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BBenenue

B mHacrosimee Bpemsi BaxHEHIIMMHU MNpoOjeMaMH POCCUICKOM 3KOHOMUKH M HPOMBIIUIEHHOCTH
SIBJISIFOTCA: YJIY4YUIEHUE TOBBIIIECHUS MPOU3BOJUTEIBHOCTH TPY/1d, KAUeCTBA XapaKTEPUCTUK IPOU3BOIUMOMN
NPOMBIIIICHHON MNPOAYKUMH 3a CYeT BHEAPEHUsS WMHHOBALMN, CHIDKEHHE ee Cce0eCTOMMOCTH U
MEPEBOOPYKCHHUE JIEHCTBYIOIIMX TPEINPHUITHIA, OCHAIIEHUE WX HOBOH BBICOKOI(P(PEKTUBHON TEXHUKOM,
BHEJIPEHNE HOY-Xay U COBPEMEHHBIX METOJOB YIIPABIICHHUS.

CHmxkeHne ce0eCTOMMOCTH  3arOTOBUTENBHOTO  IPOU3BOJICTBA, MOBBIIICHHE 3()PEKTUBHOCTU
HCIOJIb30BAHUS MaTEPHAIbHBIX PECYPCOB, IPUMEHEHHE HOBBIX MAaTepUaJIOB — HanboJIee aKTyallbHbIe 331a4n
MIPOMBIIIICHHOTO Mpou3BoACcTBa. Co3/1aHMEe U OCBOCHHE HOBBIX TEXHOJOTHUECKHX MPOIECCOB 00pabOTKH
MaTepHUajoB MO3BOJIUT pa3paboTaTh MPUHLIMIIMAILHO HOBbIE 00pa3libl TOBApOB LIMPOKOIO MOTPEOIeHUS U
MOBBIIIEHHOTO CIIPOCa, ONPEACIISIONIMX SKOHOMUYECKOE MOJIOKEHUE TOW WM MHOW OTPaciyd U CTPaHbl B
LIEJIOM.

BHenpenune BbICOKOIPOU3BOAUTEIBHOTO 000pY/I0BaHHS MOBBIIIEHHOTO OBICTPOJCHCTBUS U TOYHOCTH,
KAueCTBEHHO HOBBIX TEXHOJOIMYECKHX IPOLECCOB 0O0pabOTKH, Oa3upyroluxcss Ha HHHOBALMOHHOM
MIPUHIINIIE, — OCHOBHOW MyTh MOJIEPHU3AIINN M BO3POKICHHS TPOU3BOACTBA. OCOOEHHO BayKHO UCTIOTIB30BATh
TaKkoe 000py/10BaHHE U MPOIIECCH MPH U3TOTOBICHUH HAYKOEMKOW MPOAYKIIMH, COOTBETCTBYIOLIEH JTyUIIUM

MHPOBBIM CTaHJApTaM U HOJIB3YIOIH€I>'IC$I IMMOBBIIICHHBIM CIIPOCOM Ha MHUPOBOM PBIHKE.



1.1. ITpo6JieMbI pocCUiiCKOI MPOMBINIJIEHHOCTH

IIporHossl pa3BuTHs 3KOHOMHMKU U IpoMblnuieHHOCTH Poccnm B XXI Beke HaroTcs pasiIMyHBIEC: OT
ONTUMHUCTUYECKUX 10 CAMBIX IECCUMUCTUYECKHUX.

OauH W3 paccMaTpuUBaeMbIX ONTUMHCTHMUECKHUX IPOTHO30B pa3BuTus PoccuM OCHOBaH Ha Tak
Ha3bIBAEMOM CTpaTErMd 3KOHOMHYECKOrOo pocTa. JlaHHas cTparerus NpenrycMaTpuBaeT aKTHBHU3a-LUIO
KOHKYPEHTHBIX IIPEUMYLIECTB POCCUHCKON YIKOHOMUKH. Takux NMpeuMyIEeCTB BOCEMb:

. Hanmuane coOCTBEHHBIX OOIIMPHBIX MPUPOIHBIX PECYPCOB.

. YpoBeHb 00pa3oBaHUs HACETICHHUSL.

. bonpn10il BHYTpEHHUI PBIHOK.

. JlemeBas 1 1OCTaTOYHO KBaIM(DUIIMPOBAaHHAS paboyast cua.
. [IpoMBILLITIEHHBIN TOTEHLIHAT.

. Hanmaue n3BeCTHRIX HAYYHBIX IIKOJ.

. CBOOOTHBIE TTPOU3BOICTBEHHBIC MOIIIHOCTH.

0 I N L A W N =

. OnbIT 5KCIOpTa BEICOKOTEXHOJIOTMYHOM MPOIYKIUH.

Peanuzanus crpaTeruu 3KOHOMUYECKOTO POCTa BO3MOKHA TOJIBKO MPH 1IEJIEBOM YYacTUU TOCY1apCTBa.
[IpenBapuTenbHbIe pacyeThl [0 peaan3alui JaHHON CTPAaTEerHy YKe B CPeIHECPOYHOMN MepCreKTUBE 00enatoT
YCTOMUYUBBIA SKOHOMHMYECKHI POCT HE Me-Hee 4eM Ha 7% B roj, obliee yBeIWYEHHE MHBECTUIMH — 110
MeHblIel Mepe, Ha 15% B roj, a HAyKOEMKOM IPOMBIIIJIEHHOCTU ¥ HOBBIX TeXHOIOTHM — 10 30%.

OpnHOlt U3 OCHOBHBIX HPOOJIEM TOTO, YTO JAaHHAs CTPATErusl 1O CUX IOp HE pealu30BaHa, SIBISIETCA
ciabasi CBA3b MEXy POMBIIUIEHHOCTBIO M HAYYHBIMU HIKOJIaMU. Poccus, obnanast 12% yueHsIX B Mupe, 3a
cueT 3(h(PEeKTUBHOTO MCTIONB30BAHMSI UX MMOTEHIIMAa Moria Obl 3aHATh BHICOKOE MECTO B PEUTHHIEe HOY-Xay,
HO 6€3 cIpoca co CTOPOHBI MPOMBIIIJIEHHUKOB 3TO HE MPEACTABIAETCS BO3MOXKHBIM. ChIpbeBasi 5KOHOMUKA
naxe npu Hanmuuuu 28% BceX MPUPOIHBIX PECYPCOB HE MOXKET YAOBIETBOPUTH BCE MOTPEOHOCTH
COBPEMEHHOT0 TMOCTHUHAYCTpUaibHOro ooOmiectBa. [lonsi coBpeMeHHOW Poccum Ha pbIHKE HayKOEMKOM
npoaykuuu coctasisger 0,3%, npu oOmeM obdbeme 3TOro pbiHKa B 4 TpiaH aoiutapoB. Takum o0Opasom,
MOJTy4YaeTcs, YTO BECh POCCUICKUI He(Tera3oBblii 3KCIOPT SBISAETCS JUIIb AECATOW YaCThIO 3TOTO PHIHKA.
HeoOxonuMo ocyliecTBUTh MHHOBALIMOHHBIM CKadyoOK B MacliTabax BCed CTpaHbl M BBIMTH Ha PBIHOK
HAyYKOEMKOHW TMPOJYKIMH, YeMy B HauOONbIIEH CTEelNeHH MemaeT OoibInas HHQISIIHSA, OTCYyTCTBUE
WHBECTUIIMI U CUCTEMHBIN KPU3UC SKOHOMHKH.

Haunbonee npo6iieMHBIM aceKTOM SIBJISIETCS OTCTaBaHUE B Kaue€CTBE TEXHOJIOTMUECKON Cpe/ibl CUCTEM
o0ecrnieyeHns KayecTBa, aBTOMaTH3alMK pa3paboToOK, KOMIBIOTEPHU3AIMH [TPOU3BOJICTBA U T.A. TO ecTh mpu
HAJIMYUU IPOMBIIIIEHHOW HHPPACTPYKTYPbI, OUE€HB MMOX0XKEH Ha 3aMaIHyI0, Mbl OTCTAEM B TEXHOJIOTUYECKOM
€€ OCHAIIICHUU.

B ocHoOBe mpou3BoICTBAa HAYKOEMKOH MPOJIYKIMHU JIE)KAT MAKPOTEXHOJIOTHUH, KOTOPBIE MPEICTaBIIAIOT
co0Ol COBOKYMHOCTb 3HAHUH M TNPOU3BOJCTBEHHBIX BO3MOXKHOCTEH Uil BBIMyCKAa Ha MHPOBOM PBIHOK
n3Jenuii. AHaJIu3 MHUPOBOTO pPbIHKA HAayKOEMKOW INMPOIYKIMHU MOKa3blBa€T, YTO HA CETOAHSIIHUN JECHb
cymecTBYOT 50 MakpoTeXHONOTHA. M3 HUX 46-10 MaKPOTEXHOJIOTHSIMHU 00JIaacT CETh HauboJIee Pa3BUTHIX
cTpaH, T.e. oHM BianeroT 80% peiHKa HaykoemMkod mnpoxykuuu. Tak, CIIA or skcrmopra HayKOEMKOMR
MPOYKIIMH €KETOTHO MOJIyJaroT Aox01 okoio 700 mupa gost., ['epmanus — 530 mapa qoi., Anonus — 400
MJIPJ TOJLI.

3a 16 cymiecTByOMUX MaKpoTexHonoruit Poccus mMorna 6b1 mOOOPOTHCS, TEM O0JIee YTO MEePCIEeKTHBRA
y HuX xopormras (tabu. 1.1).

Tab6muma 1.



MaxkpoTexHOI0Tuu Jloxox, MJIpA AOJLIL.

2010 . 2016 1.

ABHAIMOHHBIE TEXHOJIOTUU 18-22 28
KocMmuueckune TeXHOI0ruu 4 8

SInepHble TEXHOJIOTHH 6 10
Cynoctpoenue 4 10
ABTOMOOMIIECTPOCHHE 2 6-8

TpaHCIIOPTHOE MAIIMHOCTPOEHUE 4 8-12
XHWMHYECKOE MAIIMHOCTPOCHHE 3 8-10

CrneumMerautyprusi. Conenxumus
Hossle MaTepuassl 12 14-18

TexHonorus HeQTeTOOBIUN U IEPEPAOOTKH 8 14-22
TexHosiorHs ra30100b61Y1 U TPAHCIIOPTUPOBKHU 7 21-28
DHEPreTHYeCKOe MAIIMHOCTPOCHHE 4 12-14
TexHosI0THS IPOMBIIIIIEHHOTO 000PYIOBaHHUS.

CTaHKOCTpOEHHE

MUKpO- ¥ paIn0dJICKTPOHHBIE TEXHOJIOTHU 4 7-9
KowMmnbrotrepHblie 1 THPOPMAIMOHHbIE TEXHOJIOTUU 4,6 7,8
KommyHnukanus, cBsi3b 3,8 12
buortexHonoruu 6 10
Bcero 94-98 144 - 180

B o0nactu mnpousBoACTBA HAYKOEMKOW MPOMYKIIMH CYHIECTBYET >KeCTOoualinasi KOHKYPEHIIUS.
Hampumep, CIIIA ¢ 2008 mo 2015 rox ycTynmuiau JUAEPCTBO B 8§ MaKpPOTEXHOJOTHSIX. DTO MPH-BEIO K
neUIUTY TIarexecrnocodHoro crpoca B 200 mup goswt. [Ipudwaa 3Toro B ToM, uto B Havaine 2000-x romos
ctpaubl EC cdopmupoBanu mnporpammy, KOTopash MO3BOJIMJIA OTBOEBaTh YacTh pPHIHKA HAyKOEMKOM
npoaykuuu y CIIIA wu Snonun. JlanHas mnpo-rpaMma mpeaycMmaTpuBaja: MEepeCTPOMKY TEXHOJOTHM,
MpoBe/ieHue PyHIaMEHTAIBHBIX UCCIEOBAHHM, PECTPYKTYPHU3AIIUIO TPOMBIIIIICHHOCTH.

B nacrositiiee Bpemsi €BpOMEWCKH aBUAIMOHHBIN KOHCOPIMYM IUIaHUPYET OTBoeBaTh 25% pBIHKA
TSDKEJIBIX CaMOJIETOB, 00beM KoToporo coctarisieT 300 mupa gout. Jis JOCTUXKEHUS MOCTABICHHOW IEIn
pa3paboTana OoJbIIast MEXAyHAPOIHAS MMPOTPaMMa, ISl peaau3ali KOTOPOU MPUBIIEKIM aMEPUKAHIIEB U
poccusiH. Jlonst Poccuu B 310 mporpamme coctasisieT 20%.

OnmHoit U3 mpobsIeM, CTOSIINUX Tepe]l POCCUHUCKON BIACTHIO, SIBIISIETCS BHIOOP MaKPOTEXHOJIOTHYECKHUX
MIPUOPUTETOB. {7151 ompeieieHusi MPUOpUTETa TOW WIM MHONW MAaKpPOTEXHOJIOTHH HEOOXOIUMO COMOCTABIIAThH
3aTpaThl, UMeoIIyocsa 0a3y 3HaHUM U 3G (GEKT OT pean3aluu MPOIYKIMH, CO3JaHHON Ha €€ OCHOBE.

Takum oOpa3om, unTerpaius Poccur B MUPOBOI pHIHOK HAYKOEMKOM MPOIYyKIHUU — 3TO €AMHCTBEHHAS
BO3MO’KHOCTh JaJIbHEHNIIIET0 3KOHOMUUYECKOTO pOCTa.

1.2. IIpoMbllIJIeHHBIE TEXHOJIOTHMH U TEXHHYECKH I Mporpecc

CYH_IGCTByeT MHOKCECTBO BAPUAHTOB IMOHATUA KTCXHOJIO-TU. I[aHHBIe OMpeCaACICHUA MOXXHO
CUCTEMATU3HUPOBATL U paC-CMOTPCTh UX BJIMAHHUC Ha CO3JaHNEC HOBBIX ITPOMBIINIJIICHHBIX TEX-HOJIOTHiA.

Texnonorus (technology) — B 10CI0BHOM MEpeBO/IC «HAYKA O MACTEPCTBEY.
B Poccuiickoit SHIUKIONEANN MOXKHO BCTPETUTh TaKUE ONPEICTCHHUS:



1. Hayka wuiaM COBOKYNHOCTh CBEAGHHH O MeTojgax Imepepa-00TKH CBIPbS, MaTepUasoB,
noiy pabpuKaToB, KOMIUIEKTYIOIIMX, TETIEPh U MPOrPAMMHBIX CPEJICTB B M3/EJHs, OTBEYAIOLINE 3aaH-HbIM
TpeOOBaHUAM C TOUKHU 3PEHUS UX TEXHUUYECKOTO Ha3HAUEHUs U KayecTBa.

2. COBOKYIHOCTH CPEJICTB, IMPOIIECCOB, OMEpaluii, METO-I0B, C MOMOIIBIO KOTOPBHIX BXOMSIINE B
MIPOM3BOJICTBO JIEMEHTHI TPEOOPa3yIOTCs B BEIXOSIINE; OHA OXBATHIBAET MAIIIMHBI, MEXa-HU3MbI, HABBIKU U
3HAHUA.

W, nakonen, 3apyOekHasi TPakTOBKA JAaHHOTO IMOHSTHSA: INpUMeHeHue (ynorpelsieHue) yero-iubo B
UHYCTPUH, KOMMEP-LIUU, MEUIIMHE U JPYTUX 007aCTAX.

TexHOI0rnH MOKHO YCIOBHO Pa3JeiauTh Ha CIICyIOIIHE:

— IIPOTPECCUBHBIE;

— HAYKOEMKHUE;

— BBICOKHE;

— KPUTUYECKHUE.

IIporpeccuBHasi — TEXHOJIOTHS, SBJISAIOIIASCS PE3yJIbTaTOM BHEIPEHUSI HHHOBALIMH, cTOsIIIasl Ha OoJiee
BBICOKOM CTYHNEHM pa3-BUTHs IO CPaBHEHMIO C cyllecTBylomeid. OHa BKIOYaeT B ceOs TEXHOJIOIHMH,
O0asupyromuecs Ha  3aMMCTBOBAaHHOM  II€PEIOBOM  OIBITE, IIyTEeM BHEAPEHHS  HOBBIX  WIH
YCOBEPILICHCTBOBAHHBIX ME-TOJIOB IMPOM3BOJACTBA H3JCIHHA, B T.4. IMYTEM TEXHOJOTHYECKOrO OOMEHa
(OecraTeHTHBIE JINLIEH3UU, HOY-Xay, UHKUHUPUHT U T.I1.).

Haykoemkasi — 3TO TEXHOJIOTHUSI, OCHOBaHHAsl HAa HOBBIX WJIM 3HAYUTEJIbHO YCOBEPIIEHCTBOBAHHBIX
MeTOJlax Mpou3BoACTBAa. HoBas TEXHOJIOrHs COOTBETCTBYET DPAJUKAIBHOW NPOAYKTOBOM HHHOBALMM, a
YCOBEpIICHCTBOBAHHAs — MHKPEMEHTAJIBHON NPO-IyKTOBOW HHHOBanMK. K HayKOEMKHM OTHOCATCS
TE€XHOJIOTMH, B OCHOBE KOTOPBIX JIEXKAT ITOCJIECIHUE IOCTHKEHUS HAYKHM M TEXHHKH, KOTOPBIE MO3BOJISIFOT
OCYILECTBHUTD BBIITYCK MPOIYKIIMH, BBITIOIHE-HUE paboT M yCIyT TAKMM 00pa3oM, UTO MosrydaeMasi IpoIyKIus
COOTBETCTBYET 10 CBOMM 3KOHOMUYECKHM M SKCIUTYyaTal[MOHHBIM CBOMCTBAM JIy4IIMM MUPOBBIM 00pasLam.
OTa NpPOAYKLUS BIIOJHE YIOBJIETBOPSIET HOBbIE IOTPEOHOCTH OOIECTBa 10 CPAaBHEHUIO C paHee
BBIITYCKABILIEHCS aHAJIOIMYHOro Ha3zHadeHMs. Co3/laHue TaKUX TEXHOJIOTMH B 0053aTEIbHOM IOPSJIKE
MpeIoiaraeT NpoBe-JACHUE HAyYHBIX HCCIIEOBAaHMA M Pa3pabOTOK. DTO, KOHEYHO, MPU-BOAUT K POCTY
3aTpaT, HO B TO e BpeMs CIY>KUT UICTOYHUKOM HIMPOKOTO MPUBJICYEHHS HAyYHO-TEXHUUECKOIr0 MMOTeHIInaja
U €0 pa3BUTHSL.

HaykoemkocTh — moOKazarenb, OTpaKarOUIMH COOTHOIICHHWE YHCIIA YYEHBIX, 3aHATBIX HAyYHOHU
JEATEIbHOCTBIO, K YUCIY BCEX 3aHATHIX Ha MPOM3BOJICTBE, WM, UHAYE TOBOPS, TO COOTHOUIEHUE MEKIY
Hay4YHO-TEXHUYECKOH AEATEIbHOCTBIO U IPOU3BOACTBOM B BUJIE BEJIMYMHBI 3aTPAT HA HAYKY, IPUXOASAIINAXCS
Ha €IMHULY POJYKLIHH.

Bobicokas TexnoJiorusi (high technology). K BeICOKMM OT-HOCSTCS TEXHOJIOTHH, OIarofaps KOTOPHIM
CO3JalOTCS HOBBIE CBOMCTBA W3ACIHMH IIyTEM BO3JICHCTBHS HAa MaTephalbl Ha MEXMOJCKYISAPHOM,
MEXaTOMHOM, BHyTPHaTOMHOM H T.II. YPOBHSAX. DTO HAHOTEXHOJIOTUHU M pa3IMYHbIC BHJIbI 00paOOTKH, TaKue
KaK: Jla-3epHasi, IUIa3MEHHasl, yJIbTPa3ByKOBas U T.II.

Kputnueckasi Texnonorusi. K KpuTu4eckuM OTHOCSTCS TEXHOJIOTUH, KOTOpPBIE pa3padaThIBalOTCsS B
KpUTHYECKOW cuTyanuu. Hampumep, Korga HEOOXOAWMO CpPOYHO BBITYCTUTh MPOAYKIUIO B YCIOBHSAX
OTPaHUYECHHOTO BPEMEHH M OTPAHWYCHHBIX MAaTEPUANBHBIX PECypcoB. Takue TEXHOJOTHH, KaK IPaBUIIO, HE



SBIISIIOT-CS ONTUMAJIBHBIMU, TIOCKOJIBKY IIENIBI0 TAKUX TEXHOJIOTHH SBISETCS HE CHIDKEHHE Ce0eCTOMMOCTHU
u3aenui, a HE0OXOUMOCTh UX U3TOTOBJICHUS K ONPECICHHOMY KaJeHJapHOMY CPOKY.

Co31aHMI0 TPOMBINUICHHBIX TEXHOJOTHA BCEeTAAa TPEAIISCTBYET OTKPBITHE Pa3HOOOpPA3HBIX
¢uznuecknx r3¢ppextoB (PI). T.e. B OCHOBE BCEX CYIIECTBYIOIIUX TEXHOIOT U, CBSI3aHHBIX C IPOU3BOICTBOM
W3enui, nexar pusndeckue 3QPexTol.

Bce ¢usnueckne mnpoueccel, MNpOTEKaroIIMe IPU B3aUMOJCHCTBUM MaTepUAbHBIX OOBEKTOB,
COIIPOBOXKAAIOTCS pazauuHbIMU 3ddexramu. [Ipruem konmyecTBo 3THX 3(PPEKTOB MOXKET BapbUPOBATHCA
o4yeHb MHPOKO. OJTHO3HAYHOTO TOJIKOBAaHUS MOHATHS PO HE CyIIEeCTBYET, TO3TOMY MbI IPUMEM CIIeIyIoLIee
ompenenenne ®D — 3TO 3aKOHOMEPHOE TMOSIBJIEHUE pE3yJbTaTOB B3aUMOJCHCTBUS  OOBEKTOB,
OCYIIECTBIIIEMOTO  MOCPEJICTBOM BO3JCHCTBUS  u3mdeckux moneil. [lpm 3TOM 3aKOHOMEPHOCTH
BO3HUKHOBEHUS PE3yJIbTATOB XapaKTEPU3yeTCsl IOBTOPSEMOCTBIO M MTOCIIEI0BATEILHOCTHIO IPH OJHUX U TEX
’K€ B3aNMOJCHCTBHAX.

Bce mporiecchl U sIBICHHS, TPOUCXOSIINAE B MAaTEPHAILHOM MHUpPE, 00YCIOBJICHBI YETHIPbMS TUIIAMH
BO3/ECUCTBUA (PU3MUECKUX IIOJEH: BCEMHUpPHOE TATOTEHUE, JJIEKTPOMArHWTHBIC, sJIEpHblE U clalble
B3aumojeiicteusa. Kaxnoe u3 atux mosned umeer psa MoauUKanui, o0yCIOBIMBAIOIMX OCOOEHHOCTH
B3aUMOJICHCTBHS ~ MaTepHajbHbIX 00beKkTOB. Hampumep, »snexkTpuyeckoe Iojie  MOXKET  ObITh
JIEKTPOCTATUYECKUM, IEPEMEHHBIM, BUXPEBBIM H T. [I.

PesynbraTsl BO3AEHCTBHUS (PU3UUECKUX TMOJICH — 3TO 3¢hgexmul. VIMu MOTYT OBITh U3MEHEHHS CaMuX
(U3NYECKUX MOJICH WU TapaMeTpoB 00BEKTOB (pa3mMepoB, (HOpMBbI, GPU3UKO-MEXAHUIECKUX CBOMCTB U T.11.).

PaccmoTpuM OCHOBHBIE 3aKOHOMEPHOCTH MPOsiBICHUST DI:

1. Bo3MOXXHO TIPOSIBIICHUE HECKOJIBKUX PE3YyJIbTaTOB BO3/ICHCTBHS MPU OJJHOM BO3JICHCTBUHU Ha OOBEKT.
Yucno Takux pe3yJbTaTOB 3aBHCUT OT CJOXKHOCTU CTPYKTYypbl o0bekTa. [Ipu ciokHOM CTpyKType
MaTepUaIbHOTO O0BEKTa OT OJHOTO BO3ACHCTBHS MOTYT MpOSABIATHCA PO Ha pa3HBIX UEPAPXUUECKUX
YPOBHSIX CTPYKTYpbl OOBEKTa, TO €CTh BO3HMKAIOT BHYTPEHHHE BO3ACUCTBHSA. VIMEHHO OHM HIMPOKO
UCTOJNB3YIOTCS B TEXHUKE U TEXHOJOTHUU. Tak, /Ui yIPOUYHEHUs] TOBEPXHOCTHOTO CJIOS AETAIU MOTYT OBITh
ucnonb3oBanbl MeTo bl [1J1/] (BHEIIHEe BO3ACHCTBIE) HITH TTPOITYCKAaHUE Yepes3 JAeTallb SJIEKTPUIECKOTO TOKA
(BHYTpEHHEE BO3JICHCTBUE).

2. OMH U TOT K€ OOBEKT MOXET ObITh MOJIBEPTHYT HE-CKOJbKUM BO3JEUCTBUAM. DTH BO3AEUCTBUA
MOYHO pa3/IeJIUTh HA OCHOBHBIE U JONOJHUTEIbHBIE. OCHOBHBIM HA3BIBAETCS TAKOE BO3/ICUCTBUE, PE3YJIbTAT
OT KOTOPOrO BBI3BIBAET TOSABIEHUE JPYroro, OTJIMYHOTO OT BO3JACHCTBHS, (U3MUYECKOTO TMOJS.
JlononHuTeNbHOE — TakKoe BO3ACHCTBUE, KOTOPOE NPHBOJUT TOJBKO K KOJIMYECTBEH- HOMY, a HE
KaueCTBEHHOMY HW3MEHEHHUIO pe3ylibTaTa, MOJIy4aeMoro OT OCHOBHOTO BO3JAeWcTBUsA. TakuM oOpazom,
JIOTIOJTHUTEJIbHBIE BO3JCHCTBUS HE MOTYT BbI3BaTh JAHHOTO pe3yjibTara 0e3 OCHOBHOTO BO3JEHCTBHUS.
Hanpumep, snextpoxumuueckas oOpaOoTKa — OCHOBHOE BO3JeMcTBUE, NMPH KOTOPOM 3TO BO3JeHCTBHE
JJIEKTPUYECKOTO I10JIsA, & JOMOIHUTENBHOE — XUMUYECKasl PEaKLIUs.

3. Ha ogHOM 00BEKTE MOTYT MPOSIBIISATHCS HECKONbKO PO, OKa3bIBAIOIIUX BIMSHUE OPYT HA JApyra
(HaKJIemn MpH pe3aHun).

4. BO3MOXXHO peryJupOBaHHE 3HAUEHUs pe3yJibTaTa BO3ACHCTBUA. PerynnpoBaHus MOXKHO TOCTHYb:
KOJIMYECTBEHHBIM H3MEHEHHUEM BO3JCHCTBUS, BBEICHHUEM HOBBIX OCHOBHBIX M JONOJIHUTEIbHBIX
BO3JICHCTBHI, M3MEHEHHUEM CTPYKTypbl M TapaMeTpoB oOO0BeKkTa. brmarogaps 3ToMy CBOMCTBY MOKHO
TEXHUYECKU PeaTn30BaTh Takue QyHKIIMU OOBEKTOB TEXHHUKH, KaK yCHIIEHHE, ocialieHnue, npeodpazoBaHue,
MOJYJISILIMSL, BBIpABHUBAHKUE, IPOBOAUMOCTD U JIP.

Monenbto @D Ha3bIBaeTCs 3aBUCUMOCTD pe3yibTaTa Bo3AeHCTBHS (3()(eKTa) OT CaMoro BO3ACHCTBHS.
Mogens 1oKHa yI0BIETBOPATH CIIEIYIOIINM TPEOOBaAHUSM:



® OTpakaTh YCJIOBHS B3aUMOCBSI3U pasiinuHbiXx OO npyr ¢ apyrom;
® KOJMYECTBEHHO OIHUCHIBATh XapaKTEPUCTHUKY MposiBieHus PI;

e ONUCBIBATH IIpouecc nposiBiaeHus @O BO BpeMEHH;

e  OBITh IPUTOAHOM /JISl UCTIOJIB30BAHUS B MH)KEHEPHON IIPAKTHKE;

e oOecnieuyuBaTh ONpEACICHHE pPE3YJIbTaTOB BO3JACHCTBUN TNpU  33AaHHBIX  HMCXOJHBIX
BO3/CUCTBUAX, 3HAYCHUSAX BapbUPYEMbIX MapaMeTpoB (PHU3MUECKOro O0BEKTa, B 3aJlaHHBIX
BPEMEHHBIX XapaKTEPUCTUKAX.

Crporux mMareMaTHYECKUX 3aBHCUMOCTEH MEXIy BO3ACHCTBHEM M Pe3yJbTaTOM Ui MHOTUX DD He
CYLIECTBYET, B TAaKOM CJIyd4ae HCIOJIb3YIOTCS IMIMPHUYECKUE 3aBUCUMOCTH, JIMOO SKCIEPUMEHTAIbHBIC
JIaHHBIE.

N3 monmenn @D cremyeT, 4TO pe3yibTaT BO3IEHCTBHS BO MHOTOM 3aBHUCHT OT HCITOJB3YyEMBIX MapoK
BEIIECTB M MaTepuayioB. TakuM o0pa3oM, BaKHEWIIeW MHHOBALMOHHOW 3ajjaueil sIBJIETCS MOMCK HOBBIX
MapoK BEILECTB U MaTepHalloB U pa3paboTKa TEXHOJIIOTUU UX U3rOTOBJIEHUS U 00pabOTKH.

Paccmorpum npumepst @D, MUPOKO MPUMEHSIEMbIX B TEXHUKE M TeXHOJIIOTUU. OqHuM 13 Takux dO
apisieTcs «3ddexr kauHa». CymHocTh 3¢ddexra 3akaodaercss B NpeoOpa3oBaHUU CUJIBI (110 BEIMYUHE U
HaNpaBJICHUIO) TPU B3aUMOJCHCTBUU JBYX TBEPIBIX TEJN IyTEM HCIIOJIb30BAHMS MOBEPXHOCTH KOHTAKTa,
HAKJIOHEHHOH O] OCTPBIM YTJIOM K JecTBYoIIeH cuiie. Koraa uenoBedecTBO OCBOUIIO MPOIECCH OTYYESHHUS
METaJUIOB U3 PYbl, BOSHUKIIA HEOOXOJMMOCTh HX TepepaboTKu B u3aenus. basupysce Ha «dddekre KimHay
1 To00paB HEOOXOAMMBIEC COMTyTCTBYIOIINE MaTEPHAIIbl (HHCTPYMEHTAIbHBIC, CMA3bIBAIOIIE-0XJIAXKIAOTITHE
AKHJIKOCTH), YIaJIOCh PEaIM30BaTh TEXHOJIOTHYECKUHN Mpolecc 00-pabOTKH METAIJIOB pe3aHueM, KOTOPBIHA B
JanbHEeMIIeM pa3BUJICS B BEIMKOE MHOXECTBO €ro MoJIUGUKAIMi: TOYEeHHE, CTpOraHue, CBEpJICHHE,
3eHKepOBaHUe, pa3BepThIBaHuE, (hpe3epoBaHue, NuIH(OoBaHUE, TOTUPOBAHUE U T.JI.

Ha puc. 1.11 npencrasiena B o01ieM BUI€ CXeMa MOSIBICHUS HOBBIX TEXHOJIOTUI U ee MOAU(UKALIUA.
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Puc. 1.11. O606mmenHas cxema pa3pabOTKH HOBBIX TEXHOJIOTHMA

[IpuBenem Oonee coBpeMeHHbli npumep. [Ipu nmepeBone B 60-X romax MpoIIOT0 BeKa aBUAIUH C
MOPIIHEBBIX Ha ra30TypOMHHBIC JBUraTeNM MEpe] 3aBOJaMH IO NMPOU3BOACTBY aBUALIMOHHBIX JIBUTATENen
BCTajla mpobsieMa OOpabOTKH JIONMATOK TYpOMH M KOMIIpEecCOpoB. DTO OonblMe MapTUu JeTaneil u3
BBICOKOJIETUPOBAHHBIX (M, CJIE€OBATEIbHO, TPYyAHO O0OpaldaThIBaGMbIX pe3aHMEM) CcTalell M CIUIaBOB,
UMEIOIINX CIIOXKHYIO MPOCTPAHCTBEHHYIO T€OMETPHIO M BBICOKHE TPEOOBAaHUS MO TOYHOCTH M KauecCTBY.
TpaauumonHas TexHoI0rua 00pabOTKM TaKUX MMOBEPXHOCTEN Ha (ppe3ep-HO-KOMHPOBATILHOM 000PYI0BAHUU
He o0ecrieynBaia HeOOXOAMMOT0 Ka4eCTBa U MMPOU3BOAUTEIBHOCTH. «Y3K0€» MECTO B IPOU3BOICTBE YAAJI0Ch
pacmmpuTh Onaromaps pa3paboTKe NPHHIMIIAAIHGHO HOBOW TexHojoruu (puc. 1.12), ocHOBaHHOW Ha
MIPUHILIMIIE XUMUYECKOTO PAacTBOPEHUS] MaTepuasna (OCHOBHOE BO3JIEHCTBHUE), 3HAUUTEIBHO YCHIMBAEMOIO



HAJI0KEHUEM 3JIEKTPUUECKOT0 TOKA (JIONOJHUTENBHOE Bo3ieicTBUE). [IpoBeIeHHBIE HAyUHBIE NCCIIEIOBAHUS
10 BBHIOOPY ONTHUMANBHBIX COMYTCTBYIOLIMX MAaTEPHANIOB (SJIEKTPOJBI, AJIEKTPOJIUTHI) U DIEKTPUUECKHX
PEKIMOB MTO3BOJIMIIN CO3/1aTh HA/ISKHYIO TEXHOJIOTHIO ¥ IPOMBIIITICHHOE 000y I0BaHHUE AT €€ PeasIn3aliiu.
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Puc. 1.12. IlpunnunuanbHas cxema 3J1eKTPOXUMHYECKOW 00pabOTKHU: 3JIEKTPO/I-3ar0TOBKa, 2)
NMEKTPOA-UHCTPYMEHT; 3) 3JEKTPOIUT

1.3 CymHocTb, CBOICTBA M KJIaccupUKANMS HHHOBAMT

B cooTBeTcTBUM € MEXIYHapOJHBIM CTaHIAPTOM, I10JI MHHOBalMell (HOBOBBeJEHHMEM) CIENYET
IIOHUMAaTh KOHEYHBIM PE3ylbTaT TBOPYECKOW  JEATEIBbHOCTH, BOIUIOLIEHHBII B  HOBOM WM
YCOBEPIICHCTBOBAHHOM BOCTPEOOBAaHHON TPOIYKIHUU, JTHOO B HOBOM WJIH YCOBEPIICHCTBOBAHHOM
peann3yeMoM Mporecce.

MuHOBanmu kiaccuGUUIUpPyOTCs IO MHOIMM IPU3HAKaM, B YaCTHOCTH, IO cdepe MPUIIOKEHHs, BULY
yIIOBJIETBOPSIEMBIX MOTPEOHOCTEW, MPUYMHAM BO3HUKHOBEHMS, CTENEHW HOBHU3HBI, CTaJUSAM XHU3HEHHOTO
LUKJIa, BUAY moinydaemoro sddexta U T.1. B Hactosmem mocobuu mnpeacTaBieHa KJacCHUKALMA
WHHOBALM TOJBKO MO TEM NpPU3HAKAM, KOTOpPbIE MMEIOT KaKoe-THMOO OTHOIIEHHE K TEXHMYECKUM H
TE€XHOJIOTHYECKUM HOBO-BBEICHUSIM.

1. ITo crenenu pagukanbHOCTH (HOBU3HBI) MHHOBAIIUH JCIISITCS Ha!
e panukaibHBIe (0a3UCHBIE), KOTOPBHIE XapaKTEPU3YIOTCS aOCONIOTHOW HOBWU3HOM; ATO KpYITHEHITHE
M300peTeHNs], B OCHOBE KOTOPBIX JIKAT HOBBIE (PyHITaMEHTAIILHBIC HAYYHBIE TIOCTHKEHUS;

® MHKpEMEHTaJIbHbIE (YyIy4llaolue), Mpearnoaaraonue MeJIKIe U CpeJHUEe N300peTeHMs], Yalle BCEro
HaIpaBJICHHbIE HAa JaJIbHENIIEE yIIydllIeHUEe U Pa3BUTUE paJuKaIbHbIX MHHOBAIIUH;

® T[ICEBJOMHHOBAIIMM, HAMNPABICHHbIE HA YAaCTMUYHOE HE3HAYUTEIbHOE YIYUYIIEHHE MPOIYKTa
(TIpPOMBINIIEHHBIN TU3aliH, KOCMETUYECKUE TOPAOOTKH).

2.Ilo HUCTOYHHUKY MOABJICHUSA BBIACIIAIOT MHHOBAIIWW, BBI3BAHHBIC!

® HAYYHO-TEXHUYECKUM IIPOIPECCOM,;
¢ TIOTPEOHOCTSIMU TIPOU3BOJICTBA;

®TIOTPEOHOCTSIMHU PHIHKA.

3. ITo xapakTepy yIOBIETBOPSIEMBIX TOTPEOHOCTEH MHHOBAITUH JACIISATCS Ha:
OpPUEHTUPOBAHHBIC HA YJIOBIETBOPEHUE YK€ CYIIECTBYIOIINX MOTPEOHOCTEI;

OpPUEHTUPOBAaHHBIC HAa (POPMHUPOBAHKE U YAOBIECTBOPEHHE OYIyIIHX MOTPEOHOCTEH.



4. Ilo npuyrHaM BO3HUKHOBEHMS BBIIEISAIOT HHHOBALMU:

PEaKTUBHBIE, KOTOPBIE SABISIOTCS B HEKOTOPOM POJIE PEAKLMEN Ha BHEIIIHUE BO3JECUCTBUS, II0BEICHUE
KOHKYPEHTOB, IOTpeOUTENIEH, MAPTHEPOB C LIEIbI0 BBDKUBAHUS NPEANPUATHS, YAEPKaHUS TEKYIIUX MO3ULUI
Ha PBIHKE U JaJbHEHILEro pa3BUTHUS;

CTpaTeruyecKue, HalpaBICHHbIE Ha pelleHHE 3a7ay MPEINpUsATHs, BHEIPEHUE KOTOPHIX CIIOCOOHO
o0ecrneunTb eMy KOHKYpPEHTHBIE IPEUMYIIeCTBa B OyAyIeM.

5. Ilo cdepe npuMeHEHUs pa3IHyaroT CIEIyIOIIUE BU/IbI MHHOBAIIHIA:

® TEXHUUYECKHE, KOTOPHIE 3aKII0YAIOTCS B CO3/IaHUU M IIPOU3BOJCTBE HOBOM U YCOBEPILIEHCTBOBAHHOMN
IIPOIYKIIUH;

® TCXHOJIOTUYECKUE, KOTOPbIE MPEICTABIAIOT CO0OM yCOBEPLUIEHCTBOBAHHE TEXHOJIOTMYECKOIO
IpoLecca U3roTOBJICHUS IPOAYKIIMH Ha 0a3€ HOBBIX TEXHOJIOTHIA;

® PEIHOYHBIC, OTKPBIBAIOIINE HOBBIC PBHIHKH,

® OPraHM3alMOHHO-YIIPABICHYECKNE, CBSI3aHHBIE C YIYYIIEHHWEM M ONTHMHU3alAEH IPOLECCOB
yIOpaBJICHUS TPOM3BOJACTBOM, (UHAHCAMH, COBITOM, JIOTUCTHKOW U TPOYUMH  CTPYKTYpHBIMHU
MOAPA3ACIICHUAMU IPEIIIPUATHUSA;

¢ nH(GOPMAaLIMOHHbIE, KOTOPBIE IPUBHOCSAT YJIYUIIEHUS B CIIOCOOBI ITepeaun HH(OpMaIMY, yIIpaBIeHUE
MH(OPMALIMOHHBIMU ITOTOKaMH; COLIMAJIbHbIE, HAPABJICHHbIE HAa pa3pa0OTKy HOBBIX PELICHUM COLMAIbHBIX
po6ieM B 001acTsax 00pa3oBaHusl, HAYKH, KyJIbTYphbl, 3paBOOXPAHEHUsS U IPYTUX COLMAIBbHBIX cepax;

® DKOJIOTUYECKHUE, KOTOPBIC 3aKITI0YAI0TCS B pa3paO0TKe MHHOBAIIMOHHBIX PELICHUI, HAPABICHHBIX Ha
yJIy4IIeHHE 3KOJIOTMYECKOW OOCTAHOBKHM, 3aIIUTY OKPYXKAIOIICH Cpeibl W TPEOJOJICHUE TII00ATbHBIX
npooeMm.

6. [1o xapakTepy U3MEHEHHI 00BHEKTA BBIJCISIIOT MHHOBAIIUH:
e MOTU(DUIMPYIOIIKE, HATIPABICHHBIE Ha KOJUYECTBEHHBIE YCOBEPIIICHCTBOBAHUS O0OBEKTA;

® [IPOPBIBHBIE, KOTOPHIE MPEACTABIISAIOT COO0I KaUeCTBEHHbIE U KapAHMHAJIbHbIE H3MEHEHNS 00BEKTa;

® HTETPUPYIOIIUE, 00BbETUHSIONTNE B ce0e MOTUDUITUPYIONIUE U TPOPHIBHBIC MHHOBAIINH.

Hecmotpss Ha cronp Oonblioe MHOTOOOpa3We WHHOBAIMMA, BBIPAXKEHHOE B IMPUBEICHHOM
knaccuduKanuu, J1o0as HHHOBAIIMS TOJDKHA 00J1aaTh CIEAYIOIMMU CBOMCTBAMH:

1. IIUTENBHOCTD CO3/IaHUA U KU3HEHHOTO LIMKJIa B LIEJIOM;

2. HaIM4yue OINpeeICHHOW HOBU3HBI,

3. mpakTHUYecKas peain3yeMOCTh HHHOBAIMU B HOBOM MPOJYKTE, YCIyre, Ipolecce, MaTepralle u T.1.;

4. HeompeaeNeHHOCTh pealn3allid MHHOBALMOHHOIO MpPOLECcca, BKIIIOYAIONIAs HEONPENEICHHOCTh U
pUCKH (UHAHCOBBIX YCJIOBHH, TEXHUYECKOW COCTABJISIONICH, WHBECTUPOBAHUSA, BHEIIHEH CpEIbl,
HEOIPEIEIEHHOCTh IPOMEKYTOUYHBIX M KOHEUHBIX PE3yJIbTaTOB MHHOBALIMOHHOTO MPOIIECCa U M. ;

5. HamPaBIIEHHOCThH Ha YJIOBIETBOPEHHUE MOTPEOHOCTEH phIHKA (KOMMEPIHAIN3aIINA);

6. JOCTIKeHuEe ompeneneHHoro s¢ddekra B pesynbrare KOMMEpIUAIU3AIMM WHHOBALUU
(3KOHOMHYECKOT0, TEXHUYECKOT0, TEXHOJIOTHYECKOT0, COLUATIBLHOTO, 3KOJIOTMYECKOTr0 U Tp.).

NHHOBAaLMOHHBIM MPOLECC 3aKIIOYAeTCsl B CO3JaHUM M KOMMEPILMAIU3alMd HOBOBBEACHUM,
M300pETEHUHN, HOBBIX TEXHOJOTUH, TPOAYKTOB M YCIyr, a TakXKe APYrHuX pe3yJbTaTOB TBOPYECKOMH
nesATeTbHOCTH. VIHHOBAIIMOHHBIN MTPOIIECC B OOIIEM BUIE MOKET BKJIIOYATh CJICAYIOIINE ITAIbI:

1. pyHmaMeHTambHBIC, TOUCKOBBIC U MIPUKIIATHBIC HCCIICIOBAHNS,



2. MapKETUHTOBBIC UCCIICIOBAHUS;

3. OMBITHO-KOHCTPYKTOPCKHE Pa3paboOTKu;

4. co3maHue OIMBITHOTO 00pa3ia;

5. co3/1aHre IPOMBIIIICHHOTO 00pa3ia;

6. TPOMBIIUICHHOS BHEAPCHUE HJIM IEPBOC MPAKTUYCCKOE HCIOJIb30BaHUE, KOTOPOE OTpakaeT
TOTOBHOCTh HAyYHO-TEXHHYECKOIO HOBOBBEJICHHUS K MIPAKTHYECKOMY HCITOJIb30BAHHMIO;

7. opraHuzaiysi CEpuitHOTO MPOU3BOJICTBA HOBOT'O MIPOAYKTA;

8. KoMMepluaTu3aIs HHHOBAIUY;

9. nuddy3us MHHOBAIMH.

B nHacrosmee BpeMs BbIIEIAETCS LIECTh ITOKOJIECHUH MOJEJIE MHHOBALMOHHOIO IIPOLieCCa.

[lepBoe NOKOJIEHWE NIPEACTABICHO WHHOBALIMOHHBIM IIPOLIECCOM JIMHEWHOIO THIIA, KOTJAa OH
paccmaTpuBaics Kak MPOLEcCc MOoce10BaTeNbHON TpaHC(hOpMalliy 3HaHUN B HOBbIE NPOAYKTHI. JIuHeitHas
MOJIeJIb MHHOBALIMOHHOTO Ipoliecca BKIOYAET (yHIaMEHTalbHbIE, PUKIAJHbIE UCCICA0BaHMs, CO3AaHNe
OIBITHOT'O U MPOMBIIIJIEHHOT0 00pa310B, MApKETUHT, IPOU3BOACTBO HOBOT'O IPOAYKTa U €ro COBIT.

Bropoe mnokoneHue WHHOBAIMOHHOI'O IpoOLiecca TaKXKe IMpeAcTaBiIseT co00il MpOCTYI JUHEHHO-
IIOCJIEIOBATEIIbHYI0 MOJE/Nb, OCHOBHOE OTJIMYUE KOTOPOM 3aKIIOYaeTcs B IPU3HAHUU 3HAYUMOCTHU
OpHEHTALlMY HOBOBBEJCHUS HA PBIHOK. B 3TOM MO1€1IM MHHOBALIMOHHBIN IIPOLIECC MHULIMUPYETCS PHIHOYHON
NOTPeOHOCTHIO.

YckopeHre HMHHOBAallMOHHOTO pa3BUTHUA M YCHJIEHHE KOHKYPEHLMH BBI3BAJIO HEOOXOJIUMOCTD
MIOSIBJICHNSI HOBOM TPEThEM MOJIEIN MHHOBALIMOHHOTO MPOLECCA, ABISIOIIEHCS, 110 CYTH, CXEMOM MHTETrpaluu
MOJIEJIEN NIEPBOr0 U BTOPOTO MOKOJEHUH. TpeTbs MOJeab HHHOBALMOHHOTO NIPOLIECCa OCHOBaHA HA TECHOMN
B3aMMOCBSI3M TEXHOJIOTHI C PHIHOYHBIMM HOTPEOHOCTSAMH, a TakXke Ha 3(PQPEeKTMBHOM B3aHMMOAECHCTBUU
MIOAPA3ACIICHUN NTPEAIIPUATHS.

YeTBepToe NOKOJIEHHE OTPAXKAET ANOHCKYK) HMHTEPAKTHBHYIO MOJENb IIEPEJOBOr0 OIBITA, KOTOpasd
OCHOBaHa Ha INapaJUIeIbHOM AKTUBHOCTH I'PYMII CHELUAIMCTOB M HAJIWYMUA BHEIIHMX TOPU3OHTAIBHBIX U
BEPTUKAJIBHBIX CBS3€H, UTO MPHUBOJUT K YCKOPEHHIO MHHOBAI[MOHHOIO Inpouecca. MakTUYeCKu B paMKax
JAHHOM MOJIENIM HECKOJBKO CTaJui WHHOBALIMOHHOTO IIPOIIECCA BBIMOJHAIOTCS HE MOCIEAOBATENIbHO, a
MapaJuIeIIbHO.

B ocHOBe NATOr0 MOKOJIEHUSI MTHHOBALIMOHHOTO IIPOLIECCA JIEXKUT MOJIEIb CTPATETUYECKOU HHTETPALUH,
Ipearoiararomas J0NOJTHEHHE WHHOBALMOHHOIO Ipolecca MHPOPMALMOHHBIMU M KOMMYHUKATUBHBIMHU
(GyHKIMAME (CTpaTern4ecKUMH CBsA3AMHU). MoJieslb OCHOBaHA Ha MPUMEHEHUH HOBEHIIMX MH()OPMAIIMOHHBIX
TEXHOJOTHH /1 o0ecnieueHus 3pHEeKTUBHOrO oOMeHa HHpopManuei.

[Ipennocslnkon 3apoKIEeHHUs MOJIENIECH IMIECTOr0 IOKOJICHMs IIOCIHY’KMIIO IIOHMMAaHHME TOrO, 4YTO
nHOpMAaIKS SBISIETCS JUIIb OJHUM U3 MHOXKECTBA JIEMEHTOB, HEOOXOJMMBIX B MHHOBAIIHOHHOM ITPOIIECCE.
Mogens WHHOBAIIMOHHOTO TPOIIEcca IIECTOro MOKOJIEHHs OCHOBaHA HE TOJIKO Ha MHQOpMaluu, HO U Ha
3HAHUSAX, IOJYYaEMBIX OIBITHBIM ITyTEM.

Oco0oe 3HaueHue /s YCIEUIHOIO HWHHOBAIIMOHHOIO IIpoliecca HUMEEeT KOMMepIHaln3alus
HOBOBBEJICHMSI.

KoMmmepuuaan3zanusi FHHOBAIMM — 3TO €€ KOMMEpPUECKasi peajiu3aiusi, TO €CTh MPOLECC U3BICUCHHS
KOMMEPUYECKOU BBITOJIbI OT €€ CO3JaHusl, BHEPEHUS U PaCIPOCTPAHECHHUSL.

KoMmMeprmanusanust BO3MOXHA B IBYX OCHOBHBIX (hopmax:

1. Tlpomaka wHHOBauuMM (Tepegada TpaB Ha MOJb30BAaHHE OOBEKTOM HWHTEIUICKTYalbHOM
COOCTBEHHOCTH, HAIPUMEP, HA OCHOBE JINLIEH3UOHHBIX IOTOBOPHBIX OTHOIICHUN).



2. BHeapeHue WMHHOBAIMM B TEXHOJOTMYECKUH IPOLECC CO3AaHMs MPOAYKIMM A JTOCTHKEHUS
YHUKQJIbHBIX KOHKYPEHTHBIX MPEUMYIIECTB W MPOUYMX LEJIeH NpeanpusTus (Hampumep, BHEAPEHUE
VHHOBALlMOHHOM  OIlepalud B TEXHOJOTMYECKUH IPOLECC, IMO3BOJAIOMIEH B KOHEYHOM MTOre
YCOBEPIIEHCTBOBATh KOHEYHBIM IIPOYKT, IOBBICUB €T0 HAJEKHOCTh, KAYECTBO, YJIyYILINB KCILTyaTallMOHHbIE
XapaKTepUCTUKHU U TIP.).

[Tonatus xomMmepuuanuzauuu U au¢p¢y3ud UHHOBAIMM TECHO CBSA3aHbI MEXIY COOOH, Tak Kak
(g Qy3us ecTb HU YTO UHOE, KaK TEOpHUs O PAaCIPOCTPAaHEHUH MHHOBAIIUY B OOILECTBE.

1.4 KoHKYpeHTOCNOCOOHOCTH NPOMBINLIEHHOH NMPOAYKIIUH (THAPOMAIIHHOCTPOEHNE)

KoHKYypeHTOCTIOCOOHOCTh TTPOMBINUICHHONH MPOAYKIIMM HAa PHIHKE 3aBHCHT OT €€ MOTPEOUTEITBCKUX
CBOWCTB W IIEHBL. B 3aBHUCHMOCTH OT BBIOPAHHOW TEXHOJOTHMH U COCTOSIHUS TEXHOJOTHYECKOW Cpeibl B
MPOIIECCE M3TOTOBJICHHS (DOPMUPYIOTCS MOTPEOUTEIHCKHUE CBOMCTBA MPOAYKIMH. LleHa mpoayKiuy Takxke
3aBUCUT OT MPHUHATON TEXHOJOTHH M CBSI3aHHOW C HEIO MPOW3BOJUTEIBLHOCTH TPyJa U B 3HAUYUTEITHLHOUN
CTEIEHH OIPEACIIICTCS CEOECTOMMOCTBIO U3rOTOBICHH. OCHOBHBIM ITOKa3aTeIeM MOTPEOUTETLCKIX CBOMCTB
SIBJISIETCSl KadecTBO m3enus. OHO OmpeenseTcsi TEXHOJIOTHYHOCTRIO €ro COOpKHU (4acTO M MCTBITAHUM), a
TaK)Ke 3aBUCUT OT Ka4eCTBa dJIEMEHTOB U3/IENHS, TOCTYMAIOIINX Ha COOPKY.

KauecTBO M3roTOBNIEHUS 3JIEMEHTOB M3/EIHS ONPEAENAeTCS COBOKYMHOCThIO CBOMCTB IPOLIECCOB MX
W3TOTOBJICHHS, COOTBETCTBHEM OJTHX IMPOLECCOB U HX PE3yJIbTaTOB, YCTAHOBJICHHBIM TPEeOOBAHUSIM.
OCHOBHBIMHU TMapaMeTpaMu, OMPEACIAIONIMMH KaueCTBO DJIEMEHTOB W3JIENUs, SIBIAIOTCS TOYHOCTh UX
M3TOTOBJICHUS, KQUECTBO MOBEPXHOCTU U (PU3UKO-MEXAHHMUECKHE CBOMCTBA MaTEpHUANIOB, U3 KOTOPBIX OHHU
H3rOTOBJICHEI.

B paznu4HbIX 0Tpacisx MaIMHOCTPOCHUSI IIMPOKO PACTIPOCTPAHECHBI TUAPONPUBOABI. OHH OTINYAIOTCS
CPaBHUTEIHLHO MaJbIMH Ta0APUTHBIMH pa3MepaMd M MacCOW Ha EAWHHIYy TepelaBacMOM MOIIHOCTH,
OCCCTYIEeHYAThIM PETYJIMPOBAHUEM CKOPOCTH, YI0OCTBOM B 3KCIUTyatamuH, BeicokuM KIIJ[ u apyrumum
MOJIOKUTETHHBIMU (DaKTOPAMHU, YTO CIIOCOOCTBYET UX JajbHEHIIeMy paclipOCTPaHEHHUIO.

HanexxHocTh, paboTOCIIOCOOHOCTD, YYBCTBUTEIBHOCTD U APYTHE BaXKHBIE MapaMeTPhl THIPOIPUBOIOB
3aBUCAT HE TOJIKO OT BBIOOpa MPUHIIMIHAIBHOM CXEMbl U KOHCTPYKTHBHOI'O €€ HMCIOJHEHHUs, HO U OT
Marepuana, crocodba oOpabOTKM TIOBEPXHOCTEH, CTEMEHH WX T'e€OMETPHUYECKOH TOYHOCTH, BBICOTHI
MHUKPOHEPOBHOCTEH U T.1. 3menust rugponpuBoaa BCASACTBUE CICTTMPUIESCKUX YCIOBUN X paOOTHI TOJKHBI
obecrieunBaTh ONMPEEICHHBIC THIPABINYECKUE XapPAKTEPUCTHUKU, MTOATOMY B TEXHOJOTHMUECKHX MPOIECcax
00paboTKK MpeaycMaTpUBAIOT CHEIHAbHBIE KOHTPOJBHBIE OIEpallly, CBS3aHHBIE C OINpPEAENCHUEM,
HampuMep, TUAPABIUYECKUX MapaMeTpPOB 30JO0THUKOBBIX pacmpenenuteneit u T.4. Jlpyras ocoOEHHOCTh
TEXHOJIOTHYECKOTro TMporecca 0O0pabOTKM BBICOKOTOUHBIX 3JIEMEHTOB THUIAPONPHBOJA, pabodne 3a30pbl
KoTophix cocTaBisitoT 0,005 — 0,035 MM, 3akirodaeTcs B 00eCTIeUeHUH TIIATEILHOM OUYMCTKY 3TUX JeTallel OT
TEXHOJIOTMYECKHX 3arps3HeHu. HaleHOCTh M pecypc arperaTtoB ruapornpruBoaa (0COOCHHO OOBEMHBIX) U
CHCTEM B I1€JIOM HAaXOJIATCA B MPSIMON 3aBUCUMOCTHU OT YUCTOTHI BXOISAIIUX B HUX 3JIEMEHTOB M TPUMEHSIEMBIX
pabouux xuakocTed. Bce 31O ompenenser 0COOCHHOCTH TEXHOJIOTHYECKHUX IIPOIIECCOB OOpabOTKH U
KOHTPOJISI BBICOKOTOYHBIX 3JIEMEHTOB T'UIPOIIPUBOIA.



[Ipu n3yueHnn TEXHOIOTUU MPOU3BOCTBA arperaToB rUAPOIPUBOIOB 11ETIECO00Pa3HO UX PA3JENATh Ha
TPYIIIbI, HOATPYIIIBI M OTJAENIBHBIC I€TANIU C LENbIO BBIABICHHS X HA3HAUYEHUS U CIIELUAIbHBIX TpeOOBaHUH,
MO/JICKAIUX BBIIOJHEHUIO IPU MTPOEKTUPOBAHUM U BHEJIPEHUH TEXHOJIOIMYECKOro mporecca. bynem pac-
CMaTpHUBaTh arperaTsl 00bEMHOTO THIPONPUBO/IA: MIECTEPEHHBIE, TACTUHYATHIE M aKCHAJIHHO-TIOPITHEBEIC
Hacocel M TUApoABUraTesd (POTOpPHbIE M BO3BPAaTHO-IIOCTYNATEIBHOIO  JEMCTBUA);  arperarsbl
I'MJIPOAMHAMHUYECKOr0 MPUBOAA: THAPOMY(THl U THMAPOTPAHC(HOPMATOPBI; IEMEHTBl CUCTEM YIpPaBJICHUS:
LWIMHIPUYECKHE M IJIOCKME 30JIOTHUKOBBIE DPACIPEACIUTENN, JAPOCCENH, KialaHbl; 3JIEMEHTHI
BCIIOMOTATEJIbHBIX CUCTEM: (DUIBTPHI, TPYOOIIPOBOIBI U (PUTHUHTH.

[Tpu ananuse arperaToB T'HAPONPHUBOJAA IEI€COO0PAa3HO BBIIEIUTh HAWUMEHOBAHHS WU KaTeropuu
JeTanei, aHaTOTUYHBIX TI0 HA3HAUEHHUIO U UMEIOIIIUX MHOTO OOIIHUX TEXHUYECKUX TPEOOBAHUN K KOHCTPYKITUU
(popme pabounx MOBEpXHOCTEH, TOYHOCTH U3TOTOBICHUS, IPUMEHIEMBIM MaTepuanaM U T.1.): KOPIYCHBIE
JIeTalld HACOCOB, HE3AMKHYTBIX THAPOMY(DT U THIAPOTPAHCPOPMATOPOB; THIIB3bI TUAPOIMIINHAPOB; CTATOPHI
IJTACTUHYATBHIX HACOCOB M THIPOMOTOPOB; POTOPHI IUIACTUHYATHIX, PAJAMAIIBHO- M aKCUATBHO-TIOPIIHEBBIX
HacOCOB M THAPOMOTOPOB; KOPIYCHBIC JETAN 30J0THUKOBBIX PACTIPEACITUTENICH; ITyHXEPhI, 30JJOTHUKH,
MOPIIHU;, PACTIPEICTUTENN U OMOPHBIE KOJIbIIAa aKCHAJbHO-TIOPITHEBBIX HACOCOB; IIECTEPHHU MIECTEPEHHBIX
HacoCOB; paboune Kojeca TUAPOJUHAMUYECKHUX Tepeiad; Balbl U OCH; MPY>KUHBL, ACTAINA YIUIOTHUTEIHHBIX
YCTPOMCTB.

1.5 TouHOCTH H3rOTOBJIEHUS M Ka4eCTBO 00pa00oTaHHON MOBEPXHOCTH JeTajleil THIpOMAIIH,
ruaponpusoaos u cpeacts I'TTA

TO‘-IHOCTI) HU3TOTOBJICHUA W Ka4dCCTBO HOBerHOCTI/I OHpGIIeJISIIOT OCHOBHBEIC 3KCHJIyaTaIH/IOHHI>IC
CBOWCTBA JIeTaJIeil MaIlIUH.

IIpu skcrutyaranuu MamvH M MEXAHW3MOB OCHOBHBIM BO3-JCHCTBHSAM MOJABEPracTCs MOBEPXHOCTH
JeTaiu. DTO IPUBOJUT K MOSIBJICHUIO TPEIIUH YCTAIOCTH, U3HOCY TPYLIUXCS IIOBEPXHOCTEH, KOPPOZUOHHOMY
pa3pyuieHuto. /JaHHble MpoLecCchl MPOTEKAOT HAa MOBEPXHOCTH JETall U B MPHIJIETAIOIIEM MOBEPXHOCTHOM
cloe.

[Tonq TEepMUHOM «IOBEPXHOCTHBIM CIIOW» TIOHUMAETCS caMa IOBEPXHOCTh W €€ HEKOTOPBII
MOJIMOBEPXHOCTHBIN CIIOH, OTJIMYAOUIUNACS OT MaTepuasa CEpAIEBUHBI I€TAIIN.

HoBple BO3MOKHOCTH IIOBBIIEHHMS KadyecTBa, HAJCKHOCTH M JIOJTOBEYHOCTH JCTalied MaIluH
OTKPBIBAET YUECHHE O KAYECTBE MOBEPXHOCTH.

[Ton xadyecTBOM MOBEPXHOCTH MOHUMAIOT COCTOSTHME MOBEPXHOCTHOro ciosi jaeranu. CocrosiHue
MIOBEPXHOCTHOTO CJIOS] OLIEHUBAETCS CIEAYIOIMMHU TapaMeTpaMHu:

1) reomeTpruyecKkue napaMeTpsl;

2) ¢pu3uKO-MeXaHNUECKHUE CBONCTBA,

3) CTpyKTypa MOBEPXHOCTHOTO CJIOA.

1. 'eomeTpuyeckue napaMeTpbl HOBEPXHOCTH XapaKTEPU3YIOTCS:
— MaKpOreoMeTpHUEN;

— MIEPOXOBATOCTHIO (MUKPOTEOMETPHUEH);

— cyOMHKpOreomMeTpuei.



2. OU3UKO-MEXaHUYECKHE CBOMCTBA MOBEPXHOCTHOTO CJIOS XapaKTEPU3YIOTCS MUKPOTBEPAOCTHIO H,
OCTaTOYHBIMH HanpspkeHusiMu 0, MukpoHanpsokerusmu d/d, cyOMUKpOHaNpsHKEHUSIMHA (T.€. HAIIPSHKCHUSIME
I, 1T u 11 pona).

3. CtpykTypa xapaktepusyeTcs: opMoii, pa3sMepaMu CTPYKTYPHBIX COCTABIISIOIIUX.

1.5.1. 'eomeTpuyeckue napamMmeTpsbl

1. MakporeoMeTpusi — 3T0 MOTPEHIHOCTH T€OMETPUUECKON (OPMBI J1eTaau (BOJIHUCTOCTb, TPAHHOCTH,
OBaJILHOCTh, KOHYCHOCTh, 00OUKOOOPa3HOCTh U Jp.), T.€. 3TO T€OMETPUsl OTHOCUTENILHO OOJBIIUX YYAaCTKOB
MOBEpXHOCTU. Ee 4acTo OTHOCST K MOHATUIO TOYHOCTH T'€OMETPUYECKON (POPMBI.

2. MuxkporeomeTpusi (ILIEPOXOBATOCTb) — 3TO TI'€OMETPUS MAIbIX YYacCTKOB (MHUKPOHEPOBHOCTEH),
00pa3yIoUIMXCsl B pe3ysbTaTe B3aUMOACHCTBUS 00pabaThIBAa€MON MOBEPXHOCTH M 3JIEMEHTOB PEXKYIIETO
MHCTPYMEHTA WK pabouymx cpex (ciiea BepIIuHbI pe3lia, adpa3uBHOTO 3epHA U T.I1.).

[[IepoxoBaTOCTh MOBEPXHOCTU — ITO COBOKYITHOCTh HEPOBHOCTEH C OTHOCHTEIILHO MAaJbIMH IIIaraMu,
oOpa3yromux penbed MOBEPXHOCTU U pacCCMATPUBAEMBIX B Mpe/eaX y4acTKa, JJIMHA KOTOPOTo BbIOUpaeTcs
B 3aBHCHMOCTH OT XapakTepa IOBEPXHOCTH M paBHa OokoBou mmHe |. Cormacmo I'OCT 2789-73
«IIlepoxoBaTocTh moBepxHOCTU. [lapaMeTpsl, XapaKTEPUCTUKH U 0003HAYCHHSD), CYLIECTBYIOT CIEAYIOLIUE
napameTpsl mepoxoBatoctu (puc. 1.13) [1].
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Puc. 1.13. Ilpoduis mepoxoBaToCTH U €0 XapaKTePUCTUKH

BbicoTHBIE MapamMeTpbl

1. Ra - cpenHee apupmMeTHUeCKOe OTKIOHEHHE podmis. 3a cpeHee apupMETHIECKOe OTKIOHCHHE
npoG Wi MPUHUMACTCS CpeHEee apUPMETHICCKOE a0COTFOTHBIX 3HAYCHHUI OTKIOHSHHH TIPO(HIIs B IIpeienax
OOKOBOIT JUTHHBI, T.€. CPEIHEE 3HAYCHUE PACCTOSHUM (y,, y,, y,-..y, ) TOYCK H3MEPEHHOTO NPOQHIIS 10 ero

cpenueit U (m—m).
Cpenusisi TMHUS JEIUT U3MEPEHHBIN NMPo(UiIb TaKUM 00pa3oM, YTOOBI B mpenenax OOKOBOH JTHHBI
TUTOIIAIH IO 00EUM CTOPOHAM OT 3TOH JTMHHUU TMPOQHIIS OBUTH paBHBI MEKIY COOOM:
F+F+.+F,=F+F +..+F, 1)



le|yi|

n

, (2)

Ra =

rae N — Yuciao u3MEpEeHUH.
bazoBas mrHa — BRIOMpAETCsl B 3aBUCUMOCTH OT IiepoxoBatocTu U yrBepkaena [[OCT 2789-73.

1-3-#i kJmacc mepoxoBaTOCTH | =8.0 Mmm
4-5-11 KJacc mepoxoBaToCTU | =25 mMm
13-14-ii kmacc mepoxoBaTOCTH | =0.08 mm

2. Rz — BeicoTa HepoBHOCcTel. Onpenensercs Kak CpeaHee PacCTOSHUE MEXITYy HAXOMSIIUMUCS B
npenenaax 0a30BOM NIMHBI MATHIO BBICHIMMH TOYKAMH BBICTYIIOB M MSATHIO HU3LIMMH TOYKAMH BIIaJUH,
W3MEPEHHOE OT JINHUHU, NTapaJUIEIbHON CpeIHEN JTMHUU.

(H +H +"'+H5max)_(H1miﬂ+H2mi”+'"+H5mi”)- (3)
5

3. Rmax - HanboIbI1ast BEICOTa HEPOBHOCTEH MPOQHIIS — 3TO PACCTOSHUE MEX/Y JIMHUEH BBICTYIIOB U

Imax 2max

Rz =

JVHHUEH BIauH MPOoPWIIs B Mpeaenax O0KOBOH JITUHBL.

IllaroBeie napameTpbl

1. Sm - CpEeIHUH 1Iar HEPOBHOCTEH IO CpeAHEN JTUHUM.

2. S - cpenHUil mar HEPOBHOCTEW 10 BBICTYTIAM.
3. t, - OTHOCHTENIbHAS ONOPHAS JUIHHA npouiIss — 3TO OTHOIIEHHE OMOPHON JIMHBI Mpoduis K

0a30BOI1 [UIHHE.
4, 17, - ONMOpHas JUTMHA npoduns — cymMma JIIMH OTpe3koB (b) B mpernenax 0a30BOW [IMHEI,

OTCEKaeMbIX Ha 33/IaHHOM yYpOBHE (———) B MaTepuale BbICTYNOB MPO(UIIs.

5. r - paguyc 3aKpyTJeHHs BBICTYTIOB.

6. B - yron HakioHa 00pasylOIMX MUKPOHEPOBHOCTEM.

VYcranosneno 14 ki1accoB mIEpOXOBATOCTH.

Jnst 6-12-ro kaccoB OCHOBHBIM siBJsieTcs mapamerp Ra. s 1-5-ro u 13-14-ro kiaccoB - Rz.

C 6-ro 1o 14-ii kmaccel AOMOJIHUTENBHO PA3AEIAIOTCS Ha pa3psbl.

[Tpr m3MepeHUH MIepOXOBATOCTH pa3MYHbIe Ne(EKTh MOBEPXHOCTH (IIapalliHbl, PAKOBHHBI) HE
YYUTBHIBAIOTCSI.

O6o3HaueHne Ra W Rz Ha yepTexax:

‘ _______________ ’ ‘ ________________ {

QDopMa U pasMCpbl MICPOXOBATOCTHU, H3SMCPCHHBLIC B PAa3JIMYHBIX HAIIPABJICHUAX, PpPa3JIMYHBI.

[[lepoxoBaTocTh pa3AensieTcs Ha NPOJOIbHYIO U MOMEPEYHYIO.
[IpogonpHas 1MIEPOXOBATOCTh — BHICOTA HEPOBHOCTEH MOBEPXHOCTH, M3MEpPEHHAs B HaIpaBJICHUU

JBIDKEHUS PE3aHMs BIOJIb 00pabOTOYHBIX PHCOK.



[Tonepeydnas 1mepoxoBaTOCTh — BHICOTa HEPOBHOCTEH, U3MEPEHHAs MEPIEHIUKYISPHO K ABUKEHUIO
pesanus. Ha oOpa3oBaHue MOMEpeyHON MIEPOXOBATOCTH HEMOCPEICTBEHHO BIHUSIOT Takue (DaKTOPBI, KaK
reoMeTpuueckas (opMa pexKyIIero MHCTPYMEHTa W BeIMYMHA Tnoaadd. [loaToMy pasmepsl momepeyHoit
IIEPOXOBATOCTH OOBIYHO B 2-3 pa3a MpeBOCXOAT BEIHMYMHY MPOAOJIBHON mepoxoBarocT. ClenoBaTeIbHo,
IEPOXOBATOCTh MOBEPXHOCTHU AETATU OOBIYHO OIICHUBAIOT 110 MOMEPEYHOM IEPOXOBATOCTH.

'OCTowm Takxe npeaycMOTPEHbI TUIIbI HAPABJICHW HEPOBHOCTEH MTOBEPXHOCTH:

- mapaienbHoe
- MepeKpenuBaoeecs

- KpyroobpaszHoe

- IPOM3BOJILHOE oSl

Takum 00pa3om, Ka4ecTBO MOBEPXHOCTH JeTajel (GOpMHUPYETCS MPU HEMOCPEICTBEHHOM BIUSHUU
BCET0 KOMIUIEKCA TEXHOJIOTHYECKUX OTEPAIMii Ha BCEX CTAIUsAX €€ M3rOTOBJICHUS. B 3TOM ciiyyae ymecTHO
TOBOPUTH O CYIIIECTBOBAHMU TaK Ha3bIBAEMOH "TEXHOJIOTMYECKOM HACIEACTBEHHOCTH" .

ITox TeXHOIOTHYECKON HACIEACTBEHHOCTHIO MMOHUMAIOT BIMSHUE YCIOBHA OOpPaOOTKH M COCTOSHUS
MOBEPXHOCTHOI'O CJOSI Ha TOYHOCTh M Kay€CTBO MOBEPXHOCTU MPHU MOCIEAYIOIIEH MIM OKOHYATEIbHOU
o0OpaboTke. TexHOMOTMYECKOW HACIEICTBEHHOCTHIO HA3bIBAIOT TAaKXKE HM3MEHEHHE OKCILTyaTallMOHHBIX
CBOMCTB JeTayel MO/ BIUIHUEM TEXHOJOTHH UX U3TOTOBJIEHHUS.

TexHonornyeckas: HacleJACTBEHHOCTh 3aBUCHUT HE TOJBKO OT BHIA M PEKUMOB 00pabOTKH,
MIPUMEHSIEMBIX Ha YUCTOBOM ornepanuy. OHa MOXKET MPOSIBUTHCS B U3SMEHEHUH CBOMCTB MJIM MTOTEPE TOYHOCTH
(opMbI TOTOBOHM JeTaldM MpU €€ IKCIUTyaTallid B pe3yjbTaTe BO3JEHCTBUS TEX WM HHBIX 3JEMEHTOB
COCTOSIHUS TIOBEPXHOCTHOT'O CJI0SI, CO3/IAaHHBIX B IOBEPXHOCTHOM CJIO€ JIETAJIM IIPU €€ YepHOBOI 00paboTKe.

Hamnpumep, npu numrdoBanuu rpy0o 00ToueHHOM 1 3akasieHHo# 10 62-63 HRC 3arotoBku u3 cranu
HIX 15 CI' mugoBanbHbI KPyr CO34aeT Ha Y4acTKax BBICTYIIOB HEPOBHOCTEH MOBEPXHOCTH TEIJIOBHIE
yZaphl, BBI3bIBAIOIINE MTHOBEHHBIN HAarpeB U CTPYKTYPHBIE U3MEHEHMsI METaJlJIa MOBEPXHOCTHOTO ciod. Ha
TpPaHULAX pa3HBIX CTPYKTYp pa3BUBAIOTCS 3HAYUTENIbHBIE OCTATOUHBIE HANPSIKEHUS PACTSKEHUS,
CHIDKAIOILKE JOJITOBEYHOCTh JI€TalIel, a MHOT'/1a BBI3bIBAIOIIME MOSIBICHUE NUIN(OBOYHBIX TPEILUH.

[IposiBneHue TEXHOJIOTMYECKON HAC/IEACTBEHHOCTH MOKET IMPHUBECTH KaK K YIYyYIIEHUIO, TaK U K
YXYJALIEHUIO SKCIUTYyaTallMOHHBIX CBOMCTB JI€TaJIel MaIlHH.

Jlns 1ienecooOpa3Horo MCIoJIb30BaHUs SIBICHUS] TEXHOJIOTMYECKON HACIEeICTBEHHOCTH HE00X0AUMO
YCTaHOBUTb HEINOCPEACTBEHHBIE CBS3M MEXAY OKCIUTyaTallMOHHBIMM XapaKTEpPUCTUKAMU JeTaled |
pexumMamMu 00paOOTKH MPH OCHOBHBIX METOJAX MX M3TOTOBJIEHHUS. YCTAHOBHUTH 3TH CBA3H C MOMOIIBIO
MaTeMaTHYEeCKUX  3aBUCUMOCTed  TpyaHo. [loaToMy  [uIsi  KCIIOJIB30BaHHMA ~ TEXHOJIOTMUYECKOMN
HACJIEICTBEHHOCTH B LEISAX NOBBIIIEHMS] JOJATOBEYHOCTH JeTajJed WIM YIy4llIeHUs JpYyTrux ee
9KCILTYaTallMOHHBIX XapaKTEPUCTUK IIyTEM HAa3HAUEHUS PAllMOHAJIBHBIX METO/IOB U PEKUMOB U3TOTOBICHUS
neraneid HeoOXOIMMO HKCIEPUMEHTAIBHO YCTAaHABIMBATH NPSMBIE 3aBUCHMOCTH MEXIY OTICITbHBIMHU
9KCIUTyaTallMOHHBIMU XapaKTEPUCTUKAMU, PEKUMAMU U METOIaMU 00pabOTKH.

HauOonbliee BaussHUE HAa Ka4ECTBO IIOBEPXHOCTH OKa3bIBAIOT (PMHUILHBIE onepanuu. Ha kaxpli u3
napaMeTpoB KadyecTBa IMOBEPXHOCTU BIHUSIOT MHOTHE (AKTOPbl TEXHOJOIMUECKOTO IMpOLEecca: PEeXHMBbI
00pabOTKH, PeXYLINA HHCTPYMEHT, XapakTepucTuka oOpabaTsiBatoeil cpeasl u T.1. Hanpumep, yBenuuenue
CKOpOCTH (hpe3epoBaHUsl COMPOBOXKIACTCA YMEHBIICHHEM IIEpOXOBATOCTH, NpU BUOpPOHAKIENE C



YBEIIMYEHUEM aMIUTATY/ bl KOJIEOaHUH A OTMEYAETCs POCT IIyOMHbI Hakyena h, ; ¢ yBenuueHuem paauyca

IIPU BEpILMHE pe3lia I U [VIABHOTO yTIja B IUIaHE ( MIEPOXOBAaTOCTh Ra yMeHbIIaeTcs; IpU YMEHBIICHUU
3€pHUCTOCTH a0pa3UBHBIX MHCTPYMEHTOB MPH IIIM(POBAHUN U XOHUHIOBAaHUM TAKXKE OTMEUYAETCS CHUKEHUE
LIEpPOXOBATOCTH.

Cy1iecTBeHHOE BIMSHUE Ha U3MEHEHHE LIEPOXOBATOCTH, INTyOMHY M CTENEHb HakJIeNa OKa3blBalOT
pa3uyHbIe COCTaBbl CMa304YHO-OxJaxaaromux xuakocreil (COX) u moBepXHOCTHO-aKTHUBHBIX BEIIECTB
(ITAB), Bux cBsi3kM HUTU(OBAIBHBIX KPyroB. KauecTBO MOBEPXHOCTH 3aBUCHT TaKKe OT MapKu Marepuasa
oOpabaTbiBaeMOil JeTaqu M €ro HCXoAHoro cocrosHus. I[lpu oOpaGoTrke B cpene CBOOOTHBIX Tel
(BuOpanmoHHas, cTpyiHHOaOpa3uBHas, TalTOBKA) CYLIECTBEHHOE BJIMSHHE Ha pe3yibTaTbl 0O0pabOTKH
OKa3bIBaeT MaTepuail 00padaThIBAIOIIECH CPEIbI.

VYnpasisist B mpoliecce U3roTOBJIECHUs JeTaneid popMupoBaHHEM NapaMeTpoOB KauecTBa IIOBEPXHOCTH,
MO’KHO HEMOCPEJCTBEHHO BIIMATH Ha JIOJTOBEYHOCTD JA€Talell MallluH.

1.5.2. ®u3nko-MexaHn4ecKHe CBOICTBA MOBEPXHOCTHOIO CJIOSI

1. MukpoTBepAOCTh — 3TO TBEPAOCTh MAajbIX YYaCTKOB MaTepuaia M OTACJIbHBIX CTPYKTYPHBIX
COCTAaBJISIOLIUX, T.€. 3TO CBOWHCTBO METajljla CONPOTUBIATHCA NPOHMKHOBEHHMIO B HEro Jpyroro Oosee
TBEPJOTO TeJla ONPEeICHHON ()OPMBI M Pa3MEpOB, HE MOJTyUYaIOIIero OCTaTOYHbIE e OopMalnu.

MukpotBep0cTh 0003HaUYaeTCsl , U3MEPSIETCSl B KWJIOTpaMMax, JEJIEHHBIX Ha MWIIUMETP (KIr/MM2),
OIpesessAeTcs Iy- TEM BAABJIMBAHUSA B UCIBITYEMYIO TIOBEPXHOCTh aIMAa3HOW UEThI- PEXTPAHHON MUPAMMU/IBI
MOJ1 pa3IMYHON Harpy3Kod B 3aBUCHMOCTH OT TBEPAOCTU U3MEPSAEMOro Marepuaia. 3aMepsl IPOU3BOAIT Ha
crienuaabHbIX MUKponutidax. SOH

2. OcTaToOuYHbIE HAMPSKEHUSI — 3TO HAMPSKEHUS, CYIIECTBYIOIIUE B I€TAU MIPU OTCYTCTBUU BHEIIHUX
BO3/IEUCTBUH (CHIJIOBBIX U TEMIIEPATYPHBIX).

Hanpspxerns 1 poma — MakpOHAINpspKEHUs, OXBATHIBAIOIIME OOJIACTH, COM3MEPUMBIE C pa3MepamMu
nerann. OHM BO3HUKAIOT B MeTajuie B mpouecce aedopmaruu Oombmmx 0O0BEMOB B pe3yjbTare
B3aUMOJICHCTBUS CTPYKTYPHBIX COCTaBJISIONINX MEXITY COOOM.

Hampsokenus 11 pona — MukpoHanpsiKeHUs: — paclpoCTPaHSIOTCS Ha OTAENIbHbIE 3epHa MeTalljla UId Ha
rpynmy 3epeH. Bo3HUKAIOT Kak MPU U3rOTOBIIEHUH, TaK U B MIPOLIECCE IKCILTyaTall|H.

Hanpspoxenus 11 pona oTHOCATCS K UCKa)KEHUSIM aTOMHOM PEIIETKU KpUCTalIa.

OcraTrouHble HANPSIKEHUS XAPAKTEPU3YIOTCS BEJIMYMHOM M 3HAKOM (CXKaThA WIM PACTSHKEHHS) U
TITyOMHOM 3aeraHusl.

1.5.3. CtpykTypa

Mertamisl U CIUIaBbl HMMEIOT KPUCTAJUIMYECKYIO CTPYKTYpPY, aTOMBI pAaCIOJIOXKEHbI B CTPOTO
OTpe/IeIECHHOM TOpsAKE W 00pa3y- 0T MPOCTPAHCTBEHHYIO KpUCTaNIM4yeckyro pemeTky. Ha cBoiicTBa
MeTajla M CIJIaBa OKa3bIBAIOT BIHMSHUE (OpMa, pa3sMepbl M PACIOIOKEHUE 3€PEH, a TaKKE XUMHUYECKHUI
COCTaB MpHUMeCce K OCHOBHOMY METaJlly.

1.5.4. IlyTu yayuueHusi KauecTBa MOBEPXHOCTHOIO CJI0S1 AeTaJieil MallluH

1. yJ’Iy‘-II_HI/ITI: MOKAa3aTCjin Ka4eCTBa IMOBCPXHOCTU MOKHO IMYTCM MNPUMCHCHHA O6I>I‘-IHI:IX METOOOB
06pa6OTKI/I, HO C YCJIOBHEM HX ONTHUMAJBHBIX PCKHMOB, UTO MHOTAa CJIOXHO, J'II/I60 IMyTEM NPUMCHCHHA
OT/ICTIOYHO-YTPOYHSIOIIUX METOI0OB 00PaOOTKH.

2. OKOHYATENbHO TOBEPXHOCTHBIN ciIoN (opMupyercs Ha (PUHUIIHBIX OMEpPalUsIX MEXaHWYECKOH
o0paboTku. OHAKO Ha pe3yiabTaT 3TOro GOpMHUPOBAHUS OKA3bIBAIOT BIMSHUE MTPEILICCTBYIOIINE ONEepaIii,
BKJIIOYAsl 3aTOTOBUTENbHBIC (SIBJICHHE TEXHOJIOTUYECKOM HAacIeACTBeHHOCTH). ClieJoBaTenbHO, MPUITYCKH Ha



00paboTKy, a TakXe I[OCIeI0BaTeIbHOCTh BBIMOJIHEHUS ONepalyii yCTaHABIMBAIOT C Y4YETOM
TEXHOJIOTHYECKOMU HaCJICACTBCHHOCTHU Tak, ‘-IT06BI COXPAHUTH y ACTAJIU IMOJIOKHUTCIBHBIC KaUCCTBa (HaKHCH
MMOBEPXHOCTHOT'O CJI0s1, BBICOKYIO IMOBCPXHOCTHYIO TBEPAOCTH, OCTATOYHBLIC HAIIPSAKCHUA CIKATUA U I[p) niin,
HA000POT, YCTPaHUTh OTPUIATEIHHBIC KauecTBa (Ie(PEKTHBIN CIIOW, Pa3IMIHbIC BUBI OTKIIOHEHUS (DOPMBI U
PacIosIoKeHusI TOBEPXHOCTEH U JIp.).

3. I[oay4uTh MOBEPXHOCTHBIN CIIOM, OTBEYAIOIINN TPEOOBAHHUSAM YEPTEKA U TEXHUUECKHM YCIIOBHSIM,
MOJKHO, YIIPaBJIsisi (PUHUIITHON ONepaIieH.

4. ChenuanbHble OTIEIOYHO-YIIPOYHSIONIAE METOJbI OOpa0OTKU TaKXKE IMO3BOJSIOT MOJYYHUTh
3aJJaHHbIC TPEOOBaHUS K TOBEPXHOCTHOMY CIIOKO JeTaind. B mporiecce oOpabOTKM MPOMCXOIUT HAKJIEIl,
o0ecreunBaeTcsl MOBBIICHHE TBEPAOCTH MOBEPXHOCTHOTO CJIOS, (HOPMUPYIOTCS OCTATOYHBIC HANPSIKCHHS
cxkarus. K aTuM MeTogam OTHOCSTCS: IOPHOBAHUE, paCKaThIBAHUE, OOKAThIBAHKE, TPOOCCTpYyitHas 00paboTKa,
BUOPALIMOHHOE YIIPOUYHEHUE B CPEJIE CTAIBHBIX TEI U JIp.

5. B Hacrositee Bpems ISl OPUAaHKS TOBEPXHOCTHOMY CIIOK JIeTajell HeoOXOAMMOro KadecTBa
MOBEPXHOCTU HCIOJB3YIOTCS TaKUE METOMbl YINPOYHEHHS, KaK XHMHKO-TEPMHYECKUE, MMOBEPXHOCTHOEC
JIETUPOBaHKE, TEPMHUUYCCKUE, TIOKPHITHE TOBEPXHOCTEH TBEPIBIMHU CILIABAMH U METAJJIaMH, METaJUTA3AI[HsI
MMOBEPXHOCTH H JIp.

1.5.5. Bausinde Ka4yecTBa MOBEPXHOCTH HA IKCILIyaTAIlMOHHbIE CBOICTBA JeTalieil MallluH

DKCIUTyaTallMOHHBIE CBOMCTBA M YCIOBHUS PaOOTHI OMPEACIAIOT paboTOCIIOCOOHOCTD ACTAJICH MAIWH.
Baxwueiiime u3 HUX:

M3H0€OCTOIKOCTH — 3TO CBOMCTBO MOBEPXHOCTHU JETAIU COMPOTUBIIATHCS U3HAIINBAaHUIO. B mpoiecce
W3HAIIMBAHUS MIPOUCXOTUT U3MEHEeHHe (HOpPMBI U Pa3MEpOB COMpPSTaeMbIX JeTalel, HapyLIalTCs yCIOBUS
MPaBIJIbHOM 3KCIUTyaTalluH.

¥YcerajiocTHasi IPOYHOCTD, WU MIPEIET BHIHOCIUBOCTH, XapaKTEPU3yeTCs HAMIPsHKEHUEM, TIPH KOTOPOM
JIeTallb BBIIEP)KUBACT HEOTPAHHUEHHOE YHCIIO IIUKJIOB HArpYyKeHUH 0e3 pa3pyieHus.

KoHTakTHasl ycTaJI0CTh — YCTAIOCTh MaTepHalia B yCIOBUSX KOHTAKTHON HArpy3KH.

ConpoTuBjIeHHE KOPPO3HHU — CONTPOTUBJICHHE MaTepHalia JICHCTBUIO KOPPO3UOHHBIX MTPOIIECCOB.

OTtpaxkaTebHas CHOCOOHOCTh XapPaKTEPHU3YETCsl KOJIMYSCTBOM OTPAKEHHOTO U PACCEIHHOTO CBETA.

OnopHasi NOBEPXHOCTH XapaKTEPU3YETCs IIIOMIAAbI0 KOHTAKTa CONPUKACAIOIINUXCS TTIOBEPXHOCTEH.

DJleKTpUYecKre U MATHUTHBIE CBOMCTBA (3JIEKTPONPOBOIHOCTD, MPOX0XKIEHUE FIEKTPOMArHUTHBIX
BOJIH | JIp.).

JcTeTHYeCKHE CBOICTBA, WM TOBAPHBIN BUJ, 3/1enuil (01€CK, OTTEHOK, I[BET, IIaIKOCTh U T.11.).

[Ipu omeHKe SKCIITyaTallMOHHBIX CBOMCTB JeTalleil M M3JeNUid pacCMaTpUBAIOT TakkKe OOOOIICHHBIE
MMOKA3aTeNH: JIOJITOBEYHOCTh U HAJICKHOCTb.

[To 70JT0BeYHOCTHI0 TOHUMAIOT MPOIOJHKUTEIBHOCTD Pa0O0ThI AeTau (M3AeNus) 10 pa3pyLeHUs UIH
notepu paborocriocodHOCTH. Hampumep, 10IT0OBEYHOCTH KOJIEHYATOTO Bajla, IIOPLUIHEBOTO KOJIbIA, KOPOOKH
CKOpOCTEH U JIp.

[To HageKHOCTHIO TOHIUMAIOT CBOWCTBO U3CTUS (IeTaIN) COXPaHITh pab0OTOCITIOCOOHOCTh B TCUCHHE
YCTaHOBJICHHOTO BPEMEHH B 33JaHHBIX YCIOBHAX dKCILUTyaTanuu. Hage:xHOCTh XxapakTepusyercs 6e30TKa3HOi
paboToii n3aenus (1eTann) B TEYCHUE 3aJaHHOTO BPEMEHH, €CIIM YUCIIO OTKa30B B ATOT HHTEPBAJI BPEMEHHU HE
MPEBBIIIAET JOITYCTHMOTO.

[ToBeiieHne TpeOOBaHMK K KadeCTBY BBITYCKAeMOH NMPOAYKIMH M €€ KOHKYPEHTOCIIOCOOHOCTH Ha
BHEIIIHEM pBIHKE OOYCJIaBIMBAaCT BHMMaHUE K MpPoOJIeMe COBEPUICHCTBOBAHMS TEXHOJIOTUH (DUHHUIITHON
abpasuBHOH 00pabOTKHM, B TOM uucie BHOpoaOpa3uBHOH. PeanmbHbIM pe3epBoM pocTa 3(PGHEKTHBHOCTH



BUOpoadpazuBHOU 00paboTku (BuAO) sBisieTcs pallnoOHAIEHOE IPUMEHEHNE HOBBIX YKOJIOTHUECKU YUCTBIX
abpas3MBHBIX U CMA30YHO-OXJIAKAArOMMX TexHomorudeckux cpea (COTC).

OpHako mMpakTHKa MOKa3bIBa€T, YTO BO3MOXHOCTH Ipolecca BuOpaunoHHOW o0pabotku (BuO) Ha
OOJIBIIMHCTBE NPEINPUATUNA HUCHOJIB3YIOTCS HENOCTaTO4YHO. BceiencTBue 3Toro B Ipoliecce HE Bceraa
cTabuiapHO oOecrevynBaeTcs BHINOJHEHHE TPeOOBaHUI MPH HM3TOTOBJICHUU BBICOKOTOYHBIX JeTalied, uTO
MPUBOJUT K YBEJIIMYCHHUIO CE0ECTOMMOCTH U HU3KOM MPOU3BOIUTEIBHOCTH.

OnHUM M3 BO3MOXKHBIX IyTei mnosbimieHus 3¢hdexktuBHOCTH BHO sBnsercs pa3paboTka HaydHBIX
MOJIXOI0B IO CO3/IaHUI0 M NMPUMEHEHHUIO0 HOBBIX AKOJOTHMUYECKM YUCTBIX abpaszuBHbIX Tpanyn u COTC u
M3YyYEHUI0 OCHOBHBIX TEXHOJOTMUECKUX (PAKTOpPOB M BO3MOXKHOCTEH YIpaBlieHHs 3TUMH (pakTopamu B
nporiecce BuO. IlpumeHeHne maTeMaTHUECKOro MoOjeInpoBaHus mporecca BuO, pazpaboTka HOBBIX
s dexTuBHBIX abpasuBHbIX coctaBoB U COTC, onTuMmu3anus U 3KOHOMHUYECKOE OOOCHOBAHHE IO3BOJIST
pelIuTh IOCTABJICHHBIC 3a/1a4u 00Jiee OmepaTuBHO [2].

Coserckumu yuensiMu ILE. [Ipsuenxo, U.B. Kyapssuessiv, M.M.XpymiessiM, b.J[. I'po3unsiv, b.U.
Kocteukum, [.A. paitropom, I'.B Kapnenko, .B. Kparenbsckum, A.A. MatanunbeiMm, [1.1. Smepuubiabim,
M.O. SxoOcoHOM U Ap., a Takke 3apyOeKHBIMH CIIELHUATNCTaAMU BBIMOJHEHO 3HAYUTENIbHOE KOJIMYECTBO
paboT, MOATBEPXKIAIOIIUX TECHYIO CBSI3b KAaueCTBA MOBEPXHOCTH M €€ BAaXHEUIIMX SKCIUTyaTallMOHHBIX
CBOWCTB. OTO OTKpHIBACT IIyTH TIOBBIMICHHUS [JOJTOBEYHOCTH JeTajllell MallMH 3a CcuYeT BbIOOpa
COOTBETCTBYIOIUX METOAOB M PEKUMOB 00pabOTKH HHCTPYMEHTA.

Haunbonee BaxkHbIE 3KCIUTyaTal[MIOHHBIE CBOWMCTBA JETajeil MAalIMH M IpUOOPOB (M3HOCOCTOMKOCTS,
yCTaJIOCTHAsA TPOYHOCTb, KOPPO3UOHHAsi CTOMKOCTb, ONTHUYECKHUE, 3JIEKTPUUECKUE U JUAIEKTPUUYECKUE
CBOICTBA U Jp.) B 3HAUUTEIBHONU MEPE OMPEIEINIAIOTCS COCTOSHUEM NMOBEPXHOCTU M NMOBEPXHOCTHBIX CIIOEB
MaTepuana (IepoXxoBaToCThI0, MUKPOTBEPAOCTHIO, CTPYKTYPOM, OCTATOUHBIMH HAMPSHKEHUSIMU, HATMYHEM Ha
MOBEPXHOCTH TOHKUX IJICHOK U T.II.), HECYIIUX Ha ceOe HauOONIbIIyI0 HArpy3Ky IpU TPEHUH, SABISIOIIUXCS
MECTOM 3apOKJIE€HUSI YCTAJIIOCTHBIX TPEIIMH IIPU IUHAMUYECKUX U 3HAKONEPEMEHHBIX HArpy3Kax, MECTOM
3apO’KIEHUS KOPPO3UOHHBIX IIPOLECCOB U T.II.

PaccMoTpuM, Kak BIMSET KaxAbld M3 IEPEUNCICHHBIX MapaMeTpPOB KauyecTBa IOBEPXHOCTH Ha
BAYKHEHIINE KCILTyaTal[MOHHBIE CBOMCTBA JIeTaleH.

[[TepoxoBaTOCTh MOBEPXHOCTHU SABIISETCS OJHUM M3 OCHOBHBIX MapaMETPOB KayecTBa MOBEPXHOCTH,
OTIpeICIISAIONIMM MHOTHE HKCIUTyaTal[MOHHbIE CBOMCTBA JeTajlell MallliH: U3HOCOCTOMKOCTh, KOPPO3HOHHYIO
CTOUKOCTB, YCTAIOCTHYIO MPOYHOCTH, KOHTAKTHYIO yCTaJIOCTh, ONTHYECKHE CBOICTBA, MIPOYHOCTH MMPECCOBBIX
MOCa/I0OK, HEKOTOpPhIE JJIEKTPUYECKHE CBOMCTBA. MHOTOYHUCICHHbIE JKCIIEPUMEHTAIbHBIE JIaHHbBIE
MOKA3bIBAIOT, YTO BEJIMYMHA CHUJI TPEHHSI U U3HOCOCTOMKOCTH JeTalleil MallliH TECHO CBS3aHHBI C TaKUMH
napaMeTpamMH IIepOXOBAaTOCTH, KaK BbICOTa U (hopMa MUKPOHEPOBHOCTEH, OMOpHAsi MOBEPXHOCTh, a TAKXKe
HampaBjieHue OO0paOOTOYHBIX PHUCOK OTHOCUTENBHO MACUCTBYIOIIMX  Harpy3ok. Bo MHOrux cmygasx
yYCTAHOBJIEHA ONTHMAJIbHAS IIEPOXOBATOCTh, 0OECHEUMBAIONIAs HAWIYUIIME YCJOBUS PAaOOTHI TpPYyIIEHCS
noBepxHocTu. Hanpumep, i NOAIIMIHUKOB Kadye€HHUS ONTHUMAJIBHBIM SIBJISETCS IIEPOXOBATOCTh
noBepxHoctr Ra= 0,04 — 0,16 MxMm, /1 THITB3 UTUHAPOB aBuraTereir Ra=0,08 — 0,32 mMxwm.

Crnenst 00pabOTKH, W3 KOTOPBIX OOpa3yIOTCS WIEPOXOBATOCTH, SIBISFOTCS MECTOM 3apOXIACHUS
KOPPO3HMOHHBIX MPOIECCOB M YCTANOCTHHIX TpeluH. Yem rpybee cieapl 0OpabOTKH, TEM BHIIIE CKOPOCTh
MPOTEKAHUS U Pa3BUTH OTMEUYEHHBIX MTPOIIECCOB.

VBenn4eHne MHUKPOTBEPAOCTH CIIOCOOCTBYET TIOBBIIICHUIO H3HOCOCTOMKOCTH, YCTaJIOCTHOM
IIPOYHOCTHU, KOHTAaKTHOM ycTanocTu. CyIliecTByeT ONTUMaIbHOE 3HAUEHNE MUKPOTBEPAOCTH JIJIs1 KOHKPETHBIX
YCJIOBUU.

BenuunHa 1 3HaK OCTaTOYHBIX HANPSKEHUH OKa3bIBAIOT BIMSIHUE HA YCTAIIOCTHYIO IPOYHOCTb, IPEAEI
BBIHOCTMBOCTU. B OonbpIIMHCTBE cllydaeB OJaronmpuUsTHBIMU SIBISIOTCS CKMMAIOIIUE OCTATOYHBIE

HarnpspKeHus (-60).






I'masa 2. OCHOBbBI BLIGOPA KOHCTPYKIIMOHHOI'O MATEPUAJIA

[ToBeneHre KOHCTPYKLIMOHHOTO MaTepuasia Moj JeicTBueM pabouell Harpy3KH OIUCHIBAET W3BECTHAs
nuarpamma nedopmanuu (puc. 2.1).
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Puc. 2.1. /lnarpamMma yrmpyromiacTuuecko aeopmarn MaTepuaa

XapakTepHble TOUKU Ha 3TOM JuarpaMme NpeCcTaBIIIIOT COOON CTaHIapTHBIE XapaKTEPUCTUKH ( B, T, I,
, ). [lmomaapr Ha AuarpaMme COOTBETCTBYET paboTe, 3aTpauyeHHON Ha nedopmalnio, OTHECEHHON K €AMHHUIIC
o0bema. TaHreHc yrima o — 3TO MOAYJIb YNPYTOCTH NPU PACTSHKEHHH, XapaKTePU3YIOLIUH KECTKOCTh
Marepuarna.

MeTtaumyecKue MaTepUAJIbI

Jletanu THIPONPHBOIOB M3TOTOBISIIOT B OCHOBHOM M3 BBICOKOJIETHPOBAHHBIX M BBICOKOKAYECTBEHHBIX
WHCTPYMEHTAIBHBIX, IEMEHTYEMBIX, a30TUPYEMBIX U (PeXke) HEPrKaBEIOMINX CTANICH, OTINYAIOIINXCS TTOBBIILICHHON
M3HOCOCTOMKOCTBIO, MaIbiM KOI(P(UIIMEHTOM JIMHEHHOTO pPACHIMPEeHUs, MHHUMAIbHON aedopmainueii mnpu
TEPMHUUYECKON 00padOTKe, IKCILTyaTallui U XPpaHCHHH.

Marepuan 30J0THUKOBBIX, JTPOCCENILHBIX Tap JODKEH COXPaHSATh CBOM IMEPBOHAYAIbHBIE pa3Mepbl B
nporiecce padotel. Maibie nedopMalii TpH TEPMHIECKON 00pabOTKe TO3BOJISTIOT OCTABJIATH MHUHUMAIBHBIN
MIPUITYCK JIJIsE TOBOJOYHBIX omnepanuid. Bricokasi TBepAOCTh pabounx MOBEPXHOCTENH HaWOOJIee OTBETCTBEHHBIX
neraner (Mpenu3uoHHbIX, etaneid MCX u T. 11.) mpeoTBpaniaeT map>XKUpoOBaHHUE B HUX TBEP/IbIX BKIFOYCHHH,
BCTpEYArOMMXCs B pabouei )KUIKOCTH, a UX U3HOCOCTOMKOCTh 00eCreYBaeT HAMMEHbIIIEe HCTUPAHUE TPYIIIUXCS
TIOBEPXHOCTEN.

Cramu. JInsg mpuoOpeTeHus: HyKHBIX KauyecTB CTalM TOJIBEpPraroT TepMmudeckoi odpabotke. [Ipemen
IPOYHOCTH CTaldel Ha pacTskenue o = (55+200) 10° H/em? mpemen Tekydectd or = (33+170) 10 H/ewm?,
OTHOCHTEJbHOE yymHeHue 6 = 25+5%), TBenocts (mocie repmoodpadorkn) HRC 40—62.

Yyrynsl IIpu pabounx mapmenmsx g0 10° H/cm? MpuMeHSIOT daimie BCErO Cepblii KOHCTPYKIMOHHBIHA,
cpaBauTENBHO AemeBbii ayryH CU 21-40. KoprycHele neTany U CHIIOBBIE DJIEMEHTHI y3JI0B, PA0OTAOIIMX IO
OOJBILINM JIaBJICHUEM, U3TOTOBIISIIOT U3 YYTYHOB C IIAPOBUIHBIM IpadUTOM (Tak Ha3bIBaEMbIX C(HEpOHIATbHBIX
YYT'YHOB), OTJIMYAIOLIMXCS IUIOTHOM M KOMITAKTHOM CTPYKTypoil rpadura, uTo oOecneyrBaeT HauMEHbIIIee
OTHOIIIEHHE MOBEPXHOCTU K 00bheMy. [IpenmMyInecTBO TaKOro 4yyryHa B TOM, YTO MOXKHO B IIMPOKHX Tpeaenax
W3MEHUTh CTPYKTYpPYy €ro METAUIMYECKOM OCHOBBI, BBIOMpAs COOTBETCTBYIOIIME COCTaB HMCXOJHOTO YYTyHA,
TEXHOJIOTUIO OTJIMBKU U €€ TEPMHUUECKYI0 00paboTKy. Tak MOXKHO MOTYUYHTH MEPIUTHBIN, TEPIUTHO-(DEPPUTHBIIA,
MapTEHCHUTHBINA, AQyCTCHUTHBIH W JIPYyTHEe UYYTryHbl C pa3IMIHbBIMA  (DPU3UYCCKUMH, TPOYHOCTHBIMH,
AKCIDTyaTallMOHHBIMA M TEXHOJIOTHUYECKUMH CBOMCTBaMU. UyTryH ¢ MIApOBHIHBIM TPaUTOM HMEET BBICOKHC
TpeiesTbl IPOYHOCTH Ha M3THO, PacTSHKEHHE U CKATHE, YeTKO BbIPaXKEHHBIN Ipe/iesT TEKYyUeCTH, 3aMETHOE Y UTMHEHHE



B JIMTOM COCTOSIHUM W 3HAYUTENIBHOE YIUIMHEHUE IOCTE€ OTXKHIa, CPAaBHUTEIBHO BBICOKYIO TBEPAOCTH IOCIHE
TepMoobpaboTku. Tak, ais uyryna mapku BU 40-10 6 = 40x 103 H/em?, § = 10% u HB 100.

LIBeTHBIE MeTAJIBI M MX CIJIABbI. AJIIOMUHUI U €ro CIJaBbl. AJIIOMUHUN SBIISIETCS OCHOBOM IS
MPOU3BOJICTBA CIUIaBOB. B 00IIeM MamMHOCTPOEHHH W, B YaCTHOCTH, NPH IMPOU3BOJCTBE THIPOIPHBOIOB
MIPUMEHSIOT 1e()OPMUPYEMBIE U JIUTEHHBIE CIUIABbI ATFOMUHUSL.

K nedhopmupyembiM crutaBam oTHOCATCS aropaiitoMuHsl (-1, JI-21 v T. 1.) 1 BBICOKOTIPOYHBIE CIuiaBbl B-95,
B-96, Tuna AK. Otu criaBbl 00pabaThIBaIOT AABICHUEM B TOPSUEM COCTOSTHUM U 3aTE€M TMOABEPraroT TEPMHUECKON
00paboTKe U MHOTJa MOBEPXHOCTHOMY YIIPOYHEHHUIO.

[Ipu tepmuyeckoit 0Opabotke nedopmupyeMbie CIUIaBbl HATPEBAIOT B AJIEKTPOIEUYaX C MPHHYIUTETBHON
LUPKYJISIMEN BO3MyXa WIM B BaHHAX, cojaepxammx paciuiapieHnyo ceautpy (50% NaNOs + 50% KNOsz). B
CENIMTPOBBIX BaHHAX oOecreuynBaeTcs OBICTPOE M PAaBHOMEPHOE MPOrPEBaHUE CIUIABOB M HCKIIIOYACTCS
OKHCJIEHUE, XapakTepHOoe Uil HarpeBa B BO3AylIHOH cpexe. [Ipu sToM Takxke oOnerdyarorcs YCIOBHUS
PEryJIupoBaHus TEMIIEPATyPBbI.

3akanka aqIOMUHHEBBIX CIUIABOB MPOW3BOJIUTCS B XOJIOMHOM Boje. Bo m3bexxaHue TpemuH JeTaid
nraMeTpoM Oosiee 80 MM 3aKalMBaroOT B ropsueii Boje. VX MOXKHO 3aKajinBaTh U Ha BO3JLyXe, OJHAKO MIPHU ITOM
YBEJIMUMBAETCS OMACHOCTH MOBBILLIEHUS! HEOAHOPOAHOCTH CTPYKTYPhI METAILIA U YXYIIIECHUS] aHTUKOPPO3UOHHBIX
CBOICTB.

Turtad 4 ero cmiaBbl. TUTaH OTJIMYAETCA MAJIOM TUIOTHOCTBIO M BBICOKOHM MPOYHOCTBHIO, KOPPO3UOHHOM
CTOMKOCTBIO, CPaBHHUTEIBHO HEOONIBIIMM KOA((HUIIMEHTOM OOBEMHOrO pacHmpeHus. TUTaH yCTOWYMB MPOTHB
NercTBUsT OOJIBIIMHCTBA KHUCIOT U Iienoye. OAHAKO OH MMEET BBICOKMM KOAI(PQMUIMEHT TPEHUS U HU3KHUE
aHTH(PPUKIIMOHHBIE CBOMCTBA. [Ipy a30TMpOBaHMM M MMOBEPXHOCTHOM YIIPOYHEHHH JIPYTUMHU SJIEMEHTAMH TUTaH
IPUMEHSIOT B y3/1aX TpeHus.. MexaHiuecKkue XapakTepUCTHKU TMTAaHa CIeAyloliye: IOTHOCTh 4,5 r/eM®, Gs =
(50+55) 10° H/em?, 6=25%, HB 100—120. D1u cBOifcTBa MOTYT OBITH YJIy4IIIeHBI B PE3yNIbTATe JTETUPOBAHMUS
TuTaHa xpomMoM. [Ipy  TpPOM3BOJICTBE TUAPONPUBOAOB (HApUMEp, TNPU  K3TOTOBIECHUH  KOJIEC
TUAPOTPaHC(HOPMATOPOB) TMPUMEHSIOT CIUIABBI TMOBBIIIEHHOW TacThaHocTH (BT-5 u ap.). Ouum xoporio
cBapuBaroTCs U ITamIrytorcs. IIpu paboTe B yclnoBHSX HU3KHMX TEMIEpaTyp PEKOMEHIYETCsl WCIOJIb30BaTh
cruiaB AT-3, KOTOpBI COXpaHsA€T BBICOKYIO IUIACTUYHOCTh mnpu Temmeparype —S50° C u  xopoiio
oOpabatbiBaetcst qaBieHreM. OCOOEHHO NMEPCIEKTUBHO NMPUMEHEHNE BBICOKOPOUHBIX criaBoB BT-14, BT-15,
BT-16. U3 HUX U3roTOBISIOT KOPITYCHBIE IETaIH, PA0OTAOIINE TIPH BHICOKOM JIABJICHUH.

MexaHHYeCKHe CBOMCTBA TUTAHOBBIX ciaBos: o8 = (80— 135) 10° H/em?, ooz = (70—120) 10% Hiem?, § =
20+4% (BepxHHil mpeieN1 OTHOCUTCS K BBICOKONpoyHOMY ciuiaBy BT-16). Yipounsiomas Tepmuueckas o0paboTka
crutaBoB BT 3akimrouaercs B 3akaike u crapenun. Hanpumep, cruiaB BT-14 3akanuBaetcs B Bojie nipu 880° C u
noasepraetcsi crapenuto npu 500° C B teuenue 14 4. TuTaHOBBIE CIUIAaBBI XOPOIIO JBIOTCS B METAIUTMYECKHE
(bopMBL,.

Bpon3bl 0011a1a10T BBICOKON KOPPO3UOHHOM CTOMKOCTBIO, XOPOIIO 00padaThIBatOTCs pe3aHueM. MHorue us
OpOH3 MIMEIOT XOpPOIINe aHTU(PUKIMOHHBIE CBOMCTBA. [1odTH Bce OPOH3BI OTIIMYAFOTCSI BRICOKUMHE JIMTCHHBIMU
kauecTBaMH. [l0 MeXaHWYECKUM CBOWCTBAM AaIIOMHHHEBBIE U OEpUILIMEBblE OpPOH3bI HE YCTYNAlOT MHOTUM
KaueCTBEHHBIM cTaisiM. [Ipu npousBozcTBE rHpONprBOIOB B OCHOBHOM MPUMEHSFOTCS aHTU(PUKIIMOHHbBIE OPOH3BL.
Ot OpOoH3BI JODKHBI 00ECHeYrBaTh HAaMMEHbIIEE M3HAIMBAHUE COMPSATAEMbIX JeTanel, HI3KU Kod(duimeHT
TPEHUsI, XOPOILIYIO MPUPadaThIBAEMOCTh, CTAOMIBHYIO CMa3Ky (HaJM4Ke MOPUCTOH CTPYKTYpHI), CHOCOOHOCTH
BBIJICPKHMBATh OOJBINIME YACTbHBIC NABICHUS, COMPOTHBISIEMOCTh KOPPO3HHU, OOJiee HU3KYIO TBEPIOCTH IO
CPaBHEHHUIO C BAJIOM (IJIs1 IOJIIUITHUKOB).

JIist MOCTWKEHHST XOpOIIEH CMa3bIBAEMOCTH CTPYKTYpa aHTU(PUKIIMOHHOTO CIUIaBa JIOJDKHA OBIThH
Pa3HOPOIHON M COCTOSITh U3 TBEP/IBIX OTIOPHBIX YACTHUI] U MSATKUX YaCTHII, UCTUPAIOIIUXCS TIPH paboTe.



HeMmeTananueckue MaTepHuaJibl

3ﬂaCTOMepbl BKJIIOYAIOT B ce0st PE3UHY BCCX THUIIOB, IPUMCHACMYIO B OCHOBHOM [JI U3TrOTOBJICHUSA
Pa3siIMYHbBIX BHUOOB YHJ'IOTHCHI/Iﬁ U TIPOKIAJOK. Pe3smne cBolicTBEeHHa BEBICOKas 3JIAaCTUYHOCTD,
HETIPOHUIIAEMOCTh JJIsl Ta30B M KHJIKOCTEH, aMOPTH3alMOHHAsI CIIOCOOHOCTh, CTOWKOCTh K BO3ICHCTBHIO
XMMHYECKUX BEIIECTB. Pe3nHa COCTOMT W3 OCHOBBI, B KadeCTBE KOTOPOH HCIIOIB3YeTCS KaydyK, H
UHTpeneHToB. Pe31Ha BKiIroUaeT B ce0s CleAyIole KOMIIOHEHTHI: KaydyK, HAIOJHUTEIN aKTUBHbIE (CaXKN)
U MHEpTHBIE (MeJd), BYJIKAaHU3MPOBAHHBIE areHTHI (cepa), YCKOPUTENIN BYJIKaHM3alMU, MPOTUBOCTAPUTEIH,
IUTACTU(UKATOPHI, MATUUTEIH.

Kak npaBuiio, purypHble mpoKJIaAKH U3TOTABIMBAIOT U3 3JIACTOMEPHBIX MaT€pPHAaJIOB, JTUCTOBBIC — U3
acOecta, Oymaru, KOxH, IpoOKH, pe3uHbl, GUOPHI, PTOPOIUIACTA U APYTHX MATEPHUAIIOB.

2.6. ITomtnMepHbBIC MATEPHAJIBI

[TomumepHble MaTepHalibl 00JIaIal0T BBICOKOH TETUIOCTOMKOCTBIO, COMPOTUBICHUEM K HCTHUPAHUIO,
W3HOCY, OTHOUIEHUEM MTPOYHOCTH K MACCe, TEXHOJIOTUYHOCTBIO.

Cpean TOIMAMHUAHBIX KOMIIO3UTOB (DYHKIIMOHAIBHOTO HA3HAYEHHs] MPEJCTaBISIIOT HWHTEpEC
3JEKTPONPOBOAHBIC, CAMOCMA3BIBAIOIINECS U YAAPOIPOUYHBIE IJIACTMACCHI. DJIEKTPOIPOBOJIHOCTD IIACTMACC
JIOCTUTaeTCs BBEACHUEM B TMOJUMEP D3JIEKTPOMPOBOJHOTO HamoJiHuTeNs. JlJig moydyeHus: KOMITO3UTOB,
paccerBaroIuX CTATUIECKOE PIIEKTPUIECTBO, UCIIONIB3yeTCs caka. CTaimbHbIC BOJIOKHA MPUIAIOT MaTepHaliaM
AJIEKTPONPOBOAHOCTh M YMEHBIIAIOT MX yCaaKy. BBeneHHe yTiepoIHBIX BOJIOKOH TO3BOJIS-ET MOJIy4aTh
BBICOKOTIPOYHBIE JIETATN CTAOMIIbHBIX Pa3MEPOB.

JIns M3roTOBIIGHUS IIECTEPEH, MOJIIUITHUKOB, KYJIAYKOB M JIPYTUX W3JEIUH, KOTOPBIC JOJKHBI
o0JanaTh TOBBIIICHHBIMU (YHKIIMOHATHHBIMA CBOMCTBAMH, PEKOMEHIYIOTCS CaMOCMa3bIBAIOIIHECS
koMmo3uiuu. g ymydieHus: (pyHKIMOHAIBHBIX CBOMCTB B COCTaB MOJUMEPOB BKIIOYAIOT Pa3UYHBIC
N00AaBKH: MOJMATHUIICHTepeTANIAT, )KUKAE CHIIHKOHBI, Tpadut, cymshua MoaubdieHa.

AKpHIIOBBIE TIOJIMMEPHBIE BOJIOKHA 110 IPOYHOCTH MPEBOCXOIAT METAIUIBIL.

Jnst mepepaOOTKU TOJUMEPOB HCIONB3YIOTCS TPAIWIUOHHBIE METOMABI: JKCTPY3Hs, JHUThE IO
JaBJieHWEM U TipeccoBaHue. K HacTosmeMy BpeMeH! CO3/IaHbl arperaTsl, MO3BOJISIONINE MOTYy4YaTh MICHKY
mUpUHOM 24 1 60J1ee METPOB, OCYIIECTBIISITH OPUEHTAIIMOHHYIO BBITSKKY YJIBTPATOHKUX TIJICHOK TOJIITUHOMN
2...5 MKM U Jake MeHee 1 MKM, MoJTydaTh JUCTHI TOMIUHON 00-1ee 20 MM METO0OM SKCTPY3HH.

BaxxHOol XapaKTEpPHCTHUKONH COBPEMEHHOTO KOHCTPYKIIMOHHOTO MaTepuaja SBISETCS €ro Tak
Ha3blBaeMasi yJieJbHas MPOYHOCTh (MPOYHOCTh, NPUXOAAIIASICS HA €IUWHUIY IUIOTHOCTH). [lo 3TOMy
MOKA3aTeN0 3HAYUTEIBHOE MPEBOCXOACTBO MEpe]l METal-IaMH HMEIOT HAalOJIHEHHbIE M apMHUPOBAHHBIE
MOJINMEPHBIE KOM-TIO3UIIMOHHBIC MaTepHAIbl HA OCHOBE TOHKMX METaJUIMYECKUX, CTEKIITHHBIX, TPA(UTOBBIX
U JIPyTHX TUTIOB BOJIOKOH M TE€PMOPEAKTHUBHBIX CBs3yIOMMX (Tabm. 2.4). Ecnu TeKCTONUTHI MO yIeTbHOU
MIPOYHOCTH MPUOTMHKAIOTCS K BRICOKOTIPOYHBIM METAJIJIaM, TO TIOJTMMEPHBIE KOMITO3UTHI OTHOHAIIPABIECHHOTO
ApPMHUPOBAHHUS HMX IO ATOMY ITOKa3aTEeNI0 CYHIECTBEHHO MPEBOCXOMIT. DTO OOBSCHSETCS UYpE3BBIYANHO
BBICOKOM MPOYHOCTHIO TOHKHX BOJIOKOH Ha PacTsHKEHHE, 0OYCIIOBIICHHOW MPU OTCYTCTBUU MEXAaHHUYECKUX
MOBPEXKICHUM MPAKTUYECKU MEXKMOJICKYISIPHBIMU CBA3SIMU. Ponb monu-mepa B TaKMX KOMIO3UIUSAX —
CBSI3aTh B €IMHOE I€J0€ pa3pO3HEHHBIC BOJOKHA M 3aCTaBUTh UX pabOTaTh OJHOBPEMEHHO B CO-CTaBe
KOHCTPYKIIMOHHOTO ~ Marepuana. [lodToMy OH JODKeH 00najgath  BBICOKMMH — aiT€3MOHHBIMU
XapaKTePUCTUKAMH M MOMAYJEM YIPYTOCTH, MPUOIMKAIONIUMCA K MOJIYJIIO YNPyrocTh apMarypsl. [lis
W3NIeHiA, pPAa0OTAIIUX B YCIOBUSX TMOBBINICHHBIX TEMIIEpPA-Typ, HOJDKHA OBITH oOecredeHa u
TEPMOCTOMKOCTH CBSI3YIOIIETO.



OcHOBHas TEXHOJOTHYECKast TPYAHOCTDb paGOTBI C TaKMMHU MarcpuajaMu COCTOUT B TOM, YTO OHU B
nporecce nepepadoTKU, He UMesl HA4aJbHOM JKECTKOCTH, JOJDKHBI MPUHUMATh (OpMYy TOW OCHACTKH, Ha
KOTOpOii nepepabaTsiBatoTces (puc. 2.5).

Marepuan cB. MIla ITnotHOCTH Cyn
Cranp 1500-2000 7.8 200 - 255
CnuiaBel Ha OCHOBE 500 - 750 2,7 200 - 275
QTIOMHHUS
CrutaBbl Ha OCHOBE THTaHa 1000- 1500 45 220 - 330
HanonHeHHBIE M apMUpO- 500- 1000 2.0 250 - 500
BaHHBIE TTOJIMMEPBI
MerasiomMaTpuyHble 500- 1000 3,5 140-280
KOMIO3HIMH

[TosToMy HaubosbIIel MPOYHOCTH MaTepHaja yaaeTcs JOCTUYb Ha U3JENUSX CPAaBHUTEIbHO MPOCTON
(opMBlI, [TOJyyaeMbIX METOJIOM HAMOTKH JICHTBI U3 OJIHOHAIIPABICHHBIX BOJIOKOH, IPOMUTAHHBIX CBS3YIOIUM
(chepa, uuauHap, TOp U T.11.). B ocTanbHbIX ciaydasx GopMupoBaHHE U3/EIHs OCYLIECTBISAETCS MOCIONHOM
BBIKJIAJIKOM, MPOMUTAHHOW TMOJIMMEPOM TKaHU C MPHUKATKOM, WM CO3AaHHMEM TEM WM HHBIM CIIOCOOOM
HEOOJIBIIIOr0 BHEIIHETO JaBieHus. CBOIO OKOHYATENbHYIO (OpMy H3JeNne NpUoOpeTaeT B Ipolecce

MOJTMMEPH3AIH (XOJIOIHOM, TOPSUEH, SIIEPHOM ).

Puc. 2.5. ®opMoBaHue KopITyca JIOJKH U3 CTEKJIOIIacTHKa: 1) ompaBka; 2) apMUpOBaHHAs CTEKJIOTKAHBIO
MOJIMMEPHAST KOMITO3ULIUS

W3 Hanbosree N3BECTHBIX 00JIACTEH MPUMEHEHHS TAKHX MaTEPHAIIOB — 3TO KOPITyca paKeT U PaKeTHBIX
JBUTATENCH pa3sHOoOOpa3HOW (OPMBI, CYyJOB H JIOJOK, IUIAHEPOB, DJIEMEHTOB KOPITyCOB aBTOMOOWIIEH,
3alIUTHBIX TOJIOBHBIX YOOpPOB (Kacku) W OAEKIbl (OPOHEKUIIETHI), TEIECKOMUYECKUe YAMINIIA, WU3/Ieus,
MpUMEHsIEMbIE B CTPOUTENHCTBE, METUIIMHE K MHOTOE JIPYTOE.

2.7. MerassioMaTpUM4YHbIe KOMIIO3UIIHOHHbIE MAaTEPHAJIbI

Mertamtomarpuaasie Komro3utsl (MMK) 00pa3oBaHbl METaIUTMYECKOW MaTpHUIE U3 CBUHIA, IIHMHKA,
AIIOMUHHUEBBIX, MATHUEBBIX, TATAHOBBIX, MEAHBIX CIIABOB C YIIPOUHSIOIIUM HATIOJHUTENIEM U3 YIIIEPOIHBIX
BOJIOKOH, HUTEBUHBIX KPUCTAJJIOB KapOUaa U HUTPHUJIA KPEMHHUSI, KOPOTKUX BOJIOKOH OKHCJIOB aIIOMUHUS,
KpPEMHUSI, XpOMa, JIMHHBIX HENPEPHIBHBIX BOJIOKOH B BUJe MOHOHMTEH nuamerpom 100...200 mxmM,
MOJIy4aeMbIX METOJIOM XHMHUYECKOTO OCaXJeHUs IMapoB Oopa, kKapOuga KpeMHUs, rpapuTa WM OKUCH
antoMuHUs. Mcnoap3yr0TCs TakkKe METaNIMYE€CKUE HUTH, B YACTHOCTH, U3 HEP>KABEIOLLIEH CTaIH.

Jns  yBenmyenuss usHococtoiikocth B MMK  BKIIOYAlOT OKUCh QIIOMUHUA, I CHUXKEHUS

KO3 pHIMEHTa TEMIOBOTO PACIIUPEHUs — KapOu I KpEeMHHUSL.



MMK oOecrieunBalOT BBICOKHME 3HAYCHHUS TaKUX XapaKTEPUCTHK IOJIYy4aeMOro marepHuaia, Kak
CONPOTUBIIEHUE CpE3y, YCTAJIOCTU H3HOCY, NPOYHOCTh HA pa3pblB IIPHU IOBBIIIEHHBIX TEMIIEpaTypax
9KCILTyaTaluu, U30TPOITHOCTh CBOUCTB.

2.8. CBepxTBep/able KepaMuYeCcKHe MaTepuaJibl

B HacTosimmee BpeMs TEXHHYECKHH YPOBEHb BEAYIIMX OTpaciell MPOMBIIIICHHOCTH BO MHOTOM
oTpeneNseTcs 00beMOM MPUMEHEHHUSI HOBBIX KOHCTPYKIIMOHHBIX MAaT€pPHAaJiOB, B YaCTHOCTH, KEPAMHUECKUX
MaTepuasioB. HecMOTpsl Ha JOCTaTOUHO BBICOKYIO CTOMMOCTD, U3JIE/IHs U3 KEPAMUKHU I0JIb3YIOTCS CIIPOCOM
Os1aroziapst XOpoILUM ITOTPEOUTENILCKUM CBOMCTBaM. DTH MaTepuabl IPUBJICKAOT BHUMaHHE pa3pabOTUMKOB
aBUAKOCMHUYECKOH, aBTOMOOWJIbHOM, XMMHUYECKOW, 3JEKTPOHHOM M JpPyTruX BUAOB TEXHUKM Ojaronmaps
YHUKAQJIbHOMY COYETaHMI0O MEXAHWYECKHX, TeIUIOQU3NYECKUX, XUMHUYECKHX, DJICKTPOMArHUTHBIX,
ONTUYECKUX U JIPYTHX CBOMCTB. JleTanmu M3 KepaMHKH XOpOIIO pabOTaloT B arpeCCHBHBIX M aOpa3MBHBIX
KHJIKOCTSX B KQUECTBE PEKYIIMX HHCTPYMEHTOB. [IpMeHeHre MaTepranoB 1 U3eIuil U3 KOHCTPYKIIMOHHON
KEpaMUKHU MMO3BOJISIET CO37aTh HOBOE MOKOJIEHHE MAlIMH U MEXaHU3MOB CO 3HAYUTENIbHO 00Jiee BHICOKMMU
KayeCTBEHHBIMH  XapaKTEPUCTHKaMH  (IIPOM3BOIUTEIHFHOCTBIO, HAJIE)KHOCTBIO, MaTEpUATOEMKOCTHIO,
JI0JTOBEYHOCTHIO), @ TAKIKE PEaM30BaTh MPHHIUITHAIFHO HOBBIE TEXHUYECKHE PEIICHHUS.

[lpumeHeHne KepaMUYECKUX MaTepuaioB OOYCIOBICHO CIEAYIOIIMMHU IPEUMYIIECTBAMU IO
CPaBHEHHMIO C METAJUIaMU M CIIaBaMU: JOCTYITHOCTBIO M JICHIEBU3HON MCXOIHOIO ChIpbs, Oosiee HU3KOM
IUIOTHOCTBIO, 00JI€e BBICOKOW YJIEIbHOW MPOYHOCTHIO, H3HOCOCTOMKOCTBIO U CONMPOTUBIIEHUEM KOPPO3UU U
oKHCcIIeHUI0. IHCTpYMEHT, HallpuMep, U3 OKUCH aJIFOMUHUS, JIOITyCKaeT TeMIepa-Typy B 30HE pe3aHbsi 10 1550
°C, B TO BpeMsl Kak aJIMa3HbIi HHCTpYMEHT — 10 750 °C. D10 n03BOJIIET B HECKOJIBKO pa3 YBEIUYUTh CKOPOCTh
pesanus. [nudoBanbHbIe KPYTH U3 KyOHMYECKOTO HUTpUAA O0pa MOTYT paboTaTh CO CKOPOCTHIO 10 80 M/C U
UMEIOT 0OJbIIyI0 cTOMKOCTh. Kpome Toro, ucnosiab3oBaHUE KEPAMHUKHU MO3BOJISIET SKOHOMUTH JAePUIIUTHBIE
MeTauisl (Bosibppam, MOIHOIE€H, HUKEINb, KOOAJIbT U Jp.).

N3 HenocTaTKoB KEpaMHUYECKMX MAaTepUaIOB OCHOBHBIM CUHMTAETCS XPYNKOCTb, OOYCIOBIEHHAs
KECTKOH CBS3bI0 B KpHCTANINUECKOH pemerke. Pu3nKo-MexaHMYECKHe CBONCTBA HEKOTOPBIX COBPEMEHHBIX
KepaMHYECKUX MaTepHajOB MOTYT ObITh MPOMIITIOCTPUPOBAHBI TAHHBIMH, IPUBECHHBIMU B Ta01. 2.5.

B mupe HanmakeHO MPOM3BOJCTBO BHICOKOKAUECTBEHHBIX KepaMHUECKUX HM3JEIMNA M3 MaTepHalioB Ha
OCHOBE HUTpHUJAa KPEMHHUs, KapOWIa KpeMHHs, YaCTUYHO CTaOWIM3MPOBAHHOTO OKCHJA LHUPKOHUS,

JTUOOPHUIOB.
Tabmuna 2.5.
[Tapametp Hutpun KapOun Oxkcun Huokcun
KpEMHUS KpEMHUS ATFOMHUHHUS UPKOHUS
S13N4 SiC AbO3 Zr02
[Tn0THOCTS, T/cM® 3.5-39 3.1-3.2 3,9 5,7
[Ipenen npounoctu
mpu 800 K. MIla: 450 - 500 700- 1000 600
pu 1400 K. MIla 400 - 450 300-400 300
Moayns ynpyro-
ctu. ['Tla 160-320 350-420 390 200 - 250
MaxkcumanbHast
IKCTUTyaTallnOHHAas 1673 1923 1700 1373
temneparypa. °C




B kauecTBe mpHMEpOB MPAKTUYECKOTO NPUMEHEHHS TaKUX MaTEpUAIIOB MOTYT OBITh yHOMSHYTHI
JONaTKu TYpOWHBI aBHAIMOHHOTO JIBUTATENs, YIUIOTHEHHS B OBICTPOXOAHBIX TypOOKOMIIPECCOPHBIX
CUCTEMaX Ia30lepeKayrBarOIINX CTAaHIIMM, XUPYPIHsl, METANI000pab0OTKa U MHOTOE JIPYTOE.

2.3. MeToabl YHpaBJICHUSI MEXaHUYECCKUMMU CBOMCTBaAMH

[Ipu pabote u3menust Aaxe B YCIOBHUAX CTAaTHUYECKMX HArpy30K HAJEKHOCTh €r0 B 3HAUUTEIbHOU
CTETICHH OIpEeIEIsIeTCs 3a1acoM IUNIACTUYHOCTH MaTepuaiia. B cBoro odyepeib, MIaCTUYHOCTh 3aBUCHUT OT BHJIA
TEPMUYECKOI 00pabOTKH, KOTOPOIi ObLT MOABEPTHYT KOHCTPYKLIMOHHBIN MaTepHual. Tepmudeckas oopaboTka
MOJpa3IeseTCsl Ha TEPMUYECKYIO, TEPMOMEXAaHHMUYECKYI0 M XHMHUKO-TepMHuyecKyto. CoOCTBEHHO
TepMHuyeckas 00paboTKa 3aKI0YaeTcs TONBKO B TEPMUYECKOM BO3JICHCTBMM HAa METAI WIH CIUIaB,
TEPMOMEXaHUYECKasi — B COUYCTAHUU TEPMUYECKOTO BO3ACUCTBUS M IUIACTHYECKON aedopMariiy, XUMHKO-
TepMHYECKasi — B COUCTAHUN TEPMHUECKOTO U XUMHUYECKOTO BO3ACHCTBUI.

CoOcTBeHHO TepMHuecKas 00paboTKa BKIFOUAET CIEIyIOIUE OCHOBHBIEC BU/IbI:

1. Oxur — tepmuyeckas oOpabOTKa C HarpeBOM 10 TEeMIIEepaTyp, HPEBBIIAIOIINX TEeMIEepaTypy
($a30BBIX WIN CTPYKTYPHBIX IPEBpAILEHHUH, BBIICPKKOW M MEIJICHHBIM OXJIaXJIEHHEM, 00eCIeUnBaIOLIIM
II0JIyYE€HHUE PABHOBECHOM CTPYKTYPBI.

2. 3akanka — TepMHueckas 00pabOTKa C HarpeBOM BBIIIE TeMmIiieparyp (a3oBbIX MpEeBpalICHHH,
BBIJIEP)KKON U OBICTPBIM OXJIaXAeHUEM, (UKCUPYIOIIUM HEPABHOBECHOE COCTOSIHUE.

3. Otnyck — TepMuyeckas 06paboTka ¢ HarpeBOM HIDKE TEMIIepaTypbl HOIMMOP(HOTo MpeBpalieHUs,
BBIIEPKKOM 1 OXJIaXKAeHHEM, 00ECIIeUHBAIOIINM MOJTy4YeHHe 0oJiee paBHOBECHON CTPYKTYPhI U ONITUMAIbHOE
COYETAaHHE CITy>KCOHBIX CBOMCTB.

4. CrapeHue — TepMHuecKas o0pabOTKa, OCyIIEeCTBIseMas IyTeM HM30TEPMUYECKOH BBIIEPIKKH MpPU
MOBBIIIEHHOW MJIM KOMHATHOHM TeMIiepatype, 00ecleurnBaroniei yBennyeHne MpOYHOCTH U TBEPJOCTH TPHU
OJIHOBPEMEHHOM CHIKEHUU IIJIACTUYHOCTU U y1ap-HOU BA3KOCTH.

[Tocne 3akanku Marepuan MoABEpraercs OTIMycKy. Pasnuyaror 3 BuAa OTIyCKa: HU3KWM, CPEOHUN U
BBICOKHH.

Huskuti omnyck TpUMEHSIOT OOBIYHO B T€X CIydasx, Korja TpeOyeTcss HauOousblas TBEPAOCTb.
WutepBan narpeBa — 150—200 °C. Ilpu 3TOM MapTeHCUT 3aKaJIKH pacrajaercs Ha (GpeppuT U Mejbuaiiine
KapOupl. YMEHbLICHHE OCTATOYHBIX HANpsDKEHUH M HEKOTOpoe TMaJieHHEe TBEPAOCTH KOMIIEHCHPYETCS
BBIJICIIEHUEM KapOWIOB, KOTOPBIE CIy>KaT TOPMO30OM Ui IHMCIOKAMHA M 00ECIeunBalOT MOBHIIICHUE
TBEepAOCTH. B pe3ynbraTte HM3KOTrO OoTmycka 42 TBEpAOCTh 3aKAJEHHOW CTaJld COXPAHSETCH, a XPYIKOCTh
HECKOJIbKO yMeHbIIaeTcs. Takyro CTpyKTypy Ha3bIBalOT OTIYIIEHHBIM MAPTEHCUTOM. Y UHCTPYMEHTAIbHBIX
cTajei focturaercs TBepaocTs o Poksemty 62 — 64 enuHULIBL

Cpeonuii omnyck (300—400 °C) conmpoBokIacTCs pacnagoM MapTEHCHTA Ha MEIKOIUCIIEPCHYIO CMECh
deppuTa U LIEMEHTUTA, PA3IUYUMYIO TOJIBKO B DJIEKTPOHHBI MHUKPOCKON M HAa3bIBAEMYIO TPOCTHTOM.
Hocturaemass TtBeproctb o PokBemny mnopsiaka 50 €IMHUIl M OYEHb BBICOKMH MpEAeN YIpYroCTH.
[IpuMeHseTcs 1 Ipy>KUH U peccop.

Buicoxuii omnyck (500—600 °C) maet cTpyKTypy copOUTa ¢ HEBBICOKOW TBEPIOCThIO 0 PokBemty 30 —
35 enuHHUL, HO 3aTO C OTHOCHUTEJIBHO BBICOKOW IIIACTUYHOCTBIO U YJIAPHOM BSA3KOCTBIO, YTO JIETACT
BBICOKOOTIYIIEHHYIO CTajlb Ha/IEKHOU MIPHU paboTe B yCIOBUAX IMHAMUYECKUX HArpy30K (KyJIauky, pblyar,
TOJIKATENH | T.I1.).



Jl1 cpaBHEHNS SHEPTOEMKOCTH PAa3pyLIEHU INIACTUYHOIO U XPYTIKOTO0 MaTepUaioB paCCMOTPUM CTallb
45 B COCTOSIHMHM T10CJIE HU3KOT'O M BBICOKOTO OTIYCKOB. E€ MEXaHNYeCKUE XapaKTEpUCTUKH MPECTABICHbI B

Tabu. 2.1.
Tabmuua 2.1
XapakTepUCTUKH Huzkuit otnyck 200 °C Boicokuii otnyck 500 °C
Oy 1150 MIla 550 MIla
OB 1350 MIla 800 MIla
5 3% 10%

AHanu3 auarpaMM pacTsDKEHHs IOKa3bIBaeT, YTO JeTalb, U3TOTOBJICHHAs U3 Oosiee IIACTUYHOTO
MaTepuala, OKa3bIBaeTCs BO MHOro pa3 0ojiee SHEProeMKOH, 4eM H3rOTOBJIEHHAas U3 XPYIKOro.
CoOTBETCTBEHHO, YBEIMUNBAETCS U €€ HAJIEXKHOCTh, TaK KaK YMEHBIIIAETCS PUCK pa3pyLIECHUs OT CIy4YailHbIX
neperpy3ok. Oco0eHHO OOJBIIYIO POJIb UTPAET 3TO 0OCTOATENHCTBO B YCIOBHIX IWHAMHUECKUX HArpy30K.
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Puc. 2.2. DHeproeMKocTh pa3pylIeHUsl MaTepuaia B pa3IMUHbIX COCTOSIHUIX

Breibop TOro wim HMHOro BHIAa TepMOOOpPaOOTKM OOeCHeuyMBaeT yMpaBICHUE MEXaHUYECKUMHU
CBOMCTBaMM KOHCTPYKIIMOHHO-TO MaTepualla, OJHAKO HE BCE MAaTepHaibl 00J1a1at0T TAKOW CIIOCOOHOCTBIO.
PaccMoTprM HEKOTOpBIE BaXKHBIE XapaKTEPUCTUKN KOHCTPYKIIMOHHBIX MaTepUaIoB.

3akajaMBaeMOCTb — 3TO CIOCOOHOCTh KOHCTPYKIIMOHHOTO MaTepuajia TOBBIIATH MPOYHOCTh U
TBEPJOCTh B pe3yJiibTare 3akaiku. OHa 3aBUCHT OT COJEP)KAaHHS yTiepoja, T.K. 4eM Oojiee HacChIIeH
YIJIEPOJIOM MAapTEHCHUT, TEM BBIIIEC €r0 TBEPAOCTh. MOKHO CUUTATh, YTO CTAJIb 3aKAIMBACTCS, €CIM B HEH
yriepona 0,30% wnmu 6onee. B aTom ciydae nocturaercst TBepaocts 50 u 6onee equnuil mo Poksemty, Torma
Kak npu conepkanuu yriepona 0,1% TBepaocTs MapTeHcHUTa He peBocxoanuT 30 eMHHULI.

IIpoxanuBaeMoCTh — CIIOCOOHOCTh 3aKalMBaThCS Ha OMNpEIENEeHHYI0 TINyOuHy. 3aBUCHUT OT
COJIEp’KaHus JIETUPYIOUIMX 3JEMEHTOB M IMPaKTUYECKH HE 3aBUCUT OT COJEp)KaHus yriepoja. Biusnue
JETUPYIOMIUX JIIEMEHTOB Ha MPOKAIMBAEMOCTh OOBSACHSICTCS TOPMOXKEHHEM TU(QYy3uH yriiepoaa Ipu
OXJIQXJIEHUH B IIPOIECCE 3aKAJIKU M CIOCOOCTBYET 00pa30BaHMIO MAapTEHCHUTA AAXE B TEX CIIOSX, KOTOpPbIE
OXJIAKJAIOTCSI OTHOCUTEIBHO MEIUICHHO. IIOBBIIEHNE NPOKANIMBAEMOCTH CTAIH COIPOBOXKIAETCS TAKXKE
pOCTOM CONPOTHUBIIEHMs paclagy MapTeHCHTa IpU THocieayromem oTmycke. OHa XapakTepusyeTcs
KPUTUYECKOW TOJIIIMHON MaTepu-alla, IPOKaJINBAIOIET0Cs HACKBO3b.

[Ipn paBHOI TBEpAOCTHM M NPOYHOCTH pPa3jIMUYHBIE CTAIM C OJMHAKOBBIM COAECpPXKAaHUEM yriepoa
MIPOKAIMBAIOTCS HA Pa3HbIE TOJIIMHBI, B 3aBUCUMOCTH OT COJIEPKaHMSI JIETUPYIOIINX IeMEHTOB (Tadu. 2.2).



Cranb Kputuueckas Tonmnmia, Mm
40 15
40X 30
40XH 70
40XHMA 100
CBapuBaeMOCTh — OTO CIOCOOHOCTH OOpa3OBBIBATH HAJEKHOE CBAapoO4HOE coenuHeHne. OHa

OLICHHUBAETCS COOTBETCTBUEM CBOMCTB IIIBA CBOMCTBAM OCHOBHOT'O METaJljIa U HECKJIOHHOCTBIO K 00pa30BaHUIO
TPELUH, MOp U IUIAKOBBIX BKIIOYEHH. XOPOILIO CBAPUBAIOTCS OJHOPOIHBIC METAJUIbl, @ Pa3HOPOJIHbIE —
OTPaHUYEHHO WJIH TI0X0. YTIEPOANUCTBIE CTAIU XOPOILIO CBAPUBAIOTCS IIPU MAJIOM COJIpKAHUU yriaepoJa (110
0,25%), T.K. y HUX HE MPOHCXOAUT OXPYMUUBAHUS W OOpa30BaHUS 3aKAIOYHBIX TpemmuH. Hamuuue
JETUPYIOIIUX JJIEMEHTOB (KpOME HHUKENsl) YXyAIIaeT cBapuBaeMocTh (Tabn. 2.3). YUucThlil anroMuHUI
CBapUBACTCS YIOBJIECTBOPUTEIILHO, OJHAKO HMMEET HHU3KYI0 IPOYHOCTh. J{IOpallOMUHBI W CHIIyMHHBI
CBapHBAIOTCS TUIOXO, TaK KaK Ha MOBepXHOCTH 00pa3yeTcs okcun Al203 ¢ temneparypoii miasienus 2050 °C
mpu T amromuamst 658 °C. CBapka Meu Takxke 3aTpyaHeHa oOpazoBanueM okcuaa Cu20, pearupyromiero
C BOJIOPOJIOM, BEIYIIMM K 00pa3oBaHUIO TpemuH. Meap nomkHa ObiTh yucToi: Menee 0,05% mnpumeceit.
[Tocrne cBapku HEOOXOAMMO POKOBATH IIOB.

VY naryHeil B mpolecce TEIUIOBOIO BO3ICHCTBUS IpU CBapKe MIET HMcmapeHue uHka. HeoOxoaum
npenBapuTenbHbli nporpes 10 500 °C, moB Hao NpOKoBaTh, a 3aTeM Aath oTkur npu 700 °C.

Turan TpeOyeT HaAECKHOW 3aIIUTHI OT OKHUCJICHHUS BO3IYyXOM JIa)K€ B CTOPOHE OT IIBA, & TAKXKE U C
o0OpaTtHO cTOpoHBI. [103TOMY MPUXOIUTCS UCTIONB30BaTh APrOHHO-AYTOBYI0, aBTOMAaTHUECKYIO 10/1 (hIIFOCOM
Y TOUYEUYHYIO CBAPKH C MOCIEAYIOIINM OTKUTOM Ipu Temmneparype 600 °C.

Tabmuna 2.2

Cranb Caapusaemocts | bann | Cranb CBapuBaeMOCTb bayut

Crlkn Xoporirast 8 140 YIOBJIETBOPH- 6

Cré4xn 8 |[40XT TeJTbHAS 6

bCrlcn 9 [40XT'CA 5

bCt4cn 9 |[700 4

08 8 | 50XH ioxas 0]

9X 2
Y7-V 13 2-1

YnpoyHsieMOCTh NJIACTHYECKHM JAe()OPMHPOBAHHEM OCHOBaHa Ha TOM, YTO B pe3yJibTaTe
BO3JICHCTBUS Ha MeTall 00pabaTHIBAIOLIETO WHCTPYMEHTa TBEPJAOCTh €ro CYIIECTBEHHO BO3pPAcTaeT, a
IUIACTUYHOCTh W yJapHasl BS3KOCTh MaAal0T. DTO pe3yibTaT HCKAKEHUS KPUCTAIUIMUYECKON pEeIIeTKH,
npoOreHus: 3epeH U OOoKOB. B Tex ciydasx, Korja IUIacTHUHBIE METaUTbl He MOAJAIOTCS YIPOUHEHUIO
METOJlaMH TepMHUUYECKOM 00pabOTKM, HAaKJIEN — €IWHCTBEHHBIH CHOCOO MOBBICUTH NMPOYHOCTH MaTepuaa.
[IpaB-ga, OH HEBO3MOXEH Ui METAUIOB, HMMEIONIMX pabodyro TeMmIepaTypy BBIIIE KX IOpOTra
PEKPHUCTAIIM3AIINY, T.€. U TAKUX, KaK 0JI0OBO, CBUHEII, ITUHK 1 BUCMYT.

OmHUM W3 BUAOB  OTICIIOYHO-YNPOYHSIOMEH 0O0paOOTKM, OCHOBaHHOW Ha IUIACTHYECKOM
nehopMUPOBAHUH TIOBEPXHOCTHOTO CJIOS, SIBJISIETCSl BUOpaImoHHas o0paboTKa.

Bubpanmonnas o6paboTka, B 3aBUCUMOCTH OT XapakTepa MpUMEHsIeMon pabodeit cpeibl, MpeCTaBIseT
co00il MeXaHWYEeCKUN WM XUMHUKO-MEXaHWYECKUI MPOIECC CheMa MeNbYailliiuX YacTUI[ MeTalja U ero
OKHUCIIOB C 00pa0aThiBaéMON TIOBEPXHOCTH, a TaKXKe CriaKUBaHHE MHUKPOHEPOBHOCTEH TMyTeM UX



IJIACTUYECKOTO JeOPMUPOBAHUS YaCTUIIAMU pabodeil Cpelbl, COBEPIIAIIIMMU B Ipolecce padoThl
KoJiebaTenbHOe aBMKeHue [3].

S

Puc. 2.3. Cxema nporiecca BuOpoobpadotku: 1) pabouas kamepa ctaHka; 2) Mpy>KuHbl; 3) BuOpaTop; 4)
OCHOBaHUE; 5) TpyOOIpoOBOAbI; 6) ToMIIa; 7) 6aK-OTCTOMHHK

[Iponiecc compoBokIaeTcs MOCHEA0BATEIbHBIM HAHECEHHMEM Ha IOBEPXHOCTh 00pabaThIBaeéMbIX
netajei OOJIBIIOro yucia MUKPOYJApoOB yacTHLAMHU palboueil cpeisl MpU UX B3aUMHOM COYJapeHUH U
CKOJIb)KCHUHU. Y apbl BbI3BaHBI JICHCTBHEM HaNpaBJICHHBIX BHOpanuii, cooliaeMeix paboueil kamepe, B
KOTOPO# pa3MelieHsl 00padaThIBaeMble IeTaly U padoyasi cpena.

OO6pabaTtpiBaeMbIe IETAIH 3arpy>Kat0TCs B pabouyio KaMepy, 3al0JIHEHHYI0 pabodeit cpenoit TpedyeMoit
xapakTepucTHku. Pabouast kamepa, ycTaHOBJIEHHAs! Ha IPYKHUHHBIX ONTOPAX, MOXKET KOJIEOATHCS B PA3IIUYHBIX
HaIpaBJICHUSX.

B npouecce 00paboTku AeTany 3aHUMAaIOT pa3IMyHbIE TOJIOKEHUS B pabodeil cpesie, uTo oOecreynBaeT
JIOCTAaTOYHO PpaBHOMEPHYI OO0pabOTKy BceX MOBEpXHOCTeH. boisblioe Koau4ecTBO MHKPOYIApoB,
JeMCTBYIOIUX Ha 00pabaThIBaeMylo JE€Tajdb OJHOBPEMEHHO B PA3IMUYHBIX HAINPABIECHHSX, CIIOCOOCTBYET B
HEKOTOPOI1 CTEeTIEHH yAEepP)KaHUIO €€ BO B3BEILICHHOM COCTOSIHUM, UCKJII0Yasi TAKMM 00pa3oM rpyOblie 3a00MHbBI
U ToBpexJeHus. B pesynpraTe HUpKYyIAuM 00paOOTKa MPOMCXOAUT BO BCEX 30HAX pabouell Kamephl,
Haunbonee 3(h(HeKTUBHO OKOJIO JHA KaMephl, e AaBleHHE padoyei cpeasl Bhille. BOMBIIMHCTBO onepanuit
BUOpallMOHHOW OOpaOOTKM TNPOU3BOAUTCA C HEMPEpPHIBHOW MM MEPUOJMYECKON Mojayeil cMa304HO-
oxjnaxaatronux texHosorndeckux cpencts. COTC obecneunBaer yjalieHHe MPOAYKTOB HM3HOCA (YACTHIL
MeTajula u abpas3uBa) C MOBEPXHOCTH JeTajed M 4YacTull paboueil cpeipl, CMauumBaeT AETAlIU U Cpeny,
MIOMOTAeT UX Pa3JIeIeHUI0 U PaBHOMEPHOMY pacHpeieneHHo Aetaneid B paboueil cpene. IHTEHCMBHOCTB
00pabOTKH MOXKHO PETyJIMPOBaTh M3MEHEHHEM YPOBHS JKUAKOCTH B paboueil kamepe. B coctaB COTC moryT
BBOJIUTHCS PA3IMYHOTO POJa XUMHUECKUE T00AaBKU CO CIIEIHATbHBIMU CBOMCTBAMM, YTO TAKXKE IO3BOJISIET
peryimpoBaTh MHTEHCHBHOCTH TIpolecca M kadecTBo 00paborku. COTC cnocoOCTBYeT OXJIaxIeHUIO
0o0pabaThIBaeMbIX JIETAJICH.

CoueTtaHue TakKuX AJIEMEHTOB MPOLIECca, KaK MOC/Ie0BaTEIbHOE HAHECEHUE MHOKECTBAa MUKPOYAAPOB,
WHTEHCHUBHOE TepEeMEIIMBaHne pabouel cpeapl 1 00pabdaThIBaEMBIX JETANCH MPU Pa3TUIHOM MX B3aUMHOMN
OpPHEHTAIH B 3aBUCUMOCTH OT XapaKTepPUCTUKU U COCTaBa pabodel cpeqbl U pexMMOB 00pabOTKH, CO3/1aeT
YCIOBHS JUIS BBINOJIHEHUS OYMUCTHBIX, JOACIOYHBIX, HUIN(OBAIHHO-TIONIUPOBATBHBIX U YIPOUHSIOLINX
orepanuil (OYMCTKA JIUTHIX 3arOTOBOK U3 METAJUIOB U IUIACTMACC, AETANIEN OT OKAJIMHBI U KOPPO3UH, y1aJIeHHUE
3ayCEHLIEB, OKPYIJIEHHE OCTPBIX KPOMOK, HUTU(OBAHWUE M IOJUPOBAHHE IMOBEPXHOCTH, MOBEPXHOCTHBIN
HaKJIel, MOMKa U CyIIKa JAeTajeil, OuucTKa JeTajiell OT Harapa, HaKUMK U pa3IMYHbIX HAJIUIIAHUK).



KoHCTpYKTHBHOE HCHOJHEHHE YCTPOWCTB JUIsi BUOPAIMOHHOW OOpaOOTKM TMO3BOJIIET NMPUMEHATH
pa3IUYHbIC COYETAHUs TBEPBIX, )KUIAKUX U CMEIIAHHBIX KOMIIOHEHTOB pad04HX cpea. ITO CO3AaeT YCIOBUS
JUIE TIPOTEKAaHUSI KaK IPOILECCOB MEXaHMUYECKOW OOpadOTKM B BHJE MHUKPOPE3aHHS M IIIACTUYECKOTO
neGopMHUpOBaHUs, Tak U (DU3UKO-XUMHUECKUX IPOIECCOB M MX COBMEIICHHUS MyTEM BBEACHHUS B COCTaB
pabouyeill cpeabl COOTBETCTBYIOIIMX MAaTE€pPHAIOB, PAcTBOPOB, 3JIEKTPOIMUTOB. BuOpammonHas oOpaboTka
IPOTEKACT B yCIOBUSIX OTHOCHUTEIHLHO BBICOKOH aKTHBHOCTH 00padaThIBaeMOl MOBEPXHOCTHU BCIIEICTBUE €€
OYMILEHHOCTH OT OKHUCIIOB U 3arpsi3HEHUH 1 npuMeHeHus coorsercTBytonmx COTC.

Pe3ynbraThl MCCIEIOBAaHUN U OMNBIT MPOMBINUIEHHONW 3KCIUTyaTallMM MO3BOJISIIOT CAEIaTh BBIBOJA O
HEOO0XOIMMOCTH U 11€JI€COO0PAa3HOCTH JAaJIbHEUIIMX HCCIIEOBAaHUM, HAlpaBIEHHBIX Ha M3bICKAHHE HOBBIX
Pa3HOBUIHOCTEMH, a TAKXKE CIIOCOOOB MHTEHCH(PHUKAIINN U3BECTHBIX IPOIIECCOB BUOPALMOHHONW 00pa0OTKH.

2.4. DxcmyaTanMoHHbIe (PAKTOPbI, BIUSIOIIHE HA BLIOOP MaTepHaJia

[Mnactuueckoe nedopmupoBaHHE YACTO MPHUBOIUT K M3MEHEHHUSM BO BpPeMEHHU (HOPMBI M pa3MepoB
JeTalied, T.e. COMPOBOXMAETCS Pa3MEpPHOM, a TOYHEE T'€OMETPHUYECKON HecTaOmibHOCTBHIO. [lpuponma ee
COCTOMT B paclajié HEYCTOMYUBBIX CTPYKTYPHBIX COCTAaBJISIOIIMX (HAalpUMEp, MEPECHILIEHHBIX TBEPABIX
pPacTBOPOB) M peJlaKCalliy OCTATOYHbIX HANpsKeHWH. Tak, IIMUHAEIN TOYHBIX TOKaPHBIX CTAHKOB Jaxe 0e3
Harpy3kKu ¢ TCUCHHEM BPEMCHHU MOT'YT IIOTEPATH CBOIO TOYHOCTH, OTBEPCTUA B OOJIBIINX ITOKOBKAX M3 KPYTJbIX
CTaHOBSTCA AJUIUNTHUYECKUMH, CTAHUHBI KOPOOSTCS, YyTYHHbIE JIETAIN B MPOLECCE IUKIMYECKUX HArpeBOB
«pacty™ u T.1. «PocT» uyryHa — pe3ynbTar pacmnaja HeMeHTHTa U 0Opa3oBaHue Oojiee puIxJioro rpadurta, a
TJIABHOE — OKHCIIEHHE MPOHHUKAIOUIUM B METAT KUCIOPOJIOM. AHAIOTUYHOE sIBIIEHUE HAOMI0aeTcss U B
pe3yabTaTe MHOTOYMCIEHHBIX HATPEBOB M OXJIAXKJEHUM y MHOTHMX METAJJIOB, B YaCTHOCTH, Y TUTAHOBBIX
CIUIaBOB.

J71s1 TOBBIIIIEHUSI TEOMETPUUECKON CTA0OMIBHOCTH CIIEYET:
1) BBIOMpaTh METAUIBI W CIUIABBI C MEIIEHHBIM TpoTekaHueM auddys3um, Hampumep, CTaH,
JIETUPOBAHHBIE PACTBOPUMBIMH NIPUMECIMU;

2) UCIONIb30BATh CTAJIM, HE CKJIOHHBIE K Paciiajly MepeChIIeHHbIX TBEPIbIX PACTBOPOB;

3) MpPOBOIUTH CTAOMIM3UPYIONIYI0 00pabOTKy, T.e. MOJBEPrarh IUIACTUYECKUM JedopMainusM s
«Cpe3aHus» MUKOBBIX HANPSDKEHWH WM TalTOBKE, PE30HAHCHBIM BHOpAIMSIM WIIM HUCIIOJIB30BATh OBICTPBIC
IUKITNICCKUE HArPeBHI (TEIIOBBIE YIaphl), a TaK-)Ke €CTECTBEHHOE MIIM HCKYCCTBEHHOE CTApCHHUE;

4) n30erath TCXHOJIOI'UH, CBSI3aHHOM C MOSIBJICHHUEM BBICOKHUX OCTATOUYHBIX HaHpH)KeHPIﬁ.

Hanpspxenus nepBoro poja — 3T0 HaNpsDKEHUs, YpaBHOBEIIMBAOILIMECS B MacIITabax BCEro M3/eHs,
T.€. MaKpOCKONU4eckue HanpskeHus. OHM MOTYT Kak pa3ylnpOYHsTh, TaK U YIIPOUHSATh METaJlI, TOCKOJIBKY,
CYMMHpPYSICb C PaOOYMMH HANpPSOKEHUSIMM C)KaTHUs Ha TOBEPXHOCTH M3JENHS MOTYT IpEnsTCTBOBATH
Pa3BUTHIO MOBEPXHOCTHOU TpeInHbL. CONPOTHUBIECHUE METAJIA CKUMAOIIUM HANPSDKEHUSAM 3HAYUTENBHO
BBIIIIE, YEM COIPOTHUBIICHHE PACTATMBAIOIINM, IIO9TOMY IPAaBHIBHOE PACIpECIICHUE HANPSHKEHUM IIEpBOTo
poJia criocoOHO 00eCeUuTh CYIIECTBEHHOE MOBBIIIEHHE 00IEel MPOYHOCTH MeTajla, 0COOEHHO B YCIOBUIX
JNEUCTBUS IMKIMYECKUX HANIPSIKCHUH.

CunpHOE CHMKEHHE MPOYHOCTH M IUIACTUYHOCTH MPOMCXOAMT TAKKE BCIEACTBHE KOHLIEHTPATOPOB
HanpsDKeHUH B BUJE 1€(DEKTOB MAKPOCKOMUYECKUX U MHKPOCKOIIMYECKUX pa3mepoB. [lepBbie — crieacTBue
BCSKOTO poOJia HaApEe30B, CBEPJCHUM M BHITOYEK HA peajlbHON AETaad, BTOPbIE — 3TO MUKPOTPELIMHBI,
MHUKPOCKONMYECKHE NMHOPOAHbIE BKIIOUEHHUS, LIapaluHbl U IIEHbl. YeM OHM ocTpee U IIy0Ke, TEM CUIIbHEE



Ma1aeT MPOYHOCTh MeTaia. OCOOEHHO OMACHBI OHU JUI XPYIKUX METAJUIOB, Y KOTOPHIX BOJIM3H BEPLIMHBI
KOHIIEHTpaTopa HE IMPOUCXOIUT pelaKkcaluy HampspkeHui. Takue Marepuainbl ClelyeT IMpOBEpATh Ha
BSI3KOCTh paspylueHus. [l yMeHbIIEHUS ONAaCHOCTH OCTphle HaApe3bl HYXXHO CKPYIJIATb, Jenas Tak
Ha3bIBA€MbI€ TAJITENH.

J171s oBBILIEHUS] BRIHOCJIMBOCTH JIeTanei TpedyeTcs:

1) uckiIrOYeHHe OMACHBIX KOHIEHTPATOPOB HAMPSHKEHUM B BHJIE OCTPBIX HAJPE30B, CBEPIICHUIA,
IIEPEXO0/I0B 110 TOJILINHE;

2) NoBBILIEHHE Mpeieia TEKYUECTH 3aKaIKOM, HaKJIeoOM, XMMUKO-TEPMHYECKON 00pabOTKOM;
3) obecrieueHue 10CTaTOYHOM MPOKATUBAEMOCTH Il YIIPOYHEHUS HA BCIO TOJIIUHY AETaNH;

4) CO3JaHHEC Ha MOBCPXHOCTU CKHUMAIOIIUX HaprDKCHI/II\/'I " BCAYCCKOC YMCHBIICHHUEC PACTATMBAIOIIUX,
KOTOPBIC MOT'YT BO3BHUKHYTB, HAITPUMEDP, B PE3YJIbTATEC HOKpI)ITI/Iﬁ TUIIAa TUHKOBAHUA U KaAMHUPOBAHUA

5) nonayyeHue MaKCUMAaJIbHO IJ1a/IKOW TOBEPXHOCTH, JIy4IlE BCETO MOJIUPOBAHHOM.

[Ipo4HOCTHP CYHIECTBEHHO 3aBUCUT TaKXe OT TOMOT€HHOCTH M XapakKTepa MHUKPOCTPYKTYPBI,
YYMUTBIBAOLIETO HAJIMYHUE BOJIOKHA, TEKCTYPBI, 30H TPAHCKPUCTAILIN3ALNH.

2.5. MeToanb! ynpaBJjieHUs] XapaKTepUCTHKAMHU OBEPXHOCTHOIO CJI05

M3nammBaHnue — mporecc NOCTENeHHOr0 H3MEHEHHSI pa3MEPOB Tejla TPU TPEHUH, TPOSBIISIOITUICS B
OTJICJICHUH C TTIOBEPXHOCTH TPEHHUS YaCTHI] MaTepHaia UM B €r0 OCTaTOYHOH aedopManun. BaxHO OTMETHUTD,
YTO MO MPUYMHAM HM3HAIIMBAHUA BBIXOIAT U3 cTpost 80 — 90% Bcex aeTaneil MallvH.

[Ipouiecchl W3HAMIMBAHUS OYEHb CIOXKHBI M OOBIYHO COYE-TAIOT MEXaHW4YeCKue, (U3MUecKue Hu
XUMHYecKue Bo3aeicTBus. Ha puc. 2.4 npencrasiena kiaccupuKaiys MEXaHU3MOB U3HAIIMBAHUS.

l Hanoc
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Puc. 2.4. KnaccudpukannoHHasi cxema MEXaHU3MOB U3HAIITBAHUS

OOBIYHO TIPOUCXOAUT COYETaHHE HECKOJIBKMX BHJIOB MEXaHM3MOB OJHOBPEMEHHO M INpeodiagaHue
OJTHOTO U3 HUX. B COOTBETCTBUMU C 3THUM MNPHUXOIUTCS BBHIOMpATh T€ WM HHBIE CIIOCOOBI MOBBIIICHUS
M3HOCOCTOMKOCTH. PaccMOTpuM MeXaHN3MbI U3HAIIMBAHUS U MEpbl OOPHOBI C HUMHU.

AOpa3uBHBINA M3HOC 3aKITIOYAETCS] B Cpe3aHUM TPeOEIIKOB Ha MOBEPXHOCTH JETAIH WU MPOPE3aHUH
KaHaBOK, BHEJIPSIOUIMMUCS B MMOBEPXHOCTHBIE CIIOM KaKMMH-THMOO TBepAbIMH dacTuiamu. CienoBaTenbHo,
MOBBICUTh M3HOCOCTOMKOCTh MOYHO, MOBBICUB TBEPAOCTh MOBEPXHOCTU. DTO JOCTHUTaeTCs KaK BHIOOPOM
Marepuaia, Tak u ynpousstomei oopadotkoi: TO, XTO, II1]], a Taxxke HaHECEHUEM TBEPIbIX MOKPHITHI 1
HAIUTABOK. Y CTaJOCTHBIM M3HOC — PE3yJbTaT IMKIMYECKOTO BO3JCHCTBUS TPEOCIIKOB OJHOrO Tela Ha
rpebemku apyroro. Creayer UMeTh B BUIY, UYTO YEM BBIIIE YEIbHOE IAaBJICHHE, TEM MHTEHCUBHEE UJICT
n3Hoc. OfHAaKo paccuuTaTh 3TO JaBICHHME KaK OTHOLICHHME JEHCTBYIOIIMX YCHIUN K I€OMETPUYECKHM
pa3mepam jAetaneld Henlb3sl, TaK Kak IUIOIaib (GaKkTHUYECKOTrO0 KOHTAKTa BCErJa 3HAUYUTENIHbHO MEHbINE, YeM
HOMHWHAJIbHAS TIOUIA/b TIOBEPXHOCTH. [Ipn cOMMmKeHnn Ten MepBblii KOHTAKT MPOUCXOANT BCETAA MO TPEM
ToukaM. Jlajee cuiia TpeHUs pacTeT C yBEIMYEHUEM TUIOIIA U (PaKTUUECKOro KoHTakTa. [Ipu ckonbkeHnu ten



JpyT 1O APYTY IMUKINYECKHE HaKaTus (U CIBHUTH, COMPOBOXKIAIOIINECS EPUOAMUECKUMHU PACTHKCHUSIMHA U
CKATUSIMU) MPUBOJAT K HAKOIUICHUIO YCTATOCTHOTO MOBPEXKACHUS BCIEICTBHE CKOIUICHUS AMCIOKALMKN y
npensTcTBU. BO3HUKAIOT CyOMUKPOTPEIINHBI, IEPEPACTAIOIINE B MUKPOTPEIIMHBI, BEAYIIUE K TOKATHbHOMY
pa3pyLICHUIO MOBEPXHOCTH («IMUT-TUHTY). OCOOEHHO XapaKTEPHO TAKOE pa3pylIeHUE NJisi JIeTajei Tuiia
MOAIIUITHUKOB KaueHus. [1oBbIIIIeHNE N3HOCOCTOMKOCTH JOCTUTAETCS BBICOKOW MOBEPXHOCTHOM TBEPAOCTHIO
U CO3[IJaHHUEM CKHMAIOIINX IMOBEPXHOCTHBIX HanpspkeHui. Crenyer, 0JIHaKo, OTMETUTh OJHO TPOTHUBOPEYHE:
IIPU POCTE TBEPAOCTU PACTET U CONPOTUBJICHUE M3HOCY, HO U3-3a MOBBILICHUSI MKECTKOCTU YMEHBIIAETCS
mwiomaab (akKTUYECKOTO KOHTaKTa, a 3HAUUT, pacTeT U YAelbHOE NaBieHHe. BOT moueMy KampOHOBBIE
IIECTEPHU MOTYT UMETh OOJBIIYI0 JAOJITOBEYHOCTh, YeM CTaibHbIe. [lmomanas (pakTHYecKoro KOHTaKTa y
KanpoHa B 15 pa3 Oonpie, a naBneHue B 15 pa3 MeHbIIe, 4eM ycTaid. MHTEPEeCHO OTMETHTh, UTO
«ECTECTBEHHAs» TBEPAOCTh MaTepHaja JaeT Oe3yCIOBHOE MOBBIIIEHHE H3HOCOCTOMKOCTH, TOT/A Kak
noBbiierre TBepaoctu metonamu TO u TIITJ] oxassiBaeTcss ManoddHEeKTUBHBIM, TaK KaK «UCKYCCTBEHHOE)»
MOBBIIICHUE TBEPJAOCTH COMPOBOXKIAETCS IEPEBOJOM METalla B DHEPreTHYECKH MEHEE YCTOHIMBOE
COCTOSIHME U JOCTUTAETCS LICHOW MOTEPH INTACTUYHOCTH.

AJre3noHHBIN U3HOC IpeACTaBiIsieT cO00M OTPBIB YACTHIl METaJlla BCIEACTBUE CABUTaHUS MTHOBEHHO
IIPUBAPUBILINXCSI YYAaCTKOB. YMEHBIIEHUE TAaKOr0 M3HOCA JOCTUIAETCS HCIOJIb30BAHUEM PA3HOPOIHBIX
METaJIOB, Y KOTOPBIX HET OJIM3KOT0 XMMHYECKOTOo cXojcTBa. IloBbIlIEHHE TeMIiepaTypbl yBEINYUBACT
aJIFe3UI0 BIUIOTH /IO CXBATHIBAHMA, MOATOMY HEOOXOIMMO OOECIeUMBATh COOTBETCTBYIOIIEE OXJIAXKICHUE.
Oco0y10 poJtb 37€Ch UTPAET CMa3Ka.

W30uparenpHblil mepeHoc — ocobas ¢opMa M3HAILIMBAaHUSA, KOIJIAa aTOMbI Oojiee MSTKOro Mmetaiia,
HampuMep, MeJI, IEPEHOCTCS Ha MOBEPXHOCTH O0Jiee TBEPI0T0, HAIPUMED, CTAJH, a 3aT€M MPHU TOCTHKEHUU
HEKOTOPOM TOJIIMHBI CIION HauyMHAET pa3pyllaTbcsi ¢ OOpPaTHBIM mepeHocoM Menu. [Ipu 3Tom aTtoMbl Mean
IIOYTU HE BBIHOCATCS U3 30HBI TPEHUS, U U3HOC OKa3bIBAETCSI MUHUMAJIbHBIM. [1OBBIIIEHHE CTOMKOCTH 31€Ch
JOCTUTAETCS MPABUIILHBIM BBIOOPOM TPYIIUXCS MaTepUajoB M cocTaBa cMa3ku. Cieayer uMeTh B BHJY, YTO
CMa3Ka MOJKET HE TOJIbKO YMEHbBIIAaTh HM3HOC, HO M BbI3bIBaTh PACKJIMHUBAHUE IMOBEPXHOCTH MeETalIa
BeaencTeue dpdexra Pedunepa, yckopsst N3HAITUBAHUE.

OKuCIUTENFHOE W3HAIIMBAHWE COCTOUT B 00pa30BaHUM M MCTUPAHWU OKHCHBIX IUIEHOK TPYIIMXCS
noBepxHocTel MeTajuia. OOBIYHO OKHMCHBIE IIJICHKU HE CKJIOHHBI K CXBAaTBIBAHUIO (TaK KaK CBS3HM HACBILLEHBI),
U CKOPOCTh MX M3HOCA HE CBS3aHA C TBEPAOCTHIO OCHOBHOI'O MeTaiia. [ J1aBHOE — CONMPOTUBJIEHHE U3HOCY
caMuX IUIEHOK. JTOT MEXaHU3M XapakTepeH JUIsl MOJIIMITHUKOB KadeHWs. [J1aBHas poib B MOBBIIICHUU
M3HOCOCTOMKOCTH MPUHAJICKUT MIPABHIILHOMY BBHIOOPY CMa3KH.

OpPEeTTUHT-KOPPO3UsS TPOTEKAET IPU MaJbIX B3aUMHBIX MEPEMEIIEHUAX KOHTAKTUPYIOIIUX JeTalei B
pesynbrare BUOpanuii win ynpyrux nedopmanuii. OHa HAET B HECKOJBKO STAloB: CHayalla — HAKJIeT,
CXBaTbIBAaHUE COINPHUKACAIOLIUXCS MOBEPXHOCTEM Ha BBICTYIAX, pa3pylIEHUE OKCHUJHBIX IIJIEHOK; 3aTEM —
MEJUIEHHAs CTaJusl KOPPO3UOHHOTO MOBPEXKIEHUS ¢ 00pa30BaHUEM aKTHBHOM CpE/Ibl U3 BJIArM U KUCIOpOAa
Ha MOBEPXHOCTU OKCHUJOB M OBICTpPOE pa3pylIeHHE Ppa3phIXJICHHBIX CJIO€B. JTa CTaJHs COBEPIICHHO
Henonyctuma. [loBbIIEeHNEe W3HOCOCTOMKOCTH JIOCTUTaeTCsl MOBBIIEHHONW TBEPIOCThIO M KOPPO3UOHHOMU
CTOMKOCTBIO IIOBEPXHOCTEM.

W3HammBaHue MMEET TPHU SIBHO BBIPKEHHBIX AdTama: MpupaboTKa, MPOTEKArolias B OTHOCHTEIHHO
KOPOTKOE€ BpEMS CO 3HAYUTEIbHBIM HM3HOCOM; HOPMAJbHBIH W3HOC, MAYLIMH MENJIEHHO M MOHOTOHHO;
karacTpouuecknii u3Hoc. Ceiyac MOMy4alOT paclpoCTpaHEHHE TBepAble cMa3ku (Tpadur, ciona,
mucynbdua MonaubeHa), B KOTOPBIX MPOUCXOANT MOCIOWHOE CKOJIbKeHHE BemecTBa. Hanbonee ctabuibpHO
paboTaeT rpadur.

Bb160p H3HOCOCTOMKHMX MaTepUalioB AUKTYETCS MPEBATUPYIOIIUM MEXaHU3MOM H3HAIIMBAHMUS.
Pacuersr pazpaboranbl c1ab0, OAHAKO CYIIECTBYET HECKOJIBKO TpaBWi. Tak, MpH OJHOPOIHON Tmape



Heo0XxoauMa pa3HOCTh TBepAocTH He MeHee 10 exunut bpunenns. [Ipasuno [apnu qukTyeT HE0OX0IUMOCTh
WCIOJIBb30BAaHUS MOJIIMITHMKA M3 CIUIaBa C TeTEPOreHHOW CTpyKTypod Tuma 0abOurta. Ha Banm umHorma
pPEKOMEHIyeTCsl HAaHOCUTh TOHKHMM CIIOM JIerkomiaBkoro nokpeitus. HeoOxomumo Taxke obecrieuuBaTh
MOJIOKUTETIBHBIN TPATUCHT MEXaHUYECKHUX CBOMCTB IO TIIyOWHE JETald, T.e. YeM TIyO)ke, TeM IMpodHee
noibkeH ObITh MeTal. OpHako BBIOOp Marepualia HeJdb3s OTOpBaTh OT THUIA CMa3KH: 4YeM HaJexHee
CMa4yuBaHUE U yAEpPKAaHUE €€ HAa TOBEPXHOCTHU, TEM CHIIBHEE BIIMSIHUE HA CTOMKOCTb.

MeToabl yNpOYHEeHHUS MOBEPXHOCTEH eTaJieil.

B tpubortexnonorum, [5] B kauecTBe criocoda MOBHIIIEHUS! KAUeCTBA HECYLIETO CJIOS YKa3bIBAeTCs HA
TaKl€ BO3MO>KHOCTH Kak:

- 00pa3oBaHuE CJI0s WU IUIEHKUU3 BHICOKOIIPOYHOT0, KOPPO3ZUOHHO- WM U3HOCOCTOMKOr0 Marepuasa
13 MaTepHaa-OCHOBBI;

- yBEJIMYEHHE OMOPHOW MANUHBI NPOGUIs MOBEPXHOCTH MEXAHUYECKUMH, AJIEKTPOPU3NYECKUMU
MeETOJ1aMH, aliIMa3HO-a0pa3uBHOI 00pabOTKOM U €€ pa3HOBUIHOCTAMU; AIEKTPOXUMUYECKUM MOJTUPOBAHUEM;
BBITTIA)KMBAaHHEM ©  OOKaThIBAHMEM; CAaTHHUPOBAHHMEM B Tpolecce OOpabOTKU BpalIAIOLNIUMUCS
METAJUTHYECKIUMHU IETKaMHU; YMEHbBIIICHUE WU PETYIApU3alUsI3HaYeHUH IIEPOXOBATOCTH,

- YIOpo4HeHHE AePOpMalMOHHOE, IMOJydYaeTcs IyTeM OOpabdOTKH TMOBEPXHOCTHBIM IUIACTHUYECKUM
neGopMHpOBaHMEM WM IIyTeM BO3JCHCTBHA Ha TMOBEPXHOCTh MaTepHalla OCHOBHOTO MaTepualia
KOHUEHTPHUPOBAHHBIMH IOTOKaAMH 3HEPTUU WIH

- WU3MEHEHMs] XHMMHUYECKOTO0 COCTaBa IIOBEPXHOCTHM OCHOBHOIO MaTepuana B pe3yibTaTre €ro
MePEHACHIIIEHNS aTOMaMU MaTepuasa-ynpoYHUTENS — TOBEPXHOCTHBIM JIETUPOBAHHUEM;

- TepMO-YIPOUYHEHHE B CIEACTBHM JIOKATHHOTO TEPMHUECKOTO BO3JEHCTBHUS Ha CJIOH MOBEPXHOCTHU
OCHOBHOTI'0 MaTepHaa;

- C IOMOIIIHI0 KOMOMHHUPOBAHUSHU3IIOKEHHBIX METO/IOB.

MeTtoab!
NOBbIWEHUA
NOBEpPXHOCTHOM
M3HOCOCTOMKOCTH

ObvemHoe
Moaundukauua U3meHeHue U3MEHEHUe CBOWUCTB
NOBEPXHOCTH MUKPOTBEPAOCTU MoandUUMPOBAHHOW
NOBEPXHOCTH

N3meHeHue CBOUCTB
Kavecrsa
NOBEPXHOCTH

MeToapl yNpOYHEHHUsI MOBEPXHOCTH MaTepualia Wi 0ojiee IMUPOKOW MOAEPHHU3AIMU MOBEPXHOCTU
UCKJIFOUUTENIBHO Pa3HOOOPA3HbI 110 CBOEH NPHUPOJIE, U MHOTOYHUCIICHHBI.

B Tex cmywasx, Korzga BbICOKas TBEpAOCTb TpeOyeTcs He BO BceM O0beMe JeTalH, a TOJbKO Ha ee
MOBEPXHOCTH, IPUMEHSIOT MOBEPXHOCTHYIO 3aKaJIKy, Hanpumep, ¢ HarpeBoM TBY unu rasoruiaMeHHbIM
HarpeBoM. B mocieaHee Bpemsi HaualM NPUMEHATh U JIPYyTHe METOJbl MOBEPXHOCTHOTO YNPOYHEHUS,
HampumMmep, Ja3epHod 0O0pabOTKOHM, KOTr/a MOBEPXHOCTh METalljla MTHOBEHHO HAarpeBaeTcs 10 BBICOKOH
TEMIIEpaTypbl U TYT € OCTHIBAET M3-3a BHICOKOM TEIJIONPOBOJHOCTH MeTaylia. Bo3HHMKaeT TOHKUH cioi
3aKaJICHHOTO MeTaJla C WCKIIOYUTEIbHO MEJIKHM 3€pHOM M BBICOKOH TBepaOCThlO. D¢ dekTuBeH



MMOBEPXHOCTHBIN HArPEB MOTOKOM IIa3Mbl, UMEIOIIUM B IIeHTpe Temnepatypy 10 — 20 Toic. rpagycoB. Dddext
AQHAJIOTMYEH JIA3EPHOMY YIIPOUHEHHUIO.

Xumuko-tepmudeckas o0padotka (XTO) cocTOMT B TOM, YTO TOBEPXHOCTHBIE CJIOW H3JEIHN
HACBILIAIOTCS TIPU BBICOKOW TeMIepaType KaKUM-TUOO JIETUPYIOLUIUM 3JIEMEHTOM, MPUYEM €ro aToOMbl HE
MIPOCTO aATre3UPYIOTCS MOBEPXHOCTHIO, HO U MU PYHIUPYIOT BriyOb, HCKaXKasi KPUCTAJUIMUECKYIO PELIETKY U
MPOYHO 3aKperuisisic B Hell. Hambonee pacmpocTpaHeHbl: IEMEHTalUs, a30THUPOBAHHE, I[MAHHUPOBAHUE
(HUTpOLIeMEHTalMs), AJIUTUPOBaHHE, CUJIMLMPOBaHHE, XpomupoBaHue. [IpuMeHseTcs TaKke W
MHOTOKOMIIOHEHTHOE HaCBILIEHHE, 00ecleunBaroliee OJHOBPEMEHHO HECKOJIbKO 3(dexToB. Hanbomnbmas
MOBEPXHOCTHAs! TBEPJOCTh JAOCTUraeTCs MPU XPOMHPOBAHUU U OOPUPOBAHUH, KOPPO3UOHHAS CTOMKOCTH —
IIPY XpPOMHUPOBAHUM, HUKEIUPOBAHUU U CUIMLUPOBAHUH, OKATMHOCTOMKOCTh — IPU AJTUTUPOBAHUMU U T.[.
Craenyer umeTh B BHAY, yTOo XTO — 3TO mpoaoipKUTENbHAS U J0oporas o0paboTKa, a HOBBIE YCKOPEHHBIE
MIPOLIECCHI JAIOT MEHEE HAJIeKHbIE U XYK€ paboTarolue CIOH.

[ToBepxXHOCTHOE YIIPOUHEHUE MOXKET OCYIIECTBISATHCSI HAHECEHUEM MOKPBITHI METOJaMU XUMHUYECKOIO
1 pU3NYECKOro OCaXJACHUN, HOHHBIM YIIPOYHEHHEM, TEPMUUYECKIM U IJIa3MEHHBIM HambUIeHHEM. ToJuHa
MOKPBITUH NP Pa3INYHBIX METOAAX MOXKET KOJIeOAThCsl OT HECKOJIBKUX MHUKPOMETPOB 10 MUJLITUMETPOB.

HIupokoe MpOMBIIIICHHOE NPUMEHEHUE HAIIeNl METOJ XUMHYECKOTO OCAaXJAECHHUS U3 Ta30BOW (hasbl
M3HOCOCTOMKMX TMOKPBITUM Ha TBEPJOCIUIABHBIM HMHCTPYMEHT. DTO MOKPBHITHS Ha OCHOBE KapOHIIOB U
HUTPUJIOB THUTaHA, XpoMa M HUOOUS, a TAKXKE OKCHUJOB aJIOMUHHUS M HEKOTOPBIX JPYTUX COEIUHEHUM.
@DopMHUpPOBAaHUE OCYILIECTBIISAETCA OCAXIAECHHEM JI0 HECKOJIBKMX MKM B 4Yac M3 TIa30-BOH cpeabl IpHU
temriepatype 950...1000 °C. TlokpeiTus MOTYT OBITH OJHOCIOWHBIMH W MHOTOCIOWHBIMU. CTOMKOCTH
PEXYLINX IUIACTUH C MOKPBITHEM Bo3pacTaet B 3 — 4 pasa.

JpyruM TepCcHeKTUBHBIM METOJOM HAHECEHUS W3HOCOCTOMKUX TOKPBITUN SBISETCS HWOHHO-
IJIa3MEHHOE HAIbUIEHHWE B BaKyyMe. JTOT METOJ JaeT BO3MOXKHOCThH IMOJIy4E€HHUS MOKPBITUH € XOpolei
ajare3ueil, o0ecrneuynBaeT Maayto IUIOTHOCTh U PAaBHOMEPHYIO CTPYKTYpPY HOKPBITHI 0€3 MpelBapUTeIbHOM
OYHMCTKH M TIPOTPEBA, a TAK)KE PABHOMEPHBIE 110 TOJIIMHE OKPBITUS HA MHCTPYMEHTE J1000i KOH(UTYypanuu.
Haubonpiiee pacrnpocTpaHeHME NOMYYWIM MOKPBITUS W3 HUTPHUIA THUTaHa 30JI0THCTOro IBeTa. OHU
MPEINOYTUTENBHBl TSI MHCTPYMEHTAa M3 OBICTPOPEXKYIIMX cTaied Omarofapss CpPaBHUTEIBHO HHU3KUM
TEeMIEepaTypaM Ipolecca, HO IPUMEHSIOTCS U JUIsl MeTaJUIOKepaMUiecKuX cIuiaBoB. [Iporiecc MoxkeT ObITh
MHOTOKpPaTHO MOBTOPEH TMOCJ€ MEePeTOYKH MHCTPYMEHTAa, YTO TO3BOJSET YBEJIUYUTh CPOK CIIyKObI
nHCcTpymMeHTa B 15 — 20 pa3. [ng peanns3anuu MOHHO-IUIA3MEHHOTO HANbUICHUS OTEYECTBEHHOMN
MIPOMBIIIIJICHHOCTBIO CO3/IaHbl ycTaHOBKH THMa «bynar-3T», pabotatomue npu Temneparypax ot 200 °C u
BBIIIE. DTO MO3BOJISIET HAHOCUTH U3HOCOCTOMKOE MOKPHITHE HE TOJIBKO HAa MHCTPYMEHT M3 OBICTPOPEXKYIIEH
CTaJIi ¢ TeMIeparypoil oTmycka nociue 3akanku 520...540 °C, Ho 1 Ha UHCTPYMEHT U3 BBICOKO-YTJIEPOAUCTOM
MHCTPYMEHTAJIBHOM CTaIM ¢ TeMIepaTypoi ormycka nocie 3akanku 200...300 °C.

K HOBBIM ManoW3BECTHBIM TEXHOJIOTMYECKMM IIpPOLIECCaM  IOBEPXHOCTHOTO  YIPOYHEHMS
TBEP/IOCILUIABHBIX HHCTPYMEHTOB OTHOCHUTCS yJIbTPa3ByKoBasi 00padorka. CyIIHOCTb €€ COCTOUT B TOM, UTO
W3/IeNIe M3 TBEPJIOTO CIUIaBa mojiBepraercs yaapam c¢ dactorou 20...22 xI'n. B BoashpaMokoOanbTOBBIX
TBEP/bIX CIUIaBax IO/ JAEUCTBUEM YJIbTPa3BYKOBON 00pabOTKH OINpeaeIeHHOW MHTEHCUBHOCTH MPOUCXOIST
CTpyKTypHble wu3MeHeHUs. K mnpeumymiectBam Takoii 00pabOTKM MOXHO OTHECTH: 3KCIPECCHOCTb
(nmutenbHOCTh 00paboTku coctaBmsieT 30...150 c), BEICOKYIO MPOU3BOIUTENBHOCTD, HU3KYIO CE€0ECTOUMOCTD
Y 3HAYUTEIIHOE MOBBIIIEHUE CPOKA CITYKObI YIPOUYHEHHBIX U3/ENUil (CTOWKOCTh HHCTPYMEHTA BO3PACTaeT B
1,3...2,5 pa3za). AHanorn4ysslii 3p(hekT umeer MecTo U pu 00pabOTKe CTaJeH.

He meHee omacHbIM OKa3bIBAa€TCsl U SBJIEHUE KOPPO3UU, KOTOPYIO MOJPA3AEISAIOT HA XUMHUYECKYI0 U
ANMEKTPOXUMHUYECKYT0. M3BecTHO, 4TO KOppo3us yHocHT B o oT 10 10 30 % Bcero g00pIBaeMOT0 MeTasia.

XuMuyeckass KOppo3us — 3TO XMMHUYECKOE B3aMMOJICHCTBHE MaTepualia C OKPYXKAaIOIIEH CpeloH,
Belylllee K paspylleHuto marepuana. [locKoiabKy MpOIYKThl OKHCIEHHUS OCTAlOTCS HAa MOBEPXHOCTH, TO



nporecc OOBIYHO 3aTyXaeT, MPOMCXOAUT MaccuBaius. OOpa3yromascs Ha MOBEPXHOCTH IUICHKA B psJie
cilydaeB 00ecreyrBaeT HAASKHYIO 3aluTy. Takas IIeHKa XapaKTepHa A 0JaropoJHbIX U psla HBETHBIX
METaJlJIOB.

INopa3no onacHee oka3bIBaeTcs 3JIeKTpoXuMuieckas kopposusi. Ee cxemy MokHO npesictaBuTh Tak. [Ipu
MOTPY>KEHUH METajula B JKHIKYIO Cpely €ro aroMbl HAaUMHAIOT MPUTATUBATHCA K aTOMaM XHUAKOCTU M
MepPexXo/IAT B Hee. DIIEKTPOHBI OCTAIOTCS B METalljIe, BhI3bIBas OTpULIATENbHBIN 3aps. [locie Toro kak 3apsy
JOCTUTHET OIPEJEICHHON BEIMYMHBI, HACTYyNAaeT PaBHOBECHE MEKIY YXOISAIIMMH U BO3BpALIAIOIIMMUCS
noHamu. Hakien, nckaxarommil KpucTaJuIMYECKyI0 PeLIeTKy, 00JIeryaeT yXxo/l HOHOB, YCKOPSSl KOPPO3UIO.
Honam nerue yxXxoauTh C BBICTYIOB, 4eM M3 BHaauH. [lo3TomMy BO BIaguHaX BO3HUKAET IOBBILICHHAS
KOHLIEHTpAaLMsl MOHOB, & BO3HUKAIOLIAs MOJISIpU3aliis IPUBOAUT K HAKOIUIEHUIO MOHOB BOJOPO/ia UMEHHO B
SIMKaX, TaK KaK OHM yJIQJISIFOTCS U3 IMOK TpyHee. TaM 3JIEeKTPOJIUT CTAHOBUTCS OYEHD «KUCIIBIM», U KOPPO3US
pe3ko ycuiuBaercs. UYem Bbllle IpeOEIIKM Ha IMOBEPXHOCTH MeETajula, TeM Oosnbllie OyIeT pa3HOCTh
MOTEHLIMAJIOB Ha BEpUIMHAX M BIAJWHAX M TE€M CHJIbHEe HjeT Kopposus. OTCrofa BBITEKAaeT Ba)KHOCTb
FeOMETPUUECKON XapaKTepUCTHKU KauecTBa IMOBEPXHOCTH MeTajljia JUIs TOBBIIIEHUS KOPPO3UOHHOM
CTOMKOCTH.

3amyra METaJJIOB M CIUIAaBOB OT KOPPO3UM OCYILECTBISETCS Pa3Nu4HbIMU criocobamu. ITokpeiTne
MeTaJula IpyruMH, 0oJiee CTOMKUMH MeTaju1aMu, 3(PGEKTUBHO TOJIBKO MIPU YCIOBUH LEIOCTHOCTH 3aIUTHOTO
ciosi. [Ipumenenue onoBa, cepedpa, 30JI0Ta U XpoOMa B CiIydae MOSBICHUS B 3AIIUTHOM CIIO€ TPELIHHBI
MIPEBPALIAET CIIUT» B OPYKHE KOPPO3UHU. A IPUMEHEHUE TAKUX METAJIJIOB, KaK LIMHK U KaJMH, OKa3bIBACTCS
3¢ ()EeKTUBHBIM U MPU HAPYIICHUH CILIOIIHOCTHU CJIO0S, TaK KaK BOSHUKAET rajbBaHONapa 00paTHOro 3HaKa, U
[I0Ka Ha IIOBEPXHOCTH CTAJIA €CTh JOCTATOYHOE KOJMYECTBO LIMHKA, KOPPO3HUSI OCHOBHOI'O MaTepHalia He UJIET.

OdyeHb yCTOWYMBBI SMaJH, T.€. TOPSAYNE MOKPHITHSA, MTOTydYaeMble OT)KUIOM CIIELUaIbHOTO COCTaBa, U
OKCHUJIbl HATpuf, Ka-THs, alllOMUHUS, OOpHBIM aHruapua u ¢rTop. OmHaKo TpyLIHecs U yIapsronmecs
MIOBEPXHOCTU TOKpBIBaThb OHMAJIAMHU Henb3s. I  3alMThl HIMPOKO MPUMEHSIIOT TaJlbBAHUUYECKOE
XpPOMHUPOBAaHUE, HO XPOM HE JAET IUIOTHOTO CJIOs, B PE3YJbTAaTE YEro IMPOUCXOAMT KOPPO3Us OCHOBHOIO
Metaa. [To3toMy npuxoauTcsi NPUMEHATh MHOTOCJIONMHBIE MOKPBITHS, HAPUMED, MEIb-XPOM WIH MEJb-
HUKEb-XpOM. Y TpYLIUXCA JleTalel cyMMapHas TOJIUHA TOKPBITHS J0JKHA MoBbIIATHCS ¢ 20 10 60 MKM.
TBepoe MokpeITHE XPOMOM 00€CIIEYUBAET XOPOIIYI0 H3HOCOCTOMKOCTD.

Jlig 3amuThl NpyXUH MPUMEHSITh METAJUIM3AIMI0 HENb3s, TaK Kak JIMOO paspyliaeTcst clioi, Jubo
CHIDKAeTCsl BRIHOCIMBOCTG. [IpykuHbI moaBeprarorcs GochatupoBaHuio, Mocie Yero UX HEMPEMEHHO HaJo
okpacuth. Heckonbko ciabee neHCTBYeT OKCHAMpPOBAaHUE (BOPOHEHHUE), KOTOPOE MaeT YEPHYI0 WIH
CHUHEBaTYyI0 TUIeHKY TommuHoi 0,6 — 0,8 Mxm. Ero BeayT 6o B xumudeckom pactsope nipu 120 °C., nu6o
HarpeBaHWeM TOHKOI'O MAacCJsIHOTO CJOS.

Haubonee HanmexHble NOKpBITHS monydaloT MeTtogamu XTO (a3oTupoBaHME, XPOMHUpPOBAHHE,
HUKenupoBaHue). OCHOBHOM MX HEIOCTATOK — OHU JIOPOTHUE U TPYAOEMKHUE.

Jis yMmeHbIIEHUsT KOPPO3MM IPUMEHSIOT BCEBO3MOJXKHBIE KpPackh M JaKd, LIUPOKO HCIIONb3Ys
CUHTETUYECKUE IUICHKOOOpa3yrolue, U HAHOCAT MOJUMEpHble IeHKH. OXJaxJallyl0 BOAY MOXKHO
HCIIOJIb30BaTh KakK HWHIHOUTOp, KOTOPBI YyMEHBIIAeT KOPpPO3MOHHOE Bo3neicTBue. [lns GoprObl C
ANEKTPOXUMUYECKON Kopposuel emie J[9BU Mpemiokun METo[l MPOTEKTOPHON 3allUThl MEIHON OOIIWBKHU
kopabneii (1824 r.), cocrosiel B TOM, YTO Ha MEAHYIO OOIIMBKY MOABEIINBAIOT IUHKOBBIC WIIH KEJIC3HbIE
IIPOTEKTOPBI, BBICTyNalOIIME B KauecTBe aHoja. Celfyac MpOTEKTOPBI JENA0T U3 MarHueBo-ro criasa MJI-4
Maccoit ot 5 10 20 kr. Cpok ux ciayxO0bl — 5 neT. Tak 3amuniaT noa3eMHble TpyOOnpoBOAbI, IIMCTEPHBI U
KECCOHBI.

Haubonee panukanbHbIi METO] OOPHOBI ¢ KOPPO3HUEH — MPUMEHEHUE COOTBETCTBYIOIIMX MAaTEPHAJIOB,
HarpuMmep, HepkaBeromux crajeil. Ceituac 3T0 TU00 XPOMHUCTBIE CTAIM MAapTEHCUTHOTO WM (DeppUTHOTO
KJ1acca, 1100 XpOMOHHKENINEBbIE CTaIH ayCTeHUTHOTrOo Kiacca. Hannuue 11,6% xpoma B ctanu obecrieunBaeT



CIUTOITHOM 3aIlIUTHBIN CIIOH, 00pa3ys IUIEHKY, IJIOTHO 3aKPBIBAOIIYIO MOBEPXHOCTh. OTHAKO MEXaHHUUYECKHUE
CBOWCTBa TaKoro JierupoBaHHOTO (hepputa HeBbicokH (mpenen npoynoctu 600 — 700 Mlla). IToBbienue
conepxanus yriepoaa 10 0,3% yBenuuuBaeT NpOYHOCTh U TBEPOCTh CTAIH, CHUXKAs €€ TUTACTHYHOCTh BBULY
repexojia CTajdu B MapTEHCUTHBIN Kiacc (mpenen mpounocTt a0 1700 MIla). Takue cramu mpuroaHsl s
PEeXyIIEero UHCTPYMEHTa, HO MMEIOT MOHMKEHHYIO KOPPO3MOHHYIK) CTOMKOCTb, BBUAY TOIO, YTO YTJIEPO.
OTBJIEKAET YacTh XpoMa Ha 00pazoBaHuE KapOUIOB.

Hausbicmiasg croiikocts pocturaercs y crtanu 0X13 B nommpoBaHHOM cocTosHHMU. Ecinu ke ee
MOBEPXHOCTh TOJBbKO HUIM(OBaHA, TO CTOMKOCTh OKAa3bIBAa€TCs HE HAMHOIO BBIINIE, YEM Yy MPO-CTOH
yriaepoauctoil cranu. [103ToMy B OTBETCTBEHHBIX CIyyasiX, OCOOCHHO B TPONMYECKOM KJIMMATe, CIEIyeT
MIPUMEHSTh CTald ayCTEHUTHOIO Kjacca, T.€. JIONOJHUTEIbHO JIETUPOBAHHBIE €IIE U HUKEJIEM,
pacMpsONMM 00JIaCTh CYIIECTBOBAHMS TaMMa-kenes3a. [IoCKoIbKy pacTBOPUMOCTH JIIOOBIX MpHMeceil B
ayCTEHUTE BO MHOTO pa3 BhIIIE, 4eM B (heppuTe, Takue cranu nocie 3akanku npu 1100 °C B Bojge u oTimycka
umeroT npeaen npoyHocty 550 MIla u o4eHb BBICOKYIO KOPPO3UOHHYKO CTOMKOCTh B KHCJIOTax M MIEI0Yax.
JIns nanpHEWIIero MoBBIIIEHUS UX CTOMKOCTH MPUMEHSIOT JOIOJHUTENIbHOE JerupoBanue 1% TutaHa min
HUOOUS, KOTOpBIE, IPUCOETUHSS K ceOe yriepo, NPeaoXpaHsoT XpOM OT y4acTusi B KapOug000pa3oBaHuU.
JepuuuTHBIN HUKeNb ceifuac cTaparoTcs 3aMEHUTh MapraHileM, HO MPH 3TOM CHH)KAIOTCSI TEXHOJIOTHUYECKUE
CBOICTBA U NaAAeT MJIACTUYHOCTb.

B Tex cnyuasx, Korja OKa3bIBa€TCSi HEBO3MOXKHBIM IIPUMEHSTH JaK€ HEP)KABEIOILYIO CTajb,
IIPUMEHSIIOT LBETHBbIE CIUIABbl THUIA JIaTyHW, OpOH3bl, TuUTaHa. KpyIlHblE OTIMBKU C IOBBIIIEHHOMN
KOPPO3UOHHON CTOMKOCTBIO M3TOTOBJISIOT U3 JIETMPOBAaHHBIX YYTyHOB, coiepxamux 10 — 15% nukens u
Xpoma.

I'naa 3. IHHOBALIMOHHBIE TEXHOJIOT'MHU
3.1. TexHOJIOTMYECKUI MPOLIECC U €r0 COCTABJISIONIE

Pa3zpabotka mexnonocuueckux npoyeccog (TII) BXOOUT OCHOBHBIM pa3[eioM B TE€XHOJOTHYECKYIO
MOITOTOBKY IPOM3BOJICTBA M BBIMIOJIHAETCS HAa OCHOBE MPUHUUINOB «EIMHON CHUCTEMBI TEXHOJIOTMYECKOM
noarotoBku mpousBoacTBay (I'OCT 14.001-83). TII paspabaTeiBacTCsi ¢ HCIOJIB30BAHUEM HMEIOIIETOCS
tunoBoro wiu rpynmnosoro TII. ITpu orcyrcTBum TakoBbix TII pa3spabaThiBaeTcs Kak €AMHUYHBINA, C YIETOM
paHee MPUHSATHIX IPOTPECCUBHBIX PELIEHUH B JEHCTBYIOUX efMHUUHbIX TII-anamorax.

bazoBoii ucxonnoit unpopmanueit s npoekruposanus TII cimyxkat: paboune depTeku HU3IeNUsd B
ANIEKTPOHHOM BHJIE WJIM B TBEPAOW KOIMHU, TEXHUUYECKUE TPeOOBaHMsI, 00bEM I'0OJJOBOIO BBITyCKa M3IENINH,
Hajuuue o0oOpy0BaHUs U OCHACTKHU.

3aroToBKa BHIOMPAETCS WK MPOEKTUPYETCS UCXOAS U3 COOOpaKeHUH, TPEICTABICHHBIX B CIIEIYIOIIEM
paznene. [Ipu HeoOXoIMMOCTH MTPOBOAUTCS TEXHUKO-IKOHOMUYECKOE 00OOCHOBAHHE.

MapuipyTHasi TEXHOJIOTHUS MOAPA3yMEBAET BCIO 00pabOTKy OT 3arOTOBKH JI0 TOTOBOM JIeTalIH, pa3OuTyo
Ha Omepaluu, CIeIyIollre MocienoBaTenbHo. s Kakaoil omepanuu BeIOMpaeTcs 0O0OpyIOBaHUE U
TEXHOJIOTHYECKasi OCHACTKa (TMpHUCIOCOOIeHNs, 00pabaThIBAIONINI U U3MEPHUTEIbHBIN MHCTpyMeHT). [lpu
OTCYTCTBUM HEOOXOTUMON OCHACTKH O(QOpMIISETCS 3aKa3 Ha ee MPOEKTUPOBaHME U M3roToBieHue. llpu



pa3paboTKe OIeparioHHOW TEXHOJOTHH BBIOMPAIOTCS TEXHOJIOTMYECKHE 0a3bl M CXEMBbI 0Oa3upOBaHUS.
[IpuMeHSIOTCSL IBE CHCTEMBbI YCTAaHOBOYHBIX 0a3 — OCHOBHBIE 0a3bl W YEepHBIC 0a3bl, UCIOJIb3YEMBIC IS
0asupoBaHus Ipu 00pabOTKE OCHOBHBIX 0a3.

Ha nepBbix ogHOM-ABYX OmepanusXx MapUIpyTHOW TEXHOJIOTHHU MPHU 0a3MpOBAaHUU MO YEPHBIM Oa3zaM
00pabaThIBatOTCsl OCHOBHBIE TEXHOJIOTHYECKHE Oa3bl.

[TpakTruecku 11000 TEXHOJIOTMUYECKUN MPOIIECC U3TOTOBIICHUS JIEMEHTOB M3/ENusl, Jake CpeaHei
CJIO’KHOCTH, — 3TO MHOTOATAITHBIN MPOLECC, BKIIOYAIOIINNA TEXHOJIOTHYECKHUE ONepaliy, 0a3upyromumecs Ha
pasubix @3. 3nech U pa3HOOOpa3Hble BUABI JIE3BUIHON 00paboTku (ToueHue, (ppezepoBaHUe, CBEpIICHHE,
CTpOTaHue U T.1.), a0pa3uBHON (UUIM(OBAHME, XOHUHTOBAHHE, MOJIUPOBAHUE U T.J.), DIEKTPOPUINIECKUX
(311€KTPO3PO3HOHHAA, I1a3MeHHasl, aHOJTHO-MEXaHUYecKasl, yJIbTPa3ByKOBas, Ja3epHast) u
JIEKTPOXMMUYECKOH, TUTACTHUECKUM JepOpMHUpOBaHUEM (HAKaTKa, pacKaTKa, JOpHOBaHUE, TEPMO(HKCALINs)
Y MHOTHE Ipyrue BUIbl 00padoTku. CyIIHOCTh ATHX MPOIIECCOB OyI€T paCCMOTPEHA B TIOCIICTYIONTUX YACTAX
Kypca.

Bce oHu oOBbenMHEHBI €IUHBIM TEXHOJOTHUYECKUM IMPOIECCOM M IMpelyCMaTpUBAIOT IpeBpalleHue
3aroTOBKHM B TOTOBBIN ISl COOPKU DJIEMEHT W3JEHs MPH MOCIeA0BATEIbHOM M3MEHEHUHU OT ONepaluu K
ormepanyy ero TOYHOCTH pPa3MEpOB, KauyecTBa MOBEPXHOCTH U  (U3HKO-MEXAaHMUYECKUX CBOWCTB
KOHCTPYKIIMOHHOTO Matepuaia. OCHOBHBIE XapaKTEPUCTHUKH TMPOIECCOB MEXaHHMYECKOH 00paboTKu
MaTepHAaJIOB MPEJICTaBICHBI B Ta0II. 2.4.

B cootBercTBUM ¢ enuHOM cuctemoil TexHonormdeckor noxkymenrtauuu (ECT/l) texnomormueckue
omepanuu HyMepytoTces yuciamu yepes S wim 10 (5, 10, 15, 20 u 1.4. wim 10, 20, 30, 40 u 1.1.).

¥YcranoBbl 0003HavaloTCst OykBaMm pycckoro andasuta (A, b, B u T.1.), a nepexoasl — uudpamu,
HauuHas ¢ 1 (1, 2, 3, 4 u 1.4.). TexHonorudeckuii mporecc opopmisieTcss Ha cenuaibHbIx O1ankax ECT/]
JUIS. MapIIpyTHOW, MapHIPyTHO-ONEPAlMOHHOW M ONEpPAlMOHHON TEXHOJOTH B 3aBUCHUMOCTH OT THIA
IIPOM3BOJICTBA. Pa3nnuaroT eqMHUYHOE, CEpUITHOE U MAaccOBOE NMPOU3BOJCTBO M3aenui. Ilpu enuHMuHOM
MIPOM3BOJICTBE U3/ACTHUS H3TOTABIMBAIOTCS SIUHUYHBIMH SK3EMILIIPaMU, TOBTOPSEMOCTh KOTOPBIX peliKa UITH
OTCYTCTBYET. B cepuifHOM Mpou3BOACTBE U3AENNs U3rOTAaBIMBAIOTCS CEpUSMU UM napTusiMu. KonnuecTBo
W3JIeIUH B IAPTUH OIIPENESAETCS B 3aBUCUMOCTH OT XapaKTepa CEpUHHOro Mpou3BOACTBA (MEIKOCEPUIMHOE,
cpenHecepuiiHoe, KpymHocepuitHoe). [Ipn MaccoBOM MpPOM3BOJCTBE 3a KaXAbIM pabOYMM MECTOM
3aKpETISieTCs OJIHA TOCTOSIHHO OBTOPSIIOMIASICS (B TEUEHUE OMPEIEIIEHHOT0 KaJIeH1apHOT0 CPOKa) OTeparusl.

[TocTpoeHre MapuUIpyTHOM TEXHOJOTHHM BO MHOTOM 3aBHUCUT OT KOHCTPYKTHBHO-TEXHOJOTHYECKUX
0COOCHHOCTEH 3JeMeHTa U3/eus U TpeOOBaHUN TOYHOCTH U KadecTBa, MPEAbABISEMbIX K €r0 OCHOBHBIM,
HamOoJee OTBETCTBEHHBIM MOBEPXHOCTSAM. JIJii OCHOBHBIX MOBEPXHOCTEH C Yy4ETOM TOUYHOCTH BBIOPAHHOM
3arOTOBKH U JOCTIKUMBIX KOI()(UIIMEHTOB yTOUHEHHs Mpu 00pabOTKe BBIOMPAIOT METO/Abl 00pabOTKH,
Ha3HAYalOT YHUCIO U MOCIEA0BATEIbHOCTh BHIMIOJIHIEMBIX IEPEXOA0B, ONMPEACIAIOT COJAEPKAHUE ONEpalUil.
Mecto 00pabOTKM MEHEe OTBETCTBEHHBIX IMOBEPXHOCTEH OMpeenseTcss KOHKPETHBIMH YCJIOBUSMHU U HE
SABIISICTCS TPUHIMITAAIBHO BaXHBIM. Eciam 00pabOTKy ATHX MOBEPXHOCTEH MO PACIHOJIOKEHUIO M BUAAM
MIPUMEHSIEMbIX MHCTPYMEHTOB MOXKHO BIIMCAaTh B OCHOBHBIE ONEpalliy, TO €€ BKIIYAIOT B COCTAaB 3THUX
orepalyii B KauecTBe MePEX0/10B, BHITOJIHIEMbIX HA YEPHOBOM M YUUCTOBOU CTaAUAX 0OpaOOTKH.

B wmapmpyTHOH TexHONOrmM B Tpolecce 0oOpadOTKH MPeayCMaTpUBAETCSd KOHTPOJIb C IIENBIO
TEXHOJIOTHYECKOro o0ecreueHusl 3aJaHHbIX MapaMeTpoB KadecTBa 00pabaThIBAEMOTrO 3J1€-MEHTa W3JAETHS.
TexHoNIOT ycTaHABIMBAET OOBEKT KOHTPOJIS U €r0 MECTO, 0OpaliaeT BHUMAHKUE Ha OMEpaIiy, IpU KOTOPHIX
TOYHOCTh OOeCTieunBaeTCsl Haubojee TPy IHO, Ha3HAYaeT METOJIbI M CPEACTBA KOHTPOJIS, IPH UX OTCYTCTBUH
BBIJIAET 33JJaHUE HAa UX KOHCTPYHPOBAHUE U U3TOTOBJICHHUE.

[Ipn npoekTUpoBaHMM HOBBIX MPOU3BOACTB B OCHOBE TEXHOJIOIMUECKHX pPa3pabOTOK U BbIOOpa
000pyIOBaHUS JOJKHBI HAXOJIUTHCS TPOTPECCUBHBIA (TUIMOBOM win eauHudHbld) TII u  TexHuKo-
SKOHOMUYECKHE 000CHOBaHUA, MOJITBEP K IAIOIIIE BBI-TOJIHOCTb IpPUMEHEHUs HOBOTO



BBICOKOTIPOU3BOJUTEIBHOTO 00OPYZOBaHUs, CIOXKHBIX U JIOPOTOCTOSIIIUX CPEACTB TEXHOJIOTHYECKOTO
ocHaiieHus. Ha geficTByOMUX NpeanpusaTHIX HEOOX0UMO YUYUTHIBATh UMEIOIIeecss 000pYy0BaHUE, OTHAKO
3TO HE JIOJDKHO OKAa3bIBaTh PEUIAIONIETO BIHMSIHUS Ha pa3padaThIBaeMblil TEXHOJOTHUECKUI MpOIecC, eCin
yCIJIOBUS ITPOU3BOJICTBA (HAMpUMEp, YBEIMUEHHBIH 3a CUET MPOU3BOJCTBEHHOIO KOONEPUPOBAHUS TOJ0BOM
BBIITYCK) 00ECHEYMBAIOT PALMOHAIBHOE MCIIOJIb30BAHUE CIELMAIBHOTO O0OPYAOBaHUS, JOCTH)KEHUE
BBICOKOW IIPOM3BOIUTENBHOCTH TPY/A, CHHKEHHE C€0eCTONMOCTH MPOYKIHH.

[IpoexkTupoBaHME TEXHOJIOTMM — 3a7aya MHOTOBAapMaHTHAs; BapUaHTBl OLIEHUBAIOTCS IO
IIPOU3BOJIUTEIBHOCTH U Ce0ECTOMMOCTH, PYKOBOJCTBYSACh TEXHMKO-DKOHOMUYECKHMMH HPUHIMIIAMHU
IIPOEKTUPOBAHHUS, UMES B BUY MAKCUMAJIbHYI0 3KOHOMHUIO BPEMEHHU U BBICOKYIO IIPOU3BOAUTEIBHOCTb.

TexHOIOrHYECKUE MPOIIECChl 00Pa0OTKM TUITOBBIX JA€Talel MAITMHOCTPOCHUS (BaJIbl, BTYJIKH, (DIaHIIbI,
3yOuaTble KoJieca, pblYar, KOPIyCHBIE JETadd WU T.J.) MPEICTaBICHbl B CHEIHMAIbHON TEXHOJIOTUYECKON
auTeparype (CM. CIMCOK JTUTEPATyphl B KOHIIE METOAMYECKOro mocodus [1, 9, 10]).

[Ipu pa3paboTke TEXHOJOTUU COOPKM U3JENHUS PAacCMATPUBAIOTCS BO3MOKHBIE BapUaHThl €€
[10CJIe10BATEIbHOCTH, IIPU KOTOPBIX FapaHTUPYETCS MOJIy4YEeHUE U3JIeNIni ¢ TpeOyeMbIMU OTPEOUTENbCKUMU
cBoiicTBamMu. MlcxoaHbIMM TaHHBIMU 17151 IpoekTupoBanus TII cOopku sABIAIOTCS COOPOUHBIN UePTEkK U3TETUL
B 3JICKTPOHHOM BH/I€ (BKJII0OYasi 00bEMHOE H300paKeHUE Y3JI0B U JeTale, T.H. «PacChIIyXy») U B TBEpAOH
KOIIMH, TEXHUYECKHE YCIOBUS €ro UCIBITAHUN U IPUEMKH, IPOTPaMMY BBIITyCKa U3ACIUI U IpernonaraeMyto
JUTMTENTLHOCTD BBIMTyCKa U3/1euii B roaax. Llenp TexHonorndeckux pa3paboTok — IaTh MOAPOOHOE OMMCaHHE
IpoIeccoB COOpPKH, BBIIBUTH HEOOXOIMMBIE CpEJICTBA IPOM3BOJACTBA, IUIOUIAIU, pabouyro Ccuiy,
TPYJOEMKOCTh 1 C€0€CTOUMOCTh COOPKH U3/1ETHSI.

s ycTaHOBIIEHUS! IOCIIEOBATEILHOCTH COOPKM HEOOXOJMMO YTOYHUTH CIY>KEOHOE Ha3HAaueHUe
u3Jenus, NpOaHaJIM3UpPOBAaTh TEXHUYECKHE TpeOOBaHMS M BbIOpaTb METONbl JOCTHKEHHUS TOUYHOCTHU
3aMBIKAalOIIMX 3BEHbEB. Pa3nuyaroTr MeToAbpl COOpKM TNpU  TOJHOW, TPYNIOBOH MM HENOJIHOH
B3anMo3aMeHseMocTu. [Ipu mpon3BoICTBE HEB3aMMO3aMEHAEMBIX M3/I€IMIA Ha MOCIEI0BATEIBHOCTh COOPKU
BIIMSIIOT TPUTOHOYHBIE Pa0OTHI, MPOMEXYTOUHbIE pazbopka W cOOpKa COEIMHEHUH, IOMOJHUTENbHAS
00paboTKa, OYMCTKA U KOHTPOJIb 3JIEMEHTOB U3IENHSL.

s ycnoBuil cOOpKM B Pa3iIMYHBIX MPOMBIIUIEHHBIX OTPACisiX MOTYT MpEeayCMaTpUBaThCsl METOJIbI
CTallMOHApHOM M KOHBeWepHOW cOopku. CramuoHapHas cOOpka IMperycMaTpuUBaeTCsl MpU MPOU3BOJACTBE
KpyHHOTaOapUTHBIX M3/ETUI C HCIOIb30BAaHHUEM OCHACTKM B BHJIE T.H. CTamesie. DJIEeMEeHThbl W3JeIHs
MOJIAIOTCSI OCTIEI0BATENbHO K MECTY COOPKH B OIpEIeNICHHON TeXHOJIIOTHYECKOI rmocienoBareabHOCTH. [lpn
KOHBeMepHOH cOOpKe oIpe/ieIeHHbIe ONepaluy 3aKPEIUIeHbI 3a OTJEIbHBIMU pa00uNMHI MECTaMH, K KOTOPBIM
MocJe10BaTeIbHO MOAAETCs coOUpaeMoe n3elue.

HcnbiTanue coOpaHHBIX W3JAENUH — 3aKIIOUUTENbHAs KOHTPOJIbHAS Omepaius KayecTBa UX
M3roToBNEHUs. M37emusi NCIBITRIBAIOT B YCIOBUSX, NMPUOIIKAIOMIMXCS K AKCIUTyaTallMOHHBIM. Bce Buabl
WCTIBITAHUN MOYKHO CBECTH K MPUEMOYHBIM, KOHTPOJIBHBIM U CTIEIUAIBHBIM. [Ipy IPpUEeMOYHBIX NCTIBITAHUAX
BBIABIISIIOTCS (DAaKTUUECKUE IKCIUTYaTallMOHHBIE XapaKTEPUCTUKU U3/eNus (TOYHOCTb, TPOU3BOAUTEIBHOCTS,
MOIIIHOCTb, 3aTpaThl JHEPTUH U T.II.), a TaKXK€ MPABUIBLHOCTh PA0OTHI Pa3INYHBIX 3JIEMEHTOB U YCTPOMNCTB.
KOHTpONbHBIM UCTIBITAHUSM MOJBEPraloT U3JENUs, Y KOTOPhIX paHee ObUIM OOHapyskeHbl nedektol. [Ipu
0c000 BBICOKMX TpeOOBaHMAX K M3AEIHSAM HX IOJBEPraloT mnocie cOopku oOkaTke. 3aTeM pa3douparoT
(YaCTMYHO WM TOJIHOCTBIO), MPOBEPSIIOT COCTOSIHUE 3JIEMEHTOB, BTOPUYHO COOMpPAIOT M IOJABEPraroT
KPaTKOBPEMEHHBIM KOHTPOJIBHBIM HCHBITaHUSAM. CIienualibHble MCIBITAaHUS BBIMONHAIOT ISl W3yYeHUs
M3HOCA, TPOBEPKH 0€30TKA3HOCTH PAOOTHI OTAEIBHBIX 3JIEMEHTOB, YCTAHOBIICHHUS IPUTOAHOCTH HOBBIX MapOK
MaTepuaJoB M UCCIENOBaHMs Apyrux sBiaeHUM. CrHenualbHble HCHBITAHUS OTIMYAIOTCS OOJIbIION
JUTMTENTFHOCTRIO0. MIX porpamMma pa3padaTbIBaeTcsi B 3aBHCHUMOCTH OT IEJIM MTPOBEACHUS UCTIBITAaHUH. Takum
UCHBITAHUAM IIOABEPIalOTCS HE TOJIBKO COOpaHHbIE M3AEIHs, HO U MX OTHENbHBIE JIEMEHTHI (KOpoOKH



nepcaad, BOAAHBIC U MACJIIHBIC HACOChI U T.I[.). Hcnerranus IMPOBOJATCA C UCIIOJB30BAHUCM CIICHUAJIBHBIX
CTCHIOB U KaMcEp.

3.2. OcHOBHbIE METO/bI NMOJYYEeHUS 3aT0TOBOK JieTaJiei

TexHOMOTUYECKH TpolecC MPAKTUYECKH B JFOOOM OTpaciud MPOMBIIUICHHOTO MPOU3BOACTBA
CKJIa/IbIBAETCSl U3 TPEX OCHOBHBIX 3TAllOB: M3IOTOBJIICHHE 3arOTOBOK, M3TOTOBJIEHHE 3JIEMEHTOB HW3JEiHs,
coopka. OTnenbHbIe 3TaIbl MOTYT OBITh 00bEIMHEHBI, HO 3TO CKOPEE UCKIIIOYEHHUE, YEM MPABUJIO.

J1s kauecTBEeHHOTO (hYHKIIMOHUPOBAHUS 3arOTOBUTEIIBLHOTO TPOU3BO/ICTBA OUEHB Ba’KEH COBPEMEHHBII
MOJX0/ K MPOEKTUPOBAHUIO 3arOTOBKH C TOYKH 3PEHHs ONTHMM3ALUU CEOECTOUMOCTH €€ M3TOTOBJICHUS C
yueToM o0bema nocieayouiei 0opadoTku 1 ko3¢ duuuenta ucnoabzoBanus Marepuana. Heoo6xoaumo takxke
YUUTBIBATh U 00BEMBI BBIITYCKa MPOAYKINH, TAK KaK OT 3TOTO B CYIIECTBEH-HOM CTENCHH 3aBUCHUT MOJIXOM K
IIOCTPOEHUIO TEXHOJIOTHYECKOro npolecca. CokpalleHue pacxoja METAIOB U JPYIMX KOHCTPYKIIMOHHBIX
MaTepuajgoB JIOCTUraeTcss IMyTeM Hux Oosiee 3(PGEKTUBHOIO HCIOIb30BaHUS, MPUMEHEHUSI IPU
MIPOEKTUPOBAHUM HOBBIX HU3JEIUNA NPOTPECCUBHBIX DEIIEHUM, a TaKKe COBEPILIEHCTBOBAHHUS METOJIOB
00pabOTKH MaTEepHAJIOB.

3HAYUTENBHOE COKpAllleHWE pacxoja MAaTepHalioB MOXET OBITh JOCTUTHYTO NpU IEpexone Ha
IPUHLMIIAAIBHO HOBBIE TEXHOJIOTMYECKHUE IIPOLIECCHl HM3IOTOBJIIEHHS 3aroTOBOK, pa3MeEpbl KOTOPBIX
MaKCHMaJllbHO MPHUOIIKAIOTCA K pa3MepaM TOTOBBIX AeTa-neil. CokpalieHne IpUuilyCKOB Ha MEXaHUYECKYIO
00paboTKy, B CBOIO OYepellb, CBS3aHO C IOBBIIIEHUEM TOYHOCTHU 3arOTOBOK M YMEHBIIEHHEM TOJIIHMHBI
Ne(GEeKTHOTO TOBEPXHOCTHOTO CIJIOsl. TEXHOJOTHS MajlOOTXOJHOTO IMPOU3BOJCTBA CIIOCOOCTBYET TaKKe
MHTEHCU(UKAIINN MEXaHUYECKOH 00pabOTKH, TaKk KaK B pSAAE CIy4aeB MOTYT OBITh MCKIIOYECHBI YEPHOBBIC
omepanuu (ToueHue, 3yOodpe3epoBaHHE U APYTUE), KOTOPHIE C YCIEXOM 3aMEHSIOTCS CHUIIOBBIM
nuii@oBaHuEM WM UHOW YMCTOBOM 00pabOTKOM C BBICOKUMU pe-KUMaMH pe3aHusl.

[To mMepe ycioxHEHHS KOHPUTYypalUd 3arOTOBKH, YMEHbBIIEHUS MPUITYCKOB, MOBBIIMICHUS TOYHOCTH
pa3MepoB U TMapaMeTPOB PACIHOJOKEHUSI TMOBEPXHOCTEH YCIOXKHSETCS U YIOPOKAETCS TEXHOJOTHYecKas
OCHACTKa 3aroTOBUTEJILHOTO IIeXa W BO3pacTaeT ce0eCTOMMOCTh 3arOTOBKH, HO TNPH 3TOM CHIDKAETCS
TPYAOEMKOCTh M CE0ECTOMMOCTh TMOCHEAYIome MexaHW4eckoi 0OpabOTKM 3aroTOBKH, ITOBBILIAETCS
KOX(PHUIMEHT MCTIOJIb30BaHMs MaTepraia. 3ar0TOBKU MPOCTON KOH(PHUTYpaIiH JIEIIeBIIe, TaK KaK HE TPeOyIoT
MIPU M3TOTOBJICHUU CIIOKHOW M JIOPOTOM TEXHOJIOTMYECKOH OCHACTKH, OJHAKO TaKWE 3arOTOBKU TPEOYIOT
MocleAyoel TpyA0eMKOi 00pabOTKH U MOBBIILIEHHOTO pacxojia MaTepuarna.

['maBHBIM MpU BEIOOPE 3aTOTOBKH SIBIISIETCS OOECIIEUEHUE 3a/IaHHOTO Ka4eCTBA TOTOBOM JIETAIH TIPH €€
MUHUMaIbHON cebecTonmocTu. CebecToMMOCTh JeTalld OMpeeNsaeTcss CyMMHpPOBaHHEM Cce0eCTOMMOCTH
3aroTOBKH MO KaJbKYJISIMH 3arOTOBUTENHLHOTO IleXa U ce0ECTOMMOCTH €€ TMOcCienylonie o0paboTku 10
JOCTHKEHHS 3aJJaHHBIX TpeOOBaHUI KauecTBa IO YEpTeXKy. BBIOOp 3aroTOBKM CBsI3aH C KOHKPETHBIM
TEXHUKO-IKOHOMHYECKUM PacyeToM ce0eCTOMMOCTH FTOTOBOM JI€TAJH, BBIOIHAEMBIM IS 33/1aHHOTO 00beMa
TOJIOBOTO BBIIyCKa C y4€TOM JIpPYT'MX yCIOBHUI MPOU3BOJICTBA.

K 4unciay OCHOBHBIX TEXHOJOTMYECKUX IPOILIECCOB MAaJOOTXOAHOIO IMPOU3BOJCTBA 3arOTOBOK, KaK
U3BECTHO U3 Kypca «TexHOJOorus KOHCTPYKUHMOHHBIX MaT€pUaOB», OTHOCSTCS: MPOTPECCHUBHBIE METOJbI
W3TOTOBJICHUS JIMTHIX 3arOTOBOK W3 METAJJIOB M IUIACTMACC; METOMABI IMOJIyYEHHS 3arOTOBOK TOPSYUM M
XOJIOJTHBIM TUTACTUYECKUM JIe(hOPMUPOBAHHUEM, BKITIOUAasi B ce0sl MPOIIECChl U3TOTOBIEHUS 0€3 UCTIOIh30BaHUS
MpeccoBOro 000pyIoBaHUS (B3pbIBA, AJIEKTPOUMIIYJIbCHAsS), XOJIOJAHON BBICAIKM U KaTUOpPOBKU IS
WCKITIOYEHUS TOCNIEAYIOIed MeXaHU4ecKol OoO0paOOTKH W T.O.; METOIbI pabOThl C JIOOBIMU JHCTOBBIMHU
MaTepuanamu (MeTallbl, TKaHU, KOXKa, TUIACTMACCHI U T.I1.) TyTeM BBIPYOKH HIIA PACKPOS C UCIIOIH30BAHHEM
IIPOrPECCUBHBIX METOAOB (ra30IUIAMEHHOI0, IUIa3MEHHOIO, JIa3€pHOI0); COBPEMEHHBIE METOAbI U



00OpyJIOBaHUE JJsI PE3KH MaTEpUANIOB, BKIIOYAS HIIEKTPOKOHTAKTHYIO, MO3BOJISIONIYI0 3HAUYHUTEIBHO
MOBBICUTDH MPOU3BOJUTEIBHOCTD IPU paboTe ¢ TpyIHOOOpabaThIBaeMBbIMU MaTepuanaMu. JlJis 3aroToBOK U3
METaJJIo- U MUHEPAJOKEPaMUKH MOJIYYMJIM PaCIpOCTPAaHEHHE METOJbl U 000pyJOBaHHE MOPOIIKOBOM
METAJUTYpIUH.

JUis KaX10ro U3 METOJI0B HIDKE B Ta0u. 3.1 1 3.2 npuBOAATCS TOCTHXKUMBIE XapaKTEPUCTUKU TOYHOCTH
pa3MepoB U KauyecTBa [IOBEPXHOCTH MOJIy4aEMbIX 3aTOTOBOK.

Cnoco0oM JIMThS MOJTyYalOT 3arOTOBKM pabO4MX Kojec TUIAPOMY(T U T'MApOTpaHC(HOPMATOPOB, KOPITYCHBIX
JeTaeld THIPOMAIINH U THApoanmnapaTypsl. [IpeamnoyreHue oTIar0T OTIIMBKE 3aroTOBOK B KOkwi. [Ipu sTtom
obecrieunBaeTcss HEOOXOqUMass TOYHOCTh M CTaOWIBHOCTH PasMepoB. TakuM CIOCOOOM MPEHMYIIECTBEHHO
W3TOTOBJISIIOT pabodure KoJieca THApOTPaHC(HOPMaTOpOB.

KoprycHble neramu maccoit 6omee 50 K MOXKHO OTJIMBATH B Pa3oBbIE ChIPbIE WM CyXHE IecYaHble (POPMBL.
[Nocnenaue pekoMeHIyeTcs! BBITOIHATH B OTIOKaX C MPUMEHEHUEM MAITMHHON (POPMOBKHU. TOYHOCTH OTIMBKH ITPU
3TOM COOTBETCTBYET 2-My KJIaccy.

Tab6muma 3.1 - Jlomycku pa3MepoB U MIEPOXOBATOCTh MIOBEPXHOCTEH OTIMBOK

Cnoco06 ["aGaputHsblit CmnaBbl Cn.naBbl KoBkuii n
JIATHS pasmep LBETHBIX LBETHBIX JICTUPOBAHHBII
OTJIMBKH, MM METAJLJIOB, METAJLIIOB. YyTYyH, CTallb.
Tenm. T Gosiblire KBaJIMTET
Menb1e 700 700 °C,
°C, KBAJIUTET CEpbIil UyTyH,
KBAJIUTET
ITox naBienneM B Boabme 100 11-13 12-14
MeTaJNINYECKUE Ra =0.63 Ra =1,25
(hopMbI
ITo 100 12-14 13-15 14-15
BBITIIABIISIEMBIM Ra =25 Rz =20 Rz =20
MOJICIISIM
B xoxuib o 100-630 14-18 15-19 16-20
JIaBJICHUCM
[enTpoOexHOE 630-4000 40 80 80

Ta6muia 3.2 - JIomycku Ha 3JIEMEHTHI 3ar0TOBOK, MOJIy4aeMbIX 00pabOTKO TaBICHHEM

Crioco6 nonyueHus Jocturaemast ToyHOCTH (cpeaHee | Rz. Mkm
3HAYCHHE), MM

KoBka Ha MOJIOTax M mpeccax 3.0 - 30.0 10 80
KoBKka B moaxIIagHbIX mITamax 1.0-25 1o &0
KoBka Ha pagnaibHO-KOBOYHBIX 0.04-0.40.1-0.6 1o 40 mo 40
MaIIIHAX - XOJIOJIHAS - TopsYast
HIrammoBka 0,7-11.0 20-80
[IITammoBka ¢ ocieayone 0.05-0.1 Ra=2,5 Rz= 10
KaJTMOPOBKOM




[ItamrioBKa BeICAAKOM HA 0.7-3.4 20-80
TOPH30HTAILHO-KOBOYHBIX MalllHHAX

IIITaMoBKa BBELIABINBAHAEM 0.2-05 20-80
[ITamMnoBKa Ha YeKaHOYHBIX MTPeccax 0.05 - 0.25 20-80
XoJI01Has BBICAIKA Ha aBTOMATax 0.125-0.8 Ra=I.25-5.0

IIpu mamumHHOM (OpPMOBKE I1€7€CO00pPa3HO B LENSAX HOBBIIIEHUS TOYHOCTH OTJIMBOK HCIOJIb30BaTh
METAUIMYECKUE CTEPXKHEBbIE SIIMKH, CTEPKHH KOTOPHIX M3TOTOBIISIOTCS MAIIMHHBIM CIIOCOOOM M COOMPAIOTCS C
TIOMOIIIBIO KOHTyKTOPOB.

[IpenmymiecTBaMH KOKMIIBHOTO JIUThS TIEPE]] IUTHEM B pa30BbIe MeCYaHble OPMBI SBISIIOTCS OoJiee uncTas
MIOBEPXHOCTh OTJIMBKH, MEHBILINE MPUITYCKU (4TO B cpeaHeM Ha 15% yBennuuBaeT BBIXOJA TOJHOIO JIUTh),
0oJiee BHICOKHE MEXaHUYECKHE CBOMCTBA OTIMBOK, JIyUIINE CAHUTAPHO-TUTMEHUYECKHE YCIIOBUS Tpy1a U Oojiee
Hu3Kasg ctouMocTb (Ha 15—20%) otnuBku. O1HAKO IPU KOKWIBHON OTJIMBKE UyTyHHBIE JIETalId B TOHKUX MECTax
0TOENMBAIOTCS B pe3ysbTare Oojiee OBICTPOro OXJIAXKICHUS MeTailia B GopMe, 4TO 3aTpyAHSIET MMOCIEAYIOLIYIO
MexaHH4ecKyto 00paboTky. [losTomy nepen Takoi 00pabOTKOI 3ar0TOBKH OT/KUTatOT.

JIutbe MO BBIIABISAEMBIM MOJIEIAM — HauOoJjee MepCleKTUBHBIM COCO0 MOMydYeHHs METKUX (haCOHHBIX
neraneid Thna ¢uaHueB, Kpbllek, GutuHro. IIpu 3TOoM crnocobe 3aroroBka MaKCUMAIBHO HPHOMIKEHA K
OKOHYATEJIbHBIM pa3Mepam JeTaiu. Beicokas cTeneHb YUCTOTHI 0JIy4aeMbIX TOBEPXHOCTEHN IMOJTHOCTHIO WU
YaCTUYHO MCKIIOYaeT MEXaHMUYECKyr0 o00paboTKy. BpICcOKas TOYHOCTH OTIMBOK O0OyCIaBIMBAETCS
THIATEBHBIM H3TOTOBJICHHEM TIpecc-popmbl. OTcyTcTBHE B (DopmMe pa3bema HCKIIOYaeT OOpa3OBaHHE
MIEPEKOCOB, 3aJMBOK U JApyrux JnedexkroB. B mocienHee BpeMsi NPUMEHSIOT LEHTPOOEKHBIM WM
LEHTPOOEIKHO-BAKYYMHBIM CcIOCO0 3aJIMBKH MeTallla, YTO OOecCredrBaeT OOJBIIYI0 TIIOTHOCTh OTJIMBKH.
ToyHOCTH OTIUBOK JIEKUT B Mpeaenax 4—>5-ro kiacca.

Jlisi KpyImHOCEpUHHOTO MPOM3BOJACTBA 0OJiee IKOHOMHMYEH CHOCOO JINThS AHAJIOTMYHBIX JeTaned B
000J10YKOBBIE (CKOpIym4aTbie) ¢GopMbl (OCOOEHHO sl JeTalieil M3 BBICOKONPOYHOTO YyryHa C
mapoBuAHbIM TpaduToM). Ilo cpaBHEHHIO ¢ JIUTbEM B IiecuaHble (OPMBI 3TOT CNOCOO COKpallaer
KOJIMYECTBO MOTPEOIIsIeMOid TUTEHHON 3eMIu puOIu3nuTensHo B 10 pas, MOBBIIAET IPOU3BOIUTENFHOCTh
Tpyzna B 10— 15 pa3 u ynmydmraer CaHUTapHO-TUTUEHUYECKUE YCIIOBHS TPYIA.

Ob6omoukoBast popma oOpasyercs B pe3yibTaTe CIIeKaHus CMecH, cocTosimiei n3 90—95% kpapiieBoro
necka U 5—10% nyneBepOa-kenuTa (TEpMOPEAKTUBHONW CMOJIBI Ha OCHOBE (heHona U hopmanpaeruaa), B
MeTalinyeckux mojemsx. IIpodyHble TOHKHE CTEHKHM O0OJIOYKOBBIX (HOPM HMMEIOT TOJIHMHY 4—6 MM U
OTJIMYAIOTCSI BBICOKOM TOYHOCTBIO pa3MepoB. O(p(HeKTUBHOCTh Ipolecca OOYyCIOBICHA MAaIIWHHOU
(OpMOBKOI Ha  BBICOKOIIPOM3BOAUTENBHBIX ~ MHOTONO3MIIMOHHBIX — arperarax, oOOecleYHBarOIuX
usrorosierue 10 600 momydopm (pasmepom 250 x 400x50 mm) B uac. [Ipu 3TOM crocobe TOYHOCTH
OTIIMBOK COOTBETCTBYET 4—5-My KjlaccaM TOYHOCTH.

CriocoObl TUThS TIOJT 1aBJIEHUEM B MOJTYTIOCTOSIHHBIE (POPMBI M LIEHTPOOEIKHOE JIUThE MTPHU MIPOU3BOJICTBE
TUIPOTIPUBO/Ia TPUMEHSIFOTCS IOKa OTPaHUYEHHO.

O0padoTka pnaBjeHMeM. B eIMHUYHOM M MEJIKOCEPUHHOM IPOU3BOJACTBE (HAIpPUMEp, KPBILIEK
THJIPOLMIIMHIPOB) IPUMEHSIOT CBOOOJHYIO KOBKY Ha MOJOTaX. TOYHOCTb pa3MepoOB 3ar0TOBKH OIpeeIsieT
I'OCT 7829—70. Ilpn KOBKE B MOAKJIAOHBIX IITAMIAaX YMEHBLIACTCS TPYAOEMKOCTb M YBEJIWYUBAECTCS
TOYHOCTH 3aroToBKHU. IIpu 3TOM Jomyck Ha pa3mep MOKOBOK B 1,5—2 pa3a MeHbIlE, YeM MpU CBOOOJHOM
koBke. Hanbonee pacnpocTpaHeHHBIM crtocoOOM 0O0pabOTKH JAaBICHHEM B CEPUUHOM M KPYIMHOCEPHUITHOM
MIPOU3BO/JICTBE SIBJISIETCA METOJ] ropsiueii 00beMHOM IITAMIIOBKH, TIPU KOTOPOM HarpeToi 3aroToBKe MpUIatoT
HeoOXxoaumyto (GopMy B CHEHUATbHBIX IITaMIaxX, HWMEIOIIMX TOJIOCTH (py4bH), COOTBETCTBYIOIIUE



KOH(Urypanuu aetain. B aTom ciyuyae mo pasmepam u (opMe 3aroTOBKH 3HAYUTEIBHO MPUOIIKAIOTCS K
TOTOBBIM JIETAJISIM.

l'opsiuast oObeMHas 1ITaMIOBKAa — BBICOKONPOU3BOAUTENbHAS omnepauus. [lomydaemble NOKOBKHU
XapaKTEepU3yIOTCS OJHOPOJHBIM CTPOCHHEM IO BEJIIMYMHE 3€pHA, TOUYHOCTHIO Pa3MEpPOB U OTCYTCTBUEM
MOBEPXHOCTHBIX Je(ekToB. C MOMOUIbI0 TaKOW INTAMIIOBKM MOKHO TMOJIy4YaTh JETaIH CIOKHOH (POPMBL
TouHOCTP MmITaMIOBaHHBIX 3aroToBOK onpeaersier ['OCT 7505—55.

B KkadecTBe TEXHOIOrMYECKOro OOOPYAOBAaHMS HCIONB3YIOT TOPU30HTAIBHO-KOBOUHbIE MamuHbel (I'KM),
MOJIOTBI, LITAMIIOBOYHBIE MPECChl U KOBOYHBIE Baylblibl. Hanbonee yaoOHbI A7 IITAMIOBKUA Ha TOPU3OHTAJIBHO-
KOBOUHBIX MAllIMHAX JICTAJIU, UMEIOIIMe (OpMy CTYNEHYAThIX Tell BpalleHus (IIaTyHbl THAPOMAIIHH, (IIaHIICBbIE
BaJIbl, 30JIOTHUKH U T. 11.). [IponsBoauTensHocTs mramnoBky Ha I'KM 500— 1000 rmokoBok B yac.

[Tpouecc mITaMNoOBKM Ha MOJIOTaX COCTOUT U3 HArpeBa 3aroTOBKM, IITAMIIOBKHM, OOpE3KH 3ayCeHUI]
(00m0s1), TEpMHUYECKON 00paOOTKH JJI CHATHS HANIPSKEHUH, OYMCTKU OT OKaJIuHBI. JleTanu ci0KHOH (GOopMBI
HITAMITYIOT B MPOCTBHIX IITaMIIaX METOAOM IOCJIeI0BaTeNIbHOM IITaMIOBKH. B mocnenHnee Bpemsi craiu
PacIpOCTPaHATHCS 3aKPHIThIE MOJIOTOBBIE IITAaMIIbl, 00ECMEUUBAIOIINE MOJIyYEHHUE 3arOTOBOK 0e3 0004.
3aKphIThIN IITAMI HE O3BOJISIET METAJLTY PACTEKaThCs MO MIIOCKOCTU HUYKHEN MOJIOBUHBI ITaMIIa, I03TOMY
00bEM 3aroTOBKM paBeH 00beMYy NOKOBKU. [IpOM3BOAMTENBHOCTH IITAMIIOBKM HAa MOJOTaxX JBOHHOIO
nerictBust 300—6000 kr/4 ()11 MOJIOTOB ¢ MAacCOM MaJaroIuX yacTeld cooTBeTcTBeHHO 1—20 T).

[Ipy wuCHONAB30BaHUU OBICTPOXOJHBIX MEXAHWYECKHX IIPECCOB TMOBBIIMIACTCS TOYHOCTH MOKOBOK,
YMEHBIIAIOTCS PUITYCKH HAa MEXaHUYECKYI0 00paboTKy, a TaKKe Macca M pacxo] MeTaa.

Ha TuxoxoaHbIX rujpaBIndyecKuX Mpeccax MTAMITYIOT TOJBKO 3arOTOBKU U3 JIETKUX U MaJIOTIACTUYHBIX
CIUIaBOB, TpeOylOHIMX MajblXx CKopocTeil nedopmupoBanus. Ha mpeccax mpou3BoAMTCS IITAaMIIOBKa B
OTKPBITHIX M 3aKPBITBIX IITammaxX, OCAKMBaHWE, BbIIABIMBaHUE, NpOIIMBKA. [IpOM3BOAMTENHHOCTD
(PUKIIMOHHBIX U KPUBOIIUITHBIX MEXaHMYECKHUX MPECCOB B 2—3 pasza MPEeBbIIIAET MPOU3BOIUTEILHOCTD
MoJI0TOB. [IpH 3TOM yiydinaroTcs ycinoBus TpyAa (OTCYTCTBYIOT XapaKTepHbIe i paboThl MOJIOTOB LIyM U
COTPSICEHUS).

[Ipu pa3paboTKe TEXHOJOTHYECKOTO IMpolecca TOopsiueil IITAMIIOBKM YTOUYHSIOT —CEPUHHOCTD,
KOH(UTypaIyio 1eTalli, MaTeprual MOKOBKH, BRIOUPAIOT 000pyAOBaHHE, Pa3padaThIBAIOT YEPTEK MOKOBKH C
Y4eTOM JIONYCKOB Ha HITAMIIOBKY U TMPUITYCKOB HAa MEXaHMUYECKyI0 00paboTKy, YTOUYHSIOT HapaMeTpbl
BBIOpAHHOTO TUIIA 00OPY/IOBAaHUS U 3aTEM MPOECKTUPYIOT ILITAMII.

3aroToBKU MEJIKUX OTBETCTBEHHBIX JETaJIed TUMA TOJIKATENIEeH, [IMIMHIPUIECKUX APHUPOB, POJIUKOB, a
Tak)Ke OONTHI U BUHTHI U3 CHEIMAIBHBIX CTaJlled M I[BETHBIX CIUIABOB M3TOTOBISIOT METOJOM XOJOJHOU
00BEMHOM IMITAMIOBKH, aHAJOTHYHOU ropsyeil 0O0beMHON IITaMIOBKE, HO 0e3 HarpeBa 3aroTOBKH. DTHM
METOJIOM MIPOM3BOJIAT BBICAAKY, 00BEMHYIO (POPMOBKY, YEKaHKY, KaTMOPOBKY U mnpeccoBaHue. [lomyyaemble
JI€Tali OTJIMYAIOTCS MOBBIIIEHHON TOYHOCTBIO M YHMCTOTOM MOBEpXHOCTHU. [Iporecc BeaeTcst Ha X001 Ha
BBICAJIOUHBIX Ipeccax OJHO-, ABYX- M TpexyAapHOro aeuctBus. ToyHoCTh m3nenuil O1M3Kka K TOYHOCTH,
MOJy4aeMOl Ha METANIOPEXYIMX cTaHkax, W pocturaer (0,03—0,05 MM npu BBICOKOM KadecTBe
noBepxHocTH. IIponsBoaurensHocTh, B 10—50 pa3 BbIlIe, 4eM NMPOU3BOIUTEILHOCTh HA METAJUIOPEKYILINX
cTaHkax-aBTomaTax. CTpeMJieHHe MOBBICUTH TOYHOCTh M YUCTOTY IMOBEPXHOCTH MPHUBENO K pa3zpaboTke
crocoba AMEeKTPOBBICAIKHU, KOTOPBIA MO3BOJIAET MOMYUYUTh 3arOTOBKY 0€3 OKaJuHBI MO 2—3-My KiaccaM
TOYHOCTH.

JIMCTOBYIO INTaMIOBKY MPUMEHSIOT MPU H3TOTOBICHUU PErYJIUPOBOYHBIX KOJIEI, MIAH0, MPOKIAIOK.
Pa3paboran mpouecc JUCTOBOM IITAMIOBKH JJii OTBETCTBEHHBIX JETajlell TUIA MPHKUMHBIX IJIACTHH
aKCHaJIbHO-TIOPIIHEBBIX THUAPOMAIINH BBICOKOTO JaBJIEHUS. OTOT MPOLECC BKIIOYAET pa3/eiIUTENIbHbIC
(oTpe3ky, BBIpYOKYy, mpoOMBKY) u (opmooOpasyromue (BBITSDKKY, YEKaHKY, KaJuOpPOBKY) OTIEpAaIlHH.
[ItamMmnoBKka OCYIIECTBISIETCS Ha THAPABIMYECKUX W KPHUBOLIMIHBIX IMpeccax. TOYHOCTh JIUCTOBOM
HITAMIIOBKH 3aBUCUT OT TOYHOCTH IIITaMIIa M METO/a IITAMITOBKH.



3aroroBku u3 npokata. OCHOBHBIMH 3arOTOBUTEIBHBIMU ONIEPALUSIMH ABIISIOTCS MpaBKa, KaTMOPOBKA U
pe3ka. B kauecTBe MCXOAHOTO ChIPhsI UCIOJIb3YOTCS TOPSIYEKATaHbIN U XOJIOJHOTAHYTBIN MTPOKAT KPYIJIOro,
KBaJpaTHOTO W IIECTUTPAHHOTO CEUYCHHIA; HENbHOTSHYTHIE W 3JEKTPOCBApHBIE TPYOBI, JUCTHI, JICHTA,
MIPOBOJIOKA 1 TIOJIOCOBOH MPOKAT CIIENUAIBHOTO MPOQHIIS.

[TpaBKy mpoOM3BOAST Ha MPABUIBHO KaJTUOPOBOYHBIX CTaHKaX ¢ TOUHOCTHIO 0,5 — 1 MM Ha 1 M JyIMHBI
(nns mpyTKOB nuaMerpoM A0 80 MM u JyiuHOH 10 3 M). [IpyTku KanuOpyroT NPOTATUBAaHUEM Yepe3 PUIIbep.

Jl1s OTpe3Ku 3aroTOBOK MCIOJB3YIOT Yalle BCErO IMJIbOTHHHBIE HOXKHUIIBI U CIIELIUAJIbHBIE OTPE3HbIE
CTaHKH C MUJIbHBIMU JUCKAMH.

TexHUKO-IKOHOMHUYeCKoe 000CHOBaHHE BbIOOPA 3arO0TOBKH

CebecToMMOCTh TPOU3BOACTBA 3arOTOBKM, 0€3 ydeTa 3aTpaT Ha MPEABAPUTEIbHYIO MEXaHUYECKYIO
00paboTKy, 151 CHOCOOOB JINThSI ONIPELIISIEM TI0 3aBUCHMOCTH:

C+K,,
saz .G;eaz.Km.Kc _(6302 _G()) .Kd)
1000 ’ ’ 1000

rae C— 6a3oBast cTOUMOCTB | T 3aroTOBOK, py0/T;

omx

(10)

Kro — K03 punpieHT qomnaTel 3a TEPMUYECKYI0 00paOOTKY U OYUCTKY 3arOTOBOK, PyO/T;

Gsar — Macca 3aroToBKH, KT

Kr — ko3 dunuent, yuuTpiBalOMUid TOYHOCTHBIC XapPaKTEPUCTUKH 3arOTOBKH (TI0 BBHITUIABISEMBIM
mogens Kr = 1,67);

K¢ — k0o puipenT, yunTeIBaromui CEpUMHOCTh BBIITyCKa 3arOTOBOK;

G — Macca JeTanm, Kr;

Sorx — cTOoUMOCTH 1 T OTX0/10B, py0;

K¢ — koo dunmenT, yunuTpiBaronmii HHPIAIUIO (110 OTHOIIEHUIO K 1ieHaMm 1991 1. K¢ = 5);

Macca 3aroToBku:

G, = (11)

rie Ker — ko pumment BecoBoii TOUHOCTH;

3.3. [Ipunycku Ha MeXaHU4eCKYI0 00padoTKy

[Ipunyck — cioil Marepuaina, yJanseMblii ¢ TIOBEPXHOCTH 3arOTOBKH B LIEISAX JOCTHKEHUS 3aJaHHBIX
CBOICTB 00pabaTbIBae- MOI MOBEPXHOCTH AeTanu. Pa3nnyator oO61muii 1 MpOMeKyTOUHbIE PUITYCKH 10 BCEM
MIOCJIEZIOBATEILHO BBINOJHSAEMBIM TEXHOJOTM- YECKUM IepexojaM M omnepauusM oOpaboTKH JaHHOMN
noBepxHocTH jeTanu. OOIIMH NPUIYCK HAa KaKyl-JIMOO MOBEPXHOCTh IpPEJCTaB- JISIET COOOH cymmy
MIPOMEKYTOUHBIX TPUIYCKOB Ha Ty € IOBEpX- HOCTh. [IpoMexyTouHblE MPUIYCKH HEOOXOIUMBI IS
ornpezene- HUsl NPOMEKYTOUHBIX (10 TEXHOJIOIMUECKUM IIEPEXOAAM M OIepa- LUsAM) pa3MepoOB AETajeil,
o0ImHUi — JUIA onpeAesiCHUs pa3MepoB 3arOTOBOK. B mpakTuke MCMONB3YIOTCS pacyeTHO-aHAIUTHUECKUIN U
OTIBITHO-CTATUCTUYECKUIN METObI pacyeTa MPUITYCKOB.

PacyeTHO-aHATUTHYECKUI MeTOA. DTOT METO]l ONPEAEICHHs IIPUITYCKOB HAa 00paboOTKy pa3paboTaH
npo¢. B.M. KoBanom u 6a3upyercs Ha aHanu3e (HaKkTOpOB, BIUSAIOUIMX HA MPUITYCKU MPEIIIECTBYIOLIET0 U
BBINOJIHAEMOr0 MEPEXO0A0B TEXHOJIOIMUYECKOro Ipolecca 0OpabOTKH MOBEPXHOCTH. 3HAYEHUE IMPHUITyCKa



orpernensercss MeroaoM aupdepeHIupoOBaHHOTO pacyeTra MO 3Je- MEHTaM, COCTABIISIOUIMM TPHUITYCK.
PacueTHOl BemTUUMHOMN SIBJISIETCS MUHUMAJIBHBIN MPUITYCK HA 00pabOTKY, JOCTATOUHBIN /JIs1 yCTPaHEHUS Ha
BBITIOJIHSIEMOM TIEPEX0/ie MOTPEHIHOCTeH 00pabOTKU M Je(PEKTOB MOBEPXHOCTHOTO CJIOS, TOJYYEHHBIX Ha
MPEALIECTBYOIIEM MEPEXOE, U KOMIICHCALMY MOTPEIIHOCTEN, BOZHUKAIOIMX HA BBIOJIHAEMOM IIEPEXOE.
PacueTHble pOpMyIIbI MUHUMAJIBHOTO IIPUITYCKA BBIMISIAT CIEYIOIINUM 00pa3oMm:
- [IPU NIOCJIEI0BATENbHOM 00paboTKe MPOTHBOJIEKAILINX TOBEPXHOCTEN (OAHOCTOPOHHUMN IPUITYCK):

Zimn= Rz+ 0+ Az + &y
- Ipu 00pabOTKe HAPYKHBIX U BHYTPEHHUX IIOBEPXHOCTEH TeJ BpalleHUs (IBYCTOPOHHUMN MPUITYCK):

27, =2 [(RZ + )y + _| R +el]

rae Rzi-1— BbIcOTa MUKPOHEPOBHOCTEH MOBEPXHOCTH, NOTYUYEHHBIX HA MIPEIIECTBYIOLIEM IIEPEXO/IE;
hi-1 - TryOnHa 1e- PEKTHOrO MOBEPXHOCTHOT'O CJI05, MOIYYEHHOT0 Ha MPEIIECTBYIOIIEM MEPEX0/IE;

A Zi1 - cyMMapHble OTKJIOHEHHs DPACIOJIOXKEHHUS MOBEPXHOCTH (OTKJIOHEHMsI OT INapaljIeIbHOCTH,
NEPIIEHAUKYIIPHOCTH, COOCHOCTH, CHMMETPUYHOCTH W Tp.) U (OPMBI MOBEPX- HOCTH (OTKIIOHEHHUS OT
IJIOCKOCTHOCTH, IPSIMOJIMHEWHOCTH U IIP.) Ha MPEALIECTBYIOIIEM [IEPEXOJIE;

€yi - IOTPEIIHOCTh YCTAHOBKHU Ha pacCMaTpuBaeMoOM nepexoie. [IorpemHocTs yCTaHOBKH CKIIAbIBAETCS
W3 psAZla MOTPEUIHOCTEN, ABJISIFOIIUXCS CIIy4allHbIMY BEJIMYMHAMM, I0ITOMY:

£, =1/a§ +e2+E0p

rae &0 — morpemHocTb 6a3upOBaAHUS;
€3 — MOrpenIHoCTb 3aKPEIUICHUS;
Enp — MOTPENIHOCTh, CBA3aHHAS C U3TOTOBIIEHUEM U M3HOCOM OTIOPHBIX 3JIEMEHTOB MTPHUCIIOCOOICHHUS.

PacueTHble hopMyIibl 1S ONIpeIeeHHs TPEeAETbHBIX MPO- MEXKYTOUYHBIX Pa3MEPOB IO
TE€XHOJIOTMYECKUM MEePEX0/1aM U OKOHYATENIbHBIX Pa3MEPOB 3arOTOBKH BBITJISIAT CIEAYIOIIUM 00pa3oM:
- OJ11 HAPYJHCHBIX NOBEPXHOCMEN

Amin;j.1 :anlini+Znﬂni; dmax;.j=amin;j.] +81_1 .

Dumin;.;=Dmin; +2 Zmin;; Dmax;.;=Dmin;_; +0pj;.1;

- 01 6HYMPEHHUX No8epxXHocmel

amBXj_l:amaxi-Zmini; dmin;_j—amax;_j +0 i-1s

Dlmxi_lszaxi-ZZIm'ni; ijni_lszaxi_ 1 '6Di-1 N

rac au D — HauMeHbIIHE B HauOOIbIIHE MMpEaACIIbHBIC PAa3MEPEI, ITOJTYYCHHBIC HAa MPEAIICCTBYIOIEM
TEXHOJIOTHUYCCKOM IICPEXOC, 0 — JOITyCK Ha COOTBeTCTBYI-OH_II/Iﬁ pasMcep.

OnbITHO-cTaTHCTHYeCKUIT MeToA. Ilpu »TOM Merome pacuera MPUITYCKM Ha TEXHOJIOTHUYECKHE
nepexoAbl M OOIMH MNPUIYCK HAa 3aroTOBKY OINPENENAIOT C IOMOIIBI0O HOPMAaTHUBHBIX MaTepUaoB,
MIPUBEJCHHBIX B TEXHOJOTMUYECKUX CIPABOYHHUKAX WJIM HOPMAJSAX MPEANPUATHS Ul PA3JIMYHBIX CIIydyaeB
00paboTku. [IpenMyIecTBO — 3HAUUTENIBHO MEHbIIAs TPYJOEMKOCTh pacueroB. HemocraTok — mpuiycku
MOJTyYarOTCs 3aBBIIICHHBIMH, T.K. HE YYHMTBHIBAIOTCS KOHKPETHBIE YCJIOBHS OOpaOOTKH, YTO MPHUBOAMT K
YBEJIMYEHHUIO pacxo/ia KOHCTPYKIMOHHOTO MaTepHuaia U o0beMa MoCieayIone MeXxaHnueckoil 00padoTKH.
Kak crnenctBue — CHIMKEHHE SKOHOMUYECKUX MTOKa3aTeleH.

3.4. IlonsiTus o 6a3ax u 0a3MPOBAHUU



[loBepxHOCTH, NpHUHAIIEKALIUE 3arOTOBKE WM JAETAaIM M HCHOJIb3yEMbIE [UIsl OIpPENEICHUS €€
MOJIOKEHHS, HAa3bIBAIOTCSI 0a30BbIMH WM Oa3amu. bas3el moapasgensioTcss Ha KOHCTPYKTOPCKHE
(ompenensone MojI0KEHNE B U3/1€TTUH ), TEXHOJIOTUYECKUE (OMPEEIIAIONINE MOJI0KEHUE MTPU N3TOTOBICHUU
WIM PEMOHTE) W H3MEpUTEIbHbIC (OMpPEENAIoNIUe IMOJI0XKEHHE CPEICTB H3MEPEHHUS NIpU KOHTPOIIE).
[TorpemHocTs 6a3upoBaHus CBsi3aHa IVIABHBIM 00pa3oM C OTKJIOHEHHUSIMU pa3MepoB 3aroToBok. Eciu mpu
9TOM TEXHOJOru4yeckass 0a3a coBHajaeT ¢ U3MepUTeNbHOW, To &= 0. [Ind ApYrMX CXeM YCTaHOBKHU
MOTPEIIHOCTh 0a3UPOBAHHUS MOXKET OBITh OMpeAeNieHa PacyeToM WIM U3 TaONIUIl B TEXHOJIOTHMYECKUX
CIIPaBOYHMKAX.

OcHOBHbIE NIPUHUIMIIBI 0A3UPOBAHUS 3aT0TOBOK:

1. Ilpu BBICOKMX TpeOOBaHUSAX K TOYHOCTH OOpPaOOTKM HEOOXOAMMO BBIOUPATH TAKYIO0 CXEMY
0a3upoBaHus, KOTOpas 00ecreurBaeT HAMMEHbBIIYIO TOTPELIHOCTh YCTaHOBKH.

2. Jlnd NOBBIMIEHUS TOYHOCTH JieTajeil M COOpaHHBIX y3J10B HEOOXOAMMO NPUMEHATh NPHHIMI
coBMeleHnsi 623 — COBMEIIATh TEXHOJIOIMYECKYIO, U3MEPUTENBHYIO U KOHCTPYKTOPCKYIO Oa3bl.

3. llenecooOpa3Ho coOM0aTh NPUHUMI HocTossHCTBA 0as3bl. Ilpu nepemene 6a3 B xoje
TEXHOJIOTUYECKOr0 Ipoliecca TOYHOCTh OOpPabOTKM CHMXKAETCSl U3-3a IOTPELIHOCTU  B3aUMHOIO
PacIoIOKEHUs] HOBBIX U IPUMEHSBIINXCS PaHEE TEXHOJIOTMYECKUX 0a3.

Jl1s1 ycTaHOBKM 3arOTOBOK Ha IMEPBBIX OMEpaIUsAX TEXHOJIOTHYECKOTO MPOIIecca UCTIONb3YIOT YEPHBIC
(HeoOpaboTaHHbIE) MOBEPXHOCTH, MPUMEHSIEMbIE B KayeCTBE TEXHOJIOTMUYECKUX 0a3. DTH MOBEPXHOCTH
WCIONIb3YIOT OJHOKPAaTHO, T.K. OHM NPUMEHSIOTCS JIMIIb JUIsl TOTO, 4YTOOBI 00paboTaTh YHCTOBBIE
ycTaHOBO4YHbIe 0a3bl. [Ipu 3TOM 0a3bl MOTYT OBITh OCHOBHBIMH, €CIIM YCTAHOBOYHAS TIOBEPXHOCTH JECTAIU
y4acTByeT B JajbHeWlieM B padoTe [AeTand B H3ACTUH, W BCIIOMOTATENbHBIMH, CO3/1aBa€MbIMU
WCKITIOYUTEINILHO ISl YCTAaHOBKH JIETAJIH MPU 00paboTKe (HarpuMep, IICHTPOBBIE THE3/1a BaJIOB).

IMorpemHocTs 3aKkpenyieHlsi BOSHUKAST TIPH 3aKPEIJIEHUH 3ar0TOBOK B TIPUCTIOCOOJICHHSIX B CBSI3H C
M3MEHEHNEM KOHTaKTHBIX Je(OopMaIlHii CThIKa 3ar0TOBKA-0Iopa MpUCocobieHrs. Ypyrue aehopmaruu
JETATM W3-3a CUJI 3aKPETICHUS TaK)Ke YIYUTBIBAIOTCS MPEUMYIIIECTBEHHO MPU 00pabOTKE MaI0KECTKUX
JIeTaJIen.

IMorpemHoCTL NMPUCTOCOOJIEHUIT BOZHUKAET B PE3YyJIbTATE HETOYHOCTH M3TOTOBJICHUS
MPHUCTIOCOOJICHHS U U3HOCA €T0 OMOPHBIX DJIEMEHTOB B MPOIIECCE IKCILTyaTaIlHH.






4 Metoabl u3roToBjJeHUsi. TOYHOCTHL W3rOTOBJIEHHSI M Ka4YeCTBO 0OOpadOTAHHOM
MOBEPXHOCTH JAeTajiedl TuApOMAalINH, THAPONPUBOAOB U cpeacts I'TIA

BUAEO
Ne Haumenosa- O06JsacTh NPUMEHeHUA IcKku3
HHE MeTOoAa
3aroroBuTeJILHASA
1 OTIMBKU 3aroToBKa, MOJy4YeHHAS METOJIOM JIUThSI.

M3BeCTHO MHOKECTBO Pa3HOBUIHOCTEH JIUTHS:

1. B necuansie Qopmbl (pydHas WU
MamHHast HOpMOBKa);

2. B MHOTOKPaTHBIC (1IemMeHTHBIE,
rpaduToBbIe, acOECTOBBIEC (HOPMBI);

B 000J109KOBBIC (DOPMBI;

IO BBITJIABIIIEMBIM MOJIEIISIM;

10 3aMOPa’KUBAEMbIM PTYTHBIM MOJIEIISIM;

IEHTPOOEIKHOE JTUTHE;

B KOKUJIb;

JINTHE IO TaBICHUEM,;

no ra3upuuupyeMbiM  (BBIKHUTAEMBIM)
MOJICIISIM;

10. BakyyMHOE JIUTHE;

11. 27eKTpOIIaKOBOEIUTHE;

12. nuThE C yTEemIeHUEM.

©OoNO AW

2 KoBka BBICOKOTEMIIEpaTypHast 00paboTKa Pa3IuIHbIX
METaJUIOB (KeJle30, Me/Ib U €€ CIUIaBbI, TUTaH,
AJIFOMUHUH 1 €T0 CIUIaBbl), HATPETHIX J10
KOBOYHOUW TEMITEPATYPBHI.

Pasznuuarot:

1. koBka Ha wMojoTax (ITHEBMAaTUYECKHUX,
MapOBBIX U TUIAPABIMYECKHX)

2. pydYHas KOBKa

3. ImTaMIoBKa

3 IIITamnoBKa MPOIIeCC IIACTUYECKON AehopMariim
MaTepuaia ¢ U3MeHeHHEeM (DOPMBI 1 pa3MepoB
Tena. Yare BCero mramMIoBKe IMOBEPTraroTCs
METaJIIbI WU IIACTMACCHI.

4 ITpokar IIPOAYKIMS, ITOJIy4aeMasl Ha IPOKATHBIX CTaHaX
IIyTEM TOpSYEH, TEIUION I XOJIOAHOU
IIPOKATKH.

MerauionpoxaT IpOu3BOJAUTCS U3 CIEAYOIINX
BHJIOB METaJUIa: ATFOMUHUI, Me/b, YEPHBIN
MIPOKaT, OpOH30BBIH, KOHCTPYKIIMOHHBIH,
HEPKaBEIOINI, TUTAH, MEJIBXUOP, HUKEIb. 110
CToco0y IpoKaTa KpYTJIbIi, KBaJpaTHBIH,
IPSMOYTOJIbHBIHN, H-00pa3HbIi HaIpUMep
«Oankay, TaBp.




Mexannuyeckasi 00padoTKa

Tokapnas

onepanwus 00pabOTKH TeJ BpaIleHHs,
BHUHTOBBIX U CIIUPAIbHBIX TOBEPXHOCTEH
pe3aHueM Ipy MOMOIIH PE3LI0B Ha CTaHKax
TOKapHOU rpyn-nsl. I[Ipu ToueHnu 3aroroske
coo0I11aeTcsl BpalaTeIbHOE IBHKEHUE
(rmaBHOE ABMKEHUE), & PEXKYILIEMY
HHCTPYMEHTY (pe3ily) — MeJICHHOE
[IOCTY-NAaTEIbHOE NIEPEMEILIEHUE B IIPOI0JIBHOM
WM NIONIEPEYHOM HAIPaBIICHUU (JIBUYKEHUE
MoJIa4m).

®pesepHas

BBICOKOTIPOU3BOAUTEIBHBIA 1
pacmpocTpaHeHHBIN MPOIEecC 00padOTKN
MaTEepUAIIOB pPe3aHKEM, BBIITOIHICMOE Ha
dpe3epHbIX cTaH-Kax. [ maBHOE
(BpamarenbHOE) IBM)KCHHE MOTydaeT (pesa, a
JIBH)KEHUE MO/Ia4YH B IIPOI0JIEHOM
HaIpaBJICHUU — 3ar0TOBKA

Caepiienue

omeparusi 00pabOTKU MaTepuaia pe3aHueM Jis
HOJTy4EHHsI OTBEPCTHS. PexyImm
UHCTPYMEHTOM CJIY)KUT CBEPJIO, COBEPILAIOIIEE
BpallaTe/ibHOE IBIKEHHE (TTIABHOE JIBIKCHHUE)
pE3aHus U OCEBOE MEPEMEICHHUE TT0-JauH.
CaepJieHUe MPOU3BOIAUTCS HA CBEPIIHIBHBIX
CTaHKax

Crporanue

croco0 00pabOTKH pe3aHueM ITOCKOCTEN WITH
JIMHEMYaThIX MMOBEPXHOCTEN. [ 1aBHOE
JIBIDKEHHE (TTPSMOJIMHEITHOE BO3BpPATHO-
MOCTYMATEbHOE) COBEPILIAET U30THYTHIN
CTpOTaJIBHBIN pe3ell, a IBIKEHUE MOJauH
(mpsiMoONIMHENHOE, EPIICHIUKYJIIPHOE
TJIABHOMY JIBH)KEHUIO, IPEPHIBUCTOEC) —
3arotoBka. CTporanue npou3BOUTCS Ha
CTpOraTeIbHBIX CTAHKAaX

JlonGnenune

croco6 00paboTKH PE3IOM IIIOCKOCTEH HIIN
(hacoHHBIX MTOBEpXHOCTEH. [ TaBHOE IBMIKEHUE
(IpsIMOJTMHEHHOE BO3BPATHO-TIOCTYMATEILHOE)
COBEpIACT pe3ell, a IBIKEHUE IMOAaun
(mpsiMoNTMHEHHOE, TIEPIICHIUKYISIPHOE
TJIABHOMY JIBHKCHHIO, TPEPHIBUCTOC) —
3arotoBka. JlonbneHne npous3BOIAT Ha
OJIOEKHBIX CTaHKAX

10

InudoBanue

MPOIIECC YUCTOBOM U OTJEIOUHON 00pabOTKH
JieTasneil MalluH ¥ HHCTPYMEHTOB ITOCPEICTBOM
CHATHUSA C UX ITOBECPXHOCTU TOHKOI'O CJI0
MeTaa NU(oBaTbHBIMUA KPyTaMHu, Ha
MOBEPXHOCTU KOTOPOTO PACIIONIOKEHBI
aOpa3uBHBIE 3epHA.




11 HpOTHI‘ MBAaHUC mnmponecce, mpon3BOAUTCIBHOCTL IPU KOTOPOM B

A
HECKOJIBKO pa3 0osibllie, 4YeM IIPU CTPOraHUU U N\ W
(Emaldigalalalalh (]
naxe (pesepoBanuu. [ maBHOE TBHKEHHE R - PR
\ 3]

MPSIMOJIMHEHOE U pexke BpalaTeabHOe

4.1 TexHo0rMYecKHe MPOLEcChl U3rOTOBJIEHHS JeTaJieil THIPOMAININH, THAPONPUBOI0B U CPEICTB
Ir'mA

PaGoune kojieca THAPOAMHAMHYECKHX mepenad. TexXHOIOTHS H3TOTOBIEHUS pabodux KoJyec
TUAPOIMHAMUYECKUX Tepenay OObIYHO ompeaenseTcss 00beMOM BBITYCKA, THUIIOM JIOMATOK (paauaibHbIE,
HAKJIOHCHHBIC, HUJIMHAPUYCCKHUEC, MMPOCTPAHCTBCHHBIC, ITNIOCKUC, BUHTOBLIC U T. I[.) " pasMCpamMu pa6oq1/1x
kozec. K pabounm kosiecaM MpeabsBIsSIOT BEICOKHE TPEOOBaHUS, OCOOEHHO K TOYHOCTH U3TOTOBJICHHSI YTJIOB
BXx0oja u Bbixoa (+0,5°), mary pemetok (=1 MM), TnaMmeTpaM BX0Ja ¥ BBIXO/a IO BHYTPECHHEMY U Hapy>KHOMY
topam (£0,5 mMm), aktuBHOMY amametpy (£0,5 MM), IIEpOXOBATOCTH MOBEPXHOCTEH MEKIIOMATOYHBIX
KaHaIoB. HeBbINIOTHEHNE yKa3aHHBIX TPEOOBAHMI BEJIET K CHIDKEHUIO TEXHUKO-I9KOHOMUYECKUX TIOKa3aTeen
paboThI THAPOMY(PT U TUAPOTPAHCHOPMATOPOB U TIOITOMY SIBIISICTCSI HEJIOITY CTUMBIM.

Turbine Front Cover
Impeller
Stator with Clutch Assembly
One Way
Roller Sprag 1

Input Shaft

(not shown)

Connects Front Cover
Turbine to Mated to
Transmission 3 / i ; ¥ Flywheel
- S zat S K ! | ¥ | -

Drive Hub

Torrington Bearing

Welded Hub

Juamerp pabodymx KOJIEC COBPEMEHHBIX THIPOJUHAMHYECKUX Tmepenad pgocturaet 2750 wmwm.
l'unponunamuueckue mepenaydl yCTaHABIMBAIOT Ha TpPaKTopaX, OypOBBIX YCTaHOBKax, TEIJIOBO3aX,
JeTaTeNbHBIX ammaparax M JApYyruX MammHax. Pa3HooOpasue MaiminH, B KOTOPBIX MPUMEHSIOTCS
THAPOIMHAMUYECKHE Tepefaun, TpeOyeT yHU(PUKAIMU UX JIeTalel, B YaCTHOCTH pabouuX KOJeC, a TaKxkKe
TUIMU3AIUU TEXHOJOTUYECKUX IPOLIECCOB UX M3TOTOBJIECHUSA. B KaXJI0M KOHKPETHOM CIydae TEXHOJOTHS
W3TOTOBJICHHSI pabodmMXx KOJIeC JOJDKHA OBITh JIKOHOMHUYECKH OMNpaBlaHa M JOJDKHA 00ecrednBaTh



BBITIIOJIHEHUE TCEXHHUYCCKUX Tpe6OBaHI/II71, NpCaABABISACMBIX K TOYHOCTH UH KA4YCCTBY HOBerHOCTeﬁ
M3rOTOBIIIEMOTO KOJIeca.

LlenecooOpa3Ho  paccMOTpPeTh  CIEAYIOIIUE  CHOCOOBI  HM3TOTOBICHMS — pabodumx  KOJeC
THAPOAVMHAMHWYCCKUX MIEpCaay.

Cnocob uzeomoenenus gvighpeseposanuem MexlCIONAMOYHbIX KAHAI08 3aKIII0YACTCsl 6 TOM, YTO OJTHA
MOJIOBHHA JIONIATOK (4epe3 0/1HY) 00pa3yeTcsi 3a OIHO LEJIOe C BHYTPESHHHM TOPOM, a APyTasi — 3a OJIHO LeJIoe
C HapyXHbIM TOpOM. 3areM o0e aeranu coequHsroT BMmecte (puc. 5). Takoil cmoco0 nenecoodpasHo
NPUMEHATh TPH MEJIKOCEPUHHOM H3TOTOBICHUU THUAPOTPAaHC(HOPMATOPOB WIM THUAPOMY(DT, HMEIOLIHX
paboune Koieca C IMIMHIPUYECKUMU WM IUIOCKAMH paJualibHBIMH Jonatkamu. OmucaHHbBI criocol
HCIIOJIB3YCTCA, HaIrrpumcep, KaHY)KCKI/IM MalllMHOCTPOUTCIIbHBIM 3aBOJOM npu HU3roTOBJICHUU
THAPOTPAHCHOPMATOPOB IS TEITIOBO30B.
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Puc. 5 Koneco, n3roroneHHoe Bol(h)pe3epOBbIBAHUEM:
1 — Hapy>xHbIi TOp; 2 — BHYTPEHHUI TOp; 3 — JIoNaTku; 4 — 1eTau KpereHus

Cnocob uzeomosnenusi pabouux Kojec iumosem — HaudoJiee pacpOCTPaHEH MPU CEPUITHOM MPOU3BOICTBE
THIPOAMHAMHUYECKUX TMepenad. JluTele paboyme Kojieca NPUMEHSIOT B THAPOMY(Tax MalIMH TOPHOH
MIPOMBIIIJIEHHOCTH, Ui TUIPOTPAHC(HOPMATOPOB CTPOUTENBHBIX M JOPOXKHBIX MAalIUH, aBTOMOOWIIEH,
TPaKTOPOB, TEIUIOBO30B M OypOBBIX YCTaHOBOK. B OOJBIIMHCTBE ciyyaeB JIONATKU pabOuMX KOJIEC JIeTaroT
IIPOCTPAHCTBEHHBIMU C IUIOCKUMM WJIM BUHTOBBIMHU MOBEPXHOCTAMM. JIuThle paboune Kojeca U3roTOBISIOT
Yale BCEro MX aJOMUHMEBBIX CIUIABOB, OOECIEUMBAIOIIMX IOJHOE 3alOJIHEHUE Y3KHUX KAaHAJIOB M JIETKO
oOpabarbiBaeMbIX. [Ipu 3TOM HCHONB3YIOT MPONUTAHHBIE OAKEJIWTOM MECUaHbIe WM THUIICOBBIE CTEP)KHHU,
KaX/IbIi U3 KOTOPBIX 00pa3yeT MeXIIONaTOYHBIN KaHaJl.

ITpu u3roToBneHNM pabounx Kojiec Haubosee YacTo NPUMEHSIOTCS:

1. OtnuBka B 3emMiIsiHbIE (DOPMBI C HCIIOIB30BaHUEM JradparMeHHBIX MalIiH. BepXHIol0 4acTh (OpMBI

OOBIYHO BBIMIOJIHAIOT CHEMHOM.

2. OmimBKa B KOKWIb. KOKHMITE COCTOUT M3 HECKOJIBKUX YacTel (prc.6), COOTBETCTBYIOIINX BHYTPEHHHM
MOBEPXHOCTSAM JeTaju (TopaM Kojieca). B Hero ycraHaBIMBarOT CTEP)KHH, C MOMOUIbIO KOTOPBIX
o0pa3yroTcs Jionatku padouux kosnec. KOKuiib MOXET MMETh T'OPU30HTAIbHBIN, BEPTHUKAJIBHBIA U
HAaKJIOHHBIN Pa3beMBI.

3. Jlutbe MO BBHIIABIAEMBIM MOJEISIM. B 3TOM cilyuae B KOKHWIJIb 3aJMBAa€TCS CMECh CTeapuHa U
napadpuna. Cnoco0 mpUMEHSETCS TNpPH  U3TOTOBJICHUM  LWIMHAPUYECKUX  JIOMATOK  JUIs
THIPOTPAHCPOPMATOPOB.

4. Jlutee nox gaBneHueM. Crocod npuMeHseTcs Ipu 00JIbIIOM 00bEME BBIITYCKA OCEBBIX pabOUnX KOJIeC
(Hanmpumep, peakTOpPOB KOMIUIEKCHBIX THAPOTpaHchopMmaTtopoB). B 3ToM ciyudae meraummueckue
(dopMyrole OpraHbl JUTEHHON MAIIMHBI, COOTBETCTBYIOIME OTJEIbHBIM MEXJIONATOYHBIM KaHaIaM,
NepeMeIasch B OT/IEIbHOM HAlpaBJIEeHUH KaXbIH, CXOAATCS BMECTe, 00pa3ysl 3aMKHYTYIO HOJOCTb.



OpHako OTJIMBKAa HE MMEET BHYTPEHHEro Topa. BHyTpeHHMII TOp peakTopa ruapoTpaHcopmaropa
MO>KHO BBITIOJTHUTB B BU/I€ CTAIILHOM JIEHTHI, CTAHYTOH B BUJIE 00pyYa, IPU 3TOM KOHIIBI ICHTHI MOYKHO
CBapUTh.

TouHOCTH pPACHONOKEHHST M LIEPOXOBATOCTh MEXKJIOMNATOYHBIX KAHAJIOB IPH JIUTHE B 3EMIIIO
cooTBeTCTBYeT 8-9-My Kilaccam, IIPH JINThE B KOKWIIb — 5-7-My KjlaccaM, IIPH JINThE TI0 BBIIIABIISIEMBIM
MOJIENISIM — 2-5-My, IIPU JIUThE MO JaBJICHUEM — 3-5-My KJlaccaM YUCTOTHI MOBepXHOCTHU. [Ipu oTiuBKe
pabouux Kojec THUAPOTpaHC(HOPMATOPOB OOBIYHO HCHOJB3YIOT MECYaHblEe WM THUIICOBBIE CTEP)KHH,
KOTOpbIE 00pa3yloTcs B CTEP’KHEBBIX AIMKAX IyTeM PYYHOM WIIM MAIIMHHON (POPMOBKH € TOCIIEIYOLIEH
CYUIKOW ¥ (PMHUIITHOM OTIEIKOH.
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Puc.6. Kokunb 17151 ©3roToBiieHus peaktopa rugporpancopmaropa TP-325:

1 — cTep)keHb-KOJUIEKTOp; 2 — BepXHsis (popMytolIas 4acTh; 3 — GopMyromuii crepxeHb; 4 —
CTEP’KEHb JIONMATKU;, 5 — HIDKHSS (POPMYIOIast 4acTh; 6 — ToJIKaTeNnb; 7 — 60onT; 8 — maiiba; 9 — raiika; 10 —
npoayx; 11 — kopmyc

I'uncoBble CTEpKHM O0O0ECIEYMBAIOT BBICOKYIO TOYHOCTb M CTaOWJIBHOCTH pa3MepoB IpH
LIEPOXOBATOCTH MOBEPXHOCTH JI0 6-TO KJIacca YUCTOTBI, HO CTOAT JOPOKE MECUYaHbIX M HE MPUTOJHBI IS
IIOBTOPHOI'O0 MCIIOJIB30BaHUS IIPU IPUTOTOBIECHUU CTEPKHEBOM Macchl. IIpu HCIONB30BaHMM THIICOBBIX
CTEpXHEHN MacCy 3aIMBarOT B JOPMBbI U3 TEPMOCTOIKOM pe3unsl. [locie Toro kak, Macca 3aTBEpIEET, CTEPKHU
BBIHUMAIOT U3 (OPMBI M CyIIAaT B HU3KOTEMIEPAaTYpHBIX Nedax. ['0TOBbIE TMIICOBBIE CTEPKHU COOMPAIOT C
IIECYAHBIM CTEPKHEM, KOTOPBIM NPEIBAPUTEIBHO CMAa3bIBAIOT KJIEEM JUI COCJUHEHUs C THUICOBBIMH
ctepxHsaMu. [lecuanplii ctepxens oOpa3yet BHyTpeHHHH TOp. [locie cOopkn KOMOMHUPOBAHHBIN CTEPKEHD
MOJIBEPraroT CyIIKe. 3aTeM MPOU3BOAAT (POPMOBKY M 3aJIMBKY. ['OTOBBIE OTJIMBKM BBIOMBAIOT, OUHUILAIOT U
MOJIrOTABJIMBAIOT K MEXaHUYECKOH 00paboTKe.

Paboune koseca ruipoMydT B HAcTOsAIIEE BpeMs JbIOT U3 aJIOMHUHMEBBIX CIUIaBOB. [Ipumensiercs
JUTHE oA AaBieHueM. [Ipu 3ToM criocobe HECKOIBKO YCIOXKHIETCS TEXHOIOTHS B CBSI3U ¢ HEOOXOIUMOCTBIO
3QIMBKA B IIOMMHHUHI CTaJbHBIX CTYNHII W BTYJOK JUI KpEIUIEHHs. B pesyibrare CONPUKOCHOBEHMS
CTaJbHBIX W AaJIOMHHHMEBBIX JleTaliel, WMEIOIUX HEOJMHAKOBbIe KO3(PUIMEHTH TeMIepaTypHOTO
paclIupeHus, BO3HHMKAIOT BHYTPEHHHE HampspkeHus. Ilpn KpynmHOCepHMIHOM HpOM3BOJICTBE TMAPOMY(T
MaJIbIX Pa3MEpOB C HAKJIOHHBIMM JIONIATKaMM LI€1ecO00pa3HO JUTh Kojeca B KOKWIb. [Ipu 3ToM co3maercs
MPOBOJIOYHBIA KapKac CIOXKHOW (POPMBI, a JIOMATKUA JOJKHBI UMETh BHHTOBYIO MOBEpXHOCTh. [Ipu Takoi
(opMe MOBEPXHOCTH, OTIIMBKH JIETKO MPH MOBOPOTE BHIHUMAIOTCS U3 KOKHIIS.

Cnocob uzeomognenus: paboyux Kouec co wmamno8anHbIMu COOPHbIMU INEMEHMAMU.

[lItaMnioBaHHBIE [€TANM PALMOHAIBHO MPUMEHATH NPU MACCOBOM IIPOM3BOJCTBE, TaK KakK JUIs
IITAMIOBKM HY’KHA CIEIMajbHAasl, JOPOTOCTOSINAs OCHACTKA (TMPHUCIIOCOOJICHUs, MITaMIIbI, CIEIHATbHbIE
MaTtepuaisl U T.14.). Topsl Kojeca noiay4aroT IiTyOO0KO# BBITSYKKOM, 3aTEM K HUM KPEIAT JonaTku. s aToro



UCTOJB3YIOT CBAPKY (B TOM YHCIIE TOUEUHYIO), TBEPAYIO MKy, a TAKXKE OTTHOAEMBbIE SI3bIYKH, BBITIOJIHEHHBIC
Ha JIOTIaTKaX.

[Tpu kombunuposannom cnocobe npouzsoocmsa padbouux Koaec MPEAIONIATAIOT H3TOTOBICHNE TOPOB
MEXaHUYECKOH O6pa6OTKOI\/JI WiIn JUTBEM, JIOIIATOK — JIMTBEM HWJIN IITAMIIOBKON H MOCJICAYIOIUM HX
COCIMHEHUEM OJHHUM W3 W3BECTHBIX METOJOB. YKa3aHHBIM CHOCOO NMPHMEHSETCS NPH MEIKOCEPHUHHOM
MIPOM3BOJICTBE.

ITocne u3rotoBieHus: paboyux Kojec JHObIM U3 MEPEeYHCICHHBIX CHOCO00B KaXJ0€ KOJEeco 3aTeM
MOJIBEpraeTcss MeXaHnuecKoi 00paboTke, 6aTaHCUPOBKE U TEXHUYECKOMY KOHTPOJIIO.

ITpu TokapHOi 00pabOTKE B KOJECEe BHIMOIHAIOT I10CAJ0YHbIE OTBEPCTHUS, IOBEPXHOCTU JTAOUPUHTOB
pa60qel71 IMOJIOCTHU, MPUBAJIOYHBIC TOPLBI, 3aTCM BBICBCPJIIMBAIOT OTBCPCTUA JId KPCIUICHUA KOJIECa, IMPU
OIrcpanuru MpoOTAruBaHu BBIIIOJIHAIOT IIIIOHOYHBIC a3kl WJIW HIJIUIIBIL.

IIpu BIOOpE YepHOBOI Oa3bl HA MIEPBOI ONEpaIi TOKapHOI 00pabOoTKU paboUunX KOJecC JTydllle BCEro
JUIA BBIIIOJTHCHUA TEXHUYCCKUX Tp€6OBaHI/II\/'I YCpTekKa 110 AOIMYCKY Ha CMCHICHUC MCKIIOINIATOYHBIX KaHAaJIOB
NPUHUMATH 32 YEPHOBYIO 0a3y MOBEPXHOCTH MEXKJIOMATOYHBIX KaHAJIOB, KOTOPBIE HE 00padaThIBAIOT.

OO6paboTaHHOE KOJIECO MOCTYIAET Ha CIIeCapHYIO ONEPAIHIO, TJE 3alMINBAIOT BXOJAHBIEC U BHIXOTHBIC
KPOMKHM JionaTok. [Ipu 3TOM BXOJHBIE KPOMKH 3aKpyIJISIOT, BBIXOJHBIE 3a0CTpsitoT. Eciam HeoOxoaumo,
3aYMIIAIOT BHYTPEHHHE OBEPXHOCTH MEXKJIONATOUHBIX KaHAJIOB.

Kaxnoe xoneco B cOope (JINTOE WM IITAMIIOBAaHHOE) TOABEPrat0T CTATHUECKOW MU JUHAMUYECKOM
6anancupoBke. Ctatuyeckast OallaHCHpPOBKA NMPUMEHSAETCS, KOTJa paJuaibHble pa3Mephl Kojeca HaAMHOTO
OospIlie €ro OceBBIX pa3MepoB. Llenmb cTarmueckoill OalaHCHPOBKH — COBMECTUTH IIEHTP TSXKECTH C OCBHIO
BPAIICHUS KOJeca.

K nunamugeckoii 6amaHCHpOBKE MPUOETalOT, KOTIa OCEBOM pa3Mep JeTald 3HAYUTEIBHO MPEBBIIIAET
ee paauanbHbIi pasmep. Llens quHamMuyeckoil 6aaHCHPOBKY — ypaBHOBECUTh MOMEHTBI HHEPIMH, YCTPAHUTD
nrcOaaHc B OCEBOM HalpaBlICHUH.

ITpu cepuitHOM M3rOTOBJICHUU THAPOTPAHCHOPMATOPOB OT/EN TEXHHUECKOTO KOHTPOJS MpOBEpseT
ANaMETPBI BXOAa U BbIXO/J1a U3 pa60q1/1x KOJICC, TOJIIIMHY BXOJHBIX U BEIXOAHBIX KPOMOK JIOIIATOK, TCOMCTPHUIO
HpOTO‘-IHOfI 4acCTH, YTJIbI BXOJa U BbIXO/JA.

KopnycHble fetajum ruaponpuBOJAOB H3rOTaBIMBAIOT TIJIABHBIM 00pa3oM M3 CEporo u
BBICOKOIIPOYHOI'O YYTYHOB U QJIFOMUHHUEBBIX CIUIaBOB. [IITaMITIOBOYHO-CBapHBIE KOHCTPYKIIMH IPUMEHSTH HE
PEKOMEHAYETCs U3-32 BO3MOXKHBIX OCTaTOYHBIX JedopManuil (Jaxke Mociie 0TKUra), KOTOpble HapylLIaloT B
IIpoLecce IKCIUTyaTallud TOYHOCTh PACIOJIOKEHUS OCEM compsiraeMbIX Jeraneid. OCHOBHBIE ITOCAJIOYHbIE
JIMaMEeTPbI B KOPITyCaX BBITOJHSIOT 10 2-3-My KJlaccaM TOYHOCTH. [loIyck Ha HecoBIMajieHue oceil 0TBepCTUit
cocrasisgeT 0,01 — 0,05 mm.

[Tpu 06paboTKe KOPITyCOB CYIIECTBEHHOE 3HAUYEHHE UMEET TOJIIIMHA CTEHOK OTIIMBOK.

B 3aBucuMocTH OT crocoba IOJydeHHUs 3aroTOBOK M MaTepuana JAeTalu JOMYCKaeTcsl Cleqyrolas
TOJIIIMHA CTEHOK JJIs IeTajlei U3 ceporo 4YyryHa, OTJIMTHIX B 3eMJIIHbIE (hOpMBI 4—35 MM; 117151 0oJiee KpyITHBIX
- 6—8 MM. [leTanm, NOTy9YEeHHBIE JINTHEM B 000JI0YKOBBIE (DOPMBI, IMEIOT CTEHKH TOJIHHOM 3 MM. TommuHa
CTEHOK KOpITyca U3 aFOMUHHMEBBIX CIUIABOB IPH JIUTHE B 3eMIISIHYI0 OopMy 3—5 MM Ui MEJIKUX U 5—8 MM
111 6osee KpynHbIX Aetanell. [Ipu nuThe o JaBIeHUEM TONIIMHA CTEHOK MOXKET COCTaBIATh 1,5 MM.

Ecmu B kopmycax MMEIOTCS JIMThIE KaHAJbl JJIS [UPKYJISAIUH paboueil >KUAKOCTH, TO HEOOXOIUMO
00eCTeYnTh UX YUCTOTY M IUIABHOCTD MEPEXO0I0B. DTO OCYILECTBIISETCS MIPU COOTBETCTBYIONIEH TEXHOIOTHH
OTJIMBKH, a TAKXKE B pPE3yJIbTaTe MOCIEIYIOMEH MEXaHNIECKON HIT XUMHYECKONH 00pabOTKH.

[Tpu 0O6paboTKe KOPIMYCHBIX JIeTaei coOmo1aeTcs Caeayoiee:

1) mpu Ga3upoBaHUM JETANCH N3MEPHUTEIbHBIE B COOPOYHBIC Oa3bl B IIPOIIECCE MEXaHUYECKONH 00pabOTKHI
COBMEILAIOT;



2) Oasupylole MOBEPXHOCTH 00padaThIBalOT IO pa3MEeTKe, B pe3yJbTaTe Yero MpPUITyCKH NpU
MeXaHU4ecKoi 00paboTke pacnpenensorcs Handoiee paBHOMEPHO;

3) 00paboTKy 0a3MPYIOMIMX MOBEPXHOCTEH U YEPHOBYIO 0OpaOOTKY OTBEPCTHU MPOBOJAT, KAK M BCIO
MOCTIEIYIOIIYI0 MEXaHHUECKYI0 00paboOTKy, ¢ MAaKCHMaJIbHOW KOHIICHTpAlWeH Onepanui, T. €. CTPEeMITCS
0o0paboTaTh HauOOJbIIIEE YUCIIO IOBEPXHOCTEH C OJTHOM YCTaHOBKH;

4) O6pak OTJIMBOK YCTPAHSAIOT B IIPeJIeNax, pa3peliaeMbIX TEXHHYECKUMHU YCIOBUSMU, IPU ’TOM B OCHOBHOM
3aJIeNIbIBAIOT MEJKHE TPEUIMHbI, PAaKOBHUHBI, OAKETUTHPYIOT WJIM MPONMUTHIBAIOT OTJIUBKU JAPYTUMHU
TrepMETU3HUPYIOIMMHU COCTaBAMHU, HAIIPUMED JKUIKUM CTEKIIOM;

5) HOBTOPHYIO YHCTOBYIO OOpabOTKy 0a30BBIX M NPHBAJIOYHBIX MOBEPXHOCTEH OCYIIECTBISIOT TOCIHE
Olepanuil MO YCTpaHEHHIO Opaka OTIMBOK; 3aT€M MPOBOJSAT YHCTOBBIC ONEPALMU MO OOTAYMBAHHUIO U
pacTavyMBaHUIO TIOCAIOYHBIX MECT, 00paboTke (iianieB, O0OBIIIEK, IJIATUKOB, HAPE3aHUIO PE3b0 U T. 11.;

6) KOHTPOJIb KOPITYyCOB 00ECIIEYMBAIOT C IIOMOIIBIO MPEICTBHBIX KaJTUOPOB M CHCTEMBI COCTABHBIX CKAJIOK,
coOMPAEMOCTh KOTOPBIX IOCIIE YCTAHOBKY Ha MOCAI0YHbIE TUaMETPhl KOpITyca rapaHTUPYET CMEIleHUE oceit
B IIpeJieNax JOIMyCKa;

7) BHyTpeHHHE HeoOpaOoTaHHBIE MMOBEPXHOCTU KOPIYCOB OKCUIUPYIOT WJIM IPYHTYIOT B JIBa CJIOS
rpyHToM ['®-020 u nokpeiBatot gakoM ['®-95. [Tonumepusanus u HaJieKHOE CXBATHIBAHHUE JIAKOBOW IJIEHKHU
obecrieunBaeTcs Cyukoi nosepxHoctu npu 95—100° C.

Kopnyca 30/10THHKOBBIX pacnpeneauTesieid padOTalOT IOJ JaBJIEHUEM, TOCTUralOLIEM HHOIIA
32x10° H/m?. BHyTpeHHHE TIONOCTH KOPIYCOB pAa3fieisiOTCs HA IIOBEPXHOCTH TPEHMS, B KOTOPHIX
MEePEMEILAIOTCS 30JI0THUKHU, M KaHAJIbl, MOABOJSALINE U OTBOJALINE pabOUylo KUIKOCTh. B cBsI3u ¢ 3TUM K
KOPITyCHBIM JI€TAJIIM NPEIbSIBISIOT MOBBIILIEHHbIE TPEOOBAHUS 110 TEPMETHYHOCTH, IPOUYHOCTH, )KECTKOCTH,
00€CIeUeHNI0 MAKCUMaJIbHON H3HOCOCTOMKOCTH B CONPSKEHUU C 30JIOTHUKOM, MaKpOYHCTOTE KaHAJOB,
CILy KallluX JUIs IPOXO0/a AKUAKOCTH.

B Mmectax pe3bOOBBIX COEIMHEHMH KOPITyCOB U3 JIETKUX CIUIABOB PEKOMEHAYETCS MPUMEHSThH
CTaJIbHBIE THUIIb3BI-BBEPTHIIIH, 3aIITH(PTOBAHHBIE 10 MECTY KOHTAKTa C KOPITyCOM BO M30€XaHHEe MTPOBOPOTA.
[Tocanounble MecTa apMHUPYIOT BTYJIKaMHU.

[Tocne MexaHuuyeckoil 0OpaOOTKM HE [OJDKHO OBITh pPakOBMH Ha pabouux MmoBepxHocTsIX. Ha
HepaOouMX MOBEPXHOCTAX JOIMYCKAIOTCS OTIENbHBIE PAacCPEJOTOUYEHHbIE PAKOBHHBI. OHHU JIOJKHBI OBITh
TIIATEJIBHO 3aYMILEHBI U 3aJIUTHI TIOJTMMEPHBIM MaTEPUAJIOM.

ITocne sToro aerans oTmpasisieTcd Ha KoHcepBauuio. [lepen KoHcepBalueil Kopiyca MpoBepsitoT Ha
TrepMETUYHOCTh B CIIEUAIbHOM Tpucrnocobnenun. Kopmyc ompeccoBbIBaloT B TeyeHHE 2-3 MHH INpHU
naBieHuH, B 1,5 pas3a NpeBblIIaONIEM MakcuMallbHoe pabouee naBiieHue. [Ipu 3TOM HapyXHbIE yTEeuKH,
CBUJETEILCTBYIOIINE O HAIMYUU [TOpP B MaTepuae, He JOIyCKatoTCs.

I'uapounaunapel. B THAPOIMAMHIPE BXOAST THIIB3BI, MOPIIHM, IITOKH, KPBIIMIKH, IMITyIEepa H

YIUIOTHEHHUS.

I'unb3e1 M3roTOBNIAIOT U3 OeciIoBHBIX ropsiuekatanblx TpyO mo 'OCT 8732—70. Onu sBisttoTcsa Hauboee
OTBETCTBEHHBIMHU JAETAISIMHU, ONPECIIAIOUIMMU PaO0TOCTIOCOOHOCTD THAPOLIMIIMHIPA.

[Ipu M3roTOBIECHUU TUIIH3 JOJKHBI BHIIOJIHATHCS CIEAYIONINE TEXHUYECKUE TPEOOBaHMS:

1) mepoxoBaTOCTh BHYTpPEHHEH MOBEpXHOCTH nobkHa ObiTh Ra0,6— Ral,25, kmacc tounoctH 3-if,
MIPOJOJIbHBIE PUCKHU HE JIOIYCKAIOTCS;

2) HEPSAMOJIUHEHHOCTH TI0 OCH THIIb3bI — He Oosiee 0,03 MM Ha muHE 500 MM;

3) KOHYCHOCTb, OBAJIbHOCTh U OOYKOOOPA3HOCTh BHYTPEHHErO JUaMETpa Ha BCEH AJIMHE TMIb3bl — B
npejenax He 0oJiee MOJIOBUHBI IONyCKa Ha BHYTPEHHUN THaMeTp;



4) OueHue OCH JuMaMeTpa BHEIIHEeH 00pabOTaHHOW MOBEPXHOCTH OTHOCHTEILHO OCH BHYTPEHHETO
JraMeTpa — He 0oJiee OJIOBUHBI JOMYCKa Ha BHEUTHUNA JUaMETp;

5) GueHue TOPIIOB THIIb3bI OTHOCUTEIBHO MPOI0JIbHOM ocu — He 6oiee 0,05 mm.

Matepuan TpyObl — cTanb Mapok 35 u 45.

Texnonornueckuit mporecc 06padOTKH MpeaycMaTpUBAET CIIEAYIOIINE ITAIbI.

1. OTpeska 3aroToBKM Ha MHJIOOTPE3HOM CTaHKE W IMOCIEAYIOIas MOoJpe3ka TOPLOB C COOIIOIEHUEM
HEeNEepHeHIUKYJIAPHOCTH K OCH 3aroToBku He Oozee 0,1 MM. DTum obecrieyuBaeTcs TOUHOCTh YCTaHOBKH
3arOTOBOK Ha TMOCJEIYIOIIMX OINEpalusiX, a TakkKe IUIABHBIH BXOJA PEXKYIIEr0o HHCTPYMEHTa IIpH
pacTayMBaHUU OTBEPCTHS.

2. OOtauuBaHUE HAPYXHBIX IMOBEPXHOCTEW T'WiIb3bl HA TI'MAPOKONHUPOBAIBLHOM cTaHke Tuma 1732b,
CHa0)XKCHHOM IBYMS TPOJIOJIBLHBIMHU CYNIIOpPTAaMH. 3arOTOBKY YCTaHABIMBAIOT Ha pUQIICHBIC IICHTPHI, YTO
MO3BOJISIET HE TOJBKO OOTauMBaTh €€ Ha MPOXOJ, HO M CHIKATh BCIIOMOTareiabHOe BpeMs. /[t TUib3bl ¢
BHYTPEHHUM JuaMeTpoM 90 MM pexxuM pe3aHus Ipu 00TaunBaHuM Takou: I =2 mm; V= 130 m/mun; S = 0,85
MM/00.

3. OOpaboTka OTBEepCTUsl B TWJIb3€, KOTOpas 3aKJIIOYAETCSl B YEPHOBOM M YUCTOBOM DPACTAYMBAHUM U
OKOHYATeNbHOM oTaenke. YepHOBOe pacTauMBaHHE BEAETCS IMPU  BpalIaloNIEiicss 3aroToBKe U
MOCTYTATEIbHOM NEPEMEIIEHIH PEXKYIIET0 MHCTPYMEHTA. 3ar0TOBKA 32)KMMAETCs [0 HApy>KHOMY JTHAMETPY
B TpeX- WM YETHIPEXKYJAuKOBBIH MATPOH M MOJACPKUBACTCS OTKUIHBIM DPOJIMKOBBIM JIFOHETOM.
[IporpeccuBHBIM sBIISIEMCSI TIPUMEHEHHE ITHEBMATHYECKOTO 3a)KUMHOTO IICHTPOBOTO IMATPOHA W TOYHOTO
TPEXPOIUKOBOTO JIFOHETA.

["0710BKH 117151 4EPHOBOTO pacTauMBaHMsS MOTYT OBITh OJHO - MJIU MHOTOPE3OBBIMU. OIHOPE3IOBHIE
TOJIOBKHM HaJIe)KHEE B DKCIUTyaTallMd U 00ECIEUMBAIOT JIyUIIME MMOKA3aTeNH M0 33aHHON MPSIMOJIMHEHHOCTH
OCH pPAacTauMBaeMOro OTBEPCTHs, OCOOEHHO TMpH OOpabOTKE MIMHHBIX W TOHKOCTEHHBIX THIIb3.
MHorope3noBsie TOJIOBKH 00Jiee MPOU3BOJUTEIBHBI, YTO CHIKAET TPYA0EMKOCTh 00paboTku. B mocnennee
BpEeMsl CTaIM TMPHUMEHSTHCS JIByXPE3IOBbIE T'OJOBKH, B KOTOPBIX JJISI TOTJIOMIEHHS BO3HUKAIOUIUX IPH
pacTayrBaHWM BUOpAIMiA ¥ TOBBIIIEHUS] TOYHOCTH OJIHA M3 HANPABIISIONIMX CMOHTHPOBAHA HA PE3MHOBOM
OCHOBAHWH.

YucToBoe pacTaunBaHUE TIPOU3BOIAT C IIEITBIO MOIYYUTh IIOCTOSHHBIN PUITYCK 110 BCEH JITHHE OTBEPCTHS,
COXPAaHUTh MPSIMOJIMHEHHOCTh €r0 OCH M JOCTUTHYTH (DOPMBI M pa3MepoB OTBEPCTUS MO 3-My KIaccy
TOYHOCTH. 3ar0TOBKA YCTaHABIMBAETCA, B MATPOHE MOJEPHU3UPOBAHHOTO TOKAPHOT'O CTAHKA C TOYHOCTHIO
0,02—0,05 mM. B nuHONB 3aaHel 6a0KK yCTaHABIMBAIOT PACTOYHYIO TOJIOBKY C IJIABAIOIIUMH PEXYITUMHU
iacTiHaMu. [lnaBaromue TMIACTHHBI M3TOTOBIAIOT U3 cTanu P18 W apMupyloT miacTHHKaMu M3 cIijiaBa
T15K6 ¢ yriom 3a6opHoro konyca 1°. I'otoBka cHabkeHa 4eThIpbMsI Hanpasisiromumu u3 criaa BK-8. Han
TUTACTUHAMH yCTaHABIMBACTCS -JIATYHHBIN KO3BIPEK JIJIsl HATPABJICHUS OXJIAXKIAIOIIEeH KUIKOCTH Ha PEXKYIIIe
TpaHH.

JI7st 9UCTOBOTO pacTauMBaHUs PEKOMEHAYIOTCS cienyrontie pexumsr: I = 0,3mm-0,4 mm; vV = 80-5-120
m/muH; S = 1,4-5-1,5 mm/06. IllepoxoBatocTth moBepxHocTH Ra5—Ra6. KoHycHOCTP M OBaJIbHOCTH
PacTOYEHHBIX OTBEPCTUI HAXOTUTCS B MpEeNiax MoJis AOMYCKOB MO 2-My KJIacCy TOUHOCTH, HE TPEBbIIIAs
0,02—0,03 mmM.

OxoHyaTesbHas OT/IeNIKa OTBEPCTHI — HanboJIee OTBETCTBEHHAS OIepalIlHsl M3rOTOBJICHHS IIb3bL. B kauecTse
OT/ICJIOYHBIX OMNEpalii MPUMEHSIOT XOHWHTOBaHUE, PACKaThIBAaHWE, TOHKOE paCTauMBaHHE, IPOLIMBAHHE U
TIOJIUPOBAHHE.

XOHMHTOBaHHUE OTBEPCTUI OCYIIECTBIIIOT HA BEPTUKAIBHBIX M TOPU30HTAIIBHBIX XOHWHTOBAIBHBIX CTAHKAX C
ucnonszoBanueM OpyckoB K3180CT2—CT3 wm K3280C1IM npu OOWIBHOM — OXJTaXKICHUH KEPOCHHOM.
HeoOxommblii pasmep JoCTUraeTcs Mpy MEepUOIMUECKOM KOHTpOJe 00pabaThBaEMOro OTBEPCTHUSL. XOHUHTOBAHHE



o0ecreurBaeT BBICOKYIO TOYHOCTh 00padaThIBAEMOro OTBEPCTHS, HO W3-32 HHM3KOW NPOM3BOIUTEIIBHOCTH 3Ta
oTepaIys MPUMEHSIETCS TOJIBKO U IIMHPOB, pabOTAIOMIMX B 0COO0 OTBETCTBEHHBIX YCIIOBHUSX, a TAKKE TPH
WH/IMBUTY AJTBHOM TTPOU3BOJICTBE.

[MonmrpoBaHue BHYTPEHHEH MMOBEPXHOCTH HAKIAYHBIM IIOJIOTHOM (KaK MpPaBWIIO, 3epHUCTOCTBIO 46—60)
SIBILSIETCST MAJIOTIPOU3BOUTENIFHON ONepalyeii, He TapaHTUPYIOLIeH, KpoMe TOro, TpedyeMoll TOYHOCTH M
[IEPOXOBATOCTU MOBEpXHOCTU. [lo 3TMM e CcooOpaKeHHsSM HE MOJIYYWIO PAcHpOCTPaHEHHE W TOHKOE
pacTayuBaHue.

[IpoTsiruBaHre ¢ TOMOLIbIO MIAPOB M MPOIIMBKA HE MOTYT OBITh PEKOMEHIOBAHBI JUI ILIHMPOKOTO
HCIIONIb30BaHU, TAK KAK OHU BBI3bIBAIOT B 00PA0ATHIBAEMBIX JICTANISAX, OCOOCHHO TOHKOCTEHHBIX, 3HAUYUTEIIbHbIE
nedopmanun 1 He 0OecTieunBarOT He00X0IMMOI (HOPMBI U IPSIMOJIMHEWHOCTH OCH OTBEPCTHSL.

Hau6onee nmpou3BOAUTEIBHBIM M IIMPOKO PACIIPOCTPAHEHHBIM IIPOLIECCOM OTAENIKU OTBEPCTUS SBIISIETCS
METO]I pacKaThIBaHHs, BBITOIHAEMBII MHOTOIIAPHKOBBIMU MITH MHOTOPOJIMKOBBIMH PACKaTKaMH.
[lepcrieKTHBHBIMU HAIIPABICHUSIMHA 00PaOOTKU THIIB3 SIBIISIOTCS:
1) mosydeHHe 3alaHHON TOYHOCTH M YHCTOTHI padoyeii MOBEPXHOCTH B PE3yJIbTAaTe OCYLICCTBICHUS
TOJIBKO OTJIEJIOYHBIX ONepanui, Onarogaps NPUMEHEHUIO KaIHMOPOBAHHBIX TPYO MOBBIIICHHOTO
Ka4yecTBa;
2) COBMEIICHHE YSPHOBOT'O U YHCTOBOTO PACTAYMBAHUI MHOTOPE3LOBBIMU TOJIOBKAMHU.

Tokn ruapoumanuapoB wu3rotoBisitor u3 craned 45, 30XI'CA. OHM [NOMKHBI OTBEYaTh
CICAYIOMUM TEXHUYECKUM TPEOOBAHUSIM: OBAJbHOCTh M KOHYCHOCTh pabOuYuX MHJIMHIPUICCKUX
MTOBEPXHOCTEH, a TAK)KE X OTHOCUTEIBHOE CMEIIEHUE JODKHBI COCTaBIATh HE 00Jiee TIOJIOBUHBI I0ITyCKa Ha
pasmep, HenmpsiMoJMHEHHOCTh — He Oosee 0,01 MM Ha 500 MM JJIMHBI; IIEPOXOBATOCTh PabOYMX
noBepxHocTelr Ra9—Ral0. B xauecTBe 3aroTOBKM OOBIYHO MCTIOJIB3YIOT KPYTJIbIN MPOKAT, TO3TOMY MEPBOM
omepaluel CIyXuUT OTpe3Ka 3aroTOBKH, NOJApe3Ka TOPLOB M LeHTpupoBaHue. Eciu mnpoymmHa
CIIPOEKTHPOBaHA KAaK OJIHO IIEJI0€ CO IITOKOM, TO JUIs €€ 00pa30BaHus MPOU3BOIUTCS BbICAIKAa KOHIIA ITOKA
nepen pe3epHO-IICHTPOBAILHOM OTNepanuen.

B HekoTophIX cnydasiX, OTOBOPEHHBIX JOKyMEHTaluen, TpeOyeTcs yBEIUYUTh TBEPAOCTh
nmoBepxHoctr 10 HRC 38—40. [ns storo mepen HnuIM¢OBaHHEM IPOU3BOJIUTCS 3aKajlka T. B. 9. C
BBICOKOTEMIIEPATYPHBIM OTITYCKOM WJIH YJTydIlIEHHUE.

B cBapHBIX KOHCTpPYKIUSAX TMepea (ppe3epHO-LEHTPOBATIBHON olepaleil mpoynHbl MPUBAPUBAIOT HA
CBapOYHOM IIOJTyaBTOMATe B Cpej/ie YIJVIEKHCIIOro Tas3a (B 3aroTOBKE IITOKA MPEABAPUTENHHO PaCTauMBaIOT
OTBepCTHE [ MpoyLInHbI). KOHTpos KauecTBa CBaApHOTO 1IBA IPOU3BOIST MATHUTHBIM A€(PEKTOCKOIIOM.

[lepcieKTUBHBIM HampaBiIeHHEM TMpu 00paboOTKe IITOKAa SBISIETCS BHEAPEHHBIH Ha HEKOTOPBIX
MPEANPUATHIX CHOCO0 OOKATKM Hapy>KHOW MOBEPXHOCTU POJIMKAMH, 00ECMEeUHBAIONIMIA IIEPOXOBATOCTH
MOoBEpXHOCTU 0 Ra2,5 u 3HaUMTETHFHOE MOBBIIICHUE MPOU3BOIUTEIHPHOCTH Tepe] NUTH(OBAHUEM.

IMopmiHM, Kak TpaBUIIO, W3TOTOBISIOT W3 CTaau 35 Wik 45 ¢ MOCHeAYIIUM OpOH3HPOBAHUEM
HaIpaBJIAIOIIEH TOBEPXHOCTH.

Texnuyeckue TpeOOBaHMS: IIEPOXOBATOCTh pabouux moBepxHocTed Ra6—Ra8, oTkiaoneHue ot
reOMETPUUECKO (OpMBI — B Mpeesiax MOJIOBUHBI JOMYCKa Ha pa3Mmep. Pexxe MpUMEHSIOTCS MOPIIHU U3
gyryna CY 21-40.

N3rorosneHune nopuiHen BKJIIOYAET TPU dTamna:

1) W3roTOBIICHHWE OCHOBAHUS MOPIIIHS;

2) HW3roTOBIICHHE OPOH30BOTO KOJIbBIIA;

3) HampeccoBKa KOJIblla Ha OCHOBaHKME U 00paboTKa MOPIIHS B cOOpe;



Bpon3upoBaHue ocymiecTBIsIETCS Ha THAPABINYECKOM IMIPECCE B JIBA MEPEX0/Ia: HAMPECCOBKA KOJbLa
Ha OCHOBAHHWE W OOKaTHUE €ro MO HAPYKHOMY JAHAMETPY C YMEHBIICHHEM IMOCIEAYIOIIEro auaMerpa
npumepHo Ha 1 — 1,5 %.

[Tocne OpoOH3MpPOBAaHWS W MEXAHHMUYECKOW OOpPaOOTKM IMPOW3BOAAT KOHTPOJIb OWEHHS HapyKHOM
MOBEPXHOCTH OTHOCUTEIIbHO BHYTPEHHEro auaMerpa. ODQPQPEKTUBHO TMOKPHIBaTh HAMPABISIOUIYIO
MIOBEPXHOCTH MMOJIUAMUIHBIMU INIEHKAMU B TOPSYEM COCTOSIHUH.

KpbIlliky TUAPOIMIMHIAPOB HM3TOTABIMBAIOT W3 CTANbHBIX IMOKOBOK (CTanlb 45), BBIMOJHEHHBIX
MPEUMYIIECTBEHHO B 3aKpbIThIX ITammnax. Kak mpaBuiio, KpblllIKa LWJIWHJpPA HABUHYMBAETCS HA TUJIb3Y.
Menee pacnpocTpaHeHbl COSIUHEHHsI CBapHbIE, 00nToBBIC ((praHIEBbIe) U HA BPE3HBIX Koyblax. OgHAKO
3a/Hs1s (TIyXas) KphIIIKa Yallle BCero JIeaeTcsi CBApHOI.

Haubomee coBepIIeHHBIM CITIOCOOOM MEXaHUYECKOW 00pabOTKHU KPBIIICK SBISETCS MOJIHAS TOKapHAs
00paboTKa Ha MHOTOIITNMHICIBHBIX MOJTyaBTOMaTaxX.

3anpeccoBKa B KpPBIMIKY OpOH30BOM BTYJIKM, CIIy’Kalled OMOpPOM INTOKA, MPOU3BOJIUTCA Ha
ruApaBiIndeckoM npecce. C 3TOM ke yCTaHOBKHU JI€TalM, ITyTEM CMEHBI OIIPaBKH, pa3BajliblOBBIBAIOT BTYJIKY,
B pe3yJIbTaTe Yero OHa HaIeKHO (PUKCUPYETCS B KPBIIIIKE.

[Tocne yka3aHHBIX Olepalfii KPBIIIKY B COOpe CO BTYJIKOH MOABEPraroT TOKAPHOH 00paboTKe C LEIbI0
OKOHYATEJIbHON pacTOYKU THE3J MO YIUIOTHEHHsI, BHYTPEHHET0 OTBEPCTHUSI B OPOH30BOM BTYJIKE U MOJIPE3KE
TOPLIOB.

3areM cneayloT (pe3epHble omepanuy, BO BpeMs KOTOPBIX (pe3epyroT Masbl M IUIOIIAIKH JUIS
MIPUBAJIOYHBIX IJIOCKOCTEH ITYy1IepoB. [lajiee Ha CBEPIMIBHOM CTaHKE CBEPJIST OTBEPCTHUS, HApe3atoT pe3b0y
JUTSI TIPUCOEAMHEHUS IITYIIEPOB, 3aTEM, ITOCJIE OMUIOBKH KPOMOK, CHSITHS 3ayCEHIIEB U KOHTPOJIS C TIOMOIIIBIO
MpeebHbIX KaIuOpoB U IMIA0JIOHOB HAa JIMHEWHBIE pa3Mepbl, JeTald MPOMBIBAIOT B MOEYHBIX BaHHAX,
KOHCEPBHPYIOT U HAINPABJISAIOT HA MTPOMEXKYTOUYHBIN CK1ag ToToBbIX netaneit (CI'/]).

4.2 O0beMHbIE THAPOMAIITUHBI

OcHoBHBIE JeTaJM IVIACTUHYATHIX ruapoMamnH. CTaTopsl MJIACTUHYATHIX HACOCOB U3TOTOBIISIFOT
13 BBICOKOIIPOYHOTI'O Yyr'yHa WJIM JIETUPOBAHHBIX cTaneld. CTaTopsl SBISIFOTCS NMPELU3NOHHBIMU JIETAISIMH U
MO3TOMY K HUM HPEIBSIBISIOTCS BBICOKHE TpeOOBaHMS IO TE€OMETPUYECKOW TOYHOCTH pPa3MEPOB U
N3HOCOCTOMKOCTH.

3aroToBKy OTpE3al0T M3 MpoKaTa, 00TAYMBAIOT MO HAPYXKHOMY AMaMeTpy M TopiyioT. Ha TokapHO-

PEBOJIBBEPHOM CTaHKE CBEPJIAT LEHTPAJIbHOE OTBEPCTUE M PACTAYMBAIOT TEXHOJOTMYECKYIO BBITOUKY,
0a3upysich Ha KOTOPOH, MOBTOPHO OOTAYMBAIOT HApPYy>KHBIA TUaMETp A0 pa3Mepa, YKa3aHHOIO Ha YepTexe C
HEOO0XO/IMMOW IIepOXOBATOCTHIO MOBEPXHOCTH. HapyskHbli quamerp sBisieTcs 0a3oil i JanbHeimei
00paboTku. [IpoduabHyI0 TOBEPXHOCTH KOJbIAa PACTaYMBAIOT MO KOMHMPY HA CIELUaTIbHO 000pYy/10BAHHOM
TOKapHOM WM TUIPOKONUPOBaJIbHOM cTaHke. [Ipoduip komupa CTpoST MO JaHHBIM YepTexa cTaTopa.
[IpodunpHy0 NOBEPXHOCTH pacTauMBAIOT € pUITycKOM Ha nutdosanue 0,2—0,3 MM Ha CTOPOHY.

KpuBosnHelHbli npoduiib pacTauuBaOT Ha TOKAPHOM CTaHKE C THAPOKONHUPOBAILHBIM YCTPOUCTBOM,
3aM TOCJe 3aKalKh 10 HEOOXOIWMON TBEPAOCTH M OOpaOOTKH XOJOJOM IS CTAaOMIM3allud Pa3MepoB,
nudyrot no konupy. /i codmoaenus TpedyeMoil nepneHIuKyIIpHOCTH OOKOBbIE TOBEPXHOCTH IITH(YIOT
C TOM K€ YCTAHOBKH. [[J151 3TOr0 MCIONIB3YIO0 arperaTHbl CTAHOK C TPEMS IUIUHACISAMHU, OJUH U3 KOTOPBIX
npeaHasHaueH Juisd NUTM(OBKM KPUBOJIMHEHHOTO mpodwmist, a Apyrue s oOpaboTku Topuos. JloBoaka
KPUBOJMHEHHOTO TPOQMIsS MPOU3BOIUTCS HA AHAJIOTMYHOM CTaHKE, B KOTOPOM IIIM(OBaIbHbIE KpPYTH
3aMEHEHbl Ha J0BOJOYHbIE. HapykHyl0 TMOBEPXHOCTb M OJUH TOpel HUIM(PYIOT Ha OIpaBKe II0
MaKCHUMaJIbHOMY AMAaMETPY BHYTPEHHET0 OTBEPCTHS OJHOBpEMEHHO. BTopoil Topel Kojblia 1 OKOHYATEIbHO
MepBbIN Toper 00padaThIBAIOT HA INIOCKONUIN(OBATBHOM CTaHKE.



[Ipu M3roTOBNEHUH CTATOPHBIX KOJIEI HEOOXOAUMO BBIMOIHATE CIEAYIONINE TPeOOBAaHUS HO
F€OMETPUYECKON TOYHOCTHU:

1. buenue noBepxHOCTH paboyero npouisi OTHOCUTENBHO HAPYKHOTIO JUAMETPa J0JKHO
cocTaBiarh He 0ojiee 0,5 MMm;

2. HenepneHaukyiasipHOCTh 00pa3yroleil BHYTPEHHEH MOBEPXHOCTH CTATOPHOIO KOJIbIIA K
topram He 6osee 0,02 MM Ha IUPUHE KOJIBIIA;

3. HemapamnenbHOCTH TOPIIOB cTaTOpa M0JKHA ObITh He Oosee 0,01 MM Ha HApyKHOM JUaMeTpe
KoJbIla. Hapy»Hasi TOBEpXHOCTh CTaTOpa CompsiraeTcs ¢ Kopimycom 1o nocaake H7/g6 (ctannapr COB

145-75).

PoTopbl M3roTOBISIOT M3 LIEMEHTHPOBAaHHBIX cTaieil. Cxema Oa3upoBaHHMs Takas K€ Kak IpH
o0Opabotke craropa. [locne TokapHOit 00pabOTKM HAa BEPTHKAIBLHO-CBEPIUILHOM CTAHKE CBEPIISAT OTBEPCTHS
no mepudepun poropa, KOTOphIE 3aTeM pachpe3epoBBHIBAIOT JWCKOBBIMU ()pe3aMH Ha TOPH30HTAIBHO-
(dpe3epHOM cTaHKe A0 OOpa3oBaHUs MMA30B W MPONLUIM(OBBIBAIOT Ha KPYriaonuiMpoBaLHOM CTaHKE.
OO0paboTKy Ha yKa3aHHBIX CTAHKAX MMPOU3BOJIAT B JACTUTEIBHOM MpHCIoco0aeHnr. OKOHUATEIBHYIO JIOBOJIKY
IUIOCKOCTEH Ma30B € TOMOIIBIO TEKCTOIUTOBBIX AUCKOB-IIPUTHPOB OCYIIECTBISIOT HA KPYTIOHUTU(POBATIHLHOM
cranke. TpeOyemas reomeTpuuyeckas TOUHOCTh Ma30B oOecreunBaeTcss O0a3upoBaHueM Mpu oOpaboTKe Ha
OOKOBYIO MOBEPXHOCTh M IEHTpasibHOE OTBepcTHe. LIINMnIbl M3roTOBISAIOT HA TOPU3OHTAIBHO-TIPOTSHKHOM
CTaHKE IOBBIIICHHOW TOYHOCTH, 0a3UpysACh HAa HApPYXXHBIA JHaMeTp U OOKOBYIO IOBEPXHOCTh. BOKOBBIE
MMOBEPXHOCTH JIOBOJISIT HA TUIOCKOJOBOIOYHBIX CTaHKAX.

Tepmudeckas 00paboTKa poTopa, MPOBOAUMAs Mepe NUTH(GOBaHHEM, 3aKITI0YASTCS B IEMEHTAIMH Ha
HEOO0XOIUMYIO TITyOUHY | 3aKaJKe JI0 Hy)KHOHM TBEpJIOCTH. 3aTeM He MoJIBeprasi OTIyCKY, He OoJiee yeM yepe3
30-45 MuH npou3BOAAT 06pabOTKy X0s1010M IpH Temmneparype — 70°C ¢ BbIAEpKKOI IPH 3TOM TeMmepaType
30-40 mumn. [Tocsie 3Toro npoussoasat ormyck mpu 160-180°C ¢ BeIepskKoii 0koMO Yaca.

TexHn4yeckue TpedGOBAHUA M0 reOMETPUYECKOM TOYHOCTH:
1. PasBain na3zos He 6oiiee 0,03 Mm;
2. BBIIyKIIOCTH TOPIIOB HE JIOMYCKAETCs; BOTHYTOCTh Aomyckaercs 10 0,01 mwm;
3. HenapamnensHocTh TOpIOB HE Oosee 0,1 Mm.

Il1acTHHBI H3TOTOBJISIOT U3 HHCTPYMEHTANBHBIX cTanei Tuna P18, 9XC. Mexanndeckas 00padoTka
CBOJIUTCSA K (pe3epoBaHUIO, NUIH(OBAHUIO U JOBOJKE TUIOCKOCTEH. [lnacTunbl, kak npaBuio, Gpe3epyroT u
Ui dyroT Mo KOHTYpY nakeroMm 1o 5-10 mT B mpucnocoOiaeHnu ¢ 6a3upoBaHUEM I10 JIBYM MOBEPXHOCTSIM.
TepmooOpaboTka, mpoBogUMast nepe] HUIM(OBaHUEM, COCTOUT B 3aKaJIKe /10 HY>KHOM TBEpI0CTH, 00paboTke
XOIOJIOM M TpeXKpaTHoM oTirycke rpu 500-600°C ¢ BhIzepiKoii B TeueHHH yaca. BoKOBbIE YILIOTHUTENbHbIE
(1aHIBI, HEPEIKO KOHCTPYKTUBHO OOBETUHEHHBIE C KOPITYCOM, H3TOTaBIUBAIOT U3 yyryHa Mapku CY 28-48.

Texnudeckue TpedGoOBaHuUs:

Tommuua mracTuH nowkHa 06Tk Ha 0,01—0,03 MM MeHBIIIE MUPUHBI TA30B;

[[InprHa MaacTUH A0HKHA OBITH MEHBIIE MPUHBI poTopa Ha 0,01 MM;

OTKIIOHEHHUE OT MPSMOJTMHEHHOCTH MPUJIETAIOIICH K CTaTOpy KPOMKH IIacTUHBI He 6oitee 0,003 mwm;
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4. HenapannenbHOCTh KPOMOK IUIACTUH, MPUJIETAIOLINX K TOPLAM PACIIPEAETUTENBHBIX UCKOB, HE
ooiee 0,01 mm;

5. HeHepHCHIII/IKyHﬂpHOCTI) KpOMOK IIJ1aCTHUH, HpI/IHCFaIOIIII/IX K paCHpe[IeHI/ITeHBHI)IM JUCKaM, K
KpPOMKeE, TpUJIeTarolei K BHYTPEHHEH MOBEPXHOCTH CTATOPHOIO KOJibIla, He Ooee 0,1 MMm.



JIMCKM M3HANIMBAIOTCS IO TOPIIaM, MPHIIETAIONIUM K POTOPY U B MECTE MOCaIKU Iand poTopa; Ha
TOpPIIAX AUCKOB MOSBIAIOTCS KOJIBIEBBIE PUCKU U 3a1Upbl. JIUCKM HE0OX0AUMO PEMOHTUPOBAThH MITH
3aMEHSTh IPH CyMMapHOM H3HOCE OTBEPCTHsI qucKa 1 Handsl poropa ceeie 0,08 mm. V3HOImEHHBIE THCKU
pacTaynBarOT Ha HECKOJIBKO MHJUIMMETPOB OOJIbINE AUaMeTpa MPOouuTM(OBaHHBIX Har( poTopa,
3aMpeccoBBIBAIOT B PACTOYEHHOE OTBEPCTHE BTYJIKY U BHOBb pacTauMBaroT, obecrieunBas nocaaky H7/g6.
[Tocne pactaunBaHus MOAPE3aOT TOPEL.

IIpu M3roToBJIEHNU U PEMOHTE THUCKOB HEOOX0IHUMO COOJII0AATh CJIeAYIoIIe TPeGOBAHMA:
1. buenue HapyXHOH MOBEPXHOCTH CTYIHUIbI OTHOCUTEILHO OTBEPCTHUS JOJKHO ObITH He Ooee 0,01
MM;
2. BBIIyKJIOCTH TOPIOBBIX MOBEPXHOCTEN HE IOMYCKAETCs; BOTHYTOCTH jgomyckaetcs 10 0,02 mw;
3. Henapamnenocts Topuos He 6omee 0,01 mm;
4. HenepneHIuKyIspPHOCTh TOPLIOB IO OTHOUIEHHIO K OcU oTBepcTHs He Oosee 0,02 MM Ha TuameTpe
JIAICKA.

[lepen cOopkoil Aeramu Hacoca THIATENBHO MPOMBIBAIOT B KEPOCHMHE M CMAa3bIBAIOT MHHEPATbHBIM
MmacsioMm. CHayana cooupatoT potop. PoTop ycTaHaBiaMBaroT Ha Bajl TaKUM 00pa3oM, 4TOObI HAKIIOH IJIACTUH
ObUl B CTOpOHY BpameHus. [lmacTuHbpl B ma3ax poropa JODKHBI IepeMelnaThest 0e3 3aeJaHus M KauKu B
HanpaiieHuu ocu poropa (3azop 0,01 — 0,03 mm). JlommyckaeTcst HIOArOHKA U MPUTHPKA IIACTUH NacTOM Ha
mwre. [llupuna potopa nomkHa OBITH MeHbIE mupuHbl cratopa Ha 0,03 mm. [Ipu ycraHoBke poTopa B
KOpITyC HEOOXOMMO, YTOOBI YIIIOBbIE KAHABKU Ha THUIBHOW CTOPOHE OTIOPHBIX JUCKOB OBLIH PACIOIO0KECHBI
B TIOJIOCTH HAarHeTaHWs (TOJIOCTh HAarHETaHWs COCIWHEHAa ¢ MEHBIIUM TIOJCOSAMHUTEIFHBIM OTBEPCTHEM
Kopmyca). 3aTsIruBas KpbIKy KOpITyca, MPOBEPSIOT JETKOCTh BpallleH!sl IPUBOIHOTO Baja.

OcHoOBHBIE 1€TAIN AKCHAJBHO-TIOPIIHEBLIX TMAPOMAIIUH
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Puc. 3. AKCHaNbHO-TIOPHIHEBOH HeperyJHpyeMblii HacoC-THAPOMOTOP C
pEeBEPCHBHBIM NMOTOKOM H HAKJIOHHBIM GJIOKOM:

I— BaJs, 2— ynjoTHeHHe, 3— chepHueckas rojoska, 4— 1artyH, 5— 00Ka nopuiHs,
6— wapHup, 7— GJOK UHJAMHAPOB, 8— wun, 9— kpwuliika, [0, 11— oxuo, 12—
npyxuHa, /13— nopiuedb, [4— AucK

BJIoKH HMJIMHAPOB aKCHAJbHO-TIOPIIHEBBIX THAPOMALIMH. BIOKM IWIMHAPOB M3rOTOBISIOT U3
BBICOKOJIETUPOBAHHBIX CTalell MM OPOH30BBIX CIIIABOB. BpOH30BBIE OJOKHM MPUMEHSIOT MPH JABJIECHUH 10
25x108 H/m?2. CraneHble 60KH MOTYT paboTaTh IIpH 60Jee BEICOKUX JABICHUSX.

[Tpu o6paboTke OpoH30BBIX O10KOB U3 crutaBa bp. OCH 10-2-3 npumensaTs abpa3uBHbIE MaTepHAIIBI
Hegomyctumo. [lpu oOpabGotke OmokoB u3 cmiaBa bp.O12 pomyckaercs abpasuBHas 00paboTka C
MOCJIeNYIONIeH TIIaTeabHON MpoMbIBKOK. [Ipn 00paboTke cTampbHBIX OJI0KOB M 0JIOKOB W3 cruiaBa bp.O12
mo0op peKMMOB HUIM(POBKU M JTOBOJKH, a TaKKe BBIOOp HUIM(OBATIBHBIX KPYroB U IMACT OMPEIENISIOT
KauecTBO pabo4ynX MOBEpXHOCTEH OIOKOB.

IIpu o0padoTke MI0CcKOro padouero Topua 0J10Ka HUJIMHAPOB U OMIOPHOI0 JUCKA HEOOXOAUMO
€00.1I01aTh CJIeayIolHe TEXHUYeCKHe TPeOOBaHUS:

1. HenapannensHocTh TOp1ioB He Oosiee 0,02 mM;
2. BpmykiaocTh pabouero Topia He I0MyCKaeTcs, BOTHYTOCTh fomyckaeTcs 10 0,005 M.

N3Hoc cdepruyecknx ONOPHBIX MOBEPXHOCTEH aKCHAIbHO-TIOPLIHEBBIX T'MIPOMAIINH YCTPAHSIOT
MIPUTUPKOH € MacTOM U JOBOAKOM criapeHHBIX feTaneil. [Ipun 00paboTke OOpPHBIX MOBEPXHOCTEN HEOOXOAUMO
oOpamiath BHMMaHHE Ha COXPAaHEHHME «YCOB» pACHpEACTUTEIbHBIX OKOH, MIPAIOLIMX Ba)KHYIO pOJIb B
mporecce pacnpeaeneHus: padboueii xxuakoctu. [lepex cOOpkoi neTaiy TIIATEIHLHO MPOMBIBAIOT JIO MOJHOTO
yJaJeHus 10BOJJOYHOM MACTHI.

IInyH:xepbl M 30J0THUKHM. 30JIOTHUKM U IUTYH)XXEpPhl LIMPOKO NPUMEHSIOT B THAPOMAIIMHAX U
ruapoanmaparax.



30JI0THUK TPEACTaBIsIeT cOO0I CTyNeHYaThIi BaIMK C MPOTOYKAMH M KaHABKaMH Ha pabOvHX HIeHKax.
Haubonee pacnpocTpaneHHbII MaTepuan ajs u3rotoBieHus — ctanb 20X, moaBepraemasi ieMEHTALUH, a
takoke ctanu 40X, XBI', IIX15. CopramMeHT 3arOTOBKH — ITPOKaT.

PaccmoTtpuM mociieioBaTeIbHOCTH Olepaluii mpu o0padboTke 30s10THHKA 13 cTanu 40X.

Ha TOKapHO-pEeBOJIbBEpHOM CTaHKE 3aroTOBKAa TOPIYETCSI C JBYX CTOPOH U UEHTpUpYETCs Ha
LEHTPOBaJIbHOM cTaHke. HapyskHas o0Touka MPOM3BOAUTCS Ha TOKAPHO-KOMHMPOBAIBLHOM MOJyaBTOMATE.
ITocne TokapHOit 00pabOTKM PO 30JI0THUK MOIBEPTaeTcsl TEPMUYECKON 00paboTKe — 3aKalke padounx
IIeeK M OTIYCKY IO HY)KHOH TBEpJOCTH. XBOCTOBHMK 30JIOTHMKA TaKXKe 3aKaJMBAETCS O TBEPAOCTH
yKazaHHOH Ha uyeprexxe. Ilocine TepMoOOpaObOTKM NPOU3BOAUTCA KOHTPOJIb OueHus meek. Ilpu
HE0O0XOIMMOCTHU MPOBOIMUTCS IPABKA.

[Tpunyck mox manpHEWIyo o6paborky numdosanuem cocraBmter 0,5 — 0,6 mm. Ilepsas
Ui oBaIbHAs OTepays MPOU3BOAUTCS Ha KPYTJIONUIA(OBAILHOM CTaHKE. 30JIOTHUK yCTaHABIMBACTCS B
[EeHTpax, NUIM(QYIOTCS TTOBEPXHOCTH IIEEK M XBOCTOBHK JO HY)KHOW IIEPOXOBATOCTH MO/ MOCIEIYIOIIYIO
o06pabotky. Jns nummdoBanus npumeHsoT kpyr tama 3b25C1. {ns KoHTponst pabouux MOBEPXHOCTEH
HCIIONB3YIOT MpeJeiabHbIe Kaauopbl (CKoOBI). [leTanu, ynokeHHbIe B MATKYIO Tapy BO M30ekaHHE 3a00uH,
MOCTYNAalOT Ha TOKapHYIO OINEpaluI0 Hape3Ku KaHAaBOK Ha pabouux Iueiikax. KanaBku HapesaroT
CHEeLIMAIbHBIM PE3bOOBBIM PE3LIOM C AIMa3HOM pexyiieil KpoMKON. ECTh cTaHKHU 17151 MU3TOTOBJICHUS KAHABOK
MeToZOoM HakaTkd. llocie Hape3aHuss KaHABOK MPOHM3BOIAT BTOPYIO HUIM(OBAIBHYIO ONEpalMio Ha
kpyrinonuiudosansHom cranke. nudyror Bxomnsie kpoMku (dacku) Ha pabouumx mieikax, padoudne
MOBEPXHOCTH IIEEK. 3aTeM JAETald TOTPYKalOT B IPOMBIBOYHYIO BaHHY, CyIIaT, KOHCEPBHPYIOT U
HaTPaBJISIFOT HA COOPOYHBIN Y4aCTOK.

[TryHKepsl MOXKHO 00pabaThIBaTh B TAKOH MOCIIE0BATEIHHOCTH:

1) uepHoBas TokapHast 00paboTKa ¢ octaBieHueM npunycka 0,4 — 0,6 MM ISl YMUCTOBOM 00pabOTKH;
2) TepmMooOpaboTKa;

3) uumdoBaHUE TOPIA HA KPYTIONLTH(OBAIHHOM CTaHKE;

4) 3auncTKa (HacKu HA TOKAPHOM CTAHKE;

5) umncroBoe nuMpoBaHKE N0 HAPY)KHOMY JTHAMETPY Ha OECIICHTPOBO-NUIN(OBATEHOM CTAHKE,

6) uummdoBanue chepuuecKoll MOBEPXHOCTH U KOHYCA;

7) noBojKa;

8) mnpoMmbIBKa M NACCHBUPOBAHHE;

9) KOHTpOIIb.

YuctoBoe numdoBaHue MPOU3BOAUTCS Ha OecleHTpoBO-ILIM(OBaIbHOM craHke. lllnndosanue
cdepsl ocyecTBiIseTcsl Ha cepo-IIu(oBaIbHOM WIM TOKAPHOM CTAaHKAX B CIEHUAIBHBIX MMOBOPOTHBIX
MIPUCTIOCOOJICHUSAX C YCTAaHOBJICHHOM NUTM(OBATFHON TOJIOBKOW, MMEIOIIEH aBTOHOMHBII MPHBOJI.

TopuoBble pacnpegequTe/H YCTaHABIMBAIOT B  OCHOBHOM Ha  aKCHAJIbHO-TIOPIIHEBBIX
TUIPOMAIIMHAX, OJHAKO PA3HOBUIHOCTH UX IPUMEHSIOT B paJHalbHO-TIOPIIHEBBIX U IUIACTUHYATHIX HACOCaX
u rugpomoropax. Ilo koHurypamum pacnpemenuTeNn pazgeNnfloT Ha IUIOCKHE M c(epudecKue, IIo
HCIOJIb3YEMBIM MaTepHajiaM Ha OpOH30BbIE U CTaJIbHbIE.

OO0padoTKa OPOH30BOT0 MJIOCKOI0 pacnpeaeauTeisi. 3aroToBKa MPEACTABISIET cO00 OPOH30BYIO
OTIUBKY, JUTMHA KOTOPOi o0ecnieunBaet noiayuyeHue 5-10 getaneit u3 ogHoro cnutka. OTpe3aHHBIN OT CIUTKA
JUCK TOPLYIOT Ha TOKapHOW CTaHKE 10 HYXHOW IIEpOXOBATOCTU. 3aTEM pacTAuMBAIOT MPEIBAPUTEIHLHO
MIPOCBEPJICHHOE [IEHTPAILHOE OTBEPCTHE, MOAPE3aI0T BTOPOUM TOpEI, O0TAauMBAIOT HAPY KHBIN IAHAMETD,



pacTauMBalOT BBITOYKH Ha Topuax . Ha mpoTsDKHOM CTaHKe NMPOTATHBAIOT JBa MPSMOYTOJBHBIX Ia3a Ha
nepudepun 1MCKa Ha BEPTUKAIbHO-CBEPIMWIBHOM CTaHKE CBEpJAT oTBepcTus. Ha BepTuKambHO-(ppe3epHOM
CTaHKe (ppe3epyIoT mas3sl Ha paboyeM TOpIe U JBa 1a3a Ha 0OpaTHOM. 3aTeM MPOU3BOIST MPEIBAPUTEIHHOE
Y OKOHYATeJbHOE (hpe3epoBaHME MA30B HA TOPIIAX, CIECAPHYIO 00pabOTKy (COXpaHss OCTpble KPOMKH Ha
paboyeMm Topiie) U KOHTPOIb T€OMETPHUH.

ITocie TOro OCyIIeCTBIAIOT CTapeHHe B MacisHoi BanHe npu 280°C B Teyenue 2 4. 3aTeM jeTanu
IIPOMBIBAIOT, IPOBEPSIOT, IPOBOJAT IIabpeHue ¢ odbecrnedyeHre ToueK KOHTAKTa.

["oTOBBII pacipenenTeNb NPOMBIBAIOT, HOKPHIBAIOT KOHCEPBUPYIOIEH CMa3KOH M yIaKOBBIBAOT.

O0padoTKa CTAJIBHOrO c(hepuuecKoro pacnpeaeauTens. 3aroToBKa — KPYIJIbIil IPOKAT U3 CTAJIH.
[Tepen mexanndyeckoit 00pabOTKOH ee MoABEPraroT YIYUIICHHIO 10 HY>KHOU TBepAocTH. Ha TokapHOii cTaHKe
CBEPJIAT LEHTPAIBHOE OTBEPCTHE, MOAPE3AI0T TOpEL, MPEIBAPUTEIBHO O0TAYMBAIOT HAPYXKHBIA JAUAMETP,
cHuMaroT ¢acku. OO6paboTaHHbIM Topel sBigeTcs He pabouuM. JleTanp mepeBOpPaurBaIOT U MPOU3BOMAST
TOKapHyI0 00pabOTKy MPOTHUBOIIOJIOKHON CTOPOHBI C 0Opa30oBaHMEM KOHWYECKHUX TMOBEPXHOCTEH. 3aTem
pacTauMBaloT LIEHTpaJIbHOE OTBepcTHE. Jlanee Ha chepoTOKapHOM CTaHKE B CIIELUAIbHOM MPUCTIOCOOICHUN
oOraunBatoT cdepy. [Ipunumas 3a 0a3y LEHTpallbHOE OTBEpPCTHE, Ha KPYrIoHUIM(OBaIbHOM CTaHKE
nUMQyYIOT HApYKHBIH TUaMeTp A0 OKOHYATeNIbHOro pa3Mepa. Ha HacTONbHO-CBEPIMIBHOM CTAaHKE CBEPJIAT
oTBepcTus nmoJ MTU(TH U cHUMaloT ¢acku. Ha yHuBepcaibHO-(ppe3epHOM cTaHKe (hpe3epyroT KaHABOYHbIE
nma3pl Ha HApY)XKHOM TMOBEPXHOCTH. 3aTeM NPUCTYMAlOT K o00paboTke ma3oB Ha pabodyeM Tople
pacnpenenurens. s 3TOro Ha MIOCKOM TOPIIE CBEPJIST OTBEPCTHUE, a HA CHEPUIECKOM MO TOPH30HTAILHON
OCH JIeTJIM — J[Ba OTBEPCTHs HAIPOXOJ; TH OTBEPCTUS pacpe3epOBHIBAIOT IO 33/JlaHHOMY KOHTYpY Ha
YHHBEPCAITLHO-(PPE3epHOM CTaHKE C HCIIOIB30BAHUEM TIOBOPOTHOTO CTOJIA.

3areM Ha MIOCKONUTH(OBATFHOM CTaHKE HMUTH(YIOT IUIOCKOCTH 0 HY>KHOH 1epoxoBaTocTu. JleTtans
yCTaHABIMBalOT HAa MAarHUTHOM IUMTe B mpucnocobnenuu. Ha cdepourndopanbHoM cTaHke HUTHPYIOT
coepy. [locne cnecapHoit 00paboTku neTanb azoTupyroT Ha riyouny 0,3-0,5 MM, 3aTeM OKOHYATENHHO
nudyoT IOCKUH u cepudeckuit Topupl. [Tpumyck npu numdosanuu cdepsl gomkeH 0bTh He 601ee 0,05
MM BO H30€KaHUE CHATHS a30THPOBAHHOTO cjos. llocie okoHYaTenbHOTro HUIM(GOBAHUS TPOU3BOISAT
KOHTPOJIb OMEHHS TUIOCKOTO U CPepHUUECKOro TOPIa OTHOCUTEIHHO IIEHTPATHHOTO OTBEPCTHSL.

OkonuatenpHass 00paboOTKa TUIOCKOTO W C(epruyecKkoro TOPIIOB 3aKIIOYaeTCs B JOBOJKE Ha
JIOBOJIOYHOM MPHUCTOCOOIEHUH (TUIUTE) AJIsl IUIOCKOCTH U Ha CPepOAOBOAOYHOM IS ChEpHI.

3aBepIaronIMMH ONIEPAIMSIMHU SIBISIFOTCS TIATENbHAsI MPOMBIBKA JI0 MOJIHOTO YIaJIeHUS IOBOIOYHOM
MACThI, CYIIIKa TOPSIYUM BO3yXOM JI0 MOJIHOTO YJaJeHUs BIIard, KOHCEPBAallUs U YIIaKOBKa.

IHopmHU ¥ WIATYHBI AKCHAJIBHO-TIOPIIHEBBIX IHAPOMAIINH. Y3€Jl MOPIICHb-IIATYH B aKCUAIbHO-
MOPIIHEBBIX THAPOMAIIMHAX MIPEICTABISAET OO0 HEpPa3beMHOE COETMHEHHE.

Cy1iecTBeHHOE 3HAYCHHE /TSl 00eCTIeueHUS HAIe)KHOM pabOTHI COSTMHEHUSI UMEET CITOCO0 U KaueCTBO
3aJIeJIKU 11aTyHa B MOPILIEHb.

[lepssiii BapuanT. [lopiieHs U BKIAIBIIT U3rOTOBISIIOT U3 OpoH3bl bp. AXK 9-4, maryn — u3 cranu
12XH2A c¢ mocnenyromeii memeHtanuedr n 3akankoir 10 HRC 56-62. HapyxHblii nmuamerp MOpIIHA U
BKJIAJIbIIIIa 00pa0aThIBAIOT MPEABAPUTEIHHO C MIPUITYCKOM AJIsl JalbHEUIe 00paboTKH Mocie 3aBaIbIIOBKH,
paBHbIM 1 MM Ha auameTtp. Banbilyemas MOBEpXHOCTh UMEET MPUITYCK | MM Ha CTOPOHY | JIJIsl YMEHBIICHUS
pa3bpoca B MOKa3aTeNsIxX KauecTBa 3aBAJIBLIOBKH 110 2-My Ki1accy TOUHOCTH. OOpaboTKa maTyHa MPOUCXOAUT
OKOHYATEJIbHO [0 3aBAJbLIOBKU. 3aBajJbL[OBKY OCYLIECTBIISIOT Ha ITHEBMATUYECKOM IIPECCE METOJOM
MPOTSATUBAHUS JeTaneil depe3 KOMIUIEKT matpull (puibep). MaTpuma mnpencraBiser co0oil OmpaBKy ¢
HaO0OpOM W3 BOCBMH KaJHOPOBAaHHBIX KOJICI, YCTAHOBJIEHHBIX B OIPENEICHHOW MOCIEI0BATEIHHOCTH.
JlnameTp Kouiell yMeHbIAaeTCsl 0 Mepe MpOoABMKEHUs AeTanu. PazHula B iuaMerpax Mex1y NpeablaIyuMu
Y MOCIEAYIOMKMMU KOJIbIIaMu TtocaeaoBaTenbHo coctasisiet 0,2; 0,15; 0,1 u nanee go 0,05 mm.



KoMmiekT cocTOMT M3 Tpex MaTpHll, MOJOMpPaeMbIX B 3aBHCHUMOCTH OT IpPEIENbHBIX pPa3MepoB
BAJIBIIYEMBIX JI€TaJICH.

ITo BTOpOMYy BapuaHTy nopiieHb u3roronnsercs u3 crainu 38XMIOA, a matyH — u3 cranu 30X3MDA.
[Tocne 3aBanblIOBBIBAHUS MTPOU3BOJUTCS COBMECTHOE a30TUpoBaHue Ha rinyouny 0,25 — 0,32 mm. Cuctema
OTBEPCTUH B MOPIIHE U MIaTyHE, 00eCcTIeYnBaONIas CMa3Ky c(hepUUeCKUX OBEPXHOCTEH NMPH SKCILTyaTallly,
B IIpOLIECCe a30THMPOBAHUS CO3JAET TATY, 3acachlBas aMMMAK Ha MOBEPXHOCTH C(epbl HIATyH-NOPIIEHb U
rapaHTHUPys TEM CaMbIM HEOOXOIUMBIE YCIOBUS JUIsl JUCCOLMALINY B LIETISIX MOTyUYeHUs TpeOyeMoi Ty OrHbI
a30THPYEMOTIO CIIOSI.

[lepen 3aBanbIlOBBIBAHMEM HApYXKHBIA NpOo(UiIb HIATyHAa W BHYTPEHHSS IMOBEPXHOCTh IMOPIIHA
MOJTHOCTBHIO oOpabaTsiBatoTcs. IllaTyH ycTaHaBIMBAIOT B MOPILICHH J0 yIOpa BO BHYTPEHHIOK chepy U B
TAaKOM TIOJIO)KEHUHM 3)KMMAIOT B IPHCIOCOOJNECHUH pe3bOOHAKaTHOrO CTaHka. Ha cTaHke BMecTo
pe3bOOHAKATHBIX TOJIOBOK YCTaHABIMBAIOT CIELUAIbHbIE 3aKaTOYHbIE MPOYUIUPYIOLIUE POJIHUKH,
MIPOM3BOJISAIINE 3aKaTKy MOPILHSA 10 Majiol cdepe 1maTyHa.

[Tocne 3akaTky MOPIIHU MO IEPBOMY BapUaHTy NIPOTAUYMBAIOT B LIEHTPAX, a 10 BTOPOMY HUTU(YIOT Ha
0ecLeHTPOBO-IUIU(OBAILHOM CTaHKE [0 IOJYYEHHMsS OKOHYATEJIbHBIX YEpPTEKHBIX pa3MepoB. 3aTeM
IIPOU3BOIUTCSI KOHTPOJIb OMEHMs OOIBIION cepsl MaTyHa OTHOCUTEIBHO HApYyKHOTO JUaMeTpa NOPIIHS (He
6oxee 0,1).

BuyTpennue cdepuueckue MOBEPXHOCTH MOPIIHEH 00pabaThIBAIOT ClEMUATBbHBIMU MPO(UIBHBIMH
pe3namu. OKOHYATENbHYI0 00pabOTKY MPOU3BOAAT MPUTUPAMHU U3 TEKCTOJINTA, YKPEINICHHOTO HAa CTAJIbHOU
JIep’KaBKe.

Cdepruueckre TOBEPXHOCTH KOHTPOJUPYIOT PHIYAXKHON CKOOOM (IMaccameTpoM), TOUHOCTh KOTOPOH
nocturaet 0,002 mMm. KOHTpOJIb YMCTOTHI TPOU3BOAAT BU3YATIBHO IIyTEM CPABHEHUS C ITAIOHOM.

3arotoBka IIaTyHa [IOJy4yaeTcss METOJOM INTaMIIOBKM Ha SKCLEHTPUKOBBIX mpeccax. llepen
IITAaMIOBKOW KOHIIBI 3aTOTOBKHM HAarpeBaloT Ha 3JIEKTPOKOHTAKTHOM yCTaHOBKE, MPOBEPHUB MPEIBAPUTEIBLHO
MaTepHuall Ha OTCYTCTBUE TPEIIMH ¢ TOMOIIBIO CTUIUIOCKOIIA.

IlecTepenHbie ruApOMAINHbBI



Puc. 2. lllecTepeHHblll HACOC-THAPOMOTOP:
@ — KOHCTPYKTHBHas cxema, 0 — geTtanu Haceca; I, 3, 12, [3— Konbla ymJaoOTHeHud,
2— kpuliika, 4— ynjaoTHeHHe, .5, 7— BTYJKH, 6— Kopnyc, 8, 9— wecrepuu, /(— mnnacruHa,
11— BuHr, 14— orsepcrtie, /5— npoBoOJAOKH

PaGoune koJieca mecrepeHHbIX HacocoB. PabGoune koseca (mecTepHu) s MIECTEPEHHBIX HACOCOB
HM3COTOBIIAIOT U3 cTanu 20X ¢ rieMeHTaluel U 3aKajikoi, a u3 cranu 45 uinn 40X — ¢ 00beMHOMN 3aKaJIKOA.
K mectepHsM npeabsaBISIIOT CIEAYONNE TEXHUIECKHEe TPEOOBaHUS:
1) COOCHOCTH MOCAJOYHOTO OTBEPCTHUS C HAPYKHBIM JUAMETPOM 3y0UaToro Kojeca JOJKHA ObITh B
npeaenax a0 0,01 mm;
2) COOCHOCTH HapY’>KHOH M JICIUTEILHOM OKpYKHOCTEH — B mpeaenax 0,2 M;
3) kosebaHMs pa3MepoB 3yOUaThIX KoJec 1Mo mupute — He 6omee 0,01 mwm;
4) HeneprneHIuKYISIPHOCTh TOPIOBBIX TIOCKOCTEH mecTepeH K ocsM — He 6osee 0,01 MM Ha uinHE
100 MMm.
KauecTBO M3roTOBNEHUS IIECTEPEH KOHTPOIUPYETCS MO BEIMYUHE PaIHallbHOTO OWEHHUs 3y0uaToro
BEHI[A, PAa3HOCTH COCEIHHX OKPYXKHBIX IIaroB 3yObeB, TONIIMHE W MPOQPHII0 3yObeB, OTKIOHEHHIO OT
TEOPETUIECKOT0 HAMIPABIICHHUS 3y0a.

[IpenBapuTensHOe W YHCTOBOE OOTAYMBAHHME W PACTAYMBAaHUE TPOU3BOIAT C YUETOM IMOJTOTOBKH
YCTaHOBOYHBIX 0a3 /Ui Hape3aHus 3yObeB. DTUMHU 0a3zaMM Kak MPAaBUIIO, CIIy’KaT MOCAJOYHOE OTBEPCTHE U
OJUH M3 TOpLOB. YNCTOBOE OOTaYMBAHME U MOJPE3KY TOPLIOB MPOM3BOIAT C OJHOIO yCTaHOBA JETallH,
obecreunBasi TeEM CaMbIM HEOOXOAUMYIO NEPIEHAUKYIISIPHOCTb TOPLA K OCH OCAI0YHOTO OTBEPCTHS.

Haubonee pacnpocTpaHeHHBIH crnoco0 Hape3aHus 3yObeB — (pe3epoBaHHE METOJIOM OOKaTKH
YepBSIUHOM unu rpebeHyatoit ¢pes3oii, a Takke JOIOIeHUEe KPYIIIBIMU o0sikamMu. B mporiecce o0paboTku
yepBsiyHas (ppe3a BpalaeTcss BOKpYT cBoeil ocu (pe3aHue) U rnepeMeriaeTcst BA0Ib OCH IECTepHH (I101ava).
Hapesaemas mectepHs coBepllaeT BpalaTelbHoe ABIKeHne (00kaTka). [Ipu ogHOM 000poTe 0JHO3aX0JHOM



¢pe3bl 3aroToBKa noBopaunBaercs Ha oauH 3y0. lllnudoBanne 3yOpeB mpou3BoaaT Ha 3yOonuindoBarIbHBIX
CTaHKaXx I0CJie TepMOOOPaOOTKH.

Mertox KonupoBaHuUs NPy NLTH(QOBAHUH SBISETCS MEHEE TOUYHBIM, HO 00Jiee MPON3BOAUTEIBHBIM YeM
obkatka. [Tpumyck mox numdosanwue: 0,25-0,5 Mmm npu npeaBapureabHoM numdposanuu, 0,08-0,15 MM — mpu
OKOHYaTeJIbHOM. [[1151 0000 TOUHBIX HACOCOB MPOPUIIL 3y0a TOBOAT C HOMOLIBLIO IPUTUPOB. CxeMa T0BOIAKU
nokasaHa Ha puc. OOpaOaTbiBaeMoe 3yOuaToe KojiecO 2 HaXOAMTCS B 3allEIUIEHUM C TPeMs YyI'yHHBIMHU
3yOuaThIMH KojlecaMu — puThpamu 1. Bpaienue nomyuaer qoBoaumoe 3youaroe kosieco. JloBoska Benercs
TOHKMMU a0pa3uBaMHU B Cpejie MUHepabHOro Maciyia. Kpome BpamareabHoOro, NpuTUpbl MOI'yT HUMETh OCEBOE
BO3BPATHO-IIOCTYNATEIbHOE IepeMelieHne. DTUM 00ecreynBaeTcsi JONOJHUTENIbHOE CHSATUE CTPYKKH.
[Mpumnyck nox nosoaxy 0,05 — 0,1 MmMm. B HEKOTOPBIX CiTy4asx MPOU3BOJAT TOBOAKY OOKOBBIX MOBEPXHOCTEH
LIECTEPEH.

K HOBBIM 3y04aThIM KoJIecaM NPEIbSIBISIOT CISAYIOUUME TEXHUUECKHE TPEOOBaHUS:

1. CoocHOCTB ITOCaAOYHOTO OTBEPCTHSI C HAPYKHBIM TUAMETPOM 3y0UaToro Koseca JI0JKHA ObITh 10
0,01 mm;

2. CoOCHOCTh Hapy>KHOU U JENUTENIbHON OKpYykHOCTEeH 710 0,02 MM;

Konebanue pazmepoB 3yOuaThix kosiec 1o mupune e 6omnee 0,01 mm;

4. KoHyCHOCTBH M OBJIBHOCTB IO Hapy>KHOU MOBepXHOCTH He Oosee 0,02 MM.

w

TBepmocTh paboYMX MOBEPXHOCTEU TOCIE TEPMHUYECKON 0OpabOTKH M IIEPOXOBATOCTh yKa3aHbI B
tabimie. CTeneHb TOUHOCTH U3TOTOBIIEHN Kojtec 6—6—7X.

UwncroBoe o0TaunBaHUE M pacTauMBAaHUE OTBEPCTHS, a TAKKE MOJIPE3KY TOPIIOB MPOU3BOISAT C OJHOTO
yCTaHOBA 3arOTOBKH, 00ecTieunBasi HEOOXOAUMYIO IEPIICHIUKYJIIPHOCTh TOPIIa OCH TIOCAJI0YHOTO OTBEPCTHS,
NPUHUMAEMOT0 3a YCTaHOBOYHYIO 0Oa3zy mpu Hape3aHuu 3yObeB. Ilocie Tepmuueckoil 0OpabOTKU 3yObs
uuadyrot. [Ipumyck moa npeasaputensHoe nutrdoBanue 10keH ObITh 0,25—0,5 MM, 0T OKOHUATENBHOE
0,08—0,15 mm. [l 0c000 TOUHBIX HACOCOB KOJIECa IOBOJAAT YYTYHHBIMH 3yO0UaThIMU MIPUTHPAMU C TOHKHUM
abpasuBoM (3epHucTOCTh 200—250) B cpene muHepanpHOro Macia. [Ipurmyck Ha moBoaky pasen 0,05— 0,1
MM.

W3HomeHHbIe BaMKW 3aMEHSIOT HOBBIMU. V3HOIIIEHHBIE TOPIIBI OMOPHBIX BTYJOK mutudyrot. [Tocie
UM OBaHUST HEOOXOAUMO BOCCTAHOBUTH KaHABKH ISl TIPOXOJIa Maciia, 3allMpaeMoro BO BIAJUHAX KOJIEC
Hacoca npu ero padore. s obecriedeHns HOpMaIbHOM pabOThI KOJIEC ONIOPHBIE BTYJIKU NUTH(YIOT MOMApHO.
[MapannenbHOCTh TOPLOB JOKHA OBITh obOecnieueHa mo 0,01 MM, OMeHue HapyKHOH NMIMHIPUYECKOH
TIOBEPXHOCTH OTHOCHTEIBHO OCH O0TBepcTusi — He Oostee 0,01 MM, HeTepIeHAUKYISPHOCTH TOPIIOB OCH — HE
6oitee 0,01 mm.

[Ipu 3ameHe 3yOuUaThIX KOJIEC WM OMOPHBIX BTYJIOK NUTH(OBAHUEM OJHOTO W3 TOPIIOB KOPIyca WIH
BTYJIOK HEOOX0AMMO oOecnieunTh mupuny kopryca Ha 0,06—0,08 MM OosbImie 0o01Iero pazmepa 1o mupuHe
3y04aToro Kosjieca ¢ ONOPHBIMU BTYJIKAMH.

[lpu peMoHTe Hacoca B Ciy4ae 3aMETHOTO HM3HOCA TOPIIOBOTO YIUIOTHEHUS WU TTOBPEKICHUH
KOHTAKTHPYIOUINX TIMOBEPXHOCTEH TOpEIl BTYJIKH YIUIOTHGHUS W KpBIIIKA KOpIyca MUTHQYIOT.
HenepneHIuKyJIIpHOCTH TOPIIA BTYJIKH OCH JOJDKHA OBbITh HE Oosiee 0,01 M.

[Tepen cOopkoii Bce AeTanu HAcOCa JOJDKHBI OBITh MPOMBITHI B KEPOCHHE M CMa3aHbl TOHKHM CJIOEM
MUHEpAJILHOTO Maciia. Bo n3bexaHue nmepexoca u 3aKkMMa BaJTMKOB BUHTHI KPETUICHHUS KPBIIIEK HE0OX0IMMO



3aBCPThIBATh, MMONICPCMCHHO YBCIMYUBAA CUITY 3aTAKKU W HNPOBCPAA JICTKOCTh BpalllCHUA IMPHUBOJHOI'O BaJjia
Hacoca.

Tabmuma 1 — TpeGoBaHMs K KaueCTBY U3TOTOBJICHHUS JIEMEHTOB OOBEMHBIX THIPOMAIINH

HaumenoBanue MarepuaJ TBepaocTh nmocie [lepoxoBaTocTh paGounX MOBEPXHOCTEIA.
JeTau TepMHYECKO MKM
o0padoTkn

HlecTrepennblit HacoOC

3y0b4aroe Koyeco Craip 45 HRC35
Crans 20X, 40X, HRC58-62 0,63-0,32
18XI'T (Top1ibl)

Crans 20X, 40X,

Banuk 18XTT HRC58-62 0,16-0,08 (meﬁKH)

OmnopHast BTyJIKa Yyryn CH 21-40 — 0,63 — 0,32 (Top1s)

IlnacTuHYATHIA HACOC

Crans HIX15, XBI, HRC80-64 1.25—0.63 (o HapyxHO# moBepxHOCTH) 0,63-

CraTopHoe KobI0 9XC, 38X2MIOA 0,32 (Top1ibl, BHYTPEHHSISI TIOBEPXHOCTH )

[Tnactuna Cranp P18, 9XC HRC62-64 0,040-0,020 (moBepxXHOCTH U PabOYHIA TOPEIT)

Bponza bpJIVK9-4,

Huck AXMIL10-3-1,5, OD — 0,63-0,16 (Topirsr)
6,5-0,15
Cranp 20X, 40X, . i
Potop 38XIMIOA HRC60-64 0,63-0,16 (Top1ibl, a3sl U HANI(HI)
PanuaabHO-OpPIIHEBOH HACOC
[TopmieHp Cranp LIX15 Yyryn HRC57—59 0,16-0,08
Potop CY 32-52 HB10 (mmuHApuyeckas nosepxHocts) 0,16-0,08
(TIOBepXHOCTH MIIIMHIPOB, OTBEPCTHE TIOX
BTYJIKY)
PeaktnBHOE Cranp 1IX15 HRC58—62 0,32-0,16 (HapyxHas ¥ BHYTPCHHHE
KOJIBIIO MTOBEPXHOCTH)
Och Cranp 20X HRC50-56 0,16-0,08 (meiikm)
Brynka Bponza AXK 9-4J1, 0,16-0,08 (HapykHas TOBEPXHOCTH)
bpO® 10-1, Yyryn
CY 32-52




AKCI/IaJIbHO-HOpIHHeBbIe I'HApOMaIllIMHbI

bnok nunuHIpOB Cranp XBI' HRC60-64 0,040- 0.02 (omopHBIi TOpEI)
Bponza bpOILIC 10-2-
3, bpO12 u mp.
OnopHbIH TUCK Cranp X1201, HRC20-27 0,040- 0.02 (omopHBIi TOpEIN)
12XH3A,
38X2MIOA, Bponsa
BpOILIC 10-2-3, u ap.
[Mopuiens Cranb 20X, 40X, HRC62-64 0,032-0,08 (tunuHapUYecKast TOBEPXHOCTB)
Ix1s
IHopuiHeBO# IKCHEHTPUKOBBIN HACOC
0,016-0.08 (koHHYECKas ¥ HApYy>KHAS
[Mopiiens Cranp 40X HRC50—55 TIOBEPXHOCTH)
Knanan Cranp 18XHBA HRC 62-64 0,016—0,08 (koHMYECKUE TOBEPXHOCTH)
DKCIHEHTPUKOBBIN i
st Crams 18XHBA HRC 62-64 0,32-0,08 (beroBbie JOPOKKH ITOANITUITHUKOR)
I'mapaBauyecKud UMJIHHIAP
['unp3a Craib 35,45 — 0,32-0.08 (BHyTpeHHSS TOBEPXHOCTH ),
(GeciioBHas TpyOa)
[Tox Cranb 45, 30XT'CJI HRC38—40 0.32-0.08 (umnuHIpHYeCcKas OBEPXHOCTH)
[Topuiens Yyryn CY 21-40 — 1,25 — 0,32 (unnmHApHYecKas HOBEPXHOCTB)
ITopunesoe Yyryn CH 21-40 — 1,25 — 0,63 (Hapy>kHbIE TOBEPXHOCTH)

KOJIBIIO




PaGouue koJieca HeHTPOOEKHBIX HACOCOB.

I'eomerprueckas ClI0KHOCTh KOHCTPYKIMH OIpEeiseT HE00OXO0AUMOCTh WX M3TOTOBJIEHHUS TOJIBKO C
MIOMOIIBIO JIUTHsI, TIOPOIIKOBOM MeTayutypruu uin ¢pesepoBanusi. JIureitHas TexHonorus sBisercs ooiee
JICTIEBOM TI0 CPAaBHEHHUIO C IMTOPOIIKOBOM, HO HY>KIA€TCs B COBEPILICHCTBOBAHUH ISl IIPUIAHUS HEOOXOAMMBIX
CBOMCTB moBepxHOCTU. JleTamu pabodyux OpPraHoB MOTYT OBITh M3TOTOBJIEHBI C IMOMOUIBIO Pa3IUYHbBIX
TEXHOJIOTHH, HalpUMep, MyTEM JIUTh B 3eMII0 (U3 yyryHa). OCHOBHBIM BUJOM Opaka MpH JUTHE SBISETCS
HaJIN4YMe MOBEPXHOCTHBIX 1e()EeKTOB B BHJIE MOP U KaBEpPH B LIMPOKOM JAMamna3zoHe pa3mepos (puc.13), uro
CBSI3aHHO C TEXHOJIOTHYECKUMU [TapaMeTpaMU JINThs ¥ UCII0JIb30BaHUS ()OPMOBOYHBIX U OTJEJIOUHBIX CMECEH,
He 00eceurBaoLINX BbICOKYIO ra30MPOHUIIAEMOCTh U HaJIMYUE IIPUTapoB.

Puc.13 NMpumepbl gedeKToB NpU INTbe

AHanmu3 aBapuHOCTH B 3aBUCHMOCTH OT MaTepHayia pa0ouuMx CTyNeHEeH: HauOOoJbIIee KOJIUYECTBO
aBapuil MPUXOJUTCS KOJIECa, U3TOTOBJIEHHBIE UX UyTryHa 85,2 %, 3aTeM ciielyeT NOPOIIKOBBIM MaTepua JJist
00bruHbIX ycnoBuit - 10,0 %, Hepesucrt - 9,5 % u yrnemnactuk - 0,0 %. B cBsi3u ¢ TeM, 4TONO COBOKYITHOCTH
(hakTOpOB UyTyH, KaK MaTepHall KOJIEC OCTaeTCsl Haubosee paloOHAIBHBIM BApUAHTOM, aKTYyaJIbHOU SBISIETCS
3a/1aya COBEPIICHCTBOBAHUS TEXHOJIOTUH MOTYUYEHUS KOJIEC U3 YyTyHa.

Paboune xoneca MO’KHO U3rOTOBUTH U3 JIETUPOBAHHBIX UyT'YHOB. JIETUpOBaHHBIE UyT'YHBI Pa3AesaioT Ha
cleayromue rpymnmsl [S]:

1. ITo XUMHUYCCKOMY COCTaBy: MapraHieBbIC, aITlOMUHUCBBIC, XPOMHCTEIC, KPEMHUCTBIC, HUKCJICBBIC.
HHSKOJ’IGFHpOB&HHHﬁ YYT'YH HCIIOJIB3YCTCA B KaUCCTBC KOHCTPYKIIMOHHOI'O MaTcpHalia, B CBA3U C TEM, YTO
JICTUPYIOIUEC 3JICMCHTHI YBCIUMYHUBAIOT MCEXaHHUYCCKUC CBOICTBA. XapaKTepHCTHKOﬁ qyryHa SBJISICTCA



NEepJUTHAS WIM HUroipyaras CcTpykrypa. CpeaHenerupoBaHHBIH UYyTryH HMeEeT OOBIYHO MapTEHCHTHYIO
CTPYKTYpPY U BBICOKYIO M3HOCOCTOMKOCTB IIPY IOBBIIIEHHON U HOPMAJIBHOM TEMIIEpaType.

2. Ilo sKkcruTyaTallOHHBIM YCJIOBHUSIM MOKHO Pa3/IeNuTh HAa: U3HOCOCTOMKHE, KOPPO3ZHOHHOCTOMKHUE,
HEMarHUTHBIE, )KaPOCTOMKHUE U JKapOIPOYHbIE BHICOKOJIETUPOBAHHbBIE UyT'YHBI. B OOJIBIIMHCTBE CllydaeB OHU
o0nanaT (GeppUTHON UM ayCTEHUTHOW CTPYKTypoil. [IpMMeHSIOTCS 4yryHbl B KaueCTBE HEMAarHUTHBIX,
AHTUKOPPO3HOHHBIX, KAPOCTOUKHIX UM B KAUECTBE CINIABOB C 0COOBIMU CBOMCTBaMU. B Tabnuiiax oauH u 1Ba
MpeicTaBiIeHbl (U3UKO-MEXaHUYECKUE CBOMCTBA YYTYHOB.

Tabnuna 6. Mapku u Gu3MKO-MEXaHUYECKUE CBOWCTBA JIETUPOBAHHBIX YYT'YHOB

Mapka yyryHna MexaHn4ecKkue CBONCTBA
cts, MIla | HB, MIla

XPpOMUCTBIE YyTYHBI

UX3T 200 4400...5860

YX9HS 350 4900...6070

UXx16M2 170 4900...6070

UX28J12 390 3900...6070
HukeneBble yyryHsl

YH4X2 | 200 | 4600...6450
AJIIOMUHUEBbIE YyTYHbI

YIOXI 390 1830...3560

YIO06C5 120 2360...2940

YI07X2 120 2540...2940
MapraHieBble YyTyHbI

Yl 6C3111 490 2150...2540

yr7X4 150 4900...5860

6B — npezen npounocty, HB- tBeppocts no bpunento

Bricokoxpomucteie (10 34% xXpoma) M XpOMHHKENIEBbIE UYTyHBIAIPUMEHSIOT IJi1 MPOU3BOJCTBA
JeTaned, KOTopble paboTalOT B YCIOBHUAX YIOApHOTO aOpa3WBHOTO W3HAIIMBAHUA, TpU OOJIBIINUX
Temreparypax. Taxke 3a cyeT JIerHpoBaHUs YyTyHa,KapOCTOUKOCTh JAocTHraeTcs kpemuueM (5...6% Si) u
amromuaueM (1...2% Al). CBoiicTBa 4yryHOB MOYKHO B 3HAUUTENBHON CTEIIEHH U3MEHITh COOTBETCTBYIOIIEH
TEPMUYECKOI 00pabOTKOM B HY>)KHOM HarpaBiieHUH. J{J1s1 ©3roToBIeHUs pabounX KOJIEC MOXKET MPUMEHSATHCS
yyryH mMapku —Hupesucrl, Tak, B [6] onrcano pabodee Koieco, BBHITIOIHEHHOE U3 YyTryHa ayCTEHHUTHOTO
MonudumpoBanHoro tuna —Hupesuctl, coorBercTBytromero TY 26-06-1305-95. Xumudeckuii coctaB
gyryHa (B mac.%): yraepon 2,7-3,1, kpemuuii 1,2-1,9, mapranen 0,85-1,5, xpom 0,7-1,5, aukens 15-17, mean
6,1-8, amomuamii 0,01-0,3, kameumii 0,02-0,1, penkozemensubie Metawisl 0,01-0,08, aHrnoduit 0,005-0,02,
6apuii 0,05-0,1, TanTan 0,003- 55 0,01, docdop 0,001-0,25, cepa 0,001-0,03, maruuii 0,01-0,07, xene3o -
ocTalibHOE, MexaHu4yeckue cBorcTBa: TBepaocts HB ot 1200 mo 1300. Takum obpa3om, st H3TOTOBICHUS
pabo4mx KoJec MPUMEHSFOTCSI BBICOKOJIETHPOBAHHBIE MHOTOKOMITOHEHTHBIE COCTABEI.

Pa3paboTka crocoba TONTy4eHHS BBICOKOIPOYHOTO YYTYHA C HIAPOBHIHBIM TpauTOM — OJHO W3
MEPCIIEKTUBHBIX HANpPaBJICHUI B MPOM3BOJCTBE UyTYHHBIX H3JCIHHA. B 3TOM UyryHEOTIMYHO COYETAIOTCS
BBICOKHE TEXHOJOTHYEeCKHEe M (PU3MKO-MEXaHMYECKHE CBOMCTBA. 3aMeHa MPOCTOr0 CEpOro 4vyryHa Ha
BBICOKOIIPOYHBINA, JAaeT BO3MOKHOCTHCYLIECTBEHHOYMEHBIIUTHMACCY OTJIMBOK, 3a CYET YTOHBIIEHUSUX
CEYEHHUS, IPU FTOMYBEIMUNBAIOTCS MTOKA3aTEIH HAJC)KHOCTH NP IKCILTyaTaI|H.



CamMoll CIOXHOW 3amadeil SBJISETCS W3rOTOBJIEHHME OTJIMBOK M3 4dyryHa Mmapok BY60, BU40 B
cootBercTBUM ¢ ['OCT 7293-85. IIpu 3TOM, HCIIOJIIB30BAHME YYTyHA 3TUX MapOK JaeT BO3MOXKHOCTh IIO
MaKCUMYMIIPUMEHHUTh €ro Xopolme (U3NKO-MEXaHW4YecKhe CBOMcTBa. IlpW WM3roTOBIEHWHM OTIMUBOK W3
yyryHa Mapku BU40,coctaB xpoma B muxte He JojkeH npesbimath 0,1%; mis npyrux tunos BU — cocras
0CTaTOYHOT0 XpoMa joryckaercs He 6oinee 0,2%.

l'otoBoe pabouee Koseco MOABEPrarOT KHUIKOGA3HOW U XUMHUKO-TepMHUYECKOH 00paboTke
paccMOTpeHHbIM  Janee. bopupoBaHme — XUMHKO-TepMHuUecKass o00paboTka, KOTOpPasHACHIIIAET
MOBEPXHOCTHBIA CJIOW cTasi OOpOM IpH HarpeBe B COOTBETCTBYomIeH cpene. TreicsuHble monu Oopa
YBEJIMYUBAIOT W3HOCOCTOMKOCTh CTalu B 2 pa3a. bopupoBaHue 4aie BCEro MPOBOAAT IPU AIEKTPOIIN3E
pacrutaBnenHoi Oypel (Na2B407). Uznenue cimyxut karogoMm. Temmepartypa Hacwimenus 930—950° C,
BblIepKKa 2 — 6 yacoB. MI3HOCOCTOMKOCTh OOpHMPOBAHHBIX CTajleiMapKu-45, B peKUME CyXOro TpEHUs-
CKOJIBKEHUS BBINIE B 4-6 pa3 M3HOCOCTOMKOCTH IIEMEHTHPOBAHHBIX;B 3-8 pa3 mMaHMpPOBaHHBIX;1,5-3 paza
HUTPO- IIEMEHTUPOBAHHBIX; B 4 pa3a 3aKaJeHHONM HHU3KOOTIYIIEHHOM cTamu 45; B 2 pa3a Xpomo-
CUJIMLIMPOBAHHBIX; [29].

Koneco padouee xonaencatHoro nacoca KH 50-55

Tak e 0JHUM U3 MPOTPECCUBHBIX CITOCOOOB M3TOTOBIICHUS PA0OUYUX KOJIEC, SIBISETCS MEXaHUIECKOE
¢dpesepoBanne. Hampumep pabodee kojeco koHaeHcatHoro Hacoca KH 50-55. WMsroraBnuBaetcs
(bpe3epoBaHreM U3 3arOTOBKH (DOPMBI OCHOBHOT'O AMCKA C JIONACTSAMH U MOCJIEIYIOIIeN CBapKOH MOKPHIBHOTO
mucka. llpu »TOM, WU3rOTOBJIEHHE JaHHBIM CHOCOOOM TpeOyeT COBPEMEHHOTO TEXHOJIOTUYECKOTO
obopynoBanus (Ctanku ¢ UITY) u npeaBapuTeIbHO CO3IaHHONW MOJIEIH pabodero Kojeca B mporpamme 3-d
MOJIEIUpOBaHusA. MoJenb UCHOJb3yeTCsl Il MOJEJIHMPOBAHMS IPOTOYHOM YAcTH Hacoca € LENbIO
MOJICPHH3AIIMU U YIIYUIIICHUS XapaKTePUCTHUK.

PaGoune Koseca HEeHTPOOEKHBIX KOMIIPECCOPOB.

Ha3naueHnmue, yc10BHusI pad0Thl, KOHCTPYKTHBHBIE 0CO0eHHOCTH. Pabouee koneco sBisercs
OCHOBHBIM U HanOoJiee Harpy>KEeHbIM 3JIEMEHTOM MPOTOYHOM YacTH IIEHTPOOEKHOTO Komrpeccopa. [Ipu
BpAIICHUHU KoJjieca ¢ OONBIION CKOPOCTHIO (OKPYXKHBIE CKOpOoCcTH HocturaroT 300 M/c) o nelicTBreM
IIEHTPOOCIKHBIX CHJI B MaTepHalie KoJieca BO3HUKAIOT OOJIBbIIIME BHyTPEHHUE HanpshkeHus. Kpome Toro,
KOJIECO TOJIBEpPraeTCs BO3JICHCTBUIO TaBJICHHS, TEMIICPATYPhI, arpeCCUBHOM pabouel cpeabl. Bo3MOKHBI
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BUOpanmu Koneca. s obecrieueHns HaJeKHOM paboThl KOMIIpeccopa pabodee KoJIeco JOHKHO UMETh J10-
CTaTOYHYIO MMPOYHOCTH, a TAK)KE COBEPIICHHBIC adPOUHAMUYECKUE (POPMBI IPOTOUHOM YACTH JIJIS
nony4deHust Bicokoro KIII yctaHoBKwu.

Pa6ouee xomeco (puc. 137) cOCTOUT M3 OCHOBHOTO JTUCKA 3, JIOMATOK 2 U TIOKPBIBHOTO JTUCKA 1.
PaGoune xoneca eHTPOOEKHBIX KOMIIPECCOPOB OTIIMYAIOTCS OOJIBIIUM Pa3HOOOpa3eM KOHCTPYKTHUBHBIX
HCTIOJIHCHUH.

Hanpobnernue Opawerun pomapa

Puc. 137. PaGouee xoieco

Tak, IO OTHOCUTENBHOH MIMPUHE KaHala (OTHOIIEHHE ITUPUHBI KaHalla Ha BBIXOJIE K HAPYKHOMY
IuaMeTpy Kojeca) pabodne Koseca JeNATcs Ha MallopacXoJHbIe (C Malloil OTHOCUTENIBHOMN IMPHHON) U
BBICOKOPACXO/IHBIE (C OOBIION OTHOCHTEIBHOU HpHHOW). [1o hopme JomaTok kKojieca MOTyT OBITh C
OOBIYHBIMHY (ITMJTHHIPAYECKUMH) WIIH C TIPOCTPAHCTBEHHBIMU JIOMIaTKaMu. Paboure Kojeca OTIIMIaroTCs 10
YHUCITy W JUTHHE JIOTIATOK, XapaKTepy X COCTUHCHHUS H T. JI.

PasznmuanbIil XapakTep KOHCTPYKTHBHBIX PEIICHUH 00BSICHICTCS MHOTO0Opa3ueM TeXHUISCKUX 1
IKCILTyaTallMOHHBIX TPeOOBaHU, MPEABABIAEMbIX K KOHCTPYKIIUSAM MaIINH, a TAaKkKe HE0OXO0AUMOCTHIO
ydeTa BO3MOKHOCTEH MPeANPHUATHIA, N3TOTOBISIONINX IIEHTPOOEKHBIE KOMIIPECCOPHI.

Bce paboune koneca MOKHO pa3/IenTh Ha TPU TEXHOJIOTHYECKUE TPYTIIIbL:

1) oTKpBITast KOHCTPYKIIHS; OTACIEHO U3TOTOBISIOTCS BCE DJIIEMEHTHI pabodero kojieca (OCHOBHOM,
MOKPBIBHOM TMCKU U JIOMIATKH), & 3aT€M COSTUHSIOTCS MEXTy COOOM KIIEMKOW, CBApKOW MJIH MailKoH;
pabodee KOJIeCo MpeICTaBIsIeT COO0M MOTHOCTRI0 COOPHYIO KOHCTPYKITHIO (puc. 138, a);

2) MOIyOTKphITast KOHCTPYKIWs (puc. 138, 6); OTACIBHO U3TOTOBIISIIOT IIETbHOPPE3ESPOBAHHBIN
(JToTIaTOYHBIN) ¥ TIOKPBHIBHOW JUCKH, & 3aTEM COCTUHSIIOT MEXTy COOOH KIEMKOW TN MaiKON; KOHCTPYKIIUS
Kojeca — cOopHasi;

3) 3akpbITast KOHCTpYKIHs (puc. 138, B); MOHOJIUTHOE KOJIECO; U3TOTOBIISETCS JIUTHEM,
(bpe3epoBaHreM, IMEKTPOIPOZHOHHBIM CITOCOOOM.



Puc. 138. Konctpykuuun pabo4nx Kojec: a — OTKpPbITast; 0 — MOJTYOTKPHITas; B — 3aKpbITast

[Tpou3BoaCTBO pabOYMX KOJIEC Pa3IMUHBIX TEXHOJIOTHYECKUX TPYII CYIIECTBEHHO OTIUYAETCS O
TEXHOJIOTHYECKUM IIpolieccaM, IpUMeHseMoMy 000pyI0BaHUIO, MpUcnocobieHus M. OHaKo Takas
KJaccu(uKanus mo3BOJISIET, HECMOTPSI HA MHOT000pa3ue KOJIEC, CO3/1aTh TUIIOBBIE TEXHOJIOTUIECKHE
IIPOLIECCH] U TEM CAMBIM YMEHBUIUTH TPYIOEMKOCTb TEXHOJIOIMUECKON OJrOTOBKY IIPOM3BOACTBA.
Matepuan u criocoObl OJy4yeHus: 3aroToBoOK. BriOop MaTepuana pabo4ynx Kojec 3aBUCUT OT pacueTHBIX
HaIpsDKEHUH, a TaK)Ke OT XMMHUYECKOIo cocTaBa paboueid cpeibl.

Ecnm B xauecTBe paboueit cpenpl IpUMEHSETCs ra3, He 00Jadaronuii KOPPO3UOHHON aKTUBHOCTHIO,
MIPUMEHSIOT YIJIepoaucThie ctamu Mapok 40, 45, 40X. IIpu ucoap30BaHUM arpeCCUBHBIX pabOYHX CPe
paboune Kojieca U3rOTOBIISIOT U3 JIETUPOBAHHBIX U XPOMOHHUKeENIEBBIX cTaner Mapok 30XI'C, X15H9IO u T.
.

3aroToBKHM pabOYNX KOJIEC OTKPHITOTO U MOMYOTKPBITOTO THIIOB (T. €. 3aTOTOBKHU JUCKOB), KaK
MIPAaBUJIO, TIOKOBKH, MOJIy4YE€HHBIE METOJIOM CBOOOIHOW KOBKM Ha MOJIOTax WiH npeccax. K kauecTBy
MeTaJlla IpeabABISIOTCS BRICOKHE TpeOoBaHMs. [TokoBKa HE TOIKHA UMETh TPEIINH, TTO0p, (IIOKEHOB,
MHOPOJIHBIX BKIIIOUEHUH. B kauecTBe HCXOHOT0 MaTepHralia UCIIOIb3YIOT CPEHIOI0 YacTh CIUTKA.
BepxHI00 1 HIJKHIOIO YaCTH CIIUTKA, KaK MEHee KaueCTBeHHbIE (HaJIM4Kue PAKOBHH, MOP U IPYTUX
nedeKToB), yAAISIOT U KX MOKHO MCIIOJIb30BATh JUIS ITEPETIIaBKH.

[IpuMeHeHrne KOBKHU MO3BOJISIET MOIYYUTh METAIT OTHOPOJIHOM CTPYKTYphl. Kaxkas 3arotoBka
COTPOBOXKAAETCS MACMOPTOM, KyJla BHOCAT JJaHHbIE XUMUKO-(PU3NIECKOTO COCTOSTHUS CIUTKA MTOKOBKH, U
Jlajiee IaHHbIE O CBOMCTBAaX Marepuaa Mocje BbIIOJHEHUS KaX /101 TEXHOJIOTUUECKOU ONepallui,
CBSI3aHHOM C U3MEHEHHEM 3TUX CBOMCTB. 3arOTOBKHU MOJBEPratoT yJIbTPa3ByKOBOM U MarHUTHOMN
Ne(hEKTOCKOITHH.

OnbIT IpUMEHEHHUs yIbTPa3ByKOBOM Je(EKTOCKOMHUH MO3BOJIMII YCTAaHOBUTD CIIEAYIOLINE HOPMBI
TOJTHOCTHU 3arOTOBOK M JIeTaJIel, MIMPOKO MPUMEHIEMBIX Ha KOMIIPECCOPHBIX 3aBOJIaX:

1) monmHoO€e OTCyTCTBUE Ne(DEKTOB MIIM HAJTUYHUE OTIEIbHBIX PA3pO3HEHHBIX HEMETANTUYECKUX
BKJIFOUCHHI pa3MepoM 10 2 MM;

2) eIMHUYHBIE, pa3paOOTaHHbIE B TEJIE CTYMHUIIbI HEMETAITTMYECKHIE BKIIFOUEHHUS pa3MepoM 2—4 MMm;

3) HanMMYMe 30HBI CKOTUICHUS! MEJIKMX HEMETAIUTMUECKHUX BKIIOYSHHUH pazMepoM J10 4 MM B
KonudecTse He Gosee 10 mrT. Ha muomany He menee 100 MM

4) Hanuuue Tpex 30H CKOIUIEHHS MEJIKUX HEMETANINYECKUX BKIIFOUEHUHN pa3MePOM JI0 2 MM, IPUYEM
IUIONIAb KaXKI0H 30HBI T0IKHA ObITH He Goiee 400 MM? HPHU PacCTOSHUU MLy 30HaMU He MeHee 120 MM.

B 0c000 0TBETCTBEHHBIX CIy4asix MpHU OONBIINX OKPY>KHBIX CKOPOCTSIX U TeMIIepaTypax MaTepuai
KOJIEC MO/IBEPratoT KOHTPOJIIO Ha HAJIMYME OCTATOYHBIX HaNpshDKeHUH. J{J1st 3TOro BeIpe3aroT 00pasiibl B BUAE
KOJIbIIa U U3MEPSIOT AePOpMaIlHH.

OCHOBHBIMU TTOBEPXHOCTSIMU pabouux Kojec (cM. puc. 137) SBASIOTCS OTBEPCTHSI OCHOBHOTO U
MOKPBIBHOTO AUCKOB D4 1 D5 1 COOTBETCTBYIOIIME UM TOPLIOBBIE TOBEPXHOCTH; IITIOHOYHBIH 1Ma3 B

OTBEPCTHH OCHOBHOT'O IHUCKa; HAPY KHBIE HINHIPHYECKUE NOBEpXHOCTH AuckoB D1, D3 v D2.



AHa/IU3 TeXHUYECKHX TPeOoBaHMil. TOYHOCTH pa3MepOB OCHOBHBIX MOBEPXHOCTEN HA3HAUYAIOT IO
KBaJIUTETaM 7—~8 ¢ mapaMeTpoM IIEPOXOBATOCTH MOBEPXHOCTU OTBEPCTUSI OCHOBHOTO aucka Ra=1,25 Mkwm;
MTOBEPXHOCTH JIONIATOK U NoBepXHOCTH A, b (cM. puc. 137) 0CHOBHOTO U NOKpbIBHOTO 1UCKOB Ra=0,63 MxMm.
Bce ocrampubie moBepxHOCTH Ra = 2,5 mxMm. TpeGoBaHMe K mapaMmeTpy HIEPOXOBATOCTH PabOYMX KOJIEC
OOyCIIOBJIEHO YCJIOBUSMU MX OKCIUIyaTallMM: Ui MAaJIOHArpy>KeHHBIX BBICOKOPACXOJHBIX  KOJEC
pekomennytorcs Rz=20 ... 40 mMkM, I MalopacXOJHBIX KOJIEC, pabOTArOIIUX C BBICOKOW CTEMEHBIO
Harpyxenus, — Ra = 10,63 ... 0,8 MmxMm.

[TonupoBanne paboyuMX MOBEPXHOCTEH MAalIOPACXOJUBIX KOJEC KOMIPECCOPOB CBEPXBBICOKOTO
nasieHus no3podsiet gosectu KI1/[ nocnenueii crynenu a0 74 % u 115 Kosec nepBoi ctynenu ao 77 %.

st obecriedeHus] HaJIe)KHOTO KPEIUICHUST OCHOBHOTO JIMCKA K JIONIATKaM TPU KJIIENKE OTKIIOHCHHE OT
IJIOCKOCTHOCTHU IIPUBAJIOYHOM MOBEPXHOCTH JUCKa HE 10JKHO npeBbiaTh 0,05 mm Ha juinae 400 M. 3a3o0p
MEXIy MPUBAJIOYHON MOBEPXHOCTHIO JHUCKA M JIOMATKOW gomyckaercs He 6oiee 0,03 MM, a 3a30p MEXIy
CIMHKOM JIONAaTKU H NPUIOKEHHBIM YrojibHUKOM — He Oonee 0,2 mm. Ilpu cOopke snonaTok ¢ AuCKaMu
MeToaoM U Gy3nOHHON CBApPKU 3a30p B MPHUBAIOYHBIX MOBEPXHOCTAX Aomyckaetcs He O6onee 0,03—0,05
MM, IIpH1 BakyyMHo naiike 0,08 MM, Iipu cBapke KoJiec 3a30p MOXeT cocTaBisiTh 0,2— 0,3 Mm.

TexHuyeckumMu TpeOOBAHHUSIMH OTOBAPUBACTCS OTKIOHEHHE OT COOCHOCTH OTBEPCTUI MOKPBIBHOTO U
ocHoBHOTO auckoB oT 0,01 mo 0,05 MM, a Takxke Ouenue ux TopuoB He 6omaee 0,05 mm. Hecobmronenue 3tux
TpeOOBaHUI HAPYIIUT B3aUMHOE PACIIOJIOKEHHE JIEMEHTOB pabovero Kojeca, 3aTpyAHUT COOPKY H MOXKET
MPUBECTU K CHIDKEHHUIO OJKCIUTyaTAllMOHHBIX XapaKTEPUCTHK KomIipeccopa. Jlomyck mapamienbHOCTH
OOKOBBIX MMOBEPXHOCTEW HIMOHOYHOIO Ma3za OTHOcUTeNbHO ocu B mpezaenax 0,02—0,05 mm. [Jomyckaemblit
HeOanaHc s pabouunx xonec 0,25—0,5 r.

CrneuunpuyeckuMu TpeOOBaHUAMHU K pabOUUM KoJiecaM SIBJIIOTCS JaHHbIE 1O Macce. Paboune koneca
CJIeTyeT B3BECUTh C TOYHOCTHIO A0 10 I ¥ pe3ynbTaThl 3alucaTh B TEXHOJOTHYECKHH nacnopT. [JanHbie mo
Macce Kojec HeoOXoauMBI st cOopku poropa. [Togdop koiec oquHAKOBOM MacChl Ha BaJl pOTOPa MO3BOJIUT
COKpaTUTh JUIMTEIbHOCTh ONEpalMyd MO MOJATOHKE MACChl, CHHU3UB TPYIOEMKOCTh KaK MEXaHHYECKOM
00paboTKH, TaK H 0aTaHCUPOBKH.

Bbioop Mapmpyra o0padoTtkum M o0opyaoBaHMsA. THIIOBbIE TEXHOJIOTMUECKHE IPOLIECCHI
M3TOTOBJIEHHS COOPHBIX pabouuX Kojiec (OTKPHITOTrO U MOJIYOTKPHITOrO THIA) HEHTPOOEKHBIX KOMIIPECCOPOB
OTpakarOT BCE OCHOBHBIE TEXHOJOTHYECKHE MPOIIECCHI, UCTIOIb3yEMbIE B OTEUECTBEHHOM MPOMBIIUIEHHOCTH
u 3a pyOexxoMm (Ttabis. 6 u 7). B Tabn. 6 npenctaBieHbl TUIIOBBIE TEXHOJIOIMUYECKUE MPOLIECCHl U3TOTOBIECHUS
JIMCKOB JJIs1 pab04MX KOJIEC PA3JIMYHBIX KOHCTPYKIUIL.

Ta6n1/1ua 6 — TexHOIOTNYECKHE onepanr U3roToBJICHUA TUCKOB

Onepanus Juck 6e3 nonaTok JIs KoJiec Juck ¢ nenbHO(GPCIEPOBAHHBIBIH JIOTATKAMH IS
(cMm. puc. 138. a) Kousec (cM puc. 138. 6)
KJIETIaHbIX | ITASAHBIX KJIETIAHBIX | MastHbIX
TokapHas UYepHoBas 00paboTKa 110 KOHTYPY
IIpeABAPHUTEIbHAS
Tepmuueckas + + + +
00paboTka
TokapHast KOHTPOJIbHAS Beipesanne mpoOsI B BHIE KOJIbIA TSI MEXaHWYECKUX MCIBITAHUH
TokapHas [MpenBapurenbHas o6pabotka | PacraunBanme oTBepcTHS M IOIpE3aHHE TOPLOB.
0 KOHTYPY O0paboTKa MMOII0THA JAUCKA CO CTOPOHBI JIOITATOK C
npunyckom 10—I15 mm
Hedexrockonus + + + +




Pasmerounas PasmeTka niis | yCTaHOBKM Jie-Konupa
TaJId U
KonuposansHo- O0paboTKa KOHTYpa JIOAaTK!
¢dpesepHas
Crnecapnas InudoBanue 1 NoNMpoBaHUE pabOUNX KaHAIOB
ToxapHnas OxkoHyarenbHast oOpaboTKa OxkoHyarenbHast 00paboTKa I1UCKa
Hapy KHBIX TOBEPXHOCTEN
JICKa
PagnansHO- O0paboTKa OTBEPCTHHA 1O/ 3aKJICTIKH
CBEpJIMIIbHAS
B Tabn. 7 — TexHONOrMueckue MpolecChl M3rOTOBIEHUS pabdouyux konec. B Tabn. 8 mpuBeneHsl

TEXHOJIOTHYECKHE IPOIIECCHl M3TOTOBJICHUS LEIBHBIX KOJIEC (3aKPBITOrO THIMA) C MPUMEHEHHUEM JIUTHS,
(bpe3epoBaHus U 3JIEKTPOIPO3UU, KOTOPbIE OTIMYAIOTCA OT MPOLECCOB sl COOPHBIX KOJIEC 3HAYUTEIHHO
MEHBUINM YHUCJIOM Ofepaluii (IecTb onepanuii BMECTO YEThIPHAIATH).

Ta6m/1ua 7 — TexHOIOTrHYECKHUE onepanrn U3roToBJICHUSA pa60q1/1x KOJIEC

Omneparust | CaapHoe KoJ1eco | Ilasinoe koJ1eco Kienannoe koJseco
JlonmaTka mITAMIIOBAHHbIE
KomnuiekToBouHast + + +
Caecapnas IToaronka m0maTox K OCHOBHOMY IIHCKY
Caecapnas COopka JIonaTKK ¢ TUCKOM Ha npuxBatke (creruansHoe | COopka JIOmaTku ¢ JTMCKOM
npucrnocobseHue) Ha Oonrax (cnenuaibHOE
IIPUCTIOCOOIICHNE)
CaepJunibHast Csepuienue, 3€HKOBaHHE
OTBEPCTHS TMOJ] 3aKJICIKH
(cnenmanpHOE
TIPHICIIOCOOIICHHE)
Coopounas IIpuBapks nomatkum k | Ilaiika monatku k ocHoBHOMY | Kienka JIOIIATKU K
OCHOBHOMY  IHCKy  C | mucky (criermanbHOE | OCHOBHOMY JHCKY
nogorpeBom 10 250—350 | mpucnocobnenue)
*C (cnenmanpHOE
MIpHUCIIOCOOIICHNE)
Toxapunas IIpoTouka ToNaTKU MO MOKPEIBHOM JUCK ToueHue ronoBKH 3aKIENOK
Y TBIJILHOM CTOPOHBI TMCKa
Toxapunas ImndoBanme monkm 1O
IMOKPBIBHOMY JIACKY
(cnenmansHOE
puCcrocoOIeHNe)
Caecapnas 3auyncTKa IIBOB [lonronka  momaTku  TOA
TIOKPBIBHOM JIUCK
JlonaTku mITaMnoBaHHbie B pe3epoBaHHbIE
Caecapuas [IpurieHTpOoBKa NOKPHIBHOTO ANCKA K OCHOBHOMY M COEMHEHNE (CIIEIHATBHOE
MIPHUCIIOCOOIICHNE)
CaepanibHas CBepiieHUE 1 S€MKOBaHNE
OTBEPCTHS IO 3aKJICTIKH
(cmenmansHOE
IPUCTIOCOOIICHIE)
CoOopounas IIpuBaputrs nokpbiBHOM | IIpumnasTe nokpeiBHOW nuck k | IIpukinenaTts MOKPBIBHOM
JUCK K OCHOBHOMY C | OCHOB HOMY (CIIELMaJbHOE | JTUCK K OCHOBHOMY
nmoorpesoMm 10 250—350 | mpucnocobiieHue) (cmeruansHOE
°C (cneumanbpHOE npucrnocoOieHue)
IIPUCTIOCOOIICHHE)




TokapHasi OxoHuyaTenbHasi 00padoTKa BHEITHUX KOHTYPOB, CHsTHE BBICTYTIAIONINX

[IOJINPOBAHUE [IOBEPXHOCTEH 3aKJICIOK,

0TpaboTKa HOKPHIBHOTO

JIHCKa
Toxapnas OxoHuarenbHast 00paboTKa BHEIIHUX KOHTYPOB, MOJIUPOBAHUE
CnecapHas IMospoBanue paboYNX KaHAJIOB, CKPYTJICHHE OCTPBIX [TonupoBaHUE BBHITIOTHICTCS
KPOMOK MIPU U3TOTOBJICHUH JeTajIeH
(TMCKOB | JIOMIATOK)

Ta6n1/1ua 8 — TexHonoruyeckue onepanr U3roTOBJICHUA HEIbHBIX pa60LII/IX KOJIEC

Onepanus Jlutoe koneco ®pe3epoBaHHOE KOJIECO | DJIeKTPOBO3 KOHHOE KOJIECO
ToxapHast IIpenBapurenbHOE IIpenBaputenpHOE TOUEHHUE, BEIpE3aHHE 00pa3IloB I MEXaHMUECKUX
TOYECHHUE WCIIBITAaHUH
ToxapHast ITonyuucrosoe Touenne npoduiis Kojeca ¢ MPUITYCKOM 2 MM, BXOJTHOI KaHall TOYUTh
TOYECHHUE OKOHYATEJIbHO
CaepJuibHast CBepJieHUE TEXHOJIIOTHYECKUX OTBEPCTHH 110 YHCITy KaHAIIOB
(crienmasibHOE MTPUCTIOCOOIICHUE)
®pe3epHast dpe3sepoBanue paboYNX
KaHaJIOB KoJieca
(cmiermanpHOE
IIPUCTIOCOOIIeHHE)
DJIeKTpo- O06paboTka pabounx KaHAIOB Kojeca
IPO3UOHHASA (crienpanpHOE MPUCIOCOOIIeHNE)
TokapHas OxoHuarenbHast 00pabOTKa BHEITHUX KOHTYPOB
KoJleca, MOJIMPOBaHKE

N3roToBneHune KiemaHbIX KOJEC CO IITaMIIOBaHHBIMHU JIOTIATKaMH —Hanboyiee pacpOCTpaHEHHBIN B
Haled CTpaHe TEXHOJOTUYECKHM MPOIeCC U MPUMEHSETCS ISl U3TOTOBJICHUS pabounX KOJIEC C JIOMATKaMHu
MPOCTO KOH(pUTYpaIuu, paboTAIOIIMX MPU OKPYKHBIX CKOpocTsx 10 JOO m/c. M3rotoBieHune KienmaHbIX
KoJjiec TpeOyeT OONbIINX 3aTpaT pyYHOro TPy/ia, TO3TOMY TaKHe TEXHOJIOTHYECKHe MPOLECCHI 11eIeCO00pa3HO

MIPUMEHATE B CAMHUYHOM U MeJ'IKOCGPI/II\/'IHOM IMPON3BOACTBAX.

Jist TokapHO# 00pabOTKH U CBEPIICHHUS UCTIONB3YIOT 000PYAOBaHHE KaK YHHBEPCAILHOE, TaK U CTAHKU
¢ UITY, mo3Bonsmomue MO MPOTpaMME CBEPJIUTH OOJIBIIOE YHCIO OTBEPCTHH B JTUCKAX W JIOMATKax
3HAYUTENIIPHOE MECTO NpH COOpPKE 3FJIEMEHTOB padOyuX KOJIEC 3aHHMAlOT ClIecapHO-cOOpOYHBIE PalOTHI,
MO3TOMY 37IeChb HAXOAST IMPUMEHEHHE MHOTOUYMCIIEHHBbIE CIELHalbHbIE MPHCIOCOOIEHHs oberyaromme

nporecc cOOpKH KoJiec.

B HacTosimiee BpeMsi BO3MOKHO HM3TOTOBJIEHHME MpeanojiaraeMbix KoHCTpykiuid PK kommpeccopa

HECKOJILBKMMH CIIOCOOaMH.

- MOHOKOJIECA - MCXaHUYCCKHUM ITYyTEM U3 HCHHKOBOﬁ 3aroTOBKH,

- MOHOJIUTHBIC - TOUYHBIM JIUTHCM,

- MOHOIIOPOLIKOBBIE - METOJaMU IIOPOIIKOBOM U I'PaHyJIbHON METaJULy PIrUH;

- MOHOCTIa€HHBIE FJTH MOHOCBApHBIC - COOPKOM IBYX MJIM TPEX JeTaslei Maifkoi niin CBapKOH.

Vka3aHHble pabOThl HE PAaCCMATPUBAIOT CYIIECTBYIOIIHE CIIOCOOBI W3TOTOBJIEHHS MOHOKOJIEC W3
LITAMIIOBAHHBIX HA MOJIOTaX M KPUBOILUIIHBIX MpPeccax 3aroTOBOK C OOJBIIMMH MPUIYCKaMU U YKJIOHAMHU

MEXaHWYECKHUM ITyTE€M, B TOM YHCIIe COOPKOM U3 IBYX WM TPEX YacTei (MeXaHWIECKON COOPKOi).




Pazpaborka PK w3 mBeTHBIX CIutaBOB MmO cxeme "AMCK BMECTE C JIomaTKaMH' C TOTOBBIMU IOCIIE
IJIACTUYECKOTO JAe(POPMHUPOBAHUS CIIYKEOHBIMH TMOBEPXHOCTSIMU TIO3BOJISIET CHHU3UTH TPYAOEMKOCTh U
METaJJIOEMKOCTh, IMOBBICUTh MEXaHMYECKHE M SKCIUTyaTallMOHHbIE CBOMCTBa MOHOIITaMIIOBaHHBIX PK
BEHTHJIATOPOB.

PaccMOTpUM TEXHONOTMYECKHUH aCHEKT Ha MpUMEpe HM3TOTOBIECHUS MOHOIITAMIIOBAHHBIX PabOYUX
KOJIEC Ta30BBIX U THUAPABIMYECKUX JIOMATOYHBIX MAIIUH W3 IBETHBIX CIIaBOB. Kakaplii M3 yKa3zaHHBIX
TEXHOJIOTHYECKHUX CIoco00B m3rotoieHus PK monmaTounsix MammH 00JamaeT CBOMMHU OMNpPEEICHHBIMU
JIOCTOMHCTBaMH ¥ HEJI0CTATKAMMU:

1. U3roToBieHne MOHOKOJIEC U3 IEIbHON 3arOTOBKA MEXaHUYECKHUM IYyTEM XapaKTEePU3yEeTCsl BRICOKOM
TPYJOEMKOCThIO, HHU3KMM Ko3(dduuuentom wucnonb3oBanus Marepuana (KHMM) wu  otcyrctBHEM
HAlpaBJICHHBIX BOJIOKOH B HAMpaBJICHUHM [JEHCTBUS MaKCUMalbHBIX Harpy3ok. KoaddunueHt
HeoOpabaTteiBaeMbIX moBepxHocter (KHIT) paBen Hyst0.

2. 3roToBneHrne MOHOKOJIEC U3 IITAMIIOBAHHBIX 3arOTOBOK Ha MOJIOTaX M KPUBOIIUITHBIX IIpeccax, Mo
CpaBHEHMIO ¢ M. 1, xapaktepusyeTcsi 0ojiee HH3KOH Tpyd0eMKOCThIo, Oojee BbicokuM KM u wactuyaHO
HaIpaBJIEHHBIMU BOJIOKHAMU B HAIIPaBJICHUU JCHCTBUS MAaKCUMAJIbHBIX HAarpy30K MpH dKcrutyatanuu. [1pu
sroM KHII Takxe paBeH HyI10.

3. M3roTtoBieHre MOHOJIUTBIX KOJIEC METOJAMH TOYHOTO JIUThS ITO3BOJISICT CHU3UTh TPYI03aTPAThHI TIPH
OKOHYATEJIbHON 00pabOTKe JTUTON 3arOoTOBKH, OJTHAKO, TEXHOJOTHYCCKUHN IIUKI TOUHOTO JIUThS JITUTEIIbHBIH
(15 - 30 gueit) u Tpymoemkuit. KUM mossimiaercs g0 0,5, a KHIT - go 0,6.

Mononumeim Konecam npucywu ciedyroujue HeOOCmamxu: TATOW METalll CKIOHEH K 00pa30BaHHIO
YCTaJIOCTHBIX TPEIUH U3 0YaroB Ha HEOOPAOOTAHHBIX MOBEPXHOCTAX MPOTOYHBIX KAaHAJIOB; B 3aroToBkax PK
W3 JUTCHHBIX CIUTABOB MPHUCYTCTBYIOT JUTEHHBIC Je(PEKTHI: TOPBI, PBIXJIOTHI, 3aCOPBI, SBISIONTUECS
KOHIIEHTPATOPaMHU HATIPSHKEHUH.

Marepran JUTBIX 3aroToBok PK  JIONMAaTOYHBIX MalIMH — XapaKTepPU3yeTcs HeCTaOMIbHBIMH
MEXaHWYECKHUMH CBOWCTBAMH, OTHOCHTEIFHO HH3KOH IUTACTUIHOCTBHIO M YAAPHOU BSA3KOCTHIO. BeitencTrue
3TOro JUIsi MOHOJIUTHIX PK mprHMMAaeTcs MOBBIIIEHHBIN 3amac MPOYHOCTH MO pa3pylIaoliei 4acToTe I0
cpaBHenuio ¢ PK u3 nepopmupyembix MaTepraios.

4. CyuiecTBeHHBIM JIOCTOMHCTBOM 00JaaroT MoHomTamnoBanubie PK u3 nedopmupyembix CIiiaBos,
ITAMIIyEMbIE B M30TEPMHUYECKUX YCIOBHUSIX Ha TUAPABIMYECKUX, THIPOBHUHTOBBIX IMPECCAX B TOPSAUUX
mTaMrnax ¥ Ha BBICOKOCKOPOCTHBIX MOJIOTaX B XOJIOAHBIX INTammax, OOOpPYAOBAaHHBIX ABTOHOMHBIMH
CHCTEMaMH BEITAJIKUBAHHS. DTO IO3BOJISCT U3TOTOBISATH MOHOIITAMIIOBAHHBIC 3arOTOBKH METOJAMH TOYHOM
00BbEMHOM IITAMMOBKA C MHUHUMaIbHbIMH ykiIoHamMu 0,4...0,5° wim 06e3 HUX, C TOTOBBIMH



HeoOpabaTbIBaeMbIMH, MOCTIE IITAMIIOBKH, ()YHKIMOHATIBHBIMH MMOBEPXHOCTSIMHU MPOTOYHBIX KaHaNoB. [Ipu
TOM O00€CIeUYMBaeTCsl BBICOKAs IPOYHOCTh, IUIACTUYHOCTh M yJAapHas BSI3KOCTb. OIHOBpEMEHHO
MPaKTUYECKH OTCYTCTBYIOT Je(EeKTbl, JIOCTMraeTcsi OJHOpPOJHAs MEJKO3EpHHUCTasl CTPYKTypa ¢
Helnepepe3aHHbIMU BOJIOKHAMU, HANPaBJIEHHBIMHU 110 HAIIPABIICHUIO IEHCTBUS MaKCUMAaJIbHBIX HAarpy30K MpH
JKCIUTyaTaluu.

MonomramnoBanHble PK  U3roTOBIAIOTCS pasiMYHBIMM METOAAMHU BBIAABIMBAHUSA: MPSIMBIM -
OoOpaTHBIM; paJUaNbHBIM - AaKCHAJbHBIM M KOMOMHMPOBAHHBIM, WJIM H3TOTOBJISIOTCS COYETaHUEM
[IEPEUNCIIEHHBIX METOA0B. B aBHallnOHHON IPOMBIIIJIEHHOCTH HAKOIUIEH ONPEAEIEHHBIN ONIBIT U3TOTOBJIEHUS
nensHomTamnoBanHelx PK mo cxeme "muck BmecTe C sionaTkamMu" C TOTOBBIMH IIOCJIE€ INTAMIIOBKH
(YHKIIMOHATLHBIMU TTOBEPXHOCTSIMH B IMPOTOYHBIX KaHamax (puc. 2, 3). HeoOxomumple MeXaHHYECKHE
CBOMCTBa 00€CIIEUNBAIOTCS TIPABMIIBHOM TEXHOJIOTHEH MPOIIECCOB TOUHOM 00BEMHOI IITAMITOBKH.

Ay

<

MounomramnoBanHele PK m3roraBnuBaroTcs M3 alIOMHUHUEBBIX BBICOKONPOUYHBIX cIuiaBoB (B9S),
TUTAHOBBIX U HEP’KABEIOIIUX CTajell B MHOIOKAHAJbHBIX (MHOTOPa3beMHBIX) HITaMIIax cOOpHO-pa300pHOit
KOHCTPYKLIIMM 1 BO3AyIIHbIX  TypOoarperaroB ['TJl, aBManMOHHBIX  TypOOXOJIOIUIHHHUKOB,
TypOOAETaHIEPOB U IPYTUX arperaToB U yCTaHOBOK.

JlaHHBINM TEXHOJOTMUYECKUH MPOLECC U3rOTOBJIEHUS] MOHOIITaMIOBaHHBIX Kojec PK neHTpoOexHbIxX
KOMIIPECCOPOB U TypOOarperatoB MO3BOJSIET BBIAABIUBATH TaiTend (Mepexo]l OT AMCKAa K JomaTKam) B
LIMPOKOM JHarna3oHe pazMepoM ot 1,5 1o 5,0 MM, a Takke BbIIABIMBATh TaBp HA BXOJE B KOJIECO OT 2,5 110
6,0 MM 1 601ee. KMM nosbimaercst go 0,7 u KHII - 1o 0,6. Mexanuueckue cBoiictsa Ha 10...15% BbIIEe M0
CPaBHEHUIO C IPECCOBAHHOM 3arOTOBKOM.

[lepepe3anHble BOJIOKHA Ha CIIy)KEOHBIX IMOBEPXHOCTAX OTCYTCTBYIOT, YTO IO3BOJISIET IMOBBICHUTH
HAJeKHOCTh MOHOIITaMIIOBaHHBIX PK I11eHTpoOeXHBIX BEHTWJISTOPOB, B TOM 4YHCIE€ U CTaOWJIBHOCTH
MEXaHWYECKHUX CBOMCTB I10 BCEMY CEYEHHIO IITaMIOBaHHOM MokoBkH PK.

IIpoune KOHCTPYKTHUBHBIE A€TAJIN THAPOMAIIHH

Baabl. K mpuBogHBIM 4 BajlaM THAPOMAIMH MPEIBSABISIOTCA BBICOKME TpeOOBaHUA IO
U3HOCOCTOMKOCTH U TEOMETPUYECKOM TOYHOCTU. MaTepuanom ijig BasioB ciyxaT ctainu 38 XMIOA, 30XMA,
12XH2A, pexe cramp 40X. B kauecTBe 3aroToBOK OOBIYHO HCIIOIB3YETCS IMPOKAT WM IITAMITOBKA.
Tepmuueckass 06paboTKka B 3aBHCHUMOCTH OT MPUMEHSEMOr0 MaTepuana CBOIUTCS K OOBEMHOH 3aKalke,
LIEMEHTAIINH C TTOCIEAYIOIIEH 3aKaaIKoil U a30TUPOBAHUIO.



ITocne mWTaMIOBKY 3arOTOBKY OTXKHUIAKOT ISl CHATUS BHYTPEHHUX HanpsokeHud. [Ipu 3HaUUTEIbHBIX
0o0bEeMax BBIMyCKa NMPUMEHSAIOT TOKApHbIE MOJYyaBTOMATHI C THAPOKONUPOBAIBHBIM ycTpoiictBoMm. Eciu B
KOHCTPYKIIMY BaJia TPEAyCMOTPEHBI HUIUIBI, TO UX (ppe3epoBaHre MPOU3BOIUTCS KOHIIEBBIMH (hpe3amu Ha
BEpPTHKAIbHO-(pe3epHOM cTaHke. [Ipu kKpynmHOCepuiiHOM NPOM3BOACTBE IUIUIBI HApe3aroT YEpBSYHBIMU
¢bpe3amu Ha 3y6odpe3epHOM CTaHKE METOJIOM OOKATKU. B IIIHMIIEBBIX COEIUHEHUAX MTOBBIIIEHHOW TOYHOCTH
HUTULB! IUTH(YIOT Ha CHENUaNbHbIX ITMLIENUTN(OBATIBHBIX CTAHKAX.

Ipyxunbl. /{18 rugponpuBoIOB NPUMEHSIOT B OCHOBHOM BHTHIE IIMJIMHIPUYECKUE MPYKUHBI
CXKaTHsl, BOCTIPUHUMAIOLIHE MTPOI0JIEHO-OCEBYIO CKUMAIOIIYIO Harpy3KYy.

[Tpy>KHUHBI C3KATHS M3TOTABIMBAIOT B ITOJKATHIMU HAa KOHIIAX BUTKAMH U NUIH()OBAaHHBIMH TOPIIEBBIMH
YCTaHOBOYHBIMH MTOBEPXHOCTAMU. J{JIs1 OTBETCTBEHHBIX MPYKHH HENEPIEHIUKYJISIPHOCTD MPOO0IBHOIN OCH K
onopHo# miaockoctu He 6onee 0,1 Ha 100 MM uMHBL. BBUY TOro, 4TO paccMaTpuBaeMble IPY>KUHbBI YaCTO
MOJIBEPTAIOTCS 3HAYUTEIHHBIM JWHAMHYECKUM BO3JECHCTBHSAM, K MaTepHalaM Ul MPYKHH MPEIbSBISIOT
BBICOKHE TeXHUYeckue TpeboBaHus. Tak, mocie TepMooOpabOTKH MPOBOJIOKA JIOJKHA 00JaiaTh Hapsay c
YCTOWYUBBIMU YIIPYTUMU CBOMCTBAMU 3HAYUTEIHLHOU IPOYHOCTHIO M BBIHOCIUBOCTBIO, a TAKXKE JOCTAaTOYHOMN
IUTACTUYHOCTBIO M CONIPOTHBIIEHUEM yIapHBIM Harpy3kaM. Ha moBepXHOCTH BUTKOB HE JIOIYCKAIOTCS MEJIKUE
TPELIMHBI, HAIPe3bl U IPYrue MUKPOAE(EKTHI.

[Ipu BbIOOpe MaTepuana MNPYKUHHOH CTalM YYHUTHIBAIOT MPOKAIMBAEMOCTh, BO3MOXHOCTb
MOBEPXHOCTHOT'O YIPOYHEHHUSI ¥ SKOHOMUYECKOTO IPOLIECCa U3TOTOBIICHHS.

[IIupokoe pacmpocTpaHeHUE IS MPYKHUH C TAAMETPOM IPYTKa 0 8 MM IOJydWJia YIIepOaucTast
XOJIOAHOTSIHYTasi TPOBOJIOKA, IMOJBEpraeMas Ha 3aBOJIE HW3TOTOBHTENE CIEIUAIBHOW 00paboTke
(maTeHTUPOBAHHUIO) U MOCIEAYIOIIeMYy BoJoueHuIo. [[aTeHTupoBaHHas yriepoanucTasi MpOBOJIOKA OTIMYAETCS
BBICOKOM MPOYHOCTHIO, MIIACTUYHOCTHIO, BO3MOXKHOCTBIO JIOTIOJHUTENHFHOTO MMOBEPXHOCTHOTO YIIPOUYHEHUS.

Jis 0co00 OTBETCTBEHHBIX MNPY>KUH, NPUMEHSIONIMXCS B aBTOMAaTax IOCTOSHHOW MOIIHOCTH,
NPEJOXPAaHUTEIBHBIX KIIaMaHaxX MepHoANYECKOro AeHCTBHS, MOIBEPralOIMXCsl UMITYyJILCHOMY BO3/ICHCTBUIO,
1eJ1eco00pa3HO MPHUMEHATh CHelHaIbHbIE JIETHPOBAHHBIE CTAJM C THIATENBHBIM KOHTPOJIEM COCTaBa,
PEKMMOB HaBUBKH, TEPMOOOPAOOTKH 1 TIOCIEAYIONIEH YIIPOUHSIONICH 00paOOTKH.

[TpoBosoky nuamerpom oT 3 10 12 MM MOKHO 3aKka3biBaTh B IundoBaHHOM cocTostHUH. [IInmudoBanne
Y TIOJMPOBAHUE MPYTKOB OOECIIEYMBAET BBICOKOE KAUECTBO MOKPBHITHS W TOBBIMIAIOT MPEAEN yCTaIOCTH.
nudyroT 1 NOTUPYIOT MPYTKOBYIO MPY>KUHHYIO CTallb Ha OECHEHTPOBO-IUIM(OBATIBHBIX U JIEHTOYHBIX
UM (poBaIbLHO-TIOTUPOBATFHBIX CTAHKAX.

TexHonmornueckuit mpoIecc U3rOTOBIEHUS IPYKUH BKJIIOYAET CJIECAYIOIINE TAlbI:

1) KOHTpOJIb KayecTBa U MOATOTOBKY IPOBOJIOKU B HABUBKE;

2) HaBUBKY;

3) 00paboTKy OMOPHBIX BUTKOB;

4) TepMHUYECKyI0 00paboTKY;

5) oYHCTKY;

6) ocaaKy U 3aHEBOJHBAHHE;

7) HaHECEHHWE 3alIUTHBIX TTOKPHITHI;

8) ympouHeHue;

9) KOHTpOJIb M UCTIBITAHHS.

YniaoTHuTelbHbIE ycTpolicTBa. B rHapoobopynoBaHnu HamOoJee pacipOCTPaHEHBI PE3WHOBBIC
YIUIOTHEeHUs. VX TMpUMEHSIOT 7 TePMETUYHOCTH Y3JIOB, COBEPIIAIONINX BO3BPATHO-TIOCTYMATEIBHOE WU
BpaliaTeabHOe ABMKEHUE, a TAKXKE IS HEMOIBUXKHBIX COETUHEHHI.

TexHuyeckue TpeOOBAHUS K YIUIOTHEHUSIM:



1) ynjaoOTHEHHS HEMOABMXKHBIX COCAMHEHHWH JOJDKHBI 00ECIEYMBaTh T'€PMETHYHOCTh B TCUCHHE
yeThIpeX JIeT MpH CIeAyIOIMX YCIOBMSAX: MaKCHMAalbHOM pabodem paBmeHmu 25x10° H/m?,
Temmepatype padoueii cpens ot — 25 10 +80°C, TemmepaType XpaHeHHs ¥ TPAaHCHOPTUPOBAHUS B
Hepabodem coctosuuu oT — 60 10 +50°C;

2) YIUIOTHEHHS MMOJIBH)KHBIX COSTUHEHUI MPH TEX JKE YCIOBHSX JOJIKHBI 00€CIICUYHTh FePMETHUHOCTh
B Teuenue 4000 u;

3) MaHXeTHbIE apMHPOBAHHBIC YIUIOTHCHHUS BPAIIAIONIMXCS COCIUHCHHUH JTOJDKHBI 00ECIICUUBATh
repMETUYHOCTh B TeueHne He menee 4000 4 mpu JuTenbHOM pabodyeM IaBICHUU 6x10* H/m?,
TEMIIEPATyPHOM JMAaIa3oHe 1O M.1 U Ipu OKPYKHBIX CKOPOCTAX OT 6,5 mo 11 m/c.

VYnoTHeHus, IpUMEHsIEMbIE B KOHCTPYKIUSAX TUIPOATrPETraToB, MOAPA3ICIsIOT Ha:

1) ymaoOTHEHHMS HENOJABW)KHBIX COCAMHECHUH METa/ULTMYCCKUMH, PE3WHOMETAUIMYCCKUMH U
PE3MHOBBIMU KOJIbIIAMH KPYTJIOTO CEUCHUS,

2) yIUIOTHEHHSI BPAINAIOIIMXCS BAJIOB PE3MHOBBIMU apMUPOBAHHBIMH MaH)KETaMH,

3) YIUIOTHEHHS COCMHEHHI, OCYIIECTBIIAIONINX BO3BPATHO-TIOCTYMATEIBHOE IBUKEHIE, MAHKETAMH
U-06pa3Horo ceveHwus.

Merannuueckue KoJblla H3TOTOBISIOT M3 OTOXOKEHHOW Menu. Pe3nHoMeTanInueckoe KOoJbLo
MIPEICTABISAET COOOM KOJIBLIO U3 KaJIMUPOBAHHOM CTaJId, HA BHYTPEHHEN KPOMKE KOTOPOTO JJIsl JOCTUKEHUS
YIUIOTHUTEIBHOTO 3 (eKTa ¢ MOMOIIBIO BYJIKAaHU3ALUHU CACTAHO YTONIICHUE TPANCUEBUIHOTO CEUCHUS U3
pesunsl. [lpuHIMI 1eicTBUS KOJIbIIAa OCHOBAH HAa YIUIOTHSIOMEM J(QQeKTe YTONIEHHS PEe3UHBl TpU
nepopmanuu. Kompo nedopmupyercs, mnoka HE BO3HHKAeT KOHTAKT MEXKAY METaNIMYECKUMU
MIOBEPXHOCTSMHU.
Jliis Bcex BUOB PE3MHOBBIX YINIOTHEHUH UCTIONB3YIOT MacIOCTOUKYIO PE3HHY.
Pe3nHOBBIE YIUIOTHAIOLIME KOJbLA HW3TOTOBISIOT (OPMOBBIM CHOCOOOM €  TOCIEIYIOLIEH
BYJIKAHU3ALMEH MOJ1 IPECCOM B TaKOH MOCIIeA0BATEILHOCTH:
1) w3 miacTUGUIIMPOBAHHON PE3MHOBON MACCHI JICNAIOT IIHYD; KOHIBI €r0 YTOHSIOT U COCIUHSIOT
BHAXJIECTKY;

2) mnpecc-GpopMy TIIATEIHHO OYHUINAIOT U Ha paboure MOBEPXHOCTH HAHOCAT TOHKUH CIJION CMa3Ku;

3) 3aroToBKY YKIAQIbIBAIOT B IMOJOTPETYIO Mpecc-GpopMy, KOTOPYIO YCTAHABJIMBAIOT HA IUIUTY
T'HJPaBIMYECKOTrO Mpecca;

4) TPOU3BOMAT MPECCOBAHKE, MOCTECIICHHO IOBBIIIAS IABICHHUE;

5) Npou3BOAAT BYJIKAHU3ALUIO (BBIICPIKKA [IPU MOCTOSIHHOM JABJICHHU U TEMIIEPAType); ISl PE3UHbBI
Mapok 3826 u B-14 Bpems Boinepxku 30 mun npu 143+2°C;

6) packpbIBatOT mpecc-PpopMy, BBIHUMAIOT KOJIBIO U MTPOU3BO/IST BU3YaTbHBI KOHTPOJIb;

7) o0pe3aroT 00J10i ¥ KOHTPOJUPYIOT KOJIBIIO 110 pa3Mepam.

[Ipu wsroroBneHun U-oOpa3HbIX MaHXXET, MPECCYEeMbIX M3  Pa3IWYHBIX  KOMIIO3ULIHUH,
MOCJIEZIOBATEIbHOCTh OIEpanil aHajoruuHas. Pexum mpeccoBaHMsl 3aBHUCUT OT cOCTaBa (KOMITO3WIIMN)
PE3UHOBOM CMECH.

TpyOonpoBoabl u apmatrypa. B kauecTBe Marepuana i TpyOONPOBOJOB HCHONB3YIOT
1IeTbHOTSHY Thie METaJTHUeCKUe TPy Obl U3 PasIMUHBIX MapoK cTaneii. s napnenuii 1o 107 H/M? npumensior
TpyObl W3 ATIOMHHHEBBIX CIUIaBoB THrma AMrM. B aBumamum TpyOONpOBOABI M3TOTOBISIOT M3 CTaliei
X18H10T, OX18HI10T u T.4.

[ITyuepa, Hunmenu, raiku aenarot u3 craieu 45, 40X, 1 X18HIT, 30XT'CA u T.4.



[Tepen u3rotoBieHneM TpyOONpPOBOAA KaueCTBO K0 mapTuu TpyO MPOBEPSIOT Ha oOpas3nax Ha
pasznady, CIUTIOIIMBaHueE, 60pTOBaHue, 3aru6 Ha 90°, Ha pacTsKeHHe U HA UX MEXaHHYECKYIO IPOYHOCTh MO
neiictBueM nasieHus. OOpas3ipl CYMTAIOT TOMHBIMHU, €CITU TIOCJIEe MCIIBITAHUK Ha TIOBEPXHOCTH OOpasla He
OyZeT TpelllH U HaJIpbIBOB MaTepuaa.
Hns npuganust TpedyeMoil KOHPUrypauuu TpyOONpoBObI MOABEPraloT I'MOKe, KOTopas SBISETCS
OJIHOM M3 OTBETCTBEHHBIX omnepaiuii. He nomyckaercs rudka TpyO mecKOM U ¢ MOJOTPEBOM MecTa reperuoa,
TaK KaK OCTaBIIMiCA MOcie TMOKM MECOK MOJTHOCThIO HE yNANSeTCsl U 3acopsieT ruapocucteMy. B kauectse
HaTOJHUTENEH MPU THOKEe PEeKOMEHAyeTCs NPUMEHSTh CIulaB Bysa 1 4eThIpeXBOAHYIO KAJIUEBYIO CEIUTPY.
HanosHuTenH HAMMBAKOT B TPYObl B pacilaBIeHHOM BHUJIE Ipy TemmepaType 10 100°,
OpHUM W3 MEPCTIEKTUBHBIX METOJOB SIBISETCSA THOKA ¢ mojaueii BHYTph TPYOBI THIPOCTATHUECKOTO
naBieHus paboyueil uakocTh. [Ipu 3ToM cucTemMa BHyTPEHHHX HANpPsHKEHUH B MeTaJlIe TPyObl, BOSHUKAIOIIAS
IIpY TUOKe, YPaBHOBEIIMBACTCSI BHYTPEHHUM JIaBJICHUEM KUIKOCTH.
I'nOka mpousBoauTCs B TpyOOrHOOUHBIX IPUCIIOCOOJICHUSAX WM Ha CTaHKAX.
Ha mecTte n3ruba He JOMKHO OBITH BMSATHH, CKJIAJIOK U BBIITYKJIOCTEH.
st mpucoeuHeHusl apMaTypbl K KOHIIaM TpyObl MPUMEHSIOT CBapKy, NailKy U pa3BaibloBKy. Jlis
TpyO U3 AIIOMHUHUS HCIIOJB3YIOT aprOHOAYTOBYIO CBapKy, A crainu 20 — ra3oByto. [Ipu maiike ocHOBHOM
MeTaJll IeTaJIi HE TOBOJSAT /10 PACIUIABIICHUS,  CIEI0OBATEIBHO COXPAHSIOT €ro NpoyHocTh. KauecTBo maiiku
3aBUCUT OT CIOCOOHOCTH MPHUIIOSI CMAuMBaTh COEOUHsSEMble MOBEpXHOCTH. [lasHHBIE COETUHEHHUS XyKe
COIIPOTHBIISIOTCS YCTAIOCTHBIM Pa3pyIICHUSM B YCIOBUSAX BUOPAIIUH.
Jnst pa3BanbLIOBKM ATIOMUHHEBBIX U CTaJbHBIX TPYO MOJIb3YIOTCS MHOTOPOJIMKOBOM ONpPaBKOM,
BBITNIOJIHSAIOLIEH JIBE ONepaluu — pa3BajibliOBKY U TOPIIOBKY.
[Tocne KOHTPOJISE TEPMETUYHOCTH (ISl CBAPHBIX U MAasTHHBIX COCIMHEHUI) HApyKHbIE U BHYTPEHHHE
MMOBEPXHOCTHU TPYOOTIPOBOIOB OUUIIAIOT OT OKAJMHBI U Tpsizu. HapyskHbIe MOBEPXHOCTH MOJIBEPTAIOT OUUCTKE
0] OKPACKY W 3aT€M OKpAIIMBAIOT B COOTBETCTBUH C TPEOOBAaHUSMU TEXHUUECKOHN JJOKYMEHTAIUH.
[TocnenoBarenbHOCTh 00PaOOTKHM BHYTPEHHUX MTOBEPXHOCTEN TaKas:
1) napobGecTpyiiHas OYMCTKA JIO MOJTyUEHHS OJIECTSIIEH MTOBEPXHOCTH;
2) TPOJYBKA YUCTHIM CHKATBHIM BO3IYXOM JIO YAAJICHHS MTBUIHA U IPSI3H;
3) 00e3KUpUBAHHE YAHT-CIIUPUTOM;
4) TpaBnenue 15%-HbBIM pacTBOPOM COJITHOM KUCIIOTHI ¢ iprcaakoi [1b-5 B komuyectse 1,5 /1 10
MOJTHOTO yaJIeHUs! OKAJIMHBI U [JIaMa;

5) mpombiBKa ropsiueii Bogod u  (ocdarupoBanue 30-40%-HpIM pacTBOpoM opTOodhochopHO
KHCIOTHI Tpu Temmnepatype 70-80°C B Teuenwue 1 u;

6) mpombiBKa Topsiued Bomoir M 00paboTka 30%-HbIM pacTBOPOM KalIbIIMHUPOBAHHOW COJBI JIO
MOJy4YeHUs HEUTpabHON peaklny;

7) TpOMBIBKA paboyei KUIKOCThIO, MOHTaX M KOHCEPBAIHS.

3arotoBKamMu Ui A€Taleldl apMaTypbl CIyXaT ACTald, TOJTYYeHHBIC JIMTHEM I10 BBHITUIABISIEMbIM
MOJIEJISIM WJTH IITaMITOBKOW. Hapy»HbIe MOBEpXHOCTH, KPOME TIOCAI0YHBIX MECT WIIH TPUCOCIMHUTEIEHBIX
pe3b0, Kak MpaBHIIO HE 00pabaTHIBAIOT.

MexaHndeckass o00paOOTka 3aKIIOYaeTCs B CBEPICHWH, 3CHKEPOBAaHWM M  Pa3BEpPTHIBAHUU
MAacJIONPOBOSIINX KaHAJIOB, a TAKXKe B 00TOUKE, HApe3aHUH pe3bObl M 00padOTKe MPUBATIOYHBIX IJIOCKOCTEH
C O/IHOM yCTAHOBKH JETaJIH, YTO 00ecIeyrBaeT TpeOyeMyIo MepIeHIUKYIIPHOCTh TOPLIOB K OcH pe3b0bl. Bee
JIeTaIl apMaTyphl OJBEPTAOT TATbBAHUYECKAM TTOKPBITHSIM.



5. TexHoI0THYECKHUI MTPOLIECC H3TOTOBJIEHHS 1eTATH

5.1 Pa3paboTKa MapIIPYTHOTO TEXHOJIOTMYECKOT0 MpoIecca 00padoTKu JeTan

Buavane ompenenstoT MapuipyThl 0OpaOOTKH 3JEMEHTapHBIX MOBEPXHOCTEH JneTajeil (MJIOCKHUX,
MWINHAPUIECKUX, HAPYKHBIX, BHYTPEHHHUX, PE3bOOBBIX H T.II.).

[IpenBapuTenbHbI BEIOOP METOIOB OOPabOTKH 3JE€MEHTAPHBIX MOBEPXHOCTEH M YMCIIa HEOOXOIUMBIX
nepexo/ioB (orepanuii) MpoOU3BOASIT Ha OCHOBE JaHHBIX CIPABOYHBIX TAaOJIUI] IKOHOMHUYECKOW TOYHOCTH
00pabOTKM MJIM HAa OCHOBE OOOOIICHHBIX TAOJIWI[ MPUMEPHBIX MapIIPyTOB, HCXOAs W3 TpPeOOBaHUH,
NPEIbSBISAEMbIX K KOHEYHONH TOYHOCTH M KAauyeCTBY IMOBEPXHOCTH, BHMJA HCXOJHOM 3arOTOBKH, CBOMCTB
MaTepuana v TUIa IPOU3BOACTBA.

JUist KaXKI0TO THIA MMOBEPXHOCTH OMPEACISIOT MPEACTaBUTENs, T.€ MOBEPXHOCTh ISl KOTOPOH 3a/1aHBbI
Haunbosee KecTkre TPeOOBAHMUS 10 TOYHOCTH M KAa4eCTBY, U YCTAHABIMBAIOT OJWH WM HECKOJIBKO METOJIOB
OKOHYATEJIbHOI ee 00paboTKH, T.€. MOCIEIHUN TEXHOJOTMYECKH nepexo (Wiu omepanuio). 3Has BUI U
TOYHOCTb UCXOJJHOU 3arOTOBKH, TAKUM e 00pa3oM BbIOHMpPAIOT MEPBbIi, HaYaIbHbIN MEeTO1 00pabOTKH.

OmnpenenuB MepBBIi M OKOHYATEIBHBIN MEPEXOJIbI, YCTAaHABIMBAIOT HEOOXOIMMOCTh MPOMEKYTOYHBIX
MEPEXO0/I0B YHUCIO KOTOPBIX TeM OOJIbIIEe, YeM HUXKE TOYHOCTh MCXOJHOW 3aroTOBKH M BBIIIE KOHEYHBIE
TpeOOBaHUS K MOBEPXHOCTH. YUCIIO BapuaHTOB 00paOOTKU MOBEPXHOCTU MOXKET OBITH I0BOJILHO OOJIBIINM, U
UX COKpAallleHHE BO3MOXKHO C YYETOM HEKOTOPbIX HIOAHCOB, K KOTOPBIM OTHOCSTCS, Hampumep,
1eJ1ec000pa3HOCTh 00pabOTKHM JaHHOM MOBEPXHOCTH Ha OJHOM CTaHKE 33 HECKOJIBKO MOCIIEOBATENIbHBIX
MEPEX00B U €€ 00pabOTKE COBMECTHO C IPYTHMMHU IMOBEPXHOCTSIMU 3aTOTOBKH 32 OJJUH YCTaHOB, OTPAHUYCHUE
BO3MOXXHOCTH MTPUMEHUS] HEKOTOPBIX METOOB U3-3a HEJOCTATOYHOM KECTKOCTH JETAJH U T.II.

OmnpeneneHne dYWClia ¥ TOCIEIOBATEIBHOCTH TEXHOJIOTMYECKHX TIIEPEXOJI0OB MpH  00paboTke
AJIEMEHTAPHBIX MMOBEPXHOCTEH SBISIETCS OCHOBHOHM ISl pacdeT OOMMX M MPOMEXKYTOUYHBIX HMPUIYCKOB U
OTICPAIIMOHHBIX Pa3MEpPOB Ha OOpabOTKY, BBIABJICHHS HEOOXOIMMBIX CTaJuid 00OpabOTKH, (HOPMHUPOBAHHS
MapIpyTa oOpabOTKH JeTajeil B 1eJIOM U pa3pabOTKH OTAENbHBIX ONepalluii.

[Mpunyck — cnoif MaTepuana, yaansieMblii ¢ MOBEPXHOCTH 3arOTOBKH B ILEJSX JOCTHIKCHHS 3aJIaHHBIX
CBOWCTB 00pabaTbIiBaeMOil MOBEPXHOCTH JieTanu. [Ipumyck Ha 00paboTKy MOBEPXHOCTH JETAIH MOXET ObITH
Ha3HAYEeH 110 CIPaBOYHBIM Ta0JIMIIAM WM HAa OCHOBE PACYETHO-aHATUTHYECKOTO METOA.

5.2 Pa3zpa0oTKa TeXHOJIOrHYeCKUX onepanmii

[Tpon3BOIUTENILHOCTH TEXHOJIOTHUYECKUX OTEPAIUii B 3HAUUTEIILHOM CTETICHN 3aBUCUT OT MX CTPYKTYPHI,
KOTOpast OTPEICISICTCs CICAYONIMMHU TTapaMeTPaMH:

- YKCJIOM 3arOTOBOK, OJJHOBPEMEHHO YCTaHABIMBAEMbIX B MPUCIOCOOICHNE WM Ha CTaHKe (OJHO- WJIH
MHOTOMECTHasi 00paboTKa);

- YUCJIOM UHCTPYMCHTOB, UCIIOJIB3YEMBIX IIPU BBIMMOJIHCHUHN OIICpaliun (O[[HO NI MHOTOMHCTPYMCHTHAA
o0paboTka);

- TOCIIEIOBATEIFHOCTRIO Pa0OThl MHCTPYMEHTOB TPU BHINOJIHEHUH oOTepanuu (TI0CIeJ0BaTeIbHOCTh
TIEePEX0/I0B).

[TocnenoBarenbHOE BCTYIJICHWE WHCTPYMEHTOB B DPa0OTy WM IIOCIENOBATENFHOE PACIONOKEHUE
HECKOJIBKHX 3arOTOBOK B MPUCIIOCOOJICHUY MO HANPABJICHHIO JBWKECHUS MOJaYl XapaKTEPU3yeT CTPYKTYpY
Olepalliu C TOCJIeN0BaTeNbHON 00paboTkoil. [Ipu mapamieabHOM pPacmojoKeHUH o00padaThIBaeMBbIX



3aroTOBOK B MPHUCIIOCOOJICHUH (T.€. MIPU WX PACTIOI0KEHUU NMEPHEHIUKYIISPHO K HAIPABICHUIO TBU)KCHUS
MO/Ia4yM) U TPU OJTHOBPEMEHHOH 00pa0OTKEe HECKONBKUX MOBEPXHOCTEH OJTHOW MM HECKOJIBKUX 3arOTOBOK
(dhopMupyeTCst CTPYKTYpa OTNIEPAIHH C TApaILIeTbHON 00paboTKoii. [Ipn MHOTOMECTHOM 00pa0bOTKE 3arOTOBOK,
PAaCIIOJIOKCHHBIX B HpI/ICHOCO6J'IeHI/II/I B HCCKOJIBKO psAAOB BAOJIb M IOICPCK ABMXKXCHUA IMOAAYU, OICpALUd
XapaKTepU3yeTcs Kak OIepalus ¢ mapauieIbHO-TI0CIIeA0BaTeIbHOW 00pabOTKOM.

OkoHoMHU4YecKass 3()(HEKTUBHOCTh TEXHOJIOTUYECKHX MPOIECCOB 00pabOTKH JeTalieli B 3HAYUTEIHLHOU
CTETIEHH 3aBUCHUT OT TOT'O HACKOJIBKO PAIlMOHAJIBHO MOCTPOCH oOmui 1uian (MapupyT) obpabotku. [lox
TEXHOJIOTHYECKUM MAapIIPpyTOM HW3TOTOBICHHS JETalld TOHHUMAETCS IOCIIEI0BATEIbHOCTh BBITIOJHEHUS
TEXHOJIOTHYECKUX Omepanuii (Wi yTOYHEHHE IOCIEI0BATEIbHOCTH [0 TUIIOBOMY WM TPYHIOBOMY
MIPOIIECCY) C OMPEAEIIEHUEM COJIEpKaHU OTIepalnii, BIOOPOM 000pYIOBaHUS U TEXHOJIOTHYECKOW OCHACTKU
JJ1s1 UX BBIITIOJIHCHUSL. TexHoJIorn4ecKue MapupyTbl BECbMa pa3H006pa3HLI " 3aBUCAT OT MHOTUX q)aKTOpOBZ
KOH(UTYypaluu JeTaiu, €e pa3MepoB, TOUHOCTH, HATMUUS TEPMUUECKON 00pabOTKH, MPOrpaMMBbl BbIITyCKa U
np. Bmecte ¢ Tem A1 KaueCTBEHHOTO MPOEKTUPOBAHUS MapILIPyTa MOTYT ObITh PEKOMEH/1I0BaHbl HEKOTOPbIE
oO0IIMe TPUHIIMITBI, XapaKTePHBIE JIJIS BCEX KJIACCOB 00padaThIBAEMbIX JICTAJICH:

1. Ha mnepBpix (omHON — AByX) omepanusax oOpadaThIBalOT ITOBEPXHOCTH, KOTOpbIE OyayT
UCIIONIb30BATHCS B KAYECTBE TEXHOJIOTUYECKUX 0a3.

2. Hcnonb3yst uncToBbIe 0a3bl, 00pabaThIBAIOT OCTAIbHBIC TOBEPXHOCTH.

3. BcnomoraTenbHbIe TOBEPXHOCTH OOBIYHO 00pabaTHIBAIOT HA YMCTOBOM CTATUH.

4. [IpenBapuTenbHOE cofepxkaHue onepaunii 00bEANHSIOT 110 IPUHIUITY BO3MOKHOCTH BBIITOJIHEHUS
Ha OJJHOM CTaHKE.

5.3 Mexannyeckasi 00pa6oTka

B mporecce mexanndeckoit 00pabOTKH MaTepraia CHUMAeTCsl CTPYIKKA ITyTeM pPe3aHus pe3lioM, CBEPIIOM,
nuidoBaIbHBIM KPYrOM -WIM JPYTHM HHCTPYMEHTOM. [IpuW W3roTOBICHHWH JAeTalei TUAPONpPUBOAA
pa3MyaroT B OCHOBHOM TPH 3Talia MEXaHWYeCKOH 00pabOTKH: MpeIBaPUTEIbHbIN, YUCTOBOM M OT/EIKA.

Haunbonee pacnpocTpaHEHHBIM BHJI MEXaHMYECKOM 00paOOTKM — TOYEHHE, IPU KOTOPOM TIJIABHBIM
JBIDKEHUEM SIBJISIETCS BpallleHne 00padaTbiBaeMoi JIeTau, a BCIIOMOTaTelIbHBIM — JITHEHHOE, IepeMeIeHre
(momaua) pesma.

HapyxHble MOBEpPXHOCTH 30JOTHUKOB, MOPIIHEH, BaloB, TWIb3 OOTAYMBAIOT HA PEBOJBBEPHBIX H
TOKapHBIX CTaHKaX, a MPU CEPUITHOM M MacCOBOM IPOW3BOJCTBE — Ha MHOTOIITUHAEIBHBIX aBTOMaTaXx
1A225-6, 1A240-4 u 1A240-6, TokapHO-peBOIbBepHBIX aBTOMaTax 1b112, 16118, aBTOMaTax mpo1015HOTO
touenus 11112 u 11116 u 1. 1.

OTBepcTUsl pacTauMBaIOT C MOMOIIBI0 PACTOYHBIX T'OJIOBOK HA BEPTHKAJIBHBIX, TOPU30HTAIBHBIX WIIU
HAKJIOHHBIX TOKAPHO-PACTOYHBIX CTaHKaX. PacTaunBaHue OTBEPCTHIA IO 2—3-My KJlaccaM TOYHOCTH ITUPOKO
pacnpocTpaHeHo, OCOOEHHO /il OTBEPCTUH B KOPMYCHBIX JICTAISIX THAPOTPUBOIOB C  TOYHO
3aKOOPJAMHUPOBAHHBIMHU OCSIMHU. TOHKOE pacradwBaHHe MO 1—2-My KJlaccaM TOYHOCTH TPHMEHSIOT, Kak
MIPaBUJIO, JJISI TOUYHBIX OTBEPCTUHA MAJoOro JUaMeTpa, a TakKe I MOPITHEBBIX THE3/ B OJIOKaX IMJIHMHJIPOB,
W3TOTOBJISIEMBIX U3 OpoH3bL. [Ipu KpymHOCEpHITHOM MTPOU3BOJICTBE AeTalel (TUMa KPBIIIEK THAPOIMINHIPOB)
MIPUMEHSIIOT METO]1 OJHOBPEMEHHOU 00pa00TKH HAPYKHBIX U BHYTPEHHUX MTOBEPXHOCTENH HA MHOTOPE3IIOBBIX
TOKapHBIX, MHOTOUINUHACIBbHBIX MOJyaBTOMAaTaX C TOPU30HTAJIbHBIM M BEPTUKAJIbHBIM PACHOJIOKECHUEM
mmuHzAesnei (moayaBromatsl Trma 1284, 1285).

OTBepcTUs CBEPIISIT B OCHOBHOM CIUPANBHBIMU cBepiiaMu. [Ipu 3TOM MOXeT BpaliaTbCcsi MHHCTPYMEHT (Ha
BEPTUKAIBHBIX, PAJUATBHBIX, MHOTOIIMUHIEIBHBIX CBEPIUIBHBIX CTAHKAX) WM JIeTaldb (HA TOKapHBIX,
PEBOJILBEPHBIX M arperaTHhIX cTaHkax ). [lociemnnm cmocobom 00pabaThiBatOT ri1yO0OKHE OTBEPCTHS, TaK KaK
yBOJI CBEpJia OT 33JaHHOTO HAIMpaBJICHHs B ATOM CIIy4yae MOJydaeTcss MEHbIIMM. TOYHOCTh M YHCTOTa



OTBEPCTHI NIPU CBEPJICHUHU IOJIy4alOTCs HEBBICOKMMH (M3-3a CKOIUIEHHUS CTPYXKKH B KaHAaBKax CBEpja U
W3HAIIMBAaHUS YTOJKOB Ha mnepudepun pexymed Kpomku). CTOWKOCTh CBepja MOBBIIAIOT TPU
WCIOJIb30BaHMU TUIACTUH U3 TBEPJIBIX CIUIABOB I PEXKYIIUX KPOMOK.

JUis yBenu4eHus AuaMeTpa MpPOCBEPIEHHBIX OTBEPCTUM, MPUMEHSIOT 3€HKephl. IIpoyHOCTh mocmeaHux
BBILIIE, Y€M Yy CBepja, U3-3a MEHbLIEH IIyOMHbI KaHaBOK Ha ero OOKOBOW moBepxHocTH. Ha ToproBoit
MIOBEPXHOCTU 3€HKEpa OTCYTCTBYIOT IEPEMBIUKH (PEXyILIHMe KPOMKH). OTO MO3BOJsET 00padaThiBaTh
nuaMeTpsl cBbiie 30 MM (r1aBHBIM 00pa30M B KOPITYCHBIX JIeTallsiX ), ¢ Ooubliel nojaueii Ha oJJuH 000poT, a
IIPY UCIIOJIB30BAHUU TBEPABIX CIUIABOB — € BBICOKMMM CKOPOCTSIMU PE3aHUS.

Jl1st HoTy4YeHUsl BBICOKOM TOUHOCTU M YUCTOTHI ITOCIIE ONEpaLuii CBEpJICHUS U 36HKEPOBaHUs MPUOEraroT
K pa3BepThiBaHHI0. YTOOBI MOCIIEI0BATENBHO IPUMEHUTh CBEPJIEHUE, 36HKEPOBaHUE U pa3BepThIBaHHE, HA
BEPTUKAIbHO- U PAIUAIbHO-CBEPJINIIbHBIE CTAHKU yCTAHABIMBAIOT ObICTPOCMEHHBIE MATPOHBI. Y KAa3aHHBIE
oIepalyy BBITOJIHAIOT MAapaJlIeNIbHO MPU UCTOIb30BaHUM MHOTOITO3UIIMOHHBIX CBEPJIMIIbHBIX CTAHKOB.

®pe3epoBaHre — BeChbMa IIPOU3BOUTENBbHBIN c110c00 00pabOTKM MPUBATIOYHBIX IIJIOCKOCTEH KOPITYCHBIX
JeTajed TMAPOMALIMH M TMApOannaparypsl, Ma30B M IIEJIed B JPOCCEIbHBIX YCTPOMCTBAX, pa3IMUHBIX
IUIOCKUX U (DaCOHHBIX IIOBEPXHOCTEH, MOHOYHBIX 11a30B U T. 1. Hanbosee pacnpocTpaHeHO JBYCTOPOHHEE
¢pe3epoBaHuEe TOPLOBBIMH, JAUCKOBBIMH M KOJIBLIEBBIMU (pe3aMu, TPEXCTOpPOHHEE (pe3epoBaHHe
KOHIIEBBIMHM U IITIOHOYHBIMHU (hpe3amu, TOPLOBOE (Ppe3epoBaHUE TOPLIOBBIMU, TUCKOBBIMH U KOHIIEBBIMHU
¢bpe3amu u pacorHoe ppesepoBaHme ¢ MOMOLIBIO (PACOHHBIX IIIMHAPHUECKUX U KOHIEBBIX (pes3.

3HAYUTENIbHOE TMOBBIIIEHUE MPOU3BOAUTEIBHOCTH (B 2—35 pa3) npu (¢pe3epoBaHUU JIOCTHTAETCs
npuMeHeHueM (¢pe3 ¢ NepeMEeHHbIM IaroM 3yObeB, paspaboranHbix B. f. KapaceBbim. Bcneactsue
HEpPaBHOMEPHOCTHU IIara 3yObeB YCHUJIME PE3aHUsl BBI3BIBAET allepUOMYECKHE KOJIeOaHUs, YTO CHUXKAET
BUOpAIMIO ¥ MO3BOJIsIET paboTaTh ¢ yBEIMUYEHHOM mojaueil u riyOuHOM pe3aHus. PexuMsl pe3aHus mnpu
(bpe3epoBaHUU OTPAHUYEHBI IPOYHOCTBIO 3y0a, YUCTOTOM M TOYHOCTbIO 00PaOOTKH, KECTKOCTHIO CUCTEMBI
CTaHOK—(pe3a—/IeTalb, CTOUKOCTBIO (PpEe3bl U MOIIHOCTHIO CTaHKA.

W3-3a manoii 1011 MalIMHHOTO BPEMEHHU B 00ILIEM BPEMEHH IMKJIa CTPOTaHKe U JI0JI0JIeHNEe HE OTHOCATCS
K BBICOKONPOM3BOAMTEIbHBIM IpolieccaM. lIpuMeHsAIOTCSI OHM KpallHE peako (B OCHOBHOM B
MHAMBUAYATbHOM IIPOU3BOICTBE).

i okoHUaTenbHOH 00pabOTKM CKBO3HBIX TOUHBIX OTBEPCTUN B JETANIAX M3 CTAJIM, YyT'YHa U I[BETHBIX
CIUIaBOB IPHUMEHSAETCS MPOTATUBaHHE. JTOT cHocod BechbMa 3(PPEKTUBEH, OH MIMPOKO HCMOIBb3YeTCs MpH
MaccoBOM MPOU3BOACTBE JETaleld THUMA BTYJIOK IIECTEPEHHBIX HACOCOB, KOPIYCOB T'HIpoAeMIi(epos,
KJIAIIaHOB U JieTalieil ¢ BHyTpeHHUMH nutniamu. CKopocTh pe3anus (mepemenieHus) npoTsukku 1—10 m/mMuH.
[Tone nomycka oxoHuaTenbHO oOpaboTanHoro orBepctus 0,02—0,04 mMM. [l MOBBIMIEHUS CTOWKOCTH
MHCTPYMEHTa B HEKOTOPBIX CIyyasx NpPOTATMBAHME IPOU3BOAAT TOCJIEN0BATEIBHO HECKOIBKUMU
MPOTSKKAMU, paclpeessis MeX,ly HUMHU MOJIHYIO0 BEJIMYMHY PUITYCKa.

5.4 Pa3paboTka pe:xuMoB 00padoTKn

Meroaka HaXOXICHHUSI PSKUMOB PE3aHUS IS Pa3IMUHBIX METOJ0B 00pabOTKU MOIPOOHO M3TI0KEHA B
cripaBo4HOM uTeparype. [Ipu aTom Hanbosee BBITOAHBIMU CUMTAIOTCS TaKHE PEXUMBI 00paOOTKH, KOTOpPBIE
00ecIeunBarOT HAMMEHBIIYI0 Ce0ECTOMMOCTh MEXaHHUYECKOH 00pabOTKM TpH YAOBIECTBOPEHHH BCEX
TpeOOBaHUH K KaueCTBY HMPOIYKIMH U TPOU3BOJUTEIHLHOCTH 00paOOTKH.

B o0miem citydae HEOOX0IUMO COOJIIOATh OMPEACTICHHYIO MOCIIEA0BATEILHOCTh HA3HAYCHHS PEKUMOB
pe3anus t—S—V—N, KoTopast BKIIOYAET CISIYIOIINE STaIbI:

1. Bei6op riyOuHbI pe3anus t (MM) M0 YCIOBUIO yIalieHUs TMPUITyCKa 1Mo o0paboTKy 3a ouH paboduit
XO0JI, HO B 3aBHCUMOCTH OT TPeOOBaHMH 1O TOYHOCTH U IIEPOXOBATOCTH, MPEABABIIEMBIX K 00pab0TaHHOM



MOBEPXHOCTH; MPHUITYCK pa3JeNsioT MO CTaausM oOpaOOTKM: TpelIBapuTeNbHAs, OKOHYATENIbHAs U
OTJeNoYHas.

Onpenenenue riryOUHBI pe3aHus 3a OJIMH pabounii X0ox:

a) pu 00pabOTKe MOBEPXHOCTEN TEJ BPAIICHUS:

05
Di - Di—l ’

rae Di — quamerp mocie oOpaboTKH, MM;

Di-1 — nuametp 10 06pabOTKH, MM.

2. BeiOop nonauu Ha ouH 000pOT So (MM/00) ¢ yyeToM cTaauu 00paboTKu (IIpeaBapuTeNibHasl, YUCTOBAS
WIN OTJENIOYHAs) U Harpy30YHO-IIPOYHOCTHBIX XapaKTEPUCTHK TEXHOIOTUYECKOH CUCTEMBI.

(12)

[Ipu yepHOBOI1 0O6pabOTKE MMOIaYy BHIOMPAIOT MAKCUMAIBHO BO3MOXKHYIO.

[Ipu uuctoBoil 00paboTKe mOJady BBIOMPAIOT B 3aBHCHUMOCTH OT TpPEOOBAaHMA K TOYHOCTH W
IEPOXOBATOCTH IIOBEPXHOCTEM.

3. Ompenenenue cKopocTH pe3anust V (M/MUH) C y4yeTOM BBIOpaHHBIX IIyOMHBI pe3aHUsl U I0JayH,
CBOMCTB 00pabaThIBA€MOI0 U PEXKYIIEro MaTepuajoB, IEOMETPUM M CTOMKOCTM MHCTPYMEHTa IO
SMIMPUYECKUM 3aBUCUMOCTSM, UMEIOLIUM OO BU:

ok (13
rae Cv, M, X, Y — Koo PHULIHEHTHI, yUUTHIBAIOLINE BUJ 00pabOTKH;

T — nmepuoxa CTOMKOCTH UHCTPYMEHTA, MUH;

Ky — K03 GULIKEHT, YUUTHIBAIOIINE KOHKPETHBIC YCIOBHS 00pPaOOTKH.

4. OnpeieieHne YaCTOTHI BpamieHus Ny (Mun™>):

1000V
" 7D

Ilo MMaCIIOPTHBIM JaHHBIM CTaHKa OIIPCACIIAIOT 4aCTOTY, 6J'II/13KYIO K pvaeTHOﬁ.

: (14)

[Ipu OTCYTCTBUM 3TUX JAaHHBIX PSAJl YACTOT BPAILICHUS MOXKHO OMPEICIIUTh MO0 3aBUCUMOCTH:
i-1
nnp = nmin ¢ 1 (15)

re Nnp — MpuHUMaeMasi (OrKaiimast MeHbIIas) 4acToTa BPAICHHS;

Nmin — MUHUMAaJIbHAS 4acTOTa BpaIIECHUs JIJI TAHHOTO CTaHKa;

(0 — 3HAMEHaTeNb psiga TEOMETPUYECKON MPOrPECCUH, YCIOBHO MPUHUMAEMBIN paBHbIM 1,26;

| — HOMep CTYIICHHU, Ha KOTOPOil 00ecreunBaeTCsi PAaBEHCTBO.

[Tocne Ha3HaueHUs1 YaCTOTHI BpalllCHUS IIMUHAEIS ONPEIEsA0OT MUHYTHYIO [TOAauy:

Sy =S, N, , (MM/MHRH) (62)

np °
5.5 CneunajibHbie BUIbI 00pa0OTKH

K cnemmanbHbiM BuJaM 00pabOTKH JeTalieil THAPONPUBOAOB OTHOCITCS: TEPMHUYECKas U XUMHKO-
TepMHUEeCcKas, a Takxke oOpaboTka xonoaoMm, (uHuIIHAS (OTAENOYHAS]) M OYUCTKA OT TEXHOJOTHYECKHX
3arpsI3HCHUM.

Bce CIICIINAJIBbHBIC BUbI O6p2160TKI/I HCTIOCPCACTBCHHO BJIUAKOT Ha Ka4€CTBO H3TOTOBJICHUSA U
paboToCrocoOHOCTh JAeTael THAPOIPUBO/IA.

Tepmnueckas odpadoTka. [Ipu mpou3BoOACTBE AeTaNCH THIPONPUBOIOB UCIIONB3YIOT BCE BUJIBI OTXKHUTA,
3aKayku U oTmycka. Kpome 3Toro, npuMeHsIOT MOBEPXHOCTHOE YIPOUHEHUE — 3aKaJIKy TOKaMHU BBICOKOM
4acTOTHI (T. B. 4.), @ TAK)KE XUMUKO-TEPMUIECKYIO 00pabOTKY (LIEMEHTAIMIO U a30THPOBAHUE), B PE3YJIbTATE
Yero U3MEHSETCS CTPYKTYpa U XUMHUUECKH COCTaB MOBEPXHOCTHOTO CJIOSI.



[IpaBunabHO BBIOpPAHHBIE PEXUMBI TEPMHUUECKOM 00pabOTKM 00ecreunBalOT BBICOKOE KayeCTBO
CTPYKTYPHBIX TpEBpallleHUH, MHHHMAJIbHOE KOpoOJeHHe W jaedopMaiuio aeraneil, a CieqoBaTelIbHO,
BBICOKYIO TBEPAOCTh, U3HOCOCTOWKOCTD, CTAOMIIBHOCTh Pa3MepOB M (POPMBI IPH IKCILTyaTallMd U XPaHCHUH.
Br160p pexnMoB TepMIUecKoil 00pabOTKH U3IaraeTcs B CIIENUAIBHON JTUTEpaType.

O06paboTka X0JI010M IPOBOJUTCS C LEIbI0 CTAOUIM3UPOBATh Pa3Mephl JETaIN YCTPAaHEHHEM OCTaTOYHOTO
ayCTEHMTA, IIPEBPALAIOIIErocs IPU OTPULIATENbHBIX TEMIIEPATypax B MAPTEHCHUT, & TAKXKe JJIsl IOBBILICHHS
TBEPJOCTH U U3HOCOCTOMKOCTH. OOpaboTKe X0J070M MOABEPIaroT AETAIN ATYHHO-KPUBOLIMITHBIX TPy
HAacOCOB, IPELU3HOHHBIE IIAapbl THApoanmnaparypsl, n3rorosiaeHusle u3 cranen 20X, 12XH3A, 18XHBA,
TX15, X12d1.

Jletanu mpocToii KOHPUTypanuu 00padaThIBAIOT X0JI0I0M HEMOCPEACTBEHHO MOCHe 3aKaiku. [ neraneit
CIIOXHOW KOH(pUTYypalii BO H30€KaHUE TPEHIMH OOpabOTKEe XOJIOJOM IMOJBEPraloT 3aKaJCHHYIO H
OTIYIIEHHYIO cTalb. D()PEeKTUBHOCTh 00paOOTKHU P OTPULATENBLHOM TeMIepaType 3aBUCUT OT UHTEpBaia
BPEMEHH MEXJy 3aKaJIKOW U HU3KOTEMIIEpaTypPHbIM OTIyCKOM. JloImycTHMast IPOA0JKUTENBHOCTD BBIIEPKKU
3aKaJCHHBIX JCTAJICH MTPH TEMIIEpaType OKPY KAFOIICH cpebl 10 00paboTKH X010/10M 1jist cTanei 12XH2A u
18X2H4AMA — 3 u; nnst craneit XTI, IIX15, X12D1 — 2 9, qyist cranu 20X — 30 muH. OO6paboTKy X0JI0,10M
BeayT npu Temnepatype —70° C ¢ Beiaepkkoi 1—3 4 Ha X0M0AUIBHBIX MamnHax Thna XKM-2.

CrniocoOb1 puHuIIHOM (0TAETOYHON) 00paboTkH. B TexHOMOrHMUecKkux mporeccax o0pabOoTKH OCHOBHBIX
JeTajeil TUIPONPUBOIOB, HMMEHONMX BbICOKYyI0 TBepaocTh (HRC 58—62), Huskyio 11epoxoBaToCTh
MOBEPXHOCTH M TIOBBIIIECHHBIE TPeOOBaHUS K TOYHOCTH TE€OMETPHUECKOW ¢opmbl  (Hampumep,
HeTI0CKOCTHOCTH 0,005 MM), GMHUIITHBIME OTNIEPAITUSMU SBIISIOTCS NUTH(GOBAHNE, XOHWHIOBAaHUE U IOBOJIKA.

nudoBanne NPUMEHSIOT KaK OKOHYATENbHYIO WM KaK IHPeJBAapUTEIbHYIO OIEpaluio Mepes
nocruenyromei 1opoakoi. Hanbomnee pacrpocTpaHeHs! cieyrommue crnocoob! NI(oBaHus:

- Hapy>KHO€ KPYTJIOe ¢ MPOI0JIBHBIMU U NTONEPEUHBIMU MOAaYaMH;

- OECIIEHTPOBOE C MPOJOIBHON U TIONIEPEYHON MogauaMu;

- II0cKoe nuudoBanue nepudepueit u, pexe, TOpLOM Kpyra;

- BHYTPEHHEE;

- cynep(pUHUIINPOBAHUE.

MuHUMalTbHBIE TIPUITYCKH Ha NUIM(GOBaHME A0 IIEpOXOoBaTocTH HaszHadarT oT 0,2 mo 0,5 MM, B
3aBUCHUMOCTH OT oOpabaTrbeiBaemMoro pasmepa. [Ipumyck st TOHKOTO mauoBaHUS HE JOJKEH MPEBbIIIATh
cootBeTcTBeHHO 0,03—0,04 MM.

[Tpu BeIOOpE pexkuMa HITU(POBAHUSA U ONTUMAIBHON XapaKTEPUCTHKH NUTU(OBATILHOTO KPyTa YYUTHIBAIOT
MaTepuall, pasMepbl U (popmbl nUTMpyeMoi AeTand, JUIMHY W IUJIOHIAJb KOHTaKTa KpPYyr — JeTallb, BHJ
i oBaHus 1 000py0BaHUS, TPEOYEMYIO TOUHOCTD.

HenpaBuiibHbIi BBIOOP peKUMOB IMIPUBOIUT K CXBAaThIBAaHUIO a0pa3uBHBIX 3€peH NUTH(POBATBLHOTO KpyTa ¢
o0OpabaTbIBa€MbIM METAJIJIOM, YTO BBI3BIBAET OpaK JETalIH.

K ocobGeHHOCTSIM TOHKOrO nutMdoBaHUs JAeTaleil THIPONPUBOJA OTHOCUTCS TaKXKe BBIXaXHBAaHUE, T.C.
IpoAoIKeHHE 00pabOTKHU C MpeKpalleHneM nomnepeunoi nogauu. [Ipu 3Tom cpezanue CTpyKKH NOCTEIEHHO
IIpeKpaIaeTcs, MepoXoBaTOCTh MOBEPXHOCTH CHUXKAETCS, a TBEPAOCTh NOBEPXHOCTH M TOUHOCTh 00pabOTKH
YBEJIUYHUBACTCS.

XOHHMHTOBaHHE MPUMEHSIOT TJIaBHBIM 00pa3oM Mjsl MpeIBapUTENbHOM 00pabOTKM MallbIX TITyOOKHX
MPELU3NOHHBIX OTBEPCTHH KOPIyCOB TUApoAanmapaTypsl. [IpM HM3roTOBIEHUHM THIIB3 TUAPOLMIMHIPOB B
HACTOsIIee BpeMs XOHWHTOBaHHME B KauecTBE (PMHHUIITHOTO TIpolecca Kak MPaBHUJIO, HE NMPUMEHSIOT, OHO
3aMEHEHO pPacKaTbIBAHUEM.

JloBO/IKa BBINOJIHSAETCS B Cpel€ CMa3Kd C IOMOIIbI0 MEJIKO3EPHUCTOIO CBOOOAHOrO abpa3uBHOTO
MOpOILIKa. DTa ONepalus, Kak 3aBepliaonas, BKI0YaeTCs B TEXHOJIOTHYECKHUI PoIiecc, U3TOTOBJIEHUS BCEX
MPELU3NOHHBIX JIeTallell TUAPOIPUBOAA Il CTAJIbHBIX U YYTYHHBIX Map (MOpPIIHEH, 30JI0THUKOB, IJIACTHH,



pacnpenenureneid u T. 1.). JloBojaka obecreurnBaeT NMOJIyUYSHHUE HIEPOXOBATOCTH MOBEPXHOCTH B Mpejesax
13—14-ro kjaccoB YHCTOTHI M TOYHBIE T'€OMETPHUYECKUE pa3Mephl neTanu. JloBeneHHBbIE NeTaiH, Kak
MpaBUJIO, HE B3auMoO3aMeHsieMbl. JOBOJIKa BEJETCs MPH MaJbIX CKOPOCTSX M MPH TEPEMEHHOM JIBUKCHUU
3arOTOBKM OTHOCHTEIBHO JOBOJOYHOTO HWHCTPYMEHTA, HA3bIBAEMOTO NPUTHPOM. IJTHUM O0ECIICYHBACTCS
HEIOBTOPSIEMOCTh TPACKTOPUI aOpa3uBHBIX 3€peH, IPOU3BOASIINX PE3aHUE IPU JOBOJIKE, a CIIE0BATEIbHO,
U CHIDKEHHUE IIEePOXOBAaTOCTH IOBEpXHOCTH. Ilpu HCHoOnb30BaHMU CHENMATIbHBIX JIOBOJOYHBIX CTAaHKOB
pabouee IBUKEHUE MPEICTABIAET cOO0M CI0KHOE IBM)KEHUE, COCTOSIIEE U3 BO3BPATHO-NIOCTYNATEIBHOTO,
BpalllaTeIbHOIO M CKOJIB3SIIEro. B 3aBUCUMOCTH OT TpeOyeMoi TOYHOCTH U IIEPOXOBATOCTU MOBEPXHOCTH
(OT cTeneHu 3epHUCTOCTH MPUMEHSIEMBIX MOPOIIKOB) MPOIECC TOBOAKH PA3JEeNsiOT Ha MPeIBAPUTEIbHBIN U
oKoHYaTeNbHbIH. OKOHYaTeNbHAs TOBOJKA ONM3Ka K MOJIMPOBAHUIO, a0pa3MBHbBIE 3€pHA CHUMAIOT TOJBKO
CJIOI OKHUCIIOB, HE 3aTparuBasi OCHOBHOTO MaTepuaia.

JIOBOZIKY TIPOM3BOIAT Ha MPUTHpPAX W3 YyTryHa, aJlOMHHUS, KPAaCHOW MEIM, MSTKOH CTald W CTEKIa.
AOGpa3uBHBIE TOPOILIKH, HAHOCHMbIE Ha IPUTHP, OBIBAIOT JIBYX BHUJIOB: TBEep/ble (Ha OCHOBE KapOuaa 6opa,
KPEMHHS 1 0€JIOro JIEKTPOKOPYH/Ia) ¥ MsTKUe (Ha OCHOBE OKHCH JKelie3a M OKHCH XpoMa).

O4ncTKA 0T TEXHOJIOTHYECKHX 3arpsA3HeHn . TeXHOoIornueckue 3arpsi3HeHnsl, Hen30eXKHbIE B IIpoLiecce
MIPOU3BOJICTBA, MPEACTABIAIOT COO0H Mesbuaiiiiue MeTauindeckre YacTHLbl B BHJIE CTPY>KKH, OCKOJIKOB
OCTPBIX KPOMOK M 3ayCEHIIEB, OCTaTKOB aOpa3uBHOW MBI U HACThI, POJYKTOB 3aCOPEHHS B PE3yjbTaTe
XpaHEeHHUs1, TPAHCTIOPTUPOBAHUS, COOPKHU U T. JI.

PacnpocTpaHeHHBIMH BUJAaMU OYHMCTKH SIBIISIOTCS OYMCTKAa OT CBEXEro adpa3uBa, OTMOYKA, MOWKa,
yIBTPa3ByKOBasi NMPOMBIBKA. JleTann OYHMINAIOT OT OCTAaTKOB CBEXEH aOpa3wBHON IBUTM cpa3y Iocie
OKOHYATEeNBbHOW MoBOAKH. OOIyBKa BO3MyXOM HE BIMSACT HA CTENCHb OYMCTKH TOBEPXHOCTH, HO 3aTO
aKTUBU3UPYET OOIIYI0 3aCOPEHHOCTDh Ha y4acTKe.

OTMOUKY IPOU3BOAAT € LIETIbIO PA3MATYUTh OCTATKU MACT U APYTHUE 3arps3HEHUs, UTO CIIOCOOCTBYET OoJiee
3¢ GEeKTUBHON OYHMCTKE MPHU MOCIEAYIOUIMX Omepanusax. JeTaau oTMauyuBalOT B KEPOCHHOBOM BaHHE MpHU
temriepatype 60—70° C B Teuenne 30—45 muH,. OTMOUYEHHBIE AETAIM MOIOT B CIEIIMAIbHBIX MallIMHAX. J{7s
MOMKHM HCTIONB3YIOT skujKkocTH Tuna OII-6, a Taxxe 20%-Hbli COJOBBIN pacTBOP UM yauT-ciuput. MoKy
MIPOU3BOJIAT C TIOMOIIBIO COTIE-THAPOMOPIIHEH, KOTOPbIE BCTABIISIOTCS BHYTPh JETATH U UMEIOT HAa OOKOBBIX
MOBEPXHOCTSIX OTBEPCTHUSA ISl BBIXOJA MOIOIIEH )KUAKOCTA. MOIKy, KaK MPaBUjIO OCYILIECTBISIOT B 2 Uin 3
JTamna.

HIupoxoe pacnpocTpaHeHHE B MPOU3BOJCTBE THAPOIIPUBOAA MOJTyUnIa yIbTPa3ByKoBasi IpoMbIBKa. OHa
OCHOBAaHa Ha KaBUTALlMM >KUJIKOCTH I10Jl BO3/AEHCTBHEM YJbTPAa3BYKOBBIX KojieOaHMi. B mecrax paspbiBa
CTpyH 00pa3yroTcs My3bIpbKH, HAIIOJIHEHHBIE NAPaMHU KUAKOCTH M PAaCTBOPEHHBIMM B HEH ra3aMu, KOTOpbIE
pa3pbIBasiCh, MPOM3BOIAT OUMIIAIOIIEE JICHCTBHE.



YACTD 2. OCHOBBI TPOTOTUIIMPOBAHUA

1.1. OOmue TepMUHBI
Ceifyac 04eHb Ba)KHO IMPEICTABUTH HOBBIE MPOAYKTHI Ha PHIHOK KaK MOKHO ObICTpee, HO
JUTSL TOTO TPeOyeTCs CAeNaTh MHOTO IIIaroB, BHIMOJTHUTH MHOXKECTBO MpoIieccoB. Jlu3aiin
U3JICNNSA, €T0 TECTUPOBAHUE, TPOU3BOJICTBO, OIIEHKA PBIHKAa — BCE ATO HAJIO CIIPECCOBATH U
0 BPEMEHHU, W MO MaTepuadbHBIM 3arpaTaM. JG(OEKTUBHO HCIOIL30BATh MMEIOIINECS
pECYpChl MOXKHO, TOJIBKO pa3pabaTbiBas HOBBIC MPOAYKTHI U MOAX0bI. OTHUM U3 TaKUX
TI0JTXO0JIOB SIBJIICTCS OBICTPOE MPOTOTHITHPOBAHNE.
brictpoe npoTotunupoBanue (rapid prototyping in additive manufacturing) - npumeHnenue
QJIMTUBHOTO TIPOU3BOJICTBA, HANPABICHHOE HA CHW)XKCHHE BPEMEHHU IS TIPOU3BOICTBA
IPOTOTHUIIOB.
AnnutuBHOE Tpou3BoacTBO (additive manufacturing) - mpoliecc U3roTOBJICHUS JeTajeH,
KOTOPBI OCHOBAH Ha CO3JIaHUU (PU3UIECKOT0 OOBEKTA IO JEKTPOHHOW TE€OMETPHUECKOM
MOJIETTH TIyTeM M00aBJICHHWsI MaTepuaja, Kak MpaBWjIo, CIOW 3a CIO0€M, B OTIUYHE OT
BBIUUTAIONIETO  TPOU3BOJACTBA  (MEXaHUYECKOW  O0O0pabOTKHM) U TPaJAUIMOHHOTO
dbopmMooOpasyIoIIero Mpou3BoOICTBA (JIUThS, IITAMIOBKH).
[Mpororumt (prototype) — »5To BHI W3ICHHS, IOJIyYacMblidi OJHOIIATOBBIM  WJIH
MHOTOIIIArOBBIM MPOIIECCOM U SIBJISIONIUNCS OMBITHBIM 00pa3IioM WM paboueit MOJENbIO,
KOTOPBIN CIY>KUT JJIs TIPEIBAPUTEIHHOM OIICHKH XapaKTePUCTHUK, NU3aifHA WM CBOMCTB
U3JICTTHSI.
N xak crnencrtBue, MPOTOTHUMHPOBAHUE — OTO TMPOIECC CO3AaHHUS MPOTOTUIOB. OH
HAYMHACTCS C BBIMOJTHCHUS KOMITBIOTEPHON MPOrpaMMbl JUISl TIOCTPOCHHS PEaTbHOTO

(yHKIIMOHATBHOTO) TIpOTOTHNA. [[POTOTHIT XapaKTEPU3YIOT TPH BAXKHBIX ACTICKTA.

1. COopka npoTOTHIIA BBITIOIHSIETCS U3 YaCTEeW MM KOMIIOHEHTOB.
2. [IpoToTum MoxeT ObITh Pa3IuYHBIM — OT BUPTYAJIBHOTO A0 (PU3HUECKOTO.
3. Crenenp anmpokcuManuy IpoTOTHNIA — OT OYEHb PACIUIBIBYATOTO J10

UJICATBHO TOYHOU KOIHH.
COopka mpoToTHIA TIOI[pa3yMeBaeT CO3JaHNe KOHEYHOTO MPOAYKTa U3 YacTeil. 3aKOHUCHHBIN

npoToTUl (MOJIENIb) HE MOJHOCTHIO, HO B OCHOBHOM XapaKTepHU3yeT



IPOLYKT. DTO HY>KHO, HAallpUMeEp, I TPYIIIBI JHOJAEH, KOTOPBhIE OLICHUBAIOT €r0 BHEIIHUI
BUJ, KakWe-TO (PYHKIMOHAJIbHbIE KadecTBAa MJIM MOCIEAYIOIIME ONEPAlMH C HUM.
Hanpumep, Ha npoTOTHUIIE MOXKHO TECTUPOBATh YIrOJl HAKJIOHA CIIMHKU O(UCHOrO CTYyIIa,
YTOObl CHU3UTh PUCK HCKPHUBJICHHS IMO3BOHOYHUKA B PE3YJbTATE MPOJIOJKUTEIBHOIO
cunenus. [Ipororumn ¢pparmMenTa yepena mo3BosseT KpUMHHATUCTaM(apXeoioram) CyIuTh,
KaKoB ObLI IIPU JKU3HU €0 BIIAJEINEL, a XUPYpraM — CIIAHUPOBATh XOJ OINlE€pally 110 €ro
BOCCTaHOBJICHUIO.

Jlpyroii aclieKT — KaK MpOTOTHII OYIeT MPOU3BeIeH. BUpTyanbHBIN MPOTOTUIT —ATO HEKas
MaTeMaTU4ecKas MO/Ielib, IOCIEA0BATEIbHOCTh ONEepPalliU MO U3TOTOBICHUIO (PU3NYECKOTO
IPOTOTHINA. BUPTyanbHbIM MPOTOTUII MOXKHO M3Yy4aTh €Ill€ Ha CTaUH AU3alHA U CyIUTh O
€ro KadectBax, Oa3upysch Ha 3akoHax (u3uku. Hanpumep, Bu3yanuzanus TeyeHUs
NOTOKOB BO3[yXa INpU OOTEKaHUM KpbUIA IO3BOJUT OLIEHUTh €ro MOAbEMHYIO CHILY,
0COOEHHOCTH MOBEJCHUS TaHHOM (POpMBI KpblIa Ha J0- U CBEPX3BYKOBBIX IOTOKax. Korga
peanbHbIA MPOTOTUI OYEHB OOIBIION U IOPOroi B U3TOTOBICHUH, BUPTYaIbHBIA TPOTOTUIT
— XOpOILIMH TOMOIIHMK. MakeT COTOBOro TeieoHa OUeHb MOMOTaeT KOHCTPYKTOPY
OLICHUTH, KaK OH JIO)KUTCS B PYKY,IIPUBIICKATEIICH JIM 3CTETUYECKH.

TpeTuil acrekT — CTENeHb TOYHOCTH BOCHIPOW3BENEHMS nportotuna. Hampumep, Mmonens
MOXET JIMIIb OTAAJICHHO HANOMUHATH PEANBbHBIA NMPOAYKT, HO IIO3BOJIUT OLICHUTH €r0
reOMETPUYECKUE XapaKTepucTuku. Miu, Hao6opoT, rpydast MoJieTIb MOKET BHELITHE TOYHO
KOIMPOBAaTh PEAIbHbIA MPOAYKT, HO OBbITh M3rOTOBJICHHOW M3 Pa3IUYHBIX MaTe€pUalOB,
4YTOOBl OLIEHUTh WX MPUBJIEKATEIBHOCTh M (YHKIMOHaIbHOCTh. Hy M HakoHel, TOoyHas
KOMUs MPOJyKTa, 0€3yCI0BHO, HY>KHA Ha (PUHAIBHON CTaIMM BBIITYCKAETO B IPOU3BOJICTBO.
bricTpoe mpoTtoTUNMpOBaHUE OOBIYHO MO3BOJIIET BOCHPOU3BECTH (U3NYECKUNTPOTOTHUI
JIOBOJIBHO OJM3KUM K pealbHOMY HU3JeNHI0. MHOro(pyHKIIMOHAIBHOCTh U BO3MOXHOCTh
cOOpKH MPOTOTHUIIA U3 OTACIbHBIX YacTel JAAIOT €My HEOCIOPUMOE MPEUMYIIECTBO MEPET

KOHCTPYKTOPCKUM YEPTEKOM.



1.2. TlpeumymecTBa U Mpo6IeMbl peajn3aniu aJJIMTUBHBIX TEXHOJIOT Wil
B Hacrosimiee Bpemsi CKOPOCTh U CTOMMOCTb BHEIPEHUSI B MIPOU3BOACTBO HOBOW TEXHUKHU
HANPSIMYIO 3aBHUCAT OT (M (PEKTUBHOCTH PAOOTHI KAKIIONH TEXHOJIOTHYECKOUW IETOYKH Ha
BCEX OJTalax OT KOHCTPYHMPOBAHUS M TMPOCKTUPOBAHUS W3ACIUS JO CO3JaHUS €ro
NEPBOHAYAIBHOIO MAKETa B HATYPAIbHYIO BEIMUMHY. PE3K0O YCKOPUTH MPOXOKACHUEITHX
3TanoOB IIOMOTAIOT BHEAPSIOIIKMECS BO BCEM MHPE BBICOKOTEXHOJOTWYHBIE METOJIbI
TPEXMEPHOTO KOMIIBIOTEPHOTO MOJEIUPOBAHUSA M CO3JaHUS TBEPAbIX KOMUU Jeranei
MalInH.
AKTyanpHOU SIBIIETCS TakXKe 3aj7a4a CBEACHHUS KOMILUIEKCA TUIOBBIX MPOIIECCOB BEAMHBIN
TEXHOJOTUYECKUI mpolnecc (YCTAaHOBKY), MO3BOJIAIONIMM B CKAThle CPOKH (32 HECKOJBKO
4acOB BMECTO HECKOJIbKMX MECSLEB) U3TOTOBUTH IPOTOTUIIBI MHCTPYMEHTOBH HM3EIIHN C
000U CTENEeHbIO CIOKHOCTH UM TOYHOCTH BHYTPEHHEW WM BHEIIHEWIIOBEPXHOCTU 0e3
pelBapUTEIbHBIX 3aTpaT Ha MOATOTOBKY OCHAacTKU. He MeHee HyKHBIM SIBJSIETCS YMEHUE
U3rOTaBIIMBATh CJAMHUYHBIE KOMUU MOJEJNEeH CIIOKHOW (QOpMbI B Takux cdepax
YeJIOBEUECKOU JEATENbHOCTH, KaK MPOTE3UPOBAHUE UITU PECTABPALIMOHHBIE pA0OTHI.
Takum 06pa3zoM HEOOXOAMMO YTOOBI HOBBIEC U3IENHUs (TTPOYKTHI) ObUIM KaK MOXKHO OoJiee
OBICTPO U JIeNIeBO pa3paboTaHbl, IPOU3BEACHBI U NIPEJCTaBICHbI Ha PhIHOK. CTaHIapTHBIE
MHOTOCTYNEHYATble MPOLEAYPhl KOHCTPYUPOBAHMUSI M TPOEKTUPOBAHUS HE CIIOCOOHBI
00€ecreyuTh BBIMOTHEHUE 3TUX TpeOOBaHWI COBPEMEHHOW JMHAMHUKU MPOU3BOJICTBA.
[ToaTOMy mporiecchl MPOSKTUPOBAHUS U MPOU3BOJICTBA JIOJDKHBI OBITh HETOCPEICTBEHHO
UHTErpUPOBaHbl B Tpouenypy o0paboTku. Peub uzper o0 0OOBEAMHEHUH YXKE XOPOUIO
pa3BUTHIX cHCTeM aBToMmarmdeckoro mpoektupoBanusi (CAIIP) (amrm. Computer Aid
Design (CAD)), peamn3oBaHHBIX Ha TpUMeEpe MPo(ecCHOHATBHBIX MTAKETOB MPOTPaMM THTIA
KOMITAC-3D, ¢ HOBOI BBICOKOH T€XHOJIOTHEH ITOCIOMHOTO CUHTE3a 00BEMHBIX M3JICITUHN
U JeTajiel MalluH.
B ocHoBe cBoel nponecchl ObICTPOro NPOTOTUITUPOBAHUS COCTOAT U3 CIIEAYIOLIMXIIArOB:

— HOJrOTOBKA T€OMETPUYECKOT0 00pa3a TPeXMEPHOTo 00bEKTa,

— dbopMupoBaHrE ONIEPEYHBIX CEUYSHUNM N3TOTABIMBAEMOTr0 00BEKTA,



— NOCJIOWHOE HAJIOKEHUE ITUX CEUEHUH B ITPOLIECCE CUHTE3A,

— KOMOMHUPOBAHUE CI0E€B U3 KOHKPETHOI'O MaTepuara.

Takum 06pa3om, 9TOOBI CO31aTh (PU3HUECKHUI OOBEKT B XOJI€ ITUX MPOIIECCOB, TPEOYIOTCS
JAaHHBIC JIMITL O MOTEPEUYHBIX ceueHUusx. KpoMe Toro, nucuesarT Ciaeayromuenpooiemsl,
YaCTO BO3HUKAIOIIIKE B CBSI3U C APYTUMHU MTPOU3BOICTBEHHBIMU MTPOIIECCAMU:

— Otnamaer HEOOXOJUMOCTh B  TOMOJIOTHYECKOM MPOCKTUPOBAHUHU U
pacrio3HaBaHHUH 10 3JIEMEHTaM, TOCKOJIbKY IIAHUPOBAHUE MTPOIIECCOB, B XOAE KOTOPOTO
ucnoas3yercss 3ta uHbopmanus, He TpelOyercsa. JlocTaTOUHO HMETh TPEXMEPHYIO
MOBEPXHOCTHYIO WJIM TBEPJOTEIbHYIO MOJENb JeTalh, Ha OCHOBE KOTOPOH OymayT
Cre€HEPHUPOBAHBI IAHHBIC O TIOTIEPEUHBIX CEYCHUSX.

— He TpebyeTtcs onpenenstb reoOMETPHUIO MyCTOrO MPOCTPAHCTBA, TOCKOIBKY
B XOJI€ TMPOIIECCOB OBICTPOrO MPOTOTUIIMPOBAHUS Marepuand 1o0aBiseTcs, a He
CHUMAETCs, KaK 3TO JAenaercs Ha cranke ¢ UITY.

— He HyXHO omnpenensiTh HECKOJIbKO HAOOPOB 000pYOBAHUS WU CIOKHBIC
MOCJIEA0BATEILHOCTH 00pabOTKM MaTepuana, MOCKOJIbKY JeTalb HU3rOTABJIMBACTCS 3a
OJIH TIPHEM.

— Het HeoOxonumocTH paccMaTpuBaTh KOHCTPYKIUU 3KMMOB U KPEIUJICHUH.
- He Hy>XHO MPOEKTUPOBATH U U3TOTABIUBATH (POPMBI U IIITAMITHI.

TexHosorust OBICTPOro MPOTOTUIIUPOBAHUS HYKHA!

— JUTSI IPOBEPKHU Ha BBITTOJTHUMOCTh HOBBIX MOHSITUHN (KOHIEIINI) MPOEKTa;

— OLICHKU MPUTOJHOCTH/Pab0TOCHOCOOHOCTH pa3padaThIBa€MbIX CIOKHBIX
MEXaHU3MOB;

— BO3MOXHOCTH TapaJIIIbHON pa3paOOTKU HOBOTO U3JIEIHs (IpOrpaMMBbl) B
HECKOJIbKUX HAIPaBJICHUSIX;

— peanu3aiu BhICOKOM TOYHOCTH, CKOPOCTH W BOCIPOU3BOJAMMOCTH KOTIHI
JIeTaJIe U MalllyH;

— BO3MOXKHOCTH TMPSIMOTO HCIOJB30BAaHUS ATUX KOMUW B TECTOBBIX
WCIIBITAHUSIX;

— M3TOTOBJICHUS ATAJIOH-MO/IeNIeH U MacTep-(popM B TEXHOIOTUU JIUTHS.



CoBmemienue CAD- u  TexHonoruét OBICTPOTO MPOTOTUIIMPOBAHUS  IpeJIaraet
WHCTPYMEHTAJIbHbIE CPEJCTBA U MPOUEAYPbl, KOTOPbIE MPEBOCXOJHO MOAXOAAT MIJIsI
obicTporo ¥ 3(G(EKTUBHOIO B CTOMMOCTHOM IUIaHE NpeoOpa3oBaHus BUPTYaJIbHBIX
(KOMITBIOTEPHBIX ) 00pa30B (M3/1€/Ii1) B pIHOYHBIC MPOTYKTHI.

BrITO1bI HCTIONB30BAHUS TEXHOJIOTUN OBICTPOTO MPOTOTHITUPOBAHMUS

— yMeHbIeHue time-to-market (BpeMs 10 BbIxo1a IpOAyKTa Ha PHIHOK);

— COKpaIlleHue omuboK 1 IPoOIeM yxKe Ha CTaIuy TPOCKTUPOBAHMS,;

— BBICOKAsi KOHKYPEHTOCIIOCOOHOCTH;

— YIIyYIIEHHOE Ka4€CTBEHHOE YIPABJICHUE IPOU3BOJCTBOM;

— aBTOPCKasl 3al1uTa MOHATUM (KOHIICTIUI) TPOEKTa.

HenocraTku aqquTUBHBIX TEXHOJIOTHI:

— Tonwuna cnos: 0,02 mm — 0,1 Mm.

— Tounocmov 6ocnpouszgedenus: TONIIMHA CIIOEB BIUSAET HA TOYHOCTb
BOCITPOM3BE/ICHHSI. XOPOIIHNM CUATAETCS PE3YJIbTAT MOPSIAKA HECKOJIBKUX MUJUIUMETPOB.
BocnpouszBoauMocTs n3aenuii 00bI9HO XOpoIiiasi, HO yCaJiKa MPUCYTCTBYET MPAKTUYECKU
BCErJa, COCTABJISIET [IECATKA MHUKPOMETPOB M JOJDKHA Y4YMThIBaThCA. MHorHe
aJIUTUBHBIC TEXHOJOTUM TPEOYIOT HAIWYUS TOJJEPKEK, YTO YBEIMUYMBACT BPEMS
M3TOTOBJICHUSI, TpeOyeT MocTonepauui Mo uxX yAAJICHUIO U YXYIIIaeT MIEPOXOBATOCTh
MMOBEPXHOCTH.

— Pasmepwvt uzoenuti: B OCHOBHOM OTpaHUYEHBI pa3MepaMu KaMephbl CHHTE3A.

— Mamepuanwl: 17 KaxXA0W TEXHOJIOTUH UX CIIEKTP OIPAHUYEH.

— Ilpounocmv u3denus: TOCIOWHOE TIOCTPOCHUE U3JCIUNM MpeanoaracT
YXY/IILIEHUE MPOYHOCTH B HAINPABIICHUH POCTA.

— Ckopocmb uzeomosnienus: OT HECKOJIBKUX YaCOB 10 HECKOJIBKHUX JTHEU.

— Cmoumocmob u320moeeHusl.

- Cucmemnas unmezpayus: YCTAHOBKH JO0 HACTOSIIErO BPEMEHH pabOTaroT
HE3aBUCUMO JPYT OT JApYyTa, XOTs OOJBIIMHCTBO CBSi3aHbI mocpeAcTBoM MHTepHeTa C
CAD - crannusiMu. YX0J 3a yCTAHOBKOM U MOCTOIEpAIlMU BCE e1lle TPeOyIOT OOJIBIIOTO

KOJINYECTBA PYYHOI'O TPYy[a.



1.3. Knaccudukanusi METOTOB, CHCTEM M YCTAHOBOK aTHTHBHBIX

TEXHOJIOT UM
Opranuzamnuss ASTM, 3anumaromasicsi pa3padOTKON OTpaciieBbIX CTAaHIAPTOB, pas3aeiisieT
QUTATUBHBIC TEXHOJIOTMH Ha CEMb KaTErOpHiA.

1. Material Extrusion - BeimaBiIMBaHre MaTepraia. B TOUKy mocTpoeHus 1o
MOJIOTPETOMY 3KCTPYAEPY MOAAETCsA MAaCTOOOPA3HbIM MaTepHall, IPeICTABISIOIIANA
co00# CMeCh CBS3YIOIIETO M METAJUIMYECKOTO MopoIika. [locTpoeHHas chipasi MOICITh
MOMEIIACTCS B IeYb JJIS TOTO, YTOOBI YIAJIMTh CBI3YIOIEE U CIIeUb IOPOIIOK, TaK XKe,
KaK 3TO MPOMCXOJUT B TPATUITMOHHBIX TEXHOJIOTHIX. JTa aJTATHBHAS TEXHOJIOTHS
peanu3oBana o mapkamu MJS (Multiphase Jet Solidification - maorogastnoe
otrBepxkaeHue ctpyu), FDM (Fused Deposition Modeling - MoienupoBaHue METO10M
nocioitHoro Haraienus ), FFF (Fused Filament Fabrication - mpousBoacTBO cioco6om
HAaIJIaBJICHUS] HUTEH).

2. Material Jetting - pa3OpsisruBanne mMarepuaina. Hanpumep, B TEXHOJIOTHH
Polyjet Bock wiu ¢oTomoMMep 1Mo MHOTOCTPYWHO#M TOJIOBKE MOIACTCS B TOUKY
HOCTpPOeHHUsA. DTa aTMTUBHAS TEXHOJOTUs TaKxke HasbiBaeTcss Multi Jetting Material.

3. Binder Jetting - pa3opsisruBanue cszytomiero. Hanpumep, crpyiiabie Ink-
Jet-TexHOI0rMK BIIPBHICKUBAHUS B 30HY ITOCTPOCHUS HE MOJICIIBHOTO MaTepuana, a
CBSI3YIOIIETO peareHTa (TeXHOJOrus aJINTUBHOIO pou3BoacTBa EXOne).

4, Sheet Lamination — coeMHEHNE JIMCTOBBIX MaTePUAJIOB, TIPEI-
CTaBJIAIOIINX COOON MOJUMEPHYIO TUIEHKY, METAITMYECKYIO (DOJIBrY, TUCTHI OyMaru u
ap. Mcnonb3yeTcst, HalpuMep, B TEXHOJOTHUHN YJIbTPa3ByKOBOTO aYTATHBHOTO
npousBojcTBa Fabrisonic. ToHKHE TUTACTUHBI U3 METAJIa CBAPUBAIOT YIIBTPA3BYKOM,
MOCJIC Yero MU3JIHUIIKK MeTalla yAaasioT pe3epoBaHueM. AITUTUBHAS TEXHOJIOTHS
3]1eCh TIPUMEHSETCSI B COUYCTAHHUH C CyOCTPaKTHBHOM.

5. Vat Photopolymerization - ¢porononumepusanus B BaHHe. TexXHOIOTHsI
UCIIOJIB3YET KUIKNUE MOJICIIbHBIC MaTepHalIbl - (DOTOMOIMMEPHBIC CMOJIBL. [TprMepom
MOTYT ciTykuTh SLA-TexHomorust kommaanu 3D Systems u DLP-TexHonorus kommnanui

Envisiontec, Digital Light Procession.



6. Powder Bed Fusion - pacruiaBiienne MaTepuaa B 3apaHee cdop-
MHUPOBAaHHOM CJIO€ WJIH TTOCIIEI0BATEILHOE (POPMUPOBAHUE CIIOEB MMOPOIITKOBBIX
CTPOUTENBHBIX MAaTEPUAIIOB U BHIOOPOYHOE (CEJIEKTUBHOE) CIIEKAHUE YACTHII
cTpoutesibHOro Matepuana. B kateroputo Powder Bed Fusion BxoauT MHOTOUHCIIEHHAS
rpymnmna SLS-TeXHOIO0rui, B KOTOPBIX B KaU€CTBE UCTOYHUKA TEILJIa IPUMEHSIETCA JIa3ep.
K 9T0i1 k€ KaTeropuu OTHOCSAT TaKU€ TEXHOJIOTHH, Kak ArCam-TexXHOI0Tusl,
WCIIOJIB3YIOIIas AeKTPOHHBIN J1yy, u TexHoJorus SHS (Selective Heat Sintering), B
KOTOPOW UCTOUHUKOM Teria aBisitoTes TOHBbI.

7. Directed energy deposition - npsiMoe OBEACHHE SHEPTUU B MECTO
MOCTpoeHUs. MaTtepuain u SHepTHs AJIsl €0 TUIaBJISHUS MOCTYMAOT B TOYKY TOCTPOCHUS
OJTHOBpeMeHHO. Pabounii opraH — rojioBKa, OCHaIIEHHAS CHCTEMOM IT0/IBOJIa YHEPTUH U
Martepuala. DHeprus MOCTYMAaeT B BUJIE CKOHIIEHTPUPOBAHHOIO ITyYKa 3JICKTPOHOB
(xommanus Sciaky) wnu nyya nazepa (kommnanuu POM, Optomec). MHoraa rojgoBka

yCTaHaBJIMBAETCS HA «PyKe» poboTa.

B HCKOTOPBIX KJ'IaCCI/I(i)I/IKaI_II/IHX ANJUTUBHBIC TCXHOJOTHUH ITOAPA3ACIIAIOT IO CIICAYIOIUM

MCTOJaM:

1) popmuposanus cnos (puc. 1.1);
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Pucynox 1.1 - Knaccudukarus aiiuTUBHBIX TEXHOJIOTUH IO METOY

dbopmuposanus cios: a - Bed Deposition; 6 - Direct Deposition



2) puxcayuu cros (puc. 1.2);
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Pucynok 1.2 - Knaccudukanust aJiIuTUBHBIX TEXHOJIOTUH 110 MeTOaM (PUKCAITUUCIION: d —

_}\ L SR

dboTononuMepuszaluet; 6 - CIIaBICHUEM; 6 - CKJICUBAHUEM

3) 1o npumensieMviM CmMpOUMeEnbHLIM (MOOEIbHbIM) MAMEPUATAM

KUAKUAM - POTONOIUMEPHI (AKPUIIOBBIE, SITOKCUIHBIE U AP.)
HI0JIN-

- TOJWAMUJl, TOJUCTUPOJI,

- ChIIy4YUM (TOPOIIKH): TOJIUMEPHI

metuametaakpuaatr (IIMMA), Bock u Ap.; kepamuika - SiO2, ZrO2, Al203 u np.;
metaiiel - Al, Cu, Ti-Al, Ti-Al-V, Ag, Au, Co-Cr, Inconel, Ni-Fe, nacTpyMeHTanbHBIE

CTaJIA U JAp.; KOMIIO3UIIMOHHEIE MaTepUalbl, HapuMmep, Metaokepamuka Co-WC

HUTEBUIHBIE, IPYTKOBBIE: NouMepbl - ABC, nmonumyperan u ip.; MeTaIbl

(aHAJIOrMYHBIE TOPOIIKOBBIM);
JUCTOBBIE, IUICHOYHBbIE: noiauMepbl - [IBX-mneHku u nAp.; MeTamibl -

MeTayundeckasi oJibra, JJNCTOBOM TTPOKaT.
no KII04e8blM MexHoi02usim (naseproim, Heaazepuvim) (puc. 1.3)
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Pucynok 1.3 - Knaccudukanus aqauTUBHBIX TEXHOJIOTUN IO KIIFOUEBBIMTEXHOJIOTHSM: d, 6 -

Bed Deposition; 6, 2 - Direct Deposition



5)  no memooam nodsoda snepeuu 01 GuKcayuu ciosi NOCMpPOEHUSL.

. C TMIOMOII[BIO TETUIOBOTO BO3/ICHCTBUS,

. o0y4eHust ynbTpaduoIeTOBBIM HIIM BUAUMBIM CBETOM,

. MOCPEACTBOM CBSI3YIOLIETO COCTaBa U T.1.
C pa3BuTHEM TEXHOJOTMYECKHX METOAOB M OOOPYIOBaHHSA, MPUMEHIEMOTO IS
IPOM3BOJCTBA JIeTalied C TIOMOIIBIO  aJJUTHUBHBIX TEXHOJOTUH, TNpPUBEIACHHbBIC
KJ1accu(UKaIMKM, OYEBUIHO, OyAyT pacluupsaThes U qonoiHaTeea. Ha puc. 1.4 npuBenena
Oonee moapoOHas kKiaccudUKaAIUs AAAUTUBHBIX TEXHOJOTHH C y4eTOM (HU3UYECKOTO
COCTOSIHHSI M MEXaHW3Ma HAHECEHUsI MaTepuana B mpoiecce GOpMUPOBAHUS JETAIH.
Tem He MeHee, M3 BCEX NEPEUMCICHHBIX KIACCH(PUKAIMOHHBIX MPHU3HAKOB CJEayeT
BBIJICTINTD, TOXAIYH, MEPBBIA, MPUHIUNHAIGHO OTIWYAIOMIMNA JBa BUJA aJAUTHUBHBIX

TEXHOJIOTH, onpezenseMbix kak Bed Deposition u Direct Deposition.
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Pucynox 1.4 - Kinaccudukanus agauTUBHBIX TEXHOJIOTUN C YU4€TOM (PU3UYECKOTOCOCTOSHUS

¥ MEXaHW3Ma HaHECEHUsI MaTepHuaa B rpoiecce popMUpoBaHUs A€TAIN



1.4. OcHOBBI aBTOMATH3AIIUH NPOLECCA NMOCTONHOTO CO3TAHUSA U3/IeTUsA
CymHocTh  OOJBIIMHCTBA TMPUMEHSIEMBIX TEXHOJIOTUH  «IPSMOTO  BBIpAI[UBAHUS
3aKJII0YAeTCs B OBICTPOM TMEPEBOAEC TOHKOTO CIIOS JKUJKOTO WM  IUIABKOTO
MOPOIIKOOOPA3HOTO CHIPhS B TBEPJIOE COCTOSIHUE M MOCIOWHOM CHUHTE3€ u3jenus. Takoi
NEePEBOJ] OCYIIECTBISAECTCS OOBIYHO JIA3€PHBIM M3JIYYEHHUEM WJIU TIa3MEHHBIMU MOTOKaMH,
IIPU STOM JABUKEHHE JIy4a WU KOHIIECHTPUPOBAHHOTO MTOTOKA YIIPaBIIsieTCs rorporpamMme. B
KaueCTBE CHIPhSl B HACTOSAIIEE BPEMs MPU MOCIOWHOM CHHTE3€ IIUPOKO HCIOIL3YIOTCS
METAJUTUYECKHUE MOPOIIKU U MOPOIIKU KEPAMUKH C METATUIMUECKUMHU CBSA3YIOLIUMH.
N3yuenne CymHOCTH M OCOOCHHOCTEW METOJOB TMOJIy4YeHUs JeTaje MamuH 0e3
dbopMooOpasyroliel OCHACTKH, CPaBHEHUE UX MPEUMYIIECTB U HEIOCTATKOB,0NpeIeICHUE
obyacTeil  palMOHAJIBHOTO  MPUMEHEHUS  CHUHTE3UPYEMbIX  HU3JCIUA  TO3BOJUIU
KJ1acCU(UIIMPOBATH MPOIECCHI OTIEPATUBHOI'O MAaKETUPOBAHUS U MIPOU3BOJICTBA U BBICIIUTD
OCHOBHBIEC HaIlpaBJICHUsI pa3BUTHS METOOB MOCJIOMHOIO CUHTE3a JIeTAJICH MallliH.
TpanuuuoHHBIE TEXHOJOTHUU IOCJIOMHOTO CUHTE3a JeTalied peadu3yloTcs TOJBKO s
OTNPENCNICHHBIX  MaTepuagoB W  (QPOPMHUPYIOT IUIOCKHME TOBEPXHOCTHBIE  CIIOM.
[lepcrieKTUBHBIM MPEICTABISAETCA UCTIOIb30BAHNE HOBBIX KOHCTPYKIIMOHHBIX MAaTE€pUaOB,
B TOM YHCJI€ KOMIIO3UITMOHHBIX, CIIOUCTHIX, C (DOPMUPYEMBIM T'paJUEHTOM CBOMCTB. ITO
TpeOyeT MPUMEHEHHUsI HOBBIX TEXHOJOTUM POpMOOOPa30BaHUS CIOEB U COOPKU HU3JEIUH,
UCIIONB3YIOIINX JJI1 U3MEHEHUs CBOICTB MaTepuaia pa3iuyHble KOHIICHTPHUPOBAHHBIC
WCTOYHUKH SHEPIHH, YTO B CBOIO OUYEPE/Ih CTABUT 3aJ]a4H paclpe/IeIeHUs TOTOKOB YHEPTUH
HE TOJBKO IO 33JJaHHOMY KOHTYPY WJIM MIOBEPXHOCTH,HO IO TITyOHHE CIIOSI.

B pesynbTare npu npoeKTUpOBAHUU TEXHOJOTUM MOCIOMHOTO CUHTE3a C COMYyTCTBYIOMICH
cOOpKOM  M3Jeaud  TPUMEHSIIOTCS  KaK  TEXHOJOTHM  TOJy4YeHUs  JeTaiedl u3
KOHCTPYKIIMOHHBIX MaTE€pPUajOB, UCHOJb3YIOIIME KOHIIEHTPUPOBAHHBIE MMOTOKA SYHEPTHH,
TaK ¥ METOJbl aBTOMATHU3aIIUH TIPOIIECCOB OBICTPOTO MPOTOTUIIUPOBAHMS U MMPOU3BOJICTBA
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Paznuuusa B aBTOMaTH3alMUd TPOLIECCOB TOCIOMHOTO CHUHTE3a W3JENUM ONpEeAeIIIOTCS
NPUMEHSEMBIMU PA0OYMMU OpraHaMH YCTAaHOBOK JIJIsi 0OpaOOTKU, TPAHCIIOPTHUPOBKH U
KOHTpOJs. [l TEXHOJOTWi, HMCHOJIB3YIOMIMX KOHLUEHTPUPOBAHHBIE MMOTOKU JHEPTrUH,
QITOPUTMBI TIOCTPOSHUS M3JIENHSI 3aBUCAT OT pabodero IMKIA MpoIlecca, MOCIe Iy oen
cOOpPKH M OKOHYATEIbHON 00paOOTKH M3CIIUIA.

HccnenoBanue TeXHOIOTHI 00paOOTKH CJIOEB KOHIIEHTPUPOBAHHBIMU MTOTOKAMU IYHEPTUHU
U COIyTCTBYIOLIEH COOPKOM U3ENHil MoKa3aio:

1)  mporiecchl OIepaTHBHOTO MaKETUPOBAHUS U TTPOU3BOJICTBA TPEOYIOT
pa3pabO0TKN KaK HHTCHCHUBHBIX TEXHOJOTHUHN MTOIYICHHUS MACIITAOHBIX MaKETOB, JIETKO
pa3pyliaeMbpIX MPOTOTUIIOB, JETAICH MAIIMH U KOHCTPYKITUH, TaK ¥ HHGOPMAIIMOHHBIX
TEXHOJIOTHIA WX MOJICITUPOBAHUS;

2)  TEPCHEKTUBHBIMU SBJISIFOTCS MPOIECCHI IMPSIMOTO CO3/IaHUs HE TOJIBKO
reoMeTpruYecKoi (OpMbl U3JIETHUsI, HO U €r0 KOMIIO3UIIMOHHOTO MaTepuala myTem
MOCIIEI0BATEIHHOTO (DOPMUPOBAHMS PA3JIMYHBIX CIIOEB U YIIPABJICHUS X CBOWCTBAMHU C
COMYTCTBYIOLIEH COOPKOM U3Ienus;

3)  uHpOPMAIMOHHBIE TEXHOJIOTHH JOKHBI MOJICITUPOBATEH HE TOIBKO U3JIEITHE
M TIPOIIECC €ro MOMyUYeHUs], HO M CTPYKTYPY KOMIIO3UIITMOHHOTO MaTepraia COBMECTHO C
MPOIIECCOM €r0 TOCTOMHOTO CHHTE3A.

AHanu3 CyIIHOCTH M OCOOCHHOCTEW TPaJMIIMOHHBIX METOJOB IOJY4YEHUs H3Jenuit 0e3
bopmoobpasyroeii ocHacTku crepeoautorpadueii (Stereolithography Application -SLA),
NIOCTIOWHBIM (pOopMHUpOBaHUEM Mojeield u3 jmcroBoro marepuana (Laminated Object
Manufacturing - LOM), cenekTUBHBIM J1a3epHbIM criekanueM (Selective Laser Sintering -
SLS), mocnoiiHoii 3anuBKoi 3KkcTpynupyeMbiM paciuiaBoM (Fused DepositionModeling -
FDM) u apyrumu mpoiieccaMH TMO3BOJMI PACCMOTPETh YACTHBIC M BBIACIUTH OOIIUE
HNPHUHIHUIIBI TOCTPOCHUS TEXHOJOTUH MOocIoiHoro cuntesa (puc. 1.5).

Tax, st SLA-npoyecca pabounii UK COCTOUT U3 CIEAYIOIMIUX MEPEXO0B:

1)  omyckaHus mIaThOPMbI ¢ MOJICBIO B BAHHY C JKUIKUM (HOTOIIOJIMMEPOM;

2)  BBIPABHUBAaHWS TOJNIIMHBI IUICHKM Ha TIOBEPXHOCTH MOJCIH WU
1aThOPMBI;

3)  oTBepXkaeHUS CJI05 CPOKYCHPOBAHHBIM yIbTPA()UOICTOBBIM H3IYUCHUEM;



4)  moBTOpeHHs padoYero HUKIa 10 00pabOTKH IMOCIETHETO CIIO0S,;
5) noabeMa miatrGopmbl U U3BJICUCHUS MoAeH. J[Jis
LOM-npoyecca iUk BKIFOYAET:
1)  packarblBaHHE JUCTOBOI'O MaTepHalia 3arOTOBKH;
2)  pa3paBHHBaHHE JIICTOBOTO MaTepHajia HarpeThIM BaJIMKOM;
3)  packpoii Ja3epHBIM JIYIOM JINCTOBOTO MaTepHaa,;
4)  moBTOpeHHE paboUero IUKIa 10 00paOOTKH MOCICIHETO CIIOS;
5)  cBapky, ClICKaHWe, CKIICHBAHHUE CJIOCB.
B SLS-npoyecce nuki conepKuT ciaeayronie nepexoibl:
1)  co3maHue TOHKOTI'O CIIOS U3 MOPOIIKOBOr0 MaTepHaja Ha padodeM CToJIE;
2)  pa3paBHHBaHHE CJIOS IIOPOIIKOBOIO MaTepHalia pa3orpeThiM BaJIHKOM;
3)  00paboTKy JT1a3epoM CJI0sl TOPOIIKA B TEKYIIIEM CCUYCHUHN MaTepHala;
4)  moBTOpeHHE pabodero IUKIA 10 00PaOOTKH MOCISIHETO CIIOS;
5)  ynaleHHe ACTalIM U3 30HBI 00PAaOOTKHU;
6)  cTpsxuBaHue cBOOOHOTO mopomika.[lpu
FDM-npoyecce paboumii UK UMEET:
1)  mnomorpeB Mmarepuasia B OKCTPY3MOHHOW TOJIOBKE JO TEMIIEPATyphI
TUJTABJICHMS;
2)  J03MPOBAHHYIO 10JIa4y pa30rpeToro Marepuasia B 30Hy 00padOTKH;
3)  HaHeceHHe MaTepuasa Ha IPeIbIIyINNi CIION WX Ha MOII0KKY.
[Tpu 06paboTKe MOCIEAHETO CIIOS Y BCEX METOAO0B pabounii MKII 3aKaHduBaeTcs. s
MOBBIMICHUS KaY€CTBA TTOBEPXHOCTH (POPMUPYEMOTO U3EIHSI M CHIDKCHHSI ITTUTETHHOCTH
HpoIieccoB mpoToTunupoBanus u npoussoctea (LOM, FDM, SLA, SLSu ap.)
IIPEITIOKEHBI aJITOPUTMBI PAIIMOHATBLHOTO Pa30MEHUS HA CIIOM, C YUETOM OIEHKHMKAYeCTBA
MOBEPXHOCTH W3Jeius cloxHOW ¢opmbl (puc. 1.6). Ilpm cpaBHeHHH
QITOPUTMOB PA3JTMYHBIX METOJOB IMOCIOWHOTO CHHTE3a U COOPKHM BO3MOXKEH BBIOOD
HanOoJiee PaIrMOHAIBHBIX IMPOIECCOB MAaKETHUPOBAHUS W IMPOU3BOJICTBA KOHKPETHOTO

N3 CIH.
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Pucynok 1.5 - OcHOBHBIE 3Tambl METOJIOB MOCIOMHOTO CUHTE3a U3IeTui
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Pucynok 1.6 - bnok-cxeMa anropuTMoB pa3z0ueHust Ha ciiou U cOopku uzaenus Cxema

JITOPUTMOB pa30MEHNUs HA CIIOU U COOPKU U3EIUS COCTOUT U3 7 OJIOKOB:
1.  KommnbrorepHas Mopelb HU3JEIMs, BKIKOYAKOLIAs €ro I'e€OMETPUYECKOE

OImrucaHuc, ONpCACIICHUC KPUTCPHUCB OINTUMAIIBHOCTH KOHCTPYKIHWHW IIYTCM BLISABJICHHA



«MEpTBBIX» 30H IJis1 (pOopMOOOpa3yoUMX MOTOKOB SHEPIMHM WM BEIIECTBA, B KOTOPBIX

JIOCTHKEHHE TPeOyeMbIX MapaMeTpoB KadecTBa MpoOIEeMaTHYHO, U TTO3TOMYHE0OX0IUMO

U3MEHEHHUE JIEMEHTOB KOHCTPYKIIHIA.

2. Boinenenue ciosi MaKCUMaJIbHO BO3MOXHOM TOJIIMHBI h max ¢ mpoBepKo

U KOPPEKTUPOBKOIL €10, eciiv OH siBisieTcs nocineanuM. B LOM- u FDM-npoueccax
UCIIOJIb3YETCs pa30MBKa HA CIOU OJMHAKOBOM TOJIIMHBI B 3aBUCUMOCTH OT TOJILIUHBI
nucroBoro matepuana (LOM) nim pasmepoB OTBEPCTHS COILJIA U YISIBHOTO pacxoia
pa3orpeToro Marepuaa Ha rnojady dkcTpy3uonHoi rojosku (FDM). Ipu atom B LOM-
npolecce ISl CII0EB OAMHAKOBOM TOJIIMHBI UCIIONb3YIOTCS Pa3HbIE YIJIbl HAKIOHA
KPOMOK, BIMCAaHHBIX B reoMeTpuyeckuii npoduib, a B FDM-niporiecce pa3Hbie yriibl
HaKJIOHA COTUIAa AKCTPY3UOHHOM ToJ0BKH (puc. 1.7, a). [1pu ucnons3oBanun SLA-u SLS-
poI1ieccoB, a Takxxe FDM-nponecca - TonrHa MOKET ObITh HEPABHOMEPHA TSI
pasznuyHbIX cioeB (puc. 1.7, 6). Pa3dbuBka KOMIBbIOTEPHOM MOJIENIN U3/I€NUS HA CIOU
HEIOCPEJICTBEHHO BIIMSET HA TEOMETPUUYECKUE MTapaMeTpbl KaueCTBa MOBEPXHOCTH

(Rmax, Rz, Ra u ap.).

Cz < an)\

/ «'

1
// / Cnon - NoanoxKa

Pucynok 1.7 - Cxema pa3ouenus uzaenus Ha ciou: 1 LOM- u FDM-nipoueccos

(a); mst SLA- u SLS-tiporieccos (0)

3. Onenka penbeda moBepXHOCTH Rmax mo nepumeTpy ciaos OCyIIeCTBIAETCS
IyTEM IIPOBEPKU FEOMETPUUECKHUX MTAPAMETPOB KaueCTBA, MOJIy4a€MbIX B TEKYIIIEM CJI0€
(puc. 1.7). Ilpu HEYAOBIETBOPUTEIILHOM OIIEHKE TPOIIECC KOPPEKTUPYETCS.

4. KoppekTtupoBka rmyTeM H3MEHEHUS TOJIIHMHBI CJIOS C UCIIOJIb30BaHUEM

K03 (HULIMEHTOB MOHUKEHUS O IPOU3BOIUTCS MIPU HEJOIMYCTUMBIX MapaMeTpax pesbeda



noBepxHocTH (Hanpumep: oL = 0,7...0,9 misa SLA- u SLS-nipoueccos; o, = ¥a, Y2, Ya, ... - mna
LOM- u FDM-mporieccoB).

5. [Ipucoenunenue ciios K IpeablIyIeMy HIH MOJJI0KKE COTPOBOXKIACTCS
MPOBEPKOU CLIETUICHUS TEKYILETO CJ0s C MPEAbIAYIINM 0 pa3Mepy IUIoIaIu
NEPEKPHITUSA CIIOEB, a TAKXKE 10 pa3Mepy peatbHOM MOBEPXHOCTH KOHTAKTa (HaIpuMep,
JUTSI IOPUCTBIX MaTEepUaoB).

6. [IpoBepka 3aBepiiieHUs] CUHTE3a U3ACHS 3aKAHYMBACT IUKJ MOCIOWHOTO

«BBIPAITUBAHUS U TOJCYUTHIBACT 00111e€ KOJTMYECTBO CIOEB U3/ICIIHA.

7. Bepuduxkanus Moaenu - 3apepiiaronui 3Tan KOMIbIOTEPHOTO
COIIOCTABJICHUSI «BBIPALLIEHHON» MOJIEJIN C UCXOJHOM.

Pacuer obmiero konuuectBa cioes (070K 6) T03BOJIsAET OLIEHUTH 3G (HEKTUBHOCTH Mpoliecca,
BBIOMpAaeMOro Il TOCJIOWHOTO CHHTE3a W3JAeNus 3aJaHHOW ¢GOpMBI OJHUM U3
npemaraembix MetosoB (LOM, FDM, SLA, SLS u ap.).

Bepudukamnus Moaenu moaydeHHOH MOCIONHBIM CHHTE30M (OJIOK 7) JaeT BO3MOXKHOCTH
IPOBEPUTH yIOBIETBOpPEHHE TPeOOBaHMI K TEOMETPUUYECKMM TapaMeTpaM KadecTBa
CJIIO’)KHOTIPO(UIIBHBIX TTOBEPXHOCTEH, 3alI0KEHHBIX B KOMIIBIOTEPHYIO MOJIENb HU3JIEIUs
(610K 1).

PerynupoBanue TONIIHHBI cJ10s1 (0JI0K 4) U yTiia «pa3aesiKmy ero KpoMOK (0JI0K 2)03BOJISCT
yOpaBJsiTh TEOMETPUYECKUMU MapaMeTpaMu KauecTBa CIOKHOMPO(PUILHON MOBEPXHOCTH
(610k 3) W BHOCHTH KOPPEKTHPOBKH B HAYAJIbHBIA BBIOOP METOJOB OIEPATHBHOTO
MaKETUPOBAHUS U MPOU3BOCTBA.

[IpoBepka cuermieHusl CI0€B M3JEIMS, B psAJe CIydyaeB CBs3aHa C MCMOJb30BAHUEM
Pa3TUYHBIX MAaTEPUAJIOB JJII COCETHUX CJIOEB, U TPEOyeT MOMUMO OINpeIeTeHuUs TIOIIAIN
ux nepekpeitus (00K 5), Takke aHanm3a peibeda MIOCKOW HIIH CIOXKHOMPO(PHILHOM

MOBEPXHOCTH.



1.5. OO0o0meHHas cxemMa onepauuii NPU MOCJOWHOM CO3AAHUM U3
AJITUTUBHOE TMPOU3BOJICTBO MOJPA3yMEBAET, YTO OCHOBHBIMU MPHUHIIUIIAMU TEXHOJIOTUU
ABJSIETCA TeHepauus Moaenu cpencrBamu TpexmepHbix CAIIP u mocnenyroiiee mnpsiMoe
co3faHue wuzaenusa. TeXHONorus ajJUTUBHOTO MPOU3BOJACTBA 3HAUYUTEIIHHO YIIPOIAET
MPOIIECC MPOU3BOJCTBA CIIOXKHBIX TPEXMEPHBIX OOBEKTOB MO KOMIBIOTEPHBIM JAHHBIM.
TpamuuroHHBIE TPOIECCHl MPOU3BOJICTBA TPEOYIOT JETATbHOTO aHaIM3a TEeOMETPUHU
U3JIeNNsl, OIpeAeNieHus MopsakKa (MOCiIeA0BaTeIbHOCTH) MPOU3BOACTBA €r0 4YacTeil, a
[JIaBHOE, MOATOTOBUTENIBHOW OCHACTKU W Tp. HampoTuB, agguTUBHOE MNPOU3BOICTBO
HY>KHBI TOJIbKO OCHOBHBIE JIAHHBIE O TEOMETPUU U3JIEIHS U IOHUMAaHKUE TOTO, Kak paboTaer
MalliHa JIJIs1 OBICTPOT0 MPOTOTUITUPOBAHUS M KAKHE MaTepUalibl OYIyT UCIIOIb30BaHbI.
3Hanue o ToM, Kak ¢yHKkuuoHupyetr All, umeer B BUIy ONMHMCAHHE MOCIEIOBATEIHHOCTU
ATAlOB CO3JaHUS U3JENHUs, BKIIOYas CIEAYIONIME MPUHIMIUATIBHBIE BOIPOCHI: Kak
n00aBIsAeTCS MaTepual B CIOM, KaK KaKJ0€ CEUYCHUE M3JIETUsI MOXKET OBITh MOTYYEHO Ha
OCHOBE KOMIBIOTEPHBIX JAHHBIX 00 U3/eauu U T. . OOBIYHO B PU3NUESCKOM MUPE KaXKIbIN
CJIOM JOJDKEH MUMETh KOHEUHYIO TOJIIHMHY, TaK YTOPE3yJbTaT JOJKEH COOTBETCTBOBATh
OpUTHHAIBHBIM JTaHHBIM. YeM TOHBIIIE CTIOH, TEM OJIMKE U3/IeNIUe K OpUruHaiIy. TOYHOCTh
BOCIIPOM3BEACHUSI KOHEYHOW JeTalH, CBOWCTBAMaTepuala, M3 KOTOPOro OHa CHeNlaHa,
OyIyT OmpenemnsiTh MEXaHWYECKHUE W IKCIUTyaTal[MOHHBIC CBOWCTBA W3JEius. T ONIHUHA
CJIOEB BIIMSIET Ha CKOPOCTh MPOU3BOJICTBA JIETATU U TO, MOTPEOYIOTCS JIM TaK Ha3bIBaEMbIE
nocrrnpoueccel. Pazmep pabodero odbema MallMHBI JUIsl OBICTPOTO MPOTOTUIIHPOBAHUS
BJIUSIET HA KOJUYECTBO JeTaliel, KOTOpPbIE MOXHO CO37aTh OJIHOBPEMEHHO, a BCE
BBIIIIETIEPEYUCIICHHOE BIUSET HA KOHEYHYIO CTOMMOCTD U3JIEJIHS U TIpoIiecca.
OO000IIEHHBIH MTPOTIECC ATUTUBHOTO TIPOMU3BOJICTBA BKITIOYACT:

1.5.1. Tpexmeproe mooenuposanue cpeocmeamu CAIIP
N3navaneno pomkeH ObITh BbIOpan maker CAIIP, B kotopom paspabarbiBaemoe
TpeXMepHOe wu3Jenaue Oyner cMoaeaupoBaHo. KOHCTPYKTOpP MOXKET HCMOJIb30BaTh
NPUMHUTHBBI, cyliecTByomue B ykazaHHbix CAIIP, nu6o ueptuth uznenue ¢ vyns. OaHako

Ha BbIXoJie AojkeH ObITh coznan CAD-daitn STL-popmara (ot



STereoLithography — Ha3BaHus MepBOro0 KOMMEPYECKH YCICIIHOTO METOJa OBICTPOIO
npototunupoBanus). STL-¢aiin onuceiBaeT nsnenue B NOHATHON MamuHe Gopme.

1.5.2. Kongepmayus danuwix u ux nepeoada
Pazmunbie maketsl CAD HCTIONB3YIOT pa3Hble alrOPUTMBI I TOTO, YTOOBI MPECTABUTh
TBepAble peaMeThl. [[jst Toro 4ToObl YCTaHOBUTH MOCIE0BATEIBHOCTD U €IMHO00pasue,
¢opmar STL-daitna ObLT HPUHAT B KayecTBE CTaHIApTa B HMHAYCTPUM OBICTPOTO
nporotunupoBanus. B STL-dopmare mgaHHbIe O TpexMepHOM OO0BEKTEe U (OpME ero
TPEXMEPHOI MOBEPXHOCTH MPEACTABIISAIOTCA KAaK arperar IIOCKOCTHBIX TPEYrOJbHUKOB U
COZIEpKaT KOOPAMHATHI BEPIIMH W BEKTOPA HOPMalIM K MX MoBepxHocTU. Tak kak STL-
dbopMaT UCHONB3YET IIIOCKOCTHBIE 3JIEMEHTHI, OH HE MOXETIPEACTABUTh KPUBOJIUHEWHbIE
NOBEPXHOCTH TOYHO. C yBEIMYEHHEM 4YHUCIa TPEYTOJbHUKOB YIIYYIIAeTCsl TOYHOCTh
BOCIIPOM3BEICHUS, HO TIPU 3TOM YBEITUIUBACTCS pa3mep (paitna qaHHbIX. bonbime crnoxHbie
MAacCUBBI JaHHBIX TpeOylOT OOJIbllIe BPEMEHH Il TpeIBapUTEIbHON 00paboTku U
IOCTPOEHUS, MO3TOMY KOHCTPYKTOpP JOJDKEH COaJlaHCHpPOBaTh TOYHOCTh OyaylIero
U3JIeTNST C yNPaBISIEMOCTHIO JAaHHBIX O HeM, sl Toro utoObl STL-apxuB ocraBaics
pabotocniocoOHbIM. [lockoneky STL-popmar obmienpusHad, mnpoiecc padoThl ¢ HUM
UJCHTUYEH ISl BCEX METOJIOB OBICTPOrO NPOTOTUITUPOBAHMSL.
KonBepranus naHHbIX M UX Mepefada B MAIIMHHBIA OJIOK YCTaHOBKHM AJi OBICTPOIO
POTOTUITUPOBAHMS MOIPA3yMEBAIOT TAKXKE MPOIIECC paszaenenus Ha ciou STL-ganHbIX 00
w3nenuu. Ha »roM mar npenaputenbHOoM moAroroBku STL-apxuBa JaHHBIX 00
TPEXMEPHOM M3EJIHH JOJKEH OBITh NMPEICTABIEH B BUJE OTIAEIbHBIX ClI0eB.CyllIecTByET
HECKOJIBKO MPOrpamM, MO3BOJISIONINX MOTPEOUTENIO OTPETYIHPOBATH pa3Mep, MOJI0KEHNE
Y OPUEHTALMIO0 MOJIEIH.
OpueHTanus npyu NOCTPOESHUH (BbIPAIIMBAHNH ) U3/I€JIHSI BAXKHA 110 HECKOJIBKUM MPUYUHAM.
Bo-niepBbiX, CBOMCTBA MPOTOTUIIOB MOTYT U3MEHSATHCS OT OHOTO HAIIPABJICHUS K IPYTOMY.
Hampumep, 00bI9HO TTPOTOTHUIIBI B BEPTUKAIILHOM HAaNpaBJICHUH Z MEHEEe TOYHBI M HE TaK
YCTOMYMBBI, KakKk B IUIOCKOCTH X- Y. Bo-BTOphIX, OpueHTanus U3AEIUsS 4YacTo
00yCJIOBJIMBAET KOJIMYECTBO BPEMEHHU, HEOOXOAMMOE IS MOCTpoeHus wmoxaenu. Ecnu

pabouee MPOCTPAHCTBO MAIIMHBI ISl OBICTPOTO



IPOTOTUIUPOBAHMS JOCTATOYHO JIJISl BHIpAIIMBAHUS CPA3y HECKOJIbKUX U3JIEIHM, pa3yMHO
pPacIoIOKUTh WX B KaMmepe JUIsl BBIPANIUBAHUS TaK, YTOOBI OJHOBPEMEHHO CO3/1aTh
MaKCHUMaJIbHOE KOJIMYECTBO MOJeNiel. YCTaHaBiMBasi CaMblii KOPOTKHUW pa3mep B
HAIPaBJICHUN Z, MOXHO YMEHBIIUTH YHCIIO CJIOEB M TaKMM OOpa3oM COKPAaTHTh BPEeMS
noctpoeHusi. CpencTtBa MPEANPOIECCHHTOBOTO MPOTrPAMMHUPOBAHMSI MOTYT «Hape3aThy
cinou STL-monenu Tonmuuon ot 0,01 1o 0,7 MM B 3aBUCMMOCTH OT METOJIa TTIOCTPOCHHS.
[Iporpamma MOXKET Tak)Ke BOCITPOU3BECTH BCIIOMOTATEIbHYIO CTPYKTYPY, IS TOTO YTOOBI
NoJI/IepKaTh MOJIENIb BO BpEeMs €€ BhIpaniuBaHusa. Kakaplii MpOW3BOIUTENh MAIIWH IS
OBICTPOTO TMPOTOTHUIIMPOBAHUS pa3pabdaThIBAET M ITOCTABJISAET COOCTBEHHBIE CPEJICTBA
IPOTrPAMMHUPOBAHMS [IJIST TIPEANPOIIECCHPOBAHUSA, YTO YCIOXKHIET XOJ COTJIACOBAHUS
JAHHBIX, €CJIM BO3HUKAaET HEOOXOJAMMOCTb BOCCO3/aTh (IOBTOPUTH) M3JEIHE HA APYrou
ManinHe (B Ipyrom mporuecce ObICTPOro NpOTOTUIIUPOBAHUS).

1.5.3. Ilposepka u noocomosxka ycmanosku kK pabome
[Tocne 3amycka v MOATOTOBKY MAIIHMHBI OBICTPOTO MPOTOTUIIUPOBAHUS K pabOTe BHEH HAIO
YCTaHOBHUTH TMapaMeTpbl HCTOYHWKA sHepruu. CremyeT Takke BbIOpaTh U 3arpy3uTh
UCXOIHBIN MaTepHua, IpeIyCMOTPETh CBSI3aHHBIC C HUM YCJIOBHSI paOOTHI (CBSI3H, TOMYCKH,
MOJJICPKKHM), yKa3aTh TONIIWHY CIIOS TPUPAIICHUS, BBIOPATh MECTO HM3TOTOBICHUS B
paboueli kamMmepe, yCTAaHOBHTh BPEMEHA 3aCPIKKH H TIp.

1.5.4. Ilocnoiinoe nocmpoenue uzoenus
Ha sTom mare Oyjaer (pakTH4YecKH BhIpaIieHa KOHCTPYKIUS U3eaus. Mcnonb3ys pa3Hbie
0IX0/16I (BO3MOJKHO, Cpa3y HECKOIBKO METOIUK ), MAIIIMHBI OBICTPOTO MPOTOTUITHPOBAHUS
CIOM 3a cioeM cTposAT (WM yJansoT!) u3Aenue U3 MOJIMMEPOB, KEpaMHMKH, METallia,
OyMaru, TOpOIIKOBOTO MaTepuaja M T. 1. BONBIIMHCTBO MAalluH MOTYT padoTaTh
IPAKTUYECKA aBTOHOMHO. Bpemsi oT BpemeHu TpeOyeTcss MOHUTOPHHT paOdOThl MAITUHBI,
9TOOBI TAPAHTUPOBATh OTCYTCTBUE OIMIMOOK MPHU CUHTE3E M3EIHS, SHEPTETUUECKUX HIIN
IPOrpaMMHBIX COOEB.

1.5.5. Yoanenue noooepaicex u opyaue nocmnpoyeccol
[locne 3aBepiieHHs CHHTE3a JAETallb JOJDKHA OBITh H3BJIEYEHA M3 paboyero odbema
yCTaHOBKU. BO3MOXXHO, 3TO MOTpeOyeT OCTOPOKHOTO MOHMKEHUSI TEMIEPAaTypbl B HEH /10

TeMIIepaTypbl OKpy-katomieit cpeabl. HekoTopeiM (hOTOUYBCTBUTENBHBIM MaTeprUaiaM



HY’>KHA TIOJTHAsI JOTIOJIHUTENbHASI 3aCBETKAa TOTOBOTO M3JCNHUS ISl OKOHYATEIHLHOTO €Tro
otBepkaeHus. [IporoTumel MOryT TpeOoBaTh TakKe HEOONBIIONW YWUCTKH, YyAAJICHUS
MOJIZICPKEK ¥ MOBEPXHOCTHOTO MOKPBITHSA. 3aIIKypUTh, TEPMETU3HPOBATH U/UITUTIOKPACUTH
MOJIeJTb, YTOOBI YIYUIIUTh €€ MOTPEOUTEIbCKIUE CBOWCTBA, — 3TO TPAJAMIIMOHHBIC MOCT-
IIPOIIECCUHTOBBIC omiepannu. M3nenue roToBo K UCIOIb30BaHu0. Bo3MokHO, moTpedyercs
orepariysi COOpPKH OTACIHLHO BBIPAICHHBIX JIETAJICH.

Ha puc. 1.8 mokazana o6001ieHHas yrpasJistoias nporpamma padotsl ¢ STL- daiinom, rae
COJIEpKaTCsl CBEICHUs 000 BCEX CEUCHUSIX JAHHOW MOJIENH, BCEX €€ COCTaBHBIX YACTAX
(31eCh MOXKET OBITh MCIOJB30BAaHO HECKOJIBKO (haiiIoB), JOMYCTHUMBIX OTKJIOHCHHSIX II0
YPOBHIO Ha OJIUH CIIOH MOPOIIKOBOH KOMIIO3HIIMH ITPH OMTyCKaHUH TIAT(HOPMEI.

Pucynok 1.8 - brok-cxema ynpasistorieit mporpamMmmsl 06padotku ¢ STL-
CANP daiin mogenn (Hanpumep, |GES)

MNpeobpaaosanue B ain
dopmara *.STL

l STL-daiin

JobasneHne aBHyTPEHHUX
«nepebopok» ANA NOBLILEHWUS
YCTORYUBOCTH MOAENN

lHoauﬁ STL-dbaitn

MNpeobpasosanue (pasbuexne)
STL-daiina Ha ceveHust U BBOA
napaMeTpos 06paboTku

Ceuenve apyron mogenu Ceyenue apyroil mopenu

——
\\\ /
Ha opHo#A nnaropme BOSMOXHO BOCIIPON3IBEAEHNE
CeYeHUii HECKONBKUX MOfIeNE OAHOBPEMEHHO

/
,\w’/ |

CunTes ceveHun
b‘\
4; OnyckaHue naarhopMbl-

OCHOBaHWA Ha TONILUMHY

Koney Da
paingsy CUHTE3VPOBAHHOIO CNosA
mopenmn?
» Aa

Mopwsem nnatpopmel
W U3BNIEYEHWE MOAEN

>

Ynaneuue «nepeGopok» +
+ NOCNEeAyIoLWMEe NPOLECCH

dbaiinom



1.6. Cneuunduka padéoTbl HA Pa3HbIX AJTUTHBHBIX YCTAHOBKAX
Pa3paboTunku cucteM OBICTPOTO MPOTOTHITMPOBAHUS B TIOCIEAHEE BPEMSI OPUECHTUPYIOTCS
Ha BBIMYCK HEJAOPOTUX U OBICTPOIEHCTBYIONMINX MAIINH, CHI)KAsi CTOUMOCTD U yBEIUYHUBAs
00beM pabodeit KaMephl.

OO6macTb TNPUMEHEHHS OBICTPOTO MPOTOTUIIMPOBAHUS OMPEISIACTCS JTOCTHKUMOMN
TOYHOCTHIO M3TOTOBJICHUS JETAIM W MEXaHMYECKUMHU CBOWCTBAMH HCIIOIB3YEMOTO
MaTepHalia — PacTHKUMOCTBIO, TBEPAOCTHIO M IPOYHOCTHIO Ha Pa3phIB.

Paccmorpum  knaccudukamnuo o00pyJoBaHUS I OBICTPOTO MPOTOTUIIMPOBAHUS T10
YPOBHIO IPUMECHIEMOCTH.

Ilompebumenvckuil yposens. TUnl TPUHTEPOB, KOTOPHIN MpeHA3ZHAYEH, B OCHOBHOM, JJIS
JUYHOTO UCIoJib3oBaHus. [locTaBisercs B BUlie KOHCTpYKTOpa, Tubo B cOope. Tak kak
iatrgopMa y HUX, B OCHOBHOM, OJTHA M Ta K€, HX XapaKTCPUCTUKHU TOXKEBEChMa CXOXKH.
JlanHBIC TIPUHTEPHI 00OPYAOBAHBI MPOCTHIM M MOHATHBIM HWHTEpGEHcoM, MmedaTarT, KaK
npaBuiio, ABS u PLA macTukoM M TpeAHA3HAYeHBI IS Te4aTH H3JSIuN CpeIHeH
CIIOKHOCTH M TOYHOCTH.

Ilepconanvuviu yposens. IlorpaHUUHBIN KJIaCC MPUHTEPOB, KOTOPBIN ABISACTCS JOMAIIHUM,
HO B TO )K€ BpEMsI OTHOCHUTCS K HIDKHEH CTYTNEeHH MPOMBIIIUICHHBIX IPUHTEPOB ISl OM3HEcA.
JlanHbIe IPUHTEPHI 001aTa0T 00JIee BBICOKMM KauyeCTBOM U TOYHOCTBIO IEUaTH, KOTOPHIC
npucynm npodeccuoHaabHbIM 3D-TIpuHTEpaM.

PabGora ¢ nmpuHTEpamMu 3TOro Kjiacca CBOAUTHCA K 3arpy3ke oOpaza MU Ha)KaTUIO KHOIKU
«yck». B TO ke Bpems 3TO OrpaHMYHMBACT BO3MOXXHOCTH B IUIAHE Pa3IWYHBIX
JIOTIOJTHUTENBHBIX TapaMeTpoB Tieyatu. [lepcoHalibHbIE TPHHTEPHl MPUTOMHBI IS
UCIIOJIb30BaHUsI B oOducax, OJHAKO IIYMHOCTh M BBICOKHHA TEMIICPATypHBIH pPEKUM
HEKOTOPBIX MOJIETIEH MPEATNoaraeT uxX pa3MenieHrne Ha HEKOTOPOM YIAJICHUH OT pabodei
30HBL.

Ipogheccuonanvruvui. CucTeMbl 3TOTO KJlacca BKIIOYAIOT B ce0S BCE JOCTIKCHUS H
BO3MOXHOCTH JOCTyIHbIe WHAycTpuu. [Ipennaznauenue npodeccuoHaIbHBIX CHCTEM

MOJKET OBITh OYEHB pasHbIM, OT IMPOTOTUIIMPOBAHUA O ITOJIHOMACIITaOHOr O



MPOU3BOJICTBA, YTO B CBOIO OUYEPE/Ib JACNIAET UX OTIMYHBIM BAPUAHTOM KaK ISl KPYITHOTO
Oum3Heca, TaK U JJIT BRICOKOTEXHOJIOTUYHBIX KOMITAHUN C MaJIbIM IITATOM COTPY/IHUKOB.
JlanHbie IPUHTEPHI, BBULY OOJIBIIOr0 KOJWYECTBA PEXKUMOB M TOTIOJHUTEIBHBIX OMIIHA,
y&Ke TpeOYIOT OnpeeieHHBIX HABBIKOB JJIsl paOOTHI ¢ HUMH, TTIO3TOMY Oe301epaTopa
3nech He oboiTuck. [1o wacTu pabodero mpocTpancTBa mpodeccuoranbupie3D-ipuHTEpHI
TpeOyIOT OTIEIBHOTO IOMEHICHUS C XOpOUIeH BEHTWIALMEH U C
NIOABEICHHOU BBICOKOBOJIbTHOM ~ nuHHMel.  IIpodeccuonanpupie  3D-mpunTeps
npeIHa3HA4YCHbI JJI [eYaTH U3EJIUi BHICOKOTO KaueCTBa U TOYHOCTH.
IIpoussoocmeennuiti. MamiHbl TaHHOTO Kjacca SIBIAIOTCS COBOKYITHOCTBIO TOYHOCTHU H
KadecTBa MPOo(heCCHOHATBHBIX IPHHTEPOB, OOJIBIIION IIJIOIIA B0 TTeYaTH, BEICOKOTO YPOBHS
aBTOMATU3allMM W KOHTPOJs TporieccoB. Ha HHMX, kKak u Ha mpodeccrHoHaTbHBIX
YCTaHOBKAaX, MOYKHO TI€YaTaTh HE TOJBKO MPOTOTHUITBI, HO U KOHECYHBIA MOTPEOUTETHCKUN
IPOTYKT.
J71st paGoThI HA TPOU3BOACTBEHHBIX 3D-puHTEpax HEOOXOUMBI OIIBITHBIE OniepaTopsl. [1o
4acTH pabouyero MPOCTPAHCTBA HYKHO YETKO CIUIAHUPOBATh OYIyIIyI0 JHUHUIO U
M03a00TUTBCSI O TIOJBOJIC BHICOKOBOJLTHOW JIMHMM W Ta30BOM TpyObl. Ha BwIXOHE
MOJIYYUTHCS BBICOKOTEXHOJIOTUYHOE MPOU3BOACTBO, KOTOPOE MOXKET OBICTPO MEHSTH
npoduiIb U UCTIOIB30BaTh MaTepuaibl or ABS macTuka 10 TuTaHa.
3D-pyuxa. 3D-pydka ecTh HE YTO WHOE, KaKk pydHOU IKcTpyaep. B pomu UITY cranka
BBICTYTIAET CaM I0Jb30BaTeIb. OCHOBHBIE 3JIeMEHTHI 3D-pyuku: COmIo, MeXaHuU3M MOAauH
TUTACTUKOBOW HUTH, HATPEBATEIBHBIA AJIEMEHT, BEHTHUJISATOP JIA OXJIAXKICHHS BEpXHEH
YaCTH COTUIA U PYYKH B 11€JIOM, MUKPOKOHTPOJIIEP ISl YIIpaBJICHHS pab0OTON BEHTUIIATOPA,
MEXaHW3Ma TIOJIayd W HarpeBaTeIbHOTO JJIEMEHTAa. Tak KaKk TPAaKTHYECKH BCE
nporpaMmHbie  QyHKIUK 3D-TIpUHTEPOB BBHITIOJIHAET CaM MOJIb30oBaTeNb, 3D-pyduku He
TPeOYIOT COCMHEHHSI ¢ KOMITBIOTEPOM WJIM co3faHus IUGPOBBIX Mozeneil. Tpedyercs
JUIIh DJIEKTPONMUTAHUE - KaK MPaBWIIO, HCIONB3YIOTCA OOBIYHBIE OJIOKM THUTaHUS C
npeoOpazoBatenem HanpspkeHus: 12B. Kak u B FDM- npunTepax, HarpeB coria 3aHUMaeT
HECKOJIbKO MHUHYT, TIOCJIE Yero pydyka rotoBa K mneyatu. Ilomaua wmatepuana
OCYIIECTBIISIETCS TPU HAXaTUH COOTBETCTBYIONIECH KHOMKWA. Hekotopesie Mopenu,

OCHAIIAKOTCA PETYJIATOPOM CKOPOCTH IICHATH.



1.7. IlyTu noBblIeHHS TOYHOCTH BOCIPOM3BeIeHUsS MO/lesiell M KayecTBa
MOBEPXHOCTH
TexHonorus, nmpeanoaramas NoCIONHbIA MPUHLIHUIT TOCTPOEHUS JeTalN,00eCceynBaeT
OINpEJEICHHBIA YPOBEHb KaU€CTBA MOBEPXHOCTH MOJIEIN, OCHOBHBIM KpUTEPUEM OOBIYHO
ABJISICTCS YUCTOTA MOBEPXHOCTU. MalllMHa CTPOUT MOJEIB ITOCIOMHOCOTIIACHO CO3JaHHBIM
Iepe]l HavaJoM MOCTPOECHUS «CeUeHUsIM». [locne 3aBepieHus NoCTpPOCHUS MOJIEIb UMEET
CTYIIEHYATyI0 I[OBEPXHOCTb, @ BBICOTA CTYIIEHBKM COOTBETCTBYET IIary IIOCTPOCHHS.
Hanpumep, mpu mocTpoeHMM MOAENM Ilapa: Ha IOJI0CE OH OyIeT UMETh IUIOCKYIO
IUIOLIAJIKY, IEPOXOBATOCTh HA yYACTKE, OJIM3KOM K IOJIIOCY Oy1eT MAaKCUMAJIbHOW, HO, YeEM

OJIMOKe K 9KBATOPY, TEM Jydie Oyaer kadyecTBo moBepxHoctu (puc. 1.9).

nosepxHoctb CAD-mogenu

NOBEPXHOCTb NPOTOTUNA

war nocTpoeHua

Pucynok 1.9 - [ocnoitHpli TPpUHIIUT TOCTPOSHUS MOJIENN

KauecTBO moBepXHOCTH MPOTOTHUINA YACTO 3aBUCUT OT OpPHEHTAIMM MOJENH Ha padoueil
mwiathopmMe NOpu MoCcTpoeHUU. [Ipu MmocTpoeHWHM TIIIOCKOM JeTaik, PaCIOJIOKUB €€
TOPU3OHTAIBHO, MOXHO  TMOJYYUTh HHU3KYK  IIEPOXOBATOCTH  T'OPU3OHTAIHHOU
MOBEPXHOCTH; JJIsl TIONyYEHUs JYUYIIEro KadyecTBa Ha OOKOBBIX MOBEPXHOCTSAX MOJIEINb
HEO0OXO0IMMO COPUEHTUPOBATH TOJ] YTIIOM K IJIOCKOCTH TIAT(POPMBI.

BaxxHpiM mapameTpoM, OINpEeAeNSIONIMM KayeCTBO IMOBEPXHOCTH, SIBISIETCS KauyeCTBO
ucxoaHot tpéxmepHot CAD-monenu. BupTtyanbHas monenb mpejactaBisier coboit 3D-
MOBEPXHOCTh B BHUJIE 3AMKHYTOM CETKU U3 TPEyroibHUKOB. [IlepoxoBaTOCTh MOBEPXHOCTH

HAMpPsIMYIO 3aBHCHUT OT KavyecTBa co3nanus ceTku (puc. 1.10).
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Pucynok 1.10 - Mozens mapa: ciieBa — HU3KOTr0 KauecTBa, CIipaBa — BEICOKOTO

Tax, npu UCIIONIB30BAHUU TPEXMEPHON MOJETN HU3KOTO KaueCcTBa MaKpOIIEPOXOBATOCTD,
3aj0KeHHas B (haile, MOXKET MPOSBUTHCS MPU MOCTPOCHUM (hrU3MUECKOW MOJENH U AaTh
JO)KHOE TIPEJCTaBJICHHE O KadecTBe npuHTepa Wik S(HPEKTUBHOCTH BBIOPAHHOMN

texHoJyoruu (puc. 1.11).

CAD-mopens SLA-monens OtimBKa, CTaNIb
Pucynok 1.11 - Huzkoe kauectBo CAD-moenu 00yclIoBIMBaET HU3KOE KaueCTBO

MMOBCPXHOCTH OTJIIMBKH

Bo MHOrux cimyyasx Oosbliasi WM MEHbIIAs IIEPOXOBATOCTh HE UMEET MPUHIUIHAIBEHOTO
3HaueHus 11t notpeduTens. [Ipu He0OX0UMOCTH MOBEPXHOCTH MOJIETN MOXKHO YJIYUIIUTh
MOCPEJICTBOM PY4YHOU 00pabOTKH (UUIM(POBKH, MOJUPOBKH, OKpPACKH, JakupoBku). Ho B
pAIE CIydaeB 3TO TEXHUYECKHU 3aTPYJHUTEIBHO WM MOXKETIPUBECTU K NIOTEPE TOYHOCTH
(reoMeTpum) MOJICTIH.

Texnonoruu SLS, DLP, Poly-Jet u ap., ucnons3yromue >xuakuii GOTonoIumMep B KauecTBe
MOJIEJIBHOI'O MaTepHalia, MPEAIoJaraloT HaJIMYME TAaK HAa3bIBAEMBIX MOJIEPKUBAIOLIUX
CTPYKTYp — MOJJIEPKEK, HA KOTOPBIX 3aKPEIUISIETCS TEJI0 MOJENU MPUTIOCTPOSHUH (pHC.

1.12). DTu mOANEPKKHU CTPOSTCS aBTOMATHUYECKH MO CIICIUATEHON



IporpaMme U MPeCTaBIAIOT CO00M TOHKHE CTOMOMKU. B 3aBUCMMOCTH OT TEXHOJIOTUHU OHU
CTPOSITCSI U3 CIICIUAIIBHOTO JISTKOPACTBOPUMOTO B Bojie Martepuana (1o TexHosoruuPoly-
Jet xomnanuu Objet) WM U3 OCHOBHOTO MOJEIILHOTO MaTepuana (Kjaccuyeckas ja3zepHas
crepeonurorpadus — SLA). Tlocine mocTpoeHHs MOIICPKKH YIATISIOTCS MEXaHUYECKH
(SLA) unm cmbiBaroTcst Bojo (texHosorusi Poly-Jet), moaToMy ojHa W3 MOBEPXHOCTEH

MOICIIN Ooiee mepoxoBarasd, 4eM OCTaJIbHBIC.

Pucynox 1.12 - SLA-Mozmens ¢ moaaepKUBaOIIMMHU CTPYKTypaMu KadecTBo mocTpoeHHON

MOJIEJI 3aBUCHUT TAKXKE U OT KBATU(PUKALIMK [TEPCOHANA!

HACKOJIbKO IPAaBUJIBHO OblIa COPUEHTHpPOBAHA MOJENb Ha paboueil ruatdopme mnepen
IIOCTPOEHUEM, HACKOJIBKO BEPHO OBLI BBIOpAaH pPEXUM TIEHEPALUU NOAAEPKUBAIOLIUX
CTPYKTYp, HACKOJIBKO Ka4eCTBEHHO ObLIT caenaH ucxoausiii 3D-gaiin.

B xauectBe npumepa B Tabnuue 1.1 npuBeneHsl pe3yabTaThl CPAaBHUTENIBHBIX U3MEPEHUM
MOBEPXHOCTEN OJHOM U TOM e JeTalH, IOCTPOCHHON Ha pa3HbIX MamnHax. /(s Oonbiien
JOCTOBEPHOCTH M3MEPEHHUS MPOBOJMINCH HA TOPU3OHTAIBHBIX (TUIl A) U BEPTHKAIbHBIX
(tun B) noBepxHOCTsAX. MI3MepeHus TOIBKO OJHOIO BUJIAa IOBEPXHOCTH MOKET IPUBECTH K
HEBEPHOMY IPEACTABICHUIO O BO3MOXHOCTSAX MAIMHBI, TOCKOJIBKY,HAIPUMED, MAllIUHa,
paboTtatomiasi ¢ KUAKUM (POTOMOIMMEPOM, MOXKET IMOCTPOUTH OUYEHb INIAJIKYI0, MOUTH
3epKaJIbHYI0 TOPU3OHTAJIBHYIO IUJIOCKOCTb, HO Ha BEPTUKAJIBLHOM CTEHKE MOXKET ObITh

3aMCTHasd MeEpPoxoBaATOCTh.



Tabmuua 1.1 - CpaBHeHuE 1IEpPOXOBATOCTEH MOJENEH, MOJYYCHHBIX Pa3JIMYHBIMU

AU TUBHBIMHU TCXHOJJIOTHUAM

IIpodunomerp
PN—— Mahr MarSurf PS1 Zeiss O-inspect 01-422
TexHomOTHs R, Matepuan Ra R, Ra R;
Tun Tun Tun Tun Tun Tun Tun Tun
A B A B A B A B
SLA \Viper Pro Accuraxtreme 0,08 3,18 0,31 185 | 0,03 3,8 0,54 7,02
8000 l/Accura 60 0,13 2,82 0,66 139 | 019 224 0,5 4,42
I/Accura 55 0,1 1,35 0,63 13 015 1[04 0,42 4,14
I/Accura S110 1,32 5,17 9,7 7,9 193 44 7,4 23,2
SLS Sinterstati Dura form PA 10 12,47 | 50,6 61,7 | 424 |7,55 17,1 41,1
on HIiQ Duraform GF 10,39 | 9,46 67 516 | 6,36 6,51 30,3 22,7
SLM SLM 280 AISi10 Mg 8,12 8,63 43,3 39,1 | 10,76 (3,55 39,2 14,2
DLP Ultra S1500 0,53 0,55 3,87 2,26 | 1,44 (1,36 5,4 6,6
Ink-Jet Invision XT \Visi Jet EX200 2,55 9,38 11,9 46,1 | 0,91 6,12 3,7 19,5
LOM SD300 PVC 0,06 5,25 0,52 249 | 0,06 5,25 0,41 4,14

W3 npuBeneHHbIX TaHHBIX, OYEBUIHO, YTO U BHYTPHU OTIAEIBHON TEXHOJIOTHUMOTYT OBITH
CYILIECTBEHHBIE HIOAHCBHI B OLIEHKE HIEPOXOBATOCTH, CBS3AaHHBIE C THUIIOM MOJEIBHOIO
MaTepuasia (€ro KauecTBOM M, COOTBETCTBEHHO, 1IeHOMU!). BUIHO Takke, 4TOTEXHOJIOTHH,
0asupyromuecss Ha HCMOJb30BaHUM XKUAKUX (orononumepoB (SLA, DLP), mo3posstor
MOJIyYHTh 00JIee TIaIKUE TIOBEPXHOCTH 1O cpaBHeHUIO ¢ SLS nnu FDM- texHomorusmu.
To e kacaeTcss U TOYHOCTHU: YEM BBIIII€ TOYHOCTh MTOCTPOEHUS, TeM J0poxke 3D- mpuHTep.
[Io sromy mnapaMerpy aJJAMTHBHBIE MallMHbI HWMEIOT 3HAYMUTENIbHbIE OTAMuMs. Ilpu
PacCMOTPEHMH TEXHUYECKHX XapaKTEPUCTHK IMPUHTEPOB, O€3yCIIOBHO, cieayeToOpalaTh
BHUMAaHUE Ha TapameTp, HazbiBaeMblil layers thickness — tommuba crnosimocTpoeHus:, win
I1ar MOCTPOEHHUSI.

Ha TouHOCTB BAMSET psAJl MapaMeTPOB, U MIAr MOCTPOCHHUS SIBISIETCS HEEAMHCTBEHHBIM H,
3a4acTyl0, HE TIABHBIM. 3asBIsieMbId Imar moctpoenus, Hampumep, 0,08 mm mms SLS-
MAaIITMHBI BOBCE HE 03HAYAET, 4TO MoJieTh pazMmepamu 250x250x250 MmOy neT mocTpoeHa ¢
OTKJIOHEHUSMH 10 ocsiM u3Mmepenuit +0,08 mm. Ckopee Bcero, OTKJIOHEHUS OyayT
HAXOJUThCS B MpeJieNiaXx HECKOJNbKUX JAecAThiX noneil muummerpa (£0,3...0,8 mm). Ha
KOHEYHBIN pe3ysbTaT OyJeT CHIBHO BIUSATH THUII MaTepHalia (MOJIuaMu, TIOJIMCTUPOIT) U B
em€ OonblIel cTeneHu — KOHQUrypaluss MOZENH, a TakyKe KBadu(uKanus MepcoHaa:

IIPaBUJIBHO JIN BBI6paHBI PEKUMBI CIICKAHHA, OPUCHTAINA




Mojieniel B 00beMe MOCTPOEHUSI, PACTIONOKEHUE MO/IeNied OTHOCUTENBLHO APYT Apyra u T.1.
[Tpu 5TOM HY)XKHO TOMHHTB, 4TO SLS — 3T0 TemIoBo# mpoiiecc, B X0/1€ KOTOPOTO B pabouyto
KaMepy MOJIBOJUTCS 3HAUYUTEIHbHOE KOJIMYECTBO TeIljla, TEMIepaTypa MacCHMBaB KaMepe
nocturaet 150°C. EcTeCTBEHHO, YTO CTPOSIIASACA MOJEIb MOJABEPraeTcs CyIIECTBEHHBIM
TEIUIOBBIM Harpy3Kam U MOET Ae(QOpMHUPOBATHCS.

Janubiii 3¢ hHeKT MOKeT ObITh YCUIICH WK OCTIa0JIeH NeUCTBUSAMU MepCOHAIA KaKHA CTa iU
NOJATOTOBKM 3aJlaHUs HA MOCTPOCHHE, TaK U B Ipolecce padoThl MAIIMHBI U U3BICYCHUS
Mozenerd u3 kamepbl. HeBepHble AeMCTBUS MOTYT NPHUBECTH K KOPOOJIEHHIO MOJENHU, U
dbopmanbHas TOUHOCTb, BRIpaKeHHAs MoHsATHEM layers thickness, He Oy1eT UMeTh HUKaKOTo
3HAUEHHUS: OTKJIIOHEHUS OT UCXOJHON T€OMETPUU MOTYT COCTABIIATh MUJIJTUMETPBHI.

Jlpyrue TEeXHOJIOTMHM TakKe MMEIOT CBOM OCOOCHHOCTH, HAINpUMEp, Pa3HyIO peabHYIO
TOYHOCTh MOCTPOEHUS IO OCSIM: B TUIOCKOCTH X-Y OJHO 3HAauY€HUE, B HarpaBieHUU Z —
npyroe. [lostomy nipu BeiOOpe TexHomoruu U 3D-npuHTEepa HE TUIHUMOYIET MOCTPOUTH
TECTOBBIE MOJEIM Ha pa3Hbix AM-mammMHax, NOpPOBECTH U3MEPEHUS U OLICHUTb,
COOTBETCTBYIOT JIM PE3yJIbTaThl OXKUJAHUSIM 3aKa3ulka U TPeOOBaHMSIM K MOJENU s
KOHKpPETHBIX 3a7ady. TeM He MeHee, OONIICTPUHATBHIM MOXKHO CYUTAaTh MHEHHE, 4YTO
HaWIyyliasi TOYHOCTh MOCTpoeHus nqocturaercsa B SLA-mammnax. O1HON U3 IPUYUH 3TOTO
ABIISIETCS TO, 4TO B SLA-TEXHOJOTHUM MPOIECC MOCTPOCHUS MPOUCXOAUT TP KOMHATHOU
TEeMIlepaType B OTCYTCTBUM TEPMHUYECKUX HArpy30K. bosbllioe 3HaYyeHUE UMEET TaKkKe
KauecTBO MOJENbHBIX MarepuanoB. CoBpemeHHble SLA-martepuansl, BO- TIEpBBIX,
MaJi0yCa/l0YHbIE U, BO-BTOPBIX, UMEIOT OMPEAEIEHHYIO BA3KOCTb, TO3BOJISIIOLLYIO IOJy4aTh
cTablIIbHO B mpolecce noctpoeHus ToHkue ciou a0 0,025 mwm. PeanbHast TOYHOCTH
noctpoenuss SLA-mammms cocrasisget 0,025...0,05 mM Ha Ja10iiM TMHEHHOTO pasmMepa. ITo
3HAUUT, YTO MOJENb C XapakTepHbIM pazmepoM 250 MM OyJeT, UMETh OTKJIOHEHHUS B
npenenax +0,25...0,5 mm. O1HaKO 3TH OTKJIOHEHUS MOTYT OBbITh CYIIECTBEHHO YMEHBIIIEHBI
32 CYEeT BBEJACHHUS COOTBETCTBYIOIIMX KOPPEKTUPOBOUHBIX KOI()PHUIMEHTOB Ha CTaauU
MOJTOTOBKHM 3aJlaHUsl Ha TIOCTPOCHHUE, W CIEAYIOIas MOJEIb MOXKET OBITh IMOCTpOEHA

3HAYUTEIBHO TOYHEH, MpaB/ia, B ’TOM Cllydae rnepBas MoJesb OyJeT B KaYECTBE TECTOBOM.



1.8. TecTbl NPOU3BOANTETbHOCTH U KOHTPOJIS

OOBIYHO CpaBHEHHE METOJIUK OBICTPOTO MPOTOTUIIMPOBAHUS POBOST, B35IB 32 OTIIPABHYIO

TOYKY BO3MOXHOCTH cTepeosuTorpaduu. Ona gaet To9HocTb - 100 mxm (0,004 aroiima) npu

pasmepax aetanu 10 15 cm. IlopomkoBeie MeToauku 1 LOM 00BIYHO UMEIOT TOYHOCTH

MEHbIIE yKa3aHHOW. B cTpyinbix metonunkax bII cutyanus Ha mopspokiyume. Ho Tyt

BAXHO 3HATh HE TOJBKO TE€OMETPUI0 H31eiusi (€ro pasmepbl), HO U HCHOJIb3yEMBbIi

Marepuall, a TaKXKC MECTOA OUCHKHU TOYHOCTHU U ITPOU3BOJUTCILHOCTH.

Jlnst aHanmm3a METOIUK OBICTPOTO MPOTOTUIIUPOBAHUS IO BPEMEHU M CTOUMOCTH OBLI

M3TOTOBJICH Pa3HbBIMH METOJaMU HepeHYCKHOﬁ KJI1almad JHaMEeTpoM 15 CM, CPaBHUTCIIBHEBIC

napaMeTpbl U3rOTOBJIEHUSI KOTOPOTO 3aHECeHBI B Ta0. 1.2.

Tabmuua 1.2 - CpaBHeHHE METOAMK OBICTPOrO MPOTOTUIIUPOBAHUS TO BPEMEHU U

CTONMOCTHU

o TexHoJiorus

apametp MJIM FDM 3DP SLS LOM SLA

- 6] i1
Matepunan Bock ABC I'unc Iomuctupon bymara HOKCIVIHEI
[JIACTHK (hoTo- moIMeEp

T

onLoeth B SPABHEII 1 013 0,014 0,025 0,018 0,010 0,006
c CAD, mroitmoB
Bpewms cunTesa 7ul7mvun (4249 10mun |S4u40mun | 6uSlmun | 194939 mun | 26 u 19 mun
CroumocTs Kianana, $ [146,0 421,6 113,2 268,0 393,2 789,9

Ha ocHoBanum Ta6J'II/II_H>I MOXHO MPOCIICAUTL 3aKOHOMCPHOCTL: YBCIMYCHHUC TOYHOCTHU

BOCITPOU3BCACHUA ITPUBOAUT K YBCIIMUCHUIO CTOMMOCTH U BPCMCHHU U3IOTOBJICHHU.




1.9. CpaBHuTelbHasi OLIEHKA AUYITUTUBHBIX YCTAHOBOK MO pa3Mepam
padoyell KaMepbl, TOYHOCTH M BPEeMEHH BOCIIPOM3BeIeHU S

CpaBHeHHE NMPOLECCOB OBICTPOTO MPOTOTUITUPOBAHUS OOBIYHO MPOU3BOISAT IO CIIETYIOIIUM
KPUTEPUSIM.
Pazmep  Odemanu. TaGapuTel neramu, KOTOPYIO MOXET IOCTPOUTH CHCTEMa
IPOTOTUNUPOBAHUS, OTPAHUYCHA Pa3MEPAMU «CTPOUTEIILHOU KaMepbl». B 3aBUCUMOCTHOT
TUTIA MAIIMHBI, €€ MOAU(UKAIIMN U METOJa CHHTEe3a pa3Mepsl Mojenei. OueBUIHO, YTO
OOJIbIIINE JIeTalId MOTYT OBITh U3TOTOBJICHBI IO YACTSIM U 3aT€M COOpaHbBI B OJIHY J€Tab.
Ckopocmob. CKOpPOCTh MOCTPOEHHUS MOJIETU 3aBUCUT OT TakKuUX (DAKTOpPOB, Kak pa3mep
NeTaau, TEOMETPUYECKAsT CJOXKHOCTb, UCIIOIb3YyEMbIE MaTEpHalbl, IMPOrPAMMHOE
obecrieueHue u ap.
Mamepuanvi. CrnexTp wMaTepuaioB [Js NPOTOTUIIOB, PA3JIMYAIONIUXCS MO CTEIECHU
IPOYHOCTH M KauecTBY 00pa3yemMoil MOBEpXHOCTH. B 3aBHCHMOCTHM OT Tmpoliecca B
MOJEJIBHOM MPOTOTUIMUPOBAHUU UCIOIB3YIOT CJIEAYIOIUME MaTepuaibl: MOJUCTUPOI,
TEPMOIUIACTHK, Oymara, akpui, momkapOoHaT, HeisioH, ABS, cuHTeTHYeCKre CMOJTBI HP.
Tounocms. TounocTs ipotoTuna (cTeneHs coorBeTcTBUsi CAD-Mo1em1) 3aBUCUTOT psifia
¢dbakTopoB:

— npasuiibHOCTH TTocTpoenus CAD-¢aiinos;

— MPOAYMAHHOUN CUCTEMBI MOJIJIEPHKEK;

— paspenieHus (TOIINHBI CIIOEB);

- BBIOOpA METOJMKH CHHTE3A;

— CBOMCTB UCXOJIHOTO MaTepHaia.
CMoJbl, HampuMep, UMEIOT CBOWCTBO KOPOOWUTHCS WIIM YCAXUBATHCSA TP BHICBIXAHUU.
Jpyrue matepuaibl He 00ECIeUnBaIOT Ka4eCTBA MOBEPXHOCTH MOJICINIH, TO0CTATOYHOTO JIJIst
JATBHEHINETO €€ UCTIOJIb30BaHus (ITPU U3TOTOBJICHUU JTUTHEBBIX (DOPM), MU JOCTATOYHON

IMPOYHOCTH.



Cmoumocmb. CTOMMOCTh HEKOTOPBIX YCTaHOBOK JOBOJILHO BbICOKAa. OJHAKO OHU 3a
KOPOTKOE BpPEMs OKYIAIOTCs, TaK KaK (DYHKIIMOHAILHOCTh U3TOTABIMBAEMBIX MTPOTOTUIIOB
BEJIHKA.

B 1a6x. 1.3 npomuttocTpupoBaHO CpaBHEHHE 110 BPEMEHHU, TOUHOCTH U pa3MepaM padodmx
KaMmep JJis U3roToBIIeHHS u3nenuit pazmepom 0,76...14 cMm paznuunbiMu MeTojaMmu BIT.

Tabmuua 1.3 - CpaBHEeHHE METOAMK AIJUTUBHOIO MPOU3BOJICTBA IO BPEMEHU U TOUHOCTHU

BOCIIPOM3BEACHUS
M N TounocTb, MakcumasibHbIH B
eTOINKA it pasMep WIIeTHs, MM+ pems npouecca
3aJMBKa YKCTPYAUPYEMBIM 254 x 254 x 254
pacmiaBom (FDM) 0,005 (Stratasys) 127939 mun
[Tporecc mucToOBOTO 812x558x508
namunupoBanus (LOM) 0,010 (Cubic Technologies) 1 02 mun
CeneKkTHBHOE JIa3epHOE CTIICKAHNE 381 x 330x457
(SLS) 0,005 (3D Systems) 4 9 55 muH
[Ipouiecc oTBepx ICHHS HA 508 x 355 x 508
ocHoBauuu (SGC) 0,006 (Cubital) a2l vun
Crepeonurorpadus (SLA) 0,003 990 XS787 X508 7 4 03 MuH
(Sony)
240 x 240 x 240
3D-neuats (RepRap) 0,100 (Fab@Home) He onpenencuo

*B ckoOKax MpUBOAUTCS aHTIUICKOE cOKpaleHne. **B ckoOkax yka3aH IpOU3BOIUTENb.



1.10. IlpumeHeHMe ATUTUBHBIX TEXHOJIOTHH B Pa3JIMYHBIX OTPACIIAX
NPOMBINIJIEHHOCTH, B 00pa3oBaHuu, cepe yciayr, MeIuIuHe

Asuayuonno-xocmuveckast NPOMBIUUTEHHOCTND. ABHAIMOHHO-KOCMHUYECKAs
MPOMBIIUIEHHOCTh IO CaMOM CBO€H MpUPOJE ITOT PBIHOK TPEeOyeT MEIKOCEPUHHOTO
IPOU3BOJICTBA  BBICOKOKAQYECTBEHHBIX  JIETAJICH, no3ToMy  u30aBleHUE oT
MHCTPYMEHTAJIBHOW OCHACTKH, NPENIaracMoe aJJUTUBHBIMU TEXHOJOTHSIMHU, IPUHOCUT
CYILLIECTBEHHBIE BBITOJIBI.

B Hacrosimee Bpemsi psii CHUCTEM M MAaTe€pUajoB MPOUUIA CepTU(UKAIUIO, U CEroJHs
aJAUTUBHBIC TEXHOJIOTUW HCIIOIB3YIOTCS JJISI MEJIKOCEPUMHOTO ITPOU3BOJCTBA ACTANEH
JetatenbHbIX anmnaparoB. Tak, Hampumep, komnanusi General Electric (GE) npousBoaur
TOIUIMBHBIE (POPCYHKHU HJii HOBOro TypOoBUHTOBOro asurarens LEAP ¢ momouisio
nporiecca DMLS u3 kobansToxpomoBoro nopomika. Brepssie 3D medars ucmnonb3yeTcs
JUISL. MAacCOBOTO IMPOM3BOJACTBA PAa3NUYHBIX JeTale, HEOOXOAUMBIX I ThICIUU

peakTUBHBIX aBUrarenei (puc. 1.13).

\

Pucynoxk 1.13 - /leranu aBUaimOHHOTO JIBUTATENIA, TOJIYy4YEHHBIE MPOMBIIUIEHHBIM METOA0M

C MIOMOIIBIO CCICKTUBHOI'O JIA3CPHOT'O CILNIABJICHUA

Kommnanus Airbus ucronn3oBaia TEXHOJIOTHIO CEIEKTHBHOIO JIa3CPHOTOINIaBJICHUA IJIA
YMCHBUICHHA MACChl HIAPHHUPHOTO KPCIUVICHHUA, IIPUMCHUB B €I'0 KOHCTPYKIMU JICTKOBCCHLBIC

Y MIPOYHbIE perméTyaThie KOHCTpYKIUH (puc. 1.14).



Pucynox 1.14 - [IlapuupHO€E KperieHue 10 U MOcje ONTUMU3AIUN KOHCTPYKIIMUIIO N

AU TUBHOC ITPOU3BOACTBO

B Tabn. 1.4 nokazaHo mpeuMyIlECTBa BHEAPEHUS aJJIUTUBHBIX TEXHOJOTUN Ha IpHUMeEpe

IPOU3BOICTBa KpoHIITeHHOB Kommanuei Airbus Defence and Space.

Tabnuna 1.4 - [IpeumyniecTBa aiTUTUBHBIX TEXHOJIOTHIA

JKOHOMHSA IIpumeneHne aAIMTHBHBIX TEXHOJIOTHIA
TpynoeMkocTs paboT (TeXHOJOTHS MO3BOJIIET COKPATHTh BpeMsl M3TOTOBICHHS 3 Jetaneid g0 1
Pacxo/pl Ha [Mecsa, a BpeMsi COOPKU CO CMEKHBIMM KOMIIOHEHTaMU — Ha 5 JTHeH
[TPOU3BOJICTBO Bwmecto psiga TpaJWLMOHHBIX omepanuil 0OpabOTKH MOYKHO CO3/7aBaTh
NETaJIb B OJHOM TEXHOJIOTMYECKOM JEHCTBUH
Bec nanevatannoii geranu Ha 300 r nerde TpaauIMOHHON KOHCTPYKIIMHU, YTO
maeT moutu 1 Kr 5KOHOMUU IS LIeJIOT0 CITyTHUKA
M3nepxku npu HaneuaTanHble W3 TOpOIIKa THTaHA AETald C OOJNbIIEH BEPOSTHOCTHIO
PKCILTyaTaluu COXPAaHSIIOT HaXosIeecs: Ha CIIyTHUKE 000py1I0BaHUE OT BO3MOKHBIX COOEB

SLM-Meron mmpoko TpHMEHsSETCS B JABHrarenectpoeHnn uHxeHepamu NASA. Ilpu

noMonn SLM ycTaHOBKM ObUT MPOM3BEAEH M YCIEIIHO MHPOTECTHUPOBAH HMHXKEKTOP

neuratens ang paketsl RL-10. HcnbiTanue wunxkektopa paketHoro asurarens (PJI)

xomnanuu Aerojet Rocketdyne cosmectHo ¢ Hayuno-uccienosarenbckum neatpom NASA

uM. ['menna (KnuBneHm) mpoieMOHCTPUPOBANIO BHYIIMTEIBHBIE PE3YbTaThl B 00JIACTH

aJTUTUBHBIX TeXHOJIOTUH (Tabdi. 1.5).




Ta6muma 1.5 - CpaBHeHHE METOAMK W3TOTOBJICHUS ICTAIH

TpagunuoHHEIE CIIOCOOBI
ITapameTpbl 3-D neuats meTonom SLM p
00padoTKN
3 Henenu (u3 HUX 40 yacoB Ha
Cpok caum ieTain 6 MecsIIeB
HM3rOTOBJICHUE)
KomnyecTBO KOMIIOHEHTOB
1 gactn 4 gacTtu
meTanu
KomnuecTBO ciasstHHBIX
o 0 cnaex 5 cnaek
(CBapHBIX) COEMHEHUI
CTOUMOCTD JeTalu 5 TeIC. mOLI. 10 TBIC. MOMII.

Poccwmiickass kommnanusi OAO «HUAT HTK» mpoBena pabOThl MO 3aMEHE CBapHBIX
TOIUTUBHBIX (OPCYHOK aBHALIMOHHOTO JBUTATENsl Ha «BBIPAILIEHHBIE» M3 HHUKEJIEBOTO
crutaBa CL 100NB (puc. 1.15). B pe3yibTaTe 3HaUYNTEIHHO CHIDKEH MPOICHT Opaka, Macca

u3zenusi ymenbuieHa Ha 17%.

Pucynok 1.15 - CapHast U «BbIpallleHHas» TOIUIMBHASA (POPCYHKa

J7i peMOHTa I0pOTrOCTOSIIIMX U3/, Harpumep, pabouux opranoB TypOuH ['T/l, BanoB
(puc. 1.16) u T.4., a TakXke JUIsl HAHECCHMS 3alUTHBIX U U3HOCOCTOMKHUX TOKPBHITHH,
WCTIONB3YIOT Takue anmuTuBHbIe TexHomornu, kak DMD wu LENS. HcnomszoBanue
cTepeosuTorpaguu NO3BOJIWIO Ha CTaauu pa3paboTku y3i10B ['JIT yMEeHbIINTE CTOUMOCTD
AKCIIEPUMEHTOB, COKpPaTUTh 0OlIee BpeMs MPOEKTUPOBAHMSI, MOBBICUTH TOYHOCTh

PaCHCTHBIX I/ICCJ'IGI[OBaHI/II\(’I H PC3KO IMOHU3UTDH O6HIC€ KOJIMICCTBO 3aITyCKOB YCTaAHOBKH.



Pucynok 1.16 - BoccranoBienue getaneii aBHAIIMOHHOTO TBUTATEIS

Cnennanuctel BcepocCuiickoro Hay4HO-MCCIEA0BATENBCKOTO MHCTUTYTAa ABUALIMOHHBIX
marepuanoB (BMMAM) BmepBele B Poccuu W3roTOBUIM MO QIIUTHBHON TEXHOJOTHH
MPOTOTUIl MaJIOpa3MepHOro ra3oTypOuHHoro napurarenss (MITI) nms OGecnuiIoTHBIX
JeTaTeIbHBIX annapaTosB.

MI'T/] (puc. 1.17) ObI H3rOTOBIEH IOJHOCTHIO Ha 0a3e aJAJUTHBHOTO IPOU3BOJICTBA
BHUAM 1o HOBOM TE€XHOJOTWHU IMOCIOWHOTO JIA3€PHOTO CIUIABJICHUS C HCMHOJIb30BAaHHUEM
METAJJIONOPOIIKOBBIX ~ KOMIO3UIIMI ~ KApONPOYHOTO U aJIOMUHUEBOTO  CILUIABOB,
CO3[IJaHHBIMH CIIEHIMAIINCTAMU UHCTUTYTA. JTa TEXHOJOTHS MO3BOJISIET MOJYYUTh JETab B

30 pa3 OwicTpee, 4eM TPATUITMOHHBIMH CITIOCOOAMHM, TOJIIMHA CTEHKHKaMEPhl CTOPaHUS

3TOro aBurarens cocrtasuiaa 0,3 MM.

Pucynox 1.17 - Manopa3MepHbIii ra30TypOWHHBIN IBUTATETh

Jlumeiinoe npouzsoocmeo. JIiis TPpaJUIIMOHHOTO JIMTCHHOTO IMPOM3BOJCTBA aJUTHBHBIC
TEXHOJIOTUM JAl0T HOBBIE BO3MOXXHOCTH JUISi ONTHMM3AIMK 3aTpaT M TMOBBIIICHUS

3¢ (HEKTUBHOCTH TIPOU3BOJICTBA.



[Ipu ux KCHONB30BAHUU OTIAAET HEOOXOAMMOCTh B IOPOTOCTOAIIEH HHCTPYMEHTAIBHON
OCHACTKE, BBIJEP>KUBAIOIIEH JNECATKM U COTHHU ThICsd mMKIOB. Hampumep, npecc-popma
MOJKET OBITh BBIpAIlleHa BMECTE C KaHAJIaMH OXJIAXKICHUSI TPOU3BOJIBHON KOH(MUTYpaALIUH,
YTO HEBO3MOXHO CJIeNaTh MPU OOBIYHBIX METOAAaX MEXaHO0OpaOOTKuU. s M3roToBaeHus
npecc-popM ¢ METHBIMHU OXJIXJAIOIMMU CEpACYHUKAMHU, a TaKXKe C TaK Ha3bIBaeMOil
KOH(OPMHOM CUCTEMOM OXJIaXKIeHUS, KOHPUTYpallisd KOTOPOH COOTBETCTBYET T'€OMETPUU
dopMyeMoli neTaiv, UCTOIB3YIOT auuTuBHbIe Mamuael POM, Omtomec u Fabrisonic.
[Ipumenenue nuTeHBIX (OPM C PaBHOMEPHBIM WM PETYIUPYEMBIM OXJIAXJICHUEM
MO3BOJISIET COKPATUTH BpeMsl MpeObIBaHus OTIUBKHU B hopme 10 30%.
AemomobunecmpoeHnue.

Konuepn BMW usroraBnuBaet 3proHOMUYHbIE HHCTPYMEHTHI, I€TAU KOHIENTYaJIbHBIX,
AKCKJIIO3UBHBIX WM perpo-aBTroMoOmieii. B 2015 r. BMW ocHacTui roHOYHBIE
asromoOunu DTM BoastHBIM HacOCcOM ¢ pabO4YMM KOJIECOM, U3rOTOBIECHHBIM 3D-nieuarsio
(puc. 1.18). BricokoTouHas JeTajib U3 TFOMHHHAEBOTO CIUIaBa IMOABEPraeTcs OOJBIINM

HaNPsKCHUSAM U ITOKA3bIBACT BBICOKYTIO HAACKHOCTD..

Pucynok 1.18 - Jlerans Hacoca

Kommnanuu Stratasys u Kor Ecologic mameuatanmu na 3D-npunTepe pabounii THOpUIHBIN
aBToMOOWMIIB (prc. 1.19). ITpu aTom ObLTH UcTIONB30BaHkI puHTEpPBI Dimension 3D u Fortus

3D, mpousBoaumMbIie KOMIaHueH Stratasys.



Pucynoxk 1.19 - J/IByxmectHbIit aBToMoOmis Urbee Hybrid, coznannsrii npu

nomomu 3D-npunTepa

Jlns co3maHus IENbIX aBTOMOOMIICH amepukaHckas ¢upma Local Motors (puc.

1.20) ucnonb3yet TexHonoruto 3D-nedaTw.

Pucynok 1.20 - ABromo6mis Amepukanckoii ¢pupmer Local Motors

Obpa3zosanue.

JIns  TOBBIIEHWST ~ KayecTBa  3HAHWM  CTYACHTAMH,  YYPEXKICHUE  CPEIHETO
npodeccronansHOro oopazoBanus CapaToBCKHIl KOJIJIEIK MTPOMBIIIICHHBIX TEXHOJIOTHI 1
ABTOMOOMJILHOTO CEPBUCAa HM3TOTOBUJI HArJSAHBIE MOCOOWS COOPOUHBIX W3ICHUM st
muciuruinabl - «KOHCTpyupoBaHue JeTalied MalluH» U MPO(ECCHOHATBHOTO MOYJIS
«Pa3paboTka TEXHOJIOTMYECKMX IMPOLECCOB JIsi COOpPKM y3JI0B U U3JEIUN B

MEXaHOCOOPOYHOM ITpou3BoIcTBE» (prc. 1.21).
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Pucynox 1.21 — Harnsaaueie mocooust AIIOY CO «CKITTuAC»

Cdoepa ycnye.

AJIIUTUBHOE TMPOM3BOJICTBO — SKOHOMHUYECKH OIPaBJAaHHOE PEIICHUE Il U3TOTOBJICHUS
HEOOJIBIINX MapTUH FOBEJIUPHBIX yKpamieHu. [Ipu M3roToBlIeHHM MPOOHBIX MapTHH s
MApKETHHTOBBIX HMCCJIEAOBAHUM, BHICTABOK M MOKA30B, MPU BBICOKON CPOUYHOCTH 3aKa30B
WM K€ B CIydasX HEBO3MOXKHOCTH M3TOTOBJICHHS W3JICIUH TPAIUIIMOHHBIM CIIOCOOOM.
[TosiBienne HOBOM 1U(PPOBOI TEXHOJOTHH MPSAMOTO ATUTUBHOTO MPOU3BOACTBA U3ICTUN
W3 METaJNIOB, B TOM YHCJE JPAroIeHHBIX, OOCCIEUYMBAET HCKIIOUYHUTEIBHYIO CBOOOTY
auzaiina  (puc. 1.22). Hcmosnp3oBaHHE TEXHOJIOTHH  IO3BOJIIET  H3TOTABIMBATH

AKCKJIFO3UBHBIE U3/I€NUs PaHEE HETOCTYNHBIX (POPM U JU3ANHEPCKUX PELICHHM.

Pucynok 1.22 - FOBenvpHbI€ yKpallleHUs], HOJyYEHHbIE METOJAOM CEJIIEKTUBHOTO

nazepHoro miasnenus LaserCUSING



Hetinonossiii Asposenocunes (puc. 1.23), co3manublii EBponeiickuMaspoKOCMUYECKHM H
oboponnsiM koHIepHoM (European Aerospace and Defence Group (EADS)), oGimanaer
pPSAZIOM TPEUMYIIECTB IO CPAaBHEHHIO C 0oJiee TpPaJUuIIMOHHBIMHU BeEJIOCUIIEAAaMU: OH
HAIlOJIOBUHY JIErYe, HO €ro IMPOYHOCTh paBHA MPOYHOCTH cTaimu. Kpome Toro, Takoe

IMIPOU3BOACTBO BCIIOCHUIICAA ABJIACTCA Iropasao 0oJiee IKOJIOTHYECKHU YUCTBIM, UEM OOBIYHBIN

IIPOU3BOACTBEHHBIN MPOLIECC.

Pucynok 1.23 - Asposenocures (Airbike)

Komnanusa 3D Systems noOwiack ycrnexoB B obracmu nevamu nuwu, U UCCIea0Baja
BO3MOXKHOCTH HCIIOJIb30BaHUS MPUHTEPOB IS CO3JaHMS IIEJIOr0 Psjia pa3sIndHbIX
npoaykroB. Co3gannbiii umu ammapar Chefjet, cmocoben co3maBath MIOKOIaAHbBIC W3 IETHS
U KOH(ETHI.

[Tpow3BoauTEeIM CO37AIOT Y3KOCHECITMATM3NPOBAHHBIE WHCTPYMEHTHI ¢ Tomomeo 3D
IIPUHTEPOB: OT OOBIYHBIX T'ACUHBIX KIIOUCH, OTBEPTOK M MOJIOTKOB JO HWHCTPYMEHTOB,
KOTOpBIC MpeaHa3HAYCHBI JJIsi pabOThl B OUYEHb KOHKPETHBIX OOCTOSITENBCTBAX. Tak,
KOMTIaHUs «Stratasys» co3aia akKyMyJIITOPHBIC IPEITH, KOTOPBIC BKITFOYAIOT B CEOS ICITBIH
PAI Pa3IMYHBIX TOJIUMEPOB.

Meouyuna. B MeaumuHe  YacTo  HEOOXOJAMMO  M3TOTaBIWBATH  MPOJIYKIIMIO,
MEPCOHAIM3UPOBAHHYI0O C TOYKMA 3peHUss (GopMbl u (YHKIHHA, YTO OOYCIOBICHO
YHUKAJIbHOCTBIO KaXJOr0 MalueHTa. TeXHOJIOrHH aJUTUBHOTO MPOU3BOJICTBA CIIOCOOHBI
cleaTh MIPOU3BOJICTBO MIEPCOHATN3UPOBAHHOMN IPOAYKIIHH DKOHOMHYECKH

I_IeJ'IeCOO6pa3HI)IM IIp1 MUHUMAJIbHBIX U3MCHCHHUAX B I[HS&IZHG.



[IpumeHeHne B MEOUUMHE ANJUTUBHBIX TEXHOJOTHM MOJApa3JeisloT Ha CIEAYyHOLIue
KaTEropyu:

- OnoMoJieTMpoOBaHre, BKIIOYAIONIEe B Ce0s HW3TOTOBIICHHE (DU3UISCKUX
MOJIEJIE aHATOMHYECKOTO CTPOEHHUSI YEJIOBEYECKOTO Tella W, TOBOpsA LIKPE,
OMOJIOTUYECKUX CTPYKTYp JUISI XHPYPIHYECKOrO0 TECTUPOBAHUS U TUIAHUPOBAHUS
oneparuu;

- MIPOEKTUPOBAHUE U HU3TOTOBJIEHUE MNEPCOHATU3UPOBAHHBIX HMILJIAHTATOB
JUTSl PEKOHCTPYKTHUBHBIX OIEpaluii, peabuanuTaluy U MIacTUUeCKON XUPypruu;

- MIPOU3BOJICTBO UMIUJIAHTATOB C MOPUCTON CTPYKTYpOU (MaTpHI]) U TKaHEBas
WHKEHEPUs; WU3TOTOBJICHHE CIEIUATN3UPOBAHHBIX XHPYPTHUECKUX HHCTPYMEHTOB H
MIPUCIIOCOOJICHMI;

- JOCTaBKa JIGKAPCTBEHHBIX CPEJCTB W  M3TOTOBJICHUE MUKPOHHBIX
MEIULMHCKUX YCTPOUCTB.

C nomombto EBM-cuctembl Arcam Hajla)x€HO MAacCOBOE MPOU3BOJICTBO alleTa0yIISIPHBIX
KOJMAYKOB,  TNPUMEHSEMBIX TPU  MPOTE3UPOBAHWU  Ta300€IPEHHOr0  CYCTaBa.
Hcnonb3oBaHue aaJUTUBHBIX TEXHOJOTUM MO3BOJISET MPOU3BOJAWTH HUMILIAHTATHl C
MOPUCTON CTPYKTYpOM, oOJerdarolieil npopacrtaHue TkaHel. B pabortax mnpuBoasTcs
pe3yJbTaThl HAKCHEPUMEHTOB [0 W3TOTOBJIECHUIO OHOAKTUBHBIX U OMOCOBMECTUMBIX
UMILJIAHTATOB.

TexHOnoruM aJAJIUTUBHOTO MNPOU3BOJACTBA MPUMEHSIOTCS Il CEPUHMHOIrO MPOU3BOACTBA
CTOMATOJIOTUYECKUX U3JIeNUi. J{J11 CTOMATOJIOrMYECKUX U3IETTUN OYEHb XOPOIIO MOAXOAUT
nporiecc SLM, TOCKOIbKY HU3AENIHsI UMEIOT CII0KHYI0 TEOMETPHIO, TPEOYIOT 3HAUUTEIIHHOM
WHIMBUIYJTN3aIUU.

AIUTUBHBIE TEXHOJOTUHM HAXOJAT CBOE€ NPUMEHEHUE Takke B cdepe CIyXOBOTO
MPOTE3UPOBAHUS: JBa BEAYIIUX IMPOU3BOJUTEINS CIYXOBBIX MHCTPYMEHTOB, Siemens H
Phonak, npuMeHsI0T CHCTEMBI aIMTUBHOTO TIPOU3BOJICTBA JJIsSI CEPUITHOTO MPOU3BOJICTBA
WH/VMBHUIYaJIM3UPOBAHHBIX CIIYXOBBIX allllapaToB. B HACTOSIIIMI MOMEHT JIJ1s1 U3TOTOBJICHHUS

CIIyXOBBIX anmnapaToB HUCIIOIb3YIOTCS mpouecchl SLS.



1.11. Jlopo:xkHasi kKapTa pa3BUTHSA AJAUTHUBHBIX TEXHOJIOT Ui

[TpuopureTHbIe HaNPaBICHUS Pa3BUTHUS aJITUTUBHBIX TEXHOJIOTUM:

B obaacmu moodenuposanus npoyecca u e2o KOHMpOJis.

— pa3zpaboTKka MHOrOMAacIITaOHOM CHCTEMBl MOJIEIMPOBAHUS «IIPOLIECC—
CTPYKTypa — CBOWCTBa», MHTerpupoBaHHoi ¢ uacrpymentamu CAD/CAE/CAM,;

— CO3JaHMe CHUCTEM C OOpaTHOM CBSI3bl0, AJANTUBHOIO YIPABIEHUS C
BO3MOYKHOCTSIMU YNPEXKIAECHUS U OTKJIMKA JJI MPOLIECCOB aJIUTUBHOIO MMPOU3BOICTBA.
AJTOPUTMBI CUCTEMBI YIpaBICHUS JOJKHBI 0a3upoBaThCsl HA MPOTHO3ZUPYIOMIMX
MOJIEJIIX PEAKLUU CUCTEMBI U BapHUALIUH IIPOLIECCOB;

— CO3/IaHHE€ HOBBIX CEHCOPOB JJIsl AMArHOCTUKH MPOIIECCOB B KAMEPE CUHTE3a
U pa3paboTka (COBEPIICHCTBOBAHUE) HOBBIX METOJOB 00pabOTKM MH(pOpMALMH MpU
JUArHOCTHUKE.

B obnacmu ycmanosox u npespawjenus 8 mamepuanax:

— pa3BUTHE MOHUMAaHUSA (PUBHKU MPOLECCOB AJAUTHUBHBIX TEXHOJOTHH IS
0XBaTa BCEU COBOKYITHOCTH SIBJICHUU;

— CO37aHMe MacIITAOMPYEMbIX CKOPOCTHBIX METOJOB JMHEHHBIX M YTJIOBBIX
nepeMeleHnii B mporeccax o00pabOTKM MaTepualioB C  LEJIbI0  yBEJIMYEHUS
MPOU3BOAUTENILHOCTH M pabounx 00bEMOB MalllMH aAAUTUBHOTO MPOU3BO/ICTBA;

— HCITOJIb30BAaHUE YHUKAJIBHBIX BO3MOKHOCTEN aJIUTUBHBIX TEXHOJIOIMH JJIs
CO3JaHMUSl AIUTAKCHAIBHBIX METAJUIMUYECKUX CTPYKTYp, YHHUKAJIbHBIX CTPYKTYD,
BO3MOYKHOCTH BPE3KH TOTOBBIX (HAIIpUMEP, TaTUYUKHU, CEHCOPbI) KOMIIOHEHTOB BO BpeMs
IIpoliecca U3rOTOBJICHUS U3ENHNS;

— pa3BUTHE WHCTPYMEHTApHUs HJsi M3TOTOBJICHUS METOAaMHU aJAUTHUBHBIX
TEXHOJIOTHI CTPYKTYp Ha YPOBHE «aTOM 3a aTOMOM» U KOHCTPYUPOBAHHUS aJAUTHBHBIX
HaHO(aOpUKATOPOB;

— onpeneneHne («3eJeHbIX», TO €CTh IKOJIOTMYHBIX) MaTE€pUaJIOB, BKIIIOYAs

MHOTOPa30BbIE, PUTOIHBIE IJIs1 IEPEPaOOTKH U OUOJETpaTUPyEMbIE MaTePUATIbI.



KOHTPOJIBHBIE BOITPOCBI

UYrto 03Ha4aeT TepMHUH bBICTpOE MPOTOTUITMPOBAHKE?

UYrto 03Ha4aeT TepMUH AJAUTUBHOE ITPOU3BOJICTBO?

UYro o3navaet repmuH lIpororun?

[lepeuncinTe aCEKThI, XapaKTEPU3YIOIUE MPOTOTHII.

M3 KakuX M1aroB COCTOSAT MPOLECCHI OBICTPOro NPOTOTUITUPOBAHNUSA?
ITo kakuM MeTOoJaM NOAPa3AEsAOT aJIUTUBHBIE TEXHOJIOTUH?

N3 xakux nepexooB cocTouT padouuit ki SLA-niporecca?

N3 kakux nepexoaoB coctout padounit uka LOM -niporecca?

© o N o O A~ WD e

N3 xakux nepexo 0B cocTouT padbouuit ki SLS -npouecca?

[EEN
©

N3 xakux nepexonoB coctout padbounii uks FDM -npouecca?

|
=

Onuiute 06001IEHHBIN MTPOIIECC aAAUTUBHOIO MPOU3BOJICTBRA.

12. Ilepeunmcnure OCHOBHBIE TPYIIIBI BApPUAHTOB TPUMEHEHHS OBICTPOTO
MPOTOTUITUPOBAHUS.

13. Ilepeunmcrnure YpOBHM NPUMEHSIEMOCTH OOOPYIOBaHUS ISl OBICTPOTO
MPOTOTUITHPOBAHUS.

14. Tlepeuncnute HhaKTOPHI OT KOTOPHIX 3aBUCUT TOYHOCTH MPOTOTHUIIA (CTETICHB
cootBercTBust CAD-mMoenn).

15. Ilo kakuMm KpUTEPHUSM TPOM3BOJAT CpPaBHEHHE IIPOIIECCOB OBICTPOTO

OPOTOTUNUPOBAHUSA?



TEMA 2. TEXHOJIOTHA 3D IEYATHA METOJ0M INOCJIOMHOI'O
HAIITABJIEHU A

2.1. Ilopauya miacTuka B IKCTpyAep. PacmiiaBienne miacTuka B 3KCTpyaepe
DKCTpyAep — 3TO MalllMHa, KOTOPasi MPEBPALIAET ChIPhE B BUJIE MEJIKUX YACTHUIL B
pacruiaB onpenenéHHon popmbl. B kauecTBe TakuUX 4acTHUIl MOTYT HUCTIOIb30BATHCA

IpaHyJibl, HOPOIIOK, pa3HOOOpAa3HbIE ACTHI U JIOM.

[Ipouecc HKCTpy3uWM 3aKIIOYAETCSl B MPOXOXKICHHHM ChIPbs 4Yepe3 CHelHabHbIN
dbopMyroIIUiA MHCTPYMEHT (IKCTPY3HMOHHYIO TOJIOBKY, (QuibepHyI0 Imiactuny). dopmy
rOTOBOTO MPOJYKTa 3a1aé€T KanuOpyrollee YyCTPOMCTBO ¢ onpenenéHHbIM cedyeHueM. OHa
OyZeT 3aBUCETh OT BUJIa OTBEPCTHUs B (hopMytoleM ycTpoiicTBe. Eciu 3To mienb, Ha BEIXOE
HOJIYYUTCSI IMCTOBOM MaTepual, eclid KOJbIo, TO U3Jenue OyAeT UMEeTh POopMyTpyOBI.
OcHoBHass ¢yHKuus Hkcrpyaepa 3D mnpurHTepa - oOecrieueHHE PaBHOMEPHOTO
BBIIABJIMBAHUS PACIUIABIIEHHOTO TUTacTUKa aJisi hopmupoBanus cioeB 3D monenu.
Paznenum sxcTpynep Ha aBa y3ina: xonoaHbii y3ein (coldend, konmdun) (puc. 2.1) u ropsanii

y3en (hotend, XoT3H1, XOTEH).

Pucynok 2.1 - XonoaHslit y3en sKCTpyaepa

XOJIOMHBIN y3eJI OTHOCHUTCSA K BepXHeH dacTh 3kcTtpynepa 3D-npuHTEepa, B KOTOPYIO
NOJIAeTCSl HUTh, a 3aTE€M IMPOXOJHUT B XOTCHJ (TOPSYMA y3ei), Jajiee HUTh IUIaBUTHCSA H
IKCTpyaupyeTcs Ha matdopmy 3D npunTepa.

Dkcrpynepa 3D-npuHTEPOB B CBOIO OYepe/Ib Moapa3eiisitoTes Ha aBa tuna Jupekr (direct,

npsiMoii mpuBo) win boynen (Bowden), ot 3Toro 3aBUCHT KOHCTPYKITHSI



xonoaHoro y3na (puc. 2.2). Ilpumep mupext sxcrpynepa E3D Titan Aero u3zobpaxen Ha
puc. 2.1.

XO0JO0AHBINA y3€Jl COCTOUT U3 JABUTATENS HKCTPyAepa NPUBOASIINI B ABMKEHHUE 3y0UaTyIO
nepenayy, KOTopble OOBIYHO YCTaHABIMBAIOTCS MO0 HA pame MpUHTEpa, TMOOHA caMOu
neyaTaromieil roioBKe, B 3aBUCMMOCTH OT THIA 3KCTPYAEpa U TpyOKU U3 TedioHa, KoTopas
00s13aTeNbHO HY)XKHA JIO0OMY DJKCTpyjaepy Tuma boyaeH naias TOYHOTO HaIpaBiICHUS

IUIACTUKOBOM HUTH U MUHUMAJILHOI'O OTKJIOHCHHUS B IIponecce 3D neyaTuu OTKaTa HUTH.

—
Nan.,wmﬁ
ABVOKEHNR

Beayuias
wecteprn

XoTsva

Cucrema |
IKCTPY3W |
Drect

|

Pucynok 2.2 - CpaBHeHUE 3KCTPYIEPOB U MPUHIIUT paOOTHI

Cucrema crpysum Bowden

Jlupexm skcmpydepvr O 3D npunmepos OTIMYAETCS pPa3MELIEHUEM JBUTATEIIS
HEMOCPEJICTBEHHO HaJ XOTAHIOM (puc. 2.3). Takoe pacnoyio)KeHHe CBOJAUT K MUHUMYMY
paccTosiHMe OT 3yOdaToi mepenayd A0 XOTIHJAA U obecreyuBaeT OoJiee HalexkHyro 3D-

reuars Tuokux HuTer Tnna TPU, TPE, SEBS, Flex u 1.1.

Pucynok 2.3 - Tupekr sxkctpyaep Prusa i3 Mk3

Hanuure nupekt sKkCTpyaepa He 00513aTelIbHO 03HAYAET, YTO OH MOYKET OTJIMYHO TIeYaTaTh
ruOkuMu  HUTAMU. [{ns  ycmemHodl miedatn THOKMMH MaTepHaliaMH  HEO0OXOJAMMO

KOHTPOJUPOBATH MOJOKEHUE 3AKUMA U YCTPOMUCTBO 3yOUaTol nepenayu.



Eme ogHo mpeuMyIiecTBO MCIOJB30BaHUS AUPEKT JIKCTpyJepa 3akitodaercs B Ooliee
TOYHOM YTPAaBICHWN BTATUBAHWEM. biaromapsi pacroyioXeHWI0 HEMOCPEICTBEHHO HaJl
XOTIHJIOM, MEHBIIE PACCTOSHHE MEXAY 3aKUMOM U IUIACTUKOBOW HHTbHIO, TPOXOSIEH
yepes TerioBoit bapbep. CieoBaTenbHO, Yy HUTH MEHbIIIE MecTa JiJis u3ruda u aedopmaiuu
IO/ BO3JEHUCTBUEM J1aBIICHUS.
JupexT skcTpyaeps! mist 3D-npuHTepa nenaroT nevyaTaroniyo rojioBKy 0oJiee TPOMO3IKOM,
KaK CJICJICTBHE BBIIIIC HHEPIIMOHHOCTD, YTO TPeOyeT OoJiee HaIeKHOMKOHCTPYKITUU PEIIbC,
ecm TpeOyeTCs MOMYyUnTh XOPOoIliee Ka4eCTBO IedaTH. Tak ke dTOOTpakaeTcsl Ha CKOPOCTH
3D npunTEpa, TUPEKT IKCTPYJEPHI M0 CPaBHEHUIO ¢ OOYAEH MedararT Ha 0ojee HU3KHUX
ckopocTsax. Bo3amoxHbie 1eeKThI — 3TO psiOb HAa MOBEPXHOCTH OTIEYATKA.
boyoen skempyoepuol ons 3D npunmepa niperycMaTpuBaeT COOPKY JIBHUTaTelsa U 3y04aTou
nepenadn Ha pame nmpuHTepa. OCHOBHOE MPEUMYIIIECTBO O0YICH IKCTPYAEPa-3TO CKOPOCTH,
T.K. TIeYaTaronias roJoBKa MMeeT MEHbIIIUN Bec.
Henocratkom 00yaeH SKCTPYAEPOB, SBISICTCS TO, YTO B MPOIIECCE IEPEMEIICHUSIHUTH 110
Te(ITOHOBOW TPYyOKe, COSTUHSIONICH MEXaHU3M TI0/Ia4u W XOTIHJ], OHA MOXKET
OTKJIOHATHCS M Ye€M JUIMHBIIE TPYOKa, TeM OOJIbIIIEe MOKET OBITh OTKIIOHEHUE, OCOOCHHO
ATO TPOSBISCTCS MPU BTATHBAHUM HUTH M paboTe ¢ TMOKMMH TuTacTUKamMu. Pa3mep
BTATUBAHUS U TapameTpbl 3D meuaty 15 THOKUX HUTEH MOAOUPAIOTCS OTIBITHBIM ITyTEM.
Emte ogHa mpo6iiemMa, KOTOPYIO HEOOXOIMMO PEIIUTh MTPU HACTPOHKe 00y IeH
AKCTPYIAEPOB — 3TO TpeHHE. [I0CKOIBbKY HUTh HEOOXO0UMO TPOTATKUBATH HA HEKOTOPOE
paccTostHUE BHYTPHU TPYOKHU, BaXKHO, UTOOBI JBUTATEIb U 3yOUaThie Mepe/lauy 1aBalid Ha
HUTH JIOCTATOYHBIN KPYTSIIUA MOMEHT M HAJICKHO MPUKUMAJ TIIACTUKOBYIO HUTb.
B GoNBIIMHCTBE HACTOIBHBIX JebTa 3D-MIPUHTEPOB UCIIOIB3YIOTCS 00YICH SKCTPYACPHI.
Xomenowvt (xomdsnowr) ons 3D npunmepa cmanoapmusie. XOTEHJ - 3TO Y3€1 KOTOPBIM
HEMOCPEICTBEHHO HArPEBAET IIACTHKOBYIO HUTh, U€PE3 KOTOPBIA PACTUIABIICHHBIHN TUTACTHK

BbIIaBIuBaeTcs Ha ctoi 3D npunTepa (puc. 2.4).
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Pucynok 2.4 - Xomua E3D V6

Tepmobapbep, KOTOPHIH BBUHYMBACTCS B PAJHATOP, YACTO MPEACTABIAET COO0H TpyOKy 13
Hep>KaBeIoIeH cTainy (WK APYyroro MeTajia C HU3KOU TeTIONPOBOIHOCTHIO, HAIIPUMED, U3
THUTaHA) ¢ Pe3b0OA.

BepxHsis 4acTh, KOTOpass aKTHBHO OXJIAKIACTCA paguaToOpoM U CIICIHAIbHBIM
BEHTUJISITOPOM (WJIM CHCTEMOW BOJSIHOTO OXJIAXICHHS, B HEKOTOPHIX IKCTPABaraHTHBIX
ClIy4asix), TpeJoTBpallaeT HAarpeB W OCla0JieHWe HUTH JO TOro, Kak OHa Oyzer
AKCTPYAUPOBAHA.

HwxHss dYacTh COCTOMT W3 HarpeBaTelbHOTO OJI0Ka, KapTpukKa, TEPMHCTOPa,

TEMIIEPaTypPHOTO PeJie U COTUIa, N3TOTOBJICHHOTO U3 JIaTyHH (puc. 2.5).

Pucynox 2.5 — HarpeBatenbHblii 0JI0K, COTUIO B TepMOOaphep XOTeHAA

bnox HarpeBarensi, 0ObIYHO M3TOTOBJICHHBIM U3 aJIIOMMHHUS, HarpeBaeT €ro KapTpUIK.
BuyTpu Oyioka HarpeBarensi HaXOAMUTCS TEPMHUCTOP — HEOOIBIION NATYMK, KOTOPBIU
NepeaaeT 3HaueHHe TeMIepaTypbl HA MaTEPUHCKYIO MiaTy 3D-npuHTepa, yTo MO3BOJIAET

MIOJIJICP>KUBATh €€ B 3aJIAHHOM JUara3oHe.



2.2. Ilocnoiinoe HaHeceHHe PACIIABJIEHHOIO MIacTuKa. /loctouHcTBa M
HeI0CTATKH MPUMEHsIeMOi TeXHOJI0THH
FDM (Fused Deposition Modeling) — meTox moc0iHOT0 HaIIaBJICHUS C UCTIOIB30BAHUEM
MIaCTUKOBOM HUTH. [IpuHIMI paboThl OCHOBaH Ha W3TOTOBICHHH OOBEKTa ITyTEM
HOCJIOWHOTO HAHECEHUs MPEJBAPUTEIBHO PACIIABICHHOIO TPaHyJIMPOBAHHOIO IJIACTHKA
WM pacIUIaBICHHOH IIaCTUKOBOM HUTH. [Ipyroe Ha3zBaHuesToi Texuonorun — FFF (Fused

Filament Fabrication) (puc. 2.6).

3KCTpyAEP.

Karyuwka
€ MaTepuanom
NOAABPXKU

MNoaAepxka
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Katywka
€ MOAEABHBIM
MarepuanoM
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MOCTPOEHUS

Pucynok 2.6 - Cxema 3D-nipunTepa, ucnomassytouiero FDM-texnonoruto

Lpunyun oevicmsuss FDM -mexnonozuu

1. Tpexmepnas monens cozpaércs B CAD—cucteMe u 3KCOPTUPYETCST Kak
MMOBEPXHOCTHAS AJIEKTPOHHAS MojieNb B popmare STL-daiina.

2. [ToBepxHOCTHAs 3IEKTPOHHASI MOJIETb PACCEKAETCS B IPOTPAMMHOM
obecneuenuu Ay 3D-npuHTEepa HAa rOPU30HTANBHEIE CIIOH, KOTOPBIE 3aTEM
OTTIPABIISIOTCS HA MeYaTh.

3. TepmonnacTUUHBIA MOAETUPYIOLINI MaTepual B GOpMe TOHKOM HUTH,
auameTpoM 1,75 MM, o1aéTcs B 9KCTPY3UOHHYIO (BBIAABIMBAIOIIYIO) TOJIOBKY C
CUCTEMOM peryJIMpOBKU TEMIIEPaTyphl, IJI€ OH Pa30rpeBaeTCs A0 MOIYKUIKOTO

COCTOAHUA.



4, BriaBnuBaroias rojioBka HAHOCUT MaTepuail O4eHb TOHKUMU CIIOSIMH Ha
HEIOABMYKHOE OCHOBaHUE, GOPMHUPYS 33 OJMH MPOXO 3aKOHYCHHBIN CIION H3ICIHS.
[Tocnemyrolue ciou HAHOCSATCS HA MIPEAbIAYIINE, OTBEPICBAIOT U TAKUM 00pa3oM
COCIIMHSIOTCS APYT C IPYTOM.

5. 3aKTIOYUTENbHBIN 3TAl — yIaJCHUE MOJACPKUBAIOIINX CTPYKTYP.

B kauectBe pacxomHoro marepuana npu FDM-texHoiioruum uCHoOnb3yrOT pa3idyHbIE
IUTACTHKH, €CTh U Mojaenu 3D-npuHTEpOB, MO3BOIAIONHME PabOTaTh C OJIOBOM, CIUIABaMHU
METAJJIOB C HEBBICOKOU TEMITepaTypOH TUIABIICHUS U TIIOKOJIATIOM.

Jlocmouncmea FDM-mexnonocuu:

— BO3MOXHOCTh CO3/IaHUS CJIOKHBIX JIeTajeil MallbIX U OOJBIINX rabapuToB;

— IIAPOKUIA BBIOOP TEPMOIIACTUKOB WM KOMIIO3UTOB, Oyaromapss 4emy
MOXHO 0€3 Tpy/1a Mmo00paTh HEOOXOAUMBIH IO CBOMCTBAM MaTepHal, a TakKe BeIOpaTh
IPEANOYTUTENbHBIN I[BET TOTOBOTO U3JIEIHS;

— BO3MOYKHOCTb MPOBEICHUS JOMOIHUTEIBHON 00pabOTKH MOJIENEH;

— HU3Kask Ce0ECTOMMOCTh MaTEPHUAJIOB U, KaK CJICJICTBHE, KOHEYHOTO U3/ICITHS;

— JIOCTYITHAS IeHA PACXOAHBIX MAaTEPHUAJIOB.

Heoocmamxu FDM-mexnonoeuu:

— HEBBICOKAsi CKOPOCTh PabOTHI;

— HeOoubIasl pa3pemaronias CnocOOHOCTh Kak MO TOPU30HTANHU, TaK U TI0
BEPTUKAJI, YTO MPHUBOAWT K OOJiee MM MEHEE 3aMETHOW CIIOMCTOCTH TMOBEPXHOCTH
U3TOTOBJICHHOM MOJICIIH;

— npo0Oiemsl ¢ pukcanuen Moaenu Ha padbodeM cToje (TIEpBBINA CII0i A0HKeH
MPWIAITHYTh K TIOBEPXHOCTHU TIATGOPMBI, HO TaK, YTOOBI TOTOBYIO MOJIETh MOKHO OBLITO
CHSATD);

— JUTSI HaBHCAIONIUX DJEMEHTOB TpPeOyeTCs CO3JaHHe IOICPKUBAFOIINX
CTPYKTYp, KOTOPBIC BIOCIEACTBUU MPUXOAUTCS YIAlsATh, HO JaXe C YYETOM ITOTO
HEKOTOPbIE MOEJIU MOTPOCTY HEBO3MOXKHO cienath Ha FDM-npunTepe 3a oguH nuki, u
MPUXOJUTCS pa30MBaTh MX Ha JETANIHM C TMOCICIYIONUM COCIMHCHHEM CKJICHKON WIIN

JIPYTHUM CITOCOOOM.



2.3. IleyaTh mpocTedIINX MPOTOTUNOB U (PYHKIIHOHAIBbHBIX U3/1eUI U3
IUIACTHKA

N3roToBienre MpoTOTUIIOB MPEACTABIISIET COOOM BaXHBIM ATAll Ha MYyTH CO3JaHUSHOBOIO
m3nenuss. OHO MO3BOJISIET M3TOTOBUTH ONBITHBIA OOpa3el MpoAyKTa JUisl OLEHKH €ro
TEXHUYECKUX XAPAKTEPUCTUK U MOTPEOUTENbCKUX KauecTB. COBpEeMEHHbIE TEXHOJOTUU
MPOTOTUIIMPOBAHUS TO3BOJSIOT OBICTPO M JELIEBO MPOU3BOAMWTH IUTYYHBIE H3AEIIHUA,
BHOCUTbH KOPPEKTUPOBKHU B MPOEKT U YCKOPATH €r0 FTOTOBHOCTh K CEPUHHOMY BBIITyCKY. C
NOMOIIBI0 MPOTOTHUNA MOXKHO IPOAHAIM3UPOBATh APrOHOMUYHOCTH, TAKTHIIbHBIE
OILLYIICHMS, YI0OCTBO NPUMEHEHHs, BU3yalbHOE BOCIPUATHE, IU3ANH, NMPOYHOCTH U
MHOTHE Jpyrue napamerpbl Oyayieil npoaykuuu. Kpome Toro, TexHuueckue oOpasLibl
HE3aMEHUMBI [IPU ITPOBEJICHUH BBICTABOK U MTPE3EHTALIUN.

N3rorosiieHre NPOTOTUIIOB METOAOM IOCJIOMHOIO HAIUIABJIECHUS C HMCIOJb30BAHUEM

IUIACTUKOBOM HUTH IMPOXOOUT B HCCKOJIBKO 3TAIIOB:

1. MopenupoBaHue U3Iens Ha KOMIIBIOTEPE.

2. ITonroroBka MOAEIIN K I€YATH.

3. N3roToBICHHE ONIBITHOTO 00pasIia.

4, [TocTo6paboTka uzaenusi.

5. TecTupoBaHHE MOTYYEHHON MOJIETH Ha COOTBETCTBHE Pa3IMYHBIM
TpeOOBaHUSIM.

6. Jlopa®oTka u3aenus Ipu HEOOXOTMMOCTH.

MoaenvupoBaHue U3IEINs HA KOMITBIOTEPE BKIFOUAET B CEOS MPOSKTUPOBAHUE U3CIHS TI0
acku3aM, (ortorpadusM, ueprekam, TOTOBBIM MojaeasMm (puc. 2.7) B cHCTeMax
ABTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS U COXPAHEHHE MOJENH B (popmaTax

.m3d u .stl (puc. 2.8).

TUTAH TTAP®EHOHA. PA3MEPBI M TTPOTTOPLIVIN
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Pucynok 2.7 — VicxoaHble TaHHBIC JIJ11 MOJACTUPOBAHUS U3ICIIHS

PHCYHOK 2.8 — thHeﬂb n3aCiIngd B CUCTCMC ABTOMATH3HWPOBAHHOI'O IIPOCKTHUPOBAHUA

dopmat .m3d HeoOXoaMM /IS TOCeayoIIel 10padoTKu nmporotuma. dopmar. Stl
YHHBEPCAIbHBIA, KOTOPBIA COACPXKHUT BCIO HH(POPMAIMIO O IMOBEPXHOCTH OOBEKTa B
CTPYKTYPY KOTOPOTO BXOMAT: MOJMIOHBI ((paceTsl) u ux HOpManu. IlepBble HY>KHBI IS
3aJaHis TOBEPXHOCTH, a BTOPBIC I yKa3aHUS TIJI€ HAXOMMWTCSA BHEIIHSS CTOPOHA
nojurona. Mudopmarusa o ¢aiine STL ommchbiBaeT TOJBKO I'€OMETPHIO MOJEIH, HET
cenuUKanuii 0 TEKCType, BETE M MaTepHajie Ballei MOICIIH.

[ToaroToBka MoeNM K TeYaTH BKIOYAET B ce0s CO3aHME YIPABIAIONICH MPOrpaMMBbI, B
KOTOPOW BBIOMpaeM MaTepuan OyayIIero MPOTOTHIA, yKa3blBaeM AHAMETP IMPYyTKa
IUTACTHKA, OTMEYAcM HaJHUYUE MOMACPKCK M OXJIaKICHHS, YTOUYHSIEM

«BbICOTY cHOS», peryiaupyeM IUIOTHOCTh 3alOJIHEHUST U YKa3blBa€M THUI 3alOJHEHUS

MOJHOTEINBIX Mojeneit (puc. 2.9).
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D Cnaitcunr ¢ Slic3r
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Pucynok 2.9 - TlonroroBka Mojieiu K reyaTu

N3roToBienre onpITHOrO 00pasiia BKIIOYAET B ce0s mevyaTh npoTotumna Ha 3D- nmpuHTepe B

COOTBETCTBHH C CO3JaHHOM yIpaBJsitoliei mporpamMmmoii (puc. 2.10).



Pucynox 2.10 — OneITHBIN 00pasen MakeTa rpedeckoro xpama [lapdenon

[TocToOpaboTka wu3menusi, W3roToBieHHOro 1Mo FDM-TexHONOTMHU, BKIIOYaeT B ceOs
yJaJICHHUE MOICPKUBAOIIETO MaTepraa; yiay4dllleHUe TEKCTYPbl MaTEpHUAIIA; MTOBBILICHUE
TOYHOCTH; YIYUIICHUE ICTETUYECKOT0 BOCIIPUATHUS, PU HEOOXOAUMOCTH, COOpKa MOJICIIH.
TectupoBaHne MOJENA  NOJYYEHHOM  METOJAOM  IOCIOMHOTO  HAIUIABIICHUS  C
WCIIOJIb30BaHUEM IUIACTUKOBOM HHUTH Ha COOTBETCTBHE Pa3JIUYHBIM TpeOOBaHUSM K
W3/ICJIUIO JIOJKHBI YUUTHIBATh BHEITHUN BUJ, TEOMETPUUYECKHUE Pa3Mepbl, XUMHUUECKUNA U
¢da30BBIi  COCTaBBl, MEXaHWYECKHE CBOWCTBA; TMpeaesl TEKy4eCTH WJIH BpPEMEHHOE
COINPOTHUBIICHUE U OTHOCUTENBHOE YJJIMHEHUE, TIOPUCTOCTD.

JlopaboTka n3aenus nmpu oOHAPYKEHUH HEJIOCTATKOB B KOHCTPYKIIMH HA PAaHHUX CTaUAX
MPOEKTUPOBAHUS u MIPOU3BOJCTBA IMOMOKET n30eXKaTh JOPOTOCTOSIIETO

INCPCIIPOCKTUPOBAHUSA U UCITOJIb30BAHUA AOIMMOJHUTCIIBHBIX HHCTPYMCHTOB.



KOHTPOJIBHBIE BOITPOCBI

© o N o O A~ WD e
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Uro Takoe skcTpyaep?

B uém 3akmrouaercsa npouecc 3KCTpy3un?

KaxoBa ocHoBHast pyHKIHS 2KCTpyAepa 3D mpunTepa?

OnunmTe KOHCTPYKIHUIO XOJIOJAHOIO y3J1a 3KCTpyAepa.

OnuiurTe KOHCTPYKIUIO TOPSIYETO y3ia IKCTPYyAepa.

OnummuTe NPUHIKUIT padOThI TOPSYETO y37a IKCTpyAepa.

Jatite onpenenenne FDM-TexHonoruu.

Onumwrre npuHoun aercteuss FDM —texHonoruu.

Kaxoii pacxonblil Matepuan ucnois3ytoT npu FDM-texHonorun?

HGpG‘II/ICHI/ITe 9Tallbl U3TrOTOBJICHHA IIPOTOTHUIIOB MCTOJOM MOCJIONHOTO

HaIUIaBJICHUS C UCITOJIb30BAHUEM IIACTUKOBOM HUTH.

11.
12.
13.
14.

Jlist gero HeoOxoauM Gopmat daitna *.m3d?
Jlnst uero HeoOxoaum dopmar daiina *.stl?
Uro BKITIOUAET B ce0s1 MOArOTOBKA MOJieNH K reuaty mpu FDM-texnonorun?

UYro BrirOYaeT B ceOst mocToOpaboTKa U3eusi, U3roToBlIeHHOro mo FDM-

TEXHOJIOTUN?



TEMA 3. TEXHOJIOI'US 3D ITIEYATHU METOI0OM
CTEPEOJIMTOI'PA®UN

3.1. TexHoaornueckoe npumeHenne SLA

SLA (Stereolithography Apparatus) - TeXHOJOIHS JIa3epHOM CTepeOaUTOrpadum,
OCHOBaHHasi Ha TIOCJTOWHOM OTBEp)KICHHWHU KHUIKOTO MarepHhalia MoJ JCHCTBHEM JIyda
Jaszepa.

Crepeonurorpaduueckuii anmapat Obut 3amarenToBan B 1986 roay Yakom Xammnom (Chuck
Hull), coyupemurenem xommanmmu 3D Systems, u kak pa3 ¢ 3TOro MOMEHTa MPHHITO
OTCYHUTHIBATH UCTOPHUIO QITUTUBHBIX TEXHOJIOTHIA. XaJUT ABJISICTCS U300peTaTesieM IepBOM
KOMMEPYECKOM TEXHOJIOTUHU OBICTPOro MPOTOTUITHPOBAHUS, a Takxke popmara (aiinos STL,
B KOTOPOM CTaHJAPTHO COXPAHSAIOTCS JaHHBIC TPEXMEPHBIX MOJICIICH.

JlazepHyto crepeonuTorpa@uio OTIUYAECT HCIOJIb30BaHUE (OTOMOIUMEPOB B KUIAKOM
COCTOSIHMH, KOTOpBIE HaKJIaJbIBAIOTCS TOHKUMH CIOSMHU. MaTepuan 3aTBepeBaeT Mo
JIa3€PHBIM JTYYOM WJIH yIbTPadUOIETOBON JIAMITOH, TTOCJIEC YEeTO MBI TIOJTy4aeM TOTOBY0 3D-
MoJieb. TEeXHOJOTUSl 3aKIIF0OYaeTCsi, TAKUM O0pa3oM, B IOCTPOCHHHM TBEPAOTO Teiia B

xuakon cpene (puc. 3.1).

CkaHupyoLee 3epkano

Ay nasepa no ocam X-Y

Ydb-nasep

PekoyTep

Kuakul
choTonoaumep : Noaaepxka

W3penue

Maatcopma
NoCTPoOeHUs

Pucynok 3.1 - Cxema crepeonutorpadpuyeckoro 3D-npunrepa



Ipunyun oevicmeus SLA-mexnonozuu

1. doTtonosMMepHas CMoJIa 3aJTMBAETCS B eMKOCTh, B KOTOPYIO CTaBsT
MOIBMKHYIO TUIAT(QOPMY 7Sl BEIPAITUBAHUS U3CIIHS.

2. [Tnatdpopma nmomemiaercs Ha TaKyro TIIyOHMHY, YTOOBI €€ TOKPHIBAJ
CYyHepTOHKHUH cioit hoTonommmepa — tomuHoi ot 0,05 1o 0,13 MmM. D10 camoe
MUHUMAJILHOE 3HAYEHUE, TOCTYITHOE COBPEMEHHBIM 3D-npuHTEpam, — TaKUM 00pa3oM,
JazepHas crepeoautorpadus odecredyrnBacT 00J1ee BRICOKYIO TOYHOCTh B CPABHCHHH C
Apyrumu TexHonorusiMu 3D-niedaru.

3. 3aTeM B KOMIIBIOTEPHOU MpOrpaMMe aKTUBHpYyeTc Jasep. JlazepHslii 1yd
IPOPHUCOBBIBAET MEPBHIN CIOW Ha MOBEPXHOCTU (HOTOMOIUMEDPA, BHI3BIBAS €TO
3aTBEp/ICBAHHE.

4, J71st co3anust HOBOTO €108l tuiaTgopma norpyKaeTcs Ha ri1yOuHy,
COOTBETCTBYIOIIYIO TOJIIWHE OJHOTO CJ0s. BhinonHseTcss He00X0AMMOe KOJIMYECTBO
TaKUX IUKJIOB.

5. Korma 00beKT mocTpoeH, OH moABepraeTcs 00padoTKe CreualIbHbIM
pacTBOpOM U (GMHATBHOMN MOJUMEPHU3aALUUA MOIIHBIM Y D-U3ITydeHHeM.

6. B 3aBepmienre nmporecca BpyuHYIO yAAISIOT MOJACPIKKH, KOTOPBIC
WCITOJIB3YIOTCSI BO MHOTHX Q/IUTUBHBIX TPOIECCaX.

B kauectBe pacxomHoro marepuana npu SLA-TEXHOJIOTHU HCTOIB3YIOT (HOTOMOIUMEPHI
(CBETOIOIMMEPBI) - BEIIECTBAa, KOTOPHIC HW3MEHSIOT CBOM CBOMCTBA II0J] JICHCTBHEM
yIbTpaduoIeTOBOr0  CcBeTa. B OOBIYHOM  COCTOSSHMM OHU  XapaKTePU3YIOTCS
10JIATJIUBOCTBIO, HO TIOJT JICHCTBUEM YIIbTPA(PHOJIETOBBIX Jydei MPUOOPETAIOT MPOYHOCTD.
JITATEeTsHOCTE 00TyYEeHHS 1 JIJTHA BOJTHBI YCTAHABIMBAIOTCS B 3aBUCUMOCTH OT MaTeprasa
st SLA-nipuHTEpa, pa3MepoB BHIPAIIIMBAEMOTO U3/IEIHS U OKPYKAIOIUX YCIOBUH.

JlazepHast crepeonuTorpaduss MOXKET HCIIONB30BAThCSI TPH  CO3JIaHWH  OCHACTKH,
NPUCTIOCOOJICHWIA WJIM TPOTOTHUIIOB, a TaKXKe NPH TPOU3BOJICTBE MPOMBIIUICHHON

KepPaMUKH, (POPMOBAHUU U JIUTHE 110 BBIKHUTaeMbIM MOJIEIsM (puc. 3.2).



Pucynok 3.2 - [Ipumepsl u3aenuii, H3roToBJICHHBIX Ha SLA-MammHax

Ipeumywecmea SLA - mexnonoeuu:
— M3TOTOBJICHHUE MOJIEJICH JIFOOOH CII0KHOCTH;
— nerkasi o00paboTKa MoJIy4eHHOT'0 MPOTOTHUIIA;
— BBICOKOE Ka4eCTBO MTOBEPXHOCTH MOJICIIH;
— BO3MOKHOCTH CO3/IaHHsI KOHEUHBIX (DOTOTIOIMMEPHBIX U3ICITTUH;
— o0BeMHas Kamepa MOCTPOCHUS,
— ITUPOKHI BHIOOP MaTEPHAJIOB.
Heoocmamxu SLA - mexnonoeuu:
— M3TOTOBJICHHBIE MOJICTTH XPYNKHAE W HE MOAXOMAT sl (yHKIIMOHATHHBIX
MIPOTOTHUIIOB;
— HETaTHBHOE BO3JICHCTBHE COTHEYHOT'O CBETAa Ha MEXaHMUYCCKHE CBOMCTBA U
BHCIITHUI BUJI U3/ICIIHS;

— MOJICPKKHU U MOCT-00paboTKa pu nevaTu TpeOyroTCs BCera.



3.2. Texnoaornyeckoe npumenenue DLP
Meton DLP (Digital Light Processing) 611 n300peTeH HecKobKo mo3xe — B 1987rony
Jlappu Xopubexom u3 Texas Instruments, — mpaBaa, HE A aATUTUBHOTO

MIPOU3BOJICTBA, a AJIsI KWHOMPOEKIMH, TJI€ 3Ta TEXHOJIOTHSl HAIllJIa IIUPOKOE IPUMEHEHHE.
B DLP-neuatn ucnose3yercss npoektop. [IpoekTop m3imydaer CBET cpa3y Ha BECh CIOU

CMOJIBI, M30MpPATENIbHO OTBEPXkJasi NeTajbh C IOMOINBIO THICSY MENbYaWIIMX 3epKall,
Ha3bIBaeMBIX HU(GPOBBIMA MHKpPO3epKambHbIMU ycTporicTBamu (digital micromirror
devices, DMD), HanpaBIstomyuMy CBETOBYIO ITpoeKIuio (puc. 3.3).

B atux mpoekTopax s co3gaHus H300paXKeHUH UCIIOIb3YOTCS TTHKCEIH, a CJIOMCOCTOSIT

U3 BOKCEJIeH, KaK B 00bIUHBIX 2D- mnn 3D-kamepax.

IMukcens (nHoraa mo:, auri. pixel, pel — cokparenue ot pictures element,koropoe B cBOIO
odepenb cokparmiaercs no PiX element, B HekoTophix McTouHMKax picturecell — Oyka.
3JIEMEHT M300paKeHNH) — HAWMEHBIIUH JIOTHYCCKHHN 3JIEMEHT JBYMEPHOIO MH(PPOBOTO
u300pakeHus B pacTpoBOil rpaduke, Wi (PU3MYECKUM SJIEMEHT MaTpPUIIbl JIHUCIUICEB,
dbopmupyronux uzoOpaxkenue. I[lukcens mnpeacraBisieT co0OM HeNETUMBIA  OOBEKT
NPSIMOYTOJILHOM WJIM  KPYTJoM (OpMBI, XapaKTepU3yeMblid ONpeNeIEHHBIM I[BETOM.
PactpoBoe kommblOTEpHOE HM300paKEHUE COCTOMT W3 MHUKCENEH, pacloiIOKEHHbBIX IO
CTpokaM ® cTojbmaMm. Taxke MHKCeIeM Ha3bIBAIOT SJEMEHT CBETOYYBCTBUTEIBHOU
MaTpHIIbl (CeHcesb — OT Sensor element).

Bokcenb - 3T0 u300pakeHHWE TPEXMEpPHOM 00JIaCTU NPOCTPAHCTBA, OrPAHMYECHHOMN
3aIaHHBIMU pa3MepamMu, KOTopas UMEET CBOM COOCTBEHHBIE KOOPAMHATHI Y3JI0BON TOUKHUB
OPUHATON CUCTEME KOOpJUHAT, CBOIO COOCTBEHHYIO (hOpMYy, CBOM COOCTBEHHBIN MapaMeTp
COCTOSIHUSI, KOTOPBIM yKa3bIBAE€T HA €T0 MPUHAJIC)KHOCTh K HEKOTOPOMYMOJIETUPYEMOMY

00BeKTy, U 001a/1aeT CBOWCTBAMH MOJICITHPYEMOM 00IaCTH.
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Pucynox 3.3 - Cxema DLP-nipunTepa

Lpunyun oeticmsuss DLP-mexnonocuu

1. doTonosMMepHas cMoJIa 3aJIMBAETCS B EMKOCTh, B KOTOPYIO CTaBAT
MOJABMXHYIO TUIATQOPMY 7SI BEIPAITUBAHUS U3CIIHS.

2. [Tnardpopma nmomeniaercs Ha TIIyOMHY, OTCTYIAs OT €€ JIHA Ha TOJIIIUHY
CaMoT0 TIEPBOTO CJ0s OyAyIIero 0ObeKTa.

3. 3aTeM B COOTBETCTBHH C KOMITBIOTEPHOU MPOrpaMMoil Ha poTonoIuMep
HaIpaBIIsETCS IOTOK cBeTa U3 yhabTpaduoneroBoro DLP-npoexkTopa, BbI3bIBas €10
3aTBEP/ICBAHME.

4, JI71st co3aHust HOBOTO €108l tuiatopMa MOJAHUMAETCS Ha TIyOuHY,
COOTBETCTBYIOILYIO TOJIIKMHE OJTHOTO cJ0sl. BoImonmHseTcss He00X0AMMOE KOJINYECTBO
TaKUX [UKIIOB.

5. Korna 00beKT MoCcTpoeH, OH MojiBepraercsi 00padoTKe CrelaibHbIM
pacTBOpPOM U (GUHAIBHOMN MOJIMMEPU3ALNN MOIIHBIM Y D-U3ITyYeHHUEM.

6. B 3aBepiieHne npouecca BpyYHYIO yAAISIOT TOIIEPKKY.

B kauectBe pacxonHoro Mmarepuana npu DLP-TexHonoruu ncnonb3yror GoTonoIMMepHbIe
CMOJIbl, UMUTHUPYIOLIUE JIIOOble MaTepuaibl, HauWHAs OT CBEPXTBEPIbIX IUIACTUKOB HU

BIINIOTh O PE3UHBI. Bce onu IMpEACTaBJICHDLI B 0O0JIBIIIOM BAapHUaHTC LBCTOB.



JlaHHYI0 TEXHOJIOTHIO HCIIOB3YIOT MPHU HM3TOTOBJIICHUH MAaCTEP-KOMHH M MOJENICH s
JUTHS ¥ IPOTOTUIOB (DYHKIIMOHATBLHOTO TeCTUpOBaHUs. C ee TOMOIIIbIO TeYaTal0T BUHUPBI,
3yOBI JUIsl TPOTE3UPOBAHUS, KOPOHKU M APYTHUE CTOMATOJIOTUUECKUE U3JICIHS; FOBEIIUPHbBIC
u3eNnus, B TOM 4YHCJI€ MW JU3aMHEPCKOM TMPOAYKIMU;, DIEMEHTBhI  CIIOKHBIX
IIPOCTPAHCTBEHHBIX KOH(HUTYpaIuii MaJIbIX 00BEMOB; HTPYIIIKH, ICKOPATUBHBIC SJICMEHTHI,
CYBEHHUPHYIO TIPOAYKIIMIO; W3ICHUS MEAUIIMHCKOTO Ha3HAYCHWsI; DJIEMEHTBI  JUIS
CEHCOPHBIX, U3MEPUTEIIbHBIX YCTPONCTB, CUCTEM «YMHOI'0» OCBEIICHUS, MATPHUIIbI IS
IIPOM3BO/ICTBA CHJIMKOHOBBIX ()OPM U IPYTHE U3ACIIHS, TPEOYIOITHE BRICOKOM JeTaTnu3aIiu.
lIpeumywecmsa DLP - mexnonoeuu:

— U3TOTOBJICHHE MOJICIICH JIF000H CI0KHOCTH,

— Jerkast oopaboTKa MoJTy4eHHOT'0 MPOTOTHIIA;

— BBICOKOE CKOPOCTH II€UaTH;

— BO3MO>KHOCTh CO3/IaHUSI KOHEUHBIX ()OTOMOJMMEPHBIX U3ICTTUH;

— MIUPOKUIA BEIOOP MaTEpHUAIIOB.
Heoocmamxu DLP - mexnonocuu:

- touHOCTh DLP neuaru 3HaunTensHO HIKE, ueM SLA;

— BO3MO>KHA Mapa3uTHAas 3aCBETKA;

— MOJICPKKHU U MOCT-00paboTKa IIpu nevaTu TpeOyrTCs BCera.



3.3. LCD-texHoJiorusi, ¢oTonoimmepu3anus ¢ HoMOuIbI0

AKHIKOKPUCTAVIMIECKOI'0O JKpaHa

LCD-neuars (Liquid Crystal Display, »xuakokpucTalIM4ecKuid AUCIUICH) 3aKITF0UaeTCs B

OHHOBpCMeHHOﬁ 3daCBCTKC MCJIbIX CJIOCB MIJIX1 OTBCPKACHUA (I)OTOI'[OJ'II/IMepa, HO Oe3
IMPUMCHCHUSA 3CpPKaJl. Bwmecto aToro MOIIHBIC JXUAKOKPUCTAINIMICCKUC ITAHCIN HU3JTYydaroT

Ha MOACJIb CBCT C IIOMOIIBKO CBCTOAHNOIOB. KK-nanenp 6HOKpreT 3dCBCTKY B TCX

00J1acTAX, KOTOPhIE HE MOAIEKATPOTONOTNMEPU3ALIHH.

X(I/I,Z[KOKpI/ICTaJ'IJ'II/I‘-IeCKHﬁ 9KpaH IPOITYCKACT CBCT TOJIBKO 4YCPE3 YUYACTKH, ITOMAJICIKAIINC

OTBEP)KJEHUIO, HA TOTOBYIO JE€Tallb, YMPOIIas MPOIECC W YCTpaHsAs HEOOXOIMMOCTh B

KaKuX-T100 3epKaiax Wi raibBanomerpax (puc. 3.4).
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Pucynox 3.4 - Cxema LCD-nipunTepa

Lpunyun oevicmsust LCD -mexnonocuu

1. @doTonoaMMEpHasl CMoJia 3aJIUBAETCA B €MKOCTb, B KOTOPYHO CTaBSIT

IMOJABHKHYIO I'[J'IaT(l)OpMy AJI1 BeIpallliuBaHUA U3CTIHUA.

2. [TnaTrdopma momemaercss Ha TIIyOMHY, OTCTyNHas OT €€ JHA Ha TOJIIUHY

CaMoro MepBOro cjiost Oyayniero o0beKTa.

MeyaTHas
nnatcdopma

HaneyataHHbIU
00bEKT

CeeTooTpaxatowull
ETOED]




3. 3areM B COOTBETCTBUM C KOMITBIOTEPHOU MTPOrpaMMoil Ha POTOnoIUuMEp
KUIAKOKPUCTAIUNTMYECKUNA SKpaH MPOIYCKAET CBET HA YYACTKH, MOAJIEKAIINE
OTBEPKACHUIO.

4, Jl71st co3aHust HOBOTO €108l tuiatgopma NOJAHUMAETCS Ha TITyOUHY,
COOTBETCTBYIOIIYIO TOJIIMHE OJHOTO CJ0s. BhinonHseTcss He00X01MMOe KOJIUYECTBO
TaKUX LUKIIOB.

5. Korma 00beKT MOCTpOeH, OH MojiBepraeTcs 00padoTKe CIIeHaTbHBIM
pacTtBopoM U (UHAIBHOM nojuMepusanuu Y O-uznyueHuem.

6. B 3aBepuieHune nmpoiecca BpyUHYH0 yIATSIOT TOAIEPKKH.

B kaudectBe pacxognoro marepuana npu LCD-texHonoruu uenois3yior (OTOnoIuMEPHbIE
CMOJIbI, UMUTUPYIOIIHNE JIFOObIE MaTepuaibl, HAYMHAs OT CBEPXTBEPHABIX IUIACTUKOB M
BILJIOTH JI0 pe3uHbl. Bce oHM mpeicTaBiieHbl B OOJIBIIIOM BapUAHTE 1[BETOB.

JIaHHYIO0 TEXHOJIOTMIO MCIIOJB3YIOT IPU W3TOTOBJICHUM MAacTEp-KONUUW U MOJAENIEH s
JIUTHSI ¥ IPOTOTUIIOB (PYHKIMOHAILHOTO TecTUpoBaHUs. C ee MOMOIIBIO TeYaTatoT BUHUPHI,
3yOBl JUIS IPOTE3UPOBAHUS, KOPOHKHU U APYTUE CTOMATOJIOTUYECKUE U3/IENNS; IOBETUPHBIE
u3enus, B TOM UHCIE M JWU3aHHEPCKOM MPOAYKIMH; DJIEMEHTBl  CJIOMXHBIX
MPOCTPAHCTBEHHBIX KOHPUTYpALUNA MabIX 00bEMOB; UTPYLIKHU, 1EKOPATUBHBIE JIEMEHTHI,
CYBEHUPHYIO TPOIYKIHWIO; U3JEIUS MEIULUMUHCKOTO HA3HAYEHUS; DIJIEMEHTHI IS

CCHCOPHBIX, NU3MCPUTCIbHBIX yCTpOfICTB, CUCTCM «YMHOTI'0O» OCBCILICHHA, MAaTpULbI JIA

IPOU3BOJICTBA CUIIMKOHOBBIX (DOPM U JpyTrHUe U3AeNus, TPEOYIOIre BHICOKOU JeTann3auu

(puc. 3.5 — 3.6).

Pucynok 3.5 - [Ipumep LCD-niedyaTu mpoMBINIIEHHBIX JA€TaIeH



Pucynok 3.6 - [leuars uznenuii s cromarojgorun Ha LCD-npunaTepe

lIpeumywecmea LCD - mexnonocuu:

- HM3TrOTOBIICHHUE MOJCIICH JTIF0O00M CI0KHOCTH;

— nerkast o0paboTKa MOJy4YeHHOTO IPOTOTHIIA;

— BBICOKOE CKOPOCTb I1€YaTH;

— BO3MOYKHOCTh CO3/IaHHsI KOHEUHBIX (DOTOTIOIMMEPHBIX U3ICTHH;

— IIUPOKHI BIOOP MaTEpPHAIIOB.

Heoocmamku LCD - mexnonoauu:

— touHocTh LCD neuatu 3Ha4uTEIbHO HIKE, ueM DLP;

— KaueCTBO MeYaTH MOXKET ObITh HE OJJMHAKOBOE Ha Bcel obnacTu meyatu. Tak
Kak B KauecTBe YD MCTOUYHUKA UCTIONB3YETCSI MACCHB CBETOIMO/IOB, & HE OJJUH UCTOYHHK
cBeTa, paboyast 00J1aCTh MOXKET MOJICBEUMBATHCSI HEPABHOMEPHO;

— CKOpOCTh TiedaTu Hike, deM DLP. Cserommoasl cBeTiAT «ciabee»
MPOEKTOpa, MOATOMY BpeMs 3aCBETKH CJIOsi HEeMHOro Oouibiie, HO Bce paBHO LCD
MpUHTED meuyaTtaeT ovicTpee SLA.

— BO3MOYKHA TTapa3uTHAs 3aCBETKA,;

— MOJJIEPXKKH U MOCT-00paboTKa MpH 1mevat TpeOyoTcs BCera.



3.4. Tloaumepu3auus NJIACTHKA B yabTpaduoseToBoii neun. Kuakue
dorononumepsbl
JIONIOTHHUTENBHOE OTBEPIKACHUE U3CIUS B YIbTPadUOIETOBO meun (aHri. post curing) —

OJIMH U3 3TaMoB nporiecca 3D-nevyaTu Mo TEXHOJIOTUN CTEPEOTUTOTpadUu.

Haxozsch B )KMJIKOM COCTOSIHUY, (DOTOTIONMMEPHAs CMOJIa COCTOUT U3 Pa3INYHbIXBEILECTB,
TaKMX Kak MOHOMEPBI, OJINTOMEPHI, POTOMHUIIUATOPHI. 13 OOJIBIIOrOKOIMYECTBA BEIIECTB,

BXOJISIIIIAX B COCTAB CMOJIBI, 3TH TPH BEIIECTBAa — OCHOBHBIE (pHC. 3.7).
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Pucynox 3.7 — CoctaB kuakoi (OTOMOIMMEPHON CMOJIBI

MoHoMepsl — 3TO OCHOBa JIIOOOTrO mojauMepa. MOHOMEpPBI — 3TO JKHUIKOE BEIIECTBO,
JOCTATOYHO TOKCUYHOE, C PE3KUM 3anaxoM. [[ns ¢oTononumepos, 0OBIYHO, UCHIONB3YIOT
WU aKpWIOBBIA, WU (MeT)akpwioBbli MOHOMep. [lOCKONbKY akpuiaoBas CBSI3b IOJ
NeHCTBUEM YIbTpaduoIieTa JIETKO pa3pylIaeTcs,, OHU 00bEeUHSIOTCS MEXKy coO0H B OoJiee
JUIMHHBIE LIEMOYKH. B CTOMATOJIOrMYECKUX CMOJAX MCIHOJb3YIOT METUIMETAKPHUIAT, KaK
MEHEE TOKCUYHOE BEILIECTBO.

Onuromepsl - 3TO NOPEANOJUMEPHU30OBABIIMICA MOHOMEp. Onuromepsl JeNAT Ha:
AMOKCUMETAKpWiIaT ((KECTKHME M XPYIKHUE — TBEPJOCTH BEIIECTBA); ypeTaH(MET)aKpujaaT
(MakcUMalabHO YHHUBEPCAIbHBIE, OT OUYEHb BJACTUYHBIX JI0 JKECTKHUX, HO HE XPYIKHX);
nonudup-MeTakpuiaT (CpeaHsisi )KECTKOCTh M XPYINKOCTb). MOXKHO TOJydaTb CMOJIBI,
KOTOpbIe OyJyT HAallOMHUHATh BEHIECTBA OT CWJIMKOHA JIO OYEHb TBEPIbIX, MPAKTUYECKU
rpaHUAYaIINX C MOKCHIAMMU.

DOTOMHUIIMATOPBI - 3TO CBA3YIOLIEE BEHIECTBO M KATAIU3AaTOP XUMHUYECKOW pEakIHUH

IMOJIMMCPU3al1H.



BozneiictBue Ha (OTOMOTUMEPHYIO CMOJIY YJIbTPadUOIETOBOIO H3IYy4YEeHHs Jlazepa
MPUBONT K TOMY, YTO (DOTOMHHUIIMATOPHI BCTYTAIOT B PEAKIIUIO, & MOHOMEPHI CBS3BIBAIOTCS
BMeCTE U 00pa3yloT MoJMMep. ITO MEePBUYHAS CTAUsI OTBEPKICHUS.

OTBepkIeHHAs] CMOJIa IPEACTABIIAET COO0M CHIUTYI0 MaKpOMOJIEKYIy, TO €CTh Kaxaas ee

YaCTb HCIIOCPCACTBCHHO CBiA3dHA C JIF000M IIPYFOfI €€ 49acCThIO. OI[H&KO nocie3D-neyatn

OCTaHETCS] MHOTO HE CIIUTHIX B JIOCTATOYHOM CTETIEHU yYaCTKOB, YTO BIMSAETHA MPOYHOCTH
Ha pa3pbiB U Ha Jpyrue cpoiicTBa. JlJis 3aBepIeHUs] MOJEKYJSIPHON CBSI3UM CO3JaHUS
TF000H BO3MOXKHOW MEPEKPECTHOM CBS3H MOXKET OBITh MCIOJB30BaH YIbTPadUOIECTOBBIN
CBET.

CosHeUHBIN CBET MPETOMIIICTCS B PaJyre B CBOM CIIEKTPAIbHBIE 11BeTa. BUAMMEBIICTIEKTp
umeeT MuHY BodHBI OT 400 HM mo 800 mMm. VYrabTpaduoneToBoe u3IyueHHUE HMEET
HEBUJIUMBIN CIIEKTp ¢ JuIMHOU BOJHBI Mexay 100 M 1 400 HM (puc. 3.8).

PeHTreHoBckoe WHdbpakpacHoe
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Pucynok 3.8 — CexTpsl COTHEUHOTO cBeTa YibTpaduoneroBoe mimydenune mexay 200

oM 1 400 BHM HCTONB3yeTCs B

MIPOMBIIIJICHHOCTH U B OBITY JJISI 3aIlyCKa PEaKIii, TAKUX KaK OJTUMEPU3AIIHs, CHHTE3 UIIH
JeTpaanus pa3InyHbIX BEIIECTB.

Jns ynpTpadHoneToBoil MONIMMEpH3allui HUCIIONB3YIOTCS yIbTPaQHUOIETOBBIE JTaMIbl H
LED nuonel, kKoTOpble UMEIOT U3iyueHue B Y d-crnekrpe.

Y ®-u3nydyeHue pazpymaeTr yriaepoa-yriepoaHy ABOWHYIO CBSI3b OJUHOYHOWMOJIEKYJIbI
(MoHOMEp, osnuromep). OAMHOYHBIE MOJIEKYJIBI CIIMBAKOTCSA C MOJEKYJSIPHBIMU LIETSIMU.
Oro cumBaHue HazbiBaeTcs nonuMmepusauus (Y P-cymka). [logxonsmme 100aBku, Takue

KaK (pOTOMHULIUATOPBI, YCKOPSIOT LIEMHYI0 PEAKIHIO.



3.5. IleyaTh BHICOKOKAYECTBEHHBIX H 1€TAJTU3MPOBAHHBIX MPOTOTHUIIOB
[Ipototun  m1000H  CIOKHOCTH U I JIFOOBIX I€JIE  MOXHO  IOCPEACTBOM
crepeosuTorpadu, KOTOPHIE CTAaHOBATCS HE3aMEHHUMBI B HAYYHO-HCCIEI0BATEIbCKUX
M3BICKAHHIX.

H3roToBieHune IIPOTOTHUIIOB MCTOAOM CTepeOHI/ITOFpa(l)I/II/I MMpOXOoAUT B HECKOJIBKO 3TAITOB!

1. MoaenupoBaHue U3ACIHS Ha KOMITBIOTEPE.

2. IToaroroBka MOJCIH K IICYATH.

3. N3roroBneHue onbITHOrO 00pasia.

4, [TocToOpaboTka uzaenus.

5. TecTupoBaHWe TIOJYYEHHOH MOJCIM HA COOTBETCTBUE Pa3IUYHBIM
TpeOOBAHUSIM.

6. JlopaboTka u3aenust mpu He0OXOAUMOCTH.

MOI[GJ'II/IpOBaHI/Ie HU3JCIIUA Ha KOMIIBIOTCPEC BKIIOYACT B celst IMPOCKTUPOBAHNUCU3 ACITINA

(puc. 3.9) B cucTeMax aBTOMaTU3UPOBAHHOTO IPOSKTUPOBAHUS.

Pucynok 3.9 — MonenupoBanue u3aenus

[ToaroToBka MoAENM K MeYaTH BKIIOYACT B Ce0S CO3MaHME YIPABJIAIONIEH TPOrPaMMbI, B
KOTOpO# BBIOMpaeM maTepuasn OyaylIero MPOTOTHUIIA, OPUEHTAIMI0 OOBEKTa, OMOPHBIE
CTPYKTYPBI U TOJIIHUHY CIIOSI.

N3roToBnenre onpITHOTO 00pasiia BKIIOYAET B ce0s evyarh npoTotuma Ha 3D- mpuHTEpe B

COOTBETCTBHH C CO3JaHHOM yIpaBJsiioliei mporpamMmmoii (puc. 3.10).



Pucynox 3.10 — M3rotoBnenne onmpITHOTO 00pa3iia mpoTOTUIIA

[TocToOpaboTka u3aeus, U3TOTOBICHHOTO 10 TEXHOJIOTHH CTEPEOTUTOrpaQuu, BKIIOYAET
OUMCTKY PpAacleyaTaHHOTO MPOTOTHUNA  HW3OMPOMWIOBBIM  crnupTtomM  (puc. 3.11),
JOOTBEPXKIACHUSI B  yIbTPaHUOJIETOBOM  Kamepe, UTOObI  3aBEpUIUTh  IMPOIECC

HOJUMEPH3AIMK U CTAOMIM3UPOBATh MEXaHUYECKUE cBocTBa (puc. 3.12).
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Pucynox 3.11 — Ounctka Pucynox 3.12 - Ilonumepu3zarus

pacneyaTaHHoro MpOTOTUIIA mactuka B Y @-kamepe

Jlanee, mocie NPOCYWIKM W3IEIUsA, YAAISIOT ONOPHBIE CTPYKTYpbl M 3a4WINAIOT

MOBEPXHOCTh. HameuaTanHbie MPOTOTUITHI JIETKO MOITAI0TCA NalibHENIIeH 00paboTKe, BTOM

YHUCJIe MEXaHUYECKOHM, UX MOKHO Tak)Ke 3arpyHTOBaTh, MMOKPACUTh WJIM 33JICICTBOBATH B

COOPHBIX KOHCTPYKITHSX.

TectupoBaHue MOJEN  TIOJYyYeHHOHW METOJOM  cTepeoiuTorpaduu  Ha
COOTBETCTBHE PA3TMYHBIM TPEOOBAHUSAM K U3/ICTUIO IOKHBI YUYUTHIBATh BHEITHUN BUI,
F€OMETPUUECKHUE Pa3MEPhL, XUMUYECKUN COCTaB, MEXaHUYECKNE CBOMCTBA, IOPUCTOCTb.

JlopaboTka u3aenusi Heo0XoauMa Py OOHAPYKEHUU HEJOCTATKOB B KOHCTPYKITUU
MPOTOTHUIIA U BKJIIOYAET B c€0s JOMOJHUTEIBHOE MTPOEKTUPOBAHNE 0a30BOI TPEeXMEPHOU

moaenu n3neins B CAD-cucreme.



3.6. IleyaTh MoaeJieii 1l TUTHSI 0 BHIKUTAEMbIM MO/I€JIAM
JIuTbe 10 BEDKUTAEMBIM MOJICISIM — OF/HA U3 PA3HOBUIHOCTEH TOUHOTO JUThs. TEXHOIOTHS
NPUMEHSIETCS. TPU M3TOTOBJICHWM OTBETCTBEHHBIX JIE€Talell B HAYKOEMKHX OTPacisix
IIPOMBIIIIEHHOCTH (aBUAKOCMUYECKOH, CYJOCTPOUTENbHON, 000POHHOM,aBTOMOOMIHHOM U
ap.). BHenpeHue anauTHBHBIX TEXHOJOTHM Ha JUTEHHOM MPEANPHUSTHH TO3BOJISET B
3HAYUTENIbHOM Mepe ONTUMU3UPOBATH TPOU3BOJICTBEHHBIN MTPOLIECC.
3D-mevath maeT BO3MOXKHOCTH BBIPAIUBATH YHUKAIbHBIE OOBEKTHI CIOKHOW T€OMETPHH
JUISL  TIOJIy4eHHUS  BBICOKOKQUECTBEHHBIX  OTJIMBOK. 3D-TpuHTEp  BOCHPOM3BOJAUT
IPAKTHYCCKU JIFOObIE (POPMBI M KOH(PUTYpAIIMU, YTO HEBBIMOIHUMO TPH TPATUITTOHHOM
auThe. Mojienu, KOTOpble CO3/IaHbl ISl JTUThSI TI0 BBDKUTAEMBIM MOJEIISIM a/ITATUBHBIMU
METOJIaMH, MOTYT OBITh TOPa3/10 TOHbIIIE, YEM CTaHAAPTHO MPOU3BOAUMBIE B Ipecc-hopmax
U3 TICHOTIOIMCTUPOIA.
AJIUTUBHBIE TEXHOJIOTHMH CIIOCOOHBI JaTh MNPEANPUITHIO OOJBIION SKOHOMUYECKUN
3¢ (heKT 3a cueT CHIKEHUS 3aTpaT Ha U3TOTOBJICHHUE MPOIYKIINN B pad0UyI0 CHITY, a TaKXKe
CYILIECTBEHHOW SKOHOMHHM BpEMEHU Mpou3BojacTBa. brmarogaps 3D-mewatu momayduThb
MEPBYIO OTIMBKY CTAJI0 BO3MOKHBIM HE 32 MOJNT0/1a (CPOK U3TOTOBJICHUS TPAIUIIUOHHBIMHU
METOJIaMH ), & BCETO 3a JBE HEJEIH.
TexHOMOTHYECKUH MPOIIECC TUTHS IO BEKUTAEMBIM MOJICIISIM TIPUMEHSIOT IS TTOTYYCHHUS
MojieNiel OOJBIINX Pa3MEpPOB M MOBBIIMICHHONW MpoyHOCTH. Martepuanom mna3D-neuaru,
UCIIOJIb3YEMOM JIJIs1 U3rOTOBJIEHUs (POPM siBIIsieTCs MIAcCTUK ((hoTomoauMepHasi CMoJia).
BripammBanue BbDKUraembix Moieneit Ha 3D-npuHTepe NpOrU3BOUTCS METOJOM Ja3€PHOMN
crepeonutorpaduu (Stereolithography Apparatus, SLA) — xoraa *uakuii ¢poTonoaumep
3aTBEPAEBACT MO ACUCTBUEM Ja3zepa niau Y O-namIbl.

3.6.1. Ileuams no mexnonocuu QuickCast
Texunomnorus QuickCast mo3BosisieT BhIpalMBaTh MO HacTepeoauTorpapudeckux 3D-
NpUHTEpaxX, MUHYS M3TOTOBJICHUE JTUTEHHON ocHAacTKH. Kak n caMa TeXHOJIOTHs JTa3epHOi

crepeosmrorpaduu, QuickCast — paspadborka komnanuu 3D Systems (puc. 3.13).



Pucynok 3.13 - JIutelinbie MoJieH, U3roTOBJICHHBIE 10 TexHooruu QuickCast

[InacTukoBBIE MOJIETH BBIICPKUBAIOT TOCTATOYHO OOJIBIIME HArPy3KH, HO CYIIECTBYET
PUCK UX JedopMaluy Wiu pa3pyiieHus. [Ipu BbDKUTAaHUM, HE3aBHCHMO OT MaTepHalia, B
MOJIETI OCTaeTCs 30J1a — CyXOH OCTaTOK OT BBITOpaHus miacTtuka. [IpousBoauTenu erko
pelaroT 3Ty NMpooJIeMy, UCTIOJNB3Y S MaTeprall C HU3KUM 30J1bHbIMOcTaTKoM (He 60ee 0,01%
OT MepBOHAYANBHOTO 00BeMa Mojienn). Eiie oIHy ormacHOCTBIIPEACTABIIAET caM MaTepual
mozenu. Koria oH 3amedaran B KEpaMHYECKYr0 000JIOUKY,TPH HArPEBE MIIACTUK BHITOPACT
HE Tak OBICTPO, KaK BOCK, W TPOIECC MNpoKalku MoxeT gocturath 10-12 dacos.
[InactukoBass MoOJenb BHYTPH KEpaMHUECKOHW OOOJOYKM HarpeBaeTcsl W CO3JacT
u30BITOYHOE JlaBlieHne Ha camy dopmy. Ilecuanas kepamudeckaspopma UMEET HYJIEBYIO
IUTACTHYHOCTh, M KaK TOJBKO TOPOT MPEBBIIICH, MOJEIbh CHIJIBHO JaBUT Ha JIUTCHHYIO
000JI0UKY.

UtoObsl u30€kaTh TEPMUYECKUX HAMNPSOKEHUNM MpU TpoKalke, U Obuia pazpaboTaHa
texnosiorus QuickCast. Hapy>xHble CTEHKH MOJICNIH MT€YaTAOTCS HETUKOM (TpuMepHO 1 MM
TOJIITUHOM, B 3aBUCHMOCTH OT Ta0apuTOB), a MyCTOTa, 00Pa3yOIIascs BHYTPH,3aMOTHACTCS
COmMoBol cmpykmypou, KOTopas TEHEpPHpPYeTCs MpPOTpaMMHBIM OOECIeYCHHEM B
aBTOMATHUYECKOM peXUMe ere A0 nevaru. [Ipu HarpeBe Moens 1 000109Ka AaBAT APYT Ha
Jpyra, ¥ 3a CU4e€T TOHKOCTEHHOW CTPYKTYpPbl MOJIeJIb HAUYMHAET CKIIAJBIBATHCS BHYTPb,

npeaoTBpaiias paspyuieaue Gopmsl (puc. 3.14).



Pucynok 3.14 - TTeyars QuickCast-mozeneit

Ipeumywecmesa QuickCast:

BBICOKAsi TOYHOCTh ME€YaTH;
3HAYUTENIbHAS IKOHOMUS BPEMCHHU U CPE/ICTB;

OTCYTCTBHE OCHACTKH;

HSKOHOMUYHOE UCTIOIh30BaHUE MaTepHalia U CHUKEHHE MACChl MOJICIIH;
MUHUMU3AIMS 00pa30BaHMsl 307161 IPU BEDKATAHHH MOJICTH U3 (DOPMBI;
mpeaoTBpanieHne aedopmaiuu B mporecce TEPMUIeCKo 00padoTKu;
MUHUMAaJIbHAs TOCTOOPaboTKa;

BO3MOXHOCTb MEU'IOCGpI/II;'IHOFO IMpOU3BOACTBA.

3.6.2. Dmaner mexnonocuuecko2o npoyecca aumss no 8vlofcucaemobim MoO0esam ¢

npuMeHeHueM TumetHvlx mooeel, uzeomosientolx no mexuonocuu QuickCast

1. TlocTpoeHne BBIKUTraeMbIX MOJENEH B
crepeonurorpaduueckom 3D-npunTepe u

ux nmocrobpadboTka




2. Kpemuienue mojieneii K BEpTUKATbHOMY

JUTHUKOBOMY KaHaITy

3. Cozmanne 000I09KOBOM (POPMBI
METOJIOM MOTPYXKEeHHUs OJI0Ka MOJIeNeH B

OTHEYIIOPHBIN KEPAMHYECKUNA PACTBOP

4. TTokpbITHE 000JIOUKH METKUM
KEPAMHUYECKUM OTHEYITOPHBIM ITECKOM.
Takux omneparuii MOKeT ObITh HECKOJIBKO,B
3aBUCHMOCTH OT TOTO, CKOJIBKO CJIOEB
TBEPAOU KEPAMHUIECKOU 00O0JIOUKH HYKHO

IMOJIYYUTD




5. Bepkuranue Mojene B MpOKajIo4YHOM
neun. [lox Bo3gericTBueM TeMmepaTypsl

MOJCJIb BBII'OpAacCT

6. 3aMBKa KUAKOTO MeTaljia B hopMy

7. 3a4nCTKa JTUTHUKOB U ITPOBEPKA

TOYHOCTHU

[TocTroOpaboTka BBDKHTAEMbIX MOJIENEH BKIIOYACT: yJaJ€HHE MOJIEPKEK, MPOMBIBKA,
yAaJleHue MaTtepuaia U3 BHYTPEHHEH CTPYKTYpBI, 3aKpbITHE ApeHaxa. [lockoiabky Mozaenb
IyCTOTENas, BHYTPH OcTaeTcs Marepuali. [Ipu neyaTu co3gaercst OTBEpCTUE, YEPE3 KOTOPOE
maTepuasl OyneT BbITeKarb. Korga Mojenb OIMycTOIIaeTcs, APEHaKHbIE OTBEPCTHUS
3aKpBIBAIOT CHEUUAIbHBIMU CpPEICTBaMH (HalpuUMeEp, MNasUIbHUKOM M  IUIACTUKOBBIM

HPUCAJKOM U JIUTCHHBIM BocKoM) (puc. 3.15).



Pucynok 3.15 - IloctoOpaboTka BEKUTaeMbIX MOJEIEH

Texnonorust QuickCast HaXOIUT aKTUBHOE MPUMEHEHHE B pa3InyHbIX oTpacisix. B Poccuun
€€ MCTOJB3YIOT, CPEIH MPOUNX, KPYITHBIC MPEANPHUATHS aBUAITMOHHOW MPOMBIIUICHHOCTH
(«Camtot», «Cyxoit», YMIIO), nayunsie nentpel (HUAT, HAMMU), sHepreTudeckoro

MamuHocTpoeHus (TyImuHCKUN MalllMHOCTPOUTEIbHBIN 3aB0) (puc.3.16).

Pucynok 3.16 - Mogens TypOuHsl, co3nanHas Ha 3D-npunTepe

[Ipu npousBoAcTBe ruapoarperata Ha TyIIMHCKOM MalTMHOCTPOUTEIBHOM 3aBOJIEMO/IEIIb

TypOUHBI COOMPAIOT U3 CETMEHTOB, HaneyaTaHHbIX Ha 3D-npuHTEpe.



KOHTPOJIBHBIE BOITPOCBI

Haiite onpenenenue SLA -TeXHOJIOTHH.

Onumure npuHIUN AeHCcTBUS SLA —TeXHOIOTHH.

Kakoii pacxouslif MaTepra UCTIONB3YIOT pu SLA-TexHonoruun?
Jatite onpenenenue DLP -trexHonoruu.

Onumute npuHnmn aeicteus DLP —texHomorum.

Kakoii pacxoiHblii MaTepuai ucnodib3yoT npu DLP -texnonorun?
Jatite onpenenenue LCD -TexHoMOTHY.

Onumute npuHnun aewcteus LCD —texHomorum.

© o N o O A~ WD e

Kakoii pacxoaublii Matepuan ucnoiab3ytot rnpu LCD -Ttexnonoruun?

[EEN
©

Jiss dero HEoOXOAMMO JIOTIOJIHUTEIBHOEC OTBEPXKICHWE W3ACIUS B
ynbTpadroaeTOBOM neun B mporecce 3D -nedaru mo TexHonoruu crepeonuTorpadum?

11. TIlepeuncnute JTaIbl HM3rOTOBJICHUS MIPOTOTHUIIOB METOIOM
CTepeonuTorpadpuu.

12.  Yto Bkiro4aeT B cebsi mocToOpabOTKa M3ENHs, U3TOTOBJICHHOIO IO
TEXHOJIOTUH cTepeonuTorpadum?

13.  Omnwmmute TexHoaoruio QuickCast.

14. IlepeumcnmTte 3Tabl TEXHOJIOTHYSCKOTO MIPOIECCa JIUThS 110 BEIKUTAEMbBIM

MOJICIISIM C IIPUMCHCHUCM JIMTECUHBIX MOHCHCﬁ, HU3IrOTOBJICHHBIX 11O TCXHOJIOTMH

QuickCast



TEMA 4. TEXHOJIOT'USI 3D IEYATHU METOJJOMMHOIOCTPYHHOI'O
MOJAEJIUPOBAHUA

4.1. Hanecenue Ha miiaTgopMy neyaTawileil roJJOBKoii yepes 00JbII0e
KOJIN4eCTBO (POPCYHOK KUAKOro ¢orononumepa. IlociioiiHoe oTBep:kIeHne
YJIbTPaguoJIeTOBBIM POEKTOPOM

MHorocTpyiiHOe  MOJeNMpOBaHHWE (WM MHOTOCTpYyilHas meyaTb) — OJHA U3
(yHIAMEHTAJIbHBIX AJJUTHUBHBIX TEXHOJIOTMM, KOTOpas OCHOBaHA Ha IOCIOHHOM
OCTPOEHUU OOBEKTa M3 BOCKa WM (¢oTomonuMepa. IDTOT METOA pa3paboTaH u
3anaTeHTOBaH kKoMmmanued 3D Systems nmoa HazBanuem MultiJet Printing (MJP). Ipyroe
Ha3BaHue TexHosorun — MultiJet Modeling (MJM).

Opna u3 ocobennocteit MJP, xoTtopas cOmmkaer ee c JiazepHOW crTepeoiuTorpaduen
(SLA), — Hammume Tak Ha3bIBAEMBIX MOJACPKEK (MOAICPKUBAOIIUX CTPYKTYp) IS
BBICTYTIAIOIINX WM HABUCAIOUIUX JJIEMEHTOB JIETajH, IpeIHa3HadeHHou st 3D-nevarn.
[To 3aBepiiennu noctpoenus B 3D-MpUHTEPENOIAEPIKKH C JIETKOCTHIO YAAISIOTCS.
OcHoBHbie 00sacT npuMeHeHus: MJP-TexHOJIOruu: JIUTEHOE MPOU3BOICTBO;IOBEIUPHOE
7IeJ0; MeAuIMHA (B TOM YHCJIE CTOMATOJIOTHSA); aBTOMOOWJIbHAS MPOMBIIUICHHOCTS;
NOTPEOUTENHCKUE TOBAPHI.

C moMoImip0 MHOTOCTPYWHOTO MOJAETMPOBAHUS CO3/1AI0T (PYHKIIMOHATIbHBIE MOACTHU IS
POBEPKH HA COOMPAEMOCTbH; MPOTOTHIIBI; MOJEIN JUIsi MCHBITAHWM, KOHIETITyaJIbHbIC

MOJCIN JJIA YTBCPIKIACHUA HHSaﬁHa; OCHACTKY; BBDKHIdaCMbIC W BBIIJIABJISICMBIC MOICIN

(puc. 4.1).

Pucynok 4.1 - U3nenusi, co3gaBaeMble ¢ MOMOIIBIO MHOTOCTPYHHOTO

MOACIUPOBAHNA



I'maBHOE JOCTOMHCTBO TCXHOJOI'HH — CITOCOOHOCTH 00ECIIEUNTh BHICOYAMIIICEKAUYECTBO U

UCabHYIO TJ1aJIKOCTh TIOBEPXHOCTH IOTOBBIX M3enwuii (puc. 4.2).
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Pucynok 4.2 - Cxema 3D-nipunTepa, UCMOIB3YIOMIETO TEXHOJIOTHIO

MHOTOCTPYHHOU NeYaTn

Ipunyun oeticmsusi mexHo02UuU MHO20CMPYUHOU neuyamu

1. TpexmepHast Mmozienb paccekaercsi B mporpammHoM obecriedennn CAD Ha
TOPU3OHTAIBHBIE CJIOU, KOTOPBIE 3aT€M OTIPABJISIIOTCS HA TIEYATh.

2. Texnonorus MJP GpyHKIIMOHUPYET MO aHAIIOTHH C OOBIYHOM CTPYHHOM
neyatbio. CJi0ii HAHOCHUTCS MeJaTalole TOJOBKOM, OCHAIIICHHON MHOKECTBOM
MeJTbYaNIIINX COTell, Yepe3 KOTOPhIE Ha TOPU3OHTANIBHYIO TIaTGOpPMY MOIAETCS
Mo/ieNIbHBIN MaTepuall. Yucio comen B pa3HbIX Mojensix 3D-puHTEpOB BapbUpPYyeETCs OT
96 no 448. Ileuararomiasi roJ0BKa HANbUIAET MaTepUal 10 KOHTypaM ciost Mmojenu. Eme
OJIHA TOJIOBKA MpeHa3HaueHa JJI1 pa3paBHUBAHUS KaXKJOTO HOBOTO CJIOS.

3. Bock ninu porononumep pacmiaBisieTcs B IOJOTPEBAEMOM IPH
temneparype 80 C kapTpuke emie 10 NonaJaHus B Me4aTarollyo FoJIOBKY.

4. [Tocne Hanecenus cios GoTononuMep Mo ABEPraeTcsi 3aCBEUNBAHUIO
yibTpadroIETOBOM JaMIION U 3aTBepAeBaeT. Mojieib, HalleuaTaHHas U3 BOCKa,

OXJIAKAACTCSI CCTCCTBCHHBIM ITYyTCM.



S. 3aKJIIOUUTENbHBIN 3Tall — yAAJICHUE NOIEPKUBAIOIIMX CTPYKTYp. Ecin
MO/IEJIb [T€YaTAETCs U3 BOCKA, MOAIECPKKY YJIAJISAI0OT ClIEHUaIbHBIM pacTBopoM. [Ipu
UCMOJIb30BaHUH (POTONOIMMEPA U3EIINE TOMELIAETCS B I€Ub, IJI€ TOJACPKKA
BBITUTIABIISIETCS IPU BBICOKOM Temmepatype (mpumepHo 60 C). CoxkHbIM U3ETUsIM
TpebyeTcs JOMOTHUTENbHAs 00paboTKa B yIbTPa3BYKOBOM BaHHE.
B ycrpolicTBax MHOrOCTPYMHOM ME€YaTH NPUMEHSIOT TEPMOIUIACTHKH, BOCKOBBIE U
dboTonosUMEpHBIC MaTEpUAIIBI.
[Ipu meuaTu BOCKOM AJisl U3/ OOUPatOT Oosiee TBEPAbIH, a Ul MOAIEPKEK
— Oonee MArKMd WM JETKOIUIaBKUM BoOcK. [lomydyeHHble OOBEKTHI HACAIbHBI IS
M3TOTOBJICHUSI TUTHEBBIX (POPM.
Uro kacaercst (OTONONMMEPOB, MHOTO0Opa3ve CBOMCTB JeflaeT 3T MaTepHallbl Mo-
HACTOSIILIEMY YHUBEPCAIbHBIMUA. POTOMOIMMEPHBIE MOAEIIA MOT'YT UMETh Pa3JINYHBIEIBETA,
ObITh DJACTUUYHBIMM M IKECTKUMH, MATOBBIMM U MPO3PAUYHBIMHU, KOMIIO3UTHBIMH,
TEPMOCTOUKUMH, ONOCOBMECTUMBIMH, CXOKMMHU I10 CBOMCTBaM ¢ moaunponmienom u ABS-
IUTACTUKAMU U 00J1ajaTh MHOTUMH IPYTUMH XapaKTePUCTHKAMHU.
Hocmouncmea muococmpyunou neuamu.:
— TOYHOCTh IOCTPOEHHUS M HCKIIOUUTEIbHO KayeCTBEHHAs JETAIU3aLUs
u3zennii (TonmuHa ciaost — ot 13 10 32 MUKpOH);
— BBICOKAsi CKOPOCTb IIOJIy4EHHS MOJIENIEH;
— MIMPOKUIA BBIOOP U BBICOKOE KauY€CTBO MOJIEIbHBIX MAaTEPHAJIOB.
Heoocmamku mrococmpyunoi neuamu.
— BO3MOXHOCTh HCIIOJIb30BaHUSI TMPEUMYIIECTBEHHO B (PYHKIMOHAILHOM
MPOTOTUIIMPOBAHUH;
— YSA3BUMOCTb MOJIENH K IEUCTBHIO MPSIMBIX COJTHEUYHBIX JIyYEeil;

— OTHOCHTCJIBHO BBICOKAs CTOMMOCTDL PACXOAHBIX MAaTCPUAJIOB.



4.2. TleyaTh BHICOKOKAYECTBEHHBIX M I€TAJIM3HPOBAHHBIX POTOTUIIOB
TexHonorust MEOrOCTpYHHOTO MoaenupoBanus (MIM - Multi Jet Modeling) - satomeron
MHOT'OCTPYMHOI'O BbIpamiuBanusi npoTotunoB. 3D newats MJM mnpennaznaueHa s
BBICOKOKQYECTBEHHOT'O TMPOTOTHUIIUPOBAHUS TOJHO(PYHKIIMOHAIBHBIX Y3JIOB, IETAICH U
JIPYTUX Pa3IUYHBIX OOBEKTOB.

N3rotoBiaeHre MNPOTOTUIOB METOJOM MHOTOCTPYHMHOTO MOJACIMPOBAHUS IPOXOJUT B
HECKOJIBLKO 3TaIOB:

1.  MonenupoBaHue U3ACIHI HA KOMITBIOTEPE.

2. lloaroroBka MOJIeNH K IEYATH.

3.  M3roromneHue onbITHOTO 0Opasia.

4.  TlocrobpaboTka u3aemusi.

5. TectupoBaHue TIOJIYYEHHOW MOJEIM Ha COOTBETCTBHE Pa3IUYHBIM

TpeOOBaHUSIM.

6. JlopabGoTka u3menus mpu HEOOXOIUMOCTH.

MopenupoBaHue U3JIeNUs Ha KOMITBIOTEPE BKIIIOYAET B ¢€0s MPOSKTUPOBAHUE U3JCITHS B
CUCTEMaX AaBTOMATHU3UPOBAHHOTO MpPOEKTUpOBaHUA. (OCOOEHHOCTBHIO H3TOTOBIICHUS
MPOTOTUIIOB METOJAOM MHOTOCTPYHHOIO MOJCIMPOBAHMS  SIBJIISIETCS BO3MOXKHOCTh
WCII0JIb30BaHUsI HECKOJIBKUX MAaTepUAJIOB B OJTHOM JeTayid. BaxkHOM 0COOCHHOCTHIO OyIeT
SIBJISITHCS. COOTBETCTBUE KOJIMYECTBA UCTIOJIb3YEMbIX MaTEPUAIOB KOJIMYECTBY DJIEMEHTOB B
onnoit CAD-monenu usnenusi. OHU TOJDKHBI OBITH paBHBI MO KonmdecTBY! (Hanpumep,
ecau MOOeaUpyemcst poauK ¢ meepooil OCHO80U U ynpyeou nosepxnocmoio, mo CAD-gaiin
POAUKA OONHCEH COCMOAmMb U3 08YX YACmell — MBepOooll OCHOB8bL POJIUKA U €20 YNpY2oll
nogsepxwocmu). Takum  oOpa3oMm, TmOAroTroBka  ¢aijioB sl JAaHHOTO  BHUJA
OPOTOTUNUPOBAHUSL JIOJDKHA MPOU3BOIUTHCS TOJBKO B MPO(PECCHOHATBHBIX CHUCTEMaxX
TBEPAOTEIIBHOIO MOJECIUPOBAHUSA C TOCIECAYIONMIEH KOHBEPTAIMEW B MOJUTOHAIBHBIN
dbopmar.

[ToaroroBka Mojieu K MeYaTv BKIIOYACT B ce0s CO3JaHUE yIPABJIAIONICH MpOorpaMMsbl, B

KOTOPOU 33J]aI0TCsI TapaMeTphl KauecTBa IeYaTH, MPOU3BOAUTCS Pa3OUBKAIETAIN HA CIIOU.



N3roroBieHue onbITHOr0 00pa3sia BKIYaeT B ce0s neyars npoToTuma Ha 3D- npuHTepe B
COOTBETCTBHMHM C CO3JAHHOM yIPABIAIOLIEN NPOrpaMMON.

[TocToOpaboTka uzgenus, u3roropiaeHHoro no MJM-texHosioruu, BKIOYAET OYUCTKY U
OPOMBIBKY IPOTOTHIIA OT CIIOEB MOAJAEPKKH; IOCTOTBEPKICHUE JETald B
yIbTpaduoIeTOBON Kamepe.

Hainee, nociie MpOCyLIKH, CIEIYET YAAICHHE MMOAJEPKUBAOIINX CTPYKTYp. Eciau monens
neJaTtaeTcss W3 BOCKa, MOAJEPKKY YIAISIOT CHeNUaJbHbIM  pacTBopoM. llpu
UCIOJIb30BaHUU  (OTOMOJIMMEPA H3AEIHE TOMENIAaeTCss B I€4yb, TIJ€ MNOAJEpKKa
BBIIUJIABIIACTCSL OpH BbICOKOW Temmepatype (mpumepHo 60° C). CraoxXHBIM H3IETUSM
TpeOyeTcs AOMOMHUTENbHAs 00paboTKa B YJIbTPa3BYKOBOM BaHHE.

TectupoBaHWe MOJENIM IIOJYYEHHOW METOJOM MHOI'OCTPYMHOIO MOJCIUPOBAHUA Ha
COOTBETCTBHE PA3NIUYHBIM TPEOOBAHUSAM K W3JEIHIO JOJDKHBI YUUTHIBATh BHEUIHHUM BH],
reOMETPUUYECKUE Pa3MEpPbl, XUMUUYECKHI COCTaB, MEXaHUYECKUE CBOWCTBA, IOPUCTOCTb.
JlopaboTka wuzgenuss HeoOXxoauma NpH OOHAPYKEHUUM HEJOCTATKOB B KOHCTPYKUHUU
OPOTOTUIA U MPU HECOOTBETCTBUM KOJIHMYECTBA MCIOJIb3YEMBIX MAaT€pUAIOB KOJIHYECTBY

siieMeHTOB B ogHor CAD-Monenu n3aenus.



4.3. Tleuyath Mojeei NJisl JIUTHS MO0 BbIKUTAEMbIM H BBINJIABJISIEMbIM
MO eJIsIM
TeXHOJIOTMYECKUI MPOLIECC JIUThS 110 BBIKUTAEMbIM MOJIEJISIM CXOXK C APYTOM TEXHOJIOTUEN
TOYHOTO JIUThSI, OCHOBAaHHOW Ha BBHITUIABIICHUH BOocka. OCHOBHOE OTIUYHEC
— B Marepuanie s 3D-medartu, HCHOIB3YyEeMOM ISl M3TOTOBICHHUS (OpM: TIpH
BBEDKUTAHUH IPUMEHSETCS IIAcTUK ((poTomonmmMepHas cModa). JINThe TOBBIIIIABISIEMBIM
MOJIEIAM — TIporiecc 00jiee TOYHBIN, HICATBHBIA JUIS CO3AaHUs HEOOJIBIINX 00BEKTOB C
MEJTKUMH  JeTAIsIMU  (HampuMep, FOBEIUPHBIX  HM3JEIHH, CTOMATOJOTHYECKHX
uMIIaHTaToB). Eciu Tpebyercs moyduTh MOJETH OOJIBIINX Pa3MEpPOB U MOBBITIICHHON
NPOYHOCTH, TPUMEHSAETCS BBDKUTaHUE. Takke HaJg0 OTMETHUTbh, UTO (HOTOMOIUMEPDI
PKOHOMHYHEE BOCKA.
BripamuBanue BbDKHraembix wojened Ha 3D-npuHTepe NPOU3BOJUTCS METOAOM
MHoroctpyinoro moaeauposaunus (MultiJet Printing, MJP) ¢ momoribio GoTomonuMepHoro
MaTepuaga COIOCTaBUMO C JlazepHou crepeosnnrorpaduu (Stereolithography Apparatus,
SLA) — koraa >KuIKHid (OTOTOIUMEp 3aTBEpJEBacT IMOJ JeicTBHEeM Jazepa win Y D-
JIaMIIBI.
[TeyaTr METOJOM MHOTOCTPYWHOTO MOJCITUPOBAHUS TPUMEHSIOT MPHU W3TOTOBJICHHUH
JUTHEBBIX (POPM, KOTOpas 3aTEM 3aJTMBAIOTCS CUIIMKOHOM. B cuinnkoHOBY10 hopMy MOKHO
3a]IMBaTh JIO0OM Jpyrod Marepuan, B JaHHOM Cjydae 3TO OJWypeTaH. B pe3ynbrare
IPEANpUsATHE TOJIy9aeT cBoero poaa hpopmy st popM — HE MPOCTO MPOTOTHII, & ONBITHBIN

oOpa3ell, TOTOBBIN K HUCIIOJIb30BAHHUIO.

IIpoyecc uzeomosnenus numvesou hopmwi

1. 3D-monenb pa3BeTBUTEIIS

e




2. 3D-monens TuTheBOM (HOPMBI U3 IBYX

qacTeu

3. Macrep-dopma, HaniedaTanHas Ha 3D-

MIPUHTEPE

4. IIpouecc 3aIMBKH CUITMKOHOM

5. U3Bneuenue popmbl. CHIIMKOHOBAS
(dbopMa B TOUHOCTH MOBTOPSIET T€OMETPUIO

U301




6. COopka 3anuBouHOM Gopmbl. [Tockonbky

W3/1eJIie UMEET BHYTPEHHHE MOJIOCTH, OHU
0hOpMIISIIOTCSI CTEp)KHEBOMOCHACTKOM. B
(dbopMy BKIIaJILIBAETCS CTEPIKCHD,
cocTosIui u3 Tpex yacreil. Koncrpykuus
coOUpaeTcsl U CTAaBUTCS BEPTUKAIILHO.
Yepes TpyOKy u mTynep (BHU3Y) B MOJIOCTh

3aJIMBACTCH IMOJINYPCTaH

7. IIpouecc 3aJIMBKH MOJIUYPETAHOM

8. U3Bneuenune roroBoit getanu. Ocraercs
¢dbopmMa, KOTOPYIO MOKHO HCIIOIH30BaTh

€IIC HCCKOJIBKO COTCH pas3




KOHTPOJIBHBIE BOITPOCBI

1. Jla¥iTe onpeneneHne TEXHOJIOTUA MHOTOCTPYWHOI'O MOJIEIIMPOBAHHSI.

2. Onumrre NpUHIKN JEUCTBUS TEXHOJIOTUA MHOTOCTPYHHOM ITEYaATH.

3. Kakoit pacxogHpiil Marepruall UICIIOJIB3YIOT B yCTPOMCTBAX MHOTOCTPYWHOM
neqaru?

4. Ilepeuncnure dTansl U3rOTOBIEHUS IPOTOTUIIOB METOJOM MHOTOCTPYHHOTO
MOJEIUPOBAHUS.

S. Yro sBisieTcs BaKHOM 0COOEHHOCTBIO U3TOTOBJICHHS POTOTUIIOB METOI0M

MHOTOCTPYHHOT'O MOJICTUPOBAHUA?
6. Urto BKiItOUaeT B cels moctoOpaboTka W3AeNUsl, U3TOTOBJICHHOTO I10
TEXHOJIOTUA MHOTOCTPYWHOTO MOJEIIMPOBAHUA?

7. OnuiuTe nNpouecc u3roTOBIECHUS JTUTHEBOM (POPMBI.



TEMA 5. TEXHOJIOI'US 3D ITIEYATHU METOJ10M HIBETHOI'O
CKUVIEUBAHUS TIOPOIIKOBOI'O MATEPHAJUIA

5.1. TexHoJsiorus NOJHOUBETHOM cTpyiiHoi 3D-neyatu

PeanuctuyHble IBETHBIE MOJEIIN C BBICOKUM Pa3pelIEHUEM MOMOIaloT OLEHUTh BHEIIHUN
BUJ KOHEUHOTo npoaykra. Co3aHue MoJ00HBIX M3AEIUI CTaJlo BO3MOXKHBIM Osiarojaps
TEXHOJIOTHH TIOJHOIBETHOW cTpyhHO#H 3D-medarn, 3amaTeHTOBaHHON Kommanuei 3D
Systems o va3zBanuem ColorJet Printing (CJP).

TexHOnIOoruss OCHOBaHA Ha IOCIOWHOM CKJIEMBAaHUW THIICOBOIO IOPOUIKA CIELHAIBHBIM
KJIESAUUM COCTAaBOM M TPUMEHSIETCS MJii MPOTOTUIIMPOBAHUS MOJENEH CMEIIaHHON
I[BETOBOM TaMMBbI, CIOXKHOU (opMbl WK (aKTyphl, a TaKXKe IS BBIMTYCKa HEOOJBIINX

napTuil npoaykuuu (puc. 5.1).

Pucynok 5.1 - U3nenus, nonyuennsie merogom CJP

CJP wucnonws3yercs B MPOMBIIUICHHOM TIPOU3BOACTBE, apPXUTEKTYpPE, HW3TOTOBJICHUH
CYBEHHUPHOW MPOAYKIIMU, TPOU3BOJCTBE MOTPEOUTEIHLCKUX TOBapoB. Ha cerognst 3To
CcaMbIil PaCIIPOCTPAHCHHBIN METO/1 MOJHOIBETHOM 3D-mmevarw.
Ecnu roBopuTh 0 IpakTHYECKHX 3aJa4ax, KoTopbie pemaeT TexHojorus ColorJet Printing,
TO K HUM OTHOCSITCS:

— CO3/IaHUE APXUTEKTYPHBIX U CTPOUTEIBHBIX MAKETOB ISl JEMOHCTpALMU

WJIEH 3aKa34HKY;
— W3TOTOBJICHHE JEMOHCTPAIIMOHHBIX 00paslmoB B MPOTOTUITMPOBAHUH,

IA3aiiHe, MPOU3BO/ICTBE;

MaKCTUPOBAHHC B O6paBOBaT€HBHBIX NI MCAUIUMHCKUX OCJIAX,

— IIPOBEPKA Ha COOMPAEMOCTh HECIIOKHBIX COOPOYHBIX U3ICITHI;



— KOHTPOJIb PTrOHOMHKH ¥ BHEITHETO BHJA HM3ACIUN HAa PAaHHUX CTaIMsIX
MIPOU3BO/ICTBA;
— MIPOBEPKa BOCTIPUATHS TOBapa (POKYC-TPYIIITAMH.
Texnomorus ColorJet Printing 3akimouaeTcst B UCTIOIH30BaHUH JBYX KOMITOHEHTOB
— 0a30BOr0 U CBA3YIOUIETO.

OCHOBHOI KOMIIOHEHT, MEJKOJHUCHEPCHBIM KOMIO3UTHBIA MaTepual, 3alaTeHTOBAaH |
Hocut HasBanue VisiJet PXL Core, oOnamaromuii OTJIMYHOM HBeTonepenaveii. 13 Hero
BO3BOJSTCA ciou Mojenu. M Taxke HamonHseTcs pabodast kamepa.
CBs3yromuii 3JIEMEHT «CpalluBacT» YaCTUYKH OCHOBHOTO MaTepuaia, npuaaBas Gopmy u
et Moaenu. CIP-npunTepsl kommanuu 3D Systems ucnosb3yroT CBI3yoUueMaTepraibl
ColorBond (s ympouyHeHHMsl IBETHBIX Mojeneit), StrengthMax (BeIcokompodHas
pOIUTKA JUIT PYHKIIMOHATIBHBIX Mojeneit) uau Salt Water Cure (sxostornueckast mpornuTKa
TOBBIIMICHHON TPOYHOCTH IMTOBEPXHOCTHBIX CJIOCR).
PaccmarpuBaembiii MmeToa nmojHoBeTHOM 3D-neyatn umeeT cieayronye NpeuMyIecTna:

— CKOpPOCTb TeYaTH;

— mupokas useronepenada (390000 orTeHKOB);

— OTCYTCTBHUE TIOJIIEPKUBAIOIIUX CTPYKTYP;

— HH3Kas ce0eCTOMMOCTH;

— 0e30TX0HOE UCIIOTH30BAHHE,

— TOYHOCTh (MHHMMAJIBHBIN pa3Mep Tomoyiorudeckoro nementa — 0,1 mm);

— JICTKOCTDB B OKCILTyaTalluu.



5.2. PackaTbpiBaHHe paKejieM WIH POJUKOM M0 padoueil MOBepXHOCTH.
HanecenneM Ha cJ10¥i cieliajIbHOIO CBSI3yH0lIero Bemecrsa. CxienBaHue B
HeJbHYIO0 1eTAb

3D-mpunTEp, B KOTOpoM peannzoBaHa CJP-TEXHONOTHS, COCTOMT M3 ABYX OCHOBHBIX
0JIOKOB — KaMephl IOCTPOEHUS JIsl OCHOBHOT'O MaTepuaia U KaMepbl OUUCTKUUIS y1aJCHUS
JUIIHErO0 Martepuana. B HekoTopeix wmonensx 3D-mpuHTepoB Kamepa OYUCTKH

MOCTABJISIETCS B KQUECTBE JOMOJIHUTEILHOIO 000pyaoBanus (puc. 5.2).

Kaprpuaxu Nevaralowue

€ KABAWUM BEWECTBOM rONOBKU
Kamepa

C Marepuanom

PasHaloWuT Wapeaus

Kamepa
NOCTPORHUA

Maatthopma

Pucynok 5.2 - ColorJet Printing: xonctpykius 3D-nipuHTEpa

OpnHa 13 0COOEHHOCTEH TEXHOJIOTMM 3aKJIYaeTcss B TOM, YTO B MPOLECCE MeyYaTh He
3a1eUCTBYIOTCS nofaepKku. [lomnepkuBaronmien CTpyKTypoOu JUlsi MOJEIM  CIYKHUT
HECKJICUBIIMNCSA TOPOIIOK, KOTOPBIA yJausieTcsi B KaMepy OYUCTKM M MOXKET ObITh
WCITOJIB30BaH B ouepeHon ceccnn 3D-nievarw.
Omanwsi mexnoi02uuecko20 npoyecca noaHoysemuou cmpyunou 3D-nevamu:

1. 3D-monens u3nenus sxkcnoprupyercs uz CAIIP B Buge nmoauronansHON

CETKH, pa3AesIETCsl Ha MTONEPEYHBIE CEUEHUS U BBIBOJUTCS HA TAJIbHEUIIIYIO MIEYATh.
2. Tonkuii ciio¥ MopoliKa NoAAaeTCsl Ha CTOJI nocTpoenust 3D-npuntepa u

pa3paBHUBAETCS PAKEIEM U POJIUKOM.



3. CBepxy Ha OPOIIOK BEIOOPOYHO HAHOCUTCSI CBSI3YIOIIIEE BEIIECTBO.
4. Kamepa omyckaercs Huxke Ha ypoBeHb cios (0,1016 mm), HaHOCHTCS

CJHEAYIOLINMI CIOU MOPOILKA.

5.  Ilpormecc moBTOpsieTCS A0 TEX MOP, MOKA HE 3aBEPIINTCS MMOCTPOCHHE
JeTalIN.
6. Jlanee nUIIHWM TOPOIIOK BbIKaUMBaeTcs U3 Kamepbl 3D-mpunTepa

BCTPOCHHOM BaKyyYMHOU CUCTEMOM, U TOTOBAs JIETAIb U3BJICKACTCS.
OObekThl, moxyuyeHHble meTonoM CJP-newatu, xpymnkue, mocie co3fgaHusi TpeOyercs
akKypaTtHas moctoOpaboTka. Ilocime mocToOpabOTKM HMX JAOCTAaTOYHO MPOIHUTATH
CIIEUAIBHBIMHU COCTaBaMM — [IUAHOKPUIIATOM WJIU STIOKCUIHOU CMOJION, YTOOBI MMOBBICUTH
IPOYHOCTh TOTOBOTO MpOTOTHNA. M3nenus, mponuTaHHbIE ITUAHOKPUIATOM, BBICHIXAIOT
OUYEHb OBICTPO — B CPEJIHEM 3a I0JIYaca, HO HECKOJIBKO YCTYIAIOT B MPOYHOCTHU JIETAIISIM,
00paboTaHHBIM YMOKCUIHON cMOJI0M. OHA BBICKIXAET JIOJBIIE — IO CYTOK, OJHAKO U3ICIIUs

CTAaHOBATCA TBCPAbIMH.



KOHTPOJIBHBIE BOITPOCBI

1. JlaiiTe onpenencHre TEXHOIOTHH MOJHOIBETHON cTpyitHON 3D-neuarn.
2. Onumrre NpUHIKN JEUCTBUS TEXHOJIOTUA MHOTOCTPYHHOM ITEYaATH.
3. Kakoii pacxomHpiii Mareprasl UCIOIB3YIOT B YCTPOMCTBAX MOJHOLBETHON

cTpyiHoi 3D-neuaru?

4, [lepeuncnute 3Tanbl U3rOTOBIEHUS MPOTOTUIIOB METOJOM MOJHOIBETHOM
ctpyiHoit 3D-neuvaru.

5. UYro BritO4aeT B ceOst mocToOpaboTKa W3MEusi, U3TOTOBICHHOTO I10

TEXHOJIOTHUH TOJHOIBETHOM cTpyiHON 3D-nieuaTn?



TEMA 6. TEXHOJIOI'US 3D ITIEYATH METOJ0OM
CEJIEKTUBHOI'O JIASBEPHOI'O CIIEKAHUA

6.1. TexHosorus ceJIeKTUBHOIO JIA3€PHOI0 CTIEKAHUSA

SLS (Selective Laser Sintering) — celnekTUBHOE JIa3epHOE CIIEKaHWE, OJHA W3 Hamboee
MIMPOKO MPUMEHSIEMBIX aITUTUBHBIX TexHoJorui. [Tpunmun nefictBus SLS 3axmtouaercs
B TOUYEYHOM CIIEKAHWU IUIACTHKOBBIX MOPOIIKOB C PA3HBIMH KOMIIOHEHTaMH JIa3epHBIM
aydoM. Takxke CyleCTBYIOT MalllMHbI, KOTOPBIE CIIEKAIOT MOPOIIKOBBIN MeTalI. MOIIHOCTh
Jdy4a B mpou3BoAcTBeHHBIX 3D-npunrtepax Bapbupyercs oT 30 g0 200 BatT.

Texnonorus 3D-nedatu mo TexHoiaoruu SLS mmpoko mpuMeHseTcs B aBUAKOCMUYECKON
NPOMBIIUICHHOCTH; MAIIMHOCTPOCHHUH, JIMTEHHOM TPOU3BOJCTBE; CTPOUTEIHCTBE, B
apXUTEKType, UCKYCCTBE, AU3aiiHe.

CenekTHBHOE JIa3epHOE CIIEKaHHE HMCHOJB3YeTCS MPU M3TOTOBJICHUM: (DYHKIIMOHATBHBIX
IPOTOTHUIIOB; MPOTYKIIUU METKOCEPUHHOTO MTPOU3BOICTBA; MOEIIEH JIJIsl TOUHOTO JIUThSI 10
BBITUTABIISIEMBIM MOJIEJISIM; [UTAHTOB TPYO, MPOKIAIOK, W3OJSAIMHUOHHBIX MANR0 M JAPYTHX

JJICMCHTOB B MHKCHCPHUH U CTPOUTCIIbCTBC, }IeTaﬂeﬁ CUJIOBBIX YCTAHOBOK (pI/IC 61)

Pucynoxk 6.1 - U3nenus, nomyueHubie MmeTogoMm SLS

Moaenu U TpOTOTHUIIBI, CO3JJTaHHBIE METOJIOM SLS, MMEIOT MPEBOCXOIHBIC MEXaHUUECKUE
XapaKTEPUCTUKU: OHU OTJIMYAIOTCS MPOYHOCTHIO, THOKOCTBIO, XOPOIIeH JeTanu3anuei u
TEPMHUYECKON CTaOMIBHOCTHIO. B I1aHe MPOYHOCTH MOJTYYEHHBIX U3JIEIUN CETEKTUBHOE
Ja3epHOE CMEKaHWEe KOHKYPUPYET C TPAJAMIIMOHHBIMHU CIIOCOOAMHUIIPON3BOJICTBA, TAKUMU

KakK JIMTBC 1100 JaBJICHHUCM.
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bnarogapss IUPOKOMY acCOPTUMEHTY MarepuaioB TexHojorus SLS pocrarouno
yHuBepcanbHa. Cro/ia BXOASIT OAHOKOMIIOHEHTHBIE TOPOLIKY WIIM MOPOIIKOBBIE CMECH H3
pa3IMYHbIX MaTepUANIOB, TAKMX Kak: mojauamuanbeie mopoiku (PA1ll, PA12, TPU u ap.);
MOJAU(PUIIUPOBAHHBIE TOPOIIKHU (CTEKJIOHATIOJHEHHbIE, KEpaMOHAIOJIHEHHbIE U JIp.); BlO-
COBMECTHMBIE MTOJIMAMU/IBI.

llpeumywecmesa SLS-mexnonozuu.:

— IpU TOCTPOCHUH TEOMETPUYECKH CIIOKHBIX JeTallel HE HCHOJIb3yeTCs
MaTepuai NoIAep KA. B ponu moaaep KuBaromieil CTpyKTYphl BBICTYTAET MOPOIIOK, HE
MOJIBEPTILIUICS BO3ACHCTBUIO JTA3€PHOTO JTy4a;

— IIMPOKUIA BEIOOP MaTEpUAIIOB;

— BO3MOKHOCTh MOJICITUPOBATH CIIOKHEUIITYIO TE€OMETPHIO;

— 3HAaYUTeNbHAsl SKOHOMUS BPEMEHH Ha COOPKY;

— 001101 00bEM KaMep MOCTPOCHHUS;

— BBICOKAasl CKOPOCTh TeYaTH.

Heoocmamxu SLS-mexnonoeuu:

— Hamneuatanusie getanu TpeOyrOT OXJIKICHUS B TEUEHUE IOBOJIBHO JI0JITOTO
BPEMEHH, BIIOTH 70 12 4., 4T0 3aMeIsieT MPOU3BOICTBEHHBIN MPOIIECC.

— Bricokasi MOpUCTOCTh MOBEPXHOCTH HalleYaTaHHBIX MOJIeTieH, TpeOyeTcs He
OYEHb MPOCTas MOCTOOpaboTKA.

— Yacteie mpoOsieMbl B X0/I€ TeYaTH — ycaaka u nedopmanus Moaesei.

— O0bpa3zyeTcs MHOTO OTXOJI0B IOPOIIKA, KOTOPBIE HE MOJIJIeKaT epepadoTKe.

— OcoObie TpeOoBaHUS K MTOMEIICHUIO W YCIOBHIM JKCIUTyaTauu (TIaBHOE

— 3TO q)HHBTpaIII/ISI BO3JyXa IMIPpYU KOHAUITUOHUPOBAHHUH, TAK KaK ITIOPOIUIOK Bpe)leH).
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6.2. Pa3paBHUBaHHe NMOPOLIKa paKeJjeM Mo padoyeil MOBePXHOCTH.
3amTpuX0oBbIBAHUE KOHTYPA /I€TAJTH PH MOMOIIN UMITYJIHCHOTO M3JIy4YeHMUs.
Bo3zaeiicTBue BHICOKOIHEPIreTHYECKOT0 Ja3€PHOI0 JIy4a Il ClleKaAHUA
IAPOBU/HBIX IUIACTUKOBBIX I'PAHYJI MEKAY c000ii

3D-npunTepsl, pabotaromue 1o TexHojsorun SLS, uMmeroT ruOkue HacTpouiku. B
3aBHCHMOCTH OT IIOCTaBJICHHBIX 33714 PEryJIUPYIOTCS TaKHE apaMeTphl, KaK TeMIepaTypa,
rIIyOMHa ¥ BpeMs BO3JIeUCTBHsI. Takke MOJIb30BaTEIh MOKET 3a4aTh paboTy JIMOO TOJIBKO C

HePEeXOIHBIMH I'PAHUIIAMH, TUOO CIICKaHUE 1O Beel riyouHe Mojenu (puc. 6.2).

CkaHupytouiee 3epkano
NAuH3bl Ny4 nasepa  noocam X-Y

PasHsiowul
Banuk

Usaenus
MNoaaya
nopowka

Kamepa

NoCTPoeHUs
MNaarchopma
NOCTPOEHUS

Pucynox 6.2 - Cxema SLS-texHonMOTHI

Texnonocuueckuti npoyecc cenekmuHo20 1a3epHo20 CNeKaHUs:

1. TexHOTOTMYECKUH MPOLIECC HAYMHAETCS C pa30rPEBAHUS MaTEpUalia J10
TeMITepaTyphbl, OJU3KOM K TeMIepaType IIIaBlIeHus, YTo o0ecrneunBaeT 6osee ObICTPYIO
paboty nopoikooro 3D-npunTEpAa.

2. [Topoiiok noaercst B kamepy MOCTPOEHUS U Pa3paBHUBAECTCS PAKEIIEM WU
BAJINKOM Ha TOJIIIMHY MUHUMAJIBHOTO CJI0sI MaTepuaa.

3. JlazepHblil JIyd crieKaeT CJIOM MOPOIIKA B HEOOXOAMMBIX ydacTKax,
COBITaIAIONINX ¢ ceueHneM 3D-moenu.

4, [Tomaercs cnenyronmi ciIoM NOpouIKa, kKamepa MmoCTPOEHHS OIyCKaeTcs Ha
YPOBEHb HUKE.

5. [Tpouenypa noBTopsiercs, Moka He MOJYYUTCS TOTOBOE U3JIEIIHE.


https://iqb.ru/catalog/3dprinters/
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[To 3aBepieHuy Mpoiiecca NOCTPOCHHS MOXKET MOTpedoBaThes puHUITHAsI0OpaboTKa. Jliis
NPUIaHAST U3CITHI0 UACATHBHO POBHOW (POPMBI BBHITIONHSIOT TOJUPOBKY WIIH TLITU(OBKY.
OnHako 1o Mepe YCOBEPIICHCTBOBAHUS TEXHOJOTUN MOTPEOHOCTh B MOCTOOpaOOTKE

W3JIENINIA, U3TOTOBIICHHBIX HAa SLS-nipuHTEpaxX, CTAHOBUTCS BCE MEHEE aKTyaJIbHOM.

6.3. Co3naHne KOHEYHbIX U3/1eJHH CI0KHOI reoMeTpun. JlerkoBecHble
KOHCTPYKIUH. DYHKINOHAJIHLHO HHTErPUPOBAHHbIE I€TAJH

CenextuBHOe J1azepHoe cnekanue (SLS) — 3To TeXHOJIOTHS aJTMTUBHOTO ITPOU3BOICTRA,
B KOTOPOW HCIIOJIB3YETCS MOIIHBIN Ja3ep JJIs CIEeKaHUS MEJIKUX YacTHI] MOJUMEPHOTO
MOPOIIKA B IPOYHYIO CTPYKTYpY Ha ocHOBe 3D-Mozenu.

3D-neuats o TexHosoruu SLS Obuia momyssipHa cpear HHKEHEPOB U ITPOU3BOAUTENCH Ha
NPOTSHKEHUU  AecsaTwieTuil. bnarogapss HHM3KOH Cce0ECTOMMOCTH MOJIEIH, BBICOKOM
IPOU3BOJAUTEILHOCTH M PACIPOCTPAHCHHBIM MaTepHaiaM 3Ta TEXHOJOTHSI OTIMYHO
MOJIXOUT JIJISl PEIICHHs IMIMPOKOTO CIEKTpa 3a7ad: OT OBICTPOTrO MPOTOTHITHPOBAHUS JI0
IIPOM3BOJICTBA B MajbIX 00bEMaX, M3TOTOBJICHUS OTPAaHUYCHHBIX POOHBIX TMApPTHH WU
CO37aHUs U3/ M0 WHIUBUTyIbHOMY 3aKas3y.

CO3I[aHI/Ie I/ISI[eJ'H/Iﬁ MCTOAOM CCJIICKTHMBHOI'O JIA3CPHOI'0 CIICKAHMA ITPOXOJHUT B HCCKOJIBKO

ATaIoB:
1 MopenupoBaHue U3/Ieus Ha KOMIIBIOTEPE.
2 ITonroroBka MOJEIIN K I€YATH.
3. N3roroBnieHue onpITHOrO 00pasiia.
4 [TocTo6paboTka uzaenusi.
5. TecTupoBaHWE TMOJYYEHHOW MOJIEIM HAa COOTBETCTBUE Pa3IMYHBIM
TpeOOBaHUSIM.
6. JlopaboTka u3aenust mpu HE0OXOTMMOCTH.

MonenupoBaHue U3/1€aUsl HA KOMIIBIOTEPE BKIIIOYAET B Ce0s MPOEKTUPOBAHUE U3/IETIHS B
CUCTEMaxX aBTOMATHM3MPOBAHHOI'O MPOEKTUPOBAHUS M COXpaHEHUE MOJeNH B (dopmarax

.m3d u .stl.



HO,Z[I"OTOBKa MOJCJIHN K IICHATH BKJIIOYACT B celst CO31aHHuC ynpaBJm}omeﬁ IIporpaMmenl, B
KOTOpOﬁ Hape3acM MOJACIIb Ha CJIOW, OICHUBACM BpPEMS II€CHATHU, pacCliojiaracm OOBEKTHI B

3aJIaHHOM IOPSI/IKE, HACTPauBaeM MapameTpsl evaru (puc. 6.3).
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Pucynok 6.3 - TlonrotroBka Mojienu K reyatu

N3roroBnenne onpITHOrO 00pasiia BKIKOYAET B ce0s nevyarh npoToTumna Ha 3D- npuHTepe B

COOTBETCTBHUH C CO3/IaHHOM YIpaBJISIONICH mporpammoii (puc. 6.4).

Pucynok 6.4 — OnbITHBII 00pasen u3aenus

[Toctob6paboTka wu3aeausi, M3rOTOBIEHHOTO 1O SLS-TexHOoNOrMM HE npeanojaraet
WCITOJIB30BAHUS TIOJICPKEK, W BKIIOYAeT B CeOsl, M3BJICUCHUE W3 KaMephl OCTHIBIICH

MOACIIN, OUNIICHUC OT OCTATOYHOI'O ITOPOIIKaA. I[J'Iﬂ YOAJICHUA 3CPHUCTOCTH C



IOBEPXHOCTH HEOOXOJuMa TajNTOBOYHAs WIM CTpyHHas o0paborka. Mopaenu MOKHO
OKpalllUBaTh MyJIbBEPU3ATOPOM, JAKUPOBATH, [IOKPHIBATH 3JIEKTPOJIUTHUECKUM WU IPYTUM
CHOCOOOM IS MOJTYUYEHHs HY’KHOTO 1[BETa, KaUeCTBAa IIOBEPXHOCTH U CBOICTB, HAIIpUMED,
BOJIOHETIPOHUIIAEMOCTH (cnenanbHOE MOKPBITHE) u AIEKTPOINPOBOHOCTH
(2JIEKTPOIUTUUECKOE MOKPBITHE).

JIMIIHUM TOPOLIOK, OCTABIIMKCS TOCTIE CO3/JaHUS MOJENU, GUIBTPYIOT, YTOOBI yAATUTh U3
Hero KpymnHele yactuibl. [locie 3toro ero mMoxkHo mnepepabotath. Ilox Bo3zaeiicTBuem
BBICOKOW TeMIIepaTypbl CBOMCTBA HECIIEKIIETOCs MOPOILKA CIErka yXyIIIatTCs, TOATOMY
U TIOCJTEAYIOUIeN MedaTh ero Hy>KHO CMEUIMBaThb ¢ HOBbIM MarepuajsioM. OObIYHO B
TexHoJoruu SLS NpuMeHst0TCs OTAeNbHbIE YCTPONUCTBA ISl BOCCTAHOBIICHUS, XPAaHEHUS U
CMEUIMBAHUS [TOPOLIKA.

TecTupoBaHne MoOJAENM NOJYYEHHOW METOJOM CEJEKTHBHOIO JIA3€pPHOIO CIEKAHMS Ha
COOTBETCTBHE PA3NIUYHBIM TPEOOBAHUAM K W3JEIUI0 JOJKHBI YUMTHIBATh BHEUIHUH BHJ,
reOMETPUYECKUE pa3Mephbl, XUMUYECKUN U (Pa30BbIi COCTaBbI, MEXaHUYECKHUE CBOMCTBA;
npenesa TEKy4yeCcTH WM BPEMEHHOE CONPOTUBIEHUE M OTHOCHUTEIBHOE YIJIMHEHHE,
HOPUCTOCTb.

Jlopa®oTKa n3zemnusi, M3roTOBJICHHOTO Mo TexHoJornu SLS Heobxoanma npu oOHapyKEeHUH

HCAOCTATKOB B KOHCTPYKIUH.



KOHTPOJIBHBIE BOITPOCBI

1. JlaiiTe onpeiesIeHne TEXHOJIOTUH CEJIEKTUBHOTO JIA3EPHOTO CIIEKAHMS.
2. Kakoii pacxomsslii MaTepuan HCIOJB3YIOT B YCTPOMCTBAX CEJIIEKTUBHOIO

JA3epHOTO CHIEKAHUS?

3. OnuUnImMTe TEXHOJIOTHUECKHI MPOIIECC CEIEKTUBHOTO JIA3EPHOTO CIICKAHMS.

4, OnummMTe 3TaIbl CO3AaHus U3ICTUI METOIOM CEJICKTUBHOTO JIa3ePHOTO
CIIEKaHUS.

5. Uto BKiIOUaeT B cels moctoOpaboTKa W3AeNusl, M3TOTOBJICHHOTO I10

TCXHOJIOTNU CCIICKTUBHOT'O JIA3CPHOTO CHICKaHMs?



TEMA 7. TEXHOJIOT'USA 3D ITIEYATHU METOIOM CEJIEKTUBHOI'O
JIABEPHOI'O IIVTABJIEHU A

7.1. CesexkTuBHOE (BHIOOPOYHOE) JIa3epPHOE MJIABJIEHHE
SLM (Selective Laser Melting) — cenexktuBHOE (BBHIOOPOYHOE) Ja3epHOE IUIABICHHE —
HOBATOpPCKAasi TEXHOJOTUS W3TOTOBJICHUS CIIOKHBIX MO (opMe U CTPYKType U3IeNuil u3
METAIUTMYECKUX TOpOomKoB 1o wmarematndeckumM CAD-monmensim. DToT  mporiecc
3aKJIF0YAETCS] B MOCIIEIOBATEIbBHOM TOCIOWHOM PAaCIUIaBICHUU MOPOIIKOBOTO MaTepuaia
OCPEJICTBOM MOIIHOT'O Ja3epHOr0 U3IyUYeHUsI.
SLM otkpbIBaeT nepea COBpeMEHHBIMH MPOU3BOJICTBAMH IIUPOYANTITHEBO3ZMOKHOCTH, TaK
KaK TO3BOJISIET CO3/1aBaTh METAUIMYECKHE H3ZENHSI BBICOKOW TOYHOCTU U IJIOTHOCTH,
ONTUMHU3UPOBATh KOHCTPYKIUIO U CHU3UTh BEC MPOU3BOIUMBIX IETAJICH.
CenekTHBHOE JIa3epHOE TUIaBICHUE — OJJHA U3 TEXHOJIOruil 3D-nevatu MeTamioM,KOTopbie
CHOCOOHBI € YCIIEXOM JIOMOJHSATh KJIACCHUYECKHE MPOU3BOJCTBEHHBIE Mpolecchl. OHO JaeT
BO3MOXHOCTh M3TOTaBIMBATh OOBEKTHI, MPEBOCXOANIUE TO (PUIUKO- MEXAHHMUECKUM
CBOMCTBAM MPOJYKThI CTAHAAPTHBIX TeXHOJOTUH. C nmomonipo SLM- TEXHOIOTUH MOKHO
CO3/1aTh YHUKAJIbHBIE CIOKHOMPO(PUIbHBIE HM3JEIUsT 0€3 UCMOIb30BAHUS MEXaHUYECKOU
00pabOTKM M JOPOTOM OCHACTKH, B YACTHOCTH, Oyiarojaps BO3MOXHOCTH YIPaBISATh
CBOWMCTBAMU U3AECITUMU.
CelleKTUBHOE Jla3epHOE IUIABJIEHHME NPU3BAHO pelIaTh CJIOXKHBIE 3ajladd  Ha
ABUAKOCMHMYECKHX, DHEPIreTUYECKUX, He(Tera3zoBbIX, MaITUHOCTPOUTETBHBIX
IPOU3BOJICTBAX, B METAJUI000PAa0OTKE, MEAUIIMHE U FOBEIUPHOM JEIIE.
CenekTUBHOE Ja3epHOE IUJIaBJICHUE HAXOAUT MPUMEHEHUE B TMPOMBIIIJICHHOCTH JUJIS
U3rOTOBJICHUS KOMIIOHEHTOB Pa3HOOOpPA3HBIX arperatoB U y3JIOB; KOHCTPYKIIMICIOKHOM
GbOpMBI U CTPYKTYpHI, BKIIIOUYass MHOTORJIEMEHTHBIE U HEpa30OpHBIE; MITAMIIOB; IeTajei
npecc-GhopM; MPOTOTUIIOB; FOBEIUPHBIX U3CIIHI; UMILUIAHTATOB U IPOTE30B B MEJUILIUHE U

cromarojioruu (puc. 7.1).



PI/ICYHOK 7.1- HpI/IMepBI IMPUMCHCHHA TCXHOJIOTHUH CCIICKTUBHOI'O JIA3CPHOT'O

IJIaBJICHUA

HawnGosee momysspHpIMEA MaTepHAIaAMU TIPH CEJICKTUBHOM JIA3€PHOM IIJIABJICHUU SIBIISIOTCS
MOPOIITKOBBIE METAJIBI U CIUJIaBbI, BKJIIOYAs HEP)KABEIOIIYIO CTallb, HHCTPYMEHTAIBHYIO
CTallb, KOOAJbT-XPOMOBBIC CIUIaBBl, THTAHOBBIC CIUIABBI, THUTaH, AIFOMUHUH, 30JI0TO,
TJIaTHHA | JIp.
IIpeumywecmsea mexnonocuu cereKmugHO20 1A3ePHO20 NIAGIEHUA!
— BBICOKAsi TOUHOCTH U MIOBTOPSIEMOCTb;
— MEXaHMYECKUE XapaKTEPUCTUKU U3/CIINA, HalledaTaHHbIX Ha 3TOM Turie 3D-
MPUHTEPA, CPABHUMBI C JIUTHEM;
— peIIeHre CIOXKHBIX TEXHOJIOTHUECKUX 33]1a4, CBSI3aHHBIX C M3TOTOBICHUEM
T€OMETPUYECKU CIOKHBIX U3/CINN;
— MOCTPOCHHUE CIOKHOMPODUIBHBIX JeTasiell 0e3 NCIOIb30BaHUsl OCHACTKH;
— YMEHBIIICHUE MaCChl H3/CINA 33 CYET MTOCTPOCHUS 0OBEKTOB C BHYTPCHHUMU
MOJIOCTSIMU;
— HKOHOMUS MaTepuasa pu MPOU3BOICTBE.
Heoocmamku mexnonozuu cenekmueHo2o 1a3epHo2o naae1eHUs.:
— BBICOKHE 3aTPAThl HA U3TOTOBJICHHUE;
— JeTainu TpeOyIoT mociaeayoIei o00padoTKU, TAaKOW KaK y1aJieHUe OPOIIIKa,
yAaJICHUEe OTop U NITH(OBKA TOBEPXHOCTH;
— pa3Mep B HACTOSIIIIEE BPEMsI OTPAaHUYCH OJHUM METPOM;
— 0oJibIIoe MOTPeOJICHUE AIEKTPOIHEPTHUH, B CIICICTBUE MCIIOIH30BAHUS

nasepa.



7.2. Pa3paBHUBaHHe NMOPOLIKa paKeJjieM Mo padoyeil MOBepPXHOCTH.
3amTpuXoBbIBAHHE KOHTYPA I€TAJTU NPH MOMOIIM UMITYJIHCHOT0 U3JIy4YeHUsI

[Ipu cenekTUBHOM J1a3epHOM IUIABJICHUM BCE IMapaMeTPhl MPOIECca YCTaHABIMBAIOTCS
mpou3BoAUTENIeM. BricoTa ciios, ucmoas3yeMoro B 3D-nieuatn MeTamiaMu, BappbUPyETCs OT
20 mo 50 MHUKpPOH W 3aBHCHT OT CBOWMCTB METAIMYECKOTO TMOPOIIKa (TEKy4ecCTH,
IPaHyJIOMETPUIECKOTO COCTaBa, OPMEI  T. 1.).

bazoBrlii pazmep obnactu medatn npu SLM-texromoruu cocrapisger 200 x 150 x150 mwm,
HO OBIBaIOT M OoJsiee OOJBIINE pa3Mephl pabodero mojis. TOUHOCTh MeYaTu COCTaBIISIET OT

50 - 100 mukpoH (puc. 7.2).

WUtTep6uessil Anasep AUH3bI Ay4 nasepa

CkaHupyioulee
3epkano
no ocsam X-Y
Kamepa
€ MaTepuanom

PekoyTep W3penue

MoaAepxuBsatoLiue

CTPYKTYpbI Kamepa
NoCTpPOeHUA

MNaatcopma
NOCTPOEHUS

Pucynox 7.2 - Cxema SLM-TexHOMIOTHHA

Texnonocuueckuu npoyecc celeKmueHo20 J1a3epHO20 NIAGICHU:

1. TexHonOrn4YecKknii Mpolecc HAYMHAETCS C 3aI0JTHEHUS] KaMepbl HHEPTHBIM
ra3oM (aproHOM WM a30TOM) JUIsi MUHMMHU3ALMKA OKUCIIEHUSI METAJUIMYECKOTO ITOPOIIIKA.
OcHOBHOM 00BbEM raza pacxoJlyeTcs Ha Ha4aJbHOM 3Tare, KOrja MyTeM MPOyBKHU U3
KaMepbl IIOCTPOEHUS yIATSETCA BECh BO3AYX

2. Kamepy HarpeBaroT 10 ONTUMAJIBHON TEMIIEpaTypbl IPOU3BOICTBA.

3. MeTtaniyeckuil MOpoIIOK HAHOCUTCS Ha TUTUTY MOCTPOEHHUS, KOTOpast

3aKperieHa Ha TIaTGopMe TOCTPOSHHSI M PACTIPEICIIIETCS paKeyieM (PEKOyTepOM).



4. JlazepHblil JTy4 HanpapJsIETCs B HANPABICHUAX X U Y C IMIOMOIIBIO JBYX
BBICOKOYACTOTHBIX CKaHUPYIOMINX 3€pKaji. DHEPIus jJa3epa J0CTaTOYHO HHTEHCUBHA,
9T0OBI 00ECIIEYUTH MOJTHOE TUIABJICHUE (CBAPKY) YaCTHUIl C 00pa30BaHUEM TBEPJIOTO
MeTaia.

5. [Tocne 3aBepuiennst GopMHUPOBAHUS CIIO0SI, TIAT(HOpPMA TOCTPOCHUS
OITyCKaeTCsl Ha TOJIIHUHY CJIOS U PEKOYTEp HAHOCHUT CIEAYIOIIHMM CIIOM MOpoIIKa.

6. [Ipoueaypa nmoBTopsieTcs, MOKa HE MOJIYYUTCS TOTOBOE U3EIHE.

Korma kamepa nmocTpoeHust OCTHIBAET 10 KOMHATHOW TeMIlepaTypbl, HEU3PacX0A0BaHHBIN
TIOPOIIIOK yAATSETCs, a ASTaTH MOIBEPTatOT JOMOIHUTEIBHON TEpMUUYECKON 00paboTKe st
CHSITUS OCTAaTOYHBIX HAIpPSOKECHUHM, 3aTeM YyAalsioT TOAJASpXKKH. JleTanmu OTaenstorT
(cunuBaroTCs) OT TIATGOPMBI  TIOCTPOEHUST W TOTOBBI K HCIOJIb30BAHUIO  WJIU
nocyieayolIieit 0o0padoTke.

OO6pabotka Ha crankax YIIY MoxeT OBITh HCHOJIb30BaHa JJIsi KPUTHYECKHA Ba)KHBIX
AJIEMEHTOB (TaKUX KaK OTBEpCTHUs Wi pe3bObl). [leckocTpyitHas 00paboTka, MeTayuin3anus

" ITOJIMPOBKA MOT'YT YJIY4YIIUTh Ka4CCTBO ITOBCPXHOCTHU.



7.3. Bo3aeiicTBHE BHICOKOIHEPTEeTHYECKOT0 JIA3ePHOIO JIy4a /JIsl ClIeKAHU S
chepuyecKuX ¢ METAINYECKUM HANOJHEHUEM TPaHYJI MexKay coOoi

[Iponecc, monyuuBIIMi Ha3BaHHE HEMpsiMOe JlazepHoe crekanue MetaioB (IMLS), O6bu1
paspadoran kommnanuer DTMcorp of Austin B 1995 rogy. C 2001 roma DTMcorp
NpUHALICKUT Kommanuu 3D-Systems. B mpoumecce HenmpsMOro na3epHOrO CHEKaHUS
UCIIOIB3YIOT CMECh MOPOIIKA U MOJMMEpPa WIM IMOPOIIOK, MOKPBITHI MOJIUMEPOM, TIe
MOJIMMEP BBICTYNAET B POJM CBSI3KH W OOECIEUYMBACT HEOOXOAMMYIO MPOYHOCTH ISt
POBEJICHUS JajdbHEHIIeH TepMUuUeckoil oOpaboTku. Ha ctamun Tepmuyeckoir 00paboTKu
MPOBOJATCS OTrOHKA IOJIMMEpa, CIIEKaHHWE KapKaca M MPOIMMTKA IMOPUCTOro Kapkaca
METAJIIIOM-CBA3KOM, B PE3YyJIbTATE KOTOPOM IOJIY4YaeTCs TOTOBOE U3JIEINE.

JI71s1 HempsIMOTO JIa3€PHOIO CIIEKAHUSI MOKHO UCIIOIb30BaTh MOPOIIKH KaK METAIIJIOB, TaK U
KepaMUKU WK uX cMmeced. [IpuroropiieHre cMecH MOPOIIKAa C MOJUMEPOM MPOBOAST
MEXaHUYECKUM CMEITMBAHUEM, TIPU STOM COJIEpKaHUE MOJIMMEPACOCTaBIsAeT 0KoiIo 2-3 %
(mo macce), a B Cily4yae MCIOJIb30BaHUs MOPOIIKA, MOKPHITOTO MOJIMMEPOM, TOJIIHMHA CIIOS
Ha MOBEPXHOCTH YaCTHUIbI COCTaBIIIET OKOJO 5 MKM. B KauecTBe CBSI3KH HUCIIOJIB3YIOT
SMOKCHUIHBIE CMOJIbI, KHJKOE CTEKJIO, TMOJMaMHUJbI U APYyrue MoJMMephl. Temmeparypa
OTTOHKHU TOJUMEpa OIpeesieTcss TEMIIEpaTypol ero IJIaBICHHS U Pa3ioKEHUs U B
cpenaem coctanisieT 400-650° C. Tlociie OTTOHKH MOTMMEpPA MTOPUCTOCTh MBS TIEPET
IPOMUTKON cocTaBiisgeT okoiio 40 %.

[Tpu nponutke neus HarpeBatoT Ha 100-200° C BbIIIe TOYKY MIABICHUS MPOMUTHIBAIOIIETO
Marepuasna, IOCKOJbKY C TOBBIIIEHUEM TEMIEpPaTypbl YMEHBIIAETCS KpaeBOM yroj
CMayuBaHUS U TOHUXKAETCS BSI3KOCTh pacijlaBa, uYTO OJIArOMPHUSATHO BIUSET HA TPOIIECC
MPOTUTKH.

OOBIYHO MPOMUTKY OYAYITUX U3JEIUI TPOBOJAT B 3aCHITIKE U3 OKCHJIA AIFOMUHUS, KOTOpast
UTPaET poJib NOAAECPKUBAIOIIETO KapKaca, MOCKOJbKY B MEPUOJ] OT OTTOHKHU MOJIMMEpPa J0
00pa30BaHUsI MPOYHBIX MEKUYACTUUHBIX KOHTAKTOB CYIIECTBYET ONACHOCThPA3PYIICHUS WU
nedopManuu u3eaus. 3aUTy OT OKUCICHHUS OPTaHU3YIOT C TTOMOIIBIOCO3aHUSl B TEUU
VHEPTHOU WJIM BOCCTAHOBUTEIBHOU CPEJIBL.

JIns IPONUTKM MOXHO HCIIOJB30BaTh JIOBOJBLHO Pa3HOOOpa3HbIE METaulbl M CILIABHI,
KOTOPBIE YAOBJIETBOPSIOT CIEAYIOIIUM YCIOBUAM. Marepuan [ TPONUTKH JIOJKEH
XapaKTepU30BaAThCSI HE3HAUUTEIbHBIM MEX(pa3HbIM B3aUMOJICHCTBUEM, WJIU €TI0 MOJHBIM
OTCYTCTBHMEM, MaJIbIM KpPaeBbIM YIJIOM CMauyMBaHUs U UMETh TEMIIEPATypy ILIABICHUS
HUKE, 9eM Y OCHOBBI. OOBIYHO TSI MPOMHUTKH METALTUYECKOTO KapKaca HCIOJIb3YIOT

OpOH3y, MPH ATOM ycajKa u3eaus coctapisget 2-5 %.



7.4. Co3nanne KOHEYHbIX U3/1eJHi CJI0KHOI reoMeTpun

CenextuBHoe JazepHoe IwiaBieHue (SLM) — 3To TEXHOJOrHS  aJIUTHBHOTO
POM3BOJICTBA, B KOTOPOW MCIOJIB3YEeTCS] MOIIHBIM Jla3ep i IUTABJICHHS YaCTHIL
METAJNIMYECKOr0 MOPOIIKa B MPOYHYIO CTPYKTYpYy Ha ocHOBe 3D-monenu.

3D-neuats mo TexHosoruu SLM HCIonb3yIoT B IPOMBIIICHHOCTH TSI CO3AaHUSIKOHEUHBIX
WHXEHEPHBIX MPOIyKTOB. CeNeKTUBHOE Ja3epHOE TUIABICHHE METATUYECKUX TOPOIITKOB
HE3aMEHUMO B TMpolieccax, TPeOYIONIMX MOBBIIICHHOW CKOPOCTH BOCIPOU3BEACHUS B
KOMIIEKCE C XOopommM KadecTBoM. (OHa ONTUMAIbHO TOAXOAWT JUIS TICYATH
BBICOKOTIPOYHBIX ~M3ACNIUNA TUIOTHOM CTPYKTYpbl H  CIIOXKHOM MPOCTPAHCTBEHHOM
KoH(purypanuu, ¢ nepdopairieii, BHyTpEHHUMH KaHaJIaMH.

CO3,Z[aHI/IC W3JICJINH METOJIOM CEJICKTUBHOT'O JIA3CPHOIO IJIaBJICHUA IMTPOXOAUT B HECKOJIBLKO

ATaIoB:
1 MonenvupoBaHue U3ACNS Ha KOMITBIOTEPE.
2 [ToaroToBKa MOIENH K TIEYATH.
3.  Uzrorosienue onbITHOTO 00pasia.
4 [TocToOpaboTka u3aenus.
5. TectupoBanne TOMYYEHHOW MOJEIM Ha COOTBETCTBHE Pa3INYHBIM
TpeOOBaHUSIM.
6. JlopaboTka u3aenus mpu He0OXOIUMOCTH.

MoaenupoBaHue U3/ENHs HA KOMITbIOTEPE BKIIIOYAET B ceOsl MPOEKTUPOBAHUE U3JIETUS B
CUCTEMaX aBTOMATU3MPOBAHHOI'O NMPOEKTUPOBAHUS U COXpPaHEHUE MOJENIU B (opmMarax

.m3d u .stl (puc. 7.3).

Pucynok 7.3 - Monenu uzaenus B popmarax .m3d - ciesa u .Stl - cipasa



[ToaroroBka MOJENM K IEYaTH METOJOM CEJIEKTUBHOIO JIA3€PHOTO IJIABJICHUS BKIIOYAET B
cebst co3maHue yIpaBisiomend mporpamMmbl. Ha maHHOM »Tame 3agaeTcsi TMOJIOKEHUE
KOMIIOHEHTOB JPYT OTHOCUTEIBHO JIPYTa Ha MOJI0KKE MOCTPOEHUS, CKOPOCTh TOCTPOCHHUS,
KayecTBO IOBEPXHOCTH, IOPUCTOCTb, HEKOTOpbIe (DU3UKO- XHMHUYECKHE CBOICTBa
MeTaJUIOB. TakoM KOMIUIEKCHBIA OAXO0/I MO3BOJISIET MUHUMHU3UPOBATh PacXo/ Marepuania,
CHU3UTH 3aTpaThl JICHET M BPEMEHU Ha MPOU3BOJCTBEHHBIN Mporecc. OCHOBBIBAsCh Ha
NOJIy4eHHOW HH(OpManuu, NporpaMMa CTaHKa CaMOCTOATEIBHO MOJ0UPAET BEKTOPHI
SKCIIOHUPOBAHUSA M CKOPOCTh MpOliecca, MOUIHOCTh Jiyda Ja3epa, PacCTOSHUE MEXKIY
MITPUXOBBIMU JIMHUSIMU, OMPECISIOMUME Iar 00paboTKU — TOJIIUHY cJIos (TTporpaMma
YCIIOBHO pa30MBaeT 0ObEKT Ha OTJEIHHBICCIION).

[Ipu moaAroTOBKE MOJIEIH K ITeYaTh HEOOXOAUMO YACIUTh BHUMAHUE CTPYKTYPE MOIJICPKKH
3D-monenu u opueHTAIMK U3eNHsI Ha paboueit atgopme.

OnopHble KOHCTPYKIHMH BCcerja TpeOYIOTCS MpU NeYaTH METauIoM, U3-3a OYEHb BBICOKOM
TemIepaTypbl 00padboTku. OHU OOBIYHO CTPOSITCS C UCTIOIB30BAHUEM PEIIETIATOTO Y30Pa.
[Mognepxku B MmeTammnuecko 3D neyaTu BHIMOTHAIOT 3 QYHKITUU: SBISIOTCS OCHOBAHUEM
JUTS CO3JJaHusl IEPBOTO CJIOS IETAIH, 3aKPEIUISIIOT JIeTajlb Ha I1aTopMe U Mpea0TBpalatoT
e€ neopmanuio, IEHCTBYIOT KaK TEMIOOTBOMA, OTBOJIS TEIUIO OT MOJIEIH.

JleTayin 4acTo OPUEHTUPOBAHBI 11O YIJIOM. OJJHAKO 3TO YBEIUYUT U 00BEM HEOOXOAUMBIX
NOJJICPKEK, BpeMs MeUaT, U B KOHEYHOM UTOT€ OOIIHE 3aTPaThI.

Hedopmanust TakKe MOXKET ObITh CBEJIEHA K MUHUMYMY C ITOMOIIIbIO IIA0JIOHOB JIA3€pPHOTO
CIEKaHMsl. DTa CTpATErus MPeJOTBPAIIAET HAKOTUICHHE OCTATOYHBIX HAMPSKEHUN B TI000M
KOHKPETHOM HalpaBJICHUH U JOOABIISIET XapaKTEPHYIO TEKCTYPYIOBEPXHOCTHU JACTAIIH.
N3roroBiieHne onbITHOrO 00pasia BKIKOYAET B ce0s meyaTh NpoToTumna Ha 3D- npuHTepe B

COOTBETCTBHUH C CO3/IaHHOM YIpaBJISIONICH mporpammoii (puc. 7.4).



Pucynox 7.4 — OnbITHBIE 00pa3IIbl U3ICTUS

[TocTtoOpaboTka wu3Aenus, U3roTOBIEHHOro Mo SLM-TexHonorum BKIIOYaeT B ceds,
yJaJdeHue M3JUIIEK MOPOIIKa MOCIEe OXJIaXJACHUS Kamepbl MOCTPOCHUS 0 KOMHATHOU
TEeMIIepaTyphbl U TEPMOOOPAOOTKY, YTOOBI CHAThH JIOOBIE OCTATOYHBICHANPSIKEHUS. 3aTeM
U3JIETUS OTACNSIOT OT IUIUTHI MMOCTPOEHUS C MOMOIIBIO PE3KU, MEXaHUYECKON 00padoTKu
WJTU AJIEKTPOIPO3UOHHON 00pa0OTKU U YIAISIOT MOIEPKUBAIOIIUE JIIEMEHTHI.

[Ipu HeoOxoauMOCTH MOCTOOPAaOOTKA M3/ENUs MOKET BKIIIOYATh: TOKAPHYIO OIEpaIuio,
dbpesepHyo omnepaiuo, nUMdoBaHUe, MECKOCTpyHyto o0paboTky. IllepoxoBarocTh
MOBEPXHOCTU COOTBETCTBYET IMOJIOBUHE AMAMETpPa YacCTUIl METAJUNIMYECKOTO IMOPOIIKa
cTaHJapTHas okoyio 15-16 MkM, meckocTpyiiHas oOpabOoOTKa JaeT MOBBIINIEHHE Kiacca
mepoxoBatoctu 70 8-10 MkMm.

JIIHuM MOPOIIOK, OCTaBIIMKCS IOCJE CO3JaHUS MOJEIW, MPOCEUBAIOT U IMPUMEHSIOT
MOBTOPHO.

TecTupoBaHWE MOJEIU MOJYYEHHONM METOJOM CEJIEKTHUBHOIO JIa3€pPHOTO IJIaBJICHUS Ha
COOTBETCTBHE PA3JIMYHBIM TPEOOBAHUSM K M3JEIUIO JOJLKHBI YUYUTHIBATh BHEIIHUN BUJ,
TEOMETPUYECKHUE pa3Mephbl, XUMUUYECKUN M (Ppa30BBIM COCTaBbl, MEXaHUUECKHUE CBOWCTBA;
npejen TeKy4eCTH UM BPEMEHHOE CONPOTUBIICHHE, OTHOCUTENIbHOE YAJIMHEHUE, YAApPHYIO
BS3KOCTb U IOPUCTOCTb.

JlopaboTka wu3Aenusi, W3TOTOBJICHHOro 1o TexHojorun SLM HeoOxoauma Tmpu

OoOHapyXEHUH HEJOCTATKOB B KOHCTPYKIIUH.



7.5. MHM3roroiaenue Gpopm AJsl JIUThS IVIACTHKA

[InacTmaccoBble TUIATHI MPOU3BOAATCS B OOJBIIMX KOJMYECTBAX METOAOM JIUThS MOJ
JIaBJIIGHUEM C HCIOJb30BAHUEM CJIOXHBIX Ipecc-PopM C HECKOJBKHUMH 3aKaJeHHBIMU
JUTHEBBIMU TIONOCTSMU. JI7s JAOCTHMIKEHHWs KaudecTBa JeTajiel Ha OJHOM YpPOBHE C
OpPOTOTUIIAMU MOTYT OBITh MCIOJB30BaHbl MacTe€p-MOJEIU. OTH MacTep-MOJAEIU
MPEICTaBIAIOT cO00M Tpecc-pOpMBI, CO3/IaHHBIE C HCIOIB30BaHUEM MPOPIIUPYIOMIEH
BcTaBku. [Ipodunupyronryto  BCTaBKYy  MOXHO  MOJYYUTh  MyTEM  OBICTPOTO
OPOTOTUIUPOBAHMS (Harpumep, (ppe3epoBaHUEM BCTABKU U3 aJTIOMHHMS) WIM CIIOMOIIbIO
Ja3epHOTO CTIEKAHUS WM TUIABJICHUS JIA3€PHBIM JIYYOM.

[Ipodunupyronme BCTaBKM H3TOTABIMBAIOT C HCIOJIB30BAHUEM PA3IMYHBIX MTPOILIECCOB,
TaKUX KaK CeJIEKTUBHOE JIA3E€pHOE CIIEKaHUE, PpsIMOe JlazepHoe cniekanue metauia (DMLS),
CeJIeKTUBHOE Ja3epHoe IMaBieHue (SLM) wnu naszepHas HarsiaBka. MuHUManbHas
TOJILMHA CJI0fA, JOCTHXKUMAasl Ha cerons, coctasisieT 20 Mkm. [Ipodunupyromnirie BCTaBKH,
NOJydYeHHble TakUM 00pa3oM, MOIryT OBITb HHTETPUPOBAaHBI B MacTep-Gpopmy.
[IpenmyniecTBO ATUX NPOGUIMPYIOIIMX BCTABOK 3aKJIFOUAETCS B TOM, YTO OHHU HJCAIBHO
HNOAXOMAAT JUIsl IOJIy4eHHUs] HEOONBIINX JINTHEBBIX MOJOCTEN CIOXKHBIX popM. [Tockomabky
UCIIOJIB3YETCSl  aJJINTUBHBIA  MPOU3BOACTBEHHBIM MPOLECC, CTOMMOCTh BO3pPacTaeT
IPOMOPLHOHATEHO 00BEMY IMOJIOCTH, HO HE CTENEeHHU CIOXKHOCTU €€ (OpMBI.
CrnenoBaTenbHO, IPOLECCHI JIA3EPHOTO CIIEKAHMS U IUIABJIEHUS Ja3€pHBIM JTy4OM B IEPBYIO
ouepeib MOAXOAST JJis U3TOTOBJIECHUS HEOOIBIINX CIOKHBIX FEOMETPHUUECKUX 00BEKTOB. C
OpoQUINPYIOIIMMH  BCTaBKaMM, M3TFOTOBJIEHHBIMU JSTUMU METOJAaMHU, MOTYT OBITh
UCTIOJIb30BaHbl BCE KOMMEPYECKH JOCTYIIHbIE TEPMOILIACTHL. TeM He MeHee, CPOK CITy>KObI
MOJIOCTH, TOJYYEHHOM MOCPEICTBOM JIA3€pPHOTO CHEKaHUS WM IUIaBICHUS JIa3epHBIM
JIy4OM, OTPaHUYEH, O3TOMY BO3MOKHOE KOJUYECTBO OTJIMBOB 3HAYUTEIBHO HUXKE, YEM
IPU UCIIOJIb30BAaHUU Tpecc- POPM U3 3aKaJIEHHOW CTaJH.

Hanpumep, mo pacueram kommammm FIT Truth Innovative Technologien, BcraBkw,
usrotosiieHHble DMLS-meronom, paccuntansl Ha 500 otnuBoB. Cpok cityObl mpecc-
(GOpMBI MOXXKHO 3HAUUTEIHHO YBEIUYUTH C IMOMOIIBI0 NPOGUIMPYIOMIMX BCTaBOK U3

CIICHHUAJIBHBIX MaTCPHUAJIOB.



KOHTPOJIBHBIE BOITPOCBI

1. JlaliTe onpeesieHNue TEXHOJIOTMHU CEIEKTUBHOTO (BHIOOPOYHOTO) J1a3€PHOI0
IUIABJICHUS.
2. Kakoli pacxonHslii MaTepuan MCIOJB3YIOT B YCTPOMCTBAX CEJIIEKTUBHOIO

JIA3epHOTO MIABJIECHUsA?

3. OnunimTe TEXHOJOTHYECKUN POLECC CEIEKTUBHOTO Ja3€PHOTO IIJIaBICHUS.

4. OnummTe 3Tansl CO3AaHus U3IEIUI METOIOM CEJIEKTUBHOIO JIa3€PHOr0
IJIaBJICHUS.

S. Kakue ¢pyHKIMM BBITONHSIOT MOAAECPAKKU MPU CO3JaHUU U3JIETUN METOI0M

CEJICKTUBHOTO JIa3€PHOTO TUIABJICHUS?
6. UYro BritO4aeT B cebst mocToOpaboTKa W3MEusi, U3TOTOBICHHOTO I10

TCXHOJIOTHUH CCIICKTUBHOT'O JIa3CPHOI'O TIaBIICHUS?



TEMA 8. IPOTOTUIIUPOBAHUE B UHAYCTPUUN

8.1. Bbi0op MaTepuaa ISl NPUJIOKEHUS M METOa NPOEeKTHPOBAHUS
Br16op matepuana it KOHKPETHOTO MPUIIOKEHHSI M METO/Ia MPOSKTHPOBAHUS Oa3upyeTcs
Ha CIeNyIoIIeM NepeyHe TEXHOJIOTUI MPOM3BOJCTBA, B KOTOPBIX B KAauyeCTBE Ia0JIOHOB
MO>KHO HCIIOJIb30BaTh MPOTOTHIIBI, CO3/ITaHHBIE METOIOM aITUTHBHOTO MPOU3BOJICTBA!

— BYJIKAHU3AI[MOHHOE JIUTHE U3 CUIIMKOHA ITPH KOMHATHOW TeMIepaType;

— BaKyyMHOE JIUThE;

— dbopmMoBOE OJI0YHOE JTUTHE;

— a’p030JIbHOE METATMUECKOE JINTHE;

— JUTHEBOE MIPECCOBAHNUE MIIACTMACC;

— JUTHE B NTeCYaHble (POPMBI U3 ATFOMUHUS U YEPHBIX METAJUIOB;

— JIUTHE IO BHITUIABIISIEMBIM MOCIISIM.
Br160p TEXHONOTHHM 3aBUCUT OT pPa3MEpPOB M T'€OMETPHM MPOTOTHIIA, THIA MaTepuasa
¢yHKIMi, TpeOyeMOl TOYHOCTH M KOJMYECTBA KOMIIOHEHTOB, KOTOpBIE HEOOXOIUMO

HN3TOTOBUTD.



8.2. KoHcTpyupoBanue u Au3aiiH
O6nacTe NpUMEHEHUS QJJUTHUBHBIX TEXHOJIOTUH W M3TOTOBJICHUS H3JCIHI METOJI0M
OBICTPOTO TPOTOTUIIUPOBAHUS OMPENETSACTCS ITOCTUNKUMON TOYHOCTHIO HM3TOTOBIICHUS
JeTaal U MEXaHWYECKMMH CBOWCTBAMHU HCIIOJIb3YEMOr0 MaTepHalla — PaCTKUMOCTBIO,
TBEPAOCTBIO M MPOYHOCTBIO Ha pPas3pblB. BapuaHTbl KOHCTPYKTOPCKOTO MPUMEHCHUS
MPOTOTUIIOB MOKHO pa30UTh Ha TPU OCHOBHBIE TPYTIITHL:

— MIPOTOTHIIBI JJIS1 OLCHKH MPOEKTA;

— POTOTHUIIBI JUTsl PYHKITMOHAIBHON OIICHKU;

— MOJENH ISl AabHENUIIEro MPOU3BOICTBEHHOIO MPOIECCA.
Ilpomomuner  ona  oyenku npoekma. COBPEMEHHBIE CHUCTEMBlI TBEPAOTEIBHOTO
MOJEIUPOBAHUS YIIPOIIAIOT OIEHKY MPOEKTa Oyiarojaps HaJIMYMIO TakuX (PYHKIUH, Kak
IPOCMOTp, 3aT€HEHUE, BpallleHHe W yBenudyeHue. OHAKO HE MOMJICKUT COMHEHHIO, YTO
MPOCKT MOXXHO OIIEHUTHh 00Jiee aJeKBAaTHO, KOIJa KOHCTPYKTOP MOKET IMOTpPOTaTh H
noJiepXath B pykKax (PU3MYECKHUI MPOTOTUI KOHCTPYKIMH. Jlaxke HECMOTpSI Ha OTPOMHBIN
onbIT B uTeHuW dveprexed uianm CAD-uzo0paxkeHHil CIO0XKHBIX OOBEKTOB, OTYETIUBO
npeAcTaBUTh cebe, Kak OyJeT BBITJSJETh peaibHas JeTajlb, — OYEHb CJIOXKHAs 3ajaya.
Takne OCOOEHHOCTH, Kak CJENble OTBEPCTHUSA, CIIOXKHbIE BHYTPEHHHE KaHAJbl U
MIOBEPXHOCTH CJIOKHOW KPHUBHU3HBI, 3a4aCTyl0 TPYJAHO HHTeprpeTrupoBaTh. CokpaiieHue
KOJMYECTBA OMIMOOK 3a CYET YJAYYIICHHOW BH3yalU3allud JI€Talld MOXET OBITh
3HauUUTEIbHBIM. HeT sydiero crnocoba y10CTOBEPUTHCS B TOM, YTO CJIOKHAS JIETAIb UMEET
MMEHHO T€ CBOMCTBA, KOTOPHIC IJIAHUPOBAJIUCH, YEM TIOJEPKATh €€ B PyKaX, MOBEPTETh U
MIOCMOTPETH Ha HEE CO BCEX CTOPOH. Du3mueckuii 00BEKT HEOOXOANM, B YaCTHOCTH, JJIS
ACTETUYECKOM OIICHKHU JH3alHa.
IIpomomunvet ons @hynkyuonanvnou oyenxku. Korga npoekT roroB, KOHCTPYKTOP AOJKEH
YAOCTOBEPHUTHCS, UYTO OH OOECHEYMBACT BBHIMOJHEHUWE BCeX (QYHKIMMA, KOTOpPHIE
npeanoyiaraguchk u3HaudanbHO. [IpocTas QyHKIMOHAIbHAST OILEHKA MOXET BKJIIOYATh
MPOBEPKY MPAKTUUHOCTU COOPKU, KHHEMATUUECKUX U a3POJUHAMHYECKUX XapaKTEPUCTHUK.
Yacto ObiBaeT HEOOXOAMMO TMPOBEPUTh, MOXKHO JIM JIETKO COOpaTh MNPOAYKT U3

COCTAaBJIAKOIINX HWIIN pa306paTb Cro ajisi 06CJ'IY)KI/IB3,HI/I$I. Hepe;[Ko OKa3bIBACTCs, 4YTO



coOpaTh NPOAYKT MOXKHO JIUIIb C OOJIBIIUMU TPYTHOCTSIMH, a TOPOH U BOBCE HEBO3MOXKHO.
Bo3MoxHOCTE COOPKH MPOCTHIX KOHCTPYKIUH MK €€ MPOCTOTY MOKHO OLEHUTD, TJIAS Ha
yeprexk. OHAKO HA MPAKTUKE MPUHITO BBHIMOJIHATH TaKyl0 MPOBEPKY MyTEM pealbHOMU
cobopku. B aTOM cirydae mpoTOTHUIIBI, CO3/ITaBaEMbIE METOIOM OBICTPOTONPOTOTUITHPOBAHMUS,
OKa3bIBalOTCS BECbMa IOJIE3HBIMHU, IOCKOJBKY KOMIIOHEHTBI, CJICJIaHHbIE U3 JPYroro
MaTepHala, sIBISIIOTCS TEM HE MEHEE JIOCTATOYHO aJIeKBATHBIMH JUISI BBITOJTHEHUS! COOPKHU.
Hcnonp30BaHne MPOTOTUIIOB BMECTO pEaTbHBIX KOMIIOHEHTOB JaeT 3HAYUTEIHHYIO
HSKOHOMHIO BPEMEHU U CPEJICTB.

[Ipu TecTupoBaHMM KMHEMATHYECKUX XAPAKTEPUCTUK MPOBepseTcs, GyHKIUOHUPYIOT JIH
JABWOKYIIHECS YacTH COOPHOW KOHCTPYKIIMHM TaK, KaK 3TO 3aIyMbIBaJIoCh. [IBHKEHHIO
JeTanell 4acTo MPEeMsATCTBYIOT HEOXKUAAHHbIE TIOMEXH WIN IPYrHe KOMIIOHEHThI COOpKH.
[TockonmbKy KMHEMATHYECKHE XapaKTePUCTHKH MOTYT OBITh MMPOBEPEHBI HA KOMIIOHEHTAX,
HE UMEIONINX TaKOW CTENeHH MPOYHOCTH, Kakas TpeOyeTcs Aisi KOHEYHOro MPOAYKTa,
IPOTOTHUIIBI, M3TOTOBJICHHBIE METOJOM AJJAUTHUBHBIX TEXHOJIOTHMI, CHOBA OKAa3bIBAIOTCS
TIOJIC3HBIMH.

[Iporotur, co3aHHBIi TOCPEACTBOM OBICTPOTO MPOTOTUIIHPOBAHUS, MOYKHO UCTIOTIB30BaTh
TaKXKe JUIsl TPOBEPKH a’pPOJUHAMUYECKUX XaAPAKTEPUCTHK KOHCTPYKIIMH TyTeM €€
OpOAYBKM B  a’poAWHaMudeckoi TpyOe. KiroueByro pomb B ONpeAeTeHHUH
A’POAMHAMUYECKUX XapaKTEPUCTUK JETAIM UTPAET €€ TeoMeTpudeckas Gopma, modaTomy
311eCh MOAOUET MPOTOTHII, H3TOTOBIIEHHBIN U3 IPyroro Matepuana. OgHaKo AT IPOBEPKU
APYTUX XapaKTePUCTUK — MPOYHOCTH, MPEENOB paboueil TemrepaTypsl, yCTaJoCTH U
KOPPO3UOHHOH YCTOMYMBOCTH — TpeOyeTcs, 4ToObI MPOTOTUN OBUT CACTAHU3 TOTO XKE
MaTepuana, YTO ¥ OpUTrHHAIbHAS KOHCTPYKIIUAL.

Mooenu ons OanvHeliuwe2o npouszsoocmeenno2o npoyecca. Ceituac omnpoOOBaH psll
MOJIXO/IOB, TO3BOJISIONIMX OTHOCUTEIBHO OBICTPO W PEHTA0ETBHO MPOWUTH MYTh OT
OPOTOTHUNA 10 pealibHON (YHKUIHMOHATBHOM JIeTalH.

3HauuTeNbHbIE MpEeUMyIIecTBa O00ECleYnBaeT, HaNpuMep, COYETaHHE H3TOTOBJICHHS
Mozenen it IuThs. B 3TOM ciydae nuTediHas MOJENb M CTEPKHU H3TOTaBIMBAIOT I10
aJTMTUBHON TEXHOJOTHMH M MCIOJB3YIOT TaK K€, KaK JIEPEeBSHHBbICE MOJAETU U OOBIYHBIC

CTCPIKHHU. MOI[G.]'II/I MOT'YT HMCIIOJIB30BAaTh TAKIKC JJI KOIIMPOBAHUAA.



8.3. IlocTpoeHue mMojeJieii B apXuTeKType
KommnbroTepHoe  MozenupoBaHue  HETUNOBBIX  3D-00BEKTOB  JOCTYIIHO  TOJBKO
CHEIUAINCTaM, 3HAKOMBIM C MPO(GECCUOHATBHBIMH CHUCTEMaMU aBTOMATHU3UPOBAHHOTO
IPOEKTUPOBAHMSL.
Ha apxuTexkTypHOM MakeTe MOXKHO MPOBOAWTH TECTHI €IIe O TOro, Kak OyaeT TOTOB
OKOHYATEJIbHBIM BApWAaHT IUIaHA 3acTpouKu. boiee TOro, peaspHO W3TOTOBJIEHUE
MPOTOTUIIOB 3/1aHWM, HaJ KOTOPBIMH MPOBOJATCS TAaKHE TECThI, KOTOPbIE HAa TOTOBOM
W3/IeNIMM HE MpoBejeiib. HampuMep, MOXKHO HCIOJIb30BAaTh MPO3PAYHYIO IIACTHKOBYIO
MOJIeNIb CUCTEMBI BOJOCHA0KEHHUS TIPHU MPOCKTUPOBAHUHN HETUIIOBBIX COOPYKEHHH, TAKHX
KaK Bpalllaroniuiicsa HeOOCKpeOd WK CTYIUU ¢ U3MEHSIEMbIM BHYTPEHHUM O0BEMOM.
BHyTpeHHsisT CTpyKTypa 3[aHMii, HeECyllM€ KOHCTPYKLHMH, HAIMOJHEHUE JTa)xeHl
TEeXHUYECKUMU PEIICHUSIMH TakX€ MOTYyT OBITh CHPOCKTUPOBAaHbI Ha CTaauu
MoaenupoBanus (puc. 8.1-8.3).

T P 0 g s
Besasne (EiEn; oe-—n—

i :~;|H\|]‘ I

Pucynok 8.1 - [IpoektupoBanue 3nanust GU3KyIbTYPHO-037J0POBUTEIHHOTO

KOMIIJICKCa




Pucynox 8.3 - HoBble MOJIEpHUCTCKHE PEIICHUS B ApXUTEKTYPE.

[TaBuboH Haneyatanubiil Ha 3D mpunTepe ([1ekun)

[TepBeiii B Poccun HarmeuyaTaHHBIN JKHJIOH KOTTEDK ObLT Bo3BeaeH emie B 2017 romyr.
Crynuno. [lom mmomaasto 38 M? co3pgaH IpU MOMOIIM CTpoutesbHoro 3D-mpunTepa

upkytckoit kommanuu Apis Cor (puc. 8.4).

Pucynox 8.4 - [1epsriit 3D-naneuatanusiii 1om B Poccun (1. CTynuHO)

Ha crpoutenscTBo cTeH moTpedoBanock Bcero jauiib 24 yaca. OctaabHble paboThI(MOHTAXK
KPOBJIM W OKOH, BHYTPEHHSS M BHEIIHSS OTIEIKA) 3aHUIM €Il OKOJIO TPEeX HEICIb.
CTpouTeNnbCcTBO «IOA KIIOW» (BKIIOYass (PYHIAMEHT, CTEHBI, TEPEKPBITHS, KPOBIIO,
AJICKTPOIIPOBOJIKY, JIBEPH U OKHA, HAPYKHYIO ¥ BHYTPCHHIOIO OTJICIIKY) 00OIIIOCHh B CYMMY

593,6 Thic. py0. B pacuere He yuuThIBaIach 1ieHa pabOT HEKOTOPBIX CIIEIIUATTUCTOB.



8.4. TIpuMepsnl NpuMeHeHHi B MAIITHHOCTPOECHNH, AHAJIN3 U MVIAHUPOBaHHUE
[IpakTnueckm B JHO00M  OTpacid MaNIMHOCTPOCHHUS TEXHOJOTHU  QIIUTHBHOTO
IIPOU3BOJICTBA CMOT'YT OKAa3aThCs TIOJIC3HBIMH.

KoHcTpykinus HOBOTO 0J10Ka THAPABINYECKAX KJIAMAHOB, pa3pabOTaHHOTO KOMIAHUSMU
VTT u Nurmi Cylinders, Obuta OnTHMH3WPOBaHA C HCIIOJb30BAHUEM TEXHOJIOTHH
CEJIEKTUBHOTO Jla3epHOro 1iasieHus (SLM), mo3BosuBIlIe 3HAYUTETLHO COKOHOMUTH BEC,
o0veM u mMaTepuall. B pesynbrare ObLJIO CO3AaHO H3JENHE, BEC KOTOPOro Ha 66% MeHbIe
UCXOJTHOW Mojenu. biaromaps WHHOBAIlMOHHOMY ITW3aiHY YAQJIOCh ONTHMH3HWPOBATh

MOTOK YXUJIKOCTH 110 BHYTPEHHUM KaHajlaM M PEIIUTh MPoosieMy yTeuku (puc. 8.5).
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@naHoB, roToBblil k 3D-neuaru LlenTp

Pucynox 8.5 - ®unaneusiit CAD-daitn 6:10ka

OBICTPOTO MPOTOTUIIMPOBAHUS JUIeC, ucronb3ytouit ooopyaosanue SLM

Solutions, BBIMOJHUI MPOEKT MO YCOBEPIICHCTBOBAHUIO CMECHUTENS KUJIKOCTU C Ta30M.
N3nayanbHO yCTpOMCTBO coOupanoch u3 12 ydacteil, BkiItoyas 3 KPYHHBIX 3JIEMEHTA —
nepBoe U BTOPOE (PJIaHIIEBbIE KOPIYCHBIE COCTMHEHUS U BCTaBKa cMecuTes. CeeKTUBHOE
Ja3epHOE IUIAaBJIECHUE JaJI0 BO3MOXHOCTh CO3JaTh €IUHBINA KOPIYC, COKPATHB KOJINYECTBO
netaneii ¢ 12 no oxgnou. OTnamgaer He0OXOAUMOCTh UCTIOJIB30BAaThHECKOIBKO METAJUIOB H
(b1aHIeBbIX COCIUHEHUN: BHYTPHU IIEIIbHOMETAUIMYECKOr0 KOpIyca MPOCTO Hape3aeTcs
pe3nba, Omaromapsi yuemy Bec cMmecutens ymenbiuica ¢ 1,3kr go 50 r. B nBa pasa
COKpaTHJIOCh BpeMs Mpou3BojicTBa. M HakoHel], (UHAHCOBBIE 3aTpaThl HA MPOU3BOICTBO

yMeHbIIHCh Ha 73% (puc.8.6).



Mopgavarasa as

Ancbdpysop

Mopuctas Cmechb
CTPYKTYpa XUBKOCTh/
Conno
Pacnpenenutens
rasa
»KupkocTb

Pucynok 8.6 - CxeMa 11eJIbHOMETaJNINYEeCKOT0 CMECHUTES, co3aaHHorono SL.M-

TCXHOJIOTHUH. CnpaBa BHU3Y: N3HAYAJIbHAA MOACIIb, COCTOAIIAs U3 12 snemenToB

OAO «Konuepn «Oxeannpubdop» (Cankr-IletepOypr) mpou3BOAUT CUCTEMBI CBS3HU IS
Boenno-Mopckoro ®@nora P®D, B Tom uucne obopyaoBaHue ¢ OONBbIIMM KOJIUYECTBOM
MEJIKUX 3JIEMEHTOB, HAIIPUMED, PA3BETBUTENb — OJIMH U3 OCHOBHBIX KOMIIOHEHTOB HOBOM
TUAPOAKyCTUUYECKON aHTEHHBI. [l OBICTPOTrO MPOTOTUNMPOBAHUS MPU H3TOTOBJICHUU
JUTBHEBBIX JIETallell KOHILIEPH UCIONb3yeT npodeccruonanbHblil 3D- npunTtep, padboTatrouiuit
no texHonoruu CJP. Ha 3D-nmpunTtepe BoIpammBaeTcs nuTeiHaspopma, KOTOpasi 3aTeM
3JIMBAETCS CWJIMKOHOM. B CHJIMKOHOBYHO (OpMy MOKHO 3ajauBaTh JIIOOOW Jpyrou
Marepual, B JaHHOM CIIy4ae 3TO NoJuypeTaH. B pe3ynbrare npeanpusTue noiay4aeT CBOEro
pona dopmy mis ¢hopM — HE MPOCTO MPOTOTHUII, a OMBITHBIA 00pa3zel, TOTOBBIM K
UCIIONIb30BaHUI0. Peanuzanms mnpoekra ¢ NPUMEHEHUEM CTaHJAPTHBIX METOOB
notpeboBana Obl HECKOJBKMX MecsieB, HO Omaromapss 3D- mpuHTEpy CpOK CO3MaHUs

AHTEHHBI YJIAJIOCh COKPATUTh JI0 TpeX Heaelb (puc. 8.7).



Pucynok 8.6 - CiieBa: Mmactep-dopma U3 IBYX YacTel, HarledaTaHHasA

Ha 3D-npunTepe. CripaBa: U3BJICUECHUE TOTOBOM JIETAIA U3 CHIIMKOHOBOM (hOPMBI

Awmepukanckas kommanus Turbine Technologies, Ltd. paspaGorama momupukamnmro
JIBUTaTeNIcii BHYTPEHHETO CropaHMsi, Ha KOTOPbIE YCTaHABIMBAIOTCS TYPOHMHBI BBICOKOTO
nasnenus. Kommanus npuodpena npunTtep A1 3D-me4aTHBOCKOBBIX MOJICIICH U MOJTydaeT
TOTOBYIO OTJIMBKY B TeucHue 3-4 nHeil. BockoBble MOzenu Temeph HM3rOTaBIHBAOTCS
HerocpeactBenHo u3 3D-mogmeneit CAD, a nuteinbiii mex Turbine Technologies
MPOM3BOIUT KOMIIOHCHTHI IIPOTOTHIIOB Fa30TyPOMHHBIX JBUTATEIICH C OOJIBIICH TOYHOCTHIO

¥ MEHBIIMMH pacxonamu (puc. 8.7).

Pucynok 8.7 - BockoBast MoieNb, BeIpalieHHass MeToaoM 3D-nieuaT,u TOTOBOE

U30CIUC

Kommanus Vaupell pazpabaTeiBaeT npon3BOACTBEHHBIC PEIICHUS IS JIMTESHHBIX
MPEINPHUATHIA, KOTOPBIE BBITIOIHAIOT 3aKa3bl @3POKOCMHUYECKON 1 OOOPOHHOM OTpaciu.

bnaronmapsi crepeonurorpadpuueckomy 3D-mpuHTEpy KOMIAHUS CMOTJIA PaTUKAIBHO



MOBBICUTh I(PPEKTUBHOCTh IMPOU3BOJCTBA. B mpHHTEpe NpeayCcMOTpEeH CHEelUaIbHBINA
pexum  medatd  ¢goronoiammepoM — QuickCast, mpu KOTOPOM BOCHPOHM3BOIUTCS
TOHKOCTEHHAsi BHEIIHSS 000JI0YKAa JETali, a IyCTOTHI BHYTPU JCTANW 3aIlOIHSIOTCS
siyercTor cTpyktypoit. QuickCast-mMoeny 3aMEHSIFOT TPaAUIIMOHHBIC INTCHHBIC MOICTHH
HE TpeOYIOT AOPOrocTosiield OCHACTKU. TakuM 00pa3oM, KOMIAHHs CHHU3MJIA 3aTpaThIHA

nuterinbie Moaenu Ha 95% (puc. 8.8).

Pucynox 8.8 - 3D-neuats dotononumepamu mo texaonoruu QuickCastrmo3BossieT
COKOHOMMTH BPEMS | JICHBI'H, IIOCKOJILKY TIO3BOJISICT O0OUTHCH 03

JIOPOTOCTOAIIEH OCHACTKH

Y 3D-texHonoruii €cTh M CAEpKHUBAKOIIME (AKTOPHL. ITO U BBICOKAs CTOMMOCTh
000pyI0BaHUSI M MAaTEPUAJIOB, M HEJIOCTATOYHAS U3yYCHHOCTh, M HEXBATKACTICIIHAINCTOB,
U CJIO)KHOCTH C MHTETpalMel B TPAJUIIMOHHBIC TEXHOJIOTUYECKHUE 1IETOUYKU. AIUTUBHBIE
METO/IbI HA CETOJIHSI HE MOT'YT BBITECHUTDH MJIU 3aMEHUThH KJIACCUUYECKUE TEXHOJIOTH, HO OHU
JIOKa3bIBAlOT SKOHOMUYECKYIO BBIFOAY IMPU MNPOTOTUIUPOBAHUM M MEIKOCEPUHHOM
MPOU3BOJICTBE M CTAHOBSTCS E€IWHCTBEHHO BO3MOXXHBIM PEIICHHEM MPH HU3TOTOBJICHUU
CIIOXHBIX JeTaJe HeOONBIIOTO pa3Mepa. BKOHEUYHOM WTOre, MPUMEHEHUE TEXHOJIOTUN
TPEXMEPHOU MeYaTy U MOJICTUPOBAHUSTIO3BOISET OBICTPEE BHIBOJUTH HOBBIC MTPOTYKTHI HA
PBIHOK, @ 3HAYMUT, TMOBBIINIAET KOHKYPEHTOCIIOCOOHOCTh  MAIIUHOCTPOUTEIIBHBIX

MIPEAIPUATHN.



8.5. IIpou3BOACTBO OCHACTKH B MPOMBIIIJIEHHOCTH

Texnonoruss RIM (ot anrnm. Reaction Injection Moulding - peakunoHHO-TUTHEBOE
dbopMOBaHNE) — TEXHOJIOTHsI JUThS TOJA JABJICHUEM JeTalled W3 HEHAINOJHEHHBIX
NOJINYPETAHOBBIX KOMIIO3ULMKA, TPU KOTOPOW IKUIAKHE KOMIIOHEHTHI Ha OCHOBE
BBICOKOMOJIEKYJISIDHOTO CIHPTa M M30I[MAHATa CMENIMBAIOTCA JPyr C JIPyroM B
CMECHUTEIHHOM KaMepe M TOJAI0TCs B 3AIMBOYHYIO (TUThEBYIO) (OPMY, T€ MPOUCXOIUT
peakIus MOJIUKOH/ICHCAINH.

OcHoBHbIM oTIMYHEM RIM-TeXHOJIOrMU OT U3BECTHOTO METOJa U3TOTOBJIEHUS U3IECTUN U3
TEPMOIIACTOB JINTHEM TMOJI JAaBJICHUEM SBJISIETCS TO, 4YTO B KayeCTBE HCXOIHOTO
noinydabpukara, 3arpykaeMoro B CIeIUaIM3UpOBaHHOEe obOopynoBanue (puc. 8.9),
UCIIOBb3YETCSl HE TOJUMEPHBIM TPAHYJAT, a PEaKIMOHHAs CMECh, IOJIyYEHHas IOCIe
CMEIICHUSI B 3a/IaHHOM COOTHOUIIEHWU HECKOJBKUX KUJIKUX HHU3KOMOJIEKYJISPHBIX
KOMITOHEHTOB. JTa CMECh MOJIa€TCA B JINTHEBYIO (POPMY, TJI€ U MPOUCXOJUT XUMHUUECKas
peakiusi B3aUMOJICUCTBUS KOMIIOHEHTOB C OJHOBPEMEHHBIM OOpa3oBaHUEM T'OTOBOTO
MOJIMMEPHOTO M3JIeNus. B 3TOM CMBbICIe MOKHO CKa3aTh, UTO JIaHHASI TEXHOJIOTHS TI0I00HA
W3BECTHOMY METOAY JIUThSI MOJ JAAaBJICHUEM pPEaKTOIUIacTOB. B HacTosiiee BpeMs TaHHAs

TCXHOJIOTHA pCaIn30BaHa NPUMCHUTCIILHO K U3ACTIUAM U3 IMOJIMaMHU/ia.

Hacoc

PUR (MeHononuypeTtaH)

KomnoHeHT KomnoHeHT

CmewmBatowan
roNoBKa

Conno

[Oetans

Pucynok 8.9 - Cxema Texnonoruu RIM



OCHOBHBIM MCXOJHBIM KOMIIOHEHTOM ChIpbsl i RIM-T€XHOJIOTUY MOJUAMUJIOB CIY>KUT
MoHOMep - KarponaktaM (10 70%), k KoTopoMy 100aBJISIOT aKTHBATOP, KATAIM3aTOp U
npyrue nob6aBku. Takum oOpa3om, sl U3TOTOBJICHUS MOJUAMHIHBIX W3aenuit 1mo RIM-
TEXHOJIOTUU HE TPEOYIOTCS JOMOJHUTEIBHOE BPEMS U SHEPro3aTpaThl Ha MPOMEXKYTOUHbIE
CTaIUM TIpollecca - CHHTE3 IIOJMMEpa, T'paHyJIMPOBAaHHUE IIOJMMEPHOTO Marepuaia u
HEOJHOKPATHOE TEPMHUUECKOE BO3/ICHCTBUE HA HETO (CYIIKa,IIJIaBICHNUE).

[Iponrecc RIM-TexHONOTMM TOJWAMHIOB TMPOXOJUT TMPU OTHOCUTEIBHO HHU3KUX
TeMrneparypax M JAaBlieHUsX. [Ipuy 3TOM Jaxe TOJICTOCTEHHbIC H3ACIUS TMOJY4YaroT
MPaKTUUYECKH ¢ MUHUMAJIBHBIM YPOBHEM OCTATOUYHBIX HampspkeHuil. Takum crocodbom
MOXHO 0€3 TpyJa M3roTaBIWBaTh MOJUAMHIHBIC U3CITHUSA CIOKHBIX (POPM C TOJIIHHOM
cteHku 70 40...50 MM u rabaputramu g0 1500x2000 MM u Gojee, 4TO SBISETCS Ba)KHBIM

PEUMYIIECTBOM JaHHOM TexHonoruu (puc. 8.10).

Pucynox 8.10 - BapuaHTbl M3roTaBIMBaeMoOn POy KIIUN

CrouMocTh TUTHEBBIX (HOPM UIsl TPOAYKUMHU, H3rotoBiasieMoil mo RIM- texnonoruu, Ha
MOPSAJOK HKXKE, 4YeM JUIs MOJOOHBIX HU3JENUN, MOTYYCHHBIX JHUTHEM O] AABJICHUEM.
JIutbeBble GOpMBI O0JIEE TOHKOCTEHHBIE, HO TPEOYIOT 000TpeEBa.

[IpoexTupoBanue u usrororiaeHue Gopm st RIM-rexHonoruu u3 MoJIeIbHbIX MaTEPUATIOB

MOKET OBITh OCYIIECTBIICHO MeTo1aMu 3D-1mevatu uim crepeoaurorpaduu.



8.6. AspoxkocMuYecKHe TPUI0KEHUS
B npousBoacTBE aBMAKOCMUYECKOW TEXHHUKU AJJTMTUBHBIC TEXHOJOTHH OOECIeUHBAIOT
CJEAYIOIIME OCHOBHBIE IPEUMYIIIECTBA!
1. CroumocTsb BbIBOAA 1 KI Macchl Ha OpOUTY 3eMii cocTaBisieT oT 12 1o 25
ThIC. 10JU1. [I03TOMY BO3MOKHOCTh CHUKEHHUSI MACChl U3JIETUS 3a CUET HOBBIIICHUS €r0
KOHCTPYKTUBHOM CJIOKHOCTH SIBJISIETCSI BECbMa aKTyaJIbHOM JJIsl PAKETHO-KOCMHYECKOTO
MaIlIMHOCTPOEHUS.
AHnanus, npoBeneHHbI B pamkax npoekta ATIKINS, mokazan, 4ro CHHUYKEHHE MacChl
MarucrpaibHOro camodiera Ha 100 Kr Ha IPOTSHKEHUU BCETO KU3HEHHOTO LIUKJIA BJIEYET 3a
co0oif sxkoHomuo $2,5 MJTH Ha TOTUIMBHBIX PacxXo/ax M COKpaIiaeT BHIOPOCH YIIIEKUCIIOTO
rasa Ha 1,3 MJIH TOHH.
OnHako CTENEeHb YCIOXHEHHUS KOHCTPYKIMHM HU3JETUs OTPAaHHUYUBACTCS BO3MOMKHOCTSIMHU
CYLIECTBYIOIIUX METOJIOB, TEXHOJOTMA HAa MX OCHOBE M CPEACTB TEXHOJOTMYECKOTO
ocHaieHus. Tak, aJIUTUBHbIE TEXHOJIOTMU 00ECEeYMBAIOT MMOTYYEHUE CUCTEMBI TTOJIOCTEN
MPOU3BOJIBHON (DOPMBI B TEJIE JETANH, & CyOTpaKTUBHBIC
— HeT. [loaToMy B moclielHEM clly4ae MPUXOJUTCS HCIOJIb30BATh JIOPOTOCTOSIINE
3arOTOBUTEIIBHBIE TEXHOJOTHH C OTHOCHUTEJIBHO HHM3KUM YPOBHEM TEXHOJIOTHYECKOU
HAJIeKHOCTU U YJIOpPO’KaHMEM IMPOM3BOJICTBA H3-3a Opaka. B kadecTBe mnpumepa
PacCMOTPUM OJIHY M3 OCHOBHBIX, TUMUTHUPYIOIIKMX JIeTajeil Ta30TypOMHHOTO JABUTATENS

— jonatky TypOuHsI (puc. 8.11).

Pucynox 8.11 — Ceuenus nonatku TypOUHBI Ta30TYPOMHHOTO JBUTATEIIS



Jlomatky ¢ ceyeHUsIMU, (POPMUPYIOIIMMHU MaruCTpallb MOJayu OXJIAXKIAIOUIET0 BO31yXa,
MOJIyYalOT JINTHEM IO BBILIABIsiEMbIM MojensM. OTBepcTusi JUisi BXOAa BO3ayXa Ha
nepeHeld KPOMKE JIOMATKH U3TOTOBIISIIOT MaJjONPOU3BOIUTEIBHBIM 3JIEKTPOIPO3UOHHBIM
NpOIIMBAaHUEM C TOCHEAYIOIIeH M0BOAKONW abpasuBHOU cycneH3ue. K HacTosmmemy
BPEMEHU CO3aHbl OTIBITHO-IKCIIEPUMEHTATBHBIC 00pa3IIbl JIOMATOK ¢ TpuMeHeHrueM SLS u
SLM — TexHoorUi.

2. Koaddumuent ncnonszoBanus matepuana (KUM) mpu tpaguiimoHHOM
MIPOU3BOJICTBE OCHOBHBIX JIETaJICH IBUTATeIel aBUaKOCMHYCCKOW TEXHUKH COCTABIISCT
0,05-0,2. [IpumeHeHre aJANTUBHBIX TEXHOJIOTHHA ITO3BOJISCT MTOBBICUTH 3TOT
kodpdunment o 0,7-0,9, yro obecnieunT 3HAUYNTEIHHOE COKPAIIICHHE 3aTpaT Ha
noporocTosimue Marepuaibl. 3HaueHrne KVIM mpu H3roTOBICHUN METANTMYECKUX
netaineii ¢ npumenenue AT ompenensieTcs, TIaBHBIM 00pa3oM, MacCOU MOTIEPKEK,

o IICKaIUX yaaneHuro (puc. 8.12).

Uenrp MM npowasopcrea HUCCA [uaxucneic
Concept Laser MLab, CL20 ES. PRINTCAD ™

Pucynok 8.12 - BapuaHT KOHCTPYKIIUH MOAIEPKEK COSAMHUTEIBHOTO OJI0Ka

3. CokpallleHue JJIUTEIbHOCTH IIUKJIA U CTOUMOCTH TEXHOJIOTUYECKOM
MOJATOTOBKH IIPOM3BO/ICTBA HOBBIX MU3/IEJINI KMEET IEPBOCTEIIEHHOE 3HAaU€HHE, 0OCOOCHHO
B OIBITHO-3KCIIEpUMEHTAIBLHOM TIpou3BojicTBe. C pazButueMm AT onbITHO-
KOHCTPYKTOPCKHE OPTaHU3AIMU MOTYT HE TOJIBKO OCYIIECTBIISATH OBICTPOE HATYPHOE
MOJIENIMPOBAHKUE COCTABHBIX YACTEW ONBITHOTO U3ENHS, HO U 3HAUUTEIIBHO YCKOPUTH KaK

HU3TOTOBJICHHUEC CJIOXXHBIX HeTaﬂeﬁ, TaK M BBCIACHUC W3MEHEHHUH B HX KOHCTPYKIUN B



npolecce A0BOAKUA U ucnbiTaHuil uznenus. Tak, no ganusiIM OAO KBXA npumenenue
aJIUTUBHBIX TEXHOJOTUM MPU U3TOTOBJIICHUH O OCHOBHBIX JETajleil JBUraTeNs MO3BOJISETB
CpEeHEM COKPATUTh LIMKJI U3TOTOBJIEHUS B 5 pas.

4, 3ameHa cOOpPOUYHON €TMHUIIBI IETATbI0 OJTHOIO HAMMEHOBAHUS TOBBICUT
HaJIe)KHOCTh COCTABHOW YaCTH U3JCIUS U TAKKE COKPATUT LIUKJI €€ U3rOTOBJICHUS. Tak,
Ha pucyHke 8.12 moka3aH COeTMHUTETLHBIN OJIOK, KOTOPHIN MpH TPaAUIIHOHHOM
HCIIOJTHEHHUH MPEICTABIACT CO00M COOPOUHYIO €AMHUILY, COCTOSIIYIO U3 8
HauMEHOBaHUU JIeTajleH.

AJITUTUBHOE TMPOU3ZBOACTBO CMECHUTEIIBHOM TOJOBKHU TMO3BOJISIET COKPATUTh YHUCIIO
HaWMMEHOBaHUM AeTanel ¢ 138 mpu KiaccHuecKor TEXHOJIOTUM A0 1-3 mpu alJIuTUBHOM
IIPOU3BO/ICTBE.

5. OCHOBHBIE JIETAJIN TOPSAYEH YACTU JBUTATEIEH COBPEMEHHBIX JIETATEIbHBIX
armapaToB, paboTaroIIxe, Kak MPaBUiI0, B IKCTPEMAJIbHBIX YCIOBUSIX, M3TOTaBINBAIOT U3
MaTepuaioB ¢ HU3KOM 00pabaThIBAEMOCThIO PE3aHUEM, TTIOITOMY IMOHITEH UHTEPEC
co3jaTeliel ra30TypOMHHBIX JTBUTATENCH U KUKOCTHBIX PAKETHBIX IBUTATEICH K
aJTMTUBHBIM TEXHOJIOTHSAM, TTO3BOJISIONIMM B PSIJIE CIIy4aeB CHU3UThH TPYAOEMKOCTh U
cebecronmocTh TexHoornn. Tak, kommanusa GE Aviation gacTe meraiieil HoBOro

neuratens LEAP npou3BoauT ¢ mpuMEeHEHUEM aIIMTUBHBIX TeXHOJIOTHH (puc. 8.13).

Pucynok 8.13 - /Isurarens LEAP xommanuu GE Aviation



B aBuanmonHOW mnpombilUIeHHOCTH Poccuu, uUMeEeTcs  ONBIT  MPaKTUYECKOIo
WCIIOJIb30BAaHUSl QJINTUBHBIX TEXHOJIOTMM, HO peaJbHOE€ HX NPUMEHEHHE KpaiHe
OTrpaHUYEHO.

AO "OK-KnumoB” pazpabaThiBaeT NepCEKTUBHBIN BepToJieTHbIN aBuratens (I1JIB), npu
€ro M3rOTOBJIICHUH MAaKCHUMAJbHO MCHOJb30BaHa 3D-meyaTh MeTallaMUd U MOJTUMEPHBIMU
KOHCTPYKIIMOHHBIME Matrepuaiamu (puc. 8.14). IlpencraBieHue IeMOHCTPAIMOHHOTO
oOpasma obemrano k 2021 rony, okoHuanue pazpadotTku — k 2025.0xkugaercss yMeHbIIIEHNE
Macchl nBuraresis Ha 15% u skoHoMUS cpeacTB B akcIuTyaTanuu Ha 30% 10 CpaBHEHUIO C

CYILIECTBYIOILIMMHU aHAJIOTAMHU.

Pucynox 8.14 - Coopounsiii iex AO «O/IK-Knumosy, centsaops 2016

AO «MMII wmenn B.B. UYepnbimeBa» BxoauT B cocraB  OO0beguHEHHOU
JIBUTATENIECTPOUTEIHHOW KOPIOPALMUA U CHIEIHAIU3UPYETCS Ha MPOU3BOJCTBE U PEMOHTE
KOMIUIEKTYIOIMX /I aBHajBHUrareneil. B corpyniHuuecTBe ¢ APyrMMH NPEIIPHUATHIMUA
Kopnopanuu («OJK-Catypn», «OIK-Tlepmckue moTops») 3aBoa npumensieT 3D- nevars,
ocyuiectBisii HUOKP u onbITHOE TPOM3BOACTBO, BHEAPSA 00pa30BaTEIbHbIE IPOrPAMMBI
U paspabarbiBasi HOPMATHUBHYIO NOKyMeHTauuioo. B ILleHTpe agiuTHBHBIX TEXHOJIOTUN

KOMITaHHUH HeﬁCTByeT IIOJIHBIN JIa60paTOpHO-HCCJ’IGI{OB&TCHBCKI/IIZ KOMIIJICKC



1eyaTu U3 pa3IMuHbIX CIUIaBoB. Ilpenmnpustue nmpeAacTaBUIIO HECKOJIBKO NMPAKTUYECKHUX
pe3yJIbTATOB AJAAUTUBHOTO MTPOU3BOJICTBA!
- 3aBUXPUTEIh JBUTATENSl TONYYWI CepTHPUKAT W OyIeT CepuiiHO
m3rotasiuBaThes B «OIK-IIepMmckue MOTOPBDY;
- yacTh Actaneii s Makera asurarens PJ-33MA wnanedaranel Ha 3D-
MIPUHTEDPE;
- KOpITyC TOIUIMBHOI'O Hacoca ¢ KOHCTPYKIMEH, ONTUMU3UPOBAaHHOM 1o 3D-
neyarb, OyAeT cepuiiHo npousBoautbes ¢ 2020 r.
[Ipu »TOM, €ciu B OTEYECTBEHHOM ABUALIMOHHOM JIBUTATEIECTPOCHUHU €CTh IMPUMEPHI
MOCJIOHOTO CUHTE3a OMBITHBIX 00Pa3I0B TOTOBBIX U3/IEIHI1, TO B IPOU3BOJICTBE CAMOJIETOB
U BEPTOJETOB QJJUTUBHBIE TEXHOJIOTUHU €CJIM U MPUMEHSIOTCS, TO B OCHOBHOM IIpH
W3TOTOBJIEHUH TEXHOJIOTMYECKON OCHACTKU JIJISI U3TOTOBJICHHUS 3JIEMEHTOB KOHCTPYKIIUU CO
CJIOHOM TeoMeTpued MOBEpXHOCTH — IITaMIIOB, mpecc- Gopm u T. . [Ipumeps xe
HETOCPEICTBEHHOTO TOCIOWHOTO CHHTE3a AJIEMEHTOB KOHCTPYKIMM KpaWHE PEIKd U
OTPAHUYMBAIOTCS M3TOTOBJICHHEM AHAJIOTOB CBAPHBIX JJIEMEHTOB TOIUIMBHOM W

FHHpaBHHHGCKOﬁ CUCTEM, DJICMCHTOB MHTCPLEPA U IPYIUX HECOTBCTCTBCHHBIX }ICTaHefI.



8.7. MojaeanpoBaHue U CO31aHNe 0eCTUIOTHBIX JeTATEIbHBIX aNllapaToB
XopomuMm TMpuMepoM 0e3aTbTEePHATUBHOTO HCIOJB30BAHUS KOMITBIOTEPHBIX METOJIOB
monenupoBanust (CAD/CAE) u amauTHBHBIX TEXHOJOTHH SBJISETCS MOJCIUPOBAHHE H
co3fgaHue OeCMJIOTHBIX anmapaTroB Kak BO3IYIIHOTO, TaK U 0O€3BO3AYIIHOTO (TO €CTh
KOCMHUYECKOI0) U JIaXKe MOABOAHOTO Oa3UpOBaHMUSL.

IIpumepwr ycnewno2o npumeneHus AOOUMUBHBIX MEXHONOUU 0N NPOEKMUPOBAHUS U
C030aHusi 6eCnUIOMHbBIX JIeMamenbHbIX annapamoa.

l'ockopniopauuss PocTex mnpexacraBuwia Ha MEXKAYHAPOJHOW MPOMBIIIJIEHHOW BBICTABKE
"Uunonpom-2016" B EkatepuHOypre mepBbIi POCCHHCKHN OCCIMIOTHUK- Pa3BeIUMK,

KOTOPBIH ObLT crienan Ha 3D-mpunTepe (puc. 8.15).

Pucynox 8.15 - Poccuiickuii 6eciuiioTHUK-pa3BeAuuK becnmuioTHUK croco0eH HecTH Ha

O0opTy BuAeoanmapatrypy U BECTH padoOTy B

paauyce 10 50 kuomerpoB. OH BECUT MEHEE YEThIpEeX KUJIOTPaMMOB, a pa3Max Kpblia
cocrapisieT 2,4 meTpa.

Ha n3roTosneHue Takoro jgeTareabHOro anmapaTa TpaTuTcst 0KoJIo 0AHOro aHs. CocTaBHbIE
gacTh OSCHWJIOTHHKA TEepell 3alyCKoM COOMparoTcsi, Kak KOHCTPYKTOp, B TeueHue 15-20

MHHYT.



CrpykrypHoe noapaszaeneHue kopnopanuu «Pocarom» komnanus «PycAT» paspaborana
U Hanedartaia Ha 3D-mpuHTEpe MpOTOTHUN MaOTabapUTHOTO T'a30TypOMHHOTO JBUTATEIS

It OecniiioTHUKOB (puc. 8.16).

Pucynok 8.16 - 'a30TypOuHHOTO ABUraTess sl OECIUIOTHBIXJIETATEIbHBIX

anmnapaToB

C nmomomrsio 3D-neuatn 6bputn coznanbl 80% KOHCTPYKIIMHM MEPCHEKTUBHOTO JABUTATEINS.
ManoraGaputHblil ra30TypOMHHBIA JIBUraTelb MOXHO HCIIOJIb30BATh HE TOJBKO JIJIS

HEOOJIBIITNX OCCITMIIOTHBIX JICTATEIBLHBIX Cp€acTB, HO U AJId BBIpa6OTKI/I QJICKTPpUYCCTBA



8.8. ABTOMOOWJIbLHASI MHAYCTPHUS
AN IMTUBHBIE TeXHOJIOTUU  A(OPEKTUBHO  PEIIAIOT  CICAYIOIIME  3a]a4yu
aBTOMOOUIILHOTO TIPOM3BO/ICTBA:

— co3nanue PyHKITMOHATBHBIX MPOTOTHUIIOB;

— CO37aHNE BDKUTACMBIX M BBITIJIABIISIEMBIX MOJICIICH JUTSI JTUTHS;

— MPOU3BOICTBO OCHACTKHU U Tipecc-hopm;

— MEJIKOCEPUITHOE MPOU3BOJICTBO.
[IporoTunupoBaHue MO3BOJUT ONTHUMHU3UPOBATH TMPOU3BOJICTBO TEM MPEIIPUITHSIM,
KOTOpBIC 3aHMMAIOTCS BBITYCKOM aBTOMOOWJICH (HO HE COOpPKOH TOTOBBIX MojeneH), a
TaK)Ke MPOU3BOAUTENISIM aBTOKOMIIOHEHTOB, TTOCTABJISIEMBIX HAa KOHBEHED.
CpencTBaMu TOMOJIOTUYECKON ONTUMU3AIMH MMPOSKTUPOBIIUK MOXKET 33/1aTh MPAKTUYECKU
00y HEOOXOIUMYIO TEOMETPHIO JETald M BHOCHTh M3MEHEHHUs B JW3aliH Ha Ooiiee
no3aHUX dTanax paspadorku. 3D-moxaens nepenaercs uz CAIIP na 3D- npunTep, KOTOPHIN
B KOPOTKHE CPOKH TeYaTaeT IPOTOTHUIIBI, OCHACTKY WJIH MPECC- POPMBI SISl TUThS U3ICITHA.
Tem caMbIM COKpaIAlOTCs PacXobl Ha MMPOU3BOACTBO, CPOKH Pa3pabOTKH MPOTYKTA U €T0
BBIBOJIa Ha pBIHOK. B 4YacTHOCTH, NpEANpHUsSTHE MOXKET HalaJuTh OMEPATUBHOE
M3TOTOBJICHWE KOMITOHEHTOB, IPHYPOUYUB €T0 K BBIMTYCKY aBTOMOOMIISL.
OcHacTKy ¥ U3JIeIusl, KOTOPbIe OTBEUAIOT HEOOXOIMMBIM MPOYHOCTHBIM XapaKTEPUCTHKAM,
MO>KHO BBITTYCKaTh HETIOCPEICTBEHHO HA 3aBOJIE, UMEsI BCETO JUIIh oauH 3D-mpunTep. OH
OyzeT TmeyaTaThb pa3jMYHBIC 110 HOMECHKJIAType JIeTajdd, 4YTO HEBO3MOXKHO TpH
UCTIOJIb30BAaHUU CTAHKOB M IPYTUX TPATUIIMOHHBIX HHCTPYMEHTOB.
TexHon0rMM, B OCHOBHOM MPUMEHSIEMBIE /ISl IPOTOTUITUPOBAHUSL:

— FDM (MoaenrpoBaHue METOIOM MOCIONHOTO HAIJIaBICHUS );

— SLA (;1azepnast crepeonurorpadus);

— SLS (cenexkTuBHOE J1a3epHOE CTICKAHHUE).
OcHactka u mpecc-GpopMbl, KOTOPbIE IEYaTaIOTCS W3 IUIACTHUKOB U (POTOMOIMMEPHOMN

CMOJIbL, OYAYT B pa3bl JCIICBIIC METANIMUYECKUX.



N3roraBnuBath (yHKUIHOHAIBHBIC M3JEIUS MOXHO M HAa MeTauimyeckux 3D-npuHTepax
(manpumep, no SLM-texHosiorun). 3D-neyarh METamioM Takke MOAXOJIUT MPHU BHITYCKE
HEOONBIINX TApPTH, B TOM YHCIE MpPHU CO3JAaHUU KACTOMH3UPOBAHHBIX IPOIYKTOB.
Hogeiiime pa3paboTku B 00JACTH  METANIMYECKUX MOPOIIKOB OTKPBUIM MYyTh K
U3TOTOBIICHUIO OOJiee JeTKuX, 00see TUIOTHBIX, a B OTAEIBHBIX CIIydasix — 00jee TPOYHBIX
neranei. biaaromaps Tonojioruueckor onTuMu3anuu Ha 3D-npuHTEpE MOKHO BBIPAIIMBATH
KOMIIOHEHTBI CJIOKHOU (opMbl U (akTypbl (C SYEUCTOM CTPYKTYpOH, BHYTPEHHUMHU
KaHallaM{ | T.II.), B TOM YHCJIE IeIbHOMETaUIMYECKHE, KOTOPhIE PaHbIIECOOUPAIUCH U3
HECKOJIBKUX JJIEMEHTOB.
3D-neuyath MO3BOJISIET TMOJYYUTH MPOU3BOAUTENSIM aBTOMOOWIIEH M aBTOKOMIIOHEHTOB
LEJIBbIA P IPEUMYILECTB:
— COKpAIlleHHE BPEMEHU Ha 3Tare pa3padO0TKU MPOAYKTA U JIHUThS;
— HSKOHOMUS BPEMEHU M PACX0JI0B HAa U3TOTOBJIEHUE OCHACTKY U mpecc-(hopM;
— OTKAa3 OT yCIYT MOAPSATUYNKOB-U3TOTOBUTEIIEN OCHACTKHY;
— MPOBEICHUE TEXHOJOTMYECKUX DKCHEPUMEHTOB U  (YHKUHOHAIBHOE
TECTUPOBAHMUE;

— CO3JJaHHE TEOMETPUYECKH CIOKHBIX H3ACIMM C MEJIKUMH JETAISIMU,
KOTOPBIE HEBO3MOKHO U3TOTOBUTH TPAIULIMOHHBIMU METOJAMU;

— CHIJKEHME MaCChl JE€TajJ U SKOHOMUS UCIOJIb3YEMbIX MaTEPHUAJIOB 34 CUET
TOIOJIOTUYECKOW ONTUMU3ALINH;

— YCKOPEHHME BBIITYCKa HOBOTO MPOIYKTa WIIX SKCKIIFO3UBHOW CEPUHU Ha PBIHOK.
Ilpumepovr  ycnewino2o npumeHeHus AOOUMUBHLIX MEXHOA02UU 6 a8MmoMOOUTbHOU
uHOycmpuu.

OpHoI U3 TepBBIX KOMITAHUN, «0OKATRIBAIONTUX» 3D-TIPUHTEPHI B CEpUITHOM IMPOU3BO/ICTBE
ctana snoHckas Toyota, paspabotaBiias koHmenT uBox. B ero co3manuum npunmman
ydyacTue MeXyHapOJHbINA 1IEHTP MCCIIeI0BaHUN B 00JAaCTH aBTOMOOUJIBHBIX TEXHOJIOTUI
VYuusepcutera Kiemcona (FOxnas Kaponuna). I'maBHast ocoOeHHOCTh UBOX3akntogaercs B
TOM, YTO MOJIYJIbHBIN HHTEPHLEP U BCS JIEKTPOHHASI HAUWHKA pacriedaranbl Ha 3D-nipuHTepe
(BHELIHUE JIeTalld U paMa MO-TIPEKHEMY M3rOTaBIMBAIOTCS MPU MOMOIIU TPATUIIUOHHBIX

TexHoJoruit (puc. 8.17).



Pucynox 8.17 — ABromoOumns Toyota uBox

[Io crnoBam Toyota, rnaBHas wujes OSTOr0 aBTOMOOWJS — HalW4YME BO3MOXKHOCTHU
MaKCUMaJIbHOW KAacCTOMM3AIlMd WHTEphepa. BO3MOXHO, HWMEHHO IO3TOMY STIOHIIBI
MO3UIIMOHUPYIOT €r0, KaK «IEePCOHATM3UPYEMYIO MAIIMHY OYIymIero /Ui MOKOJICHUS 7.
Toyota yxe 3asBWJIa O IUTaHAaX MO CO3/JaHUIO CIEIHMAIBLHOTO OHJAMH pecypca s
BIIaJIeNbIeB UBOX, T/Ie OHU CMOTYT ACIUTHCS BapHaHTaAMU JW3aifHa ABEPHBIX HAKIAIOK,
puOOPHOI MaHeTH, BEHTUISIIMOHHBIX OTBEPCTUN U TIP.

AstomoOuibp The Blade npuHSTO CUUTATh «IIEPBBIM B MUPE HAITEYATAHHBIM CYIIEPKAPOM)).
Kopmyc aBTOMOOWIIST BBITIOJIHEH W3 YTJIEBOJIOKHA, & BHYTPH HETO HAXOJUTCS MHOKECTBO
ATFOMHUHHUEBBIX TPYOOK — BCE ATO MPUKPETUICHO K MMACCH aBTOMOOWIIS JJIsI CHIDKCHHS BeCa U
yBenuueHus: Oe3omacHOCTH. 3a paspabotky The Blade orBercTBeHHa KOMIaHHS
Divergent3D, oHO# U3 TJIaBHBIX 11eJIel KOTOPOU SBIISIETCS MPOABUKEHUE MHHOBAIIMOHHBIX

TEXHOJIOTUN aBTOMPOMA, JETAIONIUX aBTOMOOUIIN OOJICCTIETKUMHU, a UX MPOU3BOJCTBO —

skoHoMmHuHee (puc. 8.18).

Pucynok 8.18 - Asromo0wmis The Blade



EDAG Group — 3To oauH W3 KPYIMHEWIINX HE3aBHUCHUMBIX pPa3paOOTUYUKOB B
aBTOMOOWJILHOM MHIyCTpuM. JlaHHAs OopraHu3anys 3aHUMAETCs YIPOIIEHUEM U
ONTUMHU3AIMEH TEXHOJOTHM MPOU3BOJCTBA aBTOMOOWIEH, U  TJaBHas
npenHazHadeHue konmenta Light Cocoon ananmornvHa BhIIIEYTIOMSHYTOMY T he
Blade — a umeHHO, 10Ka3aTh BO3MOXKHOCTH co3ianusi Oosee yerkux TC, 0Oe3

YBEJIMYEHHSI pacX0JI0B Ha IPOU3BOICTBO U COOPKY KOMITOHEHTOB (puc.8.19).

Pucynok 8.19 — Apromoouns EDAG Light Cocoon

Ctpoenne xoprnyca EDAG Light Cocoon moxoske Ha JIMCT: TMAaHEIH HMEIOT
MOPUCTYIO CTPYKTYpy sl OOecCredeHuss HU3KOro Beca, a 4YTOOBl OCTaBHUTH
0€3011acHOCTHABTOMOOUJIS Ha MPEKHEM YPOBHE, KOPITYCHBIE MTAHETN POHU3aHbI
TOHKUMM HUTSIMU MpouHOM cBepxiierkod Tkanu Jack Wolfskin. [Tomumo Toro,
YTO MOPUCTas CTPYKTypa Oosee ynooHa umeHHo st 3D-nedatn, oHa TTO3BOISIET
OCYHIECTBIISATh ~ pa3jMyHble  CBETOBBbIE A(PQGEKTbl A1 JEMOHCTpalUH

«CKEJIETOOOPa3HOTr0» CTPOEHUSI aBTOMOOMIIS.
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https://www.youtube.com/watch?v=mEIDqCUXZ1k
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