Jlexuus Ne20

Tema OT0OOpPTOBKA OTBEPCTHH

Inan nexkumu: 1.Cxema npoyecca, H/[C 30nb1 niacmuyeckoti degpopmayuu,
2.Ycunue, Cmenens oegpopmayuu, énusiHue hopmvl nyaHcoHa Ha ycuaue u
YCmouyu8ocms npoyeccd, 0coovle cnocobbl 0moopmosKu, 3.mexHo02udecKue
pacuemvl. 4.0mbopmoska ¢ ymonenuem

OTOOPTOBKOM TMOJNy4arOT TOPJIOBUHBI HA IUIOCKMX 3aroTOBKAaxX WM Ha
3aroTOBKaxX OJMHApHOW (IIMJIMHIP, KOHYC) U ABOWHOM (cdepa U mp.) KpUBU3HBI, B
KOTOPBIX, KaK MPaBWJIO, UMEETCS TEXHOJOTHYECKOE OTBEPCTHE, HKBHIMCTAHTHOE
KOHTYpY TOpJioBHHBL. B mporecce OTOOPTOBKM OJHOBPEMEHHO YBEIWYHBAIOT
TEXHOJIOTHUECKOE OTBEPCTHE U U3TUOAIOT 3aTOTOBKY Ha paboveil KpOMKE MaTpHUIbL,
a 3aTeM CIHpSAMIISIOT €€ MpH MEepeMENICHUH OTHOCUTEIhHO paboyell KpOMKH
nyaHcoHa. HavanbHasi cragusi mporecca oTOOpPTOBKM IMOKa3aHa Ha puc. 9.1, a, a
KoHeyHass Ha puc. 9.1,6. 3oHa miactuyeckor nedopmanuu Mpu OTOOPTOBKE
MPEICTABIIAET COOOM KOJIBIIEBOM Y4acTOK, OTpaHUYEHHBIN paanycaMu o, U R (puc.
9.1, a). HampsixkeHHOE COCTOSIHME 30HBI TUIACTHYECKOM JlepopMaliuid — TUIOCKOE,
XapaKTepU3yeMoe JIBYXOCHBIM pACTSHKEHUEM B PaJuajIbHOM U OKPYKHOM
HarpaBJieHUsX. B CBs3M ¢ 3TUM IJIACTUYHOCTh MaTepuala 3aroTOBKH HEBBICOKas,
BBICOTA TOPJIOBMHBI, MOJy4YE€HHas OTOOPTOBKOM, coctaBisieT Bcero 0,2—0,3 ee
nuametpa. [Ipu oTGOpPTOBKE B XOJOAHOM COCTOSHHH TMPOUCXOTUT YIPOYHEHHE
MeTaJljla ¥ YMEHBIIIEHHWE TOJIIWHBI 3arOTOBKM B 30HE aedopMainuu (yTOHEHHE
Oopta). DTH SBICHUS OKA3bIBAIOT MPOTHBOIIOJIIOKHOE BIUSHUE Ha MAaKCUMAJbHEIE,
panuanbHO HAIPaBJICHHBIE PACTATHBAIONINE HAMPSIKCHUS 0, max — YTOHCHHE
3arOTOBKH YMEHBIIIAET, a yIIPOUYHEHUE YBETUYNBACT 3HAUYCHUE Opmax. ECIIHM CUUTATD,
YTO BIUSHUE YIPOYHEHUS U YTOHEHUS HA 0, max KOMIICHCUPYIOT APYT Apyra, TO B
aHaJu3€e HANPSHKEHHOTO COCTOSIHUSI MX MOYKHO HE MIPUHUMATh BO BHUMaHue [22].
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Puc. 9.1. Ctaguu oTOOPTOBKHU: @ — HavyajbHasl; 0 — KOHEUYHasI
C yueTom HanpspKEeHUH, BO3HUKAIOIINX B 3aTOTOBKE HA BCEX CTAUAX MpOIlecca,
a TaKkKe C YYeTOM JIOMOJIHUTEIHHBIX HAMpPSHKCHWH, BBI3BAHHBIX CHIJIAMH
KOHTaKTHOTO TpeHHs, (hopmyna s ONpeAesICHUS HauOOJBIIEr0 paauaibHOTO
PaACTSATHBAIONIECTO HANPSDKCHHUS B «IIUKOBBIN» MOMEHT OTOOPTOBKH (KOTZa Yrol
OXBaTa 3aroTOBKOM pa0ouMx KPOMOK MATPHUIIBI M IyaHCOHA ay=0x= 90°),
MOJIy4eHHAs! TH)XCHEPHBIM, METOJIOM, UMEET BU]I
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rae ro=r+0,57:(ry+r,+s) — paanyc TeXHOJIOTUYECKOTO OTBEPCTHUS B 3arOTOBKE
B «ITMKOBBII» MOMEHT OTOOPTOBKH; R — painyc ropJIOBUHBI.

B dopmyiie (9.1) npywien (1-ro/R) npeacrapisieT co0oii creneHs aeopMariuim,
cimaraembie S/(2r,+S) u S/(4'ry+2'S) yYHUTBHIBAIOT M3rMO 3aroTOBKM Ha KPOMKAax
IIyaHCOHA W MAaTPHIIbI COOTBETCTBCHHO, a MHOXHUTENb (1+1,6'4) — KOHTaKTHOE
TpeHue Ha pabouell KpoMKe IyaHcoHa [22]. bojee TOYHO BEIMYUHY 0 max C YUETOM
BIMSIHUSL YNPOYHEHUS MeTaljla ¥ YTOHEHHs OOpTa MOXHO OMNPEIECIUTh IO
METOJMKe, TpUBeIeHHOU B pabote [16]. Jledopmupyromiee ycunue oTOOPTOBKHU
WIMHIPUYECKUM ITyaHCOHOM C ITIOCKUM TOPIIOM B «ITUKOBBII» MOMEHT Ipoliecca
npu ycinoBuu, uto (R-rg) >Iy;, onpenensercs no popmyie

Py =27 w RS0, max, (9.2)

TJI€ 0, max — MaKCHMaJbHOE paJUalbHOE pACTITHUBAIONIECE HAMPSIKEHUE,
onpenensemoe o Gopmyse (9.1).

Hedopmupyromiee ycuine OTOOPTOBKH MPUOIMKEHHO MOXKHO OIpEAeIUTh,
ucnoie3yss popmyny (9.1), uckiouMB B HEW BTOpPOE W TpPEThE CjaraeMble U
MHOXUTeNb (1+1,6°4), KOTOpbIE YYMUTHIBAIOT BIUSHUE HANpsOHKEHUS H3ruba u
KOHTaKTHOTO TPEHHUSL:

Py = 27505 (1-R). (9.3)

Bnusitnue HeyuTeHHBIX (hakTOpoB (B TOM uucliie ynpouHeHus) B popmyse (9.3)
KOMIIEHCHUPYETCSI TeM, YTO BMECTO HAMPSIKCHHUS] TEKYyYECTH O BXOIAIIETO B
dbopmyany (9.1), NpUHATO BpEMEHHOE CONPOTUBJIEHUE PA3PBIBY Tf.

CyliecTBEHHOE BIMSIHUE HA YCWJIME OTOOPTOBKHM OKa3bIBaeT GopMa paboueid
yacTu nyaHcoHa. Ha puc. 9.2 nokazan rpaduk M3MEeHEHHUs] YCWIHS O XOIy MpHU
orOopToBKe IMMHApHYeckuM (a), chepudeckum (6), mapadonmueckuM (8) U
KOHWYECKUM (2) myaHcoHamu. HamMmeHnbluee ycunue oTOOpPTOBKHM TpeOyercsa MpHu
HITAMIIOBKE Mapab0IMYECKUM U KOHUYECKUM ITyaHCOHAMH.

JHedopmupyroiiee ycunre 0OTOOPTOBKH KOHUYECKUM ITyaHCOHOM:

P =z-R-s0, -Kl—%j-singp+(1—singo)-|n(R/r0)]
(9.4)

) r ’
-(singp + 1-cosp) -| 1+ 0 ,
(sing + p-cosg) ( \/R—(R—r0)~singoJ

TJIe ¢ — YToJI HAKJIOHa 00pa3ymolIei myaHcoHa.
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Puc. 9.2. 3aBucumocTb ycuiausi OoTOOPTOBKH OT X0/l ITyaHCOHA




[Tpumenenue nmyaHcoHa ¢ yriom ¢=30° mo3BOJIIET CHU3UTh yCUIIE OTOOPTOBKU
npu otHomeHnn I/R=0,6 mpumepHo B 1,5 pa3a mO CpaBHEHHUIO C YCUIIHEM,
HEOOXOUMBIM 17151 OTOOPTOBKH LIMJIMHAPUIECKUM ITyaHCOHOM C IJIOCKMM TOPLIOM
Y MaJIbIM PaJiiyCOM CKPYTJIEHUS KPOMKH.

®opma pabouell yacTu MyaHCOHA BIMAET HAa TOYHOCTHh pa3sMepoB U (opMy
oOpasymomeil ropnoBuHbl. [Ipu oTOOPTOBKE UMIMHIPUYECKUM IIyaHCOHOM C
IUIOCKUM TOPLIOM U OTHOCUTENIBHO MAJIbIM PailyCOM CKpYTJIEHHs pabodeil KpOMKHU
MOBEPXHOCTh TOPJOBUHBI CTAHOBUTCS OOYKOOOpaA3HOM, MpH ATOM €€ IuaMeTp
YBEJIIMYUBACTCS B 30HE M3rMba M OOpPT OTXOAMT OT MyaHCOHA. Takod AedexT
HEJIOIYCTUM, €CJIM TOpJOBHHA NpEIHAa3HA4Y€HA [JIs COCAUHEHUS C JpPYTrUMHU
JeTasIMU PEe3b00H MM HEMOABUKHON MTOCAIKOM.

BrmmensnoxxeHHoe  OOBsCHSIETCS  JACUCTBHEM  HM3THOAIOMIETO MOMEHTA,
00pa30BaHHOTO PAJAMAIFHBIMU HAMPSKEHUSIMHU 0, U KOHTAKTHBIMU CHUJIAMH TPEHUS
B KOHEUYHBbII MOMEHT OTOOpTOBKU. YUem Oosblie 3a30p MEXIy IIyaHCOHOM U
MaTpuULed, TEM W3rMOArOIIUA MOMEHT OOJbIlIEe U TEM OOJIblIe HCKaXKaeTcsl popMma
oopra. BoukooOpa3HOCTh TOPJIOBUHBI YCTPAaHSIOT IMyTEM YBEJIWYEHUS pajuyca
CKpYyIJIeHUs1 paboueil kpoMku mmyaHcoHa. [Ipu or6opToBKE Mosycheprudeckum nuin
KOHUYECKHUM ITyaHCOHOM (popma 00opTa ocTaeTcsi IpSIMOIUHENHOM.

HawnGosbiiast BBICOTa TOPIOBUHBI Niax, MOTydeHHAs: 0TOOPTOBKOM Oe3 aedexToB
B BHJIE TPEUIUH y KPOMKH, 3aBUCUT OT PABHOMEPHOT'O OTHOCUTEIBHOTO YIJIMHEHUS
KOJIBLIEBOTO YYacCTKa 3arOoTOBKH, T'PAHUYAIIETr0 C TEXHOJOTHMYECKHUM OTBEPCTHUEM,
3HAaUYEHHWE KOTOpPOTrO, B CBOIO OYEpPENb, 3aBUCUT OT CTENEeHH Jedopmanuu,
XapaKTEPUCTHUK MEXAHMYECKUX CBOMCTB MaTepuaia 3aroTOBKA M OTHOCUTEIbHOU
TOJIIIIUHBI CTCHKH OopTa ropsioBUHEI S/D.

CyliecTBEHHOE BIIMAHME Ha 3HAYE€HUE OTHOCUTEIBHOTO PaBHOMEPHOIO
YIJIMHEHUST ~ OKa3bIBa€T  COCTOSIHUE  Marepuana 3aroTOBKM Yy  KPOMKHU
TEXHOJIOTHYECKOT0 OTBEPCTHs. Eciu ynpouyHeHHe MeTauia y KPOMKH OTBEPCTHS
HE3HAYUTENIbHO WM COBCEM OTCYTCTBYET (UTO MOXKET OBITh NP MOJYYEHUU
OTBEPCTUS CBEPJCHUEM WM MPOOUBKOM C MOCIEAYIONMICH 3a4UCTKOM, a TakkKe B
pe3yabTaTe OT)KUTra 3aroTOBKH IMOCI]Ee MPOOUBKH), TO OTHOCUTEIBHOE YJ/UIMHEHUE
3HAYUTETHHO 0OJIbIIE, YeM MPU OTOOPTOBKE OTBEPCTHS, MTOTYUYEHHOTO MPOOUBKOMN B
HITamne, Korjaa MHUpUHA YIIPOYHEHHOTO KOJIBLIEBOTO y4acTKa 3arOTOBKH, TPaHUYa-
LIETO C OTBEPCTHUEM, COM3MEPUMA C €€ TOJIIMHOM.

OTHOCHUTENIbHOE YJJIMHEHUE KPaeBOM YacTU TOPJIOBUHBI MPU OTOOPTOBKE
CYILLECTBEHHO 00JIbILIE OTHOCUTENILHOTO YAJIMHEHHSI IPU PACTSHKEHUH CTaHAAPTHOTO
oOpa3zua. OTO OOBACHAETCS HEPAaBHOMEPHBIM XapaKTEepOM paclpelereHUs
nedopmalii o0 BBICOTE TOPJIOBHHBL: TepudepuiiHbIil cioi  aedopMupyeTcs
OoJbIIe, YeM CJIOM 3aroTOBKW, Oojiee yAaleHHbIEe OT KPOMKH OTBEpPCTHS, B
pe3yibTaTe 4Yero MOCJIEeIHHE CIASPKHUBAIOT AedopMalvio NepUPEpUHOro cios,
YBEIUYHBAS 3TUM €r0 OTHOCUTEIBHOE PABHOMEPHOE YJINHEHNUE.

OTHOCHTENIBHOE YJUIMHEHHE KOJIBLIEBOIO y4acTKa 3aroTOBKH, T'PAHMYALIETO C
TEXHOJIOTHYECKUM OTBEPCTUEM, ONPEIEISIETCS 3aBUCUMOCTBIO

6,=D/d, -1,

rae do — auameTp TeXHOJIOTHYECKOro oTBepcTusi; D — nuamerp ropioBUHBL

Otnommenue D/do, Ha3pBaeTcs koaghpuyuenmom omoéopmosxu K.



B cBsI3u ¢ oOTCyTCTBHEM METOAWKH Yy4YeTa BIUSHHUS KOHIIEHTPATOPOB
HaMpspKeHUH U 1eOpMaIlMOHHOTO YIIPOUHEHHUS BAOJIb KPOMKH TEXHOJIOTUYECKOTO
OTBEPCTUS, TOJYYEHHOTO MPOOUBKOM, CBEpPJICHUEM WM KaKUM-JIMOO JIPYrum
criocoboM, aHanmuThueckas (yHKIMS (B SIBHOM BHJAC) IS ONPEACIICHUS
ko3 dunreHTa oTOOPTOBKH MOKa HE MOTyUYeHa.

[IpenenbHas creneHb aedopmanuu MOXKET OBITh OIpeselieHa B pe3yJbTaTe
ucronb3oBanuss metona B. JI. KonmoropoBa nnsi ompeaeneHus pecypca
IUTACTUYHOCTU. [[Is1 9TOro JOCTaTOYHO TMOJYYUTHh TMIOJI€ paclpeaesieHus
nedhopmariiii TeM WM HHBIM CTIOCOOOM M TIOCTPOUTH JUATPAMMY IIACTUIHOCTH JIJISt
JAHHOM MapKH M TOJIIIMHBI METaJlIa.

Jlis ompeneneHuss AOMYyCTUMOTO Kod(@duimeHTa OTOOPTOBKM HCIONB3YIOT
AKCIIEPUMEHTAIbHBIC JaHHBIC B BHUE TAOMUIl Win rpadUdeCKuX 3aBHCHUMOCTEH.
AHanM3 3TUX JaHHBIX MTOKA3BIBACT, UTO C YBEINUYEHUEM OTHOCUTEIHHOU TOJIIIHMHBI
3arotoBk# S/D 3HaveHHe IpeaeIbHO J0IYCTUMOT0 K03 duirenTa otoopToBKku Ko
yBenuuuBaercs (puc. 9.3, a).

B cBsi3u ¢ TeM, 4TO MpoJIObHAS OTHOCHUTENbHAS Jedopmaius o, Mo oyary
nedopmalii U3MEHSET CBOW 3HaK (y KPOMKHU TOPJIOBUHBI — CXKaThe, a 3aTeM Ha
OTIPEJICTICHHOM PACCTOSTHUU OT HEro W Jajiee — pPacTsHKEHHE), MaKCUMalbHas
pasHMIla MEXIy JJIMHOMW pa3BepTKH oOpasylomieii Oopra W IIUPUHOU
nehopMUpPYEMOTO ydacTKa 3ar0TOBKH cocTaBisieT mpuMmepHo 10 %. Mcnonb3ys atu
JAHHBIC, TUAMETP TEXHOJIOTHYECKOTO OTBEPCTHUS MOYKHO OTPEICTUTh W3 YCIOBHUS
paBEHCTBA JITTMHBI PA3BEPTKH OOpTa IMIMPHUHE 1e(POPMUPYEMOTO yIacTKa 3arOTOBKU
(em. puc. 9.1, 0):

do=D+2,4's+0,9'r-2-h.  (9.5)

[Tpumenenue Gpopmyssl (9.5) BO3MOXKHO, eciii TpedyeMas BbICOTa TOPJIOBUHBI
HE TpeBBIIIaeT npeaeibHo 0mycTUMYO (N<hmay)

b D— 1/KoT);- 2,45 + 0,97y

max —

(9.6)

rne Koy — KodDPUuImMeHT OTOOPTOBKH, OMPENETIsEMbIi COTJIACHO DJKCIIe-
PUMEHTAJIBHBIM JIaHHBIM, UMEIOIIMMCS B CIpaBouyHOM mauteparype [24]. Boiee
KOPPEKTHOE pEeUIeHHE 3a/ayd IO ONPEACNICHUIO TUaMeTpa TEXHOJIOTHUYECKOTO
OTBEPCTHUS MOJTYYAIOT MIPU UCIIOJIb30BAaHUH YCIOBUS HEU3MEHHOCTH 00beMa JIeTalu
no u mnocne nedpopmanuu. OIHAKO pe3ysbTaThl U3MEPEHUM BBICOT TOPJIOBHH,
MOJIYYCHHBIX OTOOPTOBKOM, MOKa3ajil, YTO OTKJIOHEHUS paCUETHBIX [10 dopmyrie
(9.5)] u ombitHeIX gaHHBIX (npu (S/D) 100<5) He mnpesbimarT 6%. [loaTomy
dbopmyna (9.5) npuemiiema I MPAKTUYECKOTO HCIMOJb30BaHus. BeicoTta OopTa
oObryHO He mpesblaeT 0,3 nuamerpa ropioBuHbl D. Eciam TexHomorumuyeckoe
OTBEPCTHUE MOJIBEPTHYTh 3a4UCTKE, BbIcOTa OopTa yBenuuuBaercs a0 (0,3—0,4) D.
B Tom cinyuae, korga TpeOyemass BBICOTA TOPJIOBUHBI OOJbIIE MPEACIHHO
BO3MOXKHOU (N>hpax), TOPIIOBMHY MMOJSy4YarOT MPEIBAPUTEIBHON BBITSKKOM
WIMHIPUYECKOTO YTIIyOJeHus (32 OJHY WM HECKOJBKO OMEpaluil Mo CXeMe BBI-
TSXKKU fleTaneil ¢ mmpokuMm (uaHuneM) BeicoToil h' ¢ mociemyromeil npoouskoii
TEXHOJOTHYECKOI0 OTBEPCTHUS M OTOOpPTOBKOHM ero (cm. puc. 9.3, 6). Bricora
yryonenus N, obGecneumBaromas momydeHne TpeOyeMO#l BBICOTHI TOPJIOBHHEL
nociie 0TOOPTOBKH, OIPEEISIETCA 3aBUCUMOCTBIO



h'~h-028-D-(K,-1)/K,, (9.7)
KOTOpas MOJIy4eHa IIPU YCJIOBHUM, YTO TUAMETP TEXHOJIOTMYECKOIO OTBEPCTUSA
d, =(D+s)/K_,, 1 paauyc cKpyrieHus aHa yriayonenus r, =(D-d,)/2.
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Puc. 9.3. 3aBucumocTb 10mycTUMOT0 KO3 uiineHTa oT0OPTOBKHU OT
OTHOCHUTEJILHOM TOJIIMHBI 3aroTOBKY 117151 ctanu 08: 1 — oTBepcTue nonyyeHo
pOOUBKOI, 2 — CBEepCHUEM (@) U CXeMa MOTy4eHHUs TOPIOBUHBI BBITSDKKOW U
0TOOPTOBKOM (6)
tammer 1y1st OTOOPTOBKHM 0€3 YTOHEHHUSI CXOJHBI MO CBOCH KOHCTPYKIIUHU CO
HITaMIIaM{ JIJIs1 TIEPBOM OMEPALUU BBITSKKH, UCMOJIB3YEMBIMH Ha KPHUBOIIUITHBIX
npeccax mnpocroro AeictBus (puc. 9.4). Ornuuue 3akiaroyaeTcss B TOM, YTO Ha
IIyaHCOHE 3aKperusieTcs (QUKcaTop, JAWaMETp KOTOPOro paBeH JAUAMETPy
TEXHOJOTn4eckoro otBepctust do. 3a30p MexIy IIyaHCOHOM U MaTpHIeH
IPUHUMAETCS PAaBHBIM TOJIIIMHE MeTajljia, AMaMeTp myaHcoHa D, cooTBercTByeT
nuaMeTpy ropioBuHbl D. Paauyc ckpyrieHus myaHcoHa Iy MPUHUMAETCS PaBHBIM
6—8 TosIMHaM 3aroTOBKHU.
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Puc. 9.4. Cxema mramna asist OTOOPTOBKHU:
1 — nyaHCOH; 2 — ChEMHUK; 3 — MaTpula; 4 — BBITAIKUBATEb

OT10opTOBKA INVIOCKUX KOJbIEBBIX 3aroTOBOK. [Ipu mITaMioBke MIOCKUX
KOJIBIIEBBIX 3arOTOBOK BO3MOXKHBI Pa3jMYHbIC BapuaHThl (OPMOW3MEHEHUS, a
UMCHHO: 1) BBITSDKKA IMUJIHMHIPHYCCKOW JeTaau auameTpoM O mpu HEM3MEHHOM
nuametrpe otBepctus o (puc. 9.5, a); 2) BBITSDKKA UWJIMHIPUYECKON JIETalH
CONPOBOXAaeTCs yBeauueHueM guameTrpa Oo (puc. 9.5, 0); 3) orbGoproBka
TOpPJIOBHHBI guamMeTpoM D, compoBokaaromascs YMEHBIICHHEM JHaMeTpa
3arotoBku Do (puc. 9.5, 6); 4) oTOOpTOBKA FOPJIOBUHBI PU HEU3MEHHOM JTUAMETPE
3arotoBku Dy (puc. 9.5, 2).

Xapaktep (QOPMOM3MEHECHHS 3aBHUCUT OT COOTHOIICHUS JHaMETpalbHBIX



pa3MepoB  KOJBIIEBOM  3arOTOBKM W,  CJIEJAOBAaTEbHO, OT  3HA4YCHUS
TEXHOJIOTUYECKOT0 YCHIIUSI, HEOOXOIUMOTO JIs IITaMIOBKU. COOTHOIIEHUE MEKITY
YCWJIMEM BBITSDKKM M OTOOPTOBKM MOYKHO YCTAHOBUTb, HCIIOJIb3Yysl paHee
npuBeAeHHbIe npubmkeHHsle Gopmynsl (8.24) u (9.3). CnenaB cokpamieHus: u
npunsaB do=D, monyunm
P./P, = (K, =1 -K, (K, -1). (9.8)

[Ipy paBHBIX NpYyr APYTY YCHIUAX BBITSDKKM M OTOOPTOBKM HAdaio 000UX
IPOIIECCOB  pPaBHOBEPOSATHO. 10  ycioBue (Pz=P,;) TIO3BOJIICT HAWTH
(YHKIMOHAIBHYIO CBsI3b K, =2-1/K_, HCHOJb3ys] KOTOPYIO MOYKHO MOCTPOUTH

TPAaHUYHYIO KPUBYIO, pa3AeisBIIYI0 001acTH OTOOPTOBKH U BBITSDKKH (puc. 9.5, 0).
OoOmacte cootHomeHud K, u K_, Jexam@as 1§04 TPaHUYHONM KPUBOM,

oT

XapaKTePHU3yeT OTOOPTOBKY, 00IACTh Ha/I KPUBOU — BBITSIKKY.

bonee nperanpHOE wccnenoBaHWE (OPMOUZMEHEHHsSI KOJBIIEBBIX 3arOTOBOK
BbIMOJIHEHO 3. Mapuunbsikom (ITHP), ero pesynbrarbl mpencTaBieHbl B BHJIE
I'PaHUYHBIX KPUBBIX, pa3fesiomux nojie rpaduka B ocsix K, —1/K_ (cm. puc. 9.5,

@) Ha TATh 00JacTel, KaKaas U3 KOTOPhIX COOTBETCTBYET Pa3IMYHBIM BapHUaHTAM
dbopmonsmeHeHus (cM. puc. 9.5, a ... 2). I'paduk coctout u3 AByX 30H. 30HA A
(BepxHsAsT 4yacTh Tpaduka) COOTBETCTBYET pPa3pYyLIECHUIO 3arOoTOBKH (TPEIIMHBI,
OTpBIB IHA), 30Ha b — mTamMnoBke 0€3 pa3pylIeHHUs.
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Puc. 9.5. OT60pTOBKA MIOCKUX KOJBLEBBIX 3aTOTOBOK: d-2 — BO3MOKHBIE
BapuaHThl OPMOM3MEHEHHUS; O — rpaHUYHAsl KpuUBas pasleleHus 001acTu
OTOOPTOBKM M BBITSKKH; e — IrpaHu4Hble KpuBbie 110 3. Mapuunbsky (ITHP)




Hanecs Ha rpaduk Touky ¢ koopauHaramu do/d m Do/d, MOXKHO yCTaHOBHTH
xapaktep (HOpMOM3MEHEHUsSI KOJBIICBOW 3aroToBku. M3 rpaduka ciemyeT, d9To
COOCTBEHHO OTOOPTOBKA BO3MOkHA TOJIbKO B o0sactu V, korna Dgy=Do. [1pu apyrux
cooTHomeHusIX auametpoB D, d u do (o6mactu Il u 1V) nporecc oTOopTOBKH BEAyT
C )KECTKHM IPHKUMOM (3aremiieHueM) hiiaHiia.
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Puc. 9.6. OcoOblie ciocoObl 0TOOPTOBKHU

OcoObie  crocoObl  0TOOPTOBKU. Kpome paccMOTpeHHOM TpaaullMOHHOM
OTOOPTOBKHM IIJIOCKOM 3arOTOBKM C TIPEIBAPUTEIBLHO MPOOUTHIM OTBEPCTUEM
CYIIECTBYIOT JIpyrue CIOCOObI TMOJIy4eHHUs TOpioBHH. K WX 4YHCIy OTHOCATCS:
OTOOPTOBKA C HAJIOKEHUEM CHKUMAIOIIUX OCEBBIX HOPMAJBHBIX JaBICHUW TIO
KpoMKe oTBepcTust (puc. 9.6, a), OTOOPTOBKA C HAJIOXKCHHEM CIKUMAIOIIUX
pavalIbHBIX JIaBJIEHUH TI0 KpoMKe oTBepctusi (puc. 9.6, 6), orOopToBKa C
MPEABAPUTEILHBIM BBITTAXKUBAHUEM OOKOBOM MOBEPXHOCTH OTBEPCTHSI KOHYCHBIM
nmyaHcoHOM (puc. 9.6, g), 0oTOOPTOBKA C HAJ0XEHUEM HOPMAJIbHBIX OCEBBIX Ha-
NpsDKEHU B KOHEUHBIM MOMEHT AedopmupoBanus (puc. 9.6, 2), coBMmelleHue
OTOOPTOBKM C TIpEABAPUTEIBHOW (HOPMOBKON BBICTYyMa JUISI TOPJIOBHHBI M
npoOuBKO# oTBepcThs (puc. 9.6, 0) u ap. HamoxxeHne CKMMAOIMUX JABJICHHUIA Ha
odar aedopMamyy CroCOOCTBYET MOBBIIICHUIO TUIACTUYHOCTH U, CJIEIOBATEIIBHO,
TIOBBIIICHUIO TPEACITBHO JOMYCTUMON cTerneHu nedopmaruu. BeirnakuBanue
KPOMKHA OTBEPCTHUSI KOHUYECKMM IIyaHCOHOM YCTpPaHSE€T MHUKPOTPEIIUHBI,
MOSBJISIONINECS TPU  TPOOMBKE TEXHOJIOTHYECKOTO OTBEPCTHUS, UTO TaKkKe
CIIOCOOCTBYET MOBBIIIICHUIO CTENEHU AehOPMAIIHH.

C. 3. IOnoBuy u B. @. [TuckoB npeiioKuian BeIMOIHATE (POPMOBKY, TPOOUBKY
U OTOOPTOBKY B IIITAMIIE COBMEIICHHOTO JEHCTBUSA, OCOOEHHOCTH KOTOPOTO
3aKJIFOYAETCs B TOM, YTO MPOOMBKA OTBEPCTHS OCYIIECTBIISETCS MyaHCOHOM 0Oe3
MaTpHIIbl, OCTPbIE KPOMKH KOTOPOTO HaApe3aloT OOTSHYTYI0 BOKPYT HEro
3aroTOBKY, a 3aTeM OTJAECISAIOT 0TX01 (puc. 9.6, e).

OTOOPTOBKON MOKHO TIOJYYHUTh TOPJIOBHHBI HE TOJIBKO Ha TJIOCKMX, HO U Ha



WIMHJIPUYECKUX IyCTOTENbIX 3arotoBkax (puc. 9.7). JlanHbiM cmocobom
U3TOTOBJISIOT, HAImpUMeEp, OTPOCTKM  pa3IM4HOIO BHJAA JJs  I[PUBAPKHU
TpyOOIIpoBO0B. JlJ1s1 TOro 4T0OBI FTOPJIOBUHA UMETIA MPUOIU3UTEIBHO OAMHAKOBYIO
BBICOTY IO BCEMY KOHTYpPY, TEXHOJIOTMUECKOE OTBEPCTUE JIOJDKHO UMETH (hopmy
oBajla, OoJbIIasi OCh KOTOPOIO pACHOJIOKEHA BJOJb OCH CHUMMETPHUH
WIMHIPUYECKON 3aroTOBKHU, JJIMHY MOXKHO OINpPEAENIUTh U3 YCIOBHS PaBEHCTBA
JUIMHBI pa3BepTKU OOpTa MUpPHUHE AePOPMUPYEMOrO ydyacTKa 3arOTOBKH (Kak Ipu
OTOOPTOBKE Kpyriioro orBepctusi) mo ¢opmyine (9.5), a amuHy Manoii ocu b
OIIPEJISIISIOT U3 TOTO ke ycIoBHs 1o opmyre (cM. o0o3HaueHuss Ha puc. 9.7, a)
b= (D, —s)-cos(z' D,+2-r)-arccos@d, +2-r)/(D,+2-r)-2-h . (9.9)
D,-s

Ecnu Ha yeptexe geranu mMmeeTcs: Toiabko pazmep H (puc. 9.7, a), a BbicoTa

IIMHAPUIECKOTO MOsICKa N OTCYTCTBYET, MMOCIEHSS OnpeaeseTcs 1o Gopmyie

d+2-rj2

h=(H-05-5)- D+(D+2'r)'\/l_(D+2-r

rae D, r u d — cpenuHHbIe pa3Mephl MONEPEYHOr0 CEYCHHSI 3arOTOBKH.
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Puc. 9.7. T'opnoBrHA HAa TUIMHAPUYECKON MTyCTOTEIOM 3arOTOBKE

JUis  W3rOTOBIEHUS TOPJIOBUMH HEOONBIIMX TPOWHUKOB U3 TPyOUaThIX
MAJTUHIPUYIECKUX 3aroToBok (puc. 9.7, 6) B MEIKOCEpUMHOM IPOU3BOACTBE
OPUMEHSIOT IITAMIIBI C PAa3bEMHOM MaTpHIle, B KOTOPBIX IyaHCOHOM JJIst
OTOOPTOBKHM CIIY>)KUT IHAPUK, 3aTaJKUBAEMBbIi B TEXHOJIOTMUECKOE OTBEPCTHE
KJIMHOM,  COBEpIIAIOIIMM  BO3BPATHO-TIOCTYMATENbHOE JBW)KEHUE  BHYTpU
3aroToBKU. CyIecTBYIOT 00Jiee CI0KHbIE KOHCTPYKIIMH IITaMIIOB JJIs1 OTOOPTOBKH,
IPUMEHSIEMBIE JJI1 U3TOOBJICHHS TOJICTOCTEHHBIX TPOMHUKOB OOJILLIOTO AUaMETpA.

["opnoBunbl guametpoM 10 500 MM Ha TpyOax OOJBIIOrO JUaMETpa U IJTUHBI
MOXHO ITOJIy4YaTh pa3BAJBLIOBKOM HAa CHEUUANBHBIX cTaHkax Mmox. T30-T500
(OuHASIHANSA), OCHAICHHBIX KOMOMHUPOBAHHBIM, JIETKO TIEpEHANTa)KUBAEMbIM, Bpa-
mjaromuMcst MHCTpyMeHToM (puc. 9.8, a). Ilpm onyckaHuum HWHCTpyMEHTa
IPOUCXOAUT CBEPJICHHE TEXHOJOTMYECKOIO OTBEPCTUS CBEPJIIOM 2, MpPU ITOM
Habllbl 3 BTSHYTHI PerylupyrommM konycom 4 B kopmyc 1 (puc. 9.8, 6). Tlocie



OKOHYAHWS CBEPJICHHsI KOpmyc | mepemeniaercsi BHYTPh TPYObI, TP ITOMOIIIH
pEeryaupymomero kKoHyca 4 W3 HEro BbIABUIAIOT Najiblbl 3 M HACTPAWBAIOT Ha
Pa3BabIIOBKY TOPJIOBUHBI TPEOYEMOT0 TMaMeTpa. 3aTeM HHCTPYMEHT IepEeMEIaloT
BBEpX, MNaJIblbl IS Pa3BaIbIIOBKM KOHTAaKTHUPYIOT CTPYOO#l, MOCTENEeHHO
pa3BaIbIIOBBIBast TOPIIOBUHY (puc. 9.8, 6). B TeueHue Bcero npoiiecca pa3BajibIlOBKH
TpyOa MpOYHO 3aKperieHa Ha CTOJIE CTaHKa.

& 5

TITTTIIATTT7I7,
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Puc. 9.8. Cxema pa3BanbLOBKH rOpJOBUHBI Ha TpyOax meTonoM « T-APMJIJI»

Bpemsi 00paboTku craibHOW TpyObl NpU JUaMETpe TOpJIOBUHBI 54 MM
cocrasisier 15—30 c, mpu auamerpe ropiuoBunbl 500 mm — 10—20 mun. Ecnu
auaMeTp ropJyioBuHbl mnpeBbimaet 100—120 MM, TEXHOJIOTMYECKOE OTBEpPCTHE
(bpe3epyloT, Mociie Yero pa3BajibLIOBBIBAIOT. PaccMOTpeHHBIN croco0 MoTydeHUs
TOPJIOBHH 3allaT€HTOBaH B OUHIAHIAWH, T11€ OH NoJay4yril Ha3BaHue « T -JIPJII».

OTt6opToBKa ¢ yroHeHneM. Ecnu TpeOyeTcs Mony4uTh BBICOKYIO TOPJIOBUHY,
€€ M3rOTOBJIIIOT B IITaMIE C OJHOCTOPOHHUM 3a30POM MEXIY IyaHCOHOM H
MaTpUIICH MEHBIIIe TEPBOHAYAIBHOW TOJIIMHBI 3aroToBKku (Z<S). Ilpu 3TOoM
YBEJIMYEHHE BBICOTHI TOPJIOBUHBI MPOUCXOJUT BCIEACTBUE NPEIHAMEPEHHOTO
yYMEHBIIEHUs1 TONMMHBL OopTa. Takoil cmoco® ¢(opmMou3MeHEeHUsT Ha3bIBAETCS
OTOOPTOBKOM C YTOHEHHUEM.

Jletanu, MOJIy4YEHHbIE JAHHBIM CIIOCOOOM, HMEIOT BBICOKYIO TOYHOCTb
JTUaMETPaTbHBIX Pa3MepoB ropioBHHBI (8—10-i1 KBaIUTET) M BBHICOKYIO YHCTOTY
noBepxHoctu (Ra=3,2+1,6). Kpome Toro, B pe3ysbraTe XOJOTHON IUIACTHYCCKOM
nedopmalii TBEpIOCTh TOPJIOBUHBI yBennuuBaeTcs Ha 30—40 % 1o cpaBHEHHUIO ¢
TBEPAOCTHIO 3arOTOBKH.

OTOOPTOBKY C YTOHEHHMEM BBINOJHSIOT KOHYCHBIM ITyaHCOHOM. BHauane
OCYILIECTBISIETCST OTOOPTOBKA O€3 YTOHEHHs, a 3aTeM, KOorja B MaTpHUIly BOWIET
UIMHAPUYECKas €ro 4acTh, HAUMHAETCS 0OTOOPTOBKA ¢ yToHEeHHeM (puc. 9.9, a).

Crenenpb gedopMalyiu Mpu OTOOPTOBKE C YTOHEHUEM XapaKTEPU3YETCs ABYMsI
nokazarensiMu — Kod(pduienToMm otoopToBku 0e3 yroHeHust Ko, =D/dy (do —
JMaMETP TEXHOJOTUYECKOro oTBepcTusi; D — nmuamerp ropiioBUHBI, MOJy4eHHOU
0e3 yToHeHHs1) U KO3 (HULIMEHTOM OTOOPTOBKH C YTOHEHUEM (MU KO3PPUIIUEHTOM
YTOHEHHS), KOTOPBIN Mpe/ICTaBIsgeT COOOM OTHOUIEHUE TOJIIMHBI UCXOJHOM 3aro-
TOBKH K TOJIIIMHE CTEHKHU TOPJIOBUHBI (110cie yToHeHUs ) Kory =S/S;.
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Puc. 9.9. Cxema 0TOOPTOBKU C yTOHECHHEM:
a — HadaJbHas CTaausl, O — KOHEYHAs CTaIus

Ouar mnactuueckoil nedopmManuu npu oTOOPTOBKE C YTOHEHHEM COCTOUT W3
ydacTKa. /, B Mpefaenax KOTOPOTO OCYIIECTBIISIETCS OTOOPTOBKA 0€3 yTOHEHHS, U
yuactka ll, rme mpoucxoaut npeaHamepeHHoe yroHeHue 6opta (puc. 9.9, a). Ha
yuactke | ouara mmactudeckoil nedopmMaiiid BO3HUKAET IUIOCKOE HAMpPsHKEHHOE
cocTosiHue, Ha yyactke || — oObeMHoe.

AHanu3 HanpsKeHHO-AS(POPMUPOBAHHOTO COCTOSHMSI oyara Jjedopmanuu
MO3BOJIMJI YCTAHOBUTH ONTUMAaJIbHBIE YCIOBUSA OTOOPTOBKHU ¢ yToHeHueM. Ha 6aze
ATOTO aHallu3a TMOCTEe MPUHIATHS psjia YHPOILIAIOMIUX JOMYIICHUH MOITydYeHa
dbopmyna asis onpeieseHUs: ONTUMAIBHOTO yIila HaKJIoHA 00pa3yroieil KOHYCHOTO
MyaHCOHA 11 OTOOPTOBKH (Glogr, INPH KOTOPOM TEXHOJOTHYECKOE YCHUITHE
HaWMEHBIIIeE:

cose,, ~1-05- u-[2—In(s/s )]-In(s/s,), (9.10)

rne S; — TOJIIMHA OOpTa TOPJIOBUHBI, MOJy4Ye€HHAas TOCJe OTOOPTOBKH C
YTOHEHHEM.

IMpu 1=0,1 u 5/5,=0,5 a61,=20°. 13 hopmyisi (9.10) cnemyer, 4TO ONTHUMATBHBIH
yroa HakJIoOHAa OO0pa3ymrolieil IyaHCOHA YBEJIMYMUBACTCS C  YBEJIMYEHHUEM
ko3 duLeHTa TpeHU U CTEICHH J1ehopMaIiu.

HedopMmupyroiiee ycuive, HEOOXOIUMOE [ OTOOPTOBKHM C YTOHEHUEM,
MPUOIMKEHHO MOXXHO OIPEACIUTh KaK IMPOW3BEICHUE IUIOIIAA TIOMEPEIHOTO
CCUCHHS TOPJIOBUHBI Ha CPEHEE MO ovary aedopManuy HarpsKEeHUE TEKYIEeCTH:

P.~7-(D,+5,):S, Oy - (9.11)

Ecnu mpuHSATH CTENEHHYIO anmpoKCUMAIMI0 JUarpaMMbl YIOPOYHEHUS H

CUUTATh, YTO OTHOCHTENbHAs CTENEHb jaedopmanuu e,=(S-Sy)/2'S, TO cpemHee

3HAYEHHUE HAIPSKEHUSI TEKy4eCcTH OyAeT paBHO

v, (=)
GB S— Sy P P

1-y, |25y,
bonee Touno nedopmupyroiee ycuiane oTOOPTOBKH MOXKET OBITh ONPEIESICHO
KaK aJreOpandeckas cyMMa CHJI, CO37IaBaeMbIX PACTATHBAIOIIMMHE HAIPSIKESHUSIMA
B CTEHKE TOPJIOBUHBI, M CHJI TPEHHUS, BOSHUKAIOIINX Ha KOHTAKTHOW MTOBEPXHOCTH
IyaHCOHA U JeTallu.

Osep



HauGonpmas BeicOTa TOPIOBUHBI Hpmax, TONMy4aeMass OTOOPTOBKOM C
YTOHEHHEM, 3aBHCHT OT PAaBHOMEPHOTO OTHOCHUTEIBHOIO YIJIMHEHHs] MaTepualia
3arOTOBKHU, COCTOSTHUSI KDOMKHU TE€XHOJIOTHYECKOTO OTBEPCTHUS (KaK MIPU OTOOPTOBKE
0e3 YyTOHEHHUs) U OTHOCUTEILHOTO YTOHEHMsI CTEHKU TOpJOBHUHBL. [Ipu yroHeHuwu,
npesbimaronieM gomyctuMoe (Kory=S/Sy), BO3MOXEH OTPBIB TOPJIOBHHBI OT (hiiaHIa
JeTaNH.

'Ecnin u3BecTHO 3HaueHHE Kory, TO HAMOOJNBIIYIO BBICOTY TOPJIOBHHBI MOXHO
OTIPEJICINTh W3 YCJIOBHS PAaBEHCTBA OOBEMOB 3arOTOBKH (C TEXHOJOTUYECKHUM
OTBEPCTUEM) U JETaJIU:

v - _®, +2-5/K,,)?—d?
(4-s/K,,) (D, +s/K
rae do — AumaMeTp TEXHOJOTHIECKOTO OTBEPCTHS;

Dy — BHYTpeHHHI TUaMETP TOPIOBUHBI.

[Ipu cocTaBineHNH YypaBHEHHS paBEHCTBA 00bEMOB CIIETIAHO JIOMYIICHHUE O TOM,
YTO 3arOTOBKA >KECTKOIJIACTUYECKAs, Pa3JeICHHAs] Ha JKECTKYIO U IIACTHYECKYIO
30HBI IUJIUHAPUYECKONW MOBEPXHOCTHIO nuameTpoM D u BwICOTO# S, a 00BEMBI
KOJIBIIEBBIX y4acTKoB | u 2 ¢ BHyTpeHHUMH auamerpamu D u Dy cooTBeTcTBEHHO
PaBHBI APYT Apyry (Ha puc. 9.9, 6 monepeyHbie CEYEHUsI UX 3aYEPHEHBI).

JlommycTMOEe yMEHBIIIEHUE TOJIIUHBI CTEHKA TOPJIOBUHBI OINpEIEseTcs Ha
OCHOBAHHMM JKCIIEPUMEHTAIbHBIX JIAHHBIX, JJIs IUIACTUYHBIX MaTEpHUaJIOB
Kory=2,0+1,66. Jlmamerp do TEXHOJOTHYECKOTO OTBEPCTHS B 3aroTOBKE,
00eCIIeYnBAOIIMA TIOJYICHHE TOPJIOBUHBI TPEOYEMOW BBICOTHI, OMPEICISIIOT TI0
dbopmye (9.5), kak npu 0TOOPTOBKE 0€3 YTOHEHHSI, C YUETOM TOro, uto D = Dy-
25(1-1/Kory).

[tamm g OTOOPTOBKM € YTOHCHHEM CTCHKH HMMEET KOHCTPYKTHBHYIO
O0COOCHHOCTH, 3aKJTIOYAIONIYIOCS B TOM, YTO BCIICJICTBUC BBICOKUX pagHaTbHBIX
JABJICHUH Ha MaTPHUIly €€ OaHTaKUPYIOT.

s, (9,12)
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