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BBenenue

B mHacrosimee Bpemsi, ¢ Y4YeTOM IIOCTOSIHHOTO BO3pacTaHUs
CTOMMOCTH MeTajula, MpPH OpraHU3all HOBBIX MPEANPHUITUN
HAOMIOMAaeTCsl TEHICHIMS K OTKa3y OT TNPUOOpEeTeHHs Mapka
HarpeBaTeNIbHBIX YCTPOMCTB U MapKa METALIOPEXKYIIUX CTAaHKOB IS
OOTOYKH TIPUITYCKOB HA TOPSUYCIITAMIIOBAHHBIX TOKOBKaX, BCE AITO
JieaeT XOJIOAHYI o0beMHYI0 mTamnoBky (XOII) 3HauuTenbHO
Oosee npuBJIeKaTeIbLHOM.

B OTEYECTBEHHOM MaIIUHOCTPOCHUU 3HAYUTENIbHO
paclMpuiack  HOMEHKJIATypa  JeTayeid, MOJIy4yaeMbIX XOJOJHOU
0o0BbeMHOI mTamMmoBkOW. Tak, AMana3oH Macchl IITaMIyeMBIX B
XOJIOJHOM COCTOSIHUHU JeTaned COCTaBIsieT OT HECKOJIbKHX I'PaMMOB
0 3 K.

Kak moka3bpIBaeT OMBIT MEXIYHApOIHBIX HAYYHO-TEXHUYECKHX
KOH(epeHIHii, 00JIacTh XOJOJHOW IITAMIIOBKA B CTpaHax 3amaja
TaKXe MMOCTOSIHHO PaCIIUpPsIeTCs.

[IpumeHeHre [aHHOW TEXHOJIOTUU TMO3BOJSIET  TOBBICUTH
kod(duImeHT ucnonb3oBanus metamia a0 0,85-0,95, cymecTBeHHO
CHU3UTb TPYAOEMKOCTh W3TOTOBIEHHsSI (PACOHHBIX JeTaied u
COKpaTHTh  pacxoJ  dJekTposHepruu.  Hambompmmit  sddext
JIOCTUTaeTCs OOBIYHO MPH 3aMEHE XOJOJHONH 0OBEMHOM HITAMITOBKOM
TEXHOJIOTUYECKUX TMPOIeccOB 00pabOTKH pe3aHueM U Mepexon ¢
ropsiueil MTAMIIOBKH B OTKPBITHIX Tamnax Ha Mosnotax u KI'IHIT Ha
XOJIOJHYI0 OOBEMHYIO IITAaMIOBKY IPH U3TOTOBJICHUM JeTalieil THUMa
TeJI BpALICHUs, a TaKKe JeTajell ¢ MHOTOIpaHHUKaMH, 3yObsSIMH U
3yObSIMU IIIMIIEBBIX COSAMHEHUH.

B cBa3u c¢ a3tum, usyuenue cryneHtamu XOII B pamkax
JTUCUUIUIMHBL  «3aroTOBKH JJIsI ME€Talioo0pabaThlBalOIIETO
WHCTPYMEHTA» SIBIICTCSI HEOThEMJIEMOW  YacTbi0  00pa30BaTEIILHOTO
npoiiecca



Oyaymumx BBICOKOKBAU(DUIINPOBAHHBIX BBIITYCKHUKOB o
HaIpaBJICHUIO MOJATOTOBKH 15.03.05 «KoHCTpyKTOpCKO-
TEXHOJIOTHYeCcKoe 00eCTedeHne MaIlIMHOCTPOUTENLHBIX IPEATIPUATHIN.

Baxxneimmm >Tanom u3ydeHus: JTaHHOW JTUCUUIUIMHBI SBIISAETCS
BBITIOJTHEHUE KYPCOBOW pabOThI, OCHOBHOMW IIEJIBI0 KOTOPOH SIBIISIETCS
MOJy4eHHE CTYJIEHTOM HaBBIKOB MO pa3paboTKe KOHCTPYKLIUU
HITaMIOB TO3BOJISIFOIIMX MOMYYaTh JeTald HEOOXOJUMON TOUYHOCTH U
Ka4yecTBa MPH OJHOBPEMEHHOM OOECIeYeHUH HauOOobIlei CTORKOCTH
HITaMIIOBOTO MHCTPYMEHTA U €r0 TEXHOJIOTHYHOCTH.

B  mpomecce  BbimosHEHUsT  pabOTBHl  MpopabaTHIBAIOTCS
CJIETYIOIINE BOMPOCHI:

1) [poekTrpoBaHUE YePTEKA ITAMIIOBAHHOM 3arOTOBKH IS
WHCTPYMEHTA;

2) Pacuer o0beMa U MAacChl MITAMIIOBKH C Y4€TOM BO3MOXKHBIX
OTXO/I0B METaJlIa;

3) Omnpenenenne (opmbl 3aroToBKu a1t MPU u  ucxoaHOro
Marepuana; BEIOOp MeTola pa3lefieHHsi MCXOJHOTO MaTephaja Ha
3arOTOBKM U COOTBETCTBYIOIIETO TEXHOJIOTHUECKOI0 000py10BaHUS;

4) BpiOOp BHIa, KOJIMYECTBA U TOCIIEI0BATEIBHOCTH MEPEXO/I0B
LITAMIIOBKM M ONEpaluid NPEIBAPUTEIBHOM W IIPOMEKYTOYHON
00pabOTKM 3aroTOBOK; ONpENEIEHHE YIEIbHBIX U MOJHBIX YCHIIUMA
MITAMITOBKH, CTETeHH JIepOpMaliy IO IepexoiaM M CYMMAapHOM
nedopmanuy; onpeneneHue pasMepoB U (HOpM  IPOMEKYTOUHBIX
noiry(hadprKaTos.;

5) Beibop mramMrioBouHOr0 000pyIOBaHMS, MIEUCH ISl OTXKUTA U
yCTaHOBOK At ¢ocdarupoBaHus;  pacdeT  HEO0OXOIUMOTo
000pyI0BaHUSI.

6) MMuTanmoHHOE MOJICTMPOBAHKE B IIPOIPAMMHOM KOMILIEKCE
Qform (pexomenyercs).

I'paduyeckas yacTb pabOTHl IpelycMaTPUBAET CIIEAYIOIIUE
YepTeXU:

1) Yeprex neranu.
2) Yeprex MOKOBKH.



3) UepTexku mepexo10B IITaMIOBKH.

4) Yeprex mramia.

5) I'padryeckoe npencrapieHUe pe3yabTaTOB KIMHUTAIIMOHHOTO
MoienupoBanus B QForm (mpu Hamymn).

OOpazen; 3amaHusi Ha KypcOBYH pabOTy TPEICTaBICH B
[Tpunoxenun 1.

OcHOBHBIE ATanbl pa3padOTKU TEXHOJIOIMYECKOro Ipolecca:

Hcxonubmvu JTAHHBIMU npu IPOEKTUPOBAHUU
TEXHOJOI'MYECKOro Ipolecca XOJOAHOW OOBEMHOM IITaMIIOBKH
CIly’)KaT YepTe)X TOTOBOTO H3MIEIHSA, €ro Marepual U Iporpamma
BBIIyCKA JIETAJICH.

OCHOBHBIMHU 3TanamMu pa3padOTKU TEXHOJIOIMYECKOIrO Mpoliecca
SBJISIFOTCS:

1) npoekTUpOBaHUE YepPTEkKa IITAMIIOBAHHOTO U3/ICITHSL

2) pacuer 00beMa U MAacChl IITAMIIOBKU C YYETOM BO3MOYKHBIX
OTXOJIOB METAJIIA;

3) onpeneneaue (HOpMbI 3arOTOBKM M HCXOJHOIO MaTepuala;
BBIOOp METOJla pa3liesieHHsi MCXOJHOTO MaTepuajla Ha 3arOTOBKU H
COOTBETCTBYIOIIETO TEXHOJIOTHUECKOT0 000py10BaHUS;

4) BpIOOp BHJIA, KOJMYECTBA U MOCIIEIOBATEILHOCTH MEPEXOI0B
IITAMIIOBKM U OMNEpaluil NpeABapuUTENIbHON U MPOMEXYTOYHOM
00pabOTKM 3aroTOBOK; ONPEAENCHHE YAEIbHBIX W IMOJHBIX YCHINUN
IITAMIIOBKH, CTEMEHU JaedopMalMi 1O TepexojaM U CyMMapHOM
nedopmaru; ompeneneHne pa3MepoB W (HOPM  TPOMEKYTOUHBIX
noxxy¢adprKaToB;

5) BBIOOp MITaMIIOBOYHOTO 00OPYIOBAHUS, NIEUEH ISl OT)KUTA
YCTaHOBOK  aist  ¢ocdarupoBaHus;  pacdeT  HEO0OXOIUMOTro

00opynoBaHus;

6) pacduer  9KOHOMHYECKOH  3(D(EKTUBHOCTH  BHEAPCHUSI
pa3pabaTbIBa€MOro TEXHOJIOTUYECKOTO npoiiecca B3aMEH
JIEHCTBYIOLLIETO.



1 Crpykrypa TeXHOJOTHYeCKOI0 TMpolecca XoJIOAHOM
00beMHOM ITAMIIOBKH

TexHOIOTUYECKHI MPOIECC XOJIOHONH OOBEMHOM IITaMITOBKU
B caMOM OOIIeM BHUAE BCErJa BKIIOYAET JBa OCHOBHBIX JTama:
MOJTOTOBKY HMCXOJHOTO MaTepuajga K INTaMIIOBKE M COOCTBEHHO
[ITAMITOBKY.

[TonroroBka K IITaMIIOBKE 3aKJIOYAeTCs B IPEIBAPUTEILHOMN
TepMUYECKON 00paboTke (oTxkure) nepopMupyemMoro mMarepuaia u
nocneayriem ero GpochaTupoBaHUU U OMBUIMBAHUU.

[lenpfo  OoTKMra  SBISETCS  CHWDKCHHE  CONPOTHUBIICHHS
neOPMUPOBAHUIO W TIOBBIMICHHWE IIACTHYHOCTH Matepuana. Ero
pOJIb 0COOCHHO BeNHKa TPH ACPOPMUPOBAHUU CTANICH C BHICOKHM
COJIep’)KaHUEM  YIIepoAa, BBICOKOM HCXOTHOW TBEPIOCTHIO U
WHTECHCUBHOCTBIO YIIPOUHEHHUS.

[Tocne QocharupoBanuss Ha MOBEPXHOCTH MeTaljga B
pe3ysibTaTe XMMHYECKHX PEAKIUil 00pa3yeTcsl MOKPBITHE, UMEIOIIee
KPUCTAITMYECKOE  CTPOCHHWE W OTIMYAIOIIeecs  BBICOKOM
miIacTUYHOCThI0.  OHO  TpenoTBpaliaeT  XOJIOAHYH  CBapKy
nedhopMUpyeMOro MaTepuaia co MTaMIIOM U OJHOBPEMEHHO CITY>KUT
HOCHUTEJIEM TEXHOJIOTUYECKON CMa3KH - XO35IIICTBEHHOTO MbLJIa.

B 3aBucMMOCTM OT Marepuaia IITaMIyeMOW JeTanw,
CIIOHOCTH €€ KOHQUTYpalluH, TPOTpaMMbl BBITYyCKAa U T.II
MPUHUMAOTCS Pa3JIMYHbBIC BAPUAHTHI TEXHOJIOTHUECKUX TTPOIIECCOB.

Yacto BCTpeUaArONIUMCS BapUAHTOM IINTAMIIOBKH IPOCTBHIX IO
dopMe [nertanel TWpU CpPEAHHX TMpPOTrpaMMax BBITYCKa SIBISIETCS
MPOLECC, BKJIIOYAIONIMIA pa3JelieHne HWCXOJHOr0 Marepuaia Ha
3aroTOBKH B IITaMIIe Ha MPECCe WM HA CTICIUATbHBIX HOKHHIIAX IS
TOYHON KaYeCTBCHHOH pPE3KH, OCAJKy WX B 3aKPBITOM INTaMIE C
[eNbI0  BBIPABHUBAHUS TOPIEB TOcle  pyOKH, ODKHT |

dbocdaTtupoBaHue B CIICMAIBHBIX M€UaxX ¢ 3alUTHON aTMochepoil u
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B YCTaHOBKax MJJI HAHECEHUS IOKPBITUS M INTAMIIOBKY 3a OIUH
Iepexo] Ha CHELUAIBHOM IIPeCcCe I XOJIOJHOTO BBINABINBAHUA.
HauOonee TUNMYHBIM HOPUMEPOM TAaKOW TEXHOJIOTUU SBISETCA
IITAaMIIOBKA TMOPIIHS KOJIECHOIO TOPMO3HOro muiuHjapa Ha BA3e.
[IITaMmOBKa 1O TOW CXEME MOXET OCYIIECTBISATHCA M 3a OOJbIlee
KOJIMYECTBO IepexonoB. Tak, Hanpumep, Ha KamA3e BbliaBinBaHue
POJIMKA KOJIOHKH TOPMO30B IIPOU3BOAUTCS 3a TPU IIEPEXO0aA.

['maBHbIM 00pa3oM 3TOT TEXHOJOIMYECKMH Ipolecc ¢
OIepaLrsIMU OTPE3KU U OCAJKH 3arOTOBOK Ha pa3HOM 000PYA0BaHUU
OPUMEHSIETCS JUIsl WM3TOTOBJIEHUS KPYNHBIX JeTaledl (auamerp
HCXOJHOI0 MaTepuaia CBbIIIE 25 MM).

[Ipy 3HAUUTENBHBIX MporpamMmax BbIIYCKa HEOOJbIINX
nerajnel (InaMeTp MCXOJHOIo MaTtepuaia He 0oiiee 25 MM) OTpe3Ky U
0CaZKy HEpEeIKO COBMELIAl0T Ha OJHOM OOOpYIOBAaHUH, 4YTO
3HAYUTENIBHO  IIOBBIIIAET IPOMU3BOJUTENBHOCTD W COKpPAILAET
KOJINYECTBO  OOOpYIOBAaHMUS, YHCICHHOCTh pPa0OYMX, 3aTpaThl
ANEKTPOdHEPTUH © T.. JlJis 3TOM 1enu OOBIYHO HCTOIB3YIOT
TOPU30HTAJIbHBIE OJHOIMO3UILMOHIIBIE OJHOYAApHbIE aBTOMAThl IS
LITAMIIOBKM LIAPUKOB M POJIMKOB MOJUIMIIHMKOB. 3aTeM, IIOCIE
oTxkura u (¢ocdarupoBaHusi, IPOU3BOJIAT IITAMIIOBKY 332 OJUH WU
HECKOJIBKO IIEPEXOA0B. DTa TEXHOJOTHS IIMPOKO HCIIOJIB3YETCs Ha
XB3 nans umsroroBneHus (QacoHHBIX JAeTajedl 3aiHeld BTYJIKH, Ha
KamA3e 1 HeKOTOPBIX APYTHUX 3aBOJAX.

Jlns mITaMmoBKY AeTayNied CIOKHOW KOH(HUTypamuu HEPeaKo
TpeOyeTcst (acoHHast 3arOTOBKA, HAlpUMep, B BUJE MPOCTOrO WIIH
CTYIIEHYaTOro TOJICTOCTEHHOI'O KoJplla. B 3TOM ciydyae 3aroTtoBky
MOJIy4aroT 3a HECKOJbKO IIEPEXOJ0B Ha MHOIONO3UIHOHHOM
aBToMare JJs IITAMIIOBKM TaeK, OTKUrarT, ¢GocPaTupyroT u
JOLLITAaMIIOBBIBAIOT Ha Mpecce.



2 IlpoekTHpOBaHHE YepTeKa MTAMIOBAHHOM 1eTaIu

B mnopaBnsromeM OONBIIMHCTBE CIy4yaeB YEPTEXKHU JeTajeid
COOTBETCTBYIOT TpeOOBaHUSM TEXHOJIOTUU PpPE3aHMUsI HAa TOKAPHBIX
aBTOMaTax. XapakTepHBIM SIBISIETCS HAIMYME HA ACTAIAX PE3KUX
NEePeX0J0B MEXKAY CTYIEHSMH, OCTPBIX KPOMOK, OypTOB, KaHAaBOK
JUTSL BBIXOJIa PE3II0B, NLTU(OBAIBHBIX KPYroB ¥ T.1. KOHCTPYKTHBHBIC
9JIEMEHThl B BHUJE KaHABOK, MOJAHYTPEHUH M T.NI. HE MOTYT ObITh
Oo(OpMIIEHBI TIPU XOJOJHOW O00BEeMHOM ImTamrnoBke. HeBo3MOKHO
MOJy4yaTh XOJOJHOM OOBEMHOW INTAMIIOBKOM Takke TiIy0oKue
OTBEPCTHUS MaJIOTo JaMeTpa, OTBEPCTHUSA c OCBIO,
NEPIEHANKYISIPHOH ~ OCHM  H3JeNHsi,  HEKOTOpbhIE  CIIOKHBIC
CTYIEHUYAThIe TOHKOCTECHHBIE SJIEMEHTHI H T.II.

CymecTtByeT Takxke IeNblil  psn  JgeTaned, Haluyue
HETEXHOJIOTUYHBIX  JJIEMEHTOB Yy  KOTOPBIX  OOYCIIOBIIEHO
KOHCTPYKTUBHBIMH TpeOoBaHUSIMU. Tak, OOJNBIIMHCTBO MIAPOBBIX
NaJbIEB PYJIEBOTO YIPABICHUS U TOABECKH MMEIOT KOHUYECKHE U
[WIMHJIPAYECKUE TOJHYTPEHUS TI0J MIAPOBBIMH  TOJIOBKaMH,
HEO0OXOUMBIE JIJIs1 00eCTIeUeHUs yIiia B3aUMHOTO TTIOBOPOTA TSIT.

PaznooOpa3Hble HUIIENH, MITYLUEPhl, COCTUHUTEIbHBIE TalKH
UMEIOT DJIEMEHTHI, HE0OXOIUMBIE /Il YCTAHOBKH YIUIOTHEHHI, BBOJA
TMOKUX W KECTKHX MUIAHTOB U TpyOok u T.m. K HUM oOTHOcATCA
TOPIIEBBIC KAHABKH B ITOJIOCTSIX, BHYTPEHHUE U HAPY)KHBIC PUDIICHHSI,
YY4aCTKHM C YMCHBIICHHOH TOJIIMHOH CTEHKH W Pa3JIUYHbIC
nogHyTpeHus. [IpuMepbl KOHCTPYHUPOBaHHUS INITAMITyeMBIX JeTalei
MpUBEICHBI HAa pUCYHKE 1.

B nmepBom psny mpeacTaBieHbl  JeTald, IMITaMIyeMbIe
NpakTU4YecKu Oe3 MPUITYCKOB, BO BTOPOM — C Pa3IUYHOTO pPOAA
NPUITYCKaMU  (I€Tald  PacrlojOkKEHBl 10 Mepe  YCIOXHEHUs
KOH(UTYypaluH).



-

-

Pucynok 1 — IlpuMepsl KOHCTPYHUPOBAHUS IITAMITYEMBIX JIeTaleH

B nocnenHem psny NpuBeIeHbl IOKOBKU, B KOTOPbIE BHECEHBI
HEKOTOpbl€ KOHCTPYKTHUBHBIE HM3MEHEHUS 110 CpPaBHEHUIO C
UCXOJHBIMU  uepTekaMu. K TakMM H3MEHEHUSM  OTHOCSTCS
TEXHOJOTHUYHbIE  yrayOJeHuss B LIECTUTPAHHON  TOJIOBKE
HITAMIIOBaHHOW pe3b00BOM NMPOOKM M B KBaJpare TaKu KperJeHUs
BHYTPEHHEI0 3aJHero koseca. B mepBom ciydae 3To yriyOieHue
oOyeryaer  3amoJIHEHHWE  METAuIOM  YIJIoB 1Opu  (OPMOBKE
HIECTUTPAaHHUKA, BO BTOPOM  OOecleyMBaeT MOANOpP  IpHU
KOMOMHHMpPOBAaHHOM BBIIABIIMBAHWU KBaJpaTa U IOJIOCTH, 4YEM
IpeloTBpalaeTcs BO3MOKHBIN OTphIB KBajipaTa. CienlyeT OTMETUTh,
4TO MOJO0OHBIE U3MEHEHHUSI BHOCSATCS OOBIYHO TOCIE MPOpabOTKH U
ONpPOOOBaHUS TEXHOJIOIMYECKOT0 Mpoliecca.

TEeXHONOTrMYHBIMUA DJIEMEHTAMM JACTAJEH SBISAIOTCA TaKXKe
pa3IMyuHbIe LIEHTPOBBIE OTBEPCTHUS, OTy4YaeMble IITAMIIOBKOM.

W3MeHeHne KOHCTPYKIUHU JAeTaau IenecooO0pa3Ho B TeX

ClIydasx, Koraa OHO yjaydmiacT €€ TCXHOJIOTHYHOCTH M COKpaliacT
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KOJIMYECTBO (POPMOOOPA3YIOMUX OTICPAITHA.

HeobxomuMocTh mepepabOTKH uepTeka JeTaald MOXKET OBITh
BbI3BaHA TaKXK€ TEM, YTO MCXOIHBIA MaTepuag OTHOCUTCS K IpyIIe
MaJIOTUTACTUYHBIX  BBICOKOMPOYHBIX META/UIOB, a KOHCTPYKIUS
JeTalld TaKOBa, YTO IITAMIIOBKA OYIET COMPOBOXKAATHCS BBICOKUMU
VICTbHBIMA HAarpy3kamMu Ha HHCTpyMeHT. Jlis oOecnedeHus
HEOOXOIUMOM CTOMKOCTH HWHCTPYMEHTa IEeJeCOO0pa3HO B TaKOM
CiIy4ae 3aMEHSTh BBICOKOIIPOUHYIO cTalib (Tuma cranei 40, 45 u T.11.)
CTaJIbIO C MEHBIINM CONPOTUBJICHUEM Je(OPMUPOBAHUIO.

TpeOyeMble MEXaHHMYECKHE CBOWCTBA MOTYT OBITh IMOJIYYCHBI
KaK 3a CYeT YIMPOYHCHHS MaTepuaia B XOJE IITAMIIOBKH, TaK H C
MTOMOIIHIO0 XUMHUKO-TEPMHUYECKON 00paOOTKH.

MeTogamMu penynMpoBaHUS W BBIIABIMBAHUS HEBO3MOXKHO
OpOPMUTH PpE3KHE TEepPeXOJbl MEXAY CTYNEHSMHU CTEePKHEBBIX
CIUIONIHBIX U MOJBIX JeTajei. 3aTpyJHUTENbHbIM SIBISETCS TakKke
BBIIABJIMBAHUE CTAKaHOB C IUIOCKUM JIHOM. B CBs3M ¢ 3THM
MIEPEXOJTHBIC YYACTKU MEXTY CTYICHSIMH JICTAIOTCS KOHUYCCKUMU -
o (opMe 3aX0HON YacTH MaTPUIIBI, & JIHO CTaKaHa COOTBETCTBYET
o ¢opme paboueMy TOPILy MyaHCOHA JJi1 OOpaTHOTO BBIIABIMBAHUS
(puc. 2,a).

Ecnu KOHCTpyKIMS U3JeNusi U YCIOBUS €ro padoThI B y37ie HE
TPeOYIOT PE3KUX TEPEXOJ0B, B UEPTEKE IITAMIIOBAHHOW JETaJIN
OCTaBJISIOT BHIIICTICPCUNCIICHHBIE TEXHOJOTUYHbBIE dJeMeHTHI. [Ipu
9TOM, KaK CJeayeT M3 pHUC. 2,a, BEIWYHMHA Yria 20, MEPEXOIHOTO
y4acTKa JJIsl CTEPKHEBBIX JieTallell 3aBUCHUT OT CTETEeHU JiehopManuu
¢. YTron MOHHOW YacTH JAeTaldu THUMAa CTakaHa BCErJa OJAMHAKOB U
cocrasisieT 170°.

[Ipy HEOOXOJAMMOCTH TMONYYHTH OOJiee PE3KHe TePeXOIbl
BBOJIST OIEpalii YeKaHKH (TIOJCaJKH), OJHAKO W B 3TOM Ciydae
OCTpBIE YTJIBI 3aMeHSIOTCS paaumycamu (puc. 2,6). [IpaBwmia BeiOOpa
paanycoB MPUBEACHHI B Ta0wmIe 1.
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Pucynok 2 — Ilpumepbl odopmieHHSI MEPEXOAHBIX YYaCTKOB MU
KOHCTPYMPOBAHHH IITAMITyEMBIX AeTanel

Tabmura 1 — [paBuia BeIOOpa painycoB B 3aBUCUMOCTH

JuameTp, MM HapyxHble panuycel, MM | BHyTpeHHHE paanychbl, MM
o 10 0,5 1,0
Csprme 10 mo 25 0,7 15
Csoimre 25 1o 50 1,0 2,0
Csbite 50 xo 80 15 25
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3 Pexomenmamum 1o pa3padoTKke TEXHOJOTMYECKOI0

npoiecca

BeiOOp BHIa IMITAMIOBOYHBIX  OMEPAIMid  3aBUCHT  OT
KoHpurypanuu usnenus. [lociaenoBaTebHOCTh M KOJHUYECTBO
Nepexoa0B MITAMIIOBKM YCTAHABJIMBAIOT HAa OCHOBAHUU IIpPaBUII,
CO6JIIOI[CHI/IC KOTOPBIX OrpaHU4YMBACT IIOABJICHHUC HCKCIATCIbHBIX
nedopmanuii, pa3pymnieHUi ¥ MOBBIIICHHBIX YACIbHBIX HArpy30K Ha
HITAMITOBBIH  MHCTpyMeHT. K  HexenaTeldbHbIM  JedopMmarusm
OTHOCHUTCSI, HampuMep, MOTepsi YCTOHYMBOCTH 3aroTOBKOW MpH
BbIcajike. TpemuHbl Ha OOKOBOM IMOBEPXHOCTH MOTYT BO3HUKHYTH
IIPU NPEBBIIIEHUN JOIYCTUMOM BEIUYMHBI OTHOCHTEIBHOM OCAJKH.
[TpeBblllicHHE TPEICIBHBIX CTENeHeH nedopManuu MPUBOIUT HE
TOJBKO K MOTEpE IUIACTUYHOCTH, HO W K BO3PACTAHHIO YAETbHBIX
YCHJIMH IITAMITIOBKH, YTO COKpAIaeT CPOK CIYKObI HHCTPYMEHTA U
HPUBOJIHT K Teperpy3kam 000pya0BaHuUs.

Bemmuuna FO}IOBOI\/'I IporpaMMbl BBIITYCKa JC€TAaJIM OKa3bIBACT
CYIIIECTBEHHOE BJIMSHHE Ha BBIOOP MCXOJHOrO Marepuala,
TEXHOJOTUIO W O000pyIOBaHWE [UIs TMOJYYEHHsl 3aroTOBOK, Ha
KOHCTPYKIIMIO INTAMIIOBOM OCHACTKM W THIl IITAMIIOBOYHOTO
000pyIOBaHUS.

B HekoTOpBIX cly4asiX TpU HM3TOTOBJICHHU (HACOHHBIX
3aroTOBOK JIOMYCTHMO HX TMOJIyYeHHE pa3pe3koil NpPYyTKOB Ha
TOKAPHBIX aBTOMATax HJIM BbITAYMBAHUCM q)aCOHHOfI 3aroTOBKH.
Hampumep, Tapenka npy»uH KJlallaHa IITaMITyeTCsl U3 CTYIIEHYaTOU
MOJIOW 3arOTOBKH, MOJIYYEHHOW TOUYEHHEM Ha TOKApPHOM aBTOMATE.
[Tporiecc mWITaMIIOBKHA COCTOUT M3 OJHOTO mepexoja (puc. 3, a).

[Tpu OGonpmIMX TpOrpaMMax BBIMMYCKa ropasfo dKOHOMHYHEES
MOJy4aTh KOJBIEBYIO 3arOTOBKY HAa MHOTOIO3HIIMOHHOM TaeuyHOM
aBTOMAaTe  HEMOCPEACTBEHHO W3  OYHTOBOH  MPOBOJOKH U
JIOIITAMITOBBIBATh €€ 3aTeM Ha Mpecce IOCIe COOTBETCTBYIOIIETO
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omxura (puc. 3,0).

B MaccoBoM mpOM3BOACTBE ONTHUMAJIBHBIM  pEIICHHEM
SIBJISIETC ST MHOTOTIO3UIIMOHHAS IITAMIIOBKA TAPEIIKU MPYKUH KJIallaHa
Ha aBTOMAaTe U3 MPEABAPUTEIBHO OTOXOKEHHON U (pocdaTupoBaHHON
OyHTOBOI mpoBOJOKK (puc. 3,B). OITOT mporecc Hauboiee
HSKOHOMHYEH, TaK KakK IO3BOJISIET HE TOJBKO COKPAaTHTh OTXOJbI
MeTalia, HO M 00eCre4yrnBacT HAaWBBICIIYIO POU3BOAUTEIHHOCTS,
IOCKOJIbKY ~ IITAaMIIOBKAa HE  IIPEpPBIBACTCS  MPOMEKYTOUHBIMH

Ty & 9F

a

M ST\
Disy ©F YW XF

Pucynok 3 — Ilpumepbl TEXHOIOTMYECKHMX BapHUAHTOB IITAMIIOBKU
Tapelku TPYKWH KiarnaHa: A - oTxur, m— ¢ocharupoBaHue; a - u3
TOYHOH 3aroToBKH; O - W3 BBICAXKEHHOM KOJIBIEBOH 3arOTOBKHA C
MPOMEKYTOUHBIM OTXKUT'OM; B - HA MHOTOIIO3ULIMOHHOM aBTOMATE.

oncpanursiMu.

[Ipy MPOEKTHUPOBAHUU TEXHOJIOTUYECKOTO MpoIecca CIeIyeT
UMETh B BUJY, YTO 3a OJUH IEPEXOJ MOXXHO TOJydYaTh H3ICIUS
TOJIbKO HamOoJiee MPOCThIX (OpPM: CTaKaH, CTEPKEHb C TOJOBKOU U
T.11. BonbmmHCTBO M3nenuit uMerT Oojee cloxHyo (Gopmy U HE
BCerna  OnarompusTHbIE 7 OJHOMNEPEXOJHOM  IITaMIOBKHU
COOTHOIIIEHUSI OCHOBHBIX pa3zMepoB. [loaToMy TexHONOT TOpas3no
qaiie JO/DKeH 3aHUMAThCsl pa3pabdOTKON IMPOIECCOB, BKIIOYAIOIIMX
HECKOJBKO (hOpMOOOPa3yIONIUX MEPEX0I0B.

Bo3MOXHEI aBa OCHOBHBIX BapuaHTa MMOCTPOCHUA
MHOTOMEPEXOJHOTO TEXHOJIOTHYECKOTO IMPOIecca: MHOTOKPATHOE

14



IIPUMEHEHHE OJTHOW M TOU K€ OIepaluy U MPUMEHEHHE PA3JIMYHBIX
onepanui.

IlepBblil BapuaHT LIMPOKO IPUMEHSETCA B IPAKTUKE XOJIOIHOM
BBICAJIKM M3JEJIUI TUIA CTEP/KHEH C TOJIOBKAMM, TaK KAaK BBICAJKA 3a
JIBa WIN JTAKE 32 TPU MEpexoia MO3BOJIAET W30eKaTh MPOAOIBHOTO
u3ruba 3aroToBKUM. MHOTOKpaTHOE peNyLIMPOBAaHUE IPUMEHSETCS
IOPY M3FOTOBJIEHUM OOJITOB M PA3JIUYHBIX CTYIEHUYaThIX BaJlOB.
[ToBTOopHOE O0OpaTHOE BBIAABIMBAHUE IPUMEHSIETCS 3HAUYUTEIBHO
peke, HalpuMep IpY BbIIaBIMBAHUU JIOTNIOJIHUTEILHOIO yIi1yOIeHus
B AHE cTakaHa. [Ipu 3ToM cieayeT UMeTh B BUAY, UTO 0OOLIas JJIUHA
paboyeil yacTu myaHCcOHa JJis IOBTOPHOTO 0OpaTHOTO BbIAABIMBAHUS
HE JIOJDKHA TpeBbIaTh 2,5 dk.

B MHOromepexogHsIX MpoLeccax, COCTOSAIIMX M3 Pa3INnYHbIX
ornepauuii, Hanboee 4acTo BCTPEUAIOTCS CIEAYIOIINE COUETaHUS:

—IpsAMOE BBIJIABIMBAaHUE U BBICAJIKA; NPAMOE BbIIABIMBAHUE,
peAyLUpPOBAaHUE U BbICAJIKA; MPEbIIYIINE BApUAHThl B COUETAHUU C
00ceukoil (IpU M3TrOTOBJIEHUM CTEP’KHEBBIX JETallell C pa3HbIMM I10
(dbopMe rooBKaMHu);

—o0paTHOe BBIJABIMBaHUE M MPOOMBKA JHA; OOpaTHOE H
npsMoe BbIJIABIMBAHUE; OOpaTHOE BbIIABIMBAaHME M BbBICAJKA;
OpeabIAYIINNA BapuaHT B COYETAaHMM C 0O0CEeUKOW (MpH IITaMIOBKE
MOJIBIX JeTajiel Tuma TPyOOK, CTaKaHOB, TPYOOK M CTaKaHOB C
bnanaMu pazHou Gopmabl).

Ecnmu npu pazpaboTke mpoliecca OKaKeTcs, YTO TMOJy4YeHHe
3aJaHHBIX pPa3MepoB U (OpPMBI 3aTPYAHUTENBHO, HEOOXOAUMO
KOPPEKTUPOBATh YEPTEK M3AEIUN WIM IITaMIOBKU. B 3TOM ciydae
NepPECMaTPUBAOT U CIPOEKTUPOBAHHBIN TEXHOJIOTMYECKUH IPOLECC
mraMrnoBkd. C  TOMOIIBIO  CPaBHUTENBHOTO SKOHOMHYECKOTO
aHaJM3a BHIOMPAIOT Hanbosee SKOHOMUYHBIN BapuaHT TEXHOJIOTHH.

HeobxomumMo cTpeMHTBCSI K TOMY, YTOOBI KOJHYECTBO

(hOpMOU3MEHSFOLITIX onepauuin ObLIO MHUHUMAJIbHBIM.
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OnHOBpeMEHHO  ClelyeT CTporo coOmoAaTh BCe  IpaBHIIA,
OTpaHMYMBAIOIIME  TOSIBIIEHWE  HEXKeNaTeNbHbIX  JedopMaiui,
OpUBOIALIMX K  Opaky  I[ITaMIyeMblX — JeTaled Wi K
NPEXKIEBPEMEHHOMY pa3pyLICHUIO pabo4ero HHCTPYMEHTA.

[Tpy IPOEKTUPOBAHUHU TEXHOJIOTUYECKOTO MPOIECCa XOIOIHOM
00BEMHOI IITAMIIOBKM HEOOXOAWMO TMPHHHMATh BO BHUMAaHHE
clenyrolee:

— pacuer (GOPMOMBMEHSIOMMUX  oOnepanuid  (IMEePexooB)
BEJETCSl OT KOHIIAa TEXHOJOTMYeCKOro mporecca (ueprexa
LITAMIIOBAaHHOM JleTalM) K €ro Hayajly (MCXOJHOW 3aroTOBKE); MpHU
TOM KaXIblii pa3 cieayeT BbeIOMpaTh GOpMy U pa3sMepsl
npeasaymero  noiydabpukara, CIy)Kamlero 3aroTOBKOM s
MOCIEAYIOIEro,  TakuM  o0pa3oM,  4TOObl  HEOOXOAMMOE
dbopMon3MeHEeHUE MOTJIO OBITh BBIITOJHEHO 32 OJMH X0/ Ipecca;

— TMOCJIEIOBATENIbHOCTD  Omepanuil  (MepexonoB) JTOJKHA
OBITH II0 BO3MOJKHOCTH TaKOW, YTOOBI INTAMIIOBAHHOE H3JICIIHE
MMEJI0 paBHOMEPHOE paclipe/ie]IeHe MEXaHUUYECKUX CBOMCTB;

— HE PEeKOMEH/IYeTCsl IPOU3BOJUTH OOpaTHOE BHIIABIMBAHHE
rnybokux mosocte (mo 2,50k) B 3arotoBke WM B 3JEMEHTE
IITAMIIOBaHHOTO Tody(habpukaTa, NPETEPHEBIINX 3HAYUTEIBHYIO
nedopMaruio 6e3 OTKUTA;

— cruenyer CTPEMUTHCS K COKPAILEHUIO qrcia
MEKOIEPAMOHHBIX OTKHUTOB U (ochaTnpoBaHuii;

— TMOCJIe 3KCIEpUMEHTAIbHON MpPOBEPKU pazpaboTaHHOU
TEXHOJIOTUH, TPU HEOOXOIUMOCTH OCYIIECTBIISIETCS IOTIOTHUTEIBHOE
KOPPEKTHPOBAHUE 3aTOTOBKH, IITAMIIOBKH U Olepauuil (mepexo0B)

nmpomnecca.
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4 Pacuyer 00beMa IITAMIOBAHHOM AeTaJIH

Pacyer oObeMa MITaMIOBAaHHOIN JeTald pPacCMOTPUM Ha
IpUMepe TOJIKATENs KIlaraHa.

OO0beM moJIol (haCOHHOM NeTanu, KaKoW SIBIISIETCS TOJKATENb
KJlanaHa, Hamboyiee yJIOOHO OmpenesiTh KaK pPa3HOCTh BHEUTHETO
(Veuw) 1 BHyTpeHHErO (Veurp) O0OBEMOB, T.e. Kak 00bEM JeTaliu,
BBIUMCJICHHBIH 0€3 ydeTa HUMEIOUIUXCS IMOJIOCTEH, 3a BbIYETOM
CYMMapHOT0 00beMa ITHX MOJOCTEH.

OObeMbl TeOMETPUYECKUX AJIEMEHTOB IITAMIOBAHHOMW JETalu
BBIYUCIISIIOTCS. C TIOMOINBIO U3BECTHBIX (OPMYJ U ONPEACICHUs
00BEeMOB Tell BpamcHus, MHOI'OI'PpaHHHUKOB, IMPU3M, IMHUPpaMHUI U T.II.
[Ipy STOM HEJOCTAIONIME TCOMETPUUYSCKHUE pa3Mephbl, TaKue,
HampuMep, Kak JJIMHa KOHUYECKOro mepexona mof (ruaHiem
TOJIKAaTeNs, JUIMHA BHYTPEHHEW cdepbl U T.M., OMPENENSIOTCS C
MOMOIUIBIO0 DJIEMEHTAPHBIX apU(METUYECKHX, TEOMETPHUYECKHX U
TPUTOHOMETPHYECKHUX PACUCTOB.

Bce pacuCThL 00BEMOB B€AYTCA 1O HOMHWHAJIbHBIM 3HAYCHHUAM
YEpTEeKHBIX pasMepoB. Ecimm  mnpum  mTamnoBke JeTanud  He
MPUMEHSIFOTCSI OTlepalii MPOOUBKU WM OOPE3KH, COMPSIKEHHBIE C
o0pa3oBaHHEM OTXOJOB, TO PACUETHBHIH 00BEeM V IITaMIIOBOYHOM
JeTanu sBISEeTCS U 00BEMOM HCXOJHON 3aroToBKH. B mpoTHBHOM
cily4yae K HeMy HeoOXO0MMO MPUOaBUTh 00bEM ITUX OTXOJIOB.

[Topsimok pacdera oObeMa MTAMIIOBAHHOM JI€TAH M MCXOJTHOU
3aroTOBKH MPUBOJIUTCS HA PUCYHKeE 4.
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5 OcHoBHbIe (OpMOU3MEHAIONIHE ONEePANNH XO0JIOTHOMI

00beMHOM mTaMnoBKu. CxeMbl OCHOBHBIX Ollepanni

B rtabmune 2 mpencraBieHbl NPHHIWIHAIBHBIE CXEMBI
OCHOBHBIX (DOPMOM3MEHSIOIINUX OIEpauii XOJOJHOW OO0BEeMHOMN
IITAMITOBKH U ()OPMYIIBI pacdera TeXHOJIOTHUECKUX YCUIIHMA, B3SITHIE
U3 Pa3IMYHBIX HUCTOYHHKOB M XapaKTEepPH3yeMbIe JHOCTATOYHOW s
WH)KCHEPHBIX PAacyeTOB TOYHOCTHIO (YCIOBHBIE O0O3HAYCHHS

NPUBEICHBI B IPUIOKEHHUH 2).

Tabnuma 2 - [IpuHiunuanbHbIE CXEMBI OCHOBHBIX
(hOPMOM3MEHSIFOIIUX ~ OINEpalui  XOJIOAHOH OOBEMHOH INITAMIIOBKU U
(hopMyITBI pacueTa TEXHOJIOTHYECKUX YCHITHI

HaunmenoBanue u
cxeMa onepanuu

1. Ilpsamoe BbIJaBIMBaHUE CIJIOIIHON JeTaIn
p

Pacuernas ¢popmysia

IlyaHcoH T 25
| [ % P=Fy 00| 14— ad + +
| . 3.

Q & sina -cosa @
—~+
% ‘ +7-dg-hy - p- 0,
3aroToBKa
Oc¢y + O
Marpuua g rae FO = 0,785 . dg, O-Scp = % )

Oy U O — HallpsSDKEHUA T€YECHUA 110 U

nocie nedopmaiuu, onpeaesieMm
MOKPUBBIM YIIPOYHEHUS U 3alaHHON
CTerneHu fedopmanuu ¢ !
2
0
p=In—-.
d 2
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2. IlpsiMoe BbIIaBIMBAHKE TTOJION JETAH
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6. PenynupoBanue
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9. BI:IC&[[Ka HMUIMHAPHUYCCKOr'0 YTOJIICHUA
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12. TlonepeyHoe BbIIaBIUBAHUE TUIOCKOM 3aTOTOBKHU
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14. Honepeque BbBITAJIKUBAHNUEC, COBMCIICHHOC C BBICAIKOM
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T=F,04:" (:]—-i-ln
3

3

24




MaTpulbl U BBITCCHCHUA BCCTO MCTAJlJIA B
3a30p h, Mex1y MaTpHIIaMH HOTIEpPEeYHOe
BBIJIaBJIMBaHUE 3aKaHUMBaeTcs. Jlanee, mpu
COBMECTHOM TEPEMEIICHUN TTyaHCOHA U

BEPXHEW MaTpPHIIBI, IPOUCXOIUT BHICAIKA 10
cxeMme 9.

15. HpSIMOe BbIJAaBJIMBAHUEC CTaKaHa C JOIIOJIHUTCIIbHBIM

00>KaTHEeM 3arOTOBKH

[ T

3aroToBka
ITyaHCOH —|

P:‘T“"'F"'\lﬁ{rn{i”smgkthrAﬁ[r);)'A”
mkD A +A, +— A3+A6+— A+

(H

re oy, = % F, =0,785- D¢,

A = kzl_l-{2+ In%-[mzkozkf +w/3+(mk0kl)4J—
1

4
-3 ! +14
mk,k,

1 (2 1 1
= | Sk, + ——
& k2 -1 (3 ° 3mk k2 mklj

mzklz.
As_k12_ 1
A4=2+InE(m2+\/3+m“)}— 1+i4;
m
2 1 1
53T
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3m’kZ m

F, D2
=In—=1n ——
f d —d
OTHOCI/IT CJIbHAs BCIIMYHMHA HHaCTH‘leCKOﬁ
30HBI

+(A+ A+ A)-2mk,
D, 2 k) Ak,

h 1 2k2

6 PacyeTbl CHJIOBBIX MapaMeTPOB. YcH/IHe IITAMIOBKH U
padora neopmupoBaHus

[TocrnemoBaTenbHOCTD BBIYHCIICHUI CTaH/apTHa u
IPOU3BOJIUTCS B CIICAYIOLIEM MOPSIIIKE.

[To reoMeTpuYecKUM pa3MepaM HCXOJHOW 3aroTOBKH |
TOTOBOIl JIeTall ONpENENSIOT MPUOIMKEHHYIO CPEIHIOI CTEIeHb
negopmanuu o.

[To crenenn nedopmamuu @ M mpeaeny TEKYYeCTH Oso IS
JAHHOW MapKu craiu (CM. Tabimily 3) ONpelelsioT HampspKEHHE

TEUYEHUS Gs1 — 10 hopMyJIe:
Gs1= Aenlnq;
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rae A v n — ONpeAearOTCs U3 TaOIHIlbI 3.

Tabnuna 3 — 3HadyeHus mpejenia TEKy4ecTH Gso U MapaMeTpoB A U n
JUTSL HEKOTOPBIX MapoK CTayiel

Mapka cranu Gs0 A n
10 32,25 72,84 0,20886
20 36,50 80,72 0,21392
40 20,00 96,05 0,33449
45 48,26 100,09 0,17449
50 67,50 121,90 0,17352
20X 32,50 85,92 0,22906
40X 47,50 100,61 0,16301
12XH3A 50,00 94,60 0,18301
18XHT 65,00 101,66 0,13669
30XI'CA 56,00 102,45 0,16157

[Tpu otrcyrcTBUM JaHHBIX (A, n) AT COOTBETCTBYIOIICH MapKu
CTaJli MOKHO BOCIIOJIb30BAaThbCA €€ KpUBOW ympouHeHus. OOBIYHO
TaKHe KPUBBIC CTPOSTCS C MPUMEHEHUEM B KAauyeCTBE apryMeHTa U
norapudmuueckoit nepopmManuu @, a OTHOCHTEIHHOTO OOXKATHS €
MONEPEYHOro ceueHus: (OTHOCUTENbHOM ocaaku). B obmem Buae sta
BEJIMUMHA OTIPEEINSETCs, KaK U3BECTHO, 10 hopMyam:

E=1-(Fo/F1) wiu =(ho-h1)/ho,

rae Fo u F1 — muomanyu monepeyHoro Ce4YeHHsl 3aroTOBKU U
IITAMITOBAHHOW JIETAJI COOTBETCTBCHHO;

ho 1 1 — BBICOTBI (JUTHHBI) 3arOTOBKH U IITAMIOBAHHOM JETAN
COOTBETCTBEHHO.

CpenHiol BENWYUHY HAMPSIKEHHS] TEYCHUS OScp OMPEIEISIOT
KaK cpenHee apu(MeTHIecKoe BEIMYUH 050 U 051.

3HaueHUs] BEIMYUHBI OScp TEOMETPUYECCKHX IapaMeTpoB
3arOTOBKH U JieTayid, Kod((DUIMEeHTa || KOHTAKTHOTO TPCHHS U T.II.
MOJICTABJISIIOT B COOTBETCTBYIOUIYIO (OPMYILy U  MPOU3BOJIAT
BBIUKCIICHHE.

VY enbHbIe YCUITUS MITAMIOBKU OMPENEISIIOT M0 AIeMEHTApHON

bopmyie
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H
P=—,rne
F

P — monmHOE ycmiine Topua myaHcoHa;

F — miomiaas mpoeknuu myaHcoHa.

Benmnuuny pabotel aedopMupoBaHHs, HEOOXOAMMYIO IS
BbIOOpa 000PYIOBaHHMSI, OTIPENIEIISIOT C IIOMOIIBIO BHIPAKCHHUS
A, =P-s-k,rme

P - momHOE ycwiine mTamMIoBKy;

S — pabouwmii X011 moN3yHa (ITyaHCOHA),

K- kxodp¢uumeHt 3amoiHeHUsT TrpaduKa  «yCHIHE-TIYThY,
paBubiid 0,88 — mist mponeccoB BeimaBiuBanusa u 0,4 — 0,5 — s

0CaJKHU U BBICAIKH.
7 BbIOOp 0011Iel cXeMbI TEXHOJOTHYECKOTr0 MpoIlecca

Teoperuuecku ToNKaTe b KjanaHa MOXeET ObITh OTIUTaMIIOBaH
ISTHIO PAa3MTUYHBIMUA BapHaHTaMH, CXEMaTHYECKH MOKAa3aHHBIMH Ha
puc. 5. IlepBbie nBa mpenmojaralOT MNPUMEHEHHE HCXOIHOM
3arOTOBKH, paBHOM 1O jauamerpy GJaHiy [eTaid, OCTaJbHbIE
OCHOBBIBAIOTCSI Ha HCIOJb30BAHUU 3arOTOBKU C JHAaMETPOM,
COOTBETCTBYIOLUM JHAMETPY CTepKHs TojkaTens. Bapuantsl 1 u 4,
coJiepKallie JMIIb 10 OJHOM omepauuu, Haubosee 3((EeKTUBHBI,
TaK Kak OOECHeYMBAIOT HAWBBICIIYIO MPOW3BOIUTEIHLHOCTh MPH
HaMMEHBIINX 3aTpaTax.

[Ipoananu3upyem BapuaHThl 1 1 4, I 4ero pacCMOTPUM HX
NPUHIUIHATIBHBIE CXeMbI Ha puc. 6.

OnpenenuMm  creneHb  0OXaTWs ~ 3aroTOBKM  TIpU €€
BBIJIaBIIMBAHUU 110 BapuaHTty 1 (puc. 6,a):

£ :1_(ij:1_ d,-d, 1 22,42 -18,072 086

D, 35,52
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Pucynok 5 — [IpHHIMIIHAIEHO BO3MOXKHBIC BapUAHTHI IITAMIIOBKU
TOJIKATEJS] KJIallaHa

Pucynok 6 — CxeMbl ITAMITIOBKH TOJIKATENsl KJlamaHa Mo BapuaHTaM
1 (a) m 4 (0), ykazaHHBIM Ha pHC. 5

Takoe oO)aTue SBISETCS UYPE3MEPHBIM [UIsI  MPSMOTO
BbIIaBJIMBAaHUsl KaK CIUIOIIHOM, Tak M, TeM OoJjee, MOJON AeTanu.
ObecrieynTh  NPUEMJIEMYIO  CTOMKOCTH ~ HMHCTPYMEHTa  He
NpPEeJCTaBIsIeTCs 37€Ch BO3MOXKHBIM, TaK Kak sl J1e(OPMHUPOBAHUS
cTany Mapku 35 notpeOyroTcs yaenbHble yeunus ceime 3500 MITa.
B 0co0eHHO TsKeNbIX YCIOBUAX OKAa3bIBACTCSI KOHTPIYAaHCOH, JJIMHA
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KOTOpPOTO MPEBBIMIAET 3 €ro AuamMerpa, YTo MpPU TAKOW Harpyske
KaTEeropuueCcKu HEJIOMYCTUMO.

Ha ocHoBaHnuu wu3JI0XKEHHOrO, BapuaHT | oTBepraercs.
[lramnoBka 1o Bapuanty 4 (puc.6,0) mnpencraBisier coOoi
KOMOHWHAIIMIO BBICAJIKU C BbIJABIMBaHUEM mojocTH. [IpomsBeaem
AQHAJIOTMYHBIN PACUET NMPEIEIbHBIX COOTHOLIEHUM.

HaunOospiiee OTHOCUTENBHOE YBEIMYEHHUE JIHUaMeTpa IpH

BbICajIKe (hyiaHIa OyieT paBHO:
D_35 g
d 224
OTtHocuTenbHass [JIMHA BBICA)KMBAEMOH YacTH 3arOTOBKH
ompeAenuTcs W3 o0bema (UIaHIa, KOTOPBIM PaCCUUTHIBACTCS
CJIEAYIOIIUM 00pa3oM:

V, =V, +V, -V, =791437 +1174,93 -1848,42 = 7240,88mm°

Otcroga
h, 4V, 4.724088

d, d, 314-18073

O0a 9T IMoKa3aTcisa CBHUACTCIILCTBYIOT 0 HaJIN4YHUH

OJ1aronpusATHBIX BO3MOXKHOCTEM A Bbicaaku (nanuna. Hu noteps
3aroTOBKOW YCTOMYMBOCTH, HHM MOSIBJICHHME TPEUIMH Ha (praHIEe He
OJKHJAOTCS.

OpnHako, HECMOTpPsS Ha 3aMETHOE CHIXKEHHE 00XKaTus

3aroTOBKU IIpH He(bOpMHpOBaHHH ITIOJIOCTH:
d,, 18,072

d, 22,42

YCIIOBUS €€ BBIAABIMBAHMS OCTaroTCs TsoKkenbiMu. Ctanb 35 Tpebyer

=0,65

B 3ToM ciydae ycunus He MmeHee 3000 MIla mnst oGecreueHus
WCTEYEHHUs MeTajula BJOJIb KOHTpiyaHcoHa. IIpm »Tom eme pa3
OTMETHM, YTO TJTyOWHA BBIAABIMBAEMON MOJOCTU COCTaBIsAET Oolee
3-x ee gumamerpoB. TakuMm 00pa3oM, W B 3TOM cliydae CTOHKOCTH
mraMna OyJaeT 3HaYMTENIbHO HIKE YKOHOMUYECKH OIpaBAaHHOM (5-
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10 TeIC. nmerameii), U BapuaHT 4 JODKEH OBITH OTBEPTHYT Kak
Hed((PEeKTUBHBIN.

Bapuantet 2 wm 3 (cm. puc. 5), 3akmovaromuecs B
BBIJIABIIMBAHUH TIOJIOCTH B TPEABAPUTEIHHO BBICA)KEHHOW (BapHaHT
3) unm BeIIaBIeHHOM (BapuaHT 2) T-00pa3Hoii 3aroToBKe ¢ (hraHIeM
CJIeZlyeT OTBEPrHYTh IO TOH )K€ MPUYUHE, YTO U BapuUaHT 4, - BEIUKH
ylieJIbHbIe HArPY3KU KOHTPOJIHHOM JJIMHHOM KOHTPITYaHCOHE.

Bapuant 5 (cMm. puc, 5) 3akimouaercss B Bbicajke (aHma w3
NpeBapuUTeIbHO  BBIJABICHHOIO  CcTakaHuuka. Hecmorps Ha
HEOJIaronpusTHbIE JUIsI OOpaTHOTO BBIABIMBAHHUS COOTHOIICHHS
pasmepoB aToro mnonyhabpukara, OH, TeM He MeHee, HamOolee
NEPCIEKTHBEH, ATOT MOTy()adpHUKaT MOKET OBITh MOIYYEH BBITSIKKON
C YTOHEHUEM CTEHKM M3 CTakaHa ¢ Ooyiee OJarompusTHOM s
BBbIIaBIIMBAHUSL OTHOCUTENHHOUM r1yOuHO# moinoctu. [Ipu 3Tom nHy
nonydabpukara HeoOXOIUMO TpUIATh palMOHAIBHYIO (opmy,
COOTBETCTBYIOIIYI0O (opMe TOpHa myaHCOHAa [UIi OOpaTHOTO
BbI1aBnuBaHus (cM. cxemy 3 B Tabn. 1), Tak Kak BbIJaBIMBaHUE
chepruIecKkuM IyaHCOHOM TPeOYeT MOBBIIICHHBIX YACTbHBIX YCHITHH.

dopmupoBaHue cepuieckoro JTHa 1es1eco00pa3Ho
COBMECTHTb BbICaJIKOH (uiana. Takoil KOMOMHUPOBAaHHBIN MpoIEcC
notpedyeT MeHbIlle YCHIIMH, 4eM 3aKpblTas BbIcajka 10 ymopa, B
cuiTy 6oJiee OJIarompUsATHOTO HANIPSHKEHHOTO COCTOSTHUSA.

[Tpumepst TEXHOJIOTHIECKUX MIPOIIECCOB JeTasei,

n3rotaBinuBaeMbix XOII nmpuBeeHbI B IPUIOKEHUH 3.

8 Pacyer pa3mepoB mnouy(padpuKaToB N0 Mepexoaam
IITAMIIOBKH

3arotoBkoi g (GopMupoBaHUsS (uIaHLA U: cephl SABIAETCS
nosygabpukar B BUJE CTakaHa ¢ TOJCTBIM JHOM (puc. 7/, 6). O0vem
MIOCJIEZTHETO COOTBETCTBYET CyMMe OO0BeMOB (IaHIIa M 3JIEMEHTa

JeTanv, OTPaHWYEHHOTO HIDKHEW rpaHuieii oO0bema V2 U
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TOPU3OHTAIIBIO, IPOXOIAIIEH Yepe3 1eHTp chepsl (puc. 7, a); momas
yacTh noityabpukara COOTBETCTBYET IO JIUaMETpaM 4acTHU TOTOBOM
JIeTany JIMHOM hs .

Hcxons U3 3TUX MOJ0KEHUM, a TAKKE U3 YCIOBUS MOCTOSIHCTBA
o0bema mosrypabpuKaToB MO MEepexoaM PacCUUTaHbl BCE JTHHCHHBIE
TEOMETPHUECKHE Pa3MEPHI 3TOTO U MOCIEIYIOIIET0 MoTyhadpruKaToB.

Jluneitnble pazmepsl noiaydadpukaTa nepen BbIcaakol (aHna
u ¢opMupoBaHueM c(hHeprUuecKoro JHa OIpPENessioTCsS U3 YCIOBUS,
4YTO ero 00beM BKIIOYAET B ceOs 00beM Oymymiero diaHia u o0bem
MOJIOM YacTW CTEpPKHsS BBICOTOW h7, mpumieraromeit k momychepe
(cMoTperh pucyHok /7, a). Oobemom V (puc. 7, 6) BCIEICTBUE €r0
He3HAUNTEIHHOCTH (60 MM®) MOXHO IpeHebpedb.

[Topsimok pacuera pazmepoB nonydadpukara NpUBEICH HIDKE:

h7=65-8-1,755-47,13=8,115 mwm;

V7 = Fy=224*h7=393,88*8,115=3196,35 mm>;

V=V1+V2+V7-V4-V5=9043,75 mm3;

hs=Vs/Fd=224=22,96 mm;

L=hg+(V-Vs)/(Fd=22,4-Fd=18,07)=22,96+47,6=70,56 mwm.

3aroToBKOW JJIs MOJy4yeHHs cTakaHa mo puc. 7,0 (puc. 8, a)
JOJDKEH  CIY)KUTh ~ Oojiee  KOPOTKHMH, a,  CJIeI0BaTeNbHO,
TOJICTOCTEHHBII CTakaH, OTHOCUTENbHas TJIyOMHAa TIOIOCTH U
TOJIIIMHA CTEHKH KOTOPOTO 00ecrneunBaroT (HOPMUPOBAHHE €T0
OoOpaTHBIM BBIJABIMBAHHEM C TMPUEMIIEMBIMU Harpy3kamw Tia
ITyaHCOH.

[Ipu arom Hemb3s NPEBHINIATH U MPEACTHHO JIOMYCTUMOE
obxarue (0,3) mpu BBITSDKKE ¢ yTOHEHHEM cTeHKH. Heobxomumo
Tak)Ke UMETh B BHJY, YTO TOJICTasl JIOHHAs 4acTh monydabpukara mo
puc. 8,0 nmedbopmupyercs mpH BBHITSDKKE MEPBOM M TOJBEPraeTcs
peayuupoBaHui0. B cBS3M ¢ OITUM Ha HEW MODKHA OBITh
npeBapUTeNbHO chopMHupoBaHa KOHUYECKas ¢acka moj yriom 10°,
COOTBETCTBYIOIAS TPOMUITIO BBITSIKKH MATPHIIBL.
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Pucynok 7 — Cxema Kk pacdery pasmepoB moiydabpukara ams
BbICAJKH (DIIaHIIA U BBIJABIUBAHUS CHEPBI
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Pucynok 8 — Cxema k pacyery pasmepoB moiyhadpukara s
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BBITSAXKKHU C YTOHCHHUEM CTCHKHU
B B3 C W3NOKEHHBIM TMOPSAJOK pacdera pa3MepoB
nonygpadbpukara 1o puc.8, 6 10KEH ObITh CIETYIONUM:

1) Hasnauaror pasmep di = 18,16 MM s obOecriedeHus
HOPMA&JIBHOTO  BBOJIa  BBITSDKHOTO  IIyaHCOHA B IOJIOCTb
noyhadpukara;

2) BBIYMCIAIOT HAPYKHBIA TUAMETP HMCXOMAS M3 YCIOBHUS

OCTOSIHCTBA 00beMa Vo U ¢ ydeToM paBeHcTBa h'y = 2d1:
Vo=(nt/4)*(do?-d12)*No=(n/2)*(do?-d12)*dl,

TSy 2.6400,42
d, - J_e +d? = i— +18162 = 2354 :

7-181
3) ompedensior OTHOCHTENbHOE OOXKATHE IIPH OOPATHOM

BbI/IaBIIUBAHUU:
eann=01%/d9?=18,16°/23,54?=0,505;

V=15524,96 mm>

V12=V-V'10-V13

V13=16(23,52-18,22)/4=1040,95 mm®

V12=13193,11 mm?

h12=V12/F4=235=30,4 Mm.

4) ompenenstoT OTHOCHUTEIbHOE O0XKATHE TPH BBITSKKE C
YTOHCHUEM CTCHKHU:

esrr=1-F/F,
rae f u F— miomaau nonepeyHoro ceuyeHusi CTeHKU oobema Vo
nocie u 10 1ehopMHUpPOBaHHS COOTBETCTBEHHO, OTKY/1a
esn=1-(22,42-18,12%)/(23,54-18,16%)=0,23;

5) ompenensitoOT OTHOCHTEIBHOE OOKATHE JOHHOW YaCTH
noydadpukara Tpu €€ PeAyIHPOBAHUM HYEpPEe3 OYKO BBITSKHOM
MAaTpULIBL:

gpen=1 — (d%/de?)=1 — 22,4%/23,54°=0,094;

6) aHAIM3MPYIOT TMOJIyUYCHHBIE JaHHBIE W TPUXOAAT K

BbIBOAY, YTO OHHU ABJIAKOTCA ONTUMAJIIbHBIMU, TaK KaK ITONBITKH
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YMEHBIIUTh 00XaThe W Harpy3Ku MpH OOpaTHOM BbIIABIMBAaHUU
OPUBEAYT K MPEBBIIICHUIO MPEAETbHOr0 O0XKaTHS TNPH BBITIKKE,
YBEJIMYEHUIO  KOJIMYECTBA €€  IepeXOoJA0B U  BBEJCHUIO
JIOTIOTHATEIBHBIX MPOMEKYTOYHBIX OTKHUTOB;
7) u3 YyCIOBUS TOCTOSHCTBA 00BEMa PACCUUTHIBAIOT
JIMHEWHBIC pa3Mepbl (cM. puc. 8, 6):
h10=(de-d)/(2tg10°)=3,23 mm;
h11=(Vs-V10)/Fd=2354;
V10=((*10)/12)* (de>+de*d+d?)=((n*3,23)/12)*(23,54°+23,54
*22,4+22,4%)=1338,76 mm3;
h11=17,71 mm.
3aroToBKOW JUIsI BBIJABJIMBAHUS TOJCTOCTEHHOTO CTaKaHa II0
puc. 8,06 (puc.9,a) cuyxur nonydabpukatr c¢ dackoit 10° u
yrayOnenueM — (HaMETKOW) Ui LIEHTPUPOBAHUS  IyaHCOHA,
MoKa3aHHBIN Ha puc. 9, 6. [myOnHa HaMeTKH, U3 MPOU3BOACTBEHHOTO
OTbITa, BHIOMpacTCs MPUOIHM3UTEILHO PaBHOW 1/3 ee BHYTpEHHEro
muamerpa. OcTanmpHBIE pa3Mephl PACCUUTHIBAIOTCS W3 YCIOBHSA
MOCTOSIHCTBA 00BEMa B IOCIENOBATEIHLHOCTH, TPUBEICHHONW Ha
pucyHke 9.
3arotoBka Ui BbIIaBIMBaHUA NolydadpukaTa ¢ HAMETKOH MO
puc. 9, 6 (puc. 10, a) mokazana Ha puc. 10, 6. 3aech, Tak ke KaK U B
NPEIBIAYINAX — CIIyYasx, JWaMeTp 3arOTOBKH YMEHBINCH  JUISA
o0ecrieyeHHs ee 3arpy3Kd B MaTpHUIly MOCIenyrolero nepexona. Ha
puc. 10 mpuBeneH TakXke IOPSAOK  pacdyera  pa3MepoB
nonygpadpukara.
Pacuet pazMepoB 3Toif 3ar0TOBKH sICEH U3 puUcyHKa 11.
Hcxoanyto 3arotoBky (puc 11, 6) Betoupator mo 'OCT 7417-
75 «Cranp xanmuOpoBanHas kpyriaas. CopramenTt». [lpu 3TOoM
TUaMeTp ee BbIOMpAIOT MO OyrKailllleMy MEHbIIEMY 3HaYeHHIO
CTAaHJAPTHOTO psila — OOBIYHO MO 4-My KJIacCy TOYHOCTH. ITO

HEOO0X0MMO Kak JUIsl 3arpy3KH 3arOTOBKM B MaTpHIly, Tak M s
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obecrieueHruss €€ 3aKphITOM ocaaku (KaJIuOpOBaHMS)

TS

BBIPAaBHUBAHUS TOPLIEB U MPUAAHUS POPMBI, TOKA3aHHON Ha PUCYHKE

11, a (pucynok 10,0).
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Vig=V-V;5=V;

Vis=76(23,52-16,2%) /4y =1040,95  hyy=Via/Fyz3,5=304nm

a

Vp=/3193, 11413

0

Pucynox 9 — Cxema k pacuety mnoiydabpukara Juisi oOpaTHOTO

BBIJIABJIMBAHUS
23,5

=
£
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V =15524,96 Mr®
Vi= 60,31n°

a

Ay = (V+2Vi)/Fa23.4
lrny =(15524,96+ 2-60,3) 51,

= 36, 1 MM
J

Pucynok 10 — Cxema k pacuery pa3mepoB mnojydabOpukara s
BBIJIaBITUBAHUS [ICHTPHUPYIOIIETO YriTyOneHus (HAMETKH)
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Pucynoxk 11 — Cxema K pacueTy pazMepoOB UCXOIHOU 3arOTOBKH
B pesynbraTe = BBINOJIHEHHBIX  PacdyeToB  pa3paboTaH
TEXHOJIOTUYECKUH MPOLIECC, MPECTaBICHHbIN Ha pucyHke 12.
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Pucynok 12 — TexHomorudeckuil Mmpouecc MITAMIIOBKU TOJKaTems
KjanaHa: 1 - oTpe3ka 3aroTOBKH, 2 - 3aKkphiTas ocajaka (kanubpoBanue); 3 -
BBIIABIMBaHUE IICHTPUPYIOLIETO yrayoneHus (Hamerkw); 4 - oOparHOe
BBIIABIIMBAHUE, 5 - BHITSDKKA C YTOHGHHEM CTCHKH; 6 - BBICajgka (uaHIa H
BEIaBIMBaHUE cepbl; A- oTxuT; W - hocdarupoBanue; O — nedochaTupoBaHue.

9 TepmooOpadoTka u pochaTupoBaHme 3ar0TOBOK
IIpaBusa BbIOOpa pe:KMMOB TEPMOOOPAOOTKH

Teopernueckn XOJOAHOW OOBEMHON INTAMIIOBKOM MOXHO
o0OpabaTbIBaTh Ka4yeCTBEHHBIE KOHCTPYKIIMOHHBIE CTalH, Kak
YIJIePOJUCThIe, TaK W JIETMPOBAaHHBIE, C XUMHUYECKUM COCTaBOM MU
MeXaHU4eCKUMH cBoiicTBaMH, npeaycmorpenHsiMu ['OCT 1050-74 u
I'OCT 4543-71. Ha3BaHHbIE CTaJdM MOTYT OBITh pa3OMTBI Ha TpU
OCHOBHBIE TPYIIITHL:

| — ¢ HU3KUM conpoTHBJIEHHEM 1e()OPMHUPOBAHUIO:

08, 08k, 10, 10km, 15, 15km;

Il — co cpenHuM conpoTuBIeHHEM Ae()OPMUPOBAHUIO:

20, 15X, 15T, 15XB, 20T, 20X;

11 — ¢ BbICOKMM conpoTHBIeHHEM 1e(OPMHUPOBAHUIO:

30, 35, 40, 45, 30X, 30T", 35X, 40X, 40XH, I1IX15.
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Cranum mepBbIX JABYX TpYyNIl MOTYT TPUMEHSThCS JUId
XOJIOIHOTO BBIAABIIMBAHUSA, PEAYLUUPOBAHUSA U BBICAJIKH; CTalH,
oTHocsimuecss k rpynme I, rmaBHeIM o0Opaszom, sl XOJIOTHOM
BBICAJIKU U PEAYLIUPOBAHUSI.

Jns1 yCnemHoro ocCyiecTBICHUS TEXHOJOTUYECKUX OIepanui
XOJIOMHOM  OOBEMHOW  IITAMIIOBKA  CTallb  JIOJDKHA  HUMETh
ONTUMAJIFHYIO MaKpO- U MUKPOCTPYKTYDY.

B mnayuyHolf nuTeparype coaepk aThCsi PEKOMEHIAlUU [0
OPUMEHEHHUI0O  TepMUYECKOW  00pabOTKM 1 TOBBIIICHUS
TEXHOJIOTHYECKOM TUIACTUYHOCTH MaTepuajia 3aroTOBKHU Iepej
XOIIl.

Ilenpto  TepMuueckod  0OpaOOTKM  3arOTOBOK  TEpen
HITAMITIOBKOH SIBJISIETCSI:

— TIOBBIIIEHHE TEXHOJOTUYECKOW MIACTUYHOCTH MaTepuana

3aroTOBKH;

— CHIKEHHE CONPOTHUBIICHHUS J1e(POPMUPOBAHUIO;

— TIOBBIIICHUE CTOMKOCTH IITAMIIOBOTO HHCTPYMEHTA.

[Ipu BBIOOpE pexrMMa MpeIBAPUTEIBHON  TEPMUYECKOU
00paboOTKM 3aroTOBOK TMepea XOJOJHOW OOBEMHOW MITaMIIOBKOMN
cleyeT pyKOBOACTBOBAThCSA JaHHBIMU, IPUBECHHBIMU B TabmuIe 4.

[Ipn ocylecTBI€HHH TEXHOJOTMUECKUX OIlepauuid Tuna
OCQJIKU WJTM BBICAIKH, IJIsi KOTOPBIX XapaKTEPHO HAIUYUE OKPYKHBIX
paCTATUBAIOIINX  HAMpsSHKEHUHM,  1eIeco00pa3HO  MCIOJIb30BaTh
MeTaJIJT 3aT0TOBOK ¢ OayiioM 3epHa pepputa 6-7 mo 'OCT 5639-82.

Jns omepainuii BbIIABIUBAHUS, OTIMYAIOUINXCS HAIUYUEM
CXeMBl TPEXOCHOTO CXKaTusi B oyare jgedopManuu, KOTOpOe
MOJIOKUTEIHHO BIUSET HA TJIACTUYHOCTh METalia, BO3MOXKHBI JBa
BapHaHTa NCXOHBIX CTPYKTYP METajlIa 3ar0TOBOK 110 5639-82:

—c Oamtom 3epHa ¢epputa 3-4 - I8 HEOTBETCTBEHHBIX
JeTajel Mpu 3HAYUTEIbHBIX CTETICHIX 00XKaTHS;

—c Oamom 3epHa (epputa 6-7 - A1 OTBETCTBEHHBIX JeTaleH.
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Tabmuia 4 — PexxuMbl npeaBapUTEIIbHON TEPMHUUYESCKOH 00pabOTKH

3aroTOBOK
Texmozor HauGoubmasn Xapakrepucru
weckas 'pynmna CTeneHb Pexxum TepMmueckoi Ka
cTaju o0xaTua**, odpadoTkn noJy4yaeMoii
omepanusi
% CTPYKTYPBI
1 2 3 4 5
3epHUCTOCTH
680-700 °C Qeppura 6-7-,
’ TIEPIUT
| 70 BEIZIEpIKKa 34, qacg O
OXJIaXKICHHE C TIEYBI0
cheponnn3upoB
AHHBIN
Ocajka, | 50-60 To xe To xe
BbICaJIKa 40-50 To xe To xe
MasTHUKOBBIM OT>KUT
(marpes mo 780 °C,
Il BbIIEpKKa 1 1
50-70 Acp ; To xe
oxnaxjeHue 1o 680
°C, BeiziepkKa 1 u)-2-4
UKJIA
3epHUCTOCTH
680-700 °C eppura 6-7,
/ EePIUT
I 80 BBIZIEpXKKa 3-4 9, qac?nqﬁo
OXJIaXKICHHE C TIEYBI0
cheponnn3upoB
AHHBIN
3epHUCTOCTh
¢eppura 3-4,
TIEPIUT
740-760 °C YaCTUYHO
’ cheponn3nupoB
[Ipsmoe BBIIEPIKKA 3-4g*** ¢ pam?mﬁ P
BbIJIABJIMBA- OXJIAXKICHHUE C TMEYbIO
HHHG 1 70 72[0-760 oC 3epHUCTOCTH
’ eppura 3-4,
BBIIEpIKKA 4-5a***, ?IOPEOHLHJEUI
OXJIAXKICHHE C TEYBI0
CTETICHb
cheponauzany
U TIepIIuTa
80 MasITHUKOBBIN OTKUT 3epHHUCTBIN
1-2- nukna TIEPIUT
Il N To xe
70 MasITHUKOBBIH OTKUT

2-4- nukina

39




ITpomomkenue TabymIst 4

3epHUCTOCTH
¢eppura 6-7,
680-700 °C, TIEPIUT
BBIZIEpIKKA 3 |, cheponnn3upoB
OXJIaXKICHHE C TIEUBI0 aHHBII
I 55 3epHUCTOCTh
740-760 °C, ¢deppura 3-4,
BBIJICPIKKA 3-4 y**%*, HepJuT
OXJIQKAEHHE C MEYBI0 YaCTHYHO
OobpatHoe
chepounu3upon
BBIJIaBIIMBaA- o
AHHBII
HHE
To xe, HO
Oopmast
I 30-40 To xe CTCTICHb
ceponauzany
U TIepIInTa
30-40 MasTHUKOBBIH OT>KUT 3epHUCTBIH
n 4 muKna MEPJIUT
MasTHUKOBBIM OT>KUT
55 To xe
2 nuKia
3epHUCTOCTH
eppurta 6-7,
Penyuuposa- 680-700 °C, ¥ I1)1{)3 JIAT
AyHHp L, 30170 BBIIEpKKa 3 1, p
HHE YaCTHYHO
OXJIXKACHHE C MEeYbI0
chepouTu3upoB
AaHHBIN

** IpM [ITAaMITOBKE 32 OJIMH MEPEXO]I.
*%%* JUISI HEOTBETCTBEHHBIX JETAIEH.
*H%¥ IpU MHOTOTIEPEXOTHOM PEOYIIMPOBAHNH 0€3 IPOMEKYTOUHOTO OTKHUTA.

IIpy 1npsAMOM  BBIIABIMBAaHUM C MajblMU  CTEICHAMU
negopMaluu B MaTpHlle C MajbiM YIJIOM pacTBOpa KOHHUYECKOTO
ydJacTka Je(pOpMHpPOBAHHE METajljla 3aroTOBKU C KPYIMHO3EpHHCTOM
CTPYKTYpOl MOET TMpHUBECTH K O0Opa30BaHUIO BHYTPEHHUX
pa3pbiBoB. [lo3TomMy mnpu mnpsiMOM BBIJABIMBAaHMM B TOJOOHBIX
YCIJIOBHSIX, @ TAKXKE BO BCEX CIIy4asiX PeAyLUPOBAHUS PEKOMEHYETCS
UCIOJIb30BaTh METal ¢ OayuioM 3epHa Qeppura mnopsaka 6-7 mo
I'OCT 5639-82.

ITpu BemaBnmuBanum craneit Il u Il rpynn co 3HaunTENBEHBIMU

CTENECHAMH OO0XKATH PEKOMEHAYECTCSA TMPUMCHATH 3aroTOBKH CO
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cheponansupoBanHbIM rieMeHTUTOM. Chepuyeckas Gpopma kapOUI0B
Kere3a o0JieryaeT pa3BUTHE IIACTUYECKOH AedopMalvy, HOCKOIbKY
npeicTaBiIsieT coOOM 3HAUMTENBHO MEHbIIEE NPENATCTBUE [UIs
MEPEMEILECHUS TUCITOKALUI.

Cramu 35 u 45 co CTIpyKTypoll 3€pHUCTOrO NEepiauTa
[IOKA3bIBAIOT IIPU MCHBITAHUAX HA CKaTUE CaMOE€ HH3KOE
COIIPOTHUBIJIEHUE JE€POPMUPOBAHUIO U HAMMEHBIIYI0 WHTEHCUBHOCTb
ynpouHeHus. [Ipu 3ToM MX NacTU4YecKHe CBOMCTBA OKa3bIBAKOTCS
HaWIy4yllUMHd  II0  CPaBHEHUIO C  JAPYIMMH  CTPYKTypamu
(oTHOCHTENBHOE yIMHEeHUE 28-30%, cyxeHue 65-88%).

Pexxumpl  oTkuroB,  npuBeAeHHble B Tabmuue 4,
[IpeHa3HAYar0TCsA U1 OJIHOIIEPEXOTHOMN U TaKou
MHOT'OIIEPEXOHON IITAMIIOBKH, IMPH KOTOPOH J1e(hOpMUPOBAHHIO
IOCJIEIOBATEIbHO I0/IBEPraroTcst HeAe(hOopMUPOBAaHHBIE YYaCTKH
3arOTOBKH, T.€. JJIS CIly4aeB, KOIJa He TPeOYIOTCs MPOMEXKYTOUHbIE
OT)KUTH.

IIpy MHOrOmEepexoJHOM IITAMIIOBKE, KOIJa BCS 3aroTOBKa
UCIBITBIBAET MHOTOKpaTHOE JAe(opMHpOBaHME B OJHOM M TOM ke
00J1aCTH, YTO MOXET MPUBECTH K IMOTEPE MATEPUAIOM INIACTUYHOCTH,
NOSIBJICHHIO Pa3pblBOB M TPEIIMH, BBOIAT MEKONEPALMOHHBIE
omkuru. C UX TIOMOIIBIO CHIXKAIOT YPOBEHb OCTAaTOYHBIX
HaNpPsDKEHUH, YMEHBIIAIOT CONPOTUBIIEHHE JeOpMUPOBaHHUIO0, OoJiee
PaBHOMEPHO pacHpeeIioT MEXaHUYECKHE CBOMCTBA.

B kadecTBe MeXONMEpallMOHHOTO OTXKUTA OOBIYHO MPUMEHSIIOT
pEeKpHUCTAIUTM3AIMOHHBIN oTKUT (HarpeB 10 700-720°C, BeIIEpKKa B
Te4eHHue 3 4, OXJIAKICHHE C N1eYbI0).

Jig oTxura cpegHeyriIepoJuCThIX CcTajell Thna cranen 45 u
40X Haubosee 3¢ (HeKTUBHBI PEXKUMBI, BKJIFOYAIOIINE
MpeBapUTENbHYIO TMOATOTOBKY CTPYKTYpbl MaTepHaja 3aroTOBOK
OyTH WX 3aKallKu T1I0cCje JUIMTEIbHOW ayCTeHMTH3allUU TpHU

temneparypax Ha 70-210°C Beime AC3 u mocienyromui
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cheponan3upyIOMIHN OTKUT ¢ Pa30BOM MEPEKPUCTALITU3AINCH.

Ha pucynke 13 5Tu pexuMbl TpeICTaBICHbI B BUIE Tpa(HUKOB.
Pexxumbl, npencraBiieHHble Tpadukamu Ha pucyHke 13, a, B,
PEKOMEHAYIOTCS Uil OT/KUTA 3aTOTOBOK COOTBETCTBEHHO M3 CTaleii
45 n 40X mepen ocagkoil u Bwicankoil. Cramu, oOpaboTaHHBIE O
3TUM pEXUMaM, OOJIaJaf0T HAWBBICHICH IUIACTHYHOCTBHIO, HHU3KOU
TBEPAOCTHI0O U COMNPOTHUBICHHEM JePOpPMUPOBAHUIO. Pexumsl,
IpeJCTaBlICHHbIE HA pUcyHKe 13, O, T, mpegHa3HaueHbl AJIs OT>KUTra
craneit 45 u 40X mnepen BeimaBnuBaHueM. OHH 00ECHEYMBAIOT
VKpYITHEHUE  KapOWgHBIX  THoOyleld  TpH  OJHOBPEMEHHOM
YBEJIMUEHUH pa3Mepa 3epeH (peppura.

&
¢,
i Bpens, ¥
B 20-270
g60 680 -200 Cmane 40X
&y } 7
v iy
Jawosina
& rracne.
V3 Boens, ¢
¢
960 Cmano 40X
¢ . O
Pucynok 13 — Pexumsl, BKJIIOYAONIME TNPEABAPUTEIBHYIO

MOJITOTOBKY CTPYKTYPBI MaTepraa 3ar0TOBOK

42



OTXUT 3arOTOBOK TEPE]l XOJIOAHOW 00BEMHOM ITAMIIOBKON U
MEKOTIEPAIIMOHHBIH OT)KUT MOTYT OCYIIECTBIISITHCS MPAKTHYECKH B
JTOOBIX Teyax C 00s3aTeNbHBIM TIOCICAYIONIMM TPABICHUEM HWIIH
TaJITOBKOM 3arOTOBOK ISl YAQJICHUSI OKAJIUHEI.

B MaccoBoM M KpYMHOCEPHITHOM IMPOU3BOJCTBE HAUITYUIIHM
SBIIICTCS TMPUMEHEHHE TMPOXOJHBIX DJIIEKTPUYECKHX TMe4el -
KOHBEHEPHBIX WJIM C POJMKOBBIM TmojnoM. Iledn Takoro THma
00Ja1al0T BBICOKOM Tpou3BoAUTENbHOCTRIO (800-1000 kr/4) u
UMCIOT 3alUTHYI aTMOc(epy, MO3BOJISIONIYI0 OCYIICCTBIISTh
CBETJIBIN OTXKUT. J[MUTENTbHOCTh 00pa0OTKH B HUX, B 3aBUCUMOCTHU OT

IPUMEHSIEMbIX PEKUMOB OTXKUTa, Kosebiercs oT 6 10 24 u.

Texnosorus pocharupoBaHus 3aroTOBOK

®ocharupoBaHue 3ar0TOBOK PEKOMEHIYETCSl OCYIIECTBIISATH IO
TEXHOJIOTHYECKOUN cXeMme, IIPEACTABICHHOM B Ta0IuIE 5.
Pexomenayemast tonmmHa ¢gocdarHoro cios 15-20 MrM, 9TO

COOTBETCTBYET TIOBEPXHOCTHOM MIOTHOCTH TIOKPHITHA 1-1,5 /1M .

Tabmuma 5 — TexHonorudeckuit mporiecc hocarupoBaHus

HaumenoBanune Cocras PexxuM 00paboTKH
onepanuu pacTBopa Temneparypa,’C | Bpewms, muH
O06e3xrpruBaHUC [enounoi 87-98 5
pactBop KM3-1
[IpombiBKa B 60 1
ropsiuer Bosie
Tpasienue CepHas Kucnora 65-75 15
(150-180 r/m)
[IpomeiBKa B 70-80 Ho5
ropsiuer Bosie
[IpombiBKa B 18-25 Ho 5
XOJIOJHOU BOZIE
JOYHIHPOBAaHHEM
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IIponomkenne TaOIHIBI 5

AKTHBaLus Hutpur Hatpus 85-95 He menee
(8 r/m) 2
docdarupoBanue Konuentpar 90-95 8-10
K®-1 niu KO-2
[IpoMbiBKa B 40-45 5
TEILION BOJIE
Hefitpanuzanus | Hutput Hatpus 15-30
(41%), autpar
Hatpus (8%),
TeTpaboHat
HaTpUs
JIECATHBOTHOTO
(50%)
OMmbLUIMBaHKE Creapat T2 75-90 3
(120-130 r/m)
CHsATHE O6ezxupu- 75-80 1
W3JTUIIKOB Barenb 11/6
MbLIa
Cymika 100-120 10-15

[TpoBepKy TONIIUHBI TOKPBITUS OCYIIECTBISIOT CICAYIONIHM
obpazom. @ochaTtupyroT TIACTUHKY W3  JUCTOBOM  CTaiw,
IIPOMBIBAIOT, BHICYIITMBAIOT M B3BEIIMBAIOT HA AaHATMTHYECKUX Becax.
3arem ynanstot docdaTHbIN ciioit 00paboTKO# B TeueHue 15 MUH B
10%-noMm pactBOpe enxoro Hatpa npu 60-70 °C u mnpoTupkoi
BJIQKHBIM TaMIoOHOM. [lociie MpoMBIBKM ropsiueil BOjOH U CywIku
IUTACTUHKY CHOBA B3BELIMBAIOT. [IIOTHOCTH MOKPBITHS ONpPENENsioT

o ¢opmye:
a-b
p=——--10000, rue
S
3.
p — mIOTHOCTH PochaTHOTO MOKPHITUS, T/M”;
a — macca ochaTrupoBaHHON TIIIACTUHKH, T;
b — macca ruiacTuHKM 63 MOKpPBITHS, T
S — mIomIAb HOBEPXHOCTH IIACTUHKH, CM2,
[lepen NpOMEXYTOYHBIMH OTXKHIAaMH, a TaKkke Iepen

OKOHYATEJIbHON TEPMUUYECKOU 00paboTKOI IPUMEHSAETCS
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nedocharupoBanre moryhaOpUKaTOB W INTAMIIOBAHHBIX JCTAJICH,

Tak Kak ¢ocdaTHBIN CIOW 3acopseT 3alUTHYI0 atMocdepy mnedeit

1 OTXKUI'a M yXyAmacT Kad€CTBO TepMOO6pa6OTKI/I T'OTOBBIX

JIETaJICH.
XapakTepucTuka TEXHOJIOTHYECKOTO nporecca IS
nedocdarupoBaHus MPUBEICHA COOTBETCTBEHHO B TabuIIe 6.
Tabmuia 6 — Texnonorudeckuii npoece aeochaTupoBaHus
HaunmenoBanme CocraB pacTBopa Pexxum 06paboTkn
Temnepatypa, Bpewms,
°C MHUH
[MpombIBKa B 70-80 2
ropsiuei Bozie
XHuMHUECKOe Hatp enxwuii (5-15 1/m), 60-80 10
00e3KUpHUBaHUC TpuHaTpuiipochar
(15-35 r/m), coma
KaJbIIMHUPOBAHHAS
(15-35 r/m), curanon
JC-10 (3-5 r/m)
[IpomebiBKa B 50-60 2
TEIJION BOME
KacKajHas
Hedocharuposanue | Kucnora cepHas wiu 18-22 10
cossHast 10-15%mnas
[IpomebiBKa B 18-25 2
XOJIOAHOU BOAE
Hetitpanuzanus B Cona 50-70 2
ropsiYeM COJIOBOM KaJbIIMHUPOBAHHAS
pacTBope (25-50r/m)
[IpombiBKa B 70-80 2
ropsiuer Bosie
Cymka 110 5
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10 Pacuer ycuuuii u padot nedopMupoBaHusi

Ha pucynke 12 mnpeacrtaBieH TEXHOJOTHYECKUH MPOIECC
HITAMIIOBKM TOJIKaTelssd KiamnaHa. Pacder ycunmii kaxaoi omepanuu

IMPUBCACH HUXKC.
Ycuiue oTpe3Ku 3aroTOBKH

OT0 ycWiuMe TMOACYUTHIBACTCS TIO0 IIMUPOKO HM3BECTHOM
AJIEMEHTApPHOHN (opmyIie:
P=08-0, -F,rne
Oz — TMpenen TMPOYHOCTH IITAMIIyeMOro MaTepuaia Ha
pacTsDKeHHUE;
F — tutonmaas momnepevyHoro ceueHus: UCXOAHOTO PYTKa.
Takum o6pazom,

P=0,8-65- % 232 = 21593, 782 c = 21,6mc(2118xH) .

Yceuname 3aKkpbITOl 0caIKU (KaJINOPOBAHUA) 3aTr0TOBKH

Pacuer HaumHaeTcs ¢ oOmpeAeNieHHs] MCXOTHOTO 3a30pa ag
MEXJly 3aroTOBKOM M CTEHKOHM MaTpulbl (CMOTpPETh cXeMy & B
tabnuie 2 1 1103.1, 2 Ha pucynke 12):

ao = (d-do)/2=(23,4-23)/2=0,2 mm.

3aTem 3a1al0TCs BEIMUYMHON HEeJOITaMIoBKu: a1=0,1 MM.

OnpenenstoT creneHp AeGopMalii B CIEAYIOUIEM MOPSIKE:

VYo=2In(d/do)=2In(23,4/23)=0,0345;

V2=1,82*((ao-a1)/(d/2))*(1+((ao+a1)/2d))=1,82*((0,2-
0,1)/11,7)*(1+((0,2+0,1)/(2*23,4)))=0,0156;

Y=VYo+y»=0,0345+0,0156=0,0501.

OmnpenensitoT HanOOJIbIIIEE HATIPSKEHUE TCUCHHUS:

os1=Aexp(nln¥)=96,05*exp(0,33449*1n0,0501)=35,28
KIc/MM?.

Bennuuny oso onpenensitor 1o tabmuie 3 — 1 cranu 40, Tak
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Kak JTaHHbIE JIJI CTAJIA 35 OTCYTCTBYIOT.
OnpenensioT cpenHee 3HAYCHUE HANPSHKCHUS TCUCHHUS
oscp=(0s0+0s1)/2=(90+35,28)/2=32,64 Kkrc/Mm?.
PaccunThiBatoT miomnaab KOHTAKTa MyaHCOHA C 3arOTOBKOHU B
KOHIIE XO/a:
F1=(n/4)*(d-2a1)2=0,785*(23,4-2%0,1)2=422,52 mm?.
[ToacTaBnsOT TOJYYEHHBIE JaHHBIE B COOTBETCTBYIOUIYIO
dbopmyny — (10) u3 Tabyumsl 1:
P=F1*oscp(1+((d/2)/(22,5a1))=422,52*32,64(1+((23,4/2)/(22,5*
0,1))=85504,52 xrc = 85,5 tc (838,5 xH).
Haxopsar ynensHOe ycuime 3aKpbITO OCAIKH:
p=P/F1=85504,52/422,52=202,37 xrc/Mm? (1984,5 MI1a).
Jlanee ompenensror HEOOXOAUMYIK paboTy JaehOpMUPOBAHHMS
(Azep=Psk) B Takom mopsiike:
1 paccuuThIBAlOT XOJ IIyaHCOHA [0 pA3HHUIE BBICOT
HCXOJIHOM M OCaKEHHOM 3ar0TOBOK:
S =37,4-36,1 =1,3 mm =0,0013 w;
2 BBIOMPAIOT KOXPPHUIMEHT 3anoTHeHNs rpaduka «ycunme —
nyTb»: k= 0,5.
Taxum oOpa3oM, paboTa 1epopMUPOBaHUS
Ane2-85504,52-0,0013* 0,5 - 55,58 krc*m (545 kH*m).

Ycuiue BbIIABIUBAHNS YIJIYO/1eHUA (HAMETKH)

Pacuer Benercs mo cxeme 3 u gopmyse (5) (cm. tabmuiy 2),
TaK Kak paccMaTpuBaeMasi OIEepalud  IPEICTaBIseT  Cco0oi
CTaIMOHAPHYIO CTaJINI0 00paTHOTO BhIAABIMBaHMs, Koraa hi> 0,7d,

CHauasa onpesessoT cTeneHb AeGopMaluu:

Y=2In(do/d)=2In(23,5/18,2)=0,511.

PaccunTreIBaroT BCIIMYVHY HAIIPSXKCHUA TCUCHUS:

os1 =96,05%exp(0,33449*In 0,511) = 76,72 krc/Mm?.

OnpenensitoT  cpegHee 3HAYEHHME HAIPSDKEHUS — TEUCHHS
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(3HaueHue osp CM. B TaOII. 2):

oscp=(osot+os1)/2=(30+76,72)/2=53,36 Krc/MM2.

Bbuucnsior miomank TMPOCKIHMHA TOpHa ITyaHCOHa (CM.
TadauIy 2):

F1 - 0,785d2 = 0,785*18,22- 260,15 mm?>.

[ToncTaBUB HMCXOMHBIE ¥ TPEIBAPUTEIHLHO PACCUUTAHHBIC
JIaHHbIe B hopmyy (5), MOTydaroT:

P=260,15*53,36(((3/2)+(23,52/(23,52-18,22))*(In(23,5/18,2)-
0,1(18,2/23,5))+((23,52-18,22)/2*18,22))+(1/2))/(1-
0,1((2/3)+2(18,22/(23,52-18,22))(18,2/23,5))=54971,15 krc = 54,97
tc (539 xH).

YaennHoe ycniaue BbIIaBJIUBAHUA HAMETKH

p =P/F1=54971,15/260,15 = 211,3 krc/mm? (2072 MITa).

PabGora nedopMupoBaHHs ~BBIUMCISIETCS B CIEAYIOIICH
MOCIIE0BATEIHHOCTH.

OrnpenensoT BeTUYNHY pabodero xoja S MmyaHCOHA, KOTOPHIH
COCTOUT 37IECh U3 IBYX YUaCTKOB:

S1 — orpe3ok, cooTBeTcTBYIOmMK (GopmupoBaHUio (packu Ha
TOpIIE;

S2 — oTpe30K, COOTBETCTBYIOIIMKA BBIIABIMBAHUIO COOCTBEHHO
HaMETKH.

N3 ycnoBus OCTOSIHCTBA 00beMa:

S1=(4Vy)/(ndo?), rae

dy — 006wem ¢acku ¢ yriaom 10°:

do=23,5 Mm.

U3 puc. 9, 6

Vg =V'10=1290,9 mm®.

[ToncraBuB 3Ha4eHUS B HOPMYITY, ITOTYYaIOT:

S1=(4*1290,9)/(n*23,5%)=2,98 MM,

OTpe3ok xona TaKkKe OMPENENSIOT U3 YCIOBUS MOCTOSHCTBA
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o0bema:
S2=(4Ver)/(ndo?),

rie Ver — o0beM TpyOdYaTod dYacTu JeTadd Ha TiIyOuHe
HaMETKH.

U3 pucynka 9 (6) Ver=V13=1040,95 mm>.

[ToncraBuB 3Ha4eHUs B HOPMYILY, IOJTYyYaIOT:

So=(4*1040,95)/(n*23,5%)=2,4 MM.

Takum oOpaszom,

S=S1+5,=2,98+2,4=5,38 mm = 0,0054 M.

Koodpduumenr  3amomHenus  rpaduka  «yCHIIHE-TIYTh»
npuHUMaIOT paBHbIM 0,88.

Otcrona pabota n1eopMHpOBAHHUS

Aneps=54971,15%0,0054*0,88=261,2 krc*m (2561,7 kH*m).

Ycuiane o0paTHOr0 BhIIABJIMBAHHS

OTOT pacyeT SBISETCS MOBTOPEHUEM MPEAbIAYIIEro, C
MOJICTAHOBKOW HECKOJBKO M3MEHEHHBIX T€OMETPUUYCCKUX Pa3MEpOB
do m d u, cooTBeTCTBEHHO, CTereHH aeopmanuud Y u Xxoma S
IyaHCOHaA.

OnpeaensioT creneHb JeGpopMaLuu:

¢=2In(do/d)=2In(23,54/18,18)=0,5109.

PaccuuThIBaIOT BeMMUMHY HAMPSDKEHUS TEUCHUS:

651=96,05exp(0,33449%1n0,519)=77,13 krc/Mmm>.

OnpenensitoT ~ CpeHee 3HAYCHHWE HANPSHKCHUS — TCUCHHS
(3HaYEHHME Oso CMOTPETH B TabuIie 3):

Osep=(0s0t051)/2=(30+77,13)/2=53,56 krc/mMmm?.

Borumcnsitor mionaap NpoeKIuy Toplia MyaHCOHA:

F1=0,765d,=0,785*18,162=259,013 mMm*.

[ToxcTaBUB HMCXOMHBIE ¥ TPEIBAPUTEIHLHO PACCUUTAHHBIC
JaHHbIe B hopmyny (5), MOTydaroT:

P=259,013*53,56(((3/2)+(23,542/(23,542-
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18/162))(In(23,54/18,16)-0,1(18,16/23,54)+((23,542-
18,162)/(2*18,162))+(1/2))/(1-0,1((2/3)+2(18,162/(23,542-
18,162))(18,16/23,54))=54802,42krc=54,87c (537,4xH).

VY nenpHOE yCHIre OOPaTHOTO BBIIABINBAHUS

p =P/F1 =54802,42/259,013 - 211,68 xrc/mm? (2075 MIla).

Xox  myaHcoHa Ui pacueta  TpeOyemolt  paboThI
neGopMHPOBaHUS MOKET OBITH orpeesieH u3 puc. 8 (6) u 9 (0) kak
Pa3HOCTb TOJIIIMHBI OTy(haObpHUKaTa 10 U MMOCIIE BbIIaBIMBaHMS:

S =33,52-20,94 = 12,58 MM=0,0126 m.

Otcrona paboTa n1eopMHpPOBAHUS

Aseqs = 54802,42%0,0126*0,88=607,65 krc*m (5959 kH*m).

Ycuiine BBITSKKH € YTOHCHUEM

Jlannast omeparusi TPakTUYECKH COCTOMT M3 JBYX OTArOB:
peayLUpPOBaHUS CIUIOIIHOM (JOHHOM) YaCTH U BBITSKKU C YTOHEHHUEM
MIOJION YacTH.

a) PegynupoBanue JOHHOW 4acTH.

Pacuer ocymectBisercs mo cxeme 6 u dopmyne (8) (cm.
tabnuity 2).

OnpenensroT MmIomaas MPOSKIIUU TOPIla MyaHCOHA!

FO=(m/4)*do?=( m/4)*18,12%= 257,74 mm?.

Bbraucnsior crenenp aedpopmanuu  Npu  peaylUPOBAHHUU
JIOHHO# YacTH (cM. cxemy 4 B Tabnuie 2):

V =In (do?/d?)= In(23,52/22,4%)= 0,099.

PaccunThIBAIOT BETMUNHY HANIPSDKCHUS TCUCHHUS

651=96,05 exp (0,33449*In0,099) = 44,3 krc/Mmm?.

TakuMm oOpa3om, ycuiue peayluupoBaHUs

P'=Fox651=[Y(1,01+(2p)/(sin20))+0,77tga]=257,74*44,3*
*[0,099(1,01+(2*0,1)/sin20°)+0,77tg10°]=3364,2krc =
= 3,4 t¢=(32,9xH).

VY aenbHOE ycuine pelynupoBaHus
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p = P/Fo = 3364,2/257,74=18,05 krc/Mmm? (128MI1a).

PaGoumii Xxon TyaHCOHa Ha CTaAWM  PEIyIUPOBAHUS
OIpe/ieNIsieTcs M0 cxeMe Ha pucyHke 14 (a). YcioBHO mpumewm, 4To
penylnrupoBaHUe MPEKPALIAeTCsl MPU JTOCTHKEHUH TOPIIEM ITyaHCOHA
cepenunsl hacku ¢ yriaom 10°.

Torna

S1=17,71+1,615=19,325 mm = 0,0193 m.

Ortcroza paboTa 1eOpMHUPOBAHUS IIPU PEAYLIUPOBAHUU

Al reps = P/s1*0,88=3364,2*0,0193*0,88=

=57,13 xrc*m (560 kH*m)

0) BoITsKKA C YTOHEHUEM CTEHKHU

Pacuér Benercs no cxeme 4 u popmyse (6) B Tabnure 2.

OnpenensioT IUIOIIAJL MOMNEPEYHOr0 CEeYeHHUs TpyOdaTon
YaCcTH CTaKaHa J0 BBITSHKKH (CM. puc. 12, mo3. 4):

Fo =(m/4)*(23,542-18,162)=176,11 Mmm2.

OnpenensioT IJIOMIAJs IOMEPEYHOr0 CEYeHHS TpyOdarToii
YaCcTH CTaKaHa MOoCTe BBITSHKKH (CM. puc. 12, 1o3. 5):

F1 = (n/4) (22,42-18,122) = 136,14 Mmm2.

S1=17,71+1,615=19,325 mm

S2=46,99+1,615=48,605 mMm.

Beruucnsior crenens aedopMauu Kak JorapudM OTHOIIEHUS
ITUX IUIOIIAJICH:

V=In(Fo/F1)=In(176,11/136,14)=0,257.

Ompenensitot BenmunHy yria o= 10° B paauanax:

a=(2m00/360°)=(2710°/360°)=0,1745 pax.

[Tpunumarot koapunment Tperns =0, 1.

PaccunThIBalOT BEIMYMHY HAPSHKEHUS TEUEHUS:

651=96,05 exp (0,33449* In 0,257) = 60,97 krc/Mm>.
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Pucynok 14 — Cxema K pacueTy BEIHYMHBI XOJia ITyaHCOHA IPH
BBITSDKKE C YTOHEHHEM: a — CTaJIusl peAylUpOBaHHs JOHHOH YacTu;
0 — CcTaaus BBITSHKKH C YTOHEHHEM CTCHKH.

OnpenensroT miIoma s IPOeKIUU TOpIia MyaHCOHA!

Fu=(/4)*doz=(rt/4)*18,122=257,74 Mmm°.

TakxuMm oOpa3om, ycuiue BBITS)KKH C YTOHEHHEM

P/'=F, 6s1=V(1+(wcoso*sina)+((1/2)*(o/V)))=

=257,74*60,97*0,257(1+(0,1/(cos10°*sin10°))+

+(1/2)(0,1745/0,257))=11809,9 krc = 11,81 tc (115,82 xH).

VY aenbHOE yCHIIue BBITSDKKH C YTOHEHUEM

p =P/IFn = 11809,9/257,74 - 45,82 krc/mm? (449 MITa).

Y4acToK Xo0/Ja IyaHCOHA, COOTBETCTBYIOIIMHA BBITSDKKE C
YTOHEHHEM, OTpeJeNIieTCs o cxeMe Ha puc. 14 (0):

S2=1,615 + 46,99 = 48,686 mmM=0,0486 ™.

Ortcrona paboTa 1eOpMHUPOBAHNUS IPU BBITSKKE C YTOHEHUEM

Al s = PS,*0,88 = 11809,9*0,0486*0,88=505,08 Kkrc*m =
(4953 kH*m).

Takum o00pazom, oOmas pabora aedhopmMupoBaHHsS Ha S-i
oreparuy (CMOTPeTh PUCYHOK 12, mo3uius 5) OyAeT paBHa

Acps=Alieps+ A 1eys=57,13+505,08=562,2 1xrc*m(5513kH*M)
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Ycunue Bbicaaku GuiaHua v BbIABJIMBAaHNUSA cepbl

JlanHas omepamnusi IpeACTaBiIseT COO0OH KOMOWHUPOBAHHBIHN
HECTAllMOHAPHBIA TIpOIecC C ABYMsI HANpaBICHUSAMH HCTCUCHUS
MeTayuia: BO (aHen M B KOJIBLEBOW 3a30p MEXIy MaTpuled u
nyaHcoHoM. [Ipu 3TomM HamOomblnee ycuiaue HaOJF0IaeTCsl B KOHIIS
X0J]a IyaHCOHa TpU NOYTH  odopMIIEHHOM  (raHme
IPOJIOIDKAIOIIEMCS MCTEYEHUH METajla B YHOMSHYTBIH KOJIBLIEBOM
3a30p. JlIs pacuera STOro ycWiIMST MOXHO HPUMEHUTH CXEMY
OpsSMOTO BBIAABIMBAHUS CTaKaHa C JOMOJHUTEIBHBIM O0XKaTHEM
HONIEPEYHOT0 CEYCHHsI 3ar0TOBKH (CM. cxemy 15 B Tabnuie 2).

Cdepuueckoii Gopmoli Topiia KOHTPITYaHCOHA 371€Ch MOYKHO
npeHebpeus, Tak Kak (GopMyna pacuera yCWIWs, B JaHHOM cly4ae,
noxydeHa (PaKTHUECKH METOJOM BEPXHEW OLEHKH W JaeT 3aMETHO
3aBBILICHHBIC PE3YJBTATHI 110 CPABHEHUIO C SKCIEPHUMEHTAIbHBIMU
JTAHHBIMH.

CornacHo hopmyre, ykazaHHOU B cxeMe 15 tabnuisl 2, ycunue
MITAaMIIOBKH Ha orepaiuu 6 1mo puc. 12 cocraBiser:

1 43 d D 2-h
P=oc, F —- + +A+—2A+—— A+
%o P gl e s e A T M i,
D D 2-h 4.H 2-h
+ A +_0. + +_0. 4+ + u- [
A A A A | o=

[Topsimok pacuera cieayrommii:

CHavanma  ONpENeNsIoT  MapaMeTphbl,  XapaKTePH3YIOIIHe
COOTHOIIIEHUSI OCHOBHBIX T€OMETPUICCKHIX Pa3MEPOB JCTAIIH.

Koaddurment ooxarus:

m=(Do/d1)=35,5/22,4=1,585.

KoaduimeHT ToICTOCTEHHOCTH

Ky=d1/d=22,4/18,07=1,24.
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Koaddumuenrt:

K= 1 _ 1 0548

R IR D]

Janee paccunThIBatOT KOA(GUIMEHTHI yPaBHEHHUS:

- 1 [1585%.0548 .1 242 .0548-124) |-
A=5e {2+In3 [1,585 0,5487 1,247 + /3 + (L585-0,548-1,24) }
1 4
—\/3-[j +1$=0,523
1,585-0,548-1,24
A=t .[2.0,548+ 1 I j:o,oo509;
124°-1\3 3-1,585°-1,24°.0,548° 1585-1,24
1,585° -1,24°
=————" =785,
% 1,24° -1
A4:2+In1-(1,5852+\/3+1,5854)— 1+ 3 - =1403;
3 1,585
2 1 1
=—+ - =0119;
A 3 3.1585° 1585
A= 12 {\/3( ! ] +1—|n1-[1,5852~o,5482+J3+(1,585-0,548)“}—2}:1,173
1,24% -1 1,585-0,548 3
A = 12 . 2-0,548+ 31 > = L =0,0245
1,24°-1 (3 3-1,585°-0,548° 1,585

22.96

Pucynok 15 — Cxema BoIcaziku ¢uiaHIiia
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S=22,96-6,755=16,205 mMMm.

B cBsizu ¢ ManbIM paccTOSHUEM MEXAY TOpLIaMU ITyaHCOHA U
KOHTPIIyaHCOHA IIPH JAHHOM CIIOCOOE InTaMmmoBKu (cM. puc. 15)
MOXHO MPHUHATh, YTO OTO PACCTOSHUE COOTBETCTBYET BBICOTE
IUTACTHYECKON 30HBI, YTO HECKOJIBKO COKpaIaeT 00beM BBIYMCICHUN
U TIPAKTHYECKU HE BIMSET HA KX TOYHOCTb.

[Inomane OpoeKUMH TOpLA BBICAIOYHOTO ITyaHCOHa Oyzaer
paBHa

Fo =(n/4)D2 =(m/4)*35,52 = 989,3 MM,

Crenenp aedopManyiyi ONPEENSIOT HCXOAS U3 CIEIYIOIIUX
COOOpakeHHH.

N3 cxembl Ha pucyHke 15 BuaHO, 4TO HauOosblIas OceBas
nedopMmarus ckatusi OyeT UIMETh MECTO Ha OCU IITaMIIOBKU B 30HE
BEpIIMHBI cepudyeckoro KOHTpIyaHCOHa. B 30He TOJOBKH,
COOTBETCTBYIOIIE CTEHKE TOJOT0 CTEepXKHS JEeTald, OCEBbIe
nedopManuu OyayT pacTATHBAIONIMME. B 30HE 3aruiednka CHOBA
nosiBsiTcs nepopmannu cxarus. [Ipu satom nedpopmupoBanue cepbl
OyJIeT OCYIIECTBISATHCA B OCHOBHOM 3a CYET OOJIeTaHUs Topia
KOHTPITyaHCOHA TJIOCKUM JHOM TonydadpukaTa.

Ha ocHOBaHMM 3TOTO MOYKHO C JOCTaTOYHOM YBEPEHHOCTbHIO
yTBEpXkKAaTh, 4TO Npeobnagaromieid mpu QopmupoBaHuu ¢IiaHia
Oymer okpyxkHas jaepopmanms. Ee wu ciemyer nOpuHATH 3a
OpPUEHTHPOBOUYHYIO MEpy MHTEHCUBHOCTH Ae(opMaliuii, T.e. CTeTIeHb
nedhopmanuu:

¢ = In(Do/d1)= In (35,5/22,4) = 0,46.

Otcrona HauOombllee 3HAUCHUE HATIPSKCHHS TCUSHUS

651=96,05 exp(0,33449* In0,46) = 74,08 krc/Mm?.

Cpennee 3HAa4YeHHWE HANPSDKEHUS TEYCHUsT OyneT paBHO
(3HaUeHue Gsp B3ATO U3 TA0II. 2):

oscP=(0s0+0s1)/2=(30+74,08)/2=52,04 Krc/Mm2.

Takxum oOpa3om, ycuiue mraMnoBku o popmyse (17)
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-0,00509 +

p-s204.0803. L. Y3 1807 1807 .5, 355
J3 | 15857124 315851247 6,755 6,755

+%~7,185+1,403+ 355 -0119+1173+ 355 -0,0245+M-7,185+
1585-1,24-35,5 6,755 6,755 1585-35,5
L0l 4-6,755 2-6,755
355 35,5

H =52,04- 989,3-[\}%} -7,71=229170,67xec=22917mc(2247,4xH)

VY nenbHOe ycuiue BeICaJKU (uiaHLa:

p = P/Fo=229170,67/989,3=231,65 krc/mm? (2271,7MI1a).

Pabounii xoz myancoHa npu Beicajke (ranna no puc. 15 pasen
TOJIIMHE JHa mnoinydaOpukara 3a BBIYETOM PACCTOSIHUS MEXITY
TOpLIAMM [TyaHCOHOB B KOHIIE X0J1a:

S =22,98-6,755= 16,205 mm = 0,0162 m.

Pabora nedopmupoBanus npu Beicaake (aHna:

Aneps = PS*0,5 = 229170,67*0,0162*0,5=1856,28 xrc*m =
(18204 xkH*m).

11 Boi6op oGopynoBanus

Jis BBIOOpAa TEXHOJOTMYECKOro O0OpYAOBaHMS CBEIEM Bce
pe3yibTaThl pacyera B Ta0nuiy 7.

AHanm3upysl pe3ylbTaThl pacueTa W, YYHUTHIBash MacCCOBBIH
XapakTep NMPOU3BOJCTBA TOJIKATeNeil, a Takke TO OOCTOSTEIBCTBO,
YTO B CBSI3M C BBICOKMM COIPOTHBIICHHUEM J1e(HOPMUPOBAHHIO CTAJIH
35 TEXHOJOTMYECKHH Ipolecc MpHUIETCs MpepblBaTh OTXKHUIaMH U
dochaTupoBaHuIMHU, TNPUXOJUM K BBIBOJY, YTO €ro cjieayer
OCYWIECTBIIATh ~ HAa  OTHENIBHBIX  @peccax Cco  CPeICTBaMHU
ABTOMATH3AIIHH.

C menpro oOecrieyeHus] HAWBBICIICH TPOM3BOIUTEIFHOCTH H
YMEHBIICHUST KalmUTaJIbHBIX 3aTpaT OIEpalud OTPE3KH W OCAJKH
3aroTOBOK  IIe7IeCOO0pa3HO  OOBEAMHUTH M BBIOJHATH  Ha
OJTHOTIO3UIIMOHHOM  OJHOYJIAQpPHOM aBTOMare JUIsl IITaMIIOBKU
POJIMKOB.
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[To nmameTpy ucxogHoro matepuana (cM. puc. 12), paBaoro 23
MM, Ta0apUTHBIM pa3MepaM OCaKEHHOW 3aroToBkH (o 23,4x36,1Mm)
u ycwmro ocaaku (1163 kH) BeiOmpaem H3 TuUmaxa Ky3HEUHO-
peccoBOro o0opyaoBanus aBToMat Moa. A3724A.

[Tpeccsl A BBIOTHEHUS Onepanuii ¢ 3-if mo 6-10 BHIOMpArOTCs
u3 puc. 29 Mo HOMUHAIILHOMY YCUJIHIO, 3amacy paboThl, BEIUYUHE
pabouero xoja M YHCIy XOJOB IIyaHCOHA - IOKa3aTessiM, KOTOphIE
COTIOCTABJISIFOTCS C AaHAJIOTUYHBIMU TapaMeTpPaMU TEXHOJIOTHYECKOTO
mpoliecca U3 pucyHka 25.

[TockonbKy pedb HIET O MacCOBOM IPOU3BOJICTBE TOJIKATEICH
(16 nmeraneit Ha 1 aBTOMOOWIIB - OKOJIO 5 MJIH. IIT. B TOJI), MPECCHI
JOJDKHBI paboTaTh B aBTOMAaTHYECKOM pexkuMe. OpHEeHTHPYSCh Ha
9TO, BBIOMPAIOT MOAU(UKALMIO Tpecca MO YHCIY XOJOB U 3amacy
MOJIE3HOM paboTHI.

O4eBHUIHO, UTO B CBS3H C OOJIBIIUM KOJIMYECTBOM MEPEXOIO0B U
peanmu3anyeil WX Ha OTICIBHBIX OJHOIMO3MIIMOHHBIX IIpeccax ¢
WH/IMBUIYAIbHBIMHA CpPEACTBAaMH aBTOMATH3AlMHU  IIEJIECO00pasHo,
YTOOBl HAa YYacTKE IITAMIOBKH TOJKaTeled OBLIM YCTaHOBJICHBI
Ipecchl OHOM Mozenu. ITo 00eCHeunuT UX B3aUMO3aMEHSEMOCTh B
ABApPUIHBIX CHUTYallMAX W OOJIETYUT OOCIYy)XMBAaHHE U BeJECHUE
WHCTPYMEHTAILHOTO XO35HCTBA.

Mogenb npecca cieayeT BeIOUpaTh 1Mo HauboJiee Harpy>KeHHOU
oriepanys ¥ ONepaniy ¢ HanOOJIBIIUM XOJIOM ITyaHCOHA. TaKOBBIMHU
ABIIAIOTCS BbIcajiKa ¢uiaHna ¢ popMuUpoBaHHEM c(hepbl U BBITSKKA C
yTOHEHHEM (CM. Tabnuiy 7).
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Tabmmma 7 — Pe3yapTaThl pacdeToB

Ne omep. Oneparus S P max p max Aned
1o puc 12 MM TC xH Krc/mm? Mlla Kre*m kH*M
1 Otpeska - 21,6 211,8 - - - -
3arOTOBKH
3akpebITas 1,3 85,5 838,5 202,37 1984,5 55,58 545
ocaska
2 (xamOpoB
aHue)
3arOTOBKHU
Brinasnus 54 54,97 539 2113 2072 261,2 2561,7
3 aHue

HaMCTKU

O6parnoe | 12,6 54,8 537,4 211,58 2075 607,65 5959

4 BBIJIABJINB
aHue
BrITsKKA 67,9 11,81 115,8 45,82 449 562,2 5513
5 c
YTOHEHHE

M CTCHKHU

Bricanka 16,2 229,17 22474 231,65 22717 1856,28 18204
¢maHIa 1
6 BBIJIABJINB
aHue

ctepst

W3 cpaBHeHMs JaHHBIX TaOnuLbl / U puc. 29 OYEBUIHO, UTO
JUTSL OCYIIECTBIICHUSI 3 — 6-if orepanuii MTaMIIOBKH TOJIKATENS (CM.
puc. 12) meoboxomum npecc moa, Kb0034 HOMHHATBHBIM YyCHIIHEM
2500 xH, umeromuii 3amac pabOThl Ha HENPEPBIBHBIX XoAax 22,5
kH*M, xon momsyna 200 mm, uymcino xonoB 1o 40 B MUHYTY,
pasBUBAIOIIMK HOMHUHaJIbHOE Yycwiume 3a 11 MM 10 KpaiiHero
HIDKHETO T0JI0KeHus. HekoTopoe HecOOTBETCTBHE 3HAUYEHUN XOJI0B
yaHCOHOB Ha omepanmsix 4, 5 u 6 (cMm. puc. 12) ¢ mapamerpamu
npecca JIerko o0bscHseTCs U3 puc. 16, rae KpuBbIe «yCHIIHE — ITYTh)»
ornepanuii ¢ 3-i 1o 6-10 HaJOXKEHbI Ha TPAPUK JOMYCKAEMBIX YCUIIUI
npecca. HekoTOpbIM HE3HAUHTENBHBIM TPEBBIIIEHUEM PACUYETHOTO
YCUJIHSI Ha OTIEpaIluy BBICAJIKU (DIIaHIIa MOXKHO NPeHeOpeb.
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Pucynok 16 — JlmarpaMMbl yCWIHMHA Ha ONEpanysiX IITaMIIOBKH
TOJIKAaTe s KJlanaHa ¥ rpaduk IomycKkaeMbix ycuinui npecca moza. Kb0034:
1- 3akpbITas Ocajika 3ar0TOBKY; 2 — BBIJJABIMBAHNE HAMETKH;
3 — BBIIaBIMBaHWE 00paTHOE; 4 — BBITSHKKA C YTOHEHHWEM; S —BBICaJKa
¢nanna; 6 — rpaduk qomyckaeMbix ycuimi npecca moa. Kb0034
12 Pacyer ycuiuii BBITAJKMBAHUSI U3 MATPUIl M CheMa ¢

NyaHCOHOB

['eomeTpuyeckue pa3mepbl, HEOOXOAUMBIE ISl pacueTa yCHUIIHM
BBITAJIKWBaHUs, monydadbpukaroB u rotoBoir geramu (do, d, H),
ciemyer Oparth u3 puc. 12.

Omneparus 2. 3akpbiTast ocajika (KaaTuOpoBaHUE) 3arOTOBKH.

3HaueHne HATIPSHKEHUS TeUeHus 6s1=35,28 Kre/mMm2.

TakuM o00pa3oM, ycuiIHe BBITAJKMBAaHWE 3arOoTOBKH U3
MaTPHUIIBI TIOCIIE 3aKPBITON OCAIKH

Fs2=0,785d20s1[1-exp(-(4w/d)*H)]=0,785%23,42*35,28*[1-
exp(-(4*0,1/23,4)*36,1)]=6983,13 krc=6,98 1c (68,48 kH).

Onepanus 3. BeigaBnuBanue yriayOneHust (HaMETKH).

[Tomydabpukar mocie 3Toi oneparuu sIBISETCS MPAKTUYSCKU
CIUTONIHOM JIeTajblo, TaK KaK TTyOMHA HaMeTKH HeBenuka. [loaTomy
pacueT yCWJIHs BBITAIKUBAHUS JOJKEH MPOU3BOIUTHCS MO GopMmylie
(18), a 3HayeHWe HaMpsHKEHHUS TEUEHUsS CJeNyeT MPUHUMATh
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651=35,28Krc/MM®.

Torpa ycunue BeITaIKUBaHUA MOypadbpukaTa ¢ HAMETKON

Fs3=0,785*23,52*35,28*[1-exp(-
(4*0,1/23,4)*39,5)]=7486,4 xrc=7,49 1c (73,45 kH).

Onepanust 4. O6paTHOE BBIAABIUBAHHE.

B cBA3M cOo 3HAUMTEIBHOM TOJIIMHOW JHA CTakKaHa,
MOJlyyaeMoro Ha JTOM  omepauuu, HauOoJbllIee  yCHIIHE
BBITAJIKUBaHUS Fp4 TOMKHO OBITH, OMpEENIEHO KaK CyMMa YCHUIIUM
BBITANKUBAHUSA CIUTOMIHON (Fennwm) ¥ momnoit (Fron) ero uacrteii. B
COOTBETCTBUU C 3TUM B pacyeT BBOJATCS 3HAYEHUS HANPSKEHUUN
TE€UYCHUS GScrmm M OSnon.

Ycunne BBITAIKMBaHUS CIUIOIMIHOM YaCTH CTaKaHa OMPEICIIMM
o popmyse

Fewmn = 0,785020scnmu[1-exp(-(4p/d)*H)],

rae 1o pucyHky 12, nnuna H cruomHo#i 4yacTu BBIIABICHHOTO
CTaKaHa OIpeIENsAeTCs Kak

H=57,26-36,32 = 20,94 mm.

[Tocne moacTaHOBKHU B (JOPMYJTY UCXOTHBIX JAHHBIX MOJIyYaeM:

Fenmn=0,785*23,542*35,28*[1-exp(-
(4*0,1/23,54)*20,94)]=4594,78 xrc=4,59 1c (45 xH).

VYceunue BbITaNKWBaHUS MOJIOW YacCTH CTaKaHa OMNPEAENIUM IO
dbopmyie

Fron = 0,785do(do-d)osnox[ 1-exp(-(41/(do-d))*H),

['ne, mo pucynky 12, H — niwHa 1Mool 4acTH BBIIABICHHOTO
CTaKaHa.

[Tocne moacTaHOBKU B OPMYITY UCXOHBIX JAHHBIX IMOTYYaeM:

Fuon=0,785*23,54*(23,54-18,16)*77,13*[1-exp(-(4*0,1/(23,54-
18,16))*36,32)]=7152,85 krc=7,15 tc (70 xH).

Takum oOpa3om, o011ee YCUIINE BHITAIKUBAHUS

Fea=FcnmtFro=4,59+7,15=11,74 tc (109 xH).

Hns pacuera ycuwnmusa Fes oObema pgeranu ¢ myaHCOHA
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HECKOJIbKO TipeoOpasyem ¢opmyny (20), moacraBuB Bmecto H
BeNMYKMHY lk, COOTBETCTBYIOLIYIO BBICOTE KaTHOPYIOLIEro MOsCKa
IIyaHCOHA — 10 PUCYHKY 26. 3HaueHue HalpsKeHUs TeYEHUS IPUMEM
paBHbIM 651=77,13 Krc/mMm?,

U3 Tabnuis! Ha pucynke 26 |, = 0,5-4/d . Hoxcrasus d=18,16,
l, =0,5-/d = 2.

VYcune cbema ¢ ImyaHcoHa

Fca=0,785do(do-d)os1[1-exp(-(4plk/(do-
d)))=0,785*18,16*(23,54-18,16)*77,13*[1-exp(-(4*0,1*2/(23,54-
18,16)))]=817,35 krc=0,82 tc (8xH).

Onepanys 5. BbITSkKKa C yTOHEHUEM.

3/1ech pacCUUTHIBAETCS TOJIBKO ycunue Fes chema ¢ myaHcoHa.
B pacuere ucrons3yercs 3HadeHue 6s1=60,97 krc/Mmm?. Bemmunny H
OPUHUMAaeM paBHOM TINyOMHE TIOJIOCTH CTaKaHa II0CJIE BBITSKKU
(cMOTpeTh MO3MIIUIO 5 Ha pUCYHKE 12).

Fcs=0,785*18,12*(22,4-18,12)*60,97*[1-exp(-(4*0,1*47/(22,4-
18,12)))]=3665,92 xrc=3,66 tc (35,9xH).

Omnepanus 6. Beicanka ¢anmna u popMupoBanue chepsl.

HauOonpiiee ycunue BBITAJIKUBAHHS OINpPENENSeTCs 3/1eCh Kak
CyMMa

Fa6=Fenam + Frox + Fe.

IIpn pacuere BeaMUMHBI Fennm BOCHONB3yeMCs 3HAYEHUEM
Osep=52,04 krc/Mm?, BemmuuHy H mpumem paBHO# BbicoTe (iaHIa
(cMOTpeTh puCyHOK 12).

Orcrona

Fenuw=0,785*35,52*52,04*[1-exp(-
(4*0,1/35,5)*8)]=4437,6xrc=4,441c (43,5xH).

[Tpu pacuere BenHUUHBI Fron BEMMUMHY HANpsSKEHUS TEUCHHS
nmpuMeM  paBHOi 60,97 krc/mm?.  Bemmumma H  momkHa
COOTBETCTBOBAThH 3HAYCHHIO Lk — 10 pUCYHKY 24, TaK Kak B MaTpHIlC
JOJDKEH OBITh MPEIYyCMOTPEH IMIMHAPHUYECKUH TMOSICOK KaK IpH
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MPsIMOM BbIJIaBIIMBAHUU:

H=0,2*18,07=3,6 mm.

[ToncraBuB B hopmyity 3HaYCHHUS, TOTYIUM:

Fr0x=0,785%*22,4*(22,4-18,07)*60,9*[1-exp(-(4*0.1*3,6/(22,4-
18,07)))]=1313,35 xrc=1,31 tc (12,85xH).

IIpu pacyere BenmnuuHbl Fe HanpspKEHUE TEYEHUS TAKKE PABHO
60,97 xrc/mMm?. Bermunny H paccuntaem kak Lk — mo pucyHky 26,
TaK KaK MyaHCOH 3/IeCh TaK)Ke JOJHKEH UMETh TOJIBKO O(QOPMIISIOIINN
MOSICOK ISl CHUYKEHUSI KOHTAKTHOT'O TPEHHUS:

H :0,5-M=2MM.

[ToncraBuB B (hopMyiTy 3HAUECHUS, TOITYIUM:

F.=0,785*18,07*(22,4-18,07)*60,07*[1-exp(-(4*0,1*2/(22,4-
18,07)))]=631,73 xrc=0,63 Tc (6,18xH).

Ob1ee ycumne BHITAIKUBAHUS, TAKUM 00pa3oM, OyeT paBHO

Fe=4,44+1,3140,63=6,38 1c (62,6 kH).

13 KoncTpyupoBaHnue u pacyeT HHCTPYMEHTA
OO0mume TpeGOBAHUS K MHCTPYMEHTY

[lIrammbl A1 XOJ0HONM OOBEMHOM MITAMIOBKUA pabOTalOT B
TSOKEJIBIX YCIIOBUSIX, WCHBIThIBas OOJBIIME HArpy3KH OT BBICOKHX
YAEIbHBIX YCWJINH, 3HAYUTENBHBIX CHJI TPEHHUS U TEMIIEPATypPHOIO
BO3JICHCTBUS.

BbiOOp KOHCTpYKIIMM MITaMIia 3aBUCUT OT HCXOAHOIO
MaTepuaia TaMIyeMoi eranu, ee GopMbl, BEIMUYUHBI U TOYHOCTU
pa3MepoB, 00beMa BBIITYCKa U IPUMEHSEMOTO 000PYIOBAHHUS.

OcHOBHOM 3aauell KOHCTPYKTOpa IpH pa3paboTKe IITamra
ABISIETCA  TMOJIydeHHEe HEOOXOJMMOH TOYHOCTM U KayecTBa
mITaMOyeMod  JleTald  OpU  OJAHOBPEMEHHOM  oOecreyeHuu
HauOoONbIIeH CTOMKOCTH IITAMIIOBOIO HWHCTPYMEHTa M €ro

TCXHOJIOTHYHOCTH.
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OcHOBHbIE KOHCTPYKIMHU IITAMIIOB

B mnpakTuke X0101HON OOBEMHOH IITAMIOBKH BCTPEUYAIOTCS
JIBa OCHOBHBIX THIIA IITAMIIOB, OCOOCHHOCTH KOHCTPYKIIMH KOTOPBIX
HEMOCPE/JCTBEHHO CBSI3aHBI C OCOOCHHOCTSIMH TEXHOJIOTHYECKHX
HpOLIGCCOB. 3TO OJHO- U MHOT' OITIO3UIITMOHHBIC IITAMIIBI.

OOHOMO3UIMOHHBIN IITaMII TUIMYHON KOHCTPYKLMM IOKa3aH
Ha puc. 17. Ero otimmuntensHON 0COOCHHOCTBIO SIBISETCS ChEMHUK,
BBITIOJIHSIEMBI OOBIYHO B BHJIC MOIEPEYMHBI, TIEPEMEIIAONICHCS 10
CIIeIIMaIbHBIM HAMPABJISIOMIMM UM HEMOCPEICTBEHHO MO KOJOHKAM
mramna. [lonepeunna Bcerna noanpyxuHeHa. Bo Bpems IITaMIIOBKH
CBbCMHHK OHyCKaeTCﬂ 1oa IleICTBI/IGM BerHefI qaCTu IITamiia,
CKUMas NpyKHUHBL. JleTanb, 3acTpsBIIAs HA IIyaHCOHE, CHUMAETCA C
HEro mnpu oOpaTHOM XOJA€ TOJN3yHa BO BpeMsl MPOXOXKICHUS
MyaHCOHa ¢ JeTalnplo dYepe3 cheMHUK. OTBepctue B pabouem
3JIEMEHTE ChEMHHUKA MPOIYCKAET TOJBKO IyaHCOH M HE MPOILyCKAaeT
OTHITAMIIOBaHHBIA cTakaH. K MOMEHTy Hayajga cbema JIEeTalld
nonepeqHHa CbEMHHUKA ITIOAHATA B KpaﬁHee BerHee IIOJIOKCHUEC U
YI[ep)KI/IBaGTCﬂ B HEM OFpaHHqHTGHﬂMH. PaCCTOSIHI/Ie Memny HPI)KHGﬁ
MOBEPXHOCTHIO PabOUero 3JeMEeHTa ChbeMHHKAa M TOPIEM MaTPHIIbI
HECKOJIBKO  OOJBIllE  UIMHBI  BBIOABIAECHHOTO  CTakaHa. ITO
00CTOSITENECTBO TapaHTHpPyeT Oe3ympeuHoe yJaleHHe TrOTOBOM
JACTaJIn CXKAaThIM BOSILYXOM NN aBTOOI'IepaTOpOM, IIoAar01IIuM HOByIO
3aroTOBKY.

HyaHCOHBI OHOITIO3NITNOHHBIX mITaMIIOB erHSITCSI B
IIyaHCOHOJEPKATENE BEPXHEHM IUIMTHI C IIOMOILUBK) TaWKd U
MIPOMEXYTOUYHOW BTYJIKM. Marpuibl TPUKPEIUIIOTCS K HUXKHEN
IUTMTE C TIOMOIIbIO ()IaHIIEB, HAKUIHBIX TaeK U T.M. /IS yCTaHOBKH
ManI/II_[ qacTo HpI/IMeHHIOT CIICOUAJIBHBIC ManI/IIIeJIep)KaTCJ'II/I.

Jnst  perynupoBaHusT COOCHOCTA IMYaHCOHOB W MaTpPHI]

MMOJIB3YIOTCA TPEMA-UCTRIPbMA PEryJInpoBOYHBIMU BUHTaMU,
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PaBHOMEPHO PpACIOJIOKEHHBIMH B MaTpuleAepkKareiae MO0 ero
okpykHocTH (cM. puc. 17). B oasrom ciydae wmarpwuia
YCTaHaBIIMBAETCS C OMpeIeIeHHBIM 3a30poM (1-2 MM Ha AuamMerp).
Kak BugHO u3 puc. 17, nmyaHCOHBI U MaTpULbl ONUPAIOTCS Ha
MAacCHBHBIC  3aKaJICHHbIE  IOJAKJIAJKH, HW3TOTaBIMBaEMble W3
BBICOKOTIPOYHBIX MHCTPYMEHTAJBHBIX CTalieil. biaromapsi BeICOKOH
TOYHOCTH W TBEPJOCTH OHMU TapAHTHUPYIOT OoJyiee AITUTEIbHYIO
SKCILTyaTaluIo. IITaMIa, MMOCKOJbKY, YBEIHUMUBAs *KECTKOCTh BCETO
0JloKa, TO3BOJSIOT C  JOCTaTOYHOM  CTENEHbIO  TOYHOCTHU
BBIJICP)KMBATh B3aMMHYIO IapajuIeIbHOCTh OCEH IyaHCOHOB U
MaTpHIl, a CJIEJOBATEIBHO, M MEPIEHANKYISAPHOCTh ITHX OCEU II0
OTHOIIEHHIO K IJTUTaM M IJIOCKOCTSIM TOJ3YHA U CTOJIa Tpecca.
Jpyroii MeTon UEHTPUPOBAHHS IIyaHCOHOB M MAaTPHI
3aKJII0YAeTCsl B MPUMEHEHUH PEryJIHpyeMOoro, B JIBYX KOOpIUHATax
nyancoHoepkatens (puc. 18). [lepememenus myancoHoaep:karems
| BJIEBO WJIM BIPABO OCYIIECCTBIISIFOTCS IEPEMELICHUEM BIIEPE]] WIIH
Ha3aJ JABYX KJIMHBEB 2, BO3JEHCTBYIONIMX. HA €ro CKOIICHHBIC
O0okoBBIe TIOBEpXHOCTH. [loNI0KEHNE KIMHBEB PETYIUPYETCS ABYMS
BUHTaMH, BBIBEIEHHBIMH Ha (DPOHTAIBHYIO MOBEPXHOCTh BEpXHEH
TUTUTHI (Ha pPHUCYHKE HE MOKa3aHa). [epemermenus
MyaHCOHOJIEpKATeNs BIEpel U Ha3aJd TMPOU3BOAITCS TPETHUM
BUHTOM, TaK)K€ BBIBEJICHHBIM Ha (PPOHTAILHYIO TTOBEPXHOCTD TLTUTHI.
DTO KOHCTPYKTHUBHOE pellIeHHe Hanbosee yToOHO MpHU CIIOXKHOM
KOHCTPYKIIMM MATPHIIBI - C KOHTPIYaHCOHOM 3 W BTYJIOYHBIM
HIOKHUM BBITaJKuMBarenemM 4, - KOIJla €€ TepeMelIeHHus B
TOPU30OHTAILHOW  IJIOCKOCTH ~ MOTYT TIPUBECTHM K  IIEpeKocy
KOHTPIIyaHCOHA W 3aKJIMHMBAHHUIO BTYJIOYHOTO BBITAIKUBATENS U

TOJKAIIMUX IIITUIICK.
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Pucynok 17 — TunmdHas KOHCTPYKIHS OTHOTIO3UIIMOHHOTO IITaMIIa
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Pucynox 18 — IlITamIr ¢ peryaupyeMbIM ITyaHCOHOIepKaTeIIeM
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Pucynox 19 — Cxewma mramma TUISL 06paTHbro BBIJABIMBAHUS

Ha pucynke mokazaHo Takxke 3(QQeKkTUBHOE KperuieHue
MaTpULIbl C MOMOIIbIO OOJIBIION HAKUIHOW TaKu 5, UMerolel c
BHEIIHEW CTOpOHBI 3y0Ouaroe 3auemsieHue. ['aiika 3aBopaunBaeTrcs C
MOMOILbI0 MAJIOM IIECTEPHU 6 C IECTUTPAHHOW CTyNHIEH. YToil, Ha
KOTOPbIII HEOOXOAMMO OTBEpHYTh TalKy i OCBOOOXKICHHS
MaTpullbl, He mpesblmaeT 120°, Tak Kak B HpHXKHUMaoLEeM Oypre
railku crenaHbl COOTBETCTBYIOLME BBIPE3bl. AHAJIOIMUHBIE BHIPE3bI
UMEIOTCS B Cb€MHOM (uiaHie 7, yepe3 KOTOPBIM OCYIECTBISETCS
KpEIUIEHWE MaTpHIbl. DTOT METOJ KPEIJICHUS] MaTpUll 3HAYUTEIbHO
YCKOpSIET UX CMEHY U IO3BOJISIET M3BJIEKaThb MaTpPULbI, HE CHHUMas
TafKH.

Xopoume  pe3ynbTaThl, OCOOCHHO IpU  BBIJABJIMBAaHUU
IyOOKHMX CTaKaHOB, J1aeT MPUMEHEHHE B IITaMIax HampaBiIsSIOLINX
BTyJO0K (puc. 19). IlpuHIMI WX pabOTHI 3aKIOYACTCS B TOM, YTO
BTyJIKA  JIOJDKHA  3aXOJAWTh B OTBEPCTHE  MaTpulbl  JO
CONPUKOCHOBEHMsI IIyaHCOHa C 3aroToBkoi. Ilpm sTtom ycimoBum
rapaHTUPYIOTCS TOYHOE HAlpaBJIEHUE IIyaHCOHA, paBHOMEpHas
TOJILIMHA CTEHKU BBIJABIMBAEMOro crakana. Hampasisromas BTynka
MOKET OBITb pacHoJIO)KEHAa Ha CIEUHaJbHOM  TONEepeyunHe,

MOANPYKMHEHHOW Y MPUKPEIUICHHOW K BEpXHEH IUIMTE IITamIla, KaK
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9TO TMOKa3aHo Ha puc. 19, unm ycraHoBleHa HA ChEMHUKE.

[Ipy KpymHOCEpUHHOM M MacCOBOM TMPOU3BOACTBE A
XOJIOAHOW OOBEMHOM IITAMITOBKHU JCTAJICH CIO0KHOW KOH(UTYpaIuu
3a Tpu u Ooyee, TMEPEXOAOB IIEIECOO0Pa3HO  MPHUMEHSATH
MHOTOTIO3UIIMOHHBIC TIITAMITHI.

B HacTosimiee BpeMst IPUMEHSIFOTCS 1B OCHOBHBIX THITA TAKUX
HITAMIIOB: C KPYrOBBIM M C JIMHEHHBIM pacHoIOKeHHEM pabodero
uHCTpyMeHTa. Hanbosnbiliee pacrpocTpaHeHne MOMYyYMIH IITaMIIbl C
pacrojoKeHUeM IIyaHCOHOB M MATpHUI[ IO JIyre OKPYKHOCTH.
[TpriueM MmTaMIIOBKA MOXKET OCYIIECTBISATHCS B OJWUH WM B JBa
BCTPEUYHBIX OTOKA (cM. puc. 20).

Pacrionioxxkenne pabodero MHCTPYMEHTA IO KPYTY ITO3BOJISET
UCIIONIb30BaTh ISl TPAHCHOPTHUPOBAHUS 3arOTOBOK M0 MO3UIIUSIM
IITAMIIOBKM  TaKO€ XOPOLIO M3BECTHOE U  KOHCTPYKTHBHO
0TpaboTaHHOE YCTPOWCTBO, KaK PEBOJIbBEPHAs MOAaya.

e 1T 11 I

I /1-11

17

VYaaneHHe JeTajiel i

3arpy3ka 3aroToBok
Pucynox 20 — [IpuHMnuansHo BO3MO>KHBIE CXEMBI

MHOFOHGpeXO}:{HOﬁ IOTAaMIIOBKKU B HITaMIIaX C KPYIrOBbIM PACIOJIOKCHUCM
HHCTPYMCHTA: a — B OAMH IIOTOK; 0-B ABa BCTPEUHBIX ITOTOKA
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Pucynox 21 — MHOrOno3UIIMOHHBIA IITAMI ISl  XOJOJHOTO

BBIIaBITUBAHUS JIeTANEH TUITA CTAaKaH (TOJKAaTels KJlalmaHa) C peBOJIbBEPHON
nogaven

B Ttpexmosunmonnom 1mramne (puc. 21) ocymiecTBisiercs
BBIJIaBJIMBAHUE TOJIKATEJISI KJIaraHa co CJIEIYIOIIUMHU
TEXHOJIOTHYECKUMH TepPeX0/aMU: KaTuOpOBaHUE OTOXKEHHBIX U
docdarupoBaHHBIX 3aroTOBOK, obOpaTHOE BbIJJaBJIUBAHHE
CTaKkaHYWMKa, BBIJABIMBaHWE BHyTpeHHeH cdepbl. Haubonee
HarpyxeHHasi pa0odasi TO3HIMS - OOpaTHOE BBIJABIUBAHUE -
pa3MelieHa 1O OCH TOJ3YyHa, a OCTalbHBIE - CHMMETPUYHO
oTHocuTeNbHO Hee. Ha mtamrie peasin3yercst OJHOMOTOYHAs CXeMa
mramnoBku (mo puc. 20, a). VYganeHue TOTOBOW JeTanu
MPOU3BOAUTCS  34€Ch HAa  CHEUUAJbHOM  MO3MULMH:  JeTalb
MPOTAJIKMUBAETCS  YEpe3  PEBOJIbBEPHBIM  JUCK  TOJKATEJEM,
3aKpETUICHHBIM Ha BEpXHEH TUTHTE, Ha OTBOJISIIIUMA JIOTOK.

[[Itamn pabGoTtaer Ha TIpecce, HUMEIIIEM TOJIBKO OJIUH
LEHTPAJIbHBIN BBITAJIKMBATENb, [IO3TOMY yJAJIEHUE AETAIECH C IEPBOMI
U TPeTbeW MO3UIUN OCYIIECTBISIETCS C MOMOUIBIO MOMNEPEUUHBI 2,
cucteMbl TAr 3 W BbITajdkuBaTene 1 u 6. YjpaneHue neranu u3
HEHTpadbHOW  MaTpuibl (11  0OpaTHOTO  BBIIABIMBAHUS)
MPOU3BOAUTCS TOJKATENIEM 4 yepe3 NOAKIAAKY S5 ¥ BITAJIKUBATEIb /.
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Ha Ttonkarens BO3I€MCTBYET BHITAJIKUBATEIb MIPECCa.

[lItamn pabGoraeT aBTOMaTWuecku. IlepeHOC 3aroToBOK ¢
MO3ULIMM HA TMO3ULMI0 TPOU3BOAMUTCS PEBOJIBBEPHBIM JIUCKOM,
KOTOpBIM IIOBOpAuYMBAETCSd HAa HEOOXOAMMBIA Yroj IOCPEICTBOM
XparoBOro MEXaHMU3Ma C [THEBMOIIPUBOJIOM.

[TockonpKy MaTpulLibl HPUKPBITHl PEBOJIBBEPHBIM JUCKOM MU
JIOCTYI K HHUM 3aTpyJHEH, LIEHTPUPOBAHUE MATPUL[ U IIyaHCOHOB
OCYLIECTBIISICTCA ~ NEPEMEIICHHEM  IOCIEIHUX C  IOMOILIBIO
YCTaHOBOYHBIX BHHTOB, PACIOJOKEHHBIX B IyaHCOHOIEPKATEIAX.
Ha BTOpoli ® Tperbel NO3ULMUAX B IITAMIIE HPETyCMOTPEHBI
KOHCOJIbHBIE BUJIbYAThIE ChEMHUKH.

MHOrono3uIMOHHBIM MTaMIT JUIsl BbIAABIMBAHUS MOPLIHEBBIX
nanplieB (cxeMmy mpouecca cM, Ha puc. 20, 6) oOecneunBaer
LITAMIIOBKY JI€Taleil JByMsl BCTPEUHBIMU IMOTOKAMHU. 32 KaXAbIA X0
Ipecca Ha IITaMmIe M3rOTaBIMBAIOTCA JABE Jeranu. Peannsyemas Ha
LITaMII€ TEXHOJIOTUSl BKJIIOYAET CJEAYIOUIME olepanuu: oOpaTHOe
BbI/IaBJIMBaHUE CTaKaHa, MPOOMBKY OTBEPCTHUSI B JHE, BBITSKKY C
YTOHEHUEM CTE€HKHM Ha MpoBaJl. 3arpy3ka 3aroTOBOK M BBITpY3Ka
TOTOBBIX JETANIEN NMPOU3BOIATCS C IBYX IMPOTHBOIOJIOXKHBIX CTOPOH
npecca.

Crenuduka TEXHOJIOTMYECKOTO TIpOLecca  BbIIABIMBAHUS
MOPUIHEBBIX MAJbLEB HA 3TOM ILITaMIIE€ TaKOBa, YTO BBITAJIKHUBAaHUE
TpeOyeTcs TOJIbKO Ha MO3ULMAX 0OpaTHOIO BHIAABIMBAHUS CTaKaHa.
C oTOM 1enpl0 Ipecc  OCHAIEH JBYMS  CHMMETPUYHO
PacroI0KEHHBIMU THEBMOTUAPABINYECKMMH BBITAIKUBATEISIMH.

[ITammbl ¢ KPYroBBIM pacroiokeHueM pabodyero HHCTpyMEeHTa
U TPaHCHOPTUPYIOIIMM YCTPOHCTBOM B BUJE PEBOJIBBEPHOIO AMCKA
MO3BOJIAIOT INTAMIIOBAaTh TOJBKO JAETaal Oe3 BHEIIHMX CTYIEHEH.
OTO OrpaHUYEHHE CBS3aHO C BO3MOXHOCTSMHU PEBOJIbBEPHOI
nonayu. [IpakTuka Mmoka3bIBaeT, YTO TaKHWE€ LITAMIIBI HCIOIb3YHOTCS

JJIA U3T'OTOBJICHUA I[eTaJIGfI THUIIa CTAKAaHOB U BTYJIOK.
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Pucynok 21 — [Ipumep KOHCTPYKIMH MHOTONIO3UIIMOHHOTO HITAMIIA C
JUHEWHBIM PACIIONOKEHUEM MHCTPYMEHTa IS IITAMIIOBKH JETaleld THIa
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Pucynok 22 — IIpumep KOHCTPYKLMHU MHOTOIIO3UIIMOHHOTO IITaMIIa C
JIMHEHUHBIM PacCHOJIO)KEHUEM HMHCTPYMEHTA AJIsl IITAMIIOBKU JI€Tajeil Tuma
cTakaHa

Ilpu »TOM Ha Bcex omnepanusx, KpoMe TMOCIEIHEH, He
JOMYCKAalOTCd HM3MEHEHUsI HapykHoro auamerpa. Ilocnenssis
onepalus, Kak MpaBUIoO, BHITSXKKA C YTOHEHUEM CTEHKU WM MPSMOE
BbIJIaBIMBAaHUE HA TTPOBAJL.

3HAYUTENHHO OONBIIMMH TEXHOJIOTHUYECKHUMH BO3MOXXHOCTSIMH
o0nanaT MHOTOMO3UIIOHHBIE LITaMITbI c JTUHEHHBIM
pacmojio’)keHueM  IMyaHCOHOB W Matpull. B ocHOBY  ux
KOHCTPYKTUBHOI'O PEIICHUS TMOJ0KEHO MHOTOKpPaTHOE IMOBTOPEHHE
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KOHCTPYKLUU OIHOMO3ZUIMOHHOIO IITaMIa, B KOTOPYIO BBOJATCS
HEKOTOpble crnenupuyeckne avieMeHThl. K HuUM mpexnae Bcero
OTHOCATCA  KJIMHOBOE  YCTPOHMCTBO AN  HMHIUBUAYaJIbHOI'O
pPEryJIMpOBaHUs 3aKpBITOM BBICOTHI HAa KaXKIAOW IO3MIMM, BEPXHHUE
BBITAJIKUBATENU (CbEMHUKH) U T.1I.

Hltammbl 3TOr0 THMA TpEeAHA3HAYEHBI JJIs1 pPabOThl Ha
CHEeLMaNbHbIX  MHOTOMNO3MIMOHHBIX  IIpeccaX,  OCHAILEHHBIX
HECKOJIBKUMHU (I10 YKMCIy pabouyux MO3ULIMNA) BEPXHUMHU M HUKHUMU
BBITQJIKUBATEISIMM, a Takxke TrpeddepHbIM WIM  KICIEBbIM
MEeXaHU3MOM IepeHoca. Hanuuume oIHOro M3 3TUX MEXaHU3MOB B
COYETaHUM C BO3MOXXHOCTSIMM IITaMIla I103BOJISIET IOJy4aTb
pazHooOpa3Hbie (hacoHHBIE JeTan 0e3 KaKuX-JIM00 KOHCTPYKTUBHBIX
OTpaHUYECHUM.

B mrramne, nokazaHHoM Ha puc. 21, U3roTaBIUBaOTCs JeTalu
TUIIA TapejKkd NpYXKUH kianaHa. [lepBas u3 msatu ero pabouunx
MO3ULIMA  HCHOJB3YeTCs  JUIsl  [0Ja4d  OTOXKEHHOM |
docharupoBaHHONH  3aroTOBKH, KoTopas (UKCHpYeTcs  37ech
HNOANPYXUHEHHBIM MalblieM JI0 MOJAXOAAa COOTBETCTBYIOIIETO
3axBaTa MeXaHu3Ma ImepeHoca. Ha crienyrommx  mo3unmsx
MOOYEPEAHO TPOM3BOIAT BBIIABIMBAHME KOHUYECKOW IOJIOCTH,
npoOuBKy, (opMmupoBaHue (raHIa U CTYNUIB U KanuOpoBaHHE
KOHUYECKOI0 OTBEPCTHUSl M, HAaKOHEI], 00pe3Ky (aHla 1Mo KOHTYpPY
Ha npoBai. OTXoa OT MpOOMBKM U TOTOBas JeTallb YAAISIOTCSA U3
miTaMna  3a  [peAenbl  mpecca B OTHAENbHYIO — Tapy IO
COOTBETCTBYIOIIUM JIOTKAM.

B MHOromo3umuoHHOM mITaMIe, MOKa3aHHOM Ha pHC. 22,
W3rOTABIMBAIOTCA  JIETAJIM THUNA CTakaHa (CM. TEXHOJOTHIO
MITAMIIOBKHM TOJKAaTeNsl KiamaHa Ha puc. 12). 3mech, kak u B
IpelbIIyIeM ciiydae, mepBas MO3UIUs MCIONb3YeTCs JUIs MoJayu
3aroTOBKM B ILITaMIl B OPUEHTHPOBAHHOM mojoxeHuH. [Ipu 3tom

3aroToBKy € MNOMOMIBIO CHCTCMBbI 3arpy3KH YCTAaHABJIWBAIOT HUKC
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YPOBHSI MaTpULl U BBOZAT B IIEPBYIO MApy 3aXBaTOB CIELUAIbHBIM
BBITAJIKMBATEIEM, OIHOBPEMEHHO  IOAJEP)KUBas €€  CBEpXY
NOANPYKMHEHHBIM maneleM. Ha Bropol mnosunmm Imrammna
IIPOU3BOLAT BBIJIABJIIMBAaHUE LEHTPUPYIOLLErO yIIIyOsIeHus
(HaMeTKM), B KOTOPOE Ha TPEThEN MO3ULIUU BBOAST JOMOIHUTEIbHYIO
JKUJKYIO TEXHOJIOTMYECKYK0 cMma3Ky. Ha dyerBeproil nosuuuu B
3arOTOBKE BBIJABIMBAIOT II0JOCTh W HA NATOW - YIIMHSIOT
IIOJIyYECHHBIM CTaKaH BBITSDKKOW C YTOHEHHMEM CTEHKU Ha IpOBAll
OTmraMIoBaHHbIE TOHKOCTEHHBIE CTAKAHBI 110 JIOTKY YJAJISAIOTCS U3
LITAMIIA U IIPECCa B COOTBETCTBYIOILYIO Tapy.

KoHcTpyupoBanue mramMnoBbix 0,10K0B

HITammoBeie OI0KH ¢ KOJIOHKamMH Haubosee 3(pQeKTHBHBI B
JKCIUTyaTauuu. VX wucmonp3oBaHue gaeT pPAJ  JONOJTHUTEIBHBIX
NPEUMYIIECTB C TOYKM 3peHHs YyHOOCTBa XpaHEHHs, CheMa U
YCTaHOBKH Ha IPECC, TPAHCTIOPTHPOBAHHUS.

Haubonpiiee pacnpocTpaHeHne MONYYMIIA OJIOKH C JIBYMS
KOJIOHKaMH. J{OTIONHUTENbHBIE KOJOHKM PEKOMEHAYETCS CTaBHUTh
npd KOHCTPYMPOBAHWW MHOTOIO3UIIMOHHBIX IITAMIIOB, TUIATHI
KOTOPBIX UMEIOT CPABHUTENILHO OOJIBILYIO JUIUHY.

CxeMmbl pa3MelleHus KOJIOHOK IOKa3aHbl Ha puc. 23.

S
| @
4

|

Pucynoxk 23 — CxembI pa3MenieHusT KOJIOHOK IITAMIIOBBIX OJIOKOB
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JUis  KpemsjieHWsT LITaMIOB B IUIMTax JeNaloT Ma3bl WM
BbIOOPKHU, COOTBETCTBYIOLIME PACIIONIOKEHHUIO IA30B HA TOBEPXHOCTH
NOJ3yHAa WM TOJIITAMIIOBOM IUIUTBHL. B HEKOTOphIX ciydasx
BEPXHHE IUIUTHI UMEIOT «JIACTOYKHH XBOCT.

JUis TpaHCOPTHPOBAHUS ITAMIIOB, UX MOHTa)Ka U JIEMOHTaXKa
B IUTMTaX MPEAyCMAaTPUBAIOT OTBEPCTHS 0€3 pe3bObl U ¢ pe3b0oit s
YCTAHOBKM IUTHU(TOB WM pPBIM-O0JITOB, a TaKXKe pa3JIndHbIC
NpUIMBbL. BepxHue InThI IITaMIOB, IPeAHAa3HAYEHHbIX AJI paOOThI
Ha OTEYECTBEHHBIX Ipeccax, /Ul XOJOAHOTO BBLAABIUBAHMS CepUit
«K» nmmn «Kb», DO0IKHBI UMETh LWIMHAPUYECKUE XBOCTOBUKH,
o0ecreynBamIIMe WX YCTAaHOBKY CTPOro IO LEHTpy mpecca. B
MOJI3yHAaX OTEYECTBEHHBIX IIPECCOB HMMEIOTCS COOTBETCTBYIOIIHE
OTBEPCTHUS.

B wnensx obGecrieyeHuss cTaOuWiIbHOCTH pabOThl IITAMIIOB B
IUIUTaX, KpOME OOBIUHBIX IOJKIAJOK, 3a4acTyl0 YCTAHaBJIMBAIOT
MAaCcCHUBHBIC 3aKaJleHHbIE BCTABKH M3 HWHCTPYMEHTAJIBHOW CTaJIH.
bnaromapss BBICOKOW TPOYHOCTH WM TBEPJOCTH OHHU TapaHTHPYIOT
OoJiee TUTENBHYIO HKCIUTYaTaluIo MITaMIa, MOCKOIbKY, YBETHUNBAs
KECTKOCTh BCEro OJ0Ka TMO3BOJSIOT C JOCTATOYHOW CTENEeHbIO
TOYHOCTH  BBIJIEPKMBATh  B3aUMHYI  MapajuIeNbHOCTh  Ocei
IIyaHCOHOB U MaTpHI] U COOTBETCTBEHHO MEPIEHAUKYISIPHOCTh 3TUX
Ooceil K IUIMTaM M IUIOCKOCTSIM TOJI3yHa W croiia. Bo MHOTMX
HITaMIax COBPEMEHHBIX KOHCTPYKIMHA BCTAaBKH JIENIAIOTCS HA BCIO
TONIIMHY TUIMTBL. B 3TOM ciy4ae HCKIIOYAaeTcsi BIUSHHE
BO3MOXKHOT'O MPOruda IUIUT Ha MOJOXKEHHE ocel pabouux nerasneit
IITaMIIOB.

brnoku mTamMmoB A7 M3TOTOBJIEHUS KPYMHOraOapUTHBIX
neTanei pPEKOMEHIyeTCS BBITTOJTHATh c BBIJIBUKHBIMH
MaTpHIleIepKaTeIIMH, 00JIETJarOIINMU H3BJICUCHNE H3HOIICHHBIX U
YCTaHOBKY HOBBIX MaTpHuIl (puc. 23).

I[J'DI MHOTI'OIIO3UIIMOHHBIX MMTAMIIOBBIX OJI0KOB XapaKTCPHO
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HAJIMYME HECKOJIBKHX ITyaHCOHO- W MaTpHIle[epKaTeiel, a TaKxke
KJIMHOBOTO YCTPONCTBAa Ui HWHIMBUAYAIBHOTO PETYIHPOBAHUS
3aKPBITO# BBICOTHI [0 TO3UIMSIM INITAMITOBKH (CM. puc. 21).

[IITaMmOBBIE TUTMTHI HM3TOTABIMBAIOT OOBIYHO M3 CTAJILHOTO
npokara Mapku 45 (OCT 1050-88), konOHKM U BTYJIKH - U3 CTallA
20X  (I'OCT  4543-71).  Ilocnemnue s TOBBIIICHUS
U3HOCOCTOMKOCTH MOABEPTAIOT IIEMEHTAIIHH.

14 KoncrpyupoBaHnue pado4ux jeTajiei mramMmnon
IlyaHCcOHBI M1 MATPHIBI JJIsI IPSIMOTO BbIIABJIMBAHUS

PexoMeHyeMble KOHCTPYKLUMH MAaTpUL] U IIyaHCOHOB JUIS
IPSIMOTO BBIABIIMBAHUS CIUIOLIHBIX M IOJIBIX JeTajiell MoKa3aHbl Ha
puc. 24 u 25. Tam xe, B TaOIMIax, JaHBI (POPMYIIBI Ul pacyeTa BCex
OCHOBHBIX Pa3MepoB.

OcHoBHOI 0COOEHHOCTBIO MaTpHII L IPSIMOTO
BbI/IaBIIMBAHUS SBIISICTCS HAIMYME KATUOPYIOIIETo MosAcKa B paboyemM
OYKE M TEPEeXOJHOr0 YydacTKa OT IPUEMHOM YacTh K OuKYy:
KoHWYeckoro (puc. 24, a) Wi paanycHOro BOTHyTOro (puc. 24,0).
Kanubpyromuii mosicok auametpom Ok u yBenudenHoe Ha 0,2-0,5 mm
BBIXOJTHOE OTBEpCTHE AuaMeTpoM (ki BBIMOIHEHBI Ui CHIDKCHUSI
KOHTAKTHOT'O TPEHUS MPH BbIAABIUBAHUH.

OnTuMalbHBIM YIJIOM PACTBOPA KOHHYECKOTO IIEPEXOJHOTO
y4acTKa, 00€CleyMBaIOLUM IpPH JAaHHOM OOKaTUM HauMEHbIINE
3HAQYEHHMs YJEIbHBIX YCHINH, ABisieTcss yroa 2o =60°. B cmyuae
HEOOXOJUMOCTH, €CIH 3TO AUKTYeTCS KOHCTPYKIHUEH neTanu, OH
MOKET OBITh KaK MEHbIIE, TaKk M Ooiblre 60°, HO HE IOJKEH
npeBbimath 120° Bo M30exkaHue Neperpy3ku IyaHCOHa, 0COOEHHO
IpY TIpeAeNbHBIX 00XKaTHUAX 3arOTOBKH.
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Pucynok 24 — KoHCTpyKTHBHOE OQOpPMIIEHHE MATPHI IJIS TPSIMOTO

BBIJaBINBaHUA 5°
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Pucynoxk 25 — KoHcTpykTHBHOE O(OPMJICHHE IIyaHCOHOB JUIS

IPpAMOTrO BbIJaBJIMBAHUS
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[Ipu otHOcuTEenbHOM oOxaTuu €>0,8 BMECTO MaTpHUIBl C
KOHMYECKUM IEPEXOJHBIM YYaCTKOM PEKOMEHJIYeTCsl NPUMEHATh
MaTpully C paJWyCHbIM BOTHYTBIM IepexonoM (cM. puc. 24.,0),
o0ecrne4nBaroIyIo Oonee OJaronpusTHOE  paclpeneieHue
KOHTaKTHBIX HaIlpsDKEHUN M TedeHue Meraiwia. Kpome Toro, mpu
0ONBIIMX O0O0KATHAX 3HAYUTEIHHO BO3pACTaeT JIMHA KOHHYECKOTO
NEPEeXOAHOI0 Y4acTKa IMEepBOH MAaTpHIbl, YTO MOXET INPHUBECTU K
CYLIECTBEHHOMY HCKaXEHHUIO KOH(QUIypalHuy JEeTalyd [0 CPABHEHUIO
C ee 4epTekoM. PanmycHblii nepexoi HMeeT OOBIYHO 3aMETHO
MEHBIIYIO JUIMHY.

[Tpy npOEKTHPOBAHUY ITyaHCOHOB CTPEMSITCSA U30eraTh Pe3KuX
nepenagoB cedeHud. MecTta TEpexoA0B CIUIAKUBAIOT OOJIBIIMMHU
panguycaMu M TIIATEJIBbHO MOAUpyroT. Iloxpes3sl M pUCKM Ha 3TUX
y4acTKaX KaTeropu4ecKy He JOMyCKaroTCs.

Ocoboe BHUMaHHE HEOOXOAMMO YAEIATb KOHCTPYKIHMH
IyaHCOHOB Ul HPSIMOIO BBbIJABIMBaHUS MOJbIx Jetaned. Kax
NPaBUJIO, OHH BBIMOJNHSAIOTCS cOCcTaBHBIMU (puc. 25,0). LlenbHble
MyaHCOHBI IPUMEHSIOTCS TOJIBKO JJIsl BbIIaBIMBAaHUSI TOHKOCTEHHBIX
nerasnel ¢ HeOOJIBIINM MEePEenagoM CEUYSHHUH.

B cBfi3M C MHTEHCHBHBIM TEUEHUEM METaJllIa BJIOJIb BCTABHOM
OTpPaBKU IIEPOXOBATOCTh €€ MOBEPXHOCTH JIOJDKHA ObITh HE OoJee
R.=0,5 Mxm. [[st oGyierdeHns cheMa TOTOBOM JIETalld C ONPaBKH HA
MOCTEAHEN MOYKHO BBIIIOJHATH IITAMIOBOYHBIM YKJIOH BEIMYMHOMN
10 30. Ilpu mTaMoBKe JJITMHHBIX AeTalield ¢ OONBIIMMH 00KATUSIMHU
OTPaBKy PEKOMEHAYETCs BBINOJHATH IIaBaromieil (cM. puc. 25, 6):
NEpPEMELIEHNE ONpaBKM B  XOA€  BBIJABIMBAHMWS  CHMIXKAET
JEHCTBYIOIIME HA HEE PACTATMBAIOLIME HArpy3KH M IOBBILIAET €€
CTOMKOCTh. Eciu mMO3BOJSIIOT pa3Mepsl OINOPHOM 4YacTH TaKOTO
IyaHCOHa, B HEW PEKOMEH]IyeTCs YCTaHaBIMBATh JeMIUpyroliee
YCTPOMCTBO, HAlpUMep MaKeT Tapeab4yarbiX NpyxuH. OHO Oyner
CMSr4aTh Harpy3Ky, BOSHMKAIOIIYIO Ha OMPaBKe IMpU 0OpaTHOM X0j1e
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MyaHCOHA.
TpebGoBanus Kk pazmMepaM OTAENbHBIX JIEMEHTOB KOHCTPYKIIMH
IyaHCOHOB JIsI MPSIMOTO BBIJABIMBAHUS PUBOASTCA Ha puc. 25.

HyaHCOHLI U MaTpulbl AJsd 06paTHOFO BbIJaBJINBAHUA

PekoMeHayeMble KOHCTPYKIIMM ITYaHCOHOB WM MATPHIl IS
00paTHOTO BBIJABJIMBAHUS JI€TaJe THIA CTAKaHOB ITOKa3aHbl Ha
pucyHkax 26 u 27. COOTHOLIEHHUS IS pacdyeTa WX MCIOTHUTEIBHBIX
pa3MepoB MPHUBEICHBI TaM K€ B COOTBETCTBYIOLIUX TA0JIMIIAX.

[Tyanconsl (cM. puc. 26) moka3zaHbl B KOPOTKOM (a) U JUIMHHOM
(6) ucnionmuenusix. [lepBpiii U3 HUX MpeTHA3HAYCH VISl BBIIABIMBAHUS
cTakaHoB riyouHoit He 6onee (1,0-1,5)d.. OOmas 1iMHA MyaHCOHOB
9TOro TUIa He mpeBblmaer o0bryHO (4,5+5)dk. IlyancoHn BTOpOTO
TUTIA TPUMEHSETCS JUIsl BBIJABIMBAHUS CTaKaHOB TyOuHOM 110 4dk.
Ero of0mas gmuHa B 3HAYUTENBHON CTENEHU 3aBUCUT OT
KOHCTPYKIUH ChEMHHUKA, HAmpaBlsAomeld BTyIkd U T.0. [IpakTuka
noka3bIBaeT, uro oHa He mnpesbimaer (10+13)dk. Ocoboe BHUMaHUE
3/1ech oOpamaeTcsi Ha KayecTBO IMOBEPXHOCTH HE TOJBKO paboueit
4acTd, HO W Bcero myaHcoHa. lllepoxoBaTocTh TMOBEPXHOCTH
pabouero Topua nokHA ObITH He BbIe Ra=0,5+1,0 mMxMm. Pucku u
[apanuHbl HE JOMYCKAaIOTCS Takke W Ha CTEep)KHE IyaHCOHa,
0COOEHHO Ha MEPEXOIHBIX pajinycax.

XapakTepHOH  OCOOEHHOCTBIO  MaTpull Ui  OOpaTHOTO
BBIJIABJIMBAHUN COBPEMEHHBIX KOHCTPYKIIHH SIBJISICTCS HAJIHYUE B MX
paboueit OJIOCTH HECKOIBKHUX CTYMEeHeH (cM. puc. 27):

— IS BBIIaBIUBAHUSA - TUaMeTpoM Dy;
— 8 TpeIBapUTENIbHOTO  pa3MEIIEHUsT 3aroTOBKH -
IUaMeTpoM Dyi;

— JUIsl BBOJIA HANPABJICHUM BTYJIKH - quaMeTpoM Dy .
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Pucynok 26 — KoHcTpykTHBHOE OQOpMIICHHE IyaHCOHOB IS
00paTHOTO BBIJABIMBAHUS
!
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Pucynok 27 — KoHCTpyKTHBHOE OOpPMIIEHHE MATPHII JUII O0PaTHOTO
BBIJIaBIIMBaHHS

Ha puc. 27, a moka3aH BapHaHT UCTIOJHEHUST paboUei TOJIOCTH
MaTpHIlBl 03 CIEeNUaTbHONH CTYNEHH Ui HANpaBJISIOMICH BTYIIKH.
Takue MaTpUIBl TPUMEHSIOTCS U BBIIABIMBAHUS KOPOTKHX (0
1,5dk) crakaHoB. Marpuia, Toka3zaHHas Ha puc. 27,0,
npelHa3HayeHa IS BBIJABIMBAHHS Ooyiee TIyOOKHWX CTAaKaHOB C
00s13aTeNbHBIM IPUMEHEHHEM HAIIPABJISIONICH BTYIKH.

BHyTtpenHne pa0oune TMOBEpPXHOCTH MATPHIl TIHIATEIHBHO
MOJIMPYIOT 0 00ecCTIeUeHHs IepoXxoBaTocTh He O6omee Ra=1,0 MxMm.
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Ilyanconbl W  Marpuumbl st  KOMOMHHUPOBAHHOIO

BbIJABJIUBAaHUA

Komrutekt pabouero MHCTpyMeHTa JUii KOMOMHHPOBAHHOTO
BbIaBiuBanus (puc. 29) mpenacrapiser coboil coueTaHue MyaHCOHA
JUIs 00paTHOTO BBIJABIMBAHUS C MATPULIECH, B KOHCTPYKIIUU KOTOPOIA
COYETAIOTCS JIEMEHTHI, XapaKTepHbIe KaK I MPSMOTO, TaK U JUIA
00paTHOTO CIIOCOOOB BHIIABINBAHHUS.

Marpuma MOXeT UMEeTh BYX- WIN TPEXCTYNEHYATYIO MOJIOCTb.
N3 cooOpaxeHUil TEXHOJIOTHYHOCTH €€ HEPEIKO BBIMOIHSIIOT
cocraBHOH. Ha pwuc.29,a mnoka3zaH KOHCTPYKTHBHBI BapuaHT
MaTpulbl, PEKOMEHAYEMbIM JUIM  BBIIABIMBAHUA  JETale C
OTHOCHUTENBbHO HebompmmM (10 50%) mepemagoM CeueHHd MEXIY
UCXOJJHOM 3aroTOBKOW M CTepKHEeM. Marpuna A BbIJaBIMBAaHUS

JIeTaje ¢ TOHKMM CTEp)KHEM IoKa3aHa Ha puc. 29, 0.
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D NN | Gowe <300 | A=076/5m
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Pucynoxk 29 — KoHctpyktuBHOE  odopmieHne  padbouero

HWHCTPYMCHTA IJId KOM6I/IHI/IpOBaHHOI‘ O BbIJABJIMBAaHUA
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PaGouuii MHCTPYMEHT ISl peyHuPOBAHUS

BHyTpeHHss 1o10cTh peayrupoBouHoit Matpuiibl (puc. 30) mo
CBOEH KOHGUTYypallMu aHAJOTUYHA MOJOCTU MATPHUIBI AJISl MPSMOTO
BbIaBiIMBaHusg. OCHOBHbBIE OTJIMYHUS 3aKJIIOYAIOTCS B OTCYTCTBUU B
PEAYLMPOBOYHOM MaTpULE NPUEMHOM 4YacTU JUISl Pa3MELLICHUS
3aroTOBKM M BEJIMYMHE YIJIa pacTBOpa, OrpaHMUYEHHOro 3aech 30°.
[IpuemHas 4acTh peayLIMPOBOYHOM MaTpPHUILIbI MpeACTaBiIseT co0oil
JWIIb  UIAHAPHYECKUM  moscok  mmmHOM  [4=(0,3+0,5)dx
JTUAMETPOM, OTMpeAeNieMbIM M0 TUAMETPY 3arOTOBKH C HEKOTOPBIM
3a3opoM (cM. puc. 30).

KoHcTpykius myaHCOHOB JUIsl pEeIyLUPOBAHHUS IMPOCTa M HE

TpeOyeT CrelruaIbHbIX MOSCHEHUH.
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Pucynok 30 — KoHcTpykTHBHOE OQOpMIICHHE HHCTPYMEHTa IS
peRyLpOBaHHUS

Hyanconm N MAaTpUIbI AJ BBITHKKHA ¢ YTOHCHHEM CTCHKH

Konctpykuust paGouero HWHCTpYMEHTa [UIS BBITSDKKH  C
YTOHEHHEM CTEHKH U BCe HEOOXOJMMBbIE COOTHOLICHMS Ul pacuera
UCTIOTHUTEIIEHBIX pa3MepOB MPHUBEIECHBI HA pUCYHKE 31.
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KoHcTpyupoBanue MaTpuil TeXHOJIOTHYHBIX KOHCTPYKIUIH

Beimie yxe HecKolbKO pa3 OTMEYaJoCh, YTO M3 COOOpa)KeHHM
TEXHOJIOTUYHOCTHU U C LEJIbI0 00ecIeYeHUsI ONTUMAIbLHOW CTOMKOCTH
MaTpHIBl ISl XOJIOAHOH OOBEMHOI IITAMIIOBKH YacTO BBIMOIHSIOT
coctaBHbIMH. Ha puc. 32 mpuBeneHsl OCHOBHBIE BapHAHTHI
KOHCTPYMPOBAaHUs TAKUX MaTpUL U1 OCaJKH, BBICALKU U
BBIJIaBJIMBAHUS, a TAK)KE IPUHIUIHAIbHASA CXeMa UX COOPKH.

w b a5
y =XTINZENZN
N ™ D=2dk
R —
d l I‘.\ ;//i ’/4 l“l d1=1,5dx
E NN h=0.2D
dx '«1-:0 R>d3
, N r=0,2dk
ds r1=0,1dx
Lk=0,2 dk
50 {__._i &

Pucynok 31 — KoHcTpykTHBHOE O(QoOpMIIEHWE WHCTPYMEHTa LIS
BBITSDKKY C YTOHEHHEM CTEHKH 15° 5° 30°

OCHOBHBIM KOHCTPYKTUBHBIM IIPUEMOM, IIPUMEHSIOIUMCS ITPU
KOHCTPYUPOBaHUM MaTpUL], SBISETCS pa3zeieHne pabouux BCTaBOK B
TOPU30HTAJIBHON W BEPTUKAIBHOM IIOCKOCTAX. B monasisromem
OOJBIIMHCTBE CIIy4aeB BCE€ MOAOOHBIE MAaTPULIBI  SBJISFOTCS
MHOTO3T@XHBIMH M BMECTE C pa3HOOOpa3HbIMM NOJKIAAKAMHU U
IPOCTaBKaMU COOMPAIOTCS W 3aKpEeIUIAIOTCA B OOILIEM Kopmyce ¢
MOMOUIBIO CIIENMANbHOW TalKu. Kopmyc BBIONHSET TakXe poib
Hapy>KHOTO OaHJaxa.

BeprukanpHOe pa3jeneHre MaTpUYHBIX BCTaBOK (puc. 32, a, 0)
MIPUMEHSETCA MPU 3HAYUTEIIBHOM Iepenaje IUaMETPOB BHYTPEHHUX
cryneHed. M3roToBUTh Takyi0 MaTpHIy LEJIbHOM, OCOOEHHO IpHU
HEO0XO/IMMOCTH TMOJYYUTh IPSIMOYTOJIBHYIO CTYIEHb UM TEepeXoj C
00paTHBIM KOHYCOM, MPAKTUYECKH HEBO3MOXKHO: €€ CTOMKOCTh OyzeT
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KpailHE HHM3KOM W3-3a OCTPOro KOHIIEHTpaTopa HaIlpsKEHUH,
00pa3oBaHHOTO TPSIMBIM YIJIOM U, B emie OOJbIIeH CTEeneHH,
00paTHBIM KOHYCOM.

Jis mpUMEHEHHs MaTpHUll C BEPTUKAIBHBIM pa3JelieHuEeM
pabouyux BCTaBOK CYIIECTBYIOT OIIpPEJCIIEHHbIE OrpaHUYCHUS,
CBSI3aHHBIE CO CXEMOH HAIPSDKEHHOTO COCTOSHUS pEeau3yeMbIX B
STUX MaTpulax MPOIECCOB IITAMIOBKH. B cOOTBETCTBUM C 3TUMHU
OTPaHUYCHUSIMU BEPTUKAIBHOE pa3fielieHUE MPUMEHSETCS TJIABHBIM
oOpazoM B MaTpuuax i ocaakd U Bbicanku. Ilpu sTOM
[EHTpaJIbHbIe BCTaBKU (cM. puc. 32, a, 0) MOJDKHBI HCIBITHIBATH
JICUCTBHE TOJBKO OCEBBIX CXKUMAKOIIMX HanpspkeHud. Tak,
HarpuMep, B MaTpHie, NOKa3aHHOW Ha puc. 32, a, OCYIIECTBIISIOT
ocagky ¢ oOpa3zoBaHueM (Gacku Ha OTPE3aHHOW 3aroToBKe, a B
MaTtpuile Ha puc. 32, 6 ocaKuBarOT (hi1aHell ¢ 0OpaTHBIM KOHUYECKUM
OypTOM Ha JIeTaly TUIA TAPEJIKH.

Ecnu nepenaa quaMeTpoB CTyNEHEH HEBENWK, a BEPTUKAIbHAS
BHYTPCHHSISI BCTaBKa OKA3bIBAETCS CIHUIIKOM TOHKOW M HE MOXKET
NPOTHBOCTOSTH OCEBHIM JIABJIICHUSIM, TEPEXOMAT K KOHCTPYKIIHH,
IpeJCcTaBIeHHO Ha puc. 32, B.

Onepanuy BBIJABIMBAaHUS B MaTpUllaXx C BEPTUKAIBHOU
LEHTPaJIbHOW BCTaBKOW MPOU3BOMAT PEAKO. ITO OOBSACHSETCS TeM,
YTO TOJIIWHA CTEHKH TaKUX BCTABOK IIOJHOCTBIO OIpPEIeIseTCs
reOMETpHe INTaMITyeMOTO H3JCIHsi M HE MOXKET BBIIEPKUBAThH
BO3HHUKAIOIIMX B XOJ€ TMpollecca BHYTPEHHUX pPaTHalIbHBIX
JaBJICHUM.

BeraBku MaTpull Ui BBIIABIMBAHUS Pa3feisioT OOBIYHO IO
ropusoHTanu (cM. puc. 32, r-¢).

Jns Toro 4YroObl WMCKIIOYHTH 3aTEKaHWE MeTajula B IIEJb
MEXy BCTaBKaMH, Pa3beM PEKOMEHYETCsI AeTaTh HECKOIBKO BBIIIE
YCIIOBHOW BEpXHEH TrpaHuilel odara aepopmanuu. B Hamboiee

CIOXHBIX CIy4asx, IpU SIPKO BBIPAKECHHON HEPABHOMEPHOCTH
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pacnpenenenrs BHYTPEHHHUX paJuaibHBIX JaBICHUN BIOJb CTEHKU

MaTPHIIBI 110 BBICOTE, PA3IENSIOT TAKKE U Gannaxu (cM. puc. 32, ).
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Pucynok 32 — BapuaHThl KOHCTPYKTMBHOTO HWCIIOJHEHHS M CXEMa
cOOpPKH MaTpPHII JJISl OCaIKH, BEICATIKH U BBIJABIUBAHUS

[Ipu ucmonb30BaHUM BCTaBOK M3 TBEPAOTO CIJIaBa MX B pAIeE
CIy4aeB 3alpeccoBBHIBAIOT B OaHJaX B TOHKOW KOHHMYECKOM
3aKaJICHHOM cTanbHOM 000iiMe (cM. puc. 32, e).

CxaTtve CTHIKOB TIPH TOPH3OHTAIHPHOM WICHCHUH PadOdmX
BCTABOK OCYIIIECTBIISIETCSI TIPH MX 3alPECCOBKE C MOMOIIBIO TalKH,
KOTOpasi 3aBOPAYMBACTCS TIPU TMPEABAPUTEIBHO CHKATHIX BCTaBKax.
Cxema ¥ opsiIoK COOPKU MaTpUIl TOKa3aHbl HA pUc. 32, K-U.

Kopnyc 1 wmaTpuibl ycTaHaBIMBaeTCs Ha MOAKIAIKY 2 C
MWIMHIPUYECKUM yriayOneHuem B 1eHTpe. Juamerp yrimyOneHuUs
HECKOJILKO OOJbIlle auamMeTpa TepeaHed BCTaBKA. B  mojocTh
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KOpITyca BKJIAJbIBAIOT MOCIIEI0BATEIbHO BCE HEOOXOUMbIE BCTABKU
Y oAKIanku 3, 4 U 5, 3aBUHUMBAIOT O KOHTaKTa C HUMU Taiiky 6, a
B OTBEPCTHE TalWKH BCTABJIIOT 3aKaJICHHBIA OOCK 7, Ha TOpeI|
KOTOpOro Kiajaercs noaxnanka 8. Ha ruzppaBianueckoM Ipecce C
MOMOIIBIO 00iKa 7 3alPEeCcCOBBIBAIOT B KOPITYC BCTaBKHU, MOKA TOPEI]
nepeaHel BCTaBKH 3 HE YIPETCs B THO YIIIyOJEHHs B MOJKIaIKe 2.
B sTOM nonoxxenuu, He CHUMAas AAaBJICHUs], 3aBOPAYUBAIOT TaliKy 6 10
otka3a. CoOpaHHbI TakuM o00pa3oM OJIOK IE€pPEeBOPAYMBAIOT,
YCTAQHABJIMBAIOT Ha MOJAKIAAKY 9 M OCaKMBAIOT Has3al BCTABKU U
raiiky ajs BeIOOpa 3a30poB B pe3bOe. Pa3bopka maTpuIlsl BeneTcs B
00paTHOM TOPSJIKE.

CroiikocTh ~ MaTpull  OOecleyuBaeTcss  IpeABapUTEIbHON
3alIpeccOBKON MX B OaHIaXH. 3a CYET 3TOr0 B MAaTpHIAX CO3JaeTcs
npeJBapuTeNbHas CXKMMAoLas Harpyska, HOPOTHBOJCHCTBYOIIAS
BHYTPEHHEMY pPaJUaJbHOMY JaBJIEHUIO IHpu mTamnoBke. [lo
KOJIMYECTBY  OaHTaXeW  MaTpuibl JAeISITCs Ha  OAHO- W
MHOroOaHmaxHble. llepBble  peKOMEHIyeTcs TPUMEHSTH MpH
MITAMIOBKE C BHYTPEHHHM paJdalbHBIM JIaBJICHHEM He Ooree
1600 MITa (160 krc/mm?), BTOpble - HpH IITAMIIOBKE C OOJbIIEH
BHYTpPEHHEH Harpy3koil Ha wMmarpuny. Ha mnpaktuke peako
OPUMEHSIOT OoJiee BYX OaHmaxew.

BennumHa BHYTpeHHEro pajguaibHOTO JAaBleHus Po mpu
LITAMIIOBKE MOXET ObITh NPUOIMKEHHO OIpe/eeHa CIEAYIoIUM

obpazoM:
Po=p-0s0
e p - YyAeldbHOE YCUJIME Ha IyaHCOHE TpU TMPSIMOM

BBIJIABIIMBAHUU U 3aKPHITOM KaJUOPOBAHUM WIIM HA BBITAIKHMBATENE
npu obpatHoM BeimaBnmBanmu, MIla (krc/mMm2); oso - mpemen
TeKy4ecTH IITaMITyeMoro Matepuana, MIla (xkrc/mm?).

JuameTpsl pa3pbeMOB M HATATH OaHJAXMPOBAHHBIX MAaTPHUI

A0CTATOYHO HAACKHO  OIPCACIAOTCAd C IOMOIINBKO IMPOCTHIX
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COOTHOINICHUH, MPUBEACHHBIX Ha puc. 33 U B TaOIHUIIE 8.
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Pucynok 33 — Cxembl K pacyery pa3beMOB U HATArOB
0aHIKUPOBAHHBIX MATPHI]

Tabmuma 8 — @opMynsl  pacdera pa3beMOB M HarAra
0aHIaXMPOBAHHBIX MATPHIT
KoHcTpyKkums MaTpuisl CranpHasi BCTaBKa TBepaociaBHast BCTaBKa
Dm1=(1,8+2,0)Dm Dm1=(1,9+2,0)Dm
C oganM OGanmaxom(a) DMmz=(4+6)Dm DMz=(4+6)Dm
A=(0,004+0,005)Dm; A=(0,013+0,02)Dmy
Dwm1=1,6Dm Dm1=(1,9+2,0)Dm
C nByms Oanmaxamu (0) Dm2=2,56Dm Dwmo= DMz +(10+16)*Dm
Dm3=(4+6)Dm Dm3s=(4+6)Dm
A1,,=(0,004+0,005)Dm1 A1,,=(0,013+0,02)Dmy 2

VYTrom 3ampeccoBKM H3MEHSETCS B 3aBHCUMOCTH OT JUTHHBI
BCTaBKU (cM. puc. 34). YBenuueHue yria ¢ yKOPOYEHHEM BCTaBKU

HCKIIIOYACT €€ BBIIIPECCOBKY IMPU BBITAJIKMBAHWN OTIITaMIIOBAHHOM
JACTalIn.
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Pucynok 34 — 3aBHCHMMOCTh BEJIMYUHBI yIjJla 3alPECCOBKH OT
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OTHOCHUTEIHLHOM JITMHBI pab0vrX BCTABOK MATPHIT

15 Marepuanbl AJisi HM3rOTOBJIEHHS Ppadoyux jgeraJei
IITAMIIOB

Marepuansl A7 W3TOTOBIICHHST pabOUYMX JeTajeil MITaMIoB
(yaHCOHOB, MAaTPHIl U ONPABOK) BBIOMPAIOT MCXOISI M3 YCIOBUH HX
paboThl M TEXHOJIOTUH M3roTOBIeHUs (cM. Tabmumy 9). OCHOBHBIMH
MOKa3aTesIMM  KadecTBa MarTepuasia SBIAIOTCS €ro IMPOYHOCTH,
IUIACTUYHOCTD, CTPYKTYpPa, IPOKAIMBAEMOCTbh U U3HOCOCTOMKOCTb.

Marepuan (IpyTKH, MOJIOCHL U T.J.), UAYIIUN HA U3FOTOBJICHUE
pabounx JeTtasiell Tamma, TUiaTeabHO mpoBepsiercs. K kauecTtBy
CTPYKTYpPhl ~ CTalu TPEIBABIAIOTCA OCOObIe TpeOoBaHUS, B
HEKOTOPBIX CIyYasiX MOBBHIIICHHbIE IO CPAaBHEHHUIO C TPEOOBaHHUSIMHU
COOTBETCTBYIOIIMX TOCYAapCTBEHHBIX cTaHAapToB. KapOuaHas ceTka
B CTPYKType CTaau HE JOIYCKAaeTcs, TaK KaK JeTald IITaMIIOB,
W3TOTOBJICHHBIE U3 TAKOM CTaIM, BHIXOISAT U3 CTPOsI BO BpeMs pabOThI
IpU NepBbIX ke ynapax. KapOuaHas HEOAHOPOJHOCTh CTANIN JIOJIKHA
ObITH HE Oosiee 3-To Oasa - JyIsi MyaHCOHOB M He Oosiee 4-ro Oaa -
Juid Matpuil. M3710M cTaim B COCTOSHUM TMOCTaBKU JIOJIKEH OBITh
OJTHOPOJHBIM U MEJIKO3EpHUCTHIM. B u310Me He JO0KHO OBITh
MYCTOT, My3bIpei MIJTAKOBBIX BKIIOYEHUH, TIOCTOPOHHUX MPOCIOEK U
OJ1ecTOK.

Crasib He0OXOAUMOTO KayecTBa MO MUKPO- U MAaKPOCTPYKTYype
oTOupaercs IMmyTeM pa30pakoOBKM MPYTKOB MM IOCTABISETCA IO
CHelHaTbHOMY 3aKa3y, B KOTOPOM YyKa3bIBalOTCS HEOOXOAUMBIE
TpeboBaHus. B ciaydae oTcyTcTBUS CcTanM HEOOXOAMMOTO KayecTBa
no KapOWJHON HEOIHOPOJHOCTH JUIs YMEHBIICHHUs MOCIEeTHEeH 0
TpeOyemoro Gaiijia 3aroTOBKY MOABEPraloT MpokoBke. [IpokoBBIBaThH
3aroTOBKM, JJUMHA KOTOpPBIX BJABOE OoJibllle JuUaMeTpa, He
PEKOMEHIYeTCS.
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Tabmmma 9 — IlpuMeHEHHE IMTAaMITOBBIX CTaleH IS pasIdIHBIX
TEXHOJIOTHUYCECKUX OTEepaIfii X0JI0JHOW 00BEMHOH MTAMIIOBKH

Ycnosus
HanmenoBanne pabodnx paoTe - Teeprocts nocne
. YAEIBHOE Mapka TEPMOOOPabOTKH,
JICTAIICH IITAMITOB ycmme, MIla cTamn HRC
(xrc/Mmm2)
X6BD,
X121,
X12M
P18 58-60 (myaHCOHBI 1
(myaHCOHBI),
[TyaHcoHBI, MaTpUIIBI 1 P6MS BBITAJIKUBATEIS ),
BBITAJIKUBATENHU JUIS 1500 (150) ’ 56-65 (marpuibl)
X121,
MPSIMOTO BBIIABJIMBAHUS 1800 (180) X19M 61-63 (myaHCOHBI),
U pelyLIUpOBaHUS ’ 56-58 (Marpuibl 1
X6B®D
BBITAJIKABATEIIH)
(TryaHCOHHI,
MaTpHLBL,
BBITAJKHBAT
eJH)
[TyaHCOHBI, MATPHLBI K
gLITaJIKHBaTeJTTrI)/I IS 1500-1800 X6BO, 58-61 (myaHCOHEI
MPSIMOTO ¥ 00PaTHOTO (150-180) X1201, BLITA/IKHBATEIIH),
X12M 56-58 (marpuibl)
BbIJIABJIMBAHUSI
OnpaBKH IIyaHCOHOB
JUTSL TIPSIMOTO 1800-2000 X12d1, 58-60
BBIJIABJIMBAHUSI MOJIBIX (180-200) X12M '
JleTanen
X121,
TToaxnagku - X12M, 58-60
1IX12

bannaxu BHyTpeHHUE ) IX1s, 50-52

(IpOMEXYTOUHBIE) 5XHB
30XTCA,

Bannaxu HapyKHbIE - 3SXICA 38-42
4X5MOC, 48-50
40XCMD

1500-1800 X6BD,
(150-180) X12d1, 59-60 (myaHcoHbI),
ITyaHCOHBI U MaTPHIIbI 1500 (150), X12M 57-58 (marpuisl)
JUTSA BBICAIIKU JIaMeTp Y10, V11, 59-60 (myaHcoHBI),
HHCTPYMEHTA V12, X, 57-58 (matpmubr)
(MaTpuIr) 11X, IIX15
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| 25-40mMm | |

Jns  monydeHMss  CcTalyd  XOpOWIEd  CTPYKTYpBI,  C
MEJIKOPa3apo0ICHHBIMH, PaBHOMEpPHO pacipeneeHHbIMU
KapOuJaMu KOBKa JIOJDKHA IPOM3BOJIUTHCA ITyTEM MHOTOKPATHOM
(IBYX- ¥ TPEXKPaTHOM) BBITSKKU.

Cramu P18 u P6MS5 moryT ObITh 3aMEHEHBI 0OJiee JCIIECBBIMH
KOMILIEKCHO-JIETUPOBAaHHbIMU cTayisiMu  Mmapok  [AWU37, HUS7 u
OI1761. Xumudeckuii cocTaB 3THX cTajei npuBeseH B Tadbauie 10.

Tabmuma 10 — Xumudecknit COCTaB KOMILIEKCHO-JTETHPOBAHHBIX
WHCTPYMEHTAIbHBIX cTaseH, %

Mapka C Si Mn Cr Mo w \%
cranu

JAn37 1.08 1,63 0,3-0,47 3,7-4,15 0,4-0,42 2-2,14 2,63 -

JAu57 | 0.96-0,98 | 3,34-3,35 | 0,38-0,4 | 4,2-425 | 0,98-1,1 2.3 2,7

DI1761 | 0.81-0,87 | 1,54-1,98 | 0,31-0,34 | 4,45-48 | 0,85-1,1 1,86- 1,7 -

1,88 18

14-

1.7

Bce koMIekcHO-IerupoBaHHbIE CTaJId MPOXOIAT 3aKaJKy C
tpex- (JANS7, OI1761) m derbipexkpaTHbIM oTiyckoM. [Ipu 3TOoM
BEIIMYMHA 3€pHA ayCTeHUTAa He JoJbkHa mnpesbimath 11(10) 6amos.
Tsepaocts obecneunBaetcs B npeaenax HRC 60-63.

Cranp JIN37 pexomeHayercs sl W3TOTOBIEHHS paboyero
MHCTPYMEHTA, IPUMEHSIEMOI0 IIPH NPSMOM BBIJaBIMBAHHUH, BBITSKKE
C YTOHEHHMEM U KaJIMOpOBaHUM, pACCUMTAHHOTO Ha paboune Harpys3Ku
1o 1700 MIla, a Taxxe mMyaHCOHOB JIsl 3aKPBITOM OCAJIKU 3aTOTOBOK
¢ ynenbHbiM ycuinem a0 2000 MIla. U3 craneit mapox [ANS7 u
OII761 pexkoMeHayeTcs W3rOoTaBIMBaTh ITyaHCOHBI BCEX BHJIOB,
paboTaromiye npu yaenbHbIx yeunusax 10 2200 MlTa.

Cnenyer ormetrutb, uro ctanu JAM37, ANS7 u DI1761 uz-3a
OTCYTCTBHSI HAJIUIIAHUS CTPYKKH 00pabaThIBAIOTCS pe3aHrEeM JIyYllIe,
yeM ctannb PEMS.

[Ipu mMaccoBOM M KpYNHOCEPUMHOM IPOU3BOJACTBE padouue

NEeTanyd  ILITAMIIOB  JUIA  XOJIOOHOM  OOBEMHOM  IIITAMIIOBKU
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1eaecoo0pa3Ho u3roraBimuBaTh W3 TBepAbiX cruiaBoB (I'OCT 3882-
74).

Ha ocHoBaHuu ombITa B3KCIUTyaTallud TBEPbIX CIIJIABOB
OPUEHTHPOBOYHO  ONpEAETCHB  CIEAyIomme  objacth  uXx
IIPUMEHEHHUS:

BK20 - mrammoBka, Bbicagka M OOpe3Ka YIIepOTUCTBIX H
Ka4eCTBEHHBIX CTaJIel MPH yIapHbIX Harpy3Kax;

BK25 - mrammnoBka, Bbicagka W oOpe3Ka YriIepOaUCThIX MU
Ka4eCTBEHHBIX CTaJIC NIPU yJapHBIX Harpy3kax CpeiiHed U BBICOKOM
MHTEHCUBHOCTH;

BKI10KC - mTammoBka # BbICaJIKa JICTUPOBAHHBIX U
CHELMAJBHBIX  CTAJIEd IpU  yAAPHBIX  HArpy3kax  MaJloi
UHTEHCUBHOCTH;

BK20KC - mrrammnoBka, Bbicajika U 0Ope3ka JETUPOBAHHBIX U
CHeLMalbHbIX CTalell U CIJIABOB NPH YIAPHBIX Harpys3kax cpeaHei
MHTEHCUBHOCTH;

BK20K - mramMmoBka M BbICaJKa  YIJIEPOJUCTHIX,
JETUPOBAHHBIX M  CHEUMANBHBIX CTaled mnpu OOBIYHOH U
MOBBILICHHON TeMIepaTypax W NpPU yJapHBIX Harpy3kax BBICOKOH
MHTCHCUBHOCTH.

s MHCTPYMEHTA XOJIOJTHOTO BBI/IaBJIMBAHUS
(MpeuMyIIeCTBEHHO MaTpHIl) peKOMEHAYI0TCs ciuiaBbl Mapok BK20,
BK10KC u BK20KC.

banjaxu ams 3anpeccoBKU TBEPJOCIIIIaBHBIX pab04YMX BCTaBOK
MaTpull cieayeT usroraBiauBaTh U3 craned mapok 30XI'CA n
35XI'CA (HRC 38-42). 3arotoBku 3TuX OaHIaxeil peKOMEeHIyeTcs
IIPOKOBBIBaTh II0 CXEME C COXPAHEHMEM HCXOJHOTO IPOJIOJIBHOTO
pacnionoxeHus ux ocu. KoBka 3akitoyaercs B TPEXKpaTHOM Ocajke ¢
MOCHEAYIOIUMH BBITSKKaMU M YETBEPTON OCaJKe 10 3a/JaHHOTO
pasmepa. Temneparypa Hadana koBku 950°C, okonuanus 820-840°C.

[Tocne 3ampeccoBKM TBEPAOCIUIABHBIX BCTABOK MAaTpPHUILIbI
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JIOJDKHBI POUTH OTITYCK B Macie npu 160-180°C B Teuenue 2,5-3 4
JUTSL CHATHS OCTaTOYHBIX HAIPSKEHUH.

16 CroiikocTh HHCTPYMEHTA U NIYTH €€ MOBbIIIEHHUS

CTOMKOCTh MITaMIOBOTO HWHCTPYMEHTa OOYCJOBJEHA €ro
paroHaIbHONW KOHCTPYKIIUEH, MPaBUIBHBIM TTOJJOOPOM IITAMITOBBIX
MaTepHajoB, >XECTKUM COOJIOJICHUEM TEXHOJOIMH HW3TOTOBICHHMS,
THIATENFHBIM OTXKHUTOM U (hochaTUpOBaHUEM HCXOIHOTO MarepHala
U T.JI.

B Tabmume 11 npuBenensl omnbiTHhIE aaHHbIe KamA3a mo
CTOMKOCTH paboumx JeTajeil ITamIloB IJIsi XOJOAHON OO0bEeMHOMN
mraMrnoBkd. OHU MOJTy4YeHbl Ha OCHOBAHWM aHAJIM3a PE3YJbTaTOB
AKCIUTyaTalluu CTaJIbHOTO MHCTPYMEHTA: MyaHCOHBI u
BbITaNIKUBatenu - u3 cranu P6MS (HRC 60-63), BcTaBku MaTpuil - U3
cramu X12M (HRC 58-60).

3HAYUTENBHO MOBBICUTh CTOMKOCTh IITAMIIOBOTO MHCTPYMEHTA
MO’KHO 32 CUET MPUMEHEHUS TBEP/IbIX CIJIaBOB.

Cy1iecTBYIOT Ue€ThIpE OCHOBHBIX CiIydas I€JIecO00pa3HOro
MCIIOJIb30BaHUs TBEPIOCIUIABHOT'O IIITAMIIOBOTO MHCTPYMEHTA!

1) mpu GOMBIIMX TMAPTUAX M3ICIHUi, KOTJa BBICOKAS CTOMMOCTh
TBEPAOIO CIUIaBA OKYIAETCS €ro NMPOYHOCTBIO M CONPOTHBIIEHHEM
U3HOCY;

2) MpH OTHOIICHHUH JJTUHBI ITyaHCOHA K TuaMeTpy Oombiie 4:1-
3a cueT OOJbIIeH >KECTKOCTH TBEpPJOro CIIaBa MO CPaBHEHUIO C
WHCTPYMEHTAJILHON CTalbio (B 2,5 paza);

3) npu Harpy3kax Ha IyaHCOH, MPEBOCXOJSAIIMX CKHMAIOIIHC
HaIpsKEHUs, JOIMYCKaeMble JUIsl HHCTPYMEHTAJIbHBIX CTaJeH;

4) mp¥  TOBBIIIEHHOM W3HOCE CTaJbHBIX MATPHUI]  JUIS
pPeAYUHUPOBAHUSA, BBITSHKKM C YTOHEHHWEM, BBICAAKA W TIPSIMOTO

BbIIABJIIMBAHUSL.
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Tabmuma 11 — CTOHKOCTH CTaIBHOTO MITAMIIOBOTO HHCTPYMEHTA TPHU
XOJIOJTHOM 00BEMHOM IITaMIOBKE (PACOHHBIX CTAIBHBIX JIeTaIeh

CTOHKOCTb,
HaumenoBaHue HHCTpyMEHTa TBIC. LIT. IIpumeuanue
neTalnen
1 2 3
OTpe3HbIe MAaTPHIEI MTaMIIA IS OTPE3KU 100
3arOTOBOK MIIM COOTBETCTBYIOIICH TO3UIIUHI
aBTOMAaTa 25-30
[TyaHCOHBI IUIS 3aKPBITON OCaJKH 25-50
(xammOpOBaHMs) 3aTOTOBOK
ITyaHcoHBI co chepuieckoit paboueii Jns mramnoBku
MOBEPXHOCTHIO JIJIs BBIIABIMBAHUS BHYTPECHHEH 5-25 cyxapeit u
cthepbl B KOJIBIEBBIX 3ar0TOBKAX BKJIQIBIIICH
ITyaHCOHBI 111 OOpaTHOTO BBLAABIMBAHUSA 15-20 LIapOBBIX NAJIBLIEB
CTOHKOCTh B
25 3aBHCHMOCTH OT
IIyarcoHbI 1 IPOOUBKH 25-50 MapKH
LITaMITyeMO
[TyaHCOHBI TS IPSIMOTO BHITABITHBAHUS 10-20 CTaJN U CTEIIEHU
Martpuibl [Tt 3aKpBITOH OCAIKH nedopManuu
(xammOpOBaHMUs) 3arOTOBOK 15-20
MartpHiibl st IPSIMOTO BbIIABIMBAHUS
MaTpuiibl 17151 BBITSDKKHA C YTOHEHHEM 20-25
Martpuups! 1t 00paTHOTO BBIJABINBAHUS 25
MartpHuiibl ¢ HErTyOOKHMH CTYIIEHYATBIMU
penbedamu
25
BrITankuBateny CIUTOIIHBIE 5-10
BrrTankuBaTtenu TpyouaTeie 50
IlyaHCOHBI [T BBICAIKHU (PIIaHIICB 15-50 Jns mramMmnoBku

Matpwuripl 11 IpOOHBKU

JeTajJeH THIa
Tapesku MPYKUH
KJIanaHa

Taxk, 3amena cranu X12M, u3, KOTOpOW M3rOTOBJIEHA pabodas

BCTAaBKa MaTPHIIBI IS BBITSDKKM C yTOHEeHHeM, cruiaBom BKI15 mpu

mTamMnoBke Todkarens kianaHa KamA3a (cm. puc. 20, mos. 5)

MO3BOJIMJIA MOBBICUTH CTOMKOCTH MaTpuubl ¢ 15-25 no 85-100 ThIc.

neraneil. [1o nocT>keHUM yKa3aHHOIO 3HA4EHUs! CTOUKOCTH MATPUILLY
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NOJBEPratoT IEPENoJUPOBKE M CHOBA YCTAHABIMBAIOT B INTaMII.
Takum o6pa3om ee 0011asi CTOMKOCTh JOCTUTAET 1 MJTH. eTajei.
[TyaHcoHBbI a1 00paTHOrO BBIJABIMBAHUS U3 TBEPAOIO CIUIABA
tuna BK20 npumenstorcs Ha BA3e npu M3roToBIEHUH MOPIIHEBBIX
nanblieB. Ux croiikocts nocturaet 300 Thic. neTanei.
OO60011IeHHbIE CBEACHUSI O CTOMKOCTH (B THIC. IIT. JETaJieil)
TBEPJOCIUIABHOIO MHCTPYMEHTA [yl XOJOJHOI'O BBIIABIMBAHUSA 110

3apyOeKHBIM JTAHHBIM IPUBEICHBI HUXKE:
OO6parHoe BbIIaBIMBAHUE:

11312 (610) < SRR 250-1000
MATPHIIA +eenevreenvreenireesnneesseeesneeesnnees oes 500-5000
IIpsiMoe BbIIaBIMBaHUE:

108713 (610) < ST PR PRI 1000-10000
LY =100 711 R 500-1000

Jlns TIOBBIICHHS CTOMKOCTH HWHCTPYMEHTa TPH Pa3IM4HBIX
MeTo/1aXx 00pabOTKH MaTepHajIoB MIMPOKO MCIOIb3YEeTCS HAaHECCHUE
MHOTOCJIOHBIX TOKPBITHH Ha pabodyr0 MOBEPXHOCTh MHCTPYMEHTA
B kauectBe mpumepa pacCMOTPUM HaHECEHHE MHOTOCIOWHOTO
HOKPBITUS Ha paboune 3meMeHTh! mTamnoB g XOLLL

[Tepen HaHeceHHEM MHOIOCIOMHOTO MOKPBITHS Ha pPaboOvyIo
MOBEPXHOCTh MHCTPYMEHTA, €€ MPEJBAPUTEIbHO HACBHIIIAIOT a30TOM
Ha r1youny 30-40 MKM, 4TO crOCOOCTBYET KOMIIEHCALIMM PA3HUILIBI
TETUI0 — (PU3UKO — MEXAHWYECKHX CBOMCTB MaTEPHUAIOB MOKPHITHS
U HHCTpyMeHTa. Ha a30THpOBaHHYIO IOBEPXHOCTh HAHOCAT
4yepeyIoIIuecs MEKIY coboit IPOMEKYTOUHBIE u
KOMITCHCAIIHOHHbIE CJIOH. Teeproctsb HOCIEAYIOIETO
IIPOMEKYTOYHOTO CJIOS BBIIIE TPEAbLAYILETO.

[TpomMexyTouHBIE CIIOM CITy)KaT JUIsl TUIAaBHOTO W3MEHEHHS
TBEPJIOCTH OT TOMJIOXKKH K IOBEPXHOCTH IMOKPHITHS, TEM CaMbIM
YBEIMYMBAs yIApHYIO BS3KOCTh, a KOMIICHCAI[MOHHBIC CIIOM,
COCTOAIINE M3 YUCTOrO TUTaHA W/MIM XPOMa, OCYLIECTBISIOT CBS3H

MCKAY CIIOsIMU. ITocne KaXXJ10ro HaHCCCHHOI'O CJIOA IIPOU3BOIAT
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WOHHOE  monupoBaHue. [locienHuil  MOBEPXHOCTHBIM  CJIOM
BBIMOJHAIOT M3 IJIACTUYHOTO MaTepuana, KOTOPBIA CIYKUT JUIst
npupaboTKH M "3ajeunBaHUsA" MUKPOTPEIIMH U3HOCOCTOMKOTO CJIOSI
nokpbeITUs. Takas 0OpaboTKa MO3BOJIAET MOBBICUTH Paboumii pecypc
WHCTPYMEHTA, Pa0OTAOMIETO MPH THHAMUYECKIX HArpy3Kax.

17 MonesupoBanue  THIIOBOIO  IpoLecca  XOJIOAHOM
o0bemHoii mrammnoBkun B QFORM

Hwxke mnpencraBieH mpuMep MOJCIHPOBAHUS  OJIHOTO
TUIIOBOTO TIEpeX0jia IMpolecca XOJ0AHOH O00BEMHOU INTAaMIIOBKH B
nmporpaMMHOM Komruiekce QForm.

[TocmenoBaTeIbHOCTh BHITIOTHEHHSI MOJICIIMPOBAHHUS

1. 3amycture QFoOrm.

2. Coznaiite HOBYIO orepaiuio (puc. 35).

fal | & Co313Th HOBYHO ONEPALINID =ifff———
£l
Onepauum

Pucynoxk 35 — Coznanue HOBOH ornepanuu

3. Bo Bkmaake «IIpomecc» (puc. 36) BbIOepHTE
«Tun npouecca» - «ledopmarusy, «Tun 3agaun» -
«2D ocecummerpuuHasy. Haxxmute «Bnepemy.

[00 vvvvv ] ¢a Hazag [ = Bnepea ][ +f Toroso ]

F! Hassarne

]

Feomerpis
Tun npouecca
| © depopmauna
Mapamerpsi [7]C yuetom ynpyro-nnactueckin Aed-Lui
serereern [7]C y+eTom Tennossi npoueccos
:J,‘ (©) Oxnaxaerue/Harpes

Mapamerper Tepuo-ynpyro-nnacTA-eckan 334343
UHCTpyMEHTa ET
Ornyck
© Packatka koney
Tun sagauu
©31
)2 ocecuumieTpitan  l—

2D nnocka

Tpannneie
yenosus

Pucynok 36 — Oxno nanenu IIpomecc
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4. Bo Brmanke «['eomerpus» (puc. 37) IIETKHHUTE
«3arpy3uth» U3 ¢ainaa U yKaxuTe myTh K (aitry reomerpun. Daitib
TCOMETPHH JIOJDKHBI OBITH MOATOTOBJICHBI 3apaHee B 000l CAD-
CUCTEeMe, U ¢ TIoMOIIbIo mporpamMmMbl QDraft pacnpenenensr KoHTypa
3arOTOBKM W HMHCTPYMEHTOB II0 CJIOSM C TIPHUCBOCHUEM UM
craHaapTHbIX UMeH. Haxwmure «Bnepeny.

R

Mpouecc

Hoean onepauma

[@O‘ruena” 4= Hasan ” = Brepea ”eruao]

&

TeomeTpna

3arpyauTh u3 haiing -lff—

Hacnegorate us npegeigyuiei onepaymm

BEQ,ETI: NACCKOCTH CHMMETOUH

el Ocu
Mapamerpbi [oEMUMCHNPOBAHWE. .,
33roToBKM
| B O6bekTsl
%j [W)3aroToeka belt_opl
Mapametpol @MHUP}{MEHTI belt_opl
e @MHUP}{MEHTZ bolt_opl

Ycnoewa Ceomcrea
OCTAHOBKW
Pucynox 37 — Bxuazika ['eomerpust

6. Bo Brmagke «llapamerpsi 3arotoBku» (puc. 38)
HEOOXOMMO  3aJaTh MaTepuall MW TEMIEpaTypy 3aroTOBKH.
[[lenkauTe HanpotuB «Matepuan» [BeiOpars... ]

Hoean onepaumsa

I'Ipéo;s?ecc ’ ) Ommena ” 4= Hazag ” = Brepen ” #OK ]
MapameTpei 3aroTo0EKM
% Marepuan BriBpath... iff—
Mopolwkossiil mMatepuan
leomeTpua MukpocTpykrypa
Temnepatypa [*C] 20

MapameTpel
3aroToBKM

W

MapameTpbl
MHETRYMEHTE

Hakonnennan crenens ged-uum | 0
Kozd. usmenennn obeema 1

TpeHne Mex gy 3aroTosKamm BriBpath...

Pucynok 38 — [TapameTpsl 3aroTOBKH
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B otkpeiBiiemMcst okHe 0a3bl TaHHBIX BbIOEpHUTE MaTepuan u
HIENKHUTE TI0 HEMY JBa pa3a, MOCje 3TOro MaTepuas MOSBUTCS BO
BKIajKe «llapameTphl 3aroTOBKU».

3apmaiite Temneparypy 3arotoBku. Haxxmure «Brepeny.

7. Bo Bxianke «llapaMeTpbl HHCTpyMEHTa» HEOOXOIUMO
BBIOpAaTh THUIl TMPUBOJAA, TEMIIEPATypy M CMa3Ky JUIsl Kaxioro
uHCTpyMeHTa. CTOUT OOpaTuTh BHMMAHHUE, YTO B ITOM IMpUMEpe
«HMncmpymenm 1y - BepXHUH WHCTPYMEHT, a «MHcmpymenm 2» -
HUKHUM HHCTPYMEHT.

Hanportus «/Ipusoo-Uncmpymenm 1» naxxmure [Boiopats...].
Ecnmu HeoOXommMo co3maTh HOBOE OOOpYJOBaHUE, HAXKMUTE
«Co3matp» U 3ajaiiTe mapameTpbl 000pyJOBaHMs, KaK [TOKa3aHO Ha
pucynke 39, Haxmure «COXpaHUTh Kak..» WU 3afaiiTe uUMs I
HOBOTO 00OpymoBanus, Hanpumep, bolt_0.8MN.

n OBopyaceanne @
% HazHaunte & () Co3aats nank A Coxparute  [ll CoXpaHWTh KakK... K Yaanue

11 Henoanioiee npusoas!  [Tam npuzoaa | Ceoficea |
=1 [ ®aiin npoekra

Mexanuueckunii npecc VI
B bokt_0.8MN B ol I

i - E— Hanpaenenme gsnsenna
+- [ CrangaptHele |CI ||0 ||'1 |
0A0B B MUHYTY

200 oB/muH

BricoTa xoaa
200 MM
OTHOLLIEHME PaaMYC KPMBOLLMNA / ANIMHA LLATYHA

013

Kommedtapuii

Pucynok 39 — Ilapamerps! nuacTpy™MeHTa 1

«IHCTpYMEHT 2» - HENOJBIKHBIA, W OH JICHCTBYEeT B
HanpaBienun ocu  OZ. HanporuB «lIpuBoa-UHCTpy™MEHT 2)
HaxMuTe [BpiOparb...], B OKHe 0a3pl JaHHBIX OOOPYIOBAHHSI
BoIOepuTe «HemoaprmkHbie puBoIbI\+OZ)» U IEIKHUTE TI0 HEMY J1Ba
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pasa, BBIOpAHHBII MIPUBOJL MOSIBUTCSI HAIpOTHUB
«[IpuBoa-UHCcTpyMEHT 2.
Hanee wHampotuB «Cwma3ka» Haxmute [BbpiOpats...] u

JIBOMHBIM MIEYKOM 3ajaaiite. CMa3zka mosiBUTCA B MyHKTe «CMaszka
Cpa3y HaIPOTHUB BCEX UHCTPYMEHTOB.

Hampotus «Matepuan» Haxwmute [BboiOparh...] U JTBOWHBIM
IICIYKOM  33JlaiiTe MaTepuall. Takke HEoO0XOIUMO Ha3HAYUTh
temrepatypy UucrpymenTos 1, 2 - 20 rpagycoB. B mynkre «CBectn
B KOHTaKkT» BeIOpaTh «C oTBogoM Hazaa» (Pucynox 40). Haxmure

«Bnepen».
Hoean onepaumus
I'I& [ QOTMEHa ” = Hazap ” = Brnepen ” a{f’romao
poLecc
lNapameTpel MHCTpYMEHTOB
[_.l = Mpueca =
L8 Wretpyment1 bolt 0.8MN
leomeTpra Wrcrpyment 2 Loz
. = Cmaska Celd ferging' Steels\Graphite + water
u WHetpyment 1 Cold forging'Steels\ Graphite + water
Mapamerpe WHeTpyment 2 Cold forging'Steels\Graphite + water

33roTOBKMN B Marepuan K2MD

f WHcTpyment 1 A 2MD

WHeTpymenT 2 KL2M®

MapameTpsi ALV
WHCTRYMEHTE = Temnepatypa [C] 20
Wrerpyment1 20
qg; WHcTpyment 2 20

Ycnoewna
OCTaHOBKM

—~
oL
[paHuuHelE
YCNOBWA

MapameTpel
pac4eTa

J
J
J

=+ CeecTu B KOHTAKT
Wretpyment1

WHcTpymenT 2

TpeHWE MEXTY MHCTPYMEHTAMM

=+ CoBmectHan gedopmauun
HcTpyment 1
HcTpymenT 2

= TennooBmer c 3aroToexoi

WHcTpyment 1

€ OTECAOM Hazajg
C OTECAOM HA33j]
C OTECAOM Ha3ag

[BeiBpate...]
]
]
]
Mpoctoi

MpocToi

4

-

-

-

WHcTpymenT 2 MpocToi -

Pucynok 40 — [TapameTpbl HHCTpYMEHTa — MaTepHall HHCTPYMEHTA

8. Bo Briaake «YcI0BUA OCTAHOBKW» HEOOXOIMMO 3a1aThb
Haxmute
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«/lo6aBuTh ycioBue».

HampotuB «YcnoBue 1» BbiOepute «PaccrosHue». Ilocie
9TOr0 yKaXKUT€ 3HAYEHHE KOHEUYHOTO pacCTOsHUS (MM), BbIOepuTe
WHCTPYMEHTBI, MEXIY KOTOPBIMH OHO 3a/Ia€TCi U TOYKY MEXKIY
TUMU UHCTpyMeHTamu. Haxxmure «Bnepen»

9. Bo Bkmagke «I'paHWYHBIC YCIOBHS» BCE OCTaercss 0Oe3
n3MeHeHui. Haxxmurte «Briepeny.

10. Bo Bkiagke «Ygmapel» Bce OCTaeTcsi 0€3 HM3MEHEHUH.
Haxxmure «Bnepeny.

11. Bo Bkuaake «Ilapamerpsl npouecca» Bce ocraercs 0e3
n3MeHeHui. Haxxmure «I'0TOBOY.

Haxmute Ha kHOmnky «Pacuer» @ A Tporpamma
MPEMJIOKUT COXPAHUTh MPOEKT. 3aJaiTe UMs MPOEKTAa U HAKMHUTE
OK. Ilocne 3Toro HauHeTCs pacyer.

12. Tlocne toro kak pacueT OyAeT 3aBeplleH, BO BKIIAIKE
«Onepanuu» Bbiaenute Omnepauuto 1. Jlng  co3maHus  BTOpOro
nepexona LEnouykn Haxmure «Co3aaTh NPOJOIKEHUE ONepaum
(puc. 41).

I_,_-_,CD;@,ETI: HOEYH) OOepaLi

[B] Onepawma 1 [0]
Mpouecc
[—? Jepeso onepaumii
lecmeTpua EOWMCTEA
Caenarte aKTWBHONR
st
Mapamerpsi Coz03TE NPOACIKEHHME COEPALMM
33roToBKM Co3aaTh KOOWHD
q-"j CoxpannTe oNepaumto B oTAENLHBIA ain
Mapametpel ¥aanute
MHETPYMEHT

Pucynox 41 — Co3nanue npoa0bKeHSI OTIepariii

13. BbINOJIHUTH 1O aHAJIOTUU MYHKTHI 1-12 117151 BTOporo nepexona.
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14. IIpocMOTp pe3yabTaTOB MOCIIE 3aBEPILICHUS MOJAEITUPOBAHUS.

B QForm wunTepdelicHas 9acTh M pacyeTHOE SAPO IMOJHOCTHIO
paszeneHsl UM pabOTalOT HE3aBUCHUMO, MO3TOMY IPOCMOTP BCEX
pe3yJIbTaTOB MOJEIUPOBAHUSA BO3MOJKEH Kak B IIPOLIECCE pacyera,
TaK ¥ MOCJIe ero OCTAaHOBKHU. B mporpamme umeeTcs: mupokuii Habop
MHCTPYMEHTOB JJIsi YIPaBIIEHUS OTOOpa)X€HHEM OOBEKTOB, BBIBOJA

pacyeTHBIX IIOJIEH, TpadMKOB M TPACCHUPOBOYHOM HWH(MOpMAIUn

@leddin ey X KIDGCEARES RS
aromvis1d 35 i 1
z ] [ i

¥ Tpagwon
[ actsnrs tpsgme cacea] Horyc e

-+

Pucynok 42 — IHCTpyMEHTHI 715l IPOCMOTPA M aHAIIN3a PE3yJIbTaTOB
MO/JICITUPOBAHHUS

WHcTpyMeHTBI UIsi TPOCMOTpa W aHaIM3a Pe3ylIbTaToOB
MonenupoBanuss B QForm MOXHO pa3ienuTh Ha CIHEAYIOLIHe
TPYIIIbL:

- OroOpaxxeHne OOBEKTOB. YTpaBICHHE OTOOpPaKECHUEM
OOBEKTOB  OCYIIECTBISIETCSI C  TOMOIIBIO  KHOMOK [lanenwm
WHCTPYMEHTOB.

- BriBog pacuerHbix Tmoned. WHCTpYMEHTHI YIIpaBJICHUS
BBIBOJIOM TIOJIEH pAacmoJIOKEHbI B TPAaBOM YacTW TJIABHOTO OKHA
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nporpammel. PacyeTHble MOJsl pa3/ieaeHbl Ha YEThIpE IPYIIIbL: MO
3aroTOBKH, MOJISI MHCTPYMEHTA, OOIIUE MO U MOJS B TPACCUPYEMBIX
toukax. C mnomomp HHCTpyMEHTOB [laHenu IIkaibl MOKHO
U3MEHATh CIOCO0 OTOOpakeHWsl TOJeH W MEHATh Juana3oH
3HA4YCHUM.

- Ceuenus u usmepenus. OkHo CedeHne OTKPbIBAETCS KHOIIKOM
«Ioka3zarh cedyeHHe IUIOCKOCTBbIO», paclojokeHHOW Ha I[lanenmn
UHCTpyMeHTOB. HeoOxonumoe ceueHHe co3laeTcsi MepeMenieHrueM
CUHEH JIMHUU C TIOMOLIbIO0 MbIIIH. Takxke MOXHO IBOWHBIM LIEITYKOM
yKa3aTh 3JIEMEHT Ha IOBEPXHOCTU OOBEKTA, B 3TOM CIIyyae CEUYEHHUE
IPOMIET uepe3 yKa3aHHYIO IpaHb, I10CJIE€ 3TOr0 HEOOXOAUMO 3a1aTh
BEJIMYMHY CMEIIECHUs CEUYEHUs B HAIpaBJIEHUH, MEPIEHIUKYISIPHOM
IUIOCKOCTH ceueHus. OKHO u3MepeHus: OOBEKTOB OTKpPBIBACTCS
KHONKOU «M3mepute», pacnosioxkeHHoW Ha [laHenu MHCTPYMEHTOB.
B03M0OXHO u3MepeHHe pacCTOSTHUM MEXAYy ABYMsI MPOU3BOJIbHBIMHU
TOYKaMHM B IIPOCTPAHCTBE, & TAKKE — B CEUCHUU.

- BwiBon rpadukoB. OkHO BbIBOJA TPadUKOB OTKPHIBACTCS
kHonkoi ['paduku, pacrnonoxenHod Ha IlaHenn HHCTPYMEHTOB.
Bo3mokeH BbIBOJ TpadMKOB SHEPrOCHIOBBIX U KHHEMAaTHYECKUX
XapaKTEpUCTHUK MHCTPYMEHTOB, a TAK)K€ — PACUETHBIX 3HAYEHUH B
TPaCCUPYEMbIX  TOYKaX. OKCHOPT  JaHHBIX U3  TpaduKOB
ocymiecTBisieTcs B paitnibl ¢ pacmupeHusmMu *.xIsx , *.xls, *.csv.

- CoxpaHeHue aHuMauuid M uzoOpaxeHuil. lnsg coxpaHeHus
KapTUHOK M BHJIEO C pe3yJIbTaTaMU MOJIEIMPOBAHUS HEOOXOAMMO
Ha)XaTb Ha KHONKY «AHHMalus», pacrnojoxkeHHyro Ha [lanenu
IIPOUTPBIBaHUS PE3YJIbTATOB.

- OToOpakeHue TpacCUpPyeMbIX ToueK M JUHUNA. C MOMOIIBIO
UHCTPYMEHTOB  BKJaaku  «Tpaccupyemble  TOYKH,  JIUHUN,
pacnionoxeHHoW Ha IlaHenn MCXOMHBIX JAaHHBIX, MOKHO YIPAaBIATH

0TOOpaKeHHEM 0ObEKTOB TPACCUPOBKH.
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18. ITOPAIOK BBIIIOJIHEHMA PABOTEI

18.1.0cHoBHOE conepkaHue yactu 1
(ITaMItoBaHHas 3arOTOBKA)

PaccMoTpuM ero Ha mpuMepe HHCTPYMEHTA - [IeBepa .

Onpenenuth TPUITYCKH CIIEIyeT Ha Bce 0OpabaThiBaeMbIe
MOBEPXHOCTH, KPOME OTBEPCTHs, TaK KaK HX JOCTATOYHO Majo, a
OTBEPCTHUE B MPOLIECCE IIITAMIIOBKH HE (hOPMHUPYETCSI.

18.1.1. AHanu3 KOHCTPYKIIMH II€BEpa U BBIOOP CII0co0a MOTyIEeHUs
IOKOBKH

WHCTpyMEHT, TMOJUIekKAIlIUid  HM3TOTOBIICHUIO, IPEJICTaBISET
coboii meBep ¢ moxyieM m = 1,5 MM u uuciaoMm 3yoeeB z = 24. OH
UMEET CTYMNHIYy, CHMMETPUYHYIO OTHOCHUTEIBHO 3yOUaTOro BeHIa, U
[EHTPATBLHOE TJIAJIKOE OTBEPCTHE.

YcenoBaoe o6o3nauenue mo I'OCT 1643-81 7-6-6-/1.

Hlupuna 3y6uaroro Benna hl = 15h10. Inamerp mocagouHoro
otBepctus D3 = 10H6.

Marepuan neranu - cranb mapku P6MS T'OCT 19265-73.
JlanHast ctanp mojBepraeTcs B MpOIECCe M3TOTOBIEHUS MHCTPYMEHTa
TEPMOOOpaOOTKE.

VYuutbiBas CepUiHBIA  XapakTep MPOU3BOACTBA  IlEBeEpa,
UCTIONTb3YEM MTOKOBKY, MITAMITYEM YO Ha KPUBOIIUITHOM
rOpsSYEIITAMIOBOYHOM TPECCEe B OTKPHITOM ITamIe. Harpes 3aroroBok
- UHAYKUIHUOHHBIM.

Pacuer npousBoaum B cootBerctBuu ¢ [OCT 7505-89 /1/.

Jns nanpHe#e paboThl HEOOXOAMMO PACCUNUTATD CIICTYIOIITNE
pa3Mepst:

D2=(1,2.1,5)*D3=15*D3=1,5*10=15

MMDl=m*z=1,5%24=36 Mm

Da=m*(z+2)=1,5*(24+2)=39

MM

h2=1,6 *hl =1,6 * 15=24 mm

18.1.2. OIIPEAEJIEHUE MACCBI MTHCTPYMEHTA
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HEO0OXOAMMO paccUuTaTh Mo Gopmyiie:
Mu = Vu *p, rne Vi - 00beM HHCTPYMEHTA,
p = 8.2 r/em® - mIoTHOCTH cTanu P6MS.

Jlist onpenenenust oObeMa HHCTPYMEHTA €ro HYXKHO pa3OuTh Ha
OTJIeIbHBIE T€OMETPUYECKUE MPOCThie YacTu. JlJis paccMaTpuBaeMoro
mieBepa TaKUMHU dacTsMu OyayT Benen 1, crynuma 2. Cuutas o0bem
BIIQJIMHBI 3y0UaToOro BEHIA MPUMEPHO PaBHBIM 00BbEMY 3y0a, MOXKHO
OPUHITh HApYXHBIH JOuameTp BeHna D1 paBHBIM  JguameTpy
JEIUTEIHHON OKPYKHOCTH.

Toraa o0beM BeHna:

V1=[3,14* (D1%-D2%) *h1] /4 =[3,14 * (36 - 15%) * 15] / 4 =
12617,42 M.
O0beM CTyMuUILIbI ONpeeseTcs M0 3aBUCUMOCTH
V2 =[3,14 * (D2%2-D3?) * h2] / 4 = [3,14 * (15 - 10) * 24] / 4 = 2356,2
Mm3

O06bem neranu:

Vi =VI1+V2=12617,42+2356,2 = 14973 mm® = 14,973 cM®

Macca neranu:

Mn=14,973 *8,2=122r=0,122 kr

18.1.3. ONPEJAEJIEHME OPUEHTUPOBOYHOM PACUETHOU
MACCBHI
I[TOKOBKU IIEBEPA
OpUEeHTHPOBOYHYIO BEIMYMHY PACYETHOM MAacCChl TTOKOBKH
MO>KHO OTpeNeuTh 1o Gpopmye /1/
Mmp =Mna * Kp,
rne Kp - pacuernsiii koadpoumuent /1, c¢.31, tabn. 20/. [ns
ITOKOBKHM 1eBepa npuHuMaeM Kp = 1,7; torna
Munp = 0,122 * 1,7=0,2074 kr

18.1.4. HASBHAYEHUE KJIACCA TOYHOCTHU ITOKOBKI

Krnacc ToyHOCTM Ha3Ha4yaeTcsi B 3aBUCUMOCTH OT BBIOPAHHOTO
nehopMupyIOImero 0o0OpYAOBaHUS ¥ TEXHOJIOTHYECKOTO Tpolecca
MOJIy4YEeHHUsI TIOKOBKHU 1O JIaHHBIM cTaHjapTa /1/. [TokoBka, momydaemas
OTKPBITOM IITAMIIOBKOM Ha KPHUBOLIUIIHOM TIOPSYEIITAMIIOBOYHOM
npecce, COOTBETCTBYET Kiaccy TouHocT T4 /1, ¢.28, tab1.19/.

18.1.5. OIPEAEJIEHUE I'PVIIIIBI CTAJIN IIOKOBKHA
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[Ipy Ha3HAYEHWW TPYNONBl CTATH OMNPEACISIONINM SBISETCS
CpellHEee MacCOBOE COEp)KaHUE YriiepoJa M JIETHMPYIOIIUX 3JIEMEHTOB
(Si, Mn, Cr, Ni, V, W). Marepuasiom 1mieBepa SBISCTCS
ObIcTpOpeXyIIass WHCTpyMeHTalbHas ctanb PO6MS. Cormacao I'OCT
19265-73 ona conepxkut 0,84 - 0,92% yrnepona, 0,5% xkpemnus, 0,5%
mapranma, 3,8 - 4,3% xpoma, 5,7 - 6,7% Bonbdpama, 1,7 - 2,1%
Banamud, 4,8 - 5,3% monubnena, 0,4% HuUked.

Cpennssa nons yraepona cocrasisietr 0,88%, a cymmapHas 10is
JETUPYIOMIUX SJICMEHTOB:

0,5%Si + 0,5%Mn + 4,05%Cr + 6,2%W + 1,9%V + 5,05%Mo +
0,4%Ni = 18,6%
Cornacho Ta61.1 /1, ¢.8/ crans P6MS otHocutcs k rpymnmne M3.

18.1.6. OIIPEAEJIEHUE CTEIIEHU CJIOXXHOCTH IIOKOBKHA

CreneHb CIOXHOCTH SBJISETCS OJHOM W3 KOHCTPYKTHBHBIX
xapakTepucTuk  (opmbr  mokoBku. OHa  ompenenseTcs  MyTeM
BBIUMCIICHUsS] ~ OTHOLIEHMsT Macchl TOKOBKM Mnop kK macce
reomeTpuueckoii ¢urypst Md, B KOTOpyro BOHUChIBaercs (opma
nokoBku. IIpu ompeneneHuM pa3MepoB ONKCHIBAIOLIEW IOKOBKH
¢burypsl, cieayer ypenuuuBaTh B 1,05 pa3a nuHeliHble pa3Mephl AeTau.
['eomerpuueckast ¢urypa, OmuchBaromias jaeTajlb, JODKHA OBITh I10
o0bemMy (M, cleloBaTeNbHO, 10 MAacce) MAKCUMAJIbHO MPUOIMKEHA K
JETaJIN.

Jlnsg meBepa B KauyecTBE OMMCHIBAIOLIEH (QUIypbl MpPUMEM
WIMHAP C JMaMETPOM OCHOBAHMUS:

Da * 1,5=39 * 1,05 =40,95 mm
U BBICOTOM:
h2 * 1,05 =24 * 1,05=25,2 mm

Macca ¢urypsi:

Mo = [p * Pi * 40,952 * 25,21/ 4= 0,272 kr

Otnomenune  Mmp / M¢ = 0,2074 /0,272 = 0,7625.

TakuM o00pa3oM, cTemeHb CIOKHOCTH IIOKOBKM IlIEBepa
cootBercTByeT rpynme Cl1 /1, ¢.30/.

Kongurypauust mnoBepXxHOCTH pazbeMa IITamma IUIocKas,
MI03TOMY ITOKOBKa oTHOcHUTcs K kKareropuu " II ". IlmockocTe pazpema
yI0OHO pACMOJIOKUTh MEPHEHAUKYISIPHO OCH IIeBepa IocepenrHe
3y04aToro BEeHIIA.
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18.1.7. OIPEAEJIEHUE NCXOAHOI'O UHAEKCA

McxonHBIM MHIEKC - 3TO YCJIIOBHBIN I10KAa3aTellb, YYUTHIBAOIINMI
B O00OOLICHHOM BHJE CYMMY KOHCTPYKTHUBHBIX XapaKTEpUCTHK
NOKOBKHU. MICXOHBIN MHAEKC ONpEAEseTcss B 3aBUCUMOCTH OT Macchl,
MapKy CTajlM, CTEIEHHU CJIOXKHOCTU M KJlacCa TOYHOCTH ITOKOBKHU. [l
ompezaeneHuss ucxoanoro muaekca /1, ¢.10, tadbm.2/ B rpade "Macca
IOKOBKU" HAaxOIAT COOTBETCTBYIOIYK) JAHHOM Macce CTPOKY W,
CMEIAACh 0 TOPU3OHTAIM BIPABO WJIM 10 YTOJIIIEHHBIM HAaKJIOHHBIM
BIIPAaBO BHHU3 [0 IIEPECEUECHUS C BEPTUKAIbHBIMU JIMHUSAMU,
COOTBETCTBYIOILIMMU 33JJaHHBIM 3HAUEHUSIM TPYIIIbI CTadu M, cTeneHu
cnoxHoctu C, u xiacca ToyHoctd T, ycTaHAaBIMBAIOT HCXOJHBIN
uHACKC. VICX0IHBIM MHICKC TTOKOBKH meBepa - 9.

[Tpunyck Ha MeXaHMUYECKYl0 OOpabOTKy COCTOMUT H3 JBYX
ClIaraéMbIX -  OCHOBHOIO  OJIHOCTOPOHHErO  IpUIlyCKa U
JIOTIOJTHUTEILHOTO MTPUITYCKA.

JloToNHUTENbHBIA HPUIYCK YYUTHIBAET OTKJIOHEHUS (HOPMBI
NIOKOBKM. BennuuHa npumycka Ha3Ha4aeTcss Ha OJHY CTOPOHY
HOMMHAJIBHOTO pa3Mepa NnokoBKu. ClieyeT cuuTaTh, YTO pa3Mephl Ha
MOKOBKY IPOCTaBJIEHbI OT UCXOAHBIX (UEPHOBBIX) 0a3 MeXaHWYECKOH
o0OpaboTku. YepHoBbIe 0a3bl BHIOMPAIOTCS HA OCHOBE PEKOMEHIALUi
TE€XHOJIOTHH MAaIIMHOCTPOCHHS, UCXOs u3 pemaeMbIx
TEXHOJOTMYECKHX 3aj1au.

JUis  TOKOBKM  IeBepa B KauyecTBE UYEPHOBOM  0a3bl
1enecoo0pa3Ho BeIOpaTh Topel cTynuibl A. B 3TOM ciiydyae Bce oceBbie
pasMepbl Ha TOKOBKY IleBepa OyAyT NMpOCTaBJIEHbI Tak e, KaK Ha
yepTexe JeTalu.

18.1.8. ONIPEAEJIEHHUE OCHOBHbBIX OJHOCTOPOHHUX
[TPUITYCKOB

OcHOBHBIE ~ TPUIYCKH HAa  MEXaHHYECKyl0  00paboTKy
omnpenenstorcst mo tabm.3 /1, ¢.12 - 13/ B 3aBUCUMOCTH OT MCXOJHOTO
UHJEKCa  TIOKOBKM, JIMHEWHBIX pa3MepoB M  IIEPOXOBATOCTH
noBepxHoctu Aeranu. lllepoxoBarocTh moBepxHOCTHM B Tabmn.3
olpeieNieHa Kak cpeiHee apupMeTuyeckoe OTKIOHeHue mpopud - Ra.

OcHOBHBIE TPUIYCKM Ha  00pabOTKY  HIMIMHAPUYECKUX
MOBEPXHOCTEH IIEBEPA COCTABIISIIOT:
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1) mst nuamerpa 39 mum (Ra 0,63) - 1,5 mm;

2) nna nuametpa 15 mm (Ra 2,5) - 1,3 mm;

OcHOBHBIE TPUIYCKH Ha 00pabOTKYy TOpLEB IOKOBKU
COCTaBJISIIOT:

1) nns topueB crymuip A u b (cMm. puc.5) - pasmep 24 mm;
mepoxoBaTocth Ra 2,5 - 1,3 mm;

2) ns Topua BeHia B - pazmep 4,5 mm; mepoxoBaTocth Ra 2,5 -
1,3 mmM;

3) ms Topua Benna I' - pazmep 19,5 mm; mepoxoBatocth Ra 2,5
- 1,3 mm;

18.1.9. OIIPEAEJIEHUE JOIIOJIHUTEJIBHOT O ITPUITY CKA

JloToTHUTEIbHBIC TIPHUITYCKH YYUTBHIBAIOT OTKJIOHEHUS (HOPMBI
MOKOBOK, T.€. CMCIICHHE IIOKOBOK, HW30THYTOCTh, OTKJIOHCHHE OT
IUIOCKOCTH ¥ TPSIMOJHMHEHHOCTH, MEXIICHTPOBOTO ¥ MEXKOCEBOTO
pacCTOSIHUSA, YIIIOBBIX pa3MepoB U T.1. OHHU ONPEACIAIOTCS UCXOMs U3
(GOpMBI TTOKOBKH M TEXHOJOTHH €€ W3TOTOBJICHHS, B 3aBUCUMOCTH OT
KJlacca TOYHOCTH IOKOBKH, €€ MacChl U (DOPMbI MMOBEPXHOCTH pa3beMa
wrammna /1, ¢.14 - 16, ta6n.4 - 6/.

JlomnonHuTenpbHBIE  TPUIYCKH  Ha  00paboOTKy  1IeBepa,
YUUTHIBAIOIIIHE:

1) cMerieHne MOBEpXHOCTH (IIOCKOCTH) pazbema mmrammna - 0,1
MM /1, c.14, Tabn.4/;

2) OTKIIOHEHHE OT TIocKOCTH - 0,3 MM /1, c.14, Tabmn.5 /.

Haiinennple 3HAYeHUS MPHUITYCKOB IO3BOJISIOT IPOU3BOIUTH
noJpoOHYI0 pa3paboTKy TEXHOJOTUH MEXaHH4eCKoH o0paboTKu
MOBEPXHOCTEH JIETalld, a TAaKXKE HEIMOCPEICTBEHHO IPOCKTHPOBATH
3aroTOBKY JI€Talli, B YAaCTHOCTH, ONPEAETATh pa3Mephbl TOKOBKH.

18.1.10. PACHET HOMMWHAJIbHbBIX PASMEPOB IIOKOBKH

OmnpeneneHne HOMUHAIBHBIX Pa3MEPOB MIOKOBKHU MPOU3BOAUTCSA
Mo pazMepaM rOTOBOM JeTalli C yY€TOM MPHUIYCKOB HA MEXaHUYECKYIO
00paboTKy M HamyckoB. Hamyck - 3TO JOMOJIHUTENbHBIN CIIOH MeTasia
Ha 00pabaTbIBaeMbIX HJIM HEOOpaOaThIBAEMbIX OBEPXHOCTSIX MOKOBKH,
00yCJIOBJICHHBIM IITAMIOBOYHBIMH YKJIOHAaMH, HEOOXOAWMBIMHU ISt
obneryenust (popmMupoBaHUs MOKOBKU. BennunmHa Hamycka 3aBUCUT OT
LITAMIIOBOYHOTI'O YKJIOHA, pa3MEpOB ITOBEPXHOCTH, HA KOTOPOM 33aaeTCst
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HaIlyCK, W OMPEIEIsIeTCs B KaXJIOM KOHKPETHOM Cjydae Ha OCHOBE
Pac4eTHOU CXEMBI.

B paccmarpuBaemoit paboTe JOIMYCKAaeTcsl HE ONpeaeisTh
BEJIMYMHBI HAMYCKOB (IO COTJIACOBAaHHIO C PYKOBOJUTEIEM) W
pPacCUMTHIBATh JIMHEHHBIC pa3Mephl MOKOBKU Oe3 ux ydera. JIuHelHbie
pa3Mepbl TOKOBOK Pa3peraeTcsi OKPYTIsATh C TOYHOCTHIO A0 0,5 M.

JunameTrpanbHbIe pa3Mephbl TOKOBKH :

1) nnamerp Benna Da:

39+ (1,5+0,1) * 2 =42,2 mm; npuauMaeM 42,5 Mmm
2) nuametp crynuis D2:
15+ (1,3+0,1) * 2=17,8 mm; npuauMaeM 18 Mm

OceBble pa3Mepbl IOKOBKHU:

1) paccTostHEE OT GazoBoro Topma A 1o Topua b:

24 +(1,3+0,3) + (1,3 + 0,3) = 27,2 mMm; npuHuMaem 27,5 mm

2) paccrostHre 0T 6a30BOro Topia A 10 Topua B:

45+ (1,3+0,3)-(1,3+0,3)=4,5Mm
3) paccrosiHHEe OT 6a30BOTO TOpIa A 10 Topia BeHna I
19,5+ (1,3 +0,3) + (1,3 +0,3) = 22,7 Mmm; npuHuMaeM 23 MM

18.1.11. HASBHAYEHUME JOITYCKOB HA PASMEPEI IIOKOBKH

Jlomyckn W JOIyCKaeMble OTKJIOHCHHS JMHEHHBIX pa3MepoB
MOKOBOK YCTaHABJIMBAIOTCS B 3aBHCHUMOCTH OT MCXOJHOTO WHIEKCa U
pa3smepoB mokoBku /1, c.17, Ta6m.8/. Jlomyckaembie OTKIOHEHUS
BHYTPEHHUX pa3MepOB TMOKOBOK JOJKHBI  yCTaHAaBIUBAThCA C
oOpaTHBIMH  3Hakamu. J[s  pasmepoB, He SBJISIONIMXCA HU
OXBaThIBAEMBIMH, HHU  OXBATHIBAIOIIUMHU, BEpXHEE U  HIDKHEE
OTKJIOHCHHS paBHBI MOJIOBHHE MO fgomycka /1, ¢.16, m.5.2/.

Ha mpaktuke OBIBalOT Ciiy4aw, KOTJa HE BECh H30BITOUHBIM
METaJIJT BBITECHSCTCS W3 IOJIOCTH INTaMIla B OOJOWHYIO KaHaBKYy H
MOJIOBUHBI IITaMIa HE CXOASATCS MOTHOCThI0. B 3TOM ciydae mokoBka
OKa3bIBACTCS HEIOIITAMITOBAaHHOM, T.C. B HaIlpaBJICHUH,
NEPIEeHIUKYIIPHOM TIOBEPXHOCTH pa3beMa IITaMIla, OHa HUMEET
pa3Mepsbl O0JIbIIe 3aJaHHBIX.

Jlomycku W JOMycKaemble  OTKIIOHEHHS, YUUTHIBAIOIIHE
HEJIOIITAMIIOBKY ~ YCTAHABIMBAIOTCA IO HaWOOJBIIEMYy W3 3THX
pa3MepoB M PaCIpOCTPAHSIOTCS Ha BCE OCHOBHBIC pa3Mephl B TOM K€
HanpasneHuu /1, c.16, n.5.3/.

Jlist TuamMeTpanbHBIX pa3MepPOB MOKOBKH IIEBEPA UMEEM:
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nuametp 42,5 + %05 mm; muamerp 18 + %8/ 04 Mm.

JIJist oceBBbIX pa3MepoB MOKOBKH IlIeBepa JOMYCKU U OTKIOHEHUS
OTIPEACIISAIOTCS PA3INYHO.

Pa3mep 6,5 MM cBsi3bIBaeT 0a30BBIN TOpEI] U TOpell BeHia B, T.e.
MOBEPXHOCTH, KOTOpble HE SABIAIOTCS HHU OXBAaTbIBAEMBIMH, HHU
OXBATHIBAIOIIMMH, & TPH H3HOCE IITaMIa CMEMAIOTCS B OJHOM
HanpasineHuu. [loatomy ans pasmepa 6,5 MM OTKIOHEHHS DPaBHbI
MOJIOBUHE TTOJISI IOMTYCKA, T.€.

4+9% g5*1 =4+ ¢5mm.

Ha pazmepst 27,5 MM u 23 MM BIUSE€T HEAOLITAMIIOBKA, T.K.
KOKIBIA pa3Mep CBS3bIBACT MOBEPXHOCTH, (POPMUPYIOIIMECS B Pa3HBIX
nojioBMHaX Immramma. Ilodromy Ha 00a pa3Mepa YCTaHABIUBAKOTCS
OJIMHAKOBBIE OTKJIOHEHHUS, KOTOPBIC OMPEIENAIOTCS Il HauOOJIbIIEro
(27,5 mm) pa3mepa, T.€. :

27,5+ %8 o4 Mm; 23 + %8/ 04 MM.

18.2. OCHOBHOE ITIOJIOXXEHUE YACTH 2
(JINTAA 3ATOTOBKA)

PaccMoTpuM ero Ha npumepe neranu (MHCTPYMEHTA) - METUYHK
(cM. puc.5.2).IlpousBoacTBo MeTuMKa - cepuitHoe. [Ipumycku cnemgyer
OTIpENIETTUTh Ha Bce 00pabaThiBacMbIe IIOBEPXHOCTH.

18.2.1. AHAJIN3 KOHCTPYKIIMU KOPITYCA U BBIEOP
CIIOCOBA
[10 JIVUEHUA OTJIMBKU

Jeranp,  nmonnexamiass ~— U3TOTOBJIEHMIO,  OTHOCHUTCA K
OpOCTEHIIMM  KOpIycHbIM jAetansM. OHa mpenocTaBiseT coOoi
WIMHIP C IeHTpaldbHbIM BecbMa TouHbIM (D42H7) nununapom u
ocHoBaHMeM. Ha mumuHApe wumeercss pe3bOOHape3Hble TI'PEOCHKH.
O06paboTke MOJICKHUT TaKXKEe XBOCTOBHK MeTunKa .[loaToMy nMeHHO Ha
HUX CJelyeT Ha3HayaTh MPOMUCKH Ha MEXaHUYeCKYylo 00paboTKy.
["abaputer neramu - M16x100 mm.

Marepuan geranu - craab 9XC no 'OCT 5950-73. 3aroToBka
Koprmyca OyAeT UW3roTaBIMBATBCA JIUTHEM B TECYAHOTJIMHHUCTHIE
MOJICYIIEHHBIE ¥ CyXHe€ HEOKpAILIeHHbIE (POPMBI.

18.2.2. HASBHAYEHUE TOYHbIX ITAPAMETPOB OTJIMBKHA
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Hopwms! Tounoctu o I'OCT 26645-85 ycraHaBIMBarOT Ha OTJIIMBKY
B II€JIOM, €€ OTJe/IbHbIE MOBEPXHOCTH U Pa3Mepbl. TOUHOCTh OTIIUBKU
XapaKTePU3YeTCsl KJIACCOM Pa3MEpHOI TOYHOCTH, CTETIEHBbIO KOPOOJICHUS,
CTEINEHbIO TOYHOCTH [TOBEPXHOCTEH, KJIACCOM TOYHOCTH MAaCCHI.

Jiss HazHa4YeHUs MPUITYCKOB HEOOXOIMMO YCTaHOBUTH KJilacc
pa3MepHON TOYHOCTH OTJIMBKH /2, ¢.32, Tabn.9/, cteneHb KopoOaeHus
/2, ¢. 36, tabm. 1I/. Tlo Tabm. 9 /2/ ornMBKaM B II€CUAHO-TIIMHHCTEHIE
MOJICYLLICHHBIE U cyXHue (POPMBI U3 JIETUPOBAHHOM CTaIu C HAMOOIbIIUM
rabapuTHeIM pazMepoM cBbimie 10 100 mMm coorBercTByer 7i -11it
KJ1acchl pasmepHoi TouHoctu. C ydetom npumedanus 1 /2, ¢. 34/ nns
NPOCTBIX OTJIMBOK CIIEAYyEeT MPHUMEHSATh MEHbIIee 3HAYeHHe, a s
YCIIOBUH MEXaHU3UPOBAHHOTO CpPEJHEro IPOU3BOJCTBA - CpEIHUE
3HaueHus. [loaToMy ycTaHaBiuMBaeM JJis OTIMBOK Kopiiyca 7-iMl kiacc
pa3MepHON TOYHOCTH.

[Mlo Ttabm. II /2/ nns BeIIIEYyKAa3aHHBIX YCIOBHHA TOYHOCTH
MOBEPXHOCTEN OTIMBKUA MOKET COOTBETCTBOBAThH /7 CTEICHHU.

18.2.3. OIIPEAEJIEHUE PAIA ITPUITY CKOB OTJIMBKU

B Ttabn. 14 /2, c¢. 43/ narHaanmaToil CTENEHW TOYHOCTH
MOBEPXHOCTEH COOTBETCTBYIOT 2-5 psiabl MPUIYCKOB. /{151 OTIMBOK U3
JISTUPOBAHHOM CTalli Ha OCHOBe Mpumeuanus I /2, c. 43/ mpumensercs
3HaUEHUE HOMEpa psiaa MPUITYCKOB - 3.

18.2.4. OIIPEJAEJIEHUE OBIINX AOITYCKOB 3JIEMEHTOB
OTJIMBKHN

OO0muii TomycK 3MeMeHTa OTIUBKHU 3TO KOMIUJIEKCHBIA JTOMYCK,
BKJIIOUAIOLIMI JIOMYCK pa3Mepa OT MOBEPXHOCTH JI0 YEPHOBOM
TEXHOJIOTUYECKON 0a3bl U HE3aBHUCHMO Ha3HAYCHHBIE TOMYCKH (OPMBI U
pacroI0kKeHUs pacCMaTpUBAEMOIl TOBEPXHOCTH.

Jlommycku pa3MepoB OTJIMBKM HazHadaroTcs 1o T1adn. I ¢ yuetom
m.2.1, 2.2, /2, ¢. 3/, ToO €CTh C Y4E€TOM TOTO, KaK 00pa3yrOTCs dJIEMEHThI
OTIIUBKH B TUTEHHOH dopme.

Pasmep otnuBku L1 o6pasyercs AByms nmonydopMaMu U JOITYCK
Ha HETO yCTaHABJIMBAETCSI COOTBETCTBYIOLIUM 7-My KjacCcy pa3MEpHOMN
TOYHOCTH;

TL1=0,8 mm.



Pasmep omnmuBku wmHCTpymMeHTa L oOpasyercs  omaHOM
nonydopmoii, a guamerp D u DI- omaum cMexHBIM. 71 Takux
pa3MepoB TOYHOCTh IOBbIAaeTca Ha 1 u 2 kiacca. Iloatomy
UCIIOJIb3YeM ISl OTNpEJeNeHusl JOMyCKOB 9-i1 kiacc pa3MepHoit
touHocTtu. CornacHo tadi. 1/2, c. 3/

TL =1,0 mm; TD=TD1 = 0,8 mM.

18.2.5. OIPEAEJIEHUE OBIIUX ITPUITY CKOB

OO1Me IpUNyCK Ha3HAYarTCs 1Mo cTtaHmapry /2, ¢. 10, tadu.6/
Ha CcTOpoHY auddepeHIUPOBAaHHO Ha KaXIyld o0pabaThiBaeMyro
MOBEPXHOCTH OTJIMBKH.

[Tpunyck Ha3Ha4yaeTcs B 3aBUCUMOCTH OT psijia IPUITYCKa, BUA
OKOHYATEJIIbHOM MeXaHM4YecKOil oOpaOOTKM JaHHOW NOBEPXHOCTH U
BEJIMYMHBI O0IIETro JOIMyCKa.

[Ipy Ha3HAYEHUHM TPHUITYCKOB HAa MOBEPXHOCTH BpAICHHUS H
MPOTUBOMNOJIOKHOM TMOBEPXHOCTH, Kaxkaas U3 KOTOPBIX SIBISETCS
TEXHOJOTMYEeCKOW  0a3oi mnpu  o0paboOTKe  JAPYyroid,  Clieayer
YCTaHOBJICHHBIE paHee 3HAUYECHUs OOLIMX JOMYCKOB YMEHBIIUTH B JBa
paza.

Ha BenmuuuHy mpumycka oOKa3blBaeT BIMSHME M YPOBEHb
TOYHOCTU 00pabOTKH, KOTOpas omnpezaensercs mo taom. 15 /2, ¢. 44/ u
MOYET OBbITh NOHM)KEHHBIM, CPEIHUM, MOBBIIIEHHBIM U BBICOKUM. [Ipn
CpelHEM YpOBHE TOYHOCTHU MPUITYCK BBIOMpPAETCS U3 CTPOKH Tabi. 6 /2/,
COOTBETCTBYIOLLIEHl ~ yCTAaHOBJIEHHOMY paHee 3HAYeHHMI0 OOILero
JIOITyCKa.

[Ipy TOBBIIEHHOM MM BBICOKOM YPOBHE MPUITYCK CJEIyeT
BbIOMpaTh M3 CTPOKH, PACMOJIOXKEHHOW B Tabna. 6 Ha 1 wim 2 cTpoku
BBIIIIE, YEM CTPOKA CPEAHETO YPOBHSI, a IPU MOHM)KEHHOM - Ha 1 CTpOKy
HIDKE, Y€M CTPOKa CPETHETO YPOBHHI.

Jns  paccMaTpuBaeMOro  HMHCTPYMEHTa  yCTaHAaBIUBAeTCS
MOHWKEHHBI YPOBEHb TOYHOCTH, COOTBETCTBYIOIIWNA 0OpabOTKe Ha
HEaBTOMATHU3UPOBAHHOM  OOOPYJIOBaHMU  (CTAaHKM C  PYYHBIM
yIpaBjeHNUEM ) HOpMaJIbHOW CTENEHH TOYHOCTH /2, ¢. 44, Tabm. 15/.

Cornacho Tabmn. 6 /2, ¢. 12/ ¢ yuerom n1.4.2.(2,¢.7)

Z1=0,5*TD=0,5*0,8 =0,4 mm;
Z2=05*TD1=0,5*0,8=0,4 mm;
Z3=TLI1=0,8 Mmm;
74 =TL =1,0 mm.
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18.2.6. PACUHET PASMEPOB OTJIMBKH

HomuHanbHbIE pa3zMepsl OPEACIIIOTCS, KaK:

DI =dl +2*Z7Z2=12,5+2*0,4=13,3 mm;
D=d+2*Z1=16+2*0,4=16,8 mm;
L1=11+724+723=35+1+0,8=236,8 mm;
L=1+2*7Z4=100+2*1=102 mm.

Cranmapt /2, ¢. 4, m. 2.11/ ycraHaBIMBaeT CHUMMETPUYHOE
pacroIOKEeHUe IOJIeH JOMYCKOB OTHOCHUTEIHHO HOMHHANA, TO €CTh
BEpXHEE M HIKHEE OTKJIOHEHHUS MMEIOT pa3iMYHbIe 3HAKU (BEpXHEE -
"+" HKkHee - "-") M OJMHAKOBYIO a0CONIOTHYIO BeNW4uHY. Torma c
Y4eTOM OTKJIOHEHUHN pa3Mepbl OTJIMBKU KOpITyca:

D1 =13,3 +/- 0,32 mmM;
D =16,8 +/- 0,32 mMMm;
L1=236,8 +/- 0,4 mm;

L =102 +/- 0,5 mMm.

18.2.7 OIIPEJAEJIEHUE MACCBI OTJINBKH

Macca oTnuBKH omnpenenseTcs no popmyie:
M=V *p,

e V - 06beM HHCTpYMeHTa; p = 7.85 r/cm? - mnotHocTs ctamu 9XC.
V=n*D?**L1/4+ n* D12* (L- L1) / 4 = (n/4) * [D?>* L1+D12* (L-
L1)] = =(n/4)*[16,8%* 36,8 + 13,32 * (102- 36,8)]=17352 Mmm_52 =
17,352 mm?

M=V *p=17,352*7,85=136,2T.
Knacc Tounoctu Maccel oTiuBKH /2, Tabm.13/ maccoit go 1 kr.,
MOJTyYEHHBIC JINTHEM B KOKWIJIb 0€3 TIECUaHbIX CTEPIKHEH COOTBETCTBYET
ST.

18.2.8. IIEPOXOBATOCTD [IOBEPXHOCTHU OTJINMBKHU

[IlepoxoBaToCTh MOBEPXHOCTH OTIMBKHU /2, Tabm.12/ Ra <= 8
MKM, 4TO cOOTBETCTBYET RZ40.

Tounocts otnuBky : 71-0-7-5T TOCT 26645-85.

TpebGoBaHMsI K TOYHOCTH M PACIOJNIONKEHHUIO MOBEPXHOCTEH HE
HOPMHPYIOTCSI.
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