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1. Ilpeanochliku pa3BuTHS UHGOPMALNMOHHBIX TEXHOJIOTHIl B

MAIIMHOCTPOMUTEC/ILHOM IIPOU3BOJACTBE

[Iporpecc Mmpou3BOACTBEHHON CQepbl UYETOBEUYECKON MEATEIbHOCTH HEPa3phIBHO
CBSI3aH C MCTOPHEM JHEPIETUYECKUX PEBOIIOLMM, HAYYHO-TEXHHYECKUX OTKPBITUH U
JOCTH)KEHU B O0JIACTH MAIIMHOCTPOEHHUSA, KOTOpOE K cepeauHe XX CTOJIETUS CTajo
OCHOBOM WHAYCTPUU Pa3BUTHIX CTpaH, OOECIEUMB KX HSKOHOMHUYECKOE U BOCHHO-
TEXHUYECKOE MOTYLIECTBO.

Bo Bropoy monoBuHe XX CTOJETHs MAIIMHOCTPOCHUE BBIIUIO HA HOBBIM BUTOK
Pa3BUTHS, CBS3aHHBIA HE TOJBKO C JOCTHXKEHUSMH B DHEPreTUKE, HO B OOJbIIEH Mepe ¢
HCIIOJB30BaHUEM HAYKOEMKHUX («BBICOKMX)») TEXHOJOTHM, OCHOBAaHHBIX Ha pe3yjbTaTax
(byHIaMEHTAIBHBIX HAYYHBIX UCCIIEAOBAHUM B 0071aCTH (PUBUKU, XUMUU, OUOJIOTHH. ..

B  coBpeMEHHOM TOCTHHAYCTPUAIBHOM  OOIIECTBE  MAIIMHOCTPOUTEIBHOE
MPOM3BOJICTBO OPUEHTUPYETCSI HE HA UCIIOJIBb30BAHUE €AMHUYHBIX MAIIWH, BBITOTHSIIOIIAX
OTJAEJBHBIC OIIEPALINH, & HA CO3aHHUE U DKCIUTyaTAllUI0 HAYKOEMKUX TEXHUYECKUX CUCTEM,
peanu3yronmMx 3aKOHYEHHYIO POU3BOJICTBEHHYIO (DYHKIIHIO.

[IpakTueckn Bce TEXHUUYECKHE OOBEKTHI, CO3/JaHHBIC HA TPEANPHUATUAX OO0
OTPACIICBOM MOJArPYIIbl MAITUHOCTPOCHUS (PAKETHO-KOCMUYECKOW, aBUACTPOUTEIILHOM,
aBTOMOOUJIECTPOUTETBHOM, CTAHKOCTPOUTEIBHOMN ) TPEACTABIIAIOT COOO MHOTOYPOBHEBbBIE
CUCTEMBI, COCTABJICHHBIC M3 OOJIBIIIOTO KOJIMYECTBA OOBEKTOB HUBIIUX HEPAPXUUYECKHUX
YpOBHEHN pazinyHON (HU3NUECKON MPUPOJIBI.

Co3aHue Takux CHUCTeM TpeOyeT TOATOTOBKUA I MAIIMHOCTPOUTEIbHBIX
npeanpuatuii  Poccum  KBanMQUIIMPOBAHHBIX WHXKEHEPHBIX KaJpOB, O0JIaJaroIInX
HEO0O0XOIMMBIM HAOOPOM KOMIIETEHIINI B 00JaCTH KOMILJIEKCHOTO PEIIECHHUs 3a/1ad CUHTE3a
M aHaIW3a TEXHUYECKHX OOBEKTOB B €JMHOM MPOEKTHO-PACUETHON Cpelie B YCIOBHSX
ITOJTHOT'O KOMITBIOTEPHOTO COMTPOBOKICHUS BCEX ATANOB )KM3HEHHOTO [IUKJIA TPOTYKIIUU OT
Hayaya ee MPOEKTUPOBAHUS U JJO KOHIA IKCIUTyaTallud C UCTOIb30BaHUEM 3(h(PEKTUBHBIX

CPCACTB COBPCMCHHLBIX HH(bOpMaHHOHHBIX TEXHOJIOTUH.



2. TenieHIIUM PA3BUTHS MAIIMHOCTPOUTEIHHOIO IPOU3BOICTBA

VYcenemHocth  J1I000r0  MAalIMHOCTPOUTENBHOTO  NPEINPHUSATHS BO  MHOIOM
OIIPENIEIISAETCS. €r0 CIIOCOOHOCTBIO O0ECIEUNBATH BBIMYCK MPOIYKIUU, COOTBETCTBYIOLIEH
OBICTPO MEHSIOLIUMCS 3aMpOCcaM OTACNbHBIX TPYII MOTPEOUTENCH U PHIHKA B I[EIOM. JTO
3aCTABIJISIET MPOMBILUICHHBIE NPEANPUATHS OYKBAJIIBHO OOPOTHCS 3a MOBBILICHUE KaY€CTBA
BBIIIyCKA€MOM TNPOAYKIMM NP OJHOBPEMEHHOM pACHIMPEHMM €€ HOMEHKJATYpBHl,
MOBBIIIEHUH TUOKOCTH HCIIOJIB3YEMBIX TEXHOJOTMA W OOOpPYNOBAHHUS M COKpPAILECHUU
CPOKOB IOJATrOTOBKH IPOU3BOJCTBA.

B 3Tux ycnoBusix COBpEMEHHOE MAIIMHOCTPOUTEIBHOE ITPOU3BOJICTBO IPUOOpETAET
CIICAYIOIINE OCHOBHBIC TCHCHIINU pa3BuTus [1].

1. O6nuK u3eaus BO BCE MEHbILEH CTEIIEHH ONPEEISIETCS €ro pa3padOTUYMKOM Kak
aBTOpPCKasi MHUI[MATUBA, U BO BCE OOJIbILIEH CTENIEHU 3aBUCUT OT TPeOOBaHUH €ro Oyayiero
noTpeOuTeNsl. DTO KaCaeTCs HE TOJIBKO KOMIUIEKTAI[UHU, HO M KAYECTBEHHBIX XapaKTEPUCTUK
U3JIETH.

2. T'onoBHBIE IPEANPUATHS — UHULIMATOPBI IPOMBILIIEHHOTO OU3HECa — Bce 0oJIbIIe
COCpPEIOTOYMBAIOTCA Ha OKOHYATENbHOM cOOpKe wu3Jenus, a Bce Oonbluas a0
MIPOU3BOICTBA MPUXOJUTCS HA OO KOMIAHUH-TIOCTABIIMKOB.

3. Coenmanuzanuss  NOCTaBIIMKOB  OT  TPAJWLMOHHBIX  MPHUHIMIIOB  —
IIPOU3BOICTBEHHO-TEXHOJIOIMYECKOTO, KOHCTPYKTHUBHOTO, CBIPBEBOTO WIH
TEPPUTOPUATBHOTO — MEHSIETCSI B CTOPOHY CHElUaln3aluu cucteMHoro tumna. [Ipu stom
IIOCTaBUIMK CTPEMUTCS IPOJABATH ONPEIAECICHHYIO CUCTEMY LIETMKOM, HE3aBUCHMO OT TOT'O,
KaK OHa pacrpeziesieHa Ha KOHEYHOM U3JIeJIUU (HallpuMep, CUCTEMY KOHAMIIMOHUPOBAHUS
MAaCCAXUPCKOTO CaJloHa, TUJIPABIMYECKYI0 CHUCTEMY WJIM MUIOTaKHO-HABUTALIMOHHBIN
KoMIuiekc). IIpennararoTcss Takxke yCciayrd CIENUaTIUCTOB JIJIsl YCTAHOBKH, PETYIUPOBKHU U
MPOBEPKHU CUCTEMBI HAa TOJIOBHOM MPEPUSTUH.

4. KomnaHuny mnOpeAnoyrMTarOT HAHUMATh CHELUAJUMCTOB HAa CPOK pealn3auuu
TEKyIleW TMPOU3BOJACTBEHHON TeMbl W OCBOOOXKIaTh HMX TIIOCJIE 3aBEpLICHUS IUKJIA

pa3paboTku. JloJiss MOCTOSTHHOTO IITaTa COTPYTHUKOB KOMITAHUH -TTPOU3BOIUTEIIS U3ICTIUS



MOCTETNIEHHO YMEHBIIAETCS, a JI0JIsl KOHTPAKTHUKOB, HAHATHIX KOHKPETHO MOJ JaHHBIN
POEKT, — YBEJIIMYMBAETCS.

5. Ilpu BbINOTHEHUU PaOOT MOCTABIIMKUA MOJY4arOT BO3MOKHOCTb HCIOJIb30BATh
BBIYHMCIIMTEIbHBIE MOIIHOCTH (CepBep) XO35ilMHA MPOEKTa, padoTasi B pPeKUME yIaleHHBIX
TEPMHUHAJIOB. DTO CHUXAET 3aTpaThl U PUCK MHBECTUIIMN B MPOTPAMMbl U anmnapaTHYIO
94acTh U1 HEOOIBITUX (PUPM.

6. Ilpennpustue-noTpeOUTENs MNPOAYKIMM BCE Yalle CTAHOBUTCA MPSIMBIM
MHBECTOPOM B €ro pa3paboTky. BmecTo TOro 4toOBl CHayana KOMWUTH JACHBIH, a TIOTOM
pa3oM MOKYMaTh TO, YTO MPEAJIaracTcsl Ha PhIHKE, 3aKa34MK caM aBaHCUPYET CBoe Oyy1iee
npuoOpetreHue. [Ipu aToM 3aka3zunk 3a0UpaeT y NpenpUsITUSI-U3TOTOBUTEIIS U3EIHSI 4YaCTh
TEXHUYECKOTO U (PUHAHCOBOIO pHUCKa. Takoe pacTsIHyTO€ BO BPEMEHH PACXOJIOBAHHE
KanuTaJloB U 00Jiee paBHOMEPHOE pacipe/ielieHne pUCKOB OJIaronpusTHO CKa3bIBAeTCs Ha
00mux (PUHAHCOBBIX MOKA3aTENSIX KaK MPOU3BOAUTENS, TaK U MOTPEOUTEII.

7. PazBuTHe mpou3BOICTBEHHOMN KOOTIEpaIlMy TPUBOIUT K MOSBJICHUIO BUPTYaJIbHBIX
MPEANPUATUNA, KOTOPBIC SIBIISIIOTCS BPEMEHHBIMU M CO3[IaI0TCSl Ha MEPUOJ MPOU3BOACTBA
KOHKpPETHOTO TmnpoaykTa. [Ipm 3TOM BCce KOMMAaHWHM, Y4YaCTBYIOIIME B BHUPTYaJIbHOM
MPEANPUATAH, PAOOTAIOT KaK JIeTIapTaMEHThI OJHOU PUPMBI, C OJTHON UHGPACTPYKTYPOil U
M0 €AWHBIM KOPHOPATUBHBIM TpaBujiaM. ['paHUIlbl, S3bIKU, JOKajdbHas creruduka u
PACCTOSIHUS CTAHOBSATCSI HE3aMETHBIMU JIJIS ISATEIIbHOCTH Kaxa0ro u3 Hux. [Ipeanpusitus-
MOCTABIINKHU, KaK IPABUIIO, CTOSIT B OYEPEIN K 001a1aTeI0 MPOMBIIUICHHOW WHUIIUATUBBI
Ha KOHKYPEHTHOM OCHOBE.

8. Jlns BnamenblieB OW3HEC-WHUIMATHBBI (0OMamaTencii HMHTCIUICKTYaIbHOM
COOCTBEHHOCTH Ha ITPOU3BOJICTBO C PUMEHEHHEM JaHHOM TOProBOi MapKu) MPOaBacMbIM
TOBAapOM CTAHOBHUTCSI HE TOJBKO cama MpOAYKIUsS, HO U MPaBO Ha €€ MPOU3BOACTBO. DTO
MpaBO OOBIYHO OTPAHMYCHO CPOKAMH WU OOBEMOM BBHIITyCKA H MOAPa3yMEBAaET
BO3MO>KHOCTh MEPEBO/IA JIMLIEH3MOHHOTO MPOU3BO/ICTBA HA YJIaJIeHHbIE TEPPUTOPHUU C OoJiee
0JIaroNpUSTHHIMA SKOHOMUYECKUMH YCIIOBUSIMU.

[IpuBeneHHbie TEHACHIIMU OOYCIOBIMBAIOT TaKuE TPEOOBAHHS K MPUMEHSIEMbBIM
MH(POPMAITMOHHBIM TEXHOJIOTHSAM, KaK O0EeClEeUYeHHE BBICOKOIO KOMIUIEKCHOTO YPOBHS

ABTOMATHU3allil WU OpraHu3alusd COBMCCTHOI'O HCIIOJIb30BAaHUA I/IH(I)OpMaI_[I/II/I O MPOAYKTC



OOJBIIMM YHUCJIOM Teorpauueckud yAAJCHHbIX APYr OT JApyra y4YacTHUKOB OHW3Hec-

Imponecca € HOI[I[C]:’)}KKOI‘/’I BCCX OTAIlOB KU3HCHHOT'O IMKJIa U30CJIHA.

3. [Ipumenenne PLM-pemienunii B MAIIMHOCTPOEHUH

VYopaBieHue JKU3HEHHBIM LHMKJIOM MPOAYKIHMH OCYIIECTBIIIETCS B paMKax
kourenmuu PLM (Product Lifecycle Management), cyTs KoTOpo#i MOAPOOHO pacKphIBACTCS
B OOJIBIIIOM KOJIMYESCTBE aHAIMTHICCKUX MaTepuaios [1-2].

Konnenmus PLM Bo3HMKIIa B OTpacisiX, CBS3aHHBIX C pa3pabOTKOW U
MIPOU3BOJICTBOM CIIOKHBIX TEXHUYECKUX CHUCTEM JJISI aBUALIMOHHO-KOCMHYECKOM OTPACIIH,
000OPOHHO-TIPOMBIIIEHHOTO KOMILJIEKCAa, TOYHOrO MamuHocTpoeHuss u nap. llosromy
JOBOJIbHO J0JAr0 B Hamed crpaHe PLM-pemieHns accouMupoBaJINCh HMMEHHO C
MPEANPUATHSIMHU JAHHOTO MPOQUIIsl, U MPEANOIArajioch, YTO OHHU ONEPUPYIOT B OCHOBHOM
TEXHUYECKMMH (B MEPBYIO OYEPEb KOHCTPYKTOPCKUMHU) JaHHBIMU. Ho B mociienHue rojpl
CUTyalus KaYECTBEHHO U3MEHUIIACH.

Teneps yxe He UMEET 3HAUEHHUsI, YTO UMEHHO IIOHUMAETCA OJT CIOBOM «IIPOAYKIIUS»
— IITAaMIIOBOYHBIM MPECC, JUTCHHAsT MAIMHA, METAUIOPEXKYIIUN CTAHOK, JIETATEIbHBIN
anmnapar Wid CJI0XHasi MH(pOopMamoHHas CUCTEMa.

PLM— 510 crparernueckuii mnoaxox K OW3HeCy, MNPUMEHSIOUMHA Habop
MHTEIJIEKTYaJIbHBIX WHCTPYMEHTAJIbHBIX CPEACTB MOIAEPKKA COBMECTHOIO CO3AaHUs,
YIOPABJICHUS, U3MEHEHUS U UCIIOIb30BaHUS JAHHBIX O MPOAYKIUU MAIIMHOCTPOUTEIHHOTO
MIPOM3BOJICTBA B paMKax PacUIMPEHHON Mojenu npeanpustus. Takas MOJeab NpUBJIEKAET
K paboTe ¢ TaHHBIMU O MPOAYKIIMHU HE TOJBKO €€ MPOU3BOIUTEINSI, HO TAK)K€ KOHTPAreHTOB
M KOHEYHBIX 3aKa3YMKOB C OOMEHOM JaHHBIMM B paMKax €AMHOT0 WH(OPMAIMOHHOIO
NPOCTPAHCTBA, BKJIOYAs €IuHble OU3Hec-Tpolecchl W OusHec-mpuiioxkeHus. llpu stom
PLM ympaBasieT nperMMyIIEeCTBEHHO TU(POBBIMU JAHHBIMU U HE SIBIIAETCS KaKOW-THOO
KOHKPETHOM TEXHOJIOTHEH WIIH KaKUM-JIMOO OTAEIbHBIM MPOTPAaMMHBIM MPOAYKTOM. Takum
o0pa3oM, peyb UJET O CTPATETHUYECKOM MOJXOAE, AJIS pealu3alid KOTOpOro Tpedyercs
UCIIOJIb30BaTh HE OJIHY, @ HECKOJIbKO CHUCTEM B paMKaX €IWHOr0 HHTErPUPOBAHHOIO

PEUICHUA U HC UCKIIFOYCHO, YTO 3T CUCTCMbI MOT'YT OBITH OT Pa3HbIX Hp0H3BOI[HTeJIeI>'I.



PLM-cuctema mo3BoJIsIeT TaKKe COOMpPATh M CUCTEMATH3UPOBATh Yepe3 CEPBUCHBIE
IEHTPBI MPEANPHUATHSI-U3TOTOBUTENS IKCIUTyaTallMOHHBIC XapaKTEPUCTUKU U JaHHBIE 00
OTKa3ax, MOCTyMAloNue OT TMOTPEOUTENCH BBIMYIICHHOW NPOIYKIMH. ITO IMO3BOJSET
CBOCBPEMEHHO pEarupoBaTh Ha TPOSBICHHE HETATUBHBIX  OKCILTyaTallMOHHBIX
MoKa3aTesield, COBEPIICHCTBOBATh KOHCTPYKIIUHM BBIMTYCKAEMBIX OOPA3IOB MPOIYKIINH,
MUHAMH3UPOBATh TIOTEPH OT BO3MOXHBIX OTKA30B M CHW)KATh PHUCKU BO3HHKHOBEHUS
POOJIEMHBIX CUTYaITHi.

B oTeuecTBEHHOM MAaIMIMHOCTPOSCHUN SKCIEPTHBIM COOOIIECTBOM OTMEYACTCS
CTaOMJILHO BBICOKAsS 3aMHTEPECOBAHHOCTH MPOMBINUICHHBIX MPEANPHUATHI B PACIIMPECHUH
ucnosb3oBanus PLM-pemenutii [3]. Haubosbiryo akTHBHOCT B ’TOM BOITPOCE MPOSIBIISIOT
MPEANpPUATAS OOOPOHHOW  TPOMBIIUICHHOCTH, AaBHACTPOSHUS M  TPAHCIOPTHOTO
MaIIMHOCTPOEHUS, UMEIOIINE CTPATErMYeCKoe 3HAYEHUE B IMPOMBIIUICHHONW MOJUTHKE
ctpanbl. IloTpeOHOCTM  MaHHBIX  OTpaciieid, OOYCJIOBIICHHBIE TEPCTICKTUBHBIMU
mporpaMMaMy  pa3pabOTKH W TPOW3BOJCTBA HOBBIX BHIOB TMPOAYKIIUH, IMOPOKIAIOT
HEMHYI0 PEaKIUI0, CTUMYJIUPYS TMOCTaBIIMKOB TIEPBOTO U  BTOPOTO  YPOBHS
COBEPIIICHCTBOBATh CBOM MH(POPMAIMOHHBIC CUCTEMBI IS pa3paOOTKH U MPOW3BOACTBA
KOMIIOHEHTOB, HEOOXOIMMBIX 3aka3unkaM. [lpm 3ToM cTporas HEOOXOAUMOCTD
COOTBETCTBOBATh BHICOKUM TPEOOBAaHUSM K KaueCTBY, CPOKAaM BBHITIOJIHCHUS PabOT W IieHe
KOHEYHOW TPOIYKIIMU OTPEACIIICT OCO3HAHHYI0 HEOOXOAMMOCTh MPEANPHUATHH KaXKIO0TO
YPOBHSI TEXHOJIOTHYECKOM IIEMOYKH HAMPABIIATh YaCTh MOTYYEHHBIX (PMHAHCOBBIX CPEJICTB

Ha BHEAPEHUE HEOOXOIUMBIX B MEPCIIEKTUBE SJIEMEHTOB ITU(POBOTO MPOU3BOICTRA.

4. OcHOBHbIE KOMIIOHEHTHI U npeumyectsa PLM-pemenuii

CornacHo CIIOKUBIIMMCS TpeacTaBiIeHUsM [4] OCHOBHBIMU KOMIIOHEHTamMu PLM-
pelIeHn Ha MpeanpusITHH sSBJstoTes (puc. 1):
o PDM-cucremsl 11t XpaHeHUS U YIIPaBICHUS JAaHHBIMH 00 H3JICINH;
e CAD-cucremsl 17151 pa3pabOTKU KOHCTPYKIUU U3EIHS;
o CAE-cuctembl Uisi MHXKEHEPHBIX DPAcue€TOB W aHaIM3a MNPOEKTHO-TIPOYHOCTHBIX

XapaKTEPUCTUK U3IEITUS;



e CAPP-cucremsl 1151 pa3paboTKy TEXIIPOLIECCOB MPOU3BOACTBA U3IEIHS;
e CAM-cuctemsl s pa3pabOTKH YIPABIAIOMIKX MporpamMm ctaikos ¢ UITY;
o MPM-cuctemsl 1715 MOJETUPOBAHUS U aHAJIW3a TPOU3BOJICTBA 31T,

o ERP-cucTtembl 115 IIaHUPOBAHUS PECYPCOB IPEANIPUSATHUS.

Cuctema ynpaBaeHusa NpoeKkTamu
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Puc. 1. PLM-cucrema u ee Mecto B MHGOPMAIIMOHHON CTPYKTYPE MPEINPUSATHS

PDM-cuctemsr (Product Data Management) — opraHu3aliMOHHO-TEXHHUYCCKHE
CUCTEMBbI yrpaBieHus Bceil nHpopmanueit 00 uzaenuu. C ux MoMoIbi0 OTCIEKUBAKOTCS
OOJBIIME MACCHUBBI JIA@HHBIX M WHXEHEPHO-TEXHUYECKOW wuH(popmamuu 00 s3Tamax
MPOEKTUPOBAHUS U TMPOU3BOJCTBA HU3JENMHA, a TaKXkKe OCYIIECTBISETCS MOAJAEpXKKa HX
AKCIUTyaTal[iH, COMPOBOXKIECHUS U yTUIU3aluuu. Takue AaHHbIE, OTHOCSIIUECS K OJHOMY
U3JIENUI0 U opranuzoBaHHble PDM-cucteMoii, Ha3biBatoTCsl UPpoBbIM MakeToM. PDM-
CUCTEMBbI HHTETPHUPYIOT WHGOpMAINIO JIOOBIX (OPMATOB M THIIOB, MPENOCTABIsAA €
MOJIb30BATENSIM YK€ B CTPYKTYPUPOBAaHHOM BHJE C NPHUBSA3KOM K OCOOECHHOCTSIM
COBPEMEHHOT'O MPOMBIIIIEHHOTO MPOU3BOACcTBA. OHU pabOTalOT HE TOJBKO C TEKCTOBBIMU
JOKYMEHTaMH, HO U C T€OMETPUUYECKUMHU MOJEISIMU U JaHHBIMU, HEOOXOIUMBIMU JJIS

(GYHKIIMOHMPOBAHUS aBTOMATHYECKUX JTMHUE 1 ctaHkoB ¢ YITY [5].



CAD-cuctemsl (Computer Aided Design) — cucTeMbl KOMIIBIOTEPHOMN MOIEPIKKH
npoekTupoBanus. Co3/1al0T ANEKTPOHHOE OMUCAHUE KOHCTPYKUMUM U3JEIUsl, KOTOpPOe B
MAIIMHOCTPOEHUU pEaN3yeTCsl Ha OCHOBE TBEPAOTENIbHBIX MOJIENICH €ero AcTaiel u
COOpPOYHBIX €IMHUII. DTHU MOJENH B JalbHeumem ucnonb3yorcs B CAE, CAM u CAPP-
CUCTEMaxX U MOATOMY SBJISIIOTCS OCHOBHBIM 3JIEMEHTOM KOHCTPYKTOPCKOM JOKYMEHTAlUU
MamuHoCcTpouTenbHbIX PLM-cucrem.

CAE-cucrembr (Computer Aided Engineering) — CcHCTEMBI KOMIIBIOTEPHOM
MO/IICPKKN WHKEHEPHBIX pacdeToB. OHU MPEACTABUTENN ITUX CUCTEM OO0ECTICUUBAIOT
COBMEIICHUE MPOLIEyp CHUHTE3a TBEPJAOTEIbHON MOJENIM M3JCNHS C BBIYMCICHHEM €ro
MPOEKTHBIX W TMPOYHOCTHBIX XapaKTEPUCTHK, a JPYrM€ — aHAIW3 HaNpsKEHHO-
ne(OpMUPOBAHHOTO COCTOSIHUS U3/IETUS TIO €r0 TOTOBOM TBEPAOTEIBLHON MOICIN METOJIOM
KOHEUHBIX 3JIEMEHTOB C ONTHUMHU3AalMEN HSKCILUTyaTAllMOHHBIX [OKa3aTelel B XOJe
BBIYUCITUTEIBHBIX YKCIIEPUMEHTOB.

CAPP-cucremsr (Computer Aided Production Planning) — cuctemMbl KOMITBIOTEPHOIA
MOAACPKKN TEXHOJOTMYECKOM MOATOTOBKH IPOU3BOACTBA. SIBISIOTCS MPOrpaMMHBIMU
MPOAYKTaMH, MOMOTAIOUIMMHU aBTOMATHU3UPOBATh MPOIIECC MOATOTOBKHM MPOU3BOACTBA, a
MMEHHO TPOCKTUPOBAHHE TEXHOJIOTHYECKUX TIPOLIECCOB C pa3pabOTKON MapuipyTa
M3COTOBJIEHHS IO TOTOBOM Mojenu u3nenus, BoimonHenHoii B CAD-cucreme. B ator
MapuIpyT BXOAST CBEJAEHUS O TMOCIEJO0BATEILHOCTA TEXHOJOTMYECKUX —oOmepanui
M3TOTOBJICHUSI JIeTaIM W COOPOYHBIX omepanusax (Mpu HEOOXOJUMOCTH), a TaKxke 00
000py/IOBaHUHU, WCIOJB3YEMOM Ha KaXJIO0W oOmepalud, U O MPUCIOCOOJICHUSIX U
WHCTPYMEHTE, TMpPU TOMOIIM KOTOPOTO0 Ha 3THUX OMNEpalusxX BBINOJHAETCS 00paboTka.
OOBIYHO TEXHOJIOTHYECKasi MOATOTOBKA MPOU3BOACTBA 3aKJIIOYAETCS B MPOSKTHPOBAHUU
TEXHOJOTUYECKUX TIPOIIECCOB HAa HOBBIC W3JENUS, WIM aJanTalys TEXHOJOTHYECKUX
IPOIIECCOB T10 YK€ UMEIOIIEHCs 0a3e TUIIOBBIX TEXHOJIOTMYSCKUX MPOoIieccoB [6].

CAM-cuctembr (Computer Aided Manufacturing) — cuCTeMBI KOMITBIOTEPHOM
MOAJEPKKU TIOJATOTOBKHM YIPABJISAOIINUX IMporpamm st crankoB ¢ UYITY. HMcxomHeim
O00OBEKTOM JJI CO3JaHUsl TPOTPAMMbl YMPABICHUS CTAHKOM SBIISIETCS TBEPAOTEIbHAs
MoJieb u3aenus, paspadborannas B CAD-cucteme. Pe3ynbrat MmoaenrpoBaHusi BBOJAUTCS B

CTaHOK B BHJI€ JJaHHBIX O pa3Mepax 3aroTOBKH, IMapaMeTpax ee 00padoTKU, TPACKTOPUIX



JIBWKEHHUS JETAIA U PEXYLIEro MHCTPYMEHTA, KOMAaHJ yIPABJICHUS MOJA4YEN U APYTUMU
OBIKyIUMHCS cucteMamu crtaHka. CoBpeMeHHble CAM-CUCTEMBI UCHOIB3YIOTCS MPU
pa3paboTKe CIOXKHBIX TEXHOJIOTMYECKUX MPOIIECCOB, a B METANIO00pa0OTKE MPUMEHSIOTCS,
B OCHOBHOM, KakK CPEICTBO CUHTE3a IpPOrpaMM Ul ylpasieHus craHkamu ¢ UYIIY u
MOJIETTUPOBaHUsl IpoleccoB 00paboTku. CHUcTeMa pacCUUTHIBAECT TPACKTOPHUH U
OTHOCHUTENBHOE IBUKEHUE MHCTPYMEHTA U 3arOTOBKU. biarogaps HaIM4Mio ClieHaIbHOTO
IIPOIPAMMHOI0 MOAYJIsI, HA3bIBAEMOT'0 IIOCTIIPOLIECCOPOM, IPU MIOCTPOCHUHN YIIPABIIIOLIECH
tpaekTopun CAM-cucrtema yuuThlBa€T 0OCOOCHHOCTH KUHEMATUKU KOHKPETHOT'O CTaHKa, Ha
KOTOpPOM OCYIIECTBIIsieTCs: 00paboTka [7].

MPM-cuctembr (Manufacturing Process Management) — cucteMbl yrpaBicHHS
ITPOU3BOICTBEHHBIMHU MPOLIECCAMU MMO3BOJISIIOT ONPENEINTh, KAK UMEHHO U3JIEJUE JTOJKHO
n3rorasiuBatbes. Ilakersl mporpaMmHbIX npuioxeHui MPM-cucteM pemaror 3agauu
ONTUMHU3AIMU TIOCIEA0BATEILHOCTH COOPKH; KOOPJWHALIMK JBUXKEHUS OO0OpYIOBaHUS,
pacuera Npou3BOAUTEIHLHOCTH, KOA(PPHUIIMEHTa UCTIONh30BaHUs U 0aTaHCUPOBKHU 3arpy3Ku
COOpOUHBIX JIMHUI; aHalh3a MPOU3BOJCTBEHHBIX 3arpaT. B pesynbraTte ux paboThI
o0OecreynBaeTcss  TEXHOJOTMYECKH  MpoIecc, COAEpKalMi  MOJHOE  ONUCaHUE
M3TOTOBJICHUSI, COOPKH, UCTIBITAHUN U YIMaKOBKHU M3Jenus. Takoe onucaHue TexIpoiiecca
BBICTYMAET OCHOBOM JIJIsl COBMECTHOM pabOThl TEXHOJIOTOB, TPOU3BOAUTEIIEH, TOCTABIIUKOB
U cyOonoapsiaumKoB [§].

ERP —cucremsr (Enterprise Resource Planning) — KOHKpPETHBIH HpOrpaMMHBIHA
[MAKET, PEAIM3YIOIINA OpPraHW3alMOHHYIO CTPATETHI0 WHTETpalvy IPOU3BOACTBA U
omepanuii  ympaBlIeHUs TPYAOBBIMU pecypcamu, (PUHAHCOBOTO MEHEIKMEHTa U
VOpaBJICHUS aKTUBAMH, OPUEHTUPOBAHHYIO Ha HENPEPHIBHYIO OalaHCUPOBKY H
ONTHUMM3ALHUIO PECYPCOB MPEANPUATHS M OOECIEYMBAIOIIYIO OOIIYI0 MOJENb JAaHHBIX U
MIPOLIECCOB IS BCeX cdep AesTEIbHOCTH.

B  kauectBe  xapakrtepHod  ocobeHHocth  ERP-ctpaterum = oTmeuaertcs
NPUHIMITHAIBHBIA TOAXO0J K HMCIOJb30BAHUIO €IUHOW TPAH3AKIMOHHOW CHUCTEMBI IS
MO/IABJISIFONIETO  OOJILITMHCTBA OMeparii U OW3HEC-TIPOIIECCOB OpraHW3allid, BHE
3aBUCUMOCTH OT (YHKUMOHAJIBHOM M TEPPUTOPUAIBHOM pPa300MIEHHOCTH MECT UX

BO3HUKHOBEHUS U MPOXOKICHUS, 0053aTeIbHOCTh CBEJICHUS BCEX OIEepaIiii B eMHYI0 0a3y



Ui nocyienyomeid o0paboTKU U MOJY4YEHHUs] B peajJbHOM BpEMEHHU CcOaJaHCHMpPOBaHHBIX
IUTAHOB.

HeoOxomumocTth Bceobbemitoiero npumeHeHus ERP-cuctemsl B TeppuTopuaibHO-
pacnpeeIEHHBIX OpraHu3alusaX TpeOyeT MOAAEPKKH B €MHON CUCTEME MHOKECTBA BAJIIOT
U s3bIKOB. boiiee TOro, HeOOXOAMMOCTh MOIJAEPKHBATh HECKOJIBKO OpPraHU3alMOHHBIX
€AUHUL] (HECKOJIBKO FOPUINYECKUX JIULI, HECKOJIBKO MPEANPUATHN ), HECKOIBKO Pa3IMYHbIX
IUIAHOB-CUYETOB, YYETHBIX IIOJIUTUK, DPA3JIMYHBIX CXEM HAJIOTOOOJIOXKEHUS B €IUHOM
AK3EMIUISIPE CUCTEMBI OKa3bIBA€TCA HEOOXOJMMBIM YCIOBHEM JMJid TNPUMEHEHHS B
XOJIIMHTaX W TPAaHCHAIIMOHAJIBHBIX Koproparmsx [9].

MOHO BBIIEIUTH CIEAYIOIIME KIIOUEBBIE IIPEUMYyLIECTBA UCIOIb30BaHus PLM-
peurenuti [10]:

® COKpAIlleHUE CPOKOB IPOEKTUPOBAHUS U IIPOU3BOJCTBA;

® COKpalleHHE KOJIMYECTBA OIIHOOK;

® YCUJICHHE KOHTPOJIA 3@ Ka4E€CTBOM;

® COKpallCHUE U3JIEPIKEK;

® CONPOBOXIACHUE UHTEIJIEKTYAIbHOU COOCTBEHHOCTH MPEAIPUITHS;

e o0Oecneuenne nanabiMu ACYII/ERP-cucrem.

5. Hucxoasiuee u Bocxoasiiee NPOCKTHPOBAHHE

TpaaumoHHOE WHXXEHEPHOE TMPOEKTUPOBAHUE TMPEANoJiaraeT UCIOIb30BaHUE
HaKOTUICHHOTO OIbITa PEIICHUS KOHCTPYKTOPCKUX 3aJlad M PACUETHBIX METOJIUK,
peanu3yeMbIX B KOHKPETHBIX TPEJAMETHBIX O0O0JACTAX TPOCKTHON JEesATEeILHOCTH, B
COYETaHUU C UHTYULIUEH pa3pabOTUHKOB.

CoBpeMEHHOE UHKEHEPHOE MTPOCKTUPOBAHKUE MOJYUHIIO PA3BUTHE MOCIIE MOSBICHUS
BBIYMCIUTEILHON TEXHMKHA M Hadaja €€ MCIOJIb30BaHUsS IS (hOpMaIu3aiii MPOSKTHBIX
MIPOTIEYP.

Teopusi  COBPEMEHHOIO  HHXKEHEPHOTO  IMPOEKTUPOBAHUS  XapaKTEepU3YyeTCs
COOCTBEHHOW CHUCTEMON OCHOBHBIX IOHSTHH, TEPMHUHOB, KiIacCHU(pUKAIUM, CIOCOOOB

OLICHKH pa3pa6aTI>IBaeMI)IX O6’beKTOB, COACPKAHNCM H IOCICAOBATCIIBHOCTBIO PCIICHHA



npoekTHeIX 3agad [11]. OcoOEHHOCTBIO 3THX 3aJa4 B MAIIMHOCTPOCHUHU SBJISCTCS
o0s13aTelbHOE W OOCTOATENIbHOE  KOJWYECTBEHHOE OOOCHOBAaHHME IMPUHHUMAEMBIX
WHXEHEPHBIX PEIICHUH, YTO OMpeAeIsieT UX SAPKO BBIPAKEHHBIM PAaCUCTHBINH XapakTep U
HEpa3phIBHYIO IITyOOKYIO CBSI3b MPOSKTHBIX MPOIEAYp CUHTE3a U aHaJIK3a.

OOBEKTHI TPOCKTUPOBAHKS B MAITUHOCTPOSCHUU XaPAKTEPU3YIOTCS CIOKHOCTBHIO
KOHCTPYKITUH, KOTOPBIC TIPEACTABISIOT COO0 MHOTOYPOBHEBBIC CUCTEMBI, COCTABIICHHBIC
13 OOJIBIIIOTO KOJIUYECTBA MOJICUCTEM PA3TUYHON (PU3HMIECKON TTPUPO/IBI.

Ha nmpuMepe KpHBOMIMITHOTO Mpecca MOKHO YOEIUTHCS, 9TO KOHCTPYKITHS TaHHOTO
00BEKTa COJIEPKUT COCTABHYIO CTaHWHY C THAPABIMYECKUM YCTPOUCTBOM pa3rpy3KH,
[JIaBHBIM U JIOTIOJHUTEIBHBIM MHOTO3BEHHBIMU HCIIOJHHUTEIbHBIMU MEXaHU3MaMH,
ITHEBMATHYECKOW CHCTEMOW BKIIFOUYCHHS, 3yO4YaThIM MHOTOCTYNEHYATBIM IPUBOIOM,
HECKOJBKUMHU JICKTPOJABUTATEIISIMH U JIP.

3amaua MPOCKTUPOBAHKS KPUBOIIMITHOTO Mpecca, TAKMM 00pa3oM, paciiafaeTcs Ha
3aJlayd  TIPOCKTHUPOBAHMS OOJBIIOTO KOJIMYECTBA DSJIEMEHTOB MEHBINEH CI0KHOCTH,
oOpa3yromux (QyHKIIMOHAIBHO 3aKOHUYEHHBIE IMOJCUCTEMBI, KOTOPhIE PacCMaTPUBAIOTCS
KaK CaMOCTOSITEIIbHBIE OOBEKTHI MPOSKTUPOBAHUS HU3IIETO UEPAPXUICCKOTO ypoBHS. [Ipn
ATOM MPECC B IIEJIOM pACCMaTPUBAETCA KaK 00bEKT BBICIIETO UEPAPXUUECKOTO YPOBHSI.

B 3aBUCHMOCTH OT OYEpPETHOCTH PEIICHUS 3a/1a4 MPOCKTUPOBAHUS HA PA3TMUHBIX
HepapXUUYECKUX YPOBHSAX pPa3UYalOT HUCXOJAINICE W BOCXOJAIIEE IPOCKTUPOBAHHE.
[IpoexTupoBaHue SBISICTCS HUCXOSAIUM, €CITU PEIICHUE WHKEHEPHBIX 3a/1a4 Ha BBICIINX
HepapXUUYECKUX YPOBHSAX TMPEIIISCTBYET PEIICHUIO 3aJad Ha HH3MMX ypoBHAX. [Ipwm
BOCXOJISAIIIEM MPOCKTUPOBAHUHU TOCJIEIOBATEILHOCTh PEIICHUsS] 3a7ad  TOJIy4aeTcs
oOpaTHOM.

[Ipyn HHECXOASIIEM MPOCKTUPOBAHUH OOBEKT pa3pabOTKHA CO3MACTCS B YCIOBHSX,
KOT/Ia €r0 TOJICUCTEMbl KOHCTPYKTHUBHO HE C(HOPMHUPOBAHBI U, CIE0BATEIHHO, CBEICHHUS
00 UX CBOMCTBAX HOCSIT MPEANOJIOKUTEIBLHBIN XapaKTep.

[Tpu BocxoAsIIeM MPOSKTUPOBAHUY TIOICHCTEMBI HU3IIETO HePAPXUIECKOTO YPOBHS
co3JaloTCA  paHblne, dYeMm (opMupyercs KOHCTPYKIMsS oOOBeKTa pa3pabOTKH W,
CJIEIOBATEIILHO, TPEANONOKHUTEIIBHBIN XapaKTep HOCAT CBOMCTBA 3TOTO OOBEKTa Kak

CHUCTCMBI BBICHICTO HCPAPXUICCKOT'O YPOBHA.



Takum oOpazom, 06a ciocoba MPOEKTUPOBAHUS HE MPENOCTABISAIOT pa3padOTUUKY
BCel MCXOAHOW MHGPOPMAIMK, HEOOXOIUMOM ISl TTOYYEHHUS] ONTUMAIBLHOTO PEIICHUS C
MEPBOTO MOAXO0/A K TOCTaBIeHHOM 3aa4e. Ciie1oBaTenbHO, OOBIYHOM MPAKTHKOM SIBIIIETCA
MOBTOPEHHUE MPOEKTHBIX MPOIEAYP CHUHTE3a U aHAIN3a KOHCTPYKIUU 00BEKTa pa3padoTKu
C TMOCIEAOBATEIbHBIM NPUOIMKEHUEM PE3YJbTaTOB K ONTUMAIbHOMY JUIS 3aKa3uHKa
BapUaHTy. TO €CTh HH)XEHEPHOE NPOEKTUPOBAHNE UMEET SIBHBIA UTEPALIMOHHBINA XapaKTep.

B peanbHOU WHXCHEPHOU NPaKTUKE MIPOEKTUPOBAHUE 00BEKTOB
MalIMHOCTPOUTENBHOIO MPOU3BOACTBA OCYILECTBIISIETCS COYETAHUEM BOCXOJSIIETO U
HUCXOJISIIIETO CIMOCOO0B, HO TMOCIHEIHUN HMEET NPEeUMYLIECTBEHHOE HCIOIb30BaHUE.
Bocxopsmiee npoekTupoBaHWE HMMEET OrPAaHUYEHHOE NPUMEHEHUE IpH pa3paboTke
MOJCUCTEM C YHU(DUIMPOBAHHBIMU DJJIEMEHTAMH, HAOpHUMEpP, CHUCTEM BKIIOYEHUS
KPUBOILIUIIHBIX TIpeccoB. [Ipu 3TOM MHTyuWIMs pa3pabOTyuKa, MOAKPEIUICHHAsT 00oraTbiM

OIIBITOM PCIICHUA ITPOCKTHBIX 3aaa4, IIO-IIPEIKHEMY OCTACTCS BAXKHBIM CJIaraCMbIM YCIICXaA.

6. TunoBasi MocJ1e10BaTEJIbHOCTb MPOEKTHBIX MPOLETYP

BrpIsBIICHHBIN UTEPALIMOHHBIN XapaKTEP UHKEHEPHOTO ITPOEKTUPOBAHUS ITPUBOIUT K
TOMY, YTO HapsiAy C UCXOAHBIM M OKOHYATEIbHBIM OINUCAHUSIMH OOBEKTa pa3pabOTKU
BO3HUKAIOT €T0 MPOMEKYTOUHBIE OMUCAHUA. JDTH IMPOMEKYTOUHBIE MMPOEKTHBIE PEIICHUS
UCIOJIB3YIOTCS  JUIsl OLIEHKM COOTBETCTBHSI CBOMCTB pa3pabaTbIBaeMoro oObeKTa
napaMmerpam TexHudeckoro 3aganus (T3).

dopManr30BaHHasA COBOKYITHOCTb JEHMCTBUHM, PE3YJIbTATOM KOTOPBIX SIBIISETCS
MOJIyY€HUE TPOEKTHOTO pEIIEHUs, Ha3bIBACTC npoekmHou npoyedypou. llpoexTHas
MPOLEAYpa HA3BIBACTCA MUNOBOU, €CIW OHA NPENHA3HAYEHA [JII HEOAHOKPATHOIO
MPUMEHEHUS TIPU MPOEKTUPOBAHUU OOBEKTOB Pa3NUYHOrO Tura. K TUIOBBIM TIPOEKTHBIM
IpoIlelypaM OTHOCSTCS aHAIM3 U CHHTE3 MIPOSKTUPYEMbIX 00beKTOB (puc. 2) [11].

CuHTEe3 3aKiIlo4yaeTcsi B CO3/IaHUM ONMMCAHMS OOBEKTa, aHAJIU3 — B OINPEICICHUU
CBOMCTB 00BEKTa MO ero omnucanuto. OMHOBApUAHTHBIN aHAIN3 IMO3BOJISIET YCTAHOBUTH
COOTBETCTBME NPHUHATOTO MNPOEKTHOTO  PEIIEHUS  TEXHUYECKUM  TpeOOBaHUSM,

MHOFOBapHaHTHBIﬁ — YJIYUIIHUTb IPOCKTHOC PCHICHHUC IIYTCM Cro HCJICHAIIPABJICHHOI'O



n3MeHeHus. Takoe yayulieHne MOKHO BBIIIOJIHATH 0 MOJY4YEHHUs] pad0TOCIIOCOOHOTO0, UIIH
HaWIy4dlero (ONTUMalIbHOIO), C TOYKU 3pEHUsl IPOEKTUPOBILUKA, BapUaHTa MPOEKTHOTO
pelieHus Tud0 0 TeX MOop, MOKa He MOSIBUTCS yOEXKACHHOCTh B HEBO3MOKHOCTH MOTY4YECHHUS
IPOEKTHOTO pelieHus pu uMeromemcs 13.

Takum 00Opa3oM, MPUHLHUIIBI CHCTEMHOTO MOAXO0Ja K MPOEKTUPOBAHHUIO H3ACIUI
MalIMHOCTPOEHUSI OCHOBAHBI HA B3aMMOCBS3M NPOLEAYP aHAIN3a, ONTUMU3ALMH U CUHTE3a
C SIBHBIM XapaKTEpOM «BJIO)KEHHOCTH». [Ipu 3TOM aHa/n3 B OTIMYME OT APYTHX MPOLEAYP
MIPUCYTCTBYET BCETJa, U MTOATOMY KaK MPOEKTHAs MpoLeaypa sABISETCS OCHOBOM Ipouecca

IMPOCKTUPOBAHUAI.
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7. TexHOI0THH MAPpAMETPUYECKOTO,

IPAMOIro ¥ CMHXPOHHOI'0O MOJACJIUPOBAHUA

CpeactBamMu peanu3aliud TpOLENyp CHUHTE3a M aHalu3a B COBPEMEHHOM
ukeHepHoM mpoektupoBannn sABisiIoTcs CAD/CAE-cucrembl, BXOIAIIME B COCTaB
PacCMOTPEHHBIX OCHOBHBIX KOMIIOHEHT PLM-pemenun, HCIIOJIB3YEMBIX
MaIIMHOCTPOUTENIbHBIMU MPEANpUITUSIME (pucC. 1).

CuHTe3 00BEKTOB MAIIMHOCTPOUTEIHLHOTO MPOU3BOACTBA ocymiecTBisieTcss B CAD-
CUCTEMaxX TBEPJOTEIbHBIM MOJCIUPOBAHUEM HUX JeTalied U COOpPOK, KOTOphIE Jalee
ucnone3ytorcss B CAE-cucTteMax g aHaiv3a IOJYYEHHBIX HPOEKTHBIX PEHICHUMN.
[ToaTOMYy pa3BUTHE TEXHOJOTHWW TBEPAOTEIBHOIO MOJEIMPOBAHUS SIBISETCS MPEIMETOM
MMOCTOSIHHOTO BHUMAaHMsI MHXKEHEPHOro cooliiecTBa, a BeiOop CAD-cuctembl ¢ ToM wiu
MHOM TEXHOJIOTUEN MOJICTUPOBaHUS TPEOYeT NPOyMAaHHOIO MOX0/1a.

Jlo HemaBHEro BpEMEHHM B TBEPAOTEIBHOM MOJEIMPOBAHUU BBIICISAIN JIBE
TEXHOJIOTMH: TapaMETPUYECKOE MOJEIMPOBAHUE C JEPEBOM IIOCTPOEHUS U IPSMOE
MOJEJIUPOBaHUs 0€3 JepeBa NOCTPOCHHUS.

[TapameTprueckoe MOJEIMPOBAHUE C JEPEBOM IIOCTPOCHHS CO3/1a€T MOJEIH B
MOIIArOBOM PEXHUME, KOTOPBI OTOOpa)kaeTcs JAEpEeBOM IOCTPOCHHUSI, OMUCHIBAIOIINM
MO3JIEMEHTHBI COCTaB MOJEIHW B TOCIEIOBATEIbHOCTH BBINOJHEHHBIX OMNEPALIMA.
DJIEMEHThl MOJENIA YIPABISIIOTCS T€OMETPUUYECKUMH CBSI3SIMU U pa3MepaMH, KOTOpbIE
3a/1al0TCSl KaK 3HAYECHUSIMH, TaK U YpPaBHEHUAMH. IJTO OOECIEUMBAET IMPEICKa3yeMOCTh
aBTOMATUYECKUX OOHOBJICHWN MOJENH MPU PEIAKTUPOBAHUU U HAJICKHOCTH COXpPAaHEHUS
MIPOEKTHOTO 3aMblIciia. OHAKO 3TOT BUJI MOJIETUPOBAHUS UMEET U HEJIOCTATKHU:

® [IORJIEMEHTHBIA COCTaB MOJIETM HEOOXOJIMMO TUITAHMPOBATH JUIS 3aKJIAJKA B HEE
rapamMeTpoB, YIPABISIONMINX €€ PEIaKTHPOBAHUEM 110 TPEOYEMBbIM MOKA3aTeNIsIM, HO

XapakTep peAaKTUPOBAHUS HE BCET/Ia yAA€TCs IPEABUJIETD;

® pEIAKTUPOBAHHUE MOJEIIN MPEAIIOJIAraeT MOUCK B JEPEBE NOCTPOEHUS POJAUTEIHCKOTO
(m71s1 TaHHOTO U3MEHEHHMSI) DJIEMEHTA C BBISIBIICHUEM €r0 MapaMeTpoB, MOAJIEHKAIINX
BapbUPOBAHUIO, YTO IPUBOJIUT K 3aMETHBIM 3aTpaTaM BPEMEHH, 0COOCHHO B MOJIEIISIX

C JUIMTEJIBHOU UCTOPUEN IIOCTPOCHUS,



® MOJCNIH TOJCUCTEM O0O0BEKTa, pa3pabOTaHHBIE CMEXHHKAMHA Ha  Pa3HBIX

HepPapXMUYECKUX YPOBHSAX IIPOCKTUPOBAHHMS U YHACICIOBaHHBIE OT paHee

BBITIOJTHCHHBIX TIPOEKTOB, MOTYT OBITh MPEACTABJICHBI B Pa3HBIX (popMaTax, 4To 4acTo

MIPUBOJNT K TIOTEPE JepeBa MOCTPOCHHSI M CBS3EH MEXKTY SJIEMEHTaMH MOJIEIICH Mpr

UX TPAHCJISIITUYU B MMPOEKT pa3paboTyrKa.

[IpssMoe MoOIETMpPOBAaHKWE CO3/aeT TEOMETPUIO OOBEKTa MPOCKTHUPOBaHMS 0e3
WCIIOIb30BaHUsI KOHCTPYKTHUBHBIX DJJIEMEHTOB U IMPAKTUYSCKH HE TMOAACPKUBACT
yIpaBJeHUE MOJIEIBIO MOCPEICTBOM Pa3MEpPOB U TEOMETPUYECKUX CBSI3CH.

Pa3zpaboTka 1 pemakTUpOBaHKUE MOJIEIH OCYIIECCTBIACTCS MPSIMBIM BO3JACHCTBHEM Ha
€e TpaHUYHBIE DJIEMEHTHl C TIOMOIIBIO OMNEpallud  CXKATUSA/BBITSITUBAHUS  JJIs
BBIYMTAHUsI/J00ABICHUSI MaTepUalia U OTNlepalliy MepeMeIeHus rpatHei, pedep U BepIInH ¢
aBTOMATHUYECKON KOPPEKTUPOBKOM mpuiieraroniedt reomerpun. [1OBBIIIIEHUE CIIOKHOCTH
MOJICJId HE OKa3bIBAeT BIIMSHUS Ha MPOU3BOJUTEIBHOCTH CHUCTEMBI, TaK KakK Iepecuer
MOJICIIA TTPOUCXONT TOJBKO B MECTE €€ MOIU(DUKAITUH.

Bricokas CKOpOCTh M THOKOCTH MPSIMOTO MOJICIMPOBAHUS CO3/JAI0T HAWIYYIIIHE
ycinoBusl Il ObICTporo Tmiepebopa pa3iuvHBIX BApPUAHTOB KOHIEMIIUA MOJETH, YTO
oTpeensieT HECOMHEHHBIE JTOCTOMHCTBA 3TOW TEXHOJOTUH TPH KOMIIOHOBKE T€OMETPUHU
00BbeKTa pa3pabOTKu Ha CTAJMU CKHU3HOTO TPOCKTUPOBAHMS.

Hcronp30BaHue TEXHOJIOTHU TIPSIMOTO MOJCIMPOBAHUS TaKKe IPEIOCTABIISCT
pa3pabOTUYMKy BO3MOXHOCTH OBICTPOTO WMIIOPTHPOBAHUS B CBOW MPOEKT TPEXMEPHBIX
reomeTpuii u3 dopmatoB ocHOBHBIX CAD-cucteM, peaoCcTaBICHHBIX CMEKHUKAMHU HIIN
YHaCJICIOBAaHHBIX OT PaHee BBITTOJIHCHHBIX MPOEKTOB, C MallbHEHIEH NX MoauduKaImuei
MOJ1 33/1a4M CUHTE3a-aHalli3a U MOATOTOBKH MPOU3BOJICTBA.

OpHako, WMIOPTUPOBAHUE «UYKHX» TApaMETPUUECKHX MOJCICH B CHCTEMY
MPSIMOTO MOJISTTUPOBAHMSI MOXKET MPUBECTH K PA3pPYIICHUIO UX MPOEKTHOTO 3aMbIC/Ia, TaK
KaK paHee CO3JaHHbBIC DJIEMEHTHI MPU MOCISAYIONEM PEeIaKTUPOBAHUHA METOJIOM MPSIMOTO
MOJICIIUPOBAHUS TAK)KE OKa3bIBAIOTCS N3MCHECHHBIMH.

Kpome Toro, oTcyTcTBHE TapaMeTpu3aIiii B IPSIMOM MOJICTUPOBAHUH CTAHOBUTCS

HEJJOCTATKOM ATOM TEXHOJOTUU MPU HEOOXOJUMOCTH CTPOTOTO OMUCAHUSA CTPYKTYpPbI



MOJIENI C TOYHBIM Pa3MEpPHBIM KOHTPOJIEM, UTO SIBJIETCS MPHUBBIUHBIM TPEOOBAHUEM Ha
3aBEPILAIOIIEM dTalle MPOSKTUPOBAHUS U3JEIHI MAIIMHOCTPOUTEIHLHOTO MPOU3BO/JICTBA.

Mo>kHO 1 BRIOpATh OJHY M3 PACCMOTPEHHBIX TEXHOJIOTHI W OTBEPTHYTH APYTYIO?
Koneuno, net. PanionansHee UCMOIB30BaTh JOCTOMHCTBA KaX A0 U3 HUX BCTpauBaHUEM
BO3MOKHOCTEH MPSMOT0 MOJACIUPOBAHUS B TapaMeTpuueckyto cpeay. [Ipumepom Takoro
MO/IX0/1a SBJISIETCS CHHXPOHHASI TEXHOJIOTHS MOJEIMPOBaHUS, pa3paboTaHHAs HAa OCHOBE
reoMmerpuueckoro sjpa Parasolid um nHabopa BapumanmonHsix periarencii D-Cubed,
peaymzoBanHas B mpoaykrax Solid Edge u NX kommanuu Siemens PLM Software.

TexHONorus CUHXPOHHOTO MOJIETUPOBaHUS I(P(HEKTUBHO COYETAET CKOPOCTh H
MPOCTOTY TMPSMOTO MOJCIMPOBAHUS C TOYHOCTHIO YIPaBJICHUS, XapaKTepHOU s
apaMeTPUIECKOTO MOICTUPOBAHMS. ITa TEXHOJIOTHSI UCIIOJIb3YET MPSIMOE MOJETHPOBAHNE
JUTSI BBITIOJTHEHMSI TIPOCTHIX OTIEpAlMi TUTIA TIEPEMEICHUS UM TOBOPOTA TpaHel MOJIENH,
BO3MOYKHOCTH TTapaMETPUIECKOTO MOJICIMPOBAHUS I PaOOTHI ¢ TEOMETPUIECKH Oosee
CIIOKHBIMH KOHCTPYKTHBHBIMH 3JIEMCHTAMH, a Tak)KE€ TOYHBINH pa3MEpHBIA KOHTPOJb 3a
MOBEJICHUEM MOJIENU TTOCPEICTBOM YIPABIISIONIMX PAa3MEPOB U T€OMETPUUECKUX CBSI3EH.

Kommanust Siemens PLM Software oOpaimaer BHUMaHH€ MalIMHOCTPOUTENbHBIX
NPEANPUATAA HA CIEAYIONINE JOCTOMHCTBA CHHXPOHHOW TEXHOJOTUH MOCIMPOBAHUS
[12]:

— OBICTpPOE CO3/IaHKE MTPOCKTOB MIPH MOJCITHPOBAHUN O€3 NCTOPHUH TTOCTPOCHUIA;

— OBICTpOE BHECEHUE M3MEHEHUH Ha IMO3JHEHW CTaJuM MPOCKTUPOBAHMS MPOCTHIM
OOHOBJICHEM Pa3MEPOB WJIU CXKATHEM/BBITATUBAHUEM DJIEMEHTOB T€OMEeTpUH 0€3 mpoliemM
C IEPECTPOCHUEM U TPYIOEMKHUX TOPaOOTOK;

— M3MEHEHue UMIOpTUpoBaHHbIX U3 pazHbix CAD-cucrem 3D ganHbIX B popMmar
JTOKYMEHTOB COOCTBEHHOTO TIPOEKTa C BO3MOYKHOCTHIO HX MOAU(UKAIIHH;

— OJIHOBPEMEHHOE WM3MEHECHHE HECKOJbKUX JeTajeil B cOOpKe MpOCThIM UX
BBIZICIICHHEM M ITepETaCKUBAaHUEM 0€3 PeIaKTUPOBAHUS HCTOPUH MTOCTPOCHHIA;

— TMOATOTOBKAa MOJENeH naeTtajiel M CcOOpPOK K aHalu3y METOJIOM KOHEUHBIX
AJIEMEHTOB JUIsl KOJIMYECTBEHHOW W KA4YeCTBEHHOW OICHKM WX  HaNPsSHKEHHO-
ne(OpPMHPOBAHHOTO COCTOSHUAS B paMKaxX INPOCKTHBIX TMPOIEAYyp aHajan3a OO0BbeKTa

MPOEKTUPOBAHMSL.



8. TexHoJI0rMH COBMeLleHUsI MPOLEAYP CHHTE3a U aHAJIN3a

B IPOEKTUPOBAHUM 00bEKTOB MAIIIMHOCTPOUTEIHHOI0 MIPOU3BO/ICTBA

MarmmHoCTpoUTENbHBIE MPEANPUATHS Poccuu MHUPOKO NCHIONIB3YIOT TEXHOJIOTHIO
CHHXPOHHOTO MOJETHpoBaHus, peann3oBanHyto B cucreMax NX u Solid Edge, kotopsie
o0ecreunBarOT KOMIIEKCHOE PEIICHUE 3a]]a4 CHHTE3a U aHAlIn3a TEXHUYECKUX 00bEKTOB
B €IMHOM MPOEKTHO-PACUETHOM CpeJie C BO3MOKHOCThIO BapbUPOBaHUsI (POPMOH,
pasMepaMu U MaTepuajgaMH UX 3JIEMEHTOB, BUJIOM U BEJIMUMHON MPUIOKEHHBIX HAIPYy30K,
U XapaKTepOM OIpaHUYEHUN JBUKEHMUS.

PaccMoTpuM KOMIUTIEKCHYIO 3a1a4y MojeaupoBanus B cucreme Solid Edge kopmyca
AIIEKTPOMArHUTHOTO 3aXBaTa JJIsi IPOMBIIIIEHHOTO POOOTa JIUCTOMITAMIOBOYHOTO
KOMIUIEKCa 000pYyI0BaHMsI ¢ KOHEYHO-3JIEMEHTHBIM aHAIN30M pa3paboTaHHON
KOHCTpYyK1uu B npuiioxenuu Solid Edge Simulation.

HcxoauapIMy TaHHBIMH JIJIS1 PEIICHHUS 33/1a4U ABIISIOTCS ICKU3 KOpITyca 3axBaTa (puc.
8.1) m pa3mepbl ero 3J1eMEHTOB, ykazaHHbIX B TaOn. 8.1. Uznmenue «Kopmyc 3axBaray
ABJISIETCS] CBAPHOM KOHCTPYKIUH, cocTosmen u3 neranent «Llanra», «Croitka» u «O0oitmay.
[lanra obecrieunBaeT yCTaHOBKY U (PUKCAIUIO XOMYTOM (HE MOKa3aH) KopIyca 3axBara Ha
nanblle PyKHd MPOMBIIIIEHHOTO poOoTta. B o00oiiMe C MOMOIIBIO CTSDKHOTO BHHTA

3aKpEIIETCS DJEKTPOMArHuT (He MOKa3aH).

Tab6mauia 8.1.

Pazmep DJIEMEHT

d,L | muameTp M JJIMHA CTOHKH

do JTMaMeTp OTBEPCTUH B IAHTE M 000HME IO CTOMKY U BUHT

d2,a | mmamerp W JUIMHA AHTH

dl,b | amamerp u JIMHA OTBEPCTHS B IIAHTe MO IITHIPh PYKH poOoTa

p, h, d3 | mupuHa, nMHA ¥ JUAMETP OTBEPCTHS MA30B AHTH U 000HMBI

D1, D2 | nuameTpsl Hapy>KHOU TpaHU 0OOWMBI U TIOCAIKH dJICKTPOMArHuTa

A, B, H | pa3mepsI B ru1ane U BbICOTa 000MMBI

Mo, lo | namameTp pe3bObI CTAKHOTO BUHTA U OTCTYII €0 OTBEPCTHS B 000MMe
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Puc. 8.1. Kopmyc 35eKTpoMarHuTHOTO 3axBaTa MPOMBIIIUIEHHOTO poOoTa
Pemenuie 3a1aum BBIMIOJIHAETCS B CIEAYIOIIEH MOCIEA0BATEIBHOCTH.
1. TBepaoTenbHOE MOJEIUPOBaHUE JeTajel u COOpKHU KOpITyca 3axBaTa.
2. IlocTaHoBKa 3a/1a4ll KOHEYHO-3JIEMEHTHOTO aHaJIN3a KOpIlyca 3axBara.
3. O0paboTka pe3yabTaToB U (GOPMYJIUPOBAHKUE BHIBOJOB.

8.1. MonenupoBanue netaneit u cCOOpKH KOpIryca 3axBara

33HVCK IMPOCKTOB TPECX z[eTaneﬁ N CTAKHOI'O BUHTA BBIIIOJHACTCA B CPECAC:

5 ECKA mm [eTtanb



HacTpoiiky IpOEKTOB BBINOJHSIIOTCS aHAJIOTMYHO ONKUCAHUIO B II. 3.1:

® 3aMeHsEeTCsA Ha OOBIYHYIO Cpelly IPEIIOKEHHAs 10 YMOJIYaHUIO CUHXPOHHAs cpea

MOJIETN — MepeiiTn B 0bbIUHYIO Cpealy

e BBHIOMPAIOTCSA MapKHU U CBOMCTBA MaTepuaioB [13] mis aetaneit B Tabnuie
MaTepuaioB ¢ yuetoM ux HazHadeHus: amoMuanii AK6 'OCT 4784-97 nns manrw,
00ouMel U cToiiky 1 ctanb 10 'OCT 10702-78 nj1s cTSKHOTO BUHTA.

Monens 1anru (puc. 8.2) co3maeTcs MOCTPOSHUEM CIIEIYIONINX JIEMEHTOB:

1. KpyroBoro BBICTyNa C ABYXCTYNEHYATHIM Mpoduiem, oOpa3yoM HapyKHYIO
rpaHb IaHTU AuaMeTpoM 2 W JUIMHOM @, oCcaJ0YHOe OTBEPCTHE IO Majell pyKH poOoTa
auametpoM 01 m mmHOW D M orBepcTHe amameTpom do IS CONMPSHKEHUS CO CTOHKOM
3axBara U Mocjienyromel ux ceapkoi (puc. 8.2a);

2. TMHEHHOTO BhIpe3a (puc. 8.20) MHUPUHOHN p ¥ JUIMHOW N ¢ UITHHIPHYECKON YaCThIO
pasrpy3KkH yriioB quaMmeTpoM 03, oOpa3yrolero BepTHKAIbHBIN a3 1 GUKcaui 000HMBI

Ha Majblle PyKH MPOMBIIIJIEHHOTO po60Ta XoMyTOM (Ha puc. 8.1 He moka3aH).

Puc. 8.2. MonenupoBanue 1anru

Monenb 060tiMBI (puc. 6.3) co3aaeTcs MOCTPOCHUEM CIICAYIOIINX 3JICMEHTOB:

1. cuMMeTpUYHOTO OTHOCUTENBHO MIOCKOCTH XY BBICTYIA BbhicoTOM H (puc. 6.3a) ¢
3KUMHBIM (TIEpEeIHUM) M MOHT@XHBIM (3aJHUM) TMpUIMBaMH ¢ pasMepamu 4 u B,
[IEHTPAIBHON KOJIBIIEBOM YacThio ¢ nuameTpamu D1 u D2 niist ycTaHOBKY 3JIEKTpOMarHuTa
Y 11a30M IIUPHUHOHN p U JumHOM h ¢ orBepcTreM auamerpom d3 B 3a)KMMHOM MPHUIIMBE JIJIS

3aTAKKHU OJICKTPOMAIrHUTA B KOPITYCC 3aXBaTa,



2. TIPOCTOTO OTBEPCTUS B MPABOM YacTH 3aKMMHOIO MPHJIMBA C JuaMeTpoMm 40 u
cMmetenneM lo ot kpast npunusa (puc. 8.30);

3. pe3b00BOr0 OTBEPCTHS B JIEBOM YaCTH 32)KMMHOTO MPUJIMBA C METPUUECKOHN pe3b0oii
Mo n cmemenneM lo ot kpast npunuBa (puc. 8.3B);

4. 0oCceBOro OTBEpCTHS TUaMETpoM Op B MOHTaXHOM mpwiuBe (puc. 8.3r) s

COIPSDKEHUS CO CTOMKOM 3aXBaTa C MOCIEAYIOMIEN X CBAPKOM.

Puc. 8.3. MonenupoBaHue 000MMBI

Monensb ctoiiku (puc. 8.4) co3maeTcsi MOCTPOSHUEM CIICIYIOIIUX IEMEHTOB:

e IWJIMHIPHYECKOTO BBICTyma auameTrpoM 0o u mumHOM 20 MM compsraeMoit ¢
o0oiiMoit yactu cToiiku (puc. 8.4a);

® IWJIUHIPHYECKOTO BBICTyNA AuaMeTpoM d u amuHOM L cpemHeit yacTu cToMKH (pHc.
8.40);

® IWIMHIPHYECKOTO BhICTyMA auaMeTpoM Uo ¥ JtrHOM 20 MM COpsiraeMoi ¢ IIaHrou
94acTH CTOUKH (puc. 8.4B).

Monens BunTa (pHc. 8.5) co3zgaercs mo 'OCT 1491-80 ¢ pe3nboii Mo mocTpoeHreM

CIEAYIOIIUX 3JIEMEHTOB [3]:



e IWIMHIpPA TOJOBKU BUHTA C KPYIIIBIM npodwieM (puc. 8.5a), muamMeTp U BBICOTA
KOTOPOTO COOTBETCTBYIOT 3aJJaHHOMY pa3Mepy pe3bonl Mo;

e IMWIMHJApPA TeJla BUHTA C KPYyriaeiM mpoduieMm (puc. 8.50), auameTp KOTOPOro
COOTBETCTBYET 3aJlaHHOMY pa3Mmepy pe3rosl Mo, a jqimHa paBHa mmUpuHE A
3KMMHOT0 NMPUJIMBa 000HMBI 3aXBaTa;

e yyacTka pe3b0bl Mo (puc. 8.58) ¢ 1MHOMN, paBHOM MOJIOBUHE IITUPUHBI A 3a)KUMHOTO
puiIrBa 00OMBI 3aXBaTa.

e BbIpE3a HA rOJIOBKE BUHTA (pHC. 8.5T) ¢ MIMPUHOI U TITyOMHON, COOTBETCTBYIOIIUMHU

3alaHHOMY pa3Mepy pe3bobl Mo.

0) B)

Puc. 8.5. MonenupoBanre BUHTa

Monens c6opku kopmyca 3axBarta (puc. 8.6) cozmaeTcst o pa3paboTaHHBIM MOEIISAM

AJIEMEHTOB €r0 KOHCTPYKIIMH B CpeJie:

[a] ECK/[ MM CeapHas fgetanb |



Puc. 8.6. Monens cOopku 3axBaTa

[Ipu 3TOM /1Ba CBapHBIX 1IBA COEIUHEHHS CTOMKH ¢ 000MMOM U HAHT O MOJEIIMPYETCS
MHCTpYMEHTOM «CBapHOi OB» U3 rpymiibl «Onepanuu B cBapHO# cOopke». KaTeTsl 1BOB
INPUHUMAIOTCS. PaBHOM BBICOTHI 2 MM. ATpuUOyTHI CBapHbIX MIBOB NpuHuMarorcs no 'OCT
5264-80 nns py4HOM IyroBOM CBapkd O3 CKOoca KPOMOK JeTaled I YTJIOBOTO
OJIHOCTOPOHHETO COEMHEHMS 110 3aMKHYTOM JIMHUMU:

D MOCT 5264-80 - ¥4 - %FWE
&

8.2. IlocTanoBKa 3aa4il KOHEYHO-3JIEMEHTHOTO aHaJi3a KOpITyca 3aXBara

ITocraHoBKa 3agauyM KOHEYHO-3JIEMEHTHOI'O aHaju3a 3axBaTa BBIIOJHACTCS B
CIEAYIOIIEM MTOPSAKE.
Kunonkon = «AxTUBU3UPOBaATH» B cpenctBax HaBuratopa cOOpKU aKTUBU3UPYIOTCSA

BCE€ 3JIEMEHThI KOHCTPYKIMH KOPITyca 3aXBarta.

Kuomnkoin gﬁ «Co3gaTe aHamM3» 3allyCKaeTcs 3ajJada CUMYJAILUU B PEXKUME

«JIMHEWHBIN CTATUYECKUI» C TUIIOM CETKH « TeTpasapanpHasy:

Twun aHanuza:
|J'IL-1HEF1H|:.|F1 CTaTU4ECKMA - | —
JaKpeiTs

Twn cemou:

| TeTpazgpansHan - | | MNapameTpel =




Knomnkoi Q‘ «Ol'[pe,HCJII/ITB» BI)I6I/IpaCTCﬂ reoMeTpusa AJIsd aHalIn3a YKa3aHHMEM BCCX

9JIEMEHTOB KOHCTPYKIIMHM 00beKTa MojaeaupoBanus (puc. 8.7).

Puc. 8.7. BoiGop reoMeTpuu i aHaIu3a

&~
9 e o )
Knonkoit *  «Cuma» co3maeTcss Harpy3ka Ha BepxHed (OmopHOM juis
BJIGKTpOMaTHHTa) I'paHHd KOpIIyCa 3axBaTa C BaI[aHHOﬁ BEJIMUMHOM F, KOTOpasd 3a1acTCA B

OKHE 3ampoca 3HA4YE€HHsI Harpy3KH C y4eTOM pPa3MEpPHOCTH, IPEIIaraéMod CUMYJISTOPOM

(puc. 8.8).

Kuomnkon Qz «3adukcupoBaTh BCE IIECTh CTENEHEW CBOOOIB» CO3/1aeTCs

OrpaHUYCHUE JIBUKCHUS HA BHYTPEHHEH MOCaJOYHON MOJIOCTH IIaHTH 3axBara (puc. 8.8).

3HaveHue:

Puc. 8.8. Co3nanue Harpy3Ku U OTpaHUYCHUS] IBHKCHUM

3k
Kuonkoi 49 «ABroMaTH4ecKn» MPOM3BOAUTCSA IMEPEXO] K BHIOOPY COEIMHEHUI

KOHTAaKTHBIX I‘p&HCﬁ neTanefI KOopimycCa 3axBaTa B MECTax HX B3aMMHOI'O COIPSXKCHHUA U



IMOATBCPIKAACTCA BBIITOJTHECHHBIN BBI60p B anI/I6YTaX KOMaHJbl HaAXXaTUEM KHOIIKKU

raJO4yKoM Ha 3€JICHOM (1)0He:

ﬁhu ‘ [Exne#lna v] PaccToRnue nowcka: 0,16 rama @| ll l % l l Im l

HpOBepﬂeTC}I CIIMCOK BBISABJICHHBIX COHpH}KeHI/II\/'I B OKHC «PCBYHLTB.TBI»

aj =]

: "CrnnowHoi woe 1, 3m-3axeat_ctolika.par1”

s "CnnowHol wee 1, 3m-3axeat_obolima.par1”
x - x

"CnnowHoi woe 1, 3m-3axeat_uadra.par: |

: "CnnowHoi woe 1, 3m-3axeat_ctolika.par1”

: "3m-33xEaT_uaHra.parl, 3m-3axeat_ctolfika.parl”

[= B B - FE R

: "3m-3axeaT_cTofka.par ], 3m-3axeat_obodma.parl”

: "3m-3axeat_oBoima.par], Bunt AMBE-6gx28-58 MOCT1491-80
< >

b |

Cospate KOHTEKTEl || 38KPBITE

H B ClIy4dac €0 KOPPCKTHOCTHU HAKUMACTCA KHOIIKA ((CO3I[aTB KOHTAKTBI» AJI1 HAJIOKCHUA

CBsI3eH MEXIY JeTasIMU KopIiyca 3axBara (puc. 8.9).

Knormkoi 2 «CeTka» OTKpBIBaeTCs OKHO ee aTpuOyToB (puc. 8.10a), B koTopoMm
BBIOMpAETCS pa3Mep CETKH, 3a/1aeTCs €€ BU3yalu3allis U 3aITyCKaeTCsl MPoIece ee

co3nanus HaxaTueMm kHonku «Cetkay (puc. 8.100).

Puc. 8.9. Co3znanne KOHTAKTOB JJIs CONPSATaeMbIX AeTajeil 3axBara



Ja0aTE pasMep CeTHN; 1,32 rara

1 - Moo

OpiH pasMep CETKK ANA KOMNOHEHTOE

| MNokazate ceTy NpKM SaKpeITK OKHE

Cema | |Cemawpememe | | [NapameTpel. .. | a)

0)

Puc. 8.10. Bribop pasmepa ceTku (a) u pe3yabTaT ee co3maanusi (0)

Knonkon @ «PemmuTe» 3amyckaercs pelmeHue 3adaud KOHEYHO-DJIEMEHTHOIO

aHaJM3a KopIyca 3axBara.
8.3. O6paboTka pe3ynbTaToB U POPMYTUPOBAHNE BHIBOJOB

PesynbraTom pemeHus 3amadyd KOHEYHO-RJIEMEHTHOTO aHajn3a KopIyca 3axBaTa
SIBJISTFOTCST MOJICNTH pacrpeencHus Hanpsokennid (puc. 8.11) u nedopmanmii (puc. 8.12) B
€ro KOHCTPYKIMH. DTHU MOJIEIH MO3BOJISIOT HE TOJIHKO BU3YAIIbHO OMPEICTUTh HATMYUE U
JOKaJIM3allii0  MECT  KOHIIGHTpAIlMd  HANpsDKCHWH B KOHCTPYKIMH  OOBEKTa
MIPOCKTUPOBAHMSI, HO M MPOBECTH KOJMYECTBEHHO OIEHKY HANpsDKeHH u nedopmariuii B

y3JIaX CO3JaHHOM ISl HErO KOHEYHO-3JIEMEHTHOM CETKH.

[Tocnenuss 3agava pemiaeTcsi HHCTPYMEHTOM E{ «IIpoGa», ¢ MOMOIIbIO KOTOPOTO
OTIPEIEISIOTCS CIAEAYIONINE XapaKTEPUCTHKH.

1. HampspkeHue B CTOMKE B MECTE€ COCIMHEHHMS C IIAHTOM 3axBaTa, KOTOpOE B
npecTaBIeHHOM Ha puc. 8.13 npumepe paBHo 0=5,75 MIla B y3ne ¢ koopauHatamu X=0

MM, Y=169 mMm u Z=7,5 Mm.
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Puc. 8.11. Pacnipenenenre HanpsoKEHUN B MOJIENIA COOPKH 3aXBaTa

0.166
0.152
0138 -
0124
0111

00529
0.0691 -
0.0553
0.0415
0.0276
0.0138

Puc. 8.12. Pacnipenenenue nedopmarinii B Moaen COOPKH 3axBaTa

2. IlepemernieHusi BEpXHUX TOPU3OHTAIBHBIX pedEp 3aKUMHOTO M MOHTAKHOTO

MPWJIMBOB 000MMBI 3aXBaTa, KOTOPbHIE B IpuMepe Ha puc. 8.14 paBHbI:
e 01=0,0653 mm (B y3ie ¢ koopauHaTtamu X1=0 MM, Y1=55 MM u Z;=10 mm);

o 0,=0,166 mMm (B y31e ¢ KoopauHatamu Xo= —5 MM, Y2= =55 MM u Z,=10 mm).



Yaea = 10.169.75] nn
Junuenue = 575 Milo 5 68
Negopnouns = -2 72e-06-0.0007-0.0006721 nn

401 S
B TaBauuya npoBHen: 3Ha4EHWA Xl 334 -
NoKasate NepemMelleHne 267

e IHAYEHKA [, | X [Mm] ¥ (M) Z (M) 2
1 | 575 ] 169 7.5 138

< * o668

131e-06

Puc. 8.13. OnpeneneHune HanpsH>KEHUN B y3J1aX MOJICTH 3aXBaTa

Yaen = |-5-55101 nn
Funyesue = 0166 nn
Negpopnonws = 1000019000922 -0 1661 nn

. R
152

0138 -
0124

0111 -
0.097 -

Yaen = -1.3e-14.55.101 nn
Jnnienue = 00653 nn
Nepopnnnus = 12 92e-05-0.0089% -0.064H nn

0.0829
B Taénuua npoBHelx SHaYEH M X 00691 -
MokasaTs nepemMelleHme 0.0553

ME IHAYEHKA | X (Mm) ¥ [rm) Z(mm) ™ 0.0515

1 | 0,0653 -1,3e-14 155 10 0.0276
2 0166 -5 -35 10
, Y | o013
< >
0

Puc. 8.14. Onpenenenue neopmaruii B y3iaax MOJEIH 3aXBaTa

PesynbraThl ¥ BBIBOIBI (110 TipuMepaM Ha puc. 8.13, 8.14):

1. Haubosiee HArpy>KEHHBIM AJIEMEHTOM KOHCTPYKIIMU 3axBaTa SIBJISICTCS CTOWKa B
00J1acTH €€ COeIUHEHMS C LIAHTOM.
2. MaKCHMaJIbHOE HaIpsKeHHe B cTolike mocturaet 8,02 MIla u Bo3HHKaeT B 001acTH

PacIoJIOKEHHUs] CBAPHOTO 111Ba, COSANHSIONIETO CTOMKY C IIAHTOM.



3. MakcumanbHas ympyras aedopmanus gocturaer 0,=0,166 MM Ha Bceil aIMHE
BEpXHEro pedpa 3aXUMHOrO NpwiIMBa OOOWMBI 3axBaTa B Yy3jJax c abciuccaMu
—Al2< X <+A/2, opmunaramu Y= —55 mm u anumrkaramu Z= 10 M.

4. MakCUMAaJIbHBIN MepeKoc 00OMMBI 3aXBaTa IO Harpy3Kou B YIJIOBOM M3MEpPEHUU

paBeH

B =arctg % =0 _ arctg 0,166-0,0653 _ —0,05°,
Y, Y, 55— (155)
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