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AKT COI'JTACOBAHMUA

Ha METOJAMYECKHE PEKOMEH/IALNH 1O BBITIOJIHEHUIO KYyPCOBOTO MPOEKTa
JUTSI CTIEHUATbHOCTH
22.02.03 JIuteitHOE MPOU3BOACTBO YEPHBIX M LIBETHBHIX METAJUIOB, pa3paboTaHHbIE
npenoaasatenem IOYpl TKAms6seBoit O.E.

MeToauueckre peKOMEHJAIMM 10 BBIIIOJHEHUIO KypCOBOTO IPOEKTa COCTaBIE€HBI B
COOTBETCTBUM ¢ Tporpammoit mpodeccuonansuoro moxyis IIM 01. «IloaroroBka u BeneHue
TEXHOJIOTMUECKUX MPOIECCOB IUIABKHU, JIUThS W MPOM3BOJICTBA OTJIIMBOK M3 YEPHBIX U I[BETHBIX
METaJIOBY.

MeTtoauueckue peKOMEHJalUd K KypCOBOMY IMPOEKTY MUMEIOT €IWHYI CTPYKTYpy: LEINH,
o0111e MoJ0XKEHUs, X0 paboThl, pEKOMEHIAUU K 0()OPMIICHHUIO, CIIPABOYHbIE JaHHBIE, CCHUIKU Ha
nuteparypy. Tema mpoeKkToB oOmpejaesieHa UCXOIs U3 COJEp KaHHUs MEXIUCUUILUTMHAPHOTO Kypca
«ParmoHasbHBIE PEKUMBI TEXHOJOTUUECKUX OTepaliuii U3rOTOBJICHUS OTJIMBOK» U HalpaBJIeHA Ha
yrayOsieHne TeopeTHYecKuX 3HaHW U (opMUpoBaHME YMEHHI pa3pabaTbiBaTh palMOHAJIbHBIE
TEXHOJIOTHYECKHE PEKUMBI U3TOTOBIIEHUS OTIHBOK.

MeTonudeckie peKOMEHIAIMHU 110 BBIMOJIHEHUIO KYPCOBOTO MPOEKTa COAEPKAT MOIpOOHOE
OMHMCaHUe ACHCTBUN CTYJEHTOB JUIsl HAMHCAHHUS DPA3CNIOB IMOSCHUTEIBLHOM 3alMCKH TPOEKTa U
BBITIOJTHEHUSI 4epTekei, O00ecreurnBalOT BO3MOXKHOCTh CaMOCTOSITENIbHOTO, KAaueCTBEHHOTO U
CBOEBPEMEHHOTO BBIIOJHEHHUS 33/IJaHUSI HA KypCOBOE MPOEKTUPOBAHMUE.

MeTonudeckie pPeKOMEHIAIMN COOTBETCTBYIOT TPeOOBAHUSAM, MPEIBSIBISEMBIM K TaKOTO
poaa METOAMYECKOW TPOAYKIMA M MOTYT OBITh PEKOMEHIIOBAaHbI K WCIIOJIH30BAHUIO B
00pa3oBaTebHOM MPOIECCE IO TOJATOTOBKE TEXHHKOB IO crienuanbHocTH 22.02.03 Jlureiinoe

MMPOU3BOACTBO UCPHBIX U IIBETHLIX MCTAJIJIOB.

Benyuwmii cnenuanuct Ky3HeuHo-nuterHoro auBuznona «O00 YT3 YPAJITPAK»
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BBEJIEHUE

Meroanueckre peKOMEHAALUH MO BBINOJHEHUIO KypcoBOro mpoekra no IIM
01 «IlogroroBka M BeIEHHE TEXHOJOTHMUYECKHX IIPOLIECCOB IUIABKHU, JUThI U
IIPOM3BOJICTBA OTJIMBOK M3 YEpPHBIX M LBETHbIX MeTtamwioBy, MK 01.04.
«ParmoHanbHbIE PEXUMBl TEXHOJOTMYECKHX OINEpaluid HM3rOTOBJIEHUS OTIMBOK»
npeaHa3HaueHbl Ui  oOydaromuxcs 1o crneruaibHoctd  22.02.03  JlureitHoe
MIPOU3BOICTBO YEPHBIX U IIBETHBIX METaNIOB(0a30Bast MOArOTOBKA).

Beinonnenue kypcoBoro npoekta no MJIK 01.04. «PaunuoHanbHbIE PEXUMBI
TEXHOJIOTUYECKUX  ONEpaluid  W3rOTOBJIEHUS OTJIMBOK»  OCYIIECTBISIFOTCS B
COOTBETCTBHH C YYEOHBIM IUIAHOM HA3BAHHOM CHEIUMAIIBHOCTH U SIBJISETCS BaXKHBIM
3TallOM B CHUCTEME MOJArOTOBKM CIIELMAIMCTOB CpeaHero 3BeHa. Kypcosoe
MPOECKTUPOBAHUE CIIY)KUT CPEICTBOM YIUIYOJIEHHS TEOPETUYECKUX 3HAHUU U
NPAKTUYECKUX YMEHUH, a TaKXKe SBISETCS OJHOM M3 OCHOBHBIX ()OPM KOHTPOJIS
YPOBHsI 3HAHUW U YMEHUU CTYJICHTOB.

Pa3paboTka KypcoBOro mpoeKTa SIBJSETCS 3aBEPIIAIOIIMM ATarloM OO0y4YeHHUs
ctyaentoB o MJIK 01.04. «PanuoHaibHbIE PEKUMBI TEXHOJOTMYECKUX OIEpaluil
M3TOTOBJICHUS OTJIMBOK». 3alUTa KypCOBOIO MPOEKTa sBJsieTcs (PopMoil mpoBeaeHus
sKk3ameHa kBanmdukanmonHoro mo [IM 01.

B npomecce KypcoBOro NpOEKTHPOBAaHUS CTYIEHTHl pEIIAOT 3aJadH,
TEOPETUYECKON U NMPAKTUYECKON HANPABIECHHOCTH.

[{eapro0 KypcOBOro NpOEKTa SABIISAETCS:

1. CUCTEMaTH3allisl M 3aKpEIUICHHE TOJYYEeHHbIX TEOPETUYECKUX 3HAHUM U

IMPaKTHYCCKHUX YMCHI/IfI 10 AUCHUIIIINHEC,

2. yriyOjieHne TEOPETUYECKUX 3HAHUW B COOTBETCTBUM C TEMOM KypCOBOM
paboTHI;
3. dbopMHEpOBaHUE YMEHHI MPUMEHATH TECOPETUYECKHUE 3HAHWS TPHU PEHICHUU

IIOCTaBJICHHBIX BOIIPOCOB;
4. (GbopMHpOBaHHE YMEHHUW HCHOJB30BATh CIPABOYHYK, HOPMATHBHYI U

TEXHUYECKYIO JIUTEPATYPY;



5. pa3BUTHE TBOPUYECKOW MHUIIMATHUBBI, CAMOCTOSTENbHOCTH, OTBETCTBEHHOCTH U
OpraHU30BaHHOCTH;
6. IOJITOTOBKA K JUIJIOMHOMY IPOEKTHPOBAHUIO.

B mnpouiecce KypcoBOro mpOEKTUPOBAHMS CTYACHT JOKEH MPUOOpEeCTH U
3aKpENUTh HABBIKU:
- paboTHI CO CIIEUUATBLHON IUTEpaTypoii;
- cucTeMaru3anuu, o000meHus W aHaimm3a NpodecCHOHATbHO-3HAYMMOU
nHpopManuy;
-BBITIOJIHEHUSI PaCUYETOB;
- (hopmynrpoBaHUS BHIBOJOB U MPEITIOKEHHI.

KypcoBoe mnpoektupoBanue crnocoOCTByeT (QOPMUPOBAHUIO OOMMX U
po(ecCUOHATIbHBIX KOMIETEHIIUI:
OK 1. TloHmMarp CymIHOCT, ¥ COIMAIBHYIO 3HAYUMOCTh CBOCH Oymyrmiei
npodeccuu, MposBIATh K HEW YCTOMUMBBIA HHTEPEC.
OK 2. Opranu3oBbiBaTh COOCTBEHHYIO [€ATEIBHOCTb, OIPEACHATh METOAbl WU
CHOCOOBI BBITOTHEHUS! TPO(PECCHOHANBHBIX 3a/1a4, OIleHUBaTh UX 3(HEKTUBHOCTh U
KauecTBO.
OK 3. Pemats mnpoOnembl, OLIEHWBATh PHUCKHM W NPUHUMATh pELICHUS B
HECTaH/IAPTHBIX CUTYaIUsX.
OK 4. OcyuiecTBisiTh NOHUCK, aHAIW3 U OLEHKY MH(OpManuu, HEOOXOAUMOU IS
MOCTAaHOBKM M pEIIEHUS MNpo(ecCHOHANBHBIX 3a4a4, Mpo(ecCHOHATBHOTO U
JUYHOCTHOTO PA3BUTHUA.
OK 5. Hcrnonw3oBath HHPOPMAITMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTUU  JIJIs
COBEpPIICHCTBOBAHUS PO(ECCUOHATILHON JeSTEIbHOCTU
OK 6. PabGoTtath B KOJUIGKTUBE M KOMaHze, oOOecrneyuBaTh €€ CIUJIOYEHHUE,
3¢ (HEKTUBHO OOIIATHCS C KOJUIETaMu, PyKOBOACTBOM, MIOTPEOUTEIISIMHU.
OK 7. CraButh LEJIH, MOTHBUPOBATH JEATEIIbHOCTD MOAYNHEHHBIX,
OpraHU30BbIBaTh W KOHTPOJMPOBaTh MUX paboTy C NpUHATHEM Ha ceds
OTBETCTBEHHOCTH 32 PE3YJIbTAT BHIIIOJHEHUS 3aJaHHI.

OK 8. CamocToATeNnbHO ONpenessiaTh 3ajauyd Npo(ecCUOHATBHOTO U JIMYHOCTHOTO



IK

pPa3BUTHS, 3aHUMAThCS CaMOOOpa30BaHHEM, OCO3HAHHO IUIAHUPOBAThH IOBBLIIICHHUE

KBaJTU(DUKAIIAH.

OK 9. BbITh TOTOBBIM K CMEHE TEXHOJIOTUI B MPOGECCHOHAITBHON JESTENHHOCTH.
[IK 3. BbImosHATh pacyeThl, HEOOXOJMMBIE MPHU Pa3padOTKe TEXHOJIOTUYECKUX

IIPOLIECCOB U3TOTOBJICHHUSI OTIINBOK.

4. VYcraHaBnuBaTh M OCYLIECTBIIATh PALMOHAIBHBIE PEXKUMBI TEXHOJOTMYECKHUX

Onepaui U3roTOBJIEHUS OTIUBOK

IIK 6. OdopMiisaTh 1 YUTaTh KOHCTPYKTOPCKYIO U TEXHOJIOTHYECKYIO TOKYMEHTAIUIO

IO JINTETHOMY MPOU3BOJACTBY.

Temoi KypCcOBOTO ITPOEKTA SABIISIETCS
«Pa3paboTka TEXHOJIOTUYECKOIO MPOLIECCa U3TOTOBICHUS OTIUBKIY.

BapuatuBHOCTH KypCOBBIX MPOEKTOB JOCTUIAETCS 3a CYET Pa3HBIX HCXOIHBIX
JTAHHBIX.

Pa3paboTka TEXHOJIOrMYECKOro Mpollecca M3rOTOBJIEHUS OTIMBKH SIBISETCS
CaMOCTOATENBbHON MPOEKTHOM pabOTOW CTYIEHTOB, B IHpoLEcce KOTOPOH OHU
JOJDKHBI HA OCHOBAaHWM TNPUOOPETEHHBIX 3HAHMM W YMEHUU TPEIJIOKUTH
ONTUMAJbHOE PEIICHUE 3aJayd W3rOTOBJIEHUA OTJIMBKU IO 33JaHHOMY YEpPTEKY
JETaJIH.

N3roroBneHne  OTIMBKM C  33JlaHHBIMU  JIMHEMHBIMU  pa3MepaMy,
KoHurypanue, (Qu3nKo-MEeXaHUYECKUMU CBOMCTBAMHU (NIPOYHOCTh, TBEPAOCTD,
IUIOTHOCTh, CTPYKTypa MW T.I.), LIEPOXOBAaTOCTbIO IOBEPXHOCTU U JIPYTUMHU
TPeOOBAHUSIMU MOXKET OCYILECTBIATHCS Pa3IMYHBIMU MeTonaMu. [Ipu s3TOoM Moryt
OBITh KCIOJIB30BAHbI PA3NMYHbBIE THUIBl U KOHCTPYKUHH (POPM, KOHCTPYKTHUBHBIE U
TEXHOJIOTMUECKUE PEUICHUs] MO OTICJIbHBIM 3JeMEHTaM (QOpMBblI  (CTEPXKHSM,
JUTHUKOBOM cHUCTeMe, MNpUOBUIAM U T.I.), Pa3HOOOpa3Hble TEXHOJOTUYECKUE
IPOLECCH Ha BCEX dTanax M3rOTOBJICHUS OTJIMBKHU (IPUTOTOBJICHHE (POPMOBOUYHBIX U
CTEp>KHEBBIX CMECEi, MjaBKa U pa3jMBKa MeTajlla, U3roToBieHue (Gopm, oOpyOKa,
OYUCTKA U TEPMOOOpabOTKa OTIAMBOK U T.I.). [I0ATOMY B KOHKPETHBIX YCIOBHUSX
IIPOU3BOJCTBA  pa3palaThIBAETCS  ONTHMAJIbHBIA  TEXHOJOTMYECKUU  IpoILEcC,

oOecreynBaroIuii cTabUIbHOE BBINOJHEHUE TPEOOBaHUI YepTeka U TEeXHUUYECKUX



YCJIOBUM Ha JI€Tajllb U OTIUBKY IIPU MUHUMAJIBHBIX 3aTpaTax TpyAa U MaTepUaIIbHBIX
CPEICTB.

['myOokue 3HaHHMS TEOPUU U TEXHOJOTUU JUTEHHBIX MPOLECCOB SBISIOTCS
HAay4YHOM OCHOBHOW IIPOEKTHPOBAaHMS ONTHUMAJIBHBIX TexmpoueccoB. Ho md
YCTEIIHOW peanu3aliy 3TON 3a7auu TPeOYIOTCS €I OMbIT U MPAKTHUECKUE HABBIKU.
[lepedyenb BOMPOCOB, MOAJEKAIIMX pa3pabOTKE MpPU BBHINOJHEHUS 3aJaHusl Ha
KypCOBO€ TNPOEKTUPOBAaHWE, M TMOPSAAOK NPOCKTUPOBAHUS PACCMOTPEHBI B
COOTBETCTBYIOIIMX paslenax METOAMYECKUX peKomeHjauusax. B HuUX Takke
IIPEACTaBICHbl BAPUAHTHI 3a1aHUM.

BrInonHeHne KypcoBOro NpoeKTa IMpeaIonaraeT KOHCYJIbTallMOHHYIO IIOMOIIb
CO CTOpPOHBI NpENoAaBaTessi U TBOPYECKYIO MNPOPadOTKY CTYJIEHTOM pa3fesioB
KyPCOBOT'O IPOEKTA.

OpraHu3aiuio MO3TAMHOrO BBIMOJIHEHUS POEKTa U KOHTPOJIb HaJ XOJOM €ro
BBINIOJIHEHUS OCYUIECTBIISIET MpErnojiaBarellb, KOTOPbIA pa3paldaThiBaeT 3aJaHHs Ha
KaXIbplil JTall  KypCcOBOIO IpOeKTHpoBaHus. Ha opraHuzanmoHHOM  JTare
paclpenensatoTcss TeMbl KypCOBBIX IIPOEKTOB, JOBOIATCS 10 CBEICHUS CTYACHTOB
TpeOOBaHMs, KOTOPBIX CIEAYET MPUACPKHUBATHCS MPU UX PACKPBITHH, COOOILAIOTCA
UCXOJHbIC JlaHHBIE, PEKOMEHJyeMas JHTepaTypa, YyCTaHABIUBAIOTCA OOBEMBI

paboTHI.



PA3JEJI I. TPEBOBAHUA K COAEP KAHUIO U O®@OPMJIEHUTIO
KYPCOBOI'O ITPOEKTA

KypcoBoii mpoekt cocTouT u3 rpaduiyecKkoil dYacTH U  PacyeTHO-
MOSICHUTEIBHOMN 3aITUCKH.

['paduueckass yactbcocTout u3 S5 gnucrtoBpopmara Al, cremgyrouiero
COJIEpKaHUS:

- BJIEMEHTHI TUTEHHON PpopMbI — liHCT;

- MOJICJIbHAs OCHACTKa — 2 JIUCTA;

- ¢popma B cbope — 1 nucT;

- CTEp>KHEBask OCHACTKA — | JuCT.

PacueTHO - mosicHUTENbHAS 3aIMCKa JOJKHA BKIIIOYATH:

- TUTYJIbHBIN JIUCT

- 3aJ]aHNE

- AaHHOTALIUIO

- BBEJICHUE

- TEXHOJIOTUYECKYIO YaCTh

- 3aKJIFOUCHUE

- CIIMCOK HCIIOJIb3YEMOMU JINTEPATYPHI.

PacueTHo-mosicuuTenpHas 3anuckaodopmisiercsi B cooTBercTtBUU CECK]I
['OCT 2.307-2011 «OOume TpeOoBaHMA K TEKCTOBBIM JOKYMEHTaM», Ha JHUCTax
dbopmara A4. IMons: Bepx — 20 mm, HU3 —20 MM, neBoe —20 Mm, npaBoe — 20 MM.
CrpaHuLbl HyMEpPYIOTCS BHU3Y 110 LIEHTPY.

OO0beM TIOSICHUTENIPHOM 3alUCKW  JIOJDKEH cocTaBisaTh 20-25 cTpaHull
MAIIMHONIMCHOT'O TEKCTA.

Ha  TuTynbHOM JHCTE YyKa3blBaeTCd HAaMMEHOBaHHE NPOodecCHOHaTBHOM
oOpa3oBareinbHOM oOpranuzaunuu, Ttema npoekra, ®UO  pykoBoaurtens, PUO
CTyJIeHTa U HOMEp TPYMIbI, B KOTOPOH OH oOydaercs, roa pa3paboOTKH KypCOBOTO

IIPOEKTA.



3asiaHyue Ha MPOCKTUPOBAHKE BBIIACTCS PYKOBOJIUTEIIEM IIPOEKTA,

HcxoIHbIMU JaHHBIMHU JUTSI IPOEKTUPOBAHUS SIBIISFOTCS:

- pabounii yepTex JeTalld C YKa3aHMEM Ha3Ha4YeHHs W YCJIOBUU padOThI
JTaHHOU JieTanu (mpuioxkenue 1);

- IPOU3BOJCTBEHHAs] NpOrpaMma, T.€. KOJMYECTBO OTJIMBOK, KOTOpbIE Haj-
JICKUT BBIITYCTUTH (XapakTep MPOU3BOJICTBA OTIUBKH);

-c1ioco0 JUThA (COCO0 MOTYyYEHUsT OTIUBKH).

AHHOTaNMsl SIBJISETCS HEOTHEMJIEMOM COCTAaBHOM YaCThIO KYpCOBOT'O IPOEKTA.
OHa coepKUT KpaTKO€E COJEepKaHUe KypcoBOro npoekra. Kpome Toro, B aHHOTauu
YKa3bIBAETCSI KOJMYECTBO CTPAHUL] MOSICHUTEIIBHOW 3alMCKH, PAa3lesioB, TaOJIHILL,
cxeM. B Hell crmemyer ykazaTh OCHOBHBIE CBEJIEHHUS O pa3pabOTYMKE IPOEKTA,
Ha3HAYEHUE NPOeKTa (00JIaCTh MIPUMEHEHHS), €r0 TPAKTUYECKYIO 3HAUUMOCTb.

OcHOBHBIE TPEOOBAHUS K aHHOTALUU:

— JIJAKOHUYHOCTh U KOHKPETHOCTH M3J1araeMbIX MbICIIEH COJIepKaHUS;

—HEUTpaJIbHBIA  METOJ  IPENOJHECEHUs  Marepuajia M OTCYTCTBHE
PEKOMEHIALUIi IO MCIIOJIb30BAHUIO JIOKYMEHTA.

OObeM aHHOTALMM COCTaBISET OAUH JUCT (opMara A4 MAIIMHONKCHOTO
TEKCTA.

Bo BBeneHuucnenyer o003HAUMTh aKTyaJlbHOCTb TEMBbl MPOEKTa, LEIH U
3aJlayd KypcOBOI0 MpoeKkTupoBaHus. OObeM BBEIEHUS HE JOJKEH MpeBbIIaTh 1
JUCTA.

B TexHonormyeckoil 4acTh OCYIIECTBIAETCS pa3pabOTKa TEXHOJIOTHUYECKOIO
Ipoliecca U3rOTOBJICHMS OTIMBKH B CIIEIYIOUIEH MOCIEA0BaTEIbHOCTH:

O3HAKOMHUBLIMCH C YEPTEKOM JACTAINM U YUWUTBHIBAs XapaKTep IMPOU3BOJCTBA,
CTYJEHT NPUCTYNAECT K BBIIOJIHEHUIO KapThl 3CKU30B, B KOTOPOM PEIIAOTCS Clle-
JYIOIINE UCXOAHBIE MTOJIOKEHUS IPOEKTA:

- TIOJIOXKEHHE OTIIUBKU B (DOpMeE MpH 3aJIUBKE;
- IOBEPXHOCTHU pazbeMa (DOPM U CTEPKHEBBIX ALIUKOB;
- croco0BI MO/IBOAA MeTasuia B (OpMy 7Sl MUTAHUSA OTJIUBKH;

- YUCJIO U KOH(DUTypalus CTepKHEN U CIOCOObl YCTAHOBKU CTEPKHEH B popMy;
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- YUCJIO JeTanei B popMe U YKCIIO AeTaliel U3 OJHOU OTJIMBKHU.

OCKU3 JeTald C MOJEIbHO-JIUTEHHBIMH YKa3aHUSMU C MPUMEPHBIM COOIIO-
JieHreM MaclTada U B 3aKOHYEHHOM BHJI€ YTBEPKAACTCA PYKOBOAUTEIIEM MPOCKTA.

[Tocne BHIMOTHEHNS KapThl 3CKHU3a BRIUEPUUBACTCS YEPTEXK OTIMBKU. [Ipn aTOM
CTYJCHT PYKOBOJACTBYETCS MCKIIIOUUTEIBHO pa3MepamMH, yKa3aHHBIMH Ha 4YEpTexKe
JETaJIH.

Ha ueprexe OTIMBKM IOJDKHBI OBITh YKa3aHBI CIEAYIOIINE TEXHOJIOTUYECKHUE
napameTpsbl:

- MPUMYCKX Ha MEXaHUYECKYI0 00paboTKy (B Mpeaesiax cTaHaapTa);

- TAPAHTUHHBIE IPUITYCKH;

- TUTeNHbIe (POPMOBOYHBIC YKIIOHBI, €CJIM OHU HE JIaHbI Ha YEPTEKE JIeTalH;

- 3aJIMBaeMble OTBEPCTHUS;

- CIICMANIbHBIE JINTCWHBIEC TPUIUBHI (pedpa >KeCTKOCTH, TUTOMIAAK! IS KICHMEHMS,
00pa3Ipl HA MEXaHUYECKUE MCTIBITAHMS) U TEXHOJIOTUYECKUE OTBEPCTHS;

- YepHOBBIE 0a3bl JIsI MEXaHUUYECKOM 00pabOoTKH (COTIIACYIOTCS C PYKOBOJAUTENIEM ).

Ha stoM ke deprexke yKa3bIBaIOTCS TEXHUYECKHE TPEOOBAHUS K OTIMBKAM.
Kpome TOro, CTy€HTOM aHaJIU3UPYETCs] TEXHOJOTMYHOCTh JETaIU, U HaMEYaroTCs
U3MEHEHUS, OmpejesieMble TPeOOBAaHUSMHU JIMTEHHOW TEXHOJOTUH, KOTOpble 0e3
yiiepOa il Ha3HAUYCHUS JIeTall M MOCJIeAYIONed MeXaHUnIeCcKoi 00paboTKH MOTYT
OBITh BHECEHBI B €€ KOHCTPYKIIHIO.

YepTrex OTIMBKH BBIIOIHIETCS CTYAEHTOM € coOroieHneM MacmTabda. Yucio
MPOEKIUH, pa3pe30B M CEUYCHUN JOJDKHO OBITH JOCTATOYHBIM ISl OTPaXCHHS BCEX
0COOEHHOCTEH OTJIMBKH 10 CPAaBHEHUIO C JCTAIBIO.

Ha deprexe oTIMBKM yKa3bIBaIOTCS rabapUTHBIE pa3Mepbl U pa3Mephl, Ompe-
JEJISIFOITUE TEXHOJIOTHYECKUE TTapaMeTphI.

BrImmoTHUB 4epTeX OTIWBKH, CTYJICHT MPUCTYNAET K BBITIOJIHCHHUIO YEPTEKa
JUTEHHON (POPMBEL.

Yeprex JUTEHHON (POPMBI JOIKEH MPEACTaBIATH (OpMy B COOpaHHOM U

IIOATrOTOBJICHHOM K 3aJIMBKC BUIC.
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[Ipu wm3rotoBieHUU yepTeka JUTEHHON (OpMBI HEOOXOAMMO PYKOBOACTBO-
BaTbCs BO3MOXXHOCTBIO IPOM3BOJCTBA OTJIMBKU M DKOHOMHYHOCTBIO M3TOTOBJICHUS
b opMmBL.

B 3aBucuMocTu OT cnocoba JIMThS K YEPTEKY JIUTEUHOM (OPMBI MHPEIbsB-
JISIFOTCS pa3InYHbIE TPEOOBAHMSL.

JUJis OTJIMBOK, M3rOTaBIMBAaEMbIX B Pa3oBbIX ¢Gopmax (PpopMoBKa B OMOKax,
dbopmMoOBKa B CTEpKHsX, Oe30mouHas (OopMOBKa), Ha yepTexe (HOPMbI JOTKHBI ObITh
YKa3aHbI:

- pa3MelleHre OTJIMBOK B (hOpMe C YKa3aHUEM UX KOOPAHUHAT;

- TUHUY pa3zbema (OPM U TPAHMIIBI CTEPIKHEH;

- 3HAaKU ¥ 3aMKHU C YKa3aHUEM UX pa3MEpPOB U Pa3MEPOB 3a30POB B 3HAKAX;

- JUTHUKOBas CUCTEMA CO BCEMHU €€ MOAPOOHOCTSAMH U pazMepamMu OTHEINbHBIX
AJIEMEHTOB;

- BBIIIOPA U MPUOBLIU C YKa3aHUEM BCEX Pa3MepOB;

- TJIaBHBIC BEHTUISIIMOHHBIE KaHAJIbI;

- XOJIOAWJIBHUKY U KepeOeHKHU ¢ OCHOBHBIMH Pa3MEpPaMH;

- OMOKH CO BCEMH JIETAJISIMU U pa3MEpaMH.

Ha wugeprexxe Qopmbl yKa3piBaeTCs BEIMYMHA TNPUHATON  JIMHEHHOM
ycanku.YepTex (HopMbl JOKEH COJIEpKaTh CHEUU(PUKAILMIO CTEPKHENW U XOJIO0IUIIb-
HUKOB. K uepTexy nuteitHoit popMbl TOKHBI OBITH MPUIIOKEHBI CHEU(UKALINS U
ACKU3bl OCHACTKH.

3amura MpoeKTa OCYIIECTBISAECTCA Ha KBATM(DPUKAMOHHOM 53K3aMEHE II0
Moaynto I[IMOl.«IloarotoBka M BeIEHUE TEXHOJIOTHMUYECKHX IMPOLIECCOB IUIABKH,
JUThS U MIPOU3BOACTBA OTJIMBOK U3 YEPHBIX U BETHBIX METAJIJIOBY
CocraB 3K3aMEHAlMOHHOW KOMHCCHM OIPENEISETCA IMPUKA30M JAUPEKTOpa
KOJUIeIKa IpU  HENOCPEACTBEHHOM  YYacTUM PYKOBOAMUTENIS  KypCOBOIO
MPOEKTUPOBAHMUSI.
3amura cocTOUT B KOPOTKOM (8-10 MHH) TOKJIa€ CTYJEHTa MO BHIITOJIHEHHOMY

IMPOCKTY U B OTBCTAX HA BOIIPOCHI.
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CryAeHT JOKEeH NpH 3alluTe MPOeKTa AaThb BCE OOBSICHEHUS IO CYIIECTBY
MPOEKTA.

3amura mpoekTa oneHuBaeTcs audepeHIIMPOBaHHON OTMETKOM.
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PA3JEJ II. METOINYECKHUE PEKOMEHJIALIIMUMA 110 BBIITIOJIHEHHUTIO
TEXHOJIOTUYECKOMN YACTH

2.1. OneHkKa TEXHOJOTHYHOCTH JIUTOM JeTaIu

JIlutas neranb, BBINONHSAEMAs JHOOBIM COCOOOM (0Opa30BAHHOW W3 JIUTHIX
y3JI0B, COEAMHEHHBIX MEXaHMYECKUM IyTeM B OAHY J€Tallb, JIUTON - CILUIOIIHOW;
COCTOSIIIIEH U3 OTHOW OTJIUBKH), TOJIPKHA OBITh TEXHOJOTUYHONU U KOHCTPYKTHUBHOM.

[Tox TeXHOMOTMYHOCTHIO JACTaIU MOHUMAETCS TAaKOM BapUAHT €€ KOHCTPYKIIUU,
P KOTOPOM OHa MOXKET OBITh M3TOTOBJICHA C MUHUMAJIbHBIMH 3aTpaTaMH CPEACTB U
MaTepHuasoB.

ITon KOHCTPYKTHBHOCTBIO JACTald MOHHUMAETCS TaKOM BapHaHT KOHCTPYKLHMH
OTJICTILHBIX €€ y3JI0B, CTCHOK W YIJIOB, IIPH KOTOPOM OHHM OyAyT IOJy4yaTbCs Oe3
JTUTENUHBIX 1€(EKTOB, MOHKAIOUIUX €€ TPOYHOCTHBIE CBOMCTBA.

TeXHONOTUYHBIMU CUUTAIOT JETalld, KOHCTPYKIIMH KOTOPBIX OTBEYAIOT TpeE-
OOBaHUSIM KaK TEXHOJOTHH MEXaHUYECKOM 0OpabOTKH TaK U TEXHOJIOTUM JTUTEUHOTO
MIPOU3BOICTBA, & TAK)KE BCEM YCIIOBUSM KCIUTyaTallUH.

TexHoI0ruYHbIC JINTHIE AeTaId JTOIXKHBI UMETh [ 1, 2, 3]:

-IIPOCThIE W MPSIMOJIMHEHHBIE OOIIUE KOHTYpPHI, OOJErdaronue HU3roTOBICHHE
MOJICTBHBIX KOMIUIEKTOB, a TaKXe Iporecchl (OpMOBKH, COOPKH (GOpM U OYHMCTKH
OTJINBOK;

-pallMOHAIBHYIO TOJIIIMHY CTEHOK B pAa3JIMYHBIX CEUEHHUSX, 4YTO OOecneurBaeT
HEOOXOMMMYIO TPOYHOCTh KOHCTPYKIIMM M BO3MOXXHOCTH 3amOJHEHUS (HOPMBI
METAJIOM;

-TUTABHBIE TIEPEXOJIbl B COMNPSDKEHUSIX PA3IUYHBIX CEUEHHUM, CHOCOOCTBYIOIIHE
CHIDKCHHUIO BHYTPEHHUX HANPSIKEHUI B OTJIUBKE;

-JI0OCTaTOYHOE YHCJIO OKOH JJisg YyJO0OHOM M HaJACKHOW NPOCTAHOBKU CTEpP)KHEH,
BBIBOJIA M3 HUX T'a30B M OUUCTKH BHYTPEHHUX IOJIOCTEH OTIMBKU;

-KOHCTPYKTUBHBIE  YKJIOHBI, OOECIEYMBAIOIINE M3rOoTOBIeHHUE (Qopmbl  6e3
YCIOXKHSIOIIUX MPUEMOB U HCKaXXEHHUSI KOHTYPOB OTJIMBKU (DOPMOBOYHBIMHU YKIIO-

HaMU;
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- BOBMOXKHOCTbh TPAHCIIOPTUPOBAHUSI PA3IMUYHBIMU CPEACTBAMMU.
JluTeie nmeTanu HE MOJDKHBI UMETh BBICTYIAIONIMX YacTeil, TOHKOCTEHHBIX pebep,
ITyOOKHMX BIAIWH, 3aKPBITHIX MOJOCTEH W MOAHYTPECHHH, 3aTPYAHSIIOMUX (POPMOBKY
(u3-3a yBEJIMUYEHHUS YUCIa CTEPHKHEN) U MEXaHU3ALMIO TIPOLIECCOB.

3ajaya Mo OIIEHKE TEXHOJIOTMYHOCTU KOHCTPYKIMHU JIMTOM AETaau peliaeTcs
JUUIsSl KOHKPETHBIX YCIOBU MPOU3BOJICTBA.

Hwxe npuBogsATCs 1aHHBIE 111 TAKOU OLIEHKH.

2.1.1. BHenHee o4yepTaHUE JUTHIX AeTaiel

Ouepranue JUTOW AETaN JOHKHO OBITH MO BO3MOXXHOCTHU MPOCTBIM. DTO U
objerdyaer mpolecc M3rOTOBICHUS MOJSIH M HCKIIOYaeT HEOOXOIUMOCTh IIpUME-
HEHUsI OThEMHBIX 4acTted mojelnei. [IpocTtoe BHeEIHee odepTaHWE OTIIMBKU MO3BO-
JISIeT U3TOTaBiIuBaTh (POPMYy C MHUHUMAJIBHBIM KOJIMYECTBOM CTepykHeH. JluiiHue
CTEP)KHU YBEIMYHUBAIOT TPYAOEMKOCTh M3TOTOBIICHUS (POPMBI, MPUBOMAAT K TIOSIBIIC-
HUIO TaKUX BUJOB Opaka, Kak MepeKoChl U HECOBIIAJICHUE Pa3MEpPOB, BBI3BIBAIOT HE-
TOYHOCTh MU3TOTOBJICHUS U YCTAHOBKHU CTEPKHEM.

Bremninee odepraHve W KOHCTPYKIMS JUTOW JCTadu JOJDKHBI OBITh TaKHWMH,
YTOOBI MOJIENTb MOKHO OBIJIO M3TOTOBUTH C OJHUM IJIOCKUM Pa3zbeMOM. DTO 0COOEHHO
BXHO NMPY MAITUHHOU (POpPMOBKE.

Mogens WM 9acTH MOJICTH JIOJDKHBI IIPU (POPMOBKE JIETKO H3BIICKAThCSA M3
dbopmbl. JIjisi mpoBepKU 3TOro TPeOOBAHUST MOXKHO HCIIOJIB30BaTh METOJl TEHEBOIO
penbeda. Ecnm Ha merans WM 4acTh JI€Talyd HAMPABUTh MyYOK MapaUICIbHBIX JTy-
4yel, NepPHeHIUKYISIPHBIX TPEArnojaracMoil IUIOCKOCTH pazbeMa (POopMbI, WIH
CTEP>KHEBOTO SIIMKA, TO OTCYTCTBUE TEHEBBIX MECT 00ECTICUUBAET BHITTOJIHEHUE ITOTO

TpeboBanus. Ha puc. 1 npuBeaeHsl puMepsl TaKOM MPOBEPKHU.
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PucyHnok.1 - Meton TeHeBoro peibeda HETEeXHOJOTHYHbIE (a) U TEXHOJOoTU4YHbIE (0)

KOHCTPYKIMH JIeTaJeH

[Tpu HANIMYWY y JTUTON JAETAIM BBICTYIAIOIIMX HAPYKy KPEMEKHBIX TMPHIABOB

1 OOOBIIIIEK PEKOMEHTYEeTCs CIIeAYIoIIee:

- ONMU3KO PAaCIOJIOKEHHBIC MPUIIMBBI WM OOOBIIIKA HEOOXOIUMO OOBCAMHATH B OAWH
TIPIIHB,
-€CJIH JIeTallb UMEET BHYTPEHHUE TIOJIOCTH, BHITMIOTHIEMbIC C IPUMEHEHHUEM CTEPIKHEH,
TO BBICTYIAIOIINE HAPYXKY MPWIMBBI M OOOBIINIKK CIIEAyEeT TMEPEHOCHUTHh BHYTPH
TeTam;
-HAJIMYUEe TPWIUBOB M OOOBIIIEK HE JOHKHO BbBI3BIBATH MECTHBIX CKOIUICHUHN
MeTajia, JIs 9Yero UX BhICOTA HE JIOJDKHA MPEBBIIATh TOJIIMHBI CTCHKH, Ha KOTOPOM
OHM pacmojiokeHbl. [Ipu ATOM HaMMeHbIIas BbICOTa OOOBINIEK Ha3HAYAETCS B
3aBUCUMOCTH OT HAaUOOJBIIET0 TadapuTHOTO pa3Mepa JIeTalH.
BepxHuMm (10 TMONOXEHUIO TMPU 3aJMBKE) IUIOCKUM TMOBEPXHOCTSIM OOJBIION
MPOTSKEHHOCTH HEOOXOIMMO TPHIaBaTh MPH 3aJIMBKE HEKOTOPHIA HAKIIOH, B TPO-
TUBHOM CJIydae IMOBEPXHOCTh OYJET IJIOXOT0 Ka4eCTBa M3-3a HAJUYHS TaKHX BHJIOB
Opaka, KaK y)KHUMHUHBI ¥ Ta30BbIC PAKOBHHBI.
He cnenyer momyckarh y JUTOW JETajil JABYCTOPOHHIOI MEXaHUYECKYIO 00paboTKYy,
IIPU KOTOPOM B CTPYXKKY yIajisieTcss HanboJjiee MPOYHbBIN cliol MeTamia. Kpome Toro,
IIPY Ha3HAYEHUHU TPHUITYCKOB Ha 00pabOTKy CO3/1aeTCsa MECTHOE CKOILICHHE MeTallja,

4TO IMPUBOJUT K ITOABJIICHHUIO YCAJJOYHBIX PAKOBHUH U TPCIIUH.
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2.1.2. BHyTpeHHHE NOJOCTH U OTBEPCTHUS B OTJIMBKAX

OTnuBKM HEOOXOAMMO 10 BO3MOXKHOCTH BBINOJNHATH 0€3 MNpPUMEHEHUs
CTEp’KHEW 3a CYET BBICTYNAIOIMIMX yacTed (Qopmbl - «OosnBaHOB». [Ipym MammHHON
(OpMOBKE BBICTYIAIOIINE YACTH, PACIIOIOKECHHBIE B HUKHEH OIOKE, U CTOSIIIUE Ha
CBOEM OCHOBAaHWHU, MOTYT UMETh BBICOTY, MEHBIIYI0 WM PaBHYIO pa3Mepy OCHO-
BaHUA (IMaMeTpy WIM AMAMETPy BIHCAHHOM OKpPYXKHOCTH). BricTynaromiue ydacTu
BEPXHHUX OIOK, CBELIMBAIOLINECS BHU3 (T10/IBECHBIE OOJIBaHbI), MOTYT UMETh BBICOTY
MeHbIIe WK paBHyo 0,3 pazMepa CBOEro OCHOBAHMSL.

[Tpu pyuHo# (OpMOBKe BBIIIEyKa3aHHbIE HOPMbI PEKOMEHYETCS YMEHBIIUTH
10 50 %.

Kondurypanuss BHyTpeHHUX NOJOCTEH JOHKHA OBITH MO BO3MOXKHOCTU IPO-
cTtoi. 1Ipy Hamuumy CIIOKHBIX MOJOCTEH CTEPKHM PEKOMEHAYETCS PacdICHATh Ha
0osiee pocThie, o0ecreunBasi yI100CTBO COOPKH CTEPXKHS U HAJEKHOCTb KPETUICHUS
ero yacteil. JKenarenbHo, 4TOOBI LEIbIE CTEPKHU WM YACTU COCTABHBIX CTEPKHEH
MOTJIM OBITh U3TOTOBJIEHBI MAIIMHHBIM CIOCOO0M. CTEp>KHU AOTKHBI UMETh pa3Mepbl
B CEYCHMH, MTO3BOJISIONIME IPUMEHATh METAJUINYECKUE KapKachl [UIsl YBEIUYCHUS UX
NPOYHOCTH. BBIXOAHBIE OTBEPCTUS JUISI 3HAKOB CTEPXKHS HW3TOTABIMBAIOTCA C
pasMepaMy, JAOCTATOYHBIMM JUISl HAJEKHOIO KperuleHHs crepxkHeil. [Ipu manom ux
KOJIMYECTBE MPENYCMaTPUBAIOTCS JOIOTHUTEIbHBIE OTBEPCTHU.

[Ipy HaMMUYMM 3aMKHYTBIX MOJOCTEH B OTIMBKE HEOOXOIMMO MPETyCMOTPETH
TEXHOJOTUYECKHE OTBEPCTHUS JJIsi BBIXOAA 3HAKOBBIX YacTei cTepxkHA (puc. 2). s
3aKpbIBAHUSI 3TUX OTBEPCTUN JOHKHBI OBITh YCTAHOBJIEHBI COOTBETCTBYIOLIUE 3a-
IUTYIIKH.

JIONIOJTHUTENIBHOE KPEIUIEHUE CTEep KHEW mIpu momouu kepebeek (puc. 3, a)
KpaiiHe HeXKeaTeNbHO, TaK KaK >kKepeOeiiku, 3aIMBaeMble METaJNIOM, YacTo SBISIOTCA

MPUYUHON Opaka OTJIMBOK (Ta30BbIE€ PAKOBUHBI, HECBAPUBAEMOCTH ).
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@ - IOTIOJTHUTENIbHOE KPETIJIEHUE CTEPKHEN IIPU MTOMOIIH Kepebeek; O - JOMOTHUTEIbHOE
YCTPOICTBO OTBEPCTHS ISl BBIXO/Ia 3HAKA CTEPKHS

Pucynoxk 2. - Ilpumep yctporicTBa xepedeek U JOTMOTHUTENbHBIX OTBEPCTUI

AJI1 BBIXO/Ja 3HAaKa CTCPIKHA:

OTBepcTUs B OTIMBKAaxX B 3HAYUTEIBHON CTENEHU OCIOXKHSAIOT TEXHOJIOIMYE-
CKHI Mpolecc, 0COOEHHO €CIM OHU MMEIOT Majbli JTUaMeTp U OOJIbIIYI0 [ITyOHUHY.
CrepxHu s 00pa30BaHUsl 3TUX OTBEPCTUH TPYJHO M3TOTOBUTH M OOECHEUUTH HX
IIPOYHOCTb.

[ToBepXHOCTh TaKMX OTBEPCTHI OOBIYHO HMMEET Mpurap, 3aTpyAHSIOIUN HX
JaNbHENITYI0 00paboTKy. DTH 00CTOSTENbCTBA TOJIKHBI OBITH YUTEHBI IPU IMPOEK-
TUPOBAHUH.

OTBepcTHs B OTIIMBKAX MOTYT BBICBEPIIMBATHCA, €CIM AMAMETPHI UX HE Ipe-

BBIIIAIOT IPU MaccOBOM Npou3BoacTBe 20, cepuitHoM 30 1 HHAUBUIYATBHOM 50 MM.

2.1.3. ToammuHa CTEHOK OTJIHBOK

VY nmuTHIX JeTanied TONIHMHY CTEHKH HEOOXOIMMO Ha3Ha4yaTh, YUYUTHIBAS TPE-
OyeMyI0 pacyeTHYIO MPOYHOCTh, a TAKKE JKUJIKOTCKYyUeCTh METAJlJIa 1 BO3MOXXHOCTh
3aItoJIHEHHS ()OPMBI TIPH Ha3HAUYCHHOH TOJIIMHE. JIMMUTHPYIOIIMM OOBIYHO SBIISETCS
obOecrieueHre HEOOXOAUMOM TMPOYHOCTH JeTanu. [lodTomMy TOJNIIIMHA CTEHKHU
Ha3HayaeTcs HaWMEHbINEH, HO oOecrneunBaromell HEOOXOIUMYI IPOYHOCTh M
JIOCTaTOYHOM JIsi 3amojHeHus ¢Gopmbl. Bceskoe yBelmWueHHE TOJIIMHBI CTEHKH

IPHUBOAUT K 3aMCIJICHUIO CKOPOCTHU 3arBEpACBaHMA MCTAlZIa U HCOAHOPOAHOCTH
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CTpYKTypbl. CIeICTBHEM 3TOTO SBISETCS CHUKEHUE MPOYHOCTHU JETaNH.

Jlsist BBIOOpa HAMMEHBIIIEH TONIIWHBI CTCHKW OTJIWBKHU TMPH JIUTHE B MECUAHBIC
dbopMbI, MOKET OBITH HUCTIOB30BaHa IuTeparypa [1, 2, 3, §].
[Ipu BBIOOpE TONIIUMHBI CTEHKU OTJIMBKUA HEOOXOIMMO YUYUTHIBATh, YTO, HAUMHAS C
HEKOTOPOH (KPpUTUUYECKOW) TOJIUHBI, TPOYHOCTh YBEIUYUBAETCS HECOPA3ZMEPHO.

CeueHHsIM CTEHOK JIUTBIX JIeTalell peKOMEHAyeTcs MpujaBath (Gopmy, odec-
MEYMBAIONIYI0 HAaUMEHbIIIEe TOPMOXKEHUE ycaaku. Hamuuue Ttepmuyeckoro (Hepas-
HOMEpPHOCTh 3aTBEp/ICBAHMS U OCTBHIBAHMUS) M MEXaHUYECKOro (COMPOTUBIICHUE
(GhOopMBI) TOPMOKEHHUS YCAJIKH MOXKET MPUBOAUTH K KOPOOJIeHUIO U TpemuHaM [ 1, 4,8].

BHyTpeHHue CTEHKM y JMTOM JeTalldi PEKOMEHAYETCS JieJlaTh HECKOJIBKO
ToHbIe (mpumepHo Ha 20 %) BHemHUX cTeHOK. CTEHKH OTJIMBKU JOJKHBI OBITH 10
BO3MOXXHOCTH, OJIMHAKOBOW TOJIIIUHBI, YTO O0OECIEYMBACT PABHOMEPHOE 3aTBEpJC-
BaHWC W OCTHIBAHWE OTIMBKH, €€ PAaBHOMEPHOE CTPOCHHE, MPEAOTBpaIIacT Kopoo-
JieHrue U oOpa3oBaHue TpeluH. JlomyckaeTcss MECTHOE YBEIIMUEHUE TOIINMHBI CTEHKH

110 20 % npu 3HAYUTEIFHOM YIAJIEHUH €T0 OT MECTa MOJBOAA MEeTallia.

2.1.4. ConpsizkeHUs CTEHOK, YIVIbI M MEPeXoabl

VY nuteix neraneid Ajisi OOJbIIEM WX HAJIEKHOCTH TPU COMNPSIKEHUH CTEHOK,
OTJIMYAKOLIMXCS IO TOJIIMHE MEHBIIE YE€M BIBOE, PEKOMEHAYETCS MPUMEHSThH rajl-
Tenu (paauychl BHYTPEHHUX YIIOB). ['antenu oOecrneunBarOT IJIABHBIM MEPEXO] U
MPEAOTBPAILAIOT BO3HUKHOBEHUE TPEIIMH M3-32 HEPABHOMEPHOTO 3aTBEPACBAHUS U

ocTeIBaHus oTiiuBKH (puc. 3) [1, 2, 3, 4, 8].
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Pucynoxk 3 - ITpumep nzoOpaxeHus rainTesneil Ha OTJIMBKe
[Ipy Hanmuuuu y 3agaHHON JeTaiu Oojiee CIOKHBIX COMPSDKEHUH MX TEXHO-
JIOTUYHOCTh OIICHUBAIOT, HCIIOJIB3YSl CIEIUAIbHBIE PEKOMEHJAIMK 10 KOHCTPYH-
POBaHMIO JINTHIX JieTaneu [3].
2.1.5. MecTa CKOILUIEHUSI MeTaJJIa

VY nuThIX JAeTaneil, HeCMOTpsT Ha CTPEMIICHHE KOHCTPYKTOpa 00eCHeYuTh
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PaBHOMEPHYIO TOJIIIMHY CTEHOK, BCETJa HMEIOTCS MECTa CKOIUICHHUS MeTraia -
METAJUIOTEPMUYECKHUE y3JIbl. DTH Y3JIbl 00pPa3yl0TCsl B MECTAaX MEPECEUCHUMN U COTps -
JKEHUH CTECHOK; MECTaX PacloO0KCHHS BBICTYIIOB, PUIMBOB U OOOBIIIEK, a TAKXKE 3a
CUET YTOJIICHUS MPU Ha3HAYCHUU MPHUITYCKOB Ha MEXaHUYECKYyI0 00palboTKy. Takue
rOpsAYMe y3Jbl MEIJICHHEE 3aTBEPACBAIOT, U B HUX BCJIEACTBHE HEAOCTATOYHOIO
MATAHUS KUJKUM METaJZIOM B IIPOIIECCE 3aTBEplCBaHUS 00pa3yroTCs YyCaJo4dyHbIC
PaKOBUHBI M PBIXJIOThL. OCOOCHHO HEXKENaTeIbHO HAIUYHWE TEPMUYECKUX Y3II0B Y
OTJINBOK M3 CIUIABOB C ITOBBIIICHHON YCAAKOM.

B cBa3u ¢ Tem, yto oOecrneuuTh pPaBHOMEPHOE 3aTBEPACBAHUE OTIMBKH
ObIBa€T 3aTPYyIHUTEIIbHO, HA TMPAKTUKE MPUMEHSIOT TaK Ha3bIBAEMbId MPUHIUII
HaIpaBJIEeHHOTO 3arBepiaeBaHusA. [Ipu 3TOoM NMUTYIO AeTadb HEOOXOAUMO TaK KOHCT-
PYKTUBHO O(OPMUTH, PACMOIOKUTH B (pOpME U MOABECTH K HEHM KUIAKUM MeTal,
9TOOBI 3aTBEP/ICBAHIE HAYAJIOCh B TOHKMX MECTaX, MOCTETICHHO PaCIPOCTPAHSISICH Ha
0oJiee TOJCThIC U 3aKaHYMBASACH B MPUOBLIAX, YCTAHOBJICHHBIX HA CAMBIX MAaCCUBHBIX
Mmectax [1, 2].

HanpaiieHHOCTB 3aTBep/iIeBaHus OTIUBKU MIPOBEPSIETCS METOAOM BIIMCAHHBIX B
ceueHue OKpyxkHocTel (puc.4). [Ipu HampaBlieHHOM 3aTBEpACBAaHUM OKPY>KHOCT,
BIIMCAHHAs B TOHKOE CEYEHHE, JOJKHA, MOCTEIIEHHO YBEINUNBAsACH, BEIKATHIBATHCS U3

OTJIMBKU B MPUOBLIb.

Ofell2= 01004 OL02-[H-07;
a i)

Pucynoxk 4. [IpuHuun HanpaBJIeHHOTO 3aTBEpACBaHUS
Koncrpykuust neranu (puc. 4, a), He YIOBIETBOPSAET JAHHOMY MPHUHIUILY,
II0O3TOMY B MECTAaX CKOIUIEHMsI METala OHA IOPaK€Ha yCaJOYHbIMH PAKOBHHAMHU.

PexoncrpyupoBannas nerains (puc. 4, 0), yI0BIETBOPSET 3TOMY MPUHITUITY.
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[Tpu HamUUMK y OTJIIMBKU MECT CKOILJIEHUS METalljia, KOTOpbIE TPYIHO obecreuy
JIOTIOJIHUTENBHBIM MTUTAHUEM 32 CUET YCTAHOBKHU MPHUOBUICH AJIi PaBHOMEPHOTO WIIH
HAIpaBJIICHHOI'O  3aTBEPACBAHUS INPHUMEHSIOTCA BHYTPEHHUE WJIH  BHEIIHHE
XOJOAWIBHUKY. VIMeroluecs MeCTHbIE YTOIIIEHHS Y OTJIMBOK MOKHO YMEHBIIIUTb,

a Js CoOXpaHEHHs] HEOOXOAMMOW >KECTKOCTH YCTaHOBHUTH pedpa >KeCTKOCTH. Toii-
HIMHa pedep KECTKOCTH Ha BHEUIHEH MOBEPXHOCTH OTJIMBKU HE JIOJKHA MPEBBIIIATH
0,8, a BHyTpeHHUX pedep 0,6 TOMIIUHBI CTEHOK.

Bricora peGep He A0KHA TPEBBIIATh NATUKPATHOM TOMIIMHBI CTEHOK.

I[Ipy  Hamuuuu y  JOUTOM  JeTaJd  MECT, [IJ€  MOryT  BO3HMKAaTh
TEpMUYECKHE(HEPAaBHOMEPHOCTh 3aTBEPACBAHUS W OCTBHIBAaHMS) M yCaJOYHBIE
(3aTpyAHEHHas ycaJiKa) HapsDKEeHUs, B €€ KOHCTPYKIIMIO BO n30exxaHne 0Opa3oBaHUs
rOpsIYMX TPEIIMH BBOJATCA JTUTEHHBIE pedpa.

ComnpspxeHus pedep )KeCTKOCTH U TUTEHHBIX pedep ¢ Ce4eHreM OCHOBHOTO
Te’aa OTJIMBKUA HE JOJKHBI MPUBOJUTH K MECTHBIM CKOIUICHUSIM METallia, JUIsl Yero
TaKhe MeCTa HeOOXOAMMO KOHCTPYKTHBHO OOJIErYUTh, HAIPUMEP, KAaK MOKa3aHO Ha

puc. S.

Pucynoxk 5 - Pacnionoskenue pebep Ha OTIIMBKE

Pebpa momkHBI pacmomararbcsi CHMMETPHYHO 10 KOHTYPY J€Tajd BO
u3bexxanue ee kopobnenus. Jluteitnoie pedpa 0OBIYHO JIETAI0T METKUMHU ISl JIETKOTO
UX yJlaJeHust Ipu 00pyOKe OTIIMBKHU.

Texnonornueckre TpeOOBAHUS K JIUTHIM 3aTOTOBKAM, CBE/ICHHUS O KAYECTBE

OTJIMBOK, ITOKA3aTCJIN TCXHOJOINYHOCTH U OKOHOMHYCCKOI'O MCIIOJb30BaHMUA MCTAJlJIa
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MIpUBEJICHBI B paboTax [8].

2.2. Bb10op cnnoco6a n3roropjieHusi Gopm

[Ipu u3roTOoBICHUM pPa3oBOM mMecyaHOW (GOopMbI MPUMEHSIOT JBa crocoba -
PYYHOM U MAIIMHHBIN.

HeobOxonumo yxe B camMOM Hauajie pa3pa0OTKU TEXHOJIOTHMU M3TOTOBIEHUS
JUTOU JeTanu NMpeAyCMaTpuBaTh MCMHOJIb30BaHWE MAIIMHHOW (POpMOBKA, KOTOpas B
YCIIOBUSIX CEPUMHOIO M MaccoBOTO IPOM3BOACTBa HauOoisee uenecoodOpaszna. Ilpu
MAaIIMHHON (POPMOBKE BBICOKAsi MPOM3BOAUTEIBHOCTh COYETAETCA C BBICOKOW TOU-
HOCTBIO ¥ TIOCTOSTHCTBOM CBOMCTB JIMTBIX JETAJICH.

Ha Bb160p crioco0a U3roToBIEHUS OTIMBKH TAK)KE BIUAET K KaKOM IpyIIe oHa
OTHOCHTCSI.

OTnuBKM  KJIACCHPUIMPYIOT MO  Macce, Ha3HAYCHHUIO,  CIOXHOCTHU
KOH(MUTypaluu, CepUuHHOCTH U3TOTOBJIEHUS U TOYHOCTH pa3mepos [1, 2]. [1o macce
OTJIMBKH U3 YyT'yHA U CTaJu NoJpa3aenistorca Ha 4 rpynmnsl (Tadi. 1.1).

Ilo Ha3HAYEHHIO YYTyHHBIE M CTAJbHBIC OTJIMBKHM NOJApA3JEisAOTCd Ha 3
CJIEIyIOLUE TPYTIIBL:

l-4 rpynmna — OTJINBKM HEOTBETCTBEHHOI'O Ha3HA4Y€HMs. JTO OTIMBKM JETaled, He
paccuuThIBaeéMbIX Ha MPoyHOCTh. KoHpurypauus u pazmepsl OTIUBOK ONPEAEISIOTCS
KOHCTPYKTUBHBIMU U TEXHOJIOTMYECKUMU TPEOOBAHUSIMU K HUM;

2-9 Tpynna — OTJIMBKH OTBETCTBEHHOIO HA3HAYEHHUS. OTO OTIMBKH JETaJICH,
UCIIBITHIBAEMBIX HA MPOYHOCTh, PAOOTAIOIIMX NPH CTATHYECKUX Harpy3kax M B
YCIIOBUSIX TPEHUS CKOJIbKEHHUS;

3-1 rpymnmna — OTJIMBKM 0COOO OTBETCTBEHHOI'O Ha3HAu€HUs. DTO OTJIMBKH JeTajei,
UCIIBITBIBAEMBIX Ha IPOYHOCTb M IKCIUIyaTUPYEMBIX B YCIOBHUAX ITMHAMHYECKUX H

SHAKOIICPCMCHHBIX HAIrpy30K.

Tabnuma 1.1 - Pactipenenenue OTIMBOK U3 YEPHBIX METAJUIOB 110 Macce

['pynma XapaKkTepUCTHKA TPYIITIHI Macca, kr
1 Menkue Jo 100
11 Cpennue 101...1000

22



111 Kpynzsle 1001...5000
v OueHb KpyIHBIE Csbite 5000

2.3. OnpenesieHue NOJI0KEeHUs OTJIMBKHU B (popme

[Tonoxxenne omMBKA B (opMe NPEIONpenensieT €€ KadyeCTBO, CIONKHOCTb
(bopMOBKH, pa3Mepbl OINOK, MPUIYCKH Ha MEXaHUYECKYI0 0O0paOOTKy OTHEIbHBIX
HOBEPXHOCTEN W mapaMeTpsl TeXHONOruu. [1o3ToMy BBHIOOPY MOJIOKEHUS! OTJIMBKU B
dbopme pu 3aNMBKeE yAEIseTCs 0c000€ BHUMAaHUE.

Teopuenl ¥ NPAKTHKOW JIMTEWHOTO IMPOM3BOACTBA YCTAHOBJICHO, YTO IPHU OI-
peleNeHnn TOJOXKEHUSI OTIIMBKA B (opMe HEOOXOOUMO PYKOBOJICTBOBATHCS Clie-
JTYIOIIMMU MOJOKEHUSAMU:

-OTJIMBKA JIOJDKHA pacrnojararbes B GopMe TakuMm o0pa3oM, 4ToObl 00ecIieYMBaioch
HaIpaBJIeHHOE 3aTBEpJECBaHUE €€ K MecTaM pacmnoyiokeHus: npuObuieit. C 3Toi
LEIbI0 MAaCCUBHBIE YAaCTH OTJIMBKM PAacCIoJIararoT, 0 BO3MOXXHOCTH, B BEPXHUX WIH
O00kOBBIX HacTsiXx (opmbl. Takoe pacrosioKeHUE OTIMBKU TMO3BOJISET 00ECIEeUUTh
IPOMUTKY €€ MAaCCHBHBIX YAaCcT€ YCTAaHOBKOM BEpXHHUX MNMpUObLIEH. B ToM ciyudae,
€CJIi OTJIMBKA UMEET OOJIBIIOE KOJIMYECTBO YTOJIICHUN, pa3AeIEeHHBIX APYT OT JIpyra
0ojiee TOHKMMH CTEHKaMH, KOrja MPUMEHEHUE MpUObLIEH MPSMOro MUTAHUS HE
o0ecrieuynBaeT HANpPABJICHHOIO 3aTBEPJEBAHUS CIEAYET UMETh BBUIY BO3MOKHOCTh
MPUMEHEHUSI OTBOJIHBIX MPUOBLIECH U PA3ITMUHBIX XOJIOANIbHUKOB;

-MaKCUMaJIbHOE KOJIMYECTBO 00pabaThiBAEMbIX IOBEPXHOCTEH OTIUBKHU JIOJKHO
pacmonaraTbCsi B HIDKHEH 4acTH (OpMbI MO 3aJIMBKE, a IPU OTCYTCTBUU TaKOU
BO3MOXXKHOCTH - BEPTHKAJIbHO WM HakKJIOHHO. (OOpabaTbiBaeMble IOBEPXHOCTU
OTJIMBOK SIBJISIFOTCSI B OOJIBIIMHCTBE CIIy4aeB HauOoyiee OTBETCTBEHHBIMH. [lo3TOMy
Ha 3TUX MOBEPXHOCTSIX HE JIOMYCKAETCA HAJIMYME TAKUX JHUTEHHBIX JAEPEKTOB, Kak
3acOpbl M IIUIAKOBBIE BKIIIOUEHHMS, KOTOpPbIE, KaK IPaBUIIO, pACHoJliaraloTcs Ha
BEPXHUX IJIOCKOCTSIX OTJIMBKU; HUKHUE IUIOCKOCTU OTJIMBKU Bcerja 0osiee IIOTHBI.
OpHako B TMpakTUKE JHUThs MMEIOT MECTO W TakKue Clydaw, Korja Mo psaxy
COOOpaKeHUl OCHOBHBIE 00pabaThiBaeMble MOBEPXHOCTU MPUXOAUTCS pacroiararb
CBEpXY IO 3aJuBKe. B Takux ciyyasx MPUHUMAIOT BCE MEPHI K TOMY, YTOOBI Ipe-

JOTBPAaTUTh 00pa30BaHUE JIMTEHHBIX JACPEKTOB, a €CIIM BCE K€ Takue Je(exTsl 00-
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pasyroTcs, UX yIAJISIOT BMECTE C MPUITYCKAMH Ha MEXaHU4eCcKyro 00pabotky. C aToit
IEIbI0 B MECTaX BO3MOXHOTO TIOSBIICHUS JMTCHHBIX Je(PEKTOB Ha3HAYAIOTCS
HECKOJIbKO YBEJIMYEHHBIC IPUITYCKH Ha 00paboTKy. MHOTHE OTJIMBKU TOJIBEPratOTCsI
MEXaHMYECKON 00pabOTKE € HECKOJIBKMX CTOPOH. EcCTecTBEHHO, YTO M 3THX
OTJINBOK HEBO3MOXXHO BBIOpaTh Takoe MOJIOKEHHE B (popMe MpHU 3ajuBKE, KOTOPOE
oOecrieymsio Obl pacmoioKeHHe BceX 00padaThbIBa€MbIX IUIOCKOCTEH B HMXKHUX
gacTax Gopmel. [IoaToMy, B TaKuX CiIy4asx B HIDKHHUX 9acTSIX (POPMBI pa3MelIaroTCs
HamOoJiee OTBETCTBEHHBIE IMOBEPXHOCTH, & B BEPXHUX - MEHEE OTBETCTBEHHBIE,
MMEIOIIME MEHBIIYIO TJI0IIAb;
-cUMMeTpHUYHbIe (10 cBOeH (hopMe) OTIIMBKU, KaK MPABUIIO, HECYT CUMMETPHYHYIO
Harpy3ky. s Toro uyTtoObl OOECHeunTh PABHOMEPHOCTh CBOMCTB OTJIUBKHU IIO
CEUCHUIO, TEPHEHAUKYISIPHOMY K OCH CHMMETPHUH, HEOOXOIMMO UYTOOBI CHM-
METPUYHBIC YaCTH OTIMBOK HAXOAWJINCHh B OJIMHAKOBBIX YCIIOBHUSX IMPHU 3aMOTHEHUU
MOJIOCTH (POPMBI METAJUIOM U MpHU KpUCTAIU3aluK. JlOCTUYL 3TOr0 MOKHO B TOM
cily4ae, e€ciau OCh (IJIOCKOCTh) CUMMETPUHU OTJIMBKHM 3aHMMAET BEPTUKAIBHOE IO-
JIO’KEHUE TIPU 3aJTUBKE;
-3aMl0JIHEHUE TOJOCTU (POPMBI METAIJIOM, MaJaloIMM C OOJNBIIONW BBICOTHI,
COIIPOBOXK/IAETCS 3aXBaTOM BO3/yXa M OKHcCJIeHHEeM. Uem Ooiblie BbICOTa MaJCHHUS
MeTajlja, TeM OOJIbLIE SHEPrusl Majarolell cTpyd, TeM OOJbllle BO3MOKHOCTb pa3-
pyuieHust GOpMBI U TeM B OOJIBIICH CTETEHU 3arpsi3HSAETCS METaJll OKHCIaMHU U Ta-
3amu. [loaToMy OTIMBKY B (hopMe HEOOXOIMMO pacrojiaraTh TaKUM 00pa3oM, 4TOObI
00ecreynuTh MUHUMAJBHYIO BBICOTY MaJ€HUs METajla MpPU 3aroJHEHUU MOJIOCTH
bopmbI;
- OTJUBKY HEOOXOIMMO pacroniaraTh B ¢opMe TakuM 00pa3oM, 4ToObl 00eCTIeUnTh
(GOpMOBKY MO MOJEIU C MHUHHUMAIBHBIM KOJMYECTBOM cTepkHel. Ilpumenenue
MOJIeJIEH C OTHEMHBIMHM YACTSIMU W yBEIMYCHHUE KOJIMYECTBA CTEP)KHEH YCIIOKHSET
U3TOTOBJICHUE MOJIETH U YOPOXKAET CTOMMOCTh (DOPMOBKH.

[Tpu nuthe B pa3oBbie (HOPMBI CIEAyeT MOMHHUTH, YTO (POPMOBKA MOXKET MPO-
U3BOJUTHCA B OJHOM IMOJIOKEHUH, a 3ajuBKa B Apyrom. I[Ipu BeiOOpe monokeHus

OTIMBKUA B (DOpME YUMTHIBAETCSA TaK K€ Psiji APYTrux TpeOOBaHUI Kak, HAIpUMED,
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y100cTBO (hOPMOBKH, BO3MOKHOCTb MTPOBEPKHU MPABMIBHOCTH YCTAHOBKH CTEPKHEH B
dbopMe, MPOYHOCTH OTACIBHBIX YYacTKOB (OPMBI, YIOOCTBO TOABONA M OOpPE3KH
JUTHUKOB U T.II.

B mnpaktuke paboThl HEBO3MOXXHO BHIOpaTh TaKOE TMOJIOKEHHWE OTIWBKU B
dbopme, 4TOOBI OJHOBPEMEHHO YAOBIECTBOPUTH BCEM YKa3aHHBIM TPEOOBAHUSIM.
[TosTomy B Gopb0Oe 3a KauyeCTBO JINThS HEOOXOJUMO OCHOBHOE BHHUMAaHUE YIEATH

[JIaBHBIM, PEHIAONIUM (haKTOpaM.

2.4.Bb100p moBepxHOCTH pazbemMa GopMblI

Pa3zbem (opmbl mpuMeHsIETCS HMCXOIs U3 HEOOXOJUMOCTH YAAJICHHUS IMOCTO-
SHHBIX MOJIeJIEH M3 pa30oBOil (OpPMBI, a TIPH JIUThEe B MOCTOSHHBIE (HOPMBI s yria-
JIEHUS! OTJIMBKHU. B 3aBHCHUMOCTH OT CIOXHOCTH MOJEIHU M OT MPUHSITOrO crocoda
(hOpPMOBKH, YKCIIO TOBEPXHOCTEN pazbeMa MOKET ObITh paBHO 1, 2 1 3.

[ToBepxHOCTh pa3zbemMa (POPMBI U TOJOKEHUE OTIIUBKU B (hOpMe TMpHU 3aJIMBKE
OOBIYHO TECHO YBSI3bIBAIOTCS MEXIY c000il. OIHAKO BBHIOOpP MOBEPXHOCTH pazbeMa
GbopMBI  ABIISIETCS BOMPOCOM MOAYMHEHHBIM, M OKOHYATEJIbHOE Ha3HAYeHUE Mo-
BEPXHOCTH pazbeMa MPOU3BOAUTCS TOJIBKO MOCIE OMPEAEICHUS MOJOKEHHS OTIUBKH
B (hopme.

Ha3nauenueM moBepXHOCTH pazbema (QOpMbI MPEAONPEACNIAIOT Takue mapa-
METpPBI TEXHOJIOTHYECKOTO TMpollecca, KaK KOHCTPYKIUS MOJENH, BeTudruHa Gopmo-
BOYHBIX YKJIOHOB, HEOOXOAMMOCTb MPUMEHEHHUS CTEPKHEH U T.MI.

[Ipu BBIOOpPE TOBEPXHOCTH pazbeMa (POPMBI HEOOXOAMMO CTPEMHTHCS K TOMY,
YTOOBI YUCJIO Pa3beMOB ObUIO MUHUMAJBLHBIM. Bojbilloe 4ncio paz3beMoOB BEAET K
YMEHBIIICHUIO TOYHOCTH U3JIETUS U IOTIOJIHUTEIHHON 00pab0OTKe Ha OTIIMBKE 3aJIMBOB
0 TIOBEPXHOCTSIM pa3beMa.

[Ipu pabote Ha (OPMOBOYHBIX MAIIMHAX YHUCJIO Pa3beMOB (OPMBI CIETyeT
CBOJIUTh K OIHOMY WJIM, B KpailHEM clly4ae, K JIByM, MPU YCIOBUU PA3MEIICHUS B
BEPXHEM ChEME TOJIBKO TPUOBLIEH.

Bo Bcex cinydasix moBEpXHOCTH pazbema (hOpPMbI JOKHBI Ha3HAYATHCSI TAKUM

o0Opa3oMm, 4YTOOBI OOecreunBaiach BO3MOXKHOCTH (OPMOBKM C TIPUMEHEHUEM
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HAaWMEHBIIIETO KOJIMYECTBA CTEPKHEH. DTO TMOJOXKEHUE OIpENeNsieTcs HE TOJIbKO
HEOOXOIMMOCTBIO CHIDKCHHSI TPYJOEMKOCTH U3TOTOBJIIEHUST (DOPM, HO M TMOTYyYEHUEM
OTIIMBOK C HAMMEHBIIUMHU OTCTYIUICHHUSAMH OT pa3MepoB deprexa. Yem MeHbIe
CTEp)KHEH, TEM MEHBIIIEC MPOTSHKEHHOCTD IIBOB MEXKTy HUMHU, TEM MEHBIIIC 3aJTMBOB U
CBSI3aHHBIX ¢ HUMHU JedeKTOB. Besne, 11e 3To BO3MOXKHO, HYKHO 3aMEHSITh CTEPIKHU
«OoBaHAMM.

B Tex ciyuwasx, ecid OTIMBKAa TMOJBEpPraercs MexaHW4YeCcKod o0paboTke, ke-
JaTeNbHO, YTOOBI MOBEPXHOCTh pazbeMa (POpMBI MpeaycMarprBalia PacroyiOKEeHUE
0a3 i1 MEXaHMYeCKOM O0O0pabOTKM W MAaKCHMAaJIbHOE€ YHCIO oOpabaThiBacMBbIX
IJIOCKOCTEH B OMHON moiypopme. DTO OOCTOSTEIHCTBO HMMEET HUCKIIOYUTEIIHHO
BXHOE 3HAYEHUE IMPU O0OpabOTKEe OTIMBOK O€3 TPEIBAPUTEIHHOM pPa3METKU
(KpynHOCEpUIHOE WM MaccoBO€ MPOU3BOACTBO). Ha 0a30BBIX MOBEPXHOCTSIX HeE-
JOTYCTUMO HAJTMYNE JTUTCHHBIX IITBOB.

[Tpu odopmiieHnn 0a30BBIX MOBEPXHOCTEH CTEPIKHSIMH, KOJUYECTBO TaKUX
CTep)KHEH JTOJDKHO OBITh MUHHMAJIbHBIM, a (PMKCHPOBATHCSI OHM JIOJDKHBI B TOH TI0-
JoBUHE (GOPMBI, B KOTOPOI pacronaratorcsi 00padaTsiBaeMbIe TOBEPXHOCTH.

OpHako cTpeMJieHHE pa3MeCTHTh OTJIMBKY B OJHOW monypopme He Bcerga
ObIBaeT palOHAJIBHBIM, TAK KaK B PAJIE CIy4aeB JUIsl 3TOTO MOTPEOYETCsl MPUMEHSTh
BBICOKHE OTIOKH, YTO HEU30€KHO MPUBENIET K YIOPOKaHUIO (POPMOBKH.

[Ipu ¢dopMOBKE B MapHBIX OMOKAaX CIEAyeT Ha3HA4YaTh TAKYH) TOBEPXHOCTh
pa3zbeMa, TIpu KOTOPOW cymMMapHasi BeicoTa (opMbl OyneT HamMmeHbIneil. CymMmapHast

BbICOTa (hOpMBI ompeaessieTcs oomieit Beicotoit monenu (hy + h3) u HeoOxonuMbIMU

3armacaMu MeX1y Mojielibio 1 kpaem oroku (h, hg) (puc. 6).

%

N
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Pucynoxk 6. - OnpeneneHue cyMMapHOU BBICOTBI (DOPMBI

BriOpaHHas MOBEpPXHOCTh pa3zbeMa JOJKHA 10 BO3MOXKHOCTH 00€CIeuMBaTh
YCTaHOBKY OCHOBHBIX CTEp)KHEH B HIDKHEH mosygopme. ITO BBI3BIBAETCS TEM, YTO
yaepXxarb CTepXeHb, OCOOCHHO KpYyMHBbIH, B BepxHEH moiypopme HE BCerna BO3-
MOYKHO, U TIPU MEPEBOPAYMBAHUU BEpXHEU MOTY(POPMBI BOZMOXKHBI OOBaJIbl CTEPXK-
HEU.

[Ipy Ha3HaueHUU MOBEPXHOCTU pazbeMa HEOOXOAMMO IpeaycMaTpuBaTh IIO-
CJIeCTBUA cIBUra (POPMBI IO TIIOCKOCTH pa3beMa. ITO 0COOEHHO BaXKHO B TEX
cllydasiX, KOIr/la B pe3yJIbTaTe CABUIA YMEHBIIAETCS TOJNIIMHA BEPTUKAIBHBIX CTEHOK
OTJIUBKH.

s orpanuueHusi caBura (OpMBI, TPU HAJUMYUU (UTYPHBIX MOBEPXHOCTEH
pa3zbeMa, MPaKTUKYETCs BBINOJHEHHE HAIPaBIIOMUX «00JIBaHOB». B HEKOTOphIX
CiIy4asx, I CO3aHMS IUIOCKOTO pa3beMa, HE BIIMSIOLIETO Ha pa3MeEpbl OTIMBKH,
IPUMEHSIOT NepeKpbITue (hopmbl crepxHsaMu (puc. 7). Hanpumep, Tpedyercst usro-
TOBUTh OTIMBKY (puC. 8, a), KoTOopas 0OpabarbIBaeTCsl TOJIBKO C BHYTPEHHEH IIO-
BepXHOCTU. BO3MOXXHBI TpU BapuaHTa MOBEPXHOCTEH paszbema (popmel (puc. 7, 6, 6,
2).IloBepxHOCTh pa3zbeMa, IpeACTaBI€HHAs Ha pUc. 7, 6, HE 00eCIIeYUBAET MOITyYCHHE
CTEHOK OTJIMBKU OJMHAKOBOM TOJIIMHBI. B ciyuae ciBura oiHO# 1MoioBUHBI (POPMBI
OTHOCUTEJIBHO JIPYrOol CBHUCAIOMIMI «0OJBaH» CMECTUTCA U 3alMET IOJIOKEHUE,
0003HAYeHHOW IMyHKTUPHOW JHHHEW. B pesynaprare 3TOr0 OTIMBKA MMONIYYUTCS

Pa3HOCTEHHOM.

b

7

L manyerk

N

Z7y
Z
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Pucynok 7 - [lepekpbiTHe MIOCKOCTH pa3beMa CTEPKHIMU

3HAYUTENBHOE YMEHBILIEHHWE BIIUSAHMS CIABUTA HAa HM3MEHEHHUS pPa3MepoB OT-
JIMBKU JIOCTUTAETCA YCTPOMCTBOM HANPABISIONIETO «OONIBaHAay, MPEICTABICHHOTO Ha
puc. 7, 6.

[IpuMeHeHre TMepeKpHIBAOIIETO CTEPKHS 3HAYUTEIBHO YIPOIIAET IMOBEPX-
HOCTh pa3beMa U MO3BOJISET Ja)Xe MPHU 3HAYUTENBHBIX CABUTAX (CMEIICHHSX) OTHON
MOJIOBUHBI (POPMBI OTHOCHUTENBHO APYrod MOJydaTh OTIMBKM 0O€3 HCKKEHUU B
pasmepax (puc. 7, 2).

B nensx ymeHbllieHHss oObeMa M YIPOIIEHUS MEXaHMYEeCKOW 0O0pabOTKHU xKe-
JaTeNbHO, YTOOBI MOBEPXHOCTH pazbeMa (OpPMbI COBMAAalia C IIIOCKOCTHIO MeXa-
HUYECKON 00paboTku oTIMBKU. Bo Bcex citydasx HYX HO CTPEMHUTHCSA K Ha3HAYEHUIO
IJIOCKOW TOBEPXHOCTH pa3zbema ¢opM, BMecTo durypHoit. Paszpem crienyer
pacronaratb TakuM 00pa3om, 4TOObI MMeEJIach BO3MOXHOCTH 0OECIEYUTh HE00XO0-
JTUMBIN TIOJIBOJ] METAJIJIa K MOJIOCTH (POPMBI.

[Ipu BBIOpaHHOU MOBEPXHOCTH pazbeMa MOJEAM U (POpMBI MOAENH AOHKHA
CBOOOJTHO M3BJIEKaThcsi U3 (Gopmbl mociae GopMoBku. [ ompeneneHus y4acTKOB
OTJIMBKH, TIPETSITCTBYIOMMUX CBOOOTHOMY M3BJICUEHUIO U3 (HOpMBI OPOPMITSIONIEH NX
MOJIEJIH, MBICIIEHHO MPOBEPSIIOT, 00pa3yIOTCs JIM TEHEBbIE YYACTUU MPHU OCBEIICHUU
OTIMBKH TapaJUICTbHBIMU JIy9aMH, TMEPICHIUKYISIPHBIMU BBIOPAHHOW TUTOCKOCTH
pa3zbeMa MOJIEIH.

3areMHEHHBIE YYaCTKM YKa3bIBalOT Ha DJJEMEHTHl B KOHCTPYKIIMH MOJEIH,
KOTOpPbIE HE MOTYT OBbITh U3BJIEUEHBI U3 (DOPMBI MTOce (HOPMOBKHU O€3 ee pa3pylie HUs
(puc. 8). OTu snmemMeHTHl (Hampumep, 000bIIKa 2) AOMKHBI ObITh O(GOPMIICHBI WU
CTep>KHAMHU (puc. 8, a), WJIM C MPUMEHEHHEM OThEMHBIX yacTel 1 monenu (puc. 8, 8),

KOTOpbIE TIPU ChbeME MOJICNIA OCTatoTCs B hOpMe U 3aTeM U3BJICKAIOTCA U3 Hee (puc. 8,

6).
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Pucynok 8 - Cnoco6s1 oopmiieHUs: HapyKHOM 1 BHYTPEHHENH KOH(PUTYpaluu
OTJIMBKU
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2.5. IIpunyck Ha MeXaHM4YeCKYI0 00padoTKy

C 1enbio JTOCTHKEHHS 3aJIaHHBIX YEPTEKOM Pa3MEPOB M HEOOXOAMMOIO Ka-
YyecTBa MOBEPXHOCTHU Ha 00OpalaThiBa€MbIX MOBEPXHOCTSIX HA3HAYaIOT MPUIYCKH Ha
MEXaHUYEeCKyI0 00pa0oTKy. BenuunHy npuIyCKoB OmpenessioT B 3aBUCHMOCTH OT
KJIacCa TOYHOCTH OTJIMBKH, €€ HOMUHAJIBHBIX U ra0apUTHOIO Pa3MepoOB, MOJOKEHHUS
IIPU 3aJIMBKE, CII0CO0a JIMThS U BUJIa CIUIABA.

[Ipn mammHHOW (OPMOBKE NPHUMYCK JAETCS MEHBUIMM, Ye€M MpU PYYHOU
dopmoBke. OOBACHSETCS 3TO MEHBUIMM HCKaKEHHEM pa3MepoB (OpMBI BO Bpems
W3BJICYCHUS MOJEIIH.

HaubGonpmme npunycku Ha oOpabOTKy NpelycMarpuBarOTCS Jisi MOBEPXHO-
CTei, oOpallleHHBIX NPU 3aJUBKE BBEPX. DTHU MOBEPXHOCTU OOJbILE BCErO 3acops-
IOTCSl LIUIAKOBBIMU M OKHMCHBIMH BKJIFOUEHUSMHM. MUHUMAaJbHBIE INPUITYCKA Ha3HA-
YaloTCsA Ha MOBEPXHOCTH, OOpaIIEHHbIE NP 3aJIMBKE BHU3.

[Ipu pa3pa®oTKe TEXHOJIOTMU JHThS BEITUYMHA MPUITyCKa Ha 0OpabOTKy yka-
3BIBAETCS HA YEPTEXKE E€TAIM TOHKOM cruiomHon nuauei. [To T'OCT 31125-88.

OCHOBHBIE NPUITYCKH HA MEXaHUYECKYIO0 00pabOTKy Ha3HAual0T B 3aBUCUMOCTH
OT JOIYCKOB pPa3MepoB AUPPEpEeHLUUPOBAHHO JUISI KaKJIOTO JIEMEHTa OTIMBKU B
coorBercTBUM ¢ ['OCT P 53464-2009 . Jlns HazHaueHUsT OCHOBHBIX MPUITYCKOB HA
MEXaHUYeCKyr0 00paboTky ucmnoib3ytoT aanabie Tadn. 1 (I'OCT P 53464-2009), B
KOTOPOM BEJIMYUHBI IIPUITYCKOB J1aHbl B 3aBUCMMOCTH OT BEJIUYHUHBI JOIIyCKa pa3Mepa
Y HOMEpA psiia PUITYCKa.

Psin mpumycka 3aBUCAT OT CIOXKHOCTH OTJIIMBKHM M crioco0a ee moimyueHus. s
OTIpeeNIeHUs psiJia IPUITYCKa MOKHO MCIIOJIb30BaTh JaHHbIE Ta0M. 2.

B Tabn. 1 mis Kaxxaoro MHTEpBaia 3HAYEHUH JOMYCKOB pa3MEpOB OTIMBKU B
K&KIOM psy MPHUIIYCKOB IPEIyCMOTPEHBbI JIBa 3HAUYEHHsS OCHOBHOIO IIPUITyCKa.
MeHnbliee 3HaUYCHUE YyCTaHABIMBAETCS i Oojee rpyObIX KBAJIUTETOB TOYHOCTU

00paboTKH JeTalieid, OoJblee 3HAYCHHE - JIJIs 00JIee TOUHBIX KBAITMTETOB.
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Tabnuua 2 - OcHOBHBIE MPUITYCKH Ha 00paboTky oTimBok pezanueM ['OCT P
53464-2009

Jomyck pas- OCHOBHOH IIPUITYCK AJIS PSIIOB, MM
MEpOB OTJIMBOK,
MM

1 2 3 4 5 6
10 0,12 0,2-0,4 - - - - -
0,13-0,16 0,3-0,5 0,6-0,8 - - - -
0,17-0,20 0,4-0,6 0,7-1,0 1,0-1,4 - - -
0,21-0,24 0,5-0,7 0,8-1,1 1,1-1,5 - - -
0,25-0,30 0,6-0,8 0,9-1,2 1,2-1,6 1,8-2,2 2,6-3,0 -
0,31-0,40 0,7-0,9 1,0-1,3 1,4-1,8 1,9-2.4 2,8-3,2 -
0,41-0,50 0,8-1,0 1,1-1,4 1,5-2,0 2,0-2,6 3,0-3,4 -
0,51-0,60 0,9-1,2 1,2-1,6 1,6-2,2 2,2-2,8 3,2-3,6 -
0,61-0,80 1,0-1,4 1,3-1,8 1,8-2,4 2,4-3,0 3,4-3,8 4,4-5,0
0,81-1,00 1,1-1,6 1,4-2,0 2,0-2,8 2,6-3,2 3,6-4,0 4,6-5,5
1,01-1,20 1,2-2,0 1,6-2.4 2,2-3,0 2,8-3,4 3,8-4,2 4,8-6,0
1,21-1,60 1,6-2,4 2,0-2,8 2,4-3,2 3,0-3,8 4,0-4,6 5,0-6,5
1,61-2,00 2,0-2,8 2,4-3,2 2,8-3,6 3,442 4,2-5,0 5,5-7,0
2,01-2,40 2,4-3,2 2,8-3,6 3,2-4,0 3,8-4,6 4,6-5,5 6,0-7,5
2,41-3,00 2,8-3,6 3,4-4,5 3,6-4,5 4,2-5,0 5,0-6,5 6,5-8,0
3,01-4,00 3,4-4,5 3,8-5,0 4,2-5,5 5,0-6,5 5,5-7,0 7,0-9,0
4,01-5,00 4,0-5,5 4,4-6,0 5,0-6,5 5,5-7,5 6,0-8,0 8,0-10,0
5,01-6,00 5,0-7,0 5,5-7,5 6,0-8,0 6,5-8,5 7,0-9,5 9,0-11,0
6,01-8,00 - 6,5-9,5 7,0-11,0  |7,5-11,0  |8,5-12,0  |10,0-13,0
8,01-10,0 - - 9,0-12,0 |10,0-13,0 |11,0-14,0 |12,0-15,0
10,1-12,0 - - 10,0-13,0 [11,0-14,0 [12,0-15,0 [13,0-16,0
12,1-16,0 - - 13,0-15,0 [14,0-16,0 [15,0-17,0 [16,0-19,0
16,1-20,0 - - - 17,0-20,0 |18,0-21,0 [19,0-22,0
20,1-24,0 - - - 20,0-23,0 |21,0-24,0 |22,0-25,0
24,1-30,0 - - - - 26,0-29,0 |27,0-30,0
30,1-40,0 - - - - - 34,0-37,0
40,1-50,0 - - - - - 42,0
50,1-60,0 - - - - - 50,0

Ilpumeuanue. 3HaueHHUs] OCHOBHBIX IPHUITYCKOB OTHOCATCS K TOBEPXHOCTSIM
OTJIUBKH, HAXOMSIIMMCS TpPH 3aJMBKE CHU3Y WM COOKY, NMPUIYCK Ha BEPXHHUE
MOBEPXHOCTU JIONYCKAETCAd yBEJIMYMBATH  JO

SHAQYCHHA, COOTBCTCTBYIOIICTO

CIICAYIOLIEMY PSIY.
[Tpu Gosee BHICOKOH TOYHOCTH Pa3MEPOB JIOMYCKAETCA YBEITUYECHHUE OCHOBHOTO
MpUITycKa 10 Onpkaiiiero OOJbIero 3HadeHus U3 Toro ke psga. Ha oOpaba-

TBIBACMbIX IIOBCPXHOCTAX, PACIIOJOKCHHBIX IIPH 3aJIMBKC CBCPXY, AOITYCKACTCA
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YBCIMYNBATL IIPHUITYCK OO 3HAYCHUA, COOTBCTCTBYIOLICTO CIICAYIOIICMY psAAy IIpU-

ITyCKOB.

Tabnuma 3 -Kmaccel TOYHOCTH pa3MepoB M MacC U PSANbl MPUITYCKOB HA

MEXaHHYECKYI00paOOoTKy OTIMBOK JUIsl pa3muyHbIX crtoco6oB muths (OCT P53464-
2009)

Crioco0 muThs Maxkcumainbnblii | L{BeTHBIE [{BeTHBIE KoBkwuii,  BbICO-
pasmep CILIaBBI C|CIUTaBBI C|KOTIPOYHBIN 1
OTJIMBKH, MM TEMIIEpaTypoil |Tem- JIETUPOBAHHBIN
TJIaBICHUS neparypo  |4yryH, CTajb
mke 700 OC | TUIaBIeHUs
BBIIIIE 700
OC,  cepsrit
9YTYH
JIutbe m©OAN JHaBICHHUEM B no 100 3r-51 3-61 4-711
MeTaIn4ecKue (POPMBI cB. 100 3-61 4-711 5tr-71
JIntbe B KEpaMHU4YECKHUE no 100 3-61 4-711-2 5tr-71-2
(GOpMBI U 10 BBHIMJIABJIEMBIM cg. 100 4-71-2 5r-71-2 5-81-2
Y BBDKUTAEMBIM MOJICIISIM
Jlutbe B KOKWIb M TOX 10 100 4-91-2 5tr-101-3 4-91-2
HU3KAM JTaBJICHUEM B cB. 100 5r-101-3 | 57-101-3 5-1It1-3
MeTandeckue (GopMmbel  CO 10 630
CTEpP)KHSAMH W 0e3 HHX, B cB. 630 5r-101-3 | 5-11t1-3 6-11t2—-4
IeCcYaHbIe ¢bopmsl,
OTBEP)KJIa€Mble B KOHTaKTE C
OCHACTKOU
Jlutbe B mecuanwie (GOpMBHI, 110 630 6-112-4 T1-122-4 7-1312-5
OTBEpKAaeMble BHE KOHTakrta|cB. 630 mo 4000 7-122-4 8-13r3-5 9r-133-6
C OCHACTKOH, IIEHTPOOEKHOE, 8-13r3-5 |91-133-6 9-144-6
B CBIPbIE U CyXHUE IECYaHO- cB. 4000
IJIMHKUCTBIE (OPMBI

prweanue. B uwmcnutene YKa3aHbl KJIACCbl TOYHOCTH pPasMEpoOB MU MacCC, B
SHAMCHATCJIC - PpsAAbl ITPUITYCKOB. MeHbmie uX 3HAUYSHUS OTHOCATCSI K IMPOCTbIM
OTIIMBKaM H YCJIOBHAM MACCOBOI'0 aBTOMATH3WPOBAHHOI'O ITPOMU3BOJACTBA, OonpIINe
3HAQYCHHUC - K CJIOXHBIM, MGJ’IKOCCpPIfIHO U HWHAWNBUAYAJILHO H3TrOTOBJICHHBIM
OTJIMBKaM, cpe€aHuc - K OTJIMBKaM Cpe}IHeﬁ CIOKHOCTH U YCJIIOBUAM
MCXaHU3UPOBAHHOT'O CGpHﬁHOFO IMPpONU3BOACTBA. Knaccel TOYHOCTH Macc CIcaycT
IMPpUHUMATb COOTBCTCTBYIOIUMH KJIaCCAM TOYHOCTHU OTIIMBOK

JlonmyckaeMble OTKJIOHEHHS HA pa3Mepbl OTJIMBOK

Pa3mepHas TOYHOCTH JIMTHIX 3arOTOBOK M MOJYy4YaeMbIX M3 HUX JeTajel sB-
JSIeTCSl OJJHMM M3 OCHOBHBIX TOKa3aresied kadecTBa. OHa OmpenelsieTcsi CTENEeHbIO
NpUOIKEHUsT JEHCTBUTENBHBIX pPa3MEpPOB OTJIMBKA K HOMHUHAJIBHBIM pa3Mepam,

YKa3aHHBIM Ha YCPTCIKC. B nonstue pa3MepH017I TOYHOCTH BKIIHOYAKOTCs CJICOYIOIIHC
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MOKAa3aTeNIM: KJIACC TOYHOCTH pPa3MEpOB M MacC OTIMBKHU, JIONYCKH pPa3MEpOB
OTJIMBKH, JIOMYCKH 10 TOJIIMHE HEOOpabaThIBAEMBIX CTEHOK M pedep u T.II. [2].

JlommyckoM Ha3bIBae€TCsl Pa3HOCTh HAWOOJBINEr0 M HAMMEHBIIETO MPEAeTbHBIX
pa3MepoB, MEXJY KOTOPbIMU HaxOJUTCS JICMCTBUTEIBLHOE 3HAUCHHE pa3Mmepa
OTJIMBKH, U3BMEPEHHOE C 33JJAHHOW TOUYHOCTHIO.

Pa3HOCTh JEHCTBUTEIBLHOTO M COOTBETCTBYIOIIETO HOMHHAIBLHOTO Pa3MepoB
Ha3bIBaeTCd OTKIOHEHHEM. Ecnu neicTBUTENbHBIN pasMmep Oojbllle HOMUHAIBHOTO,
TO OTKJIOHEHHE OYJIET MOJIOKHUTEIbHBIM, B IPOTUBHOM CIydae - OHO OTPHUIIATEIbHOE.
AnreOpanyeckass pa3HOCTb MPENETbHOTO M HOMHUHAJIBHOTO PAa3MEPOB Ha3bIBAETCS
MpeAesibHbIM OTKJIOHEHHEM. OHO MOXET OBbITh BEpXHUM M HUWKHUM. [IpocTpaHCTBO,
OTPAaHUYCHHOE BEPXHUM W HIDKHUM TPEICIbHBIMUA OTKJIOHEHHSIMHU, 00pa3yeT IoJie
JIOITYCKaA.

BennunHa A0MycKOB Ha pa3Mepbl OTIMBOK 3aBUCUT OT TEXHOJOTHHM MOCIE-
nytoniel o0paboTKU U TECHO CBsA3aHa C KOMIUIEKCOM TpeOOBaHUM K TOTOBOMY H3-
nenuto. Jlomycku Ha pasMepbl U Maccy OTJIMBOK B HHTEpBAje WU3MEHEHUS HOMHU-
HalibHbIX pa3MepoB oT 4 no 10000 mm permamentupoBansl 'OCT P 53464-2009,
KOTOPBIM ycTaHaBiauBaeT 16 kjgaccoB TouyHOCTH (¢ 1-ro mo 16-i) u 1mecTsb
MpPOMEXYTOUHbIX KiaccoB ¢ wunHaekcom 7 (3T, ST, 7T, 9T, 11T u 13T). Husa
MEXaHHYECKU 00palaThiBa€MbIX JETalel ycTaHOBIEHO 19 KBaJUTETOB TOYHOCTH,
o0o3Hauaembix OykBamu /7c unaekcom 01; 0; 1; 2; ...; 17 (manpumep, 1T11).

TOYHOCTH TMOBBIIAETCS MO MEPE CHIXKEHUSI HOMEpa Kilacca WM KBaJIUTETA.
KoHkpeTHBI AOMyCK JUIsi KaXJ0ro Kijacca TOYHOCTU OTJIMBKHU OIpPEACISIETCS II0
['OCT P 53464-2009, Ta6i. 3 B 3aBUCUMOCTH OT HOMUHAJIBHBIX Pa3MEpOB.

[Ton HOMHHAJIBHBIM Pa3MEPOM CJIEIYET MOHMMATh HOMHHAJIBHOE PACCTOSHUE
MEXy 00pabaThiBaeMOl TMOBEPXHOCTHIO M 0a30i €€ MeXaHWYeCKoW oOpaboTKH, a
pu 00pabOTKe MOBEPXHOCTEH BpAIEHUS - UX HOMHHAJIBHBINA TuaMeTp. Y HaKJIOH-
HBIX KOHMYECKUX U (PAaCOHHBIX MOBEPXHOCTEH, 3aJaHHBIX KOOPINHATAMU OJTHOM 0a3bl,
32 HOMUHAJIbHBIA pa3Mep NPUHUMAIOT HauOOJIBIINI U3 Pa3MEPOB.

CranmapToM OpeayCMOTPEHO YCTaHaBIUBaThb CUMMETPUYHBIE U HECHUMMET-

PHUYHBIC ITPCACIILHBIC OTKJIOHCHUSA pasMEPOB.

33



HecummeTpruuHoe 0MHOCTOpPOHHEE PACIIONIOKEHHUE TIOJIS I0MyCKa MPUMEHSETCS
JUTSL pa3MEpOB DJIEMEHTOB OTJIMBOK (KpOME TOJIIWH CTEHOK), PACIIOJIOKCHHBIX B
OJTHOM yacTu (HOpPMBI U HE TOJIBEPracMbIX MEXaHHUYECKOW 00paboTKe; Mpu STOM ISt
OXBATBHIBAIOIINX AJIEMEHTOB (OTBEPCTHE) TMOJIE JOMYCKa PACIONaraloT «B IUIIOC», a
JUUISl OXBAThIBAEMBbIX (BaJl) - «B MHUHYCH.

CUMMETpHYHOE - JUI BCEX OCTAIBHBIX JIEMEHTOB OTIMBOK, HE MOBEPTaeMbIX
Y TIOJIBEPTaeMbIX MEXaHUYECKOI 00padoTKe.

Jlomycku Macc OonpeAeNsiFoTcs 0 TEM ke KJIaccaM TOYHOCTHU 10 HOMHHAJIbHBIM

3HAYCHHUAM MAaCChl OTJIHNBKH, OHpGIIGJI)ICMOﬁ 10 HOMHHAJIbHBIM pa3MepaM I'OCT

P53464-2009.

2.6. ®opMOBOYHBIC YKJIOHBI

DOpMOBOYHBIC YKJIOHBI JENAIOTCS JJIsi OOJIETYEHUS W3BJICUEHUS MOJICTU U3
dbopmbl. BennurmHa yKiI0HA ONpeaenseTcs BRICOTON MOJEH, CIIocO00M (POPMOBKHU U
MaTepuasoM Mojeiau. YeM BbIle MOJIeTh, TEM MEHBIIYIO BEJIMYUHY (HOPMOBOYHOTO
YKJIOHA HEOOXOJMMO MPHUHATH AJISl TOTO, YTOObI 00ECIEYUTh HEOOXOUMMOE KauyeCTBO
dbopMEI.

Merannudyeckue MoJAeId UMEIT 0ojiee MaIKyl0 MOBEPXHOCTh M MOTOMY M3-
rOTaBJIMBAIOTCSI C MEHBIIIMMHU YKJIIOHAMH, YEM JICPEBSIHHBIE.

[Ipyn mamuHHOW (POPMOBKE, KOTAA M3BICUEHHE MOJENIHU MPOU3BOAUTCS MeXa-
HUYECKH, TPUHUMAIOT MEHBIIIUE YKJIOHBI, YeM MPU PyIHOU (POPMOBKE.

@OpMOBOYHBIE YKIIOHBI HAHOCSTCA HA YEPTEX OTIMBKH CBEpX MPHUIyCKa Ha
MEXaHHUYECKy0 00paboTky. [Ipy Ha3HaYeHUM YKIOHOB HEOOXOAMMO, YTOOBI BEJIH-
YUHA UX YKJIaJbIBajIach B IOMYCKH MO pa3MepaM OTIUBKHU.

B 3aBucumocTu oT TpeOOBaHWI, MPEABSIBISIEMBIX K IMOBEPXHOCTH OTIUBKH
(IOJKHBI MM HE JTOJKHBI OBITh MOABEPTHYTHl MEXaHUYECKOH 00paboTKe; JOIKHbI
WU HE JOJDKHBI COMPATaThCS C APYTHUMH JIETAISIMU U T.J.) U OT BEJIUYUHBI JOMYC-
KaeMbIX OTKJIOHeHui mo pasmepam, ['OCTom 3212-92 npemycmarpuBaercs, 4TO
(hOpPMOBOYHBIE YKIIOHBI B MOJIETISIX MOTYT BBITTOJIHSATHCS MyTEM YBEIUYCHUS TOJIIIUHBI

CTCHOK OTIIMBKH, IIYTECM €€ YMCHBIICHHA HWJIH XKC IIYTICM OJHOBPCMCHHO ¢€C
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YBEJIIMYEHUS U YMEHBIICHUS.
@OpPMOBOYHBIN YKJIOH YKAa3bIBa€TCSd B MWUIMMETPAX - Pa3MEPOM «a» U B
rpaagycax - ymioM a. ®@OpMOBOUYHBIE YKIIOHBI Ha MOZEISAX JOJDKHBI COBHAJATh C

YKJIOHAMH B CTEP>KHEBBIX SIIMKAX JJIsl CTEPKHEN, 00pa3ylolUuX OHY CTEHKY.

2.7. Bb100p ¥ HA3HAYEHHE BeJUYUHBI IPUITYCKOB HA YCAAKY, AUAMETPOB JUTBIX
OTBEPCTHH

VYcaakol Ha3bIBa€TCsl CBOMCTBO METAJJIOB M CIUIABOB YMEHBIATh 00BEM IPHU
3aTBEPAECBAHUN M OXJIAXKJICHUU. VI3MEHEHuE IMHENHBIX pPa3MEpPOB OTIWUBKH, BbI-
3BAaHHOE YCAJKOM CILUIaBa, HA3bIBACTCS JITMHEUHOMN yCaKOM.

JluteriHas ycajaka OTIIMYAeTCs OT JIMHEWHOM TEM, YTO OHA 3aBUCHUT HE TOJIBKO OT
CBOMCTB W COCTOSIHMSI METaJla M CIJIaBa, HO M OT KOH(UTrypaluu OTJIMBKH, €€
pa3MepoB, (POPMOBOYHBIX MAaTEPHANIOB, TEMIEPATyphl 3aJUBKUA (POPMBI U JIPYTUX
dbaxTopoB. Paznuyaror ycajaky CBOOOIHYIO U 3aTPYAHEHHYIO.

CBOOOIHYIO yCaJKy HMEIOT OTIMBKH MPOCTOM KoHpurypamuu. OTIHBKHA C
OOJNBIIMM YHCIIOM CTEPKHEH HMEIOT 3aTPYIHEHHYIO YCaJKy, TaK KaK CTEepXKHU
IPENSTCTBYIOT CBOOOTHOM yCaJKe.

OTIMBKH COOTBETCTBYIOT pa3MepaM 4depTeka B TeX cllydasiX, Korja Mpu W3-
TOTOBJICHUM MOJIEJIM MPAaBWJIBHO YYWTHIBAETCS JIUTEHHAs ycaaka. Ha ocHoBaHum
MPAKTUYECKUX W JINTEPATYPHBIX JAHHBIX PEKOMEHIYEMBIE BEJIUYUHBI YCAJKU IS

OTJIIMBOK M3 PA3JIMYHLIX CIIIABOB IIPUBCICHLI B TaoII. 4.
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Ta@mua 4 - Benuuuna YCaaKHu IJIA OTIIMBOK M3 PA3JIMYHBIX CILJIABOB

HaumenoBanue marepuaia OTIMBOK VYcanka, %
3aTpyaHeHHAas cBOOOmHAs
Cepplil 4yryH: MEJIKHE OTJIMBKM CpEOHHE H 0,9 1,0... 0,9
KpYNHbIE OTJIMBKM OYEHb KpYMNHbIE OTJIMBKHU 0,8 0,8
CHelHalbHble IUIUHAPUIECKUE OTIMBKH: 110 ATHHE 0,7 0,9
10 IUAMETPY 0.8 0,7
0,5
MoauduirpoBaHHbIN YyTYH 0,9 1,3
UyTyH ¢ MapoBHIHBIM rpaguTOM 1,0 1,5
YIieponaucTbie U HU3KOJIETUPOBAHHBIE KOHCTPYKIIU - 1,3-1,7 1,6-2,0
OHHBIE CTaJIN
BricokoerupoBaHHbIE XPOMUCTBIE CTAIN 1,0-1,4 1,3-1,7
DeppuTO-ayCTEHUTHBIEC CTATU 1,5-1,9 1,8-2,2
AyCTEHUTHBIE CTaJIN 1,7-2,0 2,0-2,5
OnoBstHHBIE OPOH3BI 1,2 1,4
be3osoBssHHBIE OPOH3HI 1,6-1,8 2,0-2,2
[{rHKOBBIE JIATYHU 1,5-1,7 1,8-2,0
Kpemuucteie 1aTyHn 1,6-1,7 1,7-1,8
MapraHiieBbI€ JaTyHH 1,8-2,0 2,0-2.3
AJTIOMUHHEBBIC CIIIaBBI 0,8-1,0 1,0-1,2

2.8. YcraHoB/IeHHe TPAHNUI] MEXKAY CTEP:KHAMM, 3HAKH CTePKHEeH

C ToukM 3peHHs YNPOIIEHHUS TEXHOJIOTMYECKOro Ipolecca, o0ecredyeHus
y1o0cTB cOopku GopM U MoTyueHHs 00Jiee TOUHBIX pa3MEpPOB OTIMBOK >KeIaTeNbHO,
4TOOBl BHYTPEHHSIA W HapyXKHas KOH(HUTypamus BBIMOTHIACH MHHUMAIbHBIM
YHUCIIOM CTEPIKHEU.

[Ipy ycTaHOBIEHWH TPAaHWI] MEXKIY CTEPKHIMHU PYKOBOJCTBYIOTCSI CIEHYIO-
IIUMU TIOJIOKEHUSIMH
-CTepXKEHb JOJHKEH MMETh YJIOOHYIO TUIOCKOCTh IS HaOWBKH, CO CTOPOHBI 3TOH
MJIOCKOCTH BCE YaCTH CTEPIKHS JOJKHBI OBITh JIOCTYITHBI JIJIT HAOMBKH M YCTAHOBKH
KapKacoB U XOJIOAWIbHUKOB,;

-MIOBEPXHOCTh, HA KOTOPYIO YCTaHABIMBACTCS CTEP)KEHb NPH CYIIKE, JOJKHA OBITH
110 BO3MOXHOCTH MPOCTOM, KEJIATEIBHO MIIOCKOM;
-B IIEJISIX TOJIy4eHUsI 00Jiee TOYHBIX Pa3MEpPOB CTEPXKHS M YJEHICBICHUS CTOMMOCTHU

CTCPKHCBOI'O sAMNIMKa, KCEJIATCIIbHO, YTOOBI AWK HUMCII MHUHHMAJIBHOC YHCIO
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OTBbEMHBIX YaCTEW;
-IPU  pa3lieJIeHUH CTEpKHA Ha KyCKH 0C000€ BHHUMaHUE CIEAYeT YHAESITh
00eCIeueHHI0 HaJIe)KHOTO BBIBOJIA FA30B U3 CTEPKHSI.

Yactu cTepxHs, KOTOPbIMU OH YKpEIUISIETCS B popMe, Ha3bIBAIOTCS 3HaKamu. B
3aBUCUMOCTH OT PAaCIOJOXKEHUSI CTEPXHS pa3InyaroT TOPU3OHTAIBHBIE U BEPTHU-
KaJIbHbIE 3HAKH.

Pa3mepnl 3HaKOB CTepkHEN MMEIOT OoJibllioe 3HaueHue. [Ipu ciaunikom majiom
3HAaKe MOXET IMPOU30UTH OOMSATHE (POPMBI M HMCKAKEHUE PAa3MEPOB OTIMBKU MOJ
nercTBueM Beca crepxkHs. [Ipu OonbIMX pa3Mepax 3HaKa YBEJIMYMBACTCS pa3Mep
dbopMEI.

['opu3oHTaIbHBIE CTEPKHEBBIE 3HAKH BBIMOJHAIOTCA 0€3 BCSAKOW KOHYCHOCTH,
OJTHOTO TMAMETpa CO CTEp>KHEM. {711 TOro 4ToObl TOpeL CTePkKHS HE 3aaupai Gopmy,
3HAK Ha MOJENH JE€Jar0T WIHM BBIITYKIbIM WA KOHUYECKUM ¢ yKiIoHOM 3-10 rpan.
Pa3mepsl 3HaKOB B 3aBUCHMOCTH OT Auamerpa ctep:kHs npusenensl B [OCT 3212-
92.

3HAaKU OIHOCTOPOHHE 3aKPEIUICHHBIX CTEPXKHEH (KOHCOJIbHBIX) JIOJIKHBI UMETh
TaKue pa3Mepbl, MPU KOTOPBIX MPEAOTBPAIIACTCS ONPOKUABIBAHUE CTEPKHS IIPU
yCTaHOBKE B (DOPMY M BHIBOPAYMBAHUE €T0 JKUJKUM METAJIOM IIPH 3aJIUBKE (POPMBI.

KoHCOIBHOE 3aKperieHUe CTEPKHENR MOXKHO IPUMEHATh B TE€X CIIy4YasX, KOTAa
CBEILMBAIONIASACS YacThb cTepxkHs (L) He npeBocxoauT 1,2Dauamertpa. [Ipu O60mab110M
OTHOIIEHUH L: DHEOOX0IMMO JOTIOJIHUTEIIbHAS OTIopa JjIsl BRICTYHAIOIIEH YacTH.

[[IupuHa 3HaKOB KOHCOJIbHBIX CTEp>KHEW HA3HA4YaeTCs B COOTBETCTBUU C IIIH-
PUHOM BBIXOJHOTO OTBEPCTHUSI OTIMBKH, BBINOJHSAEMOIO JAHHBIM CTep)kHEeM. JlyinHa
3HaKa BBIOMPAETCS UCXO/IS U3 YCIOBUN YCTOMUMBOCTH CTEPKHS B (popme.

Caenenus 00 yCTaHOBKE TPaHUI] MEXIY CTEPXKHSMU, BHIOOpE pa3MepoOB 3HAKOB
CTepKHEH, (HOPMOBOUYHBIX YKJIOHOB M MPHUIIYCKOB Ha MEXaHHYECKYI0 00pabOTKy

npuBeleHO B tuteparype [1, 2, 3, 5].

37



2.9. Onpenesienue pa3MepoB U reoMeTpuieckoii Ggopmbl npudbLIei

OCHOBHBIM Ha3HAYCHHEM NPUOBLIN SBISETCS BOCIOJHEHUE YOBUIM >KHIIKOTO
MeTajia, MUTaHWEe OTIIMBKHU B MEPHOJ KPUCTAJUIM3ALUU U BBIBOJ] YCaJOUYHBIX PAKOBUH
3a mpenensl oTIMBKU. Kak mpaBuio, mpuObUIM yCTaHABIMBAIOTCS Haja Hauboiiee
MacCOBBIMHU y3JIaMH OTAMBKU. B Tex ciydasx, Korja Telo OTJIMBKH HMEET OJH-
HAKOBYIO TOJILIMHY, MPUOBUIM CIIEAyeT YCTaHABIMBAaTh C MPOMEXKYTKAMH PaBHBIMU
VI MEHBIINMH MPOTSHKEHHOCTHU MPUOBLIH.

OddexTuBHas pabora npuObUIM 3aBUCUT OT e€¢ oObeMa u ¢opmbl. Bo Bcex
cllydasx NpUOBLIb JOJDKHA 3aTBEpAEBaTh I03KE OTIMBKH, MO3TOMY IIPHUBEICHHAsS
TONIIMHA €€ (OTHOLIEHHWE O0beMa K MOBEPXHOCTH OXJaXKJEHHUS) HE JODKHA OBITh
MEHbIIIE MPUBEACHHON TONIIMHBI OTJIMBKH WM MUTAEMOTO TMPUOBUIbIO Yy35a INpHU
PaBHBIX YCJIOBMSIX OXJIAXACHHUS.

[HapoBuausie Wik cpepouaanbHble MPUOBUIM MMEIOT MO CPaBHEHHUIO C OT-
KPBITBIMH MPUOBUISIMU TO TPEUMYILECTBO, YTO OTHOLIEHHE HapyKHOW MOBEPXHOCTU
npuOBUTH K TJIOMAAN €€ CEYCHHMs MHHHMAJbHO, a BBHICOTAa HE CBS3aHA C BBICOTOU
omnok. [Ipu pacuere nmpuObLIel MOXKHO TOIB30BATHCA U IPYTMMH METOJAMHU: METOAAM

Bonomckoro, YpanvamizaBonaa; metogaam [Ip>kuObuia u ap.

2.10. Hapy:kHble 1 BHYTPEHHHE XO0JIOAWIbHUKH

YcTaHOBKA XOJIOAUIBHUKOB YCKOPSET OXJIaKIECHUE TETUIOBBIX Y3JI0B, YTO YaCTO
ObIBaeT HEOOXOAMMO [UIs OOECIEeUYEeHHs HAIMPaBICHHOTO WJIM OOBEMHOIO 3a-
TBEp/IEBAaHUSI OTIMBKU. YCKOPSS OXJAXKICHHE Y3Jia, XOJIOAWIBHUK MPEIOTBpaIIaeT
0o0pa3oBaHUE B HEM YyCaJOYHOM paKOBUHBI, TaK KaK y3€Jl yCIeBaeT MPOMUTATHCS 3a
CUET IO3/IHEE 3aTBEP/ICBAIOIINX YaCTEeH OTIIMBKH.

VYcKkopeHre OXJaXKJEeHUS MACCHUBHBIX CEUCHHH OTJIMBOK XOJOAMJIbHUKAMU,
CHOCOOCTBYSI BBIPABHUBAHHUIO CKOPOCTH OXJIQXKJIEHUS, MPUBOIUT K YMEHBUICHHIO
BHYTPEHHUX HAIPsDKEHUH, CHIDKEHUIO KOPOOJICHUS OTIMBKY U CHIDKEHUIO OTIACHOCTH
oOpa30oBaHUs TPELIVH.

Co cBemeHusIMH 00 OpraHM3allid THUTAaHUS OTIUBOK, OOECHEYCHHM HAarpaB-

JICHHOI'O 3aTBEPACBAHUA, OIIPCACICHUSA Y3JI0B IIHMTAHWA, PACUYCTbl WM KOHCTPYKIMA
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AJIEMEHTOB JIMTHUKOBOU CHCTCMBEI, HpI/I6BIJI€I>'I, XOJIOAWJIBHUKOB MOXKHO HAWTU B JIU-

teparype [1, 2, 3].

2.11. KoncrpyupoBaHue U pacyer JUTHHKOBbIX CHCTEM

IIpoekTupoBaHUE JUTHUKOBOM CHUCTEMBI SBJISACTCS BAXKHBIM J3TAllOM TEXHO-
JIOTHYECKOTO MPOLIECCa U OKa3bIBAECT 3HAYUTEIIBLHOE BIMSHUE HA KAYECTBO U CBOMCTBA
NOJy4YyaeMbIX OTJIMBOK. BpiOOpoM Tuma mopBoma MeTamjia U PeryaupoBaHUEM €ro
NOTOKOB TIPH 3allOJHEHUU (OPMBI MOXKHO CO37aBaTb HEOOXOJUMBI PpEKUM
OXJIQXKICHUS OTIIMBKHU.

JIuTHUKOBAs crcTeMa JI0JKHA OTBEUYaTh CIEIYIONIUM TPeOOBaHUSIM:
-3aM0JIHATh (POPMY METAJUIOM 3a KOPOTKUN BPEMEHHOU MPOMEKYTOK, JOCTATOYHBIM
JUISL TOKPBITUA METAJIJIOM PA3BUTBIX TOPU3OHTAIBHBIX IOBEPXHOCTEN;

-pY 3aJIMBKE METaJlJla MUTATEIH JOJDKHBI PAcMojararbCcsl Tak, YTOObI CTpPysl He
yJaapsiia B CTEHKY (POPMBI WJIM CTEPKHS, a pacTeKalach 110 HAMpPaBICHUIO CTCHKHU;
-ypOBEHb MeTaijia B (opMe B Ipolecce 3aluBKU HE JOJDKEH HMMETh IIpo-
JOJKUTENIBHBIX OCTAHOBOK;

-4aCTHU CTEP)KHEHN, B KOTOPBIX PACIIOJIIOKEHBI BEHTWISIHMOHHBIE KAHAJIBI, HE JOJIKHBI
IepeErpeBaThCs NOTOKOM 3aJIMBAEMOT0 METAJLJIA.

OmnpeneneHne BpeMEeHH 3amnoiHeHus: (GOpMbl SBISETCS HamOosee BaKHOM 4a-
CThIO pacyeTa JIMTHUKOBOM CHUCTEMBI, TAaK KaK OHO B HAMOOJIbIIEH CTETIEHU BIUSET Ha
BO3HUKHOBEHHUE TAKOTO Je(PeKTa KaK «HECTUTHUHAY.

Omnpenenenne BpeMEHU 3amodHEHUS (OpPMBbI SBIsSIETCST Haubosee BaXKHOW 4a-
CTBIO pacyeTa JINTHUKOBOM CHUCTEMbI, TaK KaK OHO B HAMOOJIbIIEH CTETIEHN BIUSET Ha

BO3HHMKHOBCHHEC TAKOT'O I[C(I)@KTa KaK «HEeCHam.
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2.12. IlpuroroBJ/ieHHe JUTEHHBIX CIJIABOB, 3aJMBKa ()opM U 00padoTKa
OTJIMBOK

JIns M3TrOTOBJEHHUS OTJMBOK HCIOJB3YIOT YEpHBbIE (Ha OCHOBE XKeje3a) U
IIBETHBIC CIUIaBbI, B COCTaB KOTOPBIX MOTYT BXOJIUTh B Pa3HbIX COYETAHUSIX U
KoJm4uecTBax 0osee 40 XMMHUUECKHUX JIEMEHTOB [2].

CymiecTByIOT  pa3iW4YHble  KJIAaCCU(UKAIMOHHBIC  MPHU3HAKH  CIUIABOB:
XUMHUYECKUHN COCTaB, CTPYKTYpa, TEMIIEpATypa ILUIABICHUS, INIOTHOCTh, TPOYHOCTh U
ap.

JluTeitHble CIIaBBI OYEHb pPa3HOOOpa3HBI IO COCTaBy, CBOWCTBAM |
Ha3zHaueHUio [2-4]. OcHOBHOE, 4YTO OOBEAMHSET HMX - OTO JUTCHHBI METOJI
MOJIyYeHHUsI JIeTaJIe, KOTOPBIM OMNpeAeNsieT psi BaXHEUIIUX OCOOCHHOCTEH
XMMHUYECKOTO COCTaBa U CTPOEHHUS CIUIABOB. [103TOMY NUTEHHBIE CIUIABBI B OTINYUE
or  nedpopMupyeMbIx  00JadalOT  CHEHHAJIBHBIMH  CBOHMCTBAMHU:  BBICOKOMU
KUJKOTEKY4ECThIO, CIIOCOOHOCTHIO (OPMUpPOBATH B  OOJIBIIMHCTBE  CIIy4daeB
OKOHYATEJIbHYIO  CTPYKTYPY B  OTJIHMBKE HEIOCPEACTBEHHO B  IPOILECCE
KPUCTAIIIIN3AIMH, OTHOCUTEIHFHO MaJIoi 00BEMHOMN 1 JTUHEHHON YCaKOM.

[Tpu mr000M BUE JTUTEHHON TEXHOJOTHH OOA3aTEIbHBIMU dTAaMU SIBIISIIOTCS
IIPUTOTOBJICHHE CILJIaBa B JKHJIKOM COCTOSHHMH (IUIaBKa), 3ajliBKa ero B (opMmy, a
3aTEM KPUCTAILIA3ALMS B BUJE OTIUBKH.

['maBHOM 0COOEHHOCTBIO TIUIABKH JIMTEMHBIX CILJIABOB SBISETCS TO, YTO

TpeOyeMbIe CBOMCTBA JOJIKHBI OBITh MOJIYYEHBI B OTJIMBKE Cpa3y, 0€3 MOCIeyIOIIero
METaJTypruyecKoro nepezaena (IpoKaTku, KOBKHU U T.1.).
HNcxoaupiMu MaTepuagaMy IS TJIaBKH JIMTEHHBIX CIUIABOB CIIY>KaT HE PYJbl, Kak B
METAJTypTriyd, a MeTaUIbl M CIUIaBbl, KOTOPBIC SBISAIOTCA JUOO MPOIYKTAMH
METaJUTypPTUYECKON TUTaBKH, JIMOO BTOPUYHBIMH METaUTaMH (METAJUIMYECKHHA JIOM),
au00 MPOYyKTaMHM TIEperuiaBa jJoma.

B nnaBunbpHBIA arperar 3arpy’karoT TBEpAblE MaTepualbl, a I0Jy4aroT
METAJUTMYECKUE paCIUIaBbl, a TAKXKE NUIAK, SBISIOMIMICA MOOOYHBIM MPOIYKTOM
miaaBku. CMeCh TBEpJbIX MaTEepUANIOB, 3arpy’kKaeMblX B IUJIABWJIBHBIA arperar,

Ha3bIBAIOT MIMUXTOMU. JIJIs1 co3/1aHus ONpeIeJICHHBIX YCIOBUM (hOpMUPOBaHUS CIIaBa B
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TUTAaBUJIBHBIN arperat 3arpy>karoT Takxke QIroChl, T.€. MaTepPHAaIIbl, HCIIOJIb3yEeMbIE JJIs
oOpa3oBaHus IIJIaKa, PEryJUPOBAHUS €0 COCTaBa, a TAKKE COCTaBa METaula M €Tro
OYUCTKH (padUHUPOBAHUS).

Bo Bcex mpoleccax IIaBKM y4acTBYeT ra3oBasi (aza, kotopas Gopmupyercs

U3 TOIUIMBHBIX Ta30B (IMPOJYKTOB CrOpPaHMsI TBEPJbIX, KUJIKUX WM Ta3000pa3HbIX
TOIUIMB), @ TAKXKE OKpYy:Karouieil atMocdepsl U ra3oB, 00pa3yIolIUXCsl B paciuiaBe B
pe3yabTare NPOTEKAOIUX XUMUYECKUX PEaKIUH.
BHyTpeHHee NpOCTPaHCTBO IUIABWIIBHBIX IE€Yel, B KOTOPOM MPOTEKAET MPOIECC
IUIaBKM, OrPAaHUYEHO OTHEYNOpHOM (yTepoBKOH, CHOCOOHOW  BBIIEPKUBATH
temnepatypsl 10 1500...1800 °C. B 3aBucMMOCTH OT BHAA MOJIYy4aeMOIO CILIABA
dbyTepoBKa MOXKET OBITb KHUCJIOW (JAMHAcOBasl), OCHOBHOM (MarHe3uToBas),
HEUTpaJIbHOM (XPOMOMArHE3UTOBAsI). DTO ONPEAEISIETCSI OCHOBHOCTBIO MOIYyYaeMBbIX
MU TJIaBKE ILJIAKOB.

COBOKYMHOCTh (PU3UUYECKUX W XUMHUYECKHUX 3aKOHOMEPHOCTEH, JIexkallux B
OCHOBE TMPOIIECCOB, OOECNEUYMBAIOIIMX TOJYYEHHE >KUIKOIrO CIJIaBa TpeOyeMoro
KauecTBa, OMPEJEIsCT METOJ| IJIaBKH, CBS3AHHBIA C MPUMEHEHHEM OIPEIeIEHHOTO
BU/JIA TUTABUIIBHBIX TIedeil [4]. CxeMbl CHCTEMHOTO aHalli3a TUIaBKU U Kilaccuukanus
MPOIIECCOB IJIABKU MPEACTaBIEHbI HA pucC. 2.2 u 2.3.

Cnemyer OTMETHTh, YTO BHemeuyHas oOpaboTka pacruiaBa (cMm. puc. 2.3)
HalpaBjJ€Ha B OCHOBHOM Ha €ro paduHHpOBaHUE, MOAUDHUIMPOBAHUE, IOBOJKY
TEMIIEpaTypbl M peXe Ha BBOJ JIETUPYIOIIMX 3JIeMEHTOB. (CXeMa IpoleccoB
00pabOTKH JIMTEHHBIX CIIJIABOB B KUKOM COCTOSIHUM MPUBEJIEHA Ha puc. 2.4.
B 3aBuCHMOCTH OT CTaJUHHOCTH BCE CYIIECTBYIOIIME MPOLIECCHl TIAaBKH Pa3lEsSIOT
Ha MOHONPOILIECCHl U MOJUIpolecChl. B mepBom ciiyyae Bce oOIepaluy IJIaBKU
MPOU3BOMSATCS B OJIHOM IUJIaBUJILHOM arperate, a Mpu MOJUMIpPOIEecce B ABYX HIIU
HECKOJIPKMX arperatax, HampuMep, CHaJyajlia B BarpaHke, a 3aTeéM B JyrOBOH
IIEKTPOIIECYH.

ITo ciocoOy reHepanyy TEMJIOTHI Pa3IMYaOT MPOLECCHl TUIABKU B TOIUIMBHBIX

H B 3JICKTPUYICCKUX IICHAX.
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[Ipotiecchl mIaBKu MOTYT OBITh HEMPEPBIBHBIMU, MPU KOTOPBIX ONEpalUU 3arpy3Ku
IIMXThl W BBIIMYCKAa MeETajla MPOUCXOASIT OJHOBPEMEHHO, HAmpuMep IUIaBKAa B
BarpaHkKe, U NEPUOJMYECKUMH, MPU KOTOPBIX OJHOBPEMEHHOE IPOBEACHUE 3THUX
orepaiuii HEeBO3MOXKHO, HAMPUMED IJIaBKa B TYTOBBIX JIEKTPOIeUax.

HUctounuk reHepanuu TEIJIOTHI MOXET HAXOAUThCA B  KOHTaKTe C
pereHepupyOIIMMHU NpH TUTaBke (azaMu WA ObITh U30JIMPOBAHHBIM OT HUX. B CBs3M
C ATUM pa3IMYalOT KOHTAaKTHbIC U OCCKOHTAKTHBIE METOJbI TUIABKHU. XapaKTepHOU
OCOOCHHOCTBhIO OECKOHTAKTHBIX METOJOB IUJIABKH SIBJSIETCS HAJIMYUE XOJIOHBIX
[UIAKOB, KOTOPBIE HE HATPEBAIOTCS OT UCTOYHUKA TE€HEPALIUU TEIJIOTHI.

OcoOyro Tpymnmy COCTaBISIOT TMEpeIuIaBHbIe Tporecchl (cMm. puc. 2.3),
COCTOSIIIUE B TIEPETJIaBe UCXOAHOTO CIUTKA (2 HE IIMXTHI, KAK OOBIYHO) B OTJIMBKY.
[Ipu 5TOM BO3MOXKEH MEpeIyiaB HEMOCPEACTBEHHO B OTJUBKY, T.€. (DOPMUPOBAHUE
OTJIUBKU B MPOIECCEe MJIAaBKU (HEMpepbIBHAS pa3iuBKa), WK MEPEIiaB ¢ 3aJIUBKON B
dbopmy, B poliecce KOTOPOH CIiaB (pOPMHUPYETCS B OTIIMBKY.

Bce miaBuibHbIE arperatbl MOKHO KJIacCU(PUIIMPOBATh HA CIEAYIONINE TUTIBL:
1)  OecToruiMBHBIC, K KOTOPHIM OTHOCHTCSI KOHBEPTOP;
2)  TOIUIMBHBIE - O3TO BarpaHkKd, IUIAMEHHbIE BaHHBIE M THUrEJIbHBIC ICUU.
TornnmBoOM CityKaT KOKC, PUPOJHBIN ra3, JTOMEHHBIN ra3, Ma3yT;
3)  DJEKTPUYECKHE - 3TO AYTrOBbIE, IUIa3MEHHBIC, WHAYKIUOHHBIE TUTEIIbHBIE W
KaHaJIbHBIC TI€YH, BAHHBIE U TUTEJILHBIC M€Y COMPOTUBIICHHUS;
4)  KOMOMHMpOBaHHbIE, K  KOTOPbIM  OTHOCSITCA  IJIa3MEHHO-IYTOBBIE,
AJIEKTPOIIIAKOBBIE, TUTA3MEHHO-UHIYKIIMOHHBIE TICUH.
XapakTepHbIM TpeACTaBUTENIeM OECKOHTAKTHOTO METOJa IUJIaBKU  SIBJISIFOTCS
TUTEIbHBIE TICYH.

OCHOBHBIMM TapaMETpaMH IUJIABWIBHBIX arperatoB SBISIIOTCS  yACJbHBIC
MOITHOCTh U MPOU3BOAUTENIBHOCTD. [IpH M1aBKe TUTEHHBIX CIUIABOB B COCTAB IIUXTHI
BXOJAAT: TEPBUYHBIE W BTOPUYHBIE METAUIbl, CHEUUAIBHO MPUTOTOBICHHBIC
dbeppocmuiaBsl ([J1s1 YyTYHOB U CTajiell), IUTaTypbl JJI IIBETHBIX CIUIABOB U YYTYHOB,

MOIU(UKATOPBI, PIIIOCH U TOIUIUBO (TBEPOE).
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Cocrapnsoomye MMXThl  HA3bIBAIOT LIMXTOBBIMU  MaTepuajaMu WU
KOMITOHEHTaMU IIMXTHI. B KauecTBe OCHOBBI METAJUIMYECKHUX IIUXTOBBIX MAaTEPHAIIOB
WCIIOJIB3YIOTCSl NIEPBUYHBIE M BTOPUYHBIE YEPHBIE M LIBETHBIE METAJIbI M CIUIABBHI,
(beppocIuiaBbl U JUTATYPhI.

CocTaBpl METANIMYECKUX MIMXTOBBIX MaTEpUANOB, UX KIacCU(UKALUA IO
Mapkam, BHJIaM, KjlaccaMm, rpyrmmnam, copTHocTd, ['OCThI Ha HUX, a TaKXe COCTAaBblI,
MapKu, CBOMCTBa (DJIFOCOB U OTHEYNOPOB MOAPOOHO MPUBEJEHBI B padoTax [2-4].

CocrtaBneHue M pacyeT MIMUXThl MPOU3BOAUTCS, HMCXOAS H3 Tpedyemoro
XMMHMUYECKOTO COCTaBa BBIIUIABISEMOrO CIUIaBa M HMEIOLIUXCA  HIMXTOBBIX
MaTepUaoB.

B o6mem ciydae B MIMXTE COJIEPIKUTCSA N KOMIIOHEHTOB, KaXKJIbIi U3 KOTOPHIX UMEET
OIPEEICHHYI0 KOHLIEHTPALUIO 1-r0 31eMeHTa Kj, T.e. MHOXECTBO KOHLIEHTpAaLUH 1-

ro 2JIEMCHTA

3amauell pacyeTa paciuiaBa IIKUXTHI SBISETCS ONPEAEICHUE MACCOBOM JIOM KaKI0TO
U3 KOMIOHEHTOB IIMXTHI, T.€. X, X2, ... , Xn .

Cnenyer mMeTb B BHJY, YTO KOHIIEHTPALMs 3JE€MEHTa B IpPOLECCE IIaBKH
U3MEHSIETCs, TaK Kak MpoOUcXoauT Jmbo yrap (yOwuib), nubo mpurap (mpuObuUIb)
AJIIEMEHTA, U 3TO HEOOXOJUMO YUUTHIBATh MPU PACUETaAX.

Cpennee HeoOXomuMoe cojiepkaHue 1-To  3JeMeHTa B MmHXTe K
ornpeaenseTcs no popmyiie

Kiw = Kio [100 / (100 = V)], 2.1)

rie Kio- Tpedyemoe comepikanue i-ro 3JIeMEHTa B KUIKOM CILIaBE;

Vi- yrap (-), mpurap (+) i-ro sneMeHnTa B % OT MepBOHAYATILHOTO COACPKAHUS
BO BpEeMs TUTABKH.

OTOT pacyeT MOXKHO TPOU3ZBOJAUTH TpeMsi METOoJaMu: TpaduyuecKum,
AHAIMTUYECKIM H METOJIOM TMoAOOpa MyTeM peIIeHUs CHUCTEMbBl JIMHEHHBIX

YPaBHEHMM:
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X1K1(1)+X2K1(2)+'“+XnK1(n):K1(lu);
X1KP(1)+X2KP(2)+'"+XnKP(n):KP(W);

X+X+..+X =1 (2.2)

3nech uHAEKC «P» yka3pIBaeT 4MCI0 pACUETHBIX AJIEMEHTOB IIUXTHI.
Yame Bcero mpu pacuerax HpUMEHSIOT MeTo] mnoabopa. Takyro cucreMy Jerko
pemmth ¢ nomombio OBM. Tlpu sTom perieHue AaHHOW 3amayu IEIECO00pa3HO
COBMECTUTH C 3aJayed €€ ONTUMM3ALMUU, YTO JIErKO BBINOJHACTCS METOIOM
TMHEeHOro mporpammupoBanus [5]. I[Ipu 3TomM B cuctemy BBOAST OrpaHUYCHUS U

KaXX/10€ YPAaBHCHUC CUCTCMBI IIPCACTABIIAOT B BUAC HCPABCHCTB

B .
X1K1(1)+X2K1 +"'+XnK1(n)SK1(Lu)’

(2)

X, K+ XK gt + X K 2K ) 2.3)

3nech K%w ¥ K'w - COOTBETCTBEHHO BEpXHHMM M HIKHUM IIpeaeibl
COJIEpKaHUsI JAHHOTO AJIEMEHTA B IIHUXTE.
Kpurepuem ontumuzanuu 0ObIYHO CIY>KUT CTOMMOCTD IIUXTHI.

TOF)Ia ONITUMH3AU CBOOAUTCA K OTBICKAHWIO MUHUMYMaA q)YHKHHOHaHa

Zmin:Z chj’
j=1 (2.4)

riae Cj- 1leHaj-ro KOMIIOHEHTA MIMXThI; Xj- €r0 COJEPKaHHE B IIUXTE.
Pe3ynbTaThl pacuera cocTaBa MIMXTHI 3aMMCHIBAIOT B BUJE Ta0. 2.1.
Jlis Gosiee TMONHOTO aHalW3a MpoIlecca MUIABKKM B PsjI€ CIydaeB MPOBOMIST
pacyeT ee MaTepuaibHOro OajaHca U Ha €ro OCHOBE pacyeT TeIJIoOBOro OanaHca.
B Tabn. 5 u 6mnpuBeseHbl MPUMEPHl COCTABOB METAUIMUECKUX HIUXT JJISl pa3sHBIX

MapoK CTaHeﬁ, YYT'YHOB, AJIIOMHUHUCBLIX U MCJIHBIX CIIJIABOB.
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Ta6muma 5 -Pacder mmxThl MeTOAOM MoO100pa

Copepxanne | Dnementi,raei=1,2,...n
IToka3zaTenu pacuyera KoMIIOHEHTOB | CozaeprkaHue
IIUXTHI IIHAXTHI, IIUXTHI Buocurcs ¢ muxToit
% 110 Macce B
KOMITOHEHTE
Kommonent j*, roe K _ X
i=1,2,..n X, Kioy _Niln)
100
Hroro B muxTte 100 % - n

VYrap (-), npurap (+), % or

[IEPBOHAYAILHOTO - - 1 Vi
COJIEPIKAHHUS DJIEMEHTA
UTOro B KUIKOM CILIABE - - Kl()fc) - Kl(Lu )X 66
100+ Y,
6
100

* CruiaBbl B 4ylIKax, BO3BPAT, JIOM H Jp.

Taomuna 6 - CoctaB KOMIIOHEHTOB MeTaTnyeckou muxThl 11t ctanu 40JITOCT 977-
88 mpu BBITUIABKE B JYyTOBOM AJIEKTPONICYH

XHUMHUYECKUH cocTaB cTaiu, % Macc.

C Mn Si S P
0,37...0,45 0,45...0,90 0,20...0,52 < 0,035 < 0,035
CocraB HIKUXTHI
KoMmoneHThI Coneprkanue, % macc.
1. Bo3BpaT cOOCTBEHHOT'O ITPOU3BOICTBA 30,0
2. Jlom cranibHOM Mapku 3A 'OCT 2787-86 63,86
3. YUyryn nepenenbHbiii Mapku [12 TOCT 805-80 4,39
4. ®eppocwmnii Mapku PC65 'OCT 1415-78 0,63
5. ®eppomapranen mapku PMu78 'OCT 4755-91 1,12
100 %
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Taomuna 7 -CoctaB KOMIIOHEHTOB METAJUTMYECKOM MIMXTHI 111 ctanu 40XH2J1
['OCT 977-88 nipu BbIIUIABKE B AJIIEKTPOAYTOBOM €YU

XHWMHUYECKUH cocTaB cTaiiv, % Macc.

C Mn Si Cr Ni S P
0,35...0,45 0,6...0,9 0,2...0,5 0,4...0,7 1,6...2,0 < 0,045 < 0,045
CocraB HIUXTHI
KommoneHTs! Conepsxanue , % macc.
1. Bo3BpaT coOOCTBEHHOTO MTPOU3BOICTBA 30,0
2. Jlom cranpHoil mapku 2A TTOCT 2787-86 61,22
3. Uyryn nepenenbubiii Mmapku [11 TOCT 805-80 5,82
4. ®eppocmmimii Mapku PC65 'OCT 1415-78 0,57
5. ®eppomapranen; mapku PMu78 'OCT 4755-91 0,78
6. ©®eppoxpom Mapku ®X800b I'OCT 4757-91 0,47
7. Huxens mapku H3 'OCT 849-70 1,14
100 %

Tabnuua § - CocTaB KOMIOHEHTOB METAJUTMYECKON IIUXTHI ISl CEPOr0 YyryHa
CU20T'OCT 1412-85 npu BbIIIIaBKE B BArpaHKE

XHUMHYECKUH COCTaB YyryHa, % macc.

C Si Mn S P
3,1..33 1,7..2,0 0,8...1,1 <0,1 < 0,25
CocTaB MIUXTHI
KomnoHeHThI Coneprxanue, % Macc.
1. Jlureitnwiit uyryn mapku JIS I'OCT 4832-80 24,58
2. Yyryn nepenenbubiii mapku [1J11 TOCT 805-80 15,0
3. CtpyXKa yyryHHas 10,0
4. Bo3Bpart coOCTBEHHOT'0 MPOU3BOJICTBA 27,0
5. Jlom cranbHou mapku 3A 'OCT 2787-86 20,0
6. @eppocunnumii Mapku PC20JI TOCT 1415-78 3,42
100 %

46



Tabnuua 9 - CocTaB KOMIOHEHTOB METAJTMYECKOMN IIUXTHI JIJIs1 OJOBSIHUCTOM OPOH3bI
bp.03L7C5H1 T'OCT 613-79 npu BbITIaBKE B yTOBOM AJIEKTpOIeYd OapabaHHOTO
tuna J[MK-0,5

Xumnueckuit cocta bp. 03117C5H1, % macc.

Sn Zn Pb Ni Cu Al Si

2,6...4,0 6,0...9,0 4,0...7,0 0,5...2,0 OCTAJIbH. < 0,02 < 0,02

CocTaB HIUXTHI

KommoneHTs! Conepsxanue , % macc.

1. OnoBo mapku 01 'OCT 860-75 1,52

2. luax mapku 112 TOCT 3640-79 3,30

3. Ceunen Mmapku C3 I'OCT 3778-77E 2,87

4. Menp mapku M3 I'OCT 859-78 42,37

5. Hukens mapku H4 'OCT 849-70 0,49

6. Bo3BpaT cOOCTBEHHOTO IMTPOU3BOICTBA 19,78

7. bponsa bp.031I8C4H]1 B uymkax 'OCT 614-73 29,67
100 %

Tab6nuua 10 -CocTtaB KOMIIOHEHTOB METAJUIMYECKON IUXTHI JJI aJFOMUHUEBOTO
criaBa AJIS TTOCT 2685-75 npu BbIIIaBKE B TUTEIIbHON 3JEKTPONIEYU

Xumnueckui coctaB AJIS, % macc.
Mg Si Cu Fe Mn
0,35...0,6 4,5...5,5 1,0...1,5 <1,0 <0,5
CocTaB HIUXTHI
KommoneHTs! Conepsxanue, % macc.
1. Amromunuii B uymkax Mapku A85 'OCT 11069-74 54,96
2. CunymuH B uymkax mapku CWJI-1 I'OCT 1521-76 38,46
3. Jlurarypa amomunueBo-marauenas (10 % Mg, 90 % Al) 4,08
4. Jlurarypa amomuareBo-Meanas (50% Cu, 50% Al) 2,5

100 %

3aMMBKy JKHJIKMX CIUIABOB B JIMTEHHYIO ()OPMY OCYIIECTBISIOT C TOMOIIBIO
koBieil. KoBiu nepeMenarT Ipy30nobEMHBIM 000PY0BAaHUEM WM BPYUYHYIO C
MOMOIIBIO CHENUATIBHBIX MPUCTIOCOOTCHUN. MeTalllIoeMKOCTh KOBIIEH MOKET ObITh
OT HECKOJIbKMX KWJIOIPAMMOB JI0 HECKOJBKHMX JECATKOB TOHH. [lo KOHCTpykuuun

KOBIIIK IMOAPA3ACIIAIOT HaA IIaI\/'IHI/IKOBBIC, KOHHNYECCKUC, 6apa6aHHBI€ H CTOIIOPHEIC.
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Tabnuna 11 - Bpewms 3anonnenust GopMbl B 3aBUCUMOCTH OT BeCa OTIUBKHU

Bec otnuBku, Kr Bpewms 3anuBku Bec otnuBku, Kr Bpewms 3anuBku
(cTanm), ¢ (4yryH), C
100 9-12 3 3,0-4,5
400 40-50 5 4,0-5,8
1000 50-80 7 4,8-6,9
4000 100-160 20 8,0-11,6
6000 120-200 50 12,7-18,4
9000 150-235 100 18,0-26,2
200 25,0-37,0
500 40,0-58,0
1000 57,0-82,0

Temneparypa 3anuBku (Ta01.12) 3aBUCHT OT BUAA CIUIaBa, MAacChl U radapuTa

OTJIUBKM, TOJIIIMHBI €€ CTeHOK. IIpuueM Temmeparypa pacruiaBa NpU BBIIIYCKE W3

IJIaBWIBHOM 1eun 1o/okHa ObiTh Ha 30...100 °C BhIlIe TeMIepaTypsl €ro 3aiMBKU B

dbopmy. Ilpu 3TOM HaAO yYHUTHIBATH, YTO YE€M BBINIC METAUIOEMKOCTh KOBIIIA, TEM

HIKE CKOPOCTh CHHKEHUSI TEMIIEPATYpPhI paciliaBa B KOBILIE BO BpeMeHH [ 1 ].

[Tepen 3anuBKOM MeTaia KOBII IpeaBapuTeabHo nogorpesaroT o 700...1000

°C ¢ IOMOLIBIO Ta30BBIX TOPEIIOK.

Tabnuua 12 -PekoMmeHyeMble TeMIepaTypbl pa3iuBKH CILIABOB

XapakTepucTHKA OTJIMBOK H MapKa cIjiaBa

TeMmneparypa pacnjiaba

IIpu BBIMyCKE

IIpu 3a1uBKe

u3 JIMTEHHBIX
TUIABWIbHOM dopm,
neun, °C °C, He HuKe
Cepprit uyryn (CH10-CHI15
Menkue 1350 1300
Cpennue 1340 1280
KpynHeie, 04eHb KpynHbIe 1300 1250
ToHKOCTeHHBIE (CpeHIe, KPYIHbIE, OYeHb KPYITHbIE) 1360 1340
Ceppiii uyryn (CY20-CU35
Menkue 1360 1320
Cpennue 1340 1300
KpynHeie, 04eHb KpynHbIe 1280 1240
ToHKOCTeHHBIE (CpeHIe, KPYIHbIE, OYeHb KPYITHbIE) 1370 1350
BBICOKOIIPOUYHBIN YyT'YH
[TpeoGnanaromas TONMMHA CTEHOK, MM:
6-20 1400 1350
> 20 1450 1300

KoBkuii yyryn

[Tpeobnanaromiast TONMUHA CTEHOK, MM:
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Jo 4 1480 1380
4-10 1450 1350
10-20 1430 1350
> 20 1410 1320
Yrnepoaucras U HU3KOJIETHPOBAHHAS CTAJIU
Menkue, cpenHue 1590 1540
KpynHeie, oueHb KpyIHbIe 1580 1530
ToHKOCTEHHBIE (MEIIKHE W CPETHUE) 1600 1550
BricokonernpoBanHas CTaJib
Mernkue, cpeHue 1600 1580
KpymnHble, 04eHb KpyHHbIe 1590 1560
ToHKOCTEHHBIE (MEIIKHE U CPETHUE) 1620 1590
AJTIOMHUHHUEBBIEC CTUIABBI
AJll 780 720
AJl4 770 730
AJI10 750 690
TemmnepaTypa pacruiaBa
XapakTepucTHKa OTIMBOK M MapKa CIUIaBa IIpu Beimycke | [Ipwm 3amuBke
u3 TUTEHHBIX popMm,
IUTaBUJIBHOM °C, He HUXKe
neyu, "C
[Ipoune 770 640
OnoBsiHHAs OpoH3a
[Ipeobagaromiasi TONIUHA CTEHOK, MM:
o 10 1170 1150
10...20 1150 1100
AsmomMuHuEBas OpoH3a
[Tpeob6nanaroriasi TONIUHA CTEHOK, MM:
Jo 10 1150 1100
Kpemuucras naTyHb
[Tpeobanatomiasi TONIUHA CTEHOK, MM:
o 10 1130 1100
> 10 1080 1050

Ilpumeuanue. TONCTOCTEHHbIE OTIMBKM HEOTBETCTBEHHOTO HA3HAUYEHHS U3 CEPOro
4yryHa JOIyCKaeTCs 3aluBaTh IpHU Temneparype He Hmwke 1270 °C, ornuBku u3
MarHMeBbIX CILIaBoB - ipu 720...780 °C.

[locne 3amosnHeHust (OPMBI PACIUIABOM OTJIMBKH OXJ&XJAIOT B HEU [0
OIPEJEICHHON TeMIlepaTypbl. Bpems oxita)JaeHus 3aBUCUT OT THIIA CILJIaBa, MAacChl U
pasMepa OTJIMBKHU, €€ CIOXKHOCTH, TOJIIMHBI CTeHOK OTJIMBKH [1]. Hampumep, Bpems
OXJIaXJIEHUS CTAJIbHBIX OTJIMBOK Ha 15...20 % 0osbIIe, Y4eM OJTHOTUIIHBIX YYTYHHBIX.

[Ipu noctmxenun TpeOyeMoil TeMrepaTypbl OTJIMBKA BHIOMBAIOT M3 Pa30BBIX
JUTEHHBIX (OopM, a U3 MHOTOKPATHBIX METAUIMYECKUX (opM uX yIaisiorT ¢

HOMOIIBIO TOJIKATEJIEH.
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BbIOUMBKY OTIMBOK U3 TECHYaHbIX (OPM OCYIIECTBISAIOT Ha BBIOMBHBIX
pelIeTKaxX C pa3InyHOM rpy30n0abeMHOCThIO [1, 6]. [lecuanble CTEPKHU U3 OTIIMBOK
BLIOMBAIOT B  TaJTOBOYHBIX  OapabanHax, a Takke B  TUIpoKamepax,
AIEKTPOTUIPOYCTAaHOBKAX, PEXKe - HA BUOPAIIMOHHBIX MaluHax [1, 6].

[Tocne BHIOMBKM OTJIWMBKH TMOJBEPTalOT OYHCTKE, YTOOBI YAQIUTH C
MOBEPXHOCTHU TpUrap, OCTaTKU (POPMOBOUYHON U cTepkHEeBOM cmecu. OTIMBKU Ha
OUUCTKY TMOAAI0T 0€3 CTEP>KHEBBIX KapKAaCOB, JUTHUKOB U BBHIMOPOB. OCHOBHBIM
CIIOCOOOM OYHMCTKU fABISETCS JipoOeMeTHass 00paboTka, KOTOpOW TMOJBEpraeTcs
nopsizika 80 % mpOU3BOAMMBIX OTIMBOK [1, 6]. HekoTopble OTIMBKM OUYMIAIOT U B
raJITOBOYHBIX OapabaHax.

JIJIsi OYUCTKHU TPYAHOJOCTYIHBIX TOJOCTEH HCIONB3YIOT IPOOECTPYHHBIE U

NMeCcKOoCTpyHHble  ammapartbl.  Haxomsar  Takke  NPUMEHEHUE  YCTAaHOBKHU
BUOPOAOPa3UBHON U AIEKTPOXUMUICCKON OUNCTKH OTIMBOK.
Haubonee TpymoeMKoi U TsDKEJIOW omnepaiyei B JIUTCHHOM MPOU3BOJICTBE SIBIISETCS
o0OpyOKa W 3auucTKa OTJIMBOK. B OCHOBHOM 3TO pyuHO#l Tpya. IIpu oOGpyOke ot
OTIIMBOK  OTHAENSIOT JJIEMEHThl JIMTHUKOBOW CHUCTEMbI, MPUOBLIH, 3aJIUBBI,
BCEBO3MOJKHBIE HEPOBHOCTU TOBEPXHOCTEH OTIMBOK. JlJIT 3TOro HCHONB3YIOT
MTHEBMATHYECKHE 3yOMIa, TUAPABINYECKUE KIUHBS, TA30BYIO M TUIA3MEHHYIO PE3KY,
ANEKTPUYECKYIO Nyry. B MpPOW3BOJCTBE OTIMBOK W3 LBETHBIX CIUIABOB JISI 3TOTO
UCIIOJIB3YIOT JICHTOUHBIE U JTUCKOBBIC MBI,

3a4MCTKY OTJIMBOK BBIMOJTHSIOT NDIU(GOBAILHBIMU MallUHAMUA H JAPYTUM
00IMPOYHO-IITU(OBAIBHBIM 000PY/IOBAHUEM.

[Tepen ornpaBkol MOTPEOUTENIO TOTOBBIE OTJIUBKUA TPYHTYIOT JIJISl 3alUTHI UX
OT KOPpPO3UU ITyTEM HAHECEHHsI HA UX MOBEPXHOCTh CHEHHAIBHBIX JIAKOKPACOYHBIX
nokpsiTuil TUa ['®-020, I'd-032, OJI-03K u ap.

Ilepen HaHneceHMEM TPYHTOBKM OTJIMBKM IPOMBIBAIOT M O0E3KUPUBAIOT B
OpraHWYECKUX PACTBOPUTENSIX WM B IIEIOYHBIX pacTtBopax. CIlol TpPyHTOBKHU
HAHOCAT OKYHaHHWEM WM KPAaCKOPACHBUIUTENIEM, a 3aT€M IOJBEPraioT CYIIKEe Mpu

18...23 °C. DddexkTrBHO TaKKe NPUMEHEHHE YCTAHOBOK O€3BO3MYIIHOTO HAHECEHUS
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rpyHToBKHY (YBP), no3posstomux Ha 25 % COKpaTUTh pacxoj IPyHTOBOK, MOBBICUTh
MPOU3BOJIUTEILHOCTD U YIYUIIUTh CAHUTAPHO-TUTUEHUYECKUE YCIOBUS TPYAa.

Co cBeneHusiMu 00 OpraHu3aluu MUTaHUS OTIMBOK, 00ECIEUEHUU HaIpaB-
JICHHOTO 3aTBEpACBaHUsI, OMPEACIICHUs] y3JIOB MUTAHUSI, PacdyeTbl M KOHCTPYKIIUS
AJIEMEHTOB JUTHUKOBOW CHUCTEMBI, MPUOBLIEH, XOJOIUILHUKOB TMPUBEICHBI B JIUTE-

parypHbIX UcTouHMKax [1, 2, 4, 5, 8].

12.0¢opmiieHre pa3sME4EeHHOI0 YepPTexKa

OCHOBHBIM PYKOBOJSAIIMM TEXHHYECKUM JIOKYMEHTOM IIpM H3TOTOBIECHUU
MOJIEJIbHOTO KOMIUIEKTA, JIUTEMHOW (POPMbI W NPUEMKE OTIMBKH CIYXHUT pazMe-
YEHHBIN YEPTEK.

K odopmieHnto pa3MeueHHOro ueprexa MNpeAbsBIAIOTCA TpeOOBaHUS, IO-
3BOJISIIOLLME MOy4aTh MOAPOOHBIE yKa3aHUsS MO BCEM BOIPOCAM BBIMOJHEHUS TeX-
HOJIOTHYECKOTO IIpoLiecca.

Hanocuts TexHonoruto Ha yeptex cienyet cortacHo [OCT 3.1125-88.

13. Ilopsaaok cocTaB/ieHHsI KAPThI TEXHOJIOTHYECKOT0 NMPOLECcCa JUThS

Texnomoruueckas kapra paspadarsiBaetcsi B coorBeTcTBUU ¢ [OCT 3.1422-74
(popma 1 u 5) m comepkuT HEOOXOAUMBbIE CBEACHHUS W YKa3aHHUsS IO BOIpOCam
U3TOTOBJICHUS, COOpKE M 3aJIMBKE JUTEHHOW (HOPMBI, pekuMaM TepMOoOpabOTKU U
OXJIQXK/ICHUS OTIMBKHU.

TexHomornueckyo KapTy UCHOIB3YIOT COBMECTHO C PAa3MEUYEHHBIM UEPTEIKOM.
[Tpu MammHHOM crocobe (GOPMOBKM K Pa3MEUEHHOMY UYEPTEKY IMPHIATaloT CXEMY
PacCIoJIOKEeHUS MOJiesiel Ha MOJIETIbHOM IUTMTE, BBIMIOJHEHHYIO B MaciiTaoe.

Jliist pa3paboOTKH CXeMbI BBIUEPUMBAIOT MaKeT OTIMBKUA B MacliTabe ¢ ydeToM
yCaJKH, MPUIYCKOB HA MEXaHWYECKYyI0 00paboTKy, (POPMOBOYHBIX YKJIOHOB, pa3-
MEPOB CTEPKHEBBIX 3HAKOB M TEXHOJIOTUUECKUX MMOMOJIHEHUH.

PaccunTaHHyi0 JIUTHUKOBYIO CHUCTEMY H300pakaloT Ha CXeMe B JBYX IPOEK-
musx. CeueHus SIIEMEHTOB JIMTHUKOBOM CHCTEMBl BBIHOCST OTAEIBHO B JIEBBIN
HIKHUU YIOJI CXEMBI.

3anonHA0T rpadbl TEXHOIOrHYecKo KapThl B coorBeTcTBUM ¢ ['OCT 3.1422-
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74 w cTaHAAPTOM MPEATPUITHS.
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PA3JEJ III. MOAEJIBHBIE KOMIIVIEKTbBI

3.1. Knaccupukanusi MoaAeJbHBIX KOMIUIEKTOB

JUIss  M3TrOTOBIIGHUS OTJIMBOK MPHUMEHSIOT OOJBIIOE YHCIO Pa3IUYHBIX
MPUCTIOCOOJIEHUI, KOTOPBIE HA3BIBAIOT IUMEUHOU OCHACHKOU.

YacTh OCHACTKH, BKIIFOYAOIIAs BCE MPUCIIOCOOTIEHUS, HEOOXOAMUMBIC JIJIS TTOTyYEHUS
B (popMe oTIeuaTka MOJACIH OTIUBKH, HA3bIBAIOT MOOEIbHbIM KOMNIEKMOM.

MoJenbHbIi  KOMIUIEKT COCTOMT W3 MOJIEJIIE OTJIMBKM H 3JIEMEHTOB
JUTHUKOBON CHCTEMBI, CTEPKHEBBIX SIIHKOB, MOJEJIBHBIX IUIMT ISl YCTAHOBKU U
KpEIUICHUs] MOJIeJIed OTJIMBKM M JIMTHUKOBOM CHUCTEMBI, CYIIMJIBHBIX IUIMT,
IIPUCITOCOOJICHHH /IS IOBOJIKH M KOHTPOJIS (POPM M CTEPIKHEH.

[ToHsiTHE «MOJIETBHBIN KOMIUIEKT)» HEJb3s1 MyTaTh C MOHATHEM «(HOPMOBOYHBIIMI
KOMIUIEKT», KOTOPBIM BKJIIOYAET MOJHBIA KOMILJIEKT OCHACTKH, HEOOXOIUMBIA MJIs
MOJTYYCHHS pa30BOi (POPMBI.

MopenbHbIil KOMIUIEKT JOJKEH YIOBJIETBOPSATH CIEAYIOIIMM OCHOBHBIM
TpeOOBAHUSIM:

- oOecreynBaTh MOJYyYEHUE OTJIMBKU OIPEACIICHHON T'€OMETPUYECKOMN
(bopMBI U pa3MepoB;

- 00J1a/1aTh BBICOKOW MTPOYHOCTHIO U JOJITOBEUYHOCTHIO;

- OBITh TEXHOJIOTUYHBIMH MPU U3TOTOBIICHUU;

- MMETh MUHUMAJIBHYIO MacCy U OBbITh YJIOOHBIM B AKCILTyaTalllH;

- MMETh MUHUMAJIbHYIO CTOMMOCTB;

- COXpaHATh TOYHOCTb Pa3MEPOB, MPOYHOCTh B TEUCHHUE OIPEEICHHOIO
CpOKa IKCIUTyaTalluH.

TpeOyemble TOYHOCTH, MPOYHOCTh U JOJITOBEYHOCTh MOJIEIHHOTO KOMILIEKTA
3aBUCAT OT YCJIOBHM TIPOM3BOJICTBA: E€IWHUYHOIO, CEPHUMHOTO, MaccoBoro. B
€AMHUYHOM M MEJIKOCEPUHHOM IPOU3BOJICTBE Yalll€ BCETO MCIOJIb3YIOT JEPEBIHHbBIC
MOJIEJIbHBIE KOMIUIEKTbI; B MAacCOBOM U KPYINHOCEPUMHOM — METAUIMYECKHUE
MOJIEIbHBIE KOMIUIEKTBI, KOTOPbhIE XOTS M JOPOKE, HO 3HAUYUTENIbHO JOJITOBEYHEE
JEpEBSIHHBIX. B cepuilHOM MpPOM3BOACTBE BO MHOTHX CIIy4asX MPUMEHSIOT TaKXKe

MOACIN U3 IIJIacTMacc.
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MopenbHble KOMIUIEKTHl KJIACCUPUIUMPYIOT MO CHOCO0Y H3TOTOBIICHUS
JUTEHHOW (OPMBI, TadapUTHBIM pa3MepaM, CIOXKHOCTH KOHCTPYKIIUM H POIY

MaTepuaoB.

3.2. Be100op maTepuaJjia 1jist M3roTOBJIECHUS MO/IEJILHOI0 KOMILJIEKTA

JlpeBecuHa - CpaBHUTEIBHO JICIICBBIM MaTepuayi, 00J1aJaeT JI0CTaTOYHOM
MIPOYHOCTBIO, JIETKO 00padaThIBAETCsI, XOPOILIO CKIEUBAETCS, CKPEIUISIETCS TBO3ISIMH,
HIypynamu, 4To JJI1 MOJEIH OYEHb BaXKHO. JJI1 U3rOTOBICHHS MOJIETIEH UCTIONIb3YIOT
JPEBECUHY B BHJIE TOTOBBIX MUJIOMATEPHAIOB - OPYCKOB U JOCOK, BBICYIIEHHBIX O
coaepxanus Bnaru 8...12%.

Pabouyro moBepxXHOCTh MOJIEIN 3aYMIIAIOT U HUIM(PYIOT HAXAAa4HON OyMaroii
TakK, 4TOOBI MTOBEPXHOCTh ObLIA TIaAKOW W 4YucTOr. UTOOBI M30exkaTh 00pa3oBaHUS
JUTEHHBIX 1e(EeKTOB B OTJIMBKAX, NEPEXOAbl Ha MOJEISIX OT OAHOW MOBEPXHOCTH K
JPYTO¥ BBITIOIHSIOT TJIABHBIMU.

JlepeBaHHBIE MOJEIM JJIA MPEJOXPAHEHUS OT BJIard OKpalIMBalOT H
MOKPBIBAIOT JIAKOM, PUYEM IS OTJIIMBOK M3 YyT'yHA MOJIENIM KPacAT B KPACHBIN LIBET,
JUIs. OTJIMBOK W3 CTalld - B CEPbI, IJI LIBETHBIX CIUIABOB - B KEJIThIM. 3HAKOBBIE
YaCTHU MOJIEJIEN BCETIa OKPAIIMBAIOT B YEPHBIN LIBET.

MartepuajioM a8 METAUTMYECKUX MOJENEe OOBIYHO CIIyXaT alfOMUHHUEBBIE
cruiaBbl wid cepblii uyryH. Illupokoe npuMeHEHHE aTOMHHUEBBIX CIUIABOB IS
MOJICJIbHBIX KOMIUIEKTOB OOBSCHSETCS JIETKOCThIO JTHX CIUIAaBOB W  XOpoIlen
KOPPO3UOHHOM CTOUKOCTBIO.

Merannuyeckre MOJAENH 3HAYUTEIbHO JOpOXKE JepeBsSHHBbIX. [loaToMy ux
OPUMEHSIOT IS  MallMHHOM  (OPMOBKM B  KPYIMHOCEPUMHOM U  MacCOBOM
MPOU3BOJICTBE OTJIMBOK, TaK KakK OIPaB/AbIBAIOTCS 3aTpaThl Ha MX H3FOTOBJICHUE.
YtoObl 00JEruynTh MOJEH, TONIIUHY CTEHOK JENAal0T MUHUMAJIbHOW, YBETWYUBAs
IIPOYHOCTh MOJIENM YCTAaHOBKOM peldep KECTKOCTH Ha Hepaboyeill MOBEPXHOCTH.
@OpMOBOYHBIE YKJIOHBl Ha METAJUIMYECKUX MOJEISAX JIENal0T MEHBIIMMHU, YeM Ha

JACPCBAHHLBIX.
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3aroTOBKM METAJUTMYECKUX MOJEIBHBIX KOMIUIEKTOB 4Yallle BCErO IMOIy4aroT
auTheM. JIJist 3TOro Takke HEeoOXOoauMa MOJENb, KOTOPYIO NIENaloT JIEPEBSIHHON C
y4eTOM JIBOMHOM yCaJIKu: MeTajia MOJEIN U MeTajia OTJIMBKHU.
Bce Gosbiiiee mpruMeHEHUE HAXOIST MJIaCTMACCOBBIE MOJIEIN HA OCHOBE SMOKCHTHBIX
CMOJI, KOTOpPbIE€ HMMEIOT BBICOKYIO MEXAaHUYECKYH0 MPOYHOCTh U TOYHOCTh, HE
MOJABEPratoTCs KOPOOJIEHHI0, pa30yXaHUIO, YCYIIKE, KOPPO3WH, 00Jagal0T MajibiM
KO3 (PUIIMEHTOM MNPWIMIAEMOCTH W  HE3HAUUTEIbHOM CHJIOM CIEIUIeHHS C
(hOPMOBOYHOM M CTEP)KHEBOUM CMECSIMHU.
[ImacTMaccoBble MOJIENIbHBIE KOMIUIEKTHI M3TOTOBJISIOT ABYX KJIACCOB MPOYHOCTH [2]:
I- s KpynmHOCEpHUMHOIO MW CEPUMHOrO MPOU3BOACTBA OTIMBOK; II - mid
MEJIKOCEPUMHOTO M €IMHUYHOI'O IPOM3BOJCTBA OTIMBOK. IlnacTmaccoBbie Mojenu
MOJTy4al0T HECKOJIBKHUMH CITOCOOAMU: JINTHEM C apMHpPOBaHUEM U 0€3 apMUPOBaHUS,
KOHTAKTHBIM  HAacJaMBaHUEM M3  CTEKJIOTKaHW, mpeccoBaHueM. (OCHOBHBIC
KOHCTPYKTHBHBIC pa3Mephl IJIACTMACCOBBIX MOJECIBHBIX KOMIUIEKTOB MPAKTHUYECKH
HE OTJIMYAIOTCA OT KOHCTPYKTHUBHBIX PpPa3MEpOB aHAJIIOTMYHBIX MOJEIBHBIX
KOMILIEKTOB U3 AJIIOMUHHUEBBIX CILJIABOB.

B T1abn. 13 mpuBenensl mgaHHbie [3], 00yClIaBIMBAIOIIME IIEIECOO00PA3HOCTD
MIPUMEHEHUSI MaTEepPHUAJIOB JIJIsl MOJieJield B 3aBUCUMOCTH OT OOJIaCTU MPUMEHEHHS U
qucia CbeMOB.

Tabmuna 13 - Martepuansl, mpuMeHsieMbIe JIJIs1 U3TOTOBJICHUS MOJIeei

Ywucio cheMOB, IIIT.
Marepuan OobsaacTh NpuMeHeHust Ipu pn
pYy4HOI MAIIHHHOM
dbopmoBke | hopMoBKe
Jlist Mozienielt M CTepP KHEBBIX SIIIUKOB JTFOOBIX
Hepeso pa3sMepoB MU CJIOXHOCTM B eauHuyHoM u | Jlo 100 Ho 1000
MEJIKOCEPUITHOM ITPOU3BOJICTBE
Uyryn Jns  mopeneid, CTEPKHEBBIX  SIIIHUKOB,
CU15-CY25 MOJIETBHBIX M  CYIIWIbHBIX  IUIUT B |~ o 10000
KPYIMHOCEPUWHOM M MacCOBOM NPOU3BOJICTBE
Cranb To xe - 1o 100000
AmomuHueBble | JIns mMonenell M CTEP)KHEBBIX SIIMKOB B
cruiaBel - AJI3B, | cepuiiHOM 1 MaCCOBOM MPOM3BOJICTBE Jo 30000 Ho 50000
AJI7B, AJI9B
bpon3sl s Menkux mMojeneil 1 OTbEMHBIX 4acTel B | ~ Jlo 150000
JaTyHU CEepPUITHOM M MacCOBOM MPOU3BOJICTBE
Pb-Sb crraBet Jns menxkux Mopenei B MenkocepuitHoMm | 1o 500 J1o 30000

55




IMPOU3BOJACTBC

[Tnactmacca Hns  menkux u cpennux wmojenet B | o 500 o 1500
CEpUIHOM MPOU3BOJICTBE
[Tonuctupon Hns rasmpunupoBaHHBIX — Mojener B | 1 1

CIUMHNUYHOM H CCprIHOM IIPOU3BOACTBC

3.3. Knacchl MpoYHOCTH JIEPEBIHHBIX MOJIENICH

JlepeBsiHHBIE MOJEJIBHBIE KOMIUIEKTBI, MPEIHA3HAYEHHBIE ISl W3TOTOBJICHUS
JUTENHBIX MECUYaHO-TIMHUCTBIX (opM, oapazneisator Ha Tpu kinacca (TOCT 13354-
81). Kiacc mnpoyHOCTM MOJEIBPHOTO KOMIUIEKTa Ha3HAa4yaloT MpU pa3pabdoTke
JUTEHHOM TEXHOJIOTMM B 3aBUCUMOCTH OT THUIA MPOU3BOACTBA M Ha3HAYEHUS
OTJIMBOK (Tabi.13).

Ta6muma 14 - Kiaccel MpOYHOCTH MOJICITBHBIX KOMILIEKTOB

Kiacc OO6macTh MpUMEHEHHS
MPOYHOCTH
I CepuitHoe U MenkKocepuitHOe (IIPH MOBTOPSIOIIMUXCS MEPUOAMUYECKUX 3aKa3ax)

IMPON3BOACTBO OTJIMBOK
CCprIHOC u MCJ'II(OCCpPIIZHOC MPONU3BOACTBO OTJIIMBOK CAMHOBPECMCHHOI'O 3aKa3a.

II EnunanyHOEe NpPOM3BOACTBO KPYIHBIX M TI'€OMETPUYECKH CIIOXKHBIX CPEIHHUX
OTJIMBOK
111 EnnHnYHOE MpOn3BOACTBO BCEX BUIOB OTIIMBOK

3.4. Knacchl TOUHOCTH M IIEPOXOBATOCTH METAJUIMYECKUX MOAEIEH

MeTtananyeckue MOACIBbHBIC KOMIIJICKTBI HMCIOT Oonee BBICOKYIO IMPOYHOCTD,
4CM JCPCBAHHBIC. HpI/I BI)I60p€ Marcpuajia Ajsd MOJJACIBbHOI'O KOMILUICKTAa HYXHO
YUYUTBIBATb SKOHOMHUYCCKYHO HCJICCOO6p8.3HOCTI> " yCJIOBUA BBITTOJTHCHUA TpC6OBaHHI>'I
3aKa3a. Merajinueckue MOJICJIN, CTCPIKHCBLIC AMHWKH, MOACIIBHBIC M CYHIWJIBHBIC
IUIMTBI PCKOMCHAYCTCA ACIIaTh TOHKOCTCHHBIMH, YCHIINBAA HX pe6paMH KCCTKOCTH.

TonmuHy CTEHOK MOJENEN M CTEPKHEBBIX AMMKOB HazHadaroT 1o ['OCT 13138-67

(Tabm. 15).

Tabmuma 15 - HomuHanmbHasg TOMIIMMHA CTEHOK METAJUIMYECKUX MOJAEIEH U
crepxHeBbIX AukoB (I'OCT 13138-67)

| Cpennuii rabapUTHBII | AJIOMMHHEBBIE CILIABBI | Yyryn |
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st omnpeznenieHdss KOHCTPYKTUBHBIX PAa3MEPOB MOJIEIbHBIX KOMILUIEKTOB B
NEPBYIO OYepeb HEOOXOJUMO YUUTHIBATh MPUITYCKH HA MEXaHHUYECKYI0 00paboTKy
OTJIMBKH, YCAJKy CIUTaBa OTIUBKHU U (JOPMOBOYHBIE YKIIOHBHI.

[Ipunyckn Ha mMexaHudecKyro o0paboTky HazHaudaroT o ['OCTP53464-2009.
Otor 'OCT pacnpocTpaHsieTcsi Ha OTJIMBKH M3 YEPHBIX W IBETHBIX METAILIOB U
CIUIABOB W pErJaMeHTHPYeT [OMyCKH Ha pa3Mepbl, MacCy H TMPHUIYCKH Ha
MEXaHU4YECKyI0 00paboTKy. CTaHIapT COOTBETCTBYET MEXIAYHAPOJAHOMY CTaHIAPTY
HCO 9000.

Knaccel ToyHOCTH pa3MepoB M MacCc OTIUMBOK U pAIbl MPUIYCKOB Ha
MEXaHUYECKYI0 00pabOTKYy OTJIMBOK, MOJYYCHHBIX PA3IMYHBIMHU CTIOCOOAMU JIUTHS,
MIPUBEICHBI B Ta0. 16.

Tabmuua 16 - PekoMeHJyemble KJIacChl TOYHOCTH pPa3MEPOB, MacC U bl
MPUITYCKOBHA MEXaHUYECKYI0 00paOOTKy OTIMBOK JJisi Pa3IMYHBIX CIIOCOOOB JIUThS
(I'OCTP53464-2009)

Maxkcumanbabl | Kiaccel TOUHOCTH pa3MepoB M MacChl OTJIMBOK M PSAAbI
71 pasmep | IPUITYCKOB
Crioco6 nuThs OTJIMBKH, MM I{BeTHble craBbl | KoBkwuii,
LBernbie crutasbl | t" > 700 °C BBICOKOTIPOYHBII
t’ 1< 700 °C ¥ CEpBI YyTryH ¥ JIETUPOBAHHBII
YYTYHBI, CTAJIb
ITox maBnenmem, | o 100 3r—5 3-6 47T
BBDKHMAaHUEM, 1 1 1
BaKyyMHbBIM bonee 100 3-6 471 St—7
BCACBIBAHUEM 1 1 1
B xepamunueckue | o 100 3-6 471 St—7
bopmBI, o 1 1-2 1-2
BbIILUIaBIsieMbIM | Bonee 100 4-7 Sr-7 3-8
U BBDKUTA€MbIM 1-2 1-2 1-2
MOJIEJISIM
B xoxwuinb, mog | o 100 4-9 51-10 5-11T1
HU3KUM 1-2 1-3 1-3
paBiaeHueM u c | 100...650 0T — 10 J—I1IT 6—11
[eCYaHbIMU 1-3 1-3 2-4
CTCPKHAMI, Boree 630 5- 1t 6—11 Ir—12
JIUThEe B (OPMBI, 1-3 4 _5
OTBEP)KIAEMble B
KOHTaKTe c
OCHAacTKOMN
Jo 630 611 Ir—12 7—13T
2-4 2-4 2-5
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JIntbe B | 630...4000 7—12 8—13T 91— 13
rnecyaHnle 2-4 3-5 3-6
¢dopmbl  (chipeie | Boee 4000 8 — 13T 9r—13 9-14
u cyxue), 3-5 3-6 4-6
IIEHTPOOSIKHOE

JINTHE

llpumeuanue x maoa. 15. B yucnautene ykazaHbl KJIACChl TOUHOCTH pPa3MEPOB M Macc,
B 3HaAMEHaTese — Psiibl MPUIYCKOB. MeHbIINe UX 3HAYEHUS OTHOCSITCS K MPOCTHIM
OTJIMBKaM, M3rOTOBJICHHBIM B  YCJIOBHSIX MAacCOBOI'O aBTOMAaTHU3MPOBAHHOIO
IPOU3BOJCTBA; OOJBIINE — K CIOXHBIM OTJIMBKaM, H3TOTOBJIICHHBIM B YCJIOBHAX
MEJIKOCEPUIHOIO0 W EIMHUYHOTO IPOM3BOJCTBA; IPOMEKYTOUHBIE — K OTJIMBKaM
CpEIHEN CIIOHOCTH, U3TOTOBJIEHHBIM B YCIOBHSX MEXaHU3UPOBAHHOIO CEPUHHOTO
npou3BojcTBa. Kiaccel ToUHOCTH Macc cieayeT NPUHUMATh TaKUM 00pa3oM, YTOOBI

OHH COOTBETCTBOBAJIHN KjlaCcCaM TOYHOCTH OTJIMBOK.

B Ttabn. 17mpuBeneHsl mapamMeTpbl HIEPOXOBATOCTH padOYMX MOBEPXHOCTEH
MOJICIIBHOTO KOMIIJIEKTAa, KOTOPBIE ONPEACIAITC Ha3HAYCHUEM IIOBEPXHOCTEM,

CIIOCOOOM M3rOTOBJICHUS (POPM U CTEPIKHEH.
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Tabmuma 17 - PekoMeHTyemMbIe mapaMeTphl MIEPOXOBATOCTA PaOOYMX MOBEPXHOCTEH

Mojeen
[ITepox0oBaTOCTh NOBEPXHOCTH, R,
Haznauenune Monenu st opm Mogenu CTepKHEBOTO SUKa
IIOBEPXHOCTH 1 GOPMOBKH
[1€CYaHO- [IOJIy4aeMBIX MamuHHOM U | [leckomyBHOU U
TJIMHHUCTBIX JIaBJICHUEM py4HOi1 MECKOCTPEIBHO
i
Pabounue | 5-2,5 - 5-2,5 -
Paznemsr 11 5-2,5 5-2,5 5-2,5 2,5-1,25
Conpsiraemsie 111 5-2,5 5-2,5 5-2.,5 5-2.,5
Ycranopounsie IV 10-5 10-5 20-10 5-2,5
YinoraeHus V - - 10-5 2,5-1,25

Knaccel TOWHOCTM pa3sMepoB OTJIMBOK 3aBHUCAT OT KBAJUTETa TOYHOCTHU

HN3TO0TOBJICHUA MO,HCJ'ICFI Ha CTCPIKHCBLIX AIIHNKAX.

3.5. Tumnbl pabo4ynx NOBEPXHOCTEN
CooTBEeTCTBUE KJIACCOB TOYHOCTH OTJIMBOK M KBAaJUTETOB TOYHOCTH Pa3MEPOB

MOJTy4yaeMbIX U3 HUX JieTaliel MpuBeJIeHO B Ta0u. 18

Tabmuma 18 -Kmacchl TOYHOCTH pa3MepoB  OTIMBOK B 3aBUCUMOCTH  OT
KBJIMTETOBTOYHOCTHU pazMepoB oOpaboranubix neraneit (IOCTP53464-2009)

Knacc Ttounoctu | 1-3T 3-5T 5-7 7-91 9-16
pa3mepoB

OTJIMBOK

Kganurer 1T9 IT10 IT11 IT12 IT13
TOYHOCTH u TpyOee u TpyOee u rpy0ee u rpy0ee u TpyOee
pa3mepoB

JeTane, 1T8 1T8 - 1T9 1T9 -1T10 1T9 -1T11 ITI0-1T12
MOJTy4aeMbIX U TOYHEE

MEXaHHYECKON

00paboTKOM

JIONOJIHUTENIBHBIA TIPUITYCK HA OTJIMBKY, KOMIICHCUPYIOIIMM OTKJIOHEHHE
PacroJIOKEHUsI 3JIEMEHTOB MOJEIU: KOpOOJEHHE, CMEIIEHHE IUIOCKOCTH pa3zbema,
HOTPELIHOCTh PACIONIOKEHUsSI 00pabaThIBAEMOM MOBEPXHOCTU OTHOCHUTEIBHO 0a3bl

00paboTKH cleyeT Ha3Ha4aTh, €CIIM HAWOOJbIIee W3 MPEICIbHBIX OTKIOHCHUM
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PAaCIIOJIOKEHUST TPEBBIIACT IIOJOBUHY JOINYCKA HA COOTBETCTBYIOLIUN pasMmep
oTiauBKU. OOIIMN NMPUITYCK HA MEXaHUYECKyl0 00pabOTKy ClielyeT yCTaHaBIUBAaTh
PaBHBIM CyMME OCHOBHOTI'O U JOTIOJTHUTEIBHOIO ITPUITY CKOB.

BnugHue nuTeHON ycaaku Ha pa3Mepbl OTIMBKU OOBIYHO ONPEIENSIOT B
3aBHCHUMOCTH OT BHJA CIUIaBa, KOHQUTypalMu U pa3MepoB OTIUBOK. [laHHBIE 1O
ycaJIKe CIUIaBOB MPUBEICHBI paHee B Tab. 3.9.

B 3aBucumMoctM OT TpeOOBaHUU, NPEIBABIAEMBIX K TMOBEPXHOCTH OTJIMBKH,
(OpMOBOUYHBIE YKJIOHBI CIEAYET BBITOJIHATS:

- Ha 00pabaThIBa€MBbIX MOBEPXHOCTSIX OTJIMBKU CBEPX MPHUITYCKAa HA MEXaHUUYECKYIO
00paboTKy 3a CUeT YBEIIMUEHHUS Pa3MEPOB OTIINBKHU;

- Ha HeoOpabaThIBaeMbIX MOBEPXHOCTAX OTJIMBKH, HE COIPSATaeMoil MO0 KOHTYpPY C
JPYTUMU JCTAISIMH, 38 CUET YBEJIMYEHUS U YMEHBLIEHUSI Pa3MEpPOB OTIUBKHU;

- Ha HeoOpabaThIBaEMbIX IMOBEPXHOCTAX OTJIMBKH, COIPSITaeMbIX MO KOHTYpPY C
JPYTUMU JIETalIsIMU, 32 CYET YMEHBIICHUS WM YBEIMYEHUS pa3MEepOB OTJIMBKHU B
3aBUCUMOCTH OT TOBEPXHOCTH COIPSIKEHUSI.

Merammueckue MOJIEIbHbIE IUINTHI MO HA3HAYEHUIO JENAT Ha IUIMTHI JUIS
TOYHOM (POPMOBKHU U JUIL U3TOTOBJIECHUS 0000UYKOBBIX (opM. KOHCTpyKIUS MIUTHI
3aBUCHUT OT THMa ()OPMOBOYHOM MAIIIMHBI, KOH(OUTYpAIIUA OTIUBKH M BUIA (HOPMBL.
Haubonee wacTo MNpPUMEHSIIOT OJHOCTOPOHHHE TIUIUTHL. [IMUTHI NOJKHBI HMMETh
BBICOKHE KECTKOCTh M IPOYHOCTbh, IOATOMY MX M3rOTABIMBAIOT U3 YyT'yHa U CTaju U
Ipe1yCMaTpUBAIOT pedpa KECTKOCTH.

[Ipu aBTOMaTHUeCKO O€30MOYHON M TOPU30HTAIBHO-CTOMOYHON (POPMOBKE
BBICOKME TpeOOBaHUSA TMPEABABISIIOTCA K  MEPHEHAUKYISIPHOCTH  TOPLEBBIX
IIOBEPXHOCTEH MOJENbHBIX KOMIUIEKTOB, KOTOPBIE IPOBEPSIOT CHELUAIBHBIMU
mabnoHamu. HecoBmajgeHue ocel IJIMT NMPECCOBOM M MPOTUBOAABICHUS JOJIKHO
obITh He Oosiee 0,03 MMm. Mojienu 1 3J1eMEHTHI IUTHUKOBOM CUCTEMBI KPETIST K IUTATE
C TOMOIIBIO CTaHJAPTHBIX KPEMEeXKHBbIX H3AETUl TakuM 00pa3oMm, YTOOBl HeE

HapyLUTh ouepTaHue GopMooOpa3yroIIei MOBEPXHOCTH.

3.6. Pa3znenurenbHble HOKPBITHS
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B kauectBe pa3ienuTENbHBIX MOKPBITUN MPUMEHSIOT CIHEHHAIBHBIE COCTABBI
WIN OTJEJIbHbIE KOMIIOHEHTHI (MUHEpaJbHBIE Macila, CUJIMKOHOBBIE >KHMJIKOCTH,
TEXHUYECKUH TNHMLEpUH W Ap.). IIpoaoinKMTenbHOCTh CYIIKM pPa3AesIUTEIbHBIX
COCTaBOB 3aBHCUT OT OTHOCHUTEJIBHOW BIIA)KHOCTH BO3]lyXa, €r0 TEMIEPATYpHI,
CKOPOCTH LMPKYJSIUMU W JAPYIUMX NpUYMH. Pas3nenurenbHbIE COCTaBbl HAHOCAT HA

MMOBCPXHOCTb KUCTHIO, ITYJILBEPU3ATOPOM HIIM OKYHAHHCM.
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Paznen IV. PABSPABOTKA YEPTEKEN

I'padraeckas yacTh BoIMONMHAETCS Ha ucTax ¢hopmara Al u ComepKuT:
- BJIEMEHTHI TUTEHHON popMbl — 1 JHCT;
- MoOJeJIbHasg OCHAacTKa — 2 JINCTA;
- ¢opwma B coope — 1 nucr;

- CTepXHEBas OCHAcCTKa — | JIUCT.

4.1. YUepTe:x 3J1eMEHTOB JIUTEIHON (GOopMBI

UYeprex SJIEMEHTOB JTUTEHHOW (HOPMBI BBIMOJIHSIETCS HAa pabodyeM dYepTeixe
netanu o 'OCTy 3.1125-88. Hag ocHOBHOM HaANMChiO WM HAa CBOOOJAHOM IOJIE
yepTeka TMOMeNaeTcs OMOJHUTENbHBIA IITaMI, B OJHOW W3 rpad KOTOPOTro
IPUBOJIUTCS HAMMEHOBAHUE «DJIEMEHTHI JIUTEUHON (hOPMBD».

Ha yeprexe 0003HauaroTcs pazbeMbl (HOPMBI U MOAEIIH, TTOJIOKEHUE OTIUBKH B
dbopme npu 3aTuBKe, MPUITYCKA HA MEXAaHUYECKYI0 00pabOTKy, CTEp>KHU, OThEMHbIE
4acTH MOJIENH, JUTHUKOBAs CHUCTeMa, MPUOBLIN, XOJOAWIbHUKH, yCal0UHble pedpa,
CTSDKKHM, TEXHOJIOTMYECKHWE TPWINBBL, JkepeOeliku u T.a1. B TexHuueckux
TpeOOBAHMSIX 3aMUCHIBACTCS BEIMUYUHA TUTECHHOM YCaKU.

B ycioBUSX €IMHMYHOTO NPOM3BOJCTBA OTIMBOK ATOT YEPTEXK SABIAECTCS
€MHCTBEHHBIM JIOKYMEHTOM Il M3TOTOBJIEHUS OCHAacTKW W OTiauBKU. [lpum
CEpUIHOM H MAacCOBOM IPOM3BOJACTBE IO A3TOMY YEPTEXKY pa3padaTbiBaOTCs

YEepTEKH OTIMBKU, MOJEIBHOTO KOMIUICKTA U TUTEHHON (DOPMBI.

4.2. YepTe:k OTIUBKHU

YepTerk OTIIMBKM C TEXHUYECKUMHU TPeOOBAHHMSIMH JIOJDKEH COJIEp)KaTh BCe
JaHHbIE, HEOOXOAMMBIE JUIS M3TOTOBJICHUS W MPHUEMKU OTIUBKU. BblmonHsercs
yepTex B cOOTBETCTBUM ¢ TpeboBaHusiMu crangaptoB ECK/[ u I'OCTa 3.1125-88.

B rpade 1 ocHOBHOM Hagnucu yepTeka MOoJ HaMMEHOBAHMEM ACTANIN IMHILIYT
«oTiuBKa». [Ipu BeluepUMBaHUU OTJIMBKHU YUUTBHIBAIOT BCE MPUITYCKH C YKa3aHUEM HX

BEIUYUHBL. BHYTpeHHHMII KOHTYyp o0OpabaTbiBaeMblX IOBEPXHOCTEH, a TakKke

62



OTBEPCTHUM, BIAJWH U BBITOYEK, HE BBINOJHIEMBIX B OTIHUBKE, BbIUEPUYMUBAIOT
CIUIOIIHOM TOHKOM JTMHUEH.
OTnMBKa Ha YepTEkKe U300paKAETCS TAKOM, KAKOW OHA BBIIAETCS U3 JIMTEHHOTO 1IeXa.
[Ipu 5TOM OCTaTKM MUTATENEH, BHINOPOB, NPUOBLIEH U T.II., €CIM OHU HE YIAISIOTCS
MOJIHOCTBIO B JINTEMHOM Li€Xe, M300pakatoTCsl Ha YepTeke OTIMBKU. JIMHUSA OTpe3Ku
BBIINIOJIHSACTCS CIUIOIIHOM TOHKOM JIMHUEHW WJIM BOJHUCTOM TOHKOM JIMHUEH B
3aBUCHUMOCTH OT CIIOC00a PEe3KU WIH JIOMKH.

Bce TexHosormyeckue SJEeMEHTBhI, HE yAalseMble B JIMTEMHOM IieXe, Ha

YCPTCIKC OTIIMBKH I/I306pa}KaIOT MOJTHOCTBIO CILJIOIITHOM OCHOBHOM JIMHUEH.

4.3. Yepre:x aureiiHoii popMbl

Jlutelinast gopma Ha uepTexe HU300pax)aeTcs B COCTOSHUM TOTOBHOCTH K
3aJuBKe (C YCTAaHOBJICHHBIMU CTEPXKHSIMH, XOJOIWIbHHUKAMHU U T.I.). I'paduueckoe
o0o3HaueHue AeMeHToB (popmbl BeinonHseTcs o ['OCTy 3.1125-88.

TpeboBanusi k udeprexy ¢Gopmbl oOmue st cOOpOUHBIX 4depTexeil. Bum B
iaHe Ha coOpaHHyl0 (opMy BBINIONHAETCS TIPU YCIOBHO CHATOM BEpXHEU
1oty (hopMe(IMOTHOCThIO WIIM YacTHUYHO). [10 BBIMOJTHEHHOMY YEepTeXKy JTOJKHA OBITH
SICHA KOHCTPYKIUS BCEH (POPMBI U OTJENIBHBIX €€ DIIEMEHTOB.

Konctpykiust onok pernamentupyercs 'OCTamu 2133-75, 8909-75, 14928-
80, 14973-69...15022-69, 15491-70...15506-70, 17127-71...17132-71, 20024-

74...20063-74. KoOHCTpYKTHBHOE HUCIIOJIHEHUE HEKOTOPBIX THIIOB OMOK JaHO B paboTe

8].

4.4. YepTe:ku MOAEJIBHOT0 KOMILJIEKTA

[Ipy BBINOJIHEHWH KypCOBOTO IMPOEKTa CTYAEHT 00s3aH pa3paboTaTh
KOHCTPYKLHMIO MOJICNbHBIX IUIUT JJISl U3TOTOBJICHUS BEpXHEW M HUXKHEH mosrypopm
Wi Monaenu (opu pydHOM (OPMOBKE) M OJHOIO CTEPKHEBOTO SAIIMKA (I10
COIIACOBAHMIO C PYKOBOJUTENEM MPOEKTA).

[IpoekTupys MOJEIbHBIM KOMIUIEKT, HEOOXOAMMO YBSI3bIBaTh €ro C

TEXHOJIOTUYECKUM TPOLECCOM H3rOTOBJIEHUS (OPM M CTEpKHEH U KOHKPETHOMU
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(GbOpMOBOYHOM WM CTEpKHEBOM MalMHOW. {7 OPMOBOYHBIX HWIIM CTEPIKHEBBIX
MaliuH HEOOXOIMMO 3HATh: HaWOOJBIINN JOIMYCTUMBIN pa3Mep OMOKH B CBETY W TI0
BBICOTE, PACIIOJIOKEHUE TTOABEMHBIX MTU(PTOB U pa3Mep MPOTSKHON paMKH, CITOCO0
KPEIUIEHUSI MOJEJBbHBIX IUIMT WM CTEPKHEBBIX SIIMKOB K CTOJaM MalluH,
pacloyIOKCHUE W pa3Mephbl 3aKUMOB, XOJA TMOABEMHBIX IITH(PTOB, MPOTHKHOTO
MEXaHU3Ma, MPECCYIOLIETO MOPIIHSA U HEKOTOPBIE APYTUE TaHHBIE.

OCHOBOHM 711 MPOECKTHUPOBAHUSI MOJEIBHOTO KOMIUIECKTA SIBJSIETCS YEPTEK

JIEMEHTOB  JuTelHOW Qopmbl. Bo Bcex pasmepax Mojene U SAIUKOB,
BBITIOJIHAIOIIMX OTJIMBKY, HEOOXOAMMO MPHU ITOM YUYECTh MPUITYCKH HA YCAJKY.
[Ipyn KOHCTpYHMPOBAHUHM MOJIETHHOTO KOMIUIEKTAa HEOOXOIMMO PYKOBOJCTBOBATHCS
tpeboBanusimu  nerictByromux ['OCTos. IlpenenbHble OTKIOHEHHUS pa3MEpOB
JICPEBSIHHBIX U METAJUIMYECKUX MOJIENICH U CTEP>KHEBBIX SIIIUKOB PETIAMEHTUPYIOTCS
['OCTamu 11963-66 n 11961-66. KoHcTpyKmu MOoJenei U CTEPKHEBBIX SIIMKOB U3
JiepeBa, MIacTMAacC U METAJUIOB pa3pabaThIBAIOTCS B COOTBETCTBUU C TPEOOBAHUSIMU
I'OCTos 13138-67, 13354-67, 12355-74, 19505-74, 19367-74...19410-74 wn np.
KoHCTpyKIIMKM MOJAENBHBIX IJIMT M KperieHue Mmojeneid Ha mmutax - no ['OCTam
20084-74...20131-74, 20146-74...20175-74, 20340-74...20351-74. Hekortopsie
cBenenns u3 ykazanHbix ['OCToB npuBeaeHsl B padote [§].

UYeprexku MOAETBHBIX TUIUT JJIs U3TOTOBJICHUS BEpXHEH M HIDKHEH morydopm
BBITIOJIHAIOTCS. B COOTBETCTBUM C TPEOOBAHUAMHM, MPEIBSIBISIEMBIMU K COOPOYHBIM
yepTe:xkaM. Bce OTHENbHO pachoioKeHHbIE Ha IUITMTE AJIEMEHTHI JOJKHBI OBITh
3a0a3upOBaHbl OT OCEH TUIUTHI WIH IIEHTPUPYIOIIETO MTHIPs (BTYNKH). Pasmepsr Ha

MOJIEIBHBIX IUIUTAX JAIOTCS IO HOPMaJIbHOMY (HE yCaZOuHOMY) METPY.
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