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Tema 1 BBengenne

B coBpeMEHHOM MalIMHOCTPOEHUU KOBKOW M IITAMIIOBKOW W3rOTOBISIOT 3a-
TOTOBKM W JI€TAJIM Maccol OT rpamMMma JO COTE€H TOHH U C pa3MepamMu OT
MUJUTUMETPA JI0 AECATKOB METPOB. TEeHACHIUS OT€UYECTBEHHON MPOMBIILIEHHOCTH,
HalpaBJICHHAas: HA METaUIo- M AHEProcOeperaroilyro TEXHOJIOTHI0, TpeOyeT ele
OOJIBIIETO Pa3BUTHS KY3HEUHO-IIITAMIIOBOYHOTO TIPOM3BO/ICTBA.

O} heKTUBHOCTD UCTIOIB30BAHUS Ky3HEYHO-IITAMIIOBOYHOTO ITPOU3BOICTBA
3aBUCUT, B YACTHOCTH, OT HAJTUYUSI ONTUMAJIbHBIX TEXHOJIOTUN U COBPEMEHHOTO
BBICOKOTIPOM3BOJIUTEIILHOTO 00OPYNIOBaHUSI, TO3BOJSIONIETO JTH TEXHOJOTUU
MIPETBOPSTH B KU3HD.

B nienom pszie ciiydaeB TakuM 000pyA0BaHUEM MOTYT CIIYKUTh BBICOKOCKO-
POCTHBIE MOJIOThI, UMITAKTOPBI ¥ TOPSAYEIITAMIIOBOYHBIC aBTOMATHI.

[Ipy BHeapeHWUW JUCTOBOW IITAMIOBKM B MPOU3BOJCTBO, BCTPEUAOTCS
ONpENIECNICHHbIE  TPYIHOCTH, BBI3BAHHBIE CTPEMJICHUEM  UCIIOJIb30BaTh B
KOHCTPYKITUSX KPYIMHOTaOApUTHBIE DJIEMEHTHI, JJI CO3/IaHUsI KOTOPBIX Tpedyercs
CIIOKHasT M TpPyJOeMKasi OCHAacTKa M HOBBIE MaTepualbl, 00Jajarore
cnenupUIeCKUMH  CBOMCTBAMHU: XPYNKOCTh, CKJIOHHOCTh K HAJIWIAHUIO Ha
(hOpPMOU3ZMEHSIONINI HHCTPYMEHT, BEICOKHE MEXAHUYECKUE XapAKTEPUCTUKU U T.]I.

Bce BbienepeyncieHHble TPYJHOCTH 3aCTABUIIN UCKATh HOBBIE METO/IbI

MITAMIOBKHU, HE TPEOYIONTHE JOPOTOCTOSIIIUX MOIIIHBIX MPECCOB U TPOMO3IKUX



mITaMIioB. B kauecTBe TakMX METOJIOB OBUIHM CO3/IaHBI BBICOKOCKOPOCTHBIE METOIbI
dbopmoobpazoBaHms (BBICOKODHEPTETUUECKHE UMITYJIbCHBIC METOJIbI
dbopmooOpazoBaHusi) MOJ JEHCTBUEM HUMITYJIbCHBIX HArpy30K, CO3/1aBaeMbIX
MCTOYHUKAMU BBICOKUX 3HEPIHl.

Bricokue ckopocTu nedopmanuu, npucymime 3TuM MetojaaM popmoodpaso-
BaHUSI, SBJISIIOTCS OMPEIETSIONIMM U XapaKTEPHBIM MPU3HAKOM, KOTOPBIA OTIMYAET
HOBBIE METO/IbI 1€(hOPMHUPOBAHUS OT TPATULUOHHBIX.

HauGoubiiee npuMeHeHUe B TPOMBIIINIEHHOCTH TIOJYUUITU CIIEAYIONIUE UM-
MyJIbCHBIE BBICOKOCKOPOCTHBIE METO/bI IITAMITOBKH:

- IITAaMIIOBKA JABJICHUEM YAApHON BOJIHBI IIPU B3PBIBE B3PbIBUATHIX BEIIECTB, WU
TaK Ha3bIBae€Masi B3PbIBHAS IITAMITOBKA (IITAMITOBKA

B3PBIBOM);

- IITaMIIOBKa JIEHCTBUEM BBICOKOBOJIBTHOI'O 3HEPIE€TUYECKOr0 pa3psia B
XKUJKOCTH, WM SJIEKTPOTUAPABINYECKAS] IITAMIIOBKA;

- IITaMIIOBKAa UMITYJIbCAMHA MAarHUTHOTO TIOJIs1 BBICOKOM HAaNPsHKEHHOCTH, WM
MarHUTOMMITYJIbCHASI IITAMITOBKA.

B Hacrosimiee Bpemss OONBIIOM HAy4yHbId M MPAKTUUYECKUH HMHTEpEC
npejcTaBiIsieT 00paboTKa JaBJIEHHEM METAIMYECKMX MAaTepHalloB B COCTOSIHUU
CBEPXIUICTUYHOCTH, MO3BOJISIONIAs IOJyYaTh U3/ENINs CJI0KHOU POPMBI ¢ MaIbIMU
JHEpro3zarpaTaMud M3 METAUIOB M CIUIaBOB, HE O00JaJalolnX BbICOKUMU
IUIACTUYECKUMUCBOMCTBAMM TPU  OOBIYHBIX TEPMOMEXAHHYECKHX MapaMmerpax
nedopmarum.

OcHOBHBIE 0COOEHHOCTH CBEPXIUIACTUYECKON Je(hOpMAaIK 3TO: BEICOKUE
TI0Ka3aTeNIM OTHOCHUTENLHOrO yaauHenus (nopsaka 102 -10° %), Huskue 3HaYeHHs
HalpsDKEHUsT TEYEeHHsT BO  BpeMs  KOTOPOrO  IMOYTH HE  MPOUCXOAMT
ne(OpMAIMOHHOTO YIPOYHEHHUS, pe3Kasi 3aBUCUMOCTb HAMpPSIKEHHUs] TEYCHHS OT
CKOpOCTH edopmanuu. Y CIOBUAMH, TPU KOTOPBIX METAILIbI U CIIABbI IEPEXOSAT
B CBEpXIUIACTUYHOE COCTOSIHUE, SIBISIIOTCA: Halu4yue CTaOWJIbHOM yibTpa
MEJIKO3epHUCTON CTPYKTyphl (MeHee 10 MkM), Temmeparypa aedopmaiiii BhIIIIe

0,4 Ty, v onipesieNIEHHBIA HHTEPBAJI CKOPOCTEN e opmaliuu.



VnpTpa MeENKO3epHUCTash CTPYKTypa MOXKET ObITh TOJdy4YeHa, Kak
OPUMEHEHHEM  pa3IM4HOrO  poja  TEepMUYECKOW  00paboTkKM, TaKk U
OCYILECTBJIICHUEM KPHUCTAJUIM3ALMU PACIUIABA C BBICOKOM CKOPOCTBIO, KOTOPYIO
MOTYT 00€CIIeYnTh, HAIPUMEP, METO Il TOPOIIKOBON METAILTYPrHUH.

OTtcyTcTBUE HAYYHO 0OOCHOBAHHBIX J€(POPMAILIMOHHBIX PEKUMOB U IIEPEHOC
TEMIIEPATYPHO-CKOPOCTHBIX ~ IIapaMEeTpoOB  IIpolecca  IITAMIIOBKU  CILIABOB,
ITOJIYYEHHBIX 110 TPAJAUIIMOHHON TEXHOJIOTH, Ha IOPOILIKOBBIE MAaTEPUAIBI SIBIACTCSA
OJHOW W3 IIPUYMUH, BBI3BIBAIOIIUX IIOSABJIICHUE HEOAHOPOLHOCTU CTPYKTYPBI,
HU3KOIO0 YPOBHSI MEXAaHWYECKUX CBOMCTB M IOBBIIEHHOM WX AaHU30TPOIIMH, YTO
CAEPKUBACT IIMPOKOE NPUMEHEHHUE H3ACIHUM M3 TaKUX MAaTEPUAIIOB B aBUALIMU U
MamMHocTpoeHuH. [loaromy akTyanpHOM siBisieTcss mpoOjema CO3JaHUsl HOBBIX
cxeM Jedopmanuu U1 00OCHOBAHHBIX J€(POPMALMOHHBIX PEKUMOB, IMO3BOJISIOIIMX
II0JIy4YaTh U3JEJHSA C OJHOPOJHON CTPYKTYPOU M BBICOKMMH JKCILIyaTalMOHHBIMU
CBOVCTBAMU.

[Ipu »>TOM MNOBBILIEHUIO 3P(HEKTUBHOCTH MCIOJb30BaHUS TAaKMX MAaTEpUAJIIOB B
O0BbEKTaX HOBOM TEXHUKM B 3HAUUTEIBHON Mepe MOXKET CHocoOCTBOBATh
IPOTHO3MPOBAHUE AHU3OTPONMHU HMX CBOWCTB M pPa3padOTKa TEXHOJOTMYECKHX
IIPOLIECCOB, IPUBOALIMX K €€ CHUKEHUIO.

Ky3HeyHOe TMpOM3BOACTBO B MAUIMHOCTPOCHUM pPA3BUBACTCA IO IIYyTH
BHEJIDEHUS HOBBIX BHUJOB OOOpYJOBaHUS, KOMIUIEKCHOW MEXaHM3aluu U
aBTOMATHU3aLIMK ITPOU3BOICTBEHHBIX IIPOLIECCOB, COBEPIICHCTBOBAHNS TEXHOJIOTUU
Y TTOBBILIEHUS KAYECTBA BBIITYCKAEMbIX Ky3HEUHBIX 3aIOTOBOK.

OOpaboTka JaBJIECHUEM MO3BOJSET MOJY4aTh 3arOTOBKH C IIEPOXOBATOCTHIO
IIOBEPXHOCTH M TOYHOCTBIO PA3MEPOB, COOTBETCTBYIOIIMX JOCTUIAEMBIM IIpU
TOKapHOU 00paboTke, hpe3epoBaHUU U NUTU(POBAHUH.

IIpy moMouM CrienMaIbHBIX BUIOB IITAMIIOBKH U3TOTOBJISIOT TOTOBBIC U3EIINS
(OonThI, TAWKK W ZIp.) U TOYHBIE JETaK C JOCTATOYHO BBICOKUMH IapamMeTpaMu
HIEpPOXOBATOCTH TMOBEPXHOCTH. Takod BUJA IITAMIOBKA HaubOoJee JIErKo
OCYILIECTBISITh MPU MAaJBIX CKOPOCTIX JAe(pOpMHUpPOBaHUS, COOTBETCTBYIOIIMX

00paboTKe Ha TUAPABIWYECKHX, KPUBOIUUIIHBIX M (PUKIMOHHBIX TIpeccax, a
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TaK)K€ Ha TOPU3OHTAIBHO-KOBOYHBIX MamuHax. CreaoBaTenbHO, MPUMEHEHHE
0osee COBEpUICHHBIX (B OTHOIIEHUU HAMPSKEHHOTO COCTOSIHUS 1e(hOPMUPYEMOTO
MeTallyla)  METOAOB  INTAaMIIOBKHM  TpeOyeT  mepexojga oOT  oO0pabOoTKHu
MaJIOIJIACTUYHBIX MaTepHaioB HAa MOJIOTaX K 00pa0oTKe WX Ha Tmpeccax u
KOBOYHBIX MallIlHaX.

[ramnoBka mnpomwuBkod. Takas mMTaMHoBKa MO CYIIECTBY SIBIISETCS
Pa3HOBUIHOCTBIO MPEIBIAYIIEr0 BUAA IITAMIIOBKH C TOW JIMIIb pPa3HULEH, YTO
METaJul BBIXOJMT HE 4Yepe3 OTBEPCTHUS] WJIM TOJOCTh B OMOPHOW IMOBEPXHOCTU
MATPUIbl WIM MyaHCOHA, a 4epe3 3a30p MEXIy IyaHCOHOM W matpuiei. Takoi
HITAMIIOBKOM MOKHO MOJIy4aTh JE€TAU TUIA CTAKaHa, a TAKXKE JIETalau KopoodyaTon
U KOpbITOOOpa3HOil ¢opMbl. CIlIOXKHBIE IITaMIIOCBApHBIE JETAadd  MOTYT
OJTHOBPEMEHHO COYETaTh OJJIEMEHTHI PA3IMYHOTO BHAA (IITAMIIOBKH, JIUTHE,
MpoKar).

TpeboBaHusi COBPEMEHHOTO MAIIMHOCTPOEHUSI OOYCIIOBIMBAIOT IIUPOKOE
NPUMEHEHUE PA3IMYHBIX ONepaluuii 0OpabOTKM JaBIEHUEM B MPOMU3BOJCTBE Kak
nosypaOpukaToB, Tak M JeTajledl W y3JI0B MallMH. JIOCTaTO4YHO cKa3aThk, YTO /10
90% Bcell BBILIABISEMON CTanmM mnojBepraercss oOpadOTKe JaBICHUEM C
OPUMEHEHHEM TNPOKAaTKH, pa3jIMYHbIX BUAOB IUTAMIOBKH, IPECCOBAHUA,
BOJIOUEHHUS U APYTUX onepauuid. bonbias 10515 cTany nojBepraercst NpoKaTKe 1is
MOJIYYEHUS] pa3HOOOPa3HON HOMEHKIATYphl MPOQUIEH, TIIUT U JUCTOB. MHOrue
nostydabpukarsl ucxoaHoro meraimia (15—20%) moaBepraroTcsi TBYXKpaTHOW U
JaKe TpeXKpaTHOW o00paboTke naBiaeHueM. JluctoBele M MNpodUIMpPOBaAHHBIE
nonypaOpukaTel, MOJIy4YeHHBIE  MPOKATKOW, HA  MAaIIMHOCTPOUTEIHHBIX
OpEeINpUITUSIX MPU M3TOTOBJICHUU JAeTajell MOJBEpPraiTcs TUOKe, BBITSIKKE,
¢dbopMOBKe, OTOOPTOBKE M IPYTHM OMEPALUSIM XOJIOTHOW U TOPSTYEH IIITAMITOBKH.

W3 HOBBIX, pa3BUBAIOLINXCSA B HACTOSIIEE BPEMS, BUAOB IITAMIIOBKH, CIEAYyET
OTMETHUTH CIIEAYIOIIHE.

B3ppiBHAsT mTaMIOBKA SBISETCS HOBBIM BHJIOM IITAMIIOBKH |  €IIIE
HEJOCTAaTOYHO M3y4YeHa. SICHO OJHO, YTO ATOT CHOCO0 pacroyiaraeT OrpOMHBIMU

MNOTCHUOUAJIIBHBIMU BO3MOKHOCTAMHU, PCAIM3allld KOTOPBIX 6y,21€T oOecrieunBaTh
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HETMPEPBIBHBIN TPOTPECC W pacHIMpeHrue O00JacTH TPUMEHEHHS HE TOJBKO
JMCTOBOM IITAMITOBKH, HO 1 OOBEMHOM IITAMIIOBKH, TIPECCOBAHMS, BHIJIABIIMBAHMSI,
MOBEPXHOCTHOTO YIIPOYHEHUS U APYTUX BUIO0B 00paOOTKH TaBICHUEM.

B 3aBucumoctH OT Marepuana, U3 KOTOPOTO HM3TOTOBJISIOT ITyaHCOHBI,
pa3auMyalOT JBa OCHOBHBIX BHJA IUTAMIIOBKA JKECTKMM W 3JIACTUYHBIM
MyaHCOHAMH.

[IITamnoBka B3peIBOM. [Ipy 3TOM MITaMIIOBKE MCMOJIB3YIOT JABICHUE JKUIAKOCTH
WM Ta30B, IMOJ JCHUCTBHEM KOTOPOTO JIMCTOBas 3aroToBKa JaeGopMHUpYyeTCs U
npuHUMaeT (HOpMy MaTpHUIBl. YCTAaHOBJICHHAs Ha MATPHILy JUCTOBAs 3aroTOBKA
OIyCKAETCA BMECTE C MATPUIEH B BOMY, 3aTEM MPOU3BOAAT IITAMIIOBKY B3PBIBOM.
OHa wuMeEeT OTHOCHUTEIBHO Majyl0 HPOU3BOAUTEIHBHOCTb, OIPAHUYEHHOCTD
ACCOPTUMEHTA U XaPAKTEPU3YETCS MOBBIIIEHHON OMAaCHOCTBIO.

B kaxnoi rpymnmne aetanei OCyIIECTBIISIETCS TPYyHIIUPOBAHUE MO MPUMEHSIEMOMY
MaTtepually M TMocTaBke (TpybOa, MIECTUTPAaHHUK, MPYTOK U T. [.), MO BHIY
mTaMnoBku. OmnpenensoommMu  Jjisi 0oTOopa JeTajieid 1Mo BHUIY IITaMIIOBKU
(ropstuasi, XoJloAHAs, TOJIyTropsyasi) SIBJISIOTCS CBOWMCTBA MaTepuaja, JaBjcHUE U
CTOMKOCTh MHCTPYMEHTA, HEOOXOIMMOE Ka4eCTBO JE€TalH, a TAKXKE KOHCTPYKIIUS U
MOIITHOCTh aBTOMATOB. Jlajiee ocyIiecTBaseTcs TpynIMpoBaHue IeTaliei mo Gpopme
u pasmepam (Tabn. 3) KOpoTkue JeTanu (CIUIONIHBIE C IJIOCKOCTBIO WA C
OTBEPCTUEM) CTEPIKHEBBIC JI€TAJId C TOJIOBKOHM, YTOJIIEHUEM, CO CTyNEHYAThIM
CEUCHHEM 3aroTOBKM 3yOUaThIX KOJiec, JeTaau ¢ (JIaHIaMu U JPyTHe KOJbIIEBBIC
JICTaNu .

KOMBUMHHNPOBAHHBIE n IITAMITIO-CBOPOYHBIE OIIEPALINI.
PA3JIMYHBIE BUAbl IHITAMIIOBKM W OBPABOTKM JIMCTOBOI'O
MATEPUAIJIA [c.253]

[Tpunanne aetansiM JTHOOBIX CIOXHBIX (HEOOXOAMMBIX KOHCTPYKTOpam) (GopM B
MOJIABIISIONIEM OOJNBIIMHCTBE CIIy4aeB JIeT4e BCErO0 OCYIIECTBUTH CBApKOM
JIEMEHTOB, (GopMbI M pa3Mepbl  KOTOPBIX  OOECMEeYMBAIOT  3aJaHHYIO

KOH(pUrypauuio Jetand ¢ AUKTYIOTCA TexHosoruel. Yame Bcero 3To
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MITAMIIOBAaHHBIE DJIEMEHTHI (JTUCTOBBIE W OOBEMHBIC), HO OHU MOTYT OBITH U
JUTBIMU, U U3 COPTOBOro npokarta. CHOXKHBIE IITAMIOCBAPHBIE JETAaTd MOTYT
OJTHOBPEMEHHO COYETaTh JJIEMEHTBl pPa3JIMvyHOr0 BHUAa (IITAMIOBKH, JUTHE,

MpOKar), [c.500]

Becbma pacnpocTpaHEHHBIM BHJIOM OOOpYAOBAHMS ISl TOpsiueidl IITAMIIOBKH
SIBJISIFOTCSL  KPUBOIIMITHBIE TIpecchl. B KayecTBe WCXOJHOr0 Mmarepuana  Jjis
MITAMIOBKU HA KPUBOIIUITHBIX TIPeccax MPEUMYIIECTBEHHO UCTIOIb3YIOT COPTOBOM
[POKAT KPYIJIOTO M KBAJIPATHOIO CeueHMsl. IDTOT BUJ IITAMIIOBKH IO3BOJISET
3HAYUTEJIbHO YMEHBIIUTh IITAMIIOBOYHBIE YKJIOHBI U TPHUIYCKH, YTO CHUIKAET

pacxo MeTaia. [c.21]

K sToMy BUy IITaMIIOBKH OTHOCAT OOBEMHYIO IITAMIIOBKY 0€3 HarpeBa OCajKy,

BbIJIABIINBaHUE, BBICAJIKY, KaJMOpPOBKY, YEKAHKY. [c.309]

[Tpumeuanue. CriermaibHbIE BU/IBI IITAMIIOBKH B TaOJWITy HE BKIOYeHBI. [C.210]

KoMOuHMpOBaHHYIO WM PACUICHEHHYIO IITAMIIOBKY OCYIIECTBISIOT HA JIBYX U
OoJyee MITAMIIOBOYHBIX MOJIOTAX W MEXaHU3MaX IOCJIEeI0BATENbHO. JTOT BHUJT

IITAMIIOBKH HCIIOJIB3YIOT JIJISL CJIOXHBIX WJIM TPOMO3IKHX TOKOBOK. [C.81]

JlJis MHOTHX BHJIOB IITAMIIOBKH BEChMa KENATEIbHBI IITAMIBI U3 CBEPXTBEPABIX
MaTepuanoB — Ha OCHOBE KapOujaa, BojibPpama. Cpok ciiyxObl TAKMX IITAMIIOB
[0 CPaBHEHUIO C AHAJIOTMYHBIMHU CTaJbHBIMH BO3pacTaeT OT MATHAAUATH [0
TPEXCOT pa3. ITO PaBHOCUIILHO TOMY, UTO OJAMH KapOWIHBINA IITAMIT 3aMEHSIET OT
NSATHAALATH J0 TPEXCOT CTalbHBIX. 3HAUUT, CHUXKAETCSI ce0ECTOMMOCTh M3/EINH,
MOBBILIAETCS TPOU3BOJAUTEIBHOCT I[TPECCOBOTO  000PYJ0BaHUS B Ppe3yibTare
PE3KOro CHWXXEHHUSI MpPOCTOEB IMpW 3aMmeHe IuramnoB. Eciau ydecTb, 4TO
TPYAOEMKOCTh M3TOTOBJIIEHUsI TBEPJAOCIJIABHOTO IIITAMIA B TATh pa3 BBIIIE

CTAaJIbHOTO, TO IIpOCTas apI/I(bMeTI/IKa IMMOACKA3bIBACT, YTO TPYAOBLIC 3aTpaThbl
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MHCTPYMEHTAIIBHBIX ~ 1IEXOB  COKpam@aiTcs oTr 3 mo 60 pa3z  [c.45]

JlucroBas mrtammnoBka (puc. 89,e) coctout B AedopMaliii B X0JIOJHOM COCTOSIHUU
JIUCTOBOM MCXOJIHOM 3arOTOBKM B IITaMIle, UMEIOIIEM MAaTPHUIbl C MPUKUMHBIM
KOJBIIOM W TMYaHCOH. OTOT BHUJ IITAMIOBKM TMPOBOJSAT HA CHEIUATBHBIX

IITAMITOBOYHBIX npeccax. [c.234]

B 3aBucumoctu ot ¢Gopmbl, rabapuToB U TpeOOBaHUI, MPEABABISIEMBIX K
U3JICNIUSIM, a TAK)K€ CBOMCTB MCHOJIB3YEMOIO MaTepuasa MIPUMEHSIOT CIETYIOLIne

OCHOBHBIC BH/IBI IITaMITOBKU [c.286]

Crnenyer pa3audvarh JIBa OCHOBHBIX BH/IA ITAMIIOBKA — JIUCTOBYIO M OOBEMHYIO.
OO0bemHasi ropsyas IITaMIIOBKA SIBJISIETCS OCHOBHBIM CIIOCOOOM M3rOTOBJICHUS
pasnuyHbIX jieraneil MammH., OHa UMEeT psAJ BaXKHBIX MPEUMYILIECTB TMeEpe]
KOBKOW, a MMEHHO 3HAYHMTEIHHO YBEIMYMUBACTCS MPOU3BOJUTEIBLHOCTH 332 CUET
OJIHOBPEMEHHOTO JehOPMUPOBAHMS METallla B HECKOJBKUX HAIPABJICHUSX, UTO
MO3BOJISIET HM3TOTOBIIATH CIOXKHBIE MO (Gopme wu3/enns paboduM HEBBICOKON
kBaMpukanuu. brarogaps moBBIIEHHOW TOYHOCTH 00paOOTKH, B CPABHEHHH C
MOKOBKAMH, TPU IITAMIIOBKE TPUITYCKH MOKHO YMEHBIIUTH B 2—3 pasa, a

CJIEI0BAaTEIbHO, OKOHYATEIbHYI0 O0OpabOTKy 4YacTO NPOU3BOAUTH HE HYXKHO.

[c.55]

Paznnuarot ciaeayromme Hauboee XapaKTCPHBIC OCHOBHBLIC BH/IbI IOTAMIIOBKH.

[c.286]

Hekoropsie coBpeMEHHBIC BHUIBI IITAMIIOBKHA 00ECIIEUMBAIOT TIOJYYCHHE TOTOBBLIX
n3nenuii (3aKkJIernoK, OOJITOB, TaeK W Jp.) W JieTajeil MaiinH, TPUTOJHBIX s
cOopku 0e3 jonoaHuTeIsH0N 00padoTku. Ilpu 3TOM mocTUraercss TOYHOCTH 3

KJjacca, a KJIacC YHCTOTHI TIOBEPXHOCTH coorBerctByer V. —9.  [C.5]
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[lItammoBka xuakocTeio. [Ipy 3TOM BHIE MITaMIOBKH METALT Ae)OpMHUpPYETCS
MOJ, HEMOCPEACTBEHHBIM JIABJIICHUEM KUJKOCTH, IPUHUMAsS (DOPMY MaATPUIIbI, WIHA
MOJ1 JIABJICHUEM JKUJIKOCTH, 3aKIIOYEHHOW B PE3UHOBYIO 000JIOUKY. DTOT CIOCOO

NPUMEHSIOT ISl BBITSDKKM  TOJIBIX JeTaneld pasnmuuHoi  ¢opmbr.  [C.169]

[[ItamnoBka B3peiBOM. Ilpu 3TOM BHAE IITAMOOBKH JUISI [UIACTUYECKOIO
(hopmor3MeHeHNsl 3arOTOBKU MCIOJIb3YETCS SHEPTHsl B3pbIBa (TPOTUJIA, T€KCOTeHa
U Jp.), CO3JAIOLIEr0 BBLICOKOE JaBJjeHUE, MOJ JIEHCTBHEM KOTOPOTO 3aroTOBKa
npuHUMaeT QopMy IITaMma. OTUM METOAOM MOTYT OCYIIECTBISTHCS Kak

dbopMou3MEHSIONME, TaK W pa3[CIMTCIbHBIC  OIEpaIUH. [c.169]

Ha puc. 28 npuBeneH ¢(HOTOCHUMOK OOIIEro BHJa IITAMIIOBKH, a Ha CHUMKAaX,
pacIoNoKEHHBIX TIpaBee, €€ MaKpoCTpykKTypa B 30Hax A 3k B, kotopad
XapaKTEepU3yeTCsl HOPMAJIbHBIM DACIIOJIOKEHUEM BOJIOKHA COOTBETCTBYIOIIUM
KOHpUTypauuu JAeTaid. Takas MakKpOCTPYKTypa XapakKTepHa i IITaMIIOBOK,
U3TOTOBJIIEMBIX C YMEHBIIICHHBIMU TMPUITYCKAMHU Ha MEXaHUYeCKyro 00paboTky.
Ha puc. 29 mnpuBeaeHa MakpoCTpyKTypa, HaOrojaemass Ha TeMIUIeTax

(BBIpE3aHHBIX M3 TE€X e 30H A ¥ , HO U3 MITaMIOBKH, Hu3ro- [C.227]

Haubonee pacnpocTpaHeHbl CIEAYIOIIME BUILI IITAMIIOBKA Ha KPUBOIIMITHBIX
nmpeccax 1) mTamMmoBKa ¢ 3ayCeHIIEM (aHAJOTUYHAs MITAMIIOBKE Ha MOJIOTax) 2)
IITAMIIOBKA  BBIIABIMBaHMEM 0€3 3ayceHlla — OKCTproauHr-mporecc” 3)

[ITAMITIOBKA TIPOIIMBKON W 4) KOMOWHHMpPOBAHHBIC BHJbI INTAMIOBKH. [C.421]

Jns »Toro BHa IITAaMIOBKM TNpUMEHsieTcs yHHUBepcanbHoe iepMiide Koe
00OpylOBabllle M aBTOKJIaBbl OCHACTKA (LITaMIIbl) U3TOTOBIISIETCA U3 JHCTOBOTO

MaTtepuana. [c.74]

Bo BTOPOM TOMC IdHBI pCKOMCHAALIMN 110 HA3HAYCHUIO AOITYCKOB, IPHUITYCKOB U

HAITyCKOB Ha IITaAMIIOBAHHBLIC TTOKOBKM. HpI/IBeI[eHBI KJ'IaCCI/I(i)I/IKaLII/ISI IIOKOBOK H
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MPUMEPHl MTPOCKTUPOBAHUSI TEXHOJIOTHYECKHX MPOILECCOB O0BEMHON Topsuei
ITAMIIOBKM ~ HA  00OpyjoBaHue pazHoro Bujpa. JlaHel pexkoOMEeHJaluH,
HEOOXOAUMbIE NJIi KOHCTPYHMPOBAHHUS M pacuera pydbeB MOJIOTOBBIX IITAMIIOB.
VYkazanbel ocobeHHOCTH  00BeMHOW  Topsyert  mrammoBkn  Ha  KILHII,
TUAPABINYECKUX M BUHTOBBIX IPECCAX W TOPU30HTAIBbUO-KO-BOYHBIX MAIlIMHAX.
[IpuBeneHsl MmpuMepbl KOHCTPYMPOBAHHS W pacuera IMTaMIoB I 00beMHOU
ropsueil MTaMIOBKHA. YJIEIGHO BHHUMAaHUE CIICIMaJbHLIM BUIaM IITAMIOBKH
HaKaTKe, pacKaTke, dJEKTPoBbIcaake U Ap. JlaHbl pekoMeHAalMu Mo pazpaboTke
TEXHOJIOTUYECKUX MPOLIECCOB 00bEeMHOM ropsiuyen LITAMIIOBKH

BBICOKOJICTHPOBAHHBIX cTanei u CILTaBO3 [c.7]

JlaHbl pEKOMEHIAIMU IO HA3HAYECHUIO JIOMYCKOB, MPHUIYCKOB M HAIyCKOB Ha
LITaMIIOBAHHBIE IIOKOBKH. [IpuBeneHsl [IPUMEPBI [IPOEKTUPOBAHUS
TEXHOJIOTUYECKUX IMPOIECCOB OOBEMHON TOpsYEil ITAMIIOBKM Ha PpPa3IUYHOM
obopynoBanuu. JlaHbl pekoMeHJalu, HEOOXOAMMBIE IS KOHCTPYUPOBAaHUS U
pacdeTa MTAaMIIOB U BBIIOJIHAEMBIX B 3TUX LITAMIIAX PYYbeB. Y 1€JIEHO BHUMAHUE
CIielMaJbHBIM BUJIAM IITAMIOBKM HAKATKE, PACKATKE, SJICKTPOBBICANKE W Jp.
N3noxkeHbl 0COOCHHOCTH 00BEMHON TOpsSYeil MITaAMIIOBKYM WHCTPYMEHTAJBHBIX U
BBICOKOJIETMPOBAHHBIX CTAJIEM, & TAKXKE [IBETHBIX CIUIaBoB. IIpuBeneHbl cBeneHUs
M0 OTHACJIKE W OYMCTKE TMOKOBOK, KOHTPOJIO HMX KAayeCTBa, JKCIUTyaTallud H

PEMOHTY IITAaMIIOBOM OCHACTKH. [c.4]

B XomogHOM COCTOSSHUM M3rOTaBIMBAIOT TaKXKe M3JEAUs B  IITaMIaX,
AHAJIOTUYHBIX TEM, KOTOpbIE MPUMEHSIOT JUIsi ropsiueil mramnosku. Ilo-
My4aroumuyecs: WU3JeIus OTIUYAIOTCS YUCTOTOM TOBEPXHOCTH U TOYHOCTHIO
pazmepoB. OCHOBHBIE MPEUMYIIECTBA XOJOJIHON IITAMIIOBKM 3aKJIIOYAIOTCS B
BO3MOXKHOCTH 00pabOTKM 3arOTOBKM HEOOJBIION TOJIUHBI (TOHKHE TOJIOCHI) U
MOTNIEPEYHBIX ceueHni (MPOBOJIOKHU), OTCYTCTBUHU MOPYH TTOBEPXHOCTH BCJIEACTBUE
OKHCIIEHUS] MeTaJlJla IPU HarpeBe, B BBICOKOM TOYHOCTU M3TOTOBJICHUS W3JIEIUU.

HC}IOCT&TKH XOHOI[HOﬁ IITAMIIOBKM 3aKJIHOYAaOTCA B MCHBIINX BO3MOXXHBIX ,216(
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IOpManusax. OTO OOBACHSETCS CcOmpoTuBiIeHWeM aedopMalnv B XOJOJHOM
COCTOSIHUM. YKAa3aHHbIE OrPAaHUYCHUS 3aTPYIHSIOT MPUMEHEHUE 3TOr0 BHUJA
MITAMIOBKMA JUISI KPYIHBIX U3JEIUA W Mpu 00pabOTKE HEKOTOPhIX Malio

TJTACTUIHBIX neyei. [c.435]

HoBble BBl MITAMIIOBKM HAXOMAT IIMPOKOE NMPUMEHEHHUE BCIIEICTBHE MPOCTOTHI
UX OCYIIECTBJIECHUSA, MPOCTOTHl MHCTPYMEHTAa M SKOHOMUYHOCTH NPHUMEHEHUS B
YCIOBUSIX MEJIKOCEpUWHOrO M €JIMHUYHOrO T1pousBojctea. Kpome Toro,
LITAMIIOBKA B3PBIBOM W 3JIEKTPOTMAPABIM-YECKas MITAMIOBKA JAIOT XOPOILHE
pe3ynbTaTbl MpPU  M3MOTOBIEHWM  W3JE€IUN U3  TPYyAHOAEDOPMHUPYEMBIX U

MaJIOIIJIaCTUYHBIX CIIJIaBOB

CneunnajbHble BUIbI HITAMIOBKHA U 00pa0OTKH JIMCTOBOI0 MaTepHaJia

B onbITHOM, MEIKOCEpUITHOM, @ MHOTJA U CEPUMHOM MPOU3BOACTBAX XOJIOJHAS
JIMCTOBAs MITAMIIOBKA MPHU MCIOJB30BaHUM OOBIYHOTO MPECCOBOTO 000PYAOBaHUS
U KOHCTPYKIMH IITAMIIOB HU SKOHOMHMYECKH, HHU IO 3aTpaTaM BPEMEHH s
M3TOTOBJICHUSI ITAMIIOB HeomnpaBaHa. B 3TUX ciydasx TPUMEHSIOT CeluaabHbIe
BU/IBl XOJIOJHOM IITaMnoBKUM. K HHM OTHOCSTCSA: IUITaMIOBKa pE3UHON U
MOJIMYPETAaHOM, JKUJKOCTHIO W THAPOCTATUYECKas, C MOJAOrpeBOoM (hiaHia, ¢
rTyOOKUM OXJIXKJICHUEM 3arOTOBKH, UMITYJIbCHAS (runpoB3pbIBHAS,
AEKTPOTUAPABINYECKASI, JEKTPOMATrHUTHAS, B3PHIBOM Ta30B), ¢ MPUMEHEHUEM
yJAbTpa3ByKa u ap.

IHITamMnoBKa YJIACTUHIHOM Cpeaou

CxeMa mTaMIOBKMA OJJIACTUYHOM Cpenodl mokazana Ha puc. 9.59. T'mOka
JUCTOBOTO MaTepuajia 2 B YHUBEPCAJIbHBIX ITOJMYPETAHOBBIX MAaTpHUIAX 3
3HAYUTENFHO YIPOILIAET U YJCIIEBISET IMITAMIIOBOYHYIO OCHACTKY 4, TaKk Kak Ha
OJIHOM TaKOM MaTpUIle MOXKHO ITPOBOJUTH THOKY CaMbIX pa3HOOOpa3HBIX JIeTallei ¢
pPa3IMUHBIMU YTJIaMU U pauycamMu U3 MAaTepHUaioB pa3HOW TONIIUHEL. [Ipu 3TOM
HEO0OXOJIMMO M3TOTOBUTH TOJIBKO myaHcoH 1. IlpemmymiectBoMm 3TOTO CcriocoOa

THOKH SBJISICTCS TO, YTO Ha HaPY)KHOﬁ IMOBCPXHOCTHU I[CTaJ'IeI\/'I HE OCTAaCTCA HUKAKHUX
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CJIEIOB TIOBPEXKICHUH.

Puc. 9.59. Cxema ru0Ku B yHMBEPCAJIbHBIX NOJMYPETAHOBBIX MATPULIAX

OTO MO3BOJSET LITAMIIOBATH JAETAIM W3 IOJHUPOBAHHBIX JHMCTOB, a TaKXKe M3
3arOoTOBOK C pa3JIMYHBIMU 3alllUTHO-JEKOPATUBHBIMU MOKPBITUSMHU. Pa3zmepsl
MOJINYPETAaHOBOM MAaTPUIIBI 3aBUCAT OT KOHPUTYpalMd U TabapUTHBIX pa3MepoB
JeTajen.

Omnepanuy BBITSDKKA U (POPMOBKH C TIOMOIIBIO 3JIACTHYHOM CPEIbl — PE3UHBI WIIN
noluypeTaHa — BEAyT MO JBYM MPUHIUNHAIGHBIM CXE€MaM: IITaMIOBKa
3IIACTUYHON MaTpULIEH MO KECTKOMY (METAIUIMUECKOMY) ITyaHCOHY U 3JIACTUYHBIM
ITyaHCOHOM TI0 KE€CTKON MATpHUIIE.

PoTanmmoHHag BBLITSIXKKA

JlucToBbI€ A€TANM TUIA TEJl BPAIICHUS B PAJIE CIydyaeB MOJIYYarOT POTAIIMOHHON
BBITSDKKOH. DOpPMOM3MEHEHUE 3aTOTOBKH OCYIIECTBIISIETCS 00KATHEM €€ POJTHMKOM
M0 Bpamjaromieics: onpaske. PoTarmoHHast BBITSIKKA MOXKET OCYIIECTBISTHCSA 0€3
uiu ¢ yroHeHuem aedopmupyemoro marepuaina (puc. 9.60). Ee mpoBoasT Ha

CIEIMAJIBHBIX POTAIIMOHHBIX CTaHKax (puc. 9.61).
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Puc. 9.60. PoTailuOHHAA BBITHKKA:

a — 06e3 yTOHEHUS;, 6 — ¢ yTOHCHHEM; 8 — IPUMEDP BBITSIKKH




Puc. 9.61. CTaHOK pOTAIMOHHOM BBITSKKH

JIEKTPOruapaBjandecKasi TAMIIOBKA

MeTton OocHOBaH Ha WMIYJLCHOM MPE0oOpa3OBaHHUM JJICKTPUUECKOW SHEPTHH B
TUAPOINHAMHYECKYIO SHEPTHIO paboyelt )KUJIKOCTH, B pe3yJIbTaTe YeTro BOSHUKAIOT
MEXaHUYECKHE CHJIbI, TUTACTHYECKH JehOopMHUpYIONTHe 3ar0TOBKY. OHM BO3HUKAIOT
an00 B pe3ysbTaTe BBICOKOBOJBTHOTO paspsia MpU Mpodoe TUIIEKTPUICCKOU
pabodeil KUAKOCTH, JUOO B pe3yjbTaTe dSJISKTPUUYECKOTO B3phIBa IMPOBOIHHUKA,
MOMEIICHHOTO B pabouyl0 JKHIKOCThb, KOTOpas WCIOJIL3YETCS TOJIBKO IS
nepeayu yCHINs Ha 3arOoTOBKY.

Meton mNpUMEHSIOT Kak i1 (OPMOM3MEHSIONMIMX OIepauii  (BBITSKKH,
GbopMOBKH, KalTUOPOBKH, OTOOPTOBKM, pa3faud TpyOdaThIX JeTalieil), Tak U
pa3ACIUTENbHBIX (BBIPYOKH M MPOOMBKH). TONIIMHA IITAMIyEMbIX 3arOTOBOK M3
BBICOKOIIPOYHBIX WJIM I[BETHBIX CIUIABOB HE TMpeBbIIaeT 4—5 MM, rabapuTHbIC
pazMepbl -1800 MMm. CXeMbl 3JEKTPOTHAPABINYECKON IITAMIIOBKA MOKa3aHbl Ha
puc. 9.62. Jlns cxeMbl C OTKPBITOM €MKOCThiO (puc. 9.62, a) matpuiy 2 ¢
3aroToBKOM 3 W mpmwkuMamu 4 W 5 moMemaroT BHYTph Kopmyca 1, a moiocTs
MEXJy HUMH BaKyyMHUPYIOT Yepe3 KaHajbl / BaKyyM-HacOCOM. 3aTeéM EMKOCThb
3aMoJIHSIOT paboueil xKuakocThio 0. Has 3aroToBkoi pazMeniaroT MOJI0KUTEIIbHBIC
U OTpHUIATeIbHBIC pabodue 3JIEKTPOABl 8, MEKIYy KOTOPHIMH U OCYIICCTBIISIFOT
AIEKTPUUYECKUIN pa3psi, MPUBOIAIINN K UMITYJILCHOMY THJIPAaBINYECKOMY yaapy,

nedopMHUpYIOLIEMY 3arOTOBKY 110 ()OpME MATPHULIBI.
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Puc. 9.62. CxeMbl 3J1eKTPOruAPABINYECKON INTAMIIOBKH:
@ — C OTKPBITOM EMKOCTBIO; 6 — 3aMKHYTBIM 00bEMOM

AHAaJIOTUYHBIN TPOIECC MPOUCXOTUT M JUJISI CXEMbl C 3aMKHYTHIM oOBeMoM. B



ATOM CJIydae 3aroToBKa K MaTpHIle 2, YCTAaHOBICHHOW B Kopityce 9 mopKuMaercs
He nprkuMamu 4 u 5, a kpeimko# 11 uepes ymmotHenue 10.

DNEKTpOTUIpABINYECKAsT IITAMIIOBKA HMMEET PsAJ MPEUMYIIECTB  IMEpe
TPaIUIIMOHHBIMU METOJaMU: YIPABISIEMOCTh MPOIIECCOM 3a CYET BapbUPOBAHUS
YuCIa U MECTOPACIOJOXKECHUS Pa3pSIHBIX HWMITYJIBCOB; BO3MOXHOCTH IIJIABHOTO
W3MCHEHHUSI DHEPTUU HWMITYJIbCA; OCYIIECTBIEHWE MHOTOKPATHOTO Pa3psIHOTO
UMITyJIbCa W OOJBIIME BO3MOXKHOCTH JUISI aBTOMATH3AIMH MPOIIECCa W BKIIIOUCHUS
YCTAHOBKH B OONIYIO JIMHUIO MPECCOBOT0 000PY10BAHUSI.

HITamMnoBKa B3pLIBOM MOJI BOAOM

OnHa BO MHOIOM aHaJIOTUYHA 3JIEKTPOrUApaBIndecKoi. OTINYUe 3aKI0YaeTCs B
TOM, 4TO Je(OPMHUPYIOIIUNA UMITYJIbC, NEpElIaBacMblid 3arOoTOBKE, CO3AAETCS HE
IEKTPUYECKUM pa3psiioM, a C TIOMOLIBIO IOApPBIBA 3apsAia B3PbIBYATOTO
BelecTsa. [Ipu 3T0M MeToAe MOKHO MOJIy4YaTh OYEHb BBICOKHE padoyue YCUIIUS
nedopMaium 3aroTOBKH.

MargautTHo-uMnyJancHoe dhopmooopazosanue (MUD)

MarauTHoO-UMITYIbCHOE (hOpMOOOpaA30BaHNE WJIM WHAYE MAarHUTHO-UMITYJIbCHAS
o0Opabotka MetamioB (MMOM) — BBICOKOIHEPIEeTUUECKUN METOJ TJIaCTHYECKOTO
nehopMUpOBaHUS METaUIOB U cmiaBoB. OH OCHOBaH Ha HEMOCPEICTBEHHOM
npeoOpa3oBaHUM TPEIBAPUTEIHHO HAKOTUICHHOW DSJIEKTPUYECKONH DHEPTHH B
paboTy miuacTudeckoil nedopmaiuu, T.e. Ha BO3JIEHCTBUM HAa MaTepuaj 3arOTOBKU
AIEKTPOIUHAMUYCCKAX CHJI, BOSHHUKAIOIINX TMPH B3aUMOJCHCTBHUU HMITYJIHCHOTO
MarHUTHOTO TIOJII C TOKOM, KOTOPBIA JMOO HMHAYIUPYETCS JTHM TIOJIEM B
AJIEKTPOIIPOBOJIAIIEH  3arOTOBKE WJIM  DJIEKTPOMPOBOJSIIEM  TEPEXOJTHHKE,
nepeaonieM JaBlieHHE Ha 3aroTOBKY 4Yepe3 DJJacTHYHYI Cpexy, oo
HE3aBUCUMO OT MArHUTHOTO TIOJII TMPOTEKAET Yepe3 DICKTPONPOBOISIIYIO
3arOTOBKY.

Jlyumme Bcero ¢ momomipio MU® o6pabarbiBaTh 3aroTOBKHM W3 METAIJIOB C
BBICOKOM  AJICKTPONPOBOAHOCTHIO.  MCMONB3yIOT — CleMyIonue  TEXHOJOTHH:

ITaMIOBKY, CBapKy, IpeccoBaHue, ymnpouHeHue. OcHoBHbIe cxembl MUD



ITaMIIOBKOM MTOKa3aHbl Ha puc. 9.63.
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Puc. 9.63. OcHOBHBIE CXeMbl MATHUTHO-MMITYJIbCHOH 00padoTKHU:

a — MTaMIIOBKa JINCTOB; 6 — pa3jaada TpyO; 6 — 00KUM TpyO; e — IITaMIIOBKa
JUCTOB 3J1acToMepoM; 1 — 3aroroBka; 2 — HHAYKTOp; 3 — O0€K; 4 — amacTomep; 5 —
MaTpuIa

3HaueHre QopMooOpa3yIOIUX JIIEKTPOAMHAMUYECKUX CHJI P 3aBUCUT OT
IJIOTHOCTH JYHEPTUW TEPEMEHHOTO MAarHUTHOTO IOJs B 00BEME 3a3opa MEKIY

WHIYKTOPOM M 3arOTOBKOM:

10 “p?
8zt '

rae B — MHAyKUMs MarHUTHOTO MOJIs B 3a30pe, [ H.

HmMnynbCHBIE MarHUTHBIE HOJS CO3JAIOT C TIOMOINBIO MAarHUTHOMMITYJIBCHBIX
YCTaHOBOK pa3psAaoM OaTaped KOHACHCATOPOB uepe3 pabdoyuii MHCTPYMEHT —
UHAYKTOpP, BOKPYI MJIM OKOJIO KOTOpPOrO pacmojiokeHa 3arotoBka. Ha puc. 9.64

MOKa3aHa OJ{Ha U3 MajorabapuTHbIX ycTaHOBOK MUD.

Puc. 9.64. Ycranoska MUD

OcobennoctsiMu MU® sBIAIOTCSA: BBICOKME JABICHUS MPU HMITYJIBCHOM
xapakrepe 1eOpMUPYIOLIETO BO3IEUCTBUS; O0bIIas TEXHOJOTHYecKasi THOKOCTh
MpPOIIECCa TPU HECI0KHOM TEXHOJOTHMYECKOM OCHACTKE; IIUPOKUE IPEAENbI
perynupoBaHus ~ paOoyero  JaBJ€HMsT  HAa  3aroTOBKY;  BO3MOXHOCTb
dbopmMooOpa3oBaHusi  BBICOKOIPOYHBIX  MaTEpPHANIOB;,  MPEUMYIIECCTBEHHAS

00paboTKa JaBJIEHHMEM TOHKOCTEHHBIX 3aroTOBOK (Omepanuy pa3BasibLIOBKH,



OIMPECCOBKH, YCKAHKH, IITAMIIOBKHU U T.H.).

HITaMnoBKa VJILTPA3BYKOM

OTO OAMH M3 TPOTPECCHUBHBIX METOAOB, KOTOPHIA 3(PPEKTUBHO yCTpaHSET
HEKOTOPbIEC OTPULIATEIIbHBIC SBJICHUS, UMEIOIINE MECTO IIPU OOBIYHOM IITAMIIOBKE.

Croco6 mpuMeHUM Kak Mg pa3fAeNUTEeNbHbIX ONepanuil, Tak u aus
(bOpMON3MEHSIOIINX — THOKH, BBITSKKU, (POPMOBKHU.

CymHOCTh cr1oco0a COCTOUT B TOM, YTO OT CIEUUAIBHBIX YCTAHOBOK MOJAIOTCS
yIIBTPa3BYKOBbIE KoJieOaHUsl (MPOAOJbHBIE, PaJWajbHbIE WM KPYTUJIBHBIE) Ha
IIyaHCOH, MaTpULly WM IIyaHCOH M MaTpully OJHOBPEMEHHO, KOTOpbIE
BMOHTHPOBaHBI B CIIELUAIbHBIE IITAMIIBI C PACIIOIOKEHUEM ovara JieopMalnu B
MMYYHOCTH CMEILICHUH WY HAPSKEHUN CTOAYEN BOJHBI yIIbTPa3ByKa.

[IpumeHeHre B NMCTOBOM IITAMIIOBKE YJIbTPa3BYKOBBIX KOJEOAHUN MO3BOJISET
CHU3UTH yCHIINE 1e(POPMUPOBAHUS, IOBBICUTh MPEAEIbHYIO CTENEHb Ae(OopMalIHii
JUISL BBITSDKHBIX OIEpaluii, 00ECeUnTh BHICOKOE KaYECTBO IITAMITyEMbIX U3JEIUN
U YBEIUYUTD 3P (HEKTUBHOCTH TEXHOJIOTUYECKUX CMA30K.

[IpumeHeHue ynbTpa3ByKOBBIX KOJI€OAHUN NP JIMCTOBOM IITAMIIOBKE BBI3BIBAET
pa3ynpoyHEeHUe, CBA3aHHOE C HAarpeBOM MeTajula B ouare naedopmauuu, U

YBCIIMYCHUC TNIACTUIHOCTH.



