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BBEJAEHUE

[IpoexkTrpoBaHue €CTh CIOXKHBIN crielupUIecKuil BUJ TBOPUECKOHN JIEATEIb-
HOCTH, B KOTOPOI COUETAOTCA UCKYCCTBO, HAYKa U MaTEMAaTHKA.

['maBHasg TpyJHOCTh MPOEKTUPOBAHUS 3aKJIKOYAETCA B TOM, YTO MPOEKTHPOB-
MK Ha OCHOBAaHUM COBPEMEHHBIX JIaHHBIX JOJIKEH MPOTHO3UPOBATH HEKOTOPOE OY-
JYIIEe COCTOSIHUE, KOTOPOE BO3HUKHET TOJIBKO B TOM CJIy4ae, €CJIU €ro MPOTHO3bI
BEpHbl. B mporecce MpOEKTHPOBAHUS W KOHCTPYHPOBAHUS WHXKEHEP AOJIKEH
HaIJITHO U300pa3uTh HEUTO, YTO MPEAMETHO €I1I€ HE CYIIECTBYET, a SIBJISIETCS JIUIIb
MPOJYKTOM €r0 YMCTBEHHOH AESATEIbHOCTU. DTO U €CTh TBOPUECKAsl MHKECHEpPHAs
3a/a4a B 00JaCTU TEXHUKU. J[pyrumMu ciioBamu, MPOEKTHO-KOHCTPYKTOPCKUM TIPO-
L[ECC TBOPUYECKH OIpEAeIIIeT Oyayliee TEXHUYECKOE CPEICTBO.

B ocHOBe TBOpUECKON MHKEHEPHOH ESITEILHOCTH HEOOXOAUMO UCXOAUTH U3
TUATICKTUIECKON (POPMBI B3aMMOCBSI3H, TIPEK/IE BCETO MPUIMHHOCTA — CBSI3U MIPH-
YUHBl U TOCJIEAYIOIIETro AeicTBUs. Bo3MOXHBIMU SBIAIOTCA Bce AeiicTBus. Ho
JIMIIH T€ BO3MOKHOCTHU OyIyT peain30BaHbl, 1Ji1 KOTOPBIX CO3/1aHbl YCIOBHS U UME-
I0TCSI OOBEKTHUBHBIE TIPEITOCHLIKH.

TpyaHOCTh MPOEKTUPOBAHUSI TEXHUYECKUX CHCTEM 3aKIII04aeTcs B HEOOXO-
JUMOCTH y4deTa OOJBIIOro YHCIa COIMAIbHBIX, HAYYHO-TEXHUYECKUX, TTPOU3BOJI-
CTBEHHBIX U JPYTUX (PaKTOpOB.

KoHcTpyrpoBanue MalivH sBIs€TCS 00JaCThI0 MHXEHEPHOM JIeATeTbHOCTH,
HanOoJIee CI0KHOM 11 aBTOMaTu3aiuu. Pa3padboTka Teopun 1 METOA0B aBTOMATHU-
3aIlud KOHCTPYUPOBAHUSI HAXOJUTCS €Ie B HAayaJdbHOM CTaauu. ABTOMATU3UPO-
BaHbI TJIABHBIM 00pa3oM pa3IuyHbIC€ BBIYMCIUTEIBHBIC OINEpAIlMH, CBS3aHHBIE C
KOHCTPYHPOBaHUEM. 3aa4eil aBTOMAaTU3ALMK TPOCKTUPOBAHMS SIBIIAETCS CO3JaHUE
KOMIUIEKCHBIX aBTOMATHU3UPOBAHHBIX CUCTEM MOATOTOBKH MPOW3BOACTBA B MAIIIU-
HOCTPOEHUH, BBIMOJHSIOIIUX KPOME pacyeTa BbIOOp HauboJiee paluoOHAIbHbBIX TEX-
HOJIOTUYECKUX U KOHCTPYKTOPCKHUX PEIICHUH, KOMIIOHOBKY MAIlIMH U3 COCTABJISIO-
IIMX UX DJIEMEHTOB, MOAOOP ATUX IJIEMEHTOB, TEXHOJIOTMYECKOE MPOCKTUPOBAHUE,
BbIJIaYy MPOEKTHOUN TOKYMEHTALMU B TOTOBOM BHJIE U T. II.

3AJAYN ABTOMATU3BALINUA ITPOLUECCA ITPOEKTUPOBAHUSA

Jlns onpeneneHus 3aaa4 aBTOMaTH3alUK IPOEKTHO-KOHCTPYKTOPCKOTO TPO-
1[ecca pacCMOTPUM MPOLEHTHOE COOTHOIICHUE PA3TUYHBIX MPOEKTHBIX MPOLIEAYP.

Cratuctuueckoe o0ciie10BaHue psijia 00MEMATHHOCTPOUTENBHBIX U CTAHKO-
CTPOUTENILHBIX MPEANPUATUN MOKa3bIiBaeT (Taba. 1), 4To B MpSIMBIX 3aTpaTax Bpe-
MEHHU, KOTOPbI€ HEMOCPEACTBEHHO CIYXaT MPOLECCY KOHCTPYUPOBAHUS, YEPTEK-
HbIe paboThl cocTaBisitoT 6osee 30 %, B TO BpeMs Kak TBOPUYECKHUE AJIEMEHTHI MIPO-
EKTHBIX paboT — ToJIbKO 15 %. J[0s1 BRIUMCIUTENBHBIX Pa0OT MO CPABHEHUIO C
MPOCKTHBIMU U YEPTEKHBIMU pabOTaMU B MIPOLICHTHOM OTHOIIEHUU JOBOJILHO HE-
3HauMuTeNbHA. OCTalIbHbIC, TaK HA3bIBAEMbIE KOCBEHHBIE MTPOCKTHBIC PA0OTHI, 3aHHU-
MaloIKue MPUMEPHO OJHY TPETh OOIIEr0 BPEeMEHU Ha KOHCTPYHPOBAHUE, MOTYT
OBITh B OCHOBHOM OXapaKTepU30BaHbI KaK «PYTUHHBIC» ITAlbl, KOTOPHIC MO Bpe-
MEHHBIM 3aTpaTaM MPUMEPHO PAaBHOLICHHBI.

Pacnipenenenrie oTaenbHBIX BUOB pabOT B paze MPOCKTUPOBAHHUS TPUBE-
JIeHO B Ta0J. 2.



Pe3ynbTaThl mpeAcTaBiIeHHBIX OOCIIEIOBAHUN OTUETIMBO MOKA3BIBAIOT, UTO
Ha «PYTUHHBIE» MPOLEYPbl IPUXOAUTCS OOJbIIas A0Js BPEMEHHBIX 3aTpat B MPO-
1ecce MPOSKTUPOBAHUS, IPUYEM JACTAIUPOBKA U B TaIbHEUIIIEM OCTACTCSl «PYTHUH-
HOI» paboTON HE3aBUCHUMO OT BHJIa U OPTaHU3AIMU POSKTUPOBAHUS [TOUYTH Ha BCEX
NPEANPUATUIX MAITMHOCTPOeHUS. [[09TOMY MepBbIM HapaBiICHUEM pallMOHATIN3a-
[[MU MpoIlecca MPOESKTUPOBAHUS OBLIIO CTPEMIICHHE aBTOMATU3UPOBATH «PYTUHHBIC»
ATamnbl C MOMOIIBIO CPEICTB BBIYMCIUTENbHOW TeXHUKHU. Ha ceromHsmHuii 1eHb
HanOOJIBIITNE YCIIEXH JOCTUTHYTHI IPU aBTOMATU3AIMH PACUETOB U pa3paboTKe pas-
JUYHOTO BHJIa TEKCTOBOW M TAOJMYHOM TOKYMEHTAIMH, B TIONCKE aHAJIOTOB MAIIIUH
u neranei. JIo KoHIa He pellieH, U3-3a CYIIECTBEHHBIX TPYAHOCTEH, BOIPOC 00 aB-
TOMATHU3AINH YE€PTSIKHO-Tparaeckux pador.
1. CooTHOIIEHHE MY MPOLEAYPAMH NPOLECCa KOHCTPYMPOBAHUS

Bpems
Bun npouienypsi OTJIEIBHBIX Bu satpar
< o BpEMEHU
onepanuii, %
IIpoekTupoBanue 15
Pacuetsl 4
BoruepunBanue 33 [Tpsmoit
[Ipourie paboThI 10
Cocrapnenue crieuudukanui 5
KonTpons ueprexeit 6
[Touck moBTOpSIFOIIMXCA J€TaIeH 2
CocraBneHue ONnuCcaHui 12 KocBenHnbiii
[IpenaBaputenbHOE HOPMUPOBAHUE 3
[Touck aHanoroB mpoekTa 1
[lepenucka 3
[Tpoune paboThI 6

2. PacnipeniesieHue BIHI0B Pa00T HA OCHOBHBIX 3TANaX KOHCTPYMPOBAHMS

3arpaThl BpeMEHH Ha dTarax pa3padboTku, %
Bun mpouenypsi >
oO11ero Buaa y3JI0B neTanei
[IpoekTrpoBanue 6 25 5
Pacuetsl 2 3 3
BrluepunBanue 8 23 25

HakoruieHHBII OMBIT MOKa3hIBACT, YTO aBTOMATH3AIUS MPOCKTUPOBAHUS —
3TO 00s1acTh A PekTUBHOTO Ucmoab3oBaHuss IBM. Ho B To ke Bpemsi CTaHOBUTCS
SICHBIM, YTO TJIAaBHOE HAMPABJICHUE 3/I6Ch — HE aBTOMATH3aIMs OTACIIBHBIX 3TAIlOB
MIPOCKTUPOBAHMUSI, HE AITOPUTMBI HH)KCHEPHBIX PacueTOB, a 3aBsi3Ka IMPOCKTa, KOraa
TOJIBKO TIPOPUCOBBIBAIOTCS KOHTYPBI OyAyIel KOHCTPYKITUH, KOTOpast TO/HKHA OT-
BEUYaTh UCXOJHBIM 3aMbICiIaM. TaKoOW MOJXO0/] OCHOBBIBACTCS Ha CTPEMJICHHUH OCY-
IIECTBUTH OCHOBHYIO 33]1a4y — MOBBICUTH Ka4€CTBO MPUHUMAEMBIX ITPOCKTHBIX Pe-
IICHUH 3a CYET MPUMEHEHHUsI, METOIOB ONITUMAIILHOTO TTPOCKTUPOBAHMSI.



ABTOMAaTH3AIM KE «PYTHHHBIX) ONEPaLUi 0CBOO0XKIaeT KOHCTPYKTOPA AJIst
TBOPYECKOH AESATENIBHOCTH U MOBBIIIAET MPOU3BOAUTEIBLHOCTD MPOLIECCA MPOEKTH-
poBaHMs Ha 0(OPMUTENBCKUX dTanax padboT. OHAKO aBTOMATHU3AlMsI TOJIBKO OT-
JIEJIbHBIX ONepaluii, HAIPUMED, 3a CUET BBEJACHUS YEPTEHKHBIX ABTOMATOB WJIU IIH-
poxoro ucnosp3oBaHuss OBM nis npoBeieHNs MHKEHEPHBIX PACUETOB HE BHOCUT
CYILIECTBEHHBIX U3MEHEHUI B CPOKH ITPOEKTHPOBAHMS.
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Pa3BuTre coBpeMeHHOTO IPOU3BOACTBA UAET MO IMyTH CO3aHHs BEICOKOA(-
(EKTHBHBIX TMPOMBIIUICHHBIX YCTAHOBOK, OOECIICYMBAIONINX WHTECHCHU(DHUKAIIHIO
TEXHOJOTHUECKHUX MPOIIECCOB, U CHCTEM YIpaBieHus uMH. [Ipu 3ToM mocreneHHo
OBLT OCYIIECTBIICH TMEPEX0J] OT PYYHOTO YIPaBIECHUS TEXHOJOTHIECKHUMH IMPOIec-
caM# K aBTOMaTU3UPOBAHHBIM H JIaie€ — K MOJHOCTHIO aBTOMATUYECKUM.

Beenenne [ OCT u mexayHapoaubix ctanaaptoB kadectsa MCO HeE TOIBKO
OTpenenuiIo coaepxanue padoT o cozganuio ACY, HO 1 TO3BOJIWIIO OOJIEe CTPOTro
chopMyIMpPOBATH 1IEJIM M 3a/1a4d YY€OHBIX KypPCOB JJISI TIOJITOTOBKU WH>KEHEPOB-
CHEIUAIKMCTOB B 00J1aCTH pa3pabOTKHU U IKCIUTyaTanuu o0opyaoBanus. Takas poiib
rOCyJapCTBEHHBIX JTOKYMEHTOB I10 CTaHAApTU3AIMN TPeOyeT UX U3YYCHHS B MPO-
1[ecce MOATOTOBKU CTEIIUAIIMCTOB JIJIsl TOTO, YTOOBI OHH B JATIbHEHIIIEH NHKEHEPHON
nesTenbHOCTH cTporo npuaepxkuBaivch TpedoBanuit [OCT u ISO u BwImoONHSIM
BCE€ WX MPEJUCAHUS.

Iyt noBbINIeHUS] KAYeCTBA U NPOU3BOAUTEIbHOCTH IPOCKTHPOBAHNUS HA OC-
HOBe HCIOoJIb30BaHusa JBM
CoBpeMeHHBIE U3/IeNHS BKIIFOYAIOT B ce0sl 3HAUNTEIILHOE KOJIMUECTBO JIeTa-
nei. B 3ToM OTHOIIICHUH MHTEPECHBI JaHHbIC, IPUBEICHHBIC B TA0IHUIIE 3.
Tabauna 3

Yucno neraned B U3ACITUIX



CpenHee 4ncj10 pa3an4HbIX
IIpumepHOE KOJIUYECTBO

Bpems ., Aerajied B HaudoJ1ee
KJIACCOB HU3IeJIUM
CJIOKHBIX M31eIHAX
100000 et Hazazx 5 1
10000 et Hazax 50 10
1000 et Ha3ax 1000 100
Hacrosmee 50000 10000

®upwmsl 3anagnoi Esponsl, CILA, AAnonun u 1p. cTpaH yxe J1aBHO pado-
TalOT B YCJIOBUSX phIHKA. Hamia cTpana ToJbKO BCTyIAeT Ha 3TOT IyTh. B ycro-
BUSX PbIHKA IUKTYET MOTpeOuTeNb. PRIHOK — 3TO KOHKYpeHuus. Ha pbiHKe cripo-
COM MOJIb3YETCS TOJBKO KOHKYpEHTOCIOCOOHas npoaykuus. [Iponssoaurenu npo-
JOYKIMH JOJKHBI TOCTOSTHHO €€ OOHOBJIATH. T.€. KOJIMYeCTBO MOAU(PUKAIIUI U3/1e-
JIMH, U3TOTOBJISIEMBIX ITPOU3BOJUTENIEM, IIOCTOSIHHO YBEIUYMBACTCSI.
VYKa3zaHHbIE BBIIIE IPUYMHBI YKa3bIBAlOT HA TO, YTO HA COBPEMEHHBIX MpPEAIPHSI-
TUSAX, B TOM YUCJIE U MAIIMHOCTPOUTENIbHBIX, 3HAUNTEIBHOE KOJIUYECTBO BPEMEHU
U CPEJICTB TPATUTCS HA MIPOEKTUPOBAHUE B LIEJIOM U Ha pa3pabOTKy (IpOEKTUPOBa-
HUE) TEXHOJOTMYECKUX MPOLIECCOB B YACTHOCTH.

[lepBbIMU ABYMS LEISAMH U 33Jja4aMH aBTOMATH3aL[MU IIPOLIECCa TPOESKTUPO-
BaHuA TO SBISIOTCA CIIEAYIONIUE:

1. Coxpaiienne TpPyA0eMKOCTH IPOEKTHUPOBAHNUS U, KAK CJIeJACTBHE, CO-
KpaleHHe YUCcJIa KOHCTPYKTOPOB.

2. Coxpaimenue cpokoB npoextupoBanus TO.

HeobOxoaumsl elie clieyrone 3aMe4antsi OTHOCUTEIBHO ABYX MEPBBIX LEIeH
u 3a5a4. CokpalieHue ynciia KOHCTPYKTOPOB MPUBOAUT K YMEHBIIEHUIO CEOECTOU-
MOCTHU U37eNusl. A HEOOXOIMMOCTh COKpAIIEHUsI CPOKOB MMPOESKTHUPOBAHUS 00yCI1aB-
JIMBAETCA TEM, UTO B KOHKYPEHTHOM 00pb0e BHICTOUT Ta (pupma, KOTOPasi HE TOJIBKO
BBIITYCKA€T KOHKYPEHTOCIIOCOOHYIO MPOAYKIINIO, HO U YKJIaIbIBAETCSI B MUHUMAJIb-
HbIE CPOKH 110 IOJATOTOBKE 3TOM MPOAYKIMH K BBIYCKY. ECiIi MpeaCcTaBUTh, UTO ABE
KOHKYpHUpYIOIMe (pUPMbI OTHOBPEMEHHO PEIIMIIN BBITYCKaTh OJIMHAKOBOE H3JIe-
JMe, HO TepBasi U3 HUX 3aTpaTuia MOJIroJa Ha MPOEKTUPOBAHUE M IPOU3BOJICTBO
nepBoro odpasia, a y BTopo (pupMbl Ha 3TO YIIEN TOJl, TO KOHEYHO e MepBas
¢bupma OyeT HaxoIUThCA B 00JIee BBITOAHOM MOJIOKEHUH HA pbiHKe. COBpEeMEHHAs
CTaHKOCTPOUTEbHAS (pUpMa CUUTAETCS KOHKYPEHTOCIIOCOOHOM, €Clii BpeMsi OT
UJIEN CO3/IaHHs HOBOTO COBPEMEHHOI'O CTaHKA J0 BBIXOJA MEPBOro oOpasiia 3Toro
CTaHKa 3a ee BOpoTa cocTaBisieT He Oonee 1,5 ner.

Tperbei enblo U 3aa4eld aBTOMaTU3alUA TEXHOJIOTUYECKOU TTOATOTOBKH
MIPOU3BOJICTBA SIBJISICTCS MOBBILIEHHE Ka4eCTBAa pa3padaTbiBaeMbIX KOHCTPYK-
uii. OTa HEOOXOIUMOCTh OOBICHAETCS CIEAYIOIIUMHU TPUUNHAMHU.

TexHr4ecKoe MepeBOOPYKEHUE COBPEMEHHOIO MAIIMHOCTPOUTEIBHOTO MPOU3-
BOJICTBA OCYLIECTBJISIETCS B OCHOBHOM I10 JIByM HAIIPaBJICHUSM:



1. 3aMena yHHMBEpCaIbHOTO OOOPYAOBAHMS C PYUYHBIM YIIpaBI€HHEM, OOCTyXUBae-
MOTO pabo4YrM BBICOKOM KBaNM(UKAIMU, 000PYJOBAHUEM C AaBTOMATUYECKUM ILIHMK-
JoM 00paboTku. Bo3aMoOKHOCTH 000py1I0BaHUS HEMPEPHIBHO PACIIUPSIOTCS (KOIH-
4YEeCTBO IIPUBOJIOB, ABTOMATHUECKUX YCTPOUCTB). B CBsI3M ¢ yBenuueHuem neduinura
KBATM(PUIIUPOBAHHBIX PA00OYHX 3TO HAMPABICHHUE IOCTATOYHO MEPCIEKTUBHO, OCO-
OCHHO B YCJIOBHSIX CPEHE — U KPYMHOCEPUHHOTO MTPOU3BOJICTBA.

2. BHenpenue crankoB ¢ UITY, obnanaromnux ropasio 60Jblel cTeneHbio THOKOCTH.
WX nepeHanagka 3aHUMAET B JECATKH pa3 MEHbILIEE BPEMS, YEM B IIEPBOM CIIydae.
Ho u 31eck He00X0AMMO TIIATEIHHO MPOpadaThIBaTh KOHCTPYKIIHH.

Heo0xoaumocTh TIIATENBHOW NPOpPaOOTKH KOHCTPYKTOPCKUX PEIICHHUN B
MIPUBEICHHBIX BBIIIE CITy4asX 0OBACHAETCS TEM, UTO YKa3aHHOE 000py/I0BaHUE SB-
JAETCS JOPOTOCTOSALIMM U UCIIOIB30BaTh €ro HY’KHO PallMOHAJIBHO.

[IpuHIMI HAKOIUIEHUSI TEXHOJIOTUYECKUX 3HAHUM, PEATM30BAHHBIN BO MHO-
I'MX COBPEMEHHBIX CUCTEMaxX aBTOMAaTU3UpOBaHHOTO rpoektupoBanus TO (CAIIP
TO), no3BossieT pa3padaTbiBaTh KAUECTBEHHBIE TEXHOJIOTUYECKUE OOBEKTHI. 3HAHUS
ONBITHBIX KOHCTPYKTOPOB, HakaruinBaeMble B CAIIP TO, BapuaHTbl KOHCTPYKIIUH,
pa3paboTaHHbIE UMM, KOTOPbIE MOTYT OBbITh B35IThl 32 OCHOBY IIPH pa3pabOTKe HO-
BBbIX BH/IOB TEXHOJOTHYECKOT0 000pPYA0BaHUs, TO3BOJISIOT MMOBBICUTH OOIIUHA ypO-
BeHb npoekTupoBanus TO.

[Ipu pydHOM IPOEKTUPOBAHUM KOHCTPYKTOP CPABHUBAET B yME PsiJl BApUAH-
TOB pa3padbaTbIBA€MON KOHCTPYKUMHU (BApUAHTHI CTAHKOB, IPUCIIOCOOJIEHUN U T.1.)
Y MHTYUTUBHO BbIOMpAET Jy4IllIre Ha ero B3 pemenus. [logpoOHoro skonomu-
YECKOro OOOCHOBAHMSI HE MPOU3BOAMUTCS 32 HEMMEHHEM BpeMeHu. [IpumeHeHue
OBM Ha 0a3e COOTBETCTBYIOIIUX MAaTEMATHUYECKUX MOJIENICH MO3BOJISIET HAXOAUTh
ONTUMAJIbHBIE TEXHOJIOTUYECKUE PEIICHHUS.

Kpome storo ¢ npumenenneM KT nmpakTHUecKH MCKIIOYAKOTCS «YETOBEUE-
ckue» omnoku. Ecnu koMmnbroTep paboTaeT Ha OCHOBE KaueCTBEHHOTO IPOrpaMM-
HOT0 00eCHeYeHHUsl, TEXHUUECKHU HCIPABEH, TO MPU BBOJE OJMHAKOBBIX BXOJHBIX
JAHHBIX JTI000€ KOJIMYECTBO Pa3 BHIIAIOTCS MPABWIHHBIC PE3YJIHTATHI.



JIEKIIUSA Ne2 MeTon010rusi aBTOMATU3MPOBAHHOTO NMIPOEKTHPOBAHMS
TEXHOJIOTHYEeCKOr0 000pPy10BAHUA

Cucmemmnbwlit no0xoo,

JIs perieHnst TaKMX KOMIUIEKCHBIX BOITPOCOB, KaK IPOCKTUPOBAHUE U CO3/1AHUE
COBPEMEHHBIX TEXHUYECKUX CPEACTB, MPUMEHUMA €MHASI UCCIIEIOBATENbCKAS MMO3U-
11 — cucTeMHbI moaxoa. Mcnons3zoBanue CII 00ycioBieHO TeM, UTO B TPaJAUIIH-
OHHBIX METOJ[aX U3yueHHUs U (hOpMaITU3AIH CII0KHBIX O0BEKTOB U MPOIECCOB OCHOB-
HO€ BHMMAaHHE YAECISACTCS KAUECTBEHHOMY M KOJMYECTBEHHOMY OMMCAHUIO CBOWCTB
00BEKTa M COCTABIISAIONINX €T0 YacTel. DTO HE MO3BOJISET CTPOUTH aJCKBATHBIC JICH-
CTBUTEIHLHOCTH MOJICIIA, OTOOPAKAIOIIHE CBSI3U OOBEKTOB C OKPYXKAIOIIEH CPEeIoi, X
(YHKIIMIO 1 MHOTOYPOBHEBYIO CTPYKTYpYy. B TO ke Bpemsi yka3aHHBbIE XapaKTepH-
CTUKH 00BEKTOB OKA3bIBAIOT OOJIBIIIOE BIUSHUE HA MPOIECC MOUCKA TPOCKTHBIX pelie-
Hull. [I[puMeHeHre cuCTeMHOI0 MOIX0/1a TAET BO3MOXKHOCTh PaIllMOHAILHO Pa30uTh 3a-
Jlayy MPOEKTUPOBAHUS HA YaCTHU U NMPUHITh ONTUMAJILHOE PELIEHUE.

OcHo60ll cucmemHoz0 NPOEKMUPOBAHUA AGNAIOMCA Kpumepuu, Komopbvle
RPUHUMAIOMCA C NO3UUUL OUECHKU MEXHUUECKUX CPeOCHE KaK 4acmu cucmemsl 00-
J1ee 6blcoK020 yposnsa. llpoekmupoeanue yce mexHuueCKUX cpeocme 0Cyuiecmens-
emcsa Kaxk npoeKmupoeanue cucmembsl, COCmoAueil U3 63auMoC6A3AHHBIX Yacmei
U I1eEMEHMmM06.

K moHsTHIO «CHUCTEMHBIM OOBEKT WM MPOIECC» OTHOCITCS OOBEKTHI M MPO-
1[€CChI JIFDOOM MTPUPO/IbI, KOTOPHIE MOYKHO YCIOBHO WK (PU3UYECKU PACWICHUTH Ha CO-
BOKYIMHOCTH 00Jie€ MPOCTHIX B3aUMOCBS3aHHBIX MEXTY COOOM YacTeil, BEICTYyNAOIINX
KaK €JIJMHOE 11eJ10€, TPUYEM KaXKIYI0 YACTh MOYKHO pacCMaTPUBATh KaK CIOKHBIN 00b-
€KT, COCTOSIINN U3 00JIee MPOCTHIX JIEMEHTOB. B CBSI3U C 3TUM K KaTerOPUU CUCTEM-
HBIX OTHOCATCSI HE BCE OOBEKTHI U MPOLIECCHI, & TOJIBKO TE€, KOTOPhIE COCTOST U3 OT-
JIEBHBIX YacTel 1 AJIEMEHTOB U 00J1aat0T IIEJIOCTHBIM XapakTepoM (DyHKIIMOHUPOBA-
Hus. CBOMCTBA U (YHKIIMU CHUCTEMHBIX OOBEKTOB HE CBOJSATCS HEMOCPEACTBEHHO K
CyMM€ CBOMCTB U (PYHKITUN COCTABISIONMIUX UX 3JIeMEHTOB. CUCTEMHBIE O0BEKTHI 00-
Jaat0T HOBBIMU (DYHKITUSIMH U CBOWCTBaMH, KOTOPBIX MOXKET HE OBITh Y OT/AEIIbHBIX
aneMeHToB. Hanmpumep, coOpaHHBIN U3 OTAETBHBIX JeTaleH y3ei MpeACcTaBIseT co00i
TEXHUYECKYIO CUCTEMY, XapaKTepU3yeMyI0 HOBBIMU CBOMCTBaMHU M (DYHKITUSIMHU, KOTO-
PBIX HET y OTAEJBHBIX JAETaJCH.

VY3en, unu cOopoyHasi €IMHUIA MAILIMHBI, CBSI3aH C IPYTUMH y3J1aMu, 00pa3yro-
IIMMH OKPYKAIOIIYI0 Cpely, KOHCTPYKTUBHBIMU, KHHEMATUYECKUMU U Pa3MEPHBIMU
cBs3aMu. [loaToMy 1711 TpaBUIILHOTO MMOHUMAaHUSI B3aUMOJCHCTBUSI CUCTEMHBIX 00b-
€KTOB U MPOIECCOB C OKPY:KAIOIIEH cpe1oil HeOOXOUM CUHTETUUECKUN OXBAT U yUeT
BIIMSIHUS PA3JIMYHBIX BUOB CBS3EH.

Cpenu pa3InyHbIX TUIIOB CBSI3€M CUCTEMHBIX O0OBEKTOB C OKpYKarollel cpeaoit
0COOEHHO BBIICTIIOTCS BXOJHBIC M BBIXOJHBIC BO3/eHCcTBUSA. OHU 00€CTIeUunBarOT aK-
TUBHOE B3aMMO/ICHCTBHE 0OBEKTOB C OKPYIKAIOIICH CPEIO K BO MHOTOM OIIPEACIISIOT
ero GyHKIMIO (Hampumep, mpeodpa3oBaHre 3ar0TOBOK B TOTOBBIE JIETANH, Mepeaady
JBIDKEHUS OT JBUTATENS K IIMUHCISAM, TepepaboTKy UCXOAHOU MH(GOPMAIIUU B BbI-
XOIHYIO B CHCTEMAX aBTOMATU3UPOBAHHOTO ITPOEKTUPOBAHUS MALLIMH WJIA TEXHOJIOTH-
YECKOW MOJArOTOBKM MPOM3BOJICTBA). JIpyrue KOHCTPYKTHBHBIE U pa3MEpHBIE CBS3U



o0ecreunBalOT MPAaBUIIBHOE B3aHMMOJICHCTBHUE, PACIIONOXEHHE U HEOOXOIUMBIE CTe-
IEHU CBOOO/Ib B3aMMO/ICHCTBYIOIINX Y3JIOB, T. €. HAIIPaBJICHbI HA BBITIOJIHEHUE TPeOy-
eMol (PYHKLIMH M 33JaHHBIX mapameTpoB. CienoBaTenbHO, KaXa0€ MPOEKTUPYEMOe
TEXHUYECKOE CPEJICTBO JOHKHO (PYHKIMOHMPOBATH HA OCHOBE CBSI3EH, ONPEIEIISIO-
KX GYHKIIMOHUPOBAHUE OKPYXKAIOIIEH Cpesibl, B KOTOPYIO OHO BXOJUT.

CrnoxHble 00BEKTHI, KaK IIPABUJIO, BBIIOIHAIOT HE OJHY, @ HECKOJIBKO (DYHKIIMH.
Hanpumep, pyHKIMS MITMHAEIBHOTO 0JI0KA CTaHKA 3aKJII0YAeTCsl B IIepeade Bpallie-
HUS OT BaJla JIEKTPOABUTATENS K HECKOIBKUM HINUHAETAM. DyHKINS MITUHAEISA CO-
CTOUT B 3aKpEIJICHUM MHCTPYMEHTa M COOOLIeHNHN eMy BpamieHus. CienoBaTenbHo,
(GYHKIIMM TEXHUUYECKUX CHUCTEM OMPENENSIIOT UX CTPYKTYpPY M CTPYKTYpy Ipoliecca
IIPOECKTUPOBAHUS.

Bcesikas cuctema gomyckaeT pas3ieneHue ee Ha HoCucTeMbl., OObeKThI, IpUHA-
JeKalue K OJHOU MOJICUCTEME, MOXKHO, PACCMATPHUBATh KAK COCTAaBIISIIOIINE OKPYXKe-
HUs Ipyroi noacuctemsl. [loBeneHne moacucTeMbl HEO00S3aTEIBHO BO BCEM, MTOA0OHO
MOBEAEHUIO BCel cucTeMbl. Pa3fenenne cucteMbl Ha MOACUCTEMBI TPUBOAMT K Hepap-
XUYHOCTHU CTPYKTYpPBI. B 3aBUCUMOCTH OT NOCTAHOBKH M LIEJIH PEIIAEMOM 3aa4H OJIUH
U TOT K€ 00BEKT, paccMaTpuBaeMblil kak cuctema C, B Ipyroil nepapxudeckoi cu-
CTEME MOXKET OBITh PACCMOTPEH Kak nojacucreMa //C, a B TpeThell Kak JIEMEHT O.

Metanopexxymuii CTaHOK 10 (PYHKIIMOHAIBHOMY MPU3HAKY pacuJieHseTCs Ha
HECKOJIBKO Y3JI0B: IIMUHJENbHBIN 0JI0K, KOPOOKY M01a4, CyIIOPT, CTAHUHY U TIp. (pHUC.
1). [Ipu apyrom crocoGe TOT K€ CTaHOK pa3JessieTcs Ha MEXaHUYECKUE, AIEKTpUIe-
CKH€, TUIPABINYECKUE U APYTHE Y3IIbl (pUC. 2).

_ LOepnunsreii
CINaHOK

Puc. 1 Pa3buenue KoHCMpyKyuu Memaniiopexrcyue2o cmanka no QyHKyu-
OHAILHOMY HA3HAYeHUulo 0710K08: 3 — 3aroToBKa; M/ — UHCTpyMeHT; bHU
— OJI0K MHCTPYMEHTOB; K3 — OJ0K 3aroToBOK; B/[P — 0JIOK IBUXEHUS
pezanus; HKC — 610k kuHeMaTtuueckoil cBsa3u; bHIIO — 610k oceBou
nonaun; bBHC — 6ok Hecyuieit cuctembl; 5CY — 010K cUCTEMBI YIIpaB-
nenust; bBY — 610K BCnoMoraTeinbHbIX yCTPOMCTB

KauecTBeHHas ONpeeIeHHOCTh CUCTEM 00YCIIOBIIEHA UX CTPYKTYPOH, TIOJT KO-
TOPOM MTOHUMAETCSI COBOKYITHOCTh YCTOWUYMBBIX CBA3EH MEXKIAY YACTAMH LEJTOCTHOIO
o0bekTa miM nporecca. OTHOCHUTENIbHAS BBIJICIICHHOCTh YaCTCH CHCTEMBI U UX B3aH-
MOCBSI3b — 3TO JIBE TPOTUBOIOIOKHOCTH. CTPYKTYPY CUCTEMHBIX OOBEKTOB HEO0XO-
JIMMO PacCMATPUBAThH KaK €IMHCTBO MTPOTHUBOITOJIOKHBIX MOHATUI: PACYJIEHEHHOCTH U
IIEJIOCTHOCTU. PacWIeHEHHOCTh OTpa)kaeT OJHY M3 OOIIMX CTOPOH CTPYKTYPHI M Xa-



pPaKTEepPU3YETCsl KAUeCTBEHHOM CIeIM(PUKON YaCTEH CUCTEMBI U UX YuCIIoM. [ Kax-
JIOW CHCTEMBI CYIIECTBYET HECKOJIBKO CIIOCOOOB pacuIeHEHHS Ha TTOJACUCTEMBI U dJie-
MEHTBI. TaK, TEXHOJOTMYECKUI MPOLECC MOKHO PACWICHUTh HA ONEpalvu, a Mociae-
HUE — Ha YCTAaHOBBI U Nepexo/ibl. I3MEeHEeHNEe KaueCTBEHHOM CTOPOHBI U YHUCIa Ome-
panuii mpu nepexojie oT OAHOro crnoco0a pacuJIEHEHUsI K IPyroMy BbI3bIBaeT U3MEHE-
HUE CTPYKTYPbI TEXHOJIOTUYECKOTO IpoIiecca.

CmaHok

Y 3\mbr

— e —

MexaHuyeckue Inenmpuyeckue | |fudpabauveckue

Puc. 2 Pazbuenue koHcmpyKyuu Memaniopeicyujeco Cmanka no udy npusooos y3ia

JlJi1 IpoIiecCOB MPOEKTUPOBAHUS TAKXKE MOKET ObITh HE OJMH, a HECKOJIBKO
CH0CO00B PACUICHEHUsI MPOEKTHOM 3a/1aull Ha KOMITIOHEHTHI Pa3IMYHON CII0KHOCTH.
Tax, npu 0gHOM crioco0e pacuIeHEHUsI B OCHOBY IPUHUMAETCS BUJ IPOEKTHBIX OIle-
panuii He3aBUCUMO OT (PYHKIMOHAJIBHOIO XapakTepa pemaeMbix 3agad. [Ipu stom
IIpoLecC MPOEKTUPOBAHUS PA3IEISIETCS HA IPOEKTHBIE ONEPALMH: CUHTE3 PELICHUM,
MOUCK OOBEKTOB-aHAJIOrOB, ONTUMU3ALIMS, MOJICTUPOBAHNE, aHAIN3, OLIEHKA U T. 1.
[Ipu npyrom cnocobe pacuyieHeHHs 3a/1adya IPOEKTUPOBAHUA JEIUTCS HA MOA334a4n
no pyHKIMOHaIbHOMY Npu3Haky. Hanpumep, oOias 3agava npoeKTUPOBAHUS Orepa-
LMOHHOW TEXHOJIOTUH PA3IENsieTCs] Ha ONpPEeeNIEHue CTPYKTYphI onepaunu, popMbl U
MEXOMNEPALUOHHBIX PAa3MEPOB JETalIM W 3aroTOBKH, BBHIOOP 3JEMEHTOB CHCTEMBI
CIIUA u np.

Bri6op crnocoba pacuneHeHus] CUCTEMbI 3aBHCUT OT THUIIA PEUIAEMbIX 3a/ad.
[TpaBmiIbHOE MCXOIHOE pacwiieHeHUuEe O0BbEeKTa WM Ipolecca MOo3BoJIsieT Haubosee
IIPOCTO peIIaTh 33J1a4d aHAJIN3a U CHHTE3a TEXHHUYECKUX CUCTEM M IPOLECCOB, B TO
BpEMs KaK HEPALMOHAJIBHOE PACWICHEHUE CUIIBHO YCIIOKHSIET 3TH 33J1a4 WIN JEJIaeT
HEBO3MOXKHBIM uX petieHue. [Ipu kaxxaoM cnocode pacuyieHeHus MOoTy4aeTcs pa3iny-
HOE€ YHUCJIO KAYECTBEHHO CHELM(PUUHBIX YacTe! ¢ Pa3IMYHBIM XapaKTepOM B3aUMHOTO
pacnionoxenus. [loatomy 111 0IHO3HAYHOTO 3aJaHUSI CTPYKTYPbl CUCTEMBI HEOOXO-
JTMMO yKa3aTh cioco0 ee pacuwieHeHus. Kaxxaomy cnoco0y COOTBETCTBYET ONpeIeIeH-
HBIN TUI B3aMMOCBS3€H yacTeil cucteMbl — CBOs hopma 11e10cTHOCTH. LlemocTHOCTh
— 3TO BTOpasi CTOPOHA CTPYKTYpPhI. Eciiu cuCTEMHOCTh MoJIpa3yMeBaeT HaJu4Ke CBs-
3eil MeX1y KOMIIOHEHTaMH O0BEKTa, a TAKXKE MEXAY OOBEKTOM U OKpYKarollei cpe-
JIOM, TO LIEJIOCTHOCTh XapaKTepU3yeT OOJBIIYIO CHUITY U CYIIECTBEHHOCTh BHYTPEHHUX
CBSI3€U II0 CPABHEHMUIO C BHEIIHUMHU CBA3SAMU CHUCTEMBI C OKPYXKAIOLIEH CPEHOM.
NMeHHO 3TO 0OCTOATENHCTBO CO3[AET KAYECTBEHHYIO OIPEAEIIEHHOCTh 00BEKTa Kak
CUCTEMBI.

OnHoli U3 onepauii CUCTEMHOTO aHAJIA3a SIBJISIETCS ONPEAECIICHUE TPAHULIBI CHU-
CTEMBI U €€ CTPYKTYPHBIX COCTABJISAIOIIMX. JTa ONEPALUsl OTHOCUTCS K KAUECTBEHHOM.
UTO MOKHO BOWTH B CUCTEMY M YTO 00pa3yeT OKPYKAIOIIyI0 Cpefy, CIeayeT U3 To-
CTaHOBKHM 3ajaud. B cuctemy BKJIIOYAIOT KOHEYHOE YHCIIO JIEMEHTOB, HEOOXOANMMOE
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Ust QYHKITMOHUPOBAHMS CHUCTEMBI, KOTOpOE 00eCreuynBaeT JOCTIKEHUE MTOCTaBJICH-
HoU nenu. Mexoasd u3 3Toro, MOKHO NPEACTABUTh TPAHUILY MEKITY CO3JaHHOW CUCTE-
MOH M OKpy»Karolen cpeaoil. Hanpumep, paccmaTpuBas KOHCTPYKIIMIO MAIIMHBI KakK
CUCTEMY, CIIeIyeT MPUHSITh, YTO BHEIIHEW CPe/loi ¢ MO3UIMU KCIUTyaTalud OyayT
YCIJIOBUSI, B KOTOPBIX OHA Oy1eT paboTaTh, a C MO3UIIMN U3TOTOBJICHUS — YCIOBUS MPO-
W3BOJICTBA.

Omanst nPoeKMHO-KOHCMPYKMOPCKO20 npoyecca,

[IpoekTupoBaHre TEXHUYECKUX CPEACTB MPECTABISAET COOOM CIOKHBIN MHOTO-
CTaJMMHBIN TIpoliecC pa3pabOTKH U MOCTENIEHHOTO YTOUHEHHUSI POEKTa U paboueid J0-
KYMEHTAIMU, TI0 KOTOPOIl U3TOTOBJISIIOT U3/ICNIUS B €IUHUYHOM, CEPUMHOM WJIU Mac-
COBOM MPOU3BOJCTBE. MHOrOCTaIUHHOCTh MPOEKTHO-KOHCTPYKTOPCKOTO Ipoiiecca
YKa3bIBaeT Ha CIIOXKHOCTh 3aJayd, MPUYEM K KaueCTBY IMPUHUMAECMBIX PEIICHUI
MPEABABIAIOTCA BICOKHE TPEOOBAHMS, TAK KaK OMIUOKHU MPOEKTa IPUBOAAT K HEOOXO-
JUMOCTU MX YCTPAHEHUSI B XOJ€ MPOU3BOJICTBA, YTO BHI3BIBAET HEOIPAB/IaHHbBIC 3a-
TpaThl BPDEMEHU U CPEJICTB.

Cramuu pa3paboTKu KOHCTPYKTOPCKOM MokymeHTanuu yctaHoBieHbl ['OCT
2.103—68, KOTOpbIi BXOJUT B €IUHYIO CHUCTEMY KOHCTPYKTOPCKOM JTOKYMEHTallUU
(ECKJI). N'ocynapcTBeHHBIN CTaHAAPT YCTAaHABIUBAET MSTh CTAIUN pa3pabOTKU KOH-
CTPYKTOPCKON JOKYMEHTAIIMU Ha U3/JEIUsI BCEX OTPACIICH MPOMBILIIJIEHHOCTU: TEXHHU-
YECKOE 3aJIaHNe, TEXHUUECKOE MPEITI0KEHUE, SICKU3HBIN TPOEKT, TEXHUUECKUN POEKT
U pabo4Hil MPOEKT.

Cmadusa_pa3padomku__mexHuuecko2o 3adanusa (MHOTIAa HOCUT Ha3BaHUE
«HAY4YHO-UCCIeI0OBAaTENbCKasl pa3paboTKay WM «IIOMCKOBOE MPOESKTUPOBAHUE)») BbI-
MOJIHSETCA JJIsl ONpeeICHUs] HAa3HAYCHUSI U TEXHUYECKUX TPEeOOBaHUN K HOBOMY W3-
JIeTNI0. DTU BOMPOCHI U3YYAIOTCS U (POPMHUPYIOTCS UCXOAS W3 aHaidu3a TpeOOBaHUI
(G YHKITMOHUPOBAHUS U3/ETUS U BO3MOXKHOCTEN UX pean3alii Ha OCHOBaHUU JIOCTH-
JKEHUM HAyKW U TEXHUKHU, ChIPheBOM 0asbl, (PMHAHCUPOBAHUS, JIIOJCKUX PECYPCOB,
OTpaHUYEHUM BO BpeMeHH U T. A. Kpome Toro, Ha gaHHOU cTaauu 0O0OCHOBBIBAIOTCS
KPUTEPHUH OLIEHKH d(PPEKTUBHOCTU TEXHUUECKOTO CPEJICTBA U ONPEACIIAIOTCS OrpaHu-
YEHHS Ha €r0 XapaKTePUCTUKU, TAKHE, KaK Ta0apuTHBIE pa3Mephl, Macca, HaJEKHOCTh
u T. 1. KenaTenbHo, 4TOOBI B TEXHUYECKOM 3aJJaHUU ObllIa yKa3aHa MPOU3BOICTBEHHAS
0a3a, 00beM MOTPEOHON U TUIAHUPYEMOU TPOIYKIIUU, MPOAOTKUTEIIBHOCTh N3TOTOB-
JICHUSs1, INMUTHAS [IeHa U T. TI. TexHn4yeckoe 3ajanue B 0053aTeIbHOM MOPSIKE COTIIa-
CyeTCsl C 3aKa3UMKOM U MOCJI€ YTBEPKACHUS SIBJSETCSI OCHOBAHUEM IS BHIIOJTHEHUS
JATbHEUIINX TPOEKTHO-KOHCTPYKTOPCKUX padoT.

Ha cmaduu_mexnuuecko2o npeodnoxyceHus Ha OCHOBAHMM AHAIN3Aa TEXHHUYE-
CKOT'0 3aJlaHus PacCMaTpPUBAIOTCS MPUHIIMITUAIBLHO BO3MOKHBIE CIIOCOOBI CO3JaHUS
MPOEKTUPYEMOT'O TEXHUUYECKOTO CPEJICTBA, TPOBOJAUTCS CPABHUTEIbHAS OLIEHKA ITUX
pelIeHrid M0 BHIOPAHHBIM KPUTEPUSIM M yCTaHABIUBACTCS TEXHUYECKOE U TEXHUKO-
PKOHOMMYECKOE 000CHOBAHME 11€JI€CO00PA3HOCTH JaJIbHEHIIIEH pa3padOTKHy.

[Tocne yTBepkAeHUS TEXHUYECKOTO MPEJIOKEHUS TI0CJIeI0BATENIbHO pa3pada-
THIBAIOTCSI CKU3HBIN, TEXHUYECKUN U padounii mpoekThl. OTHAKO HA TIPAKTUKE ATOT
MOPSIJIOK COOJI01aeTcs He Beeraa. B 3aBUCMMOCTH OT MPOCTOTHI KOHCTPYKIIMH, OTIBITA
KOHCTPYKTOpA WJIM KaKUX-THO00 APYTUX 00CTOATETHCTB MPOCKTHI MOTYT BBITIOJHATHCS
B IBYXCTaJUIHOM (TEXHUYECKHUIN U pabOUunii MPOEKTHI) UM OJHOCTATUIHOM (paboumii
MPOEKT) MOPSIIKE.
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DCKHM3HBII MPOEKT TEXHHYECKOT0 CPeACTBA NPEACTaBIsIeT OO0 KOMILIEKC
KOHCTPYKTOPCKHUX JTOKyMEHTOB, NAIOIIMX OOIlee MpeCTaBIeHHE 00 YCTpOMCTBE,
NpUHIMIE paOOThl, HA3HAYEHUH, OCHOBHBIX MapaMeTpax U rabapuTHBIX pa3Mepax u3-
nenusi. 31echb MOTYT ObITh OTPa)K€HbI BAPUAHTHI KOHCTPYKTOPCKUX PEIICHUM, Mo/IjIe-
KalMX YTOYHEHUIO Ha MOCIEYIONINX CTaausiX padoT.

Texnuueckuii npoexkm, B OTIMYUE OT ICKU3HOIO, JAET HE 00Ilee, a MOJHOE U
OKOHYATEJIbHOE MpeJCcTaBlieHne 00 yCTpoWCTBE M (PYHKIMOHUPOBAHUM W3ACIIHUA,
BKJIIOYAsi BC€ HEOOXOAUMbIE JaHHBIE JUIs pa3paOOTKu paboyeil JOKYMEHTalluM U ra-
PaHTHUITHOWN HA/IE)KHOCTH OCHOBHBIX 3JIEMEHTOB KOHCTPYKIIHH.

Paodouuii npoexm npeaycCMaTpUBAET MOJHYIO JETATU3ALNI0 KOHCTPYKLIMH ITy-
TeM pa3pabOTKHU YePTEKEN Ha KaXK/bIil 2JIEMEHT, BXOISIIHNI B HEE U MOJICKAIINN 13-
roToBieHUI0. Kpome ueprexen neraiei B COCTaB JOKYMEHTALMU BXOJAT TaAKXKE dep-
TEXH OOIIUX BUIOB, CXEMbI, UEPTEKHU Y3JIOB, CIEHU(UKALINS BXOIAIINX IJIEMEHTOB,
NOSICHUTENbHAS 3alKMCKa U Pa3JIMYHOrO BHJA MHCTPYKIMHU, TEXHUYECKUI NAcCHoOpT U
pSA IPYTrUX TOKYMEHTOB. BBUIY TOr0, 4TO KOHCTPYKTOP CaM HE BOIUIOLIAET pa3pado-
TaHHBIN MPOEKT B MaTePUATILHBIN 00BEKT, BCSI KOHCTPYKTOPCKAsi TOKYMEHTaIIUs U300-
pakaeTcsi B IPUHATON €IMHON cucTeMe KOHCTpyKTOpckon nokymenTanuu (ECK/).

Memoowvl npoexmuposanus

Yepuenue B Macuitabe (MoenrpoBanue Ha OBM) naet KOHCTPYKTOPY BO3MOXK-
HOCTh U3MEHATH Kak (opMy JeTalld, TaK U U3Jenus B 1esoM. TakuM oOpa3oMm, mac-
mTabHbIN yepTex (3D-Mozenb) MOKHO paccMaTpUBaTh Kak JIETKO BUIOU3MEHIEMYIO
MO/IeJIb B3aUMOOTHOIIEHUN MEXIY ACTAISIMH U y3JaMH, U3 KOTOPBIX COCTOUT H37e-
nue. biarogapst ToMy, 4TO 3Ta MOJEIb JIETKO NOAIAETCS NTOHUMAHHUIO U U3MEHEHHIO U
CrocOOHA XpaHUTh BPEMEHHOE PELICHHE JUIsl OAHOW JEeTaln, oKa npopadaTbiBaeTcs
pyrasi, TPOEKTUPOBIIMK MOJy4aeT BO3MOXHOCTb PEIIaTh 33Ja4d YpE3BbIYANHHOMN
CIIOXHOCTH. MaciutaOHbli uepTex (3B-Mozaens) pe3Ko COKpalaeT 3aTpaTbl BpEMEHU
Ha BBIOOp MPUEMIIEMOTO PELIEHUS U3 OTPOMHOTO YHCIIa BAPUAHTOB. DTO MPOUCXOIAUT
MOTOMY, YTO 4YepTexk (MOJeb) MO3BOJSET pa3padOTUUKy UTHOPUPOBATH MOYTH BCE
0JIC TIOMCKA M KOHIICHTPUPOBATh CBO€ BHUMAaHHUE HA TEX HEOOJBIINX €r0 y4acTKax,
/1€ MOKHO OKHUJATh IPUEMIIEMbBIX PEIICHUM.

Camoe TpyaHOE B JII0OOM MPOEKTUPOBAHUU — 3TO MPEOJOJICHUE CIOKHOCTEN
MOKMCKa B OOIIMPHOM MPOCTPAHCTBE C MIJIJTMOHAMH BO3MO>KHBIX KOMOUHAITUHN OTIEIh-
HBIX y3JI0B U JieTaneid. [Ipu ucnonap3oBaHUM TPAAULIMOHHOTO crioco0a Juisi Ipeoioie-
HUS 3TOT0 HEOOBATHOTO MHOT000pa3usl 3aady pemaroT 1o yactsaMm. [Ipu atom 601b-
IIMHCTBO KOMOWHAIIMK y3JI0B U JETaJIEN UCKIIIOYAETCA U3 PaCCMOTPEHMUSI, U UCCIIEIO-
BaHHME OTPAHUYMBAETCS €JUHCTBEHHBIM, BBIOPAHHBIM «HA OILYIbY», HAOOPOM KOMIIO-
HEHTOB, B3aUMHBIE CBSI3U KOTOPBIX MOYXHO BBISIBUTh M U3YUYUTH C MOMOIIBIO YepPTExKa
(Mozenm). BaxxkHeimm 3Tarnom npouecca mpu 3TOM SIBJISIETCS HEe B3aUMHAas MOATOHKA
y3JI0B A€TaJIel IPYT K APYTY, a TBOPUECKOE MbIIUICHHE, OJarogapsi KOTOpoMy J10CTa-
TOYHO UH(POPMHUPOBAHHBIN U THOKO MBICISIIUN YEJIOBEK MOXKET BBIABUHYTH Ha Tep-
BbI} TUTAH OAWH U3 NEPCIEKTUBHBIX KOMIUIEKCOB Y3JIOB U JAETaJICH.

Tako#t MeToa maet nmpeKkpacHble pe3ybTaThl IPH pa3pabOTKe OTACIBbHBIX U3/Ie-
JUW U 4acTeil, OIHAKO €ro MPUTOJIHOCTh JIJIsi PUHSITUS PEIICHUS] HA YPOBHSAX CUCTEM
KpailHe COMHUTENbHA O CJIEAYIOIIUM NMPUYMHAM: HET HUYETO SKBUBAJIEHTHOTO Yep-
TeXy(MOJIENH) KaK CPEeACTBY (DUKCAIIMU U BUTOU3MEHEHUN CBSI3eH MEXKIY U3ICITUIMA
(y3mamu, AeTansiMd); HET OCHOBBI JIJI1 MHTYUTUBHOTO 03apEHUS, KOTOPOE YIPOIIAET
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3a/1auy; BEIOOP OIEHOK MPU MPOSKTUPOBAHUU CUCTEM ciiokeH. [loaTomy, Korma KoH-
CTPYKTOp OT BHYTPEHHEU YBSI3KM HOBOTO M3JIENIUs NEPEXOJUT K €r0 COTIaCOBAHUIO C
BHEILIHEN Cpefioif, uepTexx (MOJIeb) CTAHOBUTCS YK€ OECIOJE3HbIM U pa3pabOTUUKY
MPUXOAUTCS OIUPATHCSI B OCHOBHOM Ha CBOM OMBIT U BOOOPAKEHHE, a TAKKE B MEHb-
el CTENEeHW — Ha pacyeT M UCIbITaHHe BCeX Hamboliee BaXKHBIX ISl pabOThI CH-
CTEMBI [TapaMETPOB.

[IpocTpancTBO, B KOTOPOM MPUXOAUTCS BECTH MOUCK HOBBIX TEXHHUYECKUX CH-
CTEM U CPEJICTB, CIUIIKOM BEJIMKO, YTOOBI B HEM MOTJIM pa300paThCsi CHEIUATUCTBI
Kakoi-mmbo ogHOM 00nacT npoektupoBanus. UM B momoiib HEOOXOIUMBI METO/IBI,
00eCIeuynBaOIINe AOCTATOYHBIH 00BheM HMH(pOpMAINUW JIS TPUHSTHS PEIICHWA Ha
Ka)XJIOM U3 ATANOB CO3/IaHUSI HOBBIX KOHCTPYKIIUM.

OOBEKTOM TaKMX METOJIOB SIBJIICTCSI HE CTOJIBKO MTPOCKTUPOBAHKE B OOIICTIPH-
HATOM CMBICJI€ 3TOTO CJIOBA, CKOJIBKO MBICIHUTENIbHAS JEATEIIbHOCTD, MPEIIIECTBYIO-
11asi BBIMOJHEHUIO uyepTexei (Mojeneit). Bce 3Tu MeTo/ bl HallpaBiIeHbl HA TO, UTOOBI
MPOIIECC MPOEKTUPOBAHUSI MOKHO ObLIO OOBEKTUBHO MpeacTaBuTh. [Ipu 3TOM Beeraa
UCIIOJIb3YETCsl Kakasi-Mu0o cxema, MO3BOJISIONIasl pa3/IeuTh 3a/1a4y IPOCKTUPOBAHUS
Ha YacTH! U yKa3aTh B3aUMHbBIE CBSI3U MEXIY STUMHU YaCTSIMHU.

Bpiiie oTMeuanochk, 4To € MO3UIUI UCCIEA0BATENEH TBOPUECKOMN NESITENbHOCTH
MIPOCKTUPOBIIUK MPEJCTABISAETCS TO KaK «UYEPHBIN SIIIUK», Ha BBIX0JI€ KOTOPOTO BO3-
HUKAET 3araJJOuHoOe 03apeHHue, TO KaK «IIPO3PAYHBIN AIUK», B KOTOPOM IPOUCXOJIUT
JIOTUYECKUM MPOIIECC, 10 KOHIIA MOAIAI0IIHICS 00bsicHeHNI0. C 3TUX pa3InYHBIX TO-
3UIUN U pa3padaThIBAIUCh METOAbI MPOCKTUPOBAHUS, KOTOPHIE MOKHO YCIIOBHO pa3-
JIETTUTh Ha SBPUCTUYECKUE U AITOPUTMHUYECKHUE.

Jepucmuyeckue memodsvt pazpadOTaHbl IJIi CTUMYJIHUPOBAHUS TBOPUYECTBA
IPOEKTUPOBIIMKA. B HUX ompenenstoliee 3HaYeHUE UMEIOT ACCOLMATUBHBIE CIIOCO0-
HOCTHU, UHTYUTHUBHOE MBIILJIEHUE U CIIOCOOBI YIPABICHUS MBIIUICHUEM. JTH METOIbI
MPECTABIIAIOT COOOM yHOpsIIOUECHHbIE B KAKOW-TO Mepe OO0lI1e MpaBuia U peKOMEH-
JalliU, IOMOTAIOIINE PEIICHUIO TBOPUYECKUX 3a7a4 0€3 peABAPUTEILHON OIICHKH pe-
3yabTaTOB. CMBICT 3BPUCTUYECKUX METOJIOB PA3IU4CH, HO HU OJMH U3 HUX HE CIIeyeT
UTHOPUPOBATb.

N3BecTHO GoJiee Tpex AECSITKOB MOJOOHBIX METOJIOB, U3 KOTOPHIX HauboJiee M-
POKO U3BECTHBI CJICAYIOIINE: MO3TOBOU IITYPM, CHHETUKA, METOJ AJIEMEHTAPHBIX BO-
MIPOCOB, METOJ AHAJIOTHH, «OT IIEJIOT0 K YaCTHOMY», HABOIAIIME OTIEpAIMA U T. 1. [2,
9, 28]. MHOroO€ M3 3TUX METOJOB UCIOIH30BAHO MPU (DOPMUPOBAHHUH CIICIIUATIEHOTO
dbonaa »BpucTUUecKuX npuemoB [2, 20, 28], obecrieunBaromux npeodpa3oBaHue Mpo-
TOTHUIIOB MPOEKTUPYEMBIX OOBEKTOB B UICKOMBIE TI0 TEXHUUYECKOMY 3aJIaHHUIO.

Ancopummuueckue mMemoodbt OTHOCUTENHHO (popmanu3oBanbl. K 3TuM MeTo-
JlaM OTHOCSITCS JIOTUUECKHE U MaTeMAaTUYECKUE allTOPUTMbI, KOTOPBIE MOKHO OTIpe/ie-
JUTh KaK IMOCJIEI0BAaTEIbHOCTh YKAa3aHUM, KACAIOLIMXCS MPOLEAYp peLIeHus 3aad.
OHU UCTIONB3YIOT BO3MOXKHOCTh JACAYKIIUU, CTPEMATCS K OMpPEACICHUIO ONepaluii u
UX OUEPETHOCTH, a TAKXKE CBSI3EH MEXKy ONepalusIMu.

ABTOpBI AITOPUTMUYECKUX (MX HA3BIBAIOT TAKKE CUCTEMHBIMH) METOJOB MPO-
EKTHUPOBAHUS UCXOAAT U3 TOTO, YTO KOHCTPYKTOP BCErJa BIOJHE OCO3HAET CBOU JIEHi-
CTBUSA U UX MpUIrHbI. CYUTACTCS, YTO MPOIECC TPOCKTUPOBAHUS MOXKET OBITH 0OBsIC-
HEH JI0 KOHIIA, JaXKe, €CJIM CaMH ITPAKTUKH U HE B COCTOSIHUU YOSIUTEIIbHO 000CHOBATH
KKI0€ U3 TPUHUMAEMBIX UMHU PEIICHHM.
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Haub6onee nonno popmanuzoBaHHbIE METO/IbI ONMUPAIOTCS Ha (POPMANIBHYIO JIO-
TUKy W MaTeMaTH4eckoe MojenupoBaHue. [Ipu mpoekTUpoBaHWHM OHU Hambojee
YCHEIIHO UCIIONb3YIOTCS MPHU CO3IaHUH KOHIICTIIHM, T. €. 001aCTH BO3MOXKHBIX pelie-
HUW 1 IPU ONTUMHU3ALNHA KOHCTPYKIIUN TEXHUYECKUX CPEACTB. AJTOPUTMUYECKUE ME-
TO/ABI 00JIeryaroT mpuMeHeHne IBM 1npu npoeKTUpOBaHUHU U KOHCTPYUPOBAHUU TEX-
HUYECKUX CPEJICTB.

B Hacrosiiee BpemMsi NpOEKTUPOBIIMKY UCIOJIb3YIOT MATPUILIbl PA3IMYHBIX TH-
OB, rpadbl 3aBUCUMOCTEM, CETKH CBSI3€H, METO/ JIEMEHTAPHBIX KOMOMHAIUH, CTPYK-
TYpHBIE KapThl, pa3JIMYHbIC METOAbI ONITUMU3ALIMYU U T.A. [5, 9, 29, 30].
AJTOPUTMUYECKHAE METO/BI XapaKTEPHU3YIOTCS CIEAYIOIIMMUA OCOOEHHOCTSIMU:

L€JIU, IEPEMEHHBIE U KPUTEPHUH 33AK0TCS 3apaHEE;

MOMCKY pEIIEHUs MPEALIECTBYET IPOBEICHHUE aHAIN3A;

OLIEHKA PEe3yJIbTaTOB JIA€TCSl B OCHOBHOM B CJIOBECHOH (popMe U MOCTPOECHA Ha JIO-
THKE, a HE Ha SKCIIEPUMEHTE;

3apaHee (PUKCUPYETCs CTpaTeTus;

OOBIYHO UCIOJIB3YIOTCS TIOCIIEIOBATEIbHBIC TPUEMBI, HO MHOT/a BKIIFOUAIOTCS U Ma-
pajuienbHbIe, YCIOBHBIE U HUKINYECKUEe onepauuu [9, 10].

[Ipu nprMEeHEHUN METOJIOB «IIPO3PAYHOTO SIIMKAY» KOPEHHBIM BOITPOCOM SIBIISI-
€TCsl BO3MOKHOCTh PacCWJICHEHHUS, WM JIEKOMITO3UIINH, 3a/1a4yi Ha OTACJIbHbIC YaCTH,
KOTOPbIE MOKHO 3aTE€M PeIlaTh MOCIEA0BATENbHO WK MapauieabHo. Ho Takue 3a1aun
MIPOCKTUPOBAHMUSI, KaK CO3/IaHHE MalIuH (aBTOMOOWIIEH, CTAHKOB U T. 1I.), KOTOPHIE
JIOJDKHBL OTBEYATh OOJIBIIIOMY YKCIY Pa3HOOOpa3HbIX TPEOOBAHUM, MOJAIOTCS pac-
YWICHEHUIO C TPYJOM U He 0e3 yiepOa sl X OCHOBHBIX Moka3areneil. OObIYHO B Ta-
KHX CIIydasx Ha KaKOTO-TO OMBITHOTO pabOTHUKA, HAIIPUMED TITaBHOTO KOHCTPYKTOpa
(pykoBOAMTENS MPOEKTA), BO3JIAraeTcs MOJHAs OTBETCTBEHHOCTh HE TOJIBKO 3a JKC-
TTyaTallMOHHBIC XapaKTePUCTUKH HOBOW MAITMHBI, HO U 32 BBIOOP BAXKHEUIIINX Y3JIOB
U JleTajei, BXOAsIuX B Hee. Bo Becex cirydasx pyKOBOAMUTENb IPOEKTa HA OCHOBE UMe-
IOLLEr0Cs OMbITa PEIICHUS AaHAJTIOTMYHBIX 33a4 CHayaja ONpeesieT OCHOBHbBIE YacT-
HBIC 33]1a4¥ MPOEKTA, a 3aTEM pa3padaThIBACT OOIIYIO CXeMY MAIIIUHBI U PACTIPEEIIsIeT
paboTy MEXIy CBOMMHU MOMOIIHUKAMHU. SICHO, YTO MCTHOIB3YIOTCS METOABI «YEPHOTO
AIUKA», T. €. SBPUCTUUECKHE.

[Tpu mpoeKkTUPOBAHUN TEXHUUECKUX CPEACTB PEKOMEHAYETCS UMETh B BUAY CIEIYIO-
1€ OCHOBHBIE MOJIOKEHHUSL:

1. HoBble TexHUYECKHE PEIICHUS TIOSIBIISIOTCS B pe3YJIbTaTe MOCTEIIEHHOTO MPUOJIN-
YKEHUS K IICIIH.

2. Pa3zpaboTka npoekTa UAET OT OOLIEro K YaCTHOMY, a HE HA00OPOT.

3. Ilonydyenue Hanbosiee palMOHAIBHOTO PEIICHUS JOCTUTACTCs pa3paO0TKOW MaKCH-
MaJbHOTO YHCIIa BAPUAHTOB M UX YTITyOJICHHBIM aHATH30M.

4. IIpeooneHune MCUXOJI0OTUYECKON HHEPIIMU U BJIACTU CTEPEOTUIIOB HEOOXOIUMO
IIPY TBOPYECKOM MPOSKTHUPOBAHUH OPUTHHATIBHBIX U3ICTTUH.

5. Ilpu nowucke pemreHus TpeOOBaHKUE MPABUILHOCTH (QYHKIIMOHUPOBAHKS TEXHUY €-
CKUX CPEJICTB MpeobagaeT Ha/l APYTUMHU TPeOOBAaHUSIMHU, HAIPUMEDP SKOHOMHUYE-
CKHUMH.
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6. KoHCTpyKTHBHBIE TTapaMETPHI SJICMEHTOB TEXHUYECKUX CPEICTB JUKTYIOTCS JIUIIb
(UBUKO-TEXHUYECKUMHY, a HE IKOHOMUYECKUMU (haKTOpaMH, TIOITOMY MPH TMPOSKTH-
pOBaHMH HEOOXOAMMO MPOU3BOAUTH HHKEHEPHBIE PACUETHI XOTsI ObI OpPUEHTUPOBOYHO
U TIPUOJIMKEHHO.
7. KoHCTpyHrpoBaHUE U3IETUI BBITOJHSACTCS C YI€TOM BO3MOKHOCTH U TPYAOEMKO-
CTH UX M3TOTOBIICHUSI.
8. DKoHOMMYECKasi OI[EHKAa KOHCTPYKIIMM BCET/Ia SIBJSIETCS BAXKHBIM CTUMYJIOM IOJTY-
YeHUS PAllMOHABHBIX MPOCKTHBIX PEIICHUH, HO MOYKET OBITh C/ICJIaHa HE paHbIIIe, YeM
TIOSIBUTCSI BAPUAHT, OTBEYAIOIINN TPEOOBAHMSIM (PYHKIIMOHUPOBAHUS U3JICITHS.
Buowl koncmpyuposanus,

0060061125 N30KEHHOE, TBOPUYECKUHN MPOIIECC PEIICHUS TPOESKTHO-KOHCTPYK-
TOPCKUX 33729 MOKHO MPEACTaBUTh YKPYITHCHHO B BUJIE:

® pa3paboTKa TEXHUYECKOTO 3aJaHus U €0 aHaJH3;

® TIPOEKTUPOBAHNE — BHIOOP WM M300pETEHUE MPUHITUTIA ICHCTBUS TEXHUYC-
CKOTO CpE/ICTBA,

® KOHIIEITUPOBAHUE — pa3pabO0TKa YePHOBOr0 HAOPOCKa KOHCTPYKIIUU TEXHHU-
YECKOTO CPE/ICTBA,

® OCKH3HOE MPOSKTUPOBAHUE — pa3paboTKa BAPUAHTOB KOHCTPYKITHH;

® TEXHUYECKOE MPOEKTUPOBAHUE — BHIOOP U TIATENbHAs TPOPA0OTKA KOH-
CTPYKTOPCKOTO PEIICHHUS;

e odopmIlIeHHE — pelIeHUE TPOEKTHO-KOHCTPYKTOPCKOM 3a/1aui B BUJI€ OKOHYA-
TEJIHLHOW WITH TIPOMEXYTOIHOM JOKYMEHTAITUHU HIIH 0(pOPMIICHHUE TEXHUUECKOTO
3aJIaHus Ha Pa3pabd0TKy CMEKHBIX U MOCJICAYIONINX YaCTHBIX 3a1ad.

[Tpu BBIOOpE METOAOB PEIICHHS OOIIMX M YACTHBIX 33/1a4 MPOCKTUPOBAHUS TEX-
HUYECKUX CPEJICTB HEOOXOAMMO pas3inudaTh CICAYIONINE BUABI KOHCTPYHPOBAHUS:
€MHUYHOE, BAPUAHTHOE U ONTUMaJIbHOE (pucC. 3).

| abanue:
QPYHKUUY, YrroblA,
Kpumepuy, yeau

{
HuduBudyansroe

Bapuarmnoe Onmumansroe
npoexmupoBanue npoexmupobanue npoexmupobarue
1 I
flouck npunyuna Poprupofante npuHyU-~ {floayverue
peueHus na npoexmupofanus anbmePHamubHsIX pewenyil

I l [

Peuexnue HaddeHo
U cpabuubaemca ©
MEXHUYECKUM 3adatueM

Poprmupoborive Japyaﬂmaﬁ]
8 coombemcmbuu ©
PUHLLITIOM ApoeKmupabaus

Onpedenerue Havnyviwezo
peuwedus na yeaebod
PyHKGUU

L { I

O¢opmnerve npoexma

Puc. 3.Buapl KOHCTpYyHUpOBaHUs

AL

HesaBucruMo ot BUIa KOHCTPYMPOBAHMS MPHU BBIJAYe 3aaHU Ha pa3pabOTKy
MPOEKTa JIOJDKHBI OBITh SICHO COPMYIUPOBAHBI (PYHKIIUU H3JEIHS, TEXHUYECKUE
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YCIJIOBHSI, KpuTepuH U uenu. [Ipyu Bcex BUaX KOHCTPYKTOPCKUX padOT MPOEKT JTOBO-
JUTCS 0 TEXHUYECKOM TOKYMEHTAllUW Ha U3TOTOBJICHUE WU3/1EITHA.

IIpn enMHUYHOM KOHCTPYMPOBAHMM HA OCHOBAaHUM TEXHUYECKOM XapaKTepu-
CTHKU HEOOXOJMMO MCKaTh IyTH PELICHMsI, CPaBHUBAs MOJYYEHHBIH IPOEKT C 3a7a-
HueM. [Ipy 3TOM ¢ LEeabl0 5KOHOMHUH BPEMEHH Pa3IMYHbIC BAPUAHTHI HE CONIOCTABIIS-
10TCsl. BapraHTHOE KOHCTPYHPOBAHHUE XapaKTEPHO TEM, UTO pa3padaTbIBaeTCsl OOIIMMA
IPUHLIAI KOHCTPYKTUBHOTO PELIEHUS, a JJIsl PEeLIeHUs] KOHKPETHOM 3a1aun Oepercs
OJIMH U3 BO3MOXKHBIX BapHUaHTOB OOIIEro perieHus. Bapuanum mMoryTt 3akirodarbes,
HanpuMep, B TOM, YTOOBI IO-Pa3HOMY CKOMIIOHOBATh UMEIOINECS YHU(PUIIUPOBAHHBIE
y3Jbl OJIHOM cUCTeMbl yHU(UKauu. ONTUMaIbHOE KOHCTPYHPOBAaHHUE OCHOBAHO HA
AITOPUTMAX, PEATU3YIOIIMX MOJYYEHUE ANbTEPHATUBHBIX PEIICHUMN, YITyUIIAOIINXCS
B OTHOIIICHWY 33JIaHHOM TIeJIeBOU (DYHKITHH.

B Hacrosimiee BpeMsl MPOEKTUPOBIIUKY CIOKHBIX TEXHUYECKUX CUCTEM AJIA I0-
Jy4deHHUs] TpeOyeMbIX peHIeHHid HEO0OXOJUMO MPOCMOTPETh U OLIEHUTh TPOMATHOE
YHCII0 BapuaHTOB KOHCTpyKuud. K coxanenuto, n000# KOHCTPYKTOp o0Ojamaer
BIIOJIHE OIpE/IEJICHHBIMU, BECbMA OTPaHUYEHHBIMU (PU3NOJIOTMUECKUMU BO3MOKHO-
CTSIMH OINIEPATUBHON 00pabOTKM MHPOpMAIMH. 31€Ch €My MOTYT IIOMOYb TOJIBKO T€
METO/Ibl POEKTUPOBAHUSI, KOTOPBIE MO3BOJISIIOT 3(PPEKTUBHO UCIIONB30BAaTh CPEICTBA
BBIYMCIINTEIbHON TeXHUKH. OHAKO KOHCTPYUPOBAHUE COBPEMEHHBIX TEXHUYECKUX
CPEICTB sIBIIsIETCS 00aCTh0 MHKEHEPHOH J1€ATEIbHOCTH, Ha0OJIee CII0KHOM JIsl aB-
TOMAaTU3ALMH.
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JIEKLHIUU 3-7 O630p CAD cucrem

CeronHsi B MalIMHOCTPOEHUHU IMTPOUCXOIUT LEBIN PSJI HO3UTUBHBIX TEXHOIOTH-
yeckux u3MeHeHuil. [loctosiHHOe coBepiieHcTBoBanue CAD-cuctem cnocoOCTByeT
nanbHeieMy nporpeccy B cepe npoeKTupoBaHus U pa3padboTku. [IpuHIMIIHATBEHO
HOBOE 000pY/I0BaHUE TETEPh MOXKET ObITh CO3/ITAHO 3HAUUTEIHLHO OBICTpEE, YEM KOT/1a-
1100 paHee.

MourHble TaKeThl MPOrPAMM IMO3BOJIAIOT MPEVIOKNATH 3aKa3UMKY PELICHHS, KO-
TOPBIE TTOJTHOCTHIO COOTBETCTBYIOT €0 MOTpeOHOCTIM. [IprMeHeHe HOBBIX METOIOB
MPUBOJUT K MOBBIIICHUIO KAY€CTBA U HAJIE)KHOCTU U3CNIHI U, OTHOBPEMEHHO, K CHU-
YKEHHIO PacX0JI0B Ha MPOEKTUPOBAHUE U ITPOU3BOJICTBO.

Ot BBeIOOpa onTuManbHOro CAD-pemienuss B 3HaUUTEIHONW CTENEHU 3aBUCHUT
KOHKYPEHTOCHIOCOOHOCTb MPEAPUSITHS.

Cospemennoe npou3e00cmeo 0CHOBAHO HA UHMEHCUBHOM OOMeEHe I1eKMPOH-
HbBIMU MOOENIAMU HE MOJIbKO HA YPOGHE OMOEIbHbIX NOOPA30eIeHUll, HO U MeHCOY
npeonpuaAmuAMuU-noopAdHUKamu, pabomarowiumu Hao oouum 3axkazom. Illlupoxoe
pacnpocmpanenue uHGOPMAyUOHHBIX MEXHOI02UIL NPUBENO K MOMY, UM O 8 HACMO-
AWMU MOMEHM HA DOIbUMUHCIEE NPEONRPUAMUIL UCHOIB3YIOMCA 00HOBPEMEHHO 06e
u 0onee CAIIP c paznuunvim naoopom npukiaonvix CAD/CAM/CAE mooyneii.

BoJBIIMHCTBO MPOEKTHUPOBIIUKOB, 3aHATHIX B MAIIMHOCTPOEHUH, A0 CUX IOP
pPUMEHSET TpaauMOHHbIe 2D-MeToabl pa3paboTku yepTexend. 3D-npoekTupoBanue
MMEET OIpeJIeNICHHbIEC MPEUMYIIECTBA, OJIHAKO B pAJie ciiydaeB padoTa ¢ 2D-00bek-
TaMH OKa3bIBaeTCs 00siee OBICTPHIM U SKOHOMUYHBIM criocoooM. Tunuynsie o0nacTu,
JUIs1 KOTOpBIX 2D-noaxoa mo-npexxHeMy sBJsieTcs: BecbMa () PEKTUBHBIM — 3TO dJIEK-
TpHUKa, TUJIPABIIMKA U T.II., TJie HeoOxoauMo co3nanue 2D-cxem. Croaa ke MOXXHO OT-
HECTHU 3a7a4y pa3MelleHus 000py0BaHusl B 1iexe (TIIaHUPOBKH ).

2D-1moxo1 0COOCHHO Y00€H ¢ TOYKHU 3PSHHS NCTIONB30BaHMS PaHEe HAKOTIIICHHBIX
JaHHbIX. MHorue npeanpusatus rogamu npumensuiiu CAD-cucteMbl U cO31alu ThICSYH
yeprexen. VIHTe ek Ty alIbHbIN TOTEHIMAIT ¥ 3HAHHUS, OBEILIECTBIICHHBIC B 3TUX YEPTEKAX,
JIOJKHBI HAUTH CBOE NpUMEHEHHE. MHOTME MPOEKTHI SIBJISIFOTCSl BAPUAHTAMU YKE CYIIE-
CTBYIOLIMX MAalllMH, B KOTOPBIX MEHSIOTCA TOJBKO HEKOTOpbIe cerMeHThl. He nmeer
CMBICJIa TIEPETPOEKTUPOBATH MAIIIMHY TOJBKO IS TOTO, YTOOBI BBHITYCTUTh €€ HOBBIN Ba-
puanT. [loaTOMY HaKOIJICHHBIE JJAHHBIE CTOUT 00pabartbiBaTh B 2D-crucremax, a B 3D-cu-
CTeMax OCYIIECTBIISITh HOBBIC POCKTHI.

Tunuynaa mawuna cocmoum u3 HeCKOJIbKUX COMEH WU muicad oemaJeil.
CAD-cucmema 0oxicrna 6vimsv cnocoona odpadamueléams maxue cioiicHovle COOPKU,
COXPAHAA NPU IMOM 00CHAMOYHYI0 npou3eooumenvHocms. Tonvko 6 Imom ciyuae
CAD-cucmemy morcno ucnonvzosams 0s pazpaoomku oovopyoosanusn. Ecnu CAD-
cucmema He obecneuusaem Heo0OX00UMOIU NPOU3BOOUMENbHOCHU, MO C €€ NOMO-
WbI0 MOICHO NPOBOOUMb AHAIU3 NPOEKMUPYEMOU MAWMUHBL MOJILKO NO YACHIAM
unu omoenvHvlmu y3iamu. B amom cayuae mepaomea npeumyuwiecmea 3D-npoex-
mupoeanus.

[Ipy npoeKkTUPOBaHUU CIOKHBIX y3JI0B MOJIb30BATEII0 HYKHbI HaJEKHbIE WH-
CTPYMEHTHI BU3yanu3anuu sl 3pGHEeKTUBHOTO OTOOpaKEHUS MPOEKTa. ITO HE0OXO-
JIAMO JJIs1 KOHTPOJISL IEPECEUCHUIN U CTOJIKHOBEHUU AETAJIEH, TOSBJICHUE KOTOPBIX IPH

17



IMPOCKTUPOBAHUHN BO3MOKHO M3-3a CTPCMJICHHA K KOMITAKTHOCTH U3/ICIINUA. Takue uH-

CTPYMEHTBHI MO3BOJISIOT OOHAPYKHUTh OMIMOKH HA PAaHHUX 3Tanax MpPOEeKTUPOBAHMSL.
CAD (Computer Aided Design) —koncmpyxkmopckue CAIIP

Ycenewnoe pazeumue cospemennozo o6usneca nemoviciumo 6e3 KOMNIEKCHOU
agmomamu3ayuu, 0CHOGOI KOMOopoil AGIACMCA NPUMEHEHUE HOBEUMUX UH(OpMa-
yuonuvix mexrono2uii (UT). Ilocneonee oecamunemue XX eexka xapaxmepusyemcs
WIUPOKOUI KOMRblomepu3zayueil 6cex 6ud08 0eamelbHOCmU Yenogeuecmea: Oom
mMpPAOUYUOHHBIX UHMENTEKMYANbHBIX 3A0ay HAYUHO20 XapaKmepa 00 agmomamu-
3auuu nPOU3800CMEEHHOI, MOP2080Il, KOMMEPUECKOIl, DAHKOBCKOIL U OPYZUX 6U008
deamenbHocmu. Imoii eceoduieli meHOEeHYUU CROCOOCME0sanu maxkue aKmopol,
KaK nose/1eHUe U Maccosoe nPUMeHeHue NePCOHAIbHBIX KOMNbIOMEPOE8, a4 makKice
cpeocme meneKOMMYHUKAUUIL U 6bIYUCTUMETbHBIX Cemell, 6 mOM YUC/le «6CemMup-
Houl naymunoy) — Hnmepuem. Imu ghakmopui coenanu akmyaibHoii npodaemy pasz-
sumus u IPPekmuenozo ucnonb306anus UHGPOPMAYUOHHBIX PECYPCO8 — KAK J10-
Ka1bHbIX, MAK U 00UWEHAUUOHATbHBIX U 0adice 2/100a1bHbIX.

Crano siCHO, 4YTO YCTOSITh B KOHKYPEHTHOU O0pb0€ CMOTYT TOJIBKO T€ MIPEANPHU-
ATHS, KOTOPBIE OyAyT NPUMEHATh B CBOEH JEATEILHOCTH COBPEMEHHbIE MH(OpMaIu-
oHHbIEe TexHooruu. imenno UT, Hapsiay ¢ NpOrpeCCUBHBIMU TEXHOJIOTUSIMU MaTEpH-
aJbHOTO MPOU3BOJACTBA, MO3BOJISIOT CYIIECTBEHHO MOBBICUTH MPOU3BOAUTEIHHOCTh
TPy/la ¥ KAYECTBO BBIMYCKAEMOU MPOAYKIIMU OJJHOBPEMEHHO CO 3HAUUTEIHHBIM COKpa-
IIEHUEM CPOKOB MOCTAHOBKH Ha MPOU3BOJICTBO U BHIITYCKAa HOBBIX, 00Jie€ COBEPIIICH-
HBIX M3JICJIUH, OTBEYAIOIIUX 3allPOCaM U OXKUJIaHUSIM TTOTpeOUTEN .

OmHako B TOT )K€ IepHUo;] OBLIIO 0CO3HAHO, UTO YaCTUYHAs, (hparMeHTapHas KOM-
MBIOTEpU3AIUS OTJEIbHBIX BUAOB MPOU3BOACTBEHHOMN NEATEILHOCTH, OyIy4H JEI0M
JIOPOTOCTOSIIIINM, HE OMPABABIBAET BO3JIATAIOIIMXCS HA HEE HAAEXKI. JTO CBS3aHO C
TeM, 4To mepBbie peanusanuu WUT npencraBisiiv co0oil MOMBITKU BHEAPEHUS Kaue-
CTBEHHO HOBBIX CPEJACTB B TPAJULIMOHHYIO TEXHOJIOTHUECKYIO CPELY.

OTHU MOMBITKU MO0 TOTHOCTHIO OTTOPTAINCH, TNOO0 «alallTUPOBAIUCHY K ITOU
cpene TakuM o0paszoM, 9To 3(PGEKT OT UX UCIOIBL30BaHUs ObLT HeBeNUK. [Ipumepamu
TaKUX MOMBITOK MOTYT CIY>KUTh:

— wMHorouuciieHHble ACY, poJib KOTOPBIX CBOJIMJIACH K aBTOMATHU3AIMU IMPO-
CTEHIIMX YYETHBIX U OTYETHBIX (YHKLIUA;

— xoHctpykTtopckue CAITP (CAD — Computer Aided Design), 3ameHsBIme
YEPTEKHYIO JOCKY U KyJIbMaH SKpPaHOM JHCILIES;

— texnonoruueckue CAIIP (CAM - Computer Aided Manufacturing), oG:er-
YaBIIIUE MOATOTOBKY TEXHOJIOTHYECKOW TOKYMEHTAIlMU W YIPaBISIONIUX MpOrpaMm
1t ctankoB ¢ UITY;

— aBTOMAaTH3MpPOBaHHbIE cucTeMbl HHXKeHepHbIX pacueToB (CAE — Computer
Aided Engineering) u T .1 .

Bce amu cpeocmea cozoasanuce na paznuuHbixX 6bI14UCIUMENbHBIX NAAMPOp-
Max, 6 paziuyuHbIX A3bIKOGHIX CPEOAx U, KAK RPAu0, 0bljiu HECOEMECHUMDbL MEHCOY
c000il, umo npedonpeoensnno ux a6MoOHOMHOE UCNOb308AHUE C HEODXOOUMOCHIbIO
MHO20KPAMHOU NEPEKOOUPOGKU NOOUAC 0OHOU U MO Jce UHpopmayuu 014 6600a
ee ¢ my unu unyrw cucmemy. Illomumo pe3xozo eozpacmanus 06vemo8 pymunHo20
mpyoa, 3mo nPuEoOU0 K MHO204UUCIEHHbIM OUMUOKAM U, KAK cl1e0cmeue, K CHuice-
HUto Ihhekmuenocmu cucmenm.
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Bmecme ¢ mem, onvim, nakannueasuuiica ¢ npoyecce co30aHus u paspa-
00mMKU ABMOHOMHBIX CUCHIEM, OKA3AJICA NONE3HbIM: OH NO360J1U]l OCOZHAMb HEOD-
X00UMOCmb UHmMezpayuu cucmem, peaausyrouwiux panuunvie UT, ¢ eOunviii Kom-
njeKc, Komopbulii 6 0me4ecmeeHHOU MeXHUYecKou 1umepamype noJiy4ul Ha3eanue
HACY — Humecpuposannas Aemomamusuposannana Cucmema Ynpagnenus, a 6
anznoasviunou aiumepamype — CIM (Computer Integrated Manufacturing).

[TepBonavanbHo nosiBneHue u BHeapenue MACY (CIM) onHO3HAUYHO CBSI3bIBA-
JIOCh € BBICOKOABTOMATHU3UPOBAHHBIMU MPOU3BOJICTBEHHBIMUA KOMITJIEKCAMU THIIA THO-
KMX aBTOMATHU3UPOBAHHBIX MPOU3BOJACTB M J1aK€ MOJHOCTHIO aBTOMAaTU3HPOBAHHBIX
npeanpusatuii. OgHAKO JalbHEHIee pa3BUTHE TTOKA3aI0 MEeJIeCO00pPa3HOCTh BHEIpE-
Husg MACY Ha npeanpusaTUsX ¢ yMEPEHHBIM YPOBHEM aBTOMATHU3AI[MU TEXHOJOTHYe-
ckux npoueccoB. CylIeCTBEHHBIM OKa3aJIOCh CO3/IaHHE B PaMKaxX NPEINpUSATUS €OU-
HOTO0 WH(OPMALMOHHOTO MPOCTPAHCTBA WM HHTEIPUPOBAHHON HH(POPMAIIMOHHOM
cpeasl (MUC), oxBarbiBaroiieid Bce 3Tansbl ku3HeHHoro nukia (AKL) Beimyckaemoit
ATUM NPEANPUATUEM TPOTYKIINH.

Pa3BuTre COBpeMEHHON MUPOBON 3KOHOMHKHM CTABUT IEpel MPEANPUATHAMU
3a/1a4y KOHOMHUU BCEX BHUJIOB PECYpPCOB - MaTEPHUAIbHBIX, UHTEIICKTyalbHbIX, UH-
(GbOpMAaIIMOHHBIX U BPEMEHHBIX, MPUBJICKAEMBIX JJIsl peainu3alid KOHKPETHOTO IMPOo-
€KTa WM IPOrpaMMBbl Ha BCEX CTAIUAX >KU3HEHHOTO ITUKJIA U3/ENINA, OT pa3pabOTKu U
MIPOU3BOJICTBA 10 MOJICPHU3ALMUA M yTWIHW3aUWU. J[aHHBII acleKkT MNpeanoJaraet
TaK)K€ YCKOPEHHUE IEHCTBUI U CO3/1aHuE YCIOBUH JIJIs O0Jiee TECHOM Koomepaliu npo-
u3BojuTENEH. B COBpeMEHHBIX yCIOBUAX MH(POPMALIHS CTala OCHOBHBIM TOBAPOM.

[Ipon3BOACTBO CI0KHON HAYKOEMKOU ¥ BBICOKOTEXHOJIOTUYHOU MPOTYKIIMHU HE-
BO3MOXKHO CEroJiHs 0e3 obecrieueHus: ee MHPOPMaIMOHHOM MOAEPKKH Ha BCEX CTa-
TUSIX KU3HEHHOTO HuKia. MHpopmanmoHHas noaaepKKa — 3TO LENblid KOMIUIEKC BO-
IIPOCOB, BKJIIOYAIOIIMI aBTOMATHU3AIMI0 MPOLIECCOB MPOECKTUPOBAHUS, 0OECIeueHre
TE€XHOJIOTHYECKHUX MPOLIECCOB MPOU3BOACTBA, ABTOMATU3ALIMIO YIIPABICHUYECKOU Jesi-
TEJIBHOCTA TNPEANPUATUNA, CO3JAHHUE DJIEKTPOHHOM JKCILTyaTallMOHHOW JOKYMEHTa-
LMW, BHEAPEHUE aBTOMATU3NPOBAHHBIX CUCTEM 3aKa3a 3allaCHbIX YacTeil U T. II.

Hoea HUC u ungpopmayuonnon unmezpavyuu cmaouii K1l cmana 6azoeoii
npu evipadbomke nooxooa, noayuueuwiezo ¢ CLIA nazeanue CALS (Continuous
Acquisition and Life cycle Support — nenpepuvisnas ungpopmayuonnas noooepicka
HOCMABOK U HCUZHEHHO20 UUKIA).

Buenpenune CALS-TexHosornii Tpedyet OONbIINUX YCHIIUNM CO CTOPOHBI pas3pa-
OOTYMKOB M MepCOoHaNa NPEANPUSITHS, a TAKKE BECbMa CYILIECTBEHHBIX 3aTpaT Mare-
pHUABbHBIX, TPYIOBBIX, BDEMEHHBIX U, KaK CIEACTBUE, (UHAHCOBBIX pecypcoB. I'eHe-
panbHas nenb BHeapeHuss CALS-TexHonoruii: J00UThCs NOBbILEHUS 3 (HEKTUBHOCTH
Y KOHKYPEHTOCIIOCOOHOCTH MPEANPUATHS 32 CUET CYIIECTBEHHOI0 COKPAILEHUS CPO-
KOB OCBOEHHSI ITPOU3BOICTBA HOBBIX M3IEIHM, YIyUIIEHUSI KAUeCTBA 3TUX U3ACIIUNA U
TEXHUYECKOU (B T.4. IKCILTYyaTallMOHHON U PEMOHTHOM) TI0KYMEHTAllUU, MPECTaBIs-
€MOl B COBPEMEHHOM 3JIEKTPOHHOM BUJI€, 00ECIICUEHHS BEICOKOTO YPOBHS CEpBUCA U
JIOTUCTAYECKOU MOIECPKKHU HA MOCTHPOU3BOACTBEHHBIX cTanuax /KLI.

[To mocTrkeHnu 3TON e NPEANPUITHE CMOXKET 3aHITh TOCTOMHOE MECTO Ha
PBIHKE HAYKOEMKO BBICOKOTEXHOJIOTMYHOM MPOAYKIMH B IIOJJHOM COOTBETCTBHUU C CO-
BPEMEHHBIMU TPEOOBAHUSIMHU, MPEIBIBISIEMBIMU MOTECHIIUATHHBIMHA TOTPEOUTEISIMH,
B OCOOCHHOCTH 3apyOEKHBIMH.
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VYuuThIBast OrpaHUYEHHOCTH PECYPCOB U OTCYTCTBUE ONBITA peaInu3alliu MOJHO-
MacCIITaOHBIX MTPOEKTOB TAKOU CIIOKHOCTH, MOKHO YTBEP)KIaTh, 4TO CHOPMYIUPOBAH-
Has TeHepaJIbHAs 1IeJIb MOXKET ObITh IOCTUTHYTA IMTOCPEACTBOM MO3TAITHOMN peaanu3aiuu
JIOKaJIbHBIX, YACTHBIX IIEJICH, TIOTHYECKH U METOANYECCKU MOJIYMHEHHBIX TeHEPATbHOM.

Knaccmndurauma CAMP

AKTyanpHOM 3a/1auei SIBISETCS TI0 BO3MOXXHOCTH 0OJIee IMOTHAs aBTOMATH3AITNS
TPYJAOEMKHUX MPOIECCOB, BCTPEUAIOIINXCS TIPU MPOCKTUPOBAHUU KOHCTPYKIuH. OT-
crojila 0oJibllIoe pa3zHOOOpa3ue CUCTEM aBTOMATU3WPOBAHHOIO MPOEKTHUPOBAHUS Ha
KOKI0M W3 cTaamii cosmanus oObekTa. CyIecTByeT ciemyromas KiacCH(puKamms
CAIIP:

1) no ypoenro popmanuzauuu peuwraemvix 3a0ay — CUCHEMbl, ROCHPOEHHblEe HA NOJl-

HOCIMbIO (PopMmanu3zyemvix Memooax peuieHus nPoeKmHsIX 3a0ay; eedyuiue npo-

eKmHble padomul, He NOOOAWUECA NOTHOU hopmanuzayuu; op2anu3youiue no-

UCK peuieHUs Hepopmanuzyemvix 3a0au;

2) no OyHKuuOHAILHOMY HA3ZHAUEHUIO — CUCHEMbL PACYEMHO-ONMUMUZAUUOHHbLE;

2paghuueckue; aemoMamu3upoO6aHHO20 NPOEKMUPOCAHUA KOHCMPYKUUIl; zpago-

aHanumuyeckKue; N0020MoBKU MEXHUYECKOU OOKYMEeHmauuu; 00padoomku pe3yo-
mamoe IKCHEPUMEHMANbHBIX UCCTE006AHUI; UHPOPMAWUOHHbBIE; MEXHOI02UYe-

CKOIl R0020m08Ku npozpamm 01asa cmankos 4I1Y;

3) no cheyuanuzayuu — CuCmemMbl CHeYUATUSUPOBAHHbBIE U UHEAPDUAHMHbLE;

4) no mexnHuueckoil opaHuzauUU — CUCHIEMbl C UEHMPAIbHbIM NPOUECCOPHBIM

YynpagieHuem, KOMHIEeKnyemole aA6MOMAMUIUPOCAHHLIMU PADOYUMU MeCmaMU

xoncmpykmopa (APM) ¢ coocmeennbimu b14ucIumenIbHbIMU Pecypcamu.

Bce cospemennvie CAD/CAM/CAE cucmemul 6 3a6UCUMOCIU OM DEeULAECMBIX
UMU 300aY4 MOMCHO PA30e/iumb HA 08e ZPYNNbL: CREUUAIU3UPOBAHHbIE U YHUGED-
caibHble.

Crenraivu3upoBaHHbIE POrPAMMHbBIE KOMILJIEKCHI MOTYT HCIOJB30BaThCsl Kak
aBTOHOMHO, TaK W BKJIIOYAThCS B COCTaB YHUBEPCAIbHBIX cucteM. [lo ¢pyHKIMOHATb-
HOMY MPU3HAKY OHU KJIACCU(DUIIMPYIOTCS Ha:

— mnporpammbl s rpadudeckoro (CAD) simpa cucremsr (Parasolid — Unigraphics,
Solid Edge, Solid Works, ACIS - ADEM, AutoCAD);

— cuctemsl 11 pyHknroHansHOTO MonenupoBanus (CAE, peanusyromnue METO T KO-
HEYHBIX AJIEMEHTOB, KOTOPBIC, B CBOIO OU€peilb, TAKKE JCISATCS Ha CUCTEMbI 00-
miero npumeHeHus (NASTRAN, ANSYS, COSMOS/M u ap.) u npo6ieMHO-0pH-
eHTupoBaHHble cuctembl (ADAMS, MARS u ap.);

— CHCTEMBI JIJIsl IOJATOTOBKH YIPABJISIFOIINX MPOTPaMM ISl TEXHOJIOTHYECKOTo 000-
pynosanus (CAM) (Gemma 3D, CAMWorks u ap.).

— VYHUBEpCAJIbHBIE CHUCTEMBI MpEIHA3HAYEHBI i1 KOMIUIEKCHOM aBTOMATH3allUU
MPOIIECCOB MPOCKTUPOBAHUS, aHATIM3a U MPOU3BOCTBA MPOIYKIIMU MAIIMHOCTPO-
eHus. B 3aBucuMoctu OT (PyHKITMOHATBHBIX BO3MOXXHOCTEN Pa3inyaloT CUCTEMBI:

— wuuskoro yposus (AutoCAD, TopCAD, P-CAD, CADMech, Caddy),

— cpexanero yporus (Solid Edge, SolidWorks, Cimatron, T-Flex) u

— BbeIcokoro ypoBHs mnosHomaciitabHeie (CATIA, UNIGRAPHICS, Pro/ENGI-
NEER).

Cnedyem ommemumas, Ymo epems He CEA3AHHBIX OPY2 C OPY2OM RPOZPAMM U
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cucmem, AGMOMAMU3UPYIOULUX OMOeIbHble 36CHbA MEXHOI02UYEeCKOUl Uenu RPOU3-
600cmea, KaKk 3mo 0vl10 Ha 3ape KoMnbvlomepHoii 3pul, npouino. Tenepv nonvzosa-
menv-npogheccuonan mpedyem om pazpadomuyukos NPUKIAOHBIX RPOPAMMHBIX
NPOOYKMOE 3aKOHYEHHblEe peUuleHUs, 00ecneuusaruiue CK603HyI MexHO102UI0 6
PAMKax eOUHOU UHMEeZPUPOGAHHOU CUCHIEMbl A6MOMAMUZUPOEAHHO20 NPOEKMU-
posanus. Takoit no0xo0 no3zeonaem mooeauposams uzoenue Ha KOMnoviomepe u 6ol-
0asams 6 NPOU3800CHEO 20N 0Bble ONMUMATIbHbBLE PEUlEeHUs ymeMm nepedopa 060b-
Wi020 YUCNa 6ApuUaAHmMOE HA 3Mmane NPOEKMUPOGAHUA U MAKUM 00pa30om 6 He-
CKOJIbKO pa3 COKpauiamoy 6pems 6bINYCKaA 20M 06020 U30€/UA.

YtoOBl COCTaBUTH MpENCTaBICHUE 00 MMEIONINXCS B HACTOAIIEE BpPEeMs TPH-
KJIaJIHBIX POTPAMMHBIX ITPOJIYKTaX, PACCMOTPHUM CTPYKTYPY U BO3MOKHOCTH HEKOTO-
PBIX COBPEMEHHBIX 3apyOeKHBIX U 0TedecTBEeHHbIX HHTErprpoBaHHBIX CAD/CAM cu-
creM. HauHewm ¢ cucteM HU3KOTO YPOBHSL.

Ecnu Heo6xoammo paboTath ¢ yepTexaMu MPOCTHIX U3ICNIUN, KOTOPHIE MOCe
BBIITyCKa U3/ICJIHSI, CKOPEE BCEro MONIAYT B YTUJIb, MJIU €CIIU HYKHO NMPEUMYIIIECTBEHHO
paboTaTh ¢ yke€ TOTOBBIMHU YepTEkKaMU U 3aHUMATHCSI UX KOHTPOJEM WiId odopmIie-
HUEM, TO BIIOJHE MOKHO O0OOUTHUCH 6€3 HMHCTPYMEHTOB MapaMeTpHU3alliu, HO €CIIU ATH
JOKYMEHTBI TepenaroTcsi B cpennne win Tsokensie CAIIP, mapamerpuzanus xena-
TEJIbHA.

CAD-cucTembl HU3KOTO YPOBHA
Autodesk Mechanical Desktop (AMD)
Autodesk Mechanical Desktop npoaykr amepukanckoi komnanun Autodesk —

00BEIMHSAET HOBBIE BEPCUH HECKOIBKUX MMPOTPAMMHBIX MTPOIYKTOB:

— AUutoCAD - 06a3oBblii rpaduuecKkuii MakeT, BKIOYAIOMUNA TBEPIOTEIHHOE
MOJIETTUPOBAHUE;

— AutoSurf 3.0 - MmoxenrpoBaHUe OTHOPOIHBIX H HEOAHOPOIHBIX TPEXMEPHBIX
ITOBEPXHOCTEM;

— AutoCAD IGES - Ttpancnarop oomena daitmamu rpauyecKkux JaHHBIX C
npyrumu cuctemamu CAIIP.

Hoeonozua pabomet 6 AMD 6azupyemcsa Ha ucnoivb3oeanuu napamempuue-
cKux 00vekmos. Ocnogy makozo o0veKkma cocmaeisiem HAOPOCOK, 6bINOTHEHHbBLIL
cpeocmeamu AutoCAD — euo uzodenusn, naubonee noaHO OMpParcarouwiuii Oyoyu(yio
Koncmpykyur. B oanvueiiumem AMD omkoppekmupyem 3mom HAOPOCOK-ICKU3:
JMHUYU TIOYTH BEPTUKAJIBHBIC WM TIOYTH TOPU30HTAIBHBIC CTAHYT TAKOBBIMH, TIOYTH
COOCHBIE€ OKPY>KHOCTH CTaHYT COOCHBIMHU U T.J1. KOHCTPYKTOpY OCTaeTCs JIUIIb BHECTH
JOTIOJTHUTENHHBIC JIOTHUECKHUE CBSI3U MEXKTY OTICIbHBIMU dJIEMEHTAMU dCKU3a HIIN U3-
MEHHUTH T€, KOTOPhIE CHCTEMa BHECJIa caMa, a TaK)Ke MPOCTaBUTh HEOOXOAUMbIE pa3-
Mepbl WK 3aBUCUMOCTH. OHU MOTYT OBITh 3aJjaHbl B BUJE KOHKPETHBIX 3HAYCHUM,
dbopmyI1; 3HAUEHUST OJJHUX MapaMEeTPOB MOTYT OBITh BBIPAKEHBI Yepe3 NpPyrue; mnapa-
METpPBI MOTYT OBITH TI00ATFHBIMHU — B 3TOM CJIy4ae OHM JIOCTYITHBI JJI BCeX pa3zpada-
ThIBa€MbIX jaetaneil. M3menenue mo0oro pasmepa MpUBOIUT K MOAUGPUKAIIMN BCEH
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KOHCTPYKIIMH, a HE TOJIBKO OTAEIBHOTO 31eMeHTa, Kak 0110 B AutoCADe 6onee pan-
HUX BEPCHM.

[Tocne Toro, Kak 3CKM3 HAPUCOBAH, MPUCTYNAIOT K pa3paboTKe TBEPAOTEIbHON
Monenu. "Teno" oopazyemca auoo "evioasnusanuem' rckuza ¢ mpemoe uzmepe-
Hue, 1u00 epauieHuem, 1Ud0 e2o nepemeuieHuem 600716 3a0aHHOU Kpueoi. B oanv-
Helluiem 0a306blil I1eMEHM KOHCMPYKUUU MOHCHO C HOMOWbIO 102udecKux (oyne-
8b1X) onepayuil 00vbeOUHUmMb ¢ OPY2UMU OeMAIAMU UTU, HA0OOPOm, YOATUMb OM-
oenbhble yacmu. Habpocok CTpOUTCS B ONPEAEICHHON TUIOCKOCTH, YTO TOMOTAET J10-
CTpauBaTh MOJIEJIb, U3MEHATh BHEIIHUNA BUJ JII0OON neranu. HekoTopble KOHCTPYK-
TUBHO-TEXHOJIOTUYECKUAE 3JIEMEHTHI ((hacku, CKPYIJICHUS, OTBEPCTHS MOa OONTHI —
CKBO3HBIC U TIIyXHeE, TJIaJIKNE, 3€HKOBAHHBIE, TI0]] TOJIOBKY BITOTal, pe300BhIE) MOTYT
OBITh BHECEHBI HETIOCPEACTBEHHO B TBEPIAOTEIbHYI0O MOACHb. KaXblii BHIOpaHHBIN
AJIEMEHT 0TOOpa)kaeTcsl B OKHE JUajiora, IAe HArJISIIHO MTOKAa3bIBACTCS, KAKUE U3MEHE-
HUS TPOU30MIYT MOCIIE €r0 BHECEHUS! B KOHCTPYKIUIO. Ilocmpoue meepoomenvuyro
MO00elb, KOHCHPYKHIOP MOXMCEem Onpeodeiums ee Maccy, niouiadb no6epxHoCmu,
UHEPUUOHHDBLE XAPAKMEPUCMUKU.

AMD npennaraet npocToi MEXaHU3M MOIYYEHHUS OTAEIbHBIX BUIOB, Pa3pe30B,
CEUYCHHI TOTOBOM TBEPIOTEIbHON Mojenu. JIto0oe n3MeHeHne pasmMepa B MOJIeNU OT-
pasutcs B uepTexe, 1 Hao0opoT. Mcnonb3oBaHue rio0aibHbIX MapaMeTpoB npu 00-
pa3MepuBaHUM MOJICIH MO3BOJISIET CO3/1aBaTh BAPHAHTHI OJTHOTUITHBIX COOPOYHBIX y3-
JIOB.

AMD obecneuusaem makosice g3aumooeiicmeue meepovix mes ¢ nHOBePxXHo-
cmamu u popmuposanue cOOpOUHON KOHCMPYKYUU HA OCHO8E OMOEIbHBIX 0ema-
nei. Onepayusa cOOpKu noxodca Ha my, KOmMopas NPUMEHAEMCcA HA RPAKMUKe: Ha
IKpAHE MOHUMOPA, KAK HA CMoJjle, 6bIKIAA0bIEACHCA He00X00UMOe KOIU1eCmeo oe-
madneii, Komopbvle Heo0X00UMO BKIOUUMb 8 COOpouHbLL y3en uzoenus. Kaxcoan oe-
manb nPpU IMOM XAPAKMEPU3YEMCA NPOCMPAHCMEEHHHIMU CIMENEHAMU C80000bL.
Ilepeas agnaemca 6a3060ii, K Hell nodcoedunaiomces ece ocmanwvuwie. Ilocne mozo
KaK éce 0emanu yCMAaHo61€eHbl HA C6OU MeCma, KOHCMPYKmMop noJydyaem coopou-
HbLIL Yepmec 6ce20 Y31a 6 Pa3HblX NPOEeKUYUAX ¢ He0OX00UMbIMU pa3pe3amu u ce-
YyeHuamu. J{oNOTHUTETFHO MOXHO CO3/1aTh CIIEU(PUKAIIAIO HA 3TOT COOPOUYHBIN Yep-
TEX C aBTOMaTHYECKUM BKJIIFOUCHHEM Bcex jetaneit coopku. [Ipu reHepupoBanuu pa-
004YuX YepTexel MPOUCXOAUT aBTOMATHYECKOE yIaJieHUE MTPUXOBBIX U HEBUUMBIX
JIAHUU.

PabGouue yepTexu MOTYT OBITh MMOJTYYEHBI B CTPOTOM COOTBETCTBUM C MEKTyHa-
POAHBIMM NPOMBINIEHHBIMU cTaHaapTamu u ECK/I.

OcHoBHbIEe cBOMicTBa mporpammbl AutoCAD 2002:

— Pabora ¢ MHOXECTBOM JOKYMEHTOB. OTKPBITUE HEOTPAHUUYEHHOTO KOJIHYE-
cTBa (halJIOB YEPTEKEN;

— Bo3moxkHOCTH 0JTHOBpEMEHHOM PabOTHI ¢ HECKOJBKUMH YEPTEKAMU, KOIH-
poBaHH€e 00BEKTOB M PA3IMYHBIX CBOMCTB U3 OJJHOTO YepTeXka B IPYTroOi;

— OrtkpsiTHE (aitna ¢ BBIOOPOUHOI (4aCTUYHO ) 3arpy3KOi CIIOEB U BUIOB Yep-
TeXa JJI1 YCKOPEHUs pabOThl TPOTrPaMMBl;

— HWuctpyment — AutoCAD DesignCenter, mo3BoJisieT JE€rKO HaXOAUTh HYX-
HBIE JIaHHbIE B (ailiax, KONUPOBaTh pa3jNyHble CBOMCTBA OOBEKTOB, CTHIIH, TaHHBIC
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U3 OJIHOTO (ailyia B Apyroii 6e3 OTKPBITUS UCXOAHOTO (aiina;

— Bo03MOXHOCTB CO3/1aHHsI HEOTPAaHUYEHHOIro KojqmyecTBa JaucToB (Layout) B
npoctpaHcTBe aucta (Paper Space) s BbINOJSHEHUS YepTeXei, BUAOB, BBIHOCOK U
T.4. B ogHOM (haiine moxket xpanutbest 3D-mozens (Model Space) u HeckoabKO mII0C-
kux yeprexeit (Layoutl, Layout2,....) ¢ pa3nuyHbIiMi HaCTpOIIKaMHu JIJIsl BBIBOJIA Yep-
TeXeH Ha pa3HbIe MeYaTalolre yCTPONUCTBA;

— PepakTrpoBaHne BHEITHUX CCHIIOK U 0JI0KOB mipsiMo Ha MecTe (In-place Xref
and Block Edit). [To3BomnsieT penakTupoBaTh BHEITHUE CCHUTKU M OJIOKH, HaXOISIIACCS
BO BHEITHUX (paitmax 6e3 ux 3arpys3ku!

— CpencrBa NpUBSI3KH 00BEKTOB, 3HAYUTEIBHO YCKOPSIONINE padOTy U YMEHb-
HIAIOIIUE KOJTMYECTBO BCIIOMOTATEIbHBIX MOCTPOCHUN. DTH BOZMOXKHOCTH paHee ObUIH
JIOCTYIIHBI TOJILKO C TOMOIIBIO makeTa (Genius;

— Mexanu3m u3MeHeHus cBorcTB 00bekTOB (Object Property Manager), no3-
BOJIAIOIINN OBICTPO U YAOOHO MEHSTH JIF0ObIE CBOMCTBA M XapaKTEPUCTUKH OOHEKTOB
yeprexa. s Bpioopa 00beKTOB 100aBIIeH PHIIBTP, YCKOPSIOUINI MOUCK IPUMUTHBOB
M0 HYKHBIM KPUTEPHUSIM;

— Tlonw3oBarenbckue cucremsl koopauHaT (UCS) MoryT uMeTh pa3Hyro Opu-
CHTALIMIO B PA3JIMYHBIX BUIOBBIX SKpaHaX, YTO 3HAUUTEIBHO 00JIeryaer padboTy ¢ Tpex-
MEPHBIMHU O0BEKTaMU

— Lineweights — uHHAM MOXHO 3a7aBaTh HEOOXOAUMYIO TOMIIUHY. J{JIst Tex,
KTO HE XoueT oToOpaxarh ToNUMHY JuHUNA B AutoCAD (u paboTarh Kak paHblie),
€CTh BO3MOXHOCTB €€ OTKIIOYCHHS B CTaTyCHON CTPOKE;

— Yyd4iieHsl KOMaH/Ibl MPOCTAHOBKM pa3MepoB Ha yepTexax. KomaHma aBTo-
MaTHYeCKOro oOpa3MepHBaHHs paHee ObUIa JOCTYMHA TOJBKO C MOMOIIBIO MakKeTa
Genius, Teneps oHa BXOauT B si7po AutoCADa;

— Database connectivity — cBs3b rpaduueckux 00bEKTOB C BHCITHUMH 0a3aMu
JAaHHBIX C IPUMEHEHHUEM CIEIMAIbHOTO Opay3epa;

— Jlns pa3paboTunkoB npuioxkeHui — BcrpoeHnbld Visual LISP, ITognepxka
VBA, ObjectARX.

CucremHble TPeOOBaHUA:

— mporeccop Pentium-133 wunu Boiie;

— 32 Mb RAM munumym, 64 Mb nnu 60b111€ pEKOMEHTYEeTCS;

— 107 Mb Ha xecTKOM JIUCKE MPU MUHUMAJILHON KOH(UTYpaIIUH;

— 158 Mb Ha >xecTKOM AHMCKE PH MOTHOW KOHPUTYpaIiK;

— 64 Mb MuHuMyM B (paitsie moAKaYKY;

— BHUJEOKapTa U MOHUTOP, 00ECIICUNBAIOIIHNE Pa3pEIICHUE;

— wmunumyMm 800x600, pekomenayetcst 1024x768;

— Windows NT\95\98.

AutoCAD mnpennaraer cpencrtBa AByXMEPHOTO MPOCKTUPOBAHUS U odopmiie-
HUS YePTEXKeH, a Takke yA0OHbIe MHCTPYMEHTHI TBEPAOTEIHLHOTO MOJICIUPOBAHUS.
Hogefinme TeXHOIOTHY, 3aJI0’KEHHBIE B 3TOUM CHCTEME, 00ecTieunBatoT Y(PPEKTUBHYIO
KOJUIEKTUBHYIO pa0OTy HaJ MPOEKTOM C YUYE€TOM CTAaHAAPTOB MPEANPHUATHUS U PA3IINY-
HBIX METOJIOB MPOEKTUPOBAHUS.

AutoCAD u Beimie ¢pupmsr Autodesk Inc. — ymoden ams 2D-uepuenus u paspa-
0oTku Ha ero 6ase crenuanuzupoBaHHbix CAIIP. TBepmorensHOE MOAEIMpPOBaHUE
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OCTaeTCs TPYJAOEMKUM M B KAaKOW-TO CTENIEHU OECIOJIE3HBIM, TaK KaK HET BO3MOXHO-
CTH TIOJIy4eHUS TTpoeKInii mpumutuba. Obnerdaer cutyanuro Hajactpoiika AUtoCAD
Mechanical Desktop unu HoBasi cuctema Autodesk Inventor.

Hecmotps Ha To, uTo mporpammsl cemeirictBa AUtOCAD SBISIIOTCS OJTHUMH U3
CaMbIX PAaCIpPOCTPAHEHHBIX MporpaMM B Poccuu, oHUM UMEIOT OJIUMH OOIIMK HeaoCcTa-
TOK, BECbMa BaXXHBIN MTpHU paboTe: KOMaHIHYIO CTPOKY, B KOTOPYIO MOJIb30BATENb JI0JI-
’KEH BPYUYHYIO BBOJUTH KOMaH/Ibl, 3a4aCTYIO Ha aHTJIMICKOM SI3bIKE.

. CADdy, oTe4yecTBeHHble CUCTEMbI

CADdy — pa3zpabotka Hemenkoi ¢upMmel Ziegler — cKBo3Has, yHUBEpCaIbHAas
00BEKTHO-OPUEHTUPOBAHHAS CHCTeMa. B Hell ecmb naockasa u odvemnan zpaguxa,
mekcmoswle u zpaguueckue 0azvl OAHHBIX, 00ecneuusaemcsa CmaHOapmu3ayus u
YHUuKayusa npoeKmHuvlX peuieHuil Ha OCHOBe napamempu3zayuu, blnoJIHAIOMCA
mMunogvle UHIHCEHEPHbIE paciembl, NPeolazaiomcs KOMnvlomepHvle apxXuest ¢ KOH-
mpoJiem u ynpaegieHuem 4epmerHcHo20 00Kymenmoooopoma. Vlmeroniecs: B COCTaBe
CUCTEMBI CPE/ICTBA MO3BOJISIOT PEIIaTh OJHUMU M TEMHU K€ MOAYJISIMU Pa3HOPOIHBIC
3amaun. Hampumep, MOyJid reOMETPUUECKOTO TPEXMEPHOTO MOJIETUPOBAHHUSI UCIIOIb-
3YIOTCSI I PEIIeHUs 3a7a4 KOMIIOHOBKH AJIEKTPOHHBIX OJIOKOB U aBTOMATHUYECKHUX
JIMHUM, arperaTHOro CTaHka v paccTaHoBKU MeOenu. CrucreMa npejyiaraet rnojib30Ba-
TEJI0 CaMOMYy CO37aBaTh HEOOXOAUMBIE €My IPOrPaMMHbBIE MOTYJIH.

Kpyr ucnons3oBaHus 3TOH CHCTEMBI OY€Hb IIMPOK: OT HH(POPMAIIMIOHHOTO
o0OecrieueHus MPOIECCOB YIPABICHUSI TOPOJCKHUM XO3SIMCTBOM M €r0 AKCILTyaTalluH,
JI0 CKBO3HBIX TEXHOJIOTHM MapaMeTPUUECKOTO MPOCKTUPOBAHUS U3ACIUA U TEXHOJIO-
TUYECKUX MPOIECCOB UX M3TOTOBJICHHUS.

CADdy pabotaet kak B cpene MS DOS Tak u B cpene WINDOWS. Ucnob3o-
BAHME TE€X WM UHBIX HHCTPYMEHTAIbHBIX CPEACTB 3aBUCUT OT KOJIMYECTBA 33]I€HCTBO-
BaHHBIX MOJyJIeH U HEOOX0AUMOro 00bemMa HHPOPMAIIMOHHOMN MOIJIEPIKKH.

Ananozom CADdy y nac aensemca "Cnpym'", nozeonarowuii max yce Kasye-
00MYy NONb306aMENI0, He 61a40€I0UieMY AZLIKAMU NPOZPAMMUPOBAHUS, CO30A6AMb
COOCMEEHHYI0 CKBO3HYIO CUCHIEM) ABMOMAMUZUPOBAHHO20 NPOEKMUPOBAHUSL, 8 KO-
mopoii mo2ym 0vimov 00beOUHEHbl pasHvle uHpopmayuonnvle cpedvl. Hanpumep,
cO37aTh CUCTEMY 10 U3TOTOBJICHUIO KAKOTO-JIMO0 y3J1a MATUHOCTPOCHUSI, KOTOpasi CO-
Jepkana Obl BCE 3HAHUSL O HEM - KOHCTPYKTOPCKUE, TEXHOJOTUUECKHE, SIKOHOMUYE-
CKHME, KOT/Jia OJHOBPEMEHHO C YepTe)aMHU H3JIeNIUs KOHCTPYKTOP MOXET BBIIATh
MapUIPYTHO-TEXHOJIOTUYECKUE KAPThl ¢ YKa3aHUEM I[€XOB, HEOOXOAUMBIX Omepaliui,
pa3MepoB 3aroTOBOK, 000PYI0BaHMS, HHCTPYMEHTA, npodeccuit padbouux, ux pasps-
JIOB, HOPM BPEMEHHU U JI00ABUTH K 3TOMY €I11€ IKOHOMUYECKHUE PACUETHI.

OTeuecTBEHHBIMU TMPEJICTABUTEISIMA TTPOCTHIX YHUBEPCAIBHBIX CHUCTEM THIIA
AutoCAD sBasitoTcsl mapaMeTpuyeckasi CucTeMa aBTOMaTU3MPOBAHHOTO MPOEKTUPO-
Banus u yepueHus T-FLEX CAD ¢upmbr "Ton Cuctems" u ADEM — npoaykr, co-
31aBaeMbIil 1 pacmpocTpansemblii pupmoii "Omega Techologies 1td" (Poccus).

ADEM

Cucrema CAD/CAM ADEM — noiaHoCThIO HHTErpUpPOBaHHAS, YHUBEPCAIbHAS
cucTema, mpeaHa3HaueHHas1 JJIsl OpraHu3aliy U TOIICPIKKH CKBO3HOTO MPOSKTUPOBA-
Hus. Cucrema obecreynBaeT MOATOTOBKY KOHCTPYKTOPCKOW JTOKYMEHTAIlMH, CO3/a-
HUE TBEPJIOTENbHBIX FEOMETPUUECKHUX (00BEMHBIX) MOJIeel u3aenus u GopMUpoBa-
HUE yIpaBJsommx nporpaMm Ha ctanku ¢ UITY. B cucteme ADEM B0O3MOXHBI 1B€
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CTpAaTEeruy NPOEKTHUPOBAHUSA: OT JABYMEPHOIO (IUIOCKOIO) 3CKM3a U OT TPEXMEPHOMU
TBEPAOTEIBHON MOJEIH.

MHOTro(yHKIIMOHATBHOCTh CUCTEMbBI COBMECTHO C MHTYUTHUBHO MOHSTHBIM HH-
Tepdelicom aenaroT Bo3MoxkHbIM npuMmenenre ADEM kak B otnenax CAIIP, Tak u
HETOCPEICTBEHHO Ha Mpou3BoacTBe. Hanmnune yueOHoit Bepcuu cuctemsl ADEM for
Education, npakTudecku mo4Ty HEe OTIMYAIONICHCS OT caMOM MOcieJHENH MOAETN TS
podeccuoHaNoB, U MPOCTOTO €€ ONMKUCAHUS Ha PYCCKOM SI3bIKE MO3BOJIAET €€ UCTIONb-
30BaHKE B Y4EOHOM IPOIIECCE PA3JIMYHBIX YUEOHBIX 3aBEACHUMN.

B CAD uactu mnocko-rpadudeckuii peaakrop ADEM mo3BosisieT UCnosib30-
BaTh KOMIUIEKCHBIE OOBEKTHI, 0COOEHHOCTh KOTOPBIX 3aKII0YAE€TCA B aCCOLMATUBHO-
CTH (B3aMMOCBSI31) KOHTYpa, CKPYTJICHUHA W IMTPUXOBKH, YTO MOBBIMAET d(PPeKTrB-
HOCTb PEAAKTUPOBAHUS IpapUKH, TaK KaK COXPAHSIOTCS BCE YCIOBUS COIPSHKCHUS, a
HITPUXOBKA ABTOMAaTUYECKU OTCIIEKUBAET IPOU30LIEAIINE U3MEHEHUs. B cucteme pe-
aJIM30BaHBbI /1BA BUJIA TapaMeTpU3aliu: "apaMeTpu3anns 0e3 mporpaMMupoBaHus” u
"mapamerpuzanusa 0e3 napamerpusanuu’. C NOMOLIBIO IIEPBOrO BUAA MapaMeTpU3a-
LMY TI0JIb30BATEIb TAPaMETPU3YET CBOM UEPTEXK, UCIOJIb3Ysl YKE MPOCTABICHHBIE Pa3-
Mepbl. Co3/1aB OJIMH pa3 MapaMeTPUUECKUN YEPTEXK, BCETIa MOKHO MOJIYUYUTh MHOXKE-
CTBO YepTeXel m3nenuit ogHoro kiacca. HoBeiit meTon "mapamerpusanus 6e3 napa-
MeTpu3anuu’ He TpeOyeT OT MOJb30BaTelsl KaKuX-IM00 JEHCTBUN MO CO3aHUI0 MO-
nenu. CrucreMa cama pacro3HAeT CMBICH YepTeXka U MEePeCcTPauBacT €ro B COOTBET-
CTBHUH C HOBBIMU 3HAYEHUSIMH pa3MepoB. To ke camoe MOKHO TPOU3BECTH HAJl YepTe-
YKOM, UIMIIOPTUPOBAHHBIM U3 JIFOO0H APYTON CUCTEMBI.

B 00beMHO-TpadrueckoM penakTope peaan30BaHO TBEPIOTEIBHOE MOJIEIUPO-
BaHME, UMEETCS BOBMOXKHOCTh UCIIOIB30BaTh BCE BU/IbI aQ(DMHHBIX TPeoOpa30BaHUi ¢
MozenaMi. [losp30Baresnto npe1ocTaBIeHbl IUPOKKUE BO3MOKHOCTH U3MEHEHHUSI TOTIO-
JIOTUM MOJIEJH, BHITIOJTHEHUSI HaJl HUMHU BCEX BUIOB JIOTMYECKUX (OyJIEBBIX) Oiepallui,
MIOCTPOEHUS CIOXKHBIX CEYEHHI, pacyeTa reOMETPUUECKUX XapaKTEPUCTUK MOJIETEH.
B penaktope Takke ecTb BO3MOKHOCTh U3MEHSTh TOUKY 3PEHUSI HA MOJIEIb, UCTIONb-
30BaTh Pa3JIMYHbIC IIBETA U METOJbl 3aKPACKH, B YACTHOCTU HAHECEHHE Ha IMOBEpX-
HOCTb MOJIEJIH TEKCTYPhl, © MHOTO€ ApPYyroe. ACCOlMaTUBHOCTh KOHTYPOB, 00bEMHO-
rpaduueckux 00BEKTOB U HaTM4YKE OYJIEBBIX OMepaluil JaeT MOJb30BaTENI0 BO3ZMOXK-
HOCTh U3MEHSTh OOBEKTHI, BXOSIINE B 00bEeMHO-TPAPUIECKYIO MOJIETh, YTO JeaeT
MPOIIECC BHECEHUS CEPhE3HBIX U3MEHEHUH MPOCTHIM U 2PHEKTUBHBIM.

. T-FLEX

Beimyck cuctemsr T-FLEX CAD LT B nononuenne k T-FLEX CAD 2D mnsa
OBICTPOTO CO3/IaHUS YEPTEIKHOU JTOKYMEHTAIuu B MojaHOM cooTBeTcTBUM ¢ ECKJI u
MEXIYHAPOJHBIMU CTAaHJAPTaMH, CTAJl €lI€ OJHHUM MOJATBEPKICHHEM CEPbE3HOCTH
Hamepenuit pupmsl "Torn Cucremsr" cnenats cuctemy T-FLEX CAD oaHoit u3 nory-
nsipubix CAIIP B Poccun.

DYHKIIMU ICKU3UPOBaHUS, KOTOpbiMU oOnamaeT takke u T-FLEX CAD LT,
MO3BOJIAIOT CO3/1aBaTh OTPE3KH (MPOU3BOIBHBIH, TapalieIbHbIN, NEPIEHIUKYJIISIPHBIN,
KacaTeIbHBIN U T.11.), pa3JIMYHbIC BAPUAHTHI YT (Y€pe3 TPU TOUKH, YEPE3 JIBE TOUKH C
3aIaHUEM paJuyca, C IEHTPOM B TOYKE, KacaTelbHasl U T.II.), MOJHBIE OKPYXKHOCTH,
aBTOMATUYECKHM HAHOCHUTh OCEBbIE JINHUM, aBTOMATUYECKU CTPOUTH (HACKH, CKPYTIJIe-
HUSI U IPYTHE DJIEMEHTHI.
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[Ipu co3mannm HOBBIX JIIEMEHTOB UCIIOJIB3YIOTCS OOBEKTHBIC TIPUBSI3KU U TUHA-
MUYECKHEe MOJCKa3ku. [Ipu mocTpoeHN AyT aBTOMAaTUYECKA (PUKCUPYIOTCS yTIibl 90,
180, 270 rpamycoB, a TaKXe€ COBNAJECHHUE LIEHTPA TYTH C KypCOPOM IO TOPU3OHTAIHN U
BEPTHUKAJIN.

Cucrema aBTOMaTUYECKU OTCIEKHMBAET COBIAJICHUE JABYX OOBEKTHBIX MPUBS-
30K, HallpuMep: BEPTUKAIb-TOPU3OHTAIb, MNEPHEHAUKYIAP-TOPU3OHTAIb U T.0. Cu-
cteMa T-FLEX CAD coaepxuT MojaHbIM HabOp yJ0OHBIX CPEACTB CO3JaHUs Kade-
CTBEHHOU KOHCTPYKTOPCKOM JOKYMEHTAIUU:

—  BCEBO3MOXHBIE THUIIbI JUHUN: OCHOBHBIE, TOHKUE, IITPUXOBBIE, IITPUXITYHK-
TUPHBIE, ABOMHBIE U T.I. JIMHUK MOTYT UMETh Pa3IMYHYIO TOJIIUHY U 1BET. MeeTcs
BO3MOXXHOCTh CO3/IaHUSI CBOMX THUIIOB JIMHUH.

— acCOIMAaTHBHBIC MTPUXOBKH, 3JIMBKH, IITPUXOBKU 1O oOpasity. Mmeercs
BO3MO>KHOCTh CO3/IaHUSI CBOMX THIIOB IITPUXOBOK. DYHKIIKSI aBTOMATHYECKOIO IO-
MCKa 3aMKHYTOT'0 KOHTYpa 3HaYUTEIbHO YIIPOIIAET MPOLIECC 3aJaHNs KOHTYPOB IITPHU-
XOBKU. JlaHHast QyHKIMS aBTOMATUYECKH OOBEIMHAET 3aMKHYThIE KOHTYpBI IIPU HX
BBIOOpE MO 00IMM pedpaM U aBTOMATHUYECKH OTCICKUBAET BHYTPEHHUE 3aMKHYTHIE
obnactu (octpoBa). B pesynpraTe paboThl (OpMHUPYETCS aCCOUMATUBHBIM KOHTYP
IITPUXOBKU, KOTOPBIA OyA€T U3MEHSTHCA MTPU U3MEHEHUH MOJI0KEHUS TUHUN n300pa-
YKEHUSI, K KOTOPBIM OH MPUBS3HIBACTCS,

— J1I0OBIE TUIIBI PA3MEPOB: JIMHEUHBIE, pa3MePhl Ha OKPYKHOCTH, YTJIOBBIE pa3-
MEpBI, IIENI0YKa pa3MEPOB, MOCIIEI0BaTEIbHAS LIEMTOYKAa Pa3MEpPOB, JOMAHbIN PaInycC.
[Tonnoe cootBercTBue ECKJI 1 MeXAyHApOOHBIM CTaHAapTaM. ABTOMaTUYECKUH pac-
YET MPEAENIbHBIX OTKIIOHEHHI 0 HOMUHAIY pa3Mepa U MOJI0 I0MYyCKa - UHTEPAaKTUB-
HOe u3MeHeHue paszmepos (Puc. 1).

— nonyckd GOpMBI M PACHOJIOKEHHUS TOBEPXHOCTEH, IIEPOXOBATOCTH,
HAJIIUCH, TEKCThI. 3HAUCHUS IOMTYCKOB (DOPMBI U PACIIOJIOKEHUSI TOBEPXHOCTEH MOTYT
ABTOMATHYCCKH paCC‘H/ITBIBaTBCﬂ B 3aBUCHUMOCTH OT pa3Mepa U TOUHOCTH.
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Puc. 3.1 — Ilpumep odopminenns yeprexa B T-FLEX CAD

T-FLEX CAD conepxut (pyHKIIMYA KOTTUPOBAHUS U TIEPEMEIICHUS SJIEMEHTOB:
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KOMMPOBAaHUE, CUMMETPHS, JTUHEUHBIA MAacCHUB, MACCUB BpalleHus. MOXHO 3aaaThb
MaciiTad U yroj MoBOPOTa JiJisi KOMUPYEMbIX JIEMEHTOB.

T-FLEX CAD coaepxut crieniiaibHbie KOHCTPYKTOPCKHE JIEMEHTHI 0hopmIie-
HUS: HAHECEHWE OCHOBHOW HAJIUCH, CO3/IaHHE TEXHUYECKUX TPEeOOBaHUMU, CO3AaHUE
0003HauYEHUs HE YKa3bIBAEMOW MIEPOXOBATOCTH, AaBTOMATUYECKUI 110100p popmaTku,
aBTOMAaTHYECKOE HAHECEHHE OCEBbIX JUHUHU U npyrue. [Iporpamma conepxut Habop
WHCTPYMEHTOB JUIsl YIIPOILEHUSI BBOJA M PEOAKTUPOBAHUS OCHOBHOM HAAIMUCHU 4Yep-
Texka.

B T-FLEX CAD wumeercs BO3MOXHOCTb BBOAUTH TEKCTOBYIO HHGOpPMAIIHIO
HEIOCPEICTBEHHO Ha TI0JIe YePTEka B peaibHOM pexkuMme otoopaxenus (WYSIWYG).
TekcTOBBIN penakTop MO3BOJSIET padOTaTh C MHOTOCTPAHUYHBIMU TEKCTOBBIMU JOKY-
MEHTaMHu-4epTekamu. HampumMep, MHOTOCTpaHUYHAS cICTIU(UKAIIS HA U31eTTNe MO-
JKET HaXOIUTHCS B 0JHOM JokyMmeHTe cuctembl T-FLEX CAD, mpudem BMecTe co c6o-
POYHBIM YEPTEHKOM.

MosxHo xonrpoBaTh 2D snements! uepe3 0ydep oomena Windows. [Ipu xomnu-
POBaHUU BBIJICJIEHHBIX 00BEKTOB B Oydep momemniaercs JaHHbIE HE TOJIBKO BO BHYT-
penneM ¢dopmate, HO U uzoopaxkenue hopmare Enhanced Metafile (EMF), uto naer
BO3MOKHOCTh BCTaBKU M300paxkeHus B nokymeHTsl Word, Excel unu nro6bie npyrue
noaaepxuBatomue popmat EMF.

JlocTym moIb30BaTEIN K JOKYMEHTAM MOJI KOHTPOJIEM CUCTEMBI YIIPABICHUS J10-
kymentooboporom T-FLEX DOCs ocymectBisiercss HenocpenactBenno u3 T-FLEX
CAD.

JIns1 mapamMeTpruyecKoro NpOeKTUPOBAHUS U co3anus 2D Moenen u yepTexen
B ostHOM cooTBeTcTBUU ¢ ECK/I 1 MexxnynapoansiMu ctanapramu pupma "Tomn Cu-
crembl” nipeptaraet cuctemy T-FLEX CAD 2D. Cuctema T-FLEX CAD 2D ocoGenHo
s exTrBHA 711 BApUAHTHOTO, NMIEPCIIEKTUBHOTO U MapaJljIeIbHOTO MPOSKTUPOBAHUS,
CO3/IaHUSI COOPOYHBIX KOHCTPYKIIUH. DTO CTAJI0 BO3MOYKHBIM 32 CUET MPOTPECCUBHBIX
TEXHOJIOTUI BU3YyaJbHOW NapameTpu3alii, KOHTEKCTHOM COOpKH, AHAIOrOBOIO
YIPaBIEHUS IPOEKTOM U APYTHX.

T-FLEX CAD 2D - noanocmuio napamempuueckas cucmema, 0CHOGAHHAA
Ha NPUHUUNUATLHO HO80M noOXx00e K co30anuto CAIIP u k unmyumueno nonam-
HOMY 6U3YAIbHOMY CO30aHul0 napamempuyeckux mooenei. Cnauana uepmedsic
CMpoumcsa 6 mOHKUX JTUHUAX (MUHUAX ROCMPOCHU), a 3amem 00600Umca 0CHOG-
HOIMU TUHUAMU (TUHUAMU U300pPAICEHUS).

Hcnonb3yst OCHOBHBIE JIMHUM U MPUBS3BIBASICh K JIMHUSAM MOCTPOEHUS, (OPMU-
pyeTcsi u3o0paxkeHue ueprexa. Bce sneMeHTh ogopmileHHs uyepTexa (pa3mepsl,
IITPUXOBKU, IOMYCKH, IIEPOXOBATOCTH, TEKCTHI U T.I1.) IPU HAHECEHUU MOTYT aBTOMa-
TUYECKHU MPUBS3BIBATHCS K BCIOMOTaTEJIbHBIM MMOCTPOCHUSIM.

B pesynbTare nosyyaeTcs mMoJIHOCThIO MapamMmeTpudeckuil ueptex. [Ipu nepeme-
IICHUU JTUHUNA TTOCTPOCHUS UJIM U3MEHEHUH UX MapaMeTpOB (PACCTOSHUM, paInyCOB U
T.J.) JIUHUU U300pakeHUs, pa3Mephl, IMITPUXOBKH U T.J. CICIYIOT 32 BCLIOMOTATEIb-
HBIMH JIMHUSMH, TIOJTHOCTHIO M3MEHSST OOJMK YepTeka. 3a HECKOIBKO MUHYT MOYHO
MOJIYYHTH IECATKU TOTOBBIX paO0UYMX YEPTEIKEH Pa3HBIX THUIIOPA3MEPOB U3ICIH.

Ucnonw3ys mapamerpuyeckue coopounbie yeprexu cuctembl T-FLEX CAD,
MOHO OBICTPO U 3((PEKTUBHO MOTydaTh TpeOyembie Moaudukanum cO0pok. MoKHO
CIIPOCKTHPOBATH COOPOYHBIM YEPTEXK TaK, YTOOBI MPU PA3TUYHBIX YCIOBHIX B HETO
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BXOIWIM pazHbie aetanu. [logobpaB He0OX0MMBIE TapaMeTpbl COOPKU, MOYKHO MTHO-
BEHHO TOJYYUTh TOTOBBIE PabOUYNe YEPTEKU OTIEITBHBIX JACTANICH U CICIH(PUKAIINIO,
opopmiennyto B coorBercTBun ¢ ECKJI. I[Ipn usmenenuu napamMmeTpoB cOOpKH aBTO-
MaTUYECKU OyJIeT UBMEHSAThCS crieudUKanus u Bce Apyrue T0KyMEHTHI.

Knioueeoe oocmouncmeo T-FLEX CAD — napamempuszayus. Yepmesrc ¢ mo-
MeHma e20 co30anus CMmanosumces napamempudeckum. /lanee moxicno 1e2ko uzme-
Hamb e2o napamempul. IlIpu smom coxpanamcesa éce omuouwienus, Komopbwie 0vliu
3A0AHBL MEHCOY I/IEMEHMAMU YEePmeHca, U 8¢ KOHCMPYKUUA OCIAHEMm s Ueaocm-
Hou. Ilapamempamu uepmesrca mocym HazHauamoca nepemenuvte. C nomouibto
Mamemamuydeckux opmyn nepemeHHbvle MOHCHO C6A3bIBANLL MEHCOY COOOIL.

Co3naHHbBIE B CUCTEME Ha OCHOBE JIBYMEPHBIX UYEPTEKEH TpeXMEpHBIC TTOBEPX-
HOCTHBIC ¥ TBEPIOTEIILHBIC MOJICTTH MOYKHO JIETKO MoauuiupoBaTth. Cucrema mo3Bo-
JISIET TepeaBaTh TaHHBIE O TEOMETPUH B IMOCIIEAYIONTYI0 00paboTKy. st cucteM mo/i-
TOTOBKH JaHHBIX I cTaHKOB ¢ UITY mporpamMmma MoXeT BbIIaBaTh WH(DOPMAIIUIO B
CIEUAIU3UPOBAHHBIX (hopMaTax.

B KOMIUIEKT crCTeMBbI BKJIIOUEHBI TapaMeTpuuecKkue OUOIMOTEKH CTaHIapTHBIX
AJIIEMEHTOB YePTEXKeH - O0JIThI, TaliKH, MOJIIUITHUKH, SJIEMEHTBI IJIEKTPUUECKUX CXEM
u 1.1. [lonp3oBaTento mpenocTaBieHa BO3MOKHOCTh CaMOCTOSITEIBHOTO CO3/IaHMS
CBOMX OMOJIMOTEK.

bonvuium neoocmamkom T-FLEX CAD agnaemca mo, umo npexcoe uem
Hauepmums OKOHYAMeENAbHbIE TUHUU, HE0OX00UMO CO30AMb 260MEMPUYECKYIO OC-
HOGy uepmedca ¢ moHKuUx aunuax. OxonHuamenvHoe U300parceHue nOmom 0060-
Oumca no IMuUM JTUHUAM. 3amem NPOU3B00UmMCA YOaieHUe HEeBUOUMBIX TUHUIL 6
cayuae, eciiu OmoeibHble 4acmu yepmedica nepeKkpuleaiom opyz opy2a

TpeboBanusa T-FLEX CAD k annapaTHO 4acTu:

— muanMansHo |1BM PC 486, RAM 16 Moaiir.

PaGoraet mox Windows.

CAD-cucTtembl cpeiHero ypoBHA
T-FLEX CAD 3D

J1st co3aHust TpeXMEpHOM MOJIeNH TpoekTupyemoro uzaenus pupma "Ton Cu-
cTeMbl" MpeaiaraeT CUCTEMY MapaMETPUUECKOTO TPEXMEPHOTO TBEPAOTEIHHOTO MO-
nenmupoBanus 1-FLEX CAD 3D, kotopas siBIs€TCS 3aKOHOMEPHBIM Pa3BUTHEM CH-
ctembl T-FLEX CAD 2D u Bxitouaet B ce6st Bce Bo3moxknoctu T-FLEX CAD 3D SE.
OyHKMoHANIBbHBIE BO3MOKHOCTH cucTeMbl T-FLEX CAD 3D no3BosisitoT conocras-
JSTh €€ C JIyYIIMMHU CUCTEMaMU TpexmepHoro MoaenupoBanusi. 1-FLEX CAD 3D evi-
200HO omauyaem mo, Y¥mo NOMUMO 00CMAmMOYHOU PYHKYUOHATIbHOCIU 6 001aCmU
mpexmepHozo MOOeIUPOSAHUAL CUCIEMA COOEPIHCUM 6 cede NONHbLIL HADOop cpeocme
08YMEPHO20 NPOEKMUPOCAHUA U OPOPMIEHUS UePMENCHOU OKymenmayuu. Yep-
TeXU U nokymeHtauus, co3nanueie B T-FLEX CAD 3D, kak yxe oTMedanoch, J0-
CTYIHBI B 110001 npyroit cucteme T-FLEX CAD.

T-FLEX CAD 3D nocmpoena na zeomempuueckom aope Parasolid ¢pupmut
Unigraphics Solutions, komopoe ce2o0usa cuumaemcs ayumum A0pom 011 mpex-
MEPHO20 MEEPOOMeNbHO20 MOOEIUPOBAHUA. DTO PO UCIIOIB3YETCS B BEAYIIHUX CH-
cremax 3D moxenupoBanus. Ha ceronusamnuii nens cucrtemsl Ha Parasolid yctanos-
aenbl Ha Ooznee wem 600000 pabGoumx mect. Ilpodeccronanu3m pa3zpabOTUMKOB
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¢upmsl "Ton Cuctemsr" no3BossieT ucnonb3oBath B cucteme T-FLEX CAD 3D cambie
HOBBIE Bepcuu sijipa Parasolid. Micronp3oBanue siapa Parasolid He Tonbko obecniedn-
BaeT T-FLEX CAD 3D MoutHbIMU 1 HaJIeKHBIMU HHCTPYMEHTAaMU, HO U 00eCIieurnBaeT
MPSMYIO HHTETPALMIO C JTYYIIUMHU IPOrpaMMaMu ITPOEKTUPOBAHMUS.

MonaenupoBanue B T-FLEX CAD 3D moxkeT oCylmecTBIsThCS KaK HEMOCPE/I-
CTBEHHO B 3D mpocTpaHCTBE, TaK M HA OCHOBE JAHHBIX JIByMEPHOTrO yepTexa. [Ipoek-
TUPOBIIMK MOXKET BbIOpaTh 000 criocob padotsl B T-FLEX CAD 3D unu ux xom-
OMHALIMIO.

[Tpu co3znanuu HoBoit 3D moaenu B T-FLEX CAD moxHO cpa3y paboTaTh HEMO-
CPEACTBEHHO B TPEXMEPHOM MPOCTPAHCTRBE.

OtnuaurtensHoit ocooeHHoCThI0 T-FLEX CAD 3D oT aHamOTHYHBIX CHCTEM SIB-
JsieTCsl BO3MOXKHOCTh pacroiarath Ha "nucte" 2D okHa HECKOJBKO pabodnx moBepX-
HOCTEH (IUTOCKOCTEMN). DTO AaeT BO3MOKHOCTh HE TOJIBKO NapaMEeTPUUYECKH YBSI3aTh
BU/JIbI, HO U HanOoJiee eCTECTBEHHBIM 00pa3oM paboTtath Haj 3D 00BoaMu CyA0B 1O
TEOPETUYECKUM YepTEKaM WA MTPOEKTUPOBATH TPEOHOM BUHT B IMJIMHIPUYECKOU CH-
CTEME KOOPAMHAT U pelaTh APYrue 3a1a4uu.

T-FLEX CAD 3D nooodeptcusaem 08yHANPABIEHHYIO ACCOUUAMUBHOCHLb, MO
ecmb UIMEHEeHUue napamempos uepmedica 0yoem npueooums K U3SMEHEHUI0 mpex-
MEpPHOIL MOOeNU, a UIMEHEHUE RAPAMEMPOE MPEXMEPHOU modenu Oyoem agmoma-
muyecKu 00HOGIAMb YEPM EICU.

Cucrema T-FLEX CAD 3D no3BossieT paboTath ¢ TpEXMEPHBIMU COOPOYHBIMU
MojensIMu. MexaHu3M mNapaMeTpUyYecKOoro MPOCKTUPOBAHUS COOPOYHBIX MOJENIEH
YCHEIIHO MpuMeHseTcs pazpadoturikaMu Gupmsl "Torn CucteMsl" HE TOJIBKO B IBYX-
MEpPHOM YEpPYEHUU, HO U MPU MPOCKTUPOBAHUU TPEXMEPHBIX COOPOUHBIX OOBEKTOB.
Y 100HBI, THTYUTHUBHBIN MOIb30BATEIBCKUN HHTEP(DEIC BMECTE CO CIIEHUATIBHO pa3-
paboTaHHBIMU (YHKIIUSIMH MO3BOJISIET CO3/IaBaTh CJIOXKHBIE TPEXMEPHBIE COOPOUHbBIC
MOJIEeJIN JTHOOOMY KOHCTPYKTOPY.

Tpexmepnas coopka B T-FLEX CAD siBnsieTcsi HOJIHOCTBIO TapaMETPUUIECKOM -
OHAa COCTOUT U3 OTJETHHBIX MapaMETPUUECKHUX JeTaliel, CBA3AHHBIX MEXIY COOOM.
OT0 0O3HayYaeT, 4TO MPU U3MEHEHHH pa3Mepa WIH TMOJOXKEHUs KaKoW-In0o JeTaid,
npyrue OyayT aBTOMaTUYECKU CKOPPEKTUPOBAHBI.

Ilpoexmuposanue moscem ocyuwsecCmenampca Kak om oemanu K cOopke, makx
u Haodoopom - om coopku Kk demanu. 11o 3TON cxeme KOHCTPYKTOP CO3AAET MPOEKT
cpa3y Kak cOOpoYHbIN. JleTanu MpOeKTUPYIOTCS B paMKax OJIHOM M TOU e COOpKH,
IPUYEM UX T€OMETPUUECKHUE JIEMEHTHI (TpaHu, pedpa U T.l1.) MOTYT ObITh MCIOIb30-
BaHbI JIJIs1 MPOEKTUPOBAHUS APYTrux Aetaneil. [Ipu aTom, €CTECTBEHHO, TOCTYNEH BECh
apceHas Cpe/ICTB MoJIeIupoBanHus. B 110001 MOMEHT JieTaab MOXKET OBbITh BRITPYKEHA
B OTJEJIBHBIN (haidsl, ¥ UCTIOIB30BAThLCS JJIsl TOJTYUEHUSI YePTEKEW UM BCTaBKHU B JPY-
rue cOopKu.

IIpu »TOM OHa ocTaercss B UCXOJHOU cOOpKe, U OyJeT aBTOMAaTHYECKU OOHOB-
JSATHCS. ITO 3HAYMT, UTO JETaIb B YIPOIIECHHOM BUJIE MOXKHO 33/1aTh B COOpPKE, 3aTeM
BBITPY3UTH KaK JETaJlb B OTACIbHBIN (haiis, 100aBUTh C TOMOIILIO ONIEPAINii MOIEITH-
pPOBaHUSI HEOOXOAMUMBIC DJIEMEHTHI, MTOCIIE YeTO OHA ABTOMATUYECKU OyIEeT OTKOPPEK-
TUpoBaHa B cOopke. To ke camoe MpOou30iAeT B 00paTHOM HampapiieHuH. Eciu ma-
paMeTpbl, ONPEACIISIONINE JeTalh B COOpPKE U3MEHUTD, TO JAeTallb OyaeT MOAU(HUITHU-
pOBaHa HE TOJIBKO B COOPOYHOM MOJIENIN, HO M B OT/ICIILHOM (paiiyie-eTanu, B KOTOPbIi
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OHa ObLJ1a BBITPY’KEHA.

Jnis kaxxao# nertanu cOOPKU MOXKHO 33JaTh MepeMeIleHne, KOTOpoe OyIeT yuu-
TBIBAaThCS TIPHU BBIBOJIE cOOpKHU B pazodpanHoM Buje. T-FLEX CAD mno3BosuT npose-
PUTH KOMIIOHEHTHI COOPKH Ha B3aUMHOE nepeceueHue. B ciyyae 00beMHBIX MOJIeNEH,
TpeOyIOIUX OOJBIINX PECYPCOB, MOXKHO 3aMEHHUTH JETalIM UX TpaduueckuM mpen-
craBieHueM. CTpyKTypa COOpPKH OTCIIEKHBAETCS B JIEPEBE MOJENH, MO KOTOPOMY
MOKHO OBICTPO MEPEUTH K AeTallv JIF0O0ro ypoBHA. Takxke B JepeBe MOJEIN MOMKHO
MIPOU3BOJIUTH OYJIEBHI OTIEpaIluy C TOMOIIBI0 MeXxaHu3Ma "oepu-tanu'. Komanaa ¢o-
TOPEATTMCTUYHOTO N300paKEHMSI BHIBEJIET KAUYECTBEHHYIO KAPTUHKY C y4E€TOM MaTepH-
anoB kaxnaoit geranu. [loxcucrema cozganus cneruuKanuii aBTOMaTHIECKH CTeHE-
pupyeT crienuuKalnioo, KoTopas OyJeT napaMeTpUIeCKy CBs3aHa C MOJIENbIO.

bonvwoii 3¢phexm morcem npunecmu ucnonv3osanue 6a3 OAHHLIX, 036015~
10WuUXx peanu30evieams ¢ 00HOM Uepmedice yeible Kamaiocu uzoeaui. ITo n03Bo-
JISIET CO3/1aBaTh 3JIEMEHThI KOHCTPYKIIUH B OJIyaBTOMAaTUYECKOM PEXUME, 3a]1aBasi UX
napameTpbl u3 0a3 gaHHBIX. Mcmonp3ys 0a3bl JaHHBIX TAaK)KE€ MOKHO CTPOUTH TEOpE-
TUYeckue npoduiii mo TabJWYHBIM JaHHBIM PACCUUTAHHBIM M CKOMIIOHOBAHHBIM B
Ipyrux cuctemax, Hanpumep, B MS Excel wniun MathCAD. T.e. napaGoTanubie pacuer-
HbIE METOJIMKU MOKHO OBICTPO MpeoOpa3oBbiBaTh B uepTexu U Mmojenu T-FLEX CAD.
Cimatron

Cimatron — pa3pabotka u3pamibckoit komrnanuu Cimatron Corporation, mpe-
CTaBJISIET COOO MOIHBIA HA0OP CPENCTB ISl KOHCTPYHMPOBAHUS, AaHAIIN3a, YEPUEHHUS U
npou3BoJicTBa Ha cTaHkax ¢ YIIY u ynoBieTBOpsieT BCEM COBPEMEHHBIM TpeOOBa-
HUSIM, TIPEIBABIISIEMBIM K CUCTEMaM TaKOro Kjacca MPEeANpUSITUIMU Pa3IMYHbIX Ma-
IIMHO- U TPUOOPOCTPOUTENIBHBIX OTPACIIEH.

Mooynvnaa cmpykmypa npocpammnozo odecnedyenHus no3eoaem 6vlopamo
mpedyemyio nonbv3zoeameJio KOHQuzypayuio:

— 08yMepHOe NPOeKmMupo8aHue u u32omosjieHue uepmeyceil;

— mpexmepHoe NPOEeKMUpPosanue u u320mosaeHue yepmedrceil;

— mpexmepHoe NPOEeKMupPosanue u paspadomia ynpasialouux npozpamm;

- mpexmepHoe npoeKmuposanue, u320maoesjieHue uepmedceil u papadomka
YRPAGAAIOUWUX NPOZPAMM;

— meepoomesnibHoe napamempuueckKoe Mooeaupoeanue oemanei U Ux
coopka;

- napamempuueckoe ICKU3H0e nPOeKmuposanue.

JIroOast 6a30Bast KOH(MUTYpaIKs MOXKET ObITh pacIIUpeHa.

OcHOBHBIMU XapaKmepucmuKamu KOHCMPYKMOPCKOU Yacmu CUCeMbl A6-
AAIOMCA OpPyHCeCcmEEeHHbLIL uHmepgeiic, cmaduIbHOCMb OeicCm Ul NOIb306AM A,
UHmMeNeKmyaibHas oopadomka omuboK, cudKkoe ynpaesienue zpaguueckoii cpe-
00il, HACMPOUKA HA MPedyemblil Pescum padoomol, pazeumaole CPeocmea Mooeaupo-
6aHUs, AGMOMAMUYECKOe NOJIyYeHUe NPOEeKYUIL HA Da3e mpexmepHoll Mooeu, I¢-
hexkmuenan cmpykmypa 6a3zot OaHHBbIX.

[Ipu HEOOXOAMMOCTH TOMOJHUTEIbHBIE (YHKIIMU MOTYT OBITH pa3pabOTaHbI
nosib3oBaTesieM Ha s3bikax Cu u @OPTPAH ¢ ucnonszoBanrem o61mmpHoOil 61ubmo-
TEKH MoAIporpaMm. Bo3MOKHOCTh UCTTOIH30BAHUS MTAPAMETPUUECKUX 0OBEKTOB U ME-
XaHW3M CO3JaHusI MaKpOCOB MO3BOJISIOT MOBBICUTH YPOBEHb aBTOMATHU3 AU ITPOEKTH-
pOBaHus.
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Cimatron He IPOCTO MOAEPKUBAET aBTOMATU3UPOBAHHOE KOHCTPYHPOBAHHUE, a
MPUHITUITHATBHO PACHIMPSET BO3MOXKHOCTH ToOJb30oBarensa. Cucrema mMmeer HaOop
(GyHKUMNA TOCTPOCHHUS CIIOXKHBIX MOJIEJIEH, BKII0Uas pa3HOOOpa3Hble CPeCTBA CO3/a-
HUS aHAJIMTUYECKU HE ONMHUCHIBAEMBIX TOBEPXHOCTEM.

C nomomnipio Cimatron ObICTPO M MPOCTO CO3/1aBaTh YEPTEKU. ABTOMATUYECKU
MPOCLIUPYIOTCS BUABI HA OCHOBE TPEXMEPHOU MOJIEIH, BBIUUCISAIOTCS JACHCTBUTEIb-
HbIE pa3Mepbl HE3aBUCUMO OT Maciitaba ueprexeil. [Ipu 3ToM aBTOMaTUyecKu Mo/I-
JIEP’KUBAETCS CBSA3b UEPTEKEN C TPEXMEPHON MOJIEIIBIO.

CoOTBETCTBYIOIIUE CPEACTBA MO3BOJISIIOT HACTPAUBATh CUCTEMY Ha HCIIOIb3Yye-
MBbI€ CTaHJIapThl YEPUCHUSI.

Cimatron UCmoJIb3yeTcsl He TOJIBKO JJIsi IPOSKTUPOBAHUS OTICIBHBIX JCTANICH,
HO ¥ MPEIOCTABIISET Y0OHBIE CITOCOOBI pa3pabOTKU CIOKHBIX COOPOYHBIX TTPOCKTOB.
[TpoexTrupoBaHue BBIMONHAETCS "CBEPXY - BHU3" — OT KOHIICIIMU K OTACIBHBIM cOO-
POYHBIM €IMHULIAM U JI€TAJISIM, U ""CHU3Y - BBEpPX ', KOI'/1a BHaYaje MPOEKTUPYIOTCS Je-
TaJu, 3aTeM OHH TPYIIIUPYIOTCS B COOPOUYHBIE eMHUIIBEI. BO3MOXKHO coueTanne 000ux
MetonoB. Co3ntaBaeMoe cucTeMOM "nepeBo"” M3aennii CONpOBOXKIAET MPOEKT HA BCEX
ATanax KOHCTPYMPOBAHUS, YEPUCHHUS, Pa3paObO0TKH YIIPABISIOMIUX IPOTPAMM.

Bo3moscnocmo ceazvieanusn 3anuceii 6a3vl OAHHBLIX U 2e0MEMPUUECKUX 00b-
eKmoe obecneuusaem ObICMPHIIL OOCHYR K UHHCECHEPHBIM OAGHHBIM O J100bIX KOM-
NOHEHmax npoeKma, Ymo co3oaem NPeoOnoCvHUIKU 0J11 YCHEWIHOU UHmMezpayuu
Cimatron c opyzumu chepamu npouszeoocmeaa.

Heomvemnemoii uacmvio npoeKmupoBanusa CioNCHbIX 0emaneil A6aAI0mcs
undicenepuwle pacuemsl. /Ina pewienua smux npoonem ¢ Cimatron ucnoiv3yemcs
cucmema 2eHepayuu cemKku KOHeuHvlx snemenmos. Cucmema nozeonsaem 3aoamso
XapaKmepucmuKu UCnblmvléaemoll mooenu (CmpyKmypy, mamepuai u np.) u mun
Hazpy3ku. /Ina 0co00 CNOMNCHBIX PACUEmO8 Modcem Oblmb UCNOIb306AHA NOJIHO-
CMbIO COBMECMUMAA CUCEMA 0J15 hepedayu OAHHbIX 6 CHeYUaIU3UPO6anHble pac-
yemnwte komnjaexkcol (NASTRAN, ANSYS u op.). Pesyromamot pacuema omoopa-
HCAIOM CA PATUYUHBIMU CROCOOAMU (46EMOMOOYNAUUECIH, MAOAUUAMU).

Cimatron moxcem 6vimo ceazana c arooou opyzoiu CAD/CAM cucmemoii ¢
nomowbio cmanoapmuvlx unmepgheiicoe oannvix, maxux kaxk IGES, VDA, DXF.

Cucmema npoekmupyem ynpagiarouiue npozpammsl 01 Qpezepuvix (6Kiio-
yas namu KOOpOUHAmMHvle CMAHKU), CEEPIAUTbHBIX, MOKAPHBIX, IJ1EKMPOIPPO3UOH-
HbIX CMAHKO8, TUCMONPOOUBHbIX npeccos. Ona cenepupyem mpaeKkmopuio 0gusice-
HUA UHCMPYMEHmMa 0714 00padomKu MHOICECHEA NOGEPXHOCMEN C agmomamuye-
CKUM KOHMPOAEeM 3ape3anuil, UmMeem cpeocmea co30anus OudIuomeKu uHCmpymeH-
moe. I'paghuueckuii pesrcum moodenuposanusn no3eonaem omaadums ynpasiaouLyo
npozpammy 00 6b1x00a Ha cmanok. Beoo oannwvix 6o3morcen ¢ oucumaiizepa uiu Ko-
OPOUHAMHO-U3MEPUMEIbHOI MAUIUHDL, 661600 — HA CMeEPeoIumozpaguueckue ma-
WIUHDL.

Munumanesbie TpeboBanusi Cimatron K anmapaTHOM YacTH:

— IBM PC 386/486 wu Bwimie wim pasinudnHble padoune crtaniuu (Silicon
Graphics, HP/Apollo, Sun u ap.), RAM 16 M6aiitr, HDD 400 M6aiir.

Omnepammonnast cucrema MS DOS, Windows NT, UNIX (na paGounx crtaH-
1usx). Cimatron He3aBUCHM OT ammapaTHOTO 00ECTIEUEHUSI U MOXKET UCIOJIb30BAThCS
Ha CMEIIIAHHBIX KOMIBIOTEPHBIX CETSX.
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KOMIIAC

V¥ nac B ctpane AO "ACKOH" IpeANnpuHSAIO MONBITKY CO3/IaHMS AaHAIIOIMYHOM
CAD/CAM cuctemsl "KOMITAC". Ilenp npoekTa — co3/1aHie MacCOBOM MOTHOMAC-
mMTaOHON MHTETPUPOBAHHON CUCTEMBI JIJISl MOJETUPOBAHUS CIOXKHBIX U3EIUMA C MOIII-
HBIMH CPEICTBaMU YepUEHUS U pa3pabOTKU MPUIIOKEHHM, a TAK)KE MHOTOYUCICHHBIMU
roroBbiMU nipukiiagaeiMu CAIIP u Gubnuorekamu. B Hacrosimiee BpeMs pa3paboT-
YUKW PEIOCTABUIU MOJIB30BATENISIM BO3MOKHOCTh pabOThI € €€ YepPTEKHO-KOHCTPYK-
topckuM penakropom "KOMITAC-I'PADUK".

HonHopyHKIIHMOHATBHAA CHCTEMA 00 bEMHOI0
moaeaupoBanusi KOMITIAC-3D.

Iloocucmema KOMIIAC-3D npeonasnauena 011 cO30aHus mpexmepHvIX na-
pamempuueckux mooeneil 0moeabHblX oemaneil u cOOpOUHbIX eOUHUY, CO0ePIHCa-
WUX KAK MUnu4Hble, MAK U HeCMaHoapmHubsle, yHUKA1bHble KOHCIMPYKmMUBHbLE JJ1e-
menmut. Ilapamempusayus no3eonsem 6vicmpo noJiyuams mooeiu munogvix uzode-
JIUIL HA OCHOGE 0OHANCObL CNPOEKMUPOBAHHO20 NPOMOMUNA.

Knwuesoii ocobennocmoro KOMIIAC-3D asnaemca ucnonvzoeanue coo-
CMEEHH020 MAMEMAMUYUECKO20 A0PA U NAPAMEMPUUECKUX MEXHON02UIl, Pa3pado-
mannwvix cneyuanucmamu ACKOH.

Oo6macts npumenennss KOMITAC-3D onpenensiercs OCHOBHBIM Ha0OpOM 3a/1ad,
KOTOPBIC OH MPU3BaH PEIIaTh:

— MOJICJIUPOBAHUE U3JIETUN C MENIbI0 CO3AaHUsI KOHCTPYKTOPCKOM M TEXHOJIOTHYe-
CKOM JOKYMEHTAIIMH, HEOOXOAMMOM JIJIsl MX BBIITYCKa (JETAITUPOBOK, COOPOUHBIX Uep-
TeXeH, crieupUuKaui u T.1.);

— MOJEJIMPOBAHUE U3JIETUN C LIEJIbI0 PACYETa UX TEOMETPUUECKHUX U MACCO-IIEHTPO-
BOYHBIX XapaKTEPUCTHK;

—  MOJEJIMPOBAHUE U3JEIUN ISl IEpeIaud T€OMETPUHU B PACUETHHIE MTAKETHI;

— MOJICJIUPOBAHUE JACTAJICH JJIsl Iepeaayr TEOMETPUM B MAKEThl pa3pabOTKH yIpaB-
JISIOIIUX TporpaMm Jist ooopyaosanus ¢ UITY;

—  CO3/IlaHME U30METPUUYECKUX M300pakeHUI n3nenuil (Harpumep, IJisi COCTaBIICHUS
KaTaJoroB, CO3/IJaHUs WILTIOCTPAIUi K TEXHUYECKON JOKYMEHTAIUH U T.1.).;

Jlemanu

Mooenv 0emanu asnaemca omoeapbHoIM munom 0oxkymenma KOMITAC.

Oouenpunamoim nopAOKOM MOOEIUPOBAHUA MEEPOO20 med ABIAEmCA No-
cnedosamesibHoe @blNOJIHEHUE OYN1e6bIX Onepayuil (C10HCeHUA U 6bIUUMAaHnUs) HAO
00vemHbIMU npumMumueamu (chpepamu, npuzmamu, YUJIUHOPAMU, KOHyCaAMU, NUPA-
muoamu u m.o.).

B KOMIIAC-3D o0vemnble npumumugsl 00pazyomcsa nymem 6blnoJHeHUs
maKoz2o0 nepemeuieHus NJiAOCKoU Quzypvl ¢ npocmpancmee, cjied om Komopo2o
onpeoenaem gopmy npumumuea (Hanpumep, HOBOPOM OKPYHCHOCHIU 8OKPY2Z OCU
oopazyem cgpepy, a cmeuienue MHO20Y201bHUKA — RPU3MY).

Inockasa guzypa, na ocnose Komopoii 0dpazyemcs meno, HaA3b16AECMCA ICKU-
30m, a hopmoodpaszyrouiee nepemeuienue ICKU3a — onepayueil.

Icku3zbl

Dcku3 n300paXkaeTcss Ha TUIOCKOCTH CTAaHJAPTHBIMH CPEJACTBAMH YEPTEIKHO-

rpaduyeckoro penakropa KOMITAC-TPA®UK. Tlpu 53ToM 10CTYyHHBI BC€ KOMaHbI
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MOCTPOCHUS U PEIAKTUPOBAHUS M300PAXKEHUSI, KOMAH/IbI TAPAMETPU3ALINU U CEPBUC-
HbIE BO3MO>KHOCTH. EIMHCTBEHHBIM UCKIIFOUEHUEM SIBIISIETCS HEBO3MOXKHOCTh BBOJIA
HEKOTOPBIX TEXHOJIOTUYECKUX 0003HaUeHU 1 00beKTOB oopmieHus. [lonab3oBarens,
3HaKoMbIH ¢ paboToit B KOMITAC-I'PA®UK, He HalieT TPUHIIUITHATBHBIX OTIMYHMA
MEXIy MOPSIAKOM CO3/1aHusl (PparMeHTa U ICKU3a.

B scku3 MokHO nepeHecTu nu3o0paxkeHue u3 panee noAarororieHHoro B KOM-
[TAC-TPA®UK ueprexa unu ¢pparMenTa. 3To MO3BOJISET IPU CO3JAaHUU TPEXMEPHOM
MOJICNId OMHPATHCS Ha CYIIECTBYIOIIYIO YEPTEKHO-KOHCTPYKTOPCKYIO JTOKYMEHTA-
LUI0. DCKU3 MOXKET PacIoyiararbCs B OTHOW U3 OPTOTOHAJIBHBIX IJIIOCKOCTEW KOOP/IU-
HaT, Ha TJIOCKOM I'PaHu CYIIECTBYIOUIETO Tejla WM BO BCIOMOTaTEIbHOM MJIOCKOCTH,
MOJIO’KEHUE KOTOPOU 3a1aHO MOJIb30BATEIIEM.

Onepauyuu

[IpoexTupoBaHue qeTanl HAYMHACTCS C CO3/]aHusl 0a30BOT0 TeJa IyTEM BhITIOJI-
HEHUs OTIEPALIMK HAJl 3CKU30M (KU HECKOJIBKUMHU SCKU3aMU ).

[Ipy 3TOM JOCTYIHBI CIEAYIOIINE TUIIBI ONIEPALINN:

— BpalICHUE ICKU3a BOKPYT OCH, JIEKAIIEHW B TUNIOCKOCTH ICKH3A;

— BBIJIABJIMBAHMUE ICKHU3a B HANPABJICHUH, NEPIIEHAUKYISIPHOM IIOCKOCTH ICKU3A;

— KHHEMaTUYecKas omnepaunus — [epeMenIeHIue dCK13a B0JIb YKa3aHHOM HaIIpaBIIsAIO-
IIeH;

— MOCTPOEHHUE TEJIA I10 HECKOJIBKUM CEYEHUAM-ICKU3aM.

Kaxxnas onepanust UMeeT JONOJHUTENIBHBIE OIINH, TO3BOJIIONINE BAPbUPOBATH IIpa-
BWJIA IIOCTPOEHUS TENA:

— Ilpu BpameHnu 3CKHM3a MOKHO 3aJaTh YroJI M HaIlPaBJIICHUE ITOBOPOTA OTHOCH-
TEJIBbHO IJIOCKOCTH 3CKU3a U BbIOpATh TUII T€JIa — TOPOU WK chepous (eciu KOHTYp
ACKH3a HE 3aMKHYT);

— IIpu BhIIaBIMBAaHUM ACKU3a MOKHO 33/1aTh PACCTOSIHUE U HAIIPABIICHHUE BbIIaBINBA-
HUSL OTHOCUTEIBHO TIOCKOCTH 3CKK3a U MPU HEOOXOAUMOCTH BBECTH YToJl YKIIOHA;

— IIpu BBINMOTHEHUH KUHEMATUYECKOM Onepaliiyi MOXKHO 33/1aTh OPUEHTAIIUI0 00pasy-
IOLLEN OTHOCUTENBHO HAMPABISIONIEH (COXpaHEHUE HOPMaJH, YIila HAaKJIOHA UJTU Op-
TOTOHAJILHOCTH);

— Ilpu noctpoeHuu Tena no CeYeHUsM MOXKHO yKa3aTh, TpeOyeTcs JIi 3aMbIKaTh MO-
CTPOECHHOE TEJIO;

Bo Bcex Tumax omepauuii MOXXHO BKJIFOYATh ONLHIO CO3JaHHUSI TOHKOCTEHHOMU
000JIOUKH U 33JaTh TOJIIMHY U HaIPaBJIEHUE MOCTPOCHUS CTEHKH — BHYTPb, HApYXKy
WU B 00€ CTOPOHBI OT MOBEPXHOCTHU TeJa, 00pa30BaHHOIO OMEpaluei.

Ha nro6om 3Tamne paboThl MOXKHO yIaJduTh YacTh T€Ja 110 TPaHulEe, IPEICTaBIIA-
fo1el co00H TIIOCKOCTh WK LHWJIMHIAPUYECKYIO TOBEPXHOCTh, 00pa30BaHHYIO BbIIaB-
JIMBAHUEM MTPOU3BOJIBHOTO ICKH3A.

Y 100HBII TpreM MOJETMPOBAHUS U3/IETUI, KOTOPbhIE OTINYAIOTCS UMb HEKO-
TOPBIMU KOHCTPYKTUBHBIMH 3JIEMEHTAMHU — HCIOJIb30BAHKE B KauecTBE 0a30BOro Tema
paHee MOATrOTOBJICHHON MOjIeNn (OHa Ha3bIBaeTCs 3aroToBkoi). [locnemyromias pabora
c TakuM 0a30BbIM TenoM ("'mpukienBaHue" W "BhIpe3aHue’ MOMOJHUTEIBHBIX 00be-
MOB) HUYEM HE OTJIMYAETCS OT pabOThl C TEJIOM, MOJTYYCHHBIM IIyTEM ONEpaLry Haj
scku30oM. [Ipn uCnoIb30BaHNM 3aTOTOBKH CIIEAYET YUUTHIBATh, YTO OHA HE KONIUPYETCS
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B MO/IEJTb, @ CYILIECTBYET B HEM B BUJIE CCHUIKH Ha CBOM (pailsl (3aroTOBKY MOKHO CpaB-
HUTH CO BCTaBKOM (hparmenta ccouikoil B ueprexxk KOMITAC-TPA®UK). Ilocre pe-
JAKTUPOBAHUS MOJEINH, UCIONIb3yEMON B KaueCTBE 3arOTOBKU IPYTMMH MOJEISIMHU,
BCE U3MEHEHUS NepeaaroTcs B (ailiibl, copepiKalliue CCbUIKY Ha 3arOTOBKY.

Bcnomozamenvnuie nocmpoenHun

DcKHU3 MOKET ObITh IOCTPOEH Ha IUIOCKOCTHU (B TOM YHMCIIE Ha 000 MI0CKON
rpanu Teina). g BBIMOIHEHUS HEKOTOPBIX Olepauuid (HalpuMmep, KOMUPOBaHUS 10
OKPYXHOCTH) TpeOyeTcsl yKa3aHHEe OCU WU HampasJsitomeld. Eciu cymecTByomux B
MOJIEJIM OPTOTOHAJIBHBIX IUIOCKOCTEH, rpaHeil U pedep HEJO0CTaTOYHO I MOCTpOe-
HUM, M0JIb30BaTENb MOKET CO3/1aTh BCIIOMOIaTeNbHbIE MJIOCKOCTH, OCHU U MPOCTPaH-
CTBEHHBIE KPUBBIE, 3a/1aB UX MIOJI0KEHUE OJHUM U3 MIPEAYCMOTPEHHBIX CUCTEMOH CIIO-
co0oB

Coopku

Mogens cOopku sBIISIETCS OTACIbHBIM TUIIOM JokymeHTa KOMITAC.

COopka coCTOUT U3 OTACIBHBIX JeTanei U moJcOOpoK (KOTOphIE, B CBOIO OYe-
pelb, TaKKe MOTYT COCTOATh U3 AeTalield U 1noAcOopok). Ilpoekmuposanue coopku
eéedemcsa ""ceepxy enu3''; kaxcoas noeaa oemanb mooenupyemcsa Ha OCHOBeE yice
umerowuxca oemaeil (00CManOBKU) ¢ UCNOIb30GAHUEM NAPAMEMPUUECKUX 63aU-
Mmoceaseil.

Hetanu 1 moacOOpPKU MOTYT CO3/1aBaThCs HEMOCPEICTBEHHO B COOpKE WITU
BCTaBJISITHCS B HEE U3 CYIIECTBYIONIETO (aiina.

Kpome paspaboTaHHBIX MOJib30BaTeNieM (YHHKaIbHBIX) MOJENECH, KOMIIOHEH-
TaMu COOPKHM MOTYT OBITh CTaHAAPTHBIE U3JEUS (KPEnexk, ONopbl BAJIOB U T.1.), OUO-
JIMOTEKA KOTOPBIX BXOJIUT B KOMILJIEKT MOCTABKU CUCTEMBI.

B3aumnoe nonoscenue KomnoneHmos cOOpKuU 3a0aemcs nymem yKa3anus co-
npaxcenuii medxcoy numu. Ilpoyecc popmuposanus coopku Kaxk 0vl noemopsem
Oelicmeusn caecapa-coopuwiuxa. Kaxcoan oemanv nocnedosamenvHvimu oeiicmeu-
amu "npucmaensemca'’ Kk coceOnum oemanam u noocoopKkam.

KommoneHT cOopku MOKHO CBOOOJIHO MEpEeMeIaTh U TOBOPAYMBATH MBIIIBIO,
€CIIM 3TOMY HE NPENSATCTBYIOT COMNPSIKEHUS, B KOTOPBIX YYaCTBYET KOMIIOHEHT
(HampuMep, BTYJKY, KOHIIEHTPUYHO YCTAHOBJICHHYIO B OTBEPCTHE, MOXHO BpalllaTh
BOKPYT OCH U NepeMeniaTh BA0JIb 0CH). KOMIIOHEHT MOXHO TakKe 3aUKCUPOBATH B
TEKYIIEM TOJI0KEHUU; BpallleHUE U MepeMenieHrne 3a(UKCUpOBaHHOTO KOMITOHEHTA
HEBO3MOXHO.

HeckonbKo KOMIIOHEHTOB (JieTaneil 1 moAcOOpoK) MOTYT OObEIUHATHCS B HO-
BYIO MOJICOOPKY.

[Ipu pabGoTe ¢ TpexMEpHOW MOJENIbIO BCS MOCIEI0BATEILHOCTh MOCTPOCHMUS
0oTOOpakaeTcs B OTIEIHHOM OKHE B BUJIE "nepeBa noctpoeHus". B HeM nepeuuciieHsl
BCE€ CYIIECTBYIOIIME B MOJICJIM BCTIOMOTATENIbHBIC AJIEMEHTHI, 3CKU3bI U BBHIOJTHEHHbIE
oTiepaIiu B MOPSJIKE UX CO3TaHUS.

Cywecmeyem 0ea acnekma napamempusayuu mpexmepuoi mooeau 6 KOM-
ITAC-3D. Bo-nepegvix, Kax;cowvlit I3cKu3 moxcem o0vimp napamempuueckum. Ha eco
00DEeKMbl MOHCHO HALOHCUM Db PA3TIUYHbBIE RAPAMEMPUYECKUE C6A3U U O2PAHUYEHUA
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(6epmuKaibHOCMb U 20PU3OHMATILHOCIb, RAPAIETbHOCHb U NEPREeHOUKYAD-
HOCMb, 6bIPAGHUGAHUE, CUMMEMPU, Kacanue). BO3MOXHO 3alaHie 3aBUCUMOCTEN
MeXIy napaMmerpamu rpaduueckux 00beKTOB Acku3a. TakuM 00pa3oM, B 3CKU3AX pe-
aIM30BaHa Ta )K€ BapuallMOHHAs UJICOJIOTHS MMapaMeTpU3alliu, 4TO U B TpaduuecKux
nokyMeHTax KOMITAC. Bo-emopuix, npu coz0anuu moodenu cucmema 3anOMuHaem
He MOJIbKO NOPAOOK ee opMUposanus, HO U OMHOUWEHU MeHCOY I/1eMEHMmaAMU
(Hanpumep, NPUHAONEHCHOCMb ICKU3A 2PAHU WU YKA3AHUe pedpa 6 Kauecmee
nymu 0na Kunemamuueckou onepayuu). Takum oopazom, peanruzosana uepapxu-
yeckasn uoeonozus napamempuzayuu 00veMHbIX ROCMPOEHUIl.

Hannune nmapaMeTpryecKux CBS3€M M OIPAHUYEHUN B MOJEINH, €CTECTBEHHO,
HAKJIaIbIBAET OTIEYATOK HA MPUHIHUIIBI €€ PEJaKTHPOBAHMUS.

B KOMITAC-3D B 110001 MOMEHT BO3MOXHO U3MEHEHHUE MApaMETPOB JIFOOOTO
aJIeMEHTa (3CKU3a, ONepanuu, conpspkenus) Mmoaenu. [locie 3a1anns HOBBIX 3HAYECHHIA
napaMeTpoB MOJIETh MEPECTPAuBAETCs B COOTBETCTBMU ¢ HUMHU. [Ipu 3TOM coxpans-
I0TCS BCE CYLIECTBYIOIME B HEW CBS3U.

Bo3MOXHO H3MepeHne pa3InyHbIX FEOMETPUUECKUX XapaKTEPUCTHK: paccTos-
HUN MEXy BepIIMHAMU, peOpaMu 1 TpaHAMH B JI000H KOMOWHAIIUN, U3MEPEHUE JTUH
pedep U nmepuMeTpoB I'paHel, u3MepeHue Iiomaaei rpateil. [IpousBoaurcsa pacuer
MacCO-MHEPIIMOHHBIX XapaKTEePUCTUK JIeTaau (00bemMa, MacChl, KOOPAUHAT LIEHTpa Tsl-
YKECTHU, OCEBBIX U LEHTPOOEIKHBIX MOMEHTOB MHEPIIMH, HAINPABJICHUS TJIABHBIX OCEl
UHEPIIUN).

[Ipu pabote co cOOpPKOM TOCTYNMHA KOMaHa OOHAPYXEHUS NIEPECEUECHUN KOM-
MIOHEHTOB.

[Ipn moMomM COOTBETCTBYIOIIEH KOMaHbl MOKHO CO371aTh TUIOCKOE N300paxe-
HUE (CBO€0Opa3HyIo ""3aroTOBKY yepTeka') TpexmMepHoi Mojenu. JlocTymneH BEIOOp Jito-
00if KOMOMHAIIMY MPOEKIINM, MaciiTada, mapaMeTpOB PACIOJIOKEHHUS BUJIOB, CIOCOOOB
M300pakeHHs] HEBUIUMBIX JIMHUU U TUHUHN niepexoja. [lomydenHoe uzo0paxeHue pas-
Mmentaerca B (aiine yeprexxa KOMIIAC-TPAOUK; nanbHelimee ero odopmieHUe
(mpocTaHOBKA pa3MepOB U TEXHOJIOTMYECKUX 0003HAUEHUI, 3aI10JIHEHUE TEXHUUECKUX
TpeOOBaHU U T.J.) MPOU3BOAUTCS MPUBBIYHBIMH CPEJICTBAMH YEPTEKHO-TpapruecKoro
penakTopa. AHAJIOTHYHO co3aaeTcs ""3arotoBka cnerudukanuu” g coopku. Coopka
MOKET oToOpakatbes B "pazoOpaHHOM" BHIE (3TO MOXKET MOTPEOOBATHCS, HATIPUMED,
IIPY CO3/IaHUU U300paKeHUs JIJIs KaTasora). HanmpaBneHue u BeTu4rHAa CIBUTa MPH pas-
HECEHUU 33/1at0TCS TI0JIb30BATEIIEM.
1.1.3.4. SolidWorks

SolidWorks — moriHoe cpecTBO MpOeKTUPOBaHKS, KOTOPOE TOJTHOCTHIO PEllacT
POOJIEMBbI €XKEAHEBHOM MTPaKTUUYECKOM paboThl KOHCTpYKTOpa. SolidWorks ciy»kut ocHo-
BOI JIJ1s1 TOCTPOEHUSI MHTETPUPOBAHHOTO KOMIUIEKCA aBTOMATU3ALIMH TIPETNPHUSITHS U T103-
BOJISIET OCYILIECTBUTH CKBO3HOM MPOLIECC MPOEKTUPOBAHUS, MHKEHEPHOTO aHAJIM3a U MO~
TOTOBKH IPOU3BOCTBA M3/IENUI JTF000H CII0KHOCTH M Ha3HAUCHHUS. JTa CUCTEMA HE UMEET
OrPaHMYEHHUN TI0 KOJIMYECTBY KOMIIOHEHTOB CIIOXKHBIX COOPOK, MPEAOCTaBIsieT Oorarbie
BO3MOKHOCTHU 11 O(OPMIIEHHUSI KOHCTPYKTOPCKOM TOKYMEHTALH, padoThl C JINCTOBBIM
METaJIoM, CO3JIaHus (poTopeamncTHUHbIX M300pakenuil. SolidWorks ceprudummposan
Ha cooTBercTBHE TpeOoBaHusIM CALS-TeXHOJIOrMH M TO3BOJSET OCYIIECTBIISTH MOJI-
JEP>KKY TIOJTHOTO KU3HEHHOTO IUKJIA M3IENNs, BKITIOYAs CO3/JaHNe MHTEPAKTUBHOM JIOKY-
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MEHTAIMH Ha u37iere 1 obecredeHrne 0OMeHa JaHHBIMU C APYTHUMHU cucTeMaMu. Heocro-
PYIMBIM TIPEUMYIIIECTBOM CUCTEMBI SIBIISIETCS € ToHas pycudukarys. Bece Metoamueckue
1ocoous U pyKoBoACTBO nosb3oBaresst SolidWorks, a Takke MEHIO U MOJIb30BaTENIbCKUN
uHTEepdelic peam30BaHbl HA PYCCKOM si3bIke BO Beex Bepcusix. SolidWorks momHocThio
noanepxuBaet cranaaptsl ECKJl B yacti oopMiIeHUsI KOHCTPYKTOPCKOW JOKyMEHTa-
IIVIH, YTO JIMIITHAH pa3 CBUICTEIECTBYET O TIOBBIIIICHHOM BHUMAHUH CO CTOPOHBI pa3paboT-
YyHUKa K HYXJIaM POCCUMCKUX MOJb30BaTenell. OTKPBITOCTh MOJIb30BATEILCKOTO MHTEP-
deiica SolidWorks He TpeOyeT crieruanbHOM OArOTOBKH OT MOJIb30BATENS: MMCATh CBOU
TPUJIOKEHUS, MOYKHO Ha JTFOOOM pacipoCTpaHeHHOM si3bike i1t Windows.

Ilpoexmuposanue

Monyns npoektupoBanus npecc-hpopm MoldBase:

— OBICTpOE KOMITJIEKTOBAaHKE TIpecc-(pOpMbI Ha OCHOBE HECKOJIBKMX CTaHapTOB;

— no0aBJIeHHE IO BRIOOPY M3 OMOIMOTEKH TOJIKATENIeH, KaHATIOB OXJIAKICHHS,

— BO3MOXHOCTh CO3/1aBaTh CBOW OHMOJMOTEKH KOMIUIEKTOB IUIHT, KOJIOHOK,
TOJIKATEJIEH.

Monyns npoektupoBanus npecc-hopm MoldWorks:

— YeTBIPHAJIATH UCIIOIB3YEMBIX B MUPE CTaHIapTOB IIpecc-GpopM;

— BO3MOXXHOCTHh MOAU(UKAITIH TPe/IaraéMbIX CTAaHIAPTOM ILUINT;

— oOmmpHas 6MOIMOTEKa TOJIKATENEH, KOJIOHOK, BTYJIOK, TUTHUKOBBIX KOJICIT;

—  BO3MOYKHOCTb @BTOMaTHUYECKOT'0 [lepecyeTa npecc-(popMbl IO MHOM TUTIOpa3Mep;

— aBTOMAaTH4YECKasl FeHepalus JaHHBIX /U1 CTaHKOB ¢ YUIIY;

— aHaJINU3 KOJUTM3UNA MEXIY AJIEMEHTaMH T'€OMETPUM OTAEIbHBIX TUIUT Mpecc-
bopMBL.

Monyibs Mmexanooopabotku CAMWorks:

— 3-X KoOpAMHATHAs (ppesepHast U 2/4-X KoopIMHaTHAs TOKapHas 00paboTKa;

— TeHepaTop MOCTIIPOIIECCOPOB B cocTaBe OazoBoro Mmoaysis CAMWorks;

— TOAJEPKKa aCCOIMATUBHOCTHU C TEOMETPHUEH MOEIH;

— BU3yaJM3anus mnporecca oopaboTKH, aHaJIN3 HEJOPE30B U 3apE30B;

— oO0mmupHas 0a3a TaHHBIX CTAHKOB, MHCTPYMEHTA, PEKUMOB PE3aHUSL. ..

Mopaynb MEXaHUYECKOM U 3IEKTPOIPO3UOHHOM 00paboTku Mastercam:

— npamoii uarepdeiric oomena ¢ SolidWorks;

— (¢pe3epHas 06paboTKa JI0 MATH OCEH;

— BO3MOXXHOCTb 00pabOTKH JeTalii OOKOBOM MOBEPXHOCTHIO (hPE3bI;

— TOKapHas U 3JIEKTPOIPO3UOHHAs 00paboTKa;

— (pyHKUUHU BBICOKOCKOPOCTHOM 00pabOTKH.

Monyiib Ui pa3BOJIKU dIIEKTpUUYSCKUX Kabeneit Embassy:

— pa3Bojka Kabeneil u popMupoBaHHE KIyTOB;

— TEeHepaIys CXeMbI Pa3BOJKU U 0(POPMIICHUE YEPTEKA, MOTYUEHNE TEKCTOBBIX
OTYETOB;

— packiajaka KIyTOB Ha MOHTaKHOM CTOJIE;

— TPOBEpKa 33/IaHHBIX MMOJIH30BATEIIEM MTPABUII MPOESKTUPOBAHUS.

Monynbs TpoeKTHpOBaHUS TPYyOOIPOBOIOB U OMOIMOTEKA CTAaHIAPTHHIX H3JIe-
it SolidWorks Piping:

— TpexMmepHas NpoKJIaJKa Tpacc TpyoorpoBo1oB B coopkax SolidWorks;
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— OubnmoTeKa CTaHmAPTHRIX U3ENHiA, coaeprkammas 6osee 1700 yHUKaIBHBIX JIeTa-
JIEH;

— BO3MOXXHOCTb CO3/1aBaTh CBOM OMOJIMOTEKH AeTajied wiu Jo0O0aBisATh UX B
CTaHJapTHYIO.

Motysib co3aaHus TpeXMEpHBIX Mojelel nedatHeix miat CircuitWorks:

— aBTOMAaTHYECKOE co3gaHue 3D-Mojelel neyaTHhIX IUIaT Ha OCHOBE JAHHBIX,
NOJIYYEHHBIX U3 3nekTporexunyeckux CAD-cucrewm;

— TM0JIb30BaTENbCKUE OMOIMOTEKH MOJIETICH paaroeTaleH;
— BO3MOXHOCTb npeoOpazoBanus mojeneit SolidWorks B IDF-¢popmar.

Pacuemmnwvie modynu

WmxenepHsiii kanbKynstop u oudmmoreka MechSoft-PROFI:

— TPOEKTUPOBOYHBIC PACUETHI OATIOK, BaJIOB, CBAPHBIX COCTUHECHUM, TIPY)KHUH...;

— MOJICTTUPOBAHNE CTAHAPTHBIX U3IEIUI U KyJIadKOB;

— co3/1aHue B COOPKE aCCOIMUPOBAHHBIX TPYIIN KPETIEKa;

— MOJICJIMPOBAHKE BaJIOB U 3y0UaThIX Mepeiad Ha OCHOBE MPOESKTUPOBOYHOTO
pacuera;

— BBEJICHHE B CUCTEMY CBOHX BHOB PacueTOB M MOJIEIICH.

VY Tunura npocTaHOBKU JOMYCKOB Jlomycku U mocaakm:

— TMPOCTAHOBKA HAa YEPTEkKax JIOMYCKOB Ha pa3MepPhl MO KBATUTETAM.

Monyib pacueTa pa3mepHsbIx merned SigmundWorks:

— a”aiu3 codupaeMocTu COOPKHU U3 YCIOBUMN 3a/IaHHBIX JIOMTYCKOB;

— aBTOMaTH4eckoe (OpMUPOBAHNE PA3MEPHOI LIETIH;

— NpAMO U 0OpaTHBIN BUIBI PACUETOB;

— pacyeThl HA MAKCUMYM-MUHUMYM, CTaTUCTUYECKUI aHAIU3;

— OIpEACIICHUE U YYET BECOBBIX KOI(P(ULIUEHTOB;

— yYeT CTaTUCTUKH MPEATPUITHS TIPH 3aJaHUH (YHKIIMA pacTIpeeiICHUS M0~
IPELIHOCTEN.

Monyib aHanu3a mponuBaeMoctu npecc-popm Plastics Advisers:

— pacyeT Te4eHHUs I1acTMacchl B hopme J1t000H CI0KHOCTH;

— OIpeieNieHre MeCT 00pa30BaHusl My3bIPHKOB BO3/1yXa, JITHUIA XOJIOAHOTO CIias;

— ONTHMH3AIUS TOYCK BIPHICKA MOJTUMEPA;

— OIpeAeNICHHE KaueCcTBa MOBEPXHOCTH, 30H HEJJOCTATOYHOTO OXJIAXK/ICHUS,

— OIpeAeNICHHE ONTUMATBHBIX TAPAMETPOB TEPMOILIACT-AaBTOMATOB.

Monyns kuHeMaTndeckoro anaiausa Dynamic Designer (ADAMS):

— KWHEMaTUYECKHH aHaJIN3 CJIOKHBIX MEXaHU3MOB,;

— OINPEIEIICHUE CKOPOCTEN, YCKOPEHUN M B3aMMHBIX BO3JIECHCTBUN 3JIEMEHTOB
CUCTEMBI,

— Tmepenadya Harpy3oK B CUCTEMY pacueTa Ha mpoyHocTh CosmosWorks.

Mooynb pacuema na npounocms CosmosWorks:

— pasHbsle 6udbl pacuema - CMamu4ecKuil, menaoeoil, YacnomHulil, HOmepu
ycmouuueocmuy

— asmomamuueckas OnMUMU3IAuUs pasimepos KOHCMPYKUuu;

— paboma c oemanamu u coOopKamu;

—  8O3MOMCHOCHb YUema HeUHEHHbIX C6OICH 8 Mamepuaia
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861600 INIOP HANPAICEHUIL, Oehopmayuil, 3anacoe NPOYHOCHU...

Monyib pacueta Ha npounoctb MSC visualNastran:

HH3Ma.

pacyer IBMKEHUS CUCTEM CO CITyYallHbIMU B3aMMOJICHCTBUSIMU 3JIEMEHTOB,
OIpe/IeNICHNEe Harpy30K, CKOPOCTEH U YCKOPEHHH B JTF0O0 MOMEHT BpEeMEHH;
pacueT yAapHbIX HAarpy3o0K;

pacuCT OTACIBHBIX I[CTEU'IGﬁ Ha IIPOYHOCTH B 0001 MOMEHT JABHOKCHMA MCXa-

Moyiib a’poruapoauHaMuuecKkux pacyeroB FlowVision:

pacyeT v BU3yalIu3alus TeYCHUH )KUJIKOCTEN U Ta30B;
pacueThl IBUKEHUSI Ha TOBEPXHOCTH paszielia IBYX Cpejl;
y4eT TOPEHUs ra30-BO3yIIHOW CMECU TP ABUKECHUH;

APOINHAMHUYCCKUC PACUCTHI 10 YUCJIa M=10 ananu3 JJAMUHAPHOTI'O U TYp-
6YJ'I€HTHOFO TequHﬁ, YUCT BA3KOCTHU I'a3a U JXUAKOCTH.

JloKkymenmoodopom u oOudIUOmMEKU CIMAHOAPMHBIX IJIEMEHN O

Meneoicep npoekma SWR-PDM

SWR-PDM 1.0, PDM-cucrema, mo3BoJistolas BeCTH WHANBUIyIbHBIC MPO-
SKTBI M YIIPABJIATH NMapalIeIbHOM pa3paboTKol jierde 1 3pheKTUBHEE YeM KOT/1a-I1u00

panee!

Monyns unterpanuu ¢ SolidWorks nemaer SWR-PDM MoIlHBIM HHCTpYMEH-
TOM ymnpasiieHus ais JokymeHToB SolidWorks. Mcnonb3yiite SWR-PDM nnst cozna-
HUS, peIaKTUPOBAHUSA, TPOCMOTPA, YIPABICHUS BEPCUAMH, XPAHEHHS U ITOKCKA JTIOKY-
MeHTOB SolidWorks, MS Office u mo0bix npyrux npunoxenuii. SWR-PDM rotos k
MCIIOJIb30BAHUIO CPa3y MOCIIE YCTAHOBKHU, OCTABAsICh JIETKO HACTPAUBAEMBbIM.

Onucanue SWR-PDM

bubnnoreka ctanmapTHBIX u3aeauii Toolbox:

ObIcTpoe no0aBiieHHe B COOPKY KOMITIEKTOB Kperexa (00T, raiika, maioa);
OMOIMOTEKN TTOAIIUITHUKOB M MIPOKATHOTO COPTAMEHTA;

MOJICIIMPOBAaHUE KaHABOK T10]T CTAHJAAPTHBIE YINTIOTHUTEIHHBIC KOJIBIA;
MIPOCKTUPOBOYHBIC PACUCThI OANIOK;

IPOCKTUPOBAHUE KYJAUKOB.

bubnuoteka ctangaptaeix u3aenuii StandardWorks u SWR-0ub6auorexu:

MOTIOJTHsIEMbIe OMOTMOTEKH JTIFOOBIX MapaMeTPU30BAHHBIX MOJIETICH;
BO3MOKHOCTB pa3zieJICHUBAIe JOCTyIa MOJIb30BaTeNs U aIMUHUCTPATOPA;
IOCTaBKa ¢ FOTOBBIM HaroJiHeHueM B cooTBeTcTBuM ¢ ['OCTamu;
BO3MOKHOCTbH J100aBJIEHUS MPSMO B COOPKY C HAJIO)KEHUEM COTIPSIKEHHUI;
TECHAst MHTETPAIHS C MOYJIEM aBTOMATHUECKOM TeHepaly CreUpUKAITIIL;
BO3MOKHOCTb HacTpouku Ha CtlII rmpu nocTaBke 3aKa3dyukKy.

Monyns aBTomMaTudeckoi reneparuu cnerudukarmii SWR-Cnennduxanus:

MTOJTHOCTBIO aBTOMAaTHYecKoe 3anonHeHue crenudukauu mo ECKJI;

JIBYCTOPOHHSISI aCCOIMATHBHAS CBS3b C uepTexkamu v Mmojiessimu SolidWorks

BCTPOEHHBIE OMOIMOTEKN MAaTePUAJIOB U KpeTexka,;

MoJ//Iep>)KKa MHOXKECTBA OJIAHKOB, (DYHKIIMM DKCIIOPTA JTaHHBIX- T€HEpAIUs
JPYTUX KOHCTPYKTOPCKUX U TEXHOJIOTHYECKUX IOKYMEHTOB;
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— Jr00bIe OJIaHKM 3aKa3uyrKa — OECILIaTHO.

Jlononnumenshnoie Mooynu

Monayne mnapaMeTpuzallid UMIIOPTUpPOBaHHBIX Mojeneir B SolidWorks
FeatureWorks:

— pacrno3HaBaHHE KOHCTPYKTHUBHBIX 3JIEMEHTOB B UMITOPTHUPOBAHHBIX MOJIEIISX
U ipeoOpa3oBaHue UX B mapaMeTpuueckyio moaens SolidWorks;

— TOJy4YeHHUE PEIAKTUPYEMBIX, ACCOITMATUBHBIX U TTAPaMETPUIECKUX MOJICIICH;

— BO3MOXXHOCTHh KaK aBTOMAaTHYECKOTO, TaK W WHTEPAKTUBHOTO PACIO3HABa-
HUSI.

Monayns SolidWorks Animator:

— ObicTpas u poctas renepaims AVI-¢aitnos Ha ocHoBe Mozieneid SolidWorks;

— CO3/IaHME UHTEPAKTUBHOU TOKYMEHTAITUU U PEKIAMHBIX BUICOPOIHKOB.

Moyne 1t co3aanust poTopeanucTHIHbIX H300pakenuit PhotoWorks:

— TeHepalus n300paxeHui ¢ pororpaguueckuM KadyecTBOM Ha Oa3e MoJesei
SolidWorks;

— akcnopt B TIFF, JPEG, PostScript, Targa, BMP, LWI ¢popmartsr;

— BO3MOXXHOCTH BBIOOpA ONTHYECKUX XapPAKTEPUCTHK MOBEPXHOCTEH aeTayiei
SolidWorks;

— 3aj1aHMe UCTOYHMKOB CBETA, OKPYXKAIOIICH OOCTAaHOBKH, XapaKTEPUCTHUK CPEIIbL.

CpenctBo mpocMoTpa Mojeineit u yeptexeit SolidWorks — moyns eDrawing:

— YHHUKaQJIBHOE CPEJICTBO MPpOCMOTpa uepTexeit u moaeneit SolidWorks ¢ onno-
BPEMCHHBIM UX MHOTOKPATHBIM C)KAaTHEM;

— 0o0BeAMHEHHE YepTexa, MOJIETN U CPEICTB UX MPOCMOTpa B exe-(aiin Ma-
JIOTO pa3Mmepa;

— (yHKuuA "KpacHOro kapasjaama'", JOMOJTHUTENIbHbBIE BUIBI U pa3pe3bl, BBIBO
Ha TICYaTh.

Monyns B obmactu e-commerce 3D PartStream.NET:

— TIOMCK NOTEHITHABHBIX 3aKa3YMKOB BaIllel MPOyKINK yepe3 Internet;

— TO3BOJIAET MOKYIATEIIM MTPOCMAaTPUBATh, TPAHCIUPOBATh U 3arpyxath 3D
MOJICJIH.

Monysb oOMeHa naHHbIX yepe3 Web-crpanuiisl 3d Instant Website:

— CcO3JaHMe MOJIb30BaTeIbckuX Web-cTpaHuIl Ha CBOEM CepBEpE U 3alllUIICH-
HBIX TapoJieM ctpanuil Ha cepBepe SolidWorks Corporation;

—  BO3MOYKHOCTB MpeIcTaBIEITh B Intemnet 3D-Monerm ¢ hoTorpadiieckiM KaueCTBOM.

EnnHasi HHTErpupoBaHHAs CUCTEMA PA3JIMYHBIX HHIKEHEePHBIX
npunoxenuit CAD/CAM/CAE/PDM/TDM...

SolidWorks mpemocTaBisieT BO3MOXKHOCTh MOCTPOCHHSI CKBO3HOTO KOMITJIEKCA
aBTOMATU3alIMU KOHCTPYKTOPCKHUX M TEXHOJOTUYECKHUX padOT, ONTUMHU3UPYS €ro CO-
CTaB U (PYHKIIMOHAJILHOCTh B COOTBETCTBUU C PEIIAEMbIMU 33/1a4aMU ¥ (PUHAHCOBBIMU
BO3MOYKHOCTSIMU NpeANpUiTHs. ITOT 3G (HEKT JOCTUTHYT OJ1aro1apsi BKIOYEHUIO B Oa-
30BbIM MOJYJIb crieluanbHbIX API-QyHKIMi 1151 mporpaMMupoBaHus MPUKJIIAHBIX 3a-
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nad. Pe3ynmbraT — BO MHOTHX TOMYJISIPHBIX MPUKIIAIHBIX CHCTEMax TOSBHIIMCH CPE/I-
cTBa mpsMoro jgoctyna k mogensm SolidWorks. bomee Ttoro, cmenuansHO st
SolidWorks 6b1510 co3/1aHO O0JIBIITIOE YHUCTIO MOYJICH, paOOTAIOITUX HETIOCPEICTBEHHO
B €r0 cpejie.

SolidWorks Mo>xHO paccMaTpuBaTh Kak CUCTEMY, BIIOJHE MOIXOISATYIO JIJIS aB-
TOMAaTHU3aIMA KOHCTPYKTOPCKOTO TPYy/Aa Ha CPEAHEM MPEITPUSITHH.
1.1.3.5. Solid Edge.

Kak anprepHaTuBy KOpoTKO paccMoTpuM cructemy Solid Edge. Solid Edge sB-
JSI€TCS MPUHIIAIIAATEHO HOBOM CHUCTEMOM aBTOMATHU3MPOBAHHOTO KOHCTPYHPOBAHUS
(CAD), xoTopast mpeaHa3HaueHa JJid pa3pabOTKu COOPOUYHBIX Y3JIOB U FeOMETpuye-
CKOT'O MOJIETMPOBAHUS OTIEIbHBIX JIeTaneil. Pazpadomannslil c ucnonv3oeanuem ne-
Peoosoii mexHoaocuu mpexmepnozo mooeauposanus, Solid Edge obecneuusaem
HacmoaAwuiIl RPOPLIE 8 0O1ACMU UHMEPAKMUBCHO20 KOHCIMPYUPOBAHUA U30EIUTL M-
WUHOCIMPOEHUS U NO360/151€M 3HAYUMENbHO COKPAMUMb 8PeMA PA3PadomKu u3oe-
ausa. Solid Edge npocm 6 oceoenuu u ucnonv3osanuu, oaazooapsa uemy Bot yoens-
eme 0o01bue 6pemenu KOHCMPYUpPOBAHUIO U mpamume MeHbUle 6PEMEHU HA YNPa6-
nenue cucmemoii. Solid Edge pazpabotan cnenuanbHo 11 Microsoft Windows u sB-
nsietcst nepBoit cucremoit CAD, kotopast npejpiaraet 3¢hHeKTUBHOE 00BEKTHO-OPHEH-
TUPOBaHHOE MapameTpuyeckoe monaenupoanue B Windows. Ilpennarast nHTyUTHB-
HBIM MHTEp(ENC, KOTOPBIA OTpakaeT ECTECTBEHHBIN Ipolecc padoThl HaJ KOHCTPYK-
uuen uznenus, Solid Edge ycrpansier n30bITOUHOCTS KOMaH/ M 3aITyTAHHOCTh MPOIIe-
nypsl coznanust moaenu. Solid Edge pa3pabotan ¢ ucnonb3zoBaHueM Hanbos1ee U3BECT-
HBIX OTKPBITHIX MTPOTPAMMHBIX TEXHOJIOTHH, YTO MO3BOJISET OBICTPO U JIETKO OOBEIM-
HUTB 3TOT MPOAYKT BMECTE C APYTHMH IMPOTPAMMHBIMHU CPEJICTBAMH aBTOMATHU3AIINH B
paMKax €IMHOTO MPOEKTA.

SolidWorks ¢pupmut SolidWorks Corp. u SolidEdge ¢pupmer EDS PLM Solu-
tion — noevie (c 1997) cucmemot 3D-modenuposanus, Ha mamemamuueckom aope
Parasolid, omauuarowuecs yooonsim unmepgheiicom, coomseemcmeuem mpeovosa-
nHuam ECK/], neckocmoio pedakmuposanusa mooenei, 603MO0HCHOCHbIO CO30AHUA
CILOMCHBIX COOPOK, NOAHOU pycudukayueil (1okaruzayueit).

1.1.4. Cuctembl BepxHero ypoBHs (Tsxenble CATP)

CucTeMbl BEpXHETO YPOBHS OTIMYAIOTCS OT OCTaJIbHBIX CHCTEM JIByMSI OCHOB-
HBIMU TIPU3HAKAMHU.

Bo-nepeuix, 603morcHocmvlo odecneuenusn 6ce2o YUKIA CO30aHUs U30eaUs —
Om KOHUenmyaaibHou uoeu 00 peaiu3ayuu — 6HYmpu camoil cucmemslt, 6e3 0onoJ-
HUMENbHO20 UCNOIB308AHUA 6HEUWIHUX NPUTIOHCEHUL.

Bo-emopuix, obecneuenue eOunoil cpeovt 0141 pazpadomku u3oenus u noo-
0epIHcKa napaiieibHo20 UHICUHUPUHZA, MO eCb CO30aHue eOUHO Wugpoesoii mo-
deslu, ¢ KOMoOpoii éce y4acmHUKU npoeKkma mozym pabomamsy oonospemenno. Ta-
Kue cucmemsl 00JHCHBL UMEMb 00CHAMOYHO MOWHbBIE CPeOCHmea napamempusa-
yuu, NO360aA0UUE NPOBOOUMb UBMEHEHUSA CTIOHCHBIX CIPYKIYP 8 00nbumux coop-
Kax, umMemsv 603MOMCHOCHIL NOCHIPOCHUSA CHONCHBIX ACCOUUAMUBHBIX C8A3ell, a
makice onpeoesieHHy 2UOKOCHb, MAK KaK u3zoeue 6 npouecce npoeKmuposanus
HOCMOAHHO USMEHACMCAL.

Amu cucmemovt HA3BIBAIOM euje CUCEMAMU CKBO3HO20 NPOEKMUPOBAHUSL, M.
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e. oonaoarwuwumu pynkuuamu CAD/CAM/CAE-cucmenm.

[IpeacraBnenne o Bo3MoxHOCTIX osiHOMacmTabueix CAD/CAM/CAE cuctem
MOKHO TOJIYYHThb, PACCMOTPEB OJHU U3 CaMbIX PACIPOCTPAHEHHBIX MPOrPAMMHBIX
npoaykroB - UNIGRAPHICS u Pro/ENGINEER.
1.1.4.1. UNIGRAPHICS

UNIGRAPHICS ucnons3yeT To e camoe siIpo TBEPAOTEIHLHOTO MOICTUPOBA-
uus (Parasolid), uro m SolidEdg, a Takke omMHAKOBYIO WHIEKCAIMIO JAHHBIX, YTO
o0ecrneunBaeT uX MOJHYI0 aCCOIMATUBHOCTh. DTO OUYEHb Y00HO MPU aBTOMATHU3AINN
MPEANPUATHN, TaK KaK obecreunBaeTcsi 0OOMEH TaHHBIMU MEXIY pabOuuMU MECTaMH
SolidEdge u Unigraphics 6e3 nmoteps unpopmaiuu.

Unigraphics - ato omxxa u3 ocHoBHBIX CAD/CAM cucteM B MHpeE, KOTOpas Uc-
MOJIb3YETCSI HECKOJBbKUMH BEIYIIMMH aBTOMOOWJIbHBIMU KOMMaHusMH, Tre General
Motors siBisieTcst 0JJHOM 13 HauboJee U3BECTHBIX. Takas MO3UIUs B OCHOBHOM MO/I-
Jep>KUBaeTCs OJ1aro/iapsi J0BOJLHO HeJlaBHEMY MpuoOpeTeHuto komnanuu Applicon.

Unigraphics umMeeT MHOTO MOJYyJIeH JJIsl Pa3IMYHbIX MPUIIOKEHUM, HAYUHAs C
KOHIIETITYaJIbHOT'O MMPOEKTUPOBAHUS U 3aKaHUMUBAs pa0OTON C JTUCTOBBIM METAJIJIOM.

PaccmoTtpum Hekotopsie ocodenHoctu cuctembl UNIGRAPHICS (UG).

— Tlaker TBEpAOTEIHLHOTO THOPUTHOTO MOJICTUPOBAHUS, KOTOPHINA TAa€T MOJIb-
30BATEIIO MOJIHBIA HA00P PYHKIUH PabOThI C TBEPIBIM TEJIOM, TOBEPXHOCTHIO U Kap-
KaCHOM MOJIeJIbI0, OCHOBAHHBIN Ha TIOJTHOCTHIO ACCOIMATUBHOM IMTapaMETPHIECKOM Jie-
peBe mocTpoeHusi. MOITHOE CPECTBO BU3yalu3allii, aHUMAII|H, TOCTPOEHUS MPOTO-
THUTIOB.

—  YHUKaJIbHBIN PEBOTIOIMOHHBIA CHCTEMHO-UHKEHEPHBIN TTOJIX0]T K TOCTPOE-
Huto WAVE-monenu. 3TOT mMojaxo/ naeT HanboJjiee SKOHOMUYECKH 3PGEKTUBHBIN U
palMoOHANBHBINA CITOCOO CO3JJaHusl, COTIPOBOXKICHUS U OIIEHKU HOBOT'O MPOJIyKTa, UMe-
IOIIET0 HOBBIE KOHIIENTYaJbHbIE PEIICHUS.

— MorrHbie BO3MOYKHOCTH 10 CO3/IaHHIO U YIIPABICHUIO KPYITHBIMHU COOPKaMU,
COJICP KAIIUMHU JIECATKH M COTHU THICSIY KOMITOHCHTOB.

— Moaynu BEICOKOCKOPOCTHOM TEXHOJOTUUECKON 00pabOTKHU s JIFOOBIX TH-
OB 000PYIOBaHUS.

— Monym SHOP, npeamnaratorye perieHurs 0JJMHAKOBO YI00HBIE KaK ISl POrpam-
mucta ctankoB ¢ UITY, tak u st pabouero (111a0JIoHbI TPAKTUYECKUX PEILICHUN ).

— Moaynu nHXEHEPHOTO aHau3a, 0a3UPYIOIIHECs Ha BCTPOSHHBIX PEIICHUSIX
takux makeroB, kak NASTRAN u ADAMS.

— OTKpBITBII MOIIHBINA TPOrpaMMHBIA UHTEpGENC JaeT BO3MOKHOCTh pa3pa-
0aTbIBaTh COOCTBEHHOE MPUKIIATHOE TPOrpaMMHOE 0OecTieueHrne, KOTopoe OyIeT Mmo-
HOCTBIO nHTerpupoBano B UG.

— DOddexTuBHBIN 0OMEH NTaHHBIMU C IPYTUMU CUCTEMAMHU, JAXKE TP TII0XOM
KauyeCTBE BXOIAHBIX JAHHBIX, IOJYYEHHBIX U3 CTAPBIX CHCTEM.

— Iloooepicka enewnux gpopmamos oannwvix: |GES, STEP, DXF, DWG u
npAMBIX UHmMeppeiicos K Haubdo1ee U3eeCHHbIM NAKENam.

— Cucrema UG pabotaer Ha Bcex mpodeccnoHanbHbix RISE-mnmaTdopmax u

coorBercTByromux UNIX-SS, a takxe mox ynpasnernuem Windows NT Ha muiaTdop-

max Intel u ALFA.
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Unigraphics ucnonvzyem mo sce camoe a0po meepoomeibHo20 MOOeAUposa-
nusa (Parasolid), umo u SolidEdge. ParaSolid ouens 3¢phexmusen u uzeecmen mem,
umo 2opazoo 6onee ycmoiiuug K "'naoxum'’ 0annvim no cpasnenuio co ceoum oc-
Ho6HbIM KOHKYpenmom ACIS. Onepayuu meepoomenvbHo20 MOOEIUPOBAHUS, MA-
Kum obpazom, xopouwiu, 2uOKu u 0bicmpbol.

Kak Tonpko jeTanb MOJHOCTHIO MapaMeTpu30BaHa, KOHTPOJIbHBIE MapamMeTphl
MOTYT OBITH 3a1aHbl (OTPEJAKTUPOBAHBI) YEPe3 ANEKTPOHHBIE TaOJIUIBI. JTO MO3BO-
JISIEeT JIETKO TeHepUpoBaTh ceMeiicTBa netanei. [lapameTpbl Mactep-aeTaiu BBOASTCS
B AJICKTPOHHYIO TaOJIHMILY, TIOC]IE YETO OHU MOTYT OBITh CKOIIMPOBAHBI/OTPENAKTHUPO-
BaHbI, YTOOBI MTOTYYNUTh HOBBIC JIETAJIM, IPUHAJJICKAIIUE K TOMY KE CEMEUCTRY.

Yto0BI TOMOYB MOIH30BATEIIO, TTAPAMETPHI B JIFOO0E BPEMsI MOTYT OBITh MOKa-
3aHbI HAa AKpaHe. JIrobas mapamMeTpu30BaHHAs J€Tallb MOKET ObITh HCIO0JIb30BaHa KaK
MOJIb30BATEILCKUM 3JIEMEHT JJI CO3/1aHUSI HOBBIX MOJICIICH.

Texnonozueii "WAVE" no3eonaem ynpagnamop npoeKkmom, co30aeé cHauaia
nPOCMYI0 MOOeNb U 000a81A K Hell 6ROC/Ie0CH U 0emailll.

CymiecTByeT MpoBEpKa Ha CTOJIKHOBEHU feTtaneit. Unigraphics MoxkeT onpee-
JIUTh, T/I€ IBE JACTAIM CTAIKUBAIOTCS U CO3JaTh TBEPIOE TEIO0, KOTOPOE MOKA3BIBAET
00JIaCTh UX MepeceyeHUsI.

Unigraphics no3eonaem nokazvieamsv 001aK0 mMoyeK, Komopvie Moym 0vimo
UCNOJ1b308aAHbL 0151 RPUBAZKU NPU MOOETUPOCAHUU C NOMOWLLIO OAHHBIX OUUPPOSKU.

Unigraphics nmpeayiaraeT IuarHoOCTUYECKYIO 3aKPacKy MO OTPAXKEHUIO U TaKkKe
MMEET BO3MOXKHOCTh HAKJIQ/IBIBATh TEKCTYPY C YUETOM OTPaXKEHHUSI. ITO MO3BOJISIET MMO-
ay4dath 3(QPEKT 3epKaATBHOTO OTPaKEHUS pacTpoBOro oopasza. OTnenbHbIC TOBEPXHO-
CTU MOTYT OBITh BBIJICJICHBI U3 TBEPJIOTO TeJa Ui pelakTupoBanus. B pexxume co3pa-
HUSI YepTexKeN BCE BUJIBI MTO3BOJISIIOT YAAISITH CKPBITHIC IMHUK. DTO pabOTaeT TOUHO U
OBICTPO (YCTIOBUEM SIBISIETCS TO, YTO pabOTa UJIET TOJIBKO C TBEPIBIMU TEJIaMU, - €CIIH
JieTallb HE TBEPJAOE TEJIO, TO YJAJEHUE CKPBITHIX JIMHUK paboTaeT aOCOJIOTHO He-
BEPHO).

Unigraphics moscem pazeopauueams 10Manble ce4eHus U NOKA3vléamsp Ux 6
pesicume npoekyuu.

IlenTpa oTBepcTUil MOTYT OBITH aBTOMaTU4YeCKH oOpa3mepenbl. HeoOxomumo
POCTO 0003HAYUTH TOJIOKEHHUE pa3Mepa U yKa3aTh OTBEPCTHUE.

[Tonb30BaTEH MOXKET OMPEACIUTH CBOU COOCTBEHHBIE BUBI IJIS1 ATbHEHIIIETO
MCITIOJIb30BAHUS. DTO MOXKET OBITh OUEHB MOJIE3HBIM 32 UCKITIOYEHUEM TOTO, UTO CYIIIe-
ctByeT npeaen 10 nogoOHbIx BUAOB. [1o ymMomuaHuto 310 6 OpTOroHaIBHBIX MPOEKIIUI
witoc 4 n3omeTpudeckux. YToObl onpenenuTh CBOl COOCTBEHHBIM BU HEOOXOIUMO
MEPEONPENCIIUTH CYIIECTBYIOIINM.

Unigraphics mooicem cozoaseamv uyenmpaivHvle (Cpeonue) noGepxXHOCHIU.
Imo noseepxnocmu, Komopwle nexcam 6 cepeoune cmenku unu peopa. Takue no-
6epXHOCMU 0bl6AIOM NONE3HBL 0151 KOHEUHO-I/1IEMEHMHO020 AHAU3A.

B YI1Y mooyne nonv3oeamenb Moxcem CKORUPOGAMb 1100YI0 YRPAGIAIOULYIO
npozpammy u usmeHums ee napamempwvl. Hedasno 0wvin eeeden 6 Oeiicmeue
UGSHOPS ona pabomut 6 yexe.

B Unigraphics ects xoportmast BO3MOKXHOCTh TI0 CO3/IaHUIO COOOIIEHHIA 00 OIno-
Kax. ITOT MO/IYJIb ABTOMAaTHUYECKH TI€YaTACT TaKyI0 BAXKHYIO HH()OPMAITUIO KaK BEPCHSI
OIEPAIMOHHON CHCTEMBI, BEPCUH JIpAiBEPOB, pa3Mep NaMsITH U JUCKA U T.1.
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Unigraphics mo3BosisieT agantupoBath NporpaMmy Mo/ MOJIb30BaTENs, U3MEHSIS
3HA4YEHUs B TEKCTOBBIX (haiiiax.
Ommemum nHeKxomopbwie c1advle CMopoHbl CUCHIEMBL.

J5i Toro 4TOOBI MOJHOCTBIO MCIONB30BaTh BO3MOxkHOCTH Unigraphics u pas-
JMYHBIX CBSI3aHHBIX C HUM MPOTPaMM, IOJb30BATENb JOJDKEH OTIMYHO 3HATH Olepa-
IUOHHYIO cucTeMy. Tak MHOro Bemel B Unigraphics 3aBUCHT OT HaCTpPOEK OIepalu-
OHHOW CHUCTEMBI, KOTOPbIE MOKET 3HATh TOJBKO JKCIIEPT, YTO OCTAIBHBIE MOJIb30BA-
TEJIU OKa3bIBAIOTCS B YHIEMJIEHHOM COCTOSTHUU.

Unigraphics He MOeT HanpsMYyto cuuTbiBath Qaitinsl Pro/E. XoTs u cymecTByer
unrepdeiic ¢ CATIA, o paboTaeT oueHb MEJICHHO.

UG, kak BIIpoueM U BCE CUCTEMbI BBICOKOT'O YPOBHS, paboTaeT Ha cepTUuduIu-
POBaHHBIX alllapaTHBIX CPEJICTBAX, UTO JEJIAET €ro 3HAUUTEIBHO JIOPOXKE.
1.1.4.2. Pro/ENGENEER

Paccmotpum cucremy Pro/ENGENEER.

Cucrema Pro/ENGENEER npezcrasnser co6oit MOAYIbHYIO CTPYKTYPY, Ha Ma-
tematuaeckoM sipe ACIS, ocHoBa koTopoit — 6a30Bbiii Moaynbs Pro/ENGINEER, k
KOTOPOMY MOAKIIOYAETCS MHOKECTBO PA3JIMYHBIX MOJYJEH, OXBAaTBHIBAIOIINX BECh
CHEKTP KOHCTPYKTOPCKO-TEXHOJIOTMUYECKUX Pa3padOTOK.

Pro/ENGINEER crpoektupoBaH TakuM 00pa3oM, YTO OH HCIIOJIBb3YETCS KOH-
CTPYKTOpPOM C CaMOT0 Haudaja paboThl HaJl U3EJINEM — C MOMEHTA OIpeieIeHUs 00b-
€KTOB U XapaKTEpUCTUK KOHCTpYKIUH. KackaniHoe MeHI0 00ecrieunBaeT JIOTUYECKUI
BbIOOP M YCTaHOBKY OOJIBLIMHCTBA MPEABBIOOPHBIX onuuil. B moboit MomeHT o-
CTYITHA TOJTHAS TIOMOIIIb 110 BBITIOJIHSIEMOUM (PYHKIIMU U KOPOTKAs MOJICKa3Ka B CTPOKE
IOJICKA30K.

31ech HE0OXOIUMO OTMETUTh, YTO MOACKA3KU B ATOM CUCTEME HA aHTJIMICKOM
A3bIKE, YTO JieJIaeT padoTy MOJIb30BaTENs HEYT00HOM.

B03MOXXHOCTh CHCTEMBI BBINOJHATH 3CKU3HYIO T€OMETPUIO HEMOCPEICTBEHHO
Ha TBEPAOTEIbHOM MOJENM TMO3BOJISET JErKO M IMPOCTO TOMEIATh OOBEKTHI
("¢uuepsl") B KOHCTPYKIIMIO MOJAEIIH.

Cucrema OCHOBaHA Ha €IMHOW CTPYKTYPE AAHHBIX, C BO3SMOXKHOCTBIO JEJATh U3-
MEHEHHS HEMTOCPEACTBEHHO B cucTeme. TakuM 00pa3oM, U3MEHEHMsI, BHECEHHbBIE B Ka-
KOH-TO MOMEHT pa3pabOTKH, aBTOMATUYECKH MEPEHOCSTCS Ha BCE PEATM30BAHHBIC
3Tanbl KOHCTPYKTOPCKO-TEXHOJIOTMYECKOT0 Mpolecca, obecrneunBas MpeeMCTBEH-
HOCTb MH)XEHEPHBIX pa3pabOTOK.

MopenupoBanue B Pro/ENGINEER ocHoBano Ha "duuepax", Takux kak dacku,
pebpa, CKpyTJICHHUs, 000JIOYKHA U JIp., YTO MO3BOJIICT CO3/laBaTh I'€OMETPHUIO JTHO00H
cnoxknoctu. Hapsigy ¢ nadgopmariueit o uX MEeCTOMOJIOKEHUH U CBS3SIX C IPYTUMU 00b-
exktamu "duuepsl” colepKaT HEreOMETPUUECKY0 HH(GOPMAIIUIO, HAPUMED, TIPOLIECC
M3TOTOBJICHUSI U CBSI3aHHBIE C HUM PaCXOJIbl.

B Pro/ENGINEER c6opka koMIOHEHTOB (Kak JeTaliei, Tak U MOIYy3JI0B) OCY-
LIECTBIIAETCS C MOMOUIBIO TAKUX ONEpALMi KaK "MPUKIEUTh", "BCTaBUTH", "OpHEHTH-
poBath". MOXXHO OBICTPO cO3/1aBaTh COOpPKM 00O cioxHOCTH. [Ipuuem kommo-
HEHTHI "OMHST", KaK OHU COOpaHbl, U P U3MEHEHUH JTMOO T€OMETPHUH, TMOO MECTO-
pacMoJIOXKEHHs IETaId COOTBETCTBYIOIIUM 00pa30M MEHSIOTCSl OCTajbHbIE XapaKTe-
pucTtukH. Jletaab MOXKHO MPOEKTHUPOBATH HEMIOCPEJCTBEHHO B COOpKE, OIpenesss ee
rE€OMETPHUIO0 UHANBUAYAJIBHO UM OTHOCUTEIEHO T€OMETPHUH CYILECTBYOIIMX JI€TAJIEH,
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U TIpU MOJAU(PUKAINA TTAPAMETPOB MOCICTHAX aBTOMATUYECKH OOHOBIISIFOTCS TE€OMET-
pHS U MECTOIOJIOKEHUE TPOEKTUPYEMOM JETaIH.

Teepoomenvroe moodeauposanue 6 Pro/ENGINEER ocnoeano na de3epannoi
mexHo102uu 080UHOU MOYHOCIU, YN0 00ecneuusaem 6blCOKyI0 MOYHOCMb npeo-
CMAGIEeHUA 2e0MEMPUN, XAPAKM EPUCHIUK MACCHL U RPOBEPKU 6CEBO3MONCHBIX 3030~
P06 u nepeceuenuil.

[TonHas acCOMATUBHOCTh CUCTEMBI MPEOCTABIISET MOIIHBIE BO3MOKHOCTHU T10
BHECEHMIO JIIOOBIX M3MEHEHHM, 0OecrieunBas NapajljIeIbHOCTh Pa3padOTKH KOHCTPYK-
TOPCKOTO M TEXHOJIOTMUYECKOTO mpoiieccoB. MHCTpyMeHT n1jist pabOThI ¢ TapameTpuye-
CKOM 0a30¥ JaHHBIX MTO3BOJISET YNPABIATH STUMUA CHHXPOHHBIMU MPOIECCAMU U TIPO-
BOJIUTH JItOObIE KOHTPOJIbHBIE ICHCTBUS.

Tpeooeanusa Pro/ENGINEER k annapammnoii wacmu: (hyHKyuoHuposanue
Ha ecex naam@opmax, padomarowjux noo ynpaeienuem UNIX unu Windows NT,
HO mpeodyem cepmugpuuupo6anHoil Annapanypbol.

WNuTtepdetic moap30BaTeNiss HE 3aBUCUT OT ONEPAIIMOHHONW CHUCTEMBI, TTO3TOMY
M0JIb30BATEJIM MOTYT BHIOMPATh HAan0OJIee SKOHOMUUHYIO KOH(MUTYPAIUIO JJII CBOUX
HYXK]l M COUeTaTh pa3inyHble KoHpurypamuu miardopm. Cucrema rapaHTUPYET JieT-
KOCTh 0OMeHa uH(popMaluen MexIy rmiaThopMamu ¢ 000N apXUTEKTYPOU.

Pro/Engineer ¢pupmot Parametric Technology Corporation — "mascenaa"” cu-
cmema, 8 OCHO8e KOMOPOU J1eHCUn mujamenbHas MamemamuiecKas mooen, u3-
séecmnan Kak feature-based design. Omauuaemcs ouenv GonbUWUMU 603MOICHO-
cmamMu, peaiu306an Ha PA3HbLIX naam@opmax, Ho cmpaodaem 04eHb CLOHCHHIM U
HeYOOOHBIM NOSIb3068aAMETIbCKUM UHmMeEphelicom.

1.1.5. Obwme TpeboBaHMa K CAD-cuctemam

Bce paccmMoTpeHHBIE CHCTEMBI IIOCTOSIHHO Pa3BUBAIOTCS], TOIOJHSASACH BCE HOBBIMU MOYJISIMU
¥ BO3MOXHOCTSIMH. C TeYEeHHEM BPEMEHH IIPOTPaMMHBIE MTPOAYKTHI IPHOOPETAIOT CIIOCOOHOCTH O/TH-
HaKoBO 3((eKTUBHO pelaTh B CBOEH "BECOBOM" KaTeropuu npeabspiisieMble I0JIb30BaTEIEM 3a/1a4H.
B sTOoM ciydae nmosib30Batesb Npu BIOOPE TOM UM MHOM CUCTEMbI PYKOBOJCTBYETCS B TIEPBYIO OYe-
pelb ee 11eHoM. B To ke BpeMs pa3BUTHE TPOrpaMMHBIX CpeJl UIMEeT TEeHIEHIUIO Iiepexoia B 6onee
"TsKeNnyr0" KaTeropuio, Ho HUKoraa Haoooport. K coxanenuio, Takoe yCOBEpIIEHCTBOBAHNE B 00JIb-
IIMHCTBE CIy4aeB MPUBOJUT K HEOOXOIUMOCTH UCIIOIB30BaHMs Bce Oojiee U Gojiee MOIIHOTO ammna-
paTtHOro odecreueHus.

3/1ech YMECTHO OTMETHUTh, YTO, KAKUM Obl BBICOKUM HU ObLT YPOBEHb CHCTEMBI, OHA cama 10
ceOe He ¢pyHKuHOHMpYeT. OBM u ycTaHOBIEHHBIN Ha HEW MPOTrpaMMHBINA MPOIYKT MPECTABISAIOT
co00i1 XOTS U BBICOKONIPO(ECCHOHANIbHBIIN, HO BCETO JIUIIbL HHCTPYMEHT, TAKOM Kak, Halpumep, Ka-
paHjail, JuHelka uiam cuetsl. Pabora Ha DBM npoucxoaut B popme auanora. uanor c 9BM Bezner
YeJI0BeK (IT0JIb30BaTENh) C TOMOIIBIO yKa3aTess (Kypcopa), KOTOPBIM yIpaBIISIETCs] MBIIIBIO HITHA KJ1a-
BUIIIaMU KJIaBHATyphl. Takum 0O6pa3oM, ypoBeHb 3(pHEKTUBHOCTH HCIONb30BaHust DBM 3aBucHT OT
CTENEHH MOATOTOBJICHHOCTH CIIEUATIUCTA.

— paboTa B MHTEPAaKTUBHOM PEXHUME (B pEIKUME JUAJIOTa);

— BBICOKOE ObICTpoeiicTBHE (MHAUE padoTa 32 KOMIBIOTEPOM B peKUME inajora Oy-
JIeT YTOMUTENbHA);

— TPOCTOTa U OBICTPOTA B OCBOCHUH W MCIIOIH30BaHUM (TIPOCTOM W MOHSATHBIN Jua-
JI0T);

— KOMITAKTHOCTh MPOAYKTa U CO37aBAEMbIX B €T0 cpene (PpailyioB (1711 BO3MOXXHOCTH
UCTIOJTb30BaHUST HEBBICOKOTIPOU3BOAUTEILHBIX KOMIIBIOTEPOB);

— cobmonenue npasuia u yciaoBHoctert 'OCToB ECK/J;
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— HaJgu4ue BO3MOKHOCTEH MpoeCCHOHANBHBIX CUCTEM, UCIOJIb3YeMbIX Ha COBpE-
MEHHOM MPOU3BOJICTBE (11 oOecreueHrs MPUHIMIA BOCTPEOOBAaHHOCTH 3HAHUU U
HaBBIKOB);

— MPOCTOTa MPOCMOTPA, BBOJIa U BbIBO/IA rpaduyeckoil HHPOpMaIINH;

—  BBICOKOKAYeCTBEHHBIN BBIBOJI CO3IaHHOMN Tpaduieckoil mHGOpMAIMKA HA TTPOCTOM
MaTpPUYHBINA IPUHTED.

Coznanve n Mmoaudukamnus (peaakTHpOBaHUE) H300paAKEHUI:

—  BO3MOXKHOCTb MOJIyYEHUS TBEPOTEIBHBIX 00bEMHBIX U INIOCKUX T€OMETPUUECKHUX
MOJENEN U3 MPOCTHIX U CI0KHBIX 3JIEMEHTOB;

— MOAJEPX KA TEXHOJIOTUH MOITYYEHUs INIOCKUX MOJEJNIeH 10 3CKU3aM, OObEMHBIX —
TBEPIOTEIbHBIM MOJICTUPOBAHUEM,;

— BO3MOXXHOCTb UX MAacIITAOMPOBAHUS, TOBOPOTA, MEPEHOCA, KOMUPOBAHUS U 3€p-
KaJIbHOTO OTOOPaKEHHUS,;

— obecrnieyeHre TBOPUECKOTO MPOIECCa PEKOHCTPYUPOBAHUS paHee CO3AaHHBIX 00b-
€MHBIX U IJIOCKUX T€OMETPUUECKUX MojieJiel (BO3MOKHOCTD BBIMIOJIHEHUS TOMOJIOTH-
YECKUX MpeoOpa3zoBaHuil);

— BO3MOYKHOCTb MOJIYYEHHUS MOJYTOHOBBIX, TEKCTYPOBAHHBIX U I[BETHBIX PEAJIUCTH-
YECKUX U300paKEHUI TBEPAOTEIbHBIX MOJICNICH (JJ1s pellIeHHs TU3aHEPCKUX 3a]1ay);
— BO3MOXXHOCTb BBITIOJIHEHUS JIOTHUECKUX (OyJIEBBIX) ornepanuii (oneparuii cioxe-
HUs1, BBIYUTAHMS, 00BEIMHEHHUS], IEPECEUCHUS U TPYTIIUPOBAHUS) C MOJICIISIMU;

— BO3MO’KHOCTH CO3/IaHUsI ITapaMeTPU30BaHHBIX Mojieliel (0e3 HeoOX0AMMOCTH TIpsi-
MOTO IIPOTrPaMMUPOBAHMUS);

— Hajmuyue (WIM BO3MOXKHOCTH MPOCTOTO CO3JaHUsl) OMOIMOTEK THUIIOBBIX (XKena-
TEJILHO MapaMeTPU30BAHHBIX ) KOHCTPYKTUBHBIX 3JIEMEHTOB.

Hannuue TekcToBOro pegakropa:

— BO3MOXKHOCTb O()OpPMJICHUS TEKCTOBOW YacCTH KOHCTPYKTOPCKOW JOKYMEHTAIUU
(MpeanoYTUTENHLHO B aBTOMATU3UPOBAHHOM PEKUME);

— HaHECEHHE TEKCTOB, PA3MEPHBIX YMCEJ U WX OTKJIOHEHUI, 3HAKOB YUCTOTHI 0Opa-
OOTKH TOBEPXHOCTH Y B3aUMHOTO PACIIOI0KEHN KOHCTPYKTUBHBIX 2JIEMEHTOB (TIpe/l-
MOYTUTEIHHO B AaBTOMATU3UPOBAHHOM PEKUME).

JoTIOJIHUTENIbHBIE CEPBUCHBIE BOBMOXKHOCTU:

— BO3MOXXHOCTb BBITIOJHEHUS BCIIOMOTaTEIbHBIX OCTPOCHUM;

— aBTOMAaTHU3UPOBAHHAs MPOCTAHOBKA PAa3MEPOB,;

—  OIpEJeTIeHNE FreOMETPUUECKUX XapaKTePUCTUK JIUHUN U KOHTYPOB;

— npubJIMKEHUE U OTJIaJIieHHE U300paXKeHUsI, OTKAT, TOBOPOT Ha 3aJJaHHbINA yroJ1, UC-
MOJIb30BaHUE PA3TUYHBIX TUIIOB KYPCOPOB.

Bo3M0kHOCTB BbIBOJIA TpaduyecKkoil UHGOpMAIUHU JJIsi COCTABJICHUSI YIIPABJISIFOIINX
nporpamm Ha ctanku ¢ UITY u B pacTpoBble (haidsbl.
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Jlexuus 8. [IpuMepsl BHITTOTHEHUST THANBUIYATBHOTO MTPOEKTA MO TUCLHUILIIUHE
Iapamempuueckas mooenv 06veKma npoeKMupo8anus

C nenbro ONTUMU3aLUU KOHCTPYKIIMU 110 BECOBBIM U IIPOYHOCTHBIM XapaKTEPUCTUKAM pa3-
paboTaHa TBEpJOTENIbHASI MTapaMeTpUUECKast SCKM3HAs MOJIENb TOJyIpUIIeTa-IIUCTepHBI (puc. 2.1).
Mogienb TOCTpOeHa Ha OCHOBE KOHCTPYKTOPCKOW JOKYMEHTAIMK nosynpunena-mucrepust [11[-80
U3 3a/1aHus K JUCCEePTALUH.

B pa3paboTannoii Mosienu Ha paMy maccu | ycTaHoBieHa OOKOBUHA MpaBasi 2 ¢ BHIPE30M

1O/l CMOTPOBOM JIFOK M1 CHMMETpHUYHAs €l 00KOBHHA JieBast 3 0e3 Bbipe3a. CTeHKa nepensss 4 u
CTEHKa 3aJHsIs 5 3aMbIKaeT Kopiryc 0aka nuctepHbl. CBepXy HUCTEpHA MEPEKPBIBACTCS PSIOM BEPX-
Hux Oanok 11 u HakpeiBaeTcs motosikoMm 10 ¢ kIanaHamu.
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Pucynox 2.1. DckuzHast Moiebs oIynpHIlena-IucTepHsl. By ¢ pa3HeceHHbBIMU YacTsMu: 1 — maccu
nosynpuiiena, 2 00KoBHHa JeBasi; 3 — O0OKOBHHA MpaBasi; 4 — CTEHKa MepeaHsisl; 5 — cTeHka 3aHss; 6
— pabouasi TUTOIIAIKA C OTPAKIACHHUSIMHE; 7 — JIIOK BEpXHHIA; 8 — IecTHUIIA 335, 9 — IECTHUIIA BHYT-
pennsis. 10 —moTonok C ApIxatenbHbIMU KianaHamu; 11 — Bepxuue 6anku; 12 —manens nepeanss; 13
— MaHuOIba BXOHOH, 14- Mmarudonb1 BBIXOAHOI; 15 — ayTpurepsl; 16 — mok 60koBoi; 17- MmaHu-
¢donba 6OKOBOIA.

Czanu u cBepxy 0aka IIUCTEpHBI YCTAHOBIEHA paboyast IIomaaKa 6 ¢ orpakKIeHUsIMH, JIt0-
KOM BEpXHUM 7, IECTHUIIEH 3aJIHEH § M JIECCTHUIICH BHYTpEHHEH 9.

B niepenneit HUKHEH YacTH UCTEPHBI YCTAaHOBIIEHA MEpEAHsI MaHenb 12, Ha KOTopoii 0a3u-
pytoTcs BxoaHou Manudoib 13 1 BeixoaHo# Manudonba 14. Ayrpureps! 15 ycTaHOBIEHB HA
pame maccu. Ha mpaBoii 60koBHHE Oaka yCTaHOBIICH JIFOK CMOTpPoBOH 16 u MaHu(oIba 00KOBOU
17, cBsi3aHHBIN C KJIAIaHOM Ha JHE UCTEPHBI

Bcero B BepxHeii cOOpke monynpuiiena-iucTepHbl ONpeAeieHbl 5 OCHOBHBIX MMApaMETPOB,
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OT KOTOPBIX 3aBHCAT NTapaMeTpPhl A€TaJIEN U Y3J10B, KOTOPBIE, COTIACHO 3aJjaHHI0, TOJIKHBI IIOJIBEP-
rarbcs uccaenoBaHuaM. CIIUCOK apaMeTpoB U UX Ha3Hau€HHE MTPUBEJCH HUXKE (B CKOOKax yKa-
3aHbl TEKYILUE 711 MOJENH Ha puc. 2.1 3HaUeHUs TapaMETPOB):

1. t_list— TommrHa TMCTOBOIO MeTasLIa OOIIMBKHU KOPIyca Oaka UCTEPHBI (5 MM);
2. t_balka — TonmmmHa cTeHKH MPSIMOYTOIBLHON TPYOBI OaIOK Kopiryca O6aka (8 Mmm);
3. SHIRINA — mmpuna Beictyna npodwis puduennii aucra oomusku (200 mm);
4. Glubina— rnybouna npoduis pudieHnii TucTa oOIIMBKY Kopiyca 6aka (75 Mm)
5. ALFA — yrox HakiioHa mpouiis BICTYyIIa JIUCTa OOIIMBKHU KopIiyca Oaka (32°)
[Tokaxem, Kak ykazaHHBIC TApaMETPhl IPUMEHSIITUCH TTPH TIPOSKTUPOBAHUH 3C-

KM3HBbIX MOHCHCﬁ COCTaBHBIX YacTeM nmoJjmpunocena-uuCTCpHLI.

MapameTpuryeckana moaesb ncTa 0bLNBKIM Kopnyca baka

OOmmBKa Kopiyca 0aka IIMCTEPHbI COCTOMT U3 IPUBAPEHHBIX MEX1y co00il 1 K 6amkam
IpO(UIBHBIX METAJUIMYECKUX JIUCTOB U3 JernpoBaHHoi ctanu 091"2C. [louck crannapra Poccuii-
ckoil Penepaliuu Ha NPOQHUIIbHbIE THYThIE JIUCTHI K COXKAJICHUIO, HE MpUBEI K ycnexy. Hanboiee
noaxoasmmmu sieisiercss [OCT P 24046-2004, KOTOPBI peryiaMeHTHPYET pa3Mephl TUCTOBOTO
npopUILHOTO IpOKaTa TOMIUHON 10 4,5 MM. OJJHAKO B 3TOM CTaHJIapTe OTCYTCTBYET UH(OpMALHs
o pazMepam npoduiis aucta. B gpyrom noxkymente ['[OCT P 24045-2016 pazmeps! npodusis aucta
€CTb, HO JJISl TOHKUX JIUCTOB TOMIMHON A0 1,5 MM. B 6a30B0ii KOHCTPYKIIUH IPHUMEHEH MPO(HUITH-
HBIM JIMCT TOJILIMHON 5 MM U JIJI HETO B OT€YECTBEHHBIX CTaHAAPTaX HET PEKOMEHAALMM 110 pa3Me-
pam npopuILHOIO JIHUCTA.

JUist IpUHATHS peLeHns 0 pa3MepaM npoduiis ucTa OOIMBKY Kopiyca 0aka pazpaboTaHa
napaMeTpuueckas MOJIEJb JIMCTa HA OCHOBE COOTHOUIEHU, TPE/ICTABICHHBIX CXEMOMU Ha puc. 2.2.
BBenem crenyronie BeTUUUHbL: L — M0I0BUHA MIHPHHBL JiUcTa (MM); b — mupuHa BeICTyIIa IIPO-
¢us mucra (Mm); h — BeicoTa BeIcTyma npoduiis Iucta (MM); OL - YroJl HAKJIOHA CTOPOHBI TPaIeIin
npoduIs JIucTa, °©.

Ecnu 3anaBath ucxoansie napameTpsi L, b, h, o, To mapamerp mmpuHbl BoaauHbl & onpejie-
JsieTCs U3 BeIpakeHus (cM. puc 2.2):

,_L-15:b-3-h-tg(a)

2.32
15 (2.32)
Y b2 b
5 6
7
< @ &
g 71 8 x
a a2

L

Pucynok 2.2. Cxema K pacueTy reoMeTpuu npoguiis JucTa OOIMBKH KOpITyca
Ha puc. 2.3. noka3zana nporpamma Ha Mathcad, B KoTopoii pacCUMTHIBaIOTCSI KOOPIUHATHI

OIMOPHBIX TOYCK HpO(I)I/IJ'I}I JHCTA. HapaMeTqueCKa;I MOACIb JINCTa OOIIMBKH 6a3preTc;1 Ha nmpea-
CTaBJICHHBIX COOTHOIICHUIX.
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L= 340 b=197 h=73 a=32 i=0.7
\ L- 1.5b - 3x(h,
i(h.o) = h-tan cc-l | a(L.b.h.,ov) = ( - x(h.c))
L 130/ 1.3
f 0 i b
' [ | al.b.h.o)=6027
05b n| X )
0.5-b + x(h.q) 0
_ 0.5b + x(h.a) + a(L.b.h.c) .
" 035b+2xh.a) +all.b.h.a) " h
156 + 2a(h.0) + a(L.b.h.q) h
156 + 3x(h.0) + a(L.b.h.q) 0
\L5b+ 3xh.a) + 15a(L.b.h.oy) | Lo/
B
7325
s \I ff \1
5475 ‘ f ‘
455 v i
Ty 3623 \ 7 \'
o
;73 \ / \
8.3 \ D’ \
5 |
“0 54 108 162 216 270 324 378 432 486 540
%

Pucynok 2.3. Pacuer koopanHaT OMOPHBIX Touek npoduiis sucra B Mathcad

B mtockoctu «Crepenn» coznaem «Icku3ly (puc. 2.4) - npoduib nucta mupuHoi 2L, riryOouHoi

M~
N o
H -
. 5 8
KW

ER905 '
20 |,
-— I . D
|
2‘5—):'(—

-—

1080,2

Pucynok 2.4. Ocku3 1 mapamerpude-
CKOU MOJEIH JIUCTA

h, romunoit t_list, mupunoit npodwis b, yrimom
npodwis o, MUpUHOHM BHaauH a. [loctpoeHHslit o
yKa3aHHBIM IapaMeTpaM npoduiis 3epKajlbHO OTpa-
JKAETCsl OTHOCUTENBHO 0ceBO TMHUU. COOTHOILIE-
HUS, CBA3BIBAIOIINE ITApaMETPhI 3CKH3a MIPEICTaB-
JICHBI HA PUCYHKE 2.5

HManee k «9cku3yl» npumensem aneMeHT «bo-
OBIIIKA-BBITAHYTH | », B KOTOPOM MOJIYYEHHBIN TIPO-
¢k BeITATMBaeTCs Ha AMHY 2600 MM corylacHO
pabouero yepTexa CpeaHero JUcTa OOIKBKH.

Jnst psina npouiIbHBIX JIMCTOB NOTpeOyeTcst
TaKKe JIOMOJIHUTENIbHAs 00pe3Ka B pa3Mepbl, HE00-
XOZMMBI€E Il pa3MELIeHHUs JIMCTa B KopIryce Oaka

48



YPEBHEHHH, rnoBaneHele AEpeEMEHHBIE U pasMephl

|T OThUNETPOBATE BCE NOAS |/7—'I E Mo ymonvaHuw ~
Hma

FHaueHwe [ YpasHeHwne PagHaeTca 3ameTkn I OK

=l FTnoGansHble nepe|
e OTMeEHa

b =147 197 LUWpWHa BLICTYNa Npoguaa AncTa

“List” =5 5 TOAWMHA NKMcTa

e MmnopT...
L =540 540 MonoBEWHE WKHPKWHE AT

ALFA =32 32 ¥ron npoduna AncTa S

“Glubina” =70 T0 FyBuHa npodwna ancra

Cnpaeka
=] 3nemeHTBI

=1 ¥, ua
"D4@IcKm32” = "Glubina” TOmMm
"D9@Ickm32” ="b" 197mm
"D5@E3ckMz2” = "ALFA" 32rpadycos
"DE@IcKm32” = "List" SMM
DT @3ckns2” = “List" * 1.81 9,05Mm
“D3@3cknzd” =["L"-"b"*1.5-3* "Glubina” *tan [ "ALFA" * Pl /180))/1.5 - "List" * 4 |55.52mm
D2@3ckmz2” ="h" 197 MM
"DE@IcKm32” ="D3@Ickms” [ 2 27.76mMm
MepeTpaneaTe , ABETOMATHYECKHI
asfomagmecxh YITOBLIE €AubMLe: z HOFHAOK pelWeHKna

CBA3b C BHELIHWM
ainom:

Pucynok 2.5. CooTHomIeHus napameTpoB 3cku3a npoduist aucra mogenu B CAD - cucreme

Ha pucynke 2.6. npeacraBieHbl IpUMeEPb! NOTY4YeHUS NPOPUIBHBIX JIUCTOB IIPH U3MEHEHUU
napameTpoB Mojienu. [IpeaBapuTenbHBIMU pacueTaMy OTIPENIEICHO, YTO JUIsl OTHOTO BapHAHTA Ieo-
MeTpHUH NpoduIIst IUCTa U3MEHEHUE TOJILIMHBI HAa 1 MM BiieueT U3MEHEHHUe 001Iero Beca KOHCTPYK-
LMY MOJIYIPUIIETa-LUCTEPHBI MpUMEpHO Ha 650 Kr.

<

Pucynox 2.6. Ilpuembl npopUIBHBIX JUCTOB, MOJYYEHHBIX C TOMOIIBIO MOJICIIUPOBAHUS

Jli1st poBeIeHHsI UCCIICA0OBAHUI MPOYHOCTH U JKECTKOCTH JiucTa nojkimouaem B CAD-
cucreme Moayib «Simulationy, B kotopoMm otkpsiBaeM «HoBoe nccienoBanue» Tuma «Cratuye-
CKHI1 aHAIIN3

B kagectBe «KperuteHuii» 3a1aeM 3adUKCUPOBAHHOE COCTOSTHHE NepU(hEepUHHBIX TpaHei
nucra. B kauecTBe BHEIIHUX HATPY30K 33]aeM CHITY TSHKECTH M HEPaBHOMEPHOE JIaBJICHUE HA OJTHY
cTopoHy Jucta BemmunHoi 13000 H/M?%, kak mokasaso Ha puc. 2.7.
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@ Ble & >
7
&) €9 “aLFat=20 -
@ "Glubina"=40
355 AISI 316 Hepwaserouas crans, auct (55)
|ﬂ Cnepeau
[}] Coepxy
|ﬂ Cnpaea
L Mooarantouxa
_ S . n . hd
< >
-
C&t Weeneaosanme 1 (-Mo ymonyaHume-)
w Nucr_napametpuuecknid (-[SW]AISI 316 Hepx
2 Cocanmenun
4 E;B Kpennenna
(X 3aduccuposannsii-2 :|
= iﬁ BHewwHHeE HarpyskiA
o Cuna towectn-1 (:0.81 m/s*2;)
4 faenerne-2 (-13000 N/m*2:)
MapameTpel pesynsTatos
- [E Pesynsrare
g Hanpaxennel (-vonMises-)
[’ Mepemewyennel (-Pacnonaxenme pesya
@E Aedopmaumal (-3kensanent-)
T

Puc. 2.7. Onpenenenue orpaHiYeHUH 1 Harpy30K B MOJIEJIN IPOQHIBHOIO JINCTA

ITocne mocTpoeHus: CETKU TETPadAPAJIbHBIX SJIEMEHTOB U MPOBEACHUS KOHEYHO-)JIEMEHT-
HOT'O pacyera MoJjiy4aeM 3I0PbI HAPsHKEHH U riepemenieHuit (puc. 2.8).

won Mises [N/mm#~2 (MPa))

1.717e+002
URES (mm)
1.6356+002
4802
1.553e+002 l T
- 1.472e+002 | 4002
_ 1.390e+002 _ 3602
_ 1.308e+002 el
- 1.226e+002 . 2801
2401
_ 1.145e+002
2,001
_ 1.063e+002 -
_ 1601
_ 9811e+001 | 1201
8,9%4e+001 0800
8.176e+001 0400
| 7.358e+001 1.0006-030
. 6541e+001
| 5.723e+001
_ 4.906e+001
4,088e+001
3.270e+001
2.453+001
1.6356+001
8.176e+000
1.796e-008
—» Npeaen Tekyqecrn: 1.724e-
a) 0)

Pucynok 2.8. Dmopsl SKBUBAICHTHBIX HANPSHKEHUH () M CyMMapHBIX TTepeMenieHui (0)
npo(UIBLHOTO JUCTA MO ASHCTBHEM HEPaBHOMEPHO paclpeAeNieHHOM HArpy3KU U CHITBI TSDKECTH

Maccy nmcTa noiay4aeM ¢ MoMOIIbI0 HHCTpyMeHTa «MaccoBble xapakrepuctuku» B CAD-
cucTeMe.

[Tonmy4yennas Mmojiens MPOPUIBLHOTO JIMCTa OyAET UccienoBana B 3 pasjese Ui NoJydeHus
PEKOMEHAALNHI 0 ONTUMAIbHON IPOYHOCTH, KECTKOCTH U METAINIOEMKOCTH KOHCTPYKLIUU T10JTY-
IIPUILIETIAa-IUCTEPHBI.
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MapameTpuyeckan moaenb bankm kopnyca Haka

Kapxkac 6aka nucTepHbI COCTOUT U3 CBAPEHHBIX MEXY COOON BEPTUKAIBHBIX U TOPHU3OH-
TaJbHBIX 0AJIOK C MOMEPEYHBIM CEUYEHHUEM B BHJIE MPSAMOYTOIBHOM TpyOb! co ctoporamu 200x80 Mm
JUTS. HIDKHUX TOPU30HTAIBHBIX 0anok u 120x80 11 BEpXHUX TOPU30HTAIBHBIX U BEPTUKAIBHBIX Oa-
nok. TonmmuHa crenku 6anok 7 mM. [To cranmapty I'OCT 8645-68 «TpyOsl cTanbHbIE PSIMOYTOTb-
Hbeie. CopTaMeHT» TOJIIINHA TPYOhl MOKET UMETh 3Ha4YeHHe 5, 6, 7, 8 Mmm. CiieqoBaTenbHO, MOKHO
MPUMEHUTH MOJICTIMPOBAHUE JIJIs OIIpeieTIieH s HanboJiee 11e1eco00pa3Hoi TOIIIUHBI IPSIMOYTOJIb-
HOU TPYOBI C TOUKH 3peHHsI HEOOXOAMMOI MPOYHOCTH, )KECTKOCTH M METAIUIOEMKOCTH KOHCTPYK-
[[UU MOy PUIIETIa-IUCTEPHBI.

PaccMoTpuM nocTpoeHne HIKHEH TOpU30HTAIbHON OaJIKi, B KOTOPOH IMapaMeTp TOJIIIHUHBI
CTEHKH IPSIMOYTOJIbHOM TPYyOBI 3a/1a€TCsl B BEpXHEH cOOpKe MOTyIpUIIeTa-IUCTEPHBI.

B mnockoctu «Criepean» cozgaem «Icku3 1y - mpoduis npsmoyronsHoi TpyOosr 200x80
(puc.2.9). ITapameTp TONIIMHBI 3a1a€M B BEpXHEl cOOpKe paBHBIM 3HAUYEHHUIO IIepeMenHoi t_balka.
K «3cku3yl» npumensiem sneMeHT «boOBIIIKa-BRITSAHYTH 1» ¢ mapaMeTpoM BBITATUBAHHS 5629 M,

orpezensseMbIM U3 paboyero yepTeka HUKHeH Oanku.
R B ®|®|

@ Bobbika-Bumsnyrs1 @

gg v X ®

| or ~

T

/— T ™~ = =
¥ +

' Hanpasnenwe 1 &S
2 | [Ha sapannoe paccrosmme ¢
¢l

= & [s629.00um

»

0] Hanpaanenne2 v

t + BuiGpantbie KoHTYpB! v

+ +

N4

.

Pucynok 2.9. IlocTpoenue Moeny ropu30HTaIbHON OaJIKH MOTyIpUIIeTIa-IuCTEPHbI

B BepxHeii cOOpKe TakKe MOCTYIIaeM CO BCEMH MOJIEIISIME OAJTOK — YCTAHABIHBAEM TOJI-
IIMHY CTEHKH TPyObl paBHOM mapameTpy t_balka.

[penBapUTEILHBIMHU OTBITAMH YCTAHOBIICHO, YTO M3MEHEHHE TOJIIMHBI CTCHKH OAJIOK TI0-
JyTIpUIeTa UCTEPHbBI MPUBOAUT K U3MEHEHUIO MACChl BCeH KOHCTPYKIUU MPpUMEpHO Ha 220 Kr.

[MosrydyeHHbIe TTapaMeTPUIECKHE MOICITH MPOMUIIBHBIX JIMCTOB M HECYIIMX OalOK KapKaca
0ayok Oy/ayT MCCIe0BaHbI B 3 pa3jielne sl MOJTyYeHHs] PeKOMEH IAIMi 110 ONTUMAaIbHOU MPOYHO-
CTH, )ECTKOCTH U METAJUIOEMKOCTH KOHCTPYKIIMHU TTOIYIIPHIIETIA-IIUCTEPHBI.
DCKM3HbIE MOAEM NOAYNPULLENA-LUCTEPHDI

Ormyckasi OAPOOHBIH MPOLIECC MOCTPOCHHS APYTHX IEMEHTOB MOJTYIIPHIETIA-IIUCTEPHBI,
IPEICTABMM 3CKU3HBIE MOJIEITH 000PYI0BaHH s, HEOOXOAUMBIE JIUTSI OICHKHA MacCOBO-I[CHTPOBOYHBIX
XapaKTePUCTHK MPH aHAIN3€e MPOYHOCTH, )KECTKOCTH U METAIIOEMKOCTH BCeil KOHCTpykiun. Ha
pucynkax 2.10 — 2.15 npeacTaBiieHbl MO TAaKOTO 000PYTOBaHHUS.

51



L.

| @ *Crepemr

PLEAEE- O -v-O@-2-
‘{\’) Qj ﬁéﬁkpmeanz. ﬂ

255

ko

@9 *Cresa

*TpHoreTpHst

Pucynok 2.10. Dcku3Has MojielIb OCHOBAaHUS-PaMbl 1IACCH

Tpumevanin

[latamkn

[U Cnepean

[1] Ceepxy

[) crpaea

L, Vicxoaman rouxa
> @ () Kpsiuka Tpy6el Goswoii<1> (T
» @ Tpyba bonswan<1> (Mo ymonuann
v @@ Cbopxa_sapswkra<l> (Mo ymonuar

> [S) Conpsxernn & Marudonsa 60
History

Mpumenanua

Jaramn

[] Crepean

[] Ceepxy

[1] Crpaea

L, Vicxoaman touxa

@ (3 Bermuns<1> (Mo ymonanm
@) Pess6osoii_romeu<1> (Mo ywo.
&) TpyBrbiii_koneu<1> (Mo ymont
® () hex bolt gradeb_iso<2> (1SO
§ () hex nut gradec_iso<2> (1O -
@ (1) Ocu<1> (Mo ymonuanmo< <
@ () Porsar<1> (o ymonuarmio-

) Fpynna conpaxermitt
" 0csl

» o Mecrruii kpyrosoit maccuel

iz ey

[] Crepean
5
[1] Caepxy
[] Crpasa
L, Vicxoaman touxs
@ () Tpy6a manan<1> (Mo ymonuan
» Conpsokerun & Manungonsa_ny

4

History
Mpumesann

Larunku

855 NMpocran yrnepoavcras crans
[] Crepean
[) Cepxy
[) Cnpasa
1, Vicxoaman touxa
> & Mosepryms
> ([@ Boipes-Burmanyms2
> @) Bobbiuka-Bemanyrsl
> @]) Bobbiuka-BerranyTs2
> (@ Boipes-Bomanyms3
v @ () C6opra_saasmxra<i> (Mo ymos
[€) Conpaxenus & Manndonsa_nj
History

Mpumesarna
f@) Raruncn

Pucynoxk 2.11. OckuzHast Moaenib MaHU(OIIb1a BBIXOIHOTO

Pucynok 2.12. DckuzHas Mojieib MaHH(OIThIa BXOHOTO

[l ® &

Fmef
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O @) Necrimua enyrpenman (Mo ymonuarmo< <o =z

v [ History

’ %ﬂpnuw.nnl @
Aavamn

535 Merepuan <we yxasan> E,

[ Crepean L=l
(1] Coepry
T [ cnpana

L. Vcxoanen rouxs.
* @) Bobuiuxa-Bumamyrsl
» @) Gobuuurs-Bermanyn2
BR Mumeivwit maccuel
» @ Bupes-Bomanyrsl

%
Pucynok 2.13. Dcku3Has MOJieib JISCTHUIIBI BHYTPEHHEH

) History
L Mpumedanua
» Manka ceapHbix WEOE
@ Datunkn
[ﬂ Cnepean
m Ceepxy
(1] cnpasa
I_, Wcxognan Touka

@ () Huokras_uacts<1> (Mo ymonuaun

»

4 % OcHosanue ntoka<1> (Mo ymonuanmuk
> @ (-) Kpbiwka<1> (Mo ymonuanuto< <M
»

@@ pynna conpskeHuitl

Pucynok 2.14. Dcku3Has MOJEIb JIFOKa CMOTPOBOTO

@ Céopkal (Mo ymonuanuto<o ymonuan
> History
4 Mpumeyanua

Aatunkn

[:D Cnepean

[E:] Ceepxy

EJ Cnpasa

I_. Wcxoanan Touka

4 % (¢) Mok-kpeiwka<1> (Mo ymonuaHy
L % (-) Mok-ocHoeanmne< 1> (Mo ymonual

4 @@ Ipynna conpsxernitl

Pucynok 2.15. Dcku3Has MoJelnb J1toKa pabodei miIonaaku

Mopnens B 6a30Bo# kKoHpurypamuu (puc. 2.16) umeer Bec 9049 xr

53



(@ |Ceopra_nposkT_nonynpuLEnSLDASM

Mapamerpei...
n maccoste m
BKAIOUNTE CKPEITEIE TEAE/KOMNOHEHTEI
[ cosaate @yHKLMIo ueHTPa TAxkECTH
[ oro6paxars macey csaproro wea
CooSuars Snauenna KooPANET [ o ymomuammo - |

Maccossie Tk CEOpKa_NpoeKT_
KOH@UIYPaLW: 110 yMoALannio
CUCTEMa KOORAMHAT: — N0 YMAAYAHMIO —
Macca = 5038.49 kunorpammos
O6em = 1.93 kyBMuECKIE METPLI
MnoUiaAL NOBEPXHOCTH = 567.06 KE3APATHbIE METDE
LierTp Toxecti: ( meTper )
x=015

82
.02

OICHOBHEIE 0CH MMEDLIMI 1 OCHOBHEIE MOMERTEI WHEPLIM | KNAOTDAMMOE *
enTp TXECT

Ix=(1.00, 0.06, 0.00)  Px=21774.92

ly= (-0.06, 1.00, 0.05) Py - 138861.65

Iz= (0.00, 0.05 1.00) Pz = 141905.07

MOMEHTE HHEPUMM: (| KWAGTDEMMOE * KB3ADATHEIE METDS()
ONPEAE/AIOTER B LEHTPE TAKECTH U BHPABHHBAITCA QTHOGHTEIEHO CHETEM!
.8

Lk = 22256.89 Luy = 7479.79 Liz = 502,31
Lyx = 7479.79 Ly = 138389.57 Lyz = 185.36
Lz = 50231 Lzy = 18536 Lzz = 141895.19

MOMEHTEI HHEPUMM: [ KNIOTP3NMOE * KB3ARATHEIE METPbI )
BiLHENRETER € NOMOLIBIO CUCTEMEI KODPAMHAT BbIBOA.

boc = 52219.58 Iy = 4932.23 ba = 468.21

Iyx = 4932.24 Iy = 138611.58 Iyz = 586.41

Iz = 468.21 Izy = 586.41 Iz = 172069.15
< >

Cnpaska MNeyats... Konuposars & 6ydep \

Puc. 2.16. TBepnorenbHas MOJEIb MOJIYIPULIENA — HUCTEPHBI C MACCOBBIMU XapaKTEPUCTUKAMU

C nomo1pio pa3paboTaHHON MOJENH B HCCIEA0BATEIbCKON YaCTH IUIAHUPYEM MOTY4UTh
ONTUMAJIbHBIE XaPAKTEPUCTUKU IO METAJUNIOEMKOCTH KOHCTPYKIIMU IIPU COXPAaHEHUH HEOOXOMMOM
IPOYHOCTH U KECTKOCTH KOHCTPYKIIHH.

OuEeHKa ¥KecTKOCTU U MPOYHOCTH NONYNpULLENA-LMCTEPHDI

TBepaoTenpHast MOJIEIb MOJYIPHIICTIA-IIUCTEPHBI IPUMEHSETCS Il OLICHUBAHUS METAJLIO-
€MKOCTH, IPOYHOCTHU U JKECTKOCTH KOHCTPYKIIMH MOJTyTpuIiena muctepHsl. s atoro B CAD-
cucTeMe TOAKIYaeTes Moy Simulation.

B Moenu npuMeHeHbI apaMeTpsl TI00aTFHOTO KOHTAKTa COMPATACMBIX SJICMEHTOB KOH-
CTPYKIIMH C TTApaMeTPaMU CBSI3bIBAHUS JeTanell (MMUTAIMS CBAPKH ), HIMEIOIIHMX 3a30Pbl B COCTUHE-
HUAX HEe O6oJee 5 MM.

Jlnst ynpoiieHus ananu3a (JKOHOMHH MAIIMHHOM ITaMSTH U BPEMEHHU PacdyeTOB) MOJICIb OIl-
TUMHU3HPOBAHA 10 COCTaBY BCIIOMOTATEIIbHBIX AJICMEHTOB KOHCTPYKIIMH (OTPaKICHUS, MAHU-
bonbab1, KOeca, JIECTHUIIBI U T.1I1.).

B Moenu mpuMeHsieTcs yIipaBJIieHHE pa3MepaMH dJIEMEHTOB CETKU B 3aBUCUMOCTH OT pa3-
MepoB getaneil. Bce anemenTs TeTpasapanbhble. [IpumensieTcs mapameTp HECOBMECTUMOM CETKH.
Cetka KOHEUHBIX JJIEMEHTOB MOJIC/IM MPE/ICTABIIEHA HA PHCYHKE 2.17.

.3 Wecneaceanue 10-Me ywic.

Haerpeiikn

LT Aeranu

'F1 Cosgunerivg

[ Kpennenua
Jadukcupeeanvel

H Brewinme narpyzin

[ 5

[o ] Mapanerper pesyaerar f '%‘ﬁ‘
i

[ Pesynerares 4|',§'§‘

O TS

15 Henpaenmel (-
[T Nepenewenmed (-
@ Jedeopragnal (-3

i
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!
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b
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o

PI/IcyHOK 2.17. KoHeuHOo-3JIeMEHTHAs CETKA Ha y3J1ax v ACTAJIIX MOJIyIIpruiena-mquCTCpHbI
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B kauecTBe orpaHuueHUI B MOJIENIM TPUMEHEHA (UKCAllKs B TPOCTPAHCTBE TUIOCKON TpaHu
IIKBOPHEBOM TUIUTHI U TUIOCKUX TPaHe MOCTa MIACCH MOTYIpHUILIETIa.

B xauecTBe BHEHIIHUX HArpy30K MPUMEHSETCS CUJIA TSKECTH DJIEMEHTOB KOHCTPYKIIUU U HE-
paBHOMEpHOE JJaBJICHHE BOJbI HA BHYTPEHHHE CTEHKHU KOpoOa LIUCTEPHBI

[Tocne npoBeneHust pacuera, KOTOPbIA 3aHUMAET MPUMEPHO 45 MUH. MAIIIMHHOTO BPEMEHH,
II0JIy4aeM SIIIOPBI PE3YNbTAaTOB, IPEACTaBICHHBIX Ha puc. 2.18 u 2.19.

von Mises (N/mm*2 (MPa))

l o

L 167
. 150
- 133
L i1z

100
833

667

333
16.7
0.000699

;.

Pucynok 2.18. Dnropa 5KBUBaJIEHTHBIX HaNPsYKEHU KOHCTPYKIMHU MOITYIPULIETIa-HUCTEPHBI IPU
BO3/ICCTBUY PAaBHOMEPHOT'O JaBJICHUS] HA BHYTPEHHUE CTEHKU 0aka

URES (mm)

lso

1e-030

Pucynok 2.19. Dmropa cyMMapHBIX ITepeMeIeHuil 3J1eMEHTOB KOHCTPYKIIMU TOTyIpuliena-1u-
CTEpHBI IIPU BO3/I€HCTBUM PABHOMEPHOIO AABJICHHS HA BHYTPEHHHE CTEHKH Oaka

JXKecTkocTh KOHCTPYKIIMK KOpOOa OLEHNBAEM T10 TapaMeTPy MaKCUMAJIbHOIO IIEPEMELICHUS
TOYEK OOIIMBKM KopItyca IuctepHbl. Hanpumep, Ha puc. 2.19. nepemenienue cocraniser 50 MM.

ITpo4HOCTH KOHCTPYKLIMU KOPOOa OLIEHUBAEM I10 JIIOPE SKBUBAJIECHTHBIX HAIPSKCHUH.
Hampumep, Ha pucyHnke 2.18 smropa HanpsKeHUH MOKa3bIBAET, YTO B TOUKE MAKCUMAJIBHOTO Tepe-
MEIIeHUs JeHCTBYIOT SKBUBaJIeHTHBIE Hanpspkenust 70 MIla
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IMapameTpuyeckas MojieJib OyHKepPa HACOCHOI YCTAHOBKH

C 1enpio ONTUMH3AIMY KOHCTPYKITUH OyHKEpa M0 BECOBBIM M MPOYHOCTHBIM XapaKTEPUCTH-
KaM pa3zpaboTaHa TBepAOTeNbHAs MapaMeTpudecKas 3CKU3Hasi MOAETh OyHKepHON CHCTEMBbI HACOC-
HOM ycTaHoBkH (puc. 2.18).

® des/o ‘\16/.

Pucynox 2.18. DckuzHast Mojienbs OyHKepHast CHCTEMbI HACOCHOM YCTaHOBKH. Buj ¢ pasHeCeHHBIMU
yacTsaMu: 1 — kopiyc OyHKepa; 2 Kpbllka OyHKepa; 3 — 0K KPBIIKH; 4 — KOPIYC IIHeKa; 5 —
ITHEK; 6 — OMOpHI ITHEKa; 7 — TUAPOMOTOP; 8 — cTolika OyHKepa; 9 — Tello meMeHTHOTO ropomika. 10
— BuOparop OyHkepa; 11 — kpoHwuTeitH aBuratens; 12 - mydra

Bcero B cOopke OyHKepHOI CUCTEMBI ONpeieeHbl 9 OCHOBHBIX MapaMeTPOB, OT KOTOPBIX
3aBHCAT BCE OCTAIBHBIE Pa3Mephl JeTanel U y3710B OyHKepHOU cucteMbl. CIIMCOK MapaMeTpoB U UX
HAa3HAYCHUC NTPHUBCICH HUIKE (B CKOOKax YKa3aHbl TCKYIIUEC JJIsT MOJACIIN Ha PUC. 2.18 3HayeHuUd ma-
paMeTpoB):

6. t_list — Tonmuaa arCcTOBOrO MeTauIa 00ImMBKY OyHKepHO# crcteMbl (5 MMm);
7. Ugol — yroxn koHycHoit yactu kopiyca Oyakepa (28 ©);

8. SHIRINA — mmpuna BOpoHKOBOM yacT OyHkepa u auametp mHeka (300 mm);
9. DLINA — nnuna BopoHkoBoi yacTu OyHkepa (1200 mm)

10.VISOTA — BricoTa KOHYCHOM yacTu Kopmyca oyHkepa (1320 mm)
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11.LUKA - mupuna moka Kpblmku Oynkepa (800 mm)

12.LUKB — nyina mroka kpseimku 0ynkepa (600 M)

13.t_obod - tonmuna pebep u 06amok KopycoB OyHKepHOM crcTeMbl (10 MM)

14.Visota_Cil — BeicoTa IIMIMHAPUYECKO yacTu Kopiyca OyHkepa (440 mm)
[Tokaxem, Kak ykazaHHBIC TapaMETPhl IPUMEHSIITUCH TTPH IPOSKTUPOBAHUH 3C-

KH3HBIX MOJICJICH COCTaBHBIX YacTeil OYHKEPHON CUCTEMBI.

cKM3HaA NapameTpuyeckas MoAeNb Koprnyca byHkepa

Ha puc. 2.19, a nokazano npumenenue saemenTa «llo Tpaekropunl» Ha ocHOBE «IcKn3a2y
- mpoduis yrojika 45x45x4, nepeMenianierocs no HanpasiIeHn o «Icku3aly - mpsMoyroibHuKa
CO CKpYTJICHHBIMH YIJIaMU, IIUPUHA U JUTUHA KOTOPOTO ONPEENSIETCS COOTBETCTBEHHO MapaMeT-
pamu SHIRINA u DLINA, 3a1aBaeMbiMu B COOpKE BEPXHETO YPOBHSA

Puc. 2.19. ITocTpoeHue Oanku BOPOHKOBOM yacT OyHKepa(a) 1 OOLIMBKY KOHYCHOU YacTh Kopiyca (0)

Ha puc. 2.19, 6 noka3ano npumeHnenue sneMeHTa «Ilo TpaekTopun2» Ha OCHOBE «ICKU3a9»
- mpodwis nucta tommuHou t_list, Hakmonennoro mo yrimom UGOL k ocu cHMMETpUH KopIryca
Ha BbicoTy VISOTA, nepemernaronierocs 1o HanpapieHuo «Icku3al» - IpsIMOYrolbHUKA CO
CKPYTJICHHBIMH YTJIaMH, IUPHUHA U JUTHHA KOTOPOTO OTIPEJIENISIETCS] COOTBETCTBEHHO MapaMeTpaMu
SHIRINA u DLINA, 3aiaBaeMbIMH B COOpPKE BEpXHETO YPOBHS

Ha puc 20, a moka3zano, kak u3 «3ckuzal0», cocTosIIero u3 TMHUN, COBNAAAIONIUX C KOHTY-
POM IIMPOKOH YacTu KOHyca OyHKepa, IyTeM BBITSTMBAHUS ¢ IOMOIIBIO yieMeHTa «boOblIIKa-BbI-
TsiHyTb2» Ha paccrostaue VISOTA_CI konTypa nucrta Tonmumuou t_list monyuena mumuapuye-
CKas 4acTh KopIryca OyHKepa.

ol 1N

0)

Puc. 2.20. TlocTpoenue mummHAPUISCKOM (a) yacT U (pIIaHIEBBIX OTBEpCTHI (0) Kopiryca OyHKepa
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Ha puc 20, 6 moka3aHo, kak u3 «Icku3al 2y, COCTOSIIEro U3 OKpyXKHOCTeH Ha (IiaHIe BO-
POHKOBOM 4acTH, pacCcTaBICHHBIX pABHOMEPHO B 3aBHcUMOCTH OT mapamerpoB SHIRINA u
DLINA Baonb TpaekTopun «Icku3aly, myreM MpUMEHEHHUsI JIEMEHTOB «BbIpe3-BhITIHYTH 1 » 1
«Jcku3-MaccuBly monydeHa ceTka OTBepCTHid (prraHIia BOPOHKOBOW YacTH KOpITyca OyHKepa JUIs
COCIMHECHUS C IITHEKOBOM YacThI0 OYHKEPHON CUCTEMBI.

Ha puc. 21, a ¢ nomoipto snnemenTa «llo TpaekTopun3», MOCTPOSHHOIO 110 HAITPABICHUIO
«9ckm3al » u mpoduiro Ha OCHOBE «IcKu3al4y», Ha KOTOPOM yKa3aHO PacIioIoKeHHe podrIei
TOPU30HTANILHBIX pedep 1 YyroJKoB BepxHel yactu OyHkepa ¢ nmomoinbto napamerpa T_OBOD mno-
Jy4eHbI MOJIEN TOPU3OHTANIBHBIX pedep KECTKOCTH Kopiyca OyHKepa.

Ha puc. 21, 6 ¢ momompto 31nemenTa «boObIKa-BeITIHYTH33», MOCTPOSHO Ha OCHOBE «JC-
ku13a33» BepTHKaIbHOE PeOpo KECTKOCTH KopItyca OyHKepa, KOHTYP KOTOPOTo KOMUPYET KOHYC-
HYIO U IWJIMHJIPUYECKYIO YacTH OyHKepa. PaccTosiHue BBITSDKKM COOTBETCTBYET ITapaMeTpy
T_OBOD. I[lonydyeHHoe BepTHKaIbHOE PeOPO HKECTKOCTU KOMUPYETCs 10 KOHTYPY 000/1a OyHKepa
¢ noMo1ubto 3nemenTa «Kpusasl3».

Puc. 2.21. ITocTpoeHre TOPU3OHTAIBHBIX (2) M BEPTUKATBHBIX (0) pedep kopiryca OyHKepa

@, [Kopryc éynrepa SIDPRT
& Napanerps..

n MaccoBtie !

[ BraouuTs ckpeiteie Tena/komnomenTs

[ Cosaate dyHkumio uenTpa TaxecTH

{
[[J oro6paxars maccy ceapHoro wea
CoOBUATS IHaNEHMR KOODNAT | o viorao ]

Maccostie xapaktepucrukin: Kopnyc 6yHkepa
Kondurypauus: Mo ymonuanmo
CMCTEMa KOOPAVHAET: - 110 YMOAYAHMIO —

[MaoTHoCTE = 7858.00 KAOTPaMMOB Ha KyBUHECKMii MeTp
Macca = 659,14 kunorpammos
O6uem = 0.08 ky6ueckue et
Mnowags nosepxHoCTH = 26.55 KEaAPaTHBIE METPE!
LienTp TakecTu: (MeTpsi )

X=0.00

¥=-114
Z=0.00

(OCHOBHEIE OCH MHEPLIM 1 OCHOBHEIE MOMEHTS! MHEPLWH: ( KAOTPaMMOB *
ienTp TaxeCTH

Ix=(1.00, 0.00, 0.00)  Px=401.50

Iy=(0.00, 1.00, 0.00) Py = 596.66

1z=(0.00, 0.00, 1.00) Pz =607.06

MOMEHTE! MHEpUUIM: ( KWAOTPaMMOB * KE3APATHEIE METDEI )
(ONpEAENAIOTCA B UEHTDE TAXECTH 1 BHIDABHUBAIOTCE OTHOCHTEABHO CCTEMI
40150 11

Ly = 0.00 =01
Lyx = 0.00 Lyy = 596.66 Lyz = 0.00
Lx=0.11 Lzy = 0.00 L2z = 607.06
MOMEHTE! MHELWM: | KMNOTPAMMOB * KB3APaTHEIE METPEI )
BEIUUCIAETCR € NOMOLBIO CHCTEMEL KOODANHAT BHIBOAA.
boc = 1255.11 Ixy = 0.00 bz = 0.11
Iyx = 0.00 Iyy = 596.66 Iyz = 0.00

Ix=0.11 Izy = 0.00 12z = 1460.67

Cnpaska Deuats... Konuposars & 6ydep

Puc. 2.22 Kopnyc 6yHkepa 1 ero MacCOBbI€ XapaKTepUCTHKH
OxoHYaTenbHBIN BU MOJIETH KOpITyca OyHKepa M €ro MacCOBBIE XapaKTEPUCTHKH MOKa3aHbI
Ha pucyHke 2.22. Macca kopiryca OyHkepa coctabiisieT 659 kr. [lonoxkeHne eHTpa TSHKeCTH OTHO-
CUTEIIBHO MPUHATOM crucTeMbl koopauHat X= 0 wm, Y=0 M, Z=1,14 m.
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ICKM3HaA NapameTpuyecKkans MoLeNb Kopryca WHeKa

Kopryc nmiHeka npeHasHayeH Ui pa3MelleHns IIHEKOBOro KOHBeHepa 1o Beei IIMHE BO-
pOHKOBOM YacTu OyHKepHOU cucteMbl. DIaHIeBas yacTh KOpIyca OyHKepa TOYHO KOmHupyeT (uiaH-
LIEBYIO YacTh Kopiyca OyHKepa /sl HaJIe)KHOTO COSAMHEHUS 3TUX JBYX JeTajel ¢ moMomIbio 28
6onToB 1 raek M10.

[TocTpoeHne MoeIn HAYMHAETCS C CO3/1aHus (IIAaHIIEBON YaCTH KOPITyca C TIOMOIIBIO 3Jie-
MmeHnTa «llo Tpaektopuuly, chopmupoBanHoro anamoruyso 1. 2.7.1 (puc. 2.23,a). [lanee ¢ nmomo-
b0 «cku3al » mpoduns ¢urania npuMeHsieM IeMeHT «BOoOBIIKa-BRITIHYTHSY IS CO3aHUS
CTEHOK Kopmyca JutnHO#, paBHO# napameTpy SHIRINA*0.95 u «bo0ObIKa-BEITIHYTE)» 115t
JTHHIA KOPITyca TOJIINWHOM, onpenensemoi napamerpom T_LIST.

0)

Puc. 2.23. IToctpoenue ¢anmeBoi 4acty (a) 1 O0KOBBIX CTEHOK (0) KopITyca ITHeKa

Ha puc. 2.24, a nokaszan pe3ynabTaT npuMeHeHus snemMeHTa «CKpyriaeHue7», paanycom Ko-
toporo siBisercs napamerp «SHIRINA/2»+2 s cozpanus 3a30pa 2 MM MeKAy CTEHKaMH Kop-
nyca u mHekoM. Ha puc. 2.24, 6 moka3zaHo npuMeHeHue deMenTa «Bbipe3-BhITaHyTh 1 1», mocTpo-
€HHOI'0 Ha OCHOBaHMHU «DCKHM3a26» OKPYKHOCTH B TOUKE Hayasla KOOpAUHAT, s (OPMUPOBAHUS
OTBEPCTHUH JIJIs1 YCTAHOBKH OIOp IITHEKA.

1

a) - 6)
Puc. 2.24. TloctpoeHue CKpyrieHus (a) U OTBEPCTUH JIJIsl YCTAaHOBKH oO110p (0) B KOpITyCe IITHEeKa

Jl1st opraHu3aIiy BEITPY3KH IIEMEHTHOTO TIOPOIIIKA MPEeyCMaTpUBaeM OTBEPCTHE THAMET-
pom SHIRINA B nnuie kopmyca 6yHkepa (puc. 2.25, a), B KOTOpO€ BCTaBJsieM TpYOy C Hapy»KHbIM
nuamerpoM SHIRINA u tommunoit crerku T_list. BeixoaHo# TpyOOIpoBo1 OYHKEPHOM CHCTEMBI
muametpom 50 MM (puc. 2.25, 6) ycTaHaBIUBaeM NEPIICHIUKYISIPHO KOPITYCY U 3aKphIBaeM He-
CKOJIbKHMH 3JIEMEHTaMH TSI TEPMETHU3AINN COSTNHEHHUS.
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™
a) 0)
Puc. 2.25. TlocTpoeHue BHITPY3HOTO OTBEPCTHS (a) ¥ BBIXOJIHOTO TpyOompoBoa (0) Kopiryca mrHeka

H S G ERGA W WY T WEE T

&P Macconbie xapaktepuctikn - X

E {% Kopnyc wHeka.SLDPRT

B

|I'Iepeunpenenmbua((onuexapanepunnmu.‘ | Mepecuntate ‘

BRMIOUUTE CKPITHIE T&N3/KOMMOHEHTSI
[] Cozaate dyHkumo ueHTpa TaxecTn

D OToBpaxaTe Macry (BapHOra Wea

Co0B1WAaTE 3HAYEHWA KOOPAMHAT
— OTHOCUTENEHO:

- N0 YMOAYHEHWIO - ~

Maccosbie xapakTepucTniy: Kopryc wieka
Korurypauns: Mo ymonsaruo
CCTEMa KOOPANHAT: - N0 JMONHGHIID -
Mnathocrs = T800.00 KNOrPaMMOB Ha KyBMHECKAil METP
Macca = 59,37 kunorpammos
Ofem = 0.01 kyBuueckne MeTpE
Mnowags nosepxroctn = 3.20 KeagpaTHLE METPH
Llerp Taxecri: [ meTpet ]
¥=0.51

¥ =002
Z=0.06

OCHOBHHIE GCH MHEPLII 1 OCHOBHBIE MONEHTE! MHEPLMM: | KMAOTPaMMaE *
LieHTp TaeCTH

b= (0.9, -0.10, 0.18)  Px=338

ly = (-0.20, -0.19, -0.96) Py = 10.32

Iz = [0.06, 095, -0.20)  Pz=12.04

MOMEHTS! HHEPLWIM: [ KMADTPAMMOE * KEAPTHEIE METPHI |
ONMPeAenAIaTCH B LiEHTPE TAMECT 1 B5IPIBHNEIINTCR OTHOCHTENLHO CHCTEM!

Lo = 3.68 Ly = -0.79 Lz = -1.20
Lyx = -0.79 Ly = 11.90 Lyz = 0.47
Lex = -1.20 Lzy = 0.47 Lzz = 1017

MOMEHTS! HHEPLWM: [ KMADTPAMMOE * KEAPATHEIE METPH! |
Boi{MCTAETCA € NOMOLBI0 CICTEM B! KOOPAAHAT BHIE0AR.

bor = 3.91 by = -0.04 ez = 0.49
Iyx = -0.04 lyy = 27.46 Iyz = 0.55
Iz = 0.49 lzy = 0.55 Izz = 25.59
< >
Cnpaeka | Mevate... | | KonupoBaTe B 6ydep |

Puc. 2.26 Kopmyc 1mHeka u ero MacCoBble XapaKTepUCTUKH

OxoHYaTEeNbHBIN BU MOJIETH KOPITyca IITHEKA M €r0 MacCOBBIE XapaKTEPUCTHKH MOKa3aHbI
Ha pucyHke 2.26. Macca kopiryca mHeka coctaBisieT 60 kr. [TonokeHue neHTpa TSHKECTH OTHOCH-
TEeJIbHO MPHUHATON cucteMbl koopauHaTt X= 0,51 m, Y=0,02 M, Z=0,06 m.

JCKM3HaA NapameTpuyeckan MOLeNb KpblluKu ByHKepa

Monens KpbIIKu OyHKepa sBisieTcs «/leTanbio BepxHei cOOpKm», TO €CTh MOCTPOCHA Ha
OCHOBAHHH ICKH30B, IOCTPOCHHBIX KaK Pe3yJIbTaT MPeoOpa3oBaHus KOHTYPOB, MTOJyYSHHBIX OT Je-
tanu «Kopryc Oyakepa». KoHTyp BepxHeii yactu kopmyca OyHKepa o0pa3yeT 3CKHU3bI epeMelie-
HUS TPOMUIIS YTOJIKOB € 3a30poM 2 MM. (puc. 2.27, a). JIst 5KeCTKOCTH KOHCTPYKITHH KPBIIIKH TTPH-
MeHsieM dTIeMeHT «BoOBITIKa-BRITAHYTH | », B KOTOPOM MPOGUIH IBYX MOMEPEUYHBIX 0aJIOK BHITSTH-
BaIOTCS OT OJHOM TUTOCKOCTH KPBIIIKH JI0 TPOTUBOMOJIOKHOM (prc. 2.27, 0).
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a) 6)
Puc. 2.27. TlocTtpoeHne KOHTypa YroJIKOB (a) ¥ MomepeyHbIX 0aiok (0) KphIIIKU OyHKepa

JInst co3aHust MOBEPXHOCTH KPBIIIKK OYHKepa U pa3MEIIeHUs] Ha Hel IBYX JIFOKOB € TIOMO-
IBIO A1eMeHTa «bOoObIIKa-BBITHYTH2)» BBITATHBaeM Ha paccrosiaue |-LIST npoduns konTypa
KPBIIIKH, TOCTPOCHHBIN HA MPe0Opa30BaHUN KOHTYpPA BEPXHEH 4acTH OyHKepa i CHMMETPUYHOM
OTHOCHTEJIBHO OCel OyHKepa pa3MEelIeHNH JIBYX MPSIMOYTOJIBHBIX Na3oB ¢ pasmepamu LUKA u
LUKB.

Mogenu JIFOKOB IOCTPOCHBI M Pa3MEIeHbI Ha KPBIIKe OyHKEpa, OJJHAKO, U3-3a OrpaHHye-
HU 110 00beMY MOSCHUTEIBHOH 3alMCKU NOPOOHOE OMUCAHUE UX TOCTPOCHUSI OITYCKAeM.

) S 6
Puc. 2.28. ITocTpoeHne BBITPY3HOTO OTBEPCTHS (2) M BBIXOIHOTO TpyOompoBoia (0) Kopiryca IrHeKa

OxoHYaTeTHHBINA BUJ MOJICIT KOPITyCa IITHEKA U €T0 MACCOBBIC XapaKTEPUCTHKHU TTOKa3aHBI
Ha pucyHke 2.26. Macca kopmyca mHeka coctabinseT 134 kr. [lonokeHue meHTpa TsKeCTH OTHOCH-
TENBHO MPHUHATOHN cucTeMbl kKoopauHaT X= 0,47 m, Y=-0,67 m, Z=0,09 m.

ICKM3HaA NapameTpuyeckan MoaeNb WHeKa

Ban mueka (puc. 2.29, a) obpa3syercs nmyTeM BpateHus «cku3aly - KOHTypa 00pa3yommx
paauycoM ocHOBHOM yactu 30 MM, 1I€eK 1Mo MOAMUITHUKH paguycoM 20 Mm. [[TMHAa OCHOBHOM Ya-
cru Bana paBHa («DLINA»-30) mm. nuna etk noa mydry 100MM, mpOTHBOMONOKHOM 50 MM.
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a) 0)
Puc. 2.29. IToctpoenue o0pa3yroniux Baia mHeka (a) u criupainu (0) mHeka

Criupajib BRITATUBAHHEM OT TOPIIA JUIMHHON mieiiku Bajia ¢ marom DLINA/S Ha paccrosiHue
DLINA*1,2 (puc 2.29, 6).

[Tpodwips mueka nokaszan Ha puc. 2.30, a. Jluamerp mHeka MeHbIne Ha 10 MM tuamerpa
KOpITyca IIHEKa ¢ yY4ETOM TOJILIMHBI JINCTA KOPITyca U 2 MM 3a30pa MEXy IIHEKOM U Kopiycom. C
nomouibo 3eMenTa «Ilo TpaekTopuul» noayyaem MIHEKOBYIO IOBEPXHOCTh IO JUIMHE, IPEBbIIIA-
foleit nuHy Bana. [loatomy cienyromieit onepanueit (puc. 2.30, 0) npegycMaTpuBaeM 00pe3Ky
IIHEKOBOM MOBEPXHOCTH /0 Pa3Mepa JUHHBI BOPOHKOBOI1 yacTH OyHKepa.

[ B BB

o raesropent

a) 0)
Puc. 2.30. ITocTpoenne cniupalibHbIX MOBEPXHOCTEH (a) 1 00pe3Ka Mo 3aJJaHHyIO JUTHHY (0) IIHeKa

| [wrexstopRT

00, -0.14, -0.99)
2= (001, 099, 014

Crpaska Mevare. Konuposats & 6ydep

Puc. 2.31. MaccoBble XapaKTepUCTUKHA MOJIEINH IITHEKa
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OxoHYAaTEeNBHBII BUI MOJICTH KOPITyca IITHEKA M €r0 MacCOBBIC XapaKTEPUCTHKH MOKa3aHbI
Ha pucyHke 2.31. Macca kopmyca mHeka coctabiisger 32 Kr. [1ooxeHue MeHTpa TSHKECTH OTHOCH-
TEJIbHO MPHUHATON cucteMbl koopauHaTt X= 0,67 m, Y=0 m, Z=0 m.

JCKM3HAA NapameTpuyeckas MoAeNb CTOMKM ByHKepa

Croiika OyHKEepHO# CHCTeMa MpeTHa3HAYCHA JIJIsl YCTAHOBKU OYHKEpa Ha I1acCH aBTOMO-
Ouis 1 I KpeIryIeHus Ha Hell MpUBO/ia IIHEKOBOTO KOHBEWepa.

Pa3meTka mosnoxeHust KOJIOHH CTOMKH (puc. 2,32, a) 3aBUcHUT oT napameTpoB DLINA,
SHIRINA, UGOL, VISOTA. Ilpoduns KoJI0OHH — KBaapaTHas TpyOa co cTopoHO# 50 MM, ToIIIH-
HO# cTeHku 5 MM. Tena KoiIoHH BeITATHBarOTCs (puc. 2.32, 0) Ha paccrosinue 2300 MM (MakcH-
MaJIbHO pa3pelIeHHOe N0 TabapuTaM aBTOMOOWIIST), KOTOPOE Il KOHKPETHOTO pacueTa JI0JhKHA
OBITH OTKOPPEKTHPOBAHA MPOCKTHUPOBIIIUKOM.

a) 6)

Puc. 2.32. PazmeTka mosoxeHus (a) U BeITATHBaHKE (0) TSI KOJIOHH CTOWKU OyHKepa

Jlnist yCTaHOBKH JAeTanell IpruBo/ia IHEeKa (KPOHIITEHH, My(Ta, IBUTaTelb, OTIOPHI) K KOJIOH-
HaM CTOWKM MPUBApHUBAIOTCS JBa IMIBeuiepa ToamuHoi 10 M, BeicoToit 300 MM (puc. 2.33, a). Ot0
3HAQYMTEJILHO MOBBIIIAET KECTKOCTh KOHCTPYKIUU CTOMKH. Takke B BEpXHEH 4aCTH CTOMKH IpUBa-
pensl aBe nosockl Tosmnmaoi T_OBOD (puc. 2.33, 6), 4to obseryaet yCTaHOBKY KopIyca OyHKepa
Ha CTOMKY U TaKXK€ YBEJIMYMBAET )KECTKOCTh BCEH OYHKEPHOM CHCTEMBL.

3 CrliBRr Mpoexr ymreps.

a) 6)
Puc. 2.33. TTocTpoeHune HeCyMX HIKHUX (2) U BepxHUX (0) OaTOK CTOHKH

OxoHuaTenbHBIN BUJI MOJEIN CTOMKHM OYHKEpA U €€ MAaCCOBbIE XapaKTEPUCTHKH ITOKa3aHbl
Ha pucyHke 2.33. Macca ctoiiku coctaBisieT 300 kr. [lonoxeHne HeHTpa TSHKECTH OTHOCUTEIBHO

npuHITON cucteMbl koopauHat X= 0,01 M, Y=1,06 M, Z=2,3 MM
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JCKM3HanA napameTpuyeckan MoAesb LLEMEHTHOTO Tesa
JU1st KOHTPOJISE 32 BECOM IPOCKTHPYEMON KOHCTPYKIIMHU M aHAJIN3a IPOYHOCTH JleTasielt OyH-
KEPHOW CHCTEMBI CIIPOEKTUPOBAaHA MOJIEIb TEJIa, MAaTEPHAIOM KOTOPOTO SIBISIETCS CyXOil IEMEHT-
HBIH TopomIok (puc. 2.34). Heo6Xx0auMo0 OTMETUTb, YTO TEJIO MOCTPOCHO HA 3CKHU3aX, KOTOPHIE aB-
TOMAaTHYECKH N1EPECTPAUBAIOTCS M M3MEHEHUH JIF0OOr0 U3 MapaMeTpoB MOJIENIU BEPXHEH cOOpKH
g

UemenTHoe_Ten0 " M1po kT ByHkepa SLDPRT

e e

BK/IQUUTE CKPHITHIE TeN/KOMNONE TSI
[ cosmars dyxumo uermpa raxec

[Jorospaxars macey csaprioro wea
COOBUSTS SHaYesS OODAMST [0 uoneamo ]

Ipoexr byrkepa

[Maccoss axrepncrik
Kargpurypatya: Mo ywon
CUCTeMa KOOPAUHAT: - N0 YMOAUIHIKD —

MAGTHOCTE = 0,00 (PAMMOB Ha KyYBMHECKHIT MUATMMETD

Macca = 4417600.06 rpammos.

(OB em = 4016000053.68 KyGMueCKIe MUITHMETDEI

MAowags nosepxoCT = 15645438.01 KBAAPATHBIE MUAMMETDY

jerrp TRKECTH: [ MUAAAMETPH )

O CHOBHEIE 0cH HHERLMI 1 OTHOBHHE MOMEHTS! MHERLIM; ( FPAMOS * KE3,
ierTp TaecTn

bc=(1.00, 0.00, 0.00)  Px = 1561518094678.44

Iy = (0.00, 0.00,-100] Py = 2219263609733.84

Iz=(0.00, 100, 0.00) Pz = 2550960392177.42

[MomenTS MHEpUMY: (FPAMMOE * KB2APATHSIE MIAMMMETPS! )
(ONpeAENAIOTER B LISHTPE TAKECTI U EHPABHMEZIITCA OTHOCHTEALHO CHCTEMI
Loc= 1561519145848.82 Ly = 27771217.93 Lz = 831171706.2
Lyx = Z7771217.83 Ly = 2550957674970.64  Lyz = 949246053.7
= 83117170624 L2y = 949246053.78 L2z = 2219265275

Mo €puI: [ FPAMMOE * KE3gPaTHEIE MIANUMETPE |
£MOMOLLEI0 CACTEME KDOPAWHAT BHIEGAA.

15079268390 by = 1898771008478.24 bz = 1718275708

Iy = 1898771005478.24 Iy = 6507960996577.98  lyz = 3274268305

ID(= 1718275T0806166  Izy = 3274268305779.38  Izz = 68343582120
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Pucynox 2.34. Ilapamerpuueckast MoJIeTb IEMEHTHOTO Teja
OKOHYaTeIbHBIN BUA MOJEIH LIEMEHTHOTO TEJIA U €r0 MACCOBBIE XapaKTEPUCTUKHU MTOKa3aHbl
Ha pucyHke 2.34. Macca niemeHnTHOTO Tena cocrapisieT 4417 xr. [TonoxeHne eHTpa TSKECTH OTHO-
CUTEINIbHO MpUHATON cuctembl koopauHat X= 0,474 m, Y=0905 m, Z=0,918 mm

Mpumepbl paboTbl NapameTpuyeckon moaenn byHKEPHOM CUCTEMbI
JlJis eMOHCTpaluy BO3MOKHOCTEH MmapaMeTpudeckoil Moaenu OyHKepHON CUCTEMBI TPUBe-
JIeM HECKOJIbKO BAPMAHTOB KOHCTPYKIIUH C N3MEHEHHBIMU PA3JIMYHBIM 00Pa3oM MapamMeTpaMH:

(puc. 2.35-2.37)
e “ Bt

€3 "Ugol'=40

€ "shirina"=300
€ "Dlina"=1200
€9 "Visota"=800
@ "Luka"=800
€3 "LukB =600
€ "tobod"=10
€ "Visota_cil'=800

[] cnepean

(] Caepry

(] cnpasa

L. Viexoanen roura

@ (¢) Kopnyc Gynxepac<1> (Mo ymony,
€y () Kepryc wrexa< 1> (Mo ymonuar
@ () Wrer<1> (Mo ymonarmio< <o
€% () [ Kpbiwia Gyrepa*Tpaect Gy
@) () Crofka® Mpoext Bymkepa ]<1> -
&) () TwaponoTop SAUER DANFOSS ON
@y (-) FuaponoTop sauer danfosss smf &

Lo |

@y () Onopa wreka<1> (Mo ymonuanu
@) (-) Onopa whexka<2> (Mo ymonuarn
@ () Mygra<1> (Mo ymonuarmo T
& () Kporwmein gsurarenac1> (Mo 1
@3y fNrok-ocrosarme< 1> (Mo yuonuarini
@y () Niok-kpoituka< 1> (Mo ymonuaru
€8 Niok-ocrosanne<3s (Mo ymonsanm

@ () Niow-kpsiuka<d> (Mo ymonsar

& Bupatep<1> (Mo ymonuarmio< <Is

@ Buspatop<2> (Mo ymonuarmro<<ITs
€3y [ Uemermroe_teno*poekr yrkepa
v

1l Frmna Fannewenmii

Puc. i.35 . BapuanT KoHCTpyKIIMM OyHKEpHOH cuctembl Nel
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> History A
Mpumedaris
Jaranen
Ypasrenua ->
D “tlist'=5
€ "Ugol’=40
€ "Shirina"=300
€ "Diina"=1200
€9 "Visota"=800
€ "Luka"=800
€ "LukB"=600
€ "t obod"=10
€ "Visota_cil"=200
[1] Crepean
R
(1] Crpasa
L, Vicxoanan rouxa
@) (¢) Kopnyc bynrepa<1> (o ymonu

“

»
> @ () Kopnyc wiexa<1> (Mo ymonuan
> @ () Whex<1> (Mo ymonuanmro<<Mo!
> @ (¢) [ Kpsitwks Gyrepa*Mpoext byn
b @ (3 [ Croiika*Mpoext bynkepa 1<1>
() Fuapomorop SAUER DANFOSS O
@) (-) wapomotop sauer danfosss smf
@ (-) Onopa wHeka<1> (Mo ymonuaHi
@) () Onopa whexa<2> (Mo ymonuart
@ () Mygra<1> (Mo ymonuanmro< <M1
€@ () Kpowuweiin geurarena<1> (Moy.

»
>
»
>
»
> @ Nrox-ocHosanme<1> (Mo ymonuann
@ () MNox-kpoika<1> (Mo ymonuar
» @ Nrox-ocHoeanme<3> (Mo ymonuann
) Q) ik rbibistersA> Wlo yasoniass
»
<

€D, Runarnne 1> (Mn vmnnuaumnc < Y
>

Puc. 2.36. BapHaHT KOHCTPYKLUHU 6yHKepH0H cucteMbl Ne2
PHAPYE BB

--ﬂ-
7-
3 History

&) Npumevarna
2 Aarunkn
- Ypasnenus ->

D "tist'=5

€9 "Ugol'=40

€9 “Shirina"=300

€ "Dlina"=1000

€ "Visota"=500

€ "LukA"=800

€9 "LukB"=600

€ "t_obod"=10

€9 "Visota_cil"=1000
[1] Crepean
Iﬂ Ceepxy
[1] Crpaea
L, Voxoaran Touxa
@ (¢) Kopnyc bynkepa<1> (Mo ymony
@ () Kopnyc wrexa<1> (Mo ymonuan
@ () Whexk<1> (Mo ymonuarmo<<To
@ () [ Kpeiwka 6yrikepa*Mpoext yH
% (-) [ Croika*Mpoekr ByHkepa ]<1>

5 (-) Tuapomortop SAUER DANFOSS O

>

@ () mapomorop sauer danfosss smf
% (-) Onopa wreka<1> (Mo ymonuaH
@ () Onopa wreka<2> (Mo ymonuar
@ (-) Mygra<1> (Mo ymonuaruro< <M
@ (-) KpoHwwureiin genratens<1> (Moy

% Jlrok-ocHoeanue< 1> (Mo ymonuanu
> @ () NMox-kpwiuka< 1> (Mo ymonuars
» @ Nok-ocHoeanme<3> (Mo ymonuarm

v @ () Mok-kpeiuka<d> (Mo ymonuars

» €% Runaran<ts (Mnuninnuane rncen Y

Puc. 2.37. BapuaHT KOHCTpYKIIMH OYHKEPHOU cucTeMbl Ne3
Heo6x0a1M0 OTMETUTb, UTO JaJIEKO HE BCE KOMOMHAILIMN U3MEHSEMbIX TapaMeTPOB MOJEITH
IPUBOJAT K CYIIECTBOBAHUIO MOJIeNN Oe3 ommOok nocrpoeHus. [loatomy B crienyromniei 4actu
IIPEJICTOUT YCTAHOBUT IPAHMIIBI BADbUPOBAHUS U3MEHAEMBIX IAPAMETPOB MOJIENH ISl IOUCKA
HauboJee y1ayHOro BapuaHTa KOHCTPYKIIMU OYHKEPHOU CHCTEMBI
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