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AKTYaJILHOCTh: €1lIe B 1ajiekoM 1768 romy OblT H300pETEH U CO3/aH MEPBHI B MUPE aBTOMOOMIIb,
crocoOHBIH nepeBe3T yenoBeka. B 1806 rony nosBUIMCH epBbie aBTOMOOUIIH, IPHUBOIMMEBIC B IBIKEHHUE
C MOMOIIBIO ABUTATENsl BHYTPEHHETO CTOpaHus, B Hauane X X BeKa CTaJH MOSBISATHCS MEPBbIE IIEKTPOMO-
Oounn. Tak HauMHANIACh UCTOPHS AaBTOMOOMIIECTPOCHHS BO BceM Mupe. Ha ceromusmnuii 1eHb CyniecTByeT
OTrPOMHOE KOJIMYECTBO 3aBOJ/IOB, HA KOTOPBIX pa3padaThIBalOTCs HOBbIe aBTOMOOWIN. Ho faneko He Kax-
JIbII 3HAET, KaK yCTPOEH aBTOMOOMIIb, M HET JOCTYITHBIX MOJIETEH, Ha KOTOPBIX MOKHO ObI ObLIO ITOKa3aTh
CTpOEHHE aBTOMOOUIIS.

ILesanb padoThl: co31aTh COOPOUHYIO YUEOHYIO YMEHbIICHHYIO Moienb aBToMoOminst KAMA3J s
M3Y4EHHUsI OCHOBHBIX IPUHIIUIIOB MAIIMHOCTPOEHUS U BCIIOMOTaTEJIbHBIX CUCTEM JIBH)KEHUS.

['maBHOE OT/IIMYKE MOEH Pa3pabOTKH OT CYMIECTBYIOIIUX BO3MOKHBIX aHAJIOTOB — MOJIENb ITOYTH
IIOJTHOCTBIO TOBTOPSIET CTPOECHUE peaIbHOTO aBTOMOOMIIS. Bce KOHCTPYKTHBHBIE 371€MEHTHI BBIIOJHEHbI
U3 pa3HbIX BUJIOB IUIaCTUKA. Mo/ieIb BBINOJHEHA HA JBYX HEPA3pE3HbIX MOCTaX, BHYTPH KaX10r0 pacro-
JIOXKEH MEKKOJIeCHbIN tuddepenual ¢ GyHKIueH NPUHYAUTEIbHOW 6J10KUPOBKH. Takke B KOHCTPYKLIUU
M CII0JIb30BaHbl IOHMKAIOIINE PEAYKTOPbI, YBEIUUUBAIOIINE T0POKHBIN TPOCBET aBTOMOOMIIL. OCHOBA MO-
Jen — MeTaJuIMyecKas pama, YCHJIEHHas BCTaBKaMM W3 IJJACTUKA M METaJUIMYECKOrOo KOHCTPYKTOpA.
Takxe aBTOMOOWJIb OCHAILIEH PEryJIupyeMoil MHEBMaTHUYECKON MOJBECKON ¢ OOJBIIUM X0J0M. Mozenb
KamA3a nonnonpuBoHasi, 6€3 BO3MOKHOCTH MEPEKIIOYEHHUST HA MOHONIPUBO/. BCIO KOHCTPYKIMIO TpU-
BOJMT B JBUKEHHE 3JIEKTPOJBUTATEIb, MOIIHOCTh KOTOPOro cocTanisier nopsaka 50 Barr. Dnekrponpu-
BOJIOM YITPaBIIsieT MEKPOKOHTpOJLIEep Ha 6aze Arduino, ¢ BO3MOKHOCTBIO TUCTAHIIMOHHOTO YITPABICHHUSI.

JTansbl padoThl: 10100paTh KOMIIOHEHTHI IS CO3/IaHHS MTPAKTUYECKONW MOJIENH, CO3AaTh ICKU3BI
AeTanei MOJIeNH, Mo 3cKu3aM pa3paboraTs Aetanu B nporpamme KOMITAC 3D, nanevarats aetanu Ha 3D
IIpUHTEPE, cOOpaTh U OTIAJAUTh MOJEJNb, YCTAHOBUTH 3JIEKTPOHHBIE KOMIIOHEHTHI aBTOMOOWJIS, CO3/1aTh
YepTEkKH JleTaneil aBTOMOOUIIS.

Mogens neuaranack Ha npuHTepe Picaso Designer Pro250.

Ha npotsbkeHuH NeBATH MeCSILEB sl 3aHUMAJICS pa3paboTKoi cOOpPOUHON YMEHBIIEHHOW MOJAEIH
aBromoomiisa KamA3, MoTHOCTHIO U3YYHII CTPOCHHE aBTOMOOHIIS, TO3HAKOMUJICS C TIPOTPaMMON TpeXMep-
Horo mojaenupoBanust KOMITAC 3D, mo3HakoMuIIcsi ¢ MEKPOKOHTpOJIEpoM Ha 6aze Arduino, mozHako-
MuUJICs ¢ TexHonorusimu 3Dneyvarn.

[TpakTHyeckast 3HaUUMOCTh MOETO MPOEKTA 3aKJI0YaeTcs B cleqyromeM: Moaensto KamA3a 3aun-
TEpPECOBAIKCH HE TOJIbKO yuuTenst pu3nuku u uapopmatuku «JIuues 174», Ho u npenogasatrenu COVY da-
KyJIbTETa MallIMHOCTPOEHUs. Moienb cTouT B TexHonapke «Jluues 174», rae ee ncrnonb3yroT Ha (aKyIb-
TaTUBAaX 10 pOOOTOTEXHUKE U MPOTOTUITHPOBAHUIO.

CrouMoCTh MOJICNTM Ha JAaHHOM JTare cocTarisier mopsyaka 9000 pyOneir. DTo B HECKOJIBKO pa3
JICIIIeBIIE AaHATIOTUYHBIX MOJIeIel Ha paJMoyNpaBiIeHUH 0€3 MUKPOKOHTPOJLIEpa.

[Tomumo 0Opa3oBaHus, MOIO MOJENIb ABTOMOOWIISI MO>KHO MCIIOJIb30BaTh KaK OMBITHBINA 0Opaser.
Pa3pabarsiBaTh HOBBIE MEXaHU3MBI B 00JIACTH MALIMHOCTPOCHUS, 0OKATHIBATH HA MO MOJIENH, a B JalTb-
HelIlIeM yCTaHaBIMBATh yXKe Ha pealbHbIe aBTOMOOUIIH.
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BBenenue

AKTYaJIbHOCTH

Hayunsiit nporpecc Hukoraa He cTouT Ha Mecte. Eie B nanekom 1768 romy ObLa
M300peTeH U CO3/1aH MEePBbIi B MUpPE aBTOMOOMIIb, CIIOCOOHBIH niepeBe3TH uenoBeka. B 1806
rojy MOSIBUWINUCH MEPBbIE aBTOMOOWIIN, IPUBOJUMBIC B JBUKEHHUE C MOMOIIBIO JABUTATENS
BHYTPEHHETO CropaHusi, B Hauasie XX BeKa CTalu MOSBISATHCSA MepBbIe d7eKTpoMoOmin. Tak
HayMHaJIach HCTOPHUS aBTOMOOUJIECTPOEHUSI BO BCEM MHUPE.

Ha ceronssiiHuii 1eHb aBTOMOOMIIb — OOBIIGHHOCTh. B MUpe CyIecTBYIOT OIpOM-
HO€ KOJINYECTBO aBTO3aBOJIOB, /1€ MPOECKTUPYIOTCS U CO3JAI0TCSl MAlIMHBI JIJIs Bcex cdep
nesTenbHOCTH yenoBeka. Ho manexko He KaKIblid 3HAeT YCTPOMCTBO aBTOMOOWIIS, U, TEM
OoJee, MPUHIUIT pabOTHl HEKOTOPBIX JIEKTPOHHBIX CUCTEM IMOMOIIH YIIPABIEHUS, KOTOPHIC
HCIIOJIB3YIOTCS B COBPEMEHHBIX TPAHCIIOPTHBIX CPEICTBAX.

IIpobaemMa: oTCyTCTBHE YUEOHBIX COOPOUYHBIX MOJIENIEN aBTOMOOMIIEH, C TOMOIIbIO
KOTOPBIX MOKHO IOKa3aTh BCE MPUHIUIIBI MAITUHOCTPOCHUS! U JEWCTBUE BCIOMOTATEIb-
HBIX CUCTEM JBHKCHHUSI.

I'mmore3a: Moux 3Hanuil B 3D MojenupoBaHuU, MAIIMHOCTPOCHUHU, PaIUOdJICK-
TPOHHKE, POOOTOTEXHUKE M BO3MOKHOCTEHN TEXHOMAapKa IIKOJbI Oy/1eT JOCTaTOYHO JJIsl CO-
3/1aHUs ICIIEBOM YMEHbIIEHHON Mojaenu aBToMoomist KamA3, B kKoTopoMm OyyT yCTaHOB-
JIEHBI ONPEICICHHbIE MEXAHU3MbI U CUCTEMbI YIIPABICHUS IBUKEHUEM.

O0BexT: MOJIeTTh COOPOYHON YMEHBIIIEHHON MOJieu aBToMoOuIst KamA3.

IIpeamMeT: KOHCTPYKTUBHBIC SJIEMEHTHI ABTOMOOMIICH.

Hean: co3mats cOOPOUYHYIO YUeOHYIO YMEHBIIIEHHYIO0 MOJIeh aBToMoomiss KamA3
JUTSl U3YYEHUS] OCHOBHBIX MPUHITUIIOB MAIIMHOCTPOSHUSI M BCTIOMOTaTEIbHBIX CUCTEM JIBU-
KEHUS.

3agaum:
N3yunth HeoOX0quMbIA MaTepual.
PazpaboTaTh BUPTYaIbHYIO MOJIEIIb.
[Tomo6path Hy X HBIE E€TaTH U SJIEMEHTHI JIJIsl CO3AaHUS IPAKTUYECKON MOJIEIH.

P33p36OTaTB U U3TOTOBUTH OTACJIBHBIC ACTAJIN JI CO3JaHUA HpaKTquCKOﬁ MOACIIN.

o B~ w0 DdpE

Co0OpaTh ¥ OTJIAIUTH MOJICIIb.



6. IlocuuTarh MONHYIO CTOUMOCTH MOJICTIH.
7. CpaBHUTH CBOIO MOJICNIh C aHAJIOTUYHBIMU pa3pabOTKaMU U3BECTHBIX ITPOU3BOJIUTE-
JIeH.

8. Pa3paboTaTh TEXHUUYECKYIO TOKYMEHTAIIUIO.

IIpoaykT: cOopouHasi yMeHbIIEHHAs MOIeNTb aBToMoOmIsT KamA3.
MeTtoabl HcC/IeOBAaHUSA: TEOPETUUECKUHN (ITOUCK JIUTEPATYphl, AHATIU3 U CUHTE3
CHeuaIbHON JIUTEepaTypbl, 0000IICHNE) U SMIMPUUECKUI (HaOII0AEHUE, U3MEPEHHE, MO-

JICIINPOBAaHKE, TCCTUPOBAHKE, SIKCIICPUMEHT).

IIpakTH4yeckass 3HAYMMOCTD 3aKJIIOYAETCS B CIEIYIOUIEM: MOW MPOEKT MOKET
OBITh UHTEPECEH TEM peOsITaM, KTO 3aHUMAETCs IPOTOTUITUPOBAHUEM U MOJEIHPOBAHUEM,
PaANOAIEKTPOHUKOM, a TaKKe TpexMepHou rpadukoil u neyatsto Ha 3D- npunrepe. N300-
peTeHue cOOCTBEHHOW TPEXMEPHOM MOJIENH, €€ IIe4aTh Ha MPUHTEpE, COOPKa, BOT, YTO MO-
KET 3aUHTEepecoBaTh JIIOOOT0 MIKOJbHUKA. B Hamieil ctpaHe B KaKI0W LIKOJIE €CTh KOMITb-
IOTEPbI, HA KOTOPHIX MOKHO CO3/1aBaTh CBOM MojienH B nporpamme «Kommac- 3D». Ho ot-
cyrctBue 3D-npuHTEpOB, MOKET OBITh MPEMSATCTBHEM B pPEaTU3allMd MOETOo IMpPOEKTa.
Kpome Toro, Moil mpoekT OyaeT HHTepeceH TeM, KTO XOUET CBSI3aTh CBOIO KU3Hb C MalllU-
HOCTPOEHHEM U pa3padaThiBaTh HOBbIE MEXAHU3MBbI, KOTOPBIE B JalbHEMIIEeM OyayT HpH-
MEHSTh B U3TOTOBJICHMU YK€ peallbHbIX aBTOMOOMIIEH. V3roTOBICHHYI0O MOJENbh TaKxkKe
MO>KHO HCIIOJIB30BaTh B KaUeCTBE 00yYarolle-pa3BiIeKaTeIbHOIO OCOOMs, a TIOCIE XOPO-

e OTJIaAKE U JOBOAKE HCKOTOPBLIX KOMIIOHCHTOB, B KAYCCTBC CHOpTHBHOfI MOIOCIIHN.



2. TeopeTnyeckas 4acThb

2.1 Cmpoenue x0006011 uacmu aemomoouns

MocTt — arperar KOJIECHOW WJIM I'YCEHUYHOM MAIlMHbI, COEIUHSAIOIINNA MEXIY CO-
00# konéca oHOM OcH. Y KOJIECHON MalIMHBI MOCTBI CITyXaT omopoi st e€ octosa. [lo-
CPEACTBOM IMOABECKU MOCT KPEIUTCS K paMe MAIllMHbI WK K €€ HECYILIEMY KY30BY.

B coctaB MocTa BXOJAT Takue KOMIIOHEHTHI, KaK MEXKOJIECHbIA nuddepenimal,
MEXaHUYECKUU PETYKTOP.

MesxkkoJiecHbIN TU(pPepeHnaT— MEXaHU3M B COCTABE TPAHCMUCCUM TPAHCIIOPT-
HBIX U (peke) TEXHOJOTMUECKUX MAIIMH 0 TIepeaadye MOIIHOCTH MOCPEACTBOM BpAILICHUS
C OJHOBPEMEHHBIM JICJICHHEM €JIMHOI0 MOTOKA MOITHOCTH Ha JiBa AudPepeHImaibHo CBs-
3aHHBIX WM CYMMHUPOBAHHMEM JIBYX HE3aBUCHMBIX MOTOKOB MOIIHOCTH B ojuH. OcoOeH-
HOCTb AudPepeHIuana u CMbICI €ro TEpMUHA B TOM, YTO J€JI€HUE/CYMMHUPOBaHUE TTOTOKOB
MOIIIHOCTH 3TOT MEXAHU3M MPOU3BOAUT UMEHHO TU(PdEepeHIIUATBHO: KaXAbIA U3 ABYX HUC-
XOJISIIIAX/BXOJISIINX TTOTOKOB MOJKET B JTF000€ BpeMs mosrydaTh/naBath ot 0 10 100% mor-
HOCTH OTHOCHUTEILHO €UHOTO Ha BXoje/Bhixoe (¢ nonpaskoi Ha KIIJ[ nuddepennuana),
a COOTHOIIICHUE ATUX MOITHOCTEH MEXIy cO00M MOXET ObITh JIF0OOE B Mpeiesiax ITHX
100%.

Cxema ctpoenus nuddepennnana — npusioxxenue 1.

JudpepeHunan ¢ NPUHYAUTEIbHOU 0JIOKHPOBKOI

[To xomaHae u3 kKaOuHbI mecTepHu auddepeHnnana 6JIOKUPYIOTCS, U KoJiéca Bpa-
arTcsa CMHXpPOHHO. Takum o6pazom, nuddepeHian CTouT 6JI0KUPOBaATh Mepe Mpeoao-
JIEHUEM CJIOKHBIX YYaCTKOB MYTH (BSA3KHUM TPYHT, MPEMSITCTBUS), U 3aT€M Pa30JI0KUPOBATH
MocJjie Bbie3/ia Ha 00bIUHYIO Jopory. [IpuMensieTcs B Be31eX01aX U BHEIOPOKHUKAX.

[Tpu e31e Ha TaKUX aBTOMOOMJISIX Yallle BCETO HE PEKOMEHyeTCst OJIOKUPOBaTh AUd-
(dhepeHiman, Korjaa aBTOMOOWIb ABUIKETCSI, )KEJIATEIbHO BKIIFOYATh OJIOKUPOBKY Ha CTOSTHKE.
Takxe Hy»HO 3HaTh, YTO KPYTALIMHA MOMEHT, CO3/1aBa€MbIii MOTOPOM, HACTOJIBKO BEJIHK,
YTO MOXKET CJIOMATh MEXaHU3M OJOKHUPOBKHU WM TIOJyOCh. OOBIYHO MPOU3BOUTEH aBTO-
MOOWJISL OTAENBHO YKa3bIBAIOT PEKOMEHJIOBAHHYI0 MAKCUMAJbHYIO CKOPOCTh IBUKEHUS

npu 3a010kupoBaHHOM quddepeHnuane, B ciydae e€ MpeBbIlIeHNs BO3MOXKHbBI TOJIOMKH



TpaHcMmuccud. BxiroueHHast OJIOKMPOBKa, OCOOEHHO B MEPEeTHEM MOCTY, OTPULIATEIbHO
BJIMSCT Ha yIPaBISIEMOCTb.
Cxema ctpoenust auddepeHiuana ¢ IpUHYAUTEIbHOW OJOKHPOBKOM, MPHIIOXKE-

HuUe 2.

MexaHM4YeCKHil pelyKTOp — MEXaHU3M, [TepeAatoluil 1 npeoOpa3yonui KpyTs-
IIUA MOMEHT, C OJJHOW WMJM Oojee MeXaHndeckuMu nepenadamMu. OCHOBHBIE XapaKTepu-
ctuku peaykropa — KII/I, nepenarounoe oTHomeHue, rnepenaBaemMas MOIHOCTb, MaKCH-
MaJIBHBIE YIJIOBBIE CKOPOCTH BaJIOB, KOJMYECTBO BEAYIINX U BEAOMBIX BAJIOB, TUI U KOJIU-

YCCTBO IICpCaaqd u CTYHeHeﬁ.

OOBIYHO PEYKTOPOM HA3BIBAIOT YCTPONUCTBO, MPEOOPA3YIOIIEe BHICOKYIO YTIIOBYIO
CKOPOCTbH BpAIlleHUsI BXOJHOTO BaJia B 00Jiee HU3KYIO Ha BBIXOJHOM Bajy, IOBBIMIAS MIPU
ATOM Bpallaloluuii MOMEHT, TaKOU PEeyKTOP OOBIYHO HA3BIBAIOT JAEMYJIbTHUIUIMKATOPOM, a
PEAYKTOP, KOTOPBIN IpeoOpa3yeT HU3KYI0 YITIOBYIO CKOPOCTh B 00Jie€ BBHICOKYIO OOBIYHO

Ha3bIBAIOT MYJIbTUIIJIMKATOPOM.

PGI[YKTOP CO CTYIICHYATBIM N3MCHCHUCM IMCPCAATOYHOIO OTHOIICHUS HA3bIBACTCA

KOpOOKOIi repead, ¢ 6eccTyneHYaTbiM — BapuaTop.
Cxema CcTpoeHHS TPOCTEUIIIETO PEAYKTOPA — MPUIIOKEHUE 3.

2.2. Cmpoenue nooeecku agmomoounsn

OcHOBHBIE YJIEMEHTHI MOIBECKH ABTOMOOMJIA:

VYrpyrue 351eMeHTbl, KOTOpble BOCIPUHUMAIOT U NIEPEIaloT HOpMaJIbHbIE (HAIpaB-
JIEHHBIE M0 BEPTUKAJIA) CUJIbI PEAKIIMH JTOPOTH, BO3HUKAIOLIUE MPH Hae3/e Koyieca Ha e€
HepoBHOCTU. [Ipunoxenue 4.

Hamnpasnstompe 31€eMeHThI, KOTOPBIE 3aJal0T XapaKTeP MEPEMEIICHUS KOJIEC U UX
CBSI3M MEXy COOOM U C HECYIeH CHCTEMOM, a TakkKe MepelatoT NpoA0IbHbIE U OOKOBbIE
CUJIbl U UX MOMEHTBL.

AMOPTH3ATOPBI, KOTOPBIE CYXKAT JAJIs ralleHus KoJeOaHui Hecy1el CUCTEMbI, BO3-

HHUKAOMMX BCICACTBUC I[CI\/'ICTBI/IH A0poru.



Ynpyrue 3j1eMeHThI I0BECKH:

IpyxuHbI

[IpyXuHBI, KaK YIPYTHM DJIEMEHT IMOJABECKH, Ha CETOJAHSAIIHUN JEHb UCIIOIb3YIOTCS
B TOJIaBJIAIONIEM OOJIBIIMHCTBE JIETKOBBIX aBTOMOOWJIEH. BhIMOTHEHHBIE U3 MeTauIHye-
CKOT'O MPYTKa KPYIJIOTO CEUYECHUSI, OHU UMEIOT MOCTOSTHHYIO XapaKTEPUCTUKY KECTKOCTH U
MPEKPACHO CHPABISAIOTCSA C BO3JIOKEHHOM Ha HHUX 3a1ayeil. Butku paBHOMepHO cOmmka-
I0TCS [0 MEpe TOr0, KaK BO3pPACTaeT HArpy3Ka, M BO3BPAIIAIOTCS B UCXOJHOE MOJOKEHUE
IIPU €€ CHATHH.

Ecnu ectb HEOOXOAMMOCTH B IEPEMEHHOM JKECTKOCTH, TOT/1a MPY>KUHBI BBIIOJIHS-
I0TCSI M3 TIPYTKa Pa3IMuHOTO JuaMeTpa (Ha OINpeesICHHbIX YYacTKax), Wik B ¢opme 0o-
YOHKa (HEKOTOpbIE BUTKH YXke). B aToM citydae, korja npyxuHa OyAeT noiay4yaTh Harpy3Ky,
MEePBLIMU OYyT CONMMKATHCS BUTKU MEHBIIIETO IMaMeTpa (TOJIIUHBI).

[TnrocoM mpy>KUHBI, KaK YIIPYToro 3JIEMEHTa, SBISETCS MPOCTOTA U3TOTOBJICHNUS, a
3HAYUT KOHEYHAsi CTOMMOCTh MPOAYKTa, U €€ Malblii Bec. Ho mockoibKy el He moj Cuiry
nepeaBaTh yCUIUS B MONEPEYHON IJIOCKOCTH, OHA TpeOyeT OT MOJBECKH aBTOMOOMIIS
HAJIMYUS CIIOKHBIX HAIMPABISIIOIIMX YCTPOMCTB. UTO B CBOIO OYepeh CKa3bIBaeTCA Kak Ha
LIEHE, TaK U Ha BECE BCETro y3Ja.

Peccopsbi

Emé omHuM ynpyrum 31eMeHTOM MOABECKH aBTOMOOWIIS SBJISFOTCS TUCTOBBIE pec-
copsl. 1o npuymnHe 60JbIIOrO Beca, B CPABHEHUHU C TEMH XK€ MPYKUHAMH, PECCOPHI B OC-
HOBHOM HCTIOJIB3YIOTCSI B TIOJIBECKE TPY30BBIX aBTOMOOMIIEH. Peccopa cocTout u3 Metaniu-
YECKUX JIUCTOB (B OYEHBb PEAKUX CIIy4asX M3 apMUPOBAHHOW IJIACTMACCHI), Pa3TUYHOU
JUTMHBI U (POPMBI, COETMHEHHBIX MEXKy CO00W OOJITOM IO IEHTPY, U XOMyTaMu OJINKe K
KpasiM. byTyun paBHBIMHU TIO IIIUPUHE, KXK/1asl TUTACTHHA, B 3aBUCUMOCTH OT JJIMHBI, UMEET
pa3IMYHYI0 CTENEHb BBHITHYTOCTU. DTO O0ECIEUHUBAET peccope HEOOXOAMMbIE XapaKTepH-
ctuku. Camasi nmuHHas (KOpEHHAs ) TUTACTHHA KPEMHUTCS K KYy30BY HIIM paMe aBTOMOOHITSL.

Cy1iecTByeT HECKOJIBKO OCHOBHBIX CITOCOOOB KPEIJIEHUS! PECCOPHI K KY30BY:

¢ C IIOMOIIBIO BUTBIX YIICK;

® CKOJIb3d11as OIopa M HaKJIaJHbIC YIIKH,



® PE3UMHOBBIE MOAYLIKH.

Kaxx b1l u3 criocoO60B KperuieHusi UMeeT CBOM 0COOCHHOCTH U XapakTepucTUKu. O0-
mmee TpeOOBaHUIO K JIFOOOMY M3 TIEPEUUCICHHBIX METOJIOB KPETUICHUS] — KOHIIBI TUTACTHH
JIOJKHBI UMETh BO3MOXKHOCTB IIEpEMeEIaThCsl M MOBOpaunBaThes. B mporecce paboThl pec-
COpPHOM MOJIBECKH, MPOUCXOJUT TPEHHUE JTUCTOB JAPYT O Apyra. ITo TpeOyeT NpUMEHEHUS
JOTIOJTHUTEIPHON CMa3KH, WA HATMIUS aHTU(DPUKIIMOHHBIX TTPOKIIAJIOK.

Topcuonsl

B KOHCTPYKIMSAX COBPEMEHHBIX HE3aBUCHUMBIX MOJIBECOK HAPSIAY C MPYKUHOU WU
MMHEBMOOAJJIOHOM B KQ4€CTBE OCHOBHOTO YIIPYTOro AJIEMEHTA MOXKET TaK)Ke MPUMEHSITHCS
U TOPCUOH (torsion — KpyueHue, B nepeBojie ¢ ¢paniry3ckoro). TopcuoHHas moaBecka
obecrieunBaeT aBTOMOOUIIIO PSiJT IPEUMYIIECTB, TJIABHBIMU U3 KOTOPBIX SIBJISIFOTCS BHICOKAs
MJIABHOCThH X0J1a ¥ KOMITAKTHOCTH MOoiBECKH. OJTHAKO €€ CYIIeCTBEHHbIE HEJJOCTATKH B BUJIC
XYJIIEH yIpaBiIsieMOCTH U BAJIKOCTH aBTOMOOWIISI HE MO3BOJIIOT MPUMEHATh TOPCUOHBI B
OCHOBHOM Macce COBPEMEHHBIX JIETKOBBIX aBTOMOOUJIEH.

YeTpoiicTBO TOPCHOHA MPEJICTABIISAET COO0M METAIITUYECKUN BaJl UM CTEPKEHbB, pa-
OoTaronuii Ha CKPyYHMBaHUE B OJTHOM HaMpaBjieHUU. B monepeuyHoM ceueHur TOPCUOH MO-
KET ObITh KPYTJIbIM WJIU KBAJIPATHBIM, PEXE IJIACTUHYATHIM, - COCTOSIIIIUM U3 HECKOJIBKUX
CJIOEB, COBMECTHO pabOTAIONIUX HA KPYUCHHE.

O/uH 13 KOHIIOB TOPCHOHA KECTKO MPUKPEIICH K HECYIIEMY phIYary moJIBECKH Io-
CPEIICTBOM IILJTUIIEBOTO COCIMHEHHUS, BTOPOI aHAJIOTUYHBIM 00pa3oM (PUKCUPYETCs Ha Ky-
30B€ WK paMe aBToMOOMIs. OCh BpallleHusl pbldara U OCh 3aKpy4rMBaHUS TOPCHOHA HAXO-
nATCs Ha oaHOM ymHUHU. OO0Jagas pacCUMTAHHBIM COMPOTHUBIICHUEM K CKPYYHUBAHUIO IO/
Harpy3Kou, TOPCHOH YJIeP>KMUBAET BEC aBTOMOOMIIS M o0ecriednBaeT 3G (HEeKTUBHOE YIIPYToe
COeIMHEHHUE MOJIBECKU U Ky30Ba MpH MepemenieHusx peraara. [I[puniun padoTsl TOpcHOHA
HCIIOJIB3YETCs TAK)KE B CTAOMIM3aTOPE MOMEPEYHON YCTOMYMBOCTH MPU MPOTHUBOIIOI0KHBIX
X0J1axX MOABECKU OJTHOU OCH.

ITHeBMOOAIIOHBI

[THeBMaTHUeCKUE 3JIEMEHTHI (MMHEBMOOAJUIOHBI), U3MEHSIOT CBOIO YKECTOKOCTH 3a
CYET JaBJIEHUS BO3/yXa, CO3JaBAEMOr0 BHYTPHU KOMIIPECCOPOM. balsIoHbI BBINIOJIHEHBI U3
MacJIOCTOMKONM M BO3AyXOHENPOHUILIAEMON PE3WHBI, COAEPKAT KOPA U METATUIMYECKHE

HUTH, YTO MPHUAAET UM OOJBIIYIO KECTOKOCTh M HaaexHocTh. OTCioga M Ha3BaHUE —
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PE3MHOKOPAHBIC YIPYTHE AJIEMEHTHI. TOJIMHA CTEHOK TaKoro OajijloHa OOBIYHO COCTaB-
asget ot 3 10 5 mM. [Ipunoxenue 5.
B cBoell Moaenu s MCHOJB30Bajl TOJBKO IMTHEBMOAJIEMEHTBI, KOTOPBIE CAENAN U3

OOBIYHBIX MCIUIUHCKUX HIITPHUIIOB.

Buabl nogBecKu aBTOMOOMIIS:
JAByXpbIyasKHaA MOJABECKA.

JIByXpbI4akHas MOJBECKA ¢ KOPOTKUM BEPXHUM W JUIMHHBIM HIDKHUM pbhlYaraMu
o0ecreynBaeT MUHUMAJIbHBIE MONIEPEYHbIE TIEPEMEILICHHSI KoJieca (BpeIHble 11 OOKOBOM
YCTOMYMBOCTH aBTOMOOWJISL U BBI3bIBAIOIINE OBICTPBIN M3HOC IIMH), a TAK)KE HE3HAYUTEIb-
HBIE YTJIOBBIE NTEpEMEILIEHNUs IpU X0/1€ BBepX U BHU3. KoH(urypanus nonepeyHoro psryara
NIO03BOJIIET KAXKJOMY KOJIECY HE3aBHCHMO BOCIIPUHUMATh HEPOBHOCTH M OCTaBaThCs OoJiee
BEPTUKAJIBHBIM Ha IOBEPXHOCTH JOPOTU. A 3TO O3HAYAET Jy4llee CLEIUICHUE C TOPOTrOM.

(ITpuosxenue 6).
IHoasecka McPherson.

[TonBecka Mak®epcoHa, Ha3BaHHAs 10 UMEHU MHXKEeHepa Dpia MakdepcoHa, pas-
paborasiiero e€ B 1960 romy, mpeacrasisier coO0# MOABECKY KOJIeca, COCTOSIILYIO U3 OJ-
HOT'O pblyara, cCTabuau3aTopa MOMepeuHON YCTOMYMBOCTH M OJIOKAa U3 MPY>KUHHOTO 3Jie-
MEHTa U aMOPTHU3aTOpa TEJIECKOIMMYECKOro THIMa, Ha3bIBAEMOTO Kadarollelcsl CBEUOH, B
CBSI3M C TEM, YTO OH 3aKPEIICH B BEPXHEH YACTHU K Ky30BY IPH IMTOMOILH YIIPYTrOro miapHupa

M MOJXCT Ka4aTbC: IIPpU ABHIKCHHH KOJICCA BBCPX-BHU3.

KuHemaTudecku cxema MEHee COBEpIIICHHA, YeM TOJIBECKa Ha JBYX IOMEPEYHBIX
WJIM TIPOJIOJIBHBIX phIYarax: 4yTo MpHu OOJIBIIIOM XOJ€ MOJBECKU pa3Baj (Yroja HaKJIOHA KO-
Jieca K BePTUKAIBLHOM TJIOCKOCTH) OyAET MEHSATHCS, i TEM OOJIbIIIE, YeM OOJIbIIE X0/ MO/I-
Becku. Ho B CBSI3M ¢ TEXHOJIOTUYHOCTHIO M JCIICBU3HON JTaHHBIN THIT TTOJABECKU TTOJTYIHIT

OYCHb OOJIBIIIOE PACTIPOCTPAHEHHE B COBpEMEHHOM aBToMoOmiecTpoennd. ([Ipunoxenue

7.
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MHoropsbrya;xkHasi HoJBecKa.

MHoropslyaxHasi I0ABECKA HECKOJIbKO HAIIOMUHAIOT ABYXPBIUYAXKHYIO ITIOJBECKY U
UMEIOT BCE €€ MOJI0KUTEIbHBIE KaYeCTBa.

OTu noaBecku 0oJiee CI0KHBI U 00JIe TOPOTH, HO 00ECTIEYMBAIOT OOJIBILYIO I1JIaB-
HOCTbh XOJla U JY4YILIYIO YIpaBIsieMOCTh aBTOMOOWIA. bobllioe KOJIMYECTB 2JIEMEHTOB —
CaiIeHT-0JI0KOB M IIAPOBBIX IAPHUPOB XOPOLIO racAT yAapbl IPU pe3KOM Hae3/e Ha Mmpe-
IATCTBUS. Bce 3eMeHThl KpensaTcsl Ha MOJpPaMHUKE Yepe3 MOLIHbIE CalIeHT-0JIOKH, 4TO

IMO3BOJIACT YBCIIMUUTD ITYMOUIOJIAIUIO aBTOMOOMJIS OT KOJIEC.

HpI/IMCHeHI/Ie MHOI‘OpBI‘-IEl)KHOﬁ HE3aBUCUMOU IMOABCCKH, KOTOpAA I''IaBHBIM 06pa-
30M HCIIOJIB3YCTCS Ha aBTOMOOMIISIX MMpCACTAaBUTCIILCKOTO KiIacCa, NpUAACT IIOJABCCKEC CTa-
OMJIBHBIN KOHTAKT KOJISC C JTIOOBIM IMOKPBITUCM Ha OOPOIc U YEeTKUM KOHTPOJb aBTOMOOMJIS

IIpU U3MCHCHHUAX HAIIPABJICHUA IBUKCHUA.
I'1aBHBIE npeumMymecrea MHOFOprqa)KHOﬁ NNOABECKH:

He3aBucuMoCTh KOJIeC Ipyr OT Apyra, HU3Kasi HEMOAPECCOPEHHAsl Macca, HE3aBUCH-
Mas MPOAOJIbHAS MU IONEpeYHask PEryJMpPOBKH, XOpollas HEAOCTATOYHAs I1OBOpayuBac-
MOCTb, XOPOILIMI BAPUAHT ISl MCIIOJIB30BaHusA B cxeme 4x4. I TaBHBIM HEJOCTATOK COBpE-
MEHHOU CXEMBI — CJIO)KHOCTb M, COOTBETCTBEHHO, IIeHa. /[0 HE1aBHEro BpeMEHH €€ IpH-
MEHSUIM TOJIBKO Ha JIOPOTHUX aBTOMOOWIISIX. Ternepp jke OHa «yJep KUBaeT» 3a/lHUE Kojeca

Jake HEKOTOPBIX MAIINH ToJib(-Kacca.

VYcTaHOBKAa MHEBMOZJIEMEHTOB: Ha BCEX BBIIICONHMCAHHBIX MOJBECKAX MHEBMOMJIE-
MEHT YCTaHaBJIMBAETCA MO CXOXkel cxeme. OH O7€BaeTCs Ha IITOK aMMOPTH3aTOpa 4epes
CaJIbHUKH, O0ECNeUnBaIOlNe FePMETUYHOCTh CUCTEMBbl. MeCTO KperieHUs MHEBMOJJie-
MEHTa K KOPITyCY CTOMKH Tak:Ke HaJie)kHO repMetusupyercs. ([Ipunoxenue 8).

3aaHsAsA 3aBUCHMAasi OABECKA.

TUNUYHBIM OPEICTABUTEIEM TAaKOW KOHCTPYKLIMHM MOKET CIIY’KUTh 3aJHAA MOJ-
BECKa C MUWIMHAPUYECKUMH BUHTOBBIMU MPYKMHAMH B KaUe€CTBE YIPYruX 3JeMeHTOB. Kak
IIPUMEP MOXHO MPUBECTH KOHCTPYKLHIO 33JHUX MOABECOK Kiaccnueckux "Kuryneir". B
ATOM ciyyae Oajika 3aJiHEro MOCTa "MOJABEIINBAETCA" Ha IBYX BUHTOBBIX MPYKUHAX U J0-
MOJIHUTEJIBHO KPEMHUTCS K Ky30BY MPHU MOMOIIM YETHIPEX MPOAOJIBHBIX pbryaroB. Kpome

11



ATOTO, JIJIsl YIYUYLIEHUS YIPaBISIEMOCTH, YMEHBIIECHUSI KPEHA Ky30Ba B MOBOPOTAX U yJIyd-
IICHUS TUIABHOCTHU X0J1a YCTAaHABIMBAETCS MOMNEpeYHasl peakTUBHAS IIITAHTa.

OCHOBHBIM HEIOCTATKOM ATOTO THUIIA TMOJBECKU SBISETCA 3HAYUTEIbHAs macca
OaJIKM 3aJIHETO MOCTa. DTOT MOKAa3aTeslb 0COOEHHO BO3PACTAET, KOTJa MOCT BBITTOIHSIETCS
BEYIIUM: PUXOJIUTCA "HArpyXaTh" OajaKy BECOM KapTepa IJIaBHOM mepenadu, peaykropa
U T.I. A IPUBOJUT BCE 3TO K BO3PACTAHUIO TAK HA3BIBAEMBIX HEMOAPECCOPEHHBIX Macc, 13-
3a Yero 3HAYMTENIbHO YXYJIIAETCs MIABHOCTh X0Ja U MosBsitoTcs Bubpanuu. (IIpunoxe-

Hue 9)

IHoaBecka Tumna /le JluoH.

CrpeMsich Kak MOXHO Oouibliie "00ieryuTs" 3aHU MOCT, HUHKEHEPhl MHOTHUX aB-
TOMOOMJIBHBIX KOMITAaHUI Hayalu NpUMEHATH nojaBecky tuna "Jle /luon", Ha3BaHHYIO IO
HMMEHH CBOETO u3o0peTarens, ppaniryza Annoepta Jle luona. I'maBHOe ee oTnuuue — Kap-
Tep IVIaBHOW Mepefayu Tenepb OTAENEH OT OalKy MOCTa U MPUKPEIIEH HEOCPEACTBEHHO
K Ky30By. Tenepb KpyTsIIUii MOMEHT NepefaeTcs OT JBUTraTelsl aBTOMOOMIIS K BEAYLIUM
KOJIecaM 4epe3 MOJIyOCH, Kavarolrecs: Ha MIapHUPAX PaBHBIX YIJIOBBIX CKOPOCTEWU. DTOT
THUI TIOJBECKU MOKET OBITh KaK 3aBUCHUMBIM, TaK U He3aBUCUMbIM. HeuTo moxoskee mpume-
HSIETCSl Ha BHEIOPOKHBIX aBTOMOOWJISIX, B KOHCTPYKIMU MepeaHeil M0JBECKH HEe3aBHCHU-
MOTO THUIIA.

Ho HecMOTpst Ha cOBEpPILIEHCTBOBAHUE KOHCTPYKIMH, BCE 3aBUCUMBbIE MOJBECKU 00-
JaJarT OJHUM M BEChbMa CYLIECTBEHHBIM MHUHYCOM: IMPOSIBISIETCS HECOATaHCUPOBAHHOE
MOBEJIEHUE aBTOMOOWIIS MPU CTAPTE U TOPMOXKEHUHU. MalmHa HauMHaeT "mpucenaTs” npu
MHTEHCUBHOM pa3roHe U "KJeBaTh HOCOM' BO BpeMsl TOPMOKEHUs. /{151 ycTpaHEHHUs 3TOro
s dexTa cTaiv NpPUMEHSTH JOMOJHUTENbHbIE Hanpasisitomue eMeHTsl. (IIpunoxenue
10).

IMosnyHe3aBucuMasi 3aiHsS MO/ABECKA.

KOHCTpYKTUBHO OHa BBIMIOJIHSETCS B BUJE JABYX MPOAOJIBHBIX PhIUAaroB, KOTOpHIE
COEIMHEHBI NIOCEPEINHE MONEPEUYNHOM. DTOT THUII MMOABECKH IPUMEHSETCS TOJIBKO C3a]H,
HO MPaKTUYECKH Ha BCEX MEpPeTHENPUBOAHBIX aBTOMOOWISIX. Cpeau IIII0OCOB 3TOM KOH-
CTPYKLMU MOYKHO BBLIECTUTH JIETKOCTh MOHTa)Ka, KOMIIAKTHOCTh U HEOOJBIION BeC, Kak

CJIEICTBME — YMEHbIIEHUE "HEMOAPECCOPEHHBIX Macc', U caMoe ee BECOMOE JOCTOMHCTBO
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— HauOoJsiee ONTHUMalIbHAs KMHEMaTuKa Kojeca. HemrocTaToK MOXHO BBIIENIHTH BCETO
OJIVH: TaKyIO MOJIBECKY MOXHO IIPUMEHATH TOJbKO Ha HEBEIYIIEM 3aJJHEM MOCTY.

YcTaHOBKAa ITHEBMOXJIEMEHTOB: B CIIy4ae €CJIM INpyKMHA U aMMOPTHU3ATOP KOH-
CTPYKTHMBHO YCTaHOBJIEHBI OTAEIBHO APYT OT ApyTra, MPYyKHUHA POCTO 3aMEHSETCS Ha ITHEB-
MODJIEMEHT C MPOCTaBKaMu HeoOXxoaumoi ToimuHbl. [IpocTaBkamu moadupaeTcss MUHU-
MaJIbHBIM 1 MAaKCUMAJIBHBIN IOPOXKHBIN MTPOCBET aBTOMOOMIISA. ECiiy py»KUHBI ¢ aMMOpT3a-
TOpaMu coOpaHbl B €IMHBIN y3€Jl, HAalo1001e epeIHe CTOMKH, TO MHEBMOYJIEMEHT yCTa-
HAaBJIMBACTCA TAK K€, KaK U HA IEPEAHEN TOIBECKE — OJIEBAETCS HA IITOK aMMOPTHU3AaTOpa.
(TTpmnoxenue 11).

IToaBecka BHEIOPOKHUKOB M NMMMKAIOB.

PaccMoTpuM BapraHTBI IOJIBECOK HA JAHHBIN TUIT aBTOMOOMIIEN TOAPOOHEH. 3/1eCh
IIPUCYTCTBYIOT HECKOJIBKO BUJIOB ITOABECOK:

-aBTOMOOMJIM C 3aBUCHMOM NEPEIHEN U 3aIHEN MMOABECKAMM,

-aBTOMOOMJIM C HE3aBUCHUMOM MepeTHEN U 3aBUCUMOM 3aJIHEH MOJIBECKOH,

-aBTOMOOWJIH C MOJIHOCTBhIO HE3aBUCUMOM MOIBECKOM.

Pa30bupath ycTpoicTBO HaUHEM ¢ 3aaHel noaBecku. Hanbonee pacpocTpaHeHHOM
3a/lHEW TNOJBECKOM BHEJOPOKHHUKOB SIBIISIETCS PECCOPHAsl WM IPY>KMHHAs MOJBECKa C
KECTKUM HEpa3pe3HbIM MOCTOM.

Peccopnas noasecka. (ITpunoxenue 12).

[IpyxuHHas Ha YeThIpeX NPoaoabHbIX phiyarax (Four-link niam Four-bar). (ITpuo-
xenue 13)

PeccopHas nmoaBecka UMeET NPOCTYH0 KOHCTPYKLHMIO, BBICOKYIO HAJE€KHOCTb, BbI-
JepKUBAET OYCHb OOJIbIINE HArPy3KH U MO3TOMY Yallle BCErO MPUMEHSETCS Ha TSHKEIIBIX
JoKUNax v nukamnax. Ho B moroxe 3a 1eHOM U Ha/IeKHOCTHIO aBTONPOU3BOIUTENHN UCTIOJb-
3YIOT PECCOpHBIE MOJBECKU U Ha 0oJjiee JerKUX HeJOpOTruX BHEAOpOKHUKaxX. [IpyxuHHbIC
MOIBECKA HEMHOI'O CJIO)KHEE PECCOPHBIX, HO MPU ATOM KOMMIAKTHBI U OOBIYHO JTIOBOJIBHO
MSATKHE U ITTMHHOXOAHBIEC M YCTaHABIMBAIOTCS Ha OoJiee JerkuX U KOM(GOPTHBIX BHETOPOXK-
HUKaX. B oCTalbHBIX XKe cilydasX Ha MAPKETHUKAX U CIOPTUBHBIX TOPOJICKUX BHEIOPOXK-

HHUKaX IMPUMCHAIOTCA PA3JIMIHBIC BAPUAHTBI HC3aBUCHUMbIX PbIYAKHBIX 3aJHHUX IMOABCCOK.
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[lepeaHrie NOIBECKH BHEAOPOKHHUKOB TaK K€ OBIBAIOT € JKECTKUM HEPA3PE3HBIM MO-
CTOM, HO CEroJiHi MOJI00HBbIE KOHCTPYKIMH BCTpedaroTcs penko. CTpemsich YIydlIuTh
YIPABJISIEMOCTh U YCTOMYMBOCTh aBTOMOOMJIEH Ha IIOCCE ABTONPOM3BOJUTENM BCE Yallle
IPUMEHSIIOT HE3aBUCUMBIE TIPYKUHHBIE UJIA TOPCUOHHBIE TIOJIBECKH.

Topcuonnas. (Ilpunoxenne 14).

[Mpyxwunnas. (I[punoxenune 15).

B 3aBUCHMOCTH OT KOHCTPYKIIUH OJABECKH BO3MOKHBI CJIEIYIOIINE BAPUAHTHI yCTa-
HOBKH ITHEBMOOAJIJIOHOB:

1. YcranoBka BcroMorateIbHbBIX oayiiek Ha peccopsl. (IIpunoxkenue 16).

B »TOM citydae B IITaTHBIX PECCOPAX YMEHBIIAETCA KOJIUYECTBO JINCTOB, YTO KOM-
MEHCUPYETCs yCTAHOBKOM HEOOIbIION MTHEBMOMIOAYIIKU. Y MEHBILIEHHE KOJMYECTBA JINCTOB
CHIJKAET JKECTKOCTh PECCOPBI, YTO MO3BOJISIET CAENATh MOJABECKY OoJiee KOM(OPTHOH MpH
€XEeIHEBHOM IE€PEIBUKEHNN HA HE3arpyKEHHOM aBTOMOOMJIE U B TO K€ BpEMs JJaBJIEHUEM
B MOJIYIIIKE MOKHO B IIUPOKHUX MpeJiesiax U3MEHSITh IOPOKHBINA POCBET U KOMIIEHCUPOBATh
OTCYTCTBYIOIIUE JIUCTHI TIPU MOJHOM 3arpy3Ke aBToMoOuIIsA. B utore Takas ycraHoBKa 1o3-
BOJISIET PACIIMPUTH BO3MOXHOCTH aBTOMOOWIISI, YIYUIIUTh YNPABISIEMOCTh U TIABHOCTh
X0J1a, TIOJIHATh T'PY30MOABEMHOCTh U MPOXOJAUMOCTb, OOJIETYUTh OYKCUPOBKY TSIKEIOTO
MpULIETA.

2. 3aMeHa IpY>KUH Ha MTHEBMOOAJIIOHBI.

Ha aBTOMOOWISIX ¢ IPY>KMHHOU (KaK 3aBUCUMOM, TaK M HE3aBUCUMOM) MepeHel u
3a/IHEeH MOABECKON MPYKMHA MOJHOCTHIO 3aMEHSETCA MHEBMOOAUIOHOM. YJIy4lllEeHUE Xa-
PaKTEPUCTHUK MMOJIBECKU ITOM CIIy4ae TAKOE K€, KAK U HA pECCOPHOM NOABECKE, HO ITPEUMY-
IIIECTBA MTHEBMOIIOABECKH MPOSBIISIOTCS 00JIee TOJIHO, YeM MPU YCTAaHOBKE BCIIOMOTATE b~
HOU MOIYLIKHU.

B cBoeit Mosienu s UCTIOIH30Bal KOHCTPYKIIUIO C ITHEBMOYJIEMEHTAMU 0€3 aMOpTH-
3aTOpPOB, HA HEPA3PE3HBIX MOCTAX. MOCTBI B CBOIO OYEpEb KPEIATCS K paMe ¢ MOMOILBIO
MPOJOJIBHBIX PhIYaroB. Peiyaru npucoeauHAIOTCS K MOCTaM C MOMOIIBIO IAPHUPHOTO CO-
eanHeHus. Takas cxema I03BOJIAET MOJYUYUTh PETYIUPYEMYIO, IIPOYHYIO U ITPOCTYIO B CTPO-
€HUHU MTOABECKY, YTO B JAJbHEUIIIEM XOPOLIO CKA3aJI0Ch HA PEMOHTONPUTOJHOCTH U MOJIEP-

HHU3allun BCel MOACIIN B LICJIIOM.
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2.3. lIpocpammmnwiit npooykm «Komnac — 3Dy onsa moodenuposanusn

KaxxgoMy 13 Hac paHO WM MO3IHO MPUXOAUTCS TpaduuecKu MpeICTaBIsATh HHDOP-
maruio. OcoO0eHHO BajkHa 3Ta IpoLEeAypa s TEX, KTO HEMOCPEICTBEHHO 3aHUMAETCS ITpaK-
TUYECKON U HAYYHOM JI€SITEIbBHOCTBIO B 00JIACTH TEXHUYECKUX HAyK. BOT M HaM npeAcTosio
OCBOUTH M Y3HaTh, Kak paboTaTh B TpEXMEpHOM rpaduxke.

Komrac — 310 HazBanue nmpoaykra cemeiictsa CAIIP, koTopble ciysKat s IOCTPO-
eHus 1 0(hOPMIICHHS TPOEKTHOM U KOHCTPYKTOPCKOU TOKYMEHTAILlUU B COOTBETCTBUE C Tpe-
OOBaHUSMHU.

[Iporpamma «Komrmacy SBISIETCS MPOAYKTOM KOMITAHUH «ACKOH».

JlanHas mporpamma O4eHb YBEPEHHO «4yBCTBYET ce0s1» Ha pbiHke CAIIP, 310 005B-
SACHAETCS PAIOM IIPUYMH:

v uHTepdeiic MONMHOCTRIO PyCHPHUIIUPOBAH;

v\ TOCTpOEHHE BCEX YepTEeKel U OPOPMIICHHE JOKYMEHTAIUH BEIETCS B
COOTBETCTBHUE C TPEOOBAHUSIMH, PEABSIBIAEMBIMU K KOHCTPYKTOPCKOW JIOKyMEHTa-
nu;

V' uHTepdeiic MHTYUTHBEH U MPOCT JJIs HAYMHAOIIETO TTOJIb30BATEIS.

K ocHoBHBIM Bo3MOxHOCTSIM Komitac 3D M0KHO OTHECTH: co3aaHue TpaduuecKon
JOKYMEHTAINH TakoH ke, kKak u 'y «Kommac — I'padux», moctpoenue 3D moneneit, oOmmp-
Has Oubnmoreka 2D u 3D, BO3MOKHOCTh MPOU3BOIUTH PACUETHI TIepe/iad, BaJOB, PaCUEThI
Ha TIPOYHOCTh M Macca IPYTUX BO3MOKHOCTEH.

XapakTepHbIMU OCOOCHHOCTSMH JIAaHHOW MPOTPAMMBI SIBJISIOTCS:

1. B03MOKHOCTB OBICTPOTO BBI30BA HETABHO 3aBEPIIICHHBIX KOMaHT,
CoxpaHeHue 3aJjaHHs Ha 11€YaTh;
BcemnbiBaromue naGopmMamoHHbie COOOIIEHNUS;
dukcanus MoJeeH;
Y 106¢cTBO paboThI ¢ OONBITUMHU COOPKAMU;
OTMeHa U MOBTOP KOMAaH;

Hannuue ynpasiisirolinx pasMepos;

O N o g bk~ W N

[Tepecuer 3D Mopeneil ¢ yueToM JOMYCKa;
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9.  Bo03MOXHOCTH COXpaHEHHUS NTOKYMEHTAIlMd HE TOJHKO B (hopme dyepTe-
Kel, HO U B popMe cTaHIapTHBIX rpadudeckux popmaToB Tura bmp., jpeg., tiff u npy-
rux ¢popmarax.

10. Ectb dyHKIMS cOXpaHEHHS YepTexei u Mojaeneit B hopmare pdf.
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3. [IpoekTHO — McCIIeA0BATEIBCKAS YACTD

3.1. llouck u nodb6opka KOMnOHEeHM 0B

B kauectBe muaTdopmbl ObUIO pelIeHO BbIOpaTh Mojaenb aBTromMoOminst KamA3 mo
pAny OOBEKTUBHBIX IPUYMH:
1. Bonpmas mnatdopma, OrpoMHOE KOJHMUECTBO MECTa IS PACHOJIOKEHUS BCEX KOH-
CTPYKTUBHBIX 3JIEMEHTOB, @ TAK)KE€ BO3MOKHBIX YCOBEPILIEHCTBOBAHUN U MPUCIIOCOOIEHUI.
2. Hanuune metannuyeckoil urpymeyHoi Mmoaenu apTomoouns KamA3 4310.
3. Komanna «KAMA3 mactep», JOBOJIBHO MPOJOJIKUTENBHOE BPEMS YCIEIIHO BBICTY-

Imaromasa Ha paJuiin — pefmax.

3.2 IIpoexmuposanue KOHCMPYKMUBHBIX IS1emeHm o6 ¢ nomouyvio CAD
cucmemot «Komnac 3Dy

Pa3paboTka Mozaenu Havanach ¢ X040BOM yacTu. Mojienb aBTOMOOUIIS TJIaHUPOBA-
JIOCh C/EJIaTh MOJHONPUBOJHOM, HA JIBYX JKECTKMX HEpPa3pe3HbIX MOCTaxX C ITHEBMATHYe-
ckol nmozBeckoil. Kaxaplii MOCT ocHamancs nudpepeHnuaioM ¢ IpUHyIUTENbHON OJIOKH-
POBKOM. Y CTaHOBKA TaKOTO KOHCTPYKTHBHOTO DJIEMEHTA OOBSICHSIETCS JaTbHEHIINM YCO-
BEPUICHCTBOBAHMEM MOJIENIM U YCTAHOBKOM AJIEKTPOIIPUBOAA, a TAKXKE PAIUOYNPABIICHUS U
IPOrpaMMHUPYEMOT0 MUKPOKOHTPOJIIEPA, C MOMOILbIO KOTOPOTO MOXHO OBLIO OBl 3a7aTh
CHeLHaJIbHbIE aJITOPUTMbI ABTOHOMHOI'O JIBUKEHHsI aBTOMOOWUIIS. [[71s1 TOro, 4To0bI HE BO3-
HUKJIO TIPOOJIEM C MEYaAThIO 3JIEMEHTOB, pa3MEPbl HEKOTOPBIX YACTEH ObLIO PEIICHO YBEIH-
YUTb, U3-3a 3TOTO PELIECHUS, yMEHBILNJIICS JOPOKHBIN MPOCBET aBTOMOOMIISL, YTO HETaTUBHO
OBl CKa3aJI0Ch Ha €r0 BHEJOPOXKHBIX KaYECTBAX, IO3TOMY B KOHCTPYKIIMU OBLIN HUCIIOJIB30-
BaHbI CIIEIUATIbHBIE PEAYKTOPHI, YBEIUUUBAIOLINE JOPOKHBIA MPOCBET AaBTOMOOMIIS.

IHocTpoenne MexkkoaecHOro auddepeHnuana ¢ NPUHYAUTEIbHON 0JIOKUPOB-

C mnomomnrsto Mexanndeckoi koHpurypanuu « KOMITAC 3Dy Obutn pa3zpaboTaHbl
aneMeHTHl auddepennnana. Bee meranmu mexanusma pacredyaTaHbl miactukom ABS, Tak
KaK 3TOT IUIACTHK 00J1a1aeT BBICOKOH MPOYHOCTHIO M YIIPYTOCThIO, @ TAKKE KauyecTBa HE00-
XOJIMMBI JIJIsl BYKHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB, HA KOTOPHIE NEUCTBYIOT MTOCTOSITHHBIC
Harpy3ku npu pabdote. biiokupoBka nuddepeHnmrana B akTHBHOM PEKUME COSAUHSET BO-

nuio nuddepeHnnana ¢ 0JHON U3 MOTyOCeH.
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IHocTpoeHue 371eMEeHTOB KOPILYyCca MOCTA.

[Tocne pa3zpaboOTKH HEHTPAIBHOIO AJIEMEHTa Hepa3pe3Horo mocra — nuddepenim-
ana, s MPUCTYMNUJ K pa3paboTke Kopmyca MocTa. Takue IeMeHThl He HyXAatoTcsl B 00JIb-
IIOM 3arace MPOYHOCTH, MOATOMY TaKWe JIeTaau ObUIM pacrieyaTaHbl ruiactukom PLA —
HKOJIOTUYECKU YUCTHIM MaTEpHUAIIOM, KOTOPBIA UMEET OJTHO HE OUYEHb ITPUSITHOE CBOMCTBO —
IJIACTHUK TUIOXO TMOIaeTCs ToCIeayromeit oopadorke. Ho B JaHHOM citydae 3TO CBOMCTBO
JUIIb YBEJIMYUBAET MPOYHOCTh KOHCTPYKIMHU. Tpyuruecs sneMeHThl u3 PLA miactuka
OYE€Hb MEJICHHO W3HAIIMBAIOTCA U, COOTBETCTBEHHO, 00JIaIal0T OOJBIIMM PECYPCOM, HO HE
BBIJICPKUBAIOT PE3KHUE yAApbl, 4 TAKXKE HE BBIACPKUBAIOT HArPy3Ky Ha CKPyUYHBAHUE. DTO
00BSCHSIETCS TUIOXOM YNPYTOCTHIO TAHHOTO MaTepHalia.

[ToamUMHUKN B KOHCTPYKIIUKM MOCTa MPUMEHEHBI JJIsl YMEHBIICHUSI CUJIbI TPEHMUS,
U, KaK CJEICTBUE, MEHBIIIETO M3HOCca deMeHTOB. CHUMOK 3kpaHa 3D cOopku 3aHero Mo-

cta mojenu. ([Ipunoxenue 17).
Pa3paborka peaykropa.

BHemHuii AuamMeTp Kopiyca MOcTa B caMOi OOJbIlIeid 4acTh ObLI Ha HECKOJIBKO
MWJIJIMMETPOB MEHBIIIE BHELIHEr0 AuaMeTpa Koseca. JlopoKHBIM ITPOCBET KaK pa3 COCTaB-
JISUJT pa3HUILY PaIMyCOB KOJIECA M KOpITyca MOCTa. Takoil HU3KUM JOPOKHBIN MPOCBET OYEHb
HEraTWBHO OBl CKa3ajcsl Ha BHEJIOPOXKHBIX KauecTBaxX aBTOMOOWIIS. [ yBenuueHus Kiu-
peHCca B KOHCTPYKIMIO ObLIM BKJIIOYEHBI MOBBIIIAIONINE PEAYKTOPBI, KOTOPbIE K TOMY K€
MOBBIIIATIA CKOPOCTh BpalleHUs! KOJIEC aBTOMOOMIISL.

PecraBpanus M ycujieHHe pamMbl.

OcHOBY aBTOMOOMJIA BCETAa COCTABJISET MPOYHAst HecyIiast KoHCTpykuus. [Tpu pasz-
OOpKe WUrpYIIEYHOM MOJENH, MHE MPUILIOCH yOpaTh HEKOTOPbIE KOMIIOHEHTHI, KOTOpbIE
IIPULLUIM B HETOJHOCTD M3-3a HENIPUEMIIEMBIX YCIOBUU XpaHeHus Mozaenu. [locie nonHon
pecTaBpaluu 3JIEMEHTOB CTapOi HECYIIeH KOHCTPYKIIUH, 5 3aHsIICA COOPKOM U yCUIIEHHEM
paMbl MOZIENIM. B KadecTBe 3JIEMEHTOB YCHIICHHS BBICTYIIWII METANIMYECKUN KOHCTPYKTOD,
KOTOPBIN MPEBOCXOIHO CIIPABUJICA CO CBOEH 3agadeil. B pesynbTare padoThl s coOpast ycu-
JICHHYIO HECYUIYI0 KOHCTPYKIIMIO, Ha KOTOPOMl 0€3 Kakux-I10o TPYIHOCTEN MOMXKHO OBLIO

pPasMECTUTh BCC XOOOBBIC 3JICMCHTBI MOJICIIN ABTOMOOMJISL.
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YcraHoBKa NOABECKU.

B mporecce pa3paboTku Mojenu ObUIO PEIICHO YCTAaHOBUTH 3aBUCHUMYIO ITHEBMO-
MO/IBECKY C JABYXPBIUAKHOW CXEMOW KPEIICHUS HECYITUX AJIEMEHTOB. B KauecTBe mHEBO-
0aIIOHOB OBLIM MCTIOIH30BaHBI OOBIKHOBEHHBIC MITIPHIIBI 20 MJI, THEBMOCHCTEMA COCTOUT
u3 Habopa Lego 9641. Peiuaru ycTtaHaBIMBAIOTCS Ha paMmy 4Yepe3 PE3HMHOBBIC MPOKIIAJIKH,
CBOETO poja caieHT-010ku. K MocTaM phIdaru KpemsiTcsi ¢ TOMOIIIBIO IIIAPHUPHOTO COEIH-
HeHus. Takum oOpa3oM mojydaeTcss HacTpanBaeMasl ITHEBMOIIOIBECKA, CIIOCOOHAs BBIACP-

’KaTh JIOBOJIBHO OOJIBIIYIO HATPY3KY.

3.3. Oob6Kamka KOMROHEHMO8 MOOeIU U ROCTICOVIOUWLAS MOOEPHUZAUUSL MOOEIIU.
ITocne ucnpITannii MOJIeTH OBLI BBISIBJICH PSIJT HEIOCTATKOB:

1. Hlapsl, U3 KOTOPBIX COCTOSIIN MOAIIMITHUKY TJIABHOM Maphl, ObUIM HE UI€aIbHON
¢dopmbl. 13-3a aToro padota nuddepeHiaioB 1 MOCTOB B II€JIOM Obljia HECTa-
OMJIBHOM.

2. Wmpumst 20 Ma 06aganyd OrpoMHONM BHYTPEHHEH CHUJIONW TpEHUs, MO3TOMY TIOI-

Becka He cpalaThIBajia JIOJDKHBIM 00pa3oM. Macca Mozesin He COOTBETCTBOBAjA
THEBMOXJIEMEHTAM.

3. IllapampHOE COEMMHEHNE MOCTA C MPOIOIBHBIM PHIYaroM pa3pymiaioch u3-3a He-
JIOCTaTOYHOW YIPYTrOCTH MaTepuaia, U3 KOTOPOro ObLJIO M3TOTOBICHO COEIMHE-

HHUC.

JIJ1st yCTaHOBKH 3JIEKTPONPUBO/IA HA aBTOMOOMIIL HEOOXOUMO OBIJIO UCTIPABUTH BCE

BBIIICIICPCUYHCIICHHBIC HCUCIIPABHOCTH.

B MocTax ObutM MCTIOSIB30BaHbI MOAIIMITHUKY OT BEJIOCUIIEAa, KaK Ha BEJJOMOM, TaK U
Ha BeAyIlEel MIEeCTepHSX INIaBHOU naphl. TakuM 00pa3oM MOJHOCTHIO Obljla H3MEHEHA
KOHCTpYKLHUsI Kopryca mMocta. [llupunHa 3y04aToro BeHIa IJIaBHOM Maphbl Kak BeIy-
IIeH, TaK U BEIOMOM IIECTEpeH OblUIa YBEIMYEHA IOYTH B J1Ba pasa, U3-3a 3TOT0 I0-

BBICHJIMCH HAJIGKHOCTh M pa0OUU PECYPC MOCTOB.

BwmecTto crapbix mmpuiioB 20 mii, Obuid ycTanoBieHbl mmpuiibl 10 mi. [loBeicunach

MATKOCTDH IMTOABCCKH. Takxe MHOXXECTBO U3MEHECHUI ImpeTepIiciia pama aBTOMOOMIIS.
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Ilocne mpoBENEHHBIX YCOBEPIICHCTBOBAHNUM, sI IPUCTYIWII K U3TOTOBJIEHUIO PEIYK-

TOpa JABUTATENEH, a TAK)KE YCTAHOBKE AJIEKTPOHHOM ammapaTyphl.

bru10 permeHo B kayecTBe YIIpaBJICHUS aBTOMOOUIIEM MCTIOIh30BaTh MUKPOKOHTPOJI-
nep Ha 6a3ze Arduino. Takoii BEIOOp 00yCaaBIMBACTCS HU3KOM CeOECTOMMOCTBIO KOM-
MTOHEHTOB, OOJILITUMHU BO3MOKHOCTSIMH TIaTGOPMBI. J[J1 TUCTaHIIMOHHOTO YITpaBJie-

HHST MOJIEJIBIO UCIIOJIB3YeTCs OecrpoBoaHast cBsa3b - Bluetooth. Moayis cBs3u — HC-

06.

B kadecTBe CHIIOBOI YCTaHOBKH, S HCIIOJIb30BaJI AJIEKTPOJIBUTaTENN OT HACOCAa OMBI-
Baresst BA3 2109. CymmapHast MOIITHOCTh TAKOW YCTAHOBKH COCTaBUJjIa rmopsiaka 80-
100 Bart. DnemMeHThI MUTAHUS — JIUTUMHOHHBIE aKKyMyJIaTopbl Tuna 18650, 12 sie-
MeHToB. Potorpadun nmporoTumna no moaepuusanuu (npuioxenus 18-20). dororpa-

(Gun neicTBYOIIEH MOJICIN TIOCIIe MOJICpHU3AIUH (IpUIoxKeHus 2 1-24).
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3.4. IInan meponpusmuii

CocraBiieH I1aH MEpONpUSITHI 1O pa3paboTke U cOOpKE MOJIETN aBTOMOOKIIS.

Jram. OxugaeMbli OTBeTcTBEH-
Cpoku .

Ne Meponpusitue PesyabTar HBIU
N3yuyenue HeoOXoau- N3yuen HeoOxoaumerii | Emarun A.U.
MOr0 MaTepuaJa B 1.01.18- | marepuan mis nanib- CuerupeBa

1 00J1acTH MAIIHHO- 20.01.18 | Heiimeit pazpaboTKu B.C.
CTPOeHus! IpOeKTa
OnpenesneHue KOH- Onpenenena KOHIETI- Enarnn A.U.
nenuuu apromodmias | 20.01.18 | uus aBTomoOus, npu- | CHerupena

- BOJI KOJIEC, pACIOJIO- B.C.

2.1
21.01.18 | >xeHUE KOHCTPYKTHUB-
HBIX 2JIEMEHTOB

Pa3padorka 3D mope- Pazpabotansl Hepas- Enarun A.N.
Jieil 3JIEeMEeHTOB MpPH- pe3HbIe MOCTHI, KoJiec- | CHerupena
BO/Ia KoJiec (MOCTHI, HBIE IUCKU, IPOBE- B.C.
rJaBHas NMapa, peayk- JICHbI pacyeThl Ha

b | 210119 | TP

' -7.02.18
WU, 10 TIOJTYYEHHBIM
pacueraMm npou3Be-
JI€Hbl KOPPEKTUPOBKHU
B KOHCTPYKIUU XOJI0-
BBIX DJIEMEHTOB
Paszpa6orka 3D mone- Paszpabotansl peiuarn | Enarun A.W.
Jieil 3JIeMEeHTOB MOj- noaBecku, kperyienuss | CHerupeBa
BECKH, Hecylleil KOH- pblYaroB K MOCTaM 1 B.C.
CTPYKIIUH Hecyllel KOHCTPYK-
11U, pa3padoTaHa
2.3 7.02.18- paMa aBTOMOOMIISI
' 14.02.18 ’

MPOU3BEICHBI PACUETHI
Ha IPOYHOCTh M MaK-
CUMaJIbHBIC HarPY3KH,
MPOU3BENCHBI KOPPEK-
TUPOBKH IO pacueTram
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Paszpa6orka 3D mone- Pa3paboransr 3i1e- Enarun A.N.
Jieil 3JIEeMEHTOB CIJIO- MEHTBI KPETICHUS CuerupeBa
BOHl YCTAHOBKM (ABU- anekTpoasurareneit k | B.C.
rarejib, TPaHCMHC- pamMe aBTOMOOWJISA,
cus) pazpaboTaHa TpaHc-
MUCCHS, pa3aToyHas
14.02.18 KopoOKa repejay,
24 ] [POH3BE/ICH PacHeT Ha
20.02.18 | MAKCAMAIBHDIN KPYTA-
Il MOMEHT, BblJaBa-
€MbIN CHJIOBOM yCTa-
HOBKOM, pacueT Ha
MPOYHOCTh U MaKCH-
MaJibHbIC HAarpy3KH,
MPOU3BEICHBI KOPPEK-
TUPOBKH IO pacueTam
Pa3padorka 3D Pazpaborana 3D Enarun A.N.
cOOpKHM 3JIEMEHTOB cOoopka KOHCTpyKTUB- | CHerupena
aBTOMOOMJIA HBIX 3JIeMeHTOB aBTO- | B.C.
25 20.02.18 | MoOWIISL, TPOU3BEICHBI
' -1.03.18 | nomosHUTENBHBIEC pac-
YEThl, MPOU3BEICHbI
KOPPEKTHUPOBKU TIO
pacueram
IMoadopka HeoOX0aM- [TogoOpansbl Bce HEOO-
MbIX MATEPHUAJIOB U 103.18 - | XOAMMBIE SJIEMEHTEI Enarun A.1.
3 KOMIIOHEHTOB LISl €O~ | | v'(y5 1o | UL CO3/IAHMS PAKTH- Cuerupena
31aHUS MPaKTH4e- YeCcKoU MoJienu B.C.
CKOWl MOJIeJIN.
IMeuaTs Ha 3D npun- Pacneuaransl Bce ne- | Emarun A
Tepe pazpadorannbix | 10.03.18 | tanu gy coznanus ne- | CHerupena
41 Mo/jeJiell KOHCTPYK- - penHero u 3agHero mo- | B.C.
" | THBHBIX 3JIEMEHTOB 15.03.18 | cToB aBTOMOOUIIS HA
(mpuBOJ KOJIEC) 3D-npunTEpe
Ileuats Ha 3D npuH- Pacmnieuatansl Bee ne- Enarnua A.U.
Tepe jieMeHToB moa- | 15.03.18 | tanu myis cozmanust Cuerupena
4. | BECKH (ppruarm, me- | - nojasecku apromobunsi | B.C.
' cTa coequHenusi, kpe- | 20.03.18
NeKHbIE JJIEMEHTDI)
Ileuats Ha 3D npuH- 20.03.18 Pacneuaransl Bce ne- | Emarun AU
43 | Tepe dJIeMEeHTOB CH- i Tl [ cOopkH cu- CuerupeBa
JIOBOI YCTAHOBKH 10.04.18 | TOBOH YCTaHOBKH aB- B.C.

TOMOOMIIS
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OO0paboTka Hane4a- 10.04.18 [IpousBenena mexanu- | Enarun A..
5 | TAHHBIX 2JIeMEHTOB ] yeckas u xumuueckas | CHerupeBa
13.04.18 o0OpaboTka pacrieya- B.C.
TaHHBIX JeTaICH
JlopadoTka noxo- IIpoussenena Mexa- Enarnn A.U.
Opannbix komnoHeHn- | 13.04.18 | Huueckast o6paboTka CuerupeBa
5.2 | TOB W aeTaJeii, moaAro- | - noaoOpanHbIxX 25emes- | B.C.
TOBKA K cOOpKe MO- 18.04.18 | ToB
JeJH
COopka Moesim aBTO- 18.04.18 CoOpanHas MoJielb Enarun A.1.
53 MOﬁI/IJISi, MOATOHKA S 0€e3 ynpaBJIAIOIIEro CHerupeBa
AeTalleii ¥ JJIEMEHTOB | ;0 - 1o | MUKDOKOHTDOJIIEPA 1 B.C.
APYT MO Apyra AKKYMYJISITOPOB
Pa3paborka npuHiu- PazpaboTana cxema Enarun A..
NHAJBHOM JJIEKTPU- JTHUCTAHIMOHHOTO U Cuerupena
YeCKOM CXeMbl - 10.05.18 | mporpammuoro ympas- | B.C.
5.4 | CTAHUMOHHOTO U MPO- | - JIEHUS aBTOMOOUJIEM C
rpammHuoro ynpanJje- | 20.05.18 | ucnonp3oBaHueM MHK-
HHUS aBTOMOOWJIEM poxoHTposiepa Ar-
duino
MoHTak cxeMbl 20.05.18 CoOpana rotoBast Mo- | Emarun A.U.
55 | YNPaBJeHus wycra- | R JeJ1b AaBTOMOOMIIS CuerupeBa
HOBKA €€ B MO/IeJIH 22 05.18 B.C.
aBTOMOOMJIA
Xo0/0BbIe HCNILITAHUS [IpowusBeaeHsl x010- Enarun A.1.
aBTOMOOMJIA 22.05.18 | Bole ucneiTanms aBTo- | CHerupena
5.6 - MOOMIISI, BBISIBIICHBI B.C.
24.05.18 | napyuienus B pabote
arperaToB M y3JIOB
OTiaaaka Moaesu. IIpousBeneHa ortnanka | Enarun A.W.
YcrpaHeHue HeHc- MOJIEIIH, YCTPAHEHBI CHuerupena
NPaBHOCTEH, U3MEHe- 24,0518 | BCC HEHCIIPAaBHOCTH, B.C.
5 7 | M€ KOHCTPYKTHB- ) nepejienanbl HeHaAeK-
HBIX JJIEMEHTOB, B KO- | 17 1 | HBIC KOHCTPYKTHBHBIC
TOPBIX ObLJIH BHIAB- AIIEMECHTBI
JICHbI P00J1eMbI B
paoore.
Pa3paboranbl uep- Pazpaboranst ueprexku | Emarun A.U.
TE€KU FOTOBbIX KOH- 10.07.18 | koHcTpykTUBHBIX 37e- | CHerupena
6.1 | CTPYKTUBHBIX JJie- - MEHTOB B.C.
MEHTOB U M3r0TOB- 15.07.18

JIEHHBIX JeTaJjieil
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IHoarorosJjieH TexkcT Odopmrena Bcs Tex- Enarun A.N.
HAY4YHOH padoThI, Te- HU4ecKas JokymeHTa- | CHerupesa
6.2 | 3uchl padoThl, Mpe- 15.07.18 | uus B.C.
3eHTalMs JJIs1 pe/-
CTaBJIeHNUs] padoThI
IIpe3enTanus npo- Brictynnenne Ha ro- | Enmarun A.M.
7 eKTa o0pasoBaTesib- | g g 1g | Poackoii HITK CuerupeBa
HbIM Y4YpeKIeHUAM B.C.
3.4. Oscuoaemwtii pe3ynomam
Kpurepuu U3smepenus
Ha3Banue 3Tana PesyabTar
KavecTrBeHHbIC KosnuecTBeHHbIE
1 3Tan N3yuen HeoOxo- | [lomyden HeoOxoau-
N3ydyenune He00X0- | TUMBIN MaTepHal | Mblii MaTepuan s
AMMOTI0 MaTepuaJia | Uil JaJlbHEHIIEH | JallbHenmen paspa-| [Ipoanamusupo-

B 00JaCTH MAalllu-

pa3paboOTKH Mpo-

OOTKH MOJIETIHN

BAHO § UHTEPHET

Jie KOHCTPYKTHUB-
HBIX 3JIEMEHTOB aB-

THUBHBIX 3JJICMCH-
TOB MOACJIN aBTO-

[lonyden omsIT pa-
00THI B TIporpamme

HOCTPOCHUA eKTa MCTOYHUKOB, | Hc-
TOYHUK JIUTEpa-
TYpBI
2 3Tran Coznanst 3D Mo- | M3yuensl  ocHOBHI | PazpaboTansl 200
Co3nanue 3D mone- | fen  KOHCTPYK- | IPOTOTUIIUPOBAHMS. | A€TAJIE  MOJAENH

aBTOMOOMJIA.

MEpbl M KOHEYHBIN

TOMOOWIS MOOHJIA. UIs.  TIPOTOTUIIUPO-

BaHUS «Kommnac

3D». Ilony4ensl g0-

MOJIHUTEIbHBIE 3HA-

HUS B o0ylacTu Ma-

muHocTpoenus. Co-

3aHbI YCJIOBUS IS

peanuzaiuu  TPeTh-

€ro JTarna.
3 3ran [Tonobpansl Bce | OmpeaeneHo mecto | 1 cuiioBas KOH-
Iloadopka HeoOX0- | HEOOXOUMBIE paboThl ¢ 3D-nipuUH- | CTPYKIUS aBTOMO-
AUMBIX MaTepHua- | dJeMeHThl i | Tepom  — MbBOY | 6wis (pama), 1 ka-
JIOB U KOMIIOHEH- | CO3laHusl Tpak- | «Jlumen Nel74y, | ouna, 400 xpe-
TOB JIA CO3JAaHUA | THUECKOU MO- | KabuHeT «IlIKOJIb- | NEXKHBIX MPHUCIIO-
NPaKTHYECKON MO- | JeH i TEXHOmapk». | co0nenunii (00nThI,
JAeJI. Onpenenensl  pas- | railku, CaMmope3sbl)
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BUJI MOJEIH, CO-
CTaBJICHA cxema
PacCIONIOKEHUA KOH-
CTPYKTHBHBIX DJIe-
MEHTOB.

4 rTan

IleyaThb KOHCTPYK-
THBHBIX 3JIEMEHTOB
apromoOmIa Ha 3D

Pacneuatansl

KOHCTPYKTUBHBIC
ajieMeHTHI Ha 3D-
MIPUHTEPE, pa3pa-

W3y4eHbl  OCHOBBI
3D meuatu. Ilomy-
YCeHBI 3HAHHS O Ma-
tepuanax 3D me-

200 meranel KOH-
CTPYKTHBHBIX 3JIe-
MEHTOB  aBTOMO-
owneit. 10 kopmyc-

NpUHTEepe, pa3pa- | 00TaHbl  JIOMOJ- | YATH. HBIX 2JIEMEHTOB. 5
00TKa M M3Ir0TOBJIe- | HUTEbHbIE Je- | [lolydeHbl 3HaHUWA | HECYUIMX  CHJIO-
HHE JONOJIHHUTE/b- | TAIM W3 JPYruX (B 00JacTH 0O0pa- | BBIX JIIEMEHTOB.
HBIX JeTajell IS | MaTepHaioB 00TKM MeTasuia, ja-

CHJIOBOI KOH- KOKpPAaCOYHBIX  pa-

CTPYKUMH. 00T.

5 3ran CoOpannast, ro- | OcBoeHa TexHosio- | O6pabdoTansr 200

O0paboTka Hame-
YaTaHHBIX JJIeMeH-
TOB, cOOpka Mo-
AeJid, YCTaHOBKA
JIEKTPOHUKH, OT-
JIaJIKa MOeJIH

TOBas K pabore
MOJICITb

rusi o0paboTKH Ma-
TEpPHUAJIOB, U3 KOTO-
PBIX OBLITU U3rOTOB-
JICHBI KOHCTPYKTHUB-
HBIC DJICMCHTHI aB-
Tomooms. [loy-
YEHBI JIOTIOJTHU-
TeJIbHBIC 3HAHUS O
CBOMCTBAX M XapakK-
TEPUCTUKAX MaTe-
puanos st 3D ne-

JIeTaneu, Hareva-
TaHHBIX C TIOMO-
uipto 3D npuH-
Tepa, coopana 1
rOTOBasi MOJIEb.

YaTHu.

6 sTan [Togrorosnena u | [lomyuen onbIT | | mamka ¢ 4epre-
IMoaroroBka Tex- | coO3laHa TEXHU- | pa3pabOTKU yepTe- | *KaMu, HAy4HOU pa-
HMYECKOl  JIOKY- | yeckas JOKYMEH- | ’Kel, odopmieHus | 60ToH, CXEMOM
MEHTAluH TauMsd  MOJENH | HAy4HOW  paOOThl | BKIIOYEHUSI  DJIEK-

aBTOMOOUJIA, (peeparta) TPOHUKH.

MPOU3BEIEH pac-

4eT CTOUMOCTHU

MOJEIIH, pac-

CMOTPEHBI  BO3-

MO>KHbIE aHAJIOTH

U3BECTHBIX IIPO-

U3BOAUTENEH.
7 Tan Brictymuienune Ha | [Ipencrasiiena Brictynienne
IIpe3enTamus npo- | ropoackoit HIIK | paspabotka cb6o-| mnpocnymanu 12

CKTa

pPOYHOM

IIcaaroroB 13
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o0pa3oBaTeIbHBIM YMEHBIIIEHHOW MO- | WIKOJ ropoja 3e-
yupe:KIeHUusiM Jen  aBTOMOOWJIS | JIGHOTOPCK, 5 Tpe-
KamA3 yuenukam | nonasareneid COY
mKoJ ropoaa 3ene- | ropoaa KpacHo-
HOTOpCKa, Ieaaro- | sipck, 30 y4eHUKOB
ram IIKOJ M y4pe- | LIKOJ ropoja 3e-
KJICHUN JIONOJHU- | JICHOTOPCK U 15
TEIBHOTO 00pa30-| YYEHUKOB IIKOJ
BaHUS JIETEH. ropona Kpacho-
ITomyyen OMBIT | SIPCK, 12 cTyaeH-
IIPE3CHTALlUU [IPO- ToB COVY.
eKTa Ha myOJIuKY,
BBICJTYIIIaHBI 3aMe-
YaHUS W KPUTHKA B
aJpec IMpoeKTa, Co-
CTaBJICHbl  JaJlb-
HEHIINE TUIAHBI
pa3BUTHUSI MPOEKTA.
3.5. brooscem
OcHoOBHBIE IPSIMBbIE PACXOIbI
No | HammenoBanue pac- | Umeercs Tpedyercsa nUTOoro
xXo0/1a
1 | [nactuk ayg 3D nedatu | 3xr* 1600 pyo. 0 5400 py6.
2 |3ampaBka  kaprpmwknaa | lmr*380pyo 0 380 pyo.
JUTSl IPUHTEpa
3 | [Iporpamma mns mpoto- | 1mt*0pyo. 0 0 pyo.
tunupoBanus «Kommac
3D»
4 | Kaanensipckue mpunan- | 1Hadbop*300py6. |0 300 pyo®.
TIEKHOCTH
5 | bymara Imauka*200py6. |0 200 py®.
6 | Habop cromsapubix uH- | lmT*1500pyo0. 0 1500 py®6.
CTPYMEHTOB
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7 | Hoyroyk nnsa 3D moge- | 1mr*30000py6. | O 30000 pyo®.
JUPOBAHHUS U HW3TOTOB-
JICHUSI YEPTEKEM.
8 | Apenna nometenus | 1509*100py6. 0 15000 pyo.
(nnst medatu geranei)
xonsueii  TEXHO-
apK
9 | HaGop Lego 9641 1mr*6140py0. 0 6140 pyo.
10 | Akkymynsaropel 1860 | 6mT*500py0. 0 3000 pyo.
Li-on
11 | Arduino UNO R3 1r*700py0. 0 700 pyO.
12 | Pene 250B 20A 3mT*50pyo. 0 150 py®.
13 | Kpenexusbie amementsl | O 250mT*1py6. | 250 pyo.
14 | PacxoHble MaTepuaibl | - 500 py0. 500 py®.
15 | [lasnpHas cTaHus 1r*3000py0. 0 3000 pyo.
16 | DnexkTpoHHbIe KOMNO- | 15mT*20py0. 0 300 py®6.
HEHTBI
17 | Monyns cBsizu HC-06 1mr*250py0. 0 250 py®o.
NTOIo 750 pyo. 67070 pyo.
3.6. Pucku npoexma
Jran Pucku MunuMu3anus pUCKa

1. ITouck u moxbopka
KOMITOHEHTOB

HalineHHbIX 1 UMEIO-
IIAXCS KOMIIOHEHTOB
OyIeT HeOCTaTOYHO
IUISL CO3JaHNE HECYLIEN
KOHCTPYKIIUM aBTOMO-
oL

3apanee pazpaboTaTh IpUMeEp-
HBIM DCKU3 HECYILEU KOHCTPYK-
UM aBTOMOOMUJIS, YITPOCTUTh
CTPOEHHUE PaMBI, HCIIOJIb30BATh
NOAPYYHBIE MaTEpHaIbl U KOM-
IIOHEHTHI.

2. Coszganue 3D mopeneit
BCEX KOHCTPYKTHBHBIX
2JIEMEHTOB MOJIEIN aBTO-
MOOHIA.

He naiinena npo-
rpamma Juisi IpOTOTH-
nrupoBanus «Komrmac
3D».

OcyniecTBUTh MOUCK UHBIX
IPOTpaMM JIJIsi TPOTOTUITUPOBA-
HUSI, 03HAKOMUTHCS C HUMH.
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He ycranosiiena npo-
rpamma Juisi IpOTOTH-
nrupoBanus «Komrmac
3D».

Bo3moxHOCTEH TTpO-
rpaMMbl OyZIeT He10CTa-
TOYHO JyIsl co3aanust 3D
MOJIEJIEN.

O3HAKOMUTBCS C PHIHKOM IPO-
JaK MPOrpaMM I IPOTOTUIIH-
pOBaHMSL.

YIpOCTUTH HEKOTOPBIE JJIE-
MEHTBI KOHCTPYKIIUH.

3. [leuyaTs pa3paboTan-

HBIX JeTane Ha 3D npuH-

Tepe.

Bosmosxnoctei 3D-
pUHTEpa OyIeT HeI0-
CTaTOYHO JJI1 U3rOTOB-
JICHUS MOJCIICH.

YpocTuTh HEKOTOPBIE AJIe-
MEHTBHI, TIeYaTaTh ICTAJIH I10 Ya-
CTSIM, IPUOETHYTH K HACTPOUKE
u noBojake 3D-npunTepa, oOpa-
TUTHCS 32 MOMOIIBIO K TIpodec-
CHOHAJIaM.

4. TTocnenyroiast oOpa-
0OTKa HAIlEUYaTaHHBIX JIe-
Tajei, coopka MOJCIH

[1noxas obpaboTka
JneTaneil 1 KOMIIOHEH-
ToB. He ynacres co-
OpaTh MOJICIIb.

3apaHee npoiyMaTh, 4TO HEOO-
XOJIMMO ¥ JIOJDKHO OBITH ISt
pacnieyaTky U o0pabOTKH JieTa-
JIEH.

Hcnons3oBathk apyroii Habop
UHCTPYMEHTOB JIsl 00paboTKU
JeTaneu.

Paszpabotath apyrue neranu
JUIs1 COOPKH MOJICITH.

5. IloaroroBka Texuuye-

CKOM JIOKYMEHTALIUU PO-

CKTa.

He ynacrcs nsroro-
BHUTb YEPTEKHU JIeTANECH
MOJICJIN, TTOJATOTOBHUTH
MHYIO TEXHHUUYECKYIO J10-
KYMEHTAIHUIO.

OG6paTuThbCst 32 TOMOIIIBIO K
npodeccruoHnanam, UCIoJIb30-
BaTh pa3HbIe KOMIIBIOTEPHBIE
IPOrPaMMBI JIJIsl CO3aHUS TEX-
HUYECKOU JOKYMEHTAIIUH.

6. IIpezenTanus Ha
HAYYHO-TIPAKTUYECKUX
KOH(DEpEHITUIX

He BeicTynui va HIIK
(LLIKOJIBHBIN U TOPO/I-
CKOM dTarbl)

Ocyl11ecTBUTH TOMCK MHBIX
KOHKYPCOB WJIM KOH(EPEHIIHI
JUTSI TalTbHENIIIETO BBICTYILIIE-
HUSL.

3.7. Yemouuueocmo

B peanuzaiiuu Moero npoekTa MoryT ObITh 3aMHTEPECOBaHbI 00pa30BaTEIbLHbBIE OP-
TaHW3aLMU: CPEIHSS U CTAPIIAS IKOJIA, YYEHUKHU IKOJIBHOTO TEXHONAPKA, HEHTPHI JOTOJI-
HUTEJIbHO oOpa3oBaHus Jerel, yHuBepcuteThl. [IpenoaaBarenu Cubupckoro denepalib-
HOTO YHHUBEPCUTETA 3aUHTEPECOBATUCHh MOEH MOIEIbI0. DAaKTUYECKHU 3TH OpraHu3alii Mo-
r'yT (PMHAHCHUPOBATh MO MPOEKT. ITOT MPOEKT HUKAK HE pa3oBbiid. Ero pa3zpaboTtka u mo-
paboTKa MOXKET MPOUCXOUTH OCTOSIHHO. Bce 3aBUCUT OT TOCTHIKEHHMM HAYKWU U TEXHUKH,
KOTOPBIMHM 51 MOT'Y BOCIIOJIB30BaThCs. B nanpHeneM miaHupyeTcst OCHACTUTh MOJENb aB-

TOMOOUJIS QJICKTPOHHBIM PCTYIIATOPOM IIOABECKH, CO34aTh CICHHAJIBHBIC aJIl'OPUTMBI
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JABHXKXCHUA, I[Opa6OTaTL IMOABCCKY aBTOMO6I/IJ'I$I, CHJIOBYKO KOHCTPYKIHIO, YCTAHOBUTL KO-

pOOKy mepeaay.

3.8. Pacnpocmpanenue pezyibmamos

Moii mpoeKT MOXKET OBITH UHTEPECEH TeM pedaTaM, KTO 3aHUMAETCS MPOTOTUITHPO-
BaHHEM M MOJICTTUPOBAHUEM, a TAKXKe TpexMepHou rpadukoit u nedarpio Ha 3D- mpunTepe.
N300peTenne coOCTBEHHOM TPEXMEPHOI MOJIENH, €€ ITeYaTh Ha IPUHTEPE, COOPKa, BOT, UYTO
MOKET 3aMHTEPECOBATH JIFOOOr0 MIKOJbHUKA. B Hamiel crpaHe B KaX10M IIKOJIE €CTh KOM-
NBIOTEPHI, HA KOTOPBIX MOXKHO CO3/1aBaTh cBOU Mojenu B nporpamme «Kommac- 3D». Ho
orcyTcTBUE 3D-IpUHTEPOB, MOKET OBITh MPEMATCTBUEM B PEATU3ALMU MOET0 MPOEKTa.
Kpome Toro, Moit poekT OyJIeT UHTEPECEH TeM, KTO XOUYET CBSI3aTh CBOIO KU3Hb C Mallu-
HOCTPOECHUEM M pa3pabaThiBaTh HOBbIE MEXaHU3MBbI, KOTOpbIE B JajbHEMIIEM OyAyT Npu-
MEHATh B M3TOTOBJIEHUU YK€ peaJbHbIX aBTOMOOMIEH. M3roToBIEHHYIO MOJENb TaKKe

MOJXHO HCIIOJIB30BAaTh B KAYCCTBC 06y‘-IaI-OHI€-p33BJ'I€KaTeJII>HOFO TocoOus.
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3.9. lHHopmeonuo npoexma

3.9.1. Texnuueckue 0oKymenmul

Cucrema KOMIIAC-3D npenna3zHaueHa sl CO3aHUS TPEXMEPHBIX aCCOLMATUBHBIX
MOJIeel OTACNBbHBIX JeTajel U COOPOUYHBIX €AUHUIL, COICPKAIIUX KaK OPUTHHAIbHBIC,
TaK ¥ CTaH/IApPTU30BAHHBIC KOHCTPYKTUBHBIE 3JIEMEHTHI. [lapaMeTpruueckast TEXHOJIOTHS
MO3BOJISIET OBICTPO MOJIYy4aTh MOJAEIIU TUIOBBIX U3/ICNIUNA HA OCHOBE OJTHAXK/IbI CIIPOCK-
TUPOBAHHOTO MPOTOTHUIIA.

TpexmepHblii, niiu 3D-mpUHTEP — 3TO YCTPONCTBO BBHIBOJIA TPEXMEPHBIX JTAHHBIX (KaK
MpaBuiI0, 00BEMHOI reomeTpun). Pe3ynbratom ero padboThl ABISIETCSI HEKOTOPBIN (PU3H-
YECKU 0OBEKT, MPOTOTHIL.

COopouHasi yMeHbIlIeHHas: MoJieTb aBToMoOmIs KamA3.

Pedepar.
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3.10 Cpaenenue c anano2uiHbIMu MOOEIAMU ABHOMOOUIEN
Tpodu mogens CMX or MST (Max Speed Technology) 1/10 — 16399 py6.

AXIAL SCX10 Il Jeep Cherokee 4WD 1/10 KIT — 26910 py®.
AXIAL SCX10 I1 Jeep Cherokee 4WD 1/10 RTR — 31800 py®.

Bce moaenn aBromo6uier 0sut B3gThI ¢ caiita RCMOTORS.ru, ctronMocTh TaKHUX MOJIE-
JIe OYEHb BBICOKA. KpoMe TOro, Takue MoJIeNi HE UMEIOT NOTEHIHAA JJIsl JATbHEUIIIETO
YCOBEPIIICHCTBOBAHMS Y U3MEHEHUSI KOHCTPYKIUK. Kaxkaas U3 mpuBEAECHHBIX MO/IEIICH
OCHAII[EHA CUCTEMOW JUCTAHIIMOHHOTO YIIPABIICHUS, B MOEH K€ MOJICIIA B JAJIbHEUIIEM
OyJleT yCTaHOBJICH MPOTPAMMHUPYEMBbIH MUKPOKOHTPOJIIEP, C TIOMOIIBI0O KOTOPOT'O MOYKHO
OyJleT HaCTPOUTD JIOMOJTHUTEIBHBIC CUCTEMBI YIIPABJICHHUS, B TOM YHCIIe HACTPONKY IO/~
BECKH. DJIEKTPUUYECKAs OCHACTKA MTPUBEIACHHBIX MOJICIICH HE TTO3BOJISIET BHITIOJIHUTD TAKHE
aJITOPUTMBI.

OO611ast CTOMMOCTh MO€I MOJIEN Ha JaHHOM 3Tarne coctapiisieT nopsaka 9000 pyO:eit, Ho
LIEHY U3rOTOBJIEHUS MOJIEJIM MOKHO CHU3HUTB B Pa3bl, €CJIM UCIOJIb30BATh POMBIIIJICHHBIE
TEXHOJIOTMH U3TOTOBJICHUS JI€TAJIEH.
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3akJIoueHue

Ha npoTsikeHun BOCbMH MECSIIEB s 3aHUMAJICS pa3paboTKoN yueOHOM cOOpOoUHOM
monenu aBromoOnist KamA3. B porecce paboTsl st mo3HakoMuJics ¢ mporpamMmmoit «kKOM-
[TAC — 3D». Y3Han onpeneneHHble KauecTBa U cBoicTBa MatepuanoB 3D nevaru, no3Ha-
KOMUJICSI C M3TOTOBJICHUEM JieTajeil ¢ moMotibio 3D-nipunTepa, mpuodpes OonbIT IocTpoe-
HUsI YEPTEXKEU U NMOATOTOBKM TEXHUYECKOM AOKYMEHTAlUMH. TakXke 0O3HaKOMMIICS C OCHO-
BaMU IIPOEKTHOU JAesATeNbHOCTU. B mpornecce co3nanust Moaenu noapoOHO y3HAI Mpo BCe
KOHCTPYKTHUBHBIE 3JIEMEHTHI aBTOMOOWIsI. Hayuuics mocnenyromieii 00paboTke JaeTaiei,
M3TOTOBJICHHBIX ¢ oMolblo 3D-nipunTepa. B pe3ynbTaTe Moeii paboThI 51 co3aall cOopou-
HYIO YMEHBIIICHHYIO MOJIe]b aBToMoOuIst KamA3.

S mpexycMOTpen pUCKH MPOeKTa, KOTOPhle MUHUMHU3UPOBAIIN TPYAHOCTH U MO3BO-
JWIIN CAeNaTh padOTy KaueCTBEHHO.

CTonMOCTh CO3/1aHuUsI MOJICH Ha TaHHOM dTare coctanisieT mopsaka 9000 pyouei,
YUUTBIBAs, YTO HA €€ CO3JIaHHE YIUIO OKOJIO | KT TpeX pa3HbIX BUIOB IUIacThka Picasso,
croumocThio 1800 py6seit 3a 1 Kr. DTO JOBOJIBHO BBICOKAS II€HA, OAHAKO OOJIBIIIOE KOJIH-
YeCTBO TAKOTO IJIACTHUKA OBIJIO MCTIOIB30BAHO B TIpOIECCce Pa3pabOTKH MOAEIN Ha U3TOTOB-
JICHUE SKCIIEPUMEHTAIIbHBIX JIeTajei

TaxuMm 006pazom, 5 BBITIOJHWI 337a4H, JOCTUT TIOCTABJICHHOMN LU, TOATBEPAUI TH-
noTe3y. YuuTens Juues, 0cO0eHHO (U3UKU, OJJ0OPUIN MOJENb U 3aMHTEPECOBAINUCH B €€
MpUOOpETEHUH.

B mepcnekTrBe CBOEro mpoeKTa MOJeNb aBTOMOOWISA OyJeT OCHAIleHa AJIEKTPOH-
HBIM PETYJISTOPOM MTHEBMATUYECKOW TOBECKH, TOTIOJHUTEIFHBIMHA JATYUKAMU KOHTPOJIS
aBTOMOOUJISI, KOPOOKOM MEepeKIIIoueHUs nepeaad, OyayT nopaboTaHbl MOJABECKA U TPAHC-
MUCCHST aBTOMOOWIIS, CO3/IaHbI CTICIIUATBHBIE AITOPUTMBI IBI)KEHUS, B TOM YHCIIE aBTOHOM-

HOT'O IBHXKXCHMS.
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