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JIEKIIUA Nel

Kypc «KomnbroTepHbie TEXHOIOTUN B O0JIACTH aBTOMATU3AIIUH U YIIPABICHHS

BBEJAEHHUE

IIpoexTHpoBaHKE €CTh CIOXKHBIM clienU(pUUECKUil BUI TBOPUECKON NEATEIbHOCTH, B KOTO-
pOM COYETAIOTCSI UCKYCCTBO, HAYKa U MaTEeMaTHKa.

I'mtaBHas TpyIHOCTH MPOEKTUPOBAHUS 3aKJIFOYAETCS B TOM, YTO IIPOCKTUPOBIIMK HA OCHOBA-
HUHM COBPEMEHHBIX JAHHBIX JOJDKEH MPOTHO3MPOBATH HEKOTOpOe Oyayliee COCTOSHHE, KOTOpOoe
BO3HMKHET TOJIBKO B TOM CJIy4ae, €CIU €ro IIPOrHo3bl BEpHbI. B mpolecce NpoeKTUPOBaHUs U KOH-
CTPYMPOBAHUS MHXEHEP JOJDKEH HarJIAHO M300pa3uTh HEYTO, YTO MPEIMETHO €Ille HE CYIIEeCTBY-
€T, a SABJSETCS JIUIIb MPOJYKTOM €r0 YMCTBEHHOH JESTENbHOCTH. DTO U €CTh TBOPUYECKAas HHKe-
HEpHas 3ajaya B 00JacTH TEXHUKU. JlpyrMMu ciaoBaMHu, MPOEKTHO-KOHCTPYKTOPCKUN Ipoliecc
TBOPYECKHU OIpeiessieT Oyayliee TEXHUUECKOe CPEeICTBO.

B ocHoBe TBOpUeCKON MHKEHEPHOH J1eATebHOCTH HEOOXOAMMO UCXOAUTh U3 JUAJIEKTHYe-
CKOM (pOpMBI B3aMMOCBSI3H, TPEXK/IE BCETO MPHUYUHHOCTH — CBSI3H IIPHUYUHBI U TIOCIEAYIONIETO JeH-
cTBHsI. BO3MOXHBIMU SIBIISIIOTCS Bee JeiicTBUsA. Ho umib Te BO3MOXKHOCTH OyIyT peaan30BaHbl, s
KOTOPBIX CO3/IaHbl YCIOBUSI U UMEIOTCS OObEKTUBHBIE MPEATIOCHUIKH.

TpynHOCTh MPOEKTUPOBAHMS TEXHHUUECKUX CHCTEM 3aKIJIOYAaeTcsi B HEOOXOAMMOCTH ydeTa
00JIBIIOrO YKCiIa COUANBHBIX, HAYyYHO-TEXHUUECKUX, IPOU3BOICTBEHHBIX U IPYTUX (PAKTOPOB.

KoHcTpyupoBanne MamuH sBisieTCsl 00JacTbi0 MHKEHEPHOM JesTeNbHOCTH, Hambosee
CJIOKHOM JUIsl aBTOMaTu3aluu. Pa3paboTka TeopuH U METOJ0B aBTOMATH3AIMM KOHCTPYHPOBAHHUS
HaXOJUTCs elle B HayaJbHON CTaJuH. ABTOMaTHU3UPOBAHBI TJIABHBIM 00pa30M pa3iMyHble BBIYHC-
JIUTENIbHbIE ONepaliy, CBA3aHHbIE C KOHCTPYHpOBaHHEM. 3ajadyell aBTOMATH3alUU MPOEKTUPOBa-
HUS SIBIISIETCS CO3JaHUE KOMIUIEKCHBIX aBTOMAaTU3UPOBAHHBIX CUCTEM IOATOTOBKH IIPOU3BOJCTBA B
MAaIIMHOCTPOCHUH, BBHITIOIHAIOIUX KPOME pacyera BbIOOp Hanbosee palMoHaIbHBIX TEXHOJIOIHYe-
CKMX M KOHCTPYKTOPCKUX PELICHHUM, KOMIIOHOBKY MAIllMH U3 COCTaBIAIOIIMX HUX DJIEMEHTOB, IOJI-
00p 3THUX AIIEMEHTOB, TEXHOJOTHYECKOE TPOEKTHUPOBAHKE, BbIAAUY MPOEKTHOW TOKYMEHTAIlUU B IO-

TOBOM BHJEC U T. II.

SAJJAYN ABTOMATHU3ALIMU TPOLHECCA TIPOEKTUPOBAHUA

Jlns onpezenieHns 3a7a4 aBTOMAaTU3alUuu IIPOEKTHO-KOHCTPYKTOPCKOTO IIPOLecca pacCMOT-
PHUM NPOLICHTHOE COOTHOIICHHUE PA3IIMYHBIX IIPOEKTHBIX IPOLEAYD.

Cratuctudeckoe o0cieloBaHUE pAja OOMEMAITMHOCTPOUTENBHBIX U CTAHKOCTPOUTENIBHBIX
OpeANpUATHIA MoKa3biBaeT (Tabi. 1), 4To B IpsAMBIX 3aTpaTax BPEMEHHU, KOTOPbIE HEMTOCPEICTBEHHO

CIIy’Kat MpoIecCy KOHCTPYHPOBAHUS, YUEPTEKHBIE paObOThI cocTaBisIOT Oosiee 30 %, B TO BpeMst Kak
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TBOPYECKHE JIEMEHTHI POCKTHBIX paboT — ToNbKO 15 %. J0s BEIYMCIUTENBHBIX padOT MO CpaB-
HEHHIO C MPOEKTHBIMU M YEPTEIKHBIMU PabOTaMH B MPOLIEHTHOM OTHOLICHUH JOBOJHHO HE3HAUU-
tenbHa. OcTalbHBIC, TaK Ha3bIBAEMbIC KOCBEHHBIE NMPOEKTHBIE PAaOOTHI, 3aHUMAIOLINE TPHUMEPHO
OJIHY TPeTh OOIIEro BpeMEHH Ha KOHCTPYHUPOBAHHUE, MOTYT OBITH B OCHOBHOM OXapaKTEPH30BaHbI
KaK «pyTHHHBIE)» JTAllbl, KOTOPHIE 110 BPEMEHHBIM 3aTpaTaM MPUMEPHO PaBHOIICHHBI.

Pacnpenenenue oTaenbHBIX BUJOB padoT B (pa3e MPOESKTUPOBAHUS IPUBEIECHO B Ta0MI. 2.

Pe3ynbraThl MpencTaBIeHHBIX 00CIEI0BaHUH OTYETIMBO MMOKA3bIBAIOT, YTO HA «PYTHHHBIC)
IpOLEAYPHI TPUXOJUTCS OONbIIAst 1O BPEMEHHBIX 3aTpaT B MPOLEcCce MPOSKTUPOBAHUS, IPHYEM
JICTAIMPOBKA U B TAIbHEHIIIEM OCTAeTCs «PYTHHHOW» pabOTON HE3aBUCHMO OT BU/Ia M OPTaHU3ALNH
POCKTHPOBAHMUS MTOYTH Ha BCEX MPENNPUATHSIX MAIMHOCTpOeHMs. [103TOMy TIepBBIM HanpaBICHH-
€M palMOHAIM3AlNN TpoIecca MPOSKTUPOBAHUS OBLJIO CTPEMIICHHE aBTOMATH3UPOBATh «PYTHH-
HBIE» ATAMBI C TIOMOIIBIO CPEACTB BBIYMCIUTENFHON TEXHUKU. Ha ceroqusmHmii 1eHb HanOobIIme
yCIIeX! JOCTUTHYTHI NIPH aBTOMATHU3AIMH PAcYETOB M Pa3pabOTKe pa3IMuHOIO BU/A TEKCTOBOH M
Ta0IMYHON JOKYMEHTAIIMH, B IOMCKE aHAJOrOB MAIllMH U AeTalied. J[o KOHIIa HE pellIeH, u3-3a Cy-
[IECTBEHHBIX TPYAHOCTEH, BONPOC 00 aBTOMATH3AIMH YEPTEKHO-TpaPHIECKUX padoT.

1. CooTHOIIEHNE MeKTY MPOIeTyPAMH MPOIecca KOHCTPYUPOBAHUSA

Bpems
Bun npouenypsr OTJENBHBIX Brx satpar
<o BpEMEHU
oreparuii, %
IIpoexTupoBanue 15
Pacuetst 4
BrruepunBanue 33 [Ipsmoii
[Tpoune paboTh! 10
CocraBnenue cnenudpuKanui 5
Kontpons ueprexeit 6
[Torck MOBTOPSIFOIIUXCS A€TaIeH 2
CocrasieHnue onucanui 12 KocBeHHBIi
[IpenBapuTensHOC HOPMHPOBAHUE 3
[Touck aHamoroB MpoeKTa 1
[Tepernmcka 3
[Tpoune paboThI 6

2. Pacnpenesienne BUI0B paGoT HA OCHOBHBIX ITaNaxX KOHCTPYHPOBAHUA

3arpaThl BpeMEHH Ha dTamax pa3padoTku, %o
Bun nponenypsl -
oO1mrero Buaa y37I0B neTanei
[TpoexTrpoBanue 6 25 5
Pacuetst 2 3 3
BrruepunBanue 8 23 25
HaxomeHHbI OIBIT MOKAa3bIBAET, YTO aBTOMATH3AlMs MPOSKTUPOBAHHSI — 3TO 00JacTh

s dexTuBHOrO McTONBb30BaHUsT DBM. Ho B TO k€ BpeMsi CTAHOBUTCS SICHBIM, YTO TJIAaBHOE HaIpaB-




JIEHUE 3]IeCh — HE aBTOMAaTHU3alUsl OTAEIbHBIX 3TAllOB IPOEKTUPOBAHUS, HE AJITOPUTMBbI MHIKEHEP-
HBIX PacyueToB, a 3aBS3Ka MPOEKTa, KOT/Ia TOJIBKO MPOPHCOBBIBAIOTCS KOHTYPHI OyayIeil KOHCTPYK-
LIUH, KOTOpas 10JDKHA OTBEYaTh UCXOAHBIM 3aMbIciaM. Takoil MOJIX0A OCHOBBIBAETCSA HA CTpeMIIe-
HUM OCYIECTBUTh OCHOBHYIO 3371auy — IOBBICUTh KaU€CTBO MPUHUMAEMBbIX IIPOCKTHBIX PELICHUN
3a CYET IPUMEHEHMSI, METO/I0B ONITHMAJIbHOI'O IIPOEKTHPOBAHMUSI.

ABTOMAaTH3aIUS Ke «PYTUHHBIX» ONEpalnuii 0CBOOOXKIAET KOHCTPYKTOpA Uil TBOPUECKON
JeSITeIbHOCTH M TIOBBIIIACT MPOU3BOJUTEIBLHOCTD MPOIIecca MPOSKTUPOBAHUS Ha 0(OPMHUTEIBCKIX
sTanax padot. OAHaKo aBTOMAaTHU3alKs TOJIBKO OTIEJBHBIX ONepaluii, HaIpuMep, 3a CYET BBEACHUS
YEepTEKHBIX aBTOMATOB WJIM HIMPOKOIO Mcrosib30BaHuss DBM s npoBeleHNs] MHKEHEPHBIX pac-

YCTOB HC BHOCUT CYHIECTBCHHBIX W3MCHCHHUI B CPOKH ITPOCKTUPOBAHHA.
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Pa3BuTHe COBpeMEHHOro MpPOW3BOJCTBA MJIET IO IMyTH CO3AAaHUS BBICOKOI((PEKTHUBHBIX
MIPOMBIIIJICHHBIX YCTAaHOBOK, 00ECTIEYHBAIONINX HHTCHCU(UKAIIMIO TEXHOIOTUIECKHUX TIPOIIECCOB, U
cHCTeM yrpaBlieHUsI UMHU. [Ipu 3TOM mocTeneHHo ObUT OCYIIECTBIIEH NEPEX0 ] OT PyYHOTro yIpaBJe-
HUS TEXHOJIOTMYECKMMH MPOLECCAMU K aBTOMATU3UPOBAHHBIM U Jajiee — K MOJHOCThIO aBTOMATH-
YECKHM.

Bregenune 'OCT u mexayHapoaHbix ctaHaaptoB kadectBa MCO He TOTBKO OMpEneuio
cozepxanue padbotr nmo cozganuio ACY, HO U Mo3BOJMIO OoJiee cTporo cHhopMyIupoBaTh LEIH U
3aJauu y4eOHbIX KypCOB JJIs1 HOATOTOBKU WHKEHEPOB-CIEUAIMCTOB B 00J1aCTH pa3pabOTKU U IKC-
tyatauuu ooopynoBanus. Takas pojib roCyAapCTBEHHBIX JOKYMEHTOB 110 CTaHIAPTH3ALMU TpeOy-
€T UX M3Y4EHHUs B MPOLECCE MOATOTOBKH CIELHUAIUCTOB AJIS TOr0O, YTOOBI OHHU B JaJIbHEHIIeH HH-
KEHEPHOH AeATeNbHOCTU cTporo npuaepxkuBanuck Tpedoanuit 'OCT u ISO u BeImonHsIM Bee UX

npeanrcanus.



Iyt noBbIlIEHUS] KA4eCTBA U MPOU3BOAMTEIbHOCTH MPOEKTHPOBAHUS HA OCHOBE HC-
noJab3oBanusg JBM
CoBpeMeHHbIE U3/IeIUs BKIIFOYAIOT B C€0s1 3HAYNTEIHHOE KOJIMYECTBO JeTayieid. B aToM oT-

HOIICHUHN MHTCPCCHLI JaHHBIC, TPUBCACHHBLIC B Ta6JII/II_[e 3.

Tabmuma 3
Yucao getajien B U3AEIUIX
CpenHee 4HCJIO pa3JIMYHBIX
IIpumepHoOe KOJIUYECTBO N
Bpemst . aerajieil B Hau0oJ1ee
KJIACCOB HU3JeIHi
CJIOKHBIX H3IeJTHAX
100000 net nazan 5 1
10000 steT Hazazg 50 10
1000 et Ha3ang 1000 100
Hacrosmee 50000 10000

®upmel 3anaanoi Esponsl, CLIA, SInonun u ap. cTpaH yke AaBHO paboTaroT B YCIOBUSX
pbiHKa. Hamra ctpana ToJIbKO BCTynaeT Ha 3TOT MyTh. B yclI0BUAX phIHKA AUKTYET OTPEOUTE.
PrIHOK — 3TO KOHKYpeHIMs. Ha ppIHKe CrIpocoM MoJib3yeTcst TOJIBKO KOHKYPEHTOCIOCOOHas! po-
nykuus. [IporsBoanTeny NpoyKUUHU TOJKHBI TIOCTOSSHHO €€ OOHOBJIATH. T.€. KOJIM4EeCTBO MOJIH-
bukanuii N3aeNui, N3roTOBJISIEMbIX TPOU3BOIUTENIEM, TOCTOSIHHO YBEJIMYMBACTCSL.

VYka3aHHbIE BbIIIEC IPUYMHBI YKa3bIBAIOT HA TO, YTO HA COBPEMEHHBIX MPEANPUATHUAX, B TOM
YKCJI€ U MAlIMHOCTPOUTEIBHBIX, 3HAUUTEIBHOE KOJMYECTBO BPEMEHHU U CPEICTB TPATUTCA Ha IPO-
€KTHPOBAHUE B LI€JIOM U Ha pa3paboTKy (IPOEKTHUPOBAHHUE) TEXHOJIOTMYECKUX MPOLECCOB B YaCTHO-
CTH.

IlepBeIMu ABYMsI LIETSAMU U 33Ja4aMi aBTOMAaTU3alUU ITpoluecca npoekrtuposanus TO sB-
JISIOTCS CIIENYIOIINE:

1. CoxpaileHue Tpy10eMKOCTH IPOeKTHPOBAHUS U, KAK CJIeJCTBHE, COKpallleHne
YHCJIa KOHCTPYKTOPOB.

2. Coxpamenue cpokoB npoektuposanust TO.

Heo6xonuMel erie cienyromuye 3aMeuaHisi OTHOCUTENBHO BYX NepBhIX 1eneil u 3aaad. Co-
KpalleHHe 4Kciia KOHCTPYKTOPOB MPUBOIUT K YMEHBIIEHUIO C€0ECTOMMOCTH u3leius. A HeoOxo-
JUMOCTb COKpAIIIEHHsI CPOKOB NMPOESKTHUPOBAHUS 00YCIIaBIMBAETCS TEM, YTO B KOHKYPEHTHON OOpb-
0e BBICTOMT Ta (upMa, KOTOpasi HE TOJIBKO BBIMYCKAET KOHKYPEHTOCIOCOOHYIO MPOAYKIHIO, HO U
YKJIa/IbIBAETCSl B MUHUMAJIbHBIE CPOKH 10 MTOATOTOBKE 3TOM MPOAYKLNHU K BBINyCKYy. Eciu nmpencra-
BUTb, YTO JIB€ KOHKYPHUPYIOLIHE (PUPMbI OJJHOBPEMEHHO PEIINIM BBITYCKATh OAMHAKOBOE U3JEIHE,
HO TIepBas U3 HUX 3aTpaTHiia MOJro/a Ha MPOEKTUPOBAHUE U NMPOU3BOJICTBO MEPBOro odpasua, a y

BTOpOW (PMPMBI Ha 3TO YIIET rojl, TO KOHEYHO ke TepBasi ¢pupMa OyneT HaXoauThcs B Oojiee BbI-
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TOJTHOM TOJIOKEHUU Ha pbIHKe. COBpEMEHHAas CTaHKOCTPOUTENbHAst pUpMa CUMTAECTCS KOHKYpPEH-
TOCIIOCOOHOM, €ClIi BpeMsl OT UJAEU CO3JIaHUS HOBOI'O COBPEMEHHOI'O CTAaHKa JI0 BBIXOJA IMEPBOIO
o0pas31a 3TOro cTaHka 3a ee BOpoTa cocTaBiisieT He 6onee 1,5 ner.

Tperseii nenbro 1 3aja4ell aBTOMAaTU3aMM TEXHOJIOTMYECKON IOATOTOBKH ITPOU3BOJICTBA
ABJIIETCS MOBBIIIEHHE Ka4yecTBa pa3padaTbiBaeMbIX KOHCTPYKIMA. DTa HEOOXOAUMOCTh 00b-
SCHAETCS CIIENYIOIUMU IPUUNHAMM.

TexHu4yeckoe NepeBoOpyKEHNE COBPEMEHHOTO MAIIMHOCTPOUTEIBLHOTO IIPOU3BO/ICTBA
OCYLIECTBIISIETCS. B OCHOBHOM I10 IBYM HaIIPaBJICHUSM:

1. 3aMeHa YHUBEPCAJIbHOI'O 000PYAOBaHMs C PYYHBIM YIpaBJIEHUEM, 00CIyKUBAEMOI0
pabounM BBICOKOW KBajH(HKANK, 000PYAOBAaHHEM C aBTOMATUYECKUM LHUKIOM 00paboTku. Bos-
MOYKHOCTH OOOPYZIOBaHUSI HENPEPHIBHO PACHIMPSIOTCS (KOJIMYECTBO MPUBOJIOB, aBTOMATHYECKHX
yCTpOHCTB). B cBsi3u ¢ yBenuueHueM aeduuuTta KBaIU(UIUPOBAHHBIX PabOYMX 3TO HAIpaBJICHHUE
JIOCTaTOYHO MEPCIEKTUBHO, 0COOEHHO B YCIOBUSAX CPEHE — U KPYITHOCEPUIHOTO MPOU3BO/ICTBA.

2. Buenpenue crankos ¢ UITY, o6magarommx ropa3ao 00JIbIIeH CTEIICHBIO THOKOCTH.
Wx nepeHanazka 3aHUMAET B IECATKU pa3 MEHbIIIEE BpeMs, ueM B IiepBoM cirydae. Ho u 31ech
HE00XO0IMMO TIIATEJIbHO TPOPa0aThIBaTh KOHCTPYKIIMH.

Heo6xonuMocTh TIIATENBHOW MPOPAOOTKH KOHCTPYKTOPCKHUX PEIICHUH B HPUBEACHHBIX
BBIILIE CITy4asiX OOBACHSAETCS TEM, YTO YKa3aHHOE 00OpYJOBaHME SBIISETCS JOPOTOCTOSIIIMM U HC-
M0JIb30BATh €r0 HY>KHO palliOHAIbHO.

[IpyHIMI HAaKOIUIEHHS TEXHOJIOTMYECKUX 3HAHWM, peaan30BaHHBbI BO MHOTMX COBPEMEH-
HBIX cucTeMax aBToMaTu3upoBaHHOro npoektuposanus TO (CAIIP TO), no3Bosser pa3padarsl-
BaTh KAaYE€CTBEHHbIE TE€XHOJIOTMYECKHE OOBEKThl. 3HAHMS OMBITHBIX KOHCTPYKTOPOB, HaKaIluIMBae-
Mmble B CAIIP TO, BapuaHThl KOHCTPYKIMH, pa3paOOTaHHbIE UMM, KOTOPbIE MOTYT OBITh B3SITHI 3a
OCHOBY TpU pa3pabOTKe HOBBIX BHUJIOB TEXHOJIOTMYECKOTO OOOpPYIOBaHMS, MO3BOJSIOT MOBBICUTH
o0muii ypoBeHs npoexktupoBanus TO.

[Ipu py4HOM NPOEKTUPOBAHUU KOHCTPYKTOP CPaBHHMBAET B yME Psiji BAPUAHTOB pa3padathl-
BaeMOM KOHCTPYKIMM (BapHaHTbl CTAaHKOB, MPUCHOCOOJEHUN M T.O.) U MHTYUTHBHO BbIOMpaeT
JTydIIue Ha ero B3 peteHus. [logpoOHoro sSkoHOMU4YeCKOro 000CHOBAHHUS HE MPOU3BOJUTCS 32
HenMeHueM BpemeHH. [Ipumenenne DBM Ha 6a3e COOTBETCTBYIOIIMX MaTEMAaTUYECKHX MOJENeH
MO3BOJISIET HAXOAUTh ONTHUMAaJIbHbIE TEXHOJIOTHYECKHE PEIICHUS.

Kpowme storo, ¢ npumenenrem CAIIP mpakTH4ecky HCKIIIOYAIOTCS «YEIOBEYECKUE» OIIN0-
ku. Ecnu xommiprotrep paboTaeT Ha OCHOBE Ka4eCTBEHHOI'O MPOTrPaMMHOTO O0eCTIedeHus, TEXHUYe-
CKM MCIIPAaBEH, TO MPU BBOJE OJMHAKOBBIX BXOJHBIX JAaHHBIX JI00O0E KOJWYECTBO Pa3 BbINAIOTCS

MPaBUJIbHBIE PE3YJIbTATHI.



JIEKIIUSA Ne2

Merononorus aBTOMaTU3UPOBAHHOT'O IIPOEKTUPOBAHUS

CUCTEMHBIN IOAXO0],

Jlnis pelieHus TakuX KOMIUIEKCHBIX BOIIPOCOB, KaK IMPOEKTUPOBAHUE U CO3/IaHHE COBPEMEH-
HBIX TEXHUUYECKUX CPEJCTB, IPUMEHUMA €IUHAasl UCCIIEJ0BATENIbCKAs TO3ULMSI — CHCTEMHBbIN MOA-
xoa. Mcnons3oBanue CII 00yciioBieHO TeM, YTO B TPATUIIMOHHBIX METOJaX U3YUeHUS U (POpMaH-
3allMU CIIOKHBIX 0OBEKTOB M MPOIECCOB OCHOBHOE BHUMAaHUE YAETSAETCS KaYeCTBEHHOMY M KOJIHYe-
CTBEHHOMY OIIMCAHUIO CBOMCTB OOBEKTA M COCTABJIAIOLIUX €0 YacTed. DTO He MO3BOJIAET CTPOUTH
a/IeKBaTHBIE ICHCTBUTEIBHOCTU MOJIENH, OTOOpaKaroIIye CBA3H 0OBEKTOB C OKpPY’KaIOLIeH Cpesloi,
uX (QYHKIHIO U MHOTOYPOBHEBYIO CTPYKTYpPY. B TO ke BpeMsi yka3aHHBIE XapaKTEPHUCTUKUA O00bEK-
TOB OKa3bIBalOT OOJIBILIOE BIIMSHUE HA MIPOLECC MOMCKAa MPOEKTHbIX pemieHuid. [Ipumenenue cu-
CTEMHOT0 TOJX0/1a JaeT BO3MOXKHOCTb PAllMOHAIIBHO pa3OUTh 3a7ady NPOEKTUPOBAHUS HA YacTU U
IPUHATH ONTHUMAJIbHOE pEIlIEHHE.

OCHOBOJi CHCTEMHOI'0 IPOEKTHPOBAHUS SBJISIIOTCS KPUTEPHHU, KOTOPble IPUHUMAIOTCS
€ MO3MIMI OLEHKH TeXHUYEeCKHX CPeJCTB KAK YacTH cucTeMbl 0oJiee BbICOKOro yposHs. Ilpo-
eKTHPOBAHHUE K€ TEXHHYECKUX CPEACTB OCYLIECTBJIsICTCH KaK NMPOCKTHPOBAHUE CHCTEMBI, CO-
cTosIEel U3 B3aMMOCBA3AHHBIX YacTel U 3JIEMEHTOB.

K moHsTHIO «CHUCTEMHBI 0OBEKT WM MPOIECC» OTHOCATCS OOBEKTHI M MPOLECCHl 000
MPUPO/IbI, KOTOPHIE MOYHO YCJIIOBHO MM (DU3MUECKU PACUIICHUTh Ha COBOKYITHOCTh 00JIee MPOCTHIX
B3aMMOCBSI3aHHBIX MEXIY COOON 4YacTel, BBICTYMAIOIMX KaK €JUHOE LEeNoe, MPUYEM KaKIylo
4acTh MOXKHO PacCMaTpUBaTh KaK CIOXKHBIM OOBEKT, COCTOSIIMN U3 00jiee MPOCThIX 31E€MEHTOB. B
CBs3M C OTUM K KAaTCTrOpUH CUCTCMHBIX OTHOCATCA HEC BCC OOBEKTHI U MMponeccChl, a TOJIbKO TE, KOTO-
pBI€ COCTOSIT U3 OTIEIBHBIX YaCTEH M DJIEMEHTOB U 00JIAIAIOT IEJIOCTHBIM XapaKTepoM (DYHKIIHO-
HupoBaHua. CBOMCTBAa U (PYHKUIUHU CUCTEMHBIX OOBEKTOB HE CBOJAATCS HEMOCPEIACTBEHHO K CyMMe
CBOWCTB M (PYHKUHMI COCTaBISIOMIMX MX 3JeMEHTOB. CHCTEeMHBIE OOBEKTHl 00JaJal0T HOBBIMU
GYHKIIUSMU M CBOMCTBAaMH, KOTOPBIX MOXKET HE OBbITh Yy OTHENbHBIX 31eMeHTOB. Hampumep, co-
OpaHHBIN U3 OTIENbHBIX JAeTaliell y3el MpeAcTaBiseT cOO0M TEXHUYECKYIO CUCTEMY, XapaKTepUu3y-
€MYIO HOBBIMH CBOMCTBaMU M (DYHKIMSIMU, KOTOPBIX HET Y OTJCIBHBIX JIeTaJIeH.

VY3en, unu cO0podHas eJMHULIA MAIIKMHBL, CBA3aH C APYTUMH y3JIaMH, 00pa3yIoIIUMU OKpY-
JKAIOUIYI0 Cpely, KOHCTPYKTHBHBIMU, KHHEMATUYECKUMHU U pa3MepHbIMU CBs3AMHU. [loatomy nms
IPaBUIBHOTO NOHUMAaHMS B3aMMOJAEHUCTBHUS CHCTEMHBIX OOBEKTOB U IPOLIECCOB C OKPY’KaroIIeH
cpenoi He0OXOUM CUHTETUYECKUI OXBAT U yUYeT BIMSAHMS PA3JINYHbIX BUAOB CBS3CH.

Cpenu pa3mUYHBIX THIIOB CBSI3€Hl CUCTEMHBIX OOBEKTOB C OKPY)KAIOLIEH cpenoil 0cCOOeHHO

BBIACIAIOTCA BXOAHBIC U BBIXOJHBIC BO3I[€I>’ICTBI/I$I. Onu 00ecreynBarOT aKTUBHOE BSaHMOﬂeﬁCTBHe
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00BEKTOB C OKPYXAIOIIEH cpeoii M1 BO MHOTOM OTPENAEISIOT ero GyHKUUIO (Hampumep, npeodpa-
30BaHUE 3arOTOBOK B FOTOBBIE JE€TAJH, NIEpEAaUy ABUKEHUS OT JIBUraTels K IINHUHIEIIM, Iiepepa-
00TKY MCXOHON MH(OPMAIMK B BBIXOAHYIO B CHCT€MaX aBTOMAaTHU3UPOBAHHOI'O MPOEKTHPOBAHUS
MaIllMH WU TEXHOJIOTNYECKON MMOATOTOBKU IPOU3BOJCTBA). [Ipyrue KOHCTpyKTUBHBIE U pa3MEpHBbIE
CBSI3U 00€CIeUnBaIOT MPABUIHHOE B3aUMOJICHCTBHE, PACTIONOKEHHE U HEOOXOJMMbIE CTEIIEHH CBO-
00/bI B3aUMOJICHCTBYIOIINX Y3JI0B, T. €. HAallPaBJICHBI HA BBINOJHEHUE TpeOyeMoil pyHKIUHU H 3a-
JaHHBIX napaMeTpoB. CleN0BaTeNbHO, KaXJI0€ MPOEKTUPYEMOE TEXHUYECKOE CPEACTBO JOJIKHO
(YHKLIMOHMPOBATh HA OCHOBE CBSI3€H, oNpenessiouX (GyHKIMOHUPOBAaHUE OKPYIKAIOLIEH Cpebl, B
KOTOPYIO OHO BXOJIHT.

CrnoxHble 00BEKTHI, KaK IMPABHJIO, BHIIOIHAIOT HE OJHY, & HeCKOJIbKO GyHKuuid. Hampumep,
(GYHKIMS IMIMAHACTHHOTO 0JIOKA CTaHKA 3aKJII0YAeTCs B Iepefadye BPalICHUs OT BaJsla dJIEKTPOIBH-
rareist K HECKOJIbKUM IMUHAEIAM. DyHKIMS WIUHAENIS COCTOUT B 3aKpPEIIEHUM MHCTPYMEHTa U
coobuieHnn emy BpamieHus. CrenoBaTenabHO, (YHKLUM TEXHUYECKHUX CHCTEM OIPEAENSIIOT HMX
CTPYKTYpY U CTPYKTYpY IIpoLiecca MPOEKTUPOBAHUS.

Besikas cucrema onmyckaer paszieneHue ee Ha nojacucteMsl., OOBbEKThI, TPUHAIEKAIIUE K
OJTHOM MO/ICUCTEME, MOKHO, PACCMAaTPUBATh KaK COCTABIISIOIIUE OKPY>KEHUS JIPYTroil MOJCUCTEMBI.
[ToBenenue nmojcucTeMsl He0OsA3aTENbHO BO BCEM, MOJAOOHO MOBENCHMIO BCel cucteMbl. Pasznene-
HUE CHCTEMBI Ha MOJCUCTEMbI PUBOANUT K UEPAPXUYHOCTU CTPYKTYpHl. B 3aBHCHMMOCTH OT mocTa-
HOBKU U LIEJIM pelIaeMoil 3aJjaui OJMH U TOT K€ 00BEKT, paccMaTpuBaeMblil kak cucrtema C, B Ipy-
roif nepapxXu4eckoi cucreMe MOKeT OBITh paccMOTpeH Kak nojacuctema //C, a B TpeTbel Kak 3Je-
MEHT 0.

MeTannopexymuii cTaHOK M0 (YHKIIMOHAIBHOMY IMPHU3HAKY pacdjICHSETCS] Ha HECKOJIBKO
y3JI0B: LIINUHAETbHBIA 050K, KOpOOKY Mojay, CynmopT, cTaHuHy u np. (puc. 1). IIpu apyrom cmo-
co0e TOT K€ CTAaHOK pa3JessieTcs] Ha MEXaHWYeCKHe, JJIEKTPHUECKUe, THIPABIMUECKUEe U JIpyrue

y33bI (puc. 2).

_ L0epnunvrbio
CIMaKoK
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Puc. 1 Pa3buenne KOHCTPYKIIMHM METAITIOPEXKYIIETO CTaHKA MO (PYyHKIIHOHAb-
HOMY Ha3Ha4YeHHIO OJIOKOB: 3 — 3arotoBka; 1 — uHCcTpymMeHT; B — 6110k MHCTpY-
MeHTOB; b3 — 010K 3arotoBok; BJIP — 6nok nBmwxkenus pezanus; BKC — 6mok ku-
HemaTndeckoi cBs3u; bIIO — 6mok oceBoit monaun; BHC — 610k Hecymiel cucte-

Mbl; BCY — 6110k cuctemsl ynpasinenusi; BBY — G110k BcnoMoraTenbHbIX YCTPOUCTB

KauecTBeHHas omnpeieeHHOCTh CUCTEM OOYCIIOBJIEHA UX CTPYKTYPOMi, O]l KOTOPO MOHU-
MaeTcsl COBOKYNHOCTb YCTOMYMBBIX CBSI3€H MEXIY YacTSAMHU LIEJOCTHOTO OOBEKTa WIM Mpolecca.
OTtHocuTeIbHAS BBIAEIEHHOCTD YacTel CUCTEMbI U X B3aMMOCBS3b — 3TO JIBE IIPOTHUBOIOJIOKHO-
cti. CTPYKTYypy CUCTEMHBIX OOBEKTOB HEOOXOAMMO pacCMaTPUBATh KaK €MHCTBO MPOTHUBOIOIIOXK-
HBIX MOHSTHUN: PACUJICHEHHOCTH U IIEJIOCTHOCTH. PaculieHeHHOCTh OTpa)kaeT OJHY M3 OOLIMX CTO-
POH CTPYKTYpPBI M XapakTEPU3yeTCs KAYECTBEHHOH CHEIU(PUKON YacTe CUCTEMbI U MX YHCIIOM.
JUist KaKI0i CHCTEMBI CYIIECTBYET HECKOJIIBKO CIIOCOOOB pacUJCHEHUs Ha MOJCHCTEMBI M JJIEMEH-
Thbl. Tak, TEXHOJIOTMYECKUI MTPOLIECC MOKHO PAaCUJICHUTh HA ONEepalliy, a MOCIEAHUE — Ha YCTaHO-
BbI U Iepexo/ipl. MI3MeHeHne KaueCTBEHHON CTOPOHBI M YUCIa ONEepaluil pu nepexoae OT OAHOTOo

croco0a pacuyieHEHHUS K IPYTOMY BBI3bIBAET U3MEHEHHUE CTPYKTYPhI TEXHOJIOTHYECKOTO TIpoliecca.

CmaHoK

Y 3|nsl

——— e e

MexaHuyeckye Inexmpuyeckue | |fudpalauyeckue

Puc. 2 Pa3Onenne KOHCTPYKITUN METAJUIOPEKYIIEro CTAaHKA IO BUY IPUBOJIOB y3J1a

JUist TpOIIeCCOB MPOEKTUPOBAHUS TAK)KE MOXKET ObITh HE OJIMH, a HECKOJIBKO CIIOCOO0B pac-
YJICHEHUs] TPOEKTHOW 3a/1a4d Ha KOMITOHEHTHI pa3jNuHON cloXKHOCTH. Tak, Mpu oJHOM crocobe
pacujeHeHHs] B OCHOBY NMPUHMMAETCS BUJ MPOEKTHBIX OINepaluii He3aBUCUMO OT (DyHKIIMOHAIbHO-
ro xapakrTepa pemaemMbix 3a1ad. [Ipu 3Tom mporecec NpoeKTUPOBaHUS Pa3JEsAeTCs HA MPOEKTHBIE
Olepalliu: CUHTE3 peIleHUH, MOUCK 00bEKTOB-aHAIOI0B, ONTUMH3AIIMS, MOJICIMPOBAHUE, aHAIIN3,
olieHka u T. 1. [Ipu nqpyrom crnocobe pacuieHeHus 3ajada NPOSKTUPOBAHUS JEIUTCS Ha 10/13a/1a41
no ¢pyHKIMOHaIbHOMY Npu3Haky. Hampumep, oOmias 3aa4a mpoeKTUPOBaHUS ONEPAlMOHHON TeX-
HOJIOTHH pa3felsieTcs Ha OIpeNeNIeHUue CTPYKTYphl oneparuy, GopMbl U MEXOIEpPAllMOHHBIX pa3-
MEpOB JIETAJIN U 3ar0TOBKH, BbIOOp 3nemenToB cuctembl CITU/I u np.

Bri6op crnocoba pacusieHeHHs] CUCTEMbI 3aBUCHT OT THINa peuraeMbix 3aaad. [IpaBuibHOE

HCXOOHOC PACUJICHCHHUEC 00BCKTa WITH mponecca mo3BoJsACT HamnOoJee IMpOCTO pCIIaTh 3aJa4ud aHa-
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JM3a U CUHTE3a TEXHUYECKUX CHCTEM U MPOLIECCOB, B TO BPEMsI KaK HEPALIMOHAIBHOE pacuICHEHHE
CHJIBHO YCIIOXKHSET ATH 3aJaydl WM JeJIaeT HEBO3MOXHBIM HX pemieHue. [Ipu xaxmom cmocobe
pacwiIeHeHMsl OJIY4aeTcsl pa3IMyHOe YUCI0 Ka4eCTBEHHO CIIEU(PHUUHBIX YacTe ¢ pa3iavyHbIM Xa-
paKkTEpPOM B3aMMHOIO pacnojiokeHus. [1o3Tomy 1 OHO3HAYHOIO 3alaHus CTPYKTYPBl CHCTEMBI
HEO0OXO0AMMO yKa3aTh CHocob ee pacwieHeHus. Kaxnomy crocoOy COOTBETCTBYET OIpEIeIEeHHbIH
TUI B3aMMOCBSI3€H YacTel CHCTeMBbl — CBOSI (popMa LEIOCTHOCTU. LlenocTHOCTE — 3TO BTOpas
CTOpPOHA CTPYKTYphl. Eciiu cHCTEMHOCTh MOJpa3syMeBaeT HAJIMYME CBA3EH MEXIYy KOMIIOHEHTAMU
00BEKTa, a TAKXKE MEXIy OOBEKTOM M OKpYXKarolled cperoi, TO LeNOCTHOCTh XapaKTepU3yeT
OO0JIBIIYI0 CHIIy U CYLIECTBEHHOCTh BHYTPEHHHUX CBSI3€H 110 CPAaBHEHUIO C BHEIIHUMH CBA3SIMU CH-
CTEMBI C OKpy»karolel cpenoil. IMeHHO 3T0 00CTOATENBCTBO CO3/1a€T KAYECTBEHHYIO ONPE/EIICH-
HOCTh 00BEKTa KaK CHCTEMBI.

OpHol u3 onepanuii CUCTEMHOTO aHaJIN3a SBJIAETCSA ONPEICIICHUE TPAHULBl CUCTEMBI U €€
CTPYKTYPHBIX COCTaBJISIOLIMX. JTa ONEpalus OTHOCHTCA K Ka4yeCTBEHHOH. UTO NOKHO BOMTH B
CHCTEMY M 4TO 00pa3yeT OKpPY>KaloLIyl0 Cpeay, CIeAyeT U3 IOCTaHOBKH 3ajauu. B cucremy Bkito-
Yal0T KOHEYHOE YHUCIIO 3JEMEHTOB, HEoO0Xoammoe Ui (PyHKIMOHUPOBAHUS CHUCTEMBI, KOTOPOE
o0ecrieynBaeT JOCTHKEHHE MTOCTABICHHOM 1enu. Mcxoas U3 3Toro, MOXKHO MPEACTaBUTh MPAHULLY
MEXJly CO3/JIaHHOM CHUCTEMOM M OKpyXarouiew cpenoi. Hanmpumep, paccMaTpuBas KOHCTPYKLIHIO
MAaIIMHbI KaK CHUCTEMY, CJI€YeT MPHUHATh, YTO BHEIIHEW CpPelod ¢ MO3UIUHU IKCIUTyaTaluu OyayT
yCIIOBUS, B KOTOPBIX OHa OyzAeT paboTarh, a C MO3UIIUNA U3TOTOBIEHUSI — YCIIOBUS IPOU3BO/ICTBA.

JTanbl NPOCKTHO-KOHCTPYKTOPCKOIO Npouecca

[TpoexTHpoBaHHE TEXHUYECKUX CPEACTB NMPEACTaBIIAET COOON CIOMKHBI MHOrOCTaIUNHBIN
npouecc pa3pabOTKU U MOCTENEHHOI0 YTOUHEHUs MPOeKTa U pabouell JoKyMeHTalluu, 0 KOTOpon
M3TOTOBJISIIOT U3/IENINS B €JUHUYHOM, CEpUITHOM MJIM MacCOBOM NPOU3BOACTBE. MHOrOCTaIMHHOCTD
IIPOEKTHO-KOHCTPYKTOPCKOI0 TpOILEcCca YKa3bIBA€T Ha CJIOKHOCTH 3aJauyd, IPUYEM K KadeCTBY
NPUHUMAEMBIX PEIIeHUI MPeIbsIBIAIOTCS BBICOKHE TPEOOBaHUS, TaK KaK OMIMOKU MPOEKTa MPUBO-
T K HEOOXOAMMOCTH MX YCTPaHEHMsI B XOJi€ MPOU3BOJICTBA, YTO BHI3bIBAET HEONpaBIaHHbIE 3a-
TpaThl BPEMEHU U CPEJICTB.

Cranuun pa3pabOTKU KOHCTPYKTOPCKOM AokyMeHTanuu ycrtanoBiensl ['OCT 2.103—68, ko-
TOPBIM BXOAWUT B €IMHYIO cUCTeMy KoHCTpykropckoi nokymeHrtanuu (ECKJI). I'ocynapcTBeHHbIi
CTaHJapT yCTAaHABIMBAET IATh CTaJAUNA pa3pabOTKU KOHCTPYKTOPCKOM JTOKyMEHTAIMHM Ha W3JeNus
BCEX OTpACJICld MPOMBIIUIEHHOCTH: TEXHUYECKOE 3aJaHUE, TEXHUYECKOE NPENTI0KEHHUE, ICKU3HBIN
MPOEKT, TEXHUYECKUN MPOEKT U paboumii MPOEKT.

Cramust paspabomxu mexnuvecko2o 3aoauus (MHOTJAa HOCUT Ha3BaHHE «HAY4YHO-
UCClieoBaTeNbCKasl pa3paboTKa» MM «IOMCKOBOE NPOEKTUPOBAHHME») BBINOJIHAETCS Ul OIpe-
JIeNIeHHs] Ha3HAYCHMs M TEXHUYECKUX TPeOOBaHUM K HOBOMY M3/EIHI0. DTH BOIPOCH U3Y4aAIOTCS U

bopMHpYIOTCS UCXO U3 aHalu3a TpeOOBaHUN (PYHKIMOHUPOBAHUS U3/ETUS U BO3MOXHOCTEH MX
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peaM3alii Ha OCHOBAHWH JOCTHIKCHUH HayKd M TEXHUKHU, ChIPbeBON 0a3bl, pUHAHCHpPOBaAHWS,
JIOJICKUX PECYPCOB, OTPaHUYCHHI BO BpeMEHU U T. 1. Kpome Toro, Ha JaHHOW CTaguu 0OOCHOBBI-
BalOTCSA KPUTEPUH OLIEHKH 3(PPEKTUBHOCTU TEXHUUECKOIO CPEACTBA U OMPENEISAIOTCS OrpaHNYeHUs
Ha ero XapaKTepUCTUKHU, TaKue, Kak radapuTHBIE pa3Mephl, Macca, HaJeKHOCTh U T. . XKenarensHo,
9TOOBI B TEXHUYECKOM 3aJaHUM ObLiIa yYKa3aHa MPOU3BOJICTBEHHAs 0a3a, 00beM moTpeOHOM U TuTa-
HUPYEMOM MPOIYKLUH, POJOJIKUTENBHOCTh U3TOTOBIICHUS, JIUMUTHAS LIeHa U T. 1. TexHuueckoe
3aaHre B 0053aTEIBHOM TOPSIIKE COTIacyeTCs C 3aKa3UMKOM U MOCIE YTBEPIKICHHS SBISIETCS OC-
HOBAHHEM JIJIsI BHITTOJIHEHUS JATTbHEHIINX MPOEKTHO-KOHCTPYKTOPCKHUX PadoT.

Ha craguu mexunuueckozo npeonooicenus Ha OCHOBAaHUM aHAJIM3a TEXHUYECKOTO 3aJaHMUS
paccMaTpuBarOTCA NPUHIUINAIBHO BO3MOXKHbBIE CIIOCOOBI CO3JaHMsI IPOEKTUPYEMOT0 TEXHUY ECKO-
ro CpEeACTBA, MPOBOAMUTCS CPABHUTENbHAS OLEHKA TUX PEIICHUN 10 BBIOPAHHBIM KPUTEPUSM U
YCTaHABIIMBAETCSl TEXHUUECKOE U TEXHUKO-2KOHOMUYECKOE 000CHOBaHHE 11€71€CO00pa3HOCTH 1ajb-
Helel pa3paboTKu.

[Tocne yTBepKIeHUS TEXHUUECKOIO IPEIOKEHHSI [TOCIIE0BATEIbHO Pa3padaThIBalOTCS AC-
KW3HBIM, TEXHUYECKUH 1 paboumii mpoekThl. OHAKO Ha MPAKTHKE TOT MOPSAIOK COOIIOIAeTCs He
Bcerza. B 3aBUCMMOCTH OT MPOCTOTHI KOHCTPYKIIMH, OMBITa KOHCTPYKTOPA UM KaKUX-THOO0 IPYTUX
00CTOSITENIECTB MPOEKTHI MOTYT BBITIONHATHCS B IBYXCTaIUHHOM (TE€XHUYECKHI U paboumii mpoek-
ThI) WM OAHOCTAAUUHOM (paboumii MPOEKT) MOPSIKE.

Ockusnblil npoekm TEXHUYECKOTO CPEeACTBA MPEJCTABIAET COOOH KOMIUIEKC KOHCTPYKTOp-
CKUX JIOKyMEHTOB, JAaloIIUX o0Ilee MpeacTaBieHne 00 yCTpOHCTBe, MPUHIUIIE PabOThl, Ha3HAYe-
HUU, OCHOBHBIX MapaMeTpax M rabapuTHBIX pa3Mepax u3Aenus. 31eCh MOTYT ObITh OTpa’keHBI Ba-
PUAHTBI KOHCTPYKTOPCKUX PELISHUH, MOIJIeKAIINX YTOUYHEHNIO Ha OCIEAYIOIUX CTausX padoT.

Texnuueckuii npoexm, B OTINYHE OT 3CKU3HOT0, €T HE 0011iee, a MOJHOE U OKOHYATEIbHOE
npejcTaBieHne 00 YCTpoicTBe U (PYHKIMOHUPOBAHUM W3ENIUs, BKIIOYasi BCe HEOOXOAMMBIE JJaH-
HbIE /IS pa3paboTKu paboueit TOKyMEHTAllMM U TapaHTHUITHON HaJeKHOCTH OCHOBHBIX 3JIEMEHTOB
KOHCTPYKLUH.

Pabouyuii npoexm mipenycMaTpuBaeT MOJHYIO JETATU3AINI0 KOHCTPYKIIMH MTyTEM pa3paboT-
KM 4EepTeXel Ha KaKJblid JIEMEHT, BXOJALIMM B HEE U NOJJIEKAIIN U3roToBieHu0. Kpome uep-
TeXel Jeranell B cOCTaB JOKYMEHTAI[MHM BXOJAT TAKXKE YEPTEXKH OOLIUX BHUIOB, CXEMBI, YEPTEKHU
y3JI0B, crieuu(uKanus BXOIAMIMX 3JIEMEHTOB, MOSICHUTENbHAs 3alKucka M Pa3IMyHOrO BUAA HH-
CTPYKLIUH, TEXHUYECKUI MaclopT U psii APYTUX JOKYMEHTOB. BBUay TOro, 4T0 KOHCTPYKTOp cam
HE BOIUIONIAET Pa3pabOTaHHbIM MPOEKT B MaTepUANIbHBIA OOBEKT, BCSI KOHCTPYKTOPCKAs JOKYMEH-

TaIus n300pakaeTcs B IPUHATON €AMHON cUCTeMe KOHCTpyKTopckoii fokymenTtaruu (ECK/I).

MeToabl NPOEKTUPOBAHUS
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UYepuenne B Macmrade (MoaenupoBanue Ha IBM) naet KOHCTPYKTOPY BO3MOXHOCTh H3Me-
HATh Kak (GopMmy JeTanu, Tak W W3Jenusi B 1eioM. Takum oOpa3om, macmTaOHbIA ueprex (3D-
MO/I€JIb) MOXHO paccMaTpuBaTh KakK JIETKO BUJOU3MEHSAEMYIO MOJEIb B3aUMOOTHOIIECHUN MeXay
JeTalsIMU U y3JaMH, U3 KOTOPBIX COCTOMUT HM3Aenue. biarogaps Tomy, 4To 3Ta MOZEIb JIETKO MOJA-
JaeTcsl TOHUMAHHUIO U U3MEHEHHIO U CIIOCOOHA XPaHUTh BPEMEHHOE pElIeHHE Ui OJTHOW JeTaiH,
NOKa popadaThIBaeTCs ApyTasi, MPOSKTUPOBIIMK MOIYYaeT BOZMOKHOCTh peIlaTh 3aa4d Ype3BbI-
qaiiHOW ciokHOCTH. MacmrabHbiii yepTexx (3B-Mozens) pe3ko cokpamaeT 3aTpaThl BpeMEHH Ha
BbIOOp MPUEMIIEMOI0 PEUICHUs U3 OMPOMHOIO YHCla BApUAHTOB. DTO MPOUCXOAUT MOTOMY, YTO
4yepTek (MOJeNb) O3BOJSET Pa3pabOTUNKy UTHOPUPOBATH IOYTH BCE I10JI€ TIOMCKA U KOHLIEHTPU-
pOBaTh CBOE BHUMAHHE Ha T€X HEOOJBIINX €r0 yJacTKax, IJe MOXKHO OXKHIATh IPUEMIIEMBIX pellie-
HUM.

Camoe TpynHoe B JH000OM MPOEKTHUPOBAHUU — 3TO INPEOJOJICHUE CIIOKHOCTEH MOUCKa B
OOIIMPHOM MPOCTPAHCTBE ¢ MUJUIMOHAMU BO3MOXHBIX KOMOMHAIMHA OTIENbHBIX Y3JI0B M JeTajleH.
[Tpu ncrosnb30BaHUM TPAJULUMOHHOIO Crioco0a i MPEOAOIEHHS 3TOr0 HEOOBSITHOIO MHOT000pa-
3Us 3aJa4y pelaroT no yacTsam. [lpu 3ToM 60apIIMHCTBO KOMOMHAIMI y3JI0B U JIeTalel UCKIIoYa-
eTcs M3 pacCMOTPEHMs, M MCCIEOBaHME OIPaHUYMBACTCS €IUHCTBEHHBIM, BBIODAaHHBIM «HA
OLIYIb», HAOOPOM KOMIIOHEHTOB, B3aMMHBIE CBSA3H KOTOPBIX MOXKHO BBIIBUTH M U3YUHUTh C IIOMO-
HIbI0 yepTexa (Mozaenun). BaxHelmuMm sTanoM npoiiecca Mpu 3TOM SIBJISETCS HE B3aUMHAas TOJIMOH-
Ka y3JI0B JeTajeil Ipyr K JIpyry, a TBOpUECKOe MbIIUIEHUE, 01aroapsi KOTOPOMY JOCTaTOYHO HMH-
(opMHPOBAaHHBINM U TMOKO MBICISIIMN YETOBEK MOXET BBIIIBUHYTh Ha MEPBbIM IUIaH OJUH U3 Tep-
CIEKTUBHBIX KOMIUIEKCOB Y3JI0B U JIETAJIEN.

Takoit MeTo/ 1aeT MpeKpacHbIe Pe3yJIbTAThl MIPU Pa3pabOTKe OTAEIBHBIX U3/IETUN U YacTeH,
OJIHAKO €ro MPUTrOAHOCTb JUISl MPUHITHUS PELICHUS HAa YPOBHSAX CUCTEM KpallHE COMHHTENbHA IO
CJICAYIOUIMM MTPUYUHAM: HET HUYETO SKBUBAJIEHTHOTO YePTEKYy(MOJIENIN) KaK CPEACTBY (PUKCAUU U
BUJOM3MEHEHUN CBS3eH MEXIy M3AeIUsIMU (y3J1aMH, JI€TalsiMH); HET OCHOBBI JUIi HHTYUTHBHOTO
03apeHHus, KOTOPOE YIPOIIAET 3aauy; BbIOOp OIIEHOK MpU MPOEKTUPOBAHUU CUCTEM cioxkeH. [lo-
3TOMY, KOTJja KOHCTPYKTOP OT BHYTPEHHEW YBS3KH HOBOI'O M3JIEIHS MEPEXOIUT K €ro coriacoBa-
HUIO C BHEIIHEH cpenioif, uepTex (MOJIesIb) CTAHOBUTCA YK€ OeCIIONIe3HbIM U pa3padoTUUKY MPHXO-
JIUTCS ONMUPATHCS B OCHOBHOM Ha CBOHM OMBIT U BOOOpa)keHHE, a TAK)KE€ B MEHBIIEH CTETeHn — Ha
pacueT 1 UCTIbITaHHe BceX Hanboliee BaXKHBIX JIIsl pabOThl CHCTEMBI ITapaMeTPOB.

[IpocTpaHcTBO, B KOTOPOM MPUXOJUTCS BECTH IOUCK HOBBIX TEXHMUYECKUX CHCTEM U
CPE/CTB, CIMIIKOM BEIMKO, YTOOBI B HEM MOTJIM Pa300paThCsl CIIEUAIUCTBI KaKOi-Tin00 0 HOM 00-
JacT MpOeKTHpoBaHMUA. VM B moMmollb HEOOXOIUMBI METOJbI, 00ECIIeYUBAIOIINE JOCTATOYHBIN
00beM MH(OpMAIMK IJIs1 IPUHATHS PELICHUH Ha Ka)kKIOM M3 3TallOB CO3[aHMs HOBBIX KOHCTPYK-

AH.
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OOBEKTOM TaKUX METOJIOB SIBIISIETCSI HE CTOJIBKO MPOCKTHUPOBAHUE B OOMICTIPUHSATOM CMBIC-
JIe 3TOTO CJIOBA, CKOJIBKO MBICIIMTEINIbHAS JACSITEIIbHOCTD, MPEAIIECTBYIONIAS BBITOJHEHUIO YePTEKEH
(Mogeneit). Bce aTu MeTo/bl HalpaBlIeHbl HA TO, YTOOBI MPOLIECC MPOSKTUPOBAHUS MOXXHO OBLIO
00BEKTUBHO MpeacTaBuTh. [Ipu 3TOM Beerna ucnonb3yercs Kakas-muoo cxema, o3BOJIAIoIIas pas-
JICUTH 3aJ1a4y MPOCKTUPOBAHUS HA YacTH! U yKa3aTh B3aMMHBIC CBSI3U MEXKY 3TUMH YaCTSIMH.

Bpiiie oTMeUanoce, 4To C MO3UMLMNA HCCIEI0BATENICH TBOPUYECKOU NEATEIBHOCTH MPOCKTHU-
POBIIMK IPEACTABISCTCS TO KaK «YEPHBIM SIIIMK», HA BBIXOJE KOTOPOIO0 BO3HHKAET 3arajouHOE
03apeHue, TO KaK «IIPO3payHbIi SAIIMK», B KOTOPOM IPOUCXOAMT JIOTHUYECKUM MPOLECC, 10 KOHIA
noajarouuiicss oobsiciennto. C 3TUX pa3IMYHBIX MO3UIUI U pa3padaTbIBaINCh METOAbI IPOEKTHU-
pOBaHUs, KOTOPbIE MOKHO YCIIOBHO pa3JeiuTh Ha IBPUCTHUYECKUE U AJITOPUTMHYECKHE.

Depucmuueckue memoost pa3pabOTaHBI IS CTUMYJIUPOBAHUS TBOPUECTBA MTPOSKTUPOBIIU-
Ka. B HUX ompexensioliee 3HaU€HUE UMEIOT aCCOLIMATUBHBIE CITIOCOOHOCTH, MHTYUTUBHOE MBIIILIE-
HUE U CIIOCOOBI YIPABJICHUS MBIIUICHUEM. DTH METOJIbI MPEJCTABIAIOT COOOM YMOpPsIOYeHHbIE B
KaKo#i-To Mepe oOIIue NMpaBmiia U PEKOMEHIAIlMY, TTOMOTAIOIINE PEIICHUIO TBOPUECKUX 3a7a4 0e3
MpEeABAPUTEIILHON OIIEHKH Pe3ybTaTOB. CMBICH 3BPUCTUUECKUX METOOB Pa3JIMU€H, HO HU OJIUH U3
HUX HE CIIEyeT UTHOPUPOBATb.

N3BectHO Oosiee Tpex NECATKOB MOJOOHBIX METOJOB, U3 KOTOPHIX Hamboyee MIMPOKO H3-
BECTHBI CIJICYIOIINE: MO3TOBOU IITYPM, CHHETHKA, METOJ] dJIEMEHTAPHBIX BOMPOCOB, METO/] aHAJIO-
TUH, «OT 1EJIOT0 K YaCTHOMY», HaBOJIAIIME Onepauuii u T. 1. [2, 9, 28]. MHoroe u3 3TUX METOA0B
MCIIONIb30BaHO TpU (POpPMHUPOBAHUM CHENHaTbHOrO (oHIa IBPUCTHUECKHX MpuemoB [2, 20, 28],
o0ecreynBaroIIuX MpeoOpa3zoBaHue MPOTOTUIIOB MPOSKTUPYEMBIX OOBEKTOB B HCKOMBIE IO TEXHU-
YECKOMY 3aJJaHUIO.

Anzopummuueckue memoowsl OTHOCUTENHHO (popmanu3oBanbl. K 3TUM MeTOIaM OTHOCSTCS
JOTUYECKHE U MaTEeMaTHYECKHUE AITOPUTMbI, KOTOPhIE MOXHO ONPEAEIUTh KaK IOCJIEI0BaTEIb-
HOCTh YKa3aHHUW, KacaroUIuXcsl MpoueAyp peueHus 3aaad. OHU UCHOJIb3YIOT BO3MOKHOCTh JEAYK-
AU, CTPEMSITCSI K OTPEICTICHUIO OTIEPalluii U UX OYEPETHOCTH, a TAKXKE CBSI3EH MEXIY ONeparius-
MHU.

ABTOpPBI QITOPUTMUYECKHX (MX HA3BIBAIOT TAK)KE CHCTEMHBIMH) METOJOB MPOCKTHPOBAHUS
UCXOJIAT U3 TOTO, YTO KOHCTPYKTOP BCETJa BIOJIHE OCO3HAET CBOM JEHCTBUS U UX NMpUUUHBL. Cum-
TaeTCs, YTO MPOIIECC TPOCKTUPOBAHKS MOKET OBITh OOBSCHEH JI0 KOHIIA, TaXKe, €CJIU CaMU TIPAKTH-
KU ¥ HE B COCTOSTHUU yOEIUTEIThHO 00OCHOBATh KAXKI0€ U3 MPUHUMAEMBIX UMH PEIICHUH.

Haubonee nomHo hopmann3zoBaHHBIE METOABI OMUPAIOTCS HA (POPMANBHYIO JIOTUKY M MaTe-
MaTU4eckoe MojaenupoBanue. [Ipu mpoekTupoBaHUM OHM HamboJIee YCIEIIHO MCIOIB3YIOTCS MPU
CO3JIaHUM KOHLIETIUH, T. €. 00JaCTH BO3MOXKHBIX PEIICHUHN U IPU ONTUMHU3AIUN KOHCTPYKIUH TeX-
HUYECKHUX CPEICTB. AJNTOPUTMHUECKHE METO/IbI 00jeryaroT npuMeHnenne IBM npu npoektupona-

HUU U KOHCTPYUPOBAHNU TCXHUYCCKUX CPCACTB.
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B Hacrosimiee BpeMsi IPOEKTHPOBIIUKU HCIIONB3YIOT MAaTPULbI Pa3IMYHBIX THIOB, rpadbl
3aBHCHUMOCTEH, CETKH CBS3€i, METO/ 3JIEMEHTAapHBIX KOMOWHAIUM, CTPYKTYPHBIE KapThl, pa3iny-
HbIE METOJIbI ONITUMHU3aIUU U T.1. [5, 9, 29, 30].

ANropuTMHYECKHE METOABI XapaKTEPU3YIOTCS CIEAYIOIIUMU OCOOEHHOCTIMHU:

LIEJI1, IEPEMEHHBIE U KPUTEPUHU 33JAI0TCS 3apaHee; OMCKY PELIeHMsI IPEAILIECTBYET IPOBE-
JICHHE aHaJIN3a; OLIEHKA PEe3yJbTaTOB IaeTCsl B OCHOBHOM B CIIOBECHOM (hOpME U OCTPOESHA Ha JI0-
T'HKE, a HE Ha 9KCIIEPUMEHTE; 3apaHee (PUKCUPYETCsl CTpATerHsi; OOBIYHO UCIIOIB3YIOTCS MOCIeI0Ba-
TeJIbHbIE IPUEMBI, HO MHOT/Ja BKJIIOYAIOTCS U MapajljielbHble, YCIOBHbIE U HUKIMYECKUE ONepaluu
[9, 10].

[Ipy mpuUMEHEHHH METOAO0B «IIPO3PAYHOro SLIMKa» KOPEHHBIM BOIIPOCOM SIBIISIETCSI BO3-
MO>KHOCTb PacHJIEHEHUS, W JIEKOMIIO3UIINH, 33/1a4l Ha OTAEJIbHbIE YaCTH, KOTOPbIE MOKHO 3aTEM
pelaTh Mocie10BaTeabHO WK MapajuienbHo. Ho Takue 3a1aun NpOeKTHPOBaHUS, KakK CO3JaHHe
MallluH (aBTOMOOMJIEH, CTAaHKOB M T. I.), KOTOPbIE JTOJUKHBI OTBEYaTh OOJIBLIOMY YHUCIY Pa3HO00-
pa3HbIX TpeOOBaHUH, IOJ/IAIOTCS PACWICHEHHIO C TPYJOM H He 0e3 ymepOa /Ui X OCHOBHBIX I10-
kazareneil. OObIYHO B TAKUX CIy4yasX Ha KAaKOro-TO OIBITHOIO paOOTHMKA, HallpUMEp IJIABHOTO
KOHCTPYKTOpa (PYKOBOJIUTENS MPOEKTA), BO3JIAraeTCsl MOJIHAs OTBETCTBEHHOCTh HE TOJIBKO 3a JKC-
IUTyaTallMOHHBIE XapaKTEePUCTUKK HOBOW MAIMHBI, HO U 3a BbIOOp Ba)XHEUIIMX Y3JIOB U JETaJeH,
BXOJAUINX B Hee. Bo Bcex ciyyasx pyKOBOJMTENb MPOEKTAa HA OCHOBE MMEIOIIErocs OIbITa pelie-
HUS aHAJOTMYHBIX 33/1a4 CHavajla ONpeJeNsieT OCHOBHBIE YaCcTHBIE 3aJau MPOEKTa, a 3aTeM pas3pa-
OaThIBaeT OOIIYIO CXeMy MAaIMHBI M paclpenenseT paboTy MeXay CBOMMH IOMOLIHUKaMHU. SICHO,
YTO UCHOJIB3YIOTCS METOABI UYEPHOTO SIIMKA», T. €. IBPUCTUUYECKUE.

[Ipu npoekTHpOBaHMHN TEXHUUECKUX CPEJCTB PEKOMEHYETCS UMETh B BUY CIIEAYIOIINE
OCHOBHBIE TTOJIOKEHHUSI:

1. HoBble TeXHMUECKHUE PEIIEHUS MOSBISIIOTCS B PE3YJIbTaTe MOCTENIEHHOTO MPUOIMIKEHUS K
LEJIH.

2. Pa3paboTka npoekTa UET OT OOIIEro K YaCTHOMY, a HE HA000POT.

3. [Nomyuenue Hanbosee pallMOHAIBHOTO PELICHHS! IOCTUTaeTCsl pa3paboTKON MaKCUMallb-
HOT'O YHCJIa BAPUAHTOB U MX YIIIyOJEHHBIM aHAIU30M.

4. I1peoioneHre MCUXOJIOTUYECKON HHEPLUHU U BIACTH CTEPEOTUIIOB HEOOXOMMO MPU
TBOPYECKOM MPOEKTUPOBAHUN OPUTHHATILHBIX U3ICTUH.

5. Ilpu noucke penienust TpeboOBaHNE MPABUILHOCTU (YHKIIMOHUPOBAHUS TEXHUUECKHUX
CpeACTB IpeobiasaeT Haa JPyTUMHU TpeOOBaHUAMH, HAIIPUMEP SKOHOMHUECKUMH.

6. KoHCTpyKTHBHBIE TapaMeTphl AIIEMEHTOB TEXHUYECKUX CPEJCTB AUKTYIOTCS JIUIIb (HU3H-
KO-TEXHUYECKHMH, a HE SKOHOMHUYECKUMH (DakTopamH, IOITOMY IIPU MPOEKTUPOBAHUN HEOOXOIM-

MO MPOU3BOAUTH UHKEHEPHBIE PACUETHI XOTSI ObI OPUEHTHUPOBOYHO U MPUOIHIKEHHO.
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7. KOHCTPYI/IpOBaHI/Ie HU3JICTUN BBIIOIHSICTCS C Y4€TOM BO3MOXKXHOCTU U TPYAOCMKOCTH UX
HN3TOTOBJICHUA.

8. DkoHOMUUECKas OIleHKa KOHCTPYKIHH BCEraa sABJIACTCA BaXXHBIM CTUMYJIOM IIOJIYUYCHUA
panrOHAIBHBIX ITPOCKTHBIX peIHCHI/Iﬁ, HO MOJKET OBIThH ClciaHa HE PAHBUIC, YEM ITOSABUTCS BApHAHT,

OTBEYAIOIIUI TpeOOBaHUAM (YHKIIMOHUPOBAHUS H3/ICIHSL.

Buowt koncmpyuposanusn

00600611125 U310KEHHOE, TBOPUYECKUH MPOIECC PEIICHUS TPOSKTHO-KOHCTPYKTOPCKUX 3a7a4

MOXHO IPEACTaBUTh YKPYIIHCHHO B BUC!:

pa3pa60TKa TCXHHUYCCKOI'O 3aJaHU U €r0 aHaJIn3,

MIPOCKTUPOBAHUE — BHIOOP WIJIM U300pETEHUE IPUHITUIA ACHCTBUS TEXHUYE-

CKOI'o CpcacTBa;

KOHIIETITUPOBaHHE — pa3paboTKa Y4epHOBOTO HAOPOCKA KOHCTPYKIMH TEXHU-

YCCKOI'o CpcacTBa,

ACKU3HOE IPOEKTUPOBAHNE — Pa3pabOTKa BApUAHTOB KOHCTPYKIIMH;

TEXHHYECKOE MPOCKTUPOBAHUE — BBIOOP M TIATENIbHAS TPOPabOTKa KOH-

CTPYKTOPCKOTO pEUICHUS;

odopmiieHne —

pelieHue MIPOEKTHO-

KOHCTPYKTOpCKOﬁ 3aJ1a4d B BHJI€ OKOHYATEIbHON WU HpOMe)I(YTO‘IHOI\/'I AOKYMCHTAaIMU UJIN

oopMIIEHHE TEXHUYECKOrO 3aJjaHusl Ha pa3pabOTKy CMEXHBIX U MOCHEIYIOIIMX YaCTHBIX

3aaad.
3adanue:
PYHKLUL, Ycaobus,
Kpumepuy, yend
I I
HHiuBudyansroe Bapuanmuoe Onmumansroe
npoexmupobanue npoexmupobanue npoexkmupobanve
l |
fTouck mpuHyuna Boprupofantie npyHLU- flonyverue

peuenus na npoexmupobanus anemepHamulsIx ﬁEﬂleﬁuB]
Peuenue HaideHo Popmupolbanve dapuaﬂnmgl Onpedenexue Haunyywezo
u cpabrubaemecn © 8 coomBemcmbur € pewetiud na yeaeboid
MEXHUYECKUM 3adauer TPUHELTIOM 1poeK mupobans QuHKLUL
[— | |

O¢aopmnerue npoekma I

Puc. 3.Bunpl koHCTpyHpOBaHus

IIpu BbIOOpE METOAOB pELICHUS
OOIIMX M YacCTHBIX 3a/1a4 NMPOEKTHPOBa-
HUSl TEXHUYECKUX CPEACTB HEOOXOAUMO
pa3ianyaTth CIEIyIOIIMe BHUJIbI KOHCTPY-
UPOBaHMS: €IUHUYHOE, BapUAHTHOE U
ontumaiibHoe (puc. 3).

HesaBucumo OT BUAa KOHCTPYH-
pOBaHuUs IpU BbIJAYE 3aJaHUK HA pas-
pabOTKy MpoeKTa JOJKHBI OBITH SICHO
chopMyIMpoBaHbl (PYHKIUHM HU3ENIHS,

TEXHUYCCKUEC YCIOBUA, KPUTCPHUU U 1IC-

mu. [Ipu Bcex BUIaX KOHCTPYKTOPCKHUX paObOT MPOEKT JOBOJIUTCS 10 TEXHHUYECKOW JOKYMEHTAIUH

Ha U3TrOTOBJICHUEC U3 ACIINUA.
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[Ipy eqMHUYHOM KOHCTPYHPOBAHHHM HA OCHOBAHWHU TEXHUYECKOW XapaKTEPUCTHKU HEOOXO-
JIMMO UCKaTh MYTH PELICHUs, CPAaBHUBAS MOJYYSHHBIM MPOEKT ¢ 3aAaHueM. [Ipu 3ToM ¢ 11enpo sKo-
HOMMH BPEMEHU Pa3IMYHbIe BAPUAHTHI HE COMOCTABIIAIOTCS. BapuanTHOE KOHCTpYHUPOBaHUE XapaK-
TEPHO TeM, YTO pa3pabaTbIBacTcsl OOLIUI MPUHIUI KOHCTPYKTHBHOI'O PELIEHUS, a JJISl PelICHUS
KOHKPETHOU 3a7auu OepeTcs OJMH U3 BO3MOXKHBIX BApUAHTOB OOIIEro pemieHus. Bapuanun MoryT
3aKJTFOYATHCS, HAIPUMEP, B TOM, YTOOBI MO-PA3HOMY CKOMITIOHOBATh MMEIOIIUECS YHH(PHUIIMPOBAH-
HBIC y3JIbl OJTHOM cHcTeMbl YHHPHUKAIH. ONTUMAaTbHOEe KOHCTPYHPOBAHUE OCHOBAHO HA allTOPHT-
MaXx, pean3yIoIINUX MMOJIyYeHHUEe albTEPHATUBHBIX PELICHUH, YIyUlIalolIuXCcsl B OTHOIICHUU 3aIaH-
HOM 11e51eBOM (PYHKITHH.

B nacrosiiee Bpemsi MpOSKTUPOBIIUKY CIOXKHBIX TEXHUUECKUX CHCTEM IS MOJTy4YEeHHsS Tpe-
OyeMbIX pelIeHud HEOOXOIUMO MPOCMOTPETh U OLEHUTh IPOMATHOE YHCIIO BAPUAHTOB KOHCTPYK-
nuit. K coxanenuto, 11000i1 KOHCTPYKTOp 00J1aaeT BIIOJIHE OINpEAeICHHBIMU, BEChbMa OrpaHUYEH-
HBIMHU (DU3HOJIOTHYECKUMU BO3MOXKHOCTSIMH OTEpaTUBHON 00paboTKM uHOpMAIUH. 3]1eCh eMmy
MOTYT ITOMOYb TOJBKO T€ METOJIbI MPOCKTHPOBAHHS, KOTOPHIC MO3BOJISIIOT 3P(EKTUBHO HCIIOIH30-
BaTh CPE/ICTBA BBIUMCIUTEIBHON TeXHUKH. OJHAKO KOHCTPYUPOBAHUE COBPEMEHHBIX TEXHUUECKHUX

CPCACTB ABJIACTCA 00/1aCTBIO HH)I(CHCpHOfI JCATCIIbHOCTH, HauoOoJee CI0KHON I aBTOMAaTHU3alluu.

JEKIMA 3

OBb30P KOMIIBIOTEPHBIX CHUCTEM TBEPJAOTEJIBHOI'O MO-
AEJIMPOBAHUA

CerofHsi B MalllMHOCTPOCHUH TPOUCXOAUT LEJIBINA Pl TOSUTHBHBIX TEXHOJIOTHUECKHUX W3-
meHeHuil. [locrostaHOE coBepiiencTBoBaHne CAD-crcTeM criocoOCTBYeT NajbHEHIeMy Iporpeccy
B cepe mpoekTupoBaHus U pa3paboTku. [IpuHIMIHATIEHO HOBOE OOOpPYJIOBaHUE TEMEPh MOXKET
OBITH CO3/IaHO 3HAYUTEILHO OBICTPEE, YEM KOT1a-TH00 paHee.

MOH_[HI:IG MaKEeThl OporpaMMm IMO3BOJIAIOT NPCIJIOKHUTL 3dKa3YUKY PCHICHUA, KOTOPBIC IMOJI-

HOCTBIO COOTBCTCTBYIOT €TO HOTpGGHOCTHM. HpI/IMeHGHI/Ie HOBBIX MCTOANOB NPUBOAUT K IMOBBIIIC-

18



HUIO KauecTBa U HA/IEKHOCTH U3JEINI U, OAHOBPEMEHHO, K CHHIKEHHUIO PacX0/10B Ha IPOEKTUPOBa-
HUE U NIPOU3BOJICTBO.

Ot BbIOOpa ontuManbHoro CAD-peieHns B 3HaUNTENILHON CTENEHH 3aBUCUT KOHKYPEHTO-
CHOCOOHOCTh MPEANPUATHS.

CoBpeMeHHOe TPOM3BOJACTBO OCHOBAHO HA MHTEHCMBHOM O0OMeHe 3J1eKTPOHHBIMHM MOJie-
JSIMH He TOJIbKO HAa YPOBHe OTAEJBbHBIX NOApa3leJeHMil, HO W MeKAy NpeAnpHATHIMH-
NOAPSAAYMKAMH, padoTaloIMMU Haja o0mmM 3aka3zoMm. Illlupokoe pacnpocrpanenne nHgopma-
IMOHHBIX TEXHOJOTHI NPUBEJIO K TOMY, YTO B HACTOSAIIMH MOMEHT Ha 0OJILIIMHCTBE NpeanpH-
SITUHA MCIOJIb3YIOTCSl OTHOBpeMeHHO Be U Oosiee CAIIP ¢ pa3iMmyHbIM HA00POM NMPUKJIIATHBIX
CAD/CAM/CAE moayneii.

BonbIIMHCTBO MPOEKTUPOBIIMKOB, 3aHATHIX B MAIIMHOCTPOECHUHU, A0 CUX IOpP MPUMEHSET
TpaguuoHHble 2D-MeTonpl pa3paboTku uyepTexei. 3D-mpoeKkTUpOoBaHHE HUMEET OIpeJleIeHHbIe
IpEeUMYIIEeCTBa, OJHAKO B psje ciydaeB padorta ¢ 2D-o0bekTamMu oka3blBaeTcsi 0ojiee ObICTPBIM U
HSKOHOMHYHBIM crIocoOoM. TumuyHble 00JacTH, A1 KOTOPhIX 2D-MoIX0a Mo-npexHeMy SBISIETCS
BechbMa (PPEKTUBHBIM — 3TO JICKTPUKA, TUIPABIMKA U T.IL., TJe HEOOX0auMO co3znanue 2D-cxem.
CroJ1a sxe MOKHO OTHECTH 33/1a4y pa3MelleHus: 000pyJ0BaHuUs B IieXe (IUIAHUPOBKH).

2D-nonxon 0co0eHHO YJ0OEH C TOUKHM 3pEHUs! UCIIOIb30BAaHUSI PAHEE HAKOIUIEHHBIX JaHHBIX.
Mmnorue npennpusitus rogamu pumeHsuin CAD-cucremsl U co3nanu Teicsun yeptexeid. VHTemnexTy-
AJTbHBIM MOTEHIMAT W 3HAHUS, OBEIIECCTBIECHHBIE B ATUX YEPTEKaX, JODKHBI HalTH CBOE IPUMEHEHHE.
MHorue npoekTsl SBISIOTCA BapUaHTaMU yX€ CYLIECTBYIOIIMX MAIllMH, B KOTOPBIX MEHSIOTCS TOJIBKO
HEKOTOpbIE cerMeHThl. He uMeer cMbicia nepenpoeKTUpOBaTh MAIIMHY TOJBKO /I TOrO, YTOObI BBIITY-
CTUTbH €€ HOBbII BapHaHT. [103TOMyY HaKoIMIeHHbIE JaHHBIE CTOMT 00padarkiBaTh B 2D-cucremax, a B 3D-
CHCTEMaX OCYILIECTBIISITh HOBBIE IIPOEKTBHI.

TunuYHAA MAIIMHA COCTOUT U3 HECKOJIbKHX COTEH MU Thicsid Aetaneil. CAD-cucrema
JA0JIZKHA OBITH CIIOCOOHA 00padaThIBaTh TaKHe CI0KHbIE COOPKH, COXPAHSs NPH 3TOM J0CTa-
TOYHYI0 NPOM3BOAUTEIBHOCTb. T01bK0O B 3TOM ciay4yae CAD-cucreMmy MOKHO MCIOJIB30BaTh
st pazpadorku ooopynoBanus. Ecaiu CAD-cucrema He ofecneunBaeT HEOOX0AUMO MPOU3-
BOJIMTEJIBHOCTH, TO € €€ NOMOIIBLI0 MOKHO NPOBOAUTH AHAJM3 NMPOEKTHPYeMOH MAIIWHBI
TOJILKO 10 YaCTAM WJIH OTAEJbHBIMH y3JaMH. B 3ToM ciy4yae Tepsitorcsi npenmyiecrsa 3D-
NPOeKTHPOBAHUS.

[Ipyu NpoeKTUPOBAHUU CIIOKHBIX Y3JIOB MOJIb30BATEIN0 HYKHBI HaI€KHBIE HHCTPYMEHTHI BH-
3yanu3auu s 3QPEKTUBHOIO 0TOOpa)keHHs MPOEKTa. ITO HEOOXOIUMO Ul KOHTPOJIS mepece-
YCHUN U CTOJKHOBEHHMH JETalled, NOSBICHUE KOTOPBIX IPU INPOCKTHUPOBAHUU BO3MOKHO H3-3a
CTpEMJIEHUS] K KOMIIAKTHOCTH M3Jesus. Takue MHCTPYMEHTHI MO3BOJISIFOT OOHApYKUTh OIIMOKH Ha
PaHHMX DTANax NPOCKTUPOBAHUS.

CAD (Computer Aided Design) —konctpykropckue CAITP
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YcnemHoe pa3BUTHE COBPEMEHHOr0 OM3HeCa HEMbICAMMO 0e3 KOMILIEKCHOH aBTOMa-
TH3allMH, OCHOBOIl KOTOPOii sIBJIsieTC NMPHUMeHeHHe HOBeHIIMX MH(OPMALMOHHBIX TEXHOJI0-
ruii (UT). [locnennee necarnierne XX BeKka XapakTepu3yercsi HIMPOKOIl KOMIbIOTepU3amuei
BCeX BHJOB JEATEJbHOCTH YeJ0BEYeCTBA: OT TPAJUIHOHHBIX HHTEIEKTYAJbHBIX 3a1a4
HAYYHOI'0 XapakKTepa 10 aBTOMAaTH3allMd INPOM3BOJCTBEHHOH, TOProBoil, KOMMep4YecKoii,
0AHKOBCKOIl M JPYrHX BH/JOB /IeSITeJIbHOCTH. JTOH BceoOlIell TeHAEHIUH CIOCOOCTBOBAIHU
Takue (pakTopbl, KaKk MOsIBJIeHHE H MAacCOBOE NPHUMEHEeHHe MEePCOHAIBHBIX KOMIIBIOTEPOB, a
TaK:Ke CPEACTB TEeJEKOMMYHHKAUMN M BBIYHMCJIUTENBHBIX CeTEH, B TOM YHCJEe «BCEMHPHOM
nayTuHb» — UHTEpHET. ITH (PaKTOPHI CALJAIN AKTYAJbHOH NMPodieMy pa3Butus U d¢pdek-
THBHOI0 MCII0JIb30BAHUS HH(POPMALMOHHBIX PECYpPCOB — KaK JIOKAJbHBIX, TAK M 00LIEHALNO-
HAJBHBIX U JaxkKe I100aJ1bHbIX.

CraJio SCHO, 4TO YCTOSITh B KOHKYPEHTHOH O0OphO€ CMOI'YT TOJIBKO T€ HMPEANpUsATHs, KOTO-
pble OyIyT NPHUMEHATh B CBOEH JEATENbHOCTH COBPEMEHHbIE HH(OPMAIMOHHBIE TEXHOJIOTHH.
Nmenno UT, Hapsaxy ¢ NpOrpeCCUBHBIMU TEXHOJOTHAMU MaTEPUAIBHOIO MTPOU3BOJICTBA, IIO3BOJIS-
I0T CYIIECTBEHHO INOBBICUTH IMPOU3BOAUTENBHOCTh TPyJa U KAayeCTBO BBIYCKaEMOM MpPOAYKLIMU
OJIHOBPEMEHHO CO 3HAYUTEJIbHBIM COKPAIICHUEM CPOKOB IIOCTAHOBKH HA MPOU3BOJACTBO U BBIITYCKa
HOBBIX, 00JIee COBEPUICHHBIX M3/EHH, OTBEUYAIOLIUX 3alIPOCcaM U OXKHUJIAHUSIM [TOTpedUuTenen.

OpHako B TOT e Nepuo ObUIO OCO3HAHO, YTO YacTUYHas, (hparMeHTapHasi KOMIbIOTEpH3a-
1Sl OTJENbHBIX BHJIOB MPOU3BOJCTBEHHON MAESITEIBbHOCTH, OYIy4yd NEJIOM JOpPOTOCTOSIIIMM, HE
OIPaBJbIBAECT BO3JIArAIOIIMXCS HAa HEE HANEXKJ. JTO CBA3aHO C TEM, YTO IepBble peanusauuu UT
NPEJCTaBIsUIN COOOM MONBITKY BHEIPEHUS KaUeCTBEHHO HOBBIX CPE/ICTB B TPAJAULMOHHYIO TE€XHO-
JIOTUYECKYIO Cpeny.

OTHU NONBITKU JUO0 MOTHOCTHIO OTTOPTAIUCH, JINOO «aJallTUPOBATIUCHY K 3TON Cpelie TaKUM
o0pa3oM, 4To 3(PPeKT OT UX MCHOIb30BaHUSA ObLT HeBeIHMK. [IpruMepaMy TakuX MOMBITOK MOTYT
CILyKWTb:

— MHorouucieHHsle ACY, poiap KOTOpPBIX CBOJAWJIACh K ABTOMATH3alMH IMPOCTEUIIHNX
YUETHBIX U OTYETHBIX (PYHKIIHII;

— xkoHcTtpykTopckue CAIIP (CAD — Computer Aided Design), 3ameHsBIINE YEPTEKHYIO
JIOCKY U KyJIbMaH 5KpaHOM JHCILIEs;

— Ttexuosiornueckue CAIIP (CAM - Computer Aided Manufacturing), oGyer4aBimme moJ-
TOTOBKY TEXHOJIOTMYECKOHN JOKYMEHTALMH U YIIPABJIAIOIINX IPOrpamMm s cTaHkos ¢ YUITY;

— aBTOMAaTHU3MPOBaHHBIE CHUCTeMbl HWHKeHepHbIXx pacuetoB (CAE — Computer Aided
Engineering) u T.1.

Bce 3T cpeacTBa co31aBaTMCh HA Pa3IHYHBIX BHIYMCIUTEIbHBIX IJIATGOPMAX, B pa3-
JIMYHBIX fA3BIKOBBIX Cpelax M, KaK NMPaBHJI0, ObLJIM HECOBMECTHMBI MEKIY C000M, YTO mpea-

onpeaeasyio iX aBTOHOMHO€ MCII0Jb30BaHHE C HCOﬁXO}lI/IMOCTLlO MHOFOKpaTHOﬁ NMEepeKoanu-
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POBKH IOJ4YaC OAHOM U TOM ke HH(POpPMALMHU VI BBOJa ee B TY WM HHYIO cucTremy. Illomumo
Pe3Koro BO3pacTaHHsi 00beMOB PYTHMHHOIO TPYAa, 3TO NPHUBOAWIO K MHOIOYHCJEHHBIM
omMOKaM M, KaK CJIeACTBHE, K CHUKEeHUI0 3P (PeKTUBHOCTH CHCTEM.

BMecTe ¢ TeM, ONbIT, HAKAIUIMBABLIMICS B Mpolecce CO3JAaHUA M Pa3padOTKH aBTO-
HOMHBIX CHCTEM, 0KA3aJICSl MOJIE3HBIM: OH MO3BOJIWJ OCO3HATH HE0OXOAUMOCTH MHTErpanuu
cucreMm, peajusyroumux pasanudbie UT, B eqMHbIH KOMILIEKC, KOTOPbIi B 0Te4eCTBEHHOM
TeXHUYeckol Juteparype nojayun HazBanue UACY — MuterpupoBaHHasi ABTOMATH3UPO-
BanHast CucreMa YpaBjeHusi, a B aHI10s13bI4Hol uTeparype — CIM (Computer Integrated
Manufacturing).

[lepBonayanbHo nosiBiaenue u BHeapenue MACY (CIM) ogHO3HAUYHO CBSI3BIBAJIOCH C BBICO-
KOAaBTOMATH3UPOBAHHBIMU MTPOU3BOJICTBEHHBIMUA KOMIUICKCAMH THITA THOKMX aBTOMATH3UPOBAHHBIX
MIPOU3BOJCTB U JaXe MOJHOCThIO aBTOMAaTU3UPOBAHHBIX Npeanpusatuil. OaHako nanbHeiiee pas-
BUTHE TOKa3ano nenecoobpasznocts BHeapeHus MACY Ha npeanpusTusx ¢ yMepeHHbIM YpOBHEM
aBTOMATHU3alMM TEXHOJIOTHYECKUX MporieccoB. CyLIECTBEHHBIM OKa3ajloCh CO3/IaHHE B paMKax
OPEANPUATHS €AMHOTO WH(POPMAIMOHHOTO MPOCTPAHCTBA MM MHTETPHUPOBAHHON HMH(MOpPMAIHOH-
Hoit cpensl (MUC), oxBarbiBatomeil Bce 3tamnbl sxu3HeHHoro mukia (AKIL) Beimyckaemoi 3TuM
MNPEANPUITHEM POAYKIIUH.

Pa3BuTne CoOBpeMEHHOW MHPOBOW SKOHOMHUKH CTABUT NEpE] MPEANPUITHUAMHU 3a1ady 3KO-
HOMHH BCEX BHUJIOB PECYPCOB - MAaT€pUATbHBIX, HHTEIUICKTYaJIbHBIX, MHPOPMAITMOHHBIX U BPEMEH-
HBIX, MPUBJIEKAEMBIX IS peaju3alli KOHKPETHOTO MPOEKTa WM MPOrpaMMbl Ha BCEX CTaAMSIX
JKU3HEHHOTO IUKJA M3AETUH, OT pa3pabOTKU U MPOM3BOACTBA O MOJEPHHU3AINHA U YTUIH3AIUH.
JlaHHBIN aceKT MpeanoaraeT Takke YCKOpeHHe JeHCTBUI U CO3/laHue YCIOBHM JIst 00Jiee TeCHOM
KOoIlepaluy Npou3BoauTeNe. B coBpeMeHHbIX ycnoBusAX HH(pOpMaIHs cTajga OCHOBHBIM TOBAPOM.

[Ipon3BOACTBO CIIOXKHOM HAYKOEMKON M BBICOKOTEXHOJOTMUHON MPOIYKIMU HEBO3MOXKHO
cerojHs 0e3 obecrieueHus ee MHGOPMAIMOHHON MOJAEPKKH Ha BCEX CTaAMAX KU3HEHHOTO IHKIIA.
WNudpopmannonHasi mogaepxKKa — 3TO LEeNbli KOMIUIEKC BOIMPOCOB, BKIIOYAIOIINNA aBTOMAaTH3ALUIO
MIPOLIECCOB MPOEKTUPOBAHUSI, OOECIIeUeHNEe TEXHOJOTHYECKUX MPOIECCOB MPOM3BOJCTBA, aBTOMa-
THU3AIUIO YNPABICHYECKON NESITEIbHOCTU MPEANPUSATUH, CO3/IaHUE IJIEKTPOHHOM 3KCIUTYaTallOH-
HOH JIOKYMEHTAIlNH, BHEIPEHNE aBTOMAaTU3UPOBAHHBIX CUCTEM 3aKa3a 3alacHbIX 4acTeil u T. 1.

HNnes UUC n undpopmannonnoit unrerpauuu craguii 7K1 crana 0a3oBoil npu BeIpa-
0otke moaxona, mojayuuBmero B CIIIA na3zpanue CALS (Continuous Acquisition and Life
cycle Support — HenpepbIBHasi HHGOPMAIIMOHHAS TOIEPKKA MOCTABOK W KU3HEHHOTO IUK-
Ja).

Buenpenne CALS-TexHosioruii Tpedyer OOJBIINX YCHINNA CO CTOPOHBI Pa3pabOTUYUKOB U
IIEpCOHAJIa IPEANPUATHS, a TAKKE BECbMa CYLIECTBEHHBIX 3aTPAaT MAaTEPUAIIbHBIX, TPYIOBbIX, Bpe-

MEHHBIX M, KakK CIIeIcCTBUE, (DMHAHCOBBIX pecypcoB. I'enepanbHas 1ens BHeapeHuss CALS-
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TEXHOJIOTUI: T0OUTHCS MOBBIIICHUS 3(P(HEKTUBHOCTH M KOHKYPEHTOCHOCOOHOCTH MPEANPHUATHS 32
CYET CYIIECTBEHHOI'O COKpAIIEHUs CPOKOB OCBOEHMS MPOM3BOACTBA HOBBIX M3JENIHN, YIy4ILIECHUS
KauyecTBa dTUX U3JEIHM U TeXHUYECKOU (B T.4. IKCIUTyaTallMOHHON M PEMOHTHOM) JOKyMEHTAINH,
MIPEJICTaBIsIEeMON B COBPEMEHHOM 3JIEKTPOHHOM BHJE, 00eCIeueHus] BHICOKOTO YPOBHSI CepBUCA U
JIOTUCTAYECKOU MOANECPKKH HA ITOCTIPOU3BOACTBEHHBIX cTanusax JKLI.

[To nocTmkeHun 3TOW LENIH NPEANPUSITHE CMOXKET 3aHATH JOCTOMHOE MECTO Ha PBIHKE
HAayKOEMKOW BBICOKOTEXHOJIOTUYHOW MPOAYKLUUHU B IOJHOM COOTBETCTBUHM C COBPEMEHHBIMH Tpe-
OOBaHUAMHU, IPEIBABIAEMBIMU OTEHIUATBHBIMU OTPEOUTEIISIMHU, B OCOOEHHOCTHU 3apyO0eKHBIMHU.

Y4uuThIBas OrpaHUYEHHOCTh PECYPCOB U OTCYTCTBHE OIBITA Pean3alliy MOJTHOMACIITaOHbBIX
MPOEKTOB TAKOW CIOKHOCTH, MOXHO YTBEPXKIaTh, 4YTO C(HOPMYITUPOBAHHAS T€HEPAIbHAS 1I€TTh MO-
XKeT OBITh IOCTUTHYTA TIOCPEACTBOM MOITAITHON pealn3aluy JIOKAIbHBIX, YACTHBIX LEJeH, JTornye-
CKHM M METOJUYECKHU MTOAYNHEHHBIX T€HEPATbHOM.

Knaccupuxauus CAIIP

AKTyallbHOM 3a/1aueid SIBJISICTCS 110 BO3MOKHOCTH 00Jiee MOJHAsh aBTOMATH3alUs TPYI0EeM-
KHX IIPOLIECCOB, BCTPEUAIOLINXCS NPU IPOEKTUPOBAHUN KOHCTPYKIMI. OTcrona 0oubliioe pa3Ho00-
pa3ue CUCTEM aBTOMATHU3MPOBAHHOTO MPOEKTUPOBAHUSA HA KAXION U3 CTaIuil CO31aHUA OOBEKTa.
CymectByert cneayromas knaccudukanus CAIIP:

1) mo ypoBHI0 popMaIM3anMu peliaeMbIX 3a1a4 — CHCTeMbl, IOCTPOEHHbIE HA TOJIHO-
cThI0 hopMaIM3yeMbIX METO/IaX pellleHHs MPOEKTHBIX 3a/1a4; BelyllHe NMPOeKTHbIe padoThl,
He MOAJANIHecs MOoJHON (opMaM3aluy; OpraHu3youe NOUCK pemenus HegopmMaiausye-
MBIX 32/124;

2) 10 (PyHKIMOHAJIBLHOMY HA3HAYEHHIO — CHCTEMbl PACYeTHO-ONTUMHM3ALMOHHBbIE; IPa-
(pryeckue; aBTOMATH3HPOBAHHOIO NMPOEKTHPOBAHMS KOHCTPYKLMIi; rpadoaHauTHYecKue;
NMOATOTOBKH TEXHUYECKOH NOKYMEHTAaluHM; 00padoTKH PpPe3ybTATOB IKCIEPUMEHTAJIBHBIX
HCCJIeJOBAHNI; NHPOPMALMOHHbIE; TEXHOJOTHYEeCKOH MOATrOTOBKH NMPOrpamMM JJisi CTAHKOB
qIry;

3) no cneuMaJM3aluu — CUCTEMbI CIeNHAJIU3UPOBAHHbIC U HHBAPUAHTHbDIE;

4) M0 TEXHUYECKON OPraHu3alMy — CHCTEMBbI ¢ HEHTPAJbHBIM NPOLECCOPHBIM YIPaB-
JIeHHeM, KOMILUIEKTyeMble aBTOMATH3MPOBAHHBIMH Pa00YMMH MeCTaMHM KOHCTPYKTOpPA
(APM) ¢ coOCTBEHHBIMH BbIYHUCIUTEIbHBIMHI PeCypCcaMHu.

Bce coBpemennbsie CAD/CAM/CAE cucreMsbl B 3aBHCUMOCTH OT pelliaeMbIX UMH 33124
MOKHO Pa3/ie/IUTh Ha JBe IPYINIbI: CIeNUATU3NPOBAHHBbIC H YHHBEPCAJIbHbIE.

Crennanu3upoBaHHbIE MPOTrPAMMHBIE KOMIUIEKCHI MOTYT MCIOJIb30BaThCsl KAK aBTOHOMHO,
TaK W BKJIIOYAThCSl B COCTAaB YHUBEpPCaIbHBIX cucTeM. [1o GpyHKIIMOHATFHOMY MpPU3HAKY OHH KJlac-
cuumpyroTcs Ha:

— mnporpammsl 1iist Tpadudeckoro (CAD) siapa cuctemsl (Parasolid — Unigraphics, Sol-
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id Edge, Solid Works, ACIS - ADEM, AutoCAD);

— cucremsl s pyHknuoHanbHOTO MoaenupoBanus (CAE, peanusyromme metos Ko-
HEUYHBIX AJIEMEHTOB, KOTOPHIE, B CBOIO OYEPE/Ib, TAKXKE JIEIATCA Ha CUCTEMBI OOIIETO MpUMEHE-
Hus (NASTRAN, ANSYS, COSMOS/M u ap.) U npoOIeMHO-OpUEHTUPOBAHHBIE CHUCTEMBI
(ADAMS, MARS u ap.);

— CHCTEMBI JJIsl MOJArOTOBKHU YIPABJIAIOIIMX MIPOTrPAMM JJIsi TEXHOJIOTHYECKOTO 000py-
nosanust (CAM) (Gemma 3D, CAMWorks u ap.).

— VYHuBepcallbHblE CHUCTEMBbI MpEeAHA3HAUYCHBI JJIs1 KOMIUIEKCHOW aBTOMAaTH3alluu Mpo-
[IECCOB MPOEKTUPOBAHMUSA, aHAIN3a U MPOU3BOJACTBA MPOAYKLIHUU MAIIUHOCTpoeHUs. B 3aBucu-
MOCTHU OT (PYHKIIMOHAJIBHBIX BO3MOKHOCTEH pa3Iu4aloT CUCTEMBI:

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

— cpenanero yposus (Solid Edge, SolidWorks, Cimatron, T-Flex) u

— Bbicokoro yposus nonHomaciradbusie (CATIA, UNIGRAPHICS, Pro/ENGINEER).

Cienyer 0TMETHTB, YTO BpeMsl He CBSI3AHHBIX APYT € APYroM NPOrpaMM M CHUCTeM, aB-
TOMATU3HPYIOIIUX OTAebHbIE 3BeHbSI TEXHOJIOTNYECKO 1enu MPOU3BOACTBA, KaK 3TO ObLIO
HAa 3ape KOMIbIOTEPHOIl 3pbl, npouLio. Tenepb mosib3oBaTenb-npodeccuoHan Tpedyer oT
Pa3padoTYNKOB MPUKJIAJAHBIX MPOrPAMMHBIX MPOAYKTOB 3aKOHYEHHBbIE pelleHus, odecneyu-
BalolIMe CKBO3HYIO TEXHOJIOTHIO B PAMKAX eINHON MHTErPUPOBAHHOM CHCTeMbl ABTOMATH3H-
POBAHHOIO NMPoeKTHPOBaHHUsA. Takoii MoaX01 MO3BOJIsIET MOAETUPOBATH M3/leJie HA KOMIIbIO-
Tepe W BbIIaBaTh B MPOM3BOJACTBO rOTOBbIE ONTHMAJIbHbIE PellIeHUsl MyTeM mnepedopa 60Jb-
IIOr0 YHCJIa BAPHAHTOB HA JTamne MPOeKTHPOBAHUS U TAKHM 00pa3oM B HECKOJILKO pa3 co-
KpalaTh BpeMsi BbIIIYCKA FOTOBOI0 M3/1eJIM.

YroObl COCTaBUTH IMpPEJCTABICHHE 00 MMEIOLIMXCS B HACTOsIEe BpeMs MPUKIAJHBIX Hpo-
TPaMMHBIX TPOJYKTaX, PACCMOTPUM CTPYKTYpPY M BO3MOYKHOCTH HEKOTOPBHIX COBPEMEHHBIX 3apy-
OeXHbIX M oTedecTBeHHBIX HHTerpupoBaHHbIX CAD/CAM cucrem. Haunem c cucreM HHM3KOTO
YPOBHS.

Ecnu HeoOxoauMo paboTaTh ¢ YepTeskaMH MPOCTHIX M3/ETHNA, KOTOPBIE MOCIE BBITYCKa U3-
JIeNusi, CKOpee BCEro TMONAYT B yTHIIb, HITH €CIIA HYXXHO NMPEHMYIIECTBEHHO padoTaTh C yKe roTo-
BBIMH YEPTESIKAMH M 3aHUMAThCS UX KOHTPOJIEM WM O(POPMIICHHEM, TO BIIOJHE MOKHO OOOWTHCH
0€3 MHCTPYMEHTOB MapaMeTpU3allii, HO €CIM 3TH JOKYMEHTHI Iepe/laloTCs B CpeIHUE WM TSKe-

asie CAIIP, napameTpu3arnus >kenaTesbHa.

CAD-cucremsl Hu3koro ypoas Autodesk Mechanical Desktop (AMD)

Autodesk Mechanical Desktop mpoaykt amepukanckoi komnanun Autodesk — oObeauHsIET

HOBBIE€ BEPCUU HECKOJIBKUX MMPOTrPAMMHBIX MTPOIYKTOB:
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— AUutoCAD - 6a30BbIii rpaduuecKkuii MakeT, BKIOYAIOUINA TBEPAOTEIbHOE MOICIHPOBA-
HUE;

— AutoSurf 3.0 - MmogenupoBaHue OAHOPOJHBIX U HEOJHOPOIHBIX TPEXMEPHBIX TOBEPXHO-
CTEl;

— AutoCAD IGES - tpancastop obmena daiinamu rpadMuecKux JaHHBIX C IPYTUMHU CH-
cremamu CAIIP.

Nneonorus pa6orsl B AMD 6a3upyercss Ha MCIIOJIb30BAHUM NTAPAMETPUYECKUX 00beK-
TOB. OCHOBY TaKOIr0 00beKTa COCTaBJIsieT HA0OPOCOK, BbINOJHEHHbIH cpeacTBamu AutoCAD —
BH/I M3/1eJIusl, Han0oJiee MOJHO OTPaKAIIMA Oyaylyl0 KoHCTPpYyKiuio. B nanbueiimem AMD
OTKOPPEKTHPYeT 3TOT HAaOPOCOK-3CKM3. JMHUU [TOYTH BEPTUKAIbHbBIE WM MOYTH TOPU30HTAIb-
HbIE€ CTAaHYT TAKOBBIMHU, [I0YTH COOCHBIE OKPY’KHOCTH CTaHYT COOCHBIMM U T.1. KoHCTpyKTOpY OCTa-
€TCsl JINIIb BHECTH JOIOJHUTENbHbBIE JIOTUUECKUE CBA3H MEXKIY OTICJIbHBIMHU 3JIEMEHTaMH 3CKH3a
WIA U3MEHUTh TE, KOTOPbIE CHUCTEMa BHECIA caMma, a TakKXe IMPOCTaBUTh HEOOXOAUMBIE pa3Mephbl
win 3aBUCUMOCTU. OHU MOTYT OBbITh 3aJjaHbl B BUJI€ KOHKPETHBIX 3Hau€HHH, GOopMyJI; 3HaYEeHUs
OJTHUX MapaMETPOB MOTYT OBITh BRIPAKEHBI Ue€pE3 IPYTHE; MapaMEeTPhl MOTYT OBITh TII00ATEHBIMU —
B 3TOM CJIyyae OHU JIOCTYIIHBI /Ul BcexX pa3palaTeiBaeMbIx Aetaineil. i3menenue nodoro pazmepa
HOPUBOAUT K MOIUGHUKAIMU BCEH KOHCTPYKLUH, a HE TOJIBKO OTICIBHOIO 3JEMEHTa, Kak ObUIO B
AutoCADe 0Oonee paHHUX BEpCHIA.

[Tocne Toro, Kkak 3CKU3 HApUCOBAH, NMPUCTYMAIOT K pa3paboTKe TBEPAOTEIBHON MOJEIH.
"Teso" odpa3yercs 60 "BblIaBIAMBaHueM' ICKHM3a B TPeThe U3MepeHue, JH00 BpallleHueMm,
Ju00 ero mepeMeinieHMeM BI0JIb 3aJaHHON KpuBOiH. B nanbHeiimem 0a30BbIil 3J1eMEHT KOH-
CTPYKIMHM MOKHO ¢ IOMOIIBIO JTOTHYeCKHUX (0y/IeBbIX) onepanuii 00beJHHUTDH C JPYTHMH Jie-
TAJIAMH HWJIH, HA000POT, YAAJUTH OTAeJdbHbIe YacTH. HaObpocok cTpouTcss B ompeneseHHOM
IUIOCKOCTH, YTO IOMOTaeT JO0CTpauBaTh MOJENb, U3MEHITh BHEIIHUM BUJ M1000i aeranu. Hekoro-
pble KOHCTPYKTHBHO-TEXHOJIOTMYECKHE AJIEMEHTHI ((acKku, CKPYIJIEHUS, OTBEPCTHUS MO OOJTHI —
CKBO3HBIE U TIIyXU€, I K1e, 36HKOBaHHBIE, [10J TOJIOBKY BIIOTal, pe3b00BbIE) MOTYT OBITH BHECE-
HbI HETIOCPEJCTBEHHO B TBEPAOTENbHYI0 Mojeb. Kax/plil BEIOpaHHBIN AJIEMEHT OTOOpaXkaeTcsl B
OKHE JTMasiora, rJie HarjsJHO MOKa3bIBaeTcs, Kakhue U3MEHEHUS MPOU30MIYT MOCTIE €ro BHECEHUS B
KoHCTpyKLuto. IlocTponB TBepAOTEIbHYI0O MO/Ie/Ib, KOHCTPYKTOP MOKeT ONpeleJIuTh ee Mac-
cy, IUIOIIAAb NOBEPXHOCTH, MHEPLHOHHBIC XaPAKTePHUCTHKH.

AMD npennaraer npocToldi MEXaHW3M IOJIYYEHMS OTIEIBHBIX BHJIOB, Pa3pe30OB, CEYEHUU
rOTOBOM TBepAOTEIbHOW Mojenu. Jlro0oe u3MeHeHne pa3Mepa B MOJEIU OTPA3UTCS B YepTeXe, U
Hao00poT. Mcnonb30Banue rio06anbHBIX MapaMeTpoB MpH 00pa3MEepHUBAHUN MOJIENH TO3BOJISIET CO-
3/1aBaTh BAPHAHTHI OJTHOTUITHBIX COOPOYHBIX Y3JIOB.

AMD o0ecnieunBaeT Tak:ke B3aUMOAeCTBUE TBEPAbIX TeJ ¢ MOBEPXHOCTAMH U (op-

MHPOBaHHEe COOPOYHOI KOHCTPYKIMM HA OCHOBE OTJeJbHBIX JeTaseil. Onepanus cOOPKHU 1Mo-
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X0Ka Ha Ty, KOTOpPasi MPUMEeHsIeTCs HA MPAKTHKe: HA JKPaHe MOHMTOPA, KAK HA CTOJIe, BbI-
KJIAJIbIBAETCH He00X0AMMoOe KOJUYeCTBO jJeTalieii, KOTOpble He00X0AMMO BKJIYHUTH B COO-
pounblii y3en m3aeaus. Kaxaas nerajab npH 3TOM XapaKTepH3yeTcs NMPOCTPAHCTBEHHBIMHU
creneHsimu cBo0oabl. IlepBasi siBjsieTcss 0a30BOM, K Hell MOJCOEIMHAIOTCS BCe OCTAJbHBIE.
Ilocse TOro kak Bce €TajM YCTAHOBJIEHbI HA CBOM MeCTa, KOHCTPYKTOP MoJIy4aeT cOopoy-
HbIIl YepTe:K BCEro y3ja B Pa3sHbIX NMPOEKIUAX ¢ HEOOXOAMMBIMHU pa3pe3aMu U CeYeHHUSIMHU.
JIOTIOTHUTETHFHO MOYKHO CO3/1aTh CHEU(UKAINIO Ha 3TOT COOPOYHBINA YEPTEXk C aBTOMATHUYECKUM
BKJIFOUCHHEM BceX nerajeit coopku. [Ipu renepupoBannu pabovux 4epTeKel MPOUCXOJIUT aBTOMa-
TUYECKOE yIaJICHUE MTPUXOBBIX U HEBUIUMBIX JIMHHH.

Paboune ueprexu MOTYT OBITH MOJYYEHBI B CTPOIOM COOTBETCTBHH C MEXITyHApOIHBIMHU

npoMbiluieHHbIME cTannapTamu u ECK/I.
OcHoBHbIe cBoiicTBa mporpammbl AutoCAD 2020:

— PaGora ¢ MHOXeCTBOM JTOKyMEHTOB. OTKpbITHE HEOTPAaHUUYEHHOTO KOJIMYECTBa (hailioB
YEPTEKEH;

— B03MO0XXHOCTh OIHOBPEMEHHOM pabOThl C HECKOJIBKUMU YEPTEHKaMU, KOTUPOBAHUE 00b-
€KTOB U Pa3JIMYHBIX CBOMCTB U3 OIHOT'O YEPTEKa B IPYroi;

— OrtxkpsiTHe ¢aiina ¢ BHIOOPOYHON (YaCTUYHOM) 3arpy3KOi CJI0O€B M BHJIOB YepTeka Jis
YCKOpEeHHUs pabOoThl IPOrpaMMBl;

— HWncrpyment — AutoCAD DesignCenter, mo3BoJIsieT J€TKO HAXOAUTh HYKHbIE JJaHHbBIE B
¢aiinax, KONMPoOBaTh pa3IUYHbIE CBOWCTBA OOBEKTOB, CTHIIU, JaHHbIE U3 OJHOTO (ailna B Apyroi
0€3 OTKPBITHS UCXOIHOTO (aiina;

— B03MOXXHOCTBh CO3/1TaHMSI HEOT'PAaHUYEHHOI'0 KoyimdyecTBa jucToB (Layout) B mpocrtpan-
ctBe aucrta (Paper Space) /i BeInonHEHUs YepTekel, BUJOB, BBIHOCOK U T.A. B onHoM ¢aiine mo-
xeT xpanutbes 3D-mozaens (Model Space) u Heckombko mmockux yeprexeit (Layoutl, Layout2,....)
C pa3IMYHBIMU HACTPOIMKaMHM JUIs BBIBOJIA YepTEeKeH HA pa3HbIe NeYaTalone yCTPOHCTBa;

— PenmaktupoBaHue BHEIIHUX CCHUIOK U 0J0K0B Tipsimo Ha mecte (In-place Xref and Block
Edit). [To3BonsieT peqakTHpOBaTh BHEIIHKWE CCHUIKM M OJOKH, HaXOAsIIMecs BO BHEIIHUX (aiimax
0e3 ux 3arpy3ku!

— CpencrBa NpuBA3KH OOBEKTOB, 3HAYUTEIBHO YCKOPSIOUIME padOTy U yMEHbLIAIOIIHNe
KOJIMYECTBO BCIIOMOTATEIbHBIX MOCTPOCHUNH. DTH BO3ZMOXKHOCTU paHee ObLIN JOCTYMHBI TOJIBKO C
noMoIsio nakera Genius;

— MexanusMm u3MeHeHHs CBOWCTB 00bekToOB (Object Property Manager), mo3Bomisonuii
OBICTPO M YJOOHO MEHSTH JI0ObIe CBOMCTBA M XapaKTEPUCTUKH OOBEKTOB yepTeka. s BbiOOpa
00BEKTOB 100aBIEH (PUIBTP, YCKOPSAIOMIMNA TOMCK MPUMHUTHBOB T10 HYKHBIM KPUTEPUSIM;

— Ilonw3oBarensckue cuctembl koopauHaT (UCS) MOTYT MMETh pa3HYIO OpPHUEHTAIUI0 B
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Pa3IMYHBIX BUJOBBIX SKpaHaX, YTO 3HAYUTEIHHO 00JIeryaeT paboTy ¢ TPEXMEPHBIMU O0HEKTaMHU

— Lineweights — nuHHsAM MOXHO 3a/1aBaTh HEOOXOAUMYIO TONIIHHY. [ TeX, KTO HE XO-
4yeT oToOpakath TonuHy JuHui B AutoCAD (1 paboTaTh Kak paHbIIIE), €CTh BO3MOXXHOCTh €€ OT-
KJIFOYEHUSI B CTATyCHOM CTPOKE;

— ViydiieHsl KOMaHbl IPOCTAaHOBKHU pa3MepoB Ha yeprexax. Komanaa aBTOMaTH4ECKOTO
oOpa3MepuBaHus paHee OblIa JOCTYITHA TOJBKO C MOMOIIBIO makeTa (Genius, Temepb OHA BXOJUT B
saapo AutoCADa;

— Database connectivity — cBs3b rpaduueckux 00bEKTOB ¢ BHEIIHMMHU 0a3aMH JaHHBIX C
MPUMEHEHHUEM CIEeIHaIbHOT0 Opay3epa;

— Jlns pa3paborunkoB mnpuioxeHuit — BcrpoeHHbId Visual LISP, IMlomnepxkka VBA,

ObjectARX.
CucremHble TpeOOBAHUS:

— mnpoueccop Pentium-133 wmwu BeIe;

— 32 Mb RAM munumywm, 64 Mb ninm 6osbie peKOMEHIyeTCs;

— 107 Mb Ha xecTKOM JMCKe TP MUHUMAJIbHON KOH(UTYpaLuy;

— 158 Mb Ha xecTKkoM JUCKe IIPU MOJIHON KOH(UTrypanuu;

— 64 Mb muHuMyM B (aiine noJKauKH;

— BHJIEOKApTa U MOHUTOP, 0OECTICUNBAIOIINE pa3peIIeHHE;

—  wmuHuMyM 800x600, pexomennayetcst 1024x768;

—  Windows 10.

AutoCAD 2020 npeanaraer cpeacTBa ABYXMEPHOI'O MPOEKTUPOBAHUS U O(OPMIIEHUS uep-
TeXeH, a TakKe yJ00HbIe MHCTPYMEHTHI TBEPAOTEILHOTO MOJIeTMpoBaHus. HoBeiiie TeXHOIOTHH,
3aJI0’KEHHBIE B ATOU cUCTEME, 00eCIeurnBalOT 3P PEKTUBHYIO KOJUIEKTUBHYIO pabOTy HaJl IPOEKTOM
C Y4E€TOM CTaHJIapTOB MPEINPUATHUS U PA3INIHBIX METOI0B IPOCKTUPOBAHUSI.

AutoCAD 2020 u Beime ¢pupmbr Autodesk Inc. — ynoben aist 2D-depuenust u pa3paboTKu
Ha ero 0Oase cneunanusupoBanHbix CAIIP. TBepaoTenbHOE MOAETUPOBAHNE OCTAETCS TPYIOEMKUM
U B KaKOW-TO CTETICHN OECIOJIE3HBIM, TaK KaK HET BO3MOXKHOCTH TTOJTyYEHUs POSKIINH TPUMHUTHBA.
Obneryaer cutyaruto Hajactpoiika AutoCAD Mechanical Desktop nnu HOBasi cuctema Autodesk
Inventor.

HecmoTpst Ha TO, uTo mporpammel cemeiictBa AUtOCAD sBISIOTCS OTHUMH U3 CaMbIX pac-
IIPOCTPAHEHHBIX MporpamMMm B Poccuu, OHM MMEIOT OJMH OO HETOCTAaTOK, BEChMa BAYKHBIM TIPH
paboTe: KOMaH/IHYIO CTPOKY, B KOTOPYIO MOJIb30BaTENb JIOJKEH BPYYHYIO BBOAUTH KOMaH/Ibl, 3a4a-
CTYIO Ha aHIJIMMCKOM SI3BIKE.

CAD, oredyecTBeHHbIE CHCTEMBI
CADdy - paspaborka Hemenkoil pupmsl Ziegler — cKBO3Hasi, yHUBEpcallbHasi 0OBEKTHO-
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OpUEHTUpPOBaHHas cucreMa. B Hell ecTh MuIockasi U 00beMHasi rpaduka, TeKCTOBbIe H rpaduye-
ckHe 0a3bl JaHHBIX, o0ecreYnBaeTcs CTAHAAPTH3ANUS U YHH(HUKALUS NPOCKTHBIX pelleHui
HA OCHOBeE MapaMeTPHU3alHH, BbINOJIHSIOTCS THIIOBbIe HHKEHEPHbIE pacyeThbl, NpPelJaralTcs
KOMIILIOTEPHbIE APXHBBI C KOHTPOJEM M YIPABJEHHEM YepTeKHOI0 JAO0KYMEHT0000poTa.
Hmeronyecst B cCOCTaBE CUCTEMBI CPEJICTBA MO3BOJISAIOT PEIIATh OAHUMU M TEMH 5K€ MOAYJISIMU pas-
HOpOJHbIE 3a1aun. Hampumep, MOAyIM T€OMETPUYECKOTO TPEXMEPHOTO MOJEIMPOBAHUS HCIIOJIb-
3YIOTCS ISl PeIICHUs 3a7ad KOMIIOHOBKH 3JICKTPOHHBIX OJIOKOB M aBTOMAaTHUYECKUX JIMHHUHU, arpe-
raTHOTO CTaHKAa M paccTaHOBKU MeOenu. Cuctema npejsaraer Mojb30BaTEeN0 CaMOMYy CO3/aBaThb
HE00X0IMMBbIE €My NPOTrPaMMHbIE MOAYJIH.

Kpyr ucmonb30BaHus 3TOW CHUCTEMbI OYE€Hb HIMPOK: OT MH(POPMALMOHHOTO O0OecreueHus
IIPOLIECCOB YNPABJICHUSI FOPOJCKUM XO3SMCTBOM U €r0 SKCILUIyaTallld, 10 CKBO3HBIX TEXHOJIOIMH
apaMeTPUUECKOro MPOSKTUPOBAHMS U3ICIINN U TEXHOJOTHUECKUX MTPOLECCOB UX U3TOTOBJICHHUS.

CADdy pab6oraet kak B cpene MS DOS tak u B cpene WINDOWS. Hcnons3oBanue Tex
WIM UHBIX MHCTPYMEHTAIbHBIX CPEJICTB 3aBUCUT OT KOJMYECTBA 3a/ICHCTBOBAaHHBIX MOAYJEH U He-
00x0aMMOro 0obemMa HHPOPMAITMOHHOH MTOICPKKH.

Anajorom CADdy y Hac aBasiercst ""CnpyT', m03BOJSIIOIIMI TAK Ke KaKAOMY MO0JIb-
30BaTeJ0, He BJIaJeoleMy siI3bIKaMH NPOrpaMMHPOBAHNS, CO31aBATh COOCTBEHHYI0 CKBO3-
HYI0 CHCTeMY aBTOMATH3HMPOBAHHOI0 IPOEKTHPOBAHUS, B KOTOPOH MOryT ObITH 00beIHHEeHbI
pa3Hbie nHGopMauMOHHbIe cpeabl. Hanpumep, co3naTh cucTteMy MO M3TOTOBIEHUIO KAaKOT0-JIH00
y3J1a MalllMHOCTPOEHHMsI, KOTOpask coJieprkalia Obl BCe 3HAHUS O HEM - KOHCTPYKTOPCKHE, TEXHOJIOTH-
YEeCKHE, JKOHOMUYECKHE, KOTI/1a OJHOBPEMEHHO € YEPTEKAMHU U3/ KOHCTPYKTOP MOKET BBIAATH
MapLIPYTHO-TEXHOJIOTMYECKHE KapThl C YKa3aHUEM 1I€XOB, HEOOXOAUMBIX ONepalui, pa3MepoB 3a-
TFOTOBOK, 000pYy/1I0BaHUs, THCTPYMEHTA, Ipodeccuii pabounx, UX pa3psaoB, HOPM BpeMEHH U 100a-
BUTb K 9TOMY €Ill€ J)KOHOMUYECKHE PACUETHI.

OTedecTBEHHBIMH IIPEICTAaBUTEISIMU MTPOCTHIX YHUBEpCANbHBIX cucteM Thna AutoCAD sB-
JSIOTCS TapaMeTpUyuecKasl cucTeMa aBTOMATU3HPOBAHHOTO MPOEKTUpoBaHus U uepueHus T-FLEX
CAD ¢upmsl "Ton Cuctemsl" 1 ADEM — npoaykT, co3naBaeMblil U pacrpocTpaHsieMblid GpupMoit

"Omega Techologies Itd" (Poccus).

ADEM

Cucrema CAD/CAM ADEM — noiHOCTBIO WHTETPUPOBAaHHAs, YHUBEpCAJIbHAs CHCTEMa,
NpeJHa3HauYeHHas AJIs OpraHu3allii U NOJIEP)KKH CKBO3HOIO MpoekTupoBanus. Cucrema obecre-
YMBAET MOATOTOBKY KOHCTPYKTOPCKOH IOKYMEHTALlUHU, CO3/1aHUE TBEPAOTEIbHBIX T€OMETPUUECKUX
(0ObeMHBIX) MoJeNelt u3aenus U GOPMHUPOBAHUE YIIPABISAIONIMX NporpaMM Ha cranku ¢ YITY. B

cucteme ADEM BO3MO’KHBI IBE CTpaTErny MPOEKTUPOBAHUSA: OT JBYMEPHOTO (IJIOCKOT0) 3CKU3a U
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OT TPEXMEPHOU TBEPAOTEIBLHON MOJEIH.

MHOTOpYHKIIMOHATHHOCTh CUCTEMBI COBMECTHO C WHTYHTHBHO IOHSTHBIM HHTepdericom
JenaroT Bo3MOKHbIM NpuMeHeHne ADEM kak B otnenax CAIIP, Tak 1 HemocpencTBEHHO Ha MPo-
u3BojcTBe. Hamumune yueOnoi Bepcuu cucrembl ADEM for Education, npakTudecku moyTu HE OT-
JTUYAOMIEHCST OT caMOW MOCJeTHEH Mojenu Iiss mpo(ecCHOHANIOB, U MPOCTOTO €€ OMHCaHHUS Ha
PYCCKOM $I3bIKE TIO3BOJISIET €€ MCIIOJIb30BaHHE B yU4EOHOM IPOIECCe PA3INYHBIX yUeOHBIX 3aBejie-
1307078

B CAD uactu miocko-rpadgudeckuii pegakrop ADEM mo3BosisieT HCob30BaTh KOMILIEKC-
HbIE O0BEKThI, 0OCOOEHHOCTh KOTOPBIX 3aKJIIOYAETCS B ACCOLMATUBHOCTH (B3aMMOCBSI3M) KOHTYDA,
CKPYIJICHHH | IITPUXOBKHU, YTO MOBHIMALET 3(h(HEKTHBHOCTH peIaKTHPOBAHUS TpadUKH, TaK KaK CO-
XPaHSIOTCS BCE YCIOBHS COMPSIKEHUS, a IITPUXOBKA aBTOMATUUECKH OTCJICKUBACT MIPOU3OILIEIITNE
u3MeHeHus. B cucreMe peanns3oBaHbl 1Ba BUAA NMapaMeTpu3anuu: "mapaMerpusanus 0e3 mporpam-
MupoBaHusA" U "mapamerpusanus 6e3 mapamerpusanuu”. C MOMONIBIO TIEPBOTO BU/IA IMapaMeTpr3a-
LMY T10JIb30BATEb MapaMeTpU3yeT CBOW YEpTEX, MCHOJb3ys yXkKe MpocTaBieHHblE pazMepbl. Co-
3/1aB OJIMH pa3 MapaMeTPUUYCCKUN YEPTEXK, BCETa MOXKHO MOJTYYUTh MHOKECTBO YEPTEKEH U3IEITHIA
onHoro kiacca. HoBelii MeTon "mapamerpuzainus 0e3 mapamerpusanuu’ He TpeOyeT OT MOJIb30Ba-
TeNsl KaKuX-1u0o AeWcTBUN 1Mo co3aaHuio Mojenu. CucremMa camMa pacro3HAaeT CMBICH YepTexka U
MEPECTPAUBAET €r0 B COOTBETCTBUH C HOBBIMH 3HaUYEHUSAMH pa3MepoB. To ke camoe MOXHO MPOuU3-
BECTHU HAJl YEPTEIKOM, HMIOPTUPOBAHHBIM U3 JTHO00M IPYroil CUCTEMBI.

B o6bemHO-TpaduyeckoM peaakTope peaan30BaHO TBEPAOTEIbHOE MOAECTUPOBAHNE, UMEET-
Csl BO3MOXKHOCTh MCIIOJIb30BaTh Bce BUABI apPUHHBIX mpeoOpa3oBaHuii ¢ monaensmu. [lonb3oBare-
JII0 TIPEIOCTaBJICHBI IMIMPOKUE BO3ZMOKHOCTH M3MEHEHUS TOMIOJIOTHU MOJIENIU, BHIMIOJHEHUS Ha/l HU-
MU BCEX BMJIOB JOrH4ecKuX (OyJeBbIX) omepalnui, MOCTPOCHUS CIOXKHBIX CEUEHUH, pacuera reo-
METPUYECKUX XapaKTEPUCTUK Mojesiel. B penakrope Takke €cTh BO3MOXHOCTb U3MEHSTH TOUKY
3pEeHHs] Ha MOJIENb, UCTIOIb30BATh PA3IMYHbIE 1IBETA U METObI 3aKPACKH, B YACTHOCTH HAaHECEHUE
Ha TOBEPXHOCTh MOJEIHU TEKCTYPhl, © MHOTOE JIpyroe. ACCOIMATUBHOCTh KOHTYpPOB, OOBEMHO-
rpaduueckux oOBEKTOB U HalW4Ke OyJIeBBIX ONEpaluil aeT IMOJIb30BATENI0 BO3MOXKHOCTh U3Me-
HATh OOBEKTHI, BXOASIINE B 00beMHO-TPaQUUECKy0 MOJIEb, YTO JIeJaeT MPOIECC BHECEHHUS CepPb-

€3HBIX U3MEHEHUH MPOCTHIM U 3P (HEKTUBHBIM.

T-FLEX

Brimyck cuctemsr T-FLEX CAD LT B nonosnaenne k T-FLEX CAD 2D nnst 6sicTporo co-
3IaHUS YEPTEKHOM JOKyMEHTAaIMu B MOJHOM cooTBeTcTBUU ¢ ECK/] u MexIyHapoaHbIMU CTaH-
JapTamM, CTajl elle OAHUM MOATBEpXKIEHHEM cepbe3HocTH HamepeHuil ¢upmbl "Tonm Cuctemsr"

caenath cucreMy T-FLEX CAD onnoit u3 nonyinspasix CAIIP B Poccun.
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@OyHKIUHN 3CKU3UPOBaHUs, KOTopbiMU obnanaet Takke U T-FLEX CAD LT, no3BomstoT co-
3/1aBaTh OTPE3KH (IPOM3BOJIbHBIN, NTapAJUIEIbHbIN, NEPIEHANKYISAPHBIA, KacaTeIbHbIA U T.I1.), pa3-
JIMYHBIE BapUAHTBI OyT (Yepe3 TpU TOUKH, Yepe3 JBE TOUKH C 3a/laHuEeM pajuyca, C LIEHTPOM B TOY-
K€, KacaresbHas U T.I1.), IOJIHbIE OKPY>KHOCTH, aBTOMAaTU4YE€CKH HAHOCUTh OCEBbIE JINHUH, aBTOMa-
TUYECKU CTPOUTH (PaCKH, CKPYTIICHHUS U APYTHE HJIEMEHTHI.

[Ipu co3maHUM HOBBIX AJIEMEHTOB HCIOJIB3YIOTCS OOBEKTHBIC MPUBSA3KH U JUHAMHYECKUE
nonckasku. [Ipu mocrpoenun ayr aBromarudecku uxcupyrorcs yraer 90, 180, 270 rpamycos, a
TAK)K€ COBIIAJICHUE LIEHTPA IyTU C KypCOPOM I10 TOPU3OHTAIN U BEPTUKAIIH.

Cucrtema aBTOMaTHYECKU OTCJIEKUBACT COBIA/IEHUE JIBYX OOBEKTHBIX NPUBSA30K, HAIPUMEDP:
BEPTHUKAIb-TOPU30HTAIIb, NEPIEHAUKYIsAp-ropuzoHTanb U T.A4. Cuctema T-FLEX CAD conepxxur
MIOJTHBIN HA0OP YAOOHBIX CPEICTB CO3aHMsI KAUECTBEHHOM KOHCTPYKTOPCKOM JOKYMEHTAILINU:

—  BCEBO3MOJKHBIE THIIBl JMHHWHM: OCHOBHBIE, TOHKHE, IITPUXOBBIEC, IITPUXITYHKTHUPHBIC,
JBOMHBIE U T.NI. JINHUK MOTYT UMETh Pa3jIMYHYIO TOJIIUHY U LBET. imeeTcs BO3MOKHOCTB co3/a-
HUS CBOMX THUIIOB JIMHUM.

— accOUMaTUBHBIE IITPUXOBKHU, 3AJIMBKH, IITPUXOBKU 1O 00pa3iyy. MiMeercss BO3SMOXKHOCTh
CO3/1aHMSI CBOUX THUIIOB IUTPUXOBOK. DYHKIMS aBTOMAaTUYECKOTO MIOMCKA 3aMKHYTOI'O KOHTYpa 3Ha-
YUTEIBHO YIPOINACT MPOIECC 3a/JaHUsl KOHTYpPOB IITPUXOBKHU. JlaHHas (QyHKIUS aBTOMATUYECKU
00BeAMHSIET 3aMKHYTbhIE KOHTYPBI IIPH UX BBIOOpE MO OOIMM pedpaM U aBTOMATHUYECKU OTCIIEKHU-
BaeT BHYTPEHHHUE 3aMKHYThble obsacTu (ocTpoBa). B pesynbrare paboThl hopMupyercs accounua-
TUBHBI KOHTYp IUTPUXOBKH, KOTOPBIH OyAeT M3MEHATbCS NpPU M3MEHEHUU IOJIOKEHUS JTUHHUN
M300paxKeHusi, K KOTOPbIM OH IPUBSI3bIBAETCS;

— moOble TUIIBI pa3MEpOB: JIMHEHHBIE, pa3Mepbl Ha OKPYKHOCTH, YTJIOBBIE pa3Mepsbl, Iie-
IIOYKA Pa3MEpPOB, MOCIEN0BATENIbHAA LIETI0YKa pa3MepOB, JJOMaHbIi paauyc. IlomHoe cooTBeTcTBHE
ECKJl u MexayHapoJIHbIM CTaHIapTaM. ABTOMAaTHYECKUI pacyeT NpeelbHbIX OTKJIOHEHHH MO
HOMHHAJIY pa3Mepa U IOJII0 JIOMyCcKa - HHTePaKTUBHOE H3MeHeHue pasmepoB (Puc. 1).

— JIOTyCKH (DOPMBI M PACIOJIOKEHHUS MOBEPXHOCTEH, MIEPOXOBATOCTH, HAJIHUCH, TEKCTHI.
3Ha4yeHus1 JOMyCKOB (DOPMBI M pACIONIOKEHHUSI TOBEPXHOCTEH MOTYT aBTOMATHUECKH PACCUUTHI-
BaTbCs B 3aBUCUMOCTH OT pa3Mepa U TOYHOCTH.

T-FLEX CAD conepXutr (pyHKIMM KOIMHPOBAHUS U MEpPEMELIEHUs FIEMEHTOB: KOMHPOBa-
HUE, CHMMETpPHS, IUHEHHBI MacCHB, MaCCUB BpamieHus. MOKHO 3a7aTh MaclITad ¥ yroj moBopoTa
JUISL KOITUPYEMBIX 3JIEMEHTOB.

T-FLEX CAD coaepHuT crieriajibHble KOHCTPYKTOPCKUE 3JIEMEHTHI 0(hOpMIIEHUS: HaHece-
HHUE OCHOBHOM HAJIKCH, CO3/IaHUE TEXHUUECKUX TpeOOBaHUM, co3/1aHne 0003HAUCHUS HE yKa3bIBa-
€MOH IIepOXOBATOCTH, aBTOMATUYECKUN 1moaldop (opMaTKu, aBTOMAaTHYECKOE HAHECEHHE OCEBBIX
auHUAR 1 apyrue. [Iporpamma comepkutT HaOOp MHCTPYMEHTOB JUIsl YIIPOIICHUSI BBOJA U PEAAKTH-

pOBaHuA OCHOBHOMH HaATIMCHU YCPTECIKA.
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Puc. 3.1 — Ilpumep odopminenus yeptrexa B T-FLEX CAD

B T-FLEX CAD wumeercs BO3MOXXHOCTb BBOAHUTH TEKCTOBYIO HH(MOPMAIIMIO HEMOCPE-
CTBEHHO Ha I0JIe YepTeka B peabHoM pexume oTroopaxeHus (WYSIWYG). TekcToBslil pegakTop
MO3BOJIsIET paboTaTh ¢ MHOTOCTPAaHUYHBIMH TEKCTOBBIMHU JIOKYMEHTaMHU-uepTexamu. Hampumep,
MHOTOCTpaHUYHas crienupUKalys Ha U3JIEINE MOKET HaXOAUThCS B OHOM JIOKYMEHTE cUCTeMBI T-
FLEX CAD, npudem BMecTe cO COOPOYHBIM UEPTEKOM.

MoxHo konupoBaTh 2D anemenTsl uepe3 Oydep oomena Windows. ITpu konupoBaHuM BbI-
JIeNIEeHHBIX 00BEKTOB B Oydep MmoMemaercsi JAaHHble HE TOJBKO BO BHYTpPEHHEM ¢opmare, HO U
nzoopaxenne popmare Enhanced Metafile (EMF), uTo maet BO3MOKHOCTh BCTaBKU U300paKEHUS B
nokymeHnTsl Word, Excel unu mo6sie npyrue nognepxusatomue popmatr EMF.

JocTyn mosib3oBatens K JOKyMEHTaM IO/ KOHTPOJIEM CUCTEMBI YIPaBJIECHHS JOKYMEHTO-
ob6oporom T-FLEX DOCs ocymectisiercst HenocpeactBenHo u3 T-FLEX CAD.

JU1a mapamMeTpu4ecKoro NpoeKTUPOBaHUA U co3aaHusd 2D moneneil u yepTexell B MOJIHOM
cootBercTBUU ¢ ECKJl u mexxnyHapoausiMu crangaptamu pupma "Tomn Cucremsl" npeanaraer cu-
cremy T-FLEX CAD 2D. Cucrema T-FLEX CAD 2D oco6enHo 3¢ dekTuBHA I BapHAHTHOTO,
HNEPCHEKTUBHOTO M MapajIeIbHOTO MPOEKTUPOBAHUSA, CO3JaHMS COOPOYHBIX KOHCTPYKIHH. DTO
CTaJI0O BO3MOJKHBIM 3a CYET IPOIPECCUBHBIX TEXHOJIOTMM BHU3YyaJbHOW NapaMeTpu3aluH, KOH-

TEKCTHOI COOpPKH, JUAIOrOBOTO YIPABIECHUS TPOEKTOM U IPYTHX.
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T-FLEX CAD 2D - noiHOCThIO MapaMeTpuyecKasi CHCTeMa, OCHOBAHHAS HA NMPUHIU-
NUAJIBHO HOBOM noaxoie kK co3fannio CAIIP u K MHTYUTHBHO NOHATHOMY BH3YaJbHOMY CO-
30AHUI0 apaMeTpuYecKkux mMojeneid. CHavaia yepTesk CTPOUTCH B TOHKUX JHHUAX (JTMHHAX
MOCTPOEHHUS), a 32aTeM 00BOJUTCS OCHOBHBIMM JIMHUSAMM (JIMHUSIMH U300paKeHUs).

Hcnonb3ys OCHOBHBIE JIMHUU U TMPUBSI3BIBASCH K JIMHUSAM MOCTPOCHHS, (OPMHUPYETCS N300-
pakeHue yepTexa. Bee anemMeHTsl opopmiieHHs YepTeka (pa3Mepsl, IITPUXOBKH, AOMYCKH, IIEPO-
XOBAaTOCTH, TEKCTHl U T.II.) IPY HAHECEHUU MOTYT aBTOMATHYECKH IMPUBA3BIBATHCA K BCIOMOIa-
TEJIbHBIM [IOCTPOEHUSIM.

B pesynbrare nonydaercs NOJHOCTBIO MapaMeTpuyeckuil ueprex. llpu nepememiennn yiu-
HUI TOCTPOCHUS WM U3MEHEHHUU WX MapaMeTpoB (PacCTOSIHUMA, paanycoB U T.J.) JHHUU U300pa-
JKEHUSI, pa3Mepbl, LITPUXOBKHU U T.J. CIEAYIOT 3@ BCIIOMOTaTEeIbHBIMU JIUHUSIMH, TIOJTHOCTBIO U3MeE-
Hsis OOJIMK YepTexka. 3a HECKOJIbKO MUHYT MOHO MOJYYUTh JECSITKU FOTOBBIX pabO4YMX depTexen
Pa3HbIX TUIIOPA3MEPOB U3/EIIHUS.

Wcnons3ys napamerpudeckue coopounsie geprexu cuctemsl T-FLEX CAD, MoxHO OBICT-
po 1 3P PeKTUBHO MOTydaTh TpeOyeMbie MoauduKamu cOOpok. MOKHO CIIPOCKTHPOBATH COOPOYU-
HBII YepTexk TaK, YTOOBI IPH PA3TUYHBIX YCIOBHUSAX B HETO BXOIWIN pasHble neranu. [logoO6pas He-
00X0IMMBIE TTapaMeTphbl COOPKHU, MOKHO MTHOBEHHO MOIYYUTh TOTOBBIE Pa0OUne YePTEKH OTICIb-
HBIX jAeTaneil u crneuudukanuio, opopmieHHyro B coorserctBuu ¢ ECK/I. Tlpu uzmenenuu napa-
METPOB COOPKHM aBTOMAaTUYECKU OyAET U3MEHSThCA crieu(UKalns U BCE IPYTUe TOKYMEHTBHI.

Kuarouesoe gocrouncrso T-FLEX CAD — napamerpusanus. Yepresxk ¢ MOMEHTA ero co-
30aHMSI CTAHOBUTCH MapaMeTpudeckuM. /[ajiee MOKHO J1erko M3MeHATH ero napamerpsl. [lpu
ITOM COXPAHATCH BCe OTHOLIECHMS, KOTOpPble ObLIM 3aJaHbl MEXKIY JJIeMEHTAMM 4YepTexa, u
BCSl KOHCTPYKIUSI OcTaHeTcsl neaocTHoil. [lapamerpamMu yepteka MOryT Ha3Ha4YaTbCs mepe-
MeHHbIe. C MOMOIIBI0 MaTeMATHYECKHUX (POPMYJI NepeMEHHbIE MOKHO CBA3BIBATH MEHKAY CO-
ooii.

CoznaHHBIE B CHCTEME Ha OCHOBE JIBYMEPHBIX YepTekel TpeXMepHble MOBEPXHOCTHBIE U
TBEPAOTENBbHBIE MOJIETN MOKHO JIETKO MoauduuupoBars. Cuctema mo3BOJISET Nepe/iaBaTh JaHHbIE
0 TEOMETPHUH B MOCIEAYIONIYI0 00paboTKy. J{is cucTeM MOArOTOBKU JaHHBIX Ui cTaHKOB ¢ YITY
porpaMMa MOKET BbIJaBaTh MHGOPMAIUIO B CHIEIUAIM3UPOBAHHBIX opMaTax.

B KOMIIIEKT cUCTeMBbl BKIIOUYEHBI TapaMeTpuueckue OMOIMOTEKH CTaHAAPTHBIX 3JIEMEHTOB
yepTexei - OONThI, TalKH, MOALIMITHUKY, JIEMEHThI IEKTpUUECKUX cxeM U T.1. [lonbp3oBaTento
Ipe0CTaBlIeHa BO3MOKHOCTh CAMOCTOSITETILHOTO CO3/JaHHs CBOMX OMOJIMOTEK.

Boabmmm HepocratkoM T-FLEX CAD siBasiercss To, 4TO Npexkae 4eM HAYEPTUTH
OKOHYaTe/JbHbIC JJUHUHM, HEOOX0AMMO CO31aTh reOMETPHUYECKYI0 OCHOBY 4YepTe:ka B TOHKHX
JuHuAX. OKOHYATEJIbHOE H300pakeHHe MOTOM 00BOAUTCS 10 ITHUM JIMHUAM. 3aTeM NPOU3BO-

JAUTCA yaajleHMe HEBUAUMBIX JMHUH B ciay4dae, €CJaM OTACJIbHBIC YaCTH YE€PTeEKa MePpeKpbIBa-
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0T APYT Apyra
Tpebosanus T-FLEX CAD k annapaTHOW 4acTu:
— wMuauMaiasHO |IBM PC 486, RAM 16 Moaiir.

Pa6oraer mox Windows.

CAD-cucremsl cpeanero yposusi T-FLEX CAD 3D

st co3maHust TpexXMepHOM Mojaenu mpoektupyemoro mszaenus ¢upma "Tonm Cuctemsbr”
MpeJiaracT CUCTEMY MapaMeTPUUYECKOTr0 TPEXMEPHOTO TBEpAOTEIbHOr0 MoaenupoBanus I-FLEX
CAD 3D, xoropas siBisieTcs: 3akoHOMepHBIM pazButueM cucrtemsl T-FLEX CAD 2D u Birouaer B
cebst Bce BosmoxkHocTH T-FLEX CAD 3D SE. ®ynkiuonansHbie BO3MOXHOCTH cucTteMbl T-FLEX
CAD 3D no3BoJIIIOT COMOCTABIIATh €€ C JIYYIIMMU CUCTEMaMH TPEXMEPHOTO MOJCIUPOBAHUS. |-
FLEX CAD 3D BbIroHO OTJIMYA€T TO, YTO MOMHUMO A0CTATOYHON (PYHKIIHOHAJIBHOCTH B 00-
JIACTH TPeXMEePHOro MO/AeJTHPOBAHUS CHCTEMA COAEPKUT B cede MOJIHbIH HAG0P CpeacTB /ABY-
MEPHOI'0 NMPOEKTHPOBAHUSA M O(POPMJICHUS YEPTEKHON JOKYMeHTaluu. YepTeku u JOKyMEH-
tanus, co3aannbeie B T-FLEX CAD 3D, kak y»xe oTMe4anoch, JOCTYIIHBI B 1000 Apyroi cucreme
T-FLEX CAD.

T-FLEX CAD 3D nocrpoena Ha reomerpudeckom siipe Parasolid ¢pupmsbl Unigraphics
Solutions, koTOpoe CerogHs CYMTACTCH JYYIIHUM SAPOM I TPEXMEPHOI0 TBEPAOTEJIbHOIO
MOJeJMPOBaHMsA. JTO SIPO MCHOJB3yeTcd B Beaymux cucremax 3D monenuposanus. Ha cero-
THSIIHUN IeHb cucTembl Ha Parasolid ycranoBnenst Ha 6onee uem 600000 pabouux mect. [Ipodec-
cuoHaM3M pa3paboTyukoB ¢pupMmel "Ton CucteMbl" MO3BOJSET UCTONB30BaTh B cucteme T-FLEX
CAD 3D camsble HOBBIE Bepcuu siipa Parasolid. Mcnionb3oBanue siapa Parasolid He Tonbko obecre-
yupaeT T-FLEX CAD 3D MoOIHBIMU U HaJ€KHBIMH HHCTPYMEHTAMHU, HO U 00€CIeunBaeT NpsMYIo
MHTErPALMIO C JIYYIIUMH POrPaMMaMH MPOEKTUPOBAHUS.

MopenmnpoBanue B T-FLEX CAD 3D M0eT OCyIIECTBIATHCS KaK HEMOCPEACTBEHHO B 3D
MIPOCTPAHCTBE, TaK M HA OCHOBE JAaHHBIX JBYMEPHOTO depTexka. [[pOeKTUPOBIIUK MOKET BHIOPATH
o601 criocod pabotsl B T-FLEX CAD 3D wiu ux KOMOUHAIIHIO.

[Tpu cozmanum oo 3D monenu B T-FLEX CAD MoxHO cpa3y paboTaTh HEOCPEICTBEH-
HO B TPEXMEPHOM IIPOCTPAHCTBE.

OtnumuurensHoit ocooeHHOCThI0 T-FLEX CAD 3D 0OT aHaJIOTUYHBIX CHCTEM SIBJISIETCST BO3-
MOYKHOCTh pacnonarath Ha "mucte" 2D OKHa HECKOJbKO pabouux MOBEPXHOCTEH (IIocKocTei).
DT0 JaeT BO3MOXKHOCTH HE TOJIBKO TTapaMeTPHUECKH YBsI3aTh BHJIbI, HO M HauOOJee €CTECTBEHHBIM
obpazom paborate Hax 3D 0OBomamMu CyI0OB IO TECOPETHUYECKUM UYEPTEKaM WM MPOEKTHPOBATH
rpeGHO BUHT B WJIMHIPUYECKOI cucTeMe KOOPAMHAT U peulaTh Ipyrue 3a/1auH.

T-FLEX CAD 3D noaaep;kuBaeT JIBYHANIPABJCHHYI0 ACCOLMATHBHOCTD, TO €CTh M3Me-
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HeHHe MapaMeTpoB YepTeska Oy/eT NPUBOJAUTH K H3MEHEHHI0 TPeXMEPHOH MO/IeJIn, a H3MeHe-
HHe IapaMeTPOB TPeXMEepPHO MoiesIn Oy/1eT aBTOMAaTHYeCKH O0OHOBJISITh YePTEeKH.

Cucrema T-FLEX CAD 3D mno3Bosisier paboTaTh ¢ TPeXMEPHBIMU COOPOYHBIMU MOJICIISIMHU.
MexaHu3M napaMeTpru4ecKoro NpOEKTUPOBAHUS COOPOUHBIX MOJIENIEl YCIEeIHO IPUMEHSIETCs pa3-
pabotunkamu ¢upMmel "Tor Cucrembl" He TONBKO B ABYXMEPHOM YEPUYCHHUHU, HO M TIPU MIPOEKTUPO-
BaHUHM TPEXMEPHBIX COOPOYHBIX OOBEKTOB. YHOOHBIN, MHTYUTUBHBIA IMOJIB30BATEIbCKUA HHTEP-
deiic BMecTe co cnenuanbHO pa3pabOoTaHHBIMU (PYHKIUSMH MO3BOJISET CO3/1aBaTh CIOXKHBIE TPEX-
MepHbIe COOPOUHBIE MOJIEINH JIFOOOMY KOHCTPYKTODY.

Tpexmepnast coopka B T-FLEX CAD sBisieTcst MOJTHOCTBIO MapaMEeTPUUIECKON - OHA COCTO-
UT U3 OTJENBHBIX NapaMETPUUECKUX JeTaliei, CBSI3aHHBIX MEXIy COOO0H. DTO O3HA4aeT, 4To IpHU
M3MEHEHHHU pa3Mepa WU MOJIOKEHHs KaKoi-minbo aeranu, Apyrue OyayT aBTOMaTUYeCKH CKOPPEK-
TUPOBAHBI.

IIpoexTHpoOBaHMe MOKET OCYIIECTBIATLCA KAaK OT JeTaJHu K cOopke, TaK H Ha000poT -
oT cOopkM K aetau. [1o 3Toil cxeMe KOHCTPYKTOP CO3/1a€T MPOEKT cpaszy Kak cOopouHsblid. [eTanu
IPOEKTUPYIOTCS B paMKax OJHOM U TOM ke COOPKHU, IPUYEM HX F€OMETPUUYECKUE AIEMEHTHI (IpaHH,
pebpa U T.A.) MOTYT ObITh MCIOJB30BAHBI I MPOEKTUPOBAHUS Apyrux aeranel. [Ipu stom, ecte-
CTBEHHO, JIOCTYIIEH BECh apCEHAN CPE/ICTB MOJENUPOBaHus. B 000l MOMEHT JeTanb MOXKeET ObITh
BBITPY’K€HA B OTJIEIbHBIN (ailll, U UCIOIB30BATHCS JUIsl MTOJIyUEHUs YepTeXKel MM BCTaBKU B JIpY-
rue cOOpKH.

IIpu sTOM OHa ocTaeTrcs B UCXOIHOW cOOpke, U OyJeT aBTOMAaTH4YeCKH OOHOBIATHCS. DTO
3HAYMT, YTO JIeTallb B YIIPOIIEHHOM BHJI€ MOXKHO 33JaTh B COOpKE, 3aTE€M BBITPY3UTh Kak JeTajb B
OTJIeNbHBIN (Paiis, 70OaBUTH C MOMOIIBIO ONEpalui MOJAETUPOBAHUS HEOOXOUMBIE 3JIEMEHTBHI, MO-
CJIe Yero OHa aBTOMAaTHUYeCKH OyJeT OTKOppeKTHpoBaHa B cOopke. To ke camoe Mpou3OHIET U B
oOpaTtHOM HampasieHuU. Eciiu mapameTpsl, onpeaenstonme 1eTaib B COOpKe U3MEHHUTh, TO JIeTallb
Oyzaer Moau(dUIIMpOBaHa HE TOJILKO B COOPOYHON MOJIENIH, HO U B OTJENBFHOM (paiiie-aeranu, B KO-
TOPBII OHa ObLIa BBITPYXKEHA.

Jlia kaxxaod getanu cOOpPKM MOXHO 3a/laTh NEepeMelleHHne, KOTOpoe OYyJeT YYUTHIBAThCS
npu BbiBoJie cOopku B pazodpanHoM Buje. T-FLEX CAD no3BonuT npoBepuTh KOMIIOHEHTHI cOOp-
KM Ha B3aMMHOE mepeceueHue. B ciyuae oObeMHBIX Mojenel, TpeOyomux OONbIINX PECypCcoB,
MO’KHO 3aMEHUTH JIeTalld UX rpaduyeckuM npeacrabieHueM. CTpyKTypa COOpPKU OTCIIEKHUBAETCS B
JIEpEeBE MOJIENIN, 110 KOTOPOMY MOXHO OBICTPO MEPEUTH K AeTanu Jrdoro ypoBHs. Takxke B AepeBe
MOJIENIN MOYKHO MPOU3BOJIUTH OyJIEBBI ONEpaluu ¢ MOMOIIbI0 MexaHu3Mma "oepu-tamm". Komanna
(doTopearTucTUYHOTO U300paKEHNUS BHIBEIET KAUECTBEHHYIO KAPTUHKY C YYETOM MaTepUAJIOB KaXK-
noi neramu. Ilogcucrema co3nanus cnenu@ukanuii aBTOMATHYECKH CTEHEPUPYET crielupUKaLHIO,
KOTOpas OyZeT napaMeTpUUecK CBsI3aHa ¢ MOJEIIBIO.

Boabmoii 3¢ ekt MoxkeT NPHHECTH HCIO0Jb30BaHMe 0a3 JaHHBIX, O3BOJAOIINX pea-

33



JIN30BBIBATH B O/THOM YepTexke Hesible KAaTaJ0rd U3/ieuii. DTo MO3BOJISIET CO3aBaTh 3JIEMEHTHI
KOHCTPYKIIMH B MOJIyaBTOMAaTHYECKOM PEXHUME, 3a/1aBasi UX apaMeTpsl U3 0a3 naHHbIX. Mcnonb3ys
0a3pl JAHHBIX TaKXKe€ MOXKHO CTPOUTH TEOPETUYECKHE MPOPMINA MO TaOJIMYHBIM JaHHBIM pacCUU-
TaHHBIM W CKOMIIOHOBAaHHBIM B JPYruX cucrtemax, Hampumep, B MS Excel wim MathCAD. T.e.

HapaOOTaHHbBIE PAacCUeTHBIE METOAMKH MOXHO OBICTPO NMPeoOpa3oBbIBATh B YEPTEXU U Mozenu T-

FLEX CAD.

Cimatron

Cimatron — paspabotka uspaniabckoii kommnanuu Cimatron Corporation, mpeacrasiser co-
0O0¥ MOJIHBINM HAOOP CPENCTB U KOHCTPYUPOBAHHMS, aHAIM3a, YePUCHHsI U MPOU3BOJICTBA HA CTaH-
kax ¢ UITY u ynoBieTBopsieT BceM COBPEMEHHBIM TPEOOBAHHSIM, IPEIBSIBISIEMBIM K CHCTEMaM Ta-
KOT'0 KJIacca MPEANPHUATHAMEI Pa3TNIHBIX MAITUHO- ¥ IIPUOOPOCTPOUTETHHBIX OTPACIICH.

MoayabHasi CTPYKTYpa MPOrPaMMHOI0 o0ecrie4eHusl M03B0JIsAeT BbIOPaTh TPedyeMyo

10J1b30BAaTEJI0 KOH(PUIYPALUIO:

ABYMEPHOC€ NIPOCKTUPOBAHUEC U H3I0OTOBJICHHE qepTemeﬁ;

TPEXMEPHOC MPOCKTHUPOBAHUE U U3I'OTOBJICHUE qepTemeﬁ;

TpexMepHoe MPOeKTHPOBAHUE U Pa3padoTKa YNPAaBJSIOIIHX MPOrpaMMm;

TpexXMepHOe NMPOCKTHPOBAHME, U3TOTOBJICHHE YepTe:Keill u pa3padoTka ynpas-
JISIIOIIMX NPOrpamMm;
—  TBEpPAOTEeJIbHOE MapaMeTpHYecKoe MOJeJIMPOBaHNeE JeTalleil H uX cOopka;
— IapaMeTpH4ecKoe 3CKH3HOe NIPOCKTHPOBAaHMe.

JIro0as 6a3oBast KOHPUTYpAIKI MOXKET OBITh pacIIUpeHa.

OCHOBHBIMH XapPaKTEPUCTHKAMH KOHCTPYKTOPCKON YaCTH CHCTEMbI SIBJSIIOTCS JAPY-
JKeCTBEeHHBIH HHTepdeic, CTA0MIbHOCTD IeCTBHI MOJIb30BaTe/Isl, HHTEJICEKTyaJlbHast o0pa-
0oTka oIMOOK, rHOKOe ynpaBJjieHue rpaduyeckoi cpeaoil, HaCTpoiKa Ha TpedyeMblil peKuM
padoThl, pa3BUTHIE CPeACTBA MOEJTUPOBAHNS, ABTOMATHYECKOE MOJy4YeHHe NPOeKUnil Ha Oa-
3e TpeXMepHOH Moaeu, dIPpGeKTHUBHASL CTPYKTYpPa 0a3bl JaHHBIX.

ITpu HE06XOAMMOCTH IOTIOTHUTENIbHBIE (DYHKIIMU MOTYT OBITh pa3paboTaHbl OJIb30BaTeNIEM
Ha si3pikax Cu 1 ®DOPTPAH ¢ ncnonp3oBannemM oOIMUpHONW OMOIMOTEKH moamporpamm. Bo3zmoxk-
HOCTb HUCIOJIb30BaHUS MapaMEeTPUUYECKUX OOBEKTOB M MEXaHU3M CO3/IaHHS MaKpOCOB IMO3BOJISIOT
MOBBICUTH YPOBEHb ABTOMATH3aLUU IIPOEKTUPOBAHUS.

Cimatron He MPOCTO MOAJEPKUBAECT aBTOMATU3UPOBAHHOE KOHCTPYHUPOBAHUE, a TIPUHIUIIH-
QJIBHO pacIIupseT BO3MOXHOCTH mosb3oBatensd. CucremMa mmeer Habop (yHKIUMIl mocTpoeHus
CJIO’KHBIX MOJIeJIEH, BKJII0Yask pa3HOOOpa3Hble CPEJCTBA CO3JJaHHs AHATUTUYECKH HE OMMChIBAEMbIX

IIOBEPXHOCTEH.
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C nomompto Cimatron GBICTPO M MPOCTO CO3/1aBaTh YEPTEKU. ABTOMATHUECKU MPOCIHPY-
I0TCSL BUJIbI HA OCHOBE TPEXMEPHON MOJIEIH, BBIYMCIIAIOTCS IEHCTBUTEIbHBIE Pa3MEPbl HE3aBUCUMO
oT Macmitaba ueptexxeil. [lpu 3ToM aBTOMaTHYECKU MOJJEPKUBACTCS CBSI3b YEPTEKEH ¢ Tpexmep-
HOU MOJEJBIO.

CooTBeTCTBYIOLINE CPEACTBA MTO3BOJISIOT HACTPAUBATh CUCTEMY Ha HUCIIOJIb3yEMbIE CTaHIap-
ThI YEPUYECHUS.

Cimatron UCTIONB3yeTCs HE TOJIBKO ISl MPOSKTUPOBAHUS OTACIBHBIX JeTanel, HO U Ipeo-
CTaBJISIET yJIOOHBIE CIIOCOOBI Pa3pabOTKU CIOKHBIX COOPOYHBIX MPOEKTOB. [IpoekTupoBaHue BBI-
noJIHsIeTCS ""CBEpXY - BHU3" — OT KOHLEMUUHU K OTICIbHBIM COOPOYHBIM €IMHUIAM U JEeTallM, U
"cHuU3y - BBepX", KOI/la BHA4aje MPOECKTUPYIOTCS JI€TaJIM, 3aTEM OHU IPYINIIUPYIOTCS B COOpOUHBIE
enuHuIbl. Bo3aMokHO coueranue obonx metoqoB. Co3gaBaeMoe cUCTEMOU "mepeBo" u3nenuit co-
MPOBOXKJIAET MPOEKT HAa BCEX ATamax KOHCTPYHPOBAHUS, YEpUYCHHS, pa3pabOTKU YIPaBISIFOIIMX
MPOrPaMM.

Bo3moxxHOCTH cBAI3bIBaHMA 3anuceii 0a3bl JaHHBIX U TeOMeTPUYeCKUX 00beKTOB 00ec-
ne4ynBaeT OBICTPBIA AOCTYN K MHKEHEPHbIM JAHHBIM O JIOOBIX KOMIIOHEHTAX IPOEKTa, YTO
€03/1aeT NPEeANOChIIKH I yenemHoi narerpanun Cimatron ¢ apyrumu cpepamu npou3Boja-
CTBA.

HeoTrbeMiieMoii 4acTbI0 MPOEKTHPOBAHUSA CJIOKHBIX JAeTajlell ABJSIOTCH HHKEHEPHbIe
pac4derbl. /1 pemieHusi 3Tux npodJjem B Cimatron ucnoJib3yercsi CMCTeMa reHepaluy CeTKU
KOHEYHBIX 3J1eMeHTOB. CrcTeMa nmo3BoJIsieT 3a1aTh XapaKTePUCTHKH MCIBITHIBAEMOI MOIeJIN
(CTPYKTYpY, MaTepuaJ M Np.) ¥ THN HATPY3KU. /L1 0c000 CJIOKHBIX PacyeToB MOXKeT ObITh
HCIN0JIb30BAHA TMOJHOCTHI0 COBMeCTHMAasi cMCTeMa VIS NepeJadyd JaHHBIX B CHelHaIu3upo-
BaHHble pacueTHble KoMIieKcbl (NASTRAN, ANSYS u ap.). Pesyabrarsl pacuera orodpa-
JKAKOTCS PA3JIMYHBIMH CIIOCO0amMul (IIBETOMOIYJISIHENH, TAOIMIAMH).

Cimatron moxer ObITh cBsi3aHa ¢ Ja1000# apyroit CAD/CAM cucremoii ¢ noMomsbio
CTAaHIAPTHBIX HHTep(eiicoB naHHbIX, Takux Kak IGES, VDA, DXF.

Cucrema npoekTHpyeT yHpaBJsiiolllie MPOrpaMMmbl ISl ()pe3epHBbIX (BKJIOYas NMATH
KOOPJAMHATHBIC CTAHKH), CBEPJIWJIBHBIX, TOKAPHBIX, JICKTPOIPPO3HOHHBIX CTAHKOB, JIHCTO-
NpoOoMBHBIX npeccoB. OHa reHepUpyeT TPACKTOPHIO JABMKEHUSI HHCTPYMEHTA UIsA 00padoTKu
MHOKeCTBA MOBEPXHOCTEH ¢ ABTOMATHYECKUM KOHTPOJIEM 3ape3aHuii, HMeeT CpeIcTBa COo3/1a-
HHMSA OMOTMOTEKH HHCTPYMEHTOB. I'paduyeckuii pe:xuM MoAeTMPOBAHMUS MO3BOJIAET OTJIAANTH
YHPABJIAIOIIYI0 POrpaMMy A0 BbIX0Ja HA CTaHOK. BBOJ JaHHBIX BO3MOXKEH C JUTHTal3epa
WIM KOOPJAMHATHO-U3MEPHUTEIbHOI MalllMHbI, BBIBOJ — Ha cTepeoMTOorpadgpuyeckue MaliuHbI.

Munumanbsabpie TpeboBanust Cimatron K anmapaTHON YacTu:

— IBM PC 386/486 wu Bwime wunu pasnuudble pabouwme cranuuu (Silicon Graphics,

HP/Apollo, Sun u ap.), RAM 16 M6aiit, HDD 400 M6aiir.

35



Onepanuonnas cuctema MS DOS, Windows NT, UNIX (Ha pabounx craniusx). Cimatron
HE3aBHCHUM OT allapaTHOro OOECIeUeHUs] U MOXKET MCIOJIb30BAaThCS HA CMEIIAHHBIX KOMITHIOTEP-

HBIX CCTAX.

KOMITIAC

VY Hac B ctpane AO "AckoH" mpeanpuHsIIO MONBITKY co3nanus anamornynod CAD/CAM
cuctembl "KOMITAC". Llens npoekTa — co31aHUE MAacCOBOM MOJTHOMACIITAOHOW MHTErPUPOBAH-
HOM CHCTEMBI JIJIs1 MOJIEIIMPOBAHUS CIOXKHBIX M3IEIUN C MOLHBIMU CPEACTBAMU YEPUEHUS U pa3pa-
OOTKHU MPHUIIOKEHHM, a TAK)KE€ MHOTOYHCICHHBIMHA TOTOBBIMU npuKiIagHsiMu CAIIP u 6ubnuoreka-
mu. B Hacrosiiee BpeMs pa3paOOTUMKK MPEIOCTaBUIIN MOJIH30BATENSIM BO3MOXKHOCTh PabOTHI C ee

YepTEKHO-KOHCTPYKTOPCKUM peaakropom "KOMITAC-TPADUK".
IMosHopyHKIHOHAILHAS cucTeMa 00beMHOro moaeanpoanuss KOMITAC-3D.

Hoacucrema KOMITIAC-3D npenna3HadyeHa AJisl CO3JaHMS TPEeXMEPHBIX NMapaMeTpH-
YeCKMX MojesIell OTAeNbHBIX AeTajedl U COOPOYHBIX €JHHHUIL], COAEeP:KAINMX KaK THIHYHBIE,
TaK M HeCTAHJAPTHBIC, YHUKAJIbHbICe KOHCTPYKTHBHBIE dj1eMeHThl. [lapamerpusanus nmo3so-
JisieT OBICTPO MOJIy4YaTh MO/ THIIOBBIX H3/1eJINi HA OCHOBE OHAK/AbI CIIPOEKTHPOBAHHOIO
NPOTOTHIIA.

KiroueBoii ocodennocTeio KOMITAC-3D siBasiercst HCIOJIB30BaHHE COOCTBEHHOI0 Ma-
TEeMAaTHYeCKOIr0 fipa M NapaMeTPHYeCKHX TEXHOJIOIMi, pa3padoTaHHBIX CHEHHAJHCTAMH
ACKOH.

Ob6nacts npumenenust KOMITAC-3D onpenensercs OCHOBHBIM HaOOpOM 3aJad, KOTOphIE
OH IIPU3BaH PEILIATh:

- MOJIEJIMPOBAHUE MU3JIEINN C LIEIBI0 CO3/1aHUs KOHCTPYKTOPCKOM M TEXHOJIOTHYECKOM
JIOKYMEHTaIU1, HEOOXOJUMOI 71 UX BBINYCKa (JI€TAIMPOBOK, COOPOUHBIX YepTexe, crenuduka-
UK U T.]1.);

- MOJIEJIMPOBAaHUE W3JEIMM C LeNbl0 pacueTa WX TeOMETPUUECKUX U Macco-
LEHTPOBOYHBIX XapaKTEPHUCTUK;

- MOJIeJIMPOBaHUE U3ACIUI 7S TIepejaul TeOMETPUN B pacueTHbIE TTAKETHI;

- MOJIeJIMpOBaHUE JeTallel AJisl Mepefadyn reOMEeTpUr B MaKeThl pa3pabOTKU yrpaBJis-
I0IIUX Iporpamm it obopynosanus ¢ UITY;

- CO3/IaHME M30METPUYECKUX H300paKeHUil u3Aenuil (Hampumep, Il COCTaBICHHS

KaTaJioToB, CO3/IaHUS WJUTFOCTPAITUI K TEXHUYECKOW TOKYMEHTAIUH U T.1.).;
Hderanu

Mopaenanb geTanu ABJAETCH OTAeJbHBIM TUIIOM JoKyMeHTa KOMIIAC.
OO0menpuHATHIM NOPSAKOM MOJEJMPOBAHHMS TBEPAOr0 TeJja SIBJIASIETCH MOCIeI0Ba-

TeJbHOE BBINOJHeHHe 0yJIeBbIX onepanuil (CJI0keHHs W BbIYUTAHUS) HAL 00beMHBIMH IPH-
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MHTHBaMH (cepaMu, NpU3MaMH, IHINHAPAMH, KOHYCAMH, MHPAMHUAAMH U T.1.).

B KOMITIAC-3D o0beMHbIe IPUMHUTHBBI 00Pa3ylOTCH IIyTeM BBINOJIHEHHUS TAKOIO Ie-
peMelnieHus1 MJIOCKOH (pUrypbl B MPOCTPAHCTBE, CJIe] OT KOTOPOro ompenessier (popMy npu-
MHUTHBA (HANIpUMep, MOBOPOT OKPYKHOCTH BOKPYT ocu oOpa3syet cdepy, a cMelieHHe MHOT0-
YIoJIbHUKA — IPU3MY).

IInockasi purypa, Ha ocHOBe KOTOpPO# o0pa3yeTcs Tes10, HA3bIBaeTC ICKU30M, a (op-

M006pa3ylomee nmepeMemeHmue 3CKu3a — onepauneﬁ.

ICKHU3BI

Ocku3 n3o0pakaeTcs Ha IUIOCKOCTH CTaHAAPTHBIMH CPEACTBAMHU YEPTEKHO- rpa)udecKoro
penaktopa KOMITAC-TPA®UK. IIpu 3TOM I1OCTYIHBI BCE KOMaH bl IOCTPOEHUSI U pEeAaKTUPOBa-
HUSI M300pakeHUs, KOMaH/bl MapaMeTpU3allud U CEPBHCHbIE BO3MOXKHOCTH. EAMHCTBEHHBIM HC-
KJIFOYEHUEM SIBJIICTCSI HEBO3MOKHOCTh BBOJIa HEKOTOPBIX TEXHOJIOTHYECKUX 0003HaYeHUN U 00bEK-
ToB oopmiieHus. [lonb3oBarens, 3HakoMblid ¢ padoroit B KOMITAC-TPA®UK, He nHaiiner npus-
UNHATBHBIX OTIMYUI MEXKITy MOPSAIKOM CO3/IaHuUs (pparMeHTa 1 dCKH3a.

B scku3 MoxHO mnepeHecTH H300paxeHue u3 paHee noaroroieHHoro B KOMITAC-
I'PA®UK ueprexa unu pparmeHTa. 310 MO3BOJISET MIPU CO3AaHUN TPEXMEPHOM MO/IEIHN ONMUPaThCs
Ha CYLIECTBYIOIIYIO UYEPTEKHO-KOHCTPYKTOPCKYIO JOKYMEHTAIMI0. DCKU3 MOXKET pacroiararbes B
OJIHOI M3 OPTOrOHAJBHBIX MJIOCKOCTEW KOOPJAMHAT, HA IUIOCKOM IpaHM CYIIECTBYIOLIETO Teja WIn

BO BCIIOMOTaTEIbHOMU IIJIOCKOCTH, ITOJIOXKCHHEC KOTOpOfI 3aaHO I10JIb30BATCIICM.

Onepanuu

[TpoekTupoBaHue JeTaM HAYMHACTCS C CO3JaHUS 0a30BOTO Tejia MyTEM BBITIOJTHEHHUS Olle-
paruu HaJ 3CKU30M (UM HECKOJIBKUMHU ICKU3aMU ).

[Ipu 5TOM TOCTYIHBI CIEIYIONINE THUITBI OTIEPAIIUii:

— BpalleHHUEe 3CKHU3a BOKPYT OCH, JISKAIICH B INTOCKOCTH ICKU3a;

— BBIJIAaBIMBAHUE 3CKH3a B HAMPABICHUH, IEPICHINKYISIPHOM TIOCKOCTH ICKU3Q,

— KHHEMaTH4ecKasl onepanus — mepeMelieHne ICK1U3a BJI0JIb YKa3aHHOM HaIPaBIISIFOIICH;

— TIOCTpPOEHHE Tella IO HECKOJIBKUM CEUEHUSIM-ICKU3aM.

Kamuaﬂ onepam/m HUMECT AOIIOJIHUTCIBHBIC OIIIMWU, ITO3BOJJIAIOIINC BapI)I/IpOBaTB npaBnna
MOCTPOCHUS TeJa:

— HpI/I BpaH_IeHI/II/I 3CKH3a MOXXHO 3aJ1aTb erJI nu HaHpaBHeHI/Ie HOBOpOTa OTHOCHUTCIIBHO
TUTOCKOCTH 3CKH3a M BBIOPATH THII TeIa — TOPOU I chepou ] (eCiTi KOHTYp ICKU3a HE 3aMKHYT);

— HpI/I BbIIABJINBAHUU 3CKHW3a MOXXHO 3a1aTh paCCTOHHI/Ie n HaHpaBHeHI/Ie BbIJIaBJIMBA-

HUS OTHOCHUTCJIBHO ITIJIOCKOCTH 3CKHU3a U IIpHU HGO6XOI[I/IMOCTI/I BBCCTH YI'OJI YKJIOHA;
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— [Tpu BBHIMOTHEHUHN KMHEMATUYECKOW OTEepaIlliy MOXHO 33a71aTh OPHEHTAIUIO0 00pasy-
IOIIEH OTHOCUTENBHO HAMpaBisAioUieil (CoOXpaHeHWe HOpMalM, YIiia HakJOHA WJIM OPTOTOHAJIbHO-
CTH);

— [Tpu mocTpoeHuu Tena MO CEYCHUSM MOXKHO YKa3aTh, TPeOYETCs JI 3aMBIKaTh IO-
CTPOEHHOE TEJIO;

Bo Bcex Tumax omeparuii MOKHO BKIIOYATh OIIMIO CO3/IaHUSI TOHKOCTEHHOW OOOJIOYKH H
3aJaTh TOJIIMHY U HalpaBieHHE MOCTPOCHUS CTEHKU — BHYTPb, HAPYXKY WK B 00€ CTOPOHBI OT T10-
BEPXHOCTH Teja, 00pa30BaHHOTO OMepaluei.

Ha mo6Gom sTare paboThl MOXKHO yJAINTh YacTh TeJa M0 TPaHULIE, PEACTABISIONE co00i
IUIOCKOCTh WJIM IWJIMHJPUYECKYIO [TOBEPXHOCTh, 0OPAa30BaHHYIO BBbIJABIMBAHHEM IPOU3BOJIBHOIO
ACKHU3A.

Y 100HBIN pueM MOAETUPOBaHUS U3AETU, KOTOPBIE OTIIMYAIOTCS JIUIIh HEKOTOPHIMU KOH-
CTPYKTHUBHBIMU 3JIEMEHTAMH — UCIIOJIb30BaHUE B KayecTBE 0a30BOr0 Tejla paHee MOATOTOBICHHON
Mojie (OHA Ha3bIBaeTcs 3aroToBKok). [Tocnmeayromas padora ¢ TakuM 6a30BBIM TeloM (''TIpHKIIe-
uBaHue" M "BbIpe3aHue" JTOMOJHUTEIBHBIX 00bEMOB) HMYEM HE OTIMYACTCS OT pabdOTHI C TEJIOM,
MOJTyYEHHBIM MyTEeM Ollepalnuu Haja 3cku3oM. [Ipu ucnoab30BaHUM 3arOTOBKH CIIEyeT YYUTHIBATD,
YTO OHA HE KOIUPYETCS B MOJEJIb, a CYLIECTBYET B HEM B BUJIE CCbUIKM Ha CBOM (haiin (3aroToBKY
MOKHO CpaBHHUTH cO BcTaBKOH (pparmenta ccbuikoi B yeprexxk KOMITAC-I'PADUK). Ilocne pe-
JAKTUPOBAHUS MOJIEIIN, UCTIOJIb3YEMOM B KaU€CTBE 3arOTOBKU APYTMMHU MOJAEIISIMH, BCE U3MEHEHHUS

MepeaarOTCs B (baflﬂbl, COZCpKalIeC CChUIKY Ha 3arOTOBKY.

BcnomorartebHbIE IMOCTPOCHUSA

DCcKHU3 MOXKET OBITh MOCTPOEH Ha TMJIOCKOCTH (B TOM YMCIe Ha JIF0OOH MIOCKOW TpaHu Tema).
s BBIMOTHEHHUS] HEKOTOPBIX OIepaluil (Hampumep, KOMHPOBAHUS MO OKPYXKHOCTH) TpeOyercs
yKa3aHHe OCH WK Hampasisiouleil. Eciu cyiecTByomux B MOI€TN OPTOrOHANBHBIX MIOCKOCTEH,
rpaHeil 1 pedep HeTOCTATOUYHO JJIsl IOCTPOEHUH, MOJIb30BaTENh MOXKET CO3/4aTh BCIIOMOTraTeNbHbIE
MJIOCKOCTH, OCH U MPOCTPAHCTBEHHBIE KPUBBIE, 3/1aB UX IOJOKEHUE OJTHUM U3 MPEyCMOTPEHHBIX

CHCTEMOM crIocOo00B.

Coopkn

Mopenb cOopKu sSBIIsIETCA OTACIBbHBIM TUTIOM HokyMeHTa KOMITAC.

COopka COCTOUT M3 OTICNBHBIX JeTaeld U MoAcOOpoK (KOTOphIE, B CBOIO OUYEPEb, TAKKE
MOTYT COCTOATH W3 AeTanell u noacoopok). [IpoexkTupoBanue coopku Beaercs ''cBepxy BHH3';
Ka’KIasi HOBasl JIeTaJlb MOJAEJMPYETCsl HA OCHOBE yKe MMEIIHUXCcH aeTasieil (00CTaHOBKH) €

HCII0JIB30BAHUEM MAPAMETPUICCKHUX B3aUMOCBsI3eil.
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Jleranu 1 moacOOPKU MOTYT CO3JaBaThCS HEMOCPEICTBEHHO B COOPKE HIIM BCTaBISATHCS B
Hee U3 CyIIeCTBYIoIEro (aia.

Kpome paspabGoTaHHBIX MOJIb30BaTelieM (YHUKAJIbHBIX) MOJIENEH, KOMIIOHEHTaMU COOpPKH
MOTYT OBITh CTaHAAPTHBIC U3AeNus (KpernexX, OMopbl BajJoB U T.J.), OMOIMOTEKa KOTOPBIX BXOIUT B
KOMIUIEKT IIOCTaBKU CUCTEMBI.

B3anMHoOe mos10’keHHe KOMIIOHEHTOB COOPKH 3aJaeTcsl IyTeM YKa3aHHUsl CONPSKeHUH
Me:xkay Humu. Ilponmecc ¢opmupoBaHusi cO0pkM Kak Obl NMOBTOPSiET AelCTBHA cJecapsi-
coopmuka. Kaxxknasi nerajp mocjenoBaTeibHbIMU JAedcTBUSIMH '"'mIpUcTaBJIseTcsa' K cocel-
HUM JeTAJSIM U oACOOpKaM.

KoMmoneHT cO0pku MOKHO CBOOOAHO IMEpeMELaTh U MOBOPAYMBATH MBIIIbIO, €CIU ATOMY
HE MPENATCTBYIOT CONPSDKEHUS, B KOTOPHIX yYacTBYET KOMIIOHEHT (HampuMep, BTYJIKY, KOHIICH-
TPUYHO YCTaHOBIIEHHYIO B OTBEPCTHE, MOXKHO BpallaThb BOKPYT OCH U NEpeMeulaTh BAOIb OCH).
KoMmoHeHT MOXKHO Takke 3aMKCUPOBATh B TEKYILEM IMOJIOKESHHUH; BpallleHUE U MepeMeIleHUe 3a-
(UKCHPOBAHHOIO KOMIIOHEHTA HEBO3MOYKHO.

Heckobko KOMIIOHEHTOB (AeTasneil u moacOopok) MOTYT OOBEIUHATHCS B HOBYIO TI0JICO0D-
KY.

[Ipu paboTe ¢ TpeXMepHOU MOJIEIbIO BCS MOCIEA0BATEIBHOCTh MOCTPOSHUSI 0OTOOpakaeTcs
B OT/ICILHOM OKHE B BHJIE "7nepeBa noctpoeHus". B HeM mepeuncieHsl Bce CyIIECTBYIONME B MO-
JIeJIA BCIIOMOTaTeNIbHbIE 3JIEMEHTHI, 3CKU3bI U BHINOJIHEHHBIE ONEPALIMU B MOPSAIKE UX CO3JaHUSI.

CymecTByer Ba acnekTa napaMerpusanuu rpexmepnoit mogean 8 KOMIIAC-3D. Bo-
NePBbIX, KAXKIbIH ICKU3 MOKeT ObITh napamerpudeckuM. Ha ero o0beKkTbl MOKHO HATOKUTH
pasjiMuHble NapaMeTpuYecKHe CBSI3M M OrpaHHYeHUs] (BEPTHKAJIbHOCTb M T'OPH30HTAJb-
HOCTb, NMAPAJIEJbHOCTh M TEpPHeHAUKYJISIPHOCTb, BbIPABHMBAaHUE, CUMMeETPHUS, KacaHHe).
Bo3MoxHO 3a7aHue 3aBHCHMOCTEH MeXIy HapameTrpamu rpapuueckux 0oOBEKTOB 3CKH3a. Takum
0o0pa3oM, B 3CKHM3aX peain30BaHa Ta K€ BapUaIllMOHHAs WJEOJIOTHs MapaMeTpU3aliiy, YTo U B Tpa-
¢uueckux nokymenrax KOMIIAC. Bo-BTopbIX, IPH CO3IaHUU MOJEIH CHCTeMa 3allIOMUHAET He
TOJILKO NMOPSI/IOK ee ()OPMUPOBAHUS, HO U OTHOIIEHUSI MEK1Y dJieMeHTaMu (Hanmpumep, Npu-
HA/UIe)KHOCTh ICKH3a I'PDAHH MJIM YKa3aHHMe pedpa B KauyecTBe NYTH JJIsi KHHEMAaTHYeCKOM
onepanuu). Takum o0pa3oMm, peaJM30BaHa HepapxXuyecKas HWACOJOTHs MNapaMeTpH3anuu
00bEeMHBIX IOCTPOCHUIA.

Hanuuune napamerpuueckux cBsi3ed W OrpaHMYEHUIl B MOJENU, €CTECTBEHHO, HAKIIAbIBAET
OTIIEYaTOK HA IPUHLIMIIBI €€ PEIAKTUPOBAHMUSL.

B KOMITAC-3D B 11060if MOMEHT BO3MOXHO U3MEHEHHE MapaMEeTPOB JIIOOOTO 3JIEMEHTa
(3cku3a, omnepanuu, conpspkeHus) mojenu. [locne 3amaHus HOBBIX 3HAUEHHUI MapaMeTpoB MOJIEh
MIEPECTPANBAETCS B COOTBETCTBUM C HUMU. [Ipn 3TOM COXpaHSAIOTCS BCE CYIECTBYIOIINE B HEU CBS-

3U.
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Bo3MoxHO W3MepeHne pa3iNYHbIX T€OMETPUYECKHX XapaKTEPUCTUK: PACCTOSIHHN MEXIy
BepIIMHAMU, peOpamMu U TpaHsSIMHU B JIFOOOH KOMOWHAIIMH, U3MEPEHUE JUTMH pedep U MepUMETPOB
rpaHei, u3MepeHue miomazaeil rpaneil. [IpousBoauTcs pacuyer Macco-MHEPIMOHHBIX XapaKTepu-
CTHK JleTanu (00beMa, Macchl, KOOPJUHAT IIEHTPA TSAKECTH, OCEBBIX U LIEHTPOOEKHBIX MOMEHTOB
MHEPLINHU, HAPaBJIEHUS TJ1aBHBIX OCEH MHEPLUN).

[Tpu pabote co cOOpKOIt JOCTyITHA KOMaHAa O0OHAPY>KEHHsI ITepeceYeHUil KOMITOHEHTOB.

[Ipu moMoIM COOTBETCTBYIOIIEH KOMaHIbl MOXKHO CO3JaTh IIOCKOE M300pakeHue (CBOe00-
pasHyo "3aroToBKy 4epTexa') TpexmepHoi Mojaenu. JloctyneH BrIOOp J1F000H KOMOMHAIIMN TIPOEK-
1uii, Macmraba, napaMeTpoB PacoioKEHHs] BUIOB, CIIOCOOOB M300paKeHHUsT HEBUIUMBIX JTUHHUHA U
nuHui niepexona. [lomydyennoe nzobpaxenue pazmeraercs B ¢aiine yeprerxa KOMITAC-TPADOUK;
nanbpHeiee ero oopmiieHre (IPOCTAaHOBKA Pa3MEPOB U TEXHOJIOTUYECKUX 0003HAYCHHH, 3aTl0JIHe-
HUE TEXHUYECKUX TpeOOBaHM M T.O.) MPOU3ZBOAMUTCS MPHUBBIYHBIMU CpPEACTBAMHU YEPTEKHO-
rpadu4ecKkoro pegakTopa. AHaJIOIrMYHO co3iaeTrcs "3arotoBka crnerudukanmu’ s coopku. Coopka
MOKeT oToOpakaTbcs B ""pa3o0OpaHHOM" BUJE (3TO MOXKET MOTPEOOBATHCS, HAIIPUMED, IIPU CO3JaHUU
n300pakeHust A Katanora). HampaBnenne n BeTMUMHA CIBUTA MIPU Pa3HECEHHH 3a/1AI0TCS TTOJIB30-

BaTCJICM.

SolidWorks
SolidWorks — momiHoe cpeacTBO MPOSKTUPOBAHMS, KOTOPOE IMOIHOCTHIO pEIlaeT MpoOIeMbl

©KeTHEBHOU NMPaKTU4ecKoi paboThl KOHCTpyKTOpa. SolidWorks ciy>kuT OCHOBO# JUIsl TOCTPOEHUS HTe-
TPUPOBAHHOTO KOMIUIEKCA aBTOMATH3AIMU TIPEIIPHUATHS U TO3BOJISIET OCYIIIECTBUTH CKBO3HOM TPOIIEeCcC
MPOEKTUPOBAHUS, MHXKEHEPHOTO aHAJM3a M TIOJI'OTOBKH TPOHM3BOJICTBA M3/ICIUNA JIFOOO0H CIIOKHOCTH M
Ha3HayeHMs. JTa CUCTeMa He MMEET OrpaHMYeHHIl M0 KOJMYECTBY KOMIIOHEHTOB CIIOXKHBIX COOpOK,
npeocTaBiser Oorarble BO3MOXKHOCTH JUTsl OhOPMIIEHHS! KOHCTPYKTOPCKOM JTOKYMEHTAIMHU, paboThl ¢
JIMCTOBBIM METAJUIOM, co3iaHus (potopearmmcTnynbix m3o0pakeHuid. SolidWorks cepruduimpoBan Ha
cootBercTBue TpeOoBaHuAM CALS-TexHOMOruit ¥ mo3BOISIE€T OCYLIECTBIIST MOJIEPAKKY ITOJTHOTO YKU3-
HEHHOTO LIMKJIa U3/IeNHs, BKITIOYas CO3/[aHNe MHTEPAKTUBHOM JTOKYMEHTAIMH Ha U3JIeNIUe U oOecrieyeHne
oOMeHa JJaHHBIMH C JIPYTUMHU cUcTeMaMH. HeocrmopuMbIM NPenMyIlecTBOM CUCTEMBI SIBJISETCS e€ MoJ-
Had pycuduxanus. Bee metoandeckue nocodus u pykoBoAcTBo nonb3oBatenst SolidWorks, a Takke me-
HIO U TOJIb30BaTeNIbCKUN MHTep(eiic peaqn3oBaHbl Ha PYCCKOM si3blke BO Bcex Bepcusix. SolidWorks
HOJHOCTBIO ToziepkuBaeT cranaaptsl ECKJ B yactu oopmiieHnst KOHCTPYKTOPCKON TOKYMEHTAIUH,
YTO JIMIIHUA pa3 CBUIETENIBCTBYET O MOBBIIIEHHOM BHUMAaHHU CO CTOPOHBI pa3padoTyrKa K Hy»/1aM poc-
CHICKUX TOJNTb30Baresieil. OTKPBITOCTh MOJIb30BaTeNbekoro uHTepdeiica SolidWorks He Tpebdyer crie-
LIUAIBHON MOJATOTOBKU OT IOJIb30BAaTENs: MUCATh CBOU IPHIIOKEHUSI, MOXKHO Ha JII0OOM pacnpocTpa-

HEHHOM s3bIKe U1t Windows.

Ilpoexmuposanue
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Mopnye npoextupoBanus npecc-popm MoldBase:

—  OBICTpPOE KOMILIEKTOBAHHE Ipecc-(hOopMbI HA OCHOBE HECKOJIBKUX CTaHIapTOB,;

—  1o0aBIieHre 10 BRIOOPY U3 OMOTMOTEKH TOJIKATENeH, KAHATIOB OXJIAXKICHHS,

— BO3MOKHOCTb CO3/1aBaTh CBOU OMOIMOTEKH KOMILJIEKTOB ILTUT, KOJIOHOK, TOJIKATEJCH.
Monayas npoektupoBanus mpecc-popm MoldWorks:

— YeTHIPHAAINATH UCIIOJIb3YEMBIX B MUPE CTAaHAAPTOB Mpecc-Gopm;

— BO3MOKHOCTbh MOAM(HUKAIUY MPe/IaraeMblX CTaHIAPTOM ILIUT;

— obumpHas 6MOIMOTEeKa TOJKATENeH, KOJIOHOK, BTYJIOK, IMTHUKOBBIX KOJIEIl;

—  BO3MOYKHOCTB aBTOMaTHYECKOr0 IiepecyeTa npecc-(hopMbl MO MHOM TUTIOpazMep;

— aBTOMAaTHUYECKas reHepanus JaHHbIX s cTaHKOB ¢ UITY;

—  aHaAJIM3 KOJUTM3WH MEXIY dJIEMEHTAaMH '€OMETPUH OTICIBHBIX IUIUT Mpecc-(popMBbl.
Monayas mexanooopadbotku CAMWorks:

—  3-x KoopauHaTHasI pe3epHast U 2/4-X KOOpIMHATHAS TOKapHas 00paboTKa;

— TEHeparop MOCTIPOIECCOPOB B cocTtaBe OazoBoro moayiss CAMWorks;

— TOJJAep’kKa aCCOLMATUBHOCTU C T€OMETPUEH MOJIEIH;

— BU3yanMzaius npoiecca 00paboTKU, aHAIN3 HEJOPE30B U 3ape30B;

— oOmmpHas 6a3a TaHHBIX CTAHKOB, MHCTPYMEHTA, PEKUMOB PE3aHHUI. .

Mopayns MEXaHUYECKOM U 3JIEKTPOIPO3UOHHON 00padboTku Mastercam:

npsiMoit uatepgeiic oomena ¢ SolidWorks;

— (pesepHas 06pabOTKa 710 MATH OCEi;

— BO3MOHOCTb 00pabOTKH JieTau OOKOBOI MOBEPXHOCTHIO (PPE3BI;

— TOKapHas 1 AJIEKTPOIPO3UOHHAST 00paboTKa;

—  (pyHKIUH BBICOKOCKOPOCTHOU 00PaOOTKH.

Monynb 1715t pa3BOAKH DIEKTpHUECKHX Kabeneir Embassy:

— pa3Bojika kaOeneil u (GopMHUPOBAHHE KIYTOB;

— TeHepalMs CXeMbl pa3BOJKU U 0(OpMIIEHUE YEPTEXKa, MOTyYeHHE TEKCTOBBIX OTYETOB;

— packiIajKa KI'yTOB Ha MOHT@)XHOM CTOJIE;

— TpOBEpKa 3a/IaHHBIX MOJIb30BaTEIeM MIPABUII POESKTUPOBAHUSL.

Mopayns TpPOEKTHPOBaHHS TPyOONMPOBOMOB U OMOIMOTEKAa CTAaHAAPTHBIX U3ACIUN
SolidWorks Piping:

— TpexmMmepHas MpoKJaaKa Tpacc TpyoonpoBoaoB B coopkax SolidWorks;

— OubnMoTeKa CTaHIAPTHBIX M3ICNHH, coaeprkaras 6osee 1700 yHUKAIBHBIX JETaNCH;

— BO3MOKHOCTH CO3/IaBaTh CBOU OMOTMOTEKH JeTallell WK JO0aBISITh UX B CTAHJAPTHYIO.

Monayib co3aanus TpeXMEpHbIX Mojenei meyatusix miat CircuitWorks:

— ABTOMAaTH4YCCKOC CO3JaHUC 3D-MOII€H€I>'I MCYAaTHBIX IJIAT Ha OCHOBC NAHHBIX, IMOJIYUCH-
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HBIX U3 AekTpoTexHuueckux CAD-cucrewm;

CTH;

— TI0JIb30BaTeNIbCKUE OMOIMOTEKN MOJIeNel painoieTanei;

— BO3MOXXHOCTB IIpeoOpa3zoBanus moaeneit SolidWorks B IDF-opmar.

Pacuemmnvie mooynu

WuxeHepHslid KanbKysitop U oudanoreka MechSoft-PROFI:

MPOCKTHPOBOYHBIC PACUETHI OAJIOK, BAJIOB, CBAPHBIX COSIMHECHHUI, IPY)KHH...;

— MOJCIMPOBAHNE CTAHAAPTHBIX U3JICIHI M KyJIaYKOB;

— CO3JaHHE B COOPKE acCOLMUPOBAHHBIX TPYIIT KPEIIEKa;

— MOJICJIUPOBAHKE BAJIOB U 3y04aThIX Iepeiady Ha OCHOBE IIPOSKTHPOBOYHOIO PacueTa;
— BBCJCHHUC B CUCTEMY CBOUX BHUJIOB PAaCUECTOB M MOJEIICIH.

VTUiIUTa NpOCTaHOBKH J0MYCKOB JOMyCKH H MOCAAKH:

— TPOCTaHOBKA Ha YEPTEKaxX JOMYCKOB Ha pa3Mephl 0 KBAJIUTETAM.

Monyis pacuera pasmepHbix 1eneit SigmundWorks:

— aHanu3 coOMPaeMOCTH COOPKH U3 YCIIOBUI 3a1aHHBIX JIOIYCKOB,;

— aBTOMatruyeckoe (HOPMUPOBaHKE PAa3MEPHOH LICMH;

— TPSIMOW ¥ OOpaTHBIIl BUJIBI PACUETOB;

— pacyeThl HA MAKCUMYM-MHHUMYM, CTaTUCTUUCCKHI aHAJIH3;

— OIpejeseHUe U y4eT BECOBBIX KO3 PUIIMEHTOB;

— y4eT CTaTHUCTUKH MPEINPHSITUS NPH 33aHUH QYHKIIUH pacipe/ieieHUs MOTPEIIHOCTEH.
Monynb ananu3za nmponuBaemocTr npecc-dopm Plastics Advisers:

— pacyer Te4eHHMs IIacTMacchl B popme 1000 CII0KHOCTH;

—  ompereneHre MecT 00Opa30BaHHs ITy3bIPHKOB BO3/IyXa, IMHUH XOJOHOTO CIIast;

— ONTUMH3ALMS TOYEK BIPHICKA TIOINMEPA;

—  OIpeJeNieHNuE KauecTBa MOBEPXHOCTH, 30H HEJJOCTATOYHOTO OXJIaXKICHHS;

— OMpeJesieHuEe ONTUMAITBHBIX TAPAMETPOB TEPMOILIACT-AaBTOMATOB.

Monyins kuHeMatndeckoro ananuza Dynamic Designer (ADAMS):

— KHHEMAaTHYECKH aHaJIN3 CIIOYKHBIX MEXaHU3MOB;

— ONpeIeNeHNe CKOPOCTEMN, YCKOPEHU U B3AMMHBIX BO3/ICUCTBUI 3JIEMEHTOB CUCTEMBI;
— Tmepenava Harpy3oK B CUCTeMy pacueTa Ha mpouHocTh CosmosWorks.

Moayanb pacyera Ha npouHocTb COSMOSWOrks:

pa3Hbie BUAbI pacyeTra - CTATHYECKHid, TeNJI0BOM, YACTOTHbIM, OTEPH YCTONYNBO-

aBTOMATHYeCKasi ONTUMHU3ALMS Pa3MePOB KOHCTPYKIIUH;

padora ¢ geTajnsiMu U cOOpKamMu;
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BO3MOKHOCTH y4eTa HeJIMHEHHBIX CBOMCTB MaTepuaJjia

BbIBOJI MIIOP HANPSIKEHUH, nedopMaluii, 3aacoB NPOYHOCTH...

Moayis pacuera Ha npounocTh MSC visualNastran:

pacyeT ABWKEHHSI CUCTEM CO CIyYaiHbIMU B3aUMO/ICHCTBUAMU AJIEMEHTOB;
OTpe/ieNIeHN e Harpy30K, CKOPOCTEeH U YCKOPEHHH B JIF000I MOMEHT BPEMEHU;

pacueT yJJapHbIX Harpy3oK;

pacyer OTAENbHBIX JeTallel Ha IPOYHOCTH B JIFOOOH MOMEHT JIBIKEHHSI MEXaHU3MA.

Monayib asporuapoanHaMuyeckux pacuaetos FlowVision:

pacuer ¥ BU3yalln3alus TeYCHUH KUAKOCTEH U T'a30B;
pacyeTsl ABMKEHUS Ha IOBEPXHOCTHU pas3fiena IByX Cpe/l;

Y4E€T ropCHHUA F&?;O-BOBI[yIHHOfI CMCCH ITPHU ABUIKCHUU,

a’poJiMHaMUYecKue pacuersl A0 uuciaa M=10 aHanu3 1aMHHApHOrO U TypOYyJEHTHOTO

Te‘leHHﬁ, YUET BA3KOCTHU I'a3a U ) KUAKOCTH.

JloKyMeHT0060pOT U OUOTHOTEKHN CTAHAAPTHBIX YJieMeHTOB MeHemxkep npoekra SWR-

PDM

SWR-PDM 1.0, PDM-cuctema, mo3BOJISAONIAs BECTH HHIWBUIYabHBIE MTPOEKTHI M YIIPaB-

JSATh NapajyieIbHON pa3paboTKol jerde u 3¢ peKkTrBHEE YeM Koraa-iubdo paxee!

Mopyns unterpanuu ¢ SolidWorks nemaer SWR-PDM moImHbBIM HHCTPYMEHTOM yIIpaBiie-

Hus it 1okymMeHToB SolidWorks. Ucnonbsyiite SWR-PDM miist co3nanusi, pelakTUpOBaHHUSL, IPO-

CMOTpa, YIIPaBICHUs BEPCUSIMHU, XpaHEeHUs U nmorcka qokyMeHToB SolidWorks, MS Office u mo06b1x

npyrux npuwioxeHnid. SWR-PDM roroB k HMcCnonb30BaHUIO Cpa3y IOCIE YCTaHOBKH, OCTaBasiCh

JICTKO HAaCTpanBaCMbIM.

Onucanune SWR-PDM

bubnmoreka cranaapTHeIX u3aenuii Toolbox:

ObIcTpoe n100aBIeHre B COOPKY KOMITJIEKTOB Kperexa (00T, ralika, maiioa);
OMOIMOTEKH MOANTUITHIKOB U MTPOKATHOTO COPTAMEHTA;
MOJIETTUPOBAaHUE KaHABOK TOJI CTAH/IaPTHBIE YIIJIOTHUTEIBHBIE KOJIBIIA;
MIPOSKTHPOBOYHBIC PACUETHI OATOK;

MIPOEKTUPOBAHHE KYJIauKOB.

bubnuoreka cranaaptabix u3aenuii StandardWorks u SWR-6ubauorexn:

MOTIOJTHSIEMbIE OMOJIMOTEKH JIFOOBIX MTApaMETPU30BAHHBIX MOJICTICH;
BO3MOYKHOCTB Pa3JIeJICHUBAIIE JOCTYIIA OI30BATENS U aJIMUHUCTPATOPA;

IIOCTaBKa C TOTOBBIM HarloJIHeHHEM B cooTBeTcTBUHU ¢ I OCTamu;
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— BO3MOKHOCTbH JI0OABIIEHUS MPSIMO B COOPKY C HAJIO)KEHHUEM COTIPSKEHUM;

— TECHas MHTETpaIys C MOYJIeM aBTOMAaTHUECKOM TeHepaIiy CrieU(pUKaIIII;

— BO3MOXXHOCTH HacTpoiiku Ha CtIl nmpu mocraBke 3aKa3vuKy.

Mopynbs aBTOMaTH4yeckoi reaepanun crnenudukannii SWR-Cneunduxamus:

— TIOJIHOCTBIO aBTOMaTHYeCKoe 3anoyiHeHue crenudukanuu mo ECKJI;

— JIBYCTOPOHHSIS acCOIMAaTHBHAS CBs3b C uepTekamu U Mojenssmu SolidWorks

— BCTpOCHHBIC OMOTMOTEKH MAaTEPHUATIOB U KpPEIexKa,

—  TOJJCpXKKa MHOXKECTBA OJaHKOB, (DYHKIIMU SKCTIOPTA JAHHBIX- TCHEpAIUs IPYTrUX KOH-
CTPYKTOPCKHX U TEXHOJOTUICCKUX JJOKYMEHTOB;

— Jr00ble OJIAaHKH 3aKa34yuKa — OecIuIaTHO.
Jononnumensusie mooynu

Moyib mapaMeTpu3aniid KMIIOPTHPOBaHHBIX Mozeiei B SolidWorks FeatureWorks:

— pacro3HaBaHHE KOHCTPYKTHBHBIX 2JIEMEHTOB B UMIIOPTUPOBAHHBIX MOJICISIX U TIpeoOpa-
30BaHME UX B MTapaMeTpUIecKyro Moaenb SolidWorks;

— TOJIyY€HHUE PEaKTUPYEMbIX, aCCOIIMATUBHBIX M MAPAMETPHUUCCKUX MOJICIICH;

— BO3MOXXHOCTb KaK aBTOMaTHYECKOT0, TAK ¥ MHTCPAKTUBHOI'O PACIIO3HABAHUSI.

Monayas SolidWorks Animator:

—  OblcTpast 1 pocTast reHeparws A VI-gaiinos Ha ocHoBe Mozieneit SolidWorks;

— CO37aHME MHTEPAKTUBHOW JOKYMEHTAIIMU U PEKJIAMHBIX BUACOPOIUKOB.

Monayib tst co3aanust GoTopeanTucTUIHbIX n300paxenuit PhotoWorks:

— TreHepauMs u300pakeHUl ¢ (¢ororpaguueckuM KadyecTBOM Ha 0Oasze Mojenei
SolidWorks;

— oaxkcnopt B TIFF, JPEG, PostScript, Targa, BMP, LWI dopmartsr;

— BO3MOKHOCTh BBIOOpA ONTHYECKUX XapaKTePUCTUK MoBepxHOcTel neraneit SolidWorks;

—  3a/IaHVe VICTOYHUKOB CBETA, OKPY KAFOIIEH 00CTAaHOBKH, XapaKTEPUCTHK CPE/IBL.

CpencTBo mpocMoTpa Mozenei u ueprexeit SolidWorks — moxyns eDrawing:

— YHUKQJIBHOE CPEACTBO MpocMOoTpa yeprexeit u moneneit SolidWorks ¢ onHoBpeMeHHBIM
UX MHOTOKPATHBIM CXKaTHEM;

— o0bBeaMHEHHE YepTekKa, MOJICIH U CPEJICTB X POCMOTpa B exe-(aiiin Maoro pazmepa;

— ¢yHKIus "KpacHOro KapaHjaia'", TomoJIHUTEIbHbIE BUBI U Pa3pe3bl, BBIBOJ Ha M€YaTh.

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

— TIOMCK MOTEHIMAIBHBIX 3aKa34MKOB Balllel IpoayKIuu depe3 Internet;

— TI03BOJISET MOKYIATENSIM IPOCMAaTPUBATh, TPAHCIMPOBATH M 3arpyxartsb 3D monenu.

Monayas ooMeHa maHHbIX yepe3 Web-ctpanunsr 3d Instant Website:
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— CO3JIaHHe TOJIb30BaTEIhCKUX Web-CTpaHUI] Ha CBOEM CEepBEPE U 3aIIHIIEHHBIX MapoIeM
crpanuil Ha cepepe SolidWorks Corporation;

—  BO3MOYKHOCTB IpeJICTaRyBITH B Internet 3D-Mozeri ¢ hotorpadrteckiiv KauecTBOM.

EnnHas MHTerpupoOBaHHAs CUCTEMA Pa3IMYHBIX HHKEHEPHBIX
npuioxenuit CAD/CAM/CAE/PDM/TDM

SolidWorks mpenocraBisier BO3MOXKHOCTh IMOCTPOCHUSI CKBO3HOTO KOMILJICKCA aBTOMAaTH3a-
IIUM KOHCTPYKTOPCKUX U TEXHOJIOTHYECKUX pabOT, ONTHUMHU3UPYS €ro CocTaB U (yHKIIMOHAIBHOCTb
B COOTBETCTBHMH C PEIIACMbIMU 3ajJa4aMi ¥ (PUHAHCOBBIMU BO3MOXKHOCTSIMU MPEANPHUATHSA. DTOT
3¢ deKT AOCTUTHYT Oyaronmapsi BKIFOUEHUIO B 0a30BBI MOAYNb crenuaibHbIX API-QyHKImil mis
POTPaMMHUPOBAHUS MPHUKIAIHBIX 3a7a4. Pe3ysbTar — BO MHOTHX MOMYJISIPHBIX MPHKJIAIHBIX CH-
CTeMax IMOSBWIMCH CpeICcTBa MpsiMoro joctymna k monenssMm SolidWorks. Bonee toro, cnenuanbHO
st SolidWorks ObIT0 CO31aHO OOJBIIOE YUCIIO MOJYJICH, padOTAIOIUX HETOCPEICTBEHHO B €T0
cpexe.

SolidWorks MOKHO paccMarpuBaTh Kak CHUCTEMY, BIIOJHE MOIXOMSAIIYIO JUIsl aBTOMAaTH3a-

OUHU KOHCTPYKTOPCKOT'O TpyAa Ha CPCAHEM HPCAIIPUATHU.

Solid Edge.
Kak anpTepHatuBy KOpoTko paccmorpuM cuctemy Solid Edge. Solid Edge siBisiercst npuH-

[UINHAATEHO HOBOM CHCTEMOM aBTOMaTW3UpoBaHHOrO KoHcTpyupoBanus (CAD), koTopas npemHa-
3Ha4YeHa I pa3paboTKu COOPOYHBIX Y3JIOB M TEOMETPUYECKOTO MOJICIIMPOBAHUS OTICIBHBIX JIeTa-
neii. Pa3paboTaHHblil ¢ HCIOJIb30BAHMEM MEPEA0BOIl TEXHOJIOTMU TPEXMEPHOI0 MOJe/JIMPOBa-
Hus, Solid Edge o0ecnneunBaeT HaCTOAIIMI NPOPBIB B 00J1ACTH HHTEPAKTHBHOIO0 KOHCTPYH-
POBaHMSA M3/1eJINMH MAIIMHOCTPOECHHS M NMO3BOJIsIET 3HAYUTEILHO COKPATUTH BpeMsl pa3padoT-
ku u3aeqans. Solid Edge npoct B ocBoeHHH U UCNO/Ib30BaHNHU, Oj1arogapst yemy Bbl yaessiere
00/1b11Ie BpeMeHH KOHCTPYMPOBAHHIO M TPATHTE MeHbIle BpeMEHH HA YIIpaBJieHUe CUCTEMOM.
Solid Edge pa3pabotan cnernuanbio 11 Microsoft Windows u siBisiercs nepBoii cuctemoit CAD,
KoTopasi mpennaraet 3Pp¢GeKTUBHOE 00BEKTHO-OPHEHTHPOBAHHOE MapaMETPUIECKOE MOJIEITHPOBa-
Hue B Windows. [Ipennaras nHTyUTUBHBIN UHTep(eEc, KOTOPBIA OTpa)kaeT eCTECTBEHHBIN Mpoliecc
paboTbl Haj KoHcTpykiuen minenusi, Solid Edge ycTpanseT u30bBITOYHOCTh KOMaHJA M 3alyTaH-
HOCTh Tpouenypsl coznanus moxaenu. Solid Edge paspabortan ¢ ucnonb3oBaHueM Haumbosee u3-
BECTHBIX OTKPBITBIX MPOTrPAMMHBIX TEXHOJIOTHA, YTO MO3BOJISIET OBICTPO U JIETKO OOBEAMHUTH ITOT
IPOAYKT BMECTE C IPYTMMHU NMPOTrPaMMHBIMHU CPEJICTBAMU aBTOMAaTHU3allMU B PAMKaX €IMHOIO MpO-
eKTa.

SolidWorks ¢upmbr SolidWorks Corp. u SolidEdge ¢pupmsr EDS PLM Solution — no-
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BbIe (¢ 1997) cucremnl 3D-MonesmpoBanusi, HA MaTeMaTHdeckoM siape Parasolid, orauuaro-
muecss y1o0HbIM uHTep(eiicom, coorBeTcTBUeM TpeboBaHusaM ECKJ], jierkocTbio peqakTu-
POBaHUA MojeJieil, BO3MOKHOCTBHIO CO3aHMS CJO0KHBIX COOPOK, MOJHOU pycudukanuei (J1o-

KajmM3anmeii).

Cucrembl BepxHero ypoBH1 (Tsxennsie CAIIP)
CucTeMbl BEpXHEr0 ypOBHS OTIIMYAKOTCS OT OCTAJIBHBIX CUCTEM ABYMS OCHOBHBIMHU IIPHU3HA-

KaMH.

Bo-nepBbiX, BO3MOKHOCTBbIO 00ecleYyeHHs] BCero LUKJIA CO3JAHMA M3JeJUsl — OT KOH-
LHeNnTyaJbHOH HieH 10 peaau3allii — BHYTPH CaMoOii cHCTeMbl, 0e3 JONOJTHUTEJILHOI0 HCII0JIb-
30BaHMS BHEIIHUX NPHUJI0KEHMIA.

Bo-BTOpBIX, 00ecnieueHre eqMHON cpeabl MJs Pa3padoTKM M3eJUusl U MOJJEePKKA Ma-
PA/UIEIBHOI0 MHKHUHHMPUHIA, TO €CTh CO3/aHUe eIMHOM HU(POBOH MOJEJH, ¢ KOTOPOH BCe
YYACTHMKH NPOEKTa MOryT padoTaTh 0HOBpeMeHHO. Takue cucTeMbl J0KHBI HMETh 10CTa-
TOYHO MOLIHBbIE CPeICTBA NAapaMeTPH3aLMH, N03BOJIAIOIINE IPOBOAUTH U3MEHEHHUS CJIO0KHBIX
CTPYKTYP B 00JbIIMX COOPKaX, HMeTh BO3MOKHOCTh MOCTPOEHHUS CJI0KHBIX ACCONMATHBHBIX
cBsi3eill, a Tak/Ke OIpeleJIeHHYI0 T'MOKOCTb, TAK KaK HM3/lejlde B Ipouecce NMPOeKTHPOBAHUS
NOCTOSTHHO U3MEeHsieTCs.

ITH CHCTeMBbI Ha3bIBAKOT €lle CHCTeMaMH CKBO3HOIO NMPOEKTHPOBaHMs, T. €. 00jaaa-
wmuvn pyaknusavu CAD/CAM/CAE-cucrem.

[Ipencrasnenune o Bo3moxkHocTax nosHomactTabusix CAD/CAM/CAE cuctem MOXXHO TI0-
JYy4YUTh, PAacCMOTPEB OJHU W3 CAaMbIX PACHPOCTPAHEHHBIX MNpPOrpaMMHbIX MpoaykTtoB - UNI-

GRAPHICS u Pro/ENGINEER.

UNIGRAPHICS
UNIGRAPHICS wucnons3zyer To ke caMoe SApO TBEPAOTEIBHOTO MOAETUPOBAHUS

(Parasolid), uto u SolidEdg, a Takke OIMHAKOBYIO MHJEKCAIMIO JAHHBIX, YTO OOECIEUMBACT WX
MOJIHYIO aCCOIIMATHBHOCTh. JTO OYEHb YJO0OHO MPU aBTOMATHU3AIIMU MPEANPHUATHH, TaK Kak o0ec-
nevynBaeTcs oOMeH JaHHBIMU Mexay pabounmu mectamu SolidEdge n Unigraphics 6e3 motepb vH-
dbopmanuu.

Unigraphics - ato oxgna u3 ocHoBHBIX CAD/CAM cucteM B MUpPE, KOTOPask UCIOIb3YeTCs
HECKOJIbKUMH BEIYIIMMHU aBTOMOOMIBHBIME KoMmaHusiMH, T1e General Motors siBisieTcst 0THOM 13
HanOoJiee M3BECTHHIX. Takasi TO3HIMS B OCHOBHOM IOJJICPXKUBAETCS Ojaromapst JOBOJBEHO HEIaB-
HeMy npuoOpeTeHHo komnanuu Applicon.

Unigraphics umeer MHOTO MOZYJEW A pa3iMyHBbIX MPUIOKEHUH, HaUMHAs C KOHIIETITY-

AIbHOTO IPOEKTUPOBAHUSA U 3aKaHUMBask pabOTOM C TUCTOBBIM METAJIJIOM.
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Paccmorpum Hekotopsie ocodenHocTr cuctembl UNIGRAPHICS (UG).

— TIlaker TBepaOTENBHOTO THOPUAHOTO MOJECIHUPOBAHUS, KOTOPBIA JAeT IOJIb30BATEIIO
NOJHBIN HA0Op QyHKIUI pabOThI C TBEPABIM TEIIOM, TOBEPXHOCTHIO U KAPKACHOW MOJEIBIO, OCHO-
BaHHBIM Ha MTOJIHOCTHIO ACCOL[MATUBHOM [TapaMETPUUECKOM JIEPEBE MOCTPOEHUS. MOIIIHOE CPEACTBO
BU3YyaJIM3alliH, AaHUMALUH, IOCTPOEHUS IPOTOTUIIOB.

— YHUKalbHbIM PEeBOIIOLMOHHBIN CHCTEMHO-UHXEHEPHBIH 1noaxo k nocrpoenuto WAVE-
MoJeNi. DTOT NOAXO0. JaeT Haubojiee IKOHOMUUYECKH 3((GEKTUBHBINA M PAllMOHANIBHBIN CIIOCO0 CO-
3[1aHMsI, CONIPOBOXKJCHUS U OLIEHKH HOBOI'O MPOAYKTa, UMEIOLIEr0 HOBbIE KOHLENTYalbHbIE pelle-
HUSL.

— MouHbie BO3SMOXHOCTH O CO3JAHUIO U YIPABICHHUIO KPYIHBIMUA COOpKaMH, CoJepkKa-
IIMMU JIECSATKU M COTHU THICSTY KOMITOHEHTOB.

— Monynu BEICOKOCKOPOCTHOH TEXHOJIOTHYECKON 00padOTKHU Ist TFOOBIX THIIOB 000PYI0-
BaHMSL.

—  Monym SHOP, npeyiaratoriue pereHus: OAMHAKOBO YI0OHBIE KaK I TPOrpaMMIUCTa CTaHKOB
¢ UITY, Tak u 115t pabodero (IabIoHbI MPAKTIHYESCKUX PEILICHH ).

— Monynu MHXEHEpHOro aHalu3a, 0a3upyrolecs Ha BCTPOCHHBIX PEIICHUAX TaKUX Ia-
ketoB, kak NASTRAN u ADAMS.

— OTKpBITBIA MOIIHBIM MPOrpaMMHBIM HHTEpdeiic aaeT BO3MOXKHOCTh pa3pabaThiBaTh
COOCTBEHHOE MPUKJIAHOE MPOrpaMMHOE obecrieueHne, KOTopoe OyAeT NOJTHOCThI0 HHTETPUPOBAHO
B UG.

— DOddexTuBHBI 00MEH JaHHBIMM C JAPYTUMHU CHCTEMaMH, JIaXke IMpH IJI0XOM KadyecTBE
BXOJHBIX JAHHBIX, TOJyYECHHBIX U3 CTAPBIX CUCTEM.

— Tloanep:xkka BHemHux ¢gopmaroB nanubix: IGES, STEP, DXF, DWG u npsimbIx
nHTepdeiicoB K HandoJIee H3BECTHBIM MAKETAM.

— Cucrema UG paboraer Ha Bcex mnpodeccnoHanbHbIX RISE—miatdhopmax u cooTBeT-
crytommx UNIX-SS, a Taxke mon ynpasnenrnem Windows NT na mnargopmax Intel m ALFA.

Unigraphics wucmoab3yer TO 3Ke camMoe SAPO TBEPAOTEJIbLHOr0 MOJAEJHUPOBAHUSA
(Parasolid), uro u SolidEdge. Parasolid ouenn 3¢(pexTHBEH U M3BECTEH TeM, YTO ropas3io 00-
Jiee yCTOMYMB K "'TUIOXHM'" TaHHBIM 110 CPABHEHHIO CO CBOMM OCHOBHBIM KOHKypeHTOM ACIS.
Onepanuu TBEpAOTEIbHOT0 MOACTHPOBAHUSA, TAKMM 00pPa30M, XOPOLIH, THOKH U OBICTPHI.

Kak Tonpko neTasib MOJTHOCTHIO MapaMEeTPU30BaHa, KOHTPOJIbHBIE MapaMeTphl MOTYT OBITh
3a7jaHbl (OTPENAaKTUPOBAHbI) Y€pe3 IJIEKTPOHHBbIE TAOIMIBI. DTO MO3BOJIAET JIETKO I'€HEPUPOBATh
cemelicTBa aeraneid. [lapameTpbl MacTep-aeTaal BBOAATCS B DJCKTPOHHYIO TaOIHILy, MOCTE YEro
OHU MOTYT OBITH CKOIIMPOBAHBI/OTPENAKTUPOBAHBI, YTOOBI MOJIYYUTh HOBBIC JI€TaNU, IPUHAIJICKA-

1IMEe K TOMY K€ CEMEHCTBY.
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UroObl MOMOYH MOJB30BATENIO, MapaMeTpsl B JI000€ BpeMs MOTYT OBITh TOKa3aHbl Ha
sKkpane. Jlrobas mapamerpu3oBaHHAsl ETalb MOXET OBITh HCIIOJIb30BaHA KaK MOJIb30BATEIbCKHNA
3JIEMEHT I CO3JaHMs HOBBIX MOJIEJICH.

Texunosorueir "WAVE" no3BoJisier ynpapJjsiTb POEKTOM, C031aB CHAYaJja MPOCTYI0
Moe/b M 100aBJisisl K Heil BIIOCJIeICTBUH AeTAJIH.

CymiecTByeT mpoBepKa Ha CTOJIKHOBEHUS JeTaneil. Unigraphics MOXKET ONpeenTh, TAC 1BE
JIeTaJI CTAJIKUBAIOTCS M CO3/1aTh TBEPAOE TEJI0, KOTOPOE MOKA3bIBAET 00JIACTh UX MEPeceUeHUsI.

Unigraphics no3BoJisier noka3biBaTh 00J1aK0 TOYEK, KOTOPbIe MOT'YT ObITh MCII0JIb30BAHbI
151 IPUBSI3KH MPU MOAEJIMPOBAHUH C IOMOIIBIO TAHHBIX OLM(POBKH.

Unigraphics mpeanaraer AUarHOCTUYECKYIO 3aKpacKy IO OTPaKEHUIO M TAK)KE MMEET BO3-
MOYKHOCTh HAaKJIaJIbIBaTh TEKCTYpPY C YUETOM OTPaXCHHUS. DTO IMO3BOJISET MONydaTrb 3PQexT 3ep-
KaJIbHOTO OTPa)KeHUs pacTpoBoro odpasza. OTHeabHBIE MOBEPXHOCTH MOTYT OBITH BBIJCICHBI U3
TBEPJOro TeNa Uil peAaKTUPOBaHus. B pexxrMe co3ganus uepTexeil Bce BUIbI O3BOJISIOT YIASTh
CKPBITBIE JIMHUU. JTO paboOTaeT TOUYHO M OBICTPO (YCIOBHEM SIBISIETCS TO, YTO PabOTa UAET TOJIBKO
C TBEPJBIMU TEJIAMH, - €CJIM JI€Tallb HE TBEPJIOE TEJIO0, TO YAAJIEHUE CKPBITHIX JIUHUM paboTaeT abco-
JIOTHO HEBEPHO).

Unigraphics moskeT pa3BopauynBaTh JOMaHble CeYeHMs M NMOKA3bIBATh UX B peKHMe
NPOEeKIH.

[lentpa oTBepcTHii MOTYT OBITH aBTOMaTH4YeCKH oOpa3mepeHbl. Heobxoaumo mpocto 060-
3HAYUTh MOJIOKEHNUE pa3Mepa U YKa3aTh OTBEPCTHE.

[Tonp30BaTenb MOXKET ONPEAETUTh CBOM COOCTBEHHBIE BHU[bI Ul JAJIbHEHINIEro MCIOIb30-
BaHMsI. DTO MOKET OBITh OUEHBb TOJIE3HBIM 3a UCKIIFOYEHHEM TOTO, YTO CyliecTBYyeT npeaen 10 mo-
N0O0HBIX BUJOB. 10 yMOI4aHUIO 3TO 6 OPTOrOHANBHBIX MPOEKIUH TUTIOC 4 n3oMeTpuyecKux. UToos!
OTIpeNIeNIUTh CBOM COOCTBEHHBIN BUA HEOOXOAUMO MEPEONPEIEIUTh CYIIECTBY IO,

Unigraphics MoxeT co3naBaTh HeHTPaJIbHbIE (CPeJHNE) MOBEPXHOCTH. ITO NMOBEPXHO-
CTH, KOTOPbIE JIe:KaT B cepeAuHe CTeHKH Win pedpa. Takue noBepXHOCTH ObIBAKOT MOJIE3HbI
AJI51 KOHEYHO-3JIEeMEHTHOI'0 aHAJIN3A.

B YITY mopayJie nob30BaTe/b MOKET CKONUPOBATH JIIO0OYI0 YIIPABJISIONIYI0 IPOIrpaM-
My M U3MeHUTh ee napamerpbl. HenaBno 0b11 BBenen B neiicteBue UGSHOPS nas pabotsl B
uexe.

B Unigraphics ectb xopolas BO3MOKHOCTb IO CO3/1aHHIO COOOIIEHUH 00 ommodkax. IToT Mo-
JyJIb @aBTOMAaTHYECKH TeyaTaeT TaKyl BaXHYIO MH(POPMAIMIO KaK BEPCHUs ONEpPAllMOHHOM CHUCTEMBI,
BEPCUH JIpaiiBEpOB, pa3Mep NaMATH U IUCKA H T.1.

Unigraphics mo3BoJIsIeT alallTUPOBATh MPOTPaMMYy IO TIOJIb30BATEIIsl, U3MEHSSI 3HAUYCHUS B
TEKCTOBBIX (haiiyax.

OTMeTHM HEKOTOpPbIE C1a0ble CTOPOHBI CHCTEMBbI.
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Jlnist Toro 4yTOOBI MOJHOCTHIO MCIOJIB30BAaTh BO3MOXHOCTH Unigraphics U pa3in4HbBIX CBS-
3aHHBIX C HUM IPOTPaMM, IOJIb30BATeNb JOJDKEH OTIMYHO 3HATH ONEPAMOHHYIO CUCTeMy. Tak
MHOTo Benield B Unigraphics 3aBHCUT OT HACTPOEK ONEPAIIMOHHON CHCTEMBI, KOTOPBIE MOXKET 3HATh
TOJIBKO 3KCIIEPT, YTO OCTAILHBIC MTOJIH30BATENIN OKA3bIBAIOTCS B YIIEMIICHHOM COCTOSIHUH.

Unigraphics He MOXXeT HampsMylo cuuThIBaTh (haiiisl Pro/E. XoTs u cymiecTtByer MHTEp-
deiic ¢ CATIA, on paboTaet oueHb MEIJICHHO.

UG, kak BIIpOYeM U BCE CUCTEMBI BHICOKOTO YPOBHS, pa0OTaeT Ha CepTU(PUIIUPOBAHHBIX all-

ImapaTHbIX CPCACTBAX, UTO ACIACT €T0 3HAUYUTCIIBHO JOPOKE.

Pro/ENGENEER
Paccmorpum cuctemy Pro/ENGENEER.

Cuctema Pro/ENGENEER mnpezcraiser co60if MOyJIbHYIO CTPYKTYpY, Ha MaTeMaTuye-
ckom siape ACIS, ocaoBa kotopoii — 6a3oBeiil Moxysb Pro/ENGINEER, k koTopomMy moakiodaeT-
C MHOXECTBO pa3JIMYHBIX MOJAYJEH, OXBaThIBAIOIIMX BECh CHEKTP KOHCTPYKTOPCKO-
TEXHOJOTHYECKHUX Pa3paboToK.

Pro/ENGINEER crnpoekTHpoBaH TakuM 00pa3oM, 4TO OH HCIOJIb3YETCs] KOHCTPYKTOPOM C
caMmoro Hadaia paboThl HaJl U3JIEJIMEM — C MOMEHTA OTIpeNIeIeHNsI OOBEKTOB U XapaKTEPUCTHK KOH-
ctpykiuu. KackajgHoe MeHIO 00ecriedynBaeT JOTHYECKU BHIOOp M YCTAaHOBKY OOJBIITMHCTBA TIPE/I-
BBIOOpHBIX omiuil. B 11000#1 MOMEHT 0CTyMHA MOJIHAs MOMOILb 10 BBIMTOJHAEMON (DYHKIIMU U KO-
pOTKasi MOJCKa3Ka B CTPOKE MOACKAa30K.

3n1ech He0OXOUMO OTMETHUTb, YTO MOJCKA3KU B 3TOM CHCTEME Ha aHIJIMICKOM SI3BIKE, YTO
JienaeT paboTy MmoJIb30BaTeNs HEY10OHOM.

B03MOXHOCTE CHUCTEMBI BBINOJIHATh 3CKU3HYI0 T'€OMETPUIO HEMOCPEACTBEHHO HAa TBEPJO-
TEJIbHOM MOJIENTU MO3BOJISIET JIETKO M MPOCTO MoMeIlaTh 00beKThI ("guuepsl") B KOHCTPYKLHUIO MO-
JIeJIN.

Cucrema OocHOBaHa Ha €IUHOW CTPYKTYype NAHHBIX, C BO3ZMOXXHOCTBIO JI€JIaTh M3MEHEHUs
HEMOCPEJCTBEHHO B cucteMe. Takum o0pa3oM, U3MEHEHHs, BHECEHHBIE B KaKOW-TO MOMEHT pa3pa-
OOTKH, AaBTOMATHYECKH NEPEHOCATCS Ha BCE pealM30BaHHBIE 3Talbl KOHCTPYKTOPCKO-
TEXHOJOTMYECKOro mpolecca, odecrneyrBasi IpeeMCTBEHHOCTh HHKEHEPHBIX Pa3paboToK.

MopemupoBanue B Pro/ENGINEER ocnoBano Ha "duuepax", Takux kak (acku, pedpa,
CKPYTJIEHHsI, 000JOYKH U Jp., YTO MO3BOJISIET CO3/[aBaTh '€OMETPUIO JIIo0oH cioxHocTH. Hapsiny ¢
uHpopManrell 0 UX MECTONOJOXKEHUN U CBS3SX C JIpyrMMU oObekTamu "duuepsl" conepxar He-
FeOMETPUUECKYI0 HH(OPMALIKIO, HAlIPUMEp, MPOLIECC U3TOTOBJICHUS U CBSI3aHHBIE C HUM PacXO/bl.

B Pro/ENGINEER c6opka KOMIIOHEHTOB (Kak JIeTajei, TaKk U MOy3JI0B) OCYIIIECTBIISIETCS C
MIOMOIIBIO TAKUX OINEpaluil Kak "mpukienTs", "BCcTaBUTh", "opueHTUpoBaTh". MOXHO OBICTPO CO-

3/1aBaTh COOpKHU JH000i crokHOCTH. [IpHueM KOMIOHEHTHI "MOMHSAT", KaK OHU COOpAaHBbI, U MPH U3-
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MEHEHUH JTUO0 TeOMETPHUH, TMOO MECTOPACIIONOKEHHS JIETAIA COOTBETCTBYIOIIUM 00pa3oM MEHs-
IOTCSl OCTaJIbHBIE XapPaKTEPUCTHKH. [leTaah MOXHO HPOEKTHPOBATH HEMOCPEICTBEHHO B COOpKeE,
omnpenenss €€ reOMETPUI0 WHIMBHUAYAIbHO WM OTHOCHTEIBHO F€OMETPUM CYIIECTBYIOLIUX JETa-
Jei, 1 mpyu MOAU(PUKAIIMH TapaMeTPOB MOCIETHUX aBTOMAaTUYECKH OOHOBIISIFOTCSI TEOMETPUS U Me-
CTOIIOJIOKEHHE ITPOEKTUPYEMOM I€TaNIH.

Teepaorensnoe moaenupoBanue B Pro/ENGINEER ocHoBano Ha 0e3rpaHHOil TeXHO-
JIOTUM BOWHOH TOYHOCTH, YTO o0ecnme4yMBaeT BBICOKYI0 TOYHOCTH IpPEACTABJICHHSI reoMeT-
PHMH, XapaKTePUCTHK MACCHI U POBEPKH BCEBO3MOKHBIX 3230POB M IlepeceYeHm .

[Tonnas accouMaTUBHOCTh CUCTEMBI IIPENOCTABISAECT MOIIHBIE BO3MOXKHOCTU IO BHECEHUIO
T0OBIX M3MEHEHUH, oOecreunBas MapauieIbHOCTh pa3paboTKH KOHCTPYKTOPCKOTO M TEXHOJIOTH-
YecKoro mpormeccoB. VMHCTpyMEHT aisi paboThl C TMapaMeTpHUYecKo 0a30if JaHHBIX MO3BOJISET
YOPAaBIATh ITUMHU CHHXPOHHBIMHU MPOIECCAMH U TPOBOAUTD JTHO0bIE KOHTPOJIbHBIE 1EHCTBUS.

TpeooBanus Pro/ENGINEER k annmapatHoii 4acTu: (pyHKIMOHHPOBaHHE Ha BcexX
miargopmax, padoraromux noa ynpapjienuem UNIX niam Windows NT, Ho Tpebyer ceprTu-
(puuupoBaHHOM anmaparypbl.

WuTepdeiic momp3oBaTesss HE 3aBUCUT OT OINEPAIIMOHHONM CHUCTEMBI, TO3TOMY MOJIb30BaTENIN
MOTYT BBIOMpPATh HaubO0JIee SIKOHOMHUYHYIO KOH(PUTYPALIUIO JIJIsl CBOUX HYXJ U COUETaTh Pa3InYHbIE
KoH(urypauu 1iargopm. Cuctema rapaHTUPYET JETKOCTh 0OMEHa MH(popMaIeil Mex1y Iiart-
dbopMamu ¢ 10001 apXUTEKTYPOH.

Pro/Engineer ¢pupmbr Parametric Technology Corporation — "1skenasn' cucrema, B
OCHOBE KOTOPOii JIEKHT TIIATEJILHAS MaTeMaTHYecKasi MoJieJib, u3BecTHasi kak feature-based
design. OtTianyaercss 0YeHb OOJBIIMMH BO3MOKHOCTSIMH, PeajiM30BaH HA Pa3HBIX IJIaTgop-

Max, HO CTPAAa€T OYECHDb CJI0KHBIM H HeyIl06HI)IM MMoJIb30BaTC/JIbCKUM HHTep(l)eﬁCOM.

Oo0mue TpedoBanusi kK CAD-cucremam
Bce PACCMOTPECHHBIC CUCTEMBI ITOCTOAHHO Pa3BUBAIOTCA, JOIIOJHAACH BCC HOBBIMHU MOJYJIA-

MH 1 BO3MOXKHOCTIMU. C T€YeHHEM BPEMEHH MPOrpaMMHbIE IPOAYKThI IPUOOPETAIOT CIIOCOOHOCTD
0JIMHAKOBO 3()()EeKTUBHO pelIaTh B CBOEH "BECOBOW'" KaTeropuu MpeabsBIseMble MOJIb30BATEIEM
3ajaud. B 3TOM ciyuyae mosbp3oBaTeNlb MpU BbIOOpE TOM MM MHOW CHCTEMBI PYKOBOJCTBYETCS B
NEPBYIO o4epellb ee IeHOW. B To e Bpems pa3BUTHE IPOrpaMMHBIX Cpell UMEET TeHISHIIUIO Iepe-
xoJa B Oojee "Tspkenyro' KaTeropuio, HO HHUKoraa HaoOopotT. K coxkaneHuro, Takoe yCOBEPIICH-
CTBOBaHHUE B OOJIBIIMHCTBE CIIy4aeB MPUBOIUT K HEOOXOTUMOCTH UCIIOIb30BaHuUs Bce Ooee u 60-
Jiee MOIIHOTO annapaTHOro ooecreyeHusl.

3/1ech YMECTHO OTMETUTh, YTO, KAKUM ObI BBICOKUM HU ObLT YPOBEHb CHUCTEMBI, OHA cama 0
cebe He ¢pyHKuMOHHpYeT. DBM U ycTaHOBIIEHHBIN Ha HEW MPOTrPaMMHBINA MPOAYKT MPEICTABISIOT

cO0OM XOTS U BBICOKONPO(ECCHOHAIBHBIN, HO BCETO JIUILb HHCTPYMEHT, TAKOH KakK, HalpuMep, Ka-
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panpjai, JuHeika i cyetsl. Pabora Ha 9BM mpoucxonut B popme auanora. Juamor ¢ 9BM Be-
JIET 4eJIOBEK (M0JIb30BaTeNb) C MOMOIIBIO YyKa3aTensd (Kypcopa), KOTOPBIA yIPaBIIAETCS MBIIIBIO
WIN KJIaBUILAMH KJ1aBUaTypbl. TakuM 00pa3oM, ypoBeHb 3PPEKTUBHOCTH UCIOIb30BaHus DOBM 3a-
BUCHT OT CTEIEHU MOATOTOBIEHHOCTH CIIELHAIIHCTA.

— paboTa B MHTEPAKTHBHOM PEKUME (B PEXKUME TUAIOTA);

— BBICOKOE ObICTpojeiicTBHE (MHaue paboTa 3a KOMIIBIOTEPOM B peKUME Auajiora Oyaer
YTOMHTEIIbHA),

— IPOCTOTa U OBICTPOTA B OCBOCHUU M UCHOJIB30BAHUU (IPOCTON M MOHSTHBIA AUAJIOT);

— KOMIIaKTHOCTh IPOJAYKTa M CO3/IaBa€MbIX B €ro cpeae (ailyioB (Ui BO3MOXXHOCTH HC-
H0JIb30BaHUS HEBBICOKOIIPOU3BOIUTENBHBIX KOMIIBIOTEPOB);

— cobmoaenue npasui u ycinoHocteit 'OCTos ECK/I;

— HaJM4yue BO3MOYKHOCTEH MpOo(eCcCHOHANBHBIX CUCTEM, MCIIOJIB3YEMbIX HA COBPEMEHHOM
POM3BOJICTBE (1151 0OOECTICeYeHNU s IPUHIIUITA BOCTPEOOBAHHOCTH 3HAHHI U HABBIKOB);

— IPOCTOTa MPOCMOTpPa, BBOJA U BBbIBOJIA Ipapuueckoi HHPpOpMaLuy;

— BBICOKOKAa4YeCTBEHHBIN BBIBOJ CO3AaHHOM rpaduyeckoil MHGpOpMaLUy Ha MIPOCTON Mat-
PYYHBIN IPUHTED.

Co3nanue u MouduKanys (peJaKkTHpOBaHKUE) U300paKeHUI:

— BO3MOXXHOCTb IOJIyY€HHs TBEPIOTEIbHBIX OOBEMHBIX U MJIOCKUX M€OMETPUYECKHX MO-
JIEJIEN U3 MPOCTHIX U CIOKHBIX DJIEMEHTOB;

— TOAJEPXKA TEXHOJIOTUH TOJIyUYeHHs! IIIOCKUX MOJIENIeH 10 3CKHU3aM, 0ObEMHBIX — TBEp-
JOTEIBHBIM MOJIETTUPOBAHUEM;

— BO3MOYHOCTb UX MaclITaOMpOBaHMsI, TOBOPOTA, MEPEHOCA, KOIMMPOBAHUS U 3€pKaJIbHO-
r'0 OTOOpaKEHUS;

— ofecrnieueHne TBOPUECKOTO MPOIiecca PEKOHCTPYUPOBAHUS PaHEE CO3/IaHHBIX 00bEMHBIX
U IJIOCKUX T€OMETPHUECKUX Mojiesiel (BO3SMOXKHOCTD BBIMOJIHEHHUS TOMOJIOTHYECKUX MTpeodpa3zoBa-
HUN);

— BO3MOKHOCTb IOJIYYEHHUS TOJYTOHOBBIX, TEKCTYPOBAaHHBIX U I[BETHBIX PEATMCTUYECKUX
M300paKeHUI TBEPAOTENbHBIX MOIETIEH (U1l pellieHus JU3aiHEePCKUX 3a/1a4);

— BO3MOJKHOCTb BBINIOJIHEHUS JIOTHYeCKUX (OyJeBbIX) omepauuil (omepauuidl CIOoXeHHs,
BbIUNTaHUS, 00bEIMHEHUS, IEPECEUEHUs U TPYIIIUPOBAHMS) C MOJEISIMH;

— BO3MOXXHOCTH CO3/[aHMS TapaMeTPU30BaHHBIX MoJjeneil (6e3 HeoOXOIUMOCTH MPSIMOTOo
MpOrpaMMHUPOBAHUA);

— Hanmuyue (WM BO3MOXHOCTh MPOCTOTO CO3JaHUs) OMOIMOTEK THIOBBIX (JKEIATeIhHO
apaMeTPU30BaHHBIX) KOHCTPYKTUBHBIX 2JIEMEHTOB.

Hannuwne texcroBoro pegakropa:
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— BO3MOXHOCTHh O(DpOpPMIIEHUSI TEKCTOBOW YaCTH KOHCTPYKTOPCKOH AOKyMEHTaIuu (Tpen-
MOYTHTEIHHO B aBTOMATU3UPOBAHHOM PEKHME);

— HAHECEHHE TEKCTOB, Pa3MEPHBIX YHCET M MX OTKIOHEHUH, 3HAKOB YHCTOTHI 00pabOTKH
MIOBEPXHOCTH M B3aUMHOTO PACIIONIOKEHHUSI KOHCTPYKTUBHBIX 3JIEMEHTOB (IIPEIIOYTHTEIBHO B aB-
TOMATU3UPOBAHHOM PEXHUME).

I[OHOJIHI/ITG.HBHBIC CCPBUCHBIC BO3BMOKHOCTHU:

BO3MOXXHOCTHB BBIIIOJHCHUS BCIIOMOI'aTCIbHBIX HOCTpOCHHﬁ;

ABTOMAaTU3HWPOBaHHAasA IIPOCTaAaHOBKA pa3sMCpPOB;

OIpe/ieJIEHUE N'€OMETPUUECKUX XapaKTEPUCTHUK JIMHUN U KOHTYPOB;

NpUOIMKEHNE U OTAaJICHUE U300pakeHUs], OTKAT, TOBOPOT Ha 3aJaHHBIA YTOJI, HCIIOJIb-
30BaHUE PA3NMYHBIX TUIIOB KYPCOPOB.
Bo3MoxHOCTB BBIBO/IA TpaduuecKoil HHPOPMALIUH TSI COCTABICHHUS YIIPABIISIONINX TIPO-

rpamm Ha cranku ¢ UITY u B pacTpoBbie (haitibl.
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JEKLIUAS Ned
ANSYS WORKBENCH

ANSYS - makeT nporpaMm Uit KOMITBIOTEPHOT'O HHKXCHEPHOTO aHaJIn3a MPOCKTOB Me-
TOAOM KOHCYHBIX 3JICMCHTOB, KOTOpLIﬁ OXBAaTbIBACT MHOTHEC HAIIPAaBJICHHUA paCYCTHOI'O 0600-

HOBaHUA WHKCHCPHBIX IIPOCKTOB (MexaHI/IKa, TuapOoAuHaMUKa, 3JICKTPOTCXHUKA, SJICKTPOHHUKA

u T.I[.) N MOXKET BBIIIOJIHATH MHOT'OAUCHUILIMHAPHBIC PaCUYCThI.

Workbench - sto mons3oBarensckas obomouka ANSYS, npusBaHHas COCAUHUTH pas-

Project 0 A2,B2:EngineeringData X
Reconnect [#] Refresh Project 7 Update Project |
v X
B Analysis Systems |
§4 DesignAssessment
3 Eigenvalue Buckling e & = S
@ Eectric : : I
m Explicit Dynamics 2 g EngineerngData v ,—M 2 , Engineering ata | 4
& Fluid Flow (CFX) 2 @ ceometry Va3 @) Geometry v 4
Fluid Flow (Fluent) 4 @ Model v . 4 @ Model v 4
i} HarmonicAcoustics 5| @ st ; . 5| @ setp 7
HarmonicResponse e = & 7,
7
&8 1C Engine (Fluent) @ Sohston 4 |§@ Soltion 4
(i) Magnetostatic Cnucok 7 @ Resuts iR 7| @ Resuts v 4
) Moda Stabe Structural Modal
@ Modal BO3MOXHbIX od
] Modal Acoustics 3apgau
fily Random Vibration
{il§ ResponseSpectum
fzd Rigid Dynamics
74 Static Structural
@ - Bokc O6BLeauHeHue
Y steady-State Thermal
@) Thermal-Electric 3apayu AAHHbIX
£2) Topology Optimization mexay
f& Transient Structural bokcamu
¥ Transient Thermal
|| & Turbomachinery FluidFlow
||| @ ComponentSystams | < i ] ’
@ Custom Systems ‘ y v X
Desian Exploration [ A B C
1 Status Details Progress
’ I T view Al / Customize. .. I
e Ready [!_,_‘JobMontnr ‘A:W\HdeProg'ess ] ) Show 1Messages | .:
LE - —_— =

JTUYHBIE (PU3MUYECKUEe MOJIENTM B OJJHOH PacuyeTHOM MPOEKTE U MPEJOCTaBUTh WHKEHEPY WHTY-

UTUBHO MOHATHBINA HHTEep(ENC yrpaBiIeHHs paCU€THBIM ITPOEKTOM.

Pabouast cpena Workbench wucnoneszyer okxna nactpoek. Kaxmoe okHO ympasisier
(GYHKIMSAMU U HACTPOMKaMH Ha BCEX 3Tamax MOJEIMPOBAHUS: CO3/1aHUE TE€OMETPHUECKON MO-

JIeNIH, CO3/IaHHE€ PAaCYETHOM CETKH, MPUJIOKEHUE HArpy3KH (OMpelelieHne TPaHUYHBIX YCIIO-

BUI), MPOCMOTP PacueTHBIX Pe3yIbTaTOB.

CraproBoe mento ANSYS WorkBench comepxur crenyromiue 31eMeHTbI:
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B craproBoM OKHE ciieBa MEpEeUMCIEHBI BCE THUIBI 3a/1a4, KOTOPHIE MOXKHO 3allyCTUTh Ha
petieHue. MoOXKHO 3allyCTUTh OJHY 3aJauy. A MOXKHO HacCTPOUTh HECKOJBKO 3aJlay, YKa3aTh CBS3U
MEX1y HUMH U 3alyCTUTh Ha PelIeHNEe MHOTOJUCIIUIUIMHAPHYIO 3a/1ady.

Kasxnoii BbIOpaHHOI 3a/1a4€ COOTBETCTBYET OTAEIBHBIN OOKC.

OKHa HaCcTPOEK U MEHE/KEp PacyeToB

Co3naHue pacueTHOro MPOEKTa HAYMHACTCS C BI30Ba MEHEKepa pacueToB. Kaxkaomy tumy
pacveToB COOTBETCTBYET CBOil MEHE/DKEP U COOTBETCTBYIOIINI O0KC HAacTpoek. CITUCOK TOCTYITHBIX
THIOB pacuera T00IDOX HaxoauTcs cieBa B crapTroBoM okHe. HeoOX01mMMoe OKHO HACTPOCK HYIKHO
nepeHecTd HampaBo B pabouee okHO Project Schematic. [{ist 3Toro m0cTaToyHO IBaXKIbl IIEIK-
HYTb MBIIIKOW B BBIOPAHHOI CTPOYKE WM MOTSHYTh HAIPABO MBIIIKOI. B pabouem OKHE MOSBHUTCS
O0Kc 3a7auu.

Co3znatb npoekt B Workbench = nBax el menkHyTh MBIIIBIO B cTpouke Static Structural,

MHULMUPYEM pacueT CTaTUUECKON MPOYHOCTHU:

o-Analysis-Systemsy

W-Design-Assessment-t2J-
‘ Eigenvalue-Buckling-Electric
@xpllcit-Dynamics-mi-

Fluid-Flow-(CFX)-Ef§|-Fluid-

77 Static-Structural

C-YEngineeﬁng-Data-S‘{
Flow-(Fluent)-(.J-Harm-gnic-

b i

1

2

3 Geometry >
Aeoustics-u-Harm gnic Res- g = 4
- ] =
ponse:IC-Engine-(Fluent)y 4 @ Model -
[l Magnetosatic:Modalf 5 @ Setup ? 4

Modal-Acousticsy 6 @ Solution 2 B

hﬂtt1-Random-‘uﬁbratlon-LU- - -[ £)Results = .
Wpunse-m-ﬂ?-
Rigid-Dynamicsy Static-Structural
-
-"_II
s TaHem-

Hanpago-B-

3eneHbIn:
[ StaticStructurar® NYHKTUPHBbIA a/
o Steady-State e ~ KOHTYP-|

.ﬂ Thermal-Electric

MeHeszep pacucToB - 3TO OTJICIbHBIM 6OKC, B KOTOPOM CBEPXY BHHU3 NCPCUUCIICHBI BCC HC-
O6XOZ[I/IMBIC JEUCTBHS U 3TaIIbl pacucra. HpI/I BBITTIOJTHCHU U pacquHoﬁ 3aJa4u JBUTANTECh CBCPXY

BHM3, CHMAas BOMPOChl. Kak TOIBKO pacyeTHBIN ATall OMPEEIeH, BOIPOC 3aMEHIETCS TaIOUKOM.
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ITocnenoBaTeIbHOCTD PELICHUSA

Pemenue pacueTHoOM 3a/1a4u POXOAUT MOCIIEAOBATENBHO Yepe3 4 HTana.
1. OcuoBHble nONyIIEHNUS

- Br16op THIa aHanmu3a: cTaTUYeCcKuii, BAOPAIIMOHHBIH. .. ?

- Bp100p KOHTaKTHOM MOJIEIH: AeTallb UK cOopka?

- Br160op THMa 3716 MEeHTORB: 000JI0YEHYHBIC UIIN TBEPAOTEIBHEIE...?
2. TlpenporeccHHr

- TpaHcasuus TeOMETPUYECKON MOJICIIH.

- 3ajaHue CBOMCTB MaTepHUaioB.

- I'enepanms ceTku.

- Harpy:xenue u 3akperuieHne KOHCTPYKIUH.

- Br160p pacdeTHBIX TapaMeTpoB.

3. Pacuer

4. TlocThnpoueccHHT

- [IpocMoOTp pe3yabTaToB.

[TpoBepka JOCTOBEPHOCTH PELICHHUS.
[TocnenoBaTenbHOCTD PENICHUsT PACUSTHOW 33/1a4H, STalbl U OCHOBHBIE [Iar'H OTPaKEHBI
CTpOKaMH B OOKCE MEHeKepa PacueToB.

OcHoBHbBIE 1IATH KOHCTPYKIIHMOHHOTO aHAaJIHU3a:

1. TpaHciupoBaTh TEOMETPUYECKYIO MOJEND 1 3Tan
3 CAD crcTeMEL OcHoBHbIe ponyueHus
2. 3anath CBOMCTBA MAaTEPHUAJIOB.
3. CrenepupoBartb CeTKy. y
2 atan
4, 3aKpenuTh MOJIEb.
MpenpoueccuHr
S, [IpunoxxuTh Harpys3Ku.
6. Br1Opats nmapameTpsl penaress.
A
7. 3a1aTh CIIMCOK PACYETHBIX PE3YIbTATOB U 3 3Ttan
IIPOBECTH pacCUeT. Pacuer
8. IIpocMOTpeTh pacyeTHbIE PE3yJIbTATHI.
CrenepupoBaTh OTYET. Y
4 3Tan

MocTnpoueccuHr
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