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TEXHOJJOTMYECKOE OBECHHEYEHUE KAYECTBA PE3bBOBBIX
COEJMHEHUWM JETAJIE HA OCHOBE ITOBEPXHOCTHO
INNIACTHYECKOT'O JE®@OPMHUPOBAHUA

V oaniit cmammi npedcmasneni pesyrbmamu 00CiONHCeHb, NIOBUUWEHHS AKOCMT NOBEPXHI 2ILYXUX
OmEopi6 6 IUMUX OemaisixX NHeGMOanapamypu GU2OMOGNeHOI 3 aNIOMIHICBUX CNIAGI8, Memooamu
Nn08epxXHe8020 NIacmuiHo2o depopmyeanns. Ilpedcmagnenuti 0epopmylouuii IHCMpyMeRnm ma pesicumu
00pOOKU, aHAi3 NOBEPXOHL MAKPOCMPYKMYPHUX 3HIMKIB, CIEHO 0I5l NepesipKU Ha 2epMemuyHiCb, d
Makooc anzopumm oopooOKu i pe3yibmamu.

B oannoii cmamve npedcmasnenvl pe3yibmamvl UCCIe008AHUL, NOBbIUEHUA KAYecmed
NOBEPXHOCMU  2TYXUX OMEEPCMULl 6 JIUMbIX O0emansix HNHeGMOAnnapamypvl U320MOGICHHOU U3
ANIOMUHUEBLIX CIIAB0S, MEMOOaMU NOBEPXHOCMHO20 NIACMUYecKo2o deghopmuposanus. [Ilpedocmasnen
Oepopmupyrowuil. UHCMPYMEH U PedtcUMbl 00pabomKU, AHAIU3 NOBEPXHOCMEN MAKPOCPYKIMYPHIX
CHUMKO8, CIMeHO OJIs NPOBEPKU HA 2EPMEMUYHOCTb, d MAKJICE ANOPUMM 00pabomKU U pe3yibmamal.

This article presents the results of research, improve the quality of the surface of the blind holes
in cast parts pneumatic equipment made from aluminum alloys, methods of surface plastic deformation.
Submission of a deforming tool and processing modes, the analysis of surfaces macro-shots, stand to
check for leaks, as well as the processing algorithms and results.

ITocTanoBka TpoOJIEMBI M €€ CBs3b C HAYYHO-MPAKTUYECKUMH 3aJ]a4aMH.
Jlutee mon naBnenuem (JIIT/I), kak MaJOOTXOTHBIA U BHICOKOMPOU3BOUTENbHBII
MPOIIECC MOJIyYSHHsI TOYHBIX OTJIMBOK CJIOKHOW KOH(UTypalnuu ¢ KadyeCTBEHHOM
MOBEPXHOCTBIO, IIMPOKO IPUMEHSETCS B MAIIMHOCTPOCHUH, aBTOMOOUIIBHOM,
TPAaKTOPHOH, MPHOOPOCTPOHUTENEHOW M MHOTUX JAPYTHX MPOMBIIUICHHOCTAX. [Ipu
JIITJ], moxydeHHBIE IETald IOABEPTalOTCS MEXaHHUYeCKoW o0paboTke, KoTOpas
cocraBmsier He Oomee 1 — 3% ot wmaccel orTmuBkH. OIHAKO Hapsmy C
npeumymiectsamu  JIIIJ[ wuMeer oIMH 3HAYUTENBHBIM HEJOCTaTOK — 3TO
MOBBILIEHHASI Ta30ycalouHasl IOPUCTOCTb, M KaK CIEACTBHE — HU3Kasl IJIOTHOCTb U
TePMETHYHOCTh OTIMBOK JUISI W3JCNUi, pa0OTaroIUX TOJ JaBICHUCM.
BakyymupoBanue mnpecc-hopM TpH JHUThe TMOJ JaBJICHHWEM HE YCTpaHsEeT
MOJIHOCTBIO I'a30-yCa0uHyI0 opuctocth[l1,2].

B TOpOMBINUIEHHOCTH Ha Pa3lUYHBIX TPEANPUATHAX B TEXHOJIOTHUECKHX
mporeccax o0ecreuyeHne TePMETHIHOCTH JIUTHIX JIeTajeil BBHITIOIHISTCS METO0M
MPOMUTKHA B BaKyyMe W MPUMEHEHHEM pPa3lIMIHbIX TepMeTukoB. Ho, BcnencTBue
BITUSTHUS JIMHEHHBIX U OOBEMHBIX TEMIIEPATYPHBIX PACIIMPEHHWA Ha W3JENHE B
MpoIiecce IKCIUTyaTaluu, STH METOIbI HE 00ECIICUNBAIOT ITOTYYCHHS TePMETHIHBIX
Pa3beMHBIX COSIUHEHHH.
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TexHomormyecknii Iepexon BAKYyMHPOBAaHHS TIPH JUThE IO/ JaBJICHUEM HE
yCTpaHseT IOJHOCTRIO Ta30-ycanouHyto mopuctocTs.[3] He mnpencrasmsercs
TaKke BO3MOKHBIM C MOMOIIBIO TEXHOJOTHYECKUX IIPUEMOB YAAIHTh BO3IYX C
npecc (GOpPMBI U ra3bl, BOSHUKAIOIINE OT CTOPaHHUs CMa3KH.

CrnemoBarensHO, wWiIM B  mporecce (OPMHUPOBAHUSA  PE3bOBI,  WIH
IpeABapUTEIBHO MEpel HUM HEOOXOOMMO («3aKPBITh» 3TH MOPHI U H30JIUPOBATH
ux JIpyr ot apyra. OZHUM M3 IPUEMOB TEXHOJIOTHYECKOTO MpOoIecca MOXKET
SIBJISITHCS IPUMEHEHHE JIePOPMUPYIOIIEr0 HHCTPYMEHTA.

AHanu3 JUTEepaTypHBIX HCTOYHMKOB I0Ka3aJl BO3MOXKHOCTb ITOJIyYEHHUS
pe3b0OBbl  TaHHBIM ~ METO/IOM, HO TPOYHBIX MaTEpPUAIIOB HE CKIOHHBIX K
OXPYMUYHBAHHUIO U PACTPECKUBAHHMIO B miporiecce aeopmupopanus. [4]

B cBsI3M ¢ 3THM Uil MOJIy4EeHUs TUIOTHOTO OE3MOPUCTOrO MOBEPXHOCTHOTO
CJIOS  BO3HHKAE€T HEOOXOAWMOCTh pa3padOTKM TEXHOJOIMH OOecHeueHUs
TepMETHYHOCTH PE3bOOBBIX COCIMHEHWH TpH H3TOTOBICHWH JeTayneil u3
MaTepuaoB C ra3o-ycaJ04HOH MOPHUCTOCTHIO Ha OCHOBE pa3pabOTKH TEXHOJOTHU
BKJTFOYAOLIYIO B ce0s 1e(OPMHUPYIOINI HHCTPYMEHT.

Hay4unast HOBH3HA 3aKIIFOYaeTCs B TOM, YTO:

- IPeAJIOKEH  HOBBIH  TEXHOJNOTHMYECKHH  mpomecc B oOecreueHHun
TepPMETUYHOCTH PE3bOOBBIX COCIUHEHUH MPH M3TOTOBIECHUM JeTaled u3
MaTepHaJIOB C ra30-ycaJ0uyHON MOPUCTOCTHIO;

-Ha OCHOBE MCCJIEJOBAaHUSA IIpollecca IOBEPXHOCTHO ILIACTHYECKOTO
nedopmupoBaHusl BrepBble pa3pabOTaHa MOJIeNb, IO3BOJISIIOIIAS OIPENETUTh
reoMeTpUUEeCKHe Iapamerpbl AehOPMUPYIOLIETO HHCTPYMEHTa M PEXKHUMBI €ro
padoTEI;

- Ha OCHOBE HKCTIEPUMEHTAILHOTO aHaM3a MaKpOCTPYKTYPHI
MOBEPXHOCTHOr0 CjIosi B oTiMBKax u3 cruiaBa AK12M?2, noiydeHHbIX METOIOM
JIMTBS TIO]] 1aBJICHHEM, YCTAaHOBJICHBI NTapaMeTphl 1e(hOPMHUPYIOIIETO HHCTPYMEHTa
JUIT 00pabOTKH TITYXHX OTBEPCTHIA.

- OJIyYeHbl ~ Pe3yJIbTaThl  HCCIEAOBAHUS  3aKOHOMEPHOCTEH  mpolecca
nedopMUpOBaHHUS TITYyXUX OTBEPCTHIA.

Lens uccnenoBanus. Pa3zpaboTka TEXHOIOTHH H3TOTOBIECHUS T€PMETHUYHBIX
Pe3bOOBBIX COCTUHEHUH TNPH M3TOTOBICHHH JeTajled M3 MaTepHanoB C ras3o-
yCag04HON MOPUCTOCTHIO Ha OCHOBE MPHMEHEHHS MOBEPXHOCTHO INIACTHYECKOTO
neOpMHUPOBAHUSL.

JUis HOCTHKEHNS TIOCTABJICHHOM 1IeJIN PEIIeHBI CIEAYIONINE 3a1ayun:

- IPOBEAECH AaHAIW3 METONOB MOIYYEHUs TEepPMETHUYHBIX Pa3beMHBIX
COEIMHCHUT;

- co3aHa pacueTHas MOJIENb MOBEPXHOCTHO IIACTUYECKOTrO
nedopmupoBanus crutaBa AK12M2 royd4eHHOTO JINTHEM T10]1 IaBJICHUEM;

- QHAJMTHYECKH ONpEeJIeJICHbI TapaMeTphl 1e()OPMHUPYIOIIEro HHCTPYMEHTa U
PEXMMBI 00pabOTKH;
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-Ha OCHOBE MOJEJIM CKOPPEKTHPOBAHbI MapaMeTpsl Ae(hOPMHUPYIOLIETO
WHCTPYMEHTA U PEKUMOB 00pabOTKH;

- HA OCHOBE TCOPETHUYECKHX M JKCIIEPUMEHTAIBHBIX PE3YJIBTATOB CO3MaH
neopMHUpYIOIINIT  MHCTPYMEHT, CIIOCOOCTBYIONIMH  MOBBIIICHHIO KadecTBa
MOBEPXHOCTH PE3bOOBBIX COCIMHEHHH B TIyXHX OTBEPCTUAX JETaleH M3 CIUIaBa
AK12M2, noxy4eHHBIX METOJIOM JIUThS IO/ JaBICHUEM;

- OKCIIEPUMEHTAIILHO YCTAHOBIICHO BJIMSIHHE KOHCTPYKTUBHBIX 0COOCHHOCTEH
nedopMupyIoIero HHCTpyMEHTa Ha 00ecieYeHue TePMETHYHOCTH COCAMHEHNS;

- pa3paboTaH aIrOPUTM BBIOOpA TEXHOJIOTHH 00PaOOTKH;

- IPOBEJICHBI UCIIBITAHUS JIe)OPMUPYIOIIEro HHCTPYMEHTa M €ro BHEJIpEHHE
B IIPOU3BOJICTBO.

BenencrBue miig uccienoBanus 3akoHOMepHocTed mexaHuku IIITJI nmTeix
AITIOMUHHEBBIX CIIJIABOB NpEeAJIo’)KEHa  Cleaylolas — METOJUKA! T
OCYLIECTBIISIETCS 110 HAPY>KHOM MOBEPXHOCTU LMIMHIPUUECKOW JTUTOW 3arOTOBKH

(puc. 1) [5,6].

ZEOTOEXS
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Pucynok 1 — Monensb ucciienoBanus 3akoHoMepHocTeit mexanuku T1T1/],
JIMTBIX aJIFOMMHHEBBIX CIUIABOB
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JUis  3arOTOBKM 3aroTOBOK C IUIOTHOCTBIO p=2.664 r/cm®p=2.685
r/CM3,p=2.735 r/em® u HHCTpYMEHTOM ¢ yrioMm paedopmarmm 4°,5°,8°  mpu
ckopoctsax aedopmanun E=3,77 m/mun, £=4,75 M/MUH M TONEPEYHON IMOjAaYEe
Sti=0,05 MM/06. MBI mONy4YwiaM caMyr KadecTBeHHYIO ToBepxHocTh(Ra 0.65)
riocyne 12-14 nukinoB aedopmarim.

Ha ocHOBe mpoBEeJEHHOro aHajiu3a MOBEPXHOCTEH MaKpOCTPYKTYPHBIX
CHHUMKOB TOBEPXHOCTEH, MOJYYEHHBIX 10 nedopmupoBanus (puc. 2, a) U mocie
(puc. 2, 0), c ucronp3oBaHreM nporpamMmsl «FemtoScan Online» ycTaHoBIEHO,
YTO HA KAYeCTBO MOBEPXHOCTH MCCICAYEMON MOIETH M3 aJIOMHHHEBOTO CILIaBa
MPU MTOBEPXHOCTHO-IIACTUYECKOM JIeHOPMUPOBAHUH BIIHSICT KOJHYECTBO LUKIIOB
U yroi aedopMaiuy.

4000

4000 5000 pm

Pucynok 2 — MakpocTpyKTypa MOBEpXHOCTH JI0 U TIOCTIe
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Ha ocHOBaHWM TpPOBEICHHBIX ONBITOB M aHalHM3a HX PE3YJIbTaTOB ObLI
CIPOEKTHPOBaH AehOPMUPYIONIMHA HHCTPYMEHT (pHcC. 3) Ul TIIyXUX OTBEPCTHi B
OTJIMBKAaX U3 aJIOMUHHUEBOIO CILIABA.

Co3/1aHHBIN HHCTPYMEHT COCTOUT M3 XBOCTOBHKA U AehOpMUPYIOILEH yacTy,
KOTOpasi B CBOIO OYepe/b MMEET 4eThipe AeGOpMHUPYIOIINX Tepa, Yroj HAaKIOHA
STHX Ne(OPMHUPYIONINX YacTed COCTaBIsieT OT 3 mJ0 7 TpagycoB y
nedopmupyromeit uyactu ecte 3abopuas  (d3), nmedopmupyromas  (dcp),
kayuopytommas (dep, 0.5) m aust 00paTHOrO BBIXOAA HHCTPYMEHTAa W3 JIETAH
obpatHsblid KoHyc[7].

Zxl5
as

_/%/_

Pucynok 3 — [lebopmupyroniuii ”HCTpYMEHT JUIS TITyXUX OTBEPCTHIH

OmnpeneneHbl mapaMeTpsl U PeXUMbI pabOThl MHCTPYMEHTA AJisi 00paboTKu
TIIyXUX OTBEPCTHH & UMEHHO:

L,— mmHa pabodeil YacTH MHCTPYMEHTA PACCUMTHIBACTCS B 3aBHCUMOCTH OT
MTOJIA4X U3 COOTHOIIICHHUS:

L,=N,xS 1)
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rae
NoﬁzNuum/Nnep (2)

N,ep — UMCIIO0 PabOYHX NEPbEeB UHCTPYMEHTA; N,y — YHCIIO LUKIIOB, HEOOXOIUMBIX
JUTSL TOTTYYCHUSI KaUeCTBEHHOM MmoBepXHOCTH; N,5— UHCII0O 060POTOB MHCTPYMEHTA,
py KoTopoM OyzieT obecnieueHo HeobxoaumMoe N, IpH 3a1aHHbIX N, (3-4)

KanuOpyromas d,, ompenensercs U3 CXeMbl I pacueTa JUaMeTpa IIOA
pe3nby du (puc.4.) [8]

Dcep=du 3)
rae
du=2r=5S/4 tan’l(a)—h (4)
cosa—1
y A
»
_ cosa

PucyHok 4 — Cxema Jyist pacueTa CpeJHero JHaMeTpa OTBEPCTHS MO/ pe3b0y

Ha ocHOBaHMM MOJyYeHHBIX JaHHBIX ObLIa NpeUIOKeHAa HOBas METOJHKa
MOJy4eHHsI Pe3b0OBBIX COCIMHEHUH B TIIyXHX OTBEPCTHUSIX KOPIYCHBIX AETallei ¢
ra3o-ycajo4Hoil MOpHCTOCThIO B uacTHocTd u3 cmiaBa AKI2M2, koropas
3aKJII0YaeTCsl B TOM, YTO ITOCJIE€ MEXaHMYEeCKOH 00pabOTKH, a MMEHHO Olepanuu
CBEpJICHME ¥ 3CHKEPOBAHWE, NPUMEHSETCS IIOBEPXHOCTHO IIJIACTHYECKAs
00paboTka 1eGOpPMUPYIOITUM HHCTPYMEHTOM.

C menpio pa3pabOTKH TEXHOIOTUH HM3TOTOBIICHHUS TE€PMETHYHBIX Pe3bOOBBIX
COCIMHEHUII MNpU U3rOTOBJICHUU JAETaleil U3 MaTepualoB C TIa30-ycaJlO04yHOH
MOPHUCTOCTBIO MPEIOKEH anroputM (Puc. 5).
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3ar0ToBKA

Bexpumte tope, Tpemmmt.
paKoBIKEL 1 a0

OfpaGoTRa 2e(bopMupyIOmIDS MIICTpYEMITON

[tpermrrza o naryyaee

Pucynok 6 — Crena ais nposepku Ha repmerinynocts [TIKP16

B pesynbpTare 06padoTku 50-TH 0TBEpCTHI KOpITyca MTHEBMATHIECKOTO KpaHa
JIe(OPMHUPYIOIIMM HHCTPYMEHTOM IIOJTyYCHBI CICTYIOIINE IOKA3aTeIH:

- OTKJIIOHEHHE OT HOMHHAJBHOTO pa3Mepa IOoJ| HaKaTKy pe3b0bl He Ooee
10,0MmKM;

- IPOM3BOAUTEIILHOCTH TIporiecca aedopMupoBanus — 10 60 mT./d;

- I3HOC JiehopMHUpYFOIIEro HHCTpyMeHTa rociie oopaboTku 50 meraneit — 10MKwm;

- CTOUKOCTD JIe()OPMHUPYIOLIETO HHCTPyMEHTa JI0 MoJiHoro n3noca — 5000 wt.;

- IepOXOBATOCTh ITOBEPXHOCTH OOpa3yromed OTBepCTHS A0 MOIYYCHHS
pe3s0b1 — Ra=0,32 — 0,16MmkM.

HcnblTanusa npoBOJMINCH HA BEPTUKAILHO-CBEPIMIIBHOM cTaHke Moj. 2H125.

B xauectse COTC ucnosnp30Baiy pacTUTENLHOE MAacio Ha OCHOBE PAriCOBOTO
Macjia 10 COCTaBy BXOJSUIMX KHUCJIOT CXOXKEe C OJISMHOBOM KHUCIOTOMN
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pexomenayemoii mpu III1/] amomuameBpix crumaBoB. COTC momaBamm B 30HY
00pabOTKHU C MOMOIIBIO0 TEXHIUKH MUHIMAaJIHHON CMa3KH.

IIpoBepka Ha TepMETHYHOCTh MPOBOAMIIACE Ha cTeHme s minenus [TIKP16
(puc. 6) Ha 3aBoge YAO «IlneBmMaTmkay,

BrIBOABI:

1. lpennoxeH HOBBIH TEXHOJIOTHYECKHH TMporecc B  OOeCHeUCHHH
TePMETHYHOCTH PE3bOOBBIX COEAWHEHWH TP W3TOTOBICHHUM JCTaJeH W3
MaTEepHaJIOB C Ta30-yCaJOYHOH MTOPUCTOCTHIO.

2.Ha ocHOBe wmccieOBaHUS TIIpOIecca IMOBEPXHOCTHO IUIACTHYECKOTO
neopMHUpOBaHUS BIEpBBIE pa3zpaboTaHa pacdyeTHass MOJENb, IO3BOJITIONIAL
OMpPENEIUTh TEOMETPUYCCKHE MapamMeTphl Ae(GOpMHUPYIOIIEr0 HHCTPYMECHTa U
PEKHMBI €ro paboThI.

3 Ha OCHOBE 9KCIIEPUMEHTAITLHOTO onpeeneHus CTPYKTYPBI
MOBEPXHOCTHOTO CJIOS B OTMBKax u3 cruiaBa AKI12M2, mojydeHHBIX METOI0M
JUTHS TIOJ] JaBlIEHUEM, MOJYYEHBl PE3YyJbTaThl MUCCIEOBAHUS 3aKOHOMEPHOCTEH
npoiiecca 1ehOPMHUPOBAHUS TIYXUX OTBEPCTHI.

4. BoiOpaH anropuTM TpH H3TOTOBICHUH AETaleld W3 MaTepHajoB C Ta3o-
yCaI0YHOH IIOPUCTOCTHIO.

5. Pesynprater BHeapensl Ha YAO “TlaeBmatuka” (T. CuMdepornons).
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