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PA3IET 1
OPTAHM3ALIMS Y METOIMKA MTPAKTUYECKUX 3AHATUN

1.1. Heab 1 32124 NPAKTHYECKUX 3aAHATHI

[lenbto MpaKkTUYECKUX 3aHATUN SIBISETCS 3aKpeIUIeHHe U YriayOJjeHHe 3HaHUW CTYACHTOB,
MOJIYYEHHBIX Ha JICKIUAX U JIADOPATOPHBIX 3aHATUSAX MPU U3YYeHUU Kypca « TeXHOJIOrusl U METO b
00pabOTKM KOHIICHTPUPOBAHHBIMUA TIOTOKAMHU JHEPTHUUY», a TAaKKe MPUOOPETECHUE MPAKTHYCCKHIX
HABBIKOB TIPOSKTUPOBAHUS TEXHOJIOTHYECKHUX OIMEPAIMi C UCIOJIb30BAHUEM DJIEKTPOU3HKOXUMHU-
YECKUX METOJIOB 00pabOTKH MaTepHaIOB.

1.2. O0beKTHI NPOEKTHPOBAHUS U IPOTPAMMHOE o0ecrieyeHne

B kauecTBe 00BEKTOB HCCIEAOBAHUS B X0/1€ 3aHATUN UCIIOJIB3YIOTCSI KOHKPETHBIE MTPOLIECCHI
o0pabotku Marepuanos (320, nazepHas o0paboTka, HOHHAsI UMILIAHTAIUs, BAKYYMHOE HaHECCHHE
MOKPBITUH, AIEKTPOJIUTUUYECKOE OCAXJACHHE METAIJIOB U CIUIAaBOB, ra30TepPMUYECKOE HAHECEHHE
MOKpBITUH). Vcronb3yss MaTeMaTHIeCKUe MOJICTH TPOIIECCOB, B XOC MCCIICIOBAaHUN HEOOXOIMMO
BBISIBUTH BIIMSIHHE TIAPAMETPOB JIEKTPOPUINKOXUMHUYECKUX MTPOILIECCOB HA PE3YyIbTaThl 00pa0dOTKH
U 1aTh PEKOMEHIAIIMH TI0 TIPOBEJCHUIO KOHKPETHOTO TIpoIiecca 00paboTKH.

1.3. [lopsi10K BHINOJTHEHNS :

—  O3HAKOMUTKCS C TEOPETUUECKUMH CBEACHUSMHU K OUEPETHOMY 3aHITHIO (CM. pasjen 2);

—  O3HAaKOMHTHCSI C PYKOBOJICTBOM I10 MCIOJB30BAHUIO MPOTPAMMHOI0 OOeCTieueHus st
MIPOEKTUPOBAHMSI Mpoliecca 00padboTKy;

—  TPOU3BECTH PaACYUEThI JIJIsi KOHKPETHOTO Iporecca 00pabOTKH ¢ UCXOIHBIMH JIAHHBIMH
COOTBETCTBYIOIIETO BAPHAHTA 33J[aHUM,

—  0o(OpMUTH pe3yNbTaThl BHIOTHEHUS 3aJaHMUS;

—  TPOoaHAIM3UPOBATH MMOITYYCHHBIC PE3YJIbTAThI U pa3paboTaTh PEKOMEHIAIMH 110 POBE-
JICHUIO0 KOHKPETHOTO BUAA IEKTPOU3UKOXUMUIECKOT0 TIpoiiecca 00paboTku

1.4. OT4eT 0 BLINOJHEHUH 3aJaHNSA.

OT4er MO KaXJIOMY MPAKTUYECKOMY 3aHSATHIO COCTaBISETCS B MPOU3BOJILHOU (opme U
JOTKEH COMIePHKATh:

—  yKa3aHUe [eNu 3aHATus,

—  OIMCaHWE PacCMaTPUBACMOMN TEXHOJIOTHUYECKON 3a/1a4H,

—  pe3yabTaThl PacueTOB U MPOEKTUPOBAHMSI ONepaii o0paboTKU KOHIIEHTPUPOBAHHBIMU
MOTOKaMH SHEPTUH,

—  aHaJIU3 MOJYYCHHBIX PE3yJIbTaTOB;

—  BBIBOJIBI U PEKOMEHIAINH.

1.5. JIutepaTypa, pekomMeHayeMasi 1Jisl NPAKTHYECKUX 3aHATHH

1. Bricokne TEXHOJIOTUH B MAIIMHOCTPOCHUH: yueb. mocodue: B 2 4. / B.B. Jlrobumos [u ap.].
Tyma: U3n-Bo Tynl'Y, 2011. Y.1. — 2011. — 147 c.
2. BeIcOoKkue TEXHOJIOTHH B MAllTMHOCTPOSHUH: yuel. mocobue: B 2 4. / B.B. Jlrooumos [u 1p.].

Tyma: U3a-Bo Tynl'Y, 2011. 4.2 . - 2011 . - 140 c.
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PA3JIEJI 2
YKA3AHUS K BBITTOJHEHUIO IPAKTUYECKUX 3AHSATUIN

2.1. K npaktnyeckomy 3austuio Nel-2 Iorpemnocts konupoBanus npu IXO nujIMH-
APHYECKUX MOBEPXHOCTE
IIpu snexkrpoxumudeckoir 00padorke (DXO) HEKOPPEKTHUPOBAHHBIM  AJIEKTPOJIOM-

uHctpymeHToM (OU), pabodas MOBEPXHOCTh KOTOPOrO MOJy4YeHA SKBUIAMCTAHTHBIM CMEIICHUEM

MMOBCPXHOCTU ACTAIM HAa BCIIMUUHY PACUCTHOI'O MCKIJICKTPOIHOI'O 3a30pa SO H3-3a Pa3HbIX BCIIU-

YUH MEX3JIEKTpogHoro 3azopa (M33) Ha pa3nuyHBIX ydacTKax oOpadaTbhiBaeMOi MOBEPXHOCTHU

BO3HUKAET MOTPEIIHOCTh KonupoBaHus (puc. 1)

A, =max(S—S,), (1)

Puc. 1. [Torpemnocts konupoBanus, o0ycinoBieHHas HanununeM M33, pu 9XO HeKOppeKTHpOBa-
HeiM DU: 1 — TpeOyemasi MOBEpXHOCTH JieTanu; 2 — padouas mosepxHocts DU; 3 — oOpaboTanHas

IMOBEPXHOCTH

[Ipu ucnonp3zoBanuu nMpuOIMKEeHHs “uneanbHoro” mporecca X0, B KOTOPOM HE yUUTHIBA-

eTcsl U3MEHEHHE CBOMCTB 3JIEKTPOJINTA B 30He 00paboTKH, 3HavYeHHe S, M pacmpeneneHne M3

MOTYT OBITh HaﬁI[CHBI C IOMOMIBIO CIICAYIOIIHX COOTHOIIICHUI.

S _ nSXO(U _AU)
0=
pV,

c

oS S,V ) 0S
E =0"¢c —VC COSGC _VC SIn GC 6_[_11 (3)

, )

rje 7] - BBIXOJ IO TOKY; € - DJIEKTPOXMMHUYECKHUI DKBUBATIEHT 00pa0aThIBAEMOT0 MaTrepuana; g -

YACJIbHAas 3JICKTPOIIPOBOAHOCTD JJICKTPOJIMTA, U - HalpsAXKCHUC, MPUIIOKCHHOC K J3JICKTpOOaM,

AU - nanenve HanpsokeHWs B IPUONEKTPOAHBIX CIOSAX; O - MIIOTHOCTH 0OpabaTHIBAEMOTO MaTe-
puana; V, - monaua DU; O_(u) — yron Mexny HanpasieHnem noxaun Y 1 HopMaisio K o0paba-

TBIBAEMOM NOBEPXHOCTH; U — paccTossHME BAOIL NOBEpXHOCTH DU.

B cranmmonapHoM pexknmMe o0padoTke cooTHOLIeHue (4.3) nmpumMeT BU

S—O—cosec—sinecﬁzo, 4)
S ou
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Jlnst wumuagprdeckoro (maposoro) U paguycom R, momoxenne toukn O/ MOXHO ompe-

NENMUTH TaK (puc. 2)
u=R0, (5)

[13K13

rae R ==*R., npudem 3nak “+” coorBercryer Borayromy DU, a 3Hak “-* Bbirykiaomy DU.

C yuerom (5) u3 ypaBHeHUs (4) cneayeT ypaBHEHUE pacnpeneacHus MDO3 s UIuHApUY e-

ckoro DU

o __R (%—cos@cj (6)

00, siné,

Puc. 2. Cxembl DXO nununaapuueckuMu DM a — BBITYKIBbIM, O — BOTHYTBIM,

1 - DU, 2 — 3aroroBka

B pesynbraTe 4MCIEHHOTrO pelieHus ypaBHeHHUs (6) ompenensitoTcs pacipeneieHus MO3

(puc. 3) M0 KOTOPBIM MOKET OBITh pacCUMTaHa NOTPEIIHOCTh KonupoBanus (1).

SIS, >
il e e s 2

3 y:’(_”_._ ;//.’\;.><:\:.
AN _%-"" ]‘\ N

0 10 20 30 40 50 60 70 80 0,°

Puc. 3. Pacnpenenenne Bennurabl MO3 110 MOBEPXHOCTH LUIMHIPUYECKOTO

Boraytoro (1 - 3) u Beimmykoro (4 — 6) anekrpona mpu So = 1.5 Mm:
1,4-Re=5mMm;2,5Rc=10MmMm; 3,6 —R =15 Mmm

ITpu npoextupoBanun onepanuii 9XO MUIMHAPUUECKUX TOBEPXHOCTEN HEKOPPEKTUPOBAH-

HbIM DU TpeOyercst onpeneauTs BeIUUUHy pacueTHOro MO3, mpu KOTOpOH MOTpenHoCTh KOMUPO-

BaHUs HC IMPECBLIMIACT HECKOTOPOT'O 3aJaHHOI'0 3HAUCHUA As)lon . I[JBI BBI6paHHBIX B COOTBCTCTBHU C

pPEKOMEHAAUUsIMHU, NIPUBOJUMBIMHA B cnpaBquoﬁ JIMTCPATypE, YCIOBUAMU MIPOBCIACHUA O6pa6OTKI/I
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C TMOMOIIBIO COOTHOIIEHHUS (4.2) paccunThIBaeTCA CKOPOCTh nepeMenieHuss DM u ocHOBHOE BpeMs

o0paboTku

_R+S§,-§,
V,

c

ty (6)

rIe SH - HavajpHOE 3HaueHne M3, ycTaHaBIMBaEeMOE J10 Ha4asio 00paboTKH.

2.2. K npaktudeckomy 3aHaTuio Ne 3-4 Muorocraauiinas X0 peryJsipHbIX pejibe(oB

B muorocraamitaoit X0, TpeOyeMble TeOMETPUUISCKUE TTapaMeTPhl PETYISIPHOTO penbeda
(PP), a umenno, paguycel Rc u R, rnyouna Hy, u mar t (puc. 1) obecrieunBaroTcs mocjie10Bareib-
HOM 00paboTKOM Kakoro 3neMeHnTa PP HeckonbkuMu pabounMu ydactkamu DU, umeromumu pas-
nu4yHbIe pa3mepsl (puc. 2). Kpyroesie padoune yuactkun DU umerot mar paBHseii mar PP u ¢popmu-
PYIOT HECKOJIbKO cekiuil. B xaxmoi cekunu pa3mepsl padounx ydactkoB (PY) ogunakossl. Obpa-
00TKa MPOM3BOIUTCS B HECKOJIBKO IIMKIJIOB. B TeueHMM Kakoro mukia sieMenTsl PP obpabaTsiBa-
IOTCSl pa0OYMMH y4aCcTKaMH OJIHOM CEKIIMH B TeUeHUU BpeMeHu | ; 3ateM DU ObicTpo nepemeniaet-
cst BIIOJIb CBOCH OcH Ha paccrosiHue L = t*n (rae N — unciio psgoB pabounx yu4acTKOB B OJJHOM CEK-
). Bo BpeMs cremyromero mukia ieMeHTsl PP 0OpabaTeiBaroTcsi pabouuMu ydacTKaMu JpyTroi

CEKIIUH.

A

=

DO

OO

OO

D

@'@@

. Re

i

~—

|-—

B

Puc. 5.1. [ToBepXHOCTb € peryyspHbIM penbedom

-?- i I L
J_..._.i_. i @b
1T/ T M _ . _ & _ . _ &

Puc. 2. DnexTpoa-uHcTpyMeHT i1l MHOroctaauitHon 9XO PP:

1 - 3aroroBka, 2 - DU, 3 — pabouwnii yuactok DU, 4 - uzomstop, 5, 6 — cexuu U



[Tpu npoextupoBanuu MHOrocraauiinoit ECM neoOxoaumo onpenenuts cxemy o0paboTKH,
HEOOXO0MMOe KOJIMYECTBO CTaauil 00pabOTKH, reOMEeTpUYEeCKHue MapameTpbl pabdoumX Y4acTKOB
DU, KomMuecTBO CeKIMH pabouMX Y4acTKOB M KOJIMYECTBO PSIOB PabOYMX y4aCTKOB B KaKIOH
CEKILINH, MPOAOJDKUTEIFHOCTh IUKIa 00paboTku. Kpome Toro, momkeH OBITH BBIOpaH COCTaB U
TEMIIEpaTypa dIEKTPOINTA, HA3HAYCHBI PEKUMBI 00pPaOOTKH.

Jns pemieHuss 3TUX 3aJlad MOKHO HMCIOJIB30BaTh MOAENb “‘uUaeanbHoro” mpoiecca IXO,

BKJIFOHAIOOIYIO B cebs YpaBHCHUC Jlamnaca mj1s moTeHIManza BJICKTPAYCCKOTO MOJIA (P U YPAaBHCHUEC

IBOJTIOIIMN 00pabaThIBAEMOM TTOBEPXHOCTH CD(X, V.Z, t) =0:
div(grade)=0

Voxo = _%‘grad (P‘ (1)

oD
= +V,xo|gradd| =0

rae 7] - BBIXOJ IIO TOKY; € - 3JIEKTPOXMMHUYECKHMH SKBUBAICHT 00pabaTeIBaEMOro MaTepuana; o -
yIelIbHast AIEKTPOIPOBOJHOCTD AIEKTPOJINTA; P - INIOTHOCTh 00padaThIBaeMOro MaTepHala.

UucneHHoe pelieHre ypaBHEHUI OCYIIECTBISETCS C MCIOJNIb30BAaHUEM IPUKIATHOW MpO-
rpammMmel, paspabdorannoil B Tynl'V, npeaycmarpuBaromiell pemeHue ypasHenus Jlamnaca MeToiom
TPaHUYHBIX 3JEMEHTOB U YpaBHEHHs 3BOJIOIUHU MOBEepXHOCTH Jlammaca mcmonb3yrorcs paspado-
TaHHbIE METOJbI MOJCIUPOBAHUS BOJIIOIMKH 00pabaThiBaeMoOil moBepxHOCTH — MetogoM “‘Level
Set”.

B kauecTBe nmepeMeHHBIX BETUYHMH, OKA3bIBAIOLINX BIUSHUE HA (OPMY U pa3Mepbl DJIEMEHTA
penbeda, ObUTH UCTIOIB30BAHBI PAINYC padovero ydyacTka Karoja - Rk ¥ MeX3JIEKTPOIHBIN 3a30p —
S. TlpenBapuTeabHO MPOBOASTCS PACUETHI ISl OAHOCTAIUMHON 00pabOTKH, C EBI0 OMpeaeIeHUs
pa3MepoB pabouero ydyacTtka KaTroja, Mpu KOTOPHIX CPEIHEKBAIPATUUECKOE OTKJIOHEHHE, MOTyYeH-
HOTO B pe3ynbrare 00padotku npoduist PP ot tpeObyemoro, Oyner MmunuManbHbIM (puc. 3). B pac-
CMaTpUBAE€MOM Cllyyae MHHHMMAalbHas MOTPEHIHOCTh uMeeT Mecto npu RL = 1.75 mm. Ilpuuem, B
cpeaHelt 30He >nemMenTa PP ynansercs matepuana 3aroToBku Oosiblile, yeM TpeOyercs; a Ha Mepu-
¢bepuu snementa PP matepuana ynansercs HenoctarouHo. B pesysnbrare 3TOro He odecrnedrBaeTcs
chepudeckas ¢opma noBepxHoctu saementa PP. Jlna nomydenust tpebyemoit hpopmer anementa PP
HE00X0JIMMO U3MEHHUTH I0JIE€ CKOPOCTEN aHOJHOTO PACTBOPEHUSI (YMEHBLINTH CKOPOCTh B Cpe/lHEN
30HE AJIEMEHTa M YBEJIUYHUTH Ha nepudepun) 3a cUeT peain3allid MHOTOCTaIuiHON o0paboTku. B
MpocTeiIIeM ciydae 3To OyAeT nByxcraauiiHas oOpadoTka. Ecnu nByx cranuii okasbiBaeTcsi HEJ0-
CTaTOYHO, TO TPEThsI U MOCIEAYIOIINE CTaIUU, BBOJIATCS aHAJIOrM4HO BTOpoi. [loaTOMy nocraTou-

HO PaCCMOTPETh TOJIBKO ABYXCTaAUUHYIO 00paboTKy (puc. 4).



Puc. 3. DBomonus o6padaTtsiBaemoii moBepxuoctu npu ECM PP (R =3 mm, H =0.5 mm)

npu So=0.5 MM (1 — paboumii y4acTok KaToza, 2 — U30JISATOP, 3 — MOBEPXHOCTh 3aTOTOBKH

10 00paboTkm, 4 — Tpedyemast hopMa dJIEeMEHTa PEryJIsIpHOTO penbeda, 5 — MOBEPXHOCTh
nociie 00paboTkn): a - Rk=2 mm, 6 — Rk=1.5 MM, B - = Rk=1.75 Mmm

[Tpu nByxcTaamiiHON 00paboTKe HEOOXOIUMO OMpeNeNuTh pasMmepsl (paguychl) PY mns
MEepPBOM M BTOPOM CTaaui, a TakKe BEJIMYUHY MPUITyCKa, CHUMAeMOIro Ha OJHOW u3 cramuil (asns
OIpeJIeIEHHOCTH OyJIeM CUMTaTh, YTO Ha MEPBOI), HAa APYroi CTaJuM BEJIMYMHA MPUITYCKa, OJIHO-
3HAYHO OMPEJEIAETCS UCXOs U3 3aJaHHON TIyOuHsI nementa PP. Paguyc PY DU nns onnow u3
CTaauil JOJDKEH OBITh MEHBIIE, YeM paauyc, 00eCIeunBaloNNi HAUMEHBIITYIO TIOTPEIIHOCTE TPH
OJTHOCTaIUNHON 00paboTKe, a st APYrod CTaauu JOHKeH ObITh Oosnbiie. [Ipudem Haunbosnbliee
3HaueHue paguyca PY TE ne nomxHo npesbimate paanyca snementa PP. Mcxons u3 atux orpanu-
yeHuit Ha pa3mepsl PY TE , u nocienoBarenbHO IPOBOJSA pacyeThl IPU pa3InYHbIX 3HAUYCHUSX pa-
JMYCOB U NPHUITYCKA, CHUMAaeMOI'0 Ha MEPBOM CTaJUH, MOXKHO YCTAaHOBHUTH NPH KaKUX 3HAUEHHIX
panuycoB U KakoM mpumycke Oyner obecrieueHa HaubosblIass TOYHOCTh. Eciu norpemsocts gop-
MBI 35ieMeHnTa PP npu 3ToM He OyneT mpeBblaTh JOMYCTUMYIO, TO JI0CTaTOYHBIM OyJeT MpoBese-
HUE JIByXCTaJuiiHON 00paboTku. Ecim ke HeT, To He0OX0IMMO BBOAMTD JOTIOTHUTEIBHBIE CTATUH.
W3 mpeacTaBieHHBIX HAa pucC. 4 U pUC. 5 PE3yNbTaTOB pacuera BHAHO, 4TO (hopma 0OpaboTaHHOM
ITOBEPXHOCTH 351eMeHTa PP onpenensercs He Tonpko pasmepamu PY u pacnpenenennem npumycka
10 CTaJUsIM, HO M TOCJIEI0BATEILHOCTHIO, B KOTOPOU MPOM3BOaUTCS 00paboTka. To ecth 00paboT-
Ka cHayana PY Gosbiiero pasmepa, a morom oopadorka PY Mensbiero pasmepa (puc. 4) He SKBUBa-

JIeHTHa 00paboTKe, Mpu KOoTopoit PY ucnomnb3yrorcs B 06paTHOI mocieaoBaTenbHOCTH (pHC. 5).



a
b
| c
i i c
[ ——— T — I
Puc. 4. DOBomronust 06pabaTeiBaeMOil TOBEPX- Puc. 5. DBomonusi oOpabaTeiBaeMOil T10O-
HocTH Tipu DX @ peryssipHoro penseda (RL=3 BepxHOCcTH Tipu DX®D perymsipHoro penbeda
MM, H =0.5 mm) ipu So=0.5 mm (1 — pabGounit (R=3 MM, H=0.5 mm) mipu Se=0.5 mm (1 —
y4acTOK Karoja, 2 — HU30JTop, 3 — MOBEpX- pabouuii ydacTtok Kartoja, 2 — U30JsATOop, 3 —
HOCTb 3arOTOBKH JI0 00paboTku, 4 — Tpedye- MMOBEPXHOCTh 3aroTOBKH 110 00paboTku, 4 —
Mas (popma smemenTa PP, TpeOyemas dopma snementa PP, 5 — moBepx-
5 — moBepXHOCTH Tociie 00paboTKN): a - Rk = HOCTb Tocje 00pabotku): a - Rk = 1.0 /2.0 mm

2.0 /1.0 mm (z = 0.25/0.25 mm), b - Rk = 2.0 (z =0.25/0.25 mm), b - Rk = 1.0/2.5 mm (Z =
/1.0 mm (z = 0.35/0.15 mm), ¢ - Rk = 2.4 /1.5 0.25/0.25 mm), € - Rk = 1.0/2.15 mm (z =
MM (2 = 0.20/0.30 mm) 0.25/0.25 mm)

Ilocne onpenenenus reomerpudeckux napamerpos PY u pacnpenenenus npumnycka o cra-
JMSIM, OTIpeJiesIieTcsl BpeMsi 00paboTKU Ha Kaxoi ctanuu. Mcxoas n3 COOTHOIIEHUS BpeMeH 00-
paboTku aneMeHTa PP Ha OT/AENbHBIX CTanusX, OmpenenseTcs KoauuecTBo paaoB PY B cekuusax c

IIOMOIIBIO COOTHOIICHUA:

b _Niw
- 1
tk I\Ik
TIE tm R tk - MPOJOJDKUTEIIBHOCTE 00pabOTKM Ha M—oif u Kk—oif cTaausx, COOTBETCTBEHHO;

N, , N, - konmuuectBo psanoB pabounx ydacTkoB B M—oil u k—oii cexkumsix U, COOTBETCTBEHHO.

Ecnu 3madenne oTHOIIEHNE tm /tk HECJIb3d MPCACTaBUThL B BUAC OTHOIICHHA LECJIbIX YUCEII, TO IIPO-

HU3BOJUTCA KOPPCKTUPOBKA pa3MCpPoOB PY DU n pacnpeaciICHUA IPUITYCKa IO CTAAUAM.

I'eomerpuueckue napamerpsl PP u pesynbrarsl pacuera MHorocraauiitHon 9XO u ee dKkcrie-

PUMEHTAJILHOM MPOBEPKHU IpecTaBiIeHbl B Ta0m. 1, 2.
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Tabmuna 1
I'eomeTpuueckue napamerpsl sieMenToB PP npu aBycraauitnoit 9XO
Howmep XapaKkTepUCTUKHU CTaANN 00paboTKH I'eomeTpuueckue napaMeTpbl
JKCIIe- snemeHnTa PP
pHMeHTa | cragus Il cragus
Rk1, MM T1, MUH Rx2, MM T2, MUH H, MM | R, MM | Rc, MM
(H1, Mm) (Hz2, Mmm)
1 3.5 2 5.5 0.25 1.07 2.27 2.94
2 1.5 2 3.5 0.25 0.91 2.35 3.49
3 3.5 4 5.5 0.5 1.45 3.72 5.50
4 3.5 4 5.5 0.25 1.33 3.43 5.09
5) 1.5 4 3.5 0.5 1.30 2.50 3.05

Ha puc. 6 npencraBiieHsl 00pa3ipl AeTaiei ¢ peryaspHbIM penb(om, MoITydeHHbIM TPH MHO-

TOCTaIUIHON JIEKTPOXUMHUECKOI 00padoTKe.

‘{0 20C (0. fak;(o

Puc. 6. O6pa31ibl TpyO ¢ peryisipHbIM pesibedom
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Tabmumna 2
[Ipodunu snementoB PP npu aeyxcraguitnom ECM

Howmep [Ipodus srmeMenTa peryiaspHoro penbeda

OKCIICPUMCHTA SKCIICPUMCHT pacuct

Kak BUOHO U3 TaoI. 2 PE3YJIBbTATHI pacuCTa XOPOIO COIJIACYIOTCs C 3KCHC6pI/IMeHTaJ'ILHI>IMI/I
AAaHHBIMHU, YTO CBUACTCIIbCTBYCT C BO3MOKHOCTH NPUMCHCHHUA PACCMOTPCHHOI'O IMOAXO0da JJI IIPO-

EKTHUPOBAHUS ONEepaLuii MHOTOCTAUIHOM 311eKTPOXUMHUYECKON 00pabOoTKH.

2.3. K npakTuueckomy 3ansiTuio Ne 5-6 Pacuer peskuMoB UMIYJILCHO# 3JIEKTPOXHMHU-

yecKoil 00padoTkun

Opna u3 BaxHeimux npobdirem DXO 3akiodaercs B MOBBIILIEHUHM TOYHOCTH OOpaOOTKH.
IlepcrieKTUBHBIM  HaINpaBICHUEM pemieHust 3TOM  MpoOieMbl  SABISIETCS  yMEHBIICHUE
MEXIIEKTPOIHBIX 3a30poB (MD33) 1o cBepxmanbix BenuuuH (Mmenee 0,03mm). M3BectHO,
spdexTuBHast 00paboTka mpu cBepxManbix MD3 BO3MOXKHA B TPEPHIBUCTOM pEeXHUME U
OTIpeJIeNIAeTCSl ONTUMAJIBHBIM JIO3UPOBaHWEM »JHepruu. V3MeHeHHe (QHU3MUECKOrO0 COCTOSHUS

MEXDJIEKTPOJHOM cpenbl MpU MCHOJIb30BAaHUM CBepXMalbix MDO3 orpaHuyMBaeT BETUUYHHY
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JOIYCTUMOM 3HEPIrUU BBOAUMOM B DJIEKTPOXUMMUECKYIO A4elKy. Jl03a JHEpruu ¢ OAHOU CTOPOHBI
JOJDKHA obOecreunBaTh TpeOyeMylo CKOPOCTb  AHOJHOTO pPAacTBOPEHMs MarepHaia, ¢ JApYyroi
CTOPOHBl OTPAHWYMBATH HEYCTOMUYMBOCTH Ipolecca 00pabOTKU U UCKIII0YATh MEePEeX0l aHOAHOTO

pacTBOPEHHS B IPYTOi MPOLIECC, HATPUMEP FPO3ZUOHHBIN.

KonnuecTBo sHEepruu BBEIEHHOM B 3JIEKTPOXUMHUYECKYIO CUCTEMY OFPaHUYEHO MPolieccaMu
ra3o- U TEIUIOBBIJCICHHUS, KOTOPbIE ONPEAEISIOT 00JacTh PEKMMOB OCYIIECTBIIEHUs npoiecca. W3-
MEHEHHE TeMIIEPATyPhl B MEKIJIECKTPOJTHOM MPOMEKYTKE OIPAaHUYMBACTCS B HEKOTOPBIX Ipejiesiax,
OTIPEICTIIEMBIX KaK OCOOCHHOCTSIMH aHOJHOT'O PAaCTBOPECHHS METAJUIOB, HAapuMep GOpMUPOBAHH-
€M IIEePOXOBATOCTH OOpPaOOTaHHOW MOBEPXHOCTH B 3aBHCHMOCTH OT TEMIIEPATyphl AJICKTPOJIUTA,
TaK U YCJIOBUSAMHU YCTOMYMBOCTH Mpoliecca. Y cToiuuBoe nposeneHue npouecca 3XO cCOOTBETCTBY-
€T YCJIOBHIO, KOT/Ia JUIUTEIbHOCTh UMIYJIbCOB HAIPSKEHHs] MEHEE WJIM paBHA BPEMEHHU 3alojHe-
HUS MMHUMaJIbHOTO M33 ra30KUAKOCTHON CMECHIO MITH e JOCTUKEHUEM KPUTHUECKON Temmepa-
TYpBI AJIEKTPOIINTA, COOTBETCTBYIOILIEH, HAIpUMep, Hayally KUIeHus 3ekTponuta. [Ipu manbix Be-
nuuuHax M3 BTOpoe orpaHryueHue sIBIsieTCs: 00JIee CHIIBHBIM M, HMEHHO OHO, OTIPEIETIsieT MaKCH-

MaJIbHO JOMMYCTUMYIO JJIUTCIIBHOCTE UMITYJIbCA.

B OonpmmHCTBE HM3BECTHBIX PabOT pacyer pacrpeneneHus temmeparypsl B MOII ocy-
IIECTBIISIETCS. C HMCIIOJIF30BAaHUEM MPUOJIMKEHHBIX MAaTeMaTHUYECKUX MOJENeH, HE YUMTHIBAIOLINX
OTBOJI TEIUIA, BBIAEISIOIIErOCs B 30HE 00pabOTKH, B 3JEKTPOJbl. DTO MPUBOJUT K 3aBBIIICHHBIM
3HAUEHUSAM TEMIIepaTypsl 3JeKTponuTa. IIpu 3TOM pacdeTHble JUIMTEIBHOCTH MMITYJIBCOB OKa3bl-
BalOTCS CYILECTBEHHO MEHbILE JOIYCTHUMBIX, YTO BEJET K CHH)KCHHUIO NPOU3BOAUTEIBLHOCTHU DIICK-

TpOXUMHUUECKOH 00paboTKu Ha cBepxMaiibix MI3.

B onnomepHOM mpubImkeHuu npoiecchl Teriomacconepesoca B MOII onuckiBatoTes cie-

ayromien cucreMoi audQepeHnnanbHbIX ypaBHEHU:

o(pCT) o, aT

—x T x& +q(x,t)
d(Bspy)
ot —T]gSgl
p=@1-B)p+Bpy =p,(1-B) 1)
py=M,p/RT

= ol o (7T, Ja-py L0250

rae X — KOOpJWHAaTa, OTCYUTHIBaeMas Mo HOPMaIM K MOBEPXHOCTH 3iekTpoaa; t — Bpems; T —

TeMIIepaTypa dICKTPOINTa; L — IUIOTHOCT Ta30-KUIAKOCTHOH CMECH; py — IUIOTHOCTH Ia30BOM

(ba3bl B ra30’)KUAKOCTHON CMECH; O — IJIOTHOCTh >KUIKOH (pa3bl B ra30:kMIKOCTHOM cMecu; C —
ylenIbHas TeIIOEMKOCTh; A - yAelnbHas TeIUIONPOBOJHOCTD; [ - OTHOCUTEIbHOE 00bEMHOE ra3o-

HaITOJIJHCHHUC, q(X,t)- MOIIIHOCTh MCTOYHMKA JHKOYJIEBA TCILIA, S - Me)I(BHeKTpOI[HLIﬁ 3a30p; 77g -
BBIXO/I IO TOKY IJId pCaKIIUN KATOAHOT'O BBIACJICHUA BOJOPOJA, 59 — Z—)HeKTpOXI/IMI/I‘-ICCKI/Iﬁ OKBHBa-

JICHT BBIACJICHHA BOAOPOAA, Mg — MOJIIpHaAsA Macca rasza, P — JaBJICHHC, R - YHUBCpPCaJIbHaA
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razoBasi IOCTOSIHHAA; | - IUIOTHOCTb TOKA; J( - yAEIbHas 3JEKTPONPOBOAHOCTb YUCTOTO IEKTPO-
JMTa MpU TeMmImeparype Tp; o — TeMIepaTypHbIid K03((GUIMeHT; N - KOAPPUIUEHT, yIUTHIBAIO-

LU BJIMSHUE Ta30HANIOJHEHUS Ha 3JIEKTPOIPOBOAHOCTD 3JeKTponuTa; U — HampskeHue, mpuiio-
KEHHOE K AneKkTpoaam; AE — magenne noreHnuana B MpUIJIEKTPOJHBIX CIOSX.

B cBs13u ¢ OTCYTCTBHEM JA€TaNbHBIX JAaHHBIX O pacnpeaenenun B MOII ¢a3oBoii ¢pazbl, BbI-
JEJISIIOLIEICSl Ha KaTo/1e, NP 3alllCh CUCTEMBI ypaBHEeHH (1) MpUHATO ee paBHOMEPHOE pacripee-
JICHUE.

Jliis oOecrieueHust BO3MOKHOCTH yueTa OTBOJia TeIia, Bolaesstomerocss B MOII, B anekrpo-
Iibl B MaTEMaTHUYECKYI0 MOJEIb J0JIKHO ObITh BKIFOUYEHO YPAaBHEHHE HECTALIMOHAPHOIO TeIIonepe-
HOCA B METAJUIMYECKUX IEKTPOAAX:

oT o0°T

rae UHACKC M 0003HayaeT 3Ha4YCHUSL, OTHOCAIIUECA K DJICKTPOAY; O, Cm - IJIOTHOCTb U YACIIb-

)

Hasl TEIUIOEMKOCTh MaTepuaa 3JEKTPOI0B, COOTBETCTBEHHO; A, - KO3()(UIMEHT TEIUIONPOBOIHO-

CTHU MaTcpualia 3JICKTPOdO0B.
Ha I'paHuIC pas3aciia (1)33 QJICKTPOA-3JICKTPOJIUT HOJIZKHBI BBIIIOJIHATHCA CICAYIOIIUC YCIIO0-

BU:

T (xe)=T(x,)

Al EPYRCIT| B g @)
OX y, OX |y,

rac Xe - KOOpAnWHaTa IrpaHrIbl pa3aciia (1)8.3 QJICKTPOA-IJICKTPOJIUT, 77 - IICPCHAIIPAKCHUC DIICKTPO-

XMMHYECKON PEaKIIuu.
UucnenHoe pemieHue cucreMbl ypaBHeHMH (1), (2) ocymiecTBisieTcsi ¢ HCIOIb30BaHUEM
MIPUKJIATHOMN POTPaMMBI.

[Ipu pacuere ummnynbcHoM OXO ObUIM NPHUHATH CIENYIOIIME 3HAUYEHUS MapaMEeTPOB:
p =1000kgm?3, p,, =7800kgm3, p=02MPa, Ty=293K, z,=50m'm? o5 =0.02,
A=05W/(m-K), A4, =50W/(m-K), C=4180J/(kg-K), C, =460J/(kg-K). Pacuers npoBo-

JTWIACH I €IUHUYHOTO UMITYJIbca U nakeTa uMIyiabcoB pu X0 va MD3 mensbimux 0.05 mwm.
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Puc. 1. Pactipenenenus temrepatypbl B MO3 u 351eKTpo/ie BO BpeMs UMITyJIibca ()
U BO Bpems nay3sl (0) npu t paBaom: 1 — 0.1 mc, 2 — 0.2 mc, 3 — 0.3 mc, 4 — 0.4 mc,
5-05mMmc,6-0.6mMmc,7—-0.7mMmc,8-0.8mc
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Puc. 2. Pacnpenenenus temnepatypsl B MO3 Bo BpeMs uMiyiibca 6€3 yuera oTBoJa
Teria B anektpoAd npu t pasaom: 1 —0.1 mc, 2 — 0.2 mc, 3 — 0.3 mc, 4 — 0.4 mc

N3 nmonydeHHBIX pe3ynbTaTOB ClienyeT, 4To B DU OTBOAWUTCS 3HAYMTEIHLHOE KOJIMYECTBO
Temia, reHepupyemMoro B M33 npu NmpoTEKaHWUM 3JIEKTPUUYECKOro Toka. [[ns paccmaTpuBaembixX
ycnoBuil 00paboTKM MakCUMalIbHOE MpUpalleHue Temnepatypsl B MO3 ymeHbIaeTcs 6ojee 4eM B
TpU pa3a MeHbIIe Mpu yuyeTe oTBoa Temia B DU. IIpu 3ToM u3MeHseTcs U XapakTep pacupesesne-
Hus Temnepatypsl B MO3. B nepBom ciiydae (puc. 1) MakcuManbHOE 3HAYEHHE TEMIEPATyphl J10-

cTuraercs B cpeaneit uactu MO3. Bo Bropom xe ciydae (puc. 2) MakCUMaJIbHOE 3HAaUEHHUE TEeMIIe-
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patypsl JOCTUTAeTCsl Ha MOBEpXHOCTH DM, 4T0 00YCIOBIEHO MOBEPXHOCTHBIM TEILUIOBBIJCICHUEM
3a CUeT MPOTEKaHWs IEKTPOXMMHUYECKON peakiuu. He yder orBoma temna B OW mpuBoguT K
YMEHBIIECHUIO PACYETHON AJUTEILHOCTH UMIyJibca 0ojiee 4yeM B 4 pasa, 4TO BeJIeT K COOTBETCTBY-
IOLEMY CHUKEHMIO MPOM3BOAMUTENBHOCTH 00paboTku. [lo Bpems may3sl TemmepaTypa paboueit
xuakoctu B MO3 ymenbinaercs (puc. 1 6), yTo obecnieunBaeT BO3MOXKHOCTh pealii3aliu CIeayIo-
IIer0 UMITyJIbca 0e3 HapyIllIeHUs YCIOBUIM YCTOWYHMBOCTH Ipoliecca.

Ha puc. 3 u 4 npencraBnensl pe3yabTaThl MOJCIUPOBaHUS UMIyabcHONM DXO npu noaaue
Ha AJIEKTPOJIbI TaKeTa UMITYJIbCOB. [Ipu pacyerax ObLIM MPUHATHI CICIYIOIIME 3HAYCHUS MapaMeT-

poB: U=10V, s=0.02mm, b=0.3, tp:0.4ms, t,=04ms (puc. 3) u U=10V,

s=0.02mm, b=0.3, tp =0.4ms, t; =0.4ms (puc. 4). MakcuManbHOE 3HaU€HHE IIIOTHOCTH TO-
Ka JJOCTUTAETCS B TIEPBOM HMITYJIbCE, IIPH STOM HAOIIOAETCS U MAaKCUMalIbHOE TIPHUPAIICHUE TeM-
neparypsl asekrponuta B MD3. ["a3oBblfenieHre Ha KaToAe BEAET K YMEHBIIICHUIO 3JICKTPOIPOBO/I-
HOCTHU paboueil KHUIKOCTH, BCICICTBUE YETO MNIOTHOCTh TOKA OT UMITYJIbCA K UMITYJIbCY YMEHbIIIA-
ercs. Kpome Toro, yMeHbIIEeHHE TIIOTHOCTH TOKA OOYCJIOBJIICHO M CHIDKEHUEM TEMITEpaTyphl pado-

el )KUAKOCTH BO BpEM: 11ay3 U3-3a OTBOAA TCILJIa B OU. Yuer TCILJIOOTBOAA B DU no3Bomser Ooiee

000CHOBAaHHO Ha3HAYaTh PEKUMBI UMITYJIbcHON DXO (puc. 5).
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Puc. 3. Pacnpenenenus miotHocTd Toka (1), o0beMHOr0 razoHamnoiaHenus (2) u cpeaueit
temneparypbl B MO3 (3) npu 9XO nakerom umnyibcoB mpH S = 0.05 mm

. _ 2
ix1077 A/ecm
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Puc. 4. Pacnpenenenus miotHocTy Toka (1), o0beMHOr0 razoHanoiaHeHus (2) u cpeaueit
temmeparypsl B MO3 (3) mpu DXO makerom umnynabscos mpu S = 0.01 mm.
(na aTom pucynke t u fi Hy>)xHO nenUTh Ha 5)
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0 0.02 0.04 0.06 0.08 s, mm
Puc. 5. 3aBUCUMOCTb 10IIyCTUMOMN JUIMTEIBHOCTU UMITYJIbCa OT BEIMYMHBI M3

c yuerom (1) u 6e3 yuera (2) oTBOIa TEIjIa B JIEKTPOIBI

2.4. K npaktudeckomy 3anaTuio Ne 7-9 [IpoekTupoBaHue 3J1eKTPOA0B-HHCTPYMEHTOB
151 9XO noBepxHoOCTel CJI0KHOM hopmbI

TunoBasi cxema IPOEKTUPOBAHUS U MPOBEACHUS OIMEpaIfil FIEKTPOXUMUYECKOTO (hopmo-
o0pa3oBaHMs BKJIIOYAET B ce0sl pElICHHE CIEeIYIOIINX 3aa4:

® BBIOOp CXEMBI 00PaOOTKH;

e BBIOOpP COCTaBa IEKTPOIINTA,

e ompefeNeHue PexUMOB 00pabOTKH;

e BBHIOOP TEXHOJIOTUYECKOTO 000PYAOBAHMS;

® TPOEKTUPOBAHUE AIIEKTPOIa-HHCTPYMEHTA;

e OmpejeNieHre MPUIycKa Ha 00paboTKYy;

® TPOEKTUPOBAHHE HEOOXOIUMOM TEXHOJIOTHUECKONH OCHACTKY;

® ONBITHAs MPOBEpPKA U KOPPEKTUPOBKA.

B 3aBucuMoOCcTH OT OCOOEHHOCTEH T€OMETPUU JETAIM U BBIOPAHHOW cXeMbl 00pabOTKHU CO-
CTaB 33/1a4 MOKET HECKOJIbKO U3MEHATHCA.

[Ipy TpOEKTUPOBAHMM JOJKHBI OBITH OIpEAETCHBbl ONTUMAIbHBIE PEXHUMBI 00pabOTKH,
o0ecreynBaoIe BbICOKYIO MPOU3BOJUTENBHOCTE 00pabOTKH, 33JaHHYI0O TOYHOCTh M KayeCTBO
MTOBEPXHOCTH.

Psin 3amad, Takux kak BIOOp cxeMbl 00pabOTKH, COCTaBa AJIEKTPOIUTA, TEXHOJIOTUYECKOTO
000py/IOBaHUSI U OCHACTKH, MOKET OBbITh JOCTATOYHO MPOCTO PEIIEH IyTEM HCIOJIb30BAHUS THIIO-
BbIX pemeHuil. Hanbonpimme npoOiaembl Mpu MPOEKTUPOBAHUHU ONEpalUil 3JIEKTPOXUMHUECKOTO
dhopmoobpazoBanus (DXD) cBsizaHbl ¢ MPOSKTHPOBaHUEM paboueit moBepxHocTH DU u pacyeTom
peXUMOB 00paboTkH. IMEHHO OT TOTO HACKOJBKO yJa4HO OyIyT pelIeHbl 3TU 3aJadyd, B 3HAYU-
TEIHHOU CTETICHU 3aBUCUT 00BEM M TPYAOEMKOCTh JOBOJOYHBIX padOT, MPOU3BOIUTEILHOCTH OTe-
pauu 3XO.

CnoxxHOCTh TpOoeKTUpoBaHus onepaiii X0 3akIo4aeTcs B TOM, YTO PEKUMBI 00pabOTKH
u popma paboueit moBepxHocT DU He MOTYyT OBITH ONpeAeNeHbl HE3aBUCUMO JIpyT OT Apyra. [Ipu

M3MEHEHUH pekruMa 00paboTKH U3MEHseTCs pactpeaeneane M3, u, cienoBaTenbHo, IS ToTyde-
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HUS 33JJaHHOM (OPMBI U pa3MepoB JeTald HEOOXOAMMO KOPPEKTHPOBATh (U3MEHATH) pabouyio 1mo-
BepxHOCTh DM.

Cy1iecTByIonme MeToAbl MPOeKTUpoBaHus omnepanuii X0 06a3upyroTcss Ha OJTHOMEPHBIX
reOMETPUUECKUX MOJENAX MoBepxHocTe DU u 3aroToBKH, 4TO HE MO3BOJIAET B IOJHOM Mepe
yuecTb (PU3MKO-XUMHUYECKHE Ipouecchl, nporekaromue B MOII, npexacrasisomem coboi mpo-
CTPaHCTBEHHBIN KaHaJI CJI0KHON (POPMBI, M IPUBOAUT HU3KOMY KaueCTBY IPOCKTHBIX PELLICHUH.

OcHoBoli mpe/uiaraeMoil METOAMKU aBTOMAaTU3UPOBAHHOI'O IPOEKTHUPOBAHUS ONEpALUi
TpexMepHoro X0 SBIFAIOTCS MaTEMAaTUYECKUE MOJEIN U METObl aHAJIN3a SBOJIIOLIMY IIPOU3BOJIb-
HBIX TIOBEPXHOCTEH B MPOCTPAHCTBE U (PU3UKO-XUMHUECKUX MporieccoB B o0beme MDII u npuasek-
TPOAHBIX CJIOSIX, ONMCAHHbIE BO BTOPOH M TpeThel rinaBax padboTsl. O0mmas cxemMa aBTOMaTH3UPO-

BaHHOTO MpoeKTUpoBaHus onepaui IXO npeacrapieHa Ha puc. 1.

NHTerpnpoBaHHagd
CAD/CAM/CAE
cucrema
TBEpAOTENbHas
UInu TBEpOOTEeNbHbIE
NOBEPXHOCTHas nnn
MoAenb geTtanu, NOBEPXHOCTHbIE
MaTepuan, MOZEIN 3aroTOBKM
Tpebyemble n AU, pexumel
TOYHOCTb U 0bpaboTkn n gpyras
KayeCcTBO TEeXHorornyeckas
MOBEPXHOCTU NHopmMaLms
\ 4 6%3bl aHHbIX MO
obpabaTbiBaemMbIM
MNopcuctema eapaanaa,
NPOEKTUPOBAHUA < anekTponuTam,
y TEXHONOTNYECKOMY
onepaumi SX® obopyaoBaHuio u
OCHacTKe

Puc. 1. O6mas cxema aBTOMaTU3MPOBAHHOT'O MMPOEKTUPOBaHUs oneparuii 9XO

C nomormnrsio uaterpupoantoit CAD/CAM/CAE cucteMbl co31aeTcst TpeXMepHasi TBEP/I0-
TeNbHAs WM MOBEPXHOCTHASsI MOJENb JETaH, TOIexanle snexkrpoodpadoTke. s pa3paboTku
onepaun OX®P reoMmerpuueckas MOJAENIb JeTalld, a TaKKe Apyras, HeoOxoaumas HHQOpMaIus
(MaTepual, U3 KOTOPOro U3rOTOBJIEHA J€Tallb; TOYHOCTh pa3MepoB U (OPMbI, KAUECTBO MOBEPXHO-
ctu) nepenatotrcs u3 yHusepcanbHoi CAIIP B moncucremy npoexktupoBanus omnepanuii 9X®P. B
3aBHCUMOCTH OT BO3MOXHOCTel ucnonb3dyemoir CAIIP skcnopT reomerpuueckoil MHGoOpManuu
MIPOU3BOJIUTCS B BUJIE TBEPAOTEIBbHON UM MOBEPXHOCTHOM Mojenu B popmare ACIS, kpome Toro,
pu Hanuuuu B yHUBepcanbHOU CAIIP Momymns mMOCTpOEHHsI OBEPXHOCTHOM CETKH M3 TPEYroJib-
HBIX 3JIEMEHTOB (Takas BO3MOXHOCTh, Hampumep, uMeercs B cucteme Pro/Engineer) Bo3mosken
SKCIIOPT AETAJIN B BUJI€ HEPETYIIPHON MOBEPXHOCTHOM CETKH U3 TPEYTOJIbHBIX 3JIEMEHTOB.

®opmar ACIS, pa3paborannsiii pupmoni Spatial Technology, npeana3znauen s npeacras-
JIEHUS KapKaCHBIX, IOBEPXHOCTHBIX U TBEPAOTEIbHBIX Mozeneil. [loBepxHOCTH MEpBOTO U BTOPOTO

nopsaaka nNpCACTaBIAOTCSd aHAJIUTUYCCKH, a CJIOKHBIC ITIOBEPXHOCTHU, B TOM YHUCJIC U CKYJIBIITYPHBIC
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MOBEPXHOCTH, mpeacTaBisitoTes ¢ nomouisio NURBS crutaitnoB. B otnmuume ot ¢gopmara STEP,
dopmat ACIS mognepkuBaercs B HacTosIIee BpeMs OOJBITMHCTBOM M3BECTHBIX U HAMOOJIEe MOmy-
JSPHBIX CHCTEM aBTOMATH3MPOBAHHOTO NpockTHpoBaHus u aHamm3a — AUtOCAD, CADdy++,
MicroStation Modeler, TurboCAD, Solid Edge, MasterCAM, SmartCAM, Ansys, Nastran u mHo-
rumu apyrumu. [Ipu HeoOXxoaumocTn reoMerpudeckas uHbopmanus o aeranu u3 popmara ACIS
MOKeT ObITh KOHBepTHpOBaHa B popmat STEP ¢ momomnipro STEP/ACIS tpancisitopa.

B ¢popmare ACIS ucnons3yercs rpaHUYHOE MPEICTABICHHE TBEPIOTO Tela, IPU TOM TBEP-
JOTENbHAs ¥ TIOBEPXHOCTHAS MOJETbh (PaKTHUECKU COBIAIAIOT, T.K. TBEPAOTEIbHAsI MOJAEIH OIpe-
JIEJIETCS ¢ TOMOLIBIO 3a/1aHUs IOBEPXHOCTH Tena. [Ipu 3TOM MOBEPXHOCTH Tella OMPEEIIAeTCs KaK
COBOKYIHOCTb OIPaHMYEHHBIX YYacTKOB IMOBEpXHOCTEeH. [l KakI0ro yyacTka OBEPXHOCTH TBEP-
70ro Tena B (paiiie conep)KUTCsS aHAIUTUYECKOE MM NMPHOIMKEHHOE ONMCAHUE MOBEPXHOCTH U
IpaHMIbl yyacTka. Takoi crocod mpeacTaBieHUs OYeHb YJauyHO MOAXOIUT JAJS IPOEKTHUPOBAHUS
onepanuii TpexmepHoro XM, T.K. IPH 3TOM, B OTJIMUKE OT MPOLIECCOB MEXAaHUYECKON 00pabOTKH
Y TUIACTUYECKOTO 1e(hOpMUPOBAHHSI, HEOOXOIUMO CTPOHUTDH TOJIBKO MOBEPXHOCTHBIE CETKH.

[Toncucrema aBTOMaTU3MPOBAHHOIO IPOEKTUPOBaHUs onepanuii DX® B 1uanoroBoM pe-
KHUMeE 00eCTIeunBaeT pelIeHUE CIEIYIOIIMX 3a/a4:

e ananu3 (mpsMas 3a/1a4a), B KOTOPOil 1o 3aaaHHON noBepxHocTH DU onpexnensiercsa gop-
Ma U pa3Mepbl 00pabaThIBaeMOil MOBEPXHOCTH;

e cuHte3 (oOpaTHas 3aj1a4a), B KOTOpOH onpezensercs padodas noBepxHocTs DU ais mo-
Jy4eHHUs 3a7JaHHOM 00paboTaHHON MOBEPXHOCTH.

Hcnonb30BaHue AMAIOroBOro pexxumMa Mpu npoekTupoBanuu onepanuii 3Xd o0ycioBieHo
CJIO’)KHOCTBIO MaTeMaTHUECKUX ONUCAHHUH Mpolecca U UCHOIb3YEMbIX YHUCIEHHBIX METOJ0B, O0JIb-
IIMM KOJMYECTBOM I1apaMETPOB, OT KOTOPHIX 3aBUCUT PELICHHUE 3a1adyu. Peanusamus 1uanoroBoro
peKHMa MPOCKTHPOBAHUS, (PAKTUICCKH O3HAUYACT 3aMeHy 0OpabOTKH MPOOHBIX JeTaliel pH Mpo-
BEJICHUM JOBOJOYHBIX padoT, “00pabOTKON” reoMeTpuyecKux Mojeseil MpoOHBIX JAeTaned mpu
MIPOBEJICHUH BBIYUCIUTEIbHBIX SKCIIEPUMEHTOB.

Xot4 nepBas 3a1aya (aHaJIM3) UMEET BaKHOE 3HaYeHME I aHauu3a TOYHOCTH DXD, nis
NPAKTUKU HauOOJBIINIA MHTEpeC MpEeACTaBiIsIeT pelieHre BTOpoil 3axaun. OHAKo, TOYHOE perie-
HUE 3TOH 3a/1a4M CBA3aHO C OOJIBLIMMHU CIIOKHOCTSIMH, T.K. TpeOyeT pelieHus 3a/auud B 00JIaCTH C
HEU3BECTHOM rpaHuuel. Mcxons U3 3Toro, npu aBTOMaTU3allMyd IPOEKTUPOBAaHUA onepauuid DX P
ObLT MCIOJIB30BaH MOJXO0/, B COOTBETCTBUM C KOTOPBHIM, oOpaTHas 3agaua DX ® cBOIUTCS K pellie-
HUIO LIETIOYKH NMPAMBIX 3a7a4. [1o pe3ynbraTtam pemeHus 3Tux 3ajad Mpou3BOJUTCS KOPPEKTUPOBKA
paboueii moBepxHocTu DU u pexxuma 06pabOTKH.

BoixogHoii nH(popMalueit moJcucTeMbl aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAHUS Ollepaluii
DX, ABAAIOTCS reOMETPUYECKHE MOJIENHN 3aroToBKU U DU, pesxumbl 00pabOTKH U Jpyras He0O0Xo-
IUMasi TeXHoslorndeckas wuHpopMmanus. OTa uH(pOpMalMs MepelaeTcs B HHTETPUPOBAHHYIO
CAD/CAM/CAE cucremy anst pOpMUPOBaHUSI TEXHOJIOTHUECKON JTOKYMEHTAIMHU, Pa3padOTKH TeX-
HOJIOTUM W3TOTOBJIEHMsS] ocHAacTku M DU M, B 4aCcTHOCTH, pa3pabOTKHU MPOrpaMM Ui CTaHKOB C
UITY nns nonyuenus popmooOpa3zyromux nosepxuocreit JU.

OCHOBOM aBTOMATH3UPOBAHHOTO IMPOEKTUPOBaHUA onepanuil DX@ sBIAeTCS pElICHHUE 3a-
nadu ornpenenaeHus GopMbl U pa3MepoB 00padOTaHHOI MOBEPXHOCTHU (3a/1ayMl aHANIM3a) IpU ee 00-
pabotke 3amaHHbIM DU, MICXOMHBIMU JTaHHBIMU JJISl PELICHUS ATOM 3a7a4M SIBIISIOTCS: T€OMETPUS

pa6oqe171 IMOBCPXHOCTHU OU n 3aroToOBKH, CX€Ma o6pa60T1<1/1, COCTaB JJICKTPOJINTA, CXEMA U KUHCTHU-
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YeCKHe MapaMeTphl MIEKTPOJHBIX PEaKIHid, cXeMa MOAa4YH 3JIEKTPOIUTA, PeXUM 00pabOTKH - To-
nada DV, TeXHOJIOTN4YeCKOe HaNpsHKEHUE WU TOK, AABJIEHUE AIEKTPOJINTA, NJIUTEIBHOCTh U 4acTO-
Ta UMITYJIbCOB U T.[.

[Tycth moBepxHOCTh DM 3a1aHa mapaMeTpuyIECKU, BEKTOP-(DYHKITHECH
re=reu,v), r°=(x%y"z%, 1)

rae U, V- napaMeTpsl IOBEPXHOCTH.
IToBEepXHOCTH 3arOTOBKH ré = ra(u,v), ré = (Xa, ya, Za) OTCTOUT OT NoBepxHOCcTH DU

Ha Besmuuay M3 - S(U,V) B Hampapiennn HopMamu n°, re.

r* =r°+5n°. (2)
Takum o6pazom, /i onpeaeneHuss 00padaTbIBaeMOi TOBEPXHOCTH JOCTATOYHO HANTH pac-
npeaenenne MO3 B 30He 00pabOTKU. YpaBHEHHE IS pacnpeneneHus MD3, mpeacTaBisioniee co-

6011 mudpepenmanpayto GopMy 3aKoHa coxpaHeHus: oobemMa MD3 umeeT BU:

0S rE— .
ne.
rae V9Xc1> = —I(U,V,t)- MOJyJIb CKOPOCTH aHOJHOI'O PAaCTBOPEHHUsA, 1| - BBIXOJ IIO TOKY, & -

MAacCCOBBIN DJIEKTPOXUMHUYECKHM DKBMBAJIEHT MaTepHajla 3ar0TOBKM, P - IJIOTHOCTh Marepuala 3a-
rOTOBKH, | - mIoTHOCTB TOKa, V- ckopocTs mepemernenust DU, Alsla - mepBbId AudQepeHIratb-

Hblii mapamerp benbrpamu M3O3 Ha oOpabaThiBaeMOil MOBEPXHOCTH, SIBISIONIMIICS WHBAPHAHTOM
MOTEHIIMAJILHOTO BEKTOPHOTO MOJIS U, CIIEA0BATENbHO, HE 3aBUCAIIUN OT BHIOOpPA CHCTEMBI KOOPAH-
HarT.

B mpaByro vacte ypaBHeHus (7.3) BXOAWUT TpU WiIE€Ha y4YUThIBarolue nusmMeHenne MO3 3a
CYeT:

e [Ipoliecca aHOJIHOTO PACTBOPEHUsI (KaTOJHOT'O OCAXKJICHHS) METaJLIa,;

e HOpMalbHOU K MoBepxHocTU DU cocTaBisomeld CKOPOCTH OTHOCUTEIBLHOTO MEXaHU4e-
CKOTr'O IIepeMEICHUS MIEKTPOJIOB;

e KacaTelbHOM K moBepxHocTH DU cocraBistoniel CkopocTH OTHOCUTENIBHOTO MEXaHU4e-
CKOTI'O ITepeMENICHUS MIEKTPOIOB.

VYyer n3meneHus BenuuuHbl MO3 BeiencTBUE TPAHCISLUU MOBEPXHOCTH 3arOTOBKH BJI0JIb
noBepxHocTu DU sBnsieTcs Haubosee BaKHBIM OTJIMYMEM pacCMaTpUBAEMON MOJIENH OT U3BECTHBIX
. Y4eT B3auMHOT0 “NIPOCKaib3bIBaHUs TIOBEPXHOCTEH MO3BOJIAET C MOMOIIBIO cooTHOIIeHUS (7.3)
OTIpeNIeNIATh U3MEHEeHNe BenuurHbl M3 s mo0bix cxem DX .

MaremaTtnueckas MOJAENb IS pacdera pacrpeneneHuss MO3 mpu TpeXMEpHOM 3KBHUIHU-
cranTHOM DX® mpencTaBisieT coOoi 3akoH coxpaHeHHs o0bema MOII U ydnuThIBaeT METPUKY U
KPHUBHU3HY ITOBEPXHOCTEN 37EKTPOAOB. I MPaKTUYECKOr0 UCIOIb30BAHUS 3TOM MOJEIH /IS aHa-
nu3a DX moBepXHOCTEN CIOXKHON (POPMBI HEOOXOTUMBI YUCIICHHBIC METO/IbI, pEATM30BaHHbBIC HA
HEPETYJSIPHOM CETKE, MOCTPOCHHOW Ha noBepxHocTu DU. MoaenupoBaHne TPEXMEPHOTO SKBUIH-
ctanTHOTO DX OCyIIecTBISETCS B CICAYIONIEH TTOCIIeI0BATEILHOCTH:

® [IOCTPOEHHE TBEPAOTEIbHON Moaenu DU;

L4 HpCO6paBOBaHHe TBCpI[OTeHBHOf/'I MOZCIIN B TIOBCPXHOCTHYIO,



dbopmate ACIS;
paszObuenue nmoBepxHocT DU Ha TPEYroJbHBIE AJIEMEHTHI. B mpoliecce mocTpoeHusI ceT-
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v

9KCIIOPT MOBEPXHOCTHOM MOJIENH B
(hopMEI IpeicTaBIeHBI Ha puc. 2 — 4.

v

pacuet pacrpezaenenus M33.
[Ipumepbl npUMeHEHNs ONIMCAaHHOW METOAMKH IIPOeKTHpoBaHUs onepanuii 9XO 1noBepxHo-

v

KA ONpCACIAIMCh INNIaBHBIC KPUBU3HBI U INTABHBIC HAIIPABJICHUA OJIA KAXKA0TO KOHCYHOI'O 3JICMCHTA,
CTCHU CJIOKHOH
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MMOBEPXHOCTh JIEKTPOIA-HHCTPYMEHTA,

2
a - BUJI CBEpPXY, O - BUJ COOKY.

1 - o6paboTaHHasi HOBEPXHOCTH,
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Puc. 4. Bnusinue nanpasienus nepemeinenus O Ha pacnpenenenne MO3:

(0,1,2), 1 — V=(0,0,2)

(0,2,1), B— V¢

(0,2,0), 6 -V,

a'Vc:



