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BBenenne

[loBblieHne HaAEKHOCTH aBTOMOOHIIBLHOM
TEXHUKH MOYKHO OCYIIECTBJIATH TIO JIBYM OCHOB-
HBIM HANPaBICHUSM:

1) moBwINIeHHE HAAEKHOCTH HW3TOTABIMBAC-
MBIX JieTaliell aBTOTPaHCIOPTHBIX CPEACTB B YCIIO-
BHSIX MacCOBOT'O ITPOU3BOJICTBA;

2) TIOBBIIMICHUE HAAEKHOCTH DKCIUTyaTHpye-
MBIX aBTOTPAHCIIOPTHBIX CPENCTB IMyTEM MpHUMeE-
HEHUS MEPCIIEKTUBHBIX CIIOCOOOB BOCCTAHOBIICHUS
ABTOMOOWIIBHBIX J€TaJNCH B YCIOBHIX SIUHUYHOTO
Y CEpUHHOIr0 IPOU3BOJICTRA.

HanéxHocTh, Kak H3BECTHO, H5TO KOM-
IJICKCHOE CBOMCTBO, KOTOPOE B 3aBUCUMOCTH OT
Ha3HAuYeHHs U3JIENUS M YCIOBUH €ro 3KCILTyara-
LMK MOXET BKIIIOYAThH O€30TKA3HOCTh, JOITOBEY-
HOCTh, COXPaHIEMOCTh WM PEMOHTONPUTOAHOCTH
H3JICTTHS U €r0 COCTABHBIX YacTel.

Benymmwe MupoBbie pOU3BOIUTENN aBTO-
MOOWJIeH MpPU KOHCTPYMPOBAHUHM U HU3TOTOBJICHUU
CBOMX H3JICIMA B HACTOAIIEE BPEMs IPUMEHSIOT
CHUCTEMBI aBTOMAaTU3UPOBAHHOT'O MPOSKTUPOBAHUS
4 nnoxonenus — CAD/CAM/CAE/EDMS cucremsl.
Tak, HanpuMep, TpU MPOSKTUPOBAHUU aBTOMOOU-
e FORD wucnonp3oBajiach CHCTEMa BBICOKOI'O
ypoBHs Pro/ENGINEER. IlpoektupoBanue B 3TOl

U TONOOHBIX CHUCTEMaxX HA4YMHAETCS C CO3JaHHs
TpexMepHoOi TBepAoTenbHOM Monenu. Ilo Helt mo-
clle 3aJaHNUs OCHOBHBIX MEXaHHUECKUX XapaKTepu-
CTHK MaTepuayia JeTalldi MOKHO IPOBECTH aHAJIN3
CMOJIETTMPOBAHHBIX YIPYTO-IUIACTHUECKUX Aedop-
MalWi, KaKk pe3y/ibTaTa BHEIIHEro BO3JeHCTBUS Ha
uccuenyeMblii 00beKT. Takke MOIYIH HHXKEHep-
Horo anaiu3a, Harpumep Pro/MECHANICA, no3-
BOJISIIOT MOJENUPOBATh CTAaTHYECKHUE, KHUHEMAaTH-
YecKue U JUHAMUYECKHE MPOIECChl, ONTUMH3HPO-
BaTh TEOMETPUIO M KOHCTPYKUIHUIO TEXHUYECKUX
00BEKTOB.

OpHako, OAOOHBIE CHCTEMBI IMO3BOJISIOT
pemarth Janeko He BCe 3aaud, BOSHUKAIOUINE Tie-
pen MpoM3BOAUTENSIMA aBTOMOOMIICH U mepen Te-
MH, KTO 3aHHMMAeTCsi BOCCTAaHOBJICHHEM aBTOMO-
OMJIBHBIX JeTael.

Boccranosnenue aeraneil MammH obecre-
YMBAET CYLIECTBEHHYIO SKOHOMHIO BBICOKOKaye-
CTBEHHOI'0 MeTajjla M TPYIOOBBIX pecypcoB. Kak
W3BECTHO, JUISI BOCCTAHOBIICHHSI PabOTOCIIOCOOHO-
CTH W3HOLICHHBIX JieTajiel TpeOyeTrcss B HECKOJb-
KO pa3 MeHbIIEe TEXHOIOTHYECKHX OIepanuil mo
CPaBHEHHMIO C M3TOTOBJICHHEM HOBBIX. JTO 0CO-
OCHHO aKTyaJbHO B COBPEMCHHBIX YCIOBHSX, KO-
raa Oosee MOJOBUHBI MPOJABAEMBIX aBTOMOOWIIb-
HBIX JieTajneill SBISIOTCA BOCCTaHOBIEHHBIMH. Og-
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HAaKO pecypc BOCCTaHOBICHHBIX JIeTalleld MO CpaB-
HEHUIO C HOBBIMH 3a4aCTYIO OCTAaeTCsl HU3KHM. DTO
CBSI3aHO C TeM, 4TO 3a mocienHue 15 jer aBrope-
MOHTHOE TPOM3BOACTBO MPHILIO B YIMAJI0K, U, CO-
OTBETCTBEHHO, 3HAYUTEIBHO CHHU3MJIOCH KauecTBO
BOCCTQHOBJICHHS aBTOMOOMIIBHBIX JICTAJICH.

Ha ceronHsnmHuii 1eHb U3BECTHO MHOXeE-
CTBO COBPEMEHHBIX IPOTPECCUBHBIX CIOCOOOB
BOCCTAQHOBJICHHS JICTAJICH, TO3BOJISIONINX HE TOJIb-
KO BOCCTAHOBHUTBH IPSKHHUE pa3Mephl U Gopmy Je-
TaJieid, HO U OBBICHTh UX PECYpPC MO CPAaBHEHHIO C
HOBBIMH.

B Hacrosiee BpeMsi B COBpEeMEHHOM KY30-
BOCTPOCHHU aBTOMOOWJIBHOM IPOMBIILICHHOCTH
Bce Ooiblliee pa3BUTHE MONydYaeT IMPHUMCHEHHE
JieTaJield, TOyYeHHBIX IITAMIIOBKOW U3 pa3HOTON-
IIMHHBIX CBAapHBIX JINCTOBBIX 3ar0TOBOK. Peanun3a-
sl TAKOH TEXHOJOTUH IMOJTYYSHHUsS JeTaneil mo3-
BOJISIET CHU3UTH OOy Maccy aBTOMOOMJISI, CO-
KpPaTHUTh HOMEHKJIATypy OTJAECNBHBIX IITAMIIOBAH-
HBIX JIeTajieil, KOJMYECTBO AIIEMEHTOB YKECTKOCTH
KOHCTPYKIIMM ¥ Pa3HOOOPA3HBIX YCHIMBAIOLINX
AJIEMEHTOB, MOBBICHTh TOYHOCTH JIETAJICH, COKpa-
TUTh HOMEHKJIATYpy CBapOYHOro 0OOpYZOBaHUS,
NPUMEHSIEMOro Ui COOPOYHBIX Olepalui, a TaKk
K€ MOBBICUTH MPOYHOCTH JIETAJCH M YMCHBILIHUTH
3aTpaThl Ha COOPOYHO-CBAPOYHBIC ONEPAIMH TPH
TIOBBIIICHUU HMX KadecTBa. TeM He MeHee, cylle-
CTBYIOT ONpEJIeNCHHBIC TPYIHOCTH, BOSHUKAIOIIHE
NpU pean3aliy TEXHOIOTHYECKOro Ipolecca u3-
TOTOBJICHUSI TOAOOHBIX JleTaneil, U OrpaHUYCHHE
obnacTy MpUMEHEHHs CBapHBIX JeTanedl. Hanpwu-
Mep, TEXHOJOTMYECKHH TPOIECC MITaMIIOBKH
CBapHBIX JIMCTOBBIX 3arOTOBOK HE INPHMEHSETCS
JUTSL ©3TOTOBJICHUSI HAPY>KHBIX JINIIEBBIX JACTAJICH.

O030p NHUTEpPAaTypHBIX MUCTOYHUKOB ITOKA-
3BIBAET, YTO CYIIECTBYIOT HEMHOT'OYUCICHHBIE pa-
OOTBI, B KOTOPBIX MPUBENICHBI OTICIBHBIC U JI0CTa-
TOYHO OOIIME PEKOMEH/IAIIMY 110 TPOSKTUPOBAHUIO
HOBOM TEXHOJIOTUYECKOH OCHACTKH VISl IITaMITOB-
KU JIeTaJied U3 Pa3HOTONIIMHHBIX CBAPHBIX JIUCTO-
BBIX 3arOTOBOK, HO MPAKTHYECKH OTCYTCTBYIOT
KOHKPETHBIC pacyeTHbIe M HKCIIEPUMEHTAIIbHbIC
TEXHOJIOTHYECKUE MapaMeTpbl HCCIENyeMOro mpo-
1ecca, KOTopble MOYKHO MCIOJIB30BaTh MPU pabore
Ha yX€ CyLIECTBYIOIIEH OCHACTKE NMPH M3MECHEHHH
BUJIa HMCXOIHOW 3aroTOBKH (3aMEHa OIHOPOIHOM
JIMCTOBOI 3arOTOBKM Ha CBapHYIO 3arOTOBKY OJIH-
HAKOBOM TOJIIMHBI WA CBapHYIO Pa3HOTOJNIINH-
HYIO 3aTrOTOBKY).

OO0bexT, HampaBJjieHHe M Pe3yJbTaThl
HCCJIeJOBAHUI
B cBs3u ¢ BBIIIE U3TOKEHHBIM, B JaHHOU
CTaThe MPUBEIEM PE3YNIbTAThI:
1) ananmM3a BO3MOYKHOCTEH CHCTEM BBICOKO-
TO YPOBHS JUISl pElIEHUs NMPUKIATHBIX 3a/a4, CBA-

3aHHBIX C M3TOTOBJICHHWEM M BOCCTAHOBJICHHUEM aB-
TOMOOWJIBHBIX JIeTaleH;

2) CpaBHUTEIBHOIO aHaIM3a CIIOCOOOB BOC-
CTaHOBJICHHUS aBTOMOOMJIBHBIX JETalleH;

3) aHanm3a BBIXOJHBIX MAapaMETPOB TEXHO-
JIOTHYECKUX IPOLECCOB CBapKH, JUCTOBOH LITaM-
MOBKH U JIGHTOYHOT'O TITyOMHHOTO NUIH()OBAaHUS.

1. HecmoTpst Ha mmpovaiie BO3MOXKHOCTH,
CHCTEMBl aBTOMAaTH3UPOBAaHHOTO MPOEKTUPOBAHUS
JIAJIEKO HE BCErja MO3BOJAIOT YYUTHIBATH U3MCEHeE-
HUSI, IPOUCXO/IINE B MMOBEPXHOCTHBIX CIOSX 3a-
TOTOBOK B Ipollecce MX IMOMYy4YeHUs U MOCIenylo-
el MexaHn4eckod o0paboTku. B To ke Bpems
JONTOBEYHOCTh OTBETCTBEHHBIX aBTOMOOHMIIBHBIX
Jerajeid, HampuMmep, AeTaned IBurartens, padora-
IOIIUX MPU MOBBIIICHHBIX TEMIIEPAaTypax M HCIIbI-
THIBAIOIINX JWHAMUYECKHE HArpy3Kd, BO MHOTOM
3aBHCHUT MMEHHO OT COCTOSHHSI METajlla MOBEpX-
HOCTHOTO CJIOSI.

Mongynu nocTpoeHHs KPYHHBIX COOpOK
MPEAOCTABISIOT MIUPOKHE BO3MOKHOCTH yIIpaBlie-
HUSl KpyIMHOMAcCIITaOHBIMU COOpPKaMH, BIUIOTH JIO
ydera JONMYCKOB U MOCAaAOK, YTO SIBISIETCS BEChMa
CYLIECTBEHHBIM 3TalioM MpPHU H3TOTOBJICHHH aBTO-
MobOmis. OnHako, yuecTh e eKThl, BOSHUKAIOLIIE
U TIPOSIBISIIOIIMECS B pe3ysibTaTe AeHCTBUS OCTa-
TOYHBIX HAIpPSDKCHWH, BHECCHHBIX HA CTaJUH TI0-
Jy4EeHHUS] 3aroTOBOK WJIM B pe3ylbTaTe MeXaHude-
CKOI1 00pabOTKH, HE MIPEICTABIISICTCS] BO3MOXKHBIM.

Mopnynb, MO3BONAIOLMHA MOAETUPOBATH
IITAMITOBKY JIMCTOBBIX JIETAJICH, YYUTBHIBACT MaK-
PO- M MHKPOr€OMETPHYECKHE IMapaMeTphl 3TOTO
TEXHOJOTu4Yeckoro mpomecca. Ho mpu stom He
YUUTBIBACTCS TAKOW CYyIIECTBEHHBIH (akTop, Kak
TEXHOJOTMYECKHE  OCTaTOYHBIC  HaIpPsDKEHHS,
HETOCPEICTBEHHO BIMAIONINE Ha HAaJISKHOCTb
MITAaMIIOBAaHHBIX JICTaCH.

TBepAOTENbHYIO MOZAETb JIETal, CO3/aH-
HYIO C TIOMOIIBIO CHCTEM BBICOKOI'O YPOBHS, MOX-
HO HWCIIOJIB30BAaTh W IJISl MPOEKTHUPOBAHUS TEXHO-
JIOTHYECKOH OCHACTKH, W I pa3paboTKu yIpas-
JISIOIIEH MporpaMMbl MEXaHHYECKOH 00paboTKH B
COOTBETCTBHU C 33JaHHBIMHU JIONyCKaMH M MIEPO-
XOBaTOCTBIO TOBepxHOCTH B Moxayne CAM,
Harpumep Pro/MANUFACTURING.

OpHako, B CHITy TEXHOJOTHYECKHX (aKTo-
POB, U3-3a HAJIOXKEHUS PA3TUUHBIX MOTPEIHOCTEH
npouib peanbHON MOBEPXHOCTH Bcerga OyAeT
OTJIMYATHCS OT 33JJAHHOTO YEPTEKOM U OT CMOJe-
JMPOBAHHOTO C MOMOIIBIO CHCTEM aBTOMAaTHU3UPO-
BaHHOTrO MpoeKkTHpoBaHus. CrenoBaTenbHO, pe-
JKUMBI pe3anus u CO3JlaHHAas NC-
MOCIIEAOBATENBHOCTE 00PaOOTKH, YCTaHOBIICHHEIE
JUIS UeaIbHOW MaTeMaTHYeCKOH MOIeNn 00bEeKTa,
MOT'YT He 00ecIeunTh TpedyeMyro TOYHOCTh 00pa-
OOTKH peasbHOM JeTalu.

TEXHUKO-TEXHOJIOTUYECKHE ITPOBJIEMbI CEPBUCA Ne4(22) 2012 15



O.JI. Huposepckas, A.H. Manviues

Jnst UCKITIOYEHUS] Takoi CHTyaluH Tpen-
JlaraeTcsl OCYIIECTBISITH KOHTPONb TeOMETpuye-
CKOW TOYHOCTH aBTOMOOWJIBHBIX JAeTalieil Ha pas-
JUYHBIX CTaJUSIX TEXHOJOTHMYECKOIro IMpolecca C
MOMOIIBIO CIIEUATIBHBIX W3MEPUTENbHBIX MAaIllH
[1]. MMony4yennyto MHpOPMALUIO O JCHCTBHUTEIb-
HOW TeoMeTpUu 00BEKTa MpenIaracTcsi aBToMaTu-
YecKu ITepelaBaTh B HCIONIB3YyEMYIO CHUCTEMY aB-
TOMAaTH3UPOBAHHOT'O MTPOSKTHPOBAHUS Yepe3 COOT-
BETCTBYIOILINI MOIYIb.

2. PaccMoTpuM mepcreKTHBHBIE CITOCOOBI
BOCCTaHOBJIGHHUS JeTajeld, TPYAHOCTH, TMPEIsT-
CTBYIOILIME MX IIUPOKOMY HCIIOJIB30BAHUIO, U ITYTH
WX TPEOJOICHUS.

K coBpeMeHHBIM crocob6aM BOCCTaHOBIIE-
HUS JleTanell MOKHO OTHECTH CIEeAYIOLIHE:

- HamiaBKa (CKOpOCTHasi JJICKTPOIYroBas
HaIJIaBKa B Cpele 3allUTHBIX Ta30B C JOMOJIHU-
TENbHON MPHUCAAKON METATTMYECKHX MOPOIIKOBBIX
MaTeprajoB, CKOPOCTHAs TMJIa3MEHHO-I1OPOIIKOBAs
HaIJIaBKa Ayrod MpsIMOro NIEHCTBUS, TJIa3MEHHas,
BUOpoayroBasi, mox QIIIocoM, HHIAYKIUOHHAs, H
Apyrue);

- ra3oTepMUYecKOe HambUieHHe (Ta3oruia-
MEHHO€, IUIa3MEHHOE, 3JIEKTPOAYrOBOE, JETOHA-
IIMOHHOE, BBICOKOCKOPOCTHOE), XOJOJHOE Ta30/IH-
HaMHYECKOE HaIbIJICHUE;

- BOCCTaHOBHUTENIbHAS PEMOHTHAsi CBapKa
(a1eKTpOJaMU, IPOBOJIOKOH, B aprone, B CO,);

- MIPOLIECC «XOJIOJHON CBAPKU» C HCIONb30-
BaHUEM PaA3IMYHBIX METAIJIONOIMMEPHBIX COCTa-
BOB;

- DJIGKTPOKOHTAKTHOE M HWHAYKIHOHHOE
MPUIIEKAHNE TIOPOLIKOB;

- HaHECEHHWE TaJbBAaHWYECKUX PEMOHTHBIX
MTOKPBITHH;

- IJlacTu4eckoe AeOpMHpOBaHUE, TEPMH-
Yyeckas M yIpouHstomas o0paboTka,

- Oe3abpasuBHasi ynbTpa3BykoBas (pUHHII-
Hast o0paboTKa;

- MarHuTHO-a0OpasuBHAas, YJIBTPa3BYKOBas
abpasuBHAs U JIp. BUABI 00paOOTKH.

Tem He menee, okoio 70% obObema padot
MO0 BOCCTaHOBJIICHHIO JeTallel MPHUXOAUTCS Ha
HaIJIaBKy M CBapKy C IOCIEAYIOIIEH MeXxaHu4e-
cKoil 00paboTkoil. BeIOOp TOro MM MHOrO CIoCo-
0a 3aBHCUT OT MaTepHaja JACTalli, CTENEeHU U Xa-
pakTepa TOBpPEXKIEHHWH, TONIIMHBI MaTepuala,
TEXHOJOTMYECKUX TpeOOBaHUM, SKOHOMHUYECKUX
cooOpaxkeHHH U psiga Apyrux ¢axropos. B mobom
cllyyae MpH BOCCTaHOBIJICHHH JETalleil HeoO0Xou-
MO obecrnednTs TpeOyeMylo MIepOXOBaTOCTh, TOY-
HOCTb Pa3MepoB U OTHOCUTENIHHOTO PACIIONOKEHHS
MOBEPXHOCTEH, TBEPIOCTh, CIUIOMIHOCTH IOKPHI-
THUSI, IPOYHOCTH CLEMJICHHUS] HAHECEHHBIX CIIOEB C
OCHOBHBIM METaJIJIOM.

[IupokoMy BHEIPEHUIO IEPEUHCICHHBIX
CHoCcOOOB BOCCTaHOBJICHUS! aBTOMOOMJIBHBIX JeTa-
JIel TIPETATCTBYET TO, YTO HAIlJIaBJICHHBIEC TOBEPX-
HOCTH SIBJIAIIOTCS TPyXHOOOpaOaThIBAEMBIMH, B
CBSI3U € YyeM TpeOyeMoe KaueCTBO MOBEPXHOCTHBIX
CII0€B 3a4acTylo He odecrieunBaercs [2].

Oco0y1o TpyAHOCTH BBI3BIBAET MEXaHUYeE-
cKasi 00paboTKa MOBEPXHOCTEH, BOCCTAHOBICHHBIX
HAIJIAaBKOW MJIM HAaIllbJIEHHEM H3HOCOCTOMKHUX II0-
POIIKOB. JTO BBI3BAHO TEM, YTO TAKWE MOKPBITHS
COCTOSIT U3 KapOHMIOB BBICOKOM TBEPIOCTH W BS3-
KOM MeTajuinyeckoil ocHoBBI. [lomMmMoO 31eKkTpo-
(U3NYECKHX U DJIEKTPOXUMHUYECKHX METONOB 00-
pabotku Hanbosee 3 PEeKTUBHBIM MIPEICTABIACTCS
nrgoBaHUE YKa3aHHBIX MOBEPXHOCTEH abpa3uB-
HBIM WHCTpYMEHTOM. Tak, Aisi XpOMHpPOBaHHBIX
neranedl numQoBaHUe KpyraMu SIBISICTCS eBa JIn
HE eIUHCTBEHHBIM crocoboM oOpaborku. OmHako
HEeCcOONIOIEHHE YCIIOBHI U PEXUMOB IUTU(HOBAHUS
MOXET MPUBECTU K OTCIIAUBAHHUIO MOKPBITUS WIIH
00pa3oBaHMI0 HITH(OBOYHBIX TPELUIMH U IPHIKO-
roB. K Tomy xe abpa3uBHBIE KpYTH 3acalluBaloTCs,
YTO B CBOIO OY€pe/Ib HE MOXET HEe OTpa’kaThCci Ha
KadecTBe oOpabaTbiBaeMoil moBepxHOocTU. Ho, Kak
y’K€ TOBOPUJIOCH BBIIIE, NMEHHO COCTOSIHHE II0-
BEPXHOCTHBIX CJIOEB JIeTajiel BO MHOT'OM OIlpe[e-
JSIeT JOJTOBEYHOCTh M OE30TKAa3HOCTh TEXHHUYe-
CKUX O0BEKTOB.

OnHuUM W3 BapHaHTOB PEIICHUS ONMUCAH-
HOU TpOOJIEMBI SBJIAETCS IPUMEHEHHE JICHTOYHOTO
rnyonrHoro umudosanus JIFI mns oOpaGoTku
HaIJIABJICHHBIX MOBEPXHOCTEH. DTOT MeEpCIeKTHB-
HBIM BUJ MEXaHUYeCKOW o0paboTku oOnamaer 1e-
JBIM PSAOM TPEUMYILECTB mepen oO0padoTkoii ad-
pasUBHBIMH KpPYraMH, Kak NpW TIIyOMHHOH cxeme
i (oBaHMs, TaK M IPH MHOTOX0/10BO# [3].

CocrosiHuE TOBEPXHOCTHBIX CIIOEB JeTa-
Jiel XxapaKTepu3yeTcsl, B YaCTHOCTH, TAKUMH TIOKa-
3aTeNisiMM, KaK TEXHOJOTMYECKHE OCTATOYHBIC
HanpsDKEHHs], CTENeHb YIPOYHEHUs MeTamia |
HIEPOXOBATOCTh IOBEPXHOCTH. PaccMOTpuM 1O
MOPSIIKY TIEPEUYMCIICHHBIE BBIXOJHBIE MapaMeTphl
nporecca JeHTOYHOr o rIyOMHHOTO TG OBAaHUS U
WX BJIMSIHUE HA KA4€CTBO TOTOBOTO U3/EIHS.

OcobenHocThIO HIUTH(OBaHUS aOpa3HBHBI-
MU JICHTaMH SIBJISIETCS TO, YTO B TOBEPXHOCTHBIX
CIOAX NeTanu (POPMUPYIOTCS OCTATOYHBIC Hamps-
JKEHUSI CKaTHsl, YTO MPUBOIUT K YBEIMYCHHUIO €€
JoiroBedHocTd. UTo 0coOeHHO BaxkHO, Onarompu-
ATHAs OMIOpa TEXHOJOTHMYECKHX  OCTaTOYHBIX
HanpsDKeHUH HaOMroJaeTcst Kak MpU MHOTOXO/0-
BOM, TaK ¥ IPH NIYOMHHOH cxeMe HutudoBaHus. B
OTAENBHBIX CIy4asx, KaK IMOKa3aiu MCCICAOBaHUS
[3], Ha ryoune ot 50 no 10 MkM smropa MOXeT
MIOMEHSITh 3HaK, U TOrJa C)KUMAIOIINE OCTaTOYHbIE
HaNpsDKEHUs] TEepPexXosIT B PacTATMBAIOLINE, YTO
xapakTepHo, Hampumep, ains cramu 20X13. Onna-
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KO JIONOJHUTEIBHBIA YHCTOBOW XOA pe3ko (B
1,5...2 pa3za) CHWXKaeT HaNpPsSHKEHHOCTh TOBEPX-
HOCTHOTO CJIOSI.

I'mybunnas cxema mumdoBanus aOpas3uB-
HBIMH JIGHTAMH OTJIWYaeTcs OT MHOT'OXOJOBOH
WHOH CXEMOW pacmpefesieHuss MaKCHMaIbHBIX
KOHTAaKTHBIX TeMIIepaTyp B 30He pesanus [3].
Temmepatypa Ha 00pabOTaHHON MOBEPXHOCTU B
3aBHCHUMOCTHU OT YCJIOBUH OXJIQXKAEHUS COCTABIISET
25...60% ot makcumanbHOU. TemrepaTypHble Ae-
(eKThI, KOTOpBIE MOT'YT BO3HHKHYTH IPH 00padoT-
Ke Ha XKECTKUX PEeXHMax pEe3aHus, JErKo MOXKHO
YIAIUTh C TOMOUIBIO 3aYMIIAIOLIEr0 X044, BBIIOJI-
HEHHOT'0 Ha MATKUX PEeKUMaXx.

Takxe ycraHoBiieHo [3], 4To B pe3ynbraTe
rIIyOMHHOTO NITU(OBAaHUS a0pa3uBHBIMHU JICHTAMH
MTOBEPXHOCTHBIE CJIOU 3aroToBok u3 cramm 20X13
n 12X18H10T ympouHSIOTCS MO CpaBHEHUIO C
WCXOJHOH CTpyKTypoii B 2...3 pa3a. B Toxxe Bpems
MOBEPXHOCTHBIE CIIOM TEPMOOOPAOOTaHHOTO CIIjia-
Ba /{14 monBeprarorcst pa3ynpodyHEHHIO Ha TIyOH-
Hy 50...100mkm Ha 30...45 npoueHToB. Y nepBBIX
MaTEepHaJiOB CTENEHb YNPOYHEHUS W TOJIIMHA
YIPOYHEHHOT'O CIIOS YMEHBIIAETCSl C YMEHBIICHU-
eM M0Ja4M 3aroTOBKM M TIyOMHBI pe3aHus. Ilpu
umudoBaHuy criaBa 114 yBenndyeHue mogadu u
YMEHBIIEHHE TTyOUHBI PE3aHUs CHIDKAET CTENCHb
pasynpouHeHHs H TIyOMHY pa3ylnpOYHEHHOTO
crosi. PesynpraThl mccnenoBaHmii mokasamu [3],
YTO YUCTOBOM pabounii Xon ¢ riIyOMHOM pe3aHus,
paBHOH ryOuMHEe 3anmeraHusi AEQEKTHOro Cios,
MO3BOJISIET M30EKaTh U3MEHEHUSI MUKPOTBEPAOCTH
MOBEPXHOCTHOTO CITOSI.

BausiHue peXXHMOB pe3aHHs Ha BEITHUUHY
LIEPOXOBATOCTH IOBEPXHOCTH TMPHU JIEHTOYHOM
TIIyOMHHOM HUTM(OBaHUH TaKOEe e, KaK M JUIs
JIpyrux BUAOB abpa3uBHOM 0o0OpaboTku. YBenuue-
HUE TOAa4YM 3arOTOBKM M TIyOWHBI pe3aHus Hpu-
BOJIUT K YBEIWYCHHUIO LIEPOXOBATOCTH MOBEPXHO-
CTH, a yBEIWYCHUE CKOPOCTH ABHMIKEHUS HUHCTPY-
MEHTa BeJleT K CHWKEHHIO IepoxoBarocT [3].

OtHomienne Ry / R, sBisiercs kputepu-
eM HEOAHOPOJHOCTH IIEPOXOBATOCTH, KOTOPHIH
OTpakaeT BIUSHHE Ha Mporecc 00paboTKU JOMOI-
HUTEIBHBIX (PaKTOpOB, TaKUX, KakK 3acajlBaHUE
WHCTPYMEHTA, HEpaBHOMEPHOCTb IPHITYCKa, 3a-
rpsisaeHue COTC u T.1. HeogHopoaHocTs miepo-
XOBaTOCTH 0OpabOTaHHOH MOBEPXHOCTH MPAKTHU-
YeCKH HE 3aBUCHT OT TTyOMHBI pe3anus. [Ipu yBe-
JUYEHHUH TIOJIa4M 3arOTOBKH HEOIHOPOAHOCThH BO3-
pacraer, a yBelIMYEHHE CKOPOCTH pe3aHUsl YMEHb-
IaeT HeOJHOPOIHOCTh IepoxoBaToCcTH [3].

Takum 00pa3oM, BBICOKOE KadecTBO BOC-
CTaHOBJICHHS JAeTallei MOXeT OBITh TOCTUTHYTO
MyTeM pPalHOHATBHOTO COYETaHHWS OJHOTO WIIH
HECKOJIBKUX CIOCOOOB BOCCTAHOBJICHHS 3aJaHHOM
TeOMETPUU U MEXaHM4YeCKOi 00paboTKM HaHEeceH-

HbeIX nokpeiTuid mytém JITHI. ITpuuém mns obec-
MEYCHUST HAJKHOCTH HEOOXOAUMO YJIENSATh OCO-
00e BHUMaHHE BOCCTAHOBJICHUIO CBOWCTB ITOBEPX-
HOCTHOT'O CJ10S1 JCTalH.

3. [Ipumepamu aeraneil COBpeMEHHOTO aB-
TOMOOWJISI, M3TOTOBJICHHBIX INTAMIIOBKOW pPa3HO-
TOJIIIIMHHBIX CBApHBIX JIMCTOBBIX 3aroTOBOK, SIB-
JITFOTCS JIOHXKEPOHBI U THO. M3 muTepaTypHBIX UC-
TOYHUKOB M3BECTHO, 4To ¢(upma «Soundronic
Neftenbuch AG» (IlIBeiitiapust) mpemyiaraer B Ky-
30BE€ COBPEMEHHOIO aBTOMOOWIISL CPEHETO Kiacca
WCIONB30BaTh MOPS/IKA MATHAAIATH JUCTOCBAp-
HBIX IITAaMIIOBaHHEIX nerancii, a Ha OAO «I"A3»
BBITIOJTHEHBI PabOTHl MO COOpKE M HCHBITAHUIO
OIBITHO-?KCIIEPUMEHTATHLHOTO Ky30Ba aBTOMOOMIIS
I'A3 -3110 «Bonra», mns koroporo ObLIa MOMIO-
OpaHa HOMEHKJIAaTypa ©3 OJWUHHAALATH JIH-
CTOCBapHBIX Pa3HOTONIIUHHBIX IIITAMIOBAHHBIX
neraneii [4].

[lpm mnpoBeneHun wucciemoBanuit  [5],
HaIpaBIICHHBIX HAa W3y4EHHUE IITaMITyeMOCTU JTHU-
CTOBBIX CBAapHBIX 3arOTOBOK B yCIIOBHSX JCHCTBY-
romero npousBoactea OAO «ApToBA3», B kaue-
CTBe 00pa3iia HCIOIb30BaIach BHYTPCHHSS TaHETh
nepeaHel nBepu aBromooOmis «Jlaga-Kamuna». B
paMKax 3Toil paboThI pa3padaThiBaniach METOMKA
UCCIIeIoBaHus  JIehOPMAITMOHHOW  CIIOCOOHOCTH
MeTaJUIa IIBOB Pa3HOTONIIIMHHBIX JIUCTOBBIX CBap-
HBIX 3arOTOBOK JJISI XOJOMHOM IITAMIIOBKH.

K TpymHOCTSIM peanu3anuu TEXHOJIOTHYE-
CKOTO TpoIlecca INTAMIIOBKM Pa3HOTOIIMUHHBIX
CBapHBIX JIUCTOBBIX 3arOTOBOK CIICAYET OTHECTH
HEIOCTaTOYHYH) U3y4EHHOCTh TOBENCHUS CBapHO-
ro mBa B mporecce dopmousmeneHust (0COOEHHO
MPU BBITSDKKE), & TaK K€ MPOCKTHPOBAHUE TEXHO-
JIOTHYECKOM OCHACTKH (INTaMIIOB), TPUHHUMAs BO
BHHMaHUE Pa3HOTOJIIMHHOCT IITAMIIyeMOro Ma-
Tepuaja ¥ KUHEMATHKy MEPEeMEIICHUs CBapHOIrO
IBa B MpoIecce JeopMUpOBaHUSI.

Ha mpakTrke mpu mraMioBKe JeTayiel u3
Pa3HOTOIIIIMHHBIX CBAPHBIX JIUCTOBBIX 3arOTOBOK
HaOJIFOJJAIOTCSI TPEUIMHBI W Pa3pbIBBI B MECTE
cBapHoro mBa (Pucynok la, 16 u 1B).

K uucmy nambonee BaKHBIX XapaKTepH-
CTUK MaTepuana, ONPEACISIONIMX €ro MPHUro-
HOCTb K JINCTOBOM INTAMIIOBKE, OTHOCSTCS ITOKa-
3aTeNT MPOYHOCTH (Ipeie TeKYUYeCTH G, BpEeMEH-
HOE COIPOTHUBIICHUE Pa3pbIBy G, U UCTUHHOE CO-
MPOTUBJICHUE Pa3pPhIBY) U MOKA3aTEIH MIACTHYHO-
ctd. B 3aBHCHMOCTH OT 3HaYEHUS BEIUYUHEI G Gy
JIUCTOBAsS CTalh KIACCHPUIMPYSTCS MO0 MEXaHUYe-
CKUM M TEXHOJIOTHYECKUM MPHU3HAKAM: MPH G, G,<
0,6 — cranp mpurogHa JUIS BeCchbMa TITyOOKOH BBI-
TSOKKM M OY€Hb CIIOKHOM 1mrammnoske, 0,6 <o,/ 6,<
0,65 — g TITyOOKOM BBHITSDKKHA U CIIOKHOUW IIITaM-
noBkH, 6,/ 6,=0,75 — mIg OOLIYHONM HECIOXKHOHI
IITAMIIOBKHU.
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B pamkax wucciemoBanusi [6] omeparmit
IITAaMITOBKY PAa3HOTOJIIMHHBIX CBAPHBIX JIMCTOBBIX
3ar0TOBOK OBLIM HMCIBITaHbI 00pa3iibl (apaMerpsl
obpasuoB o 'OCT 6996-66, ICO 4136-89) u3
cramu HX260YD (EN 10346:2009 (D)). Ha pac-
TsDKEHUE OBLIIM MCIIBITaHBl 00pa3ubl TonmuHoi 2.0
MM, 2.5 MM U cBapHOH pa3HOTONLIMHHBINA 0Opa3ew

P, MIla

0)

Pucynok 1. Pa3psIBbI IpH IITAMIOBKe JeTajlel U3 PAa3HOTOJIIIHHHBIX CBAPHBIX JIHCTOBBIX 3ar0TOBOK

(2.5MM 1 2MM, 1IOB pacHoNIOKEH BIOJIb HATIPaBIIC-
HUs npunokenus: ycunusi). CoctaBHOM oGpasery
ObUT M3rOTOBJIEH U3 YacTel ¢ Pa3HOW TONIIMHON
(2.5MM 1 2MM), COSMHEHHBIX CBAPKO BCTHIK.
Pe3ynpTaThl MpOBEAECHHBIX  HCHBITAHUN
MPEACTaBJICHBI B BUAE rpaKoB HA PUCYHKE 2.

| S=2,5Mm

300

S=2,5Mm

CBapHOW pa3HOTOJIIMHHBIN 00pasen S=2MM 1

200 )

100

20 %0 Al %

Pucynok 2. luarpamma pacrtsizkeHus: oopa3uos u3 ctamun HX260YD (EN 10346:2009 (D))

U3 rpauKkoB BUIHO, YTO TSI OJHOPOJHBIX
MO TOJIIMHE 3arOTOBOK C YBETHMYEHHEM TOJLIMHEI
Ha0MI01aeTcsl yBeIHMUeHHE OTHOCUTEIBHOTO YAJIH-
HeHus Al mpu MpakTHYecKd HEeH3MEHHOM Tpeeie
TekydecTH or. s cBapHOro oOpasma Habmoa-
ercs yMeHbllleHHue npenena Tekydectd Ha 10% mo
CPaBHEHHMIO C OJHOPOAHBIMH MO TONMIMHE 0Opas-
[[aMH, YBETHYCHHE OTHOCHTEIBHOTO yauHeHus Al
Ha 10% mo cpaBHEHHIO ¢ 00pa3LOM TONIIMHOM
S=2mMM u Ha00OpOT, YMEHBIIICHHUE OTHOCHUTEIHLHO-

ro yamunenus Al Ha 20% no cpaBHEHHIO ¢ 00pas-
LIOM TOJIIMHON S=2MM.

HccnenoBanusi mokasany, YTO MOCHE BbI-
MOJTHEHHUSI CBAPOYHOW ONepalnyy B OKOJIOIIOBHON
o0acTy 00pa3yIOTCs PacTITHBAOIIUE TEXHOIOTH-
YEeCKME OCTAaTOYHBIC HANPSKEHUs, KOTOpPHIE B
JalbHEWIIeM NpU INTaMIOBKE U CHOCOOCTBYIOT
MOSIBJICHUIO Pa3pbIBOB U TPELLHH.

Kak 0bu10 CKa3aHO BBIIIE, JIEHTOYHOE TIIYy-
OunHOe nUIM(OBaHKE MO3BOJSET CPOPMUPOBATH B
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Ananuz eozmoosicnocmeti NPUMEHEHUSA COBPEMEHHDBIX Ccnoco606 u320MoGJIeHUS U B0CCIMAHOBICHUS A8MOMOOUILHBIX
()el’l”l(lﬂel;p(lf)’Hbl.X KJ1ACcCcoe6 C Yenvbto NoBbluleHUsA UxX HaoedcHocmu

MTOBEPXHOCTHBIX CIIOSX 3arOTOBKH HAIPSHKCHUS
COKaTHAL.

B cBsi3u ¢ THM, aBTOPHI MpemiaramT u3-
MEHHUTH 3MIOPY OCTATOYHBIX HAMPSDKCHUH CIICAy-
oM oOpazom. [Ipu mpoBemeHUM CBApPOYHOM
olepanuy CIeAyeT YBEIUYUTh TONIIMHY CBAPHOTO
mBa g0 1...1,5 MM, a 3aTemM NPOBECTH MIOMOIHU-
TEIBHO ONEpaIUio JEHTOYHOTO TIIyOUHHOTO IUTH-
(oBaHMA. ITO MO3BOIUT CHOPMUPOBATH B TIOBEPX-
HOCTHBIX CJOSX JeTajeld ONaronpusTHYIO 3IIOpY
TEXHOJIOTUYECKUX OCTATOYHBIX HAINPSKCHUU, W,
CIEIOBATEIbHO, H30EKATh BO3HHKHOBEHHMS I10-
BEPXHOCTHEIX Ae(eKkToB mpu obecrieueHun Tpedy-
€MOH MIEPOXOBATOCTH, YTO 3HAYUTEIBHO CHHU3UT
TPEIMHOOOpPa30BaHNE W PA3PBIBBI MPH IITAMITOB-
Ke.

B nanpHeliieM aBTOpPHI IpeAIoNiararoT
MPOBECTH PSIJT JOMONHUTEIBHBIX HWCCICAOBaHUN
TEXHOJIOTUYECKUX TMAapaMETPOB IITAMIIOBKH JIETa-
JIe W3 Pa3HOTONIIMHHBIX CBAPHBIX JHCTOBBIX 3a-
TOTOBOK, M3TOTOBJIEHHBIX MYTEM COYCTAHHS OIle-
panuii CBapku W JICHTOYHOTO TJIYOMHHOTO IILTH-
(oBaHMS, YTOUHUTH O0JIACTH MPUMEHECHUS HCCIIe-
JlyeMOro TpoIlecca, €ro OrPaHWYCHHS, a TaKXKe
MPOU3BECTH PacyeT TEXHUKO-3KOHOMHUYECKUX II0-
Ka3aTenel mpoiiecca.

BrIBoabI

1. IlpumeHeHHE CHCTEM aBTOMAaTHU3HUPO-
BaHHOTO ITPOEKTUPOBAHHUA IPH BOCCTAHOBJICHUH
Jerajed W y3J0B aBTOMOOWIIA 3aTpyAHEHO, M B
JyYIIeM CiIy4ae BO3MOXKHO JHIIb YaCTHYHOE HC-
nosp30BaHue HeKoTophlx Moxyneil CAIIP. Ipex-
JIe BCEro, 3TO CBA3aHO C TEM, YTO MPH BOCCTAHOB-
JICHUW JeTanedl MPUMEHSIOTCS TaKue TeXHOJIOTHU-
YeCcKMe MPOLECCHl, Uil KOTOPBIX OYEHBb CIOXKHO
CO3J1aTh MaTeMaTU4eCKyI0 MOENb, TIOCKOIBKY 3TH
MPOLIECCH UMEIOT BEPOSTHOCTHBINA XapaKTep.

2. JlentouHoe TIyOMHHOE HUTH(OBaHUE
MO3BOJISICT ITYTEM COYETAaHUSI YEPHOBOTO M YHCTO-
BOTO0 pabO4MX XOAOB M BapbUPOBAHHUS PEKUMOB
00paboTKH chOopMUPOBATH B TIOBEPXHOCTHBIX CIIO-
AX JleTajell 0JaronpHusTHYIO 3MIOPY TEXHOJIOTHYe-
CKMX OCTAaTOYHBIX HampsDKEHHH, H30ekaTb BO3-
HUKHOBEHHsI TOBEPXHOCTHBIX Ne(eKTOB U obecre-
YUTh TpeOyemyro ImepoxoBaToctsh [3]. DToT dakt
omnpenenser Bo3MokHocTh npuMenenus JIT'I npu
W3TOTOBJICEHUN U BOCCTAHOBJICHUU OTBETCTBEHHBIX
AaBTOMOOMJIBHBIX JeTajied Pa3lTuvHBIX KJIACCOB.

3. CoyeraHue TEXHOJIOTHYECKUX MpOILEC-
COB CBapKH U JIGHTOUYHOT'O TITyOMHHOTO HIITH(OBa-
HUS TIpPU HM3TOTOBJIEHMM PAa3HOTOIIIMHHOW 3aro-
TOBKHM TMO3BOJIUT 3HAYUTENBHO CHU3HUTH TPEIIUHO-
o0pazoBaHue 1 €€ pa3pbIBbI IPH ILTAMIIOBKE.

4. C ydeToM BBIIIECKA3aHHOTO MOXKHO 3a-
KIIIOYHTb, YTO HOBBIE YCOBEPLIEHCTBOBAHHBIE CIIO-
COOBI M3TOTOBJICHHS], BOCCTAHOBJICHHSI U PEMOHTa
MIpH ONpPENeNEHHOM UX COYETaHWM IO3BOJAT 3HA-
YUTENFHO YBEIMYHUTH CPOK CIYXOBI OTIEIBHBIX
JleTasel U y3J0B, a TaKXKe COKpaTUTh JKCIUTyaTa-
LUUOHHBIE 3aTpaThl. TeM caMbIM yBEIHYHUTCS JOJI-
TOBEYHOCTh, 0OE€30TKa3HOCTb, PEMOHTONPHUIOJ-
HOCTB, @, CIEIOBaTENbHO, U HAJEKHOCTh OTAEIb-
HBIX Y3JI0B, arperaToB 1 aBTOMOOUJIS B LICJIOM.
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