I'aasa 21. JIucroBas mrammnoska (JILI)

K 711CcTOBO# MITAMIIOBKE OTHOCSTCS METOBI MOIYUEHHS AeTalel ¥ U3JEHi, U1 KOTOPBIX B KAYECTBE
HCXOJIHOM 3aTrOTOBKH MCITOIB3YIOT TUCTOBOU MaTepuall, TpyOHbIE 3arOTOBKH, KaTaHbIE U THYThIE MPOMUIIH.

IITAMITIOBKY OCYIIECTBIISIOT KaK B XOJIOJHOM, TaK M MOJAOTPETOM COCTOSHUH. ['opsiueil TMCTOBOM IITAMITOBKOM
(TJII) mosy4aroT KpymHOrabapuTHBIE JAETAIH MAPOBBIX U FHUAPABIMYECKUX TYPOUH OOJNBIION MOIIHOCTH, JETAH
MPECCOB, MPOKATHBIX CTAHOB, SJIEMEHTH KOCMUYECKHX aIlapaToB, MOABOIHBIX JIOJOK, CYIOB U Ip.

[Iupokoe MpUMeHEHHE JTUCTOBOM IIITAMIIOBKH 00YCIOBJIEHO PSIOM JOCTOUHCTB, KOTOPHIMH 00J1a1aeT JaHHbIM
croco6. K ux 4uciay MOXKHO OTHECTH:

1) Maiyro MeTasIOEMKOCTh U3IEITHIA;

2) BBICOKYIO TOYHOCTD IITAMITYEMBIX U3IEIHI;

3) xopolilee Ka4ecTBO MOBEPXHOCTH, YTO MO3BOJISIET MOIHOCTHIO UCKITIOYUTH I COBCEM CBECTH K MHHUMYMY
00paboTKy IMTOBEPXHOCTH,

4) BBICOKYIO [TPOU3BOIUTEILHOCTE;

5) mpocToTy MexaHH3allMK U aBTOMATHU3AIMHU MPOIIECCOB JIUCTOBOM IITAMITOBKH;

6) mPHUCIOCOOIIEMOCT K YCIOBUSIM MPOM3BOACTBA (PEHTA0ETBHOCTL B YCIOBUAX KaK MEIKOCEPUMHOIO, TaK M
MacCOBOT'O TIPOU3BOMICTBA);

7) MaJ00TXOIHOCTB,

8) BO3MOXHOCTH MOJTyYEHHSI Pas3IUYHBIX " OITTHMAaJIbHBIX MEXaHUIECKHX
CBOMCTB B Pa3JIMUYHBIX y4aCTKax JAETalleH, MOTydaeMbIX [ITAMIIOBKOM.

Bce omeparnuu  JIMCTOBOM  INTAMIIOBKM MOJKHO OOBEIUHHUTH B JBE TIPYIILL pa3JeiUTENbHBIE U
(hopMOU3MEHSIIOIIHUE.

21.1. Pa3nesuresibHbIE ONIEPALIAH JJUCTOBOM IITAMIIOBKH

[pu BBHITIOTHEHUH pa3IeUTENBHBIX OoNepanuii qeopMUpOBaHKE 3arOTOBKU ITPOUCXOJIMUT BILIOTH 0
pa3pyienus. B HayanpHOM cTaauu nporecca pasjielieHns 3ar0TOBKH ITacTHIecKast AedopMartust
COCPEZIOTOUNBACTCS Y KpOMOK HHCTpyMeHTa (prc. 21.1), KOTOpBIi BHEAPSETCS Ha HEKOTOPYIO TIIyOUHY B
Metasut. [Ipu 5TOM BO3HHKAIOT ouaru nedopMmalyi, KOTOpbIe B X0/ MPOoIiecca, TPOABUIasCh B TONIIHHY
3aroTOBKH, CMBIKAIOTCS. B pe3ynbrare miactiudyeckas aeopMaiusi OXBaThIBaeT BCIO TONIIMHY 3aTOTOBKH B
MecCTe pesa.
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Puc. 21.1. Cxema pa3pyiieHus MeTajuia IpH pa3aeTuTeIbHON pe3Ke

JlanbHeliniee BHEOPEHHE PEKYIMX KPOMOK BBI3BIBACT CMEICHHE OJHOM YacTH 3aroTOBKU
OTHOCHTEIILHO apyroi. [Ipu 3ToM B pe3ynbTare AeicTBISI MOMEHTA, 00pa30BaHHOIO CHIIaMH P, 3aroToBKa
CTPEMHUTCS TIOBEPHYTHCS, @ HA €€ OOKOBBIX IPAHsIX BOHUKAIOT TOPH30OHTATBHBIC CHITBI T, TIPHHKUMAFOITTHE
3arOTOBKY K OOKOBBIM T'paHsIM PEKYIIEr0 MHCTPYMEHTA. JTH CHIIBI TIPH CMEIICHUH PEKYIETO HH-
CTPYMEHTa OTHOCHUTEIFHO 3arOTOBKU CIJIAKUBAIOT TIOBEPXHOCTh, 00pasys ONECTSIIMI TMOSICOK X TIO
TIOBEPXHOCTH cpe3a. [Ipu JocTiKEeHWH MpeiesibHON BEMMUHMHBI JeOpMalliK B CIIOSX 3arOTOBKH,
PaCMOJIOKEHHBIX BOJIM3H OT PEXKYIIUX KPOMOK, BOZHHKAIOT TPEIIMHBI, KOTOPBIC U3-32 PACKITMHUBAOIIETO
neiicTBust ¢t P 1 T HECKOJIBKO pa3BOPAYMBAKOTCS U CIMBAIOTCS (BCTPEYAIOTCS) B TEJIE 3arOTOBKH.

VYcaoBreM BCTpeuM TPEIIMH B TEJ€ 3arOTOBKH SIBJISICTCS BBIOOP BEJIMYMHBI 3a30pa Z MEXITY
myaHcoHoM 1 u marpuiehi 2. [t KOHCTPYKIIMOHHBIX CTajieh 3a30p oObiuHO cocTaBimsier 10% ot
TOJIIIMHEI pa3pe3aeMoro Meraiuia (S).

PaznenurensHON pe3KOM TOMYJarOT ACTaid, K KOTOPhIM HE TPEABSIBIISIOTCS BBICOKHE TPCOOBAHMS
Ka4yecTBa MOBEPXHOCTH pa3JieiieHust (HAIPUMEp, 3ar0TOBKH 10,1 ITOCIIEAYIONTYIO 00paboTKYy).



B miockux neTtansx, MOJyYeHHBIX W3 JIMCTA, YacTO TPEOYFOTCS XOPOINAs YKMCTOTA TIOBEPXHOCTH
pazziesicHAs] M TIOBBIIICHHAS TOYHOCTh TONEPEYHBIX Pa3MEpPOB, KOTOPBIC IOCTUTAIOTCS YBEIMYCHHUEM
BBICOTBI OJISCTSIIIETO TIOSICKA. DTO BO3SMOMKHO 33 CYET YMEHBIICHHS KOHIICHTPAIMK HAIPSDKCHHH,
HaIprMep TIPH 3aTYIUICHAN PEXKYIIIMX KPOMOK, HITH 32 CUET JIMKBUIIAIHN PACTSTUBAIONIMX HAPSDKCHUN B
odare AehOpPMHUPOBAHMS.

B pe3ymbrare uncToBOM BHIPYOKH TOTY4alOT BBICOKOTOYHBIC JETAIH, HE TPEOYIOIMINES NATbHCHITICH
00paboTKH, HAIpUMEp IIEeCTepPHM YacoB, phrdard (oroammapaToB W T. A. VCIomb30BaHHE YHMCTOBOM
BBIPYOKH YBEJIMUMBACT SHEPro3arparsl mpoiiecca B 2—2,5 pasa.

OcCHOBHBIC BHUJIBI PA3/ICIUTEIGHBIX OICPAIH: OTpeB3kKa — pa3Ic/iicHue 3aroTOBKH TI0
HE3aMKHYTOMY KOHTYpPY; BHPy©GkKa — pa3JIcJICHHE 3arOTOBKH M0 3aMKHYTOMY KOHTYPY, IPH
KOTOPOM OTJICIISIEMAst YacTh SIBIISICTCS JICTAIBIO; IPOBMBKA — pa3JIelICHHE 3ar0TOBKH 110 3aMKHYTOMY
KOHTYPY, IIPH KOTOPOM OT/IEIsIeMast YacTh SABJISIECTCS OTXOIOM.

[Ipy mpoexTMpoBaHMM  JeTallel, TOJMy4aeMbIX BBIPYOKOM WM  MPOOMBKOM,  CIIEAyeT
MPUACPIKUBATHCS CIACAYIOUIUX MIPABHII.

1 Heo6xommo m30eraTh CII0KHBIX KOH(PHTYPAITHi C Y3KUMH | JJIMHHBIMA BBIPE3aMU KOHTYpa HUITH
OYEHb Y3KHMMHU IIPOPE3SAMHU.

2. Massie u cpemare 3arotoBku (10 300 MM) HEOOXOMMO MPOEKTHPOBATH C PayCaMi CKPYITICHHUS
yroB (r > 0,55), MOCKOJIBKY TSl X M3TOTOBJICHHSI IIPUMEHSIFOT 11eIbHBIC MaTpHIlbl. KpymHoradapuTHbie
3arotoBk# (6osee 300 MM) MOKHO MPOSKTHPOBATH 0€3 3aKPYITICHUH YIJIOB, TAK KaK OHHM M3rOTOBIISFOTCS
B COCTaBHBIX MaTPHIIaX.

CornpspKeHHs1 CTOPOH HApYKHOTO KOHTYPA CIICAYET BBITOTHSATE C 3aKPYTIICHUSIMU JIUIIH B CITydae
HEOOXOTMMOCTH BBIPYOKH JIETAITH TI0 BCEMY KOHTYPY.
JIns  6e30TXOMHOTO PACKPOs JIOMYCKAIOT COMPSDKEHIS TIOJT IIPSIMBIM YITIOM.

4. HanmeHbIIe pa3Mepbl IPOOMBAEMBIX OTBEPCTHI HE JOJDKHBI
owITh Menee (1,3-1,5)S.

5. HaumeHnslItiee pacCTosiHEE OT Kpasi OTBEPCTHS JI0 TIPSIMOJIMHEHHOTO HAPYXKHOTO KOHTYPa JIOJDKHO
ObITh He MeHee S Uit (QUI'YpHBIX KPYIVIBIX OTBEPCTHH M HE MeHee 2,55, ecim kpas OTBEpCTHi
napajuie/ibHbl KOHTYPY JACTalIH.

6. He cremyer pacronararh OTBEPCTHS B 3aroTOBKE, TOJICKAIIeH TMOKe, OMMBKO K pagdycy
3aKpyryicHHs] JieTa. HauMmeHblliee paccTosHAE OT Kpas OTBEPCTHS JIO 3arHyTOM TIOJKH JIOJDKHO
COCTaBJIATh @ > I + 25 rie T — pajanyc u3ruoa.

B OonpmmHCTBE CilydacB KOH(HIYpAIUs XOJIOIHOIITAMIIOBAHHON JETATM WM €€ 3arO0TOBKH
MOKeT OBITh M3MEHEHa 0e3 Kakoro-iaubo yiiepOa i KOHCTPYKTHBHOIO WJIM IKCINTYaTallMOHHOI'O
Ha3HAYCHHWS TakUM OOpa3oM, 4YTO HM3MEHEHHas (opMa JEeTATM TO3BOJHUT 3HAYMTEIIHHO CHH3HTH

pacxon Marepuaia (puc. 21.2).
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Puc. 21.2. [Ipumepsl packposi: @ — HEPalHOHAIBHOTO0; O — PAlHOHANBHOTO

21.2. ®opmoodpasyionime onepanyum JMCTOBOM IITAMIIOBKH

B omymume ot pasnenmmrenbHBIX, pH (POPMOMBMEHSFOIINX OTEpaIsaX BO M30SKaHUS pa3pyIICHHS
3arOTOBKM M30CTAf0T MaKCUMAILHOM JIOKATM3AMK IUTacTHdecKor Aedopmanun. Hanbonee mmpoko
TIPUMEHSTIOITFECS (hOPMOOOPA3YIOITHE OTIEPAIINH JTUCTOBOM IIITAMIIOBKH—THOKA M BBITSKKA.

I'mbka — w3MEHEHWE HaNpaBICHUS OCH 3aroToBKM. B mporiecce TWOKM CIIOM  MeTajlia,
MPHJIETAIOIIHE K ITyaHCOHY, CKMMAIOTCS, a IIPOTHBOIIONIOKHBIE — pacTsruBarotcs (prc. 21.3, a).



Puc. 21.3. ®opmooOpa3yromme onepalumn.
a — THOKa; 6 — BBITSDKKA, 6 — MHOT'OIIEPEXO0,IHAS BHITSDKKA; 2 — BBITSDKKA C YTOHEHHEM
CTEHKH, 0 — OTOOPTOBKA, € — O0OKUM; o1 — hopMoBKa, 1 — Mmarpura; 2 — myaHcoH; 3
— 3aroToBKa

CepelMHHBIC CJIOM 3arOTOBKM HANPSDKCHUH IPH 3TOM HE MCIBITBIBAIOT, WX HAa3bIBAIOT
HEUTPAIbHBIMU.

IIpu rulke ciemyeT YUMTHIBATh HAIPABJICHUC ITPOKATKH, B OOIIEM CIIydac >KEIaTeIbHO, YTOOBI
CKaThe U pacTshKeHHe ObUTH HAIPABJICHbI BJIOJIb BOJIOKOH.

Onpenensast HEOOXOIMMBIN Yrojl U3rH0a, CISAYeT YIUTHIBATh TaK HA3bIBACMBIN YroJl TPy KHHEHHS
— YMCHBIIICHWE YITla M3ruba mocjae CHATHS JeOPMHPYIOIIEH Harpy3Kd BCJICIACTBHE YIIPYTOH
nehopMalii. Yroll NPY)KHHEHHs YBEIMUYMBACTCS C YBEIMYCHHEM paauyca H3ruoda, MPOUYHOCTHBIX
XapaKTEPUCTHK METANIA, C YMEHBIIICHUEM TOJIIUHBI 3aTOTOBKH.

['u6Ko moTydaroT U3ACHS THITA CKOO, KPOHIITEHHOB, 3arOTOBOK JIJISl IIOBHBIX TPYO U Ap.

OcHosHble mexHono2U4ecKue mpeboBaHuUsi K KOHCIMpPYKUUU U302HYMOU OemaJid.

1 MHMHAMAJIEHO JIOITYCTHMEIC PAaIyChl TUOKH CeayeT IPUMEHSTE JIMIIE B CITydae KOHCTPYKTUBHOM
HEOOXOIMMOCTH, B OOJIBIIMHCTBE CITydacB BO3MOYKHO IMPUMEHHUTh YBEJIMUCHHBIC PAJIUYChl THOKH I = S
a JuIsl TOJICTBIX 3arOTOBOK I > 2S,

2.B cayuae ruOkn miactiyHbIX MeTawioB (ctams 10,20) ¢ MaisiM pamuycom 3akpyriienns (0,5S)
JIMHUIO U3ruoa sKeNaTelIbHO PacIioiiarath IOoIepeK BOJIOKOH IpoKara. B ciydae rHOKH TeX yKe METAIIOB C
PIMYCcOM T > S pacIiosIoyKeHHE JIMHIH U3rH0a 0e3pa3iiiaHo.

3.IIpu rvbKe TBEPIBIX M MAIOIUIACTUYHBIX MeTAUIOB (OpOH3a, CHIBHOYIIPOYHEHHAS JIATYHb, JICHTA
NPYKAHHOW CTalM M JIp.) JIMHUIO H3rMOa ClIeayeT pacroliaraTh IIONEPeK BOJOKOH —IIPOKATA.
Hanmensimii paguyc usruba 6epercs B npezenax (2—4) S.

4.T1pu m3rude 3aroTOBKU B Pa3HBIX HAIPABICHHUSX, a TAKOKE IPU M3TOTOBJICHHHU MPABBIX U JICBBIX
JIeTaJIel U3 OJHOM 3arOTOBKH PaIUyC 3aKPYIJICHUS OJJHOIO U3 IIePeruO0B JIO/DKEH ObITh yBeMueH. I noka
JIOJDKHA OBITH ITPOM3BENICHA TAKMM O0pa30oM, YTOOBI CTOPOHA C 3ayCEHIAMH IIPHIINIACh HA HapYKHYIO
CTOPOHY TIeperuoa ¢ yBEIMUYCHHBIM PaAYCOM.

YBEJIMYCHUS JKCCTKOCTH THYTBIX JICTAlCH M YCTPaHCHHS YIPYroro IpYy KHHE-HUS
PEKOMEHTYETCsI IITaMITOBKa pedep KECTKOCTH MOTIEPEK yrila U3ruoa.
6. HanmenbImast BEICOTa OTrHOAEMOM TTOJIKH [0JDKHA ObITh h> 3S,

BbiTs2kKka 0€3 YyTOHEeHHs] CTEHOK — IPEBPAILCHUE TIOCKOW 3arOTOBKU B IMOJIOE€ HU3ACIIHE
WU YBEIWYCHHE BBICOTHI TOJIOTO moiydadpukara mMyTeM MPOTATHBAHUSA dYepe3 MaTPHILy C

YMEHBIIIEHUEM IIOIIEPEYHBIX Pa3MEPOB 3arOTOBKH, HO 0€3 IPEIBAPUTEILHOIO €€ YTOHEHUs (pHLC.
21.3,0).

OCOOEHHOCTBIO BBITSDKKH SIBIISIETCSA TO, YTO (DIIaHEll MU BEPTUKAIBHBIC CTCHKH BBITATHBAEMOMU
3arOTOBKH HAXOSATCS B PA3JIMYHBIX YCIOBUSIX HAIMIPSKEHHOTO U JIe(hOPMHUPOBAHHOTO COCTOSHUH.
CxxuMaromme HamnpsHkeHUusT ©g BO  (IaHIle MOTYT TPHUBECTH K TMOTEpPE YCTOMYMBOCTH
(oOpa3oBaHHIO CKIIAI0K), @ PACTATUBAIOIIME HAIPSUKEHUS G B CTEHKE MOT'YT IIPUBECTH K OTPHIBY
JIOHHOW YacTH, YTO HAKJIAJbIBACT OIPEICICHHbIE OrPAaHUYEHUS] HA TEXHOJOTMYECKUU IMPOLEecC
BBITSDKKH. Mepoit nedopmariiu npu BBITSIKKE SBIISIETCS KOO (DHUIIMEHT, paBHBIN

I<B:D3ar / dl/BLl

rje D,y — muamerp 3arotoBku; d, m — auaMeTp M3,

Oowsiuno K = 1,6—2,2. IlpenensHblii (TeopeTHUECKHUiT) KOIDGHUIMEHT BBITSKKH IS
JeTajeil THIIa KPYrOBOTO IIHJIMHJIPA C JHOM paBeH 2,7.

Ecmu tpebyercss moisrydarh neramyd ¢ OOJBIIMMH 3HAYCHUSAMH KOA(D(PHUIIMEHTA BBITSKKH,
MIPUMEHSIOT MHOTOIIPOXOIHYIO BBITSOKKY (pHC. 21.3, B) ¢ MEKOMEPAIHOHHBIM OT)KHTOM.

Pa3mepbl 3aroToBOK TOJ BBITSHKKY ONPEICIISIIOT W3 YCIOBHS PaBEHCTBA IMOBEPXHOCTEH
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3arOTOBKH U OTIITAMIIOBAHHOTO M3JIEIIHSI.

BrITsKKA ¢ YTOHEHHEM CTEHKHU OTIMYACTCS TEM, YTO 3a30P MEXKAY MaTPUIIEH W ITyaHCOHOM
BBEIOMPAETCS MEHBIINM, YeM TOJIIMHA MaTepHaia 3aroToBku (puc. 21.3, r). 3aroToBKOii B 3TOM
ciydae SIBJISIETCS CTakaH, IOJYYCHHBIM OOBIYHOW BBITSDKKOM. Marpuma wmeer ¢dopmy
nedopmupyromero konyca ¢ yriaiom 10—20°.

OOBIYHO TIPH BBITSDKKE C YTOHEHUEM CTEHKH HE CTPEMSITCS YMEHBIIUTH JUAMETP W3NS,
YTOHEHHUE CTEHKH MMPUBOJUT K OOJBIIIOMY YBEIMYCHHIO BBICOTHI H3eius. CTeneHs aegopmaruu
CTCHKH ITPH 3TOM MOXKeT cocTaBisiTh 40—60%.

BrBITSDKKOM TIOJTYydaroT Kak OCeCMMMETPUYHBIE JIETalld, TaK U JeTalu KopoOuaToit u Oosee
CJIOXKHBIX (DOPM, HATIpUMEDP KY30BHBIC JETAIA aBTOMOOUIICH.

OcHosHble mexHonocudeckue mpebosanuss K KOHCMPYKYUU NObIX Oemanell, U320mO&NeHHbIX
BLIMSANCKOLU.

1) He0OXO MO 110 BO3MOYKHOCTH M30€raTh CJI0YKHBIX M HECUMMETPHUHBIX (JOPM BBITSTHMBAEMBIX JIETANIEH,
TprOerast K HAM JIMIIIb B CTydac SIBHOM KOHCTPYKTUBHOM HEOOXOTMMOCTH,

2)pamiycel 3aKpyrvieHMid y QuaHa JOJDKHBI OBITh 110 BO3MOMKHOCTH OOJIBINE, a PadyChl
3aKpYIVICHUH Y JTHA MOT'YT OBITh B3AThI MEHBIIMMU. COIPsLKEHUE CTEHOK C JTHOM 0€3 pajuyca 3aKpyIyIeHIs
MOYKET OBITh BBIIOJHCHO ITYTEM JOIOJHHUTEIBHOM KAIMOpPOBKA WM IIPH IITAMIIOBKE TOJICTBIX
3arotoBok (D/S < 20);

3)HeoOx0aMMO H30erarTh ITyOOKHX BBITSDKEK ¢ mmpokuM ¢iarrem (D > 3d mpu h > 2d, roe h —
BBICOTA LIVJIMHAPHYECKOM YaCTH), TPEOYFOLIMX OOJIBIION0 KOJIMUECTBA OIEPAITHiA;

4)B NPSIMOYTOJTLHBIX KOPOOKAX CIICAyeT M30erarh OCTPBIX YIVIOB B IUIAHE U Y JHA JICTAITH.

OT16oproBka (prc.21.3, 0) — IpoIECC MOIyUEHHUs TOPIOBUHBI HIIA IIPOCTO OOPTOB BOKPYT
MPEABAPUTEIILHO TMPOOUTHIX OTBEepCTHl. DOPMOM3MEHEHHE OMNpeneistoT Kod(h UIIMEHTOM
otrbopToBku Koy = dldy, KOTOPBIi 3aBHCHT OT MEXaHNYECKMX XapPaKTEPUCTUK METAIlIa 3arOTOBKU U
€€ OTHOCHUTEIbHOM ToIMHBI Sdy ¥ He T0/DKEH mpeBbimaTh 1,8.

OtBepctrie [UIE  OTOOPTOBKM IPEINOYTHTEIBHO TMPOCBEPINTh, TaK KaK TMpH TPOOHMBKE
MTOSIBJISTFOIIMECS] HAKJICT M 3ayCEHIIbI CYIIIECTBEHHO CHIDKAIOT JOIMyCTHMbIA Ko. B 3TOM CBsI3M 4acTo
KOMOMHHPYIOT TIPOOMBKY OTBEPCTHI C MOCIICAYIOIINM paccBepimBanieM. OTOOPTOBKY PUMEHSIOT
JUTIST U3TOTOBJICHHSI KOJIBIICBBIX JIeTael ¢ (IaHIaMu, Il 00pa30BaHMs BBICTYIIOB TI0]T pe3b0y, I
CBapKH ¢ TpyOaMH H T. TI.

O0xuM — YMEHBUICHHE MEPUMETPA IONMEPEYHOTO CEYEHHS KOHIIEBOM YacTH TMOJIOH
3arOTOBKHM — IIPOM3BOIUTCS CY)KAFOIICH MMOJIOCTHIO MaTpHIibl (prc. 21.3, ¢) Haca)KUBaHHUEM €€ Ha
TWIB3y. 3a oauH mepexon MokHo noayuuth d = (0,7—0,8)D. [l mosiydeHus ropiIoOBHHBI €IIE
MEHBILIETO JMaMeTpa JIeNar0T HECKOJIBKO TMOCJIEOBATENbHBIX  OIEpaluii, HWHOTAAa C
MIPOMEKYTOYHBIM OT)KUTOM.

Pasznaya — yBenuueHue mepUMETpa IOMEPEYHOTO CEUEHUs KOHIICBOM YacTH TOJION
3arOTOBKH ITyTE€M 3aTAJIKUBAHUS B HEE PACIIMPSIONIETOCs yaHcoHa. Pazmaya — 3T0 omepanus,
MIPOTUBOTIOJIOXKHAS 00KUMY.

[Ipu HEOOXOIUMOCTH MECTHOTO H3MEHEHHs (DOPMBI JINCTOBOM 3aroTOBKH, COXPAHsS IMPHU
9TOM pa3Mepbl €€ HapPYXKHOTO KOHTYpa, MPOU3BOJAT JIOKAIBHYIO BBITSKKY, Ha3bIBAEMYIO

(hOpPMOBKO.
(I)OpMOBKy YaCTO HUCHOJB3YHOT AJA YBCIHMYCHHA KCCTKOCTH JIMCTOB KOHCTPYKIHH IIYTEM
CO3JJaHua KOHCTPYKIIMOHHBIX BBICTYIIOB HWJIM BII4JHH, pe6ep KECTKOCTU U T. II. — KaIlOT U

KpBIIIKa OaraxHHUKa aBTOMOOMJIs, IBEpH, OOKOBHHBI KaHUCTp (puc. 21.3, o).

dopMOBKa MPOU3BOAUTCS B IITAMIIAX, AHATIOTUYHBIX BBITSDKHBIM IIITaMIIaM, C YBEIUYCHHOM
CUJIOW MPWKKMA JI0 TAaKOW CTEINEHHU, YTO 3akKaTas 4acTh JINCTAa HE MOJBepraeTcs AehopMaIlni.
N3menenue Gpopmbl BHYTpEHHEH YaCTH U3/EIHS IPOUCXOINUT 32 CUET €€ YTOHCHHUS.

21.3. ObopynoBaHue U HHCTPYMEHT [I/Isl IMCTOBOI IITAMIIOBKH

PazpgenurensHble omepanuu OCYIIECTBISIOT, KaK MPAaBUIIO, HA MEXaHMYECKHX HOXHHUIAX
THIBOTHHHOTO, aJIMTaTOPHOTO W JUCKOBOTO THIIOB WJIM Ha IITaMmIaxX, YCTAaHOBJICHHBIX Ha
pa3IuYHbIE BUIBI ITPECCOB.

Hoxuuiiel — cnernuanu3upoBaHHAs MalllMHA, TO3BOJSIONIA OTpEe3aTh 3aroTOBKU
Pa3IMYHBIX KOH(PUTYPALMA ¥ BUJOB KaK 10 3aMKHYTOMY, TaK U 10 HE3aMKHYTOMY KOHTYpY.

Y eunbomunnblx HOXKHHII MHCTPYMEHT (PEXKYIIHE HOKH) HMEET HAKIIOHHBIE DPEXKYIIHE
KPOMKH U TIepEMEIIAETCs MapajuieTbHO-TIOCTYIATEIBHO.

Y anuecamoprhvix HOXHHI] peXyIas BEPXHsAS KPOMKA COBEPIIACT YIIIOBbIE KadaTeTbHbBIC
JBYKEHUSI OTHOCUTEIBHO OCH, 3aKPETICHHON Ha HIYKHEH KPOMKE.



VY Ouckoebix HOXKHHII HHCTPYMEHT (PEKYIUE HOXH) M3TOTOBJICH B BHAE ABYX (mam Ooiee)
MCTAJUIMYECCKUX JHUCKOB C INapaJUICIIbBHBIMH OCAMHU BpPAIICHHA, KOTOPBLIC BpalllarOTCA B Pas3sHbIC
CTOPOHBI.

dopmooOpasyroIre orepanny JIMCTOBON INTAaMIIOBKH OCYIIECTBJISIOT HAa MEXaHHYCCKHUX
peccax ¢ YBEJIUYEHHBIM X040M, a TAK)KE TMJIPABIIMYECKUX mpeccax B MITaMIIaX Pa3IHYHbIX THIIOB (pHC.
21.4).
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Puc. 21.4. Illtamn 11 BEITSOKKA

[tamm cocrouT u3 BepxHell M HIDKHEW 4 TIIUT, HA KOTOPBIX KPEMUTCS HHCTPYMEHT —
MaTpuIa 8, BRITSHKHOW IyaHCOH 7, BRIpYOHAs MaTpHIla S, HAITPABJISIONINE KOJIOHKH 3 M BTYJIKH 2,
MIPYKUHBI IPKAMa 9 U IPHKUM 6, HOKUMHBIH XBOCTOBHK 10.

[IITamMIIBI YCTaHABJIMBAOTCS Ha TPECC, BEPXHSS ILTUTA IITAMITA IIOCPEACTBOM XBocToBuKa 10
KpenuTcs K TOJIBYHY, a HWXKHSAA — K TMOAINTAMIOBOW TuiMTe mpecca. Omeparop mpecca
YKJIaJBIBAET 3arOTOBKY Ha IMO3UIMI0 00paboTKH (Ha meTaisb 8) M KHOIKOM MM ITeJaIbI0 BKIYAET
npecc. [lon3yH omyckaercs, MHCTPYMEHT Tpecca BO3JCMCTBYET Ha 3aroTOBKY, OCYIIECTBIISS
OIpE/IC/ICHHBIC OMEpali JUCTOBOM INTAMIIOBKK (B HAmieM Cliydae BbIpyOaeT M3 IOJIOCHI
KPYIJIYIO 3aTOTOBKY), @ 3aTEM BBITSATMBACT IIMIMHAPUUCCKUI CTaKaHUHK.

B coBpeMeHHOM MacCOBOM IMPOM3BOJICTBE MPUMEHSIOT CIJIOKHBIE MHOTOIIO3UIIMOHHBIS
IITAMITBI WUIH TPYIIIBI IITAMIIOB, YCTAHOBJICHHBIC Ha HECKOJIBKUX Mpeccax. YKIIaJaKa 3arOTOBKHU B
IITAMII, ChbeM €€ C TMO3WIMU 00pabdOTKH M TMepeada 3aroTOBKUA C MO3WIMK Ha TO3UIUIO, KaK
MPaBUJIO, MEXaHU3UPOBAHBI MJIM ABTOMATU3UPOBAHBI.

21.4. ipyrue cnoco0bl JUCTOBOH IITAMIIOBKHA

B eauHUYHOM W  MEJIKOCEPUHHOM MPOW3BOJICTBE MMPHUMEHATh HKCCTKHE IITAMIIBI
SKOHOMHYECKH HEBBITOJHO. B 3THX ciay4asx MIUPOKO MPUMEHSIOTCS IITAMIIOBKA B
YHHUBEPCAJIbHBIX MITAMITAX 3JaCTUYHON CPEIOH, IITAMIIOBKA B3PBIBOM, 3JICKTPOTH/IPABIMICCKAs
(OI') u MarHUTHO-UMITYJIbCHASI, TABUIIbHBIC PAaOOTHI U JIP.

HITtamnoBka 371acTu4yHoil cpeaoii. CymecTByeT B€ pa3HOBHIHOCTU CIOCO0A: BBITSHKKA
PE3UHOBBIM ITyaHCOHOM (puc. 21.5, @) u BeITsKKa pe3suHOBOM Marputiei (puc. 21.5, 6).

Puc. 21.5. lllTaMnoBKa 31aCTUYHON CPEION: d — BBITSDKKA PE3MHOBBIM ITyaHCOHOM; O — BBITSDKKA
PE3MHOBOM MaTpHIleH; [ — HadanbHas cTaaus nporecca; [/ — KoHeuHast CTaIus
mporiecca



3aroToBKy yKiIaapiBaroT Ha Marpuity (puc. 21.5, a) wim Ha myancoH u npwkum (puc. 21.5, 0).
Pesuna, omyckasch, MPWKUMAET 3aroTOBKY K Mmarpuie (a) wim npwkuMy (0) ¥ BIaBIMBacT €€ B
MaTpPHITy WK OOTSATHBACT IO ITyaHCOHY, (POpMysI IeTalTb.

B mocnentee BpeMst pe3uHy 3aMEHSIIOT MOJIMYPETAHOM, KOTOPBIH 00J1a1aeT BEChbMa BICOKOM
TBEPJIOCTHIO, JIACTUYHOCTHIO U U3HOCOCTOMKOCTRIO (BhiaepkuBaet 10 50 000 mtamMmoBok), 4To
MO3BOJISICT CYIICCTBEHHO YBEJIHMYNBATH CPOK CIIY)KOBbI TAKHX IIITAMITOB.

IIITaMnoBKa B3PbIBOM IIPUMEHSACTCS JUTSI M3TOTOBJICHHS KPYITHOTA0APUTHBIX JETAICH MPU
toymuHe Oojice 2 MM. [IpeuMyIecTBOM JaHHOTO CIOCO0a SIBISETCS BBHICOKAs SKOHOMHYECCKAS
3 PEKTUBHOCTD B PE3YJIbTATE PE3KOI0 CHIKECHUS KAIMUTAIBHBIX 3aTPaT M COKPAIIEHUS CPOKOB U
CTOMMOCTH TIOJTOTOBKH IPOU3BOJCTBA. JIpyrUM JIOCTOMHCTBOM SIBIISICTCS BO3MOKHOCTH
IITaMIIOBKH JIETAJIEH U3 BRICOKOTIPOYHOM CTaJIH.

[lItamMnoBka B3psiBoM (puc. 21.6) ocHOBaHa Ha ieopMaIMH JTMUCTOBOM 3ar0TOBKH 2 IaBICHUEM

yIapHOU cpelibl, 00pa3yIoIIecs IPU B3phIBE OPU3aHTHBIX B3PHIBUATHIX BEIIECTB].
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Puc 21.6. Cxema mramMIioBk# B3pbIBoM: 1 — 3apsit; 2— 3aroToBka; 3 — Marpuiia

B 3aBucumoctu oT pasmepoB u (GOpPMBI IITAMITYEMBIX JETajedl INTaMIIOBKA B3pPHIBOM
OCYIIIECTBIIICTCS PA3IMYHBIMU CIIOCOOAMU: TIPU OOJBINNUX TadapuTax JeTajeld — INTaAMIIOBKOW B
OacceifHax ¢ BOJIOM; TIPH IITAMITOBKE HEOOJBIINX J€TAIEH — IITAMIOBKOM B HA3€MHBIX YCTAaHOBKAX

B OpoHEKamepax.

TaMIIbl IS0 IHTaMHOBKI/I B3PBIBOM COCTOAT K3 MaTpHIbI 3 I/IMGIOHIGI/I pa60qy10 TsOKKA
PE3UHOBOM Marpuuei; | — HaanIbHas{ HOJIQCTh COOTBETCTBEHHOW (DOPMBI, C OTBEPCTUEM JUISA
YAaJICHUA BO3ayXa. It.]'[f[ He OJIBIIINUX )IGTaJ'IeI/I IIPUMEHAIOT MCTAJUIMYECKHUE JINTBIC HUJIM CBAPHBIC
Marpunpl. 18 KpylHOraOapuTHBIX JETAEH, B LEJAX YACIUEBJICHUS, MaTPULIbL BHIIOJIHAKOT U3
JIEPEBA W JKENIE300€TOHA C TIOBEPXHOCTHON OONMIIOBKON PabOUMX TIOBEPXHOCTE (METALIOM WK
CTEKJIOTIACTUKOM).

N3BecTHBI ciiydyan MpUMEHEHUs JJI IITAaMIOBKH B3PBIBOM MAaTpPHIIbI, M3TOTOBIEHHOW W3
JIbAA (0ObIuHO U KpyHHOraOapuTHBIX Jeraiei). Bojga 3amMopakuBaeTcst KHIKOM
yriekucyioTo. I[locie mTaMmoBKHA MOSBUBIIHECS B MaTpUIE TPEIIMHBI 3aJIMBAIOT BOJIOM U
BHOBB 3aMopakuBaroT. [lItamnoska npousBoautes mpu 10—15 °C.

DaexkTporujapaBanyeckasi mrammoka (OI'II). B  ocwoBy OI'lll  mosjoxen
3IICKTpOTrUapaBIndecKuii 3hdekT 00pa30BaHMSA YIApPHBIX BOJH IIPH MOIIMHBIX 3JICKTPHUCCKHX
paspsiiax B HECKHUMAEMBIX xuakocTsx (puc. 21.7).

Puc. 21.7. Cxema 211eKTpOTruipaBIMIeCcKOil IITaMNOBKU: 1— kamepa; 2 — 31eKTpopl; 3 —
3aroToBKa;, 4 — MaTpula; 5 — KOHTEHHED; 6—HCTOYHIK TOKA

3arotoBky 3 YKIAaObIBAIOT Ha Marpuily 4, HMEIOMIYIO TII0JIOCTh, COOTBETCTBYFOIIYIO
KOH(HUTYpaIy JKeIaeMOM JIeTalli, ¥ CBEPXY 3aKphIBAIOT KOHTEHHEPOM 5. B KOHTeiHEp BBEICHBI JJIEK-
TPOHM30JIMPOBAHHBIE AEKTPOJIBI 2, TIOACOETMHEHHBIE K CETH BBICOKOBOJIFTHBIX KOHJICHCATOPOB OOJIBIIION



emKocTH. [10510CTh MaTpHULIB! BAKYYMHPYIOT, & B TOJIOCTh KOHTeHHepa 3aKauMBaroT BoTy. [ Ipyt MrHOBEHHOM
paspsizie KOHJICHCATOpHOIT Oarapen (Bpemst paspsiaa 4-10° ¢) B XHIKOCTH BO3HHMKACT YapHas BOJIHA,
Je(hOPMHPYIOIIAst 3ar0TOBKY, KOTOpas IPUHUMAET (OPMY MaTPHIIHI.

MaruutHo-umnyinbcHas mrTamnoBka (puc. 21.8) xapakrepusyercs TeM, YTO JaBJCHHE Ha
nehoOpMUPYEMYI0 METADIMYECKYIO 3arOTOBKY CO37aeTCS  HEIMOCPEICTBEHHBIM — BO3JCHCTBHEM
HUMITYJIbCHOI'O MAarHuTHOI'O I10JIA, oe3 y4dacTuA IMPOMEKYTOYHBIX TBEPABIX, XUIAKHNX WU F83006p83HBIX
CWI. OTO TO3BOJISICT INTAMIIOBATH JECTATM W3 IOJMPOBAHHBIX M JIAKAPOBAaHHBIX 3aroTOBOK 0e3
TIOBPSKJICHUS TTOBEPXHOCTH, a TakKe JIehopMUPOBATh 3ar0OTOBKH, 3aKIFOUCHHBIC B TEPMETUICCKYIO
MJIACTMACCOBYIO 000JIOUKY.

MarHuTHO-UMITYJTbCHasE 00pa0OTKa OCHOBaHA HAa MIHOBEHHOM pa3psiie JICKTPOIHEPIHH,
HAKOIUICHHOW B MOIIHOM KOHIEHCATOpPHOM OaTtapee 1, depe3 WMHAYKTOp, SBISIIONIMIACS pabOvuM
opranoM. [Ipu 3TOM B 1enu WHIyKTOpa 2 MPOTEKACT UMITYJIBLC TOKA, a B TIPUJICTAIOIIEM ITPOCTPAHCTBE
BO3HHUKACT WMITYJIbCHOE MAarHUTHOE TIOJIe, KOTOpO€ HWHIYIMPYET B METAUTMUYECKOW 3aroToBKe 3
BHXPEBBIC TOKU IIPOTHUBOIIOJIOKHOI'O HAIIPABJICHUSI.

Puc. 21.8. MarHuTHO-UMITYJIbCHAS IITAMIIOBKA. 1 — HUCTOYHMK TOKA; 2 — UHAYKTOP; 3 —
3aroToBKa; 4 — Marpuia

[Ipn B3aMMOJEMCTBHMM MOILIHOTO MAarHWTHOTO TMOJII HMHIYKTOpPa C WHAYLIMPOBAHHBIM B
3arOTOBKEC TOKOM H €ro MAarduTHbBIM I1I0JIEM BO3HUKAKOT OJICKPOMEXaHNYCCKUEC CHJIBI
B3aMMOJIEICTBHS, CTPEMSILMECS OTTOJIKHYTh 3arOTOBKY OT MHIYKTOpa M BBI3BIBAIOLIME €€
nedopmaryio. MarautHbii ummysibe aaurcs oT 10 no 20 mMkc, coznaBas aasineHue ot 3500 go 39 000
kr/cm®. Tak e Kak ¥ IpH IITaMIIOBKE B3PBIBOM, JUTUTEILHOCT MarHUTHOTO UMITYJILCA BO MHOTO Pa3
MEHBIIE BpeMeHH AeOpMALMK 3aroTOBKH. [l03TOMY HMIIYILCHOE IIOJIE HENOCPEICTBEHHO
JEACTBYET HA 3arOTOBKY JIMINb B HAYAIbHBI MOMEHT ([IEPHOJ Pa3roHa), MOCIE uYero aanbHeHImas
I[e(bOpMaHI/IH 3aroTOBKH IMPOUCXOIUT IO/ I[eﬁCTBPIeM TMMOJIYYCHHOT'O €10 3aliaca KUHETHYECKOUI OHCPI'Uu.

JIBrKyIascs ¢ BRICOKOM ckopocThio 3arotoBka (300—400 m/c) ynapsiercss o marpuny 4, B
pe3yabTare Yero BO3HMKAIOT OrPOMHEIE CHIIBLI COyIApeHus, Ie(POPMHUPYIOIIME 3arOTOBKY.
HMHy.]'IBCHa?I MardvMTHas IITaMIIOBKa IIO0Jy4YWJia JOBOJIBHO 60J'IBIHO€ INpUMCHCHHUE B
MIPOMBIIIICHHOCTH JIJISI BBITSDKKHA, IMPOOWBKHA OTBEPCTHM, OOXKATHS M pasfgadud TpyO, COOpKH
TpyOYaThIX JeTajeil ¢ OpaBKaMH | T. II.

JlaBWIbHBIE B JaBHJILHO-PACKATHBIE PA0OThLI. B HEKOTOPBIX CiIydasx X0J0/1-
HOIITAMIIOBOYHBIC OIEPAllMM COYETAIOTCA C JaBWiIbHBIMH (puc. 21.9) wiau HaKaTHBIMHU
oncpanusaMu, BbIIIOJIHACMBIMHU Ha CICHOHAJIBHBIX CTaHKaxX IIpW BpallaTCJIbHOM ABHXXCHHUHA
3aroTOBKH (JI€TaIN) WK AePOPMIIraTrara mrramatmrarima

Puc. 21.9. Cxema 1aBHIIbHBIX paboT:
| — onpaBka; 2— 3aroToBKa; 3— yIiop; 4—IaBWIBHBIN POJHK, S—(opMa MBS



3aroToBKy 2 yCTaHABIMBAIOT OCECUMMETPUIHO MEXTy orpaBKoil 1 u yrmopom 3 v 3a)KHMarOT
cunoit P. JIaBunbHBIA poiuK 4 BO3ACHCTBYET HA BPAIIAIONIYIOCS 3arOTOBKY, MOCJIEIOBATEIILHO
Mensis ee popmy. [1o okoHUaHUM MpoIecca rOTOBas JIeTalb S UMEET (POPMY ONPABKH.

JlaBUITBHBIMH TIPOIIECCAMU TIOJTY4YaIOT ITYCTOTEIbIE IETAU BBITYKJIOW KOH(PHUTypallui BeChMa
cnoxkHout ¢opmel. HWuHorma s sToro TpeOyercss NpUMEHEHHE pPa30OpHBIX — OIPaBOK,
MTO3BOJISIOIINX U3BJICKATh WX MO YaCTSIM U3 MMOJTYyYEHHOM JeTalu.

KOHTpOJIbeIe BOIIPOCHI

1. HazoBurte pa3enuTenbHbIe OICpaliy JIMCTOBOM ITTAMITOBKL.

2. HazoBute (popMo0Opa3yroIye orneparyi JHMCTOBOM IIITAMITOBKH.

3. Uto TaKoe «yroJ1 pyKHHEHHS?

4. Kakoe 000pynoBaHue IPUMEHSETCS IS IMCTOBOM IIITAMIIOBKH ?

5. UeM 0T/IMYAETCS IITAMITOBKA B3PHIBOM OT AJICKTPOUMITYJILCHOM ?

6. Kak onpenensercst Ko3OUIMEHT BBITSDKKH IIPH JIMCTOBOH IIITAMITOBKE?



