHOCTb
NX pacnpegeneHns B 30He MMaBrieHnsa onpeaensoT yBenvyeHne BHYTPEHHUX HanpshKeHUn,
4YTO MOXET NPUBECTU K 06pa3oBaHMIO TPELLUH 1 MUKPOMOP.

HeopHopoOHOCTb cocTaBa 30HbI pacnfasa, B YaCcTHOCTM Mpu nasepHomMm 6opuposa-
HUM NoATBepXAeHa MeTogoM paavorpacgpun. B6nusnm rpaHvubl 30HbI NaBreHUs C 30HOW
TEPMUYECKOrO BNNSAHUSA CHWXKAETCS KOHUEeHTpauns 6opa, YTo BbI3BAHO MOHWXKEHWEM TeMmne-
paTypbl MeTanna u MeHbLLEeNn MHTEHCUBHOCTbLIO NepeMeLLnBaHMA pacnsnasa B rpaHUYHoOn 06-
nactw.

BHeapeHne atomoB 60pa NPOMCXOANT MO rpaHnLamM 3epeH, YTo MOXeT Bbrmb CBA3aHO
C NnoKarnbHbIM pacniaBneHneM rpaHul, 3epeH Ha rpaHuue 30Hbl NMaBfEeHUSA U 30HbI: TepMU-
Yyeckoro BnusiHMSA. py MHOrOKpaTHOM MMMNYNbLCHOM BO34ENCTBUMM KOHLUEHTpaums .6opa Bbl-
paBHMBaeTCsl B 06bemMe pacnnaBneHHoro metanna.

WccnepoBaHne XxMmudeckoro coctaBa 30H nnasneHusa npu JIXTO nerMpoBaHHbIX
cTaneun nokasblBaeT, YTO B pacnnaBe He NPOUCXOAMUT 3aMEeTHOro nepepacnpeneneHus neru-
PYIOLLIMX 3NTIEMEHTOB CTarw.

BbiGop HacbIWwamLWmMx aNemMeHTOB AN Na3epHoro nernpoBaHnst 06bI4HO OCYLLECTB-
NSeTCs AMMMPUYECKM B CEpuM NpeaBapuUTENbHbIX 3KCNEPUMEHTOB Mpu pa3paboTke TexHOo-
norrumn JIXTO ynpoyHsAembix CnnaBoB. Hanpumep, npy NerMpoBaHuUM CNNaBoB anioMUHUS
MeObto, LIMHKOM, KpEMHUEM, CypbMOWN 0Bpasylolmnecs CTPYKTYpbl NPakTUYeCKn He BeayT K
noBbIWEeHno TBepaocTu. lMonbITkn BBeAeHUA B pacnnas kapbuaos (kapbugbl 6opa, Bonb-
dpama, TUTaHa, Xpoma), HUTPUAOB (HUTPUAbl TUTaAHA, BaHaAUA, LUMPKOHUS), OKCMAOB (OKCK-
Abl antOMUHNA, KPEMHUS, XpOMa) Takke He npuBenun K hopMmMpoBaHmIO YNPOYHEHHOIO Crosl.
B 30He nasepHoOro BO34eNCTBUSA NpM 3TOM He OOHapyXMBanucb HOBble (hasbl, @ MUKPOCTPYK-
Typa Cnosi COOTBETCTBOBAsa CTPyKType, nofy4aemMon npu nasepHon TepmoobpaboTke cnna-
BOB aniOMUHWUSA C OMnaBfieHNEM.

B 3aBncMMOCTM OT TUNa Nernpyowero anemMeHTa (ero COBMeCTMMOCTU C MaTpuuen),
KonuyecTtea nervpyowen obmaskn n pexmnmoB obpaboTKn KONMMYECTBO BKIHOYEHUIA YNPOY-
HsOLWKMX a3 B NONEPeYHOM CEHEHUN BaHHbI MMaBNeHNA MOXET ObiTb pa3nnUYHbIM.

Hanpumep, npu HacbiWweHU CrnnaBoB antoMUHUA aMOpdHbIM BGopoM Npu BonbLUnX
nnoTHocTax mnanydyeHus OKIT Ha rnmybuHe go 50-60 mkm HabntogaeTcs BblgeneHne oTgenb-
HbIX BKIHOYEHUA HOBOW hasbl, MMEKOLEN O4YeHb BbICOKYHD MUKpoTBepnoctb (20000-25000

Mlla). O6wee KONMYECTBO BKIOYEHUN He MpeBbiwaeT 2-3% nnoLwiagn nonepeyHoro ceye-
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HWS1 BaHHbI NMABMEHNA U HE NPUBOAUT K yBENUYEHWNIO TBEPAOCTU 30HbI 06paboTkn. CTeneHb
3anofiHEHMS MOMNEPEYHOr0 CeYeHUs1 BaHHblI MfaBfeHUs HOBOW (hasor npu nerMpoBaHum
antoMmHma Hnobmem coctaBnseT 40-45%, Hukenem - 75-80%. NMpwu nermpoBaHum metanna-
Mu IV 6 rpynnbl nepMognyeckon cuctembl 06pasdyeTcs CnrowHas ynpoYHeHHas 30Ha C paB-
HOMEpPHbLIM pacnpeneneHnemM TBepaoCTu.

Mpun nasepHoM ynpovHeHun obpasytoTcs asbl C pasnmMyHbiMK yaenbHbIMY 06bema-
MW, OTIIMYAOLWMMUCS OT UCXOAHbIX, 1 MO3TOMY B MOBEPXHOCTHOM Crioe MeTarna BO3HUKaloT
BHYTPEHHUE HanpsbkeHns. BenuumHa n 3Hak 0CTaTOYHbIX HanpshXXeHu, BO3HMKaKLWNX nocne
UMMNYfbCHOW nasepHoin 06paboTkn, 3aBUCAT OT pexunma yrnpoyHeHus, koaddurumeHTa nepe-
KpbITUsi, pa3oBOro n XMMmM4eCcKoro coctaBsa 30Hbl nermpoBanus. MNpu JITO ¢ onnaeneHmem
npy eANHNYHOM MMNyIibce unu obpaboTke B NUHUIO 6€3 HanoXeHNss 30H yNpo4vHeHus obpa-

3YIOTCA CKXMarLne HanpsaXxeHus.

MECMO UIMEDEHUR KA~ - Mla 600 400 200 0 200 *c, MNa

npANEHUL
50
10 a)
50
/ s 8
h, MM
3oMa YnpOuHEHUR -6,MNab00 400 200 0 200+c,MNa
S0
100 d)
150
h, MM

Puc. 63. PacnpeneneHne oCcTaTOYHbIX HaNpshKeHUA B MOBEPXHOCTHOM Crioe cranu
40X, ynpoYHeHHOM nasepHbIM uanyyveHunem: a - JITO ¢ onnaeneHvem, o6paboTka B fIMHUIO C
HanoXeHWeM 30H ynpo4dHeHusd, K3 = 0,6; 6 - JIXTO, obpaboTka B NMMHUIO C HArNoXeHNem 30H
ynpoyHeHus, K3 =0,3 (bopupoBaHue)

[Mpn HanoXeHUn 30H yNpoYHeHUst ¢ KoapdumumeHTom nepekpbitua 0,3-0,6 cxumato-
LLMe HanpshKeHNs Ha NoBepxHOCTM Bo3pacTatoT. OgHako Ha rmybuHe 40-60 MKM HanpskeHus
nepexogsT B pacTarmsarowme, a Ha rinyoumHe 6onee 160 MKM OHM BHOBb CTAHOBATCH CXUMa-
owmmn  (puc. 63).

JlazepHoe nervpoBaHMe NO3BOMSAET NOMYYNTb PABHOMPOYHYIO NMOBEPXHOCTb NPWU CKa-
HUPOBAHWN Ny4a C NepeKkpbITUEM 30H YNPOUHEHNS.

Mpun JITO ctanu ¢ nepekpbiTMEM 30H YNPOYHEHUS B pe3yribTaTe BbICOKOCKOPOCTHOMO
HarpeBa M oxnaxaeHus paHee CHOPMUPOBAHHbLIX YNPOYHAEMbIX 30H NPOTEKalT NpoLecchl
NMOBTOPHOWM 3aKarku n otnycka. [Npu Harpeee 30H NepekpbITUA HKe Temrepatyp das3oBbix

I'IpeBanJ,eHVIIZ nponcxoaunT OTNycCk, I'IpVIBO[J,FIUJ,I/IVI K CHMXKEHUIO TBEPOOCTHN.
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JlernpoBaHme nos3BonsieT yMeHbLUTb NageHne TBepaoctu npu obpaboTtke ¢ nepe-
KPbITUEM, YTO 3aBMCUT OT (pa30oBOro cocrtaBa 30H ynpodHeHusi. Mpu obpaszoBaHun TBEpObIX
pacTBOPOB U reTepodasHblXx cMecen TBepAblX pacTBOPOB U UHTEPMETaNNNA0B NOHMXaeTCA
TBEPAOCTb B 30HaxX nepekpbiTna. Mpu opMMpoBaHUN NHTEPMETANMNOHbIX CTPYKTYP AOCTU-
raeTcs ogHopoaHas rno TBEpAOCTM YyNpoYHEeHHast MOBEPXHOCTb. B YacTHOCTK, Npy nasepHoOM
G6opupoBaHun npu obpasoBaHumn a3 Tuna Fe;B n FeB nageHusa TBepgocTn B 30Hax nepe-
KPbITUSI HE NPOUCXOOUT.

KoHueHTpaumio nervpyrowero anemMeHTa B YnpoYHEHHOM CIloe MOXHO NPUBNNKEHHO
OLEeHNTb No NpmBecy obpasua:

K>=[AP/(Po+AP)]100%
raoe AP- yBenuyeHne macchl obpasua nocrie nermpoBaHus; Po - macca pacnnaBneHHOro
cnost metanna.

OueHKa KOHLUEHTpaumm nervpylowmnx aneMeHToB MOXeT ObiTb NpuBnmKkeHHO npoBe-
AEHa U3 reOMEeTPUYECKNX NapaMeTPOB 30HbI YNPOYHEHUST U TOMNLLMHBI Crosi 06Ma3Ku.

BrnngHue sHepreTnyeckmx XxapakTepUCTUK Na3epHOro U3nyyYeHus Ha reoMeTpudeckme

pas3mMepbl 30H YNpoYHEHUA

ﬂmameTp 30HbI NernpoBaHNA MOXeT ObITb onpeaeneH pagunycom rayccoBa ny4ka rnpu
N3BECTHOW MMOTHOCTHU I'IOpOFOBOIZ MOLLUHOCTU U3ny4yeHna mnMmnynbca MOLWHOCTbIO Pn, Heob6xo-

anmon ansa npobogd crnost obmaskm TonwmHon H (cm. puc. 60):

d=2./(1/ k) In(P& / BY) (29)

rae Pu - mowHocTb nmnyneca; Pn - MowHOCTb Npo6os ANg LWAMKEPHOro Crost AaH-
HOWM TONWWHBI; K - KO3hPULMEHT COCPEeaOTOYEHHOCTU N3NYYEHUS.

Pac4yeTtbl no dopmyne (29) xopoLo KOppenupyrT C 3KCNepUMeHTanbHbIMU AaHHbI-
MU,

OKCnepuMeHTanbHO NosyYeHHble JaHHbIE O 3aBUCUMOCTU TOSLUMHBI NIEMMPOBAHHOMO
CNnosi OT BeSIMYMHbI UCMOMb3yeMON MOLLHOCTY (ycTaHoBKa KBaHT-16) 1 nameHeHun koadpdu-
LUMeHTa MCNonb30oBaHUA UMMNyrbca C yBenuMyeHueM TOMLWMHbLI 06Ma3kn No3BoNsAT NOCTPO-
WTb HOMOrpamMMbl AN onpeaeneHns TOMWWHbBI 30H NerMpoBaHns B 3aBUCUMOCTM OT MOLLHO-
CTW NasepHoro MMnynbca v TOMWUHbI cnost obmasku. [1ns obmMasok 13 NopoLLKOB TUTaHa U
kobanbTa 3T HOMOrpamMmbl NpeAacTaBneHbl Ha puc. 64. JleBaa yacTb HOMOrpammbl Npea-
crtaBndeT cobon 3aBUCMMOCTb MCMOMb3YEMON MOLLHOCTM OT MOSIHOW MOLLHOCTU fla3epHOro
nMnynbca nNpu pasnu4yHon TomnwuHe crnost obmasku. 3Ta 3aBUCUMOCTb onpeaenseTca pac-
YeTHbIM NyTem no opmyne:

Kucn=(Pn/Pu) (In Pn/Pu+K r?)+1 (30)

rae Kncn=Pucn/Pun — koadduumeHT ncnonb3oBaHns aHeprun nmnynsca; K — koagpdpuumneHt
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COCpPeAOTOYEHHOCTM UCTOYHMKA TEMMOTbI.

lMpaBasi 4yacTb HOMOrpamMmbl SIBMISIETCS 3aBMCUMOCTbIO TOMWMHbLI FIEMMPOBAHHOIO
CNnosi OT UCNONb30BaHHOM MOLHOCTU. HOMOrpamma no3BonsieT nerko onpenenaTb oxuaae-
MYIO TOSILLMHY 30H NErMpoBaHusa Npu pasnuyHbiX pexmmax paboTbl nasepa Ans MHTepBana
TONwWMHbI cnosi oomasku 0,1-0,9 MM n, HaobopoT, NO 3adaHHOW TOMLLMHE NErMpoBaHHOro
cnos onpegenaTte Tpebyemble napameTpbl JIXTO, a MMEHHO, MOLHOCTb U3My4YeHMs U TOs-
WnHy obmasku. Hanpumep (cm. puc. 64), npu o6paboTke NOBEPXHOCTEN Na3epPHbIM U3nyye-
HMEeM MOLLHOCTbIO 2,3 KBT npu TonwuHe crosi oomaskm 0,3 MM ucrnonb3yemas MOLLHOCTb
nMnynbcoB coctaBuT 1,6 KBT n TonwuHa nermposaHHon 3oHbl 0,33 MM.

Mpy MHOrokpaTHOM 00fy4YEeHUM 30H NTA3EPHOr0 YNPOYHEHMS NMMNYbCaMK C MOCTOSAH-
HOW 3HEpruen yBenuuuBaroTcs ux pasmepbl. Hanbonbliee yBennveHme rmybuHbl 1 gnameT-
pa 30Hbl TEPMUYECKOrO BINSHUST U 30HbI NITABNEHUS NPOUCXOAUT B MPOLIECCE MEPBLIX TPEX

MMNYNbCOB, @ 3aTeM pasMepbl 30H CTabUNM3NPYHOTCS.
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Puc. 64. Homorpamma gns onpegeneHnsa ncnonb3yemMon MOLWHOCTU U TOMLWWHbI fe-
rMMPOBAHHOrO Criosi B 3aBUCUMOCTM OT MOSIHOW MOLLHOCTU MMMyribca Mpy HacbIWeHUN TuTa-
HoM (@), koBGanbTom (6) ANA pas3nuYHbIX TOMLWMH 0BMa3KK:

1-0,1 mm; 2-0,3 mm; 3-0,5 mm; 4-0,7 mm; 5 -0,9 mm

Ecnn 3oHy nnaenenunsa npu JIXTO cocTaBnseT HECKOMNbKO Pa3fiMyHbIX CTPYKTYP, TO

MHorokpaTHaa ob6pabotka wuanydyeHmem OKI nossonsieT nonyyntb Gonee OOHOPOOHYHO
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CTPYKTYPY M paBHOMEpPHOE pacnpegeneHne MMKpoTBepaoCTN No o6bemy pacnnaBneHHoro u
3aKpucTannunsoBaHHoro matepuana. Npu obpasoBaHuM CTPYKTYp € GOnbLIMMUK yaernbHbIMU
ob6bemamu Npu NOBTOPHOM 06ny4yeHun B 3oHax JIXTO BO3MOXHO oGpas3oBaHue TpewvH B
pe3ynbTaTe BHYTPEHHUX HAMPSPKEHWUNA.

4.4. TexHONOrnA NasepHoOn XMMNKO-TepMUYeckon obpabotku (J1IXTO)

4.4.1. MemoObI ssedeHusi 1e2upyrouux 3JIeMeHmoas rpu sia3epHoM Jyieaupoea-
Huu

Mpn NXTO nepen o6paboTkon fnydom nasepa Ha NOBEPXHOCTb M3L4enusa npegsapu-
TenbHO HAHOCAT fervpylowme anemMeHTbl pasnmyHbiMKM cnocobamm: HakaTkon ponbrn u3 ne-
rmpylowero matepvana, 3MneKTpoSIMTUYECKUM WU XUMUYECKUM OCaXAeHUeM, BaKyyMHbIM
HanbIIEHNEM, 3NEeKTPOUCKPOBLIM NErmpoBaHNEM, HaHeCEeHMEeM MOPOLLUKOB WM 0Bmasok,
HacbILWEeHNeM 13 XnOKoCTU Unv rasoBoun cpegbl.

JlermpoBaHne 13 rasoBon grasbl OCYLLECTBAAETCS NPU HOPMaribHOM M MOBbILLEHHOM
AasneHuun. Hanpumep, npu nasepHoM a3oTMpPOBaHMK CTanu yBenuyeHne TBepaocTu B 2-2,5
pasa gocturaeTtca npu gasneHunn asorta 8,82Mla, npu a3oTMpOBaHUN TUTaHA 3HAYUTESNBHOE
NOBbILLIEHNE TBEPAOCTU MPOMCXOAUT NPW HOPMAanNbHOM [aBNEHUM U nogadve CTpyn asoTa B
30HY 06paboTKM.

Bo3amoxHO BBeAeHME MOPOLLUKOBOrO NErnpyloLiero KOMMOHeHTa npwv BAyBaHWM MO-
poLuka gmcnepcHocTbio okono 100 MKM B 30HY Na3epHOro obry4yeHns NOTOKOM BO34yxa Unu
apyroro rasa-Hocutens. [Npu aTom cnocobe He TpebyeTca npenBapuTensHon obpaboTku ae-
Tanemn, ogHaKo HEAKOHOMMYEH pacxof maTepuarna u nNony4yarTcs NerMpoBaHHbIe Crion ¢ Ma-
1OV KOHLEHTpaLMen Nermpyowero anemMeHTa.

HacblweHne n3 obmasok obecneuymBaeT ©onee 3KOHOMHbIA pacxoq nernpyroLmnx
3N1EMEHTOB U BO3MOXHOCTb MOSly4YEHUS B 30HE YNPOYHEHMS BOMbLUON KOHLEHTpaUMM Hachbl-
LiaKowero anemMeHTa, Kotopas perynmpyetcss B OCHOBHOM TOmwMHoOn obmasku. JlasepHoe
nerMpoBaHue Yepes LUNNKEPHbIV CNOW NOPOLLKOOBPA3HOro NernpyoLLero afemMmeHTa 3aMmeTHO
noBbILWAET nornowaTenbHy CNOCOOHOCTbL MOBEPXHOCTH.

TexHonornyeckas nocnegoBaTenbHOCTb 3TOr0 MeToda 3aknio4yaeTcs B HaHeCeHun
obMma3sku (NopoLUKa NervpyoLLEero anemMeHTa n ceasyoLero Bellectsa) Ha obpabaTbiBaeMyto
NMOBEPXHOCTb, CYLUKE C Lenbio hmkcaumm HaHeceHHoro cnos obmaskm n obpaboTtke ynpou-
HSEMOW NOBEPXHOCTM NasepHbIM usnydeHmeM. CBA3YOLWNA COCTaB OOSPKEH yOOBNETBOPATb
cnegyrowmnm TpeboBaHMAM: cogep)KaHne Cyxoro BewecTBa B HEM OIMKHO OblTb MMHMMAarb-
HO BO3MOXHbIM BO nsbexaHue pasbpacbiBaHMSA YacTUL, HacbIWAoLWero KOMnoHeHTa obmas-
KM B npouecce ob6paboTkm npoayKTamu CropaHusi CBSA3YHOLLEro; CBA3yloLlee BewecTBo 00-
Ma3KM LOMKHO ObICTPO BbICbIXaTb UMW NOIMMEPU30BATLCA B ClydYae OpraHM4Yeckoro coeamu-

HeHusa na obecneyeHns BbICOKOW NPOM3BOANTENBHOCTU 06paboTKu.
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Mpn ncnonb3oBaHUM B KaYeCcTBe CBA3YHOLLEro OpraHN4YeCcKnX MaTepuarnos, Takmx Kak
XWpbl, CAHTETUYECKUNE KNesLne BeLecTBa, aNoKCMaHbIe CMOnbl 1 Ap., 06pasyeTcsa 6onbLuoe
KONMUYEeCTBO CaXKu, KOTopas U3-3a HU3KOW CKOPOCTU FOPEHUSA CBA3YIOLLEro BblAendeTca BO
BpeMS OEeNCTBUS Na3epHOro Mmnynbca WU 3KpaHUpyeT MNOBEPXHOCTb. ITO NpendTtcTByeT
(POPMUPOBAHUIO KNOKOW BaHHbI. Jlydwme pesynbraTtbl Nofy4YeHbl Npyu NPUMEHEHUN KINEeB U
NakoB Ha OCHOBE HUTpouenntonosbl. CKOPOCTb NX ropeHnst 6onbLue CKOPOCTU nasepHon 06-
paboTKM 1N NOSTOMY 30eCb B OCHOBHOM 00OpasytoTcs raszoobpasHble NpoAayKThl, MpO3payHble
Ansa nasepHoro nyya. OgHako Npyv UHTEHCMBHOM WM 3HAYUTESbHOM ra3oBblAeNeHNN BO3MOX-
HO pasbpacbiBaHne obmMasku. Xopolume pesyrbTaTbl NOfy4YeHbl NPU UCMONb30BaHUN B Kave-
CTBE CBSA3YHOLLEro LanoH-fnaka B konmyectee 9-33% maccbl o6maskn. OgHako ero npumMmeHe-
Hue TpebyeT MCNOMNb30BaHMA creunanbHbIX TEPMUYECKMX LWKadoB ANS NonMMepusaumu
CBA3YIOLLEro M Npouecc CylWwKku anuteneH. B kayecTtBe cBA3yloLWEro MOXeT BbITb MCNOMNb30-
BaH 20%-HbI pacTtBop kned b®-2 B aueToHe. Bpems CyLllkn npu NpUMEHEHUN OAHHOrO CO-
cTaBa Ans NOonyYeHus yaoBreTBOPUTESbHOM aaresmm crnos o6mMaskm NoBepXHOCTbIO anioMu-
Husa coctaenseT 15-20 muH npu 20°C. Kpome Toro, aHHbIN COCTaB MMEET HU3KYH BA3KOCTb
M XOPOLUYHD CMayMBaeMOCTb MOBEPXHOCTEN, YTO BaXHO NPW NMpUMEHeHUn obMas3ok CTporo
onpeneneHHon TONLLWHLI.

MpumeHsiemble Ons NerMpoBaHMA M HannaBKyM MOPOLUKMA OOSMKHbI UMETb CPeHIo
dpakumio pasmepoB vactuy, nopowwka B npegenax 100-250 mkm. MNpu npurotoBneHun o6-
Ma3sKkn HeobXoaMMO UCKNIUNTL KOMKOBaHue. B yacTHOCTM, Ans HannaskM obOMaska MOXeT
ObITb NMPUroTOBIIEHA MO CrEAYHLEN CXeMe: CBA3YoLee (OKCUITUNLIENNION03a) pa3BoanTcs
ropsayen sogown (70-80°C) B nponopumm 1:5 no ob6vemy. B nogrotoBneHHbIn pactsop Jobas-
ngeTca HannaensieMbl MOPOLLOK M pasmMellnmBaeTca 40 MOMyyYeHUs MaccCbl paBHOMEPHOM
KOHCUCTEHLMMN.

Mocne atoro obmaska HaHOCUTCS Ha NOBEPXHOCTb

Aetanu. [Ins Ten BpalleHus Xopolune pesynbTaTbl

JaeT HaHeCceHue LWINKepHOro Ccrioa npu obkaTbI-

BaHWUM geTann BariMkom, KOTOprVI nonynorpyxeH B

BaHHy C NMoAroToBneHHon obmaskon. Perynuposa-

HMWe 3a3opa Mexay BaliMkoM U aetanbio gaeT BO3-

MOXXHOCTb HAaHOCWUTb MOKPbITUA pa3H017| TONLWMWHBbI.

Puc. 65. Cxema HaHeceHus1 oOMasku: lMoBepxHOCTb Banuka [oOrmkHa ObITb pudneHomn
1 - oGpabatbiBaemas petanb; 2 -
LeHTp; 3 - BanuK; 4 -BaHHa CO CMa30u4-
HbIM MaTepuanom; 5 - ByHkep C no- YAepXaHuss PaBHOMEPHOrO Crosi CMecu Ha no-
POLLKOM

unu rybyaTton (Hanpumep, Crnow NoporioHa) Ans

BEPXHOCTMW. Bpau_l,eHme BalmMka U getann OOImKHO

OCYyLLEeCTBNATbCA B NPOTUBONONOXHbI€ CTOPOHHbI,.
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YTO NErko AOCTUraeTcs C NOMOLLbI MapasuTHOro ponuka. [na npegoTBpalleHusa paccrioe-
HWUs1 cMecu ee HeoBXOAMMO MOCTOSIHHO NepemMeLlunBaTb BoaMoxHa gpyras cxema HaHeCceHus
LUNMKEPHOro NermpyroLLero cnos, npu KoTopon Ha obpabaTtbiBaeMyto NOBEPXHOCTb Npeasa-
pUTENBbHO HAHOCUTCS KIIEEBOW COCTaB, a 3aTeM HaCbINaeTCsi MOPOLLOK.

Cxema cosaHus WIMKEPHOro Crosi Npy nocrnefoBaTeslbHOM HaHECEHUUN CBA3YHOLLe-
ro Cnosi M NOPOLLKOBOrO HaMosIHUTENS Noka3aHa Ha puc. 65. B aTom cniyyae Banvk Anst Haka-
ThbIBAHWS CNOSA JOMMKEH UMETb MMaAKy NOBEPXHOCTb C WepoxoBaTocTblio Ra = 2,5-0,63 Mkm.
Mpy conpuKOCHOBEHUN MOBEPXHOCTEN Banvka M AeTanu npoucxoguT nepeHoc Ha deTanb
NMEHKN Krnesdwero coctaea, TosLWUHA KOTOPOW perynupyeTcs BA3KOCTbIO pacTBopa.

lMocne aTon onepauumm BaHHa C KJleeM OTBOAUTCS Ha 3anacHylo No3numio, a K geTtanm
nogsoauTcst OyHKEpP C MOPOLLKOM C TakKMM pacyeToM, YTOObl HAHECEHME NMOPOLLKa MPOMCXO-
AUIO He Mo UEeHTpy AeTanu, a Co CMELWEHMEM Ha OAdHy 4eTBepTb avametpa. [log getanb
YCTaAHOBNEH MOAAOH ANsi MpMeMa NopoLlKa, cehinakowierocst ¢ getanu. Npn aTom Henpowns-
BOAMTENbHbIN Pacxof NopoLuKa coctaBnaeT okono 2%.

Ha HebGonblune noBepXHOCTM OOMa3Ky MOXHO HaHOCUTb KUCTOYKOM M C MOMOLLLHO
YCTPOWCTBA TUNa «NuUCToneTa», NPMMEHSEMOro obblMHO ANsi ra3onfiaMeHHOro HaHeceHus
nokpbITMA. OgHako ANs YMEHbLUEHUs noTepb nernpyowmx 4o6aBok gaBneHWe Hecylien
CTpyn AormkHo 6biTb Ao 0,01 MMa.

BaxHO OTMeTWUTb, YTO npeaBapuTENnbHOM MOArOTOBKM MOBEPXHOCTM AeTanen Ans
JIXTO He TpebyeTcs.

[eTtann, He MMeloLWne CKOMNbKO-HMOYAb CYLLECTBEHHbIX 3arpsi3HEHUI NMOBEPXHOCTH,
06e3XMpuBaloT B BaHHE C pacTBOPOM coabl. [1na aetanemn, UMeLmX CTONKNE 3arpsi3HEHNS!

nocne aKkcnnyartauun, pekomeHayeTcda oO4nCcTka B MOKOLKUX pacTBopax.

4.4.2. BnusiHue pexumoe JIXTO Ha pa3mMepbl 30H Jla3€pPHO20 YIrPOYHEeHUs

Mpn obpaboTke NOBEPXHOCTU cTanbHbIX obpasuoB wusnydeHvem OKIT B pexume
onnaeneHnss opmMupyeTca 30Ha NnasepHOro BO3AEWCTBUA, COCTOSLLAA U3 30HbI pacnna.-
NEHHOro 1 BbICTPO3aKPUCTaNIN30BaAHHOrO MeTanna (3oHa nnaBneHnst) 1 30HbI, NpeTepneB-
LUEeN CTPYKTYPHblE N3MEHEHMS B TBEPAOM COCTOSAHUMN (COBCTBEHHO 30HA TEPMUYECKOro BRn-
AHUS).

Ha pa3wmepbl 30H nasepHoro Bo3genctsus npu JITO n JIXTO BAvAOT NnoOTHOCTb
MOLLHOCTU U3MNy4YeHUs, KONIMYECTBO M CBOMCTBA HaHOCMMOM OBmasku. TexXHONorm4yeckumm
XapakTepucTukamu, onpeaensiowmMmm NnoTHOCTb MOLWHOCTU U3NYYEHUs], SBNAIOTCA: dHep-
s MMNynbca nas3epHoOro U3rny4vyeHusi, CTeneHb ero pacgoKyCUpoOBaHHOCTU, Hanuuue Tene-
CKOMMYECKON CUCTEMbI B ONTUYECKON CXEME YCTAHOBKN.

Ha puc. 66 nokazaHO M3MeHeHNE pa3MepoB 30HbI NraeneHns ctanm 40X npu 6opu-
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pOBaHMM B 3aBMCMMOCTUN OT SHEPrUM MMMymbca Npy pasfiMyHOM KONMYeCcTBe HAHOCMMOWN 06-
Masku 6opa.

lNoBblleHNE SHEeprmm nMmnynbca nasepHoro n3ryvyeHnd npnBoaunT K yBerinye-

T P, KT HUIO TNyOVHbLI U AnameTpa 30H MNiaBneHus U TepMuU-
P o ;L;’N! % yeckoro BnMAHWA.Mpu ManbIx KornmMyecTBax 06MasKku
o el Zuxasj// '%""ﬂ (MMOTHOCTL HaHeceHMst obMaskn [o 6-7 Mr/cm?) 3oHa
1000 nasepHoro Bosgenctauns npu JIXTO Gonblie yem npu
800 L JITO BcnegctBMe MOBBLILLEHHOW nornoLwatenibHomn
600 1 CMocobHOCTM MOBEPXHOCTM MeTanna, a npu [ocTa-
400 /) TOYHO OonbLIOM KonuyectBe oOMaskM pasmepbl 30H
200 = nnaBneHns N TEPMUYECKOrO BUSIHUS YMEHbLUAKTCS B

0 5 0 15 20 EAw pes3ynbTaTe BO3POCLUEro MOrfoLeHns 3Heprnm camomn
obmaskon.

Puc. 66. BnusHue aHeprum nmnyrb-
ca Ha avameTp dnn v TonwwmHy hnn  lNpy yBenuyeHnn konuyectsa obmaskum B YCNOBUAX
30HbI NMaBMeHUs Npu nerMpoBaHnn
6opom ctanu 40X ans pasnuyHoro
KonmyecTBa 06Maskm posw(Mr/cm ), JIEHHOTO MeTarnsa yMeHbLIalTCA BCIEeACTBIE
AF =0
NOrnoOLWEeHNss 3HeprMm camom obmaskomr, a Npu JOCTAaTOYHO GOMbLUMX 3HAYEHUSIX BHEPrmn

MarsbIX SHGDFMVI nMmnynbCa pa3mMepbl 30HbI pacnias

nMmnynsca rmybuHa n gnameTp 30Hbl NnasneHns Gonbwe, Yem npu JITO npyn aHanorMyHom
3Heprumn nmnyneca. PacnonoxeHne nosepxHoctn obpabatbiBaemoro obpasua BHe hokanb-
HOW NITOCKOCTW BbIXOOHOW NNH3bl ONTUYECKON CUCTEMbI YCTAHOBKN COOTBETCTBEHHO CHWXKaeT
NCNONb3yeMyH MMOTHOCTb MOLLHOCTM JIa3epHOro U3NyyYeHus B pesynbTaTe yBenudeHnd
AnameTpa nagawowero nydva. NMpy 3ToM rMyGuHbl 30HbI MAaBAEHUS U 30HbI TEPMUYECKOrO
BNUAHNSA YMEHbLLLAIOTCA N CTAHOBATCA 6oriee paBHOMEPHbLIMU MO CEYEHMIO.

4.4.3. O6pabomka nosepxHocmu nocse JIXTO

JlazepHoe nermpoBaHue NPoOBOAAT B PeXUME OMnaBfeHns, No3TOMY LLEPOXOBaTOCTb
NOBEPXHOCTU AeTanun B 30He nernpoBaHnsa Bo3pactaeT. B 1o xe Bpems npu JITO wepoxoBa-
TOCTb MOBEPXHOCTU MpPaKTUYeCcKn He mameHsietca. [NapameTpamu, onpegensoowmMmm mame-
HeHve npoduna NOBepxHOCTU B pesynbtate mumnynbcHom JIXTO, ABNSAOTCSA 3HEprus mm-
nyrnbca M3nyyeHus, nonoxeHuve ¢okarbHOW MIIOCKOCTU BbIXOOHOW MNWH3bl OMTUYECKON Cu-
CTeMbl nasepa OTHOCUMTENbHO MOBEPXHOCTW obpasua, a Takke KONMMYecTBO U CBOWCTBA

HaHOCMMOW OOMa3KW.
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h 1 Mpu onnaBneHun obpasyeTcs Konblie-
N

BaA BMaauMHa Mo KpasdM 3O0Hbl Jla3epHOro BO3-

OencTBua 1M nosaeBnsieTcs BbICTYMN B €€ LEeHTpe.

y x
-~ /"" IS rlpl/l yBEeJIM4YeHnn aHeprmmn nmnynbca nanyv4eHus
3 BCneacreme MHTEHCUBHOIO UCMapeHna MeTaniia
= == 1] BbICOTa BbICTyNna B UEeHTPe 30Hbl J1a3epHOoro

—— ~
4 /\_ BO34eNnCTBnA yMeHbLlaeTCAd, a |T|y6V|Ha Bnagu-
T |
by MK Hbl YBEJTUYMBAETCHA.
= ) 200 y

Mpn GonblUMX MMAOTHOCTAX MOLLHOCTM
Puc. 67. N'ameHeHne npodmnsa noBepxHo-
CTU npu nasepHom 6opupoBaHuM C pas- .
NTNYHON aHeprmeﬁ nMnynbsca, x: J1a y KpaeB 30Hbl Na3epHOro Bo3gencTBUA.
1-46; 2-11,9;3-22,1;4-325

nanydeHms OKI HaGnogaeTcsa BbiNfeck metar-

Ha puc. 67 nokasaHO M3MeHeHue npo-
duna noBepxHOCTU Mpu nasepHom 6opuposa-
HUN
C HaHeceHHol obmaz3skoi B konuyectse 4 mr/cm?, AF=0.

Mpn Manbix 3HAYEHUSAX SHEPTUM UMMNYMbCca Na3epHOro U3nyyeHus LIepoxoBaToCTb
NOBEPXHOCTWN yBENnM4MBaeTCA BCNEeACTBME HanunaHwus Bewectsa obmaskn Ha metann. MNpu
BoNbLUMX 3HAYEHUSIX SHEPTUN UMMYNbCa HanNMyYne obMaskm yMeHbLIaeT U3MEHEHUNE LLEPOXO-
BaTOCTM NOBEPXHOCTU No cpaBHeHuto ¢ JITO, HO y KpaeB 30HbI Na3epHOro BO3AENUCTBUSA, rae
NNOTHOCTb SHEPTUKN U3NYYEHUSs MUHUMAarbHa, NPOUCXOAMT MECTHOE npunnasneHne obmasku
kK meTanny. lNMepenag BbicoT moxeT gocturatb 40 mkm. Pacdokycnposka nanyyenns OKI™ (AF
= £6 MM) NPW UCMOSb30BaHUN NNH3bI C POKYCHbLIM paccTosstHueM 70 MM 3HaYUTENbHO yXya-
LaeT KayecTBO NoBepxHOCTW. lNepenan BbICOT BNaaWH M BbICTYNOB B 30HE NA3epHOro BO3-
penctena gocturaet 140 MKM, YTO CBA3aHO, BEPOSATHO, C nepepacnpenernieHneM aHeprum
nagarowero nyva, NPUBOASALLEN K BbINNECKy MeTanna B LEeHTpe 30Hbl Nla3epHOro BO3aewn-
ctBus. JanbHenwasa pactokycupoBka npuBoauT K 6onee paBHOMEPHOMY pacnpedeneHuto
SHEpPruun no NATHY M K YMEHbLLEHMIO LLEepOXoBaToCTh 06paboTaHHOM NOBEPXHOCTMU.

AHanua npodunorpamMmm 30H fa3epHOro BO3AENCTBUS NO3BONSAET oOnpenenvtb
Hanbonee pauuoHanbHble pexumbl JIXTO n paccumTaTbh NPUNYCK Ha NOCHEayLWYyo Mexa-
HU4yeckyto 06paboTKy YNPOYHEHHbBIX MOBEPXHOCTEN.

MokpbITnA, nonydaemble Ha ctanu npu JIXTO n nasepHon Hannaske, UMEKT BbICO-
Kyt0 TBEPAOCTb U Mfoxo obpabaTbiBalOTCA PeXyLMM MHCTPYMEHTOM M3 GbICTpOpexyLLen
ctanu. MNpn obpaboTke TBEpAOCMNABHLIM UHCTPYMEHTOM LLEPOXOBATOCTb NOBEPXHOCTM 3HA-
yntenbHa. NpumeHeHne WnNngoBanbHbIX KPYroB 13 6ernoro anekTpokopyHaa Ha BYNKaHUTO-
BOM CBA3YIOLLEM UNKN M3 3eNIeHOro Kapbuaa KpeMHUSA Ha KepaMnyeckom CBA3YHOLWEM C MO-

cnegyrowlen OOBOAKOW anmasHbiMM nactamu nossonsieT nonyydntb nocne JIXTO nosepx-
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HOCTb C Manom wepoxosaTtocTblo {Ra = 0,08-0,02 mkm). [leTanu ¢ HannaBneHHbIMU NOKpPbI-
TMAMM MOXHO obpabaTbiBaTb reKCaHUTOBbLIM MK 3N1bOOPOBLIM MHCTPYMEHTOM.
4.5. JlasepHoe nernpoBaHue HemeTannamm

AsoTupoBaHue. JlazepHoe a3oTMpOBaHMWE CTanu BO3MOXHO W3 asoTcodepKalymnx

o6Ma30ok Ha ocHOBe kapbamuga, XnopMCTOro amMoHUA U Ap. HacbiweHne TyronnaeBknx me-
TanmnoB MOXeT ObITb TaKke peann3oBaHo B CTpye asoTa.

CTpykTypa MNOBEPXHOCTHOIO CfOA apMKO-)Xeresa nocne nasepHon obpaboTku ¢
npegsapuTenbHbiM HaHeceHnem obmaskn, cogepxawen kapbamug CO (NH-), xapaktepuay-
€TCA MernKMM 3epHOM, MMEKLUM peevHoe CTpoeHne. MUKpoTBepaoCTb Crosi B 30He MnaB-
nexHuna coctaenget 5030MIlMa.

JlazepHoe nernpoBaHue aszotom ctanen 40X n 38X2MHKOA He gaeT NoBbILLEHUSA MUK-
POTBEPAOCTM 30H NNaBneHus no cpaBHeHuto ¢ JITO.

MwukpoTBepaoCTb 30HbI nernpoBaHust ctann 40X wucnonb3oBaHMeM o0OMa3ku
(50%NH.Cl + 50% rpacbuTa), cogepxawen .a3oT u yrnepon, coctasndet 6800MMMa. Ons
CTPYKTYpPbl 30Hbl MMaBMEHNA B 3TOM Cllydae XapaKTepHbl UronbyaTtble BblAENeHUs HUTpua-
HbIX (UM MapPTEHCUTHBIX) KPUCTansoB .

JlasepHoe nermpoBaHue 13 asoTcoaepkallern o6Maskm No3BOMSET NOBbICUTL MUKPO-
TBEpPAOCTb 30H nnasneHnsa no cpaBHeHuto ¢ JITO. Ona cranen 15X11Md n 11X11H2B2M®
rnocre 3akarnku oHa coctasnsna cootsetctBeHHO 6500 n. 4730MIa, a nocne asoTMpPOBaHUSA
- 9500 v 6840MTla.

lMpn nasepHoOM as3oTUMPOBaAHUKM 3TUX CTanen ¢ Ucnonb3oBaHMeM obmasku, copepxa-
Lien kapbamug, B pexxmme OonrnaBneHnst Ha peHTreHorpammMax o6pasLoB OUKCUPYIOTCS MUKW,
COOTBETCTBYIOLLME ayCTEHUTY. OTO BbI3BAHO TE€M, YTO a30T SABMSETCS y -CTabunmsaTopom,
npv 9TOM HabnogaeTca He3HaYUTENbHOE YMEHbLUEHWE KOHLEeHTpauum xpoma n monubaeHa
B 30HE MMaBfeHns y rpaHunLbl C OCHOBHbIM METASNIOM.

feomeTpuyeckme napameTpbl YNPOYHEHHOW 30Hbl 3aBUCAT OT TOMWWHbI 0OMaskn u
HEPrun n3nyyeHus. YBenuyeHune TomLwmMHbl crios obmMaskm BCNeacTBME NOTMOLWEHMSA aHep-
MW BbI3blBAET YMEHbLLUEHME pa3mMepoB 30H ynpoyHeHust npu JIXTO no cpaBHeHuio ¢ JITO.

Hapsgy ¢ yBenudeHvem TBEPAOCTM NOCHeE fla3epHOro a3oTMpoBaHMSA NOBbILLAETCS U
39PO3NOHHAA CTOMKOCTb CTanu.

KanneygapHble ucnbiTaHUsA nokasanu, YTo NoTeps Macchl A a30TMPOBaHHbIX 06-
pasuoB B 3 pasa MeHbLUe, YeM nocne o0bbIMHOM MK nasepHon TepmoodbpaboTkn. ITo 00bL-
SICHAIETCA TeM, YTO 30Ha NerMpoBaHMs YNpOYHEHa HUTPUAHLIMK YacTuLaMu, yBenvymnBato-
UMMM COMPOTUBIIEHME MUKPOYLAAPHOMY paspyLUEeHWUt0, a MOBbILEHNE KONMM4YecTBa OCTaTou-
HOro aycTteHuTa npu NerMpoBaHMn asoToM TOPMO3UT pacnpoCTPaHEHNE MUKPOTPELLMH.

M3HOCOCTOMKOCTL TEXHUYECKN uncToro TutaHa BT 1-0 n cnnaea AT6 npu nermposa-



108

HMM a30TOM B BO3AYLUHOW aTMocdepe noBsbiwaeTcs B 1,5 pasa B ycnoBusix ncnblTaHus Bpe-
3aHveM gucka M3 TBepaoro cnnaesa B obpabaTbiBaeMyo noBepxHOCTb. ConpoTuBneHne us-
HaLLMBaHMWIO NPU 3TOM AOCTUraeTCs BCNeACTBME BblAeNeHUs B o'-TBEpAOM pacTBOpe YacTuy,
HuTpuaa TutaHa (TiN).

LiemeHTaums. MNpun uemeHTaumm xenesa obpasyeTcsi ABYXCMNONHAs 30Ha, COCTOALLAsN
n3 6enoro cnaboTpaesierocs crnost mukporesepgocTbio 14000MIMa n pacnonoxeHHOro nog
HUM TepMoobpaboTaHHOro crosi ¢ mukpoTeepaocTbio 10000MIMa.

TBepooCTb LEMEHTUPOBAHHOIMO Criosi ONpeaenseTcs KOHUEHTpaumen B HeM yrnepo-
Aa. Npun HeBbLICOKOM cofepXaHum yrrnepoga obpasyeTcs ManonermpoBaHHbIN ayCTEHUT, KO-
TOpPbIA pacnagaeTcsa npu oxnaxgeHun ¢ obpa3oBaHMEM HEMAPTEHCUTHbIX NPOOYKTOB pac-
naga. C yBenMyeHnem KoHLEHTpauun yrnepoga B CTanu npu nNOCTOSAHHOW SHEPTUN UMMYSb-
ca 1, COOTBETCTBEHHO, BO3pacTaloLLen KOHLEeHTpaumm yrinepoaa B cnoe TBepaocCTb 30HbI Na-
3epHOro BO3OenCcTBMS Bo3pacTaeT (puc. 68).

AHanormyHble AaHHble O MOBbIWEHUM TBEPAOCTM NONYyYaOTCA NPU LEMEHTauUmMm Kop-
PO3MOHHO-CTOMKUX KPEMHUCTBIX CTanen ¢ pasnNuyHbIM COAEPXKaHNEM yrnepoaa npu paBHbIX
3HAYEHUAX: HACbILAKOLWEN aKTUBHOCTU MCTOYHUKA, TOMNLWNHBI 06Ma3kn 1 napameTpoB obny-

YyeHus. Hanpumep, nocne HacblweHus ctanen 12X13,

Haser ., MNa 20X13, 30X13 n 40X13 yrnepogomMm MUKpOTBEpP-
10000 [ - A0CTb MOBEPXHOCTHOro crnos gocturaet 15000
5000 > ol
7 MMa, 4TO 3HA4MTENbHO MNPEBLILAET MUKPO-
'3
6000 TBEpAOCTb yKasdaHHbIX ctaneun nocne JITO. Tak,
7000 1 nocne JITO mukpoTBepgoctb crtanu 12X13 -
6000 — 5700MMMa, a ctann 40X13 - 8240MMMa. Bonbwwne
5000 3Ha4YeHNs MUKPOTBEPAOCTU YKa3aHHbIX CTaneu

G 42 63 0% g5 Q6 47 48 0% .
nocrnie nasepHoum uemMeHTauum O6yCJ‘IOBJ‘IeHbI

Puc. 68. 3aBMCMMOCTb TBEPAOCTU 30HBl  HogmnenveM B CTPYKTYPE YNPOYHEHHBIX 30H

nasepHoro neruposaHus crtanun (13%
XpoMa) OT cofepxaHusi yrnepoga (um- OOMNbLLOro konnyecTsa cneLmanbHbix kKapOGraoB.

nynbcHbiiA nasep, E = 10[x) Mpy uemeHTaumn ctanu 40X ¢ obmaskoi rpa-
duTta

nony4eHa mukpoteepgoctb 10200MlMa, a y ctanm 15X11M® -6570MlMa. MeHbLlas MUKpo-
TBepaocTb ctanm 15X11M® cBs3aHa € NOBbILWEHHbLIM KOSIMYECTBOM OCTATOYHOrO aycTeHuTa
B YNPOYHEHHOM Crloe.

LiemeHTauma ¢ ncnonb3oBaHUeM XenesorpaduToBbiX CMecen BO3MOXHa U B TBep-
AoM cocTtoaHun. B yactHocTu, npu anddysun yrnepona B y-Fe npu nasepHoM Harpese no-
cnepyioLlee CKOPOCTHOE oxnaxaeHue uKeupyeT MapTEeHCUTHYIO CTPYKTYpY C TBEPOOCTbIO,

XapaKTepHOW Ansi BbICOKOYTNEePOAMNCThIX 3aKaneHHbIX CTanen.
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NasepHoe GopupoBaHue cTanu. VIameHeHune CTPyKTypbl M TBEPAOCTV Npu nasep-

HOM BGopuMpOBaHUK CTany NPOUCXOLAMUT TONbKO B 30HE NNaBfeHus.

OCHOBHbIMM MapameTpamu, OnpeaensitoWnUMn CTPYKTYPY M MUKPOTBEPAOCTb 30H
nnaBneHns Npu nasepHoOM nermpoBaHnmn 6Gopom, ABNAKTCA NNIOTHOCTb MOLLHOCTW Na3epHOro
N3MNy4eHns N KONMMYECTBO HAHOCUMOWN 06Ma3KK.

Mpn nasepHoMm GOpUPOBaHUN CTanM BO3MOXHO B peXume MnnaBfeHus perynvposa-
HMe CTPYKTYpbl U (pa3oBOro coctaBa yNpOYHEHHOW 30HbI. B YacTtHocTh, moryT GbiTb cdop-
MupoBaHbl: 1 - AByxdasHasi CTpykTypa u3 a-Fe n metactabunbHoro 6opuga FesB; npu He-
bonbwom crioe obmasku obpasyeTcs Menko3epHUcTas CTPyKTypa, a C yBeNM4YeHnem Tonwm-
Hbl criosi 06Maskun BO3HMKaeT AeHapuTHas cTpykTypa; |l - ogHodasHasa 3oHa, cocToswas 3
Hu3wero 6opunga Fe.B, Il - aByxdasHaa 6opuaHas cTpyktypa: Fe:B + FeB; IV - ogHodas-
Has 30Ha Bbicwero 6opnaa FeB. Bo3amoxHo Takke obpa3oBaHWe 30H NnaBneHusi, COCTONA-
LLIMX N3 HECKOSbKMX ONMUCAHHbBIX CTPYKTYP.

YBenuueHune konudectsa obmaskm cnocobCTByeT MOBbLIWEHUIO coaepkaHna 6opa B
BaHHe nnaBneHus, NpyM 3ToM 00pasyoTcsa NNOTHbIe crnaboTpaBsawmecs cnov. 3oHbl Nnaene-
HWs1, cocToswme u3 6opuaos FeB n FeB, dhopmmpytowmecs npu 3Ha4UMTENBHOM KONMYECTBE
obmaskun, 0brnagatoT NOBbILEHHOW CKNOHHOCTBIO K TpeLmnHoobpasoBaHmnio, ocobeHHo B cny-
Yae ucnonb3oBaHWUS apMKo-xenesa. Kpome toro, npu obpaboTtke no pexumam, 6nmnskum K
rpaHvuamM nepexogHbix 30H, BO3MOXHO 0Opa3oBaHme chepnyeckmx nop.

[MoBbILWEHNE 3HEPTMM MMMYBbCOB NTA3ePHOro M3NyyYeHust yBenuumaeT rnyouHy npo-
nnaeneHns n o6beMbl 30HbI MNABNEHNS, YTO, ECTECTBEHHO, YMEHbLUAET coaepxaHne 6opa B
3TMX 30Hax. B cTtanu 310 BbI3bIBAET (hOpMMPOBaHME 30H NNaBNeHUs, CTPYKTypa OKa3biBaeT-
Cca AEHOPUTHON.

MuKpOTBEPAOCTb Pa3fMYHbIX TUMOB CTPYKTYP 30H MAaBfieHUs Npu NermpoBaHnn xe-
nesa 6opom HeoamHakoBa. Popmupyromecs Npyu HEGOMbLUNX KONMMYECTBax O0OMa3KM 30HbI
nnasneHns apMKo-xenesa, UMetoLmMe CTPYKTYpy TBepaoro pactsopa 6opa B Fe, 1 FesB 06-
napatoT COOTBETCTBEHHO MUKpoTBepaocThio 3760 n 4320MMMa.

MuKpOTBEPAOCTb 30HbI NMABAEHNA apMKO-Xenesa, MMetoLWwen AeHAPUTHOE CTPOeHne
(Fe+FesB), 3aBncuT ot pexumo o6paboTku n konebnetca B npeaenax 6000-16000MIa.

Y ctann 40X nocne 6opupoBaHNa MUKPOTBEPOOCTb aHANOMM4YHOW CTPYKTYPbl U3Mme-
HaeTca B npegenax 10000-16000Mla. 3oHbl nnaBneHns apmko-xenesa n cranun 40X, co-
crosawme u3 6opuga Fez:B , nmeloT ognHaAKOBYO MUKPOTBEPLOCTb, cocTtaBnstowyo 16000-
16800MIMa. MuKpoTBEPAOCTb CTPYKTYP, COCTOAWMX U3 Fe:B n FeB, 3aBUCUMT OT pexmnmoB
nasepHon obpaboTkn n nsmeHsietca B npegenax 16800-18900MIMa. CTtpykType, cocTosLen
n3 dopuaa FeB, cootBeTtcTByeT MukpoTBepaocTb ~ 18900-20100MIa. Mpu JIXTO B pexmme

npunnaeneHna OocturaeTcAd ‘-Ipe3BbI'~Ial7IHO BblCOKasA MWUKPOTBEPAOCTb, AOoCTuUrarwlasn
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35000MTMMa.

BopuvpoBaHHbIN cron obnagaeT BbICOKOW TEMMOCTONKOCTLIO, KOTOpasa onpeaensaeTcs
TMNOM, hopMmpyemon CTpyKTypbl. Hanbonee Bbicokon TennoctonkocTbto (4o 900°C) obna-
AaeT 30Ha nnasneHus ¢ 6opuaHou cTpykTypon (Fez:B n FeB) (kpuBble 4 n 5, puc. 69).

Bbicokas TBepaocTb 6oprvpoBaHHOro cnos obecrnevmBaeT MOBbILLEHNE U3HOCOCTOM-
KOCTW CTanen B pasfnUyHbIX YCIOBMAX M3HALLMBAHWA: Npy abpasMBHOM M3HALUMBAHUWN O 3a-
KpenseHHble YacTuubl abpasmBa, Npyu TPEHUU CKOSbXEHUSI CO CMa3o4HbIM MaTtepuanom, npu
Bpe3aHun ancka U3 TBepAoro cnrnasa v ap.

OCHOBHbIMW NapameTpamMu, onpeaensoWnMn N3HOCOCTONKOCTbL CTanun npyu abpasms-
HOM M3HaLLMBaHWM, ABNAOTCH OTHOCUTENbHAs NnoLagb NOBEPXHOCTW, YNPOYHEHHOW nasep-
Hon 06paboTkon, U ee TBepOOCTb.YBENMUYEHNE OTHOCUTENBHOW Nnowagn YNpoOYHEHHOW Mo-

BEPXHOCTU NoBbILLAEeT M3HOCOCTOMKOCTbL MeTanna.

V. 3 Moatomy ana pgetanen, paboTalowmx B

230 1 ycnoBusix  abpasuBHOrO  M3HALLMBaHUSA,

0724 HEeoOOX0ANMO CTPEMUTLCS K CO3OaHUI0 U3-

' / . HallMBaEeMOW MOBEPXHOCTU C MakCuUmarsb-
018 / HOW Nnowanbio YNPoYHEHNS.

// d YnNpoyHeHne cTanu B pesynbTaTte

a1z e nasepHoro nermposaHns 60pom noebllLaeT

~ A MUKPOTBEPOOCTE M YMEHbLUAET ee nage-

006 \5 HUe B MecTax NepekpbITUS 30H YNPOYHEHMS

npwu UMMNynNbCHOM M3My4YeHun nasepa.

0 50 100 150 200L,m Moatomy Aana aetanen, paboTawowux B
Puc. 69. UameHeHne obbema BbITEPTON NyHKU YCrioBusix  abpasnBHOro  M3HaLIMBaHNS,
B Mpouecce ucnbiTaHMn Ha malwwwuHe Lkoga- HeobxoAMMO CTPEMUTBLCS K CO3[aHWUIo U3-
CaBuHa: 1 - 6e3 ynpoyHeHus; 2 - JITO (Hogs1=
9500MTMMa); 3 -nervpoBaHue 6GopoM (Hogsi=
13600MIMa); 4 - nermpoBaHue 6opom (Hogsi= HOM NNOLAABIO YNPOYHEHUS.
15600MIMa); 5 - nermpoBaHue Gopom (Hogs1=
18900MMa)

nasepHoro nervposaHvMs 60pom MoBbILWAET MUKPOTBEPAOCTb U YyMEHbLUAET ee nageHve B

HaLlMBaeMOWn NOBEPXHOCTN C MaKCuMallb-

YnpoyHeHue cTanu B pesynbtaTe

MecTax NepeKkpbITUS 30H YNPOYHEHUS MPU UMMNYNILCHOM U3nydyeHumn nasepa. MakcumansHas
N3HOCOCTOMKOCTb AOCTUraeTcs Mnpu nonyveHun OByxdasHou CTpyKTypbl 6opuaos Fe-B u
FeB ¢ mukpoTteepgocTtbto 16800-18900MrMa.

JlazepHoe OopupoBaHME MOBLIWAET TaKKe WM3HOCOCTOMKOCTb B YCMOBUSIX TPEHMS
ckonbxeHus. JlermposaHne ctann 60poM MO3BOMNSET CHU3UTL €e KOAPMPULMEHT TPeHUs B
nape C 3akaneHHOW CTanbi B WMHTepBane gasneHun go 10MlMa n TeM yMeHbLUTb MHTEH-

CMBHOCTb M3HallMBaHUA U NOBbICUTb HECYLLYIO CNocobHOCTb NOBEPXHOCTW.



111

MpupabaTbiBaeMOCTb ABMAETCA OOHOW M3 OCHOBHbIX TPMOOTEXHMYECKUX XapaKTepu-
CTUK Mapbl TPeHUs, onpegensdiollen JOCTMKEHNE paccMaTpuBaeMbIM COMPsKEHNEM 3adaH-
HOW 3KCMnyaTauMOHHON HecyLen CnoCOBHOCTM N HAaUMEHbLUEN CKOPOCTU YCTaHOBMBLLErOCS
N3HaLWMBaHUA NPU MUHUMANbHOM NPMPaboOTOYHOM M3HOCE.

OueHkn npupabaTtbiBaEMOCTM MO CXeme "ponuk-konogka* napbl TPEHMS Konogka
(ctanb 40X nocne nasepHoro 6opnpoBaHns) - ponuk (3akaneHHasa cranb LWX15) nokasanw,
4YTO M3MEHeHune KoaduumeHTa TpeHns B nepuod npupaboTku onpegenserca MUKpPoTBep-
AOCTbIO 30H Nas3epHOro ynpoYHeHus B pesynbtate 60pMpoBaHMa U Nnowanbio Takon ynpoy-
HEHHOM NOBEPXHOCTM.

MakcumanbHon npupabaTbiBaeMOCTblo 0611a4atoT 30HbI N1a3epHOro YNPOYHEHUS Npu
OopupoBaHuKM cTann, KoTopble MMelT mukpoTBepdocTb 15000MIMa ¢ AeHOAPUTHON CTPYKTY-
PO 3BTEKTUYECKOro TMna, cocTosiLen ns Fe, n 6opmnaa FesB .

Mpn manbix Ko3apduuneHTax 3anonHEeHUs MOBEPXHOCTU YNPOYHEHHbIMU 30HaMu
npupaboTKka cBsi3aHa B OCHOBHOM C NpoLiecCaMy MUKPOCXBaTbIBaHUSA MaTtepuana ponvka c
HeyNnpOYHEHHbIMM y4acTKaMn KONMOAKWM, Tak Kak nocriegHue obnagarot 6onbLluen nnacTuyHo-
CTblO, YEM 30Hbl YNPOYHEHUSA ponuka. ATOT NPOLECC conpoBoXaaeTcss obpasoBaHMEM
GonbLLOro KoNM4ecTBa NPoAYKTOB M3HaWMBaHUA. Hanny4wyto npupabaTbiBaemMoCTb Npu OT-
HOCUTENbHOW BenuuMHe YnNpoyHeHHown noeepxHocTn K3 = 0,3-0,6 nokasanu nOBEpPXHOCTH
OOpMpPOBaHHON CTanu, UMEKOLLME 30HbI YIPOYHEHUS ¢ MUKpoTBepaocTbio 12900-15100MMMa,
CTPYKTypa KOTOpbIX npeAcTtaBnsna cobon MapTeHCUT M YacTuubl M3BbITOMHON (hasbl Tvna
FesB YBenuyeHne OTHOCMTENbHOM MowWaan MOBEPXHOCTWU, YNPOYHEHHON GopupoBaHMEM,
yckopsieT ctabunusaumio cunbl TPEHWs, Tak Kak npupaboTka TBepablX COCTaBASAOLWMX MO-

BEPXHOCTM NMpoMCXoauT ObicTpee, YeM Bonee MArkux.

4.6. llazepHoe nernpoBaHue cTanu metannamMmum n TyronsiaBkumMm coeauHeHNAMmU

JlerupoBaHue metannamu. JlasepHoe nerMpoBaHWe Xenesa M ero crnaBOB BO3-

MO>XHO Tyronnaekumu nernpyowwmmm anemedtamm N1, Mo, Ti, Ta, Nb, V, Cr, W nyTem HaHe-
ceHua obmaskm unum onbrn u3 3ITMX MeTannoB. HacbileHne ykaszaHHbIMW NEernpyowmmMmm
aNeMeHTaMn, 3a UCKINIOYEHNEM HUKENS, NO3BONSAET MOBbICUTb MUKPOTBEPLAOCTb 30H YNpoy-
HeHusa go 15000MIlMa. C uenbio NOBbILLEHNS MUKPOTBEPAOCTM M M3HOCOCTOMKOCTU MeTanna
uenecoobpasHo TaKke MCNONb30BaTb KOMMIEKCHOE HacblWEeHWe YrnepoancTbiX cTanem wm
apMKo-xenesa kapbnaoobpasyroLwmmMm arieMeHTaMmn COBMECTHO C YriiepoaoMm.

Mo cpasHeHuto ¢ JITO JIXTO ¢ nerMpoBaHMeM XPOMOM CHWXaeT MUKPOTBEPAOCTb
nosepxHocTHoro cnos ctanu 40X go 8240Mla, a coBMecTHoe nernposaHne XpoMOM U yr-
nepoaoM NoBbILWAET MUKPOTBEPAOCTb Ao 12900MITa.

J'Ia3epHoe lermposaHne TMTaHOM NOBbILLAET MUKPOTBEPAOCTb TEXHUYECKOIo Xeres3a



112

0o 4580MIlMa n B TO Xe BpeMs CHUXKaeT TBepAOoCTb cpeaHeyrnepoancTeix ctanen ao 4100-
4500MTrla, nockonbKy yrnepog NosIHOCTbIO CBA3aH ¢ kapbuagom. [Npu coBMECTHOM Hacbile-
HAW TUTAHOM W YINEPOAOM MUKPOTBEPOOCTb YMPOYHEHHOW 30HbI MOBbIWAeTCs A0
12500MMa.

HacebllweHne noBepxHOCTU ferupyowmm aneMmeHtTom npu JIXTO MOXHO perynupo-
BaTb B LUMPOKUX NMpegernax, U3MeHss napameTpbl pexvuma obpabotku. Mpy nmnynscHom 06-
Ny4yeHun, N3MeHas AnNUTenbHOCTb, aHepruio U gopmy mmnyneca OKI, a Takke 4ucrno um-
NynbCcoB, NoAaBaeMblX B OAHY 30HY, MOXHO perynMpoBaTb KOHUEHTpauuio nernpyroLlero
anemeHTa v rnybrHy 30Hbl NermpoBaHnS.

Hanpumep, npu nermpoBaHun xenesa BaHagMeEM MOXHO U3MEHATb MUKPOTBEPOOCTb
30HbI ynpo4yHeHust oT 4000 go 16000MIMa n rmy6uHy ot 150 go 350 mkm (puc. 95). MNpn gen-
CTBUM €OMHUYHOro MMnynbca C 3Heprven 8 [k AocTuraetcss MakcumarnbHash MUKpPOTBeEp-
AocTb BaHaguposaHHoro cnos (16000MIMa) npwu ero rnybuHe 120 MKMm.

C yBenuyeHmem 4mcna MmMnynbCcoB pacTeT rmybuHa 30Hbl YNPOYHEHUS, HO YMEHbLLa-
eTCsa ee TBepOOCTb BCNEACTBME CHMMKEHUSA KOHLEHTpauMm BaHaans B 30He.

OT hopmbl pacnnaBneHHOro NATHa 3aBUCUT OQHOPOAHOCTb COCTaBa Mpu Nla3epHOM
NOBEPXHOCTHOM NernpoBaHun. [pun Nonykpyrnon 3oHe nnasneHus Habnogaetca Hambonee
paBHOMEpPHOE pacnpefeneHne nernpyoLwmnx anemMeHToB, a HaMMmeHee 0gHOpPOaHOe pacnpe-
AeNneHne MMeeT MeCTO NPU «KUHXanbHOM» NPOMMaBieHnn.

Mpy nernpoBaHMm xenesa TyronnaskMMn mMeTannamm B 30He BO3AENCTBUSA nasepHoO-
ro na3nyyeHuns obblivHO 06pasytoTca TBepable pacTBOPbI HA OCHOBE Xernesa.

MonoxuTenbHble pesynbTaTbl AOCTUTHYTHI NMPU Na3epHOM NernpoBaHnn Mmetannamm
anoMuHMa 1 ero cnnasoB. B aTom cnyyae B 30He 00paboTkM 06pasyoTca ynpoyHsaoLwme
¢asbl, HO NX KONMYECTBO Y MUKPOTBEPAOCTL ANSA Pa3HbIX MeTannoB He oguHakoBbl. Popmu-
poBaHWe ynpodHeHHoro cnosi npu JIXTO antoMyHUA Nioxo cornacyeTcsi C KnacCu4eckumm
NPeACTaBeHNAMN O NOBEAEHUN NETNPYIOLLMX SNIEMEHTOB B YCNOBUSIX OObIMHOW BbINnaBku
anwMUHKEBBLIX cnrasoB. Hanpumep, M3BecTHO, YTO pasgerieHve xuakon dasbl Ha crnowu
pa3HOro coctaBa B CBSI3W C HEMOSTHON B3aMMHOW pacCTBOPUMOCTbLIO KOMMNOHEHTOB Habnoaa-
eTcsa nuub B BocbMK cuctemax: Al-Bi, Al-In, Al-Cd, Al-Nd, Al-Pb, Al-Si, Al-Te, Al-Rb.

OpHako npu nasepHOM NErmpoBaHUN antoMWHUA TaHTanom Obiny NosnyyYeHbl Crnow,
MUKPOCTPYKTYpa KOTOPbIX CBUOETENbLCTBYET O pasfeneHum XUakon n TBepaon gas B pac-
nnaese. AHanornyHble CTPYKTypbl Obiny NONyYeHbl TakKe Npu NerMpoBaHUM antoMUHUSA HUO-
Ovem nnu BaHagnem.

Mpy MCNONb30BaHUN TakMX 3NIEMEHTOB, Kak Menpb, LMHK, CypbMa, KpEMHWUA, Habnto-
AaeTca obpaTHas kapTuHa: B 30He nerMpoBaHusa obpasyeTcd ogHopogHas CTpyKTypa € no-

BbILUEHHOW TPaBMMOCTbIO. MUKPOTBEPAOCTL MPU 3TOM BO3pacTaeT He3HauuTenbHo - Ha 10-
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20%.

Heobxoanmo, ogHako, OTMETUTb, YTO NO Mepe NOBbLILWEHNSA TBEPAOCTU YNPOYHEHHOTO
CNnosi yBENMYMBAETCHA N €ro XpynkocTb. OTOT HELOCTaTOK HeO6XoaUMO y4MTbIBaTb Npy O0-
BoAke noBepxHocTn aetanen nocne JIXTO.

JIXTO ¢ ncnonb3oBaHueM TyronnaBkux coeguHeHun. Npn nccnegosanum JIXTO

cpegHeyrnepoaucTbiX ctanemn yctaHoBneHa BO3MOXHOCTb MOBbILLEHUS MUKPOTBEPAOCTU 30H
ynpoyHeHus go 10000-13000MITa npu JIXTO ¢ ncnonb3oBaHMEM UX NermpoBaHns kapobuga-
mun B4C, TiC n Hutpugamm ZrN, VN, AIN. OgHako ¢ NoBbILLIEHNMEM MSIOTHOCTM MOLLHOCTW MO-
TOKa M3ryyYyeHns nermposaHne n3 obmasok TyronnaBkMx COeaAVHEHUN NpuBoAnNT K obpasoBa-
HWIO MOp B 30HaX YNPOYHeHus. B TO e BpeMs nNpuMeHeHue HUTPMOOoB U Kapbuaos npu
JIXTO He paeT 3aMeTHOro noBbllEHMsT TBepAoCTM No cpaBHeHuto ¢ JITO cpeaHeyrnepoan-
CTbIX CTanem.

BeeneHue coegmHeHun B 30Hy nnaeneHust npu JIXTO BO3MOXHO pasnMyHbIMU CMo-
cobamun: 13 obmasok, Npy npeaBapuTENbHOM 3NIEKTPOUCKPOBOM NErMpoBaHUN 1 Npu BOYyBa-
HUW MNOPOLLIKOB M3 3TUX COEANHEHMI B 30HY Nnepennasa CTpyen rasa.

Mpn NXTO antoMWHWEBLIX CMaBOB BBeOEHME NErnpyroLmx 3NeMeHTOB B BUAE XU-
MUYECKMX COeANHEHUN (HUTPWUOOB, KapbuaoB M OKkCMAOB) He AaeT addekTa ynpoyHeHns. B
30HEe Nnas3epHOro BO3AENCTBUSA B 3TOM Clyyae He o6pasytoTca HoBble (hasbl, a MUKPOCTPYK-
Typa Ccrosi COOTBETCTBYET CTPYKTYype, nonydaemon npu JITO aTnx cnnasoB ¢ onnaBreHnem.

Mpn nernposaHmm B ycrnoeuax JIXTO TUTaHOBbIX CMNaBOB TYronnaBkMMU COeAUHE-
HUSIMW OOCTUraeTCsl NOBbILLEHWE MUKPOTBEPAOCTM NPU HUTPUAHOM nernpoBaHun (ZrN, VN)
no 4470-6750MrMa, a npu kapbuaHom go 5700-8500MMa (ZrC) n 10600-22900MMa (B4C),
4YTO obecneynmBaeT poCT UBHOCOCTOMKOCTU CMaBoB TUTaHa.

Hanbonbwmin acpdekT NOoBbILLEHNS U3HOCOCTOMKOCTU TUTAHOBLIX CMIIaBOB YCTAHOB-
NEeH NMpU KOMMSEKCHOM MX HacblWeHUn nervpyowmnmm anementamm (B ycriosusx JIXTO), B
YacTHOCTK, Npu kapbobopupoBaHuUM N KapbocMnMUMpoBaHUN BCreAcTBME 0Opa3oBaHUs B
30Hax Nas3epHOro BO3OENCTBUSA CTPYKTYpbl MEPECHILLEHHOrO o -TBEPAOro pacTeopa, ynpoy-
HEHHOro MHTEpPMEeTannMAHbIMK BKIOYEHUsIMU. [1TNOTHOCTb HaHeceHnst 0bMa3oK cocTaBnsana
10-20 mr/cm? PesynbTaTbl (0a3oBoro aHanusa kap6o6opupoBaHHOro crosi obpasuos U3 Tu-
TaHa BT1-0, cnnasoB BT3 n BT6 nokasanu Hanuune B o' -TBEPAOM pacTBOpeE YacTul, kapbu-
poB TiB n TiB..

JIXTO B ykasaHHbIX YCIOBUSAX 3HAYUTENBHO MOBbLILAET M3HOCOCTOMKOCTb TUTaHa U
ero cnnaeos (puc. 70).

Mpn nernpoBaHMM TUTAHOBLIX CMMIABOB antoMuUHMEM 3EKT MOBLILEHUS WM3HOCO-
CTOMKOCTW B pesyrnbTaTe kapbobopMpoBaHMA HE3HAUYUTENbHO CHWXKAETCs BCrEeACTBUE YyBe-

nuyeHnst odobema pacnnasa N yMeHblUEeHNA NNOTHOCTU HaCbIWEHNA 30HbI NermpoBaHna 60-
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pnogamMm TMTaHa B egunHuue obbema.

V’m’: YcraHoBneHo, 4to npu JIXTO TuTaHoBbIX cnna-
14 A J‘f BOB, coAepXalimx antoMUHUKN, KOPPO3MOHHas CTOoM-
17 / KOCTb CNnaBOB Mocre na3epHoro kapbobopupoBaHusa n
! / % KapbocmnMumMpoBaHMsi NMoBbILAETCHA,a HenerMpoBaHHo-
a8 / ro TUTaHa - yMeHbLUaeTcs.

08 // Hanbonbwmn addpekT MNOBbILWEHNA  KOPPO3MOHHOM
a4 ctonkoctn B 40%-Hom pactBope H.SO.. Habnogancs
az J npu nasepHomMm kapbocunuuumpoBaHun cnnaesa BT22 -
0 50 0L  CKOPOCTb KOppO3MM B pesynbTaTe oOpas3oBaHus

CMMAOLWHOr0 Cnos MHTEpMeTannMaoB Ha MOBEPXHOCTU
Puc. 70. BnusHne nasepHoOro

ynpoyHeHus cnnaesa BT6 Ha o6b- o06pasuoB ymeHblumnace B 6,5 pas. JlasepHoe kap6o-
€M BbITEPTON NYHKN NpPU Harpyske
50H Ha nyTu TpeHua, pasHom 50 u
100 m: 1 - NICXOQHOE COCTOSIHNE; 2 CMNaBOB COMPOBOXAAKTCA CHWXEHUEM UX MeXaHuye-
-JITO; 3 - nasepHoe kapbobopo-
BaHue

OopupoBaHMe U1 KapboOCUNUUMPOBAHUE TUTAHOBbLIX

CKMX CBOWCTB NPW CTaTUYECKOM Harpy>xeHuMu.

4.7. NazepHasa HannaBKa ctanum

HannaBo4Hble MaTepuanbl U NOKpbITUA. Hannaska NOBEPXHOCTU CTaJlIn MOXEeT

ObITb OCyLLECTBIEHA HA OCHOBE MOPOLLKOB BofibddpamMa C CoegMHEHUsIMU KpeMHus 1 6opa
(SiO2, B4C) n camodpntocyroLmxca HannasovHbIX Komnosuumi Tuna NMH73X16C3P3.

Ha ocHoBe nopoluka Bonbpama Ha xenese Obinv NonyyYeHbl HannaeneHHbIe Crou
TonwmHon oo 200 mkm ¢ mMukpoTtBepaocTeio 4000MIa. Mpyn 3TOM MUKPOPEHTreHocnek-
TpanbHbIM aHanNM3oM BbIIBEHO paBHOMEPHOE pacnpeaeneHne Bonbgpama no HannaeneH-
HOMy crnoto ¢ cogepxaHvem ero go 70aTt%. OCHOBHbIMWU CTPYKTYPHLIMU COCTaBMAOWNMN B
3TOM cnoe sBAATCA CrOXHbIN okeng FEWOs n untepmetannuag Fe;Ws . Nog HannasneH-
HbIM Crnoem BbiSiBieHa 30Ha TBepAoro pacteBopa B pesynbTaTe auddysum Bonbdpama B
xenese rnybuHon 15 Mkm ¢ cogepxaHmem Bonbdpama o 30at.%. PaccuntaHHbin koadhdu-
umMeHT anddyanm D~1-107 cM?/4, YTOo xapakTepHo npu Anddy3nM 3NIEMEHTOB B XKerneso B
COCTOsIHUK, BNM3KOM K pacnnaeneHuto. Hannaeka no aHanornyHbiM pexumam Bonbgpama
Ha ctanb Y10 npuBOAWT AOMOMHUTENBHO K 06pa3oBaHU0O B MOBEPXHOCTHOM crioe kapbvaa
Tvna FesWsC 3a cyeT anddysum yrnepona M3 OCHOBbI. Taknm obpas3om 6bIno HaHeCceHo no-
KpblTWE Ha OCHOBE BOSibppamMa Ha OTpesHble peslbl U3 ctanu Y8.

Mpn Hannaske ctanu Y10 nopolukom Bonbdpama obpasyeTcss HepaBHOMEPHbIV Crow
¢ 6onbwon (ao 300MKM) LLepoxoBaToOCTbLI0 NoBepxHOCTU. [lobaBka K MOpPOLLKY Borbpama
SiO; (o6bemHasn gons ao 20%) npMBogMT K Nony4vyeHuto crost 6e3 Nop 1 TpeLUMH, HaxogsLe-

rocsl, OHAKO, HWKE YPOBHSI MOBEPXHOCTU MOAMOXKKU. Mpy 3TOM MUKPOTBEPAOCTL Crosi Mo-
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BbiwaeTcsa oo 6000MlMa. CTpykTypa Takoro crnosi npeacrtaBnsieT TBepAbll pacTBOpP BOSib-
dpama B Kenese c cogepxaHnem Bornbdpama oo 15-25at.% un nHtepmetannugos. [Npu
oxnaxaeHun 30Hbl pacrnnaBa B HEWN BblAENATCA Bonbdpamnabl xenesa Fe;Ws, FesW; u
kapbug FesWsC.

[o6aBka B cocTaB HanmaBoO4YHON KOMMNO3nUMK 13 Bonbdpama n SiO, Takke n kapbu-
Aa 6opa (o6vemHas ponsa oo 10%) npmBoanT K 06pasoBaHMIO CNOs, PacnonOXeHHOro Hag
NMOBEPXHOCTbLIO MOAMNOXKA C BbICOKOM MUKpoTBepaocThio ~ 10000MlMa (Ha noBepxHOCTH).
YBenunyeHue cogepxaHus kapbuaga 6opa B HannaBo4YHOM cocTaBe Ao oobemHon gonun 40%
noBbILlaeT MUKPOTBEPAOCTL HannasneHHoro cnos o 12000-13000MIMa Ha noBepxHOCTU K
no 16000-18000MIMa B nepexoqHoOn 30HE K MOASIOXKKE. B CTpyKType NoOBEpPXHOCTHOrO Cros
HabnoaalTCa OTAErNbHbIE BKIHOYEHNA, MUKPOTBEPAOCTbL KOTOPbIX HAXOAWUTCA B npegenax
23000-25000MIMa. B otnnume oT nokpbITMiA, Hannaensembix coctaBoM W-SiO2, B KOTOpbIX
dopmMmnpyeTCcst TBEPAbIA PacTBOP Ha OCHOBE Xenesa, YTO CBMAETENbCTBYET O 3HAYNTESTbHOM
pacnnaBneHnMn NOAMOXKN 1 NepemMeLlLuBaHNN C HannaBneHHbIM MaTepranoM nNpu Hannaeke
coctaBom W-SiO»-B4C, nommmo TBEpAOro pacteopa xenesa B Bonbdpame (0o 20 at.% Fe ),
Takke obpasytoTca Bonbgpamuabl xenesa(Fe;Ws, FesWs,) n vyactuubl kapbuaga FesWsC. B
CNnosiX, HannaBfeHHbIX COCTAaBOM C coaepxaHueM kapbuaa 6opa oObeMHOol Aonen Bbille
15%, Takke obGpasyeTca kapbug Gopa, 4TO oObecnedmBaeT CyLWECTBEHHOE YyBenuyeHue
TBEPAOCTU HannaBnsieMblX NOKPbITUNA.

PesynbTtatamu nccnenoBaHuin nokasaHa BO3MOXHOCTb COXpaHeHusi kapbuaa 6opa B
pacnnaeBneHHon BaHHe Gnarogapsi KpaTKOBPEMEHHOCTW MpoLecca HannaBku, YTO JaeT Oc-
HOBaHME BBOAUTb B COCTAB HaMMaBO4YHbIX KOMMNO3NLUIN KapOuaHble coeanHeHnst onsi npuga-
HUs1 TpebyeMbix CBOMCTB (TBEPAOCTM) HannaensembiM NokpbITuaM. ObpaboTka HannaBoOYHO-
ro coctaBa C cogepxxaHunem kapbuaa 6opa (20 at.%) B 6onee XeCTkoM pexvme NpuBOAMUT K
06pa3oBaHuIo Crosi, He NPEBbLILLAIOLLENO YPOBHSA NOBEPXHOCTM 0bpasua ¢ TBepaocTbio Ao 10
103MMa. Mpwu aTom kapbuasl Gopa B croe He 06pasyoTcs.

Xopowmne HannaefieHHbIE CrIOM MOMyYalTCa NPU MCMNONMb30BaHUN CaMOOCyoLLLEe-
rocs nopotuka NMNH73X16C3P3, KOTOpbI XapaKTepudyeTcs BbICOKOW XUAKOTEKYYECTbIO N He
AaeT Npu KpucTannmsaumm nop 1 PpakoBUH.

lMocne nnaeneHnsa NOPOLLOK KpucTannmayeTtcs ¢ obpa3oBaHMeM TBEPAOro pactBopa
Kenesa u KpeMHUsI B HUKENe W BblAENeHU MHTepMeTannnaoB B BUAe MPsIMOYroSfibHUKOB,
Tpaneumn n wrn, KoTopble npeactaBnalT cobon kapbmabl xpoma CrsCs, CrasCs M dasy
CF3B4.

CaoncTBa HanmaBneHHOro Ccrosi 3aBUCAT OT AMCMEPCHOCTM MOPOLWIKa U pexunma
Hannaeku. VIcxogHbI pa3mep 4YacTul, Mopollka OKasblBaeT CYLLECTBEHHOE BrMUsiHME Ha

TBEPOOCTb chopmupyemoro cnosi. Mpu HannaeBke MOKPbITUSI C MUCMOMb30BaHWEM MOpOLLKa
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100-200 mMKM MUKpOTBepOoCTb noriydaemoro crnoss Ha 4000MlMa Bblwe MWKPOTBEPAOCTU
cnosi ¢ ucnonb3oBaHneM nopotka 60-100 MkMm. TBepAOCTb HaNMaBSeMOro cros 3aBUCUT
Takke OT ckopocTu obpaboTkn. Hannaeka nopoluka ¢ pasmepom vactuy 100-200 mMkm ¢ pas-
FNIMYHOWN CKOPOCTbLIO MEpeMeLLEHNST NTAa3ePHOro nyvka NpMBOAUT K MOSIyYEHUIO Crosi C MUKPO-
TBepaocTbio 6500 n 3500MIMa npu ckopoctn obpaboTkm 38 n 13 cM/MUH COOTBETCTBEHHO.

Hanbonee cylieCcTBEHHOE BNUSHWE HA MUKPOTBEPAOCTb (POPMMPYEMOrO MOKPbLITUS
npv O4HOM UCXOAHOM COCTaBe MOpOLUKa M pasMepe YacTul, OKasbiBaeT CcTeneHb pasbasne-
HUS obpasyloLWencs XuaKkon BaHHbI MaTepuanom MoanoXxku. [MpyM HEBLICOKOW CKOPOCTU
Hannaeku (13 cM/MuH) rnybuHa 30Hbl pa3baBneHus BaHHbI xernesom (4o 50 aTt.%) gocturaet
80 MkMm, Torga Kak rnybvHa BaHHbI pa3baBrieHns xxenesom npu 6ornbLIen CKOPOCTU HannaBku
(38 cm/mMuH) He npesblwaeT 10 mkMm. Crnon, HannaBMEHHbIN CO CKOPOCTbIO 38 CM/MWH, Co-
CTOMT U3 TBEPAOro pacTBopa Ha OCHOBEe HuKens, Hukenuga xpoma CraNi u kapbuaga xpoma
Cr23Cs lNMpn HannaBke co ckopocTbio 13 cM/MUH B hOpMUPYEMON CTPYKTYPE BbISBNSAOTCS
aeHapuTbl pasamepom 4o 20 MKM C pasBuUTbIMM OCSIMU NepBOro nopsgka. Npmn aTom cnon co-
CTOMT U3 HACbLILLEHHOTO XPOMOM U Xene3oMm Hukens u coeguHenus CroNi. NMpeanonaraetcs,
YTO neperpes pacnnaesa BeAeT K Anccounaunumn CoeanHeHnn, BXOASLWMX B COCTaB NopoLLKa,
M NO3TOMY NpU HEGOMbLLOW CKOPOCTM Hannaeku Kapbuabl Xpoma B Croe He BblAensalTCs.
Kpome TOro, npu aTom npoucxoamTt pacnnaeneHne 6onblwmnx o6beMoB mMaTepuana Hannas-
NS’eMOM NOBEPXHOCTW, YTO NPUBOAMT K OOOralleHuo HannaefeHHOro Crios maTtepuanom
MaTpuLbl, B YaCTHOCTM enesom. [log HannaeneHHbIM cnoem npu 6onbLuen ckopocTy obpa-
00TKK HabngaeTca CTPYKTypa NoBbiLeHHON MuKpoTBepaocTh (4o 8000MIa) mapTeHCUTHO-
ro Tmna.

OTtnyck nokpblTvi B nHTepBane TemnepaTtyp 200-600°C cHayana CHwxaeT Teep-
AOCTb, a 3aTeEM ee yBenuumMBaeT Npuv NOBbILLEHHON TeMnepaType.

HannaBneHHble MNOKPbITUS MMEIT BbICOKYD M3HOCOCTOMKOCTb B YCINOBUAX TPEHWS
CKONbXeHusi. B 4yacTHOCTW, 30M0THMKN, BONTbI TONKaTens .MMmetoT B 2,5 pasa 6onbLuyto aon-
rOBEYHOCTb MOCIE HannaBKU MO CPABHEHUIO C MOBEPXHOCTHO 3akaneHHbIMW Mpu Harpeee
TBY. MNpn gencTBun UMKNUYECKMX YOAPHbIX Harpy3ok npuMeHeHne HannaBok paboyen no-
BEPXHOCTM NO3BONSET B 4 pa3a NOBbICUTb PECYPC TaKMX AeTanen, Kak TonkaTenb NiyHxepa,
kopnyc (bopCyHKKM, nepenyckHon knanaH. Criegyet oTMeTUTb, YTO M3HOCOCTOMKOCTb MOKPbI-
TMI Ha ocHoBe nopotuka NMH73X16C3P3 cHuxaeTcsa npu nonagaHun abpasvea B CMa304HbIN
maTepuan. lNoBbiweHe conpoTUBNeHns abpasvBHOMY U3HALLMBAHMIO 3TUX MNOKPbITUN MOXET
ObITb 4OCTMIHYTO Npy 406aBNEHNM B HaNNaBnsieMbli COCTaB KapbuaHbIX COeaNHEHWI.

TexHonorua Hannaeku. [epen Hannaeskon Aetanun NPoMbIBalOT B BOAHOM pacTBope

cogbl npu Temnepartype 50-60°C n B npotoyHom Boge npu 20°C. [Janee Ha NOBEPXHOCTb

HaHOCUTCS HaNNaBOYHbIN COCTaB NO OAHOW M3 ABYX TEXHOMOMMW, ONMUCaHHbIX paHee.
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WccnepoBaHns nokasanu, 4to Hanbonee obwmpHaa ob6nacTtb TEXHONOMMYECKMX pe-
xunmoB Hannaskn (V = 20-40 cm/MuH, anameTp nasepHoro nyda d = 3 MM) C nonyyeHuem
MOKPbITUSA XOPOLLEro kayectsa Habnogaetcs npy pabote ¢ o6maskon TonwmHom 600 MKM.

KayecTBo HannaBfeHHOro MOKPbITUSA OLEHUBANU rno BHELWHeMY BUAY: MO LEeNOCTHO-
CTW CrOsi U HEPaBHOMEPHOCTU MO LUMPUHE U BbICOTE.

HannaBneHHbIN Cron, oTcnavBaloWMNCS OT MNOLMOXKMA MO BCEW ANNHE «OOPOXKKM»
Unn ee 4actu, knaccuduumposanu 6annom «nnoxo». HannaeneHHbIN N HEOTCNanMBaOLNIA-
CSl CMOW CO 3HAYUTESIbHbIMU UCKaXXEHUAMU MO LUMPUHE W BbICOTE CYUTanuM yooBneTBOpu-
TenbHbIM.

Npn HepaBHOMEpPHOCTU cnosi no wupuHe go 0,2 mm n no Beicote 4o 0,1 MM NOKPbI-
TMEe nonyyano OUEHKY «XopoLwoy». OYeHb XOpPOWWMM CYMTANOCb MOKPbITUE, Y KOTOPOro no
BCen anunHe konebaHne no BbicoTe He npesbiwano 0,05 mm, a no wupuHe -0,1 mm.

Mpn TonwmHe cnos oomaskm 200 MKM OnNTUManbHblE PEXWMbI HamMfaBKku COOTBET-
CTBYIOT CKOPOCTU nepemelleHnst nyya 18 cM/MyH npu gMameTpe CBETOBOrO NATHA 2 MM U
14 cM/MUH Npu gnameTpe CBETOBOMO NATHA 3 MM. [MOKPbITUSI XOPOLLErO KayecTBa Mnosy4varoT-
CcA MpWU MMOTHOCTM MOLLHOCTU rna3epHoro uanyveHus 268BT/cm?. MMpu aToM TonwmHa
HannaBnNeHHOro NoKpbITMA coctaBndeT 200 MKM AN AnamMeTpa CBETOBOro NATHA 2 1 3 MM.

C yBenuyeHnem TOMWMHbLI crios obMaskm pacumpsieTca obnactb onTMMarnbHbIX pe-
XunumoB ob6paboTku.

PacueT aHeprosaTpaT Ha NpoLeCcc HanmaBky NO3BOSUI BbISBUTE TEHOEHLUMIO CHUXe-
HWSA NAIOTHOCTU MOLLHOCTW Nla3epHOro U3nyyYyeHus ¢ yBennyeHmem TonwmHbl obmasku. Coot-
HOLLIEHME TOMLWMHBI Criost oOmaskm (MM) 1 Heo6Xo4MMOW NS HanMaBku NOKPbITUS MIIOTHOCTH
MOLLHOCTU nasepHoro uanydyeHus (Bt/cm?) umeet cnepyowmin Bua: 0,2/268; 0,4/99-134;
0,6/66-119; 0,8/66-119. lNMpn paBeHCTBE 3Hepro3aTpaT Ha HanaBKy NOKPbITUIA C TOSMLMHON
obmaskm 600 n 800 MkM cnegyeT OTMETUTb, UTO MOSyYaeMble CITIOM UMEKT HEpPaBHOMEp-
HOCTb MO TonuwMHe npu pabote ¢ obmaskon 800 MkM. Tak, HEpaBHOMEPHOCTb TOSLLNHbBI CBU-
AeTenbCTBYET O NpeAernbHbIX dHEPreTUYECKNX BO3MOXHOCTAX MCNONb3yeMoro B paboTte na-
3epa. [loaTomy pekomeHOoBaHO Npu Hannaske ¢ ucnonb3oBaHnem COz-nasepa MOLLHOCTbIO
n3nyyeHns meHee 1 KBT npumMeHsiTb TONWMHY obmaskn ~600 MKM.

[na Hannaeku Nasepom HenpepbIBHOrO AeNCTBUSA AeTanen umnuHapudeckon hopmol
C NOKPbITUEM MO BCEWN NOBEPXHOCTW B OAMH MPOXOA MOSTyYeHbl IMNMpUYECKMe 3aBUCUMOCTH
CKOPOCTU Hannaekn (06/MUH) OT TEXHONOIMYECKNX NapaMeTpoB npoLecca:

wo=(@dKs/h)T

raoe a - koapduumeHT nepekpblTna; a = 0,6-0,8; d- acbdeKTMBHbBIN pasmep fasepHoro

nydka, cm; K - koadpdunumeHT nornowenms, K = 0,6-0,7; h - TonwuHa obmasku, cwm; s - napa-

MeTp nogayun, oo/muH; T - oBwmn nonpaBoYHbIA KOS(PMUUNEHT, yUNTBIBAKOLWNIA U3MEHEHNE
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Tennoun3nNYecknx CBOMCTB 06MasKkm 1 MOLLHOCTb U3NyYEHUS.

Takum 06pa3om, OCHOBHbIMU NapameTpamMmu Npu noabope TEXHONOMMYECKUX PEXNUMOB
HannaBky LUNMHOPUYECKMX AeTanen ABNATCS: MOLWHOCTb U3NyYeHus, BennymHa pabo4yero
nasepHoro nNATHa, CKOPOCTb NepeMeLLeHnst MOBEPXHOCTU U3aennsa oTHOCUTENbHO Na3epHOro
N3ny4eHns n nornowaTtenbHas cnocobHOCTb NOBEPXHOCTM.

Mcnonb3ya npvBedeHHY 3aBUCUMOCTb, MOXHO MoAcYMTaTb TEXHOMOornyeckue pe-
XXUMbl HansaBKku NOKPbLITUIA A5 geTanen uunnuHapmuyeckon hopmel.

lMocne HannaBkM MNPOBOAUTCH OKOHYaTenbHoe LWnudoBaHMe Kpyramm u3 6enoro
3NeKTpPoKopyHaa TBepaocTbio C2 1 3epHMCTOCTLIO 16-20. Mpn 3TOM JOoCTUraeTcs WepoxoBa-
ToCTb noBepxHocTn Ra = 0,08-0,02 mkm. TBepaocTb nokpbitna HRC 58-62.

JlazepHas HannaBka BHegpeHa B MPOW3BOACTBO AN BOCCTAHOBNEHWUS U3HOLLUEHHbIX
aeTanen aBToMobunen n TpakTopoB C NMPOM3BOAMTENBHOCTLIO npouecca o 40 Teic. geTa-
new B rog. B yacTHOCTK, BOCCTaHaBNMBAKOTCA AeTany rMapoCUCTEM TPaKTOPOB (3010THUKN U
nepenyckHble KnanaHbl).

Tema 5. COBPEMEHHbLIE TEXHONOI'MMU MNONYYEHUA CBEPXTBEPAObIX
NMOKPbITUN

B Poccumn paspaboTtaH 1 BHeapeH B npoMbiwneHHocTb metoq KB (koHaeHcaums n
noHHan GombapampoBka), NO3BONSAOLNA NOMyYaTb HA NOBEPXHOCTM M3aenuin ToHkme (5-10
MKM) MOKPbITUS, rfaBHbIM 00pasoMm, M3 HUTPUOOB MNepexofHbix MeTannoB. Hambonbliee
NpUMEHEHNEe NONYYMInN NOKPbITUA U3 HUTPpUAA TUTaHa. X HAHOCAT Ha PEXYLLUMA NHCTPYMEHT
(cBepna, NPOTSKKA, METUMKK, pe3ubl 1 Ap.) U3 YrNepoaucTbiX U ObICTPOPEXYLLUNX cTanen, a
TaKKe Ha HenepeTayMBaeMble NNAacTMHbI U3 CNeYeHHbIX TBepAbIX cnnaBoB. PdEKTUBHOCTb
3TUX NOKPbLITUIA pasnnyHa, 3aBMCUT OT TUMA MHCTPYMEHTA U PEXNMOB pe3aHnd. B oTaenbHbIX
cnyyaax 4ocTuraeTcs TpexkpaTHOe NOoBbILEHNE cpoka CriyXObl MHCTPYMEHTA.

Hapsgy ¢ Bbicokon TBepaocTbio (o 25000MIMa) n n3HOCOCTOMKOCTLIO HATPUA TUTaHa
NMeeT XenTbi UuBeT, 6nn3kuin no uBeTy K UBeTy 30110Ta. OTO CBOMCTBO MOXHO UCMNONb30-
BaTb, MPMMEHAA MOKPbITUA N3 HATPUAA TUTaHa B KAa4YeCTBe OEeKOpPaTMBHbIX Ha Koprycax 4va-
COB N HEKOTOpbIX HBENUPHBbIX n3genuax. B HacTosiwee BpeMs MHOrMEe MPOMbILNIEHHbIE
NPeanpuaATUS BbIMYCKAKOT AN8 HYXXO MEeAMUMHCKON MPOMbILINEHHOCTU 3yOHble NpoTesbl M3
Hep>KaBetoLLlen cTann ¢ NoKpbITUEM 13 HUTpuaa TutaHa no TexHonorum KMB Ha oTeyecTBek-
HbIX NPOMBILLNIEHHbIX YCTaHOBKax Tuna «bynat», «Iyck» (puc. 71).

Mpouecc ocaxaeHUs MOKPbLITUA NPOBOAUTCS B ChneunanbHOW repmMeTUsnpoBaHHOM
Kamepe, rge cosgaetcsa noHwxkeHHoe aasneHne ao 0,3MMla. BHyTpb kamepbl noMeLaroT us-
Aenusa v Turenb ¢ Hacblwatowmm metannom (Ti v gp.). Msgenusa 3akpennsatoTca B cneunanb-
HOM npucrnocobneHun, NO3BOMSAOLLEM BpalaTb AeTann, ana obecnedeHns paBHOMEPHOCTH

TONWMHBI ocaxgaemoro cnog. [Ans ydulero cuenneHna nokpbiTua C OCHOBOW geTtanu MOryT
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HarpeBaTbCs WKW TOKAMW BbICOKOW 4acCTOTbl, WX MNPAMbIM MponyckaHneMm Toka. Yacto
HarpeBatoT camo nNpucrnocobneHne n yxxe OT HEro (3a c4eT TENSIONPOBOAHOCTM) HarpeBaroT-
ca getanu. Yem Bbile TemnepaTypa Harpesa, TeM MpoOYHee, CBA3b MOKPbITUS C OCHOBOW
6narogapsa B3aumMHon gudpdpy3mn. NHCTPYMEHT M3 yrnepogucTon CTanuM MOXHO HarpeTb
nmwb o 250°C, a 13 6eicTpopexyLen ao 560°C. MNMpu Bonbwmnx TemnepaTypax nponsonaeT
OTNYCK W CHU3UTCA TBEPAOCTb WMHCTPYMEHTa. M3gennsa 13 cneyeHHbiX TBepAblX ChiaBoB
MOXHO HarpeBaTb 4o 1500°C, He ©osicb MOTEpPM UX CBOWCTB, OQHAKO peanuaauusi Takux
TemnepaTyp TEXHUYECKN JOCTAaTOYHO COXHA.

Hacbiwaowmnn meTtans HarpeBaeTCsa MCTOYHUKaMW KOHLIEHTPUPOBAHHOW 3JHEpPrum
(3NEKTPOHHBIM MK Na3epHbIM fy4OM, NIa3MON) 4O XKUOKOrO COCTOSHUS U, NCNAPSAAChb, KOH-
AEHCUPYEeTCA Ha BHYTPEHHUX MOBEPXHOCTAX Kamepbl, B TOM 4ucne v Ha usgenuax. [Ang
ynyylweHnss cuenneHnss NoKpbITUS C OCHOBOM M AN 6onbluer HanpaBneHHOCTU MOHOB Me-
Tanna K usgenuam Mexay HUMM 1 ucnapsembiM MeTansiom

HaBOAAT YcKopsilollee HanpshkeHne. 37O

HanpsKeHne pesko yBennymBaeT CKOpPOCTb

N COOTBETCTBEHHO 3HEPrunto netTawmx K mn3-

Aenni 4actul, KOTopble Ha 6OJ'IbLLlle rmy-

6I/IHy NPOHUKAKT B NOBEPXHOCTb n3genuvn.
Ecnun B npowuecce ncnapeHud
HacbllawLwiero metarnmna B pa6oqy+0 Kame-

py nogaBaTtb onpeneneHHoe KOoIn4ecTBo

XUMUNYECKN YNCTOIro a3oTa nninm aMmmMmmaka, 1o

packaneHHble YaCcTulbl HacblilaLwiero me-

Tanna 6yﬂ,yT XUMNYECKN B3aUMOOENCTBO-

BaTb C a30TOM U Ha NOBEPXHOCTb AeTaln

Puc. 71. YcTaHoBKa Ans ocaxxaeHusi MOKPbITUIA Bynet ocaxgatbCcsa HATPUA 3TOrO MeTasnna

cnocobom KNB: (TiN, ZrN un agp.). Ecnu a3oT 3ameHuUTb Ha
1 - nywKa 3nNeKTpoHHas, 2 -- Kamepa BaKyyM-

Has, 3 - nogorpeBaTtenb. 4 - obpaseu. 5 - napbl yrnepoacoaepxaluuii ra3 (MeTaH, npornad u

cnapsemoro metanna. 6 - Turensb BOAOOXN@- 15} 1o Ha MOBEPXHOCTM geTaneii Gyaer
Xgaewmbli, 7 TpybonpoBoAbl, 8-ncnapsembii

MaTepuarn, 9 MexaHu3M noaayn Matepuana ocaxpatbcs kapbuaHoe nokpbiTue (TiC,
ZrC v gp.).

OnucaHHbIM Bbiwe cnocob yxe Halwen LMpoKoe NpakTU4eckoe BHeApPEHUE Ha MHO-
TMX MHCTPYMEHTAarbHbIX U MAalMHOCTPOUTENbHBIX 3aBoAax 4SS Lenoro psga MHCTPYMEHTOB
pa3nMYyHOro Tuna, KanmbpoB M HEKOTOPbIX KOHCTPYKUMOHHBLIX AeTanen, paboTalowmx Ha ns-

HOC B KOPPO3MOHHOW cpeae.
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