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Cepble 4yryHbl IIMPOKO HCIIONB3YIOTCS B Ma-
MIMHOCTPOCHUH JUIS H3TOTOBJIEHUS KOPILYCHBIX
netaneil. Beibop Mapku yyryHa 3aBUCHT OT THIIA
Jetand, ee (yHKIHOHAJbHOIO Ha3HauYeHWs, KOH-
TaKTHO-CHUJIOBBIX HAarpy30K B IpOLECCE JKCILTya-
TaIMM, a TAakXKEe XapakTepa M TUIA W3HOCA WCIBI-
TBIBAEMBIX CONPATaeMbIMH IOBEPXHOCTSAMH JeTa-
neii. B psage cnyyaeB u3-3a TSOKETBIX JOKAIBHBIX
HArpy30K W 3HAYUTENHHOTO M3HOCa (aOpa3swBHBIH,
are3MOHHBIHM, YCTAJIOCTHBIA U JpyTUe BUIBI H3HO-
ca) BO3HMKACT HEOOXOAMMOCTh B TIOBEPXHOCTHOM
YIOPOYHEHUH MpoOIeMHBIX 30H. C MO3WIHNA 3KO-
HOMHUYHOCTH, 3(QEKTHUBHOCTH H KadecTBa B
HacTosIee BpeMsi Haubosiee MPEANOYTUTEIbHBIM
METOJIOM TIOBEPXHOCTHOTO YIPOYHEHHS SBISETCS
Ja3epHOe TepMoyIpouHeHue [1].

JlazepHast 00paboTKa C OIJIaBICHHEM ITOBEPX-
HOCTH B Ds/ie CIy4aeB IUKTyeTCS HEOOXOIMMO-
CTBIO IIOJy4YEeHHUS JIeACOYPUTHBIX YIPOUYHEHHBIX
clloeB, 00NaJarolMX YTOHYEHHOW CTPYKTYPOH C
MeTacTaOMIILHBEIMU (a3aMu, a TakKe IS yCTpaHe-
HUSI TIOBEPXHOCTHBIX Ae(EKTOB, M3MEIbUCHHUS U
nepepacrnpeneaeHns pa3IudHbIX BKIIOUYEHUH, pu-
CymuX NaHHOMy THMIy 4yryHoB [1]. OmmHako na-
3epHas 00pabOTKa C MPOIUIABIEHUEM [TOBEPXHOCTH
Ha OMNpeeNeHHYI0 TIyOuMHYy TpeOyeT a3epHBIX
YCTaHOBOK OOJIBIION YEIbHOM MOIIHOCTH U OoItee
JUINTEIILHOTO BPEMEHM BO3JEHCTBUS Ha 00pabaThl-
BaeMyI0 ITOBEPXHOCTb, HEOOXOAMMOTO JUISI TOJI-
HOTO pacTBOpeHusi rpadura B pacrutase [2]. Ilpu
3TOM 3HAYUTEIBHO YXYALIAETCS MCXOAHAS ILIEpO-
XO0BaToCTh 00pabaThIBa€MOil MOBEPXHOCTH.

JlazepHas 3akanka 4yryHa U3 TBEPIOTO COCTO-
stHUSL B OOJIBbILIEH Mepe JuIIeHa Hel0CTaTKOB, MpHU-
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CYLIMX JIa3epHOHN 3aKaJIKe 4yTyHa U3 >KUAKOIO CO-
crosiHua. OIHAKO AAaHHBIA MPOLECC YINPOUYHEHHS
HEOOXOMMO OCYIIECTBIISITH B Y3KOM TEMIIEpaTyp-
HOM [JHAana3oHE MEXIy TEeMIIepaTypol 3aKalKu
900 °C wu Temmeparyporr mmaBneHus 1140 °C.
Kpome Ttoro, mpu nasepHoii o0paboTke 4yryHa B
peXuMe, Korza TeMIeparypa Ha MOBEpXHOCTH HU-
xe 1140 °C, npoucxonar MUKpPOOIUIaBICHHUE BEP-
[IIMH HEPOBHOCTEH MOBEPXHOCTH W M3MEHEHHE ee
HCXOJHOTO MHKpopenbeda [3].

N3BecTHO, 4TO TeMrepaTypa Haydana o—y-Ipe-
BpalleHusi B cTalsix (A.) CHMUXKAeTcs IOocie WX
miactaaeckoro nedopmupoBanus [4, 5]. Dddekt
OOBsICHSICTCS BO3MOXKHOW — pelakcalueld 4acTH
9HEpPTruu Hakiena B mpouecce (a3oBOro NpeBpa-
IIIEHUS, BCJIEACTBUE YEr0 PAaBEHCTBO TEPMOJMHA-
MHUYECKHX MMOTEHIHANOB (pa3, ompenensronee TeM-
neparypy (a30BOro paBHOBECHS, JOCTUTACTCS MPH
MEHBIINX TemnepaTypax. B [6] Ha ocHOBe KOH-
HENIMA O TIPEACTbHOM COCTOSIHMM BEIECTBAa B
Touke (Ha30BOTO Iepexoaa M HCIOIb30BaHUU JIH-
JaTalyM PelIeTKH B KauecTBE MeEphbl 3allaceHHOI
MaTepUaAIOM SHEPTMH MOIYYEHO BBIPAXKEHHE JUIS
sHeprun Hakiena AU/AT, penakcauusi KOTOpOu
HOPUBOJUT K CHIDKCHHIO TEMIEpaTypbl A, Ha OUH
rpajayc, U caMo CMeEIleHHe TeMIIEpaTypsl (a3oBOro
paBHoBecus AT 3a cueT miacTHYeckod aedopma-
IIUHN paBHO

AT = pa’la, + a,,

rae p — IUIOTHOCTh OUCIOKALMil; 8 — mapamerp
pelIeTKH; &, U 8, — KO3 UIMEHTB JMHEHHOrO
TEPMHUYECKOTO PACIIUPEHUs O- U Y-(ha3bl COOTBET-
CTBEHHO.
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CornacHO JaHHOMY BBIP@KEHHUIO IS Xapak-
TEPHBIX 3HAYEHUH MNpEAeIbHON IUIOTHOCTH JUC-
JOKaM{d TIpH TUTACTHYECKON aedopMmamuud p =
= (2...4) - 10" cM 2 MaKCHMAaBbHO BO3MOXKHAsS Be-
JUYMHA CMEIIEeHUS TeMIepaTypsl 4.1 HE IpeBbIlIa-
et 50-100 °C. Takum 00Opa3oM, mpeaBaAPUTEIBHOE
TUTacTU4ecKoe neopMUpPOBAHHIE TIOBEPXHOCTH T10-
3BOJISIET B NpefeNie paclIupUTh 00JIaCTh O—Yy-TIpe-
BpaieHus B ctainu Ha 100 °C.

Cpenu METOIOB IIACTUYECKOro Ae(hOopMHPO-
BaHUS MOXXHO OTMETHUThH CIEAyIomue: OOKaTKy
[IApUKaMU WU POJIMKaMH, IPOOECTPYHHYIO 00pa-
00TKy, 00pabOTKYy yJIbTPa3BYKOBBHIM HHCTPYMEH-
toMm. [locnemnmii Meron sBisieTcs Hambonee 3¢-
(eKTHBHBIM B CHIIy CBOCH MHOTOLMKIUYHOCTH H
JIETKOCTH BCTPauBaHUs B TEXHOJOTHYECKUE MPO-
I[ECChl 00pa0OTKU TIOBEPXHOCTU BBICOKOKOHIICH-
TPUPOBAHHBIMH TTOTOKAMU JHEPTUH. MHOTOKpaT-
HOCTh Je(OPMHUPOBAHUS NP YJIBTPA3ByKOBOH 00-
paboTke 3HAYUTENBPHO YMEHBIIAET HCXOIHYIO
HIEPOXOBATOCTh MOBEPXHOCTH U BEAET K BO3pacTa-
HHUIO MaKCUMaJIbHOW TTIyOHHBI 1€(OPMUPOBAHHOTO
ciosa. BeneactBue W3MEHEHHUs IIEPOXOBATOCTH U
CTPYKTYpBl TMOBEPXHOCTH YJIbTpa3ByKoBas oOpa-
0OTKa B 30HE JIA3€PHOTO BO3JIEHCTBUS JOJDKHA TI0-
BJIMATh Ha M3MEHEHHE IOTJOMIATeNFHONH CHOCO0-
HOCTH MTOBEPXHOCTH U TEIUIOU3NIECKUX XapaKTe-
PUCTHK MaTepuana. IOTO Hapsay C H3MEHEHHEM
KHHETHUKN TPOTEKaHMs (pa30BBIX MpPEBpaIleHUN |
MU y3un HAXOIUT CBOE IMPOSBICHHE B M3MEHE-
HUM TEOMETPHUYECKHUX pa3MepoB U MHKpPOIIOPHU-
METPUUECKUX XAPAKTEPUCTUK 30H JIA3€PHOr0 BO3-
newctus [7].

B 3TOil CBA3M 3HAUUTENBHBIM MHTEpEC Mpe-
CTaBJIAET HUCIOJB30BaHUE MPEIBAPUTEIBHOTO YIIb-
TPa3BYKOBOTO IMOBEPXHOCTHO-TUTACTHYECKOTO Je-
tdhopmuposanus (Y3IIII/l) noBepxHOCTEl neraneit
u3 uyyryna CU20 mpu mocleAyromeM Ja3epHOM
TEPMOYTIPOYHEHHH Oe3 OIUIABIIEHUS! TOBEPXHOCTHU
C LIEJBI0 HE TOJIBKO YJIyYILIEHHUs MapaMeTpoB Ie-
POXOBAaTOCTH TMOBEPXHOCTU U MUKPOAIOPUMETPHU-
YECKUX XapaKTepUCTUK 30H JIa3epHOrO BO3JEH-
CTBUS, HO W (OPMUPOBAHUS JaHHBIM METOJIOM
OomnpLIeld TIyOHHBI CII0SI, TOTYYEHHON 3aKaJIKOH 13
TBEpIOTO COCTOSTHUA [8, 9].

Meroauka wucciaenoBanusi. lccnemoBanus
MIPOBOAMIM Ha IMJIMHAPUYECKUX oOpaslnax u3 ce-
poro uyryna CY20. IlpenBaputenbHO 4acTh 3aro-
TOBKH ObL1a 00pabdotana merogoMm Y3IIIIJI. 3atem

4

OCYIIECTBUIM TEPMOYIIPOYHEHHE MOBEPXHOCTH
3arOTOBKH JIa3€pOM TakK, YTOOBI TEPMOYNPOYHEH-
HBI y4YacTOK IOBEPXHOCTH II€peceKal Y4acToK,
obpaborannsrii Mmetogom Y3IIIJ. Pexum mazep-
HOTO TEPMOYNPOYHEHUS NMPENBAPUTENFHO PacCUu-
TBIBAJICS, @ 3aTEM IKCIIEPUMEHTAIBHO MOIOUPATICS
TakuM 00pa3oM, 4TOOBI TeMIlepaTypa Ha IOBEpX-
HOCTH B TIPOLIECCE JIa3€PHOTO TEPMOYNPOUHEHUS
Haxomuiack B muamnaszone (900-950) °C. Ilpu Ta-
KOM pexuMe 00pabOTKM Ha MPAKTUKE HEBO3MOKHO
MOJIYYUTh TEPMOYIPOYHEHHBIN CIIOM, TAK KaK T€M-
neparypa a—y-npespamenus st CH20 coctasnsger
900 °C. Hcxoms u3 TOro, YTO TMpeABAPUTEINb-
Hoe Y3IIIIJI moBepxHOCTH pacmupsier 00JacTh
0—y-TIpeBpallleHUs] B XKeJe30yTJIEePOJUCThIX CILIa-
Bax Ha 100 °C [7], npu TakOM pEXHUME JIa3€pHOTO
TEPMOYIPOYHEHUSI B 30HE IPEJBAPUTEIHHOTO
V3] momxeH cpopMHpOBATECA TEPMOYIPOU-
HEHHBIM CIIOW, TaKk Kak TeMIepaTypa o—y-mpe-
Bpamenus st CH20 nomxaa coctaButs 800 °C.
VYIIpTpa3ByKOBOE MOBEPXHOCTHO-IIACTHYECKOE
nehopMupoBaHre 00pa3IOB MIPOBOIMINA Ha CIECITH-
anpHOW ycraHoBKe. [ledhopmupyromuii siIeMeHT,
M3rOTOBIEHHEIN u3 ciuraBa BK-6M u mmerommii
dhopmy poika aEaMeTpoM 6 MM, JIHHOH 12 MM,
JKECTKO BITastH B TOPEI] KOHIIEHTPATOpa yJIbTPa3By-
KOBOH KoJie0aTenbHOW CHCTeMbI Ha 0a3e MarHUTO-
CTPUKIIMOHHOTO mnpeobpaszoBatens [IMC-15A-18.
Cam mpeoOpa3oBarelib OMEIIEH B CIEIHAaIbHBIN
KOpPITyC C BO3MOYKHOCTBIO €r0 IOBOPOTAa OTHOCH-
TEJILHO CBOEH ocH Ha yroia B auamazone 50° u
npmwKuMa aeopMupyroIero neMeHTa Kk oopada-
THIBAEMOM MOBEPXHOCTH MOA (PUKCHPOBAHHOM cTa-
TH4YecKoi Harpys3koil 20 krc. [Iuranme marHuTo-
CTPUKIMOHHOTO TpeoOpa3oBaTeisl OCYIIECTBIISIH
OT ynbTpa3BykoBoro reaeparopa ¥Y3I'-3-4. Kopmyc
npeobpazoBarenst [IMC-15A-18 3akperisuin B
pesleaepxkarese TOKApHO-BUHTOPE3HOTO CTaHKa,
a oOpabaTbiBacMbIii oOpaseny — B MaTpoHe, KOTO-
pOMy IpUAaBaiy BpalleHHe, a AehopMHUpYIOLIEMY
3JIEMEHTY — COOTBETCTBYIOILYIO MOAady. AMIUIU-
Tyly YJbTPa3BYKOBBIX KojeOaHMH pabouell mo-
BEPXHOCTHU 1e(HOPMHUPYIOLIECTO 3JIEMEHTa MIPH Yilb-
Tpa3BYKOBOH 00paOOTKe yCTaHABIMBAIM B JHara-
3oHe 20-25 MxM mipu gacrote 18 kI'11 1 u3Mepsuu
OeCcKOHTaKTHBIM BHOpoMeTpoM Tura Y BM-4M.
JlazepHOe TEpPMOYIIPOYHEHHE OCYIIECTBIISIN C
UCIIOJIb30BAHUEM UTTEPOMEBOrO BOJIOKOHHOIO Jia-
3epa JIC-2 HOMMHAJIBHON MOIIHOCTHIO M3Ty4EHUS
2,00 xBT u qiuHOM BosHBI M3nydeHus 1,07 MKM.
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[IpenBaputenbHO METOJOM KOHEYHBIX 3JIEMEHTOB
C HCHOJNb30BaHMEM IPOIPaMMHOIO KOMILIEKCa
ANSYS 11.0 paccuuThiBaiu TeEMIIepaTypHOE MOJIE,
HABOJIMMOE JIBIKYIITUMCS MSATHOM JIa3epHOTO Jy4a
OUaMeTpoM 3 MM C IUIOTHOCTBIO MOIIHOCTH
6 - 10" Br/m® B o6pasie u3z CY20. CxopocTh mepe-

memenns matHa (50 - 107 m/c) BeIGHpamn u3
YCJIOBHSI IOIYYEHUSI MAKCUMAJILHOM TeMIIepaTypbl
Ha MOBEPXHOCTH, HO He Bbile 950 °C. CTpyKkTypy
U pa3Mepbl TEPMOYNPOYHEHHOTO CJOs, IMOJIy4eH-
HOTO TIOCJIe JIa3epHOW 0O0pabOTKM MpH BHITICYKa-
3aHHBIX PEKUMaX, UCCIEAOBAIN C MOMOIIBID Me-
tayutorpadudeckoro komriekca Olympus GX51.

Muxpopenbsed MOBEpXHOCTH TOCIE YIBTPa3BY-
KOBOH 00pabOTKM OIEHWBAIU II0 MPOGHIOTPaM-
MaM, TIOJYyYEeHHBIM Ha TpoduioMeTpe-mpoduio-
rpade monemn 130.

OO0cy:kaeHue pe3yabTaToB. TemmeparypHOe
1oJie B MONEPEYHOM CEYEHHH ciejia Jia3epHol 00-
paboOTKH, TMEepHeHIUKYJISIPHOM HAIPaBICHUIO IIe-
peMeIleH s MATHA Ja3epHOTro JIyYa, IpeACcTaBIeHO
Ha puc. 1.

Puc. 1. Pacipenenenue temmeparypsl B ocsix Y—Z
OT JIa3epHOTO BO3/ICHCTBHSI ABIKYIIErocs (mo ocu X)
kpyroro mstHa (P = 6 - 107 Br/m%; v =50 - 107 m/c;

R = 1,5 mm; t = 2RIV); Yx6,85; Zx5,7

W3 amanm3a, MOTydeHHOTO pacdyeToOM TeMIie-
paTypHOrO TOJs, pa3Mepsl TepMOYIPOYHEHHOU
30HBI IpU TeMIeparype o—y-npesparierus 800 °C
JOJDKHBI COCTaBIISITh: IUpUHA ~ 1,6 MM, riryOnHa
no neHTpy ~ 0,15 mm. PeanbHble 3HaueHus pazme-
pOB  TEPMOYNPOUHEHHOM 30HBI MOBEPXHOCTHU
CY20, npenapurensHo mnonsepraytou Y3IIIIJ,
NpEeACTaBICHbl Ha PUC. 2 U COCTAaBIISIOT: LIUPH-
Ha ~ 1,4 MM, riryOuHa 1o 1eHTpy ~ 0,12 MMm.
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Hexotopsle pacxoxaeHus: B 3HAUCHUSAX pa3Me-
POB 30H, TOJIYYECHHBIX PACUETHBIM M SKCIICPHMEH-
TaNBHBIM ITyTSIMH, YKa3bIBAIOT, YTO peallbHAS TeM-
nepaTtypa o—y-npeBparieHus mis CU20 HECKOIBKO
Boire 800 °C u3-3a MOTPeUIHOCTH MPUMEHSIEMOTO
METOJ[a pacueTa TEMIEPaTyPHBIX TOJIEH.

Puc. 2. Kondurypamus TepMOynpOYHEHHOH 30HbI
oT sazepHoro Bo3aeiicteus nmocie Y3IIII/ (x50)

Takum o0pa3zoMm, 3a CUYET TpPEIBAPUTEITHHOTO
V3IIIJ] MOXHO pacIIMpUTh TEXHOJIOTHMYECKUE
BO3MOKHOCTH JIa3€pHOTO TEPMOYIIPOYHEHHUS UY-
ryHa CU20 u3 TBEpAOro COCTOSHUS C MOJyYEeHUEM
YOPOYHEHHBIX CJI0EB OONbLIeH TMTyOMHBI M IIUPHU-
HBI, 33 CUET PaCHIMPEHHs TEMIEpaTypHOTo Juara-
30Ha ¢ 240 no 340 °C, B KOTOpPOM HNPOUCXOIUT
JaHHBIA BHJ 3aKajJKH. 3J€Ch TaKKe HEMalOBaX-
HyI0 pOJIb WTPaeT TO, YTO YIBTPa3BYKOBOE IIO-
BEPXHOCTHO-TIACTUYECKOE JIe()OpMUpOBaHUE TIep-
JUTHBIX YYTYHOB CIIOCOOCTBYET BBITECHEHHIO
(heppuTa W YBETMUYEHHUIO MPOIEHTHOTO COJIEpIKa-
HUS TIEpPIITa B IPHUIIOBEPXHOCTHOM cCloe (30HE
yJIBTPa3ByKOBOTO BO3EHCTBHS). DTO, B CBOIO OUe-
pexap, pH TOCIEyIOMEM JIa3epHOM TePMOYITpOU-
HEHHUH II03BOJIAET MOJydaTh Ooyiee paBHOMEpPHEIE
no riyOuHe W TBEPAOCTH YNPOYHEHHBIC TOBEPX-
HOCcTHBIE ciou [10].

Hcnonp3oBaHre B KauecTBE MPEIBAPUTEIHHON
orepaluy Iepen Ja3epHoit o0paboTKO# yibTpa-
3BYKOBOTO ITOBEPXHOCTHO-TIACTUYECKOTO aedop-
MUPOBaHHUS 3HAYUTEIHHO TOBHIMAET IPPEKTUB-
HOCTh M Ka4eCTBO JIa3€pHOT0 TEPMOYIPOYHEHHSI.
Kax BuaHO M3 nmpuBeneHHBIX Ha puc. 3 u 4 npodu-
norpamM moBepxHoctH CUY20, oOpaboTaHHOMI
V3III1/], 3HaunTEensHO CHUXKAETCA IEPOX0BATOCTh
TTOBEPXHOCTH M TIOCTEAYIOmas jJa3epHas oopadboT-
Ka B pexxuMme Oe3 OIJIaBICHHS MPAKTUYECKU He
HCKa)XkaeT UCXOJHOT0 MHKpopeibeda, chopMupo-
Barroro Y3IIII (puc. 4).
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30Ha yJIbTPa3BYyKOBOM
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OépaGOTKH

Puc. 3. Ilpodunorpamma MoBEpXHOCTH UyTyHA
CY20 — ucxomnas u nocye Y3/ (mapamerpsr Y3IIII/:
yacrora ¥ 3 konebanuii — 18 k['1; ammiutyna konebaHuii —
20-25 MKM; yCHIIHE CTATUYIECKOTO TpIKUMa — 45 KT,
ronepeyHas rmogayva JieopMHUpyIOIIEro IeMeHTa —
0,6 MM/00; IPOIOJILHASL CKOPOCTH MEPEMEIIICHUS
nedopmupyroriero sneMenTa — 2,6 M/MHH)

Ra = 6 Mkm Ra = 6 Mkm
Ra = 0,5 mxkm
3ona Y3IIIIJ

[ —

U MOCIEYOLIeH Jla3epHOi 00paboTKH

Puc. 4. TllpodunorpamMma nmosepxuHoctu ayryna CH20
nocie Y3IIIL/] u nocnexyromeit nazepHoit 00paboTKH

BbIB O I bl

VYapTpa3ByKkoBO€ MOBEPXHOCTHO-IIIIACTUYECKOE
nedopMUpOBaHHE MO3BOJISET MOJTyYaTh MOBEPXHO-
CTM C MUHUMQJIBHOM IIE€pOXOBATOCTHIO W Hau-
0oJIbIlIeH OMOPHOW TOBEPXHOCTBIO 3a cYeT (op-
MHUpPOBaHUS MUKpopenbeda ¢ OONBIINM CpEeIHUM
paaMycoM CKpYTJIEHHS BEPIIMH MHUKPOHEPOBHO-
creid. IloaTomy yJIbTpa3sByKOBOE MOBEPXHOCTHO-
TUTacTUYeCKoe JeQOpMHIpPOBAHHE TIEpen Ja3epHOI
00paboTKOH SIBISICTCS MPEANOYTUTENLHBIM, U OCO-
OEHHO IpH J1a3epHOM TEPMOYIPOUYHEHUH JeTaneit
U3 YyTyHOB, Tak Kak obecreunBaeT 3¢ (eKTHBHOE
MIPOHUKHOBEHHE YIJIEPOJa B METAJUIMUECKYIO MaT-
puiy no 6e3audhy3noHHOMY MEXaHU3MY, CHIKAs
€ro cojpepkaHue B cBOOOIHOM BHAE, a TaKkxke 0o-
Jilee MHTEHCHBHOE M3MEJIbYEHHE, BBIKpAIIMBAHUE
U ypaieHue Tpadura, BBIXOISIIETO Ha IOBEPX-
HOCTb, C IOCJICAYIOIIEH JIMKBHAALKEH MOp U IMyc-

TOT Ha MecTe OBIBIIUX I'Pa(UTOBBIX BKIIOYCHUI 32
cuer eOpMaIMOHHOTO YIUIOTHEHHUS. JTO MO3BO-
JseT u30ekKaTh MUKPOOIUIABICHHUI MOBEPXHOCTH B
30HaX BBIXOJa YacCTHUI] YIiepoja Ha MOBEPXHOCTb,
KOTOPBI BBIFOpaeT ¢ OOpa3oBaHHUEM KpaTepoB
C OIUIABJICHHBIMH KPOMKAaMH JIaKe€ B PEKHME 00-
paboTku Oe3 omaBieHHus OBEPXHOCTH [8, 9].
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