Jlexkmust Ne3 2

TEMA: BBIPYBKA U IPOBUBKA
Inan nexkumu: 1. Cxema npoyecca, ouae oepopmayuu, H/[C, 2. 3a30p npu
8bipyOKe, npoduske, 3. pacuem UCNOIHUMENbHBIX PA3MEPO8 UHCMPYMEHma OJis
8bIPYOKU U NPOOUBKU, 4. DHepeocunosvie Xapakmepucmuku npoyecca, 9. chocoowl
YMeHbUeHUs Oehopmupyroue2o YCunus

BoipyOkoii ¥ mpoOMBKOW MOMYy4aroT IUIOCKHME JEeTadd U3 JIMCTa, a TakKke
3ar0TOBKH, UCTIOIb3YyEMBIE ISl U3TOTOBIICHUS TPOCTPAHCTBEHHBIX JIeTaliel THOKOH,
BBITSDKKOM, OTOOPTOBKOM U TIp.

BreipyOKy M NmpoOMBKY BBITIOMHSIOT B IITAMIIaX, pabO4YUe OpPraHbl KOTOPBIX
(myancoHn 1 m maTpuiia 3) yCTaHOBJICHBI C OIPEICICHHBIM 3a30poM Z (puc. 4.1).
JIuCcT WM MONOCY YCTaHABIMBAIOT HA MATPHUIy 3, UMEIOIIYI0 OCTPhIE KPOMKH.
[lyaHcoH 1, omyckasch BMECTE C BEpXHEW 4aCThIO IITAMIIA, HAJJaBJIIMBAET HA JIUCT.
[Ipm 5TOM, Kak IIpu OTPE3KE M pa3pe3Ke, NPOUCXOAUT OTHOCUTEIBHOE CMEIICHUE
MeTajula B MAaTpHlly, 3aKaHUMBAIOIIEeCs pa3pylI€HUEM, T. €. BBIPYOKOW WU
npoOuBkoi. OTaeeHHas YacTh METalIa IPOBAJIMBAETCS] B OTBEPCTHE B MaTpULIE, a
OTXO/J] TIPY XOJI€ yaHCOHA BBEPX CHUMAETCSI C HEIrO ChEMHHUKOM 2.

[Tpu BBIpyOKE M MPOOMBKE Oyar MJIACTHYECKON AepopMali OXBaThIBAET BCIO
TOJILLY JIUCTA, IPUMBIKAET K pabo4uM KPOMKaM IIyaHCOHA U MAaTPUIIbl, €r0 KOHTYP
NIOKa3aH IMyHKTUPHBIMHU JIMHUSAMH Ha puc. 4.2. HanpspkeHus, BOSHUKAIOLIUE MTPU
BripyOke u nmpoOuBKe, pacnpeaeneHsl o ouary aedopMannd HepaBHOMEPHO, YTo,
B CBOIO OY€pelb, BBI3BIBAET HEPABHOMEPHOE paclpeesieHrne qedpopManuil B CI0sx
MeTaJljIa, NapaJUIEIbHBIX INIOCKOCTH 3arOTOBKH, U IO €€ ToJuuHe. HanpsbkeHHoe n
ne(hopMUPOBAHHOE COCTOSIHUE MIPU BBIPYOKE U NMPOOUBKE — 00BbEMHOe.

—
TV
g 2
i
3
7
NN

Puc. 4.1. ltamn qy1st BRIpyOKH | Puc. 4.2. Dnropbl HaNpsKEHUH U

MPOOUBKHU nedopmariuii mo ovary nedopmaiuu

P BBIPYOKE U IPOOUBKE



Haubonbimas nepopmanus €, B paauagbHOM HANpaBICHUH BO3HUKAET BOIM3H
pabourx KpOMOK ITyaHCOHA U MaTPUIlbl, 4 HAUMEHbIIAs — MPUMEPHO MOCEPEANHE
pPacCTOSTHUSL MEXKIY STHUMH KPOMKaMH. DMIOpa  paclpelesieHus  paJidajbHbIX
nedopmaliiii Mo TOJNIMHE 3arOTOBKU MTOKa3aHa Ha puc. 4.2.

HepaBHomepHOoCTh pacnpeneneHus neopmanuil 1 HanpsHKeHUN OO0BsICHsAETCA
JNEeUCTBUEM H3THOAIOIIMX MOMEHTOB, BO3HHMKAIOIIMX MpPU BBIPYOKE U MPOOMBKE
BCJICZICTBUE MMEIOIErOCs 3a30pa MEXAY IyaHCOHOM M MaTpulled. 3HaueHue 3TUX
MOMEHTOB DPaBHO TIPOM3BEACHUIO PABHOACHCTBYIOIIMX 3JIEMEHTAPHBIX CHII,
MIPWIOKEHHBIX K KOHTAKTHON TTOBEPXHOCTH 3aTOTOBKH C TTYaHCOHOM M MAaTPHIIEH,
Ha TUIEYO, HECKOJIBKO OOoJIblliee, YeM 3a30p Mexay HuMmu. llpm ompeneneHHOM
U3rubaromeM MOMEHTE OTAeisieMas dYacThb MeTaula cjerka wu3rubaercs u
nmpuoOpeTaeT BBIMYKIYIO ¢opmy. M3rud 3aroToBKH, MOBOPOT €€ CCUCHUUA B
MIPOCTPAHCTBE BHI3BIBAET OTKJIIOHEHWE IIEHTPATLHON €€ YacTH OT TOpIla MyaHCOHa,
YTO, B CBOIO OYEPE/Ib, IPUBOJUT K HEPABHOMEPHOMY PACIIPEACIICHUIO HOPMATbHBIX
HaIpPsHKCHUH 0; Ha KOHTAaKTHOM MOBEPXHOCTH (CM. pHcC. 4.2).

HepaBHomepHOe pacripeselieHHe HOPMAIbHBIX HAIPSKEHUN 0; BBI3BIBACT
HEpPaBHOMEPHOE pacHpelielieHue paJualibHbIX HANpsXKeHUW o, 1O TOJIIUHE
3arOTOBKM M B CJIOSIX METajula, MapajljIe/IbHbIX €€ TJIOCKOCTU. [ yMEeHbIIeHUS
UCKaKEeHUsI (DOPMBI 3arOTOBKHU IMPHU BBIPYOKE YMEHBIIAIOT M3TrHOAIONINIT MOMEHT,
YMEHBIIas 3a30p MEXIY TyaHCOHOM U MaTPUIICH WM MPUMEHSS IPUKUM.

HauGomnpmas gedopmanus B paguaibHOM HANPABIEHUH BO3HHUKAET y pabodYMX
KPOMOK ITyaHCOHA U MaTPHIIBI, TO3TOMY UMEHHO TaM 3apOXkKIAF0TCS MHKPO-, a 3aTeM
MaKpOTpPEIIMHEI, OBICTPO pacTylue B TIyOb Metamia. Ilpw ciausHuM TpeuuH
MpoIecC pa3fiefieHus] MeTauia 3akaHuuBaetcs. CrnusiHue (COBMAJCHUE) TPEUIUH
CKaJIbIBAHUS MMPOMCXOANT, KaK M TIPH OTPE3KE, IPH ONITUMAIIEHOM 3a30P€ Zony (PHC.
4.3, 6), onpenensemoM 1o Ghopmyite (3.2).

[Tpu 3a30pe Z > Z,,, CKANBIBAIOIINE TPEIIMHBI COSTUHSAIOTCS B CPEAMHHBIX CIIOSX
mucta. C  yBeIWMYEHHMEM 3a30pa YBEJIMYMBACTCS  M3THOAIONIMN  MOMEHT,
BBI3BIBAIONINK YBEIMYEHUE PACTATUBAIONIUX HAMPSOKEHUN B 30HE JedopMaiivu, B
CBSI3M C YEM TPEIUIMHBI CKAJIBIBAHUSI BBIXOJIAT HA CBOOOIHBIEC TOBEPXHOCTH JINCTA HA
HEKOTOPOM yJIaJIEHU! OT PEXKYIIUX KPOMOK HHCTPYMEHTA U 00pa3yIoT 3ayCeHell.

[TIpu 3a30pe Z < Z,uu CKAJBIBAIOIIME TPEIIMHBI HE COBMANAIOT, MPU HTOM
oOpa3yeTcs IBa WM HECKOJBKO OJIECTSAIIMX MOSICKOB, Pa3IeIEHHBIX MEXKIY CO0OM
30HaMH CKaybIBaHus (puc 4.3, a).

OnTuMaIbHBIN 3230 MPU BRIPYOKE M IPOOUBKE 3aBUCUT OT TOJIIIUHBI 3aTOTOBKH
U €¢ MEXaHWYCCKUX CBOWCTB, OH OIpPEACISICTCS IO CHCIHATIBHBIM TaOIuIaMm,
COCTaBJICHHBIM Ha OCHOBAaHHMH OOOOIICHUS MPAKTUICCKUX MaHHBIX. [Ipu TommmHe
Metauia 0,3—20,0 MM onTUMAabHBIN 3a30p U3MEHSIETCS OT 5 10 12 % OT TONIIMHBI
aucta S (MEHBIIME 3HAYEHWS OTHOCATCS K MEHBIIEH TOJIIMHE, OONbIINEe — K
OombIIIeH).

CymectByet 6osiee nudpepeHIUpOBAHHBIN MOIX0 K OMPEISICHUIO 3HAUYCHUS
Zonm € y4eTOM TpeOyemoil IIepOXOBATOCTH TMOBEPXHOCTU  paslelIcHUs,
TEXHOJIOTUYECKOT0 YCWJINS U CTOMKOCTA UHCTpyMeHTa [11].



a)- 5)
Puc. 4.3. PacrionoxeHue TpelrH CKIBIBaHUS B 3aBUCIMOCTH OT 33a30pa IPU BBIpYOKE U
npoOuBKe

[Tpu mwrammnoBke 0co00 TOHKOIO MeTajuia TONMHON MeHee 0,3 MM TPUMEHSIOT
mITaMIibl 06€3 CHEelHaTbHO MPEAYCMOTPEHHOTO 3a30pa MEXIy IIyaHCOHOM U
MaTpuiieil. B 1aHHOM ciydae KOHTYp ChIpOTo (He3aKaJIeHHOT0) MyaHCOHA MOTyYaroT
MyTEeM MPOTITUBAHUS YEPE3 TEPMUUECKH 00paOOTaHHYIO MATPUILY, U3TOTOBJICHHYIO
0 ClielHaIbHOMY IIa0JI0HY. B yClIOBUSX BBICOKOCKOPOCTHOW BBIPYOKU-TTPOOMBKHU
(mpu yucie ABOWHBIX XOJ0B mpecca Oonee 120 B 1 MuH) u3-3a pacuidpeHus
WHCTPYMEHTA BCIEACTBUE HAarpeBa HA3HAYAIOT 3a30pbl MEXKIy IIyaHCOHOM U
MaTpulled, yBenuueHHble B 1,52 pa3a mo CpaBHEHHIO C OOBIYHBIMH"
(onTHUMAaIBHBIMU).

Kak nokazan @. II. MuxaillieHKO, py yBETUYEHUU 3a30pa MpPU BBIPYOKE U
npobuske 10 15—20 % 1no cpaBHEHHIO C ONTUMAIbHBIM CTOMKOCTh HHCTPYMEHTA
CYILLECTBEHHO YBEJIIMYMBAETCS, OJHAKO MPHU 3TOM KauyecTBO OOKOBOW MOBEPXHOCTH
OTIEISIEMOI JIeTay CTAaHOBHUTCS XYyXe. 3a30p MEXAy IIyaHCOHOM U MaTpHIEeH
OKa3bIBAa€T BIUSHUE HAa 3HAK W 3HAUEHUE ynpyrux aedopmaruii BeIpyOJEHHOM
nerand (wam  npobutoro otBepctus). C  yBeIMYEHHMEM 3a30pa BO3pacTaeT
U3rHOAOIMMKA MOMEHT, B CBSA3M C UYEM YBEJIMYHMBAIOTCS paACTATMBAIOIINE
HaNpsDKEHUs, a, CJIEJOBAaTEIbHO, U pacTsAruBaroliue aegopmaluu B paguaibHOM
HaIlpaBJICHUHU.

[Tocne pa3rpy3ku B 30HaX CKpYyIJIEHUS BBIpYOJIEHHOW JeTalu U OTXoJa
BO3HUKAIOT C)KMMAIOILIUE YIpYyrue aepopmanuu &, B pe3ysibTaTe YEro JuaMeTp
JieTaJld CTAHOBUTCSL MEHBIIIE JUaMeTpa MaTPUIIbl, a AUAMETP OTBEPCTUS — OOJIbIIIE
nuaMmetpa nmyaHcoHa. [Ipu aTom neranb cBOOOHO MPOBAIUBAETCA CKBO3b MATPUILY,
a OTXOJl JIETKO CHUMAETCS C IyaHCOHA.

C ymenblieHneM 3a30pa (1o CpaBHEHHIO C ONTUMAJIbHBIM ) U3TMOAIOITAA MOMEHT
YMEHBIIAETCS U CTAHOBUTCS HACTOJBKO HE3HAYUTENbHBIM, YTO PACTATHBAIOLINE
HaIpsHKEHUs!, IEUCTBYIOIINE B PaIMaJIbHOM HAMpPABIICHUU, TIOYTH HE OKa3bIBAIOT
BIUSIHUA Ha ynpyrue aedopmanuu. OIHAKO MPU 3TOM pPaACTET IIAPOBOM TEH30P
CKaTus, B pe3yJbTaTe 4Yero Iocjie BBIPYOKH BO3HHKAIOT OOpaTHbIE MO 3HAKY
pacTsruBamolue ynpyrue nedopmanuu, NpUBOASIIME K YBEIUYCHHUIO TUaMETpa
BBIPYOJIEHHOW JeTalld U K YMEHBIICHHIO AuaMerpa mpoOutoro orsepctus. [lpu
3TOM JI€Tajlb OCTAE€TCSl B MAaTpPHULE, a OTXOJ IUIOTHO OXBAaThIBAET MyaHCOH. Kpome
TOTO, C YMEHBIIEHHWEM 3a30pa BO3pPACTAaeT KOHIEHTPALMS HOPMAJIBHBIX
HaANpsDKEHUH 0; y pabounx KpOMOK ITyaHCOHA M MaTPUIIBI U 3TO BBI3BIBAET OBICTPOE
UX MPUTYIUIEHHUE U, CIEI0BATEIBHO, CHUKEHHE CTOMKOCTH.

Bmecte ¢ Tem mpu Manom 3a3ope otTiensieMas JieTaldb uMeeT 0osiee TOYHbIE



pa3Mephl M 0CTAeTCS IMIIOCKON 0€3 JOTOTHUTEIHHOM MPaBKHU.

PACYET HCIIOJIHHTEJIBHBIX PASMEPOB HHCTPYMEHTA JUIA
BbIPYBKHU H ITPOFUBKH
PabGoumne neranu (37€MEHTHI) IITAMITOB JJI BEIPYOKH U MPOOUBKHU - MAaTPHILy U ITyaHCOH
MO>KHO M3TOTABJIMBATH COBMECHIHO U PA30ENIbHO.

COBMECTHE H3I'OTOBJIEHHUH I[IYAHCOHOB H MATPUI]

» Ilpu coemecmmnom M3roToBIECHNN OJHA U3 padOUYNX JeTanel (compsraemas)
nopabaThIBaeTCs MO APYTroi:

 Ilpu BbIpyOKe - MyaHCOH TO MaTpulile (MATpULAa OMpEIesieT pa3Mep
ITAMITyEMOT0 3JIEMEHTA U SIBJISICTCS OCHOBHOW), M3nawiueanue mampuyot
npugooum K yeeluueHuio ee padouezo omeepcmus, NOINOMY
UCNOJIHUM ENIbHbLE PAZMEPBL pAd0oUe20 OmeepCmus Mampuysl 0711 8vlPyoOKuU
00J121CHBL ObIMb HAUMEHLULUMU NPEOETbHBIMU.

 Ilpu npoOuBKe — JUaMETp OTBEPCTHUs, IIOJYy4aeMOro IPOOUBKOM
COOTBETCTBYET JUAMETPy IyaHCOHa. M3Hauiueanue nyancona npusooum K
ymeHbutenuro e20 ouamempa. Iloamomy ucnonrnumenvuvlit pazmep
nyancona 00ceH O0blmb HaubobWUM  npedebHbim. Marpuna
MOJITOHSIETCS 10 MyaHCOHY (ITyaHCOH OIpeAeIIIeT pa3Mep OTBEPCTHS, Ma3a u
SIBJISICTCSI OCHOBHBIM ).
Ilpu smom pacnonodcenue noneu OONYCKO8 WMAMNYEMO20 INeMeHmda U
paboyux demaei wmMamno COOmMeemcmayem cxeme, NOKA3aHHOU Ha puc. 2.

IIpu coBMEeCTHOM M3rOTOBJICHUH IIpu pa3aejibHOM U3TrOTOBJICHUH
BoipyOka (BapuanT 1) pasMep yBeIMUMBACTCA

L.\f :(LH _HH)_JM

ngli ; _ -
- S L, = (LH _HH)“’-" Ly =Ly —1I _~)—JH

JopaboTka myaHCOHa MO MaTpUIIE
IIpoOuBka (BapuaHT 2) pa3Mep yMEHbBIIAETCS

L, = (LH + HH)—aﬂ
Ly=(Ly +1y) 5, L,=(L,+1, +z)°"
JlopaboTKa myaHCOHA 110 MaTpPHUIIE

O6o3Hauenus: [lu — TPUIYCK HA M3HOC ITyaHCOHA (MaTpHIlbl); OM U Oon —
TIpeIeNIbHBIC OTKJIOHCHUS UCIIOTHUTEIIBHOTO pa3Mepa COOTBETCTBEHHO MaTPHIILI U
MyaHCOHA

Ilpusedenuvie ghopmynvl npumeHumsvl 01 Ciyyaes, K020a NpU UHAUUBAHUU
pabouux oemaneti wmamna pasmep Ly wmamnyemoeo snemenma ysenuuusaeme
(cm.eapuanm 1) unu ymenvuwaemces (éapuanm 2).
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Puc. 2. Cxema pa3MepoB U MoJIeH JOMYCKOB IITaMITyeMOM JeTaau U pabounx
JieTajei mraMia npyu uX COBMECTHOM U3TOTOBJICHUU:

a - pu BIpyOKe; O - mpu mpoOuBKe,; Ly — HOMUHANBHBIA pa3Mep IITAMITyeMOTO
ANEeMEHTAa; Ly, — HOMUHAIBHBIN pa3Mep MaTpullbl; Ly 7 — HOMUHANBHBINA pa3Mep
nmyaHcoHa; Lg y — dakTudeckuit pazmMep Matpuilsl; Lo y — pakTudeckuii pazmep
MyaHCOHa; A — JOMYCK pa3Mepa MTaMITyeMOro 31eMEHTa; [/, — NPUITYyCK Ha U3HOC
MyaHCOHA ¥ MaTPHIIBL; O U Oy —IOMYCKUA pa3MEPOB MMyaHCOHA U MaTpachl; Z U Az
— 3a30p M T0JIe JIOMYyCKa 3a30pa MEXIAy MaTpHUlleld B IMyaHCOHOM (JIBYCTOPOHHHE)
I'OCT 25347 IlonGop nojei J0myCcKoB 10 - 82 JjIsl BCEX 3HaYCHUM ¢ COOTI0IeHUEM
ycinoBus (9, +9',;) = AZ HE NPEACTABIISIETCS BO3MOXKHBIM.



IIpu coBmecTHOM M3roroBiaennu  Ilpu pa3neabHOM H3rOTOBJIEHUH
IIpoOouBka (Bapuaurt 3) pa3Mep HE U3MEHSIETCA

L, =L,+05A
L, =L, +0,5A L, =L, +05A+z

JlopaboTka MaTpHIIbI IO MyaHCOHY
OTtpe3ka (BapuanT 3) pa3Mep HE U3MEHSIETCS

[+A

L, =L, +0,5A

JlopaboTka myaHCOHA [0 MaTpHUIIe
O6o3HaueHusi: A — TpeJeNbHOEC OTKIOHEHHE HOMHHAJIBHOTO pa3Mepa
ITAMITyEMOT0 3JIEMEHTA; Z — 3a30p MEXKy IyaHCOHOM U MaTPHULEH.

Ecnu oce usnawueanue pabouux oemanell He neyem 3a coOOU UIMeEHEHUe
pasmepa wmamnyemoeo diemeHnma (BapHaHTBl «mMpoOWBKa, OTpE3Ka»), TO
UCTIOTHUTENbHBIE pPa3Mepbl pabodymx [eTaneil Oompeaenstorcs 1o GopMyriaM
pUBEACHHBIM B BapraHTax 3. [Ipu 3TOM B KauecTBE OCHOBHOM JI€TAJI MOTYT OBITh
HNPUHATHI TMOO MMyaHCOH, MO0 MaTpULA.

Ecnu pazmepvr wmamnyemoeo snemenma 0na cayuas 6vlpyOxku (BapUaHT
«BBIpYyOKay) 3amanbl B Bue LntA, To ux cnemayer npeodpazoBath K Buay (LntA)-
2A u nanee, paccMatpuBas Ln+A kak HOMUHAIBHBIN pa3mep U

2A - xaK ero 1oJje J0IycKa, BOCIOIb30BaThes (hopmynoit (1) (cm.tad. 1).
To e Kacaercs ciydas 3aJlaHus pa3Mepa OTBEPCTHs (BapHaHT «ITPOOMBKAY) B BUJIE
Ln£A. Ero cnemyer mpeoGpazoBate k Buuay(Ln-A)+2A u Bocmosib30BaThCs
dbopmysoii (4) nmpuBeneHHoOM B TabI. 1.

+A,

Ly, ) L, A
A8 pm 81 (mpu A2 > Al)
COOTBETCTBEHHO /15 BapuaHToB 1 1 2. B aTOM cityuae cinemyeT nmpeodpas3oBarh ux K

(Ly -4, )—(ap-ay) + AD“AZ*AI)
2

P&SMepBI MOT'YyT OBITH 3aJaHbl TAKOKC B BUJC

COOTBETCTBCHHO (LH
Li—4 ,; Ly +A

BUOY a 3aTrcéM II0Jb30BaTbhCA

bopmynamu, cuuTas ! HOMHUHAJIBHBIMHM Pa3MepPaMu IITAMITyEMOTO

aneMeHTa, a A2 —Al monem ux IomyckKa.

Ilpedenvnoe omknonenHue HOMUHAIbHO20 pa3Mepa W HNPURYCK HA U3HOC
nyancona (mMampuuysvl) 3a0arom 6 COOMEEMCHEUU NOJAAMU OONYCKO8 HA
HOMUHAIbHBLE PA3ZMePbl Oemanu



Pazmep
IITAMITyeMO

IToma JOIIYCKOB HOMHHAIBHEIX PA3IMEPOB IITAMITYEMOT O 3IEMEHTA

HO9: ho H10; h10 H11; hll
ro
37TeMeHTa, A IT, By, B, A 1L, O, Oy A I,
MM
Ce. 1m0 0,025 0,025 0,008 0,005 0,040 0,040 0.011 0.008 0.060 0,060
3
» 3 » 0,030 0.030 0,009 0,006 0,048 0,048 0.014 0.010 0.075 0.075
6
» 6 » 0,036 0.036 0,011 0,008 0,058 0.058 0.017 0.012 0.090 0,090
10
» 10 » 0,043 0,043 0,012 0,009 0,070 0.070 0.021 0.015 0.110 0,100
18
» 18 » 0,052 0,052 0,016 0,012 0,084 0,084 0,025 0.019 0,130 0,120
30
» 30 » 0,062 0,062 0,019 0,014 0,100 0,100 0,030 0,022 0.160 0,440
50
» 50 » |0074 |0074 |0022 |o0017 |0120 |0100 [0030 |0022 |019 |0.170
80
» 80 » |0087 |0087 |0026 |o0019 |0140 |0.120 [0035 |0030 |0220 |o0.170
120
» 120 » 0,100 0,100 0,030 0,022 0,160 0,140 0,035 0,035 0,250 0,200
180
» 180 » 0,115 0,100 0,030 0,022 0,185 0,145 0,035 0,035 0,290 0,240
250
PazMep ITo715 JOIYCKOB HOMHHATEHEIX PA3MepOB MITAMITYEMOTO 3TeMeHTa
TITAMITYEMO HO: ho H10; h10 HI1: hil
ro
3TeMeHTa, A IT, B, S, A IT, Oy Oy A I,
MM
» 180 » 0,115 0,100 0,030 0,022 0,185 0,145 0,035 0,035 0,290 0.240
250
» 250 » 0,130 0,120 0,035 0,030 0,210 0,170 0,035 0,035 0,320 0.250
315
» 315 » 0,140 0,120 0,035 0,030 0,230 0,180 0,035 0,035 0,360 0,300
400
» 400 » 0,153 0,140 0,035 0,030 0,250 0,200 0,045 0,045 0.400 0,300
500




3.3. GHEPTOCHUJIOBBIE XAPAKTEPUCTUKU MPOLECCA
K 9SHeprocmwyioBblM XapakTEpHCTHKAM TMPOIECCOB BBIPYOKM | TPOOHMBKH
OTHOCSITCSI: YCHJIHE BBIPYOKHM W TPOOMBKHU, YCHIIUE TPOTAIKHBAHHS OTICICHHOU
JacTH MeETajula Yepe3 paboyee OTBEPCTHE MATPHIIBI, YCHINE CheMa OTXoaa (Wu
W3JIeNINs) C ITyaHCOHA U paboTa AehOpMUPOBAHUS.
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Puc. 4.5. Cxema BHenpenusi nmyancoHa Puc. 4.6. Cxema neicTBUS CUIT TPEHUS
B METaJUT MPH BEIPYOKE U TPOOUBKE

Yeunue evipyoxu u npoousxku (Mam nepopMHUpPYIONIEe YCUIIME) 3aBUCUT OT
CONPOTHUBJIEHUSI CPE3y O, MaTepuaja 3aroTOBKH, TOJIIMHBI MeTamia S, JJIMHbI
oTHeNsIeMOro KoHTypa L, ¢opmbl M coCTOsSIHUS pabOuYMX KPOMOK MyaHCOHA U
MaTpULlbl U 3a30pa MEXJIy HUMH, CKOPOCTH JAe(POPMHUpPOBAHUS U TIIyOHHBI
BHEJJPEHUS TyaHCOHA B METAJUI B MOMEHT IOSIBJICHUSI CKAJIBIBAIOLIECH TPEIINUHBI.

[Tpu pacuerax ycunue BbIpYOKHM U MPOOUBKH NMPUOIMKEHHO ONPEICIISIOT, KaK
IIpOM3BE/IEHUE TUIOIIa U OOKOBOM moBepxHOCTH F, oTaensemoit yactu MeTaia, Ha
COIIPOTUBIIEHUE CPE3Y O, C YUETOM MPUTYIUIEHUS pabOuuX KPOMOK IIyaHCOHa U
Matpuilpl Kodddunmenrom o = 1,1+1,3: P=w-F.o,=0-Lso, (49

U3 dopmynsl (4.9) cneayeT, 4TO MakCHMalbHOE YCHUJIME BO3HHUKAET B CaMOM
Hayayie BBIPYOKM W TPOOMBKH, Korna rJomans F makcumanbhHa. B peanbHBIX
yCIOBUSX J€(OPMUPOBAHUS YCUIINE BBIPYOKH U IPOOMBKM U3MEHSETCS OT HYJS B
Hayaje mpolecca 10 MaKCMMyMa, a 3aTeéM HauMHAeT YMEHBIIATbCsl B MOMEHT
HOSIBJICHUS CKAJIBIBAIOIINX TPEIINH.

Ecnu npuHATH AOMYIIEHUS O TOM, YTO IO MOBEPXHOCTU paszzelsia MPOUCXOTUT
YUCTBIM CABUT, a paJuajbHble OTHOCHUTEIbHBbIE JedopMaluu &, PAaBHOMEPHO
pacnpesiesieHbl O TOJIIMHE 3ar0OTOBKU U HalpaBJIEHHUE IJIABHBIX OCEU B MPOLECCe
neopMUPOBAHUS OCTAETCA HEM3MEHHBIM, TO (popMyJia JUisl ONPEAEIICHHS YCUus
BBIPDYOKH U MPOOUBKHU (10 MOMEHTA MOSIBICHUS CKaJbIBAIOIIUX TPEUIMH) MOXKET
OBITH TIPE/ICTABIICHA B BUJIC: Px=L (5s—X) s,

rje x — riyOuHa BHEpEHUs TyaHCOHa B MeTalul (puc. 4.5),

a 7—0,58 0 — HanboJbIee KacaTeIbHOES HAIIPSHKECHHE.

[Tpu xonoHOM BBIpYOKE M MPOOKBKE HAMPSHKEHUE TEKYUYECTH YBEIMUMBACTCS C
YBEJIIMYEHUEM CTETEHU JAe(opmaliiu BeleACTBHE 1e(OPMAIMOHHOTO YIIPOYHEHUS
metaia. Ecinu cuutarh, YTO MU3MEHEHUE 0s MPOMCXOAUT COTIIACHO CTETIEHHOM
3aBHUCUMOCTH, TipensoxkeHHoi C. U. I'yOkuHbIM:

Y

o :GB.(WJW”, (4.10)
-y, \v,

r7e y — CTeneHb JAegopMalvy, SKBUBAJIIEHTHASA MO yIPOYHSIomEeMY 3D PexTy,




OTHOCHUTEJIBHOMY U3MEHEHUIO IUIOIIAN cpe3a
R -F  _sL-(s—-x)L X
- F,  sL s’

TO QopMmyna g ONPEACIICHUS YCUIUS BBIPYOKH M TMPOOMBKU C yYETOM

YIIPOUYHCHUA MCTAJlJIa ITPUMCET BU

Yo
) 0,58-0, X |
1-vy, Sy,
AHaJIN3 TTOTy4YeHHOU (POpMYJIbI YKa3bIBaeT Ha CYIIECTBOBAHKUE IKCTPEMATHHOTO
3HaueHus P. HCCJ’IQI{OB&HI/IH Ha 3KCTPCMYM ITO3BOJIAIOT YCTAHOBUTH CYIICCTBOBAHHC
MakCuUMyMa ycuius npu  x=s-y,. [logcraBus 3nadenne x B (opmyiy (4.11),

P =L-(s—x

X

(4.11)

MIOJIy4YUM. P.x=058-0,-L-s,

WIH, YYUTHIBAs, YTO ISl MaJIOYTJIEPOJUCTBIX JIMCTOBBIX cTaieil ag,, =0,7as,
uMeeM: P =083-0,, -L-s. (4.12)

C nomompo dopmynsl (4.12), npennoxkenHnoit E. A. IlomoBbIM, MOXHO
MOJIYYUTh JIUIIb TMPUOIMKEHHbIE 3HAY€HUS Prax, TaK Kak MPU €€ BBIBOJAC ObLI
NpUHAT psana jpomymieHud [16]. OnHako oHa OTpa)kaeT (PU3MUECKYHO CYITHOCTH
npolecca M IMOKa3bIBa€T, YTO MAaKCHMAJIbHOE YCWJIHME BBIPYOKM W NPOOHUBKHU
BO3HUKAET MPHU ONPEJICTICHHON TITyOMHE BHEIPEHUS ITyaHCOHA B 3arOTOBKY, a HE B
caMoM Hauaje AeOopMUPOBaHUSI, KOTIa €€ TOIIINHA HanOobIIasl.

Yeunue npomanxusanus u cvema. Ilpu BeipyOKe ¢ MaJIbIM 3a30pOM JI€TaIb (WA
3aroTOBKAa) OCTaeTCsl B MaTpUIle, a OTXOJ IUIOTHO OXBAaThIBaeT ITyaHCOH. B
pe3ynbTaTe ynpyrux Ae(popManuii BOSHUKaIOT KOHTAKTHBIE HAIPSDKEHHS o, U O,

, KOTOpBIE TIPH MPOTATKUBAHUHN JICTATTH CKBO3b MATPHUILY M ChEME O0TXO0/a C ITyaHCOHA
BBI3BIBAIOT BO3HUKHOBEHHE HANPsKEHUN TpeHus (puc. 4.6).

B cBs3u ¢ 3tM mpu pabodeM XoJe MyaHCOHA HEOOXOJMMO IMPEOJ0JETh HE
TOJIBKO COTIPOTHRBIJICHHE BBIPYOKe-TIpOOMBKE P;, HO U COMPOTUBJICHUE CHJI TPEHUS
Fy, BO3HHMKAIOIMNUX MPU TEPEMEIICHUN JeTald OTHOCUTEIHHO MATPHIIBI, a TaKKe
COMPOTHUBJICHUE CUJ TpeHUs F, Ha KOHTAaKTHOW MOBEPXHOCTH MyaHCOHA M OTXOJa
Merauia. B atom cimywae ycunme mnpecca P=P+F,+F,. Ilpu obpatHom xone
MTyaHCOH MPEOI0JIEBAET TOJIBKO COMPOTUBIICHUE CUJT TPEHUS CheMY 0TXO0/1a METalIa
c nmyaHcoHa F,. Cymmy cun F, u F, Ha3bIBalOT ycuiueM MNPOTAIKUBAHUA Py
=Fy+Fy, a cuny F;, — ycunmem crema Poy=F,.

Onpenenenue yCWIMM TPOTAJIKMBAHUS W CheMa I[IO3BOJISIET YTOYHHTH
YHEPrOCUJIOBBIE XAPAKTEPUCTUKH BBIPYOKH U TPOOMBKH, a TaKXKe IMOIYYUTh
HEOOXOJMMBIC JaHHBIC MJII pacdyeTa Ha TPOYHOCTh M JKECTKOCTh OTIEIBHBIX
JeTaje mTaMIoB (ChbeMHUKH M MX TPYXKUHBI, ITyaHCOHOICPKATEIIN U JETAIH UX
KpPEIUICHUS U TIP.).

Ecnmm cumrarh, 9TO OTXOJ MeTajula COMPUKACACTCS C ITyaHCOHOM TOJIBKO
OnecTsmmM MmosickoM BeIcOTO#M h (cM. puc. 4.6), To dopmysa i ONpeneicHus
yCHUJIUS ChbeMa 6yz[eT HUMETH BH/I. P=L-h-o pRy 7

[Mpunumas h = 0,3-s, p = 0,2 1 6,,~0cp, OTydaeM

Pe, =0,06-L-s'0¢p = 0,06-Px.



Jlis mpUHATHIX yCIOBHM neopMUpOBaHUsS yCuiMe cbeMa cocTaBisieT 6 % oT
TEXHOJIOTUYECKOTO YCUIIHS BBIPYOKU-TTPOOUBKHU.

Ecnu cunbl TpeHust, NpUiIoKeHHbIE K TOBEPXHOCTH KOHTAKTA ITyaHCOHA M 0TXO0/a
MeTajula, paBHbl CHUJIaM TPEHHS, NPWIOKEHHbIM K TIOBEPXHOCTH KOHTAKTa
BbIpyOJIeHHON aeTanmu ¥ matpuiel (F, = F,), To ycuiaue mpoTaikuBaHus Oyaer
pPaBHO yJABOCHHOMY ycwinio cbema (Pyp=2P:). OpHako BCIEACTBUE Jaxe
HE3HAUUTEIHLHOTO U3ruba OTJEICHHOW YacTH MeTaljla HOpMajbHbIe HANpPsKEHUS
Opv, TIPUITIOKEHHBIE K TIOBEPXHOCTH KOHTAKTa BBIPYOJICHHOMN N€Tald U MaTpUIIBI,
CYIIECTBEHHO YMEHBIIAIOTCS, IMOITOMY YCHUIUE MPOTAJIKUBAHUS OKA3bIBACTCS
HEMHOTUM Ooutbie yermusi cbeMa (Prp= Pey).

Kpome paccMoTpeHHBIX (DaKTOpPOB, HAa YCWIHE NPOTAIKHBAHHS U CbhbeMa
CYIIECTBEHHO BIHUSIOT: IIUPHUHA TMEPEMBIYKH MEXAY COCETHUMHU OTICISIEMBIMU
KOHTypam# (4eM OHa OoJibllle, TeM yCHUJIME MPOTAIKHWBAHUA M CheMa OOJbIIe);
dbopma 1 pazMepsl MITaMITyeMOI0 KOHTYpa; 3a30p MEX1y ITyaHCOHOM M MaTpHIIEH;
BO3MOXKHOCTh IIE€pEeKOoca 0TX0Jla MeTajljla OTHOCUTENIbHO IyaHCOHa U mp. Tak Kak
yUYeT BIIMSHUS ITHX (PAKTOPOB MPEACTABISAET ONpPENEICHHbIE TPYJHOCTH, YCUIINE
IPOTAJIKUBAHUS U ChEMa OMNPEIEINISIOT, UCIOJb3Ysl SKCIEPUMEHTAIbHbIE JaHHBIE,

IIOJIYy4YCHHBIC B (1)YHK]_II/II/I YCUIIUA BBIPY6KI/I - Hp06I/IBKI/I o CiIcayronmm
SMITUPUYCCKHUM (bOpMYJIaMZ
Pup = Kip'Pn = KypeP-(h/s); (4.13)
PCH = KCH 'P; (414)

rae Kyp 1 Koy — K03 PuimeHTs! (M1 OTHOCUTENBHBIE YCUITUSA) TPOTAIKABAHUS
Y CbE€Ma; N—YUCIIO0 ACTaNEeH, HAXOIAIIMNXCS B IEMKE MATPHUILIBIL.

B 3aBHCHMOCTH OT TONIIMHBI METaJla, YUCIa OJHOBPEMEHHO INTaMITyeMBIX
JeTane W Tuma Imramna (MpOCTOro WM TOCJHEN0BATENbHOTO AedcTBuA) Ky
m3mensiercs ot 0,02 mo 0,20, a K— ot 0,05 mo 0,14. Uem ToJjmme MeTall, TEM
OTHOCHUTEJIHHOE YCUJIHE CheMa U MpOoTaKuBaHus Oosbiie [18].

I'. . CkBopiioBbIM pazpaboTaHa METOJMUKA pacueTa OTHOCUTEIbHBIX YCHIIHMM
cheMa W TPOTaJKUBaHUS Ha 0a3e aHalu3a CHCTEMbl «IyaHCOH — MeETajuDy,
COTPSDKEHHBIX C OMPEEJICHHBIM HATSATOM TMOCIE BBIPYOKH-TIPOOMBKH, C y4E€TOM
OTHOCHTEIIbHOW MIUpUHBI epeMbiuku b/d (d — muamerp mrammyemMoro KoHTypa).
CornacHO ero pacueraM OTHOCHUTENbHOE ycwine K.y I YepHBIX U IBETHBIX
meTaiioB npu u3meHernu b/d ot 0,01 mo 1,0 pasuo 0,015—0,085, a oTHOCHTEIBHOE
yeunue Ky, He3aBucumo ot 3Hauenus b/d cocrarmser 0,035+0,12 [11].

Paboma oegopmuposanus. Ycunue pedopMupoBaHUs TIPU BBIpYOKE U
NMPOOMBKE HM3MEHSACTCS IO IyTH ITyaHCOHA, MPUYEM XapakTep €ro HU3MEHEHHS
(kpuBas paboueil Harpy3KH) CXOJEH C XapaKTepOM U3MEHEHUs YCUITUS OTPE3KH (CM.
puc. 3.7). B cBs3u ¢ atum pabota ne@opMupoBaHus NpHU BbIpYOKE U MPOOUBKE
MOXeT ObITh oTpeiesieHa 1o dpopmyiie (3.6), B KOTOpOH yCHIINE PACCUUTHIBACTCS MO
dbopmyse (4.9), ecinr THCTPYMEHT JIJIsl BRIPYOKH U MPOOUBKU UMEET TIIOCKHUE TOPIIHI,
u 1o popmynam (4.15)—(4.18), ecnmu paboure KPOMKU UHCTPYMEHTA HAKJIOHHBIE.

[Ipu ompenenenun paboThl AePOPMUPOBAHUS TPU BHIPYOKE M MPOOMBKE IIO
dbopmyre (3.6, 6) 3HaueHne KodhdUIMEHTa A B 3aBUCUMOCTH OT TOJIIIMHBI, POJa
MeTajula U ero TBepjaoctu usmensercs oT 0,15 mo 0,75. Uem Toumiie U TBEpKe
MeTaJll, TeM 3HaueHue A menbme [11].



CHHOCOBbI YMEHBUHIEHUSA AE®OPMUPYIOUIEI'O YCUJIUA
Jlnst ymeHbieHus 1eOpMHUPYIOLIETo YCHIINS BBIPYOKU-TIPOOUMBKHU MPUMEHSIIOT

pa3ianyHbIe CIIOCOOBI, @ UMEHHO: BBIPYOKY KOHTYpa IO YacTsIM, BEIPYOKY-IPOOUBKY
IIyaHCOHAMU Pa3HOM JJIUHBI CO CTYNEHYAThIM PACHOI0KEHUEM PabOYnX KPOMOK U
BBIPYOKY-TIpOOMBKY TpHU TMOMOIIM MyaHCOHOB M MATpPHUI[ C HAKJIOHHBIMH (CKO-
HICHHBIMH) KpoMmkamu. [lociemnuii cmoco® MO3BOJSET TMpolecc BBIPYOKH-
NpOOUBKH OCYIIECTBIATH TIOCTENEHHO (Kak NpU OTpe3Ke Ha HOXKHHUIAX C
HAKJIOHHBIM HOXXOM), a HE OJIHOBPEMEHHO IO BCEMY OTHAEIsIEeMOMY KOHTYpy. B
pe3yJIbTaTe 3TOr0 YCUIIME BBIPYOKH-TIPOOMBKU MOKET ObITh yMeHbIlIeHO Ha 30—40
%.

npolutra

Lemarns

0mxad

Aemans

Mampuya
Mampuya

b

a) 4)

Puc. 4.7. IlyancoHbI 1 MaTpHILIbl AJ1 BIPYOKH ¥ MPOOMBKH C HAKIIOHHBIMU
(CKOIIEHHBIMU) pA0OYMMHU KPOMKAMU

Jnst co3maHust yCIOBUM, MPU KOTOPBIX TOPU3OHTAIBHBIC TPOCKIUU YCHUIUM
BBIPYOKHU U MPOOUBKU, IPUJIOKEHHBIE K HAKJIOHHO PACIIOI0KEHHBIM (CKOIIEHHBIM)
paboyuM KpOMKaM WHCTPYMEHTA, MOTJHM Obl YpaBHOBEIIMBATHCS, CKOCHI JEIat0T
CUMMETPUYHBIMUA OTHOCUTENIBHO OCH MHCTPYMEHTA. JTO MO3BOJISIET YIiibl HAKJIOHA
pabouyux KPOMOK HHCTPYMEHTA JIeJaTh OOJIBIIE, YeM IIPU OTPE3KE C OTHOCTOPOHHUM
HaKJIOHOM PEXKYIIel KpPOMKH HoOXa. B 3aBUCMMOCTH OT XapakTepa omnepanuu
(BBIpYOKHM WM MPOOUBKU) CKOCHI BBIMOJHSIOTCA Ha MAaTPUILIE WIM IyaHCOHE (puC.
4.7). IlpuMmeHeHHWE CKOCOB BBI3BIBACT M3rMO TOM 4YacTH MeETaia, KoTopas
COMpHUKAcaeTcsi C HMHCTPYMEHTOM, HMEIOIIMM HaKJIOHHbIE pabodyre KPOMKH.
[ToaToMy mpu BBIpyOKE CKOCHI JI€NIAlOTCA Ha MAaTpulle, a IpU NpPOOMBKE — Ha

IIyaHCOHE.



B obnactu uccnegoBanuii mporecca BhIPYOKH-TIPOOMBKH HHCTPYMEHTOM CO
ckocamu Hanbosee u3BecTHbl padboTsl b. [1. 3Bopono. MM npeanokeHsl pacueTHbIE
(GopMyJibl Ui ONpEAENeHUs] yCWINs BhIpYOKH-TIPOOMBKH IIPU PA3IUYHONU (opMme
pabounx KpOMOK ITyaHCOHOB M Marpull. Hampumep, mpu BbIpyOKe KpyTrioin
3aroToBKM AuameTpoM D B maTpuie ¢ JIBYCTOPOHHUM CKOCOM (cM. puc. 4.7, a)
(opMyJIbI ISl ONIPENIETCHHUST YCUIIUS BBIPYOKU-TIPOOMBKU UMEIOT BU:

IIPU BBICOTE CKOCa [, paBHOW TOJIILIMHE METaJlIA:

P.=(2/3)-7z-d-s-o,,; (4.15)

pu BbICOTE cKoca H, Haxopselics B npenenax 0,5+1,0 TonmuHsl

MeTaa:

P.=2-s-d-o,, -arccos[(H —05-s)/H]. (4.16)

[Ipu mpoOuBKE NMPSIMOYTOIBHOTO OTBEPCTUS C pa3MepaMu D X C IMyaHCOHOM ¢
JIBYyCTOPOHHUMH ckocamu (cM. puc. 4.7, 6) dopMmynbl as ONpeneiaceHusl yCuius
UMEIOT BUJL:

IIPU BBICOTE CKOCa /, paBHOM TOJILMHE METaJlIA:

P=2s0, (b+05-c); (4.17)

P BBICOTE CKOca /H OOJbIIE TOMIIMHBI METalIa

05-s
H

P=2-50, (b+tc-—2) (4.18)

[Tpu BbIpyOKE M MpoOMBKE JeTajneil (MM 3aroTOBOK) IUaMeTPOM CBbIlIe 250—
300 MM u3 TosictomuctoBoro merauia (mpu S/D >0,1) ckochl peycMaTpUBaiOT, KakK
IpaBUJIO, HA pabounX KpOMKax MaTpuibpl. YHcIo CKOCOB (B BUIE NEPUOANYECKU
MOBTOPSAIOIIMXCS BOJIH) 3aBUCUT OT Pa3MEpPOB MATPHIIbL, KX MOXKET ObITh 41 OoJiee.
OrHocuTenbHas BeIcoTa ckocoB H/S usmensercs ot 1 1o 3, yeM Tose MeTajll, TeM

OTHOCHUTCJIbHAs BBICOTA CKOCAa MCHBIIIC.



OCOBEHHOCTH BBIPYBKHU U ITPOBUBKH
HEMETAJJVIMYECKUX MATEPUAJIOB

OCHOBHOE OTJIMYHE CIIOMCTBIX M BOJIOKHHUCTBIX IUIACTUKOB OT METaJUIOB
3aKJII0YAETCs B TOM, UTO OHU COCTOAT U3 CJIOEB HAIIOJHUTENSA (B BUJIE OymMaru, TKaH!
U TIP.) ¥ CJIOEB CKpeIUIsionIen ux ¢henonpopManbIeruHON CMOJIbI.

HecMoTps Ha TO, 4TO mpeccoBaHHWE T€TUHAKCA MPOUCXOAUT MPU YIEIHHOM
ycunuu 110—160 MITa u temneparype 150—160 °C, cTpykTypa ero HeoJHOpOIHa,
OHa MPOHU3aHa MUKPOTPEIINHAMHU.

OTU TpeuHbl CTAHOBATCA OvYaraM KOHILIEHTPALMM HANpsOKEHUN B 30HE
nedhopmarum.

o Jlns neraneil, U3rOTOBISIEMBIX M3 CIOUCTHIX MaTe€pUaOB, KOHIIEHTpaIuUs
HaNpsHKEHUH OMacHa B CBSI3U ¢ BO3MOYKHBIM MOSBJIEHUEM TPELLUH B IIPOIIEcCe
mTaMnoBku. [loATOMy CIIOMCTBIE W BOJOKHHUCTBIE IUIACTUKH, OCOOEHHO
TE€TUHAKCHI, IITAMITYIOT [IPU COOJIIOJIEHUH Psiia YCIOBHMA

Ycnoeus evipyoKu-npoousKu c1oucmovix naacmuKoe.

* Manas ckopocTtb neopmupoBanus (Mpu yucie XoA0B npecca He 6osee 50 B
MUHYTY).

* TpEeABapUTENIbHOE C)KAaTUE 3aroTOBKM B INTaMIIe MEXKAy MaTpulle u
ChEMHUKOM CHJIOM:

Q=qLs,
rae L — nepumeTp koHTypa BoIpyOKH; (| — AaBiieHHe NprkuMa (npu S<I1 MM q =
6+10 Mlla, pu S = 2+3 mMm = 1520 MIIa).

» [lpumMeHeHne peaBapUTEIHLHON MPOOUBKHA OTBEPCTHS, UMEIOIIETO THAMETP
MEHbIIIe HOMHUHAJIBHOTO C MOCJIEIYIONIEH IPOOUBKOM B pa3Mep.

* HarpeB clOUCTBIX MIACTUKOB MPHU TOJIIUHE JHUCTa CBBIMIE 1,5—2 MM 10
temreparypbl 90—120°C gy NOBBIMIEHUS KadyecTBa IMOBEPXHOCTH
pasmencHusT W yMCHBIICHUS COMPOTHUBIICHHUSI CABUTY. HarpeB MoXer
OCYIICCTBIATBCA B DJJIGKTpoIedax | TepMocTarax, HWHPpaKpaCHBIMU
JaMIiaMH, MEXIy TOPSIYUMU TUTHTAMH, B KUTISAIIEH BOJIE U TIP.



MNOCJIEJOBATEJIBHAA U COBMELHIEHHASA
(KOMBUHHUPOBAHHAS) HITAMIIOBKA

e CymHOCTP KOMOWHUPOBAHHOW IITAMIIOBKH 3aKJIIOYaeTCs B OOBEIUHECHUH
HECKOJIBKMX OIepalfiii B OJTHOM IINTamIie, IpU 3TOM OOBEAWHSEMBIC OTepalluu
Ha3bIBAIOT HEPEX00amu.
Hanpumep:
- ecyii a0y TOJydaroT BBIpYOKOW Ha OJHOM Tpecce, a 3aTeM MPOOMBKOW Ha
JPYyTrOM, TO 3TO JIBE O/IHONIEPeX0AHbIe onepayuu,
- ecnu a0y mosydaroT B KOMOMHUPOBAHHOM IITaMII€, B KOTOPOM MPOUCXOIUT
npoOUBKa U BEIPYyOKa Ha OJTHOM TMPECCE, TO 3TO ABYXIIEPEXOHASI Onepayusl.
O0beTUHATHCS MOTYT:
* pa3JenuTeNIbHbIE ONEpallii C Pa3AeIUTEIbHbIMU (BBIpYOKa, MPOOUBKA),
* ¢dopMousMeHstomue ¢ GOPMOM3IMEHSIONMMHI (TIEPBOH M TIOCTEAYIOIIHE
MIEPEXO/IbI BBITSKKH ),

* pasznenuTeNbHbie ¢ GOPMOUZMEHSIONUMU (BBIPYOKa, BBITSIKKA).
Bo3MoxHOCTH 00beIMHEHMSI OTIEpalliii B OTHOM LLITaMIIE 3aBUCAT OT COOTHOILICHUS
BHEIIHUX U BHYTPEHHUX Pa3MEpPOB IITAMITYEMbIX JeTaJIeH.

. [Ipy KOMOMHHUPOBAHHOW INTAMIIOBKE OTACIBHBIC €€ MepPexXOoAbl MOXKHO
BBITIOJTHATH MOCTEA0BATEIBHO, IPU MEPEMEINICHUN 3aTOTOBKU B BHUJI€ MOJOCHI WU
JICHTHI C OJHOM MO3WIIMU IITAMIOBKA Ha JPYTrylO, 32 HECKOJBKO XOJOB Ipecca
(nocnedooeamenvHas WMAMNOGKA) WM OJHOBPEMEHHO, Ha OJHOM TMO3WILIUU
IITaMIIOBKH, 32 OJIMH XOJI MPecca (CoeMeuieHHasa WmamnoeKka).

Ecnu He mpuHMMaTh BO BHHMAaHHE XOJIbl IIpecca, COBEpIIAaeMble B CaMOM
Hayaje IITAMIOBKA (YHUCJIO KOTOPHIX HAa EIWHUILY MEHbIIe OOIlero 4yucia
MepexXoJI0B), TO TMpHU IOCIEIOBATEILHON IITAMIOBKE HE3aBUCUMO OT 4YHCIIa
MIEPEX0JI0B 3a KKJIBIH padouMii X0 Ipecca MoJIydaroT TOTOBYIO JIeTallb.
Kombunuposannyo mimamnosKy 6blnoiHAIOM 6 WmMamMnax nocied08amenbHo2o0

U COBMEUIEHHO20 Oelicmeusl.

* B mramMmax mnocjieioBaTeJbHOro AedcTBHSl pabouuii HHCTPYMEHT
(TyaHCOH, MaTpHIla) PaCIOJOXKEeH IOCICAOBaTEIBLHO, OJWH 3a APYTUM
(puCyHOK 4.9, a).

* B mramMmax COBMeENIEHHOIO AeWCTBUSI — OJUH B JApYromM (PUCYHOK
4.9, 0).

 IlITamMnbl COBMEIIEHHOI0 JeMCTBHA 00Jiee KOMIAKTHBLI, YeM IITAMIIbLI
MOCJIEA0BATEIBLHOTO JEUCTBUS, UX KOHCTPYKIUS HCKIIOYAET BO3MOXXHOCTh
CMEIIEHUSI BHEIIHETO0 KOHTypa INTaMIyeMOW JeTalldi OTHOCUTEIIBHO
BHYTPEHHETO, PaBHO KaK U U3ru0 JeTaau B MPOIECCe MITAMITIOBKHU.

* CoOBMEIIEHHYI0 IITAMIOBKY NPUMEHAKT [JIs TOJYYEHUs JIeTalled ¢
MaJbIMH JOMYCKaMH Ha SKCIIEHTPUYHOCTh U TIOBBIINIEHHBIMU TPEOOBAHUSIMU
K IUIOCKOCTHOCTU wu3aenus. Ipydoemkocms u320moeieHus uwimamnos
coemeuwienno2o Oeilicmeun 6 1,5—2 paza eviwe, uem wimamnog
noc1ed06ameibHo20 0elceus.
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* Puc. 4.9. llltammbl A1 IITAMIOBKY IAHOBI:

* @ — TOCIe0BaTENbHUTO AecTBuUs (1 — mMyaHCOH IS BRIpYOKU; 2 — yIop;
3 — MyaHCOH JJis MPOOUBKH; 4 — CHEMHHUK OTX0/1a; 6 — COBMEILIEHHOTO
nerctBus (1— cheMHUK 0TX0/a; 2 — IMyaHCOH-MaTpHIla; 3 — MaTpula s
BBIPYOKH; 4 — MyaHCOH JIsl POOUBKH; 5 — BBITAJIKUBATEIIb)

MATPHIIBI U TIYAHCOHbBI

Marpuusl.

* KoHcTpykuus pabouyero OTBEPCTUSI MAaTpull i BBIPYOKHM W TMPOOWMBKHU
3aBUCHUT OT TOJIIMHBI IITAMITyEMOUN AeTalu (UM 3arOTOBKH), €¢ (POpMbI U
pa3MepoB, TpeOyeMoOil TOYHOCTH, XapakTepa NPOU3BOACTBA U JAPYTUX
daktopoB. Ha puc. 4.10 moka3anbl pa3idyHble TUIBI Pa0OYMX OTBEPCTHUMA
MaTpUI] s BBIpYOKM M TNPOOUBKH: C MPHU3MATUYCCKHM TOSCKOM (a),
KOHHYECKHE MO Bced BBICOTE (0), MPU3MATUUYECKUE MO BCEW BBICOTE (8), C
WTUHIPUICCKUM MOSICKOM U YIIUPEHHBIM MPOBAIBHBIM OTBEPCTHEM (2).
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Puc. 4.10. ®opma oTBepcTUil MaTpHUIL 17151 BEIPYOKH U TPOOMBKHU



* Marpuisl Tuna a (puc. 4.10) npUMeHSIOT PU IITAMIIOBKE J€Tajei CI0KHON

(GbOopMBbI WM MOBBIIEHHOW TOYHOCTH.

BricoTa mosicka h 3aBHCHT OT TOJIIMHBI 3arOTOBKU U U3MEHsIeTCst OT 3 110 15
MM IPU COOTBETCTBEHHOM M3MEHEHUH TOJIIMHBI 3aroToBKU OT 0,5 10 10 MMm.

VYT05 KOHYCHOCTH MPOBAJIBHOTO OTBEPCTHs cocTaBisieT 3—15°. JlaHHBINA THI
MPOBAJIBHOTO OTBEPCTUSI 00ECIEUMBAECT CTAOUIIBHOCTH PAa3MEPOB IITAMITYEMOMN
JIeTaJIM TI0CIIe epenuin(OBKU MATPUIIbI, OJTHAKO JIOJITOBEYHOCTh MaTPUI] HEBETUKA.

* Marpunsl tTHna 6 (puc. 4.10) OpUMEHSIOT NpU MNOJYYEHUH HEOOJBIIMX

JeTane TpocTod (GOpMBI W HEBBICOKOM TOYHOCTH, TaK Kak IMpHU

nepenuindoBKe padodee OTBEpCTHE MATPHIBI  yBelIWuuBaeTcs (Ipu

conmudoBke Ha 3 MM pa3Mmep oTBepcThs yBenumumBaeTcs Ha 0,1 mm). Yron

KOHYCHOCTHU pabo4ero OTBEpCTUsl cocTaBisieT OT 15' mo 1°, monaroBe4HoCTh

MaTpUIIbI BBIIE, YEM MATPHUIIBI ¢ pabouuM oTBepcTHeM Tuma a (puc. 4.10).

* Marpunsl tina ¢ (puc. 4.10) npuMEHSIOT NpU IITAMIOBKE C OOpaTHBIM
BBITAJIKMBAHUEM JI€TAIM HA TOBEPXHOCTh MATPULIBI (B OOJBIIMHCTBE CIIy4acB
B LITAMIIaX COBMEIIEHHOTO JEHCTBHUSA).

 Marpunsl tHna 2 (puc. 4.10) npuMeHSIOT i TPOOMBKM OTBEPCTUN
nramerpom a0 40 Mm. BeicoTa h mummHpruveckoro mosicka MaTpHIIbI TOJKHA
OBITh HE MEHEE 3 MM, C YBEJIMUEHHUEM TOJILIUHBI IITAMIIyEMOH JETaIM BHICOTA
NOSICKA YBEJIMYMBAETCS; IMAMETP MPOBAJIBHOIO OTBEPCTHs B MaTpule Ha 3
MM 0oJIbie, yeM quametp d pabodero OTBEpCTHS MATPHIIBL.

IlyaHCOHBI.

KoHncTpykuus paboueil 4yacTM IyaHCOHOB, KaK M MaTpUll, 3aBHCHUT OT
auaMerpa npoOUBaeMoro OTBEpPCTHS (WM BbIpyOaeMoOW 3aroTOBKH), TOJIIMHBI
MeTajuia, XapakTepa MpOoU3BOJICTBA, TPEOYEeMON TOYHOCTH Pa3MEpPOB OTBEPCTHUS U
np. Ha pucynke . 4.10a IIOKa3aHbl YETHIPE TUIA [IYAaHCOHOB C Pa3JIMYHOU

paboueil yacTblo.
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Puc. 4.10 - Tumbl myaHCOHOB C pa3IMYHON paboyuel YacThIO



Tun «0» Hambosee mPocCT, B CBSI3U C YeM HanbOoJee pacmpoCTpaHeH.

Tun «ex. Ilpu nunamerpe myaHcoHa cBbliie 50 MM Ha TOPLOBOM €ro 4acTu
nenaercs yriyonenue 1uist ooneryenus nepeningosku. [lnprna konpieBoit
YacTH IyaHCOHA JOJDKHA OBITh IIMpE odvara IJIaCTHYecKoil aedopmarui,
BO3HUKAIOILIETO NpU BBIPYyOKe-IPOOMBKE. DTOMY YCIOBHUIO COOTBETCTBYET
HIMpUHa 2—35 MM.

Tun «orcey. Ilpu npoOMBKE OTBEPCTHIA B TOJICTOM JHUCTE (S > 8 MM) MOSBISAETCS
HEOOXOJMMOCTh YMEHBIIUTh YCWIHNE CbEMa, JJIs 3TOro pabodyro 4YacTb

MyaHCOHA JeNaloT CJIerka KOHYCHOU ¢ yTJIOM HakJIoHa oOpa3yromeit 30'—1°.

Tun «s». Ilpy HEOOXOOUMOCTH YMEHBIICHHUS YCWIUS MPOTAJKUBAaHUS U IPHU

NpOOMBKE OTBEPCTUH MO pa3METKe KEpHOM (HampuMmep, B MEIKOCEPUHHOM

IIPOU3BOJICTBE) NMPUMEHSIOT ITyaHCOHBI C OOPAaTHBIM KOHYCOM B 1° M KOHHYECKUM

BBICTYIIOM.

[IpoOuBKa OTBEpPCTHH, AUAMETP KOTOPBIX MEHBIIE TOJIIUHBI 3arOTOBKH,
BBI3BIBAET BO3HUKHOBEHHE CXKUMAIOIIUX HAMNpPsHKEHUM, MPEBBIIMIAIONIINX
KPUTHYECKHWE, B CBS3M C YEM TMPOUCXOJHUT TMOTEPS YCTOWYHUBOCTH,
3aBepUIAIOIAsCs pa3pylleHueM myaHcoHa. [[03ToMy OCHOBHOE yclIOBHE MPH
pa3paboTKe KOHCTPYKIMU IITamma JJisi MPOOUBKH OTHOCUTEIBHO MalbIX
OTBEPCTUI — 00ECTeUueHne YCTOMUYMBOCTH MTyaHCOHOB. BEITIONIHEHHE ATOTO
yCJIOBUSL O0ECIEUUBACTCA HAMPABISIONIUMU JJI1 MyaHCOHOB IO BCEH HX
JUTUHE B BUJIE TEJIECKOMUYECKUX BTYJIOK, HA0opa MTU(TOB WK 11ai0.

B 3aBucuMOCTH OT yCHIOBUM IITAaMIOBKH CTOMKOCTh HMHCTpYMEHTa (10
nepenuingOBKH ), U3TOTOBJIEHHOTO U3 HMHCTPYMEHTAIBLHOM CTaIN, COCTABIISIET
50000...250000 ymapoB. CTOMKOCTh TBEPJAOCIUIABHOIO HWHCTPYMEHTA

nocturaet 1000000 yxapos u 6omee.
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Puc. t6. Cxema pesadHa HA JM-
CKOBHIX HOMHHI[aX



