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AKT COI'ZTACOBAHUA

Ha METOJAMYECKUE PEKOMEHAALINH 10 BBIITOJIHEHUIO KYPCOBOIO IPOEKTa
JUTSL CIICIIUAIbHOCTH
22.02.03 JIuTeliHOE MPOM3BOICTBO YEPHBIX U IIBETHBIX METAJIIIOB, pa3pabOTaHHbBIC
npernonasatenem OYpI'TK Ansodseoii O.E.

Meroanueckue pEeKOMEHAAIIMM IO BBIIOJIHEHUIO KYpPCOBOI'O IIPOEKTAa COCTABJICHBI B
COOTBETCTBUM ¢ Tporpammoit npodeccuonansroro moayias I[IM O1. «lloaroroBka u BeneHue
TEXHOJIOTHYECKUX IPOLECCOB IJIABKH, JINThSI U IPOU3BOJACTBA OTIMBOK U3 YEPHBIX U LBETHBIX
METaJUIOBY.

Meroanueckue peKOMEHJAIMKU K KypCOBOMY IMPOEKTY MUMEIOT €IUHYI0 CTPYKTYpY: LIEJH,
o0IIHe TOJOKEHUS, X0 PabOThI, pEKOMEHIAIINU K 0(hOPMIICHUIO, CIIPABOYHBIE JAHHBIE, CCHUIKU Ha
nuTepaTtypy. Tema mpoeKkToB OIpeAesieHa UCXO0d U3 COAEpPNKaHUS MEXAUCIUIUIMHAPHOIO Kypca
«PanmoHasibHbIE PEKUMBI TEXHOJIOTMYECKUX ONEPALMI U3TOTOBJICHHS OTJIMBOK» W HAalpaBlieHA Ha
yrayOJIeHHEe TEOPEeTUYSCKUX 3HAaHWUK W (HOpPMHpOBAHHWE YMEHUH pa3padaThiBaTh palMOHAILHBIC
TEXHOJIOTHYECKUE PEKUMBI U3TOTOBJICHUS OTIUBOK.

MeTtoauueckrie peKOMEH IAIMHU 110 BBIMOJIHEHUIO KYpPCOBOTO MPOEKTA COMEPKaT MOAPOOHOe
ONMMCaHUE JECUCTBUU CTYAEHTOB JJI1 HAlMCAHMS Pa3/esiOB MOSICHUTEIBHOM 3alUMCKU MPOEKTa U
BBITIOJIHCHUST UYEPTEXKEH, 00€CIeunBarOT BO3MOXHOCTh CaMOCTOSITEIBHOTO, Kad4eCTBEHHOTO W
CBOEBPEMEHHOTO BHITIOJIHEHHUS 33JJaHUSI Ha KYPCOBOE MMPOCKTUPOBAHUE.

MeTtoauueckre peKOMEHAIMU COOTBETCTBYIOT TPEeOOBaHUSAM, MPEIBSABISEMBIM K TaKOTrO
polla METOIWYECKOW TMPOAYKIMH U MOTYT OBITh PEKOMEHJOBAaHbI K HCIOJNb30BAHUIO B
0o0pa3oBaTebHOM TMPOIECCE MO TOJTOTOBKE TEXHUKOB MO crenraibHocTu 22.02.03 JluteitHoe

MPOU3BOJCTBO YCPHLIX U IBETHBIX MCTAJIJIOB.

Beaymmii cnenuaiucT Ky3HEYHO-JIUTEHMHOTO TUBU3HOHA

«O00 YT3 YPAJITPAK» B.H.®enopos
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BBEJAEHUE

Meroauyeckne peKOMEHIALMU IO BBINOJHEHHIO KypcOoBOTO mpoekra mo [IM
01 «lloaroroBka W BeIEHUE TEXHOJIOTMYECKUX IMPOLECCOB IUIABKHU, JUThS U
MPOU3BOACTBA OTJIMBOK M3 YEPHBIX M ULBETHBIX MeTamwioB»y, MJIK 01.04.
«PanroHanpHbIe PEXUMBI TEXHOJIOTWYECKUX OINEPAlUd H3TOTOBICHUS OTIHUBOK»
npenHa3HayeHbl i1 oOydaromuxcss 1o crnemmansHocTu 22.02.03  JluteiiHoe
MPOU3BOJICTBO YEPHBIX U IIBETHBIX METANIOB (0a30Bas MOATOTOBKA).

Brimonnenue kypcoBoro mpoekta mo MJIK 01.04. «PanuoHanbHbIe PeXUMBI
TEXHOJOTUYECKUX  OINEpaluid HW3TOTOBJIEHUS OTJIMBOK»  OCYILIECTBISIOTCS B
COOTBETCTBUH C Y4E€OHBIM IJIAHOM HA3BaHHOM CHEIUATBHOCTU U SIBISECTCS BaKHBIM
ATAllOM B CHCTEME TNOATOTOBKM CHELUAIUCTOB cpeaHero 3BeHa. Kypcosoe
IPOEKTUPOBAHUE CIYXHUT CPEICTBOM YIUIYyOJIEHUS TEOPETUYECKMX 3HAHUW U
MPAKTUYECKUX YMEHUMH, a TaKXKe SIBISAETCA OJHON M3 OCHOBHBIX ()OPM KOHTPOJIS
YPOBHS 3HAHUW U YMEHHM CTYJECHTOB.

Pa3paboTka KypcOBOIO NMpOEKTa SIBISIETCS 3aBEPILAOLIUM ITAloM OOydeHHUs
crynerToB o MJIK 01.04. «PanuonansHbple peKMMBI TEXHOJIOTHYECKUX ONEPALUI
M3TOTOBJIEHHS OTJIMBOK». 3alllUTa KypCOBOIO MPOEKTa sABIsAETCS (OPMOIl MpOBEAECHUS
sK3aMeHa KBanudukauonHoro mo [IM 01.

B nmponecce KypcoBOro mpPOEKTHPOBAHMS CTYIEHTHl pEIIAIOT 3aJayH,
TEOPETUYECKON U TPAKTUYECKON HAIIPABJIECHHOCTH.

[lenbr0 KypcOBOrO MPOEKTA SBIISIETCS:

l. cucremarnzauusi W 3aKpEIUICHUE TIOJYYEHHBIX TEOPETUYECKUX 3HAHUM H
MIPAKTUYECKUX YMEHUH IO JTUCIUILINHE;

2. yriyOlieHHe TEOPEeTHUYECKUX 3HAaHUM B COOTBETCTBHM C TEMOM KypCOBOM pabOThI;
3. ¢opMupoBaHuE YyMEHUN NPUMEHSATH TEOPETUYECKUE 3HAHUS TIPU PEIICHUH
ITOCTaBJICHHBIX BOITPOCOB;

4. GpopMHupoBaHME yMEHUH HCIIOJB30BaTh CIPABOYHYIO, HOPMATUBHYIO U

TEXHUYECKYIO JIUTEPATYPY;



5. pa3BUTHE TBOPYECKON WHUILIMATUBBI, CAMOCTOSITEIbHOCTU, OTBETCTBEHHOCTU U
OpraHU30BaHHOCTH;
6. MOATrOTOBKA K JUILNIOMHOMY ITPOEKTUPOBAHMIO.

B mporecce KypcoBOro MpOEKTHUPOBAHUS CTYACHT JIOJDKEH MPUOOPECTH H
3aKpPENUTh HABBIKU:
- paboTHI CO CIIEUANTBHOMN JIUTEPATYPOH;
- cuUcTeMaru3aluu, o0000ueHuss U aHaiu3a MpodecCHOHATbHO-3HAUUMMON
uHbOpMaIny;
-BBIIIOJIHEHUSI PACUETOB;
- (hopMynupoBaHUs BEIBOJOB U MPEAJIOKECHHIA.

KypcoBoe mnpoektupoBanue cnocoOCTByeT (OPMUPOBAHHUIO OOLIUX U
po(hecCHOHATBHBIX KOMIIETCHIIUNI:
OK 1. IloHuMaTh CYHIHOCTh U COLMAJIBHYIO 3HAYUMOCTh CBOEH Oymayiiei
npodeccuu, NposIBIATh K HEW YCTOMUMBBIA HHTEPEC.
OK 2. OpraHu3oBbIBaTb COOCTBEHHYIO JAESTEIBbHOCTb, OIpPEAEHATh METOAbl U
CIOCOOBI BBIMOJIHEHUSI MTPOPECCUOHANIBHBIX 3314, OLEHUBATh UX 3()PEKTUBHOCTD U
Ka4eCTBO.
OK 3. Pemarp mnpoOnemMbl, OLEHHWBATh PUCKKM M MPUHUMATH pEUICHUS B
HECTaHJAPTHBIX CUTYaLHSIX.
OK 4. OcymiecTBisTh MOUCK, aHATU3 W OLEHKY MH(POPMAIUHA, HEOOXOIUMOUN s
MOCTAHOBKM M pelieHus npodecCHOHANbHBIX 3a7ad, Npo(ecCHOHAIBLHOTO H
JMYHOCTHOI'O Pa3BUTHSI.
OK 5. MUcnonws3zoBath HMHPOPMAIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTHH  JJIs
COBEPILIEHCTBOBAHMS MPO(ECCUOHATBHON NeATETbHOCTH
OK 6. Paborarr B KOJUIGKTMBE M KOMaHjAE, OOecneuMBaTh €€ CINIOYEHUE,
3¢ PeKTUBHO 001IAThCS C KOJUIETaMH, PYKOBOJICTBOM, IIOTPEOUTEIISIMH.
OK 7. CraButh LeJIN, MOTHBHUPOBATH EITEIbHOCTD MOJYNHEHHBIX,
OpraHW30BbIBATb U KOHTPOJMPOBATH WX pabOTy ¢ TPUHATAEM Ha ce0s

OTBCTCTBCHHOCTH 3a PE3yJIbTAaT BBIIIOJTHCHHA BaHaHHﬁ.



OK 8. CamocToATensHO ONpeneNsaTh 3a/ladyd MPO(EeCcCHOHANBHOTO U JTUYHOCTHOTO
pPa3BUTHS, 3aHUMAThCS CaMOOOpPa30BAHMEM, OCO3HAHHO IIAHUPOBAThH IOBBIIICHHE
KBaJIM(DUKALIUH.
OK 9. bBbITh TOTOBBIM K CMEHE TEXHOJIOTU B MPOPECCUOHANIBHON JAEATEIHHOCTH.
[IK 3. BobimomHsATh pacyeTsl, HEOOXOAUMBIE MPH pa3paboTKe TEXHOJIOTUYECKUX
MIPOLIECCOB U3TOTOBJICHHS OTIUBOK.
[IK 4. YcraHaBmuBaTh M OCYLIECTBIISITh PAMOHAIBHBIE PEKUMBI TEXHOJOTHUYECKUX
onepauuii U3roTOBJICHUS OTIUBOK
[TIK 6. OgopMIsiTh U YUTATh KOHCTPYKTOPCKYIO M TEXHOJIOTMYECKYIO IOKYMEHTAIIUIO
I10 JINTEHHOMY IPOU3BOJICTBY.

TemMol KypcoBOIro MpoOeKTa SABIISIETCS:
«Pa3paboTka TEXHOJOTMYECKOTO MPOLIECCa U3TOTOBIECHUS OTIUBKID.

BapuaTtuBHOCTh KypCOBBIX MPOEKTOB JOCTUIAETCSA 3a CYET PA3HBIX MCXOIHBIX
JaHHBIX.

Pa3paboTka TEXHOJIOTMYECKOr0 MpOIECCa M3rOTOBJICHUS OTJIMBKHU SIBISETCS
CaMOCTOSATENIbHOM NPOEKTHOM pabOTOW CTYIEHTOB, B NpoOLECCE KOTOPOHM OHHU
JOJDKHBI Ha OCHOBAHMM TPUOOPETEHHBIX 3HAHUM W yMEHMH TIPEUIOKHUTH
ONTHUMAJIbHOE PEIICHUE 3aJayd H3rOTOBJICHUSA OTJIMBKM MO 3aJaHHOMY YEpPTEXKY
JETaIH.

W3rotoBneHne  OTAMBKM €  33JaHHBIMM  JIMHEHHBIMM  pa3MepaMu,
KOH(urypanueit, (U3NKO-MEXaHUUYECKUMH CBONCTBaMHU (TIPOYHOCTH, TBEPOCTD,
IUIOTHOCTb, CTPYKTypa W T.I.), IIEPOXOBATOCTHIO MOBEPXHOCTHU U JPYTHUMHU
TpeOOBAaHUSMU MOKET OCYILECTBIATHCS pa3iMyHbIMU MeTogamu. IIpu 3ToM moryt
OBITh MCIOJIB30BAHBI PA3JIMYHBIE TUIBI U KOHCTPYKIMH (OPM, KOHCTPYKTUBHbBIE U
TEXHOJOTMYECKHE PELICHUS MO0 OTIEIbHBIM 3JeMEHTaM (OpMbI  (CTEPIKHSM,
JUTHUKOBOM CHCTEME, NPUOBUIAM U T.I.), Pa3sHOOOpa3HbIE TEXHOJOTUUECKUE
MPOLIECCHl HA BCEX ATanax U3rOTOBJIEHUS OTIUBKHU (IPUTOTOBJIEHHE (DOPMOBOYHBIX U
CTEP>KHEBBIX CMECEH, MaBKa M pa3iuBKa MeTallla, U3TOTOBJICHUE (PopMm, 0OpyOKa,

OUMCTKA U TEPMOOOpPaOOTKA OTAMBOK U T.MM.). [I03TOMY B KOHKPETHBIX YCIIOBUSX



IPOU3BOACTBA  pa3paldaThIBacTCs ONTUMAJIbHBIM  TEXHOJIOTMUYECKHUH  IpOIece,
o0ecneunBarOIIUK CTa0MIBHOE BBINOJIHEHNE TPeOOBAaHUI YepTeka U TEXHUUECKHUX
YCIIOBHM Ha JIeTajb U OTIMBKY NP MUHUMAJIBHBIX 3aTpaTax TpyAa U MaTepHATbHBIX
CPEICTB.

['myOokue 3HaHHMS TEOPUM W TEXHOJOTUU JUTEHHBIX MPOIECCOB SIBISIOTCS
HAay4YHOM OCHOBHOW ITPOEKTHPOBAHMSA ONTHMAJbHBIX TexmpoueccoB. Ho s
YCIIEITHOW peanu3aliy 3ToH 3aaui TPeOYIOTCS €I ONbIT U NPAKTUYECKUE HABBIKU.
IlepeueHb BOMPOCOB, MOMJICKAIMUX pPa3pabOTKE IMPU BBINOJHEHUS 3aJaHUsl Ha
KypCOBO€ TPOEKTHPOBAHWE, U MOPSAOK IPOECKTUPOBAHMS PACCMOTPEHBI B
COOTBETCTBYIOIIMX pa3/ellax METOAMYECKUX pEKOMeHAalusax. B  Hux Takxke
IIPEACTABIICHBl BAPUAHTHI 3a1aHUM.

BelonHeHNE KypcOBOIO MMPOEKTa MPEAIOIAraeT KOHCYJIbTALMOHHYIO IOMOIIIb
CO CTOPOHBI IMPENOJaBaTeyii U TBOPYECKYID MPOPAaOOTKY CTYJAEHTOM pAa3eiioB
KypPCOBOI'O MPOEKTA.

OpraHu3ainuio Mo3TaHOrO BBITOJIHEHUS IPOEKTAa U KOHTPOJIb HAJ XOIOM €ro
BBINIOJIHEHHSI OCYLIECTBIISIET MPENnoJaBaTellb, KOTOPhIM pa3pabaTbiBaeT 3aJaHusl Ha
KOKIBIM 3Tall  KypcOoBOIO MNpOEKTHpoBaHus. Ha opraHuzaninoHHOM — 3Tare
pacIpenensioTCs. TEMbl KYypCOBBIX IPOEKTOB, JOBOIATCS IO CBEICHUS CTYICHTOB
TpeOOBaHMsI, KOTOPBIX CIEAYET MPUAECPKUBATHCI MPU UX PACKPBITUHU, COOOIIAIOTCS
UCXOJHBIE JlaHHble, PEKOMEHJyeMas JHTepaTypa, YCTaHaBIUBAIOTCA OOBEMBI

paboTHI.



PA3JIEJI |. TPEBOBAHUA K COAEP KAHUIO U O®OPMJIEHUIO
KYPCOBOI'O ITPOEKTA

KypcoBoii mpoekT coctouT wu3 Tpaduyeckol YacTH M  PacCUETHO-
MOSICHUTEIHHOM 3alUCKHU.

['paduueckass 4vacte coctour u3 5 nuctoB ¢opmara Al, cienyroniero
COJIepKaHUS:

- 3JIEMEHTBI JTUTeHHOU popMbl — 1 JHUCT;

- MOJIeJIbHAsl OCHACTKa — 2 JIMCTA;

- ¢popma B coope — 1 nucr;

- CTEp’KHEBasi OCHACTKA — | JIMCT.

PacdeTHo - mosicHUTENbHAS 3aMMCKa JOHKHA BKITIOYATH!

- TUTYJIbHBIN JIUCT

- 3a/1aHKe

- aHHOTAIIHIO

- BBEJICHUE

- TEXHOJOTHYECKYIO 4acTh

- 3aKJIIOUYECHUE

- CIIUCOK UCTOJIb3yEeMOM JIUTEPaTypBhI.

PacueTHo-nosicHuTenpHas 3anucka odopmisiercss B cootBerctBur ¢ ECK]]
I'OCT 2.307-2011 «O6mume TpeboBaHUSI K TEKCTOBBIM JOKYMEHTaMm» , Ha JIMCTax
dopmara A4. IToms: Bepx — 20 mMm, HU3 — 20 MM, eBoe — 20 MM, mipaBoe — 20 MMm.
CTtpaHuIlbl HyMEpYIOTCS BHU3Y 1O LIEHTPY.

OO0BbeM TOSACHUTEIBHOM 3amMCKH JOKEH cocTaBiarh 20-25 cTpaHMIl
MAIIHHOMUCHOTO TEKCTA.

Ha  turynbHOM JUCTe yKa3bIBaeTCs HAaMMEHOBaHHE NPOdeCcCHOHATBLHOU
oOpa3oBarenbHON opranu3auuu, Tema npoekta, ®UO  pykoBoautens, DPUO
CTYJCHTa U HOMEp TPYIIbI, B KOTOPOH OH OOydaeTcs, ToJl pa3pabOTKH KypCOBOTO

MIPOEKTA.



3aiaHue Ha MPOEKTUPOBAHKE BBIJIAETCA PYKOBOJIUTEIEM IIPOEKTA,

WcxonHbIMU JaHHBIMU JIJ1S1 TPOEKTUPOBAHUS SIBIISIFOTCA:

- paboumii YepTeX MOeTalu C yKa3aHWeM Ha3HA4YCHHWs W YCJIOBUU pPabOTHI
JTaHHOM AeTanu (mpuiioxenue 1);

- IPOU3BOJICTBEHHAs TIPOrpaMma, T.e. KOJIMYECTBO OTJIMBOK, KOTOPBIC Ha-
JISKUT BBITYCTUTH (XapaKTep MPOU3BOICTBA OTIUBKH ),

- c110Cc00 JIUThS (CIIOCO0 MOJYUYCHHUS OTIUBKH).

AHHOTAIMSL SBJISIETCS HEOTHEMJIEMOM COCTaBHOM YaCThIO KypCOBOTO MPOEKTA.
OHa coiepKUT KpaTKOe cojJiepKaHhe KypcoBOro npoekra. Kpome Toro, B aHHOTaluu
YKa3bIBAECTCSI KOJMYECTBO CTPAHUI] MOSICHUTEIBHOW 3alUCKU, pPa3fesioB, TaOHII,
cxeM. B He#l criemyeT ykazaTh OCHOBHBIE CBEIACHHS O pa3padOTYMKE MPOEKTa,
Ha3HauYe€HHUE MpoeKTa (00JaCTh MPUMEHEHHS ), €r0 MPAKTUYECKYIO 3HAUUMOCTb.

OcHoOBHbIEC TPeOOBaHUS K aHHOTAIINU:

— JJAKOHUYHOCTh ¥ KOHKPETHOCTH M3JIaraeMbIX MBICIICH COJIep KaHUS;

—HEUTpaJIIbHBIA ~ METOJ]  MPENOJHECeHHs  Marepuaia W OTCYTCTBHUE
PEKOMEHIAITNI TI0 UCTIOh30BAHUIO JTOKYMCHTA.

O0beM aHHOTAIIMM COCTaBJIET OJWH JHUCT (opmara A4 MalIMHOMUCHOTO
TEKCTa.

Bo BBenmeHuu ciemyeT 00O3HAYUTh AKTYyaJIbHOCTH TEMBI TPOCKTA, MEId M
3a/layul KypcoBoro mpoekTupoBanus. OObeM BBEIICHUS HE JOJKEH MPEeBHIIIATH |
JUCTA.

B TexHOMOrM4ecKoil 4YacTh OCYyHIECTBISIETCS pa3paboTKa TEXHOJIOTHYECKOTO
Mpoliecca U3rOoTOBJICHUS OTIUBKH B CJIETYIONIEH TOCIIeT0BATEIHHOCTH

O3HaKOMHBIIIUCH C YEPTEKOM ACTAIA M YYUTHIBAs XapaKTep MPOU3BOJICTBA,
CTYJIEHT TMPUCTYNAET K BBIMOJIHEHUIO KapThl ACKU30B, B KOTOPOM periaroTcs cie-
TYIOIINE UCXOTHBIC TTOJIOKCHUS TIPOSKTa:

- TTOJIOYKEHUE OTJIMBKYU B (hOpPME MPH 3aJIUBKE;
- IOBEPXHOCTHU pa3zbeMa (hOPM U CTEPKHEBBIX SIIHUKOB,

- crocoObl 0/1BOJIa MeTaia B (GopMy JIsl MTUTaHUS! OTJIMBKHU;
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- YUCJIO ¥ KOH(UTYpaIs CTep>KHEH 1 ClIOCOObI YCTAaHOBKH CTEpP)KHEH B (hopmy;
- 9UCIIO JIeTanel B (hopMe U YHUCTIO JeTaliei U3 OJTHOM OTIIMBKH.

DCKU3 AT C MOJEIBHO-TUTEHHBIMU YKa3aHUSAMH C TPUMEPHBIM COOJIIO-
JCHHEeM MaciiTaba U B 3aKOHYCHHOM BHJIC YTBEPKIAACTCA PYKOBOJAUTEIIEM MPOCKTA.

[Toce BRIMTOTHEHUS KapThl 3CKU3a BIUEPUUBACTCS YEPTEXK OTIUBKU. [Ipu 3TOM
CTYJICHT PYKOBOJCTBYETCS HMCKJIIOYUTEIBHO pa3MepaMH, YKa3aHHBIMH Ha YEPTEKE
JeTalu.

Ha deprexe OTAMBKH MOJDKHBI OBITh YKa3aHBI CIAEAYIOIMINE TEXHOJOTUUYECKHE
napaMeTpBhl:

- IPUITYCKX HA MEXaHUYECKYI0 00paboTKy (B mpejenax cTaHaapTa);

- TapaHTHIHBIC TTPUITYCKH;

- TuTelHbBIe OPMOBOYHBIC YKIIOHBI, €CJIM OHU HE JIaHbI Ha YePTEXKE J1eTalu;

- 3AJIMBaEMbIC OTBEPCTHS;

- CIICIMAJIbHBIC JINTCHHBIC TIPIIIUBHI (pedpa KeCTKOCTH, TIIOMAIKA TSl KICHMEHUS,
oOpa3iibl Ha MEXaHUYECKHUE UCTIBITAHUSA) U TEXHOJIOTUYECKUE OTBEPCTHS;

- YepHOBBIE 0a3bl ISl MEXaHUYECKOU 00pabOoTKH (COTNIACyIOTCS C PYKOBOJAUTEIIEM).

Ha sToM ke deprexe yKa3bIBaIOTCS TEXHUYECKUE TPEOOBaHUS K OTJIMBKaM.
Kpome Toro, cTyaeHTOM aHaTU3UPYETCS TEXHOJIOTHYHOCTH JCTaIH, U HAMEYaIOTCS
W3MCHEHUS, OIpeaesieMble TPeOOBAaHUSAMH JUTCHHOW TEXHOJOTHH, KOTOphIe Oe3
yiiep0a JJi1 Ha3HA4YCHHS JIeTalu U TMOCIEAYIONe MeXaHu4eCKoi 00paboTKu MOTYT
OBITH BHECEHBI B €€ KOHCTPYKITHIO.

UepTex OTIUBKH BBIMOIHIETCS CTYJEHTOM C cOoOJoieHneM Macitada. Yucio
MPOEKIUH, Pa3pe30B U CEYCHHUM JOJDKHO OBITh JOCTATOYHBIM JUISl OTPAKEHUSI BCEX
0COOCHHOCTEH OTJIMBKH 10 CPAaBHEHHUIO C JCTAIBIO.

Ha deprexe OTIMBKM yKa3bIBaIOTCS TaOapUTHBIC pa3Mepbl U pa3Mephl, OIpe-
JCISAIONINE TEXHOJIOTUYECKUE TTapaMeTpBhI.

BEITIOTHUB 4epTEeX OTIWBKH, CTYICHT MPUCTYNAET K BBITOJHCHHIO YepPTEKa

JUTCHHOU (POPMBEL.
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UYeprex IUTEHHON (OPMBI JOKEH MPEACTAaBISATH QOpMy B COOpaHHOM U
MOJIFOTOBJIEHHOM K 3aJIUBKE BUJIE.

[Ipy M3rOTOBIEHUM UepTEKa JUTCHHON (OpPMBI HEOOXOIUMO PYKOBOACTBO-
BaTbCSd BO3MOXXHOCTBIO MPOM3BOJCTBA OTIUBKU U HAKOHOMHUYHOCTHIO M3TOTOBJICHUS
bopMBI.

B 3aBucuUMOCTH OT crocoba JUThS K 4YEpTEkKYy JUTCHHON (POpMBI MpeabsiB-
JSFOTCS pa3InyHble TPEOOBAHMS.

Jlis OTIMBOK, M3TOTAaBIMBAaEMbIX B Pa3oBBIX (opmax ((PopMOBKa B OMOKax,
dhopMOBKa B CTEepXKHAX, Oe30mouHass GopMOBKa), HA YepTexe POpMbI JOJDKHBI OBITH
yKa3aHbl:

- pa3MeIieHne OTIMBOK B (hopMe ¢ YKa3aHUEM MX KOOPAHMHAT;

- TUHUU pa3zbema (OpM U TPAHUIIBI CTEPIKHEH;

- 3HaKU Y 3aMKH C YKa3aHHEM HX Pa3MEpPOB M pa3MEPOB 3a30pOB B 3HAKAX;

- JINTHUKOBas CHCTEMa CO BCEMH €€ MOAPOOHOCTSIMH U pasMepaMu OTAETbHBIX
AJIEMEHTOB;

- BBITIOpA ¥ MPUOBUTH C YKa3aHUEM BCEX Pa3MEpPOB;

- [JIaBHBIE BEHTWJIAIIMOHHBIE KaHAJIBI;

- XOJIOJMJIBHUKH U XKepeOeHKN ¢ OCHOBHBIMU Pa3MEpaMu;

- OTIOKH CO BCEMH JICTAIIMU U pa3MepaMHu.

Ha ueptexxe ¢opMbl yka3bpiBaeTCsi BEIWYMHA TPHUHSATOW JIMHEWHOW YCAIKH.
UepTtex GopMBbI JOJDKEH COJIEpkKATh CHEHU(PUKAILINIO CTEPKHEN U XOI0IUIbHUKOB. K
YepTEeXKY JUTEHHON (DOPMBI JOJKHBI OBITH TPHIIOKEHBI CHEIUMUKAIUS U ICKHU3BI
OCHACTKHU.

3amura MpoeKTa OCYIIECTBISETCS HAa KBATM(PHUKAIMOHHOM »HK3aMEHE IO
Monymo [IMO1. «IloarotoBka u BeAeHUE TEXHOJOTHMYECKUX IPOLECCOB IJIaBKH,
JIUTHS ¥ IPOU3BOJICTBA OTIMBOK M3 YEPHBIX M IIBETHBIX METAJIOBY

CocraB 3K3aMEHAIIMOHHOM KOMHCCHUM OIpPEAENIeTCs] MPUKA30M JTUPEKTOpa

KOJUTEKA OpU  HENOCPEACTBEHHOM  YYacTUH  PYKOBOJUTENS  KYpPCOBOIO

MIPOEKTUPOBAHMS.
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3amura cOCTOUT B KOPOTKOM (8-10 MUH) IOKIIa1e CTYIEHTA MO BBIIOJHEHHOMY
IPOEKTY U B OTBETaX Ha BOIIPOCHI.

CTymeHT AOHKEH TPH 3allUTe MPOEKTa JaTh BCE OOBSICHEHUS MO CYIIECTBY
IPOEKTA.

3amuTa npoekTa oneHuBaeTcs aupdepeHIMPOBAaHHON OTMETKOM.
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PA3JIEJ |l. METOJUYECKHUE PEKOMEHJALIMUH 1O BBIITOJTHEHUIO
TEXHOJOI'MYECKOMN YACTHU

2.1. OueHKa TeXHOJOTMYHOCTH JIUTOM AeTaH

Jlutast netanb, BBINOJIHSEMas JIOOBIM crocoOoM (0Opa3oBaHHOM M3 JIUTHIX
y3JI0B, COCAUHEHHBIX MEXaHMYECKUM MYTEM B OJHY JETajb; JIATON - CIUIOLIHOM;
COCTOSIIEH U3 OJTHON OTIIMBKHU), TOKHA OBITh TEXHOJIOTUYHON U KOHCTPYKTUBHOM.

[Toa TEXHOJOTUYHOCTBIO AETAIU MOHUMAETCS TAKOM BAPUAHT €€ KOHCTPYKIUU,
P KOTOPOM OHA MOXKET OBITh M3rOTOBJIEHA C MUHUMAJIbHBIMU 3aTpaTaMu CPEACTB U
MaTrepuasoB.

[Ton KOHCTPYKTUBHOCTBIO JE€TaIM MOHUMAETCS TAKOW BapUAHT KOHCTPYKIIMHU
OTHENbHBIX €€ y3J0B, CTEHOK M YIVIOB, IPH KOTOPOM OHHU OyOyT mHojydarbcs Oe3
JUTENHBIX Je(EKTOB, TOHIKAIOIINX €€ TPOYHOCTHBIE CBOMCTBRA.

TeXHOJIOTUYHBIMU CUUTAIOT JETalld, KOHCTPYKIMH KOTOPBIX OTBEUAIOT TpE-
OOBaHMIM KaK TEXHOJIOTUU MEXaHUYECKON 00pabOTKM TaK M TEXHOJOTUU JUTEHHOTO
IIPOU3BOJICTBA, & TAKKE BCEM YCIIOBUAM IKCILTyaTalllH.

TexHOIOTUYHBIC JINTHIE JETalu JOIXKHBI UMETh [ 1, 2, 3]:

-POCThIC W MPSMOJIMHEWHBIC OOIIME KOHTYpPHI, OOJervyaronme H3roTOBICHUE
MOJIEJIbHBIX KOMIUIEKTOB, a TaKXe MpoIlecchl (hOPMOBKU, COOPKU (POPM U OYUCTKH
OTJIMBOK;

-pallMOHABHYIO TOJIIMHY CTEHOK B pAa3JIMYHBIX CEUYEHUSX, UYTO OOecreyruBaeT
HEOOXOJAMMYI0 MPOYHOCTh KOHCTPYKIMM M BO3MOXXHOCTb 3amlOJHEHUs (HOPMBI
METAIIJIOM;

-IUJIAaBHBIE TEPEXOAbl B COMPSUKEHUSX Ppa3IMYHBIX CEUEHUH, CIOCOOCTBYIOIINE
CHIKEHHMIO BHYTPEHHUX HAMPSHKEHUN B OTJIMBKE;

-IOCTATOYHOE YUCIO OKOH JjIsi YJOOHOW W HAJCKHOW MPOCTAHOBKU CTEP)KHEH,
BBIBO/Ia U3 HUX I'a30B U OUUCTKUA BHYTPEHHHX IMOJOCTEH OTIIUBKY;

-KOHCTPYKTHBHBIE ~ YKJIOHBI, OO€CIeUMBaIOIUE U3rOTOBICHHE (opmbl  Oe3
YCIIOXKHSIOMMUX MPUEMOB U HUCKAKCHHUS KOHTYPOB OTJIMBKH (POPMOBOYHBIMU YKIIO-

HaMH;
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- BO3MOXXHOCTb TPAHCIIOPTUPOBAHUS Pa3IMYHbIMU CPEACTBAMMU.

JIutble nerany He JOKHBI MMETh BBICTYHAIOIIMX 4YacTel, TOHKOCTEHHBIX pedep,
DTYyOOKHX BIAJMH, 3aKPBITHIX MOJOCTEH M MOAHYTPEHH, 3aTPYyIHSAIOMUX (POPMOBKY
(u3-3a yBEITMUEHHUS YHCIIa CTEPHKHEIN) U MEXaHU3ALIUIO [TPOLIECCOB.

3ajadya Mo OIEHKE TEXHOJIOTMYHOCTH KOHCTPYKLMH JIMTOM JETaly PelaeTcs
JUIsl KOHKPETHBIX YCIOBUW IPOU3BOJICTBA.

Hwxe npuBoasTCs JaHHbIE Ul TAKOW OLICHKHU.

2.1.1. BHellIHee oyepTaHue JUTHIX JeTaeil

OuepTaHue JUTOM JAETadU JOJDKHO OBITh IO BO3MOMKHOCTH MPOCTBIM. DTO U
oOsier4aeT MpoLEecC M3rOTOBICHMSI MOJEIM M HCKIIOYAaeT HEOoOXOAMMOCTh IpHUMeE-
HEHHSI OTBEMHBIX yacTed mozeneul. [Ipocroe BHemHee odepraHWe OTIMBKHU I03BO-
JS€T W3roTaBiIuBaTh (OpMy C MHUHUMAIBHBIM KOJMYECTBOM CTep)kHEW. JluiiHue
CTEP’KHU YBEIMYHMBAIOT TPYAOEMKOCTh U3TOTOBICHHS (POPMBI, MPUBOAIT K MOSIBIIE-
HUIO TaKUX BUJOB Opaka, Kak MEepeKOChl U HECOBNAJACHUE Pa3MEPOB, BbI3bIBAIOT HE-
TOYHOCTb U3TOTOBJICHUS U YCTAHOBKH CTEPIKHEM.

BHeliHee odepTaHue U KOHCTPYKIUSI JTUTOW JI€Talld JOJKHBI ObITh TaKUMH,
YTOOBI MOJIEJIb MOKHO OBLIIO U3TOTOBUTH C OTHUM IIOCKHM Pa3beMOM. ITO 0COOEHHO
BaYKHO MPU MAITUHHON (POPMOBKE.

Mogenb uiaM 4acT MOJENTW JTOJKHBI TpH (DOPMOBKE JIETKO W3BIEKAThCS W3
¢dopmbl. [l mpoBepku 3TOro TpeOOBaHHUS MOXKHO HCIOJIB30BaTb METOJA TEHEBOIO
penbeda. Ecnu Ha aetanp WM 4acTh AETalM HAaOpPaBUTh MYyYOK MapajuieIbHBIX JIy-
4yell, NepneHIUKYISIPHbIX MPEANoiIaraéMo IUIOCKOCTH pa3zbeMa (OpMbl, WIH
CTEPXKHEBOTO SINKA, TO OTCYTCTBUE TEHEBBIX MECT 00ECIIEUMBAET BHIIIOJHEHHE 3TOTO

TpedoBanus. Ha puc. 1 npuBeneHsl npuMepsl Takoil MPOBEPKH.
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Pucynok.1 - Meton TeHeBoro penbeda HeTeXHOJOTHYHbBIC () U TEXHOJOTUYHbIE (0)

KOHCTPYKIIMH JI€TaJIeH

[Ipn HaIMYUKM y JTUTON JAETAIMU BBHICTYMAIOMINX HAPYKY KPEMEKHBIX MPUINBOB

1 OOOBIIIIEK PEKOMEHIYETCS CIEAYIoIIee:

- OJTU3KO PACIOJIOKEHHBIE TPHIIUBBI UM OOOBIIIKA HEOOXOIUMO OOBEAUHSATEH B OJUH
TIPUITHB,;
- €CIM JieTallb WMEET BHYTPEHHHUE TIOJIOCTH, BBINIOJNHSAEMbIE C TPUMEHEHUEM
CTEp>KHEW, TO BBICTYIMAIONINE HAPYXKY MPUIUBBI U OOOBIIIKUA CIIEAYeT MEePEHOCUTH
BHYTPb JICTAJIH;

-HaJIMYUEe TPWIUBOB M OOOBIIIEK HE JOHKHO BBI3BIBATH MECTHBIX CKOILJICHUH
MeTajuIa, JIJIs 9YeTro WX BBICOTA HE JOJDKHA MPEBBINIATH TOJIUHBI CTCHKH, HA KOTOPOM
OHHM pacmoJIOKeHBI. [Ipm 3TOM HaWMeEHbIIas BBICOTA OOOBIIIICK HA3HAYACTCS B
3aBUCUMOCTH OT HAauOOJIbIIIEro rabapuTHOTO pa3Mepa JIeTaju.

BepxHuM (110 TOJIOKEHUIO TIPU 3aJIMBKE) IUIOCKUM TOBEPXHOCTAM OOJIBLION
MPOTSHKEHHOCTH HEO0OXOMUMO TpHUAAaBaTh MPU 3aJMBKE HEKOTOPBIM HAKJIOH, B TMPO-
THBHOM CITydae MOBEPXHOCTh OYJET IJIOXOr0 KayecTBa M3-3a HAMYUS TaKUX BUJIOB
Opaka, KaK y)KHUMHHBI ¥ Ta30BbIC PAKOBUHBI.

He cnenyet momyckaTh y JUTON JeTaau JABYCTOPOHHIOI MEXaHUYECKYI0 00paboTKYy,
IIPU KOTOPOH B CTPYXKKY ymajisieTcss HanOoJiee MpOvYHbIN ciioi MeTauia. Kpome toro,

IMIPpU HA3HAYCHHUU IIPUITYCKOB Ha 06pa60TI<y COo31acTCsA MECCTHOC CKOIIJICHHC MCTaJllla,
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4TO IIPUBOAUT K IMOABJICHUIO YCAJOYHLIX PAKOBHUH W TPCIIMH.

2.1.2. BHyTpeHHHe M0JIOCTH H OTBEPCTHS B OTJIMBKAX

OTnuBKM HEOOXOIUMO 1O BO3MOXKHOCTH BBINOJHATH 0€3 MPUMEHEHUS
CTEpXKHEH 3a CYeT BBICTYMAIIUX YacTed Gopmbl - «OonBaHoBy». [lpu mamumHHON
(GbopMOBKE BBICTYMAIOUINE YaCTH, PACIIOIOKEHHBIE B HKHEH OMOKE, U CTOAIIUE Ha
CBOEM OCHOBAHUU, MOTYT UMETh BBICOTY, MEHBIIIYIO WJIA PABHYIO Pa3MEPY OCHOBAHUS
(InameTpy WM IHAMETPy BIMCAHHOW OKPYXHOCTH). BricTynaromme yacTi BEpXHUX
OTIOK, CBEIIMBAIOLIUECS BHU3 (ITOABECHBIE OOJIBaHbI), MOTYT UMETh BBICOTY MEHbIIIE
uiM paBHyro 0,3 pa3mepa CBOEro OCHOBaHUS.

IIpu pyuHoii (GOpMOBKE BbIIIEYKAa3aHHbIE HOPMbI PEKOMEHIYETCS YMEHBLIUTh
10 50 %.

Kondurypanus BHYTpEHHUX NOJOCTEH AOHKHA OBITH MO BO3MOXKHOCTH IPO-
croi. [lpy HaMMYMU CIIOKHBIX TMMOJOCTEN CTEPKHU PEKOMEHAYETCS PACWICHSATH Ha
Oonee mpocteie, oOecrieunBas yi00CTBO COOPKU CTEPXKHS U HAJAEKHOCTh KPEIUICHUS
ero yactei. JKemareiabHo, 4TOOBI LIE€JIbIE CTEPKHU WJIM YaCTH COCTABHBIX CTEpP)KHEU
MOTJIN OBITh M3TOTOBJIEHBI MAIMHHBIM CIOCOOOM. CTEpKHU JOKHBI UMETh pa3Mephl
B CEUCHHH, MMO3BOJISIONINE TPUMEHATh METANINYECKUE KAPKAChl JUIsl YBETUYEHUS UX
MPOYHOCTH. BBIXOIHBIE OTBEpCTUSA [Js 3HAKOB CTEPKHS M3TOTaBIMBAIOTCA C
pasMepamu, AOCTAaTOYHBIMU JJIsI HAJIEKHOTO KpeIuieHus: ctepxkHei. [Ipu manoMm mx
KOJIMYECTBE MPEAYCMaTPHUBAIOTCS JOTOTHUTENIbHBIE OTBEPCTHSI.

[Ipy HanmMuMM 3aMKHYTBIX TOJOCTEH B OTIMBKE HEOOXOIMMO MPENyCMOTPETH
TEXHOJIOTUYECKHE OTBEPCTHUS JUUISl BbIXOJA 3HAKOBBIX yacTed crepxkHs (puc. 2). [nsa
3aKpBIBAHMS 3TUX OTBEPCTUN JOJKHBI OBITh YCTAHOBJIEHBI COOTBETCTBYIOILIKE 3a-
[JTYIIKH.

JIOTIOJTHUTENIBHOE KPEIUICHUE CTEep)KHEW Mpu momolinu xepebdeex (puc. 3, a)
KpaliHe HeXenaTelbHO, TaK KaK xKepeOehKH, 3aIMBaceMble METAIJIOM, YaCTO SIBISIOTCS

MPUYMHON Opaka OTIIMBOK (Ta30BbIE€ PAKOBUHBI, HECBAPUBAEMOCTH ).
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ESLPA 2T 2z 2

a - JOIIOJIHUTCIIbHOC KPCIIJICHUC CTCp)KHGfI IIpu oMo >Kepe6eelc; 0 - JOIIOJIHUTCIIBHOC
YCTpOﬁCTBO OTBEPCTHUA JJIA BBIXOAA 3HAKA CTCPIKHA

Pucynoxk 2. - Ilpumep ycTpoiicTBa xkepedeek U JOMOTHUTEIbHBIX OTBEPCTUI

JJI1 BBIXOAA 3HAKa CTCPIKHA!

OtBepcTusl B OTIIMBKAax B 3HAYUTEJIBHOM CTEIEHU OCJIOXKHSAKOT TEXHOJIOIHYE-
CKHII mpolecc, 0COOEHHO €CJIM OHM MMEIOT Majiblil AuaMeTp U OOJBIIYIO TIIyOUHY.
CrepxxHu s 00pa30BaHUs ATHUX OTBEPCTUM TPYAHO M3TOTOBUTH U OOECHEUUTh MX
IIPOYHOCTB.

[ToBepXHOCTh TAaKUX OTBEPCTHIl OOBIYHO MMEET MpUrap, 3aTpyAHSIOIUN UX
JTanbHEHIIyt0 00paboTKy. DTU OOCTOSATEIHCTBA JODKHBI OBITh YUYTEHBI MPU MPOECK-
TUPOBAHUMU.

OTBepcTusi B OTIMBKAaX MOTYT BBICBEPJIUBATHCS, €CIIM JUAMETPhl UX HE Tpe-

BBIIIAIOT MPU MacCOBOM Mpou3BoacTBe 20, cepuitHoM 30 U UHAUBUIYAIBHOM 50 MM.

2.1.3. ToJmHA CTEHOK OTJIHBOK

VYV IuThIX neTalied TONIMHMHY CTEHKH HEOOXOAWMO Ha3HadaTh, YYUTHIBAS TPE-
OyeMyI0 pacyeTHYIO MPOYHOCTh, a TAKKE KUIAKOTEKY4eCTh METalIa U BO3MOXKHOCTh
3arnoHeHus (POPMBI IPH HA3HAYCHHOM TOMIHUHE. JIMMUATHPYIOMUM OOBIYHO SIBIISETCS
obecnieueHre HeoOXOAMMOW MpoYHOCTH jetanu. [losToMy ToNIMHA CTEHKH
HA3HAYaeTCs HaWMEHBIIEH, HO O0O0ECIEeUrBAIONIC HEOOXOMUMYI0 TPOYHOCTh H

I[OCTaTOqHOfI JJIA  3allOJTHCHHA (I)OpMBI. Bcesxkoe YBCIIMYCHUC TOJJIIWHBI CTCHKHU
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OPUBOAMT K 3aMEJICHHUIO CKOPOCTH 3aTBEpACBaHMUs MeETaula U HEOJHOPOIHOCTH
CTpYKTYyphl. CIeACTBUEM ITOTO SBIISICTCS CHIKCHHE TIPOYHOCTH JACTaH.

JInst BBIOOpa HAMMEHBILIEH TOJIIIMHBI CTEHKU OTJIMBKU MPHU JIUTHE B NECUAHBIC
(dhopMbI, MOXKET OBITH UCTIONIb30BaHA uTeparypa [1, 2, 3, 8].
[Ipu BBIOOpPE TONIIMHBI CTCHKH OTIMBKH HEOOXOIWMO YYWUTHIBATh, YTO, HAYMHAS C
HEKOTOPOH (KpUTUUECKOW) TOJIIHHBI, TPOYHOCTh YBEIUUYUBACTCS HECOPA3MEPHO.

CeueHMsIM CTEHOK JIMTBIX JIeTalell peKoMeHayeTcs mpuaaBaTh (Gopmy, odec-
MEYMBAIONIYI0 HAaUMEHBIIEEe TOPMOXKEHUE ycalaku. Hamuuue tepMuueckoro (Hepas-
HOMEPHOCTh 3aTBEpJICBaHMS M OCTBIBAaHHMS) U MEXaHWYECKOrO (COMpPOTHBIICHUE
(opMbI) TOPMOKEHHS YCaIKH MOKET IPUBOANTD K KOpoOsIeHH O 1 TpemuHam [1, 4,8].

BHyTpeHHME CTEHKM y JHMTOW JE€Talld PEKOMEHAYETCS JeJIaTh HECKOJBKO
ToHbIe (MpuMepHO Ha 20 %) BHeNIHUX CTeHOK. CTEHKH OTJIMBKH JIODKHBI OBITH 10
BO3MOKHOCTH, OJIMHAKOBOM TOJIIIMHBI, YTO OOECIIEYMBAET PAaBHOMEPHOE 3aTBEpe-
BaHME U OCTHIBAHME OTJMBKU, €€ PAaBHOMEPHOE CTPOCHHE, MPEIOTBpaIaeT KOpoO-
JeHue u o0pazoBaHue TpeniuH. JlomyckaeTcss MECTHOE YBETUYSHHUE TOIIIMHBI CTEHKH

10 20 % 1ipy 3HAYUTEIBHOM YIAJIEHUHU €T0 OT MECTA MOIBO/IA METAJLIA.

2.1.4. Conpsi:keHUsl CTEHOK, YIVIbI U MePexo/bl

VY nuTeiX nperaned nns OosblIed MX HAIEKHOCTU TMPU COMPSIKEHUU CTEHOK,
OTJIMYAIOIIMXCS 110 TOJIIMHE MEHBIIE YE€M BJBOE, PEKOMEHIYETCS NPUMEHATH Iaj-
Tenu (paauychl BHYTPEHHHUX ymioB). [anrenu obecrieunBarOT MUIaBHBIA MEPEXON U
IIPEAOTBPALLAOT BOZHUKHOBEHUE TPEIIMH M3-32 HEPABHOMEPHOI'O 3aTBEPACBAHUA U

octeiBanus oTuBKH (puc. 3) [1, 2, 3, 4, 8].

} (}7 ///// ////{/ - *
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Pucynoxk 3 - [Ipumep uzoOpakeHus raaTeie Ha OTIIMBKE
[Ipyn Hamuuuum y 3aaHHOW JaeTamy Ooyiee CIOKHBIX CONPSDKCHHH MX TEXHO-
JIOTUYHOCTh OIICHWBAIOT, HMCIOJB3YS CHEIUaIbHbIE PEKOMEHIAIMHA IO KOHCTPYH-

POBaHUIO JIMTHIX JaeTajneu [3].
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2.1.5. MecTa cKkomJieHus1 MeTaJjlia

VY nuThIX JeTaneil, HeCMOTpsi Ha CTPEMJICHHE KOHCTPYKTOpa O0OeCHeurTb
PAaBHOMEpPHYIO TOJIIIMHY CTEHOK, BCErJa HMMEIOTCS MecTa CKOIUICHUS MeTajia -
METaJUIOTEPMHUUECKHUE Y3JIbl. DTH y3Jbl 00Pa3ylOTCs B MECTaxX NEPECEUCHU 1 compsi-
KEHUU CTEHOK; MECTaX PACMHOJIOKEHUS BBICTYIIOB, IPUIIMBOB U OOOBIIIICK, a TAKKE 32
CUET YTOJIICHUS NPY Ha3HAYCHUH TMPUITYCKOB HA MEXaHHMYECKYI0 00paboTKy. Takue
ropsiuvie y3Jbl MEJJICHHEE 3aTBEp/EBAIOT, U B HHUX BCJEACTBHE HEIOCTATOYHOTO
MATAHUSL KUJKUM METAJJIOM B TPOIECCE 3aTBEpAECBaHUSI O0pa3yloTCsl yCaJOYHbIC
PaKOBUHBI U PBHIXJOTHI. OCOOCHHO HEXENATeIbHO HAIUYUE TEPMUYECKHUX Y3JIOB Y
OTJIMBOK M3 CILIABOB C MOBBIIIEHHOW YCaJIKOH.

B cBsa3u ¢ TeM, yTo 0OecneuuTh PaBHOMEpPHOE 3aTBEPACBAHUE OTIMBKHU
ObIBa€T 3aTPYIHUTEIHHO, HA TPAKTUKE MPUMEHSIOT TaK Ha3bIBAEMbIH MPUHIIUIL
HaIlpaBJICHHOTO 3aTrBepiaeBaHud. [Ipu 3ToOM JNHUTYIO AeTadb HEOOXOJUMO TaK KOHCT-
PYKTUBHO O(POPMHUTH, PACTIOIOXKUTH B (POpME M TMOJABECTH K HEH KUJIKUN METall,
YTOOBI 3aTBEP/ICBAHKNE HAYAJIOCh B TOHKHX MECTaX, MOCTEIIEHHO PACIPOCTPAHSISICh Ha
0oJiee TOJICThIE U 3aKAaHYUBASCh B MPUOBLISAX, YCTAHOBIECHHBIX Ha CAMBIX MaCCHUBHBIX
Mectax [1, 2].

HamnpaprneHHOCTh 3aTBepieBaHUS OTIIMBKHU MTPOBEPSETCS METOIOM BIIUCAHHBIX B
ceyeHue OkpyxHocted (puc.4). Ilpu HampaBiIeHHOM 3aTBEpJEBAaHUN OKPYKHOCTD,
BIMCAHHAsI B TOHKOE CEUEHHE, T0JHKHA, HIOCTENEHHO YBEINYUBAsICh, BHIKATHIBATHCS U3

OTJINBKH B HpI/I6BIJ'IB.

Oie02= 035 k02.03-04
1 a

PucyHnok 4. [IpyuHIMn HanmpaBIE€HHOTO 3aTBEPICBAHUS
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Konctpykuust neranu (puc. 4, a), He YHOBJIETBOPSET JAAaHHOMY IPHUHIIUILY,
M03TOMY B MECTaX CKOIUICHHMsSI METajula OHa MOPakeHa YCaJOYHBIMH PAKOBUHAMH.
PexoncTpyupoBannas nerains (puc. 4, 6), yIOBIECTBOPSIET 3TOMY IIPUHITUITY.

[Ipu HanM4KMK y OTJIMBKU MECT CKOILJICHUSI METaJljIa, KOTOPhIE TPYIHO obecriedy
JOTOTHUTENIbHBIM [MUTAHUEM 32 CUET YCTAHOBKH MPUOBUICH ISl pABHOMEPHOTO WM
HalpaBJICHHOIO  3aTBEPACBAaHUS NPHUMEHSIOTCS BHYTPEHHUE WM  BHEIIHHE
XOJIONWJIbHUKH. VIMeronuecs MECTHbIE YTONIIECHHS Y OTJIMBOK MOKHO YMEHBIIIUTb,

a JUIsl COXpaHEHUs1 HEOOXOIUMOM KECTKOCTH yCTAaHOBUTH pedpa kecTtkocTh. Tol-
mrHa pedep KECTKOCTH Ha BHEITHEH MOBEPXHOCTH OTJIMBKU HE JTOJKHA MPEBBIIIATH
0,8, a BHyTpeHHux pedep 0,6 TONIMMHBI CTEHOK.

BricoTa pebep He JomKHa NPEeBbIIATh MATUKPATHON TOJIIIMHBI CTEHOK.

IIpy Hamuuum y JIATOM JeTamu MECT, IJ€ MOIyT BO3HHMKaTb TEPMHUYECKHE
(HEpaBHOMEPHOCTh 3aTBEPACBAHUS W OCTBHIBaHHWS) M YCaJO4YHbIE (3aTpyJHEHHAas
ycaJlka) HANpsOKeHHs, B €€ KOHCTPYKIMIO BO H30ekaHUE OOpa30oBaHUS TOPSUUX
TPEILMH BBOAATCS JUTEHHBIE pedpa.

Comnpsixenus pedep KECTKOCTH U JINTEUHBIX pedep ¢ CEYeHHEM OCHOBHOIO
Tejaa OTIIMBKHA HE JOJDKHBI NPUBOAUTH K MECTHBIM CKOIUICHHSM METaJuld, JJIS 4ero
TaKMe MecTa HeOOXOAMMO KOHCTPYKTHBHO OOJIErYWTh, HAllPUMEP, KaK MOKA3aHO Ha

puc. 5.

Pucynok 5 - Pacnionoxxenue pedep Ha OTIMBKE

Pebpa nomkHBI pacrmoyiaraTbCsi CHUMMETPUYHO IO KOHTYpY JeTajud BO
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n30exxanue ee kopobieHus. JIuteitHsie pedpa 0OBIYHO JIeTAI0T MEJKUMU JIJIsl JIETKOTO
UX ylaJIeHHUs Ipu 00pyOKe OTIIMBKH.

TexHomornueckue TpeOOBaHUS K JIUTHIM 3arOTOBKaM, CBEJCHHS O Ka4ECTBE
OTJIIMBOK, MOKA3aTeNN TEXHOJIOTUYHOCTH U SKOHOMUYECKOTO MCIIOIH30BAHHMSI METAJIa

npUBECHBI B paboTax [8].

2.2. Bbi0op cniocoda usroronsenusi Gopm

[Ipu u3rotoBieHMH pa3oBOW MecyaHOW (HOpPMBI MPUMEHSIOT JBa crocoba -
PYYHOU ¥ MAIIIMHHBIN.

HeoOxoqumo yxe B caMOM Hauaje pa3pa0OTKU TEXHOJOTHMH W3TOTOBJICHUS
JUTOU JeTaly MPEeAyCMaTpUBaTh MCIOJIb30BaHWE MAIIMHHOW (POPMOBKA, KOTOpas B
YCIIOBUSIX CEPUMHOIO M MaccOBOTO IPOM3BOACTBa HauOoisiee nenecoodpasHa. [lpu
MalIMHHON (DOPMOBKE BBICOKAs MPOU3BOAUTEIBHOCTh COUETAETCA C BBICOKOM TOY-
HOCTBIO U ITOCTOSTHCTBOM CBOWCTB JIMTBIX JETAJICH.

Ha Bb160p cioco0a U3roToBIEHUS OTIMBKU TAKXKE BIUAET K KAKOW rpyIIe oHa
OTHOCHTCHI.

OTNUMBKM  KJIAaCCUPUIMPYIOT IO  Macce, Ha3HAYEHUIO,  CIOXHOCTHU
KOH(Urypanuu, CepuiHOCTH U3rOTOBJIEHUS M TOYHOCTH pa3mepos [1, 2]. [lo macce
OTJIMBKY U3 YyTyHA U CTallM Nojpasaenstorca Ha 4 rpynnsl (Tabdm. 1.1).

[lo Ha3HAYEHHMIO YYTyHHBIE M CTaJbHbBIE OTJIMBKHM IOAPA3NEIAIOTCS Ha 3
CHEAYIOIIUE TPYIIIIbL:

1-1 rpynmna — OTIMBKM HEOTBETCTBEHHOI'O HAa3HA4YECHMs. DTO OTIMBKU JeTalied, He
paccuuThIBaeMbIX Ha MpoyHOCTh. KoHurypauus u paamepsl OTIMBOK ONPEAEIAIOTCS
KOHCTPYKTUBHBIMHU U TEXHOJIOTUYECKUMU TPEOOBAHUSIMU K HUM;

2-1 Tpynma — OTJIMBKM OTBETCTBEHHOIO Ha3HAa4YeHHs. OTO OTJIMBKU JI€TaJEH,
UCIIBITHIBAEMBIX HA MPOYHOCTb, PA0OTAIOMIMX MPU CTATHYECKUX HArpy3kax M B

YCIOBUAX TPCHHUA CKOJILKCHUA,
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3-5 rpyiia — OTJIMBKH 0c000 OTBETCTBEHHOTO HAa3HAYCHMSA. DTO OTIMBKH I[eTaJIGI\/i,
HCIIBITBIBACMBIX Ha IIPOYHOCTH U ISKCINIYATHUPYCMBIX B YCIOBUAX AUHAMHUYCCKUX U

3HAKOIICPCMCHHLBIX HAI'PY30K.

Ta6HHHa 1.1- PacnpeneneHI/Ie OTJIMBOK M3 YCPHBIX MCTAJIJIOB 110 MACCC

I'pynna XapaKTepUCTUKA IPYIIIIbL Macca, kr
| Menkue Jlo 100
I Cpennue 101...1000
11l KpynHzsie 1001...5000
v O4eHb KpYITHBIC Cssimie 5000

2.3. Onpenesenue moji0keHusi OTJIMBKHU B popme

[Tonoxxenne omiMBKU B (opme mpenonpenensieT €€ KayeCTBO, CI0KHOCTh
(hOpMOBKH, pa3Mepbl OIOK, MPUIYCKHM HAa MEXaHUYECKYI0 00pabOTKY OTIEIbHBIX
MOBEPXHOCTEN M MapaMeTpbl TeXHOJIOruu. [loaToMy BBIOOPY MOJOKEHUS OTJIMBKU B
dbopme npu 3auBKe yaeiseTcss 0co00e BHUMaHUE.

Teopueld U NMPAKTUKOM JUTEHHOIO MPOU3BOJCTBA YCTAHOBJIEHO, YTO IIPH OI-
pe/elieHUH TIOJIOKEHUsI OTIMBKA B (hOopMe HEOOXOIMMO PYKOBOACTBOBATHCS Clie-
JYIOITUMHU TOJI0KEHUSIMU:

-OTJIMBKa JOJDKHA pacrojaraTthcs B popMe TakuM o0pa3oM, 4TOObl 00ECreurnBaioch
HaIpaBJICHHOE 3aTBEpJCBAaHUE €€ K MecTaM pacrnoyioxkeHuss npuosuieit. C aToi
1[EJIbI0 MACCUBHBIE YaCTH OTJIMBKHM PACIoOJIararoT, 0 BOBMOXKHOCTH, B BEPXHUX WIIU
OOKOBBIX dYacTsaX (opmbl. Takoe pacroloXKeHHE OTIMBKH ITO3BOJIIET 00ECTICUUTH
MPOMUTKY €€ MAaCCUBHBIX YacTe YCTAaHOBKOW BEepXHHX MpuObLIei. B Tom ciydae,
€CJIM OTJIMBKA UMEET OOJIBIIOE KOJIMYECTBO YTONIIECHHUN, pa3IeIeHHBIX APYT OT JIpyra
Ooyee TOHKUMM CTEHKaMM, KOTJa MPUMEHEHHUE MNpUOBLICH MPSAMOro TMUTAHUS HE
obOecrieyrBaeT HAIMPaBJICHHOTO 3aTBEPJICBaHUS CJIEAYET UMETh BBHUJY BO3MOXKHOCTH
MIPUMEHEHUSI OTBOAHBIX MPUOBUICH U pa3IMYHBIX XOJIOAUIHLHUKOB,;

-MaKCUMaJIbHOE KOJIMYECTBO 00pabaThIBAEMBIX TOBEPXHOCTEH OTIUBKH JIOJDKHO
pacriojaratbCs B HIKHEH 4YacT (POpMBI MO 3alMBKE, a MPU OTCYTCTBUHU TaKOMH

BO3MOXKHOCTH - BEPTHKAJIbHO WM HakJIOHHO. (OOpabaTbiBaeMble MMOBEPXHOCTH
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OTJIMBOK SBJIAIOTCS B OOJIBIIMHCTBE CIIy4aeB HamOojee OTBETCTBEHHbIMU. [lo3Tomy
Ha 3TUX MOBEPXHOCTAX HE JIOMYCKAETCS HAIMYUE TAKUX JHUTEUHBIX AEPEKTOB, Kak
3acOpbl M IUIAKOBBIE BKJIIOYEHHS, KOTOpBIE, KAaK NPABUIIO, PACHOJAraroTCsi Ha
BEPXHUX IJIOCKOCTSAX OTJIMBKH; HM)KHUE IUIOCKOCTH OTJIMBKH Bcerga 0oJiee IUIOTHBI.
OnHako B MpaKkTHKE JUTh HMEIOT MECTO M TaKUE€ Ciydyau, KOrja Mo psay
COOOpaKeHHII OCHOBHBIE 00padaThIBa€MbIe MOBEPXHOCTU MPHUXOAMUTCS pPaCIIONaraTh
CBEpXY IO 3aJMBKE. B Takux ciydasx NpUHUMAIOT BCE MEPHI K TOMY, YTOOBI Ipe-
JOTBpPaTUTh OOpa30BaHME JIMTEHHBIX AE(PEKTOB, a €CIH BCE e Takue nedeKTsl 00-
pa3yroTcs, UX yAaJIsSI0T BMECTE C IIPUITYCKaMU Ha MEXaHUUYeCKyto 00paboTky. C sToi
LEeNbl0 B MECTaX BO3MOYKHOTO TIOSIBJICHUS JIMTEHHBIX Je(EKTOB Ha3HAYAIOTCS
HECKOJIbKO YBEJIMYEHHBIE TPUIYCKU HAa 00pabOoTKy. MHOTrME OTJIMBKH MOJIBEPraroTCs
MeXaHU4YecKoil 00paboTKe € HECKOJbKHUX CTOpPOH. ECTECTBEHHO, YTO IS 3THX
OTJIMBOK HEBO3MOKHO BBIOpaTh TaKO€ MOJIOKEHUE B (OpME MpHU 3aJIMBKE, KOTOPOE
oOecreunso Obl pacroyioKEeHUE BceX 00padaThIBAEMBIX IJIOCKOCTEHM B HUKHHUX
gacTax Gopmsl. [loaToMy, B Takux ciaydasX B HUKHHUX 4acTsIX (OPMbI pa3MeIIatoTCs
HanOoJjiee OTBETCTBEHHBIE MOBEPXHOCTH, @ B BEPXHUX - MEHEE OTBETCTBEHHBIE,
MMEIOIIUE MEHBILYIO TIOIIA/b;

-CUMMETpHUYHBbIE (10 cBoeW (hopMe) OTIIMBKHU, KaK MPAaBHIIO, HECYT CUMMETPHUYHYIO
Harpy3ky. s Toro 4toObl 0oOecrneuuTh PaBHOMEPHOCTh CBOMCTB OTJIMBKU IIO
CEUEHHUIO, TMEPHEHAUKYISIPHOMY K OCH CHMMETPHM, HEOOXOAWMO YTOOBI CHUM-
METPUYHBIC YaCTH OTJIIMBOK HAXOJWUJIUCHh B OJWHAKOBBIX YCIOBHUSAX MPHU 3aMOTHEHUU
noJIocTd (OpMbl METAJIJIOM U MPHU KpUCTAIIU3aluuu. JlocTHdb 3TOr0 MOKHO B TOM
cilydae, €cid OCh (IUIOCKOCTb) CUMMETPUHU OTJIMBKM 3aHMMAET BEPTUKAJIBHOE IO-
JIO’KEHUE TIPU 3aJTUBKE;

-3all0JJHEHHE TMOJIOCTH (POpPMBI METAJIOM, NAJAOIMIUM € OOJBIIONH BBICOTHI,
COMPOBOXKIAETCS 3aXBATOM BO3[yXa M OKHUCIEeHHEM. YeM OoJiblle BbICOTA MaJICHUS
MeTasuia, TeM OOJbIle SHEPIHs MaJarlleld CTPyd, TeM OO0Jbllle BO3MOXKHOCThH pa3-
pyuieHus: GopMbl U TeM B OOJbIIEH CTENEHU 3arps3HsAeTcs METalsl OKUCJIAMU U ra-

3amu. [ToaToMy OT/IMBKY B (hopMe HEOOXOIUMO pacIoyiaraTb TAKUM 00pa3oM, 4TOOBI
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o0ecreynTh MUHUMAJIbHYIO BBICOTY MaJ€HUs MeTayla MPH 3aroJIHEHUH IOJIOCTH
hopMBI;

- OTIIMBKY HEOOXOJMMO pacroyiaratb B (popMe TaKHUM 00pazoM, 4TOObI 00ECIeUnTh
(GOpMOBKY TIO MOAEIM C MHUHHMAJIbHBIM KOJIMYECTBOM cTepykHed. llpumenenue
MoOJIeNIel ¢ OThEMHBIMU YacTSMU U YBEJIMYEHHE KOJIMUYECTBA CTEP)KHEH YCIOXKHSET
W3TOTOBJICHUE MOJIETU U YOPOXKAET CTOMMOCTD (DOPMOBKH.

[Tpu nuThe B pa3oBbie POPMBI ClIEAYyEeT MOMHHUTH, YTO (POPMOBKA MOXKET MPO-
U3BOUTHCA B OJHOM TIOJIOKEHUH, a 3aJuBKa B ApyroM. [Ipm BeIOOpe monokeHus
OTJIMBKA B (OpPME YUUTBHIBACTCS TaK K€ Ps APYyrux TpeOOBaHM Kak, HampuMmep,
yn00CcTBO (hOPMOBKH, BO3MOKHOCTh MPOBEPKH NMPABUIBHOCTH YCTAHOBKH CTEP>KHEH B
(dbopmMe, MPOYHOCTH OTHENIBbHBIX YYAaCTKOB (POPMBI, yIOOCTBO MOJBOAA M OOPE3KH
JUTHUKOB U T.II.

B mpaktuke pa®oThl HEBO3MOXHO BBIOpaTh Takoe IMOJIOKEHUE OTIMBKH B
dbopme, 4YTOOBI ONHOBPEMEHHO YNOBICTBOPUTH BCEM YKAa3aHHBIM TpPEOOBAHUSM.
[Toaromy B GopbOe 3a KauecTBO JIUThS HEOOXOIMMO OCHOBHOE BHUMAaHME YIENATH

[JIAaBHBIM, PEHIAIONIUM (haKTOpaM.

2.4.Bb100p MoBepXHOCTH pa3bemMa (opMbI

Pa3bem ¢opMbl mpuUMeHSIETCS HMCXOAS U3 HEOOXOAMMOCTH YAAJIEHUS MOCTO-
SHHBIX MOJeJNiel U3 pa3oBoi (OpMbI, @ MIPHU JUThE B MOCTOSHHBIE (POPMBI IS yAa-
JeHUs] OTJIMBKU. B 3aBUCUMOCTH OT CIOXKHOCTH MOJEIHM U OT MPHUHATOrO Crocoda
(OpPMOBKH, YKCIIO MIOBEPXHOCTEN pazbeMa MOKET ObITh paBHO 1, 2 u 3.

[ToBepxHOCTH pa3zbeMa (OpPMBI U IMOJIOKEHUE OTIMBKU B (OpME IMPH 3aJUBKE
O0OBIYHO TECHO YBSI3BIBAIOTCS MEXKIy co00i. OmHako BBHIOOpP MOBEPXHOCTU pazbeMa
(GbopMbl SIBISIETCS. BOMPOCOM TMOJAYMHEHHBIM, W OKOHYATeJIbHOE Ha3HAuY€HHUE IIO-
BEPXHOCTH pa3zbeMa IMPOU3BOAUTCS TOJBKO MOCIE ONPENEIEHUS MOJ0KEHUS OTIUBKU
B (popme.

HaznauenneM moBepxHOCTH pa3beMa (OpMbI MPENONpPEAeaioT Takue mnapa-

MCTPbI TCXHOJOTHYCCKOI0 IponeccCa, Kak KOHCTPYKIHA MOACIN, BECINYMHA (1)OpMO-
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BOYHBIX YKIIOHOB, HEOOXOAMMOCTh MMPAUMEHEHHUS CTEP)KHEHN U T.II.

[Tpu BBIOOpE MOBEPXHOCTH pazbeMa (GOPMBbI HEOOXOIUMO CTPEMHUTHCS K TOMY,
YTOOBI YHCIIO Pa3beMOB ObUIO MUHHMAIBHBIM. bojbllioe 4mcio pa3beMoOB BeIET K
YMEHBIIIEHUIO TOYHOCTH U3ENHS U TOTIOTHUTEIHFHOW 00paboTKe Ha OTIIMBKE 3aJIMBOB
M0 MOBEPXHOCTAM pa3zbeMa.

[Ipu pabote Ha (HOPMOBOYHBIX MAIIMHAX YHCIO Pa3beMOB (POPMBI ClEAyeT
CBOJUTH K OJHOMY WJIH, B KpailHEM ciy4yae, K JIByM, MPU YCJIOBHH pa3MEIICHUS B
BEPXHEM ChEME TOJIBKO IPUOBLICH.

Bo Bcex citydasx MoBEepXHOCTH pazbeMa (OPMBI JTOJDKHBI Ha3HAYAThCS TaKUM
oOpa3oM, 4YTOOBI oOecreunBasach BO3MOXKHOCTb (OPMOBKHM C IPUMEHEHUEM
HAUMEHBIIIETO KOJIMYECTBA CTEPXKHEWU. OTO TOJNOKEHHE OMpenessieTcs] HE TOJBKO
HEOOXOJMMOCTBIO CHUKEHHS TPYITOEMKOCTH M3TOTOBIEHUS (OPM, HO U MOIyYEHUEM
OTIMBOK C HAWMEHBIIMMHU OTCTYIUICHHSMH OT pa3MepoB uepreka. YeM MeHbIe
CTEpXKHEH, TeM MEHBIIIE MPOTSHKEHHOCTD IIBOB MEXIY HUMH, TEM MEHbIIIE 3aJINBOB U
CBSI3aHHBIX C HUMU Jie(pekToB. Besne, rae 3To BO3MOXKHO, HY>)KHO 3aMEHSTh CTEP>KHU
«OOoJIBaHAMM.

B Ttex ciyuasx, eciu OTIMBKa MOJABEPraeTcss MEXaHWYeCcKol 0OpaboTKe, Ke-
JaTeabHO, YTOOBI MOBEPXHOCTH pa3zbeMa (POpPMBI MperycMaTpuBaia PacIoIOKCHHE
0a3 111 MEXaHM4YeCKOM OOpabOTKM W MaKCHUMalbHOE YHCI0 00padaTbiBaeMbIX
IJIOCKOCTEH B omHOW momydopme. DTO O0OCTOSATEIHLCTBO HMMEET HCKIIOUYHUTEIBHO
BAXHOE 3HAYeHHWE Tpu o00paboTke OTIMBOK 0O€3 MpeaBapUTEeIbHONW pa3sMeTKU
(kxpynHOCepuitHOe WM MaccoBoe Mpou3BOACTBO). Ha 6a30BbIX MOBEPXHOCTIX He-
JIOTTYCTUMO HAJIMYWE JIUTEHHBIX IIIBOB.

[Ipu odopmiennn 0a30BBIX TMOBEPXHOCTEH CTEPKHAMH, KOJIMYECTBO TaKHUX
CTEp>KHEU JTOJDKHO OBITh MUHUMAJBHBIM, a (DUKCHPOBATHCS OHU JOJIKHBI B TOM TIO-
JIOBUHE (POPMBI, B KOTOPOI pacmosiaratorcsi 00padaTbiBaeMble TOBEPXHOCTH.

OnHako CTpeMJieHHE pPa3MECTHTh OTIMBKY B OAHOW momypopme He Bcerna
OBIBaeT palMOHAIBLHBIM, TaK KaK B Psijie CIIy4aeB JJisi 3TOTO MOTpeOyeTcss MPUMEHSTh

BBICOKHE OIOKH, YTO HEU30EKHO MPUBENET K yAOPOKaHUIO (POPMOBKHU.
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[Ipu ¢dopMoBKEe B MapHBIX OINOKax CIEAYeT Ha3HauaTh TaKyl I[MOBEPXHOCTb
pazpeMa, Ipu KOTOpoil cymmapHasi Beicota (hopmbl OyneT HauMmeHble. CymmapHas

BbICOTa (OpPMBI ompeensieTcs: ooel Beicotor Moaenu (h2 + h3) u HeoOXoMUMBIMU

3armacaMu My Mojielbio U kpaem omnoku (N1, h4) (puc. 6).

NN

Pucynoxk 6. - OnpeneneHue CcyMMapHOU BBICOThI (POPMBI

%

BriOpaHHas MOBEpPXHOCTh pa3zbeMa JOJKHA 10 BO3MOXKHOCTH 00€CIeunBaTh
YCTAHOBKY OCHOBHBIX CTEP)KHEW B HIKHEW mosrypopme. DTO BBI3BIBAETCS TEM, UTO
yAepXKaTb CTEpKEHb, OCOOCHHO KpYINHBIN, B BepxHEH moinydopme He Bcerna BO3-
MOXKHO, M TIpH NEPEBOPAYMBAHUU BEPXHEW MOTYy(POPMBI BO3MOXKHBI OOBAJIBI CTEPHK-
HEW.

[Tpu Ha3HAUEHUM MOBEPXHOCTHU pazbeMa HEOOXOAMMO IpenycMaTpuBarh MO-
CJIEICTBUS cIBUra (DOPMBI MO MIIOCKOCTHU pa3zbeMa. ITO 0COOEHHO BaXKHO B TE€X
ClIydasiX, KOr/la B pe3yJIbTaTe CABUIA YMEHBIIAETCS TOJIIMHA BEPTUKAIBHBIX CTEHOK
OTJIUBKH.

Jist orpanuueHus ciaBura (Gopmbl, TP HAIMYMU (DUTYPHBIX MOBEPXHOCTEH
pa3zbema, MPaKTUKYeTCs BBIIIOJHEHUE HAMpPaBISIIOMIUX «O00MBaHOBY». B HEKOTOpPBIX
CllydasiX, JJii CO3[aHus IUIOCKOTO pa3beMa, HE BIMSIOLIErO Ha pa3Mepbl OTIMBKH,
MPUMEHSIOT NepeKkpbiTue Popmbl cTepxkHsamu (puc. 7). Hanpumep, TpeOyercs u3ro-
TOBUTh OTIMBKY (puC. 8, a), KoTopas oOpabaThiBaeTCs TOJBKO C BHYTPEHHEH I1O-
BepxHOCTU. BO3MOXKHBI TpH BapuaHTa MOBEPXHOCTEH pazbeMa (popmel (puc. 7, 6, 6,
2).IloBepxHOCTH pa3zbema, MpeCTaBICHHas Ha pUc. 7, 6, He o0ecreunBaeT NoJyyeHUe

CTEHOK OTJIMBKHM OJIMHAKOBOM TONIIMHBI. B ciiydae ciBura oiHoi MOJOBUHBI (POPMBI
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OTHOCUTENILHO JIPYTOi CBHCAIOUIMN «OOJIBAaH» CMECTUTCA W 3aliMET MOJIOKEHHE,
0003HAYEHHOW MYHKTHUPHON JauHUEH. B pesynprare 3TOro OTIMBKA TMOTYYUTCS

Pa3HOCTEHHOM.

b

7

L ey 2rk

PI/ICYHOK 7 - HeperI)ITI/IC INIOCKOCTH pa3bCMa CTCPIKHAMU

3HAYUTEIHLHOE YMEHBIIICHUE BIMSHUS CIBUra Ha M3MEHEHUS pPa3MEPOB OT-
JUBKH JIOCTUTAETCSl YCTPOMCTBOM HAIPABIISIONIETO «OOJIBaHAY, MPEICTABICHHOTO HA
puc. 7, 6.

[IpuMeHeHre MEepPeKPHIBAIONICTO CTEPKHS 3HAYUTEIHHO YIIPOINAET IMOBEPX-
HOCTh pa3beMa M MO3BOJISCT JAaKe MPHU 3HAYUTEIBHBIX CIBUTaX (CMEIICHHSIX) OTHOMN
MOJIOBUHBI ()OPMBI OTHOCHUTEIBHO JPYrod TONydaTh OTIMBKH 0O€3 HMCKKCHUH B
pasmepax (puc. 7, 2).

B memsx ymenblieHus o0beMa M YIPOIICHUS MEXaHWYECKOW 00paboTKh Ke-
JaTeNbHO, YTOOBI MOBEPXHOCTh pazbeMa (HOpMBI COBMaJaNa C IJIOCKOCTHIO MeXa-
HUYECKON 00pabOTKH OTIMBKU. BO BCeX Ciydasx HY)KHO CTPEMHUTBCS K Ha3HAYCHUIO
IJIOCKOM TIOBEPXHOCTH pazbema ¢opM, BMmecTto durypHoil. Paszwem cremyet
pacrnoyiaraTh TaKMM 00pa3oM, 4TOOBI MMeENach BO3MOXHOCTH OOECIEYHTh HEO0OXO-
JTUMBIH TTOBOJ] METAJIA K TOJIOCTH (POPMBI.

[Ipu BBIOpaHHOW MOBEPXHOCTH pazbeMa MOIETU M (POpPMBI MOMAETH JOHKHA
cBOOOIHO M3BNEKaThess U3 GopMbl mocie GopMoBkH. i ompesesneHnsl y4acTKOB

OTJIIMBKH, IPEMSATCTBYIOMIMX CBOOOAHOMY M3BJIEUEHUIO U3 (HOpMBI OPOpMIISIOIIEH HX
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MOJIEJTH, MBICJICHHO TIPOBEPSIIOT, 00Pa3yloTCs I TEHEBbIE YYACTHH MPU OCBEIICHUH
OTIIMBKH TapasUIeIbHBIMU JIy9aMH, MEPICHIUKYISIPHBIMU BBIOPAHHOHN IIOCKOCTH
pa3zbemMa MOJIEIH.

3aTeMHEHHbIE YYaCTKH YKa3bIBaIOT Ha AJEMEHThl B KOHCTPYKIMH MOJEIH,
KOTOPBIE HE MOTYT OBITh M3BJICUEHBI U3 (POpMBI Tocie PopMOBKH O€3 ee pa3pymIeHUs
(puc. 8). Otu ’meMeHTsl (Hampumep, 000BIIIKA 2) TOMKHBI OBITHh O()OPMIICHBI HJIH
CTepKHSIMHU (pHUC. 8, a), WK ¢ IPUMEHEHUEM OThEeMHBIX yactei 1 monenu (puc. 8, 8),

KOTOpBIE MPU ChbEME MOJIEIN OCTAIOTCS B (hOpMe U 3aTeM U3BJIEKAIOTCs U3 Hee (pHuc. §,

6).
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Pucynox 8 - Cnoco0s1 ohopmiieHHsI HAPY>KHOM U BHYTPEHHEH KOH(UTYypaluu
OTJIIMBKH
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2.5. Ilpunyck HAa MeXaHUYeCKYI0 00padoTKy

C 1enblo TOCTMXKEHUS 3aJaHHBIX UYEPTEKOM pa3MepoB U HEOOXOIUMOIO Ka-
YecTBa MOBEPXHOCTH Ha 00pabaThIBa€MbIX MOBEPXHOCTSAX HAa3HAYAIOT MPUITYCKH Ha
MEXaHUYECKyI0 00paboTKy. BenmnuunHy TpHIyCKOB OMPENemstioT B 3aBUCUMOCTH OT
KJIacCa TOYHOCTHU OTJIMBKH, €€ HOMUHAJIBHBIX U Ta0apUTHOTO Pa3MepoB, MOJOKEHUS
MIpH 3aJIMBKE, CrI0c00a JTUThS U BUJA CIUIaBA.

[Ipu mammHHONW (QOPMOBKE MPUIMYCK AA€TCS MEHBIIUM, YEeM MpU PYYHOMU
dbopmoBke. OOBACHIETCS 3TO MEHBIIMM HMCKaXXEHHUEM pa3MepoB (opmMbl BO Bpems
W3BJICUCHUS MOJICIIH.

HauGonbimme npumyckun Ha oOpaOOTKy IpeaycMaTpuUBarOTCS JJisi TTOBEPXHO-
CTel, OOpAIlleHHBIX MPHU 3AJIMBKE BBEPX. DTU MOBEPXHOCTU OOJIbILIE BCErO 3acopsi-
IOTCS TUTAKOBBIMA W OKHCHBIMH BKJTIOYCHHSAMH. MUHHMAaIbHBIC MPHUITYCKA Ha3Ha-
YaloTCsl Ha TOBEPXHOCTHU, OOpaIlleHHbIC TP 3aJTUBKE BHU3.

[Ipu pa3paboTke TEXHOJIOTMM JIUThS BEIWYMHA MPUITyCKa HA 00pabOTKy yKa-
3BIBACTCS HA YePTEKE IeTaIM TOHKOM crutomrHou muaueit. [To TOCT 31125-88.

OcHOBHBIE MPUITYCKH HA MEXaHUYECKYIO0 00pa0OTKy Ha3HAYalo0T B 3aBUCUMOCTH
OT JIONYCKOB pa3MepoB IU(PGEpEHIMPOBAHHO [JIs1 KaXXJOro SJEMEHTAa OTIMBKU B
cootBercTBUM ¢ [[OCT P 53464-2009 . Jlns Ha3Haue€HUS OCHOBHBIX MPHUITYCKOB Ha
MEXaHUYECKyI0 00paboTky wmcmoibs3yioT maanHbie Tadom. 1 ('OCT P 53464-2009), B
KOTOPOW BEIMYMHBI IPUITYCKOB JIaHBI B 3aBUCUMOCTH OT BEJTUYHMHBI IOMyCcKa pa3mepa
¥ HOMEpa psijia MPUITyCKa.

Psin mpurrycka 3aBUCAT OT CIIOKHOCTH OTJIMBKH U criocoba ee moimydenus. Jis
OTIpeICIICHHsI psAJia IPUITYCKAa MOXKHO HUCTIONB30BaTh JIaHHbBIE Ta0I. 2.

B Tabn. 1 mns xakmoro WHTEpBaja 3HAUYCHUW JTOMYCKOB Pa3MEpPOB OTIWBKHU B
KOKIOM psIy TPUITYCKOB TPETyCMOTPEHBI JBa 3HAUYCHHUS OCHOBHOTO IIPHITYCKAa.
Memnblliee 3HaAUYCHHE YCTAaHABIMBACTCS I Oojiee TPYOBIX KBAJIUTETOB TOYHOCTH

00paboTKHu JieTaneit, Oosbliee 3HaYeHUE - )it 00JIee TOUYHBIX KBAJTUTETOB.
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Tabnuna 2 - OCHOBHBIE NMPUITYCKH Ha 00paboTky orTiuBok pezanueM ['OCT P

53464-2009
Jonyck pas- OCHOBHOU NPUITYCK JIJIs1 PSAJIOB, MM
MEpOB OTJIMBOK,
MM

1 2 3 4 3) 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 1,0-14 - - -
0,21-0,24 0,5-0,7 0,8-1,1 1,1-15 - - -
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 19-24 2,8-3,2 -
0,41-0,50 0,8-1,0 1,1-14 1,5-2,0 2,0-2,6 3,0-3,4 -
0,51-0,60 0,9-1,2 1,2-16 1,6-2,2 2,2-2,8 3,2-3,6 -
0,61-0,80 1,0-14 1,3-1,8 18-2,4 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 3,4-4,2 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 7,0-110 |75-110 [8,5-120 [10,0-13,0
8,01-10,0 - - 9,0-120 |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

IIpumeuanue. 3HaueHHUs] OCHOBHBIX IMPHUITYCKOB OTHOCATCS K MOBEPXHOCTSIM
OTJIMBKHM, HaXOASAIIMMCS TPHU 3aJMBKE CHU3Y WM COOKY, NPUIIYCK HA BEPXHUE
MOBEPXHOCTU JIOMYCKAaeTCSd yBEJIMYMBATH JO 3HAYEHHUS, COOTBETCTBYIOIIETO
CIIEIYIOLIEMY PSLY.

[Tpu Gosiee BBICOKOM TOUHOCTH pa3MEpPOB JOMYCKAETCS YBEIMUYEHUE OCHOBHOTO

npunycka 1o Onrbkaiiiiero OOJbIIero 3HayeHuss U3 Toro xe psga. Ha oOpala-
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TbIBACMBIX IMOBCPXHOCTAX, PACIOJIOXCHHBIX IIPpHU 3aJIMBKE CBCPXY,

AOITyCKacTCsA

YBCIMYHBATL IIPUITYCK OO0 3HAYCHUA, COOTBCTCTBYIOLICIO CIICAYIOICMY pPAAY IIPpU-

ITyCKOB.

Tabmuma 3 -

Knaccbl TOYHOCTH pa3MepoB M MacCc M pAlbl MPUITYCKOB Ha

MEXaHMUYECKYI0 O00pabOTKy OTIMBOK [UJIsi pasiuyHbix crnocob6oB nuths (I'OCT

P53464-2009)

Crioco0 uThs MaxkcumasibHblii |L[BeTHBIE [{BeTHBIE KoBkuii, BBICO-
pasmep CILTaBbI C|CILIIaBbI C|KOTIPOYHBIN U
OTJIUBKH, MM TEMIIEpaTypou |TeM- JIETUPOBAaHHbIN
TUJIaBIICHUS neparypoil  |4yryH, cTajb
ke 700 OC  |IIaBiieHUs
BbIIIIE 700
OC, cepniit
9YT'YH
Jlutee 10X 1aBIIEHUEM B o 100 3r-51 3-61 4-711
MeTaTnIeCKUe (POPMBI cB. 100 3-61 4-711 5r-71
Jlutee B KepaMHU4YeCKHe o 100 3-61 4-711-2 S5tr-71-2
(GOpMBI M TIO BBITUIABIIEMBIM cs. 100 4-71-2 5tr-71-2 5-81-2
Y BBDKUTAeMbIM MOJISJISIM
Jluthe B KOKWIb ¥ TOJ 10 100 4-91-2 51-101-3 4-91-2
HU3KUM JIaBJIEHUEM B cB. 100 5r-101-3 | 51-101-3 5-1It1-3
MeTayuindeckue  (GOpMBI O 10 630
CTEpXHAMH M 0€3 HHX; B cB. 630 51r-101-3 5-11Tt1-3 6-11t2-4
IecyaHble ¢bopMBbl,
OTBEp)KJIaeMble B KOHTAKTE C
OCHAaCTKOH
Jlutbe B mecyaHble (OPMBI, 10 630 6-112-4 Tr-122-4 7-1312-5
OTBEp)KIacMble BHE KOHTaKTa|cB. 630 o 4000 7-122-4 8-1313-5 91-133-6
C OCHACTKOM, LIEHTPOOEKHOE, 8-13r3-5 9r-133-6 9-144-6
B CBIpbIE M CyXHE IeCYaHO- cB. 4000
[JIMHUCTHIE JOPMBI

Ilpumeyanue. B uyucnauTene ykazaHbl KJIAacChl TOYHOCTH pa3MEpPOB U Macc, B
3HAMEHATENIE - PsAbl MPUIYCKOB. MEHbIIIME UX 3HAUEHUS OTHOCSATCS K MPOCTHIM
OTJIMBKAM M YCIIOBUSM MAacCOBOTO aBTOMAaTH3MPOBAHHOTO IMPOU3BOJCTBA; OOJNbIINE
3HAQUEHHE - K CIOXKHBIM, MEIKOCEPHUIHO W HWHIUBUAYAJIbHO HW3TOTOBICHHBIM
OTJIMBKaM; CpeAHUe - K OTIMBKAM CpEAHEHd CIOKHOCTH M  YCIOBUSIM
MEXaHU3UPOBAHHOTO CEPUNHOIO MNpOU3BOACTBA. Kiacchl TOYHOCTHM Macc CleayeT
MPUHUMATh COOTBETCTBYIOIIMMU KJIaCCaM TOUHOCTH OTJIIMBOK

Jlonmyckaemble OTKJIOHEHHMS HA pa3Mepbl OTJIHBOK

PEBMGpHaH TOYHOCTDb JIMTBIX 34IOTOBOK M IIOJIYYACMBIX H3 HHUX I[eTaJIeﬁ AB-
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JSeTCS OHUM W3 OCHOBHBIX IMOKa3zarenei kadectBa. OHa OMNpenesieTcs] CTENEHBIo
NpUONIVKCHHSI TEHCTBUTENBHBIX pPa3MEpPOB OTIMBKH K HOMHHAJIBHBIM pa3Mepam,
yKa3aHHBIM Ha uepTexe. B moHsTHe pa3MepHOil TOUHOCTH BKIIIOYAIOTCS CIEAYIOLINE
MoKa3aTrenu: KIAacC TOYHOCTH pPa3MEpOB W MacC OTJIMBKH, JOIMYCKH pPa3MEpoB
OTJIUBKH, TOMYCKHU IO TOJIIMHE HeoOpabaTeiBaeMbIX CTEHOK U pebep u T.1. [2].

JIOITyCKOM Ha3bIBAa€TCSl Pa3HOCTh HAMOOJBIIET0 W HAUMEHBIIETO MpeleabHbIX
pa3MepoB, MEXIy KOTOPHIMH HAXOIUTCS JICHCTBUTEIBHOE 3HAYCHHE pa3Mmepa
OTJIUBKH, U3MEPEHHOE C 3aJaHHOW TOYHOCTHIO.

Pa3HOCTh NIEHCTBUTENHHOTO M COOTBETCTBYIOIIETO HOMHHAIBHOTO Pa3MEpPOB
Ha3bIBaeTCs OTKIOHeHUeM. Eciu peiicTBUTENbHBIA pa3mep OoJblle HOMHHAJIBHOTO,
TO OTKJIOHEHHE OyIeT MOJOKUTEIbHBIM, B IPOTUBHOM CITy4ae - OHO OTpHUIIATENIbHOE.
Anrebpandeckasi pa3HOCTb NPEIECIBHOIO M HOMHHAJIBHOTO pa3MEpOB HAa3bIBAETCS
MpeaeIbHBIM OTKIOHEHHEM. OHO MOXET OBITh BEpXHUM W HWXKHHUM. [IpocTpaHcTBO,
OTPaHUYEHHOE BEPXHHM M HIDKHUM TPEICIBbHBIMU OTKJIOHEHHSIMH, 00pa3yeT ImoJe
JOITyCKa.

Benuunna nomyckoB Ha pa3Mepbl OTIMBOK 3aBHCHT OT TEXHOJIOTMH MOCIE-
ayrouei oOpabOTKM M TECHO CBsi3aHa C KOMIUIEKCOM TpeOOBaHMN K TOTOBOMY W3-
aenuto. Jlomycku Ha pa3Mepsl U MacCy OTIMBOK B WHTEpBaJie M3MEHEHHsS] HOMH-
HaIBHBIX pasmepoB oT 4 mo 10000 mm pernamentupoBansl [[OCT P 53464-2009,
KOTOPBIA ycTaHaBimuBaeT 16 kimaccoB TouyHocTH (¢ 1-ro mo 16-i) u 1iecthb
MPOMEXKYTOUHBIX KiaccoB ¢ wuHumekcom 1 (3T, 5T, 7T, 9T, 11T u 13T). Hdusa
MeXaHW4YeCcKu 00pabaTbiBaeMbIX J€Tajeil ycTaHOBIEHO 19 KBaJUTETOB TOYHOCTH,
obo3navaembIx OykBamu [71 ¢ uagexcom 01; 0; 1; 2; ...; 17 (manpumep, 1T11).

ToyHOCTH TOBBIMIAETCA O MEpPE CHMKEHHsSI HOMEpa Kilacca WM KBaJUTETA.
KoHKpeTHBIN [OMycK Al KaXXIOro Kjlacca TOYHOCTH OTJIMBKH OIpeneisieTcs] Mo
I'OCT P 53464-2009, ta6:1. 3 B 3aBUCUMOCTH OT HOMMHAJIBHBIX Pa3MEPOB.

[Ton HOMHMHATBHBIM pa3MEpPoOM CIEAyeT MOHMMATh HOMUHAJIHHOE PACCTOSHHUE
MEXIy oOpabarhiBacMOU MOBEPXHOCTHIO M 0a30il ee MexaHW4eCKol oO0paboTku, a

npu 00pabOTKe MOBEPXHOCTEN BpAILEHUS - UX HOMUHAIBHBIA AHaMeETp. Y HAKIIOH-
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HBIX KOHUYECKUX U (PaCOHHBIX MOBEPXHOCTEH, 3aJaHHBIX KOOPIMHATAMU OJTHOM 0a3bl,
32 HOMUHAJILHBIN pa3Mep MPUHUMAIOT HAauOOJBIINI U3 Pa3MEpOB.

CraHgapToM NOpeIyCMOTPEHO YCTaHaBIMBAaTh CUMMETPUYHBIE U HECHUMMET-
PUYHBIE IPENEIbHBIE OTKIIOHEHUS pa3MEPOB.

HecummMmeTpriHOE OTHOCTOPOHHEE PACIIONOKEHHE OIS JOIYCKA IPUMEHSAETCS
JUIsL pa3MEpOB 3JIEMEHTOB OTIMBOK (KpOME TOJIIUH CTEHOK), PACIOJIOKECHHBIX B
OJTHOM YacTu (POpPMBI U HE MOABEPTraeMbIX MEXaHUYECKOM 00padOTKe; P ITOM JJIs
OXBaTBIBAIOIINX 3JIEMEHTOB (OTBEPCTHE) MOJE JOIMYCKa pacCIoIararoT «B ILTIOC», a
JUTSI OXBAaThIBAEMBIX (Ball) - «B MUHYCH.

CuMMeETpHYHOE - IS BCEX OCTAJIbHBIX 3JIEMEHTOB OTIMBOK, HE ITOJIBEPracMbIX
Y TIOJIBEPraeMbIX MEXaHUYECKOI 00paboTKe.

JIoIyCKH MaccC ONPENESIFOTCS 110 TEM K€ KJIacCaM TOYHOCTH 0 HOMUHAJIbHBIM
3HAQUEHUAM MAacChl OTIMBKH, OMPEAECHsIeMON N0 HOMUHAIBHBIM pazMepam ['OCT

P53464-2009.

2.6. ®OpMOBOUYHbBIE YKJIOHBI

DOopMOBOYHBIC YKJIOHBI ACNAIOTCS IS OOJICTYCHHUS HW3BICUCHHUS MOICTH W3
dbopmbl. BennunHa ykiIoHa ONpeAenseTcsl BBICOTOM MOJENH, CIOCOOOM (POPMOBKH U
MaTepuasioM Mojielu. YeM BbIllle MOMIENb, TEM MEHBIIYI0 BEJIMYUHY (OPMOBOYHOTO
YKJIOHA HEOOXOJIUMO MPUHSTH ISl TOTO, YTOOBI 00ECIEYNTh HEOOXOIUMOE KaueCTBO
(bopMBl.

MeTtamumnaeckue MOJETH MUMEIOT Oojee IMIaaKyr0 MOBEPXHOCTh W MOTOMY W3-
TOTaBJIMBAIOTCS C MEHBIIIUMHU YKIIOHAMU, YE€M JIEPEBSHHBIC.

[Ipu MammHHOW (OPMOBKE, KOTJa M3BJICUCHHE MOJEIU MPOU3BOIUTCA MeXa-
HUYECKH, MPUHUMAIOT MEHBIIINE YKJIOHBI, YeM MPU PYIHOU (POPMOBKE.

DopMOBOUYHBIE YKJIOHBI HAHOCSTCS HAa YEPTEk OTIUBKU CBEpPX MPHUITyCKa Ha
MEXaHU4YecKyro o0paldoTky. Ilpy Ha3HaueHUM YKIOHOB HEOOXOAMMO, YTOOBI BEJIH-
YMHA X YKJIaJbIBAJIach B IOMYCKH 110 pa3MepaM OTIUBKH.

B 3aBucumoctu OT TpeOOBaHUIA, MPEABABISIEMBIX K TOBEPXHOCTH OTIUBKH
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(TOIKHBI WM HE JOJDKHBI OBITH TOJBEPTHYTHI MEXaHHUYECKOW 00paboTKe; MOIKHBI
WJIA HE JOJDKHBI COMPSTAThCSA C JAPYTUMH ACTAISIMU M T.JI.) U OT BEJIMYUHBI JIOMYC-
KaeMbIX OTKJIOHeHuH 1o pasmepam, ['OCTom 3212-92 mpemycmarpuBaercsi, 49TO
(hOpPMOBOYHBIE YKIIOHBI B MOJICIISIX MOTYT BBITTOJHATHCS ITyTEM YBEIIMYCHUS TOJIIUHBI
CTCHOK OTJIMBKH, TyTEM €€ YMCHBIICHUS WIA XE IyTeM OIHOBPEMEHHO €€
YBEJTMYCHUS M YMEHBIIICHUS.

@DOpPMOBOYHBIN YKJIOH YKa3bIBa€TCS B MHJUIUMETpPaX - pa3MEpoM «a» U B
rpagycax - yrioMm a. PopMOBOYHBIC YKIOHBI Ha MOJEISX MOJDKHBI COBIAAATh C

YKJIOHAMH B CTEP>KHEBBIX SIIHUKAX VISl CTEPKHEN, 00pa3yroIuX OJHY CTEHKY.

2.7. Bp10op ¥ Ha3HAYEeHHUE BeJIMYUHBI MPHUILYCKOB HA YCAJKY, AHAMETPOB JIUTHIX
OTBEPCTHH

VYcaakoil Ha3bIBaeTCsl CBOWCTBO METAJUIOB M CIUIABOB YMEHBIIATh O0OBEM IpHU
3aTBEP/ICBAHUM W OXJAXKICHUU. 3MEHEHHE JHMHEHHBIX pPa3MepOB OTIMBKH, BbI-
3BAaHHOE yCaJKOM CIUIABa, HA3bIBACTCS IUHEMHOMN yCAIKOU.

JlureitHad ycaaka OTIIMYAETCS OT JMHEWHOW TEM, YTO OHA 3aBHCUT HE TOJBKO OT
CBOMCTB M COCTOSIHUSI METa/lla M CIUIaBa, HO M OT KOH(MUTypalluu OTJIMBKHU, €€
pasMepoB, (POPMOBOUHBIX MaTepUANIOB, TEMIIEpATyphbl 3aTUBKU (OPMBI U JIPYTUX
dakropoB. Paznuuaror ycagky cBOOOAHYIO U 3aTPYTHEHHYIO.

CBOOOIIHYIO yCaJIKy UMEIOT OTIMBKH MPOCTOM KoHpuryparuu. OTIUBKH C
OOJIBIIMM YHUCJIOM CTEpKHEH HUMEIOT 3aTPyJHECHHYIO YCaJKy, TaK KaK CTEep>KHU
MIPEMNSTCTBYIOT CBOOOHOM yCaJiKe.

OTIMBKU COOTBETCTBYIOT pa3MepaM 4YepTeka B Te€X ClIydasix, KOrjga Mpu M3-
TOTOBJICHUM MOJIEJIA TPaBWJIBHO YUYMTHIBACTCS JUTEHHas ycaaka. Ha ocHoBaHuM
MPAKTUYECKUX U JIUTEPATYPHBIX JAHHBIX PEKOMEHIYEMbIE BEIWYUHBI yCaAKHU s

OTJIMBOK M3 Pa3JIMYHLIX CIIJIABOB IIPHUBCACHLI B Tabmn. 4.
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Ta6J'II/IHa 4 - Benuunna YCaaKu I OTIIMBOK M3 PA3JIMYHBIX CILJIABOB

HaunmenoBanue marepuasia OTIMBOK Vcanka, %
3aTpyAHEHHAas CcBOOOTHAS
Cepblif 4yryH: MeJKUE OTJIUMBKHA CpeAHUE U 0,9 1,0... 0,9
KPYIHBIE OTJIUBKA OYEHb KPYIHBIE OTIMBKH 0,8 0,8
CrielMaIbHBIE IWIMHAPUICCKUE OTIIMBKHU: 110 JUTHHE 0,7 0,9
10 AMAMETPy 0,8 0,7
0,5
MonbunpoBaHHBIA 9yTYH 0,9 1,3
UyryH ¢ mapoBUAHBIM rpauTOM 1,0 1,5
VYriepoaucTeie ¥ HU3KOJETHPOBAHHBIE KOHCTPYKIIH- 1,3-1,7 1,6-2,0
OHHEBIE CTAJIN
BrIcoKoJIerMpOBaHHBIC XPOMHUCTBIC CTAITN 1,0-1,4 1,3-1,7
DeppUTo-ayCTCHUTHBIC CTAITN 1,5-1,9 1,8-2,2
AYCTCHHTHBIC CTaJIN 1,7-2,0 2,0-25
OnoBsiHHBIE OPOH3BI 1,2 1,4
be3onoBsiHHBIE OPOH3BI 1,6-1,8 2,0-2,2
[{1HKOBBIE JIATYHH 1,5-1,7 1,8-2,0
KpemuucTtsie naryHu 1,6-1,7 1,7-1,8
MaprasiieBble JIaTyHH 1,8-2,0 2,0-2,3
AIIOMHMHHEBBIE CIIABLI 0,8-1,0 1,0-1,2

2.8. YcraHoB/IeHHE TPAHUL MEXKAY CTEP:KHSAMM, 3HAKH CTePKHEH

C Touku 3peHus YIPOIICHUS TEXHOJOTMYECKOro IMpolecca, 00eCHeueHUs
yao0CTB cOOpKH (hOPM M MOJTyUCHHsST 00jiee TOUYHBIX Pa3MEPOB OTIIMBOK KelaTelbHO,
9TOOBl BHYTPEHHSII M HapyXHas KOH(UTypalus BBINOJHAIACE MHUHHUMAJIbHBIM
YHUCJIOM CTEPKHEM.

[Ipyn ycTaHOBIEHHM TPAHULl MEXKIAY CTEPKHSIMH PYKOBOICTBYIOTCA CIIEIYIO-
IIMMU TTOJIOKCHUSIMH:

-CTEP)KE€Hb JOJKEH HUMETh YJOOHYIO IUIOCKOCTh JJisi HAOMBKH, CO CTOPOHBI ATOMU
IJIOCKOCTH BCE YaCTH CTEPKHS JIOJDKHBI OBITh JOCTYITHBI JIJI1 HAOMBKH M YCTAHOBKHU
KapKacoB U XOJOJAWIbHUKOB;

-MIOBEPXHOCTh, HA KOTOPYIO YCTaHABIMBAETCSA CTEPXKCHb IMPHU CYIIKE, TOJDKHA OBITH
10 BO3MOXHOCTH MPOCTOM, KEJIATEIbHO TIOCKOU;

-B IEJISAX TOJTydeHHUs 00Jiee TOUHBIX Pa3MEPOB CTEPKHS M YJICIICBJICHUS CTOMMOCTH

CTCPIKHCBOI'O AIIMKA, KCIIATCIBHO, YTOOBI AWK KWMCI MHUHHMAJBHOC YHCIIO
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OTBhEMHBIX YaCTEH;
-pYU  pa3lIeJICHUU CTEPKHS Ha KYCKM 0c000€ BHUMAaHUE CJEAyeT YIeNsiTb
00€eCIEeYEHNI0 HAJIEXKHOTO BbIBO/Ia FA30B U3 CTEPXKHS.

YacTu cTepkHA, KOTOPBIMH OH YKperuisieTcs B opMe, Ha3pIBalOTCs 3HakaMu. B
3aBUCUMOCTH OT PACIHOJIOKEHUSI CTEP)KHS Pa3IM4YalOT TOPU3OHTAIBHBIE U BEPTH-
KaJIbHbIC 3HAKH.

Pa3mepnl 3HaKOB cTepxHENH MMEIOT Ooublloe 3HadeHue. [lpu cnuiikoM mManom
3HaKe MOXKET MPOHM30UTH OOMsATHE (OPMBI U HCKAKEHHE Pa3MEpPOB OTIMBKH TOJ
neicTBueM Beca crepxkHs. [Ipu OonbmMX pasMepax 3HaKa YBEIMYMBACTCS pa3Mep
(b opMBl.

[opu3oHTanbHBIE CTEP)KHEBBIE 3HAKH BBITIONHSIOTCSA 0€3 BCSIKOW KOHYCHOCTH,
OIHOTO JaMeTpa co cTepkHeM. [[i1st Toro 4toObl TOpel CTepKHS HE 3aaupai popmy,
3HAK Ha MOJEIM JI€NAl0T WM BBITYKJIBIM WJIM KOHUYECKUM ¢ yKJIoHOM 3-10 rpan.
Pa3meps1 3HaKOB B 3aBUCHUMOCTH OT AuamMeTpa crepkus npusenensl B [OCT 3212-92,

3HaKM OJTHOCTOPOHHE 3aKPEIUIEHHBIX CTEPKHEH (KOHCOJIbHBIX) JTOJIKHBI UMETh
TaKhe pa3Mepbl, IPU KOTOPBIX MPEIOTBPAIIACTCS OMPOKUIBIBAHUE CTEPIKHS MPH
yCTaHOBKE B (DOPMY U BBIBOPAUMBAHUE €T0 KUJAKUM METAIJIOM IPU 3aJIMBKE (DOPMBI.

KoHconpHOE 3akpernieHue CTep>KHEH MOKHO MPUMEHSTh B T€X CiIydasx, KOrjaa
cBemmBaromiascs 4actb crepxHs (L) He mpeBocxomut 1,2D nuamerpa. [Ipu Gombiom
otHomieHuu L : D HeoOXoaumMo TOMOTHUTENBHAS OTopa JIJisi BHICTYIIAIOIICH YacTH.

uprHa 3HAKOB KOHCOJBHBIX CTEp)KHEW Ha3HAYAeTCs B COOTBETCTBUHU C IIH-
PUHON BBIXOJAHOIO OTBEPCTHUSI OTJIMBKH, BBINOJHSIEMOTIO JaHHBIM cTep)kHeM. J[muHa
3HaKa BBIOMPAETCS UCXOAS U3 YCIOBUN YCTOMUMBOCTHU CTEPXKHS B JOpMeE.

Caenenust 00 yCTaHOBKE IpaHUIl MEXKY CTEPKHAMH, BEIOOpPE pa3MepOB 3HAKOB
CTep>KHEW, (HOPMOBOYHBIX YKIOHOB M TPHUITYCKOB HA MEXaHUYECKYI0 00pabOTKy

npuBeaeHo B auTeparype [1, 2, 3, 5].
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2.9. OnpenesieHue pasMepoB ¥ reoMeTpuuecKoii Gopmbl NpudObLIEH

OCHOBHBIM Ha3HauY€HUEM NPUOBUIM SIBISIETCS BOCIIOJIHEHHE YOBUIA >KHIKOTO
MeTajila, MUTAHNE OTIMBKU B TICPUO KPUCTALTU3AIMH M BBIBOJ] YCAIOYHBIX PAKOBHUH
3a mpenmensl oTIMBKHA. Kak TpaBmiio, MpUOBUTM YCTAaHABIWMBAIOTCS HAJI Hambojee
MacCOBBIMHU y3JIaMH OTJIMBKH. B Tex ciydasx, Korja Teli0 OTIMBKH UMEET OJH-
HAKOBYIO TOJIIHMHY, MPUOBLIN CIEAYeT yCTaHABIMBATh C MPOMEXKYTKAMH pPaBHBIMH
VT MEHBIITMMH MPOTSHKECHHOCTH TPUOBLIH.

OddextuBHas pabora nmpuObLUIM 3aBUCUT OT ee oObema u QopMmbl. Bo Bcex
CIyJasx TpUOBUTh JTOJDKHA 3aTBEpAEBaTh MOIKE OTIMBKH, MOITOMY IMPHUBEICHHAS
TOJIIIMHA €€ (OTHOIlIEHHEe O0beMa K TMOBEPXHOCTH OXJAXKICHHS) HE JOJKHA OBIThH
MEHBIIIC TMPUBEACHHON TOJIIMHBI OTIWBKU WU IMHATAEMOTO MPHUOBLIBIO Yy3JIa MpHU
PABHBIX YCJIOBUSIX OXJIQXKICHHUS.

[apoBuanbie unu chepoupaibHble MPUOBLIM HUMEIOT MO CPABHEHUIO C OT-
KPBITBIMHA MPUOBUIIMHA TO TIPEUMYIIIECTBO, YTO OTHOIICHHE HAPY)KHON MOBEPXHOCTH
MpUOBLIM K IUIOIIAJIA €€ CEUYEHHs MUHUMAaJIbHO, a BBICOTA HE CBS3aHA C BBICOTOM
omok. [Ipu pacueTe mpuOBLIEH MOXXHO TIOJB30BATHCSA M IPYTUMH METOAAMH: METOIaM

Bonomckoro, YpanmamizaBoaa; meronam [Ipxxudbiia u ap.

2.10. Hapy:kHble 1 BHYTPEHHHE XOJIOANILHUKHU

YcTaHOBKa XOJIOAMIBHUKOB YCKOPSET OXJIAK/ICHUE TEIUIOBBIX Y3JIOB, UTO 4acTO
ObIBaeT HEOOXOAMMO JJisi OOECIEeUeHMs] HampaBIECHHOTO WM OOBEMHOTO 3a-
TBEpACBAHUSI OTIMBKHU. YCKOPSS OXJAXICHHE Y3J1a, XOJOIWIBHUK IPEIOTBpaIlacT
o0Opa3oBaHHE B HEM yCaJOYHON PAKOBWHBI, TaK KaK y3ell yCIeBaeT MPOMUTAThCS 3a
CUET MO3JHEeE 3aTBEPACBAIOIINX YaCcTeH OTIIMBKHU.

VYckopeHue OXJaxIAeHUs] MACCHBHBIX CEUEHHWW OTIMBOK XOJOAMIbHUKAMH,
CrocoOCTBYSI BBIPAaBHMBAHHUIO CKOPOCTH OXJIQKJICHHS, NMPUBOIUT K YMEHBIIICHUIO
BHYTPEHHUX HAMPSHKEHUHN, CHIDKCHUIO KOPOOJIECHUS OTJIMBKH M CHIDKEHUIO OMTACHO CTH
oOpa3oBaHus TPEUIMH.

Co CBCACHUIMU 00 opraHu3ani ITMTaHHA OTIHUBOK, obecrneueHU N HallpaB-
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JICHHOI'O 3aTBCpACBaHUs, OIPCACICHHA Y3JI0B IHUTAHHA, paCUCThl M KOHCTPYKIHSA

3JIEMEHTOB JIMTHUKOBOU CHCTCMBI, HpH6BIJICI>i, XOJIOANJIBbHHUKOB MOXKHO HAWTU B JIH-

teparype [1, 2, 3].

2.11. KoncTpyupoBanue u pacueT JUTHHKOBBIX CHCTEM

IIpoexTupoBaHKWE JIMTHUKOBOW CHCTEMBI SIBISAETCS BA)KHBIM JTAllOM TEXHO-
JIOTUYECKOTO MPOLIEcca U OKa3bIBAET 3HAYMTENBHOE BIMSIHNE HA KAYECTBO M CBOMCTBA
[OJy4YaeMbIX OTJIMBOK. BpIOOpoM TuHa mojaBona MeTaa U PEryIupOBaHUEM €ro
MOTOKOB TIPH 3aloJHEHUU (OPMBI MOXKHO CO37aBaTb HEOOXOTUMBIA PEKUM
OXJIQKJICHUS OTJIMBKHU.

JIuTHMKOBAs cucTeMa JOJKHA OTBEYATH CIIEAYIOIUM TPeOOBaHUIM:
-3aM0JIHATh (POPMY METAJUIOM 332 KOPOTKUN BPEMEHHON MPOMEKYTOK, JTOCTATOYHBII
JUTSI TIOKPBITUSL METAJIOM Pa3BUTHIX TOPU30HTAIBHBIX TOBEPXHOCTEN;

-IpY 3aJIUBKE METajula MUTATENM JIOJDKHBI pacIojlararbcs TaK, 4TOObI CTpysl HE
yaapsiia B CTEHKY (DOpPMBbI UJIU CTEPKHS, & pacTeKalach 10 HANPABIEHUIO CTEHKHU;
-ypOBEHb MeTala B (opMe B TMpolecce 3aJuBKU HE JIOJDKEH HMETh IIpo-
JOJKUTENBHBIX OCTAHOBOK;

-4aCTU CTEP>KHEW, B KOTOPBIX PACIOJIOKEHBI BEHTUISIIMOHHBIE KaHAJIbI, HE JIOJKHBI
IIEPErpeBATHCS MIOTOKOM 3aJIMBAEMOI0 METaJlIa.

Omnpenenenue BpeMEHU 3amojiHeHUs (OpPMbI SIBISETCA Haubojee BaKHOU ya-
CTBIO pacueTa JIUTHUKOBOW CHCTEMBI, TaK KaK OHO B HaUOOJbIIEH CTENICHH BIUAET Ha
BO3HMKHOBEHHUE TAKOTO e(PEeKTa KaK «HECTUTUHA.

Omnpenenenue BpeMEHHU 3amojiHEHUs (OpPMbI SBISETCA HamOojee BaKHOW Ya-
CTBIO pacyeTa JIUTHUKOBOW CHCTEMBI, TaK KaK OHO B HaMOOJIbIIEH CTENEHU BIUSET Ha

BO3HMKHOBEHUE TAKOTO Je(heKTa Kak «Hecraib.
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2.12. TlpuroroBjieHHe JUTENHBIX CIJIABOB, 3aJMBKa (popM u 00padoTKa
OTJINBOK

JInsi M3roToBJIEHUs OTJIMBOK HCIOJIB3YIOT 4YepHble (Ha OCHOBE >Keje3a) U
LBETHBIE CIUIABBI, B COCTaB KOTOPBIX MOIYT BXOJWTHh B PA3HBIX COYETAHMUAX H
KoJim4ecTBax 0osee 40 XUMUYECKHUX JIEMEHTOB [2].

CylmiecTByIOT  pa3jiMuHble  KJIAaCCU(UKAIIMOHHBbIE  MPHU3HAKH  CIUIABOB:
XUMHYECKUHM COCTaB, CTPYKTYypa, TEMIIEpATypa IUIABJIECHUS, IFIOTHOCTh, IPOYHOCTH U
APp-

JluteiiHple cIaaBel OYEHb Pa3HOOOpa3HbI 1O COCTaBy, CBOWCTBaM U
Ha3zHaueHU0 [2—4]. OcHOBHOE, 4YTO OOBEAUHIET HX - OTO JHUTESHHBIM METOJ
MOJIyYeHHUs] JIeTallel, KOTOpBIM Ompeaenser psij BaXHEUIIHX OCOOEHHOCTEU
XUMHYECKOTO COCTaBa U CTPOCHUA CIIaBOB. I103TOMY JIMTENHBIE CIUIABBI B OTJINYNE
oT  nepopMupyeMblx  O0JaaloT  CHEIUAIbHBIMU  CBOMCTBAaMHU:  BBICOKOM
KUIAKOTEKY4YEeCTblO, CIOCOOHOCTBIO (hOpMUPOBATH B  OOJBIIMHCTBE CIy4aeB
OKOHYATEIbHYI0  CTPYKTYpY B  OTIMBKE  HEIOCPEACTBEHHO B  IIpoOLEcCe
KpUCTAJUIA3AIUU, OTHOCUTEIHLHO MaJloil OOBEMHON U TMHEUHOU YCaIKOM.

[Tpu mr060M BHJE TUTEHHON TEXHOJOTMH 00s13aTENbHBIMU 3TAllaMU SIBJISIOTCS
IPUTOTOBJICHUE CIIaBa B JKUJKOM COCTOSIHUM (TUIaBKa), 3aJluBKa €ro B Qopmy, a
3aTEM KPUCTAILIN3aLUs B BUIE OTIINBKH.

['maBHOIT OCOOEHHOCTBIO INIABKH JIMTEHHBIX CIUIABOB SBJISETCS TO, 4YTO

TpeOyeMble CBOMCTBA JOJKHBI ObITH MOJYYEHBI B OTIMBKE Cpa3y, 0€3 MOCIeAYIOIIETO
METaJUTypru4ecKoro nepezena (IpoKaTKu, KOBKH U T.1.).
HcxonupiMu MaTepuagaMu JUisl IUIABKU JIUTEUHBIX CIUJIABOB CIIy»KaT HE PYJbI, KaK B
METaJUyprud, a MeTaIbl U CIUIaBbl, KOTOpPbIE SBISIOTCS JUOO MPOIyKTaMU
METaJITypruuecKoi IJIaBKH, JIMOO BTOPUYHBIMU METAJUIAMU (METAJUIMYECKUN JIOM),
1100 MpOAYKTaMH Neperiana Jioma.

B nmaBuibHBIA arperar 3arpy’kKarOT TBEpPIAbIE MaTEpUANIbI, a I[OJIYyYaroT
METAJJIMYECKHE pPACIIaBbl, a TaKXe LUIAK, SBJSIOUINICS MOOOYHBIM MPOIYKTOM

mnaBku. CMech TBEPABIX MaTEpPUAlOB, 3arpy’kaeMbIX B IUIABMJIBHBIM arperar,
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HA3bIBAIOT MMUXTOU. /{7151 co3manus onpeneneHHbIx ycaoBUi (popMupoBaHus CIuiaBa B
TUTABUJIBHBIN arperar 3arpy>karoT Takxke (UIIoChl, T.€. MaTEpPHAaIIbl, HCIIOJIb3YEMBbIE IJIs
oOpa3oBaHMs IIIJIaKa, PETYJTUPOBAHUS €0 COCTaBa, a TAK)KE€ COCTaBa METalljia U €ro
O4UCTKHU (padhUHUPOBAHUS).

Bo Bcex mpolieccax IUIaBKM ydacTBYeT ra3oBasi (aza, KoTopas (hopMmupyercs

U3 TOIUIMBHBIX ra3oB (MPOAYKTOB CTOpPAaHUS TBEPABIX, KUAKUX WUIU Ta3000pa3HbIX
TOIUIMB), a TaKKe OKpykarolehd atMochepsl U ra3zoB, 00pa3yloIIMUXCcs B paciljiaBe B
pe3yNbTaTe MPOTEKAIOIINX XUMUYECKUX PEaKIni.
BHyTpeHHee NpOCTpaHCTBO IUIABMIIBHBIX TE€Yei, B KOTOPOM MPOTEKAET Mpoliecc
IUIABKM, OTPAHUYEHO OTHEYNOpHOW (yTepoBKOM, CHOCOOHON  BBIIEPKUBATH
temmepatypsl 10 1500...1800 °C. B 3aBucMMOCTH OT BHa IIOJIy4acMOIO CILIaBa
dbyTepoBKka MOXET OBITb KHUCJIOW (AuMHAcoBasi), OCHOBHOM (MarHe3uToBas),
HEUTpaIbHOU (XpPOMOMArHe3uTOBasH). ITO OMPEAEIAETCS OCHOBHOCTHIO MOJIydaeMbIX
IpH JIaBKE [IUIAKOB.

CoOBOKYNHOCTh (U3MYECKUX M XUMUYECKUX 3aKOHOMEPHOCTEH, JIekKalluX B
OCHOBE TPOIECCOB, OOECMEUMBAIONINX TOJYYCHHE >KUIKOTO CIUiaBa Tpedyemoro
KauyecTBa, ONPEIENISIET METO/| IJIaBKH, CBSA3aHHBIN C MPUMEHEHUEM OIPEIEICHHOIO
BHJIa TUIABUJILHBIX ieueil [4]. CxeMbl CHCTEMHOTO aHAJIN3a MJIaBKU U Ki1acCU(UKaAIUS
ITPOLIECCOB IIJIABKH MTPEACTABIICHBI HA pUC. 2.2 1 2.3.

Cnengyer OTMETHTh, YTO BHeIeEuyHas oOpaboTka pacriaBa (cMm. puc. 2.3)
HampaBliecHa B OCHOBHOM Ha €ro paduHHpOBaHHE, MOIU(DUIIMPOBAHUE, TOBOIKY
TEMIIEpATypbl M pEXE Ha BBOJ JIETHPYIOIIUX 3JeMEeHTOB. (CXxema MpoLecCcoB
00pabOTKM JIMTEHHBIX CIJIABOB B KUJKOM COCTOSIHUU MPUBEJIEHA Ha puc. 2.4.

B 3aBucHMMOCTH OT CTaAUWHOCTH BCE CYIIECTBYIOIIME MPOILIECCH MIaBKU Pa3AesistoT
Ha MOHOIPOIIECCHl U TOJUIpoLEecCh. B mepBom ciyuyae Bce omepanuu IJIaBKU
MIPOM3BOJATCS B OJHOM IIJIaBMJIBHOM arperare, a Mpu IMOJUIPOLECCe B JIBYX HIH
HECKOJIbKMX arperatax, HampuMep, CHavajla B BarpaHke, a 3aTeéM B JIyroBOU

AIEKTPOIEYH.
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[To ciocoOy reHepanuu TEIIOTHI Pa3inyaloT MPOLECCHl MIIABKU B TOILTMBHBIX

U B DJIEKTPUYECKUX TeYax.
[Tponecchl MmIaBKu MOTYT OBITh HEMPEPBHIBHBIMU, MPU KOTOPHIX ONEpaIlMU 3arpy3Ku
IIMXThl ¥ BBIIYCKAa MeETajla MPOUCXOASIT OJHOBPEMEHHO, HAlpuUMEp IUIaBKa B
BarpaHke, U TNEPUOJAUYECKUMHU, NMPU KOTOPHIX OJHOBPEMEHHOE MPOBEJICHUE ATUX
orepaluii HeBO3MOKHO, HAIIPUMEP TIABKA B JYTOBBIX 3JICKTPOICYaX.

HMcTOYHMK TreHepaluuu TEIUIOThl MOXKET HAaXOAUTbCS B  KOHTAKTE C
pPETCHEPUPYIOIIMMH TIPH TUTaBKe (pazaMu Wi OBITh H30JIMPOBAHHBIM OT HHUX. B CBs3H
C ITUM Pa3IM4YalOT KOHTAaKTHbIE U OECKOHTAaKTHbIE METObl IJIABKU. XapakTEepHOU
OCOOEHHOCTBHIO OECKOHTAKTHBIX METOJOB IUIABKH SBISICTCS HAJIWYUE XOJOJTHBIX
[IUTAKOB, KOTOPBIE HE HAIPEBAIOTCSl OT UICTOUHHUKA F€HEPAIIUU TETIOTHI.

Oco0Oyro rpynmy COCTaBJISIIOT TIepeIulaBHbIE mpolecchl (cMm. puc. 2.3),
COCTOSIIIIME B MEPEIJIaBe UCXOHOIO CIUTKA (a HE IIUXThI, KAK OOBIYHO) B OTJIUBKY.
IIpu 5TOM BO3MOXEH MEpeIiaB HEMOCPEACTBEHHO B OTJIUBKY, T.€. (h)OpPMUpPOBaHUE
OTJIMBKHU B MPOIECCE IUIABKU (HETIpEephIBHAS PA3JIMBKA), WU MEPEIiaB C 3aTUBKON B
dhopmy, B poiiecce KOTOpoi criaB GOPMUPYETCS B OTIUBKY.

Bce mnaBuiibHbBIE arperaTbl MOKHO KJIaCCU(DUITMPOBATH HA CIEAYIONINUE TUIIBI:
1) GecroruMBHBIE, K KOTOPBIM OTHOCUTCSI KOHBEPTOD;
2) TOIUIMBHBIC - 3TO BarpaHKH, IUIAMECHHBIC BaHHBIC M TUTEIbHBIC TEUd. TOIUIMBOM
CIIy’KaT KOKC, PUPOJHBIN ra3, JOMEHHBIN ra3, Mas3yT;
3) DJIEKTPUYECKUE - STO JIyroBbie, IIa3MEHHBbIC, WHAYKIIMOHHBIC THUTCIbHBIC U
KaHaJIbHbIE TI€YM, BAHHBIC U TUTEJIbHBIE I€YN COMPOTUBIICHHUS;
4) KOMOMHUPOBAHHBIE, K KOTOPBIM OTHOCSITCSA MJIA3MEHHO-AYTOBbIE,
AIEKTPOIILIAKOBEIE, TUTA3MEHHO-UHAYKIIMOHHBIE TICYH.
XapakTepHbIM MPEACTABUTENIEM OECKOHTAKTHOTO METOAAa IUJIABKU  SIBJISIOTCS
TUTEJIbHBIC TICYH.

OCHOBHBIMM TIapaMeTpaMH IUIABUJIBHBIX arperatoB SIBJISIIOTCS  yJIEJIbHbBIC
MOITHOCTb Y MPOU3BOAUTENBHOCTD. [IpH NIaBKe TUTEHHBIX CIUIABOB B COCTAaB IIMUXTHI

BXOJAT: TICPBUYHBIC W BTOPUYHBIC MCTAJUIbI, CICOHUAIBHO IIPUTOTOBJICHHBLIC
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deppocmiaBhl (11 YyTyHOB M CTaJIel), JIUTATYPhI 7Sl IBETHBIX CIIABOB U YyTYHOB,
MOAU(DUKATOPHI, (DIIFOCHI M TOILTUBO (TBEPJIOE).

CocTaBnomye MIMXTHl  HA3bIBAIOT  IIMXTOBBIMH  MaTepuajamMu WU
KOMIIOHEHTaMH IIUXTHI. B KadecTBe OCHOBHI METAITMYECKHUX IIMXTOBBIX MAaTEPHUAIOB
UCIOJIB3YIOTCSl TIEPBUYHBIE M BTOPUYHBIC YEpHBIC M I[BETHBIE METAJUIBI U CILJIABBI,
(beppociaBbl ¥ TUTATYPHI.

CocTaBpl METANTMYECKUX IIMXTOBBIX MaTepUAlOB, WX KiIaccH(UKaus 10
Mapkam, BUAaM, Kiaccam, rpynmnam, coptHocTH, [[OCTsI Ha HUX, a TaKKE COCTaBbI,
MapKH, CBOMCTBA (DIIFOCOB M OTHEYIIOPOB MOIPOOHO MPUBEICHBI B paboTax [2—4].

CocTaBneHne © pacueT MIUXTHl MPOU3BOAMUTCA, HCXOAS U3 TpeOyemoro
XUMUYECKOTO COCTaBa BBIIUIABISIEMOT0 CIUIABA M MMEIOMIUXCS  IIMXTOBBIX
MaTEpUaoB.

B o6miem citydae B IMXTE CONEPKUTCA N KOMIIOHEHTOB, KaXK/IbIil U3 KOTOPBIX UMEET
OIPEICTICHHYI0 KOHIICHTpAIHIo I-T0 31eMeHTa K|, T.e. MHOXECTBO KOHIICHTpAIHH I-

0 3JICMCHTAa

Mg =K; ... K .

(D

3ajgauei pacuera paciiaBa MUXTHI SBISIETCA OMPEICIICHUE MAaCCOBOM J0JU KaXI0TO
13 KOMIIOHEHTOB IIUXThI, T.€. X1, X2, ... , X .

Cnengyer uMeTh B BHJY, YTO KOHLEHTPALMs 3JEMEHTa B IPOLECCE IIaBKH
U3MEHSETCS, TaK Kak MpPOUCXOoauT aubo yrap (yObuib), nub0 mpurap (mpuObLIb)
3JIEMEHTA, M 3TO HEOOXOUMO YUUTHIBATh NPU pacyeTax.

Cpennee HeoOXomumoe cojepkaHue I-ro  sieMeHTa B ImmXTe K
omnpenenseTcs no popmyie

Ki(m) = Ki(m) [100 / (100 + yi)], (21)

rie Kieo— Tpedyemoe copepkanue i-ro 3JeMeHTa B )KUIKOM CILIaBe;
Vi— yrap (-), npurap (+) i-ro s;emeHTa B % OT IepBOHAYAILHOTO COACPIKAHMUS

BO BpPCM:I IIJIABKH.
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OT1O0T pacde€r MOXKHO IIPOU3BOJUTL TpEMA MCTOAAMMU: Fpa(l)I/I‘ICCKI/IM,
AHAJINTHYCCKUM HW MCTOIOM noz[60pa IIyTeM pCUaICHUA CUCTCMBI JIMHEHUHBIX

YPaBHEHUM:

XIKI(I) + X2K1(2) +...+ Xl’lKl(n) = KI(H_I)’
X+ X, +..+ X, =1.

3nech uHAEKC «P» yKa3pIBaeT 4nCIIO pACUETHBIX AJIEMEHTOB IUXTHI.
Yame Bcero mpu pacuerax MPUMEHSIOT MeTon mojbdopa. Takyro cHCTeMy JIErKo
pemth ¢ nomoiibio OBM. Tlpu sToMm peleHue AaHHOW 3amadu IEIECO00pa3HO
COBMECTUTH C 3aJa4€ld €€ ONTUMHU3AIMHU, YTO JIETKO BBIIIOJHACTCA METOJIOM
nrHENHOro mporpammupoBanud [S]. I[Ipu 3ToM B cucTeMy BBOAST OrPaHUYCHUS U

KaXXa0C YPAaBHCHUC CUCTCMEBI IIPCACTABIIAIOT B BUAC HCPABCHCTB

B .
XKy + KoKy )+ + X Ky ) < Ky s

(2.3)
n
X1K1(1) +X2K1(2) +...+XHK1(H) > ()
3mech KPiy m KMy — COOTBETCTBEHHO BEpXHMIT M HWKHHI TIPENENbI

COAEPKaHUS JAHHOTO JJIEMEHTA B IIUXTE.
Kpurepuem ontumu3zanuu 00bIYHO CITY>KUT CTOMMOCTD IIUXTHI.

Torna OoIITUMH3aluAg CBOAUTCA K OTBICKAHWIO MUHHUMYMa (bYHK]_II/IOHaJ'Ia

Zmin - lejcj’ (2.4)
j=

rae Cj— 1eHaj—To KOMIOHEHTA IUXTHI; Xj— €ro COJIepKaHUE B IIUXTE.

Pe3ynbrathl pacyera cocTaBa IIMXThI 3aMCHIBAIOT B BUJIE Ta0m. 2.1.
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I[JISI OoJsice MOJHOTO aHaJIM3a nponecca IUIaBKH B pAAC CIIy4dacB IMPOBOIAT

pacucT €€ MaTCPUAJIbHOT'O OajaHca M Ha €ro OCHOBE PacucT TCILJIOBOT'O OajaHca.

B Tabn. 5 u 6 mpuBeneHb MpUMEPHI COCTABOB METAJUTMUECKUX MIMXT ISl Pa3HbIX

MapoK CT&J’ICﬁ, 9YyI'YHOB, AJIIOMHHHCBBIX U MCHLBIX CIIJIABOB.

Tabnuna 5 - Pacder muxThl METOA0M Mo100pa

Conepkanne | DmemeHt i, rmei=1,2, .., N
Ilokasarenu pacuera KOMIIOHEHTOB | CozepkaHue
IITAXTHI IIMXTBI, IIIAXTBI Baocurtcs ¢ mmxToi
% 1o Macce B
KOMIIOHEHTE
KommnoneHnr J*, rae K. X
j=12,...,n X Ki(n) q. = i(n)“*n
100
Hroro B miuxre 100 % — n
>4 =K
VYrap (-), mpurap (+), % ot 1 ! () £
MIEPBOHAYAIIEHOTO - -
COJICPI)KAHUS dJIEMEHTA
K. =K, X
WITOro B KHUIKOM CILIaBE - - i (orc) ()
100+ V.
X
100

* CriaBbl B UyIIKaX, BO3BpAT, JIOM U Jp.

Tabmuma 6 - CoctaB KOMIIOHEHTOB MeTaJUTHYECKON muXThI 11 ctaiu 40J1 TOCT
977-88 npu BHITIJIABKE B TyTOBOM AJIEKTPOIICUU

XHWMHUYECKHUM cocTaB cTaiM, % mMacc.

45

C Mn Si S P
0,37...0,45 0,45...0,90 0,20...0,52 <0,035 <0,035
CocraB HIUXTHI
KomnoHeHTsl Conepxanue, % macc.
1. Bo3Bpar coOCTBEHHOTO MTPOU3BOJICTBA 30,0
2. Jlom ctanbHoit mapku 3A TOCT 2787-86 63,86
3. Uyryn nepenenpubiii Mapku [12 TOCT 805-80 4,39
4. @eppocwmmunmii Mapka PC65 TOCT 1415-78 0,63
5. @eppomapranen Mmapku ®DMu78 'OCT 4755-91 1,12
100 %




Taomuia 7 - CoctaB KOMIIOHEHTOB METAUIMUECKOM MIUXTHI U cTaiu 40XH2J1
['OCT 977-88 nipu BBIIIJIABKE B 3JIEKTPOAYTOBOM MeUn

XHUMHUYECKHUH cocTaB cTaM, % 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 IUXTHI
KomnoneHntsl Conepsxanue , % macc.
1. Bo3Bpar coOCTBEHHOTO TPOU3BOICTBA 30,0
2. Jlom crasnibrOM Mapku 2A ITOCT 2787-86 61,22
3. Yyryn nepenensubiii Mapku [11 TOCT 805-80 5,82
4. ®eppocununmii Mapku PC65 'OCT 1415-78 0,57
5. @eppomapranen; Mmapku DMu78 'OCT 4755-91 0,78
6. ®eppoxpom Mapkr X800 I'OCT 4757-91 0,47
7. Huxens mapku H3 TOCT 849-70 1,14
100 %

Tabmuua 8 - CocTaB KOMIIOHEHTOB METAJUNIMYECKON IIUXTHI JJIs1 CEPOro YyTryHa
CY20 I'OCT 1412-85 npu BbIIIIaBKE B BArPaHKE

XHUMHYECKUH COCTaB YyryHa, % macc.

C Si Mn S P
3,1.33 1,7..2,0 08..11 <0,1 <0,25
CocraB IIUXThI
KomnoHeHTEI Coneprkanue, % Macc.
1. JIureitabrit uyryn mapku JIS TOCT 4832-80 24,58
2. Yyryn nepeanensubiii Mapku [1JI1 TOCT 805-80 15,0
3. CtpyKa 9yryHHas 10,0
4. Bo3BpaTt coOCTBEHHOTO MPOU3BOICTBA 27,0
5. Jlom cranpHoii mapku 3A I'OCT 2787-86 20,0
6. @eppocumuimii Mmapku @C20JI TOCT 1415-78 3,42
100 %

46



Tabmuua 9 - CocTaB KOMIOHEHTOB METAJUIMYECKON HIMXTHI AJISI OJIOBIHUCTON OPOH3BI
Bbp.03L[7C5H1 T'OCT 613-79 npu BbIIIaBKE B AYroBOW 3JIEKTporeun OapabaHHOTO
tuma JIMK-0,5

Xumnueckuit cocras bp. 031[7C5HI, % 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

KomnoneHntsl Conepsxkanue , % macc.

1. OnoBo mapku 01 TOCT 860-75 1,52

2. Iuak mapku 112 T'OCT 3640-79 3,30

3. Cunen mapku 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 cCOOCTBEHHOT'0 MPOU3BOJICTBA 19,78

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

Tabnuua 10 - CocTaB KOMIIOHEHTOB METANIMYECKON IITUXTHI 1JIs1 A TFOMUHUEBOTO
criaBa AJIS TOCT 2685-75 npu BBIIUIABKE B TUTEIIBHOM 3JIEKTPOIIECUH

Xumuueckuit coctas AJIS, % macc.
Mg Si Cu Fe Mn
0,35...0,6 45..55 1,0..15 <10 <05
CocraB IIUXTHI
KomnoneHnTsl Coneprxanue, % macc.
1. Amomunuii B yymkax Mapku A85 I'OCT 11069-74 54,96
2. CunymuH B uymkax mapku CUJI-1 TOCT 1521-76 38,46
3. Jlurarypa amromuaneBo-marauesas (10 % Mg, 90 % Al) 4,08
4. Jluratypa amromunueBo-meanas (50% Cu, 50% Al) 2,5

100 %

3aJIUBKY >KHJKUX CIUIABOB B JIMTEHHYIO (DOPMY OCYIIECTBISIOT C MOMOIIBIO
koBied. KoBim mepemMeniaroT rpy30nobeMHBIM 000pYAOBaHUEM WM BPYYHYIO C
MTOMOIIBIO CIIEHUAIBHBIX MPUCTOCOOIEHUNA. METalIoeMKOCTh KOBIIEH MOXKET OBITh
OT HECKOJIbKUX KHJIOTPAaMMOB JI0 HECKOJIbKMX JECATKOB TOHH. lI0 KOHCTpyKiuu

KOBIIX MMOAPA3ACIIAIOT Ha qaﬁHI/IKOBBIC, KOHHYCCKUC, 6apa6aHHBIC " CTOIIOPHBIC.
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Tabnuma 11 - Bpewms 3anonHenus: GopMbl B 3aBUCUMOCTH OT BeCa OTIUBKHU

Bec oTtnuBku, Kr Bpewms 3anuBku Bec otinuBku, Kr Bpewms 3anuBku
(cranp), ¢ (4yryn), 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

Temmeparypa 3anuBku (Ta0;1.12) 3aBUCHT OT BHJA CIUIaBa, MacChl U rabapura

OTJIMBKH, TOJIIIMHBI €€ CTeHOK. I[Ipruuem Temrmeparypa paciuiaBa MpU BBIMYCKE W3

IIaBWILHON neun foikHa ObITh Ha 30...100 °C Bele TeMmepaTypsl €ro 3aluBKU B

(bOpMy HpI/I 9TOM HAAO YYHUTBIBATb, YTO YCM BbIINIC MCTAJJIOCMKOCTL KOBIIIA, TCM

HIKE CKOPOCTh CHYXKEHUS TEMIIEPATYPHI pacIliaBa B KOBIIIE BO BpeMEHH |1 ].

[lepen 3anuBKOM MeTaia KOBII MpeaBaputesibHO nogorpesatoT a0 700...1000

°C ¢ mOMOMIBIO Ta30BBIX TOPEIIOK.

Tabmuua 12 - PekoMeHyemble TeMIlepaTyphl pa3JIuBKU CILIIaBOB

Temneparypa paciiiaBa

XapaKkTepuCcTHKA OTJIMBOK H MapKa CILIaBa IIpu BBINYyCKE IIpu 3a7MBKe
us3 JIMTEHHBIX
IJIABUJILHOM hopm,
neun, °C OC, He HUXKe
Ceppiii uyryn (CH10-CY15
Menkue 1350 1300
Cpennue 1340 1280
KpymnHble, 04eHb KpyIHbIE 1300 1250
ToHKOCTEeHHBIE (CpellHue, KPYITHbIE, 0YeHb KPYITHBIE) 1360 1340
Cepsiii uyryn (CH20-CY35
Menkue 1360 1320
Cpennue 1340 1300
KpymnHble, 04eHb KpyMnHbIe 1280 1240
ToHKOCTEHHBIE (CpeHNE, KPYIIHbBIE, OYEHb KPYIHbIE) 1370 1350
BBICOKOIIPOYHBII UyT'YH
[Tpeo6namaromas TOMMKUHA CTEHOK, MM:
6-20 1400 1350
> 20 1450 1300

48




KoBkwuii uyryn

[Ipeo6nanatomniasi TONIUHA CTEHOK, MM:
Ho 4 1480 1380
4-10 1450 1350
10=20 1430 1350
> 20 1410 1320
YrnepoaucTasi U HU3KOJETUPOBAHHASL CTAJIH
Mernkue, cpeiHue 1590 1540
KpynHbie, oueHb KpyIHbIS 1580 1530
ToHkocTeHHBIC (MEITKHE U CPETHUE) 1600 1550
BrIcokonernpoBaHHas CTallb
Menxkue, cpeHue 1600 1580
KpymnHble, oueHb KpYIHbIE 1590 1560
ToHKOCTEHHBIC (METIKHE U CPETHUE) 1620 1590
AJIFOMHHHEBBIE CILIABBI
AJll 780 720
AJl4 770 730
AJI10 750 690
TemnepaTypa pacriaBa
XapakTepHUCTHUKa OTIMBOK M MapKa CILIaBa IIpu Bemycke | Ilpu 3anuBke
u3 JTUTEHHBIX PopMm,
IUIAaBHIILHOM C, ne HuKe
neun, °C
[Tpoune 770 640
OnoBsiHHasg OpoH3a
[Ipeobnanaromias TONMUHA CTEHOK, MM:
Ho 10 1170 1150
10...20 1150 1100
AmromuHHEBas OpoH3a
[TpeoGnanaromias TOMMMHA CTEHOK, MM:
Jo 10 1150 1100
Kpemuucras naTyHs
[Tpeobnanaromiast TONMUHA CTEHOK, MM:
Ho 10 1130 1100
> 10 1080 1050

Ilpumeuanue. ToNCTOCTEHHBIEC OTJIMBKU HEOTBETCTBEHHOTO HA3HAUYCHUS U3 CEPOTO
YyryHa JONYCKAeTCs 3aluBaTh npu Temneparype He Huwke 1270 °C, ornuBku u3
MarHueBbIX cI1aBoB - npu 720...780 °C.

[Tocne 3amonHeHUss (QOpMbI PACIUIABOM OTJIMBKH OXJIAXKIAIOT B HEH [0
OTpe/IeICHHON TemMmnepaTypbl. Bpemsi 0XJ1akIeHHs 3aBUCUT OT TUIIA CIIaBa, MAacChl U
pa3Mepa OTJIMBKH, €€ CIIOKHOCTH, TOJIIHUHBI CTEHOK OTIuBKH [1]. Hampumep, Bpems

OXJIQXK/ICHUSI CTAJIbHBIX OTJIMBOK Ha 15...20 % Oomblie, 4eM OHOTUITHBIX YyTYHHBIX.
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[Ipu noctmxenun TpeOyeMoil TeMrepaTypbl OTJIMBKUA BbIOMBAIOT M3 PAa30BBIX
JUTEHHBIX (OopM, a U3 MHOTOKpPATHBIX METAUIMYECKUX (QOpM HX YHAISAIOT C
MMOMOILBIO TOJIKATEIEH.

BbIOMBKY OTIMBOK M3 TMeCYaHbIX (OPM OCYIIECTBISAIOT Ha BBIOWBHBIX
peleTkax ¢ pa3inuHoN rpy30noabeMHOCTRIO [1, 6]. Ilecuanbie cTep>KHU U3 OTIUBOK
BHIOMBAIOT B  TAJITOBOYHBIX  OapabaHax, a Takke B THAPOKaMeEpax,
AIEKTPOTUAPOYCTAHOBKAX, peXKe - Ha BUOpAIIMOHHBIX MalyHax [1, 6].

[locne BHIOMBKM OTIWBKH TMOABEPTalOT OYHMCTKE, YTOOBI YAAIUTh C
MOBEPXHOCTH MpPUTap, OCTATKU (POPMOBOYHOW M CTEp:KHEBOUM cmecu. OTIUBKH Ha
OUMCTKY MOJAI0T 0€3 CTEP>KHEBBIX KAapPKACOB, JIMTHUKOB U BBITOPOB. OCHOBHBIM
CIOCOOOM OYHUCTKH ABJIETCS JApoOeMeTHas o0paboTka, KOTOpPOW MOABEpraercs
nopszaka 80 % mpou3BOAMMBIX OTIMBOK [1, 6]. HekoTopble OTIMBKUA OYMIIAIOT U B
raJTOBOYHBIX OapabaHax.

Jnst OYMCTKH TPYJHOAOCTYIHBIX TMOJOCTEM HUCIHONB3YIOT APOOECTpyWHbIE U

MECKOCTpYyWHbIe  ammapatbl.  Haxomdar  Takke  NPUMEHEHUE  YCTaHOBKH
BHUOpOAOPa3UBHOMN U SJIEKTPOXUMHYECKON OUUCTKU OTIUBOK.
Haubonee TpymoemMKkoil U TsDKENo# orepaiuell B JIUTEHHOM MPOU3BOJCTBE SIBISETCSA
oOpyOKka M 3auncTKa OTIMBOK. B ocHOBHOM 3T0 pyuHoul Tpyd. Ilpm oOpyOxe ot
OTJIMBOK  OTACJISIFOT  AJIEMEHThl JIMTHUKOBOW CHUCTEMbI, TMPUOBUIM, 3aJIUBHI,
BCEBO3MOKHbIE HEPOBHOCTH MOBEPXHOCTEN OTIMBOK. JlJI1 3TOro MCHOIB3YIOT
MHEeBMaTU4YeCKue 3yOuiia, TUIpaBINYECKUE KJIMHBS, TA30BYI0 U TUIA3MEHHYIO PE3KY,
ANEKTPUUYECKYIO Nyry. B MpoOM3BOACTBE OTIMBOK M3 IBETHBIX CIUIABOB JJI 3TOTO
HCIIOJB3YIOT JICHTOUHBIE U JUCKOBBIE MUJIBIL.

3a4UCTKY OTJMBOK BBIMOJHSIOT NUIM(QOBAIBHBIMU MAallMHAMU U JIPYTUM
00 IMpOYHO-TIIITN(OBATHLHBIM 000PYI0BAHUEM.

[lepen ornpaBkoi MOTPEOUTENIO TOTOBBIE OTJIUBKUA TPYHTYIOT JJIsl 3aIUTHI UX
OT KOPPO3UU IMyTEM HAHECEHHS Ha UX MOBEPXHOCTh CHEIUATbHBIX JJAKOKPACOUHBIX

nokpbiTuid Tuna '@-020, 'D-032, OJI-03K u ap.
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[lepen HaHeceHHMEM TPYHTOBKHM OTJIMBKUA MPOMBIBAIOT U O0E3KUPHUBAIOT B
OpraHUYEeCKUX PACTBOPUTEISIX WM B WICJIOYHBIX pacTtBopax. Clod TpyHTOBKHU
HAHOCAT OKyHaHHEM HIJIM KpPacKOPACIbUIUTEIEM, a 3aTe€M MOJBEPraioT CYIIKE MpH
18...23 °C. D pexTuBHO Takke NPUMEHEHHE YCTAHOBOK OE3BO3IYIIHOTO HAHECECHHUS
rpyHToBKH (YBP), no3Bossronux Ha 25 % COKpaTUTh pacxoj] IPYHTOBOK, OBBICUTH
MPOU3BOJUTENILHOCTD U YIYUYIIUTh CAHUTAPHO-TUTUEHUYECKHUE YCIOBUS TPY/a.

Co cBeneHusiMu 00 OpraHu3alldd MUTAHUS OTIMBOK, OOECIEYEHUH HAampaBs-
JICHHOTO 3aTBEp/EBaHUs, OMPEACNCHUS y3JI0B MHUTAHUSA, PACUEThl M KOHCTPYKLHS
AJIEMEHTOB JIMTHUKOBOW CHUCTEMBI, MPUOBLUICH, XOJIOAUILHUKOB MPUBEACHBI B JUTE-

paTypHbIX UCTOYHUKAX [1, 2, 4, 5, 8].

12. O¢dopMmiieHHE pa3Me4eHHOT0 YepTeKa

OCHOBHBIM PYKOBOJAIIMM TEXHHUYECKUM JIOKYMEHTOM IIPU H3TOTOBJIECHUU
MOJIETBHOTO KOMIUIEKTa, JHUTEHHOW (OpMBI M TPUEMKE OTIIMBKU CIY)KUT pa3Mme-
YCHHBIN YEPTEK.

K odopMmiennio pa3MeueHHOIro ueprexka MNpPeAbsBIAIOTCS TpeOOBaHUS, IO-
3BOJISIFOILME TOJIy4aTh MOJPOOHBIE YKa3aHUs MO BCEM BOMPOCAM BBIMIOJIHEHUS TEX-
HOJIOTMYECKOTO ITpo1iecca.

Hanocutb TexHooruio Ha yeptex ciemyer coriacHo ['OCT 3.1125-88.

13. IlopsaaoK cocTaB/IeHUsI KAPTHI TEXHOJIOTHYECKOT0 NMPOLEcca JUThS

Texnomornueckas kapra pazpadarsiBaetcsi B coorBerctBum ¢ [[OCT 3.1422-74
(bopma 1 u 5) U comepkKUT HEOOXOAMMBIEC CBEIACHUS M YyKa3aHUS IO BOIPOCaM
M3rOTOBJIEHUS, COOPKE U 3aJIUBKE JIMTEWHON (POPMBI, peKUMaM TepMOOOpPaOOTKU U
OXJIKJICHUS OTIIUBKH.

TexHOMOTHYEeCKyI0 KapTy MCIOJIb3YIOT COBMECTHO C Pa3MEUEHHBIM YEPTEIKOM.
[Ipu mammHHOM crioco6e (POPMOBKHM K pa3zMEUEHHOMY UYEpTEKY MPUIIAraroT CXeMy
pacroioKeHUs: MoJIesiel Ha MOZEIIbHOM IIJTUTE, BBITIOJIHEHHYIO B MacITale.

Jliist pa3pabOTKU CXEMbl BBIYEPUYMBAIOT MAKET OTIMBKH B MaclliTade ¢ y4EeTOM

yCaJKi, MPUIYCKOB Ha MEXaHUYECKYI0 00pabOTKy, (POPMOBOYHBIX YKIIOHOB, pa3-
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MEPOB CTEPKHEBBIX 3HAKOB M TEXHOJOTUYECKUX MOMOJTHEHUH.

PaccuntanHyo JUTHUKOBYIO CHCTEMY H300pa)KalOT Ha CXeMe B JIBYX MpPOEK-
nusix. CeyeHus HIIEMEHTOB JIMTHUKOBOM CHUCTEMBI BBIHOCST OTACIBHO B JIEBBIM
HUKHUHN YTOJ CXEMBI.

3amonHsI0T Tpadbl TeXHOJIOTHYecKor KapThl B coorBeTcTBUU ¢ [[OCT 3.1422-

74 w cTaHAAPTOM NMPEATPUITHS.
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PA3AEJ I11. MOAEJIBHBIE KOMIIJVIEKTBI

3.1. Knaccuduxanus MoaeJIbHbIX KOMILIEKTOB

JInst M3rOTOBJIIEHHMSI OTJIMBOK MPUMEHSIOT OOJIBIIOE YHCIIO Pa3IMYHBIX
IPUCIIOCOOJICHHH, KOTOPBIE HA3BIBAIOT JIUMEUHOU OCHACMKOIU.

YacTh OCHACTKH, BKJIIOYAIOLIAsl BCE NPHUCIOCOOJIEHNS, HEOOXOAUMBIE JJI MOJyYECHHUS
B (hopMe OTIIEeyaTKa MOJENIN OTIMBKH, HA3bIBAIOT MOOETbHBIM KOMNIEKIMOM.

MopnenbHbII KOMIUIEKT COCTOMT W3 MOJEIEH OTIMBKM M 3JIEMEHTOB
JUTHUKOBOM CHCTEMBI, CTEPKHEBBIX SIIIUKOB, MOJEIBHBIX IUIUT ISl YCTAHOBKHU U
KpPEIUICHUSI MOJEJIEH OTIMBKM W JIMTHUKOBOM CHCTEMBI, CYIIWJIBHBIX IUIMT,
MPUCTIOCOOJICHUM 711 JOBOJKU U KOHTPOJISL (DOPM U CTEpHKHEM.

[ToHsiTHE «MOJETBHBIN KOMIUIEKT)» HEJIb3s1 MyTaTh C MOHATUEM «()OPMOBOYHBIN
KOMIUIEKT», KOTOPBIM BKIIIOYACT MOJHBIA KOMILJIEKT OCHACTKH, HEOOXOAMMBIN Jis
MOJIy4eHHS pa30BOil (POPMBI.

MopnenbHbII KOMIUIEKT JIOJDKEH YJOBJIETBOPATH CIEAYIOIIUM OCHOBHBIM
TpeOOBAHUSIM:

- o0ecreynBaTh MOJYYEHUE OTIMBKH OIPEAEICHHOM TI€OMETPUYECKOM

(bopMBI U pa3MepOB;

00J1a/1aTh BBICOKOUW MPOYHOCTHIO U I0JTOBEYHOCTHIO;

- OBITh TEXHOJIOTUYHBIMU MPU U3TOTOBJICHUH;

- UMETh MUHUMAJIBHYIO Maccy M OBITh YIOOHBIM B DKCILTyaTalluH;

- MMETh MUHUMAJIbHYIO CTOUMOCT;

- COXpaHATh TOYHOCTH Pa3MEpPOB, MPOYHOCTh B T€UECHUE OIPEICICHHOTO
CpPOKa 3KCILTyaTalvu.

Tpebyembie TOYHOCTh, MPOYHOCTh U JOJITOBEYHOCTh MOJICIBHOTO KOMILJIEKTA
3aBUCAT OT YCJIOBUW IIPOU3BOACTBA: €IUHUYHOIO, CEPUMHOTO, MaccoBoro. B
€IMHUYHOM M MEJIKOCEPUMHOM MPOU3BOJICTBE Yalll€ BCETO MCIOJB3YIOT ACPEBSHHbBIC
MOJICJIbHBIE KOMIUIEKTBI; B MAaCCOBOM M KPYNMHOCEPUMHOM — METAJUINYECKUE

MOZACJIBbHBIC KOMILUICKTBI, KOTOPBIC XOTA W AOPOKC, HO 3HAYHUTCIBbHO AOJIOBCYHCC

53



JepeBsSHHBIX. B cepuilHOM MpPOM3BOACTBE BO MHOTHX CIIydasx HPUMEHSIOT TaKxke
MOJIENTU U3 IJIaCTMAcC.

MogenbHble KOMIUIEKTHI KJIACCU(UIUPYIOT 1O CHOCO0Yy H3rOTOBJICHUS
auTedHONW (opMbl, TabGapUTHBIM pa3MepaM, CIO0KHOCTH KOHCTPYKIHMH H POJIY

MaTEPHAJIOB.

3.2. B])IﬁOp MaTepuajia AJjsd U3roToBJcHUsI MOACJIbHOI0 KOMILJIEKTA

JpeBecrHa — CpaBHUTENBHO JEHIEBBIM MaTepuan, o0JiaJaeT J0CTaTOYHOM
IIPOYHOCTHIO, JIETKO 00pabaThIBAETCSI, XOPOIIO CKIEUBAETCS, CKPEIUISIETCS] TBO3/ISIMH,
Iypynamu, 4To JUIisl MOJIETIM OY€Hb BaXXHO. JIJIsl H3rOTOBIEHUSI MOJENIEH UCHOIB3YIOT
JAPEBECHUHY B BHUJI€ TOTOBBIX MUJIOMATEPHAIOB — OPYCKOB U JJOCOK, BBICYIIEHHBIX JI0
cojaeprkanus Biaru 8...12%.

Pabouyro MOBEpXHOCTh MOJIENH 3aUUIIAIOT U NUTM(QYIOT HaXKJA4HOM Oymaroi
TaK, YTOObI MOBEPXHOCTh ObLIa riaakol M unctod. UToObl n30exarh 0Opa3oBaHUs
JUTEUHBIX 1e(EKTOB B OTJIMBKAX, MEPEXObl HA MOJAEIAX OT OJHON MOBEPXHOCTH K
JPYTrOi BBITOJIHSIOT TUIABHBIMH.

JlepeBsiHHBIE MOJENW JJIA NPEIOXPaHEHHs OT BIard OKpPAlIMBAOT U
MOKPBIBAIOT JJAKOM, IMPUYEM JIJIs1 OTIIMBOK M3 YyT'yHA MOJIEIU KpPacsT B KPACHBIN 1IBET,
IUISL OTJIMBOK M3 CTaJId — B CEpPbIM, IJIs I[BETHBIX CIUIABOB — B JKEJNThIM. 3HAKOBBIE
YacTH MO/JIEJIEH BCer/ia OKpalIuBalOT B UEPHBIH LIBET.

MartepuanioM ajii METaUIMYECKUX MOJIENel 0OBIYHO CIYy’KaT aJFOMUHUEBbHIE
CIUIaBbl WM cepblil uyryH. llIupokoe NpUMEHEHHE ATIOMUHHUEBBIX CIUIABOB MJIS
MOJICJIBHBIX KOMIUIEKTOB OOBSCHAETCS JIETKOCTBIO 3TUX CIUIABOB M XOPOIIEH
KOPPO3UOHHOM CTOUKOCTBIO.

Meramueckrue MOJEIM 3HAYUTENIBHO JOpOXKe JepeBsAHHbIX. [loaTomy mx
NPUMEHSIOT JUIsi MalIMHHOM (OPMOBKM B  KPYMHOCEPUMHOM U  MacCOBOM
IIPOU3BOJICTBE OTJIMBOK, TAK KAaK ONPABJBIBAIOTCS 3aTpaThl HAa MX H3TOTOBJICHHE.
YtoObl 00JIErYUTh MOJENb, TOJIIMHY CTEHOK JEelal0T MUHUMAJIbHOW, YBEJIMYUBAs

MPOYHOCTh MOJIETI YCTAHOBKOW pebdep >KECTKOCTH Ha Hepabodeill MOBEpXHOCTH.
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@OpMOBOUYHBIE YKJIOHBI Ha METAUIMYECKUX MOJEISAX NEJAal0T MEHBUIMMHU, YEM Ha
NEPEBIHHBIX.

3aroToBKM METAJUIMYECKUX MOJICJIbHBIX KOMILJIEKTOB 4Yallle BCEro MOJIY4YaroT
muTheM. [[ns 3TOoro Takke HEoOXOJuMa MOJENb, KOTOPYIO JIENAl0T JEPEBSIHHOW C
YYETOM JIBOMHOM YCAJIKW: METaJjia MOJEIN U METAJIIAa OTJIMBKHU.
Bce 6ouibiliee npruMEHEHHE HAXOIAT MIACTMACCOBBIE MOJIETT Ha OCHOBE ATOKCHUJTHBIX
CMOJI, KOTOPbIE HMMEIOT BBICOKYID MEXAaHHYECKYI) IMPOYHOCTh U TOYHOCTh, HE
MTO/IBEPTalOTCSI KOPOOJICHNIO, pa30yXaHHIO, YCYIIKE, KOPPO3UH, 00JAJal0T MajbiM
KOO DUIIMEHTOM MPWIMIIAEMOCTH W HE3HAYUTEIBbHOM CHJION  CIeTUIeHHs ¢
(OpMOBOYHOM U CTEP)KHEBOM CMECSIMU.
[TIimacTMaccoBbIe MOJIENTBHBIE KOMIUIEKTHI U3TOTOBIISIIOT IBYX KJIACCOB MPOYHOCTH [2]:
|- nns KpynmHOCEPUIHOTO W CEpUMHOTO TPOM3BOJACTBA OTIMBOK; Il — mis
MEJIKOCEPUITHOTO U €AMHUYHOTO IMPOM3BOJACTBA OTIMBOK. [lmacTMaccoBeie MoAenH
MOJIy4arOT HECKOJIBKUMHU CITOCOOAMU: JTUTHEM C apMUPOBAHUEM U O€3 apMUPOBAHUSI,
KOHTAaKTHBIM  HAacJlauBaHUEM U3  CTEKJIOTKaHW, mpeccoBaHueM. (OCHOBHBIC
KOHCTPYKTHUBHBIE pa3Mephl IIACTMACCOBBIX MOJIEIBHBIX KOMIUIEKTOB MPAKTUYECKU
HE OTJIMYAIOTCS OT KOHCTPYKTHUBHBIX pPa3MEpPOB AaHAJIOTHYHBIX MOJICIbHBIX
KOMIUIEKTOB U3 aJIIOMUHHUEBBIX CILIABOB.

B T1abn. 13 mpuBenensl aanHbie [3], oOycnaBiauBaroniye IeaecooOpa3HOCTh
MPUMEHEHUSI MaTEPUAJIOB I MOJEJIEN B 3aBUCUMOCTH OT O0JacTH MPUMEHEHUs U
4yucia ChEMOB.

Tabnuua 13 - Martepuansl, IpUMEHsIEMbIE JIJI1 U3TOTOBJICHUS MOJIENICH

Yucno cheMOB, IIT.

Marepuan OobsacTh NpUMEHEHUA IIpu IIpu
py4HO# MAIIMHHOA
¢popmoBke | popmoBKe

Jliis Mozieneit ¥ CTepP KHEBBIX SIIIUKOB JTHOOBIX

JepeBo pa3MepoB M CIOXHOCTM B eauHnyHoM U | 1o 100 Jlo 1000
MEJIKOCEpUITHOM ITPOU3BOJICTBE

Uyryn Jns  mMopmenei,  CTEpKHEBBIX  SIIHUKOB,

CU15-CY25 MOJEIBHBIX M CYWMJIBHBIX  IUIMT B | — o 10000
KPYNHOCEpPUWHOM M MacCOBOM IPOU3BOJICTBE

Cranp To xe — 1o 100000
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AmomunueBble | Jlnmss monmened M CTEPIKHEBBIX SIIUKOB B

caBbl  AJI3B, | cepuiiHOM U MacCOBOM MPOU3BOJICTBE o 30000 o 50000

AJI7B, AJI9B

Bpou3ssl n Jis Menkux mopened U OThbEMHBIX YacTel B | — Mo 150000

JATYHU CEpPUITHOM M MacCOBOM ITPOM3BOJICTBE

Pb—Sb crnaBsr s menkux Mojeneit B MenkocepuiiHoM | Jlo 500 o 30000
MIPOU3BO/ICTBE

IImactmacca Jns menkux u cpeaHux mojueneid B cepuiiHoM | [{o 500 Ho 1500
MIPOU3BOJICTBE

[TonmucTupon Jns rasudumupoBaHHBIX — momenedn B | 1 1
€AMHUYHOM U CEPUHNHOM MPOU3BOJICTBE

3.3. Kitacchl MpoYHOCTH IEpEBSHHBIX MOJIeIIeH

JlepeBsiHHBIE MOJIETIbHBIE KOMIUJIEKTHI, MpEeIHA3HAUYCHHbIC ISl U3TOTOBIICHUS
JUTEHHBIX TECYaHO-TIMHUCTHIX (opm, oapasnessitoT Ha Tpu kiacca (TOCT 13354-
81). Kiacc mnpoyHOCTH MOJENBHOTO KOMIUIEKTa Ha3HA4YaloT MpU pa3paboTke
JUTEUHOU TEXHOJOTHMM B 3aBUCUMOCTH OT THUIIA MPOW3BOACTBA M Ha3HAUYCHUS
oTIMBOK (Ta6.13).

Ta6nuna 14 - Kiaccbl MpOYHOCTH MOJIETTBHBIX KOMILJIEKTOB

Kracc O6nacTh NpUMEHEHUs
IPOYHOCTH

I CepuitHoe M MenKocepuiiHOE (TpU TOBTOPSIOIIUXCS MEPUOJUUECKUX 3aKa3ax)
IIPOU3BOJICTBO OTJIMBOK

CepuitHoe U MeJIKOCepHITHOE MPOU3BOACTBO OTIMBOK €IMHOBPEMEHHOTI'O 3aKa3a.
1 EamHnyHOE pOU3BOACTBO KPYITHBIX M T€OMETPHUUECKH CIOKHBIX CPEAHUX OTJIMBOK

11 EnnHn4HOE MpOM3BOACTBO BCEX BUAOB OTJIIMBOK

3.4. Knaccel TOYHOCTH Y IIEPOXOBATOCTH METAJUTMUECKUX MOJCIICH

Merannnueckue MOACIBHBIC KOMIIJICKTBI NMCIOT Oonee BBICOKYIO IMTPOYHOCTD,
4eM JCPCBAHHBIC. HpI/I BBI60pe Marcpualia 14 MOACIBHOI'O KOMILUICKTAa HYKHO
YUYUTLEIBATb D9KOHOMHWYCCKYIO LI€J'I€COO6p8,3HOCTB H YCJIOBHS BBITTOJHCHUS TpG6OB8,HHfI
3aka3a. MeTtamanyecKkue MOJCIH, CTCPKHCBLIC AIMWKH, MOACIIBHBIC M CYHIWJIBbHBIC
IIATBI PCKOMCHAYCTCA ACIIaATh TOHKOCTCHHBIMU, YCHUIIMBAS HUX pe6paMH KCCTKOCTHU.

TonumuHy CTEeHOK MoJieNiel U CTEep:KHEBBIX sAMKOB HazHayatoT no ['OCT 13138-67

(tabu. 15).
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Taomuma 15 -  HomuHanmbHasg TONIIMHA CTEHOK
crepkHeBbIX AmuKoB (TOCT 13138-67)

MCTAJTIMYCCKHUX MOI[GJ'IE?fI 141

Cpennuii rabapuTHBII AJIFOMUHUEBBIE CILJIaBBI Uyryn

pasMep OTIIMBKU, MM Mopenu Smuku Monenu Smukn
o 250 8 8 6 6
251...400 9 10 7 8
401...630 10 12 8 10
631...1000 12 15 10 12
1001...1600 15 - - -
1601...2000 18 - - -

s onpeneneHuss KOHCTPYKTHBHBIX Pa3MEpPOB MOJIEIbHBIX KOMIUIEKTOB B
MEPBYIO OYepe/lb HEOOXOUMO YUUTHIBATH MPUITYCKA HA MEXAHMYECKYIO 00pabOTKy
OTJIMBKH, YCAJKy CIUIaBa OTIMBKU U (POPMOBOYHBIE YKJIOHBI.

[Tpunycku Ha MexaHuueckyro oopadoTky HazHauarot 1o ['OCT P53464-20009.
Otor 'OCT pacnpocTpaHseTcs Ha OTJIMBKHA W3 YEPHBIX M LBETHBIX METAUIOB U
CIUIaBOB U pErjaMeHTHPYeT JOMYCKM Ha pa3Mepbl, MacCy M NPUIIYCKU Ha
MeXaHU4YeCKyl 00paboTky. CTaHIapT COOTBETCTBYET MEXIAYHApPOJHOMY CTaHAAPTY
NCO 9000.

Knaccel TOYHOCTM pa3MepoB M MacC OTJIMBOK M psAbl MPUIIYCKOB Ha
MEXaHUYECKYI0 00pabOTKYy OTIMBOK, MOJYYEHHBIX PAa3JIMYHBIMU CHOCOOAMHU JIUThS,
MpUBEAEHBI B Ta0. 16.

Tabmuna 16 -  PexomeHmyeMble KIacChl TOYHOCTH Pa3MepOB, MacC U Psbl
MPUITYCKOB HAa MEXaHUYECKYIO0 00pabOTKY OTJIMBOK JJIsl PA3JIMYHBIX CIIOCOOOB JIUThS

(TOCT P53464-2009)

MakcumanbHbiil | Kitaccbl TOYHOCTH pa3MepOB M MacChl OTJIMBOK U PSIBI
pasmep MIPUITYCKOB
Crioco6 nuThs OTJIUBKH, MM [IBetnsie crinaBel | KoBkuid,
I{BeTHBIE crIaBel t% > 700 °C BBICOKOITPOYHBIN
t% i< 700 °C U CepBIi UyTyH U JIETUPOBAaHHBIN
YYT'YHBI, CTAJIb
ITon nmaBmenwmem, | JIo 100 3r-5 3-6 4Tt
BBDKHMAHUEM, 1 1 1
BaKyyMHBIM Bosee 100 3-6 47t 5t—7
BCAChIBAaHHEM 1 1 1
B xepamuueckue | Io 100 3-6 4Tt S5t—7
bopmsl, o 1 1-2 1-2
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BBHIILIABIsIEMBIM | boxee 100 4-7 51-7 5-8
M BBDKHTI'a€MBIM 1-2 1-2 1-2
MOJICTISAM

B koxuib, mox | o 100 4-9 51-10 5-11t1
HHU3KUM 1-2 1-3 1-3
naBjaeHueM Hu ¢ | 100...630 T — 1U o—1IT b—11
recyaHbIMU 1-3 1-3 2-4
CTCPIIMIL, Bornee 630 511t 611 7112
JUThE B (OPMBI, 1-3 5_4 5_5
OTBEpXK/IaeMbIc B
KOHTaKT€ c
OCHACTKOM

o 630 6-11 7t—-12 7—131

JIuTee B 2-4 2-4 2-5
IecUaHble 630...4000 7-12 8— 131 9t —13
(dhopmbI (ChIpBIC U 2-4 3-5 3-6
Cyxue), Bonee 4000 8131 9t — 13 9-14
LIEHTPOOCIKHOE 3-5 3-6 4-6
JINTHE

IIpumeuanue x maba. 15. B yuciautene ykazaHbl KJIACChl TOUHOCTH pa3MEpPOB U Macc,
B 3HAMEHATeJIe — PsAJbl NPUIYCKOB. MEHbIINE UX 3HAYEHUsI OTHOCATCA K MPOCTBHIM
OTJIMBKaM, M3rOTOBJIEHHBIM B YCJIOBHSIX MAacCOBOIO aBTOMAaTHU3MPOBAHHOIO
MIPOU3BOJCTBA; OOJIbIINE — K CIIOXHBIM OTJIMBKaM, HU3TOTOBJICHHBIM B YCJIOBHSX
MEJIKOCEPUIHOTO M €IMHUYHOTO IPOM3BOJCTBA; IPOMEKYTOUYHBIE — K OTJIMBKAM
CpEeIHEW CIOYKHOCTH, U3TOTOBJIICHHBIM B YCJIOBHUSX MEXaHU3HPOBAHHOI'O CEPUMHOIO
npousBojcTBa. Kitaccel TOUHOCTH Macc ciaeayeT NpUHUMAaTh TaKUM 00pa3oM, YTOOBI

OHH COOTBCTCTBOBAJIM KJIaCCaM TOYHOCTHU OTJIHNBOK.

B 1abn. 17 npuBeneHbl mapaMmeTpbl MIEPOXOBATOCTH PabOUYMUX MOBEPXHOCTEH
MOJEJIBHOTO KOMIUIEKTa, KOTOpPBIE ONPENEISIOTCS HAa3HAYEHHEM IOBEPXHOCTEH,

CIIOCOOOM M3rOTOBJIEHUS (DOPM U CTEPHKHE.
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Ta6muma 17 - PekomeHyemMble mapamMeTphl IEPOXOBATOCTH pab0YMX MOBEPXHOCTEH
MOJeJIen

[IIepoxoBaTOCTh MOBEPXHOCTH, Ra
Hasznauenne Mogenu nyst hopm Mopenu cTep>KHEBOTO SITUKA
MMOBEPXHOCTH Uit GOPMOBKH

IecyaHo- MOJTy4aeMbIX MamuHHOM U | [leckogyBHON M

TJIMHUCTEIX aBJIECHUEM pYYHOM MECKOCTPEIhbHOU
Pabouue | 5-2,5 - 5-2,5 -
Pasvemsr 1| 5-2,5 5-2,5 5-25 2,5-1,25
Compsiraemsie 11 5-2,5 5-2,5 5-2,5 5-2,5
Vcranosounsie 1V 10-5 10-5 20-10 5-2,5
Vtoraenus V - - 10-5 2,5-1,25

Knaccel TouyHOCTH pasMCpoOB OTIHMBOK 3aBHCAT OT KBAJIMTCTA TOYHOCTH

HU3TrOTOBJICHUA MOI[eHCﬁ Ha CTCPIKHCBLIX AIIUKAX.

3.5. Tunsl pabounx MOBEPXHOCTEH
CooTBeTcTBHE KJIACCOB TOYHOCTH OTJIMBOK M KBAJIMTETOB TOYHOCTU PAa3MEPOB

MOJTy4aeMbIX U3 HUX JieTallel puBeaeHo B Tab. 18

Ta6muua 18 - Kiaccel TOUHOCTH pa3MepoB OTIMBOK B 3aBUCHMOCTH OT KBAJIUTETOB
TOYHOCTH pazMepoB oOpadoTanubix aeraneid (OCT P53464-2009)

Kiacc  Tounoctu | 1-31 3-5T o—7 7-91 9-16
pa3MepoB OTIUBOK

Ksamurer 1T9 IT10 ITI11 ITI12 IT13
TOYHOCTH u rpyOee u TpyOee u rpyOee u rpyOee u TpyOee
pa3MepoB

neranei, 1T8 1T8 — 1T9 1T9 —-1T10 1T9 -1T11 ITI0-1T12
MOJTy9aeMBbIX U TOYHEE

MEXaHUYECKOU

00paboTKOM

JIONOJIHUTENBHBIM TPUIYCK HA OTJIMBKY, KOMIICHCUPYIOUIMH OTKJIOHEHUE
pacroJIOXKEHUsT 3JIEMEHTOB MOJIETHN: KOpPOOJEeHHE, CMEIIEHUE IUIOCKOCTH pPa3bema,
MOTPEIIHOCTh PACIIONOKEHUSI 00padaThIBAEMOM MOBEPXHOCTU OTHOCHUTEIBHO 0Oa3bl

00paboOTKM cleyeT Ha3Ha4aTh, €CIUM HAMOOJbIIee W3 TPEASTbHBIX OTKIOHCHHMA
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PACIIOJNIOKEHUSI TPEBBIIAET MOJOBUHY JOMYCKa HA COOTBETCTBYIOLIMM pa3Mep
ornuBKU. OOIIMI MPUITYCK HA MEXaHUYECKYI0 00pabOTKy CieayeT yCTaHaBIMBATh
PaBHBIM CYMME OCHOBHOTO H JIOTIOJHUTEIBHOTO MPUITYCKOB.

Bnusnue nuteiiHON ycajku Ha pa3Mephbl OTIMBKU OOBIYHO ONPENETSIOT B
3aBUCUMOCTH OT BHJA CIUIaBa, KOH(PUTYpAIlMd M pa3MepoB OTIWBOK. J[aHHBIE TIO
ycaJiKe CIJIaBOB PHUBEACHBI paHee B Ta0. 3.9.

B 3aBucumoctu oT TpeOOBaHU, NPEIBABIAEMBIX K TOBEPXHOCTH OTIUBKH,
(hOpPMOBOYHBIEC YKIIOHBI CJICAYET BHITIOJHSTD:

- Ha o0pabaTbIBaeMbIX MOBEPXHOCTAX OTIMBKHU CBEPX MPHUITYCKA HA MEXAHUYECKYIO
00paboOTKy 3a CUET YBEIMUYEHUS Pa3MEPOB OTIIUBKY;

- Ha HeoOpaOaThIBa€MbIX MOBEPXHOCTSAX OTIMBKH, HE CONPATraeMOi MO KOHTYPY C
IPYTUMH JIETAIISIMU, 33 CUET YBEIUYEHUS U YMEHBIIICHUSI Pa3MEPOB OTIIMBKY;

- Ha HeoOpabaThIBa€MbIX IMOBEPXHOCTAX OTJMBKH, COMNPSITa€MbIX MO KOHTYpPY C
OPYTUMU JETAIMH, 3a CYET YMEHBIICHUS WM YBEIMYECHUS PAa3MEpPOB OTIMBKUA B
3aBUCUMOCTH OT IIOBEPXHOCTHU COTIPSIKEHUS.

Meramniyeckue MOJENbHBIE IUIMTHI MO HA3HAYCHUIO AECHAT HAa IUIATHI IS
TOYHOU (POPMOBKH M JJISI U3TOTOBJIEHUSI 000JIOYKOBBIX (opM. KOHCTpYyKIMS MIHATHI
3aBUCUT OT TUNA (POPMOBOYHOMN MAIIUHBI, KOH(UTYpAIIUU OTIUBKU U BUAA (HOPMBEI.
HanbGonee wacto NPUMEHSIOT OJHOCTOPOHHHE IUIUTHI. [IMUTHI MOJKHBI UMETH
BBICOKHE KECTKOCTh U MPOYHOCTh, IO3TOMY X M3TOTABIMBAIOT U3 YyTYHA U CTAIU U
peaycMaTpUBaIOT pedpa KECTKOCTH.

[Ipu aBTOMaTHUECKOW OE30MOYHON W TOPU3OHTAIBHO-CTOMOYHON (HOPMOBKE
BBICOKHME TpeOOBaHUA TPEABSBISAIOTCA K  MEPHEHIAUKYISPHOCTH  TOPIEBBIX
TOBEPXHOCTEM MOJIECIBHBIX KOMIUIEKTOB, KOTOPBIE MPOBEPSIOT CIEUUATBHBIMU
mabnonamu. HecoBmaneHue oceil IJIMT MPECCOBOW U MPOTHUBOAABICHHS JOJKHO
obITh He Oosiee 0,03 MM. Mojienu U 3J1IeMEHThI JINTHUKOBOW CUCTEMBI KPETIST K TUIUTE
C TIOMOIIBIO CTAHAAPTHBIX KPEMEXKHBIX HW3ACIMMA TakuM oO0pa3oM, YTOOBI HE

HapyIIUTh ouepTaHue GopMooOpa3yIoIIei MOBEPXHOCTH.
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3.6. PaznenurenbHble MOKPBITHUS

B kadecTBe pa3aenuTENbHBIX MOKPBITUN MPUMEHSIOT CHELUATbHBIE COCTaBbI
WIA OT/AEJIbHbIE KOMIIOHEHTHl (MHHEpAJbHBIE Macia, CUJIMKOHOBBIE JKUIKOCTH,
TEXHUYECKUU TIULEPUH W Ap.). [IpoJOIKATENBHOCTh CYIIKM pPa3aeiIuTeNbHbBIX
COCTaBOB 3aBHCHT OT OTHOCUTEIBHOW BIIAXKHOCTH BO3]yXa, €ro TEMIIepaTyphl,
CKOPOCTH LUPKYJSLMU U APYTruX NpUuUuH. Pa3nenuTenbHble COCTaBbl HAHOCAT Ha

IMOBCPXHOCTDb KUCTLIO, ITYJIbBEPU3ATOPOM HJIIM OKYHAHHCM.
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Pasznen 1V. PABPABOTKA UEPTEXEN

['padrueckas 9acTh BBHITTONHSIETCS Ha TMcTax ¢opmara Al U COOEPIKUT:
- 3JIEMEHTHI JUTeHHOU popmbl — 1 nHCT;
- MOJIEJIbHAsl OCHACTKA — 2 JINCTA;
- (dopma B cbope — 1 smcT;

- CTCPIKHCBAA OCHACTKaA — 1 aucr.

4.1. YepTexk 371eMEHTOB JIUTEHHOI (PopmMbI

Yeprex 3IEMEHTOB JUTEHHOW (OPMBI BBIMOIHIETCS HAa pabOYeM dYepTexe
neranu o 'OCTy 3.1125-88. Hag oCHOBHOM HAAMKMCHIO WM HAa CBOOOJHOM IIOJIE
yepTeka IOMENIaeTCsl JOMOJHUTENbHBIA INTaMI, B OJHOM U3 rpad KOTOPOro
MPUBOJANUTCS HAMMEHOBAHUE « DIEMEHTBI IUTEHHOU (POPMBD».

Ha ueptexxe 0003Ha4yaroTCs pa3beMbl POPMBI U MOJIENH, TIOJIOKEHUE OTIUBKU B
dhopme Tpu 3alIMBKE, MPUITYCKU HA MEXaHUUYECKYI0 00pabOTKY, CTEPKHHU, OThEMHBIE
YacTH MOJIEJNIU, JTUTHUKOBAs CUCTeMa, MPUObUIM, XOJOIWIbHUKHU, ycaJouHble pedpa,
CTSDKKH, TEXHOJOTMYECKHE TNPWIMBBL, JKepeOehkun u T.I. B TexHuuyeckux
TpeOOBaHUIX 3aIIMCHIBACTCS BETUUYMHA JIMTEHHON yCaIKH.

B ycioBHAX €IMHUYHOTO IPOU3BOJACTBA OTIMBOK AITOT YEPTEXK SIBISIETCS
€AMHCTBEHHBIM JIOKYMEHTOM JJii MW3TOTOBJICHUS OCHAacTKM W OTiIuBKU. [lpu
CepUHHOM M MacCOBOM IPOU3BOJCTBE IO JTOMY YEpPTEXKYy pa3pabaThIBalOTCs

YEPTESHKHU OTIMBKH, MOJEILHOTO KOMIUIEKTA U TUTEHHON (DOPMBEI.

4.2. YepTex OTIUBKHU

UepTexk OTIIMBKA C TEXHUYECKMMH TpeOOBaHUSAMH JIOJDKEH COJEpKaTh BCE
JTaHHBIC, HEOOXOIWMBIC IS HW3TOTOBJICHUS W TPHEMKH OTJIMBKH. BhIMOMHSETCS
4epTekK B COOTBETCTBUU C TpeboBaHusimMu ctangaptoB ECKJ[ u 'OCTa 3.1125-88.

B rpade 1 ocHOBHOI HaaMUCH YepTeka MOJ] HAUMEHOBAHHEM JCTAIA ITHUIITYT

«OTJIHUBKaA». HpI/I BbIYCPYHNBAHHUU OTJIMBKH YYUTBIBAIOT BCC IPUITYCKHN C YKA3aHUCM HUX
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BEJIMYMHBI. BHyTpeHHUN KOHTYp oOpabaThiBaeMbIX TOBEPXHOCTEH, a TakKxKe
OTBEPCTUH, BIAJMH M BBITOYEK, HE BBINOJHSIEMBIX B OTJIMBKE, BBIYEPUMBAIOT
CIJIOIITHOM TOHKOM JTUHUECH.
OTtnuBKa Ha yepTexe n300pakaeTcs TaKOW, KaKOW OHa BBIJIACTCS U3 JIUTEHHOTO IeXa.
[Ipu 5TOM OcTaTKu MHUTATENEH, BBIMOPOB, MPUOBLICH U T.II., €CIIM OHHU HE YAAJSIOTCA
MIOJTHOCTBIO B JIMTEHHOM II€X€, M300pakaloTCsl Ha YepTeke OTIMBKU. JIMHUSA OTpe3Ku
BBITIOJIHSICTCS CIUIOIIHOM TOHKOM JIMHUEM MJIM BOJIHMCTOM TOHKOM JIMHUEH B
3aBUCHUMOCTH OT CIIOC00a pe3KU WK JIOMKH.

Bce TexHOJMOrM4eckue »SIEMEHTHI, HE yAalsieMble B JIMTCHHOM II€Xe, Ha

YCPTCIKC OTIIMBKHA I/1306pa)KaI-OT IIOJTHOCTBIO CILJIOIITHOM OCHOBHOM JIMHUEH.

4.3. YepTex auteitHoi ¢popMbl

Jluteiinas ¢opma Ha UepTeke HU300pakaeTcsi B COCTOSIHUM TOTOBHOCTH K
3aJIUBKE (C YCTAHOBJIEHHBIMHU CTEP)KHSIMH, XOJOAWIBHUKaMHU U T.11.). I'paduueckoe
o0o3HaueHue aeMeHToB GopMebl BeimoaHseTcs mo ['OCTy 3.1125-88.

TpeboBanusa k 4deprexxy (opMmbl oOiiue st cOOpOYHBIX yepTexeid. Bum B
iaHe Ha coOpaHHyI0 (opMy BBITIOJNHIETCS TMPU YCJIOBHO CHSTOM BEpXHEM
nonydopme (OJHOCTHIO WM YaCTUYHO). [10 BBITOTHEHHOMY YEPTEXKY JOJIKHA OBITH
SCHA KOHCTPYKUHUS BCEl (POPMBI M OTIENBbHBIX €€ JIEMEHTOB.

Konctpykius 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. KOHCTpYKTUBHOE MCIIOJIHEHNE HEKOTOPBIX TUIIOB OIMOK JIaHO B paboTe

[8].

4.4. YepTexu MOIeJILHOT0 KOMILIEKTA

[Ipy BBIMONHEHWHM KYpPCOBOIO IMPOEKTa CTYAEHT 00s3aH pa3paboTath
KOHCTPYKLHUIO MOJIEIbHBIX TUIMT JJI U3TOTOBJICHUS BEPXHEH W HIDKHEH nonydopMm
wim Moxaenu (mpu pydyHo (GOPMOBKE) W OJHOTO CTEPKHEBOIo siuka (1o

COTJIACOBAHUIO C PYKOBOJIUTENIEM MPOEKTA).
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[IpoekTupyss MOJEIbHBIM KOMIUIEKT, HEO0OXOJAMMO YBSI3bIBaTh €ro C
TEXHOJIOTMYECKUM TPOLIECCOM H3TOTOBJICHUS (OPM M CTEpKHEW U KOHKPETHOU
(GbOopMOBOUHON WM CTEp>KHEBOM MammHOW. /[ HOPMOBOUHBIX WM CTEPHKHEBBIX
MalIuH HEOOXOMMO 3HATh: HAUOOJIBIIUN JAOMYCTUMBIN pa3Mep OMOKU B CBETY U IO
BBICOTE, PACIIOJIOKEHHUE TTOABEMHBIX MTU(TOB U pa3Mep MPOTHKHON paMKH, CIIOCO0
KPEIUICHUS MOJICJIbHBIX IUIMT WX CTEPKHEBBIX SIIIMKOB K CTOJIaM MallluH,
pPacIoJIOKEHUE M pa3Mepbl 3aXKUMOB, XOJ TMOJBEMHBIX IITUQPTOB, MPOTHKHOIO
MEXaHHU3Ma, IIPECCYIOLIET0 NOPIIHS U HEKOTOPBIE APYTHE TaHHBIC.

OcHOBOW 711 MPOEKTHUPOBAHUS MOJEIBHOIO KOMIUIEKTAa SBIISIETCS YEPTEXK

AJIEeMEHTOB JUTeHHON (¢opMbl. Bo Bcex pasmepax wmoxaened U SIIUKOB,
BBITIOJTHSIONINX OTJIUBKY, HEOOXOAUMO MPU 3TOM YUYECTh MPUITYCKHU HA YCAIKY.
[Ipu KOHCTpYUPOBAHUM MOJEIBLHOTO KOMIUIEKTAa HEOOXOJIUMO PYKOBOICTBOBATHCS
tpeboBanusiMu  AciictByromux ['OCTos. IlpenenbHble OTKIOHEHUS pa3MEpPOB
JNEPEBSHHBIX U METAJUIMYECKUX MOJICIIEN U CTEPKHEBBIX SIIUKOB PETJIAMEHTUPYIOTCSA
I'OCTamu 11963-66 u 11961-66. KoHcTpyKIIMu MOJIeNIel U CTEPKHEBBIX SIIUKOB U3
JiepeBa, MIacTMacC U METAJJIOB pa3paldaThIBAIOTCS B COOTBETCTBUU C TPEOOBAaHUSMU
I'OCToB 13138-67, 13354-67, 12355-74, 19505-74, 19367-74...19410-74 u np.
KoHCTpyKIMn MOJENbHBIX IUINT M KperieHue Mojaened Ha muurax — no ['OCTam
20084-74...20131-74, 20146-74...20175-74, 20340-74...20351-74. Hekortopsie
ceeacHus u3 ykazanHbiXx [[OCToB npuBeeHsl B padore [8].

UepTeku MOAETBHBIX IUTUT JJI U3TOTOBJICHHS BEPXHEU U HIDKHEH Toiryhopm
BBITIOJIHSIFOTCSL B COOTBETCTBUHM C TPEOOBAHMSIMU, MPEABIBISIEMBIMU K COOPOYHBIM
yeprexkaM. Bce OTHeNbHO pachoiOKEHHbIE Ha IUIMTE 3JIEMEHTHI JIOJKHBI OBITh
3a0a3UpOBaHbl OT OCEH TUIUTHI WJIM HEHTPHUPYIOUIETO TIPS (BTYJIKK). Pasmepsl Ha

MOJIEIBHBIX MUIUTAX JAIOTCS M0 HOPpMAJIBbHOMY (HE YCaT0YHOMY) METPY.
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