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OBIIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJbHOCTh TeMbl. [IpoekTHpOBaHNE KOMIUJIEKCOB 3JIEKTPOOOOPYIOBAHUS
COBPEMEHHBIX aBTOMOOWJIEH B HACTOsAIIEE BpeMsl HEBO3MOXXHO 0€3 MCIOJIb30BAHUS aB-
TOMAaTU3UPOBAHHBIX CHUCTEM, YTO OOYCJIOBJICHO CIEAYIOIIMMHU MNPUUYUHAMU: MOCTOSHHO
YBEJIMYHMBAETCS YUCIIO HOBBIX MOJIeNel, MOAU(PUKALINI U KOMIUIEKTAllM aBTOMOOUIIEH;
MPEAbIBISAIOTCS JKECTKUE TpeOOBaHUSI K CpOKAaM BBIMYCKa U KauyeCTBY MPOEKTHBIX J10-
KYMEHTOB, X COOTBETCTBUIO MEXIYHAPOJHBIM CTAHAAPTaM M HOPMAaTHUBaM; YCIIOXKHS-
€TCSl CTPYKTYpa CUCTEM DJIEKTPOOOOPYI0BaHMS, YTO IPUBOJUT K YBEIIMUCHUIO HOMEHK-
JATypbl U YCIOKHEHHUIO YEPTEKEH.

B MupoBoM aBTOMOOUIIECTPOEHHUU HAOIIOIAETCSl TaKXKe TEHJEHIMsS olecreue-
HUS TECHOM B3aMMOCBSI3U IMPOIIECCOB MPOCKTUPOBAHMS, MPOU3BOACTBA, MAPKETUHTA U
AKCIUTyaTaluu aBToMoOwmist. [1o3ToMy MpoeKkTHpOBaHUE KOMILIEKCA 3JEKTPOOOOPYa0-
BaHUSI aBTOMOOWUJISE HEOTPHIBHO OT MOCJEAYIONIEH TEXHOJIOTHYECKOU MOJATOTOBKH IPO-
M3BOJICTBA U AKCIUTyaTallNH.

AKTyaJIbHBIM SIBJIIETCSI MCIIOJIB30BaHUE CPEJICTB aBTOMATU3UPOBAHHOIO MPOEK-
tupoBanusi (CAIIP) snextpoobopynoBanus Ha ocHoBe CALS-TeXHOJIOTHH, 3aKITo-
YaIOlIUXCAd B HEMPEpPhIBHON MHGOPMAIMOHHON MOJJEPKKE MOCTABOK U KUZHEHHOTO
IUKJIa CJIOKHBIX H3AeIui (MPOSKTUPOBAHKE, MPOM3BOJICTBO, IKCIUTyaTallks, PEMOHT,
YTHIIU3AIUA).

PbiHOK MH(OpPMALIMOHHBIX TEXHOJOTUWA B OOJACTH MPOEKTHUPOBAHUS DIIECKTPO-
000py1I0BaHUSI JOCTATOYHO HIMPOKO MPEACTABIEH YHUBEPCAIbHBIMU WHCTPYMEHTAJb-
HbeiMu cuctemMamu CAIIP, mo3BONAOMMMEU PENIUTh B KOMILJIEKCE 3aJa4M pa3paOOTKH
MPUHIUNHAIBHBIX CXEM, CXEM BJIEKTPUUECKUX COSUHEHUI U TPOCKTUPOBAHUS KI'YTOB.
B kadectBe nmpumepa moxHo npuBectu Takue cucreMbl CAIIP kak Electrics, E3.Series,
EPLAN Electric u ap. BoibmuHCTBO M3 HUX 3()()EKTHBHO B3aUMOJICHCTBYET C CHUCTE-
MaMu TpexmepHoro mpoektupoBanus (Siemens NX, Catia, Cimatron, SolidWorks),
CHCTEMaMH TIOJIFOTOBKH W CONTPOBOXACHUS TexHuueckoi nokymentanuu (TG BILDER)
U CHCTEeMaMH OpraHM3allid KOJUICKTHBHOro mosb3oBanus (Teamcenter, Smartteam,
CIM Database).

Jlst 3a7a4, permaeMbiX KOHCTPYKTOPCKUM OTZIEJIOM 3JIEKTPOOOOPYAOBaHUS aB-
TOMOOWJIBHBIX IPEANPUITUH, YPOBEHb MTPOEKTA OMPEIEIACTCS HAIC)KHOCTHIO U KaueCT-
BOM 3JIEKTPOCHA0KEHHS TOTPEOUTENICH IEKTPOIHEPTUH aBTOMOOMIIBHBIX CUCTEM U OII-
TUMaJIBHOCTBIO IPUHUMAEMbIX pelieHui. K HUM OTHOCSTCSI KOMIIOHOBKA M pa3Mellie-
HUE KOHCTPYKTHUBHBIX Y3JIOB, Pa3BOJIKa JEKTPUUECKUX Lienel, (opMUpOBaHHE KIYTOB,
aHaJU3 PEKUMOB PabOTHI CUCTEMBI PACIIPENICTICHUS SJIEKTPUUECKON SHEPTUU, ONTUMHU-
3alUsl CEYEHUU MPOBOJOB, BHIOOP U MPOBEpKA allapaToB 3alllUThl, pacdyeT OajaHca
ANEKTPUUYECKOU SHEPTUU aBTOMOOUJIS U T. 1.

[lo mpobGiemaTuke CO3/1aHKsI CUCTEM aBTOMATU3UPOBAHHOIO MIPOECKTUPOBAHUS U
ONTUMU3AIUU CUCTEM 3JIEKTPOOOOPYIOBAHUSI TPAHCIIOPTHBIX CPEJICTB U3BECTHHI pado-
Tl oTedecTBeHHBIX yueHbiX Hopenkoa WN.I1., Cemornna B.A, XKyka K.JI., Illteitna
M.E., Kypentuuka B.M., Mopo3oBa K.K., Asetucsina J[.A, Tepemyka B.C., MakapoBa
B.I'., llakuposa 10.1., Llos A.A. u apyrux.

AHanu3 mokasall, 4YTO CUCTEMbl aBTOMATU3UPOBAHHOIO MPOEKTUPOBAHUS SJIEK-
TpOOOOPY/IOBaHUSI B OOJBIIMHCTBE CBOEM SABJISIIOTCS CPEACTBAaMH TIpaduyecku-
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MH()OPMAIIMOHHON MOAJIEPAKKHU TPOSKTHOTO MPOIIecca CYIIECTBEHHO COKPAIIAIOIINE €ro
CPOKHM U TOBBIIIAIONIME €T0 TOYHOCTh. HO KauecTBO MPOEKTHBIX PEIICHUM 371eCh 3aBU-
CUT BO MHOT'OM OT MOATOTOBJIEHHOCTH U OIbITA MEpCOHAA.

3agaur ONTUMU3AIMYU, aHAJIN3a KAYeCTBAa U HAJIEKHOCTU MPOEKTUPYEMBIX CHC-
TeMm yHuBepcanbhbie cpeactBa CAIIP anekTpoobopynoBanus He pemaiot. Kpome Toro,
yHuBepcanbuble CAIIP, sBHssiCh MHCTPpYMEHTAIBLHOM 000JI0UKOM, TPEOYIOT aganTaluu
K KOHKPETHBIM 00beKTaM, crenuduke penieHus 3a1ad u GopMe KOHCTPYKTOPCKOM J0-
KYMEHTAIUU.

Takum oOpa3zoM, IJisi pelieHus YKa3aHHBIX 3a/7a4 HEOOXOJMMO HCCIEe0BaHUE
ATANoOB MPOEKTUPOBAHUS KOMILIEKCA 3JIEKTPOOOOPYAOBaHUSI IPYy30BOrO aBTOMOOWJIA,
pa3paboTKa METOAMK TOIMOJOTHMYECKOTO M MapaMeTPUUYECKOr0 CHUHTE3a CHUCTEMBI pac-
MpeaeNeHusT DJICKTPUIECKOW DHEPTrUM TPy30BOTO aBToMoOwWIs Ha ocHOBe CALS-
TEXHOJIOTUH.

B nuccepranuu chopmMynrpoBaHbl CAEIYIONIUE MOT0KEHUS.

O0bekT nccaenoBanusa — CrucTteMa paclnpeiesieHus 3JIEKTPUUYECKON SHEpPruu
IPy30BOT0 aBTOMOOUIISL.

IIpeamet ucciienoBanusi — MeToanka MpoOeKTUPOBAHUSI CUCTEMBI pacIipesiere-
HUS DJIEKTpUUecKoi sHeprun Ha ocHOBe CALS-TexHOoI0THiA.

Heab uccaenoBanusi — CokpanieHue CpPOKOB MPOEKTUPOBAHUS, IMOBBIIICHUE
KauecTBa M HAJIEKHOCTH CUCTEM BJIEKTPOOOOPYAOBAaHUS U CHUIKEHUE 3aTpaT HA MPOEK-
TUPOBAHUE U MPOU3BOACTBO I'PY30BOTr0 aBTOMOOKIIS.

Hay4ynas 3agaua ucciaegoBanus — pa3paboTka METOJIUK U MpOrpaMM aBTOMa-
TU3UPOBAHHOTO CHUHTE3a CUCTEMBbI PACIpPEICICHUs JIEKTPUUECKON SHEPTUU IPy30BOTO
aBToMoOMIs Ha ocHOBe CALS-TexHosoruii, KoTopas pemajach IO CICIYIOMNUM Ha-
MPaBJICHUSIM:

1. UccnenoBanre CUCTEMBI paclpeIeNICHUs AIEKTPUUECKON SJHEPTUU KaK 00beK-
Ta MPOEKTUPOBAHUS, a TaKXKe Ipollecca MPOSKTUPOBAHUS CUCTEMBI pacIpeieeHus
ANEKTPUUYECKOU IHEPTUM TPY30BOTO aBTOMOOWIIS, JUIsl PACKPBITUS OCHOBHBIX MPOOJIeM
MPOEKTUPOBAHUSI TPY30BOI'0 aBTOMOOUIIS

2. Pa3paboTka Moaenu sTana MpOeKTUPOBAHHS KOMIUIEKCA AJIEKTPOOOOpyI0Ba-
HUS TPY30BOTO aBTOMOOMIA Ha OcHOBE CALS-TeXHOIOTHII B BUJE JIOTHYECKOW CXEMBI
MPOCKTUPOBAHUSI CUCTEMbl PACIPEEICHUS IEKTPUUECKON SHEPrUu IPy30BOTO aBTO-
MOOMIISL.

3. Pa3paboTka METONUKHN TOIMOJOTHYECKOTO CHHTE3a CHUCTEMBI pacIipeneieHus
ANEKTPUUYECKOU SHEPrUH, BKIIOUYAIOIIEH KOMIIOHOBKY M pa3MEIlEHHEe KOHCTPYKTHUBHBIX
y3JI0B 3JIEKTPOOOOPYJIOBAaHMS, PA3BOJKY AJIEKTPUUYECKUX ILeneu, (popMupoBanue u
TPACCHUPOBKY KI'YyTOB I'PY30BOT0 aBTOMOOMIISL.

4. PazpaboTka METOJUKHN MapaMeTPUUYECKOr0 CUHTE3a CUCTEMBbI pacIpeeieHus
AIEKTPUYECKON DHEPTrUH, BKIIOYAIONICH ONTUMHU3ALNIO CEUEHUM MPOBOJOB, BHIOOp arl-
MapaToB 3allUThl, pacueT OallaHca ANEKTPUUECKON IHEPTHH, aHATU3 PEKUMOB PabOThI
CUCTEMBI pacipeaeieHus FEKTPUUECKON SHEPTUU IPY30BOTO aBTOMOOKIIS.

5. Pa3paboTka pekoMeHAanuii CUCTEMHOTO UCIOJIb30BAHUS MPEATI0KEHHBIX Me-
TOAUK TPHU MPOEKTUPOBAHUHU KOMIUIEKCA 3JIEKTPOOOOPYAOBaHUS B KOHCTPYKTOPCKOM
010pO aBTOMOOMIIECTPOCHHUS.



MeTtoabl ucciaenoBanus. PazpaboTka Mojenu 3Tana NpOEKTUPOBAHUS B BUJIE
JIOTUYECKOI CXeMbl OCHOBBIBAJIACh HA TEOPUU CJIOKHBIX CUCTEM, OOIIEH METOJI0JIOTUH
u akcuomatuke noctpoenuss CAD/CAM/CAE cuctem u CALS —texnonmorusx. Pa3spa-
00TKa METOANK TOMOJIOTMYECKOTO U MapaMeTPUYECKOro CUHTE3a CTPOUIach Ha OCHOBE
TEOPUU DJIEKTPUUECKUX IETNeH, TEOPUU MHOKECTB, TEOPUU HEOPUEHTUPOBAHHBIX I'pa-
(0B, METOJIOB MATEMATUYECKOTO MPOrPAMMHUPOBAHHUSL.

JloCTOBEPHOCTH Pe3yJIbTATOB, MOTYUYCHHBIX B IUCCEPTAIMOHHON paboTe, moj-
TBEPXKIACTCSA KOPPEKTHBIM NPUMEHEHHEM TEOPUHU JJIEKTPUUYECKUX IIENei, Teopuu
CJIIOKHBIX CHCTEM, TE€OpHH rpadoB, METOJOB MATEMAaTUYECKOTO MPOrpaMMHpPOBAHMUS,
TEOPUU MHOKECTB, CXOJIUMOCTBIO PE3yJIbTATOB, MOJIYUYEHHBIX aHATMTUUYECKUM METOJIOM
Y Ha KOMITBIOTEPHOU MOJEIIH.

Hayynass HOBM3HA pe3yJbTAaTOB, MOJYYEHHBIX B JUCCEPTAIIMOHHOW pabdorte,
3aKJII0YAETCS B CIEAYIOIIEM:

1. Pa3paborana mMojienp 3Tana NpPOECKTUPOBAHUS KOMIUIEKCA 3JIEKTPOOOOpYI0-
BaHUS TPy30Boro aBToMoOmIsi Ha ocHoBe CALS-TexHomoruii B BUE JIOTHYECKOU CXe-
MBI POEKTUPOBAHUSI CUCTEMBI PaCIpeIeICHUs JIEKTPUUECKON IHEPTUH, BIIEPBbIC yUU-
THIBAIOIIAs CTaJMK >KU3HEHHOTO IMKJIA 3JICKTpooOOopymaoBaHus (IMPOU3BOACTBO, JKC-
TUTyaTaIms).

2. Pa3zpaboTana MeToIHMKa TOMOJIOTHYECKOTO CHHTE3a CHCTEMBI pacipeneIecHus
ANEKTPUUYECKON SHEPTHH, BKIIOUYAIOIIAs KOMIIOHOBKY M pa3MelleHue KOHCTPYKTUBHBIX
y3JI0B DJIEKTPOOOOpyIoBaHMs (pa3paboTaHbl aJTOPUTMBI YUUTHIBAIOIIAE Maccy Mpo-
BOJIHBIX COCJIMHEHUH), pa3BOJKY JJCKTPHUECKUX IIeTel (pa3paboTaH ajJropuTM Ha OC-
HOBe JiepeBbeB llTeitHepa), popmupoBaHue KIyToB (aIropuT™ (GOPMHUPOBAHUS KI'YTOB
C UCIOJIb30BAaHUEM BBIUYMCIIMTEIBLHONW MPOIIEIypPhl MPUOIMKEHHOTO METO/a) U TPACCH-
POBKY KT'yTOB (pa3paboTaH 3BPUCTHYCCKUN aJITOPUTM) TPY30BOTO aBTOMOOHMIIS.

3. Pazpaborana MeToMKa apaMeTpUIECKOTO CHHTE3a U aHAJIN3a CUCTEMBI pac-
MpeAeICHUs AJIEKTPUUECKON SHEPTUHU, BKIIOYAIOIIAs ONTUMH3ALIMI0 CEYEHU TIPOBO/IOB,
BBHIOOp ammapaToB 3alllUThl, AHAJIU3 PEXKUMOB PAOOTHI CHUCTEMBI 3JIEKTPOCHAOXKEHUS
Tpy30BOTO aBTOMOOMJISA, BIiepBhie yunuThiBatomas crenuduky CALS-rexHomOTHIA.

4. BrniepBble pa3paboTaHbl PEKOMEHAAIMU CUCTEMHOTO MCIOJIb30BAHUS MPEAJIo-
KEHHBIX METOJUK U MPOrpaMM MpHU MPOECKTUPOBAHUU KOMILIEKCA 3JIEKTPOOOOpyI0Ba-
HUS B KOHCTPYKTOPCKOM OIOpO aBTOMOOUIIECTPOECHHUS.

IIpakTHYyeckasi HeHHOCTb Pado0ThI COCTOUT B TOM, YTO pa3pabOTaHHbIC UHXKE-
HEPHbIE METOJMKHU MPOEKTUPOBAHUS KOMILIEKCA 3JIEKTPOOOOPYAOBAHUS MTO3BOJIAIOT CO-
KpaTUTh CPOKHU MPOEKTUPOBAHUS; pa3padOTaHHbIE TPOTrpaMMBbl aHAJIN3a PEKUMOB pado-
ThI CUCTEMBI JJIEKTPOCHA0XKEHUSI, BEIOOpA anmapaToB 3alllUThl, BELIOOpA CEUEHHI TPOBO-
JIOB TO3BOJISIFOT MOBBICUTh KAYECTBO M HAJIEKHOCTh CUCTEMBI PACIpEEICHUs AIEKTPHU-
YECKOW SHEPIUU TPY30BOTr0 aBTOMOOMIIS.

Peasmzanus pe3yabTaToB padoThl. Pe3ynbTarTsl BBIITOIHEHHBIX UCCIEIOBAHUN
BHEJPEHBI U UCIIOJB3YIOTCS B HAy4YHO-TeXHUYECKOM LeHTpe OAO «KAMA3» mipu npo-
EeKTUPOBAHUM MOJU(pUKanii U HOBBIX Tpy30BbIX aBTomMoOmieir KAMA3. Takxke pe-
3yJAbTaThl IUCCEPTALMOHHON pabOThl BHEAPEHBI U UCIIONB3YIOTCS B yueOHOM Ipoliecce
kadeapsl «Inekrpoodbopyaoanus» @I'BOY BIIO «Kazanckuil HalmoHanbHBIN Kcclie-
noBaTeIbCKUil Texunueckuid yausepcuret uM. A.H. TynoneBa — KAW» B JeKIIMOHHBIX



Kypcax, MpHU BBIMOJHEHUN KYPCOBBIX U JUIUIOMHBIX pabOT CTyJAeHTaMU M MarucTpaH-
TaMmu. Pe3ynbTaThl BHEPEHUS TOATBEPKICHBI COOTBETCTBYIOIIMMU aKTaMHU.

OcHoBHbIE HAYYHbIE NO0JI0KEeHHSs], BHIHOCUMBIE Ha 3allIUTy:

1. Monenb 3Tana nOpoeKTUPOBAHUS KOMILIEKCA 3JIEKTPOOOOPYI0BaHUS TPY30BO-
ro aBTomoOmiss Ha ocHoBe CALS-TexHoNOrnii B BUJIE JOTHUYECKON CXeMBbI IPOSKTHUPO-
BaHUSI CUCTEMBI PacCIpeesICHUs SJIEKTPUUECKON SHEPTUH, BIEPBbIE YUUTHIBAIOIIAs CTa-
JIMH JKU3HEHHOTO IHKJIA 3JIEKTPO00OpyIoBaHUS (MPOU3BOJICTBO, SKCILIyaTaIlus).

2. MeTomuKa TOTIOJIOTUYECKOTO CHHTE3a CHCTEMBI PacIpelesiCHUs AJICKTpHUYe-
CKOW HHEpPruM, BKJIOYAIONIasi KOMIIOHOBKY W pa3MElIeHUE KOHCTPYKTUBHBIX Y3JI0B
IIEKTPOOOOPYIOBaHMS (pa3paboTaHbl AITOPUTMBI ONITUMHU3AINN YYUTHIBAIOIIHE MACCy
MIPOBOJIHBIX COCJAMHCHMIA), Pa3BOJAKY 3JIEKTPUUCCKHUX IIerel (aIropuTM Ha OCHOBE Je-
peBneB lllteiinepa), GpopmupoBanue KryToB (aropuT™M (HOPMHUPOBAHHS KTYTOB C HC-
MOJIb30BAHUEM BBIYUCIUTEIBHON MPOIEyphl TPHOIMKEHHOTO METO/Ia) M TPACCUPOBKY
KTyTOB (IBPHCTUYCCKUI aITOPUTM) TPY30BOTO aBTOMOOHIIS.

3. MeTonka mapaMeTprUIecKOro CHHTE3a CHCTEMBI PACIIPECIICHHS dICKTpUIe-
CKOM AHEPTHH, BKIIOYAIONAs ONTUMU3AIMIO0 CEYEHUN MTPOBOIOB, BHIOOP ammapaToB 3a-
IIUTHI, aHAJIU3 PEKUMOB PaOOTHI CUCTEMBI JIEKTPOCHAOKEHUSI TPY30BOT0 aBTOMOOMIIS,
BIIepBbIe yuuThiBatomias crenuduky CALS-TexHomorni.

4. PexoMeHallud CUCTEMHOTO UCIIOIb30BAHUS MPEASIOKEHHBIX METOAUK U MPO-
rpamm CAIIP mpu nmpoeKkTHpOBaHUHM KOMILIEKCA AJIEKTPOOOOPYIOBAHUS B KOHCTPYK-
TOPCKOM OI0OpO aBTOMOOHMJIECTPOCHHUS.

Anpobanus pa6orbl. OCHOBHBIE MOJIOXKEHUS JUCCEPTALIMOHHONW PabOTHI TOK-
JAJBIBATUCH U O0CYXIANKNCh HA CIEAYIOIINX HAYYHBIX U HAYYHO-TEXHUUYECKUX KOH(e-
PEHIUAX:

MexayHapo/iHasi Hay4YHO-TeXHHUecKass KoHpepeHIus « ABTOMOOWIIE- U TPAKTO-
pocTtpoeHue B Poccum: mpropuUTEThl pa3BUTHUS U MOJTOTOBKA KaJpOB», MOCBAIICHHON
145-netnt0 MOCKOBCKOTO TOCYJapCTBEHHOTO MAaIlllMHOCTPOUTENIHHOTO YHUBEPCUTETA
MI'TY) «<cMAMWI», MockBa, MI'TY «MAMM», 2010r.; VI MexxayHapoaHasi Hay4HO-
npaktuueckas KoHpepenius «ABromoowib u texHochepa». Kazanp: KHUTY-KAU,
2011; XI mexnyHapoaHas HaydHO-TexHUYecKas KoHpepeHus «ABUA-2013». Kues:
HanmonaneHplli  ABuanoHHbIM  YHuBepcuteT, 2013; MexayHapoaHas HaydHO-
npaktudeckas koHpepeHuus «MHbopMalMOHHbIE TEXHOJIOTUU: MPAKTUKA MPUMEHEHUS
B IIPOM3BOJACTBE, OuzHece u obpazoBanum». HmwxnHexkamck: HUMTuT KHUTY-KAU,
2011.

IMyoaunkanuu. [lo pesynpTaTam uccieqoBaHui OMyOJIMKOBAaHO 8 MEYaTHBIX pa-
00T, B TOM 4ucie 3 HAyYHbIE CTAThH B BEAYIIUX PEIEH3UPYEMbIX HAYYHBIX H3TAHUSX,
pexkoMeHoBaHHbIX BAK P®.

O6beM M cTpyKTYypa auccepramuu. /[uccepranms m3noxkeHa Ha 124 crpaHu-
1[aX U COCTOUT U3 BBEJICHUS, YEThIPEX IJ1aB, 3aKJIIOUYEHUS, CIIHCKA JIUTEPATypbl U MpPHU-
noxenus. Pabora compepxut 36 pucynkos, 11 tabmum. COucok IuTepaTypbl BKIIOYAET
101 uCTOYHUK.



OCHOBHOE COIEPKAHUE PABOTbI

Bo BBegeHun 000CHOBaHA aKTyaJIbHOCTh TEMbI, 00BEKT U MPEIMET UCCIIEI0BA-
HUs, cHOpPMYJIUPOBAHBI 1IEIh U HAYYHBIE 3a7a4d pabOThl, PACKPBIBAIOTCS METOJIbI HC-
CJe/IoBaHusl, Hay4YHasi HOBU3HA U MpaKTUYeCKas 3HAYMMOCTh AUCCEpPTaliu, 0OOCHOBBI-
BAaETCS UX JIOCTOBEPHOCTD, MPUBOJSATCS CBEJCHUS O pealiu3allii U BHEAPECHUH Pe3yJib-
TaToB pabOTHI, UX anpoOau U ONMyOJMKOBAHHUH, a TAKKE OCHOBHBIE IMOJIOKEHHUS, BbI-
HOCUMBIE Ha 3allIUTYy, JaHa UHPOpPMAIIUsS O CTPYKTYpe U 00bEME TUCCEPTALIUH.

B nepBoii riase quccepTanvi aHATU3UPYyETCs MpodIeMa CUHTE3a CUCTEMBI pac-
MpeeieHus] JJICKTPUUECKONH SHEpPTUHM TPy30BOoro aBTomMoOmiIs Ha ocHoBe CALS-
texHosoruil. IlpencraBien 0630p nuTepaTyphl o Teme auccepranuu. [lokazano, 4to
HEOOXOJUMO HCCIIEIOBAHUE CYIIECTBYIOIIETO MpOoIEecca MNPOSKTUPOBAHUS CHUCTEMBI
pacrpeiesieHus! AIIEKTPUUYECKON PHEPTruu, a TakkKe pa3paboTka MOAENIH 3Tara MpoeKTH-
poBaHus IeKTpoodopynoBaHus Ha ocHoBe CALS-TeXHOIO0THH.

[lo pesynbratam uccienoBaHuil ynuepcaibhble cpenctBa CAIIP snekTpoobo-
pYyZIOBaHUSI aBTOMOOUIICH HE pelIaloT 3aJa4i ONTUMU3AIMY, aHalIu3a KauyeCcTBa U HaJlexK-
HOCTH CUCTEMBI pacIipe/iesieHus dJeKTpuYecKon sHeprun. K HUM OTHOCSTCS KOMIIOHOBKA
U pa3MEIEHUE KOHCTPYKTHUBHBIX Y3JI0B 3JEKTPOOOOPYAOBaHUS, pa3BOJKA DJIEKTpUYE-
CKHX IIeriel, (hopMUpOBaHUE U TPACCUPOBKA KIYTOB, ONTUMU3ALIMS CEUCHUM MPOBOJIOB,
BBHIOOp almapaToB 3alllUThl, aHAINU3 PEXKUMOB padoThl. Kak ciencTtBue, BO3HUKAIOT
OIMOKN W YBEITUUYMBAIOTCS CPOKHU MPOECKTUPOBAHUS KOMIUIEKCA AIIEKTPOOOOPYIOBAHUS
IPYy30BOr0 aBTOMOOMIISL.

Bce 3T0 oka3bIiBaeT akTyalbHOCTh CO3/1aHUs 3(P(HEKTUBHBIX METOAMK, aJITOPUT-
MOB PEIIEHUs aHHBIX 33Ja4 U CHeUuaIn3upoBaHHbIX npuioxenuit CAIIP snextpo-
o0opyToBaHMS IPy30BOro aBToMOOMISA Ha ocHOBe CALS-TeXHOIOTHI 11 COKpAIICHUS
CPOKOB MPOEKTUPOBAHUS, MOBBIIICHUSI KaueCTBA U HAJEKHOCTU CHCTEMBI pacmlpejelie-
HUS DJIEKTPUYECKON PHEPTrUM, CHIXKEHHS MACChl 3JIEKTPOMOHTAa)Ka, YMEHBIIECHUS PYy-
TUHHOU pabOThl MHKEHEPA.

JlaHo ompezeneHre CUCTEMbI paclpeesICHUs JIEKTPUUECKON SHEPTUH KaK 00b-
€KTa NPOEKTUPOBAHUS U MPOU3BOACTBA, UCCIEAOBAaH MPOLIECC TPOSKTUPOBAHUS CUCTEMBI
pacrpeiesieHust AIEKTPUUYECKOM SIHEPTUU U MPOLECC MPOU3BOJICTBA KI'YTOB MEXKOJI0UHO-
ro 3JIEKTPOMOHTaXXa T'Py30BOro aBTOMOOWJIS. BhineneHsl Npu3HaKy, XapaKTepU3yIOIIne
CUCTEMY pacTpeIeiCHUs JIEKTPUUECKOU SHEPTUH, MPOLIECC €€ MPOSKTUPOBAHUS U IPO-
M3BOJICTBA KaK CI0XXHYIO CUCTEMY

Bo BTOpOIi r1aBe nuccepranuu paspaboTaHa MOJEIb dTana MPOCKTUPOBAHUS
KOMITIEKca 3IeKTpoobopyaoBanusi Ha ocHoBe CALS-TexHOMOTHII B BUJE JTOTUYECKON
cxembl (JIC) mpOeKTUPOBAHUS CHCTEMBI PACIPEACICHUS AIEKTPUICCKON YHEPTHH TPY-
30BOT0 aBTOMOOMIISL.

Ha puc. 1 noka3zanbl yKpyIMHEHHbIE CTAJIUM >KU3HEHHOTO LIMKJA U CBSI3U MEXIY
HUMU coriacHo cTpykType CALS-texHomornu. Ha xaxmoi U3 cramuii pemnraeTcs MHO-
’KECTBO B3aMMOCBSI3aHHBIX 3aJ1ay, MPOIECC PELICHUs] KOTOPBIX (hopManu3yeTcsi B BUJIE
HEKOTOPOM JIOTUYECKON CXEMBbI, OOBEIUHSIIONIECH SYEHKH, COOTBETCTBYIOIIUE peIlaro-
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VYnpasnenue

JICI JICIIp y
v v 105 CHUCTEMOM
1 cranus 2 craaus 3 cranus Ko
To  F— Tup Kp T,k
1 T f

Puc. 1. CTaI[I/II/I ZKHN3HCHHOI'O IIUKIJIA.

Ha mepBoil cTaguu >KU3HEHHOrO ILMKJIa pa3padaThIBaeTCs JIOTMYECKas cXxema
NpoeKTHpoBaHus JICII . CTaausi MPOEKTUPOBAHUS BKIIOYAET B C€Os 3Tallbl BHEIIHETO U
BHYTPEHHETO MIPOEKTUPOBAHUA. JIorudeckass cxema nponu3BoACTBa JICIIp TOCTPOEHA Ha
OCHOBAaHWH MHOT'OYHCJICHHBIX MCCIIENOBAHNMN, OCBAIICHHBIX aBTOMATH3aLUH ITPOECKTH-
pOBaHUS TEXHOJIOTMYECKUX MpoleccoB. Cranud skcmryaranuu oobekrta JICO sBiseTcs
3aBEpIIAIOLIEH B CTPYKTYpE KU3HEHHOTO IMKJIA.

Kaxnas sueiika 3amaercs B 00IIeM cllydae BOCBMEPKOM 3JIEMEHTOB:
{A¢ Cui- M, Ti» R K Zyi» P} - T'ie k - HOMep cTaguy jKM3HEHHOTO LIUKIIA; i - HOMEp

AYEUKH; A, - AHATUTUYECKUE U YUCICHHBIE MCXOAHBIE JaHHbIC; C,, - 3aJlaHHBIE Orpa-
HUYeHUs; M,, - MoJenb (YHKIMOHMPOBAHUS paccMaTpuUBaeMoro oomekrta; T, - pe-
maromast mpoueaypa, R, - pe3yiabTaT peleHus 3agadu, K,, - OIeHKa peleHusd, Z,, P,

- peCypChl ¥ 3aTpaThl HA BHIMIOJTHCHHS 1-O OTIEpaIny.
Hcxonnble naHHbie QYHKIIMOHUPOBAHUS CUCTEM A, OMPEACISIOTCS BBIXOIHBIMU

JIaHHBIMU TPEABIAYINNX cTaguid R, u R, . C Apyroi CTOPOHBI, pe3yabTaThl AMHAMUYE-
CKHUX ONEepaluil Mo JOCTHKEHHUIO Lelied R, BCIEICTBUE HanMuusg OOpaTHBIX CBA3EH

BHOCSIT KOPPEKTUBBI B PEIIEHUS, MOJyYa€Mbl€ HAa MPEABIIYIIUX CTAOUAX >KU3HEHHOTO
[UKJIA, TUOO CIOCOOCTBYIOT MOSIBIICHUIO HOBBIX STYEEK PELIAIOIINX MPOLEAYP.

Ha puc. 2 mpencrasnena dacte JIC MpOEKTUPOBAHHS DIEKTPOOOOPYIOBAHUSA,
OompeAeNsaonas 3a1a4y KOMIIOHOBKA U Pa3MEIICHUs KOHCTPYKTHUBHBIX Y3JIOB, a TAKkKe
HE KOMIIOHYEMBIX 3JIEMEHTOB (TOTOBBIC M3CIIUS, SJICKTPOMEXaHU3MbI U T.11.). B Taom. 1
MPUBEIEHO KPATKOE COJEPKAHUE AUEEK MPOCKTUPOBAHUSL.
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Puc. 2. Jlornueckasi cxema 3a/1a4 KOMIIOHOBKH KOHCTPYKTHUBHBIX y3JI0B M pa3-
MEILEHUSI JIIEMEHTOB AJEKTPOOOOPYT0BAHUS.
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Tabnuma 1
ConepxaHue sUeeK JOrHIeCKoil CXeMbl

Ayeiika O0o3Ha4yeHNe U KpaTKoOe ONMCaHNe PelIaoel npoueaypsbl

1 T1, — dopmupoBaHuE MOACIN MOHTaXHOTO NpocTpancTBa (MMII) KOHCTpYKIIMH aBTOMO-
OWJIs ¢ MCNOJIb30BaHKEM MoJIcKcTeMbl «MonenupoBanue» cucreMsl Siemens NX

2 71, — ®opmupoBanue MMII npoknanku KTyToOB ¢ UCIOIB30BAHUEM MTOJCUCTEM «DIIEKTPHU-
YyecKasi MapIpyTu3aiusa» cucteMsl Siemens NX

3 T1, — Co3nanue 6a3sl gaHHbIX 3D-Moneneit u3aenuit (3IEMEHTOB XKI'YTOB) C UCIIOIb30BAHH-
eM nojicucteMbl «MogenupoBanue» cuctembl Siemens NX.

4 T1, — IlpeaBaputesbHast KOMIIOHOBKA 31eMeHTOB DO 0e3 orpaHU4eHHH Ha 00BEMBI HIICK-
TPOKOHCTPYKIIHI C HCIIOIh30BAaHHEM IOJICKCTEMBI «MoenupoBanue» cucteMbl Siemens NX

5 T1, — IlpenBaputenbHoe pazMelleHue 31eMeHTOB DO B 3alaHHBIX NO3ULMAX C UCIOIb30BaA-
HHUEM MOJICUCTeMbl «MoenupoBanue» cucteMbl Siemens NX

5 T1, — YTOo4HEHHOE pElICHUE 3a1a4l KOMIIOHOBKH C Y4€TOM PE€3yIbTaTOB Pa3BOAKH JJIEK-
TPUYECKUX LeTEN

; 1, - YTqueHHuoe pellIeHne 3a]aul Pa3MEILEHUs C YIETOM PE3YyJIbTaTOB Pa3BOKH JJIEK-
TPUYECKUX LIETIEH.

JIC cucteMbl pacrpee/ieHus ISKTPUIECKOW YHEPTUH OMUCHIBACTCS MATPHIIEH
CBSI3€H DIIEMEHTOB U MaTpUIEH CTPYKTYpHI S =|S, |, , ¥ MaTpuamMu cBsi3eil 21eMEHTOB

S =\s

sr

3x3

, Taoe r,s =1,_3 — ypoBHu JIC; i, j=1 N, , N, — YHCIIO 3JIEMEHTOB k—ro YPOBHS

jxi

NPOEKTUPOBAHUS, S,  — HYJIb-€JUHUYHAS MATPHILA, XapaKTePU3YIOIast CBA3b J—il sueii-
jli

Sj I

KH S YPOBHSI C I—ii stueiikoit ' ypoBHs JIC BEKTOPHBIM paBEHCTBOM: A’ = S, riRSJ' . Ananus

MaTpPHUIIbI CTPYKTYPBI U MATPHIL CBSI3EH MO3BOJISIET ONMPEACIUTh OCHOBHBIC cBokcTBa JIC,
OoOpaTHBIC CBS3M MEXKIY YPOBHSIMHU M BHYTPU YPOBHEHU, U4TO TpeOyeT OpraHU3aIlN UTe-
PaLMOHHBIX [TUKJIOB. J{JIsl TOJIyYeHHs alrOpUTMa peleHns 3aaaun S {S“} opranusoBaH
MPOIECC CHCTEMHOTO MPOCKTUPOBAHUS, CBSA3BIBAIONINI OTACIbHBIC PEIIAONIUe POIie-
Iypel B YHOPSAO0YeHHBIH KOoMILIEKC T {T%}, KOTOPHIA Ha3bIBAETCS OOIIUM aIrOPUTMOM
CHHTE3a CHCTEMBI pacrpeiesieHus aekTpudeckoit snepruu (OAC CPID).

JIsist pereHus 3a7a9 TOMOJIOTHYECKOTO U TapaMeTPHYECKOr0 CHHTE3a CHCTEMBI
pacrpeiefieHus JIeKTPUIecKoi s3Heprun rpy3oBoro aBtomooussi B CAIIP paspaborana
MOJIeJIb MOHTa)KHOTO TIPOCTPAHCTBA (pI/IC.Z3).

]
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Puc. 3. Moaens MOHTa)XKHOTO IIPOCTPAHCTBA.




B kauecTBe MareMaTH4ECKOM MOJIEIA MOHTAXXHOTO IMPOCTPAHCTBA UCIIOJIb3YEM
HEOPUEHTUPOBaHHBIN rpad pemetku G, =(A,U,), rae A - MHOXKECTBO BeplIuH rpada, a

U, - mHOXecTBO pebep. Ha rpade G, =(A,U,) MOXHO 3a7aBaTh NPOJOJILHBIE U TOIe-
peuHbie Tpacchl, aneMeHTsl B0, 3anperHsie 30HbI (puc.4). Pedpam rpada G, =(A,U,)

MIPUIIKMCHIBAETCS «BEC», PAaBHBIM PACCTOSHUIO MEXKY COOTBETCTBYIOIIMMHU BEpIIMHAM
TOYKaMHU PeaJbHOTO MPOCTPAHCTBA aBTOMOOMIIS.

PaccrossHre Mexay AByMs TOYKaMH ompezaensercs Gopmynoi (opToroHaibHas
MeTpuka) d; :‘xi —ijyi —ijzi —zj‘.

B TpeTbeii riaBe auccepTaiu co3JaHO MaTEMAaTUYECKOE 0OECIIeUeHUEe CUCTe-
MBI aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS CUCTEMBI PACIpPEEICHUS IEKTPUUECKON
DHEPTUU rPpy30Boro aBToMoOmIst Ha ocHOBe CALS-TexHonoruu. K Hemy oTHOCUTCS Me-
TOJMKA TOMOJIOTMYECKOI0 CHUHTE3a, BKIIIOYAIOasi KOMIOHOBKY M pa3MeElleHUEe KOHCT-
PYKTHUBHBIX Y3JI0B AJIEKTPOOOOPYIOBaHUS, PA3BOJKY SJECKTPUUECKUX Iiene, GpopmMupo-
BaHME XI'yTOB. Takxke pazpaboTaHa METOJMKa MapaMETPUUYECKOr0 CHHTE3a, BKIIOYAI0-
mjasi ONTUMU3AIMI0 CEYEHUN MPOBOJOB, BHIOOP aNMapaToB 3alllUThl, aHATU3 PEKUMOB
paboThI CUCTEMBI AIEKTPOCHAOKEHUSI TPY30BOTO aBTOMOOMIIS, BIIEPBhIE YUUTHIBAIOIIAS
cnenuduky CALS-TexXHOIOTHH.

[IpousBeneH aHaliU3 CUCTEMBI paCHpeeiICHUsl ANEKTPUUECKOU IHEPTUH TPY30-
BOI'0 aBTOMOOWJISI, MO3BOJISIIOIIMM TPUMEHUTH pa3pabdaTbiBaeMble MEeTOIUKH. Pacnpene-
JUTEbHAS CETh CUCTEMBI JJIEKTPOCHA0XKEHHUS TPYy30BOI0 aBTOMOOMIISI MOXKET OBbITh pas-
JielieHa Ha TIEPBUYHYIO (MarucTpaabHYI0) U BTOPUIHYIO (3JeKTpocxeMbl cucteM). [lep-
BUYHAs paclpeleiuTeNbHas ceTh 00pa3oBaHa IEMsIMHU, PEATU3YIOIMIUMU TMepeaady
DJICKTPOIHEPTUU OT UCTOYHHMKOB (FeHEpaTopa U aKKyMYJISITOpHOW OaTapeu) /10 OJIOKOB
peJoXpaHUuTeNel U 1EMsMH, CBS3BbIBAIOLIUMU 3TU OJIOKU MexAy coboii. Tumoas cxe-
Ma MePBUYHON paclpeeIuTeIbHON CeTH MPUBEIeHa Ha pucC. 4.

|
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Puc. 4. Cxema nepBUYHON pacnpeieIUTeIbHOM CETH TPYy30BOI0 aBTOMOOMJISA.

10



[To nensiM nuTaHus anmapaThl 3alIUThI, BXOJIALIME B OJUH OJIOK, MOTYT J€IUTh-
cs Ha cekiuu. Kaxxmas ceknus COCTOUT U3 TPYNIIbI SKBUIIOTEHIIUAIBHO CBSA3aHHBIX all-
rapaToB. BropudHas ceTb COCTOMT W3 IVIaBHBIX LIETIEH, HCXOASAUIMX OT alIaparoB 3a-
IIUTHI OJIOKOB MPETOXPAHUTENEH U MUTAIOIINUX OTPEOUTENN ONPEAEICHHOW (DYHKIIHO-
HaJIbHOM CHCTEMBI AaBTOMOOWIISI, TPYHIbl (PYHKIMOHAIBHO HE CBA3aHHBIX MOTpeOUTENEN
WIN OJIMHOYHBIE IPUEMHHUKH 3JEKTpo3Heprun. Ilpumep ¢puaepHoit cxembl IpUBEACH Ha

puc. 5.
F27 mm
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Puc. 5. Cxema cucreMsl OCBCIIICHUAA.

Mertoanka KOMIIOHOBKH KOHCTPYKTUBHBIX Y3JIOB 3JIEKTPOOOOPYAOBaHUS IPY30-
BOIO aBTOMOOWJISI 3aKJIIOUaeTcsl B OOBbEMHEHUHM AJIIEMEHTOB 3JEKTPOOOOpPYNOBaHUS B
KOHCTPYKTUBHBIE Y3Jibl. KpuTepuem siBiasieTcss MUHUMU3ALIMS YUCia CBSI3eH MeXy KOH-
CTPYKTUBHBIMH Y3JIaMU C Y4€TOM KO3 (DUIIMEHTA [T MUHUMAJIbHOTO CEYeHUs, T.K. OH
Ja€T YMEHBIICHUE MAacChl U3AECIUNA, MUHUMU3UPYET B3AUMHbBIC HABOJKH, YBEIUYMBACT
HAJIe)KHOCTh, YIPOIIAET KOHCTPYKIIHIO.

Pazpaborana MeToauka pa3MenieHus: KOHCTPYKTUBHBIX y3JI0B 3JIEKTPOOOOpya0-
BAaHUSA, B OCHOBE KOTOPOW HCHOJIB3YETCS ONTUMHU3ALMOHHBIN aJTOPUTM C KPUTEPUEM
MUHHUMAaJIbHOMN JUIMHBI CBsA3EH ¢ yueToM Kod(duireHTa 1enud MUHUMAIbHOTO CEYEHUS
Ha 3D Momeny MOHTa)KHOTO IPOCTPAHCTBA C OPTOTOHAITBHONW METPUKOM.

Metoauka pa3BOJKH JIEKTPUUYECKUX ILIeNeHd MEKOTOYHOr0 MOHTaXa BKJIIOYAET
ONTUMU3AIMOHHBIN aITOPUTM C MOCTPOCHUEM MHUHUMAJBHBIX CBA3BIBAIOIINX JIEPEBHEB
crenuanbHoro Bujaa: nepesbeB lllTeitnepa. Metonnka GopMUpOBaHUS KIYTOB MEX-
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OJIOYHOTO MOHTaXKa COJCPIKHT ONTHMH3AIMOHHBIA aJTOPUTM C HCIOJb30BAHUEM BbI-
YUCITUTEILHON TPOIEAYPhl MPUOIMKEHHOTO MeToAa. MeTOArKa TPAaCCHUPOBKH KT'YTOB
MeKOJJ0YHOTO0 MOHTa)Xa BKIIFOYAET ONTHUMH3AIMOHHBIA aJIFOPUTM C MPUMECHEHHUEM 3B-
PUCTHYECKOTO MeToAa. MeTouKa ONTHMHU3AINN CEUCHUH MPOBOJIOB COACPKHUT ajro-
PUTM Ha OCHOBE METOJIa TMHAMUYECKOTO MPOTrPaMMHUPOBAHUS.

BrlenepeurcieHHbIe METOAMKH PAaCCMOTPEHBI B JMCCEpTAIlIMOHHON padoTe. B
Ka4yeCTBE MPUMEpa peaTn3alii PacCMOTPUM KOMIIOHOBKY KOHCTPYKTHBHOI'O y3JIa CHC-
TEMBbI OCBEIICHUS 3aJHUX (POHAPEH U MOCIEAYIONIee pa3MEIICHUE YJIEMEHTOB AIIEKTPO-
000pyI0BaHUS TPY30BOTO aBTOMOOHIIS.

B xauecTBe MCXOMHBIX JaHHBIX MPEACTABICHA MPUHITUIIHAIBHAS dJICKTPUICCKast
cXeMa CHCTEMBI OCBEIICHHUs 3aqHuX (oHapei (puc. 6), CBEIeHUs O CBA3SIX U MPOBOAAX
MEXJTy 3JIEMEHTaMH 3JIeKTpoobopynoBanus (puc. 7).
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Puc. 6. Cxema cucTteMbl OCBEIICHUS 3aTHUX (OHApEH.
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Tabauua 2
DIeMEHTHI ANEKTPOOOOPYIOBaHUS CUCTEMBI OCBEIIICHUS 33 THUX (hOHApEH

IHo3unmonnoe
HanmeHnoBanue
o003HaYeHHE
E20 @DoHaphb 3aAHNUN TpaBbIi
E7 DoHapp 3aHUH JIEBBIN
E34 @PoHapb 0CBELICHNs] HOMEPHOIO 3HAKA JICBBII
E35 @DoHapb 0CBELIEHUSI HOMEPHOI'O 3HAKA NPaBbIi
F1 biiok npenoxpanurenen
F1.1 IIpenoxpaHurens ykaszarenaen noBopora
F2.2 ITpenoxpaHuTenpb 3aJHETO TPOTUBOTYMAHHOTO (poHaps
F2.8 [TpenoxpaHuTesb rabapuTHBIX OTHEH JIEBBIX
F2.9 [TpenoxpanuTens rabapuTHBIX OTHEH MPaBbIX U OHApPEl OCBEIICHUS HOMEPHOTO
3HaKa
F2.11 ITpenoxpanurens rabapuTHBIX OTHEH U (hOHapel 0CBeNeHHs HOMEPHOTO 3HAKa
F3.4 [TpenoxpanuTens hoHapel 3aJHero xoaa
F3.10 IIpenoxpaHuTenb CUTHAIOB TOPMOXKEHHS
F5.3 [IpenoxpaHuTens reHeparopa
Gl I'enepatop
K1 bnok pene cuctembl ocBenieHNs 3aAHUX (OHApei
K3 Pene npepeiBarens ykasareien oBopoTa
K5 Pene curnaioB TopMoxeHus
K14 Pere 3aHero NpoTUBOTYMaHHOTO (hoHaps
K26 Pene rabapuTHBIX OrHEH
K27 Pene ¢onapeii 3agHero xona
Tabnuua 3
XapaKTEepUCTUKHU MPOBOIHBIX COCTMHECHUHN
bupka nposoaa Otkyna Kyna Mapka npoBona | Ceuyenue S, MM’
1K Gl F1 (F5.3) I1BA 4,0
SE K26 (K1) F1 (F2.8) I1BA 2,5
5A F1 (F2.11) K26 (K1) I1BA 2,5
25I° F1 (F1.1) K3 (K1) I1BA 2,5
27K F1 (F3.10) K5 (K1) I1BA 2,5
23K F1 (F3.4) K27 (K1) I1BA 2,5
25K F1 (F2.2) K14 (K1) I1BA 2,5
63K K14 (K1) E7 I1BA 1,0
63M K14 (K1) E20 I1BA 1,0
S53r K27 (K1) E7 I1BA 1,0
53/1 K27 (K1) E20 I1BA 1,0
ST K5 (K1) E7 I1BA 1,0
S7E K5 (K1) E20 I1BA 1,0
41K K3 (K1) E7 I1BA 1,0
42K K3 (K1) E20 I1BA 1,0
52E F1 (F2.8) E7 I1BA 1,0
61K F1 (F2.8) E34 I1BA 1,0
613 F1 (F2.8) E35 I1BA 1,0
58]1 F1 (F2.9) E20 I1BA 1,0
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[lepen HayamoM pa3MeIEeHUs JICMEHTOB HJIM KOHCTPYKTUBHBIX Y3JIOB 3JICKTPO-
00Opy/IOBaHUS OINpeesieM yCTaHOBKY IEPBOTrO dJieMeHTa. TakoW 3JIeMEHT IOJIKEH
CIIy>KATh IIEHTPOM, BOKPYT KOTOPOTO TPYMIUPYIOTCSA OCTajbHBIC AIeMEHTHI. OOBIYHO
9TO 3JIEMEHT C HAaUOOJIBITUM YHCIIOM CBsized (ri==max ;).

CTpouM MaTpuIly CMEKHOCTH R = Hrij ann , KOTOpasi yYUTHIBAET KOJIMUECTBO CBSI3EH

MEXJTy 3JICMCHTaMH 1 TIapaMeTPhl ATHX CBsI3el (CedeHne IpOBOIOB).

Gl F1 K1 E7 E20 E34 E35 Ci

Gl 0 4 0 O 0 0 0 4
F1. 4 0 19 1 1 1 1 27
R KL 0 19 0 4 4 0 0 27 (1)
E7 0 1 4 0 0 0 0 5
E20 0 1 4 O 0 0 0 5
E34 0 1 0 O 0 0 0o 1
E3S 0 1 0 O 0 0 0 1

BriOupaeM B kauecTBe MepBOro 3eMeHTa OJIoK mpenoxpanuteneid F1, tak xak
OH UMeeT OOJIbIee KOJUYECTBO CBA3CH ¢ OOJBIIUM YHCIOM 31eMeHTOB (C. =27). Pas-

MemaeMm F1 ¢ yuyetoMm pa3nuuHbIX OorpaHUYeHUl U TpeboBanuii. KoopauHaTel yCcTaHOB-
ku (MM): X, =384;Y., =908;Z_, =653.

Jlanee BbIOMpaeM MO MaTpuLE CMEKHOCTH BTOPOU 3JIEMEHT OJIOK Pesie CUCTEMBI
ocselenust K1. Beibupaem no3unuio juist pasmenienuss K1 ¢ yuetom Kputrepusi MUHHU-
MyMa CyMMapHOH JUTHHBI, Pa3IMYHbIX OTPAaHHYCHUN U TpeOOBaHUI K ycTaHOBKE (MM):
X o, =332;Y,, =463,Z,, = 740.

Haxonuwm paccrosaue mexy anementamu K1 u F1 (mm): F,, ,, =584 .

AHAJIOTHIHO HaXOAWM pa3MelleHrne ocTaidbHBIX anmemenToB G1, E7, E20, E34,
E35. Ha puc. 7 npeacrasneHa cxema pa3MenIeHus SIEMEHTOB U KOHCTPYKTHBHBIX y3JI0B
ANEKTPOOOOPYIOBaHUS TPY30BOTO aBTOMOOMIIS C MCIOIB30BaHUEM Pa3padOTaHHOTO aJi-
roput™ma. [lo pesynpTatam pemieHus 3aJadyd pa3MENIeHHs JJIMHA CBS3€H MEXIy dJie-
MEHTaMH 3JIEKTPOOOOPYIOBAHUS CHCTEMbI PACHPEICICHUS IIEKTPUIECKONW IHEPTHH C
Y4€TOM CKOMIIOHOBAHHOTO OJIOKA peJie CUCTEMBI OCBEIICHNS YMEHBIINUIACh Ha 348MM.
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brok npedoxparumesned
briok pefie cucmemsi ocbelenus

Ipacca npoboda

[ernepamaop

AKKymy/smopHas oamapes

Ipacca npoboda

Porape 300HuU rpabsiu

Lo oHaps 0CEaUEHUS HOMEDHOZ0 HAKA [Patsi

s 2 oongpe ocbeuenus Homeprozo Haka febsl
Ipacca npoboda

L/ PoHape 3a0HU feGkI
Puc. 7. Cxema pasMEIICHUs JICMCHTOB U KOHCTPYKTUBHBIX Y3JI0B.

B uerBepTOil riIaBe paccMOTpeH pa3pabOTaHHBIA MAKET MPUKIATHBIX MPO-
rpamm (ITI1IT), peanu3yromuii METOIUKH CHHTE3a CUCTEMBI PAacIIpeIeIICHUS AICKTpUYC-
CKOM 2HEpruu rpy30Boro aBToMoomis Ha ocHoBe CALS-texnonoruii. Pazpadorka [T
OCYIIECTBIISUIACh HA OCHOBE M3JI0’)KEHHOTO B TJIaBaX 2 W 3 MPUKIATHOTO MaTeMaTHde-
CKOIr'0 00€CTeUeHHs TOTUUECKOM CXEMBbI, C UCIIOIB30BAHUEM €IMHOTO MH(OPMaIIMOHHO-
ro o0ecreYeHusI U C y4eTOM BCEX ATaloB JKM3HEHHOIrO IMKJIa 00BEKTa MPOECKTUPOBA-
HUSL.

K nHacTosimiemy BpeMeHH 3aKOHUEHO MOATAIHOE BHEAPEHHE B MPAKTHKY KOHCT-
pyKTOpcKOoro 0ropo aBTomMoOuiiecTpoeHus pazpadoranHoit nepBoit Bepcunt CAIIP cuc-
TEeMbl paclpeeleHuss JIEKTPUUYECKOM SHEpruu rpy3oBoro aBromobOusis. B ee cocrtas
BOIIUTM: MOJYJIb «AHANIU3 PEKUMOB PaOOTHI CUCTEMBI paclpeeieHUsl JIEKTPUIECKON
SHEPruu», Moayib «BbiOop ammapaToB 3alIUTH», MOIYJIb «ONTUMH3ALUS CEYECHUU
MPOBOJIOB», MOYJb «PacueT OanaHca 3MeKTPUUECKON IHEPTUM».

[TosTanHbIit BBOA MPOECKTUPYIOIIUX MOJYJIEH HE MPOTUBOPEUUT MPUHIUIIAM T10-
ctpoenust CAIIP. Ilepsas Bepcus IIIIII B Gombliiel cTeneHn ONpeneseTcs MOIX0a0M,
MIPU KOTOPOM MPEyCMaTPUBAETCS aBTOMATHU3AlIUsI BBITIOTHEHUS IPOLIEAYP U Oomneparui
M0 PEIICHUI0 ONTUMU3AIMOHHBIX 3a7a4 MapaMeTPUUYECKOro CUHTE3a CUCTEMbI pacrpe-
JICTICHUsL AJEKTPUUYECKON 3Heprun. Takum oOpa3om, TOCTUTAETCs CKOopeilee moiyde-
HUE MPAKTUYECKUX PE3YIbTATOB, TEXHUUECKUM U 3kOHOMUYeCKUil d3pdekT. [IposBiser-
Csl U TOTOBHOCTh KOHCTPYKTOPOB K MEPEX0Yy OT HEABTOMATU3UPOBAHHOTO MPOEKTUPO-
BaHUS K OBJIQJICHUIO HABBIKOB OOIIEHUS CO CHEUUATU3UPOBAHHBIM MPOrPAMMHBIM
oOecnieuenneM. Hannune BHIXOHOM 3JIEKTPOHHON TOKYMEHTALUU TTO3BOJISIET OCYIIECT-
BUTh €IMHOE MH(GOPMAIMOHHOE MPOCTPAHCTBO MEXKIY KOHCTPYKTOPAMH, TEXHOJIOTAMHU
u ap.

B kauectBe coctaBHbix yacTeit CAIIP anextpooOopynoBanust co3nano uHop-
MainroHHoe U nporpammHuoe obecneuenue [II1. Mudopmannonnoe obecnieuenue T1II1
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MMOCTPOCHO B COOTBETCTBUU C MPEABIBISAEMbIMU K HEMY TPEOOBAHUSIMHU, OCHOBOU KOTO-
pOro SBIISAIOTCS COBOKYITHOCTH B3aMMOCBSI3aHHBIX JaHHBIX — 0a3 gaHHbIX (BJ1), XpaHs-
muxcs B (aiiax v mojjaepKUBacMbIX CUCTeMOM yrpasieHus 6azamu gaHHbIX (CYB/)
Microsoft Access 2003.

Ha puc. 8 npencrasnena crpykryprast cxema CAIIP cuctemsl pacmpeneneHus
ANEKTpUUECKOW dHepruu Tpy3oBoro aBTomoOmnst KAMA3 na ocHoBe CALS-
TEXHOJIOTUH C CYIIECTBYIOIIMM M CO3JaBa€MbIM CIEIMAIbHBIM MIPOrPaMMHBIM o0ecrie-
yeauem (II1IT). MudbopmarimonHass B3auMOCBS3b CO3/1aBacMbIX CIIEIIHATIM3UPOBAHHBIX
MOJyJIel ¢ APYrUMU MPOrpaMMaMU M CUCTEMHOM 0a30i JaHHBIX OCYILECTBIISIETCS IO-
CPEICTBOM CHEIUAIbHBIX UHTEp(PENCHBIX mporpamm. PazpaboTana meToauka B3anMO-
JNEUCTBUSL KOHCTPYKTOPOB, MPOrPAaMMHBIX MOIYJIEM M aBTOMATHU3UPOBAHHBIX CHUCTEM,
UCIIONIb3YEMBIX TPU MPOEKTUPOBaHUU aBTOMOOWIs Ha ocHOoBe CALS-texHomoruii, a
TAKXKE OMPEAECIEHO MECTO CHENHATU3UPOBAHHBIX MPUJIOKEHUN B CTPYKTYpE MPOECKTHO-
ro MpoIecca KOHCTPYKTOPCKOTO OI0PO aBTOMOOMIIECTPOCHUS.

[IpoexTrpoBaHKe CUCTEMBI paclpeAeeHUs MEKTPHIESCKON YHEPTHH IPYy30BOTO aBTOMOOHUIIS Ha OC-
HoBe CALS-texHoI0THI

E3.ZPA <:> Siemens Team- <:> NX Manager
center

Ty EeRouting Bridge | s
E3.Series Siemens NX 7.5
- L a—

iy

Beimyck KJI

Puc. 8. Ctpykrypnas cxema CAIIP rpy30Boro aBToMOOMIIS.

Pa3zpaboTanHble METOAMKHN MCIIOIB30BAIHNCH HA A€ MOAU(DHUIIMPOBAHHBIX K-
TPUUECKUX CXEM T'PY30BbIX aBTOMOOWIICH MPH pa3lWYHBIX OTpaHUYEHUSIX. B kadecTBe
npuMepa MPUBEICHBI CXeMa M Pe3yJabTaThl CUHTE3a CUCTEMBI paclpeiesieHus dIeKTPH-
qyecKkoi 3Hepruu rpy30Boro aBTomoomis KAMA3-5308 ¢ ucnons3oBaHueM MepBoOi Bep-
cuu III1I1 B HayuHO-TexHMUeckoM HeHTpe OAO «<KAMA3».

B pe3ynbpTare BBISBICHBI CICIYIONIME HEAOCTATKU (OMMOKH) W PEKOMEHIANN
IPU MIPOEKTUPOBAHUN CUCTEMBI PACIIpeieTICHUs IIEKTPHUUECKON YSHEPT U :
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1.

MUHaJIbHBIN (Ta0II. 4);

Anmnapatsl 3alllUThI, YEPE3 KOTOPHIE MPOTEKAET TOK, MPEBBIMIAKOIIANA HO-

2. IlpoBoma, B KOTOPBIX TOK MPEBBICHI IOIYCTUMOE 3HaueHue (Tadi. 5);
3.  CeleKTUBHOCTh CpabaThIBaHUS amlapaToB 3allUTHl MPU KOPOTKOM 3aMbI-
KaHUU,
4.  BsiOop reseparopa no pexxumam padoThl;
5. YacoBoii 3apsia/pa3psasl akkyMyJIsITOpHOU Oatapeu;
6. CyTouHbIii OanaHC JIEKTPOIHEPTHH U JIP.
Tabmuna 4
Anmapatsl 3alIUThI, HE OCYIIECTBISIONINE 3aIUTY CETU
O0o3HaUeHHE Tun annapara Iirom, A e, A e e
annapaTa 3alllUThI 3allUThI
F1.1 111.3722 60 77,0241 (4) 3mma, mocee,
HOYb
F1.1 111.3722 60 72,974 (6) nero, ropoa, HOYb
F2.7 BITP-13-05 5 5,82 (6) nero, ropo, HOYb
Tabmuna 5
ITpoBoza, B KOTOPHIX TOK MPEBBICUIT JONYCTUMOE 3HAUCHHE
Bupka Mapka S, Impos, | Inom,
i OTtkyna Kyna e Vv A A Pexum padoTsi
1 Gl -+ F5.2 -1 I[IBA 4.0 | 89,678 | 32,5 | (1) 3uma, ropox, ACHb
1A F5.3 -2 F1.1 -1 [1IBA 4.0 | 72,974 | 32,5 | (6) nero, ropoj, HOYB
15A F1.1 -2 F1.2 -1 IIBA 2.5 |39,8401| 245 S))qima’ tocee,
50 F1.2 -1 | F2.11 -1 [IBA 25 | 3956 | 245 |(4) 3nma,mocce,
HOYb
57 F1.1 -2 F3.10 -1 [1IBA 2.5 |26,2112 | 24,5 | (6) neto, ropoj, HOYb
34 F3.10 -1 | F3.9 -1 IIBA 15 |22,3499 | 18 S))qima’ tocee,
1E F5.2 -2 M1l -1 IIBA 2.5 ]68,5403 | 24,5 | (5) nero, ropoa, 1CHb

Ananu3 pe3ynbTaToB BHeApeHus nepBod Bepcum I mokassiBaer, 4to co-
KpAallleHUE CPOKOB MPOEKTUPOBAHUS CUCTEMBI PACHIPEICIICHUS SJIEKTPUUECKON SHEPTUU
pU MOJUPUKAIUAX STEKTPUUECKUX CXEM OTIEIbHBIX CUCTEM OJHOTO IPy30BOr0 aBTO-
MOOUJISI COCTABIISIET TTOPSIKA 9.5 YacoB.

17




OcHOBHBIE BbIBO/JbI M PE3YyJIbTAaThbl

1. PazpaboranHas Mojienb Tana NpoeKTUPOBAHUS KOMILJIEKCA AIEKTPOOOOpPY-
JoBaHMs TPy30Boro aBToMoOmisi Ha ocHoBe CALS-TexHOmoruiét B BUAEC JOTHUYECKOUN
CXEMbI CHCTEMBbI pAaCHpEICNICHUs] IEKTPUUECKON SHEPTUHN YUYUTHIBAET CTAUU >KU3HEH-
HOTO ITUKJIA 3JICKTPooOOpynoBaHus (IIPOU3BOACTBO, IKCILIyaTalysi) TPy30BOr0 aBTOMO-
onrs.

2. PazpaboTanHass MeTOAMKa TOIMOJOTHYECKOTO CHHTE3a CHCTEMBI pacIpese-
JICHUS AJIEKTPUYECKON SHEPruu, BKIIIOUAION[as KOMIIOHOBKY W pa3MelIeHHe KOHCTPYK-
THUBHBIX Y3JI0B 3JIEKTPOOOOPYAOBaHUS, PA3BOJIKY FIEKTPUUECKUX 1enel, (OpMHUpPOBAHHE
U TPACCUPOBKY KT'YyTOB I'PY30BOTO aBTOMOOWIISI, TIO3BOJIIET OMPENEIUTh ONTUMAIILHOE
KOJIMYECTBO JJIEKTPOKOHCTPYKIIMM, ONTUMAJIbHYIO Pa3BOAKY JJIEKTPUUYECKUX IICIEH,
pemuTh 3a1a4y GOpMHUPOBAHUS U TPACCUPOBKH KT'YTOB MEKOJIOUYHOTO MOHTAXKaA.

3. PazpaboTanHas MeToaMKa MapaMeTPUIESCKOTrO CHHTE3a CUCTEMBI pacipe/ie-
JIGHHS DJIEKTPUYECKOM SHEPryH, BKIIOYAOIIAs ONTHMH3AIMI0 CEYCHUH MPOBOJIOB, BbI-
Oop ammapaToB 3allWTHI, pacyeT OajaHca IICKTPUYCCKONW DHEPTHH, aHATW3 PEKHUMOB
paboOThl CUCTEMBI ANEKTPOCHAOKEHUSI TPY30BOTO aBTOMOOWIISI, MO3BOJISET OMPENEIUTD
MPaBUJILHOCTH BHIOOpA CEUCHUI MPOBOMOB, almapaToB 3allUThl, MOIITHOCTH T'e€HEpaTopa
U aKKyMYJISITOPHOU OaTapeu ¢ y4eTOM pa3lIMyHbIX PEKUMOB pabOThl CUCTEMBI pacmpe-
JIETICHUS SIEKTPUUYECKON SHEPTUH TPYy30BOI0O aBTOMOOUIISA.

4. Pa3paboTanbl peKOMEHAAIIMA CUCTEMHOTO HMCIOJIb30BaHUS MPEIIOKEHHBIX
METOJIUK MPHU MPOEKTUPOBAHUU KOMIUIEKCA 3JIEKTPOOOOPYIOBaHUSA B KOHCTPYKTOPCKOM
O0I0pO aBTOMOOMJIECTPOEHHUSI, KOTOPbI€ MO3BOJISIIOT OCYIIECTBUTH B3aMMOJCIHCTBHE Cy-
IIECTBYIOIIUX CHUCTEM aBTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUS, KOHCTPYKTOPOB U pa3-
pabOTaHHBIX CIEIUATIM3UPOBAHHBIX IIPOTPAMM.

5. [IpompblnieHHasT AKCIUTyaTalusl MakKeTa MPUKIAJHBIX MPOrpaMM, peau-
3YIOIIETO Pe3yJIbTaThl JUCCEPTAMOHHONW PabOThI, MO3BOJIWIA COKPATUTH CPOK MPOEK-
TupoBaHus Ha 8-12% 1 yMEHBIINUThH OMMOKYU TIPU MPOESKTUPOBAHUN CUCTEMBI pactpeie-
JICHUS SJIEKTPUUECKON IHEPTUH TPY30BOT0 aBTOMOOUIIS.
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