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BBenenue

AKTYaJlbHOCTh TeMbl. [IpoeKkTHpoBaHHE KOMILJIEKCOB JJICKTPOOOOPYIOBAHUS
COBPEMEHHBIX aBTOMOOWJICH B HACTOSIIEEC BpEeMsi HE BO3MOXHO 0€3 HCIOJIb30BAHUS
ABTOMATU3UPOBAHHBIX CHUCTEM, YTO OOYCJIOBJIEHO CICAYIOIIUMH NMPUYUHAMH: TTOCTOSHHO
YBEJIMYHMBACTCS YHCJIO HOBBIX MojeJel, Moau(uKanuii 1 KOMIUICKTAllU aBTOMOOHIICH;
MPEABSBIAIOTCS JKECTKHE TpeOOBaHUS K CpPOKAM BBIIIYCKAa W KA4eCTBY MPOEKTHBIX
JIOKYMEHTOB, HMX COOTBETCTBHIO MEXIYHApOAHBIM CTaHJapTaM H HOPMaTUBaM;
YCIOXKHSIETCA CTPYKTypa CHCTEM SJIEKTPOOOOPYAOBAHHUS, YTO MPUBOJUT K YBEIMUCHUIO
HOMEHKJIATYpbl M YCIOXKHEHUIO YEpPTEKEH; YBEIMUMBACTCA OOBEM PYTHHHOU pPadOThHI
WHXKEHEpPA.

Takke B MUPOBOM aBTOMOOWJIECTPOCHUM HAOMIOACTCS TEHIEHIIMA 00ecreueHus
TECHOM B3aUMOCBSI3M MPOLIECCOB MPOEKTUPOBAHMS, IPOU3BOJCTBA, MApPKETUHTa U
AKCIUTyaTaluu aBTOMOOMJIS. [TosTomy IPOEKTUPOBAHHE KOMILIEKCa
AIEKTPOOOOPYIOBAHUS aBTOMOOWJISI HEOTPBHIBHO OT MOCTEAYIONMIEH TEXHOJIOTHYECKOU
MOATOTOBKHU MTPOU3BOJICTBA U IKCILTyaTallUH.

Beixogom ~ sBIAETCS  UCIHOJIb30BaHUE CPEACTB aBTOMATU3UPOBAHHOIO
npoektupoBanus (CAIIP) »smektpoobopynoBanuss Ha ocHoBe CALS-texHomorni,
3aKJTFOYAIONIUECS B HEPEPHIBHOM HH(GOPMAIIMOHHOMN TIOIIEPIKKE MOCTABOK U KU3HEHHOTO
[IMKJIa CIIOKHBIX W3IENUN (IMIPOEKTUPOBAHKE, MPOU3BOJICTBO, AIKCILTyaTalusi, PEMOHT,
YTHIIA3AINA).

PoiHok ~ WMHGOPMAIIMOHHBIX  TEXHOJIOTMM B 0O0JacTH  MPOEKTUPOBAHUS
ANEKTPOOOOPYNIOBaHUST ~ JOCTATOYHO  IIUPOKO  TPEACTABICH  YHUBEPCAIbHBIMU
nHCTpyMeHTaNIbHbIMU cuctemMaMu CAIIP, mo3BOJNSIONIMMU PEIINTh B KOMIUIEKCE 3a/1aud
pa3pabOTKM  TMPUHIUIUAAIBHBIX ~ CXEM, CXeM  JJEKTPUYCCKUX  COCJUHEHUH W
MPOEKTUPOBAHUS KTYyTOB. B KauecTBe nmpumepa MOKHO npuBecTH Takue cuctembl CAIIP
kak Electrics, E3.Series, EPLAN Electric u ap. BombimHacTBO M3 HUX 3()PEKTHBHO
B3aMMOJICHCTBYET C CHCTEMaMH TpexMmepHoro mpoektupoBanusi (Siemens NX, Catia,

Cimatron, SolidWorks), cucTtemamMu TMOATOTOBKH U COMNPOBOXKICHHUS TEXHHUECKOH



nokymentanuu (TG BILDER) u cucremamu opranuzaiuu KOJUIEKTHUBHOTO TMOJIb30BaHUS
(Teamcenter, Smartteam, CIM Database).

Jns  3amady pemaeMbIX KOHCTPYKTOPCKHUM — OTHAEIIOM  3JIEKTPOOOOPYI0BaHUS
aBTOMOOUJIBHBIX TPEANPUATANA YPOBEHb MPOEKTa OIpeAeNseTcsl HaIASKHOCThIO U
KaueCTBOM AJIEKTPOCHAOKEHUS TOTPEOUTENEH 2IIEKTPOIHEPTUU aBTOMOOUIILHBIX CUCTEM U
ONTUMAJIBHOCTBIO TpPUHUMAEMbIX pemieHuid. K HHUM  OTHOCSTCS KOMIIOHOBKA U
pa3MellleHre KOHCTPYKTUBHBIX Y3JIOB, Pa3BOJIKa DJIEKTPUUYECKHUX Lierel, (popmupoBaHue
KT'YTOB, aHAIN3 PEKUMOB paOOThl CUCTEMbl paCHpeleNieHUs] AJIEKTPUUYECKON 3HEepruu,
ONTUMH3ALMA CEYECHUN MPOBOJOB, BBHIOOP M TPOBEpPKA armapaToB 3allUThl, OajlaHC
AIEKTPUUECKOM SHEPTUH aBTOMOOWIIS U T.J.

[To mpoOnemaTuke CO3MaHMS CHCTEM ABTOMATHU3WPOBAHHOTO MPOCKTHUPOBAHUS U
ONTUMH3ALMUA CUCTEM 3JIEKTPOOOOPYIOBAHUS TPAHCHIOPTHBIX CPEJCTB M3BECTHBI PAOOTHI
oTeuecTBeHHbIX y4yeHbIXx HopenkoBa WN.II., Cemotuna B.A, Xyka K.JI., IlIteitna M.E.,
Kypeituuka B.M., Mopo3oBa K.K., ABetucsna I[.A, Tepemryka B.C., Makapoa B.I'.,
[Takuposa FO0.W., Llos A.A. u apyrux.

AHalM3 TOKa3aJd, 4YTO CHUCTEMbl AaBTOMATH3UPOBAHHOTO IMPOECKTUPOBAHUS
AIEKTPOOOOPYIOBaHUS B OOJBIIMHCTBE CBOEM SIBJISIOTCS CpPEICTBAMH TpaduuecKu-
MH(POPMAITMOHHON TOMJIEPKKH MPOCKTHOTO MPOIecca CYIIECTBEHHO COKPAIIAOIIUE €ro
CPOKHM W TIOBBIIIAIONINE €T0 TOYHOCTh. HO KauecTBO MPOEKTHBIX PEIICHUM 3/1€Ch 3aBUCUT
BO MHOT'OM OT MOJIFOTOBJICHHOCTH U OTBITA MEPCOHAJIA.

3agaun ONTUMU3AIMY, aHAJM3a KaueCTBa U HAJEKHOCTU MPOCKTUPYEMBIX CUCTEM
yHuBepcaibHbie cpeactBa CAIIP snexktpoobopynoBanus He pemaroT. Kpome Toro
yHuBepcanbibie CAIIP, sBisisick HHCTpyMEHTaIbHOU 000JI0YKOM, TpeOyIOT aganTainuu K
KOHKPETHBIM OO0BeKTaM, crnenudukd pemeHuss 3amad v (hopMe KOHCTPYKTOPCKOMU
JIOKYMEHTAIUH.

Takum oOpaszoM, JJisl pelieHUs yKa3aHHBIX MPoOJieM HEOOXOIUMO HCCIEAOBAHUE
JTara MPOCKTUPOBAHUS KOMIUIEKCA AJIEKTPOOOOPYIOBaHUSI TPY30BOIO aBTOMOOWJIS,

pa3pa60TI<a MCTOJUK TOIIOJIOTHMYCCKOIr0 MW IHIapaMCTPHUYCCKOIO0 CHHTE3a CHCTCMBI



pacripesiesieHus JJIEKTPUUYECKOM SHepruu Tpy3oBoro apromobOusis Ha ocHoBe CALS-
TEXHOJIOTHH. B muccepranuu copMyIupoBaHbl CISAYIONINE TOTOKCHHS.

O0bexkT ucciaenoBanusi — Cucrema pacnpenereHusi SIEKTPUUYECKOW DHEPruu
IPy30BOTO aBTOMOOHIISL.

IIpeameT uccienoBanusi — MeTonruka MPOESKTUPOBAHUS CUCTEMBI pacIpeeICHHUs
ANIEKTpUYeCcKoi sHepruu Ha ocHoBe CALS-TexHom0rui.

Heab uccaenoBanusi — CoOKpalieHHEe CPOKOB MPOSKTUPOBAHUS, TOBBIIICHUE
KayeCcTBAa M HAACKHOCTH CHCTEM DJJIEKTPOOOOpPYIOBaHUS, WM CHHKCHHE 3aTpar Ha

MIPOEKTUPOBAHUE U ITPOU3BOJICTBO I'PY30BOTO0 aBTOMOOWJIS.

Hayuynas 3agaya wucciaenoBaHMsi — pa3padoTKa METOJUMK U MpPOrpaMm
aBTOMATH3UPOBAHHOTO CHHTE3a CHCTEMBl pacHpeleSIeHUs] JJICKTPUUYECKOW HHEPruu
rpy30Boro aBToMo0miIs Ha ocHoBe CALS-TexHooruit, Koropas pemiaiach 1o CiaeayrIuM

HaIlpaBJICHUAM!

1. CucTteMHOE HCCIENOBAaHUE CUCTEMBI PACIIPEACIICHUS DJIEKTPUICCKON IHEPTUU
KaK OOBEKTa MPOCKTUPOBAHMS, IPOIecCCa MPOSKTUPOBAHUS CHUCTEMBI PaCTIPEICICHUS
AIIEKTPUYECKON SHEPTHHU TPY30BOTO aBTOMOOWIIS JJISI PACKPBITHS OCHOBHBIX MTPOOIEM TIPH
MIPOCKTUPOBAHUU TPY30BOTO aBTOMOOMIIS

2. Pa3paboTka mMozeny 3tama IpoeKTUPOBAHUS KOMIUIEKCA 3JIESKTPOOOOPYI0OBaHUS
rpy3oBoro aBromMoOuisis Ha ocHoBe CALS-texHomoruii B BHAC JIOTHYECKOM CXEMBI
MMPOCKTUPOBAHMS  CUCTEMBI  paCTpeNeNIieHUs] SJICKTPUUYCCKOM DJHEPrUU  TPYy30BOTO
aBTOMOOMJIS.

3. Pa3paboTka METOIWKH TOIOJIOTMYECKOTO CHHTE3a CHCTEMBI pacIpeneieHuUs
DIICKTPUYECKON SHEPIHH, BKIIIOYAIONIass KOMIIOHOBKY W pPa3MEIICHHE KOHCTPYKTHUBHBIX
Y3JI0B  3JIEKTPOOOOPYAOBAHUS, PA3BOJAKY OSJICKTPUUYCCKHX IIened, (OpMUpPOBaHHE W
TPACCHUPOBKY JKT'yTOB I'Py30BOTO aBTOMOOHJIA.

4. Pa3paboTka METOIHMKH MapaMETPUUYECKOTO CHHTE3a CHUCTEMBI PaCIPEACICHUS
AIIEKTPUUECKON DHEPTUH, BKIIOYAIONIYIO ONTHMHU3AIMIO CEYCHHI TMPOBOJOB, BBHIOOD
amnmapaToB 3alllUThI, pacueT OalaHca 3JIESKTPUUSCKOW DHEPTHH, aHAJIN3 PEKUMOB PAOOTHI

CUCTEMBI pacIipe/lelIeHUs ANEKTPUIECKON SIHEPTHU TPy30BOTO aBTOMOOKIIS.



5. PazpaboTka pekOMEHJalMi CHUCTEMHOTO MCIOJIb30BaHUS MPEITIOKEHHBIX
METOJUK TPU MPOEKTUPOBAHUM KOMIUIEKCA 3JIEKTPOOOOPYIOBAaHUS B KOHCTPYKTOPCKOM
010pO aBTOMOOUJIECTPOCHHS.

Metoabl ucciaenoBanms. Pa3zpaboTka mojenu sTana NPOEKTUPOBAHUS B BHJIE
JIOTUYECKON CXeMbl OCHOBBIBAJACh Ha TEOPUM CIOXKHBIX CHCTEM, OOIEH METONOJIOTHH U
axcromaruke noctpoeHust CAD/CAM/CAE cuctem u CALS —texHonorusx. Pa3paboTka
METOJMK TOMOJOTUYECKOTO0 M MapaMeTPUUYECKOTO CHHTE3a CTPOMJIACh HAa OCHOBE TEOPUH
AIIEKTPUUYECKUX TICTICH, TEOPUU MHOKECTB, TCOPHUH HEOPUCHTHPOBAHHBIX IPadoB, METOOB
MaTeMaTHYECKOro MPOrpaMMHUPOBAHHSL.

JIOCTOBEPHOCTh  Pe3yJIbTATOB, TIOJIYYCHHBIX B JIUCCEPTAIMOHHOW pabore,
MOATBEPKAACTCS B KOPPEKTHOM MPUMEHEHUU TEOPUM BJIEKTPUUECKUX LIENEeH, Teopuu
CJIIOXHBIX CHCTEM, TE€OpuH rpadoB, METOJOB MATEMAaTHYECKOTO MPOrpPaMMHPOBAHUSA,
TEOPUH MHOYKECTB, CXOJMMOCTBIO PE3YJIHTATOB, MOJYYCHHBIX aHATTUTUYECKUM METOJIOM U
Ha KOMIIBIOTEPHOU MOJIETIH.

Hayuynasi HOBW3HA pe3yJbTaTOB, TMOJYYEHHBIX B JHCCEPTAlIMOHHON pabore,
3aKJIH0YAETCS B CIIEAYIOLIEM:

1. Pazpaborana mojienb dTamna mpoeKTUPOBAHMS KOMILIEKCA AIIEKTPOOOOPYI0BaAHUS
rpy30Bor0 aBTOMOOWIsSI Ha ocHOBe CALS-TexHONOTMii B BHUAEC JIOTHYCCKOM CXEMBI
MPOCKTUPOBAHUS  CUCTEMBI  PACTPEACICHHUS]  DJIEKTPUYECKOM  HHEpruu, BIEpPBbIC
VUUTBHIBAIOIIAS] CTAJUM KU3HEHHOTO IHMKJIA AJIEKTPooOOpynoBaHUsl (MPOU3BOJICTBO,
AKCILTyaTaIus).

2. Pa3zpaborana MeTOAMKA TOIMOJIOTHYECKOTO CHHTE3a CHCTEMBbI pacIpeneieHus
AIEKTPUUYECKOM PHEPIHH, BKIIOYAIONIYI0 KOMIIOHOBKY M pa3MENIEHHE KOHCTPYKTHUBHBIX
y3JI0B DIIEKTpooOOpyIoBaHus (pa3paboTaHbl aNTOPUTMBI, B KPUTEPUM ONTUMU3AIUU
KOTOPBIX BBEJACHBI MapaMeTphbl, XapaKTEPHU3YIOIINE MacCy MPOBOAHBIX COCAMHEHUH),
Pa3BOKY AIIEKTPUUECKUX Iernel (pa3paboTaH alropuT™ Ha OCHOBE JiepeBbeB LlITelinepa),
dbopMmupoBaHue KryToB (aJIroput™ (HOPMHUPOBAHUS JKTYTOB C  HCIOJIB30BAHUEM
BBIYMCIUTEILHON MpOLEAyphl MPUOJMKEHHOTO METO/la) M TPACCHPOBKY KIYTOB

(pa3paboTaH 3BpUCTUYECKUI aITOPUTM) IPYy30BOTr0 aBTOMOOMJIS.



3. Pazpaborana MmeToAMKa MNapaMETPUUYECKOTO CHHTE3a M aHajiu3a CHCTEMbI
pacrpeneneHuss JJIEKTPUYECKOM DHEPTrHM, BKIIOYAKONIAs ONTUMHU3ALMI0O  CEYCHHI
IPOBO/IOB, BHIOOp  ammaparoB  3allUThl, aHAJU3 PEKUMOB pPabOThl  CHUCTEMBI
AIEKTPOCHAOKEHUSI TPY30BOTO aBTOMOOWIISI, BIIepBbIe yunuThiBatomas crenuduxky CALS-
TEXHOJIOTUM.

4. BnepBble pa3pa0oTaHbl pPEKOMEHAAIMU CHUCTEMHOIO  HCIOJIb30BaHUS
MPEIJIO)KEHHBIX ~ METOJAMK W [porpaMM  IpU  NPOEKTHPOBAHWU  KOMILIEKCA
AIIEKTPOOOOPYIOBAHMS B KOHCTPYKTOPCKOM OIOpO aBTOMOOHIIECTPOCHUS.

IIpakTHyeckass HEHHOCTb PadOTBI COCTOMT B TOM, YTO pa3padOTaHHbIE
MHXCHEPHbIE METOAMKHU MPOEKTUPOBAHUS KOMILIEKCA 3JIEKTPOOOOPYAOBaHUS MO3BOJISIOT
COKpaTUTh CPOKHU TMPOEKTUPOBAHUS;, pa3pabOTaHHBIE MPOrpaMMbl aHAM3a PEKHUMOB
paboThl CUCTEMBI JIEKTPOCHAOXKEHUS, BbIOOpa ammapaToB 3allUThI, BHIOOpA CEYEHUU
IIPOBOZIOB IO3BOJISIIOT IOBBICUTH Kaue€CTBO W HAAECKHOCTb CHCTEMBI PACIPEACIICHHUS
ANIEKTPUYECKON SHEPTUU IPY30BOrO aBTOMOOMIISL.

Peasqmzanusi pe3yibTaroB padoTbl. Pe3ynbTaTbl BBINOIHEHHBIX HCCIEIOBAHUN
BHEIPEHBl W MCHOJIB3YIOTCA B HaydHO-TexHM4YeckoM LeHTpe OAO «KAMA3» mnpu
MPOCKTUPOBAHUM MOAM(PUKAUMNA W HOBBIX TIpy30BbIX aBromoOuneii KAMA3 nns
YMEHBUIEHUS 3aTpaT Ha MPOEKTUpoBaHUE. Takxke pe3ynbTrarbl JUCCEPTAMOHHOW pabOThI
BHEJIPEHbI M UCIOJIB3YIOTCS B Y4eOHOM rmporiecce Kadeapbl «IIeKTPOOOOpYIOBAHUS
®OI'BOY BIIO «Kaszanckmii HalMOHAJIBHBIM  HCCIENOBATEIbCKUN  TEXHUYECKHUU
yauBepcuteT uM. A.H. Tymonea — KAWM» B JNEKUMOHHBIX KypcaxX, MPH BBIIOJIHEHUU
KYPCOBBIX U IUIIOMHBIX paOOT CTyIEHTaMU U MaruCTpaHTaMH.

OcHOBHbBIE HAYYHbIE MOJIOKEHUS, BHIHOCUMbIC HA 3aIUTY:

1. Mogens 3Tana npoeKTUPOBAHUS KOMILIEKCA AJIEKTPOOOOPYIOBAaHUS T'PY30BOIO
aBToMoOmis Ha ocHoBe CALS-TexHOnoruii B BHJI€ JIOTHUECKOM CXEMbl IPOEKTHPOBAHUS
CUCTEMBbI pAaCTpEACNICHUs] DJIEKTPUUYECKOM DHEPruu, BIIEPBbIE YUWTHIBAIOLIAS CTA/UU
YKU3HEHHOTO IIUKJIa 3JIEKTPO0OOpya0oBaHus (ITPOU3BOJCTBO, IKCILTyaTaIlus).

2. MeToauka TOMOJOTHYECKOTO CHHTE3a CUCTEMBI PACIIPEACIICHUS dIEKTPUIECKON

QHCPIUHU, BKJIIOHAromas KOMIIOHOBKY W  PasMCHICHHC KOHCTPYKTHBHBIX  Y3JIOB



ANIEKTpooOOpynoBaHus (pa3paboTaHbl AJITOPUTMBI, B KPUTEPUNH ONTHUMHU3ALUU KOTOPBIX
BBEJICHBI TapaMeTpPbl, XapaKTEPU3YIONIME MacCy MPOBOJHBIX COEIUHEHUMN), Pa3BOAKY
AIIEKTpUUYECKUX Iened (anropuTM Ha ocHoBe JepeBbeB lllTelinepa), dbopmupoBaHue
KryToB (anroput™ (OPMHPOBAHUS JKTYTOB C HCIOJIb30BAHUEM BBIYHCIUTEIHLHOM
IpOLEAYPhl MPUOTUKEHHOTO METOJIA) U TPACCUPOBKY KI'YTOB (3BPUCTUUYECKHUI aJITOPUTM)
Ipy30BOTO aBTOMOOMJIS.

3. Meronuka  MapaMeTpUYECKOIO  CHUHTE3a  CHCTEMBI  PaCHpeleeHUs
AIIEKTPUYECKOM SHEPIrHH, BKIIOYAIOIAs ONTHUMH3ALUI0 CEYEHH NPOBOAOB, BBIOOD
anmnaparoB 3allUThl, aHAJINU3 PEXKUMOB PAOOTHI CUCTEMBI AIEKTPOCHAOKEHHUSI TPy30BOIO
aBTOMOOWJIS, BIIEpBbIe yunThiBaromias crenupuky CALS-TexHomoruii.

4. PexkomeHAalMu CHCTEMHOIO MCIOJIb30BAHMS MPEMJIOKEHHBIX METOJIUK H
nporpamm  CAIIP mnpu nOpoeKTHUPOBAaHUU  KOMIUIEKCA  AJIEKTPOOOOPYIOBaHUS B
KOHCTPYKTOPCKOM OIOPO aBTOMOOHJIECTPOCHUSI.

AnpoGauuss pad6oTrbl. OCHOBHBIC TIOJIOKEHUSI JTUCCEPTAIIMOHHONW pPabOThI
JIOKJIQIBIBAJIUCh U OOCYXKJAIMCh Ha CICAYIONMIMX HAYYHBIX U HAYYHO-TEXHUYECKUX
KOH(epeHIusIx:

MexayHapo/iHas Hay4YHO-TeXHUYeCcKask KoH(pepeHus « ABToMoouie- u
TpakTopocTpoeHue B Poccun: mprHOpUTETHI Pa3BUTHUS U MMOATOTOBKA KaJpPOBY,
MOCBSIIEHHOM 145-neTrto MOCKOBCKOT0O TOCYAapCTBEHHOTO MAIlTMHOCTPOUTEIIBHOTO
yauBepcuteta (MI'TY) «kMAMM», Mocksa, MI'TY «cMAMMN», 2010r.; VI
MEXyHapOaHAsI HAYYHO-TIpaKTHYecKasi KoH(pepeHIrs «ABTOMOOUITH U TEXHOC(hEpay.
Kazanp: KHUTY-KAH, 2011; XI mexxnyHapogHas Hay4HO-TEXHUUYECKasi KOH(pEpEeHIUs
«ABUA-2013». KueB: HainonansHbpiii ABualinoHHbii YHuBepcutet, 2013;
MexayHapoiHasi HayqyHo-TipakThueckas koHpepeHus « HbopMalMOHHbIE TEXHOIOTHU:
MpaKkTHKa NPUMEHEHMs B TIPOM3BOJICTBE, OM3HECe U 00pa3oBaHum». HuxHekamck:
HUUTuT KHUTVY-KAU, 2011.

IMy6aukanuu. [To pe3ynpTaTaM ucciea0BaHUN OMyOJIMKOBAHO § MEYaTHHIX PadoT,
B TOM 4YHuCJ€ 3 HayyHble CTaThbM B BEAYIIUX PELEH3UPYEMBbIX HAY4YHBIX H3JIaHUSIX,

pexomMenoBaHHbIX BAK P®.



O0BbeM u cTpyKTypa auccepramuu. [{uccepranus nsnoxkeHna Ha 124 crpaHunax u
COCTOMT W3 BBEJICHUS, YETHIPEX IJIaB, 3aKIFOYCHHS, CIIMCKA JINTEPATYPHl U MPHIOKCHUS.
Pabota conepxut 36 pucynkos, 11 Tabmuu. Cnucok auteparypsl BKIoyaeT B cedst 101

HNCTOYHHK.

10



I'maa |. TIlocraHoBka 3aJa4yM CHHTe3a CHCTEMbI paclpeaeaeHust

3JIeKTpI/I‘IeCKOI71 IHEPIuM rpy3oBoro aBTOMOOMJIA

1.1. O630p uTEpPATYpPHI IO TEME TMCCEPTALUN

IIponiecc IPOEKTUPOBAHUSA CUCTEMBI PACIPEHCICHUSA DJICKTPUYECKOW DHEPruu
COBPEMEHHBIX T'PY30BBIX aBTOMOOWJICH COCTOUT M3 pellleHuss MHOKecTBa 3aiad [20]. Ha
puc. 1.1 mpuBeneHa CTpPyKTypHas cXeMa IPOEKTUPOBAHMSI CHCTEMBI paclpelesICHUs
ANeKTpuuecko sHepruu. OCHOBOM »3Tama NPOEKTHUPOBAHUS SBISETCA pa3padoTKa
MPUHLOHUNHUAIBHBIX JJEKTPUYECKUX CXEM CHUCTEMBI PACHPENEIICHHUS JIIEKTPUYECKON
DHEPrUu. OcHOBHYIO TPYAOEMKOCTb COCTaBJISAIOT 3a1a4u OIIPEEIICHUS
IIPOCTPAHCTBEHHOTO  MOJIOKEHUS  DJIEMEHTOB, HX COCIMHEHMM U IOATrOTOBKA
COOTBETCTBYIOIIEH TEXHUYECKON TOKYMEHTALMU: TaOJIULl COEMHEHUH, crienuuKanuii u
T.4. Takne 3amaun [21] npeacTaBisAOT Kiacc 3a1ad TONOJIOTMYECKOTO NMPOEKTUPOBAHUS.
[Ipu npoekTUpOBaHUM MEKOJIOYHOTO MOHTaXa UM COOTBETCTBYIOT IOCIIEOBATEIbHOCTD
BBIIIOJIHEHUS 3aJa4 KOMIIOHOBKM M Pa3MEILIECHHMs KOHCTPYKTHMBHBIX Y3JIOB, Pa3BOAKHU
ANEKTPUYECKUX LIeTIel, (POPMUPOBAHUE U TPACCUPOBKA KI'YTOB.

[Tpu pemeHnu 3anad pazMeIieHUs, ONpeaeaeHUs] KOHQUTypauu JIeKTPUIECKOn
CEeTH aBTOMOOWJISI HEOOXOJUMO YUWTHIBaTh IOTEPU HANpPSKEHUsT B IMPOBOAAX MU
MHOTOPEXUMHOCTh PabOThl CETH. DTO MPUBOJUT K TOMY, YTO MHPOEKTHPOBAHUE BCEX
CHUCTEM  3JIEKTpOOOOpPYHOBaHMsI  BEAETCA  B3aUMOCBSA3aHO, TO  €CTh  IIpOLECC
MIPOEKTUPOBAHMS HOCHUT CIIOKHBIM HMTEpAalMOHHBIM Xapaktep. Takum oOpa3om, CHUHTE3
CUCTEMBI PACHPENEIICHHS DJIEKTPUUECKON SHEPrUU U €€ NapaMeTpudecKas ONTHUMHU3aLNs
SABJISIIOTCS 3aBEPILIAIOLIMM JTAIOM IIPU IPOEKTUPOBAHUH.

CocraBneHue HabOpOB (KOMIIOHOBKA) KOHCTPYKTHBHBIX Y3JIOB U MX pa3MeElIeHHUE
Ha TPY30BOM aBTOMOOMIIE SIBJISIETCS] BAXKHBIM 3TarioM. JoykHBI OBITH ONpeaeneHbl MecTa
pa3MelIeHus] KOHCTPYKTHBHBIX Y3JI0B, OTpaHMUYEHUS HAa UX 00beMbl U T.N. Pe3ynbTarhb
pELICHUsT ONPEACHAOT JAJbHEHIINKA XapakTep pPa3BOAKU DJIEKTPUYECKUX LIETEH,
dbopMUpOBaHHE W TPACCUPOBKH IKIyTOB. 3ajadya KOMIIOHOBKM U  pa3MeLleHUs

KOHCTPYKTHBHBIX Y3JIOB HanOoJIee YacTo BCTPCUACTCA B CMCIKHBIX 00acTaX: Inpu
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MIPOEKTUPOBAHUM PATUOAIEKTPOHHOM ammapatypsl [22,23], yCTpOWCTB aBTOMAaTUKH [24].
N3BectHa pabota [25] MO KOMIIOHOBKE W pa3MEIIEHHIO KOHCTPYKTHUBHBIX Y3JIOB
OOpPTOBOrO AJIEKTPOOOOPYIOBaHUS JieTaTelNbHBIX armapaToB. CylIiecTByeT MHOKECTBO
pelIeHnil B Apyrux 00JIaCTAX, KOTOPBIE IO MOCTAHOBKE CXOJHBI ¢ pemaeMoil 3agaueit. K
HUM OTHOCSITCS pa0OThl MPH MPOCKTUPOBAHMM PAAUOIICKTPOHHOM ammapaTypsl [21,23,
26, 27, 28]. B pmaHHBIX paboTax IIHPOKO NPHUMEHSIOTCS IOCIEAOBATEIbHBIC U
WUTEPAIIMOHHBIC AJTOPUTMBI C WCIIOJIH30BAHUEM TEOPHUH HEOPHEHTHUPOBAHHBIX TpadoB H
pPa3IMYHBIX METOJOB MaTeMaTHUYeCKOro MpOorpaMMHUpOBaHus. B kadyecTBe KpuTepueB
ONTUMU3AIMU UCTIONIB3YIOTCS PA3IUYHbIE OLICHKU JITTUHBI COSTMHEHUH.

Pa3Bojika slEKTpUUYECKUX IIENEH COCTOUT B OMPENENICHUM CIOco0a COeAMHEHUN
SKBUIIOTEHIIMAIBHBIX BBIBOJIOB AJIEKTPUUYECKON CXEMBI M MPOBOJUTCS C YYETOM Tpacc U
PACIOJIOKEHUS JIEMEHTOB KaK10H 1enH, TPEOOBaHUI HAI€KHOCTH U T.I1.

N3 u3BECTHBIX aBTOPY pabOT MOXKHO BBIICIUTH paboTsl [8,21,23,26,29,30-40], B
KOTOPBIX IMPEACTABICHbl MHOTOYMCIICHHBIE PE3YyJbTaThl PEMICHUS 3aJaud Pa3BOAKHU
AJIEKTPUUYECKUX IIeMel, Kak Ha JIeTaTeJIbHBIX ammaparax, aBTOMOOWJISX, TaKk U B
PaIHORJICKTPOHHOM anmaparype M 3JIEKTPOHHO-BBIUMCIMTEIBHOW ammaparype. Jlid
MPOEKTUPOBAHUS MEKOJIOUHOTO MOHTaXa B JJAHHBIX pabOTax MPUMEHSIETCS PAa3OMKHYTas
TOMOJIOTUSA coequHeHu. [Ipyu 3TOM 171 yMEHBIIEHUsS MAacChl MPOBOAHBIX COCAMHEHUU
MPUMEHSIOTCS  JIOMOJIHUTENbHBIE  KJIEMMBI, 00pa3ylomue  KJIEMMHBIC  KOJOJKH.
DNEKTPUYECKUE TEMU TPU ITOM MPEJCTABISIIOTCS TpadoOBBIMU MOACISIMHU, U TpolJieMa
CBOJUTCA K ONPEICICHUI0 MUHUMAaIbHBIX MMOKPBIBAIOIINX JIEPEBHEB.

3agaya GopMHUpOBaHUSI KIYTOB COCTOMT B OOBEAMHEHHWHM HAOOPOB MPOBOJIOB C
Yy4€TOM  OTpaHWYECHUM 1O  DJIEKTPOMAarHUTHOW  COBMECTHMOCTH, poOjJia  TOKa,
TEXHOJIOTHYHOCTH, T€OMETPUIECKUX OCOOCHHOCTEH, MECT MPOKJIaaku U T.1. KommuecTBo
paboT 1o (QOPMUPOBAHUIO IKIYTOB OrPAHUYEHO, UYTO OOBACHSIETCS TPYAHOCTHIO
MMOCTAHOBKH 3aJ1a4M M3-3a 3HAUMTEIBHOTO YKCIia MPOEKTHBIX pelieHuid. B cymecTByronmx
paborax [8,25,42,43] 3amaua ¢doOpMHpPOBAHUS KIYTOB pEIIACTCS TMPU TPUMEHEHUU
OPTOTOHAIBHBIX IPad)OB U ATOPUTMOB MOCTPOCHUSI MUHUMAJIBHBIX JE€PEBHEB.

3agaya TpacCUpPOBKM KIYTOB 3aKJIIOYAETCSl B IOCTPOCHHHM ONTUMAJIBHOW

TPACKTOPUU KI'yTa B MOHTQ)KHOM IIPOCTPAHCTBE aBTOMOOMIIS. V3BecTHBI paboThl [44-47],

12



B KOTOPBIX HCCIEIYETCS TPACCHUPOBKA CIIOKHBIX COCIMHEHUHN U KT'yTOB Ha JIETaTEIbHBIX
annapaTtax. Bo Bcex pacCMOTpPEHHBIX pa0OTax TPACCHUPOBKA >KT'YTOB OCYIIECTBIISIETCS B
JIBYXMEPHOM IIPOCTPAHCTBE C UCIOJIb30BAaHUEM TpadOBBIX MOJIEIECH.

CymectByroT  paboTel  3apyOexHBIX  aBTOpoB  [48-52] B oOmactu
aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS PaCHpPE/ICTUTENbHBIX CeTel aBTOMOOWIEH, rie
pPacCMOTpPEHBI  BOIPOCHl ~ MaremaTuueckoro obOecreuenus u  co3ganusi  CAIIP
pacupenenuTenbHbIX ceTeil aBToMoOwied. K HUM OTHOCATCS BOIPOCHl Pa3BOJKHU
AIEKTPUUECKUX IENel U TPAaCCUPOBKH MPOBOJIOB HA JIETATEIbHBIX alnaparax ¢ MOMOIIbIO
Pa3JIMYHBIX IBPUCTUUYECKUX AIITOPUTMOB.

3ajaun napaMeTpuYecKoro CUHTE3a 3aKjI04aloTcs B BBIOOpE anmmapaTtoB 3allUThl,
ONTUMH3ALMUA CEYEHUN IMPOBOJIOB, aHAIM3E PEKUMOB PAOOThI CUCTEMbI paclpeeicHus
AJIEKTPUUYECKON SHEpPruu, pacuere OajlaHca BJIEKTpUuUeckoil sHepruu aBroMooOwms. Ilo
BBIIIETIEPEUNCIICHHBIM BOIIPOCAM M3BECTHBI paboThl [53-61], koTOophie OBLIN pa3paboTaHbI
nocraroyHo naBHo. Ha xadenpe snextpoobopynoanus KHUTY um A. H. Tynonesa-
KAN Opuia pazpaborana nojcucrema CAIIP snekTpoobopynoBaHus aBTOMOOWIICH, B
KOTOpOW pEeIIeHbl CHUCTEMHBIE BOIMPOCHI i HEKOTOPHIX 3ajad W3 OOIIero IuKjia
MIPOEKTUPOBAHUSI CUCTEMbl PACTIPENCIICHUS 3JEKTPUUYECKO sHepruu. Pemienbl 3agauu
BBIOOpA aIllapaToB 3aIUTHI, Pa3BOAKHU IJICKTPUUECKUX Ierneil (o MoaudUIMpoBaHHOMY
anroput™my Ilpuma), onTUMH3aUU CE€YEHUN MPOBOAOB (METOA JIUHAMUYECKOTO
MPOrpaMMUPOBAaHMsI) M aHAIM3a PEXKUMOB PAOOTHI AJIEKTPUUECKON CETH aBTOMOOMIIA
(MeTonbl JMHEHWHOro MporpaMMUpoBaHus). JlaHHBIM KOMIUJIEKC MPOrpaMM SIBIISIETCS
npojgobkeHueM pabor mno co3ganuto CAIIP  snexktpooOopyaoBaHHMsl JeTaTeNIbHBIX
ammaparoB, KOTopbie Benuch Ha kKadenape B 80-90-x romax ee cotpyanukamu (A.A. Loi,
A.M. Horapuyc, B.IL. I'opsukun, B.H. Kymnaupenko, H.III. Ilakup3siHoBa, C.B. ®aneen
u ap.) nox pykoBojctBoMm B.C. Tepemyka. Takxke coBpemennbie cpeactBa CAIIP [62-64]
00J1a1at0T BCTPOCHHBIMU MOIYJISIMU TI0 PACUYETy TOKOB, MTOTEPh HAIMPSHKEHUH U T.11..

Cunre3 HNeKTpUPUIIMPOBAHHBIX CHUCTEM HKCCIEIOBAH B TIOJHOM O00OBEeMe C
WCIIOJBL30BaHUEM CHUCTEMHOIro Tojaxoja B padorax [8, 25, 65]. Mcnonb3zoBanne CALS-

TEXHOJIOTUi IIpu CO3JaHNHM BBICOKOTCXHOJIIOIMYHBIX H3,[[€JIHI>1 IIUPOKO OIIMCAaHO B pa60Tax

[16-19].
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1.2. TlocTaHOBKA 3aJa4M CHHTe3a CHCTEMbI pacnpeaeseHUsl dIeKTPHUYECKO

Heprum Ha ocHoBe CALS-TexHosormii

[Ipy co3manuM Bcex BHAOB OOECNEUEHHS aBTOMATU3MPOBAHHBIX CHUCTEM
NPOEKTUPOBaHUA W Tpou3BoAcTBa [1,2] HEOOXOAMMO HCCIEOBAaHUE CTPYKTYpPHl U
(GyHKUIMIA OpraHu3alil MPOEKTUPOBAHUS M MPOU3BOJCTBA, UX MOApA3NEICHUN, 00BEKTa
UCCIIEOBAaHUS U IPOLECca €ro MpPOEKTHpOBaHUS W mpousBoacTBa [3,4]. Opranuzauuu
MPOEKTUPOBAHUSI W  NPOU3BOJACTBA  PACCMATPHUBAIOTCA KaK  KaTEropusi  Cpeisbl
(YHKIIMOHUPOBAHMSI aBTOMATU3UPOBAHHBIX CHCTEM, @ OOBEKT HCCIIEOBAaHUS M IPOLECC
€ro MPOEKTUPOBAHUS W MPOU3BOACTBA — KaK JIOTUYECKH CBs3aHHAs IyajibHas IMapa
LIEJIEBOM KaTErOPUH U KaTETOPHUM TOCTYKEHHUS e [1].

C BBOJOM B JCHCTBME IOJCHCTEM AaBTOMATHU3UPOBAHHOIO IPOCKTUPOBAHUS H
MIPOMU3BOJICTBA U3MEHSETCA CTPYKTypa OpraHU3alMil MPOEKTUPOBAHUS M MPOU3BOJCTBA,
IIpolLecC MPOEKTUPOBaHUSA U Ipon3BoAcTBa. [Ipy co31aHMM aBTOMaTU3UPOBAHHBIX CHCTEM,
UX METOAMYECKOr0, OpraHU3allMOHHOTO, WH()OPMAMOHHOTO OOECIeUeHUs JOHKHBI
YUHUTBIBATHCSI C OJHON CTOPOHBI OCOOEHHOCTH KOHKPETHOTO aBTOMOOWJIECTPOUTEIHLHOIO
Kb © mnpou3BOACTBEHHOIO MPEANPUATHS, KIAaCC NPOECKTUPYEMBIX H PpeaTu3yeMbIX
00BEKTOB, CIOKUBIIMICS MPOLECC MPOSKTUPOBAHUS U MPOU3BOJCTBA, OPraHU3ALMOHHbIE
CBA3M IIOJAPA3JEICHUN, a C JPYrod CTOPOHBI JOJDKHBI COJEPXKATbCA KOMIIOHEHTHI,
PEKOMEHyeMbI€ JUIsl IIUPOKOTO BHEAPEHMS B OTPACIHU B LIETOM.

AHanu3 [IeATEeNbHOCTH OpraHu3alMii NpPOEKTHUPOBAHUSA U IMPOU3BOJCTBA, B
4acCTHOCTH, OTAENOB dJekTpoodopyaoBanus psaa Kb [3,5] mokaspiBaeTr HEKOTOpOE
pasznuymre B CTPYKTYpe U (PYHKIMSAX OTAENIOB, B A€TAM3AIMU MPOLECCa TPOESKTUPOBAHNUS
Y MPOU3BOJICTBA, MPUMEHSEMbIX MPOEKTHBIX U MPOU3BOACTBEHHBIX pelieHusix. B uemom
Ke U O00BEKT, MpOIlecCC MPOEKTUPOBAHUSA M IMPOU3BOJCTBA MMEIOT MHOIO OOIIEro, 4TO
oOBbsACHsIeTCS yHU(UKALMEH CUCTEM O0O0OpylOBaHHUS U JEHCTBUEM HOPMATHUBHOM
nokymenrtanuu (I'OCT, OCT wu np.).

B cooTBeTcTBHM C BBINIEM3JI0KEHHBIM MaTEpHaOM, BO3HHMKAET NepBas 3ajga4a
JMCCepTalMOHHOTO HcchenoBanus. OHa (GopMyaupyeTcs Kak CHUCTEMHOE HCCIIEOBaHUE

CUCTCMBbI pacCHpCacCICHUA Z-)JIeKTqueCKOﬁ 9HCPIruu, mponeccca MpOCKTUPOBAHUA CHUCTCMbI
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pacnpesiesieHus DJIEKTPUYECKOM HHEPruuM Trpy30BOr0  aBTOMOOWIIS Uil  PACKPBITHS
OCHOBHBIX TIPOOJIEM MPU MPOESKTUPOBAHUHU TPYy30BOTO aBTOMOOMIIS.

Takxe MpU CHUCTEMHOM TMOJXOJE K MPOCKTUPOBAHUIO 3JIEKTPOOOOPYAOBAHUIO
aBTOMOOUJIEH, KaK CII0KHOW CHUCTEMbI, HEOOX0MMO (OpMAaNIM30BaTh MPOIECC PEIICHUs
B3aMMOCBSI3aHHBIX 33/1a4 B BHJIE HEKOTOPOM CTPYKTYpPHOW HWIIM JOTMYeCKOW cxembl. C
JIPYroil CTOPOHBI, CHHTE3 CHCTEM O3JIEKTPOOOOPYIOBAHMS OCYIIECTBISETCS B pPaMKax
CAIIP, npu co3gaHuu KOTOpPOM pa3paboTKa CTPYKTYPHOW WM JIOTUYECKOW CXEMBbI
ABJISIETCSl HAuYaJbHBIM 00s3aTenbHbIM I1aroM. OOO00IIeHHE OmNbITa MPOCKTUPOBAHMS
CJIO)KHBIX CHUCTEM IO3BOJIMJIO Pa3pabOTaTh OCHOBHBIEC IOJOXKEHHUS MOCTPOCHUS TaKHUX
jgoruueckux cxem [1]. Mcxoms uX 3TOro CkiIaapiBacTCs BTOpasi 3ajada HaydHOTO
UCCIIEIOBaHMs: pa3paboTKa MOJAEIM 3Tana MPOEKTUPOBAHUS 3JIEKTPOOOOPYIOBaHUS
Ipy30BOrO aBTOMOOWJSI B BHJE JIOTMYECKOM CXEMbl MPOEKTHUPOBAHUS CUCTEMBI
pacnpeneneHus IEKTPUUECKON SHEPTUU TPY30BOTO aBTOMOOUJIS.

3aja4r KOMIIOHOBKH U Pa3MEIECHUS 3JIEMEHTOB AJIEKTPOOOOPYIOBaHUS, Pa3BOAKI
AIIEKTPUYECKUX Lemned, (OpMUPOBaHUS M TPACCUPOBKU KIYTOB SIBJISIOTCS OCHOBOM
TOTOJIOTUYECKOTO CHHTE3a MEXOJI0YHOTO MPOBOJHOTO MOHTaXa CHUCTEMbI PaclpeeIeHUs
ANIEKTPUYECKON 3Hepruu aBroMoousis. TpynoeMKocTh 3a7ad TOIMOJOTHYECKOTO0 CHHTE3a
00yCJIOBIIMBAETCS CIEAYIONIMMH MpUIUHaAMH [ 8]:

1. CioXHBIMH UTEPALMOHHBIMU CBSI3SIMH OTHAENBHBIX 33J]a4 KOHCTPYKTOPCKOIO
JTamna IPOSKTUPOBAHMSA, A TaKXKe HX CBIA3SIMA C 33Ja4aMH CXEMOTEXHUYECKOTO
ITPOEKTUPOBAHUS U ATAIIOB TEXHOJIOTUYECKOTO CUHTE3A;

2. TloBTOpHBIM peIIEHWEM 3THX 3a/Jad NP IMOSBICHUNA HOBBIX WM W3MCHCHHH
MMEIOIIMNXCS KOHCTPYKTUBHBIX y3JIOB;

3. Heo0XoIuMOCTBIO KOHTPOJIS 32 BBIITYCKAaEMON TEXHUUYECKOU JOKYMEHTAIUeH
(TabnmuniaMyd TPOBOAOB, YEPTEXKAMHU CXEM, JKIYTOB, CHEHUPUKAIUSAMUA H JAp.) BBUAY
JOIYIIEHUsI BO3MOXKHBIX OIIHMOOK B MpoOIiecce MPOSKTUPOBAHMSL.

Hcxons w3 0030pa W aHaidW3a JUTEPATypbl OBUTM BBISABICHBI CICIYIONTUE
HEJOCTAaTKU TOIOJIOTMYECKOIO CUHTE3a CUCTEMBI PACIIPEAEICHUS MIEKTPUIECKON SHEPTUU

rpy30BbIX aBTOMOOMIEH. Ha rpy30BbIX aBTOMOOMIISIX B HACTOSIIEE BpEeMsl HE YACISIETCS
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JOCTAaTOYHO BHUMAaHUSI BOMPOCY KOMIIOHOBKHM JJIEMEHTOB 3JIEKTPOOOOPYIOBAHUS B
OTJEJIbHbIE KOHCTPYKTUBHBIC y3Jbl. 3a/laud KOMIIOHOBKU M Pa3MeNIEHUs] KOHCTPYKTHUBHBIX
y3JI0B, 3JIEMEHTOB 3JIEKTPOOOOPYAOBaHUS /1JI1 aBTOMOOMIIEH B CyIIECTBYIONICH JIUTEeparype
HE HaIIUIX MTOJIHOTO OTPaKECHHUS.

PaboTbl Mo pa3BoiKe AMEKTPUUECKUX IIETIEH HE YUUTHIBAIOT B HACTOSIIEE BpeMs
COBPEMEHHBIX TEXHOJOTHUW /JIi YMEHBIIICHUS] KOJUYECTBA MPOBOJIOB, MOAKIIOUYAEMBIX K
BBIBOJIaM AJIEMEHTOB IPHU Pa3BOAKE DEKTPUUECKUX LIETIeH, TAKUX KaKk My Thl CpallliBaHUs
(cOuBkM, crnalku, YyiabTpa3BykoBasi cBapka) [41]. Dto, B cBowo odepenp, Tpelyer
pa3pabOTKM HOBBIX METOAMK aBTOMAaTU3MPOBAHHOTO IMPOCKTUPOBAHUS  Pa3BOAKHU
ANIEKTPUUECKUX LIETIEH aBTOMOOHIIEH.

B cymectByrommx padorax 3agada (OpMHUPOBAHUS KI'YTOB HE peIlleHa B MOTHOM
o0ObEME: HE YUYTEHbl HEKOTOPbIE MPOEKTHBIE OTPAHUYEHUS, BO3MOKHOCTh aBTOMAaTHU3al1U
U3TOTOBJICHHSI ~ JKCYTOB.  Bompockl ~ NPOEKTUPOBAHUSA  KIYTOB  MEXKOJIOYHOTO
AIIEKTPOMOHTaKa aBTOMOOMJICH OCBEIICHBI SIBHO HEJJOCTATOYHO.

B paccMoTpeHHBIX paboTax TpacCHPOBKA KI'YTOB OCYIIECTBISIETCS B IBYXMEPHOM
MPOCTPAHCTBE, MPHU ITOM TEPSETCS CBSI3b C PEATbHBIM MOHTAXHBIM MPOCTPAHCTBOM
aBTOMOOWJIS, HE  YYMTBHIBAIOTCA  3alpelleHHbIE 30HbI, OO0OJaJaronIe  CIOKHOU
KOHCTPYKLHEH.

Takum 00pa3zoM, HEOOXOIMMO PEIIUTH TPETHIO 3a/1a4y HAyYHOTO HCCIICHOBAHUS:
pa3paboOTKy  METOAMKH  TOMOJOTHMYECKOTO  CHHTE3a  CHCTEMBl  pacIpeesieHus
AIIEKTPUYECKON SHEPruu, BKIIIOYAIONIYI0O B ce0sl KOMIIOHOBKY KOHCTPYKTHUBHBIX Y3JIOB
AIIEKTPOOOOPYIOBaHMSI, pPa3MELIEHUE DIIEMEHTOB 3JIEKTPOOOOPYIOBAHUSA, Pa3BOAKY
ANEKTPUUECKUX LieTnel, JOpMUPOBaAHHE U TPACCUPOBKY KI'YTOB IPy30BOTO aBTOMOOMJIS.

3amaun BeIOOpa ammapaToB 3allUThI, ONTUMU3AIMN CEYCHUM MPOBOJOB, aHAIHN3a
PEXKUMOB pabOThl CHCTEMBI paclpeiesieHUs] NEKTPUUYECKONM SHepruu, pacuera OamaHca
ANIEKTPUYECKON PHEPTUU aBTOMOOWJISI OTHOCSTCS K MapaMeTPUUECKOMY CHHTE3Y CHUCTEMbI
pacnpeneneHus IEKTPUIECKON SHEPTUU TPY30BOTO aBTOMOOMJIS.

CoBpemennbie  cpenctBa CAIIP  [62-64] oOnagaroT  MHOTOYHCIEHHBIMU

BCTPOEHHBIMU MOAYJISIMH IO PAacyeTy TOKOB, MOTEPH HAINPSLKECHUN, MPOBEPKE CEUCHUH
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MPOBOJIOB MO JOMYCTUMOMY TOKY, IPOBEPKE ammapartoB 3amuThl. OJHAKO OHU HE
YUUTBIBAIOT ~ MHOTOPEKMMHOCTb  PabOThl  DIIEKTPUYECKOM  CETH, CEJIEKTUBHOCTH
cpabaThIBaHUS 3aIUTHI, IEPEXOTHBIC COMTPOTUBIICHU.

Bo3HukaeT 4erBepTas 3aJaya HAyqYHOTO HCCIIEIOBAHUS: pa3padOTKa METOIUKU
NapaMEeTPUUYECKOTO0 CHHTE3a CHUCTEMBl PACHPENEIICHUS DIIEKTPUYECKOW DHEPTHUH,
BKJTFOUAIONIYI0O B Ce0s ONTUMHU3AIMIO CEUYCHUH IPOBOJOB, BHIOOP ammapaToB 3alllWTHI,
pacuer OamaHca DICKTPUUECKOM HHEPruM, aHaliu3 pEeKUMOB pabOThl CHUCTEMBI
pacnpesiesieHusl AJNEKTPUUECKOM SHEPrud TPy30BOIO aBTOMOOMIS C YYETOM BCEX
MEePEUYUCIICHHBIX YCIOBUSIX.

Taxke mpemsiaraeMoe pacliupeHue padoT MO PEMIEHHI0 OTIEIbHBIX 3aaay
ONTUMH3ALMA CHUCTEMBl PpACIPEACIICHUS DJIEKTPUUECKOW DHEPruu  0O0YCJIOBJICHO
MOSBJICHUEM HOBBIX MPOTPAaMMHBIX MPoaykToB, CALS-TeXHONOTHH, HOBBIX TPY30BBIX
aBTOMOOUJIEN ¥ UX MOAU(DUKALIHIA.

B coBpeMeHHOM MHPOBOM aBTOMOOMJIECTPOCHUU HAOMIOAACTCS TEHICHIUS
o0OecrieyeHUsT TECHOM B3aMMOCBA3M IMPOILIECCOB MPOEKTHPOBAHHUSA, MPOU3BOJCTBA,
MapKETUHTA U HKCIUTyaTallu¥ KaK aBTOMOOMIIS B 1I€JIOM, TaK U COCTABJISIONIUX €r0 CUCTEM.
B 3T10i1 cBsI3M IPOEKTUPOBAHUE CUCTEMBI DJIEKTPOCHAOKEHUSI aBTOMOOMIIEH HEOTPHIBHO OT
pa3pabOTKU APYTUX CUCTEM TOM K€ MOJENH, TaK U OT MOCJEAYIOIIEH TeXHOJIOTHYECKOM
ITOATOTOBKM TIPOMU3BOJCTBA, IMPOM3BOJACTBA M IMOCIEAYyIOLEH HKcIuryaranuu. OTtcrona
coBpemerHbie CAIIP snexTpooOopynoBaHusi aBTOMOOUIIS, JOJIKHBI HHTETPUPOBATHCS B
CUCTEMBbI aBTOMATH3aIlMM TPOU3BOJACTBEHHBIX IIPOIIECCOB U BMHCHIBATHCS B OOIIUN
MPOLECC TOKYMEHTAJIBLHOIO COMPOBOXACHUS >KM3HEHHOrO IMKJAa MNPU HMCIOJb30BaHUU
CALS - texnonoruii (Continuous Acquisition and Lifecycle Support) [16-19]. Dto
HeTpepbIBHASI HHPOPMAIIMOHHAS TIOIJIEPIKKA )KU3HEHHOTO ITUKJIa W3/EITUH, COBPEMEHHBIN
MOAXOJ K MPOEKTHUPOBAHUIO W TMPOU3BOJCTBY CJOXKHBIX M3JEIUHN, 3aKIIOYAIONIUNCS B
MCIIOJIb30BAaHUU KOMITBIOTEPHON TEXHUKU U COBPEMEHHBIX HH(POPMAITMOHHBIX TEXHOJIOTUN
Ha BCEX CTaAUIX >KM3HEHHOro Iwkia. MH(opManmoHHas MOaepKKa MPOU3BOIUTCS

COrJacHO TpeOOBaHUSAM CHUCTEMBI MEXAYHAPOJHBIX CTaHAAPTOB, PETJIAMEHTHUPYIOIIMX
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MpaBWJia YKa3aHHOTO B3aHMMOJICHCTBUS MPEUMYIIECTBEHHO MOCPEACTBOM 3JIEKTPOHHOTO
oOMeHa JTaHHBIMH.

C npyroit cTopoHbl, TpeOOBaHUS HHTETparuu mpoekTHoro mporecca B CALS —
CUCTEeMY TIpU pa3pabOTKe aBTOMATHU3UPOBAHHBIX CHUCTEM TMPOCKTUPOBAHUSI U
IPOU3BOCTBA IEKTPOOOOPYAOBAHUS ABTOMOOIIS YCIIOXKHSIETCS TaAKUMH (DAKTOpaMH Kak:

—  WHTCHCUBHAs WHHOBAIUS MoOjeleld, MOAHU(PHUKAIMH W KOMIUICKTAIlUH
aBTOMOOMIIEH;

—  pocT TpeOoBaHWH K KauyeCTBY MPOEKTHHIX TOKYMEHTOB M MX COOTBETCTBHIO
MEXIyHAPOJIHBIM CTaHIapPTaM U HOPMaTHBAM;

— pa3BUTHE U  YCIIOXHEHHE CTPYKTYpPBl ~ CHCTEMBI  pacIpeeiIeHHs
AIEKTPUYCCKOW DHEPTUH, YCIOKHEHUE TPUHATHS ONTUMAJILHBIX PEIICHUH, YBEIHMUCHUC
HOMEHKJIATYp U YCIIOKHEHUE YepTEkKEH.

Ha d¢one »Tux TpeOoBaHUN KOHTPACTUPYIOT MPOOJIEMbI CBSI3aHHBIE C
YEJIOBEUECKUM (PaKTOPOM:

—  HE0OXOIMMOCTbH MPOBEICHHUS OOJBIIOTO YHCIa HHKEHEPHBIX PaCUeTOB;

—  yBeluMuYeHHWe 00beMa PYTHHHOW pabOThl WHXKEHEpa, [MOHWKAIOEH
MPECTUKHOCTD €ro Tpyaa.

B wrore, mis peanuzanuu aBTOMATU3HPOBAHHBIX CHCTEM IPOCKTUPOBAHHS U
MPOMU3BOJACTBA  AJIEKTPOOOOpYNOBaHUA  aBTOMOOWIsE — TpeOyerca  3(PQEKTHUBHBIN
MPOTPAaMMHBIN MHCTPYMEHT TOMOJIOTMYECKOTO M TapaMeTPUYECKOrO CHUHTE3a CUCTEMBI
pacripeneneHus dIEKTPUIECKON dHEPTUH TPYy30BOTO aBTOMOOWIISI, BcTpoeHHbI B CALS-
CUCTEMY, TO3BOJISIONIUN TPU MHUHUMYME KaJPOBBIX PECYpCOB U COKpAIICHHH CPOKOB
pa3paboTku obecrneunTh TpeOyemMoe KauyeCcTBO U KOHKYPEHTOCIIOCOOHOCTh MPOEKTa.
Kpome Toro, mis opraHm3anuyd mporecca NPOSKTHPOBAHUS H  TPOW3BOJICTBA,
peain3yeMoro mapaijieibHO HECKOIbKUMHU KOHCTPYKTOPAMH M TEXHOJIOTaMH, TpeOyercs

YCTKOC I/IH(I)OpMaHI/IOHHOe BBaHMOHCﬁCTBHe MCXKAY HUMH U pCIIaCMbIMHU UMHU 3a/[a4aMU.
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Ucnonp3zoBanne CALS-TeXHOIOTHM TO3BOJIUT CO3/aTh EIUHYIO CHCTEMY
ABTOMATH3MPOBAHHOTO MPOSKTUPOBAHHWS W  aBTOMATU3MPOBAHHOTO IPOU3BOJICTBA,
TPAJAWIIMOHHO CYUTABIINECS PA3IMYHBIMU M HE3aBUCUMBIMU.

Takum o00pa3oM, BO3HHKaeT NATas 3aJadya HaydyHOro wucciemoBanms. OHa
BBIpa)KaeTCs Kak pa3paboTka peKOMEHIAINii CHCTEMHOTO MCIIOIB30BaHUSI MPEAJIOKEHHBIX
METOJIMK TIPU MPOCKTUPOBAHUU KOMIUIEKCA AJIEKTpooOopymoBanus Ha ocHoBe CALS-

TEXHOJIOTUH B KOHCTPYKTOPCKOM OFOPO aBTOMOOHMIIECTPOCHHUS.

20



1.3. CucreMHoOe mHcciIeI0BaHHEe CHCTEeMbI pacnpenejeHus JJIeKTPUYECKOI
JHEPruM Irpy30BOro aBTOMOOWIA, €¢ MPOEKTHPOBAHMS M NMPOM3BOACTBA KAK CTaAUM

AKHU3HCHHOI'0 IMKJA CJI0KHBIX CUCTEM

Ha paHHBIE MOMEHT OOJIBIIMHCTBO CHUCTEM paclpellesiCHUs] AJIEKTPUUYECKOU
SHEPruud aBTOMOOWIEH mpoekTupyroTcss B Kb aBTOMOOMIIECTPOUTENBHBIX NPEAPUSTUH.
Pa3pabatrpiBaeTcs TEXHMYECKOE 3a/laHHE Ha MPOEKTHPOBAHUSA CHCTEMBI PACHPECICHUS
AIEKTPUUECKOM SHEPryuu, BKIIOYAIOIIEe B c€0sl TEXHUYECKHE TPeOOBaHMs K aBTOMOOUIIIO,
CUCTEME 3JIEKTPOCHAONKEHUSI U COCTaBY 3JEKTPOOOOPYAOBAHMS aBTOMOOWIIS; pa3pabOTKy
MPUHIINIIA JEUCTBUSA CHUCTEMBI JJICKTPOCHAOKEHUS M TPUHLIUIHAIBHON SIEKTPHUECKON
CXEMbI; KOHCTPYKTOPCKUE PabOThI 110 KOMIIOHOBKE, Pa3MEIICHUIO U YCTAHOBKE 3JIEMEHTOB
CUCTEMBI paclpeeleHus] JIEKTPUUECKON PHEPruM Ha aBTOMOOWIIE; pa3pabOTKy CXEMBI
AIIEKTPUYECKUX COCAMHEHUM; OINpENEeJIeHUE TPacchl MPOBOJOB; (OPMUPOBAHUE KIYTOB;
pa3paboTKy yepTex el )KIyTOB C IEPEYHEM JIEMEHTOB U Ta0IMIIaMU ITPOBOIOB.

B mactosiiiee Bpemsi diekTpooOopyaoBaHue aBToMobOmien (puc. 1.2) comepkut
00JbIIOE KOJMYECTBO JJEKTPOTEXHUYECKUX U DJIEKTPOHHBIX YCTPOWCTB, KOTOpPbIE
OOBEMHEHBI B CHCTEMBI 3JIEKTPOOOOPYIOBaHUS, IIEKTPOHHBIE M MHUKPOIPOIIECCOPHBIE
CHCTEMbI yIpaBJIeHUs, OOPTOBBIC CUCTEMbI KOHTPOJIS M THArHOCTUKHU U 1Ip. [6,7].

3amaya TPOEKTUPOBAHUS CHUCTEMBbI PACHpPENETCHHs] JJIEKTPUUYECKOW BSHEpIruu
aBTOMOOWJISI OTHOCHUTCS K 4HCIy HauOojee CciloXkHbIX. [loaToMy, HE3aBUCUMO OT
MPUHAJJICKHOCTU 3JIEKTPOOOOPYAOBaHUS TOM WM APYrol CHUCTEME MpHU PEIIeHUU 3aj]ad
TOMOJIOTMYECKOTO U MapaMeTPUUECKOr0 CUHTE3a, CUCTEMY PaCIpPEACIICHUs dJEKTPUUECKON
SHEPIrUUd HEOOXOAMMO pacCMaTPUBATh KaK €IUHBIN 00BEKT mpoekTupoBanus (puc. 1.3) u
npou3BojicTBa [8]. OTMETUM OCHOBHBIE TPU3HAKU ITOTO €IMHCTBA!

1. AJIIEMEHTHI U YCTPOWCTBA CUCTEMBI PACIpeNeTICHHs JICKTPUUECKON dHEPTruu
pacrojararoTcs Ha OJHHUX M TeX € 3JIEMEHTaX KOHCTPYKIHMHM aBTOMOOWJIS, a MpOBOJA
O0OBEAUHSIOTCS B KT'YThI IPOBOJIOB;

2. IJEKTPOMOHTaX BceXx cucreM OO ocylmecTBiIseTcs B OOHMX 30HAX

MOHTQXHOTO MPOCTPAHCTBA aBTOMOOWIISI ¥ TPAccaxX MPOKJIAAKHU KTYTOB MPOBOIOB;
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3. ANEKTpONUTaHue Bcex cucreM OO OCYHIECTBISIETCS OT OAHOW CHCTEMBI
pacupeneneHuss 3JIEKTPUYECKOM SHEPIUM, CIIEIOBATEIbHO, PEXUMBI paOOThl OTIAEIbHBIX

CUCTCM BJIMAIOT APYT HA Apyra 110 3HAYCHUIO HAIIPSKCHUA ITNTAHU .

Cucrema 371eKTpOCHAOKEHUS TPY30BOTO aBTOMOOWIIS

/\

Cucrema reHeprupOBaHUs Cucrema pacnpeneneHus

CucremMa  BIICKTPOCTAPTEPHOTO
IyCKa JIBUTATEIs

CucTeMBl OCBCILCHUS, CBETOBOM
Y 3BYKOBOW CUTHAJIN3AIUA

DIEeKTPOHHBIE CUCTEMBI
— YIpaBJICHUS arperataMu

aBTOMOOMIISA

N3mepurenbHo-

nH(popMalMOHHAas cucTeMa

Cucrema SJICKTPOIIPHUBOI0OB

Hpyrue cuctemsl

Puc. 1.2
B paccMoTpeHHBIX NpH3HAKaX OTPa)KE€HbI MPUHIIUMIBI CHCTeMHOro noaxoxna [1,9],
000CHOBBIBAIOLIUE BO3MOXKHOCTh OOIIECH ONTHMHU3AIMU Pa3pabOTKU, MPOCSKTUPOBAHUS U
KOHCTPYUPOBAHUS CJIOKHBIX TEXHUYECKHMX CHCTEM, KaKOBOH U SBISICTCS CHCTEMa
pacnpeelieHus JIEKTPUICCKON SHEPT UM aBTOMOOUJICH.
TakuMm 00pa3oM, K CHCTEME paCIpeACIICHHS DJICKTPUYECKON  SHEPruu

aBTOMOOMJIEH, Kak OOBEKTYy MPOEKTUPOBAHUS M TMPOU3BOJICTBA, OyJ€M OTHOCHUTH CBSI3U
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ANEKTPOTEXHUYECKUX M JJIEKTPOHHBIX CHCTEM II0 CXEMHBIM, TI€OMETPUYECKHM H
KOHCTPYKTUBHBIM MTPU3HAKAM.

AHanmu3 CHUCTEMBbl paclpellesICHUus] AJIEKTPUUECKOW SHEpPruM aBTOMOOWIS TIO
cucteMHbiM Tpm3HakaMm [1,8,10-12] mo3BosisieT OTHECTH €€ K CIIOKHOW CHCTEME.
JIEHCTBUTENBHO, C 3TUX IO3UIMI CHUCTEMA PACHPENEIICHHS SJIECKTPUUYECKON 3HEpPruu
aBTOMOOUJIEH XapaKTepu3yeTcs CASAYIOIMMHI 0COOCHHOCTSIMMU:

1) OoNBIIMM KOJMYECTBOM B3aUMOCBSI3aHHBIX CHUCTEM, K KOTOPBIM OTHOCSITCS
CHUCTEMa OCBEILECHUS, CBETOBOM M 3BYKOBOW CHUTHAJIM3ALMU, CUCTEMBI 3JIEKTPOIPUBOJIOB,
AJIEKTPOHHBIE CHCTEMBbl YIIpaBJeHUs U Jp. B cocraBe 3TUX CHCTEM, B CBOIO OY€pEb,
TaK)X€ MOTYT OBITh BBIJICJICHBI TOJCUCTEMBI U T.JI.;

2) MHOTOMEPHOCTBHIO, OOYCJIOBJICHHON OOJBIIMM YHUCIOM CBSI3CH MEKIY
CUCTEMaMU — CBSI3M IO MUTAHUIO 3JIEKTPOIHEPTHEH, (PYHKIHMOHAJIbHBIE CBS3U MEXKIY
KOMILIEKCaMH  OOOpyJOBaHUs, I1IeMd OJOKUPOBKM U T.J. OHM NOPUBOIAT K
MHOTOYHUCJICHHBIM OTPAaHUYEHUSIM B BBIOOpPE pellieHUH, K HEOOXO0IUMOCTH KOPPEKTUPOBKHU
TEXHUYECKUX 33JaHUI U COIVIACOBAHMS IPUHUMAEMBIX PEIIECHUN;

3) MHOTOYpOBHEBOH CTPYKTypoil (mpuueM B 3aBHCHMOCTH OT CXEMHBIX,
KOHCTPYKTUBHBIX, MOHTaXKHBIX IPU3HAKOB CYIIECTBYET MHOI000OpA3UeE TaKUX CTPYKTYP);

4) CXeMHBIMH ¥ KOHCTPYKTHBHBIMH OOBCIMHCHHSIMH MHOTHX  CHCTEM,
XapaKTEPU3YIOMIMXCS PA3TINYHON MPUPOION U PU3UUECKON CYIIHOCTHIO;

5) MHOTOPEKUMHOCTHIO paOOThI OTJIEIBHBIX €r0 JIEMEHTOB, ITOJICUCTEM, CUCTEM
M KOMIUIEKCAa B IIEJIOM; OOJBIIONW Maccoll W MPOTSHKEHHOCTHIO TPOBOJHBIX CBS3EH,
3HAYUTETBHBIM Pa30pOCOM MOUTHOCTEW MPUEMHHUKOB 3JIEKTPOIHEPTUH.

[Tocne pa3BOAKU AIIEKTPUUECKUX LEened MeKOJOUYHOrO MOHTa)Ka MMEEM CXEMbI
ANEKTPUUECKUX COEUHEHUN, B KOTOPBIX COEAMHEHUS pean3yroTcs nposogamu. [Iposoaa,
UIylMe B OJHOM HalpaBiieHWU (10 OJHOM Tpacce), COOMPAIOT U CBA3BIBAIOT B JKT'YTHI C
Y4ETOM Pa3IMYHbIX KOHCTPYKTHUBHBIX, HPOU3BOJCTBEHHBIX M 3KCIUTyaTal[MOHHBIX
COOOpaKeHUM.

DNEKTPUYECKUE JKTYThl MPOU3BOJAATCS B OCHOBHOM Ha CIHEHUAIU3UPOBAHHBIX

MPEANPUATUSIX KabeTbHO-TIPOBOAHUKOBOM Tpoaykinu [13]. OnbiT mokaseiBaet [14], 9to B
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mpouecce  IMpOU3BOJACTBA HauOOIbIINE TPYAHOCTH  CBA3aHbl C  H3IOTOBJICHHCM
QJICKTPOIKTYTOB, CIIOJKHOCTHb KOTOPBIX YBCIIMIUBACTCA U3 IOAa B I'O.

OBBEKT MNMPOEKTUPOBAHUA
CUCTEMA PACIPEOENEHUA
QNEKTPUYECKOW SHEPT UM
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Puc. 1.3

B cBi3m Cc 3TMM HaAOMIOJAETCS YCKOPEHHOE BO3PACTaHUE TPYIAOEMKOCTH
MPOU3BOJICTBA JKTYTOB, KOJMYECTBEHHOI'O COCTaBa pabOTAIOUIMX W 3aHMMAaeMbIX IOJ
M3rOTOBJICHHE JKTYTOB IMPOM3BOACTBEHHBIX IJIOIIAAEH. DTO BbI3bIBAET HEOOXOAUMOCTH
BHEIPEHUS NEPEAOBBIX METOAOB TPYyJAa, CPEIACTB MEXAHU3ALUMU W aBTOMAaTHU3aLNM,
OCHOBaHHBIX Ha MPUMEHEHUU Hauboyiee COBEPUICHHBIX METO/I0OB TEXHUKU MPOrPaMMHOTO
YIIPaBJICHHUS.

XKryThl pa3iIuyHbIX CHCTEM 3JIEKTPOOOOPYA0BaHUS aBTOMOOMIISI MOXKHO Pa3JeIUTh
Ha JIBE€ TPYIIIbI: XIYThl JJI1 BHYTPUOJIOYHOTO MOHTAXKA, XapaKTEPHU3YIOUIUECS MaJIbIMU
rabapuTaMd U MaccoOW, W KTYThl ISl MEXOJ04HOro MoHTaxa. COBpEMEHHBIE >KIYThl
UMEIOT OOJIBIIYIO Pa3BETBICHHOCTD, OOJIBIIOE KOJIMYECTBO MPOBOJOB U PA3bEMOB.

Ananm3 CcTpykTypbl kryta (puc. 1.4) TOKa3bIBaeT, 4TO MPOU3BOACTBO KIyTa
OTHOCUTCSI K CJIOKHBIM 3aJadaM, IOITOMY XXI'yT MOKHO pPAacCMaTpuBaTh KAaK €IWHBIN

00BEKT MPOU3BOJICTRA.
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OBBEKT MNMPON3BOOCTBA
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Puc. 14

XKryT kak 00bekT mpousBocTBa [14, 15] umeer cienyronme 0COOCHHOCTH:

1. CloxHOCTb, ompenaensemMas MHOTOJIEMEHTHOCTBIO M OOJBIIUM YHCIOM
COCTMHCHUIA MEXIYy 3JIEMEHTaMH M COOTBETCTBEHHO 3HAYMUTEIHLHOW ITMHOW TPOBOIOB.
psAI AeTalied U DJIEMEHTOB SIBIISIOTCS BEChbMa CIIOKHBIMU IO KOHCTPYKIUHU, (opme,
OoJpIIMM TabapuTam H JIp.;

2. Tsoxenbie yCIIOBUS IKCILTyaTaluH (MexaHU4YecKue, TETJIOBbIE,
KJIIMMAaTUYECKHE U Ipyrue GaKkTophl);

3. BrIcokas MIOTHOCTh MOHTa)XKEH, BhI3BaHHAS HEOOXOIMMOCTHIO Pa3MEIICHHS
MHOTOYHUCJICHHBIX CUCTEM C MX CBSI3SMU;

4, HemoctatrouHass TEXHOJIOTHYHOCTh, YTO 3aTPYAHSCT MEXaHU3AlUI0 U

ABTOMAaTU3all0 MOHTAXHBIX pa60T;

5. CMmeHsieMOCTh M MOJIEpHU3AIMA KOHCTPYKIIMH KI'YTOB B IMPOLECCE HUX
MPOM3BO/ICTBA.
6. OTHOCHUTENBHO BBICOKMI MPOILIEHT OTKA30B, MAIA0IIUKA Ha JTOJIO KT'YTOB.

HYTI/I IMMOBLIIICHUS KAYE€CTBA U CHUKCHUSA TPYJOCMKOCTH U3TOTOBJICHUSA KI'YTOB!:

25



1. CoBeplLIEHCTBOBAaHUE TEXHOJIOIMYECKUX IPOLIECCOB MOHTAaXKa JKIYyTOB, B
YACTHOCTH, 3@ CYET HOPMAaJIM3alUH Olepaluil U ONTUMH3ALUU IIPOLECCOB Pa3pabOTKH
TEXHOJIOTHYECKUX IIPOLECCOB C MpuMeHeHneM OBM. OTo m03BOJISIET TOBBICUTH KA4ECTBO
KTYTOB, CHH3UTh MX TPYJAOEMKOCTb, COKPaTHUTh OOBEM TEXHHUYECKOW JOKYMEHTAIUU U
CHU3UTh TPYIOEMKOCTh COCTABIICHUSI TEXHOJIOTHYECKUX MPOLIECCOB,;

2. CoBepilIeHCTBOBAaHUE METOJIOB U CPEACTB MEXAaHMU3AlMM MOHTAXKHBIX padorT,
KOTOpbIE O00ECIEUNBAIOT CHUKEHUE TPYJOEMKOCTH, a TaKKe IOBBIIIEHUE KadecTBa
KTyTOB;

3. Pa3paboTka 1 BHEApeHNE HOBBIX METOJOB OpraHU3alMK MPOU3BOJICTBA, B TOM
YUCJIE€ CHUCTEMBl YIPABIEHUS KAaueCTBOM IPOU3BOJACTBA, IIO3BOJIAIOIIEH HE TOJIBKO
OoOHapyXHUBaTh 1€(EKTHl U OTKA3bl, HO U NPEAYNPEXKIATh UX MOSBICHUE.

HcxonHple NaHHbBIE, MO KOTOPBIM pa3padaThIBAIOTCS BCE OCHOBHBIE padbouue
TEXHOJIOTHYECKHE MPOLIECCHI IPOU3BOJICTBA KI'YTOB, COCTABIISIFOTCS B BUAE PYKOBOJSILIUX
TEeXHOJOrnueckux marepuanon (PTM), koTopble BKIIIOYAIOT:

— CXeMbl U Jpyru€ JOKYMEHTHI, OTPaXKaloUIMe IOCIEA0BATEIbHOCTD
MIPOBEJICHUSI MOHTAXHBIX padoT, a TaKkkKe TPeOOBAaHUS Ha MOCTABKY OT/AEIbHBIX 3JIEMEHTOB
Y HOBBIX MaTe€pHaJIOB;

—  CXEMbl YBSI3KM IIa0JOHHO-3TAJIOHHOM, 3arOTOBUTENIBHONM, MEXAHOCOOPOUHOM
Y MOHTQ)XHOM OCHAaCTKM, 00OecreunBarolue 3alaHHy0 (GopMy, pa3Mepbl U pacloioKeHNe
AJIEMEHTOB CHCTEM;

— IIepeYeHb  CPEICTB  OOECHeYeHUs  B3aMMO3AMEHAEMOCTH  OCHOBHOI'O
TEXHOJIOTHYECKOT0 O0OpYIOBAHMS M OCHACTKH JUJISl BBINOJHEHUS MOHTAXHBIX padoT,
OCHOBHBIX CPEJICTB KOHTPOJISL U UCIIBITAHUS;

—  TepeyeHb HOBBIX TEXHOJIOTMUECKHX MPOLECCOB, MOJJISKAIIUX pa3padoTKe U
BHEJIPEHHUIO.

Jlnst onpeneneHuss MOCIEN0BAaTEIbHOCTH MPOU3BOJCTBA KTYTOB COCTABIISIOTCS
pabouue TEeXHOJIOTHYECKUE MPOLECChl, B KOTOPbIX (PUKCHUPYETCS MOCIEA0BATEIbHOCTh U
PEXKUM BBINOJHEHHUs pabOT MO omepanusM, IMepexoAaM U NpoXoJaMm, YKa3bIBaeTCs

o0opy0BaHuE, OCHACTKA M HHCTPYMEHT, a TAKKE HOPMbI BPEMEHH Ha BBITIOJTHEHUE padoT.
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CoOpaHHbIE KTYThl JTOJDKHBI 00J1a7aTh: MUHUMAJIBHON BETUYHMHON IMEPEXOTHOTO
KOHTAKTHOTO COTMPOTHUBJICHUS; BBICOKOW MEXaHWYECKOHW MPOYHOCTHIO COCIMHEHHBIX
KOHIIOB ITPOBOJIOB C PA3JIMYHBIMU JIEKTPUUECKUMH KOHTAKTaMU; BHICOKOH AJIEKTPUUECKON
MPOYHOCTHIO M30JsHA. [Ipy COCTaBICHUU CXEMBI 3JIEKTPOKTYyTa HEOOXOIMMO YIUTHIBATh
TpeOOBaHUs MEXaHW3allMd €ro HM3roToBieHus. [ mpou3BoJCTBa KryTa HEOOXOIUMO
TEXHOJIOTMYECKOE YJICHEHHUE KI'yTa MYTEM BBIJACICHUS W3 HETO OTACNIbHBIX THUIIOBBIX
AJIEMEHTOB — HEPA3BETBJICHHBIX TPACC-3aTOTOBOK. B mporiecce wieHeHUs KryTa Ha TPACCHI
HAHOCAT 0a30Bble OTMETKH, KOTOpBIE SBISIOTCS pa3MepHoOl uHopmauenn ams
OTIpeIeICHHS TPAHUI] OTJICTKHA TPAcC, OOMOTKH H T.]I.

Ha »orame mpoekTHpoBaHUS IKTyTa HEOOXOJUMO YUHUTHIBATH CIICIYIOIINC
TEXHOJIOTUYECKHE TPEOOBAHUSI:

—  JKTYT JOJKEH WMETh MUHUMAJIbHOE KOJIMYECTBO OTBETBJICHHWM, NJIT YEro B
KOHCTPYKITUM HEOOXOJMMO TPEeayCMaTpUBaTh YCTAHOBKY PAaIMOHAILHOTO KOJIMYECTBA
Pa3BETBIICHH, KOPOOOK;

— B KOHCTPYKIUAX WU3JICTUH HEOOXOAMMO MpeIycMaTpUBaTh JOCTYI K MOHTAXKY
KTYTOB 0€3 TPOTACKUBAHUS UX YE€PE3 OTBEPCTHUS KOHCTPYKITUH.

B Hactosimee BpeMs CyIIECTBYET HECKOJBKO BapHAHTOB TEXHOJOTUYECKHUX
MIPOIIECCOB M3TOTOBJICHHMS )KTyTOB:

1. Pyunas packiajka Ha 1ia3e mpoBOJIOB, KOT/Ia BCE ONEpaliy, HaurHasi OT PEe3KU
U 00paOOTKM KOHIIOB TMPOBOJIOB, MPOM3BOJSATCS HAa OJHOM paboueM MmecTte. ITOT
HeaupGepeHIMPOBAHHBIA TEXHOJOTHUSCKUIN MPOIECC M3TOTOBICHUS KI'YTOB UMEET PSJT
HEJIOCTATKOB:

- HU3KHM YpPOBEHb MEXaHU3aLHUMU OIlepalui H3-3a TPYAHOCTEU NPUMEHEHUs
MEXaHU3UPOBAHHBIX YCTPOWCTB IS BBITIOJIHCHHS ONEpanuii Haa KI'YTOM, HMECIOITUM
0O0JIBIIIOE KOJUYECTBO OTBETBIICHUN;

- HEOOXOJMMOCTh HCIHOJIb30BaHHUS pabOYuX C BBICOKOM KBadM(UKaAIUCH,
YMEIOIIUX OJITMHAKOBO XOPOIIIO BITIONHATH Pa3IUYHBIC IO XapaKTepy OINepaluy;

- HA3Kas MPOU3BOIUTEIBHOCTD TPY/A.

[IpuMeHeHrne TaKkoTO TEXHOJIOTHYECKOTO IMPOIecca M3TOTOBJICHHS KI'YTOB MOMKET

OBITH OIIPpaBJIaHO IIPHU OIIBITHOM IIPOU3BOICTBC,
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2. Pyunas packimanka Ha IUIa3e 3apaHee Hape3aHHBIX 10 MEpPKEe MPOBOJOB
(3aroTOBOK) ¢ 3apaHee 00paOOTaHHBIMH KOHIIAMH U ¢ (puKcaimeld KOHIIOB 3arOoTOBOK B
MPUCTIOCOOJICHUSIX, UMUTUPYIOIIHUX Pa3beMBbI JKI'yTa.

B »TOoM ciyyae  3aroToBKM  MPOBOJOB  SABISAIOTCA  TEXHOJIOTHYECKU
CaMOCTOSITENIbHBIMU  3JIEMEHTAMHU KI'YTOB. Takoil THUI TEXHOJIOTHYECKUX IPOLIECCOB
MO3BOJISIET MEXaHU3UPOBATh MEPHYIO PE3Ky MPOBOJOB M 00pabOTKY KOHIIOB MPOBOJIOB
(3arOTOBOK), a TaKXe KOHTPOJUPOBATH MPABMWIBHOCTh PACKIAJIKU, TaK KaK B JAaHHOM
ciiydyae K O0OpaOOTaHHBIM KOHIIAM TPOBOJOB MOXKHO TOJKIIOYUTH KOHTPOJIBHO-
M3MEPUTENbHYIO anmnaparypy;

3. Pyunas packiiagka He OTAENIBHBIX MPOBOOB, a 3apaHee 00pabOTaHHBIX TPYIIM
MIPOBOOB (MOICOOPOK).

B »TOoM ciydae cOopka KryTra MpOU3BOAUTCS HE U3 OTACIBHBIX MPOBOJOB, a U3
1oJIcOOPOK MPOBOJAOB, W3rOTOBJIECHHBIX CAMOCTOSITENIBHO, U MOYET OCYIIECTBISTHCS IO
CHelMabHBIM 0a30BbIM OTMETKaM Ha KOMIIOHOBOYHOM ILIa3e MO0 BoBce 0e3 Iuiasa.
[TooToMy Takoil THUN TEXHOJOTHYECKMX TMIPOIECCOB M3TOTOBJICHHUS KIyTa WHOTIA
Ha3bIBAIOT «OECIIa30BbIMY.

OnBIT MOKA3bIBAET, YTO B OOJBIIMHCTBE CIIy4aeB CYIIECTBYIOIIUE KOHCTPYKIUH
KTYTOB TIPU COOTBETCTBYIOLIEH KOHCTPYKTHBHO-TEXHOJIOTHUYECKON OTPaOOTKE MO3BOJISIOT
OCYIIECTBUTH YWJICHEHHUE KI'yTa Ha MPsIMOJMHEHHbIE MOACO0pKH, O€3 OTBETBIEHUI, YTO, B
CBOIO Ouepelb, MO3BOJIICT MPHUMEHSATHh CPEACTBA MEXaHW3alMd M aBTOMATH3ALNUU IS
U3TOTOBJIEHMSI 10ACOOPKH HAa OCHOBE TPYIIIOBOTO METO/A;

4. ABTOMAaTH3MpOBaHHAs PACKIaJIKa MPOBOJOB C MPUMEHEHHEM O00OPYIOBaHUS C
OBM. DTOT THUN TEXHOJOTUYECKUX IPOILIECCOB TMPUMEHSETCS B HACTOsIIEe BpeMs B
OCHOBHOM JUJIs1 BHYTPHOJIOYHOTO 3JIEKTPOMOHTAXKA.

CocTaB omepaliii He3aBUCUMO OT CrIoc00a U3TOTOBIICHUS KI'YTOB 32 HEKOTOPBIMHU
UCKJIIOYCHUSIMU OCTaeTCsl, B OCHOBHOM, OJHHM M TE€M € W 3aBUCUT OT KOHCTPYKIIHH
KryTa. Pasnuume MOXeT COCTOSTh B IOCJENOBAaTENIbHOCTH BBINOJHEHUS OIEpalyid,
METO/Ia MX BBITIOJHEHHSI M CTENIEHh MEXaHU3allMH.

OCHOBHBIE OMNEpAlMA TEXHOJOTMYECKOTO TMpoIlecca W3TOTOBJICHHS JKI'YTOB

MoKa3aHbl Ha puc 1.5

28



[MoaroroBka moacbopok
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Puc. 1.5

DopMHUpOBaHUE CKEJlETa
JKTyTa: KOHTYp XKI'yTa B
COOTBETCTBUU CO CXEMOM Ha
MOBEPXHOCTH I11a3a C
0003HaYEHUAMHU T. ]
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BuiBOABI

1. Jlan 0030p H3BECTHBIX pabOT 1Mo Teme auccepranuu. IlokazaHo, 4To B
JUTEpAType HET pa3paboTOK MO OOINel opraHu3auy Ipolecca MPOSKTHUPOBAHUS H
IPOU3BOJICTBA CHUCTEMBI pACHpPENCIICHUs JJCKTpuueckor sHepruu Ha ocHoBe CALS-
TEXHOJIOTHUH.

2. [IpuBeneH mepedyeHb 3a7a4 TOMOJIOTHYSCKOTO W MAPAMETPUUECKOTO CHHTE3a
CHUCTEMBI pacrpe/iesieHUsl JIEKTPUIECKON IHEPTUH, TIOCIICIOBATEIbHOCTh UX BBITIOJTHEHUS.
KpaTtko wu310%€HO coAep:kaHUE STHX 3ajlad M BBIIEJICHBI MPOOJIEMBI, CBSI3aHHBIE C
CO37JaHUEM METOJUK M aJTOPUTMOB CHHTE3a CHCTEMBl PACTPEICICHHUS JJICKTPUISCKON
SHEPIUH I'PYy30BOT0 aBTOMOOMIIS.

3. [IpoOnaeMbl  TOMOJOTUYECKOTO W MapaMETPUUECKOTO CHHTE3EC CHCTEMBI
pacripesiesieHnss AJICKTPUUYECKOM SHEPruu Trpy30Boro apTomoOuiss Ha ocHoBe CALS-
TEXHOJIOTUH TpeOYIOT JCTAIBHOTO HUCCIICIOBAHMS, pa3paboTKu 3(P(HEKTUBHBIX METOJIUK U
QNTOPUTMOB PEIIECHUS JaHHBIX 3a7ad. [Ipmw 3TOM HEKOTOpBIC TOAXOIAbI W HJICH,
M3JIOKEHHBIC B Pab0Tax, MPOBOJIUMBIX B CMEKHBIX 00JaCTSAX, MOTYT OBITh MCIIOJIH30BAHbI
Py TOIMOJIOTHYECKOM H  IMapaMETPUYECKOM CHHTE3€ CHCTEMBI  pacripeaeiecHus
AIEKTPUUECKON SHEPTHH IPY30BBIX aBTOMOOUIICH.

4, JlaHo ormpeneneHne CUCTEMBl pacTpee/ICHHs] dJSKTPUUECKON SHEPruu Kak
00BEKTa TPOCKTUPOBAHUS H TMPOM3BOACTBA, WCCICIOBAH MPOIECC MPOSKTUPOBAHUS
CHUCTEMBI pacIpeecHus DJISKTPUUESCKON HDHEPTHMH M TIPOIECC MPOU3BOJCTBA JKT'yTOB
MEXOJIOYHOTO  JJIEKTPOMOHTa)Ka TPY30BOTO  aBTOMOOWJIA. BBImEaeHBI  MpPU3HAKH,
XapaKTEPHU3YIOIINE CUCTEMY PACIPEICICHUS JJICKTPUYCCKOM JHEPTUH, IMPOIECcC ¢

MPOEKTUPOBAHUS U TPOU3BOJICTBA KAK CIIOXKHYIO CHCTEMY.
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I'maBa |l Jlornyeckass cxemMa CTAaauHd JKN3HEHHOI0 IHMKJIA CHCTEMBI

pacupeacJacHus 3JIeKTpI/I‘leCKOﬁ IHEPI'UM Ipy30B010 aBTOMOOMJIA

2.1. Jlornyeckass cxemMa, MareMaru4deckoe ONMUCAHME U OOIIMHA AJTOPUTM
CHHTE3a CHCTEMBbI pacnpeaeJeHUusl JIeKTPUUYECKON IHEPIruu rpy30BOro aBTOMOOWJIS

Ha ocHoBe CALS-TexHosornii

boptoBeie  kommiekchl  anekTpoobopymoBanus  (BKDO)  coBpemeHHBIX
ABTOHOMHBIX TOJIBJKHBIX OOBEKTOB (aBTOMOOMIICH, CaMOJIETOB, BEPTOJETOB U JIp.) MO
CHUCTEMHBIM IpHU3HaKaM [1] MO3BOJISIOT OTHECTH HMX K CIOXHBIM cucteMaM. CorjacHo
[1,25] u mnpoBeaeHHOMY aHanu3y TIpy30BbIX aBToMoOmieii BKDO xapakrtepusyercs
CIICYIOIUMH 0COOCHHOCTAMU [25]:

1) OOJBIIMM KOJHYECTBOM B3aUMOCBS3aHHBIX CHUCTEM, K KOTOPBIM OTHOCSTCS
CUCTEMA TIE€HEPUPOBAHUSA, CHCTEMA PACIPENCICHUS  DJIECKTPOIHEPIUH, CUCTEMBI
KOMIUIEKCOB 000pyI0BaHUs U JAp. B cocTaBe 3TUX CUCTEM, B CBOIO OYEPE/lb, TAKKE MOTYT
OBITH BBIJICJICHBI TIOJICUCTEMBI U T.1I.;

2) MHOTOMEPHOCTBIO, OOYCJOBIICHHOW OOJBIIMM YHCJIOM CBSI3CH MEXIy
CUCTEMaMU — CBSI3M 10 TUTAHUIO JJIEKTPOIHEpruer, (PYHKIIMOHAIBHBIE CBSI3U MEXIY
KOMILJIEKCAaMH ~ OOOpYJOBaHUs, I1IeMd OJOKUPOBKM U T.a. OHM TNOPUBOIAT K
MHOTOYMCJICHHBIM OTPAaHUYCHUSIM B BBIOOpE pelIeHU, K HEOOXOAUMOCTH KOPPEKTUPOBKHU
TEXHUYECKUX 3aJJaHUi U COTIaCOBAHUS MPUHUMAEMbIX PEIICHUH;

3) MHOTOYpPOBHEBOW CTPYKTypo#l (IIpueM B 3aBHUCHMOCTH OT CXEMHBIX,
KOHCTPYKTHUBHBIX, MOHTQXXHBIX NMPHU3HAKOB CYIIIECTBYET MHOTO0Opa3ue TaKuX CTPYKTYP);

4) CcXeMHbIM H  KOHCTPYKTHBHBIM  OOBEIUHEHHEM  MHOTHMX  CHCTEM,
XapaKTePU3YIOIIUXCS Pa3IMYHON TPUPOOH M (DU3UUECKON CYIIHOCTBIO (Hampumep
pPaaroo00pyI0BaHNE U IPYroe 000PYyI0BAHUE);

5) MHOTOPEKUMHOCTHIO paOOTHI OTACIBHBIX €TI0 JJIEMEHTOB, IMOJACHCTEM, CUCTEM
U KOMIUIEKCa B IIeJIoOM; OOJBIION Maccod M NPOTSKEHHOCTHIO MPOBOIHBIX CBSI3EH,

3HAYUTENIbHBIM pa30pOCOM MOIIHOCTEN MPUEMHUKOB 3JIEKTPOIHEPTUY;
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6) dYeTKO BBIPAKCHHBIM JKU3HCHHBIM ITUKJIOM, OCHOBHBIMH CTaIUSIMH KOTOPOTO
[1] sBusroTcst  pa3pa®oTka  TEXHHYECKOTO  3aJaHHs, OOOCHOBaHHE OCHOBHBIX
XapaKTePUCTHK, TMPOCKTHPOBAHUE, W3TOTOBICHHE B COCTaBE OMNBITHOTO W3/CIHS,
WCIIBITAaHUE W JOBOJIKA OMBITHBIX OOPa3IloB, CEPUHHOE TPOW3BOJCTBO, DKCILTyaTaIlus U
IIeJIeBOE TIPUMEHEHHUE, CHATHE C SKCIUTyaTaIlHH.

CTpyKTypHas cxeMa MporpaMmbl sku3HeHHOTo 1ukia BKOO Ha ocHoBanuu [1,66]

MOJKET OBITh MPEJICTAaBJICHA B ClIeayroIIeM Bue (puc. 2.1).

VYnpasinenue
JICIT JICIIp

Il ! 09 | | CHUCTEMOM
1 cramus 2 craaus 3 cragus Ko
To  F— Tup Kup T, k, F—>
£ I |

Puc. 2.1

Ha puc. 2.1 moka3aHbl YKpYITHEHHBIE CTaJUH KU3HEHHOTO IMKJIA U CBS3H MEXKIY
HuMu corjacHo cTpyktype CALS-texHomormm. Ha kaxmoW W3 CTaamii pemraercs
MHOKECTBO B3aMMOCBSI3aHHBIX 33J1a4, POIECC PEIICHUSI KOTOPHIX (hOpMaIU3yeTCsS B BHUJIE
HEKOTOPOM JIOTUYECKON CXeMbl, OOBEANHSIOMEN SYEHKHU, COOTBETCTBYIOIINE PELIAIOLIUM
nporeaypam. Kaxknas siuetika 3a1aeTcst B 00IIeM CiIydae BOCBbMEPKOM 3JIEMEHTOB:

{A(i’CKi’MKi’TKi’RKi’KKi’ZKi’PKi} (21)

rae k - HoMep CTaJuu KU3HEHHOTO LIUKJIA;

i - HOMEp SYEUKH;

A - AHAJTUTUYECKUE U YUCIICHHBIE UCXOAHBIE JAHHBIC;

Cyi

- 3aJJaHHbIe OTPAaHUYECHUS,;

M, - MOjieNb (DYHKIIMOHUPOBAHUS PACCMATPUBAEMOTO O0BEKTA;
T, - peuraromas npouenypa,

Ry - pe3yIbTaT peHICHUS 3a4a4Hu,

Ky - OLICHKA pElICHU;

Z,. P - PECypcHI U 3aTpaThl Ha BBITIOJHEHUS 1-0i OTepaIum.
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Ha mepBoii cramuu >KW3HEHHOTO IMKJIA pa3pabaTbiBaeTCs JIOTHYECKas cxema
npoekTupoBanus JICIT. Ctaaus MPOCKTUPOBAHMS BKIIOYAET B ceOsl ATAnbl BHEIIHETO U
BHYTPCHHEI'O IIPOCKTHPOBAHMS.

Jlornueckas cxema Npou3BOACTBA  JICI[p  TIOCTPOEHa HA  OCHOBAaHHUH

MHOTOYUCJIEHHBIX HWCCJEJIOBAHUM, TIIOCBSILEHHBIX aBTOMATH3allMM MPOEKTUPOBAHUS
TEXHOJIOTMYECKUX  MPOIECCOB, MPUCIOCOOJNEHUN, OCHACTKH, HWHCTPYMEHTOB U
JTOKYMEHTAITUH IIPH TEXHOJIOTUIECKOH IMOATOTOBKE Mpou3BoicTBa [14].

Craaus sKcIuTyaTalii 00bEKTa SBIIAETCS 3aBEPIIAIONIE B CTPYKTYpPE )KU3HEHHOTO
LUKJIAa, HE YYWThIBas yTUIM3aLMIO cUCTeM. VcxonHble AaHHblE (DYHKIMOHUPOBAHUS

CHCTEM A, ONPEICIAOTCS BBIXOAHBIMHU JaHHBIMHU TPEAbIIYIIUX cTaauii R, u R, . C
APYroil CTOPOHBI, PE3YIbTAThl IUHAMHYECKUX OIEpaluil Mo JOCTIKEHHIO Teneil R, [1]

BCJICJICTBUE HAJIM4MsI OOPATHBIX CBSA3EH BHOCAT KOPPEKTUBHI B PEIICHUS, MOJydaeMble Ha
MPEABIAYIIUX CTATUAX KUZHEHHOTO LUKJIA, JIMOO CIIOCOOCTBYIOT MOSIBJICHUIO HOBBIX SUEEK
pemaronux nporueayp. Hanbonee uccinenoBaHHbBIMU SBISIFOTCS BOIPOCHI B3aUMOICHCTBUS
CTaau{ SKCIUTyaTallid W W3TOTOBJICHUS TPHU yNpaBiIeHWH mocTaBkamu [67-69]. Jpyrue
BO3JICUCTBUS TIpU Tiepepadye WHPOpMAIMM TIO KaHajlaM OOpaTHOM CBSI3M OT CTaJIUU
AKCIUTyaTalluM K CTaJuu IMPOU3BOJACTBA OrPAHWYEHBI, KAK MPAaBWIO, U3MECHEHUSIMU B
TEXHOJOTUYECKOW IOKYMEHTAIMU U TOCIEAYIOIMIMMHU PYUYHBIMU OTNEpaIisIMu, BCIEACTBUE
HEJIOCTATOYHOM  aBTOMATH3allMd  TPOIIECCOB  BBIMIOJIHEHUS  BHYTPUOJOYHOTO U
MEXOJIOYHOTO 3JEKTPOMOHTa)xa. VCKII0YeHUE COCTaBISAIOT CUCTEMbl aBTOMATHUYECKOIO
KOHTPOJSl KIYTOB, YCTAaHaBJIMBAaE€Mbl€ B II€X€ M3TOTOBJICHUS JKICYTOB M B 1EXE
OKOHYATENbHON COOPKH CO3/1aBaeMbIX OOBEKTOB, KOTJa pE3yJbTaThl OSKCIUTyaTalluu
BBI3BIBAIOT HEOOXOAMMOCTH JOTOJHUTEIIbHBIX TPOBEPOK MPABUIILHOCTA MOHTAXA.

Ha ocHoBanum aHaimsa mpoiiecca MpoeKTUPOBAHUS CHCTEM AJIEKTPOOOOPYT0BaHUS
aBTOMOOMJIEH, Hay4YHO-UCCIIeIoBaTeIbcKux padot, B ToM uucie ¢ HTL[ OAO «<KAMA3»
(r. HaGepexubie YenHsl), onbiTa pa3pabOTKH OTAEIbHBIX METOJUK CHUHTE3a M CO3JdaHus
MAaKeTOB NPHKJIAJHBIX MPOTrPaMM, BBHITIOJIHEHHBIX Ha Kadeape 3IeKTPooOOpyI0BaHUS
KHUTY um. A.H.Tynonea-KAW, pazpadorana JICIT u JICIIp cucrtemsl pacripeaeiacHus

AIEKTPUYECKOW HYHEPTUU TPY30BOTO aBTOMOOWIs (puc. 2.3a,0,8). OCHOBHBIM 3JIEMEHTOM
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JIC, ma 0a3e KOTOpOTO MPOU3BOJAUTCS JACKOMIIO3ULMS 3aJad MPOEKTUPOBAHUS U

MIPOU3BOJICTBA, SBIISIETCS STYCHKA MPOCSKTUPOBAHUS U ITPOU3BOJICTBA (puC. 2.2).

IA“ l[“
11

[

:
M

Puc. 2.2

B JIC cucteMsl pacrpeeneHus JIEKTPUISCKON I HEPTUH MOT'YT OBITh BBIJCICHBI 3
YPOBHSI JIEKOMIO3UIIMK TIpoliecca MPOCKTUPOBAHUS, MPOU3BOJACTBA M OIKCILTyaTallUU.
PaccmoTpuM  3aaud  MPOEKTHPOBAHMS, TMPOM3BOJCTBA UM  AKCIUTyaTall, OOIIue
XapaKTEPUCTUKHU YPOBHEMN MTPOCKTUPOBAHUS, IPOMU3BOJICTBA U DKCILTyaTaIlUH.

Yposenb 1. IlpoexktupoBanne O0. 3amada S1 3aKIOYAECTCS B KOMIIOHOBKE M
pa3MenieHnu OJIOKOB, a TaK)Ke€ HE KOMIIOHYEMBIX 3JIEMEHTOB (OJIOKOB TOTOBBIX M3JICJIHM,
AJIEKTPOMEXAHU3MOB M T.JA.). OrpaHuyYeHUs] ONPEACIAIOTCS HAJIMYUEM 3alpeTHBIX 30H U
OTPAaHUYCHHBIM MPOCTPAHCTBOM, 3aJ1aBa€MbIX MOJICJIbI0 MOHTQXXHOTO IPOCTPAHCTBA
(MMII) aBTOMOOMIIS M YK€ pa3MEIICHHBIMH 3JIEMEHTAMU;, HEOOXOAUMOCTBIO Pa3MEIICHUS
HEKOTOPBIX JJEMEHTOB B 3JaHHBIX ITO3MIMUAX, OMPEACHsieMbIX HX (YHKIMOHAIBLHBIM
Ha3HAYEHUEM, SPrOHOMUYECKUMH TPeOOBAHUSIMHU, TPEOOBAHUSAMHU O€30MACHOCTH U JIp.

3amaueid S2 SABISETCS TOMOJIOTHUECKUM CHHTE3 CXEM DJICKTPUUECKUX COCTUHEHUM
BHEIITHETO MOHTa)ka, T.€. pPa3BOJKa DJIEKTPUUECKUX IIernei, (opMHUpOBaHHE KIYTOB,
pacnpeneieHde MPOBOJOB IO KJIEMMaM JJIEKTPUYECKUX COCAUHMUTENCH, IPOKIIaaKa
KTYTOB TI0 KOHCTPYKIIMM aBTOMOOWJS. MHOXECTBO OTpaHWYEHUN COCTABIISIFOT
TpeOOBaHUsI HAJEKHOCTH, TEXHOJOTHYECKHUE U KOHCTPYKTHUBHBIC XapaKTEPUCTHKU
ANEKTPUUYECKUX COEAUHEHUM, DSJIEKTPOMArHUTHasE COBMECTHUMOCTh, KOHCTPYKTHUBHBIC
paszmepbl, MMII npokJIagku KryToB.

3agaua S3 QopMmynaupyeTcss Kak IapaMeTpuuecKkas OINTUMM3alMs CeYeHUU
MPOBOJIOB BCEX YYACTKOB OJJICKTPHUECKOW CETH W aHalM3 PEXUMOB uX paboTel. B

OIpaHUYCHHA BXOIAT AOIMMYCTUMBIC IMOTCPHU HAIPAKCHUA B CCTH, TUCKPCTHOCTD CC‘ICHHﬁ,
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JOMYCTUMBII HAarpeB, MEXaHW4YecKasi MPOYHOCTh, 3alMINAEMOCTh MMPOBOJOB amnmnaparamu
3aIIUTHI.

3amaya S4 — pacyeT U BBIOOP DJIEMEHTOB KOHCTPYKIIHMH KT'YTOB (JIEKTPHUUECKHUX
COCIMHUTENIEH, HAKOHEYHUKOB U [Ip.), BBIITYCK KOHCTPYKTOPCKON JOKYMEHTAIIMU I10
AIEKTPUUECKUX CXEMaM M KOHCTPYKTHUBHBIM depTexkaM. OrpaHuueHusi — KOHCTPYKTHUBHBIC
TpeOOBaHUSI W OrpaHUYEHUs, a TaKke TpeOOBaHMS HOPMATHUBHBIX JOKYMEHTOB IO
BBIITYCKY TEXHUUYECKON JOKYMEHTAIIUH.

Ypoenb 2. IlpousBoactBo 0. 3amaya S5 — MPOU3BOACTBO YCTAaHOBOK
(2J1eMEHTOB KOHCTPYKIIMHU) KT'yTa, TPOU3BOJICTBO JKI'yTOB MPOBOJOB, yCTAaHOBKA (MOHTAX)
KryToB. KOHTpOJb XT'yTOB NpPU M3TOTOBJICHUM M TMOCIE YCTAHOBKM Ha aBTOMOOWJIb.
Brlinyck TexHOMOrH4eckoil gokymeHTaruu. OrpaHuueHus — TpeOOBaHUS HOPMATHUBHBIX
JIOKYMEHTOB MO BBIITYCKY TEXHOJOTUUECKON JOKYMEHTAIIUH.

YpoBenb 3. DOkcrmuryaranmus 20. 3amaya  S6 - OKCIUTyaTallds CHCTEMS
pacrpeneneHus >JIEKTPUYECKOM SHEpPruu. OKCIUTyaTalus 3JIEKTPOMOHTaXa TIpPy30BOIO
aBTOMOOWJISl. AHalv3 NPUYMH BBIXOJA U3 CTPOS DJIEMEHTOB M cucteM OO Tpy30BOTO
apromoOuiisi. ba3za gaHHBIX MOTpeOJEHUS 3amacHBIX dYacTe dsieKTpoMoHTaxka 20
IPy30BOI'0 aBTOMOOMJIS.

B 1a6:1. 2.1 npuBeneHo coaepikaHue siueek MpOSKTUPOBAHUS U TTPOU3BOICTBA.

Tabmuma 2.1

O0o3HaueHne, HA3BaHUE U KPaTKoOe ONMCaHue
peliaroeil mpouexypbl

YpoBeHb
Sueiika

Tl — ®opmupoBanue MMII (Mozenu MOHTaXXHOTO MPOCTPAHCTBA) KOHCTPYKLIUU
aBTOMOOWJII C HCIIOJb30BaHMEM TOACHUCTEMBI «MOAETUPOBAHNUE» CUCTEMBI

1 Siemens NX: pa3paboTka MaTeMaTHYECKOrO OIMCAHUS 30H BO3MOXKHOTO
paszMenieHus eMeHToB DO ¢ y4eToM OTpaHUYEHUH, 3a/1aBa€MbIX KOHCTPYKIHEH
Ipy30BOT0 aBTOMOOWJIS

T1, - ®opmupoBanue MMII mnpoxnaaku KryroB ¢ HCHOIb30BAaHHEM IIOACHUCTEM

2 «JnekTpuyeckas — MapupyTtusanusi»  cucrembl  Siemens  NX:  pa3pabotka
MaTeMaTHYECKOTO ONHMCAHUS TPACC KTYTOB C YYETOM OTPAHWYCHUH, 3a/1aBaCMbIX
MMII KOHCTPYKLIMHU TPY30BOTO ABTOMOOWIIS

Tl,— Cospanue 0a3bl gaHHbIX 3D-mopmenelt wu3nenuii (3J€MEHTOB JKITYTOB) C

3 .
WCIIOJIb30BaHUEM IOJICUCTEMBI «MoaenupoBanue» cuctembl Siemens NX.
T1, — IlpenBaputenbHas KOMIOHOBKA 3jeMeHTOB DO 0e3 orpaHM4eHUil Ha 00beMbl
4 INEKTPOKOHCTPYKIIUH C  HCIOJIB30BAaHUEM TOJCUCTEMBI  «MoOaenupoBaHUEe»

cucteMsl Siemens NX
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YpoBeHb

Sueiika

O0o3HaueHne, HA3BaHUE U KPATKOe ONUCAHNE
peliamoeii mpouexypbl

a1

T1, — IlpensapurenbHoe pasmenieHue 31eMeHToB DO B 3aJaHHBIX HO3ULUAX C
HCIIOJIb30BAHUEM IOACUCTEMBI «MoeaupoBanue» cucreMbl Siemens NX

T1l, — VYTouHEHHOEe pELICHHE 3aJa4d KOMIIOHOBKH (moacucreMa «MonaenupoBaHUe»
cucrembl Siemens NX) ¢ yuaeToM pe3ynbTaToB Pa3BOJIKH AJICKTPUUYCCKHX IIeTICH

T1l, — VYTouHEHHOEe pelICHME 3aJaud pasMelleHus (rmoacucremMa «MopearupoBaHUE»
cucrembl Siemens NX) ¢ yueToM pe3ysnbTaToB Pa3BOJIKU JJIEKTPUUCCKHX IICTICH.

T2, — Co3nanue 6a3bl JaHHBIX CHMBOJIOB M U3/ICIHI C UCIIONB30BAHUEM IOJICUCTEMBI
«E3.DataBase-Editor» cucremsr E3.Series

T2, — Pa3paboTka NPUHIUIHAIBHBIX 3JIEKTPUYECKUX CXEM CHCTEMBI PacIpeneiIcHUs

AJIEKTPUUYECKOW DSHEPrHH ¢ Hcnojib3oBanueM mojcucrembl «E3.Cable» cucrembr
E3.Series

10

T2,— Pa3Bosika CIOXKHBIX DJIEKTpUYECKHMX lienei: Pemaercd 3azaua oNTHMAaIbHOM

Pa3sBOAKHU 3H€KTpH‘ICCKOfI oenmu ucxodasd U3 MHHUMYMa MACCbl IIPOBOJHBIX
CO@I[I/IHGHI/Iﬁ C yU4€TOM OFpaHI/I‘leHI/Iﬁ Ha 9YMCJIO ITOAKIII0OYAaCMbIX ITPOBOOOB

11

T2,— Pa3paboTrka cXeMbl 3JIEKTPUYECKUX COCIUHEHUH C HCHOJIb30BaHHUEM
noacucremsl «E3.Cabley» cucremsr E3.Series

12

T25— PacnpeﬂeneHI/Ie IIPOBOAOB IIO KJIEMMaM 3JICMCHTOB COCIUHUTENCH C yueToM

OrpaHWYEHHUH, 3a7aBacMbIX 3JCKTPOMATHUTHOH COBMECTHMOCTBIO, pa3/elieHHeM
HH(GOPMAIIMOHHBIX U CHJIBHOTOYHBIX IIEMEH U JIP. ¢ UCIOIB30BAHUEM IIOICHCTEMBI
«E3.Cable» cucremsr E3.Series

13

T2,— dopmuposanue koHpurypanuu xrytoB. OcymectBisercs ¢ yderom MMII

MPOKJIAJKK KT'yTOB, TEXHOJIOTHYECKUX OrpaHUYECHUI HAa (POPMHUPOBAHUE KT'YTOB U
ap. OCyYIIECTBISETCS KOHCTPYKTOPOM.

MapkupoBKa TMPOBOJOB, I[BET IMPOBOJOB, OOBEAWHEHHE TPOBOJOB B IKIYT,
MapKHUpOBKa JK['YTOB OCYIIECTBIISIETCS KOHCTPYKTOPOM C  HCITOJB30BaHHEM
noxpcucremsl «E3.Cable» cucremsr E3.Series

14

T2,— Ilepenada maHHBIX O KOH(UIypanuu KTYTOB M JIEMEHTax kryroB B MMII

KOHCTPYKIIUH aBTOMOOWJISI M TPOKJIAIKH KI'YTOB C MCITOJB30BAaHHEM ITOJICHCTEMBI
«E3.3D.RoutingBridge» cuctemsr E3.Series

15

T2,— Onpenenenue Tpaekropuu (Tpaccsl) xryroB Ha MMII KkoHCTpyKIuu

aBTOMOOWJIA W TPOKIAAKA KTyToB. OCYIIECTBISETCS KOHCTPYKTOPOM C
HCITIOJIB30BAHUCM IMOACUCTEMBI <<3J'ICKTpI/I‘{eCKa$I MapH_IpyTI/BaI_[I/I}I» CHUCTCMBI
Siemens NX

16

T2, — Ilpoxiaaka *KryToB Mo 3aJaHHbIM TpaccaM Ha MMII kOHCTpyKIIMHM aBTOMOOMIIS

U TPOKIAJAKH IKI'YTOB C HCIOJB30BAHUEM IMOJCUCTEMBI  «DJIEKTpHUYCCKas
MapIIpyTHU3aIus cucreMsl Siemens NX

17

T?2,,— OmpeneneHue JUIMH Y4aCTKOB KI'YTOB 110 C(hOPMUPOBAHHBIM KOH(PUTYPALUSIM C

Y4CeTOM TEXHOJIOTUYCCKUX IMPUITYCKOB C HNCITOJIB30BaAHUEM IHOACUCTEMBI
«DneKTpruyecKas MapIpyTu3anus» cucteMbl Siemens NX.

18

T?2,, — Ilepenaua JaHHBIX O KOH(UIYpallUK KTYTOB C pealbHBIMU JUIMHAMU IIPOBOAOB

B CAD-cucremy utst GOpMHPOBAHHS Y€PTEKA PACKIIAIKH KTyTa ¢ UCITOIb30BAHUEM
noacucremsl «E3.3D.RoutingBridge» cucremsr E3.Series
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19 T?2,— Packnanka xryra (¢popmMupoBaHHE COOpOYHOrO uepTexka kryra) Ha 2D-
IUIOCKOCTH C MCHOJIb30BaHueM noacucrtemol «E3.Formboardy» cucremsr E3.Series
T3, — DopMUpPOBAHUE PACUETHBIX PEXUMOB PabOThl MArHCTPalIbHOM U paanuaIbHON
20 AJIEKTPUUYECKOW CETH C YYEeTOM MHOTOPEKHMHOCTH paboThl MOTpeduTeneit
IEKTPOIHEPIUH
T73,— @®opMupoBaHHE DPACUETHOM CXEMBbl LENU NUTAHUSA (IPYHIBI MOTpeOHTENeH
21 JIEKTPOIHEPIuu, cucreM). IIpou3BouTCs ¢ LENbI0 MOATOTOBKM MCXOIHBIX CXEM,
HEOOXOJUMBIX ISl OCYHIECTBICHHUS ONTHMHU3AIMH CEYCHUH MPOBOJOB W aHAIM3a
PEKUMOB PabOTHI
T3, — Boibop anmapartoB 3ammThl. OCyIIECTBISIETCS C Y4€TOM XapaKTepa U BETUYUHBI
29 TOKOBOH Harpy3ku IIOKJIFOYEHHBIX norpedureneit 3JIEKTPOIHEPIUH,
MHOTOPEKUMHOCTH  pabOThl MOTpeduTeNel, 3alUIaeMOCTH IPOBOJOB IpH
KOPOTKHX 3aMBIKaHUSX U JP.
23 73,— OnTtuMuszanus ceueHUH HPOBOAOB LieNEH NUTaHUA (TPyNIbl HOTpEOUTENEH,
CUCTEM)
T3, — AHanu3 pexuMOoB pabOThl MaruCTPAIILHON IeKTpudeckoi cetu. IlpoBoanTes ¢
24 EJIBIO TPOBEPKH 00eCTIeYeHUsI TpeOyeMOoro KauecTBa 3JIEKTPOIHEPTHH HA KIIEMMax
noTpeduTeneil ¢ y4eToM MHOTOPEKUMHOCTH MX (DYHKIIMOHUPOBAHMSA, U 3alUThHI
CHCTEMBI 3JIEKTPOCHA0KEHHUSI TPH KOPOTKUX 3aMbIKaHUSIX
o5 T3,— Amnanu3 peXuMOB pPabOTHl PACUCTHBIX CXeM Memeld NHUTaHus (TPYIIBI
oTpeduTeNnel, CUCTEM)
26 T3, — Pacder GanmaHca S3J1E€KTPO’HEPIHM CHCTEMBl PACIpPENENICHHs 3IEKTPHUECKOM
SHEPI'UU TPY30BOr0 aBTOMOOUIIS
27 T'4, — Pacder 1 BBIOOD DJIEMEHTOB KOHCTPYKIUH KI'YyTOB
28 T'4, — KoHCTpynpoBaHHE yCTaHOBOK (2JIEMEHTOB KPEIUICHMSI) )KI'yTOB
T4,— BpIycK DIIEKTPUUYECKOW CXeMbl (MPUHIMINAIBHOM, CXEMbl COEIMHEHUH,
29 COBMEIIICHHOW, MOHTaXXHO#) ¢ ucmosib30BanueM nojcuctembl «E3.Cable» cucremsr
E3.Series
T'4, — Beimyck depTexel KryToB, TaOJIUIl IPOBOIOB, BEIOOPOK M3 TaOJIMIl IPOBOJOB,
30 crieUKaUi 1O dYeprexxaM ¢ Hcroib3oBaHueM mojacuctem «E3.Cable» wu
«E3.Formboard» cucremsr E3.Series
31 T'4, — Bpimyck yepTexeil ycTaHOBOK KT'yTOB M CHELIU(PHUKALMNA IO HUM
32 75, — ®opMupoBaHHE HOMEHKIIATYPBI IPOBOAOB, MOKYITHBIX U3JEIUI U MaTEpUAJIOB C
UCIIOJIb30BaHUeM cucTeMbl E3.Series
33 75, — IIpon3BoACTBO yCTaHOBOK (3JIEMEHTOB KPEIUIEHHS) XKI'yTOB
34 T5,— TexHOIOrMYeCKOE UICHEHHWE JKTyTa: BBIICICHHE OTIEIbHBIX THUIIOBBIX
2 JJIEMEHTOB — HEPA3BETBICHHBIX TPACC-3arOTOBOK
T5,— Pa3paboTka TEXHOJOTMYECKHUX UEpPTEKEH M KapT H3TOTOBICHUS JKTYTOB Ha
35 OCHOBAHMU COOPOYHOTIO YEPTEXkKa, TEXHHUUECKUX YCIOBUH M TEXHOJIOTHYECKOTO
YICHEHUS JKI'yTa
36 T5,— Otmep, pe3ka U MapKHpPOBKA IPOBOAOB XI'yTa. MapKHpoBKa U pe3ka OUPOK

IIPOBOAOB U KI'YTOB
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T5; — IloaroroBka KOHIIOB IPOBOAOB IOJ COCAHHEHHE: CHATHUE M30JALUU M KpaHa,
37 3aYMCTKA OKMCHOM IUIEHKH, CKPYYMBAaHUE KOHIIOB IPOBOJIOB, JYXEHHE, 3aeJIKa
W30JISILUU
38 T5, — CoenuHeHue NPOBOIOB ¢ HAKOHEYHHUKaMHU (I1alika, IPecCoBaHKe, 00XkKaTUE)
39 T'5; — TloxroroBka moacOOPOK JKI'yTOB: CpallliBaHUE LEMel yIbTpa3ByKOBON CBapKoil
i (POPMOBKOH, CBUBKA ITPOBOJIOB
40 75, — DopMUpOBAaHUE CKEJIETa JKI'yTa: KOHTYp KI'yTa B COOTBETCTBHUM CO CXEMOH Ha
IIOBEPXHOCTH IJ1a3a C 0003HAUYEHUSIMH, HOMEpPaMU HAKOHEYHUKOB, KJIIEMM U T.JI.
T'5,,— YcraHOBKA pa3IMYHBIX AKCECCYapoOB AJIs KPEIUIEHUS IIPOBOAOB JKIyTa: CTOMKH
41 UL KperuieHus, (OpMUpOBaHHS CKpPYTJIGHHH H OTBOJOB, (MKCAIIMM KOHIIOB
IIPOBOJIOB, CIMIIBI U T.JI.
75, — Packnagka mpoBOJOB Ha ILIa3€ COIJIACHO TEXHOJIOTMYECKMM 4YepTexkaMm U
42 KapTaM H3TOTOBJIEHHUS KI'YTOB C 3a/I€JIKOI MPOBOJOB B COEAMHUTEIH, Pa3bEMbl U
T.JI.
T5,, — Bsska (0aHIaXMPOBAaHUE) U 3ALLUTA JKIyTa: HENPEPBIBHASA, IPEPBIBUCTAS WU
43 MaKeTHass C WCIOJb30BaHUEM OOEpPTOYHBIX MAaTepHajoB, IIHYPOB, KaOEIbHBIX
MOSICOB, HUTEH, MOHTA)XXHBIX JICHT, IJIACTUKOBBIX XOMYTOB, OIUIETKH, 3JIACTHYHBIX
TpYOOK M T.A.
T5,;, — KoHTpoins xryra (BU3yallbHbI, PEHT€HTOBCKUI, JJIEKTPUUECKUX apaMeTpOB)
C BBISBJIEHUEM BO3MOXHBIX OOPHIBOB MPOBOJOB, IEPEIMyThIBAaHHUS IPOBOJIOB,
44 KOPOTKHMX 3aMbIKaHMsI MEXJIy IMPOBOJAaMH U MPOBOJOB Ha «KOPIYC», BEIMUMHBI
CONIPOTUBIICHUS H30JALUH, TMPOYHOCTH M3OJIALMM, BEJIWYMHBI IEPEXOJHBIX
COINIPOTHBIIEHUS U T.1.
45 T'5,, — MapkupoBKa U yIakoBKa JKI'yTa: pa3zielbHasl yIaKOBKa Pa3beMOB U yIIaKOBKa
yexJjamu, OyMaXHbIMU JIEHTAMU CBEPHYTOr0 B OYXTY JKI'yTa
46 T5,; — YcTraHoBKa (MOHTaX) JKI'yTa C 2JIEMEHTAMU KPEILICHHUS.
47 T6, - OKcIuTyaTanusi  3JeKTPOMOHTaxka  rpy3oBoro  asromoomns.  Coop
CTaTUCTUYECKUX JAHHBIX
48 76, — AHayn3 NPUYUH BBIXO/A U3 CTPOs DJIEMEHTOB M CUCTEM MOHTaxka D0 rpy30Boro
aBTOMOOMIIS
49 T6,— CozpgaHue 6a3bl JaHHBIX NOTPEOJIEHHs 3alacHBIX YacTeil AIEKTPOMOHTa)Ka
3 IPy30BOT0 aBTOMOOMJIS
50 76, — JlopaGoTka NMPUHIUNUAILHON IEKTPUUECKON CXEMBI IPY30BOT0 aBTOMOOUIIS C
YYETOM BBE/ICHUS] HOBBIX (DHJIEPOB (3JI€MEHTOB) MOTpeduTenen
51 T6, — KoppekTHpoBKa HOMEHKJIATYpBI 3aLIUTHOH anmaparypsl
52 T6¢— IloaroToBKa UCXOIHBIX JAHHBIX IS KOPPEKTHPOBKHU ONTHMAIIbHBIX CEUCHUI
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B T1abn. 2.2-2.4 mnepeyucieHbl OCHOBHBIE 3JEMEHTHl MHOXECTB IPU3HAKOB,

XapaKTEePU3YIOIKNX KOHCTPYKTUBHBIE Y3Jibl DO Irpy30BOr0 aBTOMOOWUJISL, BHYTPUOIOUYHBIN U

MEXOIOUHBI MOHTaX OO Tpy30BOro aBTOMOOWJS. AHAIKW3 COCTaBa MPU3HAKOB

MOKa3bIBAET UX MHOTO00pa3ue.

ONeMEeHThl MHOXKECTBA IMPU3HAKOB KOHCTPYKTHUBHBIX Y3JIOB 20

Ne ypoBHs 1
Ha3BaHMe ero
3JIEMEHTOB

Nms npusHaka

DJIeEMEHTBI

BEKTOP T€OMETPUYECKHUX Pa3MEpOB
BCKTOP KOOpAMHAT YCTAHOBKH

KO/l OpHEHTALUH

KOJI TUTOCKOCTH YCTaHOBKHU

XapaKTEePUCTUKU KPEIUICHHs (3KECTKOE, HEeXKECTKOE)

Mmacca

THII JIEMEHTa

mmdp meMeHTa

HaJIMYUe TOKOB IEPErPy3KH

HO3UIIMOHHOE 0003HAYEHHE JIEMEHTA

MHOKE€CTBO KOHTAKTOB JIEMEHTA

MHOXCCTBO MOHTAXHBIX XapPaAKTCPUCTUK KOHTAKTOB 3JICMCHTA
BEKTOP JJAHHBIX YCIOBUHN 3KCIITyaTalluu

Tlnarsr

BEKTOp F'€OMETPUUECKUX PAa3MEPOB

BEKTOpP KOOPIMHAT HYIEBOU TOYKU

BEKTOp KOOPJIMHAT pa3MeIlleHuUs IUIaThl 10 OTHOLIEHHUIO K TPaHsIM 3K
XapaKTePUCTUKU KPETIICHUS

KOJ] TNIOCKOCTH TJIaThl

BEKTOP KOOPJMHAT BHEITHUX KOHTAKTOB IJIAThI

Mmacca

NIEpPEYEHb CUCTEM IIATHI

MHO>KECTBO KOHTAKTOB ILIaThI

MHOKE€CTBO MOHTaXKHBIX XapaKTEPHUCTUK KOHTAKTOB TIAThI
BEKTOP JAHHBIX YCIOBUH SKCILTyaTal[uu

OK

BEKTOP '€OMETPUUECKUX PA3MEPOB
BEKTOp KOOPJIMHAT YCTAHOBKH Ha OOPTY

BEKTOP KOOPJAMHAT BHEIIHUX COECIUHUTEIECH

KOJIOBBIM MapaMeTp KOHCTPYKTHUBHBIX OCOOEHHOCTEH

[IEPEUEHb CUCTEM IIPUHAUICIKALIUX DK

THII 3K

MHOKECTBO COEIAMHUTENEH DK

MHO>KE€CTBO KOHTAaKTOB COETMHUTEIIEH

MHOKECTBO MOHTa)KHBIX XapaKTEPUCTUK KOHTAKTOB COCIMHUTEIICH
BEKTOP JAHHBIX YCIOBUH 3KCILTyaTalluu

90 u
COOTBETCTBYIOIIIHE
MPU3HAKU
aBTOMOOMIIS

THUI TPY30BOTO aBTOMOOMJISA (TATrad, CaMOCBaJ U T.11.)
BEKTOP F€OMETPHUECKUX Pa3MEPOB
XapaKTEPUCTUKU TEXHUYECKHE

Tabnuia 2.2
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DJeMEeHThl MHO)KECTBA MTPU3HAKOB BHYTPHUOIOUHOTO MOHTaXa

Tabmuna 2.3

Ne ypoBHS 1
Ha3BaHUeE ero
3J1eMEHTOB

HNmsa npusznaka

DNeKTpUYECKUe
COCIMHEHUS

Mapka IpoBoa
CeUueHHe

MOTOHHAs Macca

JTaMeTp

JUTHHA

BET

pox Toka

BEJINYMHA HAMPSHKCHUS

MOJIIPHOCTB TTOCTOSTHHOTO TOKa ((ha3za IepeMEeHHOTO TOKA)
CTEINeHb OTBETCTBEHHOCTH IICTIH

IMPU3HAK MOCTOSAHCTBA HAXOXICHUS ITOA TOKOM

NPU3HAK HAJWYHSI TOKOB MEPErpy3Ku

MMPUHAJICIKHOCTD LCIIAM UCIIOJTHHUTCIIBHBIX OPraHOB
NPUHAJICKHOCTD aBAPUHHBIM IICTISIM

MNPUHAIC)KHOCTDb CJIA00TOYHBIM U CHIIBHOTOYHBIM eIrsam
MO3UIIMOHHOE 0003HAYCHHE

ajipeca KOHIIOB TIPOBOJIA

THUTI 33JICNIKH

BCKTOP JaHHBIX YCHOBI/Iﬁ OKCILTyaTalun

XapaKTePUCTUKH JEKTPOMArHUTHOM COBMECTUMOCTH
HaJIMYUe JKpaHa

MHO0XeCTBO
ANEKTPUUECKUX
COCIUHEHU N
IIJ1aThI

Mmacca
o0111as JytHa MPOBOJIOB

MPUHAJJICSKHOCTH K OJHON WJIM HECKOJIBKUM CUCTEMaM
BCKTOP MapaMECTPOB KI'YTOB IJIATbI

BEKTOP JAHHBIX YCIOBUHN IKCILTyaTaIl[uu
XAPAKTCPUCTUKHU SHCKTpOMaFHI/ITHOI\/JI COBMECTUMOCTH

MHoxecTBO
AMEKTPUIECKUX
coenuaenuii DK

macca
o01as JyiiHa MPOBOIOB

MPUHAJJICKHOCTH K OJHON WJIM HECKOJIBKUM CUCTEMaM
BEKTOp MapaMeTPOB KIYTOB DK

MUHUMAJIBHOE CEUEHUE MPOBOJOB B IK

BEKTOP CEUYEHUI MUHYCOBBIX ITPOBOJIOB

BEKTOp MapaMeTPOB TOTOJIOTHYECKUX OTPaHHYEHUI
BeKTOp JAaHHBIX YCJ'IOBI/II\/'I 3KCHJ'IyaTaI_[I/II/I

XAPAKTCPUCTUKU BHCKTpOMaFHHTHOﬁ COBMCCTHUMOCTH KI'YTOB 3K

BuyTpuOnounsiii
MOHTaX

Mmacca

o0111as ATMHA TPOBOJIOB
HaJEKHOCTh

KUBYUYECTh

TEXHOJIOTHYHOCTb U3TOTOBJICHHUS
NpPU3HAK y100CTBa SKCILUTyaTaI[H
PEMOHTOIIPUTOTHOCTh
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DJIEMEHTHI MHOKECTBA ITPU3HAKOB ME>KOJIOYHOTO MOHTaKa

Tabnuua 2.4

Ne ypoBHSI M Ha3BaHUeE €ro
3J1eMEHTOB

Nms npuszHaka

DNEeKTpUYECKUe
COCANHCHUA

MapKa IpoBoOja
ceueHue

MOTOHHAs Macca

JTaMeTp

JUTHHA

BET

PO TOKA

BEJIMYMHA HANPSHKCHUS

MOJIIPHOCTB TTOCTOSTHHOTO TOKa ((ha3za MepeMEeHHOTO TOKA)
CTCIICHb OTBECTCTBCHHOCTHU L CIIN

MPU3HAK [TOCTOSIHCTBA HAXOXKIACHUS 10/ TOKOM

NPU3HAK HAJMYHSI TOKOB MEPErpy3Ku

MNPUHAJICIKHOCTD LCIIAM UCIIOJHUTCIIBHBIX OPraHOB
MPUHAJIC)KHOCTh aBAPUMHBIM LIETISIM

NPUHAICKHOCTD CIIA00TOYHBIM U CHIIbHOTOYHBIM IETISIM
MO3UIIMOHHOE 0003HAYCHHE

ajipeca KOHIIOB TIPOBO/IA

THII 33JICITKH

BEKTOP JITAaHHBIX YCJIOBUH IKCILTyaTalluu

XapaKTEPUCTUKHU DICKTPOMATHUTHOW COBMECTHMOCTH
HaJIMYMe YKpaHa

KryTel

JTaMeTp
MaKCHUMAaJIbHO JOIYCTUMBIN AUAMETP
MUHHUMAJIbHO-JOITYCTUMBIN AHAMETP

Mmacca

pOJI TOKa

BEJIMYMHA HAIPSHKEHUS

MOJISIPHOCTD WK (paza

KaTeropusi moTpeOuTeseii CUCTEMBI

MO3UIIMOHHOE 0003HAYCHUE

THUII 33/1€JIKH

HaJM41e CBUBKH MPOBOJIOB B KIyTE

HaJgu4yre COMBKU MTPOBOJIOB B KT'YTE

TPaCcCOBBIN WJIM MECTHBIA MOHTaX

BEKTOP JIAHHBIX YCJIOBUH IKCILTyaTaluu
XapaKTePUCTUKU AIEKTPOMArHUTHOW COBMECTUMOCTH
HaJU4Me dKpaHa

HaJUIMe MEXaHUYECKOM 3aIUThI

Tpaccel

BCKTOP KOOPAWHAT NPOKIAAKU TPACC

BCKTOPp I'COMCTPHUICCKHUX PASMEPOB TPACCHL

BEKTOP KOOPAWHAT YCTAHOBKH TEXHOJIOTHYCCKUX PA3HEMOB
BCKTOP JaHHBIX YCJ'IOBI/II\/’I OKCILTyaTauuu

XapaKTCPpUCTUKHU 3HCKTpOMaFHI/ITHOﬁ COBMCCTUMOCTH

Mex0109HbBII MOHTAXK

Macca

o01mas JyTHa TIPOBOIHBIX CBSI3EH (110 CEUCHUSIM)
HaJEKHOCTD

HAJIEKHOCTD

JKUBYYECTh

TEXHOJOTMYHOCTEH U3TOTOBIICHUS

MPU3HAK yINOOCTBA dKCIUTyaTaIlluu
PEMOHTONPUTOAHOCTh

IIOMEXO3AIHUIIEHHOCTD
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Crpykrypa JIC cuctembl pacupeneneHus: dJIEKTPUIECKON YHEPTUU MOXKET OBITh
OmKcaHa MPHU MMOMOIIHM MaTpHIl cBsizei AmeMeHTOB JIC M MaTpuIlbl CTPYKTYPBhI CHCTEMBI
[1,8,70]. CBsazu Mexny I-i U j—i suelikaMu JIFOOBIX YPOBHEH BBIPAKAIOTCS BEKTOPHBIMH

paBEHCTBAMU:

A"=S, R" (2.2)
rae I, S — YpOBHU IPOCKTUPOBAHUS; Ssj , — HyJIb-€IMHUYHAs. MaTPUILA CBA3U J-¥ suerku S
YPOBHS C I—ii ST9EHKOW I' YpOBHS, KOTOpAs SBISETCS MOIMATpUII MaTpHIBl S, CBS3U

anementoB JIC; r,s=1,4; i, j=1,N,, N, —49ucio 31eMeHTOB K—T0 ypOBHS.

[Ipu 3TOM:

— ecad r>s, TO MaTpUla CBSI3U OIPEIHCISIET IMPSIMYI0 CBSI3b  MEXKIY
AJIEMEHTAMH PA3HBIX YPOBHEW;

— Opu r<sS MaTpula CBA3M OINpeAesieT 0OpaTHYIO CBSI3b, COOTBETCTBYIOLIYIO
UTCPAIIMOHHOMY IIMKJIy, OXBaTbIBalOIIeMy YpoBHH F, S u Bce ypoBaum d
YAOBJIETBOPSIOIINE YCIOBHIO 7 < d < §;

— IIpU 7=S§ MaTpULA CBI3U IJIEMEHTOB OIPEACISIET CBA3U JJIEMEHTOB BHYTPHU
YPOBHSI, IPU 3TOM aHAJIOTUYHO:

— €CIU 1> j, ONpenesieTcs MpsiMasi CBI3b MEXIY JJIEMEHTaMHU BHYTPHU
YPOBHEM,

- npu i< j — oOpaTHas CBsi3b, COOTBETCTBYIOIIAsi BHYTPEHHEMY
UTEPAOHHOMY LUKy YPOBHSI.

Ecnu j—s sueiika S ypoBHS U I—sI siueiika I' ypOBHS HE CBSI3aHbI, TO MaTPHIA

Ssj , OIPEENSCTCs KaK HyJIeBas MaTpPUIa, T.e. Ssj , =0.

CdopmupoBaHHbIe TaKUM OOpa30M MAaTPHUIIBI CBSI3U OOPa3ylOT B COBOKYITHOCTH

KBaJpaTHYIO MaTpuiy 3x3 (B cuity TpexypoBHeBoro crpoeHus JIC), a UMEHHO:

Su Sp S
S=ISn Sp Sy (2.3)
S Sz S

CdhopmupoBanHas matpuiia HasbiBaeTcsi Marpuieit cTpyktypsl JIC, mockoibky

OHa OTpaXkaeT CeTh CBsI3eH MEX Iy ee eMeHTaMu (puc. 2.2a,0,B).
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[IpuBenem mid nmpuMepa 3amuch MAaTPULBl CBSA3EM JJIEMEHTOB IIEPBOIO YPOBHS

IIPOEKTUPOBAHMS 3a/1a41 NMAPAMETPUIECKON ONTUMHU3ALNN:

cos, O O O O
©coo0 0 s, O O O
00 O S, S, O O

Ss=[o o o o o0 s, O (2.4)
OO0 O O O O O
cos, O O O O
OO0 O O O O O

Ananoruyno 1o JIC cuctembl pacnpeaesieHus: dJIeKTpUIecKoi sHeprun (puc.2.2)
MOTYT OBITh MOJIYYEHBI OCTAJIbHBIC MATPUIIbl CBA3EH DJIEMEHTOB Pa3jIUYHBIX YPOBHEH U
3a7a4.

AHanus MaTpuubl CTPYKTYypel S M Matpui cBsseil S, , r,s=13 I03BOISET

sr?

ONpeNeNnTh OCHOBHBIE cBocTBa JIC mMpoeKTHpOBaHMs, MPOU3BOJICTBA U AKCIUTyaTalluu
CHUCTEMBI PACHPENECICHUS JJIEKTPUUECKOM HDHEPruu. Tak HaJIM4Yue HEHYJIEBBIX MATPHIL

CBI3U S, , r#s, §>r, PACIOJOKEHHbIX HMXKE IUArOHAIM MATpPHUIbl S, TOBOPUT O

CYILLIECTBOBAHMM OOPATHBIX CBSA3€H MEXKIYy YpPOBHSIMH HPOEKTHPOBAaHUSA, YTO TpeOyeT
OpraHM3allMd UTEPAlMOHHBIX IMKJIOB, OXBATHIBAIOLIMX YPOBHU IIPOEKTUPOBAHUS,

MPOM3BOACTBA W 3KcruryaTaruu: 1 — 2, 2 — 3, 1 — 3. AHaim3 auaroHajabHBIX MAaTPHIL

S I’:l,_?) , OINMCBIBAIOIIMX BHYTPCHHHC CBS3U ypOBHGfI, ITIOKa3bIBACT HCO6XOI[I/IMOCTB

rr?

OpraHu3alyyd BHYTPUYPOBHEBBIX HUTepauui. TO, 4TO MaTpHULbI S, , =0, r=L3, i=LN

r

CBUJIETENLCTBYET O TOM, 4YTO pemaomas npoueaypa 7' MCIONb3yeT BXOJHYIO
uH(pOPMaILIMIO, TOCTYHAIOIIYIO TOJIBKO U3 0a3bl TaHHBIX.

Tax xak JIC Oonpmmx TeXHUYECKHX CHCTeM, B ToM umcie u JIC cucreMsl
pacnpeneneHus JJIEKTPUUECKOM HSHEPrUU, OTPAXKAKT TOJBKO CTPYKTYPY CHCTEMHOTO

METO/JIa PELICHUsI 3a/1a4 MPOCSKTUPOBAHUSI, TPOU3BOJICTBA U DKCIUTyaTaI[uu JIJIsl TIOJTydeHUS
d.:

anroputMma pemienus 3agaud S {S“} HEOOXOAUMO OpPraHM30BaTh MPOIECC CUCTEMHOIO

d.

MPOEKTUPOBAHUS U TPOU3BOJCTBA CBSI3aB OT/ACNbHBIE pelIatolue npoueaypol 7,

COOTBETCTBYIOIIME 3aauaM S B ymopsmoueHHsli kommekce 7T {T%} [8,25]. Taxoif
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Mpolecc MPUMEHUTEIBHO K Hallel 3aaaye Oy/eM Ha3bIBaTh OOIIMM airOpUTMOM CHHTE3a
CHCTEMBI pacripeienienus snektpudeckoit sueprun (OAC CPOD).
Paccmotpum Hekotopsie maru OAC CPI0D.

0
1°. BeimonHsieTcs cieayromas ynopsJI04eHHasl MOCIEA0BATEIbHOCTh PEelIatonnuX

POLIEAYP <T11;T12;T13;T14;Tls;Tlﬁ;T17,T23>, IJIc 3HAKOM <> 0003HAa4YCH MTEPAIIMOHHBIA ITUKIL.

IIpu stom  Aj (R [MgvR*|M*), T.e. cHauaja 3JIEMEHTHl CHCTEMBI DPaclpeeleHus

AIEKTPUYECKON IHEPIUHU Pa3MELAIOTCS TOJIBKO C YUYETOM JJIEKTPUUYECKUX CBA3EH MEXKAY
HUMH, OrpaHuYeHHi, 3amaBaemMbix MMII aBTOMOOWIS, W  KOHCTPYKTHBHBIMHU
TpeOOBaHUSIMU K MX pACHOJIOKEHUIO, a 3aTeM YYUTBIBAIOTCS IPOBOJHBIE CBS3H,
ITOJIyYEHHBIE B PE3YyJIBTATE PA3BOJAKH JJICKTPUUECKUX LIETIEH.

[locne  BbimoNHEHWMsT T»  MONYYCHHBIC  PEUICHUS  AHANM3UPYIOTCS U
KOPPEKTUPYIOTCS KOHCTpyKTOpamu. llociie 3Toro mnosiyqaeM HMCXOIHBIE IAaHHBIE JUIA

BBINIOJTHEHUSA T% TV .

2°. TIporece MPOEKTHPOBAHMS HMEET BUL:

<T16 1T17 ><T21’T22 1T23’T24 ,Tzs ,Tze 1T27 1T28 ,ng ’T210 ’T211’T21z 1T317T32T33 ,T34 ,T35 ’TSG ”T37> (25)

Paccmotpennsie maru OACC CP23 oxBaThiBatoT ypoBeHb npoektrpoBanus JIC,
COOTBETCTBYIOIIME PELICHUIO 3a]]a4 pa3MEIIeHUs], TOMOJOTHYECKOTO U MapaMeTPUIECKOro
CHUHTE3a CHCTEMBI paclpeAesieHusl JIEKTpUUecKor sHepruu. CiaegoBaTeabHO, MOIYYEHO
MepBOE TOJIHOE PEIICHUE, KOTOPOE MOXKHO OXapaKTEPU30BaTh KaK ACKU3HBIA ITPOCKT
CHUCTEMBI pacHpeIeNICHHs dJIeKTpUUeCKoN sHepruu. [locie mMakeTUpOBaHUS WU APYroro
aHaju3a TMOJYYEHHOTO PEIICHHS YTOUHSIOTCA MCXOJHBIE JAHHBIE M OrpaHUYEHUs, MPU
HEO0OXOJIMMOCTH BBOSTCS HOBBIC U BBITTOJTHSIETCS CIASAYIONIUHN TIIar.

0
3". Ilporiecc MpOEKTUPOBAHMUSI 3ATUIIIETCS CICTYIOITIM 00pa3oM:

<T16,T17 ><T21'T22 ’TZS’T241T25'T26 ,T27 ’TZS’TZB ,T210’T211,T212 'T311T32T33,T34’T35'T36”T37 >’ (2 6)

(T, 7%, T%,T%)
OACC CP3D ocHOBaH Ha IHUPOKOM HCIIOIb30BAHUHA UTEPALMOHHBIX LUKIIOB, YTO
XapakTepHO [UIS JEKOMIIO3UIIMOHHBIX METOJ0B ONTHMM3ALMU MPOCKTHBIX PEIICHUN

TOOBIX CIHOXHBIX cucteM [8,25], a T.K. OpH CHHTE3€ CHCTEMBbl pacHpeesIeHuUs
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AIIEKTPUYECKOW DSHEPTUM 33Jadyd B OOJIBIIMHCTBE CBOEM HUMEIOT KOMOMHATOPHBIN
XapakTep, 4TO MperoiaraeT MpUcyTCTBHE KOHEUHOTO MHOYKECTBA BO3MOKHBIX PEIICHUH,
TO BOIIPOCA O CXOJUMOCTH UTEPAIIMOHHBIX METOJIOB HE BO3HHKAET [8,25].

Paspabotka JIC u OACC CP2D mo3BOJseT pemuTh 3aJady MPOESKTHUPOBAHUS U
MPOU3BOJICTBA CHUCTEMBl pacHpeleNieHus] dJeKTpudyeckoi sHepruum Ha ocHoBe CALS-
TEXHOJIOTUM  JIOTUYECKOH YBSI3KOM aBTOHOMHO-HEPa3pEeIIMMBIX — 33Jay; BBIICIUTH
UTEPALMOHHBIC LUKIBI AJI MOTYYSHHs] ONTUMAJIbHBIX MPOEKTHBIX U MPOU3BOJICTBEHHBIX
pEIICHUH; YHNOPAJOYUTh CO3JaHHE aJIrOPUTMOB CHHTE3a CHCTEMbBl pacCHpelesICHUs

ANEKTPUYECKON SJHEPTUH, COCTABIIIIOIINX OCHOBY pemaronux npouenyp JIC.
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2.2. Maremaruyeckasi MoOJeJb MOHTAKHOTO TMPOCTPAHCTBA TIPy30BOI0

ABTOMOOMJIA.

Jns pemeHust 3aiad TOMOJIOTMYECKOTO W MAPAMETPUUYECKOTO CUHTE3a CHUCTEMBI
pacripesiesieHus dJIeKTpUYecKor sHepruu rpy3oBoro aromobwmss B CAIIP peanpHOMY
00BEKTy HEOOXOJMMO TIOCTaBUTh B COOTBETCTBHE MAaTEMaTUYECKYH) MOJIeNb, YTO
MO3BOJIAT (POPMAIM30BATh M AJITOPUTMHU3UPOBATH Ipoliecc poektupoBanus [71-73]. s
ydeTra 0COOCHHOCTEH reOMETPUUYECKOTO CTPOSHUsI 00BEKTa MPOCKTUPOBAHMS, B3aUMHOTO
pPAacCMoJIOKEHUST JJIEMEHTOB M CBSI3€M MEXAY HHMH B MPOCTPAHCTBE PACCMOTPUM
MaTeMaTUYECKYI0 MOJIeJIb MOHTa)XHOTO ITPOCTPAHCTBA IPY30BOTO aBTOMOOKJIS.

Haznauenne MMII — pocTaTodyHO TOYHO OTpaXkaThb pPEATbHOE MOHTAXKHOE
MPOCTPAHCTBO NPU PEHICHUH 337a4 KOMIIOHOBKH, Pa3MEIICHUS AJIEKTPOKOHCTPYKIIUU,
Pa3BOAKE DJICKTPUYECKUX IIETIeH MEXKOJOYHOrO MOHTa)Ka M TPACCHPOBKE AJICKTPHUUSCKHUX
LICTICH.

B cooTBeTCTBUM C XapaKTepHBIMH OCOOCHHOCTSIMU 3a/lad TOIOJIOTUYECKOTO U

MapaMCTpUICCKOro CHHTC3a MATCMATHYCCKasA MOACIIbL CXCMbl COCIHMHCHHUA 3J3JICMCHTOB

JOJDKHA:

° 3aJlaBaTh NPHUHAJICKHOCTh DSJIEMEHTOB COCAUHEHUSIM C TOYHOCTBIO JI0
BBIBOJIOB;

° MO3BOJISITH TOYHO OLICHWBATh YHWCIIO COCIMHEHHUM MEXIy JJIEMEHTaMH U

JaCTSIMH CXEMBI;

o HE JUKTOBAaTh MOPSAOK COEAMHEHUS DJIEMEHTOB, T.€. OTpakaThb (hakTop
HEU3BECTHOCTH COEIMHEHUS BBIBOJIOB 3JIEMEHTOB B Ipeiesiax OJIHOM LeTu.

[Ipu 5TOM XapakTep NPUHAMJIECHKHOCTH CBS3U (BXOJ WJIM BBIXOA) OOBIYHO HE
CYIIIECTBEHEH; HeoOxoauMa uHdopmaiusi 00 WHBAPUAHTHOCTH BBIBOJIOB JJIEMEHTOB,
TUTIAX, METPUYECKUX XapPAKTEPUCTUKAX W TOMOJOTUYECKMX CBOWCTBAX JJIEMEHTOB U
CBsI3€EM.

B kauecTBe MaTeMaTHyecKOl MOAENM MOHTAXHOTO MPOCTPAHCTBA MOXKHO
UCIIOJIb30BaTh HEOPUEHTUPOBAHHBIN Tpad pemerku. Kaxayro MI0OCKOCTh MOHTaXHOIO
NPOCTPAHCTBA  Pa3NESAIOT Ha  dJeMeHTapHble Iuiomanku. Kaxaod miomaake
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COOTBETCTBYeT BepmnHa Tpada (puc. 2.4). JIBe BepiIMHBI COCIUHEHBI PEOpPOM, €CIu
MEXy COOTBETCTBYIOIIMMH 3JIEMEHTAPHBIMHA IUIOMIAIKAMH MOXKET OBITh MPOBEICHO
COCIMHEHHE C YYE€TOM METPUUYECKHUX MapaMeTpOB U TOIMOJIOTHYECKUX CBOMCTB JIEMEHTOB

NI KOHCTPYKTUBHBIX Mozlyneﬁ, YCTaHaBJIMBACMBIX B IAHHOM MOHTAKHOM ITPOCTPAHCTBE.

5

1 2 3

J4 s |6
Puc. 24

MaremaTuueckyro MOJENIb IPOCTPAHCTBA IPY30BOI0 aBTOMOOUJIS 3a/1alUM B BHJIE
B3BEIICHHOTO rpadga G, =(A,U,), rie A - MHOXECTBO BepIlUH rpada, a U, - MHOXKECTBO
pebep.

I'padp G, ommchIBaeT MPOCTPAHCTBEHHYIO PELIETKY, MOJIYYEHHYIO CIIETYIOIINM

oOpa3oM. B miiockocTsx ceuyeHusi aBTOMOOMIISE HAHOCUTCSI OPTOTOHAIbHAS CETKA.

Beibop 1mara aMckpeTH3alMd ¢ TMOMOIIbI0 Kod(pduimenta k 3aBUCHUT OT
pemaeMon 3a1a4i U C OJHOM CTOPOHBI ONPENEIISIETCS TOYHOCTHIO MOJEIUPOBAHUSA, a C
Jpyro¥ orpaHUYMBaETCsl BpeMeHeM perieHus Ha OBM u o6beMoM ee maMATH.

Ha rpage G, =(A,U,) MOXHO 3ajaBaTh MNpPOJOJIbHbIE U TMONEPEUHbIE TPaCCHI,
anemeHTsl bOO, 3anpernbie 30HbI. Pebpam rpada G, =(A,U,) TPUIUCHIBAETCS «BECY,

paBHBIfI pacCTOAHNUIO MCKIAY COOTBCTCTBYIOIIMMU BCpHIMHAM TOYKaMH PCaJIbHOTO

MPOCTPAHCTBA aBTOMOOMJIS.
Beigenum B rpade G, kycku G =(AY,U®),i=1z, y KOTOPBIX MHOKECTBA BEPLINH
A" — A COOTBETCTBYIOT TOYKAM MPOCTPAHCTBA TPY30BOTO aBTOMOOMJISI, PACIIOI0KCHHBIM
B 3alpeTHBIX 30Hax, a UY - moaMHOXecTBa TeX pebep u3 U,, KOTOPBIE XOTS ObI OJHUM
KOHIIOM CBsi3aHbl ¢ BepmnHamu a, € A" . Torna maremarudeckas mojenb MIT moxeTt ObITh
npencrapieHa B Buze rpada G, =(A,U,) =G, Tae A = Ai\_LZJlAl(‘),U2 =U1\quf‘). Mognens G,
i iz

HCIIOJB3YCTC AJId pCIICHUA 3aa4 KOMIIOHOBKH U pa3MCIICHHUA BJIeKTpOKOHCTp}IKHI/Iﬁ.
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B cBowo ouepenb, B rpage G, chopmupyeMm kycku GV =(AD U j=1t, y
KOTOPBIX MHOXecTBa BepuimH AV — A, ONHCBIBAIOT 00JACTH, 3aHATHIC 3JIEMEHTAMH
3IIEKTPOOOOPYIOBAHKS, TO €CTh DJIEKTPOKOHCTPYKIMSIMHU, OJ0KaMu U T.a., a U cU, -
MHOYKECTBA pedep, XOTs Obl OJTHUM KOHIIOM CBS3aHHbIE C BEPIIMHAMHU a, € Al

Torma moxkHO BbIAETUTH 4acTh MII, TA€ BBINONHAECTCS BHEIIHUM ITPOBOJHOM

MOHTaXX MEXy KiieMMaMu 31eMeHToB D0 (puc. 2.5).

/

7777777
77777
| = JAELBHHAT 30K
Fazpeieyrasg 3000 | 4
Ly 1 { {1 N
R,:f
S B
/
I
s
s
s
X /
Puc. 2.5

MO>XHO OTMETUTD:
) B TPEXMEPHOM IPOCTPAHCTBE KOH(GUTYpAIUIO KpAaTYANIINX CBS3BIBAIOIINX

JIMHUU MMPpCACTABIIACT TAKXKE ACPCBO;
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®  BETBHM JIepeBa MPEACTABISIIOT COO0H COBOKYITHOCTh OTPE3KOB MPSIMBIX;

®  BETBHW JIepeBa PacTyT IO HAMPABICHUSM, TAPALIEIHHBIM OCSIM KOOPAUHAT X,
Y, Z;

®  pacCTOSIHME  MEXAy JIByMsS  TOYKaMH  oOmpeaensercs  GopMyIIon
(opToroHasibHasi METPHUKA):

d..:‘xi—xj‘+‘yi—yj‘+‘zi—zj‘ (2.7)

ij
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BoiBOABI

1. Jns dopmanuzanuu mpolecca pelieHHs  B3aMMOCBSI3aHHBIX — 3a/lay
MIPOCKTUPOBAHMS, MPOM3BOACTBA M  JKCIUIyaTalldd  CHCTEMBl  PaCIpEACIICHHUS
AJICKTPUYECKON JHEpPruu Trpy30Boro aBToMoOmiass Ha ocHoBe CALS-texHonorui
pa3pabortana noruueckas cxema. Ctpykrypa JIC cuctemsl pacnpeneneHus 3JIeKTPUIecKon
SHEPruM OMHCAaHA TPHU TOMOIIM TAOMUI] U PEIIAIOUINX MPOIEAYyp, MPOBEACH aHaIH3
cBorictB JIC. PackpsiTo coaep:xanue siueek JIC.

2. Ha ocnoBe JIC cucrtembl pacnpeneneHuss dJIEKTPUYECKON SHEPTUNA MTPEITIOKEH
OOILIMI alrOPUTM CHUHTE3a CUCTEMbI PACIPENECICHUS 3JIEKTPUUYECKONM IHEPTUU TPY30BBIX
aBTOMOOWJICH, TO3BOJIIOIIMM  PEIIUTh  3aJady CUCTEMHOTO0  MPOEKTHUPOBAHUS,
MIPOU3BOJCTBA M ASKCIUIyaTalldd CHCTEMbl PACHpeNesieHUs SJEKTPUUYECKOM SHEpPrud Ha
ocHoBe CALS-TexHONOrui JIOrMuecKol YBS3KOM aBTOHOMHO-HEPa3peIIMMBIX 3ajad U
BKJIFOYAIONIMH B CceOS OpraHu3alMi0 WTEPAIMOHHBIX IIMKJIOB ISl TOJTY4YEHUS
ONTUMAJILHBIX PEIICHUH.

3. PazpaGotana Mojenb MOHT@)XHOT'O IPOCTPAHCTBA TI'PY30BOrO aBTOMOOMJIS,
MpeAHa3HAaueHHast JUIsl pEIIeHMs 3a/ad MPOEKTUPOBaHUS MexOi1oyHOro MoHTaxa. C
WCIIOJB30BAaHUEM  MOJIEIW  MOHTAQ)XXHOTO MPOCTPAHCTBA  MPEIJIOKEHBI  METOJIUKHU
pa3MeIleHusT KOHCTPYKTHBHBIX Y3JIOB, Pa3BOJIKH JJICKTPUUECKUX IeNed MeKOI0YHOro
MOHTaXa, (OPMUPOBAHUS M TPACCUPOBKU KryToB. ['MOKMH TOAXOH K ONUCAHUIO
MOHTQ)XHOTO TPOCTPAHCTBA B BUEC TpadOBBIX MOJEIECH MOXKET ObITh MCIOJIb30BAH IS

Pa3IMYHBIX aBTOMOOUJIEH U IPYTUX aBTOHOMHBIX OOBEKTOB.
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I'naBa |ll Maremarudeckoe obGecreyeHHe CHCTEMbI ABTOMATH3MPOBAHHOIO

NMPOCKTHUPOBAHUA KaK CTAAUHU KUSHCHHOI'O IIMKJIA CJI0KHOHM CHCTEMBI

3.1. KoMIIOHOBKA KOHCTPYKTHBHBIX Y3JI0B JIEKTPOOOOPYA0OBAHUS

3ajaua KOMIIOHOBKM KOHCTPYKTHBHBIX y3510B (KVY) cucremsl pacnpenenenus
AIIEKTPUUECKON SHEPTUU IPY30BOTO aBTOMOOMIIA 3aKIII0YAeTCA B 0OBEIUHEHUH JIEMEHTOB
ANIEKTPOOOOPYIOBaHMsI B KOHCTPYKTUBHBIE y3ibl. B COBpEMEHHOM aBTOMOOUJIECTPOECHUU
MPENBABISAIOTCS KECTKUE TPeOOBaHUS K BECOBBIM U rabapUTHBIM NapameTpaMm IPy30BBIX
aBTOMOOWJIEH, CBSI3aHHBIX C YCIOBUSIMH pacxola TOIUIMBA, MaHEBPEHHOCTHIO,
PEMOHTONPUTOTHOCTBIO, ICTETUUECKUMH KauecTBaMM U T.J. Ha rpy30BbIX aBTOMOOMISX B
HACTOSIIIEEe BpEMS HE YAENSIETCS 10CTaTOYHO BHUMAHUS BOIPOCY KOMIIOHOBKH AJIEMEHTOB
ANIEKTPOOOOPYIOBaHUsI B OTHEJIbHbIE  KOHCTPYKTHBHBIE  Y3JIBI. DeMEHTHI
ANIEKTPOOOOPYIOBaHUS (2IEKTPOMArHUTHBIE pelie, KOHTAKTOPbI, BBIKJIIOYATEIN U Jpyras
KOMMYTAallMOHHAs amnmaparypa) pacrnojiaratorcsi B JaHHBIA MOMEHT HE YINOPSAOYEHHO,
pa3MelIeHbl XaOTHYHO BHYTPU KaOMHBI TIpPy30BOrO aBTOMOOWIS U, 3a4acTylo I10
OCTaTOYHOMY CBOOOJHOMY HpOCTpaHCcTBY. HecMoTps Ha TO, 4TO TpyNmUpOBAaHUE 3THUX
AJIEMEHTOB B KOHCTPYKTUBHBIE Y3JIbl TIO3BOJUT BBIIEIUTH JTOMOIHUTEIbHBIE OOBEMBI IS
YMEHbILIEHUS Ta0apUTOB, OMEIIECHUS JOMOJHUTEIBLHOIO 000PYI0BaHUS H T.1.

CdopmupoBaHHbIE KOHCTPYKTUBHBIE €IMHUIIBI PA3MEILAIOTCS 3aTEM B MOHTaXXHOM
NPOCTPAHCTBE TPY30BOTO aBTOMOOWIIS. 3ajada KOMIIOHOBKM OTHOCHUTCS K IE€PBOMY
YPOBHIO JIOTUYECKOW cxeMbl. PerieHue 3agaud KOMIOHOBKHM IMO3BOJSIET (hopManin3oBaTh
MPOLIECC Pa3MENICHUS] KOHCTPYKTUBHBIX Y3JIOB, ITPOLIECC BBIACICHUS CXeM MEXOI0YHOTO U
BHYTPUOJIOUHOTO JIEKTPOMOHTaXKA U TIPOU3BECTH PA3BOJIKY DJICKTPUUECKHUX LEHEH.

3agaya KOMIIOHOBKM B 00IIeM BHjJe (QOpMyIUpYyeTCs CIASAYIOIUM 00pa3oMm:
TpeOyeTcsi pa30UTh MHOXECTBO KOMIIOHYEMBIX 3JI€MEHTOB E Ha « HemepeceKaromuxcs
MOJMHOXECTB E,, IPEICTaBIAIOMINUX COOON AIEMEHTHBI HAOOP KOHCTPYKTUBHBIX Y3JIOB.

[Ipu pemieHun 5TOM 3amauM MHOXKECTBO oOrpaHuueHuid C ¢GopMupyercs ¢
UCIOJIb30BAHUEM 3JIEMEHTOB MHOYKECTBA IPU3HAKOB CUCTEMHOW MOJEIM M CIEAYIOLIUX
MHKCHEPHBIX TPEOOBAHUI:
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®  JOJKHBI OBITh BBIMOJHEHBl TPEOOBAHUS HIEKTPOMArHUTHOM, TEIJIOBOM,
MEXaHNYECKOW COBMECTUMOCTH, HA/IE)KHOCTH;

e  oOecredeH 3aJaHHBIA KO3()(PUIIMEHT 3alI0JTHEHUS] KOHCTPYKTUBHBIX Y3JIOB;

e  OrpaHuyeH 00beM KOHCTPYKTHUBHBIX Y3JIOB

HpI/IHHHHI/IaJIBHYIO AJICKTPUYICCKYIO CXCMY, COCTOAIIYIO M3 MHOXKCCTBA 3JICMCHTOB
E= {e]_ ,e21---1 en} , COCAMHCHHBIX MCIKIY coOoi QJICKTPUYCCKUMU LCIIIMU U3 MHOKCCTBA

\Y

{Vl,Vz,---,Vm} , OyZieM Ha3bIBaTh KOMMYTAIMOHHOMN CXEMO.

Kaxnelii | — BI  DJIEMEHT HMEET MHOXXECTBO COCIUHEHHBIX BBIBOJIOB
C, Z{Cil ,Ciz,---,Cik}. BHeniHue BBIBOJIBI CXEMBI, CIIyXallue [Js CBSI3UM C JAPYTUMU
cxeMaMM (HampuMmep, uepe3 BJIEKTPOCOCAUHUTEND), YA0OHO MPEeACTaBUTh (DUKTUBHBIM

3JIEMEHTOM € .[21]

[IpyHIMNIMATBHYIO  AJIEKTPUYECKYIO CXEMy MpeIcTaBUM B BHIE rpada
kommyTanmonHot cxembl (I'KC) [21]. On comepuT Tpu TUNA BEPIIUH
COOTBETCTBYIOMUX: E — sanementam, C — BpIBOJIaM 371€MEHTOB, V — HEmsIM (KOMILIEKCaM).

P&bpa nensarcsa Ha snemenTHbIe F u curnanbabie W:

G = (E,V,C,F,W) (3.1)

Crpyktypy I'KC MOXHO 3amaTh OJHOW MaTpHULEH T= Htin CTPOKH KOTOpPOH

nxk !

COOTBCTCTBYIOT 3JICMCHTAM, a CTOJ'I6I_II>I BbIBOJaM 3JICMCHTA, HpI/I‘-IéM

Kk, =max ki, 1=1,n (3.2)
rJe N — YKCIIO DJIEMEHTOB.

Marpunia T Ha3zpiBaeTcs MaTpulled neneid. [ MOCTpoeHHsT MaTpUIlLl IEnel
HEO0XO0JIUMO KaXJ0U 1eTTH TPUCBOUTH HOMED.

Hanbonee npuemyiieMbiM KpHUTEpHUEM SIBISETCS KPUTEPUM MUHHUMU3AIMHU YHCTIa
CBSI3€M MEXIY KOHCTPYKTUBHBIMHM y3JIaMH, T.K. OH Ja€T YMEHBIIEHUE MAacChl W3JEIINM,
MUHUMH3UPYET B3aMMHBIE HABOJKH, YBEJIMYMBACT HAICKHOCTD, YIPOIIAET KOHCTPYKIIHUIO.
Henocrarok paHHOro KpuTepus B TOM, YTO OH HE YYHMTHIBAET MaccorabapUTHbIC
XapaKTEPUCTUKH BJICKTPUUYECKUX CBSI3€M, & UMEHHO CEYEHHE MPOBOJIOB, CBS3BIBAKOIINX

KOHCTPYKTHBHBLIC Y3JIbI.
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Hanpumep, B pe3yiabTaTe penicHHs 3a7add KOMIIOHOBKH TIOJYYWIIHM JIBA PEIICHUS
(puc. 3.1 a,0).
Q2 01
G G, G G,

L J ! J

Puc. 3.1
N3 puc. 3.1 BHAHO, 4TO BapHaHT | NpPeANOUYTUTEIBHEE MO KPUTEPHUIO ydyeTa

BHENIHNUX CBA3€H, HO €CIM y4ecTh CeYeHHs MPOBOJOB (MycThb S, =4mm’, S, =Llun®), TO

3HAYEHUE KPUTEPHUSI IO BapHaHTy 1:
S, =3-Sy; =12
3Ha4YeHUE KPUTEPHUSI IO BAPUAHTY 2:
S, =4-S,, =4’
Takum 00pazom, MpeAnoUTUTEIbHEE BAPUAHT 2.
B pazpabarbiBaeMOM  anropuTME KOMIIOHOBKH  KOHCTPYKTHBHBIX  Y3JIOB
HEOOXOJIUMO YUUTHIBATh 3TOT (PaKTOP BBEJACHUEM JOMOJHUTEILHOrO KO PuimenTa mnenu

K,, KOTOpBIH yUHTBIBAET CEYEHHE IPOBOJA.

Ha ocHoOBe mocienoBaTeIbHbIX anroputMoB [23] paspaboraeM airoput™m ¢

WCIIOJB30BAaHUEM MaTpHIlbl Lenet T :Htij ank , TIe N — KOJHYECTBO DJIECMEHTOB.
1

kl = max ki , 1 =1,n, a tj — HOMep Lenu, CBI3aHHOW C JIEMEHTOM € M €T0 |-M BBIBOJOM.
i

Kpome martpuubl 7' 3amaeTcs CHUCOK 3alpPElIEHHBIX SJIEMEHTOB, KOTOPbIE HE MOTYT
HaXOIUTHCSA B OJHOM MOJACXEME.

CHavasia 4HCIIO DSJEMEHTOB B KaXJI0M TMOJcXeMe paBHO Hymo. Jlanee
pacnpeaensieM MO KyCKaM 3alpelleHHBbIE SJIEMEHThl. ECiM Takux 3J€MEHTOB HET, TO
MIPOM3BOJILHO MPEIBAPUTEIIBHO PACIPEAEIAEM JIEMEHTHI 110 KyCKaM.

[TocnenoBaTenbHO BbIOMpAEM CTPOKHU € U3 MaTpuubl T omnpenensieM TOT Kycok G,
IpU NOMEUIEHUH B KOTOPBIA 3JIEMEHT €; TAeT HAaUMEHbIIEE MPUPAIICHUE YKCIIA CBS3EH

MEXKy KyCKaMHu.
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OnpenensieM npUpanieHue 4duciia CBﬂseﬁ_AKlj IIpY MOMEUIEHUU JJIEMEHTA € B

Kycok G;. BHauaje paccCMOTpHUM YCJIOBUE MOSIBICHHUS IIPH alliCHUA 110 O CIIN.
J

1. Tlo marpune 7 paiga djeMeHTa € MOCTPOMM BCIIOMOTATEIbHYIO CTPOKY

i I
=S rae
0 H 05H1>< m’ A
i 1, eciu sn1emenm ei NOOKJIIOUEH K Yenu ¢ HOMEPOM O

505 = (3.3)

0 6 npomusHom cryuae.
Torna nepBbIM YCIOBUEM MOSIBJICHUS MPUPALIECHUS MO LIENH ( SBISETCS YCIOBHE,

yto S} =1. To ecTh HreMeHT €i cBA3aH ¢ LENbBIO (.
0q ’

BTOpBIM YCJIOBUEM IIOABJICHUS NPUPAINCHUA 110 LECTH ( ABISICTCS YCIOBUE, YTO OO0
BHCCCHU JJICMCHTA €; B KYCOKj HHM OJIMH 3JIEMCHT 3TOT'0 KyCKa HEC MMEJI CBA3b C LECIBIO (,

TO €CThb:

quzO WIH qu:1 (3.4)

TpCTBI/IM YCIIOBHUEM ABJICTCA HAJIA4YHC CBsI3CH nenu g C 2JEMCHTAMM JPYyrux

KYCKOB, UCKJTI04asi Kycok G :, To ecTb

J

2 ke~

K# |

1 (3.5)
Tornma Hanmuuue NpUpanieHus CBsI3M MO enu ( onpeaeauTces no Gopmynie:

K(ill =k, ~s(i)q Sjq- S (3.6)

1 K
]

C—

k
k #
rae K, - KooppuuuenT ey, paBHblii MUHUMAIEHOMY CEYEHHIO

[pu k) = 1 mpupamenue umeercs, mpu K& = 0 — e, a mo Bcem M emsim:
PH Kq pyp pH Kq
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AKij = qrzzlkq S(I)q Sjq - klejl Skq (3.7)
] k#j ]
Torma anroputm OyIeT CICTYIOIMINM
1. B matputie 7 BbIOMpaeM CTPOKY €;
2. Ctpoum CTpOKy S(i)
3. OnpenensieM npupaieHus AKL i =1, p Bxycku 1+p (wm | Ha mepBoM wrare)

J

4. Beibupaem AK ij* = min AKij
J

5. Ctpoky Sj* MaTpUIIBl S MOJUPHUIUPYEM IyTEM MOPa3PsIIHON AUIBIOHKIIMUA CO
CTPOKOM Sb.
6. Ecnmu uucno snemeHToB B Kycke G: paBHO 3agaHHOMY, TO Kycok G

J J

c(OopMHPOBaAH, €CIIU MEHBIIIE, TO OEPEM OUEPETHON DIIEMEHT U TIOBTOPSIEM CHaYaJa.
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3.2. Pasmemenne 3J1eMEeHTOB n KOHCTPYKTHBHBIX y3JI0B

3JIEKTPO00OPYA10BAHUA

3agaua pa3MenieHus 3aKI04acTCs B Pa3MEIICHUN 3JIEMEHTOB U KOHCTPYKTUBHBIX
y3JI0B HA MOHTa>KHOM MPOCTPAHCTBE IPYy30BOTO aBTOMOOMJIS.
3amava pasmemienus KY dopmynupyercs kak pasmenienue snemeHToB U KY Ha

MHOeCTBe mo3unuii L={1.}, f =1,c MOHTa)HOTO NIPOCTPAHCTBA.
[Tonaraem, 4To UMeETCSs MHOXKECTBO Mo3uumii L={l,...,| }Ha 00BEKTE, B KOTOpHIE

OyzieM yCcTaHaBJIMBaTh NiepeMeliaeMbie deMeHThl U KY.

Haubonee yacTo MCNONB3YIOTCS aJITOPUTMBI, UCIOJIB3YIOLUINE MOCIEA0BATEIbHBIN
MPOLIECC YCTAHOBKM 3JIEMEHTOB B mo3uluu. llpennaraemslii anroputm pas3paboTaH Ha
OCHOBE TI0CJICIOBATEIIBHBIX aroputMoB [21,29].

[TycTs MMeTCS MHOXeECTBa dj1eMeHTOB U KYE={ee,.€,} mia pasMmemenus u
MHOXKECTBO MMO3WLMiA L={e,e,.e,}] WX ycraHoBKM. Ha KakgoMm Iare N mporecca

MTOCJIEA0BATEILHOTO Pa3MEIIICHHS BIOUpaeTCsl OAUMH Hepa3MeIleHHbIN dyieMeHT wii KY u
MMOMENIAETCS B OJHY U3 HE3aHATHIX MO3ULIHM.
OnpenenuM MpaBuiIo BeIOOpa ouepeaHoro daeMenTa uin KY u mosumum s ux

ycraHoBKHU. [lycth E, — anemenTsl wim KY, pazmeniennbie 10 K-ro mara, a L, — MO3ullnH,
3aHATHIE JTMMM »aeMeHTaMu Mid KY; E, M L, COOTBETCTBEHHO Hepa3MelleHHbIE

sneMeHThl uiau KY 1 He3aHsThie MO3ULIUU.

[lepen HauaaOM pa3MeIleHUs] MOXKET ObITh ABE CUTYAIINH:

a) HET pa3MelIeHHbIX paHee 3eMeHToB U KV, Torga nomkeH ObITh yCTaHOBIIEH
croco0 BbIOOpa M YCTaHOBKH IepBOTro aneMmenTa win KVY;

0) nMeeTcs rpylia 3apaHee pa3MeIleHHbIX deMeHToB U KY.

B kauecTBe KpuTepUs ONTHMH3ALUMU paA3MEIICHHUS TPUHUMAEeM KpUTEpPHUIl
MUHMMyMa CYMMapHOM MacChl COEIUHEHWM, 3aBUCAIIMA OT JJIMHBI COCIUHEHUH U
CEYEHMS IPOBOJOB.

Pemienue Benercs B 1Ba JTama:
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1. Boi6op anementa miu KY. Boibop anementa mnn KY ocHoBan Ha pacuere Mepbl
CBS3HOCTH €IIE HEpa3MEIICHHBIX 3J1eMEHTOB Wi KY ¢ pa3memeHHbIMH, HUCXOAS W3

MaTpulbl CMCKHOCTH R=Hl’in . ManI/IHa CMCXKHOCTH YYHUTBIBACT KOJIHNYCCTBO CBS3EHU
nxn

Mexay siiemeHTaMu uiau KY u mapaMmerpbl 3TuX CBsizel (00BEM MPOBOJHHKOBOIO
Marepuana).
[TomcunThiBaeTCSl XapakTEpUCTHKA pacyera ISl KaXJO0ro HEpPa3MEIIEHHOTO

snemenTa umm KY CYMMapHOﬁ CBA3HOCTH C YK€ Pa3MCIICHHBIMHA 3JICMCHTAMU UJIN KV:

Ci=>r,ecE (3.8)

ejeky
Jlis BbIOOpa dI€MEHTa Takke HEeOOXOIMMO paccuuTaTh 00BEM MPOBOJHHUKOBOTO

MaTtcpuaia COGI[PIHGHI/Iﬁ, SaBI/ICHHII/Iﬁ OT KOJIMYCCTBa CBH3€I>JI, CCUCHMA IIPOBOAA U TJIMHBI

IIPOBOJIA:

I :Z:kq-a)s (3.9)

rae J; - MHOXECTBO LENEH, COETUHSAIOIINE JJIEMEHTEI € U €|

o, - BECOBOM KO3 (DUIIMEHT;

S

k, - K03(G(UIUEHT 1enHn, PaBHLIA MUHMMAIEHOMY CEYEHHUIO.

Beibupaercst anement win KY ¢ HauOOdbIIMM  4YHCIOM CBSI3ed € yxXe
pasMeleHHbIMA stemenTamu wim KY, to ects e. = C,, =maxC, .
2. Breibop mosunuu. BreiOpanubiii anement unu KY pasmemaercs B ogHON 3

HE3aHATHIX TMO3UIMNA U3 MHOXecTBa L, DOTa mo3ummsi BEIOMpAeTCs ¢ Y4eTOM KPHUTEpHUS

MHMHUMYMa CYMMAapHOM JJIMHBI COCUHECHUM.

Hcnonb3yeM OpTOrOHaJbHYIO METPUKY TPEXMEPHOTO MOHTAKHOTO MPOCTPAHCTBA

Ipy30BOTO aBTOMOOWMIIS (puc. 3.2):

FS = Z [(Xgmax _Xgmin)_'—(ygmax _ygmin)_'_(zgmax _ngin ):| (310)

VyeV (i.E,)

[To3umus BeIOUpaercs mo Fs = min.
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q q
ysmm ysm ax

smax g

X

Smin

Smin £ G
* \ g-aq yenk “‘smax

E/’- X

Puc. 3.2
[IpaBumno BeiOOpa mepBoro siementa uiu KY (eciam oTCyTCTBYIOT pa3melieHHbIC
ameMeHThl W KVY): takodi snemeHT mian KY CIOyUT IEHTPOM, BOKPYT KOTOPOTO
rpynnupyercs octaibHble dneMeHThl Wi KY. OObruHO wumercs sneMeHT wid KY ¢

HauOOJIBIIIUM YHUCJIOM CBSI3€M C Apyrumu 3neMentamu wim KV r = Zrij , »=max ry u

e €E
MTOMEIIACTCS B IICHTPATBLHYIO TTO3UIIHIO.
B npunoxenun | mpeacTtaBieH OpuMep  pa3MEIICHUS  AJIEMEHTOB U

KOHCTPYKTUBHBIX Y3JI0B 3JIEKTPOOOOPYI0BAHUS IPY30BOTO ABTOMOOMIISL.
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3.3. Pa3Boaka CJI0KHBIX JJIEKTPHYECKHX Leneii NPH MNPOEKTHPOBAHUM

MEKOJI0UYHOT0 MOHTAXKA

3agaya pa3BOJAKM CIIOXKHBIX JJICKTPUUECKUX I1ENEe MNpU MPOEKTUPOBAHUU
MEXOJIOYHOTO MOHTaXKa CTaBUTCS IOCJIE PEIICHHS 3aJ1ad KOMIIOHOBKM M pPa3MEIICHUS
KOHCTPYKTHUBHBIX y3JI0B DJIEKTPOOOOPYIOBAHMS aBTOMOOUJIS.

Hcxonnble AaHHBIE ISl pPEIICHUS 3aJadyd Pa3BOJKU MEKOJIOYHOTO MOHTaXa
MO/IPA3ICIIIIOTCS Ha CXEMHYI0, T€OMETPHUUYECKYI0 U CIIpaBOYHY0 HHpopmMaruio. CxemHas
U reomeTpuyeckas HHPOpMAIUs BKIIOYAET B c€0s: MPUHIUIHAIBHBIC AJICKTPUUYCCKUE
CXE€Mbl CHCTEM, OJIHO3HAUYHO pa3OMBaeMble Ha CXEMbl MEKOJIOYHOTO M BHYTPHUOJIOYHOTO
MOHTa)Ka B PE3YJIbTaTE PEIICHUS 3a7a4 KOMIIOHOBKM U Pa3MEIICHUs; KOOPAUHATHI MECT
YCTAHOBKU 3JIEMEHTOB 3JIEKTPOOOOPYIOBaHUS ABTOMOOWJIS; CEYEHUs] TPOBOJIOB; JIAHHbBIC
00 O0COOCHHOCTSX IIEMeH; IMapaMeTpbl TEOMETPUUECKHUX MOoJelieli aBTOMOOWIS M
000pyIOBaHUS; pa3peIICHHBIC TPACCHI MMPOKJIAIKH TPOBOIOB.

CnpaBouHass MHQpOpMAIMS MO 3JIEMEHTaM OIpeAessieT CHOoCOObl MOIKIIOUCHHUS
MPOBOJIOB K KOHTAKTaM 3JIEMEHTOB, MAKCUMAJILHOE CEYECHHUE MTPOBOJIOB, MOIKIIFOYAEMbBIX K
KOHTaKTaM 3JIEMEHTOB C YYE€TOM OrpaHWYEHUN MO OOIIEeMYy CEUCHHIO MOJKIIF0UaeMbIX
npoBosioB. CrpaBouHas WH(pOpManus IO TPOBOJAM OMpENETsIeT WX MapKH, CCUCHHS,
MMOTOHHYIO MAacCy U YCJIOBHUS SKCILTyaTaluu.

[Ipu pa3paboTke METOIUKU Pa3BOAKU MPOBOJHBIX COCAMHEHUNA B KauyecTBE
OCHOBHBIX KPUTEPUEB IPUHUMAIOTCI MHUHUMaJbHAasi Macca IPOBOJHBIX COEIUHECHU,
MHUHUMAaJIbHAS JJIMHA COCIWHEHUMN, BBICOKAS HAJACKHOCTh U TEXHOJOTUYHOCTH PA3BOJKH.
[TepBbIii KpUTEPHUIT KOCBEHHBIM ITyTEM YUYUTHIBAET BCE OCTAIBHBIE KPUTEPUU U CTOUMOCTH
MPOEKTUPYEMOM CETH, IOITOMY BBEJIEM €r0 B TOKA3aTEIb KAY€CTBA.

[IpoBeneHHBIN aHANMM3 CIOKHBIX DJICKTPUUECKUX IIeneld MeXOJOUHOTO MOHTaXa
MOKa3bIBACT, YTO TAKWE IIEMH MOXXHO PAa3BECTH C HMCIOJIB30BaHHEM MY(T CpalldBaHUS
(puc. 3.3) (cpammBaHHe DIIEKTPHUYECKUX IEMEd yIbTPa3BYKOBOW CBapKOW WIIH
(hOpMOBKOI), MpeIHA3HAYCHHBIX JJIsI COEJWHEHMUS W Pa3BETBICHHUS IMPOBOJOB 0e3

HCIIOJIb30BaHUA COGI[HHHTeHeﬁ.
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X
X

Puc. 3.3

N = Ny =

7

4
7
4
5

3agauy pa3BOJIKM JJEKTPUUYECKUX IIENed C HCMOJIb30BaHUEM MYy(T cpaiiyuBaHus
MOYHO MPEICTABUTh B BUJIE MOCTPOCHHUS CBI3BIBAIONINX JECPEBHEB CIECIIUAIBHOTO BUAA -
nepesbe Illreiinepa [21,29].

[Ipobnema IllteitHepa wu3BecTHa Kak (opMuUpoBaHUE JepeBa C aOCOIIOTHO
MHUHUMQJIBHOM CyMMapHOM [iuHOW. J[aHO MHOXecTBO y310B P ={p,p,,..., P.},
PACIOJIOKEHHBIX Ha OTHOW TIOCKOCTHU: TpeOyeTcs HaWTH JIepeBO HaWTh aepeBo T =(X,U)
C MHOKECTBOM BEpIIMH X W MHOXECTBOM pebep U, i KOTOporo Pc X W cyMMapHas
mmHa  pedep U muHUManbHa. CylIEeCTBEHHBIM — OTJIMYHUEM OT MHHUMAJBHOIO
CBSI3BIBAIOIIIETO J€PEBA SBISIETCS BO3MOXKHOCTH BBEICHUS HEOTPAHMYEHHOIO YHCla
JOTIOJTHUTENIbHBIX y3710B. Mcrnonb3oBanue nepeBa llTeitHepa Mmo3BOJISIET CyIIECTBEHHO
YIYYIIUTh XapaKTEPUCTUKUA MPOBOAHBIX COCIMHEHU, B YACTHOCTH YMEHBIIUTh UX JJIUHY,
YOPOCTHUTH POPMY U T.1.

Mertonel pewmienus 3amauu llrTeliHepa CylieCTBEHHO 3aBUCAT OT METpUKU. B
COOTBETCTBHM C MaTeMaTHYECKOW MOJEIbI0 MOHTaXXHOTO TMPOCTpaHCTBa (TnaBa 2)
OCTAaHOBUMCS Ha 3ajadye MocTpoeHus AepeBbeB llITeiiHepa B OpPTOrOHAIbHOM METPHUKE
[21].

IIycte P={p},i=12,..,n - MHOXXECTBO BBIBOJOB JJIEKTpHUueCcKou uenu. [locrpoum

0a3MCHYI0 OPTOTOHAJIBHYIO CETKY, MPOXOMSIIYI0 Yepe3 3aJlaHHbIE BBIBOJBI (TOYKH) P, .

Takum oOpa3zom, 00pa3yeTcss TpeXxMepHasi CEeTh C IaroM a, KOTOPBI BBIOUPAETCS UCXOMs

u3 TpeOyeMoit TouHocTH (puc. 3.4).
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h><

Puc. 3.4

AJITOpUTM TOCTPOEHHUSI JAEPEBA BKIIOYAECT CIEAYyIOIIME onepaunu. Baenem
BCIIOMOT'aTeIbHbBIE IEPEMEHHBIE:

g; - BEC COEAMHEHMS MEXIY 3aJaHHBIMU BBIBOJAMHU (TOYKAMH, BEPIIMHAMHU) i U
j, B KOTOPOM YYTCHBI OCOOCHHOCTH, 3aKIIOYAIOIINECS B HAIMYUU Yy SJICKTPUUIECKOTO
COCIMHECHUS PA3JIMYHBIX CEYCHU, MECT MIPOKIAJKHU U T.1.

Qi =469, 'Iij (311)

L, - HOPMHUPOBOYHBIN MOJOXKUTEIbHBIM KOXDPUIIUEHT JIs yueTa HaJIeKHOCTH,
MECT IPOKJIaJAKH, 0COOCHHOCTEN coequHeHus (i, j) , ABJSIOMINICS UCXOAHBIMU JaHHBIMU.

g, - MOTOHHAs Macca SKBUBAJICHTHOTO MPOBOJA, K&/M.

|, - JUIMHA DJIEKTPMYECKOrO0 COEAMHEHHMS, KOTOpas HAXOAMTHCA IO (opMyne Ajs
OPTOTOHAJILHOU METPHUKU:

Iij=‘xi—xj‘+‘yi—yj‘+‘zi—zj‘ (3.12)
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1. IIponymepoBaTh IO 4YacOBOH CTpElKe, @O CHOUpaId TOYKU (BBIBOJBI
ANEKTPUYECKOU 1ienn) MHOKecTBa P={p.},i=12,..,n;
2. OnpenenuTh BeC COSAMHEHUN MEXKIy BCEMH 3aJaHHBIMU TOYKAMH MHOXKECTBA

P={p}i=12,..,n mo ¢popmyiue (1);

3. COCTaBUTh MATPHUILy BECOB COCTUHECHUI G :‘gij o
ixj

4, OnpenenuTh MUHUMAIBHBIA 3JEMEHT MaTpPHIIbI G=‘gij‘, . Ilpu ommnakoBOM
iy

3Ha4CHNKU MHHHUMAJIBHBIX BCCOB COGI[I/IHGHI/Iﬁ BI:I6I/Ipa€TCH QJICMCHT C HaAHMMCHBIIUM

3HAQUEHHWEM HOMepa BbIBoAa (Touku). Kaxaomy »dleMEHTy MaTpHULbl G=‘gij

by
COOTBCTCTBYCT IBC TOYKHU,

5. Ilocrpouth (parMeHT JepeBa, COEIUHAIOIMHA JBE TOYKH P H P,

MHHHUMAaJIbHOIO DJIEMEHTA MaTPHIILI G , ISt KOTOPOTO g; = 44+, -1, =min;

2y

6. Bcem ToukaMm OpTOrOHAIBHOM CETKH, Uepe3 KOTOpbIe MpoIes pparMeHT Aepena,
NPUCBOUTH HAMMEHBIIUI U3 HOMEPOB KOHIIEBBIX TOUEK (PparMeHTa;

7. Onepanuu 2 - 6 BBINOJHATH AJI1 OCTaJbHBIX TOYEK JO TEX MOp, MOKa HE OyayT
MOCTPOCHBI (PparMeHTHI I BCEX TOUEK p,,i=12,..,n ¥ MOKa Bce p,,i=12,..,n HE TOIydar
HOoMeEp 1;

B xoHue pemeHus moiy4aeM OJHO E€OWHCTBEHHOM JI€PEBO, CBA3BIBAIOIIEE BCE

TOUYKM MHOXecTBa P={p},i=12,..,n U UMeIolllee HAMMEHBIINI BEC COCAUHECHHUN (JIUHY

COCJIMHECHUM).
B npuinokeHun 2 mpencTraBieH NpUMEP PAa3BOAKHA INCKTPUUYSCKUX Iernei

MEKOJI0UHOTO QJICKTPOMOHTAXKaA.
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3.4. @opMupoBaHHe KOH(MUIypPaUMH IKIYTOB MNPH NPOEKTHPOBAHMU

MEKOJT0YHOT0 MOHTAXKA

B pe3ynbrare pemeHus 3a1ad KOMIOHOBKH, pa3MEIICHHs] KOHCTPYKTUBHBIX y3JI0B
U Pa3BOJKU IJIEKTPUUYECKUX LIETIEH MMEEM HENEPECEKAIOUINeCs] MHOXECTBA IMPOBOJIOB,
KaX/10€ U3 KOTOpBIX peanu3yeT OTAeNbHYyI0 Lemnb. [IpoBoga 0ObIYHO OOBEIUHAIOTCA B
KIYTbl, COBMECTHO o0Opa3zysl CXeMy OJJEKTPUYECKUX COCAUHEHUH. YTPOIIECHHOE

n300pakeHHUE KIyTa Moka3aHo Ha puc. 3.5 [74].

i 1 R IR

0
1z

]
3 7129 P71 4
56 '

Puc. 3.5
YcnoBHOE M300paKEHHE KIyTa, IPEACTABIIONIEe COO0M ABYXMEPHYIO Pa3BEPTKY

TPEXMEpPHOU MOJIEIIN JKI'yTa, TOKa3aHo Ha puc. 3.6.

A\
p U ¥ Yo

/b o

Puc. 3.6. 1. A-B CrtBox xryTta; 2. OtBerBieHus; 3. Touku pa3BeTBICHHS TPYIIITHI

npoBoAoB; 4. CoeAVMHUTEIbHBIE YCTPOMCTBA (ILTENCENbHBIE Pa3beMbl, HAKOHEUHUKH,
KJIEMMHBIE KOJOJKH).
[Ipy W3BECTHOM KOJMYECTBE U PACIOJOKEHUU COCTUHUTEIIBHBIX YCTPOUCTB,

MHOX>KCCTBE BXOIAIIMUX B XI'YT IIPOBOJOB 3a11aqep”1 CHUHTC3a OJICKTPOXKIYTA SABJISACTCA
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ONpe/eNieHue €ero KOH(Urypaluu, 3akIlovarolieecss B HAXOXKICHHUH ONTHMAJIbHOTO
KOJINYECTBA, COCTaBAa M PACIIOJIOKECHUM OTBETBICHHWM M BBINOJHEHWH OIPAHUYECHUN Ha
JIUaMETPbl OT/ICNIbHBIX YYAaCTKOB CTBOJIA M OTBETBIEHUM kryTa. [Ipu aToM Oyaem cuuTars,
YTO OTBETBJIEHUSA OTXOMAT OT CTBOJA IOJA MpsAMBIM yIVIOM. Takoe IOmyIieHue
IPAaBOMEPHO, TaK KaK OKOHYATEJIbHBIA Yroj HAKJIOHA OTBETBJICHUSI ONPENEIAETCS IMOCIE
ATANOB MAKETUPOBAHUSI M W3TOTOBJICHHS OIBITHBIX OOpAa3IOB 3JIEKTPOMOHTa)Xa Ha
apromoOuise. Kpome TOro, ecim HET OrpaHHMYEHU OTHOCHUTEIBHO TPAacChl MPOKIAJKU
OTBETBJICHUS, TO OHa BBIOMpAETCS, KaK TNPaBWIO, MO Kpardyalliemy IyTH, T.€.
NEPHEHANKYJIAPHO CTBONY KryTa. lIpy BBIIEHU3IOKEHHOM JOMYIIEHUHM W BBIOPAHHOU
OPTOTOHAJIBHOM METpUKE TpH pa3padOTKE MOAEIA MOHTAaXXHOTO MPOCTPAHCTBA
aBromMoOuJIsi (raBa 2) TOYKU 3 pa3BETBIEHUS TPYIIbI MPOBOJOB COBMAAAIOT C TOYKAMU
OTBETBJICHUI 2 (KaK MOKa3aHO JJisi HEKOTOPBIX OTBETBIEHUM Ha puc. 2). Kpome Toro,
YUYUTBIBAS, YTO MHOYKECTBA COCIMHUTEIIbHBIX YCTPONCTB OTIEIIBHBIX OTBETBICHUN MEXKIY
co0oil He mepecekaroTcs, B JajibHEHIeM OyJieM paccMaTpuBaTh, HE Hapylas OOLIHOCTH,
TOJILKO YacTh kryTa (puc. 3.5).

[Ipyn pemieHnr ONTUMHU3AIMOHHON 3a1ayu  (OPMHUPOBAHUS >KTYTOB 3HAUYCHHE

ueneBo QyHkuuu F,_ ompefenseTcs CyMMOW MoKa3zaTelel KauecTBa OTACJIbHBIX

aHce

OTBETBJICHUU:

F. =3 F - min (3.13)

p=1

rae F, = Z (X +Y.)"S, (3.14)

keNp

F, - IOKa3aTenb KauecTBa, ONPEAEISIOMNI CyMMapHbIi 00beM IPOBOAHUKOBOIO

Marepuasna P-ro OTBETBIICHUS;

N o~ MHO>KECTBO IIPOBOJHUKOB [)-I'O OTBCTBJICHHUA,

X, Y, - KOOPAUHATHI COSAUHUTEIILHOTO YCTPOHCTBa K-ro mpoBoa;

s, - ceueHne K-ro mpoBojia, KOTOPOE OMPENesieTcss KaK S, = Max(S,,, S, . Sie) » 3AECH

kvex !

Strs Strens S MHUHHMAaJbHBIE ce4eHUsi K-ro mpoBoja, BHIOpaHHBIE COOTBETCTBEHHO W3

kmex ' “kaz

YCIOBUM  JONYCTHMBIX 3HAYE€HWW TI0O HArpeBy, MEXaHMYECKOM IPOYHOCTH U
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3alUIIAEMOCTH ammapaTamMy 3aluThl. B panmpHeiimem s ympoiieHus OyAeM CUuTaTh
s, =1, 4TO HE BIMAET HA METOAUKY PELICHU 3aa4H.
OrpaHWYeHUsIMU [IPU ONITUMAJIBHOM CUHTE3€ KI'YTOB SIBIITFOTCS:

Dome.p < Dome.()on.p ! p :]"_n/l (315)

- JOuaMETp TIpyHnnbl IPOBOJHHMKOB [P-TO OTBCTBJICHUSA H €TI0

ome.p? "~ ome.0on.p

AOIIYCTHUMOC 3HAYCHUC.

Dcms.p S Uoeoonpr P :]-l_m (316)
D,vs.rs Domsoon, = AAAMETD CTBOJIA JKI'YTA MEXILY «P»-M U «pP-1»-M OTBETBICHHSIMU U
CT0 AO0IIYyCTUMOC 3HAYCHHC.
3nadenust D,, ,,D,,, ONPEACIAIOTCS [0 HOMOIpPAMMAM B 33aBUCHMOCTH OT

KOJIM4YECTBA IPOBOAHUKOB U UX TUAMETPOB.

CyMMapHbIii UaMeTp NPOBOAOB OIpenesieTcs cleAyrmuM obpaszom. [lis
IIPOBOJIOB C OJMHAKOBBIMU HAPYKHBIMU TUAMETPAMU CYMMAapHBIA THAMETP ONpENeIsieTCs
o opmyiie:

D=c-d (3.17)

['ne ¢ - koadduirenT, 3aBUCAINN OT YUCIIA TPOBOJIOB B KIYTE;

d - Hapy>KHBI THAMETP MPOBOJOB.

Jlnst mpoBOAOB € pPa3HBIMU HAapyXHBIMH JUMaMETpaMH, CYMMApHBIA JIHAMETP
omnpenesieTcs mo hopmyiie:

D=11c-d, (3.18)

I'ne d, - SKBUBaJICHTHBIN HAPYKHBIN JUaMETP IPOBOOB.

d:

9

2 2 2
\/dl +d; +...+d; (3.19)

n

['ne n - KOIM4YECTBO MPOBOJIOB;

d,,d,,...,d, - mmaMeTpsl IPOBOJOB.

Jis pemennst 3agaun (3.14) — (3.17) Bocmosb3yeMcst CBOMCTBOM MPOTSHKEHHOCTH
o0BbeKTa MpoeKTUpoBaHus [94] mo koopAuHaTe X . B pemaroieil mpouenype npeaiaraeTcs
npuOMMKEHHBI  METOJ, B KOTOPOM HCXOAHas 3ajaya paccMaTpuBaeTcs Kak
MHOTOIIArOBbIM MPOLECC MPUHATUSL PEICHU. DTOMY TpeOOBaHUIO YJOBJIETBOPSET Halla
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3aJlada II0CJIC YIIOPpAAOYCHHUS 110 KOOpJAHWHATAM BIOJIb OCH X MHOKCCTBA HOSI/II_[I/II\/‘I,
3aJIaHHBIX I pasMCHICHHA TOYCK OTBCTBJICHUS JKI'yTd, U MHOXCCTBA COCIAMHUTCIBbHBIX
YCTpOﬁCTB. I[J'IH opranmn3aly BBIYHUCIIUTCIIBHOI'O IIPOHCCCAa MOHTAKHYIO IINIOCKOCTD JKI'yTa
p3306BCM CCKYIIMMHU IUIOCKOCTAMH, IMCPIHCHAUKYIIPHBIMM OCH X HW OIIPCACINM

MHOKECTBO 30H (puc. 3.7).
Z :{Z(f) - x© :—é'r:m X :0;§:L_m} (3.20)

rae x9,x¥ - HavajgbHAas W KOHEYHAs KOOPJMHATHI CEKYIIUX IIOCKOCTEH & -i

30HBI;

X, - IpeAenbHas KOOPANHATA MOHTAKHOM IIJIOCKOCTH

y | | | | | | |

zv | | |z | | | gw |

| | | | | | |

7T | | | | | P

A e e A AR e nel

X0 | B o

| o T | | |

| | ] | -

| | | | | | |

Puc. 3.7.

ITycTe 3aJaHbl MHOXECTBO COEIMHMTENBHBIX YCTPOHCTB N, ={q,..., ;... 0, }

YIHOPAOJOYCHHBIX II0O KOOpAMHATE X, COCAHMHACMBIX IIPOBOJHHMKaAMH C TOYKaMH

OTBETBJIICHUM W MHOXECTBO IO3ULIUMN L:{Il,...,lt,...,lf} JUIT  pasMENICHUs TOYEK
OTBETBJICHHS M3 MHOXKECTBA P={p,..p;,... p,}. MHOKecTBO mosummit L={l,,...1,,...1;}

oOpa3yeTcs TOYKaMH CTBOJA, PAaBHOMEPHO PACHOJOKEHHBIMU WM HEPAaBHOMEPHO (II0
PELIEHUI0 KOHCTPYKTOpA) MEXKIY CEKYyLIMMH IUIOCKOCTAMH. Illar mexay no3unusmMu
BBIOMPAETCS] B 3aBUCUMOCTH OT TpeOyeMOW TOYHOCTH U BBIYMCIUTEIBHBIX BO3MOKHOCTEN
HCIIOJIb3yEMOTr'0 KOMITBIOTEPA.

Ha nepBom 1miare aqropurma onpeaessieM HaWTy4dllyr0 MO3ULHUIO Ul pa3MENICHUS

TOYKM IIEPBOTO OTBETBIICHHS IIOCIENOBATENBHO B 30HaX Z©) £=1m M K Hell YCIOBHO
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CIPUCOEIUHIEM» MPOBOAA, UAYIIHE OT COCAUHUTEIBHBIX YCTPOUCTB, PACIIOJNIOKEHHBIX B

ATaHHBIX 30HaX. [Ipy 3TOM HaxXoAUM 3HaYEHHE 1IENIEBON (PYHKIINU:

F = rlnean Z (X + ¥i) - S (321)

! keNf
I'me Nf={n:neN_;x <x®! - [TOIMHOXECTBO COEIUHUTEILHBIX YCTPOICTB,
1 i1 q? 7k

pacIIOIOKEHHBIX B 30He Z ),

Ha j-M mare ucnonps3yercst peKyppeHTHOE BBIPAKEHHUE:

Fi (&) =min[ F,(&p)+FL@) |.&=jmy=]-1£-1 (3.22)

I'me F, () - onruManbHOe 3HAYEHUE LENEBOM (DYHKLUUM, BBIYUCIEHHOE Ha

MPEBIIYIIEM I1are Npyu pa3MENICHUN j—1 OTBETBJICHUN B 30HE Z(y);

F,($,w) - 3HaYCHUE MIETICBOU (GYHKIIUY TIpU pa3MEIeHUHU j -TO OTBETBJICHUS B 30HE

Z(¢) c¢ xoopmuHatamu XY <x(&)<x® W 3aKkpemIeHMH 3a j-M OTBETBJIEHHEM

COCAMHUTEIBHBIX YCTPONCTB C 3TUMHU KOOPAUHATAMU.

Kaxapiii j-¥ mar BEIYUCIUTEIBLHOTO MPOIIEcca COOTBETCTBYET (POPMHUPOBAHUIO |
OTBETBIICHUM M ONPEACICHUI0O HUX COCTaBa IO COEAUHUTEIBHBIM YCTPOWCTBAM C
UCIOJIb30BaHWEM Bcex m 30H. Ilocme n maroB OyaeM MMeThb n BapUaHTOB CHUHTE3a
KOH(Urypaluu Kryta, cpeu KOTOPbIX BbIOMpaeM BapUaHT C HAMMEHBIIUM 3HAYEHUEM
1EeJIeBOM (PyHKIMHU. 3aTeM BBIMIOJHIEM OOpaTHBIA XOJ , B pe3yJibTaTe Yero onpenesnsercs
MECTOIIOJIOKEHUE KaXKJA0r0 OTBETBIICHUSA U COCTAB BXOAALIMX B HETO COCAMHUTENIBHBIX
YCTPOKCTB.

B npunoxenun 3 npeacrasieH npuMep GOpMUPOBAHUS KTYTa.
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3.5. TpaccupoBKa KryTOB IPH NPOEKTHPOBAHNU BHELIHEr0 MOHTAaKA

KoHCTpyKIIuM KTyTOB H, COOTBETCTBEHHO, WX TpPacCUpPOBKAa Ha TIPy30BOM
aBTOMOOMJIE CTAHOBSTCS Bce Oojiee M Ooyiee CIOKHBIMH. DTO CBSI3aHO C YBEIHMUCHUEM
Yuciaa JJIEKTPUYECKHX W BJIEKTPOHHBIX CHUCTEM, YHUCJIA OrPAHUYEHHM, CBSI3aHHBIX C
AIEKTPOMATHUTHON COBMECTUMOCTBIO, KOPPO3HUEH, pauycoM H3ruda, KperieHUEM XKIyTa,
MEPECEUCHUEM KTyTOB, PEMOHTOIIPUTOIHOCTBIO U T.NI. Kak mpaBuio, KryThl UM MPOBOJA
MPOKJIA/IBIBAIOTCS HAa KOHCTPYKIMM aBTOMOOWJIs B  HekoTopot 3D  cucreme
aBTOMATU3UPOBAHHOTO MPOCKTUPOBAHUSI PYUYHBIM criocoOoM. [IpoekTupoBaHHEe Tpacchl
KIyTa 4acTO MPOTEKACT MapaICIbHO C MPOCKTUPOBAHUEM KOHCTPYKIIMHM aBTOMOOWJIA,
MO3TOMY BO3HHMKAIOIIUE H3MEHEHUS B HEW TpeOyrOT MHOTIO BPEMEHH IS TepeleiKu
TPacChl KI'yTa U COOTBETCTBEHHO BCEM KOHCTPYKTOPCKOM JTOKYMEHTALINH.

Jlnst perienusi JaHHBIX MPoOJeM HEOO0XOauMO pa3paboTaTh METOJ, aJrOpUTM U
MpPOTPAMMHBI ~ MHCTPYMEHT, MpPU  NOMOIIM  KOTOPBIX  MOXHO  OCYIIECTBUTH
aBTOMATU3UPOBAHHYIO TPACCUPOBKY MPOBOOB U KT'YTOB.

[IporpaMMHBIN HHCTPYMEHT aBTOMATU3UPOBAHHON TPACCUPOBKU OCHOBBIBACTCS HA
0aze JaHHBIX, KOTOpas JOJKHA CcOOMpaTh, XPaHUTh M HCIOJIH30BATH MpaBUIIA
MPOEKTUPOBAHUS KTYTOB, MHOTOYMCIIEHHBIE OTPAHUYEHUS IO MPOKJIAAKE TPACC, a TAKKE
OTIBIT ¥ 3HAHUS UH)KEHEPOB-KOHCTPYKTOPOB [75,76].

Jns pa3pabOTKu ajnropuTMa MPOSKTUPOBAHUS TPacChl U YKJIAAKU KIYTOB
IPYy30BOTO aBTOMOOWJISI BOCIIOJIB3yEMCS M3BECTHOW METOJMKOW TMPH MPOSKTHPOBAHWUU
AJEKTPOHHBIX MHKpocxeM [48]. MukpocxeMbl COCTOAT U3 HECKOJbKUX ThICAY
KOMIIOHEHTOB, KOTOpBIE JOJKHBI OBITh CBSI3aHBI B OYEHb MajoM MpocTpaHcTBe. B
HACTOAIIEE BpPEMSI CYIIECTBYET MHOXECTBO aJTOPUTMOB JII COCIMHEHUS HJIEMEHTOB
MHUKPOCXEM B 3aBUCHMOCTU OT PA3JIMYHBIX MOKa3aTesel, TaKuX KakK JIJIMHA COCIUHCHUH,
BpeMs TPACCHPOBKH U T.A. AHAJOTUYHBIC aJTOPUTMBbI MOTYT OBITh NPUMEHEHBI W B
aBTOMOOUITLHOM MPOMBIIIIIIEHHOCTH.

[Iponecc TpacCUPOBKU TPAAUIIMOHHO COCTOUT W3 CIEAYIOIIMNX 3TAIOB:

1. Onpenenenue 06JaCTH TPACCUPOBKHU (pa3OmeHHe MPOCTPAHCTBA HA COCTaBHBIC

Y4acTH);
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2. TlpubmmkeHHast TpacCUpPOBKa (OMpeneseHne MOJIOKEHUS AIEMEHTOB, OIEHKA U
onpeiesICHHE MPUOPUTETOB TPACCUPOBKH);

3. Tlopsiiok TpacCHUPOBKH COCTaBHBIX 4YacTed (MpeJoTBpAIlEHUE HECTHIKOBOK
obmacrei);

4. Jleranu3upoBaHHasi TpPACCUPOBKa (ONpeieIeHne TOYHOTO My TH).

HcxoaHpIMU JaHHBIMU JU1S1 TPACCUPOBKHU JKT'YTOB SIBIISTFOTCS:

- IPaBWJIA NPOCKTUPOBAHUS U OTPAHUYEHUS TPACCUPOBKHY;

- CXEMBI JIEKTPUYECKUX COCTMHEHUM, TaOIUIIBI TPOBOJIOB U KT'YTOB;

- pa3MeIIeHUe KOMIIOHEHTOB AJIEKTPUPUIIUPOBAHHBIX CUCTEM.

3ajaya TPacCUpPOBKH OTHOCHUTCS K 3aJa4yaM  BBICOKOM  BBIYMCIUTEIBHOU
CJIOKHOCTH, JUISI PEIICHHUS] KOTOPHIX OOBIYHO HCIIOJIB3YIOTCS IBPUCTHUECKHUE METO/IBI.
[Tpumepamu 3agau kiacca NP sBisitOTCSL onpeneneHrue Haaudusi B rpade raMuiibTOHOBA
UMKJIAa WKW 33Jada O KOMMMBOSDKEpE. OBpPUCTHUYECKHE METOAbl IO3BOJISIIOT HAWUTH
MpUOJIMKEHHOE pellieHre, OJIM3K0Ee K ONTUMAIIBHOMY PEIICHHUIO.

OCHOBHBIM KPUTEPUEM TPACCHUPOBKH KT'YTOB U MPOBOJOB TPYy30BOr0 aBTOMOOMIIS
ABJISIETCSl KpaTdyalimuid myTh. Kilaccuueckum anropuTMoM, BBIOMPAOIIMKA KpaTyanIIIuii
NyTh B JIAOMPUHTE C MPENSATCTBUIMH, SIBJISICTCS BOJTHOBOM anroputm Jlu [50]. Anroputm
A* HaXOAUT MapIIPYT C HAUMEHBIIIEH CTOMMOCTBIO OT HaYaIbHOM STUEUKH K KOHEYHOM.

[Topsimok 00X0/1a BEPITUH ONIPEACIISICTCST OIleHOYHOM dyHKIuei f(n):

f(n) =g(n)+h(n) (3.23)
TIE N - TEKYIIas STYEUKa;
g(n) - CTOMMOCTh TIEPEX0/1a OT HAYAJIbHOMN SYEHKU S B TEKYIIIYIO STYEHKY N ;
h(n) - cTOUMOCTB Nepexoa OT TEKYLIEH STYEMKN N B KOHEUHYIO STYEHKy T.

CJ0XKHOCTb TPACCUPOBKHU KI'YTOB MPOSIBISIETCS HE TOJIBKO B HATUYUHU (HU3HUECKUX
npensaTtcTBui. CyliecTBYIOT 00JIaCTH, KOTOPbIE HMEIOT OTPAaHMYEHUS MO MPOKIIAIKE
KI'YTOB, TAKHE KaK JJIEKTPOMAarHUTHBIE MIOMEXH WM «TOopsidas» 30HA, HO HE 3alpeIlaroT

storo (puc. 3.8).
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Puc. 3.8
CrouMOCTh MyTH TIPOBOJIa WM >KIyTa uepe3 OO0JacTH C OrpaHUYCHUSAMHU
ompenenum no Gopmyie:
fig = D0 -k =0 -Kap +0uc -Knc +0cg Keg +gpKop (3.24)
rae f,, - QyHKIHS CTOMMOCTH IyTH MEXKIy TOUKaMu A u B;
d, - pacCTOIHUE MEXIY TOUKAMU;
k; - KOO PHUIIUEHT CTOMMOCTH ITyTH, YIUTHIBAIOIITNI BO3MOKHBIC OTPAaHUYCHUSI.

Koadduument croumMocTu SBISIETCS CBOMCTBOM  KaXJOW SYEHKM  IMYTH.
Koadpdumment croumoctn CBOOOMHOM SYEHKHM paBeH CIAWHUIIE, a SYEeHKH C
MPENATCTBUAMH CTPEMUTCS K OECKOHEUHOCTH.

Hcxond #3 U3I0KEHHOTO0, aBTOMAaTHU3MPOBaHHAs TPAacCUPOBKAa COCTOUT W3
CIEAYIOIIUX IIaroB:

1. Pa3zpaboTka 1 MoaeNMpPOBaHUE KOHCTPYKIIMU aBTOMOOMIISI C UCIIOJIb30BAaHUEM
CAD cucremsl (Harmpumep Siemens NX);

2. OmpeneneHue NMpaBWi W OTPAHUYEHUN MPU TMPOCSKTHUPOBAHUU TPACCHI JKTyTa
WJIM TIPOBO/IA;

3. Oxkcropt 3D momenn u3 CAD cucreMbl U mipeoOpa3oBaHuE B JUCKPETHBIM
dbopmar, 11sl IPUMEHEHMSI AJITOPUTMA MTOUCKA TyTH A*;

4. TpaccupoBKa MPOBOJIOB U KI'yTOB;

5. TlpeoOpa3oBanue WTOTOBOM Tpacchl XryTa wim npoBojga B 3D wmomens,

kotopas skcioptupyercs B CAD cuctemy.
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[Ipu npumenenun anroput™Ma A* KryT HEOOXOOUMO TPEJACTABUTH B BHJE
COBOKYIMTHOCTH CTApPTOBBIX W IENEBBIX To4ek (puc. 3.9). Anroputm A* mpuMeHHM s

COCTaBHBIX YacTel KryTa (Teso KIyTa, COEIUHEHHUS C TEJIOM KI'yTa).

T2

Tll O
Sl SZ T1
- O\
T o Su
Puc. 3.9

BBeaem HeCcKOIbKO 0003HAYEHUI:

OTKpbITHIN crtucok U — MHOKECTBO siu€eK, KOTOpble HE00X0AMMO 00paboTaTh.

3aKpBITBIN CIUCOK V — MHOXECTBO STYEEK, KOTOPHIE HE HY>KHO TIPOBEPSITH.

S — navaneHas siuetika g(S) = 0; h(S) = h; f(S) = g(S) + h(S) = h(S).

T — neneras stueiika h(T) = 0; g(T) =g; f(T) = g(T).

X — sideiika U3 OTKPBITOTO CIHMCKA, UMEIOIIAsl CaMyI0 HU3KYI0 cToUMOCTh f(X).

JUis HaxOoXAE€HUS NyTH HEOOXOJUMO ONPENeNUTh, KaKhe SYEHKH HYKHBI JUIs
nepeMenIeHUs] U3 CTapTOBOM SUEUKH B LENEBYIO sUEiKy. Pa3paboTaHHbBIN adrOpUTM UMEET
(1 (14% 1011102073701

1. Haxomum HavalbHyIO SYE€Ky S W TEPEeHOCUM €€ B OTKPBITHIM crucok U.

Beruucnsiem h_ (S) > distance(S,T).

min

2. Haxonum B OTKpBITOM CHHCKE sueiiky X ¢ HauMeHblied croumocThio f(X)

(Tekymas srueiika);

3. [lepemerniaem TeKyIIyIO SYEHKY B 3aKPBITBINA CIUCOK V

4. C coceHUMH sTY€MKaMH TIPOBOJIUM CJICTYIOIINE OTEPALINH:

- 0TOpachIBaeM sSUEHKY, €CJIM OHA TTOMEIICHA B 3aKPBITHINA CITUCOK V;

- B 00OpaTHOM cuTyaluu, no0aBisieM siuelKy B OTKpbIThIM criucok U. Haxomum
croumoctu @, h, f;

5. AITOpPUTM 3aBEPLIEH ECIIH:

- mesieBas suekika T HaXoAuTCs B OTKpbITOM criicke U (yTh mocTpoeH);

- oTKpbITHI criucok U = 9 nycr (myTh He HaiifieH)
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B kadecTBe KpuTepus ONTUMHU3ALMUA HCIIOIB3YETCSd KPUTEPUM MHHUMyMa
CYMMapHOMW JUTMHBI COeTuHeHMH. BBIOOD sueliki MpOU3BOAUTCS U3 OTKPHITOTO crucka U ¢
y4e€TOM MHUHHMM3ALMU BbIOpaHHOrO Kpurepus. Eciaum ucnonb3yeTrcss OpTOroHajbHas

METpHKa, TOTJa B COOTBETCTBHH ¢ puc. 3.10:

F = Z |:(XTmax_XTmin)+(miax_miin)] (3.25)

u(ie)
raec €, — H‘ICﬁKH, BLI6paHHI)I€ A0 K-I'0 mIara.

Slueiika BeIOMpaeTcs mo min Fr.

)(""
|

_ 1 T R [ R
|

| |
hik! HITI=0

Puc. 3.10

B npunoxenun 4 npencTaBiieH MpuMep TPACCUPOBKH KIyTa.
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3.6. AHa/IuM3 cucTeMbl pacnpefiesieHUs] JeKTPHYeCKOH 3Hepruu rpy30BOro

ABTOMOOMJISA

Cucrema »3JIEKTpPOCHAOXKEHHUS TPy30BOTO aBTOMOOWJIS COCTOMT U3 CHUCTEM

TeHEPUPOBAHUS U pacipeaeacHus daeKTposHepruu [7,77-79] (puc. 3.11).

Pacnpenenurenbnas i
CCTh :
: eMH
" UKH
Cucrema :> [TutatenbHas ﬂ :
TeHEPUPOBAHUS CeTh Py >

Puc. 3.11

PacnipenenurensHas CeTh CHUCTEMBI IJIEKTPOCHAOKEHHS TPY30BOTO aBTOMOOMIIS
MOKET OBITh pazjielieHa Ha TMEPBUYHYIO (MArUCTPAIbHYI0) U BTOPUUYHYIO (IIIEKTPOCXEMBI
cuctem). IlepBuunas pacmpenenuTenbHas ceTh OOpa3oBaHa MLEMAMH, PEATU3YIOIIUMHU
nepenavy 3JIEKTPOIHEPTUU OT UCTOUYHUKOB (I€HepaTopa M akKKyMYJISTOpHOU OaTapeu) 10
0JIOKOB TIpeIOXpAaHUTENICH M LETSIMH, CBS3BIBAIOIIMMH 3TH OJIOKKM Mexay coOoil. B atu
[[ENU MOKET BXOJIUTh TaK)KE€ KOMMYTAIIMOHHAs anmnaparypa (pefe, BRIKII0YaTeIl, KHOKH
u T.1.). TunoBas cxema nmepBUYHOM paclpeIeTUTEeIbHON CETH MpUBeIeHa Ha puc. 3.12.

[To mensM mUTaHMS anmapaTthl 3aIUTHI, BXOIAIINE B OJWH OJIOK, MOTYT JIEIUTHCS
Ha ceknuu. Kaxknmas cekuus COCTOMT W3 TPYMIbl JKBUMOTCHIIMAIBHO CBSI3aHHBIX
anmapatoB. C TOYKH 3pEHUS PAaCUETOB CEKIIMIO0 MOKHO PACCMATPHUBATh KaK €ANHYIO IITUHY,
K KOTOpOM MOAKIIOYEHBl (uaepsl nuUTaHus (TJIaBHbIE IeNH) MOTpeOuTenen
anekTposHeprun. llenu, K KOTOPHIM MPUCOCIUHSIIOTCS TEHEPATOp M aKKyMYJISITOpHas
Oarapesi, 00pa3ylOT LEHTpaJbHYI0 WIUHY. B pe3ynbTare THUMOBas pacueTHas cxema
NEPBUYHON paclpeleuTeIbHOM CeT aBTOMOOWIISI MpUOOpeTaeT BHJI, TPUBEACHHBIN Ha

puc. 3.13.
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Puc. 3.12
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Bropuynas ceTh COCTOMT M3 TJIABHBIX IIETICH, MCXOASAIIMX OT amnmapaToB 3allUThI
0JIOKOB TIPENOXPAHUTENEH M MUTAIONIMX MOTPEOUTENH ONpeNeIeHHON (PYHKITMOHATBHON
CHUCTEMBbI aBTOMOOWIIS, TPYyNmbl (YHKIMOHAIBHO HE CBS3aHHBIX MOTpEeOUTEICH WIH
OJIMHOYHBIC TPUEMHUKH dJeKTpodHepruu. I[lpumep ¢uaepHOl cxembl MPUBEIEH Ha

puc. 3.14.
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Puc. 3.14 ®unepnas cxema rpy30BOTO aBTOMOOHIIS
Tabmuna 3.1
ITo3. 00. HaumeHnoBanue
F2.7 10A bnok npenoxpanuteneit BITP-13-05 ®54.811.000 TY
X10 Pa3beM 35-KOHTaKTHBIN
X40 Pozerka mpurnena [1C325-3723100 TY37.003.616.80
X30 Pa3beM 8-KOHTaKTHBIN
E7 ®oHaps 3aaaui Jesbiii @I1130-B
E34 @doHapsb ocBenieHust HomepHoro 3Haka PIT131-Ab
E35 @doHapsb ocBenieHust HomepHoro 3Haka PIT131-Ab
X63 Pa3beM 4eThIpeXKOHTaKTHBIN
E43 ®onapp 60koBoM rabaputHslii 43.3731-01 TY4573-042-05808936
E44 ®onaps 60koBoH TabaputHbIii 43.3731-01 TY4573-042-05808936
E45 ®onapp 60koBoM rabaputHslii 43.3731-01 TY4573-042-05808936
E49 ®onapp KoHTYpHBIH 3aaHuH 381-3731 TY4573-042-05808936
X12 Pazbem 35-konTtaktusiii (AMP)
E58 brok-dapa (nieas) 311.3775 TY 4573-018-51105893-07
X111 Pa3bpem NBYXKOHTAaKTHBIN
E9 ®onape rabaputhslii 26.3172-10 TY4573-042-05808936-2005

CB13, CB19, CB24,

CB25

Mecra ynbTpa3ByKOBOM CBApPKH WUJIH COMBKU
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[TIo pe3ynbpTaTaM aHain3a paclpeeIUTEIbHBIX JIEKTPUUYECKUX CETEU Tpy30BOTO
aBTOMOOMJISI MOYKHO BBIZICIUTH CIEAYIONIYI0 KOH(PUTYPAITHIO:

1. 1o poay TOKa W HaNpsHKEHUIO CHUCTEMa PACTIPEACICHHS AJIEKTPUUECKOU
SHEPIuu:

®  [IOCTOSTHHOTO TOKAa C HOMUHAJIbHBIM HanpsbkeHueM 24B;

2. 10 CUCTeME Mepeayuu AMEKTPOIHEPTUHN

®  OJHONPOBOJHAS CETh;

[Ipu mepenaye MOCTOSHHOTO TOKA MPUEMHHKHU 3JIEKTPOIHEPTUU COCIUHSIOTCS C
MCTOYHUKOM MHUTAHUS IUIFOCOBBIM TPOBOJOM, & MHUHYCOBBIE BBIBOJIBI MPUEMHUKOB U
HUCTOYHUKOB COCAMHAIOTCS ¢ KoprycoM aBTomoOmis (puc. 3.15). K mepexomaHbiM
CONPOTUBJICHUSIM MEXKIY OTACIbHBIMU YACTSIMU aBTOMOOWJISL MPEABSIBISIOTCA KECTKUE
TpeOOBaHUs, TOATOMY MOTEPH HAIPSKEHUSI B MUHYCOBOU LIETIH TP pacdyeTax OObIYHO HE

YUYUTBIBAKOTCA.

F1 u F2

b

Puc. 3.15

3. mo cucreMe (croco0y) pactpeneseHus dIEKTPOIHEPTHH .

®  [IEHTpaJu30BaHHasi cuctema. lleHTpanu3oBaHHAsI CUCTEMa pPaACHPEICIICHUS
AIIEKTPOIHEPTUM XAPAKTEPU3YETCS] TEM, YTO BCE HCTOUYHHKU DJIEKTPOIHEPTUU U BCE
NPUEMHUKH TOAKIIOYAIOTCS K IIMHAM OJHOIO pachpeaenuTesibHoro ycrporctsa (PVY)
(puc. 3.16). Anmaparsl 3ammThl (DUIEPOB HCTOYHUKOB W MPUEMHHUKOB, ammaparypa

YIPaBJIEHUS U KOHTPOJII HICTOYHUKOB YCTAaHABIMBAKOTCS Ha PY;
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Puc. 3.16

4. 10 KOHQUTypaluu:

®  pa3oMKHyTas paaualibHas ceTb (BTopuuHas). I[Ipocrelimedt paauaabHOM
pacrpeeIuTeIbHON CEThIO SIBISCTCS OJHOKaHaabHas juHusA (puc. 3.17, a). Takas ceThb
MMEET MHUHUMAJIbHYIO MacCy, JJIs Hee JIETKO O0ECHeYMBAETCS CENEKTUBHOCTH 3allUTHI,

IIPOCTO paCCUHUTBIBACTCA, y,u06Ha B MOHTAXXC M 9KCILTyaTalluu.
Py RY

P | =
[ .

wy P2 Py
—G———-a= =
i F1 g'EJK
6
22 ... T
o——=—f 1=
i = ==
8
Puc. 3.17
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3.7.  OnTuMHM3alusi Ce4YeHUIl TMPOBOJAOB CHCTeMbI  pacnpeneaeHus

3JIEKTPUYECKON IHEPI U

Pa3zpabarbiBaeMasi METOJMKa TIO3BOJIAET OMNPEACITUTh ONTUMAIbHBIE CEUCHUS
IPOBOJIOB PACHPECIUTEIBHON CETH I'Py30BOTO aBTOMOOWIISA C YYETOM TpPEOOBAHUM IO
[IPENEIbHBIM TOKOBBIM HArpy3kam MpPOBOJAOB, TOIYCTUMOM ITOTEPE HANPSIKEHUS, C yUETOM
MPOYHOCTHBIX (PAaKTOPOB M MHOTOPEXKMMHOCTH paboThl moTpeduTeneil. B kauecTse
KpUTEpUsl ONTHUMM3ALUN HCIIOJIB3YETCs] CYMMapHas Macca MPOBOJAOB PAaCUETHOW CXEMBI.
[56,57].

B kadecTBe pacyeTHON CXE€MblI, B 3aBUCMMOCTH OT CTOSIIEH MPOEKTHOM 3aJayH,
MOTYT OBbITh BBIOpaHbl LENH MUTaHMS OTIAEIBHOIO MOTPEOUTENS, e MUTAHUS TPYIIIBI
noTpeduTeneil, MO0 Lenu MUTaHUS BCEX MOTPEOMTENEH, 3alUThIBAEMBIX 4Yepe3 OOIIMii
npenoxpanurens. [loTpedureneM cuuTaeTcsi €IMHUYHBIM TOKOMOTPEONAIOMNN 3JIEMEHT
W3 JIETHS.

3ajaya ONTUMAJBLHOTO BBIOOpAa CEUEHMU MPOBOAOB pEIIAECTCA Ha ATamax, Korjaa
U3BECTHA KOH(UTYypalus CXeMbl 3JEKTPUUYECKUX COEAMHEHUNW U OINpeAeNieHbl JUINHBI
MIPOBOJIOB YYACTKOB BCEU paCIpeAeIUTENbHON CETH WM TOW €€ YacTH, KOTOpas COJAEPKUT
PAcCUYETHYIO CXEMY.

Kpome Toro, 10M%KHO OBITH M3BECTHO B3aUMOJICHCTBUE (PYHKIIMOHAIBHBIX CUCTEM
aBTOMOOMJISI M COCTaB MOTpeOuTeNield, BKIIOYAEeMbIX (OTKJIIOYAEMbIX) B 3aJlaHHBIX
PAcCUYETHBIX PEKUMAX.

CedeHusi TPOBOJIOB  paclpeleTUuTeNbHOM  CeTH  aBTOMOOWJIS  JOJDKHBI
YOBJIETBOPSTH CIAEAYIOLIUM YCIOBUSIM:

—  TOK Harpy3kH BCEX Y4YaCTKOB CETH HE JIOJDKEH IPEBBIIIAThH MAKCUMAJIBHO
JOIMYCTUMYIO NIl BBIOpAaHHOM MapKd BEJIMYMHY BO BCEX pexuMax padoThl
COOTBETCTBYIOIIEH CUCTEMBbI C Y4YETOM YCJIOBHUM IPOKIAIKUA U YCIOBUU OKpYKaroLeH
Cpelbl;

—  HanpsDKEHMs HA KJIIEMMAaX KOHEYHBIX IPUEMHHKOB JIEKTPOIHEPTUU IS BCEX

pPEXKUMOB pabOThl MOTpEeOUTENEH M CUCTEMbl TE€HEPUPOBAHMSI ABTOMOOWJIS JOJHKHBI
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VIOBJICTBOPAT, HOpMaMm 3amaBaeMbiM  [80] wuw\mim  TEeXHWYSCKUMHU  YCIIOBHSIMH
MIPOU3BOTUTEIIS;

—  OmmxaWmuil anmapaT 3alldThl CETH JIOJDKEH 3alUIIaTh MPOBOJ BO BCEM
JMana30He TOKOB MEPETPY3KU U KOPOTKUX 3aMbIKaHUI;

—  OTPaHUYCHHUSA MO0 MEXaHMYECKON MPOYHOCTH.

YnoBieTBopsis  YCJIOBUSIM  KadyecTBa M HAACKHOCTH  AJIEKTPOCHAOKEHUS
norpeduteneii, BbIOpaHHbIE CEYEHUS MPOBOJOB B COBOKYMHOCTH JOJKHBI OBITh
ONTUMAaJbHBIMU. B KauecTBe KpuUTEpUs ONTUMAIBHOCTH MOXET OBITh 3aJjaHa CyMMapHas
Macca, CTOMMOCTb WX JPYTOi KpUTEPHil.

[Ipu pemennn 3agaun BbIOOpa CEYEHHUH MAOJDKHA YUYUTBHIBATHCS TUCKPETHOCTH
ONTUMHU3UPYEMBIX cedueHH. HomeHKiarypa cedyeHnii 1 MapoK IPOBOAOB ONPENEIAETCS
[81].

PexxuMbl paboThl MOTpeOUTENEl, paccMaTpuBaeMble IPU BHIOOpPE CEUYEHUH,
pernamentupyrotes [82,83], a Taxke onpenesstOTCs KOMMYTaIUeH B Guaepax, BXOIAIINX
B PACUETHYIO CXEMY.

B ocHOBe MeTONMKM ¥ adropuT™Ma ONTHUMH3AIMM CEYCHUU TMPOBOJOB
pacnpeeIuTeIbHON CeTH MCIONb3YeTCs METOJ JUHAMHYECKOro MpOrpaMMHUpPOBAHUS
(JIIT) [84]

Hcxonuoit uadopmanmeit 1 padotsl anroputma JI1 asusercs:

—  KoH(Urypanusa cxeMbl o0mas (HyJieBoro pexxuma, I = 0) u CXeMbl paCueTHBIX
pexxumoB pabotel I = 1,2,...,R (I - HOMep pexxuma, R — KOTM4eCTBO pacUETHBIX PEKUMOB);

—  paHT y3JI0B U YYaCTKOB pacdeTHOM cxeMbl p=1, ..., P;

—  TOKH y4acTKOB IO pac4eTHbIM pexxumaM lj (j=1,2,..., B; r=1,2,...,R ), (3nechb
B — xonmnuecTBO y4acTKOB (BETBEW) pACUETHOM CXEMBbI HYJIEBOTO PEKHUMA);

—  MMHHMMaJlbHbIE 3HAUEHUS CEUCHUH POBOAOB YIACTKOB Simin (j=1,2,...,B);

—  MaKCHUMaJIbHO€ BO3MOXXHOE JJISI PACUETHOW CXEMBbI CEUCHUE TIPOBOMIA Spax;

— IepedeHb NoTpeOuTenei pacueTHOW CXeMbl OOIMH U TOJMHOKECTBa

noTpeduTeNeH, BKIIOYCHHBIX B KaXJIOM W3 pacyeTHBIX pexxumoB Hi (i=1,..., N ; r =
0,1,2,....R);

—  TOKH HArpy3kW rnorpedureneit pacuernoii cxemsl l; (i=1,..., N);
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—  HamnpsDKeHHs B Touke npucoenunenus E, (r=1,2,...,R).
B kadecTBe pacyeTHBIX NPUHUMAIOTCS PEXHMBI SKCILIyaTallid aBTOMOOMIIS,
npeaycMoTpeHHbIe [82]:
—  r=1 - 3uma, TOpoJ, IeHb; I=2 - 3UuMa, rOpoJI, HOUb,
— =3 - 3uMa, 1occe, AcHb; I=4 - 3uMa, II0CCe, HOYb,
—  I=5 - 51eTo, TOpoJ, IeHb; =6 - JIETO, TOPOJ, HOUb;
— =7 - nero, mocce, AeHb; I=8 - JIETO, II0CCE, HOYb;
3amaya ONTUMH3AIMU CCUCHUH IPOBOJOB PaCIPEACIUTEIBHON CETH CBOIUTCS K
3aJ1a4ye JUCKPETHOTO MAaTEMAaTHYECKOTO MPOTrPaMMHUPOBAHUS
B
> m;(S;)——min (3.26)
1

IIPU OTPAHUYCHHUSIX:

B
n; U, (S;)<AU; mnaseexi=1,...,Nur=1,...,R (3.27)
]

i
Sjmin < Sj < Smax: Sj S QS , 021,2,...,3 ), (328)
rae m;(S;) - Macca, CTOMMOCTb WJIM IPYToil mapameTp J- 20 y4acTka
Ujr — mageHne HanpspKeHHUs Ha j-oM Y9acTKe B I -OM PEKHUME;
Nijr - DJIE€MEHThl KOHTYPHOH MaTpHIbl ( MaTpula TOYKa INPUCOCAWHEHHS —
HarpysKa);
AU; — morycTrMasi BeTMYHMHA MMAaACHHUS HAMPSOKEHUS OT TOYKHM IMPUCOECIUHEHHUS 10
I- TOW HAarpy3KH ;
Qs - MHOXKECTBO CTaHJAaPTHBIX 3HAUCHUH CEYCHUH aBTOMOOMIIBHBIX TPOBOIOB.

B 3amaue (3.26)-(3.28)

mi(Sy) = »(SHI; (3.29)
Uir= Lir (0i(S)I; + Ryg) + 4Uj; (3.30)
AUy = E, - U, (3.31)
Simin = MaX { Simint +Sjmin2 +Sjmin3} (3.32)

rze i(Sj) - Macca (mpuBeieHHAs CTOMMOCTB) OHOTO METpa IIPOBOJIA |-TO Yy4acTKa;

pi(Sj) - conpoTuBIeHNE TOCTOIHHOMY TOKY OJJHOTO METpPa MPOBOJA j-TO yIaCTKa;
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Ry - compoTuBiIeHHEe KOHTAaKTOB KOMMYTALMOHHOM ammapaTypbl OTHECEHHOE K |-
MY Y4acTKy;

AU; - mnajeHMe HanpspKEHUs Ha KOHTAKTaX KOMMYTAllMOHHOW —ammaparypel
OTHECEHHOE K |-My y4acTKy s ciaydaes 4U; = Const;

E;. - pacyeTHas BeIMYMHA HANPSIKEHUS B TOYKE NPHCOCIMHEHUS PACUETHOU
CXEMBI;

Uj - MUHIMAaJTbHO-IOITyCTHUMAs BEJIMYMHA HAMPSDKCHHS HAa KIIeMMax I-1f Harpy3KH.

Sjmin1 - MHUHHMMAJIBHO-AOIIYCTHMOE U3 YCJOBUI IpPENEIbHOM TOKOBOH HAarpy3Kd
3HAYEHUE CEYEHUS MTPOBO/JIA;

Sjmine — MHHHMMAJIbHOE CE€YEHHE, YJOBJIECTBOPSAIOUICE YCIOBUIO 3alIMIIEHHOCTU
MIPOBOJA 33/JaHHBIM aNMNapaToM 3alIUThI;

Sjmin3 -~ MUHMMAJIbHOE CE€YEHHE, COOTBETCTBYIOLIEE OTPaHUYECHHUAM IO IIPOYHOCTU
MO0 JPYrUM KOHCTPYKTOPCKUM U TEXHOJOTUYECKUM OTPAHUYCHUSM;

B ocHoBe anmroputma pemieaus 3amaun (3.26)-(3.28) ontumuzanMu CeuCHH
MPOBOJOB  MCIOJIB3YETCS METOJl JAuHaMuueckoro mporpammupoBanus (JII1). B
COOTBETCTBUM C 3TUM METOJOM OPraHU3YyeTCs IMOILIArOBbIA BBIYMCIUTEIBHBIA MPOIIECC.
[Ipouecc Il cTpoutcs Ha cxeme HyJIEBOr0O peXuma M pa3BUBAETCA OT €€ nepudepuu K
TOYKE IPUCOETUHEHUS.

Jns  opraHu3zanuy BBIYMCIMTEIBHOTO TIpoOllecCa Y3JIbl M YYaCTKM CXEMbI
pamxkupytorcs. Beiciuii ypoBeHb (paHr p=P) uMeeT TO4YKa MPUCOETUHEHUS] pacueTHOU
cetu. Husmmii ypoBeHb (p=0) mnpunmucheiBaeTcs HArpy304HbIM y3iam (puc.3). VY3isl,
WHIUJICHTHBIE TOUKE MPUCOCAMHEHHUS, UMEIOT paHr p=P-1. V37bl, HHIIUJEHTHBIE y3JaM
MIEPBOTO YPOBHS, €CJIM OHU HE SIBJIAIOTCS HArPYy304YHBIMHU, TTOJIYHAIOT paHr p=P-2 u T.1. .

Panr yuacTka ompenensieTcsi paHroM €ro HadalbHOro Yyi3na. ckiroyeHue
COCTABJISIIOT YYaCTKH, KOHI[BI KOTOPBIX NOJAKIIOYEHbl K HArpy304HbIM y3nam. HWm

MIPUCBAUBAETCS PAHT p=P BHE 3aBUCHUMOCTH OT PAaHra UX HAYAJIBHOTO Y3JIa.
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(r=0) (r=1) (r=R)
Puc. 3.18

B Ta611.3.2 u 3.3 mpuBeieH npuMep paHKUPOBAHUS Y3JI0B U YIaCTKOB

Tabmuma 3.2. Panr y310B.

p=4 | p=3 p=2 p=1 p=0

1 | 2 | 3 | 4 5 | 6 7 | 8 | | HN

Tabmuma 3.3. PaHT y4acTKOB.

pane | p=4 p=3 p=2 p=1
yuacmok | 1-2 | 2-3 | 2-4|3-5|3-6|5-7|58]| 6-9 |6-10|4-11 | 4-12 | 2- HN

momep 1\ 1 1 2 | 3| 4|5 |6 | 7|8 ] 9|10 11| 12

yuacmka

3a anropuTMUuYecKyr OcHOBY mpoiiecca JII1 Oepercsi crucok paHKUPOBAHHBIX
yuacTkoB (Tabn. 3.3). Y4acTKu CXeMBbl pacCMaTpUBAIOTCA B TOPSAKE BO3PACTAHUS HX
pasra (ot p=1 k p=P).

Ha p-m mare nponecca ( p= 1,2,...,P) paccMaTpuBaroTCsl BCE€ Y4aCTKU p-20 paHra
(e J,). dnsa xaxmoro m3 HUX HINETCS ONTUMAIBHOE pEIleHHe INepudepuitHoll 4yacTn
cXeMbl B (DyHKIIMH HaINpsDKEHHS ero HadayubHOTO y3na E,(E). B pesynbrare ompenensercs
ontumaneHoe Sj(¢) paccMaTpUBaeMOro y4acTka M mapameTp (<), COOTBETCTBYIOLIMIA
ONTHUMAIBHOMY PEIICHHIO TTepudepuu MPUCOCTUHEHHON K HeMy. [Ipu 3ToM ucmoab3yercs

PEKYPPEHTHOE COOTHOIIICHHUE BHU/IA

M;p(¢) = min £ m;,(S)) + Y. Mipy ()} (3.33)
i(p-1)
IpU OrPAHUYCHUSIX !

Ujr(S)) <Ep©@) - E(-Dr(y), r=1,....R, Ep(é) €E (3.34)
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Sjmin <Sj<Smax ; Sj € QS, (j€ Jp) (3.35)
¢=1,...Dyw=1,..,D (3.37)
3n1ech:
Mj,({ ) - MHUHUManbHOE 3HAau€HHE Macchl IepudepuilHol dYacTu CcXeMsbl
WHIUICHTHOH | —moMy Y9acTKy p-20 YPOBHS ;
M jp-1y) (v)} - nomydennoe Ha mpenbinymem mare JI1 MuHHManbHOEe 3HaueHUE
Macchl TepuepUHHON YacTH CXEMbl, TMPUCOCAMHEHHOW | —momy ydactky (p- 1)-eo
YPOBHS ;
J, — MHO>KECTBO HOMEPOB Y4aCTKOB p-TO YPOBHS ;
E — MHOXECTBO AMCKPETHU3ALUU TPOCTPAHCTBA HANIPSKEHUH.

E:{Emin seees Emax}

CyMMHupOBaHUE B Z M jp-1) (w) Benercst mo BceM nepuepHiHBIM ydacTKaMm,
i(p-1)

MHIJCHTHBIM PacCMaTpUBacMOMY Ha IIare y4acTKy J € J, p-2o ypoBHSL.
Haiinennsle onTumanbHble BemumuuHbl Si(6) u  w(&) 3anomMuHaOTCA  JUIA
MCIIOJIb30BaHUS Ha MOCJIEYIONINX 1arax.

COOTBETCTBEHHO  HAWJEHHOMY  PEIICHUIO MPOU3BOAUTCS  KOPPEKTHPOBKA

3JIEMEHTOB MacCCHUBa JUCKPETU3ALNH HANPSXKEHUN Y3JI0B
Epr(¢) = E(p-Dr(w) + Uir(S)) r=1,...,R (3.38)
B nomarosom mponecce II paccMarpuBaroTcsi BETBU B MOCIEA0BATEIIBHOCTU OT

HH3MIICTO K BBICIICMY YPOBHIO.
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BoiBOABI

1. PazpaGoTaH ONTUMHU3ALMOHHBIA aJTOPUTM KOMIIOHOBKM KOHCTPYKTHUBHBIX
y3J10B, OCOOEHHOCTBIO KOTOPOTO SIBJISIETCSI KPUTEPUI MUHUMYMa 3JIEKTPUUYECKUX CBA3EH C
yueToM KoddduireHTa nen MUHUMAaIbHOTO CEUCHUS.

2. Pa3paboTaH ONTHUMH3ALMOHHBIM aNTOPUTM pa3MEIICHUs SJIEMEHTOB U
KOHCTPYKTUBHBIX Y3JIOB 3JIEKTPOOOOPYIOBAHMS CUCTEMBI pacTpeAesiCHUs IEKTPHUIECKON
HHEPTrUU, OCOOEHHOCTHIO KOTOPOTO SIBISETCS KPUTEPU MUHUMAIBHOM JIJIMHBI CBSI3EH C
ydeToM Ko3(duiieHTa Lend MHHUMaIbHOro cedeHus Ha 3D Mopenu MOHTa)KHOTO
MPOCTPAHCTBA IPY30BOT'0 aBTOMOOUJISI C OPTOTOHAJILHOW METPUKOH.

3. PazpaboraH ONTUMHU3AIMOHHBINA AJITOPUTM PA3BOAKH AJIEKTPUUECKUX IIETIeH
MEXOJIOYHOTO MOHTaXa C MOCTPOCHHEM CBSI3bIBAIOIIMX JIEPEBHEB CIELUUAIBLHOTO BHJA:
nepesbeB Ll TeitHepa.

4. Pa3paboTaH  ONTHUMHU3AIMOHHBIA  anTOpUTM  (OPMHUPOBAHUS  KIYTOB
MEXOJIOYHOTO  MOHTa)ka C  HUCIHOJIb30BAHUEM  BBIYMCIWTEIBHOM  MPOLEAYpHI
MPUOJIMKEHHOTO METO/1a.

5. PazpaboTran  ONTUMM3ALMOHHBIA  AJITOPUTM  TPACCUPOBKU  JKTYTOB
MEXOJIOYHOTO MOHTaXa C MPUMEHEHHEM 3BPUCTHUYECKOTO METO/IA.

6. IlpoBemen ananmu3 KOH(UTypalmuii dJIEKTPUUECKUX CETEH U CXeM
ANEKTPUUECKUX COEJIMHEHHUI, MO3BOJISFOIIUAN NPUMEHUTh pa3paboTaHHbIE
ONTUMH3AIMOHHBIC aJITOPUTMBI.

7. Pa3zpaboTaH ONTHUMHU3ALIMOHHBIA aNrOPUTM BbIOOpPA CEUEHUH NPOBOOB

I'py30BOro aBTOMOOMJISI Ha OCHOBE MCTOJa AMHAMHUYCCKOI'O IMporpaMMHUpOBaHN.
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I'masa |V IlporpamMmmuas peajqu3anusi MeTOAMK CHMHTe3a CHCTeMbl pacrpese-

JICHUA 3JIeKTpI/I‘IeCKOI71 IHEPI'UM Irpy3oBoro aBTOMOOMIA

4.1. O61mme BONpochl pa3padoTKU NPOrpaMMHOIO0 o0ecredeHus

Pa3zpabotka CAIIP cucteMbl pacnpeneneHus: dJIEKTPUUECKON SHEPTUU TPY30BOTO
aBTOMOOWJISI OCYLIECTBIISIETCS HA OCHOBE M3JI0KEHHOTO B pas3jiesiax 2 U 3 MPUKIATHOTO
MaTeMaTUYeCKOro 00eCIeUeHus JIOTHUYECKOM CXEMbI, C UCIIOJIb30BAHUEM €IMHOT0 UHPOP-
MalMOHHOTO 00€CIIEUEHUs U C YYETOM BCEX ATAlOB >KM3HEHHOTO LUKJIA 00BEKTa MPOEK-
TUPOBAHMSL.

CocrtaBHbiMU cTpyKTypHBbIMU 4YacTsiMu CAIIP cuctemsl pacnpeneieHus 3JIeKTpH-
YECKOM SHEPruu, OTpakaloImuMu 3amadu npoektupoBanus [20,85,86], smisroTcs cie-
OYIOIIME MPOEKTUPYIOIINE MOAYJIN: KOMIIOHOBKAa KOHCTPYKTHUBHBIX Y3JIOB, Pa3MEIlCHUE
KOHCTPYKTUBHBIX Y3JIOB, Pa3BOJIKA AJICKTPUUYECKUX IeNeld MeKOJI0YHOTO MOHTaxa, ¢hop-
MHPOBAHUE KT'YTOB MEXOJIOYHOIO MOHTaXa, TPACCUPOBKA JKI'YTOB, aHAJIU3 PEXKUMOB pa-
OO0TBI CHCTEMBI paclpeieNICHUs] MIEKTPUUECKOM SHEPTUH, BHIOOP anmapaToB 3allUThI, OTI-
THMH3ALUS CEYEHUI MPOBOAOB, pacyeT OanaHca 3JIEKTPUUYECKON IHEPTUU U JIp.

K HacrosieMy BpeMeHH 3aKOHYEHO IOATanHOE BHeApeHue B npakTuky Kb aBTo-
MobmiiecTpoeHus pazpadoranHoit neppoit Bepcun CAIIP cuctemsl pacnipeneneHus dJek-
TPUYECKON IHEPruu Ipy30BOro aBTOMOOWIS. B ee cocTtaB B BUJE MakeTa MPUKIAIHBIX
nporpamm (III1IT) Borum: Momynb «AHAJIU3 PEKUMOB pabOTHl CUCTEMBI PacIpeIeICHHs
AIEKTPUUYECKOUN IHEPTUN», MOYIb «BBIOOD amnmapaToB 3aluTh, MOAYIb «ONTUMU3AIUS
CCUCHHUI TPOBOJIOBY», MOAYJb «Pacder OamaHca syiekTpudeckoi sHeprum» [87-91].

[TosTanHbIl BBOA MPOEKTUPYIOIIUX MOJAYJEH HE MPOTUBOPECUUT NPUHLMIAM MO-
ctpoenus CAIIP [16]. [lepBas Bepcus IIIIII B Gomnbiieit creneHu omnpeaensercs NOAX0-
JIOM, TIPYA KOTOPOM MPEayCMaTPUBAECTCS aBTOMATH3alMs BBITIOJTHEHUS MPOILEAYp U Oorepa-
AW 110 PEUICHUIO ONTHUMHU3ALMOHHBIX 3a/1a4 IMapaMEeTPUYECKOTO CHHTE3a CHUCTEMBI pac-
npeneneHus eKTpuueckon sHeprun. Takum oOpa3oM, TOCTUTAETCs CKopeulee moyyde-
HUE TPAKTUYECKUX Pe3yIbTaTOB, TEXHUYECKUN U IKOHOMUYecKkuil apdekt. [Ipossnsercs

M IT'OTOBHOCTb KOHCTPYKTOPOB K IIEPEXOAY OT HEABTOMATHU3UPOBAHHOI'O IIPOCKTHPOBAHUSA
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K OBJIQJICHUIO HABBIKOB OOIIEHHUS CO CHEIHMATU3UPOBAHHBIM MPOrPaMMHBIM OOECIIEUEHH-
eM. Hanmnune BBIXOZHOM ANEKTPOHHOM AOKYMEHTALMM MO3BOJSET OCYLIECTBUTH E€IUHOE
MH(POPMALIMOHHOE MPOCTPAHCTBO MEXAY KOHCTPYKTOPAaMH, TEXHOJIOTAMH U JIp.

Monynb «AHanu3 peXUMOB pabOThl CUCTEMBI PACHpPENEICHUS SJIEKTPUYECKON
SHEPrum» OOECIEUMBAET aHAJIU3 PEKUMOB PabOThl PACIPENETUTENBHON CETH TPY30BOTO
aBTOMOOWJISL C LIEJTIBIO MIPOBEPKU OOecreueHusl TpeOyeMOro KauecTBa AJIEKTPOCHAOKEHUS
MOTpeOHTENICH M 3alUTH CETH OT KOPOTKUX 3aMbIKaHMi [82]. B xoe mpoBeneHus aHaIH-
3a peLIaloTCs CIEAYIOIE 3a1aUHn:

- pacyeT TOKOB Ha y4acTKax LIENEH MUTAHUS U HANPSKEHUH B y3JIaX PacuyEeTHOU
CXEMBI JJI1 HOPMAJIBHBIX PEKHMOB C YUYETOM M3MEHEHHs] TOKOPACIPEIAEIEHUS 10 PEXKHU-
MaM NoTpeOIeHus;

- ONpENENICHHE MAKCHUMAJIBHBIX TOKOB YYaCTKOB U1 MHUHUMAJIbHBIX HAINPSKECHUN
Y3JI0B CXEMBI;

- pacyeT CWJIbI TOKA LIETH KOPOTKOTO 3aMbIKaHMS;

- IPOBEpPKa MPOBOJOB MO AOMYCTUMOMY TOKY M 3aIHIIAEMOCTH IMPENOXPAHHU-
TEJIEM;

- TIPOBEpPKa MO JONYCTUMOMY HOMHHAJIBHOMY HAIPSKEHUIO HA 3aXKMMax I10-
TpeouTeneu;

- IpOBEpKa MPaBHJIBHOCTH BHIOOpA MPEAOXPAHUTENIS [0 HOMUHAIIBHOMY TOKY;

- ONpENENICHHE MAKCHUMAJIbHOTO BPEMEHH OTKJIIOUEHHS MECTa KOPOTKOTO 3a-
MBIKaHHS IPEJOXPAHUTENIEM IPU MUHUMAIIBHOM TOKE KOPOTKOT'O 3aMbIKaHHS;

- MpOBepKa MPaBWIBHOCTU BBIOOpA MPEIOXPAHUTENS MPHU MEeperpy3kax B Cly-
4ae AJIEKTPOABUTATENBHBIX HATPY30K;

- IIPOBEPKA YyBCTBUTEIBHOCTH IIPEAOXPAHUTEIIS.

OOmumii anropuT™M MOIyJs «AHaNIU3 PEeKUMOB PabOTHI CUCTEMBI pacIpeiesIeHUs

AIEKTPUYECKOUN SHEPTUM» MPEACTaBIIEH Ha puc. 4.1.

90



Monayib
APP

Hauaio

dopmupoBaHHE pac-
YETHON CXEMBI

PanmxxupoBanue

Pacuer Tokopacnpe-
JICTICHUS

Jloxansusie BJl B

IIpoBepka npaBUIIBHO-
CTH BBIOOpA CEUCHHI
IIPOBOJIOB

Pacuer magenuii Ha-
PSKCHUN

Pacuer
K3

[IpoBepka
MIPaBHJIBHOCTH
BEIOOpa A3

A 4

BriBo utorosout
uH(popMalun

Y

Monyns «Bbi0op amnmapaToB 3anuThy 00€CTIEUNBACT:

cpene CYBJ MS
Access
bJ1
MIPOEKTa
Puc. 4.1

Cucremuas CAIIP

bl

MPOEKTA

- pacyeT HOMHUHAJIBHOTO TOKa ammaparta 3amuThl (A3) npu MakCUMalbHON

paboueil cuiie TOKa Harpy3Ku MOTpeOUTeNel ¢ y4eTOM: XapakTepa TOKOBOIM Harpy3KH Io-

TpeduTenel; MHOTOPEKMMHOCTH paboThl (PHIEPOB; THUIIOBBIX PEKUMOB pabOTHI MOTPEOU-
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tenerd (mo OCT 37.003.054-77); pacyeT MUHUMAJIBHOTO TOKa A3 B pPeXUME KOPOTKOIO
3ambikanus (K3);

- - pacyeT MakcuMaJbHOE BpeMs cpabaThiBaHus A3.

- - upoBepka A3 MO yCIOBUSIM: COOTBETCTBUS HOMHHaJIa A3 TOKOBBIM Harpys-
KaM JUIsl BCEX PAacUETHBIX PEKUMOB palboThl (uaepa; 3alIMIaeMOCTH MPOBOJIOB BCEX Ce-
yeHul ¢uaepa B HOpMAIbHOM PEXKUME U aBapPUITHBIX PEKUMAX; YYBCTBUTEIbHOCTH A3.

Monayne «Pacuer OanaHca 3JEKTPUYECKON SHEPrum» 00ECIEeYHBAECT IMPOBEPKY
MPaBUIILHOCTH BBIOOpA MapaMeTpoB T'€HEpaTopa U €ro MPUBOJA MPOSKTHUPYEMBIX, OIBIT-
HBIX Y OJATOTABIMBAEMBIX K CEpUHHOMY IIPOU3BOJICTBY I'PY30BBIX aBTOMOOMIIEH, a TaKKe
MPOBEPKA BIMSHUSA Ha OajgaHC 3JEKTPOIHEPIUU U3MEHEHHUS HAarpy30K 3JIEKTPOnoTpeOuTe-
JIe, MapaMeTpOB I'€HEPATOpa U KHHEMATUYECKUX MapaMeTPOB €ro MPHUBOJAA y CEPHUIHBIX
rpy30BbIX aBTOMOOMITeH [93].

Monaynpe «OntuMu3anusi Ce4eHU MPOBOAOB» 00ECIEUNBAET pacyeT TOKOB ydacT-
KOB PAacUEeTHOM CXEMbI I BCEX PACUETHBIX PEKUMOB; PACUET MUHHMAIbHBIX CEUECHUI
MIPOBOJIOB YYACTKOB MO JOMYCTUMOMY TOKY, aliapaTaM 3allliThl U YCIOBUSIM MEXaHUYe-
CKOH MPOYHOCTH; ONTUMHU3ALMUIO CEYECHHUI MPOBOJOB MO BHIOPAHHOMY KPUTEPUIO U OTpa-
HUYEHUSIM 10 JOMYCTUMbBIM BEJIMYMHAM HANPSKEHUW HA KJIEeMMax MoTpeOuTeneut ¢ yue-
TOM MHOTOPEXUMHOCTH PabOThl PACUETHON CXEMBI.

OO6mmii anroput™M Moayis «ONTUMU3AIMS CEUYEHUN TPOBOJIOB» MPEACTABICH Ha
puc. 4.2.

Mopynu CAIIP cuctemsbl pactpeaesnieHus: JIEKTPUUECKON IHEPTUH MPECTABIISIIOT
co00¥i BbIJIeJIEHHbIE IO HEKOTOpbIM Tpu3HakaMm yactu CAIIP, obecneunBaronue noyde-
HUE 3aKOHUYEHHBIX MPOEKTHBIX PEIICHUM U COOTBETCTBYIOUIMX MPOECKTHBIX JTOKYMEHTOB.
CrtpykTypHOE 00BbEIMHEHNE MOAYJIEH B CUCTEMY MPOBOJUTCS C IOMOIIBIO CBSI3EH MEXITY
komnoHeHtamu CAIIP. Ha puc. 4.3 npencrasnena crpykrypHas cxema CAIIP cuctemsl
pacmpeneneHus AMEKTPUIECKol sHeprun rpy3oBoro aBromoomiss KAMAS ¢ cymecTByro-
MM U CO37]aBa€MbIM CHEIHAIbHBIM IPOrpaMMHBIM oOecrieuenueM. MHdopmarmronHas
B3aMMOCBS3b CO3/1aBa€MbIX CIELUAIM3UPOBAHHBIX MOJYJIEH C APYTMMH IPOrpaMMaMu U

CHUCTEeMHOM 0a30if JaHHBIX OCYIIECTBISIETCS MOCPEACTBOM HHTEP(PEHCHBIX MNPOrpaMm

(ckpumnroB) [89-91].
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Monayns
OBC

Hauano

dopmupoBaHHE pac-
YETHOU CXEMBI

PamxxupoBanue

Pacuer Toxopacmpe-
JeJIeHus

OnpeneneHue MUHU-
MaJIbHBIX CEYEHUU

OnruMusanus
CE4YEeHUI IIPOBOJOB

BsiBOI nTOrOBOM
uH(pOopMaIuu

1L

Jloxanpnbpie BJ{
B cpene CYB]
MS Access

b/l nmpoekra

bJI cnipas.

Puc. 4.2

Cucremuas CAIIP

N
N
B

MpOeKTa

bl

Crpas.
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Puc. 4.3

KonuenryanpHOE (CKBO3HOE) TPOCKTHPOBAHNE CHCTEMBI PACIIPEICIICHUS SJICKTPUIESCKOHN dHEP-

ruu rpy30Boro aBromoouist KAMA3

E3.ZPA

- o0MeH JaHHBIMU
mexay E3.Series u
PDM-cucremoit
Siemens

1L

E3.Series

CTpykTypHas cxema
(E3.Functional Design);

IIpuHounuaneHass cxema I3

(E3.Cable);
Cxema coeMHeHu i 4
(E3.Cable); pasmemenne sie-

MEHTOB cxeM u3 b/l;

- HasHaueHHe CBS3€H MExXIy
3JIEMEHTaMH; - Ha3HauYCHHUE Map-
KM TIpOBOJAa;- CO3AaHHE JKIyTa
(oOBenmHEHNE TPOBOIOB);
COOpoYHBIH 4epTe:k Kryra
(E3.Formboard):pa3memnienue
KOMIIOHEHTOB JKI'yTa; yCTaHOBKa
CBA3CH MEXIAy KOMIIOHEHTAMHU
JKryTa (IAJIHHBI)

ba3za jgaHHBIX
(E3.DataBase - pexakTop)

Siemens
Teamcenter

CALS/PDM — cucre-

<:::> Ma; eauHoe HHAOPM.

noje (0aza JaHHBIX);

YIpaBil.

CTPYKTYpOH

mpoekta W HHGOPM.

JaHHBIMHA

E3.Routing
Bridae

- 00MEH HaHHBIMHU
0 TMpPOBOJAX, XIY-
<:‘> TaX, KOMIIOHEHTaX
90 (mmuHBI, ceye-
Hug u T.4.) XML -

()

MS  Access

|
Ckpunrbl Cxpunrsl
neperavn nepeaavyn
JAHHBIX AAHHBIX

-TPacCUpPOBKa
ba3za Jlannbix

I

Beimyck KJ{

NX Manager

- o0MeH IaHHBIMH

mexay NX 7.5 m
PDM-cucremoii

Siemens

1L

Siemens NX 7.5

Moaeaupoanne 3D

- CO3JaHUE TPEXMEPHOH Mo-
nend koMmoHeHToB DO u aB-
TOMOOWIIA;

DJIEKTp. MapumIpyTH3aLust
NX

- BBIOOp W pa3MeuieHHE KOMIIO-
HeHTOB 0 aBTOMOOWMIS Ha
MIIII,

- 3a7aeTcd TPaeKTOpHs, COeIu-
Hstomasi koMroHneHTsl DO (Tpac-
ca XryTa);

- BBITIOJHSIETCS TPOKJIaaKa KIry-
Ta;

- aHaJIu3 JUIMH, CEYEHUH, 3a30pOB
W T.IL.)

Ba3a nannbix Siemens NX 7.5
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4.2. MudopmannonHoe odecneyeHue

NudopmarnmonHoe odecrieuenre nmakera npukiaaabix nporpamm (I1IIIT) moctpoe-
HO B COOTBETCTBHH C MPEABIBIIEMBIMU K HeMy TpeOoBanusmMu [92]. OcHoBoil nHpopma-
[IMOHHOT'O OOEeCIeYeHUs SBIIIOTCS COBOKYITHOCTH B3aMMOCBSI3aHHBIX JaHHBIX — 0a3 JaH-
Heix (BJl), XpaHsamuxcs B ¢ainax U noiep>KUBaeMbIX CHUCTEMOU yrpaBiieHUs Oa3zaMu
nanabix (CYBJ1) Microsoft Access 2003 [94-99].

baswl nannbix mporpammubix Moaysei [T coctoar u3 6a3bl MPOEKTHBIX JAHHBIX
1 06a3bl HOPMATHUBHO-CIIPABOYHBIX JAHHBIX. DTH 0a3bl MIpeIHA3HAYCHBI T ToAOOpa Mpo-
€KTHOH W HOPMATHUBHO-CIPABOYHON WH(GOPMAITUHU TI0 AJIEKTPOOOOPYIOBAHUIO aBTOMOOH-
751, 3aMOJIHEHMs 0a3bl JAaHHBIX KOHKPETHBIM COJACpKaHUEM U I pa3paboTKH yAOOHBIX
JUTSI KOHCTPYKTOPA MOJTh30BaATEIBLCKIX HHTEPEHCOB.

baza MpoeKTHBIX JaHHBIX OIMHUCHIBAET COCTAB M KOHPUTYPAIMIO 3JIEKTPUUECKHUX
CXEeM aBTOMOOMJIEH, pe3yIbTaThl pacyeToB U aHanu3a. OO01ias cTpykTrypa 0a3bl MPOEKTHHIX
JAaHHBIX TIPUBECHA Ha puc. 4.4.

B Ta6n. 4.1 mpuBeneHbl XapakTepUCTHKU (aiaoB 0a3bl JaHHBIX MPOCKTHOW WH-
dhopmanuu.

Hogwie uznenus (R_IZDEL) BBogsitcsa uepes ¢aitn R_CXEMA. Tlotpebnenue usz-
nenmii (R_LOAD) BBoauTcs yepes daitn uznenuii (R_IZDEL). To ecTh, J0CTYyN K JaHHBIM
ocymiecTiseTcs 1o 1nenouke ¢ainoB: R_CXEMA -> R_IZDEL -> R_LOAD. He pekomen-
nyercs npsmoe 3anoinHeHue ¢aiina R_LOAD wimm ero 3amonnenue uepe3 (aitsl peskuMoB
notpednenus (R_CONSUMER).

Coeaunenus BBoasATca Hanpsamyto B (daitn R_WIRES ¢ BeiOopom uznenuit (oTkyna
M KyJla) U3 COOTBETCTBYIOIIMX CIUCKOB. [Ipn 3TOM mpu BeIOOpE M3enmii (OTKya U Ky1a)
YYHUTHIBACTCS TCUCHUE TOKA OT TEHEPATOpa K U3JICITHIO.

JIy1st Hepa3phIBHOCTH JJIEKTPUUYECKUX CBsi3eil HeoOoxoaumo B daitn R_WIRES BBe-
CTH JOTIOJTHUTEbHBIC COCAUHEHUS MEXIy KOHTAKTaMH BBIKIIOYATENCH, JJIEKTPOHHBIX

6J'IOKOB, CTCKJIIOOMBIBATECIIA U T. /.

95



Tabmuma 4.1

Nms daiina

Ha3zBanue ¢aiina

OcHoBHOE coepxxkaHue MoJel JaHHbIX
(daiiaa

R_CXEMA

DIeKTpUYEeCcKasi cCxeMa aBTo-
MOOMIIS

Haspanue aBToMOOMIIS;
YepTerkHBIN HOMEP CXEMBI

R_1ZDEL

N3nemus

CcbliKa Ha cXemy;

[To3unmonnoe o603HaueHUE;

Tun u3nenus;

OYHKIMOHAIBHOE HA3HAUYCHHUE;

VYcnoBHoe o0003HaUeHHE Kiacca M3JIEIHS
(moctyn k Bl HOpMaTHBHO-CIIPAaBOYHOW WH-
¢bopmanun);

Hanpsixenue Touku perynupoBanus, B;
HomuHanbHbIN TOK anmaparsl 3alUThl, A

R_WIRES

CoennHenus

[To3unmonnoe o603HaUeHUE MPOBOIA;
[To3unmonHoe 0003HaUYEHUE KIYTA;
Ccbuika Ha U3JIeNHe «OTKYAA»;

Howmep snekTpocoennHuTENs «OTKYAA;
Howmep koHTakTa «0TKy1a»;

Ccbuika Ha U3JIENHNE «KY1a»;

Howmep anekTpocoeAMHUTENS «KYHa»;
Homep koHTaKTa «Kyaay;

Cepus (THIT) KOHTaKTa «KyJIay;

Mapka npoBoja;

CeueHnue npoBoja, MMZ;

JnuHa npoBoja, MM;

CymMmapHO€E COITPOTUBIIEHUE COETUHEHNS,
Owm;

TemnepaTypa npoBoJa;

[IBeT mpoBoaa

R_REGIME

CBeJIeHHs O TTPOBEICHHBIX
pacderax

Cchplnka Ha cxemy;

Tun pexnma (0 — HOpMabHBIN pexum; 1 —
PEXKUM KOPOTKOTO 3aMbIKaHUSI);

Anpec y31a KOPOTKOTO 3aMBbIKaHUs (TIO3UIHU-
OHHOE 0003HAYCHHE H3/ICIIHS );

Nwms ¢aiina pacuera HOPMAJIBHOTO peXUMaA
palboThI UM peKUMa KOPOTKOTO 3aMbIKaHHSI

R_CONSUMER

PexuMbl moTpebaeHHs JIeK-
TPOIHEPTUU

HaumeHnoBanue pexuma noTpeOieHus ek-
TPOIHEPTUHY;

Howmep pexxuma notpediaeHust 3IeKTpoIHep-
THH

R_LOAD

Pexxumbl moTpebneHus usze-
i

3aaeT CBI3b MEXy IPUEMHUKAMU U PEXKU-
MaMH MOTpeOIeHNUS;

Ccpuika Ha peKuM OTpeOIeHUS;

Ccpulka Ha u3zienue
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—

R_CONSUMER

R_LOAD

R_1ZDEL

A\ 4

R_WIRES

R_REGIME

R_CXEMA

Puc. 4.4
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ba3za HOpMaTHMBHO-CIPABOYHBIX JAHHBIX OINKCHIBAET XapPaKTEPUCTUKU anmnapaTtoB
3aIlATHI, TEHEPATOPOB, aKKYMYJISTOPOB, 3JEKTPOABUTATENEH, U3ACIINNA 3IIEKTPOOOOpY0-
BaHUs, TMPOBOAOB, MH(POPMAIIKIO O TIaJICHUE HANPSHKEHUS HA KOHTAKTE W3JENUs U O Ma-
JICHUE HANPSLKEHMS HA KOHTAKT — MPOBOJIE.
[lo ¢dyHKIMOHATBEHOMY NPU3HAKY H3ACIUS AIIEKTPOOOOPYIOBAaHUS aBTOMOOWIISA
pa3zeNsAoTCs Ha CIASAYIONINUE TUIIBI (KJIacChl):
¢ B - naTtunku;
¢ E - mpuemHuku anextpos3nepruu (papa, ykazareib MOBOpOTa H T.1.);
e F - Giioku peoxpaHuTenel, MpeIoXpaHUuTeNH, allapaThl 3allUThL;
¢ G - reHepaTophl, aKKyMYJIITOpHbIE OaTapeu;
e H - 3ByKOBbIE CUTHAJIBI;
e K - pene, KOHTaKTOPHI;
e M - s5iekTpoaBUTATENM (CTAPTEPHI, CTEKJIOOMBIBATEIN, CTEKIOOUYUCTUTEIN);
e S - BRIKJTFOYATEIIN, IEPEKITIOYATENH, KHOTIKH BKIIFOUCHUS,
¢ V - Gj10KU (PNIEKTPOHHBIE, TPUOOPOB U T.11.);
e X - coeMHUTENH (pa3beMBbl, PO3ETKH, KOJIOJKH);
e Y - 3JIeKTpOMarHUTHbIE KJIallaHbl;
e Z - mpeoOpa3oBaTean HAPSHKEHUS.

OO6mast cTpykrypa 0a3bl HOPMAaTHBHO-CIIPABOYHBIX JAaHHBIX MPUBEICHA Ha PUC.
4.5.

B tabnurnie 4.2 nmpuBeneHbl XapaKTEPUCTHKU (PailioB 6a3bl TaHHBIX HOPMATHBHO-

CIIPaBOYHON MH(MOPMALIHH.
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Tabmauma 4.2

HNms ¢paiina

HasBanmue ¢aiina

OcHOBHOE co/lep:KaHue T0JIel JAaHHbIX
(paiina

OcCHOBHBIE XapaKTEPUCTHUKHU

Tun anmnapara 3amuThI;
Kon Bapuanra annapara 3amuts! (0 — muias-
KU TIPeIOXpaHUTEeNb, | — OMMETaNIMIeCKui

R _AZ
- anmnapaToB 3alUThI MpeAOXPaHUTED ),
30Ha pazbpoca BpeMeHHU cpaOaThIBaHHS all-
rapaTa 3aIuThl
CchUlKa Ha anmapar 3aliuThl;
XapakTepUCTUKH anmnapaToB N
HomunansHbBIN TOK, A;
R_AZ_PARAM 3alIUThl 10 HOMUHAJIBHOMY
- = Conporunenue, OMm;
TOKY
HomunansHOe HanpspokeHue, B
CcbliKa Ha XapaKTEepUCTHUKY alrapara 3aliu-
R AZ WA Bpewmsi-TrokoBbie XxapakTepu- THI;
- = CTHKH aIllapaToB 3allUThI Tok KOPOTKOTO 3aMbIKaHUs, A;
Bpewmst cpabaTeiBaHus anmapaTa 3aliuThl, CEK
Tun reneparopa;
OCHOBHBIE XapaKTSPUCTUKHU Moumocts, Br,
R_GEN p P HomunansHoe Hanpspkenue, B;
- reHepaToOpoOB
MuHuManeHOE HanpsokeHue, B;
MakcumanbHOE HalpshkeHne, B
ToKOCKOpOCTHAs XapakTepu Cepika na renepatop;
R_GEN_TURN p PAKTEP Tok, A;
- - CTUKa reHepaTtopa
UYactora Bpamienus, 00/MiuH
Tun akkymynsaTopa;
HomunanbHBIN TOK, A;
R ACCUM XapakTepuCTUKU akKyMynsaTo- | HomuHaneHOE Hanpspokenue, B;
- poB Conporusnenue 3apsga, OMm;
Conporusnenue paspsna, Om;
EMKocTh akkymynaTopa, A X4
Tun (mMapka) nBurarens;
XapaKkTepPUCTUKH IJICKTPOJIBHU HommmanbHbiii Tok, A;
R_MOTOR P P p MomnaocTs, BT;

rareieu

MuHuManbHOE JOMYCTUMOE HanpsbkeHue, B;
KonTtakT norpeburesst

R_MOTOR_PUSK

[IyckoBbIE XapaKTEpUCTUKN
JJIEKTPOABUraTEsIeH

CcbuiKa Ha DJIEKTPOJIBUTaTEeNb;
[TyckoBoii Tok, A;
Bpewms nmycka, cek;

OcHoBHBIC XapaKTCPUCTHUKU

Mapka nipoBoa;
TemnepaTypHblii KO3QQPHUIIMEHT COMPOTHUB-

R_PROVOD h
- ITPOBOJIOB JICHWS,
MaxkcuMmaibHas TeMiieparypa rnposoja, °C
CchUika Ha TPOBOJ; )
XapaKkTepucTUKH MPOBOJIOB Ceuenne nposoyta, M’
R_PR_CROSS p p P ’ [ToroHHOE COMPOTHRBICHUE TOCTOSHHOMY
- - 3aBHUCSILINE OT CEUCHUS
TOKy, OM/M;

IToronnas macca, KI/KM

R_CROSS_SURGE

[Teperpy3ounas xapaktepu-
CTHKa MPOBOJAA

CcbliKa Ha XapaKTEPUCTUKU TPOBO/JIA;
Toxk neperpysku, A;
Bpewms, cex
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HNwmsa daiina

HasBanmue ¢aiina

OcHOBHOE co/iep:KaHue T0JIel JaHHbIX
(paiina

TokoBas Harpy3ka npoBOJIOB

CchpllIKa Ha XapaKTEPUCTHUKU ITPOBOAA,

R_CROSS_IT Jlonyctumas ToKkoBasi Harpyska, A;
- - OT CEUEHHUS U TEMIEPATYPhI o
Temneparypa, °C
Cepus (THUIT) KOHTAKTA;
[Tagenue HanpsKEHUS HA KOH-
R_KON [Tanenue nanpsoxenus, B;
- TaKTe
Tok xoHTakTa, A
Ccbuika Ha KOHTAKT;
R KON PR IlajieHue HAPSDKCHHS Ha KOH- | CedeHue, MM;
- - TaKT — IIPOBOJIC [Tanenue nanpsoxkenus, B;
ToK KOHTaKT — mpoBoja, A
Tun (Mapka) u3aenus;
YcioBHOE 0003HaUEHUE KiIacca U3 Ieus;
OcHOBHBIE XapaKTEPUCTUKH
R_ISD_EL HaumenoBanue uzaenus;

U3eIIi

ConpoTuBieHre KOMMYTAllMOHHOM ammnapa-
Typsbl, OM

R_ISD_CONSUMER

XapakTEepUCTUKU U3JETUH 10
KJIEMMaM COEIMHUTENEN

CchlIka Ha U3JIeIHe
DyHKIIMOHAIBHOE
(amemenTa);
MuHMMaJIBHO IONYCTUMOE HAalpsDKEHHUE IMH-
Tauwus, B;

HomuHanbsHBIN TOK, A}

Conpotusnenue uzaenus, Om;

MomaocTs u3genus, Brt;

Bpewmst paGoTsl, cek;

Bpewms nay3sl, cek;

Howmep coenuamnTenst BXOAHOM;

Homep knemMbl BXOIHOM;

Homep coennuuTens BHIXOIHOM;

Howmep kineMMBbI BBIXOIHOM

Ha3HA4YCHHC U3ACTINA
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R_AZ WA

R_GEN

R_CROSS_SURGE

R_CROSS_IT

R_AZ | R_AZ_PARAM
R_PROVOD | R_PR_CROSS
R_KON R_KON_PR

Y

Puc. 4.5

R_MOTOR

\ 4

R_CEN_TURN

R_ISD EL

A 4

R_MOTOR_PUSK

\ 4

R_ISD_CONSUMER
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[Ipu BBOme ammep-CeKYHIHON XapaKTEpPHCTHKH Bpemsi cpabarbiBaHus A3 He
JNOJKHO ObITh paBHBIM Hymro. Haumensmee Bpemsa — 0,0001 cex. XapakTepuCTHKU T'eHe-
paTopoB obciyxuBaroTcs depe3 1enouky ¢annoB R_GEN -> R_GEN_TURN. Xapakre-
PUCTUKH SJIEKTPOJBHUTATENel oOCmykuBaroTcs uepe3 1enouky daimoe R_MOTOR ->
R_MOTOR_PUSK. Ilpu orcyrcTBUH HH(pOpPMAIMK O MYCKOBOM XapaKTEPUCTUKE DJICK-
tpoxasurarensa B ¢aitn R_MOTOR_PUSK BBomuTcsa myCKOBOH TOK lnyc M BpeMs IIyCKa
toyex., B3ATBIE M3 IACHIOPTA JBUraTEIIs.

XapaKTepuCTUKH MPOBOOB OOCTY>KUBAIOTCS uepe3 1enouky ¢ainos R_PROVOD
-> R_PR_CROSS -> R_CROSS _IT. /lanHbIe 110 MEPErpy309HON XapaKTEPHUCTHUKE MTPOBO-
na (R_CROSS_ SURGE) BBozsTCS U peAakTUPYIOTCS OTAETHHO. XapaKTePUCTUKH TIO Ta-
JICHUIO HAIpPSDKEHUs Ha KOHTAKTE OOCTy>KHMBaroTcs yepe3 1enouky daimos R_KON ->
R_KON_PR. XapakTepucTuku 1Mo U3ACIUAM 3JICKTPOOOOPYIOBaHHS O0OCITY)KHBAIOTCS Ye-
pe3 nenouky ¢ainoB R_1ZD_EL -> R _ISD_CONSUMER.

[Tanens mnctpymentoB CYBJ] Access oOecriednBaeT MOIIHBIE CPEACTBA COPTH-
pOBKH, (DUIBTpAITUH U TIOUCKa 3anuceid. Ha puc. 4.6 moka3zaHbl HHCTPYMEHTHI COPTHPOBKH,

dbunprpanuu 1 noucka ganueix CYBJl ACCesS, nocTymHbIe B OCHOBHOM KpaHHOH (hopMme.

VY nanute
¢$ueTp

DubTp 10
BBIZICTICHHOMY

CopTHpOBKa 110
yOBIBaHUIO

Al R vz & i 1 Ex
BAHERB S B Cramume

Puc. 4.6

CopTrpoBKa 110
BO3PACTaHHIO

CopTupoBKa yHOpSJOYUBAET JaHHBIE MO COAEPKUMOMY OIPEIEICHHOTO IOJs
(mpuMeHsieTCsl Tak Ha3blBaeMas JEKCHUKOTpaduueckas ynopsJOYeHHOCTh: CHadaja CpaB-
HUBAIOTCS TIEPBBIE CHMBOJIBI TEKCTA, NMPU COBIAICHUH CPABHUBAIOTCS BTOPHIC CHMBOJIBI
TEKCTa U T.J.). 3alKUCU COPTUPYIOTCA JTMOO B MOPSAKE BO3pacTaHus, JM00 B MOPSIKE YObI-
BaHMs. OUIBTpaLUs OCYIIECTBIIIET OTOOP 3amuceil, KOTOpPhIE yIOBIETBOPSIOT 33aHHBIM

YCJIOBUAM.
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OOMeH aHHBIMU 0a3bl JAHHBIX MPOEKTHOW U HOPMATHBHO-CIPaBOYHON HH(OpMa-
uuu [T u 6a3s1 ganHbix cucteMHo CAIIP anexTpooOopynoBaHusi Tpy30BOro aBTOMO-
OMJISL IPOUCXOAMT CIETYIOIIUM 00pazoM:

- JaHHbIE U3 cucTeMHOM b/l ¢ MOMOIIBIO ClIeUaNbHbBIX IPOTPAMM «CKPHUIITOBY
BBITPYXKAIOTCSL B IPOMEXKYTOUHBIE (DaMIbL;

- BBIIPYKEHHBIE JJaHHbIE 00padaThIBAIOTCS paCYETHBIMU POTpaMMaMu;

- pacyeTHbI€ JIaHHbIE (T.€. PE3yJIbTaThbl PACUYETOB) C MOMOIIBIO CIELHAIBHBIX
IIPOrpaMM «CKPUIITOB» U3 MPOMEKYTOUHBIX (paiinoB 3arpyxkatorcs u3 bJ] E3.Series

[Ipormecc oOMeHa JaHHBIMU MPUBEICH Ha puc. 4.7

CKpunTbl Npeobpa- N
30BaHUA JaHHbIX [

JlokanbHble B

b E3-Series PacueTHble
nporpaMmmbil

CKpUNTLI Npeobpa
30BaHMSA OaHHbIX

Puc. 4.7

/N

Ckpuntsl coznatrorcs Ha VBScript (Visual Basic Script Edition, VBS) - s3bik nipo-
rPaMMHUPOBAHMS, MCIOJIB3YEMbIM MPU CO3JAHUM MPOrpaMM B ONEPALMOHHBIX CHCTEMAaxX
Microsoft Windows [100-101].

Jns monmuonienno padotel IIIIIT 3ammcu B cucremuoit b/l qomKHBI BKIIFOYATH B
ce0s ompeneNieHHbIe OISl U3 JIOKATBHOU 0a3bl MPOEKTHBIX JTaHHBIX. JIJIs ’TOTO B CHCTEM-
Hoit B/l Bcem m3aenusiM mpoekTa HazHavarTcs aTpudyThl, HeoOxoaumsbie i [T, u um

MMPpUCBAUBAIOTCA OIIPCACIICHHBIC 3HAYCHMN .
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http://ru.wikipedia.org/wiki/Microsoft_Windows

Kpome atpubyroB, undopmarusi, Heooxoaumas st [T u3snexaercs uz camoro

npoeKTa. YTOMSHYTHIE MOJIS U aTpuOyTHl IpUBEIEHbI B Ta01.4.3.

Tabmnura 4.3

Tabauua npoexTHoii BJ{

AT1pudyt B B/l npoexra E3.Series

R_CONSUMER

Howmep pexxuma norpedaeHus

HaumenoBanue pexxuma norpediieHus

R_CXEMA

UYepTeKHBII HOMEDP CXEMBI

Ha3ssanue aBToMOOMIISA

R_IZDEL

[To3unmonHoe 0003HauYeHUE U3/ENNs B IPOEKTE

Tun n3aenus

HaunmenoBanue uzaenus

Hanpsxkenne Touku perynuposanusi, B

HomunanwHBIN TOK, A

R_WIRES

2
CeueHue, MM

Temnepatypa, 'C

IIBer
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4.3. [IporpammHoe oOecnieyeHmne

[Iporpammuoe obecneuenue (I10) TIIIIT Bkmrouaer obmecuctemuoe I10: onepa-
mmonnyto cuctemy Windows XP /Vista /7, CYBJ] Microsoft Access, ciucteMy KOJICKTHB-
HOro ToJjb3oBanus Teamcenter, cucremusie CAIIP rpy3oBoro aBromoOuis E3.Series u
Siemens NX, crermansaoe 10 B Bune IIIIT

TpeboBanms k coctaBy ammapaTHbiX cpeacts IIIIIT: mpomeccop — Pentium Il ot
500 MI'n; onepatuBHas nmamMath — oT 512 M6; cB0OOIHAsI €MKOCTh JKECTKOI'O JIMCKa —
okosio 1 I'0 g xpaHeHusa 0a3 JaHHBIX, POTPAMM, PE3YyJIbTAaTOB PAaCUYETOB, JOKYMEHTa-
117078

[Tporpammuoe obecrnieuenue [T peanuzoBaHo B cpelie cUCTEMBI yIpaBiieHUs Oa-
3amu naHHbIX (CYB/1) Microsoft Access 2003 1 COCTOUT U3 ClIeAYIOMUX (ailioB:

—analyzCar_cxema.MDB, o0ciyxuBaroias mporpaMmma;

—prj_EECAD_car.MDB, 6a3a npoekTHbIX IaHHBIX (pa3MmelicHue (aina - mpous-
BOJIBHOE);

—std_EECAD_car.MDB, 6a3a HOpMaTHBHO-CIIPaBOYHBIX JaHHBIX (pa3MEICHHE
(aiina - Mpou3BOJILHOE);

— analyz.INI, koHpurypanroHHbIi Gailsn (T0KeH pa3MeIIaThCs B 0JJHOM KaTajaore
¢ 00cITy KUBarOIIEH MPOrpaMMoit).

VYcraHoBKa MakeTa MporpamMM 3akKJIF04aeTcsl B KOIMMUPOBAHUU MEPBBIX TpeX (aityioB
B 3amanHbie Katanoru. ®aiin analyz.INI cosmaercst ob6cnmyxuBarorieli mporpammoii. Bos-
MOKHO pa3MmenieHre 0a3 JaHHBIX Ha CEpPBEPE C JIOCTYNOM 4Yepes3 JIOKalbHYIo ceTh. Ecnu ¢
MporpamMMoi pabOTarOT HECKOJIBKO TMOJh30BaTeliel, TO Ha CEpBEpe >KEIaTeIhbHO pa3Me-
aTh TOJIBKO 0a3y HOPMATUBHO-CIIPABOYHBIX JTAHHBIX.

Kondurypanuonnsiii daiin «analyz.INI» umeer cienyroimryo cTpyKTypy:

—  KaTaJIoT pe3y/bTaT [KaTajor xpaHeHus (aiiioB pe3yIbTaToB pacyeToB];

—  KaTaJIOT BPEMEHHBIN [KaTaJlor XpaHEeHUs] BPEMEHHBIX JaHHBIX |;

—  karainor I[TPOEKT [kaTayior pa3meriieHus 60a3bl MPOCKTHBIX JaHHBIX];

— karamor CIIPABOYHUK [katamor pa3melineHds ©0a3bl HOPMATHBHO-

CHPaBOYHBIX JTAHHBIX];
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—  xaranor E3 [karanor ¢aiinoB nmmopra u3 cucrems! E°].
o ycranoBku [T HeoO6X0MMMO MPOBEPUTH HAJMYUKE CIEAYIOMIHUX JOMYCTUMBIX

CCBLJIOK.
— Visual Basic for Application;
— OLE Automation (...\system32\stdole2.tlb);
— Microsoft DAO 3.6 Object Library;
— Microsoft ActiveX Data Objects 2.1 Object Library;
— Microsoft Form2.0 Object Library (...\system32\FMZ20.dll);
— Microsoft Windows Common Controls 6.0 (..\system32\MSCOMCTL.OCX).
— Microsoft Access 12.0 Object Library;
— Microsoft Office 12.0 Object Library;
— Microsoft Word 12.0 Object Library;
— Microsoft Graph 12.0 Object Library.
B cocraB makeTa BXOASAT Cieayrone Moy (taou. 4.4).

Ha puc. 4.8 npuBenena odmas crpykrypa ITIII1.
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Tadomnura 4.4

Ha3Banue MmoayJist

KpaTKOQ OINHUCaHHuE

_descript Monysb onvicaHui (MMsi, OIICAHUE TIEPEMEHHBIX )
accessBD bubnmorteka ¢pyHkumii focTyna K 6a3e MPOEKTHBIX JaHHBIX
bubmmoreka KIIMH JToCTyIa K 0a3e HOpMaTHBHO-CIIPABOYHBIX
accessSBD ymiumii nocty p P
JTAHHBIX
bubnmoreka cimy)eOHbIX KIUH aHaIN3a JIEKTPUUIECKOM CXEMBI
analyz_pgms M ymx P
- (dactp 1)
bubnmoreka ciry)xeOHbIX KI[UH aHaIN3a JIEKTPUUECKOM CXEMBI
analyz_proc y ymxn P
- (dactp 2)
basQuckSort CopTHpoBKa 00BEKTOB

calculate AZ

Br16op anmapatoB 3a1uTsl

calculate BAL

Pacuer Gasanca 351eKTpO3HEpPTUn

calculate KZ

Pacuer PEKHMa KOPOTKOI'O 3aMbIKaHHWA Ha U3ACIINH

calculate_NR

Pacuer HopmanbHOTO pexrMa paboThI TEKYILEH CXEMbl aBTOMOOU-
s

Cross_section

Ontumuzanus CeUeHUH TPOBOJOB

math_Library

bubnnoreka MatemaTnueckux QyHKIUI

My Library bubaroTeka cTanaapTHBIX QyHKIHUH

nodes_pgms bubnuoreka co3gaHust CIUCKA y3J10B AJIEKTPUUYECKON CXEMBbI
study procs WccnenoBatenbckue GpyHkuuu

[TpoBoxa.vbs

Uz nenus.vbs

@aiinel nepegauu AaHHbIX Mexay cucteMuor b/l u B/I TITIIT

Word_AZ_Library

bubnnoTteka BBIrpy3KH pe3ysbTaTOB aHAIN3a 3aIIUIIIAEMOCTH MPO-
BOJIOB/TIOTpeOHTENeH anmaparamu 3amuThl B MS Word

Word_BAL_Library

bubnmroTeka BRITpY3KH pe3ysbTaToOB pacdera OajaHca 3J1eKTpo-
sneprun B MS Word

Word_KZ_Library

EI/I6J‘II/IOTeKa BBIpr3KI/I pGSyHBTaTOB pacqua KOpOTKI/IX BaMLIKaHI/Iﬁ
B MS Word

Word_Library

bubnunoreka GyHkiwmii coznanus gokymentos B MS Word

Word_List_Library

bubnuoTeka BRITPY3KH CIIUCKA MPOBOAOB/U3IEIHI/TIOTpeOuTENeH B
MS Word

Word_NR_Library

bubnnoreka BITpY3KH pe3yIbTaTOB pacueTa HOPMaJIbHOTO peKuMa
B MS Word
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ITakeT npUKIagHBIX IPOrpPaMM

Br16op anmapa-
TOB 3aIUTHI
calculate AZ

Cxpurrsl 1e-

peladu TaHHbIX
ITpoBosa.vbs

N3 nenusa.vbs

Cross_section

OntumMusanus AHanu3 pexxruMoB
CE4YECHUH IIPOBO- paboThI
JIOB

study_procs

Pacyer Gasnau-
ca DD
calculate BAL

dopmuposa- Pamxupo- Pacuert ToKO- Onpenene- Pacuer nmage- BriBoa utorosoit
HHUE pacyer- BaHMC pacnpenene- HHE€ MUHH- HUW Hampsi- uH(popManun
HOW CXEMBI nodes_pg Hus u K3 MaJIbHBIX KEHHUU Word_AZ_Library
accessBD ms calculate_NR CeUCHUH analyz_pgms Word_BAL_Library
accessSBD calculate KZ analyz_pgms analyz_proc Word_NR_Library
analyz_proc math_Library Word_KZ_Library
math_Library Word_List_Library

Puc.

4.8

CAIIP 20
E3.Series
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4.4. BHenpeHue pe3yJbTaToB pa3padoTKH B NPOMBIIIJIEHHOCTH

Coznmanue IIIIT npoBoaMIOCE B paMKax KOMILUIEKCHOTO npoekTa «llepcnekTuBHbIe
AKOJIOTMYHbIC KOJIECHBIC TPAHCIIOPTHBIE CPEJICTBA C BHICOKUMHU MOTPEOUTEIHCKUMU CBO M-
CTBAMM M HHM3KMM YpPOBHEM DJKCIUTyaTallMOHHBIX 3aTpaT» IpPU Y4YaCTHM HAy4YHO-
texuudeckoro nentpa (HTL) OAO «KAMA3», munuctepcTBa 0oOpa3oBaHus U Hayku PO,
OI'bOY BIIO «Ka3zaHckuii HalIMOHAJIBHBIA UCCIIEIOBATEIILCKAN TEXHUUECKUN YHUBEPCH-
tet uM. A.H. Tynonesa-KAIN»

[TepBas Bepcus I1I1I1 BHeApEeHA B KOHCTPYKTOPCKOM OT/IEIIE AIEKTPOOOOPYAOBaHUS
HTL OAO «<KAMA3» nipu pa3paOoTke HOBBIX aBTOMOOWIJIEH, MOAU(PUKALUNA U TOpabOT-
Kax CYIIECTBYIOUIUX MOJIENeH rpy30BbiXx apromoouiieit KAMAS.

BHenpeHue B MPOMBIIUICHHYIO SKCIUTYaTalUIO MO3BOJIMIO 3HAYUTEIBHO COKPATUTh
BpEMs PACUETOB U TPYAOEMKOCTh MPU MPOCKTUPOBAHUU CHCTEMBI PACIPEIECICHUS DJIEK-
TPUYECKOW PHEPIUH, YBEIUYUTH HAJIEKHOCTh PACUETOB M3-32 YCTPAHECHHS] MEXaHUYECKUX
OIMMOOK HEaBTOMATU3UPOBAHHOTO MPOCKTUPOBAHUS, ONEPATUBHO BHOCUTH M3MEHEHUS B
JIOKYMEHTBI, OCBOOOJIUTh MHKEHEPOB OT pyTHHHON paboThl. Kpome ToOro, ncnons3oBaHue
pacyeTHON U MPOEKTHOW MHGPOPMAIIUU KaK BXOJHBIX JAHHBIX JJISI IPOrpaMM IO MOoiyYe-
HUIO TPOM3BOACTBEHHOW JOKYMEHTAIlMM Ha W3TOTOBJICHHE M KOHTPOJIb KOMIIOHEHTOB
AIIEKTPOOOOPYI0BaHMSI TPY30BOTO aBTOMOOUJISI TAKXKE CIIOCOOCTBYET YCKOPEHHUIO OCBOCHUS
W3JIeIMsI IPOMBIIUICHHBIM MPOU3BOJCTBOM. TakuM 00pa3oM, TOCTUTAETCsl ONpeeIeHHbIN
HYKOHOMUYECKHM, TEXHUIECKUN U COITMATBHBIN (D (DEKT.

Onenka 3(p¢heKTUBHOCTH pa3pabOTaHHBIX METOAMK TOMOJOTUYECKOTO U MapameT-
PUYECKOTO M CHHTE3a CUCTEMBbI pacipeeieHus MEKTPUUECKOM IHEPTruu 3aBUCUT OT OC-
HOBHBIX [MTAPAMETPOB MOCTABICHHON 3a/1a4u, U ONPEEIACTCS TOUHOCTHIO PEIICHUS U Bpe-
MeHeM ero nosnydeHus. OqHako MPOBEIECHUE TAKOTO aHAIM3a B OOLIEM BUJE MPAKTUUYECKU
HeBO3MOXXHO [21]. Ilpu paccmoTpeHun 3TUX pPE3yNbTaTOB CIEAYeT YYUTHhIBATh, YTO Ma-
IIMHHOE BPEMsI B 3HAUMUTEIBHON Mepe 3aBUCHUT OT XapakTepucTHK OBM u TmarenbHOCTH
IPOrpaMMHPOBAHMUS.

PazpaboTanHbie anrOpUTMBI UCCIEAOBAIUCH HA Psfe MOAUGUIIUPOBAHHBIX DIICK-

TPUYECKUX CXEM I'PY30BbIX aBTOMOOMJIEH MPHU pa3Iu4HbIX OrpaHUYEHUsIX. B npunoxeHuu
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5,6 mpuBeneHBI CXeMa U PE3yNbTaThl CHHTE3a CHUCTEMBl paclpeieNieHUs] 3EKTPHUUECKOM
sHepruu rpy3oBoro apromoomist KAMA3S ¢ ucnonb3oBanuem neppoit Bepcuu I B Ha-
yuHO-TexHn4YecKoM LeHTpe OAO «KAMA3».

Bpewms pa6otsr IIIII ¢ popMupoBaHreM BBIXOAHON JOKYMEHTAIIMH:

e Bpems pacuera 15,15 cek;
® BpeMs CO3/1aHuE BBIXOAHOM AokymeHTanuu 200,28 cek.

[To pacueram IIIIII BBISIBIEHBI ClEAyIONIUE HETOCTATKHU (OUIMOKM) U pPEKOMEH 1a-
U TIPU NPOEKTUPOBAHUM CUCTEMbI PACIIPEACICHUS ANEKTPUUECKON IHEPTHUM:

1. AmnmapaTsl 3alllUTHI, Ye€pe3 KOTOPbIE MPOTEKAET TOK, MPEBHIIIAIONIUNA HOMU-
HaJIbHBIN (Tad. I17);

2. TlpoBojaa, B KOTOPBIX TOK MPEBBICHII JOIYCTUMOE 3HaueHue (tadi. [18);

3. CenexkTUBHOCTh cpabaThIBaHMS amNMnapaToB 3alIUTHI MPU KOPOTKOM 3aMBbIKa-
Huu (Tadm. 1111);

4. Bp16op rereparopa mo pexxumam padotsl (Tada. I113);

5. YacoBoii 3apsaa/pa3psa akkyMyIsITopHO# OaTapeu (tad. I116);

6. Cyrounslii 6ananc anekrposnepruu (tadm. I117);

AHanu3 pe3ynbratoB BHenpeHnus nepBoi Bepcuu [I1IT moka3eiBaeT, yTo cokpartie-
HUE CPOKOB MPOECKTUPOBAHUS CUCTEMbI PACTIPEICICHUS SJIEKTPUUECKON SHEPTUU MPU MO-
TUUKAIUSAX AICKTPUUYECKUX CXEM OTACNIBbHBIX CHUCTEM OJHOTO T'PY30BOTO aBTOMOOWIIS
cocTaBisieT nopsiaka 5.5 yacoB. Takke B NPUIOKEHUM INPUBEIACHBI aKThl O BHEIPECHUU
[IIII1. DxoHoMuueckuii 3¢ deKT 00ycaaBIMBAETC COKPALIEHUEM CPOKOB IPOECKTUPOBAHMUS
Ha 8-12%.

OnnoBpeMeHHO ¢ ucnoib3oBanureM 1111 B mpoMbIIIIEHHOCTH BBINOJIHEHBI Pabo-
THI TI0 BHEJIPEHHUIO €r0 B YUeOHBIN mpoliecc Ha kKadeape «nekrpoodopynoBanus» OI'BOY
BIIO «Ka3zaHckuii HalMOHAJIbHBIA HMCCIENOBATEIIbCKUNA TEXHUYECKUN YHHBEPCUTET HM.
A.H. Tynonesa — KAW» B JIGKIIMOHHBIX KypcaX, MPU BBIMOIHEHUU KYPCOBBIX U JIUILIOM-
HBIX pabOT CTYICHTaMH W MarucTpaHTaMHU.

OuepenHoil 3Tan CO3laHUs CHELUATM3UPOBAHHBIX MOIYJEH KOMIIOHOBKM U pas3-
MEIIEHUS! KOHCTPYKTHUBHBIX Y3JI0B, Pa3BOAKH 3JEKTPUYECKUX Liernei, GopMupoBaHus u

TPaCCUPOBKH JKI'YTOB CBsA3aH C HGO6XOI[I/IMOCTBIO CoriraCoBaHusA TCMIIOB BHCIPCHUA
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CPEIICTB aBTOMaTU3UPOBAHHOTO MPOSKTUPOBAHUS ¢ AUHAMUKOU pasButws [10 u punancu-
POBaHUEM Ha MPEANPUSITHH.

[Tpu coznanuu IIIII1 aBTOpOM BBINMONHSUIUCH OCHOBHBIE pabOTHI MO MareMaruye-
CKOMY, MH(POPMAIIMOHHOMY OOecreueHuto, paspadborke odmieit crpykrypsl [T Mmxke-
HEpHOE U UH(POPMAIMOHHOE O00ecledeHre, MPOrpaMMUPOBAHNE, OTIIaJIKa U TECTUPOBAHUE
nporpaMm ocymiectBisuioch npu ydactuu B.C. Tepemyka, A.B. ®@epenna, A.A. Los,
A.M. Horapuyca, A.T. l'opoanosa, H.III. Ilakup3astHoBoii, I.C. Xalipymnoii, E.}O. IIpo-
cBupsikoBa, [[.A. bynamiosa.

Bonpiyto momois B pa3paboTtke opranuzanmonHoro ooecrnedenus III1I1, mocra-
HOBKE MHXEHEPHBIX 3a7au MpU MPOEKTUPOBAHUM TPYy30BOTO aBTOMOOWIIS, BHEPEHUU Pe-
3ynpTaToB pazpadotku okazanu corpynHuku HTI[ OAO «kKAMA3» - M.3. Canpikos, U.P.
3aiinues, [[.A. boponun, A.C. KynpsBues u Jip.
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BriBoabI

1. Pazpaborana nepsas Bepcust [1I1IT CAIIP cuctemsl pactipesesieHust dIeKTpuye-
CKOM AHEPruu rpy30BOro aBTOMOOWIS, BKItoueHHas B coctaB CAIIP rpysoBoro aBromo-
ons.

2. IlpousBeneno mnoctpoenue uHbpopmaimonHoro odecnedenus IIIII1 na Oaze
CYBJ MS Access. Pazpaborana jorudeckast ctpykrypa bJ] mpoekTHol n HOpMaTHBHO-
cpaBouHoi uHpopmanuu. [IpuBeneHsl OCHOBHBIE XapakTepucTUKU bJl 1 ncrnonbp3yembix
B HUX (paiiyioB.

3. HUccnenosana apxutektypa IIIIII mpoexkTupoBaHHs CHCTEMBI pacCIpeICIICHUS
AIEKTPUUECKOM IHEPTUH, HH(POPMAIMOHHBIE CBS3H MEXKIY CIECIMAIM3UPOBAHHBIMU MOJTY-
samu [T

4. Buenpenwue [1I1I1 B mpaktuky padotsl Kb aBTOMOOUMIECTpOEHNS TO3BOJIUAIIO TIO-
JYyYUTh COIMAIBHBINA, TEXHUYECKUN U IKOHOMHUECKuH 3 dekt. COKpaThics CpoK MpoeK-
TrpoBaHus Ha §8-12% 1 yMEHBITUIUCH OMMUOKY TIPU MPOSKTUPOBAHUHU CUCTEMBI pacripeie-

JICHUS AJEKTPUUECKOM SHEPTUH TPY30BOT0 aBTOMOOMIIS.
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3akJaouyeHue

1. Pa3zpabortannas MOJIETTh sTana MPOCKTUPOBAHUS KOMILJIEKCa
AIIEKTPOOOOPYIOBaHUS TPy30BOTO aBromMoOuisi Ha ocHoBe CALS-TexHonoruii B BHUC
JIOTUYECKOM CXeMBbl CUCTEMbI PACTIPECIICHHS] ANEKTPUUECKON SHEPTUHU YUUTHIBACT CTATUU
KU3HEHHOTO IMKJIAa 3JIEKTPo0OOpynoBaHUs (TIPOU3BOACTBO, SKCILTyaTalys) TPy30BOTO
aBTOMOOMIISL.

2. Paspaborannass ~ MeToAMKA  TOMOJOTHYECKOTO CHUHTE3a  CHCTEMBbI
pacmpeniesieHus] JJIEKTPUYECKOM SHEPruM, BKIIIOYAIONIAsi KOMIIOHOBKY U pa3MEIICHHE
KOHCTPYKTHUBHBIX  Y3JIOB 3JIEKTPOOOOPYIOBaHMS, PA3BOAKY OJIIEKTPUYECKUX IICTICH,
dbopMupoBaHUE U TPACCHPOBKY KT'YTOB T'Py30BOTO aBTOMOOWJISI MO3BOJIET OMPEICIUTH
ONTUMAJIBHOE KOJIMYECTBO IEKTPOKOHCTPYKIIHM, ONTUMAIIBHYIO PA3BOAKY DJEKTPUUECKUX
IeTeH, PemnTh 3a1a9y (POPMHUPOBAHUS U TPACCUPOBKH KTYTOB MEKOJIOTHOTO MOHTaXKA.

3. Pa3paGoranHass ~ MeTOAMKa  TMApaMeTPUUECKOTO  CHUHTE3a  CHUCTEMBI
pacrpeneneHusi ANEeKTPUYECKOW SHEPruu, BKIIOYAIOMIas ONTHMHU3ALUI0 CEUCHUH
MIPOBOIOB, BHIOOP ammaparoB 3allUThl, pacuyeT OaiaHca JIEKTPUYCCKON IHEPTUH, aHAU3
PEKUMOB pabOTBl CUCTEMBI JJIEKTPOCHAOKEHHUS TPY30BOTO aBTOMOOWIIS TIO3BOJISIET
OTIPEICIUTh MPABUILHOCTh BhIOOpA CEUEHUN TMPOBOMOB, alMaparoB 3alUThl, MOIIHOCTH
reHeparopa M aKKyMyJIATOPHOH Oaraper ¢ y4eTOM pa3IUYHbIX PEeKUMOB paOOThI CUCTEMBI
pacrnpeeseHus AIEKTPUUYECKON YHEPTUHU TPY30BOTO aBTOMOOMIISL.

4. Pa3paboTansl pexkoMeHAAlMd CHUCTEMHOTO HCIIOIb30BaHUS TPEAJIOKEHHBIX
METOJIMK TMPU MPOCKTUPOBAHUH KOMIUIEKCA AIIEKTPOOOOPYIOBAaHUS B KOHCTPYKTOPCKOM
O0I0p0 aBTOMOOWJIECTPOEHHS, KOTOpbIE TO3BOJISIIOT OCYHIECTBUTh B3aWMOJICHCTBUE
CYIIECTBYIONIUX CHUCTEM aBTOMATH3MPOBAHHOTO TIPOCKTHPOBAHUS, KOHCTPYKTOPOB U
pa3pabOTaHHBIX CTICIIMATM3UPOBAHHBIX TPOTPAMM.

S. [Ipombinuiennas  okcrutyaranusa — [IIII,  peanmusyromiero  pe3ynbrarsl
JUCCEPTAIMOHHON palOThI, TIO3BOJIMJIA COKPATUTh CPOK MpOeKTHpoBaHUs Ha 8-12% wu
YMEHBIITUTh OIMMOKM TIPU TMPOCKTUPOBAHUH CHUCTEMBI PACIPEACICHHUS SJIEKTPUICCKOMN

SHEPTUU TPY30BOTO aBTOMOOMIIS.
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IIpunoxenue 1

Pa3MemeHne IJIEMEHTOB H KOHCTPYKTUBHLIX Y3J/I10B 3JIeKTp0060py)10BaHI/Iﬂ Irpy3oBoro

ABTOMOOWJIA

L L D, -
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Puc. 111

%

Ha puc. IIl mpexacraBieHa NpUHIMNHAIbHAS JJICKTPUYECKAs CXEMa CHCTEMBI
ocBellleHUs 3aaHuXx (oHapeil rpyzoBoro aBromoOwis. B Tabn. I11 mpuBengeH cmucox
AIIEMEHTOB M KOHCTPYKTHUBHBIX Y37I0B. B Tabn. I12 comepxkarcs naHHble O CBS3AX U
MPOBOJIaX MEXKIY dIIEMEHTAaMH, KOHCTPYKTHBHBIMU y3JIaMHU AJIEKTPOOOOPYIOBAHHSL.

Ha puc. [12 npeacrasnena cxema pa3MeleHUs] 3JIEMEHTOB AJIEKTPOOOOPYIOBaHUS
0e3 KOMIIOHOBKM KOHCTPYKTHUBHBIX Y3710B. HeoOXoammo OObEeIMHHUTH 3JIEMEHTHI (perne
CUCTEMBI OCBELICHMs) B KOHCTPYKTUBHBIA y3en K1, u pa3mMecTuTh UX UCXOAS U3 HOBBIX

YCIIOBUH.
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Ta6nua I11

IHo3uunonHoe
HaumeHoBaHue
0003HaYeHHUe
E20 DoHaphb 3aAHUN TpaBbIi
E7 ®donHapb 3aHUH JICBBIN
E34 DoHaph OCBEIIECHNS] HOMEPHOT'O 3HAKA JIEBBII
E35 @DoHapb OCBELIEHUS] HOMEPHOI'O 3HAKa IPaBbIi
F1 brok mpenoxpanurenei
F1.1 IIpenoxpaHurens yka3zarenei HoBopoTa
F2.2 [IpenoxpanuTens 3aIHETO MPOTUBOTYMAHHOTO (oHaps
F2.8 [Ipenoxpanurenb rabapuTHBIX OTHEH JIEBBIX
F2.9 [Tpenoxpanurens rabapuTHBIX OTHEH MpaBbIX U (OHAPEl OCBEUICHNS] HOMEPHOTO 3HaKa
F2.11 [IpenoxpanuTens rabapuTHBIX OTHEH U (hOHApEl OCBENICHNsI HOMEPHOTO 3HaKa
F3.4 [Tpenoxpanurtens GoHApEH 3aTHETO Xoaa
F3.10 [IpenoxpaHuTenb CUTHAIOB TOPMOXKCHHS
F5.3 [Ipenoxpanurtens reHeparopa
Gl I'eneparop
K1 brok pene cuctemMbl OCBEIICHHS 3aTHUX (POHApEH
K3 Pene npepriBarens ykaszaresneil moBopoTa
K5 Pene curaaioB TopMOXKCHHS
K14 Pene 3ajHero npotTuBoTYyMaHHOTO (hoHAPS
K26 Pene rabapuTHBIX OTHEH
K27 Pene dhonapeit 3aqnero xona
Tabnuna [12
bupka nposona OTtkyna Kyna Mapxka npoBoaa Ceuenne S, Mm’
1K Gl F1 (F5.3) I1BA 4,0
SE K26 (K1) F1 (F2.8) ITBA 2,5
S5A F1(F2.11) K26 (K1) I1BA 2,5
25T F1(F1.1) K3 (K1) ITBA 2,5
27K F1 (F3.10) K5 (K1) ITBA 2,5
23K F1 (F3.4) K27 (K1) I1BA 2,5
25K F1(F2.2) K14 (K1) ITBA 2,5
63K K14 (K1) E7 I1BA 1,0
63M K14 (K1) E20 ITBA 1,0
531 K27 (K1) E7 I1BA 1,0
531 K27 (K1) E20 I1BA 1,0
570 K5 (K1) E7 ITBA 1,0
57E K5 (K1) E20 I1BA 1,0
41K K3 (K1) E7 ITBA 1,0
42K K3 (K1) E20 I1BA 1,0
S52E F1 (F2.8) E7 ITBA 1,0
61K F1 (F2.8) E34 I1BA 1,0
613 F1 (F2.8) E35 I1BA 1,0
581 F1 (F2.9) E20 [1BA 1,0
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_brok npedoxparumeney
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briok npedoxpanumeney
. brok pene cucmems ocbeuequs

Ipacca npoboda
[ eHepamap ” V

AKKYMUASMOpHAE 0amapes

Ipacca npoboda

Porape 3a00HUL Aabsi

Ipacca npoboda

PoHaps 3a0HUY AeBbi
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Ha puc. II3 mpencraBiena cxema pa3MelIeHUS] 3JIEMEHTOB M KOHCTPYKTHBHBIX
Y3JI0B AJIEKTPOOOOPYIOBAHUS TPY30BOTO aBTOMOOUJISI C UCIIOJIb30BAHUEM pa3pabOTaHHOIO
anroputMma. llepeq HauanoM pa3MeICHHsS DJIEMEHTOB WM KOHCTPYKTHBHBIX Y3JIOB
AIIEKTPOOOOPYIOBaHMS OMNPEICNIIEM YCTAaHOBKY TII€PBOTO 3JeMEHTa. Takoil »lIeMEeHT
JOJDKEH CIY)XHTh IIEHTPOM, BOKPYT KOTOPOTO TPYNIHPYIOTCS OCTAIbHBIC 3JICMEHTHI.
OOBIYHO ATO JEMEHT ¢ HAUOOJIBIIUM YHCIIOM CBs3el (Fi==max I; ).

CtporM MaTpHIly CMEXHOCTH R :Hr. KOTOpasi YYNUTHIBAET KOJIMYECTBO CBA3EH

1 ann ’

MEXTy 3JICMCHTAMH U TTapaMeTPhI THX CBA3CH (CEUCHHE TIPOBOJIOB).
Gl F1 K1 E7 E20 E34 E35 Ci

GL 0 4 0 0 0 0 0 4
F1 4 0 19 1 1 1 1 27
KI 0 19 0 4 4 0 0 27
"“E7 001 4 0 0 0 o0 s
E20 0 1 4 0 0 0 0 5
E34 0 1 0 0 0 0 0 1
E35 0 1 0 0 0 0 0 1

BriOupaem B kadecTBe mepBoro sjemMeHta F1, Tak kak OH uMeer OoJbliee
KOJIMYECTBO CBsI3el C OOJBIIMM 4yuCiIOM 3eMeHTOB (C,. =27). Pazmemniaem F1 ¢ yyetom
Pa3JIMUHBIX OrpaHuYeHu u TpedoBanuii. KoopauHatel ycTaHOBKH (MM):

X, =384;Y., =908;Z,, =653
Jlamee BbIOMpaeM IO MaTpHIle CMEXHOCTH BTopod osmement K1 (C.=27).

Bri6upaem mosuruio s pazmenieHus K1 ¢ ydeTtoM Kputepuss MUHUMYMa CyMMapHOM
JUTMHBI, Pa3JIMYHbIX O'PAaHUYEHUN U TPeOOBAaHUI K YCTAHOBKE (MM):
X =332Y,, =463,Z,, =740
Haxonum paccrosiaue mexay anementamu K1 u F1 (Mm):
F., ., =584
AHaJIOTUYHO HaXOAWM pa3MelleHue octanbHbIX aemenToB G1, E7, E20, E34, E35
(MM):
Xg, =1346;Y,, =425, 7, =1243;
X, =7316;Y,, =148,Z_, =1901;
Xy =7316;Y, ,, =148,Z,, =594 ;
X gy = 7316;Y,,, =53,Z.,, =1220;
X g = 7316, Y,y =53, Z, =1200.
[To pe3ynbraram pemieHus 3aa4y pa3MELICHMs JUIMHA CBA3EH MEXAY dJIEMEHTaMU
yMEHbIIUIACh Ha 348MM.
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Ipuaoxenue 2

Pa3Boaka 3j1eKTpUYeCcKHUX Hemneii Mek0J109HOr0 MOHTAXKA
Ha puc. 114 npencrabieH npuMep pa3BOJKH AJNEKTPUUECKON IEMH MEKOJIOUHOTO

MOHTAa>Xxa.

Puc. 114

Ilycts a=1 - 11 OPTOrOHAIIBHOU CETKHU;

U, =1; g, =1 - 1151 BCEX DIEKTPUUYECKUX COCIUHEHHU;

KoopauHatel BEIBOIOB AIEKTPUYECKON LIETIN:
P.(742)
P,(3,8;3)
P;(5:4:5)
P (2,49
Ps(18;4)

OmnpezensieM BeC BCEX BOBMOKHBIX JIEKTPUUECKUX COCTUHEHUM:

9, =9 920 =
i3 =9 Oy =
9y, =8 O3 =
05 =12 O35 =
U =8 945 =

CocraBisieM MaTpuily BECOB COEAUHEHUN G :
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pb 0 9 5 8 12
o P 0 8 7 3
D, 8 0 3 9
p, 8 7 3 0 6
p, 12 3 9 6 0

OnpenensieM MUHUMAIbHBIA 3JIEMEHT MAaTPULBl G © ¢, =3 COSAUHSIOUIUI BBIBOIBI
Py, Ps U gy =3 COCIMHSIOIINMI BBIBOIBI P,, Ps.
Bri6upaem BBIBOABI p,, p; KaK HAUMEHBIINE 10 HOMEDY.

Crpoum (parmeHT nepeBa p,, p; U BCEM TOUKaM (pparMeHTa MpUCBAMBAEM HOMEP

2 (puc. I15).

Puc. II5

OHpe)ICJISIeM BC€C OCTAaBIINXCA JJICKTPHUICCKUX COGHHHGHHﬁI

O =
013 =
O =
923 =
02 =
O3 =

Crpoum Matpuny G :
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o
=
=)
[\)
o
w
©
~

pb 0 9 5 8
G=p, 9 0 8 6
p, 5 8 0 3
p, 8 6 3 0

OnpenensieM MUHUMAJIbHBIA 3JIEMEHT MaTpPULbl G © ¢, =3 COSAMHSIOUIMI BBIBOJIBI

p31 p4 )
CtpouM ¢parmeHT nepesa p,, p, U BCeM TOUKaM (pparMeHTa mpHucBavBaeM HOMEp
3 (puc. 116).
4
£
R4
Puc. 116
OmnpezensieM BeC EKTPUIECKUX COCTUHECHUM:
9, =9
O3 =
O =
Crpoum marpuny G :
Pp P2 B
G- pb 0 9 5
p, 9 0 6
p, 5 6 0
OmnpenensieM MUHUMAJIbHBIA 3JIEMEHT MAaTpULbl G : ¢,, =5 COCIUHSIONIUNA BBIBObI
p1 ) p3 :
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CtpouM ¢parmeHT nepesa p,, p, 1 BceM ToukaMm (parmeHTa nprucBanBaeM Homep 1

(puc. I17).

\ag

/-

/.

Puc. I17

OHpCI[CJUIGM MHUHHMAaJIbHBIA BEC QJICKTPUICCKOTO COCAUHCHUSA (,, =6 " CTpOUM

dbparment nepesa p,, p, (puc. [18). Anroputm 3aBepiiieH.

e

b ><
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Ipuaoxenue 3

(I)opanOBaHne KI'yTOB MesK0JI09HOT0 MOHTAaXKA

] 2 3(5) 4(m)
" | | | |
| | | |
| | | |
| | | |
FESR N/ ST A8 S S8 N PR/ ¢
i i i |
| | | |
| | | |
A | | | |5 _ &
| P 2% | | Y
- ) == f‘l(f:)=13 | 1]:](34):22 | |
| fG)=5 p -z | | fwﬂz
| | __i 7@ | F[m)
| | 5 - F - |
! ! ’Fi(f.l} =’F|i(m] 35 ! }r}] i Z{-i-:I ’
| P, F,)=5] P 1&2["’5]_“ | |
a - |
| p, BEU)=13 | p, F,()=4 | 2 iz
= | - l | F,(m)=27
| )F](j]]:.S | |Fz(f5):22 | |
| min[F (1) + 00, F0)+ Fa))=16 | FEm=Fd)=4 Fuwae
i ! | "i“ -_i F,(m) =20

| |
Puc. 119

O0o3HaueHN: ifp (1) - 3HaUeHwHe 1eseBOM (DYHKIMH p-TO OTBETBJICHUS, NMEIOIIEE
HAUMEHBIIIEE 3HAYCHUE B MO3ULUH | ;

—> <«— -30Ha Z(%).

Bri6epem onTUManbHbIi BapHaHT:

F, (m) = min[F, (m), F, (m), F, (m)]

BrimotHrM 00paTHBIN X0/ aIropuT™Ma:

1. TpeTbe OTBETBIICHHE pacIoiaraeTcsl B Y4eTBEPTOM 30HE B MO3UIUU | ;

2. Bropoe OTBETBIEHUE HAXOAUTCS B TPETHhEU 30HE B MO3UIUH | ;

3. [lepBoe OTBETBIIEHHE HAXOAUTCSI BO BTOPOM 30HE B MO3ZUIIMH |, .
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CocTaB COETMHUTENBHBIX YCTPOUCTB B OTBETBIICHUSX:

1 orBerBNEeHUE @, —q,;
2 OTBETBJIEHUE (; —(;
3 OTBETBJIEHUE (, — ;.

O0BbeM MPOBOAHUKOBOTO MaTepHalia OTBETBICHUH KIyTa:

3
FW:Z;FP:35+27+20:82
=
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IIpunoxenne 4
TpaccupoBka KryToB Me:KOJI0YHOT0 MOHTAKA

Ha puc. [110 u Ta6un. I13 npeacraBieH npuMep UCHOIb30BaHUS alrOpUTMa MOUCKa

MyTH:
fio= i ik }
{ —EE: £ } : 7_ 7%
ST e : Eié
ol Ty S nY b Al 5 s
- e
= g zams e TR S LT (£ etk
i { ' | | E
i ﬁ@ i i
Puc. I110
Ta6m. I13
Cnucok siueex Ne siqelikn f g h
S=4911 81 0 81
50,11 81 1 80
50,12 81 2 79
50,13 81 3 78
51,13 81 4 77
52,13 81 5) 76
53,13 81 6 75
54,13 81 7 74
55,13 81 8 73
56,13 81 9 72
57,13 81 10 71
58,13 81 11 70
3aKpBITHIH 59,13 81 12 69
crucok V 60,13 81 13 68
61,13 81 14 67
62,13 81 15 66
63,13 81 16 65
118,13 81 71 10
119,13 81 72 9
120,13 81 73 8
121,13 81 74 7
122,13 81 75 6
123,13 81 76 5
124,13 81 77 4
124,14 81 78 3
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CnuCcoK siueeK Ne sgyeiikm f g h
124,15 81 79 2
124,16 81 80 1

T=124,17 81 81 0
S=149,11 81 0 81
48,11 83 1 82
49,10 83 1 82
49,12 81 1 80
50,11 81 1 80
50,12 81 2 79
50,13 81 3 78
49,13 83 4 79
50,14 81 4 77
51,13 81 4 77
51,14 81 5 76
52,13 81 5 76
53,13 81 6 75
54,13 81 7 74
55,13 81 8 73
56,13 81 9 72
57,13 81 10 71
58,13 81 11 70
59,13 81 12 69
Crucok 60,13 81 13 68

00CIIeTOBAHHBIX 61,13 81 14 67

62,13 81 15 66

sggeexk U, V 63,13 81 16 &t
118,13 81 71 10
119,13 81 72 9
119,14 81 73 8
120,13 81 73 8
120,14 81 74 7
121,13 81 74 7
121,14 81 75 6
122,13 81 75 6
122,14 81 76 5
123,13 81 76 5
123,14 81 77 4
124,13 81 77 4
124,14 81 78 3
124,15 81 79 2
123,15 83 80 3
124,16 81 80 1
123,16 83 81 2
T=124,17 81 81 0
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Ipuioxenue 5
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Puc. 1111
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PesyanaTu pacdeTra u aHaJIu3a paCleeI[eJII/ITeJILHOﬁ ceTn 3JIeKTpH‘IeCKOﬁ IHEPIUuM rpy3oBoro aBTOMOONJIA

CXEMA: 5308-370000223
V¥3en perynupoBanus Hanpspkenus: Gl

HOPMAJIbHBIN PEXXUM

Jara pacuera: 30.10.2013

Ta6u. [14 Pexxumbl moTpebiaeHus

Ne

HaunMmeHnoBanue

3UMa, ropo, 1€Hb

3UMa, ropo, Ho4b

3UMa, 10CCC, ICHb

3UMa, M0CCC, HOYb

JICTO, TOPpOA, ACHb

JICTO, TOPOA, HOYb

JIETO, IOCCE, NICHDb

| N| O O B~ W N

JIETO, HIOCCE, HOYb
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Ta6n. I15 Toku B mpoBogax mo pexxuMam paboThl HoTpeduTeneit

BUPKA

OTKYIA

KYJA HOCTY-

G ) ) 1A 1A 1A 1A I, A I, A
JTA KIYT " ;/II[I}Z%ITI/IE DC K-T HS{IZ&};TI&E DC K-T R, om ) @ @) (4) ©) ®)

1 Gl + F5.2 1 0,014566 89,67796 83,23269 0 123,76559 | 72,54019 120,92551
COE€/I. F5.2 1 F5.3 1 0,0001 28,41949 19,24515 0 77,01874 4,00543 72,97516
1A F5.3 2 F1.1 1 0,011714 28,41389 19,24785 0 77,02398 4 72,97399
80 F1.1 2 K3.2 30 0,013022 597774 247778 0 6,92275 0 6,92275
50/ K3.2 87 F3.2 1 0,015995 5,97781 24777 0 6,92284 0 6,92284
50E F3.2 1 F3.3 1 0,006723 5,47782 247774 0 6,42262 0 6,42262
50K F3.3 1 F3.4 1 0,006723 247774 2,47803 0 3,42282 0 3,42282
501 F3.2 1 F3.1 1 0,006987 0,50014 0 0 0,49987 0 0,49987
15A F1.1 2 F1.2 1 0,008678 15,18998 11,89492 0 39,84006 0 39,84006
1b F1.2 1 S21 30/1 | 0,0448 0,28001 0 0 0,27997 0 0,27997
30 S21 15/1 F3.5 1 0,042108 0,28002 0 0 0,28002 0 0,28002
80A F3.5 1 F3.6 1 0,006538 0,06972 0 0 0,07001 0 0,07001
80P F3.6 1 F3.7 1 0,006538 0 0 0 0 0 0
50 F1.2 1 F2.11 1 0,009257 14,91002 11,89509 0 39,56 0 39,56
50A F2.11 1 F2.12 1 0,003965 1,95534 7,82473 0 22,39479 0 22,39479
50b F2.12 1 F2.13 1 0,006723 1,90491 1,88505 0 16,45503 0 16,45503
50T F2.13 1 K26.2 30 0,017546 1,02999 0,21002 0 14,73005 0 14,73005
52 K26.2 87 F2.8 1 0,021622 1,02998 0,20995 0 14,73 0 14,73
5217 F2.8 1 F2.9 1 0,006723 0,40998 0 0 4,84995 0 4,84995
106 F2.8 1 F2.7 1 0,014614 0 0 0 5,81999 0 5,81999
54 F2.11 1 K10.2 30 0,021151 12,95501 0,94498 0 13,96997 0 13,96997
54b K10.2 87 F2.5 1 0,027497 5,82999 0 0 5,82999 0 5,82999
56b K10.2 30 K9.2 30 0,008845 7,12511 0,9449 0 8,14009 0 8,14009
5411 F2.5 1 F2.6 1 0,007054 2,91011 0 0 291011 0 2,91011
56B K9.2 87 F2.2 1 0,028073 7,12495 0,945 0 8,07001 0 8,06995
5611 F2.2 1 F2.3 1 0,006538 4,00014 0,94519 0 4,94475 0 4,94504
57 F1.1 2 F3.10 1 0,014839 7,24631 4,87496 0 30,26132 4,00002 26,21117
50K F3.10 1 F3.11 1 0,006723 4,04985 0 0 4,04985 0 0
50J1 F3.11 1 F3.12 1 0,006723 4,05013 0 0 4,05013 0 0
50M F3.12 1 F3.13 1 0,006723 4,04985 0 0 4,04985 0 0
34 F3.10 1 F3.9 1 0,006056 0,21008 3,99994 0 22,34988 3,99994 22,35019
57K F3.9 1 F3.8 1 0,006723 0,20995 0 0 4,52991 0 452991
63 F3.9 1 K7.2 30 0,025765 0 0 0 5,82001 0 5,82001
63A K7.2 87 F2.10 1 0,027881 0 0 0 5,81998 0 5,81998
4 K17.2 1 G3 + 0,006208 61,19416 63,98502 0 46,67153 68,54028 47,88139
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Ta6u. 116 HanpskeHnst Ha KOHTaKTaxX W3AeNUi 0 pexxuMaM paboTel oTpeduTenen

OBO3HAYEHUE THII 3 | w1 |mowp,a| B | LB Lo Usog o Lisod Uis o Uos o U s
(1) (2) ) (4) ©) (6) (7) (8)
El DI'152A 1 291 26,249 26,464 0 23,904 26,813 24,053 26,338 26,811
E12 171.3711 1 3,125 26,088 26,038 0 24,266 26,896 24,355 26,207 26,893
E13.1 VII101-B 1 0,2 26,068 26,215 0 24,285 26,896 24,374 26,188 26,893
E13.2 VII101-B 1 0,2 26,068 26,211 0 24,281 26,896 24,37 26,188 26,893
E13.3 VII101-B 1 0,2 26,068 26,208 0 24,278 26,896 24,367 26,188 26,893
El4 111.3714010 2 1,08 26,248 26,464 0 24,144 26,813 24,293 26,336 26,811
El4 111.3714010 1 1,08 26,248 26,464 0 24,167 26,813 24,317 26,336 26,811
E15 111.3714010 1 1,08 26,248 26,464 0 24,142 26,813 24,291 26,336 26,811
E15 111.3714010 2 1,08 26,248 26,464 0 24,118 26,813 24,268 26,336 26,811
E16 26.3712-10 1 0,2 26,027 26,295 0 23,773 26,896 23,863 26,156 26,893
E18 IIK1425 1 0,2 26,239 26,464 0 24,664 26,813 24,813 26,328 26,811
E19 IIK1425 1 0,2 26,068 26,296 0 24,368 26,896 24,457 26,188 26,893
E20 171.3716-01 1 0,875 25,222 25,981 0 23,354 26,896 23,443 25,7 26,887
E20 171.3716-01 3 0,875 25,972 26,209 0 24,308 26,837 24,457 26,363 26,835
E20 171.3716-01 2 0,875 25,869 26,193 0 24,507 26,896 24,596 26,335 26,895
E20 171.3716-01 4 0,6777721 | 25,53 25,854 0 24,419 26,896 24,509 26,335 26,895
E20 171.3716-01 5 0,21 25,969 26,236 0 23,232 26,896 23,321 26,156 26,893
E23 2012.3711 1 291 26,027 26,295 0 22,97 26,896 23,06 26,156 26,893
E25 DI'152A 1 291 26,249 26,464 0 23,991 26,813 24,14 26,338 26,811
E27 1171308-5-O 1 0,875 25,998 26,233 0 24,306 26,896 24,395 26,118 26,893
E29 DII-1-24 1 291 26,078 25,677 0 23,848 26,896 23,937 26,197 26,893
E30 56.3726 1 0,875 25,646 25,97 0 24,535 26,896 24,624 26,335 26,895
E34 ®II134b 1 0,56 26,025 26,295 0 23,497 26,896 23,586 26,153 26,893
E35 ®II134b 1 0,56 26,025 26,295 0 23,503 26,896 23,592 26,153 26,893
E38 431.3731-01 1 0,66 26,025 26,295 0 23,669 26,896 23,759 26,153 26,893
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Tabn. I17 Annapatsl 3a1UThI, Yepe3 KOTOPBIE MPOTEKAET TOK MPEBBIIIAIONINNA HOMUHATBHBIN TOK arapara 3aiuThl:

OBO3HAYEHHME A3 THUII A3 Inom, A Tox Pexum
nposoaa, A

F1.1 111.3722 60 77,0241 (4) 3uma, 1mocce, HOYb

F1.1 111.3722 60 72,974 (6) neto, ropoJ;, HOUb

F2.7 BITP-13-05 5 5,82 (4) 3uma, mocce, HOUb

F2.7 BITP-13-05 5 5,82 (6) nero, ropo1, HOYb
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Ta6. I18 IIpoBoaa, B KOTOPBIX TOK MPEBBICHII AOITYCTUMOE 3HAUEHUE

BUPKA OTKYJIA UJET KYJIA MAPKA S Toxk Inon, Pesxxum
IHPOBOJA HOCTYIIAET IHPOBOJA NpoBoJAa, A
A
1 Gl -+ F5.2 -1 IIBA 4.0 89,678 32,5 (1) 3uma, ropoa, 1eHb
1 Gl -+ F5.2 -1 TIBA 4.0 83,2327 32,5 (2) 3uma, ropoa, HOYb
1 Gl -+ F5.2 -1 TIBA 4.0 123,7656 32,5 (4) 3uma, mocce, HOYb
1 Gl -+ F5.2 -1 TIBA 4.0 72,5402 32,5 (5) nero, ropon, AeHb
1 Gl -+ F5.2 -1 TIBA 4.0 120,9255 32,5 (6) nero, ropoJ, HOUb
1 Gl -+ F5.2 -1 TIBA 4.0 86,5309 32,5 (7) neto, mocce, JCHb
1 Gl -+ F5.2 -1 TIBA 4.0 72,5893 32,5 (8) neto, mocce, HOYD
1A F5.3 -2 F1.1 -1 I[IBA 4.0 77,024 32,5 (4) 3uma, mocce, HOUb
1A F5.3 -2 F1.1 -1 I[1BA 4.0 72,974 32,5 (6) nero, ropos, HOYb
15A F1.1 -2 F1.2 -1 I1BA 2.5 39,8401 24,5 (4) 3uma, mocce, HOYb
15A F1.1 -2 F1.2 -1 I[IBA 2.5 39,8401 24,5 (6) neto, ropoJ;, HOYb
50 F1.2 -1 F2.11 -1 I[IBA 2.5 39,56 24,5 (4) 3uma, mocce, HOUb
50 F1.2 -1 F2.11 -1 I[IBA 2.5 39,56 24,5 (6) neto, ropoJ;, HOYb
54 F2.11 -1 K10.2 - 30 I[IBA 1.0 13,97 13,5 (4) 3uma, mocce, HOUb
54 F2.11 -1 K10.2 - 30 I[IBA 1.0 13,97 13,5 (6) neto, ropoJ;, HOYb
57 F1.1 -2 F3.10 -1 I[1BA 2.5 30,2613 24,5 (4) 3uma, mocce, HOUb
57 F1.1 -2 F3.10 -1 I[1BA 2.5 26,2112 24,5 (6) neto, ropoJ, HOYb
34 F3.10 -1 F3.9 -1 I[1BA 1.5 22,3499 18 (4) 3uma, mocce, HOUb
34 F3.10 -1 F3.9 -1 I[1BA 1.5 22,3502 18 (6) neto, ropoJ;, HOYb
1E F5.2 -2 M1 -1 I[1BA 2.5 61,2639 24,5 (1) 3uma, ropoJ, 1eHb
1E F5.2 -2 M1 -1 I[1BA 2.5 63,9849 24,5 (2) 3uma, ropoJi, HOUb
1E F5.2 -2 M1 -1 I1BA 2.5 46,7415 24,5 (4) 3uma, mocce, HOUb
1E F5.2 -2 M1 -1 I[IBA 2.5 68,5403 24,5 (5) nero, ropos, eHp
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Ta6u. 119 PEJXKMM KOPOTKOI'O 3AMbBIKAHUMA na: E20 - 4

BUPKA KLYT | OTKYAA MAET, | OC | x-r KYJIA 2C | k-t | R,om 1A
MMPOBOJIA U3JIEJIUE MOCTVYIIAET,
U3/IEJTUE

1 Gl + F5.2 1 0,014566 0
coeq. F5.2 1 F5.3 1 0,0001 40,32135
1A F5.3 2 F1.1 1 0,011714 40,31406
80 F1.1 2 K3.2 30 0,013022 40,31407
50/ K3.2 87 F3.2 1 0,015995 40,31415
50E F3.2 1 F3.3 1 0,006723 40,31407
50K F3.3 1 F3.4 1 0,006723 40,31407
501 F3.2 1 F3.1 1 0,006987 0
15A F1.1 2 F1.2 1 0,008678 0
1B F1.2 1 S21 30/1 0,0448 0
30 S21 15/1 F3.5 1 0,042108 0
80A F3.5 1 F3.6 1 0,006538 0
80P F3.6 1 F3.7 1 0,006538 0
50 F1.2 1 F2.11 1 0,009257 0
50A F2.11 1 F2.12 1 0,003965 0
50b F2.12 1 F2.13 1 0,006723 0
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Taom.

[110 HanpspkeHnust Ha KOHTaKTaxX W3AEIAN

OBO3HAYEHHME THUII 3C K-T U,B
El OI'152A 1 22,745
E12 171.3711 1 22,745
E13.1 VYII101-B 1 22,745
E13.2 VYII101-B 1 22,745
E13.3 VYII101-B 1 22,745
E1l4 I11.3714010 2 22,745
E1l4 I11.3714010 1 22,745
E15 111.3714010 1 22,745
E15 111.3714010 2 22,745
E16 26.3712-10 1 22,745
E18 [1K142b 1 22,745
E19 [1K142b 1 22,745
E20 171.3716-01 1 22,745
E20 171.3716-01 3 22,745
E20 171.3716-01 2 21,034
E20 171.3716-01 4 0
E20 171.3716-01 5 22,745
E23 2012.3711 1 22,745
E25 OI'152A 1 22,745
E27 11308-6-0O 1 22,745
E29 OI1-1-24 1 22,745
E30 56.3726 1 9,8713
E34 @I1134b 1 22,745
E35 @I1134b 1 22,745
E38 431.3731-01 1 22,745
E39 431.3731-01 1 22,745
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Ta6u. IT11. CeneKTUBHOCTB CpadaThIBaHUS allllapaTOB 3ALIUTHI TP KOPOTKOM 3aMbIKAaHUHU

=====[IYTb ot y31a K3 (E20 - 4) no akkymynstopa (G3):

------ Bpewmst cpabateiBanus 1-ro anmapara 3ammuthel: F1.1 (111.3722 - 60)

Tcp = 100cex Tmin = 50cex Tmax = 150cex  Tox B mpoBoae = 40,314A
Bpewms cpabatsiBanus A3 > 7cek
A3 o6mnanaetr Kuys < 2.5

------ Bpewmst cpabateiBanus 2-ro anmnapata 3amuThel: F5.3 (BI1P4.04 - 90)

Tep = 1000cex Tmin =500cexk  Tmax = 1500cek Tox B nmpoBojge = 40,321A

*FAAERE* J9mUTA CEIIEKTUBHA
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Pacuer 0ajaHca 3JIeKTpl/I‘IeCKOﬁ IHEPTHUH T'PY30BOI0 aBTOMOOMJIA
IIpenBapurebHbBIH BIOOP reHepaTopa
Pacuer MPOBEJICH 16 STHBApS 2014 T. B 16:13:26. Bam KOMMEHTapHi K TOMY
BriOpanHBIii THI TPAHCIOPTHOTO cpencTBa: I pyzosuk KAMA3-5297
PacueTHbIil TOK HATPY3KM NOTpPeOUTEICH

Taobm. 1112
Pexnm PacueTHblil TOK Harpy3ku norpedureneil [A]
I'opox 3uma Jlenn 33,0
I'opon Jleto [lenn 6,1
[locce 3uma [enn 315
[locce Jleto [eHb 4.6
I'opon 3uma Houb 33,0
I'opon Jleto Houn 6,1
ITocce 3uma Houb 31,5
[Tocce Jleto Houn 4,6

Ipuioxenue 6

pacuery:

16,01,2014
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BrIOpaHbl reHepaTopbl A1 PEKUMOB:

Tun reneparopa

I'opon 3uma [lenb

NCB2-28V40-
110A

NCB1-28V35-
80A

4542.2771
40.3771
0124A655082
Tl'opon Jleto JleHb

NCB2-28V40-
110A

NCB1-28V35-
80A

45422771
40.3771
0124A655082

MIocce 3uma
JeHb

NCB2-28V40-
110A

NCB1-28V35-
80A

45422771

U _nom
[B]

28

28

28
28
28

28

28

28
28
28

28

28

28

HoMmuHaJIbHAS MOIIHOCTH

reseparopa [Br]

3080

2240

2240
2240
2520

3080

2240

2240
2240
2520

3080

2240

2240

Tpebdyemasi MOIIHOCTH

reseparopa [Br]

1153,4

1153,4

1153,4
1153,4
1153,4

213,3

213,3

213,3
213,3
213,3

1100,9

1100,9

1100,9

Tabn. I113

Tpedyemblii MAKCUMAJILHBIN TOK
reseparopa [A]

41,2

41,2

41,2
41,2
41,2

7,6

7,6

7,6
7,6
7,6

39,3

39,3

39,3
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Tun reseparopa

40.3771
0124A655082

IMTocce Jleto JleHb

NCB2-28V40-
110A

NCB1-28V35-
80A

45422771
40.3771
0124A655082
I'opon 3uma Houb

NCB2-28V40-
110A

NCB1-28V35-
80A

4542.2771
40.3771
0124A655082
T'opon Jlero Hous

NCB2-28V40-
110A

NCB1-28V35-
80A

45422771
40.3771

U _nom
[B]

28
28

28

28

28
28
28

28

28

28
28
28

28

28

28
28

HoMmuHaJIbHAS MOILIHOCTDH

reseparopa [Br]
2240
2520

3080

2240

2240
2240
2520

3080

2240

2240
2240
2520

3080

2240

2240
2240

Tpedyemasi MOIIHOCTH

reseparopa [Br]
1100,9
1100,9

160,8

160,8

160,8
160,8
160,8

1153,4

1153,4

1153,4
1153,4
1153,4

213,3

213,3

213,3
213,3

Tpedyemblii MAKCUMAJILHBIN TOK
reseparopa [A]

39,3
39,3

5,7

5,7

5,7
5,7
5,7

41,2

41,2

41,2
41,2
41,2

7,6

7,6

7,6
7,6
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Tun reseparopa

0124A655082

locce 3uma
Houn

NCB2-28V40-
110A

NCB1-28V35-
80A

45422771
40.3771
0124A655082

IITocce JleTo
Houb

NCB2-28V40-
110A

NCB1-28V35-
80A

45422771
40.3771
0124A655082

U _nom
[B]

28

28

28

28
28
28

28

28

28
28
28

HomuHa/JibHAasi MOIIIHOCTH
reseparopa [Br]

2520

3080

2240

2240
2240
2520

3080

2240

2240
2240
2520

Tpedyemasi MOIIHOCTH
reseparopa [Br]

213,3

1100,9

1100,9

1100,9
1100,9
1100,9

160,8

160,8

160,8
160,8
160,8

Tpedyemblii MAKCUMAJILHBIN TOK
reseparopa [A]

7,6

39,3

39,3

39,3
39,3
39,3

5,7

5,7

5,7
5,7
5,7
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Tabn. I114 PacueTHbIi TOK Harpy3Ku MOTpeOUTENEH AJs JHEBHOTO U HOYHOTO PEXUMA

Topon Topon Iocce Illocce Topon Topon Illocce Iocce
No Koa-Bo T'opo [T'opo | 3uma |Topo T'opo | Jlero |Mlocc |Iocc | 3uma |Iocc |Ioce | Jlero |T'opo |T'opo | 3uma |Topo I'opo | Jlero |Mlocc |Ioce | 3uma |Iocc |Moce | Jlero
wuar 2 1o P . CTAHIATHEL | 4, I I Jlens: pi big JleHn: € e JleHs: e e Jlens: I I Hous: b1 I Hous: e e Hous: e e Hous:
peam%}n,lM eang}n,m X ?MHHMII;H 3uma |3uma |Tekyme |Jlero |Jlero | tekyme | 3uma | 3uma | tekyme | Jlero | Jlero |Texyme |3uma |3uma |Ttekyiie |Jlero |Jlero |texkyme | 3uma | 3uma | Ttekyme | Jlero | Jleto | Tekye
TOTPCOUTEIL | MIOTPEOHTEND noTpeduTeNn bt oK, [A] Jlens | Jlens € Jens | lenn € Jens: | Jlens: € Jlens: | lenn: € Hous | Hous € Hous |Hous € Hous | Hous € Hous | Houn €
ﬂM e (Kt | (Kl | 3naven | Kt | Kl | 3#asen | Kt Kl | 3nauen | Kt Kl | snaven | : Kt | : Kl |3naven | :Kt | Kl |3nauen | (Kt | :KI |3naven | : Kt | Kl | 3Hauen
uel n uel n nel n uel n uel n uel n uel n unel n
1 Pere 15 007 |1 |1 100 1 |1 [1050 1 | 1 [1080 1 | 1 |1080 | 1 | 1 105 | 1 | 1 [1050 | 1 | 1 1050 | 1 | 1 |1,050
2 pene 1 0,07 1 1 /0070 | 1 1 |0070 | 1 1 /0070 | 1 1 0070 1 1 /0070 | 1 1 /0070 | 1 1 /0070 | 1 1 | 0,070
craprepa
3 B"IKSIX‘I‘;"‘“” 1 0,05 1 1 /005 |1 1 /005 |1 | 1 0050 1 | 1 |0050 1 | 1 0050 | 1 |1 0050 1 | 1 [005 | 1 | 1 | 0,050
4 B"“‘“*:“m“ 5 0,05 1,1 /0201 1 /020 1 | 1 020 1 | 1 0250 1 |1 (0250 1 |1 [0250 | 1 | 1 0260 | 1 | 1 |0,250
LenrpanbHb
5 7 IepeKIL. 1 0,05 1 1 /0050 | 1 1 /0050 | 1 1 /005 | 1 1 /005 | 1 1 /005 | 1 1 /005 | 1 1 /005 | 1 1 | 0,050
Caera
6 Hepee“;m“ 7 0,05 1 1030 |1 1 0301 1 035 1 |1 (0350 1 1 (03501 |1 [0350 | 1 | 1 (0350 | 1 | 1 | 0350
YcrpoiictBo
3aIUTHI
7 6 . 1 0,025 1 1 /0025 | 1 1 /0025 | 1 1 /0025 | 1 1 /0025 | 1 1 /0025 | 1 1 /0025 | 1 1 10025 | 1 1 0,025
OpPTOBOI
ceTn
Jlarank
8 YpOBER 1 9 1 1 /9000 0 |0 0000 1 | 1 9000 O | O [0000 1 |1 (9000 0 |0 [0000 1 | 1 [9000 0 | 0 | 0000
TorumBa TX-
3 ¢ a.mop,.
9 Kﬁﬁggggg" 1 2 1 1 |2000| 1 |1 2000 1 |1 200/ 1 |1 |[2000 1 |1 2000 /|1 |1 |2000 1 |1 (2000 /| 1 | 1 |2000
10 | Ocymrems | 1 | 0 | 1 |1 /0000 | 1 |1 (0000 1 | 1 [0000 1 | 1 [0000 | 0 |0 0000 O | O 0000 O | O [0000 0 | O |0000
1 | eror | 1 | 1786 | 1 | 1 (1780 0 | 0 (0000 | 1 | 1 (17860 O | O 0000 | 1 | 1 (17,860 O | O 0000 1 | 1 (17860 O | O | 0,000
DIEeKTPOHHOE
12 yIIpaBIICHIE 1 5 015, 1 /0,75 |05 1 |0,750 (0,05| 1 | 0,250 |0,05|0,05 0,013 |05 1 |0,75 |05 1 |0,750 /0,056 1 |0,250 0,05| 1 | 0,250
ABC
DIEeKTPOHHOE
13 yIIpaBJIcHHE 1 10 015/ 1 | 1500 015 1 |1,500 (0,05| 1 | 0500 |0,05/|0,05 0,02 |05 1 |1500 015 1 |1500 0,05| 1 |O0500 0,05| 1 | 0,500
JIBHTATEIIEM
cymma o 32955 | [6095 | 131,455 | | 13883 | (32955 | |6095 | 131,455 | | | 4,595
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lar Ne | MaTepBanst o6opotoB | Tokootnada, A-u/u |OtHocuTensHOe Bpems t | B Touke | 3nauenue | B TOM ke TOUKe

1

O oo N o b WDN

ORI O e I e e I e B I I N T
B ol 0|l ~ W N RO

3040,0 - 3290,0
3290,0 - 3540,0
3540,0 - 3790,0
3790,0 - 4040,0
4040,0 - 4290,0
4290,0 - 4540,0
4540,0 - 4790,0
4790,0 - 5040,0
5040,0 - 5290,0
5290,0 - 5540,0
5540,0 - 5790,0
5790,0 - 6040,0
6040,0 - 6290,0
6290,0 - 6540,0
6540,0 - 6790,0
6790,0 - 7040,0
7040,0 - 7290,0
7290,0 - 7540,0
7540,0 - 7790,0
7790,0 - 8040,0
8040,0 - 8290,0
CymmMma

Ta6m. I115 YacoBas oTnava renepaTopa

3,174
3,708
4,427
4,117
5,379
4,728
3,872
3,837
2,687
2,581
1,739
1,558
0,970
0,697
0,501
0,226
0,093
0,000
0,000
0,000
0,019

44,239

0,047
0,058
0,050
0,067
0,056
0,046
0,044
0,031
0,029
0,020
0,017
0,011
0,008
0,006
0,002
0,001
0,000
0,000
0,000
0,000
0,000

3165,0
3415,0
3665,0
3915,0
4165,0
4415,0
4665,0
4915,0
5165,0
5415,0
5665,0
5915,0
6165,0
6415,0
6665,0
6915,0
7165,0
7415,0
7665,0
7915,0
8165,0

78,350
75,850
82,010
80,510
85,010
83,510
87,340
86,340
88,670
88,170
89,670
89,170
91,253
90,878
90,503
90,128
92,335
92,085
91,835
91,585
92,918
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Tabn. 1116 YacoBoii 3apsn/pa3psin 6arapeu
Yacosoii 3apsin (+) wiu paspsin (-) 6aTapen B qHeBHOM peskume ¢ ch d=q9_g-1_nd
ropoj 3uMa JeHb -1,48
ropoj jiero aeHsb -1,48
mocce 3uma aess -0,48
mocce Jero neus -0,01
Yacosoii 3apsn (+) unu paspsz (-) 6atapen B HouHOM pexkume q ch n=q g-1_nn
ropoJ 3uMa Houb -1,48
rOpoJI JIeTO HOYb -1,48
nrocce 3uma Houb -0,48

mocce Jjero Hoyb -0,48

Tabu. I117 Cyrounslii 6anaHc 3JE€KTPOIHEPTUU

Pesicint CyrouHbIii 6anaHc OTHOCHUTEIBHBIN YacoBOM 3apsi Oatapen HOUbO, | OTHOCHUTENBHBIN YaCOBOM 3apsi OaTapeu JTHEM,
AJIEKTPOIHEPTUU % %
ropoJ 3uMa -34,812 -1,481 -1,481
ropoJ JIeTo -34,812 -1,481 -1,481
tocee -24,812 -0,481 -0,481
3UMa
[1occe JIETO -21,012 -0,481 -0,006
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