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JIABOPATOPHAS PABOTA Ne 1

Co3zoanue uepmesiceil MexampoHHBIX I1EMEHNO8 U MOOY1ell

Leab padoTbl: OBNaseTh HABBIKAMHU PA0OTHI B CUCTEME aBTOMATH3HPOBAHHOTO MTPOSKTUPOBA-
Hus ADEM nipu co3nanum yeprexeit MeXaTpOHHBIX 3JIEMEHTOB U MOJTYJICH.

1. MaTepHabHO-TEXHHYECKOE OCHALIIEHHE:
v' Tlepconansubiii kommbiotep (I1K);
v" TIpoekTop;

v HuTepakTuBHAs JOCKA.

2. Tlopsiiok BbITOJTHEHUSI PAGOTHI
1 — Co3znate yepTeKu MEXaTPOHHBIX IJIEMEHTOB.

2 — IPOCTaBUTh HEOOXOIUMBIC Pa3MEPHI.
3 — 3aI0JIHUTH LITAMIIL.

3. 3agaHus 1Jis1 BbINOJHEHUs NPAKTHYEeCKOH padoThI
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4. Conep:xaHue oTYeTA.

1) HasBanue paboOTHI.

2) Llenb pabOTHI.

3) OdopMieHHBIE YEPTEKHU
4) BeiBoj 10 pabore.

KoHTpoJibHbIE BONPOCHI:

- ONIPE/ICIICHUS: MEXaTPOHHBIN 3JIEMEHT, y3€J1, MOIYJIb,

- METOJIbI CO3JJaHUSI MEXaTPOHHBIX AJIEMEHTOB ¢ ucnoib3oBanuem CAIIP;

- oommactu npumenennss CAITP ADEM,;

- ACIIOJIb3yeMbIC TEOMETPUYCCKHE AIEMEHTHI JIUIsl IIOCTPOSHUS MOJIEJIe MEXaTPOHHBIX MOIYJICH



JIABOPATOPHAS PABOTA Ne2
Boinoanenue asmomamuueckux paciemoe ¢ uCnonb306aHueM mpexmepHvlx mooeneil.

Llesab padoThl: Hay4unThcs BRIOIHITH aBTOMaTHUECKUE pacueTsl B cucteme ADEM, ucmosnb-
3ysa 3D moxenu.

1. MarepuajibHO-TEXHHYECKOE OCHAIIlEHHE:
v' Tlepconansubiii kommbiorep (I1K);
v' TIpoekTop;

v' VHTepaKTUBHAS JTOCKA.

2. Tlopsiiok BbINOJHEHUS] Pa0OThI

1 — co3natb npodunu ans nomyuenust 3D moxeneit

2 — IMonyunts 3D Mozeb, UCIONIB3YST METOIbI BBIIABIIMBAHUS U BPAILICHUS C YICTOM OYIIEBBIX
OIeparuu.

3 — paccunTaTh 00bEM M MACCy JETAIN

3. 3aganue 1Jis1 BbINOJIHEHUs PadoThI




Pacuurartn MacCy ACTalii AJid CICAYIOIMUX MAaTCPpHUAJIOB: CTAJlb, JIATYHb, I[IOpaJIIOMI/IHI/II\/'I.

4. CopepxaHue 0TYeTA.

1) HasBanue paboOTHI.

2) Llenb pabOTHI.

3) 3D moxens

4) PacyerHas TabynIa Macc.
5) BeiBoj 1o pabore.

KoHTposbHbIE BOPOCHI:

- BUIbI pacueToB B cucteme ADEM,;

- MeTobI ocTpoeHus 3D Mozenei;

- OCHOBHBIE Xapaktepuctuku 3D moneneii;

- oImepanuu, mpuMeHsemMble Hax 3d MoaeasIMu



JIABOPATOPHAS PABOTA Ne 3

Hcnonvzosanue eu3yanvhoii cpeovl NPOEKMUPOBAHUA MEXAMPOHHBIX MOOYJIEll U CUCHIEM.

Ieab padorbl: HayunThcs co31aBaTh MOIEIN MEXATPOHHBIX MOJYJIEH C UCIIOJIb30BAHUEM
CAIIP ADEM.

1. MaTepHabHO-TEXHHYECKOE OCHALIIEHHE:
v' Tlepconansubiii kommbiotep (I1K);
v" TIpoekTop;

v' VIHTepaKkTUBHAS TOCKA.
2. Tlopsinok BbINOJIHEHHUS PAdOTHI
1 — co3narh yepTexu MEXaTPOHHBIX JIEMEHTOB

2 — 00bEIUHUTH DJIEMEHTHI B OTACNIbHBIN MOIYIb
3 — BBINIOJIHATH COOPKY BCEX DJIEMEHTOB

3. 3aganue 1Sl BHINOJIHEHUS PadoThI
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5. Copep:xaHue oTuyera.

1) HazBanue paGoTHI.

2) Ilens paboTHI.

3) CoOopouHast MOJIEITb MEXaTPOHHOTO MOYJIsS
4) BsiBojx 110 pabore.

KoHTpoJibHbIE BONIPOCHI:

- HOPAA0K Pa3pabOTKHU 2IIEMEHTOB MEXAaTPOHHOTIO MOAYJIS;
- nony4yenue 3D mozeneit MexaTpoHHBIX 3JIEMEHTOB;

- XapaKTEPUCTUKH BU3YaJIbHOM Cpebl POEKTUPOBAHUS



JJABOPATOPHAS PABOTA Ne4
Ilpoekmuposanue y3na mexampoHHo20 MOOYA.

Lleab pabotbl: HayunThcsl BBITOIHATH IPOSKTUPOBAHUE Y3JI0B HECIOXKHBIX MEXAaTPOH-
HBIX MOJAYJIEN HA PUMEPE KBAJAPOKONTEPA.

1. MarepHabHO-TEXHHYECKOE OCHAIEHHE:
v Tlepconanbubiii kommbiorep (T1K);
v TIpoekrop;

v WHTepakTHBHAs JOCKA.

2. Ilopsinok BbINOJHEHHs PadoThI

O3HnakoMumvcs ¢ MUNOBbIMU KOHCMPYKYUAMU KEAOPOKONMEPO8.
Co30amb 3CKU3bl OCHOBHBIX V37108 KBAOPOKONMepA.

Coz0amb snekmpuueckyio cxemy ynpagienusi KeaOpoKonmepa.
Coz0amu uepmendic y31a MexampoHHO20 MO0V KeaOpoKonmepa.
Cocmasumu cneyuguxayuto s1emeHmos

agrwNDE

Kopnyc
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3. CopepxaHue oTuyera.

1) HasBanue paboThL.

2) Ilenb pabOTHLI.

3) DcKu3bI BHIOIHEHHBIX 33 JaHUIA.
4) BeiBoa no pabore.

KOHTpOJII)HbIe BOITPOCHI:
- METObI MPOCKTUPOBAHUSA Y3JIOB MEXATPOHHBIX MOI[yTICfI;
- XapaKTCPUCTUKHU MEXATPOHHBIX 3JICMCHTOB HAa IPUMEPC KBAAPOKOIITEPA,



JIABOPATOPHAS PABOTA NeS
Cocmaenenue coopouHoit MoOeIU MEXAMPOHHO20 MOOYJIA

Ilesb paboThl: HayuuThcs BBITTOHATE COOPKY OOBEMHBIX MOJIEICH MEXaTPOHHBIX dJIe-
MEHTOB U y3JI0B B MOJ1YJIb.

1. MarepHabHO-TEXHHYECKOE OCHAIEHHE:
v Tlepconanbubiii kommbiorep (T1K);
v TIpoektop;

v' VHTepaKTUBHAS JTOCKA.

2. Tlopsiiok BbINOJTHEHUS] pA0OTHI

Hcnonb3ys o0beMHble MoJesH JI1.p. Ne4, BBINOIHUTE COOPKY MEXAaTPOHHBIX 2JIEMEHTOB B
MEXaTPOHHBIA MOAYIIb.
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3. CoaepixaHue oT4era.

1) Hazpanue paboTHI.

2) Llenb pabOTHI.

3) KoMITOHOBOYHBIN TOKYMEHT C MEXaTPOHHBIM MOJTYJIEM.
4) BeiBoa o pabore.

KoHnTpoJibHbBIE BOIPOCHI:
- METO/IbI BBITIOJTHEHUS COOPKH 00BEMHBIX MOJIENEH;
- BUJIbI KOMIIOHOBOK 3JIEMEHTOB



JIABOPATOPHAS PABOTA Ne6

Cocmaenenue cxemol paﬁombt MexXampoHHO20 Mooyﬂ}l

Ieapb padoThl: CocTaBUTH CXeMy pabOThI MEXaTPOHHOTO MOIYJIS HA TIPUMEPE KBAAPO-
KOmnTepa

1. MaTepHabHO-TEXHHYECKOE OCHALIIEHHE:
v' Tlepconansupiii kommbiorep (T1IK);
v' TIpoekrop;

v' UHTepakTHBHAS JOCKA.

2. Tlopsinok BbINOJIHEHHUS PAdOTHI

1) BriOparh cxeMy MEXaTPOHHOI'O MOJIYJIS
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2) Coszngats 3D Moenb BEIOPAHHOM CXEMBI

cxema

ocobeHHoCTH

NeTtaet, HacTpamBaeTca abCoMTHO Ha MoHoM
NONETHOM KOHTPOMNnepe, ogHa U3 cambixX
nonynapHbX. PeaKo NpUMEHAETCA ANA CHEMOK C
KOMTEDA, BBUAY TOPYALLIEro Briepeau fnyya,
KOTOpbIil NonagaeT B Kaap.

OpHa u3 Hanbonee nonynapHbix cxem. [Nonb3yeTca
DOoNbLUNM YBaXKEHUEM Y TEX, KTO CHUMAET BUAEO
(T_K. niy4un He nonagaroT B kaap). Beuay ceoeit
CUMMETPUYHOCTH - O4EHb NpeacKasyemo
ynpasnsaemblit annapar. PassusaeTt 6onbLuyto
rOpU30OHTaNbHYHK CKOPOCTb (0 4a, B Cnydae ¢
neTartenbHbIMU annapaTtami, NOABNAKTCA Takue
MOMEHTbI KaK pasnudme ropu3oHTanbHoi 1
BEPTUKANbHOM CKOPOCTI.) YeM KBAAROKQMTERb! CO
CXEMOW +.

OB6ocHoBaHHO, CYUTAETCA CaMol CKOPOCTHOM
cxemoii. Bce-taku korga 1eba Tawat enepeq asa
BWHTA - 3T0 ObICTpee, Yem 0auH, KaK Ha
npeablayLielt cxeme.

3) Co3narh 06JI0K cXeMy padoThbl MEXaTPOHHOTO MOTYJIsI

O MOTOp
nepegaTynk
NPUEeMHUK NOMETHbIN
KOHTpOnnep

MoTOp

perynstop
obopoToB

—r)

MOTOP

Q MOTOp




4. CopepxaHue oT4yerTa.

1) HasBanue paOOTHI.

2) Llenb paGOTHI.

3) CxeMbl paboOThl MEXaTPOHHOTO MOMIYJIS
4) BeiBoj 10 pabore.

KouTtpoJibHbIE BONPOCHI:
- IPUHIIUIIBI pa0OTHI CXEM MEXaTPOHHBIX MOJYJIEH;
Ornucath paboTy MEXaTPOHHOTO MOYJIS HA TIPUMEPE KBAAPOKONTEpa



JIABOPATOPHAS PABOTA Ne7

Hocmpoenue U AHAIU3 XapaKmepucmuK mexampoHHblX CUCHIEM.

Ileans padoThI: BLIIIOJHUTE aHAIH3 pa6OTBI MCX&TpOHHOﬁ CHUCTEMBI U €€ JJICMCHTOB.

1. MaTepHabHO-TEXHHYECKOE OCHALIIEHHE:
v' Tlepconansubiii kommbiorep (I1K);
v" TIpoekTop;

v HuTepakTuBHAs JOCKA.

2. Onucanue padoTsl

[Ipu pemenuu 3a1aun CTaOMIM3aMHU, YIIPABICHUS IBUTATEIIEM, TIEpEIay JaHHBIX TpeOyeTcs
OombIIKe pecypehl eHTpanbHoro Mukpokontposuiepa (MCU). B nanHOM citydae UCTIOIb3yeTCs
ARM Cortex-M3, spisromuiicst 32-X OUTHBIM MUKPOKOHTpOsuIepoM. CTPYKTypHast cXema Imoji-
KITFOUEHHS OJTHOTO JIBUTATENs PUBEJCHA HIKE.

MCU puvy s ESC

Pucynok 4 — CtpykTypHas cxema HOJKIIOYEHHUS OJHOTO IBUTATEIs.

KBanpokonrepy He00X0Ma OTHOCUTEIBHO BbICOKAs TAra ABUraTens. s 3TuxX 1enei Xopouio
HOJXOAAT OECKOJIJIEKTOPHbIE IBUTATEIH, YIPABISIOMINECS ¢ HOMOILBIO IIMPOTHO-UMITYJIbCHOM
monynsauuu (HIUM/PWM). ®ynkuus renepanuu [1IMM umnynbcoB asis ynpaBiaeHUs 1BUraTe-
JsIMM niepeHeceHa Ha Jpaiiepa asurateneit (ESC — Electronics Speed Control). [{ns ycnemsoro
yIpaBJeHUs, HEOOXOAUMO 3HATh MOJ0XKEHUE POTOPA B KaXKIbI MOMEHT BpeMeHH. YacTo nBura-
TEJH YK€ UMEIOT BCTPOEHHBIE JAaTUNKH, JAIOIIME MOJHYIO KaPTUHY O TIOJI0KEHUU POTOpa, HO
3TO JAJIEKO HE MPABUIIO, a CKOPEe HUCKIIIOYEHHE. 3a4acTyIO IOJI0KEHUE POTOPA ONPEEIIAIOT M0-
ChlIas HA OOMOTKH JIBUTATENsl BHICOKOUYACTOTHBIN UMITYJILC U OLIEHUBAETCA UX 00paTHOE MHAY-
LIUPOBAHHOE OTPAKEHUE, KOTOPOE 3aBUCUT OT MOJI0KEHUSI MAarHUTa HaXoIAIIerocs: OavKe BCero
K KaTyIlKe.

[TpenmyIiecTBOM TaKOTo pelIeHus ABIsSETCS HU3Kas [IeHa Ha Takoil [Burarelnp (0e3 gar4yuka rmno-
JIO’)KEHUS ), MEHbIIIee KOJIMUYECTBO MPOBOJIOB (y ABUraTeNel ¢ JaTYNKaMU MOJI0KEHUS UX TATh).

J1J1st TOJIETOB TaKKe XOPOIIIO MOAXOAAT outrunner ABUTATeIH (BUJ O€CKOUIEKTOPHBIX). OHU
UMEIOT O0Jsiee BHICOKHI KpyTAIMii MOMeHT. JIBurarenu nepemeHHoro Toka Ha 30-50% nerue
JBUTATENEH MOCTOSTHHOTO TOKA ¢ TEMU ke mapamerpamu u uMerot oonbimii KI1JI. Taxoke mydiie
WX MOKA3aTelid KPYTAILIEro MOMEHTa. ENMHCTBEHHOE MPEUMYIIIECTBO JBUTATENIEH MOCTOSIHHOTO
TOKa MPOSBISETCS HA MAKCUMAaJIbHBIX 000POTaX. HO XOPOIIHE MOTOPBI IEPEMEHHOTO TOKA UC-
MOJIB3YIOTCS B KBaJipokonTepax juib Ha 20% oT ux Bo3MoxkHocTel. [loaTomy pexomenyercs
HCIIOJIb30BaTh UX. Bce 3TO MO3BOIISIET CTPOUTH JIETKHE MOAEITHU C OOJIBIITUM BpEeMEHEM aBTOHOM-
HOTO MOJIETA.



[Tpu BEIOOpE MOTOpa HEOOXOAUMO OOpaIaTh BHUMAaHKUE Ha €T0 MPOU3BOIUTEILHOCTE. HeoOxo-
AUMO ‘ITO6BI JABUTaTCIIN OGGCHG‘-II/IBB.JII/I B3JICT C KOHKPCTHBIM BECOM, HO TAKIKC HCIIJIOXO UMCThH
3arac, YTo0bI H30eXKaTh epErpy3KH TBUTATEIIS.

YupassieHue gBurartesiamMmu ¢ nomoisio HNIUM

Crioco6 ympaBiieHUs IBUTATEISIMUA IEPEMEHHOTO TOKAa OCHOBAH Ha IPUHLUIIE YIIPABJIECHUS Cep-
BozaBHUraresiMu. OCHOBHOW curHain umeer mupuny 1mc ¢ nepuogom 20 mc. Ilocne BxnroueHus
HIMPHHA YIPABIAIOLIET0 UMIIYJIbCa AOJKHA ObITh paBHA 1MC, YTO COOTBETCTBYET OCTAHOBKE
nsuratens (puc. 5 Bepx). Eciu npu crapre AMUTEIHOCTh UMITYJIbCa Oosee 1 Mc, npaiiBep He
HO3BOJIMT BKJIIOUMTHCS JIBUTATENIO U3 cOOOpakeHuit OezonacHoctu. [l mycka apuraresnei
HY)KHO JUIMTEJIBbHOCTh uMIyibsca 1 mc. [lnaBHOE yBennueHne MUPUHBI UMITYJIbCa IPUBOAUT K
YBEJIMYEHUIO Ynciia 000pOTOB JBUTaTels. BepxHuii mpeesn mupruHbl UMIyJIbca 3To 2 Mc (puc. 5
HU3), IPY 3TOM 3HAYEHUHU JBUTATEIb UMEET MAKCUMAJIbHYIO IPOU3BOIUTEIBHOCTD.
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PucyHnok 5 — Ynpasnenue asurarensmu ¢ nomousro [HIMM.

HerepI)IBHOCTI) HU3MCHCHUA HAITPABJICHUA BPAILICHUS SABJIACTCA KPUTHYCCKUM q)aKTOPOM JUTS
CTa6I/IJII/I3aI_[I/II/I. HM3MmeHeHune unciaa 060pOTOB JOJIDKHO OBITh IIJIaBHBIM, TaK KaK 9TO MOXCT IIpU-
BECTHU K BBICOKMM U3MCHCHUAM BBIXOAHOTO 3HAUCHUA KOHTPOJIJICpA, U 3TO MOXKET IMPUBCCTH K
I[GCTa6I/IJ'H/I3aI_II/II/I KBaJApPOKOIITCPA.

IIU/] perysaTop

[TponopunonanbHO-UHTErpasibHO-AU P PeperHtmanbabli (IT1M/J]) perynstop sBiaseTcs oOmmm
KOHTYPOM yTpaBieHUs] MexaHu3ma oopaTHoi cBsazu. [IN]I-perynstop BeIYMCIISET 3HaUCHHE
omnOkH e(t) B BUAE Pa3HULIBI MEXy U3MEpeHHO! nepeMeHHoil npouecca (PV) u tpeOyeMbim
3HaueHueM. Perynsarop ¢ kaxaoi urepanueil 1enaer nonbITKy MUHUMU3UPOBATh OLIHMOKY IIyTeM
pEryJINpOBaHUs BXOJaMH ylpasisemoro npouecca. OcHoBHoe ypaBHenue 1N/ perymnstopa
IIPUBEJICHO HIXKE.
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Pucynoxk 6 — biiok-cxema napamiensnoro [IU/[-perynsropa.

e(t) — ommbka

r0 — ko3¢ HUIMEHT yCUIIEHUS TPOTIOPLIUOHATBHON COCTABIISIOIIEH
r-1 — KO3 PHUIMEHT YCHIICHHSI HHTETPATbHON COCTABIISIONICH

rl — xoaddunueHT ycunenus auddepeHnnaibHONR COCTaBISIONIeH

h(t)

t —»

Pucynok 7 — Ilepenarounas xapakrepuctuka [I1]I-perynstopa.

[Tepenarounas xapakrepucruka [11/[-perynsatopa (puc. 7) mokasbIBaeT BIMSIHUE KAXJION CO-
CTaBJIsIIOIIEH perynstopa. [IponopiinoHanbHast COCTAaBIISIOIIAs BEIpaOaThHIBAET BHIXOIHOM CHUT-
HaJl, MPOTUBOACHCTBYIOIIUI OTKIOHEHHIO PETYJIUPYEMON BEIMYUHBI OT 3aIaHHOTO 3HAYECHMUS,
Ha0Jr01aeMOMY B JTaHHBIM MOMEHT BpeMeHH. MIHTerpanbHas cocTaBIIsoLIas MPONOPIHOHAIbHA
MHTErPATy OT OTKJIOHEHUS PETyJINPyEeMON BEIMUMHBL. E€ HCIIOIB3YIOT ISl yCTpaHEHUs CTaTuye-
cKoif ommOku. OHa MMO3BOJISET PETYIATOPY CO BPEMEHEM YUeCTh CTaTHYECKYIO OmuOKy. Jud-
bepeHnnaabHas COCTaBIISIIONIAs TPOTOPIMOHANBHA TEMITY U3MEHEHHUS OTKIOHEHUS peryIupye-
MOH BEIUYMHBI U IIPEIHA3HAYECHA I IPOTUBOACUCTBUSA OTKIOHEHUSAM OT LIEJIEBOIO 3HAUYCHHUS.

OTOT THII PETYISATOPOB HE BCETa SIBJISCTCS JYUIIUM PEIIeHUEM, HO C ONTUMAaIbHBIMH HACTPOM-
KaMU K03 (ULMEeHTOB crioco0eH 00pOoThCs ¢ HecTabmIIbHOCThIO. HeTounble ko puinenTs! pe-

TyJIATOpa MPUBEAYT K OOJIbIIEMY BpeMEHU 00pabOTKH OIIMOKHU, ITOATOMY 1Ie/1ecCO00pa3HO yie-
JUTH 3TOMY BONPOCY AOHKHOE BHUMAHHE.

3. 3amanme

BrimotHUTE aHAM3 ABUTATENEH TSl Mo IbeMa KBaJpoKomnTepa oorieit maccoi 0,5 Kr.



P_nB- MmomHocTs, Bt 189.3
m_JB- Macc auratens, Kr 0.062
F_Taru- cuna taru loro nsurarens, xr 0.97
U n- Hanpspkenue nutanusd, B 7.4
I M- makcumanbHbIN TOK, A 13.3
® _JB- MaKCUMaJIbHAs 4acToTa BpalieHus, 00/MuH 6500
M _nB- aBmxymuii MomeHT, H-M, npu MmakcumanbHOM yactore BpameHus 0.278
R- conpotunenue, Om 0.2491
L- unnyktuBHOCTD, ['H 0.005
C_e- moctosinHas asuratens s npotuBoIC 0.0112345
C_M- nocrostnuas nBuratesns ais Bpamjatomiero momenta 0.0112345
J_p- MoMeHT unHepuuu potopa, kr-m”2 20.934-[(10)7(-6)
T »- anexTpoMarHuTHas nocrosiHHas Bpemenu asurarens 0.02007
T_M- snexrpomexanudeckast moctossHHas Bpemenu apurarens 0.041
|- muna nponennepa, m 0.254
m_1- Macca nponesuepa, kr 0.02
J_1- MomeHT nHepimu nponeuiepa, kr-m2 10.75:-[10)7(-5)
TUI akkymynsTopa: 2s Lipo, emkocTts, MA 12800
m_A- macca akkymyssitopa, Kr 0.866
25% 50% 70% 100%
Tok, A 1.26 3.72 7.69 13.3
MomHocTs, BT 18.7 55.2 109.2 189.3
Cuna tary, xr 0.151 0.406 0.702 0.97

4. CopepxaHue oT4YeTa.

1) HasBanue paOoThL.

2) Ilenb pabOTHLI.

3) Cxembl pabOThI MEXaTPOHHOT'O MOYJISI
4) BsiBox 110 padore.

KoHTpoJibHbBIE BONIPOCHI:

- 3aBUCHUMOCTb CHJIBI TATH OT MOIIIHOCTH JIBUTATENIeH;

- OCHOBHBIE JIEMEHTBI MEXATPOHHOI'O MOJYJISl KBaJIPOKOIITEPA;
- obnactu npumeHenus 1I1NM;

- o0nactu npumenenus [TN]] perynstopa



