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1 OcHOBHbBIE MM0JI0KEHNSI 10 BHINMOJTHEHHI0 KYPCOBOI0 NMPOEKTA

1.1 esn, 3a1a41 KypCcOBOI0 NMPOEKTa

B npouecce u3ydeHuss NMPOU3BOACTBA CEIbCKOXO3SWCTBEHHBIX MAIlMH U
00OpyZOBaHUS  CTYJIEHT BBINOJHAET KYpPCOBOM MPOEKT MO TEXHOJIOTHH
cenbckoxo3aiicTBeHHOro MamuHocTpoeHus: (TCXM) U TeXHOJOTUYECKYI0 YacTh
JUILIOMHOTO ITPOEKTA.

I{esbr0 KypCOBOTO MPOEKTA SIBIISECTCS:

- pa3BUTUE HABBIKOB CaMOCTOATEIBHOM paboOThl TpPH NPOESKTUPOBAHUU
pPalMOHAJIBHBIX TEXHOJIOTMYECKUX MPOIECCOB M3TOTOBJICHHUS JieTajeil u cOopke
coopounsix eaunuil (CE);

- 3aKpEIUICHUE 3HAHUM, ITOJYYEHHBIX BO BPEMS TEXHOJOIMYECKON IPAKTUKU
u 1ipu u3yuyennu kypca TCXM;

- pa3BUTHE CIIOCOOHOCTEH OIleHUBaTh KOHCTpYKIMK aetaneit u CE ¢ no3unuii
TEXHOJIOTUYHOCTH M HOPM TOYHOCTH B COOTBETCTBUM C HUX CIIY)KEOHBIM
Ha3HAuYCHUEM,;

- IOATOTOBKA K BBIIIOJIHEHUIO JUIIJIOMHOI'O IIPOEKTA.

1.2 TemaTnka KypcoBOro npoeKra

TeMmbl KypCOBBIX NPOEKTOB JOJDKHBI OINUPATHCS HA KOHKPETHBIC 3aJayu,
peraeMple  MHXEHEPOM-TEXHOJIOTOM B COOPOYHOM M MEXaHHMYECKOM Iiexax. B
KayeCcTBE MpUMeEpPa MOKHO PEKOMEH0BATh CIEAYIOIINE TEMBI:

- «Pa3paboTaTh TEXHOJOTMYECKYIO CXeMy COOpPKM AaKTHBHOIO IIIKHBA
BapuaTtopa MpHUBOJA MOTOBUJIA JKaTKM 3€pPHOYOOpOYHOTO KOoMOaiiHa U
MEXaHUYECKON 00pabOTKHU JeTaau — JUCKY.

- «Pa3paboTath TEXHOJOTMUYECKYI0 cXeMy COOpPKH OIOpHOro KoJjieca
KyJbTUBATOpPa U MEXaHMYECKON 00paOOTKH JETaIM - CTYIIHIIA KOJIECay.

[Ipennourenne otgaercs TeMaM, KOTOPBIE MOYKHO HCIOJIb30BATh IS
BHEJIPEHUsI B TPOU3BOJICTBO WU YYEOHBIH MPOIECC, WJIM HUMEIONIUM Hay4YHO-
HCCIIEI0BATEIIbCKAN XapaKTep.

Yarie Bcero KypcoBoi MPOEKT SIBJISCTCS MIPOJIOIKEHUEM U Pa3BUTHEM PadoT,
HauyaThIX CTYAEHTOM B XOJ€ TE€XHOJOTHMYECKOW MPAKTUKU. 3aJaHUE HA KYpPCOBOMU
poekT yTBepkaaetcs 3apeayomum kadeapo «I[ITuTCTTCy. Tlepeuens nCXOTHBIX
JAHHBIX JJISI BBIMOJIHEHUS KYPCOBBIX IMPOEKTOB MO BapUaHTaM MPEACTABICHBI B
tabmure 1.1.



Ta6J11/1ua 1.1 - I/ICXOIIHBIC HAaHHBIC JIJI1 BBIIIOJIHCHUA KYPCOBOTO IIPOCKTA I10
BapuaHTaM

CcrhUiKka Ha CcrhUiKa Ha
Ne Ne
CKAYUBAHUE CKAYUBAaHUE
BapuaHTa BapuaHTa
yepTeka 3aJaHusl yepTeka 3aJaHusl




TexHomornveckass 4acTh JUINIOMHOTO MPOEKTa OCHOBBIBACTCS Ha y4uyeOHOM
NUCIUATUINHE «TexHonoruu MPOU3BOJCTBA Ha3eMHBIX TPaHCIIOPTHO-
TEXHOJIOTHYECKUX CHUCTEM», KYPCOBOM IIPOEKTE II0 JAHHOW JUCLUIUIMHE U
NPENAUTUIOMHOM MPAKTUKE. B 3TOM 4acTU CTYAEHT HOJKEH MOATBEPAUTH YMEHHUE
MPUMEHSATH MOJIyYEHHBIC 3HAHUS MPU PELICHUM 3a]1a4, CBA3aHHBIX C MOATOTOBKOM,
OpraHu3alMel W  peanu3alMerd  mpouecca  NPOU3BOACTBA  OJHOM W3
CENIbCKOXO03AMCTBEHHBIX MAaIlIMH WKW MojepHusnpoBaHHod CE »Toil mammuubel. B
BBITIOJTHEHHON pPaboTe MOJDKHBI HAWTH OTPaKEHUE BOIMPOCHI IO 00ECTICYCHUIO
TOYHOCTH COOpPKHM, KOMIUIEKCHOM MeXaHW3allui WU aBTOMAaTH3allMU 3aBOJICKOTO
MPOU3BOJICTBA, MCIOJb30BAHUE COBPEMEHHBIX MaTepuagoB, 0OOPYyIOBaHUS,
OCHACTKH U UHCTPYMEHTA.

1.3 OpueHTHPOBOYHOE COAePKAHUE KYPCOBOIO NMPOEKTA

KypcoBoii nipoekT no «TexHosoruu npon3BoACTBa HA3EMHBIX TPAHCIIOPTHO-
TEXHOJIOTHYSCKUX CHCTEM) SABJISICTCS TEXHOJOTMYECKOM YacTh JHUIIOMHOI'O
npoekta. [[aHHBII KypCOBOM MPOEKT BKJIIOYACT TMOSICHUTEIBHYIO 3allUCKy H
rpaduyeckyr0 4acTh. llosicHUTeNbHAsl 3amucKa COCTaBISETCS B ClEayIOLIeH
MOCJIEJOBATCIHLHOCTH

— CnyxeOHoe Ha3HauCHHEC u KOHCTPYKTHUBHO-TEXHOJOTHYECKHUE
ocob0enHoctH 3aganHor CE u ee OCHOBHBIX JeTaleH;

— Texnuueckue TpeOOBaHUS U HOPMBI TOYHOCTH, MIPEABSABIIEMBIE K 00BEKTY
pa3paboTKH;

— Br100p BapuaHTa MoJydeHuUs: 3aTOTOBKY IS 3aJIaHHOM JIeTallu;

— @OOopMHUPOBAHUE ONEpPALMd MEXAHUYECKOM U XUMHUKO-TEPMHUYECKOHU
00paboTOK 3a/IaHHOM JIeTaJIH;

— PacdeTr pa3mepoB 3aroTOBKH C YY€TOM IIPUIIYCKOB Ha MEXAHMYECKYIO
00paboTKy U (hOPMOUZMEHSIOIINX ONEpaInii;

— KauecTBeHHBIM aHalIM3 M KOJWYECTBECHHAs OIICHKA TEXHOJOTMYHOCTH
3aJaHHOM JIeTalu;

— Cocrapienue BapuaHToB cxeM cOopku CE. AHanu3 KOHKYpUPYIOIIUX
BApUAHTOB;

— IlpoekTupoBanue  CcOOpPOUYHBIX  ONEpalUii ¢  OpHEHTaluend  Ha
KPYIMHOCEPUHHOE MPOU3BOJICTBO;

— Mertobl U cpeicTBa KOHTPOJIA U3TOTOBICHUS JIETANICH;

— IlpennoxxeHus: 0 MOBBIIICHHU TEXHOJOTMYHOCTH 33JJaHHBIX B IPOEKTE
netanu u CE;

— Ilepedenn UCTIOTB30BAaHHBIX HHPOPMAITUOHHBIX PECYPCOB;

— Ilpunoxxenus (B ToM uuciie crieuudukanun);

[TosicHuTenpHast 3amucka JOJDKHA OBITh KpaTKOM, HO TMOCJEA0BaTEIbHO
OTpaXkaThb BCE pas/eibl, EPEUUCICHHbIE paHee. [ WLIIoCTpaly U3J1araeMoro
Marepualia Hy>KHO MPUBOJIUTH T'PapUKH, CXEMBbI, 3CKU3bI, Ta0IUIbl U PoTorpaduu.



Pacuerbl NOMKHBI COMPOBOXKAATHCSA CCHUIKAMH Ha HWCTOYHUKH, B TOM YHCIIE
JUTEPaTypy, U3 KOTOPBIX 3aMMCTBOBaHbI (OpMyIbl, KOIPPULIUEHTHI, (PUIUKO-
MEXaHNYECKUE CBOMCTBA MAaTEPUAJIOB U APYTU€E JaHHBIE.

[losicHuTeNnbHAS 3amUCKa [OJDKHA JAOMOJHATH TO, YTO NPEACTABICHO Ha
ACKM3aX M 4YepTexkax, a HE NEPECKa3blBaTh 3TOT Marepual. Hampumep, moscHss
oIepalrio MEXaHU4eckoi oO0pabOTKH, Majo CKa3aTh, YTO OHA BBHIMOJHAETCS Ha
KaKOM-TO CTaHKE M B KauyeCTBE YCTAaHOBOUHOM 0a3bl HCIOJNB3YeTCA KaKas-TO
MOBEPXHOCTh. Bce 310 BUAHO U3 3cku3a. BaxkHO 00BACHUTH, TOYEMY BHIOPAHBI 3TOT
CTaHOK MJIM 0a30Basi HOBEPXHOCTh. DTOT MPUHIUI TOJKEH ObITh BBIAEPKaH 10 BCE
3aIUCKe.

[lepedyeHb HKCMONB30BAHHBIX HWH(GOPMAIIMOHHBIX HCTOYHUKOB JIOJDKEH
BKJIIOYATh TOJIBKO T€ HCTOYHUKH, KOTOpBIE HCIIOJIb30BaHbl MpH paboTe Haj
IIPOEKTOM.

1.4 Yka3aHusl 10 BBINOJIHEHUIO rpaduuecKoil 4acTH KypCcoOBOro NpoeKTa

['padmyeckas 4acTh KypCOBOTO TIPOSKTa BBITIOJMHSICTCS HA YETBIPEX
PEeIMETHBIX JTUCTAX:

— COopouHBIii YepTEK paccMaTpUBAEMOl COOPOYHON €TMHULIBI;

— Texnonmormyeckass cxema CcOOpKM paccMaTpuBaeMoil  CcOOpPOUYHOM
€ IMHUIIBL;

—  DOcku3bl COOPOYHBIX OTMEPANUN pPacCMaTPUBAEMON COOPOYHOE STUHUIIBI;

— TexHonormveckas cxema MEXaHHYECKOH 00paOOTKH JeTallv, BXOASIICH B
COCTaB paccMaTpUBAEMON COOPOUHON EMHUIIBI.

['padmyeckass 4acTh KypCOBOTO IPOEKTA BBHITIOIHICTCS B COOTBETCTBHH C
ECKJI na nucrax ¢opmara Al (841x597). basupyromue MNOBEPXHOCTH U
MPUCTIOCOOJICHUSI B KKJIOM YCTaHOBKE MOKA3bIBAIOT YCIOBHBIMH 00O03HAUCHUSMHU
('OCT 3.1107-81), a oOpaGoTraHHble Ha JOaHHOW omepanuu (Tepexoie)
MOBEPXHOCTH CJIEAYeT BBIICTATh LBETOM WM TONIIMHON nuHHH. Ha sckm3ax
00513aTeIbHO YKA3bIBAIOTCS: HHCTPYMEHT B KOHIIE CBOETO pab0UYero X0/1a; Xapakrep
Y HaIlpaBJICHUE JIBWKCHHSI MHCTPYMEHTA M 3arOTOBKH; pa3Mephbl U MIEPOXOBATOCTh
noclie Kaxaou u3z oopadborok. Hexkoropsle mogpoOHOCTH KOHCTPYKIMU JIeTaau (He
CBsI3aHHbIE ¢ 00pabOTKOM, 0a3MpOBaHUEM, 3aKPEIJIEHUEM) MOXHO OMycTUTh. [1o
KKIOMY TEXHOJIOTHYECKOMY TMEPEeXO/ly YKa3bIBalOT PEKUMBI pe3aHus (TiyOuHa,
CKOPOCTb pe3aHus, Mojayda), OpUEHTUPYACh Ha CIIPaBOYHbIE JaHHBIE [1].

B wMarepmanmax, OTpaKalOIIMX TEXHOJOTHYECKHE TPOIECCH  COOPKH,
HEOOXOAMMO y4ecTh Bce Omnepalud COOPKM W KOHTPOJS,  BKIIOYas
TPaHCIIOPTUPOBAHKE, MONKY, OaTaHCUPOBKY, KOHCEPBAIIHIO U T.7l. B KOMMeHTapusx
K BapuaHTaM cXeM COOpKH HEOOXOJMMO YKa3bIBaTh OCOOCHHOCTH COCIWHEHUS
neraneii, oO0OpyJoBaHHE M PEXHM CBapKd, CIOCOOBI LEHTPUPOBAHMS, YCHIIUE
3aTSHKKA PEe3bOOBOTO COSAMHEHHS, XapaKTep MOCAAKH MOAIMIUMHUKOB U T.A. s
HATJISITHOCTH  JIOMYCKAeTCsl OTOOpakaTh IIBETHBIM KapaHAAIIOM DIJIEMEHTHI,
PHUCOCINHSIEMBIE B KQXKI0HM ONepaluu.



Ocku3bl HaIaJOK U COOPOYHBIX OINepanuil JOJKHBI COMPOBOXKAATHCS
ONMCAaHUEM, B KOTOPOM COAEPKHUTCS HA3BAaHHUE OINEpalrid U TEXHOJIOTHYECKOTO
IIEPEX0/A, JAHHBIE O CPEICTBAX TEXHOJIOTMYECKOIO OCHAIICHUS, ONEPaTUBHOE
BpeMs.

1.5 IIpumep BHINOJTHEHHUSI KYPCOBOI0 NMPOEKTA

[Ipumep BBINIOJIHEHHMSI KYpCOBOTO MpoekTra Mo Temaruke «Pa3paboTka
TEXHOJIOTUYECKOr0 Tpoliecca cOOpkH JHUIIE OyHKepa B cOOpe 3epHOTYKOBOMU
CeSJIKW M MEXaHMYeCKol oO0pabOTKH AeTald — MOJUIMIHUK» MpeACTaBieH IO
ccouike (pucyHok 1.1). IlpencraBineHHbIe MO CCHUIKE MaTepUaibl CIy)XaT B POJIH
O3HAKOMJIEHUSI CO CTPYKTYPOM, COIepKaHUEM U MpaBuiiaM oQopMiIeHHUs OTYéTa U
rpaduueckoro Marepuana corjacHo TpeboBanusm ECKJ]I. Takxke B o06pasue
MPEICTaBIICHbI TUTYJIbHBIE JIUCTHI U MPUMEP UX 3alOTHEHUS.

Pucynok 1.1 — Ccbuika Ha MaTepualibl 00pasiia KypcoBOTO MTPOCKTa

2 Cnyxe0HOe Ha3HAYECHUE M KOHCTPYKTHBHO-TEXHUYECKUE 0COOCHHOCTH
u3eaus (CE u ee 0OCHOBHBIX JIeTaJieil)

[TosicHuTeNnbHAS 3amMCKa HAYMHAETCS BBEJACHHUEM, OCHOBHOE COJIEpXKaHUE
kotoporo pernamertupyercs [OCT 2.106-2019. Bpenenue 00513aTeIbHO TOKHO
OBITh JIOTUYECKH CBS3aHO C TEMOM TMpPOEeKTa, OOOCHOBAaHHEM €€ BaXHOCTH U
aKTyaJbHOCTH.

B BBenmeHnn HEOOXOAMMO OTMETHUTH OCOOCHHOCTH CEIhCKOXO3SMCTBEHHBIX
MaIlliH, OKAa3bIBAIOIIMX BJIMSHUE HA XapaKTep UX H3TOTOBJIEHUS, TPEOOBaHUS K
HaJIe)KHOCTH, B3aUMO3aMEHSIEMOCTH, YHU(PUKAIIUH, 3aIUTE MTOBEPXHOCTHOT'O CJIOS
neraner. CremyeT mokaszaTh, 3a CUET KAaKUX MEPONPHUITHNH MOXKHO TOBBICUTH
Ka4eCTBO U TOYHOCTb U3TOTOBJICHUS MPOIYKIIMH 0€3 3HAUUTEIIHLHOTO IMOBBIIIIEHUS €€
ce0eCTOMMOCTH.

[Tox cnyxeOHBIM Ha3HAUYCHHEM TOHUMAIOT IEJIb, JJIsl JOCTHXKECHHS KOTOPOU
UCIIOb3YyeTCsl u3fAenue. 37eCh K€ HEeOOXOIUMO YKa3aTh BCE JOTOJHUTEIIbHBIC
yCIIOBUSL W TpeOOBaHUSA, KOTOPhIE KOHKPETH3UPYIOT CIyXKeOHOE€ Ha3HAYCHHE:



nepejaBaeMasi dHEpPrus;, HaJEKHOCTh; IOJBEPKEHHOCTh aOpa3WBHOMY H3HOCY;
TpeOOBaHUS K BHEIITHEMY BHU]Y; O€30MMaCHOCTH pabOThI; YI0OCTBY OOCTYKHUBAHUS U
peMoHTa; KO3 PUIIUEHTY MOJIE3HOTO ICHCTBUS; HEOOXOIUMOCTH cMa3ku. [Ipu aTom
HEO0OXOJUMO CTPEMHTHCS K KOJUYECTBEHHOMY BBIPOKCHHUIO ITUX XapaKTEPUCTHUK C
y4eTOM JIOMYCKOB Ha HUX. MOTyT MPUBOJAUTHLCS U KAUECTBEHHBIC MTOKA3aTEIIH.

[Ipu onucaHuu KOHCTPYKIIUU MPOEKTHUPYEMOT0 OOBEKTa UCIOJIB3YIOTCS €ro
yepTexk U crnenudukanug. YKasplBaeTCs COCTaB, B3auMHas (QUKcaus W
pacrionokenure 4acted m3genus. HeoOxoaumo mokaszaTh, Kak B3aMMOJICHCTBYIOT
OTU YacTH MPHU BHITIOJIHEHUU CBOEr0 CIY)KEOHOTr0 Ha3HAYCHHMs, KaKuM 00pa3oMm
BBITIOJTHSIOTCS. BO3MOXKHBIE PETyJIHpOBKU. OTHOBPEMEHHO CJEAYeT YKa3bIBaTh
(YyHKIIMOHAILHOE Ha3HAUCHME JeTalled W3ACNHs, YTO B JAJIbHEHIIEM MO3BOJIUT
OIICHUTH X TEXHOJOTUYHOCTB. JIJIs1 3TOTO MpeaABapUTEIHLHO MTOBEPXHOCTH 3aJaHHON
JeTaTl HYMEPYIOTCS M BBIJICIAIOTCS T€ M3 HUX, KOTOPhIE HMMEIOT peIIaroiee
3HA4YCHHE JIJIs1 BHITIOJIHEHUSI CBOETO CIy>keOHOro HazHaueHus. [locie storo gaercs
KpaTKoe OIKMCaHUuEe YCJIOBUH pPaOOTHl ACTaIM M 3aKJIIYEHUE O TMPABUILHOCTU
BbIOOpa KOHCTPYKTOPOM MaTepHalia U BO3MOXKHOCTH ero 3ameHbl [9]. Kpome atoro
MPOCKTAHT MOXKET TNPEMJIOKUTh TEXHHUYECKOE pEHIeHHE 10 CHIKCHUIO
MaTepUalOEMKOCTH JIeTalld, HalmpuMep, 3a CYET MPUMEHEHHUS KaJIuOpOBAHHOIO
MpoKaTa BMECTO TOpPSYECKATAHOTO, WCIIOJb30BaHUS HAIUIABKU Ha OTACJIBHBIX
MMOBEPXHOCTSX JCTAIH U T.]I.

Jlanee crenyeT NpoaHANIM3UPOBATh TEXHUYECKHE TPEOOBAHUS W HOPMBI
TOYHOCTH, TPEIBbABISIEMbIE K OOBEKTYy pa3paboTku. OOBIYHO TEXHUUYECKHUE
TpeOOBaHUS UMEIOT ONUCATENIBLHBIN XapakTep. Hanpumep:

- 3Be3104Ka JOJKHA CBOOOIHO U TJIABHO BPaIllaThCsl OT PYKHU.

- Jlomacty BEHTUJISITOPA HE JOJIKHBI 33]IeBaTh €TI0 KOXKYX.

Hopwmbl TOuHOCTH BBIpaxaroTcsi KOJU4ecTBeHHO. Hanpumep:

- MomenT 3atsikku raiiku M 14 B ipenenax 80-90 Hwm.

- PagnanbHoe Ouenne 3y0beB 3BE3/10YKHM HE JOJDKHO mpeBbimath 0,5 MM u
T.1.

CBs13b TEXHUYECKUX YCJIOBUH U CIY>KEOHOT0 Ha3HAYCHHUSI OCHOBBIBACTCS Ha!

- CYIIECTBOBAHUHY aHAIUTUUYECKUX 3aBUCUMOCTEH;

- DKCIIEPUMEHTAIILHBIX UCCIICIOBAHUSIX;

- CYXIEHHUAX JIOTUUYECKOTO XapakTepa, BBITEKAIONIUX M3  OIbITa
KOHCTPYHUPOBAHUS M DKCITyaTaIllMd aHAJIOTUYHBIX W31,

- OOIICPUHSATHIX, TPATUIIMOHHBIX PEIICHUSX, BEITEKAIONIUX U3 TpeOOBaHUI
TEXHUYECKOUN ICTETUKU, KOHKYPEHTHOMN CITIOCOOHOCTH M3EUH U T.II.

[Ipu omucaHuu BBINICYKa3aHHBIX CBS3EH MPOEKTAHT JOJDKEH MOAPOOHO
YKa3bIBaTh MOCIIEICTBUS, K KOTOPBIM MOKET IPUBECTU HEBHITIOTHEHUE KaKOT0-JIH00
TEXHUYECKOTO ycJIoBUs. Hanpumep, OTCyTCTBUE CBOOOIHOTO BpaIeHUS 3BE3J0UKU
MOXET MPUBECTU K TIEPETPEBY U MOBBIINIEHHOMY U3HOCY MOAIIUITHUKA, T.€. CHU3UTD
pecypc U paboTOCIIOCOOHOCTh nepenaud. MoMeHT 3aTsKku railku M 14 He MOXeT
ObITh MeHbIIe 80 HM, Tak Kak 3TO MPUBENET K €€ OTBUHYMBAHUIO NIPU BUOpAIINH, a
oosbiie 90 Hvm — BeI3BaTh CMSITHE PE3HOBI MPU 3aTIKKE.

PanuanbHoe OueHHEe, OCEBOE CMEIICHHE M TEPEeKOC 3BE3/I0YEK ICMHOMN
nepenaun onpenenatorcss no ['OCT 591-69 u 3aBuUCAT OT MX TE€OMETPUHM U



KHMHCMATHUKU IICpCaaYIN. IIoBbIIICHHBIC 3HAYCHUS ATUX HOPM TOYHOCTH IIPUBOIAT K
AOIIOJJHUTCIIBHBIM HAarpy3kaM Ha 3}76]'35[, MOBBINICHHOMY H3HOCY MW OAXKC
COCKAaKHMBAaHUIO IICIIN.

B KOHIIC 3TOI'0 pa3aciia HCO6XOI[I/IMO OLCHUTHL JOCTATOYHOCTDh TCXHHUUYCCKUX
Tpe6OBaHI/Iﬁ 1 HOpPM TOYHOCTH, C(I)OpMy.III/IpOBaHHBIX B 3dBOACKUX JOKYMCHTAaX.

3 TexHOJOrH4eCKMd MpoOUecC H3rOTOBJEHHUSI €TAJW, 3aJaHHOH B
NMpoeKTe

3.1 Bb10op BapuaHTAa MOJy4YeHHUsI 3aTOTOBKH JJIS1 AeTAIH

3aroroBka sBsieTCS MoNdyhaOpuUKaTOM, KOTOPBIA HCIOJB3YeTCs IS
W3TOTOBJICHUS JIeTalld TIyTEM MEXaHUYEeCKOM H TEepMHYECKOH 00paboToK,
HAHECEHUS 3alllUTHO-JICKOPATUBHOIO TMOKPBITUS WM JIpyrum crocodoom [7, 10].
Bp160p 3aroToBKHM — TBOPYECKUM MPOIIECC, OCHOBAHHBIM HAa 3HAHUSAX M KPyrozope
WH)XEHEPaA U BO3MOKHOCTSIX TPOU3BOCTBA.

B pasnene HeoOXoauMo ykaszaTh HE MEHEE TpeX BapHaHTOB 3aroTOBOK C
y4eTOM Croco0a WX HM3rOTOBJICHUS U HCHOJb3yeMoro marepuana. Hanpumep,
BO3MOXHbI HE MEHEE JEBSATH BAPUAHTOB W3TOTOBJICHUS IIKMBA KIMHOPEMEHHOU
nepeayu, MPUKUM PEKYIIEro anmapaTa MOXKeT ObITh IoTyueH oTiauBKoi u3 CY 15,
TaMIOBKON M3 jucToBOro marepuasna Cr.3 WM IITaMIIOCBapKOW; 3BE3/10YKA
LETTHOU TIepeay MOXKET OBITh MOJTyUeHA JTUThEM U3 MOJIU(PUIIUPOBAHHOTO YYT'YHA,
mramMnoBkoit u3 mcta Ct.651", mokoBkoit u3 Ct1.45 u naxke U3 METaNIOKEPAMUKH.

3aroToBKOM CTYIEHUYATOIr0 Bajia MOXKET OBITh KPYTJIbIi COPTOBOM MpOKAT U3
KauecTBEHHOM cTanu, nokoBka u3 Cr. 20 wim Ct. 45 ¢ nociaeayromein XUMMHUKO-
TepMuueckoit oopaboTkoi. [Ipu aHanu3e 3TUX BApUAHTOB HEOOXOIUMO YUUTHIBATH
OTpaHUYEHUS, CBSI3aHHBIC C XapaKTePOM MPOU3BOJICTBA, COOTBETCTBUS BEIOPAHHOTO
Marepuala croco0y MOJy4eHHUs 3arOTOBKH, a TaKXKe CIIY)KEOHOMY Ha3HAYCHHIO U
koHpurypauuu naeranu [7]. CroeayeT Takke ONPENETUTh OCHOBHBIE TEXHUKO-
PKOHOMUYECKHE TIOKa3aTeiau (Tpydo3aTpaThl M MaTepUATIOEMKOCTh) IO
BbIIIICYKA3aHHBIM BapHUaHTaM.

Bennuuny Tpyao3aTrpat MOKHO OLIEHUTh AMIIUPUUECKON 3aBUCUMOCTHIO [22 ]

ty=k -a-m!,
rIe ¢, - OXKHUIaeMas TPyA0EMKOCTb U3TOTOBICHHS JETaIN B HOPMO-4acax;
k, - k03()HUIHEHT, yUUTHIBAIOLINH MacIITad POU3BOJICTBA;
m, - Macca JIeTajH, Kr;
a,q - XO0dPOUIMECHTHI, YUYUTHIBAIOIINE BIHMSHHE MaTepuana, crocoba
M3TOTOBJICHUS U IPYTUe XapaKTepUuCTUKH (Tabnuia 3.2).



Tabmuma 3.1 - PekomeHayemble MapKu MaTepUaiioB JyIsl AeTajeil TUIa ITKUBOB

OcHoBHBIE (DaKTOPBI, OMPEICIISIOINE

HaunmenoBauue u

BBIOOp MaTepuaa MapKa Marepuaia Tpumeyanne
MaKCHMAaJIbHO MaKCHMAaJIbHO
JOITYCTHMAS JOITYCTHMBIN
OKpYy>KHas HapyKHbIN
CKOPOCTbh, M/C JUaMeTp, MM
1 2 3 4
Tonmuua crenkun 8-15
N MM. Hesbicokue
TTo 30 Jo 350 Cepsiit uyryn CY 15 TpeGoBars N
W3HOCOCTOMKOCTH
Jlo 500 Cepprit uyryn CH 18 | Tommmna cTeHkn 8-25 MM
Mo nudunrpoBaHHbIe
YT yYHBI
Cebrue 30 Tlo 500 ( 5:=300-400 MITa), |-
1o 45
CTaJIbHBIE
oTiuBKM U3 15 JI
Ct3 O060b1, TUCKH, CITUITHI
Mo 60 Casrmre 500 Cpenneyrnepoauctsie | CTYmHIBI, CBapHblE |
CTaJIN cOOPOYHBIE NIKUBbI
Chbie 60 Hemerannuueckue
Jo 350 MaTepUabl: -
1o 80
TECKTOJIUT, BOJIOKHUT
JTo 500 AJIIOMUHUEBBIC
Cspime 80 craBel: AJI 9 OTIVMBKHM WM 3arOTOBKH,
no 100 CB.500 ANOMUHHUEBBIE oOpaboTaHHbIE PE3aHUEM
crutaBel: AJl 4

Tabnuua 3.2 - 3HaueHue NOCTOSHHBIX @ U ¢ JUIsl IeTajel pa3iuuHbIX BUJIOB

Bun obpa- Meton Marepuan u | Xapakrepuct| Koadduunents
00TKH M3TOTOBIICHUS BUJ uKa a q
3arOTOBKM |KOHCTPYKIIUU
1 2 3 4 5 6
Jlutsie MaiunnHas Cepsiit uyryH |[IpocTbie 0,029 0,65
¢dbopMoOBKa 110 CrnoxHble 0,045 0,58
MCTAJITNICCKAM Koskuii  |[IpocThie 0,047 0,72
MOJCTAM ayryd  |ClIOKHBIC 0,058 0,66
Cransnoe |[IpocTsie 0,031 0,70
JINTHE CnoxxHble 0,050 0,65
[rammno- |I'opsiuas oovemuas | ['opsuekatan ([Ipocteie 0,029 0,60
BaHHbBIE [ITAMIIOBKA ag cranb  |CII0XKHBIE 0,058 0,44
I'opsiuast rudka [Ipocteie 0,012 0,30
CnoxxHble 0,024 0,43
XomoaHas Toukuit nucr, Ilimockue, 0,005 0,03
ITaMITIOBKa s<4 MM  |HOJTy4aemble
ToncTelii  [BEIPYOKOM 0,026 0,33
JICT,
s >4 MM




Bun obpa- Merton Marepuan u | Xapakrepuct| Koadduunents
00TKH M3TOTOBJICHUS BH/T HKa a q
3arOTOBKH |KOHCTPYKIIUU
1 2 3 4 5 6
JIncroon |Iloimie, 0,021 0,51
MpoKaT  |[MOJy4yaeMbIe
BBITSDKKOM
Tsanyreie |[lomywsaemsie | 0,014 0,47
BBEICAKOM
[Tonsep- OO6paboTka Ha JIuteie Brynku, 0,044 0,53
TaloIU-eCsl | METAJUIOPEXKYIIUX | 3arOTOBKH  |IMCKHU
MEXaHUYECK( CTaHKax (mammHHas |KoprycHbie 0,082 0,74
i 00paboTke (hopMOBKa I10 |CII0KHBIE
MeTajun4eck [KopnycHsle 0,055 0,34
UM MIPOCTHIE
mozensam) (Illecrepuun u| 0,077 0,68
3BE3J0YKH
Preraarn n 0,025 0,20
BUJIKH
3aroToBku, |Banbl 0,276 0,70
MOJTy4aeMbI€ (CTYIEHYATHIE
00beMHON |Basbl 0,139 0,59
IITaMIIOBKOM [[IIJTUIIEBBIE U
BaJIbI
IECTEPHU
Brynku u 0,130 0,37
JIUCKHU
[ecrepan u| 0,178 0,38
3BE30YKH
Matynsr  u| 0,244 0,74
KPECTOBUHBI
Prruaru 0,119 0,53
[Nopsiuekaran [Basbt 0,070 0,40
BII IPOKAT |CTyIEHYaThle
MIPOCTHIC
Bansr 0,100 0,40
CTyIEHYAThIE
CJI0>KHBIC
XomoaHoTsH [Babl 0,045 0,58
yTBIC
3arOTOBKH

Koaddumment ucnonb3zoBaHusi maTepuana MOXKHO OIEHUTh C MOMOUIBIO
tabmuua 3.3. B oOuielt cTouMOCTH MPOIYKLIUHA MAaUITMHOCTPOCHUS YIEIbHBIA BEC
3aTtpat Ha matepuan cocrasiseT 50-80%. IloaToMy B cepuitHOM NPOU3BOACTBE IS
CHI)KCHHSI MaTepUaJOeMKOCTH M yMEHbIIEHUs o0beMa Je3BUMHONW 00paboTKH
K03 (PUIIMEHT UCTIONB30BaHUS MaTepuaia JoJkeH npesbimath 70-75%.



Tabmuma 3.3 - Cpegnuit kKo3()PUIMEHT HCMOAB30BAaHUSA MaTepualia IMpu
W3TOTOBJICHUH JIETAICH CETbCKOXO03HCTBEHHBIX MAIITMH

Meton nosyyeHus Mexannyeckasi 00paboTka
Ilokazarenu .
JeTanei OTCYTCTBYET | YacTUYHAs \ ITOJIHAs
Maiuunsast popmMoBKa
JIutele geranu 10 METAJNIMYECKUM 0,50-0,70 0,37-0,53
MOJIETISIM
Jeramu, HOJ‘Iy‘lEleMBIe OObBeMHas ITaMIIOBKA 0.77-0.83 0.50-0.67 0,40-
00BEeMHOM Ha MOJIOTax 0,52
IMTaMIIOBKOM [Nopsiuas rubka 0,90-0,95 0,87-0,90 -
IIITammioBKa u3
JleTany, WTaMIyeMble | 0 ororo mmcra, 0,80-0,87 | 0,77-0,83 ;
W3 JIUCTa
s >4 MM
(ManooTxoHas U
6e30TXO0THAS IIITammioBKka 13
TOHKOI'O JIUCTA, 0,83-0,90 - -
[ITAMITOBKA)
s <4 MM
TopsuekaTaHble 0,87-0,95 0,77-0.87 | 9%
JleTanu u3 mpokata P ’ ’ ’ ’ 0,68
XO0JIOTHOTSHYTHIE 0,95-0,97 0,90-0,945 -

[Tocne BBIOOpa 3aroTOBKM JIOJDKHA OBITH TIOJMHAs OMPENEICHHOCTh B
Ha3HAYCHWH MaTepuaia, Ccrnocoda TOJIY4YeHHs] 3aroTOBKH, HEOOXOIMMOCTH
TEpMOOOPAOOTKH, BETMINHE JIMTCHHBIX WIIH IITAMIIOBOYHBIX YKIIOHOB U PaJIHyCOB,
CTEIEHHU €€ MOJrOTOBKU K MEXaHUYECKO 00paboTKe MiIu K cOOpKe.

3.2 ®opmupoBaHue oNepauvii MEXaHUYECKOH M XHUMHUKO-TEPMHUYECKOil
o0pabdoTok

Onepayus — 3TO 3aKOHYEHHAsI YaCTh TEXHOJIOTHYECKOTO MpOoIEcca, KOTopas
BBITIOJIHSIETCS HA OJJHOM paboueM mecte. [loaToMy npu dhopmupoBaHuu onepanuu
OJIHOBPEMEHHO YCTAHABIMBAETCS BHUJA OOOPYIOBaHUS, KOTOPBIM ompenenseT
Ha3BaHUE olepanuu: «ndoBaabHasy, «ppesepHas», «cTporajabHas U T.1I.

Texnonoeuueckuii nepexo0 — 3TO 3aKOHYEHHAs 4YacTh OIEpaldu, KOTOpas
XapaKTEePU3yeTCsl MOCTOSHCTBOM IPUMEHSIEMBIX WHCTPYMEHTOB M MOBEPXHOCTEH,
o0pa3oBaHHBIX TP MeXx00paboTke WM cOopke. TEXHOTOTMUECKUN TEPeXo
bopmynupyeTcsi B MOBETUTEILHOM HAKJIIOHEHUH, HAIIPUMED:

- «ITepeBepHyTh 3aroToBKy Ha 180° ¥ yCTaHOBHUTH B 3-KyJIauKOBBII MATPOH;

- «Touute moBepxHOCTh «3» g0 32 MM Ha mmuHe 100 MM mpu

IepOX0BaTOCTU  Ra25 »;

- «3aKkpenuTh KpbIKy Tpems 6ontamu M8x20 ¢ maitbamu 8HO65T ».

Kaxnoit onepamuun mnpucBaumBaercs Homep: 005, 010, 017, 120 u T.n.
TexHonornueckomy nepexoay MpucBauBaeTcsi HOMep BHYTpH onepauuu: 1, 2, 3, ...
0€e3 IPOITyCKOB.



[locnenoBaTenbHOCTh OMEpALMI  JOJKHA OOECIEeYUTh SKOHOMUYECKH
1enecooOpa3Hblii  mepexoa  OT 3aroToBKM K jaetanu. llocienoBaTtenbHOCTh
00paboTKH 3aBUCHUT OT BHa aetanu [5, 13].

Bnauane o0pabaTbiBalOT MOBEPXHOCTH, KOTOpbIE SBISAIOTCS Oa3amMu IS
nanbHeume oO0pabOTKH: ULEHTPOBBbIE OTBEPCTHUSA; BHYTPEHHHE IOBEPXHOCTHU
BTYJIOK; IUIOCKHE MOBEPXHOCTU M T.HA. ISl MOBBIIEHUS TOYHOCTH H3TOTOBJICHUS
KENaTeabHO, YTOObl 3TH TOBEPXHOCTHU SIBISIUCH TaKkKe KOHCTPYKTOPCKUMU
0a3zaMy, OTHOCUTEIBHO KOTOPBIX 3aJaHO TIOJIO)KEHHE OOJIBIIMHCTBA JAPYTUX
IIOBEPXHOCTEN JETaIN.

Banbl 1 ocu MOTYT OBITh )KECTKUMU (L/ D< 10) U HEXKECTKUMHU (L/ D > 10) ,

rae L - anunHa Banma; D - quaMmeTp ero B cpenHeu yacTtu. JKecTkue Bajibl MOTYT

0o0pabaTeIBaThC Ha TOKAPHBIX CTaHKaX B MaTpoHaX W B IeHTpax. Hexectkue
TpeOyIOT OTIOJHUTEIHFHOTO TPUMEHEHHUS TOJBW)KHBIX WM  HEMOJBHIKHBIX
Jr0HETOB. M3roToBieHWe BalloB M3 KPYIJIBIX TPYTKOB Yalle BCETO BKIIOYACT
CJIEIYIOIINE TaIbl:

1) mpaBka Ha MPaBMIIBHO KaTHOPOBOYHBIX MAIIWHAX;

2) Hape3zaHWE 3aroTOBOK Ha IMpecC-HOKHUIIAX, HOXXOBOYHBIX, (hpe3epHO-
OTPE3HBIX U IPYTUX CTAaHKAX;

3) monpe3aHue OOOWX TOPIOB M IICHTPOBaHHE 3aroTOBKM Ha (hpe3epHO-
[IEHTPOBAIBHBIX CTAHKAX;

4) depHOBOE M YHCTOBOE OOTauMBaHWE Ha TOKApHBIX CTaHKaXx,
MHOTOIITTUHACTEHBIX, MHOTOPE3IIOBBIX IMOTyaBTOMAaTaX WIIH THAPOKOIIMPOBABHBIX
MoJyaBTOMAaTax;

5) oOpazoBaHWE IIMOHOYHBIX Ta30B IPOM3BOJIUTCS Ha YHHUBEPCAIbHBIX
TOPU30HTATBHO-()PE3EPHBIX CTaHKaX JTUCKOBBIMH (pe3aMu; Ha IMIMOHOYHO-
(bpe3epHBIX CTaHKaX KOHIIEBOW (hpe30if MasTHUKOBBIM CITOCOOOM; IITUIIEBBIC 3YObsI
noiy4daroT (pe3epoBaHMEM C TOCIHSAYIONIUM NITUGOBAHUEM WU XOJIOJHBIM
HaKaThIBAHHEM;

6) cBepJIeHHE OTBEPCTHUH;

7) HapesaHue pe3nObl. B cepuitHOM M MaccoBOM MPOU3BOJCTBAX PE3bObI
cpennein TouHoctd (6g,64,6H) mOMy4alOT HAa  Pe3bOOTOKAPHBIX WM

pe3bOOHAPE3HBIX TOJIyaBTOMATaX; MEHEe TOUYHBIE PE3bObI (8g,8h,7H ,7G) - Ha

pe3pbodpe3epHbIX U TOKAPHO-PEBOJIBBEPHBIX MOTyaBTOMAaTax. B mMenkocepuitHoM
MIPOU3BOJICTBE UCIOJIB3YIOTCS TOKAPHO-BUHTOPE3HBIC CTAHKU;

8) Tepmuueckas 00padoTKa;

9) unctoBoe NUIM(OBAHKE IIEEK.

[Ipu 0OpaboTKe BTYJIOK M3 IITYYHBIX IMOJBIX 3arOTOBOK (TIOKOBKH, TPYOBI)
1enecoodpasHa Takas rnocjie10BaTeIbHOCTb:

1) 3eHkepoBaHre M yUCTOBasi o0pabOTKa OTBEPCTHS, MOJPE3aHUE TOpLa U
cusatue ¢acok. IIpu HeEOOXOAUMOCTH MPOTSIKKA (MPOIIUBKA) IUIMIICBOMN
MTOBEPXHOCTH;

2) 4epHOBOE U YHUCTOBOE OOTauMBaHUE HAPYKHOU MOBEPXHOCTH, 00paboTKa
OypTa, MpOTOYKa KAaHABOK U JP.;

3) cBepiieHUE BTOPOCTEIIEHHBIX OTBEPCTUM, KAHABOK, HApPE3aHUE PE3bObI U JIP.



BrIlieyka3aHHbIE  OTNEpalliy  BBIMOJHSIIOT HA  CHCIHAIBHBIX  CTaHKaX
(CBEpIMIIBHBIX, MPOTSHKHBIX, BHYTPUILTA(OBAIBHBIX U JIP.) WK HA YHUBEPCATBHBIX
TOKapHBIX, PEBOJILBEPHBIX, MHOTOIIITHH/ICIBHBIX ITOJTyaBTOMATaX U Jp.

O0paboTka BTYJIOK U3 MPYTKOB OOBIYHO BBITIOJIHSAETCS C OJJHOTO YCTAaHOBA Ha
TOKapHO-PEBOJIbBEPHOM CTaHKE MM aBTOMATE B CJICAYIOIIEM TOPSAKE:

- MO/Ipe3Ka TOpIa;

- Mo/1avya MpyTKa 10 yInopa;

- 3aIICHTPOBKA TI0] CBEPJICHHE;

- CBEpJICHHE OTBEPCTHSI;

- YEPHOBOE U YHCTOBOE OOTaUYNBaHUE;

- CHsTHE (PaCOK;

- pa3BepTHIBAHHUEC OTBEPCTHS;

- OTpe3Ka.

KOHCTpYKTHBHOW OCOOCHHOCTBIO IIECTEPEH, 3BE370YEK, IIKUBOB, TUCKOB,
MaxOBHMKOB SIBJIICTCS OTHOIIEHUE TOJIIMHBI K TuaMeTpy Menbie 0,5. 3aroroBkamu
ATUX JCTAJICH CIy)KAT OTJIMBKH, IIITAMIIOBKH, KPYTJIBIH M INCTOBOM mpokar. Jletanu
ATOTO KJjacca HWMEIOT OOIIylo cxeMy oOpaboTKu: BHadayie o0O0pabaTbiBaeTCs
[EHTPATBHOE OTBEPCTUE U TOPIIBI, UCTIONIB3YEMbIC B KAUECTBE TEXHOJIOTHUECKUX 0a3
Ha TOCIEAYIOMUX omepanusax. Jlamee MpoBOASAT NPOTATHBAHHWE ILIUIECB WU
IITIOHOYHOW KaHaBKH, HWHOTJA MPEABAPUTCIIBHO MPOTITUBACTCS OTBEPCTHE B
crynuie. OOpaboTka HapyKHBIX IOBEPXHOCTEH MPOU3BOIUTCS HA MHOTOPE3IIOBOM
MoJIyaBTOMAaTe IMOCJIe YCTAHOBKH JACTaM Ha NMUIMIIEBOM (IIMOHOYHOM) ompaBke. B
3aBHCHMOCTH OT THIIa TPOU3BOACTBA M TPeOyeMOW TOYHOCTU 3yObs IECTepeH
MoJTy4yaroT ppe3epoBaHueM, IPOTITUBAHUEM, 3y0010JI0JIeHNEM, 3yOOTOUECHUEM UITH
HaKaThIBAHMEM C OCEBOW WM paauaipHOi momadeir. Ilpu HeoOxommmocTh
MIPOBOIAT IICBUHTOBAHKUE WJIM NUTH(OBAHKUE 3yObEB.

KopnycHble netanu (KOpOOKHM M KPBIIIKH PEIYKTOPOB, KOPITyCa BOISHBIX
HACcOCOB U JIp.) UMEIOT CIIOKHYIO KOH(UTYpalnio, 00O YUCIO PA3IUUHBIX 110
dbopmMe W pa3zMepam MOBEpPXHOCTEH M OTBepcTUd. JIJIsi BBICOKOM TOYHOCTH HX
00pabOTKH B KAYECTBE YCTAHOBOYHOM 0a3bl BHIOMPAIOT MJIOCKOCTh CO 3HAUYNUTEILHON
MPOTSHKEHHOCTRIO M JIBA TEXHOJOTHUECKUX OTBEPCTHS Ha 3Tol 0a3e. Tumopas cxema
00pabOTKU KOPITYCHOM JeTaju:

1) 06paboTka 6a30BOI TIIOCKOCTH U M3TOTOBJIEHUE ABYX TEXHOJOTMUYECKHUX
OTBEPCTHH HA BO3MOYKHO OOJIBIIIEM PACCTOSTHUU APYT OT APYTa;

2) o00paboTka OCHOBHBIX IUIOCKOCTEH M 0a30BBIX KOHCTPYKTOPCKHX
OTBEPCTHI;

3) ppe3epoBaHre BTOPOCTEIICHHBIX TIOCKOCTEH;

4) 06paboTKa KpPEIeKHbIX OTBEPCTHUH.

B kadectBe TeXHONOTMYECKOW ©0a3bl MOXET OBITh HCIOIB30BAaHO
KOHCTPYKTHBHOE OTBEPCTHE JOCTATOYHOTO TUAMETPA.

Jns  oOpaboOTKM  KOPIMYCHBIX JeTalled  HCHONB3YIOTCS  MPOTSKHBIC,
dpe3epHbIC, pacTOUYHBIC, CBEPJIWIBHBIC YHUBEpPCAJIbHBIC CTaHKH U JaXKe
ABTOMATUYCCKUE JIMHHH.

Jleranu, noMHA KOTOpPHIX Oojiee WeM B 2 pa3a MPEBHINIACT pa3Mepbl
MOTICPEYHOT0 CEYCHHUS W KOTOpPHIE HE UMEIT (POopMy TeNl BpalleHHUs, OTHOCAT K



KJIACCy «HEKPYTIbIe CTEP)KHU». OJTO pBIUATH, TATH, CEPbrd, BWIKH, IIATYHBI,

Kopombicnia u gApyrue. OOpabaTbiBacMble TOBEPXHOCTH B OJTHUX JETaNAX

HE3HAYUTEIHFHBI U UMEIOT BUJI IJIOMIA0K, OOOBIIIEK WM CTYTIHI] C OTBEPCTHEM.
TounocTs 00paboTku oTBepeTuit 6-8 IT, a mepoxoBatocts Ra=0,63—2,5

MKM. Oco0oe BHUMaHUE YACISIOT B3aMMHON TOYHOCTH PACIIONOXKCHUS OTBEPCTUI
U HE MapayIeIbHOCTH UX OCEHl.

Jletanu Kiacca «HEKPYTIbIe CTEpKHH» 00paldaThIBAIOT B CIEAYIOUICH
MOCTIEI0BATEIHHOCTH:

1) uepHOBas 1 4rcTOBasi 00PabOTKM OCHOBHBIX OTBEPCTHI M UX TOPIIOB;

2) U3TOTOBIICHUE IIMOHOYHBIX MA30B, CBEPJICHUE U IPYTUE BTOPOCTECTICHHBIC
oTieparvy,

3) dbunumHas o6padboTka (Mpu HEOOXOJUMOCTH) OCHOBHBIX OTBEPCTUH M UX
TOPIIOB.

[lpu wm3roroBneHnn Ooyiee CIIOKHBIX JeTajel B KadyecTBE TEpPBOH Oa3bl
BBIOHPAIOT MOBEPXHOCTh, KOTOPAsi OCTAETCs YEPHOBOH Jake B KOHIIC MEXaHUIECKOU
oOpabotku. Ilo osToif 0aze oOpabaThiBaeTCsI MOBEPXHOCTh, KOTOPAsSl CIIYXKHUT
yCTaHOBOYHOW 0a30i Ui OCTaNbHBIX omnepamnuid. Takas yucToBas 0a3a JOJKHA
UMETh TOYHOCTh B 2-3 pa3a BBIIE, Ye€M TIOBEPXHOCTHU, KOTOPHIE IO HEU
00pabaTbIBatOTCHI.

B kpaiiHeM ciydyae 3aroToBKY 0a3uMpyrOT Ha TOCJIEIOBATEIIBHO CMEHSIEMBIX
00pabOTaHHBIX TTOBEPXHOCTSIX. JTO BEJET K HAKOIUICHHIO TIOTPEITHOCTEH, TaK KaK
HapylIaeTcss TMPUHIMI TocTOsSHCTBa ©0a3. CoBmageHue TEXHOJOTHMYECKOH |
KOHCTPYKTOPCKOH 0a3 00ecreunBaeT MaKCUMaIbHYIO TOUHOCTh JICTAIIH.

Hamee, anms Kaxaoi oOpabaThIBa€MO TOBEPXHOCTH JIETAIH CIEAYyeT
HaMETHTh MOCIIEeI0BATEIIEHOCTh 00paboTKH. Perenne 3Toit 3aqaun COCTOUT U3 ABYX
ITAIOB:

1) mo W3BECTHOMY KBaJUTETY TOYHOCTH M IIIEPOXOBATOCTH KOHKPETHOMN
MOBEPXHOCTH BBIOUPAIOT METOJI KOHEYHOH 00paboTKy;

2) Oa3upysch Ha HCXOAHOM COCTOSSHUHM 3arOTOBKM M METOJE KOHEYHOMH
00pabOTKH, yCTaHABIMBAIOT MPOMEXYTOUYHbIE METOBI. [Ipy 3TOM MCTIOIB3YIOTCS
TaOJIUIBI SKOHOMUYECKOH TOYHOCTH Pa3IUYHBIX METOAO0B 00pabotkm [24]. Uem
TOYHEE TIOBEPXHOCTH, TEM TMO3HEE OHA 00padaThIBaCTCs.

[lpu dopmMupoBaHHM TeXmpolecca MeXaHHYeCKOi o00paboTKu JeTanu
KENATeNIbHO TPYIIUPOBATh OJHOTHITHBIE YEPHOBBIE OOPaOOTKH OTAEIBHBIX
MOBEPXHOCTEH B OlNEpalui YEpHOBOW 00pabOTKH, YHCTOBBIE OOpPaOOTKU
TpYNIAPOBATH B OTIEPAIIMH YUCTOBOK 00paOOTKH U T.1I. BRIOOp CTaHKOB, PEXKYIIEro
WHCTPYMEHTA U MEPHUTEIHLHOTO MHCTPYMEHTA POU3BOAUTCS C YI€TOM MPHUHIIUIIOB
KOHIICHTpAIH 1 qudHepeHIany ormeparui.

B 3aBuUCHMOCTH OT BBHIOpAHHOTO MPOEKTAHTOM THIIA CTAaHKA IMOBBIIICHUE
MIPOU3BOAUTENHLHOCTH TPy 1A IOCTUTACTCSI TPUMEHEHNEM MHOTOPE3II0BBIX HACTPOCK
WA OJTHOBPEMEHHOUN 00pabOTKON HECKOJIBKUX 3arOTOBOK.

Crenupudeckne OCOOCHHOCTH B IJIaH HW3TOTOBIICHUS JI€TaTH BHOCUT €€
XUMHKO-TepMHUUYecKasi o0paboTKa.



CkBo3Hast (0ObeMHasl) 3aKalika M OTIYCK c03AaroT TBepaocTh HRC < 40
(HB < 390) , UTO TO3BOJISIET BECTU 00pabOTKY JIE3BUMHBIM UHCTPYMEHTOM, B TOM

YUCJIE MPOTSKKaAMU. 3aKaJIKy U OTIIYCK TAKUX JIETAJIEH Yalle BCEro MPOBOASAT MOCIIE
YEpPHOBOM 00pabOTKHU Iepe]] YUCTOBOM.

XUMHUKO-TepMUUecKas o0paboTKa U 3aKkajika TBY CO3/1al0T Ha MOBEPXHOCTH
tBepaoctb HRC >40. Eciu Takoit oOpaboTke mojBepraercs BCs MOBEPXHOCTH
JeTalid, TO OHa OCYIIECTBISETCA TOcCie JIe3BUHHOM 00paboTku mepen
nundoBanueM. B aetamsix CXM BrIleyKa3aHHYI0 00pabOTKy Ha3HAYalOT TOJBKO
JUIsL OT/AENIbHBIX ToBepxHOCcTeH. Hanpumep, TepMoo0pabOTKa HEIOMyCTUMA IS
pe3b0. [l 3amMThl MOBEPXHOCTH OT XUMHUKO-TEPMHUYECKOM 00paboTKu HX
OMEJHSIOT MpH LEMEHTAllUM, MNPOBOAAT JyKEeHUE (IMOKPHIBAIOT OJIOBOM) IIPH
a30TUPOBAaHUM WJIM OCTABISAIOT I[IOBBIIIEHHBIE NPUIYCKUM. B mocienneM wu3
BAPUAHTOB MPOBOAAT HACBIIICHUE BCEX IOBEPXHOCTEM AETAIN YIIECPOAOM HWIIH
a30TOM. 3aT€M CHUMAKOT PAaHEE OCTABJICHHBIE MOBBINIEHHBIE NMPUIIYCKH BMECTE C
YIIIEpOAOM Wi a30ToM. Ha KOHEeYHO! onepanuu MpoOBOIAT 3aKalIKy IOBEPXHOCTEMN,
COXPAHUBIIMX YTIAEPO WIH a30T. DTO HAACKHBIN, HO TPYJOEMKHUHN CIIOCO0, TaK KaK
3aroTOBKY IPUXOAUTCS MHOIOKPAaTHO IMEpeMellars II0 LexXaM 3aBoja il
Mex00pabOTKH U TEPMOOOPaOOTKH.

3.3 Pacuer pa3mMepoB 3aroTOBKH C y4e€TOM HPHIIyCKOB HAa 00padoTKYy
pe3aHueM U GopMOM3MEHSIIONIUX ONepanuii

JUIsS TIOJTy4eHHMsS. JIeTadd B COOTBETCTBHH C YEPTEIKOM C IOBEPXHOCTH
3ar0TOBKH CHUMAIOT CJIOM MeTajlia — «IIPUITYCK».

Jliist onpeiesieHrst pa3MepoB 3ar0TOBKH HEOOXOIUMO 3HATh Pa3MeEphI JAeTalu
U Oo0mMe TPUIYCKH Ha OSTH pa3Mepbl. ECIM TOBEPXHOCTh 3aroTOBKHU
oOpabaTeIBaeTCs IMOCIEIOBATEIFHO HECKOJIBKO pa3, TO OOMUi TpHITyCK Oynmer
paBeH CyMMe€ TIPHIIYCKOB TI0 Kaxaod onepamuu. Creayer pas3inyaTth
OJTHOCTOPOHHHH M IBYXCTOPOHHHUH TIPHITYCKH.

Pasmep mpumycka ompenenser TOYHOCTh TOJIY4YCHHsI pa3Mmepa JeTalld,
KayecTBO 00pabOTaHHOW MOBEPXHOCTH, PACXOJ MeTallla B  CTPYXKKY,
MIPOU3BOJIUTEILHOCT, W DKOHOMHYHOCTH 00paboTku. Ilpm HemocTtaTouHOM
MIPUITYCKE BO3HUKAET OpaK M3-3a BRICOKOH IIEPOXOBATOCTH MIOBEPXHOCTH, OCTATKOB
Ne(EKTHOTO CJI0s, TOTPEITHOCTEH (DOPMBI IeTaaIl WM HU3KOH TOYHOCTH Pa3MepOB
netay. ONTHMaBHBIA  ONEPAIIMOHHBIA  MPUIYCK IO3BOJSET  OMNPEICITUTH
MIPOMEKYTOUHBIC pa3Mepbl 3aroTOBKH, IMOA00paTh PEXYyIIUEe W MEPHUTEIbHBIC
WHCTPYMCHTHI.

Ha mpakThke NTPUMEHSIOT JBa TOJAXO0Ja K ONPEICICHUIO TMPHUITYCKa IPH
00paboTKke 3aroToBkH pezanueM [6, 19, 20, 21]. B nepBoM Bapuanrte (cepuiiHoe
MIPOM3BOJICTBO) BHAYaJe ONPEACIAIOT TPHITYCKH IO Kaxaou ormeparuu. Wx
CYMMHPOBaHHE II03BOJIACT OMNPEACIUTh OOIIMH TPHUITYCK M B KOHEYHOM CYETE
pa3Mep 3aroTOBKH.



OnepalMOHHbIE TPUIYCKM HAa MEXaHUYeCKyl0 oO0paboTKy 3aBUCSAT OT
cocTosiHusg ~ oOpabaThiBaeMOW  TOBEPXHOCTH -  IIEPOXOBATOCTH, TITyOWHBI
ne(deKTHOro ¢J10s, norpeurHocten Gopmsbl (KopoOieHne, KpUBU3HA IPYTKa U T.11.) U
MOTPENIHOCTA YCTAaHOBKM 3arOTOBKM B MpHUCHOCOOJieHHU. BenuuuHy mnpumycka
MO>XHO YMEHBIIUTbH 32 CUET MOBBIINIEHUS] TOYHOCTHU 3arOTOBKHU IyTEM €€ IPaBKHU,
MCIIOJIb30BaHUS CIEUUATIbHBIX BHJIOB JUThs (O] J1aBIEHUEM, B KOKWJIb U T.I.),
NpUMEHEHUEM OOBEMHOM IITAMIOBKM C KalUOPOBKOM, HCHOJIb30BaHUEM
MHIYKIIMOHHOT'O Harpesa Mpu MOJYyYE€HUU 3arOTOBKU WM JAPYTHX MPOrpeCCUBHBIX
MIPUEMOB.

Bo BropoM BapuaHTe (€IMHUYHOE U MEJIKOCEPHUITHOE MPOU3BOJICTBA),
UCIIOJIb3Ys CIIEIMaTbHbIe HOPMATUBBI, ONIPEACIISIOT cpa3y o0l npumnyck. Tak kak
yclioBUsL 00pabOTKH YCPETHAIOTCS, TO OOIIMI MPUITYCK OKa3bIBAETCS 3aBbIIIIEHHBIM.
B nanpHeiniemM 3TOT NMPUIYCK pa3eifioT Ha OlepaldOHHbIE, OPUEHTUPYSICh Ha
MPUHIIUI MPOrPECCUBHOIO YOBIBAaHUS MO MEPE MOBBIIICHUS TOYHOCTH 3arOTOBKH.

[Ipu pacuere MmO MEpBOMY BapUAHTY MHUHUMAIBHBIA JBYXCTOPOHHUM
MPUMYCK, YIAISEMBIN B i - i oneparuu,

2- RZH =2(Rz,_ +h_ +p,_ +¢&)

rae R, - BbICOTA HEPOBHOCTEW, BOSHUKIIMX B (i—1) oreparuu,

h_, - rayOuHa nedexTHOro cios, oOpa30BaHHOrO B omepauuu (i—1). 1o

1

HaKJIeT, MUKPOTPEIINHBI, 00€3yTJIepOKUBAHUE, PAKOBUHBI U T.].;
p,, - TOTPEeHIHOCTh (OPMBI 3aroTOBKM, BO3HHKIIAs B onepanuu (i—1)

(kopoOieHue, KpUBU3HA IPYTKA, CMEILIEHHE OCH OTBEPCTHUSI TIPU CBEPJICHUU U T.1.);
& - TIOTPEIIHOCTh YCTAaHOBKM 3aroTOBKM B i-Ml oOmepaluy IO MPUYUHE

1

HETOYHOCTH MPUCTIOCOOIIeHU, TeopMaluu 3a)KuMa, U3HOCA KYJIauKOB U T.I.

B 3aBHCHMMOCTM OT MPUHATOrO THUMA MPOU3BOJACTBA CTYAEHT JOJKEH
ONPENENUTh pa3Mep 3aroTOBKM M ONEPALMOHHBIE NPUIYCKH [0 OAHOMY H3
BAPUAHTOB.

[Ipu dopmousMeHsAOMMX oONepanusx JUCTOBOM ImTaMnoBKU (THUOKa,
BBITSDKKA M JIp.) B HApY>KHBIX MOBEPXHOCTSIX 3arOTOBKM BO3HHUKAIOT HANPSHKCHUS
pPacTsKEHMs, HA BHYTPEHHHMX ITOBEPXHOCTAX HANPSDKEHUS cxaTus. B pesynprarte
BO3HHMKAET YJUIMHEHUE OJHUX BOJIOKOH METajlla, coKpauieHue Apyrux. [loaromy
pa3Mep 3aroTOBKM ONPENENSIOT MO0 HEUTpalibHOM IuiockocTd. s oOrieruenus
pacyeToB KOH(QUIYpalMIO JETald YCIOBHO pPa3AesaioT Ha (parMeHTbl MPOCTOU
reOMETPUUECKON POPMBI.

JInvHa 3aroTOBKY THYTOM JI€TAJIM PaBHA PAa3BEPHYTOU JUIMHE €€ HEUTPAJIbHOU
JTUHUU

m T k
LP=ZI:Ii+ ZajRj,
i= Jj=

180° =
rac m - 4YUCJIO HpHMOJIPIHCﬁHBIX yqaCTKOB Ha ACTAalIn,

li - JJIMHBI OTUX HpHMOHHHeﬁHBIX Y4aCTKOB;

a..R. o o
J>7"J - COOTBETCTBEHHO yIr'oJI M paguyC IO HEUTPAJILHOMW JIMHUHU U30THYTHIX

YYaCTKOB;



k - 4ucno KpUBOJIMHEHWHBIX YUYaCTKOB Ha JIETaJIH.
Jnd  UWIMHOPAYECKOW JeTalnd, TOJYYEHHOU BBITSKKOW, 3aroTOBKOM

ABisieTcs Kpyr. Ero auamerp D, onpezneinsercs U3 yClIOBUS PaBEHCTBA CPEAUHHOU
IIOBEPXHOCTH TOTOBOIA ieTanu F), u 3arotoBku. W3 ycioBust ux paBeHCTBA
2
- Dj _F
4 a
MOJy4YUM

D, ~1,13-[F, =1,13.

Tac F} - IJIomaan OTACIIBHBIX 3JICMCHTAPHBIX YHACTKOB ACTAJIH,

1 - 9YUCJIO TAKUX YYaCTKOB.
Hanpumep, 11 IWIMHAPUYECKOW JeTalli C JHOM JHAaMETpP IIJIOCKOH
3aroTOBKH

D,=\D*+4-D-H,
rae D - auameTp JeTanu 1o HeHTpalbHOM JIMHUH;
H - BnIcOoTa neranu.
Pa3mep miiockoit 3aroToBKM MHOT/IA YBEIMUYMBAIOT Ha 1-2%, eciu TpeOyertcs
oOpe3Ka JIeTaiu o KOHTYpPY.

4 KauecTBeHHbII aHAJN3 U KOJIUYECTBEHHAS] OLIEHKA TEXHOJOTMYHOCTH
00beKTa NPOCKTHPOBAHUA

TexXHOMOTUYHOCTh M3ACNHS — 3TO COBOKYITHOCTH €r0 CBOMCTB, KOTOPHIE
oOecrieynBalOT MHUHUMAJbHBIE 3aTpaThl Ha W3TOTOBJICHHWE M SKCIUTyaTalUIO TPHU
3aIaHHOM TIporpaMMe BBHITTyCKa M O€3YCIOBHOM OOECIEUCHHH TMOTPEOUTEIHCKUX
cBoictB. CTemnmeHb TEXHOJOTMYHOCTH HOBOTO M3JIENMS  YCTaHABIMBACTCS
CpPaBHEHHMEM €ro IMoKa3aTelield ¢ aHaJOTUYHBIMU MOKa3aTeasiMU 0a30BOT0 MU3/EIH.
B mpoexkte n0KHBI OBITH OXapaKTEPU30BaHBI IMOKa3aTeIW pPallMOHAIBLHOCTH,
PECYPCOEMKOCTH M TIPEEMCTBEHHOCTH; B TOM 4YHCJE CTENEeHb HCIOIb30BaHUS
CTaHJAPTHBIX, HOPMAJIM30BAaHHBIX W YHU(DHUIIUPOBAHHBIX IJIEMEHTOB. Hanpumep,
MaJbIEBBIA PEXKYIIMN anmapaTr »*aTKH COCTOUT M3 JeTajnei, OOJBIIMHCTBO M3
KOTOPBIX HOpMaTN30BaHO. [103TOMY €ro M3roToBJICHHE B 3aBOJCKHX YCIOBHUSAX HE
MIPEJCTABISET CJIOKHOCTH, B IPOU3BOACTBE OH TEXHOJIOTHYEH. B aKkcITyaTanuu on
TpeOyeT YacThIX M Pa3HOOOPA3HBIX PETYIUPOBOK JJI 00ECIIEUEHUs ONTUMAIbHBIX
3a30pOB MEXy MOJABM)KHBIMU W HEMOJBUKHBIMH dJieMeHTamMu. ClieoBaTebHO, B
AKCIUTYaTallMOHHBIX YCIOBHUSAX €r0 TEXHOJIOTMYHOCTh HEBBICOKas. B TO ke Bpems
TMaJIbIEBBINA PEXKYIIHIMA amnmapar UMeeT YIOBJIETBOPUTEIIHHYO
PEMOHTONPUTOTHOCTD, BCE €0 JIeTall B3aUMO3aMEHSICMBI.

TpeGoBaHusi  TEXHOJOTMYHOCTH  KOHKPETHBI B  3aBUCHUMOCTH  OT
BO3MOXHOCTEM M XapakTepa MPOU3BOJACTBA (€AMHHYHOE, CEpUIHOE, MAacCOBOE),
JOCTUTHYTOTO YPOBHS YHU(DUKAIIMK, BUJA UCXOJIHOW 3arOTOBKHU U T.J. B mpoekre



JOJIKHBI OBITH CTPOrO pa3rpaHUyeHbl TPeOOBaHUA TEXHOJOTHYHOCTH K MAIIUHE
(opynuto), CE u K neransm.

B coorBerctBun ¢ I'OCT 14.206-73 Bcsl KOHCTPYKTOpPCKasi JOKYMEHTAIUs
MPOBEPSIETCA HAa COOTBETCTBUE TPEOOBAHUSM TEXHOJOTMYHOCTH HAa BCEX CTaUAX
npousBojacTBa. I CeNbCKOXO3WCTBEHHOW TEXHUKM JTH paboThl Haumbojee
3¢ ()EeKTUBHBI B IEPUO/I MPOSKTUPOBAHMS, TAK KaK BEIOOD JIYYILIEro BApUaHTa B 3TOT
MEpUOJ MPEAYTIPEKIAET UUIIHNE 3aTPAThl BPEMEHU U CPEACTB HA U3TOTOBJIEHUE
U UCHibITaHue MeHee 3(PPEeKTUBHBIX BAPUAHTOB.

4.1 Jleranb, 3aJaHHAS] B IPOEKTE

[Ipu ananu3e TEXHOJOTUYHOCTU JE€TATM Yallleé BCETO HCIOJB3YETCS METOA
WHKEHEPHO-BU3YaJIbHON OIIEHKH, TOCPEACTBOM KOTOPOTO YCTaHABIMBAIOTCS
KaueCTBEHHbIE TTOKA3aTeNu.

Martepuaiibl, HCHOJb3yeMble Jisi HW3TOTOBJICHUSA JIeTajeil IITaMIIOBKOM
JIUCTOBBIX, TPYOHBIX U MPOQPUIbHBIX MOTY(PaOpPHUKATOB, TOJKHBI COOTBETCTBOBATH
YCIOBUSAM JKCIUTyaTalluu (yCTalOCTHAs MPOYHOCTb, KOPPO3UOHHASI CTOMKOCTH U
Ip.) ¥ TpeOOBaHUSM TEXHOJOTHM HU3TOTOBJICHUS (IIACTUYHOCTb, OTHOCUTEIBbHOE
yIJIMHEHUE U p.).

KOHCTpYKTHBHBIE 3JIEMEHTBl JeTajeil, MOJyYEeHHbIX TMpU JUCTOBOU
mTamMnoBke (BbIpyOKe, THOKE, BBITSKKE, pelibepHOl (opMOBKe, OTOOPTOBKE,
00XUMKe), npuBeacHbI B [22, 24]. OCHOBHBIMHU MOKA3aTEIIMU TEXHOJIOTUYHOCTH
TaKUX JE€TaJNeH SBISIIOTCS:

- CHMMETPUYHOCTh OTHOCUTEIBHO OJHOW MU HECKOJIBKUX OCEH;

- yHU(UKAIUS TUIIOBBIX 3JIEMEHTOB (paJnychl ruba, AUaMeTpbl OTBEPCTHIA,
BBIKYCHI U T.1.);

- K03(pPUIIMEHT UCTI0JIb30BaHUS MaTEpHUaa;

- BO3MOKHOCTb UCIIOJIb30BaHUSI YHUBEPCAIBHOTO HHCTPYMEHTA;

- OTCYTCTBHE MOCIEAYIONIEH MEXaHNYECKOH 00pabOTKH pe3aHueM;

- MUHUMAaJIbHOE KOJIMYECTBO HITAMIIOBOYHBIX MEPEX0/10B, HEOOXOAUMBIX JIJIs
M3TOTOBIICHUS JIETaJIH.

bonbiioe 3HavueHne umeeT OopoOpMIICHHUE HAPYKHOTO KOHTYpa, (OpMbl U
pacnosiokeHust orBepctuil. Hampumep, cTOpoHBI BbIpyOaeMOro Ha IITaMIie
HapY>KHOTO U BHYTPEHHETO KOHTYPOB JIOJKHBI CONPATATHCS BOBMOXKHO OOJIBIIMMU
paauycamMu (pucyHok 4.1), Tak Kak B OCTpPBIX YyIJIaXx MaTpHUIbl M IyaHCOHa
BO3HUKAIOT TpenuHbl. CKpyrieHus YIJIOB BBINOJHSIIOT Tak, 4YTOObI JAyra
compsiraiach ¢ MNpPSAMbBIMA HE MO KacaTrelnbHO#, a mo xopae. MHaue B Mecrax
COMpPSDKEHUM BO3HUKAIOT BBIKYChl M 3ayCEHIIbl, U 3aTPYAHSETCS MaJOOTXOJHAs
[ITAMIIOBKA.

CropoHbl JeTanu, MOJYYEHHOM pe3KOM Ha HOXXHULAX WM OTPE3HBIX
mTamnax, He JOJDKHBI UMETh 3aKpYIJIEHUHM B yriax (pUCYyHOK 4.2), Tak KakK 3TO
TpeOyeT AOMONHUTENbHON 00paboTkH. MUHHUMANIbHASA IIUPHHA YYaCTKOB AETald



JOJIZKHa OBITH COTJIACOBAaHA CO CBOMCTBAMH MaTcpuaja u TOJIIMHOM JIUCTA. CJICI[yeT
n30erathb Y3KUX U JJIMHHBIX BBIPC30B:

h=>(1,2-2,0)-6;
b>(1,2-2,0)-65.

|
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Pucynoxk 4.1 - Kontypsl neraneil, BoipyOaeMbIX Ha MITaMIe

I[JISI BBICOKOYTJICPOAUCTBIX U JICTUPOBAHHBIX cTajicu MMPUHUMAIOT 0O0JIBIIIE
3HA4YCHUA.
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PucyHok 4.2 - KoHTypbl AeTanu, NOJIy4YEHHON PE3KON Ha HOKHUIIAX

Jlns1 oGecrieueHnsi MaJIOOTXOAHOTO PACKPOST KOHTYPHI JIeTalli JTOJKHBI ObITh
CUMMETPUYHBIMHA WJIH OOPAaTHOCHUMMETPUYHBIMU U OGOPMIICHHBIMU MPSAMBIMH U
nyramu. [IpoOuBka (UTYpHBIX OTBEPCTH MEHEE TEXHOJOTMYHa, YeM MpOOMBKa
KPYTJIBIX.

B neransx, monaydeHHBIX THOKOM W3 JIMCTA, KPYIJoro mpokara, Tpyo u
CIIeUANIbHBIX Mpoduiie, MUHUMAJIbHBINA paJinyCc THOKUA JOJDKEH COOTBETCTBOBATH
TOJIIIMHE METajjla U pa3MepaMm copTaMeHTa [22, 24], nHa4Ye B 3TOM MECTE€ MOXKET
BO3HUKHYTbH pa3pblB MeTajIa.

[Ipu oOleHKE TEXHOJOTMYHOCTH OTJIMBOK oOOpalaloT BHHMaHUE Ha
COOTBETCTBHE MaTepuaina (opMe 3aroTOBKU U €€ CIykeOHOMY HazHaueHuto. [l
WCKJIIOUYECHUS PHIXJIOT B OTJIMBKAX, YCaIOYHBIX PAKOBUH U OCTAaTOYHBIX HANPSXKECHUI
CJIEyEeT OTPAHUYUBATH TOJIIIMHY UX CTEHOK, YBEJIMYMBATH PAAUYChl CONPSKEHUN
MOBEPXHOCTEH, n30eratb MECTHBIX CKOTUICHUN MeTasia. XKecTKocTh M MPOYHOCTh
OTJIMBOK TIOBBIIIAIOT MPUMEHEHUEM PallMOHAJIBHBIX MPOQuUiIeH, UCIOIH30BAHHEM



pedep KeCcTKOCTH U paHTOB [22, 24]. BeiOop cnioco0a JHUThs BAUSET HE TOJBKO Ha
TPYIOEMKOCTb ITOJIyYEHHSI OTIMBKHU, HO U HA €€ TOYHOCTh U IIEPOXOBATOCTb.
Hcnonb3oBaHue pa3oBbIX MECUYAHO-TIIMHUCTBIX (OpM sBiIsieTCs Hauboliee
pacrpoCTpaHEHHBIM U YHUBEPCAIBHBIM CIIOCOOOM JIUThS, TAK KaK MOKHO MOJTYYUTh
OTJIUBKU W3 JIFOOBIX CIUIABOB M CJIOXKHBIX KOH(purypanuii. Hemocrarkom siBiseTcs
HU3Kasi TOYHOCTh OTJIIMBOK, O3TOMY 15-20% MeTamia nmpeBpamaeTcs B CTPYXKKY
npu  MexooOpaboTke. [7MaBHBIMM MMOKa3aTeNAMH TEXHOJOTUYHOCTHU JETaleH,
MOJIyYEHHBIX W3 OTJIUBOK, SBISIOTCS KO3 UIIMEHT HCIOIb30BaHUS MeTajla U
KOHCTPYKTHUBHAsI CII0KHOCTh. [IepBbIil U3 HUX ONPEAEAIOT, KAK OTHOUICHUE MACCHI
rOTOBOM JIETajy K MacCce METAJIA, UCIIOIb30BAHHOTO JJIS IOJYYEHHUSI €€ 3arOTOBKH.
KoadpuimeHT KOHCTPYKTUBHOM CIIOAKHOCTH L ONPENETSAIOT B 3aBUCUMOCTH
oT BUa GUTYPHI, B KOTOPYIO MOXET OBITh BIIMCAHA JIUTASI ACTAb.
JI71s1 OTIIMBOK, KOTOPBIE BIKMCHIBAIOTCS B MapajuleIeIUNE]],
2M (A A j
U=———=+—=+11.
pAS\B C '
JUIS1 OTJIMBOK, KOTOPBIE BIMCHIBAIOTCS B LIMUTMHP,
_2M(R+1L)
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JUIS1 OTJIMBOK, KOTOPBIE BIMCHIBAIOTCS B IIAP
IM
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rae A,B,C - MakcCUMaJIbHBIM, CPETHUM 1 MUHUMAJIbHBINA Ta0apUThl OTJIUBKH, M;
M - macca OTIMBKH, KT;
0 - INIOTHOCTb OTJIUBKHU KI/M>;
S - mIomaas NOBEPXHOCTH OTIMBKH, M%;
R - raGaputHbIil pa3Mep OTIUBKH, M;
L - nnuHa rabapuTHOTO MWIMHAPA, M;
R, - rabapuTHbll paguyc mapa, M2

Uewm Onumxe BeMMYMHA U K €AUHUIIE, TEM TEXHOJOTHYECKH palliOHaIbHEe
KOHCTPYKILHS OTJIMBKHU.

Jletanu, TIONy4aeMble O0O0beMHOU  UIMAMNOBKOU, WMEIOT  BBICOKHE
MEXaHWYECKHUE CBOWCTBA M CPAaBHUTEIBHO HUBKYIO CEOECTOMMOCTH Orarojaps
BBICOKOW TPOU3BOAUTEIBHOCTH HMX BbIIYCKa. YacTo MOBEPXHOCTH IITAMIIOBOK
oOpabatbiBalOT pe3aHueM. [loaTomy mnpu BbIOOpe MaTepuana AETaId CIEIyeT
YUHUTHIBaTh HE TOJBKO €€ IKCIUTyaTallMOHHBIC CBOMCTBA, HO U 00pabaThIBAEMOCTh
pe3zanueM. [Ipu BBICOKOM TIIACTUYHOCTH MaTepurala (OTHOCUTEIBLHOE CY)KEHUE MpU
OJIHOOCHOM pacTsbKeHuu ¥ > 0,2 ) BO3MOXKHA €To IITaMIIOBKa O€3 Harpena.

[TokoBKH NOKHBI MMETh MPOCTYI0 TeOMETpUYEeCKyro ¢GopMy M IUIaBHBIE
conpspkeHusi. [IpoekTaHT Jo/bKeH oOpaiiaTh BHHMaHHE Ha  BBITIOJHEHUE
cleaymux crnenuduueckux TpeOoBaHUH K JIeTalu, 3aJJaHHON B IPOCKTE:

- pe6pa, OOOBIIIKK H APYTruec BBICTYHAOIIUC JSJICMCHTBI JKCJIATCIIBHO
pacimoJarats € OHHOﬁ CTOPOHBI ACTAJIN,



- IUIOLIAJb TTOMEPEYHOIO CEYEHMS 110 JJIMHE JIETAJM HE JOJKHA U3MEHITHCS
Oosiee ueM B 3 pasa;

- IeTajb HE TOJDKHA UMETh JUIMHHBIX Y3KUX OTPOCTKOB, TAK KaK 3TO IPUBOJIUT
K Opaky Mpu HE3aNoJIHEHUU (GUTYPhI METAILIIOM;

- IeTaJlb JIOJDKHA OBITh CUMMETPUYHOM XOTS Obl OTHOCUTEJIBHO OJHOM OCH.

Baxuenien XxapakTepuCTUKON JETAIH, ONPEAECIIAIOIIEH CTOMKOCTD IITAMIIa,
TPYIOEMKOCTh M TPOU3BOJAMTEIIBHOCTh TeXIpolecca sBIsieTcs Kod(PuIueHt
clokHOCTH ee popmbl [7]:

C: I/dem
Vd)ue
rae V,, - o0beMm perany;
Vi - 0ObeM ycnoBHOH Qurypsl B (Qopme Imapa, UWIMHIpA WM

napajjieiienunena, B KOTOPYIO MOXXHO BIMCaTh JaHHYIO JieTajdb 10 €€
MaKCHUMaJIbHBIM pa3Mepam.

Yewm Oosblile €, TEM BbIIIE€ TEXHOJOTUYHOCTD JIeTaiu. [I[puHATHI clieaytomnime
rpajgamnuu rpynn ciioxHocTu: nepsast 0,63 < C <1; Bropas 0,32 <C <0,63 ; TpeThbs
0,16 <(C<0,32; gerBeptas C <0,16

[Toutn Bce AeTaiv MOABEPraroTCs 0Opabomke pe3aHuem u Waudo8anuem.
OneHka TEXHOJOTMYHOCTH HJTHUX JeTalled BKIIOYAeT OO0IIMe M ClelHaJbHbIe
TpeOOBaHMUS B 3aBUCUMOCTH OT HUX KoH@urypauuu. K obmum TpeboBaHUsIM
OTHOCSITCS:

- MaKCHMAaJIbHOE HCIIOJIb30BaHUE YHU(DUIIMPOBAHHBIX 3JIEMEHTOB (pE3bObI,
(dacku, KaHaBKU, OTBEPCTHUS, IITIOHOYHBIE MA3bl U T.J.) C OJIMHAKOBBIMU pa3Mepamu,
JOIYCKaMH U IIEPOXOBATOCTHIO MOBEPXHOCTH;

- Hanuuue yAOOHBIX 0a3 JUIsi yCTAaHOBKM M 3aKpeIUICHUs Jerajeil B
MPUCTIOCOOICHUSIX;

- IPUMEHEHHE MaTepuaa, 00JaJaloIero Hamnydiie oopadaThIBAeMOCThIO
JIE3BUMHBIM WJIM aOpa3uBHBIM UHCTPYMEHTOM;

- oOpabatbiBaeMble MOBEPXHOCTU JOJIKHBI UMETh MPOCTYI0 CUMMETPUYHYIO
dbopMy, IOMYyCKAIONIYyI0 NPUMEHEHHE BBICOKO MPOU3BOJUTEIBHBIX METOOB
00paboTKu;

- npyrue obuue TpeboBaHus U3I0KEHBI B [3, 15, 22, 24].

Ha TexHOIOrMYHOCTh KOHCTPYKIUHN JeTaneil OOJbIIoe BIUSHUE OKa3bIBAET
CIIOCOOHOCTh UX MaTepuasa MojAaaBaThcsi 00paboTKe PeKyIIMM UHCTpyMEHTOM. OT
ATOr0 TMOKa3aTesis 3aBUCSAT OINTHMalbHAsg CKOPOCTh pe3aHusi MU BO3MOXKHOCTh
MOJIy4eHHsI TpeOyeMbIX TOYHOCTH U IIEPOXOBATOCTU 00paOOTaHHBIX MOBEPXHOCTEN
(trabmuma 4.1). OGpabaTbIBa€MOCTh MeTallla XapakTepuszyercs KodhpuiueHTom
K, , xoropsiii usmensaercss ot 0,5 no 2,1. Yem Oosbiie 3T0T K03()PUIUEHT, TeM

jgerde oOpaOareiBaeTCsl Marepwaia, HO TpPyJHEE TMOJYYUTh TpeOyemyro
1IepoX0BaTOCTh NoBepXHOCTH. Hanpumep, mia Ct3 Bennuuna K, =1,65; nisa 25J1 —

K, =1,0; nna Crans 65I' — K, =0,6; nua Crans 25 — K, =2,0; nns Crans 20X —
K, =1,65 n 1.0. B o0mem cimydae oOpabaThiBa€MOCTb METaUIa yXYJIIAETCs, U
YBEJIUYUBAIOTCA YCWIMS PE3aHUs C YyBEIWYCHUEM COJIEp)KaHUsl yriepoaa u



YMEHBILIEHUEM COJIepkKaHuA cepbl U Maprasia. [loaTtomy nMmeromuecs B IuTepaType
pEKOMEHIAIMU HEOOXOIUMO COOTHOCHUTD C XapaKTepUCTUKaMU 00pabaThiBAEMOCTH
MaTrepuaia.

Xapakrep crnelralbHbIX TpeOOBaHUN 3aBUCUT OT KOHPUTypaluu aeraneil. B
CTYNEHYAThIX BaJlaX pa3Mepbl CTYNEHEW IO JJIMHE JKEJIaTEeJIbHO YCTAHABIMBATh
OJIMHAKOBBIMU WJIM KpPaTHBIMH, 3TO COKpallaer Bpemsi Ha o0paboTky Ha
MHOI'OpPE3LOBBIX CTaHKaXx. [Ipu JBYXCTOPOHHEN CTYNIEHYATOCTU AUAMETPBI JOJKHBI
BO3pacTaTh OT KOHLIOB Baja. JDTO O0JerdaeT HajaJAKy MHOTOPE3LOBBIX CTAHKOB U
ynpoIiaeT 00paboTKy Ha YHUBEPCAJIbHBIX TOKAPHBIX CTAaHKAX.

Tabnuua 4.1 - CooTHOILIEHUS MEXAY MOJIIMU JI0ITYCKOB MPEANOYTUTENbHOTO
MIPUMEHEHMS U NTapaMeTPaMH IEPOXOBATOCTH OBEPXHOCTH

Ksanurer [Tons [TapameTpsl 1€poX0BaTOCTU (MKM)
JIOTTYCKOB UTsl IOBEPXHOCTEH C HOMUHAJIBHBIMU pa3MepaMu, MM
Ban | OtBep-
= |S&|S&|0& |Seg|8g |8 82|52 |88
g6
h6
]s6
6 k6 Ra2,5
n6
po Ral 25
Ra0,63
s6
H7
Js7
K7
7 N7
P7
7
h7
F8
HS Ra6,3
8
ed
h8
E9
H9
7 o
h9
HI11
11 dil Ral2,5
hll

B MenkocepuilHOM TIPOU3BOJCTBE HCHOJB3YIOT THAPOCYIIOPTHI IS
00pabOTKU OJTHOTUITHBIX BAJIOB, Pa3IMYAIOIIMUXCS 0 pa3MepaM B Mpeiesiax IPYIIIIHI.
Jliss MUHMMAaJIbHOM TMepeHanaJKd TaKoro CTaHKa IesnecooOpa3Ha MpOCTaHOBKA
pa3MepoB N0 KOOPAMHATHOMY MeTony (pUcyHOK 4.3).
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Pucynok 4.3 - IIpocTaHOBKa TMHEWHBIX Pa3MEPOB HA Bajly MO0 KOOPAUHATHOMY
METOLY

[Ipy KOHCTPYMPOBAaHWU BAJIOB CO INTMIOHOYHBIMU Ta3aMH CJICTYET OT/aBaTh
MpeanouTeHre o0paboTKe TUCKOBOH (hpe3oil, Tak kak 00padoTKa Ma30B MaIbIIEBON
(bpe3oit XoTs U OoJee TOUHAsA, HO MEHEE IPOU3BOIUTEIIBHAS.

KoHCTpyKITMu BTYIJIOK, THUCKOB M KOJICII JIOJDKHBI JOITYCKAaTh 00pabOTKY BCeX
BHYTPCHHHMX ITOBEPXHOCTEH C OJHOW CTOPOHBI TPHU OJHOW YCTaHOBKE. ITO
oOecIieynBaeT COOCHOCTh ITHX MOBepXHOCTEH. [IInuieBsie OTBEPCTHS BO BTYJIKaX
JOJIKHBI OBITh CKBO3HBIMH, YTO TI03BOJISICT BECTH 00pabOTKY MPOTATHBAHHEM.

KopnycHble aeTranu JOHKHBI UMETh XOPOIIO pPa3BUTHIC OIMOPHBIC 0as3bl,
oOecIieuynBalOIIe YCTAaHOBKY W HAJACKHOE KpeIwieHue npu obpadotke. s
BO3MOXXHOCTH MHOTOIIIUHACIBHOW OO0paOOTKM TP CBEPJCHUU OTBEPCTHI
PaCCTOSTHHE MEXK]Ty MX OCSIMU CJIeAyeT BhIOMpaTh He MeHee 30-45 M.

[Ipy  KOHCTPYMpPOBAaHMM  3BE3J0YEK MPUMEHUTCIBHO K  YCIOBHUSAM
KPYIHOCEPUIHOTO MPOU3BOJICTBA CIIEAYET UCKIIOUUTh PopMooOpa3oBaHue 3yObeB
pe3aHueM, MPEeANoYnTas HAKaTKy WU PaJIHAIbHYIO TaMITOBKY.

[Tpr KOHCTPYUPOBAHUH NIKWBOB W3 aJTIOMHHHEBBIX CIUIABOB MJIM ILIACTMACC
WX CTYIHIIBI J)KEJIATEIIPHO apMUPOBATh CTAJIbHBIMU WIIH YyTYHHBIMH BTYJIKAMH.

TeXHONOTMYHOCTh JAeTalied 3aBUCUT TaK)Ke OT MPHUHATON KOHCTPYKTOPOM
CHUCTEMBI ¥ ITIPOCTAHOBKH pa3MepoB. PaninonanpHas cucTeMa o3BOJIIET COBMECTHTh
KOHCTPYKTOPCKHE€ W TEXHOJOTrWYeckue  0a3bl,  BHIOpaTh  BBITOJHYIO
MOCJIeA0BATEILHOCTE 00paboTKH [14].

JUIS CHW)KCHHMS HETaTUBHOTO BIUSHUS KOPPO3WH, H3HOCA, BBICOKHX
KOHTAKTHBIX JIABJICHWM, BO3JCHCTBUS arpeCCHUBHBIX BECIIECTB Ha IOBEPXHOCTH
JeTaJIei HAHOCAT COOTBETCTBYIOIIME IOKPHITUSA. B 3aBUCHMOCTH OT YCIOBHH
OKCILTyaTallMM TPOCKTAHT JODKCH BBIOPATh BHJI TOKPBITHS — XPOMHPOBAHUE,
IIMHKOBAaHKWE,  OKcHauWpoBaHuWe, (ocdaTupoBaHHe,  JTaAKOKPACOYHOE  WIIU
actMaccoBoe [8, 9].

TepMuueckass ¥ XUMUKO-TEPMHUYECKass 0OpaOOTKH IMOBBIIIAIOT TBEPAOCTS,
HN3HOCOCTOWKOCTh, CONPOTUBJICHUE YCTAJIOCTH W KOHTAaKTHOH BBIHOCIMBOCTH. B
CCIIbCKOXO3SIMCTBEHHOM  MAIlTMHOCTPOCHUM  HAWOOJIbIIIEE  PacIpOCTPaHCHHE
MOJIYYHMJIM TTOBEPXHOCTHAS 3aKajka, yJydlleHHWe (3aKajka W HHU3KHH OTITYyCK),
IIEMCHTAIlUs B JKUJIKOM WJIM Ta30BOM KapOroopu3aTope, HHUTPOIEMEHTAIH.
A30THPOBaHHUE UCIIOTB3YIOT PEIKE, UeM IIEMEHTAITUIO U3-32 OOJIBIICH ITTUTSIIBHOCTH



IpolLiecca U MEHbIIEH TONIKUHBI YIIPOYHEHHOT'O CJI0S, YTO OTPAaHUYMBAET BEIHUUNHY
KOHTaKTHBIX Harpy3o0K.

VYrpounsitomass obpadotka [21, 23] MOBEPXHOCTHBIM IIJIACTUYECKUM
nedopmupoBaHueM (0OkaTbIBaHKEe, 00paboTKa ApoObIo, 1epHOBaHUE) POpMUpPYET B
MTOBEPXHOCTHOM ciioe AeTtaneil HanpstkeHue cxkarus 40-80 MIla. [loatomy Ha 20-
40% yBenuuuMBaeTCs MOBEPXHOCTHAs TBEPJAOCTb, MOBBIMIAETCS LMKJIMYECKas
MPOYHOCThH 32 CYET JUKBUJALUU TEXHOJIOTMUYECKUX KOHIEHTPATOPOB HAIPSKEHUS,
yIAy4IlIaeTcsl HW3HOCOCTOMKOCTh. TpeOoBaHMS K TEXHOJIOTMYHOCTU JIeTaJeH,
o0pabaTblBaeMbIX IUIACTUYECKUM AeOpPMHUpPOBAHUEM, MPUMEPHO TaKUe, Kak
TpeOOBaHUS K JAeTaNIIM 00padaThIBAEMbIM pPE3aHUEM.

Merannuyeckue TOKPBITUS M OKpacka MOBBIIAIOT H3HOCOCTOMKOCTD
MOBEPXHOCTEH, U3MEHSIOT UX (YHKUMOHAIbHBIE CBOWCTBA, MOBBIIIAIOT
KOPPO3UOHHYIO CTOMKOCTb, TO3BOJIIIOT SKOHOMUTH LIBETHbIE CIUIABBl U
BBICOKOJIETUPOBAHHBIE CTaJId, BOCCTAHABIIMBAIOT W3HOILIEHHBIE TOBEPXHOCTHU
JeTaJIeH.

[Ipu BBIOOpE MaTepuana Juisl feraieil HeoOX0IUMO, 10 BO3MOKHOCTH, Yallle
MCIIOJIb30BaTh CHUIYMHUHBI (CIJIaBbl aIOMUHUSA C KPEMHUEM M MarHueM), KOTOpbie
0o0JIalal0T  XOPOIIMMH JIMTEHHBIMA  CBOMCTBAMM, BBICOKOM KOPPO3MOHHOM
CTOMKOCTbBIO, YIPOUHSIOTCA TePMOOOPAOOTKOM, CBAPUBAIOTCA T'a30BOM M JAYTrOBOM
aprOHOBOM CBAPKOM.

Bo Bcex MammHOCTPOUTENBbHBIX OTPACISX MPOMBILIIEHHOCTH BCE OOMBIILYIO
MOMYJSIPHOCTh 3aBOEBBIBAIOT JETalld, IOJYYEHHbIE METOJaMH IOPOIIKOBOM
MeTautypruu. VX nonyyarot U3 MaTepuasioB, He 00pa3yromux MeXIy co0oil criiaBa
(Hanpumep, Menb ¢ KeNe30M, xene3o ¢ rpadgurom u ap.). [loaTomy U3 OPOITKOB
MOXXHO TOJY4YUTh MaTepuai, obiajarouui crneuuduueckumMu coricTBamu [9].
Kpome Ttoro, uzngenusi U3 CIEUEHHBIX MaTepHUaioB B OOJIBIIMHCTBE CIy4yaeB HeE
TpeOYIOT MeXaHUYeCKOW oOpabOTKH, TaK KaK cama TEXHOJIOTHS MpPOU3BOJACTBA
o0ecreynBaeT BbICOKYIO TOUHOCTb.

JIJist MHOTMX KOHCTPYKLMM BecbMa 3(pPeKTHBHA 3aMeHa YEpPHBIX U IBETHBIX
METaJUIOB  IJIacCTMAccoil  (TEpMOIUIACTUYHBIMU ~ MJIM  TEPMOPEAKTUBHBIMU
noJiuMepaMu). 1o 00yCIOBIEHO HE TOJIBKO IIMPOKUM CIIEKTPOM UX CBOWCTB, HO U
CHI)KEHHEM TPYIAOEMKOCTH M3rOTOBJIEHUSI JeTanel (0coOEHHO B CepUtHOM
MIPOU3BOJICTBE), BHICOKUM KOA(DPUIIMEHTOM UCIIOJIBb30BaHUs MaTepuana [9].

B nmnpomecce mNpoeKTUPOBAHMS CTYIEHT JIOJDKEH, OPUEHTHPYSACh Ha
BBIOpAaHHYIO JleTajlb, OLIEHUTh €€ KAaUeCTBEHHBIE M KOJMYECTBEHHbIE MOKa3aTelu
TEXHOJIOTUYHOCTH M MU3JOXKUTh CBOM  COOOpa)X€HUsST O  MOBBILIECHUHU
TE€XHOJIOTUYHOCTH 3TOH JeTalu.

4.2 COopouyHasi eITMHUIIA U U3/eJIUE B LEeJI0M

OCHOBBI TEXHOJIOTUYHOCTH KOHCTPYKIIMH CO3JAIOTCS TPU  pa3paboTKe
CXEMHBIX pemeHui. Ha 3ToM 3Tane mpoekTaHnT 0co60€ BHUMaHUE JOJIKEH YACTUTh
OLICHKE PAMOHAIBHOCTU KOHCTPYKLUHU, €€ PECYPCOEMKOCTH M MPEEMCTBEHHOCTHU



M0 OTHOIICHHWIO K aHajory. Bce 3TW Tpu 0a30BBIX IMOKaszaTessl MOJKHBI HAWTH
OTpakeHHe B IpoeKTe [3, 24].

Payuonanvnocmes KOHCmMpYKyuu — 3TO €€ COOTBETCTBHE OOLICTIPUHSTHIM
IpaBUJIaM KOHCTPYHUPOBaHHS. PallnoHaIEHOCTh MOKET HE UMETh KOJTMYECTBEHHOT O
BBIPAKCHHSI, HO MTO3BOJIACT MPEIOTBPATUTH 1e(DEKTHI PU U3TOTOBJICHUH, TOBBICUTD
Ka4eCTBO pa0dOThI M TPOU3BOAUTEILHOCTh MAIIMHBL. PalimOHAIBHOCTh KOHCTPYKITUN
BBIpAXKACTCSA, Hanpumep, B COOTBETCTBHHM KBaJWTETa W IIEPOXOBATOCTH
MOBEPXHOCTEN UX cinykeOHoMy HazHaueHuto (Tabnuna 4.2).

Tabnuua 4.2 - PekoMeHauu no BeIOOPY MapamMeTpoB LMIEPOXOBATOCTH Ra (MKM)
MOBEPXHOCTEN JieTaneil B 3aBUCUMOCTH OT WX (DYHKIIMOHAJbHOTO Ha3HAYEHUS MpU
3aJIaHHOM KBAJIUTETE

XapakTepucruka Kga- [Ipyn HOMUHAIBHBIX pa3Mepax, MM
MTOBEPXHOCTH JUTET Jo 50 Csbitie 50 mo 500
BaJl OTBEpPCTHE BaJl OTBEpPCTHE
ITocagounnie 5 0,2 0.4 0.4 0.8
MTOBEPXHOCTH 6 0.4 0,8-0.4 0.8 1,6-0,8
CMEHHBIX 7 0,8-0,4 0,8 1,6-0,8 1,6
JieTanei 8 0,8 1,6-0,8 1,6 3,2-1,6
XapakTepucTuka Kga- [Ipyn HOMUHAIBHBIX pa3Mepax, MM
ITOBEPXHOCTH JIUTET o 50 Csbitie 50 Csbimie 120
1o 120 1o 500
BaJl | OTBep- | Ba; | OTBep- | Bal | OTBep-
CTHE CTHE CTHE
[ToBepxnocT
JeTaneu s
0Caiok ¢
HaTATOM:
coOMpaeMbIe IO 6-7 0,4 0,8 0,8 1,6 1,6 1,6
IIpeccoM;
cobupaempie
crocoOoM
TEPMUYECKOU 16 3
nedopmarun 8 | 08 1,6 o | 3.2-1,6) | 3.2-1,6
0,8 1,6
[ToBepxHocTH
neranei s 5.7 0,05 0,1 0,1 0,2 0,4 0,8
IOCaJ0K C TOYHBIM 0,1 0,2 0,2 0.4 0.8 1,6
LEHTPUPOBAHHEM
PaGouue
MTOBEPXHOCTH 6 1,6
JMICKOB TPEHUS

IIpumepaMu OTCYTCTBUSL PAIMOHAIBHOCTH SIBISIETCS HECOIIACOBaHHAs
MPOU3BOIUTENHLHOCTh PA00OYMX OPTaHOB MAIIMHBI, UCIOJIb30BaHUE POTALMOHHOTO
PEXYILEro amnmapara Mpu CKallMBaHUM 3€PHOBBIX KYJIbTYp W T.[. YBEIWYEHUE
IIMPUHBI 3aXBaTa U paboveil CKOPOCTH MalIMHbI 0€3 U3MEHEHUS! KOHCTPYKIIUU ee
paboyux OpraHOB Yallleé BCEro PKOHOMHYECKH HE OMNPABAAHO, TAK KaK MPHU 3TOM
CHIXaeTcst Koa((PUIIMEHT TOTOBHOCTH MALIMHBI M YBEJIMYMBAIOTCS [TOTEPU BPEMEHU
Ha ee oOcmyxxuBaHue. [loBblllIeHHE PALIMOHATBHOCTH JOCTUTAETCs MPUMEHEHUEM
0oJiee  COBEpILEHHBIX TEPEeaTOUYHbIX MEXaHM3MOB U pabouyux OpraHoB,
MHTEHCU(ULMPYIOIIUX MPOIeCC pabOoThl.



PecprO€MKOCWZb — 9TO HATYPAJIbHBIC U CTOUMOCTHBLIC IIOKA3aTCJIN MAIlINHEI,
KOTOPBIC XAPAKTCPHU3YIOT KOJUYCCTBCHHYIO OLCHKY TCXHOJOTHUYHOCTHU. K
HaTypaJbHBIM IIOKA3aTCJIAM OTHOCATCA MATCPUAJIOCMKOCTb, 3HCPIOCMKOCTbH U
TPYAOCMKOCTH U3IOTOBJICHUS MAIIIMHBI. I[JISI CPaBHCHUA HOBOM MaIllMHbI U aHajora
MPUMCHAIOT OTHOCUTCIIBbHBIC BCIIMYNHBI 9THUX MOKa3aTeJeH.

YIIeJIBHaH MAaTCPpUAIIOCMKOCTb

M
KM =
P
rae M - Macca MaluMHebl (arperarta, opyaus);
P - OCHOBHOM TEXHOJIOTHYECKUI mapamMCcTp HU3ACIHA: NIMPHUHA 3axXBaTa,

MMPONU3BOAUTCIIbBHOCTL, I'PY30II0ABCMHOCTD U T.II.

VY nenbHas TPyAOEMKOCTh

T
KT :EI

Tac T - TPYAOCMKOCTDH U3IOTOBJICHUA U3CIINA.

VY enbHas SJHEProeMKOCTh
Ky=2,
P
r7ie D - YCTAHOBOYHASI MOIITHOCTh JIBUTATEIS, 00ECIIEYNBAIOIETO PAaOOTy U3IEIHSL.

IIpeemcmeenHocms — 3TO COXPaHSAEMOCTh KOHCTPYKTHBHBIX 3JIEMEHTOB,
MaTepuaioB, JaeTajeil 0a30BOro wW3leius B HOBOW KOHCTpykuuu. llokasaTtemu
MPEEMCTBEHHOCTH TMPEINONArafoT OTrpaHMYEHHE KOJUYEeCTBa OPUTHHAIBHBIX
aeraneii, Oojee HIMPOKOE HCIOIB30BAHUE CTAHAAPTHBIX, HOPMATM30BAHHBIX M
YHU(DHUIIMPOBAHHBIX DJIEMEHTOB KaK COOpPOUYHBIX €IWHUIl, TaK M (parMeHTOB
netainey (ranrenu, Gacky U T.I1.).

[lpu craHgapTH3amMu ¥ HOPMATHM3AIMM KOHCTPYKTHUBHBIC —PELICHHUS
opopmIIAIIOT B BHAE MOKYMEHTOB: CTaHIAapTOB W HopMmasield. llepBble M3 HHX
00s13aTeIbHBl BHYTPH TOCYAApCTBA WM JaXe TPYHIbl rocynapctB. OOBeKTamu
CTaHJIAPTOB SABJISIOTCS TOIIIUITHUKN, MAPKU CTaJIeH, KPETI)KHBIE PE3bOBI U T.11.

KoadduineHT cranaapTU3anuy U3 aeus
Ecr + Aer
E+J
rac ECT nu rﬂcr - KOJIMYCCTBO CTAHAAPTHBIX C60quHBIX CAUHUIl U z[eTaHeﬁ, HC
BXOIAIIINX B OTHU C60quHBIe CAVHUIbI (6OHTOerHe)K HC qu/ITBIBaIOT);
E 1 J - KOJIUYECCTBO CE nu IIeTaHeﬁ «POCCHIIIbIO» B pacCCMATPUBACMBIX

KCT =

U3JIETUSX.

Hopmanu npumenstor B maciutade OoTpacid WIM OJHOIO MPEeANpUsTHS.
OObekTaMu HOpMAJIM3ALMK  SBJISIOTCA  CHEHU(PUUYECKUE HW3ENUs: CETMEHTHI
peXYILIEro amnmapara; BapuaTOphbl, 3BE3JI0YKM ILEMHBIX [epefad; Ouuu
MOJIOTHJIBHOTO Oapabana u T.4. MHOrma HOpMalIU3ylOT OTAENbHBIE AIIEMEHTHI
netanu: packu; rayurenau; TpeOOBaHUS K OTIMBKAM U JIp.

Koadpunment nopmanuzanuu
_Ey+ Ay
"TUE+g



rae E, u J, - KoaudecTBo HopMam3oBaHHbIX CE m neranel, He BOIICAIINX B 3TH
CE.

Yuugurayus — 310 cokparieHne MHOrooOpasus KOHCTPYKTUBHBIX PEIICHUH,
npeaycMoTpeHHblx  ['OCT  wiam HopManmsaMu.  YHUQHUKANHMS  COKpallaeT
HOMCHKJIATYpy TMPUMEHSEMBIX MaTepHaIOB, COPTAMEHTAa, Pa3MEPOB OTBEPCTHUH,
dacok u T.1. B pe3ynbrare cokpamiaeTcsi KOTUIeCTBO TUITOPAa3MEPOB HHCTPYMEHTA,
BHJIOB TCXHOJIOTHYCCKON OCHACTKH, HOMCHKJIATypa 3arm4acTei.

Koadpdunment yaudukanuu u3aenus

_ Ey + 1y
Y E+ [
rae £, n J[, -xonundectBo yHubuuuposanusix CE u neraneil.

[Tpy BBIMOTHEHUH 3TOTO pasfeia CIICIyeT BBIYUCIHTH BCE BBINICYKAa3aHHBIC
K03 (PHUIMEHTHI 1T0 HOBOW MallTMHE ¥ aHAJIOTY U CPABHUTH UX MEXKIY COOOM.

AHanu3 KauyeCTBEHHBIX TOKa3aTeIei TEXHOJOTUYHOCTH JOJDKEH BKIIFOYATH
pelleHue cueayomux 3auad [15]:

- OIICHUTH COOTBETCTBUE ra0apuTOB M MACChI U3JICIHS C YCIOBUSIMH COOPKH,
BO3MOYXHOU PEryJIMPOBKH U TPAHCIIOPTHPOBKHU;

- BBISICHUTH Haju4ue 0a30BOM JIETald, K KOTOPOH yIOOHO MPUCOCAUHSATH
OCTaJIbHBIC 3JIEMCHTHI H3CIIHS;

- YCTaHOBUTH, 00€CIIEUNBACTCS JIN SIUHCTBEHHO BO3MOKHOE OTHOCHTEIILHOE
MOJIOKCHUE COOMpaeMbIX JcTanei. [IpW Haauumm aabTepHATUBHOTO BapHaHTa
OLICHUTD €0 11eJ1IeCO00Pa3HOCTh;

- OLICHUTHh BO3MOXXHOCTH PACUJICHCHHUS W3JACIIUSA Ha COOPOYHBIC €IUHUIIBI,
JOITyCKAIOIINE CAMOCTOSATEIBHYIO COOPKY, KOHTPOIb M HCIIBITAHHE;

- OIICHUTH BO3MOYKHOCTh O0hCTMHECHHSI HECKOJILKMX TPOCTHIX JICTaICH B OTHY
Oonee cioxHyro. Takoil MOIX0J MO3BOJUT M30EKaTh MHOTO3BEHHBIX Pa3MEpPHBIX
nierneii. Ecim cokpaTUTh YUCIIO 3BEHBEB HEIb3S, TO B KOHCTPYKIIUU U3JEIHS CICTYET
MPETYCMOTPETh KECTKHH HIIN PETYIHPYEMBbIH KOMIICHCATOP;

- TIPOBEPUTH COOTBETCTBHE NPEIYCMOTPCHHBIX COCIMHCHHNA JcTalieh
TpeOOBaHMUSIM TOYHOCTH U TMPOU3BOJUTEIBHOCTH COOpPOYHBIX paboT. Hanpumep,
BMECTO KIICEBBIX COCIMHCHHNM TPUMCHHTH KJCHaHble M JaXXe CBapHBIC;
pAMOOOYHBIC NUIMIICBBIC COCAMHCHHS 3aMCHUTH DBOJIbBEHTHBIMH; KOHUYCCKUI
PEAYKTOP 3aMEHUTH MEPEKPECTHON KIMHOPEMECHHOM TIepe1aueii u T.11.;

- OICHUTh HAJIWYHE TPYIHOJOCTYIHBIX M HEYTOOHBIX MECT I COOpPKH,
TPYJAOEMKOCTb 3aMEHBI OTKa3aBIIIHNX JCTAJICH;

- paccMoOTpeTh HEO0OXOMMOCTh MPUMCHEHUS CICITUATBHBIX
MIPUCTIOCOOJICHHIA, HAITPUMED, IS CKATHUS TPYXKUH MPU COOPKE, OJTHOBPEMEHHOTO
0a3upoBaHUS HECKOJIBKUX JIeTalCH, OallaHCHPOBKY BPAIIAIOIIUXCS A€TANCH U T.J1.;

- OICHHUTh HAJEKHOCTh TPEIOXPAaHCHUS pPEe3bOOBBIX COCAMHEHUH OT
CaMOOTBHHYWBAHMS, TIOSIBIICHUS HEIOITYCTHMBIX 3a30POB MEXTY ACTAIISIMH;

- OIICHUTH HAJC)KHOCTH 3AIIUTHI 3JIEMEHTOB KOHCTPYKIIMU OT 3po3uu (T.e.
KOPPO3UHU U U3HOCA).

B3aumHoe coenuHeHWe AeTaneld JOKHO YYHUTHIBATh TEXHOJOTHYECKHE H
AKCILTyaTallMOHHbIE TpeboBaHus (Tabnuua 4.3).



Tabonuua 4.3 - Tunuszaus mocaaox

CouyeTaHne OCHOBHEIX
OTKJIOHCHUI OTBEPCTHUS U Bajia B XapakTepucTHKa
I'pynna
HOCATIOK IocaJike SKCILTyaTalHOHHBIX
CHCTEMBI CHCTEMBI CBOMCTB ITOCaJIKH
OTBEPCTHS BaJIa
Hfa, H/b, H/c | A/h, B/h, C/h | HOCaAKH € QorbLimMn
C 3azopamu 3430paMut
H/d D/h upokoxoaoBas
H/e E/h JlerkoxomoBast
H/f F/h XomoBas
C 3azopamu H/g G/h JIBroxeHust
H/h H/h Cromp3smas
H/js Js/h [TnoTHas
Tepexo/Hbie H/k K/h Hamnpsixennas
H/m M/h Tyras
H/n N/h I'myxas
H/p P/h JlerkonpeccoBas
C Hatsarom H/r, H/s, H/t R/h, S/h, T/h | [IpeccoBast cpennss
H/u, H/x, H/z U/h, X/h, Z/h | TlpeccoBas Tsoxenas

Bvibop nocadox NMOABWXHBIX U HEMOJBH)KHBIX COCIMHEHMH NPHUBOIAT Ha
OCHOBAaHHUU PACUYETOB, SKCIEPUMEHTAIBHBIX MCCIEIOBAHUN WM OPUEHTUPYSCH Ha
aHAJIOTMYHbIE COEIMHEHHUS, YCIOBUS paOOThl KOTOPBIX XOPOIIO U3BeCTHHI. CienyeT
OTMETUTb, YTO TMPHU HCIOJIH30BAHUM METOJAa AHAJIOTHMM HEOOXOAMMO YKa3bIBaTh
KOHKPETHBIE YCIIOBHSI, BIUSIOIIME HA BHIOOP KBAJIUMTETOB U Mocanok. Hanpumep,
IpPU yIapHBIX HArpy3Kax M yBEJIMUYEHHOM IIEPOXOBATOCTH MOBEPXHOCTEH 3a30pbl
CJelyeT YMEHbIIaTh, a HATATH YBeNUYUBaTh. [Ipu OonblIoi JyiHE COeAMHEHUS U
BBICOKMX CKOPOCTSX BpAaIllEHUS 3a30pbl CJEAyeT YBEIMYMBaTh, a HATITU
yMeHbIaTh. [Ipu yacToMm 1eMoHTa)xe 3a30pbl U HATATH JOJKHBI ObITh MUHUMAJIBHO
BO3MOXHBIMH.

W3 rpynmel mocagok M 3a30pOB  HAWOOJIbIIEE PpPACIPOCTPAHEHHE B
cenbxo3mamnHax umeror ckoavzawjas (H8/h8, H9/h9) u neexoxooosas (H7/e8).
Ckonp3siast mocajka NpUMEHSIeTCs] B MMOJABUKHBIX M HEMOJABUKHBIX COSTUHEHUSIX
IPU HEBBICOKMX TPEOOBAaHMSIX K COOCHOCTU [JIsi YCTAHOBKHM Ha Basbl JeTallei,
nepearonX KpyTAlMe MOMEHTHI Yepe3 MNOoHKY. [IpuMepom SBISIOTCS CMEHHbIE
HIECTEPHU, UIKMBBI HA KOHIAX BaJIOB, AKCLUEHTPUK KPUBOLIMITHOIIATYHHOTO
MexaHu3Ma. JIerkoxomoBbie OCAAKK 7 U 8 KBAJUTETOB OJjarojapsi MOBBIIIEHHBIM
3a30paM HCIOIb3YIOT B MHOTOOMOPHBIX BajiaX, YBEJIMYEHHON JJIMHE COEIUHEHUS,
P pa3HECEHHBIX OMOpax (KOpEHHbIE MIeHKN KoJeH4YaToro Bana u 1.1.) [locanku c
OOJBIIMMU 3a30paMU UMEIOT, KaK MPaBUIIO, HU3KYI0 TOYHOCTH (11, 12 kBanurer).
Ux mnpuMeHAIOT B MOABMXKHBIX  I'pyOOLIGHTPUPOBAHHBIX  COEIUHEHUSX
(IMCTaHUMOHHBIE BTYJIKM B PEAYKTOpaxX, KPBIIIKH MOAIIUIHUKOB, HIAPHUPHBIE
COEJIMHEHUS TAT, COOaYKU NMPEAOXPAHUTEIbHBIX YCTPOUCTB.

Ilepexoonsvlie nocaoku WCHONB3YIOT B TMOABMXHBIX, HO PpPa3beMHBIX
COEIMHEHHUSX JIeTajiel, OHM 00eCleynBaloT UX Xopolllee eHTpupoBanue. Hatsruy,
MOJIyYalolIMecss B TEPEeXOJHBIX TMOCaJKaX, HEJIOCTATOYHbl JUIs Mepeaaydu



3HAYMUTENIPHBIX KPYTAIIMX MOMEHTOB U TPEOYIOT OMOJHUTEIBHOTO KpPEIUICHUS
COCIMHSEMBIX JICTAJICH MIMOHKaMH, BUHTaMu U 1p. HaubonbIee pacnpocTpaneHue
MOJYyYWJIM HamnpsbKeHHblE mocaaku 6, 7 m 8 kBanuteroB. [lo »TUM mocaakam
yCTaHABJIMBAIOT 3y0uaThle KOjeca, MaXOBUKH, MOPITHEBBIE MAbIIbI, MOIIIAITHUKA
U T.J.

Ilocaoku ¢  Hamseom  WUMEIOT  OTPAHUYEHHOE  MPUMEHEHHUE B
CENIbCKOXO3IMCTBEHHBIX MalnMHaxX. (OTHOCUTEIbHAS HEMOJABM)XHOCTh JeTalie
JOCTUTAETCSl 3a CYET HaINpSHXKEHUW, BO3HUKAIONIUX B MaTepUalie COIMPATaeMbIX
JieTajgel BCIICACTBUE YNPYTUX U IuiacTudeckux aedopmaruit. COOpka ¢ HATATOM
OCYILIECTBIIAETCA TMOJ TMPECCOM TMPU HOPMAIBHOM TeMIeparype WIH C
MpeBapUTEIbHBIM HArpeBOM OXBaThIBawolleW Jaetanu. Takue mocaaku 7, 8
kBanuteToB (H7/u7, U8/h8 wu ap.) HUCHOAB3YIOT TpPH 3alpecCOBKE Maiblia
KPHMBOIIHUIIA, CTAIbHBIX BTYJIOK B CHJIYMUHOBBIE KOPITYCHI U JIp.

DKCIuTyaTallmoOHHbIE TPeOOBaHUS OKA3bIBAIOT PEIIAIolee BIUSIHUE Ha BEIOOD
BUJIa COCIMHEHUS JIeTallel B COOPOUYHBIX eAuHUIaX. B cenpbXxo3MalnHOCTPOSHUU
HauOosiee paclpOCTpaHEHbl CBapHbIC, pPE3bOOBHIC, IIMOHOYHBIE W IUIUIEBHIC
COEJIMHEHMUS.

TeXHOMOTUYHOCTh C8APHBIX cOeOuHeHuUl 3aBUCUT OT MPABWIHLHOCTH BhIOOpa
Marepuala, crocoda CBapKu, MPUMEHEHUS YKOHOMUYECKUX Tpoduiei npokarta [2,
3, 23].

KauecTBO HamjgaBkv M CBapUBAEMOCTh CTajield XapaKTEPU3YIOTCS YPOBHEM
yrneponHoro skBuBaneHra C,. Yem menpmie C,, TEM CBApUBAEMOCTH Jy4IIIE.
BenuuuHy 3TOT0 SKBUBAJICHTa MOXKHO ONPEAETUTh 10 hopmyJie

C, =C+ Mn/6+ Si/24 + Ni/40 + Gr/5+ Mo/4 +V /14,
rae C,Mn,Si, Ni, Gr, Mo,V - coOepKaHUE B CIUIaBE COOTBETCTBYIOLIECTO XUMUYECKOI'O
anieMeHTa, %.

Cranu, umeromme C, <0,45%, OTHOCATCA K XOPOILIO CBapUBAIOIIUMCS.
OcTtasibHBIE  CTaJM  OTHOCSTCS K  YJIOBJIETBOPUTEIBHO W  OTPAHUYEHHO
cBapuBarouMcs. Takue cTaiM, a TakKe KUIIIHE CTAId BCEX MAapOK HEJb3s
MPUMEHSATH JJIs1 OTBETCTBEHHBIX KOHCTPYKIIUM.

Craim ¢ BbicokuM C, TpeOyHOT MNpEeABAPUTEIBHOIO IOJOTpeBa Ui
IOPENOTBpallCHUs TPEIUMH, TaK Kak CyllecTByeT Koppemsauusa Mexay C, u
MaKCHMAaJIbHOW TBEPAOCTHIO 10 cucTeMe BHUKKepca B 30HE CBAPHOTO I1IBA:

HV_ .. =660C, +40.

B 3aBHCHMOCTH OT pacCCUMTaHHOIO 3HAYEHUsI HV,, BBIOMpaAeTCs TeMIepaTypa
MpEeIBapUTEIBHOrO OAOTPEBA CTAIIBHOTO U3/IEIHS:

HV_ wmwxke 200 (Temmneparypa npeaBaputesbHOro mnojgorpesa no 7°C no

150°); 250 (Temneparypa npeaBapureapHoro nogorpesa 1o 150° <7°C <250%); 325
¥ BBIIIE (TEMIIEpATypa IIPEABAPUTENLHOrO mogorpesa 10 7°C >250°).
Hanpumep, nnsa ctanu mapku 15X BenuuuHa

1
C,=015+22—0,35%.




CootserctBenno HV . =660-0,35+40=271.

CrnenoBatenbHO, TIepe]] CBApKOW JAeTaneil U3 TakoW CTaliu X HE0OXOIUMO
IpeIBAPUTENBEHO HATPETH 10 TeMuepaTypsl okoio 200°C.

CapHble CoeMHEHUs CJIeAYyeT pacrojaraTh B 30HE HaMMEHBIITUX pabounx
HanpspDKEHUM, TaK KaK MX MPOYHOCTh HUKE IMPOYHOCTH OCHOBHOIO MeETalia.
CUMMETPUYHOE pACTOJIOKEHUE CBAPHBIX IIBOB YMEHBIIAET BEPOATHOCTH
BO3HHKHOBCHHUS CBApOYHBIX HanpsKEHU I u nedopMaruii. B
CEJIbCKOXO3IMCTBEHHBIX MaIllMHAX HaWOOJIbIIIEe PACIPOCTPAHEHUE TONIYUUIIN
TOYEYHas CBapKa M JAYroBas CBapKa B YIJIEKUCIIOM ra3e IUIaBsSIIUMCS 3JIEKTPOJIOM.
B mnocnennue ronmpl B 0OIIEM MalIMHOCTPOCHHUM PACIIMPSIETCS MNPUMEHEHUE
AJIEKTPOHHO-JIYYEBOM CBapKH, SHEProeMKOCTh KOTopoil B 10-15 pa3 mMeHbIe yem
JyrOBOW. ODJEKTPOHHBIH Jyd (OPMUPYET TOYEHHBIC W IIOBHBIC IIBBI 32 CUET
MPOIUIABIICHUS COCIUHSAEMBIX JIETANICH.

TeXHOMOTUYHOCTh pe3bO08biX coOeOUuHeHUll 3aBUCUT OT HAJIUYHS OTKPBITOTO
JOCTyIa K MECTaM MX YCTaHOBKH, HaJ€KHOW HEUTpAIM3allMi CaMOOTBUHYMBAHUS,
yHU(DUKAIIUA TIPUHATOTO Kpenexa. Pecypc OOJNITOBBIX COSMHEHHM YBEIUYHBAIOT
YIPOUYHEHUEM OTBEPCTHS U MOBBIIIEHUEM PAUAIBHOTO HATSITA.

B 3aBucuMoctu oT mepegaBaeMoil Harpy3Kd BBIOMPAIOT BUJ UHOHOUHO20
coeounenus [18]:

- HampsKEHHOE, CO3/1aBaeMoe KIIMHOBOM IITIOHKON U CIIOCOOHOE TepeiaBaTh
KPYTSIIMHA MOMEHT U OCEBYIO CUITY;

- HEHAIPSKEHHOE, CO3/1aBAEMOE NMPU3MATUUYECKON UM CETMEHTHOM IITMOHKON
1 MEPEAIoIIee TOJIbKO KPYTIIIUNA MOMEHT.

CoennHeHHsT KIMHOBOM IIMOHKOW MPUMEHSIOT B MEXaHU3MaX C HEBBICOKOM
TOYHOCTBIO, TaK KaK OHO CMENIAeT OChb CTYNHUIBl OTHOCHUTEIHHO Baja.
[Ipu3maTuyeckue MIMOHKK 00€CTICYMBAIOT JIy4Illee IIEHTPUPOBAHUE COMPSITaeMBbIX
JeTaliel, WX YCTAHABIMUBAIOT B HEMOJBMXKHBIX M CKOJIB3AIIUX COCIUHEHUAX
(Tabnuma 4.4). Martepuain IMIMNOHOK — yIIEPOAUCTasl CTalb C MPEIEIOM MPOYHOCTH

ne ke 5-10° MIla.

Tabnuma 4.4 - TunoBele coueTaHus MOJICH JOMYCKOB IIMOHOYHBIX COCTMHEHUMN

XapakTep COeTUHECHUS [Iupuna mmonku | Ila3 Bana [Ta3 BTYnKH

CBobGoaHoe
(obecreunBaeT
MEepeMEIIeHUEe  BTYJIKH
BJIOJIb BaJja) h9 (B wmmumyc,
Hopmanbshoe CHCTEMa BaJia)
(HemoABMKHOE)
[InoTtHOE (npu
LUKINYECKOU HarpysKe)

H9 (B moc) D10 (B muttoc)

N9 (B Munyc) |19 (¢)

P9 (B munyc) P9 (B munyc)

HY9 D10
O0o3HaueHue MocagoK: —; — "
h9  h9

s wnuyesvix  coeOunenuti  Hambollee  SKOHOMUYHBIM  SIBJISICTCS
LHEHTPUPOBAHUE I10 MOBEPXHOCTH HAPY>KHOTO JUAMETPa, MPU STOM BBICOKYIO

T.HO.

b



TOYHOCTH Y IIJTMIIEBOTO BaJla MOXHO JIETKO MOJYyYUTh HUTU(POBAHUEM, A HUIUIIEBbIC
OTBEpCTUSA BO BTYJKE - MpoTsAruBaHueM. lLleHTpupoBaHuME 1O MOBEPXHOCTH
BHYTPEHHEr0 JuameTpa o0ecrneyuBaeT 0co00 BBICOKYIO TOYHOCTh. Ilpu 3TOM
MPUXOAUTCS NUTM(POBATH HUIMIIEBOE OTBEPCTHE U BaJl. TouHast mocaaka rno 00OKOBBIM
CTOPOHAM MUIMI[A TPUMEHAETCS PEAKO M B Ciy4yae BBICOKONEPEMEHHBIX H
PEBEPCUBHBIX HArpy30K.

DOBOJBBEHTHbIE HUIMIIEBbIE COEJIMHEHHUS O CPABHEHUIO C MPSIMOOOYHBIMU
0oJiee paBHOMPOYHBI, UMEIOT MEHBIIYIO0 KOHIIEHTPALMIO HAMPSX)KEHUH Y OCHOBAHMS
3y0a, oOecreyuBaroT Jiydllee LEHTpUpoBaHuE. Takue HUIMLBI HAa Bally MOXKHO
MoJIy4aThb HaKaTKOM, pe3aHueM ¢pe3od wuiam J10i0SIKOM, a B OTBEPCTHH -
MpOTATUBaHUEM eciii TBepAocTh cTynuibl HRC < 40. Eciu 1o KOHCTPYKTUBHBIM
COOOpPaKEHUAM CTYMHIIA JOJIKHA UMETh OOJBIIYIO TBEPAOCTb, TO IIIMIBI BHAYasIe
IPOTATUBAIOT, a 3aTEM IPOBOJAAT a30TUPOBAHUE C 3aKAJIIKOM, KOTOPOE HE UCKAKAET
npoduIb.

TexHONOrMYHOCTh NITUUEBBIX COEAMHEHHH 3aBUCUT OT TpeOOBaHMH K
TBEPAOCTH WX  OJEMEHTOB, HM3HOCOCTOMKOCTH, TINATEIBbHOM  00pabOTKU
LHEHTPUPYIOLIUX MOBEPXHOCTEH, HAIMYUS 3aX0AHBIX (acok. [1o HeleHTpupyrommum
JIUaMeTpaM 3a30pbl JOJIKHBI ObITh BECbMa 3HAYUTEIbHBIMU, YTOOBI FapaHTUPOBATH
COMPsDKEHUE 10 LIEHTPUPYIOIIUM MOBEPXHOCTSIM. PeKkoMeH Tyembie Mo TOMYCKOB
U TIOCAJIKU IIPECTaBIEHbI B Tabnuue 4.5.

Tabnuia 4.5 - Tons 10MyCKOB ¥ OCAAKU JJISl IUTHIIEBBIX COCTMHEHUIN

ITocanku
Xapakrep
HenTpupoBanue o o o
Coenunenue nepeaavn
I10 IIOBEPXHOCTH . — HEHTPHUPYIOIIEMY | HELIEHTPUPYIOMEMY | OOKOBBIM
P JMaMeTpy JaMeTpy CTOPOHAM
[TpsiMOOOYHBIE IITMIIEBBIC COSTUHEHUS
[MoxsuxHOE He H7/f7 Hl12/all F10/19
d peBepcupyemas
- K- Pesepcupyemas H7/g6 -« D9/h9
D HenoxsrxHoe He H7/356 -«- F8/f8
peBepcupyemast
b HenonsrxHoe | PeBepcupyemast H7/is6 Hl12/all F8/js7
DBOJILBEHTHEIE HUINIEBBIC COCAUHCHU A
HemomBIbKioe He H7/k8, H16/h12,
A peBepcupyemas H7/js6 H9/h9 )
5 He HO/g9 H11/h16
[TonBuxHOE pesepcupyemMast -
Pesepcupyemas H7/g6 H9/g9

[Ipumep 0603HaUeHHS TPAMOOOUHBIX IUTUIEBBIX COSAMHEHUI:
- IPY LICHTPUPOBAHUY IO HAPYKHOMY AUAMETPY D

D—8><36><40H—8><7F—10;

h7 h9

- IIpY LICHTPUPOBAHUU [10 BHYTPEHHEMY TUAMETPY d
H7 H12 D9

d—-8x36——x40 XT7T——:
e8 all f8

- IIpU OCHTPUPOBAHUU I10 OOKOBBIM CTOPOHAM ) IIJIMI]




H12 ><7D—9.

all /8’
31ech 8 — yucio 3yobeB (uwui); 36=d, 40=D, 7=bh — TONIIMHA IUINIIA.
[Tpumep 0003HaYCHMS YBOJBBEHTHBIX IIIJTUIIEBBIX COCTUHCHUM:

b—8x36x40

. H9
- IPY UEHTPUPOBAHUU 110 OOKOBBIM CTOPOHAM 3YOBEB C NOCAAKOU o
g

50.2. ZZFOCT 6033-80:

- IPU LIEHTPUPOBAHUH IO HAPYKHOMY AUAMETPY C IOCAAKON H—67
g

H7
50-2- gFOCT 6033-80;

- IPU LICHTPUPOBAHUU IO BHYTPEHHEMY AUAMETPY C IOCAAKOMN H—67
g

. H
i50-2- EFOCT 6033-80;

3nech D=50 — HOMUHaIBHBIN IUAMETP COCAUHEHNUS;

2 - MOZlyJIb B MM.

[Ipy MoOHTa)xe MNOJIIMIHUKOB HEOOXOAUMO oOecreynuBaTh CBOOOIHOE
BpalllcHWE BaJla C BHYTPEHHUM KOJBLOM OTHOCUTEIBHO KOpPIyca C HapyKHbIM
KOJIBLIOM, MHAYE€ BO3MOXKHO 3akinHMBaHuE. [loaTOMy 3aKpernseHne Kojel Ha Baly
U B KOPIYyCE JOCTUTAETCS HE TOJIBKO paJIHaIbHBIM, HO U OCEBBIM HaTsroMm [18, 23].
Texmpouecc cOOpKU MOJUIMITHUKOBBIX COCIMHEHUI HEOOXOIUMO MOCTPOUTH TaK,
YTOOBl HMMENaCh BO3MOYKHOCTb HEMOCPEJACTBEHHO BO3JEHCTBOBATH Ha KOJIBILIO,
KOTOPOE€ YCTaHABJIMBAETCS C HATATOM, MHAYE Pa3pyLIUTCS CEMapaTop.

[IlepoxoBaTOCTh MOCAJOYHBIX MOBEPXHOCTEN MOAIIMIHUMKA Ha Bajax
Ra=0,08—-0,8 mxm™m, B kopniyce Ra =0,16—1,25 mxm. HecoocHOCTh TTOCaI0YHBIX

MOBEPXHOCTEHN MpHU MapHOH ycTaHOBKE MOMIIMIHUKOB He 6ojee 0,01-0,02 mm.
5 O0ecneyeHue TOYHOCTH COOPKM U B3auMo3amMmeHsieMocTH aetajieid B CE

KonctpykTuBHoe odopmiienue neraneil B cOOpOYHOW €IUHUIE JOHKHO
UCKJII0YaTh IIOJrOHOYHbIE pabOTHI B Mpolecce uX ycTaHoBKU. CoOII0eHHE 3TOrO
yCIIOBUSL TO3BOJISIET MPUMEHATH ABTOMATH3ALMI0O M MEXaHM3alUI0 COOPOYHBIX
paboT, ¥ MPOrPECCUBHBIE CIIOCOOBI OPraHU3aK COOPKH.

B3anMo3aMeHsIeMOCTh 3JIEMEHTOB KOHCTPYKIIUU JTOCTUTAETC HAa3HAYECHHEM
HEOOXOIUMBIX JOIYCKOB COIPSATaeMbIX KOHTYpOB. THIIBI MOCagOK CIeAyeT
BBIOMpATh B 3aBUCUMOCTH OT YCIOBUW paboThl coeauHeHus. HeoOxomumbiid
KBaJIUTET YCTAHABIMBAIOT Pa3MEPHBIM AHAINW30M, HMEIOIIUM LEIBI0 IMPOBEPKY
paboTOCIOCOOHOCTH COEAMHEHUS TP KpatHUX 3HAYEHUSIX 3a30pOB (HATATOB).

B mpormecce mpou3BOACTBA HEBO3MOYKHO BBINOJHATH pa3sMepbl JeTalen
a0Ccom0THO TOYHBIMU. [103TOMY H37€NHe TOMKHO (PYHKIIMOHUPOBATH HOPMAJIBHO,



MOKa IMOTPEUIHOCTH Pa3MEPOB KOHTYPOB AeTalied OyayT JeXaTb BHYTPU MO
JOITyCKa.

OneHka TOYHOCTU COOPKHU OCYIIECTBISIETCSA IMyTEM COCTAaBJICHHS U aHalIn3a
MPOCTPAHCTBEHHBIX CBA3€H MEXIYy COMNPSATaeMbIMH JETaNsIMU. OTH CBS3U
OMKCHIBAIOTCS Pa3MEPHBIMU IIEMSIMU B TPAJUIIMOHHOM BUJE [4] unu kak rpadsl,
BEPIIMHAMU KOTOPBIX SBJISIOTCS TOBEPXHOCTH, TUHUH U TOUKH, & peOpaMH (JyraMu)
— PAacCTOSIHUS MEXKy 9TUMHU dJeMeHTaMu. Pa3zMepHas 1enb COOTBETCTBYET OAHOMY
uukiy rpacda. ns pasmepHoro omnucaHus OONBIIMHCTBA COOPOYHBIX E€IUHUIL
TpeOyeTCsl HECKOJIBKO ITUKIIOB, KOTOPhIE 00BETUHEHBI Ipad)oM.

Kaxnapiii mpocToil 3aMKHYTBIA LMK COCTOMT U3 YBEJIMYMBAIOMIMXCA,
YMEHBIIAIOMINXCA U 3aMbIKAIOIIET0 3BeHbEB. BO MHOTMX MpakTUYECKUX 3ajadax
BECbMa TPYJIHO ONPEIEIUTh BUJI 3B€HA. 3a/laya yrpouaercs u popmManusyercs npu
ucrnoiab3oBanuu rpadoB [6]. s 3TOro mpOEKTaHT MOHKEH MPeaBapUTEIIBHO
BBITIOJIHUTD TPH YCIOBUSL:

1) mpoBecTH YUCIEHHYIO pa3METKY BCEX MOBEPXHOCTEN M3ydaeMoro o0beKTa
(meramu win cOOPOYHON €UHUIIBI) B KAKOM-TO OJJHOM HaIlpaBJICHUU;

2) MOCTPOUTH Pa3MEpPHYIO CXeMY, T.€. rpad oObEKTa;

3) BeIOpaTh HampaBieHne 00xoaa rpada: mo 4acoBoM CTpeNKe Ui HA00OPOT.
Ecnu BepuivHa, B KOTOpOW 3B€HO HAUMHAETCS, YUCIEHHO OOJIbIlle BEPILIMHBI, T1I€
OHO OKaHYMBAETCs, TO 3TO OyJeT yBelauuuBarouiee 3BeHo. [[pyrue 3BeHbs, KpoMme
3aMBIKAIOIIET0, OYAyT YMEHBIIAIOUUMHU.

B kauecTtBe mnpumepa paccMOTpuUM (PparMeHT U3 COOPOYHON €IUHUIIBI
YCTAaHOBKM IIECTEPHU HA BaJl C MCIIOJIb30BAaHUEM MPYKUHHOTO KOJbLA (PUCYHOK
5.1). IIpu cbopke HeOOXOAUMO BBITIOJIHUTH TPU YCIOBUS:

1) nmpykuHHOE KOJIBLO TOJIIMHON 7, MOJKHO pacroyiaraTbCsi BHYTpPHU

KaHaBKU IMUPUHON T ;

0,5
2) 3a30p MEXIYy TOPLIOM HIECTEPHU U MPYKUHHBIM KOJIBLIOM [Az] =175 lpu

MEHbIIEM [AZ] 3aTpyJIHAETCS YCTaHOBKAa KOJIbLIA, MpU OOJIbIIEM BO3HHUKAET
(GpUKLIHOHHAs KOPPO3HSI U3-32 OCEBBIX MEPEMEIICHUH 1IeCTEpHU BIO0JIb Baja;

3) nns oGecrieyeHust 0CeBOM (UKcalMK IECTEPHU €€ TOpEll JOJIKEH CBUCATh
CO CTYIICHbKHM Bajla HA BEJIUYUHY [BZ] =1,5_5 mMm.

CnoXHOCTh JaHHOW 3a7jaud B TOM, YTO B 3TOM (parMeHTe MMEIOTCS Ba
3aMBIKAIOIINX 3BEHA, [0 OTHOLIEHUIO K KOTOPBIM OCTAJIbHBIE 3BE€HbS MOTYT OBITh
YBEJIMUMBAIOIIMMHU WM YMEHBUIAIOIUMU. B COOTBETCTBUU C M3JI0KEHHOW BBIIIE
METOJMKOM CTpOUM Tpad), KOTOPbIN BKIIIOYAET OAHOBPEMEHHO TpH MKIa: 1-2-3, 2-
5-4-3 u 1-2-5-4-3.

[Ipu BBHIOpaHHOM HampaBieHUU 00X0ja (IO YACOBOM CTpEJKe) YpaBHEHHUE
mukna 1-2-3 oymer I,+B,-T7,=0, orkyma B,=T7,-T,. 3Beno T, -
yBenunuuBatomee, 1, - yMeHblIarolee. YpaBHeHue mukia 1-2-5-4-3 Oyner
I'+T7T,-T,—A4,-T,=0, otkyna

A =T -T,+T,-T,=T,-B; -T,.



&

Pucynok 5.1 - ®parmenT u rpad KperieHus: HecTepHU

B numioMHOM IpoeKTe MOTYT pemaThes MpsMasi 1 oOpaTHas 3aJ1a4 pacueTa
rpada. B mepBoM ciydyae oOnpeacisiitoT HOMHHAJIBHBIC pa3Mepbl U JIOMYCKHA BCEX
3BCHBEB Tpada, UCXOAA U3 YCIOBHH, MPEABIBIAEMBIX K €T0 3aMbIKAIOIIAM 3BCHBSIM.
[Tpu perennyr 0OpaTHOM 3aaun, UCXOAS M3 3HAUCHUH HOMUHAIBHBIX Pa3MEPOB U
JOMYCKOB  3BEHBEB TIpada, ONPEACISIIOT CTaTUCTUYCCKHE XapaKTECPHUCTHKU
3aMBIKAIOIIETO 3BEHA.

Brimieyka3zaHHble 3aad4d MOTYT peEIIaThesl pa3HBIMH Metoiamu. Eciau B
nukie rpada He Oonee 3-4 36eHbeg, TO TPUMEHSIOT MemoOd NOAHOU
gzaumosamensiemocmu. Ilpu GonpiieM 4uciie 3BEHEB MOKHO MPUMEHATH Memoo
HEeNnoIHOol 63aUMO3AMeHseMoCcmu, TONYUYUBIIUNA IIMPOKOE paclpoCcTpaHEHUE B
CEIbCKOXO3IMCTBEHHOM MAIIMHOCTPOCHUU. B 000MX cioydasx HOMHUHAJIbHBIH
pasMep 3aMbIKaroliero 3seHa [4, 11]

A€ m - 4YHUCJIO 3BCHBCB B IIUKIIC,
gi - IEPCAATOYHOC OTHOIICHHUE i -I'0 3B€HA, UMCIOIICTO pasMEp Ai .
B yactHOCTH JJIIAA JIMHEMHBIX I‘pa(i)OB C mapaJujICJIbHbIMH 3BCHbAMUA éi =1 - JJIA
YBCIIMUYNBAIOIUX U éi =-1- AJI YMCHbIIAOIIUX 3BCHLCB.

JlomycK 3aMBIKAIOLIEr0 3BE€HAa MPH pacyeTe IO METOAY MOJHOU
B3auMo3ameHsaeMoctu [4, 11]

rae 7, - OmycK i -To 3BEHa;



t - xputepuit CtprofenTta (Tabmuma 5.1), 3aBUCAIUMNA OT pUcKa P TMOJIYYUTh
COOPOUYHYIO €AUHUILY C TOYHOCTHIO HIDKE PETJIAMCHTHPOBAHHOM (711 UCTIPABIICHHSI
3TOrO Opaka HeOOXOIUMO MPOBECTU MEPEOOPKY JAeTaNelt KOHCTPYKIIHH ),

A, - K03 PHULIMEHT OTHOCUTEIHFHOT'O PACCEMBAHUS pa3MepoB: Jis [ ayccoBCKOro

pacrpesieNieHus, XapaKTepHOTo sl CEPUIHOTO M MAacCOBOTO MPOMU3BOACTB A, =1/3,
IS MEIKOCEpHUHHOTO W HMHAWBHAYAJIBHOTO IPOW3BOACTB A = 1/ J3 , TIpH

CpeIHEeCEepUIHOM NPOM3BOACTBE NPUHUMAIOT A, = 1/ J6 [4].

Tabnuua 5.1 - 3HayeHus + NpU Pa3NTUYHON BEIUUYUHE P

[IponenT

pucka, P % 0,01 (0,05 (0,1 |0,27(0,5 |1,0 (2,0 (3,0 |[5,0 |10,0 (32,0

Kpurepnii £ 3,89 (3,48 |3,29 |3 2,81 (2,5712,322,17 11,96 [ 1,65 [1,0

B cenbCcKOXO34MCTBEHHBIX MalIMHAX JUIsi OO0ecreueHusl JOCTaTOYHOMN
TOYHOCTH COOPKH JeTaJiell CO 3HAYUTEIBHBIMU JIOMYCKaMU pPa3MepOB IIHPOKO
PaCIIPOCTPAHEH Memoo peyiupoéanusi As NOOBUICHLIMU UL HENOOBUICHBIMU

Komnencamopamu [4]. B kayecTBe HENOJBHKHBIX KOMIIEHCATOPOB, Hanpumep,
(perynupoBKa 3a30pa MEXJy CETMEHTOM U IPOTUBOPE3OM) UCIIOJIb3YIOTCS IANOBbI,
MPOKJIAJKK OJMHAKOBOM WIM pa3HOW ToNIMHBL. B KadecTBe MOABUKHBIX
KOMIIEHCATOPOB HCIOJB3YIOT, Hanpumep, pPe3bOOBbIE COCAUHEHUS, IPYKHUHBI.
[IpumepoM sBIsieTCS peryjaupoBKa JUIMHBI IatyHa. Pacuer pa3MepHoil uenu
OCYILECTBIISIETCS 110 METOY MOJIHOM UM HETIOJHOM B3aUMO3aMEHSIEMOCTH.

Pexxe  ucnonwszyercss memoo  cenekmusHou — cbObopku  (TpymnioBas
B3aMMO03aMEHAEMOCTh) [4], KOTOpbIi 3(h(PEeKTUBEH B MACCOBOM U KPYITHOCEPUHHOM
MIPOU3BOJICTBAX JIJISI MAJIO3BEHHBIX LIMKIOB M MPU OYEHb KECTKUX TPEOOBAHUAX K
TOYHOCTH 3aMbIKAIOILETO 3BeHa, Koraa 7y < 0,05 MM. DTOT METO MCIIOIb3YIOT IIPU

pa3paboTKe MPOIIECCOB COOPKH MOJUIUITHUKOB, MOPITHEBBIX KOJICI U MOPIIHEH U
np. Pacuer Takoil pa3MepHOM LENX BEAYT METOJIOM ITOJIHOW B3aMMO3aMEHSEMOCTH.

Memoo npuconxu TPUMEHSIOT B WHIWBUAYATbHOM WJIM MEIKOCEPUHHOM
MPOU3BOACTBax [4].

OTtMeTuM, 4TO JJISI TIOJTHOM XapaKTEPUCTUKHU pazMepa HEOOXOIUMO 3HATh HE
TOJBKO €r0 HOMUHAJIbHYIO BEJIMUMUHY U JIOMYCK, HO U KOOPJAUHATY CEPEAUHBI MOJIS
nonycka. B cOopouHOi equHUIIe KOOPIUHATHI CEPEIUH MOJeH JTIOMyCKOB 3BEHBEB
JIOJDKHBI OBITh YBSI3aHBI MEXTY CO00M ycimoBueM [4, 21]

AOZ - Z é:iAOi ,
i=1

rae AOZ U A, - KOOpPIUHATBHI CepeluH IOJICH TOMYCKOB 3aMBIKAIOIIETO U i-TO

3BCHBCB;
m - YUCJIO 3B€HbEB B pACCMATPUBAEMOM IIHKIJIE.



B npoexte HeoOxoauMo BbiOpaTh Haubosiee A(G(PEKTUBHBI MeTon
o0ecrniedeHns B3auM03aMEHIEMOCTH, ONPEEIIUTh TapaMETPhl 3aMbIKAIOIIETO 3BEHA,
BBIYHUCIUTD JOMYCKH 1 HOMUHAJbHBIE pa3MEpPbI, COMPATAEMbIX C HUM 3BEHBEB.

6. Texnonorusi COOpOYHBIX PadoOT

6.1 CocTraBiienue BapuaHnToB cxeM cOopku 3axanHoi CE nian u3nenus B
neJIoM

JIroboe m3nemnue MpoeKTUPYETCS TaK, YTOOBI €r0 MOKHO OBUIO pa3fesiuTh Ha
OTJeNIbHBIE COOPOYHBIC STUHUIIBI U IeTaTH. TaKo# MoaX0 1 MO3BOJISET:

- COKpaTHTh CPOKH MPOCKTUPOBAHMS 3a CUCT BBHITIOJHEHHUS Pa3HOOOPa3HbIX
KOHCTPYKTOPCKUX padOT B CHECIHATU3UPOBAHHBIX OT/IETaX;

- COKpaTHUTh MPOU3BOICTBEHHBIH IIUKIT 33 CYET MapaIeIbHOTO U3TOTOBIICHUS,
KOHTPOJISI U UCTIBITAHUHA OTACIIBHBIX 3JIEMEHTOB KOHCTPYKITHH.

Paznenenne n3nenusi HA OCHOBHBIE YAaCTH 00ECTIICUnBaETCsl pPa3HOOOpa3HBIMU
pa3zbemMami. KoHCcTpyKTHBHBIE pa3beMBI 00YyCIIOBJICHBI pa3IuIHBIM
(YHKIIMOHAIBHBIM Ha3HAYE€HHWEM YacTei: MOTOBUIIA;, OyHKepa; auddys3opa u T.1.
TexHonmorndyeckue pa3beMbl HA3HAYAIOT U3 YCIOBHUS PAIlOHATBHON OpraHU3aIlluu
NPOU3BOACTBA. OTH pa3beMbl HUCHOJB3YIOT TIPM  MOHTa)Xe  JIBHTATels,
MTHEBMATHYECKUX KOJEC, MOJOTHJIBHOTO OapabaHa W T.nI. OKCIUTyaTallMOHHbBIE
pa3peMbl Ha3HAYalOT HCXOAS W3 YCJIOBHHA TEXHHMYECKOTO YXOAa, PEMOHTA,
TPaHCIIOPTUPOBAaHUA. TakWe pa3beMbl HMEIOT KAaMHEYJIOBUTENb, KaOWHA
3epHOYOOPOYHOT0 KOMOaitHa, BHHTOBOW JOMKPAT TIaT(OpMBI TOJOOPIIKKA U T.JI.

C mo3unuii TeXHOJOTHYHOCTH K pazbeMaM MPEAbIBISICTCS PsT TPCOOBaHUI:

- pa3peM IKeNaTeNBHO pacrojiaraTh B TOPHU3OHTAIBHOW TUIOCKOCTH
CUMMETPUYHO K 0a30BO# OCH;

- MECTa Pa3beMOB JIOJDKHBI ObITh JTIOCTYITHBIMH JIJIs1 COOPKU U KOHTPOJIS;

- coenunsieMbie CE M0KHBI OBITH B3aUMO3aMEHIEMBI 1T0 KOHTYPY pa3beMa,
YTOOBI HCKITFOYHMTH CIIECAPHBIC TOBOIOYHBIC M MPUTOHOYHBIE PAOOTHI;

- HOMCHKJIATypa M KOJIMYECTBO KPEIUICHUH IOHKHO ObITh MUHUMATBHBIM,
YTOOBI OTPAHMYUTH KOJWYCCTBO TPUMEHSIEMOTO HWHCTPYMEHTa M COKpPATUTh
TPYAOEMKOCTh COOPOYHBIX paboT;

- KOJIMYECTBO Kpereka ClIeyeT YMEHbIIaTh 32 CYET MPUMEHEHHUS 3aMKOB,
[IAPHUPOB, 3aIIEJIOK U T.1.

Bb16op cxembl pasaeneHus U3AeNus Ha COCTaBHBIE YACTH U TI0 XapakTepy
pazpemMa pemaronM o0pa3oM BIHMSIET Ha CXeMy COOpKH, COCTaB OCHACTKH U
UHCTpyMeHTa. Paznuyaror auddepeHnnpoBannyio U HeaudpepeHIInpoBaHHY IO
CXEMBbI COOPKH.

HuddepennrpoBanHas cxemMa  COOpPKHM  COOTBETCTBYET  JIPOOHOMY
pa3felieHNIo W3JIeTUsl Ha arperarbl, cOOpOYHbIC €IWHUIBI PA3HOTO MOpSIKa U
netanu (pucyHok 6.1).



N3penue

Arperatel

C6opouHble
eauHNLbI

Pucynok 6.1 - Cxembl cOOpKHU U3ETUS:
a — nuddepeniupoBanHas; 0 - HeaudhepeHpoBaHHAs (KPOCCHIMBIOY)

HuddepenumpoBanHas cxema cOOpKU oOecrieunBaeT IMUPOKUd GPOHT padoT,
CBOOOJHBIN TOCTYII K OTAECIbHBIM 3JIEMEHTaM U3JIeNHUsl, BO3MOXKHOCTb PUMEHEHHUS
MEXaHU3UPOBAHHOTO M aBTOMATHU3MPOBAHHOIO 00OpynoBaHusa. s peanuzaunuu
ATOW CXEMbl HEOOXOJUMBI 3HAYUTEIbHBIE IUIOMIA[A LIEXOB, OOJBIIOE YHCIO
pabouux HeBbICOKOW KBanu(pukanuu. Bce 3TO COOTBETCTBYET CEepUHHOMY
MIPOU3BOJICTBY.

[Ipu  HemuddepeHUMpPOBAHHON  cXeMe  HU3JeNnue  coOupaercs U3
OTPaHUYEHHOI0 Yucia COOPOYHBIX €UHUI] U MHOTHUX JIeTaliel, KOTOpbIe MOJal0TCs
«pOCCHINbIO» HA OKOHYATEIbHYIO COOPKY. M3-3a CTECHEHHBIX YCI0BUH peol1aiaeT
PYYHOH TpyHd, 4YTO MOXHO JOMYCTUTh B €JAMHUYHOM WA MEIKOCEPUIHOM
MPOU3BOJICTBAX.

B xauecTBe opreHTHpa MOXKHO MPUHSATH CIEAYIOLIEE KOJIMYECTBO MAIIUH JJIs
XapaKTepUCTUKH cepuitHocTu (Tabauua 6.1) [23].

Tabnuma 6.1 - XapakrepucTruka TUTIOB MPOU3BOJICTB

Tun Kpynnsie Cpennue Menxkue
MIPOU3BOJICTBA MAaIIHHBI MAIIHHBI MAaIIHHBI
MernkocepuiiHoe 2-3 5-25 10-50
CpennecepuiiHoe 5-25 25-150 50-300
Kpynnocepuiinoe | CBbie 25 Cebiie 150 | Csbime 300




[IprMEeHUTENBHO K CENbX0O3MaIlIMHAM K KPYITHBIM MalllMHAM MOYKHO OTHECTH
3epHOYOOPOYHBIN KOMOAHH, 36pHOOYUCTUTEIBHBIN arperar; K CpeJJHUM MallnHaM
MOKHO OTHECTH, HallpUMeEp, MPULECITHYIO BAJIKOBYIO KATKY; K MEJIKUM MalllMHaM -
KyJbTUBATOP, TPUEPHBIH OJIOK U T.I.

MaccoBoe TpOU3BOACTBO XaAPAKTEPU3YETCSH IMOCTOSSHCTBOM BBIITYCKAEMBIX
W3JCIIMM: BTYJIOYHO-POJMKOBBIE 1ENH; IOAIIUIIHUKA; CETMEHTBl PEXKYIIETO
anmapara ®W T.4. JJagd Takoro NOpPOU3BOJACTBA XAPAKTEPHO IPUMEHEHHE
CIEUAIM3UPOBAHHOTO O0OPYJOBaHMUSI M aBTOMATHYECKUX JUHUM TPHU CTPOTrOM
COOJIIOJICHNHU TTPUHIIMIIA B3aUMO3aMEHAEMOCTH.

HezaBucumo ot mpuHATON CXeMbI COOPKH TEXMPOIIECC MOKHO OPraHU30BaTh
C Pa3JIMYHON TOCJIEAOBATEILHOCTHIO BBIMIOJHEHMS] OTIEIBHBIX STaroB COOPKH,
MPUYEM HEKOTOPBIEC 3TAIlbl MOTYT BBIINOJHATHCS MApPAJUICIBHO, T.€. OJHOBPEMEHHO
Y HE3aBUCHUMO Jpyr OT Apyra. IIpuMeHeHune mapajuiesibHOM U IOCIEA0BATENIbHO-
napajieIbHOU cOOPOK MO3BOJSET COKPATUTH CPOKU PadoT.

B kypcoBOM M IUIJIOMHOM TPOEKTaX HEOOXOIWMO MPEJACTaBUTH HE MEHEe
JBYX pa3IU4yHBIX CcXeM cOopku wusnenus. [lpy uX aHaiIM3e YYUTHIBAIOTCS
BBIIIICONTMCAHHBIE COOOPaKEHUSI, BO3MOKHOCTh HCIOJb30BaHUS 0a30BON JIETaIIH,
yIOOHOM JJIsl 3aKpeIUIeHUs, KOHIICHTPAIUS TI0 BpPEeMEHHU OJHOTHUITHBIX OIepalui u
BO3MOKHOCTb BBITIOJTHEHHUS TEXHOJIOTHYECKUX TPeOOBaHUH, U3JI0’)KEHHBIX B pa3jielie
5.2.

BriOpannas cxema COOpKHM JOJDKHA OTpa)aTh MOPSIOK KOMIUIEKTOBAHHS
W3JIeJINSI, HArJIS,AHO TIPEACTABIISATh TEXIPOIECC U SABJISITHCS OCHOBOM ISl pa3paboTKu
TeXHOJIOTHYeCKUX onepanuii [5]. Ilepen moctpoeHrneM cxembl COOPKH HEOOXOIUMO
BbIOpaTh 0a30ByI0 JeTallb, K KOTOPOM TMOCIENOBATENbHO OYIyT KpEHmUThCS
ocTajpHble AeTanu. Jlanee ciienyeT HaMETUTh ATy IOCIEeN0BaTEIbHOCTD. [Ipumep
COCTaBJICHUS CXEMbI COOPKHU IIPEACTaBIIEH Ha pUCYHKE 6.2 U B 00pa3iie BHITTOJHCHUS
paboTHI.

IE e s
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PucyHnok 6.2 - Cxema cOOpKU U3AEHS



Jlns obocHOBaHusi 0a30BOM JeTamd HEOOXOIUMO TMPEIBaApPUTEIHHO JaTh
XapaKTePUCTUKY COCTOSIHHSI €€ TIOBEPXHOCTCH, mpeiaraeMplXx B KadeCTBE
TEXHOJOTHYeCKHX  0a3.  OJIHOBPEMEHHO  YKa3bIBAIOTCS  XapaKTCPUCTHKU
COTPSATAEMbIX IMOBEPXHOCTEH MPUCOCAMHSAEMBIX JeTale M BHI CONPSHKCHHS
(mocaaka ¢ 3a30poM, TIEPEXOIHAS IIA C HATATOM, HCIIOJb30BaHUE OOJITOKpEIeka 1
T.71.). B 3aBUCHMOCTH OT YCJIOBHUI COOPKH ClieAyeT yKa3aTh HEOOXOIUMBIE OCHACTKY
u o0opyaoBaHue (ITHEBMOTAWKOBEPT, MPECC, CBAPOYHBIN aIaparT u T.1.).

B cxeme cOOpkM  KaXIblid  3JEMEHT  HW3JAEIUs  0003HA4aeTCs
MPSAMOYTOJILHUKOM, B KOTOPOM CJIETYeT yKa3aTh HAaUMEHOBAaHHUE JICTAU, HOMED €€
MO3UIIMU Ha YepTeke, 0003HauYeHne u kondecTBo Actaneld B CE, kak mokazaHo Ha
pucyHke 6.3.

XpanoBuk
TIIHT.890100.417 |3

Pucynok 6.3 — IIpumep oToOpaskeHUs JeTalu B TEXHOJIOTHYECKON cXeMe COOpPKH

9

[Ipu oTOOpakeHMM Ha TEXHOJOTMYECKOW cXeme COOpPKH CTaHIapTHBIX
u3nenuit BMecto oOo3HaueHus ykaspiBaeTcss [OCT Ha paHHOe wu3zAenue, Kak
MOKa3aHO Ha PUCYHKE 6.4.

[MImorka 18x11x100
I'OCT 23360-78 2

Pucynok 6.4 - [Ipumep oToOpaxeHUs CTaHIAPTHBIX W31 B TEXHOJIOTHYECKON
cxeme cOOpKu

21

[Iporecc cOOpkM H300paKeH TOPU3OHTAIBLHON JIMHUEH B HAIPaBICHUHM K
TOTOBOMY HM3JICIHIO. BhIllle TOPHU30HTAIBHON JIMHUW PACIIONararT ACTalIH, a HUXKE
COOpPOYHBIC €AUHUIIBI.

Ha cxeme cOopku ciemyeT yka3aTh DPEKOMEHIAIMH, XapaKTepU3YIOIINE
CIOCOOBI COSTMHEHUS DJICMEHTOB B M3Menuu (1ocajika, BUJ CBApPKH, MPEACIIbHBIN
KPYTSIIHA MOMEHT B p€3b00BOM COCTMHCHHH H T.II.).

6.2 IIpoexTpoBaHue onepannii COOPKH

Onepatuu cOOPKHU NPOEKTUPYIOT B COOTBETCTBUU CO COOPOUHBIM YEPTEIKOM
u3nenusi, ero cnenuduUKanuel wu paHee pa3paboTaHHON cxemol CcOOpKH.
Texmpoiiecc cOOpKHU Tak ke, Kak U MPOLECC MEXaHNYeCKOH 00pabOTKU COCTOUT U3
ONEPALMI U UX COCTABHBIX YaCTEU-NIEPEXOOB.

Jlist penieHusi MOCTAaBICHHOW 3alauyd HEOOXOAMMO BBIOpaTh BHUJ COOpKHU
(moTo4Hast WM HEMOTOYHAs) U €€ OpPraHu3alMoHHYI0 (GopMy (HEMOABMXKHAS WIIH
MOJIBMXKHAS). DTOT BHIOOD SIBISIETCS NPEIBAPUTEIBHBIM U OyleT YTOYHEH Tocie
MPOEKTUPOBAHUS U HOPMHMPOBaHHUA Texmpouecca cObopku. Ha panHom »stame



pelIeHre MPUHUMAETCS M0 aHaJOTUU cO COOPKOM Ha 3aBO/IE-U3TOTOBUTENE U C
y4€TOM IPUHSITOrO B MPOEKTE 00beMa BBIITYCKA.

Ilepen  cOopkoit  coenuHseMble  JACTAIM  HEOOXOAUMO  OYHCTHTH.
Meraminyeckue  ONWIKH, aOpa3uBHBIM  MOPOIIOK, OCTATKH  OOTHUPOUYHBIX
MaTepHaioB MOT'YT MONACTh B MOAIIMITHUKU, OTBEPCTHUSA, Ma3bl U MPOYUE MECTA U
BBIBECTHU U3 CTPOS OTJEIbHbIE MEXaHU3MBI U JJaXKe MalIuHy. B 3aBUCMMOCTH OT BUa
3arpsi3HEHUs JeTaId MOKHO IMTPOMBIBATh B MOEYHON MAIlIMHE WJIK 00AYBaTh CKAThIM
Bo3ayxoM. Kaxgoe paboyee mecto cOOpiirka 000pyIyeTCsi TOCTOM BO3AYIIHOMN
MarucTpaiu U THOKUM IIJIAHTOM C MHUCTOJIETOM.

CTpyKkTypupOoBaHHE TeXIpollecca Ha OIlepaluud U Nepexoabl COOPOYHBIX,
PETYIMPOBOYHBIX M KOHTPOJBHBIX pabOT JIOJDKHO COOTBETCTBOBATH paHeEe
MPUHATON cxeme cOopku. B cocTaB onepaliuii BKII0YaIOT OJHOPOAHbBIE paOOThI. DTO
CIIOCOOCTBYET  CIIEUMANU3alMM  COOPUIMKOB, OrPAaHUYECHHUIO TPUMEHSIEMBIX
MPUCIOCOOJICHUI U MHCTPYMEHTOB. [loaTOMYy HenomycTMMO B OAHOW oOlepaiuu
OOBEUHATH  CBApOYHbIC, pYYHBIE  CIECApHO-COOpOUYHBIE  pabOThl  WJIHU
MEXaHU3UpPOBaHHbIE pabOTHl C KCHOJIB30BAHMEM Ipecca, OalaHCUPOBOUYHOMN
MalIuHbl U Jpyroro obopyaoBanus. IloaroroBurenbHbie U MPUTOHOYHBIE PAOOTHI
(cenekTHBHAs COPTUPOBKA JieTajel, NuiM(oBaHue PeryJupoOBOYHBIX IIANWO U T.11.)
HE CclieJlyeT BKJIIOYaTh B TeXmpouecc cOOpKU. YKa3zaHHbIE paOOThl JOJIKHBI OBITh
BBITIOJTHEHBI HA CTAHKAX B MEXaHUUYECKOM LIeXe.

Ecnu mpou3BoACTBO MaccoBO€, TO HaIOJIHEHHE ONepaluii Mepexoaamu
JOJIKHO OBITH MO BPEMEHHU KPAaTHO WUJIM PABHO PUTMY BBIITyCKa U3Jeius. TOJIBKO B
ATOM citydae cOopka OyneT MOTOYHOM.

Ecnu sxe mpou3BOACTBO CepUitHOE, T.€. BEIMYMHA PUTMA HOCUT YCJIOBHBIN
XapakTep, TO onepauuu (GOpMHUPYIOT, OPUEHTUPYICh Ha OKOHYATEIbHYIO COOPKY
otnenbHbIX CE niam ux cocTaBHBIX YacTeil.

[Tocne hopmupoBanus MEPexXo/I0B U ONEpalUuil ONpeesseTcs ONepaTuBHOE
BpeMsi COOPKH, T.€. CyMMa OCHOBHOT'O 1 BCIIOMOTaTeILHOTO BpeMenu [3, 12, 15, 24].
OTmeTuM, 4TOo 3TO BpeMs OYJEeT pa3InuHbIM B 3aBUCUMOCTH OT THUIIA IPOU3BOACTBA
1 MacuTaba NpuMEHEeHHUs HOPMAaTUBOB (OTpaciieBble, 3aBOJICKHE WU AP.).

3aBepiiaercs 3TOT 3Tall COCTaBICHUEM IUKIOrpaMMbl COOpKH, KOTOpas
MpeacTaBisieT rpaguueckoe U300paKeHUE COBMEIICHHUS BO BPEMEHH OTIEIbHBIX
orepauuii U AaeT NpeJcTaBiIeHue O JUIMTEIbHOCTU COOpKU (PUCYHOK 6.5).

Kpome cBapounbix pabor, HauOoyiee XapaKTEpHBIMU ONEPALMUSIMU B
CEJIbXO3MAIIMHOCTPOEHUHU  SIBIISIIOTCA: COOpKAa TMOJIIMITHUKOBBIX COEJIMHEHHIA;
LEMHBIX, KIMHOPEMEHHBIX U 3y0UaThIX Nepeaay; BeAYIINX U HATSKHBIX 3BE3/I0UEK;
TUAPABIMYECKAX W MPOKIANOYHBIX coenuHenuil [4, 5, 21, 23]. Ot xauectBa uX
cOOpPKH BO MHOT'OM 3aBUCAT HKCIUTyaTalMOHHBIE TIOKA3aTeNu COOPaHHOW MalIUHBI
WM arperara.
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Pucynok 6.5 - [{ukimorpamma cO0poUYHBIX padoT:
a — TIOCTIeIOBAaTEIbHOE BBITIOJIHEHUE OTIepaluii; O — mapaiienbHo-
MIOCTIEIOBATEIHPHOE BBITTOJTHEHUE OTIepalliii

6.3 Onpenenenne TUNA MPOU3BOJACTBA M €r0 OPraHN3alMu

[IpenBapuTenbHOE  ONpENEICHUE  TUIA  MPOWM3BOJACTBA  HA  JTame
MIPOCKTUPOBAHMS M3JIENNS TO3BOJISIET BHIOpATh XapakTep COOPKH, OIpeaeuTh
CTENEHb YHUBEPCAIBHOCTH 3aKa3bIBAEMOTO OOOPYIOBaHHS M CIUIAHUPOBATH €T0
PacCTaHOBKY MO X0y TEXIPOIecca Uilu 0 TpyIaM 000py10BaHHUS.

Tun mpousBoacTBa (€IUHUYHBINA, CEpUUHBIA, MAaCCOBBIA U Jp.) 3aBUCUT OT
COOTHOIIIEHUS PUTMa BBIITYCKa U3JICJINS U NIMTEIBbHOCTU €ro U3rotosienus [ 13, 23,
24].

Putm BeIlTyCcKa U3AETHS UM COOPOYHOM €TMHUIIBI

P 60[D - (52-2 +11)[T,,, Ca per
w

, (MHH/IIT.)

rae D =365 nHeii B rony;
52 — KOJIMYECTBO HENIENb B TOAY;
2 — cy000Ta 1 BOCKPECEHbE — BHIXOHBIC JIHH;
11 — yncno npa3IHUYHBIX THEH;
1., - JIUTEIBLHOCTh pab0OYero BPeMEHU CMEHBI B 4acax;
C=1, 2 unu 3 — KOJIMYECTBO CMEH B CYTKaX;
o, - KOOPOUIUEHT, YUUTHIBAIOUINI MPOCTON 00OpYNOBaHUS H3-32 PEMOHTA.

Jlst o, =0,96-0,98;
obopynoBanus o, =0,9-0,94; nns aBromarnyeckux auHui o, =0,88-0,92;

IMPOCTHIX YCTpOﬁCTB JJIA ABTOMATU3UPOBAHHOTO

o =0,93-0,99 — ko3 PuIMEHT, yUUTHIBAIOIINI MOTPEOHOCTH HA NEPEPHIB B

pabore;
W - mnaHOBBI TOJOBOH 00BEM BBINyCKA M3JACIUs, COOPOYHOW CAMHMIIBI HIIN

ACTalIn.



B 3amanuu Ha MpOEKT yKa3bIBaeTcsi O0OBEM BBIMyCKa M3AeNus (MalIUHBI,
arperata, opyaus) W .. B aTom ciydae rogoBoi Beimyck ojgHoM u3 ero CE paBeH
o,
Wee, =Wt |1+ ,
100
rle N, - KOJIUYECTBO OJUHAKOBBIX paccmaTpuBaeMblX CE B 0HOM u3zenuu;
o, - npoueHT CE muis 3amyacreil.

ITpu pa3paboTke MapuIpyTHON TEXHOJIOIMH IOCIIE pacwIEHEHUs! cOOPOYHOI
OMepalMyi Ha MEPeXOAbl, HCIONb3Yysl HOPMAaTHBHbIE Marepuansl [16, 17],
OTIPEJIEIISIOT ONepaTUBHOE BpeMs Jj1si coopku nznenus uin CE

T = Lo +T +T
on 0 6/
n
rae T, , - MOJArOTOBUTENIbHO-3aKIIOUNTEIBHOE BPEMS Ha MAPTHUIO U3 n U3AEIIHH;
T - OCHOBHOE BpeMs HENOCPEICTBEHHON paboThI;
T, - BCIOMOTaTeIbHOE BpeMsl.
Texuuueckas Hopma BpemeHu Ha coopky CE*

r=7,,+7,,+T

rae Ty =Ton  B/100 - Bpems mepepbiBa mmst IMUHBIX HamoOHOCTEH paGouero

obcn,

(O6B1yHO TpUHUMAKOT =2 —-3% );

Toer =T, -¢/100 - Bpemst mmst oGcmyxuBaHms pabodero mecta (OGBIYHO
npunumaroT C=0,6—-2,5% );

* - onepanus TwiaHUpyeTcs Ha cOopky ool CE.

CrnenyeT paznuyaTh TPYJAOEMKOCTb COOpKH 1 W JJIUTEIBHOCTH D BPEMEHU
Ha ee¢ BbINoJIHEeHUe, 00biuHO D <7 . PaBeHCTBO B 3TOM BBIPAXXCHUU BO3MOXKHO,

CCJIn c60p1<a BBITIOJIHACTCA ITOCIICAOBATCIIBHO. Ha IMPAaKTUKEC Yalec BCCTO c60p1<a
MOKCT OCYHICCTBIIATHCA TAPAJUICIABHO-IIOCICAOBATCIIBHO, TOT' 1d T/D =1...5.

Paccuntannyto BenuunHy [ KOPPEKTUPYIOT C YUYETOM pUTMa R BBIITyCKa.
D nomxHa ObITh paBHa uiu KpatHa R. Ecim R > D, To BenmuyuHa KPaTHOCTH

n :R/D JI0JDKHA OBITH IIE€JIOYMCIICHHOM, T.€. He ApoOHoM. Ecim 3T0 ycnoBue He

BBITIOJIHSIETCS, TO HAIMOJIHAIOT ONEpalUi0 MEPEXoJaMH WK MOCTYNalT Ha000poT,
YTOOBI MPOU3BOJCTBO OBLIIO MOTOYHBIM. Ecin sxe R < D, TO TUTaHUPYIOT HECKOIBKO
napajijiebHbIX pab0unX MECT, UX YUCIIO

m=D7.

Tun npon3BoCTBa MOKHO OIPENEIUTh 0 KO3 QUIIMEHTY CepHItHOCTH
- R
kcep /D
k.,<l1—2  cooTBercTByeT MaccoBOMy TpPOU3BOACTBY; k., <10 -
KPYITHOCEPUITHOMY IPOU3BOACTBY, 10 <k, <20 - CPEAHECEPUHHOMY IIPOU3BOJCTBY,

20<k,, <40 - wmenkocepuitHoe TnpousBoAcTBO, k., >40 - enuHMYHOMY



MIPOU3BOJCTBY. XapaKTEPUCTUKH ITUX TUIIOB IPOU3BOJCTB MPUBENEHBI B [5, 13, 23,
24].

OCHOBHBIMM ~ OpraHM3allMOHHBIMM  (GopMamMu  COOpKM  SIBJISIIOTCSA
cTalMoHapHass u nojaBWwkHas. CranuoHapHas cOopka TOpUMEHsSETCS B
WHJWBUAYAJIbHOM, SKCHEPUMEHTAJbHOM M MEJIKOCEPUIHOM MPOU3BOICTBAX.
[IpoBoasAT Takyto COOpPKY Ha OJTHOM WJIM HECKOJIBKUX HEMOABMXKHBIX cTeHAax. [Ipu
pacwieHEHUU Omepauuidl Ha TMepexojbl MPUHUMAIOT OpurajHbli METOJ C
muddepenuunanue padbor.

[Ipu cepuitHOM 1 MaccoBOM MPOU3BOACTBaX Oojee 3(hPeKTUBHA MOABUKHAS
cOOpKa C HCIOJIb30BAaHUEM KOHBeWepa C HEMPEepPbIBHBIM WIH TMEPUOIUYECKUM
nepeMelieHreM. Beiciielt ¢GopMoit MOIBMKHOM COOpPKM  SBJISIETCS TOTOYHOE
IIPOU3BOJICTBO.

B coBpeMeHHBIX MeXaHOCOOPOYHBIX I1I€XaxX YAENbHBI BEC PYUYHBIX padoT
ocTaeTcs 3HAYUTENbHbIM U cocTaBisieT 60-70%. Jlns cokpamieHus: pyyHbiX padboT
HEOOXOJIUMO HCMOJb30BaTh HE TOJBKO MEXaHU3AIMI0, HO M aBTOMATHU3ALMIO
cOoopouHbIX paboT. [[puMEHUTENBHO K CeTbXO3MAIIMHAM TH IPUEMBbI 3aTPYIHEHBI
U3-32 CJIIO)KHOCTU COBMEUICHUS AeTalled U COCAMHSIOUMX UX AJIEMEHTOB (0OJITOB,
BUHTOB, 3aKJENOK, IITUIMHTOB). B TO ke Bpems cylliecTByeT MHOIO THIOBBIX
COEIMHEHUN, KOTOPbIE BBINOJHAIOTCS MAacCOBO (KJIETIKA CErMEHTOB K HOXEBOM
nosioce, cOOpKa MOAOMYHUKOB M OWYEl MOJOTUIBLHOrO OapabaHa, yCTaHOBKa
najbleB Ha rpabdajnHax MOTOBHWJIA U T.JA.). ABTOMaTU3alUs TaKUX COOPOK MOXKET
CYLIECTBEHHO  CHM3UTh  TPYHOEMKOCTb. K  coXaleHuto, BO3MOXKHOCTH
CYIIECTBYIOUIMX MaHUMYJISATOPOB 3HAUUTEIIBHO YCTYNAIOT YEJIOBEKY.

B mpouecce mnpoekTupoBaHUS HEOOXOIMMO HAMETUTh HampaBlICHUS,
oOecreynBarolie aBTOMaTU3AIMI0 COOPOUYHBIX MPOIECCOB:

1) pa3paboTka OpUEHTUPYIOIIUNX YCTPOUCTB ISl AeTalled, HallpaBIsieMbIX Ha
coopky. B 3aBuCHMMOCTH OT KOHCTPYKIMI JeTaneil ycTpoiicTBa MOI'YT OBITh
AKTUBHBIMU WJIW MACCUBHBIMU;

2) TOBBILIEHHE  TEXHOJOTMYHOCTH  JeTajled  NPUMEHUTENIbHO K
aBTOMAaTUYECKOM COOpPKE 3a CUET YCUJICHUS UJTU OCIA0JICHUS] UX CUMMETPUYHOCTH;

3) UCKITIOUEHHUE CLEIIIEMOCTH JIeTaliell B OyHKepE;

4) MOBBIIIIEHUE TOYHOCTH JeTaJICH.

[lo cTeneHu MpPUCHIOCOOJIEHHOCTH K aBTOMATHYECKON COOpPKE COeIMHEHUs
JeTajaeld MOKHO pa3AeiIuTh Ha TPYIIIIbL:

I — coenuHenre Mo UMIMHAPUYECKUM MOBEPXHOCTSM C 3a30pOM - Haubosee
y100HO;

I — coenquHeHne npeccoBaHUEM HUJIA CBAPKOH - CIIOKHEE;

[II — coenuHeHne ABYX A€TANEN TPETHEH - 3aKJIENKOW, IIITOHKON, pa3pe3HbIM
CTOTIOPHBIM KOJIBLIOM H T.[I.;

IV — coennnenue neraneil BUHTaMH, IPU BO3MOKHOCTH, CAMOPE3aMU;

V — OonTtoBble coeAMHEHUS HauWOoJiee CIOXKHBIE, TaK KaK HY>KHBI
ornpejienieHHble OyHKEpHI AJis1 O0NTOB, raek U 1maio, a TakyKe MPUCIIOCOOTIEHUS JIIIst
UX OPUEHTALINY, HAXKUBIICHUS U yIEPKAHUS OT IPOBOPAYNBAHUS.



7 TexHo10rusi HAHECEHUA 3aIUMTHO-ACKOPATUBHBIX NOKPBLITHH

B 3aBucHMOCTH OT CiIy’)k€OHOrO0 Ha3HAYEHUS! MPOCKTUPYEMOTO HU3JeNus
BO3HUKAET HEOOXOAMMOCTbh CO3JaHHUSl WJM TOBBIIIECHHUS €ro CHerupuyYecKux
XapaKTepUCTUK  (BbICOKAs  KOHTaKTHasT  MPOYHOCTh,  HM3HOCOCTOMKOCTD,
ANEKTPONPOBOJHOCTH U T.[.), OOecreueHue JIUTEeIbHON dKCIUTyaTaluu, NpUuaaHus
€My JEKOPATUBHOCTH. DTO JOCTUIAETCS HAHECEHWEM HA IMOBEPXHOCTH JeTajei
Ma3eo0pa3HbIX MOKPBITUH (COMUIO0J, JUTOJN, TrpapuTHbIE CMa3Ku, OUTYMHBIE
COCTaBbl M T.I.) WM TBEPABIX MOKPBITHI C OpraHUYeCKON MM HEOpraHMYEeCKOM
OCHOBOM. OpraHM4ecKyrd OCHOBY HMEIOT JIAKOKPAaCOYHbIE U IOJUMEPHBIE
noKpbITUs. HeopraHmyeckyro OCHOBY MMEIOT METaJUIMYECKHE U KOHBEPCHOHHBIE
MTOKPBITHS.

[Ipu BbIOOpE TOKPHITUS HEOOXOJMMO OpPUEHTHUPOBATHCS HA  €ro
TEXHOJIOTUYHOCTh, YCIIOBHUS DSKCIUIyaTallMM W XPAHEHUS W3AENHS, CIOKHOCTH
U3JIeNus ¥ pall Apyrux GakropoB. DPGHEeKTUBHOCTH MOKPHITUS 3aBUCUT OT KayecTBa
MOATOTOBKHU MOBEPXHOCTH, HA KOTOPOM MOTYT OBITh Ae(EKThI (PaKOBUHBI OTJIUBOK,
00JI0M MIOKOBOK, MpUTap, 3ayCEHIIbl, TOPUCTOCTh U MPOKOTU CBAPHBIX IIBOB U T.1I.)
U 3arps3HEHUs: )KUPOBBIC, OKUCHbBIE, CONeBbIC. JleeKThl ynastoT TpaBIeHUEM B
KHCIIOTaX, WIenoYax, CIelpacTBOpax WIM MeXaHuueckod oO0paboTkoil. B
3aBUCUMOCTH OT BHJIa 3arpsA3HEHUH UX YJAISIIOT 00€3KUPUBAHUEM B OPTaHUYECKUX
PacTBOPUTENSAX WIM MOWKOW B IIEJTOYHBIX pacTBopax. KOHBEpCHOHHBIE MOKPHITHUS
(okcunupoBanue, ¢GochaTUpOBAHKUE) HCHONB3YIOT IS KPAaTKOBPEMEHHOW WM
JIJIATEILHOM 3aIIUThl OT OKUCIICHUS [8].

Haubonee mnpocToli M TpagulMOHHBIA cHoco0 OOpbOBI C KOppo3uen u
MPUAAHUA U3IEIIAAM XOPOIIETO IEKOPATUBHOIO BUJ1a — HAHECEHUE JJAKOKPACOYHOTO
MOKPBITUSA. DTO MHOTOCTaAUMHBIN IMpOLECcC: TPYHTOBKA; IIMAKIEBKA; OKpacka U
cymka. JlakokpacouHble MaTepuanbl COCTOST M3 OOJBIIOrO 4YMCIa Pa3IUYHBIX
KOMIIOHEHTOB: TUI'MEHTOB; CMOJI; pacTBOpUTENEH; IUIEHKooOpa3oBaTeneH;
CUKKaTHBa M Jp.

Jlist o6o3HaYeHUs: dMaiel, IIMakIeBOK, JJAKOB U JPYIUX AaHAJIOTMYHBIX
MaTepHaJioB MPUHATH COOTBETCTBYIOIIME UHACKCHI. B Havase nHekca OyKBEeHHOM
a00peBuaTypol yKa3zaH COCTaB IUICHKOOOpasyrolero BemecTBa. [IpuHSATHI
cienyrommue o6o3HaueHus: MJI — menamunoankuaubiit; HII - HUTpoIeirono3HbIi;
['® — rnmudranessrii; [1O — nerntadranessiii; OJI — henonbubli; D11 — 3MOKCUHBIN;
MC — ankugHo- WM MacisiHocTupolsibHblM; [19 — mnonuddupneii; KO —
kpemHuiioprannueckuii; AK — nonuaxpunossiii; AC — akpuIIOBBIE COMOJIUMEPHI;
BJI — nonuBuHunOytupanbHbiid. [locne OykBeHHOro 0003HaueHUs CIEeYIOT HU(PHI,
ONpeJeNsIIoNIMe Ha3HAYeHHe JIaKOKpacoyHoro warepuana. [ns oOo3HaueHus
IPYHTOBOK MepBoi nudpoit crapiar «0», mist o003HaueHUs mmatieBok — «00».
Crnenyromas 3Havamas uudpa ykasblBaeT JUIsl KaKUX YCIOBUM TNpelHa3Ha4YeH
JaHHBIW Matepual: 1- atMocdepocTorkuii; 4 — BOJOCTOMKHM; 5 - CIeIMAJIbHBIC
CBOMCTBa (HampuMmep, CBETSIIMICSA); 6 — MaciIO0CH30CTOUKUN; 7 - XUMHYECKHU
cToiikuii; 8 — Tepmoctoiikuii. [locnenyromue mudpel MOryT o003Ha4YaTh HOMEP
naptuu. MHorga mocne rpynmbl nudp uMeeTcss OAHa WIM HECKOJIbKO OYKB.



Hanpumep, «I'C» - ropsiuas cymika, «XC» - xononnHas cymka, «HI» - Heroprouas
Kpacka, «M» - MaToBO€ MOKPHITHE.

Jlist cenbxo3mallinH, paboTalmMUX B aTMOC(EPHBIX YCIOBHSIX BHEIIHEH
cpeabl, mpuMeHstoT rpyHToBKH «DJI-03K» (Ha ocHOBe (heHOIBbHON CMOJTBI HOMED 3,
kpacHas), ['®-020, [1d-020; mmatnesky tuna [1D-002; kpacku 3maneBbie MapoK
[IP-115, TID-188, AC-182. [dns obopynoBaHHs >KUBOTHOBOIYECKHX (epM,
CHUJIOCOYOOPOYHOM TEXHUKHU NMPUMEHSIOT rpyHTOBKH [13-010, AK-070 u smanu 13-
773, I12-711 u np. [40, 50].

I'pyHTOBKA HAaHOCHUTCS OAWH, peXe ABYMs CIOSIMHU TOMMLHUHONW 60-100 MKM.
OO6b1yHO Bce netanu U CE MOOWIBHBIX CeIbXO3MAIllMH BHAYalle TPYHTYIOTCA U
OKpalIMBaIOTCSA, a 3aTeEM MPOU3BOAUTCS OKOHYATENIbHAs BTOPHYHAS OKpacka
u3jenusi B coopanHom Bue [8].

[InactmaccoBble MOKPBITHS Oojee HaAEKHO M JIOJTOBEYHO 3allMINAIOT
JeTalld  OT KOpPpO3UM, HE aacopOUpylOT Blary, NpHUIAIOT MOBEPXHOCTHU
cnenuduyeckue cBoiicTBa. B MHUPOBOM MpPOU3BOACTBE MOPOIIKOBBIX KPacok
MIPEUMYLIECTBEHHOE  PACHpPOCTPAHEHUE  NOJYYWIM  [OJIMBUHWIXJIOPHUIHBIE,
MOJIMATUIIEHOBBIE, SIIOKCUAHBIE MOaUMeEpbl. HameyaeTcs TeHIeHIMS K YBETUYEHUIO
noTpeOIeHUs noJIU3(QUPHBIX u MOJIMAKPUIIATHBIX KpacokK. B
CEIbXO3MAIMHOCTPOCHUN IUIACTMACCOBBIE IOKPBITHUS HAHOCAT PAaCHbUICHUEM,
OKYHaHHMEM, HallbUIEHUEM, T1akupoBanueM [10].

Ha pgeranu, moaBep>keHHble MHTEHCMBHOMY HM3HOCY, paOOTalollue IMOA
BO3JICVICTBUEM KUCJIOT U LIET0YEH, HAHOCAT MOKPBITHUS JJIEKTPOJIUTUUECKUM ITyTEM.
Ha 3aBogax ceiabX03MallMHOCTPOEHUS HaWOOJIbIIEe PaclpOCTPAHEHUE MOJYUHUIIU
IIMHKOBAaHKHE, XPOMHPOBAaHUE, OKCHUIMpOBaHuUeE, (pocharupoBaHue, xene3HEeHUE U
MeaHeHue [8].

B 3aBucumoctu oT ycnoBuii pabotel getanu u CE mpoekTaHT noKeH
BbIOpaTh U 00OCHOBATH BHJI TOBEPXHOCTHOTO MOKPBITHUS; PACKPBITH TEXHOJIOTHIO
€ro HAaHECEHUSI Ha IOBEPXHOCTb.

8 MeToabl u cpecTBa KOHTPOJISI H3rOTOBJIEHUS JIeTajleil U NPOBedeHU s
cOOpOYHBIX padoT

B 3aBucuMocTH OT KOHCTpyKIMHM 3anaHHOM netaiu win CE B mpoekre
HEOOXOIUMO HAaMETUTh KOHCTPYKTHBHBIE JJIEMEHTBI, MOJAJIEKAIIHEe KOHTPOIIIO,
yKa3aTh, KaKue JJIsl 3TOr0 TPeOYIoTCS MEPUTENIbHbIE HHCTPYMEHTHI U MPEJCTAaBUTh
ux ocku3el [2, 4, 11, 13]. BbpiOOp HMHCTPYMEHTOB 3aBUCUT TaKKe OT THUIA
IIPOU3BOJICTBA.

KonTponbs pa3HooOpa3HbBIX JeTalnell BKIIOYAET MPOBEPKY JUAMETPOB
OTBEpCTUN W IIEEK, IJUH YYacCTKOB, OTKJIOHEHHUA (OPMBI U PACIOJIOKEHUS
MOBEPXHOCTEH, pa3MepOB OTIEIbHBIX KOHCTPYKTUBHBIX AJIEMEHTOB (IIMOHOYHBIX
KaHABOK, IUIMILIEBBIX MOBEpPXHOCTEH, pe3bd u T.m.). [loMuMo 3TOro, mMpoBOIAT
KOHTPOJIb TBEPAOCTH JIETAJIEW U IIEPOXOBATOCTH X MMOBEPXHOCTEN.



B cenbpXxo3MammHOCTPOCHUM MPU CEPUIHOM U MacCOBOM IPOU3BOJCTBAX
KOHTPOJIb ~ JAMAMETPaJIbHBIX  pa3MEpPOB  BBINOJHSAIOT  TpEACIbHBIMU U
WHJIUKATOPHBIMM CKOOAMU H JBYXCTOPOHHUMH TPOOKaMH; TpOBEpKa JJIUH
YY4aCTKOB — C TOMOIIBIO JIMHEHHBIX CKOO WIM TpeaesbHbIX IadsoHoB. [Ipu
MEJIKOCEpUMHOM TPOU3BOJACTBE HCIOIB3YIOT YHUBEPCAIbHBIM HHCTPYMEHT:
IITAaHTCHIIUPKYJIU; MUKPOMETPHI; JuHeHku. KOHTpoIb HEKPYriaocTH (OBaIbHOCTD,
orpaHka, 604K000pa3HOCTh), U30THYTOCTh, MEPIECHIUKYISIPHOCTH Oceil u OueHue
OCYHIECTBIISIIOT TIOCJIE YCTAHOBKHU JI€TAIM B LIEHTPAX WJIA HA MPU3MAaX, UCHOJIb3Ys
WHIUKATOPbl WJIW MUHUMETPHI. [[1s KoHTpons (acok u raireneidl MPUMEHSIOT
ma6yonsl. llImoHOYHBIE Ta3bl U MIIKIBI KOHTPOJMUPYIOT KaauOpamu, pe3bObl Ha
BaJlaX — Pe3b0OBBIMHU KOJIBIIAMH: MIPOXOTHOTO — MOJHOTO MPO( IS K HETPOXOTHOTO
- ykopoueHHoro nipodus [4, 11]. KoHTpob m1epoXoBaTOCTH MOXKHO OCYIIIECTBIISATh
JIBYMSI CIIOCOOaMU:

- CPaBHEHHUEM peabHOM MOBEPXHOCTHU U3/IEIIUS C STAJIOHOM BU3YaJbHO;

- KOJMYECTBEHHBIC 3aMepbl MpoduiomMerpamMu Wik mpodunorpadamu.
N3mepenus npoBOAsAT B HAMpaBICHUH, TIEPIICHIUKYIISIPHOM TJIaBHOMY JIBH)KCHHIO
IIpU pe3aHuu [2, 4].

Bpamaromuecst getanu (potopsl) noasepraotT 6amancuporke [21, 24]. [Ipu
HEO0OXOMMOCTHU MPOEKTAHT JOJDKEH BBIOpATh U 00OCHOBATH METOI OAIAaHCUPOBKH,
MPEIOKUTh METOJ KOPPEKTUPOBKHU IEHTpa Macc poropa. OOBIYHO CTATHYECKYIO
OaTaHCHPOBKY MNPUMEHSIOT Ui W3/eNuil, y KOTOpbix L/D<3 © CKOPOCTH

BpamieHus V <6 wm/c. B apyrux chaydasx HeoOXoauma JAWHAMHUYECKas

OanancupoBka. JleOamaHChl yMEHBIIAIOT C IMOMOIIBIO KOPPEKTUPYIOMIMX Macc,
KOTOpbIE T00aBISAIOT WM YIAISIOT U3 pOTOpa WIIH K€ MepeMENIatoT 10 HEMY.

LlenTpasibHOE OTBEpPCTUE POTOpa JOJKHO oOecreunBaTh MOCAAKy Ha Bal,
COOTBETCTBYIOIIYIO XapakTepy Harpy3ku. [locaaka MoxeT ObITh mepexoiHoH ( +0,03
MM) IIpH JIETKUX Harpy3Kkax Wi ¢ HATATOM IPH TSHKEJIBIX U yIAPHBIX Harpy3Kax.

Crneunduueckoe TpeOOBaHHE TMPEABSIBISAIOT K KauyeCTBY H3rOTOBICHUS
3ybuaroro BeHna mecrepeH. B coorBerctBuu ¢ 'OCT 3y0uaTsie nepeaaun A0HKHBI
yIIOBJIETBOPSTH TPEOOBAHUSM I10:

- KHHEMaTU4ECKON TOYHOCTH;

- IJTABHOCTHU PaOOThI;

- OOKOBOMY 3a30py MEXIY 3yObIMH;

- BEJMYMHE M PACIOJIOKEHUI0O KOHTAaKTa MEXIy 3YyObsIMU CIapeHHBIX
mectepeH [4].

B 3aBHCUMOCTH OT CTENEHH OTBETCTBEHHOCTH MPOEKTUPYEMOM IEpenayu u
XapakTepa IepeaBaeMol Harpy3Kd Ka)KJ0€ U3 BbIIIEYKa3aHHBIX TpeOOBaHUMN
MOXXET OBbITh OCHOBHBIM. B TpakTopax, KpaHaXx U celbXO3MalIMHAX MPUMEHSIOT
nepenauu 8-11 creneHeir TOUHOCTH.

B nnanerapHblx  mepegadax ~ OCHOBHBIM  TpeOOBaHHUEM  SIBIISIETCS
KHMHEMAaTUYeCKasi TOYHOCTh. B BBICOKOCKOPOCTHBIX NEpeaavyax rIaBHOE BHUMaHUE
yIENSI0T TUIaBHOCTH XoJa. B peBepcUBHBIX mepenaydax TIJIaBHOE TpeOoBaHUE
MpeabIBISIETCS K ONTUMAJIbHOM BeaMUMHE OOKOBOTro 3a3opa. B cpemne u Tskeno
HarpykKeHHbIX Tepelayax He0OX0 UM KOHTPOJIb MsiTHA KOHTaKTa [5, 13].



[IpoexkTaHT MOMKEH HA3HAYUTh COOTBECTBYIOIIME BHUIBI KOHTPOJS B
3aBUCHUMOCTHU OT yCJIOBUH paboThl 3y6uaToit nepenaaun, mo 'OCT 1758-81 u TOCT
1643-81 omnpenenuts AOMYCK HA BBINICYKA3aHHBIE HOPMbI TOUHOCTH M HAMETHUTH
METOJbI U cpelcTBa KOHTpoJis. Hambosiee pacrpocTpaHEHHBIMU 3yOOMEpHBIMU
WHCTPYMEHTAMH  SIBJSIOTCS:  IITaHT€H3yOOMep;  IIaroMep;  Hopmajiemep;
MEXIEeHTpoMep. I KOMIUIEKCHOW OIEHKH TOYHOCTH H3TOTOBJICHUSA 3yOheB
HCIIOIB3YIOT TaK)Ke MPUCIIOCOOJIEHHE, Ha KOTOPOM YCTaHOBJIEHO KOJIECO ATajoHa C
PETYIUPYEMBIM TTOJIOKEHUEM.

Pa3noo0Opa3zHOMy KOHTPOIIIO MOABEPraroT KopiycHele aetanu. [Ipu mposepke
WX  TUIOCKOCTEH  H3MEpSIOTCS  HENMPSAMOJUHEHMHOCTh,  HEIMJIOCKOCTHOCTb,
IIEPOXOBAaTOCTh M  Hanmuuue JaedekToB (pakoBUHBI, 3a00WHBI U T.1.).
HenpsMonuHEHHOCTh TPOBEPSIOT C MOMOIIIBLIO JICKATBHBIX JIMHEEK W IIyToB. J[is
KOHTPOJISI HEIUIOCKOCTHOCTH HENPSAMOJUHEHHOCTh IUIOCKOCTH HW3MEpPSeTCS B
pa3nIuuHbIX cedeHUsX. OTKIOHEHHE IJIOCKOCTU OT MapajuIeIbHOCTU U3MEPSIOT C
MTOMOIIIBI0 KOHTPOJbHOU TUIMUTHI U UHANKATOPHOM T'OJIOBKH, 3aKPEIJICHHON Ha 3TOU
IUIUTE. OTkJIOHEHHEe  OT  MEPICHAMKYJSIPHOCTH  IJIOCKOCTEH  JeTaiu
YCTaHABJIMBACTCS C TIOMOINBIO JICKAJbHBIX YIOJBHUKOB M IIynoB. BzauMmHoe
PacIONIOKEHHE OTBEPCTUH U TIJIOCKOCTEH OMPEEsioT ¢ MOMOIIbI0 KOHTPOJIBHBIX
npucrnoco6siennii [11].

B mpoekre HEOOXOAMMO TPEAyCMOTPETh BCE BUJIIBI KOHTPOJS COOPOUHBIX
paboT, KOTOPBIC MPOBOSATCS B 3aBOJICKUX U MOJIEBBIX YCIOBUSIX. Hanpumep, B iexe
HEO0O0XO0UMMO MTPOBEPUTH KOMIUIEKTHOCTb U3JIEIHs, KAUeCTBO OKPACKHU, HAJIC)KHOCTh
Pe3bOOBBIX COCTMHEHUM, KaYeCTBO KOHCEPBAIIMU OT/ICJIBHBIX TTOBEPXHOCTEH U T.J.
B moneBbIx ycIOBHSX IMOCJIE HACTPOUKU M MPUPAOOTKH MAIIUHBI KOHTPOJIUPYIOT
HATSOKCHHE PEMEHHBIX U IIEMHBIX TIepeaad, TOPMO3HYIO CUCTEMY, CTEIIeHb HarpeBa
TPYIIUXCS TIOBEPXHOCTEM © T.A. XapakTep KOHTPOJBHBIX MEPONPUITUI
OTIPENICIIAIOT C YUETOM YCIOBUN PaOOTHl U KOHCTPYKIIUHU U3/ICIIHUS.

9 IlpemyioxkeHHsT O TOBBINIEHHW  TEXHOJOTMYHOCTH  00BbEKTa
NPOEeKTHPOBAHMS

Pa3zButune MalIMHOCTPOCHUS Oazupyercs Ha MOCTOSIHHOM
COBEPIIEHCTBOBAHUHU U3JIETUI, CHU)KEHUH 3aTPaT Ha MOATOTOBKY UX MPOU3BOCTBA,
M3TOTOBIIEHHE U OKCIUTyaTtanuio. [lo3TOMY BBINOJHEHHBIM TPOEKT JOJKEH
OKaHYMBATHCS YKa3aHUEM MEPCIEKTHUB MOBBILIEHUS TeXHONOrnuHocTH Aetaneld, CE
MalIUHBI B 11€JI0M. BBIMONHSSA 3TOT Ba)KHBIN pa3jies, MPOEKTaHT AOJKEH 00paTuTh
BHUMAaHHE Ha:

- YHUGUKAIMIO OTIEIbHBIX AJIEMEHTOB JeTanei ((hacku, mepoxoBaTOCTb,
pacmnoioKeHHe MIMOHOYHBIX MMa30B U 11p.) uiu aetanei B CE;

- YMEHbBIIIEHHE M3HOCAa TPYIIMXCA YacTe JeTaneil 3a c4eT MCIOJb30BaHUs
CHEIUalIbHBIX ChEMHBIX BKIAJbIIIEH, Oosnee 3(PPEeKTUBHOW CMa3Ku, Pa3IUUYHBIX
CIIOCOOOB CHIKEHUSI KO3 PULIMEHTA TPEHHUS;



- YMEHBIIICHHE MPUITYCKOB Ha 00pabOTKy 3a cueT Iejecoo0pa3Horo BeIOOpa
3aroTOBOK M TMPEIBAPUTENBHOW HX TMOJATOTOBKH Mepel Mexo0paboTKOH,
MPUMEHEHUS MTPOLIECCOB BBITSAKKH, BHICAJIKK U 00padOTKu nazepom [2, 19];

- CHIDKEHHE MAaTepHaJOeMKOCTH TIPU OJHOBPEMEHHOM OOECIeUeHHUH
JOCTaTOYHOU TOJITOBEYHOCTU HM3JENUH 3a CUeT MPUMEHEHUs IJIaCTMAacC, JIETKHX
CIUIABOB Ha OCHOBE aJTIOMHUHUSA, CTIEYEHHBIX MTOPOIIKOBBIX MaTepuaios [9];

- MpUMeHeHue 0osiee TOYHBIX U MPOU3BOAUTEIBHBIX CIIOCOOOB COEAMHEHUS
neTayiei (II0BHAsI CBapKa, YBOJIbBEHTHBIE IUIUIIEBbIE COSAMHEHUS U JIp.);

- MPOEKTUPOBAHME TEXHUYECKUX CPEJICTB MEXaHU3ALMH omepaiuii cOopku
(mpucrnocoOneHus Jyisi COOPKU YIPYTUX 3JIEMEHTOB, KJIETIKM CErMEHTOB B MOJIEBBIX
YCIIOBUSX, OPUEHTAIMU AeTallel U T.A4.) [S];

- COBEpUICHCTBOBAHUE CTHIKOBBIX MOBEPXHOCTEH JeTajell B COEAMHSIEMBIX
CE.

[IpennoxkeHus 0 COBEPUICHCTBOBAHUU MPOCKTUPYEMOTO M3JEHUS CIIETyeT
000CHOBaTh, @ B HEKOTOPBIX cCiy4asx o(opMuTh udepTexkoMm. boiiee BBICOKOI
CTeNeHbI0O  OOOCHOBAHHOCTH  MpPEMJIOKEHUH  sBisieTcss  (PYHKIIMOHAIBHO-
CTOMMOCTHOM aHanu3 [24].



IlepeyeHb MCNOB30BAHHBIX HHPOPMALIMOHHBIX PeCypcoB

1. AnekcanapoB A.U. u gp. ConpoTuBieHUE MaTepragoB: YUeOHUK IS
BY30B. - M.: Briciias mkomna, 2001. — 560 c.

2. babuueB A.Il., Tamapkun M.A., Pwicea T.H. ®opmupoBanue
napamMeTpoB KayecTBa IMOBEPXHOCTEH, ONPENENSAIOIUX HKCILTyaTallHOHHbIE
cBoicTBa JaeTanei mamuH: TekcT aekiuy / PUCXM. — Poctos u//1, 1990. - S1c.

3. [lenopanes B.Jl. ABTomaTu3zamust yoopouHbix mpoiieccoB - M.: Koroc,
1978 — 383 c.

4, [Taneit M.H. Jonycku u nocagku. B 2-x 4. — CIIb: [lonutexnuka,
2001.

5. 3yeB A.A. TexHOJOrUsT MalIMHOCTPOEHHMS: Y4YEOHUK ISl BY30B. —
CIIb.: 13a-Bo «Jlaab», 2003. — 446 c.

6. NpannoB B.U. Hcnonb3oBanue rpadoB NpU KOHCTPYUPOBAHUHM U

pa3paboTKe TexIpoliecca U3roToBIeHUs u3nenuit: Yueb. nmocodue. — PoctoB H//I:
N3narensckuii nentp AI'TY, 2005. — 102 c.

7. Npanmos B.M. Beibop u o60cHOBaHKE BHJa 3arOTOBOK ISl JleTaliei
celabX0o3MallnH: MeToA. ykazaHnus. — PoctoB u/[l: M3nmarenbckuii nentp JAI'TY,
2003. - 16 c.

8. NBannos B.U., Kyapskos O.B. 3amuTHO-IeKOpaTUBHBIE MOKPBHITHUS
m3nenuit MamuHoctpoenus. Y.1, 2. — PoctoB u//l: Uznarensckuii uentp AI'TY,
1999.

0. NBanuos B.U., Kynpskos O.B. Martepuaiibl B CETbCKOX03I1CTBEHHOM
MamuHocTpoeHuu. — Poctos u//l: M3natensckuit nentp AI'TY, 1994. —42 c.

10. Kapsaxkuna M.M. JlakokpacouHble Marepuanbl JJs  3aIIUTHI
CEIIbCKOXO03sMCTBeHHON TeXHUKkU. — M.: Xumus, 1985. — 112 c.

11. IIyumn E.A. HapéxuocTh TexHuueckux cucrem. — M.: YMII Tpuana,
2005. -351 c.

12. HBaH1OB B.N. Pacuer KOJIMYECTBEHHBIX ToKa3areyneu
TEXHOJIOTUYHOCTU M3JICJIUM CEIbCKOXO3IMCTBEHHOIO MAlIMHOCTPOCHUS: METOJ.
ykazanus. — PocroB H//]: U3narensckuit nentp AI'TY, 2007.

13. bapanos AA., Bockpecenckuit E.A. TexHonorus
CEJIbCKOXO3IMCTBEHHOT0 MalIMHOCTpoeHus: yueb. mocobue. — Tyma: U3n-o
Tynl'V, 2005.

14. MeapuukoB A.C. BuusiHME OOCTHIKEHHUSI IIOKasaTelaell TOYHOCTH
MalllMHbl Ha OpraHu3amuio cOopouHoro mpoiecca: yued. nmocooue. — PoctoB H//l;
Mzparensckuii nentp AI'TY, 2004. — 48 c.

15. HUBanmoB B.U., MyparoB [.K. ompeneneHue Tuma um xapakrepa
MIPOU3BOJICTBA HA ATAIlE MPOSKTUPOBAHUS U3ACIIUNA: METO. yKa3aHus. — Poctos H//1:
M3parensckuii nentp AI'TY, 2013.

16. OOmeMamMHOCTPOUTENIFHBIE HOPMATHBBI BPEMEHH Ha CJECapHYIO
00paboTKy AeTaliel U ciecapHo-cOOpoUHbIe pabOThI 10 COOpPKE MAIIMH U TPUOOPOB
B YCJIOBHUSX MacCOBOIO, KpPYIMHOCEPUMHOTO U CPEIHECEPUINHOTO THUIIOB
npou3BoacTBa. — M.: DOkoHoMuKa, 1991. — 159 c.



17.  OOumeManMHOCTPOUTENbHBIE HOPMAaTUBBI BpEeMEHHM Ha paboThl,
BBITIOJIHSIEMbIE Ha METAJUIOPEKYIIMX CTaHKAaX: €IWHUYHOE, MEJIKOCEpUHHOE U
CpeaHeECEpUHOE TPOU3BOACTBO.— M.: DKoHOMUKa,1989. — 426 c.

18.  Opinos I1.1. OcHoBbI KOHCTpyupoBaHusi. CripaBOYHO-METO/. TOcoOue.
B 2 kH. Ku.2. — M.: Mammnoctpoenue, 1988. — 542 c.

19. Honropykuii B.B. m np. IlpuBoabl MamwuH: crnpaBoyHUK. - JL.:
MammnHoctpoenue, 1982. — 383 c.

20. Kypuatkun B.B. Hanéxuocte u pemonT MamuH — M.: Konoc, 2000. —
376 c.

21. ChopaBouyHUK KOHCTpykTOopa cenbxo3mammd / Ilog pen. M.
Knéukuna. B 4 1. — M.: Mammnoctpoenue, 1969.

22.  ChopaBOYHUK KOHCTpYKTOpa MamunHoctpourtens. B 8 1./ [lox obur. pen.
J1.A.Benukoponosa. T.3. Ilepenaun u 3auemnenus. BIIMU, 1991.

23. TexHOMOTMYHOCTh  KOHCTPYKLIMHM  U3JENUSA:  CHPAaBOYHUK  /
1O.J1.Amupos, T.K.Andepona, I1.H.Bonkos u ap. — M.: Mamunoctpoenue, 1990. —
768 c.

24. Txaués B.A. MeTtonasl MOBBINIIEHUS JTOJITOBEYHOCTH

CEJIbCKOXO3IMCTBEHHBIX MAIIMH (IKCIIEPUMEHT, MpaKTUKa, peKkoMeHaanuu) — M.,
1993. - 211 c.



