JEKIUS Ne 11
NuTeHcupukanus onepauuu JUCTOBON IITAMIIOBKHU
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OcHoBHasi 1enb WHTEHCU(UKAMU (OPMOU3MEHEHUSI 3aroTOBOK 3aKJIIOYAeTCs B
COKpAIllEHUH JJIUTEIBHOCTH TEXHOJIOTHYECKOr0 IMKJIA M, CJIeI0BAaTEIbHO, IOBBIIICHUH
IPOU3BOUTEIILHOCTH TPYJa, COKPAIICHUH 4YKCIIa 3aHSATOTO MPECCOBOr0 0OOPYIOBaHUA H,
COOTBETCTBEHHO, OIIEPATOPOB.

B Hacrosiiee BpeMsi 4uCI0 COCOOOB MHTEHCHU(pUKAIMKU (DOPMOU3MEHEHUS BO3POCIIO
HACTOJIbKO, YTO MOSIBUJIACH HEOOXOAMMOCTb B 00bETMHEHUH X B OTACIIbHBIC TPYTIIIHL.

1.Coemeuienue nHeckoabKux onepayuii 6 00HOM WimMamne ¢ UCHOJ1b306AHUEM
O0ONOJIHUMENIbHOZ0 CUI08020 6030€ICIMEUS
* CoBMEIIIEHUE HECKOJIbKUX (POPMOU3MEHSIIONIMX OIMepalii B OJHOM IITaMIie C

WCIIOJIB30BaHUEM JIOI. CHUJIOBOTO BO3JICHCTBUS MO3BOJISIET YMEHBIIUTh HANPSKCHUS B

OMacHOM CEYEHUU 3aroTOBKH, IOBBICUTh KPUTHYECKYIO CTENEHb Aedopmaiud M

COKPAaTUTb YKCIIO TIEPEXOI0B, HEOOXOUMBIX JJIsI TOJTyUYECHUS JETaH.

a) 5) 6) 2)

Puc. 1 - Coémeuienue onepayuu 6 00HOM wimamne
a — BLIMANCKA C 00AHCUMOM, O — BLIMAICKA, 00NCUM U paA30ayd; 8, 2 — pazoaa u
o0bocUM
e AHanm3 3THX CXEM IOKa3bIBACT, YTO IIPH COBMEIICHUH BBITSHKKY U 00xuMa (puc. 1 a),

a Tak)Ke TP COBMEIIEHWU BBITSHKKH, OO0XWMMa W pa3fgauu  (puc.l 6) wu3-3a
JIOTIOJITHUTEJILHOTO YCUJIUS, 3aTaJKUBAIOIIETO 3aroTOBKY B MAaTpHUILY, BO3HHUKAIOT
CXKUMAIOIIUE HAMPSDKEHUS, pasrpykarollhue OMacHOE CEYEeHUE 3aroTOBKH U



YPaBHOBEIIMBAIONINE B 3TOM CEUYCHHH HANPSDKCHUS PACTSHKEHUS, BOZHUKAIONINE TIPU
BTSATHUBAHUH 3aTOTOBKU B MATPHUILy ITyaHCOHOM.

[Tpu 3TOM 00pa3yrOTCs OIMH OOIIMI UITH IBA CAMOCTOSITENILHBIX O4ara Aepopmaiuu (Ha
puc.l ogaru nepopmanmu 3adeprensr). Eciaun 06e coBMenieHHbIe Onepaiy TPUBOIAT K
YMEHBIIICHHUIO MONIEPEYHBIX Pa3MEPOB JehOPMUPYEMOi 3arOTOBKH, HAIIPUMEP BBITSKKA
1 00kuM (cM. puc.l a), To odar neopManuy OJuH, OH OXBATHIBACT y4aCTOK 3aTOTOBKH,
UMEIOIIHIA TEPEMEHHYIO TIIOMIA b TTOTIEPEYHOTO CEUCHHSI.

Ecmm omHa w3 coBMemaeMbIX oOIepanuii TPUBOAWT K YBEIWYEHUIO, a Jpyras K
YMEHBITICHUIO TIOTIEPEYHBIX PA3MEPOB 3aTOTOBKH, HATIPUMED pasiada, 00’KUM, BBITSDKKA
(cMm. puc. 1,6), pasmada u 00kuM (cM. puc. 1, 6, 2), To 00pa3yroTCs ABa OTACIBHBIX OYara
nedopMaIuu, pa3aeeHHbIe MEXIY CO00H yIpyroaehopMUpPOBaHHON 30HOMA.

B atom ciydae oOmiasi cTemeHb jaedopmanyy 3arOTOBKM paBHA CyMME CTETCHEH

nedopmariuii, moTy4aeMbIX IMPU BHITIOJTHEHUN COBMEIIEHHBIX OTIEPAITHiA
r

a) 5)
ONIopsl pacnpeeNieHUs] HampsiKEHUN MPU: @ — BBITSDKKE U 00KMME BBITIOTHAEMbBIX
pa3AesbHO, 6 — MPU COBMEIICHUU BBITSKKM U 00XKHMa

[IpeumymiecTBa JaHHOTO CIIOCO0a MITAMIIOBKH PACCMOTPUM Ha MPUMEPE COBMEIIICHUS
BBITSKKU (ITOCJIEAYIOIIETro Mepexo/ia) ¢ 00’)KUMOM B KOHUYECKOM mMaTpuiie (cM. puc. 1,
a).

3aroToBka B BUJE MWJIMHIPUYECKOTO CTaKaHA BTATHBACTCS B MATPHILY JTAaBJICHHEM
MyaHCOHAa B JIHO, KaK TPH BBITSDKKE, ¥ OJHOBPEMEHHO 3aTAJIKUBACTCS B MAaTPHILY
JaBJICHUEM TOJIKATE/Isl B KPACBYIO YacTh 3arOTOBKH, Kak Ipu o0xume (cM. puc. 1, a).
[Tpu 3TOM 0Opasyercs 001muMiA ovar miIacTHUeckou nedopmaluu, B mpeieaax KoToporo
MOTIEPEYHBIE pa3MepPhl 3aTOTOBKU TOJBKO YMEHBIIAIOTCA.

Kak u npu paznenbHOl mTamMmoBKke, B odare Jnedopmaiiuu BOSHUKAIOT HANPSDKCHMUS,
HaIpaBJICHHBIC BIOJIH 00PA3yOIIeii 3arOTOBKHU:

PaCTATUBAIOIINE OT BBITSKKH U

COKMMAIOIIUE OT 00KHUMa.

[IpenenbHO BO3MOXKHOE (hOPMOU3MEHEHHUE 3aTOTOBKH ITPH BBITSDKKE M 00’)KUME 3aBUCUT

OT 3HAYCHUS MAKCUMAJIbHOT'O PACTATHUBAIOIIETO U
MaKCHMAJIBHOTO CKUMAFOIIETO HAMPSDKEHUH B odare JegopMariiu.



Ecnu 5Ty HampspkeHHs TOCTUTHYT KPUTUYECKOTO 3HAYEHHsI, MPOU30i1eT oOphIB HA
3arOoTOBKM WJIM CKJIaJAKOOOpa3oBaHHWE B 30HE TMEpelayd YCUJUs MOJ JIeWCTBUEM
COKMMAIOILIUX HAMPSKEHUH.
Py COBMEIEHUU BBITSDKKM M OO0KMMa MpeNebHO BO3MOXKHOE (POPMOU3ZMEHEHHE
BBIIIIE, YeM Mpu pasjaeibHor mTamioBke. Kosddunuent dopmonzmenenns K o
MPUHUMAIOT PaBHBIM TPOU3BEICHUIO JOMYCTUMBIX KOI(PQPHUIIMEHTOB BBITSKKA H
o0XHMMa:

Kz os = Kg % Kog
Kak u mpu o0xxume, Ha CHIJIOBBIE YCIIOBHSI COBMEIICHHOTO MpPOIECCa BBHITSKKH C
00XXMMOM BJIMSIET YroJl HAKJIOHA 00pa3yloleil KOHWYECKONH MaTPHIIBI.
CymiecTByeT 30HAa ONTUMAJbHBIX YIJIOB, MPU KOTOPBHIX TEXHOJOTUYECKOE YCHUIINE
HaMMEHbIIIEE.
[Ipn wcmonp30BaHMM CMA30YHOTO MaTepuaja, oOecreduBaromero KodQuimeHT
Tpenus ¢<0,1, 3Ta 30Ha ONTUMAJIBHBIX YIJIOB HAXOAUTCS B npeaenax 20—25°.
HedopMmupyroiiiee ycuive, HEOOXOIUMOE JIJii OJHOBPEMEHHOU BBITSDKKA U 00XKHMa
3arOTOBKH, ONPEIEISIOT, KAK CyMMY YCHJIMM pa3febHON IITAMIOBKHU:

P=PB+P06:7T'S'(O-B d+oy .D)

p max p max
CoBMelieHHe BBHITSDKKA W 00kUMa 0COO0€HHO H((EKTUBHO MpU HU3TOTOBICHUU
KOHUYECKUX JeTalied ¢ MajbiM yriiom npu BepmuHe (10—20°) wnm nmeraneit ¢
KPUBOJIMHEITHOM 00pa3ytolieil 00JIbIIOro pajgnyca KpUBU3HBI, UMEIOIINX CKPYTJICHHYIO
VI TUIOCKYIO BEPIIUHY.

2. IONIOJTHUTEJIbHOE CHJIOBOE BO3JEHCTBHE HA 34 OTOBKY
Haunbonwiero sdgdexkra oT AOMOTHUTEILHOIO CHJIOBOIO BO3JECHCTBHUSI HAa 3arOTOBKY
JIOCTUTAIOT MPHU BHITIOJIHEHUH (POPMOUZMEHSIOIINX ONEPAIfii XOJIOJHOW IITAMITIOBKH,
KOT/Ia B Oyare IUIAaCTUYECKON aedopManuu (OCOOEHHO B KPAeBBIX €r0 Y4acTKax),
BO3HMKAIOT PACTATHBAIOININE HATIPSIKEHUSI.

VYkazanHoe HabOJrOAaeTCs TP OTOOPTOBKE, pa3gadye U u3rude Ha pedpo MoJoChl B 30HE
pacTsHKEHUSI.

Coznanue JOMOJHUTEIBHBIX COKHUMAIOIIMX HANPSOKEHUM B ATHX y4acTKaX 3arOoTOBKHU
MOBBIIIAET €€ IMIACTUYHOCTh M, CJEI0BATEIbHO, KPUTUYECKYIO

CTEeTNEeHb Je(POpMaIIUU.

JIONOTHUTENBHOE CHJIOBOE BO3ACHCTBHE HAa 3arOTOBKY  MOJKET OCYIIECTBIISITHCS
Pa3TUYHBIMH CTIOCOOAMH.

Hamnpumep, npu oTO0pTOBKE U pa3fayde 3alleMIIIIOT KPaeBylo 4acTh AehOopMHUpPyeMOit
3arOTOBKHM MEXAY KOHUYECKHMHM ITOBEPXHOCTSIMH ITyaHCOHA M BBITAJKUBATENS (pHC.

11.3, @) unu nyancoHa u Matpuilsl (puc. 11.3, 6), umerolue pa3Hble YIriibl KOHYCHOCTH
(pa3HOCTH YTJIOB cocTaBisieT 2—3°).
3amemiieHre KpaeBoOro ydacTKa 3aroTOBKH MpU OTOOPTOBKE M pasjgadue MPUBOJIUT K
BO3HMKHOBEHHIO KOHTAaKTHBIX KAacaTEJNbHBIX HAIPSOIKEHUH, CIEPKUBAIOIINX Pa3BUTHE
JIOKAIBHBIX Je(OpMAIIHii, YTO MOBBIIIAET KPUTHUECKYIO CTETICHB Ie(opMaIinu.



* [Ilpu BBITSIKKE C YTOHEHUEM JIOMOJIHUTEIBLHOE CUJIOBOE BO3JAECHCTBUE OCYILIECTBIISIIOT,
IPOTAJKHBAs 3arOTOBKY B MaTpuily (puc. 11.3, 6)

¢ alpu OT60pTOBK€ C YTOHCHHUECM— IIPOTHUBOAABJICHUEM, IIPHUIIOKCHHBIM K KPOMKE 60pTa

(puc. 11.3, 2).
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Puc. 11.3. Cxema JOITIOJIHUTCJIIBHOI'O CHJIIOBOI'O BOSHGﬁCTBHH Ha 3aroToBKY IIpH: a
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— OT60pTOBK€; O — pasaayuc; 6 — BBITSKKC ¢ YTOHCHUCM, ¢ — OT60pTOBK€ C
YTOHCHHUCM
Tumnossie ACTalI, IIOJy4YaCMbIC THUIAPOCTATHUYCCKHM MOaBJICHUCM C HAJIOXKCHHUCM
IMPOAO0JBHOI'O CXKaTUs
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Puc. 11.4 - Jletanu, nosydyaemple THAPOCTATUYECKUM JABICHUEM C HAJIOKEHUEM
IIPOJIOJIBHOIO CIKATHS

« K cnoco0aM 1OMOTHUTENHEHOTO CUIIOBOTO BO3JIEHCTBHUS HA 3arOTOBKY MOKHO OTHECTU
U crnoco0 MpOJOJBHOTO CXKaTHSl OTpe3ka TPyObl, HAXOASIIErocs MOJ AEeWCTBUEM
BHYTPEHHETO THIPOCTATUYECKOIO IABJICHUSA, KOTOPBIA IPUMEHSIOT U ITOJYy4YECHUS
MOJIBIX OCECUMMETPUYHBIX JIeTalIe C KOJbILEBBIM BhICTYNIOM (puc. 11.4, a) u mosbix
JeTaliel ¢ OJHUM MM HECKOJBLKUMHU oTBoAamHu (puc. 11.4, 6).

* CymHOCTHh Ipolecca 3aKJIYacTcsd B TOM, YTO LWIMHAPUYECKYIO 3arOTOBKY B BHJIE
OoTpe3Ka TPYObI CO CTEHKOM TONIIMHON 10 6—8 MM IOMEIIAIOT B IITAMII C Pa3beMHOMN
MaTpuULIed, Tl€ €€ OJAHOBPEMEHHO IOABEPraloT BHYTPEHHEMY THIPOCTATUYECKOMY
JABJIEHUIO U OCEBOMY (IPOJOJIBHOMY) CHKATHIO, CO3/AIOIIEMY B 30HE IUIACTUYECKOMN
nedopMaui CKUMAIOLIUE HATIPSKESHHUS.

* Ilpu »TOM, MO YCIOBHIO IUIACTUYHOCTH, OKPY’KHBIE PACTATHUBAIOIIME HANPSHKEHUS
YMEHBIIAIOTCSA, a IPe/ieSibHas CTENeHb 1e(opMaluu yBeIUUYNBAETCS.

 IlIramn, ns U3roTOBIIEHUS TPOMHUKA U3 TPyOUaTOM 3aroTOBKH, OKa3aH Ha puc. 11.5,
a.



a)
Puc. 11.5. llITamn a1 M3roTOBJIEHHS TPOMHUKA U3 TPyOUaTOM 3arOTOBKH (a) U
TEXHOJIOTUYECKHUE TIEPEXO/IbI U3TOTOBICHUS TpoitHUKA (0)

OcoOeHHOCTh €ro KOHCTPYKIMM IITamMna — MaTpulla ¢ pa3beMOM B
TOPU30HTAJIBHON IUIOCKOCTH. Ilocne Toro, kak oceBoe cxkaTve U JaBieHHe padoueit
JKUJKOCTH JIOCTHUTHET OIPEAEICHHOIO0 3HAY€HUs, HAYMHAETCA 3aTEKaHUWE 4YacTu
3aroTOBKM B OOKOBOE OTBEPCTHE MaTpUllbl, 3aBepuiaromieecs (HhopmMooOpazoBaHUEM
OTBOJIa, MPU 3TOM MEpPBOHAYAIbHAS JJIMHA 3arOTOBKH CYIIECTBEHHO YMEHBIIAETCS.
TexHosornyeckre nepexo/ bl H3roTOBJICHUS TPOMTHUKA MTOKa3aHkl Ha puc. 11.5, 0.

« IlltamMnoBKy TpOWHUKOB BEAYT Ha CHEUUATU3MPOBAHHOM THUPABIMYECKOM IIpecce
(mon. IITI'II®D-40) nnu Ha yHUBEPCATBHBIX THIPABINYECKUX Mpeccax ycuiueMm 1600—
2500 xH B coueTannu ¢ aBTOHOMHOW HaCOCHOW CTAHIIUEM.

* Tmapocratnueckoe JaBlIEHUE JKUJIKOCTH, HEOOXOAMMOE JJiS  HW3TOTOBJICHHUS
COCJIMHUTEIBHBIX JIETalIel BEJIOCUIIETHBIX paM, B KOHEYHBI MOMEHT JAe(OPMUPOBAHUS
nocturaer 220—280 MH/m?.

* H3roroBieHue MOJBIX BEJIOCUNEAHBIX paM C OJHUM U 00Jiee OTBOJAMHU C MOMOILBIO
TUAPOCTATUYECKOTO JABJIEHUS C HAJIOXEHHEM NPOJOJIbHOIO CKaThug Mpu 000
nporpaMme BbIIyCKa HauOojee 3(PQPEeKTUBHO MO CPABHEHUIO C HCIOJIb30BAHUEM
MITAMIIOCBAPHBIX 3arOTOBOK BCJEACTBUE YMEHBIICHHS O0bEMa PYUHBIX OIeparui
(cBapka u mp.).

3. CO3JAHUE HEOJHOPOJHOI'O TEMIIEPATYPHOI'O I1OJIsI B OYATE
JAE®OPMAIINHU U B 30HE IIEPEJIAYUA YCUJIUSA

* CyurHocTh cniocoba nHTeHcupuKauuu (OpMOU3MEHEHHUsI 3arOTOBOK, OCHOBAHHOTO Ha
CO3JaHMM B HUX HEOJHOPOAHOrO0 TEMIEPATypHOrO TMOJs, MOKHO YCTAaHOBHTb,
aHAJU3UPYS YCIOBUE COXPAHEHUS TPOYHOCTH (UM YCTOMYMBOCTH ) TIPHU BBITSKKE.

* DTO YCIOBHE 3aKJIIOYaeTCs B TOM, UYTO HAWOOJbIIEEe paguaibHOE pPACTITHUBAIOIICE
HaIpsKEHUE HE JOJDKHO MPEBBINIATH KPUTHYECKOTO HAIPSIKEHUS] TEKY4YEeCTH Js, MPH
KOTOPOM MPOUCXOJINUT JIOKaJbHAas MOTEPS] YCTOMYMBOCTU (MOSIBJICHUE IICHKH) B 30HE
nepeayn yCWins, a MMEHHO — B OITACHOM CE€YEHUU BBITATUBAEMOTO U3/EIIHS.

« Hcnmonp3ys OKCIEPMMEHTALHO YCTAHOBIEHHYIO 3aBHCHUMOCTh o5 =(1,1+1,2) 0,
yKa3aHHOE€ yCJIOBUE 0€3 ydueTa CUJI TPEHUS MOKET OBbITh MPEACTaBICHO B CIEIYIOLIEM
BUJIE:



Sos'In(R/r)=1,1"05,
orkyaa npu f=1,1

R/r = K= exp(o4/03),
Ile 0s — HaNpsHKCHWEe TEKydecTH B odare aedopmamuu; oy — BpPEMEHHOE
COINIPOTHBIICHUE Pa3pbIBy B 30HE TEpeavd yCUIIHS.
C ydeToM 3Toro pa3paboTaHbl JBa CITOCO0A BBITSKKH:
C JIOKQJIbHBIM HarpeBOM 30HBI TJIACTHYECKOU edopmaluu (C MesIbl0 YMEHBIIICHHS Os B
ATOM 30HE)
C JIOKQJIbHBIM OXJIQXKICHHEM 30HBI ITepeaadn YCUIHS (C MEeNbI0 YBEIUUYCHUS 0 Ha 9TOM
y4acTKe).
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Puc. - Cxemovt mepmuueckoi unmencuguxayuu npu evimscke (a), 0oscume (0),
paszoaue (8): 1 — nyancon; 2 — npusicum, 3 — sanexkmponazpesamenu,; 4 — mampuya, 5 —
oxnaoumenwv, 6 — moakamenw
IlImamn 0na 6bIMAHCKU C HAZPEBOM
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* Puc. 11.6. Cxema mramna s BBITSDKKA C HATPEBOM 30HBI ITACTUYECKOM
nedopmanun: 1 — marpuna; 2 — NpUKUMHOE KOJbI0; 3 — MyaHCoH; 4 —
AJIEKTPOHArpPEeBATEh
[IITaMnOBKY ¢ HarpeBOM 30HBI IUIACTUYECKON AeopMalii IPUMEHSIOT, B OCHOBHOM,
B MIPOM3BOJICTBE JCTAJCH JIeTaTENBbHBIX allapaToB, U3TOTOBISIEMBIX M3 MarHUEBHIX U

ATFOMHUHHEBBIX CIIJIABOB.

C noxanbHBIM HArPEBOM MTPOBOIAT BHITSKKY BBICOKUX IIMIIMHIPUYECKUX U KOPOOUIATHIX
JeTanel U3 TUIOCKUX 3aT0TOBOK, a TaKKe 00’KUM U pasady TpyOuaThIX 3arOTOBOK.
TemnepaTtypa HarpeBa 30HbI Ae(hopMaly 3aBUCUT OT MaTepHala 3arOTOBKHU.

JIns anroMuHUA U €T0 cIu1aBoB oHa cocTanisgeT 400—450 °C,



Jlns maraueBsix crtaBoB — 360—380 °C.

Bpemst BbIIepIKKH /U1 HarpeBa 3arOTOBKH 3aBUCUT, B OCHOBHOM, OT €€ TOJIIIUHBL. J1Jis
3ar0TOBOK U3 aJIOMUHHEBBIX CIUIABOB BPEMs BBIICPIKKH OIMPEAC/IAIOT U3 pacuera 6—38
CeK Ha 1 MM TOJIIIUHBIL.

Jnst co3maHusi BO3MOXHO OOJIbIIIEH PAa3HOCTU TEMIIEpaTyp B OIMACHOM CEYCHUH U
¢1aHIle 3ar0TOBKH IMyaHCOH IITaMIIa JJIs1 BBITSDKKH OXJIaXAAI0T MPOTOYHOM BOJIOM.
B cBA3M €O CpaBHUTENBHO OOJBIIONW MPOAOKUTEIBHOCTBIO HAarpeBa 3aroTOBKHU
HITAMIOBKY OCYIIECTBJISIFOT Ha THUJPABIMYECKUX Ipeccax WIA Ha Ipeccax i
HITAMIIOBKH IJIaCTMAcC.
OcoOenHo »¢¢eKTUBHA BBHITSDKKA C JIOKAJBHBIM HarpeBOM TMpU HU3TOTOBJICHUU
HEKpPYTJbIX B IMONEPEYHOM CEUECHUH JETallei: KBAJIpaTHBIX, MPSIMOYTOJIbHBIX,
OBAJIbHBIX, THUIMA «BOCBMEPKH» U JIp., C MajbiM DPAaTUyCOM CKPYIJICHUS YTJIOBBIX
Y4aCTKOB.
[Ipu BBITSIKKE C HArPEBOM 32 OFHY OINEPAIlUI0 MOKHO IMOJTYYUTh HEKPYTJIbIE JIETaIH
0oJiee BBICOKHE, YEM MTPH BBITSKKE MPU KOMHATHOM TeMIepaType.
Y cTaHOBIIEHO, YTO MPH BBITSKKE MarHueBbIX ciiaBoB MA1 u MAS ¢ HarpeBoM (piania
1o Temneparypsl 350 °C kputuyeckas cTeneHb aedopmaiu yeianuuBaeTcs B 3—3,5
pa3a o CpaBHEHMIO C BBITSKKOM 0€3 JOKaJbHOTO HarpeBa .
[Ipu BBITSDKKE Temmeparypa HarpeBa odvara AedopMaiii JOJDKHA MOBBIMIATECS OT
BHYTPEHHET0 K BHEIIHEMY KOHTypy (¢JaHua, 0OpU 3TOM  COMNPOTHBIICHHE
nepopMupoBanuio Marepuania (QuiaHna OyJIeT yBEIMYMBATHRCA B OOpaTHOM
HaIlpaBJICHUMU.
HepaBHoMepHOE TemMIepaTypHOe MoJie Mo oYary ae@opManui MOXKET ObITh MOJYy4YEHO
B pe3yJIbTaTe€ U3MEHEHMSI YUCIIa U MECTA PACIIOJIOAKEHUS HAarPEBATEIbHBIX JJIIEMEHTOB, a
TaK)KE OXJIAXKIECHUS OT/IEIbHBIX YYaCTKOB IITAMIIA.
Kpome TOro, HepaBHOMEpPHOE TEMIIEPaTypHOE II0JIE MOXKET ObITh IOJYyYEHO
AJIEKTPOKOHTAKTHBIM HAarpeBOM, OCOOEHHOCTb KOTOPOTO 3aKJIF0OYaeTCsi B TOM, YTO
AJIEKTPUYECKHUI TOK IOJBOUTCS K 3arOTOBKE U€pe3 KOHTAKThI, PACIIOJI0KEHHBIE TOJIBKO
y BHEILIHErO KOHTYpa.
[Ipu sTOM B 3aBUCMMOCTH OT BPEMEHHM HarpeBa Mepenaj TeMIeparypbl B oyare
nedopmaruu (ranna) cocrasisger 200—650 °C.
Henocrarku mITAMIOBKM C JIOKAJIbHBIM HAarpeBOM 3aKJIOUYAIOTCS B KOHCTPYKTHBHOM
CJIOHOCTH ILITaMIa U HU3KOU MPOU3BOJUTENBHOCTH TPY/A,
JlocToMHCTBa — B BO3MOXHOCTH CYIIECTBEHHOT'O COKpAICHHs YMciia ONepaluid npu
BBITSIKKE BBICOKUX JIETAJIEH C MONMEPEYHBIM CEYEHUEM CIIOKHON (POPMBI.

Buimasicka ¢ npumenenuem 2inydpoKo2o xonooa

Puc.11.8 - Cxema mtammia Jyisi BBITSDKKH C TITYOOKHUM OXJIAXKICHHUEM OITaCHOTO
cedeHus JieTany U Turmoas AeTaib, MOJy4eHHas ¢ UCTIOJIb30BAaHUEM MECTHOTO
HarpeBa uiu xojoga: 1 — marpuna, 2 — npmkKUMHOE KOJIblIO, 3 — IMMyaHCOH



Boimasxcka ¢ npumenenuem 21y00Kko20 X07100a4 OCHOBaHAa Ha CIIOCOOHOCTH
ONPENEIICHHOW TPYINIbl METAJUIOB IOBBIIATH CBOK IMPOYHOCTHh MOJ BO3AECHCTBHEM
BeCbMa HU3KHUX (KPUOTEHHBIX) TEMIIEpaTyp.

[Ipu oxnaxxIeHUU cTajel ayCTEHUTHOTO Kiacca 10 remnepatyp —180 °C cymiecTBeHHO
BO3pACTAET :

npezaen TeKy4ecTH,

BPEMEHHOE COMPOTHUBIICHUE U APYTHE XAPAKTEPUCTUKHU IPOUYHOCTH.

[Ipun 5TOM XapaKTEpUCTUKHU IUIACTUYHOCTH (HArpUMep, OTHOCUTEIBHOE YJIMHEHUE)
CHIYKAIOTCSI HE3HAYUTEIBHO UJIM OCTAOTCS 0€3 U3MEHEHUS.

Hanpumep, npu oxnaxaennu craineid 10 u 20 no remneparyp —180 °C BpeMeHHOE
CONpOTHUBIICHUE yBennuuBaeTcs B 1,9—2,1 paza, a craim 12X13 B 2,3 paza.
OCcoOEHHOCTh WITAMIIOB 3aKJIIOYaeTCs B TOM, YTO B IIYCTOTENbIA ITyaHCOH
MEPUOANYECKH, MTPU KAXKIOM XO0JI€ Mpecca, MOaeTCsl ONpeIeNICHHas! 103a XJIaJareHTa B
BHUJIC KUJKOTO a30Ta WM XKUJKOTO BO3JyXa, UMEIOIIEr0 TEMIIEpaTypy  KHUIICHHS
nopsinka —180 °C.

OtHocutenbHOe yanuHeHue craned 10 m 20 mpu 3TOM TeMmepaType HECKOJBKO
cHIKaeTcs, a craiu 12X13 ocraercsd HEM3MEHHBIM.

KparkoBpeMeHHOE TITyOOKOe OXJIaXkICHHUE C TTOCIEIYIOIIMM HarpeBoM /10 KOMHATHOM
TEMIIEPATYPhl HA CTPYKTYPHOE COCTOSIHUE YKa3aHHBIX CTAJICH HE BIIUSIET.
PaccmoTpeHHOE SIBJICHME HCMOJIB3YETCSl MPU BBITSKKE 711 TOBBIMICHUS MPOYHOCTH
OMAacCHOTO CEYEHHUS BBITSITHUBAEMOW JETalu MyTeM JIOKAJIbHOTO OXJIAXKJICHUSI 30HBI
nepeayu yCuiausl. DTO MO3BOJSET CYIIECTBEHHO MOBBICUTH CTEIEHb jJedopMaliuu 3a
ONIMH TIEPeXOJl U, CJEAOBATEIbHO, YBEIUYUTh MPOU3BOJUTEILHOCTh TPYy/a.
[IpenmyiecTBO 3aKIF0YAETCS

B COKpAIllCHWM 4YHCIa OmNepaluid TpU BBITSKKE MNWIMHAPUYECKUX JIeTalied 10
CPaBHEHUIO C BBITSKKOW NP KOMHATHOW TEMIIEpAType U

BO3MOYKHOCTh IITAMIIOBKU CTaJbHBIX TOHKOJHUCTOBBIX JETaleil CIOXHOU (OpMBbI 3a
OJIHY OIlepalHIo.

[Ipu mopade xjIagoreHa MPOUCXOAUT UMHTEHCUBHOE OXJIAKIICHHUE MyaHCOHA, KOTOPHIH,
COMpHUKAcasiCh C TOHKOJMCTOBOM 3aroTOBKOW, OTOMpAET TEIUIOTY, OXJIAXKIAET €€ U
MOBBIIIAET MPOYHOCTh METAJLJIa B 30HE KOHTAKTa MTyaHCOHA U 3arOTOBKH.

B pe3ynbTare 3TOro onacHoe Ce4eHue JeTald CIOCOOHO BBIAEPKUBATH 00JI€€ BHICOKYIO
Harpy3Ky, 4eM IpH BBITSKKE IPU KOMHATHOU TeMrepaType.

Bpems oxnaxnenust cocraBisieT 10—20 cek, MOATOMY BBITSKKY C MPUMEHEHUEM
rIIyOOKOT0 X0JI0/[a BEAYT HA THAPABIUYECKUX TMPECCax.

[Ipenenbubie koAb dUIMEHTH BHITSKKA st ctan 10 u 20 mpu TakoM mpoiiecce
nocturarot 0,38—0,33.

Henocratku naHHOrO crmoco0a BBITSKKH — CIO0HOCTh KOHCTPYKIIMM IITaMIia
HEO0OXOIMMOCTh TPUMEHEHUS YCTAHOBKH JJIsl XpaHEHUsI U TI0JIa4U XJIaJIareHTa B IITaMIl



4.CHUKEHUE PEAKTHBHBIX U IIOBBIINIEHUE PA3I'PYKAIOIITUX CHJT
TPEHUA ITPH BBITAKKE

» [lpu BBITSDKKE Ha KOHTaKTHOM MOBEPXHOCTU 3arOTOBKH W MATPHUIBI BOSHUKAIOT CHUJIBI

tpenus Fi, F2 u F 3 npessimaroniue npu kodddunuente tpenus u= 0,25+0,30 (6e3

CMa309HOTO MaTepuaia) yCuine, 3aTpaunBacMoe Ha TIaCTUYECKOoe (OPMOU3MEHECHHE.

CooTHOLIEHNE 3HAYEHUIN YKA3aHHBIX CHJI TPEHUS CIEAYIOLIEe:
F1=75, F)=20 u F3=5 %
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Puc. 11.9 — Cxema neiicTBUS CUIT IPU BBITSKKE

* B pesynbrare geiictBus cun Fi, F; u F3 npoucxoaut yBenmueHue pacTAruBarOLINX
HaIIpSDKEHUM B OIACHOM CEYEHHWH BBITATMBAEMOM JI€TANM, YTO MOXKET NPUBECTH K
YTOHEHHIO CTEHKHU U Ja)Ke OOpBIBY JIHA.

* IloaTOMy BCEeMEpHO CTpeMsTCs CHM3UTh cuibl TpeHus Fi, F, u F3, npumenss
3¢ (eKTUBHBIE CMa30YHbIE BEIIECTBA M YMEHbLIAs IIEPOXOBATOCTh MOBEPXHOCTH
WHCTPYMEHTA U 3arOTOBKHU.

* JmeHHO mno3TOMYy paboure TMOBEPXHOCTH MATpULl JUIsl BBITSDKKH (IUIOCKYHO U
WIMHIPUYECKYI0) HUIM(QYIOT, a MOBEPXHOCTh KPHUBOJUHEHHYIO (3aXOAHYIO) —
HOJIAPYIOT.

 Cuna Tpenuss F4 mpunoxkeHa K KOHTAKTHOM MOBEPXHOCTH 3aKpPYyrJIE€HHOW 4YacTu
nyaHcoHa u nonydadpukara. OHa AEHCTBYET B HAPABJICHUH BUKEHUS ITyaHCOHA

 Cwia Tpenuss F; ONOKMpyeT pacnpOCTpaHEHHE PACTATHBAIOIIMX HANpPSHKEHUH B

OIMaCHOM CCUYCHHWH, IPCIIATCTBYET YTOHCHHUIO CTCHKH.
1 2
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Puc. 11.10 - tamn ais ruApOMEXaHUYECKON BBITSKKU
 Ilo mepe omyckanusi IMyaHcOHa | [aBieHUE KUJIKOCTH B Kamepe 4 BO3pacTraeT
HACTOJIbKO, YTO OHA HAYMHAET BBITECHATHCS B KPYTOBOM 3a30p Mexay (Quianiem



BBITATMBAEMOM 3aroTOBKHM 2 M Marpuued mramna 3. [Ipy 3TOM peakTHBHBIE CHIIBI
Tpenust Fi, F2 u F3 CyIIEeCTBEHHO yMEHBINAIOTCS, MOCKOJBKY (uiaHell 3aroTOBKH
MEPEMEIIAETCS MEXKIY 3EPKAIOM MPUKUMHOTO KOJIbIA U TOHKHM CJIOEM KHJIKOCTH.
OnDHOBPEMEHHO BBICOKOE THIPOCTATUYECKOE TABJICHUE )KUIKOCTH CO3AAET HOPMAJIbHOE
JIABJICHUE HAa BHEUIHIOK IOBEPXHOCTh BBITATMBAEMOWN [€Taly, 4YTO IPUBOJUT K
YBEJIMYECHHIO CUJIBI TPEHUS F4, M OMMacHOE ceYeHue pa3rpyKaercs.

VYMeHbIIIEHNE pPEaKTHBHBIX M YBEJIMYEHHE AKTUBHBIX (pa3rpyKarolluX) CHII TPEHHUS
MIO3BOJIIET MOBBICUTH MPEAEIbHO-A0MYCTUMYIO CTENEHb Je(OopMalid U C MOMOIIBIO
I'MB mnosydate 3a OAHY ONEpAUI0 LUWIMHAPUYECKHUE NETAIA C OTHOCUTEIBHOMN
BbicOTOH H/d>1 mpu ManbIx paguycax CKPYIJICHHsS JHA W BBICOKOM KauyeCTBE
MMOBEPXHOCTH JECTAIIH.

Henocratok 'MB — OGosbliasi 9HEproeMKocTh Ipoliecca, Tak Kak Heo0X0oauMoe
nedopmupyroiee ycuime B 2—3 pasza 00JbIIe, 4eM IPH OOBIYHOM BBITSKKE.

OT0 00BSCHAETCS TEM, UTO OOJIBIIME 3HEPro3aTPaThl PACXOAYIOTCA Ha MPEOJIOJCHUE
npoTUBOAaBIeHUs kuaAKocTu (10 80 %).

['MB 3a onHy-ABe omepainuu MOJIy4YaroT JeTald KOHUYECKOW, mapabonyecKol u
cpepuueckoil Gopmbl, B TO BpeMsl KaK IMPH BBITSDKKE B JKECTKUX IITaMIax Jis
M3TOTOBJIEHUSI TAKOTO pojia JieTanel TpedyeTcs Tpu-ueThIpe U 0oJiee onepalui.

5. IIYJIbCUHPYIROLIAA BBITAKKA
[lynbCUPYIONIYIO BBITSDKKY OCYIIECTBIISIIOT B IITAMIE C NPYKUMHBIM KOJIBLIOM,
COBEpIIAIOIIUM KoJieOaTelbHOe (MyJIbCUPYIOIIEe) NBUKEHUE BIOJIb OCH IITAMITYEMOM
JeTaH.
B »Tux ycrnoBusX BHayale MPOUCXOIUT BBHITSDKKA 0O€3 MpUKUMa 3aroTOBKH,
COIPOBOKIaeMas TOSIBJICHHEM CKJIa10K (rodpupoBanuem) (puc. 11.11, a),
a 3aTeM TpaBka (pasriaxuBaHue) (IaHIa MPHKUMHBIM KoJbIioM (puc. 11.11, 6).
B nepuwon BBITSDKKM 0€3 TpWKUMa 3arOTOBKM  OTCYTCTBYIOT CHJIBI  TPEHUS,
BO3HUKAIOIIME TIPU CKOJBXEHUM (PJIaHIla OTHOCUTENIBHO paboydeil MOBEPXHOCTU
MPUKUMHOTO KOJIbI[A IITaMIIa,
B CBSI3U C YE€M paJIMalibHbIC PACTATUBAIOIINE HANPSIKEHUS B OTTACHOM CEYEHUU MEHBIIIE,
YeM MPHU BBITSHKKE C TPHKUMOM 3arOTOBKH.
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Puc. 11.11. [Tepuops! nponecca myabCUPYIONIEH BBITSIKKH: @ — IMOSBICHUE CKIIA0K,
6 — TpaBKa CKJIAJ0K MPWKUMHBIM KOJIBIIOM IIITaMIIa



[Ipu nynbcupyromeMm pexume padoThl AOMYCTUMBIA KOA(P(OUIMEHT BBITSKKU
cocTtaBiser 2,5—2,9, a BbIcOTa JIeTaJIel, MOJy4aeMbIX 32 OJIHY MHOTOIEPEXOJIHYIO
oreparuio, B 2—2,5 pa3a 0oJibliie, 4eM MpU OOBIYHON BBITSIKKE.

HanbGonee »(QdhekTHBHO NyJIbCUPYIONIYIO BBITSHKKY MPUMEHSATh TPH  IITaMIIOBKE
nerajgerd kopoO64aToil (OpMBI, TP H3TOTOBJICHUM KOTOPBIX TOMYCTUMBIN YIJIOBOU
kod(dummenT BeITsHKKH qocturaet 10,0—12,5, B To BpeMsi Kak mpu OOBITHON BBITSKKE
OH cocTaBiser 2,9—3,3.

DTO MO3BOJISIET CYIIECTBEHHO COKPATUTh YKCIIO OMEpPalil — BMECTO TPEX-YEThIPEX
onepalrii MOKHO MOJy4aTh TPEOYEMYIO JI€Tallb 32 OJIHY, OCYIIECTBISIEMYIO B YCIIOBUSIX
MYJILCUPYIOIIETO PeKHUMA.

[IpuMeHeHne MyJIbCUPYIONICH BBITSXKKH OCOOCHHO I1€JIECO00pa3HO IMPU IITaMIIOBKE
MUJUHIPUYECKHUX JieTajael, UMEIOIUX OTHOCUTEIIbHYIO TOJIIUHY CTEHKHU:

s, =s/d <0,03

[Ipu 3TOM paguyc CKpyrjieHHs padoyell KpOMKH MaTpHIbl JOJDKEH ObITh B 2—3 pasza
MEHbIIIE, YeM MPU OOBIYHON BBITSIKKE
3HaueHUE 3TOTO paJuryca ONPEAEAIOT 0 SMIUPUUYECKON GopmyIe:

r,=s-(0,25+05/,/s,)

I7ie So — OTHOCHUTEJIbHAs TONIIMHA 3aTOTOBKHU;
Iy — paanyc padoudeil KpOMKUA MaTpPHUIIbI
Jlnst moJIHOTO pasrjaXkuBaHUs (UIaHIla M YIYYIICHUS YCIOBUU €ro CKOJIBKECHHS
OTHOCHUTEJIbHO KOHTaKTHON NOBEPXHOCTH MHCTpYMEHTa pabouas d4acTb (3€pKajio)
MPYKUMHOTO KOJIbIIA JOJIKHA UMETh TUIOCKHH KOJIBIIEBOM Y4aCTOK MUPUHOM 3—5 MM,
rpaHUYAIIUI ¢ €r0 BHYTPEHHUM KOHTYPOM, a OCTajlbHasl YacTh 3epKajia — ObITh CIerka
KOHYCHOM (yron konycHoctu 0°30'—1°).
AmIuaTy 1y nmysibcanuu f mprKUMHOTO KOJIbIIa ¥ €IMHUYHBIA X0 ITyaHcoHa hy, 3a onuH
IIUKJI MyJIbCALUN PACCUYUTHIBAIOT 1O (OopMyTIam:
=0,05"(Ks-1)-dy;

rae d, — auaMeTp myaHCOHa.
[Tpu mynpcupyrouieil BHITSKKE YCHUIIME, CO3/1aBa€MO€ MPHKUMHBIM KOJIBIIOM, JTOJKHO
ObITh B 3—4 pa3a 60sbliIe yCHIIUs, CO3[]aBaeMOT0 ITyaHCOHOM, TaK KaK TOJIKO IPU 3TOM
YCIIOBUH 00ECTICUNBACTCS PAa3TIaXKUBAHUE CKIIATO0K, TEPHOINICCKH MOSBIISIIOIINXCS BO
bnane.
Jlis  mynbCUPYIOMIEH BBITSDKKH TIPUMEHSIFOTCSL  CTIEIMAIbHBIe TPECCHl  IBOHHOTO
nevicteuss mon.: I1I'-13, TIMII-500, III'B-1 ¢ HOomuHaneHbiM ycuiuem 500/1000,
1000/4000 1 2000/3000 kH (B ynciuTene ykazaHo yCUJIHM€E, pa3BUBAEMOE BHYTPEHHHUM,
a B 3HAMEHaTeJe BHEIIHUM TOJI3yHAaMU Mpecca).

6. TOKAJIH3ALIUA O9AT'A IE@OPMAILIHH
CymHOCTh JTIOKaJIM3aIMK 3aKII0YaeTcss B TOM, YTO ACPOPMHUPYIONIMA HHCTPYMEHT
(yaHCOH, MaTpHWIla, POJUK, HAKaTHUK) KOHTAKTHPYET C 3aroTOBKOM JHIIL Ha



HEOO0JbIIOM (JIOKaJTbHOM) YYacTKe, CO3/laBas B HEM Ouar MIacTUYECKOl AedopMaliii,
KOTOPBIN HEMPEPBIBHO MEPEMEIAETCA M0 33JJaHHON TPAeKTOPHUH.

[Ipu 3TOM CyI1I€CTBEHHO YMEHBIIAETCS:

cuia 1eopMUpoBaHus,

PEaKTUBHBIC CUJIBI TPEHUS,

MOBBIIIAETCA CTOMKOCTh HUHCTPYMEHTA,

YIOPOUIAETCS €ro KOHCTPYKLHS, YTO CO3AA€T BO3MOXKHOCTH IPOM3BOJCTBA OOJIBIION
HOMEHKJIATYphI I€TaJIel IPH MAJIbIX 3aTpaTax CPEJICTB HAa U3TOTOBJIEHUE OCHACTKHU.

Puc. 11.12 - Jleranu, mosydeHHbBIE JTOKATBHBIM Je(hOPMUPOBAHUEM: @ — TOPIIOBON

packaTkou, 6 — c(PepOoIBHKHON IITAMIOBKOU, 8 — POTAIMOHHOMN BBITSKKOM

K 4wucimy cnocoGoB poTalMOHHON 00pabOTKM MeTajla OTHOCAT: POTAlUOHHYIO
BBITSIKKY, CEPOJBIIKHYIO IITAMIIOBKY, TOPIIOBYIO M KOJBIIEBYIO PACKATKY IOJBIX
3aroTOBOK, HAKATKY 3yObEB IIECTEPEH, HAKATKY pe3bObl U IUIKIIEB U TIP.

f

a)

Puc. 11.13 - CxeMbI pOIECCOB C JIOKATBHBIM JI€(POPMUPOBAHUEM:a — POTAIMOHHAS
BBITSIKKA; 6 — c(hepoIBIXKHAS IITAMIIOBKA; 8 — TOPLOBasi packaTka (0e3 yTOHEHHUs U
C YTOHEHUEM)

[Ipu pomayuonmnoii ewvimsdicke 3aroToBKa BpaIIAETCsd BMECTE€ € IIa0OJOHOM WJIU
OIPABKOM, a TaBUJIBHUK B BUJI€ POJIMKA MIEPEMENIAECTCS B HAIIPABJICHUU KAacaTeJIbHOMN K
mrabsony (puc. 11.13, a).

[Ipu cghepoosusicnoii wmamnosxke 3aroToBKa HE BpallaeTcs, a UHCTPYMEHT (ITyaHCOH
WIM MaTpulla) COBEpIIaeT KauyaTeJbHOE M TOCTyHarelbHOe (BIOJIb OCH JETaju)
nsmxenne (puc. 11.13, 6).

[Ipu mopyoseou packamxe Bpalaercs 3aroTOBKa, a POJIMK, OCb KOTOPOT'O PacioJIoKeHa
HEPIICHIUKYJIIPHO OCH 3ar0TOBKH, IepeIaeT AaBiieHne Ha ee Topel (puc 11.13, 6)
Tunossie neTanu, MOIyYEHHbIE POTAIIMIOHHON 00pabOTKOM, oKa3aHbl Ha puc. 11.12.
To4HOCTB pa3MepOB ATUX JeTallel COOTBETCTBYeT 8—11-kBanurery,

[ITepoxoBaTocTk MoBepxHOCTH Ra=5+0,63 MKM.

[Tpou3BOAUTENBHOCTh  POTALIMOHHOW  0OpabOTKM  HMXKE  IPOU3BOJUTEILHOCTU
mTamMnoBku Ha mpeccax (5—10 mer/mMuH), 3a WCKIIOYEHHEM HAKaTKH pPe3bObl U
HErTyOOKHUX NIIUIEB HA CIEIUATN3NPOBAHHBIX aBTOMATAaX.



