I'nasa 19. IlonyyeHne MaIIMHOCTPOUTEIbHBIX PO e
19.1. IIpokaTHOE MPOU3BOACTBO

[Tpokarka — By 00pabOTKH JTaBJICHUEM, TTPU KOTOPOM MCXOJIHAS 3arOTOBKA — CIIUTOK WJTH
OTJINBKAa — TI0J ACHUCTBHEM CHUJI TPEHHUS HEMPEPHIBHO BTATHUBACTCS MEXKIY BPAIIAOIIMMHCS
BaJIKAMH ¥ TUTACTUYECKH J1e(HOPMHUPYETCS C YMEHBIIICHHEM TOJIIIMHBI M YBEIIMUEHUEM JIJTUHEI, a
nHorna mmwmpuHbBL. [Ipokatke mnonBepratorcs moutu 90% Bceil BBIUIABIAEMOW CTalM W
3HAYMUTEIbHAS YacTh IBETHBIX METAUIOB. B 3aBUCHMOCTH OT (hOPMBI U PACIIOJOKECHHS BAJIKOB
M 3aroTOBOK 1O OTHOIICHHUIO K HHUM pPa3juvyaroT CJCAYIOIINE OCHOBHBIE BHUIBI IMPOKATKH:
MIPOI0JIbHAS, TIOTIEPEYHAs U TIOTIEPEYHO-BUHTOBAS.

[Tpu mpomosabHoii mpokarke (puc. 19.1, @) 3aroroBka 1 gedhopMupyercs MEXay AByMs
BaJIKaMW 2, BPAIAIONIUMUCS B pa3HbIC CTOPOHBI, W IIEPEMENIAcTCS B HAIMPaBJICHUH,
MEPIEHANKYISIPHOM OCSM BaJIKOB.

ITpu monepeunoii npokarke (puc. 19.1, 6) Banku 2 BpaiamTCs B OJHOM HaIlpaBJICHHH, a
3arotoBka 1, nMeromas ¢hopmy Tena BpalleHus, MepeMeaeTcs mapauiebHO OCSIM BAJIKOB U
o0xxuMaeTcst o oOpasyrolel ¢ yBeIMUYeHUEM JUTUHBI U YMEHBIIICHUEM TUIONIAIA TIOTIEPEYHOTO
CEUYCHMUSI.

[Tpu monmepeyHo-BUHTOBOM npokarke (puc.19.1, B) Banku 2 pacroyiOKEHbI MO YIJIOM
Ipyr K JpYyry, BpallalTcs B OJHY CTOPOHY M TpH oOXarwu 3aroToBku 1 cooOmaror eit
BpalaTeIbHOC M TOCTYyMaTeIbHOE MBMXKEHHUSA. B mpolecce MpOKaTKM BO BCEX CIIydasx
MepeMeleHrne 3ar0TOBKM MEXIy BaJIKaMU OOECIeYMBACTCS HAIMYUEM KOHTAKTHOTO TPEHUS
MEX Ty 00pabaTeIBaeMOM 3arOTOBKOM U paboveil MOBEPXHOCTHIO BAJIKOB.

Pue. 19.1. Cxema 0CHOBHEX BESOE OPOKATEH:
& — MPOADAEHAN ; § — NONEPpEuHAN; & — HoMepesHd-BEHTOB AL

Jljis HOpManbHOrO MPOTEKaHUs Ipolecca, OCOOCHHO JUIsl €ro Hayaja B IEpUOJ 3axBaTa,
HeoOxoMMa ompereneHHas BenuduHa cuil tpeHus (puc. 19.1, a). Co cTOpoHBI BaJKOB Ha
3aroTOBKY JCHCTBYIOT HOpMaibHbie cuibl N u cuna tpenus 7. s coOmtoeHus YCIOBHM
3axBaTa M IMEepPeMEIlCHHsI 3arOTOBKH B HAIPABJICHUU MTPOKATKH HEoOXxoaumo, 4toobl NSina < T
COsa. Yroa a, mpu KOTOPOM 3TO YCIIOBHUE BBINOJHAETCS, HA3bIBACTCS y2iom 3axeama. Beipazus
cuny tpenus kak T = fN, roe f— koaddunpent tpenus, u noacraBus B GopMyiy YCIOBHS 3a-
XBaTa, MOJYy4NM sina < f coso wim f > tga, T.€. I o0ecredeHs 3axBaTa 3arOTOBKH BaJIKAMU
He00X0MMO, 4TOOBI TAHT€HC YIJIa 3axBaTa ObL MeHblIe Ko duiimeHTa TpeHus.

[lpu ropsyelt mpokaTke CTadM TJIAAKMMH BalKaMH yroi 3axBara paBeH 15—24°, mpu
X0J101HOH — 5—8°.

Takum 00pa3oM, CTEMeHb OOXKATHs 3arOTOBKM IIPH TPOKATKE B 3HAYUTEIHLHOW CTCIICHU
OTIpeIeIIsIeTCsl YIJIOM 3axBaTa WM KOXD(HUIIMCHTOM TPSHUS MEXTy BalKaMH M 3aroToBKoH. JIms ero
VBEJIMYCHHUSI YaCTO HA TOBEPXHOCTh BAIKOB HAHOCAT PUCKH, PUGICHWS, CICIMAIbHBIC HAIUIABOYHBIC
BaJIMKH, TIOBBIIIAS TEM CAMBIM JIOITYCTHMYFO BEJIUKHY a0COJIFOTHOIO OOMKaTHS.

HHCTpyMEHTOM IPOKATKH SIBIIFOTCS BAJIKH, KOTOPBIE MOT'YT OBITH Tiaakuvi (prc. 19.2, a) mist mpokara
JINCTOB, TIOJIOC U T. 1. JIHOO ¢ ¢urypusivu Beipesamu (puc. 19.2, 6) — pyubsmu. COBOKYITHOCTB
COOTBETCTBYIOIIIMX BBIPE30B B BEPXHEM 1 HIDKHEM BajIKax oOpasyeT kasiuop. [1apa BamkoB 00bIMHO UMeET
HECKOJIbKO KarmOpoB. KaimmOpbl MOTyT ObITh OTKPBITBIMU WK 3aKpBITEIMU (puc. 19.2, 6, 2).
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Prc. 19.2. IIpokaTHeic BaAXH H
ramnbpe:
o — FRAMKIGE, 6 — ¢ QETypELMH BEIpES-

My, & — xumbp oTkphoTIE, @ —
KanAfp AKpRTEIE

Banku Bpamarorcss B TIOMIIMITHUAKAX, KOTOPbIE y OJHOTO M3 BAJKOB MOIYT IEPEMEIaThCs
CIICIMATGHBIM ~ MEXaHW3MOM.  BCIICZICTBHE  3TOr0  MBMEHSCTCS  PACCTOSHUE MOKAY  OCSIMH
ne(hOpPMHUPYIOIIIEH TTaphl BAJIKOB M COOTBETCTBEHHO M3MEHSETCST A0COJIIOTHAS BEJTMYMHA 00KaTHSI.

KoMrieKT mpoKaTHBIX BaJIkOB CO CTAHMHOW Ha3bIBACTCS pabouell kiemvio. IIpokaTHbIC CTaHBI
TIOIPA3/ICIISTFOT 110 YMCITY W PACTIONIOMKECHHIO BAJIKOB B KIICTSX HA JTyO, TPHO, KBAPTO, MHOTOBAJIKOBBIC
U YHUBEPCAJILHBIE.

Jlyo-kiiets umeer jBa Bajka (puc. 19.3, a).
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Pur. 19.3. Pabouue ®ieTH NPOKATHRIX CTAHOB!
@ — Ay0;, § -— TPHD; 8 — EBAPTC, 2 — MHOTORATKOBRIA, ¢ — YHHEEPCAThHBE

Ecnmu oHM MOTyT BpamathCcs TOJIBKO B OJJHY CTOPOHY, KIICTh Ha3bIBACTCS HepegepcusHol. Takue
KJICTH TIPUMCHSIOTCS JUIS TPOKAaTKH COPTOBOTO MeETalia, IPOBOJIOKM TOHKHX JIUCTOB. Y
pesepcustblx JTyo-KIeTel BATKA MOTYT U3MEHSThH HAIIPABIICHUE BPAICHNS; OHU TIPUMEHSIFOTCS IS
MPOKATKU KPYITHBIX CJIUTKOB, TOJICTBIX JINCTOB, MacCUBHBIX mpoduiieid. Kiers Tpuo (puc. 19.3, 0)
MMEET TPU BAJIKa, PACIIOJIOKEHHBIX B OJJHOM BEPTHUKAIBHOM IUIOCKOCTU. HampaBienue BpameHus
BaJIKOB BCErJa MOCTOSIHHO. [IpokarhiBaeMasi 3aroToBKa IOCIIE KaKIOTO TPOXOia CMEIIaeTCs B
HOBOE TIOJIOKEHHE, TIOCTOSHHO paboTaeT CpemHMid BAJIOK. OJTUM OO0ECIEUMBACTCS PEBEPC
HAIPaBJICHUS 3arOTOBKH. TPHO-KICTh HMCIOJB3YETCS ISk MPOKATKH COPTOBOrO MeTaia. B CBs3M ¢
Pa3BUTHEM HENPEPHIBHOM MPOKATKU OHM IIPUMEHSIOTCS BCE PEXKE.

B xiersix xBapro (puc. 19.3, B) uersIpe Bajka pacIiojo:KeHbI B OJHOM IUIOCKOCTH, JBa CPEIHMX
MaJloro KaauOpa WMEIOT MPHUBOJ M SBJITIOTCS pabounmu. JIBa Hpyrux Bajka OOJBIIONO JdaMerpa
OTACNIHHOTO MPHUBOJIA HE MMEIOT M BBITIOJHSAIOT (DYHKIIMH OTIOPHBIX, YMEHBIIAsH AehopMaItid pabodmXx.
OTtiM obecrieunBaeTcst 0OIbIass TOYHOCTD TIONIEPEUHOT0 CEYCHHS IPOKATa TOJICTBIX M TOHKHX JIUCTOB.
HepeBepcrBHBIC KBAapTO-KIICTH HCIOJB3YFOTCS B HEMIPEPHIBHBIX MHOTOKJICTHEBBIX, & PEBEPCHBHBIE —
B OJIHOKJICTHCBBIX CTAHAX.

MHOTOBaIKOBBIE KJIETH UMEIOT OT IIECTH JI0 JIBA/IATH BAIKOB U Oosiee. OOBIMHO paboure BaIKu
MaJIoro JuaMeTpa He WMEIOT TIPHBOJA; WX BpAIICHHE OOCCIICYMBACTCS 3a CUET TPEHHUS OT



IIPOMEKYTOUHBIX IPHBOIHBIX BAJIKOB, KOTOPEIE, B CBOKO OYEPE/Ib, OIMPAIOTCS Ha onopHble (prc.19.3,

2).

MHOroBaJIKOBBIC KIIETH TIPUMEHSFOTCS JIsT TIPOKATKH IIMPOKKMX JICTOB OOJIBIIION TOYHOCTH, a TAKKE TS
IPOKATKH TOHKKX JICHT U (PoJIbIv TOIUHOM MeHee 0,2 M.

VYHUBepcaIbHbIE CTaHBI UMEIOT TapHBIE TOPU3OHTAILHO M BEPTUKAILHO PACIIOJIOKEHHBIE BAJIKH,
OrpaHMYMBAIOIINE TEUECHHE METAUIAa B IIMpUHY. PaccTosiHie MEeXay BajkaMd MOYKET M3MEHSThCS,
MO03TOMY OHH TIO3BOJIIOT TOJTy4aTh KaK JIMCT, TaK W JIFOOOW MPSMOYrOJIbHBIN MPO(HIIE ¢ POBHBIMU
OOKOBBIMH CTEHKaMH. VX IPUMEHSTIOT JUIs1 IIPOKATKH TOJICTHIX JINCTOB, BRICOKUX JIBYTaBPOBBIX OAJIOK C
HIUPOKO# moskoit (puc. 19.3, 0).

dopMy TMOMEPEUHOTr0 CEUCHUs MPOAYKIMH, MOTydaeMOW TPH TPOKATKe, HA3BIBAIOT MpOGhuiem.
CoBokyrmHOCTE (hOpM U pazMepoB TPoGIIIeH, MOTydaeMbIX MPOKATKOW, Ha3bIBAIOT COPMAMEHMOM.
CopraMeHT TIpoKaTa TOApa3IeiseTcss Ha TPYIIIBI. COPTOBOM IPOKAT, JIACTOBOM, TPYOBI M PO
CTICIMATTHHOTO HA3HAYCHMSL.

B cBoro ouepenmp, coproBoii TpokaT 1O (opMe CCUCHHS PA3NCISIOT HA IPOCTOM —
TeoOMETpUIeCKO (DOpMBI — Kpyr, KBaIpaT, MIECTUTPAHHUK U APYrue; (pacoHHBIN — YrOJIKH, TaBPhI U
JIBYTaBPbI, PENLCHI, MBewIeps! 1 ap. (puc. 19.4). IpeTHbIe METALIBI IIPOKATHIBAIOT OOBIYHO HA IIPOCTHIE
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Pue. 19.4. FaaHosiiwocts opodomed mpokaTa:
] — 18 -~ npocrue; 1] - 17 — dacommic; [5— 34 — cnoskAnle cncupansHEE

JIMCTOBOI TPOKAT YCIIOBHO IOAPA3IEIIETCss Ha TOJCTOMMCTOBOM (0T 4 MM W OOjbIle) U
TOHKOJIMCTOBOM (Meree 4 Mm). TTOCKOIIBKY JIMCTOBAsI CTallb HAXOAUT HAHOOJIeE IIMPOKOE MPHMEHEHHE,
ee TIOIPa3e/SIOT Ha aBTOTPAKTOPHYHO, TPAHC(HOPMATOPHYIO, KPOBEJIBHOE KENE30, YKECTh, JMCTOBYIO
CTaJIb CO ClICHUAIIbHBIMHA IMTOKPBITUAMMH, 6I/IMeTaJ'IJ'II/I'-IeCKI/II\/’I JIUCT U T. O.

19.2. TIpou3B0oACTBO PACIPOCTPAHEHHBIX BU10B MPOKATA

[Tpou3BoacTBO OIIFOMOB, CIIIOOB M COPTOBOTO TpoKara. VICXOTHBIMH 3aroTOBKaMH ITPH
MPOM3BOJICTBE COPTOBOIO MpOKaTa WM JIMCTOB SIBJISTIOTCS CIMTKH. llepen mpokaTrkoil CIMTKA
nojorpeBaror 10 Ttemmeparypbl 1300 °C M mpoKaThiBarOT Ha OJFOMHUHIE, ITOJydas 3arOTOBKU
KBAJIPaTHOTO ceueHust co cropoHamu ot 450x450 no 150x150, naseiBaeMmbie Oromamu. (B HacTosmee
BpeMsi OJTFOMBI U CJISIOBI YaIIe MOJTyJar0T IIPH HENPEPBIBHOM PA3/IUBKE CTAIIH.)

B cBoro odepes O1rFOMBI SBIISIFOTCS KICXOAHBIM MaTepHUasioM ISl TIONYYeHUsI KpYITHBIX ITpoduieii Ha
KPYITHOCOPTHBIX CTaHAX JIMOO Pa3pe3aroTcsi HAa MEpHbIC KYCKH W TPOKATHIBAIOTCS HA 3arOTOBKU
kBagparHoro ceueHus ot 150x150 mo 60x60 MM, KOTOpBIC MOCHE OXIAKICHUS M IOBEPXHOCTHOM
00paboTKH (3a4MCTKHM) HAIPABIIIOT Ha CPEIHE- M MEIKOCOPTHBIC JIMOO HA IPOBOJIOYHEIE CTaHbL. YCTa-
HABJIMBAIOT HEPEPBIBHBIC 3arOTOBOYHBIC CTAHBI BOJIM3M OJFOMHHTA, W IPOKATKA HA HHX TIPOF3BOIUTCS
Cpazy TocyIe TIOydeHHs OiIFoMa 0e3 JIOTIOHHUTEIEHOTO HarpeBa.

Cmutku Ooniee KpymHble — 110 60 T — MPOKATHIBAIOT Ha C/s10bl TPSIMOYIOJIBHOIO CCUEHHS C
MakcuMmanbHOM TormmHONH 10 350 MM u mmpuHor J0 2300 MM. CisiObl SIBJISIFOTCS MCXOIHBIM
MaTepUAJIOM IS TPOKATKU Ha TOJICTBIN JIUCT.

I[Nocrne mpokaTky Ha CIIIOWHTE YacTh MPOKATa HAIPABJIACTCS Ha 3ar0TOBOYHBIE CTaHbI. [ loydeHHbIe
TIOJIOCHI PEOKYT HA MEPHBIC KYCKH HEOOXOIMMOW JUIMHBI — CYTYHKH — W TICPEIAlOT Ha CKIIaJ JUIS
oxyaxaeHns. [locnemyromas oOpaboTKa BKITFOYACT OTJICTIOYHBIC OICPAIMM. 3a4MCTKA, TPaBJICHHE,
y/IaJIeHHE TTOBEPXHOCTHBIX AC(PEKTOB.



BBIXOI[ FOIIHOI\/II MIPOAYKIIMK Ha 3THUX OIICpalHAX B 3aBUCHMMOCTH OT Ka4CCTBa CJIMTKA W CTCIICHU
packucienHoctu cocrapisier 90—80%.

[TonmydeHnble TakuM 0Opa3oM 3aroTOBKH IIOCJIE OTJCIOYHBIX OICpaliii HallpaBIISIIOTCS Ha
COPTOBBIE M JINCTOMIPOKATHBIEC CTAHBI.

Ha copToBbIX cTaHax 3aroToBKa I0CIIe HarpeBa B Ieyax MocieJoBaTebHO MPOXOIUT MPOKaTKy B /—15
KamOpax, B TIOCIIEHEM U3 KOTOPBIX MOTYJaroT Tpedyembiii poduis (puc. 19.5).
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Prc. 19.5. [locnenosaremHOCTs POKaTa peik-
Ca Ha COPTONPOEATHOM CTaHe

[Tocne pe3ku Ha MEpHBIC TAMHBI TIOJTyICHHBIN PO OXJIAKIAIOT, IIPABAT B XOJIOTHOM COCTOSIHHH,
TIPOM3BOIAT TEPMHUCCKYIO 0OPaOOTKY.

JI71st IpOM3BOJICTBA TOJICTHIX JIACTOB CIISIOBI TIPOKATBHIBAIOT B JIBYX B3aUMHO TICPIICHIMKYIIIPHBIX Ha-
NPaBJICHUSIX — B MPOJOJILHOM M IOIEPSYHOM — JUIS IONYYCHUS HY)KHOW IIUPHHBI M CHYDKCHHUS
CTEIIEHN AHW30TPOIMHOCTH TOTOBOM IMPOAYKLMH. IIpoKaTKy TOJICTBIX JIMCTOB IPOBOMASAT HAa OJIHO- WA
JIBYXKJICTHEBBIX CTAHAX B TOPSTYEM COCTOSTHHIH.

TOHKOJIMCTOBYIO CTaJTh IPOKATHIBAIOT B TOPSTUEM HIIM XOJIOJTHOM COCTOSIHHM. | OpsiueKaTaHbIe JIMCTHI
0OBIYHO TOJTYYArOT TOJIIUHOM cBbiIe 1,25 MM, J{jIst MOMydeHH s JIMCTOB MEHBIIICH TOJIIMHBI B KAYECTBE
3ar0TOBOK TPUMEHSIOT TOpSUCKaTaHbIC JIMCTBI, MOCIE OTKWTa, YIAICHUS OKAIMHBI TPABJICHUEM H
IIPOMBIBKHU IIPOU3BOJAT IIPOKATKY HA OJHO- WJIM MHOI'OKJICTBECBBIX HEIIPCPBIBHBIX YCTBIPEX- WK
MHOTOBAJIKOBBIX CTaHax. JIMCTBI, MpenHa3HaYCHHBIC IS XOJIOJHOW JIMCTOBOHM INTAMIIOBKH, TMOCTIC
OTKHUTra JOTIOJTHUTEIHFHO 00padaThIBAIOT HA JPECCUPOBOYHBIX CTaHaX. J[peccHpoBKa MPOM3BOMTCS HA
CTaHaX XOJIOAHOW IIPOKaTKH ¢ OOKatusMu B mpenenax g0 3% ¢ LEIbI0 IONyYeHHS HaKIICTIa.
[Tomy4uennbIe moce ApeCCUpPOBKH, OTXKUTA U TPABJICHHS JINCTHI HA3BIBAIOTCS OeKANUPOBAHHBIMU.

CoBpeMeHHas TEXHOJIOTHSI TIO3BOJISICT TOJTy4aTh HEMPEPHIBHON XOJIOJHOW ITPOKATKOM JIMCTHI
tommHOH Menee 01 MM ¢ cymmapHeiM oOkarmem o 80— 90% 06e3 MPOMEKYTOUHOM
TEPMHUUECKON 00pabOTKH.

19.3. Ilpou3BoaCTBO OECIIOBHBIX U CBAPHBIX TPYO

TpyOsl TIOAPA3IETSIOT HA OecuiosHble N céapHble. becloBHBIE TPYObl IPOKATHIBAIOT IMAMETPOM
30—650 rm ¢ TormmHOM cTeHKH oT 2 110 160 MM, cBapHBIe — riameTpoM ot 5 10 2500 Mmm. Marepuaiom
VTS TIPOU3BO/ICTBA TPYO MOTYT OBITh KaK YIJIEPOJHCTHIE, TAK U JISTUPOBAHHBIE CTAIH, [BETHHIC METaJLIbL.
B KadecTBe 3aroToBKH st TIPOM3BO/ICTBA OECIIIOBHBIX TPYO MPUMEHSFOT KPYIJIbIe MJIA TPaHEHBIE CITUTKH,
a TaKKe KpyIJible KaTaHble TPYTKA OoJbioro auamerpa. OCHOBHOM oriepalyieil sBISETCsl TPOIIMBKA
3arOTOBKH, T. €. IOJTy4EHHE B 3ar0TOBKE CKBO3HOTO OTBEPCTHSL. [lepest MpOIMBKO#i 3aroTOBKY HArpeBaroT B
METOIAYECKOM TIEUH JI0 TEMIIEPaTyphl Topsiuelt 00pabOTKY JABIICHUEM W HANPABIISIFOT HA MPOITHMBOYHBIN
CTaH ¢ ABYMs1 00YKO0Opa3HBIMH BAJTKAMHU, OCH KOTOPBIX pactoJioskeHbl 1ot yriioM 10—15° npyr k npyry
(cm. puc. 19.1, B). Takum 00pa3oM, MpH MPOIIMBKE OTBEpPcTHs UCIIOJIB3YETCS MPHHIUIT TTOTICPEYHO-
BUHTOBOH TPOKAaTKH. B pe3ynpTare BpalmaTelbHO-OCTYNATEIFHOTO JABHKEHHUS 3arOTOBKU IPH
JOCTAaTOYHO OOJIBIION CTETIEHU 00XKAaTHs B IEHTPE 3aTrOTOBKHM BO3HUKAIOT BEChMa 3HAYUTEIBHBIC
pamuaibHBIe PACTATHBAIOIINE HANPSDKECHUS, BBI3BIBAIOIINE TEYCHHWE MeETaula OT IIeHTpa
nepudepun. Metamn B IEHTpPE TOBOJUTCSA JO COCTOSIHHS Pa3pbIXJICHUS, H 3arOTOBKA JIETKOM
MPOIIMBACTCS  HEMOJBIDKHBIM TNPONIBMHEM 3, HaJBHrasch Ha HEro B  pe3yibTare
MOCTYIATEIFHOTO JIBWKEHUS 3aroTOBKU. J(MaMeTp MOJY4eHHOW THIIB3BI MAJIO OTIMYACTCS OT
IMaMeTpa HMCXOIHOW 3arOTOBKH, a BEJIMYMHA BBITSHKKH B pPE3yJabTaTe NMPOIIUBKUA COCTABIISET

200—300%.



[Mocnenyromas 00pabOTKa THIIB3bI JUIS MOJYYCHUS HYKHOTO JUAMETpa TPYObl M TOJIIUHBI
CTEHKHU BBIMOJIHICTCS HAa ABTOMATHYECKOM HEPEBEPCHBHOM JyO-CTaHe, B BaJIKaX KOTOPOTO
HUMEIOTCS MTOCIICI0BATEIILHO PACIIONOKEHHBIC KPYTIIbIC KATHOPHI.

[MpokaTka MPOU3BOIUTCS HA OMpPABKE, THAMETP KOTOPOW MEHbIIIE AUAMETPa OTBEPCTas B
KanuOpe Ha YABOCHHYIO TOJIIIMHY CTeHKH TpyOsI (puc. 19.6, o).

Pae. 19.6. TlpokaTka TpyS ua 01paBKe C LENBI0 YMEHEMISHHE TOMIMMHE {4) W
TH/ES HA HIATPHMHCM CTAHE ()

HpOKaTKa IIPOBOAUTCA HECKOJIBKO pa3; Ka)KZ[LIﬁ pa3 prGI)I BMECTE C OHpaBKOfI MOBOPAYUBAIOTCA B BaJIKaX Ha
90°. Croco0 MO3BOJIAET MOJIy4aTh TPYObl quamerpoM 57—A426 mm ¢ TommuHoM cTeHkn 3—30
MM. [TpousBoaurensHOCTh 0HOM yeTaHOBKH J10 300 THIC. T B TOI.

3HAYUTENBHO OOJBIIHMIA TUANIa30H BO3MOXHOCTEH NpPH MPOKATKE THJIb3 HA MWJIMTPHUMHBIX
cranax: quametp Tpyosr 48—605 MM mpu TommuHe cTeHOK 225—50 MM. Pabouwne Banku craHa
UMEIOT PYYbH TIEPEMEHHOU IIMPUHBI U BBICOTHI 10 OKPY)KHOCTH, T. €. UMEIOT pabovyro 4acTh,
r7Ie OHU 00pa3ylT Kajauop, pazMep KOTOPOTO COOTBETCTBYET TpeOyeMOMY AMAMETPY TPYOBI, U
XOJIOCTYIO, TJ€ 9TH Pa3MepHI cylnecTBeHHo Oobie (puc. 19.6, 6).

B rune3y BBOAAT JOpPH, HA KOTOPOM PACKATHIBAIOT TPYOBI MEXKIY IBYMS BaJ- KaMH C
KamuOpamu repeMeHHoro mpoduis. [Ipu BpallleHHH BaJIKOB THJIB3Y BME- CT€ C JOPHOM
neprouieckn mogarT Ha 25—80 MM B 3a30p MEX/Ty BAJIKAMH B MOMEHT COBITQJICHUS XOJIOCTOM
gacTH 000WX BAIKOB. [Ipy mganmpHEHIIEM BpallleHUH BaJIKOB pa3Mephbl KATMOpa YMEHBIIAIOTCS H
BAJIKA 00XKMMAIOT 3aroTOBKY, KOTOpast BMECTE ¢ JIOPHOM IepeMernaeTcs: Ha3aa. [locie mosHoro
000pOTa BAJIKOB THJIB3a OIIATH IOJACTCS BIIEPE]a, OJHOBPEMEHHO MoBopaunBasch Ha 90°, m
CHOBa TIOMajaeT B Je(OPMHUPYIONIYI0 YacTh BaJKOB. [lpm 3TOM Tmocie naedopMUPOBAHHUS
TIOJINPYIOIIAsl YacTh BAJIKOB BBIPABHUBACT TUAMETP WM TOJIIHMHY CTCHKH TPYOBI. BBITSDKKA mpu
Takod TmpokaTke MoxeT jgocturath 10—I14-kpatHoit BenmudwHBL. [IpOM3BOAUTEIHHOCTH
ycTaHoBKH 10 250 ThIC. T B TO/I.

[TpokaTkoif Ha HEMPEePHIBHOM TPYOOIIPOKATHOM CTaHE IMOJIY4aloT TPYOBl JHaMeTpoM 29—
108 MM 1 TomuHOK cTeHKH 8—12 mm. [TpousBoaurensHocTh uX gocturaet 900 ThIC. T B TO/I.

CBapHbIe TPYObI U3 HU3KOYTJICPOIUCTHIX M HA3KOJICTUPOBAHHBIX CTAJICH M3rOTaBINBAIOT U3
MTPOKATAHHBIX I10JI0C, HA3bIBAEMBIX IIITPUIICAMH, WU JUCTOB, TUPHUHA KOTOPHIX paBHA JJINHE
auaMeTpa (Mu MMOJIOBHHE AuaMeTpa) TpyOsl. IIporecc mpousBocTBa TPyObl BKIIFOYAET B ceOs
(GOpPMOBKY IUIOCKO¥W 3aroToBKM B TpyOy, CBapky (IEYHYIO, JJIEKTPHUYECKYIO, TIa30BYIO,
BBICOKOYACTOTHYIO H JIp.), IPaBKY, KaTHOPOBKY.

[Teunoit cBapkoii mojy4aroT TpyObl HeOoJbIIOro auameTpa A0 10—114 MM M TOJIUHOM
2—5 MM 3 HU3KOyriIepoaucTol cramu. [Iporecc BKitouaeT B ce0s HarpeB IOJOC B Ta30BOM
meun g0 1300—1350 °C, hopMOBKY HarpeToro y4actka B CBapOYHOM BOPOHKE M 00XKATHE CO
3HAYUTEILHOW TUIacTHdeckor aedopmammeid. [lporecc ocymiecTBIsIeTCs Ha HEMPEPHIBHBIX
cTaHax co ckopocThio 10 200 M/MuH.

Bonpimoe pacrmpocrpaHeHWe MpU  MPOHM3BOJCTBE TPyO OONBIIOrO guameTpa  JyIs
MaruCcTPaIbHBIX TPYOOIPOBOJOB TOJIYYHJI CIIOCO0 € TIPUMEHEHHEM 3JICKTPOCBAPKHU IO
(harocoMm.

[Tpou3BoIAT cBapHBIC TPYOBI C MPSAMBIMH M CIIUPATBHBIMU MBaMU. [10 TIEpBO¥ TeXHOJIOTHH
13 rcTa (GOPMHUPYIOT TPYOHYIO 3arOTOBKY, 3aT€M €€ CBapHBAIOT C HAJIOKCHUEM Hapy)KHOTO U
BHYTpEHHETo MmBOB. [Ipu mpowm3BojacTBEe TPYO CO CHUPAIBHBIM IIBOM B Ka4eCTBE HMCXOJIHOM
3arOTOBKH HCIIOJIB3YIOT JICHTY, KOTOPYIO CBOPAYHMBAIOT [0 CHUPAIH B TPYyOy HYXKHOTO
JFaMeTpa M 3aTeM CBAapHBAIOT 10 KPOMKE HapYyXHBIM M BHYTPEHHUM IBamu. [IpodyHOCTH, a
TJIABHOE HAJICKHOCTh, TPYO CO CIIMPATBHBIM IIIBOM BBIIIE, YEM C TPSMBIM.



19.4. I1pou3BOACTBO CHENMAIBHBIX BUI0B MPOKATA

[Tpodumu crenmaabHOTO Ha3HAYEHUS, TMPOW3BOJUMBIC METOJIAMHU TIPOKATKH, OTIIHYAIOTCS
OoJpIIMM  pasHooOpazueM. MHOTHME W3 HHX NPOU3BOIATCS HE HAa METAUTYPrUYECKUX, a Ha
MAIlIMHOCTPOUTCIIBHBIX ~ MPEANpHIATHIX. Bce HUX MOXHO OTHECTH K JBYM TIpyIIIam:
nepuooudeckuti U cneyuanivuuii Tpokar. Kak mpaBmiio, Bce Pa3sHOBUIHOCTH CIICIMAIBHBIX
rpouiield TPOU3BOIAT HA CTaHAX IMOIEPEYHOM JIMOO MOTICPEUYHO-BUHTOBOM MPOKATKHU. [IpuHITHT
MIPOKATKH TIEPUOTUICCKUX TPOPUIICH, CIYXKAIIUX 3aroTOBKaMH IS IPYTHX BHJIOB 00pabOTKH,
3aKJTI0YAETCS B MPUMEHEHUH BAIKOB, IEPHUOINYCCKH CMEIIAIOIIUXCS TI0 Mepe TPOABHKEHHUS 3aro-
TOBKH. BOJBINYIO TpyIHIy 3aroTOBOK IMPOW3BOAAT Ha CTaHAX IOIMEPEYHO-BUHTOBOM ITPOKATKH:
mapsl Ui TOAIIMITHUKOBOW TPOMBIIUIEHHOCTH, 3arOTOBKM Ui IIATYHOB JBUTATeleH, POJIMKH,
peOpHCThIe TPYObI, BATOHHBIC OCH, LIEIbHOKATAHBIC BArOHHBIE KoJieca, 3y0uarsie Kosteca u 1p. (puc. 19.7).

Far, 19.7. Tlpoxarua nopons: Pue. 1%.8. Byaer noymere npodneii
§ — mroronrm, ) — orpaEHuETeNRT, § —
TCUATHEDE BEATT

[TpuMeHeHre CrienambHBIX TEXHOJIOTUH M 000pYIOBAaHUS ISl MPOM3BOJICTBA Psla M3IACITUN
MMPOKATKOM B3aMEH TPAAUIIMOHHO CYIIECTBYIOIIMX METOJIOB TIO3BOJISIET PE3KO YBEIUYUTH
MTPOU3BOIUTEIILHOCTH U TIOBBICUTH KA4€CTBO M3JICIIHH.

[Tonepeunoe cedeHue ropsUEKaTaHbIX MPOGWIECH OYEHb YaCTO OKAa3hIBACTCS CYIIECTBEHHO
3aBBIIICHO TI0 CPAaBHEHUIO C TPEOOBAHMSMHU pacyeTa M KOHCTPYKTHBHBIMH OCOOEHHOCTSIMH
m3nemusi. OJTHAKO TEXHOJIOTWYECKME OCOOCHHOCTH IMPOKATKA HE TO3BOJISIOT TOJYYWUTh CEUCHHS
MeHbIIed TommuHbl. [Ipy HEOOXOAMMOCTH CHU3UTH MacCy KOHCTPYKIIMM HEPEIKO MPUXOIUTCS
mpuleraTth K MEXaHWYeCKOW 00padOTKe, YMEHBIIATh CEYCHHE DJIEMEHTOB, TEPEBOS W3JIHUIIHUI
MeTaJT B CTPYKKy. Bo MHOTrMX ciydasx OoJiee palMOHAJIBHBIM SIBIISCTCS NPHUMEHECHHE THYTBIX
npodusieli, M3roTaBIMBAEMbIX B XOJOJHOM COCTOSSHMM Ha POJIMKOBBIX JIMCTOTHOOYHBIX CTaHAX.
3aroToBKOM ISl TPOM3BO/ICTBA THYTHIX MPOMUIIEH SBISETCS TOpsTYe- U XOJIOAHOKAaTaHas T0JI0ca UITH
nenra. [Iporiecc mpodmmpoBaHus TPOKATKOM SIBISETCS HEMPEPHIBHBIM U 3aKJIIOUACTCS B U3MEHEHUH
(opMBI TIOTMIEPEUHOTO CEYEHHSI TIOJIOCHI MPU COXPAHEHWH TOJIIIMHBI, PABHON TOJIIMHE HCXOIHOMN
JICHTOYHOM 3aroTOBKU. B 3aBUCHMMOCTH OT KOHCTPYKIIMM CTaHa W KOH(UTYpaIy MPUMEHSIEMBIX Tap
BaJIKOB-POJIMKOB JIEHTA TIOCJIEOBATENILHO MPUOOPETACT OUepTaHHs CEUEHUs], TPUOIIDKAIOIMINECT K
TpeOyemoMy. [IpokaTKy MOJI0CH OCYIIECTBISIOT B HECKOJIBKUX KIIETSX; U CIOKHBIX TpoQHiien ux
Moxker ObiTh 15 m Oomee. Bricokast mpom3BomMTENBHOCTH mpomecca (mo 3 M/c) Hapsay ¢
CYIIECTBEHHBIM  CHIDKEHHMEM MAacChl 3JIEMEHTOB OIPENENIeT IMUPOKOE MPUMEHEHHE THYTHIX
mpodwieii B aBTOMOOWJIBHOW ¥ aBHAIMOHHOW IPOMBIIUICHHOCTH, MAIIMHOCTPOCHUH |
CTPOUTEIILCTBE.

Ha puc. 19.8 npeacraBiieHsl IpUMEphI 3aKPBITHIX M OTKPBITBIX THYTHIX Ipoduieii. [Iporece
PO GpHIMPOBaHKS TIPOKATKOM JIETKO COBMEIIACTCS CO CBApKOM, MPOOMBKON OTBEPCTHI, OKPACKOM
1 IPYTUMU TEXHOJIOTUIECKUMHU MPOIIECCaAMHU.

19.5. Bostouenue

Bosovenre — miporiece NpOTSTHBAHMS TIPYTKA Yepe3 OTBEPCTHE, pasMepbl KOTOPOrO MEHBIIE, YeM
HCXOJIHBIC pa3Mephl TIpyTKa. [Ipr 3T0M /yTMHA TIpyTKA YBEJIMYMBACTCS, A TTOTIEPEIHOE CEUCHHE TIPHOOpETacT
(hopMy OTBEpCTHSI C OJHOBPEMEHHBIM YMEHBIIICHAEM TIONEPEUHOIO ceueHus. BoyodeHne Mpou3BoIsT B
XOJIOJTHOM COCTOSIHUM. VICXOIHBIM MarepuaioM MOTYT ObITh TOpSYEKATaHBIA MPYTOK, COPTOBOW IIPOKAT,
TIPOBOJIOKA, TPYObI. BosiodeHreM 00padaThIBarOT CTayM, IBETHBIC METAIUIHI U CILIABEI.

DTHM CIOCOOOM TOTYYarOT MPOBOJIOKY, B TOM YHCIIE M ¢ MUHUMAJILHBIM JriameTpoM J0 0,002 MM,
MIPYTKA TIPOCTOM M CJIOKHOM KOH(HIYpaIllid CCUCHHS, TOHKOCTCHHBIC TPYObI, B TOM YHCIIC H
KaImUIIpHbIC, (DacOHHBIC IITOHKU | Jip. BoJloueHHe MPUMEHSFOT TAKoKe YISl KATMOPOBKU CEUCHUS M
TIOBBIIIICHHS Ka9eCTBA IIOBEPXHOCTH 00padaThIBAEMOTO M3ICIH.



OCHOBHOM HHCTPYMEHT TIpH BOJIOYEHHM CIUIOIIHBIX NpoQwiell — BOJOKA pa3IMuHON
KOHCTPYKIIHH,  TIPY BOJIOYEHHUH TTOJIBIX TIPO(rIIel — BOJIOKH 1 onpaBku K HUM (puc. 19.9).

Pue. 199, Clepraccran
BX0,THAX Y9ACTE BOIOKH:

{ — CMAYLEBRIOEIHA KOHYC,
if—  pedopmupyromsf
kouye, [/ — wanubpyio-
wm noacok, J¥ —- smxon-
HOH KoHYC

Bosoka 13akperuisercss B 00okiMe 2, KOTopast 3aTeM KPCIUTCS Ha YKECTKOM BOJIOUMIBHOM JIOCKE.
Bonoka paboTaeT B CIOXHBIX YCIOBHSX — OOJIBIIOE HANPSDKEHHE COYETaeTCsl C M3HOCOM IIpU
MpoTsAruBaHuy. [109TOMy MX M3rOTaBIHMBAIOT M3 TBEPAOTO METAJUIOKEPAMHYECKOTO CIIIaBa, COCTOSIIIETO
3 KapOmmoB Bosb(dpama, ThTaHa, Oopa u np. JLmsd momydeHus 0co00 TOYHBIX TMPOQHICH BOJOKH
M3TOTABJIMBAIOT W3 ajMa3oB. BOJOKM HMEIOT CIOKHYIO KOH(MHUTYpAIiO. BXOAHAS YacTh OOBIYHO
BBITIOJTHSCTCS C(hEPUUECKOM, 3aTEM PACIIOIAracTCst CMasbIBaroIvii KoHyc | 3a HuM nedopmupyrommii (1)
C YIJIOM B BEPILIUHE 0.

YToI 0. 3aBUCUT OT TBEPIOCTH 00padaThIBAEMOT0 MaTepuaiia, OT CEUCHHS 3arOTOBKH, a TAKKE OT
K03(pHIFIEHTa KOHTAKTHOTO TPEHHUS U COCTaBJIseT 8-24°.

3a nedopMupyrOIeil YacThIO PAcIoNiararoTes IIMHAPHYeCKuil Kammopyrommii mosicok (1) u
BbIX0HOM KoHyC (V).

BornoueHnune ocylecTBIsIFOT Ha BOJIOYHIIBHBIX CTaHAX, COCTOSILIMX U3 TSAHYILETO YCTPOKCTBA U
BOJIOUMJIBHOTO MHCTpYMeEHTA. [ 10 TUITy TAHYIIEro YCTpOMCTBA BOJIOYMIIBHBIE CTaHbI TOAPA3ICIISFOTCS HA
CTaHbI C MPSIMOJTMHEHHBIM JIBIKEHHEM TPOTSIMBAeMOr0 Marepraia (LIeIMHO#, PeCUHbIH, THIPABITHISCKHUIA) U C
HaMaTbIBAHHEM €ro Ha OapabaH (OapadaHHbIi Tv). CTaHbI 0apabaHHOTO THITA PUMEHSIFOTCS B OCHOBHOM JUTS
TIOJTyYEeHHST IPOBOJIOKH, PEIIKO YISl CIUIONTHBIX H TIOJBIX TPO(IIIEH  TOJIBKO JPIS TEX CITyJaeB, KOT/ia M3rHo
TP HAMATHIBAaHMN Ha OGapabaH He HapyIiaeT POPMBI ITOTIEPEUHOTO CEUCHUS.

Puc. 10,10 CxeMa PONDYHABHOTO0 CTAHA RETIHO D0 THITE;
§ — cranuna; J — pomoxa; § — BONMOTAEHAA TENGHKS; 4 — WE0R, 5 — NPREOA
BOUO HHALHOH TEeRHH



Ha puc. 19.10 npuBenena cxema crtaHa IenHOro Ttuma. OCHOBHBIMH 3JIEMEHTAMH €r0
SIBJISIIOTCSL CTaHMHA 1, MEXaHHM3M TIEPEMCIICHUS TCICKKH D, OcCKOHEUHas Ienb 4, TeIekKKa ¢
3aXBaTOM 3, CTOMKA IS KPCILICHUSI HHCTPYMEHTA — BOJIOKH 2. JIIMHA MPOTATMBAEMOT0 M3CIIHS
Ha IIEHHBIX CTaHaX OTPaHUYMBACTCS JUIMHON CTaHWHBI M 0OBIYHO He mpeBbimaet 15 M. CkopocTh
BOJIOYEHHMS Ha LIEMHBIX CTAHAX JOBOJBHO 3HAYMTEIbHA — 10 2 M/C.

bapabannbie cTaHBl B 3aBUCHMOCTH OT HA3HAYCHHUS MOTYT OBITh OgHOOapaOaHHBIC, WIIH
OJTHOKpaTHbIE, U MHOTOOapabanubie (puc. 19.11).

>,

I_'“i‘.

Pue. 19.11. Cxema crana GapabarHoro THITA:
] — BORCYHNEHAY QOCKA; 7 — HATATHBAROME: YeTpoiicTeo; § — Gapaban

[TepBBIe TPUMEHSIFOT ITPU BOJIOYEHUH TOJICTOUM MPOBOJIOKH JUaMeTpoM 4—25 MM B WHOTIA
TPYyO; MPH BOJIOYCHHH TPYO AWaMeTp HAMOTOYHOTO Oapabana yBemumumBaroT ¢ 450 mm jmo 2000
M. CKOPOCTB BOJIOYEHHS B TOM CiIydae Takke cocrasisieT 1,5-2 m/c.

B craHax MHOTOKpaTHOroO BOJIOYCHHS OOpabOTKa MPOHMCXOJIUT IOCICIOBATEILHO B
HECKOJIbKHX BOJIOKAaX: IMPOTATMBAEMBbIN PO(HIIL IPU BBIXOJIE U3 OJIHOM BOJOKHM HaMaThIBACTCS Ha
OapabaH M IOCTyIaeT B CIEAYIOIIYIO BOJIOKY M T.J1. MHOTOKpaTHBIH cTaH MoOKeT mMeTh 10 30
BOJIOK. CKOPOCTh BoJoYeHHsE MoKeT gocturath 20 m/c. Ecnm mpuBos Ha Bce GapabaHbl OUH, TO
B OTOM CJTy4ae CKOpPOCTh BpalleHus OapabaHOB JOJDKHA OBITH BO3PACTAOIICH B COOTHOIICHUH,
00eCIeunBaroIIeM IMMOCTOSTHCTBO CEKYHTHOTO 00heMa, T. €.

Fion = Fav2 = Fron,
rae F — mromans cedeHust mpouIs IIPH BBIXOIE M3 0USPEIHON BOJIOKH; 0 — CKOPOCTh
MPOTSATUBAHUS.
3aroToBKM IMepes BOJIOYEHHUEM IOJIBEPraroT TEpPMUYECKON 00pabOTKe AJisi CHITHS Hakiena u
NpUJAHUS METajuly HEOOXOIUMBIX IUIACTUYECKMX M IMPOYHOCTHBIX  XapaKTEPHUCTHUK.
HenocpencrBeHHO mnepea BOJIOUEHHEM 3a0CTPSIFOT KOHEI[ 3aroTOBKH, YIAISIOT OKaJIUHY
MEXaHUYECKUM, XUMHUYECKHUM WJIM SJIEKTPOJIUTUYECKUM METOJaMH, MPOMBIBAIOT U HAHOCST
MOJICMA304YHBIA CJIOW, KOTOPBIA MJOJDKEH YACP)KUBATh CMa3Ky W MPEAOXPaHATh pabodyro
MOBEPXHOCTh BOJIOKH OT HAJMIAHUS METalJa.

ITogcMa304HBIH CI0M MOKET OBITH Pa3IMYHBIM. TOHKHI CJION THapokcuaa xeneza Fe(OH),,
MenHbIi, (ochaTHbIi, M3BeCTKOBBIN np. [lepen kaxmoil (Guibepoil MOBEPXHOCTH 3arOTOBKH
CMa3bIBAIOT I YMEHBIIEHUS TPEHUS MeTaJlJla O CTEHKH (DHIIbEPHI.

Crenenp nedopmaruu mpu BosioueHU 00b1aHO He npesbimaeT 30—35% u onpenensercs
o ¢popmyne y =(Fo — F1)/Fo-100%. Ko3hduimeHT BBITSKKH IPU 3TOM COCTABJISIET 32 OJIUH
npoxox | = 1,25—1,45 u onpenensieTcsi u3 YCIOBHSI IOMMYCTUMOTO YCHIIHS BOJIOYEHHS, KOTOPOE
HE JIOJDKHO IPEBBIIIATh

Pg<oc02 Fo unu P<KFiog

rae K= 0,7—0,8.

B ciydae HeCOOIIOAEHHUS 3TOTO YCIOBHS HAIPSDKEHUS BBIIIE G2 MOTYT IIPUBECTH K MECTHOMY
TEYESHMIO METa/lIa ¥ U3MEHEHHUIO CEYEHHUs 3ar0TOBKH. IIpyu HEOOX0IMMOCTH MOIYYUTh OOJIBIIYIO
BEIUYMHY Ae(popMaIiy ITPOU3BOIST MHOTOKPATHOE BOJOYEHHE. B 3TOM ciydae moydeHHBIH B
IIPOLIECCe IPEOBIAYIIMX ONEpaldii HakIell CHUMAOT ODKHAIOM, 3aTeM IIPOBOIST  BCE
TO/ITOTOBUTE/IHHBIE OTIEPALIHN K TIOBTOPSIFOT MPOLIECC JI0 TOMyUCHES M3IEIHST HY)KHOTO CEUCHISL.



Ha puc. 1912, a mnpexacraBieHbl HPUMEPbl HEKOTOPBIX CIUIOIIHBIX IPO(UMIICH, MOJydaeMbIX
BoJIoucHHEM, a Ha puc. 19.12, 6 — cxeMbl TIOJIydeHHUs MYCTOTENBIX Mpoduiieli Ha TpuMepe TPYOBI.
Bosoyenre o0ecrieunBacT BBICOKYIO TOYHOCTH Pa3MEPOB, MAIyIO IIIEPOXOBATOCTh TOBEPXHOCTH,
OOJIBIIYIO CTCTICHD YIPOUYHCHMS. V3Menus Mocie BOJIOYEHMS, KakK IPABUJIO, MEXAaHHYECKH He
00pabaThIBAFOT.

19.6. IIpeccoBanue

Tpeccosanue — TPoOLIECC BBITABIMBAHUS METAILIA U3 KOHTEHHEpa Yepe3 OIHO MM HECKOIBbKO OTBEPCTHIA B
MaTpHIIE C TUIONIA/IbI0 MEHBIIICH, YeM TTOMEPEIHOE CEUCHNE HCXOMHOM 3aroToBKH. [Ipy peccoBaHMM pean3yeTcst
OHA W3 CaMbIX OJIATONPHUSATHBIX CXEM HArPY)KCHHs, OOCCIICUMBAIONIAS MAKCUMAIBHYIO IUIACTHYHOCTh —
BCECTOPOHHEE HEPABHOMEPHOE CKAaTHE. ITO MO3BOISIET 00padaThIBATH TAKE MAJIOILIACTHYHbIC MaTepHrasibl. OObId-
HO KO3(D(UIMEHT BBITSDKKA Tipu mpeccoBanuu coctapisier 10—50, a B OTAQIBHBIX CIydasX MOXKET OBITh
3HAYUTCIIbHO BBIIIC.

ITpeccoBaHKe MOKET BBITOMHSITHCS IBYMSI METOIAMH — HPSIMBIM 1 00patHbM (pric. 19.13).
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Fac, 1913, Cxewn npeccosa-
HME TIpAMore (o), obparuoro (6)
M MONYYEWHE MYCTOTEnoro  {&)
poifiHNe W2 TpHMEpe TPYDsL

ITpu oOpatHOoM mpeccoBanuu (puc. 19.13, 0) mamieHue mpecca IepemacTCs Yepe3 IOJIbIH
IyaHCOH 3 ¢ CMOHTHPOBAHHOM BHYTPH ero Matpuiieii 5. Takum 00pa3om, MeTaJu1 3aroToBKH 1 Teuer
HaBCTpeYy JBIKCHUIO IIyaHCOHA.

[lpn mpsiMoM TipeccoBaHUM TpeOyeTcsl MPUKITAIBIBATh 3HAUMTEIILHO OOJIbIIIee YCHIIME, TaK Kak
9acTh €r0 3aTpayMBacTCs Ha TPEOJIOJNICHUE TPSHUS TIPH IEPEMEIICHNM MeTalla 3arOTOBKH BHYTPH
Matpuipl. OTYaCTH TIOITOMY 3HAYUTEIIBHAS YacTh METa/lIa 3arOTOBKH HE MOXET OBbITh BBIJABJICHA W3
KoHTelHepa. OcTaromascs ero 4acTb — IPECcC-OCTATOK — COCTARJISIET B OTACIBHBIX cydasx 30—
40% oT Macchl KCXOIHOM 3arOTOBKH.

Yeume npu 00paTHOM MPECCOBAHMH MPUMEPHO Ha 25% MeHBIIE, PEcC-0CTaTOK TaKKe MOYTH
BJIBOC MCHBIIC, YEM IIPU IIPAMOM.

OmHaKo CJI0KHOCTh KOHCTPYKIIMH TIPecca, OTPaHMYCHHOCTh Pa3MEpPOB IMONTYYACMBIX H3ICIHH IO
JUIMHE MPESTCTBYIOT IIMPOKOMY IIPUMEHEHHIO CIIoco0a 00paTHOrO MPEeCCOBAHMS.

K nocromHcTBaM Tiporiecca IMPECCOBAHUS CIICAYeT OTHECTH BO3MOYKHOCTDH TTOMYYCHHUS H3/ICIHIA
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CIOKHBIX TPOQMICH, B TOM YHCIC M ITyCTOTENIBIX, HE TOJBKO M3 BBICOKOIUIACTUYHBIX, HO W
MQIOIUIACTHYHBIX ~METAUIOB W CIUIABOB;  YHUBEPCAILHOCTh  IPUMEHSEMOTrO  O0OPYIOBaHMS,
TIO3BOJIIOIIETO JIETKO TEPEXOUTh HA TPOM3BOACTBO MpOGHIeH pasiMuHbIX KOH(HUTYpaIi;
JIOCTATOYHO BBICOKYIO TOYHOCTH Pa3sMEPOB M My IIEPOXOBATOCTH TOBEPXHOCTH TIOJIY4aeMbIX
m3nermmid. Ha prc.19.13, 6 npencraBieHa cxema MoIydeHuUs IyCTOTENI0ro mpo(uiIs THIIa TOHKOCTEHHOM
TpyObl. IHCTpYMEHT U1l TIpECCOBaHMs — KOHTEHHEDP, MATPHIIA, MPECC-IAi0b], Ul — PadOTaIOT B
OUCHb CIIOKHBIX YCJIOBHSIX. GOJIBLINX YAC/BHBIX JABJICHHMH 10 150 Krc/MM® M 9acto IpH BBICOKHX
TeMmeparypax. TemrmeparypHblii HHTEpBaT NpeccoBanms 1BeTHHIX MeTamioB S500—900 °C, a craneH,
HHUKEJIEBbIX M TUTAHOBBIX ciuiaBoB 1000—1250 °C. IlostoMy Ui H3rOTOBJICHHUS HHCTPYMEHTA
NPUMEHSIOT ~ JIOPOTHE MAarepuaibl C  IOBBIIICHHBIMH  JKAPOCTOMKOCTBIO M MPOYHOCTHBIMH
xapakTeprcTikaMi. CTOMMOCTh KOMIUIGKTa WHCTPYMEHTA U TIOJMYy4dEeHHS ITYCTOTEBIX Ipoduieit
nHoria gocturaeT 15% ot cTomMocTH Beero arperara.

B xadectBe CcHIOBOro arperara Uil NMPECCOBAHMS HAMOOJIBIIECE PACIIPOCTPAHCHHES IONTYUFITH
rupasmaeckre mpecchl ¢ yermeM npeccoBanrss 1000—5000 1. Ouu He OOSITCS IIeperpy3KH, O3BOJISIOT
peryJmpoBath B IIMPOKUX TIPEAeiaX CKOPOCTh TIEPEMEICHUS CHJIOBOTO IUTYHXKEpa, JIETKO
ABTOMATU3HUPYIOTCS, B TOM YHCIIC C TIOMOIIBIO CHCTEM ITPOTPaMMHOTO YIIPABIICHUS.

[IpeccoBanue MMPOKO MPUMEHSIOT IS TTOTYUSHUS U3ISITUN U3 MEIH, JIaTyHH, OPOH3bI, ATFOMUHHS,
MAargus, UHKA, TUTaHa, CTAICH, CIDIABOB HUKEIA.

KadecTBO moiydaeMoro mpojyKTa B CYIIECTBCHHOM CTETICHH 3aBHCHT OT TPABUJIBHOCTH BBIOPAHHOTO
POKIMA M KadeCTBa MCXOJIHOM 3aroToBKH. Harmpumep, MUHMMaiTbHAs BBITSDKKA JIOJDKHA ObITh He MeHee 10-
KpATHOM;, JIOITYCKAFOTCS BBITSDKKH BecbMa 3HaunTeNbHbIe: st Mem—280, naryan — 700, amoMuHms —

Cuuraercss ONTUMAIBHBIM OTHOIICHWE JUIMHBI K JMaMeTpy 3aroTOBKH, paBHOE 2—3 TIpH
MPOM3BOCTBE CILIOMIHBIX Mpoduiieii u 1,5—2 [1s1 yCTOTEIbIX.

[logroToBKka WCXOAHOM 3arOTOBKM 3aKIIFOYACTCSI B 3a4YMCTKE TMOBEPXHOCTH U YIAICHUH
0OHApY)KEHHBIX Je(EKTOB, MPOIIMBKE OTBEPCTHI MPH MPOM3BOACTBE IMOJIBLIX MpoduIieli, HaHEeCSHUH
TEXHOJIOTUYIECKOM CMa3KM Ha MOBEPXHOCTh. POJIb CMa3Ku 4pe3BBIYaHO BBICOKA: OHA CHIDKACT YCHIIHC
ne(hOPMUPOBAHKS, YMEHBINIAET HEPABHOMEPHOCTh TEUECHUSI METAIUIA TIPU TIPECCOBAHUH, YIUTUHSET CPOK
CJ'IY)K6BI HHCTPYMCHTA, IMOBBIIIACT KAYCCTBO IMOBCPXHOCTHU.

BeiOop cocTaBa cMa3kd 3aBHCHT OT poaa o0pabaThIBAEMOro MaTepHaja. OTO MOXKET ObITh Trpadwur,
J00aBIIIEMbIii B MUHEPAJIbHBEIE Macia, 100aBku KaHu(oau. [ cTajid, CIUIABOB HHUKEIS M TUTaHA, IMPECCOBAHHE
KOTOPBIX BEAYT IPH BHICOKUX TEMIIEPATYpax, B KAUECTBE CMa3KU MPUMEHSIOT CTEKIIO.

Ha puc. 19.14 npecTaBiieHbl IPUMEPHI MOMEPEYHOTO CEUEHHUS TPOQHIIEH, TOTyUEHHBIX PECCOBAHUEM.
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Pue. 1914, TIpbfcpel opeocosammbix
rpodiiei

KOHTpOJ'H)HI)Ie BOIIPOCHI

1 Ha3oBuTe OCHOBHBIC BHIIbI [IPOKATHBIX CTAHOB.

2. KakoBbI OCHOBHBIE OIepaIy IPH MPOKATKe OECIIOBHBIX TPYO?

3 Kak ocyrecTBiercst mporiecc BOIOYEHHs IPOBOJIOKH 1 TpyO? B yeM oTiiumst B 000pyI0BaHUM ?
4. CymrHocTb mporiecca MpeccoBankst. UTo Takoe IpsiMoe, 00paTHOE PECCOBAHKE?

5. ToyeMy npecc-0CTaTOK IPH MPSIMOM MPECCOBAHMH OOJIBIIIE, YeM IPH 00PaTHOM ?
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I'nasa 20. [TosryyeHre MAIIMHOCTPOUTEIHLHBIX 3aT0TOBOK

[Toutn KaxApld MAIIMHOCTPOUTEIBHBIA 3aBOJ HMEET Ky3HEUHbIE WM Ky3-HEYHO-
ITaMIIOBOYHBIEC II€XH, B KOTOPBIX M3TOTOBJISIOT IMOKOBKU PA3IMYHOTO HA3HAYEHHUS METOIaMH
KOBKH HJIU TOpsTYe 00bEMHOM MTaMIIOBKH. B coBpeMeHHOM MamuHOocTpoeHur okoJio 20% Bcex
JeTajeH MmoJIydaroT U3 MoKOBOK. KOBKOM M 00bEMHOM IITAMIIOBKOM M3rOTaBINBAIOT 3aTOTOBKHU U
J€TaId Maccoi OT JECATKOB I'paMMOB (HarpuMep; JETald IBEHHBIX MAIIWH) 0 COTEH TOHH
(HammpuMep, TIOKOBKH POTOPOB TypOWH), pa3MepaMHu OT CAHTUMETPOB JI0 JIECATKOB MeTpoB. Kog-
KOM W IITaMIOBKOW MOTYT OBITh 0Opa0OTaHBI TIOYTH BCE HMCIOJb3yeMbIE€ B MPOMBIIICHHOCTH
MeTa/UThl M CIUIaBbl. s TpyaHOOOpabaThiBaEMBIX M MaJOTUIACTUYHBIX CIUIABOB MPUMEHSIOT
CreIaibHBIE CITIOCOOBI 0OPaOOTKH.

B 3aBucumoctn oT 00BEMa MPOM3BOJCTBA, MACChl, KOHGUTYpallud M MaTepuana MOKOBOK,
TEXHUYECKUX TPeOOBaHMI K TMOKOBKaM, MPOM3BOACTBEHHBIX YCIOBUM M APYTUX (PAKTOPOB IMMOKOBKH
MOJTy4aroT JIMOO METOJaMH KOBKH, JTMOO OOBEMHOM INTAMITIOBKOW. B MITYydHOM M MemKocepuitHOM
MIPOU3BOICTBE IIPUMEHSIOT KOBKY.

20.1. KoBka

Koskoii Ha3piBalOT BUI 00paOOTKM JaBJICHHEM, TPH KOTOPOM HMCXOJHYIO 3arOTOBKY
nehOpMHUPYIOT YHUBEPCAILHBIM HHCTPYMEHTOM — OOWKaMHU. IPHU ITOM TCUYCHHE MeTallia B
CTOPOHBI  MEPICHAUKYIIPHO JACHCTBYIOIIEMY YyCHIHIO He  orpanudyuBaercs. KoBka
MpeaHa3HadueHa JIs MPUJIaHAs 3ar0TOBKE (DOpMBI, TpHUOIIDKaromencsa-* GopMe ToOTOBOM JeTau.
OIHOBpPEMEHHO C ATHUM IIpH KOBKE YIYUYIIAIOTCS MEXaHWYECKHE CBOMCTBA JINTOTO MeTajuia
HUCXOIHOM 3arOTOBKH.

OcHoBHBIC oOIepalMyd KOBKM — o0cajka, NOpOTsHKKa, IIpoOMBKA, MPOIIMBKA, THOKa,
CKpydHBaHUE, OTPYyOKa M Ky3HEUHAsl CBapKa.

Ocaaka — yMeHBIIIEHHE BBICOTHI 3arOTOBKH MPY YBEJIIMUEHUH TIJIOIIAIN €€ TIOTIEPEYHOTO
ceuenus (puc. 20.1, ).

{

S
|5 12
—

Puc, 20.1. Orepatie BOBKIS:
F — {HHIKE; § — MPOTXOREE, & — PUDELEY, 2 -~ [PFINE HA CIPLAKE, o — FHOKE, ¢ — JHEpy
THRAHME, W — pylixa, 1 - npoffHEEa; & — NpaHeKa

Ocanky mTpoOM3BOAAT OOWKAMH WJIM OCAJOYHBIMH IUIMTAMH. 3aroTOBKH, Y KOTOPBIX
OTHOIIICHHE BBICOTHI K JUAaMETPy WJIM K MEHBIIECH CTOPOHE IMOTEPEYHOTO CeueHus Oosbie 2,5,
OCKMBATh HE PEKOMEHAYETCS BO H30E€KaHWE BO3MOXKHOTO u3ruda 3arotoBku. Ocaaky
MIPUMEHSIOT JIJISl YBEITUYCHHUS IIOMAIH MTOTICPEIHOTO CEYCHUS TTOKOBKH.

IMporszkka (puc. 20.1, 6) — ymIMHEHUE 3arOTOBKM HIIM €€ YaCcTH 3a CUET YMEHBIICHHUS
IJIOMAM TornepedHoro cedeHus. OHa OCYIIECTBISACTCS TOCIEIOBATEIbHBIMU O0XKATHSIMU
OTJICJTBHBIX, IIPUMBIKAIOIINX JIPYT K IPYTY YYaCTKOB 3arOTOBKH IIPH €€ T101a4€ BJIOJIb OCH.
PasnoBuanoctu mpotsokku: packarka (puc. 20.1, 6) u mpotskka Ha ompaske (puc. 20.1, 2).
Packarka — yBenmueHue uaMeTpa KOJIbIIEBOM 3arOTOBKHU ITPH BPAIICHUH 34 CUET YMEHBIIICHUS
€¢ TOJIIIMHBI C TIOMOIIbI0 Ooifka M ompaBku. [Ipm packaTke IIMPHHA KOJIBIIA HECKOJIBKO
yBeNMUYUBaeTcs. MIHCTpyMeHTaMu I pacKaTKH CIIY)KaT TUIOCKUH OOCK, OmpaBKa W JIIOHET.
[IpoTskka Ha ompaBKEe — YBEJ YEHHWE JUIMHBI MPOIIUTOM WM MPOCBEPIICHHOM 3arOTOBKU 33 CHET
oOKaTHst ee TI0 00€ CTOPOHBI OIPABKU ABYMsI OOMKaMK (HIDKHAM BBIPE3HBIM U BEPXHHMM ILIOCKMM HITH
00onMH BBIpe3HbIMHU Ooiikamu). [Ipy MPOTSHKKE HAPYXKHBIN JMAMETp W TOJIIMHA CTEHKH 3arOTOBKH
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YMEHBIIIAIOTCS. PacKaTkoW M3TOTOBJISIFOT TTOKOBKHM KOJICIl, @ MPOTSHKKOM Ha OIPaBKE — ITOKOBKH
COCYJIOB BBICOKOTO JIABJICHHSI, CTBOJIOB OPYIHM H JIp.

Tubka (puc. 20.1, 0) — oOpa3oBaHHe WM W3MEHEHHE YIIIOB MEXIY YaCTSIMH 3arOTOBKU HIIN
MpUIaHNe €M KPUBOJMHEHHOM (opMBL. ['MOKY OCYIIECTBISIFOT C ITOMOINBIO Pa3IMYHBIX  OTIOP,
TIPHUCTIOCOOICHUI U B TIOAKJIATHBIX IIITAMIIAX.

Ckpyuueanue (puc. 20.1, ¢) — MOBOPOT YACTH 3arOTOBKH BOKPYI IIPOJOJILHOM OCH.
OcyIIECTBILSIIOT €€, HanpuMep, TPU Pa3BOPOTE KOJICH KOJICHIATBIX BAJIOB.

Pyo6ka (puc. 20.1, o) — TOJIHOE OT/ICIICHHE YaCTH 3arOTOBKH 110 HE3aAMKHYTOMY KOHTYPY ITyTeM
BHEJIPEHHUSI B 3aroTOBKY JE(OPMHPYIOIIETO HHCTpPYMEHTa. PyOKy OCYITIECTBISIIOT TOTOpPAMH  JUIS
yIAJICHNST TIPUOBUTLHOM M JIOHHOM YacTel CJIMTKA, JIMITHUX KOHIIOB TOKOBKHM WM UIS Pa3IciCHUS
JUTHHHOM TIOKOBKH Ha 00Jiee KOPOTKUE YaCTH.

IIpobuexa (puc. 20.1, 3) — oOpazoBaHue B 3arOTOBKE OTBEPCTHS C yAaJIEHHEM MaTepraa B OTXOI
myrem caura. Oreeperust mpamerpoM 10 500 MM mpoOMBarOT CIUIOIIHBIM TPOIIKMBHEM C IPUMEHEHHEM
TIOJIKJTATHOTO KOJIBITA, @ OTBEPCTHsI OOJIBIIICIO JIMaMeTpa TPOIIHMBAIOT TIOJBIM TPOIMBHEM, TIPUMCHSS B
CITy4ae BHICOKOH 3ar0TOBKH HAZICTABKK. YacTh MeTa/lia yIaysitoT IPH 3TOM BMECTE C IPOIIMBHEM.

Ipowuska (puc. 20.1, u) — moaydeHHE IOJOCTEH B 3arOTOBKE 3a CUET BHITCCHEHHS
Matepuaia. OHa CIY)KAT CaMOCTOSITEIILbHOM —orepariell il  00pa3oBaHHMSI OTBEPCTHS  JIMOO
IIOJTOTOBHUTEIBHOM OIlepalieii UId TOCICAYIONICH pacKaTKW WA NPOTSHKKH 3aroTOBKH  Ha
OIIpaBKe.

Kysneunas ceapxa — o00pa3oBaHHE HEPa3ZbEMHOTO COCAMHEHHS ITOJ JCHCTBHEM JIABJICHUS B
HarpeToM COCTOSHHH. B CBSI3H C pa3BUTHEM HOBBIX BHJIOB CBAPKH 3Ta OIEpallUs IPUMEHSICTCSA PEIKO.

Ipu momy4eHny KpymHbBIX IIOKOBOK MAcCOM OT HECKOJIBKHMX coTeH KrtorpamMmoB 0 300 T (Basisl
TUAPOTYPOUH, TYPOMHHBIC IWCKH, BAIKHA IPOKATHBIX CTAHOB) B KAYeCTBE 3arOTOBOK HCITOJB3YFOT
crutkr Maccoi 710 350 T. [ljist GoJiee MEJKMX MOKOBOK B KaUeCTBE 3ar0TOBOK ITPUMEHSIFOT ITPOKAT B BHJIC
TTOTYITPOAYKTA MITH COPTOBOTO TIPO(HIIST KPYTIIOro JIMO0 KBAJPAaTHOTO CCUCHHSI.

MHuKpO- ¥ MCIOKAHOHHAS CTPYKTypa METAUIA IOCIE€ KOBKHM (Kak M IIOCJIE INTAMIIOBKH) HE
SIBISICTCS  OKOHYATEJIbHOM, OHAa  ONPEeIeNseTCs  TOCIEAYIoIeH  TepMOoOOpabOTKOW  TIOKOBOK.
TepmooOpaboTKa, 0COOEHHO KPYITHBIX ITOKOBOK, 00Ier4aeTcsl, €CJIH TIOKOBKH TIOCTIC KOBKH MIMEIOT OoJree
MEJIKOE 3¢pHO. 3epHa YBEIIMUHMBAIOTCS IPU HArpeBE JIO KOBOYHBIX TEMIIEPATYP, TIO3TOMY BCE YUaCTKU
HarpeToi 3aroTOBKH J0J/DKHBI OBITh IIPOKOBAHBI JUIS N3MENLUCHHUS 3€PEH, M KOBKY CIICIYET 3aKaHUMBaTh
Y TEMIIEPATypax, OJM3KUX K HIDKHEMY IIPEJICTy KOBOUHBIX TEMIIEPATYP, YTOOBI M30€KaTh POCTa 3ePeH
TI0CJIC KOBKHU B OCTBIBAOIIICH TOKOBKE.

20.2. T'opsiuasi 00bemuasi mrammnonka (I'OLL)

O0beMHas! ITaMITOBKa — BHJT 00paOOTKK METAILIOB JaBJICHHUEM, IIPA KOTOPOM (hOpMOOOpa30BaHKe
ITOKOBKM OCYIIECTBJIAECTCS IIACTHUCCKHM JIE(POPMUPOBAHKIEM 3arOTOBKH B CIICITHAILBHOM HHCTPYMEHTE
— mrramrre. [lojioctr B BepxHel 1 HUKHEH 4acTsIX IITaMIla Ha3bIBAIOT PyubsMU Wmamnd.

Teuenue MeTauia B INTAMIIE OIPAHHUYMBACTCS MOBEPXHOCTSAMU IIOJIOCTH INTAMIIA, U B KOHEYHBIH
MOMEHT IITAMITOBKH TIPY CMBIKAHIH OHH OOPa3yoOT SIMHYIO 3aMKHYTYIO TI0JIOCTh, COOTBETCTBYIOIILYIO
10 KOH(UTypaIy MOKOBKE.

Hcxomaem marepraniom mis TOL cayxkar mpokaTaHHbIC WM TIPECCOBAHHBIC TIPYTKH KPYIJIOTO,
KBaJIpaTHOTO WJIM TPSMOYTOJIGHOTO CEUCHHMS, a TaKKe IMepHoIrdeckiii mpokar. [litammoBky MOXKHO
BECTH HETIOCPEACTBEHHO OT MPYTKA C TIOCICAYIOIIMM OT/ICIICHUEM €r0 OT IITAMIIOBAHHOM YaCTH, OJTHAKO
Yare MpeaBapuTeIbHO OT TPYTKAa OTPE3al0T MepHbIe KyckW. llITamrioBKe mMoaBepraroT darie BCEro
YIJICPOJICTBIC WJIM HIBKOJITUPOBAHHBIC CTAM, PEKE IBETHbIC METAUIBI M CIUIaBbl. OCHOBHBIMU
nocrouncTBamu I'OII saBasroTes.

1 BsIcoKast MPOM3BOIUTEILHOCT — JI0 COTEH MOKOBOK B YaC.

2. MeHbIlIMEe TPHUITYCKA MW JIOIMYCKH, YeM TIpH KOBKE. OJTO MPHUBOAWT K YIIPOIICHHUIO
MEXaHMYECKON 00pabOTKH U CHIDKCHMIO €€ TPYHJOeMKOCTU. Y aeraineii, noiydeHubix 1'OII, yacro
00pabaThIBAIOTCS TOJIBKO COMPSTracMble MIOBEPXHOCTH.

3. Kpaymmkanyst rramMIoBIIIKa MOKET OBITh CYIIIECTBEHHO MEHBIIICH, YeM Ky3HelIa.

Bwmecre ¢ tem crienmyer 3Hath, uto mig ['OL tpeOyrorces 3HaUMTEbHO OOJIBINHE YCHIIHS, YeM TIpH
KOBKE OJTHOTHITHBIX JICTATCH. DTO CBS3aHO C TEM, YTO IPH IITAMIIOBKE TCUCHHUE METALIA 3aTPyJTHEHO
TPEHUEM O CTEHKH Pydbs M TEM, YTO JehOpMaliy OJHOBPEMEHHO IOABEpPraroTcs OOJbIe 0O0bEMBI
3arOTOBKH.

Kpome TOro, macca INTaMIIOBaHHBIX ITOKOBOK OIPAHMYMBACTCS MOIIHOCTBIO 00O0PYIOBaHMUS,
00b19HO 310 10 100—200 K.

Iporiecc mMTaMITOBKY BBITOJTHSETCS B 3aBHCHMOCTH OT BHJIa TIOKOBKH, POJia MaTepraia M XapakTepa
TIPOM3BOZICTBA HA YCTAHOBKAX Pa3MYHOrO Buja. HamOoree mmpokoe pacripocTpaHeHHE TOJTydrIia
IIITAMIIOBKA Ha MOJIOTaX, IPEeccaxX, TOPH30HTAIBHO-KOBOYHBIX MAIlIMHAX, KOBOYHBIX WM POTAIlMOHHO-
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OOKMIMHBIX BTBIAX K PYTrOM 000pYI0BaHHH.

MoJ10THI IPEACTABISTIOT COOO0K MAIMHBI JMHAMUYSCKOTO ACHCTBHS Ha 00padaThIiBacMbIii METAJUT M YaIlle
BCEr0 XapakTePU3YIOTCS MacCOM MaJaloliX dYacTe; B OTACIBHBIX CIydasx UM IIPHUJIACTCS
JIOTOJIHATENBHOE YCKOPEHHE JaBiieHneM mapa wim Bosayxa (0,7—0,9 MH/M?). K MoMeHTy yiapHoro
Ne(OPMHUPOBAHUSI MOJIOTHl HAKATUIMBAIOT KHHETHUYCCKYIO SHEPTHIO TJIe M — Macca MaJarolIux
yacTed, Kr, v— JMHEWHAas CKOPOCTh IaJalolIMX YacTed B MOMEHT CONMPUKOCHOBEHHS C
ne(pOpPMUPYEMBIM TEIIOM, M/C.

J1JIs1 IpOM3BOJICTBA CPABHUTEIIBHO MEJIKMX MTOKOBOK ITHEBMATHICCKHE MOJIOTHI HMEIOT Maccy
nagaromux yacted 100—1000 kr, mist kpynHbIX — 10 30 T. MOJIOTBI MOTYT ITPOHU3BOJIUTE 0 55
ynapos/muH. [lITamMmmoBaHHbIe TOKOBKHM Ha MOJIOTax mpou3BoaaT maccoit 10 1000 kr, mpu 3ToM B
K2)KJIOM Py4Ybe IITAMITOBKY BBITTOJIHSIOT 32 2—4 yiapa.

20.3. Pa3HOBUIHOCTH ropsiyeii 00beMHOM IITAMIIOBKH

bonpmoe pasznoobpasue GopM m pa3MepoB INTAMIIOBAHHBIX 3arOTOBOK M MaTCPHAIIOB, W3
KOTOPBIX OHHU IITAMITYIOTCS, OOYCIIOBIMBAET PA3JIMYHBIEC CIIOCOOBI UX MOJYYCHHS B 3aBUCHMOCTH
OT THIIA IITAMIIOB, CITI0CO0A YCTAHOBKH B IIITaMIIe, BUJIAa TPUMEHSIEMOTO 000PYI0BAHHUS.

B 3aBucumoctu ot tumna mrammna ['OLL moapa3nenstoT Ha MTaMIIOBKY B OTKPBITHIX IITaMIIaX,
IITAMIIOBKY B 3aKPBITHIX IITAMITAX U B IIITAMIIAX JJIs1 BBIIABIMBAHIS.

[ITaMnoBka B OTKPBITHIX IITAMIAX XapaKTePU3yeTCS TEM, YTO IOJOCTh IITaMIia B
nporiecce aehopmMupoBanus HezamkayTa (puc. 20.2).

Pee. 20,2, TLTAMNOREA B OTKD TGN TITAMTIAN:

¢ ITAMANIIIGA CTAOAN; § — CTLOMA 00PaonaHuA TAVDRHIR, £ -— XOHEHaL CTRInA
WOTAMIWBEL, {— 2 — HOGHUAX H BCPAHXT MOMOBHML WTAMOA, § - HCKOOHAE 3ATO-
TORKE, § — J2¥oeHer]; J — 2y [EHHYHES KAKAEED

B teuenue Bcero npouecca geopMUpoBaHUs MEXY BEPXHUM U HIKHUM LITaMIIaMU
CYILIECTBYET IEPEMEHHBIN 3a30P, KOTOPBII MOCTENEHHO YMEHbIIAeTCA. B HEero BbI1aBIuBaeTcs
MeTau1, 00pa3yrolIHii o IepUMEeTpy OKOBKH 3ayceHerr (061oit). [Iponece aedhopmupoBanus
HCXOJHOM 3ar0TOBKH B OTKPBITOM ILLITAMIIE€ MOXKHO IIPEJICTABUTh

cienyomuM o0pa3oM. B HadanbHBIH MOMEHT NPUJIOKEHHUSI CHJIBI YacTh METaJIa BBITEKACT U3
MOJIOCTH PY4Ybsl B 3ayCEHEUHYIO KaHaBKy. OObeM Merailia, HaXOMAIIUWUCS B Pydbe IITaMIIA,
TakuM 00pa3oM, HE TOCTOSHEH; TP OOJBIIOM 3a30p€ MEXKAY 4YacTAIMU IITamIa METall
CPaBHUTEIBHO JIETKO BBITEKAET B 3ayCEHEIl, TaK KaK COMPOTHBJIECHUE TEUEHHUIO METajla 31eCh
MEHBIIIE, YEeM B TPYAHO 3alOJHAEMBIX yriax moJioctd Inrtamna. [lpuw manbHelimem
neOpMUPOBAHUM B PE3yJabTaTe CKATHUS 3ayCeHIld, YMEHBIIEHUS €ro BBICOTHI W 0Oojee
WHTEHCUBHOIO OXJIQXJICHUS, COPOTUBJICHNE TEUCHHUIO METAJVIa B 3ayCEHEUHYIO KaHABKY PE3KO
BO3pacTaeT, MOJOCTh INTaMIma Bce 0oJiee MPOYHO <«a3ammpaercs». [Ipu Bo3pactanum ycuius
METaJUl Y€ MPAKTHYECKH HE TEUeT B 3ayCEHEll, a 3allOJHAEeT BCe yribl mrTammna. Ecnu B
Ha4yaJIbHBIM MOMEHT N1e(OPMHUPOBAHUS CXEMa HANPSHKEHHOTO COCTOSIHHS XapaKTEepU30BaIach
KaK BCECTOPOHHEE C)KaThue C OOJIBIION CTENEeHbI0 HEPAaBHOMEPHOCTH CHJI 1O OCSAM, TO B
KOHEUHBII MOMEHT 3Ta cXeMa Bce 0oyiee TPHOIMKAET 10 BEIMYMHBI, HEOOXOIUMOH ISt
MOJTY9EeHHS Y€TKO 0(hOPMIICHHOM MOKOBKH. B mociemnnii MOMEHT MTPOUCXONUT TaK Ha3bIBaeMas
JOIITAMIIOBKa — BBITECHEHHWE HW30BbITKa METa/ula B 3ayCEHEUHYI0 KaHaBKY, TOCJIE 4ero o0e
MTOJIOBUHBI IIITAMIIA TPAKTUYECKUA CMBIKAFOTCSI.

[TokoBKHM mpocTOi KOH(DUTYpalIuK, HE UMEIOITUE OOJIBIION PA3HMIIBI TIONIEPEYHBIX CEUCHUHN
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110 JUTMHE (BBICOTE), OOBIYHO IITAMITYIOT HEIIOCPEACTBEHHO M3 MEPHBIX IIPOKATAHHBIX 3arOTOBOK
B IITaMIax C OJHOM IOJIOCThIO, T. €. B OJHO-PYYbeBBIX InTamIiax. [[OKOBKHM CIOXKHOMN
KoH(pHUTyparuu, TpeOyromue OONBIIOTO MepepaclpeeCHus MeTaula 3ar0TOBKH, IITaMIIOBATh
M3 3arOTOBOK ITOCTOSIHHOTO MPO(IIIS HEBO3MOKHO HIIM HEIICIIECOOOpPa3HO M3-3a HEIOIYCTHMO
OO0JIBIINX OTXOJIOB B 3ayCEHELl.

B »sTtoM ciaydae HeoOXOoAMMO NPHMEHSTH MPEABAPHTEIBHO MPO(PMIMPOBAHHYIO WU
(hacoHHYIO 3aroToBKYy, T. €. 3aroTOBKYy NpHOIM3UTh K (OpME IOKOBKH MPEKIE, YeM
MPOM3BOJNTh OKOHYATeNbHOE (opMooOpa3oBaHUE B IITAMIIOBOYHOM pydbe. Yamie Bcero
(hacOHHYIO 3arOTOBKY ITOJIY4alOT B 3arOTOBUTEILHBIX PYYbSIX MHOTOPYYbEBBIX IITAaMIIOB. I1pu
MITAMIIOBKE B KaXJIOM H3 PydbeB (hOpMa 3aroTOBKH IIOCTEIICHHO MPHOJIFKAeTCS K (opme
TTOKOBKH.

UeM ci10kHEE IIOKOBKA, TEM OOJIbIIE TpeOyeTcsa pyubeB. Kakaplii pydeli BBIIOJIHSIET CBOIO
dbyukmuio (puc. 20.3).

Pee. M0L3, Crazms NomrienHa CAokE0 DORMeKs & nickOTLEMNK Py Ax:
{ — eptuzagurenenal prwed; 2 — noxarank pyeah; 3 — OROTIEHOA pamei, 4 -
omnuaTens it pemel; § — ppbieanwd el

[IpaBuiabHBI BBIOOP KOMMYECTBA M (YHKIUH KaXJIOTO M3 PYYhEB HMEET OOJBIIOE
3HA4YCHUEC IIpU pa3pa60TKe TEXHOJIOTHMU IITAaMIIOBKH. OT 3TOro 3aBUCIT SKOHOMHYHOCTH M
MIPOU3BOAUTCIIBHOCTD IIPOLCCCA.

Hawusricmmas IIPOU3BOJUTCIIBHOCT U MAaKCHUMAJIBbHOC CHHIXCHHEC ce0eCTOMMOCTH TIOKOBOK
JOCTUTAIOTCA IIpU IIPUMCHCHHH B Kadc€CTBEC (baCOHI/IpOBaHHBIX 3aroTOBOK II€PHOIHYCCKOI'O
IIpokKara U BaJIbIIOBAaHHBIX 3arOTOBOK.

B stom cimydae (acoHHYIO 3arOTOBKY ITOJIy4arOT Ha CIEHUAIM3HPOBAHHOM O0OPYIO0BAHUU
(HpOKaTHBIC CTCHbI, KOBOYHBIC BaJIbllbl, MAalllMHBbI JJIA HOHCquHO'KHHHOBOﬁ BaJIbIIOBKH U T. )I),
a ITaMIIOBKY (KaK MpaBmIIO, 0€3 JOMOIHUTEIBHOIO HArpeBa) OCYIIECTBISIOT Ha INTAMIIOBOYHOM
000pyIOBaHUHU B OTHOPYYbEBBIX IITAMITAX.

B IponecCe MTaMIIOBKH IIOJIOCTh IITaMIla U3HAIIKMBACTCA, YTO IIPUBOJUT K YBCIMYCHUIO B
JOMMYCTUMBIX  IIpEAciiax o0beMa IOKOBOK. JIJ'I?I KOMIICHCAIlMMK  3TOI'0 YBCIINYCHUA
npeaycMaTrpuBacTCia AJOIIOJHHUTCIBHOC KOJIHYCCTBO MCETAlJIa B 3aroTOBKC. HOCKOHBKy BCCh
H3JIMIICK METallJla BeIAABJIMBACTCA B 3ayCCHCIL], TOYHOCTH IIOKOBOK, ITIOJIYYa€MbIX B OTKPBITBIX
mTaMiiax, HC 3aBHCUT OT TOYHOCTH HMCXOJHBIX 3aroTOBOK. Bce mokoBKH SBISIOTCS TOYHBIMH
OTHEYaTKaMU TMOJIOCTH IITaMIla, a O0BEM 3ayCceHIla MMEET MEPEMEHHYIO BEJIMYMHY. ITO
MO3BOJIACT HC MPCABABIIATH 0c000 BBEICOKHMX TpC6OBaHI/II\/’I K TOYHOCTHU MCXOAHBIX 3aroTOBOK IIO
Mmacce.

[IITamMmnoBKa B OTKPBITHIX INTaMmIiax HawOOJiee pacHpOCTpaHCHA B HACTOSIICE BpeMs M
IIPOU3BOIUTCA Ha Pa3IM4YHOM O60pynOBaHI/II/I: MOJIOTAax, MEXaHUYCCKUX npeccax,
TuapaBIMYCCKUX IIpECCax U T. IO. OTOT c1ocod NPUMCHAIOT JJIA IMOJYUYCHUSA IMPAKTUYCCKU BCEX
THUIIOB ITIOKOBOK.

IlITaMmmoBka B 3aKpBITHIX IITaMIax. B oTiaMdMe OT OTKPHITOM IITAMIIOBKH, XapaKTepPHOMU
0COOCHHOCTBHIO IITAMIOBKH B 3aKPBITHIX IITaMIIaxX SBJSETCS TO, YTO JehopMarius 3aroTOBKH
OCYIIECTBJISIETCS. B 3aKPBITOW MOJOCTH IITaMIla, BECh OOBEM MeETajla, HAXOJSIIETOCsS B
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MOJIOCTH IIITaMIIa, UAeT Ha (opMOooOpa3oBaHKE MTOKOBKU U e¢ (hOPMUPOBAHKE MPOUCXOAUT O€3
BBITEKAaHHUS METaJIa B 3ayCCHEIL.

3a30p MeXIy IMOJBIKHOW W HEMOABMKHOM YacTSIMH IITaMIla B Iporecce e(hopMHUPOBaHHS
MOCTOSIHHBIN M 04YeHb HeOoJbIoN (puc. 20.4).

// L~

b

\\

Pre, 20,4, llrannonka B 1aKpLITRX
EITAMITEX .
T, 2 —aepomas v HEGICHEA YCTH IITamMNa

OH CITY’)KUT TOJIBKO ISl CO3JIaHUS TIOJBIKHOCTH OJTHOM YaCTH IITaMIia OTHOCHTEIILHO APYroil 1
MIPEOXPAHSACT INTAMITBI OT 3aKIMHHMBaHHs. YUepe3 HEro B KOHIIE IITAMIIOBKH METaUT MOXKET
BBITEKaTh B TOPIIEBOM 3ayCEHEIl, YTO YKa3bIBACT HA M30BITOK METaJIa B 3arOTOBKE M BBI3BIBACT
OOJIBINME HAMPSDKSHMS B TIOJIOCTH W M3JTUIITHHI €€ U3HOC.

[Ipy mTamMmoBKke B 3aKPBITBIX IITAMIIAX OJIATONPUATHAS CXeMa HEPAaBHOMEPHOTO
BCECTOPOHHETO CXKaTHsl BO3HHMKACT B CaMOM HadJalie IPOIecca, YTO CIOCOOCTBYET JyUIIeMY
MPOSIBJICHUIO  IJIACTHYECKUX CBOMCTB MeTaJla. OJTO JaeT BO3MOXKHOCTH IITaMIIOBATh
MaJIOIJIACTHYHBIC CIIIABBI.

OObeMHas IMTaMITIOBKA B 3aKPBITHIX IITAMITAX SBIISICTCS MPOTPECCUBHBIM TEXHOJIOTHYECKUM
CIIOCOOOM IITAMITOBKH M UMEET PsiJ] MPEUMYIIECTB Mepe]] IITaMIIOBKOH B OTKPBITHIX IITaMIIax.
N3-3a oTCyTCTBHS 3ayceHIla SKOHOMHTCS METaJUI, JUKBHIUPYETCS MOTPEOHOCTh B Ipeccax
IITamIax Jyisi 00pe3KH 3ayceHIla, CHIDKACTCS TPYJOEMKOCTh W COKPAIIASTCS TEXHOJOTHUSCKUN
IIUKJI U3TOTOBJICHHS IOKOBOK. B HacTosiee BpeMs B aBTOMOOHMJIBHOM W TPAKTOPHOM ITPOMU3-
BOJICTBAX, OTJHMYAIOIIMXCSA  Hamboysiee  OTpaOOTAaHHOM  TEXHOJOTHEH,  KOd(DhUIHUECHT
MCI0JIb30BaHus MeTauia cocrapisieT 10 0,75—0,8. B 3akpbIThIX mITaMITax MOJy4arOT TMOKOBKH
0oJiee BBICOKOTO Ka4eCTBa, YeM B OTKPBITBIX, 3a CUET PAIMOHAIBHOTO PACIPEICIICHUS BOJIOKOH
MeTaJla, TUTABHO OOTEKAIIIMX KOHTYp IIOKOBKH, a TaKXke 3a cueT 0oJyiee paBHOMEPHOM
nedopmaruu MeTauia.

OjHAaKO MPH ITAaMIIOBKE B 3aKPBITHIX IITaMIIaX TPEOYIOTCSI 3arOTOBKH BBICOKOW TOYHOCTH,
TaK Kak 00beM 3arOTOBKH JIOJDKEH OBITh TOYHO PaBeH 00beMy MOKOBKH. [IpyM HemoctaTouHOM
00beMe 3aroTOBKU TOKOBKH OyAyT ¢ HEO(POPMIIEHHBIMH YIilaMH, a MPHU 3aBBIIIIEHHOM O00BbeMe
3aroTOBOK TOJIIIMHA TIOKOBOK OyneT OoJblle 33aqaHHOW depTe:koM. [lomydeHue Ke TOYHBIX
3aroTOBOK TPeOyeT MOTIOHUTEIBHBIX 3aTpaT Ha MX KATMOPOBKY M HA CHCIUAIBHBIA HHCTPYMEHT
JUISL OTPE3KHU.

Cpok CiTyXOBbI 3aKpPBITBIX IIITAMIIOB MEHBIIE, YeM OTKPBITHIX, TaK KaK B HUX Pa3BHBAIOTCS
0oJiee BBICOKHE JaBJICHUS. 3aKPBITHIC IITAMITBI 9aCTO BBIXOJAT M3 CTPOS M3-3a MOJOMOK, a He U3-
3a CTUPAHMSI WU CMSITHSI, KaK OTKPBITHIC I TAMIIBI.

IITaMnoBKa BbIIABJIUBAHHEM XapaKTCPU3YETCS TEM, UTO MO3BOJISICT H3TOTOBIIATH TOKOBKH
W3 MaJIOIUTACTUYHBIX BBICOKOIIPOYHBIX CTaJIe M MPOU3BOAMTH OOpaOOTKY C HAUMEHBIIUMHU
OTXOJIaMH MeTala. B 3aBHCHMOCTH OT HaIlpaBJICHUS TCUCHHUS METalIa Pa3InYyaroT MTaMIIOBKY
OpSIMBIM  BBIJABIMBAHMEM M IITAMIIOBKY MpOIIMBKOW (0OparHOe BblIaBikBaHue). [Ipu mpsmMom
BBIJIABIIIBAHNY TCUCHHE METAJUIA IPOHCXOIUT B HAIPABJICHWH JIBIDKSHHS ITyaHCcOHA. [Ipu oOparHOM
BBIJIABJIMBAHMM META/UT T€YET B HANpaBJICHWH, OOpPaTHOM JBIKEHUIO ITyaHCoHa. Ha mpakrtrke Taroke
MPUMEHSIFOT KOMOWHHPOBAHHOE BBIJIABIIMBAHUE, TIPH KOTOPOM METAUT T€YeT B TPSIMOM M OOpaTHOM
Hanpasieansx (puc.20.5, a).
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Puc. 20.5. lIltamMnoBka BbIAABIUBAHUEM . @ — KOMOMHHUpOBaHHas (7 — oOparHoe, 2 — npsMoe
BBIJIABJIMBAHKE); 6 — B Pa3bEMHBIX MATPHUIIAX

Ecrm medopmaniu moBepraroT 3arotoBKy C IMPEIBAPUTENIBHO TMPOIIUTHIM OTBEPCTHEM, TO
TMoTy4aeMasi IOKOBKA UMEET BH/I TTOJIOTO CTEPKHSI C TPOIIUTHIM yTOJIICHHEM. B atom
clTydae TakKe pa3InyaroT IpsIMOM M OOpaTHEIN IPOLIECC BhIIABIMBAHIS.

[IpssMBbIM  BBIIABTIMBAHMEM W3TOTOBJSIIOT CTEP)KHEBBIE TIOKOBKHM, WMEIOIIME HA OJHOM KOHIIE
yroummenue (Harmpumep, Kiamnans). [1ItammoBKo#t mpommBKoi (00paTHOE BBIIABINBAHNE) H3TOTOBIISIIOT
TOKOBKM THIIA TOJIBIX CTaKaHOB, T'HJIB3, PA3IMYHBIX BTYIOK W T. 1. lllTamMrmoBka BbIaBivBaHHMEM
MIPOM3BOAMTCS TIPEUMYIIECTBEHHO HA THIPABIMYECKUX TIPECCcaX, KPHUBOIIMIHBIX TMpeccax |
TOPU30HTATEHO-KOBOYHBIX MAIIIMHAX.

[IIrammoBKka B IITammax ¢ pasbeMHBIMH Marpunamu (puc. 20.5, 6) sBisercs IaibHEHIM
pPa3BUTHEM METOJ[A INTAMIIOBKM B 3aKPBITHIX INTamIax. Hamwume JOMOJHUTENFHOTO pazbeMa JIaeT
BO3MOKHOCTh TTOJTYYHTh 32 OJIMH TIEPEXOJ] MTOKOBKHA OY€Hb CJIOKHOU (DOPMBI, HAIIPUMEDP C BBICTYIAMH
WM OTBEPCTUSIMU B OOKOBBIX CTEHKAX, HE BHITIOJHIMBIMHU TIPH IIITAMITIOBKE B IIEJIbHOM Matpwie. [Ipume-
HEHHE PAa3hEMHBIX MATPHIl 3HAYMTEIILHO YBEJIMUHMBACT PazHOOOpasue (hopM TMOKOBOK, JIOMYCKAFOIINX
IITAMITOBKY B 3aKPBITBIX IIITAMIIaX 0e3 YIpoIeHus ()opMbI MOKOBOK Ha3HAYCHUEM HAITyCKOB.

[TamIiel ¢ pa3beMHBIME MaTPUIIAMH BBITIONHSIOTCS KaK C BEPTUKAIHLHOW, TaK ¥ TOPU3OHTAIHHON
IUIOCKOCTSAMH  pazbeMa. [Ipu IITaMIoBKE B Pa3heMHBIX MaTpHIlaX HEOOXOJUMO TMPUMEHSTh
TIPHUCTIOCOOJICHNS, aBTOMATIBHMPYIOIIME 3aXKMM W pasbeM Marpuil. Eme Oomee memecooOpasHO
MPUMEHSITD CIICIUATBHBIC MAIMHBI (IIPECCHI ¢ HECKOJILKMMH TTOI3YHAMH, TIPECCHI IBOMHOTO JICHCTBUS U
T. 11.). Hanbosiee pactipocTpaHeHHBIM BHJIOM IIITAMIIOBKH B Pa3beMHBIX MATPHIIAX SBJISCTCS [IITAMITOBKA
Ha TOPHU3OHTAILHO-KOBOYHBLIX MammHax (I’KM), mexaHu3m KOTOpbIX OOecrieurBaeT Kak pabouee
JIBIKEHHE ITyaHCOHA, TaK ¥ Pa3beM MaTPHIL.

[Tpu mrramnoBke Ha ['KM B KauecTBe 3aroTOBOK HCIIOJIB3YIOT KPYIJIBIN MPOKAT JIMOO TPYOHI.
OcuoBHas mpoxykius ' KM — crepkHH C yTONIIIEHHEM Ha KOHIIAX THITA KJIAaHOB, BTYJIOK,
kojern u ap. llramm cocrout m3 Tpex dyacreit (puc. 20.6): HEMOIBIKHON YacTd Marpuilbl 4,
3aKPEIUICHHOW B CTAaHMHE MAITMHBI 3, TIOJBIKHOW YacTu 6 u myancona 1. [lItammyemsrii mpyTok 5
TI0JIaeTCsI 70 yropa 2 U 3aKUMAaeTCsT MaTPUIIaMH, UMEIOIIIUMH TIOJIOCTH, TTPYA CMBIKAaHHH 00pa3yroIye
KaJmuop, KOH(PHUTyparusi KOTOPOro COOTBETCTBYET (JopMe TOTydaeMOi TTIOKOBKH.

Puc. 20.6. CxeMa mITaMIOBKH Ha TOPU30HTAILHO-KOBOYHBIX MaIlIMHax: 1 — IyaHCOH; 2 —
yrop; 3 — cTaHuHa; 4 — HETO/IBIDKHAS MaTPHIIA; S — 3aroToBKa; 6 — IMOABMIKHAS MaTpPHIIA
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JBIDKCHHHM IIyaHCOHA MeETall B Marpulle Je(OpPMHUPYETCS M 3aloJIHIET I0JOCTh MAaTpPHIIEL.
Bnaronapﬂ pasbEMy MaATpHllbl IIPUITYCKM MW YKIOHBI INTAMIIOBKM MHWHHUMAJIbHblI HJIKM BOBCE
oTcyrcTBYIOT. [Ipr 0OpaTHOM XOJ€ MaIlMHBI ITyaHCOH W TIOABIKHAs MaTpHUIlAa BO3BPAIIAIOTCS B
HCXO/THOE TIOJIOKEHUE U TIOKOBKA M3BJICKACTCS U3 PYUbSI.

IIItamnoBka Ha I'KM MOKET OCYIIECTBIISTHCS B OJJHOM HJIM HECKOJIBKHUX PYUBSX, OCH KOTOPBIX
pacIronararoTcs 1o BEPTHUKAIN OJTHA HaJT JIPYrOM.

[IpermymrectBa mramnoBkd Ha ['KM mepen mraMnoBkod B HEpa3beMHBIX MaTpuiiax — Oosiee
BBICOKas! TIPOM3BOAMTEILHOCTh, BO3MOYKHOCTh TOJTYYEHHUST TIOKOBOK 0€3 3ayCEHIIEB, C MUHUMAJIHHBIMU
MIPUITYCKaMH Ha 00paboTKY, TOTydeHHE TIOKOBOK THITA KOJISI] TIOIIMITHAKOB 0e3 0TX0/la Marepraia Ha
00pa3oBaHKe OTBEPCTHS, YIIYUIICHAE CTPYKTYPhI METaJlIa.

20.4. CnienuajJn3upoBaHHbIE METOAbI NMOJYYEeHUsI IOKOBOK

Hcrions30BaHre MAIIMH Y3KOrO HA3HAYEHHS BMECTO YHHUBEPCATIBHBIX MO3BOJISIET BO MHOIUX CIIydastx
OCYILIECTBUTh HanOOJIee OINTUMAIBHBIE CIIOCOOBI INTAMIIOBKA C TOYKH 3PEHHS ITOOTOBOIHMTEILHOCTH,
OTXO0J]a METaUla, KOJMYECTBA IEPEXOJIOB, KAYeCTBA IOKOBOK M T. IL II03TOMY ClElMaM3UpOBaHHbIE
TIPOLIECCHI IITAMITOBKH IOJIYYarOT Bee GOJIbIIEE PacpOCTPaHEHHE.

[lITaMIOBKa Ha KOBOYHBIX BAJbLAX IPEICTABISIET COOOM IMPOIOJIBHYIO MPOKATKY HArpeToi
3aIOTOBKM MEXKJy [BYMS BAIKAMKM, HA KOTOPbIX 3aKPEIUBIFOTCS CEKTOPHBIE IITAMIIBL,  MMEFOIIIE
COOTBETCTBYOIIHE PydbH (puc. 20.7).

Puc. 20.7. IllTammoBKa Ha KOBOYHBIX Bajblax. 1 — 3aroToBKa; 2 — CEKTOPHBIE IITAMIIEL, 3 — BaJKH, 4 —
[IOKOBKa

CyI1ecTBEHHBIM  TIPEUMYITIECTBOM BAVIBIIOBKH, KAK 1 BOOOILIE IPOKATKH, SIBJISETCSA TO, YTO IIOBEPXHOCTH
KOHTAKTA 3aroTOBKH C pabOuMMU PYdYbsSMH B KOKIBIM MOMCHT J1e(hOPMHUPOBAHNS COCTABIISICT MATYFO YacTh
TIOJTHOM TIOBEPXHOCTH 3arOTOBKH. B pe3yibrare 3r1oro Tpedyercs 3HAYMTEIHHO MEHBINESS YCHIIAE IS
nehopMalyH, YeM TIPH IITAMIIOBKE Ha ITpeccax M MOJIOTAX.

TeXHOJIOrMUeCKHi TPOIIeCC IITAMIIOBKH Ha BaTbIIax 3aKITFOYACTCS B CIICIYIOIIEM: HArperas 3aro-
TOBKA, CEUYCHHE KOTOPOH HECKOJIFKO OOJIBIIE MAaKCUMAIBHOTO CEUCHHS ITOKOBKH, TIPOITYCKACTCS
MEOXITy IByMsS BaJKamd. Ha MX OKPYKHOCTH 3aKpeIUICHBI CMCHHBIC CEKTOPBI-IITAMITBI, JUAMETPBI
KOTOPBIX OOJIbIIIE JMamMeTpa Baika. MeTtawt AeopMUpyeTCs, TeUeT BJIOJIbL M TOINIEPEK Pydbsi CEKTOpa-
IITaMIIa, 3arioJIHACT €ro, a W3JHMIICK MeTa/lla BhITEKAaeT 3a MpPEIeibl pydbs, oOpasys ooOsoil. B
JajbHeHIeM o0moi oOpe3aror. [Iporiecce mramMrioBk B BajibliaX OCYIIECTBIIICTCS 3a OAWH IIPOXOJ U
MOXKET OBITh HEIPEPBIBHBIM TP 3aMKHYTOM PACIIOJIO’KEHIN CEKTOPHBIX ITAMITOB TIO BCSH OKPY)KHOCTH
BAIKOB WM TPHU HENPEPHIBHOM TOaue HArpeTod TMOJIOCHl. JTO OO0ECTIeUMBACT CYIIECTBEHHO OoJiee
BBICOKYIO TIPOM3BOAMTEIIBFHOCTD TIPOIIECCa 10 CPaBHEHUIO CO INTAMITOBKOM HAa MOJIOTax WIIM Ipeccax.
Kpome Toro, KOBOYHBIC BIbIBI OTHOCHUTEIILHO TPOCTHI 1O KOHCTPYKIMH, OSCITyMHBI B paboTe, WX
MO>KHO HCIIOJTB30BaTh B MEXaHM3UPOBAHHBIX TIOTOYHBIX JIMHUSX, YTO O0YCIIOBHIIO IIIMPOKOE TIPUMEHEHHE
9TOro IIponecca B Ky3HCHHO-IITAMIIOBOYHBIX II€XaX.

CyImHOCTE TpoIecca BRICOKOCKOPOCTHOW IITAMIIOBKH 3aKJIIOYACTCS B TOM, YTO JehopMariis
MeTalIa B INTAMITC MPOTEKACT B YCIOBHSX TMPHJIOXKCHHS MOIIHOTO HMMITYJIbCAa SHEPrud B HEOOJBITION
MIPOMEKYTOK BPEMEHH. JTO CO3MAeTCs IyTeM MPHMEHEHHS B pabodeM IMIMHIPE Ta30B WIH JKUIKOCTH
BBICOKOTO JIABJICHUS M COKPAIIICHHUS ITyTH TIEPEMEICHHS pa00odYMX YacTeid INTaMIIOB JIO MOMEHTa UX
CoyapeHusl.

IIpy BBICOKOCKOPOCTHOM INTAMITOBKE IUIACTUYHOCTh METa/UIa YBEIMUHMBACTCS, YTO OOBSICHSICTCS
BBICOKOHM CKOPOCTBIO JIe(hopMaIiK U TIOITOMY HEOOJBIIIMMY TEIUIOBBIMH TIOTEPSIME HArPETOi 3ar0TOBKH
13-32 OTHOCHTEJILHO HEOOJIBIIION0 BPEMEHN KOHTAKTa ee ¢ pabovei JacThio mramiia. HesHaunTenbHbIe
TOTEPH TEIUIOTHI B TIporiecce AeopMalii MeTala, CIIOCOOCTBYFOIIHE COXPAHCHHIO IUIACTUYHOCTH,
MO3BOJIIFOT ~ M3TOTORJIATH  TIOKOBKM M3 YIVICPOIWICTBIX,  JICTUPOBAHHBIX,  KAPOIPOYHBIX W
TpynHOIehOpMHUpPYeMBbIX cTasiel. [Ipu 3ToM criocoOe IMITaMITOBKH TEIIOTa, BBIICIICHHAS B PE3YJIbTare
TUTACTUYECKOM JiepopMariim, He paccerBaeTCs B IIITAMITOBOM IPOCTPAHCTBE, a TIOBBIIIACT TEMIIepaTypy
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3arOTOBKH.

ITockoMNbKy Py IIITAaMIIOBKE BO3MOYKHO BBIJICIICHHE OOJIBIIIOTO KOJIMYECTBA TEIUIOTHI, TO BO3HUKACT
OITACHOCTB TTEPErpeBa METALIA, OCOOCHHO B TOHKUX CEUCHUSIX ITOKOBKH. [103TOMY, Kak MMpaBmIiio, HarpeB
3arotoBoK Ipom3BouTes Ha 80— 150 °C Hrpke, yeM IpH 0OBIUHBIX CIIOC00aX INTaMITOBKHU. [Ipu 3ToM
croco0 Harpe Ba JODKEH OOECIIeUrBaTh MHHMMAIBHOE OKAIMHOOOPA30BAHME, TIOCKOJIBKY IIPU BBICO-
KOCKOPOCTHOH IIITAMITOBKE OKATTMHA MOYKET TITyOOKO BIIARITHBATECS B TIOKOBKY.

B03MOYKHOCTh IITAMITOBKM HEKOTOPBIX BBICOKOJICTHPOBAHHBIX CTATCH M CIUIABOB HA OCHOBE
I[BETHBIX METAUIOB (HAIIPUMED, KAPOIPOYHBIE CTaaM, THTAHOBBIC CIUIABBI M JIpP.) CYIIECTBEHHO
OTPaHMIMBACTCS M3-32 BHICOKOTO COTPOTUBJICHUS Je(hOPMUPOBAHKIO, HU3KOHM TUIACTUYHOCTH M Y3KOTO
TEeMIIepaTypHOTO MHTEpBajIa 00paOdOTKH JTaBjicHHeM. JIHs TIOITy9IeHH s TIOKOBOK M3 TIOJI00HBIX MaTepHaIOB
4acTO MPUMEHSIOT H30TSPMHUYCCKYIO MTAaMITOBKY. [Ipr 3TOM criocobe ropsiaee aeopMUpoBaHHe
3arOTOBKH OCYIIECTBIIETCS B H30TEPMUYECKIX YCIIOBHSIX, KOTJIA IITAMITBI M OKPYXKAIOIIEe UX padodee
MIPOCTPAHCTBO HArPETHI JIO TEMIIepaTyphl, OJIM3KOM K TeMIieparype Aedopmarmn crutaBa. Hampumep, mpu
IITAMIIOBKE B INTaMiax u3 »xaporpouHoro civiaBa JKC6-K Temmeparypa HarpeBa HWHCTPyMEHTa H
paboueii 30HbI coctaiser 10 900 °C. Harpep obecrieunBaeTCst MHIyKTOPAaMH, BCTPOSHHBIME B padoyeM
MPOCTPAHCTBE Ipecca.

M3oTepmirdeckasi IITAMITOBKA 3HAYUTEIIHHO TTOBBIIIACT TUIACTUYHOCTD JIShOPMUPYEMOTO CIUIABa U
CHIDKACT CONPOTHBIICHUE JedopMupoBaHuio. 3oTepMuyecKas INTAMIIOBKA OCYIIECTBISCTCS B
OCHOBHOM Ha IIpeccax IIpH HEOOJBIINX CKOPOCTAX AehopMariy, YToOkI 00ECIICUNTh Hau0oJIee OJIHOE
MPOTEKAHKE Pa3y-IPOYHSIOIINX IPOIIECCOB BO BpeMs AePOpPMUPOBAHUS.

20.5. UcxonHblie MaTepuaibl M pe3Ka 3aroTOBOK /1151
MAIINHOCTPOUTEIbHBIX OKOBOK

B kagectBe 3arotoBok g 'Ol B momaBisiromieM OOJBIMHCTBE CITy9acB MPHMEHSIOT ITPOKAT
KPYIJIOT0, KBa/IpaTHOTO M IMPSIMOYTOJILHOTO TPODIIICH.

MepHbIe 3arOTOBKH OTPE3ar0T OT MPYTKA PA3IMUHBIMU CITIOCO0AMH: PE3KOI Ha MPECcC-HOKHUIAX U
KPUBOIIUITHBIX TIPECCaXx, JIOMKOH B XJIaJJHOJIOMAX, PE3KOH MWIaMH 1 abpa3uBaMu U Jp.

OT1pe3ka Ha NMPECC-HOKHMIIAX SBJIICTCS OCHOBHEIM CIIOCOOOM PE3KM IIPYTKOB JUaMeTpoM oT 15 jo
300 MM u3 cranm. JIOMKy Ha IITamMITax-XJ1aJHOJIOMax IPAMEHSTIOT TSl Pa3JICIIKH CTATBHBIX IPYTKOB U3
KpymHbIX Tipodrield ramerpoM 100—150 MM, B 0cOOCHHOCTH M3 JIeTUpOBaHHON cTaym. OOBIYHO Ha
JIOMaeMOM IIPYTKE ra30BOi pe3Kkoi Aenaror Haape3 riyouHoi 10—15 mm. [IpyToK ycTaHaBIMBAKOT Ha
HOK TakkuM 00pa3oM, YTOOBI HAIPE3 HAXOIWICS TPSMO IPOTHB HOXKA. [Ipy HakaThy BCIICICTBHC
BBICOKOW KOHIICHTpAIIMM HANPsDKCHW B MECTE Hajpe3a TOSBIISACTCS TPEIIMHA M ITPOWCXOJUT
XPYIKHU U3JI0M.

Pe3ky Ha mmnax mpenMyIIeCTBEHHO IPUMEHSIOT IS Pa3ICiKU MPYTKOB M3 IIBETHLIX METAJIOB U
CIUIaBOB, KOTOPBIE HENB3s pe3aTh Ha MPECC-HOXKHHIIAX BCIICACTBHE MOJIYYAFOMIEIOCS OOJIBIIIEro
CMATHSL U TPEILUH, a TAKKEe U Pa3[CKd MPYTKOB W3 BBICOKOYIJICPOJMCTBIX MM JICTHPOBAHHBIX
CTaJIEU U JUIsl KPYITHBIX
npodrieii TpoKaTa W3 KOHCTPYKIMOHHBIX CTayiel. Pe3ky aOpaswBamy HCIIOIB3YIOT TIPH Pa3fIeiKe
BBICOKOJIETHPOBAHHBIX XPYITKHUX CTajICH U CILIABOB.

TouHOCTH OTpe3acMOii JUTMHBI 3aBHCHUT OT crioco0a pesku u kojeonercs ot 0,2 1o 8 mm. Tak, mpu
pe3Ke Ha XJIQJHOJIOME OTKJIOHCHHE paBHO 3—8 MM, Ha Ipecc-HOKHUIaX 3—5 Mm. M3 atoro cremyer,
YTO TOTy4dEeHHUE 3aroToBOK 1 3akpeIToi ['OILl aTuMu croco6aMu HEprUEMIIEMO.

Xopoliee KauecTBO W MapaUIeIIbHOCTh TOPIIOB 3arOTOBKU OOCCITCUMBAIOTCS TIPH PE3KEe Ha IHJIaX,
AHOJTHO-MECXaHWYCCKMX WJIM 3JICKTPOMCKPOBBIX CTaHKaX. OHAKO 3TH CHOCOOBI PE3KH 3ar0TOBOK
MaJIONPOU3BOIUTEIIBHDI 110 CPABHECHUIO C ITPOU3BOANTECIIBHOCTBIO IITAMIIOBOYHBIX MEXaHU3MOB.

20.6. Otnenounbie onepanuu nocjie 'OL

Orreparwy, KOTOPBIE IPOU3BOJIAT C MOKOBKOM TIOCIIE €€ IITAMITOBKH, HA3bIBAIOT OMOETIOYHbIMU.

Obpeska 3ayceHIja M NpOoOMBKA [IJIEHOK. BCe MOKOBKH, IITAMITyEMbIE B OTKPBITHIX
IIITaMITaX, IMEIOT 3ayCEHEIl B MOJIOCTH Pa3bheMa, a B TIOKOBKAX C BHYTPEHHUMH OTBEPCTHSMHU OCTAFOTCS
TUICHKH MEKTy HAMETKAMUL.

OO0pe3Ky 3ayCeHIICB M MPOOMBKY OTBEPCTHI BBITOJHSIOT Ha OOPE3HBIX KPHBOIIMITHBIX TPECcCax B
XOJIOHOM WJIM HAarpeToM COCTOSIHMM. B mociemHeM ciydae omepaiy OOpe3KH H - IPOOHMBKH
BBITIOJTHSIOTCSI CPa3y IOCIIE ITAMITOBKHL.
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paBka WmWTAMIOBAHHEIX [TOKOBOK TPOU3BOJNATCSA C IEIBIO YCTPAHSHUS WUCKPUBICHUMA
OCel M MICKKEHUS TIOTIEPEUHBIX CEUCHUIA, TIOJTYJAFOIIUXCS TIPU M3BJICUYCHHUH TIOKOBOK U3 IIITAMIIA, TIOCIIe
00pe3KH 3ayceHIia ¥ TepMUUIecKOi 00paboTku. [ IpaBka MPOM3BOAUTCS B XOJIOAHOM WA TOPSTYEM COCTOSIHAN
B IIITaMITaX, Pydbd KOTOPBIX COOTBETCTBYIOT KOH(DHI'YPAITH XOJIOTHOM FUTH TOPSTICH MTOKOBKH.

Tepmmuueckass o06paboTka MNOKOBOK B 3HAUUTEIBHOW MEpE OINPEEIsieT MEXaHMYECKUE
CBOMCTBA M3/ICIMI 1 BIMSCT Ha IMOCIICAYIOITYI0 MEXaHHUECKYIO 00paboTKy pe3anreM. [IpomsBoauTes st
BBIPaBHUBAHMS HEOJHOPOJHOCTH BEIIMUMHBI 3€PHA, M3MEJIBYCHUS 3€PEH, CHATHSA OCTATOYHBIX
HAIPSDKSHUH, TIOBBIIICHYS IIACTHIHOCTH U BSI3KOCTH, CHYDKEHHSI TBEP/IOCTH MOKOBOK. Hanbosee gacto
MIPUMEHSIOT HOPMAaJIU3AIMIO U OT)KHT IIOKOBOK.

OumcrTka M[OKOBOK OT OKAJIMHE TIPOU3BOJAUTCS IS OOJCTYCHUS YCIOBUHA pabOTHI
POKYIIEr0 MHCTPYMEHTA TIpH TOCISAYIOIeH MEXaHHJecKOM 00paboTKe, a Talke Ui OOJIerdeHHS
KOHTPOJISI [IOBEPXHOCTH TIOKOBOK.

[Ipu ouncTKe MOKOBOK BO BPAITIAFOIIMXCS TATTOBOYHBIX OapabaHax IMOKOBKH, 3arpy>KeHHBIC B OapabaH co
CTATBHBIMA 3BE3/I0UKAMH, TPYTCS M YIAPSFOTCS APYT O JIPYra M O 3BE3/IOUKH. DTUM CITOCOOOM OYHITIAFOT
TIOKOBKH ITPOCTOH (POpMBI M HEOOIIBIION Macchl (10 6 kr). IIpu qpoOecTpyiHO OYMCTKE APOOL pasMepOM
1—3 MM ¢ GOIBIIO CKOPOCTHEO CKATHIM BO3IYXOM IIOJAETCS HA IIOKOBKH OOJIBIIION Macchl (ostee O Kr).

OumcTka TpasBJieHMeM B BOIAHBIX pacTBopax Kucior (5—18%-uas H,0; wm HCI),
Harpetbix 710 40—60 °C, npumeHseTcst 11 KPYIHBIX U CJIOXKHBIX ITOKOBOK.

KanmbpoBka MNOKOBOK TPOU3BOIAWTCS C IEIBbI0 MOBBIMICHUS TOYHOCTH Pa3MEpOB BCEH
MOKOBKH (00OBEMHAst KaanOpOBKa) WM €€ OTHCIBHBIX YYacTKOB (IUIOCKOCTHAS WM YEKaHKa).
[TmockocTHAsT KaTMOpPOBKA TPOM3BOJUATCS B XOJIOJJHOM COCTOSIHHMM Ha CIICIUATBHBIX KPUBOIIUITHO-
PBIU@KHBIX TIpeccax ¢ HeOombimoi crernenpio nedopmammm (5—10%). TouHOCT BEpPTHKAIBHBIX
pa3MepoB Ha KaJIMOPOBAHHBIX ydacTKax moydaercs B mpeaenax ot 0,1 1o 0,25 mm.

O6reMHass KaauMbpoBKa TPOU3BOIAUTCS KaK B XOJIOJHOM, TaK M TOPSYEM COCTOSIHAM B
TIITAMITaX C PyIbsIMH, COOTBETCTBYIOIIMMI KOH(DHTYpaITHH TIOKOBKHL.

20.7. OcHOBHBI€ TaNbl TEXHOJIOTHYECKOT0 Mpoliecca ropsiyeii 00beMHOii
IITAMIIOBKH

[Tpu pazpaboTKe TEXHOJIOrMIECKOTO MPOIecca 00bEMHOM IIITAMITOBKH OTITPABHBIM ITyHKTOM SIBJISIETCSI
MIPOEKTUPOBAHNUE YePTEXKa TOKOBKH, KOTOPBIM COCTaBSIIOT HA OCHOBAaHMM depTexka netam. Ot
MPaBWIGHON Pa3pabOTK YepTeXka TIOKOBKM 3aBHCHT CJIOKHOCTh, 4 HMHOTJIA M BO3MOYKHOCTH €€
n3roropiieHus. [IpuHsATa Takas mocCiieI0BaTEIHbHOCTD:

1) BBIOOP IIIOCKOCTH pa3beMa;

2) Ha3HAYEHHE IIPUITYCKOB, JOITYCKOB M HAITYCKOB,

3) ompe/IeNieH e IITAMIIOBOYHBIX YKIIOHOB;

4) onpeierieHIE PaiyCOB 3aKPYITICHHS,

5) B NOKOBKAx ¢ OTBEPCTUSIMH KOHCTPYHPYIOT HAMETKY ITOJI ITPOIIIMBKY;

6) KOHCTPYMPOBAHKE ILNTAMIIOB C YIETOM PACIIOIOXKEHHS BOJIOKOH B TOKOBKE, IMPHEMOB M yI00CTB
IITAMITOBKH, PACIIOJIOXKEHHs 0a3 TIOCTIEAYIOIeH MEXaHMIECKO 00pabOTKH U T. II.

Tlosepxnocmobio pazvema HA3BIBACTCSI TIOBEPXHOCTD, 10 KOTOPOW IITAMITHl CONMPHKACAIOTC MEKITY
co0oit. [Tpr OTKPBITOM IMITAMIIOBKE TIOBEPXHOCTh Pa3beéMa BHIOMPAIOT B BHJIE TNIOCKOCTH MIIM COYCTAHMS
IUTIOCKOCTEM TaK, YTOOBI IOKOBKA CBOOOIHO BBIHMMAiAch W3 IIramiia. JKemarensHO, 4T00bI IUIOCKOCTH
pa3beMa COBIIAJANA C JABYMS HAWOOJBIIMMH Ta0apUTHBEIMM pa3MepaMu JeTand. Torjga TpeTwuid
HaMMEHBIIMIA Ta0apUTHBIA pasMep OyzeT BbICOTOM Actamd. Ilpy 3TOM TOJNOCTh ImTamiia OyzieT MMETh
HAMMEHBIIYFO TIIYOMHY W HAWOOJIBIIYIO IMPUHY W JUTHHY, YTO OOSCIICUMBACT €r0 IPOYHOCTH, JISTKOCTh
M3TOTORJICHUS M JIETKUIA BbIEM TIOKOBKH. JIyisi BOSMOYKHOCTH KOHTPOJIS C/IBUTA MEKITY BEPXHUM M HIDKHAM
[ITaMITaMH HEOOXO0/IMMO, YTOOBI TTIOCKOCTh Pa3heMa IMepecekaria BEPTUKAILHYEO IIOBEPXHOCTH MTOKOBKHL.

YcraHoB€HHE TPUITYCKOB, JIONYCKOB M HAIYCKOB HEOOXO/MMO, TaK KakK INTAMIIOBKOW HEJB3sI
MOJTYYUTh AOCOJFOTHO TOYHBIC TOKOBKH. [IpHmycku BKIOYAIOT Ae()DEKTHBHBIA CIIOH METaia,
BMSTHHBI OT OKaJMHBI, HCKPHMBJICHHE IIOKOBKH, OOC3YIJIEPOKCHHBIM CIOH M T. A. DTOT
nedeKTHBINA CIIOH yIaIsieTCsl IPH MEXaHUYECKOM 00paboTKe.

JIOIyCKM YYHTHIBAIOT HEIOINTAMIIOBKY IOKOBKHM II0 BBICOTE, HM3HOC PyYbsl IITAMIIOB,
BO3MOJKHBIN CABUT IIITAMIIOB U APYT'HE (PaKTOPHI.

[Ipunycku m momycku mpu oobemMHON mTamioBke HazHadaroT nmo ['OCTy. Benmwmuwmasr nx
3aBHCAT OT Ta0apuTOB U MacChl TOKOBKH, OT BHJa 000PYyI0BaHUS, TPEOYyEeMO#l IIEpPOX0OBATOCTH
MTOBEPXHOCTH.

WNuorma ans ympoineHus (HOpPMBI MOKOBKH M TEXHOJOTHU €€ M3TOTOBJICHUS Ha IOKOBKY
HA3HAYAIOT HAIyCKU. B 4aCTHOCTH, yCTaHABIMBAIOT HAITYCK HA OTBEPCTHUS P TUAMETPE MECHEe
30 MM, Tak KaK CTOMKOCThH BBICTYIIOB IIITaMIIa JUISA MOJyYEHUSI BHIEMKH B TIOKOBKE JTHAMETPOM
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Menee 30 MM Oyaer odeHb Maya. K TEXHOJOTHMUYECKAM HAITyCKaM OTHOCSTCS TaKkKe
IITAMIIOBOYHBIE YKJIOHBI, IIIMIOHOYHBIEC KAHABKU U JIP.

[IITaMIOBOYHBIEC YKJIOHBI HEOOXOAMMBI JJIsi OOJIETUEHHUs 3alOJHEHHs IMOJIOCTH IITamia
METaJUIOM W M3BJICUCHUS W3 Hee MOKOBKH. IIITaMImOBOYHBIE YKIOHBI YCTAHABIMBAIOTCS CBEPX
MPUIYCKa U Ha3HAYAIOTCS HA BCE BEPTUKAIBHBIC TIOBEPXHOCTH MOKOBKHU, MEPICHIAUKYISIPHBIC
IJIOCKOCTH pazbeMa. Pas3nmuyaioT HapyKHble W BHYTPEHHHE IITAMIIOBOYHBIC YKJIOHBHI.
HapyxHble IITAMIIOBOYHBIC YKJIOHBI B OOJILITUHCTBE CIYy4acB COCTABISAIOT S5—/°, BHYTPCHHHE
7—10°. VX BelMuYMHA 3aBHCHT OT OTHOIICHMS TJYOHMHBI IOJOCTH K €€ LIMPHHE, Marepuaia
MMOKOBKH, CMa3KH IITAMIIOB, HATMYMS BRITAIKHBATENICH U APYTrUX (haKTOPOB.

Bce mepecekarommuecs MOBEPXHOCTH TOKOBKH COMPSTAOTCS IO paauycaM, KOTOpbIS
HEOOXOOUMBI I JIYYIIErO 3alojHEHUs TMIOJOCTH INTaMIla W TPEAOXPAaHEHHS €ro OoT
MIPEXKACBPEMEHHON MOJIOMKH, YMEHBIIICHUsI KOHIICHTPALUM HaIpshDKEHUN B mTamie. Paanyce
3aKpYIJICHU BBIOMPAIOT MO TaOJIMIIaM B 3aBUCUMOCTH OT OTHOIICHHS TJIYOWHBI TIPHJICTAONICH
MOJIOCTH K €€ MHpUHe. BHyTpeHHNnEe paanychl TPUMEPHO B TPHU pa3a 0OJIbIIE COOTBETCTBYIOIINX
HapyXHBIX.

[Ipu mTamMmoBke B IITaMIax ¢ OJHOW IUIOCKOCTHIO pazbeéMa HEJb3sl TOJYYUTh CKBO3HOE
oTBepcTHEe B TOKOBKE. [loaTOMY m/is SKOHOMHMHM MeTala W OOJETYeHHUs MOCIICAYIOIIeH
MPOIIMBKU B TOKOBKE JCJIAIOT HAMETKY C TEPEMBIYKONH — IJICHKOW HEOOJBIION TOJIIIMHBI.
OO0bryHO TONMIMHA MIeHKH cocTaiseT 0,1 nuamerpa oTBepCTHS, HO HE MeHEee 4 MM.

OrnpenenuB Bce pa3Mepbl CIIPOCKTUPOBAHHOMN MOKOBKH C YU4E€TOM TEMIIEPATYpPHOM YCaJKH,
MOJTY4al0T YEPTEK ropsiued MOKOBKH, IO KOTOPOMY M3TOTOBJISIETCS TOJIOCTh mTamma. Yeprex
MMOKOBKHM TIPU IITAMIIOBKE B 3aKPBITHIX INTaMIaX COCTABJIIETCS MO TEM K€ MPUHIHUIAM, HO
MMEIOTCSl HEKOTOpBIE 0COOCHHOCTH. [110CKOCTh pazbemMa OOBIYHO BBIOMPAIOT TIO0 BEPXHEU HIIU
HIDKHEW TOPIIEBOM MOBEPXHOCTU JICTAIM B TOM YacTH, KOTOpas MMEET HAaUOOJBIIYIO TUIONIAIb
MOTMEPEYHOT0 CCUCHMS M BEPTHKAJbHBIC MpHIeraroiue K Hew crerku (cm. puc. .20.4). Ilpu
IITAMIIOBKE Ha MOJIOTE OoJiee 1eecoo0pa3Ho BHIOMPATh HWKHIOK TOPIIEBYIO MOBEPXHOCTH, C
TeM 4TOOBI TOKOBKA OCTAaBAJIaCh HA BBHICTYIIC HIDKHETO IITaMIIa U €€

JIETKO MOJKHO OBLIO YAANuTh Mocie ImTaMrnoBKU. llITamMmoBo4HbIE YKIIOHBI I€ecoo0pa3Ho
BBIOMPATh HECKOJBKO YMEHBIICHHBIMH IO CPaBHEHUIO C OOBIYHOH mTamrioBKoil. HapyxHbie
paanychl 3aKpYriIeHUIl BBIOMPAIOT B 3aBUCUMOCTHU OT TNIyOMHBI MPHJIETAIOIIEH MOJIOCTH, HO HE
MmeHee 1,5 MM; BHyTpeHHHE 00BIYHO B 2,5—3 pa3a 0oJblie, 4eM Hapy>KHBIE.

[Ipu mTaMnoBke B pazbeMHBIX MaTpUllax HAJMYHME JBYX IUIOCKOCTEH pa3bema IMO3BOJISET
HE MpeycMaTpuBaTh HAIyCKOB TaM, IJe MOTpedoBajoch Obl JielaTh UX B IITaMIax ¢ OJHOMN

IUTIOCKOCTBIO paszbema. llITaMmoBouYHbIe YKIOHBI Ha3HA4alOT 3HauyuTeabHO MeHbire (0,5—1,5)

WM COBCEM HE MPEeyCMaTpUBAIOT.

20.8. TexHOJIOTHYECKHE OCOOCHHOCTH KOBKH M IITAMIIOBKH IOBCTHBIX
BBICOKOJICTUPOBAHHBIX U TI)YIIHOJIC(I)OPMI/IPYCMBIX MCTAJIJIOB U CIINIaBOB

M3 [BETHBIX METAUIOB B  MAIIMHOCTPOCHHWM HAWOOJbIIee IPHUMCHEHHE HAIUIH
AJIFOMUHHEBBIC, MATHUEBBIC U MEIAHBIC CIUIABbI. BOJBIIMHCTBO 3THUX CIIABOB MMECT HEOOJIBIIHE
TeMIICpaTypHbIE  HMHTEpBalbl  00paOOTKM  AaBieHHeM. [lodToMy  HMX  HaArpeBaroT
MIPESUMYIIECTBEHHO B JJICKTPOICYaX, IO3BOJIIOMIMX O0Jee TOYHO BBIACPIKUBATH PEKUM
Harpesa.

BOJBIIMHCTBO CIJIABOB I[BETHBIX METAJVIOB IUIOXO JAC(POPMHUPYIOTCS IPU  BBICOKHX
CKOpPOCTSX (HAa MOJIOTax), TaK Kak IIPOIIECCHI Pa3yIPOYHEHHS Y HHUX IMPOTEKAIOT MEIJICHHO.
[TosTOoMy, HampuMmep, MEIHbIC W IOYTH BCE MarHUEBBIC CIUIaBbI 00pabaThIBAIOT TOJHKO Ha
THJIPABIMYCCKUX Ipeccax.

OTIUYnUTEeIbHOM OCOOCHHOCTBIO  BBICOKOJICTHPOBAHHBIX W TPYIHOIASHOPMHPYEMBIX
cru1aBoB (B YaCTHOCTH, >KapOIPOYHBIX) SBIIAIOTCS BEChbMa Y3KHH TEMIIEPATYPHBIH HHTEPBAI
koBkud (100—200 °C Bmecto o00bpmuHBIX 300—500 °C) wm BBICOKAass TemIeparypa
PEKpUCTAUIM3AllMH, KOTOpas IPOTEKaeT OYeHb MEUICHHO. OTH CIUIaBbl HMEIOT HH3KYIO
TEILIONPOBOJAHOCTh, YTO BBI3bIBACT OOJIBIINE TEILJIOBBIC HAIPSHKCHHUSA, KOTOPBIE CTAHOBSTCS
OTIACHBIMHU JIaXKE B PE3YJIbTATEe OXJIAXKIAFOIICTO JICHCTBUS HHCTPYMCHTA.

B cBf3M ¢  OTMEUEHHBIMH  OCOOCHHOCTSAMH  KOBKY  MAaJIOIUIACTUYHBIX U
TPYyIHOAC(HOPMHUPYEMBIX CIIABOB  OCYIIECTBISIOT IMPH TIIATEIBHOM COONIOACHUH Me-
XaHWYECKUX W TEIUIOBBIX PEXUMOB. I yaydIleHHs YCIOBHI KOBKM (B YaCTHOCTH, JUIS
YMEHBIIIEHHST HEPABHOMEPHOCTH Ie(OpMalii) MPUMEHSIOT CMa3Ky MHCTPYMEHTA WM 00OMa3Ky
CIINTKOB  CIICHUAIBHBIMA  TMOKPBITHSAMH, YMEHBINAIOMMMHA  TEIUIOOTIAa4y OT MeTalia,
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CHIDKAIOIUMH KOHTAKTHBIE CHJIBI TpeHHS. [IpUMEHSIOT BBICOKHI MOAOrpeB 00HKoB 0 500—
600 °C Bmecto 250—350 °C. KoBKy LienecooOpa3Hee IpOBOIUTh Ha THIPABIMYECKUX Mpeccax,
TaK KaK BBHJY Majloil CKOpOCTH Ae(OPMHUPOBAHUS HA IPECCax Pa3ylpOYHSIOIIME ITPOLIECCHI
(Bo3Bpar u
PEKPUCTAINIM3AIS) YCIIEBAFOT IIPOM30MTH MOJIHEE M YITPOYHEHHE CHUMAETCSL. ISl CHIDKEHUS
PacTSIHMBAIONIMX HATPSHKEHMIA ITPOTSDKKY BEICOKOJIETHPOBAHHBIX CTaJIEH LIEIECO00Pa3HO BBIIOIHSTE B
OO PETHIX OoiiKax. OcaiKy B pse CaydaeB IPOM3BOIAT Ha MOAKIAIKAX U3
BBICOKOTLIACTUYECKOM CTaJIH.

20.9. Xonoanas o0beMHas IITAMIIOBKA

OOBIMHO TIO/ XOJIOJTHOM INTAMITOBKOM TOHMMAIOT INTAMIIOBKY O€3 MpEeIBapUTEI-HOTO HarpeBa
3aroTOBKHM. 19 METaUIOB ¥ CIDIABOB, TPUMEHSEMBIX TIPH INTAMIIOBKE, TAKOM IIPOIECC
nie(hopMUPOBAHUS COOTBETCTBYET YCIIOBHSM XOJIOMHOM AehOopMaIIuu.

XomnomHas IITAMIIOBKA SIBISIETCS OIHUM W3 HAWOOJee MPOrPECCHUBHBIX METONIOB TTOMYYCHUS
Ka4eCTBEHHBIX 3aroTOBOK B MAIIMHOCTPOUTEIBHOM, MPHOOPOCTPOUTEIBHOM, 3IEKTPOTCXHUICCKOW U
JPYrUX OTPaCcisiX MPOMBIIDIEHHOCTH. OHAa 00eCreuMBaeT JOCTAaTOYHO BBICOKYKO TOYHOCTh U MAJIyIO
IIEPOXOBATOCTh TIOBEPXHOCTH 3arOTOBOK TPY HEOOJIBIIINX OTXOAaX METAIUIA, a TAKKE MATYIO TPYI0EM-
KOCTh U CEOSCTOMMOCTh M3TOTOBJICHHS. [IpOM3BOIUTENIFHOCTS XOJIOMHOW INTAMIIOBKH B 2—3 pasa
BbIIIIE, yeM ropsaei, 1 B 10—15 pa3 Bblilie 1o cpaBHEHHIO ¢ 00paObOTKOM pe3aHueM.

Bo03MOXXHOCTB OCYITIECTBIICHHS TIPOLIECCOB XOJIOIHOM IITAMIIOBKHA M KAYECTBO TOTOBBIX M3ICTHI BO
MHOTOM OIIPEICIIFOTCS Ka4eCTBOM HCXOJIHOTO Marepraia. bojbloe 3HaueHHe WMEET IMOATOTOBKA
TIOBEPXHOCTH 3arOTOBOK. YAAICHUE OKAJIMHBI, 3arPS3HCHUN W TOBEPXHOCTHBIX JIe(heKTOB. 3aroTOBKU
OOBIYHO CMa3bIBAIOT Ui CHWDKEHUS YCWJIMM IITAMITIOBKH, TOBBIIIEHUS CTOMKOCTH HMHCTPYMEHTA,
o0ecreueHrsT Ka4ecTBa MOBEPXHOCTH U TIPEIOTBPAIIICHNST 0OPa30BaHUs TPEIMH U APYTUX J1e(PEKTOB
JeTajen.

B mporiecce X0710/1HOM IITAMITIOBKM HETIPEPBIBHO MEHSCTCS HE TOJBKO (JOpMa, HO M CTPYKTYypa
MeTaia U ero (hM3HKO-MEXaHUYSCKHUE XapaKTepHUCTUKU. BO3HHMKAIOMMIA ITPH 3TOM HAKJICH MeTalia B
HEKOTOPBIX CIydasx OrpaHMYMBACT BO3MOXKHOCTH (hOpMOOOPa30BaHMs, TIO3TOMY IMPOIIECCHI XOJIOAHON
IIITAMIIOBKM YacTO BBIIOJIHSIOT 32 HECKOJIBKO TEXHOJIOTHYECKUX TIEPEXO0B C TOCTEIICHHBIM IIpH-
OMKEeHNEM K OKOHYATETLHOM (hopMe 1 pa3MepaM FOTOBBIX JICTAICH U C IPOMEKYTOYHBIM OTXKHTOM JIIsT
BOCCTAHOBJICHHSI TUTACTUYECKUX CBOMCTB METaJLIA.

XomnoHass 00beMHAsT IIITaMIIOBKa — BBICOKO(D(EKTUBHBIN AKOHOMHYHBIA CIIOCOO W3TOTOBJICHHS
JieTajiel, Jare BCero TeN BpalneHus. [lomydeHHbIe neTany, Kak MpaBHilo, HE TPEOYIOT JalbHEHIIeH
MEXaHH4IEeCKOM 00pabOTKH M IMEIOT BEICOKHE IMPOYHOCTHBIC CBOMCTBA.

XoJmoTHOM 00BEMHOM IITAMITOBKOM 00padaThIBAIOTCS CIDIABBI, OOJIA/AIOIIAE B XOJIOTHOM
COCTOSIHUM HEOOXOJMMOM IIacTUIHOCTHIO. [10CKOIBKY compoTuBiieHHe 1ehOPMUPOBAHUIO CIUIABOB B
XOJIOJTHOM COCTOSTHMH BBICOKOE, TO 3TUM BHIIOM

IITAMIIOBKM H3TOTABIMBAIOT CTANBHBIC AeTany guamerpoM a0 /0—80 MM, AeTanu W3 MEIHBIX U
ATFOMHHHEBBIX CILIaBoB J10 150—200 MM mipu TomiumHe creHok aeraneid ot 0,1 no 15 MM u mummHe 10
1500 mm.

OOBEMHYFO IITAMIIOBKY BBITOJIHSIOT Ha IIpPeccaX WIM CHEIUATBHBIX XOJIOIHO-IITaMIIOBOYHBIX
aBToMaTrax. Ee OCHOBHEBIMU PasSHOBUIHOCTAMU ABJIAIOTCA BbIJABIMBAHHEC, BbICAJKa H O6’B€MHa5[
dhopMoBKa.

3aroToBKaMH JUIS BbIIABIMBAHMS CIy»KAT rOpsUeKaTaHbIe PYTKA HOPMAJILHOW TOYHOCTH. MHOrIa
3arOTOBKM BBIPYOArOT M3 JMCTa. B 3TOM Citydae TpeOyercst Xopollee KadecTBO cpe3a M yCTpPaHCHHE
HaKJICTIa OTKATOM KpaeB 3ar0TOBKU TIOCJE BBIPYOKH, YTOOBI MPEIOTBPATUTL Pa3pbIBbl KPOMOK IIPH
BbI/IABJIMBAHHH.

Bb1mapmiBanreM MoJTydaroT JICTAIN IMPESUMYIIIECTBEHHO IIITMHAPUYCCKOMN MITH ONF3KOM K Hell (popMBbl,
HaIpyMep KOpITyca aBTOMOOWIIBHBIX CBEUCH 3aKWTaHFsI, KOHICHCATOPHBIX OaTapei, TeHepaTopoB U T. I
TodHOCTE Pa3MePOB M IIEPOXOBATOCTH TIOBEPXHOCTEH JICTaIe COOTBETCTBYIOT ITOTydacMbIM TP 00palOTKe
pe3aHueM.

[Ipu BBIIABIMBAaHUN METALT Ae(DOPMUPYETCS B YCIIOBHUSIX HEPABHOMEPHOIO BCECTOPOHHETO CKATHS
M TI03TOMY O0O0Ja7acT IOBBIIICHHOW IUIACTUYHOCTHIO. TerioBoi 3¢dekT mpu OOIBIIMX CKOPOCTIX
JeopManyii  MOKET TOBBICHTH IDIACTHUHOCTH MeETajlla M CHIDKATh €0 CONPOTHUBIICHHE
nehopMUPOBAHHIO.

JIist BBIJIABIIMBAHUS TPEOYIOTCS OOJIbILIKE Y/ICIbHBIC YCHIIMS, TaK KaK B XOJIOJHOM COCTOSIHHH
MeTauT 00J1a/1aeT BHICOKMM COIPOTHUBIICHHEM JIe(hOPMUPOBAHUIO (JUIST alFOMUHUEBBIX CIuTaBoB S500—
1200 MIla, mnst crameir 2000—3000 MIla). CToMKOCTh ITyaHCOHA M MATPHI] IS BBIIABIMBAHMS
o0ecIieurBaeTcs TPUMEHEHHEM TSl KOKJIOTO THIIA META/UIA ONTUMATBHBIX TIOKPBITHH TOBEPXHOCTH
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3aroTOBOK U CMa30K.

Bricagka — 310 Ocamka 9acTd 3aroTOBKH, T. €. 00pa30BaHME MECTHBIX YTOJIICHHHA TpeOyeMoi
(hopMBI, HampuMep TOJOBKKA OOJTOB, BUHTOB M 3aKJIENOK. MOYXHO BBICAKHBATH YTOJIICHMS,
KOHIICHTPUYHBIC 1 SKCIICHTPHYHBIC OTHOCUTEIIHEHO OCH CTEpIKHSI KaK Ha KOHIICBBIX, TAK M HA CPEITHUX
y4acTKaX 3aroTOBOK. 3ar0TOBKOM OOBIMHO CITYXKHT XOJIOJJHOTSHYTBIN MaTeprall B BHIIC TIPOBOJIOKH HITH
npytka juamerpoM 0,5—50 MM W3 UYepHBIX M IBETHBIX METAUIOB. BBICAJKOW H3rOTOBISIOT
CTaHJ/IAPTHBIC M CHICIHATIBHBIC KPETISKHBIC JICTAIH, a TakKe KoJieca, JISTald MacCOBOTO ITPOH3BOJICTRA,
HaIpUMep KyJIauky 1 3y0uarhie Kojieca 3a0/IHO ¢ BaJIOM M T. I1. [Ipu BbIcake 3a O1MH yap OTHOIICHHE
JUIMHBI BBICA)KUBAEMOM YaCTH 3arOTOBKU K €€ JTHaMETPy JODKHO ObITh He Oosiee 2,5—2,8. Bricaaky
BBITIOJTHSFOT HA XOJIOJHOBBICAJIOYHBIX ABTOMATaX Pa3IMYHBIX KOHCTPYKIWH. [IpOM3BOAMTENHHOCTH
apromatoB jiocturact 400 nerayiell B MUHYTY.

XomomHas GopMoBKa — 3T0 (hopMooOpa3oBaHKEe JICTaNCH BCICACTBUE 3aIOIHCHHS METaLIOM
nosioctd Iramma. [Ipou3BOMUTCS B OTKPBITHIX INTAMIIAX C BBITCKAHWEM FBJMIIKA MeTalla B
CHCIMATTBHYIO TTOJIOCTh ¢ 00pa30BaHKEM 3ayCEHIIA M B 3aKPBITHIX IITaMIIax 0e3 00pa30BaHus 3ayCeHIIA.
KoncTpyKimu mrramrioB, MpUMEHSIEMBIX I XOJIOIHOW (DOPMOBKH, TOJAOOHBI IITAMIIAM, HCIIOJB3Ye-
MBIM TIPH TOPSYEH 0O0BEMHOM IIITAMITOBKE.

X05101HOM (POPMOBKOM M3rOTABIMBAIOT MPOCTPAHCTBEHHBIE ACTATHN CIOXKHBIX (PopM,
CIUTOIIHBIC ¥ ¢ OTBEPCTUAMU. J{eTanm 0OBIYHO TOIYYArOT 32 HECKOJIBKO TIPOXOJIOB,
MOCJICJIOBATEIILHO U3MEHSIOIIHUX (POPMY 3arOTOBKH, C TPOMEKYTOYHBIM OT)KHTOM JUISI CHSITHS
Haksena. [Ipu HeoOxoAMMOCTH JanbHEHIe 0OpaboTKH pe3aHueM Ha 3aroTOBKaxX
MpeIycMaTpUBaOT MpHUITYCK s umdoBanus 1o 0,4 mm wiu st nomuposanus 10 0,05 mwm.

Kpome mpeccoB mis XOJOJAHOW (OPMOBKH IPUMEHSIOT BBICOKOIIPOU3BOIUTEIIEHEIC
MHOTOTIO3UITMOHHBIC aBTOMATHI C OOJIBITUMHU TEXHOJIOTHIECKUMHU BO3MOKHOCTSIMH.

X0noHOM OOBEMHOM INTAaMIIOBKOM TIOJNYy4YalOT TOTOBBIC JCTAIM WIM OJIM3KHE K HUAM
3aroTOBKH, TpeOyIOIMMEe MHUHUMAJILHOM 00paboTkm pe3anueM. [Ipum XOJIOAHOM INTaMITOBKE
ko3(durmenT wucnosk3oBanus Metawia gocturaer 95% Bmecto 30—40% mnpu 0OpaboTKe
pe3anreM. TpyIoeMKOCTh H3rOTOBJICHHUS OOJITOB Ha X0JI0JHOBBICA-T04HbIX aBToMaTax B 200—400
pa3 MeHbIlle, YeM Ha TOKapHO-PEBOJILBEPHBIX CTaHKaX. [Ipy 3TOM clexyeT OTMETHUTh, YTO TpH
XOJIOTHOM  J1e(hOpMHPOBAaHUN  (GOPMUPYETCS  OIArONMpPUATHO OPUCHTHPOBAHHAS BOJIOKHUCTAS
CTPYKTYpa METAJIIa, YTO MPUIACT JICTAIIM BBICOKYIO YCTAIOCTHYIO IIPOYHOCTD IPHA JHHAMHICSCKUX
Harpy3Kax.

X0510/1HOM 0O0BEMHOM IMITAMITOBKOM MOJYYarOT JIeTaau u3 O0JIbIION HOMEHKIATYPhI CTajeil
M CIUTABOB IIBETHBIX METAJUIOB, JCTATH CHMMETPUYHBIC W ACUMMETPUYHBIC, CO IUIHIIAMH,
KaHaBKaMH, CTYIICHYATBIMH IIOJIOCTMH M JIPYTHX CIOXHBIX (opM. Macca jgeraiei,

IITAMITYEMBIX Ha aBTOMarax, gocruraer 3,5 kr, a Ha npeccax — 40 Kr, quamMeTp MOKOBOK — JI0
200 mm.

KoHTponsHbIE BOITPOCHI

1. HazoBuTe OCHOBHBIE OIIEpALIHA KOBKH.

2. Yem omyaercs ropsidast oobemuast mramrioska (I'OI) ot koBku?

3. B kakux ciaydasx mpu 'O HeoOX01UMO IPHUMEHSTH MHOTOPYYBEBBIC IIITAMITBI ?

4. Kaxyro poJib BBIIOJIHSET 3ayCEeHELI ITPU IITAMIIOBKE B OTKPBITHIX IIITAMITAX ?

5. IloueMy mpu IIITAMIIOBKE B 3aKPBITHIX IITaMITaX HEOOXOAUMO UMETh 3arOTOBKH OOJIBIIICH TOYHOCTH
10 pazmMepam?

6. Kaxwe pasnosuaoctu I'OlLI BBl 3HaeTe?

7. Hasourte otenounsle oreparu I'OlLLL

8. Jlist meTasieii Kakoro BHA U M3 KaKMX MaTepUasIoB PHMEHSACTCS XOJIOHAS 00beMHas IIITaMIIOBKA ?
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