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BBenenue

Kypc nekuuii coctaBiieH B COOTBETCTBHH ¢ paboueii mporpaMMoii TUCUUTUTUHBI « CUCTEMBI
ABTOMATH3UPOBAHHOTO TPOEKTHPOBAHUS» U TpeOOBaHUAMHU (heepasbHOTO TOCYAapCTBEHHOTO
00pa30BaTeNLHOTO CTAaHAAPTA CPEIHEro Mpo(eCCHOHAIFHOTO 00pa30BaHUA MO CHEIHATLHOCTH
22.02.06 CapoyHO€ IPOU3BOJICTBO.

Kypc nexuuii packppiBae€T OCHOBHBIE BOIPOCHI Pa3AeNoB JIUCHUIUIMHBI «CHCTEMBI
ABTOMATU3UPOBAHHOTO MPOCKTHUPOBAHUS»:

— Ilenu u MeTOBI ABTOMATU3ALUH IPOEKTUPOBAHUSI.
— Xapakrepucrtuka coBpemeHHbix CATIP.

— Crpykrypa u Buasl ooecnieuenust CAIIP.

— CAIIP B cBapO4YHOM MPOU3BOJICTBE.

JIeKMOHHBI MaTepHall COJCPKUT KpaTKylo HUHGOPMALMI0O [0 OCHOBHBIM TeMaM
JUCIUIIMHBL. Kaxkaas nekuust coaepKur:

— maH (epeyeHb BOMPOCOB, PACCMATPUBAEMBIX B paMKaX TEMbl);
— H3JI0)KEHHE OCHOBHBIX BOIPOCOB, B COOTBETCTBUU C MPEICTABICHHBIM IIAHOM.

Y4ebHOE mocoOMe TmpenHa3HAYeHO IS CTYJCHTOB OYHOW (OpMBI OOYyYEHHUS II0
crienranbHOCTH 22.02.06 CBapo4YHOE MPOU3BOJICTBO U MOYKET OBITh MCIIOJIB30BAHO KaK BO BpeMs
yueOHBIX 3aHATHI MO HUcHUIUIMHE «CHCTEMbl aBTOMAaTU3UPOBAHHOTO TPOSKTUPOBAHUS, & TAKIKE
B PaMKaX CaMOCTOSITEIbHON pabOThl BO BHEYPOUHOE BPEMSL.



Jlekmusi Ne 1. OcHoBbl nnpoexkTupoBanus. Lleau u MmeToabl aBTOMaTU3aul
NMPOEKTHPOBAHMUS.
[Tnan.
1. IloHaTHe NPOEKTUPOBAHUS.
2. J)KW3HEHHBIH UK pa3paOdOTKU H3AEIHS
3. DTanbl ONBITHO-KOHCTPYKTOPCKUX padoT (OKP)
4. Buger npoektupoBanus. Ilonstue CAIIP — cucremMbl aBTOMaTH3UPOBAHHOTO
MPOEKTUPOBAHHUS.
5. Lenu u MeTo1bl aBTOMATU3aLUU TPOCKTUPOBAHUS

1. TloHsTHE MPOEKTUPOBAHMS.

[Ipe’kne YeM TOBOPHUTH HEMOCPEACTBEHHO OO0 aBTOMATHU3AIMH IMPOCKTHPOBAHUS
TEXHHUYECKUX OOBEKTOB, HEOOXOJUMO OIMHUCATh CaMO TOHSATHE MPOCKTHPOBAHMS U €r0 MECTO B
MpolLecce KU3HEHHOTO IuKIa 00bekToB. Co3/1aHne U MCHOIb30BaHUE TEXHUYECKOTO 00BbEKTa -
CJIOXKHBII, MHOTOCTAIUIHBIN, YaCTO UTSPATHBHBIH MTPOIIECC.

[TpoekTrpoBaHue JIFOOOTO TEXHOJOTHYECKOT0 OOBEKTa — CO3/aHUE, MPeoOpa3oBaHuEe U
npeJCTaBICHUE B MPUHATOM opMe 00pasa 3TOro elie He CYIIeCTBYIOMEr0 00bEKTa.

[IpoexTHpoBaHWE — B CaMOM IIHPOKOM CMBICIE 3TO IMPOLECC CO3MAaHUS NPOCKTa WIH
KOMILIEKca WH(pOpMAIMK, B KOTOPOM OIKCHIBACTCS MPOOOpa3 MpeAronaraéMoro o0beKTa Hin
nporiecca.

B mo0om citydae WHKEHEpHOE NMPOSKTUPOBAHUE HAYMHACTCS MPU HAIMYUHU BBIPAKCHHOU
noTPeOHOCTH O0IIECTBA B HEKOTOPBIX TEXHUYECKUX 00BEKTaX, KOTOPBIMH MOTYT IIPOMBIIIIJICHHBIC
U3JeNusl WM Tporecchl. [IpoekTHpoBaHWE BKIIOYAET B ce0s pa3pabOTKy TEXHUYECKOTO
npemioxkeHuss u (wim) TexHuueckoro 3amanus (T3), oTpaxkarommx 3TH MNOTPeOHOCTH, U
peanuzanuio T3 B BUe MPOEKTHON TOKYMEHTAIIUU.

O6pryHO T3 TpencTaBisIOT B BHAE HEKOTOPHIX JOKYMEHTOB, U OHO SIBIISIETCSI MCXOIHBIM
(TTepBUYHBIM) OMHMCAHUEM OO0BEKTa. Pe3ylbraToM TPOSKTUPOBAHUS, KaK MPABUIO, CIYXKHUT
MOJTHBI KOMIUIEKT JOKYMEHTAI[UH, COJEPIKAIIUH JIOCTATOYHBIC CBEICHUS ]IS M3TOTOBJICHUS
00BeKTa B 33aJaHHBIX YCIOBHUSAX. JTa JOKYMEHTAIUS U €CTh MPOCKT, TOYHEE OKOHYATEIHHOE
ormucanne oObekTa. CremoBaTeNbHO, MPOSKTHPOBAHWE — TIPOIECC, 3AKITIOYAONIMNCA B
MOJTyYeHUU U TMpeoOpa3oBaHUU MCXOJHOTO OMUCAHUS 0OBEKTa B OKOHYATEIbHOE OMUCaHHE Ha
OCHOBE BBITOJTHEHHSI KOMITJIEKCA pabOT MCCIEeN0BATENbCKOTO, PACYETHOTO U KOHCTPYKTOPCKOTO
XapaKTepOB.

[IpoexkTupoBaHHe CIOXKHBIX OOBEKTOB OCHOBAHO Ha MPUMEHEHHWU HUAECW W TPHUHIIUIIOB,
U3JIOKEHHBIX B Psijie TeOpHid M moaxooB. Hanbonee oOmmM MOIX00M SIBISIETCS CHCTEMHBIN
MOJIXO/T, UACSIMHA KOTOPOTO MPOHU3AHBI Pa3TMIHbBIC METOINKHU MTPOSKTHPOBAHHUSI CIIOYKHBIX CHCTEM.

[TpoekTHpoBaHWe B TEXHUKE — KOMILUIEKC MEpPONPUATHN, OOCCICUNBAIONINX ITOWCK
TEXHUYECKHUX PEIICHUH, YOBICTBOPSIOMNX 33JaHHBIM TPeOOBAaHUSAM, WX ONTHMHU3AIUIO W
pealu3alnuio B BUJE KOMIUIEKTa KOHCTPYKTOPCKHX JOKYMEHTOB U OIBITHOIO 00pasia,
MOJIBEPraeMoT0 UKy UCTIBITAHUHN Ha COOTBETCTBUE TPEOOBAHMSIM TEXHUYECKOTO 3aJaHUSI.



MOUCK TEXHUYECKMX OnTumMusauma Peanuszauma WcnbiTaHue

PEWEHNH MO 343HHBIM | | TEXHUYECKMX | | TEXHMYeCKuX | - 06pa3uos Ha
TpeBGosaHuAM peleHui peLueHui cooTBeTCTBME
R TpeboBaHWUAM
b
KOHCTPYKTOPCKUE ‘ E

A

') BOKYMEHTOE M OMbITHbIE ()
obpazupl

JIro6oe COBPEMEHHOE CIIOKHOE TEXHHYECKOE YCTPOMCTBO €CTh PE3yibTaT KOMIUIEKCHOTO
3HaHUs. [IpOEKTUPOBLIMK JOJKEH 3HAaTh MAapKETUHI, SKOHOMHUKY CTpaHbl U MuUpa, (GU3MKY
ABJICHUM, MHOTOUYMCIIEHHbIE TEXHUYECKHE JUCLUUIUIMHBI (PaJUOTEXHUKY, BBIYMCIUTEIbHYIO
TEXHUKY, MAaTE€MaTHKy, MAIIHHOCTPOCHHUE, METPOJIOTMIO, OPraHMu3alul0 M TEXHOJIOTHIO
IIPOU3BOJICTBA U T. [.), YCIOBHSI SKCILITyaTalluy U3AEHs, PYKOBOSAIINE TEXHUUECKUE IOKYMEHTHI
u cra"gaptel. Kpome toro, cienyer yuuTbiBaTh: OCOOEHHOCTH U TpeOOBaHMsI peasibHOM >KU3HH,
KOJIJIEKTHBA, 4Y>KOM OIBIT, yMEHHUE M10JIy4aTh U OLIEHUBATh UH(OPMALIHIO.

He nociennum TpeOoBaHMEM K NMPOEKTUPOBIIUKY SBISETCS KOMILJIEKCHOCTb MBIIIICHHS,
yMeHue paboraTh ¢ OOJBIIMM YHUCIOM opraHuzanuii. OcoO0eHHO 3TO yMEHHE HEeoOXO0IUMO
pa3paboTUHKY U3/1EIHs, BXOAALIETo B 60sIee CI0KHBINA KOMIUIEKC (HalpuMep, pPaJuOCTaHLIUN JUIs
CyJHa, camoJieTa) MJM CBS3aHHOTO C JPYTUMHM cucTeMaMu (1O BblJaue JAHHBIX, MUTaHHUIO,
YIPaBIEHUIO U T. 11.).

[IpoexTrpoBaHue SBIIETCS CIIOKHBIM MHOTOATAIHBIM IIPOLECCOM, B KOTOPOM MOIYT
IPUHUMATh YydacThe OOJIbIIME KOJUIEKTUBBI CIELUAIMCTOB, LEIble HWHCTUTYThl M Hay4yHO-
IIPOU3BOJICTBEHHbIE OOBEIUHEHUS, a TAK)K€ OpraHu3alluy 3aKa3yUKOB, KOTOPBIM MPEICTOUT
HKCIUTYaTUPOBaTh pa3pabOTaHHYIO alnaparypy.

Yacro nmosHbIi nuki npoektupoBanus Ha3sialoT HUOKP — Hayuno-uccnenoBarensckue n
OTIBITHO-KOHCTPYKTOPCKHE pabOThl — KOMILJIEKC MEpONpPHUATHH, BKIIOYAIOMUN B cebd Kak
Hay4Hble (Ju3aliHepcKue, KOHLIENTYalbHbIE U T. J.) UCCIIE0BAHMsI, TAaK M IIPOU3BOJICTBO ONBITHBIX
U MEJIKOCEPUIHBIX 00pa3I0B MPOAYKIUH, MPEIIIECTBYIOIIMNA 3alyCKy HOBOTO MPOAYKTa WM
CHUCTEMBI B IIPOMBIIIEHHOE TPOU3BOJCTBO.

2. 7Ku3HeHHBIN LUK pa3padoTKH U31e/us

1. Oran HaydHo-uccienoBarenbckux pabor HUP — cragus 3apoxnaeHus u3aenvs,
pa3paboTka TexHudeckoro 3aaanus Ha HUP u nposenenne HIP

3amauamu stana HUP (HayuyHo-MccienoBaTenbcKUX paloT) SBISIOTCS: pas3pelieHue
KOHKPETHBIX HAy4YHbIX MpOOJeM sl CO3/aHUSl HOBBIX W3JENUH; IMOJydYeHHE PEKOMEHIAIH,
WHCTPYKIUM, pacYeTHO-TEXHUYECKUX MAaTepHUalioB, METOAMK; ONPEIEICHUE BO3MOKHOCTHU
nposeneHust OKP (onbITHO-KOHCTpYKTOpPCKUX padoT) no tematuke HUP.

Texauueckoe 3aganue Ha H1P, xak npaBuio, BKIIFOYAET:

- 00BEKT UCCIIeIOBAHMS;

- onucaHue TpeOOBaHUM K 0OBEKTY HCCIIE0BAHNUS;

- IepevyeHb QYHKIUNA 00BEKTa UCCIIeTOBAaHMsI OOLIETEXHUYECKOTO XapaKTepa,

- IepeYeHb (U3UYECKUX U JIPYTUX 3aKOHOMEPHOCTEH U TeOopui, KOTOpbIE MOTYT OBITh
OCHOBOM NpUHIUIA IEHCTBUS U3JEIINS;



- TEXHUYECKHE pelleHus (B MPOTHO3HBIX HCCIEA0BAHUSAX );

- CBEJICHHS O HAyYHO-TEXHUUYECKOM IoTeHIMane ucnonurens HUP;

- CBEJICHHS O MPOU3BOJICTBEHHBIX PECYpCax;

- CBEJICHHS O MaTepUAIbHBIX PECypcax;

- MApKETUHTOBBIC CBEJICHUS,

- TaHHbIE 00 0’KHUJAeMOM IKOHOMHUYECKOM 3 dexTe.

JloToNMHUTENPHO MOXET HCHOJIb30BaThCS cienytomas MHGopManus: METOJAbl pelIeHUs
OTJENBHBIX 3a7a4 W 00paboTku MH(pOpManuUM;, OOIIEeTeXHUYECKUEe TpeOOBaHMS (CTaHIAPTHI,
OTpaHUYEHUS BPEOHBIX BIUSHUN, TpPeOOBaHUS IO HAJIEKHOCTH, PEMOHTONPUTOTHOCTH,
SPrOHOMHKE U T. ]I.); MPOEKTUPYEMbIE CPOKH OOHOBJICHUS MPOAYKIIMH; MPEUIOKEHUS JTUIICH3UN
U <KHOYy-Xxay>> 10 00bEKTY HCCIEI0BAHUN.

Pesynerarom HHNP  sgBasercs  gOCTWKEHHME  HAY4YHOrO, HAyYHO-TEXHHUYECKOTO,
SKOHOMMYECKOTO U couuanbHOro 3QgdexroB. Hayunsiii 3pdext xapakTepusyeTcs MoiyueHueM
HOBBIX HAy4YHBIX 3HAaHUH U OTpakaeT MPUPOCT HHPOPMAINH, MPEAHAZHAYCHHON s
«BHYTpPUHAY4YHOTO» moTpebienus. Hayuno-texnudeckuii 3 ekt xapakrepu3yeT BO3MOKHOCTh
UCIIOJIb30BAaHUSl PE3yJbTAaTOB BBINOJIHAEMbIX HcciaenoBanuit B apyrux HUP u OKP wu
obecrieunBaeT TMoydyeHUe HHGOpPMAIMU, HEOOXOAUMON HJisi CO3JAaHUS HOBOW MPOJYKIIHH.
OkoHoMuueckuid AP ¢deKT XapakTepuzyeT Kommepueckwid dddekr, momydeHHBIH Tpu
UCTIONB30BaHUM  pe3ynbraToB mnpukiagaeix HWP. Commanbbeiit 2Qdext mnposBiseTcs B
YIIYYIIEHUH YCIOBUN TPY/la, MOBBIIIEHUH YKOHOMUYECKUX XAPAKTEPUCTUK, PA3BUTHHU KYJIbTYpHI,
3[IpaBOOXpaHEHUS], HAYKH, 00pPa30BaHMUS.

[locne 3aBepmienuss npukinaaubix HWP npu ycnoBuM NOJNOKUTENBHBIX PE3YJIbTATOB
SKOHOMHMYECKOTO aHaIn3a, yJOBIECTBOPSIONIEro GUPMY C TOUKHU 3pEHUS ee LieJei, pecypcoB U
PBIHOYHBIX YCIIOBUH, MPUCTYIAIOT K BBITIOJHEHUIO OMBITHO-KOHCTPYKTOPCKHX pabot (OKP).

2. Dran onbeITHO-KOHCTpYKTOpcKuX padot (OKP)

OcHoBHas 3aJa4a — CO31aHUE KOMIUIEKTa KOHCTPYKTOPCKOM JOKYMEHTAIUH AJIsl CEPUHHOTO
npousBojcTBa. OKP, coOCTBEHHO, M SABIISIETCS ITAoOM MPOEKTHpoBaHUs u3nenud. [Ipenmerom
npunoxenuss CAIIP sBistoTcst onbITHO-KOHCTpYKTOpcKUe padboTsl (OKP).

3. Drtan npou3BOJCTBA W3JENUs, UMEETCS B BUAY MPOMBIIUIEHHOE CEPUHHO-MACCOBOE
IIPOU3BOJICTBO.

4. Dran peanu3alUMy W OKCIUTyaTalldd W3AENUS — TMpojaxa U3JeNus KOHKPETHBIM
NOTPEOUTENAM, IKCIUTyaTalus U 00CITy)KMBaHUE U3/1eTHUs (PEMOHT).

5. Dran yTuin3anuu u3aenus

3. DTanbl ONBITHO-KOHCTPYKTOPcKHX padot (OKP)

OcHoBuble 3Tansl OKP 4eTko pernmaMeHTHpPYrOTCS, B YacTHOCTM Ha TEPPUTOPHUH
Poccuiickoit @enepanun — cranaaprom ['OCT 15.001-88 «Cucrema pa3paboTKu M MOCTaHOBKH
IPOAYKIMH Ha TPOM3BOACTBO. [TpoayKuys mpon3BOACTBEHHO-TEXHUYECKOTO HA3HAUEHUS.

OcHoBHbIe 3Tanibl OKP
Ne i/m \ HanmeHoBaHMe dTana \ XapaKkTrepucTHKa Tana

IIpedsapumenvroe npoexmuposanie, pe3yibTaTOM KOTOPOTO SIBISIOTCS TEXHUUECKHE MPETIONKCHUS
(aBaH-TIpoeKT). DTa cTaaus B HAaMOOJIBIIEH CTENICHH HACBIIIIEHA JIIEMEHTaMH HAyYHOTO MTOVCKa,
TEOPETUYECKUMH pacyeTaMu, SKCIIEPUMEHTAIBHBIMU HccaenoBaHusIMA. OHU 3aBEPIIAIOTCS] OOBIYHO
co3/IaHueM J1ab0pPaTOPHBIX MAKETOB.




Paspadorka T3 na OKP

TexHnuyeckoe 3alaHue — UCXOJHBINA TOKYMEHT JJIs
pa3pabOTKU U UCTIBITAHKS WU3/ICIIHS.

Texnuueckoe 3amanue Ha OKP  comepxur:
HAaNMCHOBAHHE, LEIb BBIIIOJTHCHU S OKP,
TpeOOBaHUS K W3ICIHIO, TPEOOBAHHUS K CHIPBIO,
MarepuajiaM W KoMIuiekTyronmM, 3Tanel OKP,
TpeOOBaHUS K TEXHUYCCKON JOKYMEHTAIIMH.

Pa3pa60TRa TEXHUYECCKOI'0

npeaI0KeHUust

BrisiBlieHHE JOMOJHUTEIBHBIX WM YTOYHEHHBIX
TpeOOBaHUI K M3HCIUI0, €ro TEeXHUYECKUM
XapakTEepUCTUKaM W  IOKa3aTelisiM  KadecTBa,
KOTOpbIe HE MOTYT ObITh yKazanwsl B T3. B xonme
paszpabotku TII ocymiecTBasiercs:

* mpopaboTka pezyinbratoB HUP;

* IpopaboOTKa Pe3yabTaTOB IPOTHO3UPOBAHUS;

* U3y4YeHHE HayYHO-TEeXHUYECKON nH(OpMALINK;

* MpeABapUTENIbHBIE pacyeThl W  YTOUYHCHHE
TpeboBanuii T3.

TII siBnsieTCss OCHOBaHUEM JIJ1si KOPPEKTUPOBKHU T3 1
BbINOJIHEHUS] ICKUZHO20 NPOEKMA.

DCKH3HOE IPOEKTUPOBAHHE

ICKH3HOE TNPOEKTHPOBAHHUE
(6ONMBIIMHCTBO CAIIP
HAIEJICHBl Ha aBTOMAaTH3aI[UI0
HMMEHHO 3TOTO dTara)

Pa3paboTka 3CKHM3HOrO MPOEKTa, KOTOPBIH JaeT
oO1iee mpeacTaBieHUE O MPUHIUIE PAOOTHI WU
YCTPOUCTBE U3JIEIIN. Ha 3TOH cTaIuu
paccMaTpUBAOTCA BAPHUAHTHI A30eTIUs
(TEXHMUYECKHE pEIIEHUs) WM €ro COCTaBHBIX
JacTeH.

Texnnueckoe OxoHUaTeNnbHBIA BBIOOP TEXHUYECKUX pEILEHHH,
NPOEeKTHPOBaHHUE JAIOUIMX IOJIHOE MPEJCTABIEHUE O KOHCTPYKIIMU
(KOHCTpYHpOBaHHe) W3JIENHSL.

Pa3paborka pa6oueii | PazpaboTka  mMoONHOrO  KOMIUIEKTa  paboueit
AOKYMEHTAIlUH AJs | JOKYMEHTAlMM, COIVIACOBAHUE €€ C 3aKa3uuKOM HU

U3rOTOBJICHUS] U MCTIBITAHUI
ONbITHOTO 00pa3ina

3aBOJIOM W3TOTOBUTENEM CEpUHHON MPOIYKIINH,
IIPOBEpPKAa KOHCTPYKTOPCKOW JOKYMEHTAallUM Ha
VHU(DUKAIUIO U CTaHJapPTU3AIHNI0, U3TOTOBJICHUE B
OTBITHOM  TIPOM3BOJICTBE  OIBITHOTO  0Opa3iia,
HACTpOIKa ¥ KOMIUIEKCHAs PETYIUPOBKA OMBITHOTO
obOpasia

IIpeaBapure/bHbIE
UCTIBITAHUS ONBITHOTO
o0pa3ua

Hpe,uBapI/ITeanHe HCIIbITAHUA  TPOBOAATCA C
LECJIBIO IPOBCPKU COOTBETCTBUSA OIBITHOT'O 06pa3ua
Tpe6OBaHI/I${M T3 u OIpPEACIICHUA BO3BMOKHOCTH €TO
MNPEABABICHNA HA OKOHYATCIIbHBIC UCITBITAHUA.
HpeHBapI/ITCJIBHBIC HCIIBITAHUS BKJIIOYAIOT B ceOs:

¢ CTCHOOBBIC UCIIBITAHUSA,

¢ IpCABAPUTCIILHBIC UCIIBITAHUS HA OG’BCKTC;

¢ UCIIbITAHUA Ha HAACKHOCTD.




7 OxoHYaTeJdbHbIE OxoHYaTeIbHbIC UCTIBITAHKUS MPOBOJIAT C IETBIO

(rocynapcTrBeHHbIe, OLIGHKM COOTBETCTBHsS TpeboBanusM T3 wu
BelOMCTBEHHbIE, BO3MOXXHOCTH OpraHu3aIu cepuitHOro
BHYTPUKOPIOPATHBHDIE) IIPOU3BOJICTBA. Hanee oTpabarbIBaeTCs

HCNBITAHUS ONBITHOTO 00pa3na | JOKYMEHTAalMs 0 PE3yJIbTaTaM UCIIBITAHUMN.

WMC. 1, T KHIHEHHOUT LK Pue 12

MINCIMH KONCIDVRIO0CKMX PAtO!
S ’

4. Buabl npoexktupoBanusi. Ilousitue CAIIP — cucremMbl aBTOMATH3HPOBAHHOIO
NPOCKTHPOBAHUS.

Paznuuatot cneayromye BUAbI IPOEKTUPOBAHUS: HEABTOMAaTU3UPOBAHHOE IPOEKTUPOBAHNE
U aBTOMAaTM3UMPOBAHHOE TpoeKkTupoBaHue. Ilpolecc mNpoeKTHpOBaHMS, OCYLIECTBISIEMbIN
YeloBeKOM BpyuyHylo (0e3 wmcmonmb3oBanus OBM), Ha3pIBalOT HEaBTOMATH3HPOBAHHBIM
npoekTupoBaHueM. [IpoekTHpoBaHuE, IPU KOTOPOM BCE MPOEKTHBIE PELICHMS] WM HX YacTh
MOJIy4aroT IIyTeM B3aWMOJAEWUCTBHA 4enoBeka M OBM, Ha3bIBalOT aBTOMAaTU3MPOBaHHBIM
IIPOEKTUPOBAHUEM.

Heo6xoauMo BbIIENUTH MOHATHE aBTOMATUYECKOTO MPOEKTHPOBAHUS, KOTOPOE OCTAeTCS
JUISL  BBINIOJHEHMSI OTHENIBHBIX BBIYMCIMTENBHBIX ~OIEpalvii, NPOLENYpP, BBIIOJHAEMBIX
CPEICTBAMHU BBIUMCIMTEIPHOM TEXHHKH COIVIACHO 3aJI0KEHHBIM B HHUX IporpaMMaM. Takum
0o0pa3oM, aBTOMATUYECKUM IPOCKTHPOBAHWEM HA3bIBAIOT NPOEKTUPOBAHHE, IIPU KOTOPOM BCe
npeoOpa3oBaHMsl OMMMCAHNN 00BEKTa U AITOPUTMA €T0 (PYHKITMOHUPOBAHHMS OCYIIIECTBIISIOTCS 0€3
y4acTHs 4eJoBeKa. ABTOMaTHUECKOE IMPOEKTUPOBAHUE BO3MOXKHO JIMIIb B OTAEIbHBIX YACTHBIX
ClIyyasix JUisl CPaBHUTENBHO HECIOXKHBIX OOBEKTOB.

CymectByeT MHOXkecTBO onpezeneHnii CAIIP, Ho cyTh ux TakoBa, 4TO

CAIIP — opraHu3allMOHHO-TEXHUYECKAs CUCTEMA, NpEAHA3HAUYECHHAas U1 aBTOMaTU3aluu
npolecca MIpOoeKTUPOBaHMs, COCTOSIIAS U3 IEPCOHANIA M KOMIUIEKCA TEXHUUYECKUX, TPOrPaMMHBIX
U JIPYTUX CPEJICTB ABTOMATU3ALIUU €T0 JESTEIbHOCTH.

CpenctBa  aBTOMAaTH3allUM IPOEKTHPOBAHMS HMEKOT CBOEH 3ajadeil IOBBIIIECHHE
3¢ GEKTUBHOCTH TPYy/1a HHXEHEPOB.



5. Ileau ¥ MeTOABI ABTOMATH3ALUM NIPOEKTHPOBAHMS

Ha Bcex 3Tanax »U3HEHHOTO IIMKJIA U3/IeIUH UMEIOTCSI CBOM 1eJIeBbIe yCTaHOBKU. [Ipu 3ToM
YYaCTHUKH JXHU3HEHHOTO LUKJIA CTPEMSTCS JIOCTUYb IMOCTABJICHHBIX IIeNie ¢ MaKCUMalbHOU
3P PEKTUBHOCTHIO.

Yro 3HaunT MakcuMaibHas 3¢ dexTuBHOCTH? Ha 3Tanax mpoeKkTHpoBaHMs U IPOU3BOICTBA
HY)XKHO oOecrieunTh BbIMONHEHWE T3 TpU 3aJaHHOW CTENEHM HAASKHOCTH U3ACIUS |
MHHHUMH3AIIU MaTePHAIbHBIX ¥ BPEMEHHBIX 3aTpaT, YTO HEOOXOJUMO ISl TOCTHIKECHUS ycIieXa B
KOHKYPEHTHOW OOpb0e B YCIIOBUSAX PBIHOYHOM 3KOHOMHKH. [loHsATHE 3 PEeKTUBHOCTH BKITIOUACT
B ce0s1 HE TOJIBKO CHMYKEHUE Ce0ECTOMMOCTH NMPOIYKIIUU U COKpAILlEHHE CPOKOB IPOSKTHPOBAHUS
U TPOM3BOJICTBA, HO M oOecleyYeHrne yao0CTBa OCBOCHHUS M CHMKECHHS 3aTpaTr Ha Oyayllyro
JKCIITyaTanuio u3nenuil. Oco0yro BaXHOCTh TPeOOBaHUS yA00CTBA IKCILTyaTAllUM MMEIOT I
CJIO’KHOM TEXHUKH, HAIIPUMEP B TAKUX OTPACIsAX, KaK aBUa- WK aBTOMOOMIIECTPOCHHUE.

JlocTHKeHUE TIOCTaBICHHBIX IIeJiei Ha COBPEMEHHBIX TNPENNPUSATHAX OKa3bIBACTCS
HEBO3MOXXHBIM 0€3 IIMPOKOro NCIOIb30BAHUS aBTOMATU3UPOBaHHBIX cucTeM (AC), 0OCHOBaHHBIX
Ha TPUMEHEHWH KOMIIBIOTEPOB W NPEAHA3HAYCHHBIX IS CO3JAaHUS, IEpepadOTKU |
UCIIOJIb30BAaHUS BCei HEOOXOAMMON MH(OPMAIMK O CBOWCTBAX M3JCIHHA M COMPOBOKAAIOIINX
nporeccoB. Crienuduka 3aaad, pemaeMblX Ha pa3IMYHbIX dTanax XU3HEHHOTO UK M3ACIIHH,
oOycnoBnuBaeT pazHoodpasue npumensemsix AC.

B oOnmactu aBTOMarm3anmuM HWHXXEHEPHOTO TPyAa HMMEETCS OCHOBHOE IPOM3BOICTBO,
CBSI3aHHOE C Pa3paldOTKON KOHCTPYKTOPCKHX M TEXHOJIOTHYECKHX IMPOEKTOB, a TAKXKe IJIAHOB
YIIPaBJICHUS, U BCIIOMOTATEIbHOE MPOM3BOJICTBO, CBA3aHHOE C CO3/IaHHEM U CONPOBOXKICHUEM
COOCTBEHHO ITPOTPAMMHBIX CPEJICTB

B 3T0i1 CBSI3M 11e7T1 KOMITBIOTEPHU3ALUH HHKEHEPHOH JEATEILHOCTH CIeyeT pa30UTh Ha JIBE
IPYMIIbI: OCHOBHBIE M BCIIOMOI'aTEJIbHBIE.

OCHOBHBIE 1I€JM CBSI3aHBl C COKpAIlEHUEM TPYJOEMKOCTH NpPOEKTHPOBAHUSA U
IUTAHUPOBAHMSI, a TakkKe UX Cce0eCTOMMOCTH, COKpAalIeHWeM JUIMTENBHOCTH  IIMKIIA
«MPOEKTUPOBAHUE — W3TOTOBJICHHE», COKpAIIeHHEM 3aTpaT Ha HATypHOE MOJEIHpPOBAHUE
MIPOEKTHPYEMBIX OOBEKTOB.

1. Tpyooemxocmes u3MepsieTcs YUCTHIM BpPEMEHEM, TPAJUIIMOHHO B YEIOBEKO-Yacax,
3aTpayuBaeMbIM Ha pa3pabOTKy M KOPPEKTHPOBKY TEXHHYECKOH JOKyMEHTaluu, Oe3 ydera
OKUJIaHUHM 10 OpraHM3alMOHHO-TeXHWYEeCKMM NpuunHaMm. Kak crienyer W3 nuarpaMmsl, Ais
COKpAILIEHUS TPYI0EMKOCTH HEOOXOIMMO pacrioyiaraTh CpeJICTBAMU aBTOMATU3alluN OhopMiIeHns
rpa¢u4eckoil M TEKCTOBOM JOKYMEHTALMH, CPEACTBaMU HMH(OPMAIIMOHHOW MOAJCPKKH U
ABTOMATH3AIMH TPUHSATHS PEIICHUN.

2. /InumenvHocmb yukia A3MEpsAETCs KaJCHIapHBIM BPEMEHEM OT MOJIY4EHUs 3aaHuUs 110
€T0 3aBEepIICHUS C YIETOM BCEX OXKUIaHUH 110 OPraHU3aIMOHHO-TEXHHYECKIM MTPHYUHAM.

CoxparmieHne JUIMTETFHOCTH IIHKIIA IIPOSKTHPOBAHUE — U3TOTOBIICHHE» 00ECTIEYMBACTCS
C TIOMOIIBIO CPEJICTB COBMEIIEHHOTO POEKTUPOBAHUS M BUPTYaJIbHBIX OIOPO.

Konuenuus eupmyansrozo 610po nosiBUIaCh OTHOCUTENIBHO HelaBHO. BupTyansHoe 6ropo
IpeCTaBIsieT COoO0ON OpraHM3alMOHHO-TEXHUUYECKYIO CTPYKTYPY, CIIOCOOHYIO o0OecreunBaTh
COBMECTHYIO paboTy Opurajpl ClelUaINCTOB, Pa3HECEHHBIX reorpauuecku U BO BPEMEHH, Ube
00BbeIMHEHNE MOXKET HOCUTh BPEMEHHBIN Xapakrep. bpuraasl crenuaauctoB o0beIUHSIOTCS B
BUPTyaJibHOE OIOpPO C IIeNbI0 CO3JaHUs HOBBIX M3nenuid. He Bcerma BO3MOXHO HalTh
BBICOKOKBAJIM(PUITUPOBAHHBIX CIELUAINCTOB PA3HOTO NMPO(UIIS B OHOM MECTE.
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3. Cokpawenue  cebecmoumocmu  NpOEKMUpo8anusi  JOCTUTaeTcd  3a  CUeT
UCTIOJIb30BaHUSl paHEE CO3JAHHBIX M YHU(UIMPOBAHHBIX MPOEKTHBIX M KOHCTPYKTOPCKUX
pelIeHHid, KOTOpbIe MOTYT OBITh cOOpaHbl B OMOIMOTEKH U 0a3bl 3HaHWH. Takum sxe oOpasom
o0ecreynBaeTcsi Co3JaHHe BApUAaHTOB U MOAM(DHUKALINN H3AEITHIA.

4. Yayuwenue xauecmea pesynbmamos npoekmupo6anusi OTHOCUTCS K OCHOBHBIM
LEJAM  KOMIIBIOTEPU3ALUU HMHXKEHEPHOM JIEATEIbBHOCTH M CBA3aHO C HEOOXOJIUMOCTBIO
JOCTMDKEHUSI YPOBHSI JIy4LIMX OOpa3LloB B Kjacce MPOEKTUPYEMbIX OOBEKTOB. YIIydlleHHE
KayecTBa IPOEKTOB JIOCTUIAETCS MCIIOJIb30BAaHMEM aBTOMAaTHU3UPOBAHHOTO IIOMCKOBOTO U
MHOI'OBapMAaHTHOI'O MPOEKTUPOBAHUS, NPUMEHEHHEM MAaTEMaTHMYECKUX METO/0B ONTHUMM3ALUU
apaMeTPOB U CTPYKTYPbI 0OBEKTOB U MPOLIECCOB.

YHUHUKAIMA TPOSKTHBIX PEIICHUN BBIIOIHAETCS 33 CYET aJalTHUPOBAHHBIX K YCIOBHSM
KaXJI0T0 MpennpuaTus 6a3 JaHHBIX U 3HAHUI.

CrpaTerndyeckoe INPOEKTHUPOBAHUE - 3TO METOJ CO3JaHUS M BEACHUS JOJTOCPOUYHBIX
IPOEKTHBIX IPOrpaMM, HAYMHAIOLIMXCS C Pa3paboTKU 0a30BOro M3AEIMs, KOTOPOE 3aTeM
HOJBEpraeTcsi  IMOCTENEHHbIM  MOAM(UKALMAM U YCOBEPILIEHCTBOBAHUSAM C  IIEJIbIO
YIIOBJIETBOPEHMUsI TEKYUIMX M Yydera Oyaymux TpeOOBaHMH IOJb30BaTeNeii B TeyeHHE
JUINTEJILHOTO neprosia BpeMeHH. CyIHOCTh CTPaTerHuecKoro MpoeKTUPOBaHMS 3aKJII0YAeTCs B
IIOCTOSSHHOM OTOOpE M OLEHKE KOHLENUUH (MpexXe BCEro ONpPEleNSIOIIMX apXUTEKTypy H
TEXHOJIOTUM M3TOTOBJICHUS) C IMEJNbI0 TOMCKA peIIeHUH, OO0ECIeYnBaIONINX HaWIydIlIee
YIIOBJIETBOPEHHUE KPATKOCPOUYHBIX H JIOJTOCPOYHBIX TpeOoBaHUI moTpeduTeneii. OCHOBHAS IEINb
- 000oiTH KOMMepYeCcKue U (MIM) TEXHOJOTMYECKUE TYNUKH B MpOIecce ObICTPHIX MU3MEHEHHM
YCIIOBUH U TEXHOJIOTUIN HA PHIHKE.

S. K 3arparam Ha HaTypHOE MOJEIMPOBAHNE OTHOCST 3aTPAThl HA IPOEKTUPOBAHHUE U
U3rOTOBJICHHME MAaKETHBIX 00pa3loB H3JEJUH M MX Y3JI0B, UX HCHBITAaHUS Ha CTEHJaX, B
a’poJIMHAMUYECKHUX TpyOax u T. A.

CokpalieHue 3THX 3aTpaT MOXeET ObITh JOCTUTHYTO 3a CYET €ro HMOJHON MM 4aCTHYHOU
3aMEHbl MATEMATUYECKUM MOJEIUPOBAHUEM.

K BcmoMmorartenbHbIM LENISIM aBTOMAaTH3allMU HPOEKTUPOBAHUS OTHOCATCS COKpALICHHE
TPYJAOEMKOCTH pa3pabOTKU NMPOTrpaMMHBIX CPEJCTB, TPYA03aTpaT Ha UX aJANTalUI0 K YCIOBUSAM
SKCIUTyaTallMM MpU BHEAPEHUHU, a TAaKKE HX CONPOBOXKJIEHHUSA, TO €CTh ee Mojaudukaiu,
00yCJIOBJIEHHON HEOOXOJMMOCTbIO YCTPAaHEHMs BBISBICHHBIX OIIMOOK W (MJIM) HM3MEHEHUs
(YHKLIMOHATIBHBIX BO3MOXKHOCTEH.

CpencTBOM COKpAIIEHUsI TPYAOEMKOCTH a/IaliTallui CUCTEM K YCIIOBHSIM 3KCILTyaTalluy Ha
KOHKPETHOM MpPEINPUATHH C YYETOM CTaHAAapTOB 3TOrO MPEANpUATHS, a TAKKe TPAJUIMA U
NPUHIUIIOB MIPUHSATHUS MTPOSKTHBIX PEHICHUH SBISIFOTCS CHCTEMBI YIIPABJICHUS 0a3aMH JaHHBIX U
3HaHWH, OPUEHTHUPOBAHHBIE HA KOHEYHOTO MOJIb30BATEIS.

OTO 03HAYaeT, 4YTO YHOMSHYThIE CUCTEMBI IOJKHBI OBITh OCHAIIEHBI CPEJICTBAMH OMTUCAHUS
¥ MaHUTTYJIMPOBAHUS JTaHHBIX, TOCTYITHBIMHU TI0JIH30BATEI0 O3 HABBIKOB ITPOrPAMMHPOBAHUSI.
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Jlexmus Ne 2. Kinaccuukanusi COBpeMeHHbIX CHCTEM aBTOMATH3HMPOBAHHOTO
npoextupoBanus (CAIIP).

[Tnan.

1. Knaccudukanus CAIIP o neneBoMy Ha3HAYCHHIO.

2. Knaccuduxarnus CAIIP o Bugam 1 c105kHOCTH 0OBEKTOB MPOSKTUPOBAHUS; IO YPOBHIO
ABTOMATHU3alluH; YPOBHIO KOMIUIEKCHOCTH; XapaKTePy U YNUCITY BbIITYCKAEMbIX IIPOEKTOM
JIOKYMEHTOB.

3. MUcropus pazsutus CAIIP.

1. Knaccupuxauusa CAIIP no neneBoMy Ha3HA4YEHHUIO.

Nwxenepnass npesrensHocts  (MJI) wMoker ObITh mojpasjieleHa HAa  HECKOJBKO
MOCJIEIOBATENIbHBIX ATAIOB: MPOEKTUPOBAHHE, KOHCTPYHPOBAHUE, IMOATOTOBKA M OpraHU3aLUs
npousBojcTBa. COOTBETCTBEHHO, U cCpeAcTBa aBToMatuzauuu W] uMeET craBiIylo yxe
TPaJAULIMOHHON KJIaCCU(PHUKAIUIO, TTOIPA3ACTSIONIYIO UX 110 I[EJIEBOMY Ha3HAUCHUIO:

- cpenctBa codctBenHo npoekTupoBanusi CAD (Computer Aided Design);

AutoCAD (Autodesk); AIEM; Komnac (Ackon, C-IletepOypr); Crpyrt (Sprut Technology,
Ha6epexnsie Yennsl); T-FlexCAD (TonCucremsr, MockBa)

- cpeactBa nmxeHepuoro ananuza CAE (Computer Aided Engineering);

T-FLEX Anamu3z, ANSYS, APM WinMachine

- cpencrea apromatu3amnuu tex. mpoueccoB CAM (Computer Aided Manufacturing);

ADEM (CAD/CAM/CAPP), CATIA (CAD/CAM/CAE/PDM), Beprukans

- cpencTBa TiaHupoBaHus TexHonorndeckux mpoueccoB CAPP (Computer Aided Process
Planning);

Beprukains, T-Flex Texuonorust, Timeline, ADEM

- CpeaCTBa ynpasieHus 1oKkymeHTooooporom PDM {Product Document Management),

- reonHpopmarmonsie cucreMbl GIS (GeoinformaticsSystems).

B cBowo ouepenp, BHyTpu Bcero MHoxkecTBa CAD-pemieHuidl mpUHSATO BBIIEHATH IO
OTpaciIeBOMY Ha3HAUEHUIO:

- mamaocTpouTtenbisie CAD - MCAD (Mechanical Computer Aided Design)]

- CAIIP snextponnsix ycrpoiicts, EDA (Electronic Design Automation)]

- apxurekTypHo-cTpoutenbubie CAIIP, AEC (Architecture Engineering and Construction).

Oynkuun CAD-cucreM B MallIMHOCTPOSHUH MOAPA3IEISIIOT Ha 1B€ OOJIbILINE TPYIIIIbI:

— nByMmepHoe (2D) mnpoexkTupoBaHuE; K O3TUM (QYHKIUSM OTHOCSTCS 4YepyeHHEe U
oopMIIeHHE KOHCTPYKTOPCKOM JTOKYMEHTAIINH;

— Tpé€xmepHoe (3D) npoexkTrpoBaHuE; CI0/1a OTHOCSTCS MOJIydeHHUE TPEXMEPHBIX MOJesen
O00BEKTOB M MX PpEAIUCTHYHAs BHU3yaJM3allls, B3aUMHOE MpeoOpa3oBaHUE JBYMEPHBIX U
TPEXMEPHBIX MOJIENIEH, paCYETHI TAPAMETPOB TPEXMEPHBIX MOCIIECH.

CAD-cucteMbl yCIIOBHO MOXHO pa3Je/IuTh Ha JIBE TPYIIIBI 10 (haKTOPy CTOUMOCTH:

1. Jlns MaccoBOro nosib30Baresns (OTHOCUTENBHO JCHIEBBIE).

2. Jlns cIenuanucTOB W MPOMBIIIIICHHOTO MTPAUMEHEHHS (I0poTHe).

[lepBast rpymnmna OpUEHTHpOBaHA MPEUMYILIECTBEHHO Ha JABYMEpHYIO Ipaduky U MeHee
TpeOoBaTellbHa B OTHOLIEHUM BBIYMCIUTENbHBIX pecypcoB. BTopas rpymmna opueHTHpOBaHa B
OCHOBHOM Ha TeOMeTpuueckoe (TpEXMEpHOE) MOCIMpPOBAaHUE, TOJIydYeHHEe W OQOPMIICHHE
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KOHCTPYKTOPCKOHW JOKYMEHTAIIUM OOBIYHO OCYIIECTBIISIETCSI C TIOMOIIBIO TPEABAPUTEIHHOMN
pa3pabotku 3D Moneneii.

B Hacrosimiee Bpemsi HauOosiee MIMPOKO HCHONb3yrOTCs cieaywomue CAD-cucremsl,
npeIHa3HAYCHHBIC I MAIIMHOCTPOCHHUS:

— B mepBoii rpymme: AutoCAD (Autodesk); AJEM ; bCAD (IIpollpol'pymma,
Hosocubupck); Caddy (Ziegler Informatics); Kommac (Ackon, C-IletepOypr); Crpyt (Sprut
Technology, HaGepexxubie Uennnr); Kpeno (ACK, Mockga).

— Bo Bropoii rpymme: Pro/Engineer (PTC — Parametric Technology Corp.), Unigraphics
(EDS Unigraphics); SolidEdge (Intergraph); CATIA (Dassault Systemes), EUCLID (Matra
Datavision), CADDS.5 (Computervision, asite Bxoaut B PTC) u ap.

— CHCTEMBI, 3aHUMaroIIKe IpoMexyTouHoe nojoxenue: Cimatron, Microstation (Bentley),
Euclid Prelude (Matra Datavision), T-FlexCAD (TonCuctemsl, MockBa) u Jip.

[Tponyktel CAE, COOTBETCTBEHHO, IENATCS HA CUCTEMBI:

MIPOYHOCTHBIX pacueToB (B OCHOBHOM cpencTtBamu MKD - MeTo/1a KOHEUHBIX 3JICMEHTOB);
- TEIUIOBBIX PACYCTOB;

- BbruucauTensHoil ruapoaspoaunamuku (CFD, Computational Fluid Dynamics);

- KHHEMaTUYEeCKOro aHaJm3a,

- wmexanmnueckoii cumyisinuu (MES, Mechanical Event Simulation);

- CHMYJISILIUY TIPOLIECCOB JIUThSI M 00pabOTKH JaBICHUEM;

- DJIEKTPOMArHUTHBIX M IEKTPOJUHAMUYECKUX PACUETOB;

- ONTUMH3UPYIOIIHE.

2. Knaccupukanus CAIIP no BuaaM M €J10KHOCTH 00bEKTOB MPOEKTHPOBAHMSA; 10
YPOBHIO aBTOMATHM3allMH; YPOBHIO KOMILIEKCHOCTH; XapaKTepy M YHCJIY BbINYCKAaeMbIX
NPOEKTOM /IOKYMEHTOB.

B 3aBucumocTtu ot odcrositenscTB U Tekyiei 3agaun CAIIP Taxke kmaccuuumpyroT mo
JIPYTHM TIPU3HAKAM:

1) pa3sHOBHIHOCTH U CIIO)KHOCTH OOBEKTOB TPOEKTUPOBAHMUSL:

a) CAIIP HU3KOCIOXKHBIX OOBEKTOB (KOJIMYECTBO COCTaBHBIX yacTe - 7o 100);

6) CAIIP cpennecnoxubix 00bexToB (100-10 000);

B) CAIIP BrIcOKOCTOXKHBIX 00BeKTOB (BbImIe 10 000);

2) YpOBHIO aBTOMAaTH3AI1H:

a) HU3KOABTOMAaTH3UPOBaHHbIE (10 25% MPOEKTHBIX MPOLEAYp aBTOMATHU3UPOBAHO);

0) cpenHeaBTOMaTH3UpOBaHHbIE (25-50%);

B) BBICOKOaBTOMaTH3UpoBaHHbIe (50-75%);

3) YpPOBHIO KOMITJIEKCHOCTH:

a) OHOATAMHbIE (OMH Tal MPOSKTUPOBAHUA);

0) MHOTOATaIHbIE (HECKOJIBKO ITATOB);

B) KOMILJIEKCHBIE (BECh MTPOLIECC CO3/IaHUS U3JIENHSA);

4) XxapakTepy W YMCITY BBIITYCKa€MBIX MIPOCKTOM JJOKYMEHTOB:

a) CAIIP nuskoit npousoautensHoctd (100-10 000 mpoeKTHBIX TOKYMEHTOB
B niepecdete Ha popmat A4 3a ron);

0) CAIIP cpenneit npousBoautensHoctu (10 000-100 000);
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B) CAIIP Bricokoit mpousBoautenbHocT (100 000 1 BpImIE).

[To xapakTepy 0a30BOI MOATOTOBKH paziU4ar0T cieayronpe paznouaaoctu CAIIP.

1. CAIIP na 6a3e noacucTeMbl MATMHHOMN IpaMKu ¥ TEOMETPUIECKOTO MOJIETTUPOBAHUS —
JUI KOHCTPYUPOBaHUS O0OBEKTOB.

2. CAIIP na 6a3ze CYB/] — mist mepepaboTKu 60JbIuX 00BEMOB JaHHBIX. VICIIONB3yIOTCA,
HanpuMep, MpU TPOCKTUPOBAHWM OW3HEC-TNIAHOB WJIM IIWTOB YIPABJICHHUS B CHUCTEMax
ABTOMATUKH.

3. CAIIP na 06a3e KOHKpPETHOrO MPHUKJIAJHOTO MaKeTa — 3TO aBTOHOMHO HCIIOJIb3yeMbIe
IPOrPaMMHO-METO/IMYECKNE  KOMIUIEKCHI, HalpuMep, HMUTALUMOHHOTO  MOJEIMPOBaHUS
MPOU3BOJICTBEHHBIX MPOIECOBCKOro ymparieHuss u T.m. Yacro Ttakue CAIIP ortHocsaTcs
cucrtemaMm CAE. IIpumepamu MOTyT CIIyKUTh IPOIPaMMbI JIOTHYECKOI0 IIPOEKTUPOBAHUS Ha Oa3e
s3pika VHDL, matemarnueckue makersl Tuma MathCAD.

4. Kommnekcusie (unterpupoBanubie) CAIIP, cocrosiiye U3 COBOKYMHOCTH MOJCHUCTEM
OPEeIbIIyIIMX  BHIOB. XapakTepHbIMH mpumepamu  komruiekcHbiXx CAIIP  sBastorcs
CAE/CAD/CAM-cucTeMbl B MAIIMHOCTPOCHHH

Hns yno6erBa agantanuu CAIIP k Hy)kaaM KOHKPETHBIX TMPHIOKEHHUH, IS €€ Pa3BUTHS
nesnecoodbpasno umeth B coctaBe CAIIP uHCTpyMeHTa bHBIE CpEACTBA alanTallud U Pa3BUTHUS.
Otu cpencrtsa npeacrasiaeHbl Toil win nHoil CASE-TexHonorue, BKitodas S3blKH pacIIMpEHuUs.
B Hekoropbix CAIIP npumMeHsIOT OpUrHHaIbHblE MHCTPYMEHTAJIbHBIE CPE/IBL.

[lpumepamMu  MOTYT CIYXHUTh OOBEKTHO-OPHEHTHPOBAaHHAs HMHTEPAKTHBHAs —cpena
CAS.CADE B cuctreme EUCLID, conepkariast 6ubinoreky komnonentos, B CAIIP T-Flex CAD
3D npenycmotpeHa pa3zpaboTka qononHeHui B cpeaax Visual C++ u Visual Basic.

CALS-texHOMIOTHSIT — 3TO TEXHOJOTHS KOMIUICKCHOM KOMITBIOTepU3anuu  cdep
IPOMBIIJIEHHOTO TMPOM3BOJACTBA, L€Jdb KOTOPOM — yHUUKaIMs U CTaHAapTH3aLUsA
cnenuuKaluii MPOMBIIIEHHOW MPOAYKLIMK Ha BCEX ATamnax ee >KM3HEHHOro 1ukia. OCHOBHbIE
cnenuuKaluyd  MPEJICTaBICHbl  IPOEKTHOM,  TEXHOJOTMYECKOW,  IPOU3BOJCTBEHHOM,
MapKETUHIOBOM, SKCILTyaTallMOHHOMN TOKYMEHTALIUEH.

B CALS-cucremax npexycMOTpeHbl XpaHeHHe, 00paboTka U mepepaya MHGOpMaLUU B
KOMIIBIOTEPHBIX CPEAAX, ONEPATUBHBIN TOCTYI K JAHHBIM B HY’KHOE BPEMS U B HY’)KHOM MECTE.

3. Hcropus pa3sutus CAIIP

[To cpaBHEHHIO C HCTOpHEH pPA3BUTHS BBIYUCIUTEIBHONH TEXHUKA HUCTOPHS Pa3BHTHS
ABTOMATH3UPOBAHHBIX CHCTEM OYEHb KOPOTKA, OHA HE HACUMUTHIBACT M MATUICCATH JieT. OTHAKO
0e3 ITHX CUCTEM KOMITBIOTEPBI HUKOT/1a OBl HE CTAalld TEM, YEM OHU SIBIISIOTCS ceivac — opyaneM
TpyJa MHUJUTHOHOB CIIEIIMATMCTOB, 3aHATHIX TPOSKTUPOBAHUEM B CAMBIX Pa3HBIX 00IACTSX.

Uctopus pazsutus CAIIP goctaToyHO yCIOBHO MOXKHO pa3OuTh Ha 3 dTama:

1. 70-e ToBI - OBLTH TOTYYEHBI OTJENBHBIE PE3YNIbTAThl, TOKA3aBIIUE, YTO 001acTh
MPOSKTUPOBAHUS B IPUHIIMIIC TIOIACTCS KOMITBIOTEPH3AIINH; B 3TOT IIEPHOJT OCHOBHOE BHIMAaHHE
YIETSIIOCh CHCTEMaM aBTOMATU3UPOBAHHOTO YepueHUsi. MHOTHE MPOTrpaMMHBIE MTPOTYKTHI TOTO
BPEMEHHU Ha3bIBAINCh CHCTEMAMM ABTOMAaTU3UPOBAaHHOTO yepueHus - CAY.
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2. 80-e rompl - XapaKTepU3yIOTCsl aKTUBHBIM NMPUMEHEHHEM MUKPOKOMITHIOTEPOB U
CyIep MUKPOKOMITHIOTEPOB, TIOSIBIIEHUEM MACCOBBIX CHCTEM U 0a30BBIX MPOTPAMMHBIX MPOIYKTOB
UL HUX. OTOT TIEPUOJI XapaKTepeH UCIoJib30BaHueM paznuuHoro [1O0 paznuunbiMu
MoApa3AeICHUSIMU OJTHOTO MPEINPUsATUS (IIEpUOJ OCHOBHOU aBToMaTu3anuu). OJIHAKO B 3TH Ke
roael Hapsangy ¢ 2D dyepueHueMm mnosBUIMCH cucTembl 3D monenupoBanus. Tenepp crana
JKenaTeJIbHOW BO3MOXKHOCTh MEpeaBaTh JaHHbIe ¢ 0JHOro stana Ha japyroil stan JXL[. Kpome
TOT0, MOSBUJIOCH MOHSITHE TBEPIOTEILHOE MOACIUPOBAHHUE.

3. 90-e roma - mepuox "3penocTH" - HEKOTOPhIC OMMOKH OBbUIM HCIIPABJICHBI
(Hanpumep, yopaHsl Oapbepbl HECOBMECTUMOCTH MEXly cucTeMaMu). CHayana cTajau HOsIBISThCS
- TpeTbe CcTOpoHHHUE (upMmbl - paspadboruuku 1O s KOHBEpTAllMK JAHHBIX W3 CUCTEMBI B
cucreMy. [loToM KpymHBIE CHCTEMBI CTaJIM CaMU MPEAOCTaBIATH BO3MOXXHOCTh HMIIOPTa M
AKCIIOPTA JAHHBIX C IPYTUMHU PACIPOCTPAHEHHBIMU CUCTEMAMU.

[TepBble TIporpaMMbl aBTOMATH3UPOBAHHOTO MPOCKTUPOBAHUS OBUTH CO3IAHBI IS HYX]
AIEKTPOHHOU M PAJMOTEXHUYECKOW MPOMBINUIEHHOCTH. OHU MOSBUIIKNCH B KOHIIE 50-X - Hayane
60-x romoB mpomuioro Beka. B kadecTBe mpuMepa MOXKHO Has3BaTh MPOTpamMMbl aHaIH3a
anekTpoHHbIX cxeM Net-1, ECAP unu mporpammy JIOTMYECKOTO MOEIUPOBaHMS LU(POBOH
anmnapatypsl C. Kpes — P .Kuma, co3nannsie B CLIA.

[lepBble  cucTeMBbl, aBTOMATH3UPYIOIIME BBIMIOJIHEHHE TpapuyecKux padoT B
MamuHoCcTpoeHnn nosBuwinch B 60-70-x rr. XX Beka, Korma ObUTM CO3JAaHBI CPEACTBA IS
M300paKeHUS JIMHUM, OKPYKHOCTEH U KPUBBIX Ha SKPAaHE MOHUTOPA C TTOMOIIBI0O MAKPOKOMAH/I U
uHTep(ercoB MPUKIIATHOTO MPOrPAMMHUPOBAHMUSL.

Jleknms Ne 3. Ctpykrypa CAIIP. Buabl o6ecneuenns CAIIP
I1man
1. TIpoextupyroume u odciyxxupatomue nojacucremsl CAIIP.
2. MaremaTnueckoe, TEXHHUYECKOe oOecleyeHne, NporpaMMHOe, HH(GOPMAlMOHHOE,
JUHTBUCTUYECKOE, METOINUECKOe, opranu3amnuonnoe odecreuenus CAIIP.

1. IIpoexkTupyromme u odocayxuBaromme nogcucremol CAIIP.

Kak u nmrob6as cnoxxuast cucrema, CAIIP cocrout m3 moacucteM. Pa3anyaroT moacuCcTEMBI
HPOEKTHPYIOLINE U 00CITY>KUBAIOIINE.

[TpoexTupyromue noICUCTEMBI HEMOCPEACTBEHHO BBINOJIHAIOT MPOEKTHBIE MPOLENYPHI,
UCTIONB3Ys BCE CPEJICTBA 0OCTYKUBAIOIIUX MOJICUCTEM.

[TpuMepamMu MPOEKTUPYIOMIMX MOACUCTEM MOTYT CIYKUTh IOACUCTEMBI T€OMETPUYECKOTO
TPEXMEPHOI'O0 MOJIEIUPOBAHUS MEXAHUYECKHX OOBEKTOB, H3TOTOBJIEHHUS KOHCTPYKTOPCKOMN
JIOKYMEHTAIlMH, CXEMOTEXHUYECKOT0 aHAJIN3a, TPACCUPOBKHU COSAMHEHMH B MEYATHBIX IJIaTax.

OOcnyXuBaIIMe MOACUCTEMBl 00€CTeuynuBalOT (PYHKIMOHUPOBAHUE MPOEKTUPYIOLIUX
MOJICKCTEM, UX COBOKYITHOCTh YaCTO HA3bIBAIOT CHUCTeMHOW cpemor (wmm obomoukoit) CAIIP.
TUnUYHBIME ~ O0OCTYKMBAIOIUMH  TOJACUCTEMAaMHU  SIBJIAIOTCS  MOJCUCTEMBI  YIIpPaBJICHUS
npoekTHbIMU  JaHHbIME  (PDM), ynpaBinenus mporeccom mpoektupoBanus (DesPM),
MOJIb30BaTeNbCKOT0 HHTEepdeiica ia cBs3u papadbotunkoB ¢ IBM, CASE s pazpabotku u
COIPOBOKEeHUs MporpamMmHoro obecrieuenusi CAIIP, oOyuaromye moacucTeMsl JUIsi OCBOSHUS
MIOJIB30BATEISIMU TEXHOJIOTUH, peain3oBaHHbIX B CAIIP.
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MpoexTupyowme
NOACKUCTEMbI

2. MaTemaTu4ecKkoe, TeXHHYECKOe oDecneyeHne, MporpaMMHoe, HH(OPMAMOHHOE,
JIMHTBUCTHYECKOE, METOAMYECKOE, Oprann3anuonHoe odecneyenuss CAIIP

1. MaremaTunueckoe odoecneuenue (MQO) — maTeMaTHUYCCKUE METOIbI, MOJICIIH 00BEKTOB
Y TIPOIIECCOB MPOCKTHPOBAHUS, AJITOPUTMBI PEIICHHS 3a]1a4 POCKTUPOBAHUSI.

MO 1npu aBTOMAaTU3HPOBAHHOM MPOEKTUPOBAHUU B SIBHOM BHUJE HE HCIOJIb3yeTcs, a
MPUMEHSETCS TTPOU3BOAHBIA OT HETO KOMIIOHEHT - IporpamMmHoe obecreueHue. Bmecre ¢ tem
pazpabotka MO sBiseTcs caMbIM CI0KHBIM dTanoMm co3fganus CAIIP, ot koroporo mnpu
UCIIOJIb30BAaHUU YCIIOBHO OJIMHAKOBBIX TEXHUYECKHX CPEACTB B HAWOOMBIIEH CTETEHU 3aBUCST
MIPOU3BOIUTENBHOCTD U 3P deKkTUBHOCTh pyHKIMOHUpoBaHus CAIIP B nenom.

[To Ha3HayeHUIO U croco0aM peann3aluu MaTeMaTHYeCKOe 0OecIieueHne JeNAT Ha JBe
YacTH:

* MaTeMaTHYEeCKHE METO/bI M TOCTPOSHHBIE HA HUX MaTeMAaTHUYE€CKUE MOJICTIH;

* (opmanu3zoBaHHOE OMUCAHKME TEXHOJIOTHH aBTOMATH3WPOBAHHOTO MPOEKTUPOBAHUSI.

2. Texuuueckoe  obecneuenue (TO) —  COBOKYmHOCTH CBSI3aHHBIX U
B3aMMOJICHCTBYIOIUX TEXHUUECKUX CPEACTB, obecneunBatonux padory CAIIP.

Texauueckoe ob6ecneuenune CAIIP Bkiodaer KoOMIblOTEPHl (B TOM  YHCIIE
CHenualn3upoBaHHble paboUKe CTaHIIMU U CepBepa), OPITEXHUKY, CPEJCTBA Mepeiaull JaHHbBIX,
nepudepuitnoe oOopynoBaHue (ycTpoilcTBa TIpadUyecKkoro BBOJA, CKaHEphl, IPUHTEPHI,
IUIOTTEPHI ), U3MEPUTEIBHYIO TEXHUKY, YCTPOWCTBA MOJATOTOBKY JAHHBIX U OpraHU3allii apXUBOB.

B nactosmee Bpemst 60abmmHCTBO TipakTudecku aercTByromux CAIIP crpositcs Ha 6aze
JIOKQJIbHBIX BBIYUCIUTENBHBIX CETEH ¢ MOLIHBIMU MEPCOHAIBHBIMU KOMIIBIOTEPAMHU.

3. IIporpammuoe o0ecneyenne (IIO) — COBOKYMHOCTH BCeX HPOTrpaMM H
HKCIUTYaTal[MOHHON JOKYMEHTAIMH (MHCTPYKIUH I0JIb30BATeNs, IPOrPaMMBbl JIIsl TUArHOCTUKU
omunOok u c6oeB u Ap.). B mporpammuom obecnieuenun CAIIP Boiaenstot:

- obmecucremuoe 10 (onepanioHHbIE CUCTEMBI)

- 6a3zoBoe [10 — MoHUTOpHAS cUCTEMa — KOMILJIEKC POTrpamMM, YIPaBISIOUIUX MTPUKIAIHBIM
1o
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- MaKeThl IPUKJIATHBIX MPOTrpamMM (KOMILJIEKCHI IPOTPAMMHBIX CPEACTB, OPUEHTUPOBAHHBIX
Ha pelleHHe 3aJa4 B ONpeeNIeHHON 001acTh)

- CUCTEMBI IPOTPaMMHUPOBaHUs (COBOKYITHOCTb CPEJICTB HAITUCAHUS TEKCTOB, TPAHCIISALIUU U
OTJIJIKU IIPOTPaMM MOJIb30BATENS).

4. Undopmaumonnoe odvecneuenue (MO) — nannple, HEOOXOAMMBIC IS BBITTOJIHCHHS
poeKTUpoBaHus. JlaHHbIE MOTYT OBITH INpEACTaBICHbl B BUJEC JAOKYMEHTOB Ha Pa3IMYHBIX
HOCUTEJISIX, COJIEpKaINX HEOOXOJUMbIE CBEICHUS CIIPABOYHOTO XapaKTepa.

N O o0b1uHO MpeAcTaBisAIOT B BUJe OaHKOB JaHHBIX U 0a3 3HaHUM.

K nndopmannoHHOMY 00ECTICUCHUIO TTPEIBSABISIOTCS CICIYIOIINE TPEOOBAHMUS:

1) axexBaTHOCTH UH(GOPMAITUU COCTOSIHHUIO MPEAMETHOM 00J1acTH;

2) MaccOBOCTb UCIOJIb30BaHUS (KOJUIEKTUBHBIN JOCTYI);

3) ObicTpoelicTBHE (BpeMsI pEaKI[iy Ha 3ampoc);

4) NpOU3BOIUTENBHOCTH (KOJIHMYECTBO 3aPOCOB, BHIIIOIHSAEMBIX B €IMHUILY BPEMEHU );

5) BO3MOKHOCTb PaCIIUPEHHUS;

6) HaIEXKHOCTD U 3alIUTa HH()OPMALIUH.

5. JlunrBucrnueckoe obecnevenue (JIO) — cCOBOKYIMHOCTh A3BIKOB MPOEKTUPOBAHUS,
BKJIIOYass TEPMHHBI, OINpPEIEIICHUs, NpaBuwia (OpMaTU3alH ECTECTBEHHOTO S3bIKA, METOMbI
CKaTHs U Pa3BEPTHIBAHUS TEKCTOB.

B cBowo ouepens, mmurBucrudeckoe obOecmedenne CAIIP moppasnensTcss Ha S3BIKH
IPOTrpaMMHUPOBAHUs, IPOEKTUPOBAHUS U yripaBiieHus. K HUM OTHOCATCS S13bIKM BBICOKOI'O YPOBHS
(ITackanb, ®oprpan, Cu++) U MalIMHHO-OPUEHTHPOBAHHBIE S3BIKM — acceMOiepbl (HU3KOIro
YPOBHS1).

SI3pIKM TPOrpaMMMpPOBAHUS CIyXaT A pa3paOOTKH CUCTeMHOro u mpukiagHoro I10
CAIIP. OHu 06a3upyroTcsi Ha QITOPUTMHUYECKHMX s3bIKax - Habope CHUMBOJOB U IpaBUIl
00pa30BaHMs KOHCTPYKIIMI U3 3TUX CUMBOJIOB JUIs 3a/1aHUs QITOPUTMOB PEIICHUS 3a]1a4.

S3bIKKM MPOEKTUPOBAHUS — 3TO MPOOJIEMHO-OPUEHTHUPOBAHHBIE SI3bIKU, BKIIIOYAIOT SI3BIKU
OMMCAHUS, MOJICTIUPOBAHUS U Tuanora Mexay noiaszoBarenem u I1K.

S3bIKK ynpaBiieHUst ciaykaT Juisl (GOpMUPOBAHMSI KOMaH/ YIPaBJICHUSI TEXHOJIOTHMYECKUM
000pyI0BaHUEM, YCTPOHCTBAMU JOKYMEHTUPOBAHUS, NepuepUiHbIMU YCTPOWCTBAMHU.

6. Mertoauueckoe odecieuenue (MTO, uinu MetQ) - TOKYMEHTHI, yCTaHABIUBAIOILINE
cocTa, mpasuiia oroopa u skcruryarauuu CATIIP.

7. OpranuzaunonHoe odecneyenue (OO) - COBOKYNMHOCTh JOKYMEHTOB, ONPEAEIISIONINX
COCTAaB IPOEKTHON OPraHU3allNH, CBSA3b MEXKy MIOIpa3IeICHUsIMH, a Takxke AestenbHocTs CAIIP.

B opranuszamuonHoe oOecriedeHHE€ BXOJAT INTAaTHBIE pACIUCAHUS, JIOJKHOCTHBIE
MHCTPYKLUH, IPAaBUJIa dKCILTyaTalluu, IPUKAa3bl, IOJOKEHUS U T. 11

[Tonmnoniennoe ¢QynkunonupoBanue CAIIP BO3MOXHO TONBKO TpPU HAJIUYUUA U
B3aMMOJICHCTBHUH BCEX MepeurcIeHHBIX oOecrieueHuii. s mons3oBareneit TO u [10 BeicTynatoT
KaK €IWHOE IIeJIoe, 00pa3ysi MHCTPYMEHT IMPOCKTUPOBAHUS, MOITOMY TOBOpAT, uTto B CAIIP
MOKHO BEIJICITUT:

MPOTrPaMMHO-METOIUIECKUM KOMIUIEKC — COBOKYITHOCTH [10 1 MetO.
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[IporpaMMHO-METOIMYECKUIT KOMIUIEKC — B3aUMOCBSI3aHHAs COBOKYIHOCTh HEKOTOPBIX
yacTedd  NpPOrpaMMHOr0,  MAaTeMaTU4YECKOTO,  JIMHTBUCTUYECKOTO,  METOJHYECKOTO U
WH(OPMAIIMOHHOTO O0ecIeYeHus, HeoOXoaumas JJis MONYYCHHS] 3aKOHYCHHOTO IMPOCKTHOTO
peIIeHus 10 0OBEKTY MPOCSKTHPOBAHUS WIIH JIJIsl BBITTOJIHEHUS OIPEICIICHHBIX YHU(DUIIMPOBAHHBIX
npouenyp. Ilpumepsr TIMK: odopmienus mOKyMEHTAalMH, CHHTE3a MPOCKTHBIX PEIICHUN,
MozenupoBanus U T. I1

[TporpaMMHO-TEXHUYECKMI KOMILJIEKC — B3aMMOCBSI3aHHAs COBOKYIHOCTb IPOIPaMMHO-
METOAMYECKHX KOMIUIEKCOB, 00BEIMHEHHBIX 110 HEKOTOPOMY NPU3HAKY, U CPEACTB TEXHUUYECKOTO
obecnieuenus CAIIP. ITpumepsr I[ITK: aBromarusupoBanHble paboune MecTa, BKIIOYAIOILINE B
ce0s1 OBM, KOMIUTEKT nepuepuiiHBIX YCTPOUCTB H PSII.

Jlekuus Ne 4. 'eomerpuyeckoe u napamerpuueckoe moaeanposanue B CAIIP.

IInan
1. ITonsiTHE TEOMETPUYCCKON MOIeN. BHUIBI TeOMETPUYECKUX MOJICTICH.
2. IlonsiTve mapamMeTpUYECKOro MoaeiipoBaHus. Buasl mapaMmeTpuyeckux MoaeIei.

1. IlonsiTue reomMeTpuveckoil Mmoaeau. Buabl reomeTrpudyecknx Mmojaee.

Mojenpb — 3TO NpeACTaBICHHUE TAHHBIX, OTPAKAIOIINX CYIIECTBEHHBIE CBOMCTBA PEATILHOIO
o0bekTa. OHA MOXKET COZEpKaTh JIAHHbBIE, BECbMa, PA3JIMYHBIC 110 XapaKTepy, - FTCOMETPUUECKHE,
TEXHOJIOTMYECKUE U T.J. B TaHHOM JIEKIIMU MBI PACCMOTPUM I€OMETPHUUYECKOE MOJICIMPOBAHUE, T.
€. IpEACTaBJICHUE HU3JCIUM C TOYKH 3PEHUS] MX TIeOMETPHUUYECKHUX CBOMCTB. ['eoMerpuueckas
MoJeib 3aHnMaeT BaxkHoe MecTo B CAIIP.

HcTopusi reOMeTpUUECKOTO MOJAETUPOBAHUSI HAYMHAETCS C MEPBLIX pabOT MO MAIIWHHOM
rpaduke o rpaduyecKOM TPEICTABICHUUM W OCHOBBI M aNTOPUTMOB YAalleHUS HEBHIMMBIX
yacteil. [losBIsITOTCS TEepBbIE CHCTEMBI ISl MOJETUPOBAHUS CIUIOMIHBIX Ten. B 70-x romax
HAYMHAETCS MPOMBIIUICHHOE NPUMEHEHHE MOJEIUPOBAHUS CIUIOIIHBIX TEJI, a B MOJEIX
YUHUTHIBATHCS (DYHKITMOHAIbHBIE OCOOCHHOCTH, MPEXKE BCETro Oyiarogaps COBEPIICHCTBOBAHHIO
annapartypsl (MyJIbTUILIMKALMS, 1IBET).

['eomeTpuyeckass MOAENb U3JENUs SBISETCS MAIIMHHBIM IMPEACTaBICHHEM €ro (popMbl U
pa3MepoB.

OcHoBHbIE BU/IbI TeOMETPHYECKHUX MOjIeIeil

JIByMepHBIE MOJIETH, KOTOPHIE TO3BOJSIOT (DOPMHUPOBATh M WM3MEHSITH UYEPTEKH, OBLIH
MEPBBIMU MOJICISIMH, HAIIEAMIUMU pUMeHeHHe. [I[pUMEHSIOTCS OHU B TIPOMBINIUIEHHOCTH U JI0
CHX TTOp, T.K. CYIIIECTBEHHO JICTIICBIIC B OTHOIIICHHH aJITOPUTMOB U IIPOTPAMMHOT0 00eCIICUCHHUS.

OpHako JAByMepHOE MPEICTABICHHE YacTO HE COBCEM YNOOHO IS JOCTATOYHO CIIOMHBIX
uznenuii. TpexmepHas MOJEb CIYKUT Ui TOTO, YTOOBI CO371aTh BUPTYaJIbHOE TPECTaBICHUE
U3JIENHSI BO BCEX TPEX U3MEPECHHUSIX.

B pabGorax, mpoBeneHHBIX B O3TOM 00JlacTH, U B COOTBETCTBYIOIIHMX KOMILIEKCAX
MPOrPaMMHOTO 00ECTIeUeHUS BBIIEISIFOTCSI TPU OCHOBHBIX THITA TPEXMEPHBIX MOJCIIEH:

KapKacHBIE («IIPOBOJIOYHBIEY) MOJIEIIH;

MTOBEPXHOCTHBIC MOJICIIH;

MOJICJIN CILIONIHBIX TeJ («0OBEMHBIEY ).
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Kapxacnoe moodenuposanue

HcTopuuecku nepBbIMU MOABWINCH KapkacHble Mozaenu (B koHue 70 rr. XX Beka). T.k.
QITOPUTM IOCTPOECHMSI TAKMX MOJAENEH ObUI JIOCTATOYHO IPOCTBIM, TO €r0 MOYKHO ObUIO
pean30BaTh JaXe Ha MaJIOMOIITHOM 00OpY/I0BaHUH.

KapkacHoe MopenupoBaHHE — CaMblii MPOCTOM CIOCOO TPEACTaBICHUS TPEXMEPHBIX
mozeneil. KapkacHble Mozaenu (Wi MpPOBOJOYHBIE KapKachl) MPEICTABIAIOT COOON BEpIIMHBI,
COEZIMHEHHBIE pedpamH.

+ OnHu nomoraroT Oojiee SCHO MPEACTABIATh MOJAEIb M B3aMMHOE pPACIOJIOKEHHE
COCTaBJIAIOLIMX €€ 3JeMeHTOB. Kpome Toro, kapkachl MOXKHO MCIIOJIb30BaTh U Ul CO3/aHUS
NPOCKIIMOHHBIX BUJOB. TpeOyrOT MEHbIIIE TaMATH.

- IIporpaMmMbl HE MOTYT OTOOpa3UTh BCEX OCOOCHHOCTEH MOBEPXHOCTEH, ONpeneIsieMbIX
KapKacaMu, 1 3TO JieJaeT HEBO3MOXHBIM [IOCTPOECHUE, HAIIPUMED, TOUHBIX ceueHUi. BusyanpHas
MOJIENIb MOXET OBITh HEOTHO3HAYHOM.

Tem He MeHee, axe Takas, UMEIOLAsi MHOXXECTBO OIPaHMYEHUH TEXHOJIOTHsI MO3BOJIMIIA
CYILIECTBEHHO pacIIUpuUTh (QyHKUUOHaIbHble Bo3MoxHocTH CAIIP mo cpaBHenuto c 2D-
cucreMamu. B HacTosiiee BpeMsi HOCTPOEHHE KapKacoB TAaKXKe UCIOJIb3YETCsl B TEOMETPUUYECKOM
mozenupoBanuu CAIIP, HO inMIIp Kak BcrioMoraTesibHas CUCTEMa IIPOMEXKYTOUYHBIX IOCTPOCHHUH.

Ilogepxnocmnoe moodenuposanue

B ornmnuune ot kapkacHOro HpesCTaBICHUs, MOAEIUPOBAHNE IIPU TTOMOIIM OBEPXHOCTEN
MMEET CYIIECTBEHHO MEHbIIE OIPaHWYEHMM, TaK Kak IO3BOJIAET OIpPEAEIUTh CBOEOOpa3HYIo
«000JI0uKy» TpexmepHoro o0bekTa. Ho Bce ke MOBEpXHOCTHAas MOJEIb OYEHb IOXO0Xa Ha
KapkacHyo. [IpencraBbre cebe, 4To MEXy IpaHsIMU KapKaCHOM MOJIeNT HATSIHyTa TOHKAasl TKaHb.
310 1 OyleT NOBEPXHOCTHON MOJEBIO.

[ToBepXHOCTHBIE MOJIENM MpPEJACTABISAIOTCS B  BUAE HabOpa  OrpaHUYMBAIOIIUX
MIOBEPXHOCTEH.

[IpenmyriecTBa MOBEPXHOCTHOI'O MOJIEITMPOBAHMUS:

1. JlocToBepHOE mpeicTaBiIeHHE 000 MO CI0KHOCTH 00BEKTA;

2. KOHTpOJIb B3aMMHO PacIiOIOKEHHBIX JIeTajei;

3. IoaroToBka ympapIsONIMX MPOTPAMM JIJISi CTAHKOB.

IToBepXHOCTHBIE MOJENIN PA3IMYAIOTCS 110 CIIOCOOY aNMpPOKCUMAIIMK TOBEPXHOCTH.

1) [TonuroHanpHass  aNmpoOKCHMAanusi — TOBEPXHOCTh  IPEIACTABISETCS  HAOOpOM
B3aMMOCBS3aHHBIX IIJIOCKUX I'paHel (Yallle BCEro TPEYTOJIbHBIX).

Taxast anmpoKcUMalus JIETKO CTPOUTCS, sl Hee pa3paboTaHbl 3(PPEKTUBHBIE ATOPUTMBI
peIMCTUYHON BU3YyalIM3alliH, OHA HE TPeOyeT 3HAYNTENIbHBIX BHIYMCIUTENBHBIX PECYPCOB, XOTS
MOKET OBbIThb W 3aTpaTHOM Mo mamsATU. [JTaBHBIM OorpaHMYeHHEM MNOJOOHOM ammpoKCHMaluu
ABIIIETCS TO, YTO OHA MMeEeT (PUKCUPOBAHHYIO TOYHOCTb, TO €CTh OTKJIOHEHHE IMOJIOXKEHUS
MOJIEJIBHOM TOBEPXHOCTH OT «HJI€AJTbHON» MOAECIUPYEMON. JIJIs TOCTH>KEHUS BBICOKOW TOUHOCTH
TpeOyeTcs CO37aHNe CETOK C MAJIBIM LIIaroM, 4TO BEJET K POCTY TPeOOBaHUI1 K BHIYUCIUTEIbHBIM
BO3MOXKHOCTSIM cucTemsl. [IoaTOMy Hcnionbp30BaHue noauroHanbHo# anmnpokcumanyuu B CAIIP Ha
TEKYIIM MOMEHT OIPaHUYEHO MOJCUCTEMAMHU BU3YyaIU3al1H.

Otux HepoctatkoB yunieHa Texnonorus NURBS, ceronns Hanbosee yacto ucnoibzyemas
B nipakTuke CAIIP.

2) Texuomorus NURBS (wnmu HeomHopoaubix B-cmtaiiHoB). Co3maHue TUIaBHBIX
OpraHUYHBIX (POPM C OMOILBIO KPUBBIX, 3a/IaHHBIX OINpeneaEHHBIMU (GOpPMYIaMHu.
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Omnpee/ieHHBIM HEJOCTATKOM TaKOT'0 MOJIX0/1a SBJISETCS CIIOKHOCTh aJITOPUTMOB PabOTHI €
NURBS, opHako 3TO 0OCTOSTENBCTBO HCTOPUYECKH IPEOJOJICHO HCCICIOBATEISIMA U
pa3zpaboTIrKaMHu.

CpaBuenue NURBS c¢ nonuronanbHONM KapTUHKOMN

B onpenenennoii crenenn NURBS-nipencrasiienue sBiasieTcst pa3BUTHEM OJIMTOHAIBHOIO,
HO B OTJIMYME OT HEro MO3BOJIET OMKUCHIBATh HE TOJIBKO IJIOCKUE, HO U KPUBOJUHEIHBIE TPAaHU U
pebopa (xpomku). Texnomoruss NURBS oOecneunBaer peannsanuio psaa (yHKIHOHAIbHBIX
BO3MO)XHOCTEM, HEJOCTYNHBIX WM CYIIECTBEHHO OlPAaHUYEHHBIX IPU HCIOJIb30BAaHUU
KapKacHOro JMOO TMOJMIOHAJIBHOIO TPEACTABICHUS: BBIUMCIEHUE pajuyca KpPUBHU3HBI
IIOBEPXHOCTEH, UX INIAJKOE COINPSIKEHHUE, IOCTPOECHUE TPACKTOPUI HA TIOBEPXHOCTH, YTO BaKHO
st noarorosku YIITY-nporpamm u T. 1.

Teepoomenvnoe mooenuposanue

Hecmorpss Ha  J0CTaToO4HO  MIMPOKHME  BO3MOXHOCTH, KOTOPBIE IPEIOCTABIISIET
MOBEPXHOCTHOE MOJICTUPOBAHKE, U OHO UMEET PsiJ CYIIECTBEHHBIX OTPAHUYCHHI C TOUKHU 3PEHUS
ucnonbszoBanus B CAIIP, B yacTHOCTH HEBO3MOKHOCTh BHIYMCIEHUS 00HEMOB, MACC U MOMEHTOB
WHEPLIUU OOBEKTOB, OTPAHMYEHHOCTh MPUMEHEHHUS K HUM OylIeBBIX oOmepanuii (BbIUUTAHUS,
o0OBeIMHEHUS, TepeceueHus). OTH OrpaHWYEHUS] CHUMAIOTCA TMPH  HUCIHOJIb30BAaHUU
TBEPAOTEIBHOTO MOJICIMPOBaHUs, cTaBliero Ha cerofgus crannaprom B 3D CAD/CAM/CAE-
CHUCTEMax.

TBepnorensHoe MozaenupoBanue sBisgercss ocHOBHBIM st CAD/CAM/CAE cucrem.
TBepaoTenbHBIE MOJIETHN CO3/IaI0TCSl HA OCHOBE 3CKH30B, U OHM HE SIBJISIOTCS BHYTPH MYCTHIMHU.
T.e. TPEICTaBISIFOT COOOW 3aMKHYTHIM 00BEM, 00JaNal0T MaTEeMAaTHYECKOH TUIOTHOCTBIO U
Maccoil.

Jns mocTpoeHusi TBEpAOro Tela MCIOJB3YIOTCS TaKWe ONEpalllH, KaK BbIIABIMBAHUE,
BBIpPE3aHHE U BpallleHue 3cku3a. Takke UCIONb3YIOTCs OyneBbl (YHKIIUU, KOTOPHIE MO3BOJSIOT
CKJIa/IbIBaTh, BBIYUTATh U OOBEAMHSATH pa3jMuHbIC TBEpAble Tena s cosnaHus 3D-monenu
JleTau.

Cy1iecTBYIOT pa3jiiyHble AJITOPUTMUYECKHE METOJbI TPEACTABICHUS TBEPAOTEIbHBIX
moxaener, B mpaktuke CAIIP wnambonee IMUPOKOE TMNPUMEHEHHE WMMEET TEXHOJIOTHUS,
Oasupyromascs Ha TPaAaHUIHOM TMPEACTABICHUHM SJIEMEHTAapHBIX OMHOCBs3HBIX Ten (BREP-
MPEACTABIICHHS) B COBOKYITHOCTH C KOHCTPYKTUBHOM reOMEeTpHE, ONUCHIBAOIIEH Onepaliii Hajl
TeJIaMHu.

I'pannuHOe mpencTaBlieHHE OMNpEAeNseT CIUIOIIHOE TeJIO HESBHO NYyTeM ONUCAHUS
orpannuuBawomiein ero nosepxHoctu. Cyrb BREP-npencraBienust 3akimtouaercs B TOM, 4YTO

21



TBEPJOE TEJIO ONMCHIBAET 3aMKHYyTas MPOCTPAHCTBEHHAs 001acTh, OrpaHUYEHHas HaOOpoM
AIIEMEHTApHbIX TOHKHUX IIOBEpXHOCTEH (rpaHeil) M NpPU3HAKOM BHEIIHENW WM BHYTPEHHEHN
CTOPOHBI ITOBEPXHOCTH, a TAK)KE 00ECIEUNBAIOIINM CIEAYIOUUHN psij olepanuil, onpeaeaeHHbIX
HaJ TEJIaMH.

Puc 3 4. BREP-nipescrasherme

ROOCTHX TRELDARX TEN

[Ipeumy1iecTBa TBEPAOTENBHOIO MOIEIUPOBAHUS:

1. Jlyuymas Bu3yanu3auus M BOCIPHIATHE CO3JaHHON MOJENNM — TpeXMepHas MOJENb C
IPUMEHEHUEM COBPEMEHHBIX TEXHOJIOTUH BBIMJIAUT O0Jiee UeM pealuCTHYHO.

2. ABTomaruyeckoe (OpMHpPOBAHUE YEPTEKEH — OJHO M3 CaMbIX IVIABHBIX IPEUMYILECTB
naHHOU TexHonoruu. Iloctpoenne moenu u GopMUpoOBaHHE YePTEKEH 10 HEll C HCTI0Ib30BaHUEM
TBEPAOTEIBHOIO MOJEIMPOBAHUS — JEJI0 HECKOJIBKUX CEKYH/I.

3. BeicTpoTa M NETKOCTh B MPOIIECCe BHECEHUS U3MEHEHUN W KOPPEKTUPOBOK B MOJIEINb —
HE HYKHO 3aHOBO (POPMHUPOBATh YEPTEXK, IOCTATOUHO U3MEHUTH HY)KHbIE MYHKTHI U OOHOBUTH
nporpamMMmy. Takke MOKHO HCIOJIB30BaTh INAOJIOHBI, YTO 3HAYUTEIBHO COKPATUT BpeMs Ha
BBINOJIHEHHE PaOOTHI.

4. O0benvHEHNE C pa3IMYHBIMM JIOMOJIHUTEIBHBIMU HPUIOKEHUSIMH — HHTErparus
MIO3BOJIAET COKPATUTHh BPEMs, HCIIOIb30BAB Cpa3y IOJYYECHHBIE PE3YJIBTATHI Ha MOCIEAYIOIIUX
CTaausX pabOTHI.

5. CkopocTh Mpu MPOEKTHPOBAHUM — TBEPAOTEIHHOE MOIEIHMPOBAHHUE COKPAIIAET CPOK
BBIMIOJTHEHUSI TPOEKTUPOBaHUS 00beKkTa. bpIcTpoTa MoaenupoBaHMsl MO3UTHBHO BIUSET Ha
CKOPOCTb BO3BpALICHUS BIOKECHHBIX WHBECTULINN.

2. TlonsiTHe mapaMeTPH4eCKOro MoAeTUPOBaHMA. BUabl napaMeTpuyecKux MoaeJiei.

[TapameTpuyeckoe MOAETMPOBAHHE — OTO NPOEKTHPOBAHWE MOJAETH OOBEKTa C
WCIIOJBb30BAaHUEM TIapaMETPOB U COOTHOLIEHMM Mexay Mmapamerpamu. llapamerpusanus
MO3BOJIIET 3a KOPOTKOE BpEMSl «IIpOUrpaTrh» (C TOMOIIbIO M3MEHEHUS MapaMeTpoB WIIU
F€OMETPUUECKUX COOTHOUIEHHWH) pa3iMyHble KOHCTPYKTUBHBIE CXEMbI, BHIOpATh ONTHMAaJIbHOE
pelieHne 1 u30exaTh NPUHIUITHAIBHBIX OIIHNOOK.

Hcnonp30BaHne TEXHOJIOTUM MAapaMETPUUECKOr0 KOHCTPYUPOBAaHHUS IMO3BOJISIET, MPH
HEOOXO/IMMOCTH, JIETKO M3MEHATh (OpMYy MOJENH, B pe3yibTaTe Yero IMOJIb30BaTellb UMEET
BO3MOXHOCTh OBICTPO M 3(G(GEKTUBHO TNOIYy4aTh aJbTEPHATHBHBIE KOHCTPYKIMHM WU
NEPeCMOTPETh KOHLEMIMIO M3Aeaus B LeiaoM. I[Ipu OTCYTCTBHM CpeICTB oOecredyeHus
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[IapaMETPUYECKOrO0 KOHCTPYHPOBAHMsSI MOJEIb ONpENeiIcHa OJHO3HAYHO TOJIBKO CBOEH
reoMeTpHeid, TOITOMY BHECEHHE JJakKe MalleHIINX U3MEHEHUH TpeOyeT 3HaUUTEeIbHbIX TPYI0BBIX
3aTpar. MI3MeHeHus ke napaMeTpuyecKor MOJIEIIH BBIIIOJIHAIOTCS TaK JKe JIETKO, KaK U U3MEHEHUs
3HA4YECHMS Pa3MEPOB HA YEPTEkKAX.

Taonuunasn napamempuszayus

Tabnuunas mapameTpu3alysl 3aKJIIOYaeTcs B CO3/JaHUU TaOJMIBI MAapaMeTPOB THIOBBIX
netanei. Co3gaHue HOBOTO SK3EMIUIsIpa JETadd MPOM3BOAMUTCA IMyTeM BbIOOpa M3 TaOIHIIBI
TUIIOPa3MEPOB.

Bo3moxHOCTH TaONMU4YHOW TapaMeTpu3ali BeChbMa OTPAHHYCHBI, MOCKOJIBKY 3aJaHHe
MPOU3BOJIBHBIX HOBBIX 3HAUEHUN MAapaMETPOB U T'C€OMETPUYECKUX OTHOILIEHUU OOBIYHO
HEBO3MOXXKHO. OfHaKo TabMWYHAs MapaMeTpu3alus HAXOJIUT IIUPOKOE MPUMEHEHHE BO BCEX
napametrpuueckux CAIIP, mockoabKy M03BOISET CYIIECTBEHHO YIIPOCTUTH U YCKOPUTD CO3J/IaHUE
OMONMMOTEeK CTaHAAPTHBIX M THUIIOBBIX JeTajeil, a Takke WX MpPUMEHEHHE B Ipoliecce
KOHCTPYKTOPCKOTO IPOEKTUPOBAHUS.

Hepapxuueckasa napamempusayus

Wepapxuueckass mapamerpusanus (IapaMeTpu3aluds Ha OCHOBE HCTOPHH IOCTPOCHUA)
3aKJII0YAETC B TOM, YTO B XOJE IOCTPOEHUS MOJEIU BCS IOCIIEI0BATENbHOCTb IOCTPOECHHUS
oTOOpa)kaeTcsi B OTJEIBHOM OKHE B BHJE «I€peBa MOCTPOCHUs». B HeM mepeducieHbl Bce
CYIICCTBYIOIIME B MOACIINM BCIIOMOI'aTCIIBHBIC 3JICMCHTBI, 9CKU3bl U BLIIIOJIHCHHBIC OIICpalli B
MOPSIKE UX CO3TAHMUS.

[Tomumo «epeBa MOCTPOCHHUS» MOJENH, CHCTEMa 3allOMHUHAeT HE TOJBKO TMOPSAOK ee
(dbopMUPOBaHUS, HO U UEPAPXUIO €€ DIIEMEHTOB (OTHOLICHHS MEXKIY dJIEMEHTaMHU ).

[TapameTrpu3zanyst HA OCHOBE MCTOPUU MOCTPOEHUN MPHUCYTCTBYET MPAKTUYECKH BO BCEX
CAIIP, wucnonm3yrommx TpPEeXMEpPHOE TBEPAOTEIbHOE MapaMETPUUYECKOE MOAEIUPOBAHUE.
OOBIYHO TaKOW THUIl MapaMETPUUYECKOTO MOJEIUPOBAHUS COYETAETCS C BapHALlMOHHOW H/Win
r€OMETPUYECKON TapaMeTpr3aluei.

Bapuayuonnaa (pazmepnan) napamempuzayus

BapuanuonHnas, uim pasMmepHasi, mapamMeTpu3aliis OCHOBaHA Ha MOCTPOCHHMH ICKU30B (C
HAJIOKEHHEM Ha OOBEKTHl O5CKH3a pA3MUYHBIX MapaMeTPUUYECKHX CBS3eHd) M HAJIO0KEHUU
MOJIb30BaTEIeM OTPAaHUUEHUH B BHJIE CHCTEMbI YPaBHEHUM, ONIPEACTSIONINX 3aBUCUMOCTH MEXKIY
napaMeTpami.

[Tpouiecc cozmaHusi mHapaMeTpUYECKOM MOJAENN C MCIOJIb30BAaHUEM BapHAaIlMOHHOM
napaMeTpu3aluy BEIMJISIIUT CIETYIOIKUM 00pa3oMm:

1. Ha mepBoMm »Tame co3maercst 3cku3 (mpoduis) s TpexMepHou omepanun. Ha scku3
HaKJIa/IbIBAIOTCS HEOOXOJUMBbIE TapAMETPUUECKHE CBS3H.

2. 3aTeM 3cku3 «oOpa3MepuBaeTcs» Y TOUHSIOTCS OTAENbHbIE pa3Mepsl npoduis. Ha stom
JTane OTIENbHBIE pa3Mepbl MOXKHO O00O3HAUUTH KaK TMepeMeHHbIe (HalpuMmep, MPUCBOUTH UMS
Length) m 3amaTh 3aBHCHMOCTH JPYTHX pa3MepOB OT 3THUX IEPEMEHHBIX B BHIE (OpMYI
(manpumep, Length/2).

3. 3areM IpOU3BOJAUTCS TpeXMepHas omnepauus (HampuMep, BHITAIKHBaHHUE), 3HAYCHHE
aTpuOyTOB OIepaIiy TOXKE CIYXKHUT IMapaMeTpoM (HarpuMep, BeJINYNHA BHITAIKUBAHNUSA).

4. B cirygae He0OXOMMOCTH CO3/JaHuUsI COOPKH B3aUMHOE IMOJI0KEHHE KOMITOHEHTOB COOPKH
3aJaeTcsl MyTeM YKa3aHMsl CONPSDKEHUH MeXAy HUMHU (COBMaJieHHe, NapajuleIbHOCTh WIU
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NEepPIEeHANKYISIPHOCTD TpaHeH n pedep, pactonokeHne 00bEKTOB Ha PACCTOSHUH WU TIOJ YTJIOM
JpYT K IpYyTy U T. IL.).

Bapuannonnas napameTpHu3alus Mo3BoJISET JIETKO H3MEHATh ()OpMY ICKH3a MU BETUUYNHY
napaMeTpoB ONEpalnid, 4TO MO3BOJSAET YI00OHO MOIUGPHUIIMPOBATH TPEXMEPHYIO MOJIEb.

TI'eomempuueckan napamempuszayus

['eomeTpuyeckas napameTpu3alys OCHOBAaHA Ha IEepecyeTe MapameTpUuecKOd MOJEIN B
3aBHCHUMOCTH OT T€OMETPUYECKUX MapaMeTPOB POJIUTEIbCKUX OOBEKTOB

['eomeTpuyeckne napameTpbl, BIMSIOIIME HA MOJENIb, IIOCTPOCHHYKD) Ha OCHOBE
reoMerpuyeckoil napamerpusauuu: IlapamnensHocts, [lepnenaukynspHocts, KacarenbHOCTSb,
KOHLIEHTpUYHOCTH OKPYKHOCTEH U T.1.

[Tpouecc co3nanus napaMeTpuuecKoi MOJENIN METOJOM IT€OMETPUUECKON TapaMeTpHU3aLui
BBITJISIAT CIICIYIOIIAM 00pa3oM:

1. Ha mepBoM »sTame KOHCTPYKTOp 3aJaeT TE€OMETPHUI0 MpOoduis KOHCTPYKTOPCKUMU
JUHUSAMH, OTMEYAET KIFOYEBbIE TOUKHU.

2. 3aTeM NOpOCTaBISET pa3MeEpbl MEXAY KOHCTPYKTOPCKMMH JHHMsAMU. Ha sTom stame
MO>KHO 33/1aTh 3aBUCUMOCTb Pa3MepoB ApPYT OT Apyra.

3. 3areMm OOBOAUT KOHCTPYKTOPCKHUE JUHUU JMHUSMU HW300paKEHHS — TMOJTy4aeTcs
poduib, ¢ KOTOPHIM MOKHO OCYILECTBIISAThH Pa3InYHbIE TPEXMEPHBIE ONIEPALIUH.

[Tocnenyroiue 3Tarbl B 11IEJI0M aHAJIOTMYHBI IPOLIECCY MOAEIUPOBAHUS C UCIIOIb30BAHUEM
METOJla BapUalMOHHOM MapameTpu3auuu. ['eomerpuueckas mnapaMeTpu3anusi 00ecleyuBacT
BO3MOXXHOCThH Oojiee THOKOTO peIakTHpOBaHUS Mojenu. B ciyyae HEOOXOIMMOCTH BHECEHHS
HE3aIJITAHUPOBAHHOTO HM3MEHEHHsS] B T€OMETPHIO MOJEIN HeoO0sA3aTelbHO YAANSATh HCXOTHBIC
JUHUM TIOCTPOEHHUS (9TO MOXKET MPUBECTH K MOTEpPE acCOIMATHBHBIX B3aUMOCBSI3EH MEXKIY
AJIEeMEHTaMU MOJIEIIN ), MOKHO NMPOBECTU HOBYIO JIMHUIO MIOCTPOCHUS U IEPEHECTH HA HEE JIMHUIO
U300pakeHMs..

Accoyuamugnoe Koncmpyupoganue

AcconmatuBHoe KOHCTpyupoBaHue (Associative Design) - 310 oboOmiaroiniee Ha3BaHHE
TEXHOJIOTUH TTapaMeTPUUYECKOT0 KOHCTPYHUPOBaHHS, 00ECIIeUMBAIOIIEH eIMHYI0, B TOM YHCJIE U
JIByCTOPOHHIOK, ~HMH(OPMAIIMOHHYIO B3aUMOCBSI3b MEXKJIYy TI€OMETPHUYECKOM  MOJIEINbIo,
pacyeTHBIMM MOJEJSAMM, TNpOrpaMMaMH JJsl W3TOTOBJIEHHMsS u3Aenus Ha craHkax c YIIY,
KOHCTPYKTOPCKOM JJOKYMEHTaIueH, 6a30i 1aHHBIX ITPOEKTA.

Hcnonb30oBaHuEe TEXHOJOTMH ACCOIMATHBHOTO KOHCTPYMPOBAaHHUS MO3BOJSET, MpHU
HEOO0XOIMMOCTH, U3MEHSTH (JOPMY MOJIENU U MOTy4aTh aBTOMATHUECKH MEPECTPOCHHBIC YEPTEKH
WIHM TPAeKTOPUHU MHCTPYMEHTA JJ1sl 00pa0oTKu Ha ctaHkax ¢ UITY.

Jleknusi Ne 5 CucreMbl aBTOMaTH3MPOBaHHO# pa3padorku yepre:xeii (CAD-2D)
[1man

Haznauenue u BozmoxHoctu cuctem CAD-2D.

Cocras CAIIP Komnac. OCHOBHBIE TUIIBI JOKYMEHTOB, co3/1aBaeMblx B CAD-cucremax.

Nnrtepdeiic CAIIP Kommac.

Hcnonp30BaHnE IPUBSI30K.

HNHCTpYMEHTHI peAaKTUPOBAHUSI.

CriocoOb!I KOTTUPOBAHMSI HIIEMEHTOB.

bubmuorexku Kommnaca.

NoobkowdE

24



1) Ha3nauyenue m Bo3MokHOCTH cuctem CAD-2D.

CAD-2D cayxat st ObICTpOii pa3paboTKU YepTEKEH, CXeM, paCIETHO-TIOSICHUTEITbHBIX
3aIMCOK, TCXHMYCCKUX YCIOBHUM U MPOYNX JOKYMEHTOB.

* AutoCAD LT » Komnac-I'paduk
* T-Flex CAD LT » T-Flex CAD 2D
» AutoCAD

Bosmosxxnoctu CAD-2D

— Co3znanue U peakTUpOBaHUE IBYMEPHBIX YEpTEKEH

—  PaznuyHble CTUIM JIMHUH, IITPUXOBOK, TEKCTOB

—  Pa3Ho0Opa3Hble criocoObl U PeKUMBI TIOCTPOCHUS TpapUIECKIX TPUMUTHBOB

—  Paznuunble criocoObl MPOCTAHOBKU Pa3MEPOB U TEXHUYECKUX 0003HAYCHUI

—  BcerpoeHHbIH TaOnIUYHBINA pelakTop

— Cpeacta co3gaHus MapaMETPUUYECKUX IJIEMEHTOB

— Hcnonp3oBanne OWMOMMOTEK THUIOBBIX 3JEMEHTOB JJIsl YIPOIICHUS W YCKOPCHHS
pa3paboTKu yepTexen

— Ileuarp yeprexa, BBIpaBHUBAHUE YEPTEkKA OTHOCUTEIBHO JIMCTA MIPU M€YaTH

— Coznanue MHOTOJIMCTOBBIX YepTexe

— B03MOXXHOCTB KOJIJIEKTUBHOM pabOThI HaJ YepTeKaMu

2) CocraB CAIIP Kommac. OcHOBHBIE THIIBI JOKYMEHTOB, co3aaBaeMbix B CAD-
cucreMax.

Cocmas CAIIP KOMIIAC

1. Kommac—I'padpuk mnpenHazHaueH i JBYXMEPHOIO «IIJIOCKOT0» MOJIEIMPOBAHUS
(co3nanus yepTexeit)

2. Kommac-3D mpenHasHaueH s TPEXMEPHOTO «OOBEMHOT0»  MOJEIUPOBAHUS
(co3manus aeranen, COOPOK)

3. Komnac—3nexkTpuk mpeaHazHaueH Ui CO3JaHMs AJIEKTPUUYECKUX MPUHIUIUAIBHBIX U
JIPYTHX CXEM

4. Kowmnac—Asrompoekt (BepTukanb) OTIACIbHBI  OPOrpaMMHBIA  MPOAYKT —
IIPEeHA3HAYEH I aBTOMATU3alUU IPOEKTUPOBAHUS TEXHOIOTMYECKHX IPOLIECCOB

5. JIOLIMAH otaenpHbI TPOrpaMMHBIM NMPOJIYKT - CUCTEMA MPOEKTHON AOKYMEHTAIMH
JUISL CTPOUTENBCTBA

Tunwvt 0okymenmos, cozoasaemvix 6 CAIIP KOMIIAC
I'padmuyeckue JOKYMEHTbI
1. Yeprexk. Ueprex comepkuT rpapudeckoe nW300pakeHUE W3eNHs, OCHOBHYIO HAJIHCh,
pamKky. JlomomHHTENbHBIE OOBEKTHI O(GOpPMIICHHS — 3HAaK HEYKAa3aHHOH IIepOXOBATOCTH,

TeXHUYecKue TpedboBanus u T.1. Pacimpenne cdw.
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Yeprex MOJXKET coJiepKaTh OJIUH WIH HECKOJIBKO JINCTOB.
JIJist KasKI0T0 TUCTa MOYKHO 3a7aTh JOopMaT, KpaTHOCTh, OPUEHTALIUIO U JIP. CBOMCTBA.

B ¢aiine uepresxa KOMITAC-3D MoryT conepkatbes He TOIbKO YepTexd (B monumannu ECKJI),
HO U CXEMBI, IJIAKAThI U TPOYHe rpaduueckue JOKYMEHTHI.

2. MdparMeHT - BCIIOMOTaTeIbHBII THII Tpadguueckoro 1okyMmeHTa. @parMeHT OTINYaeTcs OT
YyepTea OTCYTCTBHEM PaMKH, OCHOBHOM HAINUCH U IPYTUX 0OBEKTOB O(POPMIICHHUS JOKYMEHTA.
Pacmmmpenue frw.

Hcnonb3yeTcs i XpaHeHUs: U300pakeHU i, KOTOpbIe He HYKHO 0(OPMIIATh KaK OTAEIbHBIN JIUCT
(3CKU3HBIC TPOPUCOBKH, PA3padOTKH U T.1I.).

Kpome Toro, Bo hparmeHTax Takxke XpaHsaTcs CO3/laHHbIE TUIIOBbIE PELIEHUS AJIS TOCIIEAYIOIIEro
UCIIOJIb30BAaHUS B IPYTUX JOKYMEHTaX.

TpexMepHble MOAETH
1. Jletasib — Mozenp W3ACIHs, H3rOTaBIMBAEMOIO M3 OIHOPOAHOrO MaTepuaia, 0e3
pUMEHEHHUs cOOpOYHBIX onepanuii. Pacmpenune m3d

2. COopka — MOJIeIb U3/ICIINs, COCTOAIIETO U3 HECKOJIBKHX JIeTalIei ¢ 3aaHHbIM B3aMMHBIM
nosiokeHueM. Pacmmpenwne a3d.

TeKCTOBbIE JOKYMEHTHI
1. Crnemudukanus — JOKYMEHT, COJCpXKammid WHPOPMAIMIO O COCTaBe COOpKH,
NpEJCTaBICHHYI0 B Bujae Taomuipl. Crenuduranus odopmisieTcss paMKOH W OCHOBHOU
Ha/AMUChIo. Pactmpenue spw.

2. TekcToBBIi JOKYMEHT — JOKYMEHT, COICPIKAIIMA TNPEHUMYIIECTBEHHO TEKCTOBYIO
uHpopManuio (TIOSCHUTEIBHBIC 3aIIUCKU, TEXHUUECKUE YCIOBHS, PYKOBOJICTBA IOJIb30BATEIs U
T.11.) Pacumpenue kdw.

OdopmisieTcst paMKoit 1 OCHOBHOW HAJIITUCHIO.
Yacto ObIBa€T MHOTOCTPAHUYHBIM.

3) Hurepdeiic CAIIP Komnac
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1 — I'maBHOE MEHIO

2 — [lanenb HHCTPYMEHTOB

3 — JlepeBo yeprexa
4 — OKHO apamMeTpoB

5 — [Tanens ObIcTpOTO TOCTYMIA

6 — Pabouas o0nacTe

ITanenn HHCTPYMEHTOB
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Ha nanenu unctpymentoB I'eomeTpusi HaXOASTCSI KOMaHbI IS IOCTPOCHHSI T€OMETPHUYECKHIX
00BEKTOB: TOYKA, OTPE30K, OKPYXKHOCTh, DJUIUIIC, Ayra, KpuBas be3be, mpsMoOyroibHHK. A
KpOME TOrO M Takue KOMaHJbl
SKBUAMCTAHTA, INTPUXOBKA

(acka, ckpyrieHue,

OTa naHenb HHCTPYMEHTOB COACPKUT KOMaH/IbI [Tl peIaKTHPOBAaHUS OOBEKTOB: CIIBUT, TIOBOPOT,
MaciTabupoBaHue, CHUMMETpPHUs, KOUPOBaHUE, Ae(opMarus cIBUTOM, yceub KpUBYIO, pa3OUTh
KpPHUBYIO, OYUCTUTH 00JIaCTh.

Mo:kHO yKa3aTh JIMHEWHBINA pa3Mep, IMaMETPaIIbHbIN, paluaIbHbIi, YTIIOBOH, pa3MeEpP BBICOTHI.
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OTa maHeab HUHCTPYMCHTOB IIO3BOJIACT BCTABUTHb TCKCT B IIPOU3BOJBHOM MCECTC, YKas3aTb
mepoxXoBaTOCTD, 63.3y Ha YCPTEIKEC, CTPCIIKY B3IJIA/]4A, 0003HAYUTH no3unuu, OCHTP. Taxoxe 34€Ch



coJepKarcsi KOMaHIbl IO CO3JAHHIO JIMHUI-BBIHOCOK, JIOMYCKOB (OpMBI, JTUHHIA pa3pesa,
BBIHOCHBIX JIEMEHTOB.
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CoaepXUT KOMaHJIbI JUIS CO3JaHUS CBSI3CH MEXKIY JEMCHTAMH YepTeXa: TOPH30HTAIbHOCTD,
napajuIeIbHOCTh, KACAaHUE U APyrue KoMaH bl Ee yno0Hel uemonp30BaTh IpH CO3AaHUN ICKU30B
g 3d Mozeseit.
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3aech coaep)karcs KOMaHABI OIpEeeiICHUS KOOPAWHAT TOYEK, PACCTOSHUS MEXKIY ABYMS
TOYKaMH, PACCTOSHUSI MEKIY IBYMsS TOUKAMH, PACCTOSHHUS OT TOYKH IO KPHUBOH, pACCTOSHUS
MEXIY ABYMS KPUBBIMH, YIJIa MKy JBYMS IIPAMBIMU/OTPE3KAMH, yIJIa [0 TPEM TOYKaM, JUTHHBI
KpHUBOH, IJTOIIAIH.
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Hcnone3yetcs npu co3aanuu dyeprexxeid mo 3d moaensm. [lo3BomnsieT co3naTh HOBBIA BUI C
MOJIeJIH, CTaHJapTHBIE BUJIBI, pa3pes/ceduenne 3d Moenu.

4) Hcnonb3oBaHHe NPUBSI30K
IIpuBsizka — 3T0 MexaHMU3M, O3BOJISIOIIMK TOYHO 3aJaTh MOJIOKEHNE Kypcopa, BHIOpaB
YCIOBHE €ro IO3MLMOHMPOBAaHUS (B y3lax cemku, B Onudicaiiuierl XapaKTEpHOH mouke, Ha
nepeceuenuy 0ObEKTOB, HA cepedune OTPEe3Ka, B yeHmpe OKPYKHOCTH).
B KOMIITAC npenycMOTpeHbl 1B€ pa3HOBUIHOCTH MPUBS30K:
* ri100aJibHbIe (TOCTOSTHHBIE) — IOCTOSIHHO JAEMCTBYIOIINE MPU BBOJE U pEAaKTUPOBAHUU

00BEKTOB ?

* JIOKAJIbHBIE (OTHOKpPaTHBIE) — TpeOyeTCs BCIKUI pa3 BBI3bIBATh 3aHOBO. [locie Toro, kak
OBLT MCMONIB30BaH OJMH W3 BAPHAHTOB NMPUBS3KH, CUCTEMa HE 3allOMUHAET, KaKOW MMEHHO W3
BapHaHTOB ObLT BBIOPAH. JIOKAIbHASL NPUBs3Ka A61siemcsi bonee npuopumemHoll, 9eM riiodaibHasl.

HOKaJ'IBHaSI HpI/IBﬂSKa BBI3BIBACTCS TICTTYKOM npaBoﬁ KHOITIKHU MBIIIIN.

® KJIaBI/IaTypH])Ie HpI/IBHSKI/I Hpe)ICTaBHSIIOT CO6OI>1 KOMaH/bI, KOTOpBIe BBIITOJIHAKOTCA C
MOMOIIBIO KJIaBUATYPHl HAXKATHEM OTPEACTICHHBIX KIaBHII WM KOMOMHAIMI KITaBHIIL.

KnaBuaTypHbie TPUBSI3KH MOXKHO IPUMEHSATH MIPAKTUYECKH B TIOOOM peKUMe PaOOTHI.
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5) UHCTpyMeHTHI pelaKTHPOBAHHUS
Jns  ymoOHOro W OBICTPOTO  PEJAKTHPOBAHMS HCHOJIB3YIOTCS KOMAaHIBl MaHEIH

uHCcTpyMeHTOB IIpaBka:

1.

[TepemecTuTh — CIHYXKHUT JUIsI TEPEMEHICHHSI MO JOKYMEHTY OOBEKTa WM TPYIIIHI
BBIJICTICHHBIX O0OBHEKTOB.

[ToBepHYTh — MO3BOJISET MOBEPHYTHh BbIOpaHHBIE JIEMEHTHI YepTexa Wi (parMeHTa
BOKPYT OIPEIEeICHHON TOUKH.

MacmtabupoBaTh CIY)KUT JUIS YBEJIWYEHHUS WM yMEHbIICHUS H300pakeHus Ha
YepTexe.

3epKaibHO  OTpPa3uTh  IMO3BOJSIET  IOJYYUTh CHMMETPHYHOE, OTHOCHTEIHHO
MIPOU3BOJILHON TPSMOM, H300paKeHNE BRIOPAaHHOTO 0OBEKTA.

KomupoBaHnne — TIO3BOJISIET KOMUPOBATH BBHIICTICHHBIE OOBEKTHI UYEPTEkKA WU
¢parmenra.

Komanzs! nedopmaruu:

a. Jledbopmanusa mepemenieHueM — TMO3BOJSET PEOAKTUPOBATH 4acTh (00JACTb)
(dbparMeHTa WM 4YepTexa, pacTATUBasl UM CMellas €€ OTHOCUTEIbHO 0a30BOi
TOYKH.

b. Jledbopmarus moBoporoM — maehopMHpPYeT 4YacTh rpadHUyecKoro JTOKyMEHTa,
MOBOPAYMBAsI €€ OTHOCUTEIHLHO 0a30BOI TOUKH

c. Medopmarus MacmtabupoBaHUEM — YBEIMYMBACT MJIM YMEHBIIACT YKAa3aHHYIO
00J1acTh M300paKEHNUS YepTeka Win pparMeHTa.

Komanzapl ynaneHuss y4acTKOB KpUBOW: Yceub KpPHBYIO, BBIpOBHSTH 1O TpaHHIIE,
Y anuHuTh 10 Onukaiiiero oobexTa, Y 1anuth (hacky/CKpyrieHue

Komang pa3buenus reomeTpruyeckoro o0beKTa Ha HeCKOJIbKO yacTeil: Pa3oute kpuByto,
Paz6uth kpuByro Ha N yacreit

8) Cnoco0bl KOMMPOBAHUS 3JIEMEHTOB.
B cucreme KOMITAC-3D komanna KonupoBaTh KOMUPYET BIIETIEHHBIE 00BEKTHI B Oydep

oOMeHa, pY ATOM MpebIIyIIee coaep:kumoe 0ydepa oomena ynansercs. Komanna Konuposats

JIOCTyIIHa TOJIBKO B TOM Cllydae, €Clii B JJOKYMEHTE UMEIOTCS BbleleHHble 00BbeKThl. Ilepen

konupoBanueM cucreMa KOMITAC-3D oxugaer ykazaHus 0a30BOM TOUKH BBIJEIEHHBIX
00BEKTOB: TpPU ATOM Kypcop HU3MEHseT CBOK (GopMy Ha ocu KoopauHaT. basoBas Touka
MpeJICTaBIsIeT cOO0M TOUKY, OTHOCHUTEIFHO KOTOPOW MPOU3BOJIUTCS KOMHUPOBAHUE BHIOPAHHOTO
Habopa 0OBEKTOB.

PaccMoTpuM pa3nuyHble BAPUAHTHI BHIIOJIHEHUS KOITUPOBAHUS:

1. KOHI/IpOBaHI/Ie YKa3aHHUuEM — ITO3BOJISACT KOIMMPOBATH BLIACICHHBIC 00BEKTHI YCPTEIKA UIIN

¢parmenTta. KonupoBaHue ocCylecTBIsIeTCSl yKa3aHWeM 0a30BOM TOYKH, C MOCIEAYIOUIUM

3aaHUEM TOYKHU PaSMEIICHH A KOITNU WJIH ITYTEM OIIPCACIICHUA CMEIICHHUA IO OCAM OTHOCUTCIIBHO

0a30BOIi.

2. Konuss mo KpHBOﬁ MO3BOJIACT BBIIIOJIHUTL KOIMMPOBAHUC BBIACICHHBIX OG’BCKTOB,
pa3MECTUB UX BAOJIb yKa3aHHOﬁ KpHBOﬁ.
3. Komus mo OKPYKHOCTHU IIO3BOJIACT BBIIIOJIHATH KOIIMPOBAHUC BBIACICHHBIX O6’beKTOB,

pPa3MECTUB UX IO OKPYKHOCTU C YKA3aHHBIM LHCHTPOM U PAANYCOM.

4. Komus 1o ceTke CO3aa€T KOIMMH BBIACICHHBIX 00BEKTOB B y3Jj1ax ﬂBy)(MepHOﬁ CCTKH.

9) bubauorexku Komnaca.

29



ABromaru3zanus pabotsl KoHCTpykTopa B Kommac 3d mocturaercst u 3a cueT TOro, 4ro
MHOXECTBO PYTHHHBIX orepanuii (BctaBka B uepTex/3d cOOpKYy CTaHIApPTHBIX W3ACIUH,
BBITIOJTHCHUE THUIIOBBIX pPAaCcYeTOB) MOYKHO BBIMIOJIHUTH C WCIOJIb30BAHUEM CIICIHATHHBIX
MPUKJIATHBIX OMOJIMOTEK.

bubnmoreka - 3TO MPOrpaMMHBEIN MOy, HMPUIOKEHUE, CO3MaHHOE IS PACIIMPEHUS
cTaHfapTHBIX Bo3MokHOcTel cuctemMbl KOMIIAC-3D. bubnuorexka mpencraBiser cobOoi
OPUEHTHUPOBAHHYID  HAa  KOHKPETHYIO  3aJady  MOJICUCTEMY  aBTOMAaTH3WPOBAHHOTO
MPOEKTUPOBAHUS, KOTOpas IOCJE BBINOJHEHHUS MPOEKTHBIX pPAacyeToB (POPMUPYET TOTOBHIE
KOHCTPYKTOPCKHE TOKYMEHTBI MU X KOMIUICKTHI.

IIpuuem Bce OumbOmuoreku B Kommace cootBercTtBytor poccuiickum ['OCT-am
MaKCHMaJbHO TPOCTHI B HCIIOJIB30BAHMM, YE€M HE MOTYT IOXBacTaTh MHOTHE 3apyOeKHBIE
MIPOrPaMMBI.

B KOMIIAC-3D cymecTByeT crnenuaibHas cuUcTema aisi paboTel ¢ OuOnmoTexkamu -
Menemxep OnOIHOTEK.

Ipumepol bubruomex:

KoncTpykTopckas 0u0/1M0TeKa IPUMEHSETCS Al BCTAaBKH B YEPTEKU M300paKeHU OONTOB,
BUHTOB, TaeK, MPYKUH, TIOIIHITHAKOB U T.JI.

bubnunorexa CTanaapTHble HM3/1eJUs UCIIONB3yeTCsl uisi BcTaBku 3d Mojenel cTraHgapTHBIX
U3JICHIA B COOPKY

Kommnac-Shaft 2D, 3D — cucremsl pacyera (BkiIrouaeT komiuiekc mporpamm Gears) u 2d, 3d
MOJICTTUPOBAHUS TEIl BPAIICHUS U MEXaHUYCCKUX TIepead

Kommac-Spring — cucrema pacueta ¥ MpOSKTUPOBAHUS TPYKUH

APM FEM - cuctema npoyHOCTHOTO aHaJIM3a

Jlekuust Ne 6. Cucrembl TpexmepHoro moaeauposanus (CAD-3D)
I1man
1. Ha3nauenue u Bo3moxkHoctu cucteM CAD-3D.
2. Jloxyment [lerans B CAIIP Kommnac. JlepeBo noctpoenuii. TpeGoBaHus K 3CKU3Y.
3. OCHOBHBIE OIEPALUU TPEXMEPHOTO MOJICITUPOBAHUS
4. Noxyment Coopka B CAIIP Kommac
5. AccolMaTuBHBINA YepTex

1) Ha3uauyeHue u Bo3MokHocTu cucrem CAD-3D

CAD-3D npenocTaBIsItOT MOJHBIA UK MOJICIUPOBAHUS: MPOSKTHPOBAHNE TPEXMEPHBIX
neraseid, cOOpoK U3 OTAENbHBIX JeTallel, a TAKKe MpeJICTaBlIeHHe MOIeIeH B pealMCTUYHOM BU/IE
(Bu3yanuzauus) ¥ IMHAMUYHOM BUJE (AHUMAIHS).

MakeTbl TpEXMEPHOro
MoZenupoBaHus

KOMIIAC 3D
ADEM
AutoCAD
T-Flex CAD 3D
SATIA
SolidWorks

CAD-3D 1103BOJIOT:
— Y CKOpHUTH IPOIECC TPOEKTUPOBAHUSA CIIOKHBIX IETAIECH U y3J10B
— TIpoBepuTh COOMPAEMOCTH U3IEIHS
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— IIpoBeputh paboTOCIOCOOHOCTH MEXAaHU3MOB

— ABTOMAaTHYeCKH TeHepupoBaTh 2D-BHIBI, TEKCTOBYIO JOKYMEHTAIMIO: OTYETHI,
BEJIOMOCTH, CHICIIM(PHUKALINIO U T ..

— Ilepenate pa3paboTaHHYIO TE€OMETPUIO JAETAIM B pPAacUyeTHbIE MAKETbI U B ITAKETHI
pa3pabOoTKH yNpaBISAIOMINX IporpamMm it cTankoB ¢ UITY

— OUeHHUTh BHEIIHUH BUJ MPOCKTHPYEMOTO U3JIENHs, TIOIYYUTh ero (poTopeaarcTUIHbIC
N300paKCHHS

2) Jdoxkymenrt Jeraas B CAIIP Kommnac. [IepeBo nocrpoenuii. TpedoBaHus K 3CKu3y.

Jeranp — TUD MOJENN, IPEAHA3HAYEHHBIH ISl IPEICTAaBICHUS U31ETIUI, U3TOTaBINBAEMbIX
06e3 mpumeHeHus cOopouHblX omnepauuid. Co3maeTcss M XpaHUTCS B JOKYMEHTE <«IETajb,
paciupenue ¢paiia — m3d.

CoctaB Moz€EH, OCIEN0BATEILHOCTD €€ TOCTPOSHUS U CBA3H MEXAY 00BEKTaMH MOEIH
oroOpaxarorcsi B JlepeBe moctpoeHms. B JlepeBe TOCTpOCHUS [eTalld OTOOpPaKAOTCS:
o003HaueHHe Hayaja KOOPAMHAT; IIOCKOCTH; OCH; IPOCTPAaHCTBEHHBIE KPHBBIE; TOBEPXHOCTH;
yCIIOBHBIE 0003HAYEHUS; SCKU3BI; ONEPAIIH.

OcKkHU3 — OO0BEKT TPEXMEPHOIO0 MOJAEIUPOBAHMS, CO3IAHHBIM CpEICTBAMHM YEPTEHKHO-
rpadu4eckoro  penakropa. OCKH3 MOXKET pacmojaraTbCsi Ha  KOOPIWHATHOW WM
BCIIOMOTaTeJIbHOM IJIOCKOCTH, a TAK)KE Ha INIOCKOW I'PaHHU.

Pexum scku3a — crienuanbHBIA pexXuM padoThl ¢ TpexmepHoi moaensio KOMITAC-3D.
Ilepexox B O3TOT pEXUM MPOU3BOAUTCSA IPU CO3LAHMM HOBOIO WM PENAKTUPOBAHUU
CYILIECTBYIOILIETO ICKU3A.

OnHUM U3 OCHOBHBIX MOHATUH IIPU OIMCAHUM 3CKU3a sBisieTcs KOHTYp. IIpu nocrpoennn
ACKM3a TM0Jl KOHTYPOM TIOHHMMAeTcs JIIOOOW JIMHEWHBIH OOBEKT WM COBOKYITHOCTH
HI0CJIEI0BATENIbHO COEIMHEHHBIX JIMHEHHBIX 00BEKTOB (OTPE3KOB, JIOMAHBIX, YT U T.JI.).

OcHoBHBIE TpeOOBaHUSA, MPEIBIBIIEMbIC K KOHTYPY ICKH3a, NPH CO3JIAHUH TPEXMEPHOM
MOJIETIH:

KOHTYp B 3CKHU3€ BCerja oToOpakaercst cTuiieM JUHUU OCHOBHAs (JIMHUS CUHETO I[BETA).
[Ipu co3manuM Ten BpalleHHs och H300pakaeTcs oTpe3koM crtwieM JuHuUM OceBas. Ochb
BpallleHus JOKHA OBITH OJTHA.

KOHYPBI B 3CKH3€ HE JOJDKHBI IIEPECEKaThCs

HE JIONyCKaeTcs HaloXKeHHe KOHTYypa (0JjHa IMHUS HauepueHa MoBepX Ipyroi)

KOHTYp 3CKH3a JI0JKEH OBITh 3aMKHYT, HHaYe cucTeMa c(OpMHUPYET HE CIJIONIHON 00BEKT,
a TOHKOCTEHHBII

ITo ymom4aHHIO B HOBOM 3CKHM3€ BKIIIOUEH MAPAMETPUUYECKUIN PEKUM.

3) OcHoBHBIE ONEepaH TPEXMEPHOT0 MO/IeJTHPOBAHMS

HoBoe Teno B Moaenyu MO>KHO CO3/1aTh € IIOMOIIBIO OJHON U3 CIIEIYIOIINX ONEPaIvii:

BoigaBnuBanue. OOpa3yeT Teno MmyTeM IMepeMElIeHUs CEYEHHUs BIOJb NMPSMOJIMHENHON
TPACKTOPHUH HA 3aJaHHOE PACCTOSTHUE.

Bpaienune. O6pa3yer Tea0 myTeM MoBOpOTa CEYEHUs BOKPYT OCH Ha 3aJaHHbIN YTol.

[To ceuenusim. OOpa3zyer Teno myTeM COeNHEHHs HECKOJIBKUX CEUeHUH.

Kunemarnyeckas. OGpasyer Teno myTeM IEpeMelIeHHs] CEYeHHs BJIIOJIb IMPOU3BOIBHON
TPAeKTOPUH

[Tpunanue Tonmuuel. O6pa3zyeT Teno myTeM 100aBIeHUs CII0s MaTepuaia Ha yKa3aHHYIO

MIOBEPXHOCTH

JlucroBoe temo. O6paszyer 0coObIi THI TeJla — JTUCTOBOE TEJIO

CmmBka noBepxHocTei. OOpa3yeT Teno, OrpaHMYeHHOE YKa3aHHBIMU MIOBEPXHOCTSIMU

4) HMoxyment Coopka B CAIIP Komnac
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Mogenb cOopkH sABISETCA OTACIBbHBIM THIOM JokyMmeHTa cucteMbl KOMIIAC. C6opka
COCTOUT M3 OTZENbHBIX JeTallell ¥ oJcO0pOK, KOTOPBIE, B CBOIO OYEPE/lb, TAKKE MOTYT COCTOSATh
u3 neraneil u moacOopok. [IpoexktupoBaHre COOPKM BEHETCS «CBEPXY BHU3Y»; Kakaash HOBas
JeTadb MOJEIUpPYETCs Ha OCHOBE YK€ MMEIOUIMXCS JeTaled ¢  MCIOJIb30BaHHEM
[apaMeTPUUECKUX B3aUMOCBSI3EH.

Jleranu u nmoacOOpPKU MOT'YT CO3/1aBaThCsl HEIOCPEICTBEHHO B COOPKE MJIM BCTaBJIATHCS B
Hee U3 cymecTByromiero daiina. Kpome pazpaboTaHHbIX MMoJIb30BaTeIeM (YHHKAIBHBIX ) MOJICIICH,
KOMIIOHEHTaMU COOpPKM MOTYT OBbITh CTaHJApTHBIE M3JenHs (KpEenex, ONopbl BaJIOB U T.1.),
O6u0IMOTEKAa KOTOPBIX BXOJHUT B KOMILIEKT MIOCTABKH CUCTEMBI.

B3anMHOe mon0KeHHe KOMIOHEHTOB COOpPKM 3a/aeTcsi IMyTeM YKa3aHUs CONpPSKECHUH
MEXIy HUMH. B cucreme nocTynmHBI pa3sHOOOpasHbIE THIIBI COMNPSDKEHUH: COBHAJCHHE,
[apajyIeNIbHOCTh WM TEPIEeHAUKYISIPHOCTh IpaHed M pebep, pacrnonokeHue OOBEeKTOB Ha
pPaccTOSTHUM WK NIOJT YIJIOM APYT K APYTY, KOHLIEHTPUYHOCTb, KaCaHUE.

5) AccouuaTHBHBIH YepTeKR

AcconaTuBHBIA YEPTEK — 3TO BUJ YEPTEkKa, aCCOIMATUBHO CBSI3aHHBIN C OINpPEIeICHHON
3D-monensio.

B cucreme KOMIIAC-3D wuMeercs BO3MOXKHOCTH aBTOMATHYECKOIO CO3JAHUSI
ACCOIIMATUBHBIX YEPTEKEH CO3JaHHBIX U COXPAHECHHBIX B MaMSITH TPEXMEPHBIX nerajneil. Bee
BHJIBI TAKOTO YEPTEKa CBs3aHBI C MOJCIBIO: U3MECHEHHS B MOJCIH HMPHUBOIIT K U3MCHEHHIO
M300paXeHUsI B AacCOLMATUBHOM BHaE. JlJIS TOCTPOEHUS TaKHX YEepTEKEH HCIOJIb3YIOTCS
KOMaH bl HaHen Buasr:

= o= CTaHAapTHBIE
[t.] Hoseiid s E2] guget € mogenn...
|§3 Bua ¢ Mogenm... EE:E EMF]ADEKLI,HDHHR:;IM
= Bug no ctpenke 0 Paspes/ceueHne
fie BelHOCHORA =
| TS spemenT —tﬂ] MECTHEIA BIg,

| I@ Mectheiii pazpes [|[]| Paspeie enga

Bugk =

Knomnka CtanmapTHbIe BHUIBI MO3BOJISIET BHIOPATh CYIIECTBYIONIYIO (COXPAaHEHHYIO Ha
JUCKE) TpeXMEpHYyI0 Mojenb aetanu (*.m3d) u co3mare B TEKyLIEM JOKYMEHTE YEpTEeX ITOU
MOJIEJIN, COCTOSAIIMN M3 OJHOIO MJIM HECKOJIBKMX CTaHAAPTHBIX acCOLMATUBHBIX BUIOB. Ilocie
BbI30Ba KOMaH/ bl Ha 3KpaHe MOSBUTCS CTaHAAPTHBIN AUajor BeIOOpa (aiina s oTkpeitus. [lanee
B OKHE uepTexa MosBUTCS (PaHTOM M300pakeHusl B BUJe TaOAPUTHBIX MPSIMOYTOJIbHUKOB BUIOB.
Cucrema npejuiaraet 1o yMoJIYaHUIO TPU OCHOBHBIX BUJIA: CIIEPEH, CBEPXY U CJIEBa.

YroObl M3MEHUTh HAOOp CTAaHAAPTHBIX BHJOB BHIOPAHHOM MOJAEIH, HCHOJIB3YETCS
obnactb Cxema BHOB Ha naHenu [lapamerprl. B Hell MOXKHO M3MEHHUTH HAOOp CTaHIAAPTHBIX
BUJOB BbIOpaHHOW Mojenu. UToObl BBIOpAaTh WJIM OTKA3aThCs OT KAaKOTro-ITMOO BUAA, CIEAyeT

HICJIKHYTH 110 I/1306pa)K€HI/IIO 9TOr'0 BMJa B OKHEC.

CEI-‘E—':LI,VF Lk
HE TNEEHCM EH

Cnepegn v

Cxema BEMA0E

&/
=

3asop mexqgly BugaMun
Mo ropuzoHTanm: | 15
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Jlekuust Ne 7. CpencrBa MHKEHEPHOT0 aHAJIU3a2, ABTOMATU3HMPOBAHHOE
NMPOU3BOJACTBO, ABTOMATH3MPOBAHHAS TEXHOJIOTMYECKas MOJAT0TOBKA.

[Tnan

1. CpencrBa nn:keHepHoro anaiauza CAE

2. ABTomaTu3upoBaHHoe npousBoacTtso CAM

3. ABTOMATH3HPOBAHHAs TeXHoJIoru4eckasi moaroroeka CAPP
4. Hudposoe Npou3BoaACTBO

1) CpencrBa un:kenepnoro anaimsa CAE

CAE (anri. Computer-aided engineering) — nporpaMmsl, peJHa3HAYCHHbBIC JIIS PEILICHHUS
Pa3IMYHBIX UH)KEHEPHBIX 3a/1a4: Pacy€ToOB, aHAIN3a U CUMYJISIIIUH (PU3MYECKUX TPOLIECCOB.

[Mpumepsr: T-FLEX Anamus, ANSYS, APM WinMachine (oreuectBennas CAD/CAE-
cucremMa)

CAE-cucteMbl IO3BOJISIFOT OLIEHUTD, KaK MOBENET ce0s KOMITBIOTEPHAsT MOJICITb U3CIHS B
peaNbHBIX YCIOBUAX dKcIuTyaTaunu. OHM MOMOTalT YOeAUThCs B pab0TOCIIOCOOHOCTH U3AETHS,
0e3 npuBiIeYeHUs OOJIBIIMX 3aTPAT BPEMEHH U CPEJICTB.

C nomorpio CAE MOKHO TPOBOIUTH:

- AHaJIM3 IPOYHOCTH JeTaje U KOHCTPYKIMH (YCTOHUMBOCTH KOHCTPYKILUI, BO3MOMXKHBIX
HNPUYMH Pa3pyLIeHUN);

- AHasu3 ecTBUS CTAaTUUECKUX, AMHAMUYECKUX U TEIJIOBBIX HArPY30K Ha KOHCTPYKLUIO

- Tepmudeckuii ¥ TUAPOJUHAMUYECKUN aHATIN3;

- Kunematnueckue nccieoBanus (TpaeKTOPUH JIBHXKEHUS OTAEIbHBIX TOYEK U 3BEHBEB);

- MoaenupoBaHue 31€KTPOMarHuTHBIX MOJIEH, CO3/1aBaeMbIX yCTPOHCTBAMHU

- MonenupoBanue paboTbl MEXaHU3MOB.

B CAE-cuctemax ucnosp3yroTcsl paC4ETHBIE METO/IbI: METOJI KOHEUHBIX YJIEMEHTOB, METO/L
KOHEYHBIX Pa3HOCTEH, METO/1 KOHEUHBIX 00BEMOB.

MeTon KOHEUHBIX 3JIEMEHTOB SIBJISETCS OJHMM W3 TJIABHBIX WHCTPYMEHTOB aHalln3a
KOHCTpyKUuu u3zaenus. MKD sBiseTcss 4uCIeHHBIM METOJOM peuieHus AuddepeHInaTIbHbIX
YpaBHEHHUH, BCTpEUarOMUXCs B PU3MKE U TeXHUKE. BOZHUKHOBEHNE METOIa CBS3aHO C peIlIeHUEM
3a/1a4 KocMu4eckux uccaenoBanuit (1950 r).

OcnosHnas ngess MK3O coctout B TOM, uTO J1100YI0 007aCTh MOKHO Pa30UTh Ha MPOCTENIINE
1no100J1aCTH U OMHUCATh WX MPOCTEHIIMMH cUCTeMbl IuddepeHuanbHbIX ypaBHeHUH. Kaxnas
Takas MoAo00JIacTh SABISETCS KOHEYHBIM 3jieMeHTOM. OOIiMe BepIIMHBI KOHEYHBIX 3JIEMEHTOB
HA3bIBAIOTCSl y3JlaMHU, KOTOpble Takke HyMmepyroTcs. KuHemMaTHueckue TI'paHUYHbIE YCIIOBUS
3a/al0Tcd B y3Jax Ha rpasuue. Harpy3ku Ha rpaHuiie 3aMeHSIIOTCS CHJIaMU B y3/axX, CBSI3b
KOHEYHBIX 3JIEMEHTOB MEXAYy CO0OH ocyliecTBiseTcs Takxke B y3iax. [Ipoiiecc BbrumcieHus
CBOJIUTCS K PEILIEHUIO MOJIyYeHHOM CHCTEeMBI AJIeMEeHTapHbIX I depeHnanbHbIX YpaBHEHUH.

[Tpumenenne CAE-cucrem

B obnactu meramioobpabotku ¢ nomoiusio CAE-cucteM MOKHO € JETKOCTBIO MPOBECTH
aHallM3 PEeXYIIEro MHCTPYMEHTAa, 3apaHee YBUAETh €ro JedopMaluio BO3HUKAIOLIEH mpu
0o0paboTke JeTanu, Takke ero konedanus u T.1. Ha ocHoBe momoOHOro aHanm3a BO3MOKHO
POEKTHPOBaHUE HanboJiee ONTUMAIbHON KOHCTPYKIIMM HHCTPYMEHTA, KPOME TOTO BO3MOXKHO U
Ha3HAYCHHE DPALMOHAIBHBIX DPEKUMOB pE€3aHus, KOTOPHIE CO3JaAyT HOPMAJBHBIE YCIOBHS
00paboTKH U obecrevaT BHICOKOE KaueCcTBO 00padaThIBaEMbIX JeTaJIeH.

B MammHOCTpOEHNHU U CTAHKOCTPOEHUHU

B mMammHOCTpoeHHE UCTIOIB3YETCSI HE TOJBKO CTATUYECKUI aHAIW3 KOHCTPYKLUN MAIluH,
HO U IIPOBOJATCSA KMHEMAaTUUYECKUE uccienoBanus. lIpsMas 3amaua KWNHEMAaTUKH 3aKIH0YAETCS B
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TOM, YTOOBI MO M3BECTHBIM YCHJIHMSM M JPYTMM XapaKTepUCTHUKaM NPUBOIOB (ITHEBMO- U
TUAPOLMIIMHAPOB, JIEKTPOABUTATENEH U T. I1.) ONPENEIUTh CKOPOCTU M TPACKTOPUU JIBHIKEHUS
BCEX 3JIEMEHTOB, COCTABIAIOMIMX MexaHu3M. llpu pemieHnn oOpaTHOM 3a7auu - HAPOTHB: MO
M3BECTHOM WIM 3a/laHHOM TPAeKTOPUU M CKOPOCTH IEPEMEIICHHsI OJHOIO M3 3BEHBEB (KaK
NpaBUJIO, KOHEYHOTO) TpeOyeTcss ONpEeAeTUTh TPACKTOPUU OCTAIBHBIX 3BEHBEB, CHIIBL,
JEMCTBYIOIIME HA HUX, U, COOTBETCTBEHHO, TPEOYyEeMbIe CUIIOBBIE U CKOPOCTHBIE XapaKTEPUCTUKU
IIPUBOJIOB.

Eme onHOi BaXHOM 3ajJayell, pellaeMod B KHHEMATHYECKUX PACUETHBIX CHUCTEMaX,
SBIISICTCA ~ OTpeNeieHne paboTOCHOCOOHOCTH MEXaHM3MOB: OTCYTCTBUE 3aKIMHHUBAHUM,
HNPEAYIPEKIACHUE HEKEIATCIIbHBIX KAaCaHUW U CTOJKHOBEHMM JJIEMEHTOB MEXaHM3Ma,
BIIMChIBAaHME MEXaHU3Ma B 3aJJaHHbIC Ta0apUTHI.

U nakoHer, MoJienupoBaHie KWHEMATHKU 00ecrieurBaeT pelIeHHe 3a/1a4 He TOJIBKO aHaIn3a
MEXaHM3MOB, HO M UX cUHTe3a. [lo 3a7aHHON TpaeKTOpUM U LHUKIOrpaMMme paboThl MEeXaHH3Ma
MO>KHO paccuuTaTh (OpMy KyJIauKoB, HAIIPABIAIOIINX, TPeOyeMble pa3Mepbl 3BEHBEB PHIYAXKHBIX
MEXaHHM3MOB, MapaMeTPhl 3yOUaThIX KOJIEC U T. II.

Pe3ynbrarhl TakKMX BBIYUCICHUN MOTYT OBITh HCIIONB30BAHBI KaK SCKU3BI AJISl TOCTPOCHUS
TBEPJOTEJIbHBIX MOJIETIEH IeTallel ¢ Hanepe 3aJaHHOM TOYHOCTBIO.

B cTraHKkocTpoeHMH IMyTeM aHaJIM3a CTAHWHBI CTAHKA U JIPYTUX €r0 Y3JI0B MOKHO MPUJIATh
MaKCHMaJbHYIO0 JKECTKOCTh CTAaHKY B IIEJIOM, 4TO 00ECHEeYHUT CHIKEHHUE BHUOpAllMHU CTaHKa U
BO3MOXXHOCTH BBIIIOJIHEHHUS HA HEM BBICOKOTIPOU3BOAUTEIHLHON 00pabOTKY JeTanei.

B cBapounom npousBoactBe CAE-cucTeMbl SIBISIOTCS HE3aMEHUMbIMU TOMOILHUKAMU TIPU
MIPOCKTUPOBAHUU  CBAPHBIX METANIOKOHCTPYKLMI. Pacdyer cCBapHbBIX IIBOB  SIBJSETCS
00s13aTeNIbHBIM 3TAIOM MPOSKTUPOBAHUS, OOCCIICUMBAIOINIETO HAJIS)KHOCTh PaboThl Oymyrei
KOHCTPYKLUH.

B aBuanmu, cynocrpoeHuu;

ABpOorupoIMHaMU4eCKHE PacueThl

Beruucnurensaas rugporazogunamuka ( CFD, Computational Fluid Dynamics) mmupoko
OpUMEHSIeTCd KaKk B TPaJUIUOHHBIX Ul HEe OTpaciiix: aBUaAlluU, CYIOCTPOEHUH,
IPOEKTUPOBAHUM aBTOMOOUJIEH, - TaK U MpU CO3JaHUM ObITOBON TEXHUKH, MOJIUTPAPUUECKOTO U
MEAMIIMHCKOT0 000pYyA0BaHUs U T. II. PacueTsl OCyIIeCTBIISAIOTCS ¢ UCIOJIB30BAHUEM YHCIEHHBIX
METO/I0B U aJITOPUTMOB JUIsl PEIICHMS U aHAIIN3a 33]1a4 TEYEHUH )KUIKOCTEN U ra30B, KaK IIPaBUIIo,
COCTOSIMX B pemieHuH ypaBHeHH HaBbe-CTokca MeTOJaMM KOHEYHBIX O0OBEMOB, KOHEUHBIX
DJIEMEHTOB, KOHEYHBIX pa3HocTe M Ap. CoOBpEMEHHBIE MPOTrPAMMHBIE KOMIUIEKCHI UL
MOJIEJIMPOBAaHUS TEYCHUM B JKUIKOCTH M ra3axX IMO3BOJIAIOT PacCUMTHIBATh IIUPOKHUN JHAIa30H
TeyeHUl 1no uuciay Maxa, MHoOrogasHble U MHOTOKOMIIOHEHTHBIE TEUYEHHs, TEUYEHUs B
HEC)KMMAEMBIX KHUIKOCTSX.

IIpu paccMOTpeHMM aKTyaJdbHBIX IPOMBILUIEHHBIX 3aJad pacdyeTHas MOJENb JOJDKHA
o0ecrieunBaTh TOUYHYIO [lepeady reoMeTpuu 0e3 yIpoIlleHnH, XapaKTepHbIX I 3a/1a4 pacyera
HarnpsHKEHHO-J1e(OPMUPOBAHHOTO COCTOSHUSI.

ITepBOHa4YaIbHO BBIUMCIUTENBHAS THAPOAIPOIMHAMHUKA HCIT0JIb30BATIACh IPUMEHHUTEIBHO K
3a/la4yaM MPOEKTUPOBAaHUS aBUALIMOHHOW, KOCMUYECKOW TEXHUKHU U cynocTpoeHus. C pa3BUTHEM
IIPOIPaMMHBIX CPEJICTB U MOBBIIIEHUEM ITPOU3BOIUTENIBHOCTH HacToNbHBIX [IK oHa HaxonuT Bce
OoJee MUPOKOE MPUMEHEHHE U B IPYTUX OTPACIIAX.

HekoTopsle, cTaBiiye NpUBBIYHBIMU MPOAYKTHl ObUIO OBl OUYEHb TPYAHO CIPOEKTUPOBATH
0e3 ee WUCIOJIb30BaHUS, HampuMmep crpyiHble mpuHTephl. McnonszoBanue CFD mnpu
MIPOEKTUPOBAHUU CTPYUHBIX IPUHTEPOB OMPABJIAHO U AA€T PSAJ MPEUMYIIECTB JJIsl U3YyUEHHUSI TOTO,
Kak (hopma, pazmMep U CKOPOCTh UCITYCKAaeMOMN KaIlIM 3aBUCST OT TAKUX MapaMeTPOB, KaK UMITYJIbC
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yOpaBisitoniero gapiaeHus, ¢opma (GopcyHKH, KOADOHUIIMEHT MOBEPXHOCTHOTO HATSDKCHHS, U
MHOTO€ JIpYTo€.

Hpyrum npumepom wucnonbzoBanus CFD nmiast cozmaHust OBITOBBIX HPOJYKTOB MOXKHO
Ha3BaTh MOJEJIMPOBAHUE TEYEHUN B BOJOIPOBOIHBIX U KaHAJIN3ALMOHHBIX cucTeMax. OaHUM U3
CJIO’KHBIX JIJIsl pacueTa 00BEKTOB SBJISIETCS. OOBIYHBIN YHHUTA3.

BoruncnuTenbHas a’poJMHaMUKa CETOJHS IIMPOKO HMCHOJIb3YETCS AN MPOEKTUPOBAHUS
CUCTEM BEHTWIALIMU >JIEKTPOAIapaTypbl M IOMEILEHUM, OLIEHKHM HAarpy30K Ha XWIbIE U
IIPOMBIIUIEHHBIE 3aHMsI, MOCTbI, THAPOTEXHUUECKUE COOPYKEHUS U JIp.

2) ABtomaTtu3upoBaHHoe npou3BoacTrso CAM

[TpousBoacTBO ¢ momoripio kommbioTepa (Computer-Aided Manufacturing, CAM) -
TEPMHUH, HCHOJb3YyEeMbId Il O0O3HAYCHHS IPOTPAMMHOTO OOECIICYCHHS, OCHOBHOM IIENbIO
KOTOPOTO SIBJIIETCS CO3[aHUE TIPOTPaMM JIJIsl yIpaBieHus ctankamu ¢ UITY.

* [lpumepsi: ADEM  (CAD/CAM/CAPP),  Alphacam (CAD/CAM), CATIA
(CAD/CAM/CAE/PDM)

Yucnosoe nmporpamMMHoe yrpasieHue, uiau YIIY, o3HadaeT KOMIBIOTEPU30BaHHYIO CUCTEMY
yIpaBJIEHUS], CUUTHIBAIOLIYIO HHCTPYKIIMH CIIEUATN3UPOBAHHOTIO sA3bIKa IporpaMmupoBanus (G-
KOJ1) ¥ YIPaBJISIOILYIO IPUBOJAMH METaJLIO-, IEPEBO- U IJIaCTMAaccOOpabaThIBAIOIUX CTAHKOB U
ctaHoyHoi ocHacTkoi. [lepsbiit cranok ¢ UITY Obut coznan B 1954 rogy B MaccauyceTckom
TexHoJioruueckoM uHcturyre. [Iporpamma s odopynosanus ¢ UITY moxer ObITh 3arpyxeHa ¢
BHEIIIHUX HOCUTEIeH, HalpuMep AUCKET WU (II3II-HaKOMUTeNeH.

Ob6pabotka ¢ ucnonp3oBanuem UIIY yBennmumBaeT MpoOM3BOAUTENEHOCTh H aKKYPaTHOCTh
orepanuii, rapaHTUPYET IOCTOSHHBIM YpOBEHb KauecTBa, KOTOPHIA B OOJBIIMHCTBE CIIy4acB
HaMHOTO MPEBBIIIAET KAYeCTBO TPAAUIIMOHHON pyYHOH 00pabOTKH.

G-kox - ocHOBHO#H s13bIK porpammupoBanus UITY, G-kox, onncan nokymenTom ISO 6983
MexnyHapoaHoro koMureTa no cranapraM. G-kox O0bu1 coznan komnanueit Electronic Industries
Alliance B Hauane 1960-x.

Hanucanue u otnagka mporpaMM HemocpeAcTBeHHO Ha (G-koxe JUIsl AeTajeil CIOoXHOU
(bopMBbI SABISAIOTCA BECbMa TPYAOEMKHM IPOLECCOM, MOITOMY 3TOT MPOIECC aBTOMATU3HPOBAH
nyreM co3fganusi CAM-cucrem. Bxonnbimu nanabiMu cucteMbl CAM siBisieTcsl reoMeTpruyecKkas
MoJieIh U3/IeNHs, pa3paboTaHHas B CUCTEME aBTOMAaTU3UpoBaHHOTO npoekTupoBanus (CAD). B
npolecce MHTEPaKTUBHOW paboThl ¢ TpexmepHoi wmozenbto B CAM-cucteme WHXXEHEp
OnpeneNsieT TPAEKTOPUU U CKOPOCTh ABMKEHUS PEKYILIEr0 HHCTPYMEHTA I10 3arOTOBKE M3JIETus
(CL-nannble, anra. cutting location), KOTOpbIE 3aTéM aBTOMATHUYECKH BEPHMUIIUPYIOTCS,
BU3YAIM3UPYIOTCS  (UIsI  BU3YaIbHOW TMPOBEPKH KOPPEKTHOCTH) U 00pabaThIBAlOTCS
MOCTIPOLIECCOPOM JIsS MOYYEHHUS! MPOrpaMMbl YIPABIECHUS KOHKPETHBIM CTaHKOM B Buae G-
KOZA.

CAM-cucTeMbl TO3BOJIIOT «IIOJHSITHY MPOrpaMMUpoBaHue ajsi ctaHKoB ¢ UITY Ha Gonee
BBICOKUI YPOBEHb 110 CPABHEHUIO C PYyTUHHBIM PYUYHBIM IPOTrPAMMHUPOBAHUEM.

00600611as1, MOXHO cKa3aTh, 4T0 CAM-cucTeMbl 00JIETYAIOT TPYA TEXHOIOra-MPOrPaMMHUCTA
B TPEX TJaBHBIX HAMPABICHUX: OHU W30aBISIOT TEXHOJIOTA-IPOTPAMMHUCTA OT HEOOXOTUMOCTH
JIeJIaTh MaTeMaTUYeCKUE BHIYMCICHUS BPYUHYIO; MIO3BOJISIOT CO3/1aBaTh Ha OJTHOM 0a30BOM SI3bIKE
YIPABJISIIOIIME MPOTPAMMBI JIJIs1 pa3inaHOro o0opyaoBanus ¢ UITY; HakoHell, oHM 00eCredYnBal0T
TEXHOJIOTa TUIIOBBIMU (DYHKIIUSIMHU, aBTOMATU3HPYIOITUMHU Ty WA UHYIO 00paboTKYy.

[Tpormeccsr 00paboOTKH, co3manHbie U oTakeHHble B CAM-cucteme, MOKHO COXPaHSATh U
MPUMEHSITh MIOBTOPHO, UCTIOJIB3Ys 0a3y 3HAHUU.
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B mnacrosmee Bpems CAM Takke HCHOJB3YIOTCS JUIsl TPOTPAMMHUPOBAHHS POOOTOB,
UCTIOJIb3YEMBIX B CBapKe, IEPEMEIICHUH JeTajlei, MoKpacke, COOpKe U T.J. (T.€. IPH BHINOJIHEYUH
PYTUHHBIX OIIE€pariuii)

[Tpumep nporpammsl - SprutCAM Robot.

CAD/CAM-TexHOJIOTHU TO3BOJISIIOT COKPAaTUTh BPEMS HW3TOTOBJICHHS IPOTYKIUH,
NOBBICHTh YPOBEHb KadecTBAa M 3HAUUTENHHO CHHU3UTH BIHMSHHME 4YeJIOBEYECKOro daxrtopa (a
3HAYMT, OIIHOOK).

3) ABToMaTH3MpOBaHHas TeXHOJIOrHYeckas nmoaroroska CAPP

CAPP  (Computer-Aided Process Planning) - aBroMaru3upoBaHHas CHUCTEMa
TE€XHOJIOTUYECKON IOATOTOBKH IPOMU3BOJACTBA. OTO MPOrPaMMHBIE IPOAYKTHI, IIOMOTIAIOIINE
aBTOMATU3UPOBAaTh IPOLECC IOArOTOBKM IIPOM3BOACTBA, @ HMEHHO IIPOCKTUPOBAaHUE
TE€XHOJIOTMYECKUX IIPOLIECCOB.

* [Ipumepsr: Beptukains, T-Flex Texunomnorus, Timeline, ADEM

C noMOIIBIO JAHHBIX CUCTEM Ha OCHOBE 4epTeka U 3D-monenu u3aenns aBToMaTU3UPOBAHO
pa3pabaThIBaOTCSA TEXHOJIOTMUECKUE MPOLECCHI Ul UX 00pabOTKH U COOPKH.

B TexHosmornyeckux mnporeccax OTpa)karoTCsl BCE ONEpPALUU, MEPEXOlbl, HHCTPYMEHTHI,
o0OpyOBaHUE, TEXHOJIOTMYECKHE HSCKM3bl M Jpyras HHopManus HeoOXoaumas JUis
W3TOTOBJICHUSI U3/1ETIHS.

[TonoGHbIe crcTeMbl HEOOXOAMMBI U JOJDKHBI OBITh HA KaXJIOM MalIMHOCTPOUTEIBHOM
IPENIPUATUH, HO BOIPEKM BCEMY HAa MHOTMX HPEIIPHUATHIX TEXHOJOTM IPOJOJIKAIOT
pa3pabaTbIBaTh TEXHOJIOIMYECKUE MTPOLIECCHI MOTHOCTHIO BPYUHYIO, WU € ITOMOIIBIO Naketa MS
Office (Word, Excel), a Takxke CAD-cucrem, mopoii, momHocteto He codmonas ['OCT npu
OQOpMIIEHHH TEXHOJIOTUYECKOW aokyMmeHTanuu. Haubonee orpunarenbHble pe3yibTaTbhl
0JOOHOTO TIOIX0/1a BBIPAYKAIOTCS B CIICAYIOLIEM:

1. Bbicokue cpoku pa3pabOTKH TEXHOIOTMYECKHUX MPOIECCOB.

2. Hu3koe Ka4ecTBO TEXHOJIOTUIECKHX MPOIIECCOB, a TAKXKE Ka4eCTBO UX 0(OPMIICHUSI.

3. Beicokas Tpy10eMKOCTb pa3paboTKu ¥ 0(hOPMIICHHUS TEXHOJIOTUYECKUX MTPOLIECCOB.

4. TlonHbli OecropsAIOK C BEIEHUEM apXUBOB TEXHOJIOTUYECKUX MTPOLIECCOB.

5. OTcyTcTBHE BO3MOKHOCTH CTPYKTYPUPOBAHUS M HAKOIIJICHUS ONIBITA IPEIIPUSITHSL.

6. Jlonruit mpoliecc CoriiacoBaHUs TEXHOJIOTHYECKOTO TIpoliecca.

OO1111e BO3MOKHOCTH, IMTPUCYILIUE COBPEMEHHBIM CHCTEMAM:

[TpakTuyecku Bce cucTeMbl 001a1al0T OYEHb CXOKMMHU (YHKIMSMU, HAIIPABICHHBIMHU Ha
ObICcTpOE 0(hOpPMIIEHHE TEXHOJIOTMUECKUX MPOIIECCOB.

1. Bce oHM HamoiHEeHbl 0a3aMu JAaHHBIX HEOOXOMUMBIX CBEJCHMH, y4JacTBYIOIIUX B
TE€XHOJIOTUYECKHUX IPOLECCAX.

2. Moryr pa3pabaTbhiBaTh TEXHOJIOTMYECKHE IPOLECCHl  Pa3IU4YHOM  00paboTKu:
MEXAHUUYECKOM, TEPMUUECKOM, CBAPKH, TOKPBITHS, IITAMIIOBKH U JIp.

3. Bce cuctemsl omnpezneneHHbIM oOpa3oM wuHTerpupoBanbl ¢ CAD-cuctemamu, s
CO3aHUS TEXHOJIOTMYECKHUX CKU30B.

4. Moryr paboratb ¢ PDM-cucremoii B e€IMHOM HH(POPMALMOHHOM IPOCTPAHCTBE
HPEIITPUATHSL.

4) Ludposoe Npou3BoIACTBO

Cnenyrouum marom B pa3Butuu CAPP-cucreMm crano mosBieHue cpencts IUGPOBOTO
PEATMCTUYHOTO MOJIEJIMPOBAHMS TPOU3BOJICTBEHHBIX IPOILIECCOB, OOBETUHSIONMX B cede
JorUcTUKY TpaauiuoHHbiX CAPP, MomenmpoBaHue TEXHOJOTMYECKHX MPOIIECCOB Ha YpOBHE
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CAM-cucteM U AOMOJHEHHOE BO3MOKHOCTSIMHU CUMYJISILIUM 9PTOHOMUYECKHX IPOLIECCOB, TO €CTh
MOBEJICHUS JII0JIeH, yYaCTBYIOLMX B IPOU3BOJCTBE.

Takue cucTeMbl TO3BOJISIIOT CO3/JaBaTh COBEPIIEHHBIE TEXHOJOTMYECKUE TMPOIECCHI,
MOJICTTMPOBaTh TPOU3BOACTBO B MacIiTabax MPEeANnpUsATHs, OTpadaThiBaTh HE TOIBKO
MIPOU3BOJICTBEHHBIE MPOIIECCH], HO U AKCIUTyaTallMOHHBIE M PEMOHTHBIC ONEpaIlMi, TEM CaMbIM
peanu3ysi KOHIUEIMLUIO YIIPaBIEHUs KU3HEHHBIM LUKJIOM u3aenus (PLM).

Haubonee xapakTepHbIMU pEIICHUSIMH 3TOTO Kiiacca siBIsitoTcs Technomatics koMmanuu
Siemens PLM Software u Delmia xomnannu Dassault Systemes.

Ha coBpeMEHHBIX YCHENIHBIX NPEANPHUITUSX, JOCTUTAIONMX J(PPEKTUBHOCTH U
KOHKYPEHTOCTIOCOOHOCTH 32 CUET CHIDKEHHS Ce0ECTOMMOCTH M COKpAIEHUS BPEMEHHU BBIXOJA
MpOJIYKTa Ha PBIHOK, JIOTUCTUKA CTAaHOBUTCS KIIOYEBOM TexHosorue. Takum oOpazom,
UCIIOJIB30BaHUE IMOAXOI0B just-in-time (TOYHO BOBpeMs) M just-in-sequence (B HaiIeKaIiem
MOpSAJKE), MPOEKTUPOBAHHWE HOBBIX M MOJEPHU3ALMS HUMEIONIMXCS IPOU3BOJICTBEHHBIX,
TPAHCIIOPTHBIX U OOCITY>KMBAIOIIMX MOILTHOCTEH TPeOYIOT HANUYUs OOBEKTUBHBIX KPUTEPUEB IS
CpPaBHEHUS U OLEHKH PA3JIMYHBIX PEIICHUI €llle Ha 3Tare MPUHSITHS PEeLIECHUN.

CucreMbl 1u(ppoOBOro MOAECIUPOBAHUS MPOU3BOACTBA 00ECHEUMBAIOT CO3JaHHE MOJIEIH
MIPOU3BOJCTBEHHBIX U JIOTUCTUYECKHUX MPOLECCOB, CUCTEM C LIEJIbIO aHAIU3a U ONTUMHU3ALUU UX
XapaKTEPUCTUK. JTU MOJIETH MMO3BOJISIIOT POBOAUTH BUPTYaJIbHbIE SKCIIEPUMEHTHI U aHAIH3 110
MPUHIIMITY «YTO, €CIM» 0€3 BMEIIaTeNbCTBA B pab0Ty pealbHOM CUCTEMBI TUOO0 3a/10JIT0 10 Havama
CTPOMTENBCTBA PEATbHBIX TPOU3BOICTBEHHBIX MOIIHOCTEH. MOIITHBIE CpeacTBa cOopa eTaTbHOU
CTATUCTUKH, aHalW3a W BHU3YaJIU3allMH JAlOT MPOCKTUPOBIIMKY BO3MOKHOCTH OIIEHUTH
pa3linyHbIC BapHaHThl U HA OCHOBE MX CPAaBHUTEILHOTO aHAIW3a MPUHSITH PEIICHUS HAa PaHHUX
CTaJUSX MPOEKTUPOBAHUS ITPOU3BOJICTBA.

MonenupoBanue ¢ UCHOJIb30BaHWEM IU(GPOBOH MOJEIM TPOU3BOACTBEHHOTO IIHKJIA
HCIOJIL3YETCA TaKXKe IS ONTUMH3AIUU IIPOU3BOAUTEIBHOCTH, BBIABICHUI U <KPaACIIUBKU>>
Y3KUX MECT ¥ MHUHHMH3AIMN 00beMa He3aBepUIeHHOro mpou3BojacTBa. C momoirsio nudpoBoi
MOJIEJTM MOXHO paccuuTaTh TpeOdyeMble MPOU3BOJICTBEHHBIE PECYPCHI, YUECTh BHEIIHUX U
BHYTPEHHUX MMOCTABIIMKOB, COMYTCTBYIOIINE OU3HEC-TIPOLIECCH U IPYTHe PaKTOPhI, aHATHIUPYS
UX BIHSHHUE Ha Oyayliee MpOU3BOACTBO. TakuM oOpa3oMm, MOSBISETCS BO3ZMOXKHOCTh CPAaBHHUTH
pa3iNuyHble  CTpaTeTMH  yMpaBieHHs  OOBEKTOM, MPOBEPUTh PUTMUYHOCTH  PabOTHI
TEXHOJIOTMYECKUX JIMHUM M OTJEIbHBIX YYacTKOB. 3a/JaBasi pa3Hble MMpaBUJia U MapaMeTphl s
MOTOKOB MaTepUaIOB U KOMIUIEKTYIOIINX, MOKHO MIPOBEPUTH, KAK OHU BIMSIOT HA UHTETPaJIbHbIE
MoKazarenu paboThl Bcel IPOU3BOJCTBEHHON CUCTEMBI.

B cucremMbl BCTpPOEHBI MOIYJIM JUIsi MOJEIMPOBAHMS M MPOrpaMMHUPOBAHUS
pOOOTHU3UPOBAHHBIX TMPOU3BOJICTBEHHBIX YYAaCTKOB. OTO TIO3BOJSIET ONTUMH3UPOBATh M
COTJIacCOBaTh BpEeMs IMUKIJIOB, TMO3WIIMH, JBIKEHUS KaXJA0ro poOOTa, HCKIIOYUTH peaTbHBIC
KOJUTM3UU MEXIy poOOTaMu, AETAIIMH, UHCTPYMEHTAMHU, OCHACTKON M OKPY>KCHHEM.

B nomnosHeHWe K MpOrpaMMHUPOBAHUIO KaXJAOTO OTACIBHOTO poOOTa TakKe BO3MOMKHO
MOJICIUPOBAHNE BCETO POOOTH3NPOBAHHOTO TIPOIIecca MPEANPUSITHS, PaBHO KaK U CMEIIAHHOTO -
¢ ydactuem poOoToB W mronel. [loacucreMbl MoaenupoBaHUsS pabOYMX MECT TO3BOJISIOT
OCYIIECTBIISATh QPrOHOMHYECKH I aHaK3 pabovyero MecTa ¢ y4eTOM IPrOHOMHYECKUX CTAaHapPTOB.
DProHOMHYECKHI aHaJINu3 MOXET OBITh MPOM3BEIEH KaK B CTAaTUYECKOM pexuMe (HCIONIB3YS
WHTEPAKTUBHBIC CEPUU 3aMPOCOB U CIEAYS KOHKPETHBIM CTaHJapTaM), TaKk ¥ B TMHAMHUYECKOM C
WCIIOJIb30BAaHUEM aHUMHPOBAHHBIX MAaHEKEHOB. OTH MOJYJIW OO0ECNeYrMBaAOT HE TOJIBKO
dbopMUpOBaHKE ONITUMATBHOTO pa0OUYEro MHUKJIa COTPYIHUKOB, HO M COOIIOICHIE HOPM U MPaBUIT
TEXHUKU 0€30MacHOCTH, PaIlOHATHHOTO TUIAHUPOBAHMS OTHbIXAa M MEPEPHIBOB HA TEPECMEHY,
ompezeNeHus: TOTPEOHOT0 KOJINYECTBAa COTPYIHUKOB.
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OtnenpHO 3¢ ()EeKTHBHO NMPUMEHEHHE MOJYNEH MOJECIMPOBAHUS SPrOHOMHUKH Ha 3Tare
OPOCKTHPOBAHUS  M3JEIUHA W MPOAYKTOB, UYTO OOecreyuBaeT UX COOMPaeMoCTb,
PEMOHTONPUTOAHOCTb, BEICOKHE IKCIUTyaTallMOHHBIE Ka4eCTBa.

Crienuanu3upoBaHHbIE MOAYJIH CUCTEM LU(POBOTO MPOM3BOJCTBA IO3BOJISIOT TaKXKe
YUUTHIBATh B MOJIENIU CilydaiiHble (PaKTOpHI, TaKHe Kak cOOM OOOpYHOBaHMS, OTKJIOHEHHUS OT
HOMUHAQJIBHBIX 3HAYCHHWH BpeMeH OOpabOTKW jeTaneil, MepeHanaoK W JAPYruX MapaMeTpoB.
CnyvaiiHasi BeIMYMHA OTKJIOHEHHMS KaKOro-au0o IapaMerpa MOXKET OBITh 3aJjaHa B BHUJE
MaTeMaTHYECKOTO PaCIpeesieH s, IPU 3TOM OTKJIOHEHHUS! BO3MOKHBI HECKOJIBKUX THIIOB, JTH00 B
BUJIE SMIIMPHUECKOTO PACHPEAEICHUs, B TOM Clly4dae, Korjaa Tpedyercss y4ecTb UMEIOLIYIOCs Ha
NPEANPUSTHH PEATbHYIO CTATUCTUKY HAJISKHOCTH 000PYIOBAHHS.

Taxkum 006pa3zom, cucTeMbl IU(PPOBOrO MOJCTUPOBAHUS ITPOU3BOICTBA MO3BOJISIIOT CO3/aTh
BUPTYAJIILHOE TIPEINPHUATHE, YYUTHIBAIOLIEE BCE IPOU3BOJICTBEHHBIC IPOIECCHl M PECYPCHI:
000pyIoBaHUE, MTPOMBIIUICHHBIX POOOTOB, JIIOACKUE PECYPChl, HOTOKA MaTepPHUAIOB M SHEPTUU U
T. 1., B KOTOPOM MOXXHO H3MEHSThH JIIOObIE MapameTphl, J00MBasch HanOoyee IMOIXOMAsIIeH
koH(urypauuu. I[lpennpusTus, BraaelomMe TAKUMH BUPTYAJIbHBIMH MOJEISMH, CIOCOOHBI
3 PEKTUBHO KOHTPOJIHMPOBATh M YNPABIATh LUKIAMH CO3JaHUS MPOIYKTOB M 3alycKa UX B
npou3BoAcTBO. L{ndpoBbie MOIeNN MPOU3BOACTBA 0OECIICUYMBAIOT HE TOJBKO MOJCITHUPOBAHUE
JIOKaJIbHBIX MpoleccoB (Hampumep, padoTsl craHkoB ¢ UIIY), HO u Bcex 3TanoB >KU3HEHHOIO
IIMKJIa TIPOIYKTa — OT (DOPMHUPOBAHMS KOHIENIUH M MPOSKTUPOBAHUS, Yepe3 U3TOTOBJICHUE U
IPOU3BOCTBO, JI0 IKCILTyaTallH, PEMOHTA M YTUIIN3AIHH.

Oonaunvie mexnonozuu

HoBbIM penierneM ot pa3pabOoTYMKOB aBTOMATU3HPOBAHHBIX CUCTEM SIBIISICTCS IPUMEHEHUE
«00JIaYHBIX» TEXHOJIOTHH - Mozenu SaaS (Software as a Service - mporpaMmmHoe o0ecTieueHue KaK
ycayra), T.e. MPEIOCTaBICHHE CHUCTeMbI depe3 VHTepHeT BO BpEMEHHOE HCIIONBb30BaHUE Kak
yenyry. IIpuoOperars W ycTaHaBiIMBaTh HMPOTPAaMMHOE OOECIIEYeHHE HAa KOMIIBIOTEp HE HAJo,
HEOOXO/UM TOJIBKO JIOCTYN B MHTEpHET. Temepb padoTaTh WM MPOCMATPUBATH JOKYMEHTHI B
MAHHBIX CUCTEMAaxX MOYKHO naxke Ha iPad.

[lenmecooOpa3HOCTh WCHOJIB30BAHUS JTAaHHOH BO3MOYKHOCTH TOSIBIISIETCSI B HEKOTOPBIX
ClIydasix, HalpuMep, TaKk MOXHO HCIIOJIb30BaTh SKCKIIO3UBHBIE U OYEHB JIOPOTHE MAKEThl B TEX
ClTydasix, KOTJa OHH JEHCTBUTEIHHO HYXHBIL. Tarke He TpeOYIOTCS MOIIHBIE KOMITBIOTEPHI, TaK
Kak TpHIoKeHne OyneT paboTaTh Ha YHaJCHHOM cepBepe. MOXHO paboTaTh Ha pPazIHYHBIX
mwiatpopmax (Linux u T.1.), MOXKETe MCIOJIb30BaTh JIOOYI0 OINEPALMOHHYI0 CHCTEMY.
JIOCTYITHOCTB K JIaHHBIM CBOMX IIPOEKTOB B JIFOOOM MECTE NMPU HAJIMYUU MHTEPHETA C TOMOIIIBIO
HoyTOyKa niu iPad.

OnHO#1 13 TTIaBHBIX MPOOIIEM 37€Ch SBISETCS OpraHU3aNus 3aIIUTHl (PaiiIoB B CETH, T.K. 3TH

JaHHBIE, XpaHsIIUecs Ha cepBepe, A T000T0 MPEANpUATHS MPEACTABISAIOT «BOSHHYIO» TalHY,
OT KOTOPO# 3aBUCHUT UX KOHKYPEHTOCTIOCOOHOCTb.

Jlekuus 8.
Cucrembl ynpaJjieHusi JaHHbIMH 00 n3aeaun. [lonsitue 0 CALS-TexHonorusix
[Tnan
1. Cucrems! ynpaBieHus JaHHbIMU 00 u3aenuu PDM.

2. Konnermus CALS (PLM-TexHOMIOTHN)

1) CucreMbl ynpapJieHHs JaHHbIMH 00 u3aeaun PDM.

Cucremsl ympaBieHus AaHHbIMHM 00 wu3aenuu (Product Data Management, PDM) -
KaTeropusi MporpaMMHOT0 oOecTriedeHus1, MO3BOJISAIOIIAsl COXPAHATh JaHHbIe 00 U3/1eIuH B 6a3ax
JaHHBIX.
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K nanHBIM 00 U3/1eMK OTHOCST WHKEHEPHBIC JaHHbIe, Takue kak CAD-Monenu u uepTexm,
nu(poBble MaKeThl, CHEHU(PHUKAUU MATEpUANOB, a TaK)Ke TEXHOJOTMUYECKYI HH(OpMAaIUIO.
PDM-cucrembl SBISAIOTCA TakK€ MHTETPUPYIOIIMM 3BEHOM IIPU IOCTPOEHUHM CHUCTEMBI
yIpaBJICHUS )KH3HEHHBIM ITUKIIOM (PLM).

K ocnoBubIM pyHKIMsIM PDM oTHOCSATCS:

1) XxpaneHue 10KyMEHTOB;

DJEKTPOHHOE XPAHUJIUILE CIYXKUT s (PU3MUECKOTO XPAaHEHHS AIEKTPOHHBIX JOKYMEHTOB,
W3TOTOBJICHHBIX C MOMOIIBIO paznuyHbeix nporpamm MS Office, CAD-cucreM, rpaduueckux
MAKETOB U MPOYEro. DINEKTPOHHBIA JTOKYMEHT MPEICTABISIET COO0M CTPYKTYpHUPOBAHHEBIN HAOOp
JAHHBIX, COACPKAIIUN PEKBU3UTHYIO YaCTh, COACPIKATEIbHYIO YaCTh U 3JIEKTPOHHYIO IIU(PPOBYIO
MOAMKCH (OMIIMOHAIBHO).

2) CTpyKTypu3alusi MpoeKTa U KiaccupuKkalus J0OKyMEHTOB;

JIOKyMEHTBl M H3A€NUs MOXKHO TIpYNIMPOBAaTh BHYTPU IIPOEKTa B HEPAPXUUYECKYIO
CTPYKTYpPY C IOMONIbIO MAaNOK. YPOBEHb BIOXCHHOCTH HE OrPAHUYEH. JTOT K€ MEXaHU3M
UCTIONB3YETCS JUIS CO3/IaHUS MePAPXUUYECKHUX KIACCH(PHUKATOPOB JIF0OOOTO HA3HAUCHHUS.

3) IOUCK IOKyMEHTOB;

4) ynpaBieHue 10CTYIIOM K IOKYMEHTaM;

PDM mno3Bosisier OOJBIIOMY KOJHYECTBY IOJIb30BaTENIed C pPa3sHBIMU MOJTHOMOYHSIMH
XpaHUTh U 00pabaTbiBaTh JOKYMEHTHl B €IMHOM XpPaHWIMILE HE3aBUCHMO OT OCTaJIbHBIX
MOJI30BATENCH, MPEJOCTABISI WIM 3ampelas JOCTYIl JaHHBIX CO CTOPOHBI JIPYTUX
nosib3oBareneil. Taxxe PDM no3BosisieT XpaHUTh JOKYMEHTHI Pa3jIM4HOrO0 YPOBHS CEKPETHOCTH:
JIOKYMEHTBI 00IIEro JOCTYIa, CEeKPETHBIE IOKYMEHTHI, COBEPILIEHHO CEKPETHBIE TOKYMEHTHI.

5) oTciexMBaHWE UCTOPUU U YIPABIECHUE U3MEHEHUSIMU;

C nomompro MexaHu3Ma yrpasiieHus Bepcusmu PDM Bezner mcropuro BceX W3MEHEHUU
JIOKYMEHTA, HE HaKJIaJblBasi OTPAaHUYEHUS HA KOJIMYECTBO BEPCHIA.

6) opraHuzaiys KOJUIEKTUBHOU paboThI;

ObecnieueHne KoeKTUBHONW paboTel B PDM peann3oBaHO € MOMOIIBIO YIIpPaBICHUS
BEpPCHSIMH JJOKYMEHTOB, 00€CIIEYeHHs] COBMECTHOIO JOCTYIa K JOKYMEHTaM U pa3rpaHUyCHUS
JocTyma.

7) popMHUpOBaHUE OTUETOB U CIICUPHUKALINIA;

8) unrerpanus paznuuaseix CAD/CAM/CAE-cuctem u cBsizb ¢ ERP.

2) Kounenuusi CALS (PLM-TexHoJiorun)

[Tocnennue necATUIETHS B IPOMBIIIEHHO Pa3BUTBIX CTPAHAX LIMPOKO PACIpOCTPAHSIETCS
TEXHOJIOTHSI CKBO3HOM MH(OPMAIIMOHHON MOAEPKKH HAYKOEMKOM MPOAYKIMU Ha BCEX ATamax
JKU3HEHHOIO LMKJIA: TEXHUYECKMH 3aMbICell M MAapKETHHI pBbIHKA, IPOEKTHPOBAHMUE,
TEXHOJIOTHYECKasl TOATrOTOBKAa IPOM3BOJCTBA, IPOU3BOJACTBO, IPOJAaXa, IMOCIENPOIAXKHOE
o0cCITy’)KMBaHHe, SKCIUTyaTalus U yTUIU3aLHUs.

B nocnennue ronapl B otpacineBoii nmpecce CAIIP Bce HacToluuBee M yalle MCHOJb3YEeTCs
ab6pesuatypa PLM nmu CALS, otuactu nonmenusmas yxxe npusbiuasie CAD, CAM, CAE.

Benymue nocraBmuku, B nepByto odepeab Dassault Systems u Siemens PLM Software,
IIPOCTO HCIOJIB3YIOT TOJIBKO 3TOT TEPMUH.

Konnenmus CALS Bo3znukiu B 80-x rogax B Munucrepctse oboponsl CIIIA. B To Bpems
3TO ObUIa KOMIBIOTEpPHAs MOJIEpKKa JOTUCTHYeCKHX cucreM. OHa ObUla HampaBieHa
UCKJIIOYUTENIbHO Ha KpYMHOMAcIUTaOHbIE TMPOEKThl B BOECHHO-IIPOMBIIUIEHHOM KOMILIEKCE.
Hemuoro mnozxe CALS-TexHOIOrMM CTalM AakTUBHO HCIOJB30BAaThCA B IPaXJAAHCKOU
MPOMBIIIIIEHHOCTH.

A yxe B 1993 rony naHHas TEXHOJIOTHsSI O3HAYajla MOAJEP)KKY HEMPEPBIBHBIX IIOCTABOK U
’KMU3HEHHOTO LIUKJIA.

Konuenmun CALS - HenmpepbiBHas MH(OpMaIrMOHHas MOJAEP)KKA >KU3HEHHOTO IUKIIA
U3JIENHSL.
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CALS npeanonaraet ucnoyiib30BaHWE KOMIIBIOTEPOB Ha BCEX ATanax >KM3HEHHOTO LUK U
0e30yMa)kKHBIN JICKTPOHHBIM OOMEH JaHHBIMH.

[Ipu strom B CALS-texHomorusix opranmsyercs uHrerpanus pasnmuyabix CAIIP, T.e.
koMrioHeHTaMu CALS-TexHoJIoTHii SABISIOTCS MpOorpaMMHbBIE cpeacTBa mpoektupoBanus (CAD),
noarotoBku npousBozctsa Ha YITY (CAM) u umxenepHsix pacuetoB (CAE), o0beqMHEHHBIX
BOCJIMHO CHUCTEMOM ympaBieHus JokymMeHTooOopoToM (PDM), cucreMbl IIaHMpOBaHUS U
ynpasienus npennpusitueM (ERP) u T.1.

Takum o6pazom, Bo3HuKkIIas B Munucrepctee 06oponsl CILIA unes, cBsizaHHas ¢ eIUHON
WH(OPMAIIMOHHON TIOJIICPKKOM JIOTHCTUYECKUX CHUCTEM, OBICTPO MPEBPATHIIACH B TIIOOATBHYIO
OHM3HEeC-CTpaTeruio nepexoa Ha 0e30yMaXKHYIO 3JIEKTPOHHYIO TEXHOJIOTHIO PA0OThI, MOBBIIICHUS
s dekTuBHOCTH OM3HEc-TIpolieccoB, BbIMoMHsAeMbIx B xone JKI[ mpomykra, 3a cuer
nH(OPMaLMOHHON UHTErPaI[ii U COBMECTHOI'O UCII0JIb30BaHMsI MH(POPMAIMH HA BCEX €ro dTarax.

[Tpoekts! B o6mactu CALS Obutr cO37aHBI U Pa3BEPHYTHI B IPYTUX CTpaHax. B HacTosiee
BpeMsl B MUpe JeHCTBYyeT Oojiee 25 HAlMOHAIBHBIX OpraHU3alui, KOOPAUHUPYIOIIUX BOIIPOCHI
pazButusi CALS-texnonoruii, B Tom umciie B CIIA, Kanane, SAnonuun, BenukoOpuranuw,
I'epmanun, llIBennn, Hopserun, ABctpanuu, a Takxe B pamkax HATO.

CaMbIMM TIEpBBIMM TpEANPUATUSAMHU, HauaBmMMH npumeHeHue CALS, sBnstorcs:
a9POKOCMHMYECKUN  KOMIUIEKC, aBHUACTPOEHHUE, CYAOCTPOCHHME; BOEHHO-IIPOMBILICHHBIN
KOMIUIEKC; KPYITHBIC He(TAHBIC U HedTenepepadaThIBAIOIINEe KOMITAHUH.

CALS-texHonorust — 3TO COBpeMeHHas TIioOanbHas OW3HEeC-CTpaTerus Iepexoia Ha
0e30yMaXHYI0 DIJIEKTPOHHYIO TEXHOJOTHIO paboOThl 3a CYET COBMECTHOTO WCIOJIb30BAHUS
uH(pOpMaIIMU Ha BCEX €ro dTarax.

[Tpumenenne CALS-TeXHOIOTHIT TIO3BOJISET CYIIECTBEHHO COKPATUTh 0OBEMBI MPOCKTHBIX
paboT, JaeT OrPOMHBIN BBHIUTPHIII B KAU€CTBE M BPEMEHH, a TAK)XKE COKpAIllEHUE MaTepHAbHBIX
3aTpar (MOCKOJIbKY OMHCAHUsi MHOTHUX COCTaBHBIX 4YacTed OOOpyJOBaHHS, MAIIUH U CHCTEM,
MPOEKTUPOBABIIUXCS paHee, XPaHIATCS B YHHQPHUIMPOBAHHBIX QopMaTax HdaHHBIX CETEBBIX
CEPBEPOB, JOCTYIHBIX JIIOOOMY mojbs3oBarento TexHonoruit CALS). CymiecTBeHHO o0neryaercs
pelieHre npodiieM PeMOHTONPUTOAHOCTH, MHTETPAllMU MPOAYKIIUU B PA3IMYHOTO PO/Ia CUCTEMBI
U Cpelbl, ajanTalid K MEHSIOMUMCS YCJIOBHSAM 3KCIUTyaTallud, CHEIUaTN3alud MTPOCKTHBIX
opranuzaiuii u T. 1. [Ipeanonaraercs, 4To ycnex Ha pbIHKE CIOKHOM TEXHUYECKOW MPOTYKLIUU
Oynet HembIciuM BHe TexHojoruid CALS

Pa3Butne CALS-TexHONOrMi JOKHO TMPUBECTH K TOSIBJICHUIO TaK Ha3bIBA€MBIX
BUPTYaJIbHBIX MMPOU3BOJICTB, B KOTOPHIX MPOIIECC CO3/Aanus crienudukanuii ¢ napopmarmen ams
MPOrPaMMHO YIPABIISIEMOTO TEXHOJIOTUYECKOTO 000PYI0BaHUSI, JOCTATOUHOM /711 H3TOTOBIICHUS
U3JIeNUsA, MOXKET OBITh pachpenel€H BO BpPEMEHH U MPOCTPAHCTBE MEXKAY MHOTHUMHU
OpraHU3allMOHHO-aBTOHOMHBIMH TPOEKTHBIMH CTyAUSMU. Cpelli HECOMHEHHBIX JOCTUKEHUMN
CALS-texHOMIOTHIA CIIEAYeT OTMETHTH JIETKOCTh PACHPOCTPAHEHUS TIEPEIOBBIX IMPOCKTHBIX
pelIeHni, BO3MOYXHOCTh MHOTOKPAaTHOTO BOCIPOM3BEIECHUS YacTel MpPOEKTa B HOBBIX
pa3paboTKax u Jp.

s obGecnieuenus nHpopmannonHoit naterpauun CALS ucnons3yer cranaaptsl IGES u
STEP B kauectBe ¢popmaToB naHHbIX. B CALS BXoasT Takke cTaHIapThl JEKTPOHHOIO 0OMEHa
JTAHHBIMU, SJIEKTPOHHON TEXHUYECKOM TOKYMEHTAllUU U PYKOBOJICTBA /JIs1 YCOBEPILIEHCTBOBAHUS
mporeccoB. B mocnennue roael pabora mo cozmaHuio HanuoHaubHbIX CALS-cTanmapToB
npoBoautca B Poccun nmoa srunoit Poccrannapt. C 3Toit nensio co3aan Texuunueckuit Komurer
TK459 «udopmarmonHas TMOAAEPKKA KUZHEHHOTO IMKJIA W3S, CHJIaMU KOTOPOTO
pa3pabotan psn cranmaproB cepun [[OCT P UCO 10303, sBrustomuxcsi ayTeHTUYHBIMU
NepeBOJjaMH COOTBETCTBYIOLINX MeXAyHapoaHbIX ctanaapTos (STEP).

UIMN (uadopmannoHHAs TMOAJNEPKKA MPOLECCOB JKU3HEHHOTO IMKJIA W3AeNuid) —
pycckos3pIaHbIN anaor moHsATus CALS.

PLM-TexHOMOTHS — yIIpaBiICHUE KU3HEHHBIM [IUKIIOM U3/ICTUS Ha BCEX €ro dTamax.

[Toaxox PLM coctouT B TOM, 4TOOBI 00ECIIEUUTH PEIICHUE BCEX 3a/1au C TIOMOIILI0 Habopa
B3aMMOYBS3aHHBIX MPOTPAMMHBIX MPOJYKTOB OJHOTO KPYIMHOTO pa3paboTurKa MPOTrpaMMHOTO
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oOecrieyenus. OCHOBHAs BO3HUKAIOUIAsl IPU 3TOM IpobjeMa — 3aBUCHUMOCTh I10JIb30BATENs OT
IPOTrPaMMHBIX MPOJYKTOB OJJHOTO pa3paboTunKa

Konnenmmuss PLM mnpennonaraer, 4To co3maercs eauHas WHGOpMaIlMOHHAs 0as3a,
onuchIBaromas Tpu komrnoHeHTa: [Iponykr - I[Iponeccsl - Pecypcsl — 1 B3auUMOCBSI3U MEXKAY HAMH.
[TonpazymeBaeTcsi COBOKYIHOCTb IIPOLIECCOB, BBIMOJHSEMBIE OT MOMEHTA BbISBICHUS
norpeOHOCTe oOliecTBa B ONPEIEICHHOM MPOAYKTE A0 YTHWIM3ALUU H3JENHUsA I0CIe ero
UCIIOJIb30BaHUs

MupoBass npakTHMKa MMeeT IpuMepbl Hcnosb3oBaHusd PLM B nmaxe TakuxX CIOMXKHBIX
OTpacisix, Kak, HapuMep, aBUACTPOCHHUE, KOTJa CaMblid MEPBbI COOpaHHBIM CaMOJIET HOBOTO
IPOEKTa MOocje POBEPOUHBIX MCIBITAHUM ObUI IIepeiaH B pealibHYI0 3KCIuTyaranuio. Koneuno,
TaKUe UJeallbHbIE CIy4yal BCE-TaKM pEAKH, HO KOJMYECTBO HCIBITATEIbHO-10BOL0YHbIX
BapUaHTOB MPOAYKLIUU B COBPEMEHHON aBTOMOOWIJIBHOM, aBUALlMOHHOHM, CTAaHKOCTPOUTEIbHOM
IIPOMBIIIJIEHHOCTH COKPaTWJIOCh KapJUHAJIbHO, @ CPOKM Ha CO3JaHHME HOBBIX IPOJIYKTOB -
OyKBaJIbHO B Pa3bl.

B kakoil-ro Mepe 3TO JAEHCTBUTENBHO TaK, PUCK CO3JaTh HEyJAayHbId NPOAYKT IIPU
ucnoabp30BaHuu PLM-TeXHOJIOTMI 3HAYUTENBHO CHMIKAETCS, HO IIPM OJHOM O4YEHb BaKHOM
YCIOBUU. DTO YCJIOBUE - KOMIIETEHTHOCTb CHEIMAIMCTOB, 3aHATHIX CO3/aHueM npoaykra. PLM
HE 3aMEHseT CIEeIHUalMCTOB, HO 3HAYMTEIbHO YBEJIWYMBAET 3(PPEKTHUBHOCTh HUX TpyZHa.
CoOOTBETCTBEHHO, UMESl B PyKaX CTOJIb MOILHBIM MHCTPYMEHT, HEKOMIIETEHTHbI KOHCTPYKTOP
Croco0eH BHECTH OUIMOKY, KOTOpasi KaK CHEXHbII KOM BBI30BET LIEMOYKY JAPYIHMX OLIMOOYHBIX
WJIM HEONTUMAJIbHBIX PELICHUH.

[Tooromy BHenpenue PLM - 3TO0 OTHIOAP HE TOJBKO 3aKyNKa COOTBETCTBYIOIIUX
IIPOrPaMMHBIX CHCTEM, 3TO €lIe U 00s3aTebHas TIIaTeabHas HOAr0TOBKa KaJIpoB, KOTOPbIE OyAyT
paboTaTh C HUMH.

B nenom sxe PLM - cOBOKYIHOCTB 3THUX NPOTrPaMMHBIX CUCTEM, METOJUKH UX IPUMEHEHUS,
a IJIaBHOE - JIF0JIeH, 00s1ajaroIuX JOKHOW KOMIIETEHTHOCTBIO.

B Hacrosiiee BpemMsi B MUPOBOM IMPOMBIIUIEHHOM MPOU3BOACTBE HaO0naeTcsi OypHbIN
IIPOLIECC BHEAPEHUS U OCBOCHMs KOHLENUMM U pemieHuid PLM, B mepByro oudepenb B TakuUX
oTpaciisix, Kak aBTOMOOHIIECTPOEHHUE, aBUAaCTPOECHUE, cyocTpoeHue. [IpakTnuecku HEBO3MOXKHO
ylepKaTbcs Ha MHPOBOM pBIHKE Ha KOHKYPEHTOCIIOCOOHOM YypOBHE 0€3 HCIOJIb30BaHUs
texHojgoruit PLM. Otu pemeHuss MWUPOKO NPUMEHSIOT B CBOEH MpaKTUKE BeIylue
NPOMBIIIJICHHbIE KOPIIOpaliy, Takue kak Boeing, Airbus, BMW, Daimler, Toyota u np.

K coxanenuto, B Hameil cTpaHe MO pa3HbIM OOBEKTUBHBIM U CYOBEKTHUBHBIM IMpPUYUHAM
MIOSIBJICHWE M BHEJPEHHUE 3TUX TEXHOJIOTHI 3aMETHO OTCTAJIO IO BpeMeHM OT 3amaja. [Ipumepst
TaKUX YCIEIIHBIX MOJIXO0/I0B YK€ €CTh (BHJIEO).

B Hameii ctpane cpenu nuonepos BHenpeHust CALS:

- CucTeMbl MOHUTOPUHIA TEXHUUECKOTO COCTOSIHUS BO3AYIIHbIX cy10B OAO «Tymones»

- UndopmanmonHas cuctema yrnpasieHUs WHXeHepHbIMU TaHHbIME B OAO «KazaHckuit
BEPTOJIETHBIN 3aBOJ»

- TeXHOJI0rMM UHTErPUPOBAHHOM JIOTUCTUYECKON MOIIEPKKH Ul caMoJIeTOB Mapku «Cy»

- BopoHeXCKHi1 MEXaHUYECKUI 3aBO/T

N3 Gecen co cnenuamicTaMi y HAC CIIOKUIOCh CTOMKOE MHEHUE O TOM, YTO TEXHOJIOTHH
CALS B 6immkaiinme HeCKOIBKO JieT B Poccun ket Henerkas cynp0a. Bo-niepBrix, 1aineko He Bce
NPEIIPUATHS. TOTOBBI K CEPbE3HBIM H3MEHEHHUSM M KpPYNHBIM HHBECTHIUSM B CBETIIOE,
KOHKypeHTocrnocoOHoe Oynymee. KioueBble TMOCTBI B KOHCTPYKTOPCKHX — OHOpO U
NOJpa3eNICHUsAX NPEANPUATUN HEPEIKO 3aHMMAIOT T€, KTO HE MOXET WM HE XOUET MEHATh
METOJIMKY pa3pabOTKHU W3JeNui U uxX npousBojacTBa. OueBHIHO, YTO yOEAUTh 3TUX JIOICH B
HEOOXOMMOCTH pealn3allid U3MEHeHMH M uX (pUHAHCHpOBaHUA (Jaxe €CclaM NpeaArpusITHe
pacroJaraeT 10CTaTOYHBIMU CPEJCTBaAMH) Oy/I€T OUYEHb HEJETKO.

Hpyras  mpobGiiema:  KaJapbl  NPOEKTUPOBIIMKOB,  pa3pabOTYMKOB,  CO3JaTelei
BBICOKOTEXHOJIOTHYHOM MPOAYKIIUU CTPEMUTEIBHO CTAPEIOT, a MOJIOJIEKb UM Ha CMEHY HE HJIET,
MOCKOJIbBKY paboTa KOHCTPYKTOPOB Ha OOJIBLIIMHCTBE MPEANPHIATHN IUIOXO oIjiauyuBaercs. B
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pe3yJbTare BIIOJIHE MOXKET CIOXKHTHCS Tak, uTo TexHonorun CALS BooOuie He morpelyrorcs
POCCUNCKHUM MPEANPUATHIM, IOTOMY YTO UCIIOJIb30BATh UX Oy/IET HEKOMY.

CrnoxxHast mpo0JyieMa: OTCYTCTBHE HOPMATHBHO-3aKOHOJATEIbHOW 0a3bl, MO3BOJISIONICH
NpUIaTh DJIEKTPOHHBIM JIOKYMEHTaM TaKOil K€ Cepbe3HbI CTaTyC, Kakoi HMeeT OyMa)kHas
nokymeHTarus. Cediyac kpaiiHe TpoOJIeMaTHYHO, HANPUMEp, TepenaTh HAleMy BOSHHOMY
BEJIOMCTBY TEXHHUKY 0e3 OyMakHOIl JOKyMeHTanuu. Mexay TeM ee 00beMbl MOT'YT JOCTUTATh
HECKOJIbKUX TOHH, €CIIM Pedb 3aXOJUT, CKakeM, o kopabnsx BM®. Ho 3to monbensl. Jpyras
MOJIOBUHA — B TOM, YTO JIaJI€KO HE BCEI/la MOXKHO a/IEKBATHO OTPA3UTh AJIEKTPOHHYIO MOJEIh
W3JICNHSI UJTU arperaTta B BUIe OyMa)KHBIX JOKYMEHTOB.

Hakonen, eme oaHa mnpobnema: Koomepamuss W KOOPAWHAIUS B3aUMOJACHCTBUS
MPEINPUATHIA 1 OpTaHHU3AIMA, YJaCTBYIOIUX B pa3paboTKe, MPOU3BOJICTBE U COMPOBOXKICHUU
BBICOKOTEXHOJIOTHYHOM MpoayKiuu ¢ moMonipio CALS-TexHomoruii.

Jleknus 9. CnenuanuzupoBannbie CAIIP. CAIIP B cBapoYHOM NpOU3BOACTBE
[Tnan

1. Cneunanuzuposannbsie CAIIP

2. CAIIP B cBapOYHOM HPOHM3BOJICTBE

1) CneuuanuzupoBanubie CAITP

[To mepe pazsutus CAIIP u ajgantamuu MX K 3ajJadaM KOHKPETHBIX OTpacieil craiu
NOSBISITHCSL  CHadasia HAaOOpBI  JIOTIOJHUTENBHBIX  CHEIHATU3UPOBAHHBIX  MOAYJIEH K
YHUBEPCAJIbHBIM  CHUCTEMaM, 3aTéM M  [OJHOCThI0  creuuanusupoBanHsie  CAIIP,
OpPUEHTHPOBaHHbBIE HA 3()(HEKTUBHOE BBIOJIHEHHE MPOCKTHBIX pabOT B CIeNU(UIESCKUAX 001aCTIX
IPUMEHEHHUS.

Co BpemeHeMm, moMuMo TpaaunnonHoit MCAD, chopMupoBauCh Iebie CAMOCTOSATEIbHBIC
nonotpaciu CAIIP, Takue kak apxutektypHo-ctpoutenbHas (AEC, Architecture Engineering and
Construction), anextponHas (EDA, Electronic Design Automation), reoungopmaruonnas (GIS,
Geolnformatic Systems) u np.

ACCOPTHMEHT CHENHaIN3UPOBAHHBIX CHCTEM BechMa OOMIMPEH, paccCMOTpUM HamOojee
noKa3aTesbHbIE IPUMEPBHI.

AEC CAD - apxumexkmypno-cmpoumenvtvie CAIIP

HcTopust apXuTeKTypHO-CTPOUTENbHBIX MPUIOKEHUN HaUMHAETCSA C CO3/aHUs OMOIMOTEK
CTPOUTENBHBIX 3JEMEHTOB M CIHEUUATU3HPOBAHHBIX KOMAHJ B JABYMEPHBIX UEPTEKHBIX
penaktopax, B mnepByto odepenbs AutoCAD. VX ucnonb30BaHHME CHIDKAIO TPYAOEMKOCTh
BBITOJIHEHUS! TPOEKTHBIX U Pa00YMX YepTexel 3JaHui, MOCTOB U IPYTHUX COOPYKEHHH.

Tak kak B apXUTEKTYpHOM TNPOEKTUPOBAHMU 0COOOE 3HAYEHHUE HMEET BHU3YaJIbHOE
npecTaBieHue OYyIyIIMX COOPY)KEHUH, Hapsay C 4YEepTeKHBIMU pElIaKTOpaMH IIHPOKO
HCIOJIb30BAINCHh U MCHOJIb3YIOTCSI TPEXMEpHbIE Au3ailHepckue makeTsl, Takue kak 3D Max,
Lightwave, Softimage u np.

Opnako Takoil cuMOMO3 HETOCTaTOYHO 3(PPEeKTHBEH, TaK KaK MPAaKTUYECKHU OTCYTCTBYET
accollMaTUBHAs aBTOMATHYECKas CBS3b MEXAY MPOEKTHOM JTOKYMEHTaluel M BUPTYaJbHbIM
MaKeTOM 3/aHus Ul BU3yanusauuu. Kaxaoe naMeHeHre, BHOCUMOE B YEPTEKHU JIMOO B MaKeT,
TpeOyeT ero py4YHOro BOCIPOU3BEACHUS B NapauienbHOM cucreme. Kpome wuzmuinein
TPYAOEMKOCTH, TAaKOH IMOAXOJ YpeBaT OLIMOKAMHU, PACXOKICHHEM BU3YaJIbHBIX U MPOEKTHBIX
JTAHHBIX.

[TosTomy Ha pybexe 80-90-x rogoB XX Beka NosBUIACH KOHLENIIHMS BUPTYaTbHOTO 3/1aHUS,
KOoTopasi HabupaeT Bce OoublIyio nomnyispHocTs. Hanbonee TunnyasiMu oOpa3namMu IpoayKTOB,
peaM3yIonMX 93Ty KOHIeMIHI0, MOXHO Ha3BaTh makeT ArchiCAD komnanum Graphisoft,
cemerictBo porpamm Revit komnanuu Autodesk, kommneke AIT Plan komnmanuu Nemetchek.
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KoHuemnmuss BUPTYyaabHOTO 3/JaHUS TO3BOJISIET YHPABIATh HHpopMmanueil 000 BceM
KU3HEHHOM LIMKJIE 37aHusA. B oTimume oT mpocToil TpeXMEpHOM MOJENu, BUPTYaIbHOE 3[JaHUE
COJCPKHUT KOMIUIEKCHYIO HMH(OpMAIHMIO, 3TO TpexMmepHas uu¢poBas 0a3a JaHHBIX, KOTOpas
OTCJIC)KMBAET BCE AJIEMEHTHI, COCTABJIAIOIINE MPOEKT: IIOUIAAN U O0BEMBI, OMUCAHUS KOMHAT,
LIEHY MaTePHUAIIOB ¥ TOTOBBIX 3JIEMEHTOB U U3/EINI: OKOH, IBEpei, KOMMYHUKALIUM U T. 1.

KoHuenuuss BUPTYanbHOIO 37aHUS MPEANOJAraeT HOBBIM MOJAXOX K HPOEKTUPOBAHMIO:
APXUTEKTOp 3aHUMAETCS HEMOCPEeACTBEHHO aAu3aiiHoM rmpoekrta, a CAIIP aBTromarnuecku
dbopMupyeT JoKyMeHTaIuio. B To Bpems Koria mpoeKTUPOBIIHK «BO3BOJUTY, IPOTrPaMMa CO3/1aET
enuHyl0 0a3y JaHHBIX TPEXMEPHOM Mojaenu 34aHus. VI3MEeHEHUs, BHOCHMBIE B IIPOEKT,
O0TOOpa)karoTCsi BO BCEW OTUETHOM JOKYMEHTAallMu: B IUIaHaX JTaxel, paspes3ax, ¢acanax,
CMETHBIX 3aaaHusx, 3D-moxenu u ¢doromsodpaxenusx. MHTemiekTyaabHble 00BEKTHI (IBEpH,
OKHA, KOJIOHHBI, MEPEKPBITUS U T. JI.) MOCTOSHHO B3aWMOJCUCTBYIOT C JPYTUMH dJIEMEHTaMH
KOHCTPYKILUU 3/1aHUS WIM COOPY’KEHUsS: OKHO BCTPAUBAETCS B CTEHY, IEPEKPBITHE OIUPAETCS Ha
KOJIOHHY, IOJ] CKaT KPBILIN COOPYKAaeTcsa HeCyllas KOHCTPYKIMS U T. 1. B nanbHeiiiem u3 6a3bl
MOKET OBITh W3BIICYCHA BCA HeoOxonuMas uWHGOpMaNus: MOAPOOHBIE pabodre YepTeKU
MO3TaXHBIX TJIAHOB, Pa3pe30B, (acagoB, APXUTEKTYPHbIE U KOHCTPYKTOPCKUE YEPTEKHU Y3JI0B U
(GparMeHTOB, CMETHBIC 3a/laHus, CIEHU(pHUKAIMA OKOH, JBEPEH M OTICIIOYHBIX MAaTEPHUAJIOB,
AQHUMAILIHMIO U CLIEHbI BUPTYAJIbHOU PEabHOCTH.

B pesynbpraTe BUPTYyanbHOE 3/JaHUE CTAHOBUTCS €JMHBIM H YHUBEPCATbHBIM HHCTPYMEHTOM
OpraHu3ali KOJIJICKTUBHOM pabOThl BCEX YYACTHUKOB CO3JaHUS W peaju3aluu MPOeKTa.
['maBHBIN apXUTEKTOp MOJy4yaeT UHPOPMAIMIO O TEKYILEM COCTOSIHMM MPOEKTAa B HE3aBUCHMOM
3eKTpOHHOM (hopmare (3Ty HHGOPMAIIMIO OH TAPAaHTHPOBAHHO CMOXKET MPOCMOTPETH, IaXe He
pacnonaras Hukakumu cucremamu CAIIP), oToOpakaeT M3MEHEHHUs, KOTOpbIE HEOOXOIUMO
BHECTH B MPOEKT, U MepeIaeT UX COTPYIAHUKAM JUIS JalbHEUIeil paboThI.

CMeTYrKH MoNTydaroT U3 00mIel MPOeKTHOW 0a3bl pa3inyHble crenn(UKaIul, BEIOMOCTH,
CcMeTHbIE 3a/1aHusl. KOHCTPYKTOpPHBI - TPEXMEPHYIO MOJIEIb U ITapaMeTpbl HECYLIUX KOHCTPYKIUI
JUIsL IPOYHOCTHBIX PAacueTOB; MHXKEHEPHl - IOCTOSHHO OOHOBIIIEMBbIE AKTyaJlbHbIE YEPTEKU
MO3TaXHBIX TUIAHOB, Y3JIOB U (PparMeHTOB 3/1aHus B 33JaHHOM Macitade. J{7s ctpouTeneit MOXKHO
npopaborarh Tpaduku padboT, a B JajgbHEHIIEM IMepefaBaTh Ha IUIOMIAAKY YEPTeXKH U
BUJICOPOJINKH, OTOOpaXKAIOIUe pa3IMyHbIe 3Tallbl CTPOUTENILCTBA UM JEMOHTaXa 3aHuUs.

Paboras ¢ Tem ke BUPTyaJbHBIM 3JaHUEM, YTO M apXUTEKTOP, areHT MO0 HEABUKUMOCTHU
MMEET BO3MOXKHOCTb JIETKO IOJIYYUTh TOYHBIE ITApAaMETPhl IOMELIEHUHN U OLIEHUTh UX IUIOIIA/b,
MOKa3aTh KJIMEHTaM BMJI W3 JIIOOOM TOYKHM M Jake€ NMPUIJIACUTh UX COBEPIIMTH BUPTYyaJIbHOE
nyTelecTBe MO 3AaHuio. Jlu3aiiHepsl MHTEpbEepOB MOTYT HauyuMHATh paboTaTh Ha HITame
KOHIENTYalIbHONW MOJIEH, UCIIOJIb3YS TOT K€ MPOEKT, YTO U apXUTEKTOP.

[Tocne 3aBepiieHUst 3Tama MPOEKTUPOBAHMUS CTPOMTEISIM BBIIAIOTCS  ClEHUBUKALIH,
BEJJIOMOCTH, OTUETHI, Tpa)UKN CTPOUTEIHCTBA, paboune MIaHbl U Apyras HHPOopMaIusl.

Tak kak Bcs MH(OpMAIMs UCXOIUT U3 OJHOIO MCTOYHMKA - BUPTYaJbHOI'O 31aHUS, OHA
BCEr/la aKTyaJlbHa M COOTBETCTBYET TEKYIIEMY COCTOSIHUIO Tmpoekta. WHdopmauus o6
U3MEHEHUSX, BHOCUMBIX JIIOOBIM M3 YYaCTHUKOB IPOEKTA, HEMEUIEHHO CTAHOBUTCS JOCTYIHOU
€ro KOJIJIEraM.

EDA-npoexmupoeanue snekmponnsix ycmpoiicme

EDA (Electronic Design Automation - ABromaTu3amusi MpOSKTUPOBAHUS IEKTPOHUKH) -
KOMIUIEKC MPOTPAaMMHBIX CPEICTB M OMOIMOTEK CTaHAAPTHBIX 3JIEMEHTOB, O0ECTICUMBAIOMINN
aBTOMATH3AIMIO pa3pabOTKU AJIEKTPOHHBIX YCTPOUCTB, B IEPBYIO OUEPEb CO3JaHUS MUKPOCXEM
u niedaTHeIX 1uiat. Hanbonee pactipoctpanenHbiMu B Poccun siBnsitorest naketsl Pecad u Oread.

EDA-cuctemMbl MO3BOJIAIOT HadaTh pa3pabOTKy C CO3/IaHUS  HEMOCPEICTBEHHO
MPUHLIUITAATIBHON JIEKTPUYECKON CXeMbl TPOEKTUPYEMOTO YCTPONCTBA C UCIOIb30BaHUEM 0a3bl
PaMO3IEKTPOHHBIX KOMIIOHEHTOB, IIPOMO/IETIMPOBATE €€ padoTy B Pa3IMYHBIX peKUMaX. 3aTeM
3Ta cXema Mmpeodpazyercs B 3ar0TOBKY MPOCKTUPYEMON MEYaTHOM TUIATHI C PA3IMYHON CTETICHBIO
aBToMaTH3anu. CoBpeMEeHHbIE TPOTPaMMHBIE TAKEThI TTO3BOJISIIOT BBIMOJIHUTH ABTOMATHYECKYIO
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pPacCTaHOBKY 3JIEMEHTOB M aBTOMATUYECKH Pa3BECTH JOPOKKM Ha YEPTEKE MHOTOCIOMHOU
MEYaTHON IUIaThl, COEAMHSS TEM CaMbIM BBIBOABI PAJMOAJIEKTPOHHBIX KOMIIOHEHTOB B
COOTBETCTBUU C MPUHIIUITUAITIBHOW CXEMOM.

Tunununelii coctaB EDA-komMIuiekca:

* pEIAKTOP MPUHIUITHAIBHBIX SJIEKTPUUECKUX CXEM;

* OMOJIMOTEeKa CTAaHJAPTHBIX ANEKTPOHHBIX KOMIIOHEHT;

* PEIAKTOp MEYATHBIX IUIAT;

* BCTPOCHHBIE MOYJIN CUMYJISILIUK MPUHIIUITHAIBHBIX CXEM U MeUaTHBIX IIaT;

* TPAHCISATOPHI JAHHBIX;

* BCIIOMOTaTEJIbHbIE YTUIHTHI.

Monynb co3aHus MPUHIUIHAIBHBIX CXEM MPEACTaBIseT Co00# Creruain3upoBaHHBINA
rpaguyYecKuii peaaKkTop, 0OCCIECUHBAIONINN BHIOOP AJICKTPOHHBIX KOMIIOHEHT M3 OMOJIMOTEKH,
pa3MeIlleHue UX Ha CXEME U COSAMHEHUE JIMHUSMU-TTPOBOIHUKAMHU.

DNEeKTpUYeCKUe CXEeMbl BBIMOJHIIOTCS 0e3 coOmoneHuss Macmraba. PeanmpHoe
pacroyioKEeHUE KOMIIOHEHTOB Ha MOHTa)XHO-KOMMYTAllUOHHOM II0JIE HE YUYWUTBHIBACTCA MpHU
PUCOBAHHUU JIIEKTPUUYECKHX CXEeM. B TepBylo ouepelb PUCYHOK CXEMbl JOJDKEH O00eCHeduTh
KOMITAKTHOCTh M SICHOCTh NMPU YTCHUU ee aeranedl. Ha anekTpuueckoil cxeme M300pakaroTcs
CUMBOJIbI KOMIIOHEHTOB, EKTPUUYECKUE CBSA3H MEXAY HUMH, TEKCTOBask MH(GOpMaLns, TaOIUIbL,
OyKBEHHO-TIM(POBBIE 0003HAUCHUSI M OCHOBHBIC HAIIMUCU Ha hopMaTke cxembl. [locTaBisieMbie
BMECTE C CUCTEMOU OMOTMOTEKH AIIEKTPOHHBIX KOMIIOHEHT 00€CIeYnBaIOT KaK UX rpaduueckoe
M300pakeHHUE Ha CXEeMe, TaK U MOJCIMPOBAHUE JIOTUKHU U DJIEKTPOHHBIX MTapaMETPOB.

PenakTop nmeyaTHBIX MJIaT UCIIOJIB3YETCS [l pa3MEelIeHHs] KOMIIOHEHTOB HEMOCPEICTBEHHO
Ha MOHTQXHO-KOMMYTAI[MOHHOM TIOJIe, a TaKKe W JJIs PYYHOW, HHTCPAKTUBHON WIIU
ABTOMATUYECKOU TPACCUPOBKU MPOBOJHUKOB. B MHTEPAaKTUBHOM pEXUME KYpCOPOM OTMEUAIOTCS
Ha4yaJio ¥ KOHEIl CETMEHTAa IIPOBOIHUKA, KOTOPBIH Cpa3y *e TPACCUPYETCS C YIETOM MPETISITCTBUH.
[Ipu sTOoM coOmIOAaOTCs BCE OrpaHUYEHHUS Ha TMPOBEJIEHUE TPACChl, YCTAHOBJICHHbBIE
10JIb30BATEJIEM.

bnarogaps acconraTuBHOMY COMPSIKEHUIO C MOJYJIEM CO3/AaHUS MPUHIUIHUAIBHBIX CXEM
peIaKkTOp TEYATHBIX IUIAT MOXKET aBTOMAaTUYECKH COCTABUTh CIUCOK COCAMHEHUN CXEMBI U
MIEPEHECTH Ha MoJjie MeYaTHO! MIaThl H300paKeHUs KOPITYCOB KOMIIOHEHTOB C YKa3aHHEM JTUHUMN
ANEKTPUUECKUX COSAMHEHUN MEX]Ty UX BBIBOJIaMH. 3aT€M BBIYEPUMUBACTCS KOHTYP IJIAThI, HA HEM
pa3MeIlaTcsi KOMIIOHEHTHI U, HAKOHEIL, TPOU3BOAUTCS TPACCUPOBKA MPOBOJHUKOB.

BaxxHoli KOMITOHEHTOW COBPEMEHHBIX PEIAKTOPOB IEUYATHBIX IUIAT SIBIISIOTCS MOJYJIN
ABTOMATUYECKOM  TPacCHPOBKH  MPOBOJHHKOB. ABTOTPACCHUPOBIIMKM  BBI3BIBAIOTCS W3
yIOpaBSIIONIEd 00OJIOUKH PEAaKTOpa MEYAaTHBIX IIJIaT, B KOTOPOM MPOU3BOJUTCA HACTpOHKa
cTpareruu TpaccupoBku. MHdopmaruio 00 0COOEHHOCTSX TPACCUPOBKU OTIENBHBIX LEmei
MO>XHO C TIOMOIIBIO CTaHJAPTHHIX aTPHOYTOB BBECTH HA dTalax CO3/aHWs MPUHIMITHAIBHON
CXEMBbI WJIY TIeYaTHOH IIaThl.

BcnomoraTenbHbIe YTHIUTBI UCTIOIB3YIOTCS IJIs1 TIEPEHYMEPAIIMH KOMIIOHEHTOB,CO3/IaHHS
0TYeTOB B TpebyemMoM (hopmare, aBTOMAaTHYECKOTO CO3JaHHUsI KOMIIOHEHT, pacueTa Mmapa3uTHBIX
napamMeTpoB TMEYaTHBIX TUIAT, OPOPMIICHUSI KOHCTPYKTOPCKOM JTOKYMEHTAIIMH, pa3MeIIeHus Ha
YepTerkax CXEM WM MEeYaTHBIX IJIaT, pa3MUYHbIX JUAarpaMM M TaOIUI], COCTABICHUS Pa3IMYHBIX
CIIUCKOB M OTYETOB, KOTOPHIE IWHAMHYECKH OOHOBISIOTCS, TAOJMII CBEPJIOBKH, JAHHBIX O
CTPYKTYype TIAThl, TEXHOJIOTUYECKOW U YUeTHON MH(OpMaIHK, pa3MEIIeHUsT Ha YePTEKaX CXEM
CITMCKOB COEIMHEHUM, BEIBOJIOB IMOIKIIIOUCHUSI ITUTAHUS U IPYTOH TEKCTOBOW WH(OpMaIuu.

Baxueiimum ~ snementom  EDA-cuctempl  SBASIOTCS — TPAHCISTOPHl  JIaHHBIX,
oOecneunBaromux oOMeH MpOoeKTHON mHopManueil ¢ npyrumu snekTpoHHbiMU CAIIP mubo c
MCAD-cuctemamu 1isi OKOHYATETHbHONH KOHCTPYKTHUBHONW KOMITOHOBKHU JIEKTPOHHBIX OJIOKOB B
COCTaBE MAIIMHOCTPOHUTENIBHBIX KOHCTPYKIMA. B mociemHeM ciydae TpaHCIATOP CO37aeT
TpexMepHyto cOopky B (opmare MCAD, cocrosmiyro U3 Te4aTHOM MIaThl M SJIEMEHTOB.
Bo3moskHO 1 pemenne oopatHo# 3anaun - coxpanenue moaemu MCAD B popmate EDA CAD.
DTy BO3MOXXHOCTh YIOOHO HCIONB30BaTh B TE€X CIy4yasX, KOrja rabapuThl MEYaTHOW ILUIATHI
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3aBHCAT OT (OPMBI U pa3Mmepa Kopiryca npuOopa MM OTceKa 00OpYyIOBaHHS, B KOTOPOM 3Ta
neyaTHas Iiara OyneT SKCITyaTUpOBAThCS.

PasButnem texHosoruu tpaHciaropoB Mexay EDA- u MCAD-cuctemamu sBisiercs
MeXaTpOHMKA - CHCTEMA CPEACTB COBMECTHOI'O IPOEKTUPOBAHUS U MOJIEIMPOBAHUS y3JI0B TOUHOM
MEXAHUKH C JJIEKTPOHHBIMU, 3JIEKTPOTEXHUUYECKUMU U KOMIBIOTEPHBIMM KOMIIOHEHTaMH,
o0ecrneynBaroIUMHI IPOSKTUPOBAHHUE U MIPOU3BOJCTBO KAYECTBEHHO HOBBIX MOJYJIEH, MallluH U
CHCTEM C MHTEJUIEKTYaJIbHBIM YIIpaBJIeHHEM UX (DYHKIIMOHAILHBIMU JIBUKCHUSMHU.

T'eounghopmayuonnsvie cucmemol

I'eonndopmarnmonnsie cuctemsl (I'MC) npeanazHadyensl i cOopa, XpaHEHMs], aHAIU3a U
rpadu4ecKkoil BU3yaau3aluy MPOCTPAHCTBEHHBIX Te0orpaduyecKux JaHHBIX U CBSI3aHHON C HUMU
unpopmauuu. Mucrpymentsl 'HC oOecneunBaloT CHUCTEMaTH3MPOBAHHOE XpPaHEHHE, IOUCK,
aHaM3 M peNaKTUPOBaHHE IU(PPOBBIX KapPT, a TAKXKE OMOJHUTEIbHYI0 HHPOpMaLHUio 00
00BEKTaX, HaNpUMep BBICOTY 3[JaHMs, aJgpec, KOJUYECTBO JKWIBLIOB, pAaCIOJIOXKEHHE
TPAHCHOPTHBIX KOMMYyHUKauui u T. . [YMIC Bko4aroT B ce0st CUCTEMBI yIpaBieHUs 0a3zamu
JTAHHBIX, CONPSKEHHBIE C PEAAKTOpPaMH pacTpoBOH (Hanpumep, a3po(OTOCHUMKOB) U BEKTOPHOU
(kapThl BBICOT, KOMMYHHUKAIIMH, IJAHOB HACEJEHHBIX IYHKTOB) IpaUKud W aHAIUTUYECKUX
cpeactB. ['MMC mmpoko NPUMEHSIOTCA B Pa3IUYHBIX OTPACiAX, B TOM YHUCIIE HANpsSAMYKO HE
CBSI3aHHBIX C MPOEKTHUPOBAHMEM: KapTOrpaduu, T€OJOTHH, METECOPOJIOTHH, 3EMIICYCTPOICTBE,
CTPOUTEIILCTBE, YIIPABICHUH TPAHCIIOPTOM H T. II.

OrtpacneBas opuentanus I'MC onpenensieTcst periaeMbIMU B HEW 3aJladyaMH, CPEIU HUX -
MHBEHTapH3alls pecypcoB (B TOM YMCIIE KaJacTp), aHAJIU3, OLlEHKA, MOHUTOPUHT, YIIPABICHUE U
IUIAaHUpOBaHUE, TMOJJAepKKa mpuHsATHs peweHuil. MWuterpupoBannsle ['MC coBmemaror
dbynkronansHbie Bo3MOKkHOCTH [MIC u cuctem nudpoBoii 06paboTku n300paxeHuil (JaHHbIX
JUCTAaHIIMOHHOTO 30HIUPOBAHMS) B €IMHOW MHTETPUPOBAHHOMN CpeJie.

HauOonpiiee pacrnpocTpaHeHHE MOJYYMJIM TaK Ha3blBaeMble MacCIITaOHO-HE3aBUCHMBIE
['UC, ocHOBaHHBIE HAa MHO>XECTBEHHBIX NPEACTABICHUSAX IPOCTPAHCTBEHHBIX OOBEKTOB, M
oOecrieunBaroT rpauyeckoe WM Kaprorpaduyeckoe BOCIHPOM3BEACHUE JAaHHBIX B JIIOOOM U3
BbIOpaHHBIX MacIITabOB, HA OCHOBE €IMHOT0 Habopa JaHHBIX C HAUOOJIBIIKUM MPOCTPAHCTBEHHBIM
pa3peleHueM.

B npaktuke npoextupoBanus ['MC mnonayymnu MIMpOKOe pacnpocTpaHEHHE B
CTPOUTENBCTBE, IPOEKTUPOBAHUH JIOPOXKHBIX CEeTel, MarucCTpajibHbIX TPyOONpPOBOAOB U JIMHUMN
AIIeKTponepeay.

2) CAIIP B cBapo4HOM NPOM3BOICTBE

CAIIP CBAPKA — 370 cucreMa aBTOMaTU3UPOBAaHHOIO ITPOEKTUPOBAHMUS, TTO3BOJISIOLIAS
3HAYUTEIbHO TOBBICUTh CKOPOCTh pa3pabOTKM, a Takke KauyeCTBO KOHCTPYKTOPCKOM
JOKYMEHTAIlMU Ha CBAPHBIE JETAIH, Y3JIbl U U3IENHSL.

CAIIP CBAPKA ob6ecreunBaeT mobliieHue 3 (HeKTUBHOCTU PEIIEHHs CIEIYIOUINX 3a/1a4:

- MOJI00p CBApPHOTO I1IBA;

- cO3/1aHue 0003HAYEHUs CBAPHOTO I11BA;

- I3MEHEHHE [IBOB U UX 0003HAUEHUM;

- KJ1accu(uKalys BOB M0 TUIIAM;

- YIpaBJI€HUE TUIIAMU CBAPHBIX 1IBOB;

- TPYIIIIOBOE U3MEHEHUE HOMEPOB U KOJIMUYECTBA I1IBOB;

- IOCTPOEHHE TAaOIUIIBI CBAPHBIX IIBOB.

Wntepdeiicet CAIIP CBAPKA wunrerpupoBanbl ¢ unTepdeiicamu KOMIIAC, uyto
NO3BOJISIET CO3/1aTh €IUHYI0, HEPA3PBIBHYIO pabOUyI0 Cpeay pa3paboTKH JUIsl OJIb30BaTEIs.
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[Ipumenenne poOOTOB B CBApPOYHOM NPOU3BOACTBE — MYTh A()PEKTUBHOTO PEIICHUS
npo0jeM aBTOMAaTH3allMM CBApOYHBIX orepauuil. [Ipexkae Bcero 3To CBS3aHO C MOBBIIICHUEM
Ka4yecTBa BBIMOJHEHHUS padOT, HEIOCTYIHOTO PYYHBIM TEXHOJOTHSM. [IOHSATHBI OYeBHIHBIE U
BECOMBIE JOCTOMHCTBA POOOTHU3UPOBAHHOI CBAPKU:

* BBICOKAsl TOYHOCTb IEPEMEIICHUN CBAPOUYHOIO MHCTPYMEHTA U TPACKTOPUU HATOKECHUS
CBapHBIX I1IBOB;

* BBICOKasi TOYHOCTb MOJIIEPIKaHUS BCEX TEXHOIOTMYECKHUX ITapaMeTPOB CBApKH;

* KHEYTOMJIIEMOCTb)» U CIIOCOOHOCTh pabOTaTh KPYTJIble CYTKH.

[To cpaBHeHMIO C APYrUMHM HYTAMH aBTOMAaTU3allMM CBapOYHBIX pPalbOT, TaKUMH, Kak
IPUMEHEHUE AaBTOMATHMYECKUX MHOIOTOYEUHBIX MAallMH B KOHTaKTHOM CBapKe, CBApPOUYHBIX
aBTOMATOB U aBTOMaTU4YECKUX YCTAaHOBOK IPU AYI'OBOM CBapKe WJIM TEPMUYECKOM PE3AHUU, UJIes
pPOOOTH3AIMH BBITOJHO OTJIMYAETCS TMOKOCTBIO TMEepeHaNa kil 00OpYAOBAaHUS U TEXHOJIOTUH, B
TOM YHCJIE U BO3MOKHOCTBIO [IOCTOSIHHOI'O U3MEHEHMSI [TPOrPaMM IIpU MOCIIEA0BAaTENBHOM CBapKe
BECbMa Pa3JINYHbIX U3/IETUI.

Henocratku wuzpen poOOTH3allMM CBAapOYHBIX TEXHOJOTMH TakXke HMEITCs, U B
OOJNBIIMHCTBE INPAKTUUECKUX CIIydyaeB OHHU JENIA0T HEpeaJbHOM HapHUCOBAHHYIO BBIIIE
UJMJUIMYECKYI0 KapTHHY. ODTH HEJOCTaTKH MPEXJe BCEro CBA3aHbl C YPE3BBIYAMHO BBICOKON
CTOMMOCTBIO CBAPOYHBIX POOOTOB sl IYTOBOM U KOHTAKTHOM CBapKH U Ipyroro o0opyaoBaHus,
HEOoOXOaUMOro il MX YCHEIHOM paboThl B COCTaB€ CBapOYHBIX POOOTU3HPOBAHHBIX
texHojornueckux kommiekcoB (PTK). Dto ympaBinsemble JOByX - U TpEXCTEIIEHHBIE
MaHUIYJISATOPBl M3JENHM, ropa3fgo Oojee JOoporoil cBapouHbli MHCTpyMeHT. /st ycrnemiHoit
pabotel cBapounblx PTK mnpeabsBisioTcst cyuiecTBeHHO Oosiee BBICOKHE TpeOOBaHUS K
CBapOYHBIM IOpEJIKaM JJIs AyTOBOM CBAapKH B 3aILUTHBIX ra3zax, MEXaHU3MaM I10/1a4 CBapOYHOI
IPOBOJIOKH, K CAMMM CBAapOYHBIM ITPOBOJIOKAM, KauyeCTBY MX IOKPBITUH, Kaue€CTBY HAMOTKH Ha
KaTyUIKH U T. [I.

Jpyras rpymnmna npo6jeM HpOMBIIIJIEHHOTO HCIOJIb30BaHUS CBAPOUYHOM pOOOTOTEXHUKHU
CBs3aHa C OOJBIIMMM 3aTpaTaMU CpPEACTB M BPEMEHU Ha IMOATOTOBKY POOOTH3MPOBAHHOIO
CBapO4YHOro mnpou3BoicTBa. K HHMM MOXHO OTHeCTHM Oojiee BBICOKHE TpeOOBaHUS K
IPOEKTUPOBAHUIO CBAPHOIN KOHCTPYKIMH, MPEAHA3HAYEHHOM /1711 U3TOTOBJICHUS C TPUMEHEHUEM
poOOTOB, IPOEKTUPOBAHNE COOPOYHO-CBAPOUYHBIX MPUCIIOCOOIEHUI U CBAPOYHOTO HHCTPYMEHTA,
HOPUTOJHBIX Ui paboThl B cocTaBe cBapouHbIX PTK /U1 M3roToBI€HNST KOHKPETHOTO M3/ETHSL.
MHoro BpeMeHH 3aHMMaloT IPOrpaMMUpoBaHue (00y4eHHe) CBApOYHBIX pOOOTOB, ONTUMHU3ALIUS
U CHUHXPOHH3AIUs MX pabOThl NMPUMEHUTENBHO K JKECTKUM TpeOOBAaHHUSIM aBTOMAaTHUECKUX
IIPOU3BOJICTBEHHBIX JINHUI.

Bmectre ¢ TeM u mepBas, u, TeM Oozee, BTOpas Ipymna npoOjeM, MpensTCTBYIOMINX
IIMPOKOMY HCHOJIb30BAaHUIO CBAapOYHOH pPOOOTOTEXHUKH B OTEYECTBEHHOM CBapOYHOM
IIPOU3BOJICTBE, MOXKET OBIThH pelieHa. YTo kacaeTcst Y4pe3MepHO BBICOKOM CTOMMOCTH CBapOUYHBIX
pOOOTOB, TO 3TO CBSA3AHO C TEM, UTO JIETKHE POOOTHI I 1yTOBOM cBapku B Poccuu He MpON3BOIAT.
PoGoTbl 11 KOHTAaKTHOW cBapku Mpou3BoaaT mo juneHsun ¢Gupmsl KUKA, HO cucTembl
yIpaBJIeHUS] TOCTaBISIIOTC M3-3a pyoOexka. B Hactosiiee BpeMsi HMeeTCS BO3MOXHOCTD
OpraHu30BaTh HAa OTEYECTBEHHBIX 3aBOJAX CEpUITHOE MPOU3BOJCTBO JIETKUX CBAPOUYHBIX POOOTOB
JUIs JYTOBOW CBapKH, TEPMHUECKOTO pe3aHus, OKpacku. Pa3paboTaHbl M OTEUECTBEHHBIE
HEZ0pOrue BEPCUU CUCTEM YIIPaBJIeHUs poOOTaMU, peaIM30BAHHBIE C UCIIOJIb30BAHUEM MAaCCOBBIX
M JICIIEBBIX IUIAT TEPCOHANBHBIX KOMIIBIOTEPOB M paboTaloliyde IM0j  YIpaBJIEHUEM
YHHUBEPCATbHBIX OMEPALIMOHHBIX CHCTEM.
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[TpoOnema pe3Koro COKpaleHus CTOMMOCTH U CPOKOB KOHCTPYKTHMBHOTEXHOJIOTMYECKOM
HOJATOTOBKH POOOTHU3MPOBAHHOTO IPOU3BOJACTBA YCIEIIHO PEIIAeTCsl 3a CYET BO3MOXKHOTO
LIMPOKOr0 NMPUMEHEHHUs PAaCCMaTPUBAEMBIX HUYKE CHUCTEM KOMIIBIOTEPHOIO IPOECKTUPOBAHUS U
monenupoBanusi pabotel PTK. Takue cuctempl JaBHO U IMUPOKO MPUMEHSIOTCS 332 PYOESKOM,
MMEETCs YCIEUIHBIA OIBIT UX UCIIONIb30BAaHUS U HA KPYIIHBIX OTE€YECTBEHHBIX 3aBOJIAX.

B03M0OXkHOCTh M HEOOXOAUMOCT IIMPOKOTO MPUMEHEHUS POOOTU3UPOBAHHBIX CBAPOYHBIX
TEXHOJIOTUH HOJATBEPXKAAETCS OINBITOM aBTOMOOMJIBHOM MPOMBIIIJIEHHOCTH, B KOTOPOM
CBapOuHbIe POOOTHI KOHTAKTHOM CBApPKHM COCTABIISIOT OCHOBY KY30BHOI'O NPOU3BOACTBAa. MHOTHE
COTHH TaKUX pOOOTU3NPOBAHHBIX PA0OUMX MECT UMEIOTCS Ha Ka)KJJOM aBTOMOOMIIBHOM 3aBOJIE.

B poboTu3zanmu ayroBoii cBapku ycmexu ropaszo 0ojiee CKpOMHBIC, OHAKO HEOXKUJAHHO
MOSIBUJIOCh ITOHUMAHUE TOIO, YTO, KaK HU CTPAaHHO, MHOTHE CBAapHbIC KOHCTPYKLIMM CETOJHS
BOOOIIIE HE MOTYT OBITh M3TOTOBIICHBI HHAYE, YEM C IIPUMEHEHUEM POOOTU3HPOBAHHON TyrOBOM
cBapku. PaHee HEKOTOpbIE TaKMe€ KOHCTPYKLMHU MOIJIM OBbITh M3TOTOBJIEHBI C HCIIOJIB30BAHUEM
py4HOl (WM TOJIyaBTOMAaTHYeCKO) cBapku. lIpm MOCTOSHHOM MOBBILIEHUH TpeOOBaHUM
TOYHOCTH pa3MepoB, CTaOWJIbHBIE CBapouyHble JAedopmainuu, O0O0YCIIOBIEHHBIE OOJIBLINM
KOJINYECTBOM CBAPHBIX ILIBOB B IPUHLIMIIE HE MOT'YT ObITh OOecredeHbl pu padoTe CBapLIMKOB-
py4HHKOB. B ri. 8 mokasaHo, 4To 1O CpaBHEHHUIO C PYYHOM CBapKoil poOOTU3MPOBAHHBIE
CBapOYHBIC TEXHOJIOTUU IO3BOJISIIOT MHOTOKPAaTHO YMEHBIIMTH pa3z0poc pa3MepoB CBapHBIX
KOHCTPYKLUH.

OCHOBHBIM TOTPEOUTETEM MPOMBIIIJIEHHBIX POOOTOB B HACTOAIIEE BPEMs SBISETCS
ABTOMOOWIIbHAS IIPOMBILUIEHHOCTD, /1€ OHU MPEUMYIIECTBEHHO HCIOJB3YIOTCS ISl TOUEUHOU
KOHTAaKTHOM (okoi0 80 %) u AyroBoil cBapku. YCIIOBHS KECTKOH KOHKYPEHLUH TpeOyloT OT
IPOM3BOUTENECH KaK MOBBIIIEHUS KayecTBa MPOAYKIMM, CHUKEHUS ee ce0eCTOMMOCTH, TaK U
COKpAILlEHUs] CPOKOB MOJTOTOBKM HIPOM3BOJCTBA. B CBsA3M C 3TUM B aBTOMOOMJIECTPOCHUU
LIMPOKOE PaCIPOCTPAHEHHUE MTOJIYYal0T YHUBEpCANbHbIE U ciennanuznpoBanubie CAIIP, kotopsie
NO3BOJISIOT CBSI3aTh BOEAMHO M aBTOMATHU3UPOBATh IpoliecC pa3pabOTKH KOHCTPYKIIMH,
MIOATOTOBKY IIPOM3BOJACTBA M CaMO IPOM3BOJCTBO. bmarogaps d3ToMy Ha BeQyIIHUX
aBTOMOOMIIbHBIX (PMpPMax CPOKH OCBOCHUS HOBOW MOeNH (OT JU3aifHEPCKOW MOJIENHN 10 BBIITyCKa
C KOHBeilepa) COKpaTHIIUCh 0 OJIHOTO T0/1a — IMOJIyTOpa JIeT.

[Tpu TpagUIIMOHHOM MTPOEKTUPOBAHUH POOOTU3UPOBAHHBIX IPOU3BOJICTB, KOT'/1a YKa3aHHbIE
CAIIP He wucCnHonb3yloTcsi, HaWOOJbIIME 3aTpaThl CBA3aHBl C YCTPAaHEHHEM OLIMOOK B
pacrioyio)keHu poOoToB. OOBIYHO TakMe OIIMOKHM BBIABISAIOTCA YK€ TIOCIE TOro, Kak
00opyI0BaHUE M3TOTOBJIECHO B MeTayie. [Ipu 3ToM oka3bIBaeTcs, 4YTO HEKOTOPbIE TOUKH (IIIBBI)
ABJISIIOTCA  HEAOCTYIHBIMU JUIi CBapKU BCJIEACTBUE CTOJIKHOBEHHMM TEXHOJIOTMYECKOIO
MHCTPYMEHTA C JETalIbi0 JIM00 HEAOCTHKUMBIMU (IIpH TpeOyeMol OpHEeHTalluu UHCTPYMEHTA) B
CBSI3M C OTPaHUYEHUSIMH pabouero mpocrpaHcTsa podota. [lo3ToMy B HEKOTOPBIX PYKOBOACTBAaX
no npoektupoBannio PTK cBapkn pekoMeHIyeTcs MpeayCMOTPETh LENYH CETKY KPEHEekKHBIX
OTBEPCTUH AJI1 OCHOBaHHSA po0OTa, YTO IMO3BOJIIET KOPPEKTHPOBATh €r0 PacHoiOKEHHE Ha
bynnamenTe npu Hanazake. Kak moka3plBaeT ONbIT aBTOMOOMIILHOTO 3aBoja benA3, ycrpanenue
omnbok B npoektax PTK, co3mannbix 6e3 mpuMeHeHus crenuanuzupoBaHHbix CAIIP, moxer
3aHUMATh 10 IIECTU MECSLEB.

Bonpimoit TpynoeMKOCTBIO XapakTepusyercs U mporecc nporpammupoBanus PTK, mpu
KOTOPOM TEXHOJIOTMYECKUE OINEepalliy MPEACTABISAIOTCS B BUE MTOCIIEI0BATEIbHOCTH JBUKEHNN
pobota u nozunmonepa. OOBIYHO KaXJa0€ PJIEMEHTAPHOE JIBIKEHUE OIpeesieTcs Kak Mepexo
U3 OJHOM ONOPHOM TOYKU TpaeKkTopuu B Apyryro. ONOpHBIE TOUKH 33JalOTCS IIECTHIO
napaMerpamMu (TpU JAEKapTOBbI KOOPAWHATHI M TPHU yIila OpPUEHTALUHU JMOO IIEeCTh KOOPAWHAT
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3BeHbeB). [l KaXKJI0ro yyacTKa TPAeKTOPUH 33Jal0TCS TAKXKE CIIOCO0 MHTEPIONALUY (JIMHEHAs
WM KPYrOBas B CUCTEME KOOPAMHAT 3BEHBEB) U MAKCUMaJIbHbIE 3HAUEHUSI CKOPOCTU U YCKOPEHUS.
Kpowme toro, B nporpaMmy BKJIFOUAIOTCS KOMAH/Ibl YIIPaBJIEHUS TEXHOJIOTUYECKUM HHCTPYMEHTOM
U KOMAaHJIbl, OIpPEAEIAIOUE CIIOCO0 CONPSDKEHUS COCEJHUX YYacTKOB Tpaekropuu. llpu
IIOATOTOBKE ympasiisromux nporpamm st PTK nenosns3yroT aBa OCHOBHBIX METOJIa — PY4YHOE
o0yyeHHe U aBTOHOMHOE INpOrpaMMHUpOBaHME. B mepBoM cilyyae MOATOTOBKA MPOTPAMMBI
npousBoauTcs HerocpencTBeHHO Ha PTK, B pexxume on-line-, oneparop mpu moMou mynibTa
yIpaBJICHUS WU 33aI0LIeH PYKOSTKHU MOCJIEA0BAaTEIbHO MEPEBOAUT POOOT U3 OJHOM OMOPHOI
TOYKU B JIPYT'YIO, 3alIMChIBasi B KXKA0H U3 HUX MH(OPMAIMIO O KOOPJAMHATAX U BBIIOJIHIEMbIX
neicTBusaX. Bo BTopoM citydae mporpamma co3gaeTcsi 0e3 UCToab30BaHus podoTa (B pexxume off-
line), a KoOpAMHATBHI OMOPHBIX TOYEK PACCUUTHIBAIOTCS IO YEPTEXKY WIM MaTeMaTUYeCKOH
MOJIEIIH.

[TepBoie crienmanusupoBanabie CAIIP poO0TH3MPOBAHHBIX TEXHOJIOTMUECKUX KOMIUIEKCOB
nosiBuiuch npumepHo 30 net Hazan. K aum otHocstes cuctema PLACE (McDonnel Douglas) B
cocraBe UNIGRAPHICS, monynu ROBOTICS B nakerax CATIA, CADDS u ap. B 310 e Bpems
HAyaJIUCh pa3pabOTKU MOAOOHBIX CHUCTEM HEMOCPEACTBEHHO B aBTOMOOMIJIBHBIX KOMIAHMSX
(Renault) u ¢upmax-nocraBmukax pob6otoB (KUKA, FANUC), B yHHBepcuTeTax U
uccienoBarenbckux Hentpax (Nottingham University/BYG Systems, University of Illinois, Silma
Inc.). IlocTemeHHO 3TH CcHUCTEMBI MPOLUIM 3BOJIOLMIO OT HCCIEAOBATEIbCKUX I1AKETOB,
OpPUEHTUPOBAHHBIX HA PEIIEHNE YHUKAIbHbIX 3a7au (HapuMep, MOJEIUPOBAHUS KOUPYIOLIETO
MaHUIYJISATOpa  KOCMHUYECKOro  kopabms  Space  Shuttle), 10  npoMbIIUIEHHBIX
cneunanu3upoBanHblx CAIIP, yuuThIBaloIMX OCOOEHHOCTH KOHKPETHBIX TEXHOJOIMUECKUX
IPOLIECCOB CBAapKH, OKPACKH, PE3aHUS U T. JI. U MOAJIEPKUBAIOILIUX BCE UMEIOIUECS Ha PhIHKE
THUIIBI IPOMBIIIIEHHBIX POOOTOB U SA3bIKM MX MPOTrPaMMHPOBAHUS.

B mnacrosiee Bpemss B 3apyOexHOH aBTOMOOMJIBHOM NPOMBIIUIEHHOCTH HauOoublIee
pacnpoctpanenue nonyumin naketsl RObCAD (¢pupmsr Techno - matics Technologies), IGRIP
(¢pupmbr Deneb Robotics) u CimStation (pupmser Silma).

B CCCP pa6ortsl no coznanuto CAIIP PTK nauanucs B koHue 1980-x ronos, korga gupma
«bypan» npemnoxuna aroMmoounsHoi npomeinieHHOCTH CAIIP PTK cBapku POBOMAKC, a
¢upma «ABTOpOOOT» — makeT AutoRob, koTtopsie Obutn opueHTupoBanbl Ha IBM PC-
COBMECTHMBIE KOMIbIOTEPHI U rpadudeckyro cpeny nakera AutoCAD ¢upmer Autodesk. Ilpu
IOMOIIM yKa3aHHbIX IAKETOB OBUIM pELIeHbl 33/Ja4d TEXHOJOTMYECKOH MOJrOTOBKH
POOOTU3UPOBAHHOIO CBApPOYHOTO MPOU3BOJCTBA AJIsi HOBBIX Mojenel aBromoOmneir BA3, I'A3
(maker POBOMAKC) u «MockBuu» (A3JIK, maker AutoRob). B manpheiimem paboTsl 1o
COBEpUIEHCTBOBaHMIO TMakera AutoRob Owiim mpuocranoBinenbl, a mnaketr POBOMAKC
pa3BHBaeTCs B HalpaBJI€HUU KaK COBEPIICHCTBOBAHUS CYIIECTBYIOIIMX MOAYNIEH, Tak H
pa3pabOTKH HOBBIX (MPOEKTUPOBAHUE CBAPOUYHBIX KJEIIEH, COOPOUYHO-CBAPOYHON OCHACTKU H
7p.).

Ha 3aBogax Poccum mmerorcss mHCTamusinuu MoirHoro mnakera RobCad amepukaHckoit
¢upmer Technomatics Technologies, Bkmouatoriero B cedst oOmmpHyto, cBbime 100 moxeneit,
6ubnuoreky poOOTOB, pa3BUTHIE (DYHKIUM MPOEKTUPOBAHHUS CBAapOYHOTO HHCTPYMEHTA,
CBapOYHOW OCHACTKH, PA3IUYHBIX POOOTHU3UPOBAHHBIX KOMIUIEKCOB. BOJBIIMHCTBO TakuX ke
GbyHKIMI MoaepKUBaeT oTeuecTBeHHas pa3padboTka — mporpaMMHbIi komiuiekc POBOMAKC,
pa3MyHble BEPCUHM KOTOPOr0 UMEIOTCSl Ha aBTOMOOMIIBHBIX 3aBOJ[aX U Ha CBApOYHbBIX Kadenpax
psaa By3oB. 3HakoMcTBO ¢ komiuiekcoM POBOMAKC nosnie3Ho [yisi HOHUMaHusl BO3MOKHOCTEN
MomHbIX coBpeMeHHbIX CAIIP, paOortaromux Ha OCHOBE TIpadUUecKOro MOJAEIUPOBAHUS
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JTUHAMHUKU pabOThl TEXHOJIOTHUYECKOTO 000pyA0BaHUs. B CBS3U ¢ 3TUM METOAMKY U TEXHOJIOTHUIO
aBTOMATU3MPOBAHHOIO NpoeKkTupoBaHus cBapouHblx PTK paccMoTpum Ha npumepe 3TOro
IPOTPAMMHOTO MPOAYKTA, PEATM30BAaHHOTO Ha TUIaTGOpMax MacCOBBIX MOJIEIEH KOMITBIOTEPOB B
onepaunoHHbix cpenax Dos m Windows. Kommiekc mporpammubsix cpeactsB POBOMAKC
ABJIAETCS MHCTPYMEHTOM /I pelIeHHs 3ajad TEXHOJOTMYECKOW IOJATrOTOBKM COOpPOUYHO-
cBapouHoro mnpousBojyictBa. O6bekramun POBOMAKC sBnsirorcst PTK myroBoii u TouedHOM
KOHTaKTHOM CBAapKH, a TAK)Ke JIMHUUA TOUYCYHONW KOHTAKTHOW CBApKHU.

B POBOMAKC ucnonb3yroTcsi HOHATHS «IIPOSKTHPOBAHUE N300PAKEHUD U «ITOATOTOBKA
oOpazax. [lon «poexTupoBaHreM» MOHUMAETCS CO3AaHHe 00BEMHOr0 U300pakeHus 00BbEKTa U
TFOTOBBIX M300paXKEHUH KOMIUIEKTYIOUIMX JETajlell ¢ JOPUCOBKOW HEAOCTAIOIIMX 3JIEMEHTOB.
«[loxroroBkay — 93TO HaHECEHHE HA YK€ CO3JaHHOE HU300paKeHHE JOTOJHUTEIHHON
uHpopManuu (HarpuMep, CBapHBIX IIBOB) W 00paboTka rpaduveckoil HHPOpPMALNHU, CO3IaHHE
MaTeMaTHYeCKoro olpasza W3Jenus, ¢ KOTOPbIM BEIETCs BCS IMOCIEAyIomias padoTa CHCTEM.
[TonroroBka 00pa3oB BceX JIIEMEHTOB KOMILUIEKCa 00si3aTelibHAa Iepel HayaloM pPaldoThl
pacueTHBIX IPOrpamMM.

Komruiekc mporpaMMHBIX CpEACTB OCTPOEH M3 HECKOJIBKUX CUCTEM, O0BEAMHEHHBIX HJ1eei
CKBO3HOT'O ITPOEKTUPOBAHMUS: Ha BXOJIE — MCXOJIHbIE JaHHBIE U 00pa3bl JeTalel, a Ha BBIXO/IE —
rOTOBAas JOKYMEHTAIHs IPOEKTa M YIIPABIISIONINE TPOrPaMMbI paboThl 000PYIOBaHHUSL.

OcHoBHOM Monynb — mnpoektupoBanne PTK — pabGortaer ¢ 0asamu JaHHBIX |
OoubnmorekamMu

* CBAPOUYHBIX POOOTOB;

* YIPaBIIsIEMbIX MAaHUTTYISTOPOB U3EIIUS;

* CBApOUHBIX KJIEIICH, TOPENIOK, Pe3aKOB U JPYroro HHCTPYMEHTA;

* BCIIOMOTATENbHBIX OJEMEHTOB OKpPYXEHHs (HampUMep, OrpPa)xJCHUN, 3IIEMEHTOB
00opyoBaHus, IKAa(OB yIpaBIECHUs);

* CIELHUAJIBHO IMOJATOTOBJICHHBIX 00pa30B CBApUBAEMbIX KOHCTPYKLMH, 3aKpEIJICHHBIX B
cOOPOYHO-CBAPOYHBIX MPUCITOCOOJICHHUSX.

Jpyrue nojicuctemsl CiIyatT JUIsl IOATOTOBKH IaHHBIX ATUX OCHOBHBIX OMOIHOTEK.

[Toncucrema, mnpenHa3HaueHHas s KOHCTPYMPOBAaHUS CBapOYHOM OCHAaCTKM U
dbopMupOBaHUS MOJENeN, BXOAsIIas B IMPOrPaMMHBIN KOMIUIEKC, HO, KaK M BCE Jpyrue
MOJICCTEMbI, UMEIOIIasi BO3MOXKHOCTh aBTOHOMHOI'O HCIOJIB30BaHHUSA, TOJIPOOHO PacCMOTpPEHA B
. 6.

[Toncucrema «CBapOYHBIM MHCTPYMEHT» NpeAHA3HAa4YeHa Ui MOJATOTOBKH TpaduyecKux
00pa3oB U GOPMHUPOBAHUSA MOJIENel CBAPOYHOIO MHCTPYMEHTA, 00€CIeUNBAIOLINX JOCTYITHOCTh
K 30HE CBapKH U UCKJIIOYAIOIINX CTOJIKHOBEHHS MPU 3aX0JI€ UHCTPYMEHTA Ha CBapUBAaeMbIi y3ell.

[Toncucrema «cBapHasi KOHCTPYKLMS» MMEET LIEIbI0 co3JaHue oOpa3a CBapHOIro y3Ja U3
00pa30B NOBEpXHOCTEH M JeTajiei, UMIOPTUPOBAHHBIX W3 «BHELIHETO» IakeTa (Hampumep,
nakera CATIA). [leranu coOuparoTcsi B y3Jibl, HAHOCSATCS CBapHbIE TOYKU U IIBBI U TOTOBUTCS
MaTeMaTHueckuii obOpa3. OjHako BO3MOXHA «CKBO3Has» pabora B cpene AutoCAD c
ucnonbszoBanueM nakera AutoSURF ¢upmer AutoDesk 6e3 ummopra nanusix 06 o0pasze cBapHOTO
y3ia.

C ucnonb3oBaHueM 00JIBIIOT0 00BEMa JAHHBIX BCIIOMOTATEIbHBIX MOJICUCTEM MOACUCTEMA
PTK npennaznauena i ¢GopMUpOBaHUSI KOMIIOHOBOK cBapouHbIx moctoB min PTK cBapku. Ona
oOecrnieunBaeT BIOOp MOieNi poO0Ta, MAaHUIYJISITOPA U3IENNsL, YCTAHOBKY CBApPHOTO y3J1a BMECTE
CO COOpOUYHBIM TPHUCHOCOOIEHUEM HAa MAHHUIYJIATOP, ONPEJEIICHWE B3aUMHOIO MOJIOKEHUS
poboTa W MaHUIYJISATOpPA H3ICIHS OTHOCHTENBHO cucTembl koopauHat PTK. Bemonnsercs
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TpEXMEpHOE MojenupoBanue kKak o0bekToB PTK, Tak m aBmxkeHuidt poOOTa W MaHUITYIISTOpA
U3JIENUsI CO CBapUBacMbIM Y3JIOM C YYETOM pEalbHO JACHCTBYIOUIMX OIPaHUYEHUH,
HAKJIA/IBIBAEMBIX CBApOYHOW TEXHOJOTHEH, OCHACTKOHM, MPUBOAAMH IOJBMWXHOCTH POOOTa U
manumnynstopa. llogcucrema oOecrneynBaeT HHTEPAKTUBHYIO pPaboOTy ¢ poOOTOM TpU €ro
o0yuennn B coctaBe PTK. 3ananue u BBINOJHEHHE KOMaHJ YIpaBlIEHUS pPOOOTOM U
MaHUNYJISTOPOM U3JIENHUsI B HHTEPAKTUBHOM peXUME € TpadUyecKuM OTOOpakeHHEM HX
JIBUKCHHH SBJISIETCSI HEOOXOAUMBIM yclIoBUEM 3P (EeKTUBHON pabOTHI MOJIb30BATENS C CUCTEMOM
kak npu xkomrnoHoBke PTK, Tak u mpu ero mporpammupoBaHuu. MojenupoBaHue oOydeHUs
po0oTa MO3BOJIET 3aIIOMHUTH BCE MOJIOKEHHSI pOOOTAa OTHOCUTEIFHO CBAPHOTO y3J1a M BKIIOUHUTH
UX B TEXHOJOTHYECKYIO NporpaMmy. OTiaaKa TEXHOJIOTHYECKUX ITPOrpaMM IPOU3BOAUTCS 3/1€Ch
XKe ¢ Hcrob3oBaHueM uaeanbHoil Mmonenu PTK. Orto obnerdaer u aenaer 6onee 3¢ dekTuBHOM
paboTy  TEXHOJIOTOB-IporpaMMHCTOB. [locieayromyro  KaquOpOBKY TakuX  IpOrpamm
IPUMEHUTEIBHO K KOHKPETHOMY PEAIbHOMY TEXHOJIOIMUECKOMY KOMIUIEKCY OCYIIECTBIISAIOT Ha
OCHOBE HEOOJIBIIIOTO YKCIa U3MEPEHUH, MPOBOAUMBIX C TIOMOIIBIO CaMOro0 poOOTa Ha OJTHOM U3
CBapHBIX Y3JI0B.

Jleknus Ne 10. CneuuanbHoe odopynoanue aias CAIIP

IIman

1. Tlnorrep
2. YcTpoiicTBa YUCIOBOTO POTPAMMHOTO YIIPABIICHUS
3. Tpexxoopnunatusiii 3D npunTep

1) ILiorrep

B cuny ocobenHocTedl 3amay, pelIaeMbIX CHUCTEMaMH  aBTOMAaTHU3WPOBAHHOIO
NPOEKTHPOBAHUSA, IS UX 3()(PEKTUBHOrO MCHOIB30BAHUS MPUMEHSIETCS JOCTaTOYHO MIMPOKHUN
criekTp crnernuduueckoro nepudepuitnHoro odbopynoBanus (Texuuueckoro ooecneuenus CAIIP),
KaK IpPaBUJIO, HE MMEIOIIEr0 XOXKACHMS B JIPYIMX OTPACisIX HCIOJIb30BaHUS KOMIIBIOTEPOB.
Crneuuncuxa CAIIP HaknaabsiBaeT cBOM OCOOEHHOCTH Jake Ha BBIOOP CTaHIAPTHBIX KOMIIOHEHTOB
000pyIOBaHUS.

IInommep, unu epagonocmpoumens, - 5mo YCMPOUCMBO OAs  ABMOMAMUYECKO20
BbIUEPUUBAHUS C BbICOKOL MOUYHOCMbBIO CILONCHBIX Uepmedicell, CXeM, PUCYHKOS, Kapm U Opy2oil
epaghuueckou ungopmayuu Ha dymaze unu Opyeom Hocumene, Hanpumep, NAEHKe Ul MKAHU.

[Tnotrepsl mosBuIKCh Kak HeoOxonumoe nomoiHeHue k 2D CAD-cucremam, Tak Kak
TPaJMLIMOHHO YEPTEKU HCHOJHSIOTCA Ha JUCTaX KPYIHOTO pa3Mepa, KOTOpblE HEBO3MOXKHO
oTIIe4aTaTh Ha OOBIYHOM NIPUHTEPE.

[TnoTTepsl no KOHCMPYKMUBHOMY UCHOTHEHUIO IEIIATCS:

e Ha pyJOHHbIE (OapabaHHbIE);

e TUTAHIIETHBIE (TIJIOCKHE).

Pynonnsie nnotTepsl paboTalOT HAa MPUHLUIE IEpeIBMKEHUs Marepuana (Oymaru) c
MOMOMUIBIO POJIMKA, 0OecTIeynBasi TEM CaMbIM MPOJAOJIbHYIO KoopAauHarty X, a Y o0ecnieunBaercs
MIOTIEPEYHBIM JIBUKEHUEM KapeTKU. B KauecTBe prCyIOIIEro 2JIeMEHTa UCIIONIb3YIOTCS PUCYIOLINE
TOJIOBKH, @ TaK)Ke Mepbs pa3IUYHbIX BUIOB. | TaBHONH OCOOEHHOCTBIO ATON TEXHOJIOTHHU SBIISETCS
BO3MOXXHOCTb ~ CO3/IaHHsl  IIPOU3BENECHUN  OTrPAaHMYEHHOW IIMPUHBI, HO IPAKTUYECKU
HEOTpaHUYEHHOW JUIMHBI.
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PynoHHBI! pacTpOBBIil CTPYWHBIN MIIOTTEP-CKaHEP

Bo BrOopoM THIIE MIOTTEPOB - naaHuiemnuix rpadONOCTPOUTENAX - OyMara pacnosaraeTcs
Ha IUJIOCKOCTM M HENOJBW)XKHA. Haj MJIOCKOCTBIO yCTAaHABIMBACTCS PHCYIOIIUN  OJIOK,
OJIHOBPEMEHHO IIEpEMEINAIUICA 10 JABYM KoopauHaraM. Henmoctarok »Toro merona
3aKJII0YAeTCs B TOM, YTO TpeOyeTcs MPOCTPAHCTBO, COOTBETCTBYIOLIEE BCEHl pacuepurBaeMoit
obmacti. Ho TOCTOMHCTBOM 3TOr0 pElIeHUs SBJISETCS BBICOKAsh TOYHOCTh MO3UIIMOHMPOBAHUS
1epa U COOTBETCTBEHHO TOYHOCTh CaMOr'0 PUCYHKA, HAHOCHMOTO Ha Oymary. Pucyroias rojgoska
IUIOTTEPOB YacTO JOTOJIHAETCS KACCETHBIMU AEPKATEISAMU C IIEPhSIMU PA3HOM TOJIILUHBI U LIBETA.

Kpowme Toro, no muny epaguxu ninoTTepsl ACISTCA:

e 1) Ha pacTpoBbI€;

e 2) BEKTOpHBIE,

a no muny pucyouje2o UHCmpymMeHma.:

e 1) Ha cTpyiiHbIE;

e 2) epbeBHIC.

Bcnencrere coOBepIIeHCTBOBAaHUS TEXHOIOTUU CTPYWHON IIEYATH C BBICOKOW pa3pelaroien
CHOCOOHOCTBIO, YJCLIEBICHUS KOMIBIOTEPHOM HaMsSITH U CKOPOCTH OOpabOTKH U300paXkeHUH
ceiluac IIMPOKOE pacHpoOCTpaHEHUE TMONYUYMIIU pacmposvie cmpyliHble TNIOTTEphl.  [lpu
9TOM 6€KMOpHbIE NePbesbie IIOTTEPHI CBOUX MO3ULIMNA HE YTPATUIIH.

B coBpeMeHHBIX IUIOTTEpaX 4YacTO COBMELIAIOT PUCYIOUVIO U CKAHUPYIOWYIO TOJIOBKH,
YCTAHOBJICHHbIE ~ HAa  OAHOM  Kaperke.  Takoe muocogynkyuonanvnoe  ycmpoiicmeo
(M®Y) nozBonsier HE TOJNBKO pHUCOBATh  DJEKTPOHHBIE YEPTEKU M CXEMbI, HO
U CKaHUupogams paHee CO3/IaHHbIE TOKYMEHTHI (HalpuMep, YepTeXH, BBIITOJTHEHHbIE BPYUHYIO), a
TaK)Ke€ CO3/1aBaTh KOIUU TIOKYMEHTOB 0e3 ux BBoja B CAD-cucteMsl.

Kpome Toro, cymectByroT KOMOMHUPOBAHHBIE pedcyujue naommepsl, TO3BOJISIONIUE 10
CKOJIb  YTOJIHO CNIOMCHOMY  KOHmMypy Mpope3arb T'MOKHME MaTepuaiabl Ha MOJUIOKKE -
caMOKJIesiiecss BUHWIOBBIE aNIUIMKAI[MOHHBIE M TpadapeTHble IUIEHKH, TOHKHE (ONbru Ha
TUOKON TUAJIEKTPUYECKOW OCHOBE W MHOroe jpyroe. OHu 3PdeKTHBHBI I penieHus 3agad
BU3yaJIM3alliH, a TaK)Ke M3TOTOBJIEHUS TMOKHUX MaT U 1uieidos. Pexymuii mioTrep 3auactyro
o0o3HavaeTcs ené OAHUM TEPMHUHOM - Kammep (aHT, CUtter - pesak).

Kammepur OpIBatOT HECKOJIBKUX TUIOB U pa3IMyaroTcs Mo rabapuram 1 MeTojaMm padoThl ¢
maTepuaioM. OHU OBIBAIOT nIaHUIemMHO20 TUMIA - B 3TOM cllyyae MOJOTHO (UKCHpYeTCs Ha
HOCUTENIE B CTAaTHYHOM TIOJIOKEHHHM, a TIOABIKHBIH HOX BBIPE3aeT H300pakeHHe IO
pPa3MeTOUYHOMY KOHTYPY, p)IOHHO20 TUTIA - MaTepuaj NMPOTITUBAETCS 4Yepe3 IUIOTTEep, a HOXK
BBIPE3a€T PUCYHOK, JBUIAsCh BIPABO-BJIEBO, U JA3€PHO2O TUNA - €TI0 YCTPOWCTBO HACHTUYHO
IUTAHIIETHOMY, C OJTHUM JIMILb UCKIIOYEHHEM, YTO PEXKET OH C MIOMOIIBIO Ja3epa.
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Pexymuii imorrep/karrep Graphtec

I'paghuueckuii siz3oik HPGL. HPGL (i HP-GL) siBnsieTcst OCHOBHBIM SI3BIKOM YIIPABJICHHS
wiortepamu Hewlett-Packard u npyrux ¢upm. Ero HazBanue npeacrapinser codoit abdpeBuarypy
Hewlett-Packard Graphics Language (rpadudeckuii si3pik ot Xbrosertr-Ilakkapm). Ha naxubIi
MOMEHT OH SIBJIICTCSI CTAHIAPTOM «JIe-(paKTOy» MPAKTHUECKH JUISl BCEX IIIOTTEPOB.

2) YcrpoiicTBa YHCJI0BOIO MPOrpaMMHOI0 YIPaBJIeHHsI

Lugpposoe npousso0cmeo - 370 TMOBCEMECTHOE M IOCTOSHHOE IMPUMEHEHHE LHU(POBBIX
MOJIeNIell B POIIecce MPOSKTHPOBAHMUS M SKCILUTyaTalliH MPON3BOICTBEHHBIX cucTeM. [Ipu sToM B
BuZe LMU(MPOBBIX Mojened OTOOpakaloTCs HE TOJBKO CaMu H3Jenus (Hampumep, B BUJE
JBYMEPHBIX WK TpexMepHbix CAD-ueprexeil), HO U Bce COBPEMEHHbBIE CPEJICTBA IIPOU3BOICTBA,
a Tak)Ke MPOU3BOJICTBEHHBIE U JIOTUCTUYECKHE ITPOLIECCHI.

Urak, eubkoe asmomamuszuposannoe npouzsoocmeo (I'All), Ttaxxke o0003HaUaeMOe
aHIOSsI3BIYHBIM  TepMUHOM CAM (aura. Computer Aided Manufacturing - mpousBoacTBo ¢
MOMOIIIFI0  KOMITBIOTEPOB), - O3TO TPOU3BOJACTBO, OCHOBAaHHOE Ha TEXHOJOTHMYECKOM
000pYyIOBaHUU C YHCIIOBBIM ITPOrPAMMHBIM YIPABICHHUEM.

Yucnosoe npocpammmnoe ynpaenenue (411Y) - aBTOMaTH3upOBaHHAs CUCTEMA YIIPABJICHUS,
yIpaBJIAoLas IPUBOJIAMU TEXHOJIOTHYECKOTO 00OPYAOBaHUs, BKIIOYAs CTAHOYHYIO OCHACTKY.
O6opynosanue ¢ UIIY - 3T0 cTraHKH, IPOMBILIUIEHHBIE POOOTHI, 00pabaThIBAIOLINE LEHTPHI U T. II.

Ab6Opesuarypa Y11V cootBercTtByeT AByM aHrnos3eldHbIM - NC u CNC, oTpaxaromum
HBOJIIOIMIO PAa3BUTHSI CUCTEM YIIPABIICHUS 000PYI0BaHHEM:

o cucrembl Tuna NC (anrin. Numerical Control - gymcioBoe (mmdpoBoe) ympasieHue),
MOSIBUBIITMECS TIEPBBIMH, ITPEyCMaTPUBAIH UCTIONIb30BaHUE KECTKO 3aJaHHBIX CXEM YIIPaBICHUS
00paboTKOI - HampuMep, 3aJaHue MPOrpaMMbl ¢ MOMOIIBIO IITEKEPOB MIIM IMepeKtoyaTesnei,
XpaHEHHE MPOrpaMM Ha BHEIIHUX HOCUTENsX. Kakux-mbo yCcTpoiCTB ONepaTHBHOTO XpaHEHHS
JAHHBIX, YIPABJSAIOIIUX [TPOLECCOPOB HE MPEAYCMaTPUBAIIOCH;

e Oonee coBpemennbie cuctembl YUITY, HaswsiBaembie CNC (anri. Computer Numerical
Control), -cucrembl ymnpaBieHHs, MO3BOJSIONIME HCIONB30BAaTh IS MOTU(DHKALUH
CYIIECTBYIOIIMX W/WJIM HANMCAaHWs HOBBIX NPOTpaMM NpPOTpaMMHBEIE cpencTBa. baszoi mms
noctpoeHns coBpeMeHHbIX CNC SBISIOTCS MUKPOKOHTPOJIIEPHI U/UIM MUKPOIPOIIECCOPHI.

Heckonbko crankoB ¢ YIIY Moryr oObeaMHSTHCS B THOKYIO aBTOMATH3MPOBAHHYIO
npousBoicTBeHHYI0 cuctemy (I'TIC), koTopast, B CBOIO 04epe/ib, MOKET OBbITh pacliupeHa riOKUM
aBToMaTu3upoBaHHbIM y4yacTkoM (I'AY) u BoiTH B cocTaB aBTOMaTHMYECKOW JIMHUU
(mpom3BozcTBa MacmTaba yyactka 6o mexa), [AIL

3) Tpéxkoopannatuseiii 3 D-npunTep

Opnoit w3 3amau, pemaemoid B CAIIP (CAD), sBasercs 3amaya ObICTpOro
OPOTOTUIMPOBAHUS, JUIl PpEIHICHUS KOTOpOM B TMOCIeAHEee BpeMs BCE dalle HAYMHAIOT
MIPUMEHATHCS. TPEXKOOPAUHATHBIE NPUHTEPHI, Ha3blBaeMble 3D-IpUHTEpaMH, KOTOPBIE TaKkKe
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MOKHO paccMaTpuBaTh KaK TEXHOJOTUYECKOEe OOOpyAOBaHHWE C YHCIOBBIM IMPOTPAMMHBIM
yIpaBICHUEM.

Bvicmpoe npomomunuposanue (anen, rapid prototyping) - mexnono2us 66icmpo2o co30anus
Qusuueckux ceomempuiecKux makemos (mooeineti) oemanetl U cOOPOK, NO3GOJAIOUUX OYEHUMb
BHEWHUN 6U0 Oemanu, NpoGepumsb IdIeMeHmbl KOHCMPYKYUU, Npo8ecmu Heobxooumvle
UCNBIMAHUS, U320MOBUMb MACMEP-MO0eb Ol NOCe0YI0Ue20 IUMbs.

DTH TEXHOJOTHH Hadald pa3BuBathes B 80-X rT. XX B. M MPEUMYIIIECTBEHHO OCHOBAHbBI Ha
OPUHLIMIIE  TOCTENEHHOTO Hapawuganusa (100aBileHus)  MaTepuana  WIM  W3MEHEHUs
($a3oBOro cocmosnus BemecTBa B 3aJaHHOM o0jacTu mpocTpaHcTBa. Ha gaHHBIE MOMEHT
3HAYUTENILHOTO Tporpecca JOCTUIIU TEXHOJOTUU HOCIOUHO20 (OopMUposanusi TPEXMEPHBIX
00BEKTOB IO UX KOMITBIOTEPHBIM MOJICTISIM.

[TocTpoenure nmpoTOoTUIIA TPOUCXOIUT HAa OCHOBE TBEpAOTeNbHOU Monenu u3 CAD-cucrem
WIH MOJICNIA C 3aMKHYTBHIMU TOBEPXHOCTHBIMH KOHTypaMu. bonbimmucTBO M3BecTHhIX CAIIP
obOecnieunBaroT axcnopm mooeneti B hopmare STL, saBnsromeMcs cTtaHaapToMm Je-GakTo ams
OBICTPOTO IPOTOTUITUPOBAHHUS.

Mooens, 3anucanHasi B 3ToM (opmare, pa3OuBaeTcsi Ha MOHKUe CI0U B TIONEPEUHOM
CCUYCHUU C TIOMONIBIO CIEIUATBHON MPOrpaMMBbl, MPUYEM TOJIIIUHA Ka)XJIOTO CJIOS paBHA
paspemiaroiieii  cmocoOHOCTH ~ 000pyAOBaHMS MO  Z-KOOpAuHATe.  ODTOT  Mpoliecc
Ha3bIBaeTCs caaticuneom. IlocTpoeHne aetanu mpouCcXOIUuT NHOCAOUHO IO TeX TOp, TOKa He OyaeT
MOJTYYeH u3uiecKutl npomomun .

,,,,,,,

0) 8)
OCHOBHBIE Tarbl MOATOTOBKU JAHHBIX JJIsl TOCTOWHOTO BhIpaniuBanus: @) 3D-monens; 6)
pa30ueHre Ha TOHKHE CJIOU C 33JaHHBIM I11aroM (CIIalCHHT);
B) GOpMUPOBaHNE TPAEKTOPHUH ISl 3aIIOJTHEHUS CI0S

[IpuHnnuaneHas cxema BceX yCTpOWCTB IPOTOTUITMPOBAHUS OJJUHAKOBA: HAa paboyuil CTOJ
HAHOCHUTCSI TOHKMH CJIOM MaTepuala, BOCIPOU3BOJALLETO MIEPBOE CEUEHUE MU3/EIUS, 3aTEM CTOJ
CMEIIaeTcsl Ha IIar BHMU3, U HAHOCHUTCS cleAyrommwuii cioil. Takum oOpazom, ciioi 3a cioem
BOCIIPOM3BOAMTCS MOJIHBIM HAOOp ceueHui Moienu, peannsys Tpedyemyto popmy.

OCHOBHBIM DPa3IUYHEM MEXIY TEXHOJOTUSIMH SIBJISIOTCS MCIOIB3YyEeMbI MaTepual U
croco0 ero HaHEeceHusl.

Haubonee  pacrnpocTpaHeHHOW, HEIOPOro W MPOCTOW B HCIOJIH30BAaHUU
SIBIISICTCS MEXHOI02UsL U320MOGIEeHUsL (husuieckol modeau memoodom Hannasnenus (anrn. Fused
Deposition Modeling - FDM). 3D-nipuHTepbI, HCIOIB3YIONIUE TAKYI0 TEXHOIOTHIO, Ha3bIBAIOTCS
MPYTKOBBIMH.

['maBHBIM »5eMEeHTOM B TpyTKOBoM 3 D-mpunrtepe sBIsieTcs axcmpyodep, B KOTOPBIN
MOCTYIAaeT MaTepual (IpyTOK U3 MPOYHOTO IJIaCTUKA). B akcTpynepe maTepual paciiapisercs u
BbIIaBJIMBAETCS HAa HArperyr IUIOMAAKy. JIBMKeHHe TIJIOMAAKd M SKCTpyJdepa IO OCsIM
OCYIIECTBIISIETCS C MOMOIIBIO LIATOBBIX JABUTaTesiel. BolgaBiaeHHbIN paciiiaBIeHHbIN MaTepuan
3aTBEpAEBaeT OuYeHb OBICTPO, 4YTO TMO3BOJSET CJEIOM HaKJIaibiBaTh HOBBIM cioil. Ilocne
3aBepUICHUS TEeYaTH yXKe JTOCTaTOYHO TBEPYI0, HO €Ile TeIUTYIO JeTallb U3BIEKAIT ¢ paboueit
MOBEPXHOCTH.
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NudopmanuonHoe odecnevyeHue

OcHoBHas iMTEpaTypa:
1. Hlummapés B. 0. Opranusanus 1 1miaHUpOBaHUE aBTOMAaTU3UPOBAaHHBIX IPOU3BOCTB:

y4eOHMK JiJIs1 cpeaHero npodeccuonanpHoro oopazosanus / B. 0. llummapés. — 2-¢ uzm. —
Mocksa : M3patenbctBo [Opaiir, 2022. — 318 ¢. (o6pazosamenvras naamgpopma IOpaiim
https://urait.ru/)

NuTepHeT-pecypcenl:
1. HudopmannoHHO-aHATUTHYECKUI KypHaI «CAD/CAM/CAE observsery.

[DnexTpoHHbIi pecypc]. — Popma goctyma: hitp://www.cadcamcae.lv/

2. Kypnan «CAIIP u rpadukay. [DnekTponHblit pecypc]. — Popma nocryna: http://sapr.ru/

3. VYueonsle wMarepuanisl ACKOH. [Onektponnsiii pecypc]. — Popma pocryna:
http://edu.ascon.ru/main/library/study_materials/

4. Cucrema tpexmepHoro moaenupoBanusi KOMIIAC. [OnextponHsiii pecypc]. — ®opma
nocryna: http://kompas.ru/

5. UYepuenue nis Bcex. Bumeoypoku KOMITAC-3D. [Dnextponnsiii pecypc]. — ®opma
nocrymna: http://veselowa.ru/

CADInstructor — oOydaromuid 1eHTp. [DIeKTpoHHBI pecypc]. — Popma pgocryma:

http://cadinstructor.org/
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