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UCCJEJOBAHUE U KJACCUPUKAIIMSA TOHKOCTEHHBIX U3IEJINI B
MAIINMHOCTPOEHHMHU. UCCIIEJOBAHUE CYHIECTBYIOIIIUX METO10OB
OBPABOTKH TOHKOCTEHHBIX U3JIEJIAN

Tosapuu U.C. (xagh. TM, [JonHTY, 2. [loneyx, Yxpauna)

ObecnieyeHre HAyYHO-TEXHHUYECKOTO MPOrpecca B MAIIMHOCTPOSHUH CBSA3AHO, MPEXkKIE
BCEr0, C CO3JaHMEM HOBBIX KOHCTPYKIIMOHHBIX MAaTE€pHajlOB U COBEPLICHCTBOBAHHEM
TEXHOJIOTUH WX yHnpouHeHus. braromaps ycnexam COBpEMEHHOTO MaTepHalIOBEICHHS CO3/1aH
IIMPOKHHA CHEKTP MaTepHalioOB Pa3jIMYHOI0 HA3HAYCHHS C BBICOKMMH SKCILTyaTallMOHHBIMH
CBOMCTBAMH. YBENUUYMIACh JOJI IUIACTMAcC M KOMIIO3MTOB, a JOJS METaJUIMYECKHX
MaTepuaioB cokpatuiaack a0 60-65%. Opnako B Omwkaiimem Oynymem Haubosee
pacrpoCTpaHEHHBIMH CpEeId METAIMUECKUX KOHCTPYKIIMOHHBIX MaTEpUaoB OCTaHYTCS
CIIaBBI Ha OCHOBE KeJe3a U, mpexie Bcero, ctanu. [loatomy npobiema coBepIeHCTBOBAHHUS
TEXHOJIOTUYECKUX METOJ0B YIPOUYHEHHUS KOHCTPYKIMOHHBIX CTajell OcCTaeTcsi BechbMa
aKTyaJbHOM.

Vxe ¢ koHma XX Beka B OOJBIION CTENEHH YHAENSAETCS BHUMAHHE Pa3BUTHIO
TEXHOJIOTUH TOBEPXHOCTHOIO YIPOYHEHHUS, a HE OO0BEMHOro. JTO CBS3aHO C HOBBIM
MOJXOJ0OM B OLEHKE poJId Marepuaja B OOECIEYeHWU KOHCTPYKLMOHHOM IPOYHOCTH
U3JIeNUi, COTJIACHO KOTOPOMY BeZyIllash pOJib NPUHA/UIEKHUT MTOBEPXHOCTH, a HE 00BbEMY, Kak
3TO OBUIO MPUHATO paHee. IMEHHO COCTOSIHME TOBEPXHOCTH BO MHOTOM OTIPE/ETISieT YPOBEHb
MPOYHOCTH M SKCIUTyaTallMOHHBIE CBOMCTBA JeTalieil MamuH. DTO MPHUBENO K MOSBICHHIO
HOBOTO  HAaINpaBli€HUS — WHXEHEPUH TOBEPXHOCTH, OCYIIECTBISIEMOH  MeETOoJaMu
KOMOMHHPOBAaHHOTO SHEPreTUYECKOro M (PU3MKO-XMMHUYECKOro BO3JeHCTBUs. Pa3ButHe
MH)KEHEPUU TOBEPXHOCTH MpearnoiaraeT pazpaboTKy TEXHOJIOTMYECKHX IMPOILIECCOB HOBOTO
YPOBHSI, TMO3BOJIAIONIUX MOJAU(MHUIIMPOBATH MOBEPXHOCTHBIM CIIOW, pajMKalbHO MEHSTh €ro
CTPYKTYypy W cBoicTBa. s MoauduuupoBaHHUs MOBEPXHOCTH METAJIOB IMPEANOUYTEHHE
OTJAaeTCs MeTOoJaM YIpaBisiomied o0paOOTKH, HCHOJB3YIOUIMX B KayeCTBE TEIJIOBOTO
MCTOYHHMKA KOHLEHTPUPOBAHHBIE TMOTOKH JHEPrHH. HOHHBIC, Ja3epHbIe, YIbTPa3BYKOBHIE,
BBICOKOYACTOTHBIE MHAYKIMOHHBIE M Apyrue. Kpome TOro HeoOXOOUMO CTPEMHUTHCS K
MHHOBAIlMOHHBIM TEXHOJOTHUSM, B YaCTHOCTH pa3paboTKe HOBBIX pecypcocOeperaronux,
0€30TXO/IHBIX, KOJIOTHYECKH OE30MaCHBIX TEXHOJIOTH.

B 3101 cBsI3M B 00:1aCTH MAaIllIMHOCTPOEHUS aKTyaJlbHOU 3a1adeil siBisieTcs pa3paboTka
U COBEPILEHCTBOBAHHE JIOCTYIHBIX, SKOHOMUYHBIX, BBICOKOI((MEKTUBHBIX U IKOJOTUYECKU
0e30macHbIX TEXHOJIOTUH YIPOYHEHHUS KOHCTPYKIIMOHHBIX CTajlel, o0ecrnedyrnBaonmx
MOJTy4EeHUE 33JaHHBIX SKCIUTYaTallHOHHBIX CBOMCTB.

Llenbto paboOTHI SBIAETCS aHAIM3 M KiIacCH(PUKAIMg TOHKOCTEHHBIX M3JeNuil, 0030p u
aHaJM3 METOJ0B OOpPaOOTKM TOHKOCTEHHBIX M3/EIMHA C IIeJbI0 IOBBIIMICHUS KayecTBa
00pabOTKM JaHHBIX U3JIEIUH.

[IpuMeHeHHEe COBpPEMEHHBIX MAIIMH M MEXaHU3MOB, pPa0OTAIOMIMX Ha OOJBIIUX
CKOpPOCTSIX M CO 3HAUMUTEJIbHBIMU Harpy3kamu, TpeOyeT OT KOHCTPYKTOPOB M TEXHOJIOI'OB
peleHre MmpoOaeMbl MOBBIIMIEHUS CPOKa HUX CIYXKObl M, COOTBETCTBEHHO, CpPOKa CIY)KOBbI
OTJEJIbHBIX JIeTaliel, BXOAIIMX B COCTaB MaIlIMH U MexaHu3MoB. bonee 80% netaneit mammn
U IpUOOPOB BBIXOJAT U3 CTPOS MO MPUYMHE M3HOCA U MOTEPU IKCILTyaTallMOHHBIX Ka4eCTB.
Otctoga BBITEKaET HEOOXOAUMOCTb YIYUIIEHHS (PU3MKO-MEXaHHMUECKUX XapaKTEPUCTHK
MeTaJula U TeOMETPUUECKUX MapaMeTpoB pabouux moBepxHocTel neraneit. Kpome Toro, npu
INPUMEHEHUH TPOTPECCUBHBIX TEXHOJOTMYECKUX MPOLECCOB CIEAYyeT CTPEeMHUTbCA K
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MOBBIIIEHUIO TPOU3BOJUTEIBHOCTH OOpabOTKM M JKOHOMHU MeTamioB. [locrosiHHOE
pa3BUTHE TEXHMKH Ha COBPEMEHHOM JTame TpeOyeT HCIOJIb30BaHHE JeTaliel, MMEIOIINX
TOHKHE CTEHKHU (C IIeJbI0 3KOHOMHUHU Marepuana u oOJierdeHus KOHCTPYKIMHU B Iiejiom). B
HACTOSIIIEe BPEeMsI KOJMYECTBO TAKUX U3JENHUN 3HAYUTEIHHO YBEIMYUBACTCS B 0OIIei Macce
JeTaneil, moJaBepraeMbIXx MeXaHnuecko oOpaboTke. TOHKOCTEHHBbIE WM3JETHs, OOecrednBas
BBICOKYIO TIPOYHOCTh U TUIOTHOCTH KOMIIOHOBKH, HaXOMAT IIMPOKOE MPUMEHEHHE B CaMBIX
pasHBIX OTPACISIX MPOMBIINIJICHHOCTH M, YTO OCOOEHHO Ba)KHO, B OO0JIACTSX CaMOJIETO- U
pPaKeTOCTPOCHUHUSI, KPHOTEHHON TEXHUKE, ITHEBMO- U THpOAIaparype, JBUraTeIeCTPOCHUH,
XOJIOIUIBHBIX YCTAHOBKAX, KOCMUYECKHX M BOCHHO-TIPOMBITINIEHHBIX pa3pa0doTKax.
Paspaborana kinaccudukaiis TOHKOCTEHHBIX U3ICITHIA:
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Puc.1. Knaccudukaiiys TOHKOCTEHHBIX HU3/ICIUN.

CormacHo el o0mass Macca TOHKOCTEHHBIX W3JEIUN TOAPA3JENIeTCs Ha Tena
BpallleHUs, KopIyca W IutacTUHbI. [losyueHune w3nenuii JaHHBIX (OPM HE MPEIOCTABIISET
npoOieM Uil COBPEMEHHOTO MAIIMHOCTPOCHHUS JTO JUThE, IITAaMIOBKA, MPOKAaT C
MOCJICYIONUMHU OMEpalusIMA TOUYCHUS, CBEpJeHHs, (pe3epoBaHUs, SICKTPOIPOZHOHHOU
o06paboTku. OHAKO, KOT/Ia PeUb 3aXOJUT O MOBBIIICHUN KayecTBa MOBEPXHOCTHOTO CIIOSI TO
31eCh HEOOXOIMMO YYHUTHIBATH OONIYI0 W MHUHUMAIBHYIO TOJNIIMHY CTEHKH, TaK Kak
oTIenovYHass o0padoTKa JOJDKHA YYUTHIBATH TPEOOBaHUS IO TOYHOCTH W HE BHI3BIBATH
TE€OMETPHUYECKUX U MPOCTPAHCTBEHHBIX OTKIOHEHUH JIeTalIH.

KauecTBO MOBEPXHOCTHOTO CIOSI SBISETCS OJHUM U3 [NIaBHEWIIUX (PakTopoB
OTIPEACTISIONIUX TOJITOBEUYHOCTh JCTaNe MalluH ¥ MEXaHU3MOB. TiiareapbHO 0O0paboTaHHAs
0OIIEeN3BECTHBIMU CIOCOOAMH TOBEPXHOCTH COMNPSTAEMBIX JETaleil SIBISETCS HOCHTEIEM
OCTaTOYHBIX MaKpO- M MHKPOHANPSDKEHUHM, YCTAIOCTHBIX MaKpO- W MHUKPOTPEIIHUH,
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[Iap>)KUPOBAHHBIX 3€peH abpa3uBa M Npouux JAepekToB. [y MOBBIIIEHUS MPOYHOCTH H
M3HOCOCTOMKOCTH JeTaneld HeoOXOIMMO MPUMEHSATh METOoAbl O0paldOoTKH, Yayd4Ilaloline
¢du3nueckre CBOWCTBA, CTPYKTYPY U MUKPOT€OMETPHUIO TIOBEPXHOCTH.

M3BecTHBI crenylomme KIacCCHYeCKHe CHOCOObl YIyYIIeHHs KadecTBa IMOBEPXHOCTH,
MOJIyYHMBIIME MAaKCUMAaJIbHOE PacIpoCTpaHeHHE:
- IpobecTpyiiHas 00paboTKa, MUKPOTBEPIOCTh TOBEPXHOCTH YBEIMYMBACTCS HE3HAUYUTEIBHO,
MOBEPXHOCTHAs IIEPOXOBATOCTh MPAKTUYECKH HE YMEHBINIAETCS, YCTAJOCTHAs MPOYHOCTH
yBenuunBaeTcs B 1.5 pasa u Oonee;
- 0OKaTBhIBaHHUE IIAPOM WJIM POJIMKOM, MUKPOTBEPAOCTh MOBEPXHOCTH yBennuuBaetcs Ha 40 -
60%, 1epoxoBaTOCTh CHUXKAETCS, OPUEHTUPOBOUYHO, ¢ 5 10 10 kiacca, 0ObuHO Tpedyercs
HECKOJIKO TPOXOJ0B HMHCTPYMEHTa MO o0OpabaThiBaeMoOi JeTanu, oOpa3zyercss HakJjen
3HAYUTEIHHOH TOJIIIMHBI;
- TOPHOBaHHE, MUKPOTBEPAOCTh MMOBEPXHOCTU yBeIUUYHMBaeTcs Ha 25 - 35%, mepoxoBaTrocTb
CHIDKAETCs, OPUEHTUPOBOYHO, ¢ 5 10 9 - 11 knacca, He3HAYUTENbHBIN HaKIen, 10 1 MM ;
- YeKaHKa, MUKpPOTBEPJIOCTh MoBepxHOCTH yBenumuuBaercss Ha 20 - 70%, tommmua Hakiena
MokeT ObITh 10 20 - 25 MM , ycTanocTHas npouHocTh yBenuuuBaeTcs Ha 50 - 100%, cpok
cITyObl JleTaneil yBennuupaercs B 2 1 OoJiee pasa;
- YOPOYHEHHE B3PBIBHOM BOJHOM, MHKPOTBEPJOCTbh MOBEPXHOCTH yBeinuuuBaercs Ha 60 -
70%, tonmHa Hakiena MoxeT ObITh 10 40 - 50 MM , UTO HEAOCTHHKHUMO HUKAKHUMHU APYTUMU
METOJJaMH, HO TPUMEHEHHE CBSA3aHO C M3BECTHBIMHM TEXHOJIOTMYECKHMMM TPYAHOCTSIMH U HE
BCErJ1a BO3MOKHO.

Ecnu npu  o00paboTke  CTaTHYECKUMH  METOJaMH  WHCTPYMEHTY  COOOLIUTH
JIOTIOJTHUTENBHBIEC YIBTPa3BYKOBbIE KoyeOaHus ¢ yactoTor 18-24 xI'm u ammmutynon 15-50
MKM TO OHM CTAHOBSITCSI yJapHBIMH MeToamMH. (puc. 2)
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Puc. 2. Cxema ynpTpa3BykoBoi 00pabOTKH HAPYKHBIX LUIHHIPUYECKUX TOBEPXHOCTEH

NuctpymenT 6 mon [HeHCTBMEM CTaTUYECKOM W 3HAYUTENBHOW YAapHOW CHIIHI,
CO3/1aBacMou KO0JIeOaTeNbHOM CUCTEMOH (ynpTpa3ByKOBBIM TeHEepaTopoM 1,
MarHUTOCTPUKIIMOHHBIM TpeoOpa3oBarenieM 2 ¥ KOHIICHTPATOpPOM ), ILIACTUYCCKU
nedopMUpyeT TMOBEPXHOCTHBIM cloil oOpabateiBaemoit meramu 5. Craruyeckas cuna Per
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NPUKIIAIbIBACTCS C MOMOINBIO Tpy3a 4, Moja JeWcTBUEM KOTOPOTO BCE YCTPOMCTBO MOXKET
cBOOOJTHO TIEpeMEIaThCs [0 HAIPABJISIOMNM 3 U MOKUMATHCS K JIETaH S.

[To cpaBHEHHMIO CO CTAaTUYECKHMHU METOJAMH YJIbTpa3ByKoBas oOpabOTKa BBIIENSETCS
TaKUMU MPEUMYILECTBAMHU:

- MHCTPYMEHT Je(QOpMHUPYET MOBEPXHOCTHBIM CION neTtanu ¢ OOJBIION MHTEHCHBHOCTBHIO
KonebaHui, B pe3yiapTare dYero JeOpMHUPOBAHUE COIMPOBOXKAACTCS TNPEPHIBUCTHIM U
MHTCHCUBHBIM TPEHUEM

- OoJiee MPOU3BOAUTENbHAS IPU MEHBIIEM 3HAYEHUH MPUKJIIAIbIBAEMON CTATUYECKOMN CHUJIIBI

- IIEpEeMEHHAasi CKOPOCTh Je(pOPMHUPOBAHUS, MAKCUMAJIbHOE 3HAYEHUE KOTOPOI TOpa3io BhILIE
YeM IPU CTATUIHOM oOKaThiBanuu (octuraet 6osiee 200 M/MuH)

- cpeliHee JIaBJIeHUE CO3JaBaeMOe B IIOBEPXHOCTHOM CJIO€ JICTAJIH MO JeHCTBUEM HOPMAJIbHO
HaNpaBJICHHOM cUIIbI OoJbIne B 3-9 pa3 yeM nmpu oOKaTKe MapoM

- DSHeprus, pacxojyemas Ha HWCKQXEHUS KPHUCTALIMYECKON pelieTkn MW HIylmas Ha
BHYTPEHHUE MUKPOCTPYKTYpHbIE IpeoOpa30BaHus BbILIE, a TEMIIEpPAaTypa B 30HE KOHTAKTa
100-150C

- YBEJIUUMBACTCS CTEIICHD HaKJIena oOpadaTbiBacMbIX jetaineit; [1]

- OTCYTCTBHUE IIAPKUPOBAHHBIX B MIOBEPXHOCTH 3€peH adpa3uBa yBEIMUYUBACT JI0 2 pa3 CPOK
CIy)KOBbl ~ CONPSDKCHHBIX JeTaneid (map CKOJNBXKEHWs, YIUIOTHUTEIbHBIX CallbHUKOB,
CaJlbHUKOBOM HAOWBKM W T.J.), TMOSIBISICTCS BO3MOXKHOCTh C IOMOIIBIO YJIBTPa3BYKOBON
00pabOTKH M3TrOTaBIMBATh JIETAIN JUIS MUIIEBOW MPOMBIIUIEHHOCTH ( I03aTOPBI U T.A. ), IS
JMOOBIX MAIIMH W MEXaHWU3MOB, JUIS KOTOPHIX Hajluuue adpa3uBa B TEXHOJOTMYECKOH 30HE
HEJIOIYCTUMO.

[Tnactuueckas aedopmainus MOBEPXHOCTH, CHIDKEHHE IIEPOXOBATOCTH, IOSBICHUE
C)KUMAIOIIMX OCTaTOYHBIX HANpPSDKEHUH MNPHUBOJAT K YBEJIMYEHUIO H3HOCOCTOMKOCTH
MaTepuana. /[y OleHKH M3HOCOCTOMKOCTH HCIOJIb30Bajach MallliHa TpeHus. VcnblTaHus
MPOBOJIWIINCH TIO CXEME «BaJl — BTYyIKa». [loka3zaHO, 4YTO yNPOYHSIOIIAS YJIbTPa3ByKOBas
00paboTka mouTy B 2 pa3a MOBBIMIAET U3HOCOCTOMKOCTH 0OpasmoB. Ha cramu 45 Obiia
poBe/eHa CpaBHHUTENbHAs OLIEHKAa IIOKa3aTeleld KadecTBa MOBEPXHOCTHOTO  CIIOf,
NOJIyYeHHAs! B Pe3yJbTaTe UCIOJIb30BaHUS TPAAUIMOHHOTO MeToa (0OKaThIBaHUE IIApOM) U
yIBTPa3ByKOBOTO. [2]

Takum oOpa3oM HHTEHCH(UKanusg mpouecca o0O0paOOTKM 3a CyYeT BHEAPEHUS
KOMOMHHPOBAaHHOM TEXHOJOTMM IO3BOJISICT TOBBICUTH KaueCTBO M IPOU3BOIAUTEIBHOCTD
00pabOTKM U SBISETCA MEPCHEKTHUBHBIM HANpaBICHUEM DPAa3BUTHS U YAYUIICHHUsS JTaHHON
TEXHOJIOTUH.
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