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1.11. OBLUAA XAPAKTEPUCTHKA ®OH/IOB OIIEHOYHBIX CPE/ICTB

1.1. O6racms npumenenus npozpammot

@oHA OLEHOYHBIX CpPEACTB MexaucuuiummHapuoro kypca «MJIK.01.03 MoOunbHas
pPOOOTOTEXHHMKA» SIBJIAETCS YacThiO IPOrpaMMbl IIOJrOTOBKU CIELMAIUCTOB CPEJHEro 3BEHAa B
coorBercTBUH ¢ ®PI'OC CIIO no crermansHocT 15.02.10 MexaTponuka u MoOMIIbHAsE pOOOTOTEXHHUKA
(o oTpacisam).

@DOH/I OIEHOYHBIX CPEACTB yueOHOU MexauciumnHapaoro kypca «MJIK.01.03 MoOunbsHas
pPOOOTOTEXHHMKA» MOXKET OBbITh MCIIOJIB30BaH B INPO(ECCHOHAIBHOM MOJIrOTOBKE CTYJEHTOB IIO
KBaJTM(HUKAIMN — TEXHUK-MEXATPOHUK..

1.2. Mecmo oucuunaunvl 6 cmpykmype npozpammsl ROO20MOEKU CREUUAIUCMO8 CPEOHe2ZO
36eHa

Huctummuaa «MJIK.01.03 MoOunbpHass poOOTOTEXHHKa» BXOAWT B MPOo(EeCCHOHATbHBIN
moayib [IM 01. «MoHTax, nporpaMMHpOBaHUE U ITyCKO-HaJa/lKa MEXAaTPOHHBIX CUCTEM).

1.3. lenu u 3a0auu oucyuniaunvl — mpedoGAHUA K Pe3YAbmamam 0C60EHUA OUCYUNTUHbL
B pesynbpTaTe ocBOCHMS AUCHUILUIMHBI 00YYArOIIUICS JOTIKEH
3HATh!

31 ¢u3uveckne OCHOBBI pOOOTOCTPOCHHS,;

32 OCHOBBI MEXaTPOHUKU MOOUIIBHBIX POOOTOB;

33 TEeXHOJIOTHIO TPOrPAMMHUPOBAHUS ABTOHOMHBIX MOOMIIBHBIX POOOTOB;

34 npuHUUIIBI pa0OTHl POOOTU3UPOBAHHBIX CUCTEM U OCOOEHHOCTH MX IPOIPaMMHUPOBAHUS;

35 0cobeHHOCTh peryiaMeHTOB KOHKypca npodeccruonanbuoro mactepcrBa World Skills Russia mo
MOOWJIBHOM POOOTOTEXHHUKE.

YMETb:

V1 npoekTHpoBaTh aBTOHOMHBIX MOOMJIBHBIX POOOTOB MOJI KOHKPETHbIE 3a/1auH,

VY2 ocyuiecTBiATh panoyIpaBieHHE 0 3alIUIIEHHBIM KaHajlaM CBSI3U;

V3 pa3pabarsiBaTh yIpaBIsoLre MporpaMmel Ha si3bike LabView$

VY4 co3gaBaTh MOOMIIBHBIX POOOTOB B COOTBETCTBUU C PETIaAMEHTaMU KOHKypca MpOoQecCHOHAIbHOIO
mactepcrBa World Skills Russia mo MoOuiibHOM poOOOTOTEXHUKE.

V5 BrageTh HaBbIKaMU IPOEKTUPOBAHUSI MOOMIIBHBIX POOOTU3UPOBAHHBIX CUCTEM;

VY6 BrageTh HaBBIKAMU IPOTPAaMMUPOBAHUS MOOMIIBHBIX POOOTU3UPOBAHHBIX CHCTEM.

UMETh IPAKTUYECKUN OTIBIT:

Y7 B BOmpocax MPOEKTUPOBAHMS, KOHCTPYHPOBaHMS M IPOrPaMMHUPOBAHHUS ABTOHOMHBIX
POOOTH3MPOBAHHBIX CUCTEM IO peryiaMeHTaM KOHKYypca npodeccuonansHoro macrepcrsa World Skills
Russia.

B pesynpTaTe OCBOEHHS MEXIUCIUIUIMHAPHOIO Kypca OOydaroIluics IOJKeH o0iajarh
CIIEYIOIIMMU KOMIIETCHIVSIMHU:

B pesynbTare ocCBOeHUS MEXIUCHHUIUIMHAPHOTO Kypca OOydaroluiics IOoJbKeH o0iajarh
CIIENYIOIUMU KOMNEMeHYUsMU.

OK 01. Bsibupare crnocoObl pemieHus 3agad  NpoPECCUOHANBHOM  JEesTeNbHOCTH,
MIPUMEHHUTEIBHO K Pa3IMUHbIM KOHTEKCTaM

OK 02. OcymiecTBiaTh MOUCK, aHAIM3 W WHTEpPIpETaluio HHPOpMAIMU, HEOOXOAUMOMN aJis
BBINOJIHEHHS 3a/1a4 MPo(ecCHOHaTBHOM J1eATeNbHOCTH

OK 03. [InanupoBarh U peanu30BbIBaTh COOCTBEHHOE MPOQPECCHOHATBPHOE U JMYHOCTHOE
pasBuUTHE

OK 05. OcymuiecTBisATh YCTHYIO U TUCBMEHHYIO KOMMYHHMKAIIMIO HAa TOCYTApPCTBEHHOM SI3BIKE C
YYETOM OCOOCHHOCTEW COLMAIBHOTO U KYJIBTYPHOTO KOHTEKCTa

OK 08. Hcnonb3oBarh cpenctBa (U3MYECKOW KYIbTYpbl NJISl COXPAaHEHHUS M YKPEIUICHHUS
3JI0pOBbs B Ipolecce NpodeccHoHaIbHON NEATeNbHOCTH U TMOAJepXKaHWE HEOOXOAMMOIo YpOBHS
(bu3n4eckoil MOArOTOBIEHHOCTH

OK 09. Ucnonb3oBarh WH(OPMALMOHHBIE TEXHOJIOTHH B IPOPECCUOHATLHON AEATEIbHOCTH

OK 10. Tlonmp3oBarbes mnpodeCcCHOHATBLHON JIOKyMEHTAIllMeld Ha TOCYIapCTBEHHOM U



HHOCTPAHHOM S3bIKax

I1K 1.1. BpInonHsTh MOHTaX KOMIIOHEHTOB U MOAYJIEH MaXaTpOHHBIX CUCTEM B COOTBETCTBHUH C

TEXHUYECKON JOKYMEHTAIIUEH.

[1IK 1.2. OcymecTBisiTh HAaCTPOWKY M KOH(UTYpUPOBAaHHE IMPOrPAMMHPYEMBIX JIOTHUECKUX
KOHTPOJUIEPOB U MHUKPOIIPOLIECCOPHBIX CHUCTEM B COOTBECTBUM C NPUHLHUIUAIBHBIMU CXEMaMH
MIOJKJIFOUEHHUS.

I1IK 1.3. Pa3zpabarbiBaTh yIpaBIISIFOIIUME MPOTPAMMBI MEXaTPOHHBIX CHCTEM B COOTBETCTBHH C

TCXHHUYCCKUM 3aJaHUCM.

IIK 1.4. BeimmoaHsATs pabOThI MO HaJaJKe KOMIOHCHTOB M MOAYJCH MEXaTpOHHBIX CHUCTEM B

COOTBETCTBUU C TEXHUUYECKOW TOKYMEHTALUEH.

Kon IIK,
OK

VYMmenus

3Hauusd

OK 01.
OK 02.
OK 03.
OK 05.
OK 08.
OK 09.
OK 10.

V1: npoekTHpoOBaTh,
KOHCTPYHPOBATh U
IPOrPaMMHUPOBAHUS aBTOHOMHBIX
MOOUITBHBIX pOOOTOB.

VY2: ynpaBnats MOOUILHBIMU
pobotamu

V4: coznaBath MOOMIIBHBIX POOOTOB
B COOTBETCTBUU C peETJIaMEHTaMH
KOHKypca pohecCuOHANBEHOTO
macrepcrBa World Skills Russia o
MOOWMJIBHON POOOTOTEXHUKE.

v5 BJIAJIETh HaBBbIKAMH
MPOEKTUPOBAHUS MOOUITBHBIX
pOOOTHU3UPOBAHHBIX CUCTEM;

Y6 BIIA/IETh HaBbIKaMU
MPOTPaMMHUPOBAHUAS ~ MOOMIIBHBIX
POOOTU3MPOBAHHBIX CHCTEM.

UMETh TPAKTUYECKUH OITBIT:

Y7 B BoIllpocax IPOEKTUPOBAHMS,
KOHCTPYHPOBAHUS u
MPOrPaMMHUPOBAHUS  aBTOHOMHBIX
pOOOTHU3UPOBAHHBIX  CHCTEM IO
peraamMeHTam KOHKypca
po(heCCHOHATLHOTO ~ MacTepCTBa
World Skills Russia.

31: ¢u3nyueckre OCHOBHI IOCTPOSHUS
poOOTOB;

34: mpUHLHUIIBI paOOTHI
POOOTHU3HPOBAHHBIX CHCTEM U
0COOCHHOCTH MX IPOrPaMMUPOBAHUS;
35: 0COOEHHOCTD PEriiaMeHTOB KOHKYpCa
npodeccuorabHOro Mactepcrsa World
Skills Russia mo MoOuIbHOIM
POOOTOTEXHHUKE.

IK-1.1.
[K-1.2.
[1K-1.3.
[1K-1.4.

V1: mpoeKkTUpoBaTh aBTOHOMHBIX
MOOUJIBHBIX pOOOTOB 101
KOHKpPETHBIE 331a4H,

V2: ynpaBnsath MOOHUIEHBIMHU
pobotamu;

V3: pa3pabarbiBaTh yNpaBISIOLINE
nporpamMmsI Ha si3bike LabView

V5 BJIAJIETH HaBbIKaAMHU
IPOEKTHUPOBAHUS MOOMIIbHBIX
POOOTU3UPOBAHHBIX CHCTEM;

Y6 BJIaJETh HaBBIKAMHA
IPOrpaMMUPOBAaHUSI ~ MOOMJIBHBIX
pPOOOTH3UPOBAHHBIX CHCTEM.

32: OCHOBBI MEXaHUKU U DIIEKTPOHUKHU
MOOUJIBHBIX pOOOTOB;

33: TEXHOJIOTHIO YIIPABJICHUS U
IPOTPaMMHUPOBAHUST aBTOHOMHBIX
MOOMIJIBHBIX pOOOTOB;




Kon IIK,
OK

VYMenus

3Hanusg

MMETh NMPAKTUYECKUI OIBIT:

Y7 B Bompocax NpOECKTUPOBAHUS,
KOHCTPYUPOBAHUS u
IPOrpaMMHUPOBAHUSA  ABTOHOMHBIX
pOOOTU3UPOBAHHBIX  CHUCTEM IO
periaamMeHTam KOHKypca
npo(hecCHOHATLHOTO ~ MAacTepCTBa
World Skills Russia.




ITACITIOPT ONEHOYHBIX MATEPHUAJIOB 110 JUCHUITJINHE

No Temsl qucuuminabl, MUK, pazneinst Kon HaunmeHoBaHMEe OIIEHOYHOTO
/T (9Tarbl) MpakTUKH, B X0J1€ KOHTPOJIUPYEMOM cpencTpa (¢ ykazaHuEM
TEKYIIETO0 KOHTPOJIS, BUJI KOMIIETeHINH (WK e€| KOIMYECTBO BAPHAHTOB, 3aJaHUI U
MIPOMEXYTOUHOM aTTEeCTaIUH C 4acTu), 3HaAHUIA, T.I1.)
YKa3aHHUEM CEMECTpa YMEHHI
1. Tema 1. Hcropus pa3zButus OK 01. Bompocsr qy1st cobecenoBanus 1mo
MOOUITEHOU POOOTOTEXHUKH. OK 02. Marepuany JEKIHH
OCHOBHBIE TTIOHATHUS OK 03. 3amanus U CAaMOCTOSITENLHOMN
OK 05. paboThl
2. Tema 2. CopeBHOBATENBLHbIE OK 08. Bormpocs! a1 codece0BaHus 1o
MEPOIIPHUSTHUS © KOMIIETEHIIUH OK 09. Martepuany JeKIHu
WSR/WSI o mo6uiibHO# OK 10. 3amanus [IpakTuyeckoit paboTsr 1-
pOOOTOTEXHHKE IK-1.1. 3
3. Tema 3. LUK TEXHUIECKOTO I1K-1.2. Bomnpocs 1u1st codbeceoBanus o
MpOeKTUpOoBaHUs. TexHu4yeckas I1K-1.3. MaTepuany JeKIUU
JIOKyMEHTalus I1K-1.4. 3aaHus IPaKTUYECKUX padboT 3-5
31-35, V17 3amaHus A CaMOCTOSITENIbHOM
paboThl
4. Tema 4. MexaHuka 1 PUBOJIbI Bompocsr qiist cobecenoBanus mo
MOOUIIBHBIX pOOOTOB MaTepuany JCKIUU
3aaHusl IpaKTHYeCKON paboThl 4
S. Tema 5. Panuoynpasnenue Bomnpocs! q1st cobecenoBanus 1o
MOOUIIBHBIM POOOTOM MaTepuany JeKIUU
3aaHusl IPaKTHYECKUX paboT o - 7
6. Tema 6. VicmonHUTENBHBIE OpTaHb Bompocsr qiist cobecenoBanus mo

MOOUJIBHBIX pOOOTOB

Tema 7. IIporpammHoOe yripaBiieHHE
JIBI>KEHUEM MOOMIIBHOTO poboTa

Tema 8. Peanusarust oOpatHoit
CBSI3U

Tema 9. IlpumeHeHue TeOpUH
ABTOMATHUYECKOTO yIIPABJICHUS B
MOOUJIbHOU POOOTOTEXHUKE

Tema 10. OCHOBBI TEXHUYECKOTO
3peHUs

Tema 11. BecmmioTHsie
JeTaTeNbHbIE alapaThl

ITpomesxyTouHast arTectanus

Marepuany JeKIHH

3ananus npakTudeckux pador 8 - 9

Bompocsr qiist cobecenoBanus mo
MaTepHany JCKIUU

3amaHus 111 CaMOCTOSITEIIBHOM
paboTsl

3ananus npaktuyeckux padot 10 -
18

Bomnpocs! 11 cobecetoBanus no
MaTepHay JeKIHH
3agaHus npakTuyeckux pador 1 - 6

Bomnpocsr qyist coGecenoBanus 1o
MaTepuany JeKIuu
3alaHus MPaKTHYECKHUX padot 7 - 9

Bomnpocs! 11 cobeceioBanus mo
MaTepHay JeKIHH
3ananus npaktudyeckux pador 10

Bompocsr qyist coGecenoBanus 1o
MaTepuany JeKIuu

3amanus mpakTH4IecKux pador 11 -
12

JnddepennpoBaHHbIi 3a4eT




1.2 3. THIIOBBIE 3A/IAHHUA JUIA OJEHKH OCBOEHHSA YYEEHOH
JIACLHILTHHBI

1. Conepxxanue npakTH4ecKUX pador

IIpakTuyeckoe 3ansaTue . Ctangapt komneteHIuu WSI «MoOuiibHast poOOTOTEXHHUKA
Bonpocul ons npopabomku.

1. TexHHuYecKoe ONMUCAHUE KOMIIETEHLIUU

2. O6opynoBanue pabouux MeCT

3. JlopokHas kapTa OpraHu3aTopoB

4. KoHKypcHBbIE 3aaHus

5. OreHka KOHKYPCHBIX 3aJJaHUI

IIpakTnueckoe 3ansitue. PazpaboTka npoekra MOOUIBLHOIO poOOTa MO OCTABJICHHbIE 3a1a4n
Bompocsr myist mpopaboTKu:

1. OcHoOBHBIE CBEeIEHUS O IPOEKTUPOBAHUN MOOUIIBHBIX POOOTOB

2. DTambl IPOSKTHPOBAHUS

3. Pa3paboTka MaTeMaTH4eCKOIro OMUCAHUS

4. CuHTe3 ynpaBjieHHs Ha yIPOIIEHHON Moenu

IIpumep TEXHMUYECKOTO MPOEKTa
3amanune WSR 2018
Pama u o6wan koncmpykyus
Buvioop waccu
[laccu poboTa 1OMKHO 0OecneunBaTh CaeIyomue QyHKINUH:
[lepemenienue Brepé 1 Ha3al Ha 33JJaHHOE PACCTOSIHUE C TOYHOCTBIO JI0 5 MM
[ToBOpOTHI C TOUHOCTHIO 10 2 TPagycoB
CnocoOHOCTh Bbe3KaTh Ha 3 cTyneHu mo 25x19 MM kaxaas
CrniocoOHOCTh TIepeMenaThCsl 0 TPYAHOMPOXOIUMOM MTOBEPXHOCTH (IIECOK/Ta30H)
CniocobHoCTh MaHeBpHUBaTh B kBagpate 600x600Mm
Bo3moxHoCTh cOopku maccu u3 komruiekta WorldSkills
ITo BO3MOXHOCTH, UCTIOIB30BaHNE MUHUMAJIbHOTO KOJIMYECTBA ABUTaTEIeH
Jlns Toro, yTo 661 POOOT MOT IEPEBUTATHCS 110 CTYIEHSIM U TPYIHONPOXOIUMOI TOBEPXHOCTH
HE00XO0AUMO:
. MOCTOSIHHBIM KOHTAKT XOTsI Obl OJTHOTO BEAYILEro KoJjieca ¢ TOBEPXHOCThIO
o OCH BpallleHUs BCEX KOJIEC TOJKHBI OBITh NMEPIEHIMKYISIPHBI HAIIPABJICHUIO IBUKEHUS
Hcxons u3 BellllecKa3aHHOT0, HE00X0AMMa MOJHONPUBOIHAs cxeMa 1maccu, HE
npeHa3HaueHHas Uit OMNi-TIepeIBIKCHHUS.
bblu pazpaboTaHbl ClieAyIONIME BApUAHTHI IIACCH:

«Kmaccuaeckasy» MMOJIHOIIPUBOJHAA CXCMaA:
+ -

[Ipocras B peanusanuu cxema TpeGyercs 4 nBurarens,
CJI0HOE yTIpaBJICHHE



TpéxkosécHas MOJHONPUBOAHAS CXEMa:
+ -

TpeOyertcs 3 nBurarens VYcnoxHEHHAs peanu3anys. Y BEJIMUYEHHbBIN
npo10JbHBI radaput/ Tpedyercs omni-koieco

4-x xoyécHOE IMOJIHOIIPUBOAHOC MIACCH € LCITHBIM IIPUBOAOM
+ -

Tpebyercs 2 nBurarens VYcnoxuEHHAs peanu3amnus
Bonpmas Harpy3ka Ha IBUTaTenu

W3 npencraBiaeHHbIX cXeM HaMU Oblia BhIOpaHa cxema 4-X KOJIECHOIO IOJHOIPUBOIHOTO

LIACCH C LIEMHBIM IIPUBOJIOM KOJIEC.
Pama

Pama pabota npencraBiser co0oi mapajuiesienurne1, cCoOpanHblid U3 4-X 0anok jmHoH 160MM,
4-x 6anok anmuHOU 288MM M, 2-x Oanok AnuHONW 96MM. B kauecTBe coequHUTENEH MCHOIB3YIOTCS -
oOpa3Hble KOHHEKTOpPHl U IIIaHKKM JUIMHOM 64 MM. B BepxHell dYactu pambl yCTaHOBIEHA

JIOTIOTHUTENbHAS onepeyHas 96mm Oanka ans kperuienus CMO. [MaGaputsl pambi: 288 x 160 x 224.

Hlaccu
[MMaccu poGoTa — 4ETHIPEXKOJIECHOE MOJHOMPUBOAHOE C LEMHBIM MpuBoaoM konéc. Konéca,
KOTOpBIE PACTIONOKEHBI Ha OTHOM OOpTY M JIBUTATEIlb COSIMHEHBI MEK Iy CO00ii 1enbio. [IpuBoa konéc
OCYILIECTBIISICTCS ABUTATESIMHU TOCTOSTHHOTO ToKa 12B. JlaHHas cxema Mo3BOISET UCMOJIb30BaTh BCETO
2 nBUTaTENs IJIS ABMOKCHUS.

2. DJekTpuka

Cnucok obopyooeanusn
Ha poGoTe ycTaHOBIIEHO ciemyrolee IEKTPOHHOE 000pyI0BaHUE:
Kontpomnep myRIO
HpaiiBeps! aBurarenei (2 mr.)
Hsurarenu DC 12B (4 mit.)
DC-DCupeobpa3zorareis ¢ 12B wa 5B (Voltage regulator module)
CepsomnpuBoyast HS-485HB (3 mt.)
Jatuuku:
e OnTuyeckue SHKOAEPHI (4 1IT.)
e T'mpockom navX micro
e ViuprpazsykoBoit 1aTaukPING))) (1 mt.)

ogakrwdE



e UK marumxu Sharp IR range sensor(2 mr.)
e USB kamepa Microsoft LifeCam
e FPV kamepa
7. CraproBas KHOIKa
8. Kwuomka nepesarpy3ku rupockona
9. VecrpoiicTBa HHANKAIUY:
e Jlamma nakanuBanus 12B (moBropurens noBopora BA3-2106)
e 3enéHble CUTHANIbHBIE CBETOAMOIBI (3 1IIT. )
10. Tpéxmo3umOHHbIN MepeKIoYaTesb BEI0Opa aKKyMyJIaTopa
IInama
Jns ynoOHOro W HaAEKHOTO TMOAKIIOYEHHUs K KoHTpoiuiepy MYRIO Obumm chenansl aBe
OJIMHAKOBBIE CHEaNIbHBIE I1aThI (111 nopToB A u B). ITnara noakimroyaeTcst K KOHTPOJUIEPY INIOCKUM
kabenem Ha 34 mpoBona c¢ IDC-pazpémamu. Ha mate ycTaHOBIIEHBI HaXKHUMHbBIE KIEMMHUKH JIs
MOJKITF0YeHUs TpoBoAOB U IDC-pazbém I MOIKITIOYEHUST K KOHTPOJIEPY.

—od
: ! [onkmouenue non. O6opynoBaHus
Cr « QT

#wu Servo cam Y

Pr— § AIDIOO
Servo cam X [ ———— Driver A ooy — ez

‘ I it oy oas Driver B
Aioos 21008 oos

FPV -~ 1:¥ ‘-: Servo gripper
Transmitter v sa - 1 . — J
Encoder lifter ™" 1 F wD ~| ‘
<—H o
—= pes l:JJ A1DI0 15 [
] i = 1 ¢ o 1003 ::}-‘ — = Encoder Y
= 1 > 10008 |1 Cap
Emergency button ] —‘ s
— n®  Encoder L
1 L 1 o
¥ LEDO ‘
200 ot 7*®  Encoder R
LED 1 v
Signal lamp —}
Master switch \_‘ 200 ohm
LED2
L
i i 200 ohm
200 ohm T ’:L'I

Tabnuna 1. [logkmoueHne npoBoIOB

Ha cropone Benymiero ycrporcrna Ha CTOPOHE BEAOMOTO
YCTpOMCTBA
N .. o [Tun nnm
YerpoiictBo/ mopt | [Tun mmm pazsém | MeTka Ha mpoBojie YcrporictBo pazbEM
DIOO Start button Start button SIG
DIO 1 LED 1 LED 1 -
DIO 2 LED O LED O -
DIO 3 LED 2 LED 2 -
myRIOIA DIO 4 PING Start button SIG
DIO 5 DR ADIR MO0 DIO 5
DIO 6 DRADIRMO1 Driver A DIO 6
DIO 7 DRADIRM10 DIO 7




PWM

DIO 8 DR APWMO 0
DIO 9 DR APWM 1 1 A
DIO 10 DR A PWM 2 5 PWM
DIO 13 DRADIRM11 DIO 13
DIO 11 Enc lifter A Encoder lifter Phase A
DIO 12 Enc lifter B Phase B
DIO 14 Gyro SCL navX micro SCL
DIO 15 Gyro SDA SDA
Al 3 QTI QTI R
DIO 4 LAMP Signal lamp SIG
DIO 5 DR B DIR MO DIO5
DIO 6 DR B DIR MO DIO 6
DIO 7 DR B DIR M1 DIO 7
DIO 8 DR B PWM Driver A 0 PWM
myRIO/B DIO 9 DR B PWM 1 PWM
DIO 10 DR B PWM , PWM
DIO 13 DR B DIR M1 DIO
13
DIO 11 Enc lifter A Phase
A
Encoder Y Phase
DIO 12 Enc lifter B B
Al 1l IRR IRR SIG
Al 2 IRL IRL SIG
DIO O EncL A Phase
A
Encoder L Phase
DIO 2 EncL B B
myRIO/C DIO 4 EncR A A Phase
Encoder R Phase
DIO 6 EncRB B
DIO 3 . Servo Servo gripper SIG
gripper
MO + MO + +
MO - MO - Motor R .
) M1 + M1 + . +
Diver A M- M- Motor lifter .
Servo 2 Servo cam Servo cam X SIG
Diver B MO + MO + Motor L +




MO - MO - -
M1 + M1 + +
M1 - M1 - Motor Y -
Servo 2 Y Servo cam Servo cam Y SIG

3. YupagiieHue MOOMJIBbHOCTBIO
Ynpaenenue opaiieepom

J51st Toro, uTo OBl YIPAaBIATH CKOPOCTHIO BpAIICHUS KOJEC, HY)KHO PEryInpoBaTh HapsHKEHUE,
KoTOopoe moaaércst Ha jaBurareiab. Ho KOHTpoiuiep HE MOXET BbLIaTh TOK M HAIpsDKEHUE, KOTOpbIE
HEOOXOMMBI ABUTATENIO (TOK - 10 2A, HanpspkeHue — 10 12 B). [ToatoMy Ha poboTe yCTaHOBIICHBI 2
JNBYXKaHAJIBHBIX JpaiiBepa nBurarens. B moment, korma Ha Bxog PWMO umu PWMI npuxoaut
uu(dpoBOK CUTHAN BBICOKOTO YpOBHS, JpaiiBep momaér nuranue Ha kiemmbl MO unu M1, kyaa
MOAKJIOYaloTCsl ABurarenu. HampsbkeHne Ha BBIXOJE COOTBETCTBYET HANPSHKEHUIO HAa KIEMMax
MTRSPWR.1ns perynupoBanust moutHocty Ha Bxoasl PWMO u PWM1 nopaércs IINMM-curnan.

Hampasiienne BpaimieHus asurareneil mojadeld nudpoBoro curHaia 4 mudpoBBIX BXOja.
JBurarento MO coorBerctByt0oTDIRO-0 uDIRO-1, asurarento M1 -DIR1-0 uDIR1-1.
Tabmuna 2. PexxuMbl paboThI IpaiiBepa

DIR O DIR1 JlBurarenb
LOW LOW Pexum TopMOKEHUS
HIGH LOW Bpamienue Briepén
LOW HIGH Bparmenue Hazan
HIGH HIGH Pexum TopMOKEHHS
Ta6mmma 3. [oxknmrodeHus Kk apaiBepam
JBurarens | HaumenoBanue apaiiBepa I1un gpaiiBepa | [loaknroueHHOE YCTPOHCTBO
PWMO myRIO B PWMO
DIR0-0 myRIO B DIO 5
Left B DIRO-1 myRIO B DIO 6
MO + Motor left +
MO - Motor left -
PWMO myRIO A PWMO
DIR0-0 myRIO ADIO 5
Right A DIRO-1 myRIO A DIO 6
MO + Motor right +
MO - Motor right -
PWM1 myRIO A PWM1
DIR1-0 myRIO ADIO 7
Lifter A DIR1-1 myRIO A DIO 13
MO + Motor lifter +
MO - Motor lifter -
PWM1 myRIO B PWM1
DIR1-0 myRIO B DIO 7
Y B DIR1-1 myRIO B DIO 13
M1 + Motor Y +
M1 - Motor Y -
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Anzopumm 0susricenusn

Jnst nBUKEHUSI UCTIONBb3yeTcsl MH(OpMAIs C ONTHYECKUX SHKOJIEPOB, PACTIONOKEHHBIX Ha
JIEBOM U TIPaBOM JABHUTaTeisixX. J(ms JBKeHus BHepén Wiv Ha3al He0OXOIHUMO, YTO ObI JIEBOE KOJECO
Bpalajioch OJHOBPEMEHHO C TPaBbIM, TO €CTh, MOKa3aHUs IHKOIEPOB JIEBOTO M IMPABOro KoJjeca
JOJKHBI OBITH PAaBHEI.

Anzopumm epauienus

Jl71s moBOpOTa Ha OMPEENIEHHBIN YTOJI HE0OX0AUMO, YTO OBl pa3HUIA MEXTY JIEBBIM U MPaBBIM
SHKOJIepOM ObLTa paBHA KAKOMY-TO 3HAUYEHUIO. JTO 3aBUCUT OT DHKOJEPa, TuaMeTpa KOJIEC U NTUPUHBI
0a3bl. Y Hac — 24,3 THKa Ha OJMH TPajycC.
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[Tocne xaxxmoro nepemenieHus (0003HAUCHBI HA CXEME CTPEIIKaMHU) MPOUCXOJUT aHAIHM3 MOJIs
nepen po6oToM u cOoky oT Hero. Ecnu oOHapyXeH Hy)KHBIH 1map — poOOT MPOU3BOAUT 3axBaT IIapa,
Pa3BOpaYMBACTCS U €ET [0 TOMY K€ MapIIpyTy, HO B 00paTHOM HampasiieHud. [locie Toro, kak poooT

MPOEET TAOMPUHT, OH MOMEIIACT Iap B HY)KHYIO SYCHKY.
4, Cucrema manunyauposanus oobekramu (CMO)
Mexanusm 3axeama wapos
MexaHu3M 3axBarta MIApOB COCTOUT U3 CIEIYIOIIUX OCHOBHBIX YaCTeH:

banka 96 x32x32mMm
CepBornpuBoj
[1nanka 64mm
JleBas croiika
[IpaBas croiika
[Inmactuna
[Taryn

JleBb1i1 pbryar
[IpaBblii peryar
Ocp pbryaros
Ocp maryna

B ocHOBe MexaHu3Ma JIEKUT NPUHLIKI paOOThl KPUBOILIUITHO-IIATYHHOTO MexaHu3ma. [1nanka,
IIPUKPEIUIEHHAs K CEPBONPUBOAY SIBJISIETCA KpUBOIIMIIOM. [Ipu BpalieHMH KpUBOIIMIIA MPOMCXOAUT
BO3BPATHO-MIOCTYNATEIbHOE JBMKEHHE IIaTyHa, KOTOpOe NepenaéTcsl Ha OCh IIaTyHa, B pe3ynbTare
4ero pelyaru oBOPAauYMBAIOTCS BOKPYT cBOel ocH. IIpu 3akpbiBaHMM 3aXBaTa pblYard MOJXBATHIBAIOT
map CHU3y M HE Jal0T €My BbIMAacTh W3 3axBara. Eciu 3axBar 3aKkpbIT, TO MEXaHU3M HAaXOJUTCS B
BepxHel MEPTBOI Touke (KpUBOILMI M INATYH HAXOIATCS HAa OAHON JMHMHK). B TakoM mojoxeHUH
nepeiaya yCusus OT pblyara K KpUBOIINUITY HEBO3MOXKHA, YTO CHIIBHO 00J1eryaeT paboTy cepBONPUBOAA.
[aTyH BbImosHEeH U3 3-X YacTeil, Ul TOro 4tro Obl MOXHO OBUIO PEryJIMpoBaTh €ro UIMHY, YTO
MO3BOJISIET PETYJIMPOBATH MOJIOXKEHHUE PHIYAroB MPHU 3aKPHITOM 3axBaTe.

3axBar B 3aKPBITOM COCTOSTHHUU

3axBar B OTKPBITOM COCTOSIHUH 4.1
Mexanuszm noovema.
[ToabEMHBIN MEXaHU3M COCTOUT U3 CIEAYIOIIUX OCHOBHBIX YaCTEH:



. Omnopnas 6anka

° Banka 3axBaTHOro MexaHu3Ma
) JInHelHble HOAIIUITHUKA

° Bamer 8mMm

° IInanka 144mm

3y0uaThie peiiku
Jepxarenu BaJoB
JBurarenn
[IpuBoaHas mecTepHs

[IpuBon moABEMHOTO MexaHM3Ma IMpEACTaBIseT CO00M MIeCTepEHHO-PECUHbI MEXaHHU3M.
[TpuBomHas TIeCTEepHs 3aKpEIUIeHa HEMOCPEACTBEHHO Ha Bally aBuratelns. [Ipu BpamieHuu mecTepHu
MPUBOJUTCS B JBIDKEHUE 3yOuaTasi IJIaHKa, KOTOpas >KECTKO cOoeAMHEHa ¢ Oajakoil 3aXBaTHOTO
MEXaHHU3Ma.

Ha Bepxneii omopHoii Oanke ycraHoBneHQTI-gaTunk, KOTOpBIA BBINONHAET (PYHKIHMU
KOHIIEBUKA Cpa3y JuIsl IBYX oceil. OH cpabaThIBaeT MpH MOJTHOM 3aBMKCHUH 3aXBaTa U MPU TOTHOM
noabeéMe NoABEMHOTO MEXaHU3Ma.

Mexanusm 3adeuzanus/svrosuzanus CMO (oco Y)

[Tpunnun padboTel Mexanu3Ma ocu Y MOX0X Ha MEXaHU3M MOIBEMA, 37IECh TaK K€ MPUMEHSIETCS
LIECTEPEHHO-PECYHBI MEXaHU3M. B KadyecTBe JIMHEWHOW HAIPaBIISIIOLIEH HMCIIOJIB3YETCS PEIbCOoBast
HampasJgooIas mWupruHOn 12mMm u 2 xapetku HOM 36 Mm.M3-3a TOro, YTO ABUraTellb PacIoyioKeH
CIIMIITKOM HHU3KO, BaJ IBUTATENs MPHUILIOCH YATUHATH PU MOMOIIH MepexoaHuka 6/4,7 mmu ocu 4,7 x
60 Mm.




Ilpeumywecmea u nedoocmamxku CMO

JlaHHBIH 3aXBaT MO3BOJISIET TPOM3BECTH 3aXBaT HYKHOTO I1apa, Ia)e eCIu OH OyeT HaXOqUTCS
B yIJIy MOJIA U OYZET 3aKpbIT APYruMu iapamu. Tak ke JaHHBIN 3aXBaT MO3BOJISIET IPOU3BECTH 3aXBaT
1iapa Ha ra3oHe, He 3ae3kas Ha razoH. CucreMa yIrpaBieHHs 1103BOJISET IMO3ULMOHUPOBATh 3aXBaT C
TOYHOCTBIO 110 2 MM. O/IHaKO, TaHHBIN 3aXBaT SBJISIETCS JOBOJIBHO TSKEIBIM, YTO IJI0XO0 CKa3bIBACTCS
Ha MOJBMXXKHOCTH po0OTa, a Mmpoleaypa 3axBaTa mapa 3aHMMaeT MHOTO BpeMeHHU. Vcxoas u3 3Toro
MO>KHO C/I€JIaTh BBIBOJI, YTO JaHHBIN 3aXBaT OPUEHTUPOBAH B OCHOBHOM Ha BBIIIOJHEHUE aBTOHOMHBIX
3ajad.

IMpakTHyeckoe 3aHsATHE. 3HAKOMCTBO C TeXHHUECKHM KOHCTpykTopoM WSR/WSI Tetrix.
Pooomomexnuueckue komnnexkmot TETRIX.

TETRIX — 310 nuHelika altOMUHUEBBIX KOHCTPYKTOpPOB. Habopb! npeanasnayensl ot 14 ner u
ctapuie. Ha ero ocHoBe MOKHO MOCTPOUTH POOOTa C JUCTAHIIMOHHBIM YIPABICHUEM WM, UCTIOJIb3Ys
MHUKPOKOMIIBIOTEP M JATYHKH, CO3/1aTh aBTOHOMHOTO POOOTa.

TETRIX - ocHoBHO# koHCTpYKTOp MexkayHapoaHbix copeBHoBaHui FIRST Tech Challenge, Ha
0aze korctpykropa TETRIX MAX pa3pabarsiBatorcst Habops! aisi copeBHOBaruin WSR/WSI

Kouctpyktop TETRIX coBmectum ¢ koHcTpyktopom LEGO, mo3Bossier HUCHOIb30BaTh
KOHTPOJUIEP, JTF0ObIE COBMECTHUMBIE TATYUKU M UCIIOJTHUTEIBHBIE YCTPOHCTBA.

3agaHus:

W3yunTh nmuHelkn podoToTexHnyeckux Tetrix.

W3yunth Ha3BaHMe qeTaliel U MPUHIUIBI UX COSTUHEHUS.

IIpakTnuyeckoe 3ansiTue. KoHCTpynpoBaHue 1 pacueT MEXaHMUYECKUX nepeaad (3youaras).
3ananue: 3yduaras nepegaya
1. M3yuuTh U 3aKOHCHEKTHPOBATH OCOOEHHOCTH 3y0UaTOl MEXaHMYECKOH mepenauu, ee BUIbI U
0COOEHHOCTH.
BbruuciuTh nepeaToyHOE YUCIO YKa3aHHBIX 3yOuaThIX Nepeaay
CKOHCTpYUpOBaTh CTYIIEHYATYIO 3yOUaTylo rnepeaady ¢ nepeaaTouyHbiM yuciiom 27, 45, 135.
4. CKOHCTpYHpOBATh CTYNEHYATYIO Mepeady ¢ MnepelaTOYHbIM YUCIOM 15 1 MPOTHUBOIMOIOKHBIM
HaIpaBJIEHUEM BpallleHUs BEAYIIET0 U BEJOMOI0 Baja
5. CKOHCTpyMpOBaTh  KOPOHHYIO, pEEuHyl0, YepBAYHYI0 Iepeaadyy ¢  3aJaHHBIMU
XapaKTepUCTUKAMHU.
3ajaHue: peMeHHas, 1IeTHas repenadya
1. UByuuTh U 3aKOHCIEKTUPOBATH OCOOCHHOCTH PEMEHHON MEeXaHWYeCKOW Mepeauu, €€ BUIbl U
OCOOEHHOCTH.
2. BpraucnuTe nepenaToyHoe YMCIIO YKa3aHHBIX PEMEHHBIX Iepeaad
3. CKOHCTpyHMpOBAaTh CTYNEHYATYIO PEMEHHYIO Ilepeiady ¢ epeAaTouyHbIM yuciioM 4; unciaom16 u
MIPOTUBOIMOJIOKHBIM HaIlpaBJIEHUEM BpallleHHs BEIYIIEro 1 BEIOMOTo Baja.
4. M3y4uTh M 3aKOHCIEKTHUPOBATh OCOOCHHOCTH IIETTHOM MEXaHUYECKOH meperauu, ee BUABI U
0COOEHHOCTH.
5. BpluncnuTh neperaTouyHOE YMCIIO YKa3aHHBIX LIETTHBIX NIepeayd
6. CKOHCTpyHMpOBATh LIETIHYIO N€peady ¢ IepeaTOuHbIM YUCIOM 3.
3ajaHue: NOJHBIN NPUBOJT

wmn



N3y4unTh 1 3aKOHCIIEKTHPOBATh 0COOCHHOCTH (PPUKIIMOHHBIX MEpeIay.
CkoHCTpYyHpOBaTh 1Ba BU1a (PUKLIMOHHBIX Iepenad

N3yunTh ¥ 3aKOHCIIEKTHPOBATh OOIETEXHUIECKUE CBEIEHHS O PEIYKTOPAax
CKOHCTpYHpPOBaTh MOOUIIBHYIO IIIATGOPMY C MTOTHOIIPUBOAHBIM MEXaHU3MOM

el A

IpakTuyeckoe 3ansaTue. CoOopka MOOMIBHOTO pobOTa
3ajaHue: COrIaCHO pa3paboTaHHOIO MPOEKTa cOOpaTh MOOMIIBHOTO poboTa

IIpakTuyeckoe 3ansaTue. Cpeaa nporpammupoBanus yaeororo poobora LabVIEW miisst MK myRIO

bazoBbie a1eMeHTHI: OKHO TpoekTa, VI, nmureBas manenb, O10K-guarpaMma. [10TOKOBBIM MpUHIHIT
JAHHBIX, TUIBl JAHHBIX. MeToAbl OTJIaJKU M Moucka omubok. IIporpamMmMusbie
ctpykrypel B LabVIEW. V3ner cBoiictB. CTpyKTypsl JaHHBIX, MacCHUBBHI,
(GyHKIMU pabOThI C MACCUBAMU, KJIACTEPHI, ONPEACIUTENN TUIa. MOIYIBHOCTD B
IIPOrPaMMUPOBAHUM. IIepemenHsle, odepeau. [IporpamMmmupoBanue
IIOCJIEI0BATEIBHOCTEN, KOHEUHBIH aBTOMAT

3aganue 1: Heo6xoaumo coOpaTh KOHEUHBI aBTOMAT, KOTOPBIM peau3yeT CIeAYIONIne AeHCTBUS:

1 — yanumanuzanus: Mannuanusupyercs MaccuB U3 BocbMu OyneBbIX HHIMKATOPOB.

2 — BoimonHeHWe: Bemmonnsercss rupnsaaa or 0-oro snemeHTa K 7-oMy (Iepel BKIIOYCHHEM

CJICAYIOIIETO AJIEMEHTA, BBIKIIOYAETCS MPe bl Iyl

Array

90000000

H606XO,I[I/IMBIS JJICMCHTHI:
1. Delete from array
1 Insertinto array
For loop
Wait (ms)
While Loop
Shift Register
Decrement
7 Increment
3 — 3akpeITHE: ['aCHYT BCE «OTOHBKH

o Ul WN

Ocnoegwl pabomsr ¢ MyRIO.

OcHoBbl pabotel ¢ MYRIO Hauano padotel ¢ MyRIO. INonkirouenne no Wi-Fl. [Togkinrouenne
nepudepun: HHGPAKPACHBIH TATUUK paccTosiHUS Sharp. ynpTpa3ByKoBO# AaTuuk pacctosaus Parallax
PING, cepronpuBoa PUKCHPOBAHHOTO BpAIEHUS, CEPBONPHUBOJ] TIOCTOSIHHOTO BPAIICHUS, TBUTATEIH
Tetrix DC Motor, npaiisep Digilent Motor Adapter, npaiisep Studica MXP-MD1, uHKpeMeHTEHBIN
JaT4MK yria moBopota. Pabora ¢ mxoiictukom. ['mpockon 3-Axis L3G4200D, natunkom muaun QTI
Sensor, Be6kamepoit LIFECAM CINEMA, Buemnum akceirepomerpom MMAT7455, natunkom
BHemHero ocenienus Digilent PmodALS.

Yro takoe MyRIO? YueOusiit mpubop pazpadorunka NI MyRIO 6b11 coznan 4ToOBI CTYACHTHI
MOIJIM B TE€UYEHHE OJIHOTO CEMeCcTpa pemarb "Hactosdmmue" HHXKEHepHble 3amadud. OH COAEPKHUT
IBYXbAJepHBIA mporpammupyemsiid mporeccop ARM Cortex-A9 ¢ TaktoBoil yactotoit 667 MI'u. U
KaCTOMH3HPYEMYIO TIPOrpaMMUPYEMYIO JIorHueckyro naterpansayto cxemy (ITJIMC) Xilinx, kotopyro
CTYA€HTBl CMOTYT HCIOJb30BaTh JJIS Hadaja pa3padOTKU CHCTEM U OBICTPOrO pEIIeHHUs BCTAIOIIMX
nepes; HUMH Mpo0JieM pa3padoTyrKa, B KOMIIAKTHOM, POCTOM | KpacuBoM (opm-pakrope. NI MyRIO
COZIEPKUT Tporpammupyemsbiidi gun Zynd-7010, mo3Bonsitonuii B TOJMHYIO CHUJIY HCIHOJIB30BaTh
Bo3MokHOCTH LabVIEW, Kak juist MprItosKeHuit peatbHOro BpeMeHw, Tak u s [TJIMC. Bmecto monrux
YacoB, 3aTPAaYCHHBIX HA OTJIAJKY KOAA HJIM pa3pabOTKy MOJb30BATENbCKOr0 MHTepdeiica, CTyIeHTHI



CMOT'YT BOCIIOJIb30BaThCs rpaduueckum moaxonaom LabVIEW k nporpaMMupOBaHUIO U
CKOHLIGHTPUPOBATHCA Ha pa3paboTKe, 6€3 JOMOTHUTEIHHOTO JaBICHUS HEOOXOAUMOCTH U3YUUTh CPELy
pa3paboTKH.

NI MyRIO — pekoHpurypupyemMblii WHCTPYMEHT, MOAXOIAIINNA JUIi MHOTOKPAaTHOTO
uCcroib30BaHus. C ero MOMOILBIO CTYAEHTHI MOT'YT OCBOUTb HIMPOKHUNA KPYT MHXKEHEPHBIX KOHIENIUH U
Jake TOJTHBIN UK pa3paboTku. Bo3moxknoctu padotel ¢ [IJIMC u peanbHBIM BpeMEHEM, a TaK e
BcTpoeHHbI Wi-Fi MOIy/b MO3BOJSIOT 3amycKaTh NPHJIOKCHUS YAAICHHO M 0€3 MOJKIIIOYCHHS K
komrbioTepy. Tpu pazvema (2 mopra pacumpenus NI MyRIO (MXP) u ogun nmopt NI miniSystems
(MSP), unentnunsiii pazsemy NI myDAQ) mepemaroT ¥ MOIy4aroT

CUTHAJIbI OT JaTYUMKOB M JJICKTPUYCCKHUX CXCEM, MHCIIOJIb3YCMbIX
W7 NATIONAL
’

INSTRUMENTS v crynentamu B ux cuctemax. NI MyRIO conepxut B o011ei#t ciioxxHOCTH

A 10

40 uudpoBsix MuHUN BBOAA/BRIBOAA ¢ Toanepxkkon SPl, PWN Brixona,
BXOJHOTO UMITyJibcHOTO natunka, UART u I°C: BoceMb OJIHOCTOPOHHHX
AHAJIOTOBBIX BXOJIOB; JBa JH(PPEPECHINATHHBIX aHAIOTOBBIX BXOJIa;
YeThIpE OJHOCTOPOHHHMX aHAJIOTOBBIX BBIXOJQ; W JIBa OOIIMX
AHAJIOTOBBIX BBIXO/a, IIO3BOJISIIONIME IIOAKIIOYATh OECUHCICHHOE
KOJIMYECTBO CEHCOPOB, YCTPONCTB U MPOTrPAMMHUPYEMBIX KOHTPOJLIEPOB
cuctembl. Bcs  HeoOxomumass  (DYHKIIMOHALHOCTH BCTPOCHA U
mpelBapuTeNbHO HacTpoeHa B 0azoBoMm (ynkuuonaine ITJIMC, uyto
yCTpaHsieT HEOOXOAMMOCTh B IUIaTaX pacllMpeHHsl Wi "murax" juis
no0aBIeHHsT HYKHBIX BO3MOXKHOCTei. B koneunom cuere, NI MyRIO
MO3BOJIAT CTYACHTAM PeliaTh HH)KEHEPHBIC 3a/1a9l PEATbHOTO BPEMEHU
npsiMo ceyac — OT paJHOYNPaBISEMBbIX MAalIMH A0 OJWHOYHBIX
MEIUIIMHCKUX MPUOOPOB.

Jlerkuii B OCBOCHHMH, U O0JaAIOMIMI MMOTHOW (YHKIIMOHATBHOCTHIO B 0a3oBoil moctaBke NI
MyRIO mpoct s 3amycka, a CTyIEHTBI JIETKO MOTYT OIpelesisaTh ero padbouuit cratyc. [lonHocThio
Hactpoennsiii [IJIMC BHenpeH B yCTpOMCTBO €1I€ HA CTaJuM MPOU3BOJICTBA, TAK YTO HOBUYKU MOTYT
nepedTH K (QyHKIMOHAIBHBIM oOCHOBaM ©0e3 mnporpammupoBanus IIJIMC ans  HOpmambHOrO
¢byHKIIMOHUpOBaHUs cucteMbl. Tem He MeHee Mollb [IJIMC ctaHOBUTCS 0O4eBUIHON, KOTAa CTYJAEHTHI
nouayt a0 padotsl ¢ [IJIMC u HacTpolkM MOBeAEHUs YCTPOMCTBA MOJ HYXKABI TeKyme 3agaun. C
Y4€TOM T'MOKUX BO3MOXHOCTEH yCTpOICTBa, CTYI€HTHI MOTYT UCIIOJIB30BaTh €r0 B TEYEHHUE BCETO Irojia,
HauMHas ¢ BBEJICHUS BO BCTpaMBaeMble YCTPOICTBA, 3aKkauMBasl KypcaMu pa3pabOTKH B KOHIIE TO/1a.

[Mo3naxomuBmchk panee ¢ LabVIEW, unrtarens nonumaer, uto LabVIEW a3to rpadudeckuii,
pa0oTarolMii Ha MOTOKE MAHHBIX, CUTYAllMOHHBIN $3bIK MPOrPaMMHPOBAHHS, MHOTOLIEJIEBOM U
MynbTUILIaTGopMeHHbIH. [IoMUMO 3TOro oH obecrneynBaeT rMOKOCTb OOBEKTHO-OPHUEHTUPOBAHHOTO
OpOrpaMMHUPOBAHHUS, MHOTOIIOTOKOBOCTh U MapaJlIeNbHOCTh. Bupryanbabie nHCTpyMeHThl LabVIEW
MOTYT UCITOJIb30BaThCA B 3a7a4ax peasbHoro Bpemenn u [IJINC.

Juanoz LabVIEW Getting Started

[Mocne yenenmnoro 3amycka LabVIEW u 3arpy3ku Bcex HEOOXOIUMBIX PECYPCOB, OTKPBHIBACTCS
muanor Getting Started.

Ecnu wex6oke "Show on lunch™ ormeuen, To mosiButcst u auanor Set Up and Explore. s
npubopa NI MyRIO 3toT 1uanor ckoMIoHOBaH TakMM 00pa3oM, 4TOOBI OTBEYaTh HYKJaM CTYJEHTOB,
paboraronux ¢ NI MyRIO. C ero momomrpio oHu cmoryt 3anmyctuth Getting Started Wizard mis NI
MyRIO, nouru Tak ke, Kak 3TO JeJaeT aBTO3aIyCK MPH MOJKIUYeHUH ycTporicTBa o USB, nmomyuuts
JOCTYI K PYKOBOJICTBAaM 110 Ha4aay paboThl, cripaBouHbIM Matepuaiam LabVIEW, u nactpouts Wi-Fi
Ha ycrpoiictBe NI MyRIO. Ho noka uTo, 3aKkpoem 3TOT AHAJIOT.

C momoineto auanora Getting Started, Ber MoskeTe co3aaTh HOBbIE IPOeKTHI U VI, nin BEIOpaTh
OJIHY M3 MHOXKECTBA OILUI MPOJOIDKCHUS PaOOTHI HAJl YK€ CYLICCTBYIONIMMHU MPOCKTAMH, WM HAUTH
noaxoasuii emoncTpanuonabiii VI ¢ momomieio NI Example Finder. Bel MoXkeTe OTKPBITH 3TOT
JIMAJIOT KOTIa yroaHo ¢ moMoinkio MmeHto LabVIEW»Getting Started Window B iro6om V1. B HixHel



YacTH OKHA JOCTYMHO em€ Heckoyibko onuuid. Kaxknas w3 HUX BeAeT K MoJjie3HON uHpopmanuu,
o0yJaromuM MaTepualioM, YINPAKHCHUSIMH, U IPYTHMH CPEICTBAMHU MOAACPKKU m3bickanuii ¢ NI
MyRIO
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Puc. 1 quanor Getting Started

Yacteio ¢umocopun NI MyRIO sBiisiercst co3ganne MOcTa MeXAY pealbHOW MpoOIeMOi pH
MHUHMMAaJIbHO BO3MOKHOM KOJMYECTBE NMPOMEXYTOUYHbIX NpobiieM. M3b6eraiite onacHocreit "mycroro
VI" (wnu mogaBiIeHHOCTH OT BUIA YUCTOM OJIOK-CXEMBI) HAX0/Is C €0 TOMOIIBIO, ITA0JIOHBI U IPUMEPBHI,
WIA BOCHOJb3YHTECh MOMOLIbI0 HHTEPHET-(hOpyMa WIM TEXHUYECKOW MOJIJECPKKH. A eciau Jeno
JTOXOJHT JI0 MPOCTHIX CHCTEM WM 33Ja4 — MHOTHE Moyib30BaTenu uin corpyanuku NI yxe co3namm
YTO-TO, pPelIarolllee B TOYHOCTH HYXKHYIO 33Jauy MM HEYTO Oo4eHb Oim3koe. M300peTars Benocunen
3aHOBO MOXET OBITh TSDKENO, HO Ojaromapsi MomHocTH u TuOkoctu LabVIEW wu mmpokomy kpyry
YUYEHBIX U MH)KEHEPOB, pa0OTAIOIINX C HUM, BBl MOXKETE U30€XKaTh 3TOTO.

Bpayszep npoexmos LabVIEW

Bpayzep npoekros LabVIEW (Project Explorer) momoraer BaMm KOHTPOJIUPOBATh CBSI3aHHBIC C
npuiokeHneM pecypcbl. OHM MOTYT BKJIIOYaThb B ceOs Heckonbko VI, n300pa’keHusi, TEKCTOBbIE
JOKYMEHTHI, UHpOpMaLus o KOHpUrypauuu, coopke u BHeApeHUH. CTpyKTypa MpoeKTa MO03BOJISET
JIETKO U OBICTPO YIPABISITH PECYpPCaMH, BBI MOXKETE PACHIPEICIISITH PECYPCHI IT0 HECKOIBKIM HOCHTEIISIM.

Tem, KTO yXe 3HAKOM C JIPYIMMH HHTEIPHPOBaHHBIMU cpenamu pazpabotku (IDE), Opaysep
npoektoB LabVIEW nokaxeTcs 3HaKOMBIM, a IIPUHIIUIT €T0 HCIOIb30BaHHMS 110 OOJIBIIIOMY CUETY TaAKOH
xe. LabVIEW — 310 kpocc-muaTdopMeHHBIi S3bIK, ¢ BCEOOBEMITIONICH MOICPIKKON BCEBO3MOKHBIX
JIOTIONIHEHUH M O6ubmmoTtek. Bol Moxere Hanucath 00abIIMHCTBO VI B TO Bpems, Kak 3aKperuisieTe ux
3alleNIeBBIMM YCTPOMCTBAMM, U JIETKO NepeHa3HauuTh UX Ha Apyrue ycrpoiictBa NI, takme kax NI
MyRIO, nockoibKy OHH YIIPaBISIOTCS ONEPAIIMOHHON CHCTEMOM, KoTopas Toxe padotaet ¢ LabVIEW
U JIOTIOJTHUTEIbHBIMU OnOnmotexamu. Mepapaus npoekra B Opaysep npoekros LabVIEW He 3aBucuT ot
(baitioB ¢ KICXOTHBIM KOJIOM Ha KOMIIbIOTepe. OOBIYHO, IPOEKT CO3/IAETCS B ONPEACTICHHOM TUPEKTOPHUH,
U BCE CONYyTCTByIoIMe (ailibl ¢ KOJOM HAaxOJATCs B TOH e IUPEKTOpHH 0e3 Kakou-1mbo
CHCTeMaTH3allli, JaXe eclM OToOpakeHHe B Opay3epe INPOEKTOB XOPOMIO CTPYKTYPHPOBAHO.
[lepememienue ¢aitna B Opay3epe NPOEKTOB HE 3aTpPOHET caM (aill Ha JUCKE — TOJBKO €ro
0TOOpaxKeHue.

3aganue 2: Bocnonp3yiTech 3TOW WHCTPYKIIMEH ISl CO3/IaHUS HOBOTO MPOEKTA:

1. B auanore LabVIEW Getting Started, naxxmute knonky Create a New Project.

2. Otkpoetcs okHo Create Project, mpemiarasi Heckoyibko omiuid. Mccnenyiite Bce BO3MOXKHBIC
OITIIMH JTKO0 CO3/1aB MPOEKT C MX IMOMOIIBIO, JTHOO BOCIIOIB3YyHTECHh cChUTKoM More Information mst
HMHTEPECYIOIIETOo Bac 1abIoHa.

3. Bribepure oo Blank Project.

4. Haxwmute kHomky Finish. Bel cozmanu HOBBIN mycToii mpoekT. OTKpoercs OKHO Opaysepa
MIPOEKTOB.

YroObl COXPaHUTH HOBBIN MPOEKT:



1. B 6paysepe npoekror LabVIEW BeiGepute mynkt FilenSave.

2. OTKpOETCS AUAIOT COXPAHEHUS, 3aIpaIlIiBast UMS TPOSKTA M TUPEKTOPHUIO TSI €0 COXPAHCHHUSI.
BriOepure MmOAXOIANIYI0 JUPEKTOPHIO, W COXPAHUTE IMPOEKT IO WMEHEM, IO3BOJISIOIIEM
UACHTU(HUIIMPOBATH MPOCKT U €0 Ha3HAYCHUE.

Tenepp Opay3ep MPOEKTOB OTKPHIT U TOTOB K 3aIOJIHEHHIO PECYpPCaMHU M MCXOIHBIM KOJOM. MeHto
Opay3epa MPOEKTOB coJepHUT Habop cranmapTHbix oniwii (File, Edit, View u T.1.) U HECKOJIbKO
byukuuii cnienubuunbx mst LAbVIEW. Bpaysep comepskut nBe Bkiaagku — Items u Files. Bxiaaka
Items oToOpaskaeT CyIIHOCTH, MCHOJIb3yeMbIe B MPOCKTE B MEPAPXUYECKOM BHUJIE, a BKiIaaka Files
MoKa3bIBaeT (paiisipl HA JHCKE, 3aJICiCTBOBAHHBIC B TIPOCKTE.

" b
{3 Untitled Project 1 - Project Explorer EE
File Edit View Project Operate Tools Window Help
EEEIE BT

tems | Files [

&+l Project: Untitled Project 1
= 8 My Coi nutsr

=) Q “_v:".

" €
P ol o -
& & Build Specifications

Puc 2. Bpaysep npoexros LabVIEW.
Ha Briazske Items Bbl MokeTe yBUAETh CTPYKTYpY npoekTa. KopeHb npoekra, rneppas CyIHOCTb
B CIHCKE, MOKa3bIBAaET, HaJl KaKUM IPOCKTOM BBl ceidyac paboraere. BTophiM ypoBHEM HaxoaATCs
LIeJIEBbIE YCTPOWCTBA NpOeKTa. B mycToM mpoekTe LeaeBbIM YCTPOHCTBOM MO YMOJIYAHUIO SIBISETCS
"Moi1 koMmmbroTep". CIenyrouM YPOBHEM SIBJISIFOTCSI XapaKTEPUCTHKU COOPKH IIEJIEBOTO YCTPOHCTBA.
Onu BKIIIOYAIOT B ce0s1 KOH(DUTYpaLUU JUIsl HCXOAHUKOB U APYrMX HAOOPOB HHCTPYMEHTOB U MOJYJIEH,
copepkamuxcsi B LabVIEW. Bbl Moxere HCIONb30BaTh WX MNpPU BHEIPECHUH TPHIOKCHUH Ha
BCTPAaMBaEMbIX CHUCTEMax. XOTs 3TOT Kypc paccMaTpuBaet npoctele VI, Bam norpedyercst HOHUMaHKue
paboThI ¢ Opay3epoM MPOEKTOB — ATO MOTpeOyeTCs MpH pazpaboTke Oosee CIOKHBIX MPOeKTOB. [Toka
Halll IPOEKT CIUIIKOM ITyCT, U HE CIYKUT HUKAKuUM LensaM. [ 6osee moapoOHOro 03HaKOMIIEHUS C
nporpammupoBanuem B LabVIEW. He 3akpbiBaiiTe IpoeKT, YTOOI UCIIOJIb30BATh €TI0 B TATbHEUIIICH
3ananue 3: Co3nanue BupryanbHoro nactpymenta VI B LabVIEW B Windows
YroObl TO3HAKOMUTHCS ¢ Tpaduyeckoii cpenoit paspadorku LabVIEW, co3naiite 6a30BbIii KO,
WUTIOCTPUPYIOIIMN HEKOTOpBIE CBOMCTBA MPOTrPaMMHUPOBAHUS MOTOKA JaHHBIX. B 3TOM ynpakHeHUn
MBI co37aauM poctoit VI, koHBepTUpYIOLIMi TeMiiepatypy u3 mmkainsl @apenreiita B mkany Llenbcus.
Jlnst Havana Hajao co3faath HOBBIA VI, ¢ momoinsio menio FilenNew VI B 6paysepe npoekToB
LabVIEW
-

Coznmanne mycrtoro VI
Orta onepanus co3aact nmyctor VI B nenesoM ycrpoiictee My Computer B mpoeKTe, KOTOPBI BBl TOJIBKO
410 co3fanu. OH 33IepP)KUT JIBa OKHA: IEPEIHION0 MaHEeNb U OJIOK-CXEMY.




Coxpanute VI, BeiOpaB komanay FilenSave B iro0om u3 aByX OKOH. B muanore coxpaHeHus
3agaiire Ui VI ums co cMeicinoM. Coxpansiite VI B ToM ke AUPEKTOPHUH, YTO U IMPOEKT, K B KOTOPOM
OHU HUCHOJB3YIOTCS. Bbl Moxere coxpansath VI, KOoTopble IUIaHUpPYETE HUCIONIb30BaTh B HECKOJIBKHX
IIPOEKTaxX, B JPYrux IUpeKTopusix. bpayzep npoekToB OyleT OTCIEXHBATh UX MU IMpeaynpeauT ob
OTCYTCTBYIOILIEM WJIU HEMPABUIHHO pacionioxeHHoM VI

Tenepb, korga Bbl coxpanuian VI, BBl MOXKeTe co37aTh KOJ, KOHBEPTHPYIOLIUI TeMiepaTypy.
[ns aToro:

1. DTOT KOJ BBINOJIHAETCS HENPEPBIBHO, U KaK B TEKCTOBBIX S3bIKaX IporpammupoBanusi, LabVIEW
WCTIOJB3YyeT 3alMKIMBAHHUE /IS 00eCreueHus] HEeNpephIBHONW paboThl Koja. Bbl MoXKeTe OCTaHOBUTH
BBINOJIHEHHUE JTMO0 C OMOIIBIO KHOIIKY Ha Iepe/iHel maHenu, 1100 BOCII0Ib30BaBIINCh TPAIUIIMOHHON
JIOTHKOW, YTOOBI 337aTh TOUYKY, I'JI€ BBIMOJHEHUE JOJDKHO OBITh OCTAHOBJICHO. B 3TOM ympakHeHUH
ucnonb3yite muki While, 1151 HOCTOSHHOTO OTCIEKUBAaHUS TeMIleparypsl 1o 1kaie dapenreiita u
HENpepBIBHOIO MTpeoOpa3oBanus B mKaly Llenbcns v KHONKY Ha epeiHel maHenu ais

OCTaHOBKH.

A. TlepekmrounTech Ha OKHO OJIOK-CXEMBI, TUOO CTaHIapTHRIMU cpeacTBamMu Windows, 1160

BOCIIOJIb30BaBUIMCh coyeTaHueMm kiaBum Ctrl+E (310 coueranume mo3BosiseT ObICTPO
MEPEKITIOYaThCS MEXY TepeAHEN MaHeNbio U OJI0K-CXEMOM).

B. lllenxHute mpaBoil KHOMKOH MO OJOK-cXxeme, 4ToObl OTKpHITh manuTpy Functions. Ona
COJIEPKUT Bce y3Jbl U VI, ncnonb3yemsele npu nporpammupoBanuu B LabVIEW. Bel Moxkere HacTpouTh
e€ oToOpakeHHEe, HO 110 YMOJYAHUIO JOCTYHHbI Bce JomnoinHeHuss W VI O3HakoMmbTech C
pacrnosjoxkeHueM Bcex mnonmnaHenei. Buibepute mnyHKT Programming»StructuresyWhile Loop u
BbIOepute nuks While.
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C. Hapucyiite nemmo B Omok-cxeme. KiMKHUTE JIeBOM KHOIMKOW MBIIIN, PACTSIHUTE OKHO Ha
HY)XXHYIO IUIOIIaAb W KJIIMKHUTC CIJ_Ié pa3 i 3aBCPIICHUA. Brl MokeTe H3MEHATH pa3MEphbl NCTIIN,
HaBeJsl Kypcop Ha TPaHUILy METJIH, KIMKHYB JIEBOM KHONKOM MBIIIN, CXBAaTUB MBILIBIO OJUH U3 BOCHBMHU
CHUHUX MapKEepOB U MEPETAHYB €ro Ha HY>KHOE MECTO ISl K3MEHEHUI pa3mepa.
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D. Ilepekntountech Ha OKHO NEPEAHEH NAHEIW W UICJIKHHUTE MPABOM KHOIMKOW MBI IS
oTKpbITH manuTpbl Controls. OHa cOAEPKUT BCe HEOOXOIUMBIE AJIIEMEHTHI JIJIsl CO3/IaHMsI BHEIIHErO
uHTepdeiica U IJIEMEHTOB YIIPABJICHUS, UMUTHPYIOIIUX PEATbHBIA HHCTPYMEHT. BBIOCpUTE MyHKT
Modern»Boolean»Stop Button.
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E. BeiGepute KHONKY Stop ¢ MOMOIIBIO JIEBOTO IIETYKa MBIIIBIO U TEPETANINTE €€ Ha HY)KHOE
MECTO Ha IepeaHedl mnaHend. Bbl MOXeTe OTCIEKHMBAThH IOJ0KEHHE KOHTPOJUIEpa, KOTOPKIi
CoOMpaeTech PacIoIOkKUTh 110 €r0 KOHTYPY, 0TOOpakaeMoMy Ha repe iHel manend. [loMecTiTe KHOMKY

B 1I00OM MecTe Ha nepeaHeﬁ MaHCJIN C TIOMOIIBIO JICBOT'O IIC/ITYKA.
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F. Tenepp nepexitountech 00paTHO Ha OJOK-CXeMy M HaluTe Ha HEW HOBYIO KHONKY Stop.
Ecnu ona nHaxonutest BHe nukia Wihle, neperamure e€ Tyaa ¢ noMombsto Mblmd. [Ipun HaBeneHun
Kypcopa Ha KHOIIKY IOJACBETUTCS €€ BBIXOAHOM pa3beM (3eNEHBI KpPy>KOUEK C IMPaBOH CTOPOHBI
kHonkH). HaBenuTe Kypcop Ha Kpy»Kouek, U OH IPUMEpP BUJ MOTKa POBOA.




G. CoenuHuTe KHOMKY StOp M MKOHKY COCTOSIHHS BBIXOJa M3 IIUKJIA B MPAaBOM HUXHEM YTy
TOJIsI LIMKJIA, KIIMKHYB 110 Pa3beMy KHOIKHU U MOJATSAHYB MPOBOJ] K pa3beMy COCTOSIHUS BbIXO/a U3 UK
(Tenp mpoBoja OyAeT oToOpakaThCs MPH NPOTArMBaHUM). [l 3aKperyIeHus, MEIKHUTE 10 pa3beMy
COCTOSIHMSI BBIXOJa U3 IUKJIAa. Mex 1y AByMs 3JIEMEHTaMU JI0JKEH MOSBUTHCS 3€JIEHbIN MPOBOJOK. ITO
O3HAYaeT JIBa MPAaBWJIBHO COEIMHEHHBIX KOMIOHEHTa jorumdeckoro (boolean) tuma. [pyrue Tumbl
JAHHBIX UMEIOT CBOM IIBETA.
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2. Tenepb co3qaiuM KOHTPOJUIEP U1l 3HAU€HUH 110 PapeHrelTy 1 MHIMKATOp Uil 3HAUE€HUI

no Ienscuro.

A. TlepexitounTecs Ha MEPEIHIOIO TTAHEINb, U EIKHATE MPABOM KHOMKOM MBIIIH JUISI OTKPBITHS
nanutpsl Controls. Beibepute mynkt Modern»NumericyNumeric Control.

B. Ileperanure KOHTPOJUIEP HA IEPEAHIOIO MTAHEIb.

C. Obparute BHMMaHue Ha MapkupoBKy Numeric Control y konTtposnepa. He ouenb
nHpopmatuBHOE M. [lepenmenyiiTe KOHTpoIIep, ABOWHBIM LISITKOM 110 HEMY W HarledaTaiTe HOBOE
numst — Fahrenheit.

D. Ha nepenneii manenu, HIEJKHUTE IPaBO KHOMKON MBIIIY JJIs1 OTKPbITHS nmanuTpbl Controls.
Bribepure mynktT Modern»Numericy Thermometer. [TomecTute TepMOMETp Ha NMEPETHIOI0 NaHENb.

E. Kak u nns koutposnepa Fahrenheit, nepeumenyiite unaukarop B Celcius.

F. JTo6aBuM (hyHKIIMOHAJIBHOCTH, Pa3MECTHB Ha MEpeJHeN MaHeln BUPTyalbHbIA CBETOAMOM,
3aroparoIuiicsi, Korjaa Temreparypa magaer Hwke Hyis mo Llenbento. CBETOAMOA MOXXKHO HalTH B
nanutpe Controls, myakr Modern»Boolean»Round LED.

G. TlomecTuTe cBETOAMO HA MEPEIHIONO MTAHED.

H. ITepenmenyiite cBetoauon — "Below Freezing

£ Unsitled 2 Front Panel on Untitled Project 1/My Computer [EST= 7
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[lepenusis maHeNb ¢ KOHTPOJIEPOM M HHIUKATOPAMU
3. Tenepp, KOT/1a KOHTPOJUIEPHI U MHIUKATOPHI PACTIONIOKEHBI HA TIEpeIHEN MaHeNId, HY)KHO J00aBHUThH
B TIPOEKT HEOOXOAMMBIHN KOJI U JIOTHKY /Il KOHBEPTAIlMU TeMIlepaTypy u3 mikaisl Gaperreiita B kamy
enbcns.
A. TlepexmounTtech Ha OJNOK-CXeMy M HaWIWTE MKOHKH JUIsI KOHTPOJUIEPOB M MHAWKATOPOB
Fahrenheit, Celsius u Below Freezing. Ileperamute nkonky Fahrenheit B neByro wacts riukina While, a



nkoHku Celsius u Below Freezing — B mpaByto. OcTaBbTe MEXy HKOHKAMH JIOCTaTOYHO MECTa JJIs
HaIMCcaHUs KoJa.

B. TlomectuTe BBIUMTAOMHMK MOAYNh Ha Oyiok-cxeme. lllenkHuTe mTpaBOMl KHONKOW ISt
OTKphITUSl TanuTpel Functions u BeIOepuTe MyHKT Programming»Numeric»Subtract. Ilomectute
MOYJIb Cpa3y crpaBa oT MKOoHKH Fahrenheit.

C. Coenunure nkonky Fahrenheit 1 BepXHuUii pa3beM BBIUUTAIOIIETO MOIYJIS.

D. IlenkHuTe npaBoil KHONKOH MO HU)KHEMY pa3zbeMy BBIUMTAIOLIETO MOJYJS M 100aBbTe
KOHCTaHTY, BbIOpaB myHKT Create»Constant.

E. 3amatite ni1sg KOHCTAHTEI 3Ha4YeHUE 32.

F. TlomectuTe yMHOXaImUKA MOaylb Ha Onok-cxeme. lllenkHuTe mMpaBOl KHOMKOW ISt
OTKpBITUS TaUTphl Functions m BwIOepuTe TyHKT Programming»NumericyMultiply. Ilomectute
MOAyJIb cpa3y cupasa OT BbluMTarouero.G. CoennHuTe BHIXOAHON pa3beM BBIUYMTAIOIIETO MOIYJS U
BEPXHUI pa3beM YMHOKAIOIIETO.

H. [lomecture Mmoaymb 11 AenieHus Ha 6aok-cxeme. LllenkHuTe npaBoil KHOMKOM 1711 OTKPBITUS
nanutpel Functions u Bei6epute myHKT Programming»NumericyDivide. [Tomectute Moayns cHU3Y OT
BBIUUTAIOLIETO Yy3JIa.

I. [lenxHute mpaBod KHOIKOH MO BEpXHEMY pa3zbeMy MOJIYJs s JENeHUus U J100aBbTe
KOHCTaHTY, BbIOpaB myHKT Create»Constant. 3agaiite eii 3HaueHue 5.

J. IllenkHuTe mpaBOil KHOMKOH MO HI)KHEMY pa3beMy MOAYIS JUIsl JeJEeHUs U J00aBbTe
KOHCTaHTY, BbIOpaB myHKT Create»Constant. 3agaiite eif 3HaueHue 9.

K. CoeaunuTe BBIXOAHOM pazbeM MOIYJS JUIS JEJIEHUS ¢ HIDKHUM Pa3beMOM YMHOXKAIOIIEro
MOJYJIAL.

L. CoeauHuTe BBIXOAHOM pa3beM YMHOXKAIOLIETO MOJYJISA C BXOAHBIM Pa3beMOM HMHIMKATOPA
Celsius.

M. JloGaBbTe CpaBHHUTEIbHBIM MOIYNIb "MEHbIIE HYNs?" Ha OJOK-CXeMy MIENKHYB IPaBOH
KHOIKOM 1 BeIOpaB B nanutpe Programming»Comparison»Less Than Zero? Ilomectute Moyib cipaBa
OT YMHOXaIOULIETO.

N. CoenrHHUTE BBIXOHON pa3beM YMHOKAIOIIETO MOIYJISI C MOJIyJIeM "MeHbIie Hys?"

O. CoenuHuTe BBIXOIHON pa3beM MOAYNA "MeHblIe Hysa?" ¢ uHaukaTopom Below Freezing?
4. Temnepsb, KOTJa CO3/1aH BeChb HEOOXOAMMBIN KoJ, 3anmyctutre VI. Yoeaurech, uTo BCe COeqUHEHUS
BBITIOJIHEHBI BEPHO, CPAaBHUB CBOM VI ¢ pUCYHKOM HMKE U IIPOBEPUB, aKTUBHA JIM KHOIKa Run.

A. TlepexmounTtech Ha MEPENHION MaHENb (MOXKETE€ BOCIHOJIb30BATHCS COYETAHHMEM KJIABUII
Ctrl+E). YGenurecsh, 4To Bce KOHTPOJUIEPH! M HHAUKATOPHI IPUCYTCTBYIOT Ha SKpaHe.

B. lllenxuuTe kHONKY Run Ha nmpuOopHOI maHenu A 3amycka nporpamMmmal.

C. Ilo ymomyaHHuIO TEPMOMETp MOKA3bIBAET 3HAUEHUS TOJIBKO B npoMexkyTke oT 0 1o 100. Bl
MOKE€T€ W3MEHUTH JUamna3oH, JBAX/bl IIEJIKHYB IO IIKajde W 33/JaB HYXHbIE 3HaueHUs. B sTom
yIpa)kHEHUH, BBOJUTE 3HaueHWs Temmeparypbl no mkaie @apenreiita u Habmonaite wux
npeoOpa3oBanus Ha mkaie Llenbcus.

D. Ilo oxoHUaHUY, IPEPBUTE BHIIIOJHEHHUE C TOMOLIBIO KHOIIKU Stop.

5. Coxpanure u 3akpoite VI u mpoekt npeodpazoBaHusi TeMrepaTypbl. BeIonIHUB 3TO yrpakHEHUE,
Bbl OCBOMTECh C TrpadUUecKuM IOAXOJIOM K MporpammupoBanuio. Kpocc-ruiarpopmenHas Mojens
LabVIEW nenaet pa3paOoTKy NpUI0KEHUH J11 MHOTHX MO/JIEP’KUBAEMBIX YCTPOUCTB. B ciemytromux
YIpaKHEHUSIX MbI OyJieM HCIOJIb30BaTh Ty )K€ Cpeay Ul CO3JaHHs mporpamm ais ycrpoinctBa NI
MyRIO, ¢ Takoil xe CTpPyKTypoil, KOHTpOJIEpaMH, MHAUKATOpaMH M (PYHKIHMOHAIBHOCTHIO KaK B
IIpUMepe, KOTOPBIA MBI TOJIBKO YTO pacCMOTpeENU. TeM He MeHee, AJI Hadalla BaM Ha/lo YCTaHOBUTH U
CKOH(UTYpUPOBaTh yCTPOMCTBO JUIsi pabOTHI C KOMIIBIOTEPOM Ha KOTOPOM BeleTcsi pa3paboTka.
WNuctpymenTapuii, nocraBisiemsl ¢ NI MyRIO nmomoraer cienarb 3TOT Npolece JETKUM U MPOCTHIM.
Crnenyrormias TJiaBa ONMKMCHIBAET HACTPOIMKY ycTpoicTBa u mactep Getting Started mms yctporictBa NI
MyRIO.VI u3 ynpaxuenns 2.
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Hacmpoiuika o6opyoosanusn: nooxknrwuenus ycmpoiucmea NI MyRI1O

Onna u3 neneit paspaborkn NI MyRIO — ympoctuts Hactpoliky oGopymoBanus. s
noctuxkeHus 9Toi nenu nporpamMmmuoe obecriedeHue NI MyRIO uMmeer coOCTBEHHYIO YTHIUTY Ui
MOJIKJIFOYCHUS. U KOH(DUTYPUPOBaHUS, OTIMYHYIO OT Opay3epa maMepenuid u aBromarusanuu NI (NI
MAX). Bbl no-npexHeMy MOXeTe HCIoib30BaTh MAX Ui yCTAHOBKH M HACTPOMKH 000pYyJI0BaHUS U
MPOrpaMMHOTO OOecreueHus, eclii 3Ta cpena Kaxkercs BaMm Oosee xompoprtHoi. YcrpoiictBo NI
MyRIO umeer mpunoxenus USB MoHUTOpUHIa, KOTOpOE 3allycKaeTcsl, KOTJa Bbl MOJKIIOYACTE
YCTPOMCTBO K KOMITbIOTEpY. B Onmmkaiimmx pasnmene Mbl m3yduM kak ucnoib3oBate NI MyRIO USB
monuTop u Mactep Getting Started.

NI MyRIO USB monumop

Yo6enurecs, uto Bbl 3anuthiBaeTe NI MyRIO ¢ momompio kaGens, UAyIIET0O B KOMILJIEKTE
noctaBku. [Toakmrounte Kk ycTpoiictBy kadens USB tun B. [pyroi konen kadens noakmtounte k USB-
MOPTY KOMITBIOTEPA.

Ecnu ycrpoiictBo BKIItOUeHO, TO Oe3 3anmycka LabVIEW unu NI MAX, oneparionHasi cuctema
pacniozHaer yctpoiictBo NI MyRIO, u ycranoBur HeoOxomumble npaiiBepsl. Ilo 3aBepuieHun
yYCTaHOBKHM, B ormepainuoHHoii cucreme Windows otkpoercs okHo NI MyRIO USB wmonwutopa,
MOKa3aHHOE Ha PUCYHKE HIDKE.

TR
@, N myRIC US8 Mositor S e
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Serial Number  (1875FS9

W Address: 17222112

Optaon:

s
a Launch the Getting Started Wizard
a G to LabVIEW

a Configure NT myRIO

a Do Nothing

Oxno NI MyRIO USB monuTopa

Bb1 MOxeTe BBIOpATh OJIHY U3 YETHIPEX JOCTYITHBIX OTIIHIA:

1. 3anycruth mactep Getting Started

C ero momomnipio BBl CMOXETE OBICTPO Y3HATh PYHKIMOHANBHEIN cTaTyc ycTpoiictBa NI MyRIO.
On nposepsier noaxmoueHHble yctpoiictBa NI MyRIO, noakirodaercss K BBIOpaHHOMY YCTPOMCTBY,
MPOBEPSIET aKTYalIbHOCTH IPOTPAaMMHOTO OOECTIeYeHHs, B Cily4ae HEOOXOAWMOCTH Tpeisiaraet
OOHOBUTH TPOTPAMMHOrO OOECHeueHHe, MOXKET MPEATIOKHUTh MEePEeUMEHOBAaTh YCTPOMCTBO, U 3aTeM
oToOpaxaeTt dKpaH, aHaTOrHYHbI niepeaHeit manenn NI MyRIO, koTopbIii BBI MOXKETE HCITOJIb30BATh
U1 HaOmroieHust 3a (yHKIMEH akceJIepoMeTpa, BKII0YaTh U BBIKIIIOYATh BCTPOECHHBIE CBETOJIMOJIBI U
TECTUPOBATH KHOIIKY C TTOJIH30BaTEILCKONW HACTPOUKON (PYHKITMOHATHHOCTH.

[Tocnenuuii skpaH MacTepa UMEET JIBE OIIIHH:

3anycTuTh Moii nepBbIii mpoekT (Start my first project now)

OTa onys 3aMmycKkaeT BeO-HHCTPYKTaX, aHAIOTUYHBIA YIIPa)KHEHHUIO 2 B 3TOM PYKOBOJICTBE.

3amycruth LabVIEW (Go Straight to LabVIEW)

Orta onmus 3amyckaer auanor LabVIEW Getting Started.

2. IepeiiTn k LabVIEW (Go to LabVIEW)



Dra onmus 3amyckaer auanor LabVIEW Getting Started.

3. Hacrpours NI MyRIO (Configure NI MyRI10)

Orta onnus oTKpeiBaeT HacTpoeuHyro yruauty NI MyRIO ¢ Be6-unTepdericom.

4. Hwuuero ne neaats (Do nothing)

Ecmu LabVIEW yixe otkpeiT 1 mpoekt ckonpurypuposat, ¢ NI MyRIO B kauecTBe 11e11eBoro
YCTPOMCTBA, BBl MOKETE MCIIONB30BaTh 3Ty onuuio 4To0sl 3akpeiTh NI MYRIO USB monutop, xoraa
MOJTyJTb OBLIT OTKJIFOYEH M BHOBB IOJIKIIOYCH K KOMITBIOTEPY.

3anyck macmepa Getting Started
B oxne USB monutopa NI MyRIO, Bei6epute Launch the Getting Started Wizard. Beibepute
Next u mactep nmoaxmountes K ycrpoiictey NI MyRIO, mposeput ero nporpaMMHoe oOecriedeHne u
MPEIOKUT TiepeumMeHoBaTh ycTporictBo. Ecoum Moayns NI MyRIO He mmeer ycTraHOBIEHHOTO
MPOrPaMMHOTO O0ECIIeYeHHUs, MacTep aBTOMATHYECKH YCTaHOBHT mnocieantor Bepcuto I10. IMocne
3TOTO0 OTKPOETCS OKHO [UAarHOCTHKUA. B HeM BBl MoO)KeTe MPOCMOTPETh IMOKa3aHWUsI BCTPOEHHOIO
TPEXOCHOI'O AaKCEJIEpOMETPa, IMPOBEPUTh HA3HAYEHUE KHOMNKH C TOJIb30BATEIBCKOW HACTPOUKON

(byHKHI/IOHaHBHOCTI/I N YCTBIPCX BCTPOCHHBIX CBCTOAHNOI0B.
@ Getting Started with NI myfI0) (<]

& Getting Starte

Test your onboard devices

Follow the instructons to see the NI myRIO onboard devices working.

Toggle the buttons

e 10 change the
LEDs on the NI myRI0,

st b antreramtors (@)
e

see the indicator light up.

_— Nea Cloe

Macrep Getting Started

Teneps, Korja Bel ycTaHOBUIN U HacTpouiu ycTpoiictBo NI MyRIO, Bbl moxeTte coznaBath VI
pealbHOTO BPEMEHH, M BBITIONHSATE UX B Iporieccope (anamoruyno ¢ Windows VI), a tak xe [TJIUC VI,
JUIS 3HAKOMCTBA C BO3MOJKHOCTSIMM NapajliesIbHOM 00paboTKU. 3aTeM, co3laiiTe OOBIYHBIN MPOEKT, U
uccneayire GyHKIMOHAIBHOCTh 0a30BON apXUTEKTYPHI.

Yemanoeka npozpammmnozo ovecneuenusn uepes NI MAX

Jlpyroii BapuaHT ycTaHOBKM nporpamMuoro I1O, Gonee mnpodeccruoHanbHbI TOAXO0M —

ycTaHoBKa nporpammuoro ooecriedenus gepe3s NI MAX (Measurement & Automation Explorer).

Jlng aToro cHavyana HeoOXoaumo 3amyctTutb Ni MAX
3 so easur ation Explorer i)

Software

Software Bsplays the National Instruments software companents installed on 3 LabVIEW Real-Time target

What do you want to do?
£ View my software informat

about using your Nl products, rafer to your product-spacific help, located on the HelpsHelp Topics menu item. ¥
the Help menu or by pressing <F1

Visit ni comisupport for technical support

% Help

NI Max

Ecnmu kareropusi Software mycras, HeoOxoaumo ycrtaHoBuTh [10. B kommiekre mocTaBKu
yctporictBa myRIO uner nsa DVD nmucka.Ycranosute ¢ nepsoro DVD o6s3arensno 3 mMomyns, 6e3
KOTOPBIX BBl HE CMOXKeTe padorats ¢ myRIO:

— LabVIEW

— LabVIEW Real-Time

— myRIO Toolkit

Bropoit DVD conepxut [IJIMUC, yctaHOBHUTE €ro, €clii BbI IUIAHUPYETE pa3padaThiBaTh CBOIO
cooctBennyo npommBky moj [IJIMC. Kak tonsko Bce 1O Oynmer ycraHOBIEHO, BBl OyI€T€ TOTOBBI
noakmounte MYRIO u HauaTh padory.




IIpoeepka npozpammnozo ovecneuenus (110)

e

‘\ .
Software

Software S5t2 -l estu mponants RS13ied 0 2 LaVEN RasTime

What ¢o you want to do?

——— [TpoBepka mporpaMMHOro 00ecIeYeHuUs

1. VYcrpoiictBo myRIO, noakmouennoe k [1K

2. Ilepeuyenp nocTynmHBIX HHTEP(EHCOB U MOAKIIOYEHHBIX YCTpoiicTB K MyRI1O

3 . COuCOK IpOorpaMMHBIX TAKETOB HA YCTPOMCTBE

4. YcranoBka\ynaienue [10 Ha ycTpoiicTBe

Ecnu Heo6X01MMO MOMOJIHUTG CIIUCOK ycTaHOBIEHHOro 110 Ha ycTpoicTBe MIIM IPOrpaMMHOE
o0ecrieueHrne OTCYTCTBYET MOJHOCTBIO HE00X0IMMO BeIOpaTh Y cTranoBka\yaanenue [10 Ha ycTpolicTBe.
Jlanee BbIOMpaeM BEpCHUIO

I3 LabVIEW Real-Time Software Wizard: NI-myRIO-RCP (172.22.11.2)
Select the recommended software set to install. National Instruments XN Select the features to install and installed components to uninstall. NATIONAL
recommends the following software sets for your target. ,I INSTRUMENTS®

® 43 LabVIEW Real-Time Software Wizard: NI-myRIO-RCP (172.22.11.2) ==

National Instruments Real-Time Software, To install or

¥ LabVIEW Real-Time 13.0.0 N -
- NImyRIO 13.0.1 - September 2013 X[ DataSocket for LabVIEW Real-Time 5.1.0 uninstall software, dlick on the icon and select the appropriate
E Custom software installation (currently installed) %[ EPICS Client 1/0 Server 13.0.0 option from the drop down menu.
X Uninstall all software %] EP1CS Server /0 Server 13.0.0
%] HTTP Ciient with SSL Support 13.0.0

¥| 1/0 variable Remote Configuration Web Servic|~
LabVIEW Control Design and Simulation 13.0
%] LabVIEW PID and Fuzzy Logic Tookit 13.0.0
2] LabVIEW Real-Time 13.0.0
¥ Language Support for Japanese 13.0.0
%| Language Support for Simplified Chinese 13
%[ Legacy FTP Server (deprecated) 1.2.1
% Modbus 1/0 Server 13.0.0
Network Streams 1.3
Network Variable Engine 13.0.0
%| NI Appiication Web Server 13.0.0
NI Scan Engine 4.1

bd A LBl b
NIW‘;onRTlZDZEO PR
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YcranoBka MporpaMMHOTO 0OecTiedeHUS Bri6op makeToB

YcranoBka ©HeoOxoaumoro I1O. BeiObupaem mnaketsl. I[locme BbiOOpa HE0OXOIUMBIX

koMioHeHToB 10 nepexoaum k camoil ycTaHOBKE
Co3oanue decnposoonoit cemu npu nomowyu NI myRI1O

Brr moxete uconb3oBath NI myRIO kak Touky goctyma juist co3manust 0€CIpOBOTHBIX CETEH.
[Tocrne Toro, Kak BbI co3aaaute 6ecnpoBoHy0 ceTh mpu nomoiy NI myRI1O, Bel MokeTe MOIKIIOYATh
CTOPOHHHUE YCTPOMCTBA K TAaHHON OECTIPOBOIHOM CETH.

Bb1 Moxxere HacTpouTh cosznanue OecripoBoanoil cetu npu nomomu NI myRIO B mo6om u3
CHEAYIOUIUX MPUITIOKEHUM:

. NI Web-based Configuration & Monitoring

. Measurement & Automation Explorer (MAX)

B nannoMm paznene ucnons3yercst Measurement & Automation Explorer (MAX) xak npumep.
BrImosHUTE Crieayrontue maru Juisi co3aanus oecripoBoaroi cetr mpu momomu NI myRIO:

1. Ucnons3yiite USB kabens mns moaxmrodenust NI myRI10 k Bamemy koMmbsroTepy.

2. Ortkpotite Measurement & Automation Explorer

3. Packpoiite anement Remote Systems, Bei6epute Bamr NI myRIO

4, [Mepeiinure Ha Bkmaaky Network Settings.

5. B paznene Wireless Adapter wlan0, Beioepure Create wireless network u3 Beimagarorero
crcka Wireless Mode.

6. Bribepute cTpany, B KOTOPOIA BBl HAXOAUTECh U3 BhIMaIatolIero circka Country.

7. O0603HauybTe HA3BaHUE BaIlleii OECIPOBOAHOM ceTH B TeKCTOBOM mojie SSID.

8. (Onmuonanbio) Bribepute kanan u3 Bbimagaromiero crnucka Channel. BosmosxHbie



snadenuss Channel maxomsarcs B amamasone [1, 11]. National Instruments pekommenmyer BbIOpaTh
3HaueHue 1.

9. BeiGepute 071HO U3 CIICAYIONIMX 3HAYCHUHN B BBINAIAIOIIEM CITUCKe Security:

10. Open—Co3aeT OTKPBITYIO OECITPOBOIHYIO CETh.

11. WPAZ2 Personal—Co3zngaer 3akpbiTyi0 6€CIIPOBOAHYIO CETh.

12. Ecinu Bo1 BeiOupanu WPA2 Personal B npenbiayiiem 1iare, BBeAUTE mapoJibs moie WPA
Passphrase. Yoeaurecs, uTo JyIMHA CHMBOJIOB B BallleM Iapojie HAXOAWTCH B auamnasone [8, 63]. Bol
MOJKETe BKIIOYMTH MyHKT ShOW characters st oToOpaskeHust maposisi.

13.  Beibepure DHCP Only u3 Beimagarorero crimcka Configure IPv4 Address.

14. Haxxwmure Save nist Toro, 4To0b COXPaHUTh HACTPOWKH OECIIPOBOTHON CETH.

15. VYOemutech, 4yTO BBl MOKETE MOJKIIOYUTH IOJb30BaTeNell K OecnpoBOIHON ceTw,
koTopyto Bl coznanu. Muaukarop Wireless na koutpomiepe NI myRIO 3aropurcst kpacHbIM IIBETOM,
KOT'/1a BbI ITOMBITAETECh MOAKIIOYHUTD MOJIb30BaTeNes K ceTu. [locie Toro, kak Bbl yCIEIHO MOKIIOYIIIN
noJib30BaTesst K cetu, naankatop Wireless mpomomkuT MopraTh.

Buinonnenue xooa peanvnozo epemenu na ycmpoiicmee NI MyR10

Tenepp 3amyctute npoekt NI MyRIO u3 mra6ionos, Bxomsumx B LabVIEW 2013 mmsa NI
MyRIO. Tlocne co3manusi mpoekTa, oTkpoiTe ¢aita "Main.vi" u BHUMATEIbHO HU3y4YHTE €ro. 3aTeM
BBITTOJIHUTE YIPA)KHEHHUE 10 €r0 (yHKINOHATBHOCTH.

Kon peanbHoro Bpemenu BoinomnHseTcst Ha npoieccope, BctpoeHHoM B NI MyRIO. On moxer
OpUHUMAaTh W OTHpaBisATh AaHHele dYepe3 I[IJIMC ¢ momompro ero y3jaoB BXOJa/BBIXOAA,
BXOJ/IOB/BBIX0/IOB ¢ mpsiMbiM jpoctyrioM K mamatd (DMA) u skcopecc-VI, koTopsie HCIOIB3YIOT
"cymnocts" TIJIMC. Bxoas! u Beixoasl pazbeMoB NI MyRIO u mopt NIminiSystems B3aumopeiicTByto
¢ mpoueccopom uepe3 [TJIMC. Msi nogpodno pacemotpum [IJIMC no3nnee, moka 4Tto 3allOMHUTE, YTO
NI MyRIO nocrasnsiercst ¢ mogynem [IJIMC, koTOpsIid IO yMOJTYaHUIO HACTPOCH HA MPHEM U Tepeaady
JAHHBIX MEXIY pa3beMaMH U BCTPOEMHHBIMU YCTPOHCTBAMU (KHOIKU, aKCEJIEPOMETP) U IIPOLIECCOPOM,
BBITTOJTHSIONINM KO PEabHOTO BPEMEHH.

Teneps, xoraa Bel nojkiarounian U Hactpousau ycrpoiictBo NI MyRIO, Bel Moxere co3narhb
MPOEKT JUIsl HETO U HavyaTh pa3paboTky kona. UcnonszoBanue [TJIMC no ymomgaHuto — 3T0 OBICTPHIN
croco0 HavaTh U CO37aTh MPOCTOM aBTOHOMHBINA KOJ WIIM J1aXKe KOJI MPOBEPKHU KOHIETLUH i Oosee
CJIOXKHBIN TpoeKToB, TpeOytouux wucrnois3oBanue [IJIMC. Jlns koma, TpeOyromero KacToMu3aiuu
cnioco6a, kotopsiM NI MyRIO ynpasnser Bxogom/BeixosioM, Tpedyercs cooctBerHblil [INIMC-nipoekr,
9T00BI 00€CTICUYNTh HAMITYUIIYIO TIPOU3BOIUTEILHOCTD Koza. [I0oBTOpUMCSI, UTO IS IPOCTHIX TIPOEKTOB
nojp3oBarenbekas Hactpoiika ITJIMC He TpeOyercs, Tak 4TO B 3TOW IJIaBeé MBI paccMaTpUBaeM
crannaptabii [IJIMC-npoext

3ananmue 4: MccnenoBanue BUPTyaIbHOIO MHCTpyMEHTa Main.vi
Crnenyiite aToit uHCTpYKIMH, 4T0OBI HauaTh NI MyRIO npoexT u3 mabnona:

1. B auanore LabVIEW Getting Started, Beioepute kaonky Create Project

2. B neBoii wactu nuanora "Create Project", B nepeBe ma6moHOB BeIOepuTe myHKT MYyRIO

3. B mpaBoii yacTu JOCTYNHBI TPU OMIMU: CTAaHAAPTHBIN mycTo# poekT (Blank Project), mpoexT
myRIO (myRIO Project) u nonszoBarensckuit myRIO [TJIMC npoekt (Custom myRIO FPGA Project).
CraHgapTHBINA MTyCTOM MPOEKT MBI PACCMaTPUBAIIM B yIIPaXKHEHUU 1.

a. Ucnonp3yiite mabdnon npoekta myRIO mist coznanus npoekta ¢ crannaptaoit padoroit [IJIMC. On
UCTOJB3YyeTCsl B MPOEKTaX, HE TPEOYIOIIMX PACHIMPEHHOM (YHKIMOHATBHOCTH M JIOTIOJIHUTEIBHON
Hactpoviku [TJIUC
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Coznianue npoexra

[ITa6moub1 mpoekToB NI MyRIO

b. [Nonb3oBarensckuit IVIMC npoekT ucnonb3yercs ais camocTtoaTenbHoi HacTpoiiku [TJINC B
ycrpoiictBe NI MyRIO. Hanpumep, oOberiHeHHE BCEX TPEX Pa3beMOB JaeT BOCEMb IU(PPOBBIX JTHHUN
[IIMM-Bxona/Beixona. Ho, ecnmu BaM HYXKHO MOJKITIOYUTH OOJIBIIEH TaKUX YCTPOWCTB WUJIM CUTHAJIOB,
BbI MokeTe HacTpouTh I1JIMC Takum obpazom, utoOs! nogaepxky LLIMM umerno G6osbliee KOTUYECTBO

JUHUN  1KUdpPOBOro BXOJa/BBIXO/A.
B3alMOJEICTBHS.

Tak € MOXHO TMNOCTYNUTb C JPYTMMH IPOTOKOJAMHU

4. Beioepure mynkt myRIO Project u nHaxxmute kHonky Next

5. 3aiaiiTe MPOEKTY UMsI CO CMBICIIOM, TIO3BOJIAIONIEE HACHTU(DUIIMPOBATE €T0 B JaJIbHEHIIEM, U
COXpaHUTE €ro B MOJAXOJAIICH TUPEKTOpuu. YOenuTech, 4To BhIOpaHa cenekThBHas kHomka Plugged
into USB u urto npaBuiibHO o3ariasieHHoe yerpoiictBo NI MyRIO otobGpakaercs B IuCTe cripasa.

o B

1 Create Bicjuct

Configure the aew project:

Project Name

Unctied Project 3

e Name Prefi (0 phionol)

Modify ikoos

Kack FniEn Lancat Hep

. Hactpoiika LabVIEW npoekra

6. Ecin Bce HacTpoeHo BepHO, HaXMUTE KHOMKY Finish.
Oror mabion 3amaer NI MyRIO B kauecTBe 1ieneBoro ycrpoiictsa mus npoekra LabVIEW.
CrnenyeT MOMHUTh OYEHb BAXKHYIO BEllb B KOHIICMIMHU IeneBoro ycrpoiictBa — ecau NI MyRIO



BBIOpAHO B KavecTBe IieneBoro ycrpoictra 1t VI, To kog VI OyaeT BBHIONHATCS Ha HEM, aXe eClu
nepenusis naHenb VI oToOpakaercs Ha kommbioTepe. Takoil pekuM paOOTHI HA3BIBACTCS pedicuM
unmepaxmusnotl nepeoneu nanenu (interactive front panel mode) m npegnasHayer TOIBKO s
pa3paboTKu U OTIAAKH. B KOHEYHOM MPUIIOKEHUU JIFOObIE KOHTPOJUIEPHl U MHAUKATOPHI C MEepeaHen
nanenu VI OyayT HemocTynHbl. B KOHEYHOM HTOre, KOJ pa3BepThIBACTCS HAa CAMOM YCTPOWCTBE U
pabotaer naxe 6e3 MOAKIIOYEHUsT K Kommbiorepy yepe3 USB. Bel MokeTe MCIHOIB30BATH CETEBBIC
COBMECTHBIE TIEpEMEHHbIe WM Kakyro-1ubo ¢opmy cereBoro moroka B VI Ha KoMmmbroTepe ais
nonydeHus u oOpabotku naHHbIX ¢ yctpoiictBa NI MyRIO. Temeps BO3MOXHOCTH CTaHOBSTCS
neicTBUTENbHO BrievaTisronmmu. Jlaxe 6e3 nepenactpoiiku [IJIMC Bel MOkeTe coOupaTh JaHHBIC U
MPUHAMATh PEIICHUs 10 YIPABICHUIO NPSIMO B TPOIECCOpPe peallbHOTO BpemeHu ycrpoiictBa NI
MyRIO. Tloka 4TO, KOMMBIOTEp, HA KOTOpPOM Beaercs pa3paborka VI Oymem ucmonab30BaTh AJis
COXPAaHCHUS W/WIM aHalW3a JAaHHBIX U JaXe JIJs OTIPABKH YIPABISIONINX BO3JIEHCTBUN BBICOKOTO
ypoBHs Ha ycrpoiicteo NI MyRIO.

B stom ynpaxunenunun, NI MyRIO npuBsizan Kk KOMITBIOTEPY, HO BBl BCE PABHO MOXKETE 3aXOTETh
BBITIOJTHUTH TOJIYYEHHBIM KOJ Ha €ro mnpoiieccope. ITO 3HAYHUT, Bbl CMOXKETE B3aUMOJICHCTBOBATH C
nepeHel manenbio VI, BEIOTHSIOMIETOCs Ha MPOIIECCOpe peaTbHOr0 BPEMEHH, B TO BPeMsI KaK JBUKOK
NI 3abouTtcs o cereBoit nmepenaye JaHHBIX. J{JIs HEKOTOPBIX 3a/1a4 TECTUPOBAHMS U HACTPOIKU PEXUM
WHTEPAKTHBHOW TIEpEAHCH TaHENIM BIIOJHE aJeKBATEeH M yCTPaHSIET HEOOXOIUMOCTh YCTAaHOBKHU OoJiee
CJI0)KHOT'O 0OMEHa JaHHBIM MEKy XOCTOM U LIEJIEBBIM YCTPOMCTBOM peajJIbHOTO BPEMEHHU.

B Opaysepe npoekror LabVIEW temnepb oToOpaxkaroTcs 1Ba IEJIEBbIX ycTpoicTBa — "Moii
kommbiotep” u "MYRIO-1900 (XxX.XX.XX.X)". IleneBoe yctpoiictBo NI MyRIO yxe comepxur B
npoekrte VI noa vazeanuem "Main.vi". Otot VI conepkut KO AJsl TOr0, YT00BI 00JIETYUTh BaM Havalio
paboTHI.
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Hepapxus npoekra LabVIEW CrpyKTypa 1ociie10BaTeIbHOCTH

IIpakTnyeckoe 3aHsTHe. Peamm3anys OCHOBHBIX ANTOPUTMMUYECKHX KOHCTPYKLIMM B YIPaBJICHHUU
MOOUJIBHBIM POOOTOM
3agaHue:
1. TloBTOpUTH/M3YYUTH OCHOBBI CTPYKTYPHUPOBAaHHOIO IPOTPaMMUPOBaHMSI U  0a30BBIE
QITOPUTMHUYECKHE KOHCTPYKLINHU (BETBICHUE, IIUKIIbI)
2. W3y4nTh OCHOBBI pabOTHI C IMHAMHKOM MHKPOKOHTPOJUIEPA M CBETOAMOMIHON MHIWKAIIUEH Ha
nepeaHel maHean Kopiyca, 6J0KOM 0XKHIaHHs
Pa3paborate u mpoTecTHpOBaTh MPOrPaMMy, CMEHBI 1IBETa HHIMKATOpa Yepe3 Kaxable 2 CeK.
4. Pa3paboTtaTb M MPOTECTUPOBATH IMPOrpaMMy, MOCTOSHHOW IMOJA4YM 3BYKOBOI'O CHUTHajla ¢
MIPOMEKYTKOM B | cexk.
5. Pa3zpabotate W mpoTeCTUPOBaTh MPOrpaMMy, MOCTOSHHOW IOJA4M 3BYKOBOI'O CHUTHala C
MIPOMEKYTKOM B | cexk.

w

Teopernyecknit maTepual
1. JIBOWHBIM 1IeTYKOM OTKpoiTe Main.vi u3 6paysepa nmpoektoB LabVIEW.
2. Otkpoercs nepennss nanens V1. OHa momkHa conep aTh CHHYCOMAATIbHBIN rpaduk u
KHOIIKY CTOII.



3. [Tepen 3amyckom VI wusyumte Osok-cxemy. Ilepexmiountech Ha He€ € TMOMOIIBIO
coyeranus kiasui Ctrl+E.

4. Crpykrypa, okpyxatomias muka While u umMeromas Bug tpex KaapoB ¢ (OTOIIICHKH
Ha3bIBACTCS CTPYKTYPOIi mocienoBarenbHocTH (Sequence Structure).

Ecth 7Ba BapuaHTa Tako#l CTPYKTypbl — IuTocKas u chepuueckas. CtpykTypa B Main.vi —
wiockast. CTpyKTypa MOCIeI0BaTeIbHOCTH 3aBOAUT BBIMOJIHICMBIN KO B MOCJIE0BATEIbHOCTL. Bech
KOJI M3 KaXKJO0ro Kajpa (cjeBa HampaBo) MOJDKEH OBITh BBIIIOJHEH IEpe]] TeM, KaK CMOXKET HavaThCs
MCIIOJIHEHHUE CIICYIOIEro Kaapa. Bel Moxere ucnonb3oBats mynneau (tunnels) ams nepempayun maHHBIX
MEXITy KaapaMu. Vcronb30BaHue MoCiIe0BaTeNIbHOM CTPYKTYPhI B TAKOM KJIFOUE — 3TO MPOCTECUTITHIA
CHOCO6 TrapaHTUPOBATH BBIIIOJHCHHUE KOJa HYXHBIM 06pa30M, XO0Td BbI MOXKETEC OOCTUYb JOTOI'O
UCTOJB3ysl TEXHUKY MPOTPaMMHUPOBAHMS TIOTOKA JAHHBIX, O€3 3axoja Ha TEPPUTOPHIO CTPYKTYpP
MOCJICI0BATEIILHOCTH.

a. Kanp "initialize” 6yzaer BoirmonHeH nepBbiM. EAMHCTBEHHOE IEHCTBHE, BBITOIHACMOE
B HEM — CO3JIaHKE KJIacTepa [T KOHCTAHTHI OMIMOKH U IEPEXOJI K CIEAYIOMEMY Kapy Yepe3 TYHHEb.
b. Kaap "acquire and process data” moaywaer kjiacTep OMIMOKH, W HAYMHACT

Beimontaenue 1ukina While, nasBannoro "Main Loop”. B srom mmkie skcmpecc-VI (cunmit VI,
Ha3BaHHbIA "Accelerometer") wucroab3yeTcs A MOJYYEeHHUS] JAHHBIX C BCTPOCHHOTO aKceJIepoMeTpa.
3arem JaHHBIC OT OCeH X, Y U Z MepeacTcs Yepe3 BhIXOIHBIC Pa3beMbl 110 OPAH)KEBBIM ITPOBOIAM (THIT
JAHHBIX C JBOMHOH TOYHOCTBIO) W COEAMHSIOTCS B KjacTep, I I0Ja4yd Ha HMHIUKATOP,
COOTBETCTBYIOIIHI CHHYCOHIAITbHOMY rpad)uKy Ha NepeaHer aHEeH.

O6parute BHuManue Ha VI "wait(ms)" B mpaBoM BepXHEM yIiIy. 101

OH 3acTaBIsieT KO IIUKIJIa BBITOTHATHCSA KaxIpie 10 MCeK, eClii KO BBITTOJIHEH
MeHee 4eM 3a 10 Mcek; B MPOTHBHOM CIIy4ae IMKJI BBIOJHACTCS HACTOIBKO OBICTPO, HACKOIBKO 3TO
BO3MOXKHO, 0€3 nonoiaHuTenpHbIX 10 Mcek oxunanus. [1o cymectBy 310 naer nuki ¢ yacroroit 100 '
(omsATh-TaKkW, €CM KOJ B LUKJIE CIOCOOEH BBINOJNHATHCS HACTOJBKO ObIcTpo). Kak Tompko rpadux
noyuuT 100 u3mMepeHuit ¢ akceirepoMerpa, Bbl IETUKOM YBUAUTE CEKyHAYy HaOmonenuii. Kak u B
OOJIBIIMHCTBE CTPYKTYpP € MPOrPAaMMHBIM YIIPaBJIEHUEM BpeMEHEeM, HeU30€KHbI HEKOTOphIE
nposkanus. s 3amadq, TpeOyromux 601ee TOYHOTO 0TCYETa BPEMEHH, BBl MOXKETE YITYUIITUTh
ero B LabVIEW unctpymentos Timed Loops u nporpammupoanus [IJIAC.

Bb1 MosxeTe BRIOpATh J1BA YCIIOBHUSI OCTAHOBKM OCHOBHOTO IIMKJIA: KHOIIKA StOP, MOXKeTe HaXaThb
B 1000e BpeMsi, 4ToObI npepeath ukia While u npogomxuts
MOCJIeIOBATEIHHOCTH, WM HAa3HAYUTH BHIXOJ U3 IIMKJIA 110 CPadaTHIBAHUIO OIIMOKH, KOTOPBIH MOXHO
co3/1aTh MOAKIIOYUB KiacTep omubku u3 akcmpecc-VI "Accelerometer” k mogynto MJIN ¢ kHOMKOMN
cron. CpabarbiBanue mpuBeAeT K ocTaHoBke I1ukiaa While u  mpomomkuT — BhINOIHEHHE
MOCJIeI0BATEIbHOCTH MPH BO3HUKHOBEHUM J1000# ommbku B VI, moakmodeHHOM K Moayinio. Bbl
MOXETe KOMOMHUPOBATH OMMOKH OT HECKOJIBKUX VI, uT0OBI co3aBaTh OoJiee Oe30macHbIe MPOTOKOJIBI
BBINOJIHEHUS], YTO MO3BOJISIET M30€XaTh MOBPEXKACHUN YCTPOMCTB, MOJKIIOUEHHBIX K CHCTEME H3-3a
omuOOK B BHIIOJHEHNH KOJIa HITH HEKOPPEKTHOM WH(OPMAIHH OT JaTIYHKOB.

C. Korma mukn While 3akanumBaeT BBHINOIHEHUE, CO3AaeTCS OUIMOKA W IMEpelacTcsi CKBO3b
CTPYKTYPY B QHHAIBHBIHN KaJp. DTOT KaJp UCIOIB3YETCs IS 3aKPHITHSI BCEX MIEPEMEHHBIX U CCHIJIOK Ha
yerpoiictio NI myRIO mnepex tem, kak mporpamma 3akpoercs. Korma Bbl go6aBute OoJblie
(YHKIIMOHATFHOCTH, BBl BCE PABHO MOXXETE HCIONB30BAaTh ATOT KaaAp ISl 3aKpPBITUS JIMHUN
BBOJIa/BBIBOJIA U COXPAHEHHS WU YIAJICHHS JaHHbBIX.

5. Temepp BB M3Y4YMJIH CTPYKTYpy KOJa, W KaKk OH BeAeT ce0sl TpU HCIOTHEHUH.
[epexmoyntech 00OpaTHO Ha THepenHIO mMaHenb, HaxaB Ctrl+E. Knukaure kHOmKy 3amycka wim
nakmure Ctrl+R ams 3amycka storo VI Ha yerpoiictee NI myRIO.

6. Ilocne Toro, kak Bel ycreurHo BHeapmin VI Ha NI myRI1O, rpadgux HaunHaeT oToOpaxaTh
naHHbple ¢ akcenepomerpa. Berpsxaute NI myRIO 4ro0bl oTcieanTh HW3MEHEHHE ITOKA3aHHMA
aKcelepoMeTpa B peajJbHOM BpPEMEHH.

7. Haxmure KHOMKY cTOI, 4T0OBI mo3BOJUTH VI Beiith u3 1wkima While u 3aBeprunth
BBITTOJIHEHUE CTPYKTYPHI.

8. OcraBbTe VI M NpOEKT OTKPBITHIMU.

C IIOMOIIIBIO



Hacrpoiika npoekra miust NI myRIO ananornyHas HacTpoWKe JII0OOTO IPYroro MmpoeKTa ¢
LIEJIEBBIM YCTPOMCTBOM pPEANbHOTO BpeMeHH. Bl MoXkeTe mepeaenarh 000N MPOEKT IMOJ peaabHOoe
BpeMsi, 100aBUB YCTPOICTBO pealbHOr0 BPEMEHU B KayecTBe 11es1eBOro. Bbl Takke MOXKeTe co3/1aBaTh
MPOEKTHI PEATbHOTO BPEMEHH W3 IIa0JIOHOB IO OMKMCAHHOMY B TMOCIEAHEH TiaBe mporeccy. Pazoop
CTaHIApTHOTO BUPTYaIbHOrO HHCTpyMeHTa "Main.vi®, ero apxurekrypa u QyHKIIHOHAIBHOCTH TEIEPh
HE JOJDKHBI BBI3BIBaTh MpoOsieM. Bbl cMmoxkere pacmipuTh (YHKIMOHAIBHOCTH CYIIECTBYIOIIETO
nportecca (ukina While) win gaxe 100aBUTh Apyrue MUKIbI s TapajuIeibHOW 00pabOTKU JaHHbBIX.
Tem He MeHee, MPOLIECCOP PeaIbHOTO BPEMEHU MOXET 00pabaThiBaTh MapalljiebHO TOJIBKO CTOJBKO
MIPOLIECCOB, CKOJIBKO y Hero umeercs siaep. [lpu Hanuyuu OOJbIIEro KOJIMYECTBA LIUKIIOB, POLIECCOP
OyzneTr oTpabaTeIBaTh MapajuIeIbHOCTh AaHAJIOTHYHO JPYTUM SI3bIKAM — C MCIOJIB30BAHUEM MTOTOKOB U
MEPEKIIOUEHUEM MEXTY 3a/1a4aMH MPHU BHIMOTHEHUU.
3aganue 5: Co3manue Ko/ia peabHOTO BpeMeHU Jiisl ucnoidHeHus Ha ycrpoiictee NI myRI1O

B sToM ympakHeHuu MbI, ¢ momombio mabnona npoekrta NI myRIO, nanumem B LabVIEW
BUPTYaJIbHBI MHCTPYMEHT JIsi UCCIIEIOBAaHHUS BCTPOCHHBIX (YHKIMH yCTpoiicTBa. B Hamem ciydae,
MPHUIIOKEHHE OYAET UCIOJIb30BaTh KHOMKY M BCTPOCHHBIE CBETOAHO/IBI.

B mpoekre, ocraBmieMCs  OTKPBITBIM B MPEABLAYIIEM  YIPAXXHEHUH, BbBIIOJHUTE
HUKENPUBEIEHHbIE MHCTPYKIMH Ui co3lanus VI peanbHoro BpeMeHu. Eciu BBl 3aKpBUIH MIPOEKT U3
MIPOIILJIOTO YIPaXKHEHUs1, TOBTOpUTE ero Jyist co3aanus npoekra NI myRIO.

1. Otkpoiite "Main.vi" non ueneBbiM ycrporicTBoM myRIO-1900 (xxx.xX.xX.X) B Opaysepe
npoekToB LabVIEW.

2. OTkpoiite 6510K-cXeMy.

3. VBenuubTe NCHTPAIBHBIN Kaap TOCIEHOBATSIBHOCTH M MK While, pacmonoxeHHBIN
BHYTpH.

a. [lomectuTe Kypcop MbIIIM Ha HUKHIOIO TPaHb IOCJIE10BATEIbHOCTH, AJISl TOSIBJICHUSI CUHETO
y3J1a u3MeHeHus pazMepa. CXBaTUTE €ro v pacTSHUTE MOCIE0BATEIbHOCTh, 00ECIeUrB OOJbIIIE MECTa
JUIS. UKOHOK.

b. AHaOrMYHBIM 00Pa30M yBETUYbTE EHTPAIbHBINA KaJp MMOCIEA0BATEIbHOCTH, PACTSIHYB €T0
BIIPaBO.

c. YBenuubTe miomaap nukiaa While, moTsHyB 3a npaBblif HUXKHUH yrod.

4. Co3zpaiiTe Tpurrep HapacTaromero (ppoHTa [uisi JETEeKTUPOBAHUS HaXaTWsd Ha KHOIKY
yerpoiictBa NI myRIO (urHOpHpys BBIXO[, IPH yAEP>KaHUU KJIABUILH).

a. [Tomectute sxcnpecc-VI Button Express VI Ha 65ok-cxemy u3 nanutpst NI myRIO.

i. IllenkHute mpaBoif KHONKOH MbmK u BbeiOepute nyHKT myRIO»Onboard»Button.
[Tomecture sxcnpecc-VI BHyTpu nukia While npsimo non VI akcenepomerpa.

ii. Haxmure OK B ananore koHQUrypanuu ocTaBUB CTaHAApTHBIE HACTpOHKH sKkcnpecc-VI. On
oOpalaThIBaeT CChUIKY Ha puznyeckoe 00opyaoBanue uepe3 cranaaptaoie HacTpoiiku [IJIMC na 6opTy
NI myRIO u orcnexuBaer Tekylee cOCTOsSSHHE KHOMKH. [10CKOIBbKY 3KCIpecc-vi HaXOquTcs B Teje
nukia While, ero ko BBITIOMTHAETCS HA KOKI0W UTEpAIMK ITUKIIA. TeM He MEHEE, €T0 B €T0 KOJIe UMEETCSI
¢bynkuus "smart open", KOTopas Mo3BOJIsIET U30€XKaTh OTKPBITUS COSAMHEHUS HAa KaXKAOH MTepaluu.
Takum 00pa3om, Mmocje MepBoOi UTEpaIuu KOja, SKCIPECC-VI BBITTOIHIETCS OBICTpEE, MMOCKOIbKY eMy
TpeOyeTcst TOJIbKO CYMTHIBATh JAHHbIE C KHOTIKH
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b. CoenuHHTE BBIXOJ IKCIIPecc-Vi KHOIKH ¢ TpaBoii rpanbio mukia While.

C. ]J_[eJIKHI/ITe HpaBOI/I KHOIIKOH IIO CO3JaHHOMY TOHHCIIIO HepeMeHHOI/I JJOTUYECKOI'O THUIIa
(Boolean) u Beibepure Replace with Shift Register. DTo n3aMeHUT HKOHKY TOHHEIISA U CO31AaCT HOBYIO
Ha TOM K€ MecTe ¢ JieBoi croponsl 1ukiia While. [[Ba 3Tux TOHHENs co3at0T peructp casura. [Ipasas
YacTh PErMCTpa XPaHWT JAHHBIE ¢ TEKYIICH WTEpalMd, B TO BPEMs Kak JieBas — C NPEAbIAYIICH
utepanuu. C MOMOIIBIO 3TOTO PETUCTPA, BB MOKETE CPABHHUTH TEKYIIIEE 3HAYEHUE TIEPEMEHHOM KHOITKH

C MPOIUILIM 3HaYeHHEeM. (Ha IEPBOM MTEPALUH MPEAbIAYIICe 3HAYMHM 10 yMordanuio FALSE).
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d. ITomecTure Mmoayas Exclusive OR (uckirouatomiee MJIN) Ha 610k-cxemy.

i. llenkuuTe nMpaBoit KHOMKO#M U BeIOepuTe myHKT Programming»Boolean»Exclusive Or.
IToMecTrTE MOAYIIb BHU3Y CIIPaBa OT SKCIPECC-Vi KHOIKH.
ii. [Moakmrounte pasbem Value skcrpecc-Vi KHOIIKH ¢ BEPXHUM Pa3beMOM MOLYJIst
nckimogaroniero MJIN.
[ToAKIFOYMTE PETUCTP CABUTA, XPAHAIINIA 3HAYEHHE KHOIKH C HIYKHAM Pa3beMOM
iii. MoayJs uckioyaromero MJIN

Mam Loop
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e. Pasmectute Ha Giiok-cxeme moayns And (N).

i. [lenkHuUTE MpaBoOii KHOMKOHN 1 BeIOepHTe MyHKT Programming»Boolean»And.
ITomecture MOAysb CIipaBa OT MOAYJIA UcKitoyaromiero MJIN.

ii. [MoaxmounTe BHIXO SKCIpecc-Vi KHOMKK C BEPXHUM pazbeMoM Moayis .
IToaxmrounte BbIXOL MoayIs uckarovarowero MJIN ¢ HukHuM pazsemoM Moxayis U
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f. Hcnonw3ys coyeranue kinasuin Ctrl+H, oTkpoiiTe KOHTEKCTHYIO CIIPABKY ISl H3Y4CHHSI
¢ynkuuonupoBanus wmoxayneit Exclusive OR wu And. Temeps, korma co3gaHa JIOTHKa ISt
JNETEKTUPOBAaHUS HakaTus Ha kHomky yctporictBa NI myRIO, Bel MoxeTe uCHoOIb30BaTh €€ B
(GYHKIMOHATIBHOCTH.

2. Co3paiiTe UK MUTaHUS CBETOAMOIO0B BCTPOCHHBIX CBETOMOIOB IPH HAXKATUH KHOIIKH.

a. [Tomecture koHcTanTy True Constant Ha 61ok-cxemy.

i. [llenkHuTe mMpaBOii KHOMKON M BBIOepuTEe MyHKT Programming»Boolean»True Constant.
[Tomectute koHCcTaHTy B Kajap Initialize frame.
ii. IMogkarounTe KOHCTaHTy K JieBoi rpanu nukiaa While (ona aBromarmuecku mepemactcs depes
TOHHEJb B CIEAYIOLIUN Kajp).
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b. [Tomecture koHcTanTy False Constant na G10k-cxemy.

1. Hlenkaure nmpaBoil kHOMKOH U BeIOepuTe MyHKT Programming»Boolean»False Constant.
[MomectuTe Tpu KoHcTaHTHI B Kajp Initialize frame — nepByto mpsiMo o kKoHcTaHToM T rUE, OCTa bHbIC
APYT MO IPYTOM.

11. [ToakmrounTe KOHCTAHTHI K JieBoM rpanu nukia While.

. 3aMEHUTE TOHHEIN KOHCTAHT PErucTpaMH CIBHra.

1. lllenxkHUTE TTPaBOIl KHOMKOM MO KaXXIOMY TOHHEITIO JIOTHYECKHUX JTaHHBIX TOJIBKO YTO

CO3JIaHHBIX ClIeBa OT IKIIa u Beibepute Replace with Shift Register.
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a. Kaxnmas u3 dyeThlpex JOTMYECKHX KOHCTAHT TOJIBKO YTO IOMEIIEHHBIX Ha OJOK-cxeme
UCIOJIb3YETCS ISl OTCIIEKUBAHUS COCTOSIHUS YEThIPEX CBETOINOA0B Ha OopTy ycrpoiicTBa NI
myRIO. DtoT kKOm — OYeHb NpocTas MU MNPSMOJIMHEHHAs peanu3alus CABUTAa TOPCHHS
CBETO/IMO0/1a Ha NTOCIEAYIOIINNA cBeToIMo 1. J{pyroil MeTo HCIOIb3yeT CYETUYHK U MOYJIbHYIO
GYHKUIMIO U1 BBIYMCICHHMS OCTaTKa OT JICJIEHUS] OTCUETa U CpPaBHEHHUS K KOHKPETHOMY




ceeroauony (0, 1, 2,3). Takol MoX0/1 MO3BOJISET UCTIOIB30BATh TOIBKO OJIMH PETHCTP CIIBHTA,
HO TpeOyeT pa3MmerieHus OOJbIIero KonYecTBa (PyHKIUI Ha OJIOK-CXEMe.
b. [TomecTtuTe cTpykTYypy Case structure (BeiOuparoias CTpykTypa) Ha OJIOK-CXeMy.
[lenkHuTe MpaBoii KHOMKOI MbIK U BeIOepuTe TyHKT Programming»Structure»Case
I. Structure. ITomecture crpykrypy B 1ukia While cipaBa BHu3y ot tpurrepa (Momysei
Exclusive OR u AND).
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ii. Coenunure Beixon Moaysst AND u cenekTop Ha CTpyKType

iii. [lepexmtounte CTPYKTYpy Ha cocrosiHue False ¢ TOMOmIBIO CTpelodyek BO3Je
WUHIMKATOpa.

I. [IycTuTe peructpsl cABUra 4epe3 CTPyKTypy, a 3aTeM HAPAMYIO K IIPaBOM I'paHU LIUKIIA
While. MmeiiTe B BUAy, YTO €CIIM OHU H3HAYalIbHO HE OBLIM MOAKIIIOYEHBI K JIEBOM IpaHu
CTPYKTYpbl, aBTOMAaTUYECKUN HMHCTPYMEHT COEAMHEHUS CKOpee IYCTUT IpoBOAa B 00XOJ
CTPYKTYpBI, YEM Uepe3 Hee.
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v. [lepexntounte CTpyKTypy B cocTosinue True.
vi. [loakmrounTe TOHHENb JUIS KaKIOW JIOTMUECKON MEepeMEHHOW K TOHHENIO, MPOXOJAIIeMy HIXKE,
COCINHUB HOCJ'IGI[HI/Iﬁ TOHHCJIb CJICBA C IICPBBIM TOHHEJIEM CIIpaBa, U T.I.

f. Jloruka paboThI TaKOBa, YTO KOTJ1a NETEKTUPYETCSI BOCXOASIINN PPOHT CUTHAJIA C KHOMKH (IPYTrUMH
CJIOBAaMH — KOTJ[a KTO-TO HAXKMMAET KHOIIKY), COCTOSIHUE CTPYKTYPHI true NepeKtoyaeT CBETOINO0 T Ha
CIIEAYIOIMNA. 3aropaercsl CIeAyIOIUN CBETOANO/, a MPEeIblIyluil racHeT. Takoe MPOUCXOAUT MpHU
KaKJOM Ha)KaTUM Ha KHOMKY. A €CIIM HaXaTb KHOIIKY IIPH TOPSILEM UYETBEPTOM CBETOAMOAE, OH
IIOTacHET, a 3arOpUTCs MepBbId cBeToanonA. TeM He MeHee, 3TOT Koja He Oyner padoTaTh, €CliM He
00bsiciuTh NI myRIO uro noruyeckue nepeMeHHbIE HAJ0 MHTEPIPETUPOBATH KaK COCTOSHUS
CBETOJUOJIOB.

6. IIpuBspKHUTE CO3AAHHYIO JIOTHKY K COCTOSIHUIO CBETOAMOIOB.



a. [Tomectute Ha 610K-cxeMy sKcmpecc-Vi LED.

1. lllenxuauTe mpaBoil KHONKOM MbIIH U BeIOepuTe MyHKT mMyRIO»Onboard»LED. ITomectute
akcnpecc-vi LED B nmpaBom HmkHeM yriry nukiaa While. Haxxmure OK B tuanore HacTpoHKH SKCTpecc-
Vi Ui COXpaHEHHs CTaHJAPTHBIX HAacTpoek. [1o yMoigaHuio 3TOT 3KcIpecc-Vi MO3BOJSET YIPABIATh
BCEMU YEThIPbMS CBETOIMOIAMH.

ii. IlogkiarounTe KaXkayl0 M3 JIOTHYECKUX IEPEMEHHBIX CO3/aHHBIX paHee B Bxoaam LEDO,
LED1, LED2 u LED3 skcmpecc-Vi.

Wein Loop

ycpﬁmmn@]’@
| N — i

Accelerometer

¥
b

I gCigCl gl
DLl

(1]
LED
LEDD
LEDL
LED2
LED2

7. 3anyctute VI HaxkaB KHOIKY 3amycka Ha npubopHoil manenu. [IpoBepsTe paboty kona,
HaxxuMmas kHorky Ha NI myRIO u Habnronas 3a paboTol CBETOAMOIOB.

8. Urobsl yOenuThes, uTo Koj BbimonHsiercss Ha ycrporctBe NI myRIO, a He Ha
KoMIbloTepe, IenkuuTe npaBod kHomkod Ha NI myRIO B mpoekte LabVIEW u BbIOEpHTE MyHKT
Disconnect.

9. N3enekute kabenr USB u3 ycrpoiictea NI myRIO u yoenurech, 9To KOJ MPOIOJDKACT
BBITTOJIHSITHCSL.

10. 3anoBo nogxirounte USB xabens.

11. B mpoekre LabVIEW Bribepute Connect.

12.  IllenkuuTe KHONKY cTON Ha mepeanei manenu LabVIEW st octaHoBKHM Koza.

Ilpozpammupyemasn nozuueckas unmezpanbHas cxema

[IJIMC — 310 KpeMHMEBBIE YHIIBI, PA0OTAIOIINE B MATPUYHON CTPYKTYpE JJOTUYECKUX OJIOKOB,
COCIMHEHHBIX MPOrpaMMHUPYEMBIMH TIepeMbIUKaMH. Bbl MoOXKeTe HacTpauBaTh 3T OJOKH s
00pabOTKH CTaHIAPTHBIX JIOTHUYECKUX OMEpalvii M, BO MHOTHUX cliydasx, Oojee CIOKHOW JIOTHUKH.
[Tepebie kommepueckue ITJIMC Obuin u3obperensr co-ocHoBatemsiMu Xilinx Poccom ®pumanom u
bepuapnos ®@onnepmmurrom B 1985 roay. I'maBnoe mpeumymectso [IJIMC coctout B TOM, 4TO BBI
MO’K€Te€ M3MEHATH JIOTHKY Ha alnapaTHOM ypoBHE 0e3 (pM3MYeCKMX M3MEHEHUH o0opyaoBaHUS. DTO
3HAYUT, YTO Bbl MOXETE CO3/1aBaTh COOCTBEHHYIO JIOTUKY JUIsl CBOMX CHUCTEM M PEKOH(HUTypupOBaTh
[TIJINC nns BeIMOSTHEHUS JIOTUKU B paboTte. Bol nporpammupyere "cymuocts" [IJIMC Ha nmporpaMmMHOM
YPOBHE, a 3aTeM Boruioniaere €€ B kpemuuu. B cuny npupons! [IJIMC, otaensnasie cexunu [IJIMC Ha
YUII€ HE3aBUCUMBI U MOTYT BBITIOJIHSTHCS B UCTUHHOM NapaljIeIn3Me.

HctunHbI mapamienu3M O3HadaeT, 4To 3aaayu, BeinosiHseMble Ha [IJIMC, mo-Hacrosmemy
HE3aBUCHUMBI U BBICOKO JETEPMUHUPOBAHBI. J[eTepMUHU3M KPUTHUUECKH BAKEH B 3a7adax KOHTPOJIS,
poboTu3anuu u apyrux 3agaadax mexanorporuku (tunuaaas [IJIMC cuctema MoxeT ObITh co3/1aHa AJis
B3aMMOJICHCTBHUS C IU(PPOBBIM BXOJOM UIHTENhHOCTHIO 25 Hcek (40 MI'm) a mHOrma u OwicTpee).
Hexotopeie nmpumeps! [TJIMC-nipunoxennii LabVIEW BKITtOYaroT MHTEIICKTYAIBHBIA COOP JaHHBIX,
KOHTPOJIb Ha CBEPX-BBICOKUX CKOPOCTSX, CHEHUAIM3UPOBAHHBIE IPOTOKOJIBI B3aMMOJIECHCTBUS,
HACTpOIKa MOCIeI0BaTEIbHOCTH 3a/lad MpoLeccopa, Ui COXPaHEHUs MPOLECCOPHOIO BPEMEHU s
0ojee CIOXKHOTO aHallM3a, KOMIUIEKCHOTO TaKTHUPOBAHMS M CHHXPOHHM3AIUM M TMPOTPaMMHO-
amnmapaTHOrO TeCTUpPOBaHUs. biaromapst BO3MOKHOCTH pearupoBaTh Tak ObicTpo, [IJIMC mo3Bomser
BaM CO3/1aBaTh CHCTEMBl M IKCIEPUMEHTHI MPOMBIIIJICHHOTO Kiacca 0e3 KPYHMHBIX WHBECTULUN U
MIPOMBIIIIJIEHHOTO 000pYA0BaHUS.



C monmymem LabVIEW FPGA mporecc mporpammupoBanust ITJIMC monHOCTRIO TpaduuecKuii u
MOJJICPKUBAET TOJHOCTHIO aBTOMATHYECKyl0 Kommwisanuio. Bsl nporpammupyere IIJIMC c
ucnosip3oBanneM wmoayias LabVIEW FPGA. 3arem, korma Bel rotoBbl, LabVIEW renepupyer
npomexxyrounsie VHDL aiinbl, TpeOyembie xommuisitopom Xilinx, 3amyckaer KOMIWIATOP H
nepenaet emy ¢aiibl. B pesynpTaTe nomydaercs moOUTOBBIN (aili, 3arpykaeMblil BO QI31I-NaMsITh, U
cunthiBatouuiics B padore. Ilpu pabore IIJIMC, oH cumThiBaeT (ail, U mepeHacTpauBaeTcs B
COOTBETCTBHE C €r0 HHCTPYKIHUSIMHU.

3aganue 5: Uccnenosanue NI myRIO ITJIMC

1. Ortkpoiire aquanor LabVIEW Getting Started u Beioepure Create Project.

2. B nwmanore BeiOepHuTe CTAapTOBYIO TOUYKY JUId NPOEKTAa M3 JepeBa B JeBOW yacTtu. B
KaTeropusax maodioHoB, Beioepure MyRI1O.

3. 3. B npagoii pamke, Beioepure myRIO Custom FPGA Project. Madopmaruto mo HacTpoiike
MMPOEKTa MOKHO HAWTH 1O CChUIKE more information.

4. BpiOepure Next st HACTpOMKHM MpoeKTa. 3afaiiTe MPOeKTy MOAXO/sIIee UMs, BbIOepHUTe
JTUPEKTOPHIO 175 coxpaneHus u Beidepute yerporictBo NI myRIO, noakmtouennoe mo USB.

5.  Bribepure Finish ans coznanus mpoexTa.

6. Korma 6paysep mpoekro LabVIEW 3arpysut npoekT, "Moit kommbiorep" 1 myRI0-1900
(XXX.XX.XX.X) MOSIBIISIFOTCSL KaK II€JIeBbIe YCTPOUCTBA.

7. Packpoiite neneBoe yctpoictBo NI myRIO u obpatute BHHUMaHHE Ha HOBOE JEPEBO
"chassis" (mraccu). Takoe nepeBo mmeeTcst B yctpoiictBax, coaepxkamux [IJIUC, KOTOpbIii MOXHO
3agaTh 1eneBbiM. Jlormdecku, nenesoit [IJIMC conepxxutcsa B nepese maccu. IlepBoodepennas 3agaya
[IJIMC — obpabareiBate BXx0a/Beixon Ha ycrpoiictBe NI myRIO, Ttak uTo BB MOXeTe 0OHapyXHTh
Bxoa/Beixon nox I[IJIMC B nepese. Uepapxus ITJIMC noctpoeHa Ha mamkax, Tak 4TO IOJIb30BaTEIb
MOJKET CKa3aTh, rie (U3NYECKH PACIIONIOKEH KaKAbIN y3en Bxona/Beixoaa. JIsa MXP passema, MSP
pa3beM U BCTPOCHHBIM BXOJ/BBIXOJl MMEIOT KKl YHUKalIbHYIO mamnky. [lamku B cBOIO ouepenb
JEeNSITCS 10 THUMY BXOAa/Bbixona (mudpoBoii/aHaIOTOBBIM) U ¢du3udeckue OaHku. Bbl MoxkeTe
neperamuTh UX Ha [TJIMC-VI nis ureHus/3anucu cooTBETCTBYIOIIETO pazbeMa. Kax bl KOHTpoIiep
WM UHJIUKATOP C MepeAHeN MaHeIu MOXKET ObITh MpounTaH/3anucad B VI peanbHOro BpeMeHH.

8. Orxkpoiite "myRIO-1900 Customized FPGA.vi" nns npocmotpa kozaa B ITJIMC.

9. MHccnenyiite kon.

LleneBoe ycrpoiictBo ITJIMC umeer Taiimep 40MI'n, HactpoeHHblii B mpoekre LabVIEW.
JIro6oit VI B oroii Betke aBromaruyecku craHosurca IIJIMC-VI, u LabVIEW aBromaruuecku
HacTpavBaeT (PYHKIMU U THUI AaHHBIX, qomycTumble B VI. Bel Mmoxete co3aars HOBbIM [TJIMC-VI nnn
MoaudunupoBats ctangaptaeiit [IJINC-VI.

Cranpaptueiii [IJIMC-VI noareepxgaer Oe3omacHOCTs 00paOOTKM  BXOJHBIX/BBIXOAHBIX
nansbix yepes [IJIMC u noarotoBky k nepenade B VI peansroro Bpemenn. NI myRI10 mocrasnsiercs co
cranfapTHoi HacTpoiikoit IIJIMC, koTopast 06pabaTeiBaeT Bce BXOIHBIE U BHIXO/IHBIE TaHHBIE yepe3 00a
MXP-pazsema u MSP-pazsem. [IJIUC.

JUig ynpoleHus apXuTeKTypbl IPOEKTOB, UCIOJIB3YHTE cTaHaapTHyt0 HacTpoiky [IJIMC u Tonpko
nporpammupyiite xoct-VI peanbHoro BpeMenu (KoTopblit BeimonHseTcs Ha nporieccope NI myRIO) u
Windoiws VI (KOTOpbIii BBIOTHSETCSI HA KOMITBIOTEPE)

IIpakTuyeckoe 3aHsTHE. YIIpaBIeHNUE ABMKCHUEM MOOMIHHON TIaT(HOPMEI C MyNIbTa
3amganue:
1. UByuuTth ycTpoiicTBa M MPUHIMN PAOOTHI MyAbTa PAIHOYIPABICHUS
2. YcTaHOBUTH Ha OOPT MOOMIIBHOTO poO0Ta MHTEP(HEHCHYIO IIATy CBS3H 110 PATUOCHTHATY
3. Pa3zobpathcs ¢ cucTemMoii yrpaBiaeHHs] MOOMIBHOM MIIAT(OPMEI C IIOMOIIBIO MYIbTa
4. BbINOTHUTH KOHTPOJIBHBIC 3aJ]aHUs HA TTOJIUTOHE.

IIpakTuyeckoe 3ansaTue: [IporpaMmmaoe ynpasieHrne MOOUIBLHOM TuIaTGOpPMOit



3amanue:
1. 3amporpammupoBaTh MOOMIIBHYIO TUIAT(GOPMY Ha BBHIIIOJHEHUE CICAYIOIUX ICHCTBUNA:
a. /JlBmxkenue Bnepen
b. JIBwkeHue Ha3a1d
C. /JIBmkeHue Ha 3alaHHOE PacCTOSTHUE
N3yunTh 0COOEHHOCTH MaHEBPUPOBAHHUS MOOMIIBHBIX IIATPOPM C CUCTEMON MOTOP-KOJIECO.
3. 3amporpaMMHpoOBaTh MOOMIJIbHYIO IIaT(HOPMY Ha BBIIIOJHEHHUE CIEAYIOIIMUX JASHCTBHUN:
a. PasBopor Ha kosece
b. Pa3BopoT Ha MecTa
c. IloBopor no ayre
3anporpaMMHpoOBaTh poOOTa Tak, YTOOBI OH COBEPILAI ABHKEHHUE 110 KBAJIPATy
3amporpaMmMupoBaTh poOOTa TaK, YTOOBI OH COBEPILAN JIBUKEHHUE 11O «BOCEMEPKE)
TeopeTuveckuii MaTepuaI:
Komanasl i ynpaeineHusi dyepe3 JpaiiBep nsurareneil. OcTaHOBKa M yJep)KMBaHUE Baja
nBUratens. J[BukeHue kojeca ¢ yCTaHOBJIEHHOHM cKopocTbro. OOpaboTKa MOKa3aHUM JaT4MKa yria
IIOBOPOTA, MOJICYET CKOPOCTU BpailleHus. [lnaBHble pa3sroH u TopmoxeHue asuratens. Onpenenenue
IOyTH TPOXOXKACHUA. YIpaBieHHE MOOWIBHBIM pPOOOTOM ¢ Ju(depeHIHaTIbHbIM TPUBOJOM.
Kunemaruka moOmisHOro pobora ¢ auddepenunansapiM npuBoaoM. [IpsMonuHeiiHOE IBMKEHUE.
IToBopoT 1m1accu MOOMIIBHOTO poOOTa HAa HEOOXOIUMBIH yroJ. [ImaBHbIe Hauano U OCTAaHOBKA IBUYKEHUS.
Ilookniouenue nepeghepuitnvix ycmpoiicme
HpaiiBep 11 MOTOPOB IO3BOJISIETCS BaM JIETKO noAkatoyuTs 2 DC MmoTopa u 1 ceppomoTop niun
3 cepBomoTopa Ha KoHHEKTOp MXP Ha MyRIO. CepBo MOTOpPHI MOAKIIOYAIOTCS YePe3 CTAHAAPTHHIE 3-
IIMHOBBIE Hacalku, Toraa kak DC MoTopsl kpenarcs yepe3 TepMuHaisl noakiatoueHuil. MM curnanst
co cranaaptHoro I1IJIMCa MyRIO noxnansl Ha cooTBeTcTBYIOLIME BXOABI 111 DC MOTOpPOB U cepBO —
MOTOpPOB. Bxox snkoznepa 11 MoTopa 0 COOTBETCTBEHHO MOABENEH K pazbeMy 3HKozAep 0, a sHKozep
11t MoTopa 0 IoJIBEJIeH Ha COOTBETCTBYIOIINE IU(POBBIE CUTHANBI BXO/Ia/BbIBOJIA.
OcHOBHBIE OCOOEHHOCTH:
* Ucnonb3yercs Beixox MXP ¢ MyRIO
* MoxxHO ucnonab30oBaTh ogqHoBpeMeHHO 2 DC moTtopa u 1 cepBoMoTop nin 3 cepBoMoTOpa
* 3amuTa OT neperpysa
* 34-niHa A7 NOAKIIOUEHUS nepudepun
* 2 uaTepdeiica s NOIKIIOYEHHS SHKOJEPOB
* BeIkirouaTeb MuTaHUus MOTOPOB
* LED unnukanust paboTsl MOTOPOB
 LED nHaukanus nmuTanus
* 3enenblil u kpacHblii LED nHaukarop A ykazaHus HallpaBJIEHUs] CUTHAIA
DC momoput
Jiia kouTposst DC MOTOpOB HEOOXO0AMMO MOJKIIOYHUTh WX K TepmMuHaiaM J14 wnu J15, a nus
KOHTPOJISl BHKOJIEPOB, UX CIIEAYeT MOAKIIOUNTh K pazbemaMm J12/J13. TlogBecTu muTaHue K MOTOpam B
pazbem J7(makcumyM 24B). KoHTpompoBaThk HalpaBlIeHUE BPAIIEHHSI MOTOPOB BO3MOKHO C IIOMOTIIBIO
MEPEKIII0YEeHUsI CUTHAJIOB Ha UG poBbIX Bhixonax DIOS/DIO6 ais motopa 0, DIO7/DIO13 myis motopa
1. Yto OBI M3MEHSITH CKOPOCTH BparieHus, Ha Mmotopax ajst PWMO/1 cnenyer 3agats 1000 ', CkopocTh
u3Mensierca B quamnaszone ot 0 1o 1, rae 0 — nmonnHas ocranoBka, 1 — 100% ckopocTs.
Cepeomomopul
Jlisi KOHTPOJIE CEpBOMOTOPOB HCIOJNIB3YIOTCS Bbixonasl J9/J10/J11, yto OBl mojaTh Ha HUX
MATaHUs, CIIeAyeT MmoaBecTu nutanue B 5B Ha Bxoz J8. UTo OB M3MEHSATH MOJI0KEHNUE CEPBO — MOTOpa
cnenyet 3anath S0I'1, 3Hauenus noadupats B nuanazone ot 0.01 go 0.02
3ananue 1: Heobxonumo npuaats Bpamenue DC — MoTopy B 06€ CTOPOHBI.
Heo6xomumeie anementsl: Express VI — PWM Express VI — Digital Output Wait (ms) While
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Loop
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3amanwue 3: [logaBas curHaja Ha MOTOD, BpaIllaTh €ro JI0 TEX MOp, IMOKa 3HAYCHUs SHKOIepa He
crager 60omnbire 5000

HCO6XOI[I/IMI>IG DJICMEHTEI.

Express VI - PWM

Express VI — Digital

Output

Express VI — Encoder

Bamanne 4. Msyunts 6ok In Range and Coerce (mis HaxoxacHHs OJIOKa HCIIOJIB30BATh

Ctrl+Space). HancaTh J0ruKy Ha BO3BpallleHHE Kojieca K 3HadeHuio 5000 mo 3HAYEHHIO SHKOJEpa.
[Torpeurnocts B 100 THKOB.

Heo6xoanMeble 371€eMEHTHI:

Express VI - PWM

Express VI — Digital Output

Express VI — Encoder

In Range and Coerce

3ananue 5: BpicunTaTth H3MEHEHHE POIIEHHOTO MyTH(S) K0oJIecoM (IIEPEeBECTU B CAHTUMETPHI)

MEXIy TeKYILIEH U MPeabIAYyIIEeN nTeparuei.

HeoOxoamuMeble 21eMEHTHI.

Express VI — Encoder

Shift Register

Wait (ms)

While Loop

3ananue 6: Beicuntats u3MeHeHue npoureanero speMenu (T) Mexxay TeKyIie u nmpeapayien

nTepanuen.

Heo6xoanMble 371€eMEHTHI:
Shift Register
Wait (ms)
While Loop
Tick Count (ms)
3amanue 7: PaccunTtaTh TEKYyIIyI0 CKOpOCTh Koseca mo gopmyste (S1 —S0) / (T1 - TO)
Heo6xoanMble 371€eMEHTHI:
I1.P. 10,11 While Loop Wait (ms)
3ananue 8: U3yunth cTpyktypy Master&Slave. Coenarte cienyromme UKIbL:
— Iuxn, rae onpammusaercs TOJIBKO sukozep.
— Ilukdn, rae moaarTCs CUTHAIBI Ha BpallleHuEe MOTOpA.
— [ukn, rae paccyuThIBaETCS CKOPOCThH KoJieca.



— Ilukn, roe 6y1[eT MpornucaHa OCHOBHAs JIOTUKA (KOHEUYHbI aBTOMAT)
Iepenaua maHHBIX MEXTy IUKJIAMU OCYIIECTBIsETCS ¢ ToMoiisio Local Variable.
Heo0xoauMele 371eMEHTHL
Express VI - PWM
Express VI — Digital
Output
Express VI — Encoder
Shift Register
Tick Count (ms)

IMpakTuueckoe 3ansTHE. MCrI0IH30BaHNE CEHCOPHOTO JATYUKA U IPOTPAMMHAas peain3aliyst 00paTHON
CBSI3H B YIIPaBICHUU pOOOTOM

3amaunue:
1. Usyuuts cneunduxy paboTbl CEHCOPHOIO JaTuuKa
2. Hanwmcare nporpammy, 3amycKarollyto ABM)KEHHE poOOTa MO MpsIMOM NP Ha)KaTMM JaT4HKa
KacaHUs.
3. OcHactuTh poOoTa 6aMIepom, X0 KOTOPOro HAKUMAeT Ha JaTYUK KacaHUs
4. Hamucatp mporpamMmy, OCTaHaBJIMBAIOLIYIO POOOTA, €CIIM OH CTOJIKHYJICS C TIPETISITCTBUEM.

[IpoexTHOe 3amanme: Hamucare mporpammy, MO3BOJISIIONIYI0 POOOTY B Cllydae CTOJKHOBEHHS C
MPEMSITCTBUEM OThEXaTh OT HETO U MOBEpHYTh Ha 90 rpagycos.

IIpakTHyeckoe 3angaTHe. Mcrnonb30oBaHue yJIbTPAa3ByKOBOIO JaTyuKa M IPOrpaMMHas pealu3alus
00paTHOM CBSI3U B YIPABICHUH POOOTOM

3agaHue:
1. Usyuuts cneunduky paboThl yabTPa3ByKOBOIO AaTYUKA
2. Hammcare mnporpaMMmy, OCTaHAaBIMBAIOUIYI0 NPSAMOJIMHEHMHO JBHXKYyIIErocs poboTa, Ha
paccrosinuu 20 cM J10 CT€HbI WU NPENsATCTBUS
3. Hammcare mnporpammy Uit «poOOTa-NpUIMIANBDY, JAEpKallero IUCTaHLuI0 B 15 cMm ot

MPENSTCTBUSL. AJTOPUTM PELLIEHUS:
a. MpHM 3HAYCHMM I[IOKa3aHMs YJIbTPAa3BYKOBOro naTdumka Ooibmie 15 cm pobor Oyzaer
JIBUTATbCS BIIEPEJ, CTapasch MPUOIU3UTHCS K MPETSITCTBUIO;
b. mpu 3HaYeHMM TMOKa3aHHs YIBTPa3BYKOBOIO JaTyMka MeHble 15 cm pobor Oyaer
JBUTATbCS Ha3aJl, CTapasiCh YAAIUTHCS OT MPETSITCTBUSL.

HpOCKTHOC 3aJaHuc: ((I[BI/I)I(CHI/IC B J'Ia6I/IpI/IHTe».

IIpakTHyeckoe 3anaTHe. Vcnonp30BaHMe TMPOCKONMYECKOrO JaT4yMKa U IIPOrpaMMHas pealn3anus
0o0OpaTHOM CBSI3U B yIpaBiIe€HUH poOOTOM

3anaHue:

1. Usyuuts cnennduky paboThl THPOCKOMUYECKOTO JaTUHKa

2. PoGot pabotaer Ha nosie, UMeroLIEeM GopMy Kpyra, paJuaibHO pa3MEUeHHOIo OT IeHTpa 1o 15
rpagycoB. 3ajaya poOoTa — Bpalasich B IIEHTPE MOJs BOKPYr CBOEro LIEHTpa Macc
3auxcupoBath Ha 1 cek. moBopoThl Ha 45, 120.

3. Pobot paboraeT Ha moJje, uMeromeM GopMy Kpyra, paTdaibHO Pa3MEUYeHHOTO OT IEHTpa 1o 15
rpagycoB. 3ajmaya poOoTa — Bpamjascb B IIEHTPE TMOJs BOKPYT CBOETO IIEHTpa Macc
3auxcupoBath Ha 1 cex. moBopoTsl 240 u 315 rpagycoB NPOTUB YACOBON CTPEIKH.

4. CoznaiiTe HOBYIO IPOrpamMMy, HCIIOJIb3Ys IIUKJI, YTOOBI 3aCTaBUTh POOOTa €XaTh MO MEPUMETPY
KBajpara.

5. CospaiiTe HOBYIO Iporpammy, KOTopas 3acTaBisieT poOoTa JBUTaThCs IO MEPUMETPY

TpeyrojbHUKa.

ITpoexTHOE 3a1anue: J[BuxkeHne podoTa B JJaOUPUHTE IO TUPOCKOITMYECKOMY JaTUYUKY



IIpakTnuyeckoe 3anHsTHe. lcrnonb3oBaHue OaTYMKa OCBEIIEHHOCTH M IPOTrpaMMHas pealu3anus
00paTHOM CBSI3U B YIPABICHUN POOOTOM MPH JIBUKEHUH 110 HAIPABIISIOICH
3amanue:

1. H3yuuts cienuduky paboThl JaTYHKA OCBEIICHHOCTH

2. Hanwmcare mporpamMmy, HU3MEHSIOIIYIO CKOpPOCTh JBM)KEHHS poOOTa B 3aBUCUMOCTH OT

MHTEHCUBHOCTH BHEIIHETO OCBEILECHUS.

3. Hanwucare nporpamMMy, ocTaHaBJIMBAIOLIYI0 poOOTa, €CIIM OH HaeXall Ha YEPHYIO JINHUIO
[IpoexTHOe 3amanue: Hamucate mnporpammy, IBMXKEHHST poOOTa Ha peleiiHOM perynsarope Io
HanpaBJSIIOLIEH ¢ IepeKpecTKaMu

IIpakTnuyeckoe 3anHsTHe. lcrnonb3oBaHME MaTYMKa OCBEIIEHHOCTH M IPOTrpaMMHas peau3alus
00paTHOM CBSI3U B YIPABICHUN pOOOTOM IPH IBMXKEHUH 10 Hampapistomel Ha P-perymstope
3ananue 1:

1. W3yuuts cnenuduky u npuHOUT padoTsl P-perynsatopa

2. V3yunTh OCOOEHHOCTH MCMOJIb30BaHUS OJOKOB MATEMAaTUKH B HAIIICAHUH ITPOrPaMM.

3. Hammcare nporpamMmy, ABM>KeHHs poOoTa 1o Hanpasistomeid Ha P, PD -perynsitope

4. TlomoOpaTh CKOpOCTh M 3HadeHHE KO3((UIMEHTa MPONOPLHUOHAIBHOCTU JAJS IJIaBHOI'O

JBUKEHMS poOO0Ta 10 JINHUU

[IpoekTHOE 3a1aHuE: 3a€3/1bI POOOTOB 10 TPAEKTOPUHU
3ananue 2:

1. Usyuuts cneunuky u npunuun pabotsl PD-perymnstopa

2. W3yunTth 0COOCHHOCTH WCIOJIH30BAHUS NMEPEMEHHBIX W OJOKOB MaTeMaTHKH B HAIMCAHHUU
POTPaMM.
Hanucats nporpammy, aBmxeHus po0dota o Harpasisoeid Ha PD-perynstope
[TonoGpaTh CKOPOCTH, 3HaUYCHHE KOA(DPUITMEHTA MPOTOPIUOHATBHON U U] P epeHITHATBHONI
COCTaBJISIOLIEH JIJIs IJIABHOTO JIBMKEHUSI pOoOOTa MO JTMHUU

Teopernyecknit maTepual

1. Wsyuwuts npunuun padotsl PID — perymnsropa.
Heo6xoanMeble 371€eMEHTHI:
PID
Wait (ms)
While Loop

Hw

Data Communication

Erpress
Addons
Favorites

User Libraries
Select s, o
Real-Time

FPGA Interface

4
E
5]

PIDC

PID Setpeint

VYopaxnenue 1: Mcnons3yss OCHOBY H-pérynﬂTopa, n00aBUTh B Hee HOBBIM Iuka ¢ PID —
peryasitopom, rae Bxoa B PID — perymsitop <«<Setpoint> OymeT cKopocThbio, K KOTOPOH HEOOXOIUMO
cTpeMuThest Kosecy, <KProcess Variable>> — Tekymas ckopocTh Koljieca, a 3Ha4€HHE C BBIXOJA



«Output> ¢ momoIpko JToKaIbHOM nepeMeHHor noaath Ha [IIMM (PWM) curaan motopa. YoeauThes
B KOppekTHO# padote VI.

Heo0OxouMbIe 371€MEHTHI:

Local Variable

Wait (ms)

IIpakTnyeckoe 3ansiTue. OCHOBBI MAIIMHHOTO 3PEHUS: PACIIO3HABAHKUE 00Pa30B

Bomnpocs! 11 npopaboTku:

Texuuueckoe 3penue. Kondurypanus Bedbkamepsl. OCHOBHBIE TApaMETPHI: SPKOCTb, HACHIILIEHHOCTD,
BpeMs JKCHo3MLIMH, (¢okyc, OanaHc Oenoro. UreHue mTpuxkoaoB. Pacrno3HaBaHue 3aJaHHOTO
ATAJIOHHOTO Ma0JI0Ha MPHU MOMOIIHN comocTaBieHus ¢ oopasuom (Pattern Matching). PacnioznaBanue
3a/IaHHOTO MIAa0JIOHA MTPH TIOMOITH Bbiienenus rpanull (Geometric Matching).

[IpoextHoe 3ananue: «COpTUPOBILKK LIAPUKOB)

TeopeTudeckuii MaTepuaJl
BuneocucreMsl peycrient B COpPTUPOBKE 0OBEKTOB MO KATETOPHUSM B 3aBUCHMOCTH OT pa3Mepa,
¢opmbl U 1Bera. CtaHgapTHas CUCTEMa COPTHPOBKM COCTOMT M3 OyHKepa, 3arpy3uMka, KaMepsl,
alropuT™Ma 00pabOTKM BUACOM300paXKeHHS W OTOOpIIMKa. Pa3paboTaiiTe COPTHPOBIIMK IIAPUKOB C
UCIOJb30BAHUEM I[BETHOM KaMepbl U JIBYX CEpBOJBHUIaTesIed, KOTOPbIi aBTOMAaTHYECKU
pPaccopTUPOBBIBACT IMOJIHBIA OYHKEp IIAPUKOB MO KOHTEHHEpaM, KaXKAbIil U3 KOTOPBIX COOTBETCTBYET
OIIpEeJICIIECHHOMY LIBETY.
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. JIuuesas manens npunoxenus Copmuposuux uapuxkos
dyHkuuoHaJbHbIe TpeboBaHus: [Ipunoxenne Copmuposuwux wapukos A0IKHO BBIIOIHATh
crenyomue QyHKIUHU:

1. CoptupoBaTh nepeMelaHHble B OyHKepe I[BETHBIE IAPUKU IO IIECTH Pa3INYHbIM I[BETaM B
KOHTEHHEPBI aHAJIOTUYHOTO 1BETA, UCIOJIB3YS IOCIIEN0BATENBHOCTD U3 YETHIPEX IEHCTBUS:

2. IloBOpOT OUCK 3arpy3duKa, pacroyioOKEHHOTO Mo/i OyHKEpOM, JJi 3arpy3Kd OJHOIO IIapHuKa
B [IOJIAIOIIEE OTBEPCTHUE JUCKA,

3. IloBopoT aucka TakuM 0Opa3oM, YTOOBI IIAPHUK OKa3ajcs B 00JACTH BHAUMOCTH BEOKaMEphI
JUIS TTOCJIEAYIOIIETO aHa/IN3a 1IBETa IapuKa,

4. TloBopoT ppluara OoTOOpIIMKAa K COOTBETCTBYIOLeMY KOHTeiHepay 5. I[loBopoT amck
3arpy34rka, 4ToObl MOJaTh LIAPUK K pblYary OTOOpPINMKAa KOHTEHHepa, KOTOPBIH, B CBOIO OYepesb,
HaIlpaBUT MIAPHK B HY>KHBI KOHTEHHED.

6. 3arpyxaThb OJMH LIApUK B SYEWKY JAMCKA 3arpy3udka M IMOBOpayMBaTh €ro B 00J1acTh
BHJIMMOCTH BeOKaMephl JJI aHalln3a IBETa, MPH IeTuke 1mo kHomke load marble.

7. Ilpu HaXkaTHK KHOIIKH run once OJHOKPATHO BBIMOJIHATH YETHIPE ACHCTBUSI COPTUPOBKHU.

8. HenpepbIBHO BBINOIHSTH MPOLIEYPY COPTUPOBKH MPU HAXKATUW KHOIKH Tun.

9. BuzyanusupoBarb nu3o0pakeHue ¢ BeOKkaMepbl ¢ MAKCUMaJIbHO BO3MOKHOM 4acTOTOM KapoB
BO BpEMsI [IPOCTOSI COPTUPOBIIIMKA [LIAPUKOB,

10. HempepslBHO 0TOOpakaTh OOHAPYXEHHBIM LBETHOW IIApUK M ACCOIMHPOBAHHBIM C HUM
YHUCJIOBOM MHJEKC B HEHMCKAKAIOIIEM CJIOS HAJOXKEHHS, JaXe BO BPEMsI NMPOCTOS COPTUPOBIIUKA
LIAPHUKOB,




11. Pa3pemaTs py4HOE yIpaBJICHHE 3arpy3ddMKOM M YIJIAMU TMOBOPOTa CEPBOABUTATENS C
pBIYaroM oTOOPIIMKA MPU HAXKATHK KHOMKH manual.

12. IIpuMeHsITh onpeensieMyro MoIb30oBareeM ucciaeayemyto ooiacts (ROI) nzoOpaxkeHus mis
aHajuM3a LBETa; B OTCYTCTBUHU ompexaesieMoil moib3oBareneM ROI, wucnonp3oBarth 007acTh 1O
YMOJIYaHHUIO,

13. OcraHaBnuBaTh COPTUPOBLIMK, €CIIU AUCK 3arpy3unKa MyCT.

14. BuszyanusupoBath oOpaboTaHHOE H300pakeHHE, €CIIM HaxkaTa KHomka show analyzed, nnaue
ortoOpakaTh M300paxkeHue ¢ BeOkamepbl. Ha prucyHke mokaszaHa JIMIeBast maHenb npuioxkerus Marble
Sorter Bo Bpemsl mpocMOTpa W aHaiM3a I[BeTa 3€JCHOro IIapHKa; BCTaBKa CHUMKA COPTUPOBILMKA
LIApUKOB B HIDKHEM JIEBOM YIUIy WJLIIOCTPUPYET IMpOILEcC IMOAAauu LIapuKa B COOTBETCTBYIOLIUMN
KOHTEHHEP.

Tpedyemble pecypcbl

— NI LabVIEW u NI Vision Assistant

— NI myRIO c ucrounukom nutanus 1 USB-kabenem
— USB BeGkamepa

— USB konnentparop (Stratom X-HUB unu ananor)
— USB ¢msm-nakonutens

TexHu4YecKkue KOMIOHEHTbI COPTHPOBIINKA IIAPUKOB:

[Iapuku cTaHIapTHOTrO AuameTpa 16 MM ¢ OJIHOTOHHBIM I[BeTOM, Hampumep, Chinese Checker
Marblesl Jlsa cepBoumBurarenss (GWS SO3N STD2); mis monydeHus NoJjHOM HHOpManuu o
cepBojBHraTesix u mpumepoB koga LabVIEW obparutecs k riiase 17 pykoBoactea NI myRIO Project
Essentials Guide3. Jlopoxku Juisi MIAPUKOB; MOAPOOHOE OMHMCAHHE KOHCTPYKIIMM MOYKHO HAWTH B
npuioxeHuu E

PesyabTaTsl padoThi:

OTder MO MpPaKTUYECKON paboTe B OyMa)KHOM WM 3JIEKTPOHHOM BHJIE, O(QOPMIIEHHBIH B
COOTBETCTBUHM C TpPeOOBAHMSIMM IPENOJIaBaTENsl; BKIIOYUTE CKPUHILOTHI JIMIIEBOM MNaHENIH, YTOObI
MIPOJIEMOHCTPHUPOBATH, UTO Ballle MPHIOKEHHUE YAOBIETBOPSAET (YHKIIMOHATHHBIM TPEOOBAHUSAM. .ZIp
apXuB, BKITIOYAIOIINN BCe (Dailyibl mpoeKkTa:

O06pa31b! n300pakeHUH

Ckpunt Vision Assistant

Ha6op daiinos npoekra LabVIEW

Cnoco6 peanuszanumn

TexHn4eckHe KOMIOHEHTHI COPTHPOBIIMKA HIAPUKOB

TexHnyeckue KOMIOHEHTHl COPTUPOBIIMKA BKIIOYAIOT JBa CEPBOABUIATENS AJIsI TOTO, YTOObI
MIPUBECTH B JACUCTBUE JUCK 3arpy3yrka U pbryar oToopiuka. JIuck 3arpy3urka UMeeT KPYTIblid BBIpE3
(<KxapmaH>>) s OJHOTO IMIApUKa W pblYar OTOOPINHKA, KOTOPHIH MOBOPAYMBACTCS B IMO3HUIIUIO
BBIOPAaHHOTO KOHTEHHEpa, PacloOKEHHOTO B HWXKHEH 4acTu copTupoBLIMKa. [ToqHUMHTE BEpXHIOIO
Y4aCTh COPTUPOBIIUKA MPUMEPHO Ha 6 TIONMOB, YTOOBI 0OECTICYUTH JOCTATOUHYIO "CHITY TSDKECTH" JTst
CKATBIBaHUsI IIAPUKOB IO HAMPABJIECHUIO K MPUEMHBIM KOHTEHHEpaM, HO HEAOCTATOYHYIO ISl TOTO,
YTOOBI MAPUKH "BRICKOYMIIN" U3 KOHCTPYKIIHH.

CepBozBuraTens odecreunBaeT X0 HEMHOTo Oonee, yeM Ha 180°, mo3TOMy AMCK 3arpy3uuka,
n300pakeHHBIH Ha pUCYHKE 16.2, MOKET ObITh YCTaHOBJIEH B JII0OO€ MOJIOKEHUE MEXAY MO3UIUen
3arpy3kd M BBITPY3KH Imapuka. JIMCK 3arpy3duka Bcerja OJKeH OBbITh MOBEPHYT MOJHOCTHIO B
MO3UIUIO 3aTPYy3KH, JaKe €CIM KapMaH y»Ke 3aHAT. DTO rapaHTUPYET, 4TO HIApUKH, OCTaBIINECS B JI€BOU
CTOpOHE OyHKepa, TomaIyT B KapMaH 3arpy3unka. Kpome Toro, Bpamaromuics B pa3HbIX HAPaBICHUSIX
JIUCK 3arpy34HKa [epeMelIBaeT B oUepe/ib MAapUKoB B OyHKEpE, YTO YMEHBIIAET PUCK 3aKJIMHUBAHUS.
B nonoxxenuu “analyze” mapuk HaX0AUTCS B 00JIACTH MPSMOU BUTUMOCTH BeOKaMephbl, a B OJI0KEHUN
"drop" mapuk mojaeTcs peraarom oToopiiuka. Peraar oroopiuka, n3o0pakxeHHBIN, TOBOPAYUBACTCS K
OJIHOMY M3 ILIECTH LIBETOBBIX KOHTEMHEPOB B 3aBUCHMOCTH OT PE3YyJbTaTOB aHaJIM3a L[BETA IIApHKa
BHJICOCUCTEMOM, M OITyCKaeT IIapUK B BEHIOPAHHBIA KOHTEHHED



bynkep ¢ mapukamu, AMCK 3arpy3udka W BeOkamepa (cmpaBa). Jluck 3arpy3umka
noBopaunBaercs B nonoxenue "load", yToOwl 3a0paTh OJUH IIAPHUK, 3aTEM TOBOpPAUYMBaeTCss 0OpaTHO B
noyioxkeHue "analyze" miis aHaM3a MBETA MIApHUKa BUICOCHCTEMOM, H, HAKOHEI], BHITTOJIHSET TOBOPOT B
nosioxkenue "drop", 4ToObI OTIIPABUTH IMIAPHUK B HY>KHBIM KOHTEHHED.

Ckpunt NI Vision Assistant

[Iar NI Vision Assistant Color | Color Classification (kiaccudukanus 1o IBETY)
paccMmarpuBaeT uccienyemyro oobmacte  um3obpaxkenus (ROI) wum  knaccudummpyer ee, Kak
COOTBETCTBYIOILYIO 0JHOMY U3 N LIBETOB, OIpeneiaeHHbIX (aitnom kinaccudukaropa (.clf), cozgannoro
B MHTEpPaKTUBHOM pexkume ¢ ucnosb3zoBanueM NI Color Classification Training Interface (MuTepdetic
oOyueHusi kinaccuukanuu mo msery). OOywarommii uHTepdeiic MokeT padoTaTh C HECKOIbKUMHU
[[BETAMH Ha OJTHOM HJIH HECKOJIBKUX N300PaKEHHSX; TIOCIICAHUN PEXKUM ITOAXOUT ISl UCIIOTIB30BAHUS
HECKOJIbKUX M300pakeHui ¢ BeOKaMephbl, KaXK0e U3 KOTOPBIX MOIYYEHO B OJIOKEHUH “‘analyze” nucka
3arpy3uuka C IIapuKOM pa3HOIo I[Be€Ta, B TOM YHCJIE H300paK€HUE C IYCTbIM KapMaHOM JHCKa
3arpy34uKa.

Iar Color Classification mpemocraBiseT BXOIbl JUIS MapaMETPOB HCCIIEAYeMOH 00JacTH,
olpeiesiieMOl IMoyb30BaTeNleM, U NMyTH K ¢ailny kiaccudukatopa ans BcrpauBaHus B NI Vision
Assistant Express VI. Otu 1Ba Bxosa obecreqnBaroT BO3MOKHOCTb nepeonpeaensats ROI ¢ mapukamu
IpU W3MEHEHMM MO3MLIMU BeOKamephl M A MPOCTOM 3aMeHbl Kiaccu(uKaTropa NpuU HU3MEHEHUHU
YCIIOBUU OCBELLCHHUSI.

Wzyuute Buneoypok Classify Colors (Knaccuguxayus no yeemy)4, 4toOBl y3HATh, Kak
co3aaBath (aitn kiaccudukaropa.

YnpasieHue cepBoaBHraTesiemM

B rmase 17 NI myRIO Project Essentials Guide 5 omuceiBaeTcs, Kak 3a1aTh yrojl MoBOpoTa
cepBoJBUTaTeNs ¢ ucnoib3oBaHue Beixoda LIIMM (mumportHOo-uMnynscHOM Monyssiuuu) NI myRIO
PWM; Gonee moapoOHyr0 nHpOpMannio Bbl HaiifieTe B BUneoypoke Servo Interfacing Theory (Cnoco6
conpsaxcenus ¢ cepgoosueamenem)6 Vicrionp3yiiTe mporpaMMHBIA KOJI, TPUBEICHHBIHN B ATOIl Il1aBe, 1Jis
peoOpa3oBaHus HEOOXOIMMOTO 3HAYEHMs YIja MOBOPOTA, BHIPAXKEHHOI'O B IPOLIEHTaX OT MOJHON
mkansl (ot -100 go +100), B cOOTBETCTBYIOIIEE 3HAUCHNE CKBAXKHOCTH UMITYJIbCOB Ha Bbixoe [ITNUM.
Bbostee moapoOHyr0 uHpOpMaInioo Bbl HaijgeTe B Buaeoypoke Servo Demo Walk-Through (Paszbop
0eMOHCMPAYUOHHOU NPOCPAMMbL YAPAGIEHUs cepeooueamenom)7, a KOJl MOKET ObITh 3arpyKeH U3
apxuBa NI myRIO Project Essentials Guide .zip Files8.

B nemo-koze ucnonb3yrores Hu3koypoBaeBbie PWM VI, a umenno: Open u Set Duty Cycle and
Frequency. Set Duty Cycle VI u Close VI pacnonoxkensl B cydmanmutpe Hu3koypoBHeBbix MM
¢ynkuun NI myRIO. Bbl MoxeTe U3MEHUTH 3TOT JEMOHCTPAIIMOHHBIN KO/, 4TOOBI 100aBUTH BTOPOi
HINM-kanan ans yaoOCcTBa NMPOBEIECHUS SKCIEPUMEHTOB C JIByMSI CEpBOABUTATEISIMU COPTUPOBILUKA
IIAPUKOB U TOJYYUTh HEOOXOIUMBIE YIJbl TOBOPOTA IMCKAa 3arpy3udka W pbluara OTOOpIIUKA
KOHTEHHEPOB. Y IeTTUTe HEKOTOPOE BpeMsI I YIIPABIICHUS COPTUPOBILMKOM IAPUKOB BPYUHYIO, YTOOBI
JIy41lle OHATh KaK IPOEKTUPOBATh IIOJHOLIEHHOE PUJIOKEHNE aBTOMATUYECKON COPTUPOBKH IIAPHKOB.

Coset: Oopamumecs k cxeme pazvemos NI myRIO 6 npunosicenuu B.



BAXHO: Cepsoosucamenu ecenepupyrom 3HauumenvHvle d1eKmpuiecKue nomexu, Komopule
Mo2ym Oblmb NPUYUHOU NepPeKpecmHbiX nomex 0 08yx kauanoe LIIHUM, ynpasnaowux yenamu
nosopoma cepgoosuzcamenei. Ymobdvl pewiumsv 3my npobremy, Ucnorv3yime 31eKmpOosUmuiecKull
koHOencamop 100 mx® 6 xawecmee pazesasku no yenu numanusi 5 Bonem NI myRIO. Byovme
ocmopodcust! Cobnrodatime noiAPHOCMb INEKMPOTUMULECKO20 KOHOEHCamopa.

Cospaiite set servo angle VI s 3aganus yriia moBOpoTa CEpBOJBUTATEINS, YTOOBI YIIPOCTUTH
CONpPsDKEHHUE JBYX BAIllMX CEPBOJBUTATEIICH U YCKOPUTH pa3paboTky mpuinoxkeHus Marble Sorter. Dror
V1. npuHMMaeT JaHHbIE C MOJIb30BATEIBCKOTO 3JIEMEHTA YIIPABJICHUs servo info (COCTOUT U3 CCHUIKHU Ha
kanan IIIMM u maccuBa KiacTepoB, KOTOpBIE COJEP’KaT yrojl MOBOPOTa CEPBOJBUTATENS, BPEMS
3aJIepKKH B MHJUIMCEKYHJIaX U TEKCTOBOE O0O3HAuCHHE Uil KaXIOH MO3WIMH CEepBOABHraTena), a
TaK)Ke YMCIOBOM MHJIEKC AJIs MaccuBa KiacTepoB. Harpumep, B MarucTpaiy JaHHBIX moJioca servo info
JUTS INCKA 3arpy34rKa J0JbKHA ObITh IPOMHUIIMATM3UPOBaHa B coctostuuu (QSm) initialize cepuikoi Ha
[II1M kanan cepBoaBUTaTENs JUCKA 3arpy3yrKa U KJIaCTEPOM 3HAYCHUH ISl KaXKJI0M U3 TPEX MO3ULIMI
“load”, “analyze” m “drop”; 3amep)kka ompeieiseT HEOOXOIUMOE BpEeMsl OXHUIAHHS 3aBEPIICHUS
MOBOpPOTa CEpBOJBUTATENa B 3aJaHHYI0 Mo3uluio (cM. BcTpoeHHblt VI Wait (ms) LabVIEW), a
TEKCTOBasi CTPOKA cOOOIIAET O HAMMEHOBAHUM Ka)KJI0TO IOJIOKEHUS. 3aIlyCK Ha UCIIOJIHEHUE set Servo
angle ¢ »Toil nHpoOpMaIMel Ui ynpaBieHus U UHAEKcoM "1" HHUIIMHPYET TOBOPOT CEPBOABUTATENS
IMCKa 3arpy3udka B moJjiokeHue "analyze", a 3areM OXWJaHWE HA3HAUYCHHONW B MHJUTUCEKYHIAX
3aJIeP’KKH, YTOOBI TO3BOJIUTH CEPBOBUTATENIO 3aBEPIIUTH JBUKCHHUE.

COBET: HUcnonvzyiime copauue xnasuwu (Ctrl + space bar) onsa noucka no umenu u
pasmeujerus Heobxooumulx dnemenmos LabVIEW. O3naxkomemecs ¢ npunosxcenuem C 0Jist noayuenus
OONONHUMENbHLIX c08emo8 no pabome ¢ LabVIEW. Ananocuunvim obpazom, 6 masucmpaniu OAHHbIX
noznoca servo info servo info 0ns omoopwuxa KOHmMelHepos UHUYUATUZUPYEMC sl CCHLIKOU HA KaHAl
LIUM cepsoosuzamensi u wiecmu y2io8, 3a0epiHceK 8pemMenu U meKCmosblx 0003HAYEHUU YBEMOBbIX
KOHmeliHepos. 3anyck Ha ucnoineHue set servo angle ¢ smotui ungopmayueti 0is ynpasieHus u UHOEKcom
"2"  unuyuupyem nogopom cepgoogueamens OUCKA 3AePY34UKA 6 HANpasieHue K mpembemy
KOHmMelHepy, a 3amem 0HCUOaHUe HAZHAYEHHOU 8 MUILTUCEKYHOAX 3A0ePAHCKUL.

O6parurtecs k Buneo Create “Coin Info” Cluster Array (Co3ganue maccuBa kiactepoB “Coin
Info”)9, B koTOpOM M3i10KEHa 00LIas Mpoleaypa, HeoOXoauMas A CO3JaHMs MOJIb30BATEIbCKOIO
JJeMEeHTa ympaBlieHHs servo info W uHMIManu3anuu ero 3HadeHuWd. Tak kak cceuika Ha MM
HU3KOypoBHeBBIX PWM VI gBugercs  ompenenureneM  Tma,  CIEAyUTE  mpoLeaype,
MIPOMJUTIOCTPUPOBAHHON B BUJIEOYPOKE, HauMHas ¢ BpeMeHHo# otmeTku 2:10, Step 5: Connect Script
(IIar 5: IToaxmouenue ckpunra)l0 mpu qo6aBIeHNN HACTPAUBAEMOTI'0 3JIEMEHTA YIPaBJICHHUS.

Nzyuure Buneoypok Create “Flag Change” SubVI (Co3nanue SubVI "Usmenenue daara)ll, c
MIPUMEPOM, HILUTIOCTPUPYIOLIUM JIEHCTBHSI, HEOOXOAUMBIX Il CO3/1aHUsI COOCTBEHHOTO set servo angle
VI. O6s3arenbHO ycraHoBUTe pekuM BhimoiaHeHus: “‘Preallocated clone reentrant execution”, kax
IIOKa3aHO Ha OTMETKe BpeMeHu 6:40.

Onepauuu ¢ LabVIEW

Jlnst 3TOro0 mpoekta noHajnoourcs peanusoBath B LabVIEW cnenytomue onepanuu: Get ROI
from Image Display or Default 12 — Tlonmy4enue wuccieayemoii obmactu ROI u3 ocHOBHOTrO
n300pakeHust ¢ momonibio y3na cBoiictB "Property Node". Mcnons3oBanne ROI no ymomdanwuto,
ornpezaeneHHoi ckpuntoM Vision Assistant, eciu ROI He ykazana Ha aucriee.

Overlay Textl3 — dopmupoBaHHe TEKCTa B HEHCKAKAIOIIEM CJIO€ HaJOXKEHUS, C MOMOIIBIO
“IMAQ

Overlay Text” VI.

Select Overlay Text Fontl4 — Beibop moss3oBatenem mipudra tekcta “NI Vision” u 3aganue
€ro mapaMeTpoB, TAKUX, KaK pa3Mep mpudTa U BHIPABHUBAHUE __

CoseTtsl 10 pa3padorke

O0pa3ubl H300paxkeHui

CHayana B pexuMe PY4YHOIO YIpaBlIEHHUS 3aJaBaiiTe MPOU3BOJbHBIE YIJIbl MOBOPOTa AHUCKA
3arpy3urka cepBojBurareneM. Onpeaennure 3HaUeHUE yria Ui NoJoXeHus “analyze”.



YcraHoBUTE HU3KOE pa3pelieHre BeOKaMephl IJisi 00SCTIICUeHHST BHICOKOW YacTOTHI KaapoB. B
3TOM NPUIIOKEHUH BeOKamepa 3TO He Ooliee, YeM JaTyhKa IBETa, O3TOMY BBICOKOE pa3pelieHHe He
Tpedyercs.

JIJiss HaIeXKHOTO I[BETOBOTO BOMPHUSATHS YCTAHOBUTE BCE MapaMeTphl BeOKaMephl BPYUYHYIO, B
yactHOCTH, “Focus” (dhokycuposky) u “White Balance” (6ananc 6enoro).

[llenkauTe mMpaBoi KHONKOW MBIIIM Ha JAMCIUIEE M300pakeHus W BbIOepuTe “Save Image”
(Coxpanutb nzobpaxenue). [lopropure 3Ty onepanuto, noiaydas n300paxkeHue AJis MIapUKOB KaXI0Tro

[[BETA, a TAKXKE JUISI N300paKEHUS C MyCThIM KAPMAaHOM JHCKa 3arpy34HKa.

Cxpunr Vision Assistant

lar Color Classification ¢popmupyer cTpoKy U3 BEIOpaHHBIX BaMu 0003HaueHui. Vcmonb3yiite
3HaYuMBble 0003HAUYCHUS, TaKue, KaK "KpacHbId", "Oenblii" 1 "cuHuil" g ynobcrsa urenus. OmHako,
BBI MOXKETE TaK)Ke UCTIOIb30BaTh YUCIIA B Ka4eCTBE 0003HaueHuH, Hanpumep, "0", "1", "2", u Tak nanee,
ucnonbdys @ynkuuo LabVIEW Decimal String To Number, koTopasi mo3BosisieT npeoOpa3oBbIBaTh
0003HAYCHHUST B YHCIIOBBIC HMHJIEKCHI I[BETA, IO KOTOPHIM MOXHO OIIPEIENATh YIroJ IOBOPOTa
CepBOJBUTATENSl M3 MAacCHUBa YIJOB WU, COOTBETCTBEHHO, IMPHEMHBbIH KOHTeWHep. byaer mydie
MCIOJIb30BaTh 00a KOMIIOHEHTAa B 0003HAaYeHNH B clieaytomeM ¢opmare: <K0: kpacHsiid", "1: 6ensiit" n
"2: cuanit", T.K. VI MOXeET BBIOpATh IeCATUIHOE YnCiIo U3 TekcTa. [locne BHenpenwus B Vision Assistant
Express VI knaccudukaropa msera (GopMUpyeT B KaueCTBE BBIXOJHBIX JaHHBIX MAacCHB CTpPOK,
MMOCKOJIbKY KiaccuukaTop MoxeT padbortath u ¢ coctaBHbIMU ROI. Ucnonp3yiite ¢pynkmuio Index
Array 1 BbIOOpa OJJHOr0 0003HAaYEHUS.

JlonotHUTE/IbHBbIE (PYHKIMM:

Bo3MoxkHO BbI 3aX0TUTE 100ABUTH OJIHY MU HECKOJIBKO JOMOTHUTENbHBIX (DYHKIU:

— 0T00pa3uTh JBOMYHBIN KOJ MHJEKCa CYMTAHHOTO IIBETa B KayecTBE IadJioHa s
BKJIFOUCHUSI CBETOIMOJIOB Ha IJIaTe ni myrio; cM. ¢pyHKIHIo number to boolean array.

— 100aBuTh KuAKokpuctaumdeckuit (led) aucmeit st 0ToOpaXkeHUsT KoJla CYUTAHHOTO
1BeTa; 6osee moapooHyro nHpopmaruio o lcd aucruiee MOXXKHO HallTH B r1aBe 8.

— yIep)KUBaTh TEKyIllee MOJIOKEHHE CEpBOJBUTATENsl phlyara MpH COBIMAJCHUH IIBETA
TEKYIIET0 W MPEABLAYIICTO MAPUKOB, YCTPAHUB TaKUM OOpa3oM BPEeMs OXHJIAHUS.
JIPYTUMHU CIIOBaMH, KOTJa B KapMaH JHCKa 3arpy34rKa MPOXOASIT HECKOIbKO MIAPUKOB
OJTHOTO TIIBETA, WCKIIOYAeTCs] HEOOXOAMMOCTh OXHJIAHHUS TEpPeMEIIeHus] phlyara,

__TIOCKOJIbKY OH YK€ HAXOJUTCS B HY)KHOM IOIOKCHHU

Prruar orOopimrka paconoKeH MoJ] AUCKOM 3arpy34yuka. Peryar moBopaunBaercs

K OZJTHOMY U3 IIECTH KOHTEHHEPOB B 3aBUCUMOCTH OT pe3yjibTaTa aHaIM3a IIBETa CKPUIITOM
IIpakTnyeckoe 3ansitHe. Pa3paboTka IUIAKTUYECKHMX ¥ METOJUYECKUX pPEKOMEHIAIMA s
OpraHM3aliy JEMOHCTPAIIMOHHOTO 3K3aMeHa 10 MOOMIbHON pOOOTOTEXHUKE



Bompocsr qist mpopaboTku

1. JlokyMeHTHI periiaMmeHTupyroiue nposeaeHue 3

2. Bompocs! opranuzanuu /19

3. O6opynoBanue nonurona s 19

4. Ormenka KBaJu(pUKalUU CTyACHTa (BBIIIYCKHUKA) B XOJI€ IEMOHCTPAIMOHHOTO 3K3aMeHa
[TpoekTHOE 3a71aHKE: TOATOTOBUTH BCIO HEOOXOAUMYIO IOKYMEHTALIMIO [Tl OPTaHU3AIUU U IPOBEICHUS
1D B yueObHoM (hopmate

IIpakTnueckoe 3ansitme. OpraHuzanus JEMOHCTPALIMOHHOTO  9K3aMe€Ha 10  MOOMIIBHOM
pOOOTOTEXHUKE
KonTtponbHast paboTta: NpoeKTHOE 3aiHHE: «/[eMOHCTpalMOHHBIN 3K3aMEH»
PEITTAMEHT AEMOHCTPALIMOHHOI'O 5K3AMEHA
ITO HAITPABJIEHUIO «MOBUJIBHASI POBOTOTEXHUKA»

PernameHT BKJIIO4aeT B ce0st CIEIYIONINE Pa3aeibl:
1. BBegenue

. TpeOoBaHMs K ydacTHHKaM (KBanmupukanus u oo0bemM padboT)

. 3TaIlbl IPOBEICHUS

. DK3aMEHAIIMOHHOE 33/JaHHE

. OLIEHKa

. OTpacieBble TpeOOBaHMS TEXHUKN 0€30MacHOCTH

. MaTepHasbl 1 000py10BaHHE

~N O\ L kW

1. BBEJEHUE

1.1. Hazeanue u onucanue HanpaeieHus
1.1.1 MoOunbHas poOOTOTEXHUKA
1.1.2 Onmcanue npeaMeTHON 00IacTh

[Ton nampaBnenuem «MoOuabHAsE pOOOTOTEXHUKA» MOHUMAETCS HCIIOIh30BAHUE TEXHOJOTUMN
MIPOEKTUPOBAHMSI, KOHCTPYHPOBAHUS, W3TOTOBIEHHS, COOpPKH, MPOTPaAMMHUPOBAHMUS, YIPABICHHUS U
00CITy>)KMBaHUSI MEXaHUYECKUX, IEKTPUUECKUX CHCTEM M CHUCTEM YIIPaBJICHHUS MOOWJIBHBIM POOOTOM
JUIsl BBIMIOJTHEHUS 3a/lad aBTOMAaTH3allUM MPOU3BOACTBEHHBIX U CEPBUCHBIX IpoleccoB. B ycnoBusx
WH)KEHEPHOTO O00pa3oBaHUsi TOJIPOCTKOB B  00pa3oBaTENbHBIX OpraHU3AIMSAX HaMpaBICHUE
«MobunpHasi poOOTOTEXHUKA» SBISETCS HEOTHEMIIEMOU YacThi0 OOyYeHUs MPHUHIIUIIAM WH)XXEHEPHOU
pa3pabOTKM ¥ KOHCTPYUPOBAHHUSA, a TAKXKE W3TOTOBJICHHS KOHEYHOTO MATE€pPUATIBLHOTO MPOJIYKTA C
WCIOJIb30BaHUEM IIMPOKOTO Kpyra pa3HOOOpa3HBIX MHCTPYMEHTOB, CTAHKOB U TEXHOJOTHIA.
MobwibHast poOOTOTEXHHKA BKJIIOYAET B Ce0sl DJIIEMEHTHl MEXaHUKU U KOMITBIOTEPHBIX TEXHOJOTUH
(mporpamMmupoBaHUE aBTOMATU3UPOBAHHBIX CUCTEM YIIPABIICHUS).
1.2. O0nacTb NpUMEHEHUS
1.2.1. Kaxnplii 4ieH 5K3aMEHAIMOHHON KoMuccuu (DKcmepT) U YUYacTHUK JIEMOHCTPAIMOHHOTO

sk3amena (/[9) 00s3aH 03HAKOMUTHCS ¢ JaHHBIM PeriaMeHToM.

1.2.2. JlaHHBII periaaMeHT UCIOJIb3YETCs TOJIbKO COBMECTHO C JIOKYMEHTAMM:

— IlonoxxeHne o AEMOHCTPAIMOHHOM D3K3aMEHE ISl OOYYaIoIUXCS TO JOMOTHUTEIHHBIM
00I1epa3BUBAIOIINM MPOTpaMMamM yriyOoJa€HHOTO YPOBHS;
— TpeboBanus k bazoBoii miomaake (MaTepuaibl 1 000pyI0BaHUE, KOTOPHIE MPEIOCTABISIOTCS
ba3oBoii miomnaakoi yqacTHUKaM JIEMOHCTPAIMOHHOTO YK3aMEHA);
— OrtpacneBsie TpeOOBaHUS TEXHUKHA 0€30MTaCHOCTH;
— [IpumMepHoe 3K3aMEeHAIIMOHHOE 3a/IaHHE.
1.3. Bpems poBeieHHsT AEMOHCTPAIMOHHOTO YK3aMEHa
IToarorosxka: 12 yacos
Bpewms npoBenenus sk3ameHa: 2 Jaca.
1.4. ®opma u BUA yyacTus
dopma ydacTus B JEMOHCTPAIIMOHHOM dK3aMeHe - O49Hast. Buj ydacTus: KOMaHIHbIHN (HE OoJiee
2-X 4enoBek). B cocraB KOMaHIbl MOTYT BXOJWUTH CHEIHUAIUCT MO AJIEKTPOMEXAaHUIECKUM



CHCTEMaM U CIEIUAIKCT 10 3JICKTPOHUKE U MPOrPaMMHPOBAHUIO, JINOO BKJIFOYATh YIaCTHUKOB,
00JIaaroNUX 3HAHUAMHU B 00eux 00J1acTAX.

1.5. Bo3pacT yuacTHUKOB

Bospact ygyacTHUKOB IEMOHCTpPAIIMOHHOTO dK3ameHa —18 - 20 mer.

2. TPEBOBAHUS K YYACTHUKAM (KBAJIU®UKALIUA U OB bEM PABOT)

YyacTHHK JEMOHCTPAIMOHHOI'O 3K3aMCHaA 00s13aH IMPOACMOHCTPHUPOBATL CBOU 3HAHHA U YMCHUA

B KOHCTPYMPOBAHHH, M3TOTOBICHHM, COOpKE, NMPOTrpaMMHUPOBAHHH, YIPABICHUH U OOCITYy)KHBaHUHU
MEXaHUYECKUX, MEKTPUUECKUX y3JI0B U CUCTEM YIIPABIEHHSI MOOUIIBHBIX POOOTOB, IpeAHAa3HAUECHHbIX
JUIS BBIIIOJIHEHUS IIMPOKOIO Kpyra 3a/ay, CBA3aHHBIX C aBTOMATHU3alMEN MPOLECCOB, 00JIeryarommx
JEeATEIbHOCTD YEJI0BEKA B PA3JIMYHBIX BUAAX ACATCIBHOCTH.

2.1 YyacTHMK 1€MOHCTPAllMOHHOI'O 3K3aM€EHa JO0JKEH 3HaTh U [IOHUMATh!

MpaBUjIa TEXHUKU O€30MaCHOCTH NPU paboTe C HHCTPYMEHTOM M 000pyI0OBaHHEM;

IpaBUja TEXHUYECKOro OOCITY)KMBaHHMs HCIOJIB3YeMOro 00OpylOBaHMs, Ha3Ha4deHUE
HCIOJIb3YEMBIX MaTepUaoB, IPaBUiIa X OE30I1aCHOTO IPUMEHEHUS;

npaBuiia pabOThI B COCTaBE KOMAH/IbI.

YyacTHUK ACMOHCTPAIMOHHOI'O 9K3aMCHA NOJIKCH IMMPOABUTH CIICAYIOINEC 3HAHHUA U TIOHUMAHHC:!

3HaHUS 0 MPOCKTUPOBAHHMIO, W3TOTOBIICHHIO, COOpKE, HAAJKE M Cla4e B DKCILUIyaTaIUI0
MOOHIIEHOTO po0OTAa.
[lonnMaHue cucTeM NPOrpaMMHUPOBAHUS U YIIPABIICHHUS.

YyacTHUK ACMOHCTPAIMOHHOI'O 9K3aMCHAa NOJIKCH IMPOSABUTDH CICAYIOIINE HABBIKU U YMCHUSA!

AHaiu3 peasbHOro NPUMEHEHUsI MOOMIIBHOTO PoO0Ta Ul ONpeeIeHNs KOHKPETHBIX pabounx
BO3MOYKHOCTEH poOOTa M X COOTBETCTBUS BBIIIOIHIEMOI1 padoTe.

OnpeneneHre KOHKPETHBIX OJIOKOB ammapaTHOro oOecredeHus (pa3jivyuHble JATYUKU U T.I1.),
HE0OXOIUMBIX sl o0ecnieueHus: (HyHKIIMOHUPOBAHUS poOOTa.

WuTerpupoBanue pa3pabOTaHHOM CHUCTEMbl YOpaBieHHs B 0a30BbIi OJIOK yNpaBieHUs
MOOHMIIBHBIM POOOTOM.

Bb100p COOTBETCTBYIOLIMX MAaTe€pHajIoB M MPOLECCOB Ui HM3TOTOBIEHUS CTPYKTYpHBIX U
MEXaHUYECKUX 3JIEMEHTOB, HEOOXOAUMBIX JIJISl TIOMOJHUTENbHON KOHCTPYKIIUU (IPOTOTHUIIA).
Bb160p cOOTBETCTBYIOIIETO annapaTHOro o0ecnevyeHus (MOTOPBI, TaTYMKH ), HEOOXOIMMOTO st
co0uroIeHHst TpeOOBaHUH K ()yHKIIMOHUPOBAHUIO TOTIOJHUTEILHOW KOHCTPYKIUH (IIPOTOTHUIIA).
YMeHue yuTaTh TEXHUUECKHUE ONUCAHUS U HECTIOKHBIE UEPTEKH, IOHUMATh [IOCTAaHOBKY 3aJa4H,
IJIAaHUPOBATh CBOU JEHCTBHSL.

YMmenue oOpamaTtbCsi € H3MEPUTENIbHBIMH HMHCTPYMEHTaMHU (JIMHEWKa, IITaHT€HUUPKYJIb,
MHUKPOMETP, TPAHCIIOPTHP).

ITpoexTrpoBanue poOOTa 1 JOMOJHUTEIBHON KOHCTPYKIUH (IPOTOTUIA) C YUETOM TpeOOBaHUN
TEXHHUKHU 0€30M1aCHOCTH.

YMmenue paboTaTh C pydyHbIM HHCTPYMEHTOM, COOPAaTh KOHCTPYKIIHUIO.

BnageHne oCHOBHBIMH NPpUEMaMHU MHKEHEPHOT'O MOJIETUPOBAHUS.

2.2 CopneprxkaHue dK3aMeHa

OK3aMeH SBISCTCS IleMOHCTpaLII/Ieﬁ U OICHKOH HpCIlHPO(I)CCCI/IOHaHLHLIX HaBBIKOB IIO

HanpasiieHUI0 «MoOuibHas pOOOTOTEXHUKAY.

3K38.MCHE[I_II/IOHHBIC HUCIIBITAHUA COCTOAT U3 TMPAKTHYCCKUX W TCOPCTUUCCKHUX 3aJIaHui.

[IpakTrueckass 4acTh JK3aMeHa 3aKIIOYaeTcs B pa3pabOoTKe KOHCTPYKIIMM MOOWIIBLHOTO po0oTa,
W3TOTOBJICHUH OTAEIBHBIX JIEMEHTOB KOHCTPYKIIUU.

TeopeTquCKHe SHAaHUSA TOABCPIrarOTCA MPOBEPKE B XOAC PCUHICHUA KOMILJICKTA 3a/1a4.
COIlep)KaHI/ICM I[CMOHCTpaL[I/IOHHOFO DK3aMeHa SIBJISICTCS MOACIINPOBAHUC, pa3pa60T1<a, c6op1<a,

pEryJIMpoBKa U UCIIBITAHUE, HECIIO)KHON pOOOTOTEXHUUECKONW KOHCTPYKIIUH.

3. OTAIIbI TTPOBEJEHMA

3.1. Obyuaroumii Kype



3.2. KoHCcynbTanuu B MPOIECCE CaMOCTOATEILHON PabOThI IO BOITPOCaM MOCIIMPOBAHUS, Pa3padOTKH,
COOpPKH, PEeryTHPOBKU U UCTIBITAHUH MPOBOJISATCS B TEUECHUE YIeOHOTO Kypca.
3.3. O3HaKoOMJIEHHE C TEXHUKOI 0€30I1acCHOCTH;
- 03HaKOMJICHHE ¢ Pab0YMM IIPOCTPAHCTBOM;
- pellieHre BO3HUKAIOIINX Y YYaCTHUKOB 9K3aMeHa OpPraHU3allMOHHBIX BOIIPOCOB.

3.4. lIpenBapuTenbpHas caMOCTOsATENbHAS paboTa
Bpewms Ha npeaBapuTenbHyIO MOATOTOBKY cOcTaBisieT 12 yacos
Bun npennonaraeMoro y4acTusi — KOMaH/IHBIH.

3.5. [IpumepHOE 3K3aMEHAIIMOHHOE 3aJ/IaHHE.

Yacts 1. Pa3pabotka u cOOpKa KOHCTPYKIIUU MOOMIIBHOTO poOOTa M3 MPEJI0KEHHOTO Habopa

KOMIUIEKTYIOIUX 3JIEMEHTOB.

Yacts 2. COOpKa UCIIOTHUTEIBHOTO MEXaHU3Ma, MOHTAXK UCIIOJIHUTEIIbHOTO MEXaHU3Ma Ha
pobora.

Yacts 3. Pa3paboTka ynpasisiomieil mporpaMMbl, TECTUPOBAHHE, PETYINPOBKA,

Yacte 4. UcnbiTanusd, AeMOHCTpalus paboTsl pobOTa Ha MoJIe.

3.6. 3a HeIeIIO JI0 IaThI MPOBEICHUS KOHTPOIBHON pabOTHI B JopMaTe IEMOHCTPAITMOHHOTO 3K3aMeHa
paboyast rpymmna npoBepsieT U TECTUPYET 000pyAOBaHHUE.

3.7. B cimydae ¢opc-MaXOpHOU cUTyaruu (TOJIOMKa OOOPYIOBaHHS, MCIOPUYCHHBIC JETATH U T.II.),
MIPUHUMAETCS PEIICHHE O BO3MOXKHOCTH MPEOCTABICHHS YYACTHUKY 9K3aMeHa JOMOIHUTEIHHOTO
BpPEMCHH, Ha3HAYCHUS WCIIBITAHNUS B IPYTOH JICHbB,

3.8. YuacTHHKM JOJDKHBI 3HATh W CTPOTO BBHINOJHATH TpeOOBaHMS IO OXpaHE Tpyda M TMpaBuiia
BHYTPEHHETO pacropsjka BO BpPeMs IMPOBEICHUS MEPOINPHUSATHS. YUAaCTHUKH, HE TPOIICIIHE
MHCTPYKTaX 10 TEXHUKE O€30MacHOCTH, K KOHTPOJIbHOM paboTe He AOMYCKaOTC.

4. ITPOBEJEHNE JEMO3SK3AMEHA

4.1. ®opmar u CTpyKTypa 3K3aMEHAIMOHHOT'O 3aJJaHUs

4.1.1. 3ananue coctout U3 4 yacteil, pacpeaeNéHHBIX Ha CAMOCTOSTEIbHYIO M ayIUTOPHYIO paboTy

4.1.2. Kaxxaast yacTh 3K3aMEHAI[MOHHOT'0 3aJJaHUsl COAECPKUT 334a4u 10 KoMneTeHIusIM «Pa3paboTka u
MO/JIeIMPOBaHNE MOOMIIBHBIX po00TOBY U «IIporpamMmupoBaHue CUCTEM YIpaBJIeHUS MOOMIBHBIX
pOOOTOBY.

4.1.3. IlocnenoBaTenbHOCTh BBINOJIHEHHUS 3a1ad KakJOM 4YacTH 3aJaHusl YYaCTHMKU KOMAaHJbI
OIIPEACIAIOT CaMHU.

4.1.4. Tlo OKOHYAaHUU BpPEMEHM, OTBEJEHHOTO HA BBHINOJIHEHUE KOHTPOJIBHOM paboThl B (opmare
JI€MOSK3aMeHa, BCe MarepHualibl, 000py/J10BaHUE, KOMILIEKTYIOIINE CIAIOTCA AK3aMEHAlMOHHON
KOMUCCHH.

4.1.5. YuacTHUKH, 3aBEpLIMBIINE BHINOJHEHUE 3a/laHusl paHee OTBEIEHHOTO BpPEMEHH, CHAIOT BCE
9K3aMEHAIlMOHHON KOMUCCHHU U MOKUAAIOT PabOUyIO 30HY.



2.1lpuMepbI TECTOBBIX 3aJaHUI 110 BONIPOCAM 0011Iel MEXaHUKe M MEXaHUYeCKUM Nepeaadyam

1. Kakoe ocHOBHOE OTJIMUKE 3y04aToi nepeaadn oT GPUKIIMOHHOMN?
1. ITocTOAHCTBO MEPEAATOUYHOTO YK CIIa
2. HemocTosiHCTBO MepeaToOuHOro Yncia
2. JIBwkeHre B 3y04aThIX Iepeaayax mepeiaeTcs 3a CUeT. ..
1) 3anerieHus 3yobeB
2) cuJ1 TpEHHSI MEXTy 3yObsMU
3) mpukaTHUs KoJiec APYT K APYry
4) CKONBKEHUs 3yObEB JIPYT 1O APYTY
3. B uunuaapuyeckux 3youaThiX nepeaadax rnepeiaTrouHoe OTHOLICHHE . ..
1) nocrosiHHOE
2) mepeMeHHOe
3)u=0
4) U=
5. ¥V 3y0uaThiX KoJiec HaXOJSIIUXCS B 3alEIUICHUE JOKHBI ObITh OJJMHAKOBBIMY ...
1) nenuTenbHBIE TUAMETPHI
2) mUpuHa KoJec
3) uncna 3yObeB
4) Mmonynu 3yObeB
6. Kak xnaccupummpyercss 1mo B3aMMHOMY PAacCHOJIOXKEHHIO OCeH KoJjiec meperada Ha
pucynke?

1. Ocu napanienbHbl
2. Ocu nepecekaroTcs
3. OcH CcKpelrBarTCs
7. Kak Ha3bIBatOT jgeTaib h Ha pucynke?

1. Boauio
2. CarennnuTel
3. DOUIUKI
8. Omnpenenure, nepeaaTOYHOE YMCIIO YEPBAYHOM Nepeiauu, ecliv
9HCII0 3yObeB Kojeca paBHO Z, = 30, 4HCII0 BUTKOB YepBsika Z; = 2
1) 60
2) 15
3) 1/15
4) OnpenenuTb HENMb3s
9. Mexanuueckas nepeaya sBJISIETCS MOBBIIIAIOIIEH MPH ...
1) u <1, m<n,
2) U >1, np>n,
4 <1, n,>n,
10. Mexanuyeckas nepeaaya siBJISI€TCs MOHWKAIOIIEH TIpH ...
3)u >1, np<n,
4) U >1, np>n,

11. K mexaHuueckuM nepezadaM ¢ 3alEIVIEHUEM OTHOCSTCH ...
1) 3y64arTsie, BOJTHOBBIC, KIMHOPEMEHHBIE



2) 3y0uaTsie, GPUKITMOHHBIC, YEPBSIIHBIC
3) 3y6uartslie, LeTHbIe, YePBSIUHbIC, ITITAHETAPHbIC
4) 3yOuaTeie, YepBIYHBIC, pEMEHHBIE, PPUKIIMOHHBIC
12. K MexaHu4yecKuM nepeayaM TPEHUEM OTHOCUTCS ...
1) yepBsiuHas
2) KIMHOpEMEHHAas
3) BoitHOBas 3yOuaras
4) nna"erapHas
5) BUHTOBaA
13. Kakoe Ha3HaueHHE MEXaHUYECKUX repeaay
1. BeipabatbIBaTh SHEPTHIO
2. BocnipyuHMMAaTh 3HEPTUIO
3. 3aTpauuBaTh YHEPTHIO HA MPEOJOJICHHE BHEIIHUX CUJI, HETIOCPEICTBEHHO CBA3AHHBIX C
IIPOLIECCOM MPOU3BOJICTBA
4. [IpeoOpa3oBbIBATH CKOPOCTH, BpaIIAIOIINi MOMEHT, HAIIPABJICHNUE BPaIllCHUS
14. Kak knaccupuuupyrot 3youaTyro nepeaady 1o mpuHIHITY Iepeaadn IBIKSHUS?
1. Tpenuem
2. 3aienyieHuemMm
3. HemocpecTBEHHO KOHTAKTOM JieTallel, CHASIIMUX Ha BEIYIIIEM U BEJOMOM Bajiax
4. Ilepenaya ruOKOM CBSI3BIO
15. Kakas nepenada MOKeT UCIIOIB30BAThHCS AJIS IIEpeaur BpallleHUs MEX/1y BalaMU, OCH KOTOPBIX
nepeceKaroTcs?
1. Konunueckas
2. YepssuHas
3. Hwnmunapuueckas
4. KpuBOomMNHO-IIATYHHAs
16. Kakas nepegaya MOKeT UCIIOJIb30BaThCS JUIs IEpeaayyl BpallleHUs] M1y BaJlaMH, OCH KOTOPBIX
napauieabHbl?
1. Hunmuuaapuyeckas
2. YeppsuHas
3. Kynuchnas
4. PeeuHas
17. Kakas nepegaya MO>KeT MCIIOJIb30BaThCs I EpeAayy BpallleH!s] MEeX/1y BaJlaMH, OCH KOTOPBIX
MepEKPENINBaIOTCs (HO HE TIEPECeKatoTCs)?
1. YepssauHad
2. Tunompuas
3. Konwnueckas
4. BuHTOBaA
18.Maker kakoii nepegauu nokasas Ha potorpadpuu?

UYepssiynou
Kynuchsriit
Bunrosoi
Peeunoit

PwbdpE

19. Kakas mepenada Kaxk MpaBUIO UMEET MEHBIIIMN YPOBEHB IITyMa Mpu padoTe?
1. Hunmuaapudeckas npsamo3ydas
2. Konunueckas
3. UepssuHas
4. llwmnmuaapudeckas KocozyoOas
20. Ha xakom pucyHKe n300paxxeHa epeKkpecTHas rnepegayda’



Conep:kaHue KOHTPOJILHOM padoThI

3ananue A KOHTPOJIbHOM paboThl B (popmare COpeBHOBAaHUM 1O KOMIETEHIINH «MOoOMIbHAS
POOOTOTEXHHKAY
Yacte 1: PazpaboTka u cOOpKa KOHCTPYKIIMH MOOMIBHOTO poOOTa U3 MpeIoKEHHOro Habopa
KOMIUICKTYIOIMX DJIEMEHTOB, JEMOHCTpamus podoTa (BBITOMHSAETCS B (GoOpMare CaMOCTOSTEIbHOMN
paboThl):
— pa3zpaboTtatrh U cOOpATh AMEKTPOMEXAHUYECKYIO cxeMy (komnereHuus «Pa3paboTka u
MOJICITMPOBAHIE MEXAaTPOHHBIX CUCTEM (MOOMIIBHBIX POOOTOB)Y);
— paspabotaTh 1 cOOpaTh NEKTPOHHYIO cxemy (kommeTenuus «IIporpammupoBanue
CUCTEM YIpPaBIIEHUSI MOOUIBHBIX pOOOTOBY);
Yacte 2: COOpka UCMOJHUTEIHFHOTO MEXaHM3Ma, MOHTAX HCIIOJTHHUTEIBHOIO MEXaHU3Ma Ha
poboTa, JeMOoHcTpaIus padoThl poOoTa (BBIOJIHIECTCS B (OpMATE CaMOCTOSTEILHON pabOThI):
— peLuTh NPAKTUYECKYIO 337a4y Ha MeXaHHuKy (komneTtenuus «Pa3zpaboTka u
MOJIEJTMPOBAHUE MEXATPOHHBIX CUCTEM (MOOMIIBHBIX POOOTOB)»);
— CMOJIEIHMPOBATH MCIIOJHUTENBHBIA MeXaHn3M (KomreTeHus «Pa3paboTka u
MOJIETTUPOBAHUE MEXATPOHHBIX CHCTEM (MOOMIIBHBIX POOOTOB)»);
— YCTaHOBHTH pa3paboTaHHBIA MEXaHU3M Ha POOOTa;
Yacte 3: PazpaboTka ympapmsitoleil mporpaMMsbl JjIsi MOOMJIBHOTO po0OTa (BBIMONHSIETCS B
(dhopmaTe camoCTOSATETLHON pabOTHI):
— pa3paboTaTh yIpassIoNIyI0 TPOrpaMMy MEePEIBIKEHHS poO0Ta (KOMITETEHIIHS
«[IporpammupoBaHUE CUCTEM YIPABICHHS MOOMIBHBIX POOOTOBY);
— TNPOJEMOHCTPUPOBATH CIOCOOHOCTH POOOTA K MEPEABHKEHHIO;
— pa3paboTaTh yNpaBisIONIYIO TPOTrPaMMY 7Sl HCTIOJHUTEIFHOTO MEXaHNU3Ma
(xomnerenus «lIporpaMmMupoBaHue CUCTEM YIIPABIEHUSI MOOMIIBHBIX POOOTOBY);
— TIPOAEMOHCTPUPOBATH pabOTOCIIOCOOHOCTH POOOTA;
Yacts 4: KoppekTrpoBKa ympapIstolei MporpaMMBbl A MOOMIIBHOTO pO0OOTa MO/ yTOUHEHHYIO
MPAKTUYECKYIO 3a7a9y Ha J0Je (BBIMOIHSIETCS BO BPEMS ayIUTOPHOUN paboThI):
— PpemHUTh KOMIUIEKT 33]a4 Ha pa3paldoTKy YIpaBJIsSIOIIeH POTrpaMMBL;
— TPOJAEMOHCTPUPOBATH pabOTOCIIOCOOHOCTH PoOOTa HA MOJIE M CTIOCOOHOCTH BBIMOJTHATH
MaHUTYJSIUU C 00bEKTaAMH;
3amada KaXkJI0T0 yYaCTHHUKA BBIIOJIHUTH BCE YaCTH 3aIaHUS OT Havaja JI0 KOHIIA.
Kaxnas yacTh olileHUBaeTCs OTJENBHO, B COOTBETCTBUHU C Pa3paOOTaHHBIMHU KPUTEPHUSIMHU

Bonpocsl k nuddepeHUMPOBAHHOMY 3a4eTy

=

[TpenmochIKu BOZHUKHOBEHUS Y OCHOBHBIE HCTOPUYECKHE 3TaIbl PA3BUTHS POOOTOTEXHUKH.
OcHOBHBIE IOHATHS MOOUIIFHOU POOOTOTEXHUKH, UCTOPHS €€ pa3BuTus B Poccun u 3a pydoeskom
3. Tunbl MOOMIBHBIX POOOTOB M UX MIPUMEHEHUE B PA3TUYHBIX 00JIACTAX YEITOBEYECKOM
JeSTEIIbHOCTH.

N
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VYuebHoe 000pyI0BaHHE [JIS1 U3YICHHUST MOOMIIBHON POOOTOTEXHUKH.

CHUMyIATOPHI 17151 MOOMIIBHON POOOTOTEXHUKH.

CucremMa KOHKYPCHBIX COPEBHOBATEIBHBIX U TBOPUECKUX Meponpusituii B Poccun u 3a pyoexom.
Texundeckoe onucanue komrneTeHpn «MoouiabpHas podororexuuka» WSI/WSR
OcHOBHBIE MOJCUCTEMBI MOOMJIBHOTO POOOTa, MX HA3HAYEHUE U CIIOCOObI peasln3aliii.
OcHOBHBIE BU/IbI TPAHCMHUCCHIA XOI0BOI YaCTH MOOUIIBHBIX POOOTOB.

OCHOBBI MOTOKOBOTO MporpammupoBanus MK,

du3ndeckue OCHOBBI (DYHKIIMOHUPOBAHUS U(PPOBBIX JATINKOB,

duznyeckue OCHOBBI (PYHKIIMOHUPOBAHHS AaHAJIOTOBBIX JIATYMKOB,

TeopeTnueckre OCHOBBI peaTu3aliy IPOCTOTO (PENeHHOr0) peryasTopa.
Teopernueckre 0OCHOBBI peasIi3aliy MPONOPLHUOHATIBHOTO PEryisiTopa

Teopetnueckue ocHOBBI peasin3anuu [1/] - perynsropa

duznyeckrue OCHOBBI KOHCTPYUPOBAHUS MAHUITYJISILIUOHHOM CUCTEMBI

CoBpeMEHHBIE TEXHOJIOTHH B IPO(ECCHOHATBHOU cepe NeATSIEHOCTH 110 KOMIICTCHIINN
«MobuiabpHas poOOOTOTEXHUKA

OcHoBbl LabVIEW

OcHoBbl paboTel ¢ myRIO

VYnpasnenue nurarenem B LabVIEW.

JIBU>KeHHUsI 110 TIOKa3aHHsIM THPOCKOTA.

JIBI>KEHME 110 JIMHUHU C UCTIOIh30BAHNUEM JIaTYMKA CBETA

VYnpasienue MOOMIBHBIM poO0TOM ¢ AuddepeHInaIbHbIM TPUBOIOM

VYnpasieHne MaHUITYISATOPOM JIJIs 3aXBaTa OOBEKTOB.

TexHuueckoe 3peHue

Opranu3zanus u NpoBeACHNUE JEMOHCTPALIMOHHOTO SK3aMeHa 110 cranaapram Bopaackumic Poccust
Onenka kBanugpukanuyu oOydaromerocs (BbITyCKHUKA)

JIeMOHCTpallMOHHBII YeMITHOHAT, BBHITIOJHEHNE KOHKYPCHOTO 3aJIaHHUS.

[Ipouienypa oreHUBaHUSI KOHKYPCHBIX 3aJaHUM.

Ilpumepwt npakmuueckux 3aoau

[IpakTHyeckre 3agaydl  MPEAINOJarardT CO3JaHUE  IMOJHO(DYHKIMOHAIBHOW KOHCTPYKIIUH U
MPOrPaMMHOTO KOJIa, MO3BOJISIONIETO IEMOHCTPUPOBATh €€ PabOTOCIIOCOOHOCTh

1. CkoHCTpyHpOBaTh MOOUIIBHYIO IIIATGOPMY C OJTHONPUBOIHBIM MEXAaHU3MOM
2. CKOHCTpYHMpOBATH IIATaOIIyI0 MOOMIBHYIO MIaTdopmy
3. CKOHCTpyHMpOBAaTh 3aXBATHBIA MEXaHMU3M MOOUIBHOTO poOOTa
4. 3amporpamMMHUpoBaTh MOOMJIbHYIO IJIATGOPMY HA BBHIIIOJHEHUE CIEAYIOUINX NEHCTBHI:
a. /JlBmxeHue Biepen
b. JIBmxeHue Hazas
C. /IBmkeHue Ha 3aJJaHHOE PACCTOSIHUE
5. 3amporpamMmMupoBaTh MOOMIJIbHYIO MIaT(HOPMY Ha BBIITOJTHEHHUE CIEAYIOMINX JICHCTBHIMA:
d. PasBopor Ha kojece
e. PasBoport Ha MecTa
f. Tloopor mo ayre
Hanwucate nporpaMmy, ocTaHaBIUBAIOIIYIO po0O0Ta, €CJIM OH HaXOAUTCS Mepell MPensTCTBUEM.
7. Hamnwucate nporpaMmy, MO3BOJISIFOILYIO0 POOOTY IBUTAThCS MO HAIPABIISIOLIEH.
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