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1. Ilocrpoenue TpéxmepHoii Moiem oT/iHBKH B nporpamme Unigraphics
1.1. Heas paborsl

C nmomompio craunapTHeIX cpeacte nporpammsl Unigraphics mocTpouTs w3
JABYMEPHOTO 4YepTexa oTIMBKH «Koprmyc riaBHOro LHIMHApa TOPMO3a» €€ TpEx-
MEPHYIO MOJIENb.

1.2. OcHOBHBIC HON0KEHHS

Ilporpamma Unigraphics xiaccnduumpyercs kak CAD/CAM/CAE cucrema.
CAD - Computer Aided Design — KOHCTpYHPOBaHHE ¢ HCIONB30BAHUEM KOMIIBIO-
TepHBIX nporpamm. CucTeMsl aBTOMATH3MPOBaHHOTO npoektrpoBanns CAD obec-
NEYUBAKOT ICOMETPHUYECKOE MOJCIMPOBAHHE H BU3YAIH3AIMIO H3NEIHI WIH WX Je-
TaJICH B ABYX W/WIH TPEX H3Mepennsx. B cospemennsie CAD-cHcTeMBI BXOIAT Clie-
AYIOWHE MOJTYJIN: MOJCIMPOBaHHE 00BEMHON KOHCTPYKIMH; CO3aHue H odopmie-
HUC HCPTEKEH; BEICHUE TCKCTOBOH KOHCTPYKTOPCKOH JOKYMEHTAIMH; 3aNONHECHUE
TEXHOJOTHYECKHX KapT.

CAD/CAM/CAE cucteMsl MOCTPOCHBI HA TEXHOJIOTUAX, MPEAHA3HAYCHHBIX
JUIsL CO3aHMA W3ienui moboi cnoxHocTH. OCHOBHAS 3a7ada TAKHX CHCTEM B KO-
HEYHOM HTOre COCTOHT B COKPALCHHH CTOMMOCTH CO3NaHMA H3JENHS, YIYUIICHHA
€ro Ka4eCcTBa W COKpalCHHH CPOKOB BhIX0Ja Ha PHIHOK.

CAD/CAM/CAE crctemsl 0051aal0T IUPOKAMH BO3MOKHOCTAMH HCIIONB30-
BAHHMA B Pa3jIM4HBIX 00JIACTAX NMPOMBIIIICHHOCTH (aBHAKOCMHYECKAs MPOMBIILICH-
HOCTB, JBHIATEIECTPOCHUE, ABTOMOOHIECTPOCHHE, MATHHOCTPOCHHE | T.1.).

1.3. llopsaoxk BuINOAHEHHS PaGoTHI

B kauecrse 6a30BOH OTIIMBKH VIS MOCTPOCHAA TPEXMEPHON MOAENHM MpEia-
raercs «Kopryc rnasHoro UMiavMHApa TOpMO3a», JBYMEPHBIH 9epTEXK KOTOPOH mpea-
crasieH Ha puc. 1.1. Jlannas ormuBka usrotornsercs u3 gyyrysa C420 I'OCT 1412-
85. Otsepcerre B oTIHBKE (DOPMUPYETCS € MOMOIIBIO OHOTO cTepkHA. JINTHHKOBas
CHCTEMa BKJIIOYAET BOPOHKY, OOpaTHBIH CTOAK, 3yMII(), HITAKOYIOBUTENH W IATA-
TEJb.
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Puc. 1.1,

Hioke npeacrasnena nocnenosareasuocts nocrpoenus 3D mozenu ornmmBKH.

L. Berasurs, Kpusste. lIpsimeie u xyru. OxpyxuocTs ueHTp-paguyc. eurp
OKpyxHocTH BriGpars B Hauane PCK. 3anars Pagnyc OKpPYXKHOCTH — 17 MM.

Mamenuts. [lepemectuts 06nexr. Bruibepure o6nexr, HOCTPOCHHYIO OKpPYXK-

HoCTE. Tlepememense — yron. 3anars BeKkTOp — XC. 3anars TouKy ocH — HUEHTP Io-
CTPOCHHOM OKPYXHOCTH. Yro01 - 90°. Ok. ‘

Puc. 1.2.

2. Buienenne. Bribepure xpupyio, TIOCTPOCHHYIO HA NEPBOM 1HAIC OKPYK-
HOCT®. 3aaiTe BEKTOp - BAOMS ock YC. Paccrosmue - 142,125 mm. Ok,



Puc. 1.3.

3. ®opmar. PCK. Hayano. XC - 4,25. YC - 30.7. Ok.

4.1. Berasuts. Kpussie. [pamas. Bribepure TO4Ky — Hagano PCK. Koneunas
onuus — Brons ZC. Paccrosune - 17 mm. ITpuMeHuTs.

4.2. BeibepnaTe TOUKY — KOHEL NMpPeABLIYIIEro orpeska. Koneunas onmmus —
Brons YC. Paccrosnne — 10,625 mm. IIpuvennts.

4.3. BuibepuTe TOUKY — KOHEL[ MpebIIYIIErO orpe3ka. Koneuynas onmmus —
Brone ZC. Paccroanne — 2,13 mm. ITpuMeHnATSs.

4.4. Bribepute Touky — Havano PCK. Koneunas omums — Broms YC. Pac-
crosuue — 21,25 mm. [IpumeHnTs.

4.5. Bribepute TOUKY — KOHEI TpeabIAyIero oTpeska. Koneunas omuus —
Bnons ZC. Paccrosune — 17 mm. Ok.

4.6. Beraeuts. Kpupsie. ITpsamsie u ayru. Jlyra TOYKa-TOYKA-TOUKA. 3anaiite
PacrioNoXKEHNE HAYaIbHOH TOYKH — KOHEIl OTpe3ka, MOCTPOSHHOro Ha mare 4.1, 3a-
JaiTe pacnonokKeHHe KOHEYHOH TOYKH — KOHEL[ OTpe3Ka, MOCTPOCHHOI'O HA mIare
4.5. 3anaiiTe pacronoXeHHe CpeHEH TOUKH — KOHEI OTpe3Ka, MOCTPOSHHOIO Ha
mare 4.3.

Puc. 1.4,

5. Beuienenue. BribepHTe KpHBYIO, IOCTPOEHHYIO Ha 9eTBEPTOM mmare. 3a-
Aaiite BeKTOp - BAoMb ocH —XC. Paccrosuue — 61,4 mm. Ok,



Puc. 1.5.

6. @opmar. PCK Hauano. XC - -30,7. YC — 48,625. ZC — 29,755. Ok.
7. Berasurs, Kpussie. [pampie u Ayri. OKpYXHOCTH HEHTP-paHyc. Ienrp
OKpy)HOCTH BeIOpaTh B Havane PCK. 3anats PaInyC OKPYKHOCTH — 17 mMm.
Uamennts. [lepemectuts 06neKr. Beibepure o6nexT — NOCTPOCHHYIO OKPYK-
HocTh. [lepememenne — yron. 3anars BEKTOp — YC. 3agarh TOUKy OCH — HeHTp 110-
CTPOCHHOMH OKPYXKHOCTH. Yo - 90°. Ok.
Cohe

Puc. 1.6.

8. Beynenenue. Boibepure xpusyio, TIOCTPOCHHYIO Ha CEALMOM ILAre OKpYK-
HOCTb. 3a/aiiTe BexTOp - BoMS 0cH —ZC. Paccrosiane — 29,755 mm. Ok.

Puc. 1.7.



9. Msmenuts. [lepemectuts 06bekT. Boibepute 06BeKT — T€110, HOCTPOCHHOE

Ha natoM niare. Ilepememenne — paccrosmie. 3amats Bekrop — YC. Paccrosnue —
85 mm. Ok.

Puc. 1.8.

10. ®opmar PCK. Hagano. YC — 85. Ok.

11.1. Berasuts. Kpusrie. [Ipamas. Buibepurte Touky — Havano PCK. Koueu-
Has onuns — Baons YC. Paccroaune — 13 mm. TlpumenuTs.

11.2. Beibepure TOUKy — KOHell Npeablaymero orpeska. KoHeqnas onuus —
Brons XC. Paccrosnne — 17 mm. [IpumernTs.

11.3. BeiGepute T0YKY — KOHELl OTpe3Ka, nocTpoesHoro Ha mare 11.1. Ko-
Heunas omuus — Bions XC. Paccrognue — -17 mm. [IpuMennTs.

11.4. Bribepute TOUKy — KOHel OTpe3ka, mocTpoenHoro Ha miare 11.2. Ko-
HeuHas onums — Bione YC. Pacerosune — -13 mm. [Ipumennts.

11.5. Buibepure Touky — KoHelw oTpeska, noctpoeHHoro Ha mare 11.3. Ko-
HeuHas onims — Baons YC. Paccrosaue — -13 mm. [IpuMeHnTS.

11.6. Beibepure Touky — Havano PCK. Koneunas onuust — Broms YC. Pac-
crossaue — -17 mm. [lpuMeHuTS.

11.7. Berasuts. Kpussie. [Ipsameie u .nym Hyra Touka-Touka-Touka. 3amaiire
PACNONIOXKCHHE HAYAIbHOM TOYKH — KOHEIl OTpe3ka, MOCTPOECHHOro Ha miare 11.4.
3ajaiiTe pacroiOKeHHE KOHEYHOH TOUKH — KOHEl OTpe3kKa, MOCTPOESHHOTO Ha Iare
11.5. 3apaiire pacnonoxeHne CpeiHell TOYKH — KOHEIl OTpe3ka, NOCTPOSHHOro Ha
mare 11.6.

Puc. 149.



12. Brinenenue. BriGepure kpusyio, NOCTPOeHHYIO Ha |1 ware. 3anaiite Bek-
TOp - BIOIB ocH —ZC. Paccrosuue — 29,755
s B F i, T

Pt

Puc. 1.10.

13. ®opmar. PCK. Hagano. YC - 4,25mm. ZC - -29,755mm. Ok.

14.1. Berasuts. Kpusste. [Ipsamas. BriGepure To4Ky — Havano PCK. Koneu-
Has o ~ Baoms XC. Paccrosune — 40,64mm. TIpameHnTs.

14.2. Brbepure Touky ~ navano PCK. Koneunas onuus — Baons XC. Pac-
croanune — 40,64mm. [pumennrs,

14.3. Buibepute Touky — mavano PCK. Koneunas onuus — Baoms XC. Pac-
cTosHue — -40,64mm. OK.

14.4. Berasute. Kpusbie. ITpamsie u ayru. OKpYKHOCTE UEHTp-pajuyc.
LenTp okpy)HOCTH BEIGPATH B KOHILE OTpe3Ka, MOCTPoeHHOro Ha mare 14.2. 3anate
PaIHyC OKPY)KHOCTH — 5,15MMm.

Hsmennrs. Tlepemectuts o6next. Bribeprte 06bexT — MOCTPOCHHYIO OKPYXk-
HOCTh. [lepememenne ~ yron. 3anars BexTOp — XC. 3a1aTh TOUKY OCH — LEHTp MO-
CTPOCHHOM OKpYXHOCTH. Yron - 90°. Ok.

14.5. Msmenuts, [lepemecTnts 06beKT. BeiGeprte 06BEKT — OKpPYKHOCTB, T10-
CTPOCHHYIO Ha ware 14.4. Tlepememenne — oT Touky K Touke. HauansHas Touka —
KOHEIL OTpe3Ka, MOCTPOCHHOTO Ha miare 14.2. KoHeyHas TOuKa — KOHEIl OTpe3ka, Mo-
CTpoeHHOro Ha mare 14.3. Ok.

14.6. Berasuts. Kpuseie. Tlpamas. BriGepute TOoYKy — Havano PCK. Koneu-
Has omums — Baone ZC. Paccrosnue — 29,755mm. ITpuMenuts.

14.7. BriGepute TO4YKYy — KOHel OTpeska, nocTpoerHoro Ha mare 14.6. Ko-
HeuHan onuua — Brons XC. Paccrosnne — 17mm. TpuMesnTs.

14.8. Bribepure TOUKy — KOHEn oTpeska, nocTpoeHHOro Ha ware 14.6. Ko-
HeqHas onuus — Brons XC. Paccrosuue — -17mm. IpumenuTs.

14.9. Buibepute TouKy — KOHel OTpe3ka, nocrpoerHoro Ha mare 14.7, Ko-
HCYHAZ OMUMA — KacaTeNbHO. BeIGepHTe 00BEKT — OKPYKHOCTH, TOCTPOCHHYIO Ha
mare 14.4. [TpumeHnTs.

14.10. Beibepute TOUKy — KOHEl OTpeska, nocrpoenHoro Ha mare 14.8. Ko-

HCYHAA ONuUMA — KacaTeJibHO. Bribepute 06mekT — OKpyKHOCTS, MOCTPOCHHYIO Ha
mare 14.5. Ok.

8



14.11. BceraBure. Kpussie. Ipameie u ayra. OKpy>XHOCTH LIEHTP-paHyC.
LienTp okpyxHocTH BEIOpaTh B Havane PCK. 3anats panuyc OKpPY)XHOCTH — 34MM.

H3smenuts. Tlepemectuts o6bext. Boibepure 00BekT — NOCTPOCHHYIO OKPYXK-
HocTh. [lepememenue — yron. 3agars Bexrop — ZC. 3anars TOYKY OCH — LIEHTp I0-
CTPOEHHOH OKpyXHOCTH. Yrox - 90°. Ok. y

14.12. Berasuts. Kpusbie. [Ipsmas. Hagansasie onumn — kacatensio. Beibe-
pHTEe 0OBEKT — OKPYXKHOCTS, MOCTPOEHHYIO Ha mare 14.4. Kokeunas Omius — Kaca-
TenbHO. Bribepute 06BEKT — OKPYXKHOCTS, NOCTpOeHHYI0 Ha mare 14.11. IIpume-
HHUTE.

14.13. HavanbHele ONMOUM — KacaTeNbHO. Bribepure o6bexT — OKpyXHOCTS,
NOCTPOCHHYIO Ha mare 14.5. Koneunas onmms — kacatensHo. Bribepure o6next —
OKPYXHOCTb, IOCTPOEHHYIO Ha mare 14.11. Ok.

14.14. Berasuts. Kpupsie. Ilpsmsie u xyrn. Jlyra Touka-TouKa-TouKa. 3anaii-
T€ PACIONIOKEHUE HAYANBHON TOYKH — KOHEIl 0TPe3Ka, IOCTPOSHHOro Ha mare 14.9.
3ajaiiTe pacnosoKeHne KOHEIHOH TOYKH — HAYaso OTPE3Ka, IOCTPOSCHHOIO Ha [iare
14.12. 3ajaiiTe paciionoxeHne cpeiHeH TOUKH — KBaJIpaHT OKPYXHOCTH, NOCTPOEH-
HOH Ha mare 14.4.

14.15. 3apaiite pacnosOKeHHE HAYATHHON TOYKH — KOHEI 0Tpe3Ka, IOCTPo-
cHHOrO Ha mare 14.10. 3analiTe pacnonoxeHne KOHEYHOM TOYKH — HAYAIO OTpe3kKa,
nocrpoeHroro Ha mare 14.13. 3anaiite pacnonoxenue cpenneii TO9Ku — KBaJipaHT
OKPYXXHOCTH, TOCTPOSHHO# Ha mare 14.5.

14.16. 3analiTe pacnonoXeHHe HAYANBHONR TOYKH — KOHELl OTpe3Ka, IoCTpo-
€HHOro Ha mare 14.12. 3ajaiiTe pacnonokeHue KOHEYHON TOYKH — KOHEIl OTpeska,
TOCTPOCHHOro Ha mare 14.13. 3azaiite pacnonoxeHne cpeHell TOYKH — KBaJPaHT
OKPYKHOCTH, TOCTPOEHHOH Ha miare 14.11.

15. Bribyipaem 11eBOi KHONKO#H MBIIIM BCIIOMOraTe/IbHbIC KPHBHIE, NNOCTPOEH-
Hbie Ha mare 14. Haxumas 1o HMM npaBoif KHONMKOH MbIIH, BHIGHPaeM B BHINa-
AAIOMEM MEHIO CTPOKY «CKpBITH».



Puc. 1.12.

16. Beinenenue. Bribepute kpupyio, NOCTPOCHHYIO Ha wiare 14. 3anaiite Bek-
TOp - BAONL OcH YC. Paccrosnue — 13,5 mm. Ok.
gh = n

1

N

Puc. 1.13.

17. ®opmar. PCK. Hagano. YC — 13,5mm. Ok.

18. Berasurs. Kpussie. [Ipambie u ayru. OxpyxHocTs uenTp-paguyc. Ilentp
OKpy)HOCTH BeIOpath B Havane PCK. 3azats pannyc OKPYXHOCTH — 24,27 5MM.

Hsmennts. [lepemectnts 06bekT. Bribepute 06BexT — NOCTPOCHHYIO OKPYXK-

HocTe. [lepememenue — yron. 3apars sexrop — ZC. 3amars TOYKY OCH — LIEHTp I10-
CTPOCHHOH OKpY)XHOCTH. Y101 - 90°, Ok.

Puc. 1.14.
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19. Beinenenue. Beibepute kpusyio, nocrpoennyio Ha mare 18. 3amaiite Bex-
Top - Baomb ock YC. Paccrosnue — 11 mm. Ok.

O3 R eiaiad tion

T

Puc. 1.15.

20. ®opmar. PCK. Haqaﬁo. YC - 11mm. Ok.

21. Berasuts. Kpussie. Ipameie u gyru. OkpyXHocTs ueHTp-paauyc. Llentp
OKPY)XHOCTH BbIOpaTh B Hagajne PCK. 3anats paguyc oxpyxaocts — 19,125mm.

Puc. 1.16.

22. Beureneunne. Bribepute kpuByIo, IoCTpoenHyio Ha mare 21. 3agaiite Bex-
TOp - BAonk ock YC. Paccrosnue — 14,4mm. Ok.

Puc. 1.17.

23. ®opmar. PCK. Hauano. YC - 50,525mm. OKk.
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24. BeraButs. Kpussie. [pameie u ayrn. OxpyxHOCTB HEHTp-pagnyc. [lenTp
OKPYXXHOCTH BbIOpaTh B Havale PCK. 3apxars panuyc oxpyxzocTH — 10,9MM.

Puc. 1.18.

25. Beinenenune. BriGeprre 0Kpy)HOCTS, NOCTPOCHHYIO Ha mare 24. 3apjaiite
BEKTOP - 8710716 ocH —Y C. Paccrosmue - 201 875mm. Ok.

Puc. 1.19.

26. Usmenuts. [lepemecTHTh 06BEKT. Bribepute 06BeKT — OKpYXHOCTE, 1O-
CTpoeHHYI0 Ha niare 24. Ilepemenienne — paccrosuue. 3anats BekTop — -YC. Pac-
croauue — 201,875mm. Ok.

27. Buigenenvie. BeiGepuTe OKpyKHOCTS, NOCTPOCHHYIO Ha mare 26. 3anaiite
BEKTOD - B/10b ock —Y C. Paccrosnue — 3,188mm. Yinion — npeaen ot Hauan. Yroj -
45°. Ok.

28. ®opmar. PCK. Hagano. YC — -205,063mm. Ok.

29. Berasuts. Kpussie. Ilpameie u ayru. Oxpyxuocts uentp-panuyc. Llentp
OKpY#HOCTH BEIOpaTh B Hagane PCK. 3axars paguyc okpyxkuocts — 7,7 12Mm.

30. Beinenenve. Brifepute okpyxHOCTS, NOCTPOEHHYIO Ha uare 29. 3anaiite
BEKTOP - BAONL ocH —Y C. Paccrosuue — 42,5mm. Ok.

12



Puc. 1.20.

31. KoopaunatHas mwiockocTs. Tun — Touka ¥ HanpasieHHe. 3aaath TOYKY —
LEHTP OKPYXHOCTH, IO

Puc. 1.21.

32. Wamenuts. Tlepemecturs 06bext. Bribepute 06BEKT — KOOPAMHATHYIO
IUIOCKOCTE, NOCTPOCHHYIO Ha mare 31. [lepememenue — yromn. 3anars Bexrop — XC.
3ajaTh TOYKY OCH — HEHTP OKPYXHOCTH, HA KOTOPOH MOCTPOEHA KOOPAMHATHAA
IUIOCKOCTS. Yo - -15°. Ok. :

33. Wamenuts. [lepemectnts 06bekT. BriGepuTe 0GBEKT — KOOPAMHATHYIO
IJIOCKOCTH, NOCTPOCHHY0 Ha mware 31. [lepememenue — yron. 3anate Bexrop — XC.
3amath TOYKY OCH — HEHTP OKPYXHOCTH, HA KOTOPOH MOCTpOEHA KOOpPIMHATHAS
rIockocTs. Yron - 10°, Ok.

34. Obpeska tena. Buibepute Teino, mocrpoennoe Ha mare 30. Bribepure |
IUIOCKOCTS, MOCTPOeHHYIO Ha mare 32. [IpuMeHHTS.

35. O6peska Tena. Bribepute Teno, nocrpoennoe Ha mare 30. Bribepute
TUIOCKOCTS, MOCTPOCHHYO Ha mare 33. Ok.

13



Puc. 1.22.

36. Koopannarsas niaockocTh. THIT — TOYKa M HanpasieHue. 3a1aTh TOYKY —
LHEHTP OKPYHOCTH, IIOTYYEHHOM Ha mare 24, 3anarts Bexkrop — YC. Ok.

Puc. 1.23.

37. Usmenuts. [lepemecturs 00BeKT. BhiGepute 00BEKT — KOOPIHHATHYIO
IUIOCKOCTB, IIOCTPOCHHYIO Ha miare 36. Ilepememenne — yron. 3axats Bexrop — XC.
3ajath TOYKY OCH — HEHTP OKPYKHOCTH, HA KOTOPOH MOCTPOSHA KOOPHAHHATHAS
IJI0CKOCTh. Yo - 15°. OK.

38. Wsmenuts. [Nepemectuts 00BexT. Boibepute 06BEKT — KOOPAMHATHYIO
IIOCKOCTh, MOCTPOCHHYIO Ha mare 36. Ilepememenne — yron. 3anars Bektop — XC.
3amath TOYKY OCH — LEHTP OKPYXXHOCTH, Ha KOTOPOH IOCTPOEHAa KOOPAMHATHASN
IUI0CKOCT. Yroi - -10°. Ok.

39. OOpeska Tena. Beibepure Teno, mocrpoenHoe Ha mare 25. BriGepure
IUIOCKOCTb, OCTPOEHHYIO Ha mare 37. [IpuMennTs.

40. Obpesxa Tena. BriGepute Teno, mocrpoenHoe Ha mare 25. Bribepnre
TUIOCKOCTH, NOCTPOEHHYIO Ha mare 38. Ok.

14



Puc. 1.24.

41. ®opmar. PCK. Havano. Tun — xoneunas touka. Bribepure 06bexT — o7-
pe3ok, nocTpoeHnsii Ha mare 4.1. Ok.

42.1. Berasuts. Kpussie. Ilpamas. Buibepure Touky — nagano PCK. Koneu-
Has onumMsa — Baons XC. Paccrosnne — -9mm. TIpumeHuTS.

42.2. Bribepure TOYKY — CEpeHHY OTpe3Ka, IOCTPOEHHOro Ha mare 42.1.
Koneunas onums — Baons ZC. Paccrosaue — SMM. TIpuMeHHTS.

42.3. BeibepuTe TOYKY — KOHEH OTpe3ka, nocTpoennoro Ha mare 42.2. Ko-
HeyHas onuus — Baons XC. Paccrosuue — 3.5mm. [TpuMernTs.

42.4. Bribepute TOUKY — KOHEl OTpe3Ka, nocTpoeHHoro Ha wmare 42.2. Ko-
HeuHas onuud — Baones XC. Paccrosuue — -3.5mM. [IpumennTs.

42.5. Beibepure TOUKY — KOHEIl OTpe3Ka, NOCTPOEHHOro Ha mare 42.3. Bribe-
puTe 0OBEKT — HaYaNo OTpe3ka, ocTpoenHoro Ha mare 42.1. [IpuMeHuTs.

42.6. Bribepute TOUKY — KOHEIl 0Tpe3Ka, NOCTPOCHHOro Ha ware 42.4. Bribe-
puTe 0OBEKT — KOHEI 0TPE3KA, MOCTPOSHHOro Ha mare 42.1. Ok.

P, 138,

43. Beiienenue. Breibepurte KpuByro, MOCTPOCHHYHO Ha wmare 42. 3anaiite Bek-
TOp - BAONbL ocH —Y C. Paccroanue — 106,25mm. OKk. :
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Puc. 1.26.

44. ®opmar. PCK. Hauano. YC — -42,125mm. Ok.

45.1. Berasuts. Kpusbie. Ilpsamas. Buibepure Touky — saano PCK. Koneu-
Hax onmuuA — Broms YC. Paccrosuue — -16mm. TTpuMeHnTS.

45.2. Bribepute TOUKy — cepeiMHy OTpe3ka, MOCTPOESHHOTO Ha mare 45.1.
Koxeunas ormums — Baons ZC. Paccrosume — - 16MmM. [IpuMeHuTS.

45.3. BeibepuTe TOUKYy — KOHEN OTpe3ka, MOCTPoeHHoro Ha mare 45.2. Ko-
Heanas onuus — Baons YC. Paccrosnne — 6,5mMm. [Ipumenurs.

45.4. BuiGepute TO9Ky — KOHeil OTpe3Ka, MOCTPOeHHOro Ha miare 45.2. Ko-
Hewnas onuus — Baone YC. Paccrosuue — -6,5mM. Tlpumenuts.

45.5. Bribepute TOUKy — KOHeI 0Tpe3Ka, OCTPOSHHOro Ha mare 45.3. Bribe-
pute 00BEKT — Hayalo OTpe3Ka, NOCTPOCKHOro Ha mare 45.1. [IpumMeHnTS.

45.6. BeiGepute TOUKy — KOHEL| OTpe3Ka, HOCTPOESHHOTO Ha mare 45.4. Bribe-
pHTE 0OBEKT — KOHEIL 0TPE TpoeHHoro Ha mare 45.1. Ok.

Pﬁc. 1.27. :

46. Beuzenenue. Bribepute KpuByIo, MOCTPOCHHYIO Ha 1uare 45. 3anaiite Bex-
TOp - BAoJb ocH XC. Paccrosuue — 105,5mMm. Ok.

47. Beinenenne. Bribepure KpHBYIO, NOCTpOCHHYIO Ha wiare 45. 3anaiite Bek-
TOp - BAOAL ocH —XC. Paccroaune — 304,885mm. Ok.

16



Puc. 1.28.

48. ®opmar. PCK. Havano. XC - 105,5. YC — -8mm. ZC - -150. Ok.

49. Berasuts. Kpuseie. [Ipameie 1 xyrn. OkpyxHOCTS neHTp-paguyc. [lentp
OKPYXHOCTH BBIOpaTh B Hauane PCK. 3axats pann ocTH — 18mm.

Puc. 1.29.

50. Beinenenne. Boibepure oKpyKHOCTS, IIOCTPOSHHY0 Ha mare 49. 3anaiire
BEKTOP - BAob ocu ZC. Paccrosuue — 150mm. YinoH — npeaen or vagana. Yrom - -
1°. Ok.

Puc.130. 2]

51.1. Berasuts. Kpussie. [Ipamas. Bribepute Touky — nauano PCK. Koneu-
wasg onuus — Baons ZC. Paccrosnune — -50mm. IpuveHnTs.

17



51.2. Bribepure TOUKy — KoHen OTpe€3Ka, NoCcTpoeHHoro Ha mare 51.1. Ko-
He4yHas onumd — Baoms XC. Paccrosaue — 25MmMm. IIprMenuTs.

51.3. Brifepure Touky — koHen OTPE3Ka, NOCTPOEHHOTO Ha mare 51.2. Buibe-
pHTE OOBEKT — TOYKY KBajpaHTa OKPYKHOCTH, NOCTPOEHHO# Ha mare 49. [Tpume-
HHUTB.

51.4. Buibepure Touxy — TOYKY KBaJIpaHTa OKPYXXHOCTH, OCTPOCHHOE Ha [I1a-
re 49. Boibepute 00BEKT — HEHTP Ok ' POCHHOH Ha mare 49. Ok.

Puc. 1.31.

52. Bpamenune. Bribepure KpPHBYIO, MOCTPOCHHYIO Ha mare 51. 3anaiite Bek-
Top - Boxkpyr ocu ZC. 3anaiite TOuKy — nenTp OKPYXXHOCTH, NIOCTPOCHHOM Ha miare
49. Yron - 360°. Ok.

Puc. 1.32.

53. Cdepa. 3amare Touky — HEHTD OKPYXHOCTH, MOJy4eHHOH Ha mare 50.
Huamerp - 41,2366mm. Ok.

18



Puc. 1.33.

54. O6benMHUTD — BEIOpATH TEla, ABIIONIUECH YaCTHIO OTIIHBKH.

55. O6BeMANTS - BEIOpATh TENa, ABJAIOMIAECS YaCThIO CTEPIKHA.

56. Usmennts. Ilepemectuts 06bext. Boibepure 00BEKT — OTIMBKY, cTep-
)KeHb H nuTatenu. [lepememenue — paccrosiuue. 3aaath Bextop — -XC. Paccrosuue
~133,27mmMm. OKk.

57. Usmenuts. [lepemecTnts 06bext. BoibGepure 06BeKT — OTIMBKY, cTep-
AKCHb U [UTATEIH, NMONYYCHHBIC Ha mare 56. [lepememenue — paccrosuue. 3aaarh
BexTop — -XC. Paccrosmue — 133,27mm. Ok.

Puc. 1.34.

58. Koopaunarnas nnockocts. Tan — Touyka ¥ HanpasiicHHe. 3aaTh TOYKY,
PacIIONIOKEHHYIO B CepeIHHE CEYCHUA nuiakoynosurens. 3axars Bektop — YC. Ok.

19



Puc. 1.35.

59. 3eprainbHoe Teno. BriGepute Teno — TPH OTJIMBKM H TPH CTEPXKHA, UMEIO-
miecs Ha yeptexe. Buibepure mnockocts, mo - 0 Ha mare 58. Ok.

Puc. 1.36.

60. Usmenuts. TMepemectuts 06BeKT. Boibepure 06vekT — Bece 06BEKTHI,
HMcIonHecs Ha geprexke. [lepemermenue — yron. 3anars BekTOp — XC. 3anats TOUKy
OCH, pacTioNIOKEHHYIO B CEpE/IHHE CEYCHHA Iakoynosurens. Yron - 180°. Ok.

Puc. 1.37.

Tpéxmepuas Moziens OTIMBKH roTOBa K MOJCITHPOBAHUIO 3a/IMBKH H 3aTBEp-
AeBaHua B nporpamme LVMFlow.
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2. Moneanposanue 8 LVMFlow 3aMBKH, 0XA25KIeHHs B 3aTBepAeBaAHMSA
OTJINBKH

2.1, Ueas paborsl

H3y4enne BO3MOXKHOCTElH MporpamMm s MOJICTTHPOBAHHUSA THTEHHBIX MPOLEC-
coB OmnpejieneHne KauecTBa OTIUBKH, MONYIEHHOM 110 NMPeJIOKEHHOH TEXHOJIOTHH,
Ha OCHOBE MOZICIMPOBAHNS €€ 3a/IHBKH, OXJIAKICHHS H 3aTBEPACBaHMUA.

2.2. OCHOBHBIC NOJOKCHHS

LVMFlow - npodeccuonamsuas CAE-cucTema koMmnsioTepHoro 3D monenu-
POBAHHSA JIMTCHHBIX MPOLECCOB, MO3BOIAIONIAS ABTOMATH3UPOBATH pabouee MecTo
TEX 10/I0Ta-TMTCHIHKA ¥ CHU3UTH 3aTPAThl BDEMEHH H CPEACTB Ha MOJArOTOBKY HO-
BBIX W3JICITHA.

CAE — Computer Aided Engineering — HHKCHEPHBIC pac4€Thl C MCNONL30BA-
HHCM KOMIIBIOTCPHEIX nporpamM. Cpezctsa CAE BEINONHAIOT caMyio pasHooGpas-
Hy¥ paboTy 110 pacuéry HanpsvKenwuii, nedopManmii, Teroo6MeHa, pacrnpeaeneHus
MATHATHOTO IOJIA, IOTOKA XHMAKOCTEH M APYTHX NapamMeTpoB CIUIOMHBIX Cpel, a
TaK'K€ TCXHHYECKUX CHCTEM B LEJIOM.

LVMFlow mo3Bonser npocnemurs, 9To NPOUCXONUT MPH 3alOHEHHH pac-
M1aB0M (OPMBI, OXJAXKICHHH H 3aTBEPICBAHHH META/IA. bnaronaps sromy, emé Ha
CTa, R TIpOCKTHPOBAHUA NpPOPabaTHIBAIOTCA Pa3IMYHBIC BAPHAHTHI KOHCTPYKLHH
IUTHHKOBO-TIHTAKOMIEH CHCTEMBI M TEXHOJIOTHHA POM3BOICTBA OTIMBOK, MOCJE Yero
AenaeTcs BriOOp B MONB3Y TEXHONOTHH, 0becTieunBalomeii 60/1ee BEICOKOE KAYeCTBO
OTJIABOK C HAMMCHBIINMH 3aTPaTaMH Ha X NPOU3BOJICTBO.

2.3. llopsnok BuINOIHEHHs paboThi

OrinBka «Kopiryc r1aBHOr0 HAIMHIPA TOPMO3a» H3rOTABIHBACTCS H3 ceporo
ayryna CH20. Temnepatypa 3anuBk# pacriaBa B dopmy 1275°C. ina opopmnenus
OTBZpCTHA B  OTIHMBKE MNPEXYCMOTPeH CTepxkeHb. ONOKH HMMEIOT pasMepsi
700x600x400 mm. DopMa M3rOTABIMBACTCH U3 CBIPOH NE€CYaHO-IIMHHCTON CMECH,
BIJTIOYatomIeH oTpaboTannyio cMech 94+-96%, KkBapueBbiii nmecok 4+6% U GCHTOHH-
TOByIO CycnieH3uio. CTEpKHHU M3TOTABIMBAIOTCH 1O HarpeBaeMot OCHAcTKe, CTepK-
HCBI CMCCh CcOAepxHT KBapueBbii necok 100% w kxapbamugodypanoByio cmecs
2,4--2,6%.

Bee onepaunn noaroroBks pacuéTHOM Moaenu IIPOM3BOIATCA B Npenpouec-
copz. OcHOBHas 3a/1a4a MPENpPoNeccopa 3aKII0YaeTCH B CO3IaHUH pPac4E€THOMN CETKH.

Kougeprop daiinoe «3D umnopr» ocymecTsinser cBasb pacY€THON mporpam-
Mbl LVMFlow ¢ CAD-cucTeMaMH IeOMeTpHYEcKOro MoznenupoBanui. OCHOBHOE
HA31a9CHAC MOIYNIA 3aKII0YaeTCA B NMPeoOpasoBaHMH MMITOPTHPOBAHHEIX (ailios
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dopmara STL Bo Buyrpennuit ¢popmar LVMFlow. Moayns no3sonser cobujiartek
reOMETPHYCCKYIO MOAENb U3 HecKoNbKuX (adnos STL.

CpencrBamu mporpammsl Unigraphics JKCIIOPTHPYEM TPEXMEPHBIE MO;ICH
OTJIMBKH, TATHUKOBO-MHTAIOMIEH cucTeMbl B cTepkHa B ¢popmar STL (crepeonuto-
rpadun), ¢ KoTophiM paboTaeT nporpaMma Ui MOJCIHPOBAHHA JIMTCHHBIX NpoLec-
coB LVMFlow.

Ha puc. 2.1. npeacrasneno menio nporpammel LVMFlow, B koTopoMm BHIOH-

paboThl MOJLYJIb.

HOW M

AT A D AP AT B LA
W ORI N

MFlew‘

Puc. 2.1.

1. UMnopTHpyeM reoMeTpHYeCKy0 Mojens oTIIMBKHA B opmare *. STL, xak

i !5.,»..—-‘-"..-..%:::} Py

B

Puc. 2.2.

B paboyem OkHe MOABUTCS OTNHBKA, CIpaBa B CIHCKE MOABHTCA HA3BiHHE
WMIIOPTUpOBaHHOTO (aiina (puc. 2.3).
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Puc. 2.3.

2. UmMnoptHpyeM TIEOMETPHYECKHE MOACTH CTEPXKHEH M JMTHHKOBO-
nuTarkmei cuctemsl B opmare *.STL. [Ina sToro orkpsiBaem pasjen MeHio «Te-
10» ¥ BbIOMpaem quxy «J106aBuTH TENO», KaK MOKa3aHOo Ha puc. 2.4.
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~ Puc. 2.4.

3. Buibupaem ¢aiin ¢ reoMeTpHHECKHMH MOJICIIAMH CTEPKHEH M JIMTHHKOBO-
nUTaKcnel cuctemel (puc. 2.5).
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Puc. 2.5.

JUIA BH3YalbHOTO KOHTPOJA 332 TEOMETPHYCCKOH MOZENnsi0 B paboyem OxHE
MOXKHO BOCIIONB30BaThCs BKIaaKoi «[loBopoT» B IpaBOM OKHE.

4. TIocKONBbKY OT/IMBKA ¥ JTHTHAKOBO-IMTAKOIAA CHCTEMA COCTOAT M3 OJHOIO
H TOTO K€ MaTepualia, TO H3MEHACM LBET JIMTHUKOBO-THTAIOUICH CHCTEMbI Ha "OIIy-
6oii.

I{Ber onpenenseT NPUHAICKHOCTH K TOMY WIH HHOMY MaTepuany. Ecnu He-
CKOJILKMM SIIEMEHTAaM KOHCTPYKIIMHM Ha3HauuTh ouH u TOT e 1ser, LVMFlow 6y-
JIeT CYMTATH, YTO BCE ITH DJIEMEHTBI COCTOAT M3 OJIHOTO MaTepHana.

Ilo ymomuanunio B LVMFlow oT/HBKa MapKupyeTcs royOsIM LBETOM.

B ciHCKe 2JIEMEHTOB KOHCTPYKIMM B OKHE CIpaBa [OMEYaeM rajovkod Ha-
3paHHe (aiina ¢ reoMeTpuel IUTHHKOBOH CHCTEMBbl, NEPEXOJUM BO BKI@IKY
«lBer». [losBUTCS HAabOp 1BETOB, HA KOTOPHIE MOXKHO MEPEHA3HAYNTL BHIOpA THEIH
nser. [lepenasHayeHue 1(BETa H MaTepyaia THTHHKOBO-NUTAIOMICH CHCTEMEI ‘Ipe-

CTaBJI€HO Ha pHc. 2.6.
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Puc. 2.6.
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5. CoxpaHseM reoOMEeTpHYECKYIO MOJENb U UMIIOPTHPYEM €€ BO BHYTPECHHHH
¢dopmart nporpammel LVMFlow, kak nokaszaHo Ha puc. 2.7.
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Puc. 2.7.

6. OTkpriBaeM npenpoueccopHslii Moayns «HavansHble YCTAHOBKH» HaXKaTH-
€M OOTBETCTBYIOUICH KiaBHIIM B ctaproBoM okHe LVMFlow B coHcke MoaysieH
cnena (puc. 2.1).

Mopgyns Ha4aibHON YCTAHOBKH NpEAHA3HA4YeH 1A 3a/laHHA HadYaJIbHBIX
(cruras, MaTepuan GopMEL B CTEpXKHSA, TEMNEpaTypa 3aIMBKH paciuiasa B Gopmy) H
rpauuYHeIX (MECTO BBOJa paciuiaBa B (popmy) ycnoBuil. B mporpamme npeaycMor-
peHa 6a3a NaHHBIX CIUIABOB M MAaTepHANOB (POPMBI.

7. UMniopTHpyeM reOMETpPHIO OTIIHBKH C JIATHHUKOBO-IIATAIOMICH CHCTEMOMH BO
BHy rpeaHemM ¢popmare LVMFlow *.FLT (j

T lulsle

TR0 TP vy 7]
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8. Co3naém cerouHslit Ky0.

Hns 51010 3axoaum B paznen MeHio «Mogens» H BeiOupaeM cTpouxy «Co3-
JaTh MOJEb.

9. 3anaém pasmepsl pacaéTHoi 001acTH.

[TosBuTCA OKHO AManora, B KOTOPOM ClEAyeT HA3HAYUTh pasMeEphl OIOK,
HIDKHEH M BEPXHEH, KOTOPBIE BMECTE ONpPEAEIAIOT COOCTBEHHO Pac4éTHYIO 00J1acTh.
Taxoke 3anaéres nonoxenve OTIMBKA B QopMme. 3ajaHue 3THX MapaMETPOB 1Ipeji-
CTaBJICHO Ha puc. 2.9.
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[m2oes "~ 0000 2 o

{MM L s i

{ F1: jo00o Fz 0000 £ [ooo i
Puc. 2.9

10. 3amaém pa3Mepsl A9€EK CETKH.

Tennonepenaua or 3aTBepaeBaromiei OTMBKA Yepe3 GOPMY B OKPYKAIC VIO
cpeny onuceiBaercs AHpQPEepeHUMANBHBIM YpaBHEHHEM TEIUIONPOBOAHOCTH. [l
pacuéra Temionepenayl ¢ MOMOIIBI0 KOMIIBIOTEPHOM porpaMms! Tpebyercs ame-
Ha JH(QepeHIHaTbHOIO YPaBHEHMA PasHOCTHBIM ypaBHenuem. C dToM Uenso B
pacu€THOH 00NacTH 3aaéTCa AUCKPETHOE MHOXECTBO TOYEK, 0Opa3ylomuX pauér-
HYIO CETKY. 3aTeM B KaXOM PacYEéTHOM y3Ji€ NPOU3BOAHbIC, BXOAALIME B HCXC JHOE
mipdepeHIMaTLEHOE YPABHEHHE, 3aMEHAIOTCS OTHOMIEHUAMH KOHEYHBIX PAa3HOCTEH.
Takum obpasom, dopmupyercs cucrema IMHEHHBIX anreGpaudecKux ypaBHCHMIA,
DKBUBAJICHTHAA HCXOAHOMY A depeHIHaAIEHOMY YPaBHEHHIO.

s 3aaHus pa3MEpOB AYEEK CETKH NMEPEXOAUM Ha BKIAAKY «UHCII0 19€2K» B
OKHE Jnasiora ¥ B noJyie BBojia «Pasmep s9eek» BBOJHM PACCTOSHHE MEXAY pacdér-
HBIMH y3/1aMH B ceTke. B HMKHEH 9acTd OKHa Aaérca HH(pOpMALHA O KONHYCTBE
Y3JI0B CETKHM H TpeOyeMOM KOJNHYECTBE NMAMATH KOMMBIOTEPA Ui Pacyéra ¢ TaKuM
pasbuenureM. OT 3a1aHHOTO KOJIMYECTBA AYEEK PA3HOCTHOM CETKH 3aBHCHT TOYHOCTH
BBIYHCIICHUH TIPH MOJIC/IMPOBAHNHM, BPEMS MOJETHPOBAHMSA W MOAPOOHOCTD B 1Ipe/-
CTABJICHUH OTJIMBKH s4eHKaMu ceTkH. OKHO, B KOTOPOM 3afaércs YHCIIO s49eer Cer-
KH, TIpeACTaBIeHo Ha puc. 2.10.
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Puc. 2.10.

11. TIpoBepsieM YHCIIO A9EEK 10 CEYCHHIO TOHKHX CTEHOK OTIMBKH.

B LVMFlow cyumectByer TpeGoBaHue, COrIaCHO KOTOPOMY KOJIMYECTBO Y3-
JIOB, MPHXOMLIMAXCS Ha CAMOE Y3KO€ CEYCHHME OTIMBKH, JOJDKHO ObITh HE MeHee
nByX. DyHKIHMA IPOCMOTPA CETKH BBI3BIBACTCA KHONMKON «BKII./BBIKI. BBIBOJ| CETKH»
¥ HeoOXoamMMa IS BH3YaJlbHOTO KOHTPOJIA 32 BBIUIOJHEHHEM 3TOro TpeboBaHuA.
Yr1o6b1 MPOCMOTPETH CETKY, YBENHUNBacM MaciuTad. B HameM cinydae TOHKHE CTEH-

KM COCTaBJICHBI M3 2 S4YEeK, 9TO JOCTATOYHO A 00ecrnedeHns TOYHOCTH pacdyeToB
(puc. 2.11.).

i A L R R & 14 o e N

Puc. 2.11.

12. Beibupaem cruiaB ¥ marepHaisl GopMbl 3 0a3sl JaHHBIX.

Jsaxae meEnkaem Ha crpouke 35TJI B okHe cnipaBa BO BiJajike «Popma». B
cnuce «Knacc marepuana» Beibupaem noszuumuioo «Cepble 9yryHeb». OTKpbiBacM
cmHcOk «Marepuan» u BeiOHpaem CY20. 3apaém TeMneparypy 3aIMBKH CIUlaBa
1275°C. Haxxumaem kHonky «HM3menuTs» (puc. 2.12.).
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Puc. 2.12.

13. Buibupaem u Ha3HagaeM MaTepHal CTEpXKHA U3 0a3bl JaHHBIX.

Bribupaem BTOPYIO CTPOUKY B OKHE Auanora. [lo yMonuaHHuio B KauyecTB¢ Ma-
TepHAJla CTEPXKHA yKa3aHa kepamuka. BeiOupaem u3 6a3wl manHbix Furane-cvecks
(puc. 2.13).

: an'ﬂ Fm—ﬁ__

Puc. 2.13.
14. Beibupaem n Ha3Hagaem maTtepuan GopMbl H3 6a3bl JaHHBIX.

BribupaeM TpeThio CTPOYKY B OKHE auanora. Beibupaem u3 6a3sl JaHHBIC ne-
cok (puc. 2.14).
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Puc. 2.14.

15. K BaXHBIM rpaHAYHBIM YCJIOBHSM OTHOCHTCS MECTO MOABO/IA PAciUiaBa BO
Bpelaa 3anuBku. [lepexosuM B pe)kuM BH3yaM3alMKH NOPH30HTAIBHBIX IUIOCKOCTEH
XY u GeryHkoM cripaBa Ha NaHeIH HHCTPYMEHTOB IMOAHHMAEMCS B BEPXHIOK ILIOC-
KOC'b, NIEpEeMECTHB OCryHOK B KpaiHee mpasoe nojoxenuwe. Haxumaem B MeEHIO
ciena nuKTorpaMMmy «JlutHukoBbie ToukH». IlosBnsercs okHO auanora. JleBoi
KIaBMINeH MBINIH NpH HaxaTol kinasuine «Shift» Ha Ki1aBHaType ykasbiBaeM roiy-
foe ceyeHue JIMTHUKOBOH BOPOHKH Ha nosepxHoctd. Haxumaem kHonky «J/la». Ha
puc 2.15 npeacraBieHo 3afaHue JIATHHKOBOH TOYKH.
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16. CoxpansieM ceTouHyr0 Moaens Mg pacyéra (puc. 2.16).
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Puc. 2.16.

17. TlpomMoaenupyeM Mpouece 3anonHeH s (OpMBbI METALIIOM U 3aTBEp 1€Ba-
HHA OTNMBKH B npoueccopHom moayne «[lonxas 3amaua». 3amyckaeM MOIYib
«[Tonmuas 3amaga», BHIOPaB COOTBETCTBYIOUIYIO KHOMKY B CTapTOBOM OKHE IIpoO-
rpamMMBL.

18. OTxpeiBaeM (aii1 ¢ HOATOTOBJICHHOH PACYETHOM MOJICIBIO.

< 19. Jlenaem HacTpoiiku (IONXynpo3padHas MOIENb, 4 BH/Ia) H 3allyCKacM pac-

4éT HaXKATHEM KHOMKM «BKII0UHTH Mosiennporanue» (puc. 2.17).

B okHe cripaBa MOXXHO HaGmonaTh peanbHoe Bpema (H3HYECKOro mporecca,
% 3anomaeHus Gopmsl, % xuakoit ¢assl B TEKymui MOMEHT, % yCaJlKd H MIKCH-
MaJIbHYIO Temnepawpy B OTNIHBKE.

.l- ﬁ——p— Lersemisvsovestonel m Traban v-n— Sy Buyyrer Qo Owsm . LN e PR
2B i -

Puc. 2. l7.

Bce pacuérHbie pe3ynbTaThl COXPAHAIOTCA W B JANBHEHINEM NOCTYIHELD s
IPOCMOTPa B MOCTIPOLECCOPHOM Moayne «baHk macnopToB».
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Ha puc. 2.18 npeacrasneHst pe3ynbTaThl MOACITHPOBAHHS — MAKPO- U MHKPO-
NOPHCTOCTH B OTJIMBKE. MICXOAs M3 MONYYEHHOrO pe3yJibTaTa, MOXXHO CHENATh Bbl-
BOJI O TOM, HACKOJILKO JIaHHAas TEXHOJIOIUs NPOH3BOACTBA U KOHCTPYKIMA JIATHUKO-
BO-11¥ TAFOLIEH CHCTEMbI OTJIHBKH ONTHMAJIHHBL.
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3. Cuures JHTEHHBIX CILIABOB
3.1. Heuss padorni

H3Y‘IHTb 3aBHCHMOCTE MEXaHHYCCKHX H JIUTENHBIX CBOMCTB CIUIABOB 01' CO-
JepKaHus JErHpyrommux DJICMCHTOB B HHUX.

3.2. OcHoBHbIE MOJIOXKEHHUA

CIUIaBOM Ha3BIBAIOT CMECH JABYX HIM Ooniee MpOCTBIX TEJl, OTBEHAIOMIYE) IO
COJIEPYKAHMIO OCHOBHBIX JJICMCHTOB H npuMeceil OnpeAenEHHBIM TEXHHIECKHM Tpe-
OoBaHMAM.

B cocTaB CIUIaBa BXOJAT: OCHOBA, JIETHpYIOImMe 100aBKH ¥ NPHMECH. OcHo-
BOIi CIUIaBa SBASCTCA METALI, OOBIYHO ONMH, onpeeNsIouun ero BAOKHEHIIHE pa-
6oure CBOHCTBA H CTOMMOCTD. |

Jlerupyiomue A06ABKH — 3TO 3IEMEHTEL, BBOAMMBIC B CIUIAB C NCILIO YU paB-
neHus ero pabouHMH WIH TEXHOJNOTHICCKHMH CBOWCTBaMH.

[Ipumecu — 9T0 HEOONBIIHE KOMHYCCTBA INEMCHTOB, ciydaifHO Mmonajaimue
B CIUIaB W3 pyAbl, TOIUTHBA, armocdepsl, muakos. IIpumecn AENATCA Ha BPEAHBIC,
CHYDKAIOIIHE CBOMCTBA CIUIABA, OrPAHHYHBAEMBIC TEXHOIOTHYECKHMH YCIOBHAMH,
OCTATOYHEIE, MPEACTABIACMBIC JICTHPYIOIIHMH nobaBkamMH, MOMANAOMMMH B ClUIaB
TpH NeperUIaBKe OTXOA0B, HEHTPAJIBHEIC, HE OKAa3BIBAIOIIME BIMAHHAA HA CBOKMCIBA U
[I03TOMY HEKOHTPOJIMPYEMBIE.

Mertoauka pa3pabOTKH HOBBIX CIUIABOB C 3apaHee 3a/aHHBIMH WIH ONTH-
MaJbHEIMH CBOWCTBAMH SBHJIACH HOBOW BETBBIO 0OOILIEro JIATEHHOI0 METaJly OBE-
JICHHUSA, TIONYYHBIICH Ha3BaHHE CHHTE3a CIUIABOB. CuHTE3 KOHKPETHOrO CruiaBa npo-
H3BOJMTCS 1O CICAYIOMENH CXeMe:

1) dopMynHpoBaHHE TECXHHYIECKHX TpeboBaHMH, ONPENCNAIOMUX TIIABHOE
CBOMCTBO CIIaBa, KOTOPOE MOIDKHO AOCTHraTh HAHOONBINErO WIH ONTHMANkLHOTO
3HAYEHWS, H OTPAHHYCHHH, YKa3bIBAIONHX NPE/ACIBHEIC NOITYCTHMBIC SHAUCHHII Me-
Hee BaKHBIX CBOMCTB MM Ka4eCTBEHHEIE IOXKenanus 06 HX ypOBHE;

2) BHIGOp OCHOB CIIABOB, OOLIYHO YXKe onpenensieMpiii B TEXHHUCCKAX Tpe-
OoBaHUAX;

3) BeIGOp pANa NETHPYIOMHX A06aBOK, MOTYIIHMX MOBHIATE KOHTPOINPYC-
Mbie paGoune CBOMCTBA M MPHEMIIEMBIX IO YKOHOMHYECKHM MOKA3ATCILAM, a TIKKe
onpeieNicHHe BPEAHBIX IIPHMECEH, KOTOPBIC MOTYT IPHCYTCTBOBATE B CILIaBe;

4) OlEHKA BIMAHHUS JETHPYIONMX 3JICMEHTOB HAa TEXHONOrHYECKHE XapiKTe-
PHCTHKH, KOTOPbIC HEOOXONMMO YHMTHIBATH MPH OKOHYATENHHOM BeIOOpE COCTaBa
CIIaBa;

5) BEIGOP JIETHPYIOLIEro KOMIUIEKCA, T.€. TPYIIIb IETHPYIOUIAX JIEMEHTOB H3
HAMEYEHHOT'0 PA/a, KOTOpPHIE HEeNecoodpa3sHo BBOIHTH COBMECTHO;
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6) BEIOOp KOHKPETHOrO COCTaBa CIUIaBa M PEXKHMMa €ro TepMuyeckod obpa-
Gorku. [Iposepka crasa B 1a60paTOPHBIX H MPOH3BOICTBEHHBIX YCIOBHAX U OKOH-
YaT2JibHas KOPPEKTHPOBKA €ro COCTaBa.

Ha puc. 3.1 noka3aHa cxema 3aBHCHMOCTH MEXIY ABOMHOMN JHarpaMMoi co-
CTOAHMA H MEXaHHYECKHMH CBOMCTBaMH ciulaBa. Ha ydacTke KOHUEHTpaUui ge Xa-
PaK IePUCTHKH NMPOYHOCTH BCEr/la BO3pPacTaloT; B €ro npejaeaax repMudeckas obpa-
6oTka He OKa3bIBacT BIHMAHHA Ha CBOMcTBa. Ha yyacTke KOHUeHTpaumii e/ mpou-
HOCTB IMPOJOJ/DKACT PACTH, OJHAKO HA HEE MOXET BO3/ACHCTBOBATH TEPMHUYECKas 00-
paboTka. 3akanka GUKCHPYET B CIUIABE CTPYKTYPY BBICOKOTEMIIEPATYPHOH (a3sl
CBOACTBA IUIABHO BO3PAcTalOT J0 Npejena pacTBOPUMOCTH — Touka h. Ilpu mpose-
JCHUH CTapeHHA M0C/I€ 3aKalKi MPOMCXOAUT BblAe/ieHHue HOBOH a3kl B BHAC AuC-
NEPCHBIX YacTHIl, KOTOPOE BLI3BIBACT YIPOYHCHHE, JOCTUralomiee MakKCHMyMa Tak-
’Ke Ha npejene pacTBOPMMOCTH HIH NPH HECKONBKO OonbineH KOHLECHTPAMH JO-
OaBku.
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Puc. 3.1.

BosnelicTeue 3aKkalku H CTapeHMs TeM CHJIbHEe, 4eM OolblIie HCKpHUBJICHA
JIHE M NIPEAEILHON pacTBOPHMOCTH Ha AuarpamMme coctosHus eb. Ecnu sra nunus
BEpIHKAIbHAA NpsAMas, TepMuueckas obpaborka He naér s¢dexra. CKIOHHOCTH
CNNaBa K YIPOYHEHHIO [PH TEPMUYECKOH 06paboTKe MOKHO OLEHHTH OTHOIIECHHEM
orpe3koB bd x ef. Uem oHO MeHbIue, TeM d¢dexTHBHEe TepMHYecKas oOpaboTka.
Haronen, npu MeUICHHOM OXJIaXKICHHH pacnajl BEICOKOTEMIIEpaTypHOil (assl mpo-
MCXOJUT C BBIACJICHHEM IpyOBIX BKIIOYCHHH M NMPOYHOCTH JHIIL HE3HAYMUTEIBHO
BO3DacTaeT IIPH YBEITHYCHHH KOHLICHTPAalHH J0OaBKH.
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[TnacTidHOCTH CrUlaBa 3aBHCHT HE TOJILKO OT KOHLIGHTpALMH, HO H OT pac-
npeaeneHus fo0aBkH B CTPYKTYpe, onpeaensieMoi BenuauHON koodduumenra pac-
Tpe/eNeHUs NIPH NEPBHYHON KPUCTAIUIH3AUNH ©.

Ecnn koodduumeHT pacnpeaeneHns o4eHs MaJl, TO 100aBKa KOHIEHTPHP /€T-
CA MO IPaHHIaM 3€PEH ¥ XapaKTePUCTHKH IUTACTHYHOCTH MAAAIOT JIO HYJIA YXKE IpH
ManbIX KoHUeHTpauuax jgobasku. Ilpu cpeanux Benuunsax koddpduimenta pacripe-.
nenenus (0,1-1%) xapakTepUCTHKH MIACTHYHOCTH OOBIMHO YMEPEHHO CHHIKAIOT 35 C
yBETHYCHHEM KOHUEHTpAIMH A00aBKH: HHTCHCHBHEE BCErO MNOCHAE 3aKANKH H CTape-
HHS, MCHEE HHTEHCHBHO TIOCJIE O/{HOM 3aKANKH M elI€ MEHee HHTCHCUBHO TIPH MeJl-
JIEHHOM oxJakaeHud. OQHAKO A HEKOTOphIX A00aBok mpu koadduuuente pac-
npenenesus, GIH3KOM K eHHHIE, IUTACTHYHOCTh PacTET OJHOBPEMEHHO C MNpO* HO-
CTBIO, JOCTHIasi MAKCHMYyMa Ha IpeieNiec pacCTBOPUMOCTH.

Takum oOpa3oM, W3 Ha49aNBbHOTO ydacTka mi0OOH ABOMHOM AMarpaMMsl Co-
CTOSIHHA OCHOBaA CIUIaBa—a00aBKa MOKHO HM3BJICUb YEThIpe BakHeHmuux OGespasnep-
HBIX KPHTEpHA, XapaKTepU3YIOMHX €€ BIWSHHE HAa CBOMCTBA CIjiaBa: @ — NpeAcib-
Has pacTBOPHMOCTb NMPH TEMIEPATYpe JBTEKTHKH MM NEPHTEKTHKH (OoTpe3ok ab
W gi), %; ® — K03pOHIHESHT pacnpeCNeHus, ONpeiCIAeMbli Ha YPOBHE IBTCLTH-
K Wi neputekTHkH (ablbc), %; y — xoadduumeHt TepMuyeckor oOpabcTku
(bdlef), %, T — k03D HUIHEHT OTHOCHTENHHOMH TEMNEPATYPHl IBTEKTHKH (ga/g)).

JUta JaHHOH METAaCHCTEMBI MOXKHO ITOCTPOMTE JHArpaMMy B KOOpAWHATax o -
®, TAE KaXKJOMY IeMEHTY Jo0aBku OyeT COOTBETCTBOBAThH ONPEACNEHHAA TOUKA.

Ha puc. 3.2 paH npuMep TakoW AMarpaMmsl JUIA amOMHHMA. B Takoi jma-
rpaMMe MOXKHO BBIACIHTH YETHIPE TOJS:

I — ocHOBHBIE Nerupyromue f00aBKH, XapaKTepH3YIOMIHECHd COYETAHMEM BBICOKHX
3HAYECHUH A U ® — 1;

II — BcioMmorarensHbie nerupyomue N00aBKH, XapaKTEPH3YIOMIHECs YMEPEHIBIM
3Ha4YeHueM o npu @ — 1. K 371o# rpynmne oTHOCATCS 3NEeMEHTHI, criocoOHBIE MCBHI-
MIATH TUIACTHYHOCTH, H YaCTO MOAH(HKATOPHI;

III — HeHTpaNbHBIE 3NIEMEHTHI, XapaKTEPU3YIOIIMECS OYCHL MaJIOH pacTBOpPY MO-
CTBIO;

IV — Bpesnbie npHMecH, xapakTepusyomuecs o — 0 npu cpeHuX ¥ MaiblX 3H14e-
HUAX (L.
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Puc. 3.2.

Jlernpyiomue no6aBku BBOJSATCH, NPEXJC BCEro, C UECHBIO pPeryjiHpOBaHHMA
patouuXx CBOHCTB, OHAKO OKA3bIBAIOT BIMAHME H Ha JIMTCHHBIE CBOMCTBA (4amie oT-
PH 1aTENBHOE, YEM MOJIOKHUTENBHOE).

Ha puc. 3.3 npuBeicHBl CXeMBbl CBA3CH BaXKHEHIIMX JTUTEHHBIX CBOMCTB: HXHI-
KO TeKydecTd A, ycankd a ¥ CKJIOHHOCTH K NOpAYMM TPELHHAM C JHArpaMMoil co-
cTosiHuA. BuaHo, 4To cnnasel, nexamue BOJXH3H Ipe/ienia paCTBOPHMOCTH, Hapaay C
Hai UTYYIIMMH MEXaHWYECKHMH CBOMCTBAMHM, HMCIOT HAaUXYAIIHE JIMTCHHLIC CBOUCT-
Ba: HH3KYIO JXHUIKOTEKYYECTh, CKJIOHHOCTh K Pa3BHTHIO NMOPHCTOCTH W TPEIIHHAM.
IT0, ECTECTBEHHO, YCIOXKHACT ¥ YAOPOXKACT M3rOTOBJICHHE TAKUX OTIHBOK M Tpeby-
€T TINATEILHOIO KOHTPONA 3a oOecneYeHueM HaAEKHOCTH JIMTHIX AeTaneh. Y cruia-
BOJ3, JIOKAUMX NPH 3BTEKTUYECKHX KOHUCHTpAUMAX A00aBKy, OyayT HAaWIyHIIAMH
M reiHble CBOHCTBA, Onarofaps KOTOPHIM MOJKHO IIOJIY9HTh OTJIMBKH IO YIPOIIEH-
HbIM M 60J1ee AemEBBIM TEXHOMOTHIECKAM MIPOIIECCaM C HAHMEHBIIHM KOJIHYECTBOM
nepexron. OHAKO JIA TAKHX CIUIABOB XapaKTEPHBI HU3KAs MIACTHYHOCTH U HEBbI-
coxas npoyHocTs. CpaBHHTENHHO XOPOIIMMH JIMTEHHBIMH CBOHCTBAMH M BBICOKOH
TUIICTHYHOCTRIO 00JIaaloT CIUIAaBhl, COJEPKAMIME MANOe KONHYECTBO N0OaBKH, HO
NpPOYHOCTh HMX JOBONBHO HM3Ka. HakoHel, cnnasbl, JIGKauMe MEKIAY BTEKTHYE-
CKOW KOHLEHTpauHeH ¥ NpeaesioM paCTBOPUMOCTH, COYETAKT YAOBIETBOPHTEIILHBIE
JIM TCHHBIE CBOMCTBA CO CPEAHMMH XAPAKTEPHCTHKAMH MEXaHHYCCKHX CBOHCTB.
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3.3. Mopsanok nposeaenus paborn

1. Micxons 13 npeanioskeHHOM anarpamMmbl cocTosHus Al-Cu, peicTaBIeHE oif
Ha puc. 3.4, H CONCPKAHNAA JIETHPYIOUIETO IEMEHTA B CILIaBe, MIOCTPOHTH rpady K1
npexena npoYHocTH (o), mmacTuaHocTH (8), »wmakorekydectd (A), ycanku (o) u
CKJIOHHOCTH K MOpPSYHM TPEITHHAM.

2. Onpenenuts s cinasa Al-Cu NpenensHyio pacTBOPHMOCTB NPH TeM'1e-
patype 3BTEKTHKH (1), %; ko3hPuumenT pacnpenencaus (), %; kodhdunueHT
TepMudeckor obpabotku (y), %; Koactnbmmem OTHOCHTEJIHOH TeMnepaTypsl jB-
TEeKTHKH (1), %.

3. Hcxons U3 noJy4eHHbIX NaHHBIX, ONPEeINTh, SBIseTca 4 aobaska Ci k
OCHOBe CruraBa Al: OCHOBHOW nermpyromei n06aBKOH, BCIIOMOraTeNbHOMN Jie M-
pyomeii 106aBKO¥, HEHTPANLHBIM JIEMEHTOM WIH BpPEAHON MpuMechio. [ToscHITs
OTBET.

4. Onpenennts, NpH KakOM conepkannu no6asku Cu K ocHoBe cruiasa Al
AOCTHTAKOTCA OJHOBPEMEHHO ONTHMAJIbHBIC MEXaHHWYECKHE M JHUTEHHBIE CROMCTBa
CIUIaBa.
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